®EJIEPAJILHOE ATEHTCTBO I1O OBPA30BAHUIO
FOCYI[apCTBeHHOC 06pa3OBaTCJ'II>HOC yt{pex(z[eHHe BBICHICTO HpO(l)eCCI/IOHaHLHOFO O6pa30BaHI/I$I
CEBEPO-3AIIAJTHBIN T'OCYJAPCTBEHHbBIN 3AOUYHBIN
TEXHUYECKUU YHUBEPCUTET

Kadenpa wmarepuanoBeeHus U TEXHOJIOTHH MaTEPUATIOB U MMOKPBITUI

MATEPUAJIOBEJAEHUE

TEXHOJIOI'USA KOHCTPYKHUOHHBIX MATEPHUAJIOB

VY4eOHO-METOANUECKUA KOMITJIEKC

CroenuaibHOCTH:

JHepreTuYecKuil UHCTUTYT

140101.65 - TenoBbIE NEKTPUUECKUE CTAHITUU
140104.65 - npombIlIUIEHHAs TEIUIOHEPIETUKA
140211.65 - anekTpocHaO)keHUE

140601.65 - anexTpoMexaHHUKa

140602.65 - 35eKTpuyYeCcKue 1 AIEKTPOHHbBIE armnapaThl

MamMHOCTPOUTEIbHO-TEXHOJIOTHYEeCKUN HHCTUTYT
151001.65 - TexHONIOTUS MAIIMHOCTPOEHUS

150202.65 - o6opyaoBaHUE M TEXHOJIOTHUS CBAPOYHOTO MMPOU3BOJICTBA
240301.65 - xumMuyeckasi TEXHOJOTHUS HEOPTAHUUECKUX BEILECTB
240401.65 - xumMuYecKas TEXHOJIOTHSI OPTaHUYECKUX BEILIECTB

NHCTUTYT OPraHu3amum nNepeBo30K U TPAHCIIOPTHBIX CPEICTB

190205.65 - nogbeMHO-TPAaHCIIOPTHBIE, CTPOUTEIIbHBIE, TOPOKHBIE MAIIMHBI U 000PYAOBaHNE
190601.65 - aBTOMOOWIHN U ABTOMOOMIIBHOE XO3SHUCTBO

190701.65 - opranu3anus MepeBO30K U yIpaBlIeHUE HA aBTOMOOMIBHOM TPAHCIIOPTE

HNHcTuTYT IpHOOPOCTPOCHHS M CHCTEM oOecneyeHus 0e30I1aCHOCTH
200101.65 - npubopocTpoeHue

200402.65 - uH)XEHEPHOE €TI0 B MEAUKO-ONOJIOTUYECKOM NPaKTUKE

280202.65 - nHXEeHEpHAs 3alUTa OKPYKaIOLEl Cpebl

I/IHCTHTyT YHpaBJd¢HUA NPOU3BOACTBCHHBIMHA H HHHOBAIIMOHHBIMHA

nporpaMMamMu
080502.65 - skOHOMMKA U yIIpaBJIEHUE Ha MPEATPUATUU

HNHCcTUTYT paaAno03JIEKTPOHUKHU
200501.65 - meTponorus u METpOJIOruYeckoe odecreyeHmue

I/IHCTI/ITyT CUCTEMHOI'0 aHAa/IN3a, aABTOMAaTUKH U YIIPaABJCHUA
220301.65 - aBTOMaTH3AIMsI TEXHOJIOTUYECKUX MTPOLIECCOB U MPOU3BOACTB

Hampasnenus noaroroBku 6akanaspa u maructpa: 080500.62, 140100.62, 140200.62, 140600.62,
151000.62, 200100.62, 200500.62, 220100.62, 280200.62, 200100.68, 220100.68

Cankr-IletepOypr
W3parensctBo C3TY
2008
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YTBep)KI[CHO pCI[aKHI/IOHHO-I/ISI[aTeJH)CKI/IM COBCTOM YHI/IBepCI/ITeTa
VJIK 669.017(07)

MATEPHUAJTOBEJAEHUE (TexHo/10rusi KOHCTPYKIHUOHHBIX MATePHAJIOB):
YuebHo-metoanueckuit komrmuieke / coct. E.B. HlampuueB, A.B. CuBeHKOB,
T.I1. T'opmkosa - CII6.: 3n-so C3TYVY, 2008.- 309 c.

Y4eOHO-MEeTOAMYECKUM KOMIUIEKC pa3paboTaH B COOTBETCTBUU C TPEOOBAHMUS-
MU TOCYJIapCTBEHHBIX 00pa30BaTEeIbHBIX CTAHAAPTOB BBICIHIETO MPOGECCHOHATIBHOTO
o0Opa3oBaHUs.

B MeTomnueckomM KOMILIEKCE TpHUBEeHBI pabodast mporpaMMa, TeMaTHICCKUMA
IJIaH JUCHUIUIMHBI, CTPYKTYPHO-JIOTHYECKas cXeMa M BPEMEHHOM rpaduK W3ydeHHS
JTUCUUIUIMHBI, TEMAaTUYECKUN TIJIaH JICKLIUM, MepeyeHb Ja00opaToOpHbIX padoT, PeKo-
MEHJlyeMasl JINTepaTypa, ONOPHbIA KOHCHEKT JICKIIUA MO OCHOBHBIM T€MaM JIUCIIUII-
JIMHBI, 33JJaHlE Ha KOHTPOJIbHYIO padOTy U METOJIMYECKUE YKa3aHUSI K €€ BBIMOJIHE-
HUIO, & TAKXKE BOMPOCHI JIJII CAMOIIPOBEPKH, TECTHI U TJIoccapuid. bonbIias yacts pa-
Ooueil mporpaMMbl U COOTBETCTBEHHO KOHTPOJBHBIX 3aJIaHUI MOCBSIIEHA METaJlIU-
YECKUM CIUIaBaM — OCHOBHBIM KOHCTPYKIIMOHHBIM U MHCTPYMEHTaJIbHBIM MaTepua-
JaM TPOMBIIUICHHOCTH. Kpome TOoro paccMmaTpuBaroTCsl IJIaCTMAacChl — HaunboJsee
pacrpocTpaHeHHbIE HEMETAITNYECKUE MaTeprasIbl MAIIMHO- U PUOOPOCTPOCHHUS.

YMK npegHasHaueH sl CTyJeHTOB crnenuanbHoctd 140211.65, 140101.65,
140104.65, 140601.65, 140602.65, 151001.65, 150202.65, 220301.65, 240401.65,
240301.65, 280202.65, 080502.65, 190601.65, 190205.65, 190701.65, 200101.65,
200501.65, 200402.65, uzyuaromux AUCUUILIMHBI «MarepuanoBenenue», «Mare-
puanioBeaeHue. TexHOIOruss KOHCTPYKIMOHHBIX MAaTEPUAIOBY

Paccmotpeno u yTBepkaeHO Kadeapoil MaTepHaloBEACHUS, TEXHOJIOTUN Ma-
TepUaJIoB U MOKpbITH 5 uroHsA 2007 r., oqoOpeHo MeTroauuecko komuccuend Ma-
IIMHOCTPOUTEIBHO-TEXHOJIOTNECKOro nHCTUTYTa 21 ntonss 2007 r.

PeuenseHTsr:

Kadeapa maTepuaioBEeACHUS, TEXHOJIOTUM MarepuanoB u mokpeiTuii MTU
C3TYVY (3aB. kadenpoit E.W. [Ipsxun, n1-p TexH. HayK, npod.);

A.H. Edbumos, kanj. TexH. HayK, aou. kadeapbl « TeXHOIO0TUH KOHCTPYKIIUOH-
HbIX MATEpPHAIOB U MPOU3BOJCTBA PAKETHO-KOCMHYECKOM TEXHUKH» banTuiickoro
rocyaapctBeHHoro rexuuueckoro yuusepcurera K BOEHMEX» um. JI.®@. YcrunHosa.

CocraButenu: E.B. lllagpuues, kana. ¢u3-Mar. HayK, JOI.;
A.B. CuBeHKOB, JI011.;
T.II. ['opuikoBa, KaHa. TEXH. HAYK, JTOL.

© CeBepo-3anagHplil rOCyJapCTBEHHbBIN 3a04HbIA TEXHUYECKUN yHUBEpcUTeET, 2008
© Hlanpuues E.B., Cusenkos A.B., ['opmkosa T.I1., 2008
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1. ”THOOPMALMSA O TUCHMUITJIMHE

1.1. IPEAUCJIOBHUE

MarepuanoBeieHHE — HayKa, U3y4arolllas CBA3b MEXIY XUMHUYECKUM COCTa-
BOM, CTPYKTYpPOH M CBOWCTBAMH MaTEPHAJIOB M 3aKOHOMEPHOCTHM W3MEHEHMS ITUX
CBOMCTB IOJi BIMSHUEM BHEIIHMX BO3JCUCTBUN, PEATU3yEMBIX B MPOLECCE MPOU3-
BOJICTBA, YIIPOUHSIOIIEH 00paOOTKU 1 HKCILTyaTallui U3EIUA U3 3TUX MAaTEPHAJIOB.

MartepuanoBeneHue — IpuKiIagHas HayKa, e (yHIaMEHTOM SIBISIOTCS pasie-
A6l QU3UKU U XUMHH, TOCBSILEHHBIE aTOMHOM CTPYKType XHMHUYECKUX JIEMEHTOB,
CTPOEHHUIO U CBOMCTBAM peaJibHbIX KPUCTAJUIOB, IPUPOJAE KpUCTaUIMUecKuX (a3, 3a-
KOHOMEPHOCTSIM MPOIIECCOB KPHUCTAUIM3AIMKA M (Ha30BBIX MPEBpAIICHUN B TBEPABIX
Teax.

OOBEKTOM M3yYEeHHs TUCHUILTMHBI «MarepuanoBeleHue» SBISIOTCS TIIaBHBIM
00pa3oM KOHCTPYKLMOHHBIE U HHCTPYMEHTaJIbHbIe MaTepuaibl. OOBIUHO KypC MaTe-
pHUaNOBeIeHUs ACIUTCA Ha JIBE€ YacTh: «MeTallsioBeieHue U TepMUYeckas 00paboTka
MeramioB» U «Hemeramnmueckue marepuans». B nannom YMK nana Oonee nop-
poOHasi pyOpuKalusi, B OCHOBHOM 3TO KacaeTcsl 4acTH, MOCBSIIEHHONW MeTauinye-
ckuM ciiaBaM (cM. «CTpYKTYpHYIO CXeMy JAMCHMIUIUHBD - ¢Tp. 31). D10 Hauboiee
pPacIpOCTPAHEHHBIE IIPOMBIIUIEHHBIE MAaTEPUAJIbl, OHU JOCTATOYHO XOPOIIO U3yYEHBI
U TPAJULIUOHHO 3aHUMAIOT OOJIBIIIYIO YaCTh Kypca «MarepuanoBeieHue».

XO0Ts MaTepUaJoOBEACHUE U3y4aeTCs CTYJIEHTaMHU OOJbLIIMHCTBA CHELUATIbHO-
CTEeW MOJMTEXHUYECKHX BY30B Ha 2 Kypce Kak OOleMH)KeHEepHas AUCLMILIMHA, OHA
3aKJIaJIbIBAET OCHOBBI MPO(ECCUOHATBHBIX 3HAHUN U YMEHUM, MMO3BOJISIOIIUX PEIIATh
IIPOU3BOJICTBEHHBIE KOHCTPYKTOPCKHAE M TEXHOJIOTHYECKHE 3a7a4M, CBSI3AHHBIE C OII-
TUMHU3AIMEN BIOOpa MAaTEPUAIIOB M TEXHOJOTUIM U3rOTOBJICHUS U YIIPOUHEHUS U3[Ie-
JIAW Pa3IMYHOrO Ha3HAYEHHUS.

O4eBuHO, YTO POJIb AUCLUIUIMHBI «MarepruaaoBeeHre» B MOATOTOBKE WH-
KEHEPOB PA3UYHBIX CHEIUATBHOCTEH MOXET 3aMETHO OTiauvarbcs. Haumbosbiiee
3HAYEHUE OHA UMEET JJIsl CTYJEHTOB MAIIUHO - U npubopoctpouteabHbix (15104.65,
150202.65, 190205.65, 200101.65, 190601.65) u poactBennsix um (140101.65,
140104.65, 140601.65, 140602.65, 220301.65, 280202.65) cnenuanbHOCTEH.
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Opnnako 000 BBITYCKHUK TEXHUYECKOIO By3a HE3aBHUCHUMO OT CIIELIMAJIBHO-
CTH JOJDKEH MMETh 0a30BbI€ NPEICTABICHUS O CTPOCHHHM M CBOMCTBAaX OCHOBHBIX
NPOMBIILJICHHBIX MAaTePHAJIOB U METOJIAX LEJICHAIIPABICHHOIO W3MEHEHUS JTUX
CBOMCTB.
MTak, Ha OCHOBaHMM HM3JI0KEHHOI'O BBILIE OYEBHUIHO, YTO 3a7a4Yel U3yYeHUs
AUCHUILINHBI «MaTepuaoBeleHne» SBISCTCS OBJIAJICHUE 3HAHUSIMU:
- 3aKOHOMEPHOCTEH, CBS3BIBAIOIIMX XUMHUUYECKUM COCTaB, CTPYKTypy H
CBOMCTBA MaTEepUAJIOB;
- METOJOB LICJICHAIIPABIICHHOI0 U3MEHEHUS UX CBOMCTB;
- XMMHYECKOr0 COCTaBa, CBOMCTB W o0O0JacTed NPUMEHEHUS] OCHOBHBIX
MPOMBIIIJIEHHBIX MAaTEPUAJIOB, a TAKKE CIIOCOO0B U PEXKUMOB UX YIIPOYHEHUSL.
Heab u3yyeHus1 JUCHUILIMHBI — MAaTEPUAIOBEIUECKAsl MOATOTOBKA MHKEHE-
pa, CIOCOOHOT0 MPOU3BOAUTH ONTHMAJIBHBIA BHIOOP MAaTEpUAIOB U TEXHOJOTUHA W3-
TOTOBJICHHUS U YIIPOUYHSIOUIEH 00pabOTKK U31ETUil pa3TMYHOIO Ha3HAUCHHUS.
B pesyisbrate 0CBOCHUS JUCLUILUIMHBI CTYIAEHT JOJDKEH:
3HaTh:
- 3aKOHOMEPHOCTHU M MPAKTUYECKHE CIIOCOOBI BO3JICUCTBUS HA MEXaHUUYECKHE
CBOMCTBA METAJUIMYECKUX CIUUIABOB IyTEM U3MEHEHUS UX XUMUUYECKOI0 COCTaBa
U CTPYKTYDBHI;
- KJIaccU(pUKALMIO, MApPKUPOBKY, MEXaHWYECKHE CBOWCTBA, PEXHUMBI YIpPOU-
HSIOIIEH TEepMHUYECKOH OoOpabOTKHM M 00JacTh MPUMEHEHHS CTajlell - OCHOBHBIX
MAaTEepHUajIoB MPOMBIIIJIEHHOCTH;
- XapakTepHble 0COOCHHOCTH CTPOEHUS U CBOMCTB MOJIMMEPHBIX MATEPUATIOB.
HNmeTtsb npeacrasiieHue o:
- METOJAaX ONPEACIICHUS MEXaHWUYECKUX CBOMCTB MaTEPHUAIOB;
- 3aKOHOMEPHOCTSX MPOLECCa KPUCTAIUIN3ALINH;
- NPHUHIMUIAX aHAJIW3a JUarpamMM COCTOSHMS JBOMHBIX CIUIABOB M IPAKTH4e-
CKOM HCIIOJIb30BAHUU TUATPAMM COCTOSIHUS,
- BJIMSHUM XUMHUYECKOI'O COCTaBa U CTPYKTYpPHI CIUIABOB HA MX TEXHOJOTHYE-
CKHE CBOMCTBA;
- BIMSHHHM TUTACTUYECKOH JedopMalii U MOCIEAYIOEro HarpeBa Ha CTPYKTY-

Py U CBOMCTBA METAJIOB;
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- XUMHKO-TEPMHUYECKOW 0OpabOTKEe W APYrux MeEToAax IMOBEPXHOCTHOIO
YIIPOYHEHHS] METAUIMYECKUX U3]ICIIHM;
- CBOMCTBax M O0JIACTSIX MPUMEHEHHSI CTaJlell U CIUIaBOB ¢ OCOOBIMH CBOMCTBA-
MU U OCHOBHBIX I'PYII IBETHBIX CILJIABOB;
- nedeKTax CTaIbHBIX U3JIEIUN U MYyTAX UX MPEJOTBPAICHUS;
- CTPOEHUHM, CBOMCTBAX M OOJACTSIX MPUMEHEHHS HEMETANIMYECKUX MaTe-
puanoB (IJIacTMacC, CTeKJIa, KEPAMHUKH) U KOMITO3UTOB Ha PA3IMYHON OCHOBE;
- OCHOBHBIX HAIpAaBJICHUSX PAIMOHAIBLHOTO BBIOOpa MaTepuaoB sl U3Je-
JIUA PA3JIMYHOrO HA3HAYEHHUS.

Ymersb:

- TOJIb30BaTbCSl ONTHYECKHMM MHUKPOCKONIOM [IJII M3YYEHHUS CTPYKTYpPBI
MAaTEPHUAJIOB;

- OPOU3BOJMTH 3aKAJIKY U OTITYCK CTaJIe pa3INYHbIX MAPOK;

- U3MEPATh TBEPJOCTh JJIsi KOHTPOJIS PE3YJIHTATOB TEPMUIECKON 00paboTKH;

- pabotaTh ¢ yueOHOH, a TIpH HEOOXOAMMOCTH — HAYYHOW U CIPABOYHOU
JIMTEPATYPOU 110 MATEPUATIOBEICHUIO;

- BBIOMpATh MaTepuaibl, CIOCOOBI U PEKUMBI YIPOUHSIONIEH 00pabOTKU 1Jis
U3JIENINN Pa3IMYHOrO0 HA3HAYCHHS.

MecTo IMCHHUILIMHBI B Y4e0HOM mpoiecce:

Jlns ocBoeHusa Kypca «MartepuanoBeaeHue» KpoMe COOTBETCTBYIOIIUX pa3Jie-
J0B (PU3UKK U XUMUHU (OTMEUEHHBIX B Ha4aJie MIPEAUCIOBUS) KeIaTeIbHO 3HAaHUE OC-
HOB TaKWX AUCHHUIUIMH» Kak «CONpOTHUBIEHHUE MaTepualioBy, «JleTtanu MaiimHy,
«Teopust MALIMH U MEXaHU3MOBY .

B cBoto ouepenb 3HaHUS U YMEHUS, NPUOOPETEHHbBIEC PU U3YUYECHUH Kypca Ma-
TepUANOBE/ICHUs, OyIyT HCIOJIB30BaHbl B IMPOIIECCE OCBOCHUS MOCIETYIONINX JUC-
UUIUTMH — « TeXHOIOTHsT KOHCTPYKIMOHHBIX MaTtepuanoBy, «[IpukiiagHas MexaHuka»
U JPYTUX AUCUUILUIMH, CBSI3aHHBIX C KOHCTPYHPOBAHHEM, TEXHOJIOTHEN MPOU3BOJICT-
Ba, DKCIUTyaTallel ¥ peMOHTOM MAaIlliH, TPUOOPOB, 00OPYAOBAHMS PA3IUYHOTO Ha-

3HA4YCHU, a TaKXKC B KYPCOBLIX )41 JAUITIIIOMHBIX pa60Tax.

'K coxanennio B yq4eGHBIX IUTAHAX PSS CIEIMATBHOCTEH TH AMCHHIIIMHEI H3yYaroTCs mapari-
JIENBHO WJTU TI03KE Kypca MaTepuanoBeeHus. B TakoM ciydae MatepuaioBeaueckasi HoJIr0TOBKa
OyJeT mosie3Ha Jiisi OCBOCHHS 3TUX TUCIUIUINH.
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1.2.1. COAEP) KAHME JUCIUIIJIMHBI ITO I'OC

Crenu-
AJIbHOCTh

CoaepxaHue CTaH1apTOB

Yacer

140101.65
140104.65

MarepuaJioBenenue. TexHO10rusi KOHCTPYKIUOHHBIX Ma-
TEePUAJIOB.

Y.1. Mamepuanoeedenue: HOMEHKIATypa TEXHHYECKUX Ma-
TEpPHUAJIOB B TEIUIOIHEPTETUKE, WX CTPYKTypa M OCHOBHBIC
CBOWCTBa, aTOMHO-KPUCTAIUIMYECKOE CTPOCHHUE METaJlIOB;
($a30BO-CTPYKTYPHBIN COCTaB CIUIABOB; THUIIOBBIC JIHArpPaMMBbI
COCTOSIHMSI; JK€J€30 U CIUIaBbl Ha €ro OCHOBE; AedopMarius,
TepMHUYECKasi 00paboTKa METATMIECKUX MAaTEepUaIOB; HOBbIC
METAJNINYECKUE MaTepuaibl, HEMETAUTNYECKUE MaTepuabl;
KOMITO3UIIMOHHBIE ¥ KEPAMUYECKHUE MaTEPHAITHI.

140211.65

MarepuasioBegenue. TexHOIOrusI KOHCTPYKUMOHHBIX Ma-
TEPHUAJIOB.

Y.1. Ocnoevl mamepuanogedeHusn: TUTIBI TBEPIbIX TEN, UX
CBOMCTBA; aTOMHO-KPUCTaJUIMYECKOE CTpOoeHue, (pa3oBo-
CTPYKTYPHBIM COCTaB CIUIABOB; THUIIOBBIE JUArpaMMbl COCTOS-
Hus; nedopmalus, TepMuyeckas o0padoTKa, HAKJIEM, peKpH-
CTaJUTM3allMs; METAIUIMYECKUE MAaTepuaibl; HOBbIE METaJTNYe-
CKHE€ U HEMETAJUIMUYECKUE MaTePUAIbI.

90

140601.65
140602.65

MartepuanoBenenne. TexHOJOTHsI KOHCTPYKIIMOHHBIX Ma-
TepHaJIoB.

OcHo6bl KOHCMPYKUUOHHOZ0 U INEKMPOMEXHUYECKO20 Ma-
mepuanosedeHusn: arperaTHble COCTOSHHS, Ne(PEeKThl CTpoe-
HUS M UX BJIMSHUE HA CBOWCTBA MAaTE€pUAJOB; TEPMUYECKAS
00paboTKa; KOHCTPYKIIMOHHBIC MaTepUasbl, METaJUIbl U CILJIa-
Bbl; 00paboTKa JAeTaneil 3JIEeKTPOTEXHUYECKOro 000pyaoBa-
HUS, TPOBOJHUKOBBIC, IOIYIPOBOJIHUKOBBIC, IHAJIECKTPUUC-
CKHE€ M MAarHUTHBIC AJICKTPOTEXHUYECKHUE MAaTepUalIbl, MPH-
POJIHBIE, HCKYCCTBEHHBIC M CUHTCTUYECKHE MaTepUabl, Kiac-
cu(UKaIlMi MaTepUAJIOB 10 arperaTHOMY COCTOSHUIO, XMMH-
YEeCKOMY COCTaBy, (DYHKIIMOHAJILHOMY HA3HAUCHUIO, CBS3b
XUMHUYECKOTO COCTaBa MaTePUAIOB C MX CBOHMCTBAMH, 3aBHCH-
MOCTh CBOMCTB OT BHEIIHUX YCJIOBHIA; TEXHOJIOTUH TIOTyUCHUS
U MPUMEHECHHSI DJIEKTPOTEXHUYECKHX MaTepPUAIOB, KaK KOM-
MOHEHTOB JJICKTPOIHEPTETHUECKOTO, IIEKTPOTEXHUIECKOTO U
PaJAMORJIEKTPOHHOTO O0OpYIOBaHMS; CBS3b IMApaMEeTPOB, Xa-

80
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PaAKTEPU3YIOIINX CBOWCTBA IEKTPOTEXHUICCKUX MATEPUAIIOB,
C TapameTpamMH 3JIEKTPOIHEPTETUUECKOTO, DICKTPOTEXHHYE-
CKOT'O M PaIORJICKTPOHHOTO 000PYAOBaHHSI.

150202.65

MarepuaJioBenenue. TexHO0rusi KOHCTPYKIUOHHBIX Ma-
TePUAJIOB.

Y.1. Mamepuanosedenue: crpoeaue marepuanon. Kpucran-
JU3alys U CTPYKTYypa METAJLJIOB U CIu1aBoB. Juddy3uonusie u
oe3nuddy3nonnsie npeppamenus. Kiaccudpukaiuys CriiaBos.
HuarpamMmbl coctosiHus ciuiaBoB. Jledopmanus u paspyiie-
Hue. Mexanuueckue cBoiicTBa mMaTepuasioB. CriocoObl ynpoy-
HEHMSI METAJJIOB U CIu1aBoB. JKene3o u ero cruiasbl. Jluarpam-
Ma jkene3o-ieMeHTUT. Cranu: Kiaccudukaius, aBTOMaTHBIC
ctanii. YyryHel: Oemnbie, cepble, BBICOKOIPOYHBIC, KOBKHE.
BnusiHue nerupyrommx 3JIEeMEHTOB Ha MPEBpAllleHUs, CTPYK-
Typy, CBOMcTBa cTaneil. Teopus TepmMuueckoil 00OpabOTKH.
JnarpamMmmMa M30TEpPMHUYECKOIO MPEBpAILCHUS aycTeHuTa. Bu-
JIbl ¥ PA3HOBUIHOCTH TEPMUUYECKON 00paOOTKH: OTXKUT, 3aKaJ-
Ka, OTIYyCK, HopMayn3anus. [loBepxHOCTHasI 3aKajika; XUMHU-
KO-TepMHUecKass o00paboTka: UEMEeHTalus, a30TUPOBaHHUE,
HUTPOLIEMEHTALINSI, HOHHOE a30TUPOBAHUE. YTIEPOAUCTHIE U
JIETUPOBAHHbIE KOHCTPYKLUMOHHBIE CTAJIM; HAa3HAYEHHUE, TEp-
Muyeckas oOpaboTka, cBoiicTBa. CTayid, yCTONYHMBBIE TIPOTUB
KOPPO3UH, KAapONPOYHbIE CTalIM M CIuiaBbl. IHCTpymMeHTamb-
HBbIE€ MaTepHaNbl: MHCTPYMEHTAJIbHBIE U OBICTPOPEXKYIINE CTa-
7Y, TBEPAbIE CIUIABBI M pEXyllas KepamMHuKa, CBEPXTBEPAbIC
MaTepHalibl, MaTepHalibl a0pa3WBHBIX WHCTPYMEHTOB. L[BeT-
HbIE METAJIJIbI U CIUIABBI, UX CBOMCTBA U HA3HAUCHUE; ME/IHbIE,
JTIOMUHUEBbIC, TATAHOBBIC U IIUHKOBBIC CIUIaBbl. HemeTaiu-
yeckue matepuaisl. [loauMepsl; cTpoeHue, moauMepusanus u
MOJIMKOHIEHCAMsl, CBOMCTBA. llimacTMacchl: TepMmoIacTUy-
HbIE, TEPMOPEAKTUBHBIC, TA30HANIOTHEHHBIE, IACTOMEDHI, pe-
3UHBI, K€U, TepMeTuku. CTEeKI0: HEOPraHMYECKOe U OpraHu-
YecKoe, CUTAIIbI, MeTaiinyeckue crexia. [lonumopdubie mo-
muuKauu yriepoaa U HuTpuaa Oopa. KommoszunuoHHbIE
MaTepUaJIbl

120

151001.65

MarepuajnioBenenue. TexHo/1orusi KOHCTPYKUMOHHBIX Ma-
TEPUAJIOB.

Y.1. Mamepuanoeedoenue: Ctpoenue marepuanon. Kpucra-
JU3alus U CTPYKTYypa METAIIOB U CIIaBoB. Juddy3nonnsie n
oe3nuddysnonnsie npeppamieHus. Kiaccupukaius cCruiaBos.
Jluarpammbl cocTosiHus ciuiaBoB. Jledopmanus v paszpyiiie-
Hue. Mexanuueckue cBoiicTBa matepuasoB. CiocoObl ynpou-
HEHHUSI METAJIOB U CIUIaBOB. JKene30 u ero cruiaBbl.

120




8

Huarpamma >xene3o-ueMeHTuT. Cranu: Kiaccuduxanus, as-
ToMaTHble cTanud. UyryHsl: Oenble, cepble, BHICOKOIPOUYHBIE,
KOBKME. BrusiHuE JIEerupyronmx 3JIeMEHTOB Ha MpeBpalleHus,
CTPYKTYpY, cBOMcTBa crajneil. Teopus Tepmuueckoi 06padboT-
ku. /lmarpamMmma M30TEpPMHUYECKOTO MPEBPAILCHUS AyCTCHHTA.
Bunbl u pa3HOBUIHOCTH TEPMHUUECKON 00pabOTKHU: OTXKUT, 3a-
KaJjKa, OTIyCK, HopMmanu3auus. [loBepXHOCTHAs 3aKalika; XH-
MHUKO-T€pMHUUYECKass 00padoTKa: LEMEHTAlUs, a30TUPOBAHUE,
HUTPOLIEMEHTALIMs, HOHHOE a30TUPOBAHUE. YTIEPOIAUCTHIE U
JIETUPOBAHHbIE KOHCTPYKLMOHHBIE CTaJM; HAa3HA4Y€HUE, Tep-
mMudeckas oOpaboTrka, cBoiicTBa. CTalid, yCTOMYHMBBIE TPOTUB
KOPPO3UH, KapONpOUYHbIE CTaU M cIjiaBbl. HCTpyMeHTalb-
HBIC MaTepUalbl: HHCTPYMEHTAJIbHBIC U OBICTPOPEKYIINE CTa-
7, TBEPAbIC CIJIABbI U PEXKyIlas KepamMHKa, CBEPXTBEpIbIC
MaTepuasbl, MaTepuaabl aOpa3sUBHBIX WHCTPyMEHTOB. l[BeT-
HbIE METaJIbI ¥ CIUIaBHI, UX CBOWCTBA U Ha3HAUCHUE; MEHbIC,
TIOMIHHEBBIC, THTAHOBBIC M IIMHKOBBIE CIUIaBbl. HeMerammu-
yeckue mMarepuaisl. [lomumepsl; cTpoeHne, moauMepu3anus u
NOJMKOHAEH caus, cBoicTBa. [lnmactMaccel: TepmoriacThy-
HbIE, TEPMOPEAKTUBHBIE, Ta30HAIIOJIHEHHBIE, 31aCTOMEPHI, pe-
3UHBI, K€U, repMeTuku. CTEeKI0: HEOpraHMueCcKoe U OpraHu-
4ecKoe, CUTaJlIbl, MeTajuinueckue crekia. [lomumopdusie mo-
audukanuu yriepoga U HuTpunga Oopa. KommosunmonhHbie
MaTepuabl.

190205.65

MartepuasioBegenue. TexHOIOrusI KOHCTPYKUMOHHBIX Ma-
TEePHUAJIOB.

Y.1. Mamepuanoeedenue: cTpoeHUE METaLIOB, Tuddy3nuoH-
HBIC TIPOIIECCH B MeTaiuie, OPMHUPOBAHUE CTPYKTYPHI METa-
JOB U CIUIABOB IIPH KPHCTAJUIM3allUH, IUIACTHYECKas aedop-
MaIlys, BIUSHUE HarpeBa Ha CTPYKTYpPY U CBOMCTBa JAehOpMH-
POBaHHOTO MeETala, MEXaHWYECKHE CBOWCTBA METAIOB U
CIUTABOB; KOHCTPYKIIMOHHBIC METAJUIBI M CIUIABBI; TECOPUS U
TEXHOJIOTUS ~TEPMHYECKOW OOpabOTKH  CTalld; XHMHKO-
TepMHUYEcKass 00paboTKa, )KaponpodYHbIe, U3BHOCOCTOMKHUE, WH-
CTPYMCHTAJIbHBIC W IITAMIIOBOYHBIC CIUIABBI; JICKTPOTEXHH-
YeCKHE MaTepHasbl, pe3UHA, TUIACTMACCHI.

80

190601.65

MatepuanoBeaenue. TexHOI0rusl KOHCTPYKIHOHHBIX Ma-
TepuaJoB.

Y.1. Mamepuanoeedenue: ctpoeHue MeTauioB, nuddy3uon-
HBIE TIPOIIECCH B MeTailie, JOPMUPOBAHUE CTPYKTYPhI METa-
JIOB M CIUTABOB TPH KPUCTALIU3AINH, TUIACTUYECKas nedop-
Malys, BIMSHUE HAarpeBa Ha CTPYKTYPY M CBOMCTBa nedopmu-
POBaHHOTO MeETajla, MEXaHWYECKHE CBOWCTBA METAILIOB U
crutaBoB. Ctanu u 4yryHbl. KOHCTPYKIITMOHHBIC METAJUTBl U

70
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cruaBel. CrutaBel aTOMHOM 3HEpreTHKuU. L[BeTHbIE MeTauibl U
cruiaBbl. Teopus U TEXHOJIOTHUSA TEPMHUUYECKON 00paboTKH cTa-
. XUMHUKO-TepMHuueckas oOpaboTka. JKapornpouHble, U3HO-
COCTOMKHE, MHCTPYMEHTAJIbHBIE WM IUTAMIIOBOYHBIE CILJIABBI.
Hemertammmueckne Marepuasipl. DIEKTPOTEXHUYECKUE Mare-
puansl, pe3uHa, macrmaccel. lloBeneHnre MarepuanoB B JKC-
IUTyaTaluH.

190701.65

MatepuanoBeaenue. TexHOT0rusl KOHCTPYKIHOHHBIX Ma-
TepHaJoB.

Y.1. Mamepuanosedenue: CTpOCHUE METAIOB, AUPPY3UOH-
HbIE TPOLIECCHl B MeTajuie, (OPMUPOBAHUE CTPYKTYpPhl METal-
JIOB U CIUIABOB NPHU KPUCTAIUIM3ALMH, IIacTHUecKast nedop-
Malys, BIMsIHIE HarpeBa Ha CTPYKTYpY U cBOWCTBa JehopMu-
POBAaHHOIO MeETajlyla, MEXAHMYECKHE CBOMICTBA METAJIOB U
CIUIABOB; KOHCTPYKIMOHHBIE METAJUIbl W CIUIABBI; TEOpUS U
TEXHOJIOTHsI TEPMUYECKON 00paOOTKH CTAJIN; IIJIACTMACCHI.

70

200101.65

MaTtepuajioBeeHde W TEXHOJOIUSl KOHCTPYKIHMOHHBIX
MaTepHuaJioB.

Mamepuanoeedenue: CTpOCHHE METAJIOB U CIUIABOB, ILIA-
cTuueckas aedopmalusi, BIMSHUE HarpeBa Ha CTPYKTYpy H
CBOMCTBA 1€(pOPMHPOBAHHOIO METAJUIa, MEXaHUYECKHUE CBOM-
CTBa METAJVIOB U CIUIABOB, KOHCTPYKIIMOHHBIE MaTepuaibl,
TEpMHUYECKasi U XUMHUKO-TepMUYeckass oOpaboTka METaJUIOB,
KOHCTPYKIIMOHHBIE IIJIACTHKH, KOMIIO3UTHI, 3JIEKTPOTEXHHUYE-
CKHME MaTepHajbl; TEXHOJOTUs KOHCTPYKIMOHHBIX MaTepua-
JIOB: TOJIy4YE€HHE 3arOTOBOK JIUTHEM U IUIACTUYECKUM Jedop-
MHUpPOBaHUEM, Naiika U CKJIeUBaHUE MaTepuasioB, GopMooOpa-
30BaHUE IMOBEPXHOCTEW JeTajeil pe3aHueMm, 3JIEeKTpoPHu3nde-
CKHMH M 3JICKTPOXUMHUUYCCKUMH CITocoO0amMu o0paboTKH, oOpa-
00TKa MOBEPXHOCTEH jeTaneil aOpa3sMBHBIM HHCTPYMEHTOM,
TOYHOCTh OOpa0OTKM M IIEPOXOBATOCTh MOBEPXHOCTH JI€Ta-
JIel, TUIIOBOE TEXHOJIOTMYECKOEe 000PYI0BaHUE U UHCTPYMEH-
TBI.

100

200402.65

MartepuanoBenenue. TexHOJOTHsI KOHCTPYKIHMOHHBIX Ma-
TepPHaJIOB.

Y.1. Mamepuanosedenue: cTpoeHue MeTamion, Tupy3noH-
HBIE MPOLIECCH B MeTailjie, (OPMUPOBAHUE CTPYKTYpPhI MeTall-
JIOB W CIUIaBOB IPH KPUCTAJUIM3ALMM, TIacTH4ecKas nedop-
Malys, BIUsIHUE HarpeBa Ha CTPYKTYpY U CBOWCTBa JehopMu-
POBAaHHOTO MeTajljla, MEXaHUYECKHE CBONCTBA METAJIOB U
CIUIaBOB; KOHCTPYKLHMOHHBIE METaUIbl M CILJIaBbl, TEOpUS U
TEXHOJOTHSl TEPMHUUYECKOM 0O0pabOTKM CTaliM,; XHMHKO-
TepMHuueckas 00paboTKa; KapoMpOUHbIe, U3HOCOCTOMKUE, HH-

110
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CTPYMEHTAJIbHBIE U IUTAMIIOBOYHBIE CILIABBI; MAaTepUasbl JJIs
OMOJIOTHYECKUX TIPUMEHEHUN; OCHOBHBIE (PU3UKO-XUMUYECKUE
CBOMCTBA KOHCTPYKIIMOHHBIX MaTEPHAJIOB Il MPUMEHEHUH B
OMOJIOTUH W MEAMIIMHE; MaTepualbl I UCKYCCTBEHHBIX CO-
CyJIOB, KJamaHOB CepJlla, CYCTaBHBIX M JIPYTUX MPOTE30B;
npobseMa COBMECTHUMOCTH OHOJIOTHYECKUX M TEXHUUYECKUX
MaTepuasoB; METOAMKA pabOTHI CO CIIPAaBOYHOM JIMTEpATypOi
110 MAaTEPUAIIOBEACHUIO.

200501.65

MarepuasioBegenne. TexHOJOrusA KOHCTPYKIMOHHBIX Ma-
TepuaoB.

Crpoenune MertamioB, Au¢Gy3UMOHHBIE MPOIECCHl B METAaJLIE,
dbopMHUpoBaHUE CTPYKTYpbl METAJJIOB U CIIABOB MPU KpPH-
CTaJUTM3allNK, TulacTHdeckas nedopmalusi, BIUMSHUE Harpena
Ha CTPYKTYpY U CBOMCTBa Je(POPMUPOBAHHOTO METaJIa, Me-
XaHUYECKHE CBOMCTBAa METAIOB M CIUIaBOB. KOHCTpyKIIMOH-
HBIC METAJUTHl U CIUIaBBI. Teopus W TEXHOJOTUS TEPMHUIECCKOM
00paboTKH cTanu. XUMHUKO-TepMHUYecKas oOpadorka. YKapo-
MPOYHBIC, M3HOCOCTOWKHE, WHCTPYMEHTAJIbHBIC W IITaMIIO-
BOYHBIC CTIaBbl. OCHOBBI TEXHOJIOTHH KOHCTPYKIIMOHHBIX Ma-
TEPHAJIOB.

68

220301.65

MarepuaJjioBeaeHue.

Crpoenue MertamioB, AU(QGy3nOHHBIE MPOLECCH B METalle,
dbopMHupOBaHUE CTPYKTYphl METAJJIOB W CIUIAaBOB TNPU KPH-
CTAJUIM3AIUH, TUIacTUYecKas Aeopmalius, BIMSHHE HarpeBa
Ha CTPYKTYpY M CBOMCTBa Je(opMHpOBAaHHOTO MeTaiia, Me-
XaHMYECKHE CBOMCTBA METAJIOB M CIUIaBOB. KOHCTPYKITMOH-
HbI€ METAJUIbl U CIUIaBbl. Teopus U TEXHOJIOTUSI TEPMHUUECKOU
00paboTkK cTanu. XUMHUKO-TepMHYecKas oOpaborka. YKapo-
IPOYHBbIE, M3HOCOCTOMKHE, WHCTPYMEHTaJbHbIE W ILITaMIIO-
BOYHBIC CIUIaBbl. Marepuasnbl, TPUMEHSIEMbIE B Pa3JTHMYHBIX
OTpaCisAX MPOMBIIUICEHHOCTH. DIEKTPOTEXHUUECKHE MaTepHa-
JIbl, pe3uHa, TIACTMACChl, KOMIIO3UIITMOHHBIE MaTEpHUAIIbI U JIp.
OcHoBBI MpoN3BOCTBa MaTepuanoB. PopmooOpa3oBaHue 3a-
roToBoK. [Ipon3BOACTBO 3arOTOBOK pa3iMYHBIMHU CIOCOOAMHU.
Csapka, naiika, ckiienBaHue marepuanos. [lomydenne kommo-
3UIMOHHBIX MaTepHhaiioB. M3roToBrneHue u3Aenuii U3 KOMIIO-
3UIIMOHHBIX MaTePUAJIOB: METAJUTMYECKHUX, MOPOIIKOBBIX, 3B-
TEKTHYECKHUX, MMOJIMMEPHBIX. V3roTOBICHHE PE3UHOBBIX ITOJTY-
dbabpukatoB u neraneir. DopMupoBaHre MOBEPXHOCTEHN JeTa-
Jeil pe3aHueM, EKTPOGU3NIECKUMU U 3IEKTPOXUMUYECKUMHU
criocobamu 06padoTku. Beibop criocoba oO6paboTKH.

120
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240301.65

MarepuasioBegenue. TexHOIOrusI KOHCTPYKUMOHHBIX Ma-
TEePHUAJIOB.

Mamepuanosedenue: cTpoeHue MeTauioB, nudQy3noHHBIC
IIPOIIECCHl B MeTalljIe, (DOPMUPOBAHKE CTPYKTYPHI METAIIJIOB U
CIUIaBOB NPHU KPUCTAIIM3AIMHU, IUIacTUYecKas aedopmanus,
BIIMSIHUE HAarpeBa Ha CTPYKTYpPy U CBOMCTBa AehOpPMHUPOBAH-
HOTO MeTaJljla, MEXaHUYECKHUE CBOMCTBA METAJJIOB U CILJIABOB;
KOHCTPYKIIMOHHBIE METAJJIbI U CIUIABbI, TEOPUS U TEXHOJIOTHS
TEPMHUYECKON 00pabOTKU CTalIM; XUMHUKO-TEpMHUUEcKasi oOpa-
00TKa; >KaponpoYHbIe, U3HOCOCTONKNE, UHCTPYMEHTAIbHBIEC U
IITAMIIOBOYHBIE CIUIABBI; SIBJICHUE KOPPO3HH, KOPPO3UOHHBIC
noTepu, Kiaccudukaiusi KOPPO3UOHHBIX MPOIIECCOB, XUMUYE-
CKasi W JJIEKTPOXUMHUYECKAash KOPPO3HUs, METOMbl 3allUThl OT
KOPPO3UU; 3JIEKTPOTEXHUUYECKHWE MaTepuaibl, pe3UHa, IJIacT-
MAacChl.

70

240401.65

MartepuasioBegeHue. TexHOIOrusI KOHCTPYKUMOHHBIX Ma-
TEPHUAJIOB.

Crtpoenne meTtayioB, nud¢y3noOHHBIE MPOIECCHl B METAJIE,
dbopMHupOBaHUE CTPYKTYpbl METAJUIOB W CILIAaBOB TMPU KpPH-
CTaJUTM3AINK, TuTacTHYecKas naedopmalusi, BIUSHUE HarpeBa
Ha CTPYKTYPY U CBOWMCTBa Je(OPMHUPOBAHHOTO METaylia, Me-
XaHUYECKHE CBOMCTBA METAJJIOB U CIUIABOB; KOHCTPYKIIHUOH-
HbIE€ METAJUJIbl U CIUIABBI; TEOPUS U TEXHOJIOTHS TEPMHUECKON
00pabOTKM CTalli; XUMUKO-TEpMHYECKas 00paboTka; kapo-
IPOYHBbIE, M3HOCOCTOMKHE, WHCTPYMEHTAJbHbIE U IITaMIIO-
BOYHBIC CIUIABHI; SIBJICHUE KOPPO3UH, KOPPO3HOHHBIE MOTEPH,
Kiaccu(ukaiys KOPPO3MOHHBIX IPOIIECCOB, XUMUYECKas H
AIEKTPOXUMUYECKAS KOPPO3HsI, METOJIbI 3aIIUTHI OT KOPPO3HH;
AIEKTPOTEXHUYECKHE MAaTEPHAIIbI, Pe3UHA, TNIACTMACCHI.

70

280202.65

MartepuasioBegenue. TexHOIOrusI KOHCTPYKUMOHHBIX Ma-
TEePHUAJIOB.

Crtpoenne MeramwioB; A y3HMOHHBIE MPOIECCHl B METAJIE,
dbopMHUpOBaHUE CTPYKTYphl METAJUIOB W CILIAaBOB TPU KpPH-
CTaJUTU3AINK, TuTacTHYecKas naedopmalius, BIUSHHUE HarpeBa
Ha CTPYKTYpY U CBOMCTBa Je(OPMHUPOBAHHOTO METaylia, Me-
XaHWYECKHE CBOMCTBA METAJUIOB M CIIABOB; KOHCTPYKITMOH-
HbIC METAJUIBI U CIUIABBI; TEOPHUS W TEXHOJIOTHS TEPMHUYECKON
00pabOTKM CTalii; XUMHUKO-TEpMHYECKass 00paboTka; kapo-
NPOYHBIE, M3HOCOCTOWKHE, WHCTPYMEHTAJIbHBIE W IITAMIIO-
BOYHBIC CIIJIABHI.

85
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1.2.2. OFBEM JUCIHUATIIJIVHBI U BUJIbl YYUEBHOU PABOTBHI
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814 Marepuanosenenue 1 TKM OINJ1.®.03 220301.65 OvHasdt 18 | 16 1 - k3
140104.65
812 Marepuanosenenue. TKM ul OIld.®.02 140101.65 12 8 1 1
OINA.D.03 190701.65 OYHO-3a0YHAs
1416 Marepnanoseexye OIJ.®.03.01 | 190601.65 70142 | 0] g v
OI.D.06 240301.65 28 3au
819 Marepuanosegenue. TKM OIJ.®.11 240401.65
OIN1.D.03 200501.65 3a09Has 4 4 1 1
OuHast 24 8 }
1638 MatepuanoBeneHue 220100.62
3a04Has 8 4 -
1413 MatepuanoBeneHue OINA.®.03.01 190205.65 ouHo-3a0unas | 30 | 48 12 8 32 1 1 s
810 Matepuanosenenue (TKM) OIJ[.®.02 140601.65
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140602.65 3a09Has 2 3au
OYHO-3204HAast 12 ]
1641 Marepuanosenenue u TKM OIlJI.®.10 280202.65 85 51 34 K3
3a049Had 8 4
OYHO-3a04HAast 10 12
998 OcHOBBI MaTepUaNOBEACHUS OIlL.®.02 140211.65 90 54 36 3au
3a09Has 4 8
O1HadA 90 54 | 24 | 20 | 36
814 Marepuanosenenue u TKM OIJI.®.03 200101.65 OYHO-3a04Has 10 16 OK3
100 | 60 40
3a04Has 4 8
OYHO-3a04YHas 14 12
OIlJI.®.02 080502.65 100 | 60 40 K3
808 MaTepuanoBeeHHE 3a049Had 8 4
OIJI.®.03 200402.65 OYHO-33a09Had | 110 | 66 12 16 | 44 DK3
814 Marepuanosegenue 1 TKM OILJ.®.03 220301.65 OYHO-320YHAS 14 | 16
808 MarepuanoBeaeHue OIJ1.®.03.01 151001.65 B 120 | 72 5 B 48 K3
OYHO-3204HAast 14 16
809 MarepuanoBeaeHue OIl4.9.03.01 150202.65
3a049Has 6 8
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2. PABOUYUE YUYEBHBIE MATEPUAJIbI
2.1. PABOYASA NTIPOI'PAMMA

(O6bem aucruriuHbl 120 yacoB)

BBEJIEHME (2 uaca)
[1], c. 3...6, umu [2], c. 4...5; [3], c. 13...20; [4], . 9...32

Conepxanue u 3anadn Kypca. Ero MecTo B IOATOTOBKE MHKEHEPOB, CIElUa-
JU3UPYIOMIMXCA B 00JacCTH KOHCTPYUPOBAHMS, MPOU3BOJCTBA U IKCIUTyaTallMd Ma-
IIMH, IPUOOPOB, MEXaHU3MOB U 00OPYI0BaHUs Pa3IMYHOr0 HazHadeHus. Poiab mate-
pHaJoB B COBPEMEHHOM TeXHUKE. KpaTKkuil HICTOPUYECKHI OYEPK Pa3BUTHS MAaTEpHa-

JOBCACHMUA.

2.1.1. CTPOEHME M CBOMICTBA METAJIJIOB (4 uaca)
[1], c. 7..24, wu [2], c. 7...67; [3], c. 20...40; [4], c. 9...32

XapakTep MeXaTOMHOM cBsi3M B Metaiuiax. CBOWCTBa METAIOB, ONpeeisie-
MbI€ METAJUIMYECKUM THUIIOM CBs3M. KpucTajummyeckoe CTpOCHHME METaJIOB. THIIBI
KPUCTANIMYECKUX PEIIETOK. AHU30TPOINs CBOMCTB MeTasuioB. OCHOBHBIE HECOBEP-
IIICHCTBA KPUCTAIUIMYECKOTO CTPOEHUS U UX BJIMSHUE HA CBOMCTBA MeTauioB. [Ipou-
HOCTb UJeanbHBIX (0€31€PEKTHBIX) U peabHbIX KPUCTAUIMYECKUX Tell. [IyTn moBbI-

IICHUA IIPOYHOCTHU MCTAJIJIOB.

2.1.2. KPUCTAJUIN3ALMS METAJIJIOB (4 uaca)
[1], c. 24...36 wmm [2], c. 68...86; [3], c. 40...47; [4], c. 38...53

OC0OEHHOCTH KUJKOTO COCTOSTHUSI METAJUIOB. DHEPTeTUYECKHUE YCIIOBUS U Me-
XaHU3M TIpollecca KPHUCTaUIM3alnd. 3aKOHOMEPHOCTH OOpa30BaHHsI W pOCTa KpH-
CTAJUIOB. 3aBHCHUMOCTh CKOPOCTH KPUCTAUIM3AIMU OT CTETCHH MEPEOXIIaKICHUS
pacmiaBa. AMoOpdHBIE METAIIIBI (METAJUTMUECKUE CTEKIIA). BiusHMe CKOpOCTH OoXJia-
XKICHUS MPU KPUCTAJUIM3allMA Ha BETWYMHY 3€pHA B 3aTBepJieBIIeM MeTayie. Ponb
npumeceil. CymHocTh nporecca MoaudunupoBanus. CTpoeHHE CIUTKA.

[IpeBparmienuss B TBEpAOM cOCTOSIHUU. AJutorponus (nonumopdusm). Ilomu-
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MOp(HBIE TPEBPALICHUS B JKEJIE3€.

2.1.3. AI3SMEHEHHME CTPYKTYPbhI U CBOMCTB METAJLJIOB
IPU IJTACTUYECKOM JE®OPMAIIMA U PEKPUCTAJIIN3ALIUU
(4 yaca)

[1], c. 68...73, wm [2], c. 122...140; [3], c. 60...68; [4], c. 35...62, 76...87

VYmpyras u miactudeckas nedopmaruu. JIuciokarmoHAbI MEXaHU3M TIIACTH-
YeCKOH aepopMaliii METaJIOB.

Bnugnaue miactuueckoi nedopmanuu Ha CTpoeHue meTtaia. M3meHnenue me-
XaHWMYECKUX U (PU3UUYECKUX CBOWCTB METAJUIa B Pe3yJIbTaTe MIACTUYECKOM Aedopma-
uuu. fIBjaeHue Hakiena.

N3menenue CTpyKTypbl U (GU3HKO-MEXaHUYECKUX CBOWMCTB HAKJIENAaHHOTO Me-
Tajula Ipu Harpese. SIBiieHKs BO3BpaTa M pekpucraumsanuu. Ilopor pexkpucramuim-
3alMM U BIMSHUE HA HErO Pa3iuyHbIX (PakTOpOB. XOJOAHAS U TOpsYast MIacTUYECKast

nedopmarys METaJUIOB.

2.1.4. METAJINIMYECKHUE CIIVIABBI, TUAT'PAMMbI COCTOSAHUA

(8 yacoB)
[1], c.37...65, unu [2], c. 87...99, 47...54; [3], c. 168...190; [4], c. 88...140

[TonsiTust 0 cucreme, KOMIOHEHTE, (paze. MexaHnueckue cMecu. XUMHUYECKUE
COCAMHEHNS B CIUIaBax. TBepable pacTBOPHI U UX PA3HOBUIHOCTH.

JlnarpaMMbl COCTOSIHUS U MX MpakThdeckoe 3HaueHue. [Ipasumno ¢as. Metosl
NOCTPOEHUS TUarpaMM COCTOSIHUS. J{narpaMmbl COCTOSIHUS IBOMHBIX CIUIaBOB, 00Opa-
3YIOIIMX MEXaHWYECKHE CMECH M3 YUCTBIX KOMIIOHEHTOB. DBTEKTHYECKOE ITpPEBpa-
mienue. IlpaBuito orpeskos. /luarpaMMsl COCTOSIHUS JTBOWHBIX CILJIABOB JUIA CIy4acB
IIOJIHOM B3aUMHOW PaCTBOPUMOCTU U OIPAHUYECHHOU PACTBOPUMOCTH KOMIIOHEHTOB B
TBEpIOM coctosgHuu. [lepurextnueckoe npespaimenue. HepaBHoBeCHass KpUCTaJUIn-
3anus. JInkBanus B CIulaBax U €€ pa3HOBUIHOCTH.

JluarpaMmbl COCTOSIHUSL CILJIaBOB, OOPa3yIOIIMX XMUMHUYECKHWE COCNUHEHUS, U

CIUTABOB, MCTIBITHIBAIOIIUX MOIUMOp(dHBIE TipeBpaiienus. OnpeaeneHue ¢ TOMOIIBI0
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IarpamMM COCTOSIHHsI TEMIIEpaTyp IUIABJIICHUS W 3aTBEPACBAHUS CIUIABOB, XUMHYE-
CKOT0 cocTaBa (pa3, OTHOCUTEIBHOIO KOJIMUYECTBA (a3 U CTPYKTYPHBIX COCTABIISIO-
mux. CBS3b MEX]y XapaKTepoM AUarpaMM COCTOSIHUSI U CBOMCTBAMU CILJIaBOB (3aKOH

KypHnakoga).

2.1.5. MEXAHUYECKHUE CBOMCTBA U KOHCTPYKIIUOHHAS
IMPOYHOCTDb METAJUIOB U CIIVIABOB (4 yaca)

[1], c.75..80,87...117, unu [2], c. 47...60, 222...236; [3], c. 69...143;
[4], c. 70...75
[IoHATHE KOHCTPYKIMOHHOM NMPOYHOCTH MATEPUAIOB. XapaKTEPUCTUKH, OIIPE-
JEJSIFOIIME KOHCTPYKIMOHHYIO IIPOYHOCTh - IPOYHOCTh, HAJEKHOCTh U JIOJITOBEY-
HOCTb. OCHOBHBIE KPUTEPUU OLIEHKHA IIPOYHOCTH, HAZEKHOCTU U JOJITOBEYHOCTH Ma-
TepuanoB. 1lyTu noBbIIEHNS KOHCTPYKLUMOHHOM IIPOYHOCTH METAJUIMYECKUX H3JIE-

JIVH.

2.1.6. ’KEJIESOYTJIEPOJAUCTBIE CIIJIABBI (10 yacos)

[1], c. 118...134, 144...155, wm [2], c. 99...110, 237...302;
[3], c. 194..210, 224...233; [4], c. 142...198

CaoiicTBa xene3a, yriepojaa u nemeHtura. OcCHOBHbIE (a3bl, MPUCYTCTBYIO-
M€ B XKEJIE30yTIEPOAUCTHIX CIUIABaX B PAaBHOBECHOM COCTOSIHUHM. AYyCTEHUT, (ep-
PUT, IEMEHTUT, rpaduT. Jlnarpamma coCTOSHHMS Kee30 - HeMeHTUT. IIpeBpaiienns B
KEJIE30yINIEPOAUCTBIX CILIABAX PA3JIMYHOIO COCTaBa IIPU MEUICHHOM OXJIAXICHUU.
CTpyKTypHBIE COCTaBISIOIIME B KEJIE30yINIEpOAUCThIX cIiaBax. Kiaccudukanms
KEJIE30yIIIEPOAUCTHIX CIUIaBOB. TexHuueckoe xene30. Cranb. benblii uyryH.

VYriepoauctele ctanu. Bo3MOKHBIE IPUMECH B CTAJISIX M UX BIUSHHE HA CBOM-
CTBa. 3aBUCUMOCTh CBOMCTB cTajieil OT coxaepxanusi yriepona. Kiaccudukauus u
MapkupoBka yraepoaucteix craieit mo 'OCT. Yrineponucteie cranyu 0ObIKHOBEHHOTO
KauyeCTBa U KAYECTBEHHbIC. ABTOMATHBIEC CTAJIN.

Uyrynsl. YcnoBus o00pa3oBaHUSI METACTaOMIBHOM CHCTEMBI (JKele30 -

IIEMEHTHUT) U CTaOMIBLHOM CUCTEMBI (3KeJe30 - rpaduT). BiausHue cKopocTH oXjaxk-
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JeHHs U TpuMeceit Ha mponecc rpaduruzanun. Knaccudukamus ayryHoB mo Gopme
rpadura U CTPOCHUIO MeTallInueckoi ocHOBbI. Cepble uyryHbl. MoauduuupoBaHue
YyT'yYHOB. BBICOKONIPOYHBIN YyT'yH, €ro CTpyKTypa U cBoWcTBa. KOBKMI 4yryH, €ro
CTPYKTypa U ycioBus noiyueHusi. Mapkuposka uyryHoB 1o ['OCT.

[IpumeHeHne yraepoAMCThIX CTaled U YyT'yHOB B MalllMHO- U IpUOOpOCTpoe-

HHMU.

2.1.7. TEOPMSI TEPMUYECKOI OBPABOTKHU CTAJIH (10 uacos)
[1], c. 156...190, wmn [2], c. 142...174; [3], c. 236...260; [4], c. 199...255

Cy1miHOoCTh, Ha3HAYCHUE U OCHOBHBIC BUJIBI TEPMHUUECKON 0OpaOOTKU CTaH.

[IpeBpamenus B cranmu npu HarpeBe. OOpazoBanue aycreHuta. Poct aycre-
HUTHOTO 3¢pHa. BiusHue BeTMIMHBI 3epHA HAa CBOMCTBA CTaIH.

[IpeBparmienus B cranu npu oxiaxacHuu. KuHeTnka mpeBpaiieHus nepeoxa-
KJICHHOTO aycTeHWTa. JlmarpamMma H30TEPMHYECKOTO TMPEBpAIICHHS ayCTCHHUTA
(C-o0paznas amarpamma). CTpyKTypa U CBOWMCTBA MPOAYKTOB MPEBPAIICHUS ayCTe-
HUTA: IEPIIUTa, COPOUTA, TPOOCTUTA, OCHHUTA.

MapTeHCUTHOE TPEBpAIllCHUE ayCTCHHTAa M ero ocoOeHHOCTH. Kpurhuueckas
CKOpOCTh 3aKkaiku. CTpyKTypa U CBOMCTBA MaPTEHCHUTA.

OcTaTo4HbBIN ayCTEHUT, IPUYMHBI €T0 COXPAHCHHUS IIPH 3aKaJIKe.

[IpeBpamiennss B 3aKajieHHOW CTaau TP OTIyCKe. M3MeHeHue CTPYKTYpHI H
CBOMCTB 3aKaJICHHOM CTaliu B IMporiecce oTmycka. OTaudne CTPyKTyp, 00pa3yeMbIX B
pe3yibTaTe OTIYCKa 3aKaJIeHHOW CTalld, OT aHAJIOTHYHBIX CTPYKTYp, 00pa3yeMbIX
IPU 3aKaJKe.

Tepmomexanndeckass 00paboTKa CTald W €€ pazHOBUAHOCTH. CTPYKTypHBIC

U3MEHEHMs], COBEpPIIAIOLIMECS B CTAIM MPU TEPMOMEXAHUUECKOU 00paboTKe.

2.1.8. TEXHOJIOTHSI TEPMAYECKOI OBPABOTKM CTAJIM (6 yacos)
[1], c. 191..227, umu [2], c. 174...195; [3], c. 260...278; [4], c. 256...283

OcHOBHBIE BHJIBI TEPMUYECKONH O0OpaOOTKH CTaIM - OTXKUT, HOpMaJIU3alus, 3a-

KaJIKa, OTITYCK.
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Omxur ctanu. [lonHbiid n HenoaHbINA OTXKUT. M3oTepmudeckuii omxur. Juddy-
3HUOHHBIN OTKUT (roMoreHu3anus). OTXKUT Ha 3epHUCTHIN nepaut (cheponanszanus).
Pexpucrannuzannonnsiii omxur. Hopmammszanus. CTpykTypa U CBOMCTBa CTaju IO-
CJI€ OT)KUIa U HOPMaJIU3aluu.

3akanka craiau. Beioop TemmnepaTypsl HarpeBa. Y cJI0BUSI HarpeBa U3JeIuil Ipu
TepMHUUYECKOi 00paboTke. Oxnaxkaaromme cpeabl npu 3akanke. [IpokannBaeMocTs u
€€ BJIMSHHUE HA CBOMCTBA 3aKaJeHHOW crainu. DakTopsl, BIMSAIONIME HA ITPOKAIMBAE-
MOCTb. JleekThl 3aKajJeHHON cTamu U Mepbl UX NpeaynpexaeHus. Buapl 3akanku
(0OBIuHAsA, IPEPHIBUCTAS, CTYIIEHYATAs!, H30TEPMUYECKAs) U UX 0COOEHHOCTH. MeTo-
Jbl TIOBEPXHOCTHOM 3aKaJIKM: 3aKajKa C MHAYKIMOHHBIM U Ia30IUIAMEHHBIM Harpe-
BOM U C HCIIOJb30BaHUEM BBICOKOKOHIIEHTPUPOBAHHBIX HCTOYHUKOB YHEPIUU (3aKai-
Ka C JIa3€pHBIM U 3JIEKTPOHHO-IYyYEBBIM HAIPEBOM).

OTnyck 3akajneHHOW cTaiu. Buabsl OTIycKa: HU3KWM, CpPEIHUMH, BBICOKHI.
CrpyKTypa B CBOMCTBA CTaJIM IIOCJIE PA3JUYHBIX BUIOB OTIIycKa. IIpumepsr npume-
HEHUS YIPOUHSIONIEH TePMUUECKON 00paOOTKU CTANbHBIX U3JEIUHA B PA3TUYHBIX OT-

pacisix MalllIMHOCTPOCHHA.

2.1.9. XUMHUKO-TEPMUYECKASI OBPABOTKA CTAJIA U IPYT'UE
METO/IbI HOJYYEHUSA N3HOCOCTOMKHUX MMOKPBITHUH (6 yacos)

[1], c. 228...249, wm [2], c. 196...220; [3], c. 278...284; [4], c. 284...302

duznyeckre 0OCHOBbI XUMUKO-TEPMUYECKON 00pabOTKH.

[lemenrtauusi, ee Ha3HauYeHHE U CrOCOObI ocyulecTBiIeHUs. CTpyKTypa CTalu
nocje neMeHTanuu. Tepmudeckas 00paboTKa IEMEHTOBAHHBIX U3/ICIHIA.

A30oTHpOBaHUE, €r0 Ha3HAUYEHHE U CIOCOO0bI ocyiiecTBieHusd. Ctaiu s a3o-
tupoBaHus. L{uanupoBaHue cTanu, ero Ha3HayeHue U crocoObl ocyiecTBieHus. bo-
pupoBanue u 1udPy3n0HHOE HACKHIIICHUE CTATT METAJUIAMHU.

CoBpeMeHHbIE METOJIbI MOJIYYEHHS] TBEPIbIX M3HOCOCTOMKHX MOKPBITUN. XU-
MHUYECKOE OCAXKICHUE TIOKPHITUN U3 Ta30BO# ¢aspl. [1asmMenHoe u BaKkyyMHOE MOH-

HO-IIJTa3MCHHOC HAaHCCCHHC HOKpBITHﬁ.
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2.1.10. BJAUSIHUE JETUPYIOIINUX JIEMEHTOB HA CBOMCTBA
CTAJIM U HA TIPOLIECCHI ®A30BbIX IIPEBPAIIIEHUMH (6 uacoB)

[1], c. 134...143, 259..312 umm [2], c. 110...117, 250...282;
[3], c. 210...224; [4], c. 307...322

Ienu nerupoBanust cranu. Hanbosnee pacnpocTpaHEHHbIE JIETHPYIOIIUE dJie-
MEHTHI. BiusiHUE JIErupyOMMX 3JIEMEHTOB Ha MOJIMMOpP(HBIE PEBPALICHUS B JKee-
3¢ U cBoicTBa ¢eppurta. BzanumoneicTBue JErHPYyIONUX JIEMEHTOB C YIIIEPOJIOM.
BimsiHue nerupyroniux 3JIEMEHTOB Ha NMPEBPALICHUE NEPEOXIIAXKIECHHOIO ayCTECHUTA
Y IPOKAJIMBAEMOCTh CTAJIA, HA MAPTEHCUTHOE NIPEBPALIEHUE U KOJIUYECTBO OCTATOY-
HOT'0 ayCTEHUTA, Ha CKJIIOHHOCTh CTAJIM K POCTY 3€pHA U IIPOLIECCHI OTIyCKa 3aKaJIcH-
HOM cTayii. TexHolornueckue 0COOEHHOCTH TEPMHUUECKON 00pabOTKH JIETHPOBAHHOM
CTaJju.

Knaccugukanus 1erupoBaHHBIX CTajeil M0 CTPYKTYpE, COCTAaBY, Ha3HAYCHUIO.

MapxkupoBka nerupoBannbix crasen nmo ['OCT.

2.1.11. KOHCTPYKIIMOHHBIE CTAJIH (6 1acos)
[1], c. 252...290 umu [2], c. 222...282; [3], c. 303...320; [4], c. 322...354

TpeGoBaHus K KOHCTPYKIIMOHHBIM cTajisiM. [IpemmyriecTBa JierupoBaHHOM
KOHCTPYKIIMOHHOM CTajiu mepes HEJIErupoBaHHOM. PoJb JIErHpYyIOMIKUX 3JIEMEHTOB.
OTnyckHas XpynKOCTh KOHCTPYKLIMOHHBIX CTaj€ll U CIOCOObl €€ MpeIOTBPAILECHHS.
CBapuBaemocTh cTanu. CTpOUTENbHBIE CTANH.

[HemenTyemble, yiIydiaeMble U BBICOKOIIPOYHBIE KOHCTPYKIMOHHBIE CTAIIN; UX
Ha3HAYCHHE, CBOWMCTBA, COCTABbI, PEKUMbI TepMHUECKOI 00paboTku. [Ipumeps! KoH-
CTPYKLUHMOHHBIX CTaJIE Ka)KI0TO THUIIA.

[IpyXuHHBIE CTanW; MIAPUKOMOAIINIIHUKOBBIE CTAJIM; UX CBOMCTBA, PEKHMBI
TEPMHUYECKON 00pabOTKH.

Br16op Mapku KOHCTPYKIIMOHHOM CTaju B 3aBUCHUMOCTHU OT Ha3HAUCHUS U3[le-

JIMH, UX Pa3MEpPOB U yCIOBUM HArpy KECHHUS.
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2.1.12. ”AHCTPYMEHTAJIBHBIE CTAJIN U
TBEPJIBIE CIIJIABBI (6 uacos)

[1], c. 349...366 wmu [2], c. 608...629; [3], c. 320...336; [4], c. 355...382

Knaccudukanus HHCTpYMEHTaJIBbHBIX cTajei nmo HasHayeHuto. Ctanu ais pe-
KYILEr0 U U3MEPUTEIIbHOIO0 MHCTPYMEHTA, UX TepMUuueckas oopaborka. Hasnauenue
OTJENbHBIX JIETUPYIOIMINX 3JIEMEHTOB. bricTpopexyIime craim, ux cocTaB, CTPYKTypa
u cBoiicTBa. [Ipupona ux kpacHocroikoctu. Tepmuueckas 06paboTka OBICTPOPEKY-
[IUX CTaJeH.

Cranu Uil IITaMIOB XOJIOJHOM M ropsiueil mramMnoBku. TpeOoBaHus, npeab-
SBIIIEMbIE K HUM, M PEXUMBI TepMUYeCKON oOpaboTku. HasHauenue nerupyronmx
aJIeMEHTOB. BrIOOp cTaneil s mTaMIIOB pa3iMyHOTO Ha3HAYEHUsS, pa3MEpOB U yC-
JIOBH pabOTHI.

JIuThie 1 MeTaUIOKepaMHUUYECKHE TBEP/IbIE CIIaBbl, UX CBOMCTBA, HA3HAYCHHUE U
croco6Obl m3rotosienus. Hanbonee pacnpocTpaHeHHbIE MAPKH JUTHIX U METAJJIOKE-

PaMHUYCCKHUX TBEPAbIX CIIJIABOB.

2.1.13. CTAJIA 1 CIIJIABBI C OCOBBIMH
®U3NKO-MEXAHUYECKHUMHA CBOMCTBAMM (8 4acos)

[1], c. 290...312, 367...376 umu [2], c. 326...348, 470...607;
[3], c. 336...447; [4], c. 382...434, 453..477

OKaJMHOCTOMKHUE U JKapOIPOYHBIE CTANU U cIuiaBbl. OCOOEHHOCTH MOBEICHUS
MaTepuajoB IpHU IMOBBILEHHBIX TeMIeparypax. OKaIMHOCTOMKOCTh U €€ MPUPOAA.
[Ipumepsl OKaNMHOCTOMKHMX CTaJIed. XapakTEPUCTHKU >KapONpPOYHOCTH (IIpenesbl
MOJI3YYECTH U JUIUTENbHON npouHocTH). Kitlaccudukanus, coctas, Tepmudeckas 00-
paboTKa 1 TeMIepaTypHble Ipeiebl IPUMEHEHHUS KapOINPOUYHbIX CTAJIEH U CIUIABOB.

Hepsxkageromue cranu u ux kinaccudukamnus. [Ipupoga KOppo3nOHHON CTONKO-
CTH HEpP)KaBEIOIIMX CTajlei, 00JacTH WX MPUMEHEHHUs, TepMHuueckas oOpaboTka.
[Ipumepsl Mapok crajiell KaxkJoro kiuacca. MeXKpHUCTaUIMTHAsT KOPPO3Usl HEpKa-

BEIOIIUX CTAJICH U CIIOCOOBI €€ MPeIOTBPAIICHHUS.
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W3HococToliKne cTanm, uX COCTaB, TepMUUeckas oOpaboTka, CBOWCTBA M 00-
nacTu npuMeHenus. [Iprpoia moBbIIEHHON H3HOCOCTOMKOCTH.

CmnaBbl ¢ 0COOCHHOCTSIMU TEIUIOBOTO PACIIMPEHHUs, UX COCTaB, CBOMCTBA W
HaunboJiee pacpoCTpaHEHHbIE MapKH.

MarauTtHble CTajau U CIJIaBbl, UX KiaccuuKanus. MarHUTOMATKHE U MarHu-
TOTBEPJBIE CTAJM U CIUIAaBbl. TpeOoBaHMs, NpeAbsBIsieMble K HUM. Bb1OOp Maruuro-
MSATKHX M MAarHAUTOTBEPABIX MATEPUAJIOB JUIS MU3JEIHMI pa3InyHOro HazHadeHus. He-
MarHUTHBIE CTATU U YyTYHBI.

CraBel ¢ OCOOEHHOCTSIMU 3JIEKTPHUECKOTO COMPOTUBICHUA. [[pOBOTHUKOBEIE
MaTepHUallbl, PEOCTATHBIE CILIABBI, CIUIABBI JUIsl HarpeBaTEIIbHBIX JJIEMEHTOB, UX CO-

CTaB, CBOMCTBA U HauboJIee paclpOCTPAHEHHBIE MAPKH.

2.1.14. TATAH 1 ET'O CILIABHBI (4 uaca)
[1], c. 378...384 umu [2], c. 406...426; [3], c. 490...503; [4], c. 434...442

CaoiicTBa TUTaHA. BiusiHME NETUPYIOMMX 3JIEMEHTOB HA CTPYKTYPY M CBOUCT-
Ba TuTaHa. Kiaccudukanus TUTAHOBBIX CIUIABOB, MX Ba)KHEMIIME MpEeUMYIIECTBa,
MapKUPOBKa, CIIOCOObI TepMUYECKOil 00paboTku, obnactu npumenenus. Kopposuon-

Hasg CTOMKOCTh TUTAHA.

2.1.15. CIUIABBI HA OCHOBE AJTIOMUHUS 1 MATHUS (6 yacos)
[1], c. 384...406 wm [2], c. 357...382; [3], c. 476...490; [4], c. 479...508

CaoiicTBa u npuMeHenne amoMuHua. OCHOBBI TEOPUU TEPMUUYECKON 00paboT-
KA aJTFOMUHHUEBBIX CIUIaBOB. CBs3b MEXAY MUarpaMMaMHU COCTOSIHHS aJTFOMUHHUEBBIX
CIUTABOB Y MIX TEXHOJIOTHYECKUMU CBOMCTBaMu. JIuTeitHbie U qedhopMupyeMbIe CIIa-
Bbl. CIUTaBbI, yIIPOYHSIEMBIE H HE YIIPOUHSIEMbIC TEPMHUUECKON 00paOOTKOM.

HypamtoMuH u Apyrue AehOpMHpPYEMbIC aTIOMUHUEBBIC CIUIABHI, yIpPOYHsE-
MbIe TepMUYeCKON o0paboTkon. x coctas, Tepmuueckas oOpaboTka, 0061acTy mpH-
MEHEeHMs, MapkupoBka. Hambomnee pacmpocTpaHeHHBIE MapKd JIedOpMHUPYEMBIX
ATFOMUHUEBBIX CTUIABOB, YIIPOUHSIEMBIX TEPMUIECKON 00paOOTKOM.

CI/IJ'IYMI/IH h Opyruc JINTEHHBIC aJTIOMUHUEBBLIC CILIABBI: Tpe6OBaHI/I$I K HHM.
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[ToBbIIEHNE CBOMCTB JIUTEHHBIX ATIOMHUHHUEBBIX CILIABOB IMyTEM MOIU(ULIMPOBAHHUA.
JXKaponpouHsle amOMHHHMEBBIE CIUIaBbl. CIECYEHHBIE ANFOMUHHUEBBIE CIUIABBI
(CAC, CAID).
[IpuMeHeHne aJlOMUHUEBBIX CIUIABOB B MAalllMHO- U MpHOOpocTpoeHuu. Bax-
Helllne CIyIaBbl HA OCHOBE MarHusi, UX MapKHUpOBKa, COCTaB, CBOMCTBA M 00JacTH

ITPUMCHCHUSI.

2.1.16. CILIABBI HA OCHOBE ME/IH (4 uaca)
[1], c. 406...417 wmu [2], c. 302...318; [3], c. 503...520; [4], c. 509...523

CBoliCTBa U IPUMEHECHUE TEXHUYECKON Meau. CriiaBel HA OCHOBE meau. JlaTy-
HU; U3MEHEHUE UX CTPYKTYpPhl U MEXaHUYECKHUX CBOMCTB B 3aBUCUMOCTH OT COJEp-
»aHus 1uHKa. Kiaccudukanus 1atyHe o coctaBy, CTPYKTYPE U TE€XHOJIOTUYECKUM
cBorictBaM. MapkupoBka naTtyHedl. CBOHCTBAa M NPUMEHEHHUE JAaTyHEH pa3IMYHbIX
MapoK.

Bnusinue conmepxaHusi 0J0Ba Ha CTPYKTYpPY M CBOMCTBA OJIOBSIHHBIX OpOH3.
Knaccudukanus 6poH3 mo TexHojsoruueckum cpoiictBam. CocTaB, CBOMCTBA U 00-
JaCTU TPUMEHEHUS OJIOBSHHBIX W O€30JI0BIHHBIX (JTIOMUHUEBBIX, OCPUILIUEBBIX)

OpoH3. MapkupoBka 00pabaThIBaeMbIX JaBJICHUEM M JINTCHHBIX OPOH3.

2.1.17. HOAIIUITHUKOBBIE CIIVIABBI U ITPUTIOU (4 gaca)

[1], c. 418...422 wmu [2], c. 326...337, 341...347, 377...579;
[3], c. 313...314, 519...520; [4], c. 524...532

TpeboBaHus K MOAIIMITHUKOBBIM cruiaBaM. OCOOEHHOCTH UX CTPYKTYphl. bao-
OUTBI, UX COCTaB, CTPYKTYpa, CBOMCTBAa U HAMOOJEEe paclpOCTPaHEHHbIE MapKu. AH-
TU(QPUKIIMOHHBIE OPOH3BI U UYT'YHBI.

[TopouikoBblie (METAIIOKEpAMUYECKUE) aHTU(PPUKLIMOHHBIE MATEPUATIBL.

Knaccudukanus, coctaB u npumeHeHue mnpumnoeB. CBoilcTBa W Ha3HaueHUE

MATKUX U TBCPABIX ITPUITIOCB.
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2.1.18. KOMITIO3UIIMOHHBIE MATEPHUAJIBI (4 gaca)

[1], c. 422...427 umu [2], c. 434...469; [3], c. 639...654

Bubl KOMIO3UIIMOHHBIX MaTepUaiOB, UX KJIacCU(pUKALMS, CTPOEHUE U CBOM-
CTBa, IPEUMYILECTBA U HEAOCTATKH.

KOMHOSI/IHI/IOHHBIG MaTCpHaJibl C METaJJINYECKOU ManI/Iueﬁ.

2.1.19. TOPOIIKOBBIE MATEPHAJIBI (4 uaca)
[1], c. 428...431 umu [2], c. 555...538, 619...621; [3], c. 455...461

[TopowmkoBbIE MaTepralbl, UX CBOKWCTBA, IPEUMYLIECTBA U HEJOCTATKH, CIIOCO-
Obl nonyyeHusi. KOHCTpYKIIMOHHBIE, NHCTPYMEHTAJIbHBIE U CIIELUAIIBHBIE TOPOIIKO-

BbIC MaTCPHUAJIbI, o0nacT ux IMPUMCHCHMU.

2.1.20. IINTACTMACCHBI (6 4acoB)
[1], c. 434...481 wmm [2], c. 39...44, 382...395; [3], c. 566...594

IInacTmaccel — MaTepHaibl Ha OCHOBE IMOIUMMEPOB. [lonMMephl: OCHOBHBIE MO-
HATHUS; OCOOEHHOCTH BBICOKOMOJIEKYJIIPHOTO CTPOEHHs mojauMepoB. dopma (CTpyk-
Typa) MakpoOMOJIEKYJ — JIMHEWHasl, JECTHUYHAs, ceTyaTas (3aMKHyTas IPOCTPAHCT-
BCHHAs).

®dusuyeckrue COCTOSHUS IMOJIMMEPOB — CTEKJIOO0OPAa3HOE, BBICOKO3JIACTHUHOE,
BA3KOTeKydee. TepMomexaHndeckue Kpusble. [Iprpona BICOKOM 3JIaCTUYHOCTH.

MexaHnueckue CBOWCTBA NOJMMEPOB. TUNMYHBIE IHATPpaMMbl PACTSKECHMS
TEPMOIUTACTUYHBIX U TEPMOPEAKTUBHBIX MMOJIMMEPOB B CTEKIOOOPA3HOM COCTOSTHUH.
BimsiHue TeMrniepatypsl 1 CKOPOCTH Harpy’Ke€HHsl Ha MPOYHOCTh NMONIUMEPOB. Joaro-
BEYHOCTH IMOJIMMEpPOB. CTapeHue NOJIMMEPOB, IIyTH €T0 CASPKUBAHMS.

[InacTmacchl; UX cocTaB, pojb pa3lIMYHBIX KOMIIOHEHTOB. Kiaccugukanus
iactMacc. OCOOEHHOCTH CTPOEHUSI U CBOMCTB TEpMO- U peakToruiacToB. [lonnmep-
HbIC ADMUPOBAHHBIEC MAaTEPUAJIBI.

[TpuHIMNIHATBHBIE OCOOEHHOCTH TEXHOJOTUH MepepadOTKU IIaCTMAcCC B U3/e-

JIMA. HpI/IMCHCHI/Ie IJ1aCTMACC B pa3/JIMYHbIX OTPACIIAX NPOMBIIIJICHHOCTH.
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2.1.21. OCHOBBI PAIIMOHAJIBHOI'O BBIBOPA MATEPHUAJIOB 1
METO/I0OB YIIPOUHEHUS JAETAJIEA MAIIIWAH (4 gaca)

[1], c. 313...348 umu [2], c. 47...48, 221...236, 273...282, 326...334;
[3], c. 680...693

®dakTophl, OMpeaerone padboTOCIOCOOHOCTh M3/EIUN Pa3IMYHOIO Ha3Ha-
yeHHs. Buabl MOBpEXACHUN U3AEIUN B 3aBUCUMOCTH OT YCIOBUM MX DKCIUTyaTallHH.
DKCITyaTalldOHHbBIE, TEXHOJOTHYECKUE W DKOHOMHUYECKHE TPEOOBAaHUS K MPOMBIIII-
JIEHHBIM MatepuaiaM. BeiOop mMaTepuanoB U METOJI0OB YIPOUHEHUS U3JICTUN B 3aBU-
CHMOCTH OT OCHOBHBIX BHJOB OTKa30B IpU 3KcCIuTyaranuu. CpaBHUTEIIbHBIN aHAIN3
AKOHOMHYECKOHN 3(P(HEKTUBHOCTH MATEPHAIOB U TEXHOJOTHUH M3TOTOBJICHUS U3CTUN

N3 HUX.

B cooTBercTBUM ¢ MpUBEIEHHON BHINIE pabouel MPorpaMMoOil COCTaBIICHbI |eMaTu-

yeckuil miaH (pasnen 2.2) u CTpyKTypHO-Joruyeckas cxema (paszaen 2.3) AUCIUILIIN-

Hbl «MarepuanoBeIeHUE.
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2.2. TEMATUYECKHWMH IIJIAH JUCIATIIMHBI

2.2.1. TEMATUYECKUWM IIJIAH JUCHUIJIAHBI J1JIs
CTYJAEHTOB OYHOH ®OPMbI OBYUEHUSA

o = Buapl 3aHSITHN U KOH-
RS ®
= B F TPOJIS
HaumeHnoBanue o Q S 2 J | JIP
Ne TEMBI S lan B =
) 1
wm paboueit mporpaMmbl 2|28 olT & S | g
S 83 E=|5=|2 5|k
—~ o ZHHOIXO |5'Q 3
NEESHISH | Al
BCEI'O 120 | 48/4| 24/8 | 48
1. BBenenue 2 1
2. 2.1.1. CtpoeHue 1 CBOICTBa METAJLJIOB 4 2/1 2
3. 2.1.2. Kpucranauzaius MeTajljIoB 1 4 2/1 | 1/- 1
2.1.4. I3MeHeHne CTPYKTYPhI U CBOMCTB
4. MeTalyIoB MpH IIacTUueckor nedpopmamuu | 3 4 2/- 2
W pEKpUCTAIIIU3AIUN
5 2.1.4. Metannudeckue CILIaBhlI, 5 2 6- | 2/-
uarpamMMbl COCTOSIHUS
6 2.1.5. MexaHnuyeckue CBOMCTBA U KOHCTPYK- 4 21 )
" [IMOHHAsI MPOYHOCTh METAJIJIOB U CIIJIaBOB
7. 2.1.6. XKenezoyriepoaucTeie CiiaBbl 4,5/ 10 5/- 1 2/2 3
2 2.1.7. Teopust Tepmudeckoit 06paboTKu 6 10 2 | 3 5
cTanu
9 2.1.8. TexHosorust TepMuyecKoi 00paboTKH 6 6 2/ 4
cTayu
2.1.9. Xumuko-tepmudeckas o0padoTka
10.|cranu u gpyrue MeToIbl OIYy4YEHUS H3HOCO- 6 4/- 2
CTOMKUX ITOKPBITHI
2.1.10. BiusiHue JIETUPYIOUIMX 3JIEMEHTOB
11.jHa cBOMCTBA CTaIW U Ha MpoIiecchl (a3oBbIX | 7 6 3/- | 3/2
[TPEBPALICHUN
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12.2.1.11. KoHCTpYKIIMOHHBIE CTaTH 1112’ 6 1/- | 1/- 4

3. 2.1.12. UHCTpyMEHTaIbHBIE CTAIH 3 6 - | 1/ 4
U TBEP/IbIC CILIABBI

14. 2.1.13. Ctanu u cruiaBel ¢ OC(16BIMI/I 2 TR 6
(U3HKO-MEXaHUYECKUMH CBOMCTBAMU

15.2.1.14. Tutan u ero crjiaBbl 4 2/- 2

16. 2.1.15. CninaBbl HA OCHOBE ATFOMUHUSA 9 6 2. | o/ )
U MarHHSI

17.2.1.16. CrinaBbl Ha OCHOBE MEIH 10 4 /-1 1/- 2

18.2.1.17. TloamunHUKOBbIE CIJIaBbl U nipurnon | 11 4 /-1 1/- 2

19.2.1.18. KoMIo3UIImOHHbIE MaTEPUATIBI 4 2/- 2

20.2.1.19. ITopomikoBble MaTepUaIbI 4 2/- 2

21.2.1.20. ITmactmaccel 13 6 2/- | 2/- 2
2.1.21. OcHOBBI palOHAIBHOTO BHIOOPA

22.MaTepuaioB U METOJIOB YIIPOUHEHUS 4 2/- 2
neTajiel MalluH

2.2.2. TEMATUYECKUWM IIJIAH JUCHUIJIMHBI J1JI
CTYJIEHTOB OUHO-3A0YHOH ®OPMbI OBYUEHMUS

o = Buabl 3aH9THI 1 KOH-
25w
= o = TPOIA
HanmenoBanue o Q S 2 J | JIP
Ne B v &2
TEMBbI O © n
i aboueil mporpaMmsl 2283 |z 5 = g
P porp S8 35=5=|25|E
T 283259563
— s [:[ 2] q O ale= M
BCEI'O 120 |14/26/16/16| 48 1
1. BBeneHue 2 -/1
2. 2.1.1. CtpoeHue u CBOICTBa METAILIOB 4 -/1 2
3. 2.1.2. Kpucrannuzamus METaJIjIoB | 4 -1 ] 2/2 1
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2.1.4. I3meHeHne CTpyKTypbl U CBOMCTB Me-

4. ranioB MpH IJIACTHYECKON nedopManuu u 3 4 /1 | 2/2
PEeKpUCTAITU3AIUN
5 2.1.4. MeTamindecKue CILIaBhl, 5 2 A
" [muarpaMmbl COCTOSTHHS
6 2.1.5. MexaHnuyeckue CBOMCTBA U KOHCTPYK- 4 1
" [{MOHHAs MPOYHOCTh METAJIJIOB U CIJIaBOB
7. 2.1.6. Kene3oyrnepoaucToie CILIABbI 4,5/ 10 1/1 | 2/2
2 2.1.7. Teopust Tepmudeckoii 00pabOTKu 6 10 12 | 2
cTanu
9 2.1.8. TexHonOTHsI TEPMUUYECKON 6 6 12
00pabOTKH CTAIIH
2.1.9. XuMuko-tepmMuieckasi oopaboTka cra-
10.p11 1 npyrue MeToasl MOTYyYEHHUSI U3HOCO- 6 1/2
CTOMKUX ITOKPBITHI
2.1.10. Biusinue JIeTUPYIOLIUX 3JIEMEHTOB HA
11.cBolicTBa CTaIu M Ha MPOIIECCHI (ha30BBIX 7 6 172 | 2/2
[IPEBPALLICHUN
12.2.1.11. KoHCTpYKUIMOHHBIE CTaIU 1112’ 6 1/1 | 2/2
3. 2.1.12. IHCTpyMEHTAJIbHBIE CTaN ] 6 11
U TBEP/IbIE CIUIABBI
2.1.13. Cranu u criaBbl ¢ 0COOBIMU
14. " 8 1/1
(bU3HKO-MEXaHUYECKUMH CBOMCTBAMU
15.2.1.14. Tutan u ero crjiaBbl 4 1/1
16. 2.1.15. CniaBbl HA OCHOBE aTIOMUHUS 9 6 U1 |11
U MarHus
17.2.1.16. CrinaBbl Ha OCHOBE MEIH 10 4 1/1
18.2.1.17. TloamunHUKOBbIE CIIaBbI U nipurnon | 11 4 1/1
19.2.1.18. KoMIo3uIimoHHbIE MaTEpUATIbI 4 1/1
20.2.1.19. ITopomikoBble MaTepUaIbI 4 -/1
21.2.1.20. ITmactmaccel 13 6 1/1 | 1/1
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22.

2.1.21. OcHOBBI panOHAIBHOTO BHIOOPA
MaTepuagoB U METOJIOB YIIPOUHECHHUS

JeTajJed Malnug

1/1 2

2.2.3. TEMATUYECKHWMN IJIAH JUCIHUATLIMHBI 1151
CTYJAEHTOB 3AOYHOMN ®OPMbI OBYUYEHUSA

o = Bune! 3aH9THIT 1 KOH-
RS ®
= X = TPOJA
HaumeHnoBanue o ,Q 2 J | JIP
Ne e B X
TEMBbI O O i
w/n paboueii mporpaMmeI e e 5 | =
SeZExE=|25/8
— Q 8“ ;E o [;E O | = Lg O A
h ? S e SH | ol
BCEI'O 120 | 2/42|12/16| 48 1
1. Brenenue 2 -/2
2. 2.1.1. CtpoeHue u CBOICTBA METAJIIOB 4 -/2 2
3. 2.1.2. Kpucramauzamus MeTajoB 1 4 -/1 -/2 1
2.1.4. I3MmeHeHne CTpyKTypbl U CBOMCTB
4. MeTaJJIOB MpH IIacTUYecko nedopmanuu | 3 4 -/2 2
U peKpUCTAITU3ALUN
5 2.1.4. MeTanau4ecKue CILIaBhI, 5 2 6
uarpamMMbl COCTOSIHUS
6 2.1.5. MexaHu4eckue CBOMCTBA U KOHCTPYK- 4 1 5
" MMOHHAS MPOYHOCTh METAJIJIOB M CIJIABOB
7. 2.1.6. XKenezoyraepoaucThie CILJIaBbI 45| 10 1/- 4 3
2 2.1.7. Teopus TepMuueckoit 00pabOTKH 6 10 1 4 5
cTayu
9. 2.1.8. TexHonorusi TEpMUYECKON 6 6 4 4
00pabOTKH CTAIH
2.1.9. XuMuko-tepmMudeckas oopadoTka
10.cTanu u agpyrue METOIbl NOJIyYEHUS 6 -/4 2
M3HOCOCTOMKUX MTOKPBITHI
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2.1.10. Biusinue JIeTUPYIOUIUX 3JIEMEHTOB

11.jHa cBOMCTBA CTAJIM U HA MPOLIECCHI 7 -4 | -2
(ha30BBIX MpeBpaIIeHUI
12.2.1.11. KoHCTpYKUMOHHBIE CTaIU 1112’ -2
13 2.1.12. acTpyMEHTAIBHBIE CTATU 3 0
' TBEPABIE CILJIABBI
14 2.1.13. Ctanu u cIu1aBel ¢ 0COOBIMHU D
"|bu3UKO-MEXaHUYECKUMHU CBOMCTBAMHU
15.2.1.14. TutaH U ero CIIaBbI -2
16. 2.1.15. CrinaBeI HA OCHOBE aJIFOMHHUS 9 R
1 MarHus
17.2.1.16. CrinaBbl Ha OCHOBE MEJIH 10 -/2
18.2.1.17. IloamMnHUKOBBIE CIUIaBbl U npunon | 11 -/2
19.2.1.18. KoMIIo3uimoHHbIe MaTEpUaIbl -/2
20.2.1.19. ITopomikoBble MaTepUabI -/2
21.12.1.20. ITmacT™Maccel 13 -2 | 2/-
2.1.21. OcHOBBI panOHAIBHOTO BHIOOPA
22.|MaTeprualioB U METOJIOB YIIPOUYHECHUS -2

neTaieil MaluH
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BHUMAHMUE!

MBI XOpOILIO MOHUMAEM, YTO OJHO TOJIBKO O3HAKOMIICHHUE C TEMATUYECKUM
IUJAHOM U CTPYKTYPHO-JIOTUYECKOM CXEMOW JUCHMIUIMHBL «MarepuanoBeaeHUeE
MOKET MOBEPrHYTh B IIOK MHOTHX CJIA0OHEPBHBIX BTOPOKYPCHUKOB (OCOOEHHO TeX,
KTO TIO POAY CBOCH NEATEIHLHOCTH HE CBSI3aH C METAINIOOOPAOOTKONH M KOHCTPYHPO-
BAHHUEM U3JICJIUI U3 Pa3IMYHBIX MAaTEPUATIOB).

IToBepbTe, ONHAKO, YTO Il MAHUKU HET HUKAKMX OCHOBaHMM. He HyXHO
CTPEMUTBHCS 3allOMUHATh MapKH, XHUMUYECKHE COCTABbl M CBOWCTBA KOHKPETHBIX
CIUTaBOB (MX MHOTHE ThICA4H!), CIEQyeT JIUIb YCBOUTH XapaKTepHble 0COOCHHOCTH
MaTepUalioB Pa3IMYHBIX KJIACCU(DUKAIMOHHBIX TPYII U TMPU HEOOXOJUMOCTH YMETh
HAWTH HYXKHYIO HH(QOPMAIIUIO B COOTBETCTBYIOIIEH JTUTEPATYPE.

B pesynbrare 0cBO€HMS AMCUUILIMHBI BBl JOJIKHBI MOHATh, KAKUMH ITYTAMHU
Hayka «MarepuanoBeIeHUue» PEIIaeT CBOM 3a1a4M U KaK 3TU 3HAHUS MOKHO HCHOJIb-
30BaTh JIJIs ONTHMAJIBHOTO BBIOOpA MATEpPUATIOB M TEXHOJIOTHI MX OOpaOOTKU IS
MPOM3BOJICTBA U3AECIUN PA3IMYHOTO HA3HAUCHUS.

C TOYKM 3peHHs] U3YUYEHHUs AUCHUIUIMHBI 3TO O3HAYaeT TINATEIbHYIO Ipopa-
OOTKYy TeM, WUTIOCTPUPYIOIIUX «KPACHYI0 HUTh MaTepUajOBEACHUS», T.€. 3aKOHO-
MEPHOCTH, CBSI3BIBAIOIINE XUMHUYECKUN COCTaB, CTPYKTYPY U CBOWCTBA MaTEPHUAIIOB.
OTH TeMbI BBIIEJICHBI CEPHIM I[BETOM HA CTPYKTYPHO-JIOTUYECKOM CXEME NHMCIUILIU-

HBI ¥ IOCTaTOYHO MOJAPOOHO OcBelieHbl B «ONOpHOM KOHCTIEKTe» (paznaen 3.2.).
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2.3. CTPYKTYPHO-JIOI'MYECKASA CXEMA JJUCIUAIIVINHBI «<MATEPUAJIOBEJIEHUE»

BBenenue

Paznen 1. Ctpoenue u
CBOICTBa METaJlJINYe-
CKHUX CIUTaBOB (OCHOBBI

Paznea 2. BiausiHue xumuye-
CKOTO COCTaBa M TEPMUUYECCKON
00paboTKM HA CTPYKTYpY U

v

MaTepHAIOBEICHH) CBOMCTBA JKEE30yTIIePOIU-
CTBIX CILIAaBOB
v v

MexaHndecKre CBOMCTBA
METAJUIOB M MIPUHITUITEI HX
OTIpe/ICTICHNUSI.

Tema:2.1.5.

Kpucramnnueckoe ctpoeHue
W CBOWMCTBA METAJLJIOB.
Tema: 2.1.1.

Cranu u 9yTyHHI (BIASHUE XH-
MHYECKOTO COCTaBa Ha CTPYK-
Typy U CBOWCTBA).

Tema: 2.1.6.

Kpucrannu3zaius MeTauios.
Tema: 2.1.2.

YupouHsitomas TepMuYECcKas
00paboTKa cTamy (BIHIHHE
CTPYKTYPHBIX IIPEBPALICHUH
P 3aKaJIKe U OTITyCKE Ha
CBOMCTBA CTAJIH).

Tema: 2.1.7.

V3MeHeHue CTPYKTYpHI U
CBOICTB MeTaJuIa IpH ILIa-
CTHYECKOH Aedopmarin u
HOCIIeIYIOIEeM Harpese.
Tema: 2.1.3.

Bnusaue JICTUPOBAHUA Ha
CTPYKTYPY H CBOICTBa CTajeH.
Tema: 2.1.10.

CTpoeHre MeTaNTnIeCKIX
CILTaBOB.
Tema: 2.1.4.

TexHonorus TepMu4eckoit 00-
paboTKu craiy.
Tema: 2.1.8.

JnarpaMMbl COCTOSIHUS
JIBOMHBIX CILIABOB.
Tema: 2.1.4.

XUMHKO-TepMHYECKasi 00pa-
0OTKa CTaju.
Tema: 2.1.9.

Paznea 3. Cranu u
CILIaBbI PA3IUYHOTO
Ha3HAYEHUS

v

Pa3nea 4. Hemeran-
JUYCCKUEC MaTCPUAITBI

\ 4

KoHcTpykunoHHsIe
CTaJu.
Tema: .2.1.11.

v

WNHcTpyMeHTalIbHBIE
CTaJly.
Tema: 2.1.12.

Knaccuduxarms
HEMETAJNINYECKHUX
MaTepHUaoB.
Tema: .2.1.20.

Crau 1 CIUIaBEI ¢
0co0bIMU (hr3nUe-
CKHUMU CBOMCTBAMU.
Tema: 2.1.13.

IImacTmaccsl.
Tema: .2.1.20.

CrutaBel Ha OCHOBE
Al, Mg.
Tema: 2.1.15.

Komrmo3umnmnonsasie
MaTepHaIbI.
Tema: 2.1.18.

CmiaBel Ha ocHoBe Ti.
Tema: 2.1.14.

Cmasl Ha ocHoBe Cu.
Tema: 2.1.16.

ITommunHuKoOBEIE
CILIaBbI U MIPUIIOU.
Tema: 2.1.17.

ITopomikoBsle MaTe-
pHUansbL.
Tema: 2.1.19.

[Ipumeuanue: |:| BbIJIeJIEHbI pazeiibl « OTIOPHOTO KOHCIIEKTa)

Pa3nea 5. OcHOBEHI paiuo-
HAJIBHOTO BEIOOpA MaTepua-
JIOB U METOJIOB YIIPOYHCHUS
JICTaci MAIllMH | UHCTPY-
MeHTa

2

OCHOBHBIE HaNPaBJICHUS
BEIOOpa MaTepuanoB (obec-
TICYCHNE KOMITIEKCa 3KC-
IUTyaTallMOHHBIX, TEXHOJIO-
THYECKUX CBOWCTB M HKOHO-
MHUYHOCTH).

[Ipumeps! BEIOOpa MaTepHa-
JIOB ¥ TEXHOJIOTUH YIIPOYHE-
HUS TUIOBBIX JETalled Ma-
IIMH ¥ HHCTPYMEHTOB.
Tema: 2.1.21..
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2.4. BPEMEHHOM I'PA®UK W3YUEHUS JUCHUATLTAHBI

[Ipo10KUTENEHOCTh
Hasanue paznenoB (tem) U3y4eHUs pasfena
No paboueit mporpaMmbl (Tempi)
B (u3 pacuera — 4yaca B
JICHB )
1. | Pazgen 1. Tema 1.1.1, .1.12 2 IH.
2. |Pazmen 1. tema 1.1.3,1.1.5 2 IH.
3. |Pazmen 1. tema 1.1.4 2 IH.
4. | Pa3znen 2. rema 1.1.6 2 nIH.
5. | Paznen 2. tema 1.1.7, 1.1.8 3 1H.
6. | Pa3men 2. tema 1.1.9 1 mH.
7. | Pazgen 2. tema 1.1.10 1 nH.
8. | Pazmen 3. tema 1.1.11,1.1.12,1.1.13 5 IH.
9. | Pazmen 3. tema 1.1.14,1.1.15,1.1.16, 1.1.17, 1.1.19 5,5 nn.
10.| Pazmen 4. rema 1.1.18 1 mH.
11.| Pazmen 4. tema 1.1.20 1,5 nmn.
12.| Pa3zmen 5. tema 1.1.21 1 mH.
13. | Kontponbhas pabora yacts 1 1 nH.
14.| KontposbpHas pabota yactsh 2 2 nH.

HUTOI'O:

30 nH.
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2.5. MPAKTHYECKHH BJIOK
INEPEYEHD JIABOPATOPHBIX PABOT (16 uac)

Howmep n HauMeHOBaHUE TEMBI Homep u HanmeHoBaHue Koi-Bo
TEMaTHUYECKOro TIaHa nabopaTopHOil paboTHI 9acoB.

Tema2.1.4. CTpoeHre MeTaNINYECKUX 1. 3y4yeHue cTpyKTypbl METAJLIIOB U

CIUIaBOB CIUIABOB METO/IaMU MaKpPOCKOIIUYECKOTO 2
¥ MUKPOCKOITMYECKOTO aHAJIN30B.

Tema2.1.4. luarpaMMbl COCTOSIHUS ABOW- | 2. JluarpaMMBbl COCTOSIHUSL U CTPYKTypa 5

HBIX CIIABOB JIBOMHBIX CIIJIABOB.

Tema2.1.3. I3MeHeHUE CTPYKTYPHI U 3. BausiHre XOI0AHOM MIaCTUYECKOM

CBOMCTB METAJUIOB IPU TIACTUYECKOM fie- | AedopMalu U MOCIEIYIOIIero HarpeBa 4

(dbopmanmu 1 MocieayIoneM Harpese Ha CTPYKTYpY U CBOICTBa METAJUIOB.

Tema2.1.6. Ctpoenue u cBoiicTBa xene30- | 4. CTpyKTypa U CBOMCTBA yIIEPOAUCTHIX

YTJIEPOAUCTHIX CIUIABOB B PABHOBECHOM cTasel u 6eIbIX YyTYHOB B PABHOBECHOM 4

COCTOSTHUH COCTOSTHUH.

Tema2.1.6. CtpoeHue u cBoiicTBa xene30- | 5. CTpyKTypa U CBOWCTBA CEPBIX UYTy-

YTJIEPOAUCTHIX CIUIABOB B PABHOBECHOM HOB. 2

COCTOSTHUH

Tema2.1.7. Yupousnsiomas TepMuiecKas 6. Tepmuueckas 0OpaboTka (3aKanka u

00paboTKa cTajnei (BIUsIHUE CTPYKTYPHBIX | OTIYCK) YTJIEPOAMUCTBIX CTAJICH.

MIpeBpALECHUI MPU 3aKaJIKe U OTIIyCKE Ha 4

CBOMCTBA cTajch)

Tema2.1.8. TexHOIOTHS TEPMUIECKON 00-

paboTKu cTanu

Tema2.1.10. Biusinue serupoBanus Ha 7. JlerupoBaHHbie cTanu. BiausHue neru- 4

CTPYKTYpY H CBOMCTBA cTamneit pPOBaHMSI HAa TPOKATTUBAEMOCTh CTaJIH.

Tema2.1.12. UncTpymMeHTanbpHble cTanu 1 | §. VI3yueHue TenaoCTOMKOCTH CIIIaBOB 4

TBEP/IbIE CILJIABbI JUTSL pEXKYIIEro UHCTPYMEHTA.

Tema2.1.15. CrimaBbl Ha OCHOBE AJTFOMH- 9. CTpykTypa u CBOWCTBA CIJIAaBOB Ha 4

HUS OCHOBE aJIFOMHUHHSL.

Tema2.1.16. CruiaBbl Ha OCHOBE MEIH 10. CtpykTypa 1 CBOMCTBA CIIABOB Ha 5
OCHOBE MEJIH.

Tema2.1.11. KoHCTpyKIMOHHBIE CTAIN 11. CtpykTypa u CBOMCTBA CIIIIABOB JUIs

Tema2.1.16. CriaBbl Ha OCHOBE MEIU JleTaJIell MOAIIUITHUKOB KaUYeHHS U 2
CKOJIb)KEHUS.

Tema2.1.11. KoHCTpYKIIMOHHBIE CTAIIH 12. Marepuanibl ypyrux 3J€MEHTOB.

Tema2.1.13. Cranu u crunaBsl ¢ ocoobiMu | [TocTpoeHne XxapakTepuCTHK TIOCKUX 4

(bu3NYeCKUMHU CBOWCTBAMHU IpPY>KUH.

Tema2.1.20. [TnmacTmaccer 13. Bnusaue npupoibl mojmMepa Ha
TEXHOJIOTUIO U3TOTOBJICHUS IeTAJIeH U3 4

niaacTmMacec.

* - yacoBasi eMKOCTh JJAOOPaTOPHOU pabOTHI
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2.6. PEUTUHI'OBASI CHICTEMA OLIEHKH 3HAHUN

Kypc muctmrummasl «MatepuanoBeneHue» coaepxut 21 temy B 5 paszaenax, mnpu
M3yYCHUH KOTOPBIX CJIETyeT BBITIONHUTH 4...8 1abopaTopHBIX PadOT B 3aBUCIMOCTH OT
crienaIbHOCTH U (opMbl 00yueHus. [locne m3ydeHns Kaxaoi TeMbl HeOOXOIMMO OTBE-
TUTh Ha BOMPOCHI JIs CAMOIPOBEPKHU U BOMPOCHI TECTA TEKYIIIETrO (MPOMEKYTOUHOI0) KOH-
Tpossi. B mpaktudeckoit 4actu Kypa HEOOXOIMMO BBIIIOJHUTH JIAOOpaTOpHbIE padoThI Ka-
KJ1asi U3 KOTOPBIX JOOABIIET Oayll B Balll pEMTHHT. 3aBepIiiaeTcs: paboTa ¢ KypcoM BbITION-
HEHHEM KOHTPOJILHOM pabOThI M OTBETa HA BOIPOCHI TECTa PyOSKHOTO KOHTPOJIS.

3a KXl BUJI CAMOCTOSATEIBHBIX pa0OT HAYUCISIETCS OMpPEIETIEHHOE YUCIIO
OaJIyIoB:

- 32 MPABUJILHBIA OTBET HA BOMPOCHI TPOMEKYTOUHBIX TECTOB «OMOPHOTO KOH-
crektay — 1 Gamn. Utoro 23...43 Ganna 3a JEKIMOHHBIC 3aHATUS (TCOPETUUYCCKUI
Marepuan);

- 3a MPaBUJIBLHO BBIMOJIHEHHYIO JIa0OpaTopHylO padoty — 5 OamioB. Mtoro
20...65 GamioB 3a 1a00paTOPHBIC 3aHITHUS;

- 32 MPaBWJILHO BBIIOJIHEHHYIO KOHTPOJIBHYIO Pa0OTy: MepBasi YacTh KOHTPOJILHOU
paboTsl orieHnBaeTcs B 10 OayioB, kKaxas 3ajgada BTOPOi 9acTu — no S5 6amwios. MToro
20, 25 wiu 30 6a/10B 3a BBITIOJIHEHHYIO0 KOHTPOJIBHYIO padoTy.

- 3a KaXX/Iblid MPaBUIIbHBIN OTBET pyOekHoro Ttecra — 2 6amwia. Mroro 6,8 nmu 10
OaJIJIOB 32 UTOTOBBIN TECT.

Teopetnueckuit Mmatepuan «OMOPHOr0 KOHCIEKTa» pa3OoUT Ha 6 JEKIIMOHHBIX
TE€M ONOPHOro KOoHcmekTa. [1o kaxkmol TeMe CTyAeHThI MPOXOIAT TECThl U3 MATH BO-
npocoB. UToro MakcumanbHOE KOJIMYECTBO OAMIOB: B 6 Temax 43 Bompoca x1 6amn =
43 Gama.

Omeemvl HA BONPOCHI MPEHUPOBOUHBIX MECMO8 NO PaA30eidM «ONOPHO2O KOH-
cnekmay He oyenusaromcs. OOHAKO HACMOAMENbHO cosemylo Bam omeeuamv Ha Hux,
MAaxK Kaxk mu mecmoul — penemuyusi cOauu mecmoe pyOedHCHbIX.

ITocne ocBoenus marepuasa «OMOPHOTO KOHCIEKTA)», BHIIIOJTHEHUS HEOOXOMH-

MBIX JJA0OPATOPHBIX PadOT U KOHTPOJILHOM (M OHA 3ayTeHa ImpemnoaaBarenaeM!) pado-
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Tel. OCTaeTcs 3aBepUIaroIMiA ITan y4eOHOro mpoiecca — MOJArOTOBKA U cllada dK3a-
meHa. HezaBucumo oT Gopmbl 00ydeHHS MPoIecC CAaud dK3aMeHa MPOUCXOIUT OY-
HBIM ITyTEM, T.€. P HEMOCPEICTBEHHOM OOIIIEHNH C TIPETIO/IaBaTeIIeM.

[Tpu ycreniHoit paboTe ¢ MaTepuanaMu Kypca CTyIeHT MOKET HaOpaTh MaKCUMYyM
148 6amnoB. [y momyyeHust JOITycKa K SK3aMEHY HY>KHO HaOpath OoJiee 63 OauioB.

Orenka pe3ynbTaToB 00YYEHUS] MPOBOAMUTCS B COOTBETCTBUHU CO CIICTYIOIICH
cxemotii (Tabm. 1).

PeliTnHrosas oreHka 3HaHUi Tabmauma 1

. KonnuecTBo HaOpaHHBIX OAJIJIOB HA OLEHKY
Drarbl peTHHra
Y 10BII-HO Xopouio OTauyHO
4 Bompoca
1 | JIekimoHHbIE o teme 1.1 2 3 4
3aHSTHSL: 5 BOIpocoB
. 2 3 5
«OnopHbIi 1o teme 1.2
KOHCIIEKT» 5 BOIpOCOB 5 3 5
o Teme 1.3
I orBer x 11 Bompocos
1 Gamr o Teme 2.1 4 / 10... 11
8 BOIIPOCOB 3 5 73
1o Teme 2.2
11 BompocoB 4 6 310
1o Teme 2.3
Uroro: 17 27 39...43
) JlabopaTopHble pabOTBHI. 20,25 30, 35 50..65
5 GamnoB/pabora.
KoutposnbHas pabora.
3 | Yacts 1 - 10 6aymos. 20 25 30
Yacts 2 - 5 6anos/3a1a4a.
4 HToroBslii TECT 5 BOIPOCOB. 6 ] 10
2 Oamna/oTBeT.
Hrtorosas cymma: 63...68 90...95 119...148

Jlns oOnerdyeHnsi caMOCTOSATEIIBHOM MTOATOTOBKH K dK3aMeHy B KoHIle Y MK mpu-
BEJICHBI BOIIPOCHI JIJI1 CAMOIIPOBEPKH, TECTOBBIC 3aJJaHHUSI UTOTOBOTO KOHTPOJISI U BO-
MIPOCHI JJIsl IK3aMEHA.

TemaTuka npeACTaBICHHBIX B UTOTOBOM KOHTPOJI€ BOIPOCOB COOTBETCTBYET CO-

Jep KaHUI0 TOCYAAPCTBEHHBIX CTaHAAPTOB Ha AUCIUILIMHY «MaTepuaaoBeecHUES.
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3. AH®OPMAIIMOHHBIE PECYPCbHI JUCIHUII/IMHBI
3.1. BUBJINOT'PA®OUYECKUI CITUCOK

OcHoéHOUL:

1. Jlaxtun, FO.M. Marepuanosenenue /FO.M. Jlaxtun, B.II1 JleontheBa. - M.:
Mammnoctpoenue, 1990.

2. Marepuanoseaenue /moa oo6mr. pena. b.H. Ap3zamacoa. - M.: U3a-so MI'TY
uM. H.D. baymana, 2002.

3. Comnues, O.I1. Marepuanosenenue /FO.I1. Comnnes, E.N. Ilpsaxun, .
Boiitkys. - CII16.: Xumuzaar, 2002.

4. T'ynses, A.Il. Meramnosenenue /A I ['ynses. - M.: Mertamnyprus, 1986.

JlononnumenibHblil:

5. Connues, FO.I1. Cnenunanbusle Matepuaisl B MamuHoctpoenuu /FO.I1. Conn-
nes, E.W. Ilpsaxun, B.1O. [Tupaiinen - CI10.: Xumuzaar, 2004.

6. MarepuanoBenenue: MeToanueckue yKa3aHUHM K BBITIOJHEHUIO J1abopaTop-
HbIx pabot /Coct. E.B. Hlagpuyes, A.B. Cusenxos. - CI16.: C3TVY, 2008.

7. T'ennep, FO.JI. Marepuanosenenue /FO.JI. I'emniep, A.I'. Paxmranr. - M.: Me-
Tajuryprus, 1989.

8. lampuues, E.B. Ctpoenue u cpoiicTBa Mmertaumdeckux ciiaBos /E.B. Illan-
puues. - JI.: C3I1H, 1991.

9. bpyk, b.1. 3akoHomepHOCTH POPMUPOBAHUS CTPYKTYPHI U CBOMCTB KpUCTaI-
mnaeckux matepuainos /b.U. bpyk. - JI.: C3I11, 1984.

10. Yepnenos, B.1. MatepuanoBegenue nu o0pab0oTka KOHCTPYKIIMOHHBIX MaTe-
puanos /B.U. Yepnenos. - JI.: C3I1H, 1988.

11. Konecnuk, II.A. MarepuanoBeieHue Ha aBTOMOOWJIBLHOM TPAHCIIOPTE
/TI.A.Konecnuk. - M: Tpancnopr, 1987.

12. JInpmmn, JI.C. Matepuanosenenue nisi cBapuukos /JI.C. Jludmm. - M.:
Mamunoctpoenue, 1979.

13. Tepmuueckas oOpaboTKa B MAIIMHOCTPOCHHUH: CITPABOYHHUK /1107 pea. FO.M.
Jlaxtuna, A.I'. Paxmraara. - M.: Mamnoctpoenue, 1980.

14. Tloneoit, C.H. Ynpounenue metaiuioB: crpaBounuk /C.H. [Tonesoii, B./I.
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EBnoknmoB. - M.: Mammnoctpoenue, 1986.

15. Mapounuk craneit u craBoB / B.I'. CopokuH, [u ap.]; mox oomr. pea. B.I'.
CopokuHa. - M.: Mamunoctpoenue, 1989.

16. XKypasnes, B.H. Mammnoctpoutensubie cranu: crpaBounuk /B.H. XKypas-
nes, O.1. Hukonaesa. - M.: Mamunoctpoenue, 1981.

17. MamHocTpouTenbHbIe MaTepuanbl: KpaTkuil cipas. /B.M. Packaros, B.C.
Uyenkos, H.®. becconona, JI.A. Beiic. - M.: Mamunoctpoenue, 1980.

18. KommnozunnoHHbsle MaTepuaibl: CHpaBOYHUK /moj oOm. pena. B.B. Ba-
cuibesa, F0.M. Tapronoisbsckoro. - M.: Mammuaoctpoenue, 1990.

19. Kannenscon, M.IO. Tlonmumepnsie Marepuanbl: cnpaBodHuk /M.IO. Kai-
HeabcoH, I'.A. bamaes. — JI.: Xumus, 1982.

20. TexHuueckre CBOWCTBA MOJMMEPHBIX MATEPUAJIOB: yueO.—CIipaB. mocooue /
B.K. Kpepkanosckuii, B.B. Bypisos, A. [I. [Tanumatuenko, FO.B. KpbspkanoBckas. —
CIIo, ITpodeccums, 2003.

21. MoroBunuH, ['.B. ABTomMoOuIbHBIE MaTepuanbl: crupaBounuk /I.B. Moro-
BwiInH, M.A. Macuno, O.M. CyBopos. - M.: Tpaucnopr, 1989. - 464 c.

22. CrpaBOYHUK MO COBPEMEHHBIM CYIOCTPOUTEIbHBIM MaTepuaiam /B.P. A6-
pamoBudy, [u ap.]. — JI.: Cynoctpoenue, 1979.

23. Koucrpykimonnsie marepuansl ADC /HO.®. bamangun, WU.B. TNopwiaum,
10.1. 3Be3nun, B.I'. MapkoB. — M.: DHeproaromuszaar, 1984.

24. DneKkTpuyeckre MaluHbl: y4eo. 11 By30B — 4-e usz. /M.11. Konsuies. — M.:
Bricm. mkoma, 2004.

25. Marepuanibl B IpuOOPOCTPOCHUM M aBTOMATHKE: CIPABOYHHUK /TOJ PpE/l.
FO.M. IIsatuna. — M.: MammnocTtpoenue, 1982.

26. Yypabo, A.JI. Jeraymm m y3mbl mpubopoB. KoHcTpyupoBaHHWE M pacuer:
cripaBouyHoe nocodue /J1. 1. Uypabo. - M.: Mamunoctpoenue, 1975.

27. CopaBOYHUK KOHCTpPYKTOpa-npubopoctpoutens. Jletanm M MeXxaHU3MbI
npubopos /B.JI. Conomaxo, P.. Tomunun, b.B. lluroBuy, JI.I'. KOnoBuH. - MuHCk:
B, mxk., 1990.

28. Paxmunesuy, 3.3. CripaBOYHUK MEXaHUKA XUMUYECKUX U HEDTEXUMHUECKUX
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npousBoacTB /3.3. PaxmuneBuy, .M. Pag3un, C.A. ®apama3zos. - M.: Xumus, 1985.

29. Upeiibep, I'.K. KoncTpykimonusie MaTepuaiibl B HeTsIHOM, HehTeXumMuie-
ckoi u razoBoil nmpombinuieHHoctu /I".K. Hpeitbep, C.M. Ilepnun, b.®. [Lubpses. -
M.: Mamunoctpoenue, 1969.

30. Tpesy6os, B.H. Oproneauyeckas cromartosiorus. [IpukinagHoe marepuaio-
Benenue /B.H. Tpesy6os, M.3. llreiinrapa, JI.M. Mummnes. - CI16.: Cremn. mur.,
1999.

31. PabunoBuu, U.M. Ilpumenenne nonumepoB B Meauuuue /M1.M. PaGunoBuuy.
— JI.: Megummnua, 1972.

32. T'ennep, FO.A. Nuctpymentanbubie ctanu /FO.A. Temnep. -M.: Meraunyp-
rus, 1983.

33. I'ynsies, A.Il. Beibop mapku ctanu ans aetaneit mamuH (OCHOBHBIE TOJIO-
xenust) /A.IL. T'yngeB. - MertamioBefeHne U TepMuUeckas o0paboTka METaJlIOB.-
1983.- Nel.

34. Enuzapos, 10.J1., MarepuanoBenenue misi skonomuctoB /FO.Jl. Enuzapos,
A.®. Illenenes. - PoctoB Ha [ony: ®enukc, 2002.

Cpeocmea obvecneuenus oceoenus oucuunaunst (pecypcol Internet):

35. http://www.elib.nwpi.ru - anexkrponHas oubauoreka C3TY (cnpaBOYHUKH:

MaIIMHOCTPOUTEIISA, TEXHOJIOra, KOHCTpyKTOopa; yueOonuk: Jlaxtun FO.M., JleonTheBa
B.I1. MarepuanoBenenue. - M: Mammnoctpoenue, 1990. - 528 c.);

36. http://metall-2006.narod.ru - «MatepuanoBeaenue» s cryaeatos C3TY;

37. http://tm.msun.ru — 3JIEKTPOHHBIC YUEOHBIC TTOCOOMS MO AucHHILInHE «Ma-

tepuasiopegieHne 1 TKM»;

38. http://kfm.misis.ru/science/m-structura/ - xadenpa ¢puznueckoro marepua-
JIOBEJIEHUSI MOCKOBCKOT'O HHCTUTYTA CTaJIU U CILJIABOB;

39. http://www.crys.ras.ru/kalugar.html - HUI] KM UK PAH (kxocmuueckoe

MaTepUaoBE/ICHHE);

40. http://www.nsu.ru/materials/ssl/text/encyclopedia/materials.html - dpusuka

B lIHTEpHETE: MaTepuasl.


http://www.elib.nwpi.ru/
http://metall-2006.narod.ru/
http://tm.msun.ru.html/
http://kfm.misis.ru/science/m-structura/
http://www.crys.ras.ru/kalugar.html
http://www.nsu.ru/materials/ssl/text/encyclopedia/materials.html
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3.2. OITIOPHBI KOHCIEKT
BBEJIEHMUWE

Pa3BuTHe denoBedeckoro oOLIECTBA BO MHOI'OM ONPENEISETCS OTKPBHITUEM U
AKTUBHBIM HCIIOJB30BAaHUEM MAaTEpUaJIOB pPa3IMYHOIO HaszHaudeHWs. JlocTtaToyHo
BCIIOMHUTH TaKH€ UCTOPUYECKUE ITAIbl KAK KAMEHHBIN, OPOH30BBIN, JKEJIC3HBIN BEKa.
Kcraru, MOXXHO CUMTATh, UTO JKEJIE3HBIM BEK, HaYaBIIUCS Oosiee 2 ThICSY JIET Ha3all,
IPOJOJIKAETCS 10 CUX IOP, OCKOJIBKY CIUIABBI HA OCHOBE XeJe3a (CTaldu U YyTyHbI)
SBJISIFOTCS. M CEMYaC OCHOBHBIMU KOHCTPYKIIMOHHBIMU M MHCTPYMEHTAJIbHBIMU MaTe-
pyagaMy MPOMBIIUIEHHOCTH.

B nacTtosmee Bpemst 3HaueHuEe pa3pad0TKH HOBBIX U 3(PHEKTUBHOTO UCIOIB30-
BaHUS UMEIOIIMXCS MAaTepruajgoB OCOOCHHO BEIIMKO B CBSI3U C OCTPOM HEOOXOIUMO-
CTBIO IIEPEX0/1a OT "CHIPHEBOTO" K MPEUMYIIECTBEHHO HHHOBALIMOHHOMY ITyTH Pa3BU-
THS IPOU3BOJCTBA.

OuyeBHIIHO, UTO C KaXAbIM I'OJIOM POJIb HAYKH O MAaTEpHANIaX U, COOTBETCTBEH-
HO, TUCIMIUIMHEI "MatepuanoBegenue" OyaeT Hen30exxHo Bo3pacTaTh. [losTomMy Het
HYKJIbl PEKJIAMUPOBATh BaXKHOCTh U3yUYEHUS 3TON AUCUUILIINHBI.

B IlpenucnoBun oTMedanoch, 4TO OOIMEMHXEHEpHAs nucnuiuinHa "Matepua-
JOBe/IcHHE" OTpaHUYHMBACTCS M3YYCHHEM TJAaBHBIM 00pa3oM KOHCTPYKIIMOHHBIX H
MHCTPYMEHTAJIBHBIX MAaTE€pUalioB Pa3jIMYHOIO HaszHauyeHusd. HomeHknatypa Takux
MaTepHaJIoB, NOTPEOISIEMBIX TPOMBIIUIEHHOCTHIO, YPE3BbIYAIHO BEJIMKA U Pa3HOO0-
pa3Ha (TOJIBKO cTanel BblmyckaeTcsi 6oiiee 2 Thicsiy Mapok). [ToaTomy ocBoenue nuc-
IUIUIMHBL "MatepuanoBeeHue", coaepkaiieil 00IbII0e KOIUYECTBO HOBBIX TOHS-
TUW U TEPMUHOB, a TaKke (PAKTHUECKUX JAHHBIX O CTPOEHWU U CBOMCTBAX pa3iiny-
HBIX MaTepHaoB, TPEOyET ONpPEIEICHHBIX YCUTUH.

Hanupiii "OnopHbI KOHCHEKT" MpU3BaH OOJIETYUTh PEUIEHUE 3TON 3aJayu.
Huxe B moctymnHoi (10 BO3MOKHOCTH) (hOpMe M3JI0KEHBI OCHOBBI MaTepHUalioBee-
HUS HAa IPUMEPE METAJUIMYECKUX CILJIABOB.

