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Beenenune

Metoauyeckiue peKOMEHAAIMU [0 BBINOJHEHUIO J1a00paTOPHBIX W NPAKTHUYECKUX padoT 1o
yueOnort mgucruruimHe OI1.03 MarepuanioBeneHue npeaHa3HaueHbl IJIs CTYJICHTOB IO mpodeccusim
cpenHero npoheccuoHaIbHOTO 00Pa30BaHMS C YIETOM MPOGUIS MOATOTOBKHU (TEXHUUSCKHUHN MPODUIIB).

B nmanHOM MeTonHM4YecKOM MOCOOMH MPHUBEACHBI YKa3aHHs MO BBINOJHEHHIO MPAKTHUYECKUX H

nabopaTopHbIX pabOT MO TeMaM AMCUMIUIMHBI, yKa3aHbl TEMbl U COJCpXKaHUE Ja0OpaTOpHBIX M

MPaKTH

4ecKux padboT, GopMbI KOHTPOJIS IO KAXKIOW TeMe U peKOMEHayeMast JIUTepaTypa.

JlaHHBIE PEKOMEHJAIMN CIIOCOOCTBYIOT pa3BUTHIO Bamux o0mmx u mpodecCHOHATBHBIX

KOMHCTGHHHﬁ, MOCTCIICHHOMY M MLCJIICHAIIPABICHHOMY PA3BUTUIO I103HABATCJIIBHBIX CIIOCOOHOCTEHA.

Pexomen0BaHbI K UCIIOJIB30BAHUIO NpH M3ydeHnn yueOHou nucuumimabl OI1.03 MatepuaoBenenue B
YUPEKIECHUAX CPEIHETO MPO(hEeCCHOHATBEHOTO 00pa30BaHMs C y4eTOM creru(puKy mpoQuiIs MoArOTOBKU
(TeXHHYECKHI PODUIIB).

B pesynmbrare ocBoeHMs [aHHON Y4eOHOM MUCHUIUIMHBI CTYACHT JODKCHYMETh:

pacrno3HaBaTh U KJIacCU(PUIIUPOBATH KOHCTPYKIIMOHHBIE U CHIPbEBHIE MATEPHAIIBI 10 BHEIITHEMY
BUJTY, IPOUCXOXKICHUIO, CBOMCTBAM;

noA0UpaTh MaTepUasbl MO UX HA3HAYCHUIO U YCIOBHUSAM KCIUTyaTalluy i BBITOJHEHHS padoT;
BBEIOMpATh ¥ paciu(poBBIBATE MAPKU KOHCTPYKITMOHHBIX MaTEPUAJIOB;

ONpeNEesATh TBEPAOCTh METAIIIOB;

OTIPEEIIATh PEKUMBI OT)KUTA, 3aKAJIKU U OTIIyCKa CTalH;

oAOUPATh CIIOCOOBI U peXUMBI 00paOOTKU METAIIIOB (JIUThEM, AaBICHUEM, CBAPKOU, pe3aHHEM
U J1p.) JUIsl U3TOTOBJICHUS PA3IMYHbIX JeTalIei;

B pesynprare ocBoeHMs NaHHOW yueOHOW JUCHMIUTMHBI CTYIEHT JIOJDKEH3HATh:

OCHOBHBIC BHJbl KOHCTPYKIHOHHBIX W CBIPbCBBIX, MCETANIMYCCKUX ©W HEMCTANIMYCCKUX
MaTepuasos;
KJIaCCU(UKALIMIO, CBOMCTBA, MAapKUPOBKY U 00JIaCTh MPUMEHEHHUS KOHCTPYKIIMOHHBIX
MaTepuaoB, MPUHIIUIIBI UX BbIOOpA AJI1 MPUMEHEHHUS B TPOU3BO/ICTBE;

OCHOBHBIC CBCACHHUA O HA3HAYCHUHN U CBOICTBaX METAJUIOB U CIIJIaBOB, O TE€XHOJOI'MHU HX
MIPOU3BO/ICTBA;

0COOEHHOCTH CTPOEHHUSI METAJUIOB M MX CIUIABOB, 3aKOHOMEPHOCTH TPOIIECCOB KPHUCTAILTH3AINN
U CTPYKTYpPOOOpa30BaHUs;