Jlna ynobcrBa nosb3oBaHus «ONOPHBIM KOHCIEKTOM» HUXKE NPUBEICHA €ro

CTPYKTYPHO-JIOTHYECKasl CXEMa.
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CTPYKTYPHO-JIOTNYECKAS CXEMA «OITIOPHOI'O KOHCIIEKTA»

|| BBenenue

Tema 1.1. Mexanndeckue CBOMCTBA METAJIJIOB H
HpI/IHLlI/lH])I nux onpeueneﬂuﬂ

1.2.1. Kpucrainuueckue peleTku MeTauioB

1.2.2. IedekThl KpUCTAIUTMYESCKOMN PEIICTKH (peaib-
HOE€ CTPOCHHE KPUCTAIUIIOB)

Tema 1.2. Kpucrannnueckoe CTpOSHUE U CBOM- <
CTBa METAJUIOB

1.2.3. Briusiaue neeKToB pelmeTK: Ha MEXaHHIEeCKIe
CBOMCTBA KpUCTAJUIOB. I1yTH NOBBILIEHNS IPOYHOCTH
\_ | MerauioB

Tema 1.3. CTpoeHHE METANTUIECKUX CILUIABOB

Paznen 2. BansiHue XMMHY€CKOr0 COCTABA U TEPMHUYECKOil 00padoTKM Ha
CTPYKTYPY H CBOMCTBA KeJIe30yIJ1ePOINCTHIX CILIABOB

[ 2.1.1. Imarpamma coctosiHus «Kene30-meMeHTHTY.
DopmMupoOBaHUE PABHOBECHOM CTPYKTYpPBI YIIIEPOAH-
CTBIX CTaJIel

2.1.2. 3aBHCUMOCTDh MEXaHUUECKHUX CBOMCTB JKEJIE30-

Tema 2.1. Cramu u 4yryHbl (BIMAHHE XMMHYE- YIIEPOIUCTBIX CIUIABOB OT COAEPIKAHMUS YIIIEPOa
CKOT'0 COCTaBa Ha CTPYKTYPY U CBOMCTBA)

2.1.3. Kinaccudukanust 1 MapKUpOBKa YIIIEpOJIUCTHIX
cTaneu

2.1.4. CTpyxTypa U CBOICTBA UyTyHOB

( 2.2.1. 3akanka (peBpalieHus B CTAISX IPU OXJIaxK-
Tema 2.2. YrpouHstomas TepMuieckas oopa- JICHUN )
60TKa craneii (BIUSHHE CTPYKTYPHBIX MpeBpa- <
LICHHIT NIPU 3aKAJIKE U OTITYCKE Ha CBOHCTBA 2.2.2. Ornyck (mpeBpaiieHus B 3aKaleHHOM CTaln
craei) IpY Harpese)
-
2.3.1. Kimaccudukanus JIerHpOBaHHBIX CTalleH 1o
A 4 CTPYKTYypE
Tewma 2.3. BiustHue ierupoBaHie Ha CTPYKTYpY
1 CBOMCTBA cTaneii < 2.3.2. BiusHUE JETUPYIOMNX JIEMEHTOB Ha KPUTH-

YECKYIO CKOPOCTb 3aKaJIKU U IPOKAJIMBAEMOCTDb CTAJIN

2.3.3. Knaccudukanus 1mo Ha3HaAYEHUIO U MapKHUPOB-

Ka JIETUPOBAHHBIX CTaJIeH
|| 3aKIoueHne ||
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O0Bem 06cyx)aaemMbix B "OMOPHOM KOHCIIEKTE" TEM - JIWIIb YacTh TUCIIUATLIU-
Hbl "MartepuanoBegenue" (CpaBHH CTPYKTYpHBIE CXEMbl JMCIUIUIUHBI — C. 31 u
"Onopnoro koHcnekra" — c. 40). OQHAaKO — 3TO TOT MUHUMYM, U3y4EHUE KOTOPOTO
HEO0OXOIMMO M JJOCTATOYHO JJII YCBOCHHS "KpAacHON HUTHU MaTepHaIOBEeHUs", CBSI-
3bIBAIOIICH XUMUYECKHM COCTaB, CTPYKTYPY M CBOWMCTBA MaTepUasoB.

JIro60it mamepuan XapakTepU3yeTCs XUMUUECKUM COCMABOM, CMPYKMYpoU U
CBOUCMBAMU.

Mamepuanoeedenue — 5mo HAYKa, U3Y4aArOUAsL CE53b MEHCOY XUMUYECKUM CO-
CMAagoM, CMpPYKmMypou U C8OUCMEAMU MAMEPUATIO8 U 3AKOHOMEPHOCMU U3MEHEeHUs
SMUX CBOUCME NOO BIUAHUEM BHEUWHUX 8030elicmEull (MEXaHNYECKUX, TEPMUICCKHX,
XUMUYECKUX U Jp.), PeaIu3yeMbIX B MIPOLIECCE MPOU3BOJICTBA, 00OpaOOTKU U IKCILTya-
TalMU W3ACIUN U3 ATUX MaTepuaaoB (cM. puc. 1).

Xumuueckuii cocmag — 310 TIPOILEHTHOE cojiepkaHue (00bIYHO % 0 Macce)
XUMUYECKHUX 3JIEMEHTOB, MPUCYTCTBYIOIIUX B JAHHOM MaTepHae.

[lonsiTue cmpykmypa viMeeT O4EHb IIUPOKUM CMBICI, BKIIFOYAOIIUN BCE CBE-
JIEHUS O MaTepuaje OT AIEKTPOHHOTO CTPOSHHUS OTACIIbHBIX aTOMOB J0 BUJIUMBIX HE-
BOOPY>XCHHBIM TJIa30M MakpojaedexToB oOpasnoB (u3nenuit). B npakmuueckom
Mamepuanoeedenuu (M JTaHHOM MOCOOMH) TIOJI TEPMUHOM CHPYKmypa OObIYHO TO]I-
pazyMeBaeTCs MUKPOCHMPYKmMYpa MaTepuayioB, U3ydaeMas C MOMOIIbI0 MUKPOCKO-
NOB (TUT U OTHOCUTENIbHOE KOIM4YeCTBO (pa3, hopma, pa3Mepsl U B3aUMHOE PacIoOo-

KEHUE KPUCTAJIOB 3TUX (a3).

mamepuai

/ .

XUMUYECKUIL
cocmae AY

; cmpykmypa
N e
\J snewnue L~
6o30eiicmeus

N

ceolicmea

Puc. 1. CrpykrypHas cxema TUCIUIUIMHBI « MaTepraloBe1eHUE
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Jliis motpeburens (B 4aCTHOCTH, CTYJICHTA) TJIABHBIM 3JIEMEHTOM MPUBEICHHON
Ha pHUC. 1 CXEMBbI SABJISIOTCS C80UCHEA, TTIOCKOJIbKY UMEIOIIUNACS KOMIUIEKC (hu3nye-
CKMX, MEXaHUYECKMX M JPYrMX CBOMCTB OMNpENeNsieT BO3MOXKHOCTh KOHKPETHOTO
MIPUMEHEHUS TOTO WM MHOro Marepuana. M3 MHOKecTBa CBOMCTB, MPUCYIIUX JH000-
My MaTepuaily, HaubOojee oOLIUMMU SABIISIIOTCS MexXaHuueckue ceoiicmea (MaTepua-
Jbl, HE 00JafarolIe, HapuMep, TOCTATOYHON MPOYHOCTHIO, HE MOTYT UMETh LIUPO-
KOT'0 MIPAKTUYECKOTO MPUMEHEHHs), OHU K€ U HanboJiee BaXHBI ISl KOHCTPYKIIMOH-
HBIX U MHCTPYMEHTAJIbHBIX MaTEpPUATIOB, KOTOPhIE B OCHOBHOM W HU3y4YarOTCS B JaH-
HOM Kypce. Kpome TOro, mexanuueckue ceoiicmea «CmMpyKmypHOUy6CHEumeib-
Hbl», TO €CTh YyTKO PEarupyroT Ha U3MEHEHHUS B CTPYKTYpE MaTepuajoB, OITOMY
NO3BOJISIIOT HAIJIAJIHO MPOAEMOHCTPUPOBATD «KPACHYIO HUMbY MAMEPUAlo8e0eHUs:
CocraB — Ctpykrypa — CBoiicTBa. 3HaHHWE 3aKOHOMEPHOCTEM, CBA3BIBAIOIINX ITU
Tpu C (cM. puc. B.1), mo3BoJs€T IPOU3BOIUTE ORMUMATIbHBLIL 8b100P MAMEPUAINE8
U MEeXHON02UIl UX 00padomKku 011 u30enuil pa3iudHozo0 Ha3Havyenus. Takoil BbI-
0op NokeH obOecrnedrBaTh TEXHOJOTMUYHOCTh M3TOTOBJICHUS M3JEIUS, €r0 HaIexk-
HOCTh U JIOJITOBEYHOCTh B YCIIOBUAX JKCIUTyaTalldd U OBITh SKOHOMHYECKH OIPaB-
JIaHHBIM. Bwvipadbomka maxozo ymenus Aensiemcsa 21aeHOU UEIbI0 NOO20MOBKU
UHJICeHEPa 6 001acmu Mamepuaio6e0eHus.

Haoeemca, umo 6 pe3ynivmame u3yuenHus npeonazaemozo HUx3@ce meopemu-
YecK020 Kypca, 6bINOJIHEHUs 1a00pAmoOPHBIX U KOHMPOIbHBIX padom ma uesp
oyoem Bamu oocmuznyma.

Ycenexa!

Kak ormeuanocsk BbIllle, OCHOBHAsl YacTh Kypca «MarepuanoBeieHHe» U, COOT-
BETCTBEHHO, JAHHOTO MOCOOUS MOCBAIIEHA METAUNIMYECKUM CIUIaBaM — Haubosee

IMUPOKO MPUMCHACMBIM KOHCTPYKIIMOHHBIM U HHCTPYMCHTAJIbHBIM MaTCpHajiaM.
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PA3JIEJI 1. CTPOEHUE Y CBOHUCTBA METAJIUIMUECKHUX CILIABOB
TEMA 1.1. MEXAHUYECKHE CBOMCTBA METAJLJIOB'
N IMMTPUHOMUIIBI UX OITPEAEJIEHUSA

Bo BBeaenuu nmomuepkuBaiioch, 4TO CBOMCTBA (B HaIlleM Ciydyae - MEXaHH4e-
CKHe) — HaumboJsiee MHTEpecyrolasl nmoTpeouTenss 4yacth UHGOPMALUU O MaTepuase
(HapsAIy, KOHEUYHO, CO CTOMMOCTBIO).

Mexanuueckue ceoiicmea XapakTepu3ylOT TIOBEACHUE MaTepUalOB IpH
BHEIIIHEM (MEXaHUYECKOM) Harpy>KeHUHU.

HaubGonee oOmmmu MeXaHUYECKMMH CBOMCTBAMH SIBIISIIOTCS HPOYHOCHb U
meepoocms, N1ACMUYHOCHb U YOAPHAA 6A3KOCHLb.

IlIpounocms — criocOOHOCTH MaTepuaia CONMPOTHUBIATHCS JAehopMaIii U pas-
PYILICHUIO TOJ] IEWCTBUEM BHEIIHUX HArpy3ok. CTaHIapTHBIMU XapaKTepUCTUKAMMU
MIPOYHOCTH, KOTOPHIE 3aKJIAJILIBAIOTCS B KOHCTPYKTOPCKUHN PACUET, SIBISIOTCS VCI06-

HbllU npeden mekyuecmu (0y;) U npeden npouHocmu (o,). OHU oNpenenaoTcs o pe-

5
3yJbTaTaM CTaTHMYECKOTO pacTshKeHUs o0pa3loB ycuiueM (Harpy3kou) P, (puc.

1.1.1)

gl

P
St
s |

lo | 1

,_
|

Puc. 1.1.1. Cxema ucnbiTanuii 00pa3IoB Ha PACTIKEHUE
IIpunoxeHue K Telxy Harpy3KH BbI3BIBAET €TI0 deghopmayuro — usmeHerue pas-

mepos (M 4acto GopMmbl) mena. B naHHOM cilyyae BelIMYMHY AeQopMalvd MOXKHO

' Bee m3n0keHHOE B 3TOM pasjiene B OOLINX YepTax CIPABEUTHBO TS JTIOOBIX METATMYECKHX (Me-
TaJIJIOB U CIIJIABOB) M HEMETAJUIMYECKUX MAaTEPUAIOB.
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OLCHUTHb OMHOCUMETIbHbBIM yaJluHEHueM

-1,

5=""" 100 %, (1.1.1)

0
rae /o u [ nnmuna oOpasia B HICXOAHOM U 1e(hOPMHUPOBAHHOM COCTOSIHUSIX COOTBETCT-
BEHHO.

Peaknueit Tena Ha AedopMalMio SBISAETCS BOSHUKHOBEHUE B HEM BHYTPEHHHX

HanpaxceHuil,

c=P/S, (1.1.2)
CTpeMSLINXCA MPEeIOTBPAaTUTh JAedopmalnio U, B KOHEYHOM CUeTe, pa3pylleHue 00-
pasua.

[Ipu oTHOCHUTENIBHO HEOOJIBIINX HATPY3KaX dehopmayus odopamuman — ynpy-
2asa — o0pasel BOCCTaHABIIMBAET CBOM pa3Mepbl ((popMy) IpH CHATHUU HArpy3KH. Y-
pyras nedopmaius noguuHsercs 3akony [yka:

o =E-9, (1.1.3)
rae E=const — moodyns ynpycocmu (monyns HOHra), xapakTepusyromnmil 5KeCTKOCTb
Marepuaia — CONPOTUBISEMOCTh YIIPYTOl Ae(pOpPMALIHH.

MakcumanbHOE HaNpsKeHUe, P KOTOPOM €l1ie BBIMOJIHsAeTCs 3akoH ['yka Ha-
3BIBAETCS MIPEJIEJIOM YIPYTOCTH (Oy).

[Ipu 3HaUMTENBHBIX HArpy3Kax (KOTJa BO3HMKAIOIIEE B TeJie HAIpSKECHUE O
CTaHOBUTCs OOIIbILE Gy) deghopmayus CTAHOBUTCS HEOOpAmMUMO = OCIMAmMoOYHOl =
naacmu4ecKoil, T.€. YaCTUYHO COXPAHSAETCs IPU CHATUU HAarpy3KH.

Hampsixenue, npu kotopom octatouHas aedopmanus coctasiser 0,2 %
(0=0,2 %) nazvieaemcsa ycnosenvim npedenom mexyuecmu (Gop).

MakcumanbHOE HanpsKeHHE, KOTOPOE BhIJEPKUBAET o0pasell A0 pa3pylIeHus
HA3bIBACTCS HPEOeoM RPOUYHOCHU UTIU 6PEMEHHBIM coOnpomuenenuem (Gy).

Bce nepeunciennsle npounocmubie xapakmepucmuku (Gy, Goa, Oy U E)'
OYCHb BAXKHBI, T.K. JAIOT PaA3HOCTOPOHHIOI MHGOPMAILMIO O MPOYHOCTH MaTepuarna,

HO, K COXKaJICHHUIO, croco0 ux OIIpCACIICHNA TPYAOCMOK U BECbMa J10POT. 3HAYNUTEIIb-

' M3 (1.1.2) BUAHO, 4TO IPOUHOCTHBIE XaPAKTEPUCTHKH m3Mepsrotest B H/m” = IMa min Kre/Mm’ =
10MITa.
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HO mporue mMepenne meepdocmu (H)' — conpomuenenus mecmuoii ynpyeoii u nia-
cmuueckou oeghopmayuu.

TBepnocTe omnpenensieTcss METOJOM BIABIMBAHUS TBEPAOTO HAKOHEYHHKA —
WHJICHTOpPA B HCHOBITYeMbI oOpazen (puc. 1.1.2) u oneHuBaeTcs Mo TIyOMHE WIH
pa3Mepy BO3HMKAIOIIEro orneyatka (yriayosnenus). [Ipubopsl s usmepeHus: TBep-
JOCTH Pa3IN4arOTCsl MaTepUaIoM (TBEPAOCThIO) U (POPMOW MHAEHTOPA M BEIMYUHOM

MPWIAra€MOMN HArpy3KH.

P
| — MHOEHTOP
N 7
%

obpaseu

Puc. 1.1.2. Cxema ucnbsiTaHuii 00pa31ioB Ha TBEPIOCTh

CootBerctBenHo paznuuaror HB, HRB (HRC) u HV — meepoocms no bpu-
nennr, Poxeenny u Bukkepcy, cootBerctBeHHo. HB u HRB (unaenTop — 3akaneH-
HBII CTAIbHOMW IIAPUK) UCTIONB3YIOT JIJIsi U3MEPEHUS TBEPJIOCTH MSTKUX MaTEpPHasIOB;
HRC u HV (ungenTop — aiMa3zHble KOHYC ¥ TMPaMUJia COOTBETCTBEHHO) — ISl TBEP-
IbIX U OYEHB TBEPJIBIX MATEPUAIIOB.

IThacmuunocms — cnocoonocms mamepuana niacmuiecku oegopmuposams-
cs 6e3 pazpyuieHus. Ha SiBIEHNN TIIACTUYHOCTH OCHOBAHBI BCE CIIOCOOBI 00pabOTKH
METaJIOB JaBjeHUEM. BennuuHy MJIaCTUYHOCTH ONPEAEISIOT MO pe3yibTaTaM HC-
neITaHU 00pa3ioB Ha pacTsukeHue (puc. 1.1.1) u olleHUBAIOT omMHOCUmMENbHBIM YO-
aunenuem (1.1.1) u omnocumenvuvim cyscenuem:

Y =(So—S)/Sy - 100 %. (1.1.3)

N3 dopmyn (1.1.1) u (1.1.3) o4eBUIHO, UTO XAPAKTEPUCTUKHU TIACTUUYHOCTHU
u3Mepstorces B %.

Yoapnaa eazkocme xapaxmepusyem conpomuenenue mamepuana XpynkKomy

Dpaspyuienuio.

' Or nem. Hirte — TBEPAOCTb.
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[TockonbKy «OXpyHUMBAHUIO» MaTepuasa MpU JTaHHOM TeMIeparype crnocoO-
CTBYIOT: YBEJIMYEHHE CKOPOCTH HArpy’>K€HUs U HaJIW4YUe MMOBEPXHOCTHBIX (U BHYT-
PEHHUX) Ne(PEKTOB THUIIA MUKPOTPELINH, TO YAAPHYIO BA3KOCTh ONPENEISAIOT MO pe-

3yJbTaTaM yJIapHBIX UCIIBITAHUM 00PAa3IOB 1O CleUabHBIM Hajape3am (puc. 1.1.3).

yAap

|

Puc. 1.1.3. Cxema ucnipiTanuii 00pasioB Ha yAapHYIO BI3KOCTh

Benmnuuna ynapuoit Bsizkoctu (KC) ompenensiercst kak padota (A) nedopma-
MU U pa3pylIeHHs] 00pa3la, OTHECEHHAs K IUIOLIAAM €ro MOonepevyHoro ceyeHus (S)
B MECTE HaJApe3a:

KC=A/S. (1.1.4)

B o6o3nauenusix ymxapuoi Bszkoctd KCU u KCV nocnennsis OykBa ykas3biBa-
eT opMy Hajzipesa (MCIbITaHUsl 00pasila, mokazaHHOro Ha puc. 1.1.3, cooTBETCTBYIOT
KCV). PazmeprocTts yaapHoii Bszkoctn Jx/m™ (1MJbx/m” = 10 kr-m/cm?).

VY napHas BA3KOCTh OY€Hb BaXKHAsl XapaKTEPUCTHKA, T.K. OT €€ BEJIUYUHBI 3aBU-
CUT DJKCIUIyaTallMOHHAsl HAJEKHOCTh M3JAeIui. Marepuanbl ¢ MaJIOW BEIUYMHOU
YAApPHOU BSI3KOCTH SIBIIAFOTCA XPYNKUMH M MOTYT JIETKO pa3pyllaTbCs aKe MPU He-
OOJNBIINX TUHAMUYECKUX HArpy3kax u3-3a CIy4alHbIX (MM TEXHOJIOTUYECKHUX) IO-
BPEXKICHUI MOBEPXHOCTH JIETATCH WM BHYTPEHHUX IE()EKTOB CTPYKTYPHI.

[ToMUMO TIpUBENECHHBIX B 3TOM paszjieiie CYIIECTBYET psJ APYTUX MexXaHUye-
CKHMX CBOMCTB (METOJOB MCHBITAHUI), C KOTOPBIMU MOXHO O3HAKOMUTHCSI B YUEOHOM
autepatype (cMm. [1...4])

3HaHue BCel COBOKYITHOCTH ITHX CBOMCTB MO3BOJISIET OLICHUTh KOHCHMPYKUU-
OHHYI0 HPOUHOCHIL — KOMNIJIEKCHYIO XaAPAKmMepucmuKky pabomocnocooHocmu mame-
puana  peaibHou KOHCMPYKYUU.

B 3akmrodyeHue 3Toi TeMbl OTMCTUM, 4YTO IPUBCACHHLIC BbIIIC CBCIACHUA ABJIA-
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I0TCSI 9acThio Kypca «ConmpoTHBICHHE MaTEPHAIOB». 31€Ch HE 00CYXIaeTcs BHYT-
pEHHEE CTPOCHHE MAaTepHalioB, 0€3 3HAHUS KOTOPOTO HEBO3MOXKHO IMOHSTH B3aMMO-
CBSI3b MEXKIy XUMHUYECKUM COCTABOM, CTPYKTYPOW M CBOMCTBAMH MaTEpPHUAIOB, YTO
sABJsAeTCA 3aAauen «MarepuanoBeIeHUD.
Buumanue!

Buvi o3nakomunuce (nem — uzyuunu!) ¢ cooepoicanuem esederuss u memol 1.1.

s nposepku yceoenus 3moeo yuebH020 mamepuana nonpooyime omeemums Ha

cnedyroujue 60npocyl.

Bomnpocs! aas camonpoBepku K Teme 1.1

1. YUTto Takoe XMMUYECKUI COCTaB Marepuaia’?

2. YTo BXOJIUT B MOHATUE CTPYKTYPhl (MUKPOCTPYKTYPbI) MaTepUaIoB?

3. Kakue cBoiicTBa HamOoJiee Ba)KHBI [IJI1 KOHCTPYKIIMOHHBIX MAaTepuajioB?
[Touemy?

4. KakoBa 11e7b «MaTepruagIoBeIYECKON MOTOTOBKIWY UHKEHEPOB?

5. Ilepeuncnure OCHOBHBIE MEXAHUYECKHE CBOMCTBA MATEPHUAJIOB.

6. HazoBute Hanboiiee pacpoCTpaHEHHbIE XapaKTEPUCTUKHU MpovyHOCTU. Kak
OHU ONPENIEIAIOTCSA, B KAKUX €IMHUIAX U3MEPSIOTCA?

7. Ilepeunciure MpuOOPHI 1711 U3MEPEHUSI TBEPIOCTH; Kak 0003HAUYaIOTCs Be-
JUYUHBI TBEPAOCTH, MOTYYSHHBIE HA 3TUX Npudopax?

8. Uto Takoe miacTU4HOCTh? Kaknmu XapakTepUCTUKaMU OLICHUBAIOT €€ Be-
JUYUHY?

9. Kakoe coiictBo xapakrepusyercs cumoiiom KCU? KakoB nmpuHOMI €ro
onpenesieHus? B kakux eIMHUIAX OHO U3MeEpSETCs?

10. KakoBo xapakTepHO€ CBOMCTBO MaTEpPUaNIoB ¢ HU3K0M BenmunHon KCU?

Ecnu Bul ycnewno omeeuaeme Ha 3mu 60Npochl, MON*CHO NEpexooums K npo-
gepke kavecmea Bawux 3nanuil 0aHHOU membvl ¢ NOMOWbIO MECHO8.

Yumatime enumamenvno mecmogvie 3a0anus. OObIYHO NPABUILHBIN OMBEM 8
Kaxcoom eonpoce oOur u3z 5 nepeuuciennvix. OOHaxo 6 mecmax K Opyeum memam
«Onoptnozo KoHCneKkmay 3a0anus mo2ym Ovims yciodxcHensl. lIpasurbrocms eauiux

omeemoe mMoaiceme npoeepums 6 KOHYe KOHcnekma.
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IIpoMexkyTouHbIe TecThl KTeme 1.1
I. Kakoe u3 mepedurcieHHbIX CBOMCTB (MapamMeTpoB) B HAMOOJIBIICH CTETICHU
XapaKTepU3yeT COMPOTUBIICHUE MaTepuaja XpyrnKoMy pa3pylieHuro?

1. TBeproCTb.

2. IIpenen MpOYHOCTH.

3. OTHOCHUTENBHOE YJIMHEHHE.
4. Y napHast BA3KOCTb.

5. Ilpenen Texyuyectu.

II. Kakast xapakTepucTruka MeTasia I0JbKHA ObITh BRICOKOM IS YCTICIITHON 00-
pabOTKM €ro JAaBjieHHEeM (HalpuMep, XOJIOJHOM IITaMIIOBKH)?

1. Ilpenen Teky4decTu.

2. IIpenen mpoOYHOCTH.

3. OTHOCHUTENIBHOE YIJIUHEHHUE.
4. Monynb ynpyrocT.

5. TBepaoCTb.

III. Eciu npu ucneiTaHuK 00pasia 0Ka3aiock, 4To BesnyuHa 6 = 0 %, To npu
KaKOM BHJI€ Harpy>K€HUs MOXKHO YCIEUIHO JKCIUTyaTUPOBaTh W3JEIHUA U3 JaHHOTO
mMarepuaia?

1. U3rud.

2. Kpyuenue.
3. PacTskenue.
4. Cxarue.

5. Ynap.

IV. Kakoe u3 nepeyucaeHHbIX CBONUCTB SIBJISIETCS MEXaHUYECKUM?

1. ITmoTHOCTB.

2. DIEKTPOCONPOTUBIICHHE.
3. I11acTUYHOCTE.

4. KospuuTuBHas CUia.

5. TemnoeMKOoCTb.

Ecnu Bot omeemunu na smu 6onpocwl 051 CAMONPOBEPKU U CAPABUIUCL C MeCamil,
Modiceme nepexooums K 0ceoeHuto cieoyoweti memol «Onopnoeo koncnekmay. Ecau
BO3HUKIIU NPOOSIeMbl ¢ OMEemamu Ha KaKue-mo 80npochl, ciedyem nosmopums usy-
yeHue coomeemcmayiowux yacmeti 0anHou memwl. Ilocmynaiime noooouvim oopa-

30M U npu uzyyenuu nociedyrouiux mem « OnOpHo20 KOHCNEeKmay.
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TEMA 1.2. KPUCTAJIVIMYECKOE CTPOEHUE U
CBOICTBA METAJLIOB
Bce nHanucanHoe HbKe CIpaBeIUBO IS JIFOOBIX KPUCTAJUNIMUECKUX MaTepua-
JIOB, HO MOKHO HauyaTh C YHUCTBIX METAJUIOB, SIBJSIOMIMXCS OCHOBON METaIMYECKHUX
CIUIaBOB, T.€. OOJBIITMHCTBA TPOMBIIINICHHBIX MaTEPUAJIOB.
®u3nuecKod OCHOBOM 00CYX IaeMbIX 37€Ch MpoOJieM SBISIOTCS MpeacTaBie-
HUSL 00 aTOMHOM CTPOCHHMM TBEPJBIX TEJ, U3y4aeMble B COOTBETCTBYIOIIUX TeMax

(U3HKY U XUMHH, COAECPKAHNUE KOTOPHIX JKEIATEIbHO OCBEXUThH B TAMSATH.
1.2.1. KPUCTA/UVIMYMECKHUE PEIIETKU METAJIJIOB

MeTtamibl 00BIMHOTO CcIOC00a MPOU3BOJCTBA UMEIOT KPUCTAIIMYECKOE CTPOe-
Hue. B kpucTa/iax aToMbl PacmojioKEHbI CTPOrO YHOPSIOYEHHBIM 00pa3oM Tak,
4TO, €CIIM Yepe3 UX IEHTPHI MPOBECTU BOOOpakaeMbIe JIMHUH BIIOJIb TPEX KOOPIU-

HATHBIX OCEW, OHU O0Pa3ylOT MPOCTPAHCTBEHHYIO (KPUCTAIMYECKYIO) PelIeTKY

(puc. 1.2.1).

a X
Puc. 1.2.1. IIpocTpancTBeHHAs KPUCTAIUIMYECKAs PELIETKA

OcHosHOe c80UCMBO KPUCMALIUYECKUX peulemoKk — ux NMPOCTPAHCTBEHHASA
NEPUOAUYHOCTb. DTO 3HAYUT, YTO JIIOOYIO KPUCTAIIMYECKYIO PEIIETKY MOXKHO
MPEJICTAaBUTh COCTOSAIIEH U3 MHOXKECTBA OJIMHAKOBBIX COMPHUKACAIOIIUXCS MUKPOOOH-

C€MOB, HAa3bIBACMBIX 3JIEMECHTAPHBIMHA siuekamu. B 06HICM ciIy4dac 3JIEMCHTapHasd

-

siyeiika TpecTaBIsgeT cOO0W mapayieenune/1, MOCTPOSHHBIN Ha TPEX BEKTOpax a,

6, ¢ (puc. 1.2.1).
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Tun kpucTa/UIMYecKol PpewmeTKH orpeaensercs (HopMoill 3IeMEHTapHON
SYEHKH U XapaKTEPOM PacIoJIOKEHHUSI B HUX aTOMOB.

KonnuecTBeHHO KpUCTaUIMUECKHE PEIIETKH OMUCHIBAIOTCS TPEMSI OCHOBHBIMU
XapaKTepUCTUKAMH:

1. Ilepuoa (MM mapamMeTrp) pelieTKH — PACCTOSTHUE MEXKAY COCEIHUMH Y3-
JaMH pelIeTKH BAOJb TPEX KOOPAMHATHBIX oceil. B obmiem ciayuae perierka xapax-
TEPU3YETCS TPEMS TapaMeTpaMy — CKAISIPHBIMU BEJIMYMHAMH 4, 6, ¢ (puc. 1.2.1.).

B ciyudae npocroii kyoudeckoi pemietku (puc. 1.2.2) umeercs oIUH apaMeTp

PELIETKH, paBHBIA peOpy 3JIEMEHTAPHOM sTUeiKu (KyOa).

a4 GRR

4* 4’ Puc. 1.2.2. DnemeHTapHas sueiika mpocToi
C ¢ KyOMYECKOM pernieTKy (a) U cXxema ymaKoB-
a

KM B HEl aToMOB (0)

Y

OueBHIHO, YTO BEJIMYMHA IapaMeTpa pEIIeTKH O4YeHb Mana (B MeTajuax
~0,2...0,6 M; 1 HM = 10”M) ¥ ONpeeNnseTcs PeHTIeHOCTPYKTYPHBIM aHATH30M.

2. Koopannanmonnoe ymciao (K) — yucino Ommxalmmx coceneld, OKpyx aro-
MMX JaHHBIA aTOM M HAaXOMSIIUXCA OT HEro Ha OJMHAKOBBIX paccTosHMsX. s
OLICHKM BeJIMYuHbl K HY»HO NpeICTaBUTh, UTO AJIEMEHTApHas sUYeiKa CO BCEX CTO-

POH OKpYkKeHa cebe nmo1o0HbIME (puc. 1.2.3).

A

/: O
0 / Puc. 1.2.3. Onpenenenne KOOpAMHALMOHHOTO YUCIIA U OT-

/3 O © HOCUTEJIbHOU IJIOTHOCTH YMaKOBKHU B MPOCTON KyOHUYECKOM

(,Z ’ peLIeTke

S

o

oY

I

BunHo, uro B mpocToil Kyonueckoi pemerke K = 6.
3. OTHOCUTEIbHAS MJIOTHOCTH YNAKOBKM peulemku amomamu (q) — OTHO-

1eHue 00bemMa, 3aHMMaeMoro aToMaMu B siueiike, K 00beMy caMoi SUeHKH, T.€.
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%72"7”3 ‘n

re r — paguyc atoma, a — napameTp pemeTku (cMm. puc. 1.2.2), n — 4UCIO LEeNbIX

dTOMOB, IIPUXOAAIINXCA HA OJJHY HqCﬁKy.

O4eBUIHO, YTO B MPOCTOM KyOUUYECKOW peIlIeTKE n = %-8 =1 (cm. puc. 1.2.3),

MO3TOMY JIETKO TOJICUYUTATh (YUHUTHIBASI, UTO @ = 2r), YTO B MPOCTOM KyOMYECKOU pe-
metke g = 52 %. Takas peiieTka siBAsSeTCS «PhIXJION», Tak Kak 48 % ee oObema Mnpu-
XOJIUTCS] HA MEKaTOMHBIE ITYCTOTHI.
MeTa/sin4eCKUM 3J1eMeHTAM CBOWCTBEHHBI MJIOTHOYNAKOBAHHbIE pelleT-
KM € BBICOKOH CTeNeHbI) KOMIAKTHOCTH, T.€. ¢ 00JIbIINMHU 3HAYeHusiMu K u q.
MHorue Metaiibl UMeT obvemuoyenmpuposantnyro (OLUK) u epaneyenmpu-

posannyio (I'IK) permeTku, ux XxapakKTepUCTUKHU MTPUBEICHBI HA puc. 1.2.4.

ryK
7 ?’T\ o3
W
U/ Puc. 1.2.4. O6bEMHOIIEHTPUPOBAHHAS
& (OLK) u rpaneuentpupoBannas (I'TIK)
peleTKn
K8,9=68% K12, q=74%

Hanpumep, OLIK pemerky umeer Fe, (uimm a—Fe), a I'LIK pemerky — Fe, (nim
v-Fe). Takas cnoco0OHOCTh HEKOTOPHIX BelIECTB HMETh Pa3JIHYHbIA THI pelier-
KM Ha3bIBAETCH NOJUMOPPu3IMOM.

[Tonumopdusm xeneza Urpaer BaKHEHIIYIO poJjib B (JOPMUPOBAHUU CTPYKTY-
PBl U CBOWCTB JKE€JI€30yTIEPOJUCTHIX CIIaBOB — cTasield u 4yyryHoB (Temsr 2.1 u 2.2

«OnopHOr0 KOHCIIEKTa).

1.2.2. IE®EKTbI KPUCTAJLVIMYECKOM PEHIETKH
(PEAJIBHOE CTPOEHHUE KPUCTAJLJIOB)
B peanpHBIX KpHUCTaJUIax BCErAa UMEIOTCS OTKJIIOHEHHS OT UACAIBHOIO MOPsI-

Ka B pPacCIIOJIOKCHHUU aTOMOB, Ha3bIBACMbIC HCCOBCPIICHCTBAMU WJIN I[e(l)eKTaMl/l pe-
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meTkH. [1o reoMeTpun BbI3bIBAEMBIX MU HapyLIEHUH PeIIeTKH Ae(EeKThl Moapa3e-
JAIOT Ha TOYEYHBIe, JUHEHHbIEe U IOBEPXHOCTHHIE.

Touyeunbie nedeKTbI

Ha puc. 1.2.5 noka3anbl pa3iuyHbie BUIbI TOYEHYHBIX JE(PEKTOB. ITO BaKaH-
CUM — ITYCThIE Y3JIbl PEIIETKH, «CBOU» ATOMBI B MeKI0Y3JIHN 1 aTOMBbI IpUMeceii B
y37aX PemeTKH U MexXa0y3nusax. OCHOBHAsS IpUUMHA 00pa30BaHUs MEPBHIX IBYX BU-
70B Ne(heKTOB — JABUKEHUE aTOMOB, MHTEHCUBHOCTh KOTOPOTO BO3PACTAaET C IOBHI-

HICHUEM TEMIIEPATYPHI.

Puc. 1.2.5. Tunsl TodyeuHbIX AehEKTOB KpUCTAJUIHYC-
CKOM PEIICTKHU:

1 — BakaHcus,

2 — aTOM B MEX0Y3JI1H,

3 1 4 — aTOMBI IPUMECEN B y3JI€ U MEKIOY3JIUU COOT-
BETCTBEHHO

Bokpyr nmr060ro TodeuHoro aeekTa BOSHHKAET MECTHOE HCKAKEHUE PEIICTKH
panuycom R B 1...2 nepuopa pemetku (cM. puc. 1.2.6), mosTomy, eciu Takux Jedek-
TOB MHOTO, OHU BIUSIIOT Ha XapaKTep paclpeaesieHUus] MeKaTOMHBIX CHJI CBSI3H H, CO-

OTBCTCTBCHHO, Ha CBOMCTBA KpUCTaAJIJIOB.

Puc. 1.2.6. JlokanbpHOE UCKa)KCHUE KPUCTALTUIECKON PEIIETKHA BOKPYT
BaKaHCHUH (2) ¥ IPUMECHOT0 aToMa B y3Jie pemeTku (0)
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JInnenubie nedeKTnI

JIuneitHple AePEKTHl HA3BIBAIOTCSA AMCIAOKAUNMAMU. VX MosBIIeHHE BBI3BAHO
HaJU4YUEM B OTJEIBHBIX YaCTSAX KpHUCTaJUIAa «JIMIIHUX» aTOMHBIX MOJYIUIOCKOCTEH
(3kcTpamnockocTu). OHU BO3HUKAIOT B MPOLIECCE KPUCTAIIM3AIMN METAIIOB (U3-3a
HapYLICHUs MOPSI/IKA 3aMOJTHEHUSI AaTOMHBIX CJIO€B) WM B pe3yjIbTaTe UX IUIACTHUYe-

CKOTro ehopMHUpOBaHMsI, KaK MOKa3aHo Ha puc. 1.2.7.
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Puc. 1.2.7. OG6pa3oBanue KpaeBoil nuciokaiuu (L) B pe3ysibrare 4aCTUIHOTO
ﬁ
CIBUTA BEpXHEH YacTW KpUCTala IMoj JaeicTBueM ycwiums P

ABCD - mnockocts ckonbxkenusi; EFGH — skcTpaminockocTs;

EH — nuHus kpaeBo# AUCIOKAIMA
_>
BuaHo, 4TO 1O BIAMSHHEM CABHMTAIOIIEro ycuiaus P mpowusolren yacTHYHBIN

CIBUT BEPXHEU YaCTH KPUCTAJLIA BIOJIb HEKOTOPOH MIIOCKOCTU CKOJIBKEHUS («JIErKO-
ro casura») ABCD. B pesynbsTaTte obOpazoBanack sxcmpaniockocms EFGH. Ilo-
CKOJIbKY OHA HE MUMEET MPOJOJLKEHUsI BHU3, BOKPYT ee kpas EH Bo3HukaeT ynpyroe
UCKa)KCHUE PEIIECTKH PAJNYCOM B HECKOJIBKO MEKAaTOMHBIX PACCTOSHUM (T.€.~ 107em
— cM. Tema 1.2.1), IpOTSHKEHHOCTH K€ ATOTO MCKa)KEHHUS BO MHOTO pa3 OoJibliie (Mo-
XKeT noxoauTh 10 = 0,1...1 cm).

Takoe HECOBEPIIEHCTBO KpUCTAJIa BOKPYT Kpas AKCTPAIUIOCKOCTH SIBJISETCS
JUHEHWHBIM JIe(PEKTOM PEIIEeTKH 1 Ha3bIBACTCS KPaeBO# JUCTOKAIUEIA.

Baxueiimme MexaHU4eCKHE CBOMCTBA METAJVIOB — MPOYHOCTh U TJIACTUYHOCTh

(cMm. Tema 1.1) — onpeaenstoTCa HAIUYKMEM IUCIOKAIMM U UX MOBEJACHUEM IPHU Ha-
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IrPYKEHUH TEJIA.
OcTraHoBHMCSI HA JBYX OCOOCHHOCTSIX MEXaHHM3Ma IepeMelleHHusl JTUCI0-

Kalui.

_)
1. JIucmokaruu MOTYT BechMa JIerkKo (Mpu Masioil Harpyske P) mepeaBurartbes

BJIOJIb TJIOCKOCTH CKOJIBKEHHSI TIOCPEACTBOM «ICTa(DETHOTO» MEPEMEIICHHS IKCTpa-
wiockoctd. Ha puc. 1.2.8 moka3an HayaJIbHBIN 3Tl TaKoro JBMXKEHUS (IBYMEPHBIA

PUCYHOK B IUIOCKOCTH, IEPIEHAUKYJIIPHOMN JIMHUH KPA€BOU JUCIOKAIUN).

A

Puc. 1.2.8. HavyanpHbIil 3Tan sctadeTHOTO MepeMenieHus: KpaeBon aucio-
karuu (L): A-A — MIOCKOCTh CKOJbXeHUs, 1-1 skcTparioc-
KOCTb (MUCXOHAsS MTO3UIIHS)

_)
ITox nmeiictBuem ycuiusi P atomsr skctparmutockoctd (1—1) orpeiBaloT OT

I0CKOCTH (2—-3) aTombl (2—2), pacloiOKEHHbBIE BBIIIE TJIOCKOCTH CKOJbXeHus. B
pe3yJibTaTe 3TU aTOMbI 00Pa3yIOT HOBYIO SKCTPAIUIOCKOCTH (2'-2"); aTOMBI «CTapoii»
sKcTpariockoctTu (1—1) 3aHMMAar0T 0CBOOOIUBIIMECS MECTA, JOCTpanBas MIOCKOCTh
(1'-1'-3). DTOT aKT 03HAaYaeT UCUE3HOBEHHUE «CTApOiD» TUCIOKAIINH, CBI3aHHOMN C IKC-
TParIocKoCcThio (1—1), U BOBHUKHOBEHHUE «HOBOWY», CBA3AHHOW C HKCTPAIIOCKOCTHIO
(2'-2"), unu, IpyruMu CIOBaMHU, mepeaady «d3cTaheTHON MaToYKuy» - JUCIOKAINK Ha
OJTHO MEXKIIJIOCKOCTHOE paccTosiHue. Takoe 3cTadeTHOE MepeMEeIIeHue AUCIOKAIUN
OylleT MPOAOJKATHCS 10 TEX MOp, MOKa OHA HE JAOWIET 10 Kpas KpucTtajuia, 4To Oy-
JIET O3HAYaTh CIABUT €ro BEpXHEW YacTH Ha OJHO MEKIUIOCKOCTHOE paccTosiHue (T.€.
MJIACTUYECKYIO AehOopMalnio).

OTOT MeXaHU3M He TpeOyeT OONbIINX YCHUIIMM, T.K. COCTOUT U3 IOCJIEN0Ba-
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TETHHBIX MHUKPOCMEIICHUH, 3aTparuBaroNIuX JUIIhL OTPAHUYCHHOE YHUCIO aTOMOB,
OKPYKAFOIIUX IKCTPAIIIOCKOCTb.

2. O4YeBUAHO, OJHAKO, YTO TaKas JIETKOCTh CKOJBXEHUS TUCIOKAIUi Oyner
HAOJIIOIaThCs JIUIThL B TOM CiIy4ae, KOrja Ha WX MyTH OTCYTCTBYIOT Kakue — JIM0o
NpensaTcTBus. TakuMu npensmcemeusmu aeisaomces oodvle oepexmol peuemiu (0CO-
OCHHO JIMHEHHBIE U MMOBEPXHOCTHEIE!), a TaKKe yacmuysl Opyeux ¢az, €Civ OHU IPH-
CYTCTBYIOT B MaTepHalie. DTHU MPEMATCTBHUs CO3AI0T UCKAKEHUS PEIICTKH, TIPEOI0-
JICHUE KOTOPBIX TPeOYyeT MOMOJHUTEIBHBIX BHEIIHUX YCUIIHH, ITIO3TOMY MOTYT 3a0JI0-
KHPOBATh JBMKEHUE AUCIIOKAIHM, T.€. CIeTIATh UX HETOIBKHBIMHU.

IHoBepxHOCTHBIE Te(heKThI

Bce npoMblIieHHbIe METaITBI (CIUIaBbl) SBISIOTCS MOJUMKPHCTANIHYECKUMHU
MaTepHaNaMH, T.e. COCTOSIT M3 OPOMHOTO KOJIHYECTBAa MeIKuX (o0bramo 107...107
CM), XaOTHMYECKH OPUEHTHUPOBAHHBIX KPHUCTAJUIMKOB, Ha3bIBaeMbIX 3epHaMu. Oye-
BUJIHO, YTO MEPUOANYHOCTD PELIETKH, PUCYILAsl KAKIOMY 3€pHY (MoHOKpucmaniy),
B TAKOM MaTepHualie HapylleHa, MOCKOJIbKY KpUCTaIorpaduueckue mIoCKOCTH 3€peH
NOBEPHYThI OTHOCUTEIBHO APYT Apyra Ha yroiu a (cM. puc. 1.2.9), BeauunHa KOTopo-

r'o KoJIEOJIETCS OT JOJICH /10 HeCKOJIBKUX JCCATKOB I'PaJIyCOB.

Puc. 1.2.9. Cxema cTpoeHus rpaHull 3¢peH B MOJUKPUCTATIIMYECKOM
maTepuaie

['panuna mMexay 3epHaMu MPEACTABIACT COO0OM MEPEXOIHBIN CIIOW IMUPUHON
10 10 MeXaTOMHBIX pacCTOSHUM, OOBIYHO C HEYNOPSJOYEHHBIM DPACHOJIOKEHHEM
aTOMOB. DTO MECTO CKOIUJICHUS UCJIOKAlMM, BaKaHCUM, TPUMECHBIX aToMOB. [1oaTO-
My B 00bEME MOJUKPUCTATUIMYECKOTO0 Marepuasga IPaHUlbl 3epeH A61A10mcs 08)-

MEPHbIMU, NOBEPXHOCMHBIMU OeheKmamu.
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1.2.3. BIUAHUE JE®EKTOB PEHLIETKN HA MEXAHUYECKHUE
CBOHMCTBA KPUCTAJLJIOB.
IIYTU NOBBIIHEHUSA ITPOYHOCTU METAJIJIOB

B sroit Teme paccMOTpUM, B OCHOBHOM, BJHUsiHHME JC(PEKTOB PEIICTKH Ha
IPOYHOCTh KPUCTAITUYECKUX MATEPUAIIOB.

B Teme 1.1 ormedanoch, YTO MPOYHOCTH — 3TO CIOCOOHOCTH MaTepHalia Co-
POTUBIIATHCA IehopMaIuu 1 pa3pyIIeHUIO MO ISHCTBUEM BHEIIHEH HATrPy3KHU.

1100 npoynocmuio Kpucmaiiuieckux mei NOHUMArOmM Ux COnpomueieHue npu-
JIOJCEHHOU Hazpy3Ke, cmpemAwjelcs CO8UHYMb UlU, 8 npedeie, OMOp8amb OOHY
yacms KpUCmania OmHoCUmenbHo Opy20u.

Hanuuue 6 memannax noosusicnvix oucioxkayuil (y>ke B MPOIECCe KPUCTAUIH-
3anmn Bosuukaet 10 10°...10° mucnokanmit B cedennu, pasHoM 1eM?) npugodum « ux
NOHUIICEHHOU CONPOMUBTAEMOCU HACPYHCEHUIO, M.€. 8bICOKOU NIACMUYHOCMU U He-
8bICOKOLL NPOYHOCTIU.

O4eBugHO, YTO Haubonee 3PpGHexmusHbIM CNOCOOOM NOBbIULEHUS NPOYHOCMU
b6yoem yoanenue oucroxayuu uz memania. OIHAKO TaKOW MyTh HE TEXHOJIOTUYEH,
T.K. 0€3IMCIIOKAIIMOHHBIE METAJUIhl YJA€TCs TMOJydYaTh JIMIIb B BUJE TOHKUX HHUTEH
(Tak Ha3pIBAEMBIX «YCOB)») JUAMETPOM B HECKOJIBKO MUKPOH M IJIMHOM 10 = 10 MKM.

[TosToMy mpakTHYecKHe Croco0bl YIPOYHEHHUS OCHOBAHbL HA MOPMONCEHUU,
ONIOKUPOBAHUU NOOBUNCHBIX OUCTOKAYUU NYMeEM Pe3Ko20 YeeaudeHus yucia oegex-
mo8 peuwemKku (8 nepeyro ouepeodsb JUHEUHbIX U NOBEPXHOCMHbIX!), a makoce co30a-
HUU MHo2ogasuvix mamepuanos (cM. naparpad 1.2.2.).

Taxkumu TpaJAUIIMOHHBIMU METOAAMM MOBBINIEHUS MPOYHOCTH METAIIOB SB-
JSIFOTCSL:

— IIacTUYecKoe JegopMupoBaHue (sSBICHHE HaKJIENa UK HarapTOBKH),

— TepMuuecKas (M XMMUKO-TepMUUecKasi) 00padoTka,

— JierupoBaHue (BBEJIEHUE CTICIMATIbHBIX IpUMeceil) 1, Hanbosee o0 moa-

XO/[l, — 3TO CO3/IaHUE CILJIaBOB.
B 3akntoueHue cieayer OTMETUTh, YTO MOBBIIMIEHUE MPOYHOCTH, OCHOBAHHOE

Ha 6JIOKI/IpOBaHI/II/I ITOABMIKHBIX HHCHOKaHHﬁ, MMPpUBOAUT K CHUXCHUIO IINIACTUYHOCTH
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U YIApHOU BS3KOCTH M, COOTBETCTBEHHO, IKCILTyaTaIlMOHHONW HAJS)KHOCTH MaTepHa-
na.

[TosTomy 6onpoc o cmenenu ynpounenus HeobOX00UMO peulams UHOUBUOYALb-
HO, UCX005 U3 HA3HAYeHUs U YCA08UL pabombl U30eUsl.

Buumanmue!

Buvl ocununu u smy memy. Muocoe 6 nem 00HCHO OblMb 3HAKOMO NO WKO]Ib-

HOIM U 8Y308CKUM KYPCAM U3UKU U XUMUU, NOIMOMY Bbl 001diCHbl yCnewHo cnpa-

6UMbCA C 6onpocamu ons camonpoeepkKu u mecmoevbimu 3A0AHUAMU.

Bomnpocs! as1 camonpoBepku K Teme 1.2

1. B ueM 0COOEHHOCTh KPUCTANIUYECKOTO CTPOCHHUS?

2. Kakumu xapakTeprUCTUKaMH ONKCBIBAIOT KPUCTATUIMYECKUE PELIETKH?

3. Uro Takoe nepuoj peleTKH; KakoBa €ro NpuMepHasi BeIu4nHa?

4. Onpenenure KOOPAMHAMOHHOE YHCIO U OTHOCUTEIBHYIO IJIOTHOCTH yIla-
KOBKH MPOCTON KyOUUYECKON PEIIETKH.

5. Kakue pa3HOBHIHOCTH KyOMYECKUX PEMIETOK CBOMCTBEHHBI METANTNYECKUM
dJEMEHTaM?

6. Uto Takoe nomumMoppuzm?

7. Yto Takoe nedektsl pemetku? HazoBuTe nX pa3HOBUIHOCTH.

8. IlepeuncnuTe OCHOBHBIC BHJIBI TOUCYHBIX AePeKTOB. OXapakTepu3yiTe Ha-
PYLLIEHUS B peUIeTKe, CO3JaBaeMble ITUMH JIe(hEKTaMHU.

9. Yto Takoe kpaeBbie auciokanuu? Kak oHM BOZHUKAIOT?

10. KakoB MexaHH3M NEpPEMEICHUS TUCIOKALINIA?

11. Kak BAIMsieT COBEPIIEHCTBO KPUCTAUIMYECKON PEIIETKA Ha MOJBHXHOCTh
JUCIIOKALIA?

12. Yto mpeacTaBisitoT cO00i MOBEPXHOCTHBIE NePEKThI perieTKu?

13. Yto sABnsieTCSs NPUYMHON MOHMKEHHOM MPOYHOCTH TEXHUYECKUX (HEyI-
POYHEHHBIX ) METAJIIIOB?

14. KakoBbl IPUHLIMIIBI TOBBIIIEHUS] TPOYHOCTH METAIIIIOB?

15. Ilepeuncaure NPpaKTUYECKUE METOJBI YIPOYHEHHS METAJIOB?

16. Kak BausitoT TPAAUIIMOHHBIC MCTOAbI ITOBBINICHUA ITPOYHOCTH HA IJIaACTUY-
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HOCTb U YAAPHYIO BSI3KOCTh METAJLIOB?
IIpomMexkyTOoOYHBIE TeCThl KTeme 1.2
[. KakoB Hanbosee BeposITHBIA MOPSAIOK BETUYMHBI epruoa (mapaMerpa) Kpu-

CTAJITTMYECKON pelieTKu?

1.10" em.
2.10% em.
3.10% em.
4.10"° cm.
5.10" cm.

II. CxonbKO LIETBIX aTOMOB MPUXOJIUTCS Ha AJIEMEHTApPHYIO SUEUKY MPOCTOM

KyOu4ecKoil pemeTku?

1.8.
2. 1/8.
3. 1.
4.6.
5.4.

III. Kako#t Bujg neekToB KpUCTALINUECKON PEIIETKH 00ECIeYnBaET BBICOKYIO
IJIaCTUYHOCTh METAIIIIOB?

1. Bakancuu.

2. Jlucrnokamuu.

3. ATOMBI IPUMECEN.

4. JlucnouupoBaHHbIe (MEXKI0y3€IbHbIC) ATOMBI.
5. I'panuiisl 3epeH.

IV. Kakoe u3 nepeyucieHHbIX yTBEpKACHUN HeBepHO? XOJIoAHAas IJacTUYe-
ckas aedopmanus:

1) moBBIIIAET IPOYHOCTH METAIIA;

2) NOBBIIIAET IEKTPOCONPOTUBIICHHUE;
3) cHMXKaeT MIACTUYHOCT;

4) noBbIIIAET yAAPHYIO BSI3KOCTb;

5) noBsbILIAET TBEPAOCTb.

V. Kakoe u3 nepeuuciieHHbIX yTBEpkAcHUN HeBepHO? IIpakTuyeckne nyTH
MOBBILIEHUS IPOYHOCTH METAJUIOB OCHOBAHBI Ha:

1) yBEeIMYEHUH KOJMYECTBA TOUEUHBIX AEPEKTOB;
2) U3MEeJIbYCHUH 3€PHA;

3) TOPMOKEHUU JUCTOKAIIHIA;

4) BBEJICHUM PUMECHBIX aTOMOB;

5) MoTHOM yJIaJIeHUH TUCIIOKAITUH.
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TEMA 1.3. CTPOEHUE METAJIJIMYECKHUX CIIJIABOB

B koHIle npeapiayie TeMbl 0TMEYAIOCh, UTO CO3JaHUE CnIa808 — Haubosee
OOIMI MyTh MOBBIIICHUS MPOYHOCTH METAIMYECKHX MAaTEpHUaoB. DTOT Memoo
(cnnaenenusi) TO3BOJSET MOTYYUTH TaKKe 0oJiee MUPOKUN THUAMa30H 0COOBIX MOJE3-
HBIX CBOWCTB (HampuMep, KapornpoyHOCTh, KOPPO3UOHHYIO CTOMKOCTh, TEIUIO — U U3-
HOCOCTOMKOCTbD U JIp.).

CmnaBbl — 5mo mamepuaisl, NOIY4eHHble CHAAGIeHUueM Ul cnekaruem (Io-
POILKOBasi METAILTYPTHsl) 08VX Uiy 601ee KOMNOHEHMO8.

KomnonenTsl — sewjecmsa, obpasyrowue cnias; AMH MOTYT OBbITh XUMHYE-
CKHE 3JIEMEHTHI UM yCTOMYUBBIE XUMUUYECKUE COCTUHEHUS.

CrpyKTypa U CBOMCTBA CIIaBA ONPEAEISIIOTCS B IEPBYIO OUYEPENb MPUPOIOMN
(Tumom) a3, 00pazyrOMMXCS MPHU CIIABICHUN KOMIIOHEHTOB.

da3a — 00HOPOOHAS NO XUMUUECKOMY COCMABY, MUNy peuwemKky U c8oUCmeam
yacms cniasa, OmoeneHHas om opy2ux uacmeu spanuyeil pazoend.

B 3aBucumocTu oT xapakrtepa HU3NKO—XUMHUECKOTO B3aUMOJICUCTBHUS KOMIIO-
HEHTOB B METaJUIMYECKHUX CIJIaBaX BO3MOXXHBI TPU OCHOBHBIX THIA TBePABIX (KpH-
cTajinueckux) ¢as:

1) Xumuuyeckue 3J1eMeHThbI,

2) XuMHYecKHe CoeIMHEeHUs,

3) TBepAbIe PACTBOPBI.

OcHoBHOM (MaTpuuHOI) (ha30ii OONBIIMHCTBA MPOMBIILICHHBIX CIUIABOB SIB-
JISIFOTCSL TBEPJIbIE PACTBOPHI, TIOATOMY PAaCCMOTPUM KX 0o0Jiee MOAPOOHO.

TBepabie pacTBOpbI — 3TO (a3bl, B KOTOPHIX aTOMbI OJIHOIO KOMIIOHEHTa B
pa3MelleHbl (PacCTBOPEHbI) B KPUCTAJUIMUECKOW pEIIEeTKEe APYroro KOMIOHEHTa A —
«pactBoputeis». [lo Mepe yBenuueHus: ynciia aToMOB B B pemieTtke A XUMUYECKUI
COCTaB U CBOMCTBa TBEPJOT0 PACTBOPA IUIABHO U3MEHSIOTCA (B YACTHOCTH, TEMIIEpa-
Typa IJIaBJIEHUS), T.€. 3TO haswl nepemenno20 cocmasa (B OTIIMUUE OT XUMUYECKHUX
AJIEMEHTOB U XUMUYECKUX COCTUHECHHM ).

CmuiaB, npeACTaBIAIONIUN COO0N maepovili pacmeop, A6aiemcs 00HOPAZHbIM

8ewecmeom ¢ peulemkou, Npucyweti OCHOBHOM)Y KOMNOHEeHmY (Pacmeopumento).
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ATOMBI BTOPOTrO KOMIIOHEHTa (PaCTBOPEHHOT0) pa3MElIEHbI B PEIIETKE PACTBOPUTE-
7151, KaK MPaBUII0, CITyYailHbIM, HEYTIOPS0UYEHHBIM 00pa3oM.

ITo criocoby pa3merieHusi aTOMOB pacTBOPEHHOIO BeliecTBa (B) B pemieTke A
pa3IMYaoT JIBa OCHOBHBIX THUIIA TBEPJIBIX PACTBOPOB — pACMBOPbL 3AMEUjeHUsl U GHe-

openus (puc. 1.3.1)

a 1]
Puc. 1.3.1. TBepabie pacTBOpHI 3aMeliieHus (a) u BHeApeHust (0)

Bunno, uto npu oOpa3zoBaHuU mEepObix pacmeopos 3ameujeruss aToMbl B pac-
M0JIAral0TCs B BaKaHCHUSX peIIeTKU KoMroHeHTa A (cm. puc. 1.2.5). Ilpu sToM komu-
YECTBO aTOMOB B B pemieTke 4 MOXET U3MEHSIThCA B IIUPOKUX Mpejenax (Mpu ornpe-
JEJEHHBIX YCIOBUSAX 803MOJCHA NAXKE HEOSPAHUYeHHAs B3aUMHAs pacmeopUMoCmyb
KOMNOHEHMO8 8 MBEPOOM COCMOSAHULL).

B ciiyuae meepowix pacmeopos énedperuss aToMbl B pacmonararoTcsi B MexKI0-
y3nusax pemerku A. IIoHITHO, YTO 3TO BO3MOYKHO, €CJIM pa3Mepbl aTOMOB B CpaBHU-
MBI C pa3MepaMu MEKATOMHBIX MYyCTOT pemieTku A. [loaTomy pacTBOpbl BHEAPEHUS
o0pa3yloT ¢ MeTa/llaMH 3JIEMEHTHI, UMEIOINE HAaMMEHBINI aToMHbIH panuyc (H, B,
C, N). Takue pacTBOpbI BCEria UMEIOT 02PAHUYEHHYIO PACMBOPUMOCHLb.

O4eBUIHO, YTO PACTBOPEHHBIE aTOMBI (B) SBISIOTCS TOYCHYHBIMU Je(heKTamu,
BBI3BIBAIOIIMMH HCKaxxeHue pemeTku A (cMm. puc. 1.2.6), mosromy obpazosanue
CN1a8068 — TBEPABIX PACTBOPOB OOJIHCHO NPUBOOUMb K NOBLIUEHUIO NPOUYHOCU WC-
XOJTHBIX KOMITOHEHTOB (cM. maparpadsi 1.2.2 u 1.2.3).

XuMuyeckue cOeJUHEHUS OObIYHO MMEIOT (PUKCUPOBAHHBINM COCTaB, OTBE-
yatouii popmyine 4,8, , Te n 1 m — NPOCTbIE YHUCIA, IPUYEM THUIl PELIETKU COEIU-
HeHus A, B,, OTINYaeTCs OT PEIIETKHA NCXOAHBIX KOMIIOHEHTOB.

B xene30yrnepoaucThiX crjiaBax (CTajlsx M 4YyryHax), KOTOpbIe 00CYXIat0TCs

B IIOCJICAYIOINUX TCMaAX, HanOoJIee BaXKHBI COCOUHEHUS MEMATIIO8 (HaanMep, KCIIC-
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3a) ¢ yenepooom — Kapouosl.

HeszaBucumo OT mpupoabl XUMHUYECKAE COEAUHEHUS B METAJUIMYECKUX CILIA-
Bax, Kak MpaBuio, 00JaJat0T BBICOKOW TBEPAOCTBIO M XPYIKOCTHIO (T.€. MaJloIia-
CTUYHBI); TBEPJbIE PACTBOPHI, HANIPOTUB, UMEIOT XOPOIIYIO IJIACTUYHOCTh (U BA3-
KOCTh), HO HEBBICOKYIO TPOYHOCTH U TBEPIOCTb.

[ToaToMy onmumanvromy couemanuro coucme KOHCTPYKIHOHHBIX METaJlId-
YECKHUX CIUIaBOB (BBICOKMM 3HAYEHUS MPOYHOCTU U YJIAPHOM BSI3KOCTH) COOTBETCTBY-
€T CTPYKTypa, B KOTOpoi aucnepcHbie (= 10 HM) 4acTHUIbI TBEPbIX XUMUYECKUX CO-
€UHEHUI paBHOMEPHO U JIOCTATOYHO IUIOTHO (Ha paccrosHusx = 20...40 uM) pac-
npeeNieHbl B INIACTUYHON MaTpUYHOM (paze — TBEPIOM pacTBOpeE.

Hcxons U3 3TOro MOXKHO CKa3aTh, YTO CBOMCTBA CILIABOB 3aBHUCAT 8 NEpsyIo
ouepedb Oom Npupoovl U OMHOCUMENbHBIX KOAUYEeCm8 NPUCYMCMEYIWUX (as, Ho
makoice U om Qopmvl, pazmepos, 83aUMHO20 PACHONONACEHUS KPUCALILO8 IMUX
¢a3z, m.e. OT KOHKPETHOH CTPYKTYPHI ciuiaBa. Hanpumep, eciau yacTUilbl XuMuye-
CKMX COCIMHEHUI pacrojiOKEHbl B BUAE CETKH B TBEPJOM pacTBOpE, dKCIUTyaTalu-
OHHasl Ha/IeKHOCTh TAKOro Marepuana OyAeT MOHUKEHA U3-3a BO3MOXKHOCTU 00JIer-
YEHHOI'0 Pa3pylIEHUs MO XPYNKUM 000J0YKaM (XMMUYECKUX COEIMHEHHH), pa3o0-
HIAIOIIMM 3€pHa TBEPAOI0 pacTBOpA.

Htak, cBoiicTBa CIUIABOB (JIaHHOI'O XMMHUYECKOI'O COCTaBa) OMNpeaessioTcs
HX CTPYKTYpoOil. UTOOBI MpPOTrHO3WPOBATh CBOMCTBA KaKOTro-IMOO CIIaBa, HYXKHO
3HATh €ro CTPYKTYPY.

Cmpykmypy Chiago8 pasiudHo20 XUMuiecko2o cocmaga MONCHO YCMAHO8UMb
nymem amaiuza coomeemcmeyiowux imarpamMm (aszoBoro paBHOBeCHs] WIH JAUA-
rpaMM COCTOSIHHS. '

[Ton cocrossHMEM MOHUMAIOT HAJIMYKUE TE€X WJIM UHBIX (a3 B CIUIaBE OAHHO20
Xumuieckozo cocmasa npu 0annou memnepamype. To eCTb ouazpammol cOCMoOAHUA

CMpoAmMcs 8 KOOpOUHAmMax «memnepamypa—xuMudeckuti COCmae CIIaBOB CUCTEMBI

A—-B».

! TIpsiMoii METO M3YUEHHS CTPYKTYPhI — MHKPOAHAIIN3 - HCCIIEJOBAHAE MUKPOCTPYKTYPBI MaTe-
pHAJIOB € TIOMOIIBI0 MUKPOCKOIIOB; €MY IOCBSILEH psij Ja00paTOPHBIX padoT.
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JIvHUYM UarpaMM COCTOSIHUSI — 3TO JUHUU (Pa308blx npespaujeHutl («KKpUTHIe-
CKUE€ JIMHUWY»), MPU MEepPeceYeHUN KOTOPbIX (pa30BbIN COCTaB (CTPYKTypa) CILIABOB
00s13aTe€JIbHO U3MEHSETCS.

YMeHne aHanu3upoBaTh JUAarpaMMbl COCTOSIHUS SIBJISIETCS BaXKHOM 4acThIO OC-
BOEHUSI Kypca MarepuanoBenenus. K coxalleHnio, u3-3a OrpaHUYEHHOCTH 00beMa
«OnOpHOr0 KOHCHEKTa» HET BO3MOXXHOCTH IMOCBSITUTH 3TOMY BOMNPOCY OTIEIbHYIO
TEMy, HO PEKOMEHIIYETCS CaMOCTOSITEIBHO MPOpPadO0TaTh COOTBETCTBYIONIYIO TEMY
(cm. [1...4, 8]). D10 06nEryUT YCBOGHUE MaTepualia MOCICAYIONIUX TE€M, MOCBSIIICH-
HBIX CTPYKTYpPE U CBOMCTBAM KOHKPETHBIX MPOMBIIIIEHHBIX CIJIABOB.

Buumanue!

Tema 1.3 — nebonvuias no 06vemy u 0OCMAMOYHO NPOCMAs O 80CHPULMUS,
O0OHAKO OHA COOepI’HCUm psi0 HOBbIX NOHAMUU, OJIsl YCBOEHUS KOMOPbIX MpeOyiomcs
onpeoenennvie YCUnUs, N0OIMoMy ...

Bomnpocs! 1ist camonpoBepku K Teme 1.3

1. JlaiiTe ompenencHue MOHITUH «CIIaB», «KOMIOHEHT», «daza». MoxeT au
JIBYXKOMITOHEHTHBIN CIIaB OBITh OJJTHO(Aa3HBIM?

2. Kakoe ci10BO sIBIIsI€TCS KIIIOUEBBIM B OMPEICIICHUN TTOHATHUS «azan?

3. Ilepeuucnure OCHOBHbBIE THUIIBI KPUCTAUIMYECKUX (a3 B METAIMYECKUX
cruiaBax?

4. Yto Takoe TBep.bli pacTBop? Kakue TUIIBI TBEPJIBIX pacCTBOPOB CYIIECTBY-
10T?

5. B yeM NpUHIUIIHAIBHOE OTIWYHE XUMHUYECKUX COCIMHEHHU OT TBEPIBIX
pactBopoB? Kak oTinyaroTcs MeXaHWu4ecKue CBOMCTBA 3TUX ¢az?

6. Kak Brl npezacraBnsiete cebe ONTUMANBHYIO CTPYKTYPY KOHCTPYKIIMOHHBIX
cruiaBoB? Hapucyiirte ee.

7. B Kakux KOOpIMHATaX CTPOSATCS TUArPAMMbl COCTOSIHUS?

8. KakoB OCHOBHOM CMBICII IMHUI JUarpaMM COCTOSTHUS?

9. KakoBa posb quarpamm COCTOSIHUS B KypCce MaTe€pUaIoBECHUS?

Hanomunaem, umo ¢ memou «/[uacpammuvl cocmosiHus OBOUHbBIX CHIABOSY

KpaiiHe KeJaTeJbHO 03HaKoMumuvcs 6 yueOHou aumepamype [1-4, 8], nockonvky
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uzydeHue cmpykmypol u CBOLICME KOHKPEMHBIX NPOMbIULIIEHHbIX CNIAB0OE8 60 MHO2OM

bazupyemcs Ha aHaniuze COOMBEeMCmMEYIUUX OUaspamm cocmosanus (CM., HallpuMmep,

Tembl 2.1 1 2.2).

IIpoMexkyTouHBbIEe TecThl KTeme 1.3

[. Kakast U3 nepeyrcieHHbIX XapaKTEPUCTUK He BXOAUT B OINpPECICHUE TTOHS-

Tus «dazan?

1. Tun pemerku.

2. CpoiicTBa.

3. Pa3mep 3epHa.

4. I'panunia paszaena.

5. XuMHYECKHUI COCTaB.

II. Kakoe n3 nepeunciieHHbIX YTBEPKICHUM HeBepHO? B pesynbprare cruasie-

HHSI KOMIIOHEHTOB A M B cIu1aB MOKET OBITh:

I1I.

1) MHOTO(DA3HBIM;

2) onaO(a3HBIM;

3) MHOTOKOMITOHEHTHBIM;

4) TBEpIBIM pacTBOPOM;

5) XUMUYECKUM COCTMHCHHUEM.

Kakoif TepMUH B CIAEAYIOIIEM MTEPEIHE SIBIISCTCS JIMITHAM?

1. XuMudecKkuii 3J1€MEHT.

2. ®a3a.

3. XMMHYECKOE COEIMHEHHUE.
4. KOMIIOHEHT.

5. TBepaslit pacTBOD.

IV. Kakoe u3 nepeyucieHHbIX YTBEPKACHUN HEBEPHO?

IIo CpaBHCHHIO C TBCPABIMH paCTBOpaMM XHWUMHWUYCCKHUC COCAWMHCHUSA B MCTAJl-

JIMYCCKHUX CIlJIaBax:

1) 6onee TBEpABIE;

2) IMEIOT MOCTOSTHHBIN XUMUYECKHI COCTaB;

3) MeHee TIaCTUYHBI,

4) UMEIOT OTIPEJICIICHHYIO TEMIIePaTypy IJIaBICHUS;
5) UMEIOT OOJIBIIYIO YJIAPHYIO BSA3KOCTb.

V. Kakoii u3 nepedncieHHbIX (aKTOPOB SBIISIETCS ONpeaeJasaionuM B GopMu-

POBAHHUU MCXAaHUYICCKUX CBOMCTB CILIaBOB?

1. ®opmMa KpUCTAIIOB.

2. Pazmepsl kpucTaios.

3. MukpocTpyKTypa.

4. OTHOCUTEIBLHOE KOJIMYECTBO KPUCTAILIOB PA3IMIHBIX (a3.
5. FIX B3auMHO€ pacrnoyioKeHue.
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PA3SAEJI 2. BIUSAHUE XUMHNYECKOI'O COCTABA
U TEPMUUYECKOHN OBPABOTKHU HA CTPYKTYPY

" CBOHCTBA AKEJIE3OYIJVIEPOAUCTBIX CIIJIABOB

MoXxHO cuuTaTh (KOHEYHO, C HEKOTOPBIM MPEYBEINYEHUEM), UTO PACCMOTPEH-
HbI€ B Mpeapaymux TeMax « OmopHOro KOHCIEKTa» TEMbl COCTABISIIOT OCHOBY Ma-
TepuanoBeneHus. Huxe 3HaHUE 3TUX OCHOB OyAE€T HUCIOJb30BAHO MJI HU3y4YCHUS
BAUAHUS XUMUYECKO20 COCMABA HA CIMPYKMYPY U C80OUCMEA cmael U 4y2yHO8 — OC-
HOBHBIX MaTEpHUaJIOB MPOMbIIIIEHHOCTH (CBbIIe 90% BCceX MPUMEHSIEMbIX MaTepua-
JIOB B MamMHOCTpoeHuM). OcoOblii UHTEPEC MPEACTABISET GIUAHUE CIPYKNYPHLLX
npespaweHuti npu mepmMu4ecKol 0opabomke Ha MexaHudecKue ceoUcCmea cmaiel.

N3yueHne 3TUX BOMPOCOB MO3BOJIMT HATJISAIHO MPOJAEMOHCTPUPOBATH B3aUMO-
CBS3U MaTepuanoBeneHus (cM. puc. B.1): xumuueckuii cocmae - cmpykxmypa - eneuw-

HUe 8030eUCmeBUsl - CBOUCMEd.

TEMA 2.1. CTAJIM 1 UHYT'YHBI (BIUAHUE XUMHNYECKOI'O COCTABA
HA CTPYKTYPY U CBOMCTBA KEJE30YIJIEPOJUCTBIX CIIJTABOB)

2.1.1. JTMATPAMMA COCTOAHUSA «KEJIE3O-UEMEHTHUT». ®OPMMU-
POBAHUE PABHOBECHOM CTPYKTYPBI YIJIEPOJUCTBIX CTAJIEN

[Tpu crutaBnenun xxenesa c yriaepoaom (C) oOpasyercst kapouod xceneza Fe;C
Ha3bl8aeMblll yeMenmumom' , on conepxur 6,67 % C.

[IpoMbIlIIEHHBIE CIUIABBI XKeJe3a ¢ yriepoaoM coaepxar 1o =~ 4 % C, nosro-
My UX CTPYKTYypY H3y4alOT C IOMOIIbIO AUArpamMmbl cocTosiHus «Kese30—
nemeHTUT» (Fe—I), T.e. KOMoHeHTamu JaHHOU cucTeMbl siBistoTcsa Fe u Fe;C (puc.
2.1.1).

Ha stom prcynke 0003HaueHBI ha3si BO BCEX 00IACTSIX TUArPaMMBbl, a MO pU-
CYHKOM YKa3aHbl CmpyKmypbl CIUIABOB C Pa3IMYHBIM COAEpP>KaHUEM YTIepojia MpH

HOPMAJIBHBIX TCMIICPATYypaX.

' B nanbHeiimeM Berofy, Tie TpeGyeTcs COKPAIICHHE 3aIIICH, IEMEHTHT 0603HaueH GyKBoii L1,
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Puc. 2.1.1. luarpamma coctosaHus «Kene30-11eMeHTUT»: BHU3Y T10]] JUarpam-
MOH — 0003HAYCHHS CTPYKTYP CIUIABOB C PA3IUUHBIM COJICpIKaHHEM
yIJIEPOIa MPU HOPMAJIbHBIX TEMIIEpaTypax

Ha pmarpammax coCTOSHHSA BEpXHsSS CUCTEMa JHMHUNA (B JaHHOM Clydae
ABCD) wnHa3biBaeTCcs JUHHEH JUKBUAYC (J1aT. — )KUJIKUIN), BBIIIE Hee JIFOOOM CIuIaB
HaxOoJUTCs B kuAKOM coctosinuu. Ha puc. 2.1.1. &K — xuakas daza (pacmiaB) - Ku-
kuii pactBop C B Fe.

Cucrema nUHUN AWarpaMMbl HEMOCPEACTBEHHO MO/ JIMKBUIYCOM (B JaHHOM
cnyuyae AHJECF) na3piBaetcst tuHuei comayc (Jiat. — TBEpAbI), HUXKE Hee 000t
CIUIaB — B TBEPJIOM COCTOSIHUU.

B cucreme Fe-Fe;C cymecTByioT Tpu TBepable (Kpucramuinueckue) ¢asbi:
LHEeMEeHTHT — XUMHUYECKOe COoeHeHne ( Ha AuarpaMMe ero oaHodasHas «o01acTey -
munus — DFKL) u tBepabie pactBopsl C B Fe — aycrenut (o61acte GNJES) u dep-
put (OGPQ). Hanuumue nByx TBEpHAbIX PacTBOPOB SIBJIAETCS CIEACTBUEM MOJIUMOP-
¢u3Ma xenes3a — ero cnocoOOHOCTH CYIIECTBOBATh B IBYX MOAU(PHUKAIUAX (O U Y) IpU

pa3IuUHBIX Temreparypax (cM. pasgen 1.2.1). B unrepsane temmepatyp 0...911 °C,
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a taoke 1392...1539 °C sto o—Fe (umu Fe,) ¢ OLIK pemerkoii', B mHTepBaie
911...1392 °C xene3o umeer I'LIK pemrerky — sto y—Fe (nu Fe,).

CoOOTBETCTBEHHO TpPH CIUIABICHHUM >KeJie3a C YIJiepooM oOpa3yloTcs JBa
TBep/ibIX pacTBopa BHeapenus C B Fe: ¢pepput (®) — pactBop C B o—Fe u aycreHur
(A) — pactBop C B y—Fe.

N3 muarpammer Fe—1l (cm. puc. 2.1.1) BuaHO, 4TO OKOHUYATENIbHASI CTPYKTYypa
(Ipy HOpMAaJbHBIX TEMIIEpATypax) MPaKTUYECKH BceX CIUiaBoB (mpaBee T. Q, T.e.
>0,01 %C) popmupyercs u3 a8yx ¢az: © u 1.

@eppuT — TBEPABIN pacTBOp HA ocHOBE 0—Fe, conepxammit < 0,02 %C, oueHb
msrkas (TBepaocts HB < 800) u tutactuunas (oTHocuTenbHOE yanuHeHnue 0 > 30 %)
dbaza.

IleMeHTHT — KapOu/ XKeje3a, HAIPOTHB, ouenb meepd (HB~8000%) u xpynok
(0 = 0 %). Takue xapaktepuctuku @ u 1] 00yCIOBIMBAIOT CYIIECTBEHHYIO 3aBHCH-
MOCTh MEXaHHYECKHUX CBOMCTB MKEJIE30YIJIEPOAUCTHIX CIUIABOB OT coiaepkanus C
(cm. HUXKE, Temy 2.1.2).

Jlo cux mop ObuM OOCYXIEHBI TOJBKO OJHO(MA3HBIE O00JACTH JAUATPAMMBI
Fe—1l. Ha puc. 2.1.1 noka3zansl Takxke nByxdaszHbie 001acTu (3aMEeTUM, YTO U3 JIOTH-
YECKUX COOOpakeHMil B 000 AByX(]a3zHoil o0nacTu HaxoAsTcs Te ¢asbl, KOTOPHIE
pacmoJioKeHbl CJIeBa U CIpaBa OT JaHHOM 00acTh).

B koH1e Tembl 1.3 0TMEYanoch, UTO C8OUCMBA CRAABO8 3ABUCIM HE MOJbKO OM
¢azoeo2o cocmaea, HO U OM KOHKPEMHOU CMpPYKmMypwl cniaeos. Umobwr ycmano-
8UMb CMPYKMYPY CNAABA, HYHCHO NPOCIeOUMb, KaKue NpespaujeHus NPoUcxoosam 8
HeM Nnpu MeONeHHOM OXAANCOEHUU U3 HCUOKO20 COCMOSIHUSL 00 KOMHAMHOU memne-

pamypol.

PaccMoTpuM 3TOT mporecc Ha IPUMEPE CTAJMCH — CNIAB08 C COOEPHCAHUEM Y-

aepooa om 0,02 oo 2,14 % C.

! Keneso, cymecrsyromee B narepane 1392...1539 °C, yacro oGosHauarot kak 6—Fe (Fes), X0Ts
9TO Ta e MOIUPUKAIHS 0.
? Berofy B JaHHOM T0C06mH TBepocTh 1o Bpunemmo (HB) naercst B MITa.



- 69 -
@®opMHPOBAaHHE PABHOBECHOI CTPYKTYPHI YIJIEPOAUCTHIX  cTAJIEH
B Mpouecce KPUCTALIN3AUU

N3 auarpammel Fe—11 (cMm. puc. 2.1.1) cneayer, 4To BCe CTalu B pe3yJibTare 3a-
TBepJieBaHUs (T.€. HETIOCPEICTBEHHO HIbKe JIMHUU coinuayc NJBE) npuobperaror oj1-
HO(a3HYIO ayCTEHUTHYIO CTPYKTYpY (A).

BuaHo Takxke, 4TO MpU JAIBHEUIIIEM OXJIAKICHUNA OHU NIEPECEKAIOT PAJl JIMHUN
JMarpamMMbl, 3HAYUT B HUX MPOUCXOAAT HpespaujeHuss 8 meepoom CcOCMOAHUU. Imu
npespawjeHus 8bl36aHbl AIeHUEM NOJUMOPPDUIMA HCeae30)2NepoOUCHbIX CNIagos (a
Takxe ymeHbieHuem pactsopuMoctu C B A (siuaust ES) u @ (uaus PQ) ¢ monumxe-
HueM temiepatypsl). Kak cnenyer u3 nuarpammsl Fe—Ll, 3Ty npeBpaieHus B CTaisix
3akanunBaroTcs Ha Tuaun PSK (727 °C), T.K. HUKE 3TOM TeMIIEpaTyphl KakKue — JIn00

KPUTHYCCKHC JIMHUHU OTCYTCTBYIOT.

Ha npumepe cranm, conepxatueit 0,8 %C (1. S), BugHO, ymo npespawenue,
npoucxoosiyee npu T < 727 °C, 3axniouaemcs 8 pacnaoe aycmeHuma Ha cmecsb gep-

puma u yemexnmuma.

0XJI

AS_) (Dp"‘H, (2.1)
rae u"aekcel S u P nokaseiBaroT coneprkanue C B aycTeHUTE U (peppUTe COOTBETCT-
BEHHO (B LIEMEHTUTE OHO HE YKa3bIBAETCSl, T.K. MPH JIFOOOM TemnepaType paBHO
6,67 %C).

Takoe mpeBpalleHue, Korja npy IMOCTOSIHHOW TEMIIEPATYPE U3 OJHOM TBEPAOH
da3bl 00pa3ytorcs aBe apyrue (Mpu PUKCUPOBAHHBIX cOCcTaBax (a3) Ha3bIBAETCS IB-
TEKTOUAHBIM.

B orcenezoyenepooucmuix cniasax semexkmouonoe npespawjenue (2.1) nasviga-
emcsi NePJUTHBIM, TIOCKOJIBKY B PE3yJIbTaTe HEro o0pa3yeTcsl MepJMT - uepedyio-

wasicsa cmecb NMOoHKUX Kpucmaiiloe (nﬂacmuHOK) gbeppuma u yemernmuma — CTpyKTy-

" Takue CTPYKTYpPBI (POPMHUPYIOTCSI B COOTBETCTBHHU C TuarpamMmoii pasoBoro pasHoBecus Fe—L]
IIPY O4YEHb MEJUICHHOM OXJIXACHHUH U3 KUAKOTO COCTOSHUA. bBICTpOE 0XJ1akIeHNEe MOXKET MpH-
BECTH K IOSIBIICHUIO HHBIX CTPYKTYp (CM. Temy 2.2).

* B IerMpOBaHHbBIX CTAISAX C GOMBIIAM KOJTHUECTBOM CIIEHHATBHBIX IPUMECEH CTPYKTYpa MOKET
MPUHLIMIIAAIBHO U3MEHUTHCS [0 CPAaBHEHUIO C pACCMATPUBAEMBIMU 31€Ch YIIIEPOAUCTBIMY CTAJISA-
MH (cM. Temy 2.3).
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pa, HATTOMHUHAFOIIAS TIEPIAMyTPOBBIN (3KEMUY KHBIN) y30p PaKOBHUH.

B 3asucumocmu om codepoicanus C yriiepoaucTbie CTAIM JeJIITCH HA
no3BrekTouanbie (0,02...0,8 %C), ssrekTonannie (~0,8 %C), 3a3BTeKTOUIHbIE
(0,8...2,14 %C).

W3 mpuBeneHHOTO BBIIIE OOCYKICHUS OYEBUIHO, YTO PABHOBECHAS CMPYKMY-

pa 26mexmoudHol cmaiu — nepamt (cM. puc. 2.1.2 B).

Puc. 2.1.2. CtpykTypa TEXHUYECKOTO kKene3a (a), J0IBTEKTOUAHOMH (0),
ABTEKTOUIHOMN (B), 3a9TBEKTOUIHOM (T) cTanei

B 0osémexmouodnvix cmanax nomumo nepaurta (Il) ¢ cmpyxmype codepaicam-
s kpucmaiivl N36LITOYHOr0' (peppHuTa, 06PAa30OBABIIIECS U3 AYCTECHHUTA IIPH OXJIa-
xaeHnu mexay auHusamu GS u PS (puc. 2.1.2 0).

B 3asemexmoudmnvix cmansix NEepIMTHOMY MPEBPAIICHUIO MPEIIISCTBYET BbI-
nenenue BropuuHoro uementuta (Ll)® u3 aycmenuma, MOCKOIBKY MPENEIBHOE CO-
nepxanne C B A yMEHbIIIaeTcs C MOHWKCEHUEM Temriepatypsl (o jguauu ES). Ilo-
ITOMY CMPYKMYpa 3a36MeKmMoUOHbIX Cmanell COCmMoum u3 3epeH nepaumad, pasoe-
JIeHHbIX cemkou kpucmannos Ll (cm. puc. 2.1.2 1).

Takum 00pa3oM, OCHOBHOM CTPYKTYPHOH COCTABJSIIONIEH YIJIE€POAUCTBIX

"o cpaBHEeHUIO ¢ O, MPUCYTCTBYIOIMIUM B MIEPIIUTE.
2 [{eMeHTHUT, KPUCTALTU3YIONTUICS U3 )KUIKOH (a3sl B CIIaBax, conaepxkanux > 2,14 %C, npuHsaTo
Ha3bIBaTh NepBUIHBIM (LIj).
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cTajieil B PABHOBECHOM COCTOSIHMM SIBJIsiETCSl MEPJUT (cM. puc. 2.1.2). Demexmo-
uoHas cmaiv cooepaicum ooHy cmpykmypryto cocmasnsarowyro (I1), ece ocmanvubie
cmanu no 0ge. 0o’emexmouonsvie 11 + @, zasemexkmouonvie I1 + L],

B cnnaBax, cogepxamux < 0,02 %C (nesee 1. P, cm. puc. 2.1.1), nepaut B
CTPYKTYyp€ OTCYTCTBYET, T.K. B IPOILIECCE OXJIAXKIEHUS OHU HE NMEPECEKAalOT JUHUIO
nepiautHoro npespaiuenus (PSK). OTu cruiaBbsl Ha3bIBAIOTCS TEXHUYECKHM KeJIe30M
B OTJIMYME OT XUMHUYECKH uncToro Fe, npencrasimenHoro Ha auarpamme Fe — L Bep-
tukanbio ANGO). Cmpykmypa mexuuueckozo Fe— (pepput (xoTs B CIIaBax, COJEp-
xammx 0,01...0,02 %C npucyTcTByeT HEOONBIIOE KOJIMYECTBO TPETHUHOTO LIEMEH-
tuTa — Ljy).

3aMeTHM, 4TO HECMOTPS HA Pa3HOOOpasHe CTPYKTYp' , (06YCIOBICHHOE TEM,
YTO CIUIABBI C Pa3HBIM COJIEPKAHUEM YTIIEpOIa MEPECEKAIOT IPU OXJIAKICHUU Pa3-

nuyHble IMHUU auarpammel Fe —11), ¢pazoswiii cocmas cnnasos, codepacawjux

>0,01%C, oounaxos — @ + I].
2.1.2. 3BABUCUMOCTb MEXAHUYECKUX CBOMCTB
KEJE3OYIJIEPOIUCTBIX CIIJIABOB OT COJAEPKAHUS YIJIEPOJA

U3 ouacpammer Fe—I] (puc. 2.1.1) cnedyem, umo cmpykmypvi npaxmudecKu
ecex (>0,01 %C) cnnasoe npu HOpMATLHBIX MEMNEPAMYpax GopmMupyIomcs u3 08yx
¢az — peppuma (@) u yemenmuma (1]). Mexanuueckue CBOMCTBA 3TUX (a3 MpUBe-
JICHBI BBIIIIE Ha CTP. 66.

O4eBHIHO, YTO C YBETUUCHUEM COJIEPKaHUs yTepo/ia B CTPYKTYpe CIUIaBOB
BO3pACTaeT KOJIMYECTBO TBEPAOTO B XPYMKOTro [l 1 yMEHbBITaeTCss KOJTMIECTBO MSITKO-
ro, iactuanoro @. Teepapie yactuiibl 1] moBeimaT conpoTUBIIEHKE CIIJIaBa Iuia-
ctuyeckoi nedopmaruu (cMm. Temol 1.2.2, 1.2.3). [loaToMy ¢ yBeJu4eHHEM cOIepP-
JKaHus yriepoaa pactyrt teepaocts (HB) u npounocTs (0,;) CIUIaBoB, Magal0T UX
JIACTUYHOCTH (O, ) U ynapuas Bsaskoctb (KCU) — puc. 2.1.3.

B teme 1.1 ormeuanochk, 4To U IpouHOCTh (G;) U TBepaocTh (HB) xapakrepu-

3yIOT CONIPOTUBIIEHUE MaTepualla IuacTudeckoil aegopmanuu. [loatomy mexay

' TToMIMO PacCMOTPEHHBIX €CTh eIe TPH CTPYKTYPBbI OSIIbIX 9yTyHOB (IogpobHee B 2.1.4).
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o; 1 HB cymiecTtByer 3akoHOMEPHast CBSA3b
6, = a-HB, (2.2)

re a = const, OTaMYaromascs sl pa3IndHbIX CIIABOB (1715 cTanei a = 0,3).

E w8, Miq
S 6s,Mq
¥6.%
KCU, MAx/m

ANRV.C N
_ \

1
y Ny " Puc. 2.1.3. 3aBUCUMOCTh MEXaHUYECKUX CBOUCTB
N 2|98 YTIEPOJIUCTHIX CTAJIICH B PABHOBECHOM COCTOSIHUU
OT COJIepKaHUs yIiiepoja

-~

N
, o |a
98 12

C oTHM cBsI3aHa OAMHAKOBAs JIMHENHAs 3aBUCUMOCTD G, 1 HB oT conepxxanus
yriepoaa. OgHako, Kak BUAHO U3 puc. 2.1.3, B ciuiaBax, cogepxkamux > 0,8 %C,
IIPOYHOCTh HPH PACTSIKEHUU NAAAET, & TBEPAOCTb MPOJIOJIKAET PACTH. ITO 00YCIIOB-
JIEHO OXPYMYHBAIONIMM BIHAHACM CeTKH L B 3a9BTEKTOM/IHBIX CTANX ', KOTOPOE HE
CKa3bIBAETCS MPU U3MEPEHUIX TBEPIOCTH, T.K. IIPU ITOM pabOTaET HE BCE CEUCHUE
oOpasia (Kak Ipu ONpeiesIeHUH Gy), a JIMIIb JIOKAJIbHAS 00J1aCTh 10 MHACHTOPOM
(cm. Temy 1.1).

Taxum obpazowm, 3asucumocms o, = f(C), nokazannas Ha puc. 2.1.3, - naenso-
noe nposenenue "kpacnoii numu" mamepuanoseoenus: Cocmas — Cmpyxkmypa -

Ceoticmea (BciomuuM Beenenue).

2.1.3. KTACCUDUKALIUS U MAPKUPOBKA YIJIEPOJUCTBIX CTAJIEA

B teme 2.1.1 ¢axkTuuecku mnpencraBiieHa KIACCH(PUKANMA YIJIEPOIMCTBIX
CTaJIell 110 PABHOBECHOM CTPYKTYpe, 3TO: A03IBTEKTOUAHBIC CTAJIU (CTPYKTYypa @
+ II), 3sTekrouannie (I1) u 3a3BTekrouannie (I1 +11;).

OpHako s morpedutens 6ojiee BaKHOU sBJSETCs KJaccupuKamus 1Mo Ha-

! Umenno MOATOMY B PEATBbHBIX U3JIENUIX U3 3a3BTEKTOUIHBIX cTaliei ceTky Ll cnenmansHoi Tep-
MOMEXaHUYIEeCKO 00paboTKOI mpeoOpa3yIoT B MEJIKHE PAaBHOMEPHO paclpe/Ie/ICHHbIE KPUCTAILTHU-
KM "3€pHUCTOrO [IEMEHTHUTA".
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3HAYEHM IO, TOCKOJIbKY OHA OMPEACIISIET BO3MOKHOCTh UCIIOJIL30BAHUS TON WU UHOU
CTaJu JJIl KOHKPETHBIX M3Aenuil. OcHO80U makou Kiaccugukayuu sA611emcs 3a6u-
CUMOCb MEXAHUYECKUX C8OUCME cmaeli Om co0epicanus yenepood, NoKa3aHHas Ha
puc. 2.1.3.

BunHo, 4TO JOCTOMHCTBOM CTayneil ¢ OOJIBIIMM COJAEpKAHUEM yTiepoja
(= 0,7 %C) sBnsieTcs BbICOKask TBEPJOCTh, TOATOMY TAKUE CTAJM OTHOCSTCS K IpyM-
1€ HHCTPYMEHTAJbHBIX (T.K. OCHOBHOE TpeOOBaHUE JJIsi OOJBIITMHCTBA BUJIOB UHCT-
pYMEHTa — IMEHHO BBICOKasi TBEPAOCTh). MapkupoBka 3Tux craneu Y7, ¥8, V10....,
Y13 (I'OCT 1435-90), rne uudpsl MOKa3bIBAIOT COACP)KAHUE YIJIEPOJa B JIECITHIX
nosax %.

KoHcTpyKIIMOHHBIE CTAJIM HCTIOIB3YIOT JUIsl pa3HOOOPa3HBIX M0 Ha3HAYCHHIO
U3J1eNIUi, paboTaIOMIUX MPU CIOKHBIX, B TOM YKCJIE, TUHAMUYECKUX Harpy3kax. Ta-
KHE CTaju JOJDKHBI 00JajaTh ONTHUMAalbHBIM COYETAaHWEM IPOYHOCTU U yJIapHOU
BSI3KOCTH, TIO9TOMY, B OCHOBHOM, 3TO MAllo — U CPEIHEYyTIepoaucTsie ctam . OHH
MOAPA3ACISIOTCS Ha CTAJN 00bIKHOBEHHOT0 KauecTBa OO0IEro Ha3HaueHUs (MapKu
C10, Cr11, C12,..., C16 'OCT 380-94) 1 kayecTBeHHble KOHCTPYKIIUOHHbIE CTAa-
au (mapku 08, 10, 15, 20, 25,..., 40, 45,...85 TOCT 1050-88).

Conepxanue yriiepoja B CTajsix 0ObIKHOBEHHOI'O KaYeCTBA U3MEHSIETCS OT
=~ 0,1 % 1o 0,5 % u B cpegHEM BO3pacTaeT ¢ yBeludeHueM 1udpel B Mapke (COOTBET-
CTBEHHO U3MEHSIOTCS CBOMCTBA coryiacHo puc. 2.1.3). 13 atux craneit 00bIYHO U3TO-
TaBJIMBAIOT MAJIOHATPY>KEHHBIE U3JIeTUs, HE MOJBEPTraeMble YIIPOUHSIONIEH TepMUYe-
CKOM 00paboTKe.

B Mapkax ka4eCTBEHHBIX KOHCTPYKIIMOHHBIX CTajeil IMUQpPHI MOKA3bIBAIOT CO-
JepKaHue yriaepojia B COThIX noisix % (Hampumep, B ctanu 45...0,45 %C). O1u cra-
JI TIPUMEHSIIOT JIJI1 OTBETCTBEHHBIX HW3JACNIHM, KOTOPbIE JIJIsl MOTYyUYECHHUS] ONTUMAIb-
HBIX MEXaHMYECKUX CBOWCTB IMOABEPralOTCs YIPOUHSAIONIEH TepMUYECKONH 00padoT-

K€, COCTOAILMN U3 3aKaJKU U OTIYyCKa (CM. HUXKE Temy 2.2).

! K KOHCTPYKIIMOHHBIM OTHOCST TAK K€ CTAIIM C BRICOKUM cozepyxkanueM yriaepoxa (0,6...0,85 %C).
Otu cranu (Mapku 60, 65, 70, 75, 80, 85) npUMEHSIOT TJIaBHBIM 00pa30M B Ka4€CTBE PECCOPHO-
MPYKUHHBIX, A TAKKE JJIS IeTalleil ¢ MOBBIIIEHHBIMU TPEOOBaHUAMU TI0 TIPOYHOCTH, YIPYTOCTH U
M3HOCOCTOMKOCTH (IITHH/EINH, SKCIEHTPUKH, TUCKHU CLETUICHUS, TPOKATHBIC BAJIKH U JIP.)
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2.1.4. CTPYKTYPA U CBOMCTBA UYYT'YHOB

Cmnassl, conepxauue > 2,14 %C (npaBee T. E Ha nmarpamme «Keneszo-
LHEMEHTHUT», CM. pUC. 2.1.1), Ha3pIBAIOTCA YyryHaMHU.

UyryHsl, KpUCTAJUIN3YIOIIKAECS B COOTBETCTBHM ¢ auarpammon Fe-LI, Ha3bI-
BalOTCs 0esIbIMHU (M3-32 CBETJIIOr0 OTTEHKA M3JI0Ma, O0YCIIOBJIEHHOTO OOJIBLINM KO-
JMYECTBOM lieMeHTuTa B cTpyKkType). W3 aumarpammel Fe-1] ciexyer, uto 3aTBepie-
BaHWE STHX cIuaBoB mpoucxoaut mpu T < 1147 °C HemocpeaCTBEHHO HUXKE JIMHUN

conuodyc ECF B pe3ynbraTe npeBpaiieHus

OXJ1

K. - A+ 1L (2.3)

Takoe npeBpamienue (3aTBepjieBaHuE KUJKOW (ha3bl B CMECh JIBYX TBEPIABIX
pu GUKCUPOBAHHOM COCTaBe (pa3 U MOCTOSHHOM TeMIepaType) Ha3bIBAeTCH IBTEK-
THYECKHM ', a 00pa3yiomasicsi cMech KPHCTALIOB — 3BTEKTHKOI (Iped. — «Ierko
TUTaBSIIAsICS» — U3 quarpamMmbl Fe-11 BUAHO, 9TO 4yTryHBI UMEIOT HAUMEHBIITYIO TEM-
neparypy IJIaBIEHUS CPEIH JKEJIE30yTIAEPOTUCTHIX CILIIABOB).

OBTEKTHKA B O€JIbIX YyryHax HasbIBaeTCs Jeaed0ypurToM (mo pamuiauu uccie-
noBarenst — JleneOypa). B momenT o6pa3zoBanus (cMm. (2.3)) oHa COCTOUT U3 ayCTEHU-
Ta ¥ 1eMeHTuTa, HO npu T< 727 °C ayCTeHHT MPEBPAIIACTCs B HEPIUT (HAIIOMHUM,
yto PSK — NUHUSA 3BTEKTOUIHOTO — MEPJIUTHOTO TpeBpalieHus, cMm. (2.1)). IToatomy
npu Hopmanehvlx memnepamypax Jeaedypurt (JI) — cioxHas CTpyKTypHasl COCTaB-
JISIOIAST; TIPEICTABIIIET COO0N CBETIYIO IIEMEHTHTHYIO OCHOBY C TEMHBIMH BKJIFOYE-
HUSIMU TIEPJIUTHBIX 3€PEH.

Ilo cmpykmype benvie uyeynvt oensimes Ha No3BTekTHYeckue (2,14...4,3 %C)
co cmpykmypou JI+II+Hy, 3BTekTnueckne (4,3 %C) — JI u 3a3BTeKTHYECKHE
(4,3...6,67 %C) — J+.

Hanuuue serkorsiaBkoi 3BTEKTUKH (Jiefie0ypuTa) B O€NbIX 4yryHax oOecrneuu-

Ba€T UX BBICOKUE JINTEHHEIE CBOMCTBA.

' TlepnutHoe mpesparenue (Gopmyita 2.1) Ha3bIBacTCS YBTEKTOHMIHBIM, YTO 03HAYAET "MOX0XKeEe Ha
IBTEKTHUYECKOE"; pa3HUIIA B TOM, UTO UCXOAHOM (ha30il SBTEKTOUHOTO MPEBPALICHHUS SBISIETCS HE
KUJKAs, a Kakas-To (TPeThsi) TBepAas ¢aza (B JTaHHOM CiIydae ayCTCHHT).
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MexaHn4ecKue e CBOMCTBA ITUX CIIABOB MOXKHO OIEHUTH, IKCTPANIOINPOBAB
3aBUCUMOCTH, TIOKa3aHHbIE Ha puc. 2.1.3, Ha coaepkaHue yriaepoaa > 2,14 %.
Bunno, yto Genbie 4yryHbl 00J1a/1al0T OUY€Hb BBICOKOW TBEPJIOCTHIO, HO HU3KHU-
MU 3HAYCHUSIMHU IUIACTUYHOCTH, YJAPHOW BSA3KOCTH U MPOYHOCTU, UTO SIBIIAETCS
CJIEICTBHEM OOJIBIIIOTO KOJMYECTBA IIEMEHTUTA B CTPYKType (0 cBoiicTBax I — B pas-
nene 2.1.1). [ToaTomy benvie uyeynsvi Kak KOHCMPYKYUOHHbLE MAMEPUATbl He UCNOJlb-
3yr0mcsi.
Ha mpakTuke B Ka4ecTBE MEMIEBHIX JIUTCHHBIX KOHCTPYKIIMOHHBIX MaTEPHAIOB
IUPOKO IPUMEHSIOTCS Cepble YYT'YHBbI.
lpunyunuanvHoe omauuue CmMpyKmypul cepvix uy2yH08 om 6elblX 8 MOM, Ymo
yenepoo 8 HUX HAXOOUMCsL He 8 XUMUUEeCKU CBA3AHHOM cocmosnuu (m.e. 6 suoe Fe;C
— yemenmuma), a 8 c60600HOM — 6 sude BKJIIOUeHHii rpaduTa’ pasnnunoii dop-
MBI.
Yposenv mexanuueckux ceoiicme cepuix uyeyHO8 3a8UcCUm Om 08YX OCHOBHbLIX
CMPYKMYPHLIX (PAKmopos:
1) popmbl (u xkoruuecmsea) rpapUTHHIX BKIIOYEHHUH,
2) CTPYKTYPbI MeTAUIHYECKOH OCHOBBI.
[To mepBOMy TIpH3HAKY ATH CTUIABBI JEISITCS:

1) Ha coOctBeHHo cepble 4yrynbl (CU), B xkoTopbix Tpadur mmeer dhopmy
JUTMHHBIX 3a0CTPEHHBIX IUIACTHH. Pa3HOBUIHOCTHIO 3TUX YYTYHOB SIBIISTFOTCSI MOJIH-
¢urmpoBanabie CU, B KOTOPHIX MIACTUHKA rpaduTa MEIKHE U UMEIOT 3aBUXPECHHYIO
bopmy;

2) BbicokonpovHbie 4yryHsl (BY) c mapoBuaHbiM (ria00yasipHbIM) TpaduTom;

3) koBkme yyrynbl (KY) c xjg0mbeBUIHBIM TPaGUTOM.

CTpyKTypa MeETANINYECKONl OCHOBBI 1700020 U3 IMUX YY2YHOB MONCEM
ObImb 00H020 U3 mpex 6udos: Geppur (@), peppur+nepant (P+II) u nepaur (II).
B 1abn. 2.1 B xauecTBe mpuMepa MpUBEICHbI HEKOTOPHIE MapKU U MEXaHU4e-

CKHE CBOMCTBA PA3JIMYHbBIX BUJIOB CEPHIX UYT'YHOB.

' Orcrona nx Ha3BamHme — Goee TEMHBIIT [0 CPABHEHMIO C GEIBIMU TyTYHAMH OTTEHOK H3JIOMA.
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Tabnuma 2.1
Knaccndpukanus, MApKUPOBKA U MeXaHUYECKHE CBOICTBA

PA3JINIHbLIX BU/J10B CEPbIX YyYyI'YHOB

G, d, Crpykrypa dopma
Mapka gyryna MIlIa % | MetasmmMyec- | TrpapuUTHBIX
(kre/Mm’) KON OCHOBBI | BKJIIOUYEHHI
Cepoie uyrysnn (I'OCT 1412-85)
CY 10 100(10) ~( O _—
CY 18 180(18) ~0 O+IT -
CH 30 \momudumu-|  300(30) ~( IT A -~
CU 45 | poBaHHBIH | 450(45) ~0 I -
Boicokxonpounsie uyryHs (I'OCT 7293-85)
BY 38 380(38) 17 O ® P9
BY 45 450(45) 5 O+ ‘
BY 120 1200(120) 2 I1
KoBkue uyryunn (I'OCT 1215-79)
K4 30-6 300(30) 6 O * *
K4 45-6 450(45) 6 O+ *
K4 80-1,5 800(80) 1,5 I1

Ou4eBHIIHO, UTO MexaHuueckue ceolucmea uyeyHa 0anHo2o euoa (T.e. ¢ onpee-
JeHHOU (HOpMOM TpaUTHBIX BKIIOUEHUN) onpedensiomcs CmpyKmypou memaiiude-
CKOU OCHOBbI, T.K. OT (peppuTa K MEePIUTYy YBEIMUUBACTCS COJIEPKAHUE yTIAEPOa, COo-
OTBETCTBEHHO PACTYT TBEPAOCTh M MPOYHOCTh, MAJAIOT IJIACTUYHOCTh U yAapHas
BSI3KOCTH (cM. puc. 2.1.3).

Ceotlicmea wy2yHO08 ¢ OAHHOU CMPYKMYPOU Memaiiuieckoil OCHO8bL 3A6UCIM
om opmul epagummnuix exnrouenuti. Hauxynmas dopma rpadpura B CU, T.K. OCTphIe
KOHIIBI TUTACTUH TIPU HATPYKCHHUH SIBIISIIOTCS OYaraMy 3apOKICHUS MUKPOTPEITUH.
Oco000 HU3KUI KOMIUIEKC MEXAaHMYECKUX CBOMCTB MOJy4aeTCs, €CIIU MJIACTUH rpadu-
Ta TaK MHOTO M OHHM HACTOJBKO JJIMHHBI, YTO PAa300IIAI0T METAITUIECKYIO OCHOBY
(maTpuiry) uyryHa (cMm. Tabm. 2.1).

[To cytu no0Oble cepble YyryHbl MPEACTABISIIOT COOOM YIJIEpOAUCTHIE J103B-
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tekTouanbie (D+I1), sBrekTonnnsie (I1) cranum munu Texuuyeckoe xkene3o (D) (cm.
temy 2.1.1) ¢ BkmoueHussmMu rpadura. OueBUAHO, YTO TpadUT yMEHBIIAET MPOU-
HOCTh M IUIACTUYHOCTh METAJUINUECKON OCHOBBI. [l03TOMY 4yryHbel umerotr Oosee
HU3KHE MEXaHUYECKHE CBOMCTBA 1O CPABHEHUIO C YTIEPOIUCTHIMU cTasiaMu. OJIHAKO
OT CTajel OHU OTIMYAIOTCS 00Jie€ BBHICOKMMHU JIMTEHHBIMU CBOMCTBAMU, HU3KOU
CTOMMOCTBIO, HEUYBCTBUTEILHOCTHIO K IePeKTaM MOBEPXHOCTH, IEMI(UPYIOIIUMH H
aHTU(PUKIIMOHHBIMU CBONCTBAMU.

HUmax 6 dannoti meme (2.1) 6b110 noKazaHo, Kax usMeHsemcs CmpyKkmypa u
MexXaHuuecKue C8olCmaea NPOMbIUIEHHBIX HCele30)21epoOUCmbIX CNIA808 (cmaneu u
YY2YHO8) 8 3ABUCUMOCIU Om cooepicanus yerepooda. Hanbonee BaKHBIM ITyHKTOM
ATON TEMBI SIBISIOTCS 3aBUCHUMOCTH MEXaHUYECKUX CBOWMCTB, MPEACTaBJICHHbIC Ha
puc. 2.1.3, MOCKOJBKY OHH SIBIISFOTCS OCHOBOM KJIacCH(UKAIIMK CTajiel 10 Ha3Hayve-
HUIO.

Crnenyer, oqHaKo, MOAYECPKHYTh, YTO TPHUBEACHHBIA HA ITOM PHUCYHKE KOM-
TJIEKC MEXaHMYECKHX CBOWCTB COOTBETCTBYET CTANSIM B PABHOBECHOM' COCTOSIHHH
(T.€. co cTpykTypamu, hopmupyroummMucs o auarpamme coctosiuust Fe-Fe;C).

Ha npaxkmuke 6ce omeemcmeennvie cmaibHvle U30enus noosep2arom cneyu-
AIbHOU YNpOouHsAoOWell mepmuieckol oopabomre, B pe3ysibTaTe KOTOPOH KaueCTBEH-
HBI XapakTep 3aBUCHMOCTEM MEXAHWYECKUX CBOWCTB OT COJEPKAHUA YIJIEPOJA
(puc. 2.1.3) coxpaHsieTcsi, HO KOJIMYECTBEHHBIE MMOKA3aTeNIN BCIEICTBUE CTPYKTYp-
HBIX MPEBPAIICHUHN CYIIECTBEHHO U3MEHSIOTCS.

Taxum nymem Oobusaromcs YAyduleHus MexaHudecKux c8oucme cmaneti ¢
OaHHbIM coOoepacanuem yenepooa (T.e. pa3IMIHBIX MapoOK; HAIpUMEp, TBEPIOCTh DB-
TEKTOUHOM cTanu Y8 MOXKHO MOBBICUTH B = 4 paza).

OOcyxeHue sSBJICHUHN, TPOUCXOISAIIUX B MPOIIECCe YIPOUHSIONIEH TepMuye-
CKOM 00paboTKH cTaneil, — cneayromas rema 2.2.

Buumanue!

Paznen 2.1 - mepBeiii pazpen «ONOpPHOTO KOHCIIEKTa», MOCBSIIEHHBIM KOH-

! Hamnyummmm 06pa3oM Takoe COCTOSIHEE TOCTHTACTCS Iy TeM OTHKUra (CM. HIbke paszen 2.2); mpak-
THUYECKHU )K€ 4aCTO UMEETCS B BULy UCXOAHOE «CBIPOE» COCTOSHUE IMMOCTABKH CTAJIN.
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KPETHBIM MPOMBILJIEHHBIM CIIJIaBaM — YTJIEPOJUCTHIM CTasIM M 4yyryHaMm (Haubosee
OpUMEHSIEMbIM MaTepuaniaMm MaimuHocTpoenus). Ocoboe BHMMaHHE clieqyeT oOpa-
TUTh HA 3aBUCUMOCTb CTPYKTYPhl U MEXaHUYECKHX CBOMCTB CTajJell OT COAEp)KaHUs
YTIEpO/a, a TAKXKE HAa CTPYKTYPHBIEC MPEBPALLEHUS, IPOUCXOJANINE B CTAIIX MPU UX
MeONleHHOM O0XJlaxcoeHuyu OT BBICOKMX Temrmeparyp. BaxHO yCBOWTH, 4TO OKOHYa-
TelbHAsl CTPYKTypa crajedl (GOpMHpPYETCS B PE3yJIbTaTe NEPIUTHOIO MPEBPAILECHHUS
(A—2» ® + I npu ¢ < 727 °C), 00yCIOBIEHHOTO SBIEHUEM NOAUMOPPUIMA B ITHX
CIUIaBax.

B cnenyronieit teme 2.2 OyeT Moka3aHo, KaK BIHSIET YCKOPEHHOEe OXAAHCOeHUe
CTaJdu U3 ayCTEHUTHOrO COCTOSIHUS HAa €€ CTPYKTYypy U MEXaHMYECKHE CBOWCTBA.
[Ipoucxoasiue Npy TaKOM OXJIAXKICHUH MPOLIECCHl PEATU3YIOTCS MIPU 3aKaIKe cma-
Jietl, AGNAWELC NePEbIM DMANOM YNPOUHAIOWE MepMudeckol 0opabomxu.

3aMeTuM Takxke, umo 3HaHue mamepuana memol 2.1 HeobXo00umMo 0 6blnoJ-
HeHUs1 KOHMPOJIbHLIX pabom. Yuumvleas 6ce 2mo, peKkomeHoyem NOMUMO U3YUeHUs]

OaHHOU meMbl 8bINOJIHUMb 1abopamopuble pabomvl 4 u 5 (unu xoms Ovl 03HAKO-

MUMBCSA C UX COOEPHCAHUEM), A MAKIHCe He 3A0blMb NPO BONPOCHL OJis CAMONPOBEPKU.

Bomnpocs! aj1s1 camonpoBepku k teme 2.1

1. TlonpoOyiiTe HaYEePTUTH 1O NMaMATH aguarpammy coctosinus Fe-Fe;C (6e3 se-
BOI'O BEPXHEIO YyIia) U yKa3aTh XapaKTEpHbIE KPUTHUYECKUE TEMIIEPATypbl U KOHIICH-
Tpaluuu yriiepoaa, COOTBETCTBYIOIINUE PA3IMYHbIM IPYyMIaM CILJIABOB.

2. Oxapaktepusyiite ¢asbl, IPUCYTCTBYIOIINE B YIIEPOAUCTBIX CTalIsAX U Oe-
JbIX 4yryHax. KakoBel MEXaHUYECKHUE CBOMCTBA 3TUX (pa3?

3. KakoBa npuurHa Haau4us ABYX TBEPABIX PACTBOPOB YIiepoaa B xkeie3e?

4. Yxaxute (a3bl B 1Byx(Da3HbIX 0071aCTAX AUATPAMMBI.

5. Kakoe npeBpanienre (GpopMHpPyeT OKOHYATEIbHYIO CTPYKTYPY YTIJIEpOaAH-
CTBIX CTaJICH?

6. KakoBbl KOHIEHTpAaIMOHHbIE UHTEPBAJIBI (110 coAepkaHntio C) U CTPYKTypbl
SBTEKTOUIHOM, 10 — ¥ 3a9BTEKTOUIHBIX CTaJICH?

7. KakoBa OCHOBHasi CTpPYKTypHasi COCTaBJISIFOLIAsl YrJEpOJUCTBIX CTajle B

PAaBHOBECHOM COCTOSIHHM; YTO OHA COOOM MpeacTaBiseT?
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8. KakoBo copepxkaHue yriepoga B 3BTEKTHYECKOM, 10 - M 3a3BTEKTHUYECKHUX
Oenbix uyryHax? KakoBbl uX CTPYKTYpbI?

9. HapucyiiTe no namsitu (Ka4eCTBEHHO) 3aBUCUMOCTh MEXaHUYECKUX CBOMCTB
KeJIe30yTIePOAUCTHIX CIUIAaBOB OT cojep:kaHus yriaepoaa. O0bscHUTE ee.

10. Ha yem ocHoBaHa kJjiaccu(ukaius yriiepoaucThIX CTajled 10 Ha3HAYECHUIO?
[IpuBeuTEe HECKOJBKO MAapOK CTAJIEl Pa3IMYHOIO Ha3HAYEHUs, YKaKHUTE COJAepiKa-
HUE B HUX yIJIepoJa.

11. ITouemy Genble YyTryHbI HE UCTIONB3YIOT B KAYECTBE KOHCTPYKIIMOHHBIX Ma-
TepUanaoB?

12. OT KaKuX CTPYKTYPHBIX (haKTOPOB 3aBUCIT MEXAaHUYECKUE CBONCTBA CEPBIX
YyT'yHOB?

13. HazoBute pa3nuyHble BUJIBI CepbIX 4yryHOB. Ha uem ocHOBaHa 3Ta Kiac-
cupukanus? KakoBa MapKupoBKa 3TUX CILJIABOB?

14. Onummre cTpyKTypy HauOosiee MPOYHOIO (TEOPETUUECKH) U3 BCEX Pa3HO-

BHUJIHOCTEH CEpPHIX UYTyHOB.
IIpomMesxkyTOoOYHBIE TeCcThl KTeMme 2.1
1. KakoBo MakcHMaJTbHOE (TEOPETHUECKH ) COICPKaHUE YIIiepo/ia B CTaLsiX (B %0)?

6,67.
0,8.
2,14.
1,2.
4,3.

Nk W=

II. Ykaxure Bce kpuctayumueckue (asbl, IPUCYTCTBYIOIIUE B KEJIE30YTIICPO-
JIUCTBIX CILIABAX:

1) nepaur;

2) peppur;

3) LIEMEHTHT;
4) neneOypur;
5) ayCTeHHUT.

III. Ykaxure HOMEpa BCeX THMOBBIX CTPYKTYP METALJIMYECKON OCHOBBI

Pa3INYHBIX BUJOB CCPLIX YYT'YHOB!
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1) deppur;

2) neneOypur;

3) dbepput + nepaurt;

4) neneOypuT + HEMEHTUT NEPBUYHBIN;
5) nepiur.

IV. Hanmnuuewm kakoii ¢pa3bl B CTPYKTYPE CEPbIE UyTYHbI OTIIMYAOTCS OT OENbIX?

1. AycTenur.
2. I'padur.
3. IllemeHTHT.
4. Ilepnur.
5. @eppwur.

V. Kakoli xuMHUueCcKui 3JIEMEHT Mpeo0iaiaeT B CTaIAX?

1. Yrnepon.
2. Xpowm.

3. XKenezo.

4. Hukerb.

5. Kucnopon.

VI. C xakoil U3 NepeuncaeHHbIX CTPYKTYpP YyT'YH JOJDKEH 001aaaTh HanOO0Ib-
el TPOYHOCTHIO?

1. [lTapoBuansii rpadut (I') + dbeppur (D).
2. tlapoBuansii I' + nepnur (I1).

3. IInactuHuaterii I' + I1.

4. XmonseBuaHbiid I' +@ + I1.

5. XmonbeBuaHbIN [ + O.

VII. 13 xakux ¢a3 popmupyercs paBHOBECHAs CTPYKTypa YTIE€POIUCTHIX CTa-
Jieit 1 OeNbIX YyTYHOB IIPU HOPMaJIbHBIX TeMIlepaTrypax”?

1. Aycrenur.
2. ®eppur.

3. lleMeHTHT.
4. JleneOypur.
5. Ilepnwr.

VIII. Kak u3MeHst0TCSl TREPAOCTh U IJIACTUYHOCTD YIJIEPOJAUCTHIX CTaJe C
YBEJIMYEHUEM COAEPKAHUS B HUX yriaepoaa?

1. TBepaOCTh M MIACTUYHOCTH PACTYT.
2. TBepAoOCTh U MIIACTUYHOCTH NAAAOT.
3. TBepIOCTh pacTeT, MIACTUYHOCTH MaJIaeT.
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4. TBepOCTh MAJAET, INIACTUYHOCTD, INIACTUYHOCTh PACTET.
5. TBepoocTh pacteT, NIaCTUYHOCTh HE N3MEHSIETCH.

KakoBa ocHOBHasi CTPYKTYpHasi COCTABJISIIOIIAS YTIIEPOJAUCTBIX CTaJeH B

PaBHOBECHOM COCTOSIHUHU IPU KOMHATHOW TemImeparype?

1. ®eppur.

2. lleMEHTUT BTOPUYHBIN.
3. Ilepnwr.

4. AycreHur.

5. JleneGypwur.

X. Ilo kakuM U3 MEPEUUCIEHHBIX XapPAKTEPUCTUK CEPBIC UYT'yHbI BBITOJHO OT-

JIMYAKOTCA OT YITICPOAUCTBIX craneiu?

XI.

HOCTBIO?

1. AHTUQPUKIIMOHHBIE CBOMCTBA.
2. CTOUMOCTb.

3. JIuTelinble CBOMCTRBA.

4. ITpo4HOCTE.

5. II;macTUYHOCTb.

Kaxkoli U3 nepedrcieHHbIX MaTepraioB 001agaeT HauOOoJIbIIIEeH MIacTy-

1. OBTEKTOMAHAS CTAMIb.

2. JloaBTEKTOMIHAS CTAJb.

3. KoBkwii uyryH Ha ¢heppuUTHOI OCHOBE.
4. JIoPBTEKTUYECKHUI OCIIBbIM YyTyH.

5. TexHuueckoe kenes3o.
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TEMA 2.2. YITPOUHAIOHIAA TEPMNYECKAS OBPABOTKA
CTAJIEM (BJMSHUE CTPYKTYPHBIX IPEBPAIIIEHUI
ITPU 3AKAJIKE U OTITYCKE HA CBOHCTBA CTAJIN)

B npeapimymieit Teme 2.1 ObLI caenaH BaKHBIM BBIBOJL O TOM, YTO MeXaHUye-
CKUe CBOUCMBA Y2n1epoOUCmbIX cmaneti ONnpeoestomcs KOIU4Yecmeom cooepicauje-
20Cs 8 HUX Y2lepooa.

Ceoticmea cmanu ¢ OAHHBIM COOEPHCAHUEM Y2nepooa MOTYT UBMEHAMbCA 8
WUPOKUX npedenax 8 pe3yivmame TePMUIECKOH 00padoTKH.

s nonyyenuss onmMuMAanbHbIX MEXAHUYECKUX CBOUCME 8ce OMBemcCmeeHHble
cmanbhbie u30enus u3 KauecmeeHHbIX Yeiepooucmulx u, mem 6oiee, 1e2upoeanHvix’
cmarnei o06s3amenvHO nodgepeaiomcs YNPOUHSOIIEH TepMHUYecKoil o0padoTke,

cocmosawer u3 3aKaiKu U Omnycka.
2.2.1. 3BAKAJIKA (ITPEBPALIEHHUSA B CTAJIN ITPU OXJIA’KAEHHNN)

3akanka — 9mo Hazped cmanu 00 AYCMEHUMHO20 COCMOSHUSL, BblOEPHCKA U
nocneoyoujee yckopennoe oxaadxcoerue co ckopocmvio V = Vi, (Vi — «kpumuye-
CKasli CKOpOCMb 3aKATKUY», CM. HUMHCE) C Yelblo MAKCUMANTbHO20 NOBbIUUEHUS MEEePOO-
cmu u npounocmu. [loguepkHem cpa3zy, 4yTo 3(G(HEKTUBHOE YIPOUYHEHUE CTAIA TPU
3aKajKe 0OyCIIOBIICHO SBICHUEM MOJIUMOP(HU3Ma 3TUX CIUTaBOB (cM. Temy 2.1.1).

OO6cyaum 1mociie0BaTeIbHOCTh CTPYKTYPHBIX TPEBPALCHUH, TPOUCXOIAIINX B
CTaJIM B MPOIECCe 3aKalKu, Ha npumepe 3BTekTonaHou ctanu (0,8 %C). s ynoocTt-
Ba 00CYXJeHUs Ha puc. 2.2.1 MoKa3aH «CTAJBHOHN yro/n»» auarpamMmmsl «/KeJse3zo —
neMeHTUuT» (Cp. ¢ puc. 2.1.1).

VcxXonHasi CTPYKTypa BTEKTOHMIHON CTalM - MEpIUT - 3BTEKTOMIHAS CMECh
KpUCTaIOB ¢epputa U IeMeHTuTa (cM. puc. 2.1.2), B COKpaIleHHOW 3amuch —

TI(D+IT).

! Cranu, B KOTOpBIE CIEIUaIbHO BBOASATCS IPUMECH — JICTHPYIONINE AIEMEHTHI (CM. HIDKE, pasien
23), O4YCBUIHO, OHH CIIIC nopoxce KAa4C€CTBCHHBIX yrHCpOIII/ICTBIX, H03TOMy OKOHOMHYCCKHU HEIICIIC-
C000pa3HO UCTOJIb30BATh U3/ICTUS U3 ATUX CTAJICH B HEYIIPOUHCHHOM COCTOSTHHH.

% O6BIYHO nepe; 3aKaIKOM JIeIaeTCsl OTHKUT IS YIyUIIEHHUs CTPYKTYPBI 3aTOTOBOK M 00JIeTYeHHUs
MEXaHW4YeCKOH 00paboTKu. OTHKMI — HarpeB CTAIM JI0 AyCTEHUTHOTO COCTOSIHHS M TIOCTIEAYIOIIee
MEJUICHHOE OXJIAXKICHUE C TEeUbl0, B Pe3yJIbTaTe yero (OpMUPYeTCsi paBHOBECHAsI CTPYKTypa B CTa-
JIM B COOTBETCTBUHM ¢ nuarpammon Fe—11.
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t, °C
v-Fe
(F'IIK)

911

a-Fe

(OLK)

0

0,01 0,02 0,8 2,14 C,%

Puc. 2.2.1. «CranpHoM yroyim» auarpammsl «Kene30—1eMEHTAT»
A4, Az, Ay — 00IIeIpUHATEIE 0003HAYEHUS KPUTUICCKUX JIMHHH

[Ipu HarpeBe cranei Moj 3akajiKy B HUX MPOUCXOAAT IPEBPALLEHUs, 0OpaTHbIE
TEeM, KOTopble OblTM paccMoTpeHbl B Teme 2.1.1. Tak sBTekToMaHas cTajgb MpH
t> A1 (727 °C) npuobpeTaeT oHODa3HYIO ayCTEHUTHYIO CTPYKTYPY, T.€.
IT (D + 1) —=2L 5 A,
B teme 2.1.1 otmeuanocs, 4To0 IIpU MOCHEAYIOLIEM OXJIAKICHUH ayCTEHUT IIPU

t < Aj, CTAaHOBHUTCS HEYCTOMYHMBBIM U pacnagaceTcs Ha cMech (peppuTa M IEMEHTHTA,

T.C.
A (0,8 %C) —2 5 d (0,02 %C) + 11 (6,67 %C). 2.2.1)
BpCMfI Havalla 1 KOHIA 3TOro pacraaa AacTCs ((Hl/lanaMMOﬁ H30TEPpMUIC-
CKOro mnpeBpameHusi IIEPEOXJIAKACHHOTO ayCTCHHUTA («C — I[I/IanaMMa») —
puc. 2.2.2.

JleBast C — oOpa3Has JuHUS Ha puc. 2.2.2 xapakTepu3yeT BpeMs (T) Hadala, a
npaBasi — KOHIIa pacnajia aycrenuta Ha cMech @ u 11 (2.2.1) B 3aBUCUMOCTH OT TeM-
nepaTtypsl U30TepMHUUECKON BbACpKKH. [ ynoOcTBa 0003HAUMM 3TH JIMHUHM OYK-

BaMH «H» U «K» COOTBCTCTBCHHO.
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0
o ) A A+D+I] - )
£°C (paBHOBECHBIN) A(727°) v | RG> CrtpykTypa
": --------------------------------------------- —— 5 0,8 | 13 TICPJIAT
r |y 7 - T T T~ 0,3 | 26 copour
I Y 0,1 | 42 | tpoocTur
Al Fomomleimm e e
A
(HepaBHO-
BECHBII)
0 Int

Puc. 2.2.2. luarpamMma U30TE€PMUUYECKOTO PEBPAILICHUS
o 1
MEPEOXTKIEHHOTO ayCTEHUTa ABTEKTOUIHOM cTanu (a) M Xapak-
TEPUCTUKH TIEPIUTHBIX CTPYKTYP (0)

CrneBa OT TMHUU «H» ayCTEHUT MOKET KAaKOe-TO BPEMs COXPAHATHCSA B IIEPEOX-
MaXJIEHHOM (OTHOCHTENILHO KPUTHYECKOM Temmeparypsl A;=727°C), a 3HaYuT He-
PAaBHOBECHOM, HEYyCTOWUYMBOM cOCTOSIHMM. IIpaBee nuHUM «x» pacmax aycTEeHUTa
(2.2.1) 3aBepraeTcs.

CreneHp AUCTIEPCHOCTH (BeNWYHHA, 0OpaTHas pa3Mepy 3epHa) oOpa3yromencs
B pe3ynbTate pepputonieMeHTUTHONU cmecu (D+1]) 3aBUCHUT OT KOHKPETHOU TeMmIie-
paTypsl £, IpU KOTOPOM MPOMCXOAMUT PaCIajl MEePEeOXJaXJACHHOrO0 ayCTEHHUTA, WIIH,
YTO TO YK€ — O CMeneHu e20 NepeoxaadcoeHus

At=A, -t (2.2.2)

C noHumxeHueM TeMrepatyphl pacrnajaa (yBeJqndeHueM Af) ObICTPO YMEHbIIa-
€TCsl CKOPOCTh AU(P(HY3NOHHOTO pocTa 00pa3yroIUXcs KPUCTAIUIOB, T.€. IPOUCXOIUT
u3MelibueHrue (eppUTOLEMEHTUTHON CMECH, COOTBETCTBEHHO BO3pAacTaeT €€ TBep-
JOCTb.

B cBf3M ¢ 3TUM NOPUHATO PA3NUYaTh MpuU CMPYKMYpbl NEPIAUMHO20 MUNQ:

2
MEepPJINT, COPOUT, TPOOCTUT . OHM UMEIOT OAUHAKOBOE CTPOECHME (ITO CMECH IljIa-

: [TockonbKy B 10 — ¥ 3a9BTEKTOMIHBIX CTAJISIX TOMUMO MEPIUTHOTO MpeBpamienus (2.2.1) mpouc-
XOJIAT U3MEHEHUS B CTPYKTYpE Ha TUHUAXA3 U Ay nuarpammel Fe—Ll, To u «C — quarpaMmmbny 3THX
cTasiell BBITJISAAT ciaoxHee. OJHAKO IIaBHbIE MPOLECCHI, IPOUCXOASIINE IPU 3aKaJIKe cTajel, Mo-
I'yT OBITh TIOHSTHI C TOMOIIIBIO HauboJIee MPOCTON AUarpaMMbl, PUBEIEHHON Ha puc. 2.2.2.

2 HasBaHMS MOCIICIHHX CTPYKTYp — 1o haMuiiusM uccieaoBateneit: Sorby u Troost.
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cTUHOK @ 1 1), HO OTIAMYAIOTCS CTENEHBIO TUCIIEPCHOCTH, & 3HAYUT U TBEPAOCTHIO.

Ha puc. 2.2.2,6 npuBeneHbl yCpeaHEHHbIE XapaKTEPUCTUKU (d - cpeaHsis TOJI-
muHa mwiactuHok @ u I, HRC, - TBepmocTh) NEpIUTHBIX CTPYKTYP B SBTEKTOUIHOMN
CTaJIH.

Bce aTu cTpyKTyphl ONYy4YarOTCsl B PE3YJIbTATE NpespaujeHus nepaumno20 mu-
na (2.2.1). Ero mpoTekanue BbI3BaHO MOJIUMOP(PHU3MOM 3KeJie3a U CIIJIaBOB Ha €ro Oc-
HOBe — cTajeil. XapaxmepHotl uepmoti 5mozo npespawjenus A6saemcs e2o ougy3su-
onnbitl mexanusm (6raromaps BEICOKMM Temmeparypam =~ 500...720°C u moctaTo4Ho
JUIUTEJIbHBIM BPEMEHHBIM BBIIEpKKaM). DTO BHJIHO W3 peakuuu (2.2.1), rae Hecos-
najieHue XMMHUYECKOTO COCTaBa y4acTBYIOIIMX (a3 03HauaeT akTUBHYIO IuUDPy3uto
aTOMOB yTJIEpOJa.

Ha npakTuke pa3iuuHble THUIBI NEPIUTHBIX CTPYKTYpP IMOJydaroT OOBIYHO HE
P U30TEPMUYECKUX BBIAEPIKKAX, & PH HENPEPHIBHOM OXJIAXIACHUU CTAIHM U3 ay-
CTEHHTHOT'O COCTOSIHHS C PA3IHYHBIMU CKOpOCTSIMHU' . CTEIeHb TUCIEpPCHOCTH 00pa-
3YIOLIUXCA MPU 3TOM (DEPPUTO-LIEMEHTUTHBIX CMeceil (U COOTBETCTBEHHO, THUII IEp-
JUTHOM CTPYKTYpPhI) 3aBUCUT OT BEJIUYMHBI CKOPOCTU OXJaXKIeHUA V. DTa 3aBUCH-
MOCTb OTUETJIMBO NpOsBIIAETCs, Korga Ha C — nuarpaMmy HaHOCST KPUBBIE OXJIaX-
JeHUs t=f(T), HAKJIOH KOTOPBIX XapaKTEPHU3yeT BEIUUYUHY CKOPOCTH OXJIAKICHHUS, TaK

KakK

V=2 q. (2.2.3)

At
OueBuaHO, 4To Ha puc. 2.2.3 V <V,<V;3< V4. U3 pucyHka cieayer, 4To uem
bonbule ckopocmsb oxaadxcoenus, TeM Tpu 0ojiee HU3KOW TeMIiepaType MPOUCXOAUT
pacriaJi IepeoxXyaXIeHHOTO0 ayCTEHUTAa, TEM 0Oojee OUCNEePCHOU U MEepooll NoYVya-
emcsl nepaumHas Cmpykmypa: pu CKopoctu Vi — nepaut, V, — copour, Vi — Tpoo-
CTHUT.
BunHo takke, 4To mpu ckopoctd V > V4 ayCTEeHUT HE yCHeBaeT MPEBPaTUTHCS

HU B OJIHY U3 MEPIUTHBIX CTPYKTYP, TAK KaK IPH TAKOM OBICTPOM OXJIAXKAECHUH «IIPO-

! 3TO OcyH_[eCTBJ'I}IeTCH HCIIOJIB30BAHHUECM 3aKaJIOYHBIX CpGII C pa3HI/I‘IHI>IMI/I OXJIAXJaroIIINMHU CITI0-
COOHOCTSIMU.
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CKaKMBaeT» 00JIaCTh BBICOKHX TEMIIepaTyp, B pe3yibTaTe ero aud@dy3noHHBINA pac-

Imaa Ha (I)CppI/IT U OICMCHTUT CTaAHOBUTC HCBO3MOKHBIM.

A
(paBHOBECHBIIA) A(727°)

t,°C

Int

Puc.2.2.3. JluarpaMmma H30TEPMHUYECKOTO MPEBPALLICHUS NEPEOXJIAKIECHHOTO
aycTeHUTa (PBTEKTOMJHAS CTallb) C HAHECEHHBIMM HA HEE CKOPO-
CTSIMH OXJIQXKICHUS
fm U Ty — TEMIIEPATYpa U BPEMU MUHUMAJIBHON YCTOMYMBOCTH II€-
PEOXJIaAXKACHHOTO ayCTEHUTa

Munumanvnas ckopocms 0X1aM#COeHUs], NPU KOMOPOU He NPOUCXO0Um pacnaod
aycmenuma Ha cmecy O+, nazvieaemcs KPUTHYECKOH CKOPOCTBHIO 3aKAJIKH V.,
(OHa XapaKTepu3yeTcs HaKJIOHOM JIMHUM V, KacaTeJbHOM K KpUBOM Hadajla pacrnajaa
Ana ®ull,T.e. Vi, = Vy).

Taxkum 00pa3oM Npu OXNaXKIEHUH CTaJIM CO CKOPOCTBIO V > V., (3aKalke, CM.
Hayaio Tembl 2.2.1) ayCTEHUT MepeoxXJIaKIaeTcs 10 TAKUX HU3KUX TeMIIepaTyp, e
muddy3us aTOMOB MPaKTUYECKU OTCYTCTBYeT. Eciu Obl cTanu He oOnamanu moju-
MOP(U3MOM, 3aKaNKa MPUBOMIA ObI K COXPAHEHMIO ayCTEHHTHOM cTpyKTypsl'. Ha-
Judue noauMophusmMa evi3vieaem y— 0. npespaujenue aycmerHuma, Ho, B OTIUYNE OT
NEPJIUTHOTO NpeBpalleHus, 0e3an¢pPy3noHHbIM MAPTEHCUTHBIM IIyTEeM MpU OXJa-

XKICHUU B UHTEpBaie M,... M, (TemnepaTypsl Hayanaa U KOHIIa MApTEHCUTHOIO Ipe-

' B 06mem ciydae o 3aKaakoil IOHIMAIOT COXPAHEHHE BHICOKOTEMIIEPATYPHOTO COCTOSIHHUS C
MTOMOIIBIO OBICTPOTO OXJIAXKICHHUS CIIIaBa.
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BpAIICHHs COOTBETCTBEHHO, CM. puC. 2.2.3).

PaBHOBecHas o—(aza B cTransix — 3T0 (peppUT — TBEPABIA PacTBOp yrIiepoja B
o—xenese, cogepkarmii <0,02 %C'. U3-3a 6e3auddy3noHHOro Xapakrepa MapTeH-
CUTHOTO TIPEBpAIICHHs COJIEpPKAHUE YTIepo/ia B UCXOMHOM Yy—(haze (ayCTeHHTE) U
KOHEYHOM o—(]aze qoKHO ObITh 0JuHAaKOBO. Ho, Tak Kak B ayCTEHUTE yriepojia ro-
pasmo 6omnbire (0,8 %), B pe3ynbrare 3aKkanku o—¢ha3a OKa3bIBAETCS MEPECHIEHHON
YIJIEPOJOM; OHA HA3bIBAETCS MAPTEHCHTOM.

Takum oOpa3oM, MAPTEHCHT, KaKk U GeppuUT — TBEePAbIil pacTBOP yriaepoaa
B 0—Fe, HO B oTiIM4Me OT (peppuTa OH NEPeECHILEH YIJIEePOaAOM.

BcenencTBue 3TOro nepechlllieHus peuiemka MapmeHCuma Cmaiosumcs: mem-

pazonanvrot (B oramuue ot OLK pemerku gpepputa — puc. 2.2.4), oHa XapaKkTepusy-

c
€TCA ABYM:A NapaMETpaMu ¢ U a; OYCBUAHO, YTO CTCNMECHDb TETPArOHAJIbHOCTH — >1.
a

PEPPM MAPMEHCUM

[
@ yrrierop,
LOI
’ Puc. 2.2.4. Kpucraminueckue permeTku

A
OLIK(£0,02%C) MENPATOHATIHAS (beppuTa U MapTEHCUTA
(g-onenend, Oéng‘!;\nPAFOHAﬂL )

OO6pazoBaHue MapTeHCHUTa C TETPAroHaJIbHON PENIETKONW MPUBOAUT K MOSIBIIE-
HUIO CWJIBHBIX BHYTPEHHUX HAIPSIKEHUM, PE3KOMY MOBBIIICHUIO TJIOTHOCTH AUCIO-
Kalluii U CTETEHU TUCIIEPCHOCTH CTPYKTYPbI, COOTBETCTBEHHO 3HAYUTEIHLHO BO3pac-
TaeT TBEPJIOCTh U MPOYHOCTH (BCIIOMHU MYTH MOBBIIICHUS TPOYHOCTH, pazaen 1.2.2 u
1.2.3). O4eBuAHO, YTO NEUCTBHE TMEPEUUCICHHBIX YNPOUHSIOMMNX (HhaKTOPOB TEM
s dexTuBHEE, UeM OOJBIIE YyIIIepo/ia B CTANIM, TaK KaK BO3pacTaeT CTENEHb Mepechl-
HICHUSI PEIIETKH MAPTEHCUTa YIJIEpOJAOM, YBEINYUBAIOTCS CTENEHb TETPAroHaJIbHO-

CTH U BHYTpeHHUE HampsbkeHus. [loaTomy meepoocms 3axanennou cmanu (mapme-

! Takoit nu3kuii penen pactopumoctu C B a—Fe o6ycnosnen orcyrerueM B OLIK pemerke dep-
pHTa HEOOXOIUMBIX TI0 pa3Mepy MEKATOMHBIX ITyCTOT JUIS Pa3MEIEHHs aTOMOB YTJIEpOAa.
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cuma) pacmem ¢ ygeiuyeHuem co0epiHCcanus 8 Heu yenepooa — puc. 2.2.5.

HRC,
é_
/ 3aKajkKa
x L
40 <IT
X <+
20 L4 ¢
OTKHI | _)f_é-l'[
0 0,2 0,4 0,6 0,8 C,%

Puc. 2.2.5. BiusiHue coaepkanusi yriiepojaa Ha TBEpJAOCTh CTANIM B 3aKaJI€HHOM
Y OTOXOKEHHOM COCTOSIHUSAX. /{7151 cpaBHEHUS HapsAy ¢ TBEPAOCTHIO
MapteHcuTa (M) npuBeaeHsl 3HaueHHsl TBepRocTH nepauta (1),
copoura (C), TpooctuTta (T) 3BTEKTOMIHOMN CTaTN

Ha sTomM e puCyHKE Jisl CpaBHEHUsI MPUBEICHBI TBEPAOCTH MEPIUTHBIX
CTPYKTYpP B 3BTEKTOMJHOW cTalu (M3 JMaHHBIX puc. 2.2.2,0), a TakKe 3aBUCUMOCTH
TBEPJIOCTH CTAJIE B OTOXOKEHHOM COCTOSIHUM OT COJEpKaHHs yriepoja (U3 puc.
2.1.3).

N3 puc. 2.2.5 0TYETINBO BUHO, YTO:

1) cteneHb ynpoyHEHHs CTad B pe3yJibTaTe 3aKaJIKu (XapaKTepusyeTcsl pas-
Huted mexay neyms 3asucumoctsiMu HRC, = f(C)) Bo3pactaer mpornopiroHagIbHO
COJICp’KaHMIO B HEH yriepoja;

2) MapTEHCHUT — camasi TBepJiasi U3 BCEX CTPYKTYP, KOTOPBIE MOTYT OBITh MOTY-
YEHbl U3 MEPEOXJIAXKIECHHOIO0 ayCTEHUTA. DTO OCHOBHOE JOCTOMHCTBO MapTEHCHUTA
(3aKaJieHHOU cTaju), HO, K COKaJICHUIO, OH 00JIaIaeT MOBBIIIEHHON XPYNKOCThIO, KO-
TOpasi pacTeT C YBEJIMUYEHUEM COJIepkaHus yriaepoa B cranu. [lostomy nocre 3axan-
KU Ha MapmeHcum cmaiu Heobdxooumo noodsep2ams OTIMYCKY, TJIaBHAS LeJb KOTO-

POro NOBBLINIEHHE INIACTUYHOCTH ¥ YIAPHOH BA3KOCTH 3aKAJICHHOM CTAJIHU.
2.2.2. OTIY CK (ITPEBPAILIEHUSI B 3AKAJIEHHOM CTAJIA ITPU HAT'PEBE)

MapTeHcuT, nojaydyaeMblii B pe3yJibTaTe 3aKaJKud HEpaBHOBECHAs, HEYCTOWYHU-

Basi CTPYKTYpa, ITIOATOMY OH MOXKET JUIMTENBHO COXPAHATHCS JIMIIb IPU JOCTATOYHO
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Hu3KuX Temueparypax (< 100...150 °C), rae nuddys3ust aTOMOB HECYIIECTBEHHA.

[Ipu HarpeBe 3aKkajeHHOW CTaldM B JIOKPUTHYECKOM HHTEpBAJIE TEeMIIEpaTyp
(t<A=727 °C) B Hell pasBuBaroTCs IUPPY3UOHHBIE MPOIECCHI, MOCTEIEHHO IPH-
ONmKaroMe CTPYKTYpy M CBOMCTBA CTaJId K PABHOBECHOMY COCTOSIHUIO — 3TO MPO-
eCChl OTIYCKA.

CTpyKTypa ¥ CBOMCTBA CTAJIM IIPH OTIIYCKE 3aBUCAT OT TEMIIEpATypbl HarpeBa.
COOTBETCTBEHHO Da3jiM4yaloT TPH BHAA oTHmycka: Hu3kmii (=200 °C), cpemmmii
(=400 °C), Bbicokmii (<600 °C).

IIpu HU3KOM OTIYCKe CYIIECTBEHHBIX U3MEHEHUN B CTPYKTYpE €Ile HE IMPO-
UCXOJUT (CTPYKTYpa - MAPTEHCUT OTIYCKA), JIUIb YMEHBIIIAETCS CTENEHb TETParo-
HAJIbHOCTH, YACTUYHO CHUMAIOTCS BHYTPEHHUE HAIPSIKEHUS, HE3HAYUTEIbHO MOHU-
YKAETCS TBEPIOCTh U MOBBIIAETCS IUIACTUYHOCTh. HU3KMI OTIYCK MPUMEHSIOT B TEX
Cllyyasix, Korja OT U3JeJHi B MEepBYI0 o4epeab TpedyeTcs BbICOKas TBEPAOCTh (pe-
KYIIUNA, U3MEPUTENBHBIM U XOJIOJHOIITAMIIOBBIA MHCTPYMEHT, JETald LIAPUKOBBIX
HOJIIMITHUKOB, IECTEPHU MOCJIE LIEMEHTAIUH U T.I1.).

IIpu cpenHeM oTmycke M30BITOUYHBIA YTIEPOJ B BHJE MEIbYANIIMX YaCTHI]
LIEMEHTHUTA [IPAKTHYECKH TOJHOCTBIO IIOKUIAET PEUIETKY MapTeHcUTa. Pemerka map-

TeHcuTa obe3yriepoxuBaerca u npespamiaercs B OLIK pemerky depputa (creneHs

C
TeTparoHajibHOCTH — = I).
a

B pesynbrare obpaszyercsa ¢heppuTo — IIEMEHTUTHAs CMeCh, Ha3bIBaeMasi TPOO-
CTHTOM OTHMYCKa. TBEPJOCTh M NPOYHOCTh 3aMETHO TOHMIKAIOTCS, IMOBBIMIACTCS
yaapHas BSI3KOCThb. Takasi ctpykrypa mpu TBepaoctu HRC, 35...45 oGecneunBaet
HAUOOJIBIITYIO YIIPYTOCTh CTAJIH, TIO3TOMY CPEAHHUI OTITYCK OOBIYHO MPUMEHSIOT IS
IPYXKHH, peccop, MeMOpaH, yJIapHOTO HHCTPYMEHTA.

IIpu BbICOKOM oTmycke n3MeHeHHH B (pazoBoM cocrtaBe (D+L]) yxe He mpo-
ucxomut (cMm. auarpammy Fe—I11), Ho pa3BuBaroTcs nuddy3noHHBIC MPOIECCHI YK-
PYMHEHHUS W OKPYTJICHUS YACTHI[ IIEMEHTHTA, YTO COMPOBOXKIACTCS MaTbHEHIITIM
CHUKEHUEM TPOYHOCTH U TBEPJOCTH, MOBBIIICHUEM IJIACTUYHOCTU M yJIapHOUN BS3-

kocTu. COOTBETCTBYIOIIAs CTPYKTYpPa HAa3bIBACTCS COPOUTOM OTIyCKA.
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Tepmuueckas 0oO6paboTKa, COCTOSINIAS U3 3aKATKA U BEICOKOTO OTITYCKa, HA3bI-
BaeTcs yjayumenueM. OHa mpUMEHSIETCS JJIsl OTBETCTBEHHBIX M3JENHM (BaJloOB, phI-
gyaros, 3yO4yaThIX KOJIEC H T.M.), M3TOTaBIMBAEMBIX W3 CPEIHEYTIICPOIUCTHIX
(0,3...0,5 %C) yay4miaeMbIX cTajei, Tak Kak 0OECIEYMBAET B ATOM Cilydyae Hau-
JAYYIIUI KOMIUIEKC MEXaHMYECKHX CBOMCTB — MAaKCHUMAJbHYIO YJIAPHYIO BSI3KOCTb
IIPU TOCTATOYHO BBHICOKOW MPOYHOCTU. BBICOKME MEXaHMYEeCKHE CBOMCTBA cOpOWTa
OTITyCKa 0OYCJIOBJICHBI MAJILIMU pa3MepaMu U OKPYTIION (POpMOIl 4acTHI] IEMEHTUTA
(B oTIMUME OT COpOMTA 3aKajKd, B KOTOPOM OCTpPBHIC KOHIIBI IIJIACTUHOK IIEMEHTHTA
UTPAIOT POJIb KOHIIEHTPATOPOB HANPSDKEHHM, CITOCOOCTBYIOMIUX 3aPOXKICHUIO MUK-
POTpEIINH).

Ha puc. 2.2.6 B kauecTBe mnpumepa MOKa3aHO HM3MEHEHHE MEXAHUYECKUX

CBOWCTB CTaJIi 45 B 3aBUCUMOCTH OT TEMIIEPATypPbl OTIYCKa.

HB G, MM
- 2800 70
8000 } 2400 60
2000 50 .
O
4000 y 7600 40 )
CQ\
7200 30
KOy, 4%/ oM
2000 ¢+ 8oo 20 4 200
400 10 4 700
o L o L ) 1 o) 0o

200 400 800
Temneparmypa omnycka, °C

Puc. 2.2.6. 3aBUCUMOCTA MEXAHUUYECKMNX CBOMCTB 3aKAJICHHOM CTAJI OT TEM-
nepaTypsl OTIycka (craib 45)

3amMeTuM, 4TO C TMOBBIIICHUEM TEMIIEPATYPHI OTITYCKAa CBOMCTBA TIPHOIMKAIOT-
Csl K 3HAUEHUSIM, COOTBETCTBYIOIIUM OTOXOKEHHOMY (PaBHOBECHOMY) COCTOSIHUIO, HO
HE JJOCTUTAIOT UX JIaXKe MPHU BHICOKOM OTITYCKE (B YACTHOCTH, COXpaHseTCs 0ojiee BhI-
COKasi TBEPAOCTb U POYHOCTH ).

Ouesuono, umo npasuibHvlli 6bI00p MeMnepamypvl OMNYCcKa MNO380Jiem
chopmuposames OKOHYAMENLHYIO CMPYKMYPY U KOMNIEKC MeXAHU4eCKUX C8OlCms,

obecneyusarOWUx yCneuwnyo pabomy uzoenusi O0aHH020 HA3HAYEeHUSI.
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Buumanue!

B nauane 3Toii TeMsI (2.2) 0OTMEYaoCh, YTO BCE OTBETCTBEHHBIC CTAJIbHBIC M3-
Jeusl JOJKHBI TPOXOUTh YIIPOUHSIIONIYI0 TEPMHUUECKYIO0 00pabOTKY, COCTOSIILYIO U3
3aKaJKu U OTIycKa. [loamomy OanHas mema ¢ mMoyKu 3peHus U meopuu U NpaKmuKu
— 00Ha U3 Hauboiee 8aNiCHLIX 8 Kypce mamepuanosedenus. Coomeemcmayrowue 3Ha-
HUSI COBEPULEHHO He0OX00UMbl O/l BbINOJIHEHU KAK Nepeoll, max u mopou wacmu
KOHMPOILHOU pabomul, NOCEAWEHHOU 8blO0OPY MAMEPUATLO8 OJis U30eNUll PA3TUUHO20
Hasnavenust. Iloamomy usyuenuio mamepuania OAHHOU membvl HYHCHO YOeaums 0coboe
sHUMaHUe. Bce agnenus, kacaowuecs mepmuieckol oopabomku cmanetl, 6X00m u 8
0653amenbHbIlL nepedensb IKIAMEHAYUOHHBIX 860npocos. Pexomendyemesa maxoice 6ul-
NOTHUMb 1AO0pamopHyio pabomy 6 u, KOHeYHO, OMEEeMUMb HA ONPOCHL OJisl CAMO-

nposepKu.

Bomnpocs! Aj1s1 caMmonpoBepku K Teme 2.2

1. I3 kakux 3TamoB COCTOUT YIPOUHSIONIas TepMUUecKast 00paboTka craneit?

2. Yto Takoe 3akanka craieii? Kakosa ee uenb?

3. Hapucyiite nunarpaMMy M30TEpMHYECKOIO MPEBPALLIECHUS TIEPEOXIIAKIECHHO-
ro ayCTEHHUTA SBTEKTOUIHOMN CTAJIH; OOBSICHUTE CMBICI €€ JIMHUM.

4. Yro Takoe KpUTHUYECKas CKOPOCTh 3aKalku (V,,)? Kak onpeznensercs ee Be-
JUYrHA?

5. Kakyto cTpyKTypy U MEXaHUUYECKHE CBOICTBA MPUOOPETAET CTalb MPH OX-
JQXAEHUU CO CKOPOCTBIO V =V ,?

6. Kakue CTpyKTypbl MOJIy4alOTCsl B CTAJIA MPU OXJAXKJACHUU CO CKOPOCTSIMHU
V<V,p? UTO y HHX 001Ier0, 4eM OTIHYArOTCs?

7. B ueM OpUHIUIIUAIBHOE OTJIWYUE MAPTEHCUTHOTO MPEBpAICHUS OT Tep-
JIUTHOTO?

8. B uem nmpuunHa BBICOKOW TBEpIOCTH MapTeHcuTa? Kak 3aBUCHUT TBEPAOCTH
3aKaJICHHOW CTalld OT COJIepKaHus B HEl yriieposa’?

9. KakoB HEAOCTATOK CTajIu MOCJE 3aKaIKU?

10. YUTto Takoe OTHyCK, KAKOBA €r0 LEJb?

11. Ilepeuncaure BUIABI U PEKUMBI OTITYCKA.
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Kak m3meHs10TCS CTpyKTypa M CBOMCTBA 3aKaJ€HHOW CTajld C MOBBILICHHEM
TEMIIEPATYPHI OTITyCKa?

12. Yrto Takoe «ynyumenue»? Kakue cranu (1 u3genusi) eMy noJABEpraroTcs?

IIpoMexkyTOUYHBIE TEeCThl K Teme 2.2
I. Kakast 06paboTka cTajgbHBIX U3/I€TUN HA3BIBACTCS «YJIyUIICHUEM?

1. 3akainka.

2. 3akanka + HU3KUN OTIYCK.
3. BricOkuii OTIyCK.

4. 3akanka + BBICOKHAN OTITYCK.
5. llInndoBka MOBEPXHOCTH.

II. Kakas a3za nomkHa 00s3aTeIbHO PUCYTCTBOBATH B CTAIM MPU TEMIEPATy-
pe ee Harpesa MoJ 3aKaiKy?

1. MapreHcur.
2. lleMeHTHT.
3. ®eppur.

4. AyCTEeHHUT.
5. Ilepaur.

[II. Kakas cTpykrypa oGecrneduBaeT MaKCUMaJIbHYIO TBEPJOCTh 10BTEKTOU/I-
HOM cTamu?

1. [Tepaut + deppur.

2. Tpooctur.

3. MapTeHcHT OoTITyCKa.
4. MapTteHcur.

5. Copbur oTmycka.

IV. Kakyto cTpykTypy NOJDKHA MMETh OTBETCTBEHHAs J€Tajlb U3 CPEIHEYTJIe-
pOAUCTOM cTayy, paboTaroas MNpu JMHAMUYECKUX (YAapHBIX) Harpy3Kax?

1. Maprencur.

2. @eppur + nepiaurT.

3. MapTeHCHUT + LIEMEHTUT BTOPUYHBIII.
4. MapTeHCUT OTITyCKa.

5. CopOur oTmycka.

V. IlonHas 3akaika — 9TO 3aKajKa CTaju W3 O0JHO(A3HOTO ayCTEHUTHOTO CO-
crosaus. Kakas cTpykTypa MNOJIy4aeTcss MpU TOJTHOM 3aKajKe JO3BTEKTOMIHBIX

crajiei?
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1. MapTeHCHUT + EMEHTUT BTOPUYHBIII.
2. MapreHcur.

3. @eppuT + NepiuT.

4. MapteHcut +heppur.

5. AyCTeHHT.

VI. Jlng 3a3BTEKTOUIHBIX CTaliel MPUMEHSIOT 3aKalKy W3 JBYX(ha3HOro CO-
cTostHus (HemolsiHyo). Kakyto cTpykTypy AoiikHa uMeTh ctainb Y 10 mocne Takoi 3a-
KaJjaku?

1. Ilepnut + nemenTut Bropuunsiii (IT+ 11 ).
2. Maprencut (M).

3. Aycrenur + L.

4. M + .

5. M + deppur.

VII. Kak u3MeHsAr0TCs MPOYHOCTh (G3) U yaapHas Bsa3kocTh (KCU) ¢ noBelie-
HUEM TEMIEpaTyphl OTIycKa?

c; 1 KCU yBenuuuBarorcs.

c; pacret, KCU mapaer.

c; magaet, KCU pacrer.

o, He n3Mensercsa, KCU pacrer.
o; 1 KCU yMeHbIIaloTCA.

R

VIII. Kakoe u3 nepeuncieHHbIX YTBEPKICHU HEBEPHO?
Bricokas TBep0CTh CTalli C MAPTEHCUTHOM CTPYKTYpOil 00ycClIOBIEHA:

1) BBICOKOM IJIOTHOCTHIO MApPTCHCHUTA;

2) IUCTIEPCHOCTBIO CTPYKTYPHI,

3) nepechIeHuEeM PEIETKH MApTEHCUTA YIIIEPOIOM;
4) OOJIBIIIMM KOJIMYECTBOM JUCIOKAIIUI;

5) HamMYueM CUJIbHBIX BHYTPEHHHUX HANPSKCHUH.
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TEMA 2.3. BJIUSIHUE JIETUPOBAHUS HA CTPYKTYPY
U CBOMCTBA CTAJIEN

B mpenpinymux temax 2.1 u 2.2 u3y4anuce CTpyKTypa U CBOWCTBA YIJIEPOIHU-
CTBIX CTaJlel, B COCTaB€ KOTOPBIX IMOMHMMO JK€Je3a U YIJIepoJa, (TeOpeTHYeCKU
0,02...2,14 %C — cm. auarpammy <«Kenezo—uemeHTuT, puc. 2.1.1; nmpaktuyecku
0,05...1,5 %C) coaepxurcs nuiib HeOobIIOE KomnuecTBO (< 1,5 %) Meramnypruye-
CKHUX NpuMecer. Mx MexaHn4eCcKrue CBOKMCTBA OMPEICIISIFOTCS COAEPKAHUEM YIJIEPOa
U MOTYT LIEJIEHAIIPaBICHHO MU3MEHATHCS B LIMPOKUX Mpenesax MOCPEACTBOM CTPYK-
TYPHBIX IPEBPAIICHUI, BEI3BIBAEMBIX TEPMUUECKONH 00pabOTKOMA.

OntumanbHbI KOMIUIEKC MEXaHUYECKUX CBOMCTB JOCTUTAETCS 3aBEPILIAIOIICH
TEPMUYECKON 00pabOTKOW CTadbHBIX M3JEIUM, COCTOSAIIEH U3 3aKajJKh U OTIYCKa.
BpiCOkHi1 ypOBEHb MEXAHUUYECKUX CBOMCTB YIVIEPOJUCTBIX CTajled B TEPMUUYECKU
YIPOUYHEHHOM COCTOSIHUM TO3BOJISIET UCIIOIB30BATh UX JJIS IIMPOKOTO Kpyra u3Jie-
JUI pa3aM4HOro HazHa4yeHUs (AeTajied U MHCTPYMEHTA). DTU CTajld TEXHOJOTHYHBI
(xopo110 cBapuBarOTCs U 00padaTHIBAIOTCS JaBICHUEM M PE3aHUEM) U SKOHOMMYHBI,
MO3TOMY Ha UX J0JII0 npuxoautcs okosio 80 % obuiero oobema npou3BoJICTBA CTa-
JIEH.

OnHako cywecmeeHHbIM HeOOCMAMKOM YelepoOUCmbvlX Cmajel A61Aemcs ux
HeBbICOKAsl MPOKATUBAEMOCTb (< 12 MM) — cnocobnocms npuobpemames mapmen-
CUMHYIO CMPYKMYPY NPU 3aKAJKe Ha onpeoelienHyto 2nyouny uzoeaus (moapoOHee B
pazaene 2.3.2). DTo orpaHUYUBAET pa3Mephl (CEUECHUE) U3ICIIUM, YIPOUHIEMBIX TEP-
MUYECKON 00pabOTKOM.

DTOT HEJOCTATOK YCTPAHSETCS JIETUpoBaHUEM cTain. Cralib, B KOTOPYIO CIe-
UaJIbHO, B ONPEIEIECHHBIX KOHUEHTPAIUAX BBOASTCS MNPUMECH — JIETUPYIOIIHE 3JIe-
MEHTHI — Ha3bIBAETCS JIETHPOBAHHOIA.

BBenenue naxe HeOONBIIOrO KOJIMYECTBA JETHPYIOLUIUX 3JE€MEHTOB BIIUSET Ha
TEMIEPaTypbl U KMHETUKY (CKOpPOCTh) (pa30BBIX MPEBpAIICHUN U, COOTBETCTBEHHO,
Ha PeXHUMbl TEPMHUUYECKON 00paboTKM crajneil. 3HauuTeIbHOE JETMPOBAHUE CHEIU-
ANbHBIMU 3JIEMEHTAMH MOXKET MPHUBECTH K KAUECTBEHHOMY M3MEHEHUIO CTPYKTYPbI U

CBOMCTB cTaje (IOSIBICHNIO 0COOBIX (PU3NKO-MEXaHUYECKUX CBOMCTB).
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2.3.1. KTACCUDPUKAIIASA TETUPOBAHHBIX CTAJIEM IO CTPYKTYPE
Cmpykmypa u c80Ucmea 1e2upo8anHblX Cmael 3a6Ucam He MOAbKO Om Co-
0epaHcanusi yenepooa, Ho maKxHce om UHOUBUOYAILHLIX 0COOeHHOCmel U KOJUYeCcmad

Jecupyromux 3J1emMermoe.

2.3.1.1.BJIUSTHUE JIETUPYIOILINX DJJEMEHTOB
HA IMOJIMMOP®U3M KEJE3A (KITACCUPUKATIASA
CTAJIEH 1O PABHOBECHOM CTPYKTYPE)

B yriepoaucThix cTaisx temnepaTypbl MOTUMOPQHBIX MPeBpalieHui (KpUTU-
yeckue Touku G u N B kenese, cMm. puc. 2.1.1; B cransax ux npuHATO 0003Ha4YaTh Aj U
A4 COOTBETCTBEHHO) 3aBHUCST OT COJICP)KAHUsSI YIJIEpOJia B COOTBETCTBUU C JIUArpaM-
Mot «Kee30—11eMeHTUT.

Jlerupyrorue 3JeMEeHTBI, paCTBOPSIACH B o U Y—Moaudukanusax Fe, Bnusior Ha
MOJIOKEHHE KPUTUUECKUX Touek (A; U Ay4), UTO B CBOIO OUepe/b ONpeessieT 00J1acTh

cymectBoBanus o—da3sl (hepputa) u y—bassl (aycrennra) — puc. 2.3.1.

t,°(;a&) “

/ ")
1390 1390}

(Ay)

I
n 911 |
(A3) . {
o+ I
it m
Fe—=nezupyrwuwuu Fe——nezupyruui
anemenm (Ni,Mn,bu, o) anemenm(Cr,W,V, St)

Puc. 2.3.1. BiustHue nerupyromux 3JeMeHTOB (J1.3.) Ha noauMophuzm
Kene3a U CTPYKTYPY JETHPOBAHHBIX CTajiei

Bunno, uto snemenmot I epynnvl nosviuwarom Ay u nouwudicarom As, co-
OMBEMCMBEHHO Cyxcas obaacmev O—¢haszvl u pacwupss y—ooracmov (puc.

2.3.1,a). 3 Takux sneMeHTOB HauOOJbIIIEE MPAKTUIECKOE 3HAUCHUE HUMEIOT
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Ni 1 Mn (mogo6HBIM 00pa30M BIUSET U YTAEPO — CM. Tuarpammy «Kemezo—
HEMEHTHUT, puc. 2.1.1).

OnemenTsl [I rpynmnsl cHUXKAOT A4, TOBBIIAIOT A3z, B pE3YyJIBTATE PACIIUPAECTCS
obmacte a—da3sl (puc. 2.3.1,0). B ocHoBHOM 3T0 3nemenThl, nMmeronue OLK perer-
Ky nogo6no o—Fe (Cr, W, V, Mo, Ti u ap.).

Buano, uto, eciu coaepkaHue JETUPYIOMINX 3JIEMEHTOB MPEBBIIIAET KOHIICH-
TpaIuio X, TO CTaJld TpH JI000 TeMrepaTrype MMEIOT aycTeHUuTHYHo (puc. 2.3.1,a)
60 depputhyto (puc. 2.3.1,0) ctpykTypbl. OOBIYHO 3TO CTaJIM, KOTOPBIE B PE3YJib-
TaTe CHJIBHOTO JIETUPOBAHUS MPUOOPETAIOT 0COOBIE CBOMCTBA, HApUMeEp, KOPPO3H-
OHHOCTOMKHE CTaJIu ayCTEHUTHOTO U (DePPUTHOIO KJIACCOB.

OuyeBHUIHO, YTO TaKUE CTAIM MPHU 3aKaJKE HE MPETEpPIeBalOT MAPTEHCUTHOTO
(y — o) mpeBpalieHus U 3HAYUT HE YIPOUYHSIOTCS TePMHUUECKON 00paboTKoM (3aKai-
Ka+oTHyCK, CM. pazzen 2.2).

B pazgene 2.1 obcyxnanach kjaaccupukamusi yriaepoaucTbix cTajei no
PABHOBECHOH CTPYKType: J03BTEKTOMIHbIC (CTPYKTypa ¢eppuT+HIEpJINT), IB-
TEeKTOUJHBbIE (IePJIUT) U 323BTEKTOUAHBbIC (MePJIUT+BTOPUYHBIN HeMeHTI/ITl).

B nernpoBaHHBIX CTANIAX MOMUMO 3THUX TPEX KIACCOB BO3MOXHBI TaKXE CTaIU
C ayCTEHUTHON U (eppUTHOM CTpyKTypamu. Kak oTMeuanoch, Takoe MPUHIUIIU-
albHOE U3MEHEHUE CTPYKTYpPbl KAUECTBEHHO U3MEHSET CBOMCTBA BBHICOKOJIETMPOBAaH-

HBIX CTaJIEN.

2.3.1.2. BIMSTHUE JETAPYIONNX DJIEMEHTOB HA KUHETUKY
PACIIAJIA AYCTEHUTA Y TEMITEPATYPY
MAPTEHCHUTHOTO ITPEBPAIIIEHUS
(KJIACCUPUKAIINS CTAJIEN IO CTPYKTYPE HOPMAJU3AIIAN)

OcTtaHoBUMCS Ha JBYX Ba)XHBIX 3aKOHOMEPHOCTAX, MPOSBISIOIIUXCS MPH Jie-
TMpOBaHUM CTaJICH.

1. OueBHIHO, UTO IO CPABHEHMIO C YIJIEPOJUCTBIMH CTAIMU U Py3noHHas
MOJIBUKHOCTh aTOMOB B JIETMPOBAHHBIX CTaJsX MOJABJIeHa U B TeM OoJiblIel cremne-

HH, YCM BBIIIC KOHICHTPAIWA JICTUPYIOIUX 3JICMCHTOB.

' B IernpoBaHHBIX CTATSIX 3TO — BTOPHUHBIE KAPOUIBI JIETHPYIOIINX IEMEHTOB.
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[TosTomy 6ce necupyrowue snemenmst (kpome Co) 3amednsaom CcKOpPOCHb
oughgysuonnozo pacnaoa aycmenuma (A — O+, cMm. pazaen 2.2.1), m.e. yseruuu-
8arom 8pems e20 MUHUMATLHOU YCMOUYUBOCIU (T y;y) U COOMBEMCIMEEHHO CMEWAIOM
enpaso aunuu C — ouazpammul (CM. HUXKE puc. 2.3.3).

2. Bce necupyrowue snemenmot (kpome Co u Al), nooobno yenepooy (puc.
2.3.2), chuoicarom (B pa3InuHON CTENIEHU) memnepamypul Hadara (My) u konya (My)

MAPMEHCUMHO20 npespauleHusl.

XA

500
400
300
200

100
20

Puc. 2.3.2. Biusinue coaep>xaHust yr-
-100+ Jepoja Ha Temneparypsl Hadana (M)
R u KoH1a (M) MapTEeHCUTHOTO Tpe-

4 1§ 18%C BpalieHus

oppl—1 1114
0z 04 05 48 10 17 1

O6e >t TenaeHuuu (cMmemienue auauid C — nuarpammel 1 Temneparyp My u
M;) oTpaxkeHsl Ha puc. 2.3.3. Ha 3TOM e pUCyHKE NMPOBEICHBI JIMHUU V ., HAKIOH
KOTOPBIX XapaKTEPU3YET CKOPOCTh OXJAXKIACHHS OO0pa3lloB CTAIM M3 ayCTEHUTHOIO
COCTOSIHMSI HAa CIIOKOMHOM BO31yXe (makas mepmuyeckas obpabomka Ha3vl8aemcs

HOpMAaJu3anmeit).
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X JIETUPYIOLINX 3JIEMEHTOB, %0

v

! \ Al ! \ Al t\ Al
M,
Nfzﬂ M, Vou Voxa
T T MH T
i M A

Puc. 2.3.3. Cmemenne nunanii C-auarpaMmel 1 TEMIEpaTyphbl Hayajaa MapTeH-
CUTHOTO TpeBpaienus (My) npu yBeIMYEHUH COJIEpHKaHUS JIETU-
PYIOIIUX 3JIEMEHTOB B CTaNU (Ki1accuduKkalus crajiei mo CTpykType
HopMmanuzauun): I1, M, A - nepJauTHBINA, MAPTEHCUTHBIA U ayCTEHUT-
HBIN KJIACC COOTBETCTBEHHO

OTOT PUCYHOK TOSICHSIET KJIACCU(PUKAIUIO CTaJIel M0 CTPYKType HOPpMAJIu-
3alMU.

BunHo, 9TO Ipr OTHOCHUTETEHO HEOOIBITIOM KOJIWYECTBE JIETUPYIOITUX dJIe-
MEHTOB (puc. 2.3.3,a) oxJaxJAeHHe Ha BO3AyXe MPUBOIUT K pacmaay ayCTEeHUTA Ha
dbeppuTokapOuHBIE cCMecH (TIEPIUTHOMY MpeBpalieHuto, cM. pa3a. 2.2.1); Takue
CTaJIM OTHOCST K NMEPJIUTHOMY KJiaccy (MX OOJBIIMHCTBO, TaK KaK M3-3a HEOOIBIIIO-
ro JISTUPOBAHUS OHU HanboJee JEIIEBhI).

[Ipu MOBBIIIEHHOM COJIEPI)KAHHH JIETUPYIOMINX 3JIeMEeHTOB (puc. 2.3.3,0)
Voxn.Z Vip., @ Tak Kak M, > 20 °C, HOpMaIM30BaHHas CTajlb IPYU KOMHATHOM TEMIIEpa-
Type MpUOOpETaeT MAPTEHCUTHYIO CTPYKTYPY — 3TO CTAJIH MAPTEHCUTHOI0 KJlacca.

[Ipu GosbIIOM CcONEp KaHUH JIETUPYIOIINX 3JIeMEHTOB (0co0eHHo Ni, Mn) M,
CIABUTAETCS B 00JACTh OTPUIATEIBHBIX TEMIIEPATYP, MOITOMY ITOCIIE HOPMATH3aIUN
CTaJIb COXPAHSIET ayCTEHUTHYIO CTPYKTYPY (ayCTEeHMTHBIN KJacc).

O4eBUIHO pa3InINe MEXaHHYECKUX CBOMCTB CTaJIeH, MPUHAJIC)KAIINUX K dTUM

TPEM CTPYKTYPHBIM KJaccam.



-99 -
2.3.2. BIUAHMUME JIETUPYIOIIIUX SJIEMEHTOB
HA KPUTHYECKYIO CKOPOCTb
3AKAJIKA U TPOKAJIMBAEMOCTbD CTAJIN

B Havane Temsl 2.3 0TMEYaNnoch, 4YTO CYIECTBEHHBIM HEAOCTATKOM YIJIEPOIU-
CTBIX CTaJeH ABJIAETCS UX MOHWKEHHAs IPOKaIUBaeMocTb. HanoMHuM, npokaJiu-
BaeMOCTh — 3TO CIIOCOOHOCTH CTAJIM NPHOOPETATh MAPTEHCUTHYIO CTPYKTYPY Ha
onpe/ieJICHHYIO IJIyOMHY IIPH 3aKaJIKe B JAaHHOM OXJIajuTee.

BeJiMuMHY NPOKAJIMBAEMOCTH 00bIYHO OLIEHUBAKT KPUTHYECKHUM /INA-
MeTpoM (D) — maxcumanvruvim ouamempom obpaszya, npuobpemarowum mapmeH-
CUMHYIO CMPYKIMYPY NO 8CEMY CEYEHUIO NPU 3aKAIKe 8 OAHHOM OXaaoumere.

[TockonbKy OCHOBHOE TpeOOBaHUE 3aKaIKKU HA MApTEHCUT (cM. pazaen 2.2.1)
Voxn = Vip , TO npoKanusaemocms 3a6ucum om COOMHOUEHUS CKOPOCMU 0XAaAdHcOe-
HUs V ox; U KPHTHYECKOH CKOPOCTH 3aKAJIKH V,, BEJIHYHHA KOTOPO# onpeaes-
eTcsl XMMHYeCKHM COCTABOM CTAJIN.

Ou4eBHUIHO, YTO CKOPOCTh OXJIXKACHUS 00pa3ia (U3/1ers) YMEHbIIIAETCS OT

MOBEPXHOCTH K cepteBuHe (puc. 2.3.4).

Vty‘

VOXJ'I

Puc. 2.3.4. Pacnpenenenue ckopoct oxaaxacHus (V) 1o ce-
YeHUto o0pasiia Mpu 3aKajike (3alTpUuxoBaHa 3aKaJeHHas 30Ha C
MapTEHCUTHOU CTPYKTYPOiN)

%

Ecim B cepauesnne obpasna Vg, < Vi, 5TO IPUBOANUT K HECKBO3HOM 3aKAaJIKE.

[Ipu HECKBO3HOW MPOKAIMBAEMOCTH B TTIOBEPXHOCTHOM CJI0€ 00pa3yeTcss MapTEHCHT,
B cepAueBuHe (rae Vo, < Vi) IIaCTUHYATBIE CTPYKTYPBI MIEPIUTHOTO THUNA (HAIIPH-
Mep, copOuT 3akanku).B pe3ynbprare BO3HHMKAET HEOJHOPOJHOCTH MEXaHHMUECKHX
CBOWCTB MO CEUEHHIO AETalM, KOTOopas COXpaHseTcs U mocie ormycka. Hampumep,
1OCJI€ BBICOKOT'O OTITyCKa B ITOBEPXHOCTHOM CJIO€ MOJY4YUTCA copOUT oTmycka ("3ep-

HUCTBIN cOpOHT"), a CTPYKTypa CEpAICBUHBI HE M3MEHUTCA U Oy/IeT WMETh MOHU-
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KEHHbIE MEXaHWYECKHE CBOWCTBA (O 4eM rOBOPUIIOCH B KOHLE Tembl 2.2.2). Hampu-
Mep, yIapHasi BSI3KOCTh YIYUIIEHHOW (3aKajika + BBICOKHH OTMYCK) cTanu 45 ¢ aua-
MeTpoM o6pasua 10 MM (ckBO3Has 3akaika) coctamster KCU = 1 MJDx/M°, a mipu
@ =100 MM (HeckBO3Has mpokatuBaeMocth) KCU = 0,5 MJIx/M’.

[ToaToOMy mis OTBETCTBEHHBIX W3ACIUN JOKHBI TPUMEHSATHCS CTald CO
CKBO3HOH MPOKaIMBAEMOCTBIO.

N3 puc. 2.3.4 o4ueBUIHO, UYTO OCHOBHOM NMYTh MOBBILICHUS NMPOKAJIUBAEMO-
CTH — JTO yMeHblIeHHe V,,. B mpenpirymem pasaene (2.3.1.2) roBopuiaocs o ToMm,
YTO JIETUPOBAHUE MPUBOAUT K cMelleHuto JuHuii C- nuarpamMmbl BIpaBo (CM. pucC.
2.3.3), a 5TO O3Ha4aeT yMEHbUICHUE V,;, (HAIIOMHHUM, YTO BEIUYUHA V, ONPEICIIICT-
Cs HAKJIOHOM KacaTellbHOW K KpHUBOW Hayalla pacmaja aycTeHuTa Ha Qeppuro-
KapOUAHbIE CMECH, CM. CTp. 84 ).

Kak ormeuanocs BbllIe, gce tecupyrouue snemenmsl (kpome Co) 3ameodnsirom
CKOPOCMb pacnaod nepeoxaancoOeHHo20 ayCmeHuma u cOOmeemcmeeHHo YMeHbula-
rom V,, , IpUYEM TE€M CUIIbHEE, YEM OOJIbIIE UX KOTMYECTBO B cTanu. [loaTomy, uem
bonvue ouamemp usoenusi, mem Oojee 1e2UpOBAHHYI0 CIANb HYHCHO NPUMEHAMb OIS
NOJYYeHUsl CKEO3HOU NPOKAIUBAEMOCTIU.

[ToMruMO TOBBIIEHUS TPOKATMBAEMOCTH JIETUPOBAHUE HUTPACT U €ILIE OJHY
Ba)KHYIO MOJIOKHUTENIBHYIO POJIb, TAK KaK., CHHXKAs Vi, IO3BOJISET IPOU3BOJUTH 0O-
Jee «MSATKYI» 3aKaJIKy 10 CPaBHEHHUIO C YTJIEPOJUCTHIMU (HEIETUPOBAHHBIMH )
ctaysiMu. Ecnu 17151 osTy9eHusl MapTEHCHUTA B YTIIEPOJUCTBIX CTAISIX UX HEOOXOAMMO
OXJIAXKIATh 04eHb OBICTPO B BOIE (Vox, = 600 °C/c), TO B JETMPOBAHHBIX TOT XK€ pe-
3yJbTaT MOKET ObITh JOCTUTHYT MpU Oo0Jee MEIJEHHOM OXJIAKJIEHUU B Macie
(Voxx=150 °C/c) nu naxke (11 HEKOTOPBIX BBHICOKOJIEIMPOBAHHBIX, HAIPUMED, ObI-
cTpopexyiux cranei) Ha Bo3ayxe (V o = 3...30 °Cle).

Cywecmeennoe cuudcenue Vo, Npu 3aKaiKe 1e2upo8anHHblX Cmanei yMeHbua-
em onacHoCms 803HUKHOBEHUS 3AKANOYHBIX MPewjur U KOpoOaeHUs uz0eaul.

CripaBeITTMBOCTH pajyi OCTAHOBUMCS Ha TPUMEpE OTPHIATEIHHOTO BIIMSHUS
JIETUPOBAHUS, YCIOKHSIOIIEr0 TEXHOJIOTHIO TEPMUUECKON 00pabOTKH U3ENUH.

Beiie (pazgen 2.3.1.2) orMedanoch, 4To OJA00HO YIJIEPOy BCE JIETHUPYIOIINE
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aneMeHTHl (kpoMe Co u Al) cHmkaroT Temneparypy Havana (My,) u konua (My) map-
TEHCUTHOT'O IIPEBPALICHUS.

Ecnu B cranm JaHHOrO XMMHYECKOrO cocTaBa TemIiiepaTypa M, omyckaeTcs
HIDKE KOMHATHOM, TO IpH 3aKalike (3akanounas cpeaa npu ¢ = 20 °C) yacth aycTeHH-
Ta COXpaHSETCs, HE MPEBPAIAsACh B MAPTEHCUT, - 3TO «OCTATOYHBIA ayCTEHUT).

CornacHo puc. 2.3.2 OH NOABIISIETCS B CTPYKTYPE 3aKAJICHHBIX YIJIEPOAMCTBIX
craneit, cogepxamux > 0,5 %C u ero KoJuuecTBO BO3PACTAET C YBEIMYECHUEM CO-
JepkaHus yriiepoja (IpornopyuoHaIbHO 3alITPUXOBAHHOMY Ha puc. 2.3.2 UHTEpBAILY
At =20 °C — My).

[TockonbKy JIErupyIOLIre 3JIEMEHTHI IOMOJHUTENBLHO CHIKAIOT My 1 M (oco-
6enHo ¢ dextrBHO Mn, Cr, Ni) TO B 3aKaJICHHBIX JISTUPOBAHHBIX CTAJISX COXPAHSIET-
Cs MHOTO OCTaTOYHOI'O ayCTEHHUTA.

OcTaToyHbIl ayCTEHUT yXYyIIAET MEXaHUUECKUE U SKCIUTYyaTallMOHHBIE CBOM-
CTBa W3JENUI, NO3TOMY JJI1 €r0 YCTPAHEHUsI MPUMEHSAIOT «00padoTKy X0JI0A0M» -
OXJIAKJCHUE U3/AETUI Cpa3y IMOC]e 3aKalKh JI0 TEMIIepaTyp, BO3MOXKHO OJIM3KUX K
M. JI7st 3TOTO MCIIOIB3YIOT, HAPUMED, KUAKKH ammuak (-33 °C), )KUAKHi a30T
(- 196 °C) 1 apyrue OXIaIaroIe CPebL.

O0paboTKy XO0J0JJ0M MCHOJB3YIOT IJIaBHBIM 00pa3oM AJis JeTanei Tura mec-
TEPEH, PEXKYIIUX U U3MEPUTEIBHBIX HHCTPYMEHTOB, M3IOTABIIMBAEMBIX U3 BBICOKOJIE-
TUPOBAHHBIX CTAJIEH.

3amMeTuM, YTO B HEKOTOPBIX CIy4yasX OCTATOYHBIA ayCTEHUT UIPAET MOJIOKHU-
TEJIBHYIO POJib, YMEHbIIas JehopMaIuio U3l Mpu 3aKaike (Hampumep, JUIMHHO-

MEPHOTO PEXYILEro U U3MEPUTEIHHOIO HHCTPYMEHTA).

2.3.3. KNACCUDUKALIUS I1TO HASHAYEHUIO 1 MAPKUPOBKA
JETUPOBAHHBIX CTAJIEN
B pazgene 2.1.3 oTMeuanoch, 4TO OCHOBOU Kiaccugukayuu yenepooucmolx
cmanet no HasHayeHuto (KOHCTPYKIUOHHbIE 1 HHCTPYMEHTAJIbHBIE) 58/151emcs 3a-

BUCUMOCMb UX MEXAHUYECKUX C8OUCmE om cooepcanus yerepooa (puc. 2.1.3). Dra

'B psilie Ciy4aeB JUIsl YCTpaHEHUs] OCTaTOYHOI'O ayCTEHUTA UCIOJb3YIOT CIEUAIbHBIA BBICOKO-
TEeMITepaTyPHBIN OTIYCK (HampUMep, B OBICTPOPEIKYIINX CTATIAX ).
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TEHJICHITUSI COXPAHSACTCS B OOIIUX YepTax W JJIsl MOJABIISIFONIETO OOJBITUHCTBA, T.€.
HauOoJee IEUIEBbIX, MAJIO — U CPEJIHEJIETMPOBAHHBIX CTaJIeH (3TO CTaIu MEPIUTHOTO
KJiacca, cM. paza. 2.3.1).

Bricokoyrnepoaucteie ( >0,7 %C) nerupoBaHHbIE CTaTd — HHCTPYMEHTAJIb-
Hble, CTAJIM C MEHBILIUM COJICPKAHUEM YTIEPO/ia - KOHCTPYKUMOHHbIE.

HawnGonee MHOTOUMCIIEHHBIE TPYIITBI KOHCTPYKITMOHHBIX CTAIEH — 3TO IeMeH-
tyemble (0,10...0,25 %C) u yayumaemsie (0,30...0,50 %C).

IleMeHTyeMble CTali TMIPUMEHSIOTCS B OCHOBHOM JIJIsl JCTalleld THUIIA IIIECTe-
peH, KoTopbie mocie neMeHTanuu (Auddy3noHHOTO HACHIIICHUS TOBEPXHOCTH U3/Ie-
JMSL YTIAEPOJOM), 3aKajJKh U HU3KOTO OTIYCKa MPUOOPETAIOT BBHICOKYIO TBEPIOCTh U
MU3HOCOCTOMKOCTh HAPY)KHOTO CJI0sI (CTPYKTYPY BBICOKOYTJICPOIUCTOTO MapTCHCHUTA)
U COXPAHSAIOT XOPOIIYIO BSI3KOCTh CEPALIEBUHBI, MPEMATCTBYIONIYIO XPYIIKOMY pa3-
PYIIEHHIO 3yObEB IIECTEPHHU.

Yiydiiaembple CTaINA UCTIOIB3YIOTCS ISl OTBETCTBEHHBIX HATrPy>KCHHBIX U3JIC-
Ui, paboTaoMUX MPU JUHAMUYECKUX HArpy3Kax, KOTOPbIC /I TOJy4YEeHHs OMNTH-
MaJLHOTO COYETAHWS MPOYHOCTH W YIAPHOU BS3KOCTH IMOJBEPTAIOT YJIYYIIEHUI0 —
3aKanxe u 8icokomy omnycky (cMm. pasa. 2.2.2).

B Mapkax KOHCTPYKIIMOHHBIX CTaJied 4MCIIO B Hayaje MapKu YKa3bIBaeT CO-
JIep>)KaHue yTIIepoia B COTHIX JOJSIX MPOIEHTA (KaK B KAU€CTBEHHBIX YTJIEPOAUCTHIX
KOHCTPYKITMOHHBIX CTajsixX). Jlanee cleayroT Jerupyromre 3JIeMEeHThI, KOTOpble 000-
3HAYAIOTCS PYCCKMMH OyKBamu, OOBIYHO — MEPBBHIMU B Ha3BaHUU dJieMeHTa. Harmpu-
mep, Cr 6ykBoit X, Ni—-H, Ti—-T, V-®, Co-K, Mo-M, W — B, HO ecTb 1
uckmodenus: B — P, Al - 10, Si— C, Mn —I'; OykBa A g koxye mapku o3navaem
cmanib BBICOKOI0 KavecTBa (B TaKWX CTAIAX OTPAHUYCHO KOJHUYECTBO BPEIHBIX
npumeceit Su P < 0,025 % kaxaoro u3 3TUX AIEMEHTOB).

Lugpol nocne xasxcoot 6yKevl YKA3bI8AIOM COOEPHCAHUE OAHHO20 dNIeMeHmd B
NPONEHTAX, eciu yugdpa omcymcmeayem, mo cpeonee Koauuecmao 3mo2o djleMeHma
— 1 %. Hanpumep, B ctanmu 18X2H4MA — B cpennem 0,18 % C; 2 % Cr, 4 % Ni,
1% Mo, <0,025% S n <0,025 % P.

B ta6mume 2.3.1 qist npuMepa mpuBeIeHB XUMUYECKHA COCTaB, MEXaHUIECKUE
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CBOMCTBa M KpuTHYeCKHU quameTp Dy, (COOTBETCTBYeT MaKCHMalbHOMY pabodeMy
CEUYCHHIO JIETallM) HEKOTOPBIX I[EMEHTYEMBIX M VYIIYYIIAeMbIX KOHCTPYKIIMOHHBIX
craneit ('OCT4543-71). Mexanuyeckue CBOMCTBA LIEMEHTYEMBIX CTajeil JaHbI MO-
CJI€ 3aKaJIKH M HU3KOTO OTITYCKa, YIYYIIAa€MbIX — IMOCJE 3aKAJIKU M BBICOKOTO OTITyC-
Ka (T.€. B YJIYUYIlIEHHOM COCTOSIHUH).

[ToMuMO TIEMEHTYEMBIX W YIY4IIAeMBIX K KOHCTPYKIIMOHHBIM TMPUHAIICKAT
TaKXe:

1) crpouTenbHbIe (HU3KOJIETUPOBAHHBIE ) cTaM, coaepxkamue 10 0,2 %C u
HEOOJIBITIOE KOJIMYECTBO HEJOPOTUX JIETUPYIOMINX 3JIEMEHTOB (00bI9HO 10 2...3 %Mn
u Si), 0912, 0912C, 10I'2C1, 17T'C u ap. OHU UCNOIB3YIOTCS B MAITMHOCTPOCHUH,
CTPOUTENHCTBE, MATUCTPATBLHBIX Ta30 — U HePTEPOBOAaX | T. I.; 00IATAIOT XOPO-
el CBaprUBaEMOCTHIO, MAJIOM CKJIOHHOCTBIO K XPYNKHUM pa3pylICHUsIM, XJIaJ0CTOM-
KOCThIO. M3nienus u3 3TuX ctajeil 00bIYHO HE MOJBEPraroTCs TEPMUUECKON 00padboT-
Ke.

2) peccopHoO-npy:kuHHbIe cTaau coaepxkar 0,5...0,7 %C u HeOOIbIIOE KOJIU-
YeCTBO Jierupytomux 3yeMeHToB (Mn, Si, V); nanpumep, 50C2, 60CI°, 60C2XDA,
70C3A u nap. [locne 3akajiku U CpeHETO OTMYyCKa (Ha CTPYKTYPY TPOOCTHUT OTITYCKa)
OpUOOpPETAIOT BBICOKUI TNPENes YHOPYrocTH U MpeAesl TEKy4decTH G, MO0
1200...1700 MIla; npumMeHSIOTCS B TPAHCHOPTHOM M CTAaHKOCTPOCHUH JIJIsl peccop,
MPYXKUH, PA3IMYHBIX YIPYTUX dJIEMEHTOB.

3) mommmmHMKOBBLIe crTaau coxaepxkar 0,95...1,05 %C, 04...1,7 %Cr,
1,7 %Mn, 0,85 %Si; nanpumep, L[11X6, [IIX15, IX15T°C u ap. byksa 11 o603Hauaer
IIIAPUKOTIOIIITMITHUKOBYIO CTallb, MU(PPBI — coAepkanne Cr B JACCATBHIX JOJSIX TPO-
LIEHTA.

[Tocne 3akanku ¥ HU3KOTO OTITYCKA ATH CTAJIM UMEIOT CTPYKTYPY MapTEHCUTA C
BKJIIOUEHUSIMU MEJIKUX BTOPHYHBIX KapOUIO0B, 00JaarOT BBICOKOW TBEPAOCTHIO
(62...64 HRC,) 1 M3HOCOCTOMKOCTBIO; MPUMEHSIIOTCS JJIsl J€Talled MOAIINITHUKOB
KaueHU.

OcHOBHas 11eJIb JITUPOBAHUS ITHX CTaJCH — IMOBBIIMICHUE MPOKATUBAEMOCTH

(cm. paza. 2.3.2). Uem Oosbliie JETHPYIONUX SJIEMEHTOB, TEM OOJIbIIIE KPUTUICCKUN
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HEKOTOPBIX KOHCTPYKIIMOHHBIX JIETUPOBAHHBIX CTAJIEN

Tabmuna 2.3.1

Mapxa Conepxanue 31€MEHTOB, %o MexaHnyecKkue CBOMCTBA
CTAIN C Mn Cr Ni Hpyrue ane- | 6o, | Oy | O, | ¥, | KCU, , Dy, MM
MEHTBHI MIla | MIla | % | % | MIx/m
OEMEHTYEMBIE
18XT'T 0,17-0,23 | 0,8-1,1 1,0-1,3 - 0,03-0,09 T1 | 900 | 1000 | 9 | 50 0,8 35
20XT'P 0,18-0,24 | 0,7-1,0 | 0,75-1,05 - - 800 | 1000 | 9 | 50 0,8 40-60
25XT™M 0,23-0,29 | 0,9-1,2 0,9-1,2 - 0,2-0,3 Mo | 1100 | 1200 | 10 | 45 0,8 60-80
12X2H4A 0,09-0,15 | 0,3-0,6 1,25-1,65 | 3,25-3,65 - 950 | 1150 | 10 | 50 0,9 100-120
18X2H4MA | 0,14-0,20 | 0,25-0,55 | 1,35-1,65 | 4,0-44 0,3-0,4 Mo | 850 | 1150 | 12 | 50 1,0 > 120
YIYUIIAEMBIE
40X 0,36-0,44 | 0,5-0,8 0,8-1,1 - - 800 | 1000 | 10 | 45 0,6 25-35
30XI'C 0,28-0,35 | 0,8-1,1 0,8-1,1 - 0,9-1,2 Si 850 | 1100 | 10 | 45 0,4 50-75
40XH2MA 0,37-0,44 | 0,5-0,8 0,6-0,9 1,25-1,65 | 0,15-0,25 Mo | 950 | 1100 | 12 | 50 0,8 75-100
38XH3M®A | 0,33-04 | 0,25-0,5 1,2-1,5 3,0-3.,5 O’(Z)S,Sl-(())ﬁz 1://[0 1100 | 1200 | 12 | 50 0,8 > 100
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TUAMETP 3aKaTMBAEMBIX JeTalleld, TeM 0oJiee KPYIMHBIN MOIIUITHUK MOKET OBITh W3-
TOTOBJIEH U3 JaHHOU CTaju.

[ToMHUMO paccMOTPEHHBIX BbIIIE HAMOOJIEE PACIPOCTPAHEHHBIX TPYIII CTAJIeH K
KOHCTPYKITMOHHBIM OTHOCSITCSI TAK)KE BHICOKONPOYHbIE, H3HOCOCTOHKHUE, KOPPO3H-
OHHOCTOHKHeE, )KapPOCTOiiKNe U KapONpPOYHbIe CTAJIHU, & TAKXKE CTAJU (U Kee30-
COJIep Kalllie CIUIaBbl) ¢ 0COObIMU (pu3NYecKMMHU cBoiicTBamu. C 3TUMHU MaTepua-
namu (MHOTHE U3 HUX BCTPEUAIOTCS B KOHTPOJBHBIX pa00Tax) MOKHO O3HAKOMUTHCS
B peKOMeHyeMon yueOHou utepatype [1...4, 8].

Tenepb — HECKOJIBKO CIIOB O Kidccugukayuu u Mapkuposke HHCTPYMEHTAJb-
HBIX JIETHPOBAHHBIX cTaJjell. Brie y)xe oTMeqalioch, 4TO K MHCTPYMEHTaJIbHBIM
YIJIEPOAUCTHIM U JIETUPOBAHHBIM CTaJIIM OTHOCSITCSI B OCHOBHOM CTalid ¢ OOJIBIITUM
coaepxkanueM yriaepojaa (> 0,7 %C), MoCKOJIbKY MOcie 3aKaaKu U HU3KOTO OTITyCKa
OHU JIOJDKHBI 00J1a/1aTh BBICOKOM TBEep0CThIO (60...65 HRC,) n M3HOCOCTOMKOCTHIO.
OTO cTaJM I pexylnero u uamepureJbHoro uacrpymenra (I'OCT 5950-2000)
OOJBITMHCTBO U3 HUX COJIEPKUT HEOOIBIIOE KOJTUYECTBO JIETUPYIOIIUX IJIEMEHTOB (B
CTaJIsIX TMOBBIIIEHHONW MPOKAIUBAEMOCTH 10 = 5 %). l{ughper 6 nauane mapxu smux
cmarei noKasvleéaom coO0epicanue yenepooa 8 0ecimvlx 00X NpoyeHmda, HanpH-
Mep, B Mapkax 9XC, 11X®, 13X —0,9; 1,1 u 1,3 %C coorBerctBenHo. Ecnu cpen-
Hee conepxkanue yriaepoaa ~ 1 %, To nudpa B Hadase MapKkd OOBIYHO OTCYTCTBYET
X, XBTI', XB4.

Haunyuymumuy cBolicTBaMu B IpyMIe CTae s PEXYIIEro HHCTPYMEHTa 00-
nagaiot ObicTpopesxkymue craam (I'OCT 19265-73). B pe3ynbrate CHIBHOTO JIETH-
poBaHus kapoumocoaepxkamumu daementamu — (W, Mo, Cr, V) oHu npuoOpeTaror
BBICOKYIO TEIJIOCTONKOCTh — CIIOCOOHOCTh COXPAHATH BBICOKYI0 TBEpPAOCTH (10
58 HRC,) 1 H3HOCOCTOMKOCTH NMPH AJIUTEILHOM Harpese 10 ~ 620 °C.

B mapxkax stux craneit (P18, P6M3, P6MS5, P9KS,...) nocne 6ykBsl P (oT aHri.
rapid — OBICTPBINA, CKOPBIN) YHUCIIO TIOKA3hIBAET COJIEP)KAaHIE OCHOBHOTO JIETHPYIOIIE-
ro 3jiemMeHTa W B IIPOLICHTAX.

B pesynbrarte cHIBHOTO JIETUPOBAHUS B 3aKAJICHHBIX OBICTPOPEKYIINX CTAJAX

octaerca MHOro (1o 30 %) ocTaTOYHOro ayCTeHUTa, NO3TOMY JUIsl €r0 YCTPaHEHUs
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HCIIOB3YIOT 00pabOTKy XOJIOOM HJIM TPEXKPATHBIA OTIycK mpu ¢ = 560 °C (cm.
paznen 2.3.2). TBepAoCTh OBICTPOPEKYUIUX CTaJel IMOCIE TaKoW TepMOOOpabOTKU
63...65 HRC,. UHCTpyMEHT U3 3TUX CTajed UCHOJb3YIOT NJii 00pabOTKK Ha BHICO-
KHUX CKOPOCTSAX PE3aHus, a TaKkKe TPYyJAHOOOpadaThIBaEMbIX MaTepUasoB (HaIpuMmep,
BBICOKOJIETUPOBAHHBIX KOPPO3MOHHOCTOMKHUX M KAPOIMPOUHBIX CTajel U CIUIABOB C
ayCTEHUTHOU CTPYKTYpPOH).

[Tomumo cmaneti 0ns pesxcywjeco u usmMepumesbHo20 UHCMPYMeHmMa no HA3HA-
YeHUIO pa3iuuarom wmamnossle cmaiu 0/ X0J0[AHOT0 U ropsyero aedopmuponBa-
HMS METAJJIOB.

s xoJ10mHOr0 1e()OpMUPOBAHNUS B NEPBYIO O4epeqb TpeOyeTcs BbICOKas
TBEPJIOCTh MHCTPYMEHTA, MOITOMY MCIOJIB3YIOTCSI B OCHOBHOM T€ K€ CTajlH, YTO U
st pexxymiero uacrpymenta (TOCT 5950-2000) ¢ comepxanuem yriepoaa = 1 %
(X, XBCI', X6B®, X12M), umeromue tBepaocts 60...63 HRC, nocne 3akanku u
HU3KOTO OTIyCKa. B Tex cimydasx, Korja OT MHCTPyMEHTa TPeOyeTCs MOBBIMICHHAS
BA3KOCTH (yJlapHbI€ HArpy3KH) UCIONB3YIOT cTanu ¢ MeHbimuM (0,5...0,7 %) conep-
xanus yraepoja (6XB2C, 7XI'2BM).

B ropasno 6onee TsKeNnbIX YCIOBUSX pabOTaIOT CTadu IITAMIIOB ropsiueii 00-
padoTKH AaBjeHHeM. 1IX CTpyKTypbl, MEXaHMUECKHE U IKCILUTyaTallMOHHBIE CBOMCT-
Ba HE JOJDKHBI M3MEHATHCA (yXyamarhes) mpu HarpeBanuu 10 400...600 °C. ITomu-
MO TEIIO — ¥ OKAJIMNHOCTOMKOCTH 3TH CTAJIH JIOJDKHBI 00J1a7aTh Pa3rapocTOMKOCThIO
— ycmouyugocmoio K 06pazosanuto nogepxnocmuvix ("pazeapuuix”) mpewun, ctTumy-
JUPYEMBIX MHOTOKPAaTHBIMHM ITMKJIAaMH HarpeB <> oxyaxjaeHue. Kommiekc 3Tux
CBOMCTB JJOCTUTAETCS] MPUMEHEHUEM CTajIell ¢ MOHMKEHHBIM COJICP’KaHUEM YIIIepojia
(0,3...0,6 %C) — 3X2B8®D, 4X5B2dC, 5XHM, obOpabarbiBaeMbiM Ha CTPYKTYpPY
TPOOCTHTA MM copOHTa OoTIycka (Temmeparypa ormycka ~ 500...630 °C) u TBep-
nocts 42...50 HRC,,.

B 3akitoueHne oTMETHUM, YTO JTAHHBIN pa3aen 2.3 COAEPKUT MHOTOUYHUCIICHHBIE
PUMEPBI GIUAHUSL XUMUYECKO20 COCMABA (lecupo8anusl) Ha CMPYKmMypy U C8olcmed

Cnjaeoes.
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Buumanue!
Oceous smom pazden’ (pazden 2.3) u ne 3a6v18, KOHEUHO, OCHOBHbIE NOLOMHCE-
Hus pazoenos 2.1 u 2.2, Bvi denaeme pewumenvuyio 3aa6Ky Ha ecmynienue 6 «Knyo
3HAMOKO8 Memanlo8e0eHUs», CHOCOOHBIX 8blOUpamb CManu (21asHvle Mamepuavl
npomvluienHocmu!) 0 uzoenuti pasiuyno2o HasHavenus. B smom Buvl ybeoumecs,

omeenmue no mpaduuuu HA 60npocsl ons CaAMONpoO6EPKU.

Bonpocsl aj1s1 camonpoBepku Kk Teme 2.3

1. Kakue ctanu Ha3bIBarOTCS JIESTUPOBAHHBIMHA?

2. Kak BIUSIOT JETUpYyIOLIUe 3JIEMEHThI Ha moiuMopdusm sxene3a? CpaBHHUTE
KJIaCCU(UKAIMIO YTIEPOJUCTBIX U JIETUPOBAHHBIX CTajed IO pPaBHOBECHOMU
CTPYKTYpE.

3. Ha xakue Kiacchl J€ATCs JETHPOBAHHBIE CTAIM [0 CTPYKTYPE HOpMalM3a-
nuu? Ha yem ocHoBaHa »Ta Kiaccudukanus?

4. Yto Takoe npokanuBaeMocTh? Kakoil XapakTepuCTUKOW OLEHUBAIOT €€ Be-
mnurHy? KakoB mpakTUYECKHii yTh MOBBIIIEHUS TPOKATUBAEMOCTH?

5. KakoBa npuHIMNHAIBHAS CBA3b MEXAY pa3MepoM (CEYEHUEM) U3AEIUS U
BBIOOPOM MapKH UCIIOJIb3yEMOM /1JIsl HETO CTaju?

6. UTo Takoe «0CTaTOYHbIN aycTeHUT»? KakoBa MpuyrHa €ro NosiBJICHUS ?

7. loyemy nmist M3nenui W3 JIETUPOBAHHBIX CTAJIEH YACTO MPUMEHSIOT «obpa-
OOTKy X0JI010M», B YeM OHa 3akiitouaercsi? Kaxosa ee nensb?

8. [lepeunciure Hanbosee pacnpoOCTPAHEHHBIE TPYIIIBI KOHCTPYKIMOHHBIX Jie-
TUpOBaHHBIX cTasieil. KakoB NpUHIUIT KX MapKUPOBKU?

9. K xako#i rpynmne npuHaiiexxut ctaib 20XI'HP? [IpuBenure ee Xumudeckuii
COCTaB W MOCJEA0BATEIbHOCTh TEXHOJOIMYECKUX ONepaluuid, OpMUPYIOIINX OKOH-
YaTeNbHYIO CTPYKTYPY THUIOBBIX U3AEIHI U3 3TON CTaIH.

10. IlpuBeaute 2-3 mMapku yaydllaeMbIX cTaneu, pacmmdpyite ux. [louemy
X Tak Has3pBatoT? [l Kakoro Twma u3aenuid ux oObdHO mpuMeHsoT? Kakosa

OKOHYATENbHAsl CTPYKTYpa TaKUX U3JETHI?

! YKenarenpHO TakKe BBITOIHEHHE TaGOPATOPHEIX paboT 7 1 8.
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11. Kakyto cranp cienyer BbIOpaTh IJIsl U3TOTOBJICHUSI HArpy>KEHHBIX BaJIOB
nrameTpoM > 100 Mm?

12. IlpuBeguTe MapKu M XUMHUYECKHE COCTAaBbl KaKUX-IHUOO pPECCOpPHO-
IIPY’>KMHHBIX U ITOJIIUITHUKOBBIX CTAJIEH.

Kakyro TepmMoo0OpabOTKy NPUMEHSIOT JUIsl COOTBETCTBYIOIMX n3aenuii? Kako-
Ba OKOHYATEJIbHASL CTPYKTYPA 3TUX U3IEITHNA?

13. ITpuBeauTe HECKOJIBKO MAPOK M XMMHYECKHE COCTaBBI CTAJNEU IUIS PEKY-
IIEro ¥ M3MEPUTENBLHOIO MHCTpyMeHTa. Kakas Tepmuyeckas o0paboTKa NpUMEHSIET-
Csl 17151 TAKOTO MHCTPYMEHTA, KaKOBa JI0JKHA OBITh €T0 CTPYKTypa?

14. ITpuBenute MapKy CTajlu JUIsl MHCTPYMEHTA, UCIIOJIb3YEMOTO IIpU 00padoT-
K€ M3JeJIMid Ha OOJBIINX CKOPOCTAX pe3aHusi. KakoBO OCHOBHOE JTOCTOMHCTBO TaKUX
cTajneu?

15 IIpuBenure 1o 1-2 MapKu HHCTPYMEHTAIBHBIX CTAJIEH I XOJIOAHOIO U TO-
psiuero aepopMUpPOBaHUs METAJIOB, pacuiudpyiTe ux. B yem npuHuunuaibHOE OT-
JAMYMEe XUMUYECKOTO COCTaBa U PEKUMOB TEPMUYECKON 00paOOTKH cTajnei 3TuxX JIByX

rpynm?
IIpoMexkyTOoOUYHBIE TEeCThl KTeme 2.3

I. Vkaxure nBa XMMHUYECKHX OJICMECHTA, OTBCTCTBCHHBIX 3a q)OpMI/IpOBaHI/IC

CTPYKTYPBI CTaJ€ll ayCTEHUTHOIO KJIacca:

1) Mo;
2) Mn;
3) Cr;
4) Ni;
5)W.

II. Kakoe U3 nepeyncieHHbIX YTBEPKICHUI HEBEPHO?
CKBO3HOI POKATMBAEMOCTH MOKHO TOOUTHCS:

1) yMeHbBIIIEHUEM KPUTHYECKON CKOPOCTH 3aKaJIKH;

2) yMEHBIIEHUEM JTUAMETPA U3ECITUS;

3) YMEHBIIIEHUEM CKOPOCTH OXJIAXKJICHUS TIPU 3aKAJIKE;
4) yBEJIMYEHUEM CKOPOCTHU OXJIAXKICHUS;

5) nerupoBaHUEM CTaJIH.
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I1I. B kako# U3 MepevrCcIEHHbIX MAPOK CTaJeil MOoCcie 3aKaJIKu OyIeT Hau-

OoubIIee KOJIMYECTBO OCTATOYHOTO aYCTCHI/ITa?

1.V 10.

2. 40X.

3. P6MS.

4. XBI'.

5. I8X2H4MA.

IV. Kakue onepanuu (yKaXUTe UX MOCIEI0BATEIHOCTD) HEOOXOAUMBI JIJIsI
MPUJAHUS IECTEPHH, U3roTOBICHHON 13 cTtanu 18XI'T, onTUManbHBIX MEXaHUYE-
CKHMX CBOMCTB?

1. 3akanka.

2. OTxwr.

3. Bricokuii OTIyCK.
4. Huzkuii OTITyCK.
5. llemenTanmsi.

V. Kakyto CTpyKTypy UMEIOT U3AETUs U3 yIydllaeMbIX CTajel mocie cTaH-
JApTHOM TEPMUYECKOM 00pabOTKuU?

1. MapTeHCcHuT + HEeMEHTUT BTOPUYHBIM.
2. MapTteHcuT oTycKa.

3. CopOur oTIrycka.

4. TpoocTHT.

5. MapreHcur + deppur.

VI. KakoBa cTpyKkTypa AeTanei NOAMMIHUKOB KaY€HHsI MI0CIE TPAMOTHO MPO-
BEJICHHOU TepMHUUYECKOU 00pabOTKH?

1. MapreHcur.

2. MapTeHcuT oTIycKa.

3. [lepnut + BTOpUYHBIE KApOUIBI.

4. MapTeHCHUT OTITyCKa + BTOPUYHBIE KapOU/IbI.
5. Tpoocrtur.

VII. Yto Takoe TEMIOCTOMKOCTh CIiaBa’?

1. CiocoOHOCTH BBIAEPKUBATH BBICOKUE TEMIIEPATYPHI.

2. CnocoOHOCTh HE U3MEHATh Pa3Mepbl U3ENHs PYU HArPEBaHUU.

3. C1ocoOHOCTh COXPaHATh BHICOKYIO TBEPJOCTh MPHU JUIUTEIILHOM Harpe-
BE.

4. CnocoOHOCTb HE OKUCIIATHCS MTPH BBICOKUX TEMIIEPATYPAX.

5. )KaponpodHOCTb.
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VIII. Kakyro Mapky cTanu ciaeayeT UCIOIb30BaTh sl HHCTPYMEHTa, 00pada-

TBIBAIOIICTO JCTAJIM Ha OOJIBIINX CKOPOCTAX pCSaHI/ISI?

1. 08.
2.V¥8.

3. XBI.
4. P6MS.
5.VI2.

[X. Kakyto cranb cieayeT npeanovyecTb 1k U3rOTOBICHUSI OTBETCTBEHHBIX

3y0uaThIX Kosec ceueHueM > 100 mm?

1. 40X.

2.45.

3. 30XT'CA.

4. 40XH.
5.36X2H2M®A.

X. Kakast ocHOBHasl 11eJ1b JIETMpOBaHUsI OOJIBIIUHCTBA (T.€. HaubOoJIee IKOHO-
MUYHBIX) CTAJICH?

1. CHM>XKEHHE CTOMMOCTH.

2. IToBblllIeHUE TBEPIOCTH.

3. IloBblllIeHHE N3HOCOCTOMKOCTH.
4. YBenuueHue NpoKaJIMBa€MOCTH.
5. IloBbllIeHNE YIapHOU BA3KOCTH.
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SAKJIIOYEHMUE

Wrak, u3yunB Bce TeMbl 2—ii yacTu «OnOpHOro KOHCHEKTa», Bel Moxxere Ha-
IOJIHUTh «CTPYKTYPHYIO CXeMy MarepuanoBefeHus» (cMm. Beenenue, puc. B.1) kon-
KPETHBIM COJIepkKaHueM (HACTOSITEIbHO PEKOMEHIYEeM CHeNaTh 3TO, M0J00paB Kak
MO>KHO OOJIbLIIE IPUMEPOB U3 OCBOCHHOT'O MaTepuaia KOHCIEKTA).

Ha sToMm pabota ¢ «OnopHbIM KOHCIIEKTOMY 3aKaHYMBaeTCs. B HEM M310KeHBI
OCHOBBI CTPOCHHS METAJUIMYECKUX CIUIABOB U Ha MpHUMepe cTayiel — Haubosee pac-
IPOCTPAaHEHHBIX MPOMBIIIIEHHBIX MAaTEPUAJIOB — MOKa3aHbl A((EKTUBHBIEC IyTH OII-
TAMM3ALUU UX CBOMCTB ITyTEM M3MEHEHUS XMMHYECKOIO COCTaBa U CTPYKTYphL. Ta-
KUM 00pa3oM, MPOIEMOHCTPUPOBAHBI «CTPYKTYPHBIE CBSA3H MATEPHAIOBEACHUSD) (CM.
BBeneHue), 3HaHME KOTOPBIX MO3BOJSET MPOU3BOAUTH ONTHMAJbHBIA BbIOOp Marte-
pHAJTIOB M TEXHOJIOTHI MX 00paOOTKU JUIsl U3JENHIM pa3IMYHOrO Ha3HaueHus. Beipa-
00TKa TaKOro YMEHUS SBJIETCS LIETIbI0O MOATOTOBKH MHKEHEPOB B 00JIaCTU MaTepHa-
JIOBEICHHSIL.

BoiHyXIeHBI ¢ COXKaJeHHEM OTMETUTh, YTO MpobiieMa BbIOOpa MaTepHalioB B
IIpoLecce KOHCTPYUPOBAHUS PA3JIMUHBIX U3JEIUM SABIISETCS BECbMa CIIOKHOM 3aja-
yeil. Ee pemenue 3aBUCUT OT TPaMOTHOIO y4eTa MHOKECTBa (PaKTOPOB, OMPEIEIISIIO-
IIMX SKCIUIyaTallMOHHBIE W TEXHOJIOTMYECKHE CBOMCTBA MaTepHalla, a TaKKe €ro
CTOMMOCTb M SKOHOMUYHOCTb T€XHOJOTUN M3TOTOBJICHUS U YIPOUHSIOUIEH 00padoT-
KW U3JETUS.

B ¢Bs13u ¢ 3TUM CTpOroro ajaropurMa peueHus: npodieMsl BbIOOpa MaTepuaioB
He cyniecTByeT. Kaxaplii KOHCTPYKTOpP pemIaeT 3Ty 3aAady, UCXOAS U3 CBOETO Ipo-
W3BOJACTBEHHOI'O OIIbITA U 3HAHUM; 3HAHWM, B NEPBYIO OYEPEIb, OCHOBHBIX 3aKOHO-
MEpPHOCTEN MaTEPUATIOBEICHUS.

Haunbonee momHo Kpyr BONPOCOB, CBSI3AHHBIX C BBIOOPOM MaTEpHAJIOB, OCBE-
mieH B yueOHo# [1...3], a Taxxke [15, 17, 25, 27, 28] u cneunanbHoi [32, 33] muTepa-
Type.

B nannom kypce u cootBeTcTBeHHO — HactosimeMm Y MK 3anaga BeiOopa mare-
pHaJIOB €CTECTBEHHO B OoJiee CyKEHHOM (opMaTe MOCTaBjeHa BO BTOPOHM 4YacTH

KOHTPOJIbHOUN paOOTBhI.
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B MeTOAMYECKUX YKA3aHUAX K BBIIOJHEHHUIO KOHTPOJIBHBIX Pa0OT MPUBEIEHBI
PEKOMEH/IAINH 10 PEIICHHIO ITOMN 3a/1a4H.

B 3akimouenue eme pa3 OTMETHM, YTO TeMbl «ONMOPHOr0 KOHCIIEKTA» SIBJIs-
I0TCSl HauGoJiee BAsKHBLIMHE B Kypce MaTePHAJIOBEIEHHsI, UX OCBOCHHE COBEPIIEH-
HO HEOOXOMMO /IS BBINOJHEHHUS JTa00PATOPHBIX U KOHTPOJIBHBIX PAbOT U, KOHEYHO,
- C/lauM JK3aMeHa.

OCHOBHBIE TIOJIOKEHHS IPYTUX Pa3ieloB (CM. TEMATUYECKUH IUIAH U CTPYK-
TYPHYIO CXEMY JUCLMILUIMHBI — CTp. 31) Takke CiemyeT M3y4uTh, KaXKIbli pa3 o0pa-
mas ocoboe Baumanue Ha cBsa3b Tpex C: Cocras — Ctpykrypa — Caoiictea. B
YACTHOCTH, TIPH BBIIOJHEHHH KOHTPOJIBHBIX PaOOT MOHAM00ATCS CBEAEHHS O CTAIX

U CIUIaBax ¢ 0COOBIMH CBOﬁCTBaMH, IBCTHLBIX CINNIaABAX U APYIHX MAaTCpHUaJIaX.
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OTBETBI HA ITPOMEXYTOYHBIE TECTbBI

Tema

Bormpoc tecta
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~
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3.3. YYEBHOE IIOCOBME (QJIEKTPOHHBIN YYEBHUK)

Kax ormeuanocs Bbiie, TeMbl «ONOPHOTO KOHCIIEKTa» 00s13aTeNbHBI M5 TIA-
TEJTBLHOT'0 U3YUYEHHS, TaK KaK OHU COCTaBJISIIOT OCHOBY MeTasuioBeAeHus. OaHako s
MOJIHOTO OCBOEHUS Kypca «MarepranoBe/IeHHE», B YACTHOCTU PEUICHUS HEKOTOPBIX
3a/lady KOHTPOJIbHOW pPabOThl, HEOOXOAUMO OOpallleHHe K CHEIUaIbHBIM pa3iesinam
y4eOHO! JTUTEepaTyphl.

JlocTaToOYHO MOJHBIN CIUCOK Y4eOHOM U CTIeHAIbHOMN (ITOJIE3HOM TIPH BBITOJ-
HEHUM KOHTPOJBHBIX, KYPCOBBIX W JUIUIOMHBIX pa0OOT) JUTEpaTypbl MPUBEIEH Ha
ctp. 36...38. B ciyuae 3aTpyIHEHHOTO JOCTyNa K MEYaTHBIM U3/IaHUSIM B KaueCTBE
«ckopoit momornu» Ha http://www.elib.nwpi.ru u http://metall-2006.narod.ru. npen-
JIararoTCs «3JEKTPOHHbBIE YUCOHUKI.

B nmanrom YMK 6a3oif 1151 co3maHus TaKOTO MOCOOHS («IJIEKTPOHHOTO y4eo-
HUKa») mociayxuiau MoHorpaduu [1] u [8]. Marepuan, conepxamuiics B [8], peko-
MEHJIyeTCs JJIsl U3YUYEHHs YacTh | TeMaTUYeCKOro IJjiaHa JUCUUILIMHEL, a JJIsi OCBOE-

HUS OCTaJIbHBIX €0 YacTel — pa3ensl yueOnuka [1].


http://www.elib.nwpi.ru/
http://metall-2006.narod.ru.html/
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3.4. METOANYECKHUE YKA3AHMUSA K BBIIIOJIHEHUIO
JIABOPATOPHBIX PABOT

BBEAEHUE

“MatepuasioBe/ieHue” - OJIHa U3 OCHOBHBIX OOIIEMH)KEHEPHBIX IUCIUIUIMH.
WNuxenep N0KEH yMETh MPaBUIBHO BHIOMPATh MaTepual U TEXHOJOTHI0 ero oodpa-
OOTKM C LIETbIO MOJTYYEHUS 33JJaHHOM CTPYKTYpPhI U CBOMCTB, 00ECIIEUMBAIOIINUX BbI-
COKYI0 HaJIe)KHOCTh M JIOJITOBEYHOCTh H3JENINN Pa3IMYHOr0 Ha3HAdYeHHs (IeTaneu
MallliH, IpUOOPOB, KOHCTPYKIMMA, UHCTPYMEHTA U Ap.).

Hacrosmme meroanueckue yka3aHHs BKIIOYAOT omnucaHue 13 mabopaTopHbIX
paboT, MOCBSIIEHHBIX TJIABHBIM O00pa3oM CTPOCHHUIO M CBOMCTBAM METALNTUYECKUX
CIUTABOB — OCHOBHBIX KOHCTPYKIIMOHHBIX MaT€pPUaAIOB MAIIMHO- U IPUOOPOCTPOCHHUS.
Oco0oe BHMMaHUE YIEIECHO BO3ACHCTBUIO TEXHOJIOTMYECKUX (PAKTOPOB (TepMuye-
CKOI1 00paboTKM; 00pabOTKM NaBIEHUEM) Ha CTPYKTYPY M CBOIMCTBA METaNTMYECKUX
MaTepHaJIOB.

OOpamaem Barie BHUMaHue Ha TO, 4TO JJAOOpATOPHBIE PAOOTHI — 00sA3aTENbHBIN
BUJ| 3aHSATUH, OHU BBINOJHSIOTCS WHAMBUAYAIbHO KaKIbIM CTYAEHTOM B jJaboparo-
puu xkadeapsl matepuanoseacHus C3TY (a.116, yn. Munnuonnas, 1.6). Konuuectso
U TeMaTHKa Ja0opaTOpHBIX pabOT BBIOMpAETCsl MpEernojiaBaTeeM B 3aBUCUMOCTH OT
CHEUATbHOCTH U YY€OHOTO TJIaHa IPYMIbl CTYIEHTOB.

OcHOBHBIC eI METOANYECKHX YKA3AHUH CJIeyIoIue:

1. IToMo1b CTy/I€HTaM B YCBOCHHH M 3aKPEIUVIEHUH TEOPETHYECKOr0 MaTepua-
Ja Kypca.

2. [IpakTueckoe OCBOEHHWE METOJOB M3YYEHHS CTPYKTYPhl METALTUYECKUX
U3JIETIUI U 3aTOTOBOK.

3. BolpaboTka yMeHUs LeNeHaNpaBICHHOTO0 U3MEHEHUS! CTPYKTYPbl U CBOMCTB
MaTepuajoB MyTeM BHEIIHUX BO3JCUCTBUI - TEPMHUECKOH O0OpabOTKH, IacThye-
CKOH aedopmMarum.

4. Pa3BuTHE HAaBBIKOB OOpaOOTKM M aHAIM3a MOJTYYEHHBIX SKCIEPUMEHTAIIb-
HBIX JaHHBIX C UCIOJIb30BAHUEM BBIYUCINUTEIbHON TEXHUKH.

Onucanue Kaxa0i pabOThl BKIIOYAET pa3/ieibl, MO3BOJISIONIME YCBOUTH LENb
JAHHOUM pabOThl, METOJIMKY €€ BBINOJHEHUS U TpeOOBaHUA MO O(POPMIIEHUIO OTYETA.
[IpuBeneHHbIE TEOPETUUYECKUE CBEIECHMS JOCTATOYHBI UIsI OCO3HAHHOI'O CAMOCTOSI-
TEJBHOTO PEIICHUs MOCTaBICHHBIX 3a7ad, MO3TOMY OOpalleHHE K JOMOTHUTEIbHOM

auTepatype He Tpedyercsa. B ciyyae BOSHUKHOBEHHs 3aTpPyIHEHHUH CIEIyeT Mpopa-
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00TaTh COOTBETCTBYIOIIMA MaTepUaN MO OJHOMY U3 PEKOMEHAYEMBIX HIDKE YUeOHU-
koB [1...4].

PadoTal

N3YUYEHUE CTPYKTYPbBI METAJIVIOB U CIIVTABOB METOJIAMMU
MAKPOCKOIIMYECKOI'O U MUKPOCKOITMYECKOI'O AHAJIM3A

I.Ileas paGoTbl
O3HaKOMIIEHHE C METOJaMU MAaKPOCKOIMYECKOT0 aHajinu3a U OCHOBAMHU MHMKPO-
CKOIMYECKOTO aHau3a CTPYKTYPhl METALTMYECKUX MaTtepuasioB. [Ipuodperenue Ha-

BBIKOB PabOThI ¢ METAJUIOrPAPUIECKUM MUKPOCKOIIOM.

II.TeopeTnueckoe 0600CHOBaHHE

N3yyeHue cBsI3U MEXIy CTpPOECHHEM (CTPYKTYpOH) M CBOMCTBaMHM MaTEpHUAJIOB
SIBJIIETCS. OCHOBHOM 3ajauel MarepuanoBencHus. [IoHsITHE CTPYyKTyphbl BKIKOYAET B
ce0sl TUIT U OTHOCHUTEIbHOE KOJMYECTBO (a3, MPUCYTCTBYIOIIMX B MaTepuaie, (hop-
MY, pa3Mephl U B3aMMHOE PAcIONOXKEHUE KPUCTAIUIOB 3TUX (a3, a TaKkKe pa3InyHbIe
MeTajutypruyeckue 1eeKTsl nu3enui (3aroToBokK, 00pasios).

Hekoropble U3 yka3aHHBIX XapaKTEPUCTUK CTPYKTYPbl MaTEPUAIIOB MOXKHO H3Y-
YaTh HEBOOPYKEHHBIM IJ1a30M, JPYTHE - JIUIb C MTOMOIIBI0 MUKPOCKOIIA, COOTBETCT-
BEHHO, Pa3Ju4yarOT METOAbl MAKpPOCKONMMYECKOTO U MHUKPOCKOIMUYECKOTO aHaau3a
(MaKpo- ¥ MUKpOaHaJIN3a).

Ocnoevl makpoananusa

MaxkpoaHayu3 - 3T0 aHaJu3 MaKpOCTPYKTYpPbl MAT€pUAIOB, U3y4aeMOW HEBOO-
PY>KEHHBIM TJ1a30M WM C OMONIbI0 Jaymnbl (yBenuuenue a0 30 pa3). [lonsTHO, 4TO
TaKOW METOJ MCCIEAOBAHUS JAET OTPAaHMYEHHYIO0 MH(OPMALMIO O CTPYKType MaTe-
puana, OJJHaKo, B CHJIy €ro JOCTYITHOCTH U BO3MOXXHOCTH OJJHOBPEMEHHOI'O H3yYe-
HUsl OOJIBIION TUIOIIAU M3JIETUsl, OH IIMPOKO MPUMEHSAETCS B 3aBOJICKON MPAKTUKE
JUI KOHTpPOJISI KaueCcTBa JHTHIX, KOBAHBIX, CBAPHBIX U TEPMUYECKH OOpPaOOTaHHBIX
3aroTOBOK U U3JICIINH.

Pazamnuarot Tpu cnocod6a usydeHuss MAKpPOCTPYKTYPbI:

1 - OCMOTp KOHTPOJHMPYEMOl MOBEPXHOCTU TOTOBOI'O M3JENHs (3arOTOBKH), 3TO -

HEepa3pyILIAIIUA METOA KOHTPOJIS;
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2 - u3y4eHune U3JI0MOB KOHTPOJIbHBIX 00pa3LoB WK Pa3pyIICHHBIX JeTalICH;
3 - aHANM3 CTPYKTYPHI CIIEHUATBHO MPUTOTOBJIEHHBIX 00Pa3I0OB - MaKpOILTU(OB.

C momol11pi0 NEPBOro BUAa MaKpOAHAIN3a BBIABISIIOTCA JE(EKThI, PACIOI0KEH-
HBbI€ Ha TIOBEPXHOCTH M3JEIHI: 3TO TPEIIMHBI PA3TUYHON MPUPObl (JIUTECHHbIE, Je-
(opMalMOHHBIE, 3aKaJIOYHbIE U Jp.), HECIUIOMIHOCTHU (yCaJOYHbIE MyCTOTHI, Ta30BbIE
PaKoOBUHBI B JJUTOM METaljIe), HEMETAIUIMUECKHE BKIIIOUeHus (IIJIaKoBbIe, (hparMeH-
Thl JUTEHHOU (opMmbl). YacTo Jake TaKOW MPOCTOM CHOCOO KOHTPOJIS MO3BOJISIET
C/eJIaTh 3aKI0YEHUE O BO3MOKHOCTH JAJIbHEUILEr0 UCIIONb30BAHUS U3IEIH.

bonee neranpHble CBEIEHUS O MAaTepUaie AACT U3yYEHHE M3JIOMOB - IOBEPXHO-
CTell pa3pyuieHus: 00pa3loB WU U3IEIHM.

Pa3znnuaror 1Ba OCHOBHBIX BHJAa HM3JIOMOB: BSI3KMU (BOJIOKHHCTBIM) M XPYHKUN
(KpUCTALITUYECKUIA).

Bsi3knii M3J10M XapakTepHU3yeTcsi MaTOBO-CEPhIM OTTEHKOM, OOBIYHO MUMEET He-
poBHYIO opMy (BBICTYIIbI, BIaANUHbI). Bce 3TH Mpu3Hakyu - CIeACTBUE 3HAYUTEIbHOM
IUTACTUYECKON JiepopMaluy, MPEALIECTBOBABIIECH pa3pyLIEHUIO METAJLIA.

B xpynkoMm Merasuie mpu pa3pylIeHHH OTCYTCTBYET 3aMETHas IIacTHYecKas Jie-
(dopMmanusi, OHO MPOUCXOIUT MO TPaHHUIAM 3€PEH WIM IJIOCKOCTSAM JIETKOTO CKOJia
BHYTpH 3epeH. [Ipu 3TOM MOBEPXHOCTH pa3pylICHHs] OCTAIOTCS MPAKTUYECKH HEMo-
BPEKJICHHBIMA M XOPOIIO OTPAXKAIOT Najaroluid cBeT. [loaToMy Xpynkui u3Jiom
UMEET 3€pHUCTHIN penbed, COCTOSIMIMN U3 MHOKECTBa OiecTalmx rpaHe (acerox).
®opMa u3IoMa OTHOCUTEIBHO POBHAs, O€3 CIIe10B MaKPOCKOIUYECKOU AeOopMari.

Ha npakTtuke yacTo HaOIIOJal0TCS CMEIIAHHbIE U3JIOMBI Pa3IMYHOTO BU/A.

Xpynkoe paspylieHre HauOojiee OmacHO, TaK Kak BO3HUKAET BHe3amHO (0e3
MIpEeABAPUTEILHON TIACTHYECKON JepopMaluy, CUTHAIM3UPYIOLIEH O Havajle Hexe-
JaTEeNIbHOTO MPOIECCa) U PaCIpPOCTpaHsIeTcs: ¢ O0MbIIoNi ckopocThio. [ToaTomy mpu-
YUHBI MOSABJICHUS] XPYNKOTO M3JIOMa JOJIKHBI OBITh THIATEIBHO MPOAHAIU3UPOBAHBI.
IIpu 5TOM HagO UMETH B BUIY, UTO IOMUMO HU3KOMW IMJIACTUYHOCTU MAaTepualia, Bbl-
OpaHHOTO JJI1 JAHHOTO MPUMEHEHHUS, XPYITKOMY Pa3pyIICHUIO CTIOCOOCTBYIOT TaKXKe

HHU3KHUC TCMIICPATYPhI 3KCILTyaTallu, JTHHAMUYCCKUC (YI[apHBIe) Harpy3kKm U KOHCT-
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PYKTUBHBIE TIOTPENTHOCTH - HAJTMYHUE B HATPYKEHHBIX MECTaX W3/IETUs BHITOUCK, Tall-
TeJei, OTBEPCTUH, UTPAIOIUX POJIb KOHIIECHTPATOPOB HAMPSKEHUH.

B03MOXHOH MPUYMHONW XPYNKOro pa3pylIEHUs MOXKET OBbITh TaKXe HapyllIeHUE
peknuMa TepMUYECKOW 00pabOTKHM WJIM €r0 HeNpaBUJIbHBIN BbIOOp. Tak, mpu 3aBbl-
[IEHHOW TeMIIepaType HarpeBa CTaM MoJ 3akalKy (“reperpeBe’”) 3HAYUTENbHO YK-
PYHIHSETCS 3€pHO, NAJAaeT yIapHas BSI3KOCTb. B 3TOM cilydyae XpynKuid KpyIHO3EpHU-
CTBIN U3JIOM UMEET XapaKTepHoe “HadTaTuHUCTOE” WU “KaMHEBUIHOE CTPOCHHE.

Bun n3noma mo3BossieT onpeaenuTh NpOKaTMBAEMOCTb CTalu - CIIOCOOHOCTh €€
3aKaJIMBAaTbCAd Ha OIpEeTCHHYI0 MIyOuHy. B 3akameHHOM (MOBEPXHOCTHOM) CIIOE€
U3JIOM HMMEET OYEHb MEJKOE 3€pHO, OH MATOBBIM, B HE3aKaJICHHOW CEpJILIEBUHE
CTpO€HHE H3j10Ma Oojee rpyboe - KpylnHO3epHUCTOE Wi Bsizkoe. [lo 3Toil ke mpu-
YUHE U3YYCHHE U3JIOMa MOXKET ObITh UCIOIB30BAHO ISl KOHTPOJISL PeKUMa TEXHOJIO-
TMYECKOro IMpoliecca MOBEPXHOCTHOM 3aKalKyd WM XMMHKO-TEPMUYECKOU 00pabdoT-
KW - OMpeAeNieHns TIyOWHBI YIPOYHEHHOTO CJIOS. 3aKaJICHHBIA W IIEMEHTOBAHHBIN
CJIOH - MEJIKO3E€PHUCTHIE, 3aMETHO OTINYAIOTCS IO BUY OT CEPALICBUHBI.

Haubonee TpyaoeMKuM, HO U caMbIM UH(OPMATUBHBIM METOJOM MaKpOaHajIn3a
ABJISIETCSI U3YUYCHUE CTPYKTYPHI U N€(PEKTOB U3ACIUNA C MOMOIIbI0 MAKPOULTU(OB.
3aroToBKU IS TaKUX HUIM(OB BBHIPE3aAIOT W3 W3JENUS B ONPEJCICHHOM HarpaBJe-
HUU, THIATEIHHO NUTH(YIOT U MOABEPTaIOT TpaBieHUI0. PeakTuB (TpaBuTENh) Hanbo-
Jee aKTUBHO pearupyer ¢ IpaHHIlaMHU 3€peH, TPEIIMHAMH, MopaMu, HeMeTauihye-
CKMMH BKIIFOUCHHSIMU. B pe3ysibpTaTe Ha MOBEPXHOCTH MaKpolUIi(da co3gaeTcs peib-
e, BBISBIISIONINN CTPOCHUE U e(PEKTHI METaIA.

Ananmm3 makponuindoB gaeT UHGOPMAILUIO O CTPOCHUU JIUTOTO U AehOopMUPO-
BaHHOI'O METajlla U, COOTBETCTBEHHO, MO3BOJISIET YCTAHOBUTH TEXHOJIOTUIO U3rOTOB-
JICHUS U30CIUN.

B 3aBHCHMOCTH OT yCIIOBUN OXJIXKJEHUS KUJKOIO METalljla B pa3JIMYHBIX Yac-
TSX W3JOKHUIBI KPUCTALIBI MPUOOPETAIOT OmpenesieHHbIE pa3Mepbl U (GopMy.
OOBIYHO pa3nUYarOT KOPKOBYIO 30HY (1), 30HBI cTONOUATHIX (2) M paBHOOCHBIX (3)
kpuctayoB (puc. 1.1).

BOau3u creHok HN3JI0KHUIIBI HanOoIbIIas CKOPOCTb OXJIAKACHUA pacIiiia-
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Ba, COOTBETCTBEHHO, MaKCHUMajbHasi CTEMEHb €ro IMEepPeoXJAXIACHUS U - Hanboiee
Menkoe 3epHo. [locie oO6pa3zoBaHMsI KOPKOBOM 30HBI KPUCTAJUIBI MPEUMYIIECTBEHHO
pacTyT B HaIpaBJIE€HUU HAWIYUYIIEro TEIIOOTBOJA, T.€. MEPHEHIUKYISIPHO CTEHKaM
(GOpMBI - TaKk BO3HHUKAET 30HA CTOJIOYATHIX KPUCTALIOB. B mocieaHow ouepean 3a-
TBEPJICBAET IIEHTP CJIUTKA, KOTJa CTENEHb MEePEeOXJIAKICHHS paciuiaBa B HEM JIOCTH-
racT HEOOXOAUMOTO YPOBHSA. 371eCh POCT KPHUCTAUIOB MPOHUCXOAWT O3 Tpe-

MMYIIECTBEHHOTO HAPAaBJICHUS - 00pa3yeTcs 30Ha PAaBHOOCHBIX KPUCTAILIIOB.

Puc.1.1. MakpocTpykTypa ciuTKka (cxema):
1 - kopkoBas 30Ha;
2 - 30Ha CTONOYATHIX KPUCTAJIOB;
3 - 30Ha PaBHOOCHBIX KPUCTAJJIOB;
4 - ycajo4yHasi paKkOBUHA

Makpoananu3 nuii@oB Mo3BOISET YCTAHOBUTH TaKXKe Ne(DEKTHI JIUTOTO METall-
Ja - yCaJOuHyl0 pakoBuHy (4, puc. 1.1), NOpUCTOCTh, MEKKPUCTAIIIUTHBIE TPEIIUHBI
U pa3’N4YHbIEe BUJIbI JIMKBALIMU - HEOJHOPOJHOCTH METaJljla 0 XUMHYECKOMY COCTa-
BY, CTPYKTYpE U HEMETAJUIMYECKUM BKJIIOUCHUSM. BOJIBITMHCTBO Je()EKTOB JIMTOTO
MeTajjia coxpaHsieTcs (BUIOU3MEHSSCHh) B Je(hOPMUPOBAHHOM (KOBAHOM, KAaTaHOM)
MeTaie.

Hanmame 3tux nedeKToB CyIIECTBEHHO BIUSET Ha MEXaHUYECKHE CBOMCTBA W3-
JIEJIU, TTIO3TOMY JIJIsl OLIEHKH XapaKTEPHBIX BUIOB J1€(PEKTOB CTAILHOIO MpoKaTa Cy-
niecTByIOT cranaaptabie mkaisl ([OCT 10243-75).

[Ipu ropsiueii 00pabOTKEe METAILIOB JaBJieHHEM (KOBKE, MPOKATKE, IITAMIIOBKE)
KpUCTAIbl  1€OPMUPYIOTCS, BBITSITUBAIOTCS BJIOJIb HampaBieHUs AedopMaliiu.
B 5TOM k€ HampaBi€eHHM pacloJiaraloTcsi U HEMETaUIMYeCKue BKIoYeHus. Bee 3to
co3faeT B e(OPMUPOBAHHOM METaJllIe CIOUCTYIO, BOJIOKHUCTYIO CTPYKTYpPY, OTUET-
JIMBO BBISBIISIEMYIO HA Makponuindax.

CBolicTBa TaKOTO METaJla CTAHOBSITCS aHU30TPOMHBIMH. [IpOoYHOCTBH, TIIACTHY-

HOCTb M yaapHas BA3KOCTDb BBIIIC B 06pa3uax, BbIPC3aHHBIX BAOJb BOJOKOH.
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910 HGO6XOI[I/IMO YUYUTBIBATH IIPU H3TOTOBJICHHMHU OTBCTCTBCHHBLIX z[eTaneﬁ -
JJIA TIOJTYUCHUS HAMJITYYIINX SKCILTYaTAlIUOHHBIX CBOMCTB BOJIOKHA HE AOJIKHBI IICPC-
pE3aTbCiad KOHTYypaMH JCTalIu. HOBTOMY MNpCANOYTUTCIbHBIMUA  ABJIAIOTCSA CIIOCOOBI

00pabOTKN METAILJIOB 1aBJICHUEM (10 CPAaBHEHUIO C PE3aHUEM).

OcHoebl mukpoananu3za

MuxpoaHaiu3 - UCCIeIOBAaHNE CTPYKTYpPhl MaT€pPUaAIOB C MOMOIIBIO MUKPO-
CKOMOB. boubliive yBennueHUs MO3BOJSIOT OMPEAENATh B 3TOM CIydae pa3Mephl,
¢dopMy, B3aMMHOE PaCTOJIOKEHUE U KOJIWYECTBO KPHUCTAIUIOB PAa3NU4HBIX (a3, T.e.
MHUKPOCTPYKTYpPY MaTepuaia.

HauOonbiiee  pacmpocTpaHeHWE€  UMEIOT ~ ONTHYECKUE  MHUKPOCKOIIBI.
Nx none3sHoe MakcuMalnbHOE yBEIW4YeHHE aocturaer npumepHo 1500 pas, a paspe-
IIaromiasi CioCOOHOCTh (HAUMEHBIIIEE PACCTOSHUE MEXTY JBYMS TOUKAaMU, MTPU KOTO-
poM OHM BUJIHBI pa3aenbHo) 0,2 MM (200 HM).

[TockombKy MeTauThl B BHAMMOM CBETE HEMPO3PAvHbI, VIS MCCIEIOBAHUS HX
CTPYKTYPBI B METAJUIOrPAPUIECKOM ONTHUYECKOM MHUKPOCKOIE HCIOJIB3YETCS METOJ
OTpPaXEHHUS MAJAIONIET0 CBETOBOTO TMOTOKA OT CIEUUaIbHO IMOATOTOBICHHOW IIO-
BEPXHOCTH 00pasIia.

OOpa3upl Uil TAKUX UCCIIEeNOBaHUNA (MUKpOUUIM(DBI) MOCe TIATEIbHOW MOJIU-
POBKH MOABEPTAIOTCS TPABJICHUIO - BO3JICHCTBHUIO CIEITUATHHBIMA XUMUYECKUMH pe-
akTUBaMH. TpaBUTENb C Pa3HOW MHTEHCUBHOCTBIO PEATUPYET C “TEIIOM’ 3€pPEH U UX
TpaHUIlaMU, C PA3IMYHBIMU (pa3aMu, CTPYKTYPHBIMH COCTaBISIONIMME. B pe3ynbpraTe
Ha MOJIMPOBAHHON MOBEPXHOCTH 00paslia BOZHUKAET MHUKpOpenbed, MPUBOIALIINN K
n30MpaTeIbHOMY OTPAKEHUIO MAJAIOIIEr0 CBETOBOTO MOTOKA M, COOTBETCTBEHHO, K
bopMUPOBAHUIO N300paKEHUSI MUKPOCTPYKTYPBI H3ydaeMoro oobekra (cm.puc. 1.2).

[IpuHiun paboThl HAa ONTUYECKHX MHUKPOCKOMAX PA3IUYHBIX KOHCTPYKIUH
OJIMHAKOB, MOCKOJIbKY /ISl MTOTYYEHHUSI YETKOTO M300paKeHHsI CTPYKTYpPhl HE0OXOA1-
MO COBMECTUTh IMOBEPXHOCTh MHUKpoOULIH(a ¢ (OKAIbHON IUIOCKOCTHIO OOBEKTHBA
Paccrosinne MexIy HUMHU PEryjJupyercs IMOCJIeJ0BaTelIbHO CHayalla MaKpOBHHTOM
rpyOoi HacTpOMKH, a 3aTeM, KOTJla U300pakKeHUE B OKYJIsipe 0OHApY>KEHO, OKOHYA-

TenbHast (POKYCHPOBKA - MUKPOMETPUUECKIUM BUHTOM.
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B nmocnegyromux padotax ONTHUYECKUA MUKPOCKOI OyJeT MIMPOKO MPUMEHSTh-
Csl JUIsl aHAJIM3a CTPYKTYPHI CIJIaBOB B PA3JIMYHBIX COCTOSIHUAX. B 3TOM pabore B Ka-

YCCTBC IIPUMCEpPA paCCMOTPUM METOA ONPEACICHUA pasMepa 3€pHa B METaJlIC.

Puc.1.2. Cxema oTpaxkeHHUS CBETOBBIX
Jydedl OT MPOTPaBIEHHON MOBEPXHOCTHU
MuKponntuda:

1 - 3epHa;

2 - TpaHULbI 3€PEH;

3 - HEMETaAJNINYECKOEe BKJIIOUECHHUE.

Pa3mep 3epHa sBISETCS BAXKHBIM MApaMETPOM CTPYKTYpbI, TaK KaKk OT HEro B
3HAYUTEIIBHOM MEPE 3aBHUCAT MEXAaHMYECKHE CBOMCTBA MeTauia. Tak, MpH MPOYUX
PaBHBIX YCJIOBHSIX MEIKO3EPHHUCTHIN MeTalll 00saiaeT O0bIIe MPOYHOCTHIO, TBEP-
JOCTBIO U YIAPHOM BA3KOCTBIO, YEM KPYITHO3EPHHUCTBIMN.

Cy1ecTBYIOT pa3jinyHble CIIOCOOBI ONPEAEICHUS BEJIMYMHBI 3€pHA - Ui CTalen
onu pernameHntupoBanbl ['OCT 5639-82.

HawnGonee mpoctoii — 3Kcnpecc-MeTo]] BH3YAJIbHOr0 CPaBHEHHsI H300pake-
HHSI € dTAJOHHBIMHM IIKaJaMu. Ha 3TanoHHBIX 1IKanax MpuBeaeHa MUKPOCTPYKTY-
pa ¢ pa3nUYHON BEJIMYMHOM 3€pHA, OLIEHUBAEMOW HOMEPOM OT -3 110 +14. OcHOBHOM
Jarna3oH MUKPOCTPYKTYp - ¢ HoMepoM 3epHa oT 1 g0 10 (Oonbuiuit HOMep COOT-
BETCTBYET MEHbIIIEMY 3€pHY) IIpH yBenudeHuu x100.

CrenmanbHO TOATOTOBIIEHHBIE JJIS BBISBICHUS 3€pHA 00pa3libl M3y4yaroT MIpU
100-kpaTHOM yBEJIMYEHUH U CPABHUBAIOT C ATAJOHHBIMU IIKamaMH. OTBICKAB aHAJIOT,

omnpenensoT HoMmep 3epHa. Ecnu mocnennuil BIXOAUT 3a npenensl 1...10 Homepos,

Tabnuna 1.1
[lepecuetr HOMepa 3epHa Ha cTaHAapTHOE yBeandeHnue (x100)
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UCTIOJB3YIOT APyTHE yBEIUUYEHUS U AaHHble Ta0a. 1.1. 3Has Homep 3epHa (N), MOXKHO

N+3
2

2
OLICHUTh KOJIMYECTBO 3€peH () Ha mIomaau B 1 MM~ 1o gpopMmyie n = , & TAKXKeE -

cpeaHioro 1omans S=1/n u cpeguuit tuamerp d =1/ Jn 3epHa.

II1. ITopsinok BbINOJIHEHUSI PA0OTHI
1. O3HaKOMUTBHCSA C OCHOBHBIMH METOJaMHU MaKpOaHaIH3a.
2. OcMmoTpeTh 00pa3ibl ¢ aedekraMu, HaOII0AaeMbIMU HAa MTOBEPXHOCTH U3/e-
JMI ¥ 3aTOTOBOK. Y CTAHOBUTH BO3MOXHYIO IPUUUHY TOSIBJICHUS 1€(PEKTOB.

3. U3yuuTh KOJIEKLIHIO U310MOB. OOpaTUTh BHUMAHUE HAa XapaKTEpHbIE MpPHU-
3HAKH BA3KOI'O U XPYIKOI'O U3JIOMOB, OIACATH UX.

4. I3yuuTth U3JI0Mbl 00pPA3OB, MPOLIEANINX MPEABAPUTEIHHO MOBEPXHOCTHYIO
3aKaKy 00 remeHTaruo. ComocTaBuTh BUJT 3aKaJICHHON (1100 1IEMEHTOBAHHON) U
He3aKkaJleHHOW vactel u3noma. OneHuTh NPUOIMKEHHO TIIyOMHY YNPOYHEHHOTO
CJIOA.

5. U3yunTth Makpouuiugsl CTaIbHBIX CIUTKOB. 3apUCOBATh U OMHCATh Xapak-
TEepHbIE 0COOCHHOCTHU PA3IMYHBIX 30H CIUTKA.

6. I3yunth makponumdsl aeTajieid, MpoUICAINX [IEMEHTAINI0. 3apucoBaTh,
OLIEHUTh NPUOIMIKEHHO IMTYyOHHY LIEMEHTOBAHHOTO CJIOSL.

7. N3yuuTh Makponuidsl JeTanei, U3roTOBICHHBIX METOJaMU 00pabOTKU Me-
TaJVIOB JABJIEHUEM. 3apUCOBATh OJIMH U3 HUX C YKA3aHUEM PACIIONOKEHUS BOJIOKOH
MeTaa.

8. O3HAKOMUTBCS C MPUHLMUIIOM Pa0OTHl ONTUYECKOTO MHKPOCKOMA U METOJIH-
KOI M3rOTOBJIEHUSI MUKPOLLTH(OB.

9. C noMoMIbi0 3TAIOHHBIX IIKaJ ONPEACIUTh HOMEP 3€pHa Ha OJHOM M3 MHUK-
pouundos.

IV. Conep:xanue oTyera

1. OcHOBHBIE METO/IbI U3YUYEHHSI MAKPOCTPYKTYPbl MaTEPHAJIOB.

2. XapaKTepHble NPU3HAKKA BSI3KOTO M XPYINKOro M3j10MOB. ONHCaHHE HU3JI0Ma
CTaJIbHOT0 00pa3lia ¢ yIPOYHEHHBIM MOBEPXHOCTHBIM CJI0EM (MIOBEPXHOCTHASI 3aKaJ-
Ka, nemeHTanus ). OreHka riayoruHbl YIPOYHEHHOTO CIIOSI.

3. PI/ICYHOK MaKpOCTPYKTYPHI CTAJILHOI'O CJIIMTKA C OITMCAHHUCM PA3JIMYHBIX 30H.
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4. PUCyHOK MakpOCTPYKTYpbl JIeTalu, Mpolleanei nemenranuto. OueHka riy-
OMHBI IEMEHTOBAHHOTO CJIOA.

5. PUCyHKH MaKpOCTPYKTYphl A€Talld, U3rOTOBJICHHON MeTogaMu oO0pabOoTKU
METaJJIOB JIaBlieHHeM (KOBKa, IITAaMIIOBKA) U pe3aHueM. KpaTkoe u3noxxeHue npudu-
HbI Pa3auyusl dKCIUTyaTallMOHHBIX CBOMCTB JI€TAJIEW, N3TOTOBJICHHBIX 10 3TUM JABYM
TE€XHOJIOTUSIM.

6. Kpatkoe onucanue METOAMKU MPUTOTOBIEHUST MUKpouutndoB. Cxema oTpa-
YKEHUSI CBETOBOI'O MOTOKA OT MPOTPABICHHON MOBEPXHOCTH MUKpouuinda.

7. 3apucoBKa MUKPOCTPYKTYPhl TEXHHUYECKOIO >KeJie3a U Pe3yibTaThl OINpeJie-

JICHU IMapaMeTpOB 3€pHA IO MCTOAY CPAaBHCHMS C OTAJTOHHBIMHU IIKAaJIaMH.

Jdureparypa:[l],c.7..11,33..35,77..79, 162..165, nnu [3], ¢.69..73 nmu [4], c.32, 33, 47..49.

PadoTa2

JAUATPAMMBI COCTOSHUA U CTPYKTYPA
JIBOMHBIX CILIABOB

I. Ileas padoTbl
O3HakoMIIEHHE C OCHOBaMHU MOCTPOCHHS U aHaiIM3a Juarpamm coctostHusi. Hc-
MOJIb30BAHUE JUATPAMM COCTOSTHUS ISl U3Y4YEHHSs Tpoiecca (GOpMUPOBAHUS CTPYK-

TYp CINIaBOB U OIIPCACICHUA NX XUMHUYCCKOI'O COCTaBa I10 CTPYKTYPC.

I1. TeopeTnueckoe 000CHOBaHUE

B pabGote 1 ormMedanoch, 4TO CBOMCTBA CIJIABOB OMPEACISAIOTCA UX CTPYKTYPOH.
CeenieHus 0 CTpyKType (MUKPOCTPYKTYpE) CIUIABOB MOT'YT OBITh IOTYYEHBI IIPU aHa-
JM3€ TUarpaMM COCTOSIHUS, KOTOPBIE SIBISIIOTCA rpaduyeckoi (hopmoii onucanus ¢a-
30BbIX paBHOBECHUIl (COCTOSIHMI) B CIUIaBaX Pa3iM4YHOIO XMMHYECKOI'O COCTaBa IMpH
Pa3INYHBIX TEMIIEpATypax.

To ecTp nuarpaMMbl COCTOSIHHMSI IIOMOTalOT YCTAHOBHUTH CBSI3b MEXIY XHUMHYE-
CKUM COCTaBOM, CTPYKTYPOM M CBOWCTBAMU CIUIABOB, YTO SIBJISICTCSI OCHOBHOM 3a/1a-
yeil marepuanoBeaeHus. [loaToMy ymMeHHe aHaTu3upOBaTh AUArPaMMBbl COCTOSIHUS U

IPUMEHATH MOJIYYSHHYI0 HH(OPMALIMIO JIUIsl ONITUMAIBHOTO BEIOOpA COCTaBa CIIaBOB
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I KOHKPETHBIX Ha3HAUY€HUH, a TaKKe CIIOCOO0B U PEKUMOB UX 00pabOTKH SBISET-
Csl BAKHEHIIIUM YCIIOBUEM OCBOEHUSI HAYKH O MaTepuaiax.