BUJIBI 00paOOTKH METAILIIOB U CIIJIABOB;

CYHIHOCTb TCXHOJIOTMYCCKHUX ITPOLCCCOB JIMTHA, CBAPKH, 06pa6OTKI/I MCTAJIJIOB HABJICHHUEM H
pe3aHuem;

OCHOBBI TEPMOOOPAOOTKH METAIIJIOB;

CIOCOOBI 3aIIUTHI METAJUIOB OT KOPPO3HUU;

- TpeOOBaHUs K Ka4eCTBY 00pabOTKH JIeTajei;
- BUJIBI M3HOCA JIeTaJei U y3JI0B;

OCOOEHHOCTH CTpPOCHUS, HA3HAUEHWUS W CBOWCTBA PA3JIMYHBIX TPYIIN HEMETATTHYCCKUX
MaTepHuaoB;
XapaKTEPUCTUKA TOIUIMBHBIX, CMa30YHBIX, aOpa3WBHBIX MaTEPHAIIOB U  CHEIUATBHBIX
JKUJKOCTEH;

- KJ1accu(UKaIMI0 U MapKu Macelt;

- DKCIUTyaTallHOHHBIE CBOMCTBA PA3JIMYHbIX BUO0B TOIIINBA;

- IpaBUJIA XPAHEHNUS TOIIMBA, CMa30YHBIX MATEPHUAJIOB U CIIELIUAIIBHBIX JKAJKOCTEM;
- KJIJaCCU(PMKALIMIO U CTIOCOOBI MOIY4YEHHUS] KOMITO3UIIMOHHBIX MaTepHaJIoB;

B

COBPEMEHHOH CHCTEME CpeIHero Ipo(heCCHOHATBHOTO

00pa30BaHMA00IBLIASIPOILOTBOAUTCAPAKTUKO-OPUEHTHPOBAHHOMYOO yUEHHIO,CIIEI0BATENBHO, B



COZEpKaHUU KaKa0u yaeOHOU IUCIMIIINHBI JOJDKHO
OBITHONPE/ICIIEHHOCKOINYECTBOIA00PATOPHBIXUITPAKTUIECKUXPAOOT.

JlabopaTopHble U MpakTUYeCKue paboThl MO3BONIAT Bam chopMHUpOBaTh MPAaKTHUECKHE HABBIKU
paboTsbl, npodeccroHabHble KoMIeTeHIIMU. OHHU BXOJAT B CTPYKTYPY U3YUECHHUS yU4eOHOU TUCIIMIUIMHBI
OI1.03«MatepuanoBeeHUEC).

JIaboparopHble U MPAKTUYECKHE PAOOTHI MPEACTABISIOT COOON 3IIEMEHT y4eOHON MUCIUTUTMHBI U
OLICHUBAIOTCS 110 KPUTEPHSIM, TIPEACTABICHHBIM HIKE:

Ounenka «5» BbICTABJIAETCHA CTYAECHTY, €CJIN:

- TeMarhka pabOThl  COOTBETCTBYET  3aJIaHHOM, CTYICHT  I[OKa3bIBaeT

CUCTEMHBIE U MOJIHBIC 3HAHWS H YMEHHSI 110 JAHHOMY BOTIPOCY;

- paboTa oopMIICHa B COOTBETCTBUHU C PEKOMEHIAIIUSMHE MTPETIOIaBaTelIs;

- 00beM PabOTHI COOTBETCTBYET 33JaHHOMY;

- paboTa BBIITOJIHEHA TOYHO B CPOKH, YKA3aHHBIC ITPETIOaBATEIICM.

Ouenka «4» BbICTABJISIETCSH CTYACHTY, €CJIU:

- TeMarhka pabOTbl  COOTBETCTBYET  3aJIaHHOM, CTYACHT  JIOMYCKaeT

HeOOJIBIITNE HETOYHOCTH MJIM HEKOTOPBIC ONIMOKU B IAHHOM BOIIPOCE;

- pabota ohopmIIeHa C HETOYHOCTSIMH B O(pOPMIICHUH;

- 00beM PabOTHI COOTBETCTBYET 33JJaHHOMY HJIU YyTh MCHBIIIC;

- paboTa claHa B CpOKH, YKa3aHHBIC TIPEIIOIaBaTelieM, WU TI03Ke, HO He

0osee yem Ha 1-2 mHS.