B mocneayromux pabotax OyayT paccMOTPEHbI MHOTOYHCICHHBIE MPUMEPHI
IPaKTHYECKOI0 MCIOIb30BaHUsI JuarpaMM cocTossHus. B HacTosmeit padote o6cyx-
JA0TCS JIUIIb OCHOBHBIE MPUEMbI TOCTPOEHUS U aHAJIM3a AUarpaMM COCTOSIHHUS.

JluarpaMMbl COCTOSIHMS CTPOSITCS B KOOpJAMHATaX TeMIlepaTypa-XUMHUYECKHil
cocraB. Jlyig mocTpoeHus: HEOOXOAUMO 3HATh TeMIIepaTyphl (Pa3oBbIX MpPEBpaIICHUN
(“kpuTHUeCcKHEe” TOYKH) KOMIIOHEHTOB M CILJIABOB IMPOMEXKYTOUHOrO cocTaBa. JlJis
OTpeeNieHUs] KPUTUYECKUX TOUEK OOBIYHO HMCIIONB3YIOT JaHHbIE TEPMUUYECKOTO aHa-
JM3a - SKCIEPUMEHTAIIBHOTO MOCTPOEHUSI KPUBBIX OXJaxaeHus (Harpesa). Kpuruue-
CKH€ TOYKH - 3TO TOYKHU Mepernda Ha 3TUX KPUBBIX - Pe3yJIbTaT BIICICHUS (WU T0-
TJIONICHUS) CKPBITOM TETUIOTHI (PA30BOTO MIPEBPAILICHHUS.

KoHKpeTHbIN BUJ KPUBBIX OXJIaXKICHUS 3aBUCUT OT 4Hcia (a3, y4acTBYIOIINX B

IIPEBPALLEHNH, U oNpeaenseTcs “nmpaBuiaom ¢as”:
C=K-d+I,

rjae K - 4ucino KOMIOHEHTOB, @ - yncio (a3, HaXoAsmuXcsa B paBHOBecHH, C - YHCIIO
HE3aBHUCHUMBIX MIEPEMEHHBIX (YUCIIO cTeneHe cBoboabl). Eciu, Hanpumep, 3aTBepe-
BaeT XUMHYECKHH 3yeMenT, To C=1-2+1=0, 3T0 3HAUMUT, YTO ‘‘CTENECHH CBOOOJIHI"’
OTCYTCTBYIOT, T.€. IEPEMEHHBIE - TEMIIEpaTypa U XUMUYECKUN COCTaB - HEU3MEHHBI.
[ToaTOMy Ha KpUBOH OXJIaXACHUS ¢=f(7) NOHKEH OBITh TOPU3OHTAIBHBIA YYaCTOK,
COOTBETCTBYIOIIMI MMOCTOSHHOW TEMIIEpaType Kpuctamm3auuu. Eciy 3aTBepaeBacT
CIUIaB - TBEPABIA pacTBOp, To C=2-2+1=1 u, cnegoBaTebHO, KPUCTATUIM3ALUS [IPO-
TEKaeT B MHTEpBaJe TEMIIEpaTyp - Ha KpUBOH ¢ =f('7) UMEIOTCS IBE TOUKU Neperuoa.
Ha puc. 2.1 moka3zaH npuMep nocTpoeHUs: JuarpaMMbl COCTOSIHUS 10

pe3yibTaTaM TEPMUYECKOr0 aHajau3a. JTO Cilydyail HEOrpaHUYEHHOM PacTBOPUMOCTH
KoMITOHEHTOB (A 1 B) B TBepaom coctosiHuu. COOTBETCTBEHHO JIIO0O0M CIUIaB HIDKE
JUHUU COJIUIYC UMEET OHO(A3HYIO CTPYKTYpPY a-TBepaoro pactBopa. IloHsaTHo, uTo
XUMHUYECKUN COCTaB TBEPJOro pacTBopa B 0JHO(a3HOM 001acTU COBMAJAET C COCTa-

BOM CaMOTI0O CIlJIaBa.
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Xumnueckuii cocras ¢pa3 B AByX(pa3Hoil 001acTH (B JaHHOM Cily4ae MEXIY
JVHUSMM JIMKBUAYC U COJIMJYC), HAI[pUMEp, B CIIaBE cocTaBa X MpU TEMIIEPAType Iy
onpeaessieTcs ¢ NOMOIIBI0 KOHOABI - U30TEPMbI, ITPOXOSIIEH Yepe3 TOUKY Hepe-
CEUEHHUs1 KOOPJIMHAT TEeMIEpaTypa - COCTaB CIUIaBa JI0 I'paHUL] JaHHOM IBYX(da3HOU

obnactu (puc. 2.1).

t t t t t

D !
o !
oA A !
oy 130!
e edeneeei 4
o o 4
Vo'’ '’ B
] . . 1
T T T T
0%B  25%B 75%B 100%B  ° 25 x S _o,p 100

Puc. 2.1. TepMuueckuii METOJ OCTPOEHUS AUATPAMM COCTOSIHUS
(cirydaif HeorpaHMYEHHON PACTBOPUMOCTH KOMIIOHEHTOB
B JKUJIKOM U TBEPAOM COCTOSIHUSIX )

KoHopa ucnonbs3yercs v 1)1 OIEHKH OTHOCUTENIbHBIX KOJIMYECTB (pa3 B ABYX-
daznoit obnactu. Tak, Ha puc. 2.1 xumuUeckuii coctaB a-(a3bl OnpeaenseTcs T04-

KO m', a 5KkUJIKOU (pa3bl - TOUKOM 7'; OTHOCUTEIbHBIE KOJMYECTBA ATUX (a3:

Q =100 %, Q. =72100 %.
% mn T mn

Ha puc. 2.2 noka3zaHa nuarpamma COCTOSIHUS IS IPYTOrO IPEIEIbHOrO Cirydas,
KOI'/1a KOMIIOHEHTHI 4 U B a0CONIOTHO HE pacTBOPAIOTCS APYT B APYre B TBEPIOM CO-
cTossHUU. [IOHATHO, UTO TOr/Ja CIIaBbl HUXKE JIMHUU CONUIYC OyIyT SIBISATHCS CMeECs-
MU KPUCTAJUIOB 3THX JBYX KOMIOHEHTOB. OJHAKO B 3aBUCUMOCTH OT XHMHUYECKOIO
COCTaBa CIUIaBbl B TAKOW CHCTEME MOTYT UMETh CTPYKTYPBI TPEX THUIIOB.

CruiaB, OTBEYAIOIIUN COCTaBY TOUYKHU d, HA3bIBAETCS 3BTEKTUUECKUM, €T0 CTPYK-
Typa - IBTEKTHKA - MEJIKOJUCIIEPCHAs! CMECh KPUCTAIOB A U B, 00pa3yromasics npu
OXJIQXKJEHNUH B PE3YyJIbTATE IBTEKTUYECKOTO npeBpaineHus K;— A+B5. B 1o3BTek-

THYECKHUX CIUIaBaX (COCTaB B MHTEPBAJIE MEXITY TOUKaMH f U d) TOMUMO 3BTEKTHUKH
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B CTPYKTYypE COJep>KaTcsi N30BITOUHbIE KPUCTAIUTBI 4, 00pa30BaBIIKECs B IPOLECCE
KPUCTAIA3AIUU MEXY JTUHUSAMU JTUKBULYC U conuayc (cd u fd). CooTBETCTBEHHO

3a3BTeKTHYECKHE CIIABbI (MHTEPBAJ dg) UMEIOT CTPYKTYpy B+3BT(A4 +B).

t

f : & Puc. 2.2. /lnarpamma cocTosiHus
' A+ B CIIaBOB, KOMIIOHEHTBI KOTOPBIX
A : B HE pacTBOPHUMEBI B TBEPJIOM
0 N 3% B 100 COCTOSIHUU

3Has U3 AUarpaMMbl XUMUYECKHUM COCTAB IBTEKTUKH (KOJIMYECTBO KOMIIOHEHTA
B na puc. 2.2 - N%, coorBeTcTBeHHO conaepxaHue komnoHenta 4=100%—-N%), u,
U3Y4YUB CTPYKTYpPY CIUIaBa, MOKHO MO 3THM JaHHBIM ONpPEIETUTh XUMUUYECKHUMA CO-
CTaB JII0OOT0 CIJIaBa.

[IycTh, Hanpumep, B 3a3BTEKTUYECKOM CIUIABE KOJUYECTBO 3BTEKTHUKU B CTPYK-
Type coctaBisieT Q5% (omnpenensiercss ¢ MOMOIIBI0 MUKPOCKONA MO OTHOCUTEIHLHOU
IJIOIIA/IM, 3aHUMAeMOM 3BTEKTUKON (MOMUMO HM30BITOYHBIX KPUCTAIIOB B) B moJie
3peHus okyisapa). Toraa, HCHOIB3Ys MPOMOPIHUIO:

B 100 % »BTexTuku comepxutcs (100 - N)% A;
B Qs % sBTeKTUKU - X % A,

OTpEJIEINM COJIep>KaHre KOMIIOHEHTA 4 (a 3HAYUT U B) B U3y4aeMOM CILJIaBe.

I11. ITopsinok BbIMOJIHEHNsI padOThI

1. CHATBH SKCTIEpUMEHTANbHBIE KPUBBIE OXJIAXICHUS CIJIaBOB cucTeMbl Pb-Sb
Pa3IMYHOrO COCTaBA.

2.Ilo pe3ymbraraM aHaaW3a KPUBBIX OXJIKICHUS OMPEICITUTh KPUTHUCCKUE
TOYKH M3Y4YaeMbIX CIUIABOB. 3aHECTU 3TU TOYKH, a TaKKe TeMIepaTyphl MpeBpalle-
HUW CIUIaBOB JPYTHX COCTABOB JAHHOW CHCTEMBI (TMOJYYHTh Yy TIpErojaBaTess) B
Ta0IHITy.

3. [To ma"HBIM TaOGIUIBI TIOCTPOUTH IUarpaMmy coctossHust Pb-Sb. Ykazate ¢a-

3bl B PAa3JIMYHBIX o0acTax AuarpamMmbl. YCcTaHOBUTH TUIIOBBIE CTPYKTYPbI CIIJIaBOB
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JAHHOU CUCTEMBI.
4. IlonyyuB KOMILUIEKT MHUKPONUIU(OB, H3YUYUTh MHKPOCTPYKTYpPBI CILIABOB
cuctembl Pb-Sb, 3apucoBaTh nx, 0003HaUUTH CTPYKTYpPHBIE COCTABIISIOIIHE.
5. lng ogHOTO U3 MUKPOULITUGOB (J10- WK 3a9BTEKTUYECKOTO CIUIaBa) OMpeie-

JINTh XUMMYECKHUI COCTaB CIIJIaBa I10 €ro CTPYKTYpC.

IV. Conep:xanne oTuera

1. KpaTtkoe uznoxxeHue cyTH TEpMHUECKOI0 METOJa MOCTPOCHUSI Juarpamm co-
cTosiHuA. [IpuHIMNUaNbHAs cXxemMa ONpeeIeHUs KPUTHIECKIX TOUYEK.

2. Tabnuna pe3ylbTaTOB OMPEICICHUS KPUTHUECKUX TOYEK CILJIAaBOB CHCTEMBI
Pb-Sb (akcniepuMeHTaIbHbBIE U CIIPABOYHBIE JaHHBIC).

3. [locTpoenue auarpammbl coctosiHust Pb-Sb mo pesynbratam Tepmudeckoro
aHaJm3a.

4. PUCYHKHM MHKpPOCTPYKTYp CILIaBOB cHUCTeMbl Pb-Sb pasnmunoro cocraBa c
yYKa3aHUEM CTPYKTYPHBIX COCTABISIOLIUX.

5. Onpenenenrne XUMHUYECKOTO COCTaBa J10- WM 3a9BTEKTUYECKOTO CIUIaBa CHUC-

tembl Pb-Sb 1o ero crpykrype.

Jutepatypa:[l], c48..61, wmm [2], ¢.87..95, unu [3], ¢.168...178 unu [4], c.100...113.

PadoTal3

BJIMUSHUE XOJIOJHOM IJIACTHYECKOM JE®OPMAIIAN
N IMOCJIEAYIOLMEI'O HAT'PEBA HA CTPYKTYPY
1 CBOMCTBA METAJLJIOB

1. Heab padoTsl
1. U3yuenue BIMSIHUS XOJIOAHOM TUTACTMYECKOW JepopManuu Ha CTPYKTYpy U
CBOMCTBA MeTalIa.
2. N3y4yenue BOUsHMS TEMIEpaTypbl HarpeBa Ha CTPYKTYpPy M CBOWCTBA XOJIOJ-

HOACHOPMUPOBAHHOI'O METAILIA.
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I1. TeopeTnueckoe 000CHOBaHUE

[Ipu Harpy>xeHuu Teina (Harpumep, NPUIOKEHUN pacTIruBarouiero ycunusa Pk
o0Opasity ceueHrueM S) B HEM BO3HHUKAIOT HaNpsizkeHus1 (¢ =P/S). HanpsokeHus BbI-
3bIBAIOT AedopManuIo - U3MEHEHUE pa3MepPOB U, 4yacto, ¢Gopmbl Tena. Ecnu Hamps-
KEHHsI HEBEJIMKH, TO AedopManusi OyneT ympyroil, mMcuesarolieid Mpu CHATHU Ha-
rpy3ku. Eciu ypoBeHb BO3HHUKAIOIIMX HANPSKEHUN G MPEBBICUT HEKOTOPYIO KPUTH-
YEeCKYyI0 BEJIMYMHY, TO BO3HUKAeT HeoOpaTHMas OCTATOYHAs WM ILUIACTHYecKasi
nepopmaums. B TeXxHUKE TaKOM BEJIMYMHOW CUUTAIOT Mpees TeKY4eCTH Gy, - Ha-
npsbKeHHe, MPU KOTOPOM ocTtatodHas aedopmanus coctasisiet 0,2 %.

B kpucraminueckux Tenax riactuyeckas AedopMaius OCyUIECTBISIETCS MOCIe-
JOBAaTEJIbHBIM TEPEMEIEHUEM JIUCIOKAUN BJIOJb ONPEIEICHHBIX IJIOCKOCTEH
CKOJIbYKE€HHSI. DTO BBI3BIBAET CIBUT OJHUX YACTEW KPUCTAIJIA OTHOCUTEIIBHO APYTHUX.
B pesynbraTe mensercs ¢opma 3epeH. llpu 3HauntensHbIX nedopmanuax 3epHa (a
TaK)K€ HEMETAJUIMYECKUE BKIIFOUECHMSI) BBITATMBAIOTCS B HAIIPABJICHUU NPEUMYILECT-
BEHHO#T 1eOpMAIINH - BOSHAKAET BOJIOKHHCTAs CTPYKTYpa MeTajiIa .

[Ipoueccsl caBura, MPOUCXOIANINE TPU ASPOPMUPOBAHUU MeETalla, PE3KO
YBEIMYMBAIOT KOJUYECTBO AMCIOKALUMIMA, a TAK)KE TOUCUHBIX (BaKaHCUN, MEKY3elb-
HBIX aTOMOB) J€(EKTOB PEIIETKH. 3HAUUTEIBLHOE YBEIUYECHHE YHUCia Je(PEKTOB pe-
HIETKH (B MEPBYIO OYEpeab AUCIOKAIMIT) 3aTpyJHIET JajibHEHIIIee CKOJIbKEHUE JIUC-
JIOKaIUH, MOBBIIIAET COMPOTUBIICHUE METAILIA MJIACTUYECKON AedopMaliu, COOTBET-
CTBEHHO YBEJIMYMBAET €r0 MPOYHOCTh U TBEPAOCTh, CHUKAET INITACTUYHOCTb.

VYnpouHeHne MeTajuia B pe3yJibTaTe IMIacTHUYECKO JedopMalui Ha3bIBAETCs
HAKJICNIOM MJIM HATAPTOBKOI.

Haknenanuslii MeTasun 00J1aJaeT NOBBIILIEHHBIM 3aI1aCOM BHYTPEHHEN 3HEPruH,
MO3TOMY HAXOJMTCSI B HEPAaBHOBECHOM (HEycTOM4YHMBOM) cocTostHuM. [Ipu Harpese
TAKOro MeTajjla 10 TeMIepaTyp, NpHU KOTOPBIX aTOMbl MPUOOPETAIOT JOCTATOYHYIO
HOJIBUXKHOCTb, B €0 CTPYKTYpE MPOTEKaOT AU(PPy3UOHHBIE POIECCH, TPUBOISIINE

K IIOCTETIEHHOMY BO3BPAILIEHUIO CTPYKTYPBI U CBOMCTB K pABHOBECHOMY COCTOSIHUIO C

' Bo3MmOxkHA TaKKe ONpe/eieHHas OpueHTaunus neOopMUPOBAHHBIX 3epeH - TeKcTypa. Bee 310

MPUBOJUT K aHU30TPOIHUHU CBOMCTB MOTUKPUCTATUINYECKOTO MaTepHaIa.
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MHUHUMAJIBHOM 3HEprueu. Pa3nmnuaroT aBe OCHOBHBIE CTaIWH ATUX MPOLIECCOB - BO3-
BpAaT U PEKPUCTAILUIN3ALIHIO.

Bo3Bpart HaunMHaeTCs NMPU OTHOCUTEIBHO HEOOJBIINX TeMIepaTypax U 3aKiIo-
YaeTCid B CHATUM HMCKAXCHUW PEIICTKH, YMEHBIIEHUM OCTATOYHBIX HAMPSIKCHUN U
IJIOTHOCTH Je(EKTOB pelieTKU. B pe3yiabTaTe HECKOJIBKO CHIKAIOTCSA MPOYHOCTH U
tBepocTh (Ha 10...30 %) 1 moBBIIAETCS TIACTUYHOCTD.

Pexpucrayiu3anus 3aKIr04aeTCs B 00pa30BaHUM HOBBIX PaBHOOCHBIX 3€peH
U UX JaibHenem pocte. [Ipu 1ocTaTouHO BBICOKOW TEMIIEpAType HarpeBa 3aBepiiia-
eTcst popMUpOBaHUE CTPYKTYPHI U CBOMCTB, MPUCYIIHUX HEIe(HOPMUPOBAaHHOMY Me-
TaJly, T.€. MPOUCXOJUT €ro IMOJHOE pa3zynpoyHeHue. Temmeparypa, nmpu KOTOPOM
HayWHAETCS Mpolecc oOpa3oBaHUS W POCTa HOBBIX HeAe(OPMUPOBAHHBIX 3EPEH,
MIPUBOAAIINNA K PE3KOMY U3MEHEHUIO CBOMCTB, HA3bIBACTCS TeMIlePaTypou (Wiau 1o-

pOrom) peKpucTajummsanuu (z,) - puc. 3.1.

Gs, 610,
Mla |
1000 i
Gg |
800 i
|
l
600 :
|
400
200 Puc. 3.1. Usmenenue
CTPYKTYPBI U MEXAHUYECKUX
CBOMCTB HAKJICIIAHHOTO METAaJI-

7a (TEXHUYECKOE JKEeJe30) IpH
HarpeBe

Bosspam

VY CTaHOBIIEHO, YTO BEJIUYMHA £, 3aBUCUT OT TEMIIEPATYPhI IUIABICHUS METajlla
1 .
(tu,) ¥ CTETIEHW YUCTOTHI MeTaiIa ( yepe3 KodphuumeHT a ):
by =a tyy . (3.1)
B yncteix Metamnax a=0,1...0,2, B MeTa/uiax OOBIYHOM TEXHUYECKOM YHMCTOTHI

0,3...0,4, B crmaBax (TBepabIX pacTBopax) 0,5...0,6.

' Temmepatypa miasieHus (f;,) H COOTBETCTBEHHO t, B popmyie (3.1) BoIpaxkaeTcs B aOCOIMIOTHOM
mkane, T.e. B K.
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U3 puc. 3.1 cnexyet, 4yTo A MOTHOW JMKBUAALMY Hakjena AeOopMUPOBAHHBIHI
MeTasl HeOOXOAMMO MOJBEPraTh PEKPUCTANIMZANMOHHOMY OT:KUIY — HAarpeBy 70
TEMIIEPATYyP BBILIE 7).

O4eBHIHO UTO CBOMCTBA Ae(POPMHUPOBAHHOTO MeTaia OyAyT 3aBUCETh OT CO-
OTHOIIEHHUS ¢, U TEMIIEPATYPbl 00PabOTKHU IaBIEeHUEM (Zo5). Eciu 1,6<t, , TO Takas
00paboTka (rmmactuueckas aeopmaiiusi) BEI3bIBACT HAKJICTT U Ha3bIBAE€TCS XOJIOAHOIM.
IIpu t,6>1, N3MEHEHUSI MEXaHUYECKUX CBOMCTB IPAKTUYECKU HE IIPOUCXOMIHUT, TAK
KaK BOZHUKAIOUIMI HAKJIEN CHUMAETCS BCIEICTBUE MPOTEKAOIIETO OJJHOBPEMEHHO
IpolLecca PEKPUCTAIUIN3ALUY - Takask 00padOTKa /1aBIICHHEM HA3bIBACTCS TOPSYeil.
J1J1s TOTO, YTOOBI FApaHTUPOBATH MOJHOE PA3yNPOUYHEHUE U MAaKCUMAJIbHYIO I1J1a-
CTUYHOCTh METaJUIa MpU ropsiyeil 00paboTke, ee MPOBOAT IPHU TEMIepaTypax, 3Ha-
YUTENBHO NMPEBBINIAIOUX 7, (Ta0md. 3.1).

Tabnuma 3.1
Temneparypsl mnasieHus (), pEKpUCTAILIN3AUUH (1),
PEKPUCTAIUIU3AMOHHOTO OTXKUra (£,) U ropsiyeit
00pa0OTKH aBJICHUEM (f,5) HEKOTOPHIX TEXHUYECKUX METALJIOB

Temnepatypa, "C
Mertann Lun t, (a=0,4) to tos
Fe 1539 450 600...700 900...1200
Cu 1083 270 500...600 800...900
Al 660 100 250...350 350...460

I11. ITopsigok BbINMOJIHEHNSI PadOThI

1.IlpousBectu muactuyeckoe aeGopMupoBaHue oOpaslia OTOXKKEHHON HHU3KOYT-

ho_h
=——100 o
q L %,

0

J'IGpOI[HCTOﬁ CTaJin C PA3JIMYHBIMU CTCIICHAMU I[G(I)OpMaHI/II/I

rae hy u h - BeIcOTa 00pasiia B UICXOJHOM U J1Ie(POPMUPOBAHHOM COCTOSTHUSX COOTBET-
cTBeHHO. 3MepuTh TBEpAOCTh 00Opa3iia B UCXOJHOM COCTOSHUU WU TPHU PA3THYHBIX
3HAUCHUSX ¢, JaHHbIe 3aHecTH B Tabmuiy. [locTpouTh 3aBUCUMOCTH TBEPIOCTH
(HRB) oT cTernenu miacTu4eckon aedopmMarum.

2. IByunuth MHKPOCTPYKTYPY XOJOAHOAEHOPMHPOBAHHOTO 00pasiia, 3apHco-

BaThb €¢€.



- 131 -

3. Obpazenr ¢ MakCUMaJbHOM CTEMEHbIO IMJIACTHYECKON aedopMaluu OTKeUb
IpU pa3IUYHBIX Temreparypax. Temmneparypsl OT>KUra BeIOpaTh, UCXonsd U3 puc. 3.1
u Tabu. 3.1. ITocne Kax10ro OTKUra U3MEpUTh TBEPAOCTb, IaHHBIE 3aHECTH B TaOJIH-
1y. [TocTpouTh 3aBUCUMOCTH TBEPAOCTH OT TEMIIEPATYPhI OTXKUTA (1).

4. Victionb3ys MOJy4eHHYIO 3aBUCUMOCTb HRB=f(t), onpenenuTb TeMIIepaTypy
pEeKpUCTaIIM3aLUU CTalH ¢,. OLEHUTS £, cTanu no ¢popmyine (3.1), cpaBHUTB pe3yJib-
TaT OTOM OLEHKH C MOITYYECHHON SKCIIEPUMEHTAIbHON BEIUUNHOM 7.

5. M3y4uTh MUKpPOCTPYKTYPY PEKPUCTATUIM30BAHHOTO 00pa3lia, 3apucoBaTh €e.

6. O6paboTaTh OTyYCHHBIC YKCIIEPUMEHTaIbHBIC TaHHbIe Ha PC ¢ momoIbsio
Microsoft Excel.

IV. Conep:xanne oTuera

1. Onpesenenne XOJOMHON M Topsidel mactTudeckoit nedopmanmu. Kpatkoe
OMKCAaHUE U3MEHEHUHN CTPYKTYPhI U CBOMCTB, MPOUCXOASAIINX B METAJIJIE MIPU XOJIOA-
HOM TUTacTUYECKON AehopMariui.

2. Pe3ynbrathl u3MepeHui TBEPAOCTH 00pa3iia HU3KOYTJIEPOAUCTON CTAIH MPHU
Pa3IMYHBIX CTENEHAX MIaCTUYECKON Aedopmanuu (Tabnuia u rpapuk).

3. MuKpOCTpYKTYpa X070 1HO1e(hOpMUPOBAaHHOTO 00pa3la.

4. Kpatkoe onucaHue U3BMEHEHHI CTPYKTYpbl U CBOMCTB, MPOUCXOASIINX B Je-
(dopMuUpPOBaHHOM MeTaijie B Ipolecce pekpucramumzanuu. OnpeeneHue Temmepa-
Typbl (IOPOra) PEKPUCTATIIU3ALHNN (Z,).

5. Pe3ynbTaThl U3MepeHUl TBEPJOCTH AePOPMHUPOBAHHOTO oOpaslia Mpu pas-
JUYHBIX TeMIepaTypax oTkura (Tabnuuna u rpaduk).

6. Pe3ynbTaThl OLICHOK BETMYMHBI 7,

1) mo popmyne (3.1);
2) MO MOJXYYEHHBIM 3KCIIEPUMEHTAIBHBIM JaHHBIM.

7. MUKpPOCTPYKTYpa peKpUCTAIUIM30BAHHOIO 00pasIia.

JJutepatypa:[l], c.69..75, 81..86, unu [2], c. 122..125, 131..138,

nu [4], c. 55, 56, 58..62, 76..83.
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PadoTa4d

CTPYKTYPA U CBOVCTBA YIJIEPOAUCTBIX CTAJIEN
U BEJIBIX YYT'YHOB B PABHOBECHOM COCTOSIHUU

I. Ileas padoTbl
N3yyeHue MUKpPOCTPYKTYPBI KEJI€30yTIIEPOJAUCTHIX CIIABOB B PABHOBECHOM CO-

CTOSIHUY Y BJIMSIHUS COAEPKAHUS YTIIEPOJIa HA X CBOMCTBA.
I1. TeopeTnueckoe 000CHOBaHME

CmuiaBsl kene3a ¢ yriaepoJoM (CTaldu M YyTyHBI) SBJISIFOTCSI OCHOBHBIMHU Mate-
puaTaMu MalTMHOCTPOCHHSI.

[ToHSATHO, YTO MX CTPYKTypa B PaBHOBECHOM COCTOSIHUM JIOJKHA M3Y4aThCsl C
MIOMOIIBI0 JTHArPaMMBbl COCTOSIHHSI JKEJI€30-yTIiiepo. B 3aBHCHMOCTH OT YCIOBHMA
KPUCTAJIU3AIUU YTIIEPO]] B ATUX CIUIaBaX MOKET HaXOAUTHCS MPEHMYIIECTBEHHO B
CBOOOJIHOM COCTOSIHMM (B BUJE Tpaduta), MO0 B BHAEC XUMHYECKOIO COCTUHCHHS
Fe;C — kapOupa »xene3a, Ha3piBaeMOTO MEMEHTHUTOM. COOTBETCTBEHHO Pa3iHYaIOT
AMArpaMMbl COCTOSIHMSA sKejie30-rpaur M xeae3o-uemeHTuT. [lo mepBoi nma-
rpaMMe KpUCTaJUTU3YIOTCS cepble uyTyHbl (pabdoTa 5). [1o BTOpoit Auarpamme npouc-
XOJIUT (POPMUPOBAHUE CTPYKTYPHI KEJIE30yTIIEPOIUCTHIX CIUIABOB (CTaJIel M OEIbIX
YYT'YHOB) B OOBIYHBIX YCJIOBUSIX JJOBOJBHO OBICTPOTO OXJIAXKJEHUS pacIliiaBa.

JlmarpaMMa COCTOSIHHSI KEJI€30-IIEMEHTHT TpuBeeHa Ha puc. 4.1 (mas Harsa-

HOCTH PUCYHKa MacITad HECKOJIBKO UCKAXKEH ).

Daszvl 6 cucmeme Jceiieso-uemenmum
Komnonenramu ,HaHHOﬁ CHUCTCMBI ABJIAIOTCA JKCJIC30 M IICMCHTUT. XapaKTep-

HBIM CBOMCTBOM JKeJie3a SIBISICTCS €ro MOJUMOpP(u3M - CyIIECTBOBAaHHE B ABYX MO-
TUUKAIUSIX @ U ¥ B Pa3IUYHBIX TEeMIIEPAaTypPHBIX HHTEpBaliaXx. B mHTEpBasie Temre-
patyp ot 0 10 911°C (ot 0 1o Touku G auarpammel), a Takxke 1392...1539 °C (N - A)
cymectByer Moaudukanust Fe, (wim o-Fe) ¢ OLIK peurerkoii'. B nnreppaie temie-

patyp 911...1392 °C (G - N) xene3zo umeer I'lIK pemerky - sto Fe, (nu y-Fe). Co-

' Keneso, cymectByroriee npu >1392 °C, yacto obo3nauarot kak Fes (8-Fe), XoTst 910 Ta %e Mo-
mupukanus o (1.e. Fey ).
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OTBETCTBEHHO MPH CIUIABJICHUH KeJe3a C YIIIepoJoM 00pa3yIoTcsl TBEP/IbIE PACTBOPHI
BHenpenus yriaepoja (C) B xkenese: ¢peppur - pactBop C B Fe, 1 aycTeHHT - pacTBOp
C B Fe, , a Takxke ynoMsiHyThIH Bblllle HEMEHTHT - kKapOun xkenesa Fe;C.
Takum 0o0pa3oM B CUCTEME KEJIe30-IIEMEHTUT UMeroTcs xuakas (JK) um TBep-
nble (kpucTamtnaeckue) dpasbl - aycrenut (4), beppur (@) u uementur (L]).
Bunno (puc. 4.1), 4To OKOHYATEJbHASA CTPYKTYPA CILUIABOB (NP HOpMAaJib-

HBIX TeMIepaTypax) Gpopmupyercs ux AByx a3 - pepputa u IeMeHTHUTA.

£°C K+Ds
A

D5 b
DA™ |
1392
F
C
911

K
A+<1>/ @ iP S
i i O+I] Fe;C(L])
| i
0 0,02 (0,8 2,14 4,3 6,67 %C

O+ 1Tty I+ 1+l JIHL;

— —r
) /@+U1H 1(D+]1]) JI(TI+L)

Puc. 4.1. JluarpamMma COCTOSIHUS KEIE€30-IEMEHTUT (BHU3Y — 0003HAYEHUS
CTPYKTYp CIUIaBOB C Pa3IUYHBIM COACPKAHUEM yTiepoia Ipu
HOPMAaJIbHBIX TEMIIEpaTypax

®eppuT - TBepABI pacTBOp Ha ocHOBE Fe,, conepxanuii <0,02 %C, oueHb
msirkast (tBepmocts HB<800%) n mnactuunast (OTHOCHTEIbHOE yuiHHeHHe 8>40 %)
daza.

HemenTuT — xumuueckoe coeguHenue Fe;C (6,67 %C) - B ornuyue oT

deppura ouens TBepn (HB~8000) u xpynok (0=0 %). Takue xapakTepucTuku ¢ep-

' BeicokoTemrepatypHslii (t>1392 °C) beppur Ha puc. 4.1 06o3HaueH kak @s (cM. IpuMedanue’ Ha
ctp. 134).
? 3nech 1 HIKe TBEpAOCTh 110 bpunesno (HB) naercs B MITa.
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pI/ITa U LOEMCHTHUTA 06YCJ'IOBJII/IBEIIOT CYI].[CCTBCHHYIO 3aBUCUMOCThF MCXAHHUYCCKUX

CBOMCTB 7KeJIe30yIJIEPOAUCTHIX CIUIABOB OT COJIEPXKAHUS YIiIepoaa (CM. HUXKE).

Cmpykmypa scene3oyznepooucmsix cniaeos

B 3aBucuMocTu OT coaepikaHus YIiiepojia CIIaBbl B MPOIECCE OXJIAKIACHUS U3
KUJKOTO COCTOSHUS TIEPECEKAIOT Pa3Hble JUHUU IMarpaMMbl COCTOSIHUS U, COOTBET-
CTBEHHO, UMEIOT Pa3InYHbIC CTPYKTYPHI.

OCHOBHOM CTPYKTYpHOW COCTaBJISIOINIEH criaBoB, conepxanux 0,02...2,14 %C
(310 cTanm), sBiserca mepJaurt. llepautr oOpasyercs B pe3ysbTare 3BTEKTOMAHOIO
npespaiienus aycrenura npu t<727 °C A;—>®,+1] n npeacrasiser cod0i cMeCh
YepeayouXcsi TOHKUX IJIACTUHOK (peppuTa u IIeMEeHTHUTA.

[To comep:kanuio yriepojia yriaepoaucTbie CTAIU JEISITCA Ha J0IBTEKTOM/IHbIE
(0,02...0,8 %C), aBTekToManblie (=0,8 %C)u 3a3Brektomansnie (0,8...2,14 %C).
PaBHOBECHAsI CTPYKTYpa SBTEKTOMIHON CTAIM - MEPIUT . B 09BTEKTOMIHBIX CTAIIAX
NOMHUMO TIEPJIUTA B CTPYKTYpE COAEPKATCSH KPUCTAJUIbl U30BITOUHOIO (eppura, 00-
pa3oBaBIIMECs] W3 ayCTEHHTA MNpH OXJaXACHUH Mexnay JuHusmMu GS u PS.
B 3a3BTEKTOMIHBIX CTAJISIX 3€pHA MEpiuTa paslieJeHbl CETKOW KPUCTAIOB BTOPHUY-
Horo miementuta (L), BeImenUBIIUXCS W3 ayCTeHWTAa HIbKe NUHUM ES BcienctBue
YMEHBIIIECHUS! PACTBOPUMOCTH YIJIEpOJa B AyCTEHUTE.

CmnaBsl, coaepxkamue menee 0,02 % C (TeXxHUYECKOE KeJie30), HE COJiepxkaT
nepaura B cTpykrype. Ux ctpykrypa — deppur, mmbo (B crmmaBax 0,01...0,02 %C,
T.e. HUWXe nuHuU QP) - GepputT u HEOOJbIIOE KOJIUYECTBO TPETHUYHOTO LIEMEHTHUTA
(L) o rpaHuIaM 3epeH.

Cmnasel, conepxatue 6omnee 2,14 %C - OeJible YyryHbI, B IIPOIIECCE KPUCTAII-
JAU3aluU nepecekaroT 3BTekTudeckyto ropuszontans (ECF), cnegoBaTenbHO OCHOB-
HOM COCTaBJISAIONIECH UX CTPYKTYPHI SIBISIETCS IBTEKTHKA. DBTEKTHKA B UyT'yHAaX Ha3bl-

BaeTcs JeneOypuroMm, B unrepaie temmeparyp 1147...727 °C oH cOCTOUT U3 KpH-

' Cormacuo muarpamme cocrtosiaust Fe-FesC nepnut comepkur 0,8 % C. D10 mO3BONISET Ompejie-

JSTh COJIEp’KaHue yriaeposa B CTAIN MPH MUKPOCKOIIMYECKOM M3YyUEHUU €€ CTPYKTYpPbI IO METOIH-
Ke, IOJJOOHOHM TOHM, KOTOpasi MCIOJIb30BaIach B paboTe 2 AJsl ONpeNeIeHUs] XUMUYECKOTO COCTaBa
CIUIaBOB, COJIEPKAILIUX IBTEKTHKY. Hampumep, npouieHTHOE cofepKaHue yriepoaa B J0IBTEKTOM -
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CTaJUIOB ayCTEHUTA U LEMEHTHUTa, a Tipu <727 °C - npeacTaBiseT co00il CBETIYIO
IIEMEHTUTHYIO MaTPHILy (OCHOBY) C TEMHBIMH BKJIIOUCHUSMH TIEPIIUTA.
IBTekTHYeckuii Oeablii uyryn (4,3 %C) umeer CTpyKTypy - JieaeOypur,
no3BrekTHdeckue (2,14...4,3 %C) - neneOyput+nepanT+ieMeHTUT BTOPUUHBIN, 3a-

3BTekTH4Yeckue (>4,3 %C) - neneOypuT+IEMEHTUT NEPBUUHBIN.

3asucumocms mexanuuecKux ceoluCme »cene3zoy2nepooucnbix
CNJ1A806 OM COOEPIHCAHUA Y2I1eP00a
W3 nuarpamMmbI )KeNe30-1IEMEHTUT CIICYET, YTO CTPYKTYpPhI MPAKTHUECKH BCEX CIIa-
BoB (>0,01 % C) npu HOpManbHBIX TemiiepaTtypax (opMmupyroTcs u3 AByX (a3 -
deppura u nemeHnTuTa. OUYEBHUIHO, YTO C YBEIWYECHHUEM COJCPIKAHUS YIJIepoaa B
CTPYKTYpE BO3pacTaeT KOJIMYECTBO TBEPAOTO U XPYIKOTO IIEMEHTUTA U YMEHbIIIAETCSA
KOJIMYECTBO MSTKOTO, IIacTUIHOTO (hepputa. TBEpAble YaCTHUIBI IIEMEHTUTA ITOBHI-
[IaI0T COTMPOTHBIICHUE CIIIaBa IacTuueckoi nedopmannu. COOTBETCTBEHHO PacTyT
tBepaocth (HB) u mpounocTh (G,) cIiaBOB, Majar0T MX IUIACTHYHOCTH (O, W) H

ynaphas Bsi3kocth (KCU) - puc. 4.2.

= g
2 &
3001 Log
20001 860
1000 |+ 460 Puc. 4.2. 38.BI/£CI/IMOCTB Mexa-
HUYECKUX CBOMCTB YIJIEPOIU-
1 CTBIX CTajJ€l B PAaBHOBECHOM
COCTOSIHUM OT COJEpKaHUs
a+ g yriepoaa

HbIX cTaysx paBHo 0,01x(0,8xS), rne S - orHOcUTENnbHASA MIIOMAAb (B %), 3aHUMaeMasi IEPJIUTOM B
CTPYKType (Ha MUKponutnude) n3yuyaeMoi CTaIH.
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Takoil xapakTep 3aBUCUMOCTH MEXaHUYECKUX CBOMCTB OT COJAEpPKaHUs yTiiepoa
SIBIIIETCS OCHOBOH KJIacCH(UKAIMH cTaseii 0 HasHauenmio'. Cranu ¢ GOlbIINM
conepxkanuem yriepoaa (=0,7 %C) UMEIOT BBICOKYIO TBEPIAOCTb W OTHOCATCA K
rpyIne MHCTPYMeHTaNAbHBIX (Mapku Y7, V8, V10, ..., Y13, TOCT 1435-90). Huz-
KO- ¥ CPEIHEYTJICPOIUCTHIE CTAIA 00JIaIal0T ONTUMAIBLHBIM COUYETAHUEM MTPOYHOCTH,
IJIACTUYHOCTH, YJIApPHON BA3KOCTH U MO HA3HAUYECHUIO SBJISIIOTCS KOHCTPYKUMOHHbI-
Mu. OHM TIOAPA3ACISIOTCS HA CTAJAH O0LIKHOBEHHOI'0 KauecTBa OOINEro Ha3Haye-
Husa (Ct0, Crl, C12, ..., C16, 'OCT 380-94) 1 kauecTBeHHbIe KOHCTPYKIMOHHbIE

cram (08, 10, 15, 20, 25, 30, 35, 40, 45, ..., 85 TOCT 1050-88).

I11. ITopsinok BbINOJIHEHNSI PadOThI

1. HapucoBaTh nuarpaMmy Kene30-UEMEHTUT, YCTAHOBUTh C €€ MOMOILbIO
CTPYKTYPY CILJIAaBOB C PA3JIMYHBIM COJACPKAHUEM YIIEPO/a.

2. Vcnonb3ysi MUKPOCKOT, U3YUYHUTh CTPYKTYPHI CIUIABOB C PA3JIMYHBIM COJIEP-
AHHUEM YyTIIepoja, 3apucoBaTh UX. OTMETUTh OCHOBHBIE CTPYKTYPHBIE COCTaBIISIIO-
IIMe TEXHUYECKOTO ejie3a, YIIEPOIUCThIX cTajied u Oenblx 4yryHoB. [IpoBeputsb
NPABUIHLHOCTh 3apUCOBKH MHUKPOCTPYKTYP C TOMOIIBIO JIIEKTPUPHUITMIPOBAHHOTO
creHaa ‘“‘Jlumarpamma >keiae30-1IeMEHTHUT .

3. Ilpu u3ydeHuun CTpyKTypbl JOIBTEKTOUIHON CTaIW ONMPEIAECIUTh CONECPKAHUE
B HEHl yriiepoja mo COOTHOUIECHHUIO TUIOMACH, 3aHUMAEMbIX TIEPIIUTOM U (peppuTOM.
Y cTaHOBUTH TPUMEPHYIO MAPKY U3y4aeMOU CTaIH.

4. Nsmeputs tBeprocts (HRB) oToXkeHHBIX 00pa3loB cTajeil ¢ pa3InyHbIM
coliepkaHueM yriiepona, ¢ nomoibio Microsoft Excel mocTtpoutbs cooTBETCTBYIO-

Y0 3aBUCUMOCTb.

' Bce 10CTaTOYHO OTBETCTBCHHBIC CTAIBHBIC M3JENUS TMOABEPrarOTCs 3aKaKe M OTIYCKY - TePMHU-
gyeckoil 00paboTke, (hopMUpYIOIIEH ONTUMAIBHBIA KOMIUIEKC MEXaHHYEeCKUX CBOUCTB (paboTa 0).
OpHako ¥ mociie TepMUIEecKoi 00pabOTKH COXpaHseTcs NPUHLIUITHAIBHBIN XapaKTep 3aBUCUMOCTH
CBOWCTB OT COZEP)KaHUS yIiepoa - YBeJIHMUEHHE COACP)KaHUs yriiepoJa NPUBOIUT K BO3PACTAHUIO
MPOYHOCTH (TBEPIOCTH) M XPYIKOCTH CTAJIH.

* B arToli TpyImre cTajgei ecTh TakKe CTalld ¢ BBICOKMM cojepkanuem yrieponaa (0,6...0,85 % C) -
60, 65, 70, 75, 80, 85. OTH cTanu NPUMEHSAIOT B OCHOBHOM B KAa4€CTBE PECCOPHO-NPYKUHHBIX, a
TaKXKe Uil U3TOTOBJICHUS OTBETCTBEHHBIX JI€TaJICH C MOBBIIIEHHONW MPOYHOCTHIO M M3HOCOCTONKO-
CThIO (IIMUHEIA CTAHKOB, MPOKATHBIE BAJIKH U . ).
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5. HapucoBath rpaduk 3aBUCHMOCTH MEXAaHUYECKUX CBOWCTB CTaJied B paBHO-
BECHOM COCTOSIHUU OT cojiepkanus yriepoja (puc. 4.2). Jlate oObsicHeHHE 3TUX 3a-
BHCUMOCTEM.

IV. Conep:xanue oTuera

1. PucyHok quarpaMMbl COCTOSIHHS JKEJIe30-LIEMEHTUT ¢ yKa3aHueM (a3 B pas-
JUYHBIX 00JacTAX JUarpamMebl, a Takxke (cM. puc. 4.1) - MUKPOCTPYKTYp CIUIaBOB C
Pa3JIMYHBIM COAEPKaHUEM YTIIEPOAa.

2. CxemMaTuueckoe H300paKEHUE MUKPOCTPYKTYp CIUIABOB C PA3IUYHBIM CO-
nepxkanueM yriepoja (7 pucyHkoB). [IpoTuB Kakqoro pucyHKa ykKa3aTh Ha3BaHUE
CIUIaBa, CTPYKTYPHBIE COCTABJISIOIINE U PUMEPHOE COJEPKAHUE YTIIEPOa.

3. Pe3ynbTaThl onpeneneHusl CoJepkKaHus yrjiepoja B JOIBTEKTOUIHOU CTalv
(0 CTPYKTYpeE) U €€ MPUMEPHON MapKH.

4. Pe3ynpTaThl ONpEAENICHUS] TBEPAOCTH CTaJ€d C Pa3IMYHBIM COAEpKaHUEM
yraepoja (tTabmura u rpaduk).

5. I'paduk 3aBUCUMOCTH MEXaHMUYECKHX CBOWCTB CTajiel OT COJEP>KaHUS YTJie-
pona (puc. 4.2) 1 00bSICHEHHUE ITUX 3aBUCUMOCTEH.

JJutepatypa: [1],c. 118...129, 131...132, 256...258, wmm [2],c. 99...109, 237...250,
nu [3], ¢. 194...202, 204...210, wiu [4], c. 144...163, 174...177.

PadoTas
CTPYKTYPA U CBOMCTBA CEPBIX YYT'YHOB

I. Heab padoTsl

N3ydyeHne CTpyKTypbl U CBOWCTB PA3JIMYHbIX TUIIOB CEPBIX YYT'YHOB.

II. Teopernueckoe o00cHOBaHUE
YyryHbl - KeJIe30ylJIEpOJAUCTBIE CILIABbI, coaepxamuue oomnee 2,14 %C. B
pabore 4 u3yuanach CTpyKTypa OeiblXx 4yryHOB. VX HazBaHuME M MEXaHUYECKUE
CBOMCTBa OO0YCIIOBJICHBI HAIWMYHEM OOJBIIOrO KOJMYECTBA IIEMEHTUTA B CTPYKTYpE.

[To mpaBwmTy OTPE3KOB B BTEKTUYECKOM OeJloM 4yryHe (CTPYKTypa - JieneOypur) co-
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4,3-0,01

———— 1009, ~ 0 o _
6.67—0.01 Yo = 64 % nemeHTUTA. LIEMEHTUT NPUIAET CBETIBIA OTTE

NEPKUTCS

HOK W3JI0MY (OTCIOJIa Ha3BaHME) 3TUX YYTYHOB, JIEJIACT UX OYCHBb TBEPIBIMHU U XPYT-
KUMH, HE CIIOCOOHBIMU MPOTHUBOCTOSITH PACTITUBAIOIIUM, U3rHOAIOIIUM U 0COOEHHO
yIapHEIM Harpyskam' . I103ToMy X MPHUMEHEHHe 04eHb OrPAHUUYCHO.

[IIupokoe pacmpocTpaHEHHE B MAIIMHOCTPOSHUU MUMEIOT YYTYHBI, B KOTOPBIX
yIaepoJ HaXOAUTCS MPEUMYUIECTBEHHO HE B XMMHUYECKU CBA3aHHOM COCTOSIHUU (B
BUJIC IIEMEHTHUTA), @ B CBOOOITHOM - B BUJIE BKJIIOUEHUH TpaduTa pa3nudHoil GopMbI.
Takue 4yryHbl B OTJIMUKE OT O€NbIX Ha3bIBAIOTCS CEPHIMU (II0 TEMHOMY OTTEHKY W3-
Joma).

Mexannyeckue CBOMCTBA CEPhIX YYTYHOB 3aBUCST OT CTPYKTYPbl METAJUIMYECKOU
OCHOBBI (MaTpHIIbl), POPMBI, pa3MEPOB U KOJIUYECTBA I'Pa(UTHBIX BKIIOYEHUH.

CTpyKTypa METaLTNYECKOW OCHOBBI CePbIX YYT'YHOB MOXXET OBITh TPEX THUIIOB:
beppurt, pepput-+nepaut, nepaut. [IOHITHO, YTO MPU MPOYNX PABHBIX YCIOBUAX UY-
I'YH C IEPIUTHON OCHOBOM 00Jiee MPOYEH U MEHEE MJIACTUYEH MO0 CPABHEHUIO C YyTY-
HOM Ha ()eppUTHOU OCHOBE (CM. 3aBUCUMOCTb CTPYKTYPbI U CBOWMCTB KEJIE€30YyTIepPO-
JUCTBIX CIUIABOB OT COJIEpKaHUs yriepoja, padora 4).

CTpyKTypHBIE OCOOEHHOCTH TrpaUTHBIX BKIIOYEHUH (Mpexae BCero ux ¢gpopma)
3aBUCST OT COCO0a MOJYYEeHHsI YYyTYHOB U B 3HAYUTEIHHOU CTETICHH OINPEACIISIIOT UX
MeXxaHu4ecKkue cBoicTBa. B cBs3u ¢ 3TUM paznuyarotr cooctBeHHO cepble (CY), BbI-
coxonpounbie (BY) u koBkue (KY) uyryHsi.

JI71si moJiy4yeHus1 cepbIX YYT'YHOB JIOJDKHBI OBITH CO3/aHbl YCJIOBHS, MPU KOTO-
pPBIX B MPOLECCE KPUCTAIU3AIMU 00pa30BbIBAIUCH Obl KpUCTAJUIBI rpaduTa, a HE
1eMeHTuTa (T.€. He moxyvancs 0wl 6enblil uyryH). ObpazoBanuto rpaduta (rpaguTu-
3alMK) CIIOCOOCTBYIOT JiBa (haKTopa: 3aMeIJICHHOE OXJIaXK/IEHUE U IMOBBIIIEHHOE CO-

nepkanue rpaduTo06pasyommx snementos (C+Si) - puc. 5.1°.

'TlpeacTaBieHre 0 MEXaHMUYECKMX CBOWCTBAX OEJBIX YYTYHOB MOKHO ITIOJYYHTb, SKCTPAIOIUPYSI
3aBUCHUMOCTH, TIPUBEICHHBIC HA pHC. 4.2, Ha OOJIBIIINE COACPIKAHUS yTIIEPOIa.

* TTo ocu abCcuuce OTKIIAABIBAETCS TOJIMHA CTEHOK OTaMBKH L . OueBuHO, 4TO Bo3pacranue L co-
OTBETCTBYET YMEHBIICHUIO CKOPOCTH OXTAKIACHUS V oxy.
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BuHO, 4TO NMpU HU3KUX CKOPOCTSIX OXJAXICHHS U ONPEIEICHHOM COAECpPKAHUN
(C+Si)' mportecc rpaduTH3AIMK 3aBEPIIACTCS MOMHOCTBIO - BECh YITIEPO B UyryHe
HaXOJuTCs B Kpuctauiax rpadura (3a uckimouenuem ~0,01 %C, conepxaiierocs: B
beppure).

['paduT B ceppix uyryHax nuMeeT GopMy KpyIHBIX 3a0CTPEHHBIX MiaacThH. KoH-
bl TAKUX TJIACTUH SIBJISIOTCS KOHIEHTPATOPAMU HANPSHKEHUM, 0Yaramu 3aposKICHHS
TPEeIIMH B METAJUIMYECKON MaTpuile Nnpu HarpyxeHuu. OcoOEHHO OmacHo, Korja
IUTaCTUHBI TpaduTa HACTOJIBKO JIMHHBI, UTO 00pa3yloT CIUIOLIHYIO CEeTKY. B cBsi3u ¢
STUM Cepble YYTyHbl MMEIOT HU3KUN Mpeiesl MPOYHOCTH M MPAKTUYECKU HYJIEBYIO
IUTACTUYHOCTh. HekoTopoe yiydllneHrne MeXaHHYeCKHX CBONCTB MOXET OBITh JIOC-
TUTHYTO IyTEM MOJAM(UIIMPOBAHMS - BBEJCHHSI B pACIUIaB MOPOIIKOOOPa3HBIX
npumeceil (Moau@uKaTopoB) (GeppocHIIMLIMS WIH CHIMKOKaNblMsA. B pesynbrare
IUTACTUHKHA TpaduTa W3MENTbYAIOTCS - MOBBIIMIAETCS MPOYHOCTh, OJHAKO IUIACTHY-
HOCTh ocTaeTcsi Hu3kou (0~0,2...0,5 %). [loaToMy cepbie YyryHbI TPUMEHSIOTCS IS
JUTBIX U3JEINNA, pabOTaIOIMX B OCHOBHOM Ha CXaTue, JIMOO MpU OTHOCUTEIBHO He-
OONBIIMX HArpy3kax (CTaHUMHBI CTAHKOB, OJIOKM HWJIMHAPOB, KapTEphl JBUTATENCH,

TOPMO3HbIE OapaOaHbl U T.I1.).

(C+S1), %
7 Puc. 5.1. 3aBUCMMOCTB CTPYKTYpBI UyI'YHOB OT CyMMap-
HOTO COZICpPYKaHMST  yTIIepo/ia M KPEMHHUS U TOJIIAHBI
CTEHKH OTJIMBKU L (CKOpOCTH OXJTAKACHUS V oy ):
6 I - I[7+1]+JI (Genblii UyTyH);
II - 7/+1]+[" (nos0OBUHYATHIN YYTYH);
I - //+1" (cepwlii EPIUTHBIN YyTYH);
5 IV - [1+®+1" (cepblit (heppUTO-NIEPIUTHBIN YyT'YH);
V - @+1" (cepblit (heppUTHBINA YyTYH)
4 |1 I L, Mm
0 25 50 75 < Vou

3HAYUTEIBHOIO YIIYUIICHUA MCXAHHYCCKHUX CBOMCTB MOKHO ,Z[O6I/ITBCSI, IpuMe-

HAA MOI[I/ICI)I/II_[I/IpOBaHI/Ie Martmucm M nCpucMm. B »stom CJlIy4dac BKIIIOYCHUSA FpaCI)I/ITa

" O0BIYHO cepble uyTryHbI coaepkar 3,5...3,6 %C u 1,5...3,0 %Si.
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NPUHUMAIOT MApPOBUAHYI0 (GopMy. OKpyTibie BKIIOUCHUS B TOPa30 MEHBIIEH CTe-
MIEHU CO3/Ial0T OMACHYIO KOHIIEHTPAIMIO HANPSHKEHUM, MO3TOMY CYIIECTBEHHO MO-
BBIIIIAETCS MPOYHOCTh U IJIACTUYHOCTH YyTyHa. UyryHbl ¢ U30JMPOBAHHBIMU IIapO-
BUJIHBIMH BKJTFOUEHUSMHU rpaduTa Ha3bIBAIOT BBICOKONPOYHBIMHU. BbIcOKONMpPOUYHBbIE
YYI'yHbI UCIOJIB3YIOT [JI1 OTBETCTBEHHBIX OTJIIMBOK B aBTO- M TPAKTOPOCTPOEHUHU
(KoJieHYaThIe BaJibl, MOPIIHHU), TSHKEJIOM MAIIMHOCTPOEHUU (BaJKM MPOKATHBIX CTa-
HOB, JIETaIM Ky3HEYHO-TIPECCOBOTO 00OPYAOBAHMS), XUMUYECKON MPOMBINIJIEHHOCTH
(kKopItyca HaCOCOB, BEHTHUJIN).

IHosryyeHue u3aeuid U3 KOBKOI0 YyIr'yHA NPUHIUNHUAIBHO OTIMYAETCA OT TEX-
HOJIOTHH TPOM3BOJICTBA OTJIMBOK U3 CEPHIX U BBICOKOMPOUYHBIX YyryHOB. CHauana us3-
rOTABJIMBAIOT OTJIMBKY U3 OEJIOr0 4yryHa, Mpu 3TOM UCIIOIb3YIOTCSI €T0 BBICOKHUE JIH-
TEWHBIC CBOMCTBA, ITO3BOJISIIOIINE T0JIy4aTh TUIOTHBIE OTJIWBKHU CIIOKHON (OpMbI. 3a-
TEM OTH OTJWBKU TOABEPraroT IUTEIbHOMY “TpadUTU3UPYIONIEMY”’ OTKHUTY IO

cXeme, IPUBEICHHON Ha puc. 5.2.

t,°C
LH—A+I"
~950 F==
(PSK) 727° Puc. 5.2. Cxema omxura 6emoro
ity Aeevsbuionl Wikl YyTr'yHa Ha KOBKUU:
~720 \ - \ D+ 1,2 n 3 - pexxuMsl U1 IOTY4YECHHUS
\ \ KOBKOT'O 4yr'yHa Ha
1 1 MIEPIUTHOM,
V1 \2 3 (eppHUTO-NEPIUTHON 1
1 1 beppUTHON OCHOBE
0 v y COOTBETCTBEHHO

20 40 60 80 T, gac

B ocHOBe 3TOro MeToja JIeKUT HEYCTOMUYHUBOCTh (METACTA0OUIBLHOCTD) IEMEHTHUTA.
JlnurenvHas Boiaepkka 6emoro uyryna npu ¢=950...1000 °C BbI3bIBaeT pacnaj
[IEMEHTHUTa Ha CMECh ayCTEHUTA U TpaduTa XJIONbEBUIHONW (POPMBL. Y CKOPEHHOE OX-
JaXJIEHUE OT ATUX TemmepaTyp (pexum 1 Ha puc. 5.2) IpUBOAUT K IPEBPALLIECHUIO
ayCTEHMTA B MEPIUT (HMKE JIMHUM 3BTEKTOMAHOro npespamienus PSK), T.e. k nomy-
YEHUIO0 KOBKOTO YyTyHa Ha MEpIUTHOW ocHoBe. Ecim ke oxjaxkaeHue npepBaTh U

JUTUTEILHOE BpeMs BbIJIepkKaTh OTIUBKY Ipu t~720 °C (Heckonapko Huke PSK), To
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pacmagaeTcs TakKe IEMEHTHUT, BXOMSIINN B MEPIUT, HA cMech deppuTa u rpadura.
Tak mosyuyaroT KOBKHM 4yTryH Ha peppuro-niepiautHoit (2, puc. 5.2) wunu dpeppuTHOit
(3, puc. 5.2) ocHoge.
CBoiicTBa KOBKMX YYT'yHOB OJIM3KM K CBOMCTBAM BBICOKOIIPOYHBIX UYT'YHOB.
W3 HUX W3roTaBIMBalOT OTBETCTBEHHBIC JINTHIC JETaIH, paOOTalOIIKe MPU TUHAMU-
YECKUX Harpy3kax (BTYJKH, My(Tbl, TOPMO3HBIE KOJOJKH, CTYHIII U T.I1.).

[TpuHIIMTT MAPKUPOBKU YYTYHOB MOHATEH U3 Ta0. 5.1.

Tabnuua 5.1
Knaccuduxkanus, MapkupoBKa, MEXaHUYECKHE CBONCTBA YYyT'yHOB
G, 5, | Crpykrypa dopma
Mapka yyryna MlIla % | Meramuyec- |rpaUTHBIX
(kre/Mm?) KOW OCHOBBI | BKIIFOUCHHUH
Cepoie uyryunn (I'OCT 1412-85)
CU 10 100(10) ~0 O o
CY 18 180(18) ~0 O+I1 —
CY 45 | poBaHHBIH 450(45) ~0 II -~
Boicokonmpounsie uyryHsl ('OCT 7293-85)
BY 38 380(38) 17 O ®
BY 45 450(45) 5 DI @
BY 120 1200(120) | 2 I o
KoBkue uyryuns (I'OCT 1215-79)
K4 30-6 300(30) 6 )
K4 45-6 450(45) 6 D+I1 * *
K4 80-1,5 800(80) 1,5 I1 *

[IpuBeeHHBIC BBIIIE JAHHBIE TO3BOJISIOT CAENATh CIEIYIOIINE BBIBOIbI:

1. YpoBeHb MEXaHMYECKUX CBOWCTB BCEX THUIIOB CEPHIX UYT'YHOB OMPEIEISETCS
JIByMSI OCHOBHBIMHU CTPYKTYPHBIMU (akTopamu - (GopMOH (a Takxke pa3Mepamu H
KOJMYECTBOM ) TPa(QUTHBIX BKIIFOUCHUH U CTPYKTYPOH METAINTHYECKON OCHOBEI.

2. Ilo cyTm, cepble 4yryHbI MPEICTABISIIOT COOOW YIIIEPOAUCTHIE TOABTEKTOU-
Hele (@+I1), sBTekTouanble (/1) cTamy uium TeXHUYecKoe xkene30 (D) ¢ BKIIOUCHHS-
mu rpaduta. ['padut ymeHbIIaeT IPOYHOCTH U IIACTUYHOCTh METALNTUYECKON OCHO-
Bbl. [loaTOMY cepble YyryHbl HMEIOT 0OoJjieeé HHU3KHH KOMIUIEKC MEXaHHMYECKUX

CBOMCTB IO CPaBHCHUIO C YIUTICPOAUCTBIMU CTAJIAAMH. OI[H&KO OT CTaJIcd OHU OTJIHU-
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yaroTcsi 00jiee BHICOKMMU JIMTEHHBIMU CBOMCTBAMH, HU3KOW CTOMMOCTBIO, HEUYBCT-
BUTEJIBHOCTHIO K HaJpe3aM U APYruM AedeKTaM MOBEPXHOCTH, aHTU(PPUKIIMOHHBIMU

(cM. paboty 11) 1 HEKOTOPBIMH IPYTUMU MOJIE3HBIMHU CBOMCTBaMHU.

I11. ITopsigok BbINOJIHEHHSI PadOTHI
1. O3HaKOMUTHCA C KJIacCU(PUKANUECH, MAPKUPOBKON M CIIOCOOAMU TOTYUYCHUS
Pa3IUYHBIX THIOB CEPBIX 4yryHOB. OOpaTUTh BHUMAaHKWE HA NMPUHIMITHAIBHOE OTIIH-
Yhe CTPYKTYP CEPBIX U OEJIbIX YyTYHOB.
2. C nOMOIIBbI0 MUKPOCKONA M3YyYHUTh CTPYKTYPBI Pa3IU4HbIX THUIIOB YYT'YHOB.

OTMeTUTh 0COOEHHOCTH CTPYKTYP, U3yYa€MbIX Ha HETPABJIEHBIX MUKpOILIH]aX.

IV. Conep:xanne oTuyera
1. [IpuHIIMTIHATIEHOE OTIMYHME CTPYKTYPHI U CBOMCTB CEPhIX UyTYHOB OT OCJIbIX.
2. Knaccudukanus, MapKUpOBKa U MEXaHHMYECKHUE CBOMCTBA PA3TUYHBIX THUIIOB
CEphIX YyTYHOB (J1aHHbBIC U3 Ta0m. 5.1).
3. Kpatkoe omnucanue crnmocoO0OB MOIYUYEHUSI CEPBIX, BHICOKOMPOYHBIX U KOBKHUX
YYTyHOB.
4. MUKPOCTPYKTYPBI CEPBIX, KOBKMX U BBICOKOIIPOUYHBIX UYyTYHOB C yKa3aHHUEM

CTPYKTYPHBIX COCTABJISIOIIUX.
JJutepatypa:[l],c. 144...155, wnnm [2], c. 292...302, unm [3], c. 224...233

i [4], ¢.181...198.

PadorTab

TEPMHUYECKAS OBPABOTKA (3AKAJIKA " OTIIYCK)
YIJIEPOJUCTBIX CTAJIEN

I. Hean padoTsl
1. U3yueHue BIUSIHUS COJEPKaHUA YIJIEPO/Ia U peKUMa 3aKaJKH (TeMIepaTypbl
HarpeBa U CKOPOCTH OXJIAXKJICHHS) Ha CTPYKTYpPY U CBOMCTBA 3aKaJ€HHOMN CTaJIu.

2. M3y4yenue BIUSHUA TEMIIEPATYPBI OTIIYCKa HA CTPYKTYPY U CBOMCTBA CTaJIN.
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II. TeopeTnueckoe 0600CHOBaHHE
MexaHnuecKue CBOMCTBA YIIEPOAUCTBIX CTAJIEH ONMPENEISIOTCS MPOLEHTHBIM
COJIep >KaHUEM B HUX Yriepoja. DTOT BaKHbBIN BBIBOJ ObLI clienaH B pabote 4 Ha oc-
HOBAaHUM U3YyYE€HUSI CTPYKTYPbI U CBOMCTB CTaJIEl B PABHOBECHOM COCTOSAHUU. CBOM-
CTBa CTAJIA C JAHHBIM COAEPKAHUEM YTIIEpOAa MOTYT U3MEHITHCA B IIMPOKHUX Ipee-
Jax B pe3yJibTaTe TEPMUUECKON 00pabOTKH.

[IpakTyeckn paBHOBECHOE COCTOSIHME JOCTUTAETCS IIyTEM OTHKMIA - Harpesa
CTaJIM JI0 AyCTEHUTHOI'O COCTOSIHUSI M MOCJIEIYIOLIEr0 OYeHb MEAJIEHHOIO OXJIaXe-
Hus (¢ neubto). [Ipu omxure GopmMupyroTCsi paBHOBECHBIE CTPYKTYPHI CTajlei B COOT-
BETCTBUHU C JUATPAMMOM KEJNE30-IIEMEHTUT (CM. palboTy 4).

OCHOBHOW CTPYKTYPHOH COCTABJISIOIIEN CTAJIEW B 3TOM CIydae SIBISETCA Iep-
JIMT, 00pa3yIOIIKIcs MpH pacnaje aycrenurta npu t<A(727°C):

A(0,8% C)— @(0,02% C)+ 11(6,67% C) (6.1)

IIEPJINT

Orxur - cMmsryaromas TepmMuueckas oopadorka. OH obecrieynBaeT MUHUMAIIb-
HYIO TBEPIOCTh M HAWJIy4lIyl0 00pabaThIBa€MOCTh pEe3aHUEM M JABJIECHUEM M B IPO-
IIECCEe U3TOTOBIICHUS U3/ICTIMIA 0OBIYHO MPEAIIECTBYET MEXaHUIECKON 00paboTKe.

OnTuMalibHbIE MEXaHUYECKHE CBOMCTBA TOTOBBIX U3JIETUA, 00ECTIEYUBAIOIIUE UX
paboToCcrnocoOHOCTh, (POPMHUPYIOTCS B pe3yJIbTaTe KOMIUIEKCHOW TepMUUECKON 00pa-
OOTKH, COCTOSILIEN U3 3aKaJKU U OTITyCKa.

3akasnka - 3TO HarpeB CTaJIM /10 AYCTEHUTHOI'O COCTOSIHUS, BBIIEPKKA U MOCIIE-
AyIOLIee YCKOPEHHOE OXJIAXKACHUE (CO CKOPOCTBIO V=V, CM. HMKE) € LIEIbI0 MAaK-
CUMAaJIbHOTO TIOBBIIIEHUS TBEPAOCTU U TPOYHOCTH.

Belie yxe oTMeuanoch, 4TO ayCTEHUT, OXJIaKIEHHBIN HUXKE A, CTAHOBUTCS HE-
YCTOMYMBBIM M pacnajaercs Ha cMech gpepputa u uementura (6.1). Bpems Havana u
KOHIIA 3TOT0 pacnaja JaeTcs AuarpaMMoi M30TEPMHUECKOTO MpEBpaIeHUs Tepeox-
naxjaeHHoro aycrenura (“C-guarpammoir”) - puc. 6.1.

JucnepcHOCTh (Bemu4nHa, 0OpaTHAsI pa3Mepy YacTHI]) 00pa3yromIeics mpu pac-
naje aycTreHuTa GeppuTo-IIEMEHTUTHOW CMECH 3aBUCHUT OT TEMIIepaTyphl (¢), MpH KO-

TOpOfI MMPOUCXOAUT ITOT paciiaa, Wik, 4TO TO KC, - OT CTCIICHHU ICPCOXITTAKIACHUA ay-
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creHuta Ar=A;-¢f. C NOHM)KEHUEM TeMIlepaTyphl pacnaja (yBeanueHueM Af) ObICT-
PO yMEHbIIIaeTcsi CKOpocTh AU (PYy3uOHHOTO pocTa 00pa3yOMKUXCsl KPUCTAILIOB, T.€.
OPOUCXOAUT M3MENbYeHHUE (HEePPUTO-LIEMEHTUTHON CMECH, COOTBETCTBEHHO BO3pac-
TaeT ee TBepAOCThb (cM. puc. 6.1, 6). B cBA3M ¢ 3TUM pa3nuyaroT TPU CTPYKTYPHI
NEePJMTHOTO THNA: NEPJIUT, COPOMT M TPOOCTHUT; OHU UMEIOT OJUHAKOBOE CTpOE-
HUE (3TO CMECH IJIAaCTUHOK (peppuTa U IEMEHTUTA), HO OTJINYAIOTCS CTETIEHbIO JUC-

INEPCHOCTHU, a4 3HAYUT U TBECPAOCTBIO.

2) A A+O+I1 0
L°C 1 (pasrosecHsiii) AL(727°) d. | Hre,| Crpyxrypa
13 MEPIUT
26 copOur
42 | TpoocTUt

Int

V4:VKp

Puc. 6.1. Jluarpamma u30TepMUYECKOTO IPEBPAILICHUS TEPEOXITAKICHHOTO
ayCTeHHUTa (PBTEKTOUIHAS CTajlh) C HAHECEHHBIMHU HA HEE KPUBBIMU
OXJTXKICHHS (2) U YCPETHEHHBIC XapaKTEPUCTUKH MEPIIMTHBIX
CTPYKTYp (0). d — "MEeXIJIaCTUHOYHOE PACCTOSIHUE - CPEIHSS
CyMMapHasi TOJIIIMHA COCEIHUX IIACTUHOK (heppuTa U IEMEHTUTA

Bce aTu cTpyKTyphbl MOIy4aroTcss B pe3ysibTaTe MEpAUTHOrO mpeBpaieHus - (6.1).
Ero mporekanue BbI3BaHO MOMMOP(HU3MOM Kejle3a U CIIABOB Ha €ro OCHOBE - CTa-
neit (cM. paboty 4). [lockonbKy OHO MPOUCXOAUT MPU JOCTATOYHO BBICOKUX TEMIIE-
patypax (=720...500 °C), MexaHu3M paciajia ayCTeHUTa Ha CMeCh ()eppuTa U IIEMEH-
TUTa UMeeT U Py3UOHHBIN XapakTep. ITO BUIHO U3 peakiuu (6.1), Tae HecoBmae-
HUE XUMUYECKOT0 cocTaBa (pa3 CBUAETEILCTBYET 00 akTUBHOM nuddy3un aToMOB.
Ha npakTtuke pa3nu4Hble THIBI TEPIUTHBIX CTPYKTYpP TMOIYYarOT OOBIYHO HE

IIPY U30TEPMUYECKUX BBIAEPKKAX, @ IPU HENPEPHIBHOM OXJIAXKICHUM CTAIM U3 ay-



- 145 -
CTEHUTHOTO COCTOSIHUA C Pa3IMYHBIMHU CKOPOCTsIMHU. CTeneHb IUCIEPCHOCTH o0pa-
3YIOIIUXCS MPU 3TOM (PEpPUTOLIEMEHTUTHBIX cMecel (U, COOTBETCTBEHHO, THUII Iep-
JUTHOM CTPYKTYphI) 3aBUCUT OT BEIMYMHBI CKOPOCTU OXJaXAeHHs V. DTa 3aBUCH-
MOCTb OTYETJIMBO MpOsBIsiETCs, Korga Ha C-quarpaMMy HaHOCST KPUBBIE OXJIAXZe-

Hus t=f(7) (puc.6.1), HAKIIOH KOTOPBIX XapaKTEPU3yET BEIIUUUHY

At 8%

Buano, uto yem 0oJblie CKOPOCTh OXJIaXKIEHUS, TEM MpHU 0oJjiee HU3KOM TemIe-
paType MpPOUCXOAUT pachaj MepeoxaxAeHHOT0 ayCTEHUTa, COOTBETCTBEHHO, Oojee
JUCIIEPCHOM U TBEPAOM NOJIy4YaeTCs MEPIUTHASL CTPYKTypa: IIPU CKOPOCTH Vi - mep-
T, V, - copout, V3 - TpOOCTHT.

OueBHIHO, UTO TIPU CKOPOCTU V=V, ayCTEHUT HE pacmaaeTcs Ha cMech (eppu-
Ta U LIEMEHTUTA U, CIIEJ0BATENBHO, IIEPEOXIIAKAACTCS 10 HU3KUX TeMIiepaTyp. Takas
CKOPOCTh OoXJaxaeHus (“ee muHug” V4 - KacarenbHas K KpUBOW Haydaja pacraja rme-
PEOXJIAKIACHHOTO ayCTeHUTa Ha (PeppUT W LEMEHTHUT) Ha3bIBaeTCsl KPUTHYECKOI
CKOPOCTBIO 3aAKAIKH V.

[Tpy oxmaXAEHWM CTald CO CKOPOCTBIO V2=V, ayCTEHUT IEPEOXIIANKIAETCSI 0
TaKMX HU3KUX TeMmIepaTryp, rae aud@ys3uss aTOMOB NPAKTUYECKU OTCYTCTBYET.
B stom cnydae momumopdHOoe (y—>0l) TpeBpalleHne ayCTeHUTa MPOUCXOAHUT Oe3-
¢ Gy3uOHHBIM MapTEHCUTHBIM IyTeM Tpu <M, (TeMmieparypa Hayaia MapTeH-
CUTHOTO TpeBpanieHus). 3HaYUT cojepKaHue yriepoja B UCXOAHOU ¢a3e (ayCTeHH-
T€) U KOHEUHOU (MapTEHCUTE) NOKHO ObITh 0JMHAKOBO. [103TOMYy MapTeHCHT - Tie-
PECHIILIEHHBIN TBEPJIbI pacTBOp yriepoja B o-Fe. BcnmomHuM, 4TO HenmepechileH-
HBIM, PABHOBECHBIM TBEPbIM PACTBOPOM yriiepona B o-Fe sBnsgercs dhepput, oH co-
nepxxut He Oonee 0,02 %C (paborta 4). BeneacTBue 3TOro nepechilieHus: pelieTka
MapTEeHCUTa CTAHOBUTCS BBITSHYTOMW, TeTparoHanbHoW B orianure oT OLK pemerku
dbeppura.

OOpa3oBaHue MapTeHCUTA C TETPArOHAIBHOW PEIIETKON MPUBOJUT K TOSIBICHHUIO
CWIBbHBIX BHYTPEHHUX HANpPSDKCHHM, pE3KOMY HMOBBIIIEHUIO TUIOTHOCTH AMCIIOKALMIA

U CTENEHU IUCHEPCHOCTU CTPYKTYpPbI, COOTBETCTBEHHO 3HAYMTEIHbHO BO3PACTaIOT
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TBEPJIOCTh M MPOYHOCTh. OYEBUJIHO, UTO JECUCTBUE MEPEUMUCICHHBIX YIPOUHSIOIIUX
dakTopoB Tem 3(pdekTrBHEE, YeM OoJblle yIiiepojaa B CTalld, TaK KaK BO3pacTaer
CTEIEHb MEPECHIICHUS PEIIETKU MapTeHCUTa yriepoaom. [loaTomy TBepOCTh 3aKa-
JICHHOM CTaju (MapTEHCUTA) pacTeT C YBEJIMUYCHUEM COJCpKaHUs B HEW yriepona -
puc. 6.2.

DTa 3aBUCHUMOCTH XapaKTEePU3YET 3aKAJIUBAEMOCTb CTAJIHM - €€ CIIOCOOHOCTH
MOBBINIATH TBEPJOCTh B pe3yjIbTaTe 3aKalKu. TakuMm oOpa3oM, 3aKaIMBAEMOCTh OTI-

pezensercs B IEPBYIO OYEPElb COACPKAHUEM YTIIEpoia B CTANH.

HRC,

/* M
60 // Puc. 6.2. 3aBUCUMOCTH TBEp-
/ JOCTH 3aKaJCHHOM CTalu OT

X COJIEpKaHusl yrieposia

40 T
Jna  cpaBHeHus, Hapsaxy
20 X |c TBEPOCThbIO MapTeHcuta (M),
! [I  TpUBEACHBI 3HAYCHUS TBEP-
noctu nepiurta (I1), copbuta
(C) u tpooctura (T) sBTEKTO-

0 0,2 0,4 0,6 0,8 C,% wunnOit cTamm.

[ToHsiTHO Takke, YTO AJI MOJYUYEHUS] MAKCUMAJIbHOU TBEPJIOCTH JOJIKEH OBIThH
COOJIIOJICH PesKMM 3aKAJIKM - 3TO, BO-TIEPBBIX, IPUMEHEHHE OXJIAXIAIOUIEH Cpelibl,
o0ecreynBaroIel CKOpPOCTh OXJIaXIACHUA V=V, , U, BO-BTOPBIX, - IPaBUJIBHBIN
BbIOOP TeMIepaTypbl HarpeBa CTAaJAM MOJ 3aKaJKy. ONTUMalIbHBIN UHTEpBAJ 3a-
KaJIOUHBIX TeMIIepaTyp MoKa3aH Ha puc. 6.3.

JIOABTEKTOMAHBIE CTAI HYKHO 3aKaluBaTh oT Temieparyp Ha 30...50 °C Bbiie
JIUHUU Aj, T.€. U3 0JIHO(A3HOr0 ayCTEHUTHOTO COCTOSIHUA. B 3TOM ciiyuae B pe3yJib-
TaTe 3aKaJKH MolydaeTcsi oqHo(pa3Has MapTeHCHTHas cTpykTypa . Takas 3akajika
Ha3bIBaeTcs MOJIHOM. 3akaika oT 0osiee BBICOKUX TEMIIEpaTyp TakKe J1aeT MapTeH-

CUTHYIO CTPYKTYPY, HO C ITOHWKEHHBIMH MEXaHMYECKUMH CBOWCTBAMH BCIICICTBUE

' B cTasmsix, OXJIaIeHHbBIX TP 3aKalIKe 10 KOMHATHON TeMIIepaTyphl, B CTPYKTYPE OCTAETCs HEKO-
TOPOE KOJIMYECTBO HEMPEBPAIICHHOTO (OCTaTOYHOT0) aycTeHuTa. KoinuecTBo 0CcTaTOyHOro aycre-
HUTA BO3PACTAET C YBEIMUECHUEM COJEPKaHUS yIiiepo/ia (U JETUPYIOIIUX 3JIEMEHTOB) B CTAJIH.
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911

Puc. 6.3. «CransHol yrom»
JTrarpaMMEl JKeTe30-IIeMEHTHT;
ONTUMAJILHBIN HHTEPBAJ 3aKa-
JIOYHBIX TEMIIEPaTyp
(3amTpuxoBaHHas 00J1aCTh)

727

Q 0,02 08 214 C, %
YKPYIIHEHHs KPUCTAIIOB MAPTEHCHTA' (9TO Je(eKT TepMUUECKOil 00pabOTKH, Ha3bI-
BaeMbIil MeperpeBoM). 3akaika OT TeMIEeparyp HUXKE Aj, T.e. U3 MEKKPUTUYECKOTO
uHTEpBaia A;...A; Ha3pIBACTCS HEMOJHOM, OHA MPUBOAUT K IMOJYYEHHUIO B JIOABTEK-
TOUJHBIX CTAJSAX CTPYKTYpPhl MapTeHCUT+Pepput. Depput CHUKACT TBEPIAOCTh 3aKa-
JIEHHOM CTajM, O3TOMY TaKas 3aKajKa JJisg JOOBTEKTOMUIHBIX CTale 0OBIYHO HE Jie-
JaeTcsl.

JIst 3aPBTEKTOMIHBIX CTajeil HAMpPOTHUB MPUMEHSETCS HEMOJIHAasl 3aKajika
(t=A1+(30...50 °C)), mpuBoasias K MOJIYYCHHIO CTPYKTYPbl MAPTEHCUTA C BKJIFOYE-
HUSIMUA TBEPJbIX IIEMEHTHTHBIX YacTHIl. Takas CTPYKTypa 00€CIeurMBaeT BBICOKYIO
TBEPAOCTh U M3HOCOCTOMKOCTD, UTO SIBJISETCS COBEPIICHHO HEOOXOIUMBIM IS 3a)B-
TEKTOUIHBIX MHCTPYMEHTAIBHBIX CTaJICH.

MapreHcur - Haubosiee TBepJiasi U3 BCEX CTPYKTYP, KOTOPBIEC MOITYUYaIOTCs MpU
pacrajie mepeoxJiaXKJIeHHOro aycteHurta (cM. puc. 6.2). Ho oH o0nagaeT moOBBINICH-
HOM XPYMKOCTHIO, KOTOpasi PacTeT C YBEIUUYCHUEM COJEp>KaHUS yTIepoJa B CTaJH.
[ToaTOMy mocie 3aKajikyd CTaid HEOOXOJIMMO MOJBEPraTh OTIYCKY, OCHOBHAs 1I€Nb

KOTOPOI'0 - HOBBIMNICHUC IJIACTUIHOCTH U yz[apHoﬁ BSI3KOCTHU 3aKaJICHHOM CTalIu.

' TloBbIlICHHE TEMITEpATyphbl HATPEBA CTAJIH O] 3aKAJIKy MPUBOHUT K PE3KOMY BO3PACTAHHUIO 3epHA
aycrenura. [Ipu 3akanke (MapTEeHCUTHOM IPEBPAIIEHUH) KPUCTAIUIBI MApTECHCUTA HACIEAYIOT pas-
Mep 3epHa ayCTEeHHTa, 00pa30BaBILIErocs IpU HarpeBe.
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OTnmyck - HarpeB 3akajJ€HHOHN CTaJM B JOKPUTHUYECKOM HHTEpBAJIE TEMIIEPATyp
(t<A;), mpu KOTOpOM pa3BuBaIOTCS AUPGY3UOHHBIE MPOIECCHl, MOCTEIEHHO MpPH-

OybKarole CTPYKTYpy U CBOMCTBA CTalId K paBHOBECHOMY COCTOSTHUIO.

CTpykTypa ¥ CBOMCTBA CTaJIM 3aBUCAT OT TEMIEPATypbl OTITYCKa, COOTBETCTBEH-
HO pa3nuyaroT TpM Buaa ormycka: Huzkui (=200 °C), cpennnii (=400 °C), BbICOKHIA
(=600 °C).

IIpu HU3KOM OTIYCKe CYIIECTBEHHBIX U3MEHEHUN B CTPYKTYpE €Ille He MPOUcC-
XOIUT (CTPYKTypa - MAapPTEHCHUT OTILyCKA), JIUIIb HECKOJIBKO CHMXXAIOTCSI BHYTPEH-
HUE HANPSKEHUs, HE3HAUUTEIbHO YMEHBIIAETCS TBEPIOCTh U MOBBIIIAETCS MIaCTUY-
HOCTb. HU3KMi1 OTIYCK MPUMEHSIIOT B TE€X CIy4asix, KOT/la OT U3JIEIUil B IEPBYIO OYe-
pean TpeOyeTcsi BRICOKAs TBEPAOCTh (PEXYIIMI - CM. paboTy 8, U3MEPUTETLHBIN U
XOJIOTHOIITAMIIOBBI MHCTPYMEHT, J€TaU MIAPUKOBBIX MOJAIIUITHUKOB - CM. paboTy
11, mecrepHu mociie HUeMEHTALMH U T.I1.).

IIpu cpeanem oTrmycke M30BITOYHBINA YTJIEPOJ MPAKTUYECKU MOTHOCTHIO MOKHU-
JaeT pelIeTKy MapTeHCHUTa B BHJIE MEIbYAMIIMX YacTUIl IeMEeHTUTa. B pesynbrare
oOpa3zyercs (peppUTOLIEMEHTUTHAsI CMECh, Ha3bIBaeMasi TPOOCTUTOM OTIycKa. TBep-
JIOCTh 3aMETHO TMOHUXKAETCS, MOBBIIIACTCS ylapHas BA3KOCTh. Takas CTpyKTypa Ipu
tBepnoctd HRC, 35...45 obecnieunBaeTr HauOOJBIIYI0 YHOPYTrOCTh CTaldd, MOITOMY
CPEeHUI OTIYCK OOBIYHO MPUMEHSIOT JUIsl MPYKHUH, peccop, MeMmOpaH (cM. paboTy
12), ynapHOro HHCTpYMEHTA.

Boicokuii 0TIyCK IPUBOJIUT K YKPYIMHEHUIO (U OKPYTJICHHUIO) YACTHI] LIEMEHTH-
Ta, 4TO CONPOBOXKIAETCS NaJbHEUIINM CHUKEHUEM IMPOYHOCTH U TBEPJOCTU M IO-
BBIIICHUEM IJIACTUYHOCTU M yAapHOH Bsi3kocTU. COOTBETCTBYIOIIAs CTPYKTypa Ha-
3bIBAETCSI COPOUTOM OTIYCKA.

Tepmuueckas 06paboTKa, cocTOAIIAs U3 3aKAJIKH U BHICOKOTO OTITyCKa, Ha3bIBa-
ercs yjayumenueM. OHa NpUMEHsETCS Il OTBETCTBEHHBIX M3/ENIUNA, U3rOTaBIIMBae-
MbIX U3 cpeaneyriaepoauctsix (0,3...0,5 %C) cranelt, Tak Kak o0ecreynBaeT B ITOM
Clly4ae HAWIyYIIUA KOMIUIEKC MEXaHHYECKHX CBOMCTB - MaKCHUMAJIbHYIO YAApHYIO

BSI3KOCTh IIPU JIOCTATOYHO BBICOKOM MPOYHOCTH. BBICOKHE MEXaHWYECKHE CBOWCTBA
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copbuTta OTImycka OOYCIOBJICHBI MaJbIMU pa3MepaMu U OKpyrio (opmoi yacTuil
[IEMEHTUTA (B OTJIMYME OT COpPOUTA 3aKAJIIKH, B KOTOPOM OCTpBI€ KOHIIbI TIACTUHOK

[EMEHTHUTA UTPAIOT POJIb KOHIICHTPATOPOB HAMPSHKEHUH ).
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I11. ITopsinok BbINMOJIHEHNSI PadOThI

1. C momo1ipio MarpamMmsbl Kejne30-1eMeHTHUT (puc. 6.3) yCTaHOBUTH TeMIlepa-
Typbl HarpeBa noJj 3akanky crane 20, 45 u ¥Y8. [lomectuts B neusb 5 o0pa3uos cra-
1 45 u o oxHomy - ctaneit 20 u V8. Oxy1aaAuTh Ha BO3/yX€ U B Macje M0 OJHOMY
oOpasity ctanu 45, Bce ocTaiabHble 00pa3Ilbl 3aKaJUTh B BOJE.

2. 3a4MCTUTh OT OKAJIMHBI TOPLBI 0Opa3lOB HAa HaXJadyHOM Kpyre. M3meputhb
tBepaoctb (HRC,) Bcex oOpasioB. Pe3ynpTaThl M3MepeHU TBEPAOCTU U PEKUMBI
TepMOOOPaOOTKH 3aHECTH B TaOnuIly. CpaBHUTH MOJyYEHHbIE 3HAUEHUS TBEPIAOCTH C
TBEPIOCTHIO TEX K€ CTajeii B PaBHOBECHOM (OTOXOKEHOM) COCTOSIHMH (pabota 4).
Ha ocHoBanuu puc. 6.1 u 6.2 ycTaHOBUTH IPUMEPHBIE CTPYKTYPhI 00pa3IoB, oXJja-
KJICHHBIX B Pa3IMUHbIX cpenax. [IpoaHanu3npoBaTh BIMSHUE CKOPOCTH OXJIAXKICHUS
Ha CTPYKTYPY U CBOWCTBA CTAJIEH.

3. 3yuuTh U 3apucoBaTh CTPYKTYPbl COPOUTA U MAPTEHCHUTA 3aKAJIKH.

4. C momouipio Microsoft Excel mocTpouTs mo 3kcneprMeHTaNbHBIM JaHHBIM
3aBUCUMOCTb TBEPAOCTHU 3aKaJEHHON HA MapTEHCUT CTAJIM OT COAEPKaHUs YIIepoaa,
OOBSCHUTD MOITYUYEHHYIO 3aBUCUMOCTb.

5. Tpu oOpasua cranu 45, 3aKkajeHHbIE B BOJE, OTIYCTUThH MPU TEMIEpaTypax
200, 400 u 600 °C. Usmeputs TBepaocts (HRC,) oTnyienHbx o0pasios, pe3yabTa-
ThI 3aHECTU B Tabnuily. Ha ocHOBaHMHU MONyYEHHBIX JAaHHBIX C MOMOIBI0 Microsoft
Excel mocTpouTh 3aBUCHUMOCTb TBEPAOCTH 3aKaJe€HHOW cTanu 45 OT TeMmIiepaTyphl
OTILyCKa, OOBSICHUTH 3TY 3aBUCUMOCTb.

6. 3yuuTh 1 3aprcoBaTh MUKPOCTPYKTYpY copbuta ormycka. OTMETUTH OTJIH-
Yyhe CTPYKTYp cOpOUTa OTIYCKAa U COpOUTA 3aKAJIKU, OOBSICHUTh, KAK OHO BIUSET Ha

MEXaHUYECKHE CBOMCTBA CTAJIU.
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IV. Conep:xanue otuera

1. 3akanka u ee 1eJb.

2.PucyHoK auarpamMMbl H30TEPMUYECKOTO MPEBpaIleHUs MEePeOXJIaKICHHOTO
aycrenura (puc. 6.1).

3. Kpatkoe omnucanue cTpykTyp (M MX CBOMCTB), MOJy4YaeMbIX B pe3yJibTare
peBpaIIECHUs EPEOXITAKICHHOIO ayCTEHUTA.

4. PUCyHOK “CTaiibHOTO yria” JuarpaMMbl jKele30-IeMeHTUT (puc. 6.3) u me-
TOAMKA BBIOOpA TEMIIEPATYyphl HarpeBa cTajei moJ 3aKajiky (MoJiHash U HemoHas 3a-
KaJka).

5. Tabnuia pe3yabTaTOB 3aKAJKH YTIEPOJIUCTHIX CTallel ¢ yKa3aHUEM CTPYKTYp
CTajiel, MOJYYEHHBIX MPU PA3IUYHBIX CKOPOCTIX OXJaxaeHus. OObsICHEHHUE BIIHS-
HUS CKOPOCTH OXJIAKJICHUS HA CTPYKTYPY U CBOMCTBA CTaJIN.

6. 'padk 3aBUCUMOCTH TBEPJIOCTH 3aKaJE€HHOW CTajau (MapTEHCUTA) OT CO-
JIep>KaHus yriiepoia, 00bICHEHHE MOTYyYeHHON 3aBUCHMOCTH.

7. OTIyCK U €ro 1eb.

8. Tabnuua pe3ysbTaToB OTIYCKa 3aKAJICHHOU CTau 45.

9. I'paduk 3aBUCUMOCTH TBEPAOCTU 3aKAJICHHOU CTaiH 45 OT TeMmeparypbl OT-
mycka ¥ 00bsICHEHHUE ero (M3MEHEHHE CTPYKTYPhl U CBOMCTB CTaJIM MPU OTITYCKE).

10. MuKpoCTpyKTYypbl MapTEHCUTA, COPOUTA 3aKaNIKU U copOuTa oTmycka. O0b-
SCHEHHME Pa3IU4YMil MEXaHMYECKHX CBOMCTB CTajeil CO CTPyKTypamMu copOuTa 3aKal-
KM U OTITyCKa.

Jdurepatypa: [1], c. 165..172, 175, 180...188, 200...202, 215...217, wmm [2], ¢. 163...173,

179, 180, 185...188, 190...192, nmu [3], c. 240, 241, 245..252, 256, 258...260,
266...267, unu [4], c. 216...221, 225, 226, 229...231, 246...252, 256, 257.
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Padora?7
JIETUPOBAHHBIE CTAJIU. BIUSIHUE JIETUPOBAHMUS
HA ITPOKAJIMBAEMOCTbD CTAJIN

I. lleas padoThbl

I/ISY‘IGHI/IC BJIMSHUA JICTUPOBAHUS HA ITPOKAJIMBACMOCTDL CTAJIN.

I1. TeopeTnueckoe 000CHOBaHUe.
Knaccuguxkauun u mapkupogka ne2upoeanuvix cmaineil

B npeapiaymumx padotax u3ydaluch CTPYKTypa M CBOMCTBA yIJE€pPOJUCTBHIX CTa-
neir. Kpome HHUX CylecTByeT OOJbIIOE KOJIUYECTBO JIETUPOBAHHBIX CTajlei, B KOTO-
pble I MOJy4YeHUs TpeOyeMbIX CBOWCTB BBOJSTCS CICIHAIbHBIC JIETHPYIOLIHe
3jieMeHTbl. Hanbosnee pacnpocTpaHeHHBIMU JIETMPYIOUIUMHU 3JIEMEHTaMU B CTaJsX
spistorcs Cr (B mapkupoBke obo3zHavaetcss Oykout X), Ni (H), Mn (I'), Si (C), W
(B), V (@), Ti (T), Al (FO). LHudpst nocine OykB B MapKax JIETUPOBAHHBIX CTAJICH
YKa3bIBAIOT MPOIEHTHOE COJEpKAaHUE JAHHOTO 3JIeMEHTa (eciau nudpa OTCyTCTBYET,
TO COJIEp>KaHue ITOro 3eMenTa He npessimaet 1,0...1,5 %). Hudps B Havane map-
KU - CpeJHee COJAEpKaHue Yriepoda B COTBIX JIOJISIX MPOLEHTa (B BHICOKOYTIEPOIU-
CTBIX UHCTPYMEHTAJIbHBIX CTAJISX - B IECATHIX JOJIAX MPOLICHTA).

CTpykTypa U CBOICTBA JIETUPOBAHHBIX CTajJ€d 3aBUCIT OT WHIAWBHUIYaJbHBIX
O0COOEHHOCTEH JIETHPYIONTUX AJIEMEHTOB (M, KOHEUHO, yTIepoJa) U X KOJIMYECTBaA.
OcraHoBUMCS Ha JIBYX BaXKHBIX JJISI IPAKTHKHA 3aKOHOMEPHOCTSIX, MPOSIBISIOMINXCS
TP JIETUPOBAHUY CTAJIEH.

1. Bce nerupyromniue sneMeHnTtsl (kpome Co), pacTBOPSSICh B ayCTCHHUTE, 3aMe/I-
JSIIOT CKOPOCTh €ro pacraja B 00JacTH MEPIUTHOIO IMpEeBpalIeHUs, T.€. CMEIaloT
BIipaBo JuHuU C - quarpamMmsl (cM. puc. 6.1), COOTBETCTBEHHO CHUYKAETCS KpUTUYE-
CKasi CKOPOCTb 3aKaJIKH V.

2. Bce nerupytomue anemenTsl (kpome Co u Al) cHUXKalOT TeMIepaTypy Havaia
(M;) u xorma (My) MapTeHCUTHOTO TipeBparieHus (ocooeHHo rddextuBHO - Mn, Cr,
Ni). OTu aBe TeHAEHIMH (CMEIleHUE JUHUI pacnajia NepeoxXIaKIeHHOrO ayCTeHUuTa

U TeMIiepaTypbl M, ¢ yBEJIMYEHUEM CTENECHU JIETUPOBAHMS) OTpa)k€Hbl Ha puc. 7.1.
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X JIETUPYIOIINX 3JIEMEHTOB, %0

v

t . a) A, t . 0) A, l‘\ B) A,
M,
\;]iﬂ M ] Voxn V‘)Xﬂ
T T MH T
17 M A

Puc. 7.1. CMmemenue JIMHMUIA JuarpaMMbl HM30TEPMHYECKOTO IpEBpaICHUS
ayCTeHUTA MPU YBEIUYEHUU COJIEPKAHUS JICTUPYIOIIUX DJIEMEHTOB
B cTalu (Kji1accu(UKalMs JETUPOBAHHBIX CTalled MO CTPYKType B
HOPMAaJIM30BAaHHOM COCTOSIHUM): HAKJIOH JIUHUU V oy, XapaKTEPU3yeT
CKOPOCTh OXJIQXKICHHS 00pa3IioB Ha BO3yXe; BApUAHTHI a), 0) U B)
- COOTBETCTBYIOT cTaisiM nepautHoro (I1), maprencutHoro (M) u
ayCTEHUTHOTO (A) KJIaccoB

Ha sTom ke pucynke (a, 6, B) IpoBe/IeHa TUHUS, HAKJIOH KOTOPOM XapaKTepH-
3yeT CKOpOCTh OXJIXIECHUS (Vx;) O0Opa3loB CTAIM HA CIIOKOMHOM BO3/lyXe (HOpMa-
au3anus). ITOT PUCYHOK MOSICHSET MPUHATYI0 KJIACCH(PUKAIUIO JIETHPOBAHHBIX
cTajieil mo CTpPyKType nocje Hopmaauzauuu. [Ipu oTHOCHTETEHO HEOOIBIIOM CO-
JEp’)KaHUU JIETUPYIOLIUX AIeMEHTOB (5...6 %) oxyiakaeHue Ha BO3AyXe MPHUBOJUT K
pacnagy aycTeHuTa Ha GeppUTO-IIEMEHTUTHBIE CMECH (TIEPIUT, COPOUT, TPOOCTHUT) -
puc. 7.1,a; Takue cTadM OTHOCSTCS K MEPJUTHOMY KJjaccy. [Ipu nmoBbilieHHOM CO-
JIEpKaHUU JIETUPYIOIINX 3JIEMEHTOB V2=V, a M, >20 °C, cnenoBarensbHo, IpU KOM-
HATHOM TeMIlepaType HOpPMajM30BaHHAs CTallb UMEET MAapTEHCUTHYIO CTPYKTYpY
(mapTeHcuTHBI Kiacc). [Ipu OGonbIioM cofepkaHUM JIETUPYIOIMIUX JJIEMEHTOB
(ocobenHo Mn, Ni) M, ciBuraetcsi B 00J1aCTh OTPUIIATEIIBHBIX TEMIEPATyp, MTOATOMY
IpU HOPMAJIbHBIX TEMIIEpATypax CTaJId UMEIOT ayCTEHUTHYIO CTPYKTYPY (ayCTeHHUT-
HbI KJacc). OUeBUIHO pa3iinuue MEXaHUYECKUX CBOMCTB CTajeH, MPUHAIEKAIIUX
K 9THM CTPYKTYPHBIM KIIaCCaM .

Cnenyet, 0JIHaKO, OTMETHUTh, YTO MOJAABJIAIONIEE OOJBIIMHCTBO CTajel, Mpu-

MCHACMBIX B MAIIMHOCTPOCHHUH, OTHOCUTCA K IICPJINTHOMY KJIACCY, ITOCKOJIbKY OHH

" CrienuaibHBIM JISTHPOBAHUEM TOJTyUYarOT TAKXKE CTATU (PEPPUTHOTO M JIeeOYPUTHOTO KIIACCOB.
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MMEIOT HAaMMEHBIIIYI0 CTOMMOCTh M3-3a2 HEBBICOKOW CTETEHU JITUpOBaHUsS. MexaHu-
YECKHUE CBOMCTBA ATUX CTAJIeH, KaK M yTIEPOJUCTHIX, ONPEAEIISIOTCS B OCHOBHOM CO-
nepxanveM yriepona. [loatomy cxonHa m kiaaccupukanusi 3THX CTAJed MO Ha-
3HaueHnio' (cM. paboTy 4): HH3KO- M CPEIHEYINICPOANCTHIC JTErHPOBAHHBIE CTAIM
OTHOCSATCS K TpyIie KOHCTPYKIMUOHHBIX (I'OCT 4543-71), BEICOKOYTJIEPOAUCTHIC -
uHcTpyMeHTadabHble (X, 9XC, XI', XBI' u gp. 'OCT 5950-2000). Kpome stux
JBYX KJIaccOB (110 HA3HAYEHUIO) Pa3IMYaloOT €Ile CTalu U CIUIABbl ¢ 0COOBIMU CBOM-
cTBaMM (KOPPO3UOHHO- U U3HOCOCTOMKHUE, KapOIPOUHBIE, C 0COOBIMU (PU3UIECKUMU
CBOMCTBaMHU U JIp.), HO 3TO, KaK MPaBWIO, BHICOKOJErHpoBaHHbIE (>12 %) cruiaBbl
ayCTEHUTHOI'0, MAPTEHCUTHOTO U (PEPPUTHOTO KIIACCOB.

KOHCTpyKIITMOHHBIE MAITUHOCTPOUTENIPHBIE CTAJIM B 3aBUCUMOCTU OT COJIEpIKa-
HUA yriiepoja (M COOTBETCTBEHHO MEXAHUYECKHUX CBOWCTB, MOJy4a€MbIX MOCIIE Tep-
MHUYECKON 00pabOTKM) MOJApa3NeisioT Ha IeMeHTyeMmble U yiyuinaemsbie. Llemen-
Tyemble - 3710 ctanu ¢ Hu3kuMm (0,1...0,25 %) conepxkanuem yriepona (12XH3,
18XT'T, 18X2H4MA, ...), KoTOpbIE TIOCTIE IIEMEHTAIINH, 3aKaJKH U HU3KOIO0 OTITyCKa
IPUOOPETAIOT BBICOKYIO TBEPIOCTh (M M3HOCOCTOMKOCTH) MOBEPXHOCTHOTO CJOSA U
COXPAHSIOT BSI3KYIO (M JOCTAaTOYHO MPOYHYIO) CEPALIEBUHY. DTH CTajld B OCHOBHOM
NPUMEHSIOTCS JIJIS1 U3TOTOBJICHUS LIECTEPEH. YJIydllaeMble - 3TO CPEAHEYTIIepOan-
cteie (0,3...0,5 % C) cramu (30X, 30XI'C, 38XMIOA, 40XH, ...), uzaenus u3 KoTo-
PBIX MOJBEPralTCs YIYUYIIEHUIO - 3aKallKeé M MOCIEIYIOIIEMY BBICOKOMY OTITYCKY
(cMm. paboty 6). Takas TepmMooOpaboOTKa OOECrEeYMBACT W3ACIUSIM U3 ATUX CTaJICH
(Bambl, OCH, IITOKU, IIATYHBI U JIPyTH€ OTBETCTBEHHBIE JIETANIM) BHICOKUN MIPEeI Te-
Ky4€CTH, BBICOKYIO YJIAPHYIO BSI3KOCTh U MaJIyI0 YYyBCTBUTEIHHOCTh K KOHILIEHTPATO-
paM HalpsHKCHUH.

Ilpokanueaemocmov cmanu
Brlie ormMedanoch, 4TO MEXaHUYECKHE CBOMCTBA JIETMPOBAHHBIX CTaJIel mep-

JIMTHOI'O KJIaCCa OIPCACIIAIOTCA B OCHOBHOM COJCPIKAHHUCM YIJICPOIaA. OpnHako nmaxe

' JTaHHBIH MPHUHIMIT KJaCCU(PUKAIMK CTallei Mo HazHaueHHIO (moapobHee cM ctp. 134) orpaxaer
JUIIb OCHOBHYIO TEHACHLHMIO. PealbHO K KOHCTPYKIMOHHBIM OTHOCATCS TaKKe PECCOpPHO-
npyxunssie (0,5...0,7 %C) u mapuxkonoammnHukossle (~1 %C) cranu, a, HanpuUMep, UHCTPYMEH-
TaJbHbIE IITAMIIOBBIE CTAJIN AJI yAapHOro nedopmupoBanusa Metamia cogepxkat 0,3...0,6 % C.
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OTHOCUTEIFHO HU3KOE JICTUPOBAHKE MO3BOJISECT 3HAYUTEIHHO MOBBICUTH TAKYHO BaXK-
HYIO XapaKTePUCTHKY CTaJIH, KaK €€ IPOKaJIUBaEMOCTh.

I[IpokanuBaeMoCTb - 3TO CIOCOOHOCTH CTAJIM 3aKaJIUBaThCA (T.€. MPUOOpPETATh
MapTEHCUTHYIO CTPYKTYPYy) Ha OINpeJelIeHHYI0 TTyOHHY (CpaBHUTE C 3aKaJliBacMO-
CTbIO - pabota 6). [lockonbKy OCHOBHOE TPEOOBAHUE 3AKAIKU V oy > Vi, TO MPOKAIIU-
BA€MOCTh 3aBHCHUT OT COOTHOIICHHSI CKOPOCTH OXJKICHUA Voy, U KPUTHUYECKOU
CKOPOCTH 3aKalKh V. Ecam B cepanesune obpasua Vo, <V, 3TO NIPUBOAUT K He-

CKBO3HOM 3aKaJike (MPOKAJIMBAEMOCTH) - pUC. 7.2.

v
%%%% ///// Puc.7.2. Pacnpenenenue ckopo-
W DA e

HITPUXOBAHA 3aKaJICHHAs 30HA C
MapTEHCUTHOU CTPYKTYpOMH

[Ipn HECKBO3HOW MPOKATUBAEMOCTH Ha TTOBEPXHOCTH oOpasiia oOpasyercs map-
TEHCUT, a B cepaUeBHHE (T Vx;<V,p) - IUNIACTHHYATBIE CTPYKTYPbI HEPIUTHOIO
tuna. B pe3ynpTare BO3HUKAET HEOAHOPOJHOCTh MEXAHMYECKHUX CBOMCTB IO Ceye-
HUIO JIeTalld, KOTOpasi COXPaHIETCs U TOCIie OTiycka. B wacTHOCTH, cepanieBuHa Oy-
JET UMETh 0oJiee HU3KYIO YIapHYIO BA3KOCTh (CM. paboty 6). [loaToMy 17151 OTBETCT-
BEHHBIX M3JICJIMM JOJDKHBI MPUMEHATHCA CTAIM CO CKBO3HOM MPOKAIMBAEMOCTBIO.
OueBHIHO, YTO OCHOBHOM NMYTH NMOBBINICHUS] POKAJIUBAEMOCTH - 3TO YMEHbIIIE-
HHE BEIMYUHBI V. Bellle 0TMEYaNoch, 4To JErMpPOBAaHUE NPUBOIUT K IOBBLILIEHHIO
YCTOWUYHMBOCTH TEPEOXIIAKIECHHOIO ayCTEHUTA, COOTBETCTBEHHO - K CIABHUIY JIMHHU

C-nmuarpammsl BripaBo (puc. 7.1), a 3HAUUT K CHUIKEHHIO Vo, U TOBBIIICHUIO ITPOKa-
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mmBaemoctn'. [To3ToMy, yeM Gonblle JUaMeTp M3ICIHA, TeM Ooliee JerHpPOBAHHYIO
CTaJIb HY’KHO NPUMEHSATH JIJIs1 IOJYyUYEHHUS] CKBO3HOM NMPOKAINBAEMOCTH.
3a riiyOMHy NpoKaJMBaeMOCTH OOBIYHO TPUHUMAIOT PACCTOSIHUE OT MOBEPX-
HOCTH 00pasIia 10 30HbI C MOJTYMapTEHCUTHOM cTpyKTypoii (50 % maprencura + 50 %
TPOOCTUTA) C BBICOKOW TBEPAOCTHIO. TBEPOCTh CTalIel C MOIYMapTEHCUTHOM CTPYK-
TypOH 3aBUCUT B OCHOBHOM OT COZEPKaHUs YIJIEPO/a U B TOPA3/i0 MEHbLIEH CTENEHU

- JIETUPYIOUIUX 3JIEMEHTOB - puc. 7.3.

HRC,
1
40 /é/
30 /// 2 Puc. 7.3. BnusiHue conepxaHus
4 / yriaepoja B CTalu Ha TBEPIOCTb
/ o
20 v OJIyMapTEHCUTHOU 30HbI
nerupoBaHHoO# (1) u
10 yriepoaucToi (2) craneit

0,1 0,2 0,3 04 0,5 06 C,%

Jlsist onpenienieHrs MPOKaIMBAEMOCTH HanboJee paclpoCcTpaHEeH MeTOA TOPLO-
Boii 3akanku (I'OCT 5657-69). Hununapudeckuii oOpaszer onpeneaeHHon Gopmsl 1
pa3MepoB HArpeBaroT A0 TEMIEPATYPHI 3aKAJIKH, a 3aTEM OXJIAXKIAIOT C TOpLA CTpyeH
BOJBl B CHELMATBHOM YCTAHOBKE. 3aT€M H3MEPSIOT TBEPAOCTh MO BBICOTE 00pasla,
HauuHas ¢ Topua. O4YeBHJIHO, YTO OHA yObIBa€T B ATOM HAIIPABJIEHUU B CBSA3U C
YMEHBIIEHUEM CKOPOCTH OXJIAKJCHHS U IOCTENEHHBIM NEPEXOJIOM OT MAPTEHCUTHOU
K IEPIUTHBIM CTpYKTypaM. [lanee ctpoutcs rpaduk U3MEHEHUSI TBEPIOCTH IO JJIMHE
obpasua L, u ¢ nomompro puc. 7.3 onpeznensercss KpUTHYECKOe paccTosiHue L, 10
IIOJYMapTEHCUTHOW 30HBL. Benuuuna L, XapaxkTepusyeT NPOKaIMBAEMOCTb CTaJlH
naHHOM Mapku. OIHAKO IS TPAKTUKH BayKHEE 3HATH BEJIMUYMHY KPHUTHYECKOI0 qHA-

meTpa Dy, — IMaMeTpa o0pasia, IPOKaIuBAEMOro HaCKBO3b (B CEpALEBUHE NOTyMap-

' BaxHbIM CJICACTBUCM YMCHBIICHUS BCIMYHUHBI VKp IpU JICTUPOBAHUU ABJISICTCA TO, YTO 3dKaAJIKYy
Ha MAapTCHCUT MOKHO IIPOM3BOJUTH HEC B BOAC, a B MACJIC U JaX€ Ha BO3AYyXE, T.C. C MCHBIIMMHA
CKOPOCTSAMHU. Takoe oxnaxaeHHe CYHICCTBCHHO CHMXKACT BHYTPCHHUC HAIIPAKCHHA B 3aKaJICHHBIX
U3ACINAX U COOTBETCTBECHHO - OITIACHOCTH BO3HUKHOBCHUA TPCIIHUH U KOpO6J'IeHI/I$I.
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TCHCHUTHAs CTPyKTypa) B JaHHOM OXJaauTelne. 3HaueHue Dy, onpeaenseTcs 1o Belu-
YUHE L, MOJyYEHHON METOJIOM TOPLIOBOM 3aKaJIKH, C TOMOIIBI0 HOMOTPAMMBI, IIPH-

BEJIEHHOHN Ha puc. 7.4 (WITpUXOBas JUHUS CO CTPEIKAMHU MOKa3bIBA€T METOAUKY OIl-

penenenus Dy, 10 BEIUYUHE L, IPY 3aKAIKE B PA3JIUYHBIX CPENAX).

Paccmognue om saxanusaemozo mopya
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Puc. 7.4. Homorpamma njist onpe/iesieHus: IpOKaIMBaeMOCTH (KPUTUYECKOTO
aramerpa Dy,): a — «uaeanbHas» OXJIaXaaromas cpena, 6 — Boja,
B — Macio, I — BO3yX

-~ hRyTbeny E:"s

I11. ITopsinok BhINOJIHEHNUSI padOThI

1. U3y4nTh METONMKY MPOBEICHHS TOPLUOBOM 3aKaJKW JJISI ONPEACICHUSI MpPO-
KaJIMBAEMOCTHU CTaJH.

2. OGpasel] KOHCTPYKIIMOHHOMN CTalIy' IUlsi TOPLOBO# 3aKAIKH B CIELMATBHOM
KOXKYyXe, MPEAOXPAHSIONIEM OT OKUCICHHUS U 00e3yriepoKMBaHUsl, TOMECTUTh B 3a-
KaJIOUHYIO T€Yb.

3. OTperynupoBaTh yCTaHOBKY JUIsl TOPIIOBOM 3akayiku. BwicoTta cBoOOAHOMU
CTpYH AOJKHA OBITH 65 MM, pacCcTOsSIHHE OT coruta A0 Topua oopasna 12,5 mm. Ctpys

BOJbI JOJIDKHA KaCaTbCsA TOJIBKO TOpLA 06p33].13 M HC OMbIBATH €T'0 NUIMHAPUICCKYIO

' [IpakTHYECKYIO 4acTh PabOTHI IO OMPEACTICHUIO MPOKATNBACMOCTH CTAIN OJ[HA TPYIIa CTYACHTOB
BEITIONTHSET Ha 00pasile yraepoauctoit cranu (Hanpumep, 40), Bropas - Ha 00pasiie JIeTupPOBaHHOM
CTaJIM C TeM K€ cojiepaHueM yrieposa (Hampumep, 40X).
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noBepxHocTh.4. [IpoBecTH TOPILIOBYIO 3aKajKy Harperoro oopasua. ObOpasern BblaEp-
KUBAETCS MO CTPYEHl BOJIBI 10 TIOJIHOTO oXJaxaeHus (He Menee 10 MUHYT).

5. CouundoBaTh 3aKajieHHbId OOpa3el ¢ JIBYX HPOTHUBOIOJOXKHBIX CTOPOH
BJ0JIb oOpasyromerd muwinHaApa Ha riayouny 0,2...0,5 mm. UW3meputh TBEepAOCTH
(HRC,) B oceBoM HampaBJICHHMH OT Toplia uepe3 Kaxawie 1,5...2 mm. M3mepenus 3a-
KOHYUTH IIOCJIE TOTO, KaK TBEPJIOCTh IEPECTAHET U3MEHAThCS. [IoBTOPUTH Npoueaypy
Ha MPOTHUBOIIOJIOKHON CTOpoHE oOpa3ua. Onpenenuts cpeaHeapupMeTuieckue 3Ha-
YeHUs TBEPAOCTHU M0 JUTMHE oOpasia. Pe3ynbTarsl 3aHECTH B TaOIUILY.

6. [Toctpouts Tpaduik U3MEHEHUST TBEPAOCTH 10 aiuHEe oOpasma. C MOMOIIbIO
puc. 7.3 omnpenenuTh pacCcTOsSHUE L, 10 NOTyMapTECHCUTHOM 30HBI.

7. C momMomp0 HOMOrpaMmsel  (puc. 7.4) OUEHHUTh KpUTHYECKUH quametp (D)

ITIPpH 3aKaJIKC HaHHOﬁ CTaJIld B BOAC U B MacClJIC.

IV. Coagep:xanue oryera

1. Kpatkue cBeeHus 0 KilacCuPpUKaluyu 1 MapKUPOBKE JIETUPOBAHHBIX CTaJIEH.

2. [IpokanuBaeMOCTh; BIUSHUE JETUPOBAHUS HA €€ BEJIUYMHY.

3. CylIHOCTh METOJIMKU ONPEAEICHHUS MPOKAIMBAEMOCTH METOJOM TOPLIOBOM
3aKanku. Cxema yCTaHOBKH.

4. Pe3ynbTathl U3MEPEHUI TBEPJOCTH MO JUTMHE 00pasiia mocyie TOPIOBOM 3a-
KaJIku (Tabnuiia u rpaduk).

5. 3aBUCUMOCTb TBEPIOCTH MOJIYMAPTEHCUTHOW 30HBI YIIAEPOAUCTBIX U JIETUPO-
BaHHBIX CTaje oT coxaepxaHust yriepoaa (puc. 7.3). OnpeneneHue TBEpAOCTH MO-
JYMAapTEHCUTHOMN 30HBI UCCIAEAYEMOMN CTaNH.

6. Meronuka u pe3yabTaThl ONPEACICHU PACCTOAHUSA L, 10 MOITyMapTEHCHUT-
HOM 30HBI 00pa3iia Mocie TOPIOBOM 3aKaJIKH.

7. MeTtoauka U pe3yiabTaThl OLEHKUM KPUTHYECKOro auamerpa D, , IpU 3aKajKe
UCCIIEyEMOH CTalld B BoJ€ ¥ B Macie. CpaBHeHHE 3Ha4YeHUH D,,, ONpeeIeHHbIX Ha
o0Opa3nax yriaepoJaucTou U JISTUPOBAHHOU CTaJIeH; KpaTKoe OOBICHEHUE TTOTYUYECHHBIX
JAHHBIX.

Jutepatypa:[l],c. 141...143,206...210, 259...262, 267...281, unu [2], c. 184, 185, 238, 239,
wu [3], c. 210...213, 269...270, unu [4], c. 262...268, 318...321, 331...337.
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PadoTa8

W3YUEHUE TEILIOCTOMKOCTH CILTIABOB
JJIA PEXKYIIETI'O UHCTPYMEHTA

I. lleas padoTbl
N3yyeHue TermnocTOUKOCTH CIUIABOB Pa3IMYHOTO0 XMMHUYECKOTO COCTaBa, MpUMe-

HACMBIX IJISI U3TOTOBJICHHA PCIKYIICTIO MHCTPYMCHTA.

I1. TeopeTnueckoe 000CHOBaHME

OcHoBHBIE TpeOOBAHMS, IPEABSBISIEMbIE K MaTepUaiaM JUIsl PEXKYILIEro HHCTPY-
MEHTa - 3TO BBICOKAsI TBEPJOCTh U U3HOCOCTOMKOCTh. OT 3TUX XapaKTEPUCTUK 3aBU-
CHUT IIPEXJIe BCero kauecTBo oOpabaTsiBaeMoii moBepxHocTH. Kpome Toro, mpu Tsixe-
JBIX YCJIOBHSIX pe3aHusl (BBICOKME 3HAYEHUsI CKOPOCTH PE3aHMsl, a TAKXKE - MPOYHO-
CTH, TBEPJIOCTH WJIM BSI3KOCTH 00pabaThIBAaEMbIX MU3JENUI), KOT/Ia PEXyIas KpoMKa
MOXKET pa30rpeBaThCs /10 TEMIIEpaTyp KpAacHOrO KajeHUs W BbILE, MaTepual UHCT-
pPYMEHTa JOJDKEH 00J1aaTh TeMJIOCTOMKOCTBIO - CIIOCOOHOCTBIO COXPAaHATh BBICO-
Ky} TBEPIAOCTh (M3HOCOCTOMKOCTBH) NPH JUIMTEIIBHOM Harpese. Benuumna Ttero-
CTOMKOCTH OLIEHUBAETCS NMPEIEIBbHON TEMIIEPATYPOU, IPU KOTOPOU COXPAHSIETCS BbI-
cokoe 3HaueHue TBepaoctu (o0braHO 58...59 HRC,), obecneunBaronieit paborocmo-
coOHOCTh MHCTpYMEHTA. B nanbHeilem 3Ty Temneparypy, XapakTepu3yIoIlyIo Ter-
JIOCTOHKOCTB, Oy/IeM 0003HAYaTh fsg.

[To TemIOCTOMKOCTH CIUIABBl JJIS PEXKYIIEr0o MHCTPYMEHTA IOAPA3ACIAIOT Ha
CJIeIyIOLIUE TPYIIIbL:

1) yrnepoaucTbie 1 HU3KOJIETUPOBAHHBIE CTANIM C TEIUIOCTOMKOCTBIO £53~200 °C;

2) BBICOKOJICTUPOBAHHBIEC OBICTPOPEKYIIUE cTau ¢ £53~600...640 °C;

3) TBepble CIUIABHI ¢ £55~800...1000 °C'.

Boicokas TBepHOCTh CTajie Il PEXKYLIEro HHCTPYMEHTAa OO0ECIedYrBaEeTCs

OOJIBIIIUM coJiepKaHueM yriepoja - oobraHo 0,9...1,2 %, unoraa no 1,3...1,5 %.

' Kpome TOro, MPUMEHSIIOTCS CBEPXTBEP/IbIC MHUHEPATIOKEPAMUIECKHE MATEPHAIbl, HATIPUMED, HUT-
pun 6opa ¢ rerwtocTokocThio 10 1200 °C.
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Yraepoaucrtoie crtaau (Y9, V10, V11, V12, V13, IT'OCT 1435-90) nocne He-
MOJIHOM 3aKaiku (CM. paboTy 6) U HU3KOTO OTITyCKa UMEIOT CTPYKTYPY MapTEHCUTA C
MEJIKO3EPHUCTHIMU BKJIIOYEHUSIMU BTOPUYHOTO IIEMEHTHTA U BBICOKYIO TBEPIOCTh
HRC, 62...64. Henoctatok 3TUX CTajiel - MOHMWKEHHAsA MPOKAIUBAEMOCTh, MOITOMY
U3 HUX U3TOTABIMBAIOT METANIO00pa0aThIBAIOIIUN HHCTPYMEHT HEOOIBIIIOTO pa3me-
pa (MeT4uKH, CBepJia, HAMMIBHUKHU, MUl U Ap.). 3aKaJKy IPOBOMAST B BOJE WUJIU CO-
JIEBBIX PACTBOpAX.

Huskosernpopannbie mHcTpyMeHTaAbHbIe cTaau (I'OCT 5950-2000) conep-
KaT TaKOE K€ KOJMYECTBO yriaeponaa u 10 5 % yerupyromux 351eMeHTOB. OCHOBHBIM
JIETUPYIOIIUM 3JIEMEHTOM SIBJISIETCS XPOM.

Cranu 3To#l Tpynimbl, KAK U UHCTPYMEHTAJIbHBIE YIJIEPOIUCTHIE, MMOBEPratoTCs
3aKajKe M HU3KOMY OTIYCKY, UMEIOT aHAJOTUYHYIO CTPYKTYpPY M MPAKTUYECKH Ta-
KYIO K€ TBepAOCTh (cM. Taou. 8.1). VIX TemIocTONKOCTh JTUIh HE3HAUUTEIIBHO BHIIIIE
(#58<250...260 °C).OgHako BCIEACTBHUE JIETUPOBAHUS OHU 0OJaaroT 0ojiee HU3KOU
KPUTUYECKOW CKOPOCTBIO 3aKaNKH V,y, U CYyHIECTBEHHO OOJIBIIEH MPOKATHMBAEMOCTBIO
(cm. paboty 7). Tak, u3 crasmm XBCI' MOXHO M3roTaBIMBaTh MHCTPYMEHT C IIOTIC-
peunbIM cedenreM J10 100 MM. 3akaiMBalOT 3TH CTAIM OOBIYHO B MacJe.

B obicTpope:xxymux craasax ('OCT 19265-73) Bwicokas TEMIOCTOUKOCTh
(KPACHOCTOMKOCTB) JOCTHraeTCsl BBEJCHHEM OONBIIOrO KOIMYECTBA BOIb(hpama'
HapsAy ¢ ApyruMH KapounooOpasyromumu snementamu (Mo, Cr, V).

KapOuapr 5TUX 3JI€MEHTOB B OTIWYHE OT IIEMEHTHTA B YTIEPOIUCTHIX CTaJSIX
BBIJICJIIIOTCS U3 MApTEHCUTAa U KOAryJHUpylOT (YKPYMHSIOTCS) MpH O0Jee BBICOKUX
TeMreparypax ornycka. [loaTomy pacnag mMapTeHCUTa B OBICTPOPEXKYIIUX CTAAX U
MOCIIEAyIOIIas KoaryJsiius KapOuI0B, MPUBOISIINE K CHUKEHUIO TBEPJIOCTH, CIIBH-
ratorcsi B obsacte Beicokux temmepatyp (500...600 °C). Jlng moaydeHus: BBICOKOU
TEMJIOCTOMKOCTU KapOUJbl KaK MOKHO IOJIHEE JOJHKHBI ObITh PAaCTBOPEHBI B aycTe-

HUTE (3TUM OOECIIEUMBACTCS TMOJTYUYECHHE BBICOKOJIETMPOBAHHOTO MapTeHcuta). s

' B cBsi3u ¢ aedunuTHOCTRI0O W pa3spaboTaHbl TakkKe OBICTPOPEKYIIHE CTATH ¢ MaJIbIM €r0 COJIEp-
xanueM (P3M3®3) u naxe 6e3BonbdpamoBeie (POMSD1, POM3D2).
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ATOr0 HEOOXOAMMA BBICOKAsl TeMIlepaTypa HarpeBa cTaiu noj 3akaiky. CuibHoe Je-
THPOBaHUE OBICTPOPEKYIINX CTANCH TPUBOJUT K TOMY, YTO TEMIIEpaTypa OKOHYaAHUS
MapTEHCUTHOTO MPEBPAIICHUS JISKUT HUXKE KOMHATHOH (cM. padoty 6). [loaTomy B
3aKajeHHoW ctamu coxpanserca 10 ~30 % OoCTaTOYHOIrO ayCTEeHUTa, CHHMIKAIOIIErO
PEeXyIINE CBOWCTBA MHCTPYMEHTA. I/ €ro YHUUTOXXEHUS MPUMEHSIOT TPEXKPATHBIHI
otmyck npu =560 °C. [Ipu 3TOM ayCTEHUT MpEBpaIIAETCs] B MAPTEHCUT, KPOME TOTO,
BBIJICJISIFOTCS.  TUCIIEPCHBIE BTOPUYHBIE KAapOHWAbI, YTO HA HECKOJbKO €IMHHUIL
(1...3 HRC,) noBbImiaeT TBEpAOCTh 3aKkajieHHOW cTanu. CTpyKTypa CTaju IMocie Ta-
KO TepMOOOpabOTKU: MAPTEHCHUT, TUCIEPCHbIE BTOPUYHBIC U OTHOCHUTEIBHO KPYII-
HBIE TIEPBUYHBIE KapOUIbI.

TBepable cIaBbI - 3TO METANIOKEPAMUYECKHE MaTepUAIbl HA OCHOBE BBICO-
KOTBEP/IbIX U TYTOIUIABKUX KapOuI0B Bosib(pama, TUTaHa, TaHTaiza. OHU U3roTaBIH-
BAIOTCSI METOJOM MOPOUIKOBOM MeTaymypruu. [lopomku kapOuoB CMEIIMBAIOT C
MOPOIIKOM KOOalbTa, BBIMOJHAIOIMIUM POJb CBSI3KH, MPECCYIOT W CHEKAIT MpH
1400..1550 °C. Takum 00pa3oM H3TOTABIUBAIOT PEXKYIIHE MIACTUHKH, KOTOPHIMU
OCHAIIAIOT pe3lbl, Ppe3bl, CBepia U Ipyrue HHCTpyMeHThl. CTpyKTypa TakuX MaTe-
puanoB Ha 80-95 % cocTouT U3 KapOUIHBIX YaCTHI], 0OECIECUMBAIOIIUX BBICOKYIO
tBepocth HRA 85..92 (HRC, 67..76) u temnocroikocTts (255~ 800..1000 °C)
UHCTPYMEHTA.

[To I'OCT 3882-74 BbIMyCKalOT TBEPABIE CIIABBI TPEX IPYMI:

1) Bosnbdpamoseie (BK3, BK6, ..., BK25);

2) tutanoBoabppamonsie (T30K4, T15Ke6, ..., T5SK12);

3) turanotantanoBoibhpamosie (TT7K12, TT8KS, ..., TT20KO9).
B rpynne BK mudpsl nokaspiBaioT copepxaHue KobaiabTa B MPOIEHTaX, OCTAIbHOE
kapoun Bonbppama WC. B rpynne TK mudpsr nocne 6yks T u K- conepkanue xap-
ouna turana TiC u Co coorBercTtBeHHO, ocTtanbHoe WC. B rpymnme TTK umdpsr mo-
cie 0ykB TT u K - conepxanue kapobunoB tutana u tTantana B cymme (TiC+TaC) u
Co cootBetrcTBeHHO, ocTtaibHOoe WC. Hanpumep, BK6 — 6 % Co, 94 % WC; T30K4 —
30% TiC, 4% Co, 66 % WC; TT7K12 —7 % (TiC+TaC), 12 % Co, 81 % WC.






XHUMHUYECKUH COCTAB, PEKUMBI TEPMUYECKONH 00PAaOOTKHU U TBEPIOCTh
HEKOTOPBIX HHCTPYMEHTAIBHBIX CTAJIEU

Tabmura 8.1

Mapka Copnepxanue 3JeMEHTOB, % Mo mMacce Temnepatypa, °C Trep.
cTain C Cr Si W Mo Jlpyrue 3n-Thl |  3aKajKku OTIyCKa HRG,
HU3KOJETIMPOBAHHBIE CTAJHN (I'OCT 5950-2000)

X 0,95...1,0 | 1,3...1,65 |0,15...0,35 — — 0,15...0,4Mn | 840...860 | 150...160 | 62...64
9XC 0,85...0,95/0,95...1,25| 1,2...1,6 — — 0,3...0,6Mn | 840...860 | 140...180 | 63...64
XBI' 0,9...1,05 | 0,9...1,2 — 1,2...1,6 — 0,8...1,1IMn | 830...850 | 140...170 | 63...64
XBCI' |0,95...1,05| 0,6...1,1 | 0,65...1,0 | 0,5...0,8 — 0,6...09Mn | 840...860 | 140...160 | 62...64
XB4 1,25...1,45| 04...0,7 — 3,5...43 — 0,15...0,3V | 800...820 | 120...160 | 64...65
BBICTPOPEXYIUIUE CTAJUTOCT 19265-73)

P18 0,7...0,8 | 3,8...44 — 17...18,5 1 1,0...1,4V  [1270...1290| 550...570 | 63...65
P19 0,85...0,95| 3.8...4,4 — 8,5...10 1 2,0...2,6V  |1220...1240| 550...570 | 63...65
P6MS5S | 0,8...0,88 | 3,8...44 — 5,5...6,5 5...55 1,7...2,1V [1210...1230| 540...560 | 63...65




TBepapie criiaBbl IPUMEHSIOTCS JIJIs1 BEICOKOCKOPOCTHOTO PE3aHUS CTANICH, a TAKKe
YEpPHOBOM M YHMCTOBOM 0OpabOTKU TpyJaHOOOpabaThIBaGMbIX MaTepHAIOB (4yryHa, *ka-
POTIPOYHBIX CTAJICH U CIIABOB, KEPAMUKH).

I11. ITopsinok BbINOJIHEHUSI PA0OTHI

1. BoiOparh pekuMBbI 3aKajlKyd U OTIYCKA U MPOU3BECTH TEPMUUYECKYIO 00pabOTKy
oOpasuoB yriepoauctod (Y10) M HHU3KONETHMPOBAaHHOM HMHCTPYMEHTAJIBHOW CTaau
(XBI).

2. I3ameputh TBEPJIOCTh TEPMUUECKH 00paboTaHHBIX 00pa3uoB craneit Y10, XBT,
a Takxke ObicTpopexyien cranu (P6MS) u TBepnoro crnasa. [Ipu usmepenuu TBEpI0-
CTH TBEPJOIo cIuiaBa ucnoibidyercs mkaina A (HRA; BaaBirBaHue aamMa3HOro KoHyca ¢
Harpyskoi 600 H (60 xrc)).

3. Beiepkath o0Opasisl HCCIIeAyeMbIX MaTepualioB npu Temieparypax 250, 400,
550 u 700 °C B Teuenue 30 muH. M3mMepuTh TBEpIOCTH 00pPA3IIOB MOCIE BBIAEPKKHU MIPU
KaXXJ10¥ Temrniepatype. Pe3ynbraTsl u3MepeHuit 3aHeCTy B TaOJIHILY.

4. Iloctpouth rpaduk 3aBUCUMOCTH TBEPJIOCTH MHCTPYMEHTAJIBHBIX MaTepUaioB
OT TemIepaTypsl Harpea. OUEHUTh TETIOCTOMKOCTh UCCIEAYEMBIX CIUIABOB IO YPOB-
Hio TBepaoctu HRC, 58.

5. I3yuuTh ¥ 3aprcoBaTh MUKPOCTPYKTYPhI UCCIETYEMbIX MaTEpUAJIOB, HAMIUCATh

00BsCHEHHE IMOJIYYCHHBIX 3aBUCUMOCTEH.

IV. Conep:xxanue oTuera

1. TermmocTolkocTh, KpuTepuid ee oreHku. Kmaccudukarus matepuanoB s pe-
KYIIETO UHCTPYMEHTA 110 TEIUIOCTOMKOCTH.

2. Pexxumbl TepMHUECKOW OOpaOOTKM HHCTPYMEHTAJIbHBIX CTaJIed pa3iudyHbIX
rpynn (Y10, XBI', P6MS).

3. Tabnuna pe3ynbTaTOB HM3MEpPeHHM TBepaocTtu oOpasioB craier Y10, XBI,
P6MS5 u TBepaoro cruiaBa B HICXOAHOM COCTOSIHUM (COOTBETCTBYIOLIEM IOTOBOMY MHCT-
PYMEHTY) M TOCTie TIOJTy4acoBOM BbIACPKKH npu Temmepatypax 250, 400, 550 u 700°C.

4. I'paduk M3MEHEHUsT TBEPAOCTH MHCTPYMEHTAJIBHBIX MAaTEpUaJOB B 3aBUCHMO-
CTH OT TeMmrmepaTypbl HarpeBa (ucmoiib3oBaTth Microsoft Excel). Pe3ynbTaThl oneHku

TEIUIOCTOMKOCTH UCCIEAYEMBIX MATEPUATIOB.



- 165 -

5. OOBsACHEHNE TOJYYEHHBIX JaHHBIX U MUKPOCTPYKTYpPBI HCCIIEyEMbIX MaTepHa-
JI0B.

JMutepatypa: [1], c. 349...357, 364...366; [2], c. 609...621, wmn [3], c. 320...331,
i [4], c. 358...367, 379...382.

PadoTa9

CTPYKTYPA U CBOMCTBA CILIABOB HA OCHOBE
AJIIOMUHUSA

I. Henab padoTsl

N3ydeHne CTpyKTypbl U CBOWCTB Pa3IUYHBIX IPYNI AJIFOMUHUEBBIX CIIJIABOB U IIPO-

I[ECCOB UX TEPMUUYECKON 00pabOTKHU.
II. TeopeTnueckoe 000CHOBaHHE

ATOMHHMI HU3-32 HEBBICOKOU MpouHOCTH (0,<140 MIla naxe B HakJIenaHHOM CO-
CTOSIHUHN) KaK KOHCTPYKIIMOHHBIM MaTepHall IpakTUUECKU He ucnoibiyercs. CruiaBbl Ha
OCHOBE QJIIOMHUHHUSA, COXpaHssl MPUCYIIHME €My JOCTOMHCTBA (HHU3Kas IJIOTHOCTb,
2700 xr/m° (2,7 T/cM’), BBICOKAst KOPPO3HOHHAS CTOMKOCTB), 001a1al0T JOCTATOUHO BbI-
COKOM MPOYHOCTHIO (TIOCITIE TEPMUYECKO 00paOOTKHM) M XOPOLTUMHU TEXHOJIOTUYECKIUMHU
CBOMCTBaMH: CITIOCOOHOCTBIO CBAapHBATHCS, MOJBEPraTbCs PAa3NMYHBIM BHUJAM MEXaHU-
4ecKol 00paOOTKH; JTUTEHHBIMHU U T.I. DTO OOYCIOBHWIO BBIIBH)KEHHE ATIOMHHHEBBIX
CIUTABOB Ha BTOPOE MECTO IMOCJIE CTaU N0 00beMY MPOU3BOICTBA.

AJIOMUHUEBBIC CIUIABbI KJIACCH(PUIMPYIOTCS TI0 IBYM IPU3HAKAM: TIO TEXHOJIOTH-
YECKUM CBOMCTBaM, OTPEJEISIIONIUM CIOCO0 HU3TOTOBJICHHS MOTy(padbpuKkaToB U IeTa-
Jel; o crnocoOHOCTU A(DPEKTUBHO YIPOUYHSATHCS B pe3ysibTaTe TEPMHUYECKONH 00padoT-
KH.

[To nepBoMy mpH3HAKY aJIOMHUHHMEBBIE CILIABBI MOJIPa3JEsaOTCA Ha Aedopmupye-
Mble 1 JuTeiHble. 3 neopMHUpyeMBbIX CILUIABOB METOJIAMU XOJOJHOM U ropsuei mia-
CTUYECKOU nedopmaiuy moayqaroT noiaydadpukaTel B BUIE JUCTOB, MPOPUICH, TIPYT-
KOB U T.N. JIuTeitHble CIIIaBbl peIHa3HAUYEHbI AJI1 OTJIIMBKU JI€TaIeH.

Jlebopmupyembie U JTUTCHHBIC ATFOMUHUEBBIE CIUIABBlI M0 WX CIIOCOOHOCTH YII-
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POUHSTHCS B pe3yJibTaTe TEPMUUECKOW 00pabOTKU KiIacCU(UIUPYIOTCA HA YIPOYHsie-
Mbl€e 1 He YIIPOUHsieMble TEPMHUUYECKOii 00padOTKOM.

JdedpopvMupyeMble CIJAaBbI, YIPOUHsieMble TePMHYECKOil 00padOTKOM,
JETUPYIOT MEJIbI0, MATHUEM, MapraHIileM, [IUHKOM, JIMTUEM. DTHU 3JIEMEHThI 00pa3yIoT C
QIFOMUHUEM TBEPJbIE PacTBOPHI (0L) ¢ OTPAHUYEHHOW PaCTBOPUMOCTBIO U IPOMEXKY-
touHble (a3pl, HarpuMep CuAl,, Mg,Als;, MnAlg, Al;Li.

XapakTepHOil 0COOEHHOCTBIO OL- TBEPAOT0 PacTBOpPa Ha OCHOBE AJTFOMUHMUS SIBIISI-
€TCsl 3HAUUTENIbHOE YBEJIUYCHHE PACTBOPUMOCTH JIETMPYIOLIUX AJIEMEHTOB C MOBBIIIE-
HUEM TeMIepaTypsl (Hanpumep, B cucteme Al-Cu MakcumanbHas pacCTBOPUMOCTb METU
B ajtOoMUHUU Bo3pactaeT noutu B 30 pa3 nmpu HarpeBe B uHTepBaie 20...548 °C - cwm.

puc. 9.1).

>K+CUA12

Puc. 9.1. luarpamma coCcTOAHUS
AJTFOMUHUN-METb

o+ CUA12

CU.A12

33 55 Cu, %

Conep:xaHue JETUPYIOLIUX JIEMEHTOB B CIUIaBaX JAHHOW IpyMIbl NpUOIMKaeT-
Csl K COCTaBy, OTBEUAIOLIEMY MpEeNIbHON PacTBOPUMOCTH B O-PacTBOpE, HO HE Ipe-
BOCXOJIUT €r0, T.€. CTPYKTypa 3TUX CIJIAaBOB B PAaBHOBECHOM COCTOSIHUU: OL- TBEPJIbIii
pacTBOp € BKIIIOUEHUSIMU COOTBETCTBYIOLUX MPOMEXYTOUHBIX BTOPUYHBIX (pa3. IT1o, ¢
OJHOW CTOPOHBI, 0OECIeYnBaeT COXpaHeHHue AehOpPMUPYEMOCTH CIUIaBa, TaK KakK €ro
OCHOBA - IUIACTUYHBIM O -pacTBOp, C JIPYroM - co37JaeT BO3MOXKHOCTH 3(h()EeKTHBHOTO
YIOPOYHEHUSI TEPMUUECKON 00pabOTKOM.
OCHOBBI TEOPHH TEPMHUYECKON OOpaOOTKH aTOMUHHUEBBIX CIUIABOB MOTYT OBIThH
paccMOTpeHBI Ha TpUMepe AYPATIOMHUHOB - CIUIaBoB cucteMbl Al-Cu-Mg. OTH cruiaBbl

coaepxkar okoisio 4...5 % Cu, nmostomy cornacHo guarpamme Al-Cu (puc. 9.1) ux
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CTPYKTYypa B PaBHOBECHOM COCTOSIHHH: O.- TBEPABI PACTBOP C BKIIOUCHUSIMHU ITPOMEKY-
TouHOM (a3el CuAl, , Ha3pIBaemoil 0-dazoii.

Ynpounswomas TepMuieckas 00padoTka COCTOUT M3 IBYX ITANOB: 3aKAJIKH H
CTapeHusl.

JIst 3aKanku CIJIaB HAarpeBaeTCsl BbINIEC JIMHUU TPENeNbHON pacTBOPUMOCTH, TaK
410 0-(]aza MoJIHOCTHIO PACTBOPSIETCS.

bricTpoe oxjaxkaeHue 10 KOMHATHOM TeMmmeparypbl (UKCUPYET OJHO(A3HYIO
CTPYKTYpYy MEPECHIIIEHHOTO MEIbI0 O -pacTBopa. [IpoyHOCTH MpU 3TOM HU3MEHSETCS
Majo (CpaBHUTE C 3aKaJIkoil ctaiu, padora 6). CylecTBEHHOE yBEIUYEHHUE TPOUYHOCTH
IIPOUCXOJIUT B Pe3yJIbTaTe CTAPECHUS - TPOIECCOB, MPOTEKAIOIINUX MPU JJIUTEITLHON BbI-
JIEp>KKEe HEPABHOBECHOTO, 3aKAJIEHHOTO CIUIaBa MPU KOMHATHOM WJIM MOBBIIIEHHON TEM-
nepatype. B 3aBucuMocTH OT PUPOJIBI CIJIaBa U PEeKUMa CTAPEHHS CTPYKTypa CIjlaBa
B TOW WJIM MHOM Mepe MpuOIMKaeTcsi K paBHOBeCHOMY (0.+0) coCcTOosHUIO.

JlnntensHas BeIIEPKKA 3aKAJICHHOTO CIIaBa IPW KOMHATHOU Temriepatype (‘“‘ecte-
CTBEHHOE CTapeHue’) He MPUBOJIUT K oOpazoBanuio O-da3pl. B oTneabHBIX MIOCKO-
CTSIX PEIIETKH OL-pacTBOpa HAYMHAIOT CKAIUITMBATHCS aTOMBI MEJIH, OJTHAKO WX KOHIICH-
Tpamus emie He JOCTUTaeT TOM, KOTopas HeoOXoauma i oOpa3oBaHUs 3apOjIbIIIeh
0-dazbr (55,4 % Cu). U3-3a pazuuiel atToMHbIx paguycoB meau (0,128 uM) u anromu-
Hus (0,143 HM) pelieTka O-pacTBOpa B MECTaX CKOIUICHHS MEIHU CUJIBHO HMCKaXaeTCs.
Ot1u obnacTu UCKaxxeHui Ha3biBatoTCs 30HaMu ['unbe-IIpecTona unu 3onamu ['T1. SB-
JSISICh UCKKEHUAMH perieTkd, 30HbI [T mpensiTCTBYIOT CKOJIBKEHUIO AUCIOKAMN U

3¢ ()EKTUBHO YIPOUHSIOT CIuIaB (puc. 9.2).

Gg, Mlla 20°C

420\ -

o _5°
380 200 |

i _—T__ Puc. 9.2. 3aBucu-
360 -
340 I P . MOCTb IPOYHOCTH
320 / 4‘/ —90 TypaTtOMHUHA OT
300 pexXuma cTapeHus

a 7 2 J 4 ] 6 7 T, CYmKY
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B pesynbrare “uckyccrsennoro crapenusi” npu 100...150 °C B mecrax ckoruie-
HUS MEJU B OL- pacTBOpe 00pa3yroTcst MeTacTabmibHbie 0'- 1 0''- ¢asbl, oTanyaromme-
csl OT paBHOBecHOU O-da3bl Tunom pemietrku. Pemerka MmeractabunpHOM (a3bl eiie He
OTJIEJIEHa OT PELIETKU O -pacTBOpa (KOTEpEeHTHas CBs3b), a TaK Kak IapaMeTpbl 3THUX
PEIIeTOK pa3IuvHbl, TO B MecTax obpazoBanms 0'- u 0''-da3 pemerka o - pacTBOpa MC-
kaxaetcs. CTeneHb UCKaKEeHUs, OJHAKO, MEHbIIIE, YeM B ciiydae oopasoBanus 30H ['11,
03TOMY MeHbIIe U 3pPeKT ynpouHeHus (puc. 9.2).

Eme Menbie BennunHa ynpouyHeHus npu ctapenuu B uatepsaie 200...250 °C. Ilpu
ATUX TemIeparypax oOpasyercs paBHOBecHas 0-(¢asa, ee pernieTka nmojaHOCTbIO OTeIe-
Ha OT PEHIETKH O -pacTBopa. B pe3ynbTaTe CHUMAIOTCS MCKAXEHUS PEUIECTKU O -PACT-
BOpa U MOHMKAETCS CTENEHb YIIPOUHEHHUS; Ha 3TOM 3Tarie OHO 00YCIOBIIEHO TOPMOKE-
HUEM JUCIOKAIMi MEIKOAUCTIEPCHBIMU BblaeNeHusIMU 0 - ha3bl. U3 puc. 9.2 BUIHO, 4TO
nutenbHas Boiziepkka npu 200...250 °C, npuBomsmas K KOAryJsiuv YIpOYHSIOIINX
gactuil 0 - pa3el, BEI36IBAET YMEHBIIIEHUE TPOYHOCTH (“‘miepecTapuBaHue’).

[IpombinuieHHbIE e OpMUPpYyeMble CIJABBbI, YUPOUHAEMble mMepMuue-
CKOll 00padomKoii,- 3T0 TIABHBIM 00pa3oM JIypaltOMHUHBI - cIIaBbl cucteMbl Al-Cu-
Mg. KpomMe TOro, B HUX BBOJMTCS MapraHel JUisl MOBBIIIEHNS KOPPO3UOHHOM CTOMKO-
CTH.

B 1a6n. 9.1 npuBeneHbl cOCcTaB U CBOMCTBA HAaMOOJIEE PACIIPOCTPAHEHHBIX ypallo-
MHUHOB, a TaK)K€ OTHOCAILLMXCS K 3TOM rpynne BolcokonpouyHbix (B95, BA/[23), koBou-
HbIX (AKS) u xxaponpounbix (AK4) cruiaBoB. OTIHYUTENbHON Y€PTOM CILJIABOB 3TOM
TPYIIIbI SBISETCS BBICOKAS yAeJbHAsi NPOYHOCTh (OTHOLIEHUE MPOYHOCTH K IIOTHO-
CTH CIUIaBa), 0OyCJIOBUBIIAs UX IIMPOKOE MPUMEHEHUE B aBHALIUU, TPAHCIIOPTHOM Ma-
IMHOCTPOCHUH U MPUOOPOCTPOCHHUHU.

JedbopMupyemble CIUIaBbl, He YHpOUHAEMble MEPMUUECKOU 00padomkoil, B
PAaBHOBECHOM COCTOSIHUM UMEIOT CTPYKTYPY OL- TBEPAOr0 pacTBOpa, MO0 O-pacTBopa, €
BKJIFOUEHUSIMU IPOMEXKYTOUHBIX (pa3. [Ipu nByx(dasHol cTpyKType ynpodHEHHE TePMHU-

4yeckoil 00paboTKO#, B MPUHIIMIIE, BOZMOXKHO (€CId POMEXKYTOUHbIE (ha3bl pacTBOPU



Taobmuma 9.1

XUMUYECKUI COCTaB M MEXaHMYECKHE CBOMCTBA JIe(hOpMUPYEMBIX aTFOMUHHUEBBIX CIIJIABOB,
ynpouHsieMbIX TepMudeckoit oopadotkoit (I'OCT 4784-97)

Mapka Xumuyeckuit coctan, % (octaipbHoe Al) d, Yrpounstomas Gy, 0,
cIuiaBa Cu Mg Mn Jlpyrue sJeMeHTsl | T/cM TepMO0OpaboTKa MlIla %
Fe 0,5; 3akanka 500 °C,
6 | 3,8.49 | 12..1,8 | 03..0,9 Si 0.5 28 | crapeme 20 °C, 96 nacos | 470220) [1708)
8 | 2,2.3,0 | 02..0,5 0,2 gfg’ss; 2,76 To xe 300(160) |24(24)
Li11,9..23 3akanka 500 °C,
01420 - 3,0..-6,0 0,3 7r0,09..0,15 | 2° | crapemme 170 °C, 1012 | PO |3
7Zn 5,0...7,0 3akanka 470 °C,
B9S | 1,4.2,0 | 1,8.28 | 0,2..0,6 CroL. 025 285 | crapernic 130 °C. 16,24 ¢ |00580] 7.5
Li0,9..1,4 3akanka 520 °C,
BAJ23 | 48..5.8 — 0,4..0,8 Ca01-025 | 27 | crapenne 170 °C. 10,124 |550--580| 4
AKS | 3,9.48 | 04..08 | 04..1,0 $i 0,6...1,2 2,8 Saxama 500 °C, 450...460| 1°
crapenue 160 °C, 6...15 4
AK4-1 | 19.27 | 12,18 | — Fe0.8...1.4 28 Saxama 530 °C, $30 | 13

N1 0,8...1,4; S1 0,35

crapenue 190 °C, 10 yacos

Ilpumeuanue. B ckoOKax ykazaHbl 3HAYEHUS Gy U O JyPATIOMUHOB B OTOXXKEHHOM COCTOSTHHH.




MBI B O.- pacTBOpE), OAHAKO ero d(PheKT Man u3-3a HEOOJIBIIOTO KOJIMYECTBA YIPOU-
Hsroniel ¢asel. [loaToMy criiaBbl JaHHOW TPYIIBI YIPOUHSIOUIEH TEPMOOOPaOOTKE HE
MOJABEPTAOTCS, UX MOXKHO YIPOYHSTH IUIACTHUECKOH Aedhopmaniuei (cMm. padoTy 3).

K aroit rpynmne otHocarcs cruiaBel cuctembl Al-Mn (mapkupyrorcs AMu) u
Al-Mg (AMr), oHU UMEIOT HEBBICOKYIO TTPOYHOCTh, JIETKO 00padaThIBAIOTCS, XOPOIIIO
CBapUBAIOTCS U 00JIaJJal0T BBHICOKOW KOPPO3MOHHOW CTOMKOCTBHIO. COCTaB M CBOMCTBA
CIUTABOB 3TOM I'PYNIIbI MPUBEEHBI B Ta0M. 9.2.

Tabmauma 9.2
XHUMHUYECKHUH COCTaB U MEXaHNYECKHE CBOMCTBA aJJIOMUHHUEBBIX CIIJIABOB,
HE yNpOoYHsieMbIX TepMudeckoit oopadotkoit ('OCT 4784-97)

Maoka Xumuaeckuit coctas, %
P (octaimpHOE Al) o,, MIla 0, %
cnmiaaBa
Mn Mg
AMiy 1,0...1,6 — 130(220) 25(23)
AMr2 0,6...0,6 1,8..2,8 200 23
AMr6 0,5..0,8 5,8...6,8 300 18

Hpumetzaﬂue. CBoiicTBa IMPUBCACHBI IJId OTOXKIKECHHOI'O COCTOSAHUSA, B CKOOKax - B
HarapToBaHHOM COCTOSIHUH.

JinTeiliHble aJHMHHHEBBbIE CINJAaBbl Pa3IuyHbl M0 XUMHUYECKOMY
COCTaBY W CTPYKType. Hanmydmumu mo TuTelHbIM CBOMCTBAM (KHIKOTEKYYeCTh, TIJI0T-
HOCTh OTJIUBOK) SIBJISFOTCS CILJIaBbI, COCTAB KOTOPBIX MPUOJIMKAETCS K IBTEKTUYECKOMY.
K takum cnimaBam oTHOCSITCS ciyMuHbl (cuctema Al-Si), nuarpamma cocTosiHUSI KOTO-
pBIX moka3ana Ha puc. 9.3. [Ipomeimuiennsie craBbl cogepkar 10...13 % Si. OBTekTH-
ka (a+Si) umeer rpyboe UrobyaTOe CTpPOEHUE (32 CYET KPUCTAIOB Si); MOMUMO 3B-
TEKTUKHU B CTPYKTYpe OOBIYHO UMEIOTCSI U30BITOUHbIE TIEPBUYHBIE KpUCTAILIHI Si. Crita-
Bbl C TaKOW CTPYKTYpOM XapaKTepHU3YyIOTCS HU3KOM MIACTUYHOCTHIO. B CBSI3U ¢ 3TUM
CIJIYMHHBbI NOABEPralT MoAu(puUUPOBaHUI0 (0OOBIYHO BBEJACHHEM B PACIUIaB COJEH
HATpHsl), B PE3yJIbTaTe YEro TeMIeparypa 3BTEKTUYECKOTO MPEBPAIICHUS TOHUKACTCS
(IITpuXxoBas JUHUS HA PHC. 9.3) U CIUTAB CTAHOBHUTCS JTIODBTEKTHUCCKHIM.

BwmecTo TBepabIX U XPYNKUX U30BITOYHBIX KPUCTAIIOB KPEMHHS B €T0 CTPYKTYpe
MOSIBJISIIOTCS TUTACTHYHBIE BKJIIOYEHUSI O-pacTBopa (moutd uucThii Al), a sBTeKTHKA
CTAaHOBUTCS OoJiee AUCTIEpCHOMN. BeeacTBue 3TOro moBbINIAETCS MPOYHOCTD, TIACTHY-

HOCTb BO3pPACTAET NOYTH B 3 pasa.
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JIuTeitHble aTIOMHHHUEBBIE CILIABBI MOTYT YIPOUYHATHCS TEPMHUYECKOH 00padoT-
KOHM (3aKajKka M UCKYCCTBEHHOE cTapeHue, oobruHo 8...10 gacoB mpu 180 °C), ogHako

3¢ dexT ynpodHeHus ropa3ao HUKE, YeM B TypaFOMUHAX.

t, °C
, ld
660 7k +Si
574°

_____ 354 Puc. 9.3. lnarpamma

Si+ D(O+Si) COCTOSIHUS QJIFOMUHHN —
KpEMHUH ( IITPUXOBbBIE
JUHUM -  TIOCIIe
MOAU(PULIIMPOBAHUS)

NI 20 Si,%

Kpome cunmymunoB npumensitorcs cruiaBbl cucteM Al-Cu, Al-Mg; oHu umMmeroT
0oJiee BBICOKME TPOYHOCTHBIE CBOMCTBA, YeM CHUIYMHHBI, HO UX JINTCHHBIC CBOMCTBA
HIKE (3TO BUIHO M3 COOTBETCTBYIOIIUX JAHArPAMM COCTOSIHUS).

JluteiiHple aNOMUHUEBBIE CIUIABbI MMEIOT MAIYHK) IUIOTHOCTh U IMPUMEHSIOTCA
JUIS U3TOTOBJIEHUS (haCOHHBIX OTIIMBOK. COCTaB M CBOMCTBA HEKOTOPHIX CILJIABOB ITOM

IpyIIIbl NPUBEAEHBI B Ta0I. 9.3.

Tabmauma 9.3
XVMMHWYECKUU COCTAaB 1 MEXAaHUYECKHE CBOMCTBA
nuTerHbIX anmtoMuHUEBbIX criaBoB ('OCT 1583-93)

XUMHUYECKHi cocTas, % (octansHoe Al) | Bug tepmo- | o,, |9,

Mapxka cruiaBa - o
Mg Si Mn Cu oOpabotku | MlIla | %

AK12 (ATI2) — 10...13 — — | T2 130 | 2
MOAU(PUIIUPOBAHHEB U 180 | 6

AKO (AJI4) 0,17..0,3 |8..10,5]0,25...0,5| — T6 260 | 4
AMA4,5 (AJI7) — — — 4...5 TS5 260 | 3
AMrl10 (AJI8)| 9,5...11,5 — — — TS5 350 |10

Ipumeuanus. T2 - orxur (300 °C B Teuenue 5...10 gacos); T5 - 3akajika u KPaTKOBPEMEHHOE
crapenue (150...175 °C B Teuenue 2...3 yac); T6 - 3akajika ¥ OJHOE HCKYCCTBEHHOE CTApCHHE
(200 °C B Teuenwue 3...5 gacoB). B ckoOkax - mapkupoBka mo 'OCT 1583-89E.
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I11. Ilopsinok BbINOJIHEHHSI PadOThI

1. O3HaKOMUTBHCS C MPUHIUIIAMU KJIACCU(PUKALIUU aTIOMUHHUEBBIX CIUIABOB.

2. [lonyuuts y mpenogaBaTenss oOpasel] OTOXIKEHHOIo TypailtoMuHa. M3MepuThb
TBepiocTh Ha npudope Poksemwta (HRB). 3akanuts oOpazern; ¢ temmneparypst 500 °C B
BOJI€, Mpou3BecTH n3mepenue teepaocty (HRB).

3. IlonBepruyTh 3aKalleHHBIM 00pa3el] HMCKYCCTBEHHOMY CTapeHHUIO IpH
t=100 °C. U3meputs TBepaocTh depe3 1, 2, 5, 10, u 20 mun (oxnaxmgas obpazer A0
KOMHATHOM TeMIEpaTyphbl B BOJE).

4. [lomyuuts y mpernonaaBaresnss Mukpouutugsl cruiaBoB J[16 u B95 B pasnuyHbix
COCTOSIHUSIX, U3YUHUThb UX CTPYKTYpBI, 3apHCOBaTh, 0003HAUUTh CTPYKTYpPHBIE COCTaB-
JSIOLIHE.

5. IlomyuuTs y mpenoaaBatenss MUKPOUUTH(PBI HEMOIU(PUIIMPOBAHHOTO U MOAU(H-

IUPOBAHHOIO CIIaBoB AJI2. M3y4uTh CTPYKTYpBI, 3apUCOBATh.

IV. Conep:xxanue oTuera

1. Knaccudukanus amoMHHHEBBIX CILJIaBOB.

2. Muarpamma cocrosinusi Al-Cu. I[poueccsl, mpoucxoadiiye Ha OTAEIbHbIX 3Ta-
nax TepMUYecKoi o0paboTku mypamomuHa. Kpussie crapenus ngypamomuna (puc. 9.2).

3. JlanHble M3MEpEHUs TBEPAOCTU IypalOMUHA B 3aBUCUMOCTH OT peXHMa Tep-
MU4YecKo 00paboTku B Buje Tabiauilbl. CTpyKTypa AypaltOMHHA B MCXOJHOM U 3aKa-
JIEHHOM COCTOSIHUSX.

4. XuMHU4YeCKUi COCTaB, CBOMCTBA U 00JIaCTH MPUMEHEHUSI HECKOJIBKUX J1edhOpMu-
PYEMBIX CIUTABOB, YIIPOUHSEMBIX M HE YIPOUHSIEMBIX TEPMUUIECKON 00pabOTKOM.

5. dunarpamma cocrosinusi Al-Si, kpaTkoe onucanue npoiecca MoAUPUITMPOBAHUS
CUJIYMUHOB; CTPYKTYPbI CUIYMHUHA J0 U MOCcae MOAUDUIIIPOBAHUS.

6. XMMHUYECKUI COCTaB, CBOMCTBA U 00JIACTH MPUMEHEHUSI HEKOTOPBIX JIUTEUHBIX

AJIIOMHNHUECBBIX CIIIIaBOB.

JMutepatypa: [1], c.385..390, 392..401, umu [2], ¢.358..372, win [3], ¢.478..490,

unu [4], ¢.490..502.
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PadoTall
CTPYKTYPA U CBOMCTBA CILIABOB HA OCHOBE MEIU

I. Heab padoTsl
N3ydyeHne cBsA3M MEXIy AuarpaMMaMU COCTOSHUS, CTPYKTYpOW U CBOWCTBAMU

CIINIaBOB Ha OCHOBC MCJIH.

II. TeopeTnueckoe 000CHOBaHHE

Menb OTHOCHTCSA K IIBETHBIM METaJUIaM C BBICOKOM INIOTHOCTBIO — 8940 KI/M
(8,94 r/cM’). XapakTepHOil 0COOEHHOCTBIO ME/IH SBISIETCS €€ BBICOKAs YIEKTPOIPOBOI-
HOCTb, IIOATOMY TEXHUYECKast ME/[b UCITOJIH3yETCs TIIABHBIM 00pa30M TSl H3TOTOBJICHUS
IPOBOJTHUKOB 3JIEKTPUUYECKOTO TOKA.

B xauecTBe MaTepHasioB KOHCTPYKIIMOHHOI'O W CIEHHUAIBHOTO HAa3HAYCHHS IIHPO-
KO€ paclpoCTpaHEHNE UMEIOT CIIJIABBI HA OCHOBE Me/IH - JIATYHU U OPOH3bI.

JATYHH

JlatryHsiMy Ha3BIBAIOT CIUIABBI MEAU ¢ HUHKOM. Kpome Zn 4yacTto BBOASATCS AOMOJI-
HUTEJIbHBIC JIETUPYIONIUE 371eMeHThl. COOTBETCTBEHHO Pa3IMYaIOT JBYXKOMIIOHEHTHBIE,
WU JIBOMHBIC, MPOCThie JaTyHu (cuctema Cu-Zn) ¥ MHOTOKOMITIOHEHTHBIE, CJI0KHBIE
JatyHu (cucteMa Cu-Zn - JErUPYIOIINUE DJIEMEHTHI).

[To cTpyKkType HNpOMBILIUIEHHBIE JIATYHU AENATCS Ha OAHO(a3HbIe, WIH O -JaTyHHU,
¥ AByXasHble - () - TaTyHH', a IO TEXHOJIOTMYECKUM CBOHCTBAM - Ha 06PaGaThI-
BaeMble jJaBjeHneM (nedhopMupyeMbie) U JUuTelHble. JTa Kiaccuukaiums OCHOBaHA
HAa M3MEHEHHHM CTPYKTYpbl U CBOICTB JaTyHEeWd B 3aBUCHMOCTH OT COJEp>KaHus Zn
(puc. 10.1).

TBepablil pacTBOp Zn (M APyrHX JIETHpYROMHKX 3jeMeHToB) B Cu (o) oOmazaer
BBICOKOW TUIACTUYHOCTHIO, (aza [}-uHTepMmeTainueckoe coeauHenne CuZn - MOBBI-
IIEHHON TBEPAOCTbIO M XPYNKOCTbIO. COOTBETCTBEHHO XapaKTEPHBIM CBONCTBOM

o-natyHent (comepxkanue Zn 10 39 %) sBhsieTCS UCKIIOUUTENBHO BBICOKAs MIJIACTHY-

'B TUTOM COCTOSIHUH O -JIaTYHH MUMEIOT ACHAPUTHYIO CTPYKTYpPY - CBETJIbIC JCHAPHUTHI, 00OTAIICHHBIC
Me/Iblo, Ha TEMHOM (hOHE MEKACHAPUTHBIX oOnacteil. [locne nedopmaruu 1 OTKHUra o -JaTyHH UMe-
IOT 3€pHUCTYIO CTPYKTYPY XHMHUYECKH OJHOPOTHOTO o -pacTtBopa. Ctpykrypa aByxdaszubix (o+f)-
JaTyHeW COCTOUT U3 CBETIIBIX 3€PEH OL- PACTBOPA U TEMHBIX 3€peH 3 - Ga3bl.
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HOCTh (OTHOCUTEIbHOE yUInHEHUEe & nocturaet 65 %); (o+f)-natynu (39<Zn<45 %)
0oJiee MPOYHBI U TBEP/bI, HO MeHee MmacTiuuHbl. OTHO(a3HbIC JIATYHH C [3-CTPYKTYpOM
(Zn>45 %) uMeroT HU3KUM KOMIUIEKC MEXaHUYECKUX CBOMCTB M MPAKTUYECKOIO IMpH-

MCHCHUS HEC ITOJITYIHNJIN.
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Puc. 10.1. Inarpamma Puc.10.2. Inarpamma
cocrossaus Cu-Zn(a); coctosiaust Cu-Sn (a);
3aBUCUMOCTh MEXAHUYECKUX 3aBUCHUMOCTb MEXAHUYECKUX
CBOWCTB JIaTYHEN CBOMCTB OJIOBIHHBIX OpOH3
oT coziepxanus Zn (0) oT coziepxkanust Sn (0)

JlaTyHH ¢ BBICOKOM MJIACTUYHOCTBIO, T.€. IPEUMYILECTBEHHO O -JaTyHH, OTHOCSTCS
K rpynne oopabarbiBaeMbIX AaBieHueM (nedopmupyembix). OHU BBITYCKAIOTCA B OC-
HOBHOM B BH/JI€ XOJIOJJHOKATaHOro nouygadpukara (JIUCThI, IEHTHI, IPOBOJIOKA), AE€TAIH
U3 KOTOPOI'0 HM3rOTaBIMBAIOT METOAAMM XOJOJHOW IUIACTUYECKOW Aeopmaluu, Ha-
npuMep riIyOoKOM BBITSHKKOU (TpyObl, CUITB(OHBI, TUIIB3bI).

[To cpaBHEeHUIO ¢ 00pabaThIBAEMbIMH JaBICHUEM JIMTEHHBIC JITATYHU COAEpXKAT, KaK
paBuiIo, OOJbIIEE KOTUYECTBO ZNn U JOMOJHUTEIbHBIE JETUPYIOUIUE 3JIEMEHTHI, YIIy4-

[IAIOIINE JINTEHHBIC CBOMCTBA.
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BOIBIMMHCTBO JETHPYIONUX 3JIEMEHTOB TOBBIMIAET MPOYHOCTh M CHIDKAET IUTa-
CTUYHOCTH JlaTyHell; Sn, Ni, Al, kpome Toro, ynydinaroT aHTUKOPPO3UOHHBIE CBOMCTBA,
Pb obneruaer oOpabaTbiBa€MOCTh PE3AHUEM.

[Tpunun mapkupoBku oopabateiBaembix AaBieHuem (I'OCT 15527-2000) u nu-
terHbIx (I'OCT 17711-93) naryHeit pa3nudeH, 4To BUIHO 13 Tabdi. 10.1.

Taomura 10.1
XVWMHAYECKUN COCTAB U MEXAHUYECKUE CBOMCTBA JIATYHEU

XUMHUYECKHH cocTaB, % Mo Macce
Mapka Cpentce Os, 05,
JIaTyHH Cu JIpyrue sJ1eMeHThI conepik. Zn MIla 7z
OBPABATBIBAEMBIE [JABJIEHMEM
JI190 88...91 — 10 260(480)| 45(4)
J168 67...70 — 32 320(660)| 55(3)
JIO70-1 69...71 1,0...1,5 Sn 29 350(700)| 60(3)
JIC59-1 57...60 0,8...1,9 Pb 40 400(550)| 45(5)
JOKM1i59-1-1 |57...60| 0,6...1,2 Fe, 0,5...0,8 Mn 39 450(700)| 50(6)
JINTEMHBIE

JI40C 57...611 0,8...2,0 Pb, 3,0...4,0 Mn 40 215 12
JI40Mn3XK |[53...58] 0,5...1,5Fe, 1,5...2,5 Mn 40 500 10
JI38Mm2C2 |57...60 1,5...2,5Pb 38 350 8

BoapmIMHCTBO JaTyHEW HE YNPOUHSETCS TEPMUUYECKON 00pabOTKOM, HO UX MPOY-
HOCTh MOXET OBbIThb 3HAUMTEJHHO IOBBIIIEHA B Pe3yjbTaTe€ XOJIOJAHON IIACTUYECKOU
nedopmaliu (sSBJIEHUE Hakiena, cM. padboty 3). OcobeHHO 3(hPEKTUBHO YIPOUHSIIOTCS
HauOoJiee TIacTU4YHbIe oAHO(a3HbIe o -aaTyHu. B Tadn. 10.1 MexaHuueckue CBOICTBa
oOpabaTeiBaeMbIX JABJICHHEM JIaTyHEH MPUBEICHBI IJI CPABHEHHS B OTOXOKCHHOM H
nedhopMHPOBAHHOM (JIJaHHBIE B CKOOKax mpu cteneHu nedopmaruu 50 %) coCcTOAHUSIX.

BunHo, 4To B psijie ciydaeB NpOYHOCTDb B pe3ysibTaTe AegopMalvy Bo3pacTaeT B 2 pasa.

bPOH3bI
bBpoH3bI - criiaBel MeU C pa3IMYHBIMU DJIEMEHTAMU KpOME LIMHKA. B HEKOTOpBIX
OpoH3aX MOXKET COJepKaThCAd U LIUHK, HO, B OTJIWYUE OT JIATYHEH, HE B KA4ECTBE OC-
HOBHOTO KOMIIOHEHTA. [0 OCHOBHBIM JIETUPYIOIMM 3JIEMEHTAM pPa3jIMYarOT OJI0BSH-

Hble U 0€e3010BSIHHbIE (ATIOMUHHEBBIC, KPEMHHUEBBIE, OCPUIIITUEBBIE U JIpyTHe) OpOH3HI.
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Tax ke, kak 1 Zn, B JIaTyHsIX, JIETUPYIOLIUE dJIEMEHTHI B OpoH3ax o6pazyiot ¢ Cu
TBEpbI€ PACTBOPHI C OTPAHUYECHHOW PACTBOPUMOCTBIO U MPOMEKYTOUHBIE HMHTEPME-
TaJUIMYECKUE COETMHEHNs, 00JaJatol[ie BEICOKOW TBEPOCThIO U XPYIKOCTBIO.

B cBsi3u ¢ 3TUM XapakTep U3MEHEHUS! CTPYKTYPhI U CBOMCTB OpPOH3 B 3aBUCHMO-
CTH OT MX COCTaBa BO MHOTOM HAllOMHMHAET 3aKOHOMEPHOCTH, PACCMOTPEHHBIE BBIIIE
1u1st tatyHei. COOTBETCTBEHHO OPOH3bI, KaK U JIaTyHH, MOTYT UMETh 0JHO(pa3HYI0 (O)
U ABYX(pa3HYI0 CTPYKTYPY U MO TEXHOJOTHMUYECKUM CBONCTBAM MOAPA3ICISAIOTCS Ha
oOpadaTpiBaemMble JaBJieHUEM U JUTelHbIe. PacCMOTpUM 3TO Ha MpUMEPE OJOBSH-
HbIX OpoH3 — cucrtema Cu-Sn, puc. 10.2, a.

daza o-1Bepablid pacTtBop Sn B Cu, -uHTepMmeramndyeckoe coeanHenue CusSn,
0-Cuz;Sng. IIpu 0OBIYHBIX CKOPOCTSIX OXJIAXKIECHUS KPUCTAIUTA3AIMS OJOBSIHHBIX OpOH3
POUCXOJUT 1O HEPABHOBECHOW Juarpamme (IITpUXOBbIe JWHUU Ha puc. 10.2, a).
B pe3ynbpTaTe 005aCTh O-pacTBOpa Cy»KaeTcs, U Ha MPaKTUKE OPOH3bI, COAEpKallue
5...6 % Sn, UMEIOT B CTPYKTYpE IBTEKTOU (0 +9J), T.€. ABYXha3HYIO CTPYKTYPY.

B nutom cocTosiHUM CTpyKTypa OpOH3 MMEET JIECHJIPUTHOE CTPOEHHUE: B oJlHO(a3-
HBbIX OpoH3ax (MeHee 5...6 % Sn) TeMHbIe AEHAPUTHI, OOOTAIICHHBIE MEBIO0, OKPY>KEHBI
CBETJIBIMU (TIOBBIIIEHHOE COJIEpKAHUE Sn) MEXJICHIPUTHBIMU y4acTKaMH; B OpOH3aX,
cojaepxamux oonee 5...6 % Sn, B CTPYKType MOSIBISIOTCS TaKKe TEMHbIC BKIIOUYEHUS
ABTEKTOU/IA.

JlmutensHbIM TOMOreHn3upyronmM orkurom (700...750 °C) B 6poH3ax, coaep-
xamux MeHee 14 % Sn, MOXXHO TONYYUTh OJHO(DA3HYIO CTPYKTYPY OJHOPOJIHOTO
OL.- pacTBopa.

[IpumeHsieMble Ha MPAaKTUKE OJOBSHHBIE OPOH3BI COAEpKAT OOBIYHO HE Ooliee
10% Sn u nerupytroume snementsl (Zn, P, Ni, Fe), BBoaumbie Uil yaydlIeHUs: TEXHO-
JIOTUYECKUX CBOMCTB M 3aMeHbI JIeHuIMTHOr0 oioBa. BpoH3bI, comeprkaiire OTHOCH-
TEJIbHO HEOOJIBIIOE KOJMYECTBO Sn U JIETUPYIOMIMX AJIEMEHTOB, UMEIOT OAHO(a3HYIO
OL- CTPYKTYpPY M 00JIafjat0T BBICOKOM MmiacTU4HOCThIO (puc. 10.2, 6). OHU oTHOCATCS K

rpynme aehpopMupyeMbix 6pon3 (Hampumep, BpOlLl4-3, BpO®d6,5-0,15)", u3 koTOpHIX

' BykBbI mocie o0o3HaueHusT “Bp” yKa3bIBAaIOT JICTUPYIOMINE DICMEHTHI, a HU(PBI - UX MPOLEHTHOES
coJiepKaHue.
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oty haOpHUKaThl M3TOTABIMBAIOT B BUJE JICHT, TTOJIOC, TIPOBOJIOKH, TPYOOK U T.II.

BpoH3bI ¢ 0OJIBIIMM COJIEpKAHUEM JIETUPYIOUIUX 3JIEMEHTOB SBJISIOTCS ABYX(Das-
HBIMHU, UMEIOT HHM3KYIO IJIACTUYHOCTb M OTHOCSTCS K TPYIINE JHUTEHHBIX (Hampumep,
bpOSII5SCS, bpO31[7C5H1). OcobeHHOCThIO TUTEHHBIX CBONCTB OpPOH3 SBIISICTCS OT-
CYTCTBHE KOHLIECHTPUPOBAHHOW yCaJOYHOW PAaKOBUHBI B OTJIMYHE OT JIATYHEH, B CBA3U C
YeM OJIOBSIHHBIC OpPOH3BI UMEIOT MAIYIO YCAIKy W MPUMEHSIOTCS ISl CIOKHBIX XYI0-
YKECTBEHHBIX OTJIUBOK.

Hapsiny ¢ OJOBSHHBIMH IIUPOKOE PACHPOCTPAHCHUE MOJYUYUIU JAPYyTrue OpOH3BI.
Hampumep, xopomuMm 3ameHuTeneM AeUIIUTHON OJOBSIHHOW OpPOH3BI SBIISIOTCS ajlio-
MUHHEBbIE OpOH3BI, KOTOpHIC Takke MOryT umeTh ojnHodaznyro (bpAS, BpA7) wm
neyxdaznyro (bpA10Mu2JI, bpA10XX3Mu2) crpykrypy. OgHodasHble altOMUHHUEBBIE
OpOH3bI ABISIOTCS 1epopMupyeMbiMu, ByXGa3Hble ¢ OOJIBIINM COACPKaHUEM ATFOMU-
HUS U JETUPYIOIINX 3JIEMEHTOB - JUTEHHBIMU CILJIaBaMU. AJTFOMUHUEBBIE OPOH3bI UMeE-
IOT BBICOKHE MEXAHUYECKUE U aHTUKOPPO3UOHHBIE CBOMCTBA M IPUMEHSIOTCS JJI U3TO0-
TOBJICHHUS IIECTEPEH, YEPBSIUHBIX MEPEAy, pa3INYHbIX BTYJIOK.

B xauectBe Marepuana A OpYy>KMHHBIX 3JIEKTPUYECKUX KOHTAKTOB OTBETCTBEHHO-
ro Ha3HA4YEHMsI IMHUPOKOE PACIPOCTPAHECHHE MOTyunia oepusuneBas o6ponsa (bpb2), cm.

nuarpammy coctostHus Cu-Be, puc. 10.3.

t, | °C
| XK
1000 -
200 | i 810 °C
E 605 °C
600 - :
i Puc. 10.3 Inarpamma
400 - oy ! 57 COCTOSTHHSI MeJ1b-OepUILIHIA
0 | | /|
0,2 1 2 3 Be, %

bepumneBas OpoH3a B paBHOBECHOM COCTOSIHUM UMEET ABYX(a3HYIO CTPYKTYpy

o+v, rae o.-tBepablil pactBop Be B Cu, a y-uHTepMeTamunueckoe coeauHenne CuBe.
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Hanmuuue nmepemennoit pacrsopumoctu Be B pemerke Cu gaet BO3MOXKHOCTD (-
(EeKTUBHO YHPOYHSATH OCPUIUIMEBYIO OpPOH3Y 3aKAJIKOM C MOCIEAYIOIIMM CTapeHUEM
(cpaBHu ¢ auarpammoii Al-Cu u TepMo0oO6pabOTKOM aTtOMUHUEBBIX CILIABOB, paboTa 9).
3akanka ¢ 800 °C ukcupyer CTpyKTypy NMEPECHIIEHHOTO O-PACTBOPA C BHICOKOU TIJIa-
CTUYHOCTBIO (0=30...40%), HO OTHOCHUTEJIBHO Masoi MPOYHOCTHIO
(0s=450 MIla). Crapenue B Teuenue 2 yacoB npu 320 °C moBsIIIaeT MPOYHOCTH CILIa-
Ba B pe3yJIbTaTe Ipoliecca “aucrepCuoHHOro TBepAcHus” (cM. padoty 9) no 1200 Mlla,
IUTACTUYHOCTh IIPU 3TOM CHUXaeTcs 10 0~4 %.

bepunnuessie 6ponssl (bpb2; bpbHT1,7; bBpbHT1,9) o01anaroT BEICOKMMU Mexa-
HUYECKMMH U aHTUKOPPO3MOHHBIMH CBOMCTBaMH, UMEIOT OOJIBIIYIO 3JIEKTPOIPOBOI-
HOCTb, HEMAarHUTHBI, HE UCKPSAT MPHU yaape.

B 1a6:1. 10.2 npuBeeHbl XUMUYECKUN COCTAaB U MEXAaHUUYECKHE CBOMCTBA HEKOTO-
PBIX OJIOBSIHHBIX U 0€30JI0BSIHHBIX OpoH3. Kak u B ciyyae naTyHeH, cieayeT oOpaTuTh
BHUMAHHE Ha PA3JIMYHBIN MPUHIUI MAPKUPOBKU 00padaThIBAEMbIX AABICHUEM JIUTEU-
HBIX OpOH3.

Buano, uto o6pabaTeiBaeMble AaBiaeHueM (nedopMupyemMbie) OpOH3bI, KaK | Jia-
TYHU aHAJIOTUYHOU rpymibl, 3Q(HEKTUBHO YHPOUHSIOTCA B PE3YJIbTATE€ XOJOJHOM IIa-
ctuaeckoit negopmanuu (B Tadm. 10.2 B ckoOkax yka3aHbl MEXaHUYECKHUE CBOMCTBA MPHU

50 % nedopmarun).

I11. Ilopsinok BbINOJHEHHSI PadOThI

1. [Tony4uTh KOMIUIEKT MUKPOIUTU(OB JaTyHel U OPOH3 pa3INdHbIX MAapOK B JIH-
TOM U OTOXXKEHHOM COCTOSIHUSIX. 3ydnTh MUKPOCTPYKTYPHI CILJIABOB, 3aPUCOBATH UX.
VY CTaHOBUTH CBS3h MEXKy XUMUYECKUM COCTaBOM (MapKaMH) CIUIABOB, UX CTPYKTYpOU
U MEXaHUYECKUMHU CBOMCTBAMH (COMOCTaBUThH JAHHBIE MHUKPOCKOMMYECKOTO aHAIM3a C
COOTBETCTBYIOIIMMU JUarpaMMaMH COCTOSIHUSI U 3aBUCUMOCTSIMU CBOMCTB OT XUMHYE-
CKOT'0 COCTaBa CIUIaBOB; HAUepTUTh puc. 10.1).

2. IlpousBecTy yIPOUHSIONIYIO TEPMHUUECKYI0 00pabOTKy 00pa3iioB OepuILIMeBOM
OpoH3bl. U3MepuTh TBEPAOCTH B UCXOJHOM (OTOXKEHHOM) U 3aKAJICHHOM COCTOSIHUSIX,
a Takxke mocie crapenus. Pesynbrarsl opopmuth B Buae Tabmauibl. HapucoBaTh nua-

rpammy coctosinus Cu-Be (puc. 10.3) u HamucaTh O CTPYKTYpPHBIX MpEBpalllCHMSIX,
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OPUBOJSAIINX K M3MEHEHHUSM TBEPJOCTU MPU TEPMHUECKOH 00paboTKe OepHILTUEBOM
OpOH3BI.
3. O3HaKOMUTHCA C TPUHIMIIAMU MAapPKUPOBKHU CIIJIABOB HA OCHOBE MEJIM U BBITHU-

caTh B KaueCTBE MpUMeEpa HECKOJIBKO MapOK JIaTyHEeW 1 OPOH3 pa3IMUHbIX TPYIIIL.

IV. Copep:xanue oruyera
1. Kimaccudukanus cruiaBoB Ha ocHoBe Menu. Jluarpamma coctostust Cu-Zn (110
50 % Zn), rpaduk U3MEHEHUS MEXAaHUYECKUX CBOMCTB JIaTyHEH B 3aBUCHUMOCTHU OT CO-
JepKaHus Zn.
2. MUKpOCTPYKTYpBl M3Y4Ya€MBbIX JIATYHEH C YKa3aHUEM CTPYKTYPHBIX COCTaB-
JSFOIIUX.
3. Ilpumepsl MapoK JaTyHEW pa3MyYHbIX TPyHN (B COOTBETCTBUM C UX Kilaccupu-
Kalyen), UX XUMUYECKHUM COCTaB U MEXaHUYECKHUE CBOMCTBA.
4. MUKPOCTPYKTYpbI U3y4aeMbIX OpOH3 C YKa3aHUEM CTPYKTYPHBIX COCTaBJISIO-
1IUX.
5. [Ipumepsl Mapok OpOH3 PA3TUYHBIX TPYII, X XUMUYECKUNA COCTaB U MEXaHH-
YeCKHe CBOMCTBA.
6. Tabnuiia pe3yabTaTOB TEPMUUYECKONH 00pabOTKH 00pa3lioB OepuIINeBOil OpOH-
3Bl
7. O0BsiCHEHNE TPUYHMHBI TOBBIIIEHNS TBEPJOCTH B pE3YyJIbTaTe TEPMHUECKOU 00-

paboTKH (BKITIOYAIOIEE PUCYHOK quarpaMmbl coctossaust Cu-Be).
Jdurepatypa:[1], c. 408..417, wm [2], c.304..318, wmm [3], c. 505...516,

unu [4], c¢. 512...522.



Taomuma 10.2

XUMHYECKHUHM COCTaB M MEXaHUUYECKHE CBOMCTBA OJIOBIHHEIX U 0€30JIOBSIHHBIX 6pOH3

Mapxa 6poHssr Xumuueckuil cocrtas, % 1o macce (ocrtaabHoe Cu) O, d,
Sn Zn Pb P ‘ Jlpyrue sjaeMeHThl MIla %
OJJOBASAHHBIE
Oo6pabateiBaeMbie naBienueM (I'OCT 5017-74)
bpOlL14-3 3,5...40 | 2,7..33 — — — 350 (550) | 40 (4)
bpO®6,5-0,15 | 6,0...7,0 — — 0,1...0,25 — 400 (750) |65 (10)
bpOILIC4-4-2,5 | 3,0...50 | 3,0...5,0 1,5...3,5 — — 330 (600) | 40 (3)
JIuteitneie (I'OCT 613-79)
bpO31112C5 2,0...3,5] 8,0...15,0 3,0...6,0 — — 206 5
BpOSII5CS5 4,0...6,0 | 4,0...6,0 4,0...6,0 — — 176 4
bpO10d1 9,0...11,0 — — 04...1,1 — 245 3
BE3OJOBSHHBIE
O6pabateiBaeMble gaBiaenuem (I'OCT 18175-78)
BpAS5 -~ -~ -~ — Al4,0...6,0 380 (750) | 65(5)
bpAM19-2 - - - — AlS8...10; Mn 1,5...2,5 450 (700) (30 (4,5)
bpMii5 - - - — 4,5...5,5 Mn 300 (550) | 40 (2)
bpKnl — — — — 0,9...1,2 Cd 270 (500) | 50 (4)
JIutetinbie (I'OCT 493-79)
BpA10Mi2J1 — — — — Al5,6...11,0; Mn 1,5...2,5 500 12
BpA113K6H6 o o o o Al110,5...11,5; Fe 5,0...6,5; 600 5

N1 5,0...6,5
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PadoTall

CTPYKTYPA U CBOMCTBA CILTABOB JIJIS1 JETAJIEH
HOJAIUITHUKOB KAYEHUA U CKOJBbXEHUSA

I. Ileas padoThbl
N3yyenue 0coOEHHOCTEN CTPYKTYpPhI M CBOMCTB METAJUIMYECKUX CIUIABOB, MPHU-

MCHACMBIX OJIAA U3I'OTOBJICHUSA I[eTaneﬁ IIOJIIUITHWUKOB Ka4YCHUA N CKOJIbKCHUA.

I1. TeopeTnueckoe 000CHOBaHME

B MammHOCTpOEHMH HMIMPOKOE PACIPOCTPAHEHUE MMEIOT NMOMIIMIIHUKH Kave-
HUSI U CKOJIbKEHMS, UCIIOJIb3yEMBIC B KQUECTBE OIOP BaJOB U BPALIAKOIIUXCA OCEH.
Cpok city0bl MOJIIUITHUKOB B OCHOBHOM JIMMUTHUPYETCS U3HOCOM TPYIIUXCS TIO-
BepxHOcTeN. M3HOC - pe3ysIbTaT M3HALIMBAHUS - MPOLIECCA OTICICHUS YaCTHI] MaTe-
puana ¢ MOBEPXHOCTH Tejla MPU TPEHUH, COMPOBOXKIAIOIIETOCS U3MEHEHUEM pa3Me-
pOB Tela.

[Ipu TpeHHM KOHTAKTHPYIOLIMX MOBEPXHOCTEM MEXIY HUMH BO3HHUKAKOT MEXa-
HUYECKOE U a[ir€3MOHHOE B3aMOICHCTBHUSI.

MexaHnn4veckoe B3aMMOAeMCTBHE BBIPAXKACTCS B YIPYTOM U IJIACTHYECKOM JIe-
dbopmupoBaHuu (M B psije CIydaeB MUKPOpPE3aHWH) MHUKPOHEPOBHOCTEH IMOBEPXHO-
CTEH B MeCTax UX KacaHMs.

[Tnactuueckoe naeopMHupoBaHHE MHUKPOOOBEMOB MOBEPXHOCTHOT'O CIIOSI BHE-
JPUBIIMMHUCS HEPOBHOCTSMU MPUBOJIUT K UX HHTCHCUBHOMY YIIPOYHECHHIO (HAKJICITY,
cM. paboty 3), moTepe MIACTUYHOCTH W TOCIEAYIOMEMY XPYIKOMY pa3pyIICHHIO,
T.€. K IOBBIIICHUI0 MHTEHCUBHOCTH HM3HammBaHus. Ele Oolblliee ee Bo3pacTaHUE
HaOJII0/1aeTCsl MPU MUKPOPE3aHUU, KOTOPOE BO3MOKHO HE TOJIbKO BHEJIPUBIIUMUCS
HEPOBHOCTSIMU KOHTAaKTUPYIOIIECH MOBEPXHOCTH, HO U IMOJIBUKHBIMHU TBEPJBIMH YaC-
tuiiamu (abpa3uBHOe M3HamMBaHue). [loBeIlIeHNE TBEPAOCTH MaTepuasa 3aTpyaHseT
MJIACTUYECKYIO JeopMaIiio U MUKpOpE3aHue 1, COOTBETCTBEHHO, YBEJIIMUUBAET €0
U3HOCOCTOMKOCTb.

AJre3uoOHHOEe B3aMMOJIeiicTBHE - ITO (DU3MKO-XHMHUYECKOE B3aMMOJICHCTBUE

ATOMOB KOHTAKTHUPYHOHIUX MATCPHUAIOB, KOTOPOC MOKCT IIPUBOANUTH K IIPUIIUITIAHUTO,
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CXBaThIBAaHUIO (3a€IaHMIO) TPYLIMXCS MOBEPXHOCTEW. PaspylleHne anare3MoHHbIX
CBsI3€H BBI3bIBAET MHTEHCUBHBIN M3HOC MOBEPXHOCTEN (BBIPHIBAHKE YACTHUIl U3 MEHEE
npoyHoro marepuana). CHI>KEHHE MPOYHOCTH aAr€3MOHHBIX CBSI3€M MpPEeIOTBpAaIlaeT
CXBaTbIBaHUE M, CIEAOBATENIBHO, MOBBIIIAET U3HOCOCTOMKOCTh. CTOWKOCTHh K CXBa-
THIBAHUIO BO3PACTAET C YBEJIMYEHHUEM TBEPJOCTH MaTepuaioB, HO Hauboiee rhdek-
THUBHBIN MYTh - 3TO PA3AEICHUE TPYIIUXCS IOBEPXHOCTEU CMa3KOM.

Takum 00pa3oM, OCHOBHBIMHU IMyTSIMH HOBBIIIEHHUSI H3HOCOCTOMKOCTHU SIBIISIOTCS
YBEIMYECHHUE TBEPAOCTH W3HAIIMBAEMOT0 MaTepuaia U CHUKEHUE MPOYHOCTH are3u-
OHHOM CBSA3U KOHTAKTHUPYIOIINX ITOBEPXHOCTEMN.

IIpu pabdore NOAIIMNHUKOB Ka4eHUs] BOZHUKAIOT 3HAUYUTEIbHbIE MIEPEMEHHbIC
(LMKIMYECKUE) HANpPSHKEHUS B 30HE KOHTAKTa IIAPUKOB WJIM POJIMKOB C OEroBBIMU
JIOPO’KKAMU KOJIEIl. DTH HAIPSKEHUS BBI3BIBAIOT MECTHYIO TJIACTHYECKYIO nedopma-
1[110, 00YCIIOBJIMBAIOT MPOLIECCHl 3aAPOXKICHUSI B TOBEPXHOCTHOM CJIO€ YCTaJIOCTHBIX
MUKPOTPEIIUH U, KaK Pe3yJibTaT, OTJAEJICHUE YacTHI] C 00pa30BaHUEM SIMOK BbIKpa-
mUBaHUsA. B CBSI3U ¢ 3TUM MaTepuaibl JIs MOJIIMITHUKOB KauyeHUsl JOJDKHBI 00Jja-
JaTh BBICOKOM KOHTAaKTHOW BBIHOCIMBOCTBIO - CONPOTUBIEHUEM IOBEPXHOCTHOMY
YCTAJIOCTHOMY BBIKPAIIIMBAHHUIO.

[ToBbIlIEHHE KOHTAKTHOM BBIHOCIMBOCTH OCHOBAHO HAa YBEJIMYEHUU COMPOTHUB-
JIEHUsI TOBEPXHOCTHBIX CJIOEB TEJ Kau€HUs Pa3BUTHUIO ITUIACTUYECKOMN AedopMaruu.
DTO MOXET ObITh JOCTUTHYTO TOJBKO IPH BBICOKOM TBEPIOCTH MoBepxHOCTH. [lo-
TOMY OCHOBHBIMHM MaT€pHAJIaMHU ISl TOAIIUITHUKOB KAaUYEHUS SIBIISIIOTCS 3aKaJ€HHBIE
Y HU3KOOTIYILIEHHBIE BBICOKOYTIIEpoAUCThIE cTanu ¢ TBepaocthio HRC, 60...64. 310
HHM3K0JIeETHPOBAHHbIE XPOMMCThIE IAPUKONOAIIUITHUKOBbIE CTAJIM, COJIEpXKAIIHE
okoso 1% yrunepoga (I'OCT 801-78) - Tabn. 11.1.

OcHOBHas LI€Tb JIETUPOBAHUS ITUX CTalel XpoMoM, a Takke Mn u Si — 3T0 m0-
BBHIIIICHUE TPOKaIMBaeMoCTH (cM. paboty 7). Uem OoJibllie CTENEHb JICSTUPOBAHMUS,
TeM OOJIbIlle KPUTHUYECKUN JUaMETp 3aKalMBaeMbIx aetaned (cm. tabn. 11.1), Tem
0oJiee KpYIHBIM NOJIIUITHUK MOXKET ObITh MU3TOTOBJIEH U3 JaHHOW cTanu. Tak, mapu-
KH U pOJUKU quamerpoM Oonee 30 MM M KOJIbLIA C TOJIIMHOW CTEHKH Oojiee 15 Mm

pekoMmenayeTtcs uzroraBnusath U3 cranu HIX15I'C (IIX20I°C).
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U Kputndeckuid quametp (D,,) Ten KaueHHusl

Tabmuna 11.1

Mapka Copnep:kaHue OCHOBHBIX 3JIEMEHTOB, %o 10 Macce D,
CTallh C Cr Mn Si MM
IX6 1,05...1,15| 04...0,7 |0,20...0,40|0,17....0,37 9...10
11X9 1,05...1,10| 09...1,2 |0,20...0,40|0,17....0,37| 14...15
IX15 0,95...1,05| 1,3...1,65 | 0,20...0,40 | 0,17...0,37 | 23...25
HIX151rc |0,95...1,05 | 1,3...1,65 |0,90...1,20 | 0,40...0,65 50...65

IIpumeuanue. D, - MaKCUMaJbHBIN THAMETP IIAPHKA (POJMKA) CO CTPYKTYPOH
95% mapTteHcuTa, OTy4aeMoM MpHU 3aKajKke B Macle.

[loBbIlIEHHE MPOKATMBAEMOCTH CBSI3aHO C YMEHBIIEHUEM KPUTHYECKOW CKOPO-
CTH 3aKaJIKU BCIIEACTBHE JerupoBaHus (cMm. paboty 7). B cBsizu ¢ 3TuM mapukono-
IMIMITHUKOBBIE CTAJM 3aKAJIMBAIOT B Maciie. Pexxum TepMuyeckoir o0pabOTKH U OKOH-
yaTeabHas CTPYKTypa MOAOOHBI 3a3BTEKTOMIHBIM MHCTPYMEHTAJIBbHBIM CTajsM (pa-
60ThI 6, 7). D10 HenonHas 3akanka (830...850 °C) u Hus3kmii otmyck (150...170 °C),
OKOHYATEJbHAsA CTPYKTYpa - MAPTEHCUT C PAaBHOMEPHO pacHpelee€HHbIMH BTOpPHY-
HBIMH KapOuIaMu .

IMoaAIMIIHUK CKOJIbKEHHS - 3TO ONOpa WM HAINPABJIAONIAs, OTHOCUTEIBHO pa-
00o4eil MOBEPXHOCTH KOTOPOH mepeMeriaercs (CKOJIb3UT) KOHTPTENOo (Baj, OCh).
B Takux mapax TpeHHUs W3-3a CHJIIBHOTO TPEHHS W OOJIBIION IUIOMAAN KacaHHs OCO-
OCHHO BeJIMKAa OMACHOCTh CXBAThIBAHUS TPYLIUXCS MOBEPXHOCTEW, MPUBOMISIIIETO K
X MHTEHCUBHOMY M3HOCY. Bbllie oTMeuanoch, uto Haubosuee 3p(HEeKTUBHBIM METO-
JIOM TIPEAOTBPALEHUSI CXBATBHIBAHUS SIBIIAECTCS Pa3JeieHUe TPYILIUXCS OBEPXHOCTEH
cma3koi. CMa3ka BO MHOTO pa3 CHMKaeT KOA((ULUEHT TPEHHUsSI U COOTBETCTBEHHO
IIOBBILIAET U3HOCOCTOMKOCTD.

[TosTromy MaTtepuanbl Uil BTYJIOK M BKJIAJBIIECH MOJIIMITHUKOB CKOJIBXKEHHUS
(MOAIMNHUKOBbIE WJIM AHTH(PPUKIHUOHHBIE MAaTEePHAJIbl) JOJDKHBI XOPOILIO

yACpKUBATh CMa3Ky Ha paboyell MOBEpXHOCTH. B MeTalsinuecKux MOAIIUITHUKOBBIX

' [pu 3akanke HanboJIee JETMPOBAHHBIX IAPUKOIOIIUITHUKOBBIX CTaJel BO3MOKHO COXpaHEHHE B
ctpykrype 1o 10...15 % ocratounoro aycreHuta (cMm. padoty 7). J[is ero yHU4TOXKESHHUS TIPUMEHSI-
10T 00pabOTKY XOJIO/IOM - OXJIXKACHUE 3aKaJICHHOW CTAIM HU)KE TeMIIepaTypbl OKOHYaHUSI MapTEH-
cuTHoro npespamieHus (My): -70...-80 °C.
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CIUTaBaX 3TO 0OECTICUMBACTCSI HEOAHOPOTHON T€TEPOTEHHON CTPYKTYPO, COCTOSIIICH
U3 MSTKMX U TBEPIBIX COCTaBJISAIOMMX. [[OBEpXHOCTh MSATKUX COCTABIISIONIMX JIETKO
UCTUPAETCSl B HaYaJdbHBIN mepuoJl paboThl (MpupaboOTKK) y3i1a, B pe3yibTaTe olpa-
3YIOTCSI MUKPOCKOIIMYECKUE KaHAJIbl, 10 KOTOPBIM LIUPKYJIUPYET CMa3Ka U YHOCATCS
IPOIYKThI M3HOCA. HECKOIbKO BBICTYyHAIOUIUE TBEPABIE COCTABIISAIONINE UTPAIOT POJIb
ONOpHI CTANIbHOTO Basia. Kpome Toro, B cirydae HapylIeHHs! CIUIONTHOCTA CMa304HOIO
clos (HampuMep H3-3a MeperpeBa) Marepual MATKUX JIETKOTUIABKUX BKIIFOUEHUH MO-
KET “HaMa3bIBaThCs Ha CTAJbHOU BAJI, IPENOXPAHSS €r0 OT MOBPEKACHUS.

Takum 00pa3oM, ykazaHHas CTPYKTypHasi OCOOEHHOCTH SIBJISIETCSI BaXKHEHIIUM
YCIIOBUEM aHTU(PPUKIMOHHOCTU MOAIIUITHUKOBBIX CIUIABOB - UX CIIOCOOHOCTH 0Oec-
NeYnBaTh HU3KUN KOA(PPUIIUEHT TPEHUS CKOJIBKEHUS Ipu paboTe B mape co CTajb-
HBIM BaJIOM.

TpaauLIMOHHBIMU AHTU(PPUKIMOHHBIMH METAJUIMYECKUMU CIUIABAMH SIBJISIFOTCS
cepble YyryHbl, OPOH3bI U 0A00UTHI.

Msirkoit cocTaBisitoneld aHTUPPUKITMOHHBIX YYTYHOB SIBIIS€TCS Tpadur, TBEp-
J0M - mepauTHas Ui Qepputo-nepiauTHas ocHoBa (cM. paboty 5). Ilpumensitorcs
antudpukuronnsie cepoie (AUYC-1, AUC-2), Beicokonpounbsie (AUB-1, AUB-2) u
koBkue (AUK-1, AUK-2) uyrynsr (I'OCT 1585-85).

YyryHbl - AenieBble aHTU(QPUKIMOHHBIE MaTepuaibl, HO W3-3a BECbMa BBICOKUX
3HaYEHUH TBEPAOCTH U KO3(pPUIMEHTa TPEHUS B MApe CO CTaJIbI0 OHU UYBCTBUTEIb-
HbI K HEJJOCTATOYHOCTH CMAa3Ku U MOTYT IPHUMEHSTHCS TOJIBKO NIl pabOThI MPU Ma-
JIBIX CKOPOCTAX CKOJIBKECHHUS.

XopomuMu aHTU(QPUKIIMOHHBIMU CBOMCTBaMU 00J1a/1al0T JIByX(ha3Hble OJIOBSIH-
Hble (cM. paboty 10) U, ocoOeHHO, cBUHIIOBBIE OpoH3bl. CTpyKTypa HauboJiee pac-
npoctpaHeHHou cBuHIOBOM OpoH3bl bpC30 (30 % Pb, 70 % Cu) npencrasisier co-
00li cMech MSTKHMX KPUCTANIOB CBHHIIA M OOJiee TBEPABIX KPUCTAIOB MeIU. JTa
OpoH3a UCHOIB3YETCs s BKIAABIIICH MOAMIMITHUKOB CKOJIBKEHUS B BUJIE TOHKOTO
CJIOs1, HAIUJIABJICHHOTO Ha CTAJIbHYIO JIGHTY. Takue MOAIIMITHUKY padOTalOT MPHU BbI-

COKHX HAaBJICHUAX U OOIBIINX CKOPOCTAX CKOJIbKCHHA.
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Haunyummu anTu@pUKIMOHHBIMU CBoMcTBamu o06namaroT 0a06mTsl ('OCT
1320-74) — nerxkoruiaBKUe CIUIaBbl HAa OJIOBSHHOM WJIM CBUHIIOBOM ocHOBe. Hampu-
Mep, XUMHUYECKUN cOoCTaB oJIoBsiHHOTO 0abbuta b83: 83 % Sn, 11 % Sb, 6 % Cu;
cBuHIOBOTO B16: 16 % Sn, 16 % Sb, 2 % Cu, 66% Pb. Msrkoit cTpyKTypHO#l cO-
CTaBJIAIOIIEH ATUX CILJIABOB SIBJITIOTCS TBEPAbIC PACTBOPHI JIETUPYIOIIUX JIEMEHTOB B
OJIOBE WJIM CBUHIIE, 4 TBEPJBIMHU BKIIIOUCHHUSIMHU - KPUCTAJIBl HHTEPMETAJUTHUECKUX
COCIMHEHUM pa3IMYHOro coctaBa. babOUTHI MPUMEHSIOTCS JUIsl 3AIMBKU TOHKOCTEH-
HBIX BKJIQJBIIICH MOIIMITHUKOB CKOJIbKEeHUs. HeBbIcOoKas TeMriepaTypa TUIaBICHUS
(oxoiio 400 °C) obneruyaet 3TOT nporece. Mcnonb3yroT 6a60UThI AJ1s1 TOAINIMITHUKOB
OTBETCTBEHHOTO Ha3HA4YCHUs (Iqu3elel, MapoBbIX TypOWH, TypOOHACOCOB, aBTOMO-

OWJIbHBIX JIBUTATEJIEH U T.I1.), pa0OTAIONINX MPU OOJIBIINX HATPY3KaX U CKOPOCTSIX.

I11. IlopsiioK BBINOJIHEHUSI PA0OTHI

1. BoiOpaTh MapKy cTaiu JUisi U3TOTOBJICHHS JeTajlel MOAIIUITHUKA - [APUKOB,
POJIMKOB 3aJlaHHOrO (MpernojaBareneM) auameTrpa. HazHauuTh pexum TepMUUYECKOM
00pabOTKH, MPOU3BECTH €€, U3MEPUTH TBEPJOCTh OOpa3lia BHIOPAHHOW CTaJIH.

2. M3yunth MHUKpPOCTPYKTYpY oOOpasla IIapUKONOJIIMITHUKOBOM CTald B TEp-
MUYECKHA 00pabOTaHHOM COCTOSIHUH, 3apUCOBATh €€.

3. UByuuTh MHUKpPOCTPYKTYpPHl AHTU()PPUKIMOHHBIX CIUIABOB (CEpOro 4YyryHa,
OJIOBSIHHOTO 0a00uTa, CBUHIIOBOM OpOH3BI), 3apUCOBaTh, OTMETUTh POJIb PA3THUUYHBIX

CTPYKTYPHBIX COCTABJISFOIIUX.

IV. Conep:xanne oTyera

1. Xapakrep u3HaIIMBaHUA PabOYUX MOBEPXHOCTEH MOJIIMITHUKOB Kau€HUsS U
OCHOBHOE TpeOOBaHuUE, MPEABIBIAEMOE K MaTepragaM TaKuX TOJIIUITHUKOB.

2. KpaTkas xapakTepuCTHKa MIAPUKOIMOJUIMITHUKOBBIX CTaneil. XUMHYECKUN
COCTaB, PEXKUM TEPMHUUECKON 00paOOTKH, TBEPAOCTh U MUKPOCTPYKTYypa CTaju, BbI-
OpaHHOM JJI1 U3TOTOBJICHUS TEJI KQUeHUsI 3aJaHHOTO THaMeTpa.

3. OcHoBHOE TpeOOBaHUE, MPEIABIBIIEMOE K MOIITUITHUKOBBIM (aHTU(DPUKITH-
OHHBIM) CILJIaBaM, U OCOOEHHOCTb WX CTPYKTYpbl, 0OECIEUMBAIOIIAsl BBHIMOJHEHUE

9TOI0 TpC6OBaHI/IH.
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4. MUKpPOCTPYKTYpbl TUIIUYHBIX aHTU(PPUKIUOHHBIX CIUIABOB C yYKa3aHUEM HX
XUMHUYECKOI0 COCTaBa U POJIM OTAEIBHBIX CTPYKTYPHBIX COCTABIISAIOIIHUX.

JMutepatypa:[1], c. 104..108, 288...290, 417...421, wm [2], c. 336, 337, 341...347,
w [3], c.313..314, 516..519, wm [4], c. 351...353, 522...528.

PaGoTal2

MATEPHAJIBI YIIPYT'UX 3JIEMEHTOB.
HOCTPOEHHUE XAPAKTEPUCTHUK IIVIOCKHUX ITPYXUH

I. Hean padoThI
N3yuyeHue XxapakTepHbIX CBOMCTB MATEPUAJIOB, IPUMEHSAEMBIX Ul YIPYTHX 3JIe-

MCHTOB PAa3JIM4YHOI'0 Ha3HAYCHUS.

I1. TeopeTnueckoe 000CHOBaHUE

JIroObie ynpyrue 3jeMeHTbl (PYKUHBI, PECCOPBI, MEMOpaHbl) pabOTaIOT TOJb-
KO B YNpYyrou o0nact, T.e. JEHCTBYIOUIME HANPSIKEHUSI TOJDKHBI ObITh MEHbILE
npejesa Yunpyrocru oy (Gogo, HIH Goqos), TAK KaK HEOOpaTUMas IIacTHYECKas Jie-
¢dopmarus He nomyckaercs. [loaTomy HEOOXOAMMBI MaTepHallbl C BHICOKHM COIIPO-
TUBJICHUEM MaJIbIM IUIACTUYECKUM JiehopMalusiM, T.€. C OOJbIIUMU 3HAYECHUSIMHU
IPEJENIOB YIPYTOCTH U TEKY4ECTHU (G ;). DTO INIaBHOE U 001ee TpeOOBaHUE KO BCEM
MaTepHualiaM yIpyrux 3J€MEHTOB.

[Tomumo npenena ynpyrocTd BaKHbIM MapaMeTPOM TaKUX MAaTE€pPUAJIOB SIBISETCS
MoayJb ynpyroctu (Moayib fOnra) E, xapakTepusyrolui >KeCTKOCTh MaTepua-
Ja, T.e. €ro CONMpOTHUBJICHUE ynpyrum naedopmarusMm. Moayns E - kodpduimeHt
IPOIMOPLMOHATLHOCTH B 3aKoHE ['yka G = E-g, ero BenMunHa XapaKTepu3yeTcsl TaH-
TE€HCOM YTJIa HAaKJIOHA 3aBUCUMOCTH HAIPSHKEHUS G OT AedopMaliiu €.

B 3aBUCMMOCTH OT Ha3HA4YEHUs! yNPYroro 3J€MEHTa BEJIMYMHA €ro yInpyrou nue-
(dopmaruu A0KHA OBITH MaJIol (CUIIOBBIE MPY>KUHBI, PECCOPBI, aMOPTHU3ATOPHI) WIH
00JbIION (YyBCTBUTEIBHBIE AJIEMEHTHI MPUOOPOB, pa3IUyHbIE MPY>KUHBI, MeMOpa-
Hbl). Bennuuna yrnpyroil neopmanuu 3jieMeHTa 3aBUCUT (IIOMHUMO €ro KOHCTPYK-

THBHBIX 0COOCHHOCTEH - (1)0pMI>I, Pa3MCpPoOB, 4UCJIa BUTKOB Hp}I)KI/IHLI) oT ﬂCﬁCTBYIO-
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meil Harpysku P unu Hanpspkenust 6=P/S (puc. 12.1, a) U *KecTKoCTH MaTepuaia

E (puc. 12.1, 6).

P (unu ©) a) P (unu G) 0)
! Puc. 12.1. B
E=const P=const he. s BIIDIHE
JeHUCTBYIOLIEH Harpys3-
P, [ / K1 P (a) ¥ )KeCTKOCTH
p matepuana £ (6) Ha
P77 : . """"""" BEJIMYMHY YIPYToM
i : nedopmalu €
0 ' i

€1 & € €1 & €

[ToaTOoMy n71st peccop, CHIIOBBIX TIPYKUH, PACTSHKEK, aMOPTU3ATOPOB MPUOOPOB HYXK-
HBbI MaTepHalibl ¢ 0oJbIION BennunHor E. CaMbIMU pacipOCTpaHEHHBIMH CPEJId HUX
SIBJISFOTCSL TIPY)KUHHBIE CTad OOIIEro Ha3Ha4YeHHs (MU PecCOPHO-NPY:KMHHbIE
craan, TOCT 14959-79). Heo6xomuMbie yrpyrue cBoiictBa (E~(2,0..2,2)-10° MI1a,
G0,00s~1200..1600 MIIa) obecnieunBarOTCA MOBBIILIEHHBIM COJIEP)KAHUEM YIJIEpOJA

(0,5...0,7 %) wm3akankoi ¢ mnociexayromum otmyckoMm (400.500 °C)Ha cTpyKTy-
py Tpooctut - otiiycka (HRC, 42..48).

Haubonee nemeBsl U3 HUX YIJIEPOIUCTBIE U COAEpKallie HeOOIbIIOoe KOIHye-
ctBO Mn cranu: 65, 70, 75, 85, 601", 651", 70", npuMeHsiemMbIe ISl IPYKUH MaJIOTro
cedyeHus (M3-3a HU3KOW MpokanuBaeMocTH). Jlyummmu cBoiictBamu (Oosiee BHICOKHE
MOKa3aTel MPOKaJIMBAEMOCTH, 3aKaTMBAEMOCTH, TEIUIOCTOMKOCTH) 00Ja/1al0T KpeM-
Hucteie (55C2, 60C2, 70C3A) u cnoxnoserupoBanHbie cTanmu (S0XIT'A, 50XDA,
S0XT DA, 60C2H2A).

[ToMuMO yKa3aHHOTO BBIIIE OOIIET0 Ha3HAYCHUS MPYKUHHBIX CTAJCH, OHU HC-
MOJB3YIOTCS JIUISl 3aBOJHBIX MPY>KWH MPUOOPOB (YacoB, KMHOAMMAPATOB, JICHTOMPO-
TSOKHBIX MEXAHU3MOB), TTOCKOJIBKY KPYTSIIANA MOMEHT 3aBOJTHON TPYXUHBI IPOTIOP-
HUOHAJIEH BenuuuHe E. J[s 9TUX e 1eliel NpUMeHsoT civiaBbl cucremMmbl Fe-Ni-
Cr ('OCT 10994-74), nampumep 36HXTIO (o macce: 36 % Ni, 12 % Cr, 3 % Ti, 1
% Al, ocransHoe Fe), u Co-Cr-Ni, nampumep 40KXHM (1o macce: 40 % Co, 20 %
Cr, 16 % Ni, 7 % Mo, ocranbnoe Fe) u 40KXHMBTIO. Bricokue ynpyrue u npod-
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HOCTHBIE CBOMCTBA 3TUX CIUIABOB JOCTHIAIOTCS IyTEM 3aKaJKH U IOCJIEAYIOLIEro
crapenus (“aucnepcuonHo-Tepaewmue”’, 3I6HXTHO) unu komruiekcHol 006paboT-
KM: 3aKajKa+XoJIoJlHas IactTuueckas aedopmanus+crapenue (“medopmManuoHHo-
TBepaeromue”’, 40KXHM). Ympyrue cpoiictBa (Gy, ) Takux CIUIaBOB OJIU3KH K
CBONMCTBAM JIETUPOBAHHBIX MPYKUHHBIX CTAJIEH, HO OHU OTINYAIOTCS KOPPO3UOHHOMN
CTOMKOCTBIO 1 HEMarHUTHOCTBIO.

B oTnnune oT CUIOBBIX MPY>XKUH MHOTHE YIPYTHE 3JIE€MEHTHI TPUOOPOB JOJIK-
HBI 00eCIeunBaTh 3HAYUTENIbHBIC MIepeMEeILeHus, T.€. OOJBIIYI0 YHPYyTyIo Aedopma-
[UIO MpU HEOONBIINX Harpy3kax. MaTepuanbl Takux 3J€MEHTOB JOJKHBI 001a1aTh
MaJjoil JKeCTKOCThIO, T.€. MEHbIIEeH BenuuuHoi £ (cM. puc. 12.1, 6). ITu 31eMeHThI
UMEIOT TOJIOTYIO JINHEWHYIO XapaKTePUCTUKY. XapaKTEPUCTHKA YIIPYTOro 3JIEMEHTA -

ATO 3aBUCUMOCTbH €ro jaedopmaiud OT MPUIOKEHHOTO YCWIHS (WM HANpsHKEHUs).

2) P d 6)
7 [ - ,
%% —A ! o
0 f

Puc. 12.2. IIporu6 3akpenieHHoi KOHCOIbHO-TIOCKON
IpYXHUHBI (a) U ee XxapakTepucTka (0)

Hamnpumep, nns miockoil npy>kuHbl (IIacTUHBL pene, puc. 12.2, a) — 3To 3aBUCH-

MOCTh mepemMenieHus (f) ee cBOOOMHOTO KOHIIA TOJ ACHCTBUEM ycwius P:
=m——==nP, (12.1)

rae L, b, h - nvHa, MMpUHA ¥ TOJIIMHA MPY>KHHBI COOTBETCTBEHHO;

m - kK03hOUIMEHT, 3aBUCAIUNA OT (POPMBI IPYKUHBI (JJIs1 TUIOCKOU MPSIMO-
YTOJABHOU MPYXUHBI m=4, JJI MJIOCKON TPEeyrojJbHON MPYXKUHBI C 3aKpEIJICHHBIM
OCHOBAHHEM TPEYTOJbHUKA m=0).

OdeBuaHO, YTO Benu4YMHA KOd(h(PHUIIEeHTa TPOMOPIHMOHATEHOCTH (¢) B TOM 3a-
BHUCHMOCTH ONPENIENSETCs YIIIOM HAaKJIOHA XapakTEePUCTHKU o (puc. 12.2, 0), a UMeH-

HO c=1/tgaL.
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YIpyruil 3J1€MEHT C ITOJIOTOM XapaKTEPUCTUKONW MMEET BBICOKYIO YyBCTBHU-
TEIBHOCTh, TAK KaK OOECHeUMBACT 3HAUUTEIbHYIO YNPYTyo AedopMalfio Npyu Mu-
HUMAaJIbHOW Harpy3ke. MaTepuanbl TaKUX 3JE€MEHTOB JIOJKHBI 00JaJaTh MEHbBIIUM
3HaueHueM E 1o CpaBHEHUIO cO cTasiMU. OOBIYHO 3TO pa3iuyHbIe AehOpPMHUPYEMBIE
6pomssl, y HuX E~(1,2..1,3)-10°MIla, T.e. mouTH B 2 pa3a HHXKe, 4eM y CTajeil.
Kpome TOro, oHu KOppO3MOHHOCTOMKH, HEMAarHUTHBI U UMEIOT BBICOKYIO 3JIEKTPO-
MPOBOJHOCTh, MOATOMY IIHPOKO MPUMEHSIOTCS IS TMPYKUHHBIX DICKTPUUYECKUX
KOHTakTOB. OCcOOCHHO XOpoIu OepuiuIHeBbIe OPOH3BI, KOTOPHIC TTOMUMO IEPEUHC-
JICHHBIX JOCTOMHCTB 00J1a/1al0T BEICOKUMU MpeAesIaMHi YIIPYTrOCTH U MIPOYHOCTH (CM.
paboty 10). Hampumep, 6ponsza bpbHT1,9 nmocne 3akanku, X0I0AHON IACTHYECKON
nepopmanuu u crapenus (310 °C) umeer npenen ynpyrocta 6o op=1000 MIla. OTa
BEJIMYMHA MPAKTUYECKH TaKasl K€, KaK y CTaliel, U 3HAUUTEIbHO BBIIIE, YEM Y JPYTUX
opon3 (B cpennem 500 MITa).

B psine ciyyaeB moMHUMO BBICOKOM YYBCTBUTEIBHOCTU YIPYTOTO 3J€MEHTa Tpe-
OyeTrcs HEe3aBUCUMOCTh €T0 XapaKTepUCTUKH (T.e. Moxyst £) oT konebaHuil Temre-
patypbl. Hanpumep, it kaMepTOHA UM CIIMPAJIA PETYJISTOpa X0/1a 4acoB, odecre-
YUBAIOIICH TIOCTOSIHCTBO TIEpHOJa KoJieOaHWH, T.€. TOYHOCTh XOja 4acoB. B Takmx
YCTPOMCTBAX MCHOJIb3YIOT JJIMHBAPHI - T.€. CIUIaBbl C HEU3MEHHBIM MOJYJIEM YHPY-
roCTU, TOYHEE, C HU3KUM TEeMIIepaTypHbIM Kod(PuimeHToM (y) ero M3MEHEHHS:
E,=E5o(1+vt), Ey - BenuuuHa MOAyJIs yrnpyroctd npu =20 °C; y~+1,5-107 °C™,
dauHBapsl - cmabl cuctembl Fe-Ni-Cr (36HX, 42HXTHO, 44HXTIO), ynpou-

HSIEMBbIE 3aKAJIKOW U CTApEHUEM; KOPPO3UOHHOCTOMKHE, (peppOMarHUTHBHIE.

II1. ITopsinok BbINOJIHEHUSI PA0OTHI
1. ITomyunTs y mpenoaaBatesns ABe IJIOCKUE NPY>KUHBI U3 Pa3IUYHbIX MaTepua-
70B (Nel u Ne2), ormetuth ux GopMy (yCTaHOBUTH 3HaUeHUE KOdD UIIMEHTA M, CM.
dopmymy (12.1)), uaMepuTh TeOMETPUIECKUE TTApaMeTphl A, b, L.
2. 3akpenuTh oaHy u3 npyxxuH (Nel) B mpubope. HarpyxaTh cBOOOIHBIN KOHEL
NPYXHUHBI IOCTETICHHO yBEIUYUBAIOLICICS HArpy3Koil P, KaXIblil pa3 puKcupys Be-

JUYUHY Tporuoa f.
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3. Mannbie (P u f) 3aHecTu B TaOJIHILY U OCTPOUTH XapaKTEPUCTUKY TPy KUHBI.

4. IlponenaTh aHAJOTHYHBIA OMBIT CO BTOpOW MpykuHOU (Ne2), mocTpouth ee
XapakTepucTUKy (ucnonb3yiite Microsoft Excel).

5. YOoenuBImIKCh B JIMHEWHOCTU TOMYYECHHBIX XapaKTEPUCTHUK, OMPEIETUTH IO
HUM KO3 PUIMEHT mponopioHaabHocTd “c” (hopmyna (12.1)) ayst faHHBIX TPY-
KUH.

6. [To popmyine (12.1) ouleHuTh 3HAUYCHUSI MOAYJIEH YIIPYTrOCTH £ M YCTaHOBUTH

BO3MOKHBIN THII MaTCpPUaJIOB, U3 KOTOPBIX U3IrOTOBJICHLI IIPY>KHUHBI.

IV. Conep:xanne oTyera

1. TpeGoBaHusi, MpeIbsABIIEMble K MaTrepuaiaM yOpyrux 3JeMeHTOB. OCHOB-
HbIC TUIBI MaTEPHAJIOB, MPUMEHSIEMBIX JIsi U3TOTOBJICHHSI CHJIOBBIX MPY>KHUHHBIX
YCTPOMCTB M YyBCTBUTEIBHBIX YIPYTUX 3JIEMEHTOB NMPUOOPOB. Y CpeHEHHbIE 3Haye-
HUSl YOPYTUX CBOMCTB (IIpenen yNnpyrocTd, MOIYJib HOPMAJIbHOM YHNPYTrOCTH) 3THUX
rpymnn MaTepuaioB.

2. [lonsiTve XapakTEpPUCTUKHU NPYKHUHBI. OTIMYME XapaKTEPUCTHK JIBYX THIIOB
NPYXUHHBIX MaTepPHAIOB, YKa3aHHBIX B 1I.1.

3. CxeMa ombITa MO ONPEACICHUIO XapaKTEPUCTUK IJIOCKUX MPYXUH (CM. puC.
12.2, a) u popmyna (12.1).

4. Tabnuua 3KCIEPUMEHTAIBHOTO ONPEIEICHNUS BEIMINHBI TPOrubda f mpyKUHBI
Nel B 3aBucumoctu Harpy3ku P. Xapakrepuctuka npyxxunbsl Nel. ['eomerpuueckue
napameTpsl npyx)uHbl Nel. PesynpraTsl ompenenenus kodd@uimenta mpornopumo-
HaJBHOCTH “‘c” M MOAYJS ynpyroctu E npyxuHsl Nel.

5. To xe (cm. 1. 4) aist npy>KUHbBI Ne2.

6. OnpeneneHne BO3MOXKHOIO TUIA MaTepranoB npyKuH Nel m Ne2.

JJutepatypa:[l], c.285..288, wu [2], c.349...356, wnu [3], c. 312, 313, 405, 406,

wm [4], c. 349, 350, 456.
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PABOTA 13

BJUAHUE ITPUPO/bI IIOJIMMEPA HA TEXHOJIOI'NIO
W3IrOTOBJIEHUS U3IEJINI U3 IIJTACTMACC

I. eab padoThl
N3yuenne OCHOB MPUHUUNHUAIBLHON TEXHOJOTHMU MPOU3BOJACTBA M3ACIUNA U3

TCPMOIINTIACTUYIHBIX U TCPMOPCAKTUBHLBIX I1JIACTMACC.

I1. TeopeTnueckoe 000CHOBaHME

[InacTMacchl MIUPOKO MPUMEHSIOTCS B PA3IMYHBIX OTPACISAX MPOMBIIUICHHO-
CTU B OCHOBHOM B Kau€CTBE KOHCTPYKIIMOHHBIX M 3JIEKTPOU3OJISIIIUOHHBIX MaTepua-
70B. [o cpaBHEHHIO METAINTMYECKUMHU MaTepHalaMu fepepadoTKa miacTMacc B U3-
TSl MeHEe TPyJ0eMKa U MaJOOTXO0/IHA.

IlmacTmaccel - MmaTepualibl Ha OCHOBE TostuMepoB. Tlosmmepsl - MakpomoJie-
KYJISIpHBIE COCIMHEHMS, MOJIEKYJIbI KOTOPBIX COCTOSIT M3 OOJBIIOTO YMClia MOBTO-
PSIOIINUXCST AaTOMHBIX TPYIII - 3BEHBEB. 3BEHBSI 00Pa3yIOTCS U3 MPOCTHIX MOJIEKYJ UC-
XOJHOTO HU3KOMOJIEKYJISIPHOTO BEIIECTBA - MOHOMeEpa. JlJIsi 3TOT0 MOJIEKYJIbl MOHO-
Mepa «aKTUBU3HUPYIOT» - CO3/IaI0T B HUX CBOOOJHBIC BAJICHTHBIC CBSI3U ITyTEM BHEIII-
HEro BO3/IeCTBUS (ITOBBIIIICHHAS TEMIIEpaTypa U JIaBJICHHE).

[ImacTMacchl MOTYT COCTOSITh TOJIBKO M3 CaMOI'o TojuMmepa JIMbo coaeprKaTh
pa3JIMYHbIE KOMIIOHEHTBI, B 3TOM CJIy4ae OHU SIBJISIOTCS KOMIO3UIIUOHHBIMH MaTe-
puajgamMu (komrno3utamu). KoMmoHeHTaMHM TaKUX MJIaCTMACC MOTYT OBITH HAIOJI-
HUTEJU, OTBEPAUTEIIH, CTAOUIN3ATOPBI, KPACUTENH, IJIACTU(PUKATOPHI U APYTUe CIe-
uaabHble 100aBKU. B KOMMO3UIIMOHHBIX IJIACTMAcCax MOJUMEpP UTPAET POJib CBS-
3YIOIIETO.

OueBHIHO, YTO CBOMCTBA IJIACTMACC 3aBUCAT OT XMMUUYECKOW IPUPOJIBI U BUIA
HanoJHuTeNs. Tak, B KOMIO3UTaX ¢ OJJTUHAKOBBIM THIIOM CBSI3YIOIIErO MOJMMeEpa Ha-
Oyrof1aeTCs yBEIMYSHUE MPOYHOCTH MPHU MEPEX0/Ie OT MaTEPHAIOB C MOPOIIKO0Opa3-
HBIMU HAMOJHUTEISAMU (MPECC-MOPOIIKHA) K BOJIOKHUTAM (HAIIOJIHUTENb - BOJIOKHA) U
Jajee - K CJIOUCTBIM IUIACTHKAM (JIMCTOBOM HAIOJIHUTEND).

OI[HaKO OCHOBHO€ BJIMSIHUE HA CBOMCTBA MJIACTMACC U COOTBETCTBEHHO TEXHO-
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JIOTHIO UX NIEpEepadOTKHU B U3JIEIUS OKA3bIBAET MIPUPOJA TIOJIUMEPA.

[To aTOMYy mpU3HAKY PA3IUYaIOT 084 OCHOBHBIX KAACCA NAACHMMACC: TEPMO-
IUIACTBI (OCHOBA - TEPMOIUIACTUYHBIC MOJHUMEPHI) U PEAKTOIIACTBI (OCHOBA - TEp-
MOPEaKTUBHBIE MIOJTUMEPBHI).

TepMomacTUYHbIE MOJUMEPBI UMCIOT JIMHEHHYI, WIM OJM3KYH0 K HEH -
pPa3BETBICHHYIO CTPYKTYPY (popmy) makpomosekya. B Takux Makpomosexyiax
3BEHBS COEIMHEHBI CUIIbHBIMHA KOBAJICHTHBIMU CBSI3SMH, & MEXAY LEISAMH IEHCTBYIOT
ropaszio Oonee cnabbie cuibl Ban-nep-Baansca. BenencrBue takoro xapakrepa cBsi-
3eil TePMOIIACTUYHBIE ITOJTUMEPBI P HarpeBaHUU MEPEXOAT U3 CTEKJI000Pa3HOIO0
B BBICOKOJJIACTHYHOE U JlaJiee - BA3ZKOTeKYy4ee cocTosinue. [Ipu 3ToM He npoucxo-
IUT pa3pylIeHUs MakKpoOMOJeKyJd (ecid Temmeparypa He MpeBbICHIIA TeMIepaTypy
nectpykiun). [Tocnenyroiee oxyaxaeHne U3MEHSET COCTOSIHUE MoJInMepa B 00paT-
HOM TOPSIIKE, €0 CTPYKTYpa U CBOKMCTBA MOJIHOCThEO BOCCTAHABIMBAKOTCS.

B oTiMune OT TEpMOIUIACTUYHBIX, TEPMOpPEAKTHBHbIC MOJMMeEPbI B OTBEp-
AKJIEHHOM COCTOSIHUU HMEIOT 3aMKHYTYI0 NPOCTPAHCTBEHHYIO (CETYaTyI0) CTPYK-
Typy. B Takux cTpykTypax CUIbHbIE KOBAJIEHTHBIE CBSI3M JEHCTBYIOT KaK BIOJb 1ie-
neil MOJNeKyJ, Tak U MEXJIy HUMU. DTH MOJUMEpHl Oojiee MPOYHBl U MX CBOMCTBA
NIPAaKTUYECKH HE M3MEHSIOTCS IPU HAarpeBaHWM BIUIOTH JO TEMIEPATypbl AECTPYK-
nuu. OOBIYHO TEPMOILIACTHI - IPOCTHIE (HEHANIOJIHEHHBIE) TUIACTMACCHI (ITOJIMATUIIEH,
HOJINCTUPOJI, MOJMBUHWIXJIOPU, MOJUMETUIMETAKpUIAT U Ap.), PEAKTOILIACTHI -
KOMITO3UIIMOHHBIE MaTepualibl ((PEHOIIACThI, CTEKJIOBOJIOKHUT, FTE€TUHAKC, TEKCTOJIMT,
JIPEBECHO-CIIOUCTHIC TUIACTUKU U JIP.).

N3peans U3 miiactMace noJay4arT rJIABHBIM 00pa3oM MeTOAaMHU IJIACTH-
yeckoii nepopmanuu. [I[pumeHeHrne KOHKPETHOrO cnocoda nepepadoTKu 3aBUCUT OT
(U3NYECKOTr0 COCTOSIHMS TOJMMEPHOW OCHOBBI, KOTOPOE MOYKET H3MEHATHCSA MOJ
JIEUCTBHEM HarpeBa u Ipyrux GakTopos.

B OosbIIMHCTBE Clly4aeB JI€Tald U3TOTaBIMBAIOT U3 MJIACTMACC, HAXOISIINXCS
B BA3KOTEKYYEM COCTOSIHHUH, ITyTEM MPAMOro (KOMIIPECCHUOHHOIO) MPECCOBAHUSA, JIH-
Ths MO/ 1aBJICHUEM U SKCTPY3UHU (BbLAABINBAHUA).

IIpsimoe nmpeccoBaHue IPUMEHSIOT B OCHOBHOM IS IOJIYYEHUs U3JEIIANA U3
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PEaKTOIIacToOB, pexe TepMoruiactoB. @opmMoBaHre MPOU3BOAUTCS B Mpecc-popmax
npu temneparypax 130...200 °C.

HcxonHblil pecc-maTepuan 3arpy>katoT B BUJIE MOPOILIKA I TaOJIETOK B IO-
aocth hopmsbl. [lon neiictBuem naBieHus, CO31aBa€éMOro MMyaHCOHOM, U TEIJIOThI Ma-
TepHall B BA3KOTEKYYEM COCTOSHUU 3aIONHIET (POopMOOOpa3yIolyto NOJI0CTh Mpecc-
dopwmel. [locne 3aTBepieBanmst U3eIHUe U3BICKACTCS (BBITAIKUBACTCS) U3 (POPMBI.

OCHOBHBIM KOMIIOHEHTOM IPECC-MaTEePUATIOB TEPMOPEAKTUBHBIX ILIACTMACC
SIBJISIIOTCSI CBSI3YIOIIME BEIIECTBA - CMOJIBL: PpeHonoopmanbaeruatas (0akeaIuToBas),
MenaMuHobopManbaAeruaHas (kapOaMuaHast), SMOKCUAHAs U Apyrue. B ucxogHom
COCTOSIHUU (B IIpecc-MaTepuase) CMOJIbI - MOJIUMEPHI C TUHEHHON CTPYKTYPOH.

[ToMmumMO cMOJ B KOMIO3UIMU Mpecc-Marepuana MpUCyTCTBYIOT JUCIIEPCHBIE
HATIONHUTEIN PA3INYHON MPUPOJIBI, OTBEPAUTEIH U APYrHe KOMIOHEHTHI. ITOBBI-
[IEHHas TeMIlepaTypa U HajJu4Khe OTBEpAUTENICH CO3/al0T B mpolecce (popMOBaHUS
U3JIEIUsT TPOCTPAHCTBEHHYIO CETYATYIO CTPYKTYpPY KOMIIO3MIMOHHOIO Marepuaa.
To ectb Takoil coco0 MPOM3BOACTBA COBMEIAET MPOIECC CO3AaHUS MaTepuaia U
dbopmooOpazoBaHus U3ACIUS.

JletTai M3 peakTOIUIACTOB IOCJIE OTBEP)KIEHUS MOKHO M3BJIEKaTh Cpasy, HE
oxJaxnaas. B cinydae mpeccoBaHus jaetanedl U3 TEPMOIUIACTOB IMpecc-GopMy HYKHO
00s13aTeNTbHO OXJIAXKAATh U cOXpaHeHUs (GopMbl u3aenus (mepeBoja MmojauMepa u3
BA3KOTEKYUYEro B CTEKJIO00PAa3HOE COCTOSHUE), UTO OCIOMKHSAET MPOLECC U OTPAaHUYH-
BaeT MPUMEHEHHE JAHHOrO crnocoda AJid MPOU3BOJACTBA JETale U3 TEPMOILJIACTOB.
MaccoBoe mpou3BOACTBO JETAIEN W3 TEPMOIUIACTOB OCYIIECTBIISIIOT B OCHOBHOM
JUTHEM TIO]T JABJICHUEM U DKCTPY3HUEH.

Ecnu ¢popmoBanue neraneil u3 TepMOPEAKTUBHBIX MJIACTMACC MPOUCXOTUT IIPU
HarpeBaHUU MCXOJHOW KOMIIO3ULIMHU, TO TAKOW CIIOCOO Ha3bIBAETCS FOPSYUM IIPECCO-
BaHueM. OH TpUMEHSIETCA Uil MJACTMACC IOpsiYero OTBeP:KAeHHsl, B KOTOPbIX
3aMKHYTasi MPOCTPAHCTBEHHAs CTPYKTypa MojuMepa 00pa3yeTcsl MPH MOBBIIICHHBIX

TEMIIEpaTypax.

! Jlitst OTBepIKICHHS HEKOTOPBIX BHIOB CMOII PHCYTCTBHE OTBEPAUTENS He 00s3aTENbHO, 10CTa-
TOYHO JIMILb HATPEBaHUS.
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B kauecTBe KOHCTPYKIIMOHHBIX MaTEPUATIOB MPUMEHSIIOT TAKXKE MJIACTMACCHI
XO0JIOJJHOTO OTBEpP:KIeHUsl («CaMOTBEPJACIONINE») HAa OCHOBE SIOKCUHBIX, IMOJIH-
3(UPHBIX, AKPUJIOBBIX U IPyTuX cMoji. OHU OTBEPKIAIOTCS MPU KOMHATHOM TemIie-
paType B pe3yJbTare BO3ACUCTBUS OTBepaAnTEN. M3aenus U3 HUX MOYXKHO U3TOTaBIIH-
BaTh B (popmax myTeM CBOOOIHOM 3aJIMBKH, HAMA3bIBaHUS, HAKATHIBAHUA U T.II.

B nocnennee BpeMst AJis1 UBTOTOBJIEHUS MEIKUX U3EHI (B OCHOBHOM B ME/IH-
LIMHE) MHPOKOE PACIPOCTPAHEHUE MOTYUYUIIA XOJOJHOTBEPACIOIINE AKPUIIOBBIE TIJ1a-
ctmaccbl: ACT, ctupakpui, IpOTOKPUJI, HOpaKpui, akpujiokcua u Ap. B ucxogHom
COCTOSIHUM BCE OHHM COCTOSIT U3 MOJUMEPHOTO MOPOIIKA U KUJKOTO OTBEPAUTEINS, KO-
TOpbIE XpaHATCs pa3fenbHo. [lociie cMemmBaHusg 3TUX KOMIIOHEHTOB Maccy IoMe-
maT B popMy, rae oHa oTBepxkaaeTcs yepes 10...60 MUHYT B 3aBUCUMOCTH OT Map-

KH (COCTaBa) MJIaCTMACCHI.

I11. ITopsigok BbIMOJIHEHHUSI PadOThI
N3nenue (nucK) U3roTaBiIMBAIOT M3 IIACTMACC JABYX THIOB - T€PMOILIACTUY-
HOM (MOJUATHIICH) U TEPMOPEAKTUBHOM (akpuiiokcu ). Pabota BBIMOMHIETCS HA JBYX
OJIMHAKOBBIX CTAJIbHBIX Mpecc-(popmMax MoovepeIHO IBYMs FPYIIIaMU CTYACHTOB.

[HomupTuiien

1. Hanectu BBICOKOTEMIEPATYpPHYIO CMa3Ky Ha (OpMOOOpa3yrolIylo IIoc-
KOCTb TIpecc-(OpPMBI.

2. 3akpenuTth KOHEI TepMOTMAaphl MO BUHT Mpecc-(HopMbl. Y CTaHOBUTH (HOpMY
Ha 3JEKTPOIUIUTKY U HarpeThb 10 140...150 °C.

3. IloMecTuThb B OJIOCTH (DOPMBI HECKOJIBKO TPAHYJI MOJIUAITHIICHA. Y O AUThCS
B JIOCTHXKCHUU OJIHOPOJHOU CTPYKTYpbl paciuiaBa (i paBHOMEPHOI'O 3arOJHEHUS
BBIPOBHSTH MAcCy IIIATEIEM).

4. CHaTh nmnuaMu npecc-GopMmy ¢ IUIUTKH, OCTYIUTh 10 KOMHATHON TeMIie-
paTypbl, U3BJICYb U3JIETHUE.

AKPWIOKCHU]T

1. CmoHTHpOBaTh mpecc-PpopMy, MOMECTUB Ha pabouyl0 IIOCKOCTH (TOPO-
IUTACTOBYIO M30JUPYIOLIYIO IUIEHKY (1Sl MPEAOTBPAILleHUs] IPUKIICUBAHUS U3JIEIHS).

2. Ha MpEaAMCTHOC CTCKJIO HAKaAIldTb }KI/II[KI/Iﬁ OTBCPAUTCIIb U HACBIIIATD (om-
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denbno!) HEOOXOAUMOE JJIS 3aTIOTHEHUS (POPMBI KOJIMUECTBO MOPOIIKA.

3. JoGaBisisi mOpoOIIOK B KUJKOCTb, 3ameliarh maccy. [loBepXHOCTh Macchl
JOJKHA OBITh BJIQXKHOW, HO 0€3 M30BbITKA KUAKOCTU. 3aMEIIMBAHUE MPOU3BOJUTH B
teueHue 40...50 cexkyna(!).

4. TlomecTuth Maccy B MOJIOCTh Mpecc-(HOpPMbI, YINIOTHUTh NOBEPXHOCThH YHC-
THIM mImaresaeM. [loMHUTh, 4TO Macca COXpaHseT TIACTHYHOCTh, HEOOXOUMYIO TSI
dbopmupoBanus nznenus, B reuenue 1,5...2 munyT(!).

5. Yepes 8...10 MuHyT U3BIEYb U3LIENHE U3 (DOPMBI.

IV. Conep:xxanue oTuera
1. TepmoIIacCTHUHbIC U TEPMOPECAKTHUBHBIC ILIACTMACCHI, OCOOCHHOCTH CTPOE-
HUS U CBOMCTB, UX BIUSHHUE Ha TEXHOJIOTHIO M3TOTOBJICHUS U3ICITHH.
2. OnrcaHre OCHOBHBIX 3TaIllOB M3TOTOBJICHUS W3JEIUS U3 MOJUITHUIICHA U aK-
PHIIOKCH/IA.

3. Dcku3 npecc-PpopMBl.
JJutepatypa:[l], c.439,440,449...451, unu [2], c. 39, 40, 382...384, 392, 393,

wu [3], c. 566...572, 574, 575, 577...579.
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3.5. TJIOCCAPUI

(TOJIKOBBIfI CJI0Bapb OCHOBHBLIX MATCPHUAJIOBCAYCCKHUX TCPMHUHOB, BCTPCHANOIIUXCA

B «ONOpPHOM KOHCIIEKTE», KOHTPOJIbHBIX U JJA00paTOPHBIX paboTax)

[Ipu nonw3oBanuu ['moccapueM HEOOXOAUMO UMETH B BUJLY:

1. Bce TepMuHBI BBIICICHBI KUPHBIM IIPUPTOM U PACIIOIOKECHBI B al(aBUTHOM IOPSIKS;
€CIIi TEPMUH MMEeeT CMHOHUM, OH IPHBENIEH TYT e B CkoOkax. Hampumep, Annorpomnus
(moammopdusm), Komnosnunonubiii MaTepuaJ (KOMIO3UT).

2. CoctaBHBIE TEPMHHBI (COCTOSIIIME M3 HECKOJBKUX CJIOB) NMPHBOAATCS, KaK IPaBUIIO, B
NPUBBIYHOM, OOBIYHO YHOTpeOIsieMOM Mopsanke, Hanpumep, JdedeKTbl KpucTaLIMYecKon
peuteTkH, Kputuueckasi CKOPOCTh 3aKAJIKHU.

OpHako B TeX CiIydasx, KOTJa TEPMUHBI 00pa3ytoT OOJBIINE CEMbH, CBSI3aHHBIE OOIIUM ITO-
HSTHEM — «POJOHAYaJIbHUKOM», Ha MEPBOE MECTO BBIHOCHUTCS 3TO «poxoBoe» cioBo. Ha-
nmpuMep, cHavana maercs tepmuH Crajm, a 3ateM uayT: Crajab ayctreHuTHas, Ctaab 10-
IBTEKTOMIHAS U T.]I.

Wrtak, ecnu cocTaBHOM TEPMUH HE yAaeTcS HAWTH MO ONpeNesoeMy CIOBY, €ro clelyeT
UCKaTh MO APYTOMY CJIOBY BXOISIIEMY B 3TOT TEPMHUH.

3. TepMI/IHI:I, BBIACJICHHBIC B IMOACHUTEIIBHBIX TEKCTaX Kypcueom, BKIIOYCHBI B FJ'IOCC&pPIfI,
HX CICAYCT UCKATh, NOJb3YyACh PEKOMCHAALUAMU IIII. lu?2.

4. TepMUHBI, UMECIOIIME HECKOJbKO 3HAUCHUN WM OMYCKAIOLIUE PA3IMYHOE TOJIKOBAHUE,
JAIOTCS B CMBICJIC OOBITHO MCIIOIB3YEMOM B YUESOHOU JINTEpaType 10 MaTepHAIIOBEICHUIO U
B 1anHoM YMK.

A30THpOBaHMe — BUJI XUMUKO-TEPMHUUECKOW 00pabOTKHU CIUIABOB, 3aKJIIOYAI0-
muiics B 1u¢(GHy3MOHHOM HACBIIIIEHUH a30TOM ITOBEPXHOCTHOT'O CJIOS U3AEIUH.

Asnorponus (noaumopdusm) — cM. [lorumopghusm.

AHU30TPONMSA — HEOJUHAKOBOCTh CBOMCTB ((hU3MUECKUX, MEXaHUYECKUX) Ma-
TepHuaia Py U3MEPEHNHU UX B PA3IMYHBIX HAMPABICHUSX.

AYCTeHMT — KpHUCTaJUIMYECKas ¢haza B KeJe30yTIEPOAUCTIX CIUIABaxX - meep-
ovlli pacmeop yriaepoja B Y — Fe, conepxkamuii 1o 2,14 % C, umeromuii I'TIK pemer-
Ky (CM. nonumopghusm scenesa).

AYCTEHHUT OCTATOUYHBIA — cM. OcmamouHblil aycmeHumn.

ba6ouThl — aHTUpUKITMOHHBIE (TTOANIMITHUKOBBIE) CIJIAaBBI HA OCHOBE OJIOBA
WINA CBHHIIA C JO0OaBKaMHU CypbMBbI, KaJdbIUsl, MEAH U APYTUX AJIEMEHTOB, UCTIOIb3Yye-
MBI€ IS 3aJTUBKH BKJIA IBIIIEH TOIIMITHUKOB CKOJIBKECHHUS.

BeitHuT — CTpyKTypHas COCTaBJISIONIAsl CTAlK, 00pa3yIoIIasicsl MPU MPOMEKY-
TOYHOM MPEBPAIICHUN ayCTEHUTA U COCTOSILAsl U3 NEPECHIIIEHHOT0 yriepoaoM ¢dep-
pHUTa U HEMEHTHTA.

BpOH3I)I — CINIaBbl HaA OCHOBE MCIH, B KOTOPBIX OCHOBHBIMHU JICTHPYIOIIIUMHU
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KOMIIOHEHTaMU SIBJIAIOTCS Pa3JIMYHbIC 3JIEMEHThI KpoMe MHKA. 110 OCHOBHBIM Jieru-
pPYIOIIUM SJEMEHTaM pPa3jnyaloT OJIOBSHHbIE W O€30J0BSHHBIC (AJTIOMUHUEBBIC,
KpEeMHHEBbIE, OEPUILTUEBBIC U JIP.) OPOH3HI.

Bakancusi — ToueuHbIN deghexm Kpucmaiiuieckou peulemxu — y3ei peieTKH,
B KOTOPOM OTCYTCTBYET aTOM (WJIM UOH).

Bo010KHUTBI — Pa3HOBUIHOCTb KOMNOZUYUOHHBIX MAMEPUATLOE — NAACMMACCHI,
B KOTOPBIX HAMOJHUTEIEM SBIISIIOTCS BOJIOKHA Pa3jIM4YHONM NPUPOAbI (HAIpuMED,
CTEKJISTHHBIE, aCOECTOBBIC).

JleHAPUTHI — KPUCTAILIBI TPEBOBUIHON (OpPMBI, 00pa3yIouIfecs B JUTOM Me-
TaJule B PE3yJbTaTe€ HEOAWHAKOBOCTH CKOPOCTEM POCTa MO PA3IUYHBIM KPHUCTAJIIO-
rpaduuecKkuM HaIpaBJICHUSIM.

Je(deKkTbl KPUCTALIIMYECKON PelIeTKN — OTKIIOHEHUS OT UACATBbHOTO MOPsIA-
Ka B PacCIiOJIOKEHUU aTOMOB B peabHbIX KpucTaiiax. [1lo reoMeTpun BO3HUKAIOUIUX
IIPU 3TOM MCKaXEHUW PELIETKU Pa3JINYarOT moyeuHvle, JUHEeliHble U NOBEPXHOCHbLE
Ooeghexmui.

JedexTnl JIUHEHbIE — CM. /[ucnokayuu.

JledeKThbI MOBEPXHOCTHBIE — TPAHULIBI 3€PEH B NOIUKPUCMATIUYECKUX Mame-
puanax — IByMepHbI€ 1e(EKTHI.

JedeKTbl TOYEUYHbIEC — 8AKAHCUU, ATOMBI, CMEIICHHBIE B MEXKI0Y3JIUs, U MPH-
MECHBIE aTOMBI B y3J1aX WJIU MEXA0Y3IUsX. Paquyc UCKaXeHUI perieTKH BOKPYT Ta-
KHUX JIe()EKTOB COCTABIISET BCETO 1...2 MEKaTOMHBIX PACCTOSHUS, IO3TOMY TOUECUHbIE
ne(eKTbl CYUTAIOTCS HYJIbMEPHBIMHU.

JMedopmanuss — nu3MeHEHHE pa3MEPOB U YacTo (HOPMBI Teia MoA NeHCTBUEM
BHEIIIHUX YCUJIUU.

Jedopmanus miacTuueckass — HeoOpaTumasi WM OCTaTo4Hasi jaedopmarus,
YaCTUYHO WJIM MOJIHOCTBIO COXPAHSIOIIASACS MOCIIE CHATUS Harpy3KH.

HMedopmanus ynpyrasi — oopatumas aedopmariivisi, OJHOCTHIO UCYE3A0IIAs
IIPU CHSATUU HATPY3KHU.

JlnarpaMma M30TepPMHYECKOT0 MpeBPALEHUS MEPEeOXJIAKIEHHOI0 aycTe-
Huta — (C — nmarpamma) — rpaduueckoe n300pakeHrue 3aBUCUMOCTH BpPEMEHU Ha-

yarna U KOHIIA paclaja nepeoxiaxcoeHnoz2o aycmenuma (Ha CMeCb geppuma u ye-
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MeHmuma) OT TEMIIEPaTypbl H30TEPMHUYECKHUX BBIICPIKEK.

Juarpamma coctosinusi «7Kese30-ueMeHTHT» - OuazspamMma COCMmosiHUsL Ke-
JI€30YTIIEPOAUCTBIX CIIABOB, KOMNOHEHMAaMU KOTOPOU SBIISIIOTCS YKEJIE30 U LIEMEH-
TUT; C €€ MOMOIIBI0 U3ydaeTcss GOpMUPOBAHNE PABHOBECHOM CTPYKTYpHI YIJIepOaH-
CTBIX CTaJleH U 0eJIbIX YYyT'YHOB.

Jnarpamma coctosinus (1marpamma ¢a3oBoro paBHoBecus ) — rpaduueckas
dbopma ornrcanus GpazoBbIX paBHOBECHH (COCTOSHUI) B CIUIaBAX Pa3IMYHOTO XUMuye-
CK020 cocmasa NPY Pa3INYHbIX TEMIIEpATypax.

Jlucaokanus — TUHEHHBIN (OTHOMEPHBIN) Oeghekm Kpucmaiiuieckou peulem-
ku. Hanmpumep, kpaeBasi AUCIOKALMS — 3TO UCKaKEHUE PEIIETKH BOKPYT Kpas He3a-
BEPIICHHOW aTOMHOM IUIOCKOCTH («IOJYTUIOCKOCTHY) PaJuyCOM B HECKOJIBKO MEXK-
ATOMHBIX PACCTOSIHUN U HA MHOT'O TIOPSAJIKOB OOJIbIIEN MTPOTSHKEHHOCTHIO.

JAn¢pPy3usa — B KpUCTAJUIMUECKUX MaTEpUanax 3TO MEPEMEIICHUE ATOMOB Ha
PacCTOsIHUS, CYIIECTBEHHO IIPEBBIIAIOIINE ME)KATOMHBIE.

J10JITOBEYHOCTh — CBOWCTBO 00BEKTa (MaTepuasa, U3JIeius) COXpaHsITh pado-
TOCIIOCOOHOE COCTOSIHUE NPY 33aHHBIX YCIOBUAX B TEUEHHUE ONPEIEICHHOIO BpeMe-
Hu. Kpurepuu 10IroBe4HOCTH — CONMPOTUBIIEHUE MAaTEpUaIia yCmanocmu, UsHauued-
HUI0, NOJ3YYeCcmu, KOPpO3UU.

JlypajioMHuHbI — CIJIaBbl ATIOMUHUS (OCHOBA) C MEJNIbIO, MarHUEM W Mapras-
IIEM; OTHOCSTCS K Tpymme AehOpMHUPYEMBIX CIIABOB, YIMPOYHSIEMBIX TEPMHUYECKOM
00paboTKOM (3axanxka + cmapeHue).

3akanuBaeMOCTb — CIIOCOOHOCTh CTaJM IMOBBIIIATH TBEPIOCTh B pe3yJibTare
3aKanKy; TPONOPLUHUOHAIIBHA COJIEPKAHUIO YTIIEPO/ia B CTAJIH.

3akanka — mepmuueckas obpabomka, 3aKIIOYAIOMIAACS B HarpeBe CIUIaBa
BBIIIIE TeMIepaTypbl (Ha30BbIX MPEBPAILICHHUM, BBIAEPKKE U MOCIEIYIOUIEM OBICTPOM
OXJIAXX/IeHUH, 00€eCTeunBaroNias MmojayuyeHrne HEPAaBHOBECHOW CTPYKTYphl ( KpaTKoO -
¢duKkcanysi BHICOKOTEMIIEPATYPHOTO COCTOSIHUS TTyTeM OBICTPOrO OXJIAKJIEHUS MaTe-
puana).

3akanka cTajJu — HarpeB CTaJM O AYCTEHUTHOTO COCTOSIHMS, BBIIEPKKA U
MOCJIEAYIOIIEE YCKOPEHHOE OXJIAKICHHUE C KPUMUUECKOU CKOPOCMbIO C LEIbI0 MaK-

CUMAJIBHOT'O ITOBBIICHWA TBEPAOCTH U ITPOYHOCTH.
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3akaJjika HemoJIHASl — 3aKaIKa cmanu U3 IByX(a3zHoro COCTOSHUS, TO €CTh U3
MEXKPUTUYECKOTO TEMIIEpATypHOrO HHTEepBaia A |—Aj B 0026MeKmMOUOHbIX U
A1—Am B 3a26mexmoudnsix craisix. OObIMHO MPUMEHSETCA IS 3a3BTEKTOMJIHBIX
CTajedl AJid MOJYyYEHUs] MAPTEHCUTHOM CTPYKTYpPhI C BKIIOUEHUSIMU BTOPHUYHBIX Kap-
OunoB (yemenmuma).