Ouenka «3» BBICTaBJISIETCHA CTYAEHTY, €CJIU:

- TeMaTuka paboThl COOTBETCTBYET 3a/JaHHOM, HO B PadOTEe OTCYTCTBYIOT3HAUUTEIbHbBIC

AJIEMEHTHI 110 COEPKAHUIO PaOOTHI HIIM TeMAaTHKa U3JI0KEHA

HEJIOTHUYHO, HE YETKO MPEJICTAaBICHO OCHOBHOE CO/Iep KaHKEe BOIIPOCa;

- pabota oopmiieHa ¢ omuOKaMu B 0(OPMIICHUH;

- 00BbeM pabOThI 3HAYUTEIILHO MEHBIIIE 3a/IaHHOTO;

- paboTa caHa ¢ Omo3aHNEM B CpOKax Ha 5-6 mHEH.

OuneHka «2» BBICTABJISIETCH CTYAEHTY, €CJIU:

- HE PacKpbITa OCHOBHAS TeMa PabOTHI;

- pabota odopMiIeHa HE B COOTBETCTBUH C TPeOOBAHUSAMU MPETIO1aBaATENS;

- 00beM pabOoTHI HE COOTBETCTBYET 33/IaHHOMY;

- paboTa cliaHa ¢ Onmo3JaHueM B CpoKax OoJbIie 7 THEH.

JlaGopaTopHble W TpakTHYeCKue paboThl MO CBOEMY COAEPKAHUIO HMEIOT OINpEAeICHHYIO
CTPYKTYpY, Ipe/ularaeM pacCMOTpPETh €e: XOA paldoThl MPUBEACH B Hayale KaXJI0W MPaKTUYEeCKOH U
nabopaTopHoii paOOTHI; MPHU BBIMOJIHEHUH NMPAKTUYECKUX pabOT CTyIEHTAaMHU BBHINIOJHSETCS 3aJaHue,
KOTOpPO€ yKa3aHO B KOHILIE pa0OThI; MPHU BBIOJIHEHUH JIabopaTOpHBIX paboT Bamu cocraBnsercs oTyeT
IO €€ BBIMOJIHEHHIO, COAEepKaHUE OTUeTa YKa3aHO B KOHIIE JJa0OpaTOPHOM paboThI.

[Ipn BbIMOAHEHMH JTAOOPATOPHBIX M NPAKTHYECKUX pPabOT CTYACHTAMU BBIMOJIHSIIOTCS
OllpeJieIeHHbIe TpaBWiIa, PACCMOTPUTE MX HIDKE: J1abopaTopHble U TMPAaKTHYECKHe padboThI
BBITOJIHSAIOTCS. BO BpeMsl YUeOHBIX 3aHATHH; JIOMyCKaeTCss OKOHUaTeNbHOE o(hopMiIeHHe TabopaTOPHBIX
U TPaKTHYECKUX pabOT B JAOMAIHUX YCIOBHSX; pa3peliaeTcs HCIOIb30BaHUE JIOMOJIHUTEIbHOM
JTUTEPaTyphl TIPHU BBHIMOTHCHUH JIA0OPATOPHBIX M TPAKTHUECKUX pabOT; TMepel BBIIOJIHEHUEM
71a00paTOpHON U MPAKTUYECKOW pabdOThl HEOOXOJMMO H3YYUTh OCHOBHBIE TEOPETHUECKUE MOJIOKEHUS
10 pACCMAaTPUBAEMOMY BOIIPOCY.



Conepxanue.

BBenenue
[TpakTrueckas padota Ne 1 «PacmmdpoBka MapoK METAILIOB U CILIABOBY.

[TpakTuyeckas pabora Ne 2 «BpIOOp HHCTPYMEHTAIBHBIX CTATIEH».

Jlaboparopnas padota Ne 1 «MakpouccienoBaHie METaIJIOB U CILTIABOBY.