3akanka nmoJIHAsA — 3aKaika cmaiy U3 OJAHO(A3ZHOr0 ayCTEHUTHOI'O COCTOS-
HUSl, MPUBOJAIIAS K MOJYUYEHUIO MAPTEHCUTHON CTPYKTYpbI; MPUMEHSIETCS ISl 00-
96MEKMOUOHBIX CMATIEU.

3onbl I'mube - IIpecrona (I'Il 30HbI) — CyOMUKPOCKONMYECKUE 30HBI UCKA-
KEHUN KPUCTAIUTMYECKON PEIIEeTKH TBEPJOr0 pacTBOpa BOKPYI CKOIUIEHUWA aTOMOB
pacTBOpeHHOro KoMmmoHeHTa. B dypanomunax T'Tl 30HBI, BO3HUKAIOIINE B 3aKajeH-
HOM CILIaBE MIPH eCcmecmeenHoM CmapeHul, SIBISIOTCS TPUINHON 3((HEKTUBHOTO MO-
BBIIICHHS TIPOYHOCTH.

N350M — OBEpXHOCTH pa3pyllieHus 00pasia Wi U3Ieusl.

N3nom BsA3KHUil (BOJIOKHUCTBIM) — MOBEPXHOCTh BSI3KOTO Pa3pylICHUsI C Xa-
PAKTEpHOI BOJIOKHUCTOM CTPYKTYPOM M MAaTOBBIM OTTEHKOM, OOBIYHO MMEET HEPOB-
Hy10 GopMy (BBICTYMbI, BIaJuHbl). Bce 3TU mpu3HAKK — ClIEACTBUE 3aMETHOM nia-
cmuyeckotl Oegpopmayuu, TPEAINICCTBOBABIICH pa3pyIICHUIO.

N3nom Xpynkuii (KpUCTAUIMYECKHI) — H3JIOM 0€3 BHUAUMBIX CIICIOB AJd-
cmuyeckot oepopmayuu; MMEET 3ePHUCTHIN pesibed, COCTOSIINI 13 MHOXKECTBA OJ1e-
cTAMX rpaHel (aceTok), 00pa3yronmMxcs TPy XPyIKOM pa3pylIeHUH MO TPaHULIAM
3€pEH WJIH IUIOCKOCTSIM CKOJIa BHYTPH 3€pHA.

M3namuBanue — npouecc NOCTENEHHOIO0 U3MEHEHMS Pa3MEpPOB TeJla MPU Tpe-
HUU, NPOSBISIOIIMICS B OTACIIEHUA MaTepralia ¢ IOBEPXHOCTH TPEHUS U OCMamoy-
HOU deghopmayuu mena.

NupeHTop — CheMHBI HAKOHEUYHUK MEepooMepos, UMEIOIINI onpeeieHHbIe
pa3Mepsl U (opmy (11ap, nupamuaa, KOHYC), U3TOTABIMBAEMbIH U3 MaTEpPHATIOB C
BBICOKOI TBEPJIOCTHIO (a1Ma3, TBEpAbIN CIUIaB, 3aKAJICHHAS CTaJb).

Komno3unuoHubie MaTepuabl (KOMIO3UThI) — MAaTEpPUabl, COCTOSAIINE U3
METANINYECKON WM HEMETAJUTMYECKON MaTpullbl (OCHOBBI), BKIIIOUAIOIIEH HE pac-

TBOPUMBIE B HE KOMIIOHEHTBI PAa3IMYHON IPUPOJIBI U (OPMBI;, HATIPUMED, MepMope-
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AKMUBHbvIEe NAACMMACCHL.

KoMmnoHneHnTbl — BelecTBa (XMMHUYECKHE BJIEMEHTHI, XUMUUYECKUE COETUHE-
HUS1), BXOJSIIIIUE B COCTAB CHIABA.

KoopannanmonHoe 4uca0 — 9UCIO OMMKANIIUX cOceiel, OKPYKAIOIIMNX JIaH-
HBIIl aTOM 6 KpUCMAaiiu4yeckol peuiemke U HAXOJAUIMXCS OT HEr0 Ha OJUHAKOBBIX
PACCTOSIHUSIX.

Koppo3uss — caMOnpou3BOJIBHOE pa3pylIEHUE METAUIMYECKUX MaTepuajoB
BCJICJICTBHE XUMHUUYECKOTO WM JJIEKTPOXUMHUYECKOIO B3aUMOJEHCTBUSI MX C OKpY-
YKAKOUIEH CPENION.

Koppo3usa mexkpucrautaas (MKK) — xpynkoe KOppo3noOHHOE paspyliie-
HUE 10 TPaHULIAM 3€pEeH (KPUCTAUIOB), BOZHUKAIOIIEE M3-3a JIEKTPOXUMUUYECKOUN He-
OJTHOPOJHOCTH MOTPAHUYHBIX 00JaCTel U CaMOro 3epHa.

Kpucramnuzanus — npouecc 00pa3oBaHus KPUCTAIIOB U3 KUAKOHN (MM ra3o-
00pa3Hoii) ¢a3sbl.

Kpucramnuyeckas pemerka — BooOpaxkaemasi MpOCTPaHCTBEHHAs (Tpexmep-
Hasl) IepUOANYECKasl pEelIeTKa, B y3JaX KOTOPOH HAXOAATCS aTOMbl (MOHbBI) KpUCTAJI-
JIMYECKOTO TeJa (TOYHEE MOHOKPUCTATIA).

Kputnueckunii 1mamerp — MakCUMaJIbHBIM TUaMeTp oOpaslia JaHHOW CTallH,
NPUOOPETAIONIETO MAapTEHCUTHYIO CTPYKTYPY MO BCEMY CEUEHHUIO TPU 3aKAIKe C
JAHHOU CKOPOCTBIO OXJIAXKICHHUS.

Kputnueckasi ckopocTh 3aKaJKil — MUHUMAJIbHASI CKOPOCTh OXJIAKIEHUS U3
BBICOKOTEMIIEPATYPHOTO COCTOSIHUS, MPU KOTOPOM monaBiserca AUQPQy3uOHHBIHN
pacmaz meepoo2o pacmeopa. B craisx KpuTuyeckasi CKOpOCTh 3aKalKU - MUHUMAJIb-
Hasl CKOPOCTh OXJIAKJAEHUS, IPH KOTOPOU aycmernum NPEBPALIACTCS B MaApmeHcum.

JlatyHm — cruiaBbl Ha OCHOBE Meu, cojepxkaiiue 10 45 % uuHka (IpocTbie
WIM IBOWHBIE JIATYHHU), U JOMOJIHHUTENILHO JETUPOBAHHBIE AIFIOMUHUEM, OJIOBOM, Map-
TaHLEM U JIp. JIEMEHTaMU (CJI0KHbIE MHOTOKOMIIOHEHTHBIE JIATYHH ).

JlerupoBanme — 1ieJeHaNPaBICHHOE H3MEHEHNE COCTaBa CIUIABa ITyTEM BBEJIE-
HUSI B ONPEIEICHHBIX KOJIMYECTBAX HEKOTOPHIX XUMUYECKUX (JIETUPYIOUIUX) JIEMEH-
TOB.

JIMKBUMYC — JIMHUU OUAzpamMm COCMOsIHUL, BBIIIE KOTOPBIX CILIAB J000ro XU-
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MUYECKOT0 COCTaBa HAXOJUTCSA B JKUJAKOM COCTOSHUM. [Ipu oxnakjaeHuu HUXKE Ju-
HUU JTUKBHUIYC HAUMHAETCS KPUCTAIIIU3ALIMS CIJIABOB.

MaKpOMOJIEKYJIbI — MOJIEKYJIBbI, COCTOSINHE M3 OrpoMHOro umcia (> 10°)
OJIMHAKOBBIX (WJIM Pa3IMYHbIX) TPYIIl aTOMOB — 3BEHBEB, MOIYUYAIONIUXCS U3 IMPO-
CTBIX TI0 COCTaBY MOJEKYJ — MOHOMepos. MoneKyspHas Macca MaKpoMOJIeKys 0o-
nee 10%...10°.

MakpocTpyKTypa — CTpyKTypa MaTeprualioB, U3ydyaemas yTeM MaKpOaHaJIn3a
— OCMOTpa HEBOOPY>KEHHBIM TJIa30M WJIH C MOMOIIBIO JyMbl W3ETUN (3arOTOBOK),
W3JIOMOB JI€TaJiel WM KOHTPOJIbHBIX 00PA3IOB M CIEIHAIBHO TPUTOTOBICHHBIX 00-
pasIoB — MaKpoIuIUQOB.

MapTreHcuT (3aKaJIKH) — B CTAIAX MEPECHIICHHBIA mMEepoblll pacmeop yriie-
poaa B o — xkelesze (CM. noaumoppusm xenesa), 00pa3yroluiicss B pe3yiabTaTe mMap-
MEeHCUMHO20 NPespaujeHus aycmeHuma npu 3aKajke.

MapTeHCHT OTILyCKAa — MapTEHCUT, MOJIYYaeMblid MIPU HU3KOM OMNYCcKe 3aKa-
JIEHHOM CTaly; OT MApTEHCUTA 3aKaJKHU OTJIMYAETCS MEHBIIECH cmeneHvro mempazo-
HAaIbHOCMU U TBEPAOCTHIO.

MapTreHcuTHOe NpeBpalmieHne — B craiusix 0e3auddy3uoHHOe TpeBpalieHue
NEPEOXIIAXKIECHHOTO AyCTEHUTa B MAPTEHCUT, IPOUCXOIALIEE MTPU OXJIAKICHUH CTaJIH
U3 AYCTEHUTHOTO COCTOSIHUS C KPUMUUECKOU CKOPOCMbIO 3AKATKU.

MexaHn4eckue CBOMCTBA — CBOMCTBA, XapaKTEPU3YIOLIME MOBEACHUE Mare-
puana moj ACHCTBUEM BHEIIHEW MexaHuuyeckoil Harpysku. Haumbomee pacrmpoctpa-
HEHHBIE U3 HUX — NPOYHOCHb, MEEPOOCmb, NIACMUYHOCHb U YOAPHAS 853KOCHb, OTl-
penensieMble B pe3yJIbTaTe CTaHAAPTHBIX MEXaHUYECKUX UCIIBITAHUN.

Mukpockon Metajuiorpadpuyeckuii — Haubosee pacnpocTpaHeHHbIN B 1a00-
pPaTOPHON MpPAKTHKE ONTUYECKUA MHUKPOCKOI, IO3BOJSIOIIUNA HU3y4YaTb  MUKDO-
cmpyKkmypy He NPO3payHbIX B BUJAMMOM CBETE MaTepuajoB ¢ yBeanueHuem 1o 1500
pas.

MuKpOCTPYKTYpa — CTPYKTypa MaTepHalioB, U3ydaeMas C MOMOIIBIO MUKPO-
CKONO06; BKIIIOYAET TUI a3, GopMy, pa3Mepbl U B3aUMHOE PACIIONIOKEHUE KPUCTa-
JIOB 3TUX (a3.

MoauduunupoBanmne — BBEJCHUE B paciuiaB HEOOIBIIOr0 KOJUYECTBA CHEIHU-



-202 -
aIbHBIX TpuMeced (MOAM(PHUKATOPOB) C LETIBIO YIYUIICHUS CTPYKTYpBI JUTOTO Me-
tamia. [llupoko mpumeHsieTcs Npu MONyYEeHUU MOOUDUYUPOBAHHBIX U 8bICOKONPOY-
HbIX YY2YHOB U CUTYMUHOB.

MoHnokpucrana — obpaser; MmaTepuasna, COCTOSIIUNA U3 OAHOTO KpHcTawia (B
OTJINYUE OT NOIUKPUCTATIULECKUX MAMEPUATOB).

MoHoMepbI — NPOCTHIE BEIIECTBA, MOJIEKYJIBI KOTOPBIX B pe3yjbTaTe aKTUBHU-
3auu (IpU BBICOKUX TEMIIEpaTypax U AaBICHUH) 00pa3yloT 3BEHbSI CO CBOOOHBIMU
KOBAJIEHTHBIMH CBSI3IMHU, GOPMUPYIOLIUE MAKPOMOIEKYbl NOTUMEDOS.

HapgeskHoCTh — CBOWCTBO O0OBEKTA COXPAHATH BO BPEMEHU B YCTAHOBJIEHHBIX
npenenax 3Ha4eHUsl BCEX MapaMeTpoB, XapaKTEPU3YIOIIMX CIIOCOOHOCTh BBINOJHATH
TpeOyemble (PYHKIMHU B 33/IaHHBIX PEXKUMax U yCIOBUAX npuMmeHeHus. Kpurepuu Ha-
NEKHOCTH MAaTEPHANIOB: HIACMUYHOCMb, YOAPHAs 643KOCHb, XJAA0OCMOUKOCHDb,
MpewUHOCMOUKOCMb.

Hakusien (HarapToBka) — ynpoyHEHHUE METalljla B PE3YyJbTaTe XOJ0OHOU Nid-
cmuyueckou oeghopmayuu.

Hanpsxenue (MexaHH4YeCKoOe) — MEpa BHYTPEHHUX CHJI, BOSHUKAIONIUX B TE-
J€e MOJ BIMSHUEM BHEIIHEW Harpy3Kd, paBHas OTHOIICHHWIO JEHCTBYIOIIEH CHUIIbI K
TUTOLIAIN €€ MPUIIOKEHUS.

HutpouemenTanusi — BUA XUMUKO-MeEpMU4ECKol 00pabomku, 3aKIH04aro-
LIUIICS B TOBEPXHOCTHOM HACBILIEHUH U3JEINI OJJHOBPEMEHHO a30TOM U YIIEPOJIOM.

Hopmanuzaums — mepmuueckas obpabomra, 3aKJII0YAIOIIASICS B HATPEBE CTa-
M (4yryHa) 0 ayCTEHUTHOTO COCTOSIHUSA, BBIICPKKE U OXJIAKICHUHM Ha CIIOKOHOM
BO3JIyXE€.

OO0OpaboTka X0JI0A0M — OXJIAX/ICHHE 3aKAJIEHHON CTaJM 10 OTPULATEIbHBIX
TemiiepaTyp (1o BO3MOXKHOCTU HMKE TeMIIepaTypbl My — KOHIIa MApTEHCUTHOTO Tpe-
BpAIICHUS) C LETBI0 YCTPAHEHUS] OCMAamo4HO20 ayCcmeHuma.

OcTraTo4yHbIii AYyCTEHUT — aycmenum, He IPEBPATUBIINANCS B MapmeHcum Mpu
3axkanke cmanu, €ClM TeMIepaTypa KOHLA MapTEHCUTHOrO IMPEBpAIICHUS JTAaHHOU
CTaJIM JICKUT HIKE TEMIIEPATyPbl OXJIaXKIAI0IIEeH CPEeb.

OTMT — mepmuueckas 0opabomka, 3aKJIIOYAONIASCS B HArPEBE CIIJIaBa BHIIIE

Temmepatyp (pa3zoBbIX MPEBPAILICHUH, BEACPKKE U TOCIEAYIONIEM MEJICHHOM OXJia-
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&IeHUU (OOBIYHO € TIEYBI0), TPUBOAIIAS K MOTYYCHHIO PABHOBECHOU CTPYKTYPBHI.

OTKHMIr peKpUCTALUIN3AIUOHHBIA — OTXKUT XOJOJHOAC(POPMUPOBAHHOTO MeE-
Tajula pu TeMIepaTypax BbIIIE memMnepamypvl peKpucmaiiu3ayuu, TpUBOISIIINA K
CHATHIO HaKlend.

OTikur (crajm) MOJHBIA — HATPEB, BBIACPKKA U MEJJICHHOE OXJIAKJICHUE CTa-
JM U3 OJHO(AZHOTO ayCTEHUTHOTO COCTOSIHUSA. [IpuMeHsieTcst s 0096meKkmouoHbix
cmareti, IPUBOAUT K MOJTYUYEHUIO pAaBHOBECHOU CTPYKTYPHI ((DeppUT + MEPIUT) C MU-
HUMAaJILHOUW TBEPJIOCTHIO U HAMITYyUIlleil 00pabaThiBa€MOCTHIO.

OTKur cTanu (HemoJIHbIH) — HATPEB, BBIAEPKKA U MEUICHHOE OXJIAXKICHUE
CTAIM M3 MEXKPUTHYECKOIO HHTEpBaja TemiepaTyp (AByX(]a3zHOTro COCTOAHHS);
OOBIYHO MPUMEHSIOT JUIsl 3a3BTEKTOMIHBIX CTajlel, HarpeBas ux BhIIE A, HO HIDKE
Acen U, TIOCIIE BBIAEP)KKH, OYEHb MEJIEHHO OXJaXJas, Ul MOJIYYEHUs CTPYKTYpBI
3epHucmozo nepauma (TaKOW OTKUT HA3bIBAIOT chepouaunsupyromum). Llenb - cHu-
KEHUE TBEPAOCTH, ylydllleHne 00padaThiBAEMOCTH PE3AHUEM.

OTHoOCHTEJIbHOE CYy’KeHHe — XapaKTepUCTUKA MIACMUYHOCMU; OTHOUIEHUE
Pa3HOCTH IJIOLIAACH UCXOIHOTO U AePOPMHUPOBAHHOTO CeueHui o0pa3ia K IIomaan
UCXOJHOTO CEYEHMsI, BBIPAKEHHOE B MPOLEHTAX.

OTHocHTe/IbHOE YIJIMHEHHe — XapaKTePUCTUKA MIacCmu4HOCmU; OTHOUIEHUE
abCONIIOTHOTO yJUTMHEHHs 00pa3la Mpu pacTsSKEHUH K €ro HauyajJbHOW JJIMHE, BbIpa-
KEHHOE B MPOLEHTAX.

OTnyck (cranu) — mepmuueckas obopabomka, 3aKIIOYAONIAsACSI B HarpeBe 3a-
KaJICHHOW CTald B JOKPUTHYECKOM HHTepBaye Temneparyp (¢ < A; = 727 °C), BbI-
JEP/KKE U MOCIETYIOIEM OXJIAXKIECHUN C LEJIBIO IMOBBINIEHUS TUIACTUYHOCTH U yIap-
HOMW BSI3KOCTH 3aKajeHHOW cTaiu. OTmyck (OpMUPYET OKOHYATEIbHYIO CTPYKTYpPY U
KOMIUIEKC TPeOYEMBbIX MEXaHHUYECKUX CBOWMCTB TOCIE YHPOUHAIOWEU MEePMUYECKOl
0bpabomku cmanu.

OTnyck BBICOKHI — oTITycK ipu ¢ ~ 600 °C Ha CTpYKTypy copbum omnycka;
MaKCHUMAaJIbHO MOBBIIIACT AIACMUYHOCTb U YOAPHYIO 85A3KOCHb 3aKaJICHHOM CcTalu.

Ornyck HU3KMil — otiiyck 1pu ¢ ~ 200 °C Ha CTPYKTypy MapmeHcum omnyc-
Ka; CBOMCTBA HE3HAYUTEIBHO U3MEHSIOTCS, COXPAHSIETCS BBICOKASI TBEPIOCTb.

OTnyck cpeannii — ornyck npu ¢ ~ 400 °C Ha CTPyKTypy mpoocmum omnyc-
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Ka; 3AMETHO CHUKAKOTCS ME8epOOCmb U NPOYHOCMb, TIOBBIILIAIOTCS HAACMUYHOCb U
YOapHasl 853K0CMb 3aKAJICHHOW CTaH.

Ilepeoxua:kaenue — oXJaxJeHHE KaKOU-THOO ¢hazbl HUKE TeMIepaTyphl ee
PaBHOBECHOI'O CYIIECTBOBaHUs (HAIpUMEp, paciijiaBa HUXKE TeMIlepaTypbl KpUCTal-
JU3alKN), TIPUBOIAILIEE €€ B HEYCTOMYMBOE, METACTAOMIIBHOE COCTOSIHUE.

IlepeoxyiazkaeHHbIH ayCTEHUT — METaCTaOMIIbHBIN aycmenum, OBICTPO OXJIa-
KIEHHBIN HUoKe TemrepaTypsl A; = 727 °C; cyliecTByeT OrpaHHYEHHOE BPEMS, OII-
peAeNsIeMoe ouazpammol U30mepmMuveckKo20 NpespaujeHus nepeoxidaxicoOeHHo20 ay-
cmenuma.

Ilepuoa (mapamMeTp pelIeTKH) — PACCTOSTHUE MEXAY COCEAHUMU Y3JIaMU KpU-
cmaniuyeckol pewiemky BAOJIb €€ KOOPINHATHBIX ocell. B KyOnueckux pelerkax oH
OJIuH — pedpo KybOa, B 00IIEeM ciy4yae PElIeTKH JOJDKHBI XapaKTepHU30BaThCs TpeMs
NIEPUOTAMM.

IlepauT — OCHOBHAsI CTPYKTYpHasi COCTAaBISIONIAS y21epoOucmulx cmaiei B
PAaBHOBECHOM COCTOSIHUH; COCTOUT M3 YEPEIYIOIIMXCS TOHKUX IUIACTUHOK (KpHCTal-
JI0B) heppuma u yemenmuma.

IlepauT 3epHUCTBIN — NEPIUT C 3€PHUCTON (POPMO IIEMEHTHUTA, TTOJTy4aeMbIi
npU HENOJIHOM CqhepoudusuUpyrouem omaicuee 3a3BTEKTOUTHBIX (M DBTEKTOUIHBIX )

cTajuei.

IlepianTHOE MpeBpalIeHne — I6MEKMOUOHOE NpespaujeHue B KeIe30yTiepo-
JUCTBIX CIUIABAaX, MPOUCXOAAIIEE NPU OXIAKACHUU a)yCmeHuma HUXKE TEMIIEPaTypbl
A =727 °C u 3akmouaroieecs B ero 1udHy3HOHHOM pacrajie Ha CMeCh geppuma u
yemenmuma.

IlnacTMYHOCTD — Mexanuueckoe cmeotcmeo, XapakTepu3yrollee ClIoCOOHOCTh
MaTepHalla IacTUYecKu AepopMHUpoBaThes 0e3 pazpyuieHus. OueHuBaeTcs BeIudu-
HOUW omHoCcumenbHo20 yOIUHeHUs: U OMHOCUMENbHO20 CYHCEHUS.

IlnacTMaccsl — MaTepuanbl HA OCHOBE CUHMEMUYECKUX OP2aHUYecKux nojiu-
mepog. Ilmactmacchl MOTyT OBITh MOPOCTHIMU (HEHAMOJHEHHBIMH), COCTOSIIUMHU
TOJIBKO W3 MOJuMepa (HarpuMmep, MOJIUITUIIEH), TUO0 KOMNOSUYUOHHBIMU Mamepua-
amu , COAEPKAIMMU HAMOJHUTENH (HampuMep, reTUHAKC, TEKCTOJIUT), B KOTOPBIX

MOJIMMED UIPAET POJIb CBI3YIOLIETO BEIECTBA.
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ILmacTMacchl TepMoOIIACTHYHBIE (TEPMOILIACTHI) — IUIACTMACCHl HA OCHOBE
MepMONnIACmMuUYHbIX noauMepos (NOJUATUIICH, MOJUCTHPOJ, MOJIUBUHWIXJIOPUI H
T.11.); OOBIYHO MPOCTHIC HEHAMIOIHEHHBIE MATEPUAIIBI.

ILnacTmMaccel TepMOpeaKTHBHBIE (PEAKTOIIACTHI) — IUIACTMACCHl HA OCHOBE
MepmMopeakmusHvlX NOAUMEPOs; OOBIMHO HAIIOJIHEHHBIE MATepUaJbl, 10 BUAY HAMoJ-
HUTEJS MOAPA3IAEISIIOUINECS HA npecc-NOPOuKY, 8ONOKHUMDbL U CIOUCTblE NIACTIUKU.

IMon3yuecTh — MeJUIeHHAs] HEMpEpbIBHAS niacmuyeckas oegopmayusi Mate-
puana 1noj A1eMcTBUEM NOCTOSHHOIO Hanpsxicenus (Harpy3KHu).

HonukpucrayinyecKM MaTepuaJ — MaTepuai, COCTOSAIINNA M3 MHOKECTBA
3epeH (KpPUCTAIUTOB), KPUCTANIMYECKHE PEIIETKH KOTOPBIX OOBIYHO XaOTUYECKH
OpPUEHTHPOBaHBI B 00beMe MaTepuasia. Takoe CTpOCHHE UMEIOT BCE NMPOMBIIIICHHBIE
METaNINYECKHE CIUIABHI.

Honumepusanus — peakuusi NPUCOEAMHEHUS aKTUBU3UPOBAHHBIX MOHOMEPOS
(3BeHBEB), MIPUBO/IAIIAS K 00pa30BAHUIO MAKPOMOLEKYV]L NOJUMEPOS.

ITostmmepsI — BeliecTBa, COCTOSIIIME U3 MAKPOMOAEKY L.

IMosuMepbl TEPMOIIACTHYHBIE — TIOTUMEPHI ¢ JTUHEHHOUW CTPYKTYypoi (dhop-
MOi1) MaKpOMOJEKYJI; P HAarpeBaHHUM IOCJIEA0BATEIBHO MEPEXOIAT U3 CTEKI000-
Pa3HOTO B BBICOKO?JIACTUYHOE U Jlajiee — BSI3KOTEKyUee COCTOSHUE; MPH MOCIIEqy0-
IIeM OXJIaXKJIEHUH Mpoliecc 00paTHM.

IHomumepbl TepMOpeaKkTHBHBIE — NOJUMEPHl C 3aMKHYTOM MPOCTPAHCTBEH-
HOU (ceTuaroit) cTpykTypo# (popmoit) makpomonexyn. B roroBoM Marepuane MOTYT
HAXOJUTHCA TOJBKO B CTEKJIO00pa3sHOM cocTosHuH. [1o cpaBHEHUIO ¢ mepmonia-
CMUYHbIMU noauMepamu 0oJiee MPOYHbI U HE 00J1a/1al0T AMACTUYHOCTHIO.

IHosmmmepbl cHHTETHYECKHE OPTaHUYeCKHe — CHHTE3UPOBAHHbIE (B OTIIMYME
OT NPUPOJHBIX) MOJUMEPHI, TIaBHAsL CBSI3b B MAKPOMOJIEKYIaX KOTOPBIX OCYIIECTB-
JISIETCS Yepe3 aTOMBI yIriiepoa.

[oanmopdusm (anmnorponusi) — cnocoOHOCTh psja KPUCTAUIMYECKUX Be-
[IECTB HAXOJAUTHCS B PA3IUYHBIX MOJIU(DUKALMSX, T.€. MEHITh THII KPUCTAJIINYECKOM
PELIETKH TPU U3MEHEHUU TEMITepaTyphl U (UJIK) TaBJICHHUS.

Moaumopdusm :keiaeza — B unrepsaie Temneparyp 0...911 °C cymecTByer

HU3KoTemmneparypHas monudukanus (oo — Fe umm Fe,), mmeromas OLIK pemetky, B
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unTepBaie 911...1392 °C — BeicokoTemnepatypHas Moaudukauus (y — Fe umm Fe,) ¢
I'lIK pemerkoii.

IIpenen mpoyHocTH (BpeMeHHOE CONPOTHUBJIEHHME), G, — XapPaKTEPUCTUKA
NpouUHOCMU; MAaKCUMAIBHOE HanpsceHue, KOTOPOe BBIACPKUBAET 0Opasel] 10 pas-
PYIICHUS NPU UCTIBITAHKSIX HA PACTsHKCHHUE.

IIpenes Teky4ecTH, 6o, — OHA U3 XapaKTEPUCTUK NPOYHOCMU; HANPAJICEHUE,
Ipy KOTOPOM BEJIMYMHA OCTATOYHOU miacmuueckol Oegpopmayuu TPU UCTIBITAHUSIX
Ha pacTsbkenne cocrasisieT 0,2 %.

IIpenes ynpyrocru 6, — OIUH U3 KPUTEPUEB NPOYHOCMU, XAPAKTEPU3YIOILUIL
CONPOTHUBJIEHUE MaTepuana ynpyrod negopManud — MakKCUMAIbHOE HanpsxiceHue,
IPU KOTOPOM HAOJIOIAETCS YUCTO Yynpyedas 0eqhopmayusi.

IIpecc — nopoumku — nracmmaccol (0OOBIYHO MepMoOpeaxmughvie) ¢ TOPOLIKO-
0o0Opa3HbIMU HAMOJIHUTENSAMU (ApeBeCcHasi, KBaplLEeBas MyKa, TaJbK U T.II.).

IIpokanuBaeMocTb — CIOCOOHOCTH CTaM 3aKaJMBAThCs, T.€. MPUOOpETaTh
MapmeHcumnyo CTPYKTypy Ha OIpejelieHHYo IryOuHy. OleHHBAETCS BETUYHMHON
Kpumuyecko2o ouamempa; 3aBUCUT OT XUMHUYECKOTO COCTaBa CTAJIM, MOBBIIIAECTCS
yTEM J1e2UPOBAHUSIL.

IIpoyHocTh — MexaHuueckoe c60UCME0, XAPAKTEPU3YIOIIEE COMPOTUBICHUE
MaTepualia aegopMalui ¥ pa3pylieHu0; Han0oiee pacpoOCTPAHCHHBIMUA KPUTEPHSI-
MU IIPOYHOCTH SABILIIOTCS npeoevl mekyuecmu (62 ) U npouHocmu (Gg), ONpenense-
MbI€ IyTEM CTaHAAPTHBIX HCIBITAHUN OOpa3lloB HA PACTSDKCHHE, a TaKKe meep-
oocmp.

IIpoyHOCTHh KOHCTPYKIMOHHASL — MIPOYHOCTh MaTepuaia rnpu padoTe B roTo-
BOW KOHCTPYKIIMH; KOMIUIEKCHAsI XapaKTePUCTUKA, BKITFOYAIOIIAsT KPUTEPUH NPOUHO-
CMu, HA0eMHCHOCMU U 00J208EYHOCIUL.

PabdoTocnocoOHOCTh — cOCTOSTHUE O0BEKTa, MPU KOTOPOM OH CIIOCOOEH BbI-
MOJIHATH 3aJlaHHble (DYHKIIMHU, COXpaHssd 3HAYEHUs 3aJaHHBIX MapaMeTpoB B Ipeje-
JaX, yCTAaHOBJICHHBIX HOPMATUBHO-TEXHUUECKON JJOKyMEHTAITUEH.

Pexkpucraiiu3anus — mporecc 3apokKIeHUS] U pOCTa HOBBIX PAaBHOOCHBIX 3€-
peH B 1e(pOPMUPOBAHHOM MeETajlie, MPOUCXOIAIINI IPU TEMIIEpaType BhIIIE memne-

pamypul (nopoza) pexpucmaniiuzayuy M NPUBOJAIIUNA B UTOr€ K BOCCTAHOBJICHHUIO
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CBOMCTB, IpUCYITUX HEeNe(HOPMUPOBAHHOMY METaJLTY.

CuiyMHH — JIMTENHBIN CIUIaB HA OCHOBE alMOMHUHUSA, coaepxkammil 4...13%
KPEMHHUSI.

CJoncrpie MJIACTHKHA — KOMIIO3UIIUOHHBIE NIACMMACCHl C TUCTOBBIMU (CIIOU-
CTBIMH) HATIOJIHUTEISIMH (OyMara, XJ10m4aTo-0yMakHbIe U CTEKJIOTKAHH).

Cosuayc — NTUHUU Ouazpamm COCMOSIHUS, TIPU OXJIAXKIACHUHN HIXKE KOTOPBIX
10001 CIIaB HAXOAMUTCS B TBEPJOM COCTOSIHMM; MPU HArpE€BaHUU BBIIIE COJIUIyCA
HAYMHAETCS IABJICHUE CIIJIABOB.

CopOut — gucnepcHas cMechb ¢eppuma u yemeHmuma, MOTydaromascs mpu
YCKOPEHHOM OXJIKJEHUU ayCTEHUTA (COpOUm 3aKankiu) WA BBICOKOM OTIYCKE (cop-
oum omnycka) CTanM.

CopOuT 3akajku — GeppuTO-IIEMEHTUTHAS CMECh, TTOTydaeMasi B pe3ybTaTe
NEePAUMHO20 NpPespawjeHus. NepeoxaaicOeHHo20 aycmeHuma B UHTEpBAJe TeMIepa-
Typ ~ 550...650 °C; momo6HO nepaumy uMeer mactuHyaroe (Gepput + HEMEHTUT)
CTpOEHHUE, HO OTJIMYAeTCs OOJIbIIEH JUCTIEPCHOCTHIO M TBEPIOCTHIO.

Cop0ur ornycka — GheppuTO-IIEMEHTUTHASI CMECh, TIOJTydyaeMasi B pe3yJibTaTe
8bICOKO20 OMNYCKA 3aKAJICHHOW CTalld, UMEET 3epHUCTYI0 (OpPMY LEMEHTHUTA; 10
CPaBHEHUIO C COpOUMOM 3aKAIKU OTIANYAeTCS OoJee BBICOKOW MIacmuuHOCmblo U
YOapHOI 83KOCMbIO.

CnaB — martepualn, MojydaeMblil CIulaBieHUEeM (WM CIIEKAHUEM) JIBYX WJIU
0oJiee KOMNOHEHMO8.

Cranm — cIuiaBel Ha OCHOBE kele3a, coneprkamue ot 0,02 no 2,14 % yriepona
(venepooucmoule cmanu), a TakxKe APYrue JICTUPYIOIIUE DJIEMEHTHI (Jlecupo8anHbvle
cmanu).

Crajapb aycTeHHTHAasi (AyCTEHHTHOIO KJIacca) — BRICOKOJISTHPOBAHHBIE (B OC-
HOBHOM HUKEJIEM U (WJIM) MapraHieM) CTajii, UMEIOIIUE MPU HOPMAJIbHBIX TEMIIEpa-
Typax YCTOMYUBYIO ayCTEHUTHYIO CTPYKTYPY.

Cranb po3BrekrouaHass — cranu, cogepxammue 0,02... 0,8 % C, umeromue
PaBHOBECHYIO CTPYKTYPY ¢heppum + nepaum B COOTBETCTBHH C OUASPAMMOU CO-
cmosinus "Kenezo — yemenmum”".

Cranb 3a3BTeKTOMAHAsA — cranu, comepxammue 0,8...2,14 % C, umeromniue
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PABHOBECHYIO CTPYKTYpY nepaum + yemeHmum 6mopudHsvli B COOTBETCTBUU C Oua-
epammou "Kenezo — yemenmum”".

Cranb JerupoBaHHasi — CTaJld, MOJy4aeMble B PE3yJbTaTE J1€2UPOBAHUSL; TIO-
MHUMO K€eJe3a U yriiepoda B UX XMMHYECKOM COCTaBE COAEPIKUTCS HE MEHEE OAHOTO
JIETUPYIOIETO 3JIEMEHTA.

Craab MapTreHCHMTHasi (MAPTEHCUTHOIO KJIACCA) — J1e2UpO8aHHble CMATU,
UMEIOIIUE TIOCIE HOPMATUZAYUU MAPMEHCUMHYIO CTPYKTYPY.

Cranp nepiauTHas (MEPJAMTHOrO KJACCA) — y2repooucmsle Ul 1e2Uupo8an-
Hble cmanu, OCHOBHOW CTPYKTYPHOM COCTABIISIFOLIEH KOTOPBIX MOCIE HOPMATUIAYUU
SABIISIETCS nEPAUM.

Cranb yriaepoaucrasi — CTalld, B OTJIMYHUE OT JIe2UPOBAHHBIX HE COIEpKaIINe
CIIELIMAJIBHO BBEJICHHBIX JIETUPYIOIIUX 3JIEMEHTOB.

Cranb deppurHas (peppuTHOro Kjaacca) — BEICOKOJIETHPOBAHHBIE (XPOMOM)
CTaJIi, UMEIOIINE PEPPUTHYIO CTPYKTYPY.

Crajab 3BTeKTOMAHAS — CcTalb, coaepxkaias 0,8 % C, uMeroiias B paBHOBEC-
HOM COCTOSIHUU CTPYKTYPY — nepaum, COrjiacHo auarpamme "Kenezo — yemenmum”.

CrapeHnne — JyiUTeNbHas BbIJCP)KKA 3aKaJICHHOTO CIUIaBa MpU KOMHATHOM (ec-
TECTBEHHOE CTapEHUE) WM TMOBBIIMICHHON TeMmneparype (UCKyCCTBEHHOE CTapeHHe);
3aBEPIIAIOIINNA ATAll YNPOUHAIOWel mepMuieckoli oopabomky CIIaBOB THUIA 0ypa-
JIIOMUH.

CrapeHue moJiuMepoB — HEOOPATUMOE U3MEHEHHE CTPYKTYPhl U YXYJLIECHUE
(U3UKO-MEXaHUYECKUX CBOWCTB MOAUMEPO8 TPU HUX JUIUTEIBHOM HCIOJIb30BAHUU
I10]T BJIUSIHUEM BHEIIHUX BO3/ICCTBUU.

CreneHb TETPaAroHAJbLHOCTH — OTHOIICHUE ¢/a — BEPTUKAIHHOTO W TOPU30H-
TaJbHOTO pedep SJIEMEHTApPHOU SUYEUKH, XapaKTEPU3YIOIIee CTENEHb MEPECHIIICHUs
TETPArOHAIbHOUN PELIETKU MapmeHcuma yriaepoIoM.

TexHoJOornuecKkue CBOMCTBA — CBOMCTBA, oOecrieunBaronye 'TEXHOJIOTHY-
HOCTh MaTepuana' — €ro MPUroJHOCTh JUIsl U3TOTOBJICHUSI U3JIENUA ¢ HauMEHbIIEH
TPYAOEMKOCTBIO, — 3TO 00pabaThIBAEMOCTh PE3aHHUEM, J1aBJICHUEM, CBAPUBAEMOCTb,
CIIOCOOHOCTH K JIUTHIO, & TAKKE NPOKAIUBAEMOCHD.

Teepaomep — npudop it U3MEPEHU mMeepooCmu.
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TBepaocTb — mexanuueckoe ceolicmeo, XapaKTepu3yloliee ClIoCOOHOCTh Ma-
TepHUalia CONPOTUBIIATBCS YHPY2ol U NAACmuyeckol oepopmayuy MpyU BHEAPEHUU B
Hero 0oJsiee TBEPIOTO Teja (UHOeHmopa).

TBepaocts mo bpunesnaro (HB) — tBepaocts, onpeaensieMasl Kak OTHOILIEHUE
Harpy3K IpU BJIABJIMBAHUH UHOEHMOPA — 3aKAJIEHHOTO CTAJbHOIO MapHKa (0OBIYHO
& = 10 MM) B HCTIBITYEMbI MaTepral K IUIOMAIN TOBEPXHOCTH MOJYISHHOTO OTIIC-
qaTKa.

Teepaocts mo Buxkkepcy (HV) — tBepnocts, onpenensieMast Kak OTHOLLIEHUE
HArpy3Ku MpH BJABIMBAHUM B UCIBITYEMbId MaTepuan uHOeHmopa — ajiMa3Hol dye-
TBIPEXT'PAHHON MUPAMUJIKH C YIIIOM MEXAy I'paHsaMu 136° K momaam NoBEpXHOCTH
IIOJIyYEHHOI'O OTIIEYaTKa.

TBepaocts no PoxBesty — TBEpIOCTh, onpenesnsieMas TIyOMHOW MPOHUKHOBE-
HUS B UCTIBITYEMBIN MaTepuall uHOeHmopa — CTAIbHOTO 3aKaJIeHHOTO Iapuka & = 1,6 MM
(HRB) vwnu anmaszHoro konyca (HRC) o neiicTBUeM 3aJJlaHHON Harpy3KH.

TBepasblii pacTBOp — KpUCTAITUYECKass ¢)aza B CIIaBax, B KOTOPOMl aTOMBI
OJIHOrO0 KOMIIOHEHTAa pa3MeIlEeHbI (PACTBOPEHBI) B KPUCTAJUIMYECKOW PEUIETKE IPYyTro-
ro.

Temneparypa (mopor) peKpHCTAJNIM3AUUM — MUHUMAJIbHAs TEMIIEpATypa,
IPU KOTOPOM HAYMHAETCS MTPOLIECC PEKPUCMAITUZAYUU.

Tepmuueckasi 00padoTKa — TEXHOJIOTMYECKAs ONEepalusl, COCTOAIAs B HAarpe-
BE€ MaTeprajia 10 ONPEAEIEHHON TEMIIEPATYPBI, BBIAEPKKE U MOCIEAYIOIIEM OXJIaXK-
JNEHUU C OINPEIEIEHHON CKOPOCTHIO, C LEJBI0 JKEIAEMOr0 M3MEHEHHS! CTPYKTYPhI U
CBOWCTB MaTepuala.

TpemuHOCTOHKOCT, — CIOCOOHOCTh MaTepHalia MPOTUBOCTOSTH PA3BUTHIO
TPELINH, XapaKTEPU3yeMasi BETNYNHON BSI3KOCTHU Pa3pyILLICHHUS.

TpoocTur — cMech gpeppuma u yemermuma BbICOKOW CTETIEHH JUCIEPCHOCTH,
noJiyyaemasi Mpu YCKOPEHHOM OXJaXICHHHM ayCTEHHTA (mpoocmum 3aKaaKu) WIH
CpeaHeM OTIYCKe (mpoocmum omnycKka).

TpoocTuT 3aKkanku — GeppUTOLIEMEHTUTHASI CMEChH, MTOJIydaemasi B pe3yJIbTaTe
NepIumHO20 NpespaujeHus. nepeoxiadcOeHHo20 aycmeHuma B UHTEpBaJe TemIepa-

Typ = 450...550 °C; nogo0HO nepaumy W copbumy 3aKaiKu UMEET ILIACTHHYATOE
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CTPOEHHUE, HO OTJIMYAETCA OT HUX HauOOJIbIIEH JUCTIEPCHOCTHIO M TBEPIOCTBIO.

TpoocTuT oTnycka — GeppuTOLIEMEHTUTHAS CMECh, MIOJTydaeMas B pe3yJibTaTe
pacnaga mapmencuma TPU CpeOHeM OmnycKe 3aKAJICHHOW CTalld; LIEMEHTUT IpHU
ATOM MUMEET MEJIKO3EPHUCTYIO opMy.

YaapHasi BA3KOCTb — MexaHuueckoe C80UCme0, XapaKTePU3yoLIee COPOTUB-
JIeHUE MaTepuaia XpynkoMy pa3pylIeHUI0; ONpeIesieTcss OTHOIIEHHEM paboThl pas-
pYIIEHUs TIPU yAapHOM H3rubde oOpasiia co crenuaibHbIM HAaJIpe30M K IJIOMIAIU €ro
IIOTNIEPEYHOT0 CEYEHUS B MECTE HaApe3a.

Yiy4uienue — KOMIUIEKCHASI mepmuieckas oopabomka, COCTOSIIAs U3 3aKal-
KU Ha MapmeHcum U blCOKO20 OMNYCcKa Ha CTPYKTYpPY copbum omnycka.

Ynpounsiomas tepMuyeckass 00padoTKa aJlOMHHHEBBIX CILIABOB — KOM-
IUIEKCHAs mepmuieckas 00padomxa, COCTOAIAS U3 3aKAIIKU U CIapeHusl.

YupouHsiomas TepMuYecKas o0padoTKa CTAJM — KOMIUIEKCHAs mepmuye-
cKas obpabomka, COCTOSIIIASI U3 3aKAJIKU U OMNYcKd, KOTOPOU MOABEPraroTCs Kaye-
CTBEHHBIE yerepooucmoie U 1e2Uupo8anHHbvle CMau.

YeranocTb — mpolecchl MOCTENEHHOTO HaKOIUIEHUs IOBPEXIEHUN B MaTepHa-
Je MmojA ACHCTBUEM IUKIMYECKUX HArpy30K, MPUBOASAIIME K 00pa30BAHMIO TPEIIMH,
UX PAa3BUTHIO U Pa3pyLIEHUIO MaTepuaia.

da3a — OJHOPOJHAA IO XUMUUECKOMY COCMAGY, TUIY PELIETKU U CBOMCTBaM
4acTh CIUIABA, OTCIIEHHASA OT IPYrUX 4acTel TPaHUIIEr pas3aena.

@epput — KpucTauMyeckas Qgaza B )KeJIe30yIJIEPOJUCTHIX CIUIaBax — meep-
owiti pacmeop yriepoaa (10 0,02 % C) B a — Fe, umeromuiit OLIK — pemetky (cm. no-
uUMopdu3Mm dcenesa).

Xumuko-repmuueckass odpadorka (XTO) — TexHONOrMYECKUH Ipolecce
11 (Py3MOHHOTO HACBILIEHUS IOBEPXHOCTH CTAJIBHBIX U3/IETUN OAHUM WM HECKOJIb-
KHMH 3JIEMEHTAMU MPU MOBBIIIEHHBIX TEMIIEPATypax C LEJNbI0 U3MEHEHUS XUMUYeE-
CKOI'O COCTaBa, CTPYKTYPBI U CBOMCTB TOBEPXHOCTHOT'O CJIOS.

XuUMHYECKHI COCTAB — IPOLECHTHOE COAEPKAHHE XUMHUUYECKHX DJIEMEHTOB,
IPUCYTCTBYIOIIMX B MaTepHale.

XJ1a10CTOMKOCTh — CIIOCOOHOCTh MaTepuasa IPOTUBOCTOSATh XJIaI0JIOMKOCTH

— OXpYIYMBAHMIO MAaTEpHAJIA IIPU TOHWKEHUU TEMIIEPATYyPBI.



-211 -

XoJionHas miaacTuyeckasi jaedopManusa — IJIaCTHIECKOE JehOpPMHUPOBAHHE
MaTepualla Mpu TeMIIepaTypax HUKE memnepamypvl peKpucmaiiu3ayuuy; TpuBOJIUT
K MOSIBJICHUIO HAKlend.

LeMeHTHT — KpUcTauIMuecKas (haza B KENe30yTIEPOUCTHIX CIIaBax — Kap-
oun xene3a Fe;C, conepxammii 6,67 % C.

Hementur Bropuunbiii (L) — yemenmum, BBIACISIOMIMNICA U3 ayCTEHUTA
P €r0 MEJICHHOM OXJIAXKICHUU HWXKE JIMHUU A, Ouacpammol "Kenezo-yemenmum"
(B omiimuue OT mepBUYHOrO IiemMeHTuTa L, 00pasyrolmierocss HEMOCPEACTBEHHO U3
pacruiaBa B CIuiaBax, cojepskamntux oonee 2,14 % C).

YyryHsl — CIJIaBbI XKeje3a ¢ yIJIepoaoM, coaepkammue oT 2,14 no (teopetuue-
ckm) 6,67 % C.

YUyryn 0enblii — YyTyHbl, KPUCTALIM3YIOLIUECS MO Ouazpamme COCMOIHUS
"Keneszo — yemenmum", OCHOBHOU CTPYKTYPHOM COCTABJISIONIEA KOTOPBIX SIBISETCS
96meKkmuKa — nefedypuT, COCTOAIIAs MPYU HOPMAIBHBIX TEMIIEpaTypax U3 MepiiuTa U
neMeHTuTa. M3-3a OOJIBIIOTO KOJIUYECTBA IIEMEHTUTA B CTPYKTYPE MMEIOT CBETIIBIM
OTTEHOK M3JIOMa (OTCIO/Ia HA3BaHUE), OUE€Hb BHICOKYIO TBEPJIOCTh U XPYMKOCTb.

YyryH BbICOKONPOUYHBINA — Pa3HOBUIHOCTb CEPbIX 4)2YHOB, B KOTOPOH IrpaduT
UMEET MIAPOBUIHYIO (TJIOOYIpHYI0) hopMy, MOJydaeMyto ¢ TIOMOIIbIO MoOuguyu-
POBaHus paciijiaBa MarHueM W [IEPUEM.

YyryH KOBKHIl — Pa3HOBUIHOCTh CEpPbIX Yy2YHO8, B KOTOPOU Tpadut mMeer
XJIONBEBUIHYIO (hOpPMY; MOIYUYaIOT MyTEM JJIUTEIIBHOTO OT)KUTa OTIIMBOK U3 6€1020
yyeyHa, B pe3yjbTaTe KOTOPOIO yeMeHmum pacnafaeTcs, Bblaesas rpadut XJomnbe-
BUJTHOU (POPMBEL.

YyryH cepblii — pa3HOBUIHOCTH CEPHIX UYTYHOB, B KOTOPOW TrpaduT MMeeT
dbopMy MIMHHBIX 3a0CTPEHHBIX IJIACTUH; MOJYYalOT MPU MEICHHOM OXJIAXKICHUU
paciuiaBa ¥ MOBBIIIEHHOM COJIEpKaHUU TpauTO00pa3yoIIMX AIEMEHTOB — yTiepoia
U KPEMHHUSL.

Uyrynbl cepble — 00lllee Ha3BaHUE YYTYHOB, B KOTOPBIX B OTIMYUE OT Oebix
YYTYHOB YTJIEPOJl HAXOAUTCS HE B XMMHYECKH CBSI3AHHOM COCTOSHUM (B BHJE Iie-
MEHTHTA), @ B CBOOOJHOM — B BHJI€ BKJIFOUEHHUM Tpaduta (OHU 00€CTIeUNBAIOT CEPhIit

OTTEHOK H3JIOMa U COOTBETCTBEHHO HAa3BaHHWE TAaKUX YyryHOB). CBOMCTBa CEPBIX Uy-
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TYHOB 3aBHUCST OT (POPMBI Tpa(UTHBIX BKIIOUCHUMN, TIO ITOMY MPU3HAKY UX JIETSAT HA
COOCTBEHHO cepble TUTEHHBIC Y4)2YHbl, 8bICOKONPOUHbBLE U KOBKULE.

IBTEKTHKA — CTPYKTypHAas COCTaBIIAIOIIAs, COCTOSIIAs U3 IBYX (a3, OJHO-
BPEMEHHO KPHUCTAJTM30BABIIUXCS B PE3YJILTATE I6MEKMULECKO20 NPEeBPALeHUsl; IB-
TEKTUKA — JIeZIcOypUT — OCHOBHAS CTPYKTYpPHAsI COCTABIIAIONIAs OEIIbIX YYTYHOB.

JIBTEKTHYECKOe NpeBpallleHne — TPOIECcC OJHOBPEMEHHOTO O0pa3oBaHUs
IBYX KpUCTaITHYecKuX (a3 (26mexmuxu) U3 KUIAKOU, TPOUCXOISAIINAN TPU TTOCTOSH-
HOU TemrepaTtype U GUKCUPOBAHHBIX cocTaBax (as.

IBTEKTOUJ — CTPYKTypHasi COCTaBIIAIONIAs, COCTOsSIIasi U3 AByX (a3, oOpa-
3YIOIIAsICSl B PE3YJBTATE 38MEKMOUOHO20 NpespaujeHuss; IBTEKTOU B CTAISIX Ha3bl-
BACTCS NepIumoM.

IBTEKTOMJIHOE MpeBPallleHHue — MPOIECC paciajia OJHON TBepaoil (Kpucrai-
audeckoi) (asbl Ha JBe Npyrue (286mexkmoud), MPOUCXOASIIUN TMPU MOCTOSHHOU
Temneparype U (GUKCHpOBaHHBIX cocTaBax ¢a3. B jkene30yriepoaucThiX criaBax 3B-
TEKTOUTHOE (nepiumuoe) npespaujeriue 3aKI0vaeTcs B pacnajie ayCTeHUTa Ha CMECh
deppura u niementura(mepaut) npu ¢ < A; (727 °C).

DJieMeHTapHasi siueiika — MUHUMAJIBHBIN 00bEeM, COXPAHSIOIINA XapaKTepHbIC
NPU3HAKH JAaHHOW KPUCTAJUIMUECKOW PEIIETKH, MOCIEN0BATEIbHOE MEpPEeMEIICHHE
KOTOPOTO BJAOJb TPeX KOOPAMHATHBIX OCEH MO3BOJSET BOCHPOU3BECTU PEIIETKY B

OECIJIIOM.
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4. BJIOK KOHTPOJISA OCBOEHUSA JTUCHUIIJIMHBI

4.1. SBAIAHUE HA KOHTPOJIBHYIO PABOTY
N METOAUYECKHUE YKA3AHUSA K EE BBIIIOJIHEHHUIO

PaboTa BBINOIHSAETCS MUCBMEHHO U IMOCIJIE UCTPABIEHUN OTMEYEHHBIX MPETo-
JlaBaTesieM OLIMOOK MOAJICKUT YCTHOM 3alIUTE.

[Ipu odopmiieHnn pabOTHl HY)KHO OCTaBIISATh HA Ka)XXIOW CTpaHUIIE MO JUIs
3aMedaHuil npenojasarelid. Bee 3aianus nepenuceiBaroTCs B TeTpaab. B KOHIIE BbI-
HOJTHEHHOU paOOoThI ClIEyeT NPUBECTU CITUCOK HCIOIb30BaHHON JIUTEPATYPHI.

KontposbHasi paboTa cCOCTOUT M3 ABYX YacTell U BBINOJIHAETCS CTYACHTAMU

BCEX CHEINAIILHOCTEN.

4.1.1. IIEPBAA YACTb

Lenps nepBoil yacTu pabOTHI - MPOBEPKA 3HAHMS CTYJIEHTAMU JIUAarpaMMbl CO-
cTostHUS «OKene30-1eMEHTUT» U YMEHHMSI II0JIb30BAThCS €10 IIPU ONPEIEICHUN PaBHO-
BECHOU CTPYKTYPBI JKEJIE30YTJIEPOJUCTHIX CINIABOB M HA3HAUYCHUHM PEKUMOB TEPMHU-
4ecKoi 00pabOTKH.

IlepBasi yacTh KOHTpOJILHOM paboThl MMeeT 10 BapuaHTOB, HOMEpPa KOTOPBIX
COOTBETCTBYIOT MoOcCJaeAHel unudpe mudpa.

Jlis oTBeTa Ha MPUBEJIEHHBIE HIXKE BOMPOCH! 33JaHUN HEOOXOAMMO HApPHUCO-
BaTh quarpammy «>Kene3o-mieMeHTUT» U yKa3aTh (pa3pl BO BceX 00JacTIX Iuarpam-
Mbl. B psne ciaydaeB MOXKHO OIpaHMYUTHCA COOTBETCTBYIOLIEH YACThIO AHArpaMMBl,
HAIpUMeEp MPHU BBIOOPE PEKUMOB TEPMUUECKONU 00paOOTKHU CTalilel JOCTaTOYHO pac-
CMOTPETH "CTAIBHOM yros" nuarpammsl. [Ipyr oTBEeTE Ha BONMPOCH! HYKHO HCIIOJIB30-
BaTh PUCYHOK JHAarpamMMbl, aHAJTU3UPYs COCTOSHUE CILJIaBOB B Pa3jIMUYHBIX ee o0iac-

TAX.
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4.1.1.1. BATAHUE HA IEPBYIO YACTH KOHTPOJIbHOM PABOThHI
(BCE CHIEIHUAJIBHOCTHN)

Bapuanr 1

OnpenenuTs MO AMArpamMMe >KeJie30-IEMEHTUT, KaKhe MpPEBpaIlCHUs COBEp-
IIAI0TCS B 3a9BTEKTOUIHON cTayii Mapku Y 10 U T0ABTEKTUYECKOM UyTYHE MIPU MeJI-
JIEHHOM OXJIaXJEHUU OT PACIUIABICHHOTO COCTOSIHUSI 10 KOMHATHOW TEMIIEpPaTypHhl.
ComnocTaBUTh 3TH NMPEBPAIICHUS U yKa3aTh OKOHYATEIbHYIO CTPYKTYpPY CIU1aBoB. Ka-
KOBO MPUHIUNHAIBHOE OTIUYUE CTPYKTYPHI UyTyHa OT CTPYKTYpPbI CTaIH, U KaK 3TO
OTJIMYHE CKa3bIBAeTCSA HAa MEXAaHMYCCKUX M TEXHOJIOTMYSCKUX CBOMCTBAX ITHX CILJIa-
BOB?

Bapuanr 2

Onpenenuts N0 JuarpaMMe Keje30 - HEeMEHTUT TEMIIEpaTypbl OT)KUTa cTajen
Mapok 40, Y8 u Y12. KakoBa Temrieparypa HarpeBa 3TUX CTajieil noj 3akaiky? Jlate
000CHOBaHWE BBIOpAaHHBIM TEMIIEpaTypaM HarpeBa CTalield, OMUCaB CTPYKTYPHBIC
MPEBpPAICHUS B ATUX CTaJsAX MPU COOTBETCTBYIOUIUX peKUMax (M BUIAX) TepMUYE-

CKOM 00paboTKH.
Bapuanr 3

OnpenenuTs IO qUarpaMMe XKeJne30-IEMEHTUT MIPEBPALLCHMS, COBEPLIAOLIIE-
CsA B CTAIM MAapKu Y8 IPU MEUIEHHOM OXJIAXKIECHUH OT PACIUIaBJICHHOIO COCTOSHMS
0 KOMHAaTHOM TeMIieparypsl. HauepTuts nuarpaMMy M30TEPMUYECKOrO IpEBpalle-
HUSl ayCTEHWTa JJis Ha3BAaHHOM CTaJId U MOKa3aTh Ha HEH, KaKk OyayT M3MEHATHCS
CTPYKTypa ¥ CBOWCTBA 3TOM CTAJIA IO MEPE YCKOPEHUS OXJIAXKIACHUS U3 AYCTCHUTHON
obnactu. Kakyro cTpykTypy M CBOMCTBa MpUOOPETET 3Ta CTallb, €CIH CKOPOCTh OX-

JaXACHUS U3 ayCTEHUTHON 00JIaCTU MPEBBICUT KPUTUUECKYIO CKOPOCTh 3aKaJIKK?
Bapuanr 4

OHpCI[GJ'II/ITB Mo guarpamMme KCJIC30-UCMCHTHUT, KAKUC IIPCBpALICHUSA COBCP-
1aroTCsA B CTAJIM MapKu 40 IIpru MCIJICHHOM OXJIAXKJICHHUHN OT PACIlNIaBJICHHOI'O CO-

CTOSIHUSA 10 KOMHAaTHOM TEMIIEPATYPHl U OKOHYATENBHYIO CTPYKTYpY 3TOM cranu. Ka-
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KYIO CTPYKTYpY OYIyT UMETh M3JEIHSI U3 dTOM CTAIM MOCHE 3aKAJKH C TEMIIepaTyp
740 u 840 °C? Kakoit U3 yKa3aHHBIX BapMAHTOB 3aKaJIKU CJIeTyeT BBIOpaTh 115 0Oec-
neyeHus 0osiee BHICOKUX IKCILTyaTallMOHHBIX XapaKTEPUCTUK U3JIETUNA U3 ATOU CTalu

U royemMy?
Bapuanr S

Onpenenuts 1Mo AUArpaMMe >KeIe30-LIEMEHTHT, 10 Kakoi 00JacTH TeMIeparyp
ObLTa Harpera CTajb Mapku 45, eCiM MOCJe 3aKaJIKU CO CKOPOCTHIO BBILIE KPUTHYE-
CKOH ee CTpYKTypa cocTosia u3 hepputa U MapreHcuTa. OnucaTs NpeBpalleHus, Ko-
TOPBIE COBEPIIMINCH B CTAIM HPU OXJIAXKICHUHU, U YKa3aTh SBJIAECTCS JIM BHIOpAaHHAS
TEeMIIepaTypa HarpeBa CTAIM yAa4HOW C TOYKH 3PEHUs IOJyYECHHs BBICOKUX MEXaHU-
yeckux cBOMCTB. KakoBa joimkHa ObITh TeMIlepaTypa HarpeBa 3TOW CTalld, YTOOBI

IPU OXJIAKJEHUU CO CKOPOCTBIO BBIIIIE KPUTHUYECKOW €€ CTPYKTypa He cojepikaa
dbepputa?
Bapuanr 6

Cranp mapku 50 mocie OJHOTO BHAA TEPMHUECKOW OOpabOTKH MOJIydHIia
CTPYKTYpY (GeppUTHIUIACTUHYATHIN MEPIIUT, MOCIE BTOPOTO - MapTCHCUT+HPEPPUT H
MOCJIe TPEThEro - MApPTEHCUT. YKa3aTh, KaKUe BUJbI TEPMHUUECKOW 00pabOTKH TpH-
MEHEHBI B KoM ciydae. OnpenenuTh Mo quarpaMmMe Kene30-1eMEHTHT, 10 KaKou
obnacTu TeMriepaTyp OblLIa HarpeTa CTaidb MPHU KaKIOM BHJIE TEPMUYECKONH 00paboT-
KU ¥ yKa3aTh, KaKue MPEeBpaIeHUsl OHA MpeTepIriena B MPOIecce OXJIKIECHUS B Kax-

JIOM U3 TPEX CIIy4YaeB.
Bapuanr 7

Onpenenute 1O auarpaMMe Kene30-UEMEHTUT, KaKhe IMPEBPAILCHUS COBEP-
[IAIOTCS B TO3BTEKTUYECKOM OEJIOM YyryHe KaKoro-imbo cOCTaBa MpHU OXJIAXKICHHUU
OT PacCIUIABJIICHHOI'O COCTOSIHMS O KOMHATHOW Temneparypsl. KakoBa OKOHYaTeNb-
Hasi CTpyKTypa ciuiaBa? Ha3zHauuTh pexxum TepMUUecKoil 00paboTKu JIsl peBpariie-
HUSL 3TOTO YyT'yHa B KOBKMU YyTI'YH U yKa3aTh, KaK U3MEHSIOTCA MPU 3TOM CBOMCTBa

yyryHa. KakoBa npuyrHa 3TUX U3MEHEHHI1?
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Bapuant 8

Omnpenenuth MO aUarpaMMe >KeJie30-IIEMEHTHT, KaKhe MPEBPALICHUsS COBEp-
IIAlOTCS B CTaTu Mapku Y 12 mpu MeAeHHOM OXJIaXXIEHWU OT PacIIaBIEHHOTO CO-
CTOSIHUA 10 KOMHATHOM TeMIlepaTypbl, IPUBECTH OKOHYATEIbHYIO CTPYKTYpPY CTajH.
Kakyio cTpykTypy OyAyT UMeTh M3/EHs U3 3TOU CTalM MOCJe 3aKajJKu C TeMIlepa-
Typ 770 1 960 °C? Kakoit U3 ykazaHHBIX BapUaHTOB 3aKaJKH CIEAYeT BbIOpATh IS
oOecniedyeHuss 00see BBICOKMX JKCIUTyaTallMOHHBIX XapaKTEPUCTUK MHCTPYMEHTa U3

3TOM CTAIM U TOYEMY?

Bapuant 9
IIpu 3akajke MHCTpPyMEHTa W3 YIJIEPOJUCTBIX CTajeil Temmeparypa B IE€Yd
oKasanacsk 3aBbllieHHON Ha 150 °C 1o cpaBHEHMIO ¢ ONITUMAJIBHOM.
HapucoBate B Maciitabe «CTaqbHOW yroyi» IuarpaMMbl KeJle30-UEMEHTUT U
[0Ka3aTh Ha HEM ONTHMAJIbHBIM MHTEPBAJ 3aKaJlO4YHbIX TeMmeparyp. Mcnonas3ys pu-
CYHOK, OOBSICHUTb, KaK YKa3aHHOE HapyILIECHUE PEKUMa 3aKaJK{ MOBIUAET Ha CTPYK-

Typy U cBoiicTBa cTanei Mapok Y7 u Y10.
BapuanTt 10

Cranp mapku Y12 mocie OJHOTO BHAA TEPMHUECKOW OOpabOTKH MOJIydHIia
CTPYKTYpY IUIaCTUHYATBIA NEPIUT+HBTOPUYHBIM ILIEMEHTUT, IIOCIE€ BTOPOTO -
MAapTEHCUT+HOCTATOYHBIA ayCTEHHT, IOCIE TPETHETO - MAPTEHCUTHOCTATOYHBIN ay-
CTEHUT+BTOPUYHBINA [IEMEHTHUT. YKa3aTh, KaKue BUIAbl TEPMUUECKONU 00pabOTKH MpH-
MEHEHBI B KaXJI0M ciaydae. OnpeaenuTh Mo AuarpaMmMe xKemne30-IEMEHTUT, 10 KaKou
obJyactu TeMrieparyp ObliIa HArpeTa cTaiab MPU KaXKJ0M BUAE TEPMUUYECKON 00paboT-
KM U yKa3aTh, KAKHE MPEBPAILECHHS OHA MPETEPIIENIA B IPOLIECCE OXJIAKICHUS B KaXk-

AO0M U3 TPEX CIIydacB.
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4.1.2. BTOPAA YACTb

Llenv smou wacmu pabomel — 6blpabOMKA HABLIKOE NO 6bIOOPY MAMEPUATO8
OJIs1 U320MOBIEeHUS U30eNUll PA3IUYHO20 HA3HAYeHUs (Oemasiel Mawun u npubopos,
UHCMpYMeHma, KOHCMPYKYULL) U PAYyUOHAIbHLIX MEXHOL02UL 0O0BEMHOU U NOBEPXHO-
CMHOU YNpouHAIOwel 00pabomku (mepmuiecKou, XUuMUKoO-mepmMuyeckol u op.) 3mux
uzoenuil.

JI1st BEITIOJTHEHUS 3aaHUI ATOM 9acTH paboThl HEOOXOIMMO OCBOUTH BCE TEMBI
JTUCUUIUIMHBL U YMETh MOJIb30BAThCSl YUEOHOUM U (B OTACIBHBIX CIydasix) cHelualib-
HOM CIPaBOYHOW JIUTEPATypod (CIHCOK PEKOMEHAYEMbIX HW3JaHHMM MPUBEIEH Ha
c.36...38). XKenaTeapHO Tak)Ke BBIMIOJHUTH JIAOOpPATOPHBIC PAOOTHI.

OTBeTHl Ha KaX]bIH BOMPOC 3aJaHusl JOJKHBI ObITh 0OOCHOBAaHHBIMH, YETKO
yKa3aHo, MOYeMy MPOU3BEJEH BBHIOOpP MTaHHOW TPYIIIbBI MaTepUaloB, KOHKPETHOM

MapKu CIUIaBa, TOTO UM UHOTO peKMMa yIpOoUHstoeid o0padoTKu U T.1.

Huxe ommcana MpUMeEpHasi cxema (MOCJIeA0BATEIbLHOCTH) BbIOOPA

MaTEpHaJI0B 114 17663 (SN 1701 Pa3JINIHOIO0 HA3HAYCHUA.

1. HazHauyenue u3ageaus

HaunHath HY’)KHO MMEHHO C Ha3HauYeHHs u3lenus (yKa3blBaeTcs B 3aJaHUN),
MOCKOJIbKY OHO Ccpa3y OmpejessieT TN mMaTepuana. Bce nzyyaembie B JaHHOM Kypce
MaTepuaabl MOKHO Pa3IeIUTh M0 HA3HAYCHHUIO Ha JBAa OCHOBHBIX TUIIA — KOHCMPYK-
YUuoHHble, TIPUMEHSIEMBIE ISl IIIMPOKOTO Kpyra JAeTallel MallvuH, TpuOopoB, pas3ind-
HOTO 000OpPYIOBaHUS, U UHCMPYMeHmalbHble. UHCTPYMEHTANBHBIMHA SIBIISIFOTCS CTaJIH,
KJaccupuIupyeMble 10 Ha3HAYCHUIO MHCTPYMEHTA, U TBEpAbIe CIutaBbl. Bee ocTanb-
HbIE MaTepUalibl MOKHO CUMTATh KOHCTPYKIIMOHHBIMHU — 3TO UYTyHBI, CTaIH (OHU
TaK)XK€ MOAPA3ACISIIOTCS Ha TPYIIbl 110 Ha3HAYEHUIO JETaleil) U CIUIaBbl I[BETHBIX
METAJJIOB.

Ecnu B 3a1aHun KOHKPETU3UPYETCS BUJ U3JIEIHS, TO ATO MPSIMOE YKa3aHUE Ha
OTIpEJICIICHHYIO TpyIITy cTajei. Hampumep, odeBuIHO, 4TO 111 Gpe3, METUUKOB,
CBEpJI HY)KHO UCTIONIb30BATh CIMAIU OISl PENCYUiec0 UHCIMPYMEeHma, a JUIsl TIPY>KUH —

PECCOPHO-NPYIHCUHHBLE CIATU.
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Ecnu tpebyetcst BbIOOp MaTepuana Juis U3ACTUN «Crenu(puueckoro Ha3Haye-
HUsD» (HarpuMep, MOCTOSHHBIX MAarHUTOB, CEPACYHHUKOB TpaHC(HOPMATOPOB, 3IIEK-
TpOHArpeBaTENbHBIX SJIEMEHTOB U T.I1.), TO 3TO, CKOpPEE BCETO, OyIyT Crmanu u cniagsl
¢ 0COOBIMU CBOUCMBAMU.

CrnenyromuM BaKHBIM 3TAalloM BbIOOpa MaTepuania SBISETCS aHalu3 yCIOBUN
paboThI U3AENHUS.

2. YcaoBusi padoThl U3eus

a) BeJilmuMHA HATPY3KU M XapaKkTep HATPY:KeHHUsI OTPEACIAIOT mpebosaHus
no Mexanuueckum ceoticmeam; OOBIYHO OHU yKa3aHBI B 3a/IaHUU — Yallle TBEPIOCTb U
IPOYHOCTH (Gp WIH Gy).

Ecmu tBepmocts ykazana B enmHunax HRC,, To 3TO BbICOKast TBEpAOCTh U
pedb UAET O CTalsIX B TEPMUYECKH YIMPOYHEHHOM COCTOSIHMM (3aKalika + OTIIyCK).
Benuuuna TBEpAOCTU 3aBUCUT OT COJEPKAaHMS YIJiepoda B CTaIM U BUAA (TeMIiepa-
Typbl) ormycka. MakcumaneHoil TBepaoctu 60...65 HRC, cooTBEeTCTBYEeT HM3KHIA
(=200 °C) otnyck cranu, coaepxamiein > 0,8 % C. D10 uncmpymenmanvnvie cmanu
(Ons peocyweco, UzMepumesbHo20, X0J00OHOUMAMNOB8020 UHCMPYMEHmMa) VI 1ie-
MEHTOBAaHHBIC HU3KOOTMYIIEHHBIE JETalU (U3 YeMEeHMYeMblX HU3KO0Y2AepPOOUCHIbIX
cmareii), TOBEPXHOCTHBIN CIOM KOTOPBIX COJEPIKUT TAKOE e KOIMYECTBO yTIepo/a.

BennuuHa npo4yHOCTH (Op) B 33JaHUAX YKa3bIBAETCS OOBIYHO JUISI OTBETCTBEH-
HBIX (Harpy»XEHHBIX) JETaNCH, N3rOTaBIMBAEMbBIX U3 KAU€CTBEHHBIX YTIEPOIUCTHIX U
JIETUPOBAHHBIX CTajei, 00s3aTENIbHO YMPOUYHSEMBIX IMyTeM 3aKajlKd U OTITyCKa.
BcnomunM, 4TOo OKOHYATeIbHAs! CTPYKTypa U CBOMCTBA (B YAaCTHOCTH Op) CTaJIH 3a-
BUCAT OT TeMIeparypsl oTinycka. CTaau npuMeHseMble Il pa3HbIX TPYIIT OJHOTHI-
HBIX H3JEIUA TPOXOAST MPHUCYIIMA MM BHJ OTIyCKa (IIEMEHTyeMble — HU3KHM,
yJlydlaeMble — BBICOKHI, PECCOPHO-IIPYKHUHHbBIE — CPEAHUN BUJIBI OTITyCKa), POpMU-
pYIOIINI HEOOXOAMMBIN KOMIUJIEKC MEXaHHMUECKUX CBOMCTB. Bce cBeneHus mo xumu-
YECKOMY COCTaBY, PeKUMaM TEPMHUUYECKOW O0OpabOTKM M MEXaHMYECKUM CBOWCTBAM
(BKJIIOYAsl Gp) OCHOBHBIX TPYII KOHCTPYKLIMOHHBIX CTajeil OOBIYHO MPHUBOIATCS B
y4eOHOM TUTEepaType B BUAE CBOJIHBIX Ta0IMI] (CM., Harpumep, Tadm. 2.3.1 «OnopHo-

ro KOHCIEKTa»), IO3TOMY, eCiu 2pynna cmaineu no Ha3Ha4eHuio onpeoenend, eaudu-
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Ha Gg NOMOJCEmM 8blOPAMb KOHKPEMHYI0 MApPKy (U pedcum mepmuyeckol oopabom-
Ku) cmanu.

XapakTep HArpysKeHUsl TAaKKe SBIISCTCS MOJACKA3KOW B BRIOOPE MapKU CTaIIA
U peXuMa TepMudecKoi 00paboTku. [lunamuueckue (yaapHbie) Harpy3Ku CocoOCT-
BYIOT OXpyHuuBaHUIO0 Marepuana. [Io3ToMy COOTBETCTBYIOUIUE AETANIU JOJKHBI 00-
JAJaTh MTOBBIIEHHON YIAPHOU BSI3KOCTHIO M IUIACTUYHOCTHIO. MI3BECTHO, YTO 3TH Xa-
PAKTEPUCTUKU YIYUIIAIOTCS C YMEHBIIICHUEM COJCPKAHUsS YIJIepoaa B CTajlu U IO-
BBIIIICHHEM TeMIIepaTypbl oTmycka. OTcrofa IS Takux jaeTaieid (Bajibl, ppldaru, OT-
BETCTBEHHBIN KPETICK U T.I1.) JOJHKHBI MPUMEHSATHCS CTAIN C COAEP)KaHUEM YTJIepoaa
He Boiie 0,3...0,5 % nocne BBICOKOrO OTIYyCKA.

3aMeTHM TaKKe, YTO BCE MPOMBITIIUICHHBIC IIBETHBIC CIUIABHI (32 HCKITIOYCHUEM
TUTAHOBBIX U OEpUILTHEBOM OPOH3bI) UMEIOT MPOYHOCTH 6 < 500 MIla, yTo cymecTt-
BEHHO HUKE€ MPOYHOCTU KOHCTPYKUMOHHBIX CTaJIel B TEPMUYECKU YIIPOYHEHHOM CO-
crossauu (og =~ 1000...1700 MITa).

0) OcoObIe yc10BUSA PadOThI

B 0CHOBHOM 3T0 memnepamypa sKcniyamayuu uz0enus i XuMu4eckas aKkmue-
HOCMb OKpYdicaroweli cpedbl — OHU OMPENEISIOT mpebo8anus no 0coovimM usuko-
MexXanu4yecKum c80UCMEam.

Ecnu B 3amanum upet peds 00 KCIUTyaTalldd HArpy>KEHHBIX JIeTajieil MariuH
npu ¢ > 600 °C (Hampumep, JOMATKH TYpOHUH), TO ITO HCAPONPOUHbBIE JIe2UPOBAHHbBLE
CManu u cniaswi.

Ecnmu tpebyercs BbIOOp Marepuaina Jjisi HHCTPYMEHTA, HarpeBalomEerocs Mmpu
pabote 110 ¢ < 600 °C, TO 3TO MOTYT OBITh WMaMnogvle cmaiu Ojisi 20psadezo oeghop-
Muposanusi MeTaia (MOJOTOBBIE IITaAMIIBI, pecc-HOPMBI IS JTUThS MO JaBICHU-
eM) b0 meniocmotikue Ovicmpopedicyujue cmanu U meepovle CH1asbl Ha KapOous-
HOM ocHoBe (pabouas ¢t = 800...900 °C), uCHOAB3YyEMBIC 0/ pedCcyuieco UHCmpy-
MeHma.

s w3nenuit, paboTalOMUX B XMMHUYECKH arpeCCUBHBIX Cpellax, OYEBUIHO,
HYKHBI KOppO3UOHHOCMOtiKue (Hepaicasetowue) cmanu. 1[BeTHBIE CIIaBBl Takke 00-

JAJA0T BBICOKOM KOPPO3UOHHOM CTOMKOCTBIO, HO, KAK OTMEYAJIOCh BBILIE, IOYTH BCE
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3HAYUTEIBHO YCTYNAOT CTAJISIM IO POYHOCTH.

3. Pa3mep (ceueHue) usaeans

Ecnu B 3aaHuu ykazaH quaMeTp U3Jeius, TO Peub UAET O NPOKAIUBAEMOCHU
cmanu — CIOCOOHOCTH 3aKaluBaThCsl (MIPHOOpPETaTh MApTEHCUTHYIO CTPYKTYpY) Ha
ONpeaeeHHYI0 TIyOuHy. [[ns OONbIIMHCTBA OTBETCTBEHHBIX H3JENUN Tpedyercs
CKBO3Hasl IPOKAJIIMBAEMOCTb. B yriepoaucTsix ctayiax oHa He npesbimaet 10...12 mm.
B nerupoBaHHBIX cTalsX MPOKaIMBAEMOCTh TeM OOJbIIE, YEM BbIIIE CYMMapHOE KO-
JUYECTBO JIETUPYIOIIMX 3JIEMEHTOB B Mapke. [loatoMy konxkpemuszuposamsv evibop
MapKu cmanu OaGHHOU 2PYNNbl I02UYHO NO 8eauyune npoxkaiugaemocmu (ONpeaesieT-
Csl KPUTHYECKUM AUaMeTpoM D,,,), CBEJICHUS O KOTOPOM UMEIOTCA B y4eOHOM IHUTEpa-
Type (cM., Hanpumep, Tadd. 2.3.1 «OnopHOro KOHCIEKTa).

4. TexH0J10TUsI U3TOTOBJICHUS U3/1eJIUS

Ecnu B 3aanuu yKazaHa TEXHOJIOTHSI U3TOTOBIICHUS U3CIUS — aumsbe, oopa-
bomka 0asneHuem, TO 3TO CIY>KUT JOTOJTHUTEIHLHBIM OPUEHTUPOM BhIOOpa MaTepua-
na.

OCHOBHBIM TpeOOBaHUEM K MaTepUaly, UCIONb3yEMOMY I (hopmosaHus us-
oenuti memooamu oopabomku oaenenuem (OCOOEHHO XOJIOAHOW IITAMIIOBKH), SBJISI-
€TCsl ero BhICOKAs MIAaCTUYHOCTh. BelnunHa mIacTUYHOCTH CTallel majaeT ¢ yBelu-
YEHUEM COJIepKaHUs YriepoJa, IO3TOMY B JaHHOM CJIy4ae OnmumaneH 8bl00p KOH-
CMPYKYUOHHBIX cmajieli 00bIKHOBEHHO20 Ka4ecmeda U KaueCmeeHHblX ¢ MUHUMATbHBIM
cooepaicanuem yanepood.

JluteitHbie cBoMcTBA (TJIABHBIM 00pa3oM KHUAKOTEKYYECTh, 3arOTHIEMOCTh
(dbopMBbI) TeM JIydllle, YeM YK€ TeMIIepaTypHbIH UHTEPBAJl KPUCTAILIM3AIMN METajlia.
[ToaTOMY HaunyuwuMU TUMETIHLIMU CEOLICMBAMU CPEOU JHCeNe30)2NePOOUCHbIX CMa-
niell 001a0am wy2yHbi.

MHuorue ygemHvle cniasvbl MO TEXHOJIOTMUYECKUM CBOMCTBAM Oenamcs Ha Oe-
Gopmupyemvie U Iumetinble, 9TO 3HAUUTEIBHO YIPOLIAET BHIOOP HYKHOH MapKu
CIUIaBA.

5. JKOHOMUYHOCTH

['maBHOI 1eNbI0 BBIOOpA MaTEpUaAJIOB SBISIETCS OOecreueHrue HeoOX0IUMOTo
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KOMIUIEKCA IKCIUTYyaTallMOHHBIX CBOMCTB (UTO OOCY’KIAJIOCh BBIIIE), OMPEACISIONINX
paborocnocoOHOCTh u3nenuil. OgHaKo ONTUMU3ALMS BbIOOpa MpeanoiaraeT u yyeT
AKOHOMUYECKOTO (akTopa. OCOOEHHO 3TO BaXXKHO B YCIOBUAX MAacCOBOI0O MPOU3BO/I-
CTBa U3JCIUMN.

DKOHOMHUYECKAsI 1IEeCO00pa3HOCTh BEIOOPA 3aBUCUT HE TOJIBKO OT CTOMMOCTH
Y TOCTYITHOCTH CaAMOTO MaTepuana, HO TaKKE SJKOHOMUYHOCTHU TEXHOJIOTUH U3TOTOB-
JICHUS U yIPOUYHEHUS U3JENIUN U psijia APYTUuX PaKkTopoB.

O4eBuAHO, YTO B paMKaX KOHTPOJBHOM pabOThI 3371auya ONTUMHU3ALUU BbIOOpa
MaTepuaia Mo SKOHOMUYECKHMM IIOKa3aTeJsIM HE MOXKET ObITh pemeHa. Iloatomy
30ecy cnedyem NpuHUMAams 60 GHUMAHUE JULUb OPUEHMUPOBOUHYIO CIOUMOCb Mda-
mepuanos, yuumvledas, 4mo Haubollee OeuesbiMU MemaiiuiecCKumMu Mamepualamu
ABNAIOMCA UY2YHblL U CManu O0ObIKHOBEHHO20 Kayecmed, odanee No 603PACMAHUIO
CMOUMOCmu UOYm KaiecmeeHnvle U 8blCOKOKAYeCmeeHHble yenepooucmole Cmai —
MAno- U cpeoHenecupo8aHHbvle CMaiu — GblCOKOJLe2UPOBAHHble CMAlU U CHIA8bl,
CNJlA6bl YEEMHBIX MEMANNO8.

Haneemcsi, 4TO npuBeJeHHbIe Bbillle PEKOMEHAAUMU TOMOryT Bam B BbI-
MOJIHEHUHU BTOPOIl YACTH KOHTPOJIbHOM padoThl.

Bropasi yacTh KOHTPOJIbHOI padoThl uMeeT 10 BapuaHTOB (B KaXKJIOM YE€ThI-
pe 3amanus). Homep BapuanTa BeIOMpaeTcs mo npeanociaeaHeid nudpe mudpa. 3a-

JaHWs CKOMIIOHOBAHBI Tak, YTOOBI Y4€CThb, II0 BO3MOKHOCTH, CIICOHUAIM3ALNIO CTY-

JICHTOB:
— cneu. 140101.65, 140104.65, 140211.65, 140601.65, 140602.65 ..... Ha c. 218;
— cnen. 151001.65, 150202.65, 220301.65,  ...coviiiiiiiiiiiiinene. Ha c. 227;
— cnen. 240401.65, 240301.65, 280202.65 ... ooiiiiiiiiie e Ha c. 234;
— cnen. 080502.65, 190205.65, 190601.65, 190701.65  ................. Ha c. 243;
— crerr. 200101.65, 200501.65 oo Ha c. 250;
— cmell. 200402.65 e Ha c. 258.

IIpuMeyaHue: TPUBEICHHBIC BHIIIE PEKOMEHIAIUH 110 BEIOOPY MaTEpUaAIOB KAacaroTCs TOJIBKO Me-
TAJUIMYECKUX CIUIaBOB, OHH K€ paccMOTpeHbI M B «OmopHOM KoHcHekTey. [loaTomy B ciydae cepb-
€3HBIX 3aTPyAHEHUH 0MmycKaeTcs (B BHIE UCKIIOUEHUs) HE JeNaTh 4-¢ 3aJjaHne, MOCBALICHHOE He-
METaUTMYECKUM MaTepHrajiaM (OIHAKO MOJydYeHHE XOpOUIel MM OTJIMYHON OIIEHKH Ha K3aMEHE B
3TOM clly4yae MpoOIeMaTUYHO).
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4.1.2.1. BATAHUE HA BTOPYIO YACTH KOHTPOJIbHOM PABOThHI
JIJISA CTYJJEHTOB CHELIUAJIBHOCTEM
140101.65, 140104.65, 140211.65, 140601.65, 140602.65

Bapuanr 1

1. Capnbie yactu kopiyca peaktopoB ADC (oOeuaiiky, THHUINA U KPBIIIKH)
W3rOTaBIUBAIOT METOJIOM IITaMIOBKU. OOOCHOBaTh BHIOOpP JOCTATOYHO IKOHOMUY-
HOW CTalM JJsl 3TUX W3JEIHUNA, YUUThIBas HEOOXOJUMOCTh UX JJIUTENIbHOMN JKCIuTya-
Tanuu npu Temmeparypax g0 600 °C. IIpuBecTn MapKy CTaid, XHMHYECKUIN COCTaB U
POJIb JIETUPYIOIIKX 3JIEMEHTOB. Ha3zHauuTh pexxuMm Tepmudeckoir oOpaboTku, obec-
nevyrBaroed HeoOX0AUMbIA KOMIUJIEKC CBOMCTB. YKa3aThb OKOHYATENbHYIO CTPYKTY-
Py ¥ MEXaHUYECKHE CBOMCTBA CTAJIHU.

2. BriOpaTh crutaB aJis MAarHUTONIPOBOIOB AJIEKTPUUECKUX MAIIMH U allapaToB
(pOTOPOB M CTATOPOB ACMHXPOHHBIX JBHUTaTeseH, CEpACYHUKOB TPAHC(POPMATOPOB U
T.1.) [lepeuncnuts TpebOBaHUsA, MPEABABISIEMbIE K MaTepraiaM 3TOT0 Ha3HAYCHHUS.
[IpuBecTr Mapky, XMMHYECKHH COCTaB, CTPYKTYpy U (M3UUECKUE CBOICTBA CIUIaBa.
OnucaTh TEXHOJOTUIO M3TOTOBJIEHUS U TEPMHUYECKON 0OpaOOTKU JAaHHBIX U3JEIH,
OOBSICHUTH €€ BIUSHUE Ha (pU3NUECKHe 1 MEXaHUYECKUE CBOMCTBA CIlIaBa.

3. B cucrtemax 31eKTPOCHAOXEHUSI MIMPOKO HCHOJB3YIOTCS JIUThIE W3IENus
Pa3IMYHOr0 Ha3HAYeHHUs (KOpITyca HacOCOB, PEIYKTOPOB, BEHTUIIEH, THIPOIPUBOIOB
U T.11.). BeiOpaTe Hanbonee S5KOHOMUYHBIN CIIIaB C MPOYHOCTHIO G, = 300 MIla ans
W3TOTOBJIEHUs Takux u3faenui. [IpuBecTw MapKy, XMMHUYECKMH COCTaB, MEXaHWYe-
CKH€ U TEXHOJOTUYECKHE CBOMCTBA; OMUCATh CTPYKTYPY U CHOCOO MOTyUEHUS.

4. BeiOpath miiacTMaccy ¢ IpoYyHOCThIO G, = 130 MIla myist u3roToBneHus Ka-
TyIIEK JICKTPOMArHuToB, padoTaromux npu temneparypax no 100 °C. IlpuBectu ee

MapKy, COCTaB, CTpOEHHE, (PU3UUECKUE U MEXAaHUYECKUE CBOWCTBA.
Bapuanr 2

1. HexoTopble BHYTPUPEAKTOPHBIE JETAIM MEXAaHU3MOB YIIpaBiIeHUs (IITOKH,
IITAaHTH, 3aXBaThl, OTBETCTBEHHBIN KPEIMEkK) padoTalOT B KOHTAKTE C XUMUYECKH aK-

TUBHOW CpPEJOW M MO XapaKTepy HArpy>KE€HHs JIOJKHBI 00J1a7jaTh ONTHUMAJIBHBIM CO-
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YeTaHWEeM MPOYHOCTH U BSI3KOCTH. BbIOpaTh MOAXOIALIYI0 MapKy CTald, yKa3aTb
XUMHUYECKUNA COCTaB U POJIb JETUPYIOIUX 3JIeMEeHTOB. OOOCHOBATH PEXUM TEpMUYE-
CKOM 00paOOTKH, MPUBECTH OKOHYATENIbHYIO CTPYKTYPY M MEXaHHYECKHE CBOMCTBA
CTaJu.

2. B 2JIeKTpOMAIIMHOCTPOEHUN MHOTHE JIETaJId CI0XKHON (OopMBbl (KOPOTKO3a-
MBIKAIOIIHE KOJbIa C BEHTWIALIMOHHBIMU JIOTIAaTKaMH, (DacoOHHBIE KOpIyca achH-
XPOHHBIX JABUTaTele, aBTOMOOUJIbHBIX F€HEPATOPOB U T.I.) OTIMBAIOT U3 CIUIABOB
HEBBICOKOH IJIOTHOCTU. BBIOpaTh craB ¢ npoyHoCThIO G, ~ 180 Mlla ans takux us-
nenui. Yka3arb MapKy, XUMUYECKHI cOCTaB, PU3NKO-MEXAaHUYECKUE U TEXHOJIOTH-
YecKHe CBOKMCTBA ciuiaBa. Onucarth METAUTYPrHUYECKUI MpHEM, MPUMEHSEMbIN IS
yJIydIIEHUs] CTPYKTYpBI CIIaBa, a TaKXKe PeXUM YIPOUHSIOIIEeH TepMUudeckoil oOpa-
OOTKH.

3. BeiOpatp cranbs (6o, = 1400...1600 MIla) nis mpy>KUHHBIX MOABECOK U
ornop TpyOONpoBOAOB. YKa3zaTh MapKy, XUMHUUYECKHUH COCTaB, POJb JIETUPYIOUIUX
AJIEMEHTOB, Ha3HAUUTh PEKUM TEPMUUYECKOM 0OpaOOTKH, MPUBECTH OKOHYATEIbHYIO
CTPYKTYPY U MEXaHUYECKUE CBOMCTBA CTaIH.

4. BpiOparh mutacTMaccy ISl M3TOTOBJICHHS MaJlOHArpy>KeHHBIX JeTaliei
YIPaBICHUS 3JIEKTPUUECKUX MPUOOPOB (pydeK, KHOIOK, MaXOBUYKOB M T.II.). YKa-
3aTh KJIACcCU(PUKAMOHHYIO IPYIIY, COCTaB, CTPOCHHUE, (PU3NUECKHE U MEXAHUUYECKUE

cBoOMcTBa TuTacTMacchl. Onucarh crocod MOoTydeHHS AeTaei.
Bapuanr 3

1. Onopa Basia nepekaunBaroiero Hacoca peakropa ADC HaXxoIUTCS B KUJ-
KOM HaTpuH, UCNOJIb3yEMOM B KauecTBe TerioHocutessi. OO0CHOBAaTh BHIOOP U3HO-
COCTOMKOW HaIlJIJaBKM Ha MOBEPXHOCTH Mapbl TPEHUS BaJI-OMIOpa C YYETOM TOr0, YTO
TemiiepaTypa padoueit cpeaslt > 600 °C. [IpuBecTn MapKy cruiaBa, XUMHYECKHI CO-
CTaB U Ha3HAYEHUE OTJAENbHBIX 3JIEMEHTOB. Onucath GU3NKO-MEXaHUYECKHE CBOMCT-
Ba M C110COO U3rOTOBJICHHUS CIUIABA.

2. B psage cnydaeB JeTanM 3EKTPUUYECKUX MAIIMH M allapaToB U3roTaBIIMBa-

10T U3 HEMArHUTHBIX (MarHuTHasi IpoHuIaeMocThb U < 1,5) craneit u yyrynon. Kakyro
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CTPYKTYpY JAOJDKHBI UMETh 3TH cIuiaBbl? KakoB cmoco0 moiydeHus Takod CTPYKTY-
pei? KakoBbl MpeuMyllecTBa HEMArHUTHBIX CTalel M YyryHOB IO CPaBHEHHUIO C
[[BETHBIMHU CIUIaBaMHU 3TOT0 Ha3zHadeHHs? BbIOpaTh ONTHMANbBHBINA CIUIAB JAJST U3TO-
TOBJICHUS JIUTBIX JEeTaNe (KPBIIIKUA, KOXKYXH, BTYJKH) MACJSHBIX BBIKIIOUaTEsICH,
CWJIOBBIX M CBapoOyHBIX TpaHchopmaTopoB. [IpuBecT mapky criiaBa, XUMHUYECKHMA
COCTaB M Ha3HAuUCHHUE JIETHPYIOMUX 3JeMeHTOB. Omucarb CTPYKTypy, XapaKTepH-
3YIOLIUE CBOMCTBA U CIOCO0 MOTyueHuUs AeTajeil.

3. B 2HEproMammHOCTPOEHUH IMUPOKO MPUMEHSIOTCA TpyAHOOOpabaThIBae-
MBbI€ PE3aHUEM CTaldu U cIulaBbl. OOOCHOBATH BHIOOP CTAIM AJII METAUIOPEXKYLIUX
HHCTPYMEHTOB (pe31oB, ¢pe3, CBepil), UCIOIb3YeMbIX HJIsI 00pabOTKH yKa3aHHBIX
maTepuaioB. [IpuBecTn MapKy, XUMHUYECKHI COCTaB, OOBSICHUTH POJIb JIETHPYIOIIIX
aneMeHTOB. Ha3HauuTh pexuM TepMHUeCcKoi 00pabOTKH Takoro MHCTpyMeHTa. [Ipo-
CJIeIUTh, KaK U3MEHSAETCS CTPYKTYpa U TBEPAOCTh CTAJIM HA OTIEIBHBIX dTanax Tep-
MUYECKON 00pabOTKH.

4. BpiOpath miactMaccy Jisi U3TOTOBJICHHUSI CMOTPOBBIX CTEKOJI, MPO3PAYHBIX
IIKaJI TIEPEHOCHBIX JIIEKTPOM3MEPUTEIBHBIX MPHOOPOB, IMOABEPKEHHBIX yIapam.
VYka3zarh Ki1accU(PUKAIMOHHYIO IPYNIy IJIaCTMAacChl, €€ COCTaB, CTpOeHue, puznye-

CKH€ U MEXaHUYECKHE CBOMCTBA.
Bapuanr 4

1. BeIOpaTh SKOHOMUYHBIN CIUIaB C MPOYHOCTBIO G, = 450 MIla mig u3roTos-
neHus (HaCOHHBIX JUTHIX JeTaliell (CTaHWHBI, MOIIUITHUKOBBIC HIUTHI) MOIIHBIX
ANEKTPUYECKUX ABUTATENICH. YUECTh, YTO YKa3aHHBIE JETAIM IIOMUMO CTaTUYECKUX
UCIIBITHIBAIOT U BUOpalMOHHBIE Harpy3ku. lIpuBecTu Mapky cruiaBa, €ro XMMuye-
CKHI COCTaB U MEXaHWYECKHE CBOMCTBA. OnKcaTh TEXHOJOTHIO IMOJTYYEHUS ITUX Je-
Taneil. OOBSACHUTh, KaK BIMSIET PEXKUM TEPMHUUECKOW OOpaOOTKM OTIMBOK Ha MX
CTPYKTYPY U MEXaHUYECKUE CBOMCTBA.

2. PaboTaromye Ha TpeHHE AETalIM MPUBOAA PETYIUPYIOIINX CUCTEM PEAKTO-
poB ADC (mecTepHH, YEpBSIKU, BTYJIKU U T.I1.) JTOJDKHBI 00J71a/1aTh BHICOKOM TBEPO-

ctbio (HRC5 = 50...55) n KOppo3MOHHOW CTOMKOCTHIO. BBIOpaTh MapKy cTanu mis
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TaKuX JIETaJEeH, yKa3aTh XUMUYECKHAN COCTaB U POJIb JIETUPYIOIINUX 3ieMeHTOB. Ha-
3HAYUTh PEKUM TEPMHUYECKONM 00paOOTKH, NMPUBECTH OKOHYATEIBHYIO CTPYKTYPY U
MEXaHUYECKHUE CBOMCTBA CTAJIH.

3. BeiOpaTh criaB il M3rOTOBJICHHUS MPOBOJIOYHBIX HArpeBaTelIed 3JIeKTPO-
neyelt ¢ paboueit remneparypoit 1o 1100 °C. IIpuBectn MapKy, XUMHYECKUH COCTaB,
Ha3HAYCHUE JICTUPYIOMIUX JJIEMEHTOB, (DM3NYECKUE U MEXaHUUECKHUEe CBOMCTBA CILjIa-
Ba. OTMETUTH CBA3b MEXKIY XUMHYECKHUM COCTAaBOM, CTPYKTYpPOMl M CBOMCTBaMHU
CILJIABOB JAHHOUW I'PYIIIBI.

4. BriOpaTh monuMepHBIN MaTtepuan ¢ padoueit Temmneparypoit —60...+200 °C
JUIs TEIJIOM30JIAIUU TeronpoBooB TOLl, xonoaunbHBIX Kamep W T.I. YKas3aTh
KJ1accu(pUKaAIMOHHYI0 Tpynny Marepuana. OmnucaTh €ro cocraB, CTpoeHHe, dhu3nye-

CKHE U MEXaHUUYECKHE CBOMCTBA.
Bapuanr S

1. BeiOpaTh cTanb sl CBApHBIX JI€Tajell U y3JI0B BOJOTPEHHBIX KOTJIOB U TPY-
OOIPOBOJIOB, UCIOJIB3YEMbBIX JI TEIUIOCHAOKEHUS KUIIbIX paiioHOB. [Ipu BBIOOpE
MapKH CTaJl Y4eCTh SKOHOMUYECKUU (PAKTOp U TO, UTO TEMIEpaTypa TEIIOHOCUTEIS
B TaHHOM cirydae He npesaimaet 200 °C. [IpuBecTn XuMHU4YECKUN COCTaB, CTPYKTYPY,
MEXaHUYECKUE U TEXHOJIOTMYECKHUE CBOMCTBA CTaNM.

2. llepeuncnuth TpeOOBaHUS, MPEIBSIBISIEMbIE K CIIaBaM JJISI U3TOTOBIICHUS
JeTaje NoJIMIHUKOB KadeHusi. O0G0CHOBaTh BEIOOP MapKU CTalv JIJIsl KpynHOTrada-
PUTHBIX TOANIUITHUKOB (IMaMeTp Tesl KaueHus ~ 50 MM) MOIIHBIX 3JIEKTPOJIBUTaTE-
neil. YkazaTb XUMUYECKHI COCTaB U POJIb JIETHPYIOUX 3JeMeHTOB. HazHauute pe-
KUM TEPMHUECKONH 00paOOTKH, MPUBECTH OKOHYATENbHYIO CTPYKTYpYy U TBEPIOCTb
CTaJIH.

3. KpynHorabaputabie (TOMMMIHA CTEHOK 10 190 MM) MIUIMHAPUYECKHUE U TIO0-
nychepuueckue aetanu kopnycoB ADC (oOedaiiku, KPBIIIKK) U3TOTaBIMBAIOT METO-
oM mTamMnoBkd. KakoB NMpuHLUMIT BbIOOpa TEMIIEpaTypbl HarpeBa 3aroTOBOK IS
dopmooOpazoBanusa Takux netanei? Kakyio MHCTpyMEHTAIbHYIO CTajdb CIEAYEeT HC-

IMOJIb30BAaTh IJII U3TOTOBJICHHUA COOTBCTCTBYROIIHUX IITAaMIIOB? HpI/IBeI[I/ITe €C MApKy,
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XUMUYECKUN COCTaB, POJIb JICTUPYIOMIMX 3JieMeHTOB. Ha3zHaubTe pexum TepMuue-
CKOM 00paboTKM mTammna. YKaKUT€ OKOHYATEIbHYIO CTPYKTYpPY M MEXaHUYECKHE
CBOMCTBA CTaJIH.
4. BeibpaTh mmacTMaccy ¢ mpodHOCThIO G, = 500...600 MIla, koTOpyr MOXKHO
UCIIOIb30BaTh JIJIsl U3TOTOBJICHUSI BRICOKOBOJIBTHBIX M30JISITOPOB, @ TAKKE HArpy>KEH-
HBIX TPYOONPOBOJOB KPUOTEHHBIX YCTAaHOBOK. YKa3aTh KIACCU(DUKAIMOHHYIO TPYT-

Iy TJIaCTMACChI, OMUCATh €€ CTpoeHue, (PU3NUECKUEe U MEXaHUUeCKUEe CBOMCTRA.
Bapuanr 6

1. B TOKOBenynmx KOHTypax HEKOTOPBIX allapaTroB HCIIOJIb3YIOTCS NPYKUH-
Hble KOHTAaKTbl, MaTepuan KOTOPBIX JOJDKEH 00JiafjaTh BBICOKMMH IOKa3aTeNlsiMU
AIEKTPONPOBOAHOCTH, MPOUHOCTU (0 =& 1200 MIla) U KOpPpO3HMOHHOM CTOMKOCTH.
Bri6parth crutaB, yioBiIeTBOpsItONIUi 3TUM TpeboBaHusM. [IpuBectu ero Mapky u xu-
MuYeckuil coctaB. HazHauuTh pexkuM TepMUYECKOl 00pabOTKM; 0OOBSCHUTH, KaK M3-
MEHSETCS CTPYKTYypa U MEXaHUYECKHE CBOMCTBA CIIJIaBa HA OT/IEIbHBIX dTamax.

2. HexoTopble MOAIIMIHUKN Kau€HUsI SHEPreTUUECKUX YCTAaHOBOK pabOTalOT B
XUMHUYECKH arpecCHUBHBIX Cpelax (HalpuMmep, B MEXaHW3Max IPUBOJA PEaKTOPOB
ADC). BeibpaTh cTanb i AeTaneil Takux MOAIIMITHUKOB. YKa3aTb MapKy, XUMHAYE-
CKUI COCTaB; OOBSCHUTH BIMSIHUE OCHOBHBIX 3JIEMEHTOB Ha CTPYKTYPY U TBEPAOCTb.

3. Ilepeuncnute TpeOOBaHUA, NPEABIBISIEMbIE K MATHUTOTBEPABIM MaTepua-
nam. BeiOpaTh cruiaB Juis JIMTHIX MOCTOSIHHBIX MAarHUTOB W3MEPUTENBHBIX IPUOOPOB,
POTOPOB M CTAaTOPOB MHUKPOJABUIATENIEd M MHUKPOT€HEPATOPOB IOCTOSHHOI'O TOKA.
[IpuBecTn MapKy cIulaBa, XMMHUYECKHH COCTaB, (PM3MUYECKHUE W TEXHOJOTHMYECKHE
cBoiicTBa. Onucarh crnocod MoayyeHUs TaKUX MarHUTOB U PEXUM UX TEPMHUECKOU
00paOOTKH; OTMETUTh €€ BIMSHHE Ha CTPYKTYpY M MarHUTHbIE XapaKTEPUCTUKU
CIUIaBA.

4. BpiOpaTh MOIUMMEPHBIA MaTepHas Uil 3JIEKTPOU3O0JIALMH MPOBOJIOB, Kade-
Jiel, a TaKKe aHTUKOPPO3UOHHBIX MOKPBITHI CTaIbHBIX TPYOOIPOBOJIOB, SKCILTYaTH-
pyembix B auamnazoHe temmepatyp —70...+70 °C. VYkazaTh kiaccupuKauoHHYIO
rpyniy MaTtepuaia, ero XMMHUYECKUN COCTaB, CTPYKTYPHYIO popMyity, pu3ndeckue u

MEXaHUYECKHE CBOICTBA.
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Bapuanr 7

1. BoiOpath ctanb u cnocod 00bEMHO-TIOBEPXHOCTHOTO YIIPOYHEHUSI OTBETCT-
BEHHBIX TOYHBIX JI€TAJIeW (HampuMmep, ITOKOB KJIalNaHOB MapoOBBIX TYpOWH, THIIB3 U
KJIAIIaHOB JIW3EJIbHBIX JIBUTATENCH), CYHIECTBEHHO MOBBIMIAONINN MOBEPXHOCTHYIO
TBepAOoCTh (10 1200 HV), M3HOCOCTONUKOCTD, COMPOTUBIISIEMOCTh KOPPO3UHU U TPEIET
BbIHOCIIMBOCTH Tipu padote 10 500 °C. Ykazarb MapKy, XUMUYECKUN COCTaB CTAJIU U
Ha3HAYEHHUE JIETUPYIOUUX 3J1eMeHTOB. Onucarh Mocie10BaTeIbHOCTh TEXHOJIOTHYe-
CKHUX ollepalnuii 00pabOTKH TaKuX JIeTalel U U3MEHEHHUS, IPOUCXOISIINE TPU ITOM B
CTpYKType cTanu. [IpuBecTH OKOHYATENbHYIO CTPYKTYPY M TBEPAOCTh CTajd B pas-
JUYHBIX YaCTAX CEUCHUS U3IECIHIM.

2. BriOpatp cmnaB (G, = 800 MIla, E =~ 2-10° MIIa) nnsi HETOKOBETYIIMX
NPY>KUH MPUBOJHBIX MEXAHU3MOB alNapaToB, JIEKTPOMArHUTHBIX Pesie, KOHTAKTO-
poB u T.n. [IpuBecTn mapky cruiaBa, ero XMMHYecKui coctaB. HazHauuTh pexum
TepMUYECKON 00pabOTKH NpykuH. [[pMBECTH OKOHYATENIbHYIO CTPYKTYPY U MEXaHU-
YECKHE CBOMCTBA MaTepuaia npy>KUHBbIL.

3. MHorue MeTajuIM4ecKue U3JeIusl DHEPreTHIecKOro o00pyI0BaHUs U DIIEK-
TPUUECKUX allapaToB M3rOTAaBIMBAIOT METOJAMH XOJOIHOM IIacTUYECKO aedop-
manuu. Kak Bnusier Takas oOpaboTka Ha CTPYKTYpYy, duzmdeckue (JIEKTpOoCcCompo-
TUBJICHUE) U MEXaHUYECKUE CBOMCTBA MeTauia? O00CHOBATH BBIOOP CTANU JIJIsl U3TO-
TOBJICHHUSI CEPUMHBIX IITAMIOBAHHBIX JETalle (HalmpuMep, 3alUTHBIX KOXYXOB
AIEKTPOMOTOPOB, TpaHchopmaTopoB). [lpuBectn MapKy, XUMHUYECKUH COCTaB,
CTPYKTYPY, MEXaHUYECKUE U TEXHOJIOTUYECKHUE CBOKMCTBA CTAJIU.

4. BeiOpaTh miactmaccy ¢ TBepaoctbio HB 250...350 MIla niis u3roToBieHus
OecIIyMHBIX 3yO4aThIX Nepefad MEXaHW3MOB YIPABICHUSI CUCTEM AJIEKTPOCHaOXke-
Hus. Onucarb CTpoeHue U crocod noixyyeHus: marepuana. [IpuBectu kinaccuduxaim-

OHHYIO I'pYIITY IINTaCTMACCHI, €C (1)I/I3I/I‘{€CKI/IG 1 MEXaHUYECKHE CBOMCTBA.
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Bapuant 8

1. HarpyxeHHbIe IECTEPHH peaKTopa MUTATEILHOTO HAcOCa TEIUIOBBIX JJIEK-
TPOCTAHIIUNA JOJAKHBI 00JIaJlaTh BHICOKOW M3HOCOCTOMKOCTHIO (TBEPAOCTHIO MOBEPX-
Hoctu HRC5 > 60) u 1ocTaToyHOM BSA3KOCTBIO JIJIsi IPEAOTBPAIICHUSI XPYIIKOTO pa3-
pymieHuss 3yObeB. BriOpaTh Mapky cTamm Ijsi MIECTEpEeH ¢ paboyuM CedeHHEM
> 100 mm. ITpuBecTH XUMUYECKHI COCTaB, OOBACHUTDH €r0 BIUSHHUE Ha BHIOOP MAPKH
ctanu. Ha3zHaunuTh TEXHOJOTHIO U PEKUMBI 0OBEMHO-TTOBEPXHOCTHOTO YIIPOUHECHUS
mectepHu. [IpuBecTH OKOHYATENBHYIO CTPYKTYPY U MEXaHWYECKHE CBOWMCTBA B pa3-
JUYHBIX YACTAX CEUEHUS IIECTEPHH.

2. BwiOpath criaB Jj1s1 pabouyrx JIONATOK, TUCKOB Ta30BBIX TYpOWH, padoTaro-
mux npu temneparypax g0 850 °C. Ykaszarb MapKy cIlaBa, XMMHUYECKUH COCTaB,
POJIb JIETUPYIOMINX AJIEMEHTOB. Ha3zHAuuTh pekuM TepMUUECKOl 00pabOTKH, 00Bbsic-
HUTH €€ BIIMSIHUE HA OCHOBHYIO Pa0OUyI0 XapaKTEPUCTUKY CIUIABA; MPUBECTU €T0 Me-
XaHUYECKHUE CBOWCTBA.

3. OOBSICHUTH TOYEMY JIJISl TIOJIBMKHBIX AJIEKTPUUYECKUX KOHTAKTOB UYBCTBU-
TEJBHBIX peJie, MaKETHBIX BBIKIIIOYATENCH U MEePEKIIIoUaTeNIe He UCTOIb3YIOT CTallb-
HbIC TIPY>KUHBI. BpIOpaTh craB ¢ npodHocTeio G, = 400...750 MIla ans mmockoit
NpYyKUHBI niepekiatouarens. [I[puBecTn MapKy, XUMUYECKHI COCTaB U MEXAaHUYECKHE
cBoiicTBa criaBa. OTMETUTH BIUSHUE XUMUYECKOTO COCTaBa Ha CTPYKTYPY, MEXaHH-
YECKHE U TEXHOJIOTUYECKHE CBOMCTBA criaBa. [10sSiCHUTH, KAKUM IMyTEeM JOCTUTAEeTCs
B JJAHHOM CILJIaBE€ BEpXHUN ypOBEHb IPOUYHOCTH, YKa3aHHBIN B 3aJlaHUU.

4. IlepeuncnuTh OCHOBHBIE THUIBI MJIACTMACC, TPUMEHSIEMBIX B TPUOOPOCTpOE-
HUU U1 U3TOTOBJICHHS (DOITBIMPOBAHHBIX JUAJIEKTPUKOB. BriOpaTh marepuan yis
NEYaTHBIX IJIAT BHICOKON MPOYHOCTH, pabOTAIOIIKUX B YCIOBUAX MOBBIIIICHHOW BIaX-
HocTH. OmnucaTh COCTaB, CTPOCHHE, PU3MUECKUE U MEXAaHMYECKUE CBOWMCTBA IJIACT-

MacCCHI.
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Bapuant 9

1. Marepuan TpyO TemI000MEHHBIX anmapaToB, KOHAEHCATOPOB MAPOBBIX TYP-
OMH TOJKEeH 00J1a/1aTh BEBICOKMMH TOKA3aTeIsIMHU TETUIONPOBOTHOCTH, KOPPOZHOHHON
CTOMKOCTH, a Takxke miaactuaHoctd (& = 40 %). BeiOpath ciiaB ¢ MpOYHOCTHIO
G, = 320...400 MIla, yaosierBopsitolinid 3TuM TpedoBanusm. [IpuBectu mapky, Xu-
MUYECKUN COCTaB; OTMETUTh €T0 BIMSIHUE HA CTPYKTYPY, MEXaHUYCCKHUE M TEXHOJIO-
TMYECKME CBOMCTBA CIUIABA.

2. O6ocHOBaTh BHIOOP CTaNM A KpymHOTabapuTHeIX (& > 500 MM) Basios,
POTOPOB MAapOBBIX TYpPOHWH, TypOOTreHEepaTOPOB, UCTIHITHIBAIONIUX MPU padoTe OOJb-
e 3HAKOIIEpEMEHHBIC IUKINYeCKue Harpy3ku. [IpuBecTn MapKy, XUMHYECKHH CO-
CTaB; OOBSICHUTH POJb JETHPYIOMUX JJIEMEHTOB. Ha3zHAa4uTh peXuM TEPMHYECKOM
00pabOTKM TaKUX JEeTalei, yKa3aTb OKOHYATENIbHYIO CTPYKTYpY M MEXaHUYECKUE
CBOMCTBA CTaJIH.

3. Temmepatypa pabodeil cpeqpl B KOJJIEKTOpax, MapornpoBoiax KOTjia, Mmapo-
nepenyckHeix Tpyoax cocrariser ~ 500...600 °C. Kakywo cTajb MOXKHO HCIOJIB30-
BaTh ISl ATUX M3JENHM, ecnu pabouas cpeia He 00JaJaeT BBICOKOW arpecCHUBHO-
ctio? [IpuBecTn MapKy CTanu, XUMHUYECKUI COCTaB, POJIb JIETUPYIOLIUX DJIEMEHTOB.
Ha3znaunth pexxum TepmMuyeckoi 00pabOTKH, 00eCleunBaIONICH HAMIYYIIHE JKC-
IUTyaTallUOHHBIE CBOMCTBA TaKWX HW3JENUN; yKa3aTb OKOHYATEIbHYIO CTPYKTYpY H
MEXaHMYECKNE CBOWCTBA CTAJIN.

4. IlepeunciuTbh OCHOBHBIE aHTU(DPUKIIMOHHBIE TUTacTMacCchl. KakoBbl uX mpe-
MMYIIECTBA U HEJAOCTATKH MO CPABHEHHUIO C METAJUIMYECKUMU CIUTABaMH JTaHHOTO Ha-
3HaueHua? BwiOpaTh macTMaccy it HarpyKEHHOTO TOJIIUITHUKA CKOJIbKECHUS
(ynenbHas Harpyska 1o 30 MlIla), paGoTaroiero B Hacocax CUCTEM BOJOCHAOKEHHUS.
VYka3zarh KIacCU(PUKAIMOHHYIO TPYMIy IUIACTMAcChl, €€ CTpOeHHE, (U3UYECKUE H

MEXaHUUYECKUE CBOMCTBA.
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Bapuant 10

1. B xauecTBe onop BaJIoB TypOO- U TUAPOreHEPATOPOB, TYPOOKOMIIPECCOPOB,
BOJISIHBIX HACOCOB DJIEKTPOCTAHIIMN MPUMEHSIOTCS MOIIUITHUKA CKOIbxkeHus. [lepe-
YUCJIUTh TPeOOBaHUS, MPEABABISEMbIC K CIUIABaM IS MOIIIUITHUKOB 3TOTO THUIIA.
BriOpars Mapky cmuiaBa Juisi M3TOTOBJICHHS BKJIQJbIIIA MOAIIMITHUKA CKOJIbKEHUS
BBICOKOOOOPOTHOW  MammHbl. [IpuBectn XumMudeckuii coctaB u  (puU3UKO-
MexaHu4eckue cBorcTBa. OTMETHTHh BIUSHUE CTPYKTYPHBIX OCOOCHHOCTEW CILIaBa
Ha pabouyI0 XapaKTEPUCTUKY MOIIIUITHUKA.

2. Temniepatypa TeroHocurens B TpyOax naporeHepatropoB ADC Ha OBICTPBIX
Hentponax gocturaet 600 °C. BbiOpaTh KOppO3MOHHOCTONKYIO CTallb JIJISi U3TOTOB-
neHust Takux TpyO. [IpuBecTn Mapky, XMMHUYECKUN COCTaB, POJb JIETUPYIOMINX dJe-
MEHTOB, CTPYKTYpPY, MEXaHHYECKHE M TEXHOJOTMYECKUE CBOMCTBa cranu. OnucaTh
BO3MOXXHBIE MU3MEHEHHSI B CTPYKTYpE CTalled 3TOTO TUMA MPH UX JUIUTEIBHOU 3KC-
IUTyaTallid B JAHHBIX yCJIOBUSX. OOBSICHUTH BIMSHUE 3THX MPOLIECCOB Ha HAIECK-
HOCTh TpYyO, yKazaThb MyTH MPEAOTBPAIICHUS BO3HHKAIOIINX HEXKEJIATEIIbHBIX SIBJIC-
HUM.

3. B BBICOKOBOJIbTHBIX amnmapaTax IPUMEHSIOTCS METaJUIMYECKUE IKPaHbl BO-
KpyT' TOKONPOBOSIIMX 3JE€MEHTOB. VX M3roTaBIMBaIOT U3 TOHKOJHCTOBBIX 3aroTo-
BOK METOJIaMHU XOJIOAHOM TutacTUdecKor nedopmarnuu (Hampumep, THOKOH ¢ Tmoce-
AyIoIIe cBapKoil miM riayOoKoM BBITSXKOM). OOOCHOBATh BHIOOP CIUIABA C YUETOM
YKa3aHHOI TeXHOJOTUH ISl H3rOTOBNEHHs Jlerkoro (p ~ 2,7 r/cM’) skpana. IIpusec-
TH MapKy, XMMUYECKHI COCTaB, CTPYKTYpPY U ME€XaHUUYeCcKue cBoicTBa ciuiaBa. O0b-
SICHUTb, KaK JIaHHBIN crtoco0 (hopmMooOpa3zoBaHus BIUSIET HA MEXaHUUECKHE CBOMCTBA
U 3JIEKTPOCONPOTUBIIEHUE CIUIABA.

4. Cpok City)ObI JIEKTPUYECKUX MAIIMH BO MHOTOM OTPENEISETCS JT0JITOBEY-
HOCTBIO DJIEKTPOU3OJISIMU. BrIOpaTh MJIEHOUYHBIA MOJUMEPHBIM MaTepuan ¢ yIelb-
HBIM arekTpocomporusieHneM ~ 10'...10'"" Om-cM u HAarpeBOCTOMKOCTBIO 1O
250 °C. VYka3zaThb KjJacCU(PUKAIIMOHHYIO TPYyNIy Marepuaja, onucarh ero (usnde-

CKHUC, XUMHUYCCKHNC N MCXaHNYCCKUC CBOMCTBA.
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4.1.2.2. BATAHUE HA BTOPYIO YACTH KOHTPOJIbHOM PABOThHI
JIJISA CTYJJEHTOB CHELIUAJIBHOCTEM
151001.65, 150202.65, 220301.65

Bapuanr 1

1. BpiOpaTh cTanb i U3rOoTOBIEHUSA (pe3 BBICOKOM CTOMKOCTH, pexylias
KpOMKa KOTOPBIX HarpeBaeTcsl IpH IKCIUTyaTanuu 10 temneparypel = 600 °C. Vka-
3aTh MapKy CTaJld, XUMUYECKUIM COCTaB U POJIb JIETUPYIOIIUX 3JIEMEHTOB, HA3HAUYUTD
peXUM TepMUYecKor o0paboTku. Onucath NpeBpalleHHs], COBEPILAIOIIMECS B CTAIU
Ha pa3JIMYHbIX ATANax TepMUYECKON 00paboTku. IIpuBecTn OKOHUYATENbHYIO CTPYK-
Typy ¥ TBEPIOCTh CTAJIH.

2. BriOpath MapKy cIuiaBa AJisi U3TOTOBJIEHUS CTAHUH MOIIHBIX CTaHKOB, KO-
BOYHBIX MPECCOB U T.II. [IpuBeCTH XUMUYECKUIN COCTaB, CTPYKTYpPY, MEXaHUUYECKUE U
TEXHOJIOTUYECKUE CBOMCTBA CIUIaBa. Kakol MeTauypru4eckuii MpueM IpUMEHSIETCS
JUTSI TIOBBILIEHUS] MEXAHUYECKUX CBOMCTB CILIABOB 3TOM rpynmnsl? B ueM ero cyTs?

3. BeiOpath 1BETHOM CIUIaB AJIsI U3TOTOBJICHUS JeTajeld METOJIOM IIyOOKOMH
BBITSDKKH (OTHOCUTENIbHOE yuinHeHue O > 45...50 %). IlpuBectu MapKy, XUMHUECKUN
COCTaB, Ha3HAYEHHE OCHOBHBIX AJIEMEHTOB. OTMETHUTH CBSI3b MEXAY CTPYKTYpOH H
MEXaHUYECKUMU U TEXHOJOTMYECKUMU CBOMCTBaMU ciiiaBa. OObSICHUTD, KaK BIHSET
BBITSDKKA (XOJI0/IHAs IIacTU4eckas AedopmMalivsi) Ha CBOWCTBA CILIaBa W, UCXOJS U3
ATOr0, HA3HAYUTh PEKUM TEPMHUUYECKON 00pabOTKH MEX 1y TOCIe10BaTENbHBIMU CTa-
TUSIMU TTyOOKOW BBITSDKKH.

4. B xauectBe paboyero (M3HOCOCTOMKOIO) Tejila HAmpaBJISIOIMINX METAI000-
pabaThIBaONIMX CTAHKOB HMCHOJB3YIOT IJIACTMACCOBBIE IOJIOCHI, MPUKPEIIEHHBIE K
METaJUIMYE€CKOMY OCHOBaHHIO. BbIOpaTh muactMaccy JaHHOTO Ha3HAUeHHS. YKa3aTb
KJIaCCU(UKALMOHHYIO TPYMITY U COCTaB IJIACTMACCHhI, ONKCATh €€ CTpoeHue u (pusu-

KO-MEXaHUYECKHUE CBOMCTBA.

Bapuanr 2
1. Ilnockuit M3MEpUTENBHBIN HHCTPYMEHT (CKOOBI, THHEHKH, JIeKaia) U3roTaB-

JMBAIOT BBIPYOKOM M3 JIMCTOBOM cTayid. BbIOpaTh MapKy cTaiu Ajisi U3rOTOBIJICHUS
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MHCTPYMEHTA TaKUM CIIOCOOOM, MPUBECTU XUMHUYECKHI cocTaB. Omucarth TEXHOJO-
THI0 U PEKUMBI YIPOUHSIOMIEH 00pabOTKM TaKOTrO MHCTPYMEHTA, yKa3aTh OKOHYa-
TEJIBbHYIO CTPYKTYPY U TBEPAOCTH CTAJIH.

2. J1ns U3roTOBIICHUS psia IeTaleld MalluH U IpuOOpOB NPUMEHSIOTCSI HEMar-
HUTHbIE cTayd. BpiOpaTe Mapky Hanbosiee SKOHOMUYHOW HEMarHUTHOH CTallu, yKa-
3aTh XMMHUYECKUM COCTaB U POJIb JIETUPYIOIINX 3JE€MEHTOB. Ha3zHauuTh pexuM tep-
MU4eckor 00paboTku. OmnucaTh CTPYKTYpY, MEXaHUYECKHME U TEXHOJIOTMYECKHe
cBoricTBa cranu. [IpuBecTH MapKy HEMarHMTHOM CTajau, KOTOPYIO CIEIYET MPEeIIo-
YECTh, €CIIN U3JIeTue padoTaeT B KOPPO3UMOHHO-aKTUBHOM cpefie.

3. BoIOpaTh IpouHsilii (0, ~ 420 MIla) u nerkuii (y ~ 2,7 r/cM’) CIUIaB 4yist 06-
IIMBKH CAMOJIETOB. YKa3aThb MapKy XUMUYECKUN COCTaB, POJIb JIETUPYIOIINX AJIEMEH-
ToB. Onucarb (pU3MyYecKue, MEXAaHUYECKUE M TEXHOJOTMYECKHE CBOMCTBA CIUIABa.
Ha3zHauuTh pexuM YNpOUHSIOUIEH TEepMHUECKOH 00pabOTKHU, OOBSICHUTH HMPUYUHY
IOBBIIICHNS NPOYHOCTH. [IpHBECTH OKOHYATEIBHYIO CTPYKTYpPY M MEXAHHUYECKHE
CBONCTBA CIUIaBa.

4. BoiOpath mutacTMaccy JUisl U3TOTOBJICHUS IIECTEPEH U 3BE3A0YEK 3yOuaThIX
U LENHBIX Nepenad. YKa3aTh KIacCu(UKalMOHHYIO IPyIIy IJIaCTMAcChl, OMCATh €€
COCTaB, CTPOCHHE U (PU3UKO-MEXaHUYECKHE CBOHCTBA. OTMETUTH MPEUMYIIECTBA U
HEJOCTAaTKU IUIACTMACC MO CPAaBHEHHMIO C METAUIMYECKMMHU MaTepHaJlaMH JIAHHOIO

Ha3Ha4YCHUA.

Bapuanr 3

1. BeiOpath MapKy CTaiM AJi U3TOTOBJICHUS KPYMHBIX MOJOTOBBIX IITAMIIOB
(ceuenueM =~ 600 MM) 17151 Topsiuei IITAMITIOBKM METaNIOB. YKa3aTh XUMHUYECKHI CO-
CTaB U POJIb JIETUPYIOIIUX 3JIeMEHTOB. Ha3zHauuTh pexxum TepMuyeckoi o0padoTKH,
IIPUBECTH OKOHYATENIbHYIO CTPYKTYPY U MEXaHUYECKHUE CBOWCTBA CTAJIN.

2. BwiOpaTh Hemoporoi cruiaB Jis M3TOTOBJICHUS TMOCTOSHHBIX MarHUTOB
Oonpiux ceueHuit (70x70 MM) METOIOM TOpsiuei IITAMIIOBKH. YKa3aTh MapKy CILjIa-
Ba, XUMUYECKHUM COCTAB U POJIb JETUPYIOMIMUX IEMEHTOB. HazHaunTh pexum tepmu-
yeckoil 00paboTku. OOBSICHUTH, KaK BIUSET TepMHUEcKas o0paboTKa Ha CTPYKTYpY,

(l)I/I?;I/I‘ICCKI/IG 1 MEXaHUYECKHE CBOMCTBA CILJIaBa.
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3. Ilepeuncnuth TpeOOBaHUSA, MPEABIBISIEMbIC K CIJIaBaM JJIS TOIITUITHUKOB
CKOJIb)KeHUs. BpIOpaTh MapKy cCIutaBa AJis 3QIMBKH BKJIAJIBINIA TTOAIIMITHUKA BBICO-
KOOOOpOTHOTO aBUTaTeNs. [IpuBeCTH XUMUYECKHNM COCTaB M JKCIUTyaTallHOHHBIC
cBoiicTBa criaBa. Onucarh CTPYKTypHbIE OCOOCHHOCTH U yKa3aTh UX BIHMSHUE HA OC-
HOBHYIO pabo4yro XapaKTepUCTHUKY MOAIIUITHUKA.

4. BpiOpath TutacTMaccy il M3TOTOBJICHHS MPO3PAYHBIX OTPaJAUTEIIBHBIX
IMIUTKOB Ha MeTayutooOpabarbiBaomMX cTaHkax. [IpuBectu xumudeckyro Ghopmyiy
MaTepralia U ero (U3MKO-MEXaHMYECKHE CBOMCTBA. YKa3aTh CIOCOO TMOBBIMICHUS

IMPOYHOCTHU AAHHOT'O U3JCIINA.

Bapuanur 4

1. BeiOpaTh MapKy CTayiM AJisi U3TOTOBJICHUS PEXKYIIET0 XUPYPrUUECKOTO UH-
ctpymenta (HRC, 50...52) MHOrokpaTHOTO HCIIOJIb30BaHUSA. YKa3aTh XHUMHYCCKUM
COCTaB M POJIb JETUPYIOUIUX 3eMeHTOB. HazHauuTh pexxum TepMudeckoit oopadoT-
KU, IPUBECTU OKOHYATEIBHYIO CTPYKTYPY ¥ CBOMCTBA CTaJIH.

2. Or MHOTHX JeTajiedl METAIOPEKYIIUX CTAHKOB (IIMUHAENEH, YEpPBIKOB,
KyJauKOB, IIECTEPEH U T. I.) TpeOyeTcsl coueTaHue BHICOKOM MOBEPXHOCTHOU TBEp-
noctu (HRC5 57...63) u n1octato4HOM BSI3KOCTH CEPJIEBUHBI IS MPEIOTBPAIICHUS
XPYIKHUX pa3pylieHuil. BeiOpaTh MapKy cTanu ajisi TaKMX U3AeNnid. YKa3aTh XuMuye-
CKHMI1 COCTaB U POJIb JISTUPYIOIIUX 3JIEMEHTOB. Ha3zHAUUTH TEXHOJOTHUIO U PEKUMBI
00paboTKM 1Jisi 0OecTeueHns yKa3aHHBIX CBOWMCTB m3zaenuid. [IpuBectu cTpykTypy H
MEXaHUYECKUE CBOMCTBA CEPALIEBUHBI U MOBEPXHOCTHOTO CJI0S U3/1EIUN.

3. BeiOpath crutaB Jyuisi M3TOTOBJICHHS MIPOBOJOYHBIX HarpeBaTeie 3JIeKTpo-
neyelt ¢ padoueit remneparypoit 10 1100°C. IlpuBectn MapKy, XUMHUUYECKUH COCTaB,
Ha3HAYEHUE JIETUPYIOIIUX 3JIEMEHTOB U CBOMCTBA CIIaBa. YKa3aTh CBA3b MEKIY XH-
MUYECKUM COCTaBOM, CTPYKTYpOl M CBOWCTBaMH ((PU3NUYECKHUMH, MEXaHUYECKUMH,
TEXHOJOTUYECKUMH ) CIIJIABOB JJAHHOU TPYTIIbI.

4. B mmuHAEIIX METaII000padaThIBAIONINX CTAHKOB B KaueCTBE ITWJIMHJIPH-
YECKHUX OIOpP UCIOIb3YIOTCSl CTaJbHbIE BTYJKHU C IJIACTMACCOBBIM BKJIAJIbIIIEM. BbI-
OpaTh MaTepuas BKJIAJbIIIA. YKa3aTh KIACCU(UKAUOHHYIO TPYIINY IUIACTMACCHI, €€

COCTaB M (PU3UKO-MEXaHUYECKHUE CBOWCTBA.
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Bapuanr 5

1. BoiOpaTe Mapky cTaiu s U3rOTOBJIEHMS JUIMHHBIX METYMKOB, Pa3BEPTOK,
IOPOTSKEK, OT KOTOPbIX TpeOyeTcss Manas AehOpMHUPYEMOCTh IPU TEPMUUYECKON 00-
paboTke. YKa3aTb MapKy CTajad U POJIb JETUPYIOIIUX 3JIEMEHTOB, OTMETUTh BIUSHUE
JIETUPOBAaHUS HA CTENEHb Aedopmanuy u3Aenui npu 3akaike. HasHauuTe pexum
TEPMHUUYECKOI 00pabOTKH, MPUBECTH OKOHYATEIbHYIO CTPYKTYPY U TBEPAOCTh CTAJIH.

2. BoiOpath Mapky cTaiu JUIsi U3TOTOBJIEHMS CBapHBIX KOHCTPYKIIMM, pado-
TAIUX B XMMHUYECKN arpeCCUBHBIX Cpelax. YKa3aTb XMMHUYECKUU COCTaB U POJIb
JETUPYIOLUX 37eMeHTOB. OOBSICHUTD CYTh SIBICHUS MEXKPUCTAIUTUTHON KOPPO3UH U
OyTU ee npenoTBpamieHus. Ha3HauuTh pexum TepMHUecKod 00pabOTKH, IPUBECTU
CTPYKTYpY ¥ CBOMCTBA CTaJM.

3. BEIOpaTh CILIaB, U3 KOTOPOTO MOYHO M3TOTOBHTh Jierkue (Y = 2,7 r/cm’) da-
COHHBIE OTJIMBKH C MMPOYHOCTBIO G, = 220 MIIa. ITpuBectn MapKy 1 XMMHUYECKHUH CO-
cTaB cmaBa. Ha3HauuTh cnoco0 yiydllleHHs] CTPYKTYpbl Takoro CIUIaBa; yKas3aTb,
KAaKMe U3MEHEHUS B CTPYKTYPE U CBOMCTBAX MPOUCXOIAT B PE3yJIbTATE €TI0 IPUMEHE-
HUSL.

4. Yka3zaTb OCHOBHbIE KOMIIOHEHTBI PE3UH, UCIOJb3YEMbIX JJIs1 U3TOTOBJICHHUS
KOHBEHWEPHBIX JICHT, IPUBOJHBIX PEMHEN, PYKaBOB M T.N. KakOBO Ha3HAYEHHUE ITUX
KOMIOHEHTOB? Kak M3MEHsAETCS CTPyKTypa M CBOWCTBA CBHIPOM PE3UHBI B IPOLIECCE
dbopmoBanus u3aenuii? [IpuBenure coctaB M (PU3UKO-MEXaHUYECKUE CBOMCTBA OJ-

HOM U3 pe3UH JTaHHOTO Ha3HAYEHMS.
Bapuanr 6

1. BriOpath cTanb AJis MHCTPYMEHTOB XOJOJHOTO Ae(OopMUpOBaHUS (BBITSK-
HbIX mTammoB). Ceuenue ¢hopmMooOpa3yrIIMX YacTel mramna (IyaHCOHOB, MaTPHII)
6ornee 25 MM. YKazaTh MapKy CTald, XUMHUYECKHIA COCTaB, POJb JIETUPYIOUIUX 3Jie-
MeHTOB. Ha3HauuTh pexuM TepMUYECKONM 0OpabOTKH, MPHUBECTH OKOHYATEIbHYIO
CTPYKTYPY U TBEPAOCTb CTaJIH.

2. BeiOpaTh MapKy cTaju AJi1 U3TOTOBJICHMSI KPYIMHOTaOAPUTHBIX IMIAPUKOBBIX

NOAIINIHUKOB (AUaMeTp MIApUKOB ~ 23 MM). YKa3aTh XUMHUYECKUM COCTaB U POJIb



-235 -
JETUPYIONINX 37eMEHTOB. Ha3zHauWTh pexuM TepMHUECKOW OOpaOOTKH, MPUBECTH
OKOHYATEIbHYIO CTPYKTYPY U TBEPAOCTH CTAJIH.

3. Jlnst U3roToBICHUS MPYKUHHBIX JIEKTPUYECKUX KOHTAKTOB OTBETCTBEHHOTO
Ha3HAaYeHUs HEOOXOJIUM MaTepuall, 00JIaJalonuii BRBICOKMMH MTOKa3aTeIIMU TPOYHO-
ctu (o, = 1200 MIla), ynpyroctu, 31eKTPONPOBOHOCTH U KOPPO3UOHHOM CTOMKO-
ctu. BeiOpaTh crutaB, y10BIETBOPAIONIMM 3TUM TpeboBaHusIM. [IpuBecT ero Mmapky u
XUMUYECKUi cocTaB. HazHauuTh pexuM TepMuyecKor 00paboTKH, OOBSICHUTH KaKHUe
W3MEHEHUS TPOUCXOJIAT B CTPYKTYPE CILIaBa, KaK OHU BIIMSIIOT HA €r0 MEXaHUYECKUE
CBOMCTBA.

4. Ilepeuncnuth TpeOOBaHUS, MPEABIBISEMbIE K MaTepHalaM IMOAIMIAITHUKOB
cKoJIbkeHusl. Kakue miacTMacchl NpUMEHSIOTCS JJIsl TaKuX JeTalied? Yka3arh Kiac-
cu(uKalMOHHbIE TPYNNbl ATUX IUacTMacc. [lpuBecT XumMuyeckyw ¢Gopmyiy,

CTPOEHHE U CBOWCTBA OJTHOW U3 HHX.
Bapuanr 7

1. BoiOpath criaB AJig U3rOTOBIICHHS PEXKYILEr0 MHCTPYMEHTA, HKCILTyaTaly-
OHHBIE XapaKTEPUCTHUKU KOTOPOrO HE M3MEHSAIOTCS MIPU HarpeBe paboueil MoBEepXHO-
ctu go temneparyp 800...900°C. IIpuBectu MapKy, XUMHYECKUM COCTaB, OOBICHUTH
Ha3HAYEHUE AJIEMEHTOB, 00pa3yronmx ciiaB. Onucarbh cnocod MU3roTOBIEHUS CIUIa-
Ba, €r0 CTPYKTYPY, MEXaHUYECKHE U TEXHOJOTHYECKHE CBOMCTBA.

2. BriOpaTh MapKy cTaju Uil CIUPATIbHBIX MPY>KUH BBICOKON MPOYHOCTH
(o = 1600 MIla), npuMeHsieMbIX B CTAHKOCTpOoeHUU. Onucath XapakTepHbIE CBOMCT-
Ba CTajiedl JaHHOM Ipynnbl. YKa3zaTb MapKy BbIOpaHHOM CTanH, €€ XUMHYECKHI CO-
CTaB U POJIb JIETHUPYIOMIUX 3JeMeHTOB. HazHauuTh pexxum TepMuyeckoil o0paboTkH,
IPUBECTU OKOHYATEJIbHYIO CTPYKTYpPY U cBoiicTBa ctanu. IIpennoxute cnocod oopa-
OOTKHU MPYXKHUH, 3HAUNTEIBHO MOBBIIIAIOIINN WX SKCILTyaTalliOHHBIE CBOMCTRA.

3. BeiOpaTh cmiiaB Ui M3rOTOBJIEHHUS MaJIOHArpy’>KEHHBIX JIETKUX OTJIMBOK
(y = 1,8 r/em’). [lpuBecTd MapKy CIUIaBa, XMMHYECKHil COCTAB, HA3HAYCHHE JICTH-
pyrommx 3ieMeHToB. OnucaTh MeXaHWYecKue, (PU3MYECKHe U TEXHOJOTMUYECKHE

CBOMCTBA CILIaBA.
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4. BriOpatb mactMacey (6, = 500...1000 MIla) ans u3rotoBiaeHUs: KOPIyCOB
MallnH, Cy/l0B, KOHTEHHEPOB, Ky30BOB U KaOWH aBTOMOOWIEH. YKa3aTh Kiaccudu-
KallMOHHYIO TPYyINIy IUIACTMAcChl, OMHCATh €€ CTPOEHHE, (HU3MKO-MEXaHUYECKUE

CBOMCTBA U CIIOCOO MOJYUECHUS U3ECIIHUM.
Bapuant 8

1. Tlepeuucnauts TpeOoBaHUs, PEIBIBISIEMbIE K MaTepuaiaM (popM JUThS MO
naBiieHreM. BriOpaTh cTanb [yl U3rOTOBJICHUS (DOPM JIUThS MO/ IaBJICHUEM AJTFOMU-
HUEBBIX CIUIABOB. YKa3aTb MApKy CTalld, XMMUYECKUI COCTaB M Ha3HAYCHHE JIETH-
pYyIOIIMX 3JeMeHTOB. Ha3HauuTh pexuM TepMuyecKkod 0O0pabOTKH, MPUBECTU OKOH-
YaTEIbHYIO CTPYKTYPY U MEXaHUYECKHUE CBOMCTBA CTAJIH.

2. BoiOpath ctainb Juisi U3rOTOBJICHUS BaJOB MOBBIIIEHHON MPOYHOCTH
(o, = 1100 MIIa) ceuennem 40...50 MMm. YKazaTb MapKy CTaJId, XHMUUYECKUNA COCTaB U
Ha3HaYEHUE JICTUPYIOUX 3JIeMEHTOB. OOBSCHUTD, YTO TAKOE IPOKAIUBAEMOCTb, KaK
€e BeJIMUMHA BIIUSIET Ha BHIOOP Mapku ctayid. HazHauuTh pexuM TepMudeckon oopa-
OO0TKH, MPUBECTU OKOHYATEIIbHYIO CTPYKTYPY U MEXaHHUECKHE CBOMCTBA CTAJIH.

3. BwiOpaTh cIuiaB BBICOKOM YJIETBHON MPOYHOCTH (OTHOLIEHUE IMpeserna
npounocty [MIla] k miotHOCTH [I/cM’] okoio 300) [Tl H3rOTOBJICHUS HATPYKEHHbIX
JieTajieil caMoJIeTOB. YKa3aTh MapKy CIlJlaBa U XUMHUYECKHI coctaB. Onucarh CTpyK-
Typy, QU3NUECKUE, MEXaHUYECKUE U TEXHOJOTMYECKUE CBOMCTBA cIjiaBa. Ha3zHauuTh
PEXKUM TEPMHUYECKON 00paOOTKHU JUIsl JOCTHIKEHHUS YKa3aHHOTO 3HAYCHUS yAEIbHON
npoyHocTH. [IpuBecTH OKOHUATEIBHYIO CTPYKTYPY U MEXaHUYECKHE CBOMCTBA CILIa-
Ba.

4. BwiOpaTh miacTMaccy Jisi M3TOTOBJICHHUS MaJOHArpy»KEHHBIX JeTajieu
yIpaBJeHUs] MalllUH U MEXaHW3MOB (PYKOSITOK, TOJIOBOK, MAXOBUYKOB M T.M.). YKa-
3aTh KJIACCH(PUKAIMOHHYIO TPYyMIy IiacTMacchl. OmucaTth €€ cocTaB, CTpoeHue, Gu-

3UKO-MEXaHMYECKUE CBOMCTBA U CIIOCOO MOIyYEHUS JeTalIeH.
Bapuant 9

1. BriOpaTh MapKy cTaid JUisl U3TOTOBJIEHUS W3MEPUTEIHHOTO MHCTPYMEHTA

(kamuOpoB, TIMTOK, madioHoB). [1o ycaoBusaAM pabOThl HHCTPYMEHT JIOJKEH UMETh
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BBICOKYIO TBEPAOCTh U COXPAHATHh CBOU pa3Mepbl MPU JUIUTEIBHOM IKCILTyaTall|H.
VYka3zarh MapKy CTaJId, XUMUYECKUI COCTaB U HA3HAUEHUE JIETUPYIOLIUX AJIEMEHTOB.
OTMETUTh OCOOEHHOCTH pEeXUMa TEPMUYECKOW OOpabOTKH TAKOTO HMHCTPYMEHTA.
[IpuBecTr OKOHYATENBHYIO CTPYKTYPY ¥ TBEPIOCTh CTAJIH.

2. BeiOpaThb cIuiaB Jyisl U3TOTOBJIEHUS CUJIOBBIX JIONATOK ra30BbIX TYpOWH, pa-
6orarommx npu temmepatypax 800...900 °C. Yka3zatb MapKy CIUtaBa, XUMHUYECKHH
COCTaB, POJIb JETUPYIOLIUX 3JIeMeHTOB. Ha3HauuTh pexxum TepMudeckoi 00paboTKH,
OOBSCHUTH €€ BIMSAHUE Ha OCHOBHYIO pa00UyI0 XapaKTepUCTUKY CIUIABA.

3. Beibpars nerkuii (y ~ 2,7 T/cM’) CIUIaB JUIS H3TOTOBJICHHS MAJIOHAIPYKeH-
HBIX CBapHBIX M KJEMNAHBIX KOHCTPYKIHMI C BBICOKMM COIPOTHUBIEHHEM KOPPO3HH
(TpyOOIIPOBOJIBI U €MKOCTH /I HE(TENPOAYKTOB, MaIyOHbIE HAJCTPOUKH U T. II.).
[IpuBecTn MapKy, XUMHUYECKUI COCTaB U CBOMCTBA ciiiaBa. OOBACHUTH, KAK MEHSIIOT-
Cs MEXAaHUYECKUE CBOMCTBA CIUIABOB 3TOM IPYMIBI B 3aBUCUMOCTH OT MX COCTaBa.
VYka3arb cr1oco0 MOBBIIIEHUS TPOYHOCTH TAKUX CILIABOB.

4. BpiOpaTh miactMaccy AJisi M3rOTOBJICHHUSI €MKOCTEH ISl XpaHEHUs Maced,
OCH3MHA, Pa3IUYHbIX OPraHUYECKUX PACTBOPUTENECH B TEMIEPATypHOM JHAara3oHe
—70...+#60 °C. VYkazarp KjIacCU(UKAIIMOHHYIO TPYMIY IUIACTMACCHI, MPUBECTH €€

CTPYKTYPHYIO (OpMYJTy, XUMHUUECKHE U (PU3UKO-MEXAaHUUECKUE CBOMCTBA.
Bapuant 10

1. BeiOpaTh MapKy cTajid ¥ COCOO MOBEPXHOCTHOTO YIPOUHEHUS IKCUEHTPU-
KOB, KYJIAUKOB U KOIIMPOB, KOTOPBIE TOJDKHBI UMETh OYE€Hb BBICOKYIO IOBEPXHOCT-
Hyto tBepaocts (HV 1000...1100) u Tounsle pa3mepsl (Masio 1e(OpMUPOBATHCS TPH
TEPMHUYECKON 00paboTKe). YKa3aTh XMMHUUECKUN COCTaB U Ha3HAYEHUE JIETUPYIOITUX
aneMeHTOB. OnucaTh MOCIEA0BATEILHOCTh TEXHOJIOIMUECKUX onepauuid o0paboTKu
TaKUX U3JEIMHA U U3MEHEHUs, IPOUCXOAAIIME NP 3TOM B CTPYKType craneu. [Ipu-
BECTU OKOHYATEJIbHYIO CTPYKTYPY U TBEPIOCTh CTAINA B PA3JIMYHBIX YACTSIX U3JEIIUS.

2. IlepedyncauTh OCHOBHBIE TPEOOBAHUS, TPEABIBISIEMbIE K MATHUTHO-MSATKUM
maTepuanaMm. BpiOpaTh HeZOpOroil CruiaB Al U3TOTOBJICHUS CEPACUYHUKOB TpaHC-

dopmaropos. [IpuBecTn MapKy cruiaBa U XUMHUYECKHI cOCTaB. YKa3aTh, Kak BIUSIOT
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AJIEMEHTHI, BXOJIAIIINE B COCTAB CILJIaBa, HA ero cBoicTBa. HazHauuTh pexuM TepMu-
4ecKoi 00paboTKH, OOBSICHUTH €€ BIIUSIHUE Ha OCHOBHBIC XapaKTEPUCTHUKH CIIJIaBa.

3. BeiOpath 1BeTHO# cIuiaB ¢ MpouHOCThIO G, ~ 400...550 MIIa nis u3roros-
JICHUS MEJKUX JeTalield (MpoOOK KapOropaToOpoB, >KUKIEPOB, Pa3IUYHBIX OOJITOB,
BUHTOB, BTYJIOK) Ha TOKAPHBIX CTaHKAaX-aBTOMaTaX. YKa3aThb MapKy CIUIaBa U XUMHU-
YyecKkui coctaB. PaccMOTpeTh BIMSHHUE OTHAEJIBHBIX 3JIEMEHTOB, BXOJSIIUX B COCTaB
CIUIaBa, HAa €ro CTPYKTYpy, MEXaHUYECKHE U TEXHOJOruueckue cpoiicTBa. [IpuBectu
MEXaHUYECKUE CBOMCTBA BHIOPAHHOTO cruiaBa. [10ICHUTh, KAKUM COCTOSIHUSIM CILIaBa
COOTBETCTBYIOT YKa3aHHBIC B 3a/IaHUU HUXKHUM U BEPXHHUU MPeIeIIbl TPOUYHOCTH.

4. BeiOpaTh macTMaccCy Jisi M3TOTOBJICHHS IIKMBOB KIMHOPEMEHHBIX Iepe-
nad. YKazaThb KIacCH(UKAIMOHHYIO TPYINTY IIIACTMACChl, €€ COCTaB U (hHU3UKO-

MEXaHUYECKUE CBOMCTRBA.

4.1.2.3. BAJAHUE HA BTOPYIO YACTh KOHTPOJIbHOM PABOThHI
JIJISA CTYAEHTOB CIEIIMAJIBHOCTEN
240401.65, 240301.65, 280202.65

Bapuanrl

1. BeiOpaTh cTanb AJis W3TOTOBJICHUS CBAPHBIX KOPITYCOB armapaToB, pado-
TAIOIIUX C arpeCCMBHBIMU cpefamMu npu temmeparypax 1o 650°C (mampumep, pere-
HEpPaTOPOB U PEAKTOPOB KATaJUTUYECKOTO KpekuHra). [IpuBectu Mapky, Xxumuye-
CKM COCTaB, Ha3HAYCHWE JICTUPYIOIIUX DJIEMEHTOB, CTPYKTYpYy, (HU3HKO-
XUMHUYECKHe M MEXaHHuecKue cBoicTBa cTaiau. OOOCHOBATH PEXKUM TEPMHUUYECKOU
00paboTKM mepen MTaMnoBKOW kopiyca. OOBSICHUTH BO3MOXKHYIO MPUYUHY YXY/I-
IICHUS MTPOYHOCTH CBAPHOTO COCAMHEHHUS B CTAISIX ATOrO THIIA, OMUCATH CIOCOOBI
OOpBOBI C ITUM OTPUIIATEIHHBIM SIBIICHUEM.

2. Jlutele petanu TpyOOMpPOBOAHON ammapaTyphl (KjIamaHOB, KPaHOB, 3a/IBH-
KEK) JJIsI TPAHCTIOPTUPOBKU C1a00arpeCcCUBHBIX CPEJl M3rOTABIMBAIOT U3 CIJIaBOB Ha
OCHOBE MEJIH C MPOYHOCTHIO G, ~ 200...400 MIla. BeiOpaTh cruiaB JaHHOTO Ha3HaYe-

HU:A, IPUBCCTHU MAPKY, XUMHYECKHUH COCTaB U @HBHKO-MCX&HI/I‘{CCKI/IC cBoiicTBa. OT-
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METUTh CBSI3b MEXKIY XHUMHUYECKHMM COCTABOM, CTPYKTYpOH M TEXHOJOTMYECKUMHU
CBOWCTBaMH CILIABOB 3TOW IPYMIIBI.

3. B XMMHUY€ECKON U METAJUIypPruye€CKON MPOMBIIUICHHOCTH JI1 U3METbYCHUS
IPUPOIHOTO CHIPhSI MIPUMEHSIOT OapabaHHBIEC MIAPOBbIE MENbHUIIBI. BriOpaTh nerie-
BbIII Marepuain JUisi U3TOTOBJIEHUS IpoOsamux Ten (mapos). Omnucarh MPUMEPHBIH
XUMUYECKUN COCTaB, CTPYKTYPY, MEXaHHUUECKHUE CBOMCTBA CILJIaBa U CIIOCOO MOIyue-
Hus mapoB. Kakasi cTpykTypHasi 0COOCHHOCTh MPETMSITCTBYET MCIOIb30BAHUIO 3TOTO
CIUJIaBa B KaYECTBE KOHCTPYKIIMOHHOTO MaTepuana? Kakum crocoboM MOKHO U3Me-
HUTh €ro CTPYKTYpYy C MEJIbl0 NPUHUUNHAIBHOTO YIYUYIICHUS MEXaHHUYECKUX
CBOWCTB?

4. BpiOpaTh MoIUMEpHBIN MaTtepuall ¢ padodeit Temneparypoit 1o —60°C miis
TEIJIOU3OJSIUKN TPYO, XOJOAWIBHBIX KamMep U T.I. YKazaTh KIaCCU(PUKAITMOHHYIO
rpymnmy marepuana. OnucaTh €ro cocTaB, CTPYKTYpy U (PU3UKO-MEXAaHUYECKUE CBOM-

CTBa.
Bapuanr 2

1. BeiOpath MapKy cTanu Jjisi M3TOTOBJIEHUSI OECIIOBHBIX XOJIOJIHOKATaHbBIX
TpyO, UCIMONB3YyEMBIX B TPyOONPOBOAAX, TPAHCHOPTUPYIOMIMX (PPEOH MPHU TeMIiepa-
Typax 10 —70°C. Yka3aTh XMMAUYECKHUIN COCTAB U POJIb JETUPYIOMIMNX IEMEHTOB. OT-
METUThH CBSI3b MEXKJY XUMUUECKUM COCTaBOM, CTPYKTYPOH CTalld U €€ MEXaHUYECKU-
MU U TEXHOJIOTUYECKUMU CBOMCTBAMHU.

2. Pa3pe3anue OyMa)KHOTO IMOJOTHA B OymarojenareIbHbIX MalllhHAX MPOUC-
XOJIUT C OOJIBIION CKOPOCTHIO, B PE3YJIbTATE YErO PEXyIlas KpOMKa HOXKEH CHUIIbHO
HarpeBaetcs. CpopMynupoBaTh OCHOBHBIE TPeOOBaHUS K MaTepuany TaKUX HOXKEH.
BriOpaTe Mapky crTanu, NpUBECTH XUMUYECKUN COCTaB, OOBSCHUTH POJb JIETUPYIO-
X 3JeMeHTOB. Ha3zHauuTh pexxuM TepMUUYECKOM 00pabOTKU, ONMUCATh MPOUCXOMS-
M€ MPU ITOM CTPYKTYpHbIE M3MEHEHHs. YKa3aTh OKOHYATEIbHYIO CTPYKTYpy H
TBEPJIOCTh CTaJIU.

3. B BakyyMHBIX YCTaHOBKaX XMMHUUYECKHUX JTA0OpATOpUil MPUMEHSIOT CIIanl Me-

Ta-crekyio. KakoBo 0CHOBHOE Tp€6OBaHI/I€, NpeaABABILACMOC K MCTAJIIY TaKHUX CO-
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equHeHuit? BpiOpaTh criaB A U3rOTOBJIEHUS JETajlel, CllauBaeMbIX C HETEILIO-
cToiikuM ctekiom. [IpuBecTn mMapKy, XUMHUYECKUA COCTaB U (PU3MYECKUE CBOWMCTBA
cIjaBa.
4. BpiOpaTh MOJMMEPHBIN MaTepHualsl IJisi 1abOpaTOPHOU MOCYAbI, UCIIOIb3Yye-
MO mpu paboTe C BBICOKOArPECCHUBHBIMHM IKUIKOCTIMHU (KHUCIOTaMH, IIEI0YaMH,
OKUCIIUTENAMH). YKa3aTh KIaCCU(PUKALMOHHYIO TPYIITy MaTepuana U €ro CTpyKTyp-

Hy10 Gopmyny. [IpuBectu xumuueckue u GU3NKO-MEXaHUYECKUE CBOMCTBA.
Bapuant 3

1. OGopynoBanue st OypeHHsl CKBaKUH B TPYIHOJOCTYIIHBIX pailoHax goc-
TaBJISIETCS Ha BEPTOJIETaX. DTO BBI3BIBAET HEOOXOAMMOCTh PE3KOT0 CHUKEHUS Beca
000pyI0BaHUs MPU COXPAHEHUHU €T0 IPOYHOCTHBIX XAPAKTEPUCTUK, T.€. IPUMEHEHHUS
MaTEpHAJIOB C BHICOKON yAEIbHON MPOYHOCTHIO. BBIOpaTh CruiaB ¢ yaeiabHOW mpod-
HOCTBIO Gy, /Y = 190 (o, B MITa, y B I/cM’) [UISl H3TOTOBJICHHS HECYIIMX KOHCTPYKIIHIA
OypoBOM yCTaHOBKHM. YKa3aThb MapKy CIUIaBa, XUMHUYECKUN COCTaB, POJIb JIETUPYIO-
IIMX 3JIEMEHTOB; MPUBECTU (PU3UKO-MEXAHUYECKUE U TEXHOJIOIMYECKUE CBOWCTBA.
Ha3znauuth pexxum tepmMuyeckoit 00paboTku, 00eCTeunBarONINi 3aJaHHYIO BEJINYU-
HY YAEJIbHOU MpoYHOCTU. ONMcaTh U3BMEHEHUS CTPYKTYpPbl I MEXaHUYECKUX CBOWCTB
CIUIaBa Ha OTJENBHBIX Tanax TepMooOpabOTKH.

2. Ban potopa ueHTpoOeKHOro Hacoca JUlsl epeKauky HearpecCUBHBIX Hed-
TEMPOJYyKTOB ONMUPAETCS Ha JBa PAJAUAIBHO-YIOPHBIX TMOIIIMITHUKA C JUAMETPOM
mapukoB 15 MM. BeiOpaTh Mapky cTanu Juisi M3TOTOBIICHUS AETajieil Takoro moj-
MIMITHUKA, YKa3aTh XUMUYECKUHA COCTAaB M POJIb JIETUPYIOUIUX 3j1eMeHTOB. OO0bsc-
HUTh, KaK BBIOOp MapKu CTajId JAaHHOTO HA3HAYEHHUSI CBA3AH C pa3MEpOM MOIIUITHU-
ka. Ha3zHauuTh pexxuM TepmMuueckoil 00paOOTKH, MPUBECTH OKOHUYATENIBHYIO CTPYK-
TYpy ¥ TBEPIOCTh CTAJIH.

3. BriOpaTh cTanp 11 U3rOTOBJIECHHS TPYO CBapHBIX MaruCTpPajJbHbIX ra30Ipo-
BOJOB. [IpuBeCTH MapKy, XUMHUYECKHAN COCTAB, CTPYKTYPY U MEXaHUYECKUE CBOKCTBA
ctanu. OOBACHUTH BIMSHUE OTAEIbHBIX XUMHUECKUX 3JIEMEHTOB Ha MEXaHUYECKHUE U

TEeXHOJIOTHYECKHE cBoMcTBa cTan. OOOCHOBATh HEOOXOIUMOCTh TEPMHUUECKON 00-
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paboOTKH (M ee pexrMa) CBapHbIX CTHIKOB TPYyOOIPOBOJA.

4. B XMMHYECKOM MAaIIMHOCTPOEHUH, CTPOUTENIBCTBE HMIMPOKO MPUMEHSIOTCS
TpyObI U3 NOJUMEPHBIX MaTepuaaoB. BeiOpaTh HeAOpOroil Matepuan A U3roToBJe-
HUS THOKUX TpyO, CIOCOOHBIX UIMTENbHO pabotath B quana3one —70...+60°C. Yka-
3aTh KJIACCHU(PUKAIMOHHYIO TPYIIy MaTepualia, MPUBECTH €ro CTPYKTYPHYIO (hopMy-

1y ¥ pU3UKO-MEXaHUYECKUE CBONCTBA.
Bapuanr 4

1. BeiOpaTh MapKy cTaiu A M3TOTOBJICHUS IITAMIOBAHHBIX MPOGUIBHBIX
(AIIMOTHYECKUX, TTOJIyC(HEPUUECKUX U T.I.) JHUII U KPBIIIEK COCYJ0B U anmnaparos,
paboTaromux npu Temmeparypax 10 —40 °C co cpegamu, He BBI3BIBAIOIIUMH 3aMET-
HOM Kopposuu. [IpuBecTH XMMHUUYECKHUN COCTaB, MEXaHUYECKUE U TEXHOJIOTUYECKUE
CBOICTBa CTalu; OOBACHUTH, KAK U3MEHSIOTCA 3TU CBOWCTBA B Mpoliecce GpopMoBa-
Husl u3aenuid. OO0CHOBAaTh PEKUM TEPMHUUECKOW 0OpaOOTKU IITAMIIOBAHHOTO M37e-
JIUS TIepe]l CBAPUBAHUEM €TI0 C KOPIIyCOM armnapara.

2. Jlutble neranu (KOpITyC, KPBIIIKA, CEMJI0, TapeJiKa) AbIXaTEeIbHOIO KianaHa
pe3epByapa ajisi XpaHeHHs HeTernpoIyKTOB M3TOTaBIMBAIOT M3 CIUIaBa C IJIOTHO-
CTBIO ~ 2,7 T/cM’ M POYHOCTHIO G, ~ 180 MITa. IIpuBecTH MapKy CIUIaBa ¢ TAKHMH
XapaKTEepUCTUKAMH, yKa3aThb €ro XMMUYECKU COCTaB M CBOicTBa. Onucarh cnocoo
yJIydlIEHUs] CTPYKTYpbI CIUIaBa, 0OECIEUNBAIOINN JOCTUKEHUE 3aJaHHOW MPOYHO-
CTH.

3. B mpakTuke XUMHUYECKOW Ja00OpaTOpUN MIMPOKO MPUMEHSETCS UHCTPYMEHT
(pa3nuyHble MUHUETHI, INATeN!, IUILbI, HOXKHHIIBI), COUYETAIOIINNA JOCTATOYHO BBI-
cokyto TBepaocTh (HRC, 50...55), ynpyrocts u KOppO3MOHHYIO CTOMKOCTh. BhIOpath
MapKy CTaJv JUIsl U3TOTOBJIEHUS TAKOTO MHCTPYMEHTA, YKa3aThb XUMUYECKUM COCTAB U
POJIb JIETUPYIOIIMX 3JIeMEeHTOB. HazHauuTh pexum TepMuyeckod o6paboTku, obec-
NEYMBAIOLIMI 3aJaHHYI0 TBEPIOCTh; IPUBECTU OKOHYATEIBHYIO CTPYKTYPY.

4. BpiOpaTh HEMETAIIMYECKUN MaTepuai JJis U3TOTOBJICHUS MPO3PAYHON XU-
muuecku u Ttepmuyecku (mo 1000 °C) croiikoit naboparopHoil mocyasl. Omnucarh

CTPpOCHUC MAaTcpualia U €ro (I)I/IBI/IKO-MeXaHI/I‘ICCKI/IG CBOMCTBA.
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Bapuanr 5

1. HlecTtepHu pPOTOPHBIX KOMIIPECCOPOB, TPSI3€BBIX W MACISHBIX HAacOCOB
JOJKHBI 00J1a7laTh BBICOKOH HM3HOCOCTOMKOCTHIO M XOPOIIEH COMPOTHUBIISIEMOCTHIO
JTUHAMUYECKUM Harpy3kaM. BeiOpaTb Mapky cTayid JUisi U3TOTOBJICHUS IIECTEPEH C
MakcuMallbHbIM cedueHreM 35...40 mm. [IpuBecT XUMHUYECKHI COCTaB cTalu, 0ObsIC-
HUTh HA3HAYCHHE JICTUPYIOIIUX 3JIEMEHTOB. YKa3aTh CIOCOO JOCTHIKCHHSI BHICOKOM
M3HOCOCTOUKOCTH 3yOhEB U PEKUM TEpPMHUECKOW 00paboTku. OmnucaTh OKOHYATEb-
HYIO CTPYKTYPY U MEXaHUYECKHE CBOMCTBA B PA3IMYHBIX YACTSIX CEUCHUS IICCTCPHHU.

2. Marepuan Tpy®O HEKOTOPHIX TETUIOOOMEHHBIX amlmapaToB JOJKEH 00J1aaaTh
BBICOKUMH TOKa3aTeJISIMU TETUIOMPOBOIHOCTH, KOPPO3UOHHOM CTOMKOCTH, a TaKKe
1acTUYHOCTH. Be1Opath cmas (o, > 350 Mlla, 6 > 45 %) , y1oBIeTBOPAIOMINA yKa-
3aHHBIM TpeOoBaHUsAM. [IpuBecTH MapKy, XUMHUYECKUH COCTaB, OTMETUThH €r0 BIIHS-
HUE Ha CTPYKTYPY, MEXaHUYECKHE U TEXHOJIOTUIECKHE CBOMCTBA CIIJIaBa.

3. BeiOpate Mapky ctanu s GopMm mpeccoBaHus (pabouas TeMmIiieparypa
200...250 °C) xuMHUYECKH aKTUBHBIX IJIACTMACC, COJACPKAIIUX MUHEpaTbHbIE HAMOJI-
HUTEIN C BBICOKOW TBEPJIOCTHIO. YKa3aTh XUMHUUYECKHUM COCTaB M POJIb JIETUPYIOIIHAX
aneMeHTOB. [IpuBecTr pekuM TepMHUUECKOM 00pabOTKH, OKOHYATENbHYIO CTPYKTYPY
Y TBEPAOCTH CTaJIH.

4. BoiOpath miuacTMaccy Il M3TOTOBJICHUS IIeCTepeH 3yOuaThiX mepenay, pa-
0OTaIMMX B arpecCHUBHBIX cpefaxX. YKa3aTh KIACCH(PUKAIMOHHYIO TPYINTY IIIacT-

MacCChbI, OITUCAaThb €€ COCTaB, CTPOCHUC U CI)I/IBI/IKO—MGXE[HI/I‘-ICCKI/IG CBOMCTBA.

Bapuanr 6
1. O6opynoBaHue, UCIOJIB3YEMOE B MPOU3BOJICTBE a30THOM KHUCIIOTHI (TEIIO-
OOMEHHUKH, UCTIapUTEIH, IeperpeBaTeNy napa u Jip.), UCIbITHIBAET CHIILHOE KOPPO-
3MOHHOE BO3JIeMCTBHE MpHU MOBbIMIEHHBIX Temneparypax (200...450 °C). Boioparsb
METaJIJ1 ¢ MPOYHOCTHIO G, = 500 MIIa, n3 KOTOPOrOo MOKHO M3TOTOBUTH JETaIN yKa-
3aHHOTO0 OOOpYAOBAHMS METOJIAMU IUIACTUYECKON AePopMalMd C MPUMEHEHHEM
cBapku. IIpuBecT MapKy, XUMHUYECKHI COCTaB, CTPYKTYPY, MEXaHUYECKHE U TEXHO-

JIOTMYECKHE CBOMCTBA BBI6paHHOFO Martcpuajia.
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2. BeiOparh MapKy cTaiau JUisi OTBETCTBEHHBIX KPEMEXHBIX H3JENHM (IIaTyH-
HBIX 0OJITOB MOPIIHEBBIX KOMIIPECCOPOB, OOJITOB U LIMUJIEK HEHTPOOEHKHBIX HACOCOB,
braHUEeBBIX coeAMHEHUN HedTenepepadaThIBAIOIIUX YCTAHOBOK), UCIIBITHIBAIOIINX B
nporecce paboThl 3HAUUTENbHBIE CTATUYECKUE U JUHAMUYECKUE HArpy3Kd. YKaszaTb
XUMUYECKUN COCTaB U Ha3HAYEHUE JIETUPYIOIIUX 3JIEMEHTOB. [IpuBecTu pexum tep-
MUYECKON 00pabOTKH, OKOHYATETbHYIO CTPYKTYPY U MEXaHUYECKUE CBOMCTBA CTAJIH.

3. BoiOpath HEIOPOTYIO CTaNb JIsi U3TOTOBJICHUS TPYO M CBAPUBAEMBIX C HUMHU
dbrnaneB U TPpyOHBIX PEIIECTOK MaporeperpeBarenel, maponpoBoaA0B, pabOTAIOIINX
no temnepatypsl 550 °C. Yka3aTh MapKy CTajiM, XUMHYECKUW COCTaB, POJib JIETH-
pyronux 31eMeHToB. O00CHOBAaTh PEXUM TEPMHUUECKON 00pabOTKH, TPUBECTU OKOH-
YaTeJIbHYI0 CTPYKTYpPY U MEXAaHMUECKHE CBOMCTBA CTAJIH.

4. BpiOpaTh miacTMaccy ¢ BBICOKON Mpo4HOCTHIO (G ~ 500...600 MIIa) nus
U3TOTOBJIEHUS KOPIYCOB PEAaKI[MOHHBIX aIlllapaToB, TPyO MarucCTpaJbHBIX U HAIOp-
HBIX Ta30- U HEPTEIPOBOJOB U T.M. YKa3aTh KIACCU(UKAIMOHHYIO TPYIIy MaTepHa-

na. Onucarb €ero CTpoeHue U PU3NKO-MEXaHUYECKHE CBOWCTBA.

Bapuanrt 7

1. IIpoxonka HE(TAHBIX M TA30BBIX CKBXXUH MPOU3BOAMUTCS C MOMOIIbIO OY-
PUJIBHBIX JIOJIOT, PEXYIIUA MHCTPYMEHT KOTOPBIX (IIApOIIKH) MOJBEPKEH 3HAUM-
TEIbHBIM YIApHBIM Harpy3kam M aOpa3WBHOMY H3HAIIMBAHUIO pPabOuuXx 3yObeB.
ChopmynupoBath TpeOOBAHUS M0 MEXAaHUYECKUM CBOMCTBaM, MPEIbABISIEMbIE K Ta-
KOMY HMHCTpyMEHTY. BpIOpaTh MapKy cTaiu AJii MU3TOTOBJICHUS IIAPOILIEK, YKa3aTh
XUMUYECKUNA COCTaB M Ha3HAYEHUE JIETUPYIOIMIUX 3JIeMEeHTOB. OO0CHOBATH TEXHOJIO-
THUI0O U PEXKUMBbI 00OpabOTKU, 0OECIEUUBAIOIINE HEOOXOIUMbIA KOMILUIEKC CBOMCTB.
[IpuBecTH CTPYKTYpY ¥ TBEPIOCTh B PA3IMYHBIX YACTAX CEUEHUS LIAPOIIKH.

2. BeiOpath cmuiaB ¢ npouHocthio G, = 200...300 MIla, u3 KOoTOpOro MOXKHO
U3TOTOBUTD JIETKUI COCY[l /ISl XpaHEHUS] XUMHUECKH aKTUBHBIX KUJKOCTEH. YUecTb,
YTO TEXHOJOTHS U3TOTOBJIEHHUS BKIIIOYACT XOJOAHYIO IJIACTUYECKYIO JedopMaliuio
JIMCTOBOM 3arOTOBKM C MOCJEAYIOIIEW CBapKOW CTHIKOB. IIpuBectn Mapky, xumude-
CKHIi COCTaB, CTPYKTYPY, MEXaHUYECKHE U TEXHOJIOTHYECKHEe CBOMCTBaA ciuiaBa. O0b-

SCHUTH BIMSHHUE crioco0a GopMOBaHMs COCYy1a HA MEXaHUYECKHE CBOMCTBA CIIJIaBa.
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3. BeiOpaTh MapKy CTajud ¢ MPOYHOCTHIO G, > 1600 MIla nnst uzrotoBneHus
NPY>KUHHBIX aMOPTU3AaTOPOB, YMEHBIIAIOMNX BUOpAUKM OBICTPOXOAHBIX MAIUH XU-
MUYECKUX MPOU3BOJACTB (KOMIIPECCOPOB, IIEHTpUPyr, TypOoarperaros u T.1.). [Ipu-
BECTH XMMHUYECKUN COCTAB CTAJIM M HA3HAYEHHUE JIETUPYIOIINX DJIEMEHTOB. YKa3aTh
pEXUM TEpMHUUECKON O0OpabOTKH, OKOHYATEIbHYIO CTPYKTYpY U MEXaHMUYECKHUE
CBOWCTBA CTaJH.

4. BeiOpaTh macTMaccy Jyisi U3TOTOBIEHUSI TOPMO3HBIX KOJIOJOK MOABEMHBIX
MEXaHU3MOB OYPOBBIX YCTAHOBOK. YKa3aTh KJIACCU(DUKAITMOHHYIO TPYIITy TIacTMac-

ChbI, OITKUCATDb €C CTPOCHHUC U XAPAKTCPHLIC CBOMCTBA.

Bapuant 8

1. BoiOpaTh ctanpb Juisi CHIIBHO HAarpy>KeHHBIX KPYMHBIX OTBETCTBEHHBIX JeTa-
7€l XUMHYECKOTr0 MAIIMHOCTPOECHUS (KOJIEHYAThIX BAJIOB, IIATYHOB, IITOKOB MOPII-
HEBBIX KOMIIPECCOPOB; BAJIOB U IITOKOB HACOCOB; BAJIOB, 3BE3JJ0YEK U 3y0UaThIX KO-
jec OypOBBIX YCTAaHOBOK), MOABEPTaIOIIUXCS IPU paboTe 3HAYNUTEIBHBIM JTUHAMUYE-
CKUM Harpy3kam. YKa3aTb MapKy CTajd, XMMHUYECKHUH COCTaB U POJb JETUPYIOIIUX
aneMeHToB. Ha3Hauuth pexuMm  TepMUYECKOM 0O0pabOTKHM Ha  TPOYHOCTH
c; = 1000...1100 MIla. IIpuBecTH OKOHYATENIBbHYIO CTPYKTYPY U MEXAHUUYECKHUE
CBOWCTBA CTaJH.

2. B kauecTBe Omop BaJIOB OBICTPOXOJHBIX POTOPHBIX MAIlIUH XUMHUYECKHUX
IPOU3BOJCTB (IIEHTPOOESKHBIX KOMIIPECCOPOB, IEHTPUPYT U T.N.) MPUMEHSIOT MOJ-
MIUIHUKK cKoJibxkeHusd. [lepeuncnuth TpeOoBaHuUA, MpEabsIBIsEMbIE K CIUIaBaM JJis
MOJIITUITHAKOB 3TOTO TUMA. BBIOpaTh MapKy cIiaBa sl M3TOTOBJICHUS BKIIAJIBIINIA
MOJIIITUITHAKA CKOJIbYKEHUS;, MPUBECTU XUMUYECKUNA COCTaB M (PU3UKO-MEXAHUYECKUE
cBoiicTBa. Onucarb CTPyKTypHbIE OCOOCHHOCTH CIUIaBa U OTMETUTh WX BIUSHUE HA
OCHOBHYIO pa00ouyI0 XapaKTEPUCTHKY IMOJIIUITHUKA.

3. BeiOpaTh 3KOHOMHYHBIHN CIUIaB ¢ MPOYHOCTHIO G, = 300...370 MIla u xopo-
el KOPPO3MOHHOW CTOMKOCTBIO JUISi M3TOTOBJIEHUS JIMTOM 3allOPHOM armapaTypsl
(BeHTHIIEH, KpaHOB) TPYOONPOBOAOB ISl TPAHCHOPTUPOBKU roOpsiueid BOABI U BOJS-
HOro mapa. YKa3aTb MapKy, XMMHUYECKHMH COCTaB W CTPYKTypy ciuiaBa. Omnwucartb

MPUHOUIINAJIIBHYO TCXHOJIOTHIO ITOJIYYCHUA TaKHX ,Z[GTaJIefI. Hpezmoxcl/m) PCKUM
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TEPMHUUYECKOI 00paOOTKH, MOBBIIAIOUINI UX SKCIUTyaTallMOHHBIE XapaKTEPUCTUKH.

4. BpiOpaTh Iu1acTMaccy AJsl KOHLIEBBIX OIOpP BAJIOB MEPEMEIINBAIOIINX YCT-
pOICTB, obOecrneurnBarONIMX CTAaOWIIbHYI0 PabOTy y3da TPEHUS IMPU MOBBIIIEHHBIX
yaenbHbIX Harpy3kax ( = 10 MlIla) B auana3zone temneparyp —40...+100 °C. Ykazarb
KJIACCU(PHUKAIIMOHHYIO TPYIIY IJIACTMACCHI, €€ CTPYKTYpYy U (PU3HKO-MEXaHUYECKHE

CBOMCTBA.

Bapuant 9

1. Brynku u munyHKepbl HEPTSHBIX TITyOMHHBIX HACOCOB JOJKHBI UMETh OUYCHb
BBICOKYIO TOBepXHOCTHYIO TBepnocTh (HV mo 1200) m M3HOCOCTOMKOCTh, a TaKkxke
CONPOTHUBIISIEMOCTh JUHAMUYECKUM Harpy3kam. BpiOpaTh MapKy cTaid Uisl TaKux
neranei, oObsICHUTH POJb JETUPYIOLUX 3JeMeHToB. HazHauuth cnoco0 moBepXxHO-
CTHOTO YIPOYHEHUS, YUUTHIBAS, YTO JETaIU HE JOJDKHBI 1€(QOPMUPOBATHCSA B IMPO-
necce Takoi o0padoTku. OnucaTe MpeBpaIleHus, TPOUCXOIIINE B CTaU, €€ OKOH-
YaTEIbHYIO CTPYKTYPY U MEXaHUYECKHE CBOMCTBA.

2. BreiOpath criaB ¢ mpouHOCThiO G, ~ 1000...1250 MIla nns Tspkeno Harpy-
KEHHBIX JIeTajiell XMMUYECKOW ammaparypbl (cernapaTopoB, LEHTpudyr), moasep-
TaroIIUXCsl BO3ACUCTBUIO arpeCCUBHBIX Cpell (CEpHUCTBIN Tra3, cepHas, ¢ocdopHas,
YKCYCHasi KUCJIOTHI) TipHu TeMiiepatypax jo 400 °C. IIpuBectn MapKy cIuiaBa U XUMU-
YECKUW COCTaB, OOBACHUTH POJIb JIETUPYIOIIUX AJIEMEHTOB B (POPMHUPOBAHUU CTPYK-
Typbl, (GU3UKO-MEXAaHNYECKUX U TEXHOJOTMYECKUX CBOMCTB cruiaBa. Ha3zHauuth pe-
UM TEPMHUUECKON 00pabOTKU, OTMETUTH €€ BIMSIHUE Ha CBOMCTBA CIJIaBa.

3. BeiOpaTh cTanb A U3rOTOBJICHUS JeTaleld MOMUINITHUKOB KaueHus, pado-
TalIINX B XUMUYECKH arpecCUBHBIX cpenax. [IpuBecTtu MapKy, XUMHUUYECKUN COCTaB,
OOBSCHUTH BIMSHHUE OCHOBHBIX 3JIEMEHTOB Ha CTPYKTYpPY, (PU3UKO-XUMHUYECKHE U
MEXaHUYECKUEe CBOMCTBa cTaid. Ha3zHauuTh pexuM TepMHUECKON 0OpabOTKU AeTa-
Jed NOAINITHUKA, YKa3aTh OKOHYATEIbHYIO CTPYKTYPY U TBEPIOCThH CTAJIN.

4. BpiOpaTh pe3uHy AJi ra30HENPOHUIIAEMBIX U3JIEIUIN (KUCIOPOAHBIX IIIJIaH-
rOB, Pa3JIMYHBIX YIUIOTHEHHH, OamioHoB). Omucarh COCTaB, CTPOCHHWE W TPUHIIMII

noJiyueHus pe3uHsl. [IpuBecTr xapakTepHble CBONCTBA BHIOPAHHOIO MaTepHUaa.
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Bapuant 10

1. BeiOpath cruiaB ¢ BRICOKMMH MOKa3aTeNsIMU MTPOYHOCTH (G, = 1100 MIIa) u
KOPPO3UOHHOM CTOWKOCTH JUJIL U3TOTOBJICHUSI HATPYKEHHBIX JIE€TAIIEN MAallMH XUMH-
YECKUX MPOU3BOACTB (CKOPOCTHBIX HACOCOB, TYpPOOKOMIIPECCOPOB, LIEHTPOOEIKHBIX
cenaparopoB, OaJUIOHOB JJIs CXKaThIX ra3oB). [IpuBecTn Mapky cruiaBa, XUMHUYECKHMA
COCTaB, HA3HAUCHHE JICTUPYIOIIHUX dJIeMEHTOB. Omucath CTPYKTYpYy, GHU3HKO-
MEXaHUYECKUEe M TEXHOJOTMUYECKHE CBOMCTBA. YKazaTh PEKUM TEPMHUECKON oOpa-
00TKH, 00ECTICUNBAIOIININ 3aJaHHBIA YPOBEHb MPOYHOCTH.

2. Breiopats crnaB ¢ TBepaocThio HRA 86...90 (HRC 74...76) nns u3roros-
JICHUS IeTallel XUMUYECKOTO 000pyAOBaHUS (TPYIIUXCS KOJEI TOPIEBhIX YIUIOTHU-
TEeJei BaJoB; BTYJIOK IIMJIMHAPOB HACOCOB U KOMIIPECCOPOB; (PUIIbEep, KOPITYCOB U CE-
JieN KJIaaHoB U T.I1.), MOJIBEPralolnXcsl U3HAIIMBAHUIO B arPECCUBHBIX cpefiax ¢ al-
pasuBHbIMU BKiItOYeHUsAMU. [Ipu BbIOOpe MaTepuana ydecThb, YTO MPHU TeMIepaType
paboueit cpeast no0 300°C u BbicOKOHM yacToTe BpaimieHuss Bana mamuH (= 3000
00/MHH) TpyUIUECs TOBEPXHOCTH JIeTaleil CUiibHO pazorpeBatorcs. [IpuBectu mapky
CIUTaBa, XMMUYECKUN COCTaB, OOBSICHUTh Ha3HAYEHHUE OTAENbHBIX 3JIeMEeHTOB. Onu-
caTh CMOCOO M3rOTOBJICHUSI CIUJIaBa, €r0 CTPYKTYPY, MEXaHUYECKHE U TEXHOJIOTHYe-
CKHE CBOMCTBA.

3. Cnecapsbie U Jpyrue paboThl BO B3PHIBOOMACHBIX YCIOBHUSAX BBITIOTHSIIOTCS
C MPUMEHEHHEM HE UCKPAIIEro MpH yJapax MHCTpyMeHTa. BriOpaTh Mapky ciuiaBa
Ha MEJIHON OCHOBE C MPOYHOCTHIO G, ~ 1200 MIla a1t U3roTOBICHUS TaKOTO MHCT-
pymenTa. [IpuBecT XUMHYECKHUM COCTaB M (PU3UKO-MEXaHMYECKHE CBOMCTBA CIJIaBa.
Haznauuth pexxum TepMuueckoil o0pabOTKuU NIl MOJy4YeHUs 3aJJaHHOW MPOYHOCTH.
OOBsACHUTH, KaK U3MEHSIOTCS CTPYKTYpa U CBOMCTBA CIIaBa Ha OTJEIbHBIX ATarax
3TOH TEPMOOOPAOOTKHU.

4. BoiOpaTh Macio-, 0€H30-, MIEI0UYECTOUKYIO MIACTMACCy JJIsl U3TOTOBJICHUS
MIPO3PavyHOTO PKpaHa XMMHUYECKOro ammapata. [IpuBectu xumudeckyro Gopmyiy ma-

Tepuasia u ero (pU3nKo-MeXaHM4YECKUE CBOICTBRA.
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4.1.2.4. 3BATIAHUE HA BTOPYIO YACTHh KOHTPOJIbHOM PABOThHI
JIJISA CTYJJEHTOB CHELIUAJIBHOCTEM
080502.65, 190205.65, 190601.65, 190701.65

Bapuanr 1

1. Konenuatsie Bajibl IBUraTesieii BHyTPEHHETO CropaHus padoTaloT B YCIOBH-
X TUHAMHYECKUX Harpy3ok. BeiOpaTh MapKy cTaim ISl U3TOTOBJICHHS KOJEHYATHIX
BaJIOB aBTOMOOWJIBHBIX JBUTATENIEH M PEXUM TEPMHUUECKOUW 00pabOTKH, obecredn-
BAIOIIMI ONTUMAJIBFHOE COYETAaHNE MEXaHMUECKUX CBOMCTB. HazHAUUTh pexum MecT-
HOW TEpMUYECKON 00paOOTKU AJIsi OBBIIICHUS W3HOCOCTOMKOCTH IIEEK BAJIOB. YKa-
3aTh CTPYKTYPY U IPUMEPHYIO TBEPJOCTh B PA3IMUHBIX YACTSAX TOTOBOTO U3CIIHS.

2. BbIOpaTh 3KOHOMUYHBIM MaTepua AJisl JUTHIX JeTajeil aBTomoouneit (6o-
KOB IIWJIMHAPOB, KAPTEPOB, TOPMO3HBIX OapabaHOB) U MOAbEMHO-TPAHCTIOPTHBIX Ma-
mUH (KOPITyCOB PEIyKTOPOB, OJIOKOB, OapabaHOB), HE UCHBITHIBAIOIINUX MPU paboTe
O0onpmMx Harpy3ok (o, = 200...250 Mlla). IlpuBecTtu mMapky cruiaBa, ONMUCaTh €ro
CTPYKTYpYy U CBOMCTBA. YKa3aTh MyTH MOBBIIICHHUS MEXaHMUYECKUX CBOWMCTB CILIABOB
3TOU TPYIIIBI.

3. BoiOpaTh crunaB juist getajneid aBTOMOOWIBHBIX PaiMaTOpPOB, U3rOTaBIIMBae-
MBIX METOJIaMU XOJIOTHOM mutacTudeckoi nedopmaruu. OO0CHOBATH BBIOOD, YUUTHI-
Bas TEXHOJIOTMYECKUE, MEXaHNYeCcKue U (pusnyeckue cBoiictBa. OTMETUTH BIUSHUE
TEXHOJIOTHH W3TOTOBJICHHS HA MEXaHUUECKHE CBOMCTBA JeTalIeH.

4. Bp1OpaTh MOJMMEPHBIN MaTepHall JJisi U3rOTOBJIEHUS 0aYKOB TJIABHBIX ITHU-
JUHAPOB TOPMO3a U CLETUICHUA. YKa3aTh KJAacCU(PUKAMOHHYIO TPYIIy Marepuara,
IPUBECTU €T0 CTPYKTYPHYIO (POpMyIy, XUMUYECKHE U (PU3UKO-MEXaHUYECKHE CBOM-

CTBA.
Bapuanr 2

1. BeiOpaTs MapKy cTanu AJis OJIyOCei 3aJHEro MOCTa aBTOMOOMIE. YKa3aTh
XUMHUYECKUNA COCTaB CTAJIM U POJIb JIETUPYIOIIMX 31eMEeHTOB. Ha3HauuTh pexxum tep-
MHUYECKON 00pabOTKU M3JIENIUI, TPUBECTH OKOHYATEIBHYIO CTPYKTYPY U MEXaHUYe-

CKHE CBOWMCTBA CTAJIH.
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2. BpiOpaTe MapKy cTayid JUIsl A€Tajiel, KOTOPbIE JOHKHBI 00J1aaTh BBICOKOM
tBepocThio (HRC, 50...55) U yCTOMYMBOCTBIO B KOPPO3HMOHHO-aKTHUBHBIX Cpeaax
(kapOrOpaToOpHBIE UIJIBI, HEKOTOpPBIC MPY>KUHBI). OnucaTh CBONCTBA CTalu, 0ObBsiC-
HUTHh Ha3HAUYEHUE JIETUPYIOIUX 3JieMeHToB. Ha3HauuTe pexxum Tepmuueckoi oOpa-
OO0TKH, MPUBECTU OKOHYATEIIbHYIO CTPYKTYPY U MEXAaHHUECKHE CBOMCTBA CTAJIH.

3. BeiOpath criaB JiJisi HArPY>KEHHBIX aHTU(OPUKIMOHHBIX Y3J0B aBTOMOOWJIS
(BTYJIOK pa3IM4YHBIX BajOB, IIECTEPEH, HAIPUMEpP, BTYJIOK IIATYHOB ABUTATEIEH).
PacmmdpoBate Mapky crjaBa, OmMcarb CTPYKTYpHbIE OCOOCHHOCTH M CBOMCTBa
CILIaBa.

4. Bp1Opath miacTMaccy Uil M3roTOBJIEHUS pa3IMYHBIX BTYJIOK (Tefaliei, pec-
COp, JIBEPHBIX METeJIb), BKIAAbIIIEH (HAKOHEYHUKOB TSI PYJIEBOM Tpameuuu, Iapo-
BbIX LIAPHHUPOB), LIECTepeH (IIPUBOJA CIUIOMETpa). YKa3aTh KIACCU(PUKALNOHHYIO
IPYIITy IMJIACTMACCHI U €€ XUMUYECKYI0 (POpMyIly; TPUBECTH (HU3HKO-MEXaHUUYECKHE

CBOMCTBA.
Bapuanr 3

1. BoiOpaTh MapKy cTaiu AJig U3TOTOBJICHUS AeTaleil nepeHux (He BEeIyIIUX )
MOCTOB T'PY30BbIX aBTOMOOMIIEH (0aoK mepeHel OCH, phlYaroB pyJaeBOTo yIpaBJe-
HUsl, pyJieBbIX TAT). [IpUBeCcTM XMMUYECKHUU COCTaB, yKa3aThb BIIHMSHHUE OTACIbHBIX
3JIEMEHTOB Ha CBOWCTBa cTainu. HazHauuTh pexxuM TepMUYEcKOHM oOpabOTKH, MpH-
BECTH OKOHYATENIbHYIO CTPYKTYPY U MEXaHHUYECKHE CBOMCTBA CTaJIN.

2. BoiOpaTh MapKy CTaJIM JJI1 U3TOTOBJICHUSI Ky30BOB U KPBUIHEB JIETKOBBIX aB-
TomoOmiien. Onucarh MEXaHMYECKUE M TEXHOJOTUYECKHE CBOMCTBA CTalU. YKa3aTh,
KAaK BIIMSET XUMHUYECKHM COCTAB CTald HA TEXHOJIOTHMIO M3TOTOBJICHUS M KAdyeCTBO
paccMaTpyUBaeMbIX U3IEIINMN.

3. O6ocHOBaTh BHIOOP MpouHOTO (G, = 1200 MIla) nBeTHOTrO CIIaBa ¢ BHICO-
KHAM IPENENIoM YNpYyroctu (Go o, = 600 MIla) nns u3rorosieHus npyxuH kapOropa-
TOpOB U OeH3oHacocoB. [IpuBecTn Mapky, XMMHUYECKUN COCTAaB M CBOMCTBA CIUIaBa.
Ha3znauuth pexxum tepmMudeckoit 00paboTKu AJi MOJIYYeHHUsS YKa3aHHOM MPOYHOCTH,

00BACHUTH MEXaHU3M YIIPOYHCHUA CIIJIaBa.
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4. BI)I6paTB HHaCTMaCCY JJIs1 U3rOTOBJICHUS KpBIJ'IbeB, Ky30BOB JICTKOBBIX dB-
ToMOOMIIEH. YKa3aTh KiaacCU()UKAIMOHHYO TPYIIIY IIaCTMACCHI, OIIMCATh €€ COCTaB,

cTpoeHue, GU3NKO-MEXaHUUECKHNE CBOMCTBA U CIIOCO0 MOJyYEHUS U3CITHI.

Bapuanr 4

1. Crynunpsl Konec OOJBIIMHCTBA aBTOMOOWIIEH OTIMBaKOTCA U3 uyryHa. [lo
YCIIOBHUSM PabOThl CTyNUI Marepuan JOJDKEH 001anaTh HE TOJNBKO YIOBJIETBOPH-
TeIbHOU NpOYHOCTHIO (G, = 350..370 MIla), HO W OCTATOYHON MIACTUYHOCTHIO
(0 = 10...12 %). BoiOpaTth Mapky uyryHa. Onucatbh TEXHOJIOTHIO MOJYyYeHUS YKa3aH-
HBIX JeTaneid. OOBSCHUTD, KaK BIUSET TEMIEPATYPHBIM pexuM 00padOTKH OTIUBOK
Ha UX CTPYKTYpPy U MEXaHHUYECKHE CBOMCTBA.

2. BpiOpaTh MapKy cTanu Al W3TOTOBJICHHS MaJOOTBETCTBEHHBIX JeTajeu
MacCOBOTO MPOM3BOACTBA (OOJTOB, TaiieK, BUHTOB, MPOOOK U T. 1.). CTaib IOJDKHA
o0naznaTe xopouei 00padaTbIBa€MOCTbIO PE3aHUEM U O0ECIIEUnBaTh BBICOKOE Kaye-
CTBO MOBEPXHOCTH JI€TaIH. YKa3aThb XUMUYECKU cocTaB cTaiid. OOBACHUTH OCOOEH-
HOCTH BJIMSIHUS OTJEIBHBIX XMMUYECKUX 3JIEMEHTOB HA CBOMCTBA CTaJIH.

3. Ha3nauuTp craB Juisi U3rOTOBJIEHHS BKJIAABIIIEN KOPEHHBIX M IIATyHHBIX
NOJIIMITHUKOB KOJIEHYAThIX BAJIOB aBTOMOOMJIBHBIX ABurarenei. [lpusectn xumuye-
CKUH COCTaB CIUIaBa M OOBSCHUTh Ha3HAUCHME JIETUPYIOLIUX 3JeMeHTOB. Omucarb
CTPYKTYPHBIE OCOOEHHOCTH CIUIaBa M yKa3aTh, KAKOBO UX BIMSHHUE HA OCHOBHBIE pa-
004Ke XapaKTepUCTUKH CILJIaBa.

4. BpiOpaTh MaTepHuall AJisl U3TOTOBJIEHUSI TPABMOOE30MACHBIX IPUOOPHBIX Ia-
Hesel aBToMOoOMIel. YKa3aTh KiacCH(UKALMOHHYIO TPYNIy MaTepuana, IpUBECTU

€ro XUMHUYECKy10 GopMyny U (PU3NKO-MEeXaHUYECKHUE CBONCTBRA.
Bapuanr S

1. CunbHO HarpyxeHHble (Go, = 900...1000 MIla) mecrepHu rIaBHBIX Nepe-
Jla4 aBTOMOOMWJIEH W MMOBOPOTHBIX YCTPOMCTB MOJBEMHBIX KPAHOB JOJIKHBI COUYETATh
BBICOKYIO TTOBepXHOCTHYIO TBepjocTh (HRC, 58...63 na riry6une mo 1,0...1,6 Mmm) u
MU3HOCOCTOMKOCTh € XOPOLIECH CONPOTHBIIEMOCTBIO AEHCTBUIO YIAPHBIX HArpy3okK.

BrIOpars MapKy cTanu Ui TaKUX LIECTEPEH, IPUBECTH €€ XUMUYECKHUN CcOCTaB, 00b-
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SCHUTh HA3HAYEHUE JIETUPYIOLINX 3JIEMEHTOB. YKa3aTh CIIOCOO YIPOYHEHHUS OBEPX-
HOCTH M PEXUM TepMHUYEeCKO 00paboTku. OmnucaTh OKOHYATEIBHYIO CTPYKTYpPY H
MEXaHUYECKUE CBOKCTBA B PA3JINYHBIX YACTIX CCUCHUS U3/ICIINAN.

2. BoiOpath cTanb A M3roTOBJIEHMSI TPAKOB I'YCEHWYHBIX MalllvH (M APYTUX
U3HOCOCTOMKHUX JeTalleld, paboTaronMX B YCIOBUSX aOpa3WBHOIO TPEHMSI, BHICOKUX
naBiieHut U yaapoB). IIpuBectu mapKy, XMMHUYECKUH COCTaB UM Ha3HAYEHUE JIETHU-
pYIOIIMX 3J€MEHTOB. Onucarh MEXAaHUYECKUE U TEXHOJOTMYECKHE CBOMCTBA CTAJIM.
OOBICHUTH MPUYUHY BBICOKON M3HOCOCTOMKOCTH. Ha3HAUWTh peXuM TEpMHUYECKOM
00pabOTKH, yKa3aTh OKOHYATEIBHYIO CTPYKTYPY M CBOKCTBA CTAJIH.

3. Beibparp jerkuii (Y ~ 2,7 r/cM’) B IOCTATOYHO MPOUHbIL (G, ~ 200 MITa)
CIUIaB JUIsl OTJIMBKU MOPIIHEW aBTOMOOWJIBHBIX JBHUraTesiel, paboTaomuX Npu TeM-
neparypax 10 200...300 °C. [IpuBectn MapKy, XUMUYECKUN COCTaB CIlJIaBa, Ha3HAUE-
HUE JIETUPYIOIIMUX 3JIEMEHTOB. YKa3aTh PEXUM YIPOUHSAIOIIEH TepMUYECKOH oOpa-
60Tku. Onucarbh CTPYKTYpY U CBOMCTBA CIUIaBa.

4. Ha3HauuTh MaTepuan g U3rOTOBJIEHUS HAKIAJOK TOPMO3HBIX KOJIOJOK H
JIMICKOB CLEIUIEHUs. YKa3aTh KJIacCU(PHUKAIMOHHYIO PYIIy MaTepuaia, ero cocTas,

(bU3HKO-MEXaHUYECKHE CBOMCTBA U CIIOCO0 MOTYUYEHUS U3JIeTUH.
Bapuanr 6

1. BeiOpath ctans (mpenen npouynoctd He Menee 1300 MIla) ans usrorosie-
HUSL JIUCTOBBIX MPOAOJBHBIX peccop aBToMoOwiel. IIpuBecTu MapKy, XUMHUYECKHMA
COCTaB, HaA3HAUCHHE JICTHUPYIOIINX DJIEMEHTOB. YKa3aTh PEXKUM TEPMHUYECKOU oOpa-
OO0TKH, ONTMCATh OKOHYATENIbHYIO CTPYKTYPY U MEXaHUUYECKHE CBOMCTBA CTAJIU.

2. BoiOparh criaB Juisi U3TOTOBJICHHUS OOJTOB OTBETCTBEHHOTO HA3HAUYCHUS
(OONTOB KpeTUIeHUsI MaXOBHKA aBTOMOOWIIBHOTO JIBUTATENIs, MIATYHHBIX 00JITOB, 00I1-
TOB KpeIUIeHUs KaHaTa, 00JITOB CTynull 0apabaHOB MOAbEMHO-TPAHCIIOPTHOTO 000-
PYZIOBaHUSI), UCTIBITHIBAIOIIUX MPU pabOTe 3HAUYMUTENbHbIE (B TOM YMCIIE IMHAMUYe-
ckue) Harpys3ku. I[IpuBecTn Mapky cTanv, XMMUYECKHIl COCTaB, Ha3HAUYEHUE JIETH-
PYIOIINX 3JIEMEHTOB. YKa3aTh PEKUM TEPMUUYECKOW 0O0pabOTKH, OMUCaTh OKOHYA-
TEJIBHYIO CTPYKTYPY U MEXaHUUYECKUE CBOWCTBA CTaJIH.

3. I 0OMOTKH 3J€KTPOMArHUTOB HEKOTOPBIX MPUOOPOB (Hampumep, B aBTO-
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MOOWJILHBIX pejie 0O0paTHOrO TOKA) MPUMEHSETCS MPOBOJIOKA, 0OecTieunBaroias mo-
CTOSTHCTBO 3JICKTPUUYECKOTO COMPOTUBIICHUSI OOMOTKH HE3aBUCHUMO OT TeMIIEpaTyphl.
BriOpaTh onTuManbHBIN CIUTaB AJIS ATOM 1I€JIU, TPUBECTU €ro XUMUUYECKUH COCTaB,
(bU3UYECKHEe U TEXHOJIOTHYECKUE CBOMCTBA. YKa3aTh, KAKOE BIMSHUE OKa3bIBacT (a-
30BO€ COCTOSIHHME CIUIaBa HAa €r0 OCHOBHYIO Pa00UyI0 XapaKTEPUCTHUKY.

4. BriOpath muacTMaccy il ieTalield BHICOKOBOJIBTHBIX MPUOOPOB 3a)KUTAHUS
aBTOMOOMJIS (KPBIIIKK U OCT'YHKA paclpeeNuTeNs, KPBIIMIKA KaTyIIKA 3aKUTaHUs).
VYka3arh KiIacCH(PUKAIMOHHYIO TPYMIY IUIACTMACChl, HA3HAYCHUE BXOJAIIMX B HEe
KOMITOHEHTOB M CIOCOO TOJydeHHs] u3aenuid. [IpuBecTH CBOWCTBa IUIACTMACCHI,

O6€CHC‘II/IBaIOHII/16 BO3MOKXHOCTb JAHHOI'O IIPUMCHCHUA.

Bapuanrt 7

1. Konenuatsie ¥ pacnpeae/uTeNIbHbIC Bajbl HEKOTOPHIX aBTOMOOUIIBHBIX JIBU-
raTeliedl OTJIMBAIOT U3 YyryHa BBICOKOW mpouHocTd (o = 500 MIla). Beibpate u
pacmdpoBaTh MapKy 4yTryHa, OMUCATh €T0 CTPYKTYPY U CBOMCTBA. YKa3aTh CIOCO0
NOJIYYCHHUS] TAaKUX UYTYHOB, OOBSICHUTh MPUYMHY HMX BBICOKMX MEXaHHUYECKUX
cBOMCTB. [Ipennoxxuth BO3MOXKHBIN PEKUM TEPMHUUYECKON 0O0pabOTKU JUIsl yiydlle-
HUS MEXAaHUYECKUX CBOMCTB OTJIMBKH.

2. BriOpaTh cTanb Jyisl U3rOTOBJICHUS JieTajel MapUuKOBbIX MOAINIUITHUKOB, pa-
00TalIMUX B XMMUYECKH arpecCUBHBIX cpenax. [IpuBecTtn mMapky, XUMHUYECKHUH cO-
CTaB, HA3HAUYCHHUE OCHOBHBIX AJIEMEHTOB. YKa3aTh PEKUM TEPMHUYECKON 00pabOTKH,
OMHUCaTh OKOHYATEIbHYIO CTPYKTYpPY U CBOMCTBA CTaJIH.

3. Beibpathb Jerkuii (y ~ 2,7 r/cm’) nedopMupyeMblil CILIaB, COXPAHSIOLIHI
Mexanudeckue cpoictBa 10 200...300 °C, s mTamMroBKH MOPUIHEW IBUTATENCH
BHyTpeHHero cropanus. [IpuBecTd MapKy, XUMHUUYECKUN COCTaB, Ha3HAYCHUE JICTH-
pyromux 35eMeHToB. Onucarh peXuM TePMUUECKO 00pabOTKM U CBS3aHHbBIC C HUM
U3MEHEHHS B CTPYKTYpE U MEXaHUYECKUX CBOMCTBAX CILIaBa.

4. IlepeurcIUTh OCHOBHBIE TPEOOBaHUS, MPEIBSIBISIEMbIE K MaTepraiam Mo/-
IIUITHUKOB CKOJIbKeHUs. Kakue miacTtMacchl MPUMEHSIIOTCS JJIS TaKUX W3ACIIHM?
VYkazaTh Kiaccu(PUKaAMOHHBIE TPYMIblI 3TUX MJIACTMACC; OMKCATh COCTaB, CTPOCHHE

M CBOMCTBA OJHOU U3 HUX.
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Bapuant 8

1. BoiOpath MapKy cTajiv JJisi U3TOTOBIICHUS MPY>KUH MOJIBECKHU JIETKOBBIX aB-
TOMOOUJIEH, a TaKKe OMOPHBIX MPYKUH BUOPALIMOHHBIX KOHBelepoB. [IpuBectu xu-
MHUYECKHH cOCTaB, 00BACHUTh Ha3HAUEHUE JIETUPYIOMIMX 3JeMeHToB. HazHauuts pe-
UM TEPMHUUECKON 00pabOTKH, yKa3aTh OKOHYATEIbHYIO CTPYKTYPY U MEXaHUUECKHE
cBoiicTBa ctanu. [lpeanoxute crnoco0 oOpaOOTKH, 3HAYUTEIHHO YBEITUUYHMBAIOIINN
CPOK CITy>KOBI TIPYKUH.

2. BriOpaTh 2KOHOMUYHYIO CTajb MOBBIMICHHOW MpodHOCTH (G > 500 MIIa)
JUISL CBAPHBIX HECYIIUX KOHCTPYKLMHA TPy30BbIX aBTOMOOWIIEH (MONMEpeurH pawm,
JIOH>)XEPOHOB) M TMOJABEMHO-TPAHCIOPTHOIO 00OpPY/I0BaHUS (0aJOK MOCTOB KPaHOB,
OTIOPHBIX KOHCTPYKIUN KOHBeHEepoB). Marepuan AomkeH o0ecreuynBaTh HaICKHYIO
paboTy KOHCTPYKIIMH B YCIOBHSIX HU3KUX Temmepatryp. [IpuBectu mapky cranu, Xu-
MUYECKHUI COCTaB, HA3HAYEHUE JIETUPYIOMIMX 31eMEHTOB. Onucarb MEXaHUYECKUE U
TEXHOJIOTUYECKHUE CBOIMCTBA CTalU. YKa3aTh BO3MOXKHBIN PEXUM TEPMUUECKO 00pa-
OOTKH 17151 yJIyYILIEHUS SKCIUTyaTallMOHHBIX CBOMCTB CTaJIH.

3. Beibpars nerkuii (y ~ 1,8 T/cM’) CIUIaB Ul M3rOTOBJICHHS MAJIOHAIPYKEH-
HBIX OTJIMBOK (KapTepoB CIIETUICHUs, KOpoOOK mepenad). [IpuBectn mapky cruiaBa,
XUMUYECKUHA COCTaB, Ha3HAYCHHUE JETUPYIOUIMX »3JieMeHTOB. Omnwucarh (U3MKO-
MEXaHUYECKUE U TEXHOJIOTMYECKHE CBOMCTBA CILIaBa.

4. IlepeuncauTh TpeOOBaHUS, IPEIBABISEMbIC K IUIACTMAccaM JUIsl U3TOTOBIIE-
HUSl KPBILLIEK CUTHAIBHBIX (pOHApel aBTOMOOUIIEH, CTEKOJI BEPXHUX OKOH aBTOOYCOB
U T.I. BeiOpath MaTepuan 1aHHOTO HAa3HAYCHHMSI, IPUBECTU €r0 XUMUYECKYI0 hopMy-

1y, ONUCATh CTPOCHHUE, XMMUYECKNE U (PU3NKO-MEXaHUYECKUE CBOWCTBA.
Bapuant 9

1. Urner (opcyHOK, MIyHKEPhl U THIIBb3bl TOIUIMBHOW ammaparypbl aBTOMO-
OMJIBHBIX JBUraTeNeN JOHKHBI UMETh BBICOKYIO IOBEPXHOCTHYIO TBEPIOCTh
(HV 1000...1100) u uzHococToiikocTb. BeiOpath MapKy cTaiu, 0ObSICHUTH POJIb Jie-
TUPYIOMIMX 371eMeHTOB. HazHauuTh cnoco® MOBEPXHOCTHOIO YHPOUYHEHHS, YUHTHI-

Bas, 4TO 3TH ACTAJIM HC OOJIZKHBI I[C(l)OpMI/IPOBaTBCH B IIpOLECCCe YHPOIIHSII-OHIeﬁ 00-
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paboTku. OnucaTh MpEeBpalICHUs, COBEPIIAIONINECS B CTAJIA B MPOLECCE YIPOUHE-
HUs, €€ OKOHYATEIIbHYI0 CTPYKTYpPY U CBOWCTBA.

2. Ha3HauuTh MapKy CTajM IS M3TOTOBJICHUS KJIAlMAaHOB JBUTATENEeH BHYT-
peHHEero cropanusi HeOONbIION U cpefaHeil MomHocTU. [Ipu BeIOOpE CruiaBa y4yecTs,
YTO KJIanaHbl (0COOEHHO BBIMYCKHBIE) pabOTAIOT MPHU BBICOKON TemmepaTrype B Kop-
PO3UMOHHO-AaKTUBHOM ra3oBoM cpene. [IpuBectn XuMHYEeCKH COCTaB, HA3HAYEHUE Jie-
TUPYIOIIKX 3JIEMEHTOB U PEKUM TEPMHUUECKON 00paboTku. Onrcarh OCHOBHBIE CBOM-
CTBa CTajJiel TaHHOTO KJjlacca.

3. OtnenpHbIE A€TaIM JBUTaTelis U XOJI0BOW YaCTH TOHOYHBIX aBTOMOOUIIEH
JOJKHBI HApSIAY C BBICOKOW MPOYHOCTHIO (G = 1100 MIla) nmeTs BO3MOXKHO MaJIbli
BeC, T.€. 00JaAaTh OOJBIION YIAEIbHOW MPOYHOCTHIO (OTHOIICHHE Mpejesa MPOYHO-
cTu o [MIla] k moTHOCTH Y [F/CM3]). BriOpath 1151 3TOM 11U MOAXOIAIINNA CIIIaB
(o5 /y > 200). ITpuBecTu Mapky crjiaBa, XMUMHUUYECKHI COCTaB, HA3HAYEHUE JIETUPYIO-
mux 3jeMeHToB. Onucath (U3UKO-MEXaHMYECKHE U TEXHOJOTUYECKHE CBOMCTBA
CIiaBa. YKazaThb PEXHUM TEPMHUUYECKOM OOpabOTKH, OKOHYATEIBHYIO CTPYKTYpY U
CBOICTBA CIJIaBA.

4. Yka3aTb OCHOBHbIE KOMIIOHEHTBI PE3UH, UCIIOJIb3YEMBIX ISl U3TOTOBJICHUS
ABTOMOOMJIBHBIX IIIUH, PEMHEN BEHTUJISTOPA, TPAHCIIOPTEPHBIX JIGHT U T.M. KakoBo
Ha3HAYCHHUE 3TUX KOMIIOHEHTOB? Kak M3MEeHseTCsl CTPyKTypa U CBOMCTBA PE3MHOBOM
cmecu ("ceipoit pe3unbl") B mpolecce dhopmoBanus uznenuii? IlpuBectu cocraB u

(1)I/I3I/IKO—MGX3HI/I‘-IGCKI/IG CBOMCTBA 0I[HOI>1 N3 PE3MH AAHHOI'O HA3HAYCHU .

Bapuanr 10

1. HexoTopsle miecTepHU PeayKTOPOB aBTOMOOMIICH M3rOTaBIMBAIOT U3 CTAIH
SSIIII. PacmmdpoBaTh MapKy, AaTh OMpPENEICHUE OCHOBOW XapaKTEPUCTUKH TaKOU
ctanu. HazHauuTh pexxum TepMuueckod o0paboTku. [IpuBecTH OKOHYATENIbHYIO
CTPYKTYPY U TBEPJIOCTh B pa3IMUYHBIX ceueHMsIX JeTanu. OO0CHOBATH UCIIOJIH30BAHUE
CTaJIei TOTO THUIIA, CPABHUB UX CO CTAISIMHU, OOBIYHO MTPUMEHSEMBIMU JJIs MTOJ00HBIX
L[EIICH.

2. BeiOparh MapKy cTajau JUisl pOJIMKOBBIX MOJIIMIHUKOB (IMAMETP POJIMKOB
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He Oonee 10 MM). YKa3aTh XUMHUECKH COCTaB CTAaIU U POJIb JIETHPYIOMIUX 3JIEMEH-
TOB. OOBACHUTH KPUTEPUN BHIOOpA CTaIM B 3aBUCHUMOCTH OT pa3Mmepa JeTaliei Mmo/i-
MUITHUKOB. HazHauUTh pekuM TepMHUUECKON 00pabOTKU, MPUBECTU OKOHYATEIBbHYIO
CTPYKTYPY U MEXaHUUYECKHUE CBOMCTBA CTAJIU.
3. Bei6path Jrerkuii (y ~ 2,7 r/cM’) CIuIaB ¢ IpOYHOCTBIO G, ~ 220...260 MIla
JUISL U3TOTOBJICHUS CJIOKHBIX OTJIIMBOK (T'OJIOBOK M OJIOKOB ITMJIMHJIPOB aBTOMOOHJIb-
HBIX JBUTATEJEH, KapTepOoB KOPOOKHU mepeaad u cuerienus). [IpuBecTu Mapky criia-
Ba, XUMUYECKUI COCTaB, HA3HAYCHUE JICTUPYIOIIUX AJIeMEHTOB. OnucaTh MexaHuye-
CKHE U TEXHOJIOTHYECKHE CBOMCTBA CIUIaBa. YKa3aTh CHOCOO YIYYIICHUS CTPYKTYPhI
CILJIaBa, MOBBIIIAOIINAN €T0 SKCILTYaTallMOHHbIE CBOMCTBA.
4. OnucaTh 0COOEHHOCTH CTPOCHHS M (DU3MKO-MEXaHUYECKUX CBONCTB HEOP-
raHu4yeckux crekoil. OxapakTepu3oBaTh CHOCOOBI YNPOYHEHHUS JMCTOBOTO CTEKJIA.

O6ocHoBaTh BEIOOp MaTepuaia AJisl IOOOBOTO CTEKJIa aBTOMOOMIISL.

4.1.2.5. 3AIAHUE HA BTOPYIO YACTH KOHTPOJILHOM PABOTBI
JUISI CTYAIEHTOB CHELIMAJIBHOCTEN
200101.65, 200501.65

Bapuanr 1

1. BeiOpaTh cruiaB ajisi U3TOTOBJICHUSI OCHOBAHUM KPYITHOTA0APUTHBIX ONTHYE-
CKHX TIpUOOPOB (CIEKTPOMETPOB, HHTEPhEPOMETPORB). YKa3aTh OCHOBHOE TEXHOJIO-
THYECKOE CBOMCTBO, OOECIIEUMBAIOIICE CIIOCOO HM3TOTOBJICHHUS JAHHOTO W3JCIIHA.
[IpuBectr MapKy, XUMHUYECKUN COCTaB, CTPYKTYPY U MEXaHUUYECKHE XapaKTEPUCTUKH
criaBa. OTMETUTH 0C000€ CBOMCTBO ATOTO MaTepuaia, ClIOCOOCTBYIOIIEE TMOBHIIIE-
HUIO TOYHOCTH U3MEPEHUM YKa3aHHBIX TPUOOPOB.

2. HexkoTophle nerany U3MEPUTEIbHBIX (IITPUXOBBIE MEPHI JJIMHBI), T€0E3U-
YECKUX MPUOOPOB MOKHBI COXPAHATh MOCTOSIHCTBO Pa3MEpPOB MPU U3MEHEHUU TEM-
nepaTrypsl B YCIOBUSX dKCIUTyaTaluu. BeiOpaTh MapKy ciuiaBa, OTBEYAIOIIETO STOMY
TpeboBaHuO B TemreparypHoMm uHTepBajie —80...+100 °C. IlpuBectn 3aBUCUMOCTH

OCHOBHOH XApPaKTCPHUCTHUKHU CIIJIaBOB I[aHHOﬁ I'PYIIIBI OT UX XUMHUYCCKOI'0O COCTAaBaA.
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3. BeiOpaTth MapKy cTanu Jis 3aBOAHBIX CIIUPAIBHBIX MPY>KUH YacOB, CEKyH-
JIOMEpOB. YKa3aTb XMMUYECKUM COCTaB, PEKUM TEPMHUECKOM 0OpabOTKH, OKOHYA-
TEIbHYIO CTPYKTYPY U MEXaHUYECKUE CBOMCTBA CTaJH.

4. BoiOpath macTMaccy Ajsi U3rOTOBJIEHMSI IPECCOBAHHOIO KOpITyca Maylora-
OaputHOro npubopa, paboTarOIIEro B TPOIMUYECKUX yciaoBHUsAX. OnucaTh €e cocTas,

CTpoeHre U (HU3NKO-MEXaHNIECKUE CBOMCTRA.
Bapuanr 2

1. MHorue aetanu 3aBOJHOTO MEXaHHW3Ma PYUYHBIX 4acoB (3aBOAHOE U Oapa-
06aHHOE KoJjeca, KyJaukoBas My(Ta, pbluar u Jp.) M0 TEXHUYECKUM YCIIOBHUSAM JTOJIXK-
Hbl UMeTh TBepAocTh HRC, 53...54. VX u3roraBnuBaroT U3 yriepoaucCTON CTAIHN BbI-
COKOro KauecTBa, cojepxaieid = 1 % C. IlpuBectu mapky cranu, o0OCHOBaTh €€
BbI0Op. HazHauuTh pexxum TepMuyeckoil 00paboTKH, 00eCneynBaOIIUNA 3aJaHHYIO
TBEPAOCTb; YKa3aTh OKOHYATEIbHYIO CTPYKTYPY CTaJIH.

2. B onrtuko-MexaHWYecKUX NpuOOpax HIMPOKO MPUMEHSIOTCS IWIMHIpUYE-
CKHE€ ONOpPHI - MOJIUIMITHUKKA CKOJBXEHUS, B KOTOPBIX BpallaloTCs Bajibl. BbIOpath
HEJOPOToi CIUIaB JUisl U3TOTOBJICHUS BTYJKH TaKoro noamumnHuka. Pacmmdposarthb
MapKy CILJIaBa, yKa3aTh €ro XMMUYECKHH COCTaB U cnocolO nonydeHus. OObICHUTD
BJIMSIHUE MUKPOCTPYKTYPHI CIIaBa HAa €r0 CBOMCTBO, 00ECIIEUNBAIOIIEE BO3ZMOKHOCTD
JAHHOTO MPUMEHEHUS.

3. JIutoii Kopiyc npubopa, UCIOIb3yEMOro B KOCMUYECKOM armapare, 10JKEeH
OBITH JIETKUM M UMETh JOCTATOYHYIO MPOYHOCTHh (0 = 320...360 MIIa). [IpuBectu
MapKy IPUTOJHOrO IS 3TOW LIEJIN CIUIaBa, €r0 XMMUYECKUN COCTaB, HA3HAUEHUE Jie-
TUPYIOIIMX 3JIEMEHTOB. YKa3aTh (U3NYECKUE, MEXaHHMUYECKHE U TEXHOJOTHYECKHE
cBoiicTBa. Onucarb cnoco0 TOCTHXKEHHUS] MaKCUMalIbHOW MPOYHOCTH B CIUIABE JaH-
HOI'O XUMHYECKOT'O COCTaBa.

4. BpiOpaTh miiacTMaccy JJii HECMa3bIBAEMOT0 MOIITUITHUKA CKOJIBXKEHUS 1U-
JUHIPUYECKON OMOpHI CTAJBbHOIO Bajia, padoTaromiero B auana3zoHe —60...+60 °C.
[IpuBectn Mapky, XUMHUYECKYIO OpMYIy, CTPOEHUE U (PU3HKO-MEXaHUYECKHE CBOM-

CTBa MaTepuaia.
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Bapuanr 3

1. HekoTopble 3yeMEHTBl TOYHBIX MPUOOPOB (HAMpPUMEpP, CIHUPATU MAHOMET-
POB, PETYJISITOPBI XOa YacOB) JIOJDKHBI 00J1a7aTh MMOCTOSTHCTBOM YIPYTHX XapakTe-
puctuk (Moxynst ynpyroctd E) mpu konebGanusix temmeparypbl. BeiOpath criias,
yAOBIIETBOPSIONIUMN 3TOMY TpeboBaHuto. [IpuBecTn Mapky crijiaBa, XUMUYECKUN CO-
CTaB, XapaKTepHbIE CBOWCTBA. HazHauuTh pexuM TepMudecKkoi oOpaboTku, odecte-
YUBAIOIIUI MTOTyUYeHHE HEOOXOUMBIX CBOMCTB.

2. B ycrpoiicTBax moBOpOTa ONTUYECKUX FIEMEHTOB (IIPU3M, 3€pKajl) ONTHKO-
MEXaHUYECKUX TPHUOOPOB HCIOIB3YIOT Kyldadku ¢ TBepaocThio HRC, 56...63. Bei-
OpaTh MapKy cIUlaBa JAJisi U3TOTOBJICHHUS TAKOTO KyJlayKa, OMUCATh TEXHOJIOTHIO €ro
00paboTKH 11t o0ecreueHns yKa3aHHOM TBepaoCTH. [IpruBecTH XuMHUYECKHid COCTaB,
OKOHYATETBHYIO CTPYKTYPY U TBEPJOCTh CILIABA.

3. Ilo ycnoBusiM paboThl MpUOOpa €ro AeTaiu JOKHBI U3rOTABIMBATHCS U3
KOPPO3HMOHHOCTOMKUX HEMAarHUTHBIX (MTapaMarHUTHBIX) MaTepuanoB. BeiOpaTs map-
Ky CTayiu, 00Jajaromeil TaKUMH CBOMCTBaMH, YKa3aTh €€ CTPYKTYpYy, XUMUUYECKHM
COCTaB U pOJIb JIETUPYIOIIUX 3JeMeHTOB. Kakoe HexenarenbHOE SBJICHUE MOXKET
BO3HUKHYThH IPU HArpeBe CTaJIel TaKOTO THUMa (HampuMep, IPU CBAPKE); KAKOBBI ITy-
TU ero npeaotrBpanieHus? [IpuBecTn MexaHMYEeCKUE CBOWCTBA BBIOPAaHHOW CTajH,
OTMETHTh OCHOBHOH CITOCOO MOBBINICHHS €€ MPOYHOCTH.

4. Beibpath miacTMaccy Uik M3roTOBJICHUS HAKOHEYHUKOB TOJIKATENIeH KyJiay-
KOBBIX MEXaHHM3MOB. YKa3aTh OCHOBHOE CBOWMCTBO BBIOpAHHOTO Marepuaja, odecre-
yyBarllee padboToCnOCOOHOCTh Maphl KyJadoK-ToskaTenb. Onucarhk cocras, CTpoe-
HUE U QU3UKO-MEXaHUUECKHE CBOMCTBA IIACTMACChl M CITOCOO M3TOTOBJICHUS U3 HEe
JeTajeu.

Bapuanr 4

1. B moaBMXHBIX cUCTeMax MPUOOPOB MIMPOKO UCIOIB3YIOTCS YEPBSUHBIC TIE-
penauu. MaTtepuan 4epBSIKOB JIOJKEH 00J1ajaTh JOCTATOYHOM BBICOKOUM TBEPAOCTHIO
(HRC, 45...48) 1 ©3HOCOCTONKOCTBIO, HO HE OBITH CIUIIKOM XPYIKUAM JIJIsi UCKITFOYE-
HUS TIOJIOMKH BUTKOB. BhIOpaTh cIuiaB JjIs M3rOTOBJICHUSI YEPBsKa, IPUBECTH MapKy

U XUMHYECKHHM COCTaB. YKa3zaTh PEKUM TEPMHUUYECKOU 0OpaOOTKH, OKOHUATEIHHYIO
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CTPYKTYPY U MEXaHUYECKHE CBOMCTBA CILJIABA.

2. B 4yepBsuHbIX nepenadax NpuOOPOB BEAOMBIM 3JIEMEHTOM SIBISIETCS 4ep-
BAYHOE Kosieco. /[l yMEeHbIIEHHs TPEHHSI CONPSKEHHBIX MOBEPXHOCTEN Map YepBsK-
KOJIECO UX M3TOTaBIWBAIOT U3 PA3HOPOJHBIX CIIaBOB. BriOpate craB (HB 60...90)
JUISL JINTOTO YEPBSYHOTO KoJieca, paboTarollero B mape ¢ 4YepBSKOM, yKa3aHHBIM B
npeapaymeM 3ananuu. I[IpuBect Mapky cruiaBa, XMMUYECKUW COCTaB, CTPYKTYpY,
MEXaHUYECKUE U TEXHOJIOTMYECKHE CBOMCTBA.

3. BeiOpathb cTanb AJisi MU3rOTOBJICHUSI CBAPHOTO KOXKyXxa IMpudopa, padoTarolie-
ro B arpeccuBHOM cpene. [IpuBectu mapKy cranu, €€ XMMAYECKHM COCTaB, Ha3HAaYe-
HUE JIETUPYIOLIUX 3JIEMEHTOB, MEXaHUYECKHE U TEXHOJOTHUYecKue cBoicTBa. O0bsc-
HUTb BO3MOXKHYIO MIPUUYUHY YXYAIICHUS TPOUHOCTU CBAPHOTO COCIMHEHUS B CTAJAX
sToro tuna. KakoBbl myTu npeaoTBpaiieHus Takoro aedexra?

4. B OoTCYETHBIX BUHTOBBIX MEXaHH3Max MpUOOPOB il 0OecieueHUsl IIaBHO-
CTH XOJia B Mape CO CTaJIbHbIM BUHTOM HMCHOJIB3YIOT Taiiku u3 ruractmacc. O00cHO-
BaTh BBHIOOP IIACTMACCHI JJISI M3TOTOBJICHUSI TAKOW TalK¥ METOJIOM JIMUThS TOJ J1aB-
nenueM. [IpuBectu MapKy Marepuana, ero CTpoeHUe U PU3NKO-MEXaHUYECKHE CBOM-
CTBA.

Bapuanr S

1. B KynaukoBbIX Me€XaHU3Max NPHUOOPOB UCIIOJIB3YIOT MaTEPUAIIbI C BBICOKOM
M3HOCOCTOMKOCThIO. BBIOpaTh crjiaB A1l M3rOTOBJIEHUS KyJlauKa C MOBBIIIEHHBIMU
TpeOOBaHUSIMM K  TOYHOCTHM  pa3MepoB U  TNOBEPXHOCTHOM  TBEPJAOCTH
(HV 1000...1100). Yka3zath MapKy, XUMUYECKUN COCTaB CIUlaBa, HA3HAUYCHUE JIETH-
pyrOIMX 3JeMeHTOB. OnucaTh IOCIEI0BATEIbHOCTh TEXHOJOTHYECKHUX Olepanui
U3TOTOBJIEHNS TAKOTO M3IENUSA U U3MEHEHMS, IPOUCXOISIINE TIPU ITOM B CTPYKTYpE
crutaBa. [IpuBecTr OKOHUYATENBHYIO CTPYKTYPY U TBEPAOCTH IIOBEPXHOCTHOIO CIIOS U
CEpALIEBUHBI KyJIa4Ka.

2. ManoHnarpy>XeHHbIE€ JUTHIE JETAIM ABUALMOHHBIX NPHOOPOB (Hampumep,
KOpIIyca PeAyKTOPOB) M3rOTaBIMBAIOT U3 MAaTEPHUATIOB, MO3BOJIAIOIINX CHU3UTh Mac-
cy npubopa. BeiOpaTh IpOMBIIUIEHHBIN CIJIaB ¢ MUHUMAJIbHOM MIIOTHOCTHIO. [Ipu-

BCCTH €TI0 MApPKY, XUMHUYECKUI COCTaB, HABHAYCHUC JICTUPYIOHNIHUX IJICMCHTOB. Onu-
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caTb (pu3MUecKre, MEXaHWYECKHME M TEXHOJOTMUYECKHE CBOMCTBA CIUIaBa. YKa3aTb
C1oco0 MOBBILIEHUS €r0 MPOYHOCTH.

3. BeiOpaTe MapKy cTaiu Ui MaIOHATrPYKEHHBIX KPETIeKHBIX U3ACTUI U ApY-
UX MaJIorabapuTHBIX JeTanei mpuOopoB (BUHTOB, raek, OCcei, pe3bOOBBIX OMpaB IS
onTtuueckux neraineil). Kakue cBoiicTBa Takux crajneil o0ecreynBaOT BO3MOKHOCTD
MaccOBOT'0 IPOU3BOJACTBA AETalled HAa TOKApHBIX aBToMarax? ONMIIATE OCHOBHBIE
npueMbl (METaJUTyprudeckue, TEXHOJIOTUYECKUE), UCIONb3yeMble Ui JTOCTHKEHUS
3THUX CBOMCTB.

4. BpiOparh muacTMmaccy Ui M3TOTOBJICHHUS MPO3PAYHBIX INKal MPHOOPOB.
Onucatpk ee cocraB, CTpoeHUE, (HU3UKO-MEXaHUUYECKHUE CBOMCTBA M CIOCOO MoTyye-
HUS JI€TAJIEH.

Bapuanrt 6

1. BoiOpats criaB asist MeMOpaH, cuib(OHOB, 00J1aJaI0IMX HEMATHUTHOCTHIO
M CIOCOOHBIX  paboTaTh B  arpecCHMBHBIX  Cpelax TMpH  TeMmIeparypax
—200...+400°C. IlpuBecTn MapkKy ciuiaBa, XMMUYECKUI COCTaB, Ha3HAYCHUE JIETHU-
PYIOIINX 3JIEMEHTOB. YKa3aTh CIIOCOO M3TOTOBJICHUS TAKUX W3JIETUN U €r0 BIHSHUE
Ha cBOMcTBa criaBa. Kakoe mMexaHnueckoe CBOMCTBO OOECIEUYMBAET BO3MOXKHOCTD
JTaHHOTO criocoOa m3rotoBieHus? Kakyio omepamnuio cienyeT BKIIOYUTH B TEXHOJIO-
TUYECKUH mporecc st ooneryeHus GOpMOBAaHMS STUX U3CIIUNA U3 BHIOPAHHOTO Ma-
Tepuaa?

2. Ilepeuncnure OCHOBHBIC TPEOOBaHUS, MPEIBSIBISIEMbIE K MaTepHaiaM II0-
CTOSIHHBIX MarHuToB. BbiOpaTh HanOolsiee SKOHOMUYHBINA CIUIAB JIJISi M3TOTOBJICHUS
MIOCTOSTHHOTO MarHWTa METOJOM TOpsSYel ImTammoBKU. [IpuBecTH Mapky, Xumude-
CKUIl COCTaB, POJIb JIETHPYIOIIUX 3JIEMEHTOB U OCHOBHBIE paboune XapaKTePUCTUKU
criaBa. HazHauuTh pexxuMm TepMUYECKOM OOpaOOTKH, OOBSICHUTH €€ BIUSHHE Ha
CTPYKTYPY, (GDU3UYECKHE U MEXaHNYECKUE CBOMCTRA CIUIaBa.

3. HexoTopsle mecTepHu, YepBIKH, Peiku 3yOuaThIX nepeaad npudopoB U3ro-
TaBIUBAlOT U3 cTaau 20X. [To TEXHUYECKUM yCIIOBUSM TBEPAOCThH MMOBEPXHOCTH ITUX
neranedt gommkHa ObiTh HRC, 56...62. O60cHOBaTh MOCIEAOBATEILHOCTD ONEpaIiuii

00paboTKM JeTaniel, 00eCreynBaIONIUX 3aJaHHYI0 TBEpAOCTh. OOBICHUTH, KaK U3-
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MEHSIOTCS CTPYKTYpa M TBEPAOCTH CTAJIM HA KAXKJIOM JTalle IPUMEHIEMON TEXHOJIO-
TUU YIIPOYHEHUS.
4. TlepednciuTh OCHOBHBIE THIIBI IUIACTMACC, TPUMEHSEMBIX ISl U3TOTOBIIE-
HUS (POJIBIMPOBAHHBIX TUAJIEKTPUKOB. Kakoll marepuan cienyer Mpeanodyects AJis
II€YaTHBIX IU1aT, pabOTAOIIMX IPU MMOBBIIIEHHON BIaKHOCTU U UCIIBITHIBAIOIIUX 3HA-
YUTENbHBIE MEXaHW4Yeckue Harpy3ku? Onucatb cOCTaB, CTpOCHHE U (PHU3UKO-

MEXaHUYECKUE CBOMCTBA BEHIOPAHHOTO MaTepHaa.
Bapuanr 7

1. OcHoBaHue YacoBOro mexaHusma (IUIATUHY) M3TOTABIMBAIOT XOJOJAHOU
IITAMIIOBKOM C MOCJENyIoled pacTOuKol YyriayOneHUil W BBICTYNOB JUISI MOHTa)Ka
pasnuyHbIX Aetanedl. BeiOpaTh cruiaB ¢ BHICOKOH mi1acTUYHOCTHIO (O > 40 %), obOna-
JAoLUK Xopoleld 00padaThIBAEMOCTBIO PE3aHUEM, BBICOKUMH AaHTHKOPPO3UOHHBIMU
U JIeKOpaTHUBHBIMU cBoiicTBamu. [IpuBecTu MapKy, XMMHYECKUH COCTaB, OTMETHUTH
€ro BIMSHHUE HA CTPYKTYpPY, MEXaHMYECKHUE U TEXHOJOTMYECKHE CBOWCTBA CILJIaBa.
OOBsicCHUTH, KaK BIUSET MEXaHHYecKas 00paboTka Ha cBoiicTBa meramia. OO0OCHO-
BaTh B CBSI3U C 3TUM PEXUM TepMUYECKOr 00paboTKH, HE0OX0AUMOM nocie hopMo-
BaHUS MJIATHUHBI.

2. OTBeTCTBEHHBIE 3y0UaThie KOJieca BHICOKOW TOYHOCTH, UCTIOJIb3yEMbIE B pe-
nykTopax mpubopoB, umeroT TBepaocth HRC, 27..32. O6GocHoBaTh BBIOOP CTaiH
JAHHOTO HA3HAYEeHHsI, MPUBECTH €€ MapKy, XUMUYECKHI COCTaB, POJIb JETUPYIOIINX
sneMeHToB. HasHauuTh pexxuM HEoOXOauMoi TepMUYecKor 00paboTKH, yKas3aTb
OKOHYATEIbHYIO CTPYKTYPY U MEXaHUYECKHUE CBOMCTBA.

3. B xadecTBe omop KadeHHsI B IpUOOpax HCIONB3YIOT MAPHUKOBBIC MOAIIUII-
HUKU C HapyXHbIM auameTrpoM < 30 mm. BeiOpaTe Mapky ctanu sl U3rOTOBJICHUS
JeTajed TaKuX IMOAIIMITHUKOB. YKa3aTb XMMHMYECKHNW COCTAaB U POJb JIETHPYIOIIHUX
aeMeHTOB. Ha3HauuTh pexuM TepMUYecKoil 00padOTKU, MPUBECTH OKOHYATEIbHYIO
CTPYKTYpPY M TBEpJOCTh BbIOpaHHOU cTanu. Kakyro Mapky (4 mouemy) ciie1oBajio Obl
UCIOJIb30BaTh 7S IeTaie KpynHOrabapuTHOrO MOAUIUITHUKA?

4. BpiOpath 1uiacTMaccy ISl U3rOTOBJICHUS 3y0UaThiX KoJjiec OeCIIyMHBIX 3y0-
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yaTbIx mnepeaad npubopoB. IlpuBectn Mapky, cocTaB, CTpoeHHe U (PU3HKO-

MEXaHUYECKUE CBOMCTBA BHIOPAHHOIO MaTepHaa.
Bapuanr 8

1. Ans obecriedeHnsi OTHOCUTENIBHOTO TIOCTYIMATEIBHOTO MepeMeIeHus AeTa-
Jeil Wi y3710B MPUOOPOB MPUMEHSIIOTCSL YCTPOMCTBA, B KOTOPBIX KOHTAKThI pabouyux
MOBEPXHOCTEN MOABMIKHOIO y3ia (KapeTKH) W HEMOJABUKHOM HAIMpaBIISIIOLIEH OCY-
HIECTBIISIFOTCS Yepe3 CTaIbHbIC MApUKHU (poiauku). BeiOparh cruiaB [j1si M3rOTOBIICHUS
TaKkoOW Hampabiisitonieil ¢ BbiIcokol TBepAocThio HRC, > 55 M M3HOCOCTONKOCTEHIO.
[IpuBectn Mapky ¥ XMMHUYECKUH cocTaB ciiaBa. OO0OCHOBATh PEXXUM TEPMHUUECKOM
00paboTKH. YKa3aTh OKOHYATEIBHYIO CTPYKTYPY U MEXaHUYECKHUE CBOICTBA CILIaBa.

2. Beibpath MapKy cIjiaBa Jjsi YIIOPHBIX (HE TOKOBEIYIIHNX) IUIOCKUX MPY>KUH
AJIEMEHTOB TNepekntoyareneid ((pukcaTopoB, KyJaukKOBbIX MeXaHuU3MoB). IlpuBectu
XUMUYECKUN COCTaB, PEXKUM YIPOUHSIONIEH TEPMUIECKON 00paOOTKH, OKOHYATEITh-
HYIO CTPYKTYPY U MEXaHUYECKHE CBOICTBA CILIaBa.

3. Jlnis Hepa3beMHBIX COCAMHEHUM JeTanell U3 XpynKuxX MaTrepuanoB (KepaMu-
KM, HEKOTOPBIX IIJJACTMAacC) TpeOyIOTCS 3aKJENKH C BBICOKOM IUIACTHYHOCTHIO
(0 = 45 %). BeibpaTh moaxoAsmuii 3aKJICTIOYHBIN MaTeprai. YKa3aTh MapKy, XUMH-
YECKHUI COCTaB, CTPYKTYpYy U cBoMcTBa. [IpuBecT MexaHMYeCKrEe CBOMCTBA CILJIaBa B
HCXOJIHOM COCTOSIHMM U TIOCJI€ PACKJICTIBIBAHUS U OOBSICHUTH IPUUUHY UX PA3IAUUS.

4. BpiOpaTh NOJMMEPHBIN MaTepHall JIJIsi TepMETU3alUK KopItyca npubopa, pa-
6oraromero npu HU3kUX (10 —80 °C) Temmeparypax. YKaszarh COCTaB, CTPOCHUE H

(pU3MKO-MeXaHUYEeCKUE CBOWCTBA MaTepuaa.
Bapuant 9

1. Basn moBOpOTHOrO yCTpOMCTBA TelecKona JI0OKEeH 001aaaTh BEICOKUM KOM-
IJIEKCOM MexaHn4yeckux cBorcTB (G, = 800...1000 MIla, 6 = 9...18 %) u Koppo31OH-
HOM CTOMKOCTHIO. BbIOpaTh MapKy cIijiaBa Jisi M3roTOBJICHUS Bayia. YKa3aTh XUMUYe-
CKMH COCTaB M HAa3HAYCHHE JIETUPYIOMMX 3jeMeHTOB. [IpuBectu pexum TepMuue-
CKOM 00pabOTKM, OKOHYATEIHHYIO CTPYKTYPY U MEXaHMYECKUE CBOIMCTBA CIUIaBa.

2. [Ins npenoxpaHeHus aetaned mpuOOpPOB OT BPEIHOTO BO3JEUCTBUS BUOpa-
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IIUH UX yCTaHABJIMBAIOT Ha aMopTHU3aTopax. BeiOpaTh cruiaB 1jis MpyKUHBI aMOPTH-
3aTopa ¢ BBICOKOW MPOYHOCTHIO (Gp, = 1600 MIIa). I[IpuBectn mapKy cruiaBa, XUuMu-
YECKUU COCTaB, HA3HAYCHUE JIETUPYIOIIUX JIEMEHTOB. YKa3aTh PEKUM TEPMUUECKOU
00pabOTKH, OKOHYATEJIBHYIO CTPYKTYPY U MEXaHMYECKUE CBOMCTBA CIUIaBa.

3. Harpy>kxeHHbIe JeTanu HECYIIMX KOHCTPYKIUN MpUOOPOB JIeTAaTeNbHBIX all-
1apaToB JIOJDKHBI UMETh BBICOKYIO YICNIbHYIO MPOYHOCTh. BwiOpaTh crutaB s
IITAMIIOBAaHHBIX KOPIYCHBIX J€TalIel MPUOOPOB € YIAEIbHONU MPOYHOCTHIO Gy /Y = 190
(os B MIla, miotHOCTB Y B F/CM3). Yka3aTb MapKy, XUMUYECKUN COCTAB, POJIb JIETH-
pyromux s1aemMeHToB. [IpuBecTn Qu3nuyeckue, MEXaHUUYECKHE M TEXHOJOTHYECKHE
CBOMCTBa cIUiaBa. Ha3zHauuTh peXuM TepMUUYECKOW 00pabOTKH, oOecreurBarOIINil
3a/IaHHYIO0 BEJIIMYMHY YJEIbHOW Mpo4yHOCTU. OnucaTh, KaK U3MEHSETCS CTPYKTypa H
MeXaHUYeCKHe CBOMCTBA CIIaBa Ha OTJEIbHBIX ATanax TepMUYECKON 00pabOTKH.

4. BpiOpaTe macTMaccy sl H3TOTOBJICHHMSI MaJIOHArpyXEHHBIX JeTajeu
yrIpaBiieHus: TpuOOpoB (KHOMOK, py4eK, MaXOBHYKOB U T.1.). Ommcarh €€ COCTas,

CTpoeHue, (PU3UKO-MEXAaHUUECKHE CBOMCTBA U CIIOCO0 MOTYUYEHHUs JeTae.
Bapuant 10

1. ObocHoBaTh BHIOOP CIUIaBa JUIsl TOKOMPOBOASIIMX MPYKUH C MPOYHOCTHIO
G; = 1000...1200 MITa. IlpuBectu Mapky, XUMHUYECKUA cOCTaB, GU3UIECKUE U MeXa-
HUYECKHE CBOMCTBaA crulaBa. Ha3HauuTh pesxuM TepMHUUecKoil 00paboTku, obecnedn-
BAIONIUH 3aJJaHHBIA YPOBEHb MPOYHOCTU. OOBSICHUTH BIUSHHUE CTPYKTYPHBIX U3MeE-
HEHUM, MPOUCXOAUIUX Ha OTIEIBHBIX 3Tarax TepMoOoOpaOOTKU, HA MEXaHUYECKHE
CBOWCTBA CIUIaBA.

2. BoiOpath ctanb ajist oTBeTcTBeHHBIX (G, = 900...1000 MIla) kpenexHbIX ae-
Taneil (00ATOB, BUHTOB, IIMUJICK), UCIBITHIBAIONIUX TIPH paboTe 3HAYMTEIBLHBIC TTU-
HaMHU4Yeckue Harpy3ku. [IpuBecTu MapKy cTanu, XMMUYECKUH COCTaB, Ha3HAUYCHUE
JIETUPYIOIIUX AJIEMEHTOB. YKa3aTh PEKUM HEOOXOJAUMOUN TepMHUUECKON 00paboTKw,
OKOHYATEIbHYIO CTPYKTYPY U MEXaHUYECKHE CBOMCTBA CTAJIH.

3. MHorue nertanu HeCylUIMX KOHCTPYKUUWA MPUOOPOB M3rOTABIMBAIOT METO-

JIOM XOJIOJHOM MJIacTUYeCKOH Jegopmannu. YKazaTb OCHOBHOE TpeOoBaHUE, NTPEIb-



- 262 -

ABIIIEMOE K MaTepHajaM Takux u3faenuidl. BeiOpaTh SKOHOMHYHBIN CIIaB ISl JIeTa-
Je¥ CTallMOHapHBIX MPUOOPOB, U3rOTaBIMBAEMBIX INIYOOKON BBITSKKON (KOPILYCOB,
KOXYXOB, KOJIMAYKOB, cTakaHOB). [IpuBecTn MapKy, XUMUYECKUI COCTaB U MEXaHU-
YECKHE CBOMCTBA cIaBa. OTMETUTH CBA3b MEXK/Y €r0 XUMHUECKUM COCTaBOM U TEX-
HOJIOTUYECKUMH CBOWCTBaMU. OOBACHUTD BIMSHUE JTAHHOTO CIIOCO0a M3rOTOBJICHUS
JeTajel Ha MEXaHUYECKHUE CBOKCTBA UCIIOIb3YEMOTO MaTEpHaIa.

4. Tlepeyucnurh IMOIMMEPHBIE MaTEPHUAIbl, MPUTOIHBIE JJI W3TOTOBIICHHUS
IPO3PAaYHBIX KOJIMAYKOB CUTHAJIBHBIX (poHapei mpubopoB. BeiOpaTe marepuan aaH-
HOTO Ha3HaueHWs Il paboThl B TemmepaTypHoM auana3zoHe —60...+90°C; onucathb

COCTaB, CTPOEHHUE U (PU3NKO-MEXAaHUYECKHE CBOMCTBA.

4.1.2.6. BATAHUE HA BTOPYIO YACTH KOHTPOJIbHOM PABOThHI
JJIA CTYAEHTOB CIHIEIUAJIBHOCTH
200402.65

Bapuanr 1

1. HekoTopeie oCcTpble XUPYyprudeckue MHCTPYMEHThI C BHICOKOW TBEPAOCTHIO
(HRC, 62...64) u3roraBauBaioT U3 YIJIEPOAUCTBIX W HU3ZKOJIETHUPOBAHHBIX CTascil.
BribpaTe Mapky cTamm Uisi TAKOTO MHCTPYMEHTA, yKa3aTh €€ XMMHUYECKHI COCTaB.
[IpuBectr pexuM TEPMUYECKON O0OpabOTKHU M CTPYKTYPY CTaH, 00ECIICUMBAIOIIIE
3a/laHHbIN ypOBEeHb TBepAOCTU. OOOCHOBATH MPEELIbHYIO TEMIIEpATypy Harpena, Ko-
TOPYIO MOKHO HCITIOJIb30BaTh MPHU MHOTOKPAaTHOM "TEIJIOBOM CTEpMIIM3aLUU" TaKoro
UHCTPYMEHTA.

2. OGOCHOBATh BHIOOP JIETKOro (ILIOTHOCTH ~ 2,7 I/CM’) CIUIaBa ISl H3TOTOB-
JICHHS IITAaMIIOBAaHHOTO QYTisipa Isl MUKPOXUPYPrudeckoro nHCTpyMmenTa. [IpuBec-
TH MapKy, XMMUYECKUN COCTaB, MEXaHMYECKNE U TEXHOJIOTUYECKUE CBOMCTBA CILja-
Ba. OOBIACHUTH, KaK (M MOYEMY) BJIMSIET CIIOCOO M3TOTOBJICHUS TAaKOTO U3JEIUS Ha
MexaHU4ecKue cBoMcTBa ciiaBa. Kakas repMuueckas o0paboTKa J0HKHA MPEIIIecT-
BOBATh IITAMIIOBKE MU3/1€THs?

3. Jlns ynaneHust u3 ria3za HHOPOJHBIX (DEpPOMATHUTHBIX TEJ MPUMEHSIOT JIH-
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TOM TIOCTOSIHHBIN MarauT. [lepeunciants TpeOOBaHUs, IPEABSIBISIEMBIC K MaTepHaIaM
MOCTOSTHHBIX MAarHWTOB, W BHIOpaTh CIUIaB JAaHHOTO HAa3HA4YCHHUS. YKa3aTh MapKy
CIuTaBa, (pu3MYECKUe U TEXHOJIOTHYECKUE CBOMCTBA. OOBSICHUTD, KaK BIUACT TPUME-
HsieMas TepMUYecKas 00pad0oTKa Ha MAarHUTHBIC XapaKTEPUCTUKH CIUIABA.

4. BpiOpaTh MOJMMEPHBIA MaTepHall, COYETAIIMNN JOCTATOYHYIO MPOYHOCTH
(05 = 16...18 MIla) u Beicokyt0 mIacTuaHOCTH (O 10 1000 %), 11st MATKMX €MKOCTEH
pPa3IUYHOTO Ha3HA4YeHUs (HAmpuMep, IIMPHUI-TIOOUKOB OJHOPA30BOTO HCITOJIH30Ba-
Hust). [IpuBectn CTpyKTypHYIO (HOpPMYITy, XHMHUYECKHE W MEXaHHMYECKHE CBONCTBA
MaTepuania.

Bapuanr 2

1. CoenuHuTENbHBIM BUHT B KOHCTPYKIMU FOJIEHOCTOMHOrO MPOTE3a MOABEP-
raeTcsl 3HaUUTEIbHBIM CTaTH4YeCKuM (o > 600 MIla) 1 nuHaMHUYECKUM Harpy3Kam.
Boi6pars mapky cranu juist BuHTa auamerpoM 10 mwm. IlpuBectu pexxum HeoOXoau-
MOU TepMUUYecKoil 00pabOTKH. YKa3aTh OKOHUATEIbHYIO CTPYKTYPY U MEXaHUYECKHUE
cBoiicTBa crainu. OOBSICHUTH, KaKyl0 CTallb CIE0BAJIO Obl MCIOJIL30BATH JIJISI BUHTA
nrametpoM 20...25 Mm.

2. Jlna cHM>KeHUsl Beca MEPEHOCHBIX MEAUIIMHCKUX MPUOOPOB UX JIETAIH CTa-
paroTcs M3roTaBlIMBaTh M3 MATEpUAJIOB C HEBBICOKOW TUIOTHOCTHIO. BbIOparh mpo-
MBIIUICHHBIM CIJIaB ¢ MUHUMAJIbHOW IJIOTHOCTBIO JJISi M3TOTOBJICHUS MajoOHarpy-
KEHHBIX JIUTBIX JIeTaneil Takux npuoopoB. [IpuBecTH MapKy U XMMHUUYECKHI COCTaB
crutaBa. Onucarh (pU3nyecKkue, MEXaHMYECKUE M TEXHOJIOTMYECKHe CBOMCTBa. YKa-
3aTh CIIOCOO MOBBIIICHHS TPOYHOCTH CILJIABA.

3. O6paboTka 3manu 3yda, mIoM0, MEXaHMYECKUX KOHCTPYKIIMHM 3yOHBIX IPO-
TE30B Ha BBICOKOCKOPOCTHBIX CTOMATOJOTHYECKUX YCTAHOBKAX MPEIBSBISIET K pe-
KyILEel yacTu OOpPOB BBICOKME TpeOOBaHHUS MO TEIIIOCTOMKOCTU. BBIOpaTh 1ms 3ToM
eI MaTtepuan ¢ TEIIOCTOMKOCThIO f53 10 800 °C. IlpuBectr MapKy, XUMUUYECKUN
COCTaB CIIaBa, Ha3HAYEHHE OTAENbHBIX 3JIEMEHTOB. OnucaTh croco0 M3rOTOBIICHUS
CILIaBa, €r0 CTPYKTYPY, MEXaHUUYECKHUE U TEXHOJIOTMUYECKHUE CBOMCTBA.

4. B Hacrosiiee Bpems IHUPOKO MPUMEHSIOTCS CBETOOTBEPKIAEMBIE TIOJIUMED-

HbIE TUIOMOMPOBOYHBIE MaTepuaibl. KakoBel mpHupoaa M Ha3HAUYEHUE KOMIIOHEHTOB
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Takux matepuanoB? B ueMm 3akmrodaercss poib CBETOBOro obmydeHus rmioMOsr? Ka-
KH€ U3MEHEHUS B CTPYKTYpE U CBOMCTBAX IJIOMOMPOBOYHOIO MaTepHajia OHO BbI3bI-

BaeT?
Bapuanr 3

1. MHorue miIOMOMpPOBOYHBIE MaTE€pUANIbl COJAEPKAT XMMHUYECKH AKTHBHbBIE
KOMITOHEHTBI M JIUCIIEPCHBIE MUHEPAJIbHBIE HAIMOJHUTEIN C BBICOKON TBEPAOCTHIO.
[Ipu 3amemmBaHuM MIOMOMPOBOYHON MAcCChl METAUIMYECKUM IINATEIEM MPOIYKTHI
€ro M3HOCa MOTYT MOBJUATh Ha OKpacKy miaomObl. ChopMynupoBaTh TpeOOBaHMS,
OpeabsIBIsieMble K MaTepually Takoro mmaress. BeiOpate MapKy cTanu, yKa3aTbh XH-
MUYECKHUN COCTaB U POJIb JETUPYIOLUX JIEMEHTOB. HazHauUTh peXUM TEPMUYECKOU
00paboTkH, oOecreynBarOIIMi TpeOyemMble CBOIMCTBAa JaHHOTO MHCTpymeHTa. IIpu-
BECTU OKOHYATEJIbHYIO CTPYKTYPY U TBEPIOCTh CTAJIH.

2. BopoHka a1 00ciieJoBaHNs HAPY>KHOT'O CIIyXOBOI'O KaHaljla U3rOTaBJINBAECT-
Csl XOJIOJHOW INTaMIOBKOM M3 CIJIaBa Ha OCHOBE Menu. BriOpaTh Hambonee moaxo-
TAUIYIO JUIS 3TOM LIEJIM MapKy CIUIAaBa, YKa3aTh €ro XMMUYECKUI COCTaB U MEXaHHUYe-
ckue cBoMcTBa. OTMETUTH CBA3b MEXIY XUMHUYECKUM COCTaBOM, CTPYKTYPOM, Mexa-
HUYECKUMHM U TEXHOJIOTUYECKMMHU CBOMCTBAMU CIUIABOB JaHHOW Tpymmbl. OObsc-
HUTb, KaK BIUSET CIIOCOO M3rOTOBJIEHUS BOPOHKM HAa MEXAHWYECKUE CBOMCTBA CIIjIa-
Ba.

3. BoiOpate MapKy cTanu i cilabOHarpy>KeHHbIX KpEMeXHbIX U APYTUX ce-
PUMHBIX JeTaneil mpuOOpoB (BUHTHI, TaAKU, OCH, BAJIUKU M T.N.). YKa3aTh XUMUYeE-
CKUH COCTaB U POJb OTAETBHBIX 31EMEHTOB. OTMETHTH OCOObIE CBOMCTBa cTayen
JAHHOT'O Ha3HAYEHUs!, 00ECIIeUNBAOIINE BO3MOKHOCTh MAaCCOBOI'O IMPOU3BOJICTBA Jie-
Tajeil Ha TOKApHBIX CTaHKax-aBToMmaTax. OnucaTh METaNTypruyecKue U TEXHOJIOTHU-
YECKHE ITPUEMBI, UCIIOIB3YEMBIE JIUISl JOCTUKEHUS ITUX CBOWCTB.