INPAKTHUYECKAS PABOTA Ne 1

PacumdpoBka Mapok MeTaJJIOB M CILJIABOB.

Coueranus OykB M HU(p HAIOT XapaKTEPUCTUKY JEerHPOBaHHOM cTaam. Eciu Bnepean MapKku CTOSIT
nBe mU(pbl, OHM YKa3bIBAIOT CpPEAHEE COAEp)KaHUE yriepoja B COTHIX aoiax mpoueHTa. Onna nudpa
BIIEPEM MAapKH YyKa3bIBaeT CpEeAHEEe COJEpKaHWE yIriepofa B JIECATHIX NONsAX mpoueHTa. Ecnu Bmepemu
MapKd HET IUQPBI, 3TO 3HAYMUT, YTO yriiepoaa B Hel mubo 1%, mmubo Beime 1%. Hudpsl, crosmue 3a
OyKBaMH, YKa3bIBalOT CPEAHEE COACPIKaHUE JAaHHOTO JIEMEHTa B MPOILEHTaX, €CIH 32 OYKBOW OTCYTCTBYET
upa — 3HAYUT CoJiepKaHUE JAHHOTO deMeHTa okoino 1% (ue 6onee 1,5%). BykBa A B KOHIIE MapKH, KaKk
U B YIJIEPOAMCTOM, TaK W B JETUPOBAHHOHM cTanu, 0003HAYaeT BBHICOKOKAYECTBEHHYIO CTallb, T.€. CTajb,
COJIEp KaIlyto MEHbIIE ceprl U ocdopa.

VYkazaHHas CUCTEMa MAapKUPOBKHM OXBATHIBACT OOJBIIMHCTBO CYIIECTBYIOIIMX JISTHPOBAHHBIX
crajeil. VIckiroueHue COCTaBIIAIOT OTJENbHBIE TPYMIBI CTajei, KOTOpPbIE AOMOJHUTEIHHO 0003HAYAOTCS
ompeneneHHond OykBoi: P — ObicTpopexxymue, E — marnutssie, 11l — mapukonoammumHUKOBBIE, O —
3JIEKTPOTEXHUYECKHUE.

IIpumep pacuiudpoBKE MAPKH CTAJIN

C0.12% Tipo 1,5%

\12X18H10T
L 18%/ Ni 10%

JIerupylomne 3J1EMEHThI M X BJIMSIHHE HA CBOIiCTBA CTaJIH

Xpom— Hambornee JNemeBblii 1 pacIpoCTpaHEHHBIH 37eMeHT. OH MOBBIIIAET TBEPJAOCTh U MPOYHOCTD,
HE3HAYUTEJIbHO YMEHbIIasl MIAaCTUYHOCTh, YBEIMYNBAET KOPPO3HMOHHYIO CTOMKOCTD; COiep KaHue OOJIbIINX
KOJINYECTB XpOMa JIeJaeT CTajlb HepKaBerolleil 1 00eCeunBaeT yCTOMUMBOCTh MAarHUTHBIX CHII.

HuxkenvbcooOmmaer craiy KOPPO3MOHHYIO CTOMKOCTh, BBICOKYIO IPOYHOCTh U IUIACTHYHOCTH,
YBEJIMUMBAET IMPOKAIMBAEMOCTb, OKa3blBaeT BIMSHME Ha HM3MEHEHHEe Kod(p(uIMeHTa TEmIOBOro
pacmnpenus. Hukenb — 1oporoit MeTasul, ero cTaparoTcsi 3aMEHUTh O0Jiee eIIEBbIM.

Bonvgpamobpasyer B CTalid O4Y€Hb TBEp/ble XHWMUYECKHE COEAMHEHHUS — KapOHWabl, pe3Ko
YBEJIMUYUBAIOLIME TBEPAOCTh M KPAaCHOCTOWKOCTh. BonbppaM mnpensTcTByeT pOCTy 3€peH IMpH Harpese,
CIOCOOCTBYET YCTPAHEHUIO XPYIKOCTH MPH OTIYCKE. ITO TOPOTOH M NePUIIUTHBIA METaJLI.

Banaouunoselaer TBEPAOCTh M MPOYHOCTb, U3MENbYAET 3€PHO. YBEIWYMBACT IUIOTHOCTH CTallH,
TaK Kak SIBJSETCS] XOPOIIUM PACKUCIUTENEM, OH JOPOT U J1e(pULIUTEH.

Kpemnuiip xonuuectBe cBoilie 1% okaszbiBaeT 0coboe BIMSHHME Ha CBOMCTBA CTAJIU: cojepkaHue |-
1,5% Si yBenmuumBaeT MPOYHOCTD, TPH ITOM BSI3KOCTh coxpansercs. [Ipu OoibineM colepKaHuM KPEeMHUS
YBEJIMUUBAETCS AJIEKTPOCONPOTUBICHUE M MarHUTONPOHMIIAEMOCTh. KpeMHHI yBeIMYMBAaET TaKkKe
YIOPYroCTh, KHCIOCTOMKOCTh, OKaTMHOCTOMKOCTb.

Mapeaneynpu conepxanuu cBbIme 1% yBeTWYUBAEeT TBEPAOCTh, H3HOCOYCTOMYUBOCTh, CTOWKOCTD
IIPOTUB yJIApHBIX Harpy30K, HE YMEHbIIAs IJIaCTUYHOCTH.

KobanemmoBblmaet xapornpoyHOCTb, MATHUTHBIE CBOIMCTBA, YBEIMYMBAET COIIPOTUBIICHUE yAPY.



MonubdenyBenuuuBaeT KPACHOCTOWKOCTh, YIPYTOCTh, IMIpeled MPOYHOCTH Ha PaCTSHKCHHE,
AHTUKOPPO3UOHHBIEC CBOMCTBA U COTIPOTHUBIICHNE OKHUCIICHHUIO MPH BBICOKUX TeMIIEpaTypax.

TumannoBBIIIaeT MPOYHOCTh W IUIOTHOCTH CTaJIM, CIIOCOOCTBYET W3MENIBUCHHUIO 3€pHA, SBISETCS
XOPOIIINM PAaCKUCITUTENIEM, yJIydIlIaeT 00padaThIBAEMOCTh M COPOTUBIICHUE KOPPO3HH.

Huobuiiynydiiaer KHACIOCTOMKOCT M CIHOCOOCTBYET YMEHBIIECHUIO KOPPO3UHM B CBapHBIX
KOHCTPYKITHSX.

AnroMuHUUTIOBBIIIACT )KaPOCTOUKOCTh U OKAIMHOCTOMKOCTb.

MeovyBenuuuBaeT aHTUKOPPO3HMOHHBIE CBOMCTBA, OHA BBOJIUTCS IJIaBHBIM 00pa30M B CTPOUTEILHYIO
CTaJIb.

IIpumepsl pacuimppoBKH 0003HAYEHHS CTAJIEN:

12XH3A: conepxkanue yriaepona - 0,12%, xpoma - 1,0%, aukens - 3,0%, BBICOKOTO Ka4eCTBa;
30XTI"CA: conmepxkanue yriepoaa - 0,30%, xpoma, MapraHiia, KpeMHHS 110 OJTHOMY MPOIICHTY, OyKBa
"A" 0003HaYaET BHICOKOE KAUECTBO;
19XT'H: conepxanue yriepona - 0,19%, xpoma, MmapraHiia, HUKEJs 10 OJHOMY ITPOLICHTY;
15X25T: conepxkanue yriepona - 0,15%, xpoma - 1o 25%, tutana - 10 1%;
08X21H6M2T: conepxxanue yriepona - 0,08%, xpoma - 21%, Hukens - 6%, monubaena - 2%,
TUTaHa - 10 | mporeHTa.
09X16H15M3b: conepsxxanue yraepozaa - 0,09%, xpoma - 16%, nukens - 15%, monubaena - 3,0%,
HUOOMS - 10 1 TIporeHTa.

YcioBHBIE 0003HaAYEHUS JIETMPYHOIIUX 3JIEMCHTOB:

azoTr (N)-A kobaneT (Co ) - K aukenb ( Ni ) - H
amomuani (Al ) - kpemuwuii ( Si ) - C Hroduit ( Nb) - b
H06epunuii ( Be ) - marnwuii (Mg ) - I tutan ( Ti ) - T
Joop(B)-P mapraner; (Mn) - T yrnepog ( C ) - VY
BaHaauii (V) - ® ceurer (Pb) - AC dochpop ( P ) - II
BucmyT ( Bi) - Bu menb (Cu ) - /1 xpom ( Cr ) - X
Bosbdpam (W) - B mommbaeH (Mo ) -M tupkonuii ( Zr ) - L.

Cranu o0bIKHOBeHHOro kadectBa wm3rotaBiuBaroT mo ['OCT 380-94. BeimnaBka ux OOBIYHO
MIPOM3BOJUTCS B KPYIMHBIX MAPTEHOBCKHUX T€YaX U KUCIOPOAHBIX KOHBepTepax. O003HAYarOT UX OyKBaMH
«Ct» u mudpamu ot 0 mo 6, Hanmpumep: Ct0, Ctl, Ct6. bykBsl «CT» 0603Ha4yatoT «Ctanby, mudper —
YCIIOBHBIM HOMEp MapKH CTalM B 3aBUCUMOCTH OT €€ XMMHUYECKOTo cocTaBa. B KoHIle 0003HaUeHUS MapKu
CTOAT OYKBBI «KII», «TIC», «CI», KOTOPBIE YKA3BIBAIOT HA CIIOCO0 PACKUCIEHUS: «KID» — KHUTISIIAS, «I1C» —
MOJIYCIIOKOMHAs, «CI» — CIIOKOMHAs.

bykBa «A» B KOHIIE Mapku JIOOOH CTamu YKa3bplBaeT, 4TO CTallb OTHOCUTCS K KaTeropHH
BbIcokokauecTBeHHOH (30XI'CA, Y7A), B cepeanne 0603Hau€HUSI MapKH — YTO CTallb JIESTMPOBAaHA a30TOM
(16I'2A®D), B Hauane Mapku — YTO CTalbh aBTOMAaTHAs MOBBIMIEHHON 00padaTeiBaeMocTH pe3anuem (A35T).
BbykBel AC B Hauasne MapKH yKa3bIBalOT, YTO CTaJIb aBTOMaTHas co cBUHLIOM (AC3512).

B koHIle MapKu KOHCTPYKIITMOHHOM CTaal MOTYT OBITh JOMOJHUTENbHbIE OyKBEHHBIE 0003HAYCHMUS:
[T — crane noHMx’eHHOMNpoKanuBaemMocTu, JI — nuteitnas, K — cranp a1 KOTJI0OB U Ap.



MapkupoBKa 4yryHa

Uyryn wmapkupyercs OykBamu CYU u mumdpamu, mepBas U3 KOTOPBIX XapaKTepu3yeT Ipeael
MPOYHOCTH YyTryHa JaHHOW MapKH TPH PACTSDKCHHH, BTOpas - mpu u3rubde (kr/mm2). HambGombinee
pacnpocTpaHeHue Moay4duiin 4yryHel Mapok: CU12-28; CH15-32; CU18-36; CY 21-40; CY 24-44; CY 28-
48; CY 32-52; CY 38-60, mpuyeM mepBble MATH MAapOK UMEIOT MEPIUTHO-(PEPPUTHYIO METAITHYECKYIO
OCHOBY, IIOCJIEJHUE TPU - NEPAUTHYIO. [IpOUyHOCTH cephIX UyryHOB BCEX MAPOK IPHU CKATHUH 3HAUUTEIHHO
IIPEBBILIAET MPOYHOCTh INpU pacTskeHun. Hampumep, ansa uyryna mapku CU 24-44, umeromero npenen
MMPOYHOCTH TPH PaACTSHKEHUU 24 Krc/mMM2, Tpenes MPOYHOCTH MPHU CKATHH cocTaBisieT 85 krc/mm2. Jlns
YBEJIMYEHUSI NPOYHOCTH YYTyHa TIpa(UTOBBIM BKJIIOUEHHEM MPUAAIOT ILapooOpasHylo ¢GopMy MIyTeMm
BBEJICHUS MarHus B KOBII nepe] paziauBKoi. [Ipu 3ToM 4yryH npuoOperaeT U HEKOTOPYIO MJIACTUYHOCTD.
BeicokonpouHnsle 4yyryHel MapkupyroT OykBamu BY u mudpamu, mnepBas U3 KOTOPBIX XapaKTepU3yeT
BPEMEHHOE CONPOTHBIICHUE YyT'yHA MPU PACTSLKEHUH (Krc/MM2), BTOpas - OTHOCUTeNbHOE yanuHenue (%).
Hanpuwmep, BY 60-2 niau BY 40-10.

KoBkue wuyrynsr wmapkupytor OykBamum KU wu muppamu, o0003HaYarOmMMU BPEMEHHBIE
COIIPOTHBIICHUS NIPU paCTsHKEHUH (Krc/MM2) U OTHOcHTENbHOE yumHeHue (%). [IpuMepamMu MapoK KOBKHX
gyryHoB MOryT ciyxutb KU 38-8; KU 35-10; K4 37-12; K4 30-6 ¢ ¢peppuTHOil MEeTaNTNYECKO OCHOBOU U
K4 45-6; KUY 50-4 u K4 60-3, umeromiue ¢heppuTHO-TIEPIUTHYIO OCHOBY.

MapxkupoBka jaTyHeii 1 OpoH3.

Mapxku o6o3HauaroTcs cieayromuM odpasoM. IlepBeie OykBbl B Mapke o3HavaroT: JI - natyss u bp. -
Oponsa. bykssl, cnenyromue 3a OykBoil JI B nmarynu unm bp. B OpoH3e, o3HauaioT: A - amoMuHui, b -
oepuiuii, XK - xene3o, K - kpemauii, Mut - mapranen, H - aukens, O - onoBo, C - cBuner, L] - nmunk, O. -
dbocdop.

[udpsel, nomenieHHbIe Mocae OYKBBI, YKa3blBalOT CpeIHEEe MPOLEHTHOE COJAEp)KaHUE HIIEMEHTOB.
[Topsimok pacnonoxeHus HUQp, IPUHATHIN U1 JaTyHeH, OTINYaeTCs OT MOPAIKa, IPUHATOTO /Ui OPOH3.

B wmapkax naryHu mnepBble aBe LUQphl (mocie OyKBbI) YKa3bIBaIOT COJEP’KaHHE OCHOBHOI'O
KOMIIOHEeHTa - Meau. OcrtanbHble HU(DPBI, OTAEIsEMbIE JPYTr OT Apyra uyepe3 THpe, yKa3bIBalOT CpeaHee
coJiepKaHUE JIETUPYIONIUX AJIEMEHTOB. JTH HU(PBI pacmoyioKeHbl B TOM K€ MOPSJKE, KaKk U OYKBHI,
YKa3bIBaIOIUE MPUCYTCTBHUE B CIUIABE TOTO MJIM MHOTO 3JIEMEHTA.

B mapkax OpoH3bI (Kak U B CTAJIAX) COAEpKAHUE OCHOBHOTO KOMIIOHEHTA - ME/IU - HE yKa3bIBaeTcs, a
ompezensercss 1no pazHocTtH. Lludpsl mocne OykB, oThenseMble OpYyr OT Apyra uepe3 THUpe, yKa3bIBaIOT
CpelHee Co/ep KaHUE JIETUPYIOUINX 3JIEMEHTOB; LIU(PHI PACTIONOKEHHBIE B TOM XK€ MOpsIIKe, KaK U OYKBBHI,
YKa3bIBaIOIME Ha JIETUPOBaHHE OPOH3bI TEM UM UHBIM KOMIIOHEHTOM.

Hanpumep: mapkoii bp. O11C4-4-2,5 o6o3nagaroT 6poH3y, coaepxarryto 4% oyoBa, 4% 1MUHKa,
2.5% cBunna u 89,5% menn (100-(4+4+2.5)=89,5% ).

Hanpumep,

1 natyns c coaepxanueM Meau 63 npoiieHTa o00o3HavaeTcs Kak «J163».

2. JIAX60-1-1» — naryHs, cogepsxaras 60 mpoueHToB Meax, 1 MPOIEHT aJTIOMUHUS U | TIPOLIEHT
xKenesa.



INPAKTUYECKAS PABOTA