4. IIpu Xupypru4eckoM JICYEHUN KaTapaKThl IPOU3BOAMUTCS MMIUIAHTALUS WH-
TpaokyJsipHOi auH3bI (MOJI) - nckyccTBeHHOro xpycranuka. llepedyncianTs ocHOB-
HbIe TpeOoBaHus, peabsBagembie K Mmatepuany NOJI. BeiOpaTh nonumepHbiii MaTe-

puan miist uzrotosneHus xectkux MOJI, onucate ero cocras, CTpOCHHE U CBOMCTBA.
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Bapuanr 4

1. BeiOpath criiaB Jj1s1 HAKOHEUHHMKA "TJIa3HOTO MarHuta' MepeMEeHHOTO TOKa,
MPUMEHSIEMOTO JIJIsl yAaJICHUs U3 TJ1a3a UHOPOAHBIX (PEppOMarHUTHBIX Te (CTaTbHOMN
CTPY’KKH, ONUJIOK U T.I1.). [I[puBecTH MapKy CIjlaBa U XUMHUYECKUN COCTaB, OTMETUTh
BJIMSIHUE OTJACJIbHBIX 3JIEMEHTOB Ha €ro cBoMcTBa. HazHayuTh pekuM TEpMHUUYECKOM
00paboTKH, OOBSICHUTH €€ BIMSTHUE HA OCHOBHBIE pa0oune XapaKTEPUCTHKH CIUIABa.

2. Ilpu W3BNEYEHWH WHOPOJHBIX TEN M3 TJia3a C MOMOIIbID MarHUTa MpUMe-
HSIEMbI OPTaTBMOJOTHYECKUN UHCTPYMEHT (MUHIETHI, BEKOPACIIUPUTEIIN) TOHKEH
OBITh HEMarHUTHBIM. BBIOpaTh CTaJIb 111 TAKOTO MHCTPYMEHTA, YKa3aTh MAapKy, XH-
MUYECKUNA COCTAB U POJIb JIETUPYIOIIUX 3JeMEHTOB. Onucarb CTpYKTypy, MeXaHUuYe-
CKHE U TEeXHOJIOTHYeCKHe cBOMCTBA. OOBSICHUTH, KAKUM MyTEM B U3JICIUSIX U3 TaKOU
CTaJIu JOCTUIaeTCsl MAaKCUMaJIbHAsI IPOYHOCTh. B ueM npuunHa 3TOro ynpouHeHus?

3. Jlutble AeTalii MEPEHOCHBIX MEJMIIMHCKUX MpUOOpOB (HampuMmep, KOpIyc
TOHOMETpPA) M3TOTABIMBAIOT U3 JIETKMX CIUIABOB (ILIOTHOCTB ~ 2,7 I/CM’) C IPOYHO-
cThi0 G, ~ 180...260 MIla. BriOpaTh MapKy cruiaBa, IpUBECTH XUMHYECKUM COCTaB.
OnucaTth MEXaHMYECKHME U TEXHOJOTMYECKHE CBOMCTBA CIUIaBa. YKas3aTh CIOCO0
YIIYUYIIEHUS CTPYKTYPHI CIUIaBa, MOBBIIAIOIINWNA €0 SKCILTyaTallUOHHBIE CBOWCTBA.

4. Tlonyuenue "OTTHCKA" YENIOCTEH SBIAETCS IEPBOM orlepanueil 3yOHOro
npoTe3upoBaHusi. J[j1sl 3TOro MIUPOKO UCTONIB3YIOT CHIIMKOHOBBIE OTTUCKHBIE MaTe-
puanbl, B COCTaB KOTOPBIX BXOJSAT MOJUMEp (AMMETUIICUIIOKCAH) U KAaTalIu3aTop, a
TaK)ke€ MOTYT MPHUCYTCTBOBATh HAIOJHUTENU U IiacTudukaTopsl. KakoBo HazHaue-
HUE YKa3aHHBIX KOMIIOHCHTOB JaHHOW KoMMo3uInu? B kakom ¢Gu3H4ecKoM COCTOsI-
HUU HAXOAMUTCS TMOATOTOBJICHHas K paboTe oTTHCKHas macca? Kak M3MEHSIOTCS ee

CTPYKTYpa U CBOICTBa B npouecce (opMOBaHUS OTTUCKA?
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Bapuanr 5

1. Pexyuuii Xupyprudeckuii ”HCTpYMEHT (HOXKH, CKaJbIENIH, HOXKHUIIBI, MH-
JbI) JOJKHBI UMETh BBICOKYHO TBepaocTh (HRC, 57...62) u KOppO3HOHHYIO CTOM-
KOCTh. BbIOpaTh MapKky cTanu JijIsi M3rOTOBJIEHUS TaKOr0 MHCTPYMEHTA, YKa3aTh XH-
MUYECKUI COCTaB U POJIb JETUPYIOMINX JIEMEHTOB. HazHAunTh peXxuM TEPMHUUECKOMN
00pabOTKM Ha 3aJaHHYIO TBEPAOCTh. [ [pMBECTH OKOHUATENBHYIO CTPYKTYPY CTaJu.

2. BeiOpaTh criaB 715t MPOBOJIOYHOTO JIEKTpoAa - "mpuxkurarensa” opraibmMo-
JIOTUYECKOTO TepMoKoaryisitopa (yaelbHOe anekTpoconporuBienue p =~ 1,0...1,5
MKOMm:-M). [IpuBecTn MapKy, XUMUYECKHI COCTaB U CBOMCTBA CIlJIaBa. YKa3aTh CBS3b
MEXITy XUMHUYECKUM COCTaBOM, CTPYKTYpOU U cBOMCTBaMH ((DU3UUECKUMU, MEXaHH-
YECKUMH, TEXHOJOTUYECKUMHU) CIJIABOB JAHHOTO HA3HAYEHUSI.

3. BeiOpath HETOPOTYIO CTajb I MPYKUHHBIX 32)KHMOB PE3HMHOBBIX TPYOOK.
Onucarb XxapakTepHbIE CBOWCTBA CTAJIEW JAHHOM IPyIIbl. YKa3aTh MapKy U XUMUYeE-
CKMii cocTaB cTtanu. HazHauuTh pexxum TepMUYECKOM 00pabOTKH, MPUBECTH OKOHYA-
TEJIbHYIO CTPYKTYPY U MEXaHUYECKUE CBOWCTBA CTaJIU.

4. BriOpaTh MOJUMEPHBIA MaTepual Uisl U3 BHYTPEHHETO MpOTE3UpPOBa-
HUA (KJIamaHoB cepAlla, KPOBEHOCHBIX COCYJIOB), a TaKKe J1adOpaTOpHOU MOCyAbl U
€MKOCTEH JUIsl XpaHEHUs XMMUYECKH arpeCCUBHBIX JKUIKOCTEH. YKazaTh Kiaccudu-
KallMOHHYIO TPYNIy MaTepuaja U €ro CTpykTypHyro ¢opmyny. OnucaTe CTpoeHHE,

IPUBECTU XUMHUECKHUE U PUZNKO-MEXaHUYECKHE CBOMCTRA.
Bapuanr 6

1. JIns u3MEHEHUs HalpaBieHUs BpalleHUs Baja B YIJIOBOM HAKOHEYHUKE
AJIEKTpUYECKO OOpMalIMHbI IPUMEHSETCs 3yOuaTas nepegada, cocToslas u3 mpo-
JOJIbHOW M momnepedHou mmectepeH. OOOCHOBaTh BHIOOP CTaM JjIsi U3TOTOBJICHUS
LIECTEPEH C BBICOKOW M3HOCOCTOMKOCTBIO. IIpuBECTM MAapKy M XMMHUYECKHM COCTaB
ctanu. OnucaTh cocod yNpOUYHEHUS MOBEPXHOCTU U PEXKUM TEPMUUYECKON 00padoT-
KM LIECTEPEH; YKa3aTh OKOHYATENBHYIO CTPYKTYPY U TBEPAOCTD.

2. BeiOpaTh MapKy cTaylu A XMPYPrUUECKUX CIIMBAIOMIUX W (TBEPAOCTb

HRC, 48...52). Yka3zarh XUuMHUYECKU COCTaB, POJIb JISTUPYIOUIUX JIEMEHTOB, PEKUM
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TEPMHUIECKON 00pabOTKH U OKOHYATEIbHYIO CTPYKTYPY CTAJIH.

3. Marepuai crivpaiy MEAUIIMHCKOTO MEMOpaHHOTrO MaHOMeTpa (TOHOMETpa)
JOJDKEH 00€CTIIEYUTh BBICOKYIO UYBCTBUTEIBHOCTH YNPYTOTO 3JIEMEHTA U HE3aBUCH-
MocTh MofyJisi yripyroct (E) oT konebanuit temnepatypbl. BeiOpath criiaB ¢ BbICO-
KUMH YIIPYTUMH CBOWCTBaAaMH U MOCTOSSHHOW BennuuHOU E. IIpuBectu mapky, Xumu-
YECKUU COCTaB, (PU3MYECKUEe W MEXaHMYECKUE CBOMCTBA ciuiaBa. HazHAUWTh pexum
TEPMHUUYECKON 00pabOTKU, OTMETUTH €€ BIMSHUE Ha CBOMCTBA CILJIaBa.

4. BpIOpaTh MOJMMEPHBIA MaTepHal C BBICOKOW MpouyHOCThIO (G, =~ 30...60
MIla) st U3roToBieHUsl JeTanel MHbEKIMOHHBIX HIIMPHUIIOB, KOPITYCOB MEIUIMH-
CKHUX TIpHOOPOB M T.I. YKa3aTh KIACCH(PUKAIMOHHYIO TPYIITy MaTepuasa, MPUBECTH

€ro CTPYKTYpPHYIO POpMYJTy, XUMMHUUECKHUE U (PU3NKO-MEXaHUYECKUE CBOMCTRA.
Bapuanr 7

1. ®pe3br s 06paboTku 3yOHBIX MPOTE30B JOJDKHBI 00J1a1aTh MOBBITICHHOM
TEMI0CTONKOCTBIO (253 10 500 °C). BeiOpath Mapky cTayiv 1l JaHHOTO TPUMEHEHUS,
yKa3aTh XUMHYECKUM COCTaB W POJIb JICTUPYIOIIMX 3J€MEHTOB. HazHauuTh pexum
TEPMHUYECKON 00pabOTKH M OMHCaTh MPOUCXOJAIINE MPU ATOM CTPYKTYpHBIC Ipe-
BpalleHus B cTaiu. [ [puBecTH OKOHYATENBbHYIO CTPYKTYPY U TBEPIOCTh CTaJIN.

2. IInara, Ha KOTOPOW MOHTUPYIOT MEXAHU3M TOHOMETPA, U3TOTABIUBACTCS U3
CIUTaBa HAa OCHOBE MEIIU C MPOYHOCTHIO G, = 400...650 MIla u oyens xoporei oopa-
0aThIBAEMOCTHIO pe3aHueM. BriOpaTh MapKy cruiaBa, yka3aTh XMMHUYECKHH COCTaB.
OTMETUTh BIUSHUE OTAECIBHBIX XMMHUYECKUX DJIEMEHTOB Ha CTPYKTYpy, MEXaHUYe-
CKME W TEXHOJIOTMYECKHE CBOMCTBa CIUIaBa. [IpuBecCTH MeXaHHYECKHE CBOWCTBA
cruiaBa. [10ACHUTD, KAKUM COCTOSIHUSIM CILIaBa COOTBETCTBYIOT YKa3aHHBIC B 3a/IaHUU
HVDKHUAW U BEPXHHM NPEIEIIbl TPOYHOCTH.

3. B xauecTBe onopsl poTopa TypOMHBI THEBMATUYECKOW OOpMAIIMHBI UCTIOJb-
3YIOTCSl JIBa MaJIOrabapUTHBIX IIAPUKOBBIX MOAIIMIIHUKA. BeIOpaTh MapKy cranu Juis
W3TOTOBJICHUS JleTaliel (IIapuKOB, KOJICI) TAKUX MOJAIIUITHUKOB, MPUBECTH XUMUYE-
Ckuii cocTaB. Ha3zHauuTh peXuM TEPMHUYECKOW 0OpabOTKH ITHX JeTajei, yKaszarhb

OKOHYATENbHYIO CTPYKTYPY U TBEpAOCTh cTanu. Kakyio Mapky craiu cienoBaio Obl
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UCIIOIb30BaTh NIl J€TAJIe KPYMHOrabapuTHOTO MOJIIMIIHUKA (Hampumep, ¢ Jua-
MeTpoM IapukoB 20 mm)?
4. B Xxupypruu B Ka4eCTBE IIOBHOIO MaTepUalIa MIMPOKO UCIOIb3YIOTCS HUTH
U3 KarnpoHa (HeiioHna). KakoBbl XMMHYECKUI COCTaB U CTPOCHHE ITOTO MaTepuaia?

[IpuBenuTe ero cBoiCTBa, 00ECIIEYNBAIOIINE BO3MOKHOCTh JAHHOTO MPUMEHEHHS.
Bapuant 8

1. BeiOpaTh MapKy cTaju JUlsl IITAMIIOBAHHBIX 3yOHBIX KOPOHOK. YKa3aTh XU-
MHYECKUH COCTaB U POJIb JIETUPYIOIIMX 3JIEMEHTOB, IIPUBECTH CTPYKTYPY U CBOKCTBA
ctanu. OG0CHOBATH PEXUM TEPMUUYECKOIN 00pabOTKU mepes] onepanueii mTaMIOBKH.
OOBACHUTB, KAKOE HEXKENATEIbHOE U3MEHEHUE B CTPYKTYpE M CBOMCTBAX CTald MO-
KET MPOU30UTH, €CIIM KOHCTPYKIIMS MPOTE3A IPEAYCMATPUBAET CBAPKY KOpOHOK. Ka-
KOBBI IIyTH NPEAOTBPALLEHUS ITOTO SIBJICHUSA?

2. Marepuasl MUKpOXHPYpPrU4€CKOI0 MHCTPYMEHTa (0CO00 TOHKHE IUHIIETHI,
JepKaTeIu UIJI U T.1.) JJI1 HEKOTOPBIX ONEpalfil Ha IJia3ax JI0JKEH 00J1a1aTh BbICO-
KoM npo4HocThiO (G, = 1100...1200 MIlIa), ObITh JIErKUM, KOPPO3UOHHOCTOWKUM H
HEMarHuTHeIM. BrIOpaTh nmoaxoasiuil cruias, yka3aTb MapKy, XUMHUYECKHIM COCTaB U
CTpyKTypy. Onucath (PU3MKO-XUMUYECKHE, MEXAHUYECKHE M TEXHOJIOIMYECKUE
cBoiicTBa. Ha3zHaunTh pexxum TepMUUYECKOW 00paOOTKHU il JOCTUKEHUS YKa3aHHOU
npoyHOCTH. [IpuBeCTH OKOHUYATEIBHYIO CTPYKTYPY U MEXaHWYECKHE CBOMCTBA CIUIA-
BA.

3. BriOpaTh HanboJee SKOHOMUYHBINA CIUIAB JJII U3TOTOBJICHUS IIITAMIIOBAHHO-
ro KO’KyXa CTallMOHApHOTI'O MEIUILMHCKOTo npudopa. IlpuBectn Mapky, XUMUYECKHI
COCTaB M MEXaHUYECKHUE CBOMCTBA CIUIaBa. OTMETUTH CBA3b MEXAY €r0 XUMUYECKUM
COCTaBOM U TEXHOJOTMYEeCKMMHM cBoWcTBaMU. OOBSICHUTH BIMSHHME croco0a H3ro-
TOBJICHUSI KOKyXa Ha MEXAHUYECKHE CBOMCTBA CILIABA.

4. BpiOpath MaTepual JUisl AIACTHYHBIX MEAUIMHCKUX HHCTPYMEHTOB (KaTeTe-
PBI Pa3IMYHOrO Ha3HAYEHUS, CUCTEMBI B3SITHSI U NIEPEJIMBAHUS KPOBU U T.I1.). YKa3aTh
KJ1acCU(PUKAMOHHYIO TPYNIy MaTepuana U €ro CTpyKTypHyr ¢opmyiy. Omnucartb

CTPpOCHUC, ITPUBCCTU XUMHUUYCCKHC U (bHBI/IKO-MexaHI/ILIeCKI/IC CBOMCTBA.
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Bapuant 9

1. B xadecTBe HampaBJISIOIEH, B KOTOPOM BpalllaeTcsl CTAIbHOM Bajl 3JICKTPHU-
YecKoM OOpMalIMHbl, UCIOJb3YETCAd METaUIMuecKas BTYJIKA - TOJIUITHUK CKOJIbXKe-
Husi. KakoBo ocHOBHOE TpeOoBaHUe, MPEAbSIBISIEMOE K CIUIaBaM JUIsl TIOJIIITUITHUKOB
CKoIbKeHUs1? BriOpaTh MapKy cruiaBa yKa3aHHOTO Ha3HAYEHUSI C YYETOM BBICOKOM
ckopoctu BpamieHus Basa (30000 06/mun). [IpuBecTn XxuMudeckuii coctaB u GHU3H-
KO-MEXaHHUYEeCKUEe CBOMCTBA cruiaBa. OmucaTh €ro CTPYKTYpHBbIE OCOOCHHOCTH M UX
BJIMSIHUE HA OCHOBHYIO pa00uyI0 XapaKTEPUCTUKY TAKOTO MOJIIUITHUKA.

2. Hexortopbsle XMpyprudecKne MOJIOTKM H3TOTaBIMBAKOT M3 YTJIEPOAMCTOU
ctanmu. ChopmynupoBarh TpeOOBaHUSA MO MEXAHWUYECKUM CBOMCTBaM, MpeabsBIIsie-
MbI€ K TaKOMY HHCTPYMEHTY. BbIOpaTh MapKy cTajiM, yKazaTh XUMUUYECKUU COCTaB.
O060CHOBATH PEKUM TEPMUUYECKON 00paOOTKH, MPUBECTH OKOHYATEIBHYIO CTPYKTYPY
Y MEXaHUYECKUE CBOKCTBA CTaJIH.

3. B siexTpudeckux cxemax HEKOTOPBIX JHATHOCTUYECKUX MPUOOPOB HCIIONh-
3YIOTCSI TOKOTIPOBOJSIINE MPYKUHHBIE KOHTAaKThl. BBIOpaTh crjiaB ¢ BHICOKUMU TI0-
Ka3aTeJsIMU 3JIEKTPONPOBOAHOCTH, YIIPYTOCTH U IPoyHOCTH (G, = 1100 MIla). ITpu-
BECTU MapKy, XMMHYECKUI cOCTaB M (PU3MKO-MEXaHUYECKUE CBOMCTBa criaBa. Ha-
3HAYUTh PEXKUM TEPMUUYECKOH 00pabOTKH, 00ECTIeUMBAIONINI 3a/laHHBI YPOBEHD
npoyHOCTH. OOBSICHUTH BIMSHUE CTPYKTYPHBIX M3MEHEHHUU, MPOUCXOAIINX Ha OT-
JEIbHBIX ATanax TepMooOpabOTKH, HAa MEXaHUYECKUE CBOMCTBA CIUIaBa.

4. IlepeyucauTh MOJUMEPHBIE MAaTEPHUAIIbl, UCTIOIb3YEMbIE JJIsI U3TOTOBICHUS
KECTKOM YMaKOBKH JIEKApCTBEHHBIX cpencTB. BriOpaTh MaTepuan 1jsi KOHTeHHepa
MOBBIIIIEHHON MPOYHOCTH (G, =~ 60...65 MIla). Ykazars kinaccupukanmoHHyO TpyII-
ny MaTepuaiga MU ero CTPyKTypHYyr (opMyiy, MPUBECTH XUMHUYECKHE U (PUBHKO-

MEXaHUYECKUE CBOMCTBA.
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Bapuant 10

1. B TypOuHHBIX OOpMalIMHax CKOPOCTh BpaleHus 6opa mocturaer 500000
00/muH. Ilpu 00paboTke TBEPABIX TKaHEHW 3y0a B TAKOM PEKUME pexyllas MOBEpX-
HOCTh OOpa cuiibHO HarpeBaetcs. OOOCHOBaTH BBIOOp cTanu 1jisi 6opa, obecredu-
BAIOIIMN €ro JJINTENIbHYI0 JKCIulyaranuto. [IpuBecTH MapKy, XUMHUYECKHM COCTaB,
POJIb JIETHPYIOIIUX 3JIEMEHTOB. Ha3HAUNUTh pexuM TEpMUUECKON 00pabOTKH, yKa3aTh
OKOHYATEJIBbHYIO CTPYKTYPY U TBEPAOCTH CTAJIH.

2. BeiOpathb crutaB juis HarpyKeHHbIX (6, = 1100...1200 MIla) BHYTpUKOCTHBIX
UMIUIAaHTaHTOB (HampuMep, BUHTOB ISl OCTEOCHUHTE3a), 00Ialaloliuid Xopouiei 6uo-
COBMECTUMOCTBIO U MHEPTHOCTBIO. YKa3aTh MapKy, XUMUYECKUN COCTaB U CTPYKTYPY
crutaBa. Ha3zHauuTh pexuM TepMHUECKOW OOpaOOTKM JUIsl TOJyYeHUs 3aJaHHOU
npoyHocTH. [IpuBecTH MexaHnYeCKre U TEXHOJOTMYECKHUE CBOMCTBRA CILIaBA.

3. B Mukpoxupypruu UCojiab3yrT KyCOUKH JI€3BUN 0e30MmacHbIX OpUTB U3 YT-
JIEPOJIUCTON CTaM, 3aKMMAEMble B CIIELMAJIbHBIX Aepikareisax. [IpuBectn Mapky u
XUMUYECKUN COCTaB Takou ctanu. HazHauuTh pexxum TepMUYECKOM 00pabOTKuU Jie3-
BUM, GOPMUPYIONTUN MX PEXKYIIHE CBOWCTBA. YKa3aTh OKOHUYATEIBHYIO CTPYKTYpPY H
TBEPJIOCTh CTaJIN.

4. Axpuiokcua - NOJUMEPHBIA CAaMOTBEPACIOIINN MaTepuaia, IPUMEHIEMBbI
U1 TUIOMOMPOBAHUS, U3TOTOBJICHUS IITU(PTOBBIX 3yOOB U MJIACTMACCOBBIX KOPOHOK.
OCHOBHBIMM KOMIIOHEHTaMH aKpPWJIOKCHAA SBIISIIOTCS AKPUJIOBBIE U SIOKCHUIHBIC
cMoJTblL, "uHHUIMaTOP" ¥ MONOTHIN KBapll ( = 10 %). KakoBa poib 3TUX KOMIIOHEHTOB?
Onumure METOIWKY MPHUTOTOBIEHHUS IUIOMOMPOBOUHOM Macchl. Kakoi ¢usmuko-
XUMUYECKUN TNpoLecC MHULIMUPYET 3Ta onepauus? Kak Biauser 3TOT mpouecc Ha

CTPYKTYypY U CBOMCTBa Marepuaia?
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4.2. UTOTOBBIA KOHTPO.Ib

Hrax, Ber ocBonnmm marepuan « OmopHbIA KOHCIIEKTa, BHITOIHAM HEOOXOTUMBIC
nabopaTopHbIe U KOHTPOJIbHYIO (M OHA 3auTeHa MpernoaaBaTesieM) padoTel. Octaercs

SaBCpHJa}OH_II/Iﬁ JTan y4eOHOT0 Ipolecca — MOATOTOBKA M cjada dk3amMeHa. HesaBu-

CHUMO OT q)OpMBI O6y‘{€HI/I}I IponcccC Caa4m 3K3aMCHA MMPOUCXOAUT OYHBIM ITYTCM, T.C.

IIPY HETIOCPEACTBEHHOM OOIICHUH C MPENOAaBaTEIEeM.
Jlist obyerdeHusi CaMOCTOSITEIBHON TIOJITOTOBKH K DK3aMEHY B TPEX CIICTYIOITIX

naparpadax JaHHON TeMbI IPUBEAEHBI BOOPOCHI JUIsl CAMOIPOBEPKH, TECTOBbBIE 3a]a-

HHUA UTOT'OBOI'O KOHTPOJIA M BOIIPOCHI (TGMBI) JJI OK3aMCHaA.

TemaTuka mpeacTaBiICHHBIX B 3THX Iaparpadax BOIPOCOB COOTBETCTBYET CO-
I[Cp)KaHI/IIO FOCYI[apCTBeHHBIX CTaHI[apTOB Ha I[I/ICI_[I/IHJ'II/IHy «MaTepI/IaHOBeI[eHI/Ie».
HOHSITHO, YTO B CBA3U C O6I/IJ'H/ICM I/ICHOJ'IB?)yCMBIX B HACTOAIIICEC BpeMH HpOMBIHIJ'IeH—
HBIX MaTepHaJIOB, 00bEM TEM, O UICIKAIINX U3YUCHUIO, KpailHe BEIIHUK.

OpHako He cienyeT BHnajgaTh B maHuKy! M3ydyeHue maHHOrO Kypca JOJDKHO 3a-
BEPIIUTHCS TeM, 4TO Bbl Oynere uMeTh MpejcTaBiIeHue 00 OCHOBaX MaTepHaIOBEIe-
HUSI, T.€. 3aKOHOMEPHOCTSIX, CBSA3BIBAIOIIMX XUMHUUYECKHIN COCTaB, CTPYKTYpPY U CBOM-
CTBa MaTepI/IaHOB " IIyTAX HCHGHaHpaBHGHHOFO U3MEHEHUS dTUX CBOUCTB.

3HaHWE ATUX 3aKOHOMEPHOCTEH MO3BOJISET MPOM3BOAUTH ONTHUMAILHBIA BBIOOD
MaTepHaJIOB U TEXHOJIOTHI X 00paOOTKH TS M3CIUA PAa3INYHOTO HA3HAYCHUS, YTO
1 SABJISICTCS LCIBRO MaTepHaHOBeﬂqGCKOﬁ IIOATrOTOBKH I/IH)KGHCpOB. COOTBCTCTBYIO-
MK y4eOHBIM MaTepHall pecTaBieH B «OMOPHOM KOHCIIEKTE» U y)Ke ocBoeH Bamu
B MPOIIECCE €TI0 M3YUYCHHS, a TAK)KE BBIMOJHEHHS KOHTPOJIBHON M JIaOOpaTOPHBIX pa-
0OT.

4.2.1. BOITPOCHI JJIs1 CAMOIIPOBEPKHA

Tema 2.1.1
1. B 4eM CyIIHOCTh METa/UIMYECKOM MekaToMHOW cBsa3u? Kak cka3biBaeTcs
XapaKTep MEKaTOMHOM CBSI3M Ha CBOWCTBAaX METaJUIOB?
2. KakoBbl 0COOCHHOCTH KPHUCTAJUIMUYECKOTO CTPOEHUS TEJl MO CPaBHEHUIO C
amopbHbIM cTpoeHrem? IlepeuncinTe OCHOBHBIE THUIBI KPUCTALIUYECKUX PEIICTOK

METAJUIOB U JANUTE UX XapaKTEPUCTUKY.
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3. Uto Takoe aHM3OTPOMHS CBOMCTB METANIOB U B 4eM €€ (u3mdeckasi CyIil-
HOCTh? [IpuBeauTE NpaKkTUYECKHE MPUMEPHI AHU30TPOITUHU CBOMCTB B METAJIJIAX.

4. B 4yeM oOTIIMYHME KPUCTAUIMYECKOTO CTPOCHUS PEATBHBIX METaIOB OT
CTPOCHMSI  HJICAJIbHOW KpHCTaluinueckoil pemetkn?  Ha3zoBuTte BUIObl  HECOBEp-
HIEHCTB KPUCTALUIMYECKOTO CTPOCHUS METAIJIOB U JJAUTE UX KPATKYIO XapaKTEPUCTH-
Ky. Uro Takoe nucnokanuu? Kak BIHSIOT HECOBEPIICHCTBA KPUCTAJIIUYECKOTO
CTPOEHMS HA CBOKMCTBA METAJIIIOB?

5. Ilouemy mpPOYHOCTH PEaJbHBIX METAUIOB BO MHOI'O Pa3 HUXKE TEOpETHYE-
CKOWM MPOYHOCTH HJCAIBbHBIX KpUCTAIIMYECKUX Ten? KakoBbl MyTH MOBBIIICHUS

IIPOYHOCTH METAIIOB?

Tema 2.1.2

1. JlaliTe XapakTepUCTUKY PACIUIaBICHHOTO COCTOSIHUS METAJUIOB C TOUYKHU 3pe-
HUS1 0COOEHHOCTEN B3aMMHOI'O PACIIONOKEHHS AaTOMOB.

2. Kak npoHCcXOIHUT MpOLEcC KPUCTAUIM3AUA METAUIOB U3 PACIUIABIEHHOIO
coctosiHuA? Kak 00pa3zyeTcst 3epHUCTOE CTpoeHUE MeTalIoB? UTo Takoe NEHIpUTHI U
KaKOB MEXaHU3M 00pa30BaHUs ACHAPUTHOTO CTPOCHUS METAJIJIOB?

3. KakoBa sHepreTnyeckas CyIHOCTb IIporecca Kpuctamumnzanuu? Kak oobsic-
HUTH MPOIECC KPUCTAIUIM3ALMN C TIO3UINI HEpaBEeHCTBA YPOBHEW CBOOOJHON 3HEp-
MU METAJIJIa B PACIIABIIEHHOM U TBEPAOM COCTOSIHUM?

4. KakoBa 3aBUCMMOCTbh CKOPOCTH 3apOXKJACHUS U pOCTa KPUCTAIIIOB OT CTEme-
HU nepeoxiiaxaeHnsa? OObsACHUTE HA OCHOBE 3TOM 3aBUCHUMOCTH IIPUUMHY 0Opa3oBa-
HUS JIUTBIX METAJJIOB C KPYITHBIM U MEJIKUM 3€PHOM.

5. KakoBblI yClIOBHS MOJTYYEHUSI METAINIOB B aMOP(PHOM COCTOSIHUM (METaJUIH-
4ecKuX CTeKkoi)? B uem 3akirodaroTcss 0COOEHHOCTH CTPOEHHUS U CBOMCTB TaKUX Ma-
TepuagoB?

6. KakoBa poisib TBEpAbIX NpHUMeEcEe NpH KpUCTaIM3auuu? YTo Takoe Moau-
¢uumpoBaHue MeTalla U KakoBa (pU3MYECKasi CyLIHOCTh 3TOT0 mpolecca?

7. OOBSICHUTE C TOYKHM 3PEHHS 3aKOHOMEPHOCTEH KpUCTAIIM3ALUU MeTalljia
0COOEHHOCTH CTPOEHHUS METAINTINYECKOTO CIUTKA.

8. Uto Takoe monumopduszm? Pacckakute 0 moauMop(HBIX MPEBPALICHUSIX B

xenese. [Ipu kakux Temmeparypax OHU COBEPILAIOTCS?
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Tema 2.1.3

1. KakoB MexaHu3M 1miactuyeckoi nedopmanuu B metaiax? Kakoe BiusHue
OKa3bIBAET IJIacTUYecKas aedopmaius Ha CTpyKTypy meraimia? Kakue u3MeHeHHs
IpeTepreBaoT MPU 3TOM 3epHa U OJOKM MO3au4yHOU CTpyKTyphl? Kak m3mensercs
Kon4uecTBO auciokanuii? Kakve n3aMeHeHus MpeTepreBaeT YHEPreTUYecKOe COCTOsI-
Hue meTaia’?

2. Kak BnusieT mnactudeckas aedopmaiiis Ha GU3NKO-MEeXaHUYECKUE CBOMCT-
Ba Metaiuia? Yrto takoe Hakien? IloscHuTe, KakoBa B3aMMOCBSI3b MEXAY U3MEHEHU-
€M CBOWCTB Je(pOPMUPOBAHHOTO METAUIA U U3MEHEHUEM €T0 CTPOCHUS.

3. Kakoe BiMsiHUE OKA3bIBACT MOBBIIICHHE TEMIIEPATyphl HA CTPOEHUE U CBOI-
CTBa IUIacTUYecKu aedopmupoBaHHoro Meramia? [losicHure pu3nUecKyro CyUIHOCTb
SBJICHUN BO3BpaTa (OTAbIXAa) M pEeKpUCTAUIM3alMHU. YUTO TaKoe peKpUCTAIIU3AIUS
00paboTkN U cobuparenbHas pexkpuctamuzanusa? Jlaiite onpeneneHne nopora pek-
pUCTAILTU3ALIH.

4. KakoBa B3auMOCBSI3b MEXKIY TEMIIEPATYpPOH IIABICHHUS METaJla U TEMIIe-
patypoil mopora pekpuctammzanuu? Kak BIusSeT CcTeneHb 4YHWCTOTHl METalljla Ha
TEeMIIepaTypy nopora pekpuctauzanun? KakoBa B3auMOCBS3b MEXAY TEMIIEpATy-
poil mopora peKpuUcTaUIM3alMd U CTENEeHbIO MPEIBAPUTEIBHON MIIACTUYECKON Jie-
dbopmanmn?

5. Pa3bsicHuTe (PU3NYECKYIO CYIIHOCTH XOJIOJAHOW M TOPSYEH TUIaCTUYECKOU
nedopmanuu. K kakum Buaam miacTudeckon aedopmaiuu cieayeT OTHECTH aedop-
MalMIO Keje3a, MeIH, alfoMuHusA U cBuHIA npu temneparype 300°C? To xe npu
temneparype 20°C? KakoB BepXHUI TeMIIEpaTypHBIN Mpenesl XOJOJIHOW IlacThuye-

ckoi nedopmaruu aJist sxene3a’? 11t CBUHIA?

Tema 2.1.4
1. JaiiTe ompeaelieHUE MOHITUN CUCTeMa, KOMIIOHEHT, (a3a. B uem pasznuuue
noHATUHN "NBYyX(a3HbIi" U "ABYXKOMIOHEHTHBINH" criyiaB?
2. HazoBuTte BaxkHeillue TUIBI a3, BCTPEUAIOIINXCS B METANIMYECKUX CILIa-
Bax.

3. Uro Takoe TBEpAbIE PACTBOPHI, KAKKE THUIIBI TBEPABIX PACTBOPOB CYIIECTBY-
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101? B yem 0co0eHHOCTh KaKa0ro TUma’?

4. B yeM 3aKkiIoyaroTcs OCOOCHHOCTH XMMHUYECKHX COEIUHEHUHM, BCTpedaro-
INXCS B METAJUIMUECKHUX CIUIaBax’

5. Uto Takoe AuarpaMmbl COCTOSIHUSI U B UE€M 3aKJIFOYAETCA UX MPAKTUYECKOE
3HaueHue? llepeunciure W pazbICHUTE OCHOBHBIE METOJbl MOCTPOCHHS AUArPAMM
COCTOSIHUSL.

6. Hauepture amarpamMmy COCTOSIHHSI IBOMHBIX CILJIABOB, KOMIIOHEHTBHI KOTO-
PBIX MOJHOCTHIO HEPACTBOPUMEBI B TBEPJIOM COCTOSIHMM. PaccMoTpuTe mpoiecc Kpu-
CTaJUIM3AlMU B JOIBTEKTUUECKUX, IBTEKTUYECKUX U 3a9BTEKTUYECKUX CILJIaBaX.

7. HauepTuTe amarpamMmy COCTOSIHHS JIBOMHBIX CIJIABOB, KOMIIOHEHTBI KOTO-
pPhIX HEOTPAHWYEHHO PACTBOPUMBI B TBEPJOM COCTOSIHMM. YKaXuTe, Kakum ¢azam
COOTBETCTBYET Kaxkaasi 00actTh quarpamMmbl. OmnpeneuTe B KakoM-JI00 CIIaBe Co-
cTaB (ha3 ¥ KOJIMYECTBEHHOE COOTHOIIEHHE (Pa3 pH OIpeAesICHHON TeMIepaType.

8. Ha mpumepe nuarpamMmbl COCTOSHUS ISl CIy4dasi HEOTPAHUYEHHOW B3auM-
HOM PacTBOPMMOCTH KOMIIOHEHTOB B TBEPJOM COCTOSIHUU PACCMOTPUTE U OOBSICHUTE
CYIIHOCTb MPOIIECCa ICHAPUTHON JTUKBALUU.

9. Ha nmpumepe nuarpaMMbl COCTOSIHUSA ISl ClTydasi OJIHOW HEPACTBOPUMOCTHU
KOMITOHEHTOB B TBEPJIOM COCTOSTHUU PACCMOTPUTE U OOBSCHUTE CYUTHOCTh Ipoliecca
JIMKBAIIUU 10 YACIHLHOMY BECY.

10. B uem 3akiroyaeTcs Npouecc 30HAIbHOM JIMKBALIMY B CILJIaBax?

11. Haueptute nuarpaMMmy COCTOSIHMSI CIIJIaBOB, KOMIIOHEHTHI KOTOPBIX MMeE-
IOT OTPAHUYCHHYIO PACTBOPUMOCTH B TBEPJIOM COCTOSIHUM, U PACCMOTPUTE MPOIECCHI
KPUCTAJJIM3AlMU CIIJIABOB Pa3JIMYHOrO COCTABA.

12. Haueptute nuarpaMmy COCTOSIHHS CILJIaBOB, KOMIIOHEHTHI KOTOPBIX 00pa-
3YIOT XUMHUYECKUE COCIMHEHUS, U PACCMOTPUTE MPOLIECCHl KPUCTAILIN3AIMU CILIABOB
Pa3JIMYHOTO COCTABA.

13. HauepTure quarpaMmy COCTOSIHUS CIUIABOB, KOMIIOHEHTBI KOTOPBIX HCIbI-
THIBAIOT MOJUMOP(HBIE MPEBPAIEHUS, U PACCMOTPUTE MPOIECCHl KPUCTALITU3AINH
CIUTABOB PA3JIMYHOIO COCTABA.

14. KakoBa B3aUMOCBSI3b MEX/y XapaKTEPOM JHArpaMM COCTOSIHUS U (PUBHKO-
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MEXaHHYECKUMHU CBOMCTBAMU CIIJIABOB? Ha‘-IepTI/ITe CXECMATUYCCKUC NTUarpaMmsnl, I10-

ACHAIOIINC OTY B3aMMOCBA3b.

Tema 2.1.5

1. YUto Takoe KOHCTPYKLIMOHHAs MPOoYHOCTh? Kakumu xapakTepucTUKaMHu OHa
onpenensercs?

2. OxapakTepu3ylte Takue KpPUTEpUHU MNPOYHOCTH, KaK Mpeaea IPOYHOCTH
(BpEMEHHOE COIPOTHUBIICHUE), MPEIEN TEKYUECTH, TBEPAOCTh. KakoBbI MeTOABI OIpe-
JIEJICHHS] ATUX XapaKTepucTuk? YTo Takoe xecTkocTh MeTamia? Kak oHa olleHUBaeT-
ca?

3. Yto Takoe HaAeKHOCTh? J/laliTe XapaKTEpUCTUKY TaKMX MapamMeTpPOB HAJIECHK-
HOCTH, KaK TpPEIIMHOCTOMKOCTh, yJapHasi BA3KOCTb, KpPUTHUYECKas TeMIlepaTypa
XPYIKOCTH (TeMIIepaTypHBIM MOpOT XJaJaHOIOMKOCTH). KakumMu metomamu oreHu-
BAIOTCS 3TU MTapaMeTpbl?

4. Yo Takoe NONroBeYHOCTh MaTepuasna? PackpoiTe cMbICA NOHATHI J0ITO-
BEYHOCTH U PabOTOCTIOCOOHOCTH U3ennii. KakoBbI TUIMMYHBIE PUYUHBI TTOTEPU pa-
00TOCIIOCOOHOCTH METAJIMYECKUX U3AEIIUIA U OCHOBHBIE KPUTEPUU AOITOBEUHOCTH?

5. Kakum CBOMCTBOM XapaKTEpU3YETCS JOJITOBEYHOCTh METALUIMYECKUX U3JIE-
JIMA TIPU UMKIIWYEeCKUX Harpyskax? Jlaiite onpenesneHue noHITul "yctanocts', "BbI-
HOCJIMBOCTB'", "mpenen BRIHOCAUMBOCTH''. KakoBa MeTOaMKa OLEHKH Ipeiesa BhIHOC-
JUBOCTU?

6. Uto Takoe M3HOCOCTOMKOCTH? KakoBa ee poJib B 00€CTICUeHUU J10JTOBEUYHO-
cTH Marepuana? B yeM cocTouT mpouecc n3HammBaHus? PackpoiiTe cMbICa OCHOB-
HBIX XapaKTEpPUCTHUK Mpolecca M3HAIMBaHUS (aOCOMIOTHBIM M OTHOCUTENbHBIA W3-
HOC, CKOPOCTb MU MHTEHCHUBHOCTh M3HalIMBaHus). Hapucyiite rpaguk 3aBucumMocTu
U3HOCAa OT BpeMEHW u3HammBaHusi. OxapakTepuszyhWTe CTaauu MpUpaOOTKU, HOP-
MaJbHOTO U KartacTpopuyeckoro m3Hoca. KakoBbl XapakTepHble YepThl Pa3THMUHbIX
BUJIOB MEXAHUYECKOr0, KOPPO3MOHHO-MEXAHUYECKOTO U 3JIEKTPOIPO3ZUOHHOIO M3HA-
muBanusi? HazoBuTte pacnpocTpaHEHHbIE METO/IbI TOBBIIIEHUS U3HOCOCTOMKOCTH Me-
TAJUIMYCCKUX U30CIIHMN.

7. KakoBBI IyTH NOBBIILIEHNS KOHCTPYKIMOHHOM MPOYHOCTU MaTEpHaAIOB?
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Tema 2.1.6

1. Jlaiite xapakTepucTuky a3, MPUCYTCTBYIOIIUX B KEJI€30YIJIEPOAUCTHIX
criaBax. UTo mpeacTaBisitoT co0oi dheppuT, ayCTeHUT, LIEeMEHTHUT, Tpadgut? KakoBbl
MEXaHWYeCKUe CBOWCTBA ATUX (az?

2. HauepTure nmo mamsTH AHarpaMmy COCTOSIHHS KEJE30-LIEMEHTUT C COXpa-
HEHUEM MPUHATHIX OYKBEHHBIX 00O3HAYEHHI M YKa3aHHEM BCEX XAPAKTEPHBIX TEM-
neparyp 1 KoHieHTpanuil. O603HaubTe Ha Juarpamme Bce ¢Gasbl U CTPYKTYpHBIE CO-
CTaBJISIOLIME, MPUCYTCTBYIOLIME B KaXA0W 00JACTH, U YKaXUTE, KAKOMY IMpeBpallie-
HUIO [IPU HArPEBE U OXJIAXKIAECHUU COOTBETCTBYET KaXKasl JIMHUS THArPaMMBI.

3. Kak xnaccuuuupyrorcs >Kelie30yriIepoJUCThie CIIaBbl IO COCTaBy U
cTpykType? Kakyro CTpyKTypy HMEIOT AOIBTEKTOWIHBIE, IBTEKTOUHBIE U 3a)BTEK-
TOUAHbIE cTanu? Kakyr CTpYKTypy MUMEIOT JO3BTEKTHUYECKHE, IBTEKTUUECKUE U 3a-
ABTEKTUYECKUE 4yTyHbl? Kakue mnpenenbl KOHLEHTPAIMU YIVIEPOJA CBOWCTBEHHBI
Ka)KJI0M TpyIIIe MePEYUCICHHbBIX CILIABOB?

4. IlepeuncauTe MOCTOSIHHBIE IPUMECH, BXOIAIIME B COCTAaB JKEIE30yTIEPOIU-
CTBIX CIUIaBOB, U YK&)XMTE MCTOUYHHUKHU MX MocTyruieHus. Kakoe BiusHUE OKa3bIBAIOT
3TH IIPUMECHU Ha CBOMCTBA >KEJIE30yTIIEPOINUCTHIX CIIaBoB? KakoBa 3aBUCUMOCTh Me-
XaHUYECKUX CBOMCTB KEJIE30YIJIEPOAUCTBIX CIUIABOB OT COJEPkKAHUS B HUX YIJIEPO-
na?

5. Kak xnaccuuuupyroTcst yriaepoaucTble CTAIU U KaK OHU MapKUPYIOTCS 1O
I'oCTy?

6. KakoBwI 00s1acTv TpUMEHEHUS YTIEPOIUCTHIX CTaIeH 00IIero Ha3HauYeHUs ?

7. B ueM 3akitouaroTcsi OCOOEHHOCTH COCTaBa aBTOMATHBIX CTajlell M Kak OH
BJIMSIET HA UX 00pabaThIBAEMOCTh pE3aHUEM?

8. B 1em 3akirouaercs pa3iuuuMe CTaOWIBHOM M METAacTaOWIBHOW Auarpamm
COCTOSIHUS JKEJIE30YTJIEPOIUCTHIX CIIaBOB? KaKOBBI yCIOBUS KPUCTAJUIM3ALIMU CILJIa-
BOB, ONKMCBIBAEMBIX AHArPAMMOMN KaXJ0ro TUma?

9. Kakyro CTpyKTypy UMEIOT CEPbIE€ UyT'YHbI B 3aBUCUMOCTH OT THIIa METaJUIH-
4ecKoW OCHOBBI? Ha30BUTE yCIIOBHS MOJyYEHUS CEPhIX YyTYHOB. Kak MapkupyroTcs

cepble uyryHsl o 'OCTy?
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10. Kakyto cTpyKTypy UMEIOT BBICOKOIIPOUHbIE YYTyHbI? KakoBbI yCIOBHS UX
MOJIYYCHHSI U 4YeM OOBSICHSIOTCS MX MOBBIINICHHBbIE MexaHuueckue cpoiictBa? Kak
MapKHUPYIOTCS BBICOKONIPOYHBbIE 4yTyHbI 110 ' OCTy?

11. Kak nonydarot koBkue uyryHbsl? Kakue BUAbl KOBKOTO YyryHa CYIIECTBY-
I0T B 3aBUCUMOCTH OT METAJJIMYeCKOl OCHOBBI? UeM OOBICHSIOTCS MOBBIIICHHBIC
MEXaHUYECKUE CBOMCTBA KOBKUX YYT'YHOB U Kak OHU Mapkupytotcs o 'OCTy?

12. IlpuBeauTe npuMepsl UCIOJIB30BAHUS PACCMOTPEHHBIX BUJOB CEPBIX UyTy-

HOB.

Tema 2.1.7

1. B yem 3akmovaercst TepMuueckas o0paboTka CTald M KaKOBO €€ Ha3Haye-
Hue?

2. Kakue mpeBpallleHHs] COBEPIIAIOTCS B CTAISIX C Pa3IMYHBIM COAEPKAaHUEM
yraepoja rnpu HarpeBe? KakoB MexaHu3M o0pa3oBaHuUs aycTeHUTa U3 (GeppuTo-
LIEMEHTUTHON cMecH?

3. KakoBa ¢usnueckas nmpupoja pocta ayCTEHUTHOTO 3epHa mpu Harpere? B
YeM MPaKTUYECKOe 3HAYEHUE BEJIMYMHBI 3epHa cTanu? UTo Takoe meperpeB u mnepe-
KOr?

4. Kak wu3MeHsieTcd CKOpPOCTh MpeBpallleHusi aycTeHuTa B Geppuro-
[EMEHTUTHYI0 CMECh B 3aBUCMMOCTHU OT CTENEHU MepeoxJIaxIeHus aycrteHura? Ha-
YEpPTUTE JUarpamMMmy U30TEPMHUYECKOr0 MPEBPALIEHUS IEPEOXIIAXKIECHHOIO ayCTEHUTA
ABTEKTOUHOMN CTaIM U Pa3bsICHUTE CMBICI BCEX JIMHUM U 00JacTel Ha TUarpaMMme.

5. Tlokaxxute ¢ MOMOIIBIO AHArpaMMbl IPEBpAIICHUS MEPEOXITAKICHHOTO ay-
CTEHUTA, KaK U3MEHSIOTCS CTPYKTYypa U CBOWCTBA CTAJIM B 3aBUCUMOCTH OT CKOPOCTH
OXJIQXKJICHUSI CTAJIM U3 ayCTEHUTHOTO COCTOsIHUS. B ueM pasznuuue nepiaura, copouTa,
TpoocTHTa B OeiHNTA?

6. B yem 3axiroyaeTcss MapTEHCUTHOE MPEBPAILEHUE ayCTEHUTA, KAKOBBI YCIIO-
BUSI pa3BUTHS 3TOr0 IpeBpanieHus? KakoBbl CTpyKTypa U CBOMCTBA MapTEHCUTA?

7. KakoBBI IPUYMHBI COXPAHEHUS] OCTATOUYHOI'O AyCTEHUTA IPU 3aKainke?

8. Kakue npeBpanieHusi COBEPIIAIOTCS B 3aKaJCHHOM cTayu npu oTnycke? Kak

W3MEHSIOTCS CBOMCTBA CTallM MPU OTIyCKe?
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9. B yeM otiMume CTPYKTypBI CTalIH, MOJYy4aeMOU B Pe3yJbTaTe 3aKaJIKU OT
AQHAJIOTUYHOU CTPYKTYpBI, MOJTYy4aeMOW MpH OTMyCKe (Hampumep, YeM OTIMYaAeTCS
cOpOUT 3aKaJIKu OT copOuTa otiycka)? Kak 3To pa3zinuuue cka3blBaeTCs Ha CBOMCTBAX
cranu?

10. Kak ocymiecTBisieTcss TepMOMexaHudeckas o0paboTka KOHCTPYKIIMOHHOM
CTaJIi M KaKOBBI €€ MPEUMYIIECTBa nepea 00bIYHOM TepMuueckoi oopabdorkoii? Ha-
30BUTE PA3HOBUIHOCTH TEPMOMEXaHUUECKON 00paboTku. B ueM 0COOEHHOCTH KaxK-

0¥ 13 HUX?

Tema 2.1.8

1. KakoBo Ha3zHaueHHe oTkHra crain? Kakue cymecTByIOT BUIbI OTKHUra U B
yeM ux pasznnure? UTo Takoe HopMaau3alus CTalau, B YEM €€ OTJIMYUE OT OTXKHUIa U
KaKOBO Ha3HayeHue?

2. Kak BbIOpaTh TeMIeparypy HarpeBa Mpu 3aKajike U3IeNui U3 JO3BTEKTOU-
HOM, DBTCKTOUIHOM M 3a3BTCKTOUIHOM CTAIIH?

3. UTto Takoe MmpoKaaIuBaeMOCTh CTaJId M Kakue ¢akTopsl Ha Hee BiustoT? [lo-
YEeMy BaXKHA BBICOKASI TPOKAJIMBAEMOCTh?

4. Ilepeuncnure AePEeKThl, BOSHUKAIOIMINE B CTAIBHBIX U3ACIUAX MPU 3aKaJKE.
Kak yMeHbIINTE ONACHOCTh UX BOBHUKHOBEHUS?

5. IlepeuncinTe BaKHEUIIME BUJbI 3aKalIKU. B yeM mpeuMyliecTBa U HEIOC-
TaTKHU KaXKJI0ro Buaa?

6. 15 yero mpuMeHsIeTCsl MOBEPXHOCTHAS 3aKajka CTalbHbIX n3aenuii? Hazo-
BUTE BAKHEWUIIME METOJbl MMOBEPXHOCTHOM 3aKAJKM M PACCKaXUTE O crocodax ux
OCYILIECTBJICHUSI.

7. KakoBbl (pU3MYECKHE OCHOBBI MOBEPXHOCTHOM 3aKaJIKW C MHAYKIMOHHBIM
HarpeBOM TOKOM BBICOKOW 4acTOThI? Kak m3MeHsieTcsl CTPYKTypa MO CEYEHUIO 3aKa-
JIEHHOTO METAJUIMYECKOTO M3JEIUS B 3aBUCHUMOCTH OT IapaMeTpPOB MHAYKIIMOHHOTO
HarpeBa? [IpuBeanTe TUMIMYHBIE TPUMEPHI KCTIOJIB30BAHUS JAHHOTO BHU/IA 3aKAJIKU.

8. Kak ocymiecTBisieTcs 3aKajka ¢ ra3oIlJlaMEHHbIM HarpeBom? B kakux ciy-
qasx ee 00bIYHO MPUMEHSIOT?

9. Kak BiMsIeT J1a3epHBIM HArpeB Pa3jIMYHON MOIIHOCTH HA CTPYKTYPY METAJI-



-279 -
na? J1ns Kakux U3AeNnid pEKOMEHyeTCsl 3aKaJlKa C JJa3epHbIM HarpeBoM?
10. KakoBa nenp o6paboTku cramu xojogoMm? Pacckaxure o crocode ocyiie-
CTBJICHUSI ATOU OTEpaluy U Pa3bsICHUTE PUHUYECKYIO CYITHOCTb.
11. KakoBo Ha3HaueHue OTIIyCKa 3aKajeHHOW ctaiu? Kakue BUIbI OTIyCKa

CYIICCTBYIOT U B KAKUX CJIIY4YdsAX OHU HpI/IMGHHIOTCH?

Tema 2.1.9

I. B yeM npuHIMIUAIBHOE Pa3inuyue XUMUKO-TEPMHUYECKOH U TEPMUUYECKOU
00paboTKu?

2. Yro taxoe nemenrtamnua’? Kakosa ee nens? Kakue ctanu u n3aenust 0ObIYHO
nojsepraioT nemeHtanuu? Kakas tepmuyeckas oOpaboTka IpUMEHSIETCS MOcIe Iie-
MEHTAaIlNK, KakoBa ee 1eiab? KakoBbl CTpyKTypa M CBOMCTBA CTaju IOCJE LIEMEHTa-
un? Kakue cymecTByrOT criocoObl IEMEHTAINH, B YEM UX CYTh?

3. Urto Takoe a30TMpOBaHUE, KaKOBa €ro nenb? Kakue cranu u u3nenus noj-
BEepraroT oObIYHO a3zoTupoBaHuio? Ilepedncnure mnocieqOBaTENbHBIE OMNEPALMH
MPUHIIUITHATBHONW TEXHOJIOTHH U3rOTOBIEHUS (00pabOTKM) a30TUPOBAHHBIX U3JIEITHIA.
N3510KUTE CyIHOCTH OCHOBHBIX CIIOCOOOB a30THPOBAHUS.

4. B yeMm cytp nmanupoBanus? Kak oHo ocymectBisiercs? Kakue cBoicTBa
npuoOpeTaer cTaib nociie NuaHupoBaHus? KakoBbl MpeuMylIECTBA U HEAOCTATKH
ATOr0 METOJ1a IO CPABHEHMIO C [IEMEHTAMEN U a30TUPOBAHUEM?

5. B gem 3axmrouaetcst 6opupoBanne? KakoBbl CroCOOBI €r0 OCYIIeCTBICHUS?
KaxkoBbl cBoiicTBa OopupoBaHHOM cTanu? B kakux ciiydasx 1eaecooOpa3sHo MpuMe-
HSITh ATOT METOJ XUMUKO-TEPMUYECKON 00paboTKu?

6. Ilepeuncnure pacrnpocTpaHeHHbIE COCOOBI AU(PGHY3MOHHOTO HACHIICHUS
ctanu MeTaiaMd. KakoBbl XapakTepHble CBOMCTBA M3JEJIHMM MOCIE€ HACBHIILEHUS MX
MOBEPXHOCTH Pa3iWyHbIMU MeTaiutamu? [IpuBennute mpumepsl UCIOJIb30BAHUS ITUX
BUJIOB 00OpabOTKH.

7. Ha3oBuTe COBpEMEHHBIE METOJbI MOJYYEHHS] M3HOCOCTOMKUX MOKPBITUN
NOMHUMO TPAaJULIMOHHON XHUMHMKO-TEpMUYECKON 00paboTku. KakoBbl OCHOBHBIE JOC-
TOMHCTBA 3TUX METO10B. KakOBBI CBOMCTBA U3/ENHI C TAKUMH HOKPBITHUAMUA?

8. Kakoit mpuHIUT MJ1a3MEHHOT0 HaHECEHUS MOKPHITHII? KakoBbl riaaBHbIE 00-

JaCTH PUMEHEHHSI 3TON TEXHOIOTUU?



- 280 -
9. B ueMm cyTh mpoiiecca XMMUYECKOTO OCaXICHUS MOKPHITHS U3 Ta30BOM (da-
317 Kakue mokphITUsi 0ObIYHO ocaxaaroT? KakoBbl CBOMCTBA M3/AENIHM ¢ TAKUMU T10-
KPBITUSIMU?
10. B yem cyTp mpouecca BaKyyMHOT'O MOHHO-IUIA3MEHHOTO HalbUICHUS IO-
kpbiTHii? Kakumu cnocobamu oHo ocyiectBisiercs? Kakue uznenus o0OpadaThIBaroT
NPEUMYILECTBEHHO 3TUM MeTofoM? Kak B pe3yibpTaTe M3MEHSETCS UX HM3HOCOCTOM-

KOCTB?

Tema 2.1.10

1. Kak BIMSIOT pa3IMYHBIE 3JIEMEHTHI Ha MOJOKEHUE KPUTUYECKUX TOYEK Ke-
ne3a? B 4acTHOCTH, KaKOBO BIIUSTHUE HUKEJs, XpoMma, MOJIKOeHa, MapraHia, Kpem-
HUS, BOJbpama, BaHaausl, TUTaHA?

2. Kakue nerupyromye 371€MEHThl 3HAYUTEIBHO MOBBIIIAIOT MPOYHOCTH (hep-
puTa, HE CHUXKast BMECTE C TEM €0 INTACTUYHOCTH?

3. Kak nogpa3aenstorces JErupyrone 3JIEMEHTHl B CTAJIA 110 CBOEMY B3auUMO-
neiicteuio ¢ yriepoaom? HazoBuTe BakHeimme KapOugooOpas3yromue 3JIeMEHTHI,
PacIoJIOKHUB UX B pAJ M0 yOBIBAaHUIO IPOYHOCTH 00pa3yembIx kapOuaoB. [Ipuseaure
IpUMepbl HanboJee pacIpOCTPAHEHHBIX HEKApOUA000pa3yIOIIMX JIEMEHTOB.

4. TlepeuncnuTe JIETUPYIOUIUE 3JIEMEHThI, HauOOJIee 3HAUUTEIbHO MOBBIILIA0-
M€ YCTOMYMBOCTh MEPEOXJIAXKICHHOIO ayCTeHHUTa. B uem mpakTuyeckas [IEHHOCTb
TaKUX 3JIEMEHTOB?

5. Kakoe BIMsIHHE OKa3bIBAIOT JIETUPYIOIIHE JJIEMEHTBI HA ITOJIOKEHUE Map-
TEHCUTHOM TOUKH? OOBICHUTE B3aUMOCBSI3b MEK/Y 3TUM BIUSHUEM U KOJIMUYECTBOM
OCTaTOYHOT'O ayCTEHUTA B 3aKaJE€HHOM CTaju.

6. HazoBuTe 21€MEHTHI, pE3KO IMOHMKAIOIIME CKIOHHOCTh K POCTY 3€pHa ay-
cTeHuTa npu Harpese. OObACHUTE MEXaHU3M JEHCTBUS 3TUX 3JIEMEHTOB.

7. B yem 3akiro4aeTcs MOJIOKUTEIbHOE BO3ACHCTBUE JIETHPYIOLIUX JIEMEHTOB
Ha MPOLECCHI OTITYCKA 3aKaJIEHHBIX CTaNeH?

8. Kak kiaccupuuupyrorcs JerupoOBaHHbIE CTAIM 110 HA3HAUYEHUIO?

9. KakoBbl NpUHLMIBI MapKUPOBKH JIETUPOBAHHBIX cTaneil? Belnumiure u3

y‘-Ie6HI/IKa HCCKOJIBKO MAapoOK JICTUPOBAHHBIX crajeit u OIpCACINTC 110 HUM HUX COCTaB.
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Tema 2.1.11

1. KakoBbl OCHOBHBIE TpEOOBaHUS, IPEAbSIBISIEMbIE K KOHCTPYKIIMOHHBIM CTa-
asm?

2. YeM pa3nnyaroTcs MEXaHUYECKUE CBOMCTBA JIETUPOBAHHBIX U HEJIETUPOBaH-
HBIX KOHCTPYKUMOHHBIX crajeii? Kakue snemMeHTh HauOojiee 4acTo MPUMEHSIOTCS
JUTSL JIETUPOBAHMSI KOHCTPYKIIMOHHBIX cTaneii? KakoBa posib 3THX 3JIEMEHTOB?

3. B dem 3akiro4aeTcsi Mpupojia OTIIYCKHOW XPYNKOCTH KOHCTPYKLIHMOHHBIX
ctaneil? KakoBbl ciocoObl ee ycTpaHeHus?

4. Ha xakue TpyImbl IO HA3HAYCHHUIO NOAPA3AENSIIOTCS JIETUPOBAHHBIE KOHCT-
PYKLHOHHBIE CTaNN?

5. Jlns Kakux ycinoBUl paboThl MPUMEHSIOTCS IleMeHTyemble ctanu? [IpuBenu-
T€ JIBE-TPU MAapKHU IIEMEHTYEMbIX CTajiel, HA3HAYbTE PEXUMBI UX IIEMEHTAIUU U T0-
cleayoIel TepMUYECKOi 00paboTKH.

6. Jlns kakux ycinoBuil pabOThl IPUMEHSIOTCA yiydiaeMble ctanu? YTo takoe
yiyuiienue? [lpuBeaure aBe-Tpu MapKu yiIy4yllaeMbIX CTajedl U HA3HAYbTE PEKUMBI
UX TEPMUYECKON 00pabOTKH.

7. KakoBbI c11ocoObl CO371aHUSI BEICOKOTPOYHBIX KOHCTPYKIITMOHHBIX CTaJIeh?

8. Kakue ¢akTopsl BIUSIOT HA CBAPUBAEMOCTh CTAIN?

9. Ilepeuncnure TpeOOBaHUS K CTPOUTENbHBIM CTAIAM. KakumMu aneMeHTaMu
OHM JIETUPYIOTCS?

10. Ilepeuncnure TpeOoBaHUS K MPY>KUHHBIM CTajlsiM, MPUBEIUTE IBE-TPU
MapKH ATUX CTajJell U Ha3HAYbTE PEKUMBI TEPMHUECKOM 00padOTKH.

11. KakoB cocTaB mapUKONOJIIMITHUKOBBIX cTayei? OObsICHUTE HAa3HAUYECHUE

TEPMUYECKOI 00pabOTKH ITUX CTaJICH.

Tema 2.1.12
1. Ha xakue rpynmbl Mo Ha3HAYCHHUIO MOJPA3ACIISIIOTCS WHCTPYMEHTAJIbHbBIC
craau?
2. Kakue TpeGoBaHMS MPEABABIAIOTCSA K CTANIAM JJISI PEXKYILEr0o HHCTpyMEeHTa?
Kaxue anemenTsl HanboJee 9acTo BXOIAT B UX COCTaB M KaKOW TePMUYECKON oOpa-
0oTke oHU ToaBeprarorcs? Jlalite 000CHOBaHWE NMPUMEHSIEMBIM PEKHUMaM TepMUUe-

CKOM 00pabOTKHU U OOBSICHUTE POJIb JIETUPYIOIIMX AIEMEHTOB.
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3. JaliTe xapakTepucTuKy OBICTpOpexynux craneid. OO0bsicHuTe, Oaromaps
YeMy JIOCTUTAeTCsl BbICOKash KPAaCHOCTOMKOCTh 3THX crajeil. Jlaiite oOocHOBaHMe
OPUMEHSIEMOMY PEXUMY TEPMUUYECKONH 00paOdOTKHU.

4. Kakue TpeOoBaHUS MPEIBABISIOTCS K CTAIAM JUIsI U3MEPHUTEIBHOTO WHCT-
pyMeHTa. 3a CUET Yero peaim3yroTcsl 3T TpeOoBaHus?

5. Kak kmaccupuiupyroTcsi MTaMIOBBIE CTaJIM, Kakue TPeOOBaHUS K HUM
npenbsaBisroTcs? Jlalite 000CHOBaHME MPUMEHSIEMBIM PEXXHUMaM TePMUYECKON oOpa-
OOTKM U OOBSCHHUTE POJIb JIETUPYIOIIUX dJeMeHToB. [IpuBeauTe nBe-Tpu MapKu
IITAMIOBBIX CTAJIEH.

6. UTto Takoe TBepIbI€ CILIABBI, KAKOBO MX HA3HAYECHHE U CBOWCTBA, KAKUMU
criocobamu oHu mnpousBoasaTcsa? IlpuBeaure nBE-TpU MapKud TBEPABIX CIIABOB M

pacmdpyiTe UX COCTaB.

Tema 2.1.13

1. IlpuBenure nmpuMepsl OKAIIMHOCTOMKHUX cTaned. Kakue nerupyromue sie-
MEHTBI 00€CIIEYNBAIOT BHICOKYIO OKAJIIMHOCTOMKOCTh M KaKOBA MPUPOAA BO3AEHCTBUS
ITUX DJIEMEHTOB?

2. Kakue XapakTEepHCTHKH SIBISIFOTCS ONPEAEISIIONIMMU B KapOIPOYHBIX CTa-
nsax? Kakue Kiacchl )KapoIlpoyHbIX cTajied cyniecTByroT? KakoB MX cocTaB, CTpyK-
Typa U TEMIEPATYPHBIE Mpeaeabl NpuMeHeHus? [laliTe XapaKTEpUCTUKY KapOIpoU-
HBIX CIUIABOB Ha HUKEJIEBON OCHOBE.

3. YUem obecrnieunBaeTcsi BHICOKOE COINPOTUBICHUE KOPPO3UU HEP>KABEIOLIUX
cranieii? Kakue Kiacchl HEp)KABEIOLIUX CTaJed CYIIECTBYIOT, KaKOB HX COCTaB,
CTPYKTypa U 00J1acTh IPUMEHEHUs?

4. Yem obecrieuynBaeTcsi BHICOKOE COMPOTHUBIIEHUE HU3HOCY B M3HOCOCTOMKHX
CTaJISIX &yCTEHUTHOT'O U MEPIUTHOrO KJIACCOB?

5. JlaiiTe XapaKTepUCTHUKY CIIJIABOB C OCOOCHHOCTSIMH TEIIJIOBOI'O PaCIIUPEHUS.
KakoBbl 001acT IPUMEHEHHUS ITUX CIUIaBOB?

6. Kakas xapakTepHucTHKa SBIISIETCS. ONPEIEIAOME B MAarHUTOMATKUX CIUIa-
Bax? Kak 1OCTUraroTCs ONTHUMallbHbIE 3HAUYECHUS 3TOM Xapakrtepuctuku? Ilpusenure

IMPUMEPbI MArHUTOMSATKHUX CILIABOB.
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7. Kakast xapakTepuCTHKa SIBJISIETCS ONPEIEIISIIONIEN B MATHUTOTBEPABIX CILUIA-
BAaX M KaK JOCTUTAIOTCA ONTHMAJbHbIE 3HAYCHUS 3TOM Xapaktepuctuku? [lpuBeaure
IPUMEPBI MAarHUTOTBEPABIX CILJIABOB.

8. IIpuBeauTe mpuMepbl HEMAarHUTHBIX CTal€l U YyTyHOB. UTO JIEKUT B OCHO-
B€ MOJIYYCHUS TAKUX MAaTEPHUAJIOB?

9. Kakum nyTem obOecrieurBaeTCsl BBICOKAs 3JE€KTPONPOBOAHOCTh B MPOBOAHU-
KOBbIX MaTepuasiax? HazoBute Hanbosiee pacrpocTpaHeHHbIE TPOBOIHUKOBBIE MaTe-
pHUanbl U 1alTe UX XapaKTEePUCTHUKY.

10. Tlepeuucnure HamboJiee pacHpOCTpaHEHHBIE PEOCTATHHIE CIUIABBL. Yem
0O0BSICHSIETCSI BRLICOKOE DJIEKTPUUYECKOE COMPOTUBIIEHUE ITUX CILJIABOB?

11. HazoBure Hambojee paclpoOCTpaHEHHBIE CIUIABBI /JIsi HArpeBaTelIbHbBIX

anemMeHTOB. KakoBbI TeMneparypHsble peAeIibl UX IPUMEHEHNS?

Tema 2.1.14

1. Onumure xapakTepHble CBOMCTBAa TUTaHa. [lepednciure OCHOBHBIC JIETH-
PYIOIIHME 3JIEMEHTHI TUTAHOBBIX CIUIaBOB. Ha Kakue CTpyKTypHBIE KJIacChl TOIpas3ie-
JISTFOT TUTAHOBBIC CTIABHI?

2. B uem 3akirodaercs YNpOYHSIONIas TepMHYeckas oOpaboTKa TUTaHOBBIX
crutaBoB? Kakue cruiaBbl 9QGEKTHBHO YIPOUYHSIOTCS B pe3yIbTaTe TEPMUUYECKON 00-
paboTku?

3. [IpuBeauTe ABE-TPpU MAPKH CILUIABOB HA OCHOBE THUTaHA, OIUIIUTE UX COCTaB,
CTPYKTYpY, CBOHCTBA M 00JIACTH MPUMEHEHHUSI.

4. B yem penMyIecTBO CIUIAaBOB HA OCHOBE THTAaHA Mepe]] CTATSIMU U PacTpo-

CTPaHCHHBIMHU LIBETHLBIMU craBamMu?

Tema 2.1.15
1. OnumuTe XapakTepHble cBoiicTBa amomuHHSA. Kak kimaccudummpyrorcs
CILJIaBbl HA OCHOBE AJIFOMUHUS?
2. C noMouipto AMarpaMMbl COCTOSTHUSI alIIOMUHUN-Meb 00BSICHUTE, KaK MPO-
UCXOJUT yNPOYHEHHE AypafOMUHA TIPU TepMHuueckoil oopadotke. [IpuBenute co-
CTaB, CBOMCTBA M 00JACTH MPUMEHEHUS PA3TUIHBIX Je(HOPMHUPYEMBIX ATFOMUHUEBBIX

CIUIABOB, YIIPOUHSAEMBIX TEPMHUUYECKONH 00paOOTKOIA.
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3. Ilepeuncnure nedhopMupyeMble aTIOMUHUEBBIC CIIAaBbI, HE YIPOUHSICMBIC
TepMUUYecKoi 00padoTkoi. KakoBbI X CBOMCTBA U 001aCTH TPUMEHEHUS ?

4. JlaiiTe XapaKTEepUCTHKY JIMUTEUHBIX ATIFOMUHHUEBBIX CIUIaBOB. KakoBBI HuX
cBoiicTBa u obnactu npuMmeHeHus1? Kak BiausieT MmoauduIMpoBaHue Ha CTPYKTYpy H
MEXaHUYECKUE CBOMCTBA HEKOTOPBIX CILIABOB 3TOU TPYMIIbI?

5. Ha kakue rpynnsl noApa3IesitoTCs CIUIaBbl Ha OCHOBE MarHusi? KakoBbl
0COOEHHOCTH TepMHUYecKor 00paboTku 3Tux crutaBoB? I[lepeuncnure cocras, CBOM-
CTBa M 00JIACTH MPUMEHEHHS PACHPOCTPAHEHHBIX MArHUEBBIX CIUIABOB PA3IMYHOIO

Ha3Ha4YCHUA.

Tema 2.1.16

1. Kak H3MEHSI0TCS CTPYKTYypa U MEXaHWYECKUE CBOMCTBA JIATYHEU B 3aBHUCH-
MOCTH OT COJICpKaHHUSI [TUHKA?

2. IIpuBennTe HECKOIBKO MapOK JBOMHBIX U CIIELIUABHBIX JIATYHEH, 1aiiTe Xa-
PaKTEpUCTUKY UX COCTaBa U CBOICTB, HA30BUTE 001ACTH IPUMEHEHUSI.

3. Kak u3MeHs0TCSl CTPYKTYypa U MEXaHUUECKUE CBOMCTBA OJIOBSIHHBIX OPOH3 B
3aBUCHMOCTH OT COAEpKaHuUs 010Ba?

4. IlpuBeaute nBE-TPU MapKu OpOH3 M JalTE XapaKTEPUCTHKY HUX COCTaBa M
CBOMCTB, NEepeynciInuTe 00J1acTu MPUMEHEHHUS.

5. Kako#i Tepmuueckoii o0paboTke nmoaBepraercst OepuuineBast 6ponsa? C mo-
MOILIbIO AUarpaMMbl COCTOSIHUSI CUCTEMBI MeIb-OepHIui gaiite 000CHOBaHUE TPH-

MEHSIEMOMY PEKUMY TEPMHUUECKOH 00pabOTKH.

Tema 2.1.17

1. Kakue TpeOoBaHus MPEeAbSBISIOTCA K MOAMUITHUKOBBIM criiaBam? Kakumu
0COOEHHOCTSIMU JIOJDKHA 00JafaTh CTPYKTypa CIUIaBa, YTOOBI YAOBJIETBOPSTH 3TUM
TpeOOBaHUSIM?

2. Ilepeuncnure Haubosiee pacupOCTpaHEHHbIE MOAIIUITHUKOBBIE CILJIABHI.
JlaiiTe XapaKTEepUCTUKY UX CTPYKTYphI U CBOMCTB. [IpuBenure o01acTu ux nmpumeHe-
HUSL.

3. Kak xnaccuduumpyrorcs npunou? IlpuBenute Mapku NPUNOEB KaKIOTO

kjacca. KakoBbl UX (U3HKO-MEXaHUYECKHE CBOWCTBA U HA3HAUEHHE?
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Tema 2.1.18

1. Kakue marepuanbl Ha3bIBalOT KOMIO3UIIMOHHBIMU? B dem 3akitouaercs
0COOEHHOCTb X CTPOCHHUS?

2. Ha yem ocHOBaHa KkinaccuuKaiys KOMIO3UITMOHHBIX MaTepHAIOB?

3. Kakue TpebOoBaHUs NPEIbABISIOTCS K KOMIOHEHTAM KOMITO3UIIMOHHBIX Ma-
TEpUAIIOB?

4. Ot kakux (PaKTOpOB 3aBUCAT MEXAHHMUYECKUE CBOMCTBA (B YACTHOCTH, MPOYU-
HOCTh) KOMITO3UIIMOHHBIX MaTEpUaIoB?

5. Kakuie KOMITOHEHTHI UCTIONIB3YIOT OOBIYHO IS METATTMYECKUX KOMITO3HITH-
OHHBIX MaTepHAIOB?

6. KakoBbI mpenMyIiecTBa METANTMIECKUX KOMIIO3UIIMOHHBIX MaTepUaIOB 1O
CpPaBHEHUIO ¢ OOBIYHBIM MeTaJIoM? Uem oHU 00yCTIOBICHBI?

7. KakoBa HOMEHKIATypa H3AENUNA, W3rOTaBIMBAEMBIX M3 METAUIMYECKHUX

KOMITIO3UIIMOHHBIX MaTepI/IaJ'IOB?

Tema 2.1.19

1. Kakue maTepuansl OTHOCATCA K rpynne NopomkoBbix? KakoBa TexHOnOrus
UX MOJIy4eHus?

2. Kakue ¢hakTopbl BIUSIOT Ha CBOMCTBA MOPOIIKOBBIX MAaTEPHAIOB?

3. KakoBbl npeuMymiecTBa 1 HEAOCTATKU U3ACIUHN, OJIYy4aeMbIX METOAOM IO-
poIKoBoi MeTauTyprun? KakoBbl B CBSI3HM € 3TUM 00JIaCTH PallMOHAIBHOTO MCIIOJIb-
30BaHUS TaKUX U3JICIHM?

4. IlpuBenute MpUMEPHI TUIIOBBIX MOPOIIKOBBIX MAaTEPUATIOB Pa3IMYHOIO Ha-

3HA4YCHUA, OIIMIIIUTC UX CBOMCTBA.

Tema 2.1.20
1. Kakue BemiecTBa Ha3bIBAIOTCA MoJMMepaMu? B uem mpuHUUNNANbHOE OTIIH-
Yue UX CTPOCHHS OT METAJIOB?
2. YUto Takoe nonumepuzanusi? PaccMoTpuTe 3TOT MPOIECC Ha MpUMepe 00pa-
30BaHUs MOJUATUIICHA.
3. Yrto o01iero u uem OTJIMYAOTCSA MOHATUS "MOHOMEDP" U "3BEHO MakpoMoJie-

KyJbl"?
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4. YeM OTIIMYAIOTCSI CTPOEHUE U CBOMCTBA MTOJIMMEPOB C JIMHEWHON U CETYATOU
dopmoit makpomornekyibsl? KakoBa peanbHasi mpocTpaHCTBeHHass ¢opma JTMHEHHBIX
MaKpOMOJIEKYJ?

5. Hapucyiite TepMOMEXaHUUECKUE KPUBBIE IOJUMEPOB C JIMHEWHOW, JIECT-
HUYHOU M CETYATOM CTPYKTYpoil MakpomolieKysl. OObsCHUTE NPUPOIY CTEKI000pa3-
HOT'0, BBICOKODJIACTUYHOI'O U BA3KOTEKYYEr0 COCTOSHUS IOJIMMEPOB.

6. HapucyiiTe TUIIUYHBIE TUarpaMMbl PaCTSKEHUS MOJIUMEPOB C JIMHEHHON U
CETYATOM CTPYKTYPO MaKpOMOJIEKYJ B CTEKJI000pa3HOM cOCTOsSsHUU. KakoBO mpuH-
LUITAAJIBbHOE OTINYME 3TUX IHArpamMM, KaKk OHO CBSI3aHO CO CTPOEHUEM MOJIUMEPOB?

7. Kak npOYHOCTh MOJIUMEPOB 3aBUCHUT OT CKOPOCTU HArpy>KEHUS U TEMIEpa-
Typbl UCnIbITaHUN? [ [pOMILTIOCTpUPYITE 3TO COOTBETCTBYIOIIMMU THarpaMMaMH pac-
TSKCHMUS.

8. B dem 3akmrouaercd mpouecc crapeHus noaumepoB? KakoBel myTH ero
CAEp>KUBaHUS?

9. Kakue marepuansl Ha3bpiBatoTcs IuiactMaccamu? IlpuBenure ux kinaccudu-
KaI1IO 10 MPUPOJIE MOJMMEPHON OCHOBBI U TUITY HAITOJTHUTENS.

10. Kakne KOMIIOHEHTBI MOTYT BXOAMUTH B cOcTaB IuiactMacc? KakoBa poiib

KaK0ro U3 HUX?

Tema 2.1.21

1. Or kakux (paKTOpoB 3aBUCUT PAOOTOCTIOCOOHOCTH M3ACIUM (IeTane ma-
IIMH, KOHCTPYKUUNA, UHCTPYMEHTA)?

2. HazoBUTE OCHOBHBIE NPUYMHBI OTKA3a WU3AEIIMM B IIPOLIECCE IKCILTYaTALUH.
KakuMm TpeOGoBaHMSIM JOKHBI yIOBIETBOPATH MaTEpHUalibl Jisi IPEIOTBPAICHUS: a)
nedopMaiuu; 6) Xpynkoro; B) yCTaIOCTHOTO pa3pylIE€HUs; T') MOBEPXHOCTHOT'O U3HO-
ca U3Jeuit?

Kaxue BuabI yripouHsoniein 00padoTKu ciaeayeT IPUMEHSITh B ATUX Clydasx?

4. Kakumu KpUTEpHSIMH XapaKTEPU3YIOTCs SKCILTyaTallMOHHbIE, TEXHOJIOTHYE-
CKHE U SKOHOMUYECKHE TpeOOBaHUs, MPEbIBIsIEMblE K MaTeprallaM pa3jIMyHOro Ha-

3HA4YEeHUI?
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4.2.2. TECTOBBIE 3AJTAHUSI (MTOTOBBI KOHTPOJIb)

OTU TECTHI MpeAHA3HAYEHBI JUIsl POBEPKU 3HAHUM 1O BceMy Kypcey. [losTomy
nepeq TeCTUPOBAHHUEM HEOOXOIMMO W3YYHTh OCHOBHOM TEOPETHUECKHN MaTepual
(JIeKLMHU, ONIOPHBIA KOHCIIEKT, 3JIEKTPOHHBIN yUeOHHK), BBIIOJIHUTD JJAOOpaTOpPHBIE U
KOHTPOJIbHbIE pa0oThl. JKenaTeabHO TakXke MPOKOHTPOJIMPOBATH ce0s, OTBETUB Ha
OCHOBHBIE IK3aMEHAIIMOHHBIE BOMPOCHI (cM. pa3aen 4.2.3).

[TockonbKy B psijie TECTOB pedb UJET O KOHKPETHBIX MaTepHaliax, Hy>KHO 3HaTh
NPUHIKAI MapKUPOBKH HanOoJiee pacmpOCTPaHEHHBIX MPOMBINIJICHHBIX CIIJIABOB HA
OCHOBE eJe3a, Meid, aTloMUHus. MoKeT OBITh CleIyeT 3aroTOBUTH "MImapraiky" ¢
npUMepaMHi MAPKUPOBKH PA3IMUHBIX TPYIII ATUX CILJIABOB.

HToroBoe TecTHpoBaHHE SBISETCS OOSI3aTENBHBIM ISl CTYIEHTOB TUCTAHIIM-
OHHOH (opMbl 00yueHHs. [IpoleHT NMpaBUIIbHBIX OTBETOB YUUTHIBAETCS MpEroaaBa-
TEJEeM MPU ONPEIeTCHUN IK3aMEHAITMOHHON OIICHKHU.

Crynentam apyrux (GopMm oOydeHHs Takke MOJE3HO MOTPEHUPOBATHCS B BbI-
MOJTHEHUH TECTOB, TaK KAaK Pe3yJIbTaThl MPEIBAPUTEIHLHOTO ay IMTOPHOTO TECTUPOBA-
HUS MOTYT OBITh MCTIOJIF30BaHBI MPEMOJaBATENEeM ISl PEIICHUS BOIIPOCa O JOMYCKe K
DK3aMEHY.

TECT 1
1. Bo3M0OXHOCTB ycTienmHONH 00pab0TKH METAIIOB JTABICHUEM O00SCIIEYMBACT UX:

1) BbICOKasi TPOYHOCTH;

2) BBICOKAs TEIJIOMPOBOJIHOCTB;

3) BBICOKOE 3JIEKTPOCONPOTHBIICHHE;
4) BbICOKas IJIACTUYHOCTb;

5) xopoluiue JUTEeHHbIE CBOWCTBA.

2. MakcumanbHOE (TEOPETUYECKH) COJIEPKAHUE YIJIEPOJa B CTANSAX COCTaBIsAET (B%):
1) 6,67;
2)0,8;
3) 2,14;
4) 1,2;
5)4,3.

3. I{JIH npuaaHust OTBETCTBCHHBIM CTAJIbHBIM U3ACIIHUAM OIITHUMAJIBHBIX MCXaHHUYC-

CKHUX M OKCIINIyaTallMOHHBIX CBOMCTB IIPUMCHACTCA:
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1) oTxwur;

2) 3aKaJika;

3) HOpMau3aIus;

4) 3akanka + OTHYCK;

5) ropsiyas miactuyeckas neopmanus.

4. OCHOBHOE JJOCTOMHCTBO OBICTPOPEKYIINX CTATICH:

1) BbICOKasi TBEPIOCTD;

2) KOPPO3UOHHASI CTOMKOCTB;
3) BbICOKasi IPOYHOCTb;

4) HU3Kask CTOUMOCTB;

5) BbICOKas TEMIOCTOMKOCTb.

5. Bo3mokHOCTh ipuMeHeHus1 6a00uTa, Ceporo 4yryHa 1 CBUHIIOBOM OpPOH3BI ISl

IIOJIIUITHWMKOB CKOJIBXCHUSA 00eCITeUnBacT UX:

1) reteporerHasi (HEOJHOPOAHAS) CTPYKTYPA;
2) BBICOKasl TBEP/IOCTD;

3) HU3Kas TBEPIOCTH;

4) BbICOKAs IJIACTUYHOCTD;

5) HU3Kas TemIiepaTypa MmiIaBICHUs.

TECT 2

1. Haknen (HarapToBKa) — 3TO:

1) ynpyras negopmarnius;

2) mactuyeckoe Je(pOpMUPOBAHNE METAILNIA,

3) xonoaHas muactTuyeckas aedopmarius;

4) ropsiuas ractuyeckas aedopmanys;

5) ynpouHeHue MeTajia B pe3yJIbTaTe X0J0IHOM MIIaCTUYECKOH Jie-

dbopmanuu.

2. YKaxkuTte Bce KpUcTaUTHYeckue (a3bl, MPUCYTCTBYIOIINE B JKEIE30yTIEPOIUCTHIX

CIl/IaBax:

1) nepaut;

2) deppur;

3) IECMEHTHUT;
4) neneOypur;
5) ayCTeHHUT.

3. "Vayumenuem" CTaabHBIX U3/ HA3bIBACTCS:

1) 3akanka + HU3KUNA OTIYCK;
2) BBICOKUI OTIYCK;
3) 3akanka + BBICOKUN OTMYCK;
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4) mnoBKa MOBEPXHOCTH;
5) npoGecTpyiinas 06paboTKa.

4. JInst M3roToBIEHUS HHCTPYMEHTA, 00pa0aThIBAIOIIETO JETAIH Ha OOJIBIIUX CKOPO-

CTAX pE€3aHusd, CICAYCT UCIIOJIL30BATh CTAJb:

1) XBT;
2) 08;
3) V8:
4) P6MS;
5) 45.

5. B mo00i1 natyHu o0s3aTeNbHO MTPUCYTCTBYET:

1) Fe;
2) C;
3) Zn;
4) Al;
5) Sn.
TECT 3

1. B HanbonpIiei cTerneHn CONpOTUBIICHNE MaTepraia XPyIKOMY pa3pyIIeHUI0 Xa-

paKkTepHU3yer:

1) TBep1OCTH;

2) npezei NpoYHOCTH;

3) OTHOCUTEIBHOE YIJIMHECHHUE;
4) ynapHas BSI3KOCTb;

5) TEIIOCTONKOCTb.

2. Jlyist mony4deHus U3JeIuid N3 KOBKOTO YyTyHa IPUMEHSIETCS:

1) XxonoaHas MITAaMIIOBKA;

2) ropsiuasi TuiacTHueckas aepopMarius;

3) TepMoMexaHHUecKas 00paboTKa;

4) muThE C MpUMEHEHUEM MOIU(DHUIIMPOBAHNS,

5) AMUTENbHBIN OTXKHUT OTIUBOK U3 OEJIOro YyyryHa.

3. 1yt MOTHOM TUKBUAAIIMY HAKJIETa B METaJIe OOBIYHO MTPUMEHSIOT:

1) HU3KUH OTHYCK;

2) 3aKaJIKy;

3) peKpUCTAINTU3ALIMOHHBIN OTXKUT;
4) crapeHue;

5) HOpMaU3aIuIo.
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4. Pexxynuii Xupypruueckuii MTHCTPYMEHT MHOTOPa30BOIr0 UCIIOIb30BaHUS CIAEAYET

HN3TOTOBUTH U3 CIlJIaBa.

1) V8§;

2) [l6;

3) 12X189H10T;
4) 40X13;

5) BY100.

5. [IpyHIMNIMANBHO HE YIPOUYHSIETCS TEPMUYECKON 00pabOTKOM CIUIaB:

1) A16;

2) AMu;
3) AKY-1;
4) B9S;

5) AJIS.

TECT 4

1. BBICOKYIO MIIaCTUYHOCTh METAJNIOB OOECIIEYNBAIOT:

1. BakaHCUM;

2. TUCIOKaIlUH;

3. aTOMBI IPUMECEN;

4. nuciourMpoBaHHbIE (MEXK0Yy3€IbHbIE) aTOMBI,
5. rpaHuLbl 3€pEH.

2. Ilepeunciute BCE TUIIOBBIE CTPYKTYpPbl METAINTIMYECKON OCHOBBI PA3JIMUHbBIX

BHIOB CCPBIX YYT'YHOB!

1) peppur;

2) neneOypur;

3) dbepput + nepaurt;

4) neneOypuT + HEMEHTUT NEPBUYHBIN;
5) nepaur.

3. CtpykTypa J03BTEKTOMAHBIX CTAJIEH, ITOIydaeMasi IPH MOJHOM 3aKajKe, 3TO:

1) MapTeHCHUT + IIEMEHTUT BTOPUYHBI;
2) MapTEHCHUT;

3) dbepput + nepaut;

4) MapTeHCuT + heppur;

5) ayCTEHHUT.

4. JInst cBapHBIX KOHCTPYKIIU, pabOTaIOMIMX B arpeCCUBHBIX CPeIax CeayeT MpHu-

MCHUTD CTaJlb:

1) V8;
2) 08;
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3) 12X18H10T;
4) 12X18H9;
5) Crl.

5. MakcumasibHO BO3MOXKHOE cojiep:kanue Zn (B %) B oiHO(ha3HBIX

(o) maTyHsIX:

1)0,8;
2)2,14;
3) 6,67;
4) 39;
5) 45.
TECT 5

1. K moaHOMY BO3BpAILIEHHUIO CBOMCTB HAKJIENAHHOTO METAJIJIa B UCXOIHOE (110 Jie-

dbopmaIn) COCTOSTHUE MMPUBOJIUT MPOIIECC:

1) HopMmanu3aIuy;

2) ayCTeHU3allNH;

3) Bo3Bpara;

4) pexpucTaiiv3alum;
5) cepouauzanumu.

2. llens MoanpuuupoBaHusi BEICOKOIMPOYHBIX YYTYHOB — 3TO:

1) u3menbueHue MIaCTUHOK TpaduTa;

2) nosy4eHue NePIUTHON CTPYKTYPbl METANINYECKONW OCHOBBI;
3) npunanue rpa@UTHBIM BKIIOYSHHUSIM IAPOBUIHON (HOPMBI;
4) yMeHbILIEHUE KOJIMYECTBA LIEMEHTUTA B CTPYKTYE;

5) ycrpanenue nene0ypura B CTPYKTYpE.

3.HarpyxeHHasi OTBETCTBEHHas J€Tallb U3 CPEIHEYTIEPOIUCTON CTallu, paboTaro-
nias Ipyu JuHaMu4yeckux (yJIapHbIX) Harpy3kax, J0JKHA UMETh CTPYKTYPY:

1) MmapTeHCuT;

2) dbepput + nepauT;

3) MapTEeHCHUT + IEMEHTUT BTOPUYHBIN;
4) MapTEHCUT OTIYCKa;

5) copOuT oTiycka.

4, I[J'I}I H3TOTOBJICHUA HECAOPOIoro u3Jacjivsg MeToaomM XOHOI[HOﬁ IOTAaMIIOBKHU CJICAYCT

HCIIOJIB30BaTh CTAJIb:

1) 08;

2) C16;

3) V§;

4) 12X18HI10T;
5) 45.
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5. 3akiounTeNbHAs ONepalus TepMUIECKOr 00paboTku, coobmatomas crary J[16

MAaKCHUMAJIbHYIO IIPOYHOCTD, — 3TO!

1) 3akanka;

2) HU3KUU OTIYCK;

3) UCKYCCTBEHHOE CTapeHHUE;

4) ecTeCTBEHHOE CTapeHHE;

5) pexpucTaIIU3aIMOHHBIN OTXKHT.

TECT 6

1. Kakoe 13 nepeynciaeHHbIX YTBEPKICHUI HEBEpHO? X0JI0/IHAs TUIACTUYECKAs Jie-

dbopmarus:

1) moBBINIaeT MTPOYHOCTH METAILIA,;

2) MOBBINIAET AIEKTPOCONPOTUBIICHHE;
3) cHMKAeT MIACTUYHOCTD;

4) MOBBINIAET YAAPHYIO BSI3KOCTB;

5) noBBIIIAET TBEPAOCTb.

2. IIpyHUMNIAATIBHO CTPYKTYpa CEPhIX YyTYHOB OTIMYAETCS OT OENbIX HATNYUEM:

1) deppura;

2) rpadura;

3) LIEMEHTHUTA;
4) aycreHura;
5) MapTeHcHTa.

3. MakcuMallbHy10 TBEpJIOCTh TIOPBTEKTOUIHOM CTalli 00eCIeunBaeT CTPYKTypa:

1) nepsnur + peppur;
2) TPOOCTUT;

3) MapTEHCHUT OTITyCKa;
4) MapTEHCHT;

5) copbut oTmycka.

4. Teru10CTOMKOCTH CILIaBa — 3TO:

1) crtoCOOHOCTH BBIIEPKUBATH BHICOKHE TEMIIEPATYPHI;

2) criocoOHOCTh HE U3MEHSITH pa3MEPbl U3/ TIPU HATPEBAHUU;

3) cI0COOHOCTH COXPaHATh BBICOKYIO TBEPAOCTh MPH JAJTUTEIHLHOM Ha-
I'PEBaHNH;

4) crtocOOHOCTH HE OKHUCTSATHCS MPU BBICOKHX TeMIIepaTypax;

5) XKaponpoOYHOCTb.

5. g 3 PeKTUBHOTO yIIPOUYHEHHUS CIIJIABOB TUTIA AYPATIOMHUH UCIIONIB3YeTCs Moce-

JI0BATEIIbHOCTh OTIEPALUN:

1) oTxura;
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2) oTHycCKa;

3) 3aKajku;

4) 06pabOTKH X0JIOJOM;
5) crapenusl.

TECT 7

1. Kakol Tin pemeTky UMEET KeNe30 MPU KOMHATHOM TeMIepaType:

1) TeTparoHanbHasi;

2) nmpocTas Kyondeckas;

3) 06beMHO-TIEHTpUPOBAaHHA KyOu4yeckas;
4) rpaHelleHTpUpPOBaHHAS KyOUYeCKas;

5) rekcaroHasnbHasl.

2. HauGounbiiel MpoYHOCTHIO JOJIKEH 00JaAaTh YyTYH CO CTPYKTYpPOM:

1) maposuansiii rpadur (I') + dpepput (D);
2) mapoBuaubii [ + nepmnut (I1);

3) mnactunuateiii I + I1;

4) xnonbeBuansiii I' + @ + 11,

5) xnonbeBuHbIN [ + O,

3. IIpu Temneparype HarpeBa CTajl O] 3aKAJIKY B €€ CTPYKTYpe 00s13aTEIIBHO 10JI-

YKEH MPUCYTCTBOBATH:

1) MmapTeHcuT;
2) LIEMEHTUT;
3) peppur;

4) ayCTCHMUT;
5) nepmur.

4. Jlns peranei NOAMIMITHUKOB KAYEHHUS CIEAYET UCOJIb30BaTh CILIAB:

1) cTans 45;
2)V7T;

3) IX15;
4) Al6;

5) BU120.

5. Haubompiei miacTHYHOCThIO 00J1a1a0T JIATYHH, UMEIOIINE CTPYKTYPY:

1) ogHOa3HYIO O}

2) ogHodaznyto B;

3) nByxdazuyro o+f;

4) ogHo(pa3HyIO ayCTEHUTHYIO;
5) ogHOazHyIO (hepPUTHYIO.
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TECT 8

1. PaBHOBECHAs CTPYKTypa YIJIEPOAMCTHIX CTajiel U OEbIX YyTyHOB MPU HOPMAaJIb-

HBIX TeMIiepaTypax ¢popmupyercs u3 das::

1) aycrenur;
2) deppur;

3) LICMEHTHUT;
4) MapTEHCHT;
5) nepmur.

2. Cranp Y12 nocie rpaMOTHO MTPOBEACHHON 3aKaJIKU UMEET CTPYKTYPY:

1) nepaut + nemenTut BropuuHblil (I1+11 1);
2) mapteHcut (M);

3) aycrenut + I y;

4HM+ 1 1

5) M + deppwur.

3. Jly1g sKcpecc-KOHTPOJI KauecTBa TEPMUYECKOH 00paOOTKH OOBIYHO UCIOJIB3YIOT

U3MEPEHHUS:

1) npouHoCTH;

2) TBEpAOCTH;

3) MIaCTUYHOCTH;

4) ynapHOil BA3KOCTH;
5) U3HOCOCTOMKOCTH.

4.I[J'ISI OOIITMBKH CaMOJICTOB CJICOYCT UCITIOJb30BATh CILJIAB:

1) natyHs;

2) yriepoaucras cTalib;

3) BBICOKOIIPOYHBIN YyTYH;
4) nypamoMuH;

5) cunymuH.

5. B xauecTBe MOAMUITHUKOBOTO (aHTU(PUKIIMOHHOTO) MaTepraia UCIIOIB3YIOT

CIIJIIaB.

1) V8;

2) JI90;
3) bpC30;
4) A16;
5) HIX15.
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TECT 9

1. C yBenmnueHueM coiepKaHusl yriaepoa B yriaepOaUCThIX CTaNSX:

1) TBEpIOCTH U IJIACTUYHOCTh PACTYT;

2) TBEPJIOCTh U MJIACTUYHOCTH MAJIal0T;

3) TBEpIOCTh PACTET, IJIACTUYHOCTbD I13]1a€T;

4) TBEpAOCTh NAAAET, INIACTUYHOCTH PACTET;

5) TBEpIIOCTh PACTET, MIIACTUYHOCTh HE U3MEHSETCS.

2. OcHOBHAsI CTPYKTYpHAsi COCTaBIISAIONIAS YTJIEPOJAUCTHIX CTalIel B pABHOBECHOM

(OTOXKEHHOM) COCTOSTHUM MPU KOMHATHOMN TeMIleparype:

1) deppur;

2) IIEMEHTUT;
3) nepuur;

4) ayCTeHUT;
5) nenedypur.

3.C noBBIIIIEHUEM TEMIIEPATYPhI OTIYCKa CTaJu:

1) IpOYHOCTH U MJIACTUYHOCTh YBEITUUUBAIOTCS;
2) MPOYHOCTH PACTET, IUTACTUYHOCTH Na/1a€eT;

3) IpOYHOCTH MA/AET, MIIACTUYHOCTD PACTET;

4) NpOYHOCTH HE U3MEHAETCS, IUIACTUYHOCTh PACTET;
5) NPOYHOCTH U MIIACTUYHOCTh YMEHBIIAIOTCS.

4. Cepble UyTyHBI BBITOJHO OTIUYAIOTCS OT YIJIEPOJUCTHIX CTaleH (YKaXuTe BCe

IPU3HAKH):

1) crouMocCThIO;

2) aHTU(PPUKITMOHHBIMU CBOMCTBAMH;
3) TUTEHHBIMHA CBOICTBAMU;

4) 00pabaTHIBAEMOCTBIO PE3aHHUEM;
5) IPOYHOCTHIO.

5. I[J'If[ JINTBIX I[GT.’:UIGIZ CaMOIJICTOB, IICPCHOCHBIX HpI/I60p0B " T.II. CJICAYCT UCIIOJIb30-

BaTh CIIJIaB.

1) CY10;
2) V10;
3) Al6;
4y AJI2;
5) J162.
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TECT 10
1. B ueM nmpuunHa pocTa TBEpIOCTH CTaJIeld B PABHOBECHOM (OTOAOKEHHOM )
COCTOSIHUHM NP YBEJIMUYEHUU COACPKAHUSA B HUX YTIIepoja:

1) ymeHbIIaeTCs pa3mMep 3epHa;

2) yBeIMYHMBACTCS HAKJIET;

3) B CTPYKType MOSIBISIETCS JIeNeOypHUT;

4) BO3pacTaeT KOJIMYECTBO LIEMEHTUTA B CTPYKTYPE;

5) ipu OOMBIIOM KOJTMYECTBE YIJIEPOaa B CTPYKTYpE MOSBIISETCS Map-
TEHCHT.

2. HanbOomnpiieil mi1acTUHYHOCTRIO 00/1a1a€eT:

1) aBTEeKTOHMIHAS CTaJIb;

2) NOABTEKTOUHAS CTaJb;

3) 3a3BTEKTOMAHAS CTAJIb;

4) NO3BTEKTUYECKHUM O€JIbIi YyTyH;
5) TEXHUYECKOE JKEeJe30.

3. B KOoppo3nOHHOCTOMKOMN CcTalli 0053aTeIbHO MPUCYTCTBYET:

1) Mn;
2) Ni;
3) Cr;
4) C;
5) Ti.

4. PacionoxuTre HCO6XO,Z[I/IMBI€ Oorcpannuu O6pa6OTKI/I CTaJIbHBIX IMICCTCPCH
B HpaBHHBHOﬁ IIOCJIACA0BATCIIbHOCTH:

1) 3akainka;

2) IIeMEHTAalIUS;

3) BBICOKHMI OTIYCK;
4) cpeaHuil OTHYCK;
5) HUBKUH OTITyCK.

5. Ykaxute JABa HanOo0JIee BaKHBIX AJOCTOMHCTBA CIINIABOB TUIIA AYPAJIFOMUH,

O6yCJ]OBI/IBLHI/IX HUX HMIHUPOKOC NPUMCHCHHC B KAQUCCTBC KOHCTPYKIMOHHBIX

ABHAIINOHHBIX MAaTCPHAJIOB!:

1) BbICOKasA TPOYHOCTH;

2) BbICOKas TBEPJOCTb;

3) xopotuas yaapHast BI3KOCTb;
4) BpICOKas yAeiabHas MPOYHOCTH;
5) KOppO3HUOHHASI CTOMKOCTb.
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TECT 11

1. Marepuain 1151 U3rOTOBJICHUS IeTAJIEH METOJIOM XOJIOJTHOM IITaMITOBKH JOJIYKEH

O6HaI[aTB BBICOKMMM 3HAYCHUAMMU.

1) TBepocTH;

2) npezea TEKy4eCTH;

3) npenena NpOYHOCTH;

4) OTHOCUTENBHOTO yJIMHEHNUS;
5) Moayns ynpyrocTH.

2. Kakoit xumuueckuii 3JIeMeHT ITpeo0IaiaeT B CTaNAX:

1) yriepon;
2) Xpowm;

3) xeneso;
4) HUKETb;
5) kucnopon.

3. MakcuMalibHY10 U3HOCOCTOMKOCTh MHCTpYMeHTa U3 ctayin Y 10 obecnieunBaet

CTPYKTYypa:

1) maptercut (M);

2) nepaut+iementut (Lj);
3) TpoOCTHT;

4) M+ Lj;

5) copOuT oTmycka.

4. HauGounpien yaeapHON MPOYHOCThIO 00J1a/1aeT CILIaB:

1) JI190;

2) [l6;
3)V12;

4) 12X18H10T;
5) BU120.

5. i neraneil KpynmHOrabapuTHBIX POJMKOBBIX MOJIIMITHUKOB CIEAYET UCIIOJIb30-

BaTb CTAJIb:

1) 45;

2) V8;

3) LLIX6;
4) 1IX15;
5) 40X.
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TECT 12
1. B pe3ynbpraTe criaBiaeHUs] XMMUYECKUX 2JIEMEHTOB A U B crijaB He MOXKeET OBITh:

1) MHOTO(DA3HBIM;

2) MHOTOKOTIOHEHTHBIM;

3) ogHOa3HBIM;

4) TBepIBIM PACTBOPOM;

5) XMMHUYECKUM COETMHEHHUEM.

2. HaunOomnblueil MpoYHOCTHIO 00J1aJaeT YyT'yH:

1) koBKu# HA GeppUTHON OCHOBE;

2) KOBKMH Ha MEPIUTHON OCHOBE;

3) KOBKHMI Ha (PeppUTO-NIEPIUTHON OCHOBE;
4) cepslit Ha HeppPUTO-TIEPIUTHOIN OCHOBE;
5) cepblii Ha NEPIIUTHON OCHOBE.

3. Uznenus u3 yiaydiaeMbIX CTajleH Mocjae CTaHAapTHON TepMUYECKONH 00pabOTKH

UMEIOT CTPYKTYPY:

1) TpoocTur;

2) MapTeHCUT + (eppur;

3) MapTEeHCHUT OTITyCKa;

4) copOuUT OTIYCKa;

5) MapTEeHCUT + HEMEHTUT BTOPUYHBIM.

4. OcHOBHas 11eJIb JIETUPOBAHUS Han00JIee SKOHOMUYHBIX (MaJIO- ¥ CPETHETETUPO-

BaHHBIX) CTajei:

1) noBsIllIeHNE TBEPAOCTH;

2) NOBBIIIEHHE U3HOCOCTOMKOCTH;
3) MOBBIIIIEHUE YAAPHOU BA3KOCTH;
4) yBeIM4YeHUE TPOKATUBAEMOCTH;
5) cCHUXEHUE CTOUMOCTH.

5. Jlsig OTBETCTBEHHBIX 3yOUaThIX Kojiec ceueHnreM > 100 MM ciiefyeT ucnonb30BaTh

CTallb:

1) 45;

2) 40X;

3) 30XT'CA;

4) 40XH;

5) 36X2H2M®A.
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4.2.3. BOITPOCHI JUIAA DK3AMEHA

Mamepuanogedenue;, 3a0auu u yenu uzyyeHus oucyuniur. OCHOBHblIE NOHAMUA —
XUMUYEeCKUL COCMA8 U CMpPYKmMypa Mamepuanos.

OcHogHble MexaHuuecKue Cc80UCmea Mamepuaios (NPouHoOCms U meeéEPOOCmsb, Nid-
CMUYHOCMb U YOAPHAS 6A3KOCMb); Memoobl UX onpeoenenus; 0003HaA4eHus; pas3-
MEPHOCHb.

Kpucmannuueckoe u amopgnoe cmpoenue meépovix men. Ocnoguvie xapaxmepu-
CMUKU KPUCMALIUYEeCKUX peulémox. Tunvl Kpucmaiiuueckux peuémox Memaiios.
THonumopgusm. I[lonumopgnvie npespawenus 6 dwcenese. AHU30MpOnUs CEOUCME
KPUCMALIUYEeCKUX Mamepuaos.

OcHosHble HecogepuleHcmea (0eekmbl) KpUCMALIUYecKo20 CMpPOoeHUss, UxX eIusHue
Ha ceoticmea memainos. [Ipounocms udeanvuovlx (6e30eekmuulx) U peaibHulX Me-
Mannos.

3aKOHOMEPHOCTH TpoIiecca KPUCTATUTH3AIUN METAIOB. CBSI3b MEXKIY CKOPOCTBHIO
OXJIAXKJICHUs ¥ Benu4drHoM 3epHa. CyliHoCTh nporecca MoaudunupoBanusi. Ctpoe-
HUE CITUTKA.

Brusanue nnacmuyeckoi degpopmayuu Ha cmpoenue, MexaHudeckue u usuiecxue
ceoticmea memanos. Aenenue Hakiéna, e2o npaKkmuyeckoe UCnoib308aHuUe.
Uszmenenue cmpoenus u ceoilicmes niacmuyecku 0e@opmuposaHnoco memauia noo
GIUAHUEM Hazpesa. feneHus 603epama u pekpucmaiiuzayuu. 3a8ucumocms mem-
nepamypvi nopo2a peKpucCmaiiu3ayuu om 4Yucmomosl Memaiida u cmenenu niacmu-
yeckol deghopmayuu.

Pexpucmannuzayus oegpopmuposannozo memanna. Xonoonas u eopsayas niacmuye-
ckas Ooeopmayuu, 6rusHUE IMUX U008 0OPAOOMKU HA CMPYKMYPY U CEOUCMBA
Memanna.

Cnnas, komnonenm, ¢aza (cyms nouamuii). Tunvl a3 6 Mmemaiiuveckux cniasax.
Knaccugurayusa u ocnosnule ceoticmea meépovlx pacmeopos u XuMuieckux coeou-
HEeHUU.

JlmarpaMMbl cOCTOSTHUS (OCHOBHBIC MOHATHSA). JMarpaMma COCTOSHUS JJI Cydast

IIOJTHOW B3aMMHOM PaCTBOPUMOCTH KOMIIOHEHTOB B TBEPAOM cocTosiHMHU. [IpaBuna
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OTIPEJICIICHHS] XUMUYECKOTO COCTaBa M OTHOCUTEIBHBIX KOMm4uecTB ¢a3. JleHapur-
Hasl U 30HAJIbHAs JIMKBALIMSL.
JluarpamMMbl COCTOSIHUSI IBOMHBIX CIUIABOB JIJISl CJIy4aeB MOJIHOM HEPACTBOPUMOCTHU
Y OTPaHUYEHHON pAaCTBOPUMOCTH B TBEPJIOM COCTOSIHMU. KpucTramiuzanus crjiaBoB
pazIMyHOro coctaBa. JIMKBalnus MO TJIOTHOCTH, CHOCOOBI €€ ycTpaHeHus. Jua-
rpaMMa COCTOSIHUS C YCTOWYMBBIM XUMHUUYECKUM COCTUHEHHUEM.
CBsi3b M@Ky THUIIOM JUArpaMM COCTOSIHHS U (PU3HKO-MEXaHUYECKHUMH U TE€XHOJO-
IMYECKUMHU CBOMCTBaMHu cruiaBoB (3axkoH KypnakoBa). IlpakTuueckoe 3HadYeHUE
JiarpamMM COCTOSIHUSL.
Juaepamma cocmosinus "Keneszo-yemenmum". @a3zvl, npucymemsyowue 8 0aHHOU
cucmeme, ux xapakmepucmuxu. Kpucmaniuzayus cniagos ¢ pasiuunwvim cooepaica-
Huem yenepooa. Cmpykmypa dcene3oy2iepooucmulx CHIa808, Ux Kiaccugurayus.
3asucumocms MeXanuueckKux COUCME JHCene30)21epoOUCmbIX CNIA808 Om cooep-
aorcanus yenepooa. Knaccugurayusa u mapkuposka y2nepooucmsix cmaieti.
Cepuie uyeyHvl, ux kiaccugukayus no popme epaguma u cmpoeHuo memaiiuie-
CKOUL OCHO8bL. Bausinue ckopocmu oxnaxcoenusi u npumecetl Ha npoyecc epagumu-
3ayuu. Mapruposra pasnuunbix Munosg cepvix 4yeyHos.
Moouguyuposannvie yyeynvi. Ycnosus nonyueHusi 8blCOKONPOYHO20 U KOBKO20
yyeynos. Cesazb mMedcoy cmpyKmypou U MeXaHudecKUMU C8OUCMEAMU IMUX YY2YHOB.
CpasnumenvHulil aHAIU3 CBOUCME CEPbIX, OENbIX YY2YHO8 U Y2NepOOUCHbIX CIATEl.
Obracmu npumeHeHus: pa3IUdHbIX MUNOG CEPLIX UY2YHO8.
IIpespawenus 6 cmanu npu oxaasxcoenuu. /luazpamma uzomepmuieckoeo npespa-
wenusi nepeoxnaxicoénnoco aycmenuma. Cmpykmypa u ceoucmea npooyKmoe npe-
8pawyeHus.
Huacpamma uzomepmuueckoeo npespaujenusi NepeoxaatcOEHHO20 ayCmeHumad.
Cmpykmypa u ceoucmea npooyKmos npespawjerus, oopa3yemvix npu pasiudHblx
CKOPOCMIAX OXANHCOEHUS.
Kpumuueckas ckopocms 3axanxku. Mapmencumnoe npespawerue u e2o0 0coOeHHO-
cmu. Cmpykmypa u ceoticmea mapmencuma. IIpuuuna e2o 6blcoxoii meépoocmu.

OcTaTouHbIN ayCTEHUT, IPUYMUHBI €r0 COXPAHEHUS MIPU 3aKaJIKe; BIMSHUE HA CBOM-
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cTBa u3nenui. O0paboTKa cTaiu X0J0J0M, €€ Ha3HaYeHUE U CIoco0 OCyIIEeCTBIIe-
HUSL.
3asucumocmvb meépoocmu 3aKaNEHHOU CMAlu Om codepicanus yeaepooda. /leghex-
Mol 3aKANEHHOU CMAU, NPUYUHBL UX BO3HUKHOGEHUS U Mepbl NpeoynpertcOeHuUsl.
Ipeumywecmea u nedocmamru pasiudHbIX U008 3AKAIKU.
IIpespawenus 6 saxanénnoii cmanu npu omnycke. Mzmenenue cmpykmypul u mexa-
HUYeCKUX C8olcme cmanu 6 pesyiomame omnycka. Omauuue cmpykmyp, noaydae-
MbIX 8 pe3ylbmame Omnyckd, Om aHAN0SUYHLIX CMPYKMYp, 00pazyiowuxcs npu
npespaweHuU Nepeoxia*CcOEHHO20 ayCmeHuma.
OTnyckHas XpyInKoCTh cTajel, e€ pa3HOBUIHOCTH U CIIOCOOBI MPEAOTBPALICHUS.
OTxur cranu, ero pasHOBUIHOCTU. HasHaueHWe pa3nuyHBIX BHIOB OTXKUTA U Pe-
XKUMBI UX nposeneHus. CTpyKTypa 1 CBOMCTBaA CTaIM MOCIE OTKHUTA.
TepmomMexannyeckast 00paboTKa cTainu U e€ pa3HOBUIHOCTH. VI3MeHeHHe CTPYKTY-
PBI U CBOMCTB CTaJIu NPHU TEPMOMEXAHHUECKONW 00paboTKe.
IIpokanueaemocms; eé @nuaHUe HA IKCHIYAMAYUOHHbIE CBOLUCMBA 3AKANEHHOLUL
cmanu. Paxmopwl, erusAOWUE HA NPOKATUBAEMOCIb U KPUMUYECKYI0 CKOPOCHb 3a-
KAJIKU.
Llenu necuposanusa cmanu. Haubonee pacnpocmpanénnvle necupyowjue 31eMeHmul.
Brusinue necupyrowux snemenmos Ha npespaujeHus nepeoxiarcoOeéHHo20 aycmenu-
ma u npoKaIueaemMocms cmaiu , MapmeHCUmHoe npespawjeHue U KOJUuecmeo oc-
MamoyHo20o aycmeHuma.
Knaccugurayusa necuposannvix cmaneii no cmpykmype u naszHadenuro. Mapxupos-
Ka ne2uposanuvix cmaneu. Ilpumepol necuposannvix cmaneti pa3iuidHblX KiAccos U
HA3HAYEeHUII.
Koncmpyxkyuonnvie necuposannvie cmanu, ux xKiaccugurayus, c6oucmea u Ha3Ha-
yenue. [lpumepol cmaneti xaxcooco muna. Llemenmyemvie u ynyuuiaemvle cmaniu.
Pescumvr mepmuueckoti obpabomku, cmpykmypa, MexaHuiecKue ceoucmea u 00-
J1AcCmu npUMEHeHUsl IMUX cmaJell.
Llemenmayus cmanu, eé Haznavenue u cnocoowvl ocywecmenenus. Cmanu, noosep-

caemosle yemeHmayuu. Tepﬂ/lu’-l€CKClﬂ 06pa60m1<a UeMeHmMoOBAaAHHbIX 1/[3@6]21/“1, ux
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CMpYKmypa u c8oucmaa.
A30THpOBaHHBIE CTajJM, €r0 Ha3HA4Y€HHE W CHOCOOBI ocyiiecTBieHus. Cramu s
azotupoBanusi. OCOOEHHOCTH XUMHUKO-TEPMUUYECKON 00paOOTKHU U3EIUNA TPU a30-
TrupoBaHuH. CTPYKTypa a30TUPOBAHHBIX U3ICTU.
[{uanupoBaHue ctanu, €ro Ha3HaY€HUE, PA3HOBUIHOCTH U CIIOCOOBI OCYIIIECTBIIC-
Hus. bopupoBanne u qudPpy3HOE HACHIIICHUE CTAIA METaJUTAMH.
CrpoutenbHble (HU3KOJIETHPOBAHHBIE) CTAIM; UX MapKUPOBKA, XUMHYECKUU CO-
CTaB, CBOMCTBA, 00JIACTU MPUMEHEHUSI.
PeccopHo-nipy>KMHHBIE CTalM; UX MAapKUPOBKA, XUMUUYECKUN COCTaB, TEPMHUUECKAs
00paboTKa, CTPYKTypa U MEXaHUYECKUE CBOMCTBA.
[ToaqmunHUKOBBIE CTAJIM; WX MapKUPOBKA, XUMHYECKUM COCTaB, TEpMHUECKas
00paboTKa, CTPYKTypa U MEXaHUYeCKHEe CBOWCTRA.
N3HOoCOCTOMKKE CTanu MNEPIUTHOTO M ayCTEHHTHOIO KJIACCOB, MX Ha3HA4YEHUE,
MapKUpPOBKa, XUMUYECKHUI COCTaB, TepMUUECcKass 00pabOTKa, MPUUNHA BHICOKON H3-
HOCOCTOMKOCTH.
Kopposutino-cmotixue (neporcaserowue) cmanu, npupooa ux KOpPpO3UOHHOU CMOU-
KOCmu, UX XUMUYeCKUuti cocmas, Kiaccuguxkayus u mapxupoexa. Medsxckpucman-
JIUMHASL KOPPO3USL HEPHCABEIOWUX cmanell, eé npupooa u cnocodwvl npedynpexicoe-
HUSL.
XKaponpounocts, €€ xapakrepucTuku. DakToOpbl, CIOCOOCTBYIOIIUE TMOBBIIICHUIO
»kaponpouHocTy. Kiaccudukanus xaponpoyHbIX MaTepUaioB; MPUMEPHI CIIaBOB
Pa3IUYHBIX KJIACCOB, UX XUMUYECKUI COCTaB, MApPKUPOBKA, IPUMEHECHUSI.
KapocToikocTh, €€ 3aBUCHMOCTh OT XMMUYECKOr0 cocTaBa marepuana. [IpuHuun
JISTUPOBAHUS KAPOCTOUKUX CIUIaBOB. [IpuMepsl kapoCcTONMKHUX cTajed U CIJIaBOB,
UX XUMUYECKHI COCTaB, MAPKUPOBKA, TPUMEHEHHUSI.
MarHuToMsarkue U MarHuTOTBEPABIE CTalW U CIUIABBI; UX HAa3HAYEHUE, XUMHYE-
CKHI1 COCTaB, CTPYKTYpa U CBOMCTBA, LIEJIM U PEKUMBI TEPMUUECKON 00paOOTKH.
CmaBel ¢ BBICOKMM 3JIEKTPUUYECKUM CONMPOTHUBJIECHUEM; MX HAa3HAYEHUE, XUMHUYE-
CKMM cocTaB U kiaccudukanusa. CTpykTypHas 0COOCHHOCTh 3TUX CIUIaBOB. [Ipume-

PpbI CILIABOB KaKJI0T'0 KJjIacca.
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. CrnaBbl ¢ 0COOGHHOCTSAMHU TEIUIOBOTO PACHIMPEHUS U YIIPYTUX CBOMCTB, MX Ha3HA-
YeHHe, XMMUYECKHUI cOCTaB, CBOMCTBA.

Knaccugurayua uncmpymenmanvuvix cmaneti no Haznadenuro. Hemennocmotikue
Cmanu Ons pexcywe2o UHCMpYMeHma, ux XumudyecKuti cocmas, MapKupogKd, mep-
Muueckas 0opabomra, cmpykmypa u Mexanuieckue ceolcmaa.

Bvicmpopeoicywue cmanu; xumuueckuii cocmas, MapKuposKka, npupooa ux KpacHo-
cmouxocmu. Mszmenenue cmpykmypuvl U C80UCMSE HA PA3IUYHBIX IMANAX mepmuye-
cKoul 06pabomxu.

TBEpapIe CIUIaBbl, UX XapAKTEPHBIE CBOMCTBA U Ha3HAYCHHE. TEXHOJIOrUsA MOIyde-
HUS, CTPYKTYpa U MapKUPOBKa TBEPABIX CIIABOB.

[IITamMroBaHHbIE CTaMM JAJIA XOJIOJHOTO M TOpsyero AeOpMHUpPOBAHUS METAIIA;
XUMHUYECKUN COCTaB, MapKUPOBKA, TepMHUUECKasi 00paboTKa, CTPYKTypa U MEXaHU-
YeCKHEe CBOMCTBA CTajeil pa3IMUHbIX TPYIIIL.

Knaccugukayua cnnasoé ma ocHose meou. Bnuanue codepoicanusi yuHka Ha
CMpPYKMYypy, MexaHudeckue u mexuonocudeckue ceoticmea nramyuet. Kiaccuguka-
Yus U MApKUpoBKa iamyHell.

Knaccudukanus Opons. BnusHue comepxkaHusi 0j0Ba Ha CTPYKTYpy, MEXaHHUE-
CKHE€ W TEXHOJOTMYECKHUE CBOMCTBA OJIOBSIHHBIX OpoH3. MapkupoBka, CBOMCTBa U
MPUMEHEHUST OJIOBSHHBIX M 0€30JI0BSIHHBIX OPOH3.

CruaBbl 1 IOANIMITHUKOB CKOJIBXKEHHUS, UX CBOMCTBA M CTPYKTYPHBIE OCOOCHHO-
CTH. XUMUYECKUN COCTaB, CTPYKTypa U CBOMCTBA pacnpoCTPaHEHHBIX MapoOK MOJ-
ITUTITHUKOBBIX (aHTU()DPUKITMOHHBIX) CTLIABOB.

Knaccugukayusa anromunuesvix cnnasos. /leghopmupyemvie aniomunuesvle Cniagol,
YnpouHsemvle U HEYNpOUHsAeMble MepMUYecKolt 00pabomkoll. (MapKuposKd, Xumu-
yeckuil cocmas, ceolicmea, npumererus). OcHogvl ynpouHaOwel mepmuieckol 00-
PAboOmKU antOMUHUEBHIX CNIABOS.

Jlumetinvle anomunuegvle CNIABbL, UX XUMUYECKULL COCMAB, MAPKUPOBKA, C8OUCMEA
u npumenenusi. Moouguyuposanue u mepmuyeckas oopabomra cniagos OAHHOU
epynnbi.

. CrnaBbl Ha OCHOBE THTaHa, UX CBOMCTBA U oOnacTu npuMeHenus. Knaccudukanus
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TUTAaHOBBIX CIUIABOB IO CTPYKTYpPE; XMMHUYECKUN COCTaB U XapaKTEPHBIE CBOMCTBA
CIUIABOB Ka)JOW IPYyTIIbI.
CraBbl Ha OCHOBE MarHus; KiacCU(pUKALMs U MapKUPOBKA. XUMUYECKHUIM COCTaB,
TEXHOJIOTUYECKUE U MEXAaHUUECKHUE CBOKMCTBA CIUIABOB PA3JIMYHBIX KJIACCOB.
KoMmno3uionnsie MaTepralibl ¢ METAIMYECKON MaTpullel; ux Kiaccuuxanus,
0COOCHHOCTH CTPOCHHUS U CBOMCTB; 00JIaCTH MPUMEHEHUSI.
Knaccudukanus Hemetammmdeckux MarepuanoB. [lomuMepsl; OCHOBHBIC TMOHSATHS,
0COOEHHOCTH BBICOKOMOJIEKYJIIPHOTO CTPOEHUS MOJIMMEPOB.
®opma MakpoMosekys. JInHeliHble U ceTyaTbie (3aMKHYThIE MPOCTPAHCTBEHHBIE)
MTOJIMMEPBI; CBA3b MEKY UX CTPOCHHUEM U CBOMCTBAMM.
@u3nyecKre COCTOSTHUS TOJMMEPOB (CTEKI000pa3HOE, BHICOKOAIACTUYHOE, BSI3KO-
Tekyuee). CBs3b MeXIy ctpoeHueM (popmMoit Makpomosekyid) U (HU3HUECKUM CO-
CTOSIHUEM MOJMMeEpa. TepMOIIIaCTUYHBIE U TEPMOPEAKTUBHBIE IOJTUMEPHI.
MexaHnnueckrne CBOMCTBA IMOJUMEPOB. TUNUYHBIE JUArpaMMbl PacTSKEHUS TeEp-
MOTUTACTUYHBIX U TEPMOPEAKTUBHBIX TOJUMEPOB B CTEKIOOOPA3HOM COCTOSHUHU.
IIpupoa BEICOKOM 371aCTUYHOCTU. BBIHYKAE€HHAs! 3I1aCTUYHOCTb.
BnusiHue temmeparypbl M CKOPOCTH HArpy’K€HUs Ha IMPOYHOCTH  IIOJMMEPOB.
JIoJTOBEUHOCTh MOJIUMEPOB, (AKTOPBI, OT KOTOPHIX OHA 3aBUCUT. CTapeHue Moju-
MEpOB, IyTH €r0 CACP>KUBAHUA.
[IimacTMaccel; X COCTaB, pOJIb Pa3IUYHbIX KOMIIOHEHTOB.
Knaccudukanus miactMace no TUITY HAIlOJHUTENS U MPUPOBI TOJIUMEPHON OCHO-
Bbl. T€pMOIUIACTUYHBIE U TEPMOPEAKTUBHBIC IIACTMACCHI; MPECC-ITOPOIIKH, BOJIOK-
HUTBHI, CJIIOUCTHIE MJIACTUKU. XapaKTEPHbIE CBOMCTBA COOTBETCTBYIOIINX TUIIOB ILIa-

cT™Macc.

Ipumeuanune. KypcuBoM BbIJI€NIEHBI BONPOCHI (TEMBI), HA KOTOPHIE CIIEyeT 0OpaTUTh

0co0o0e BHUMaHueE!
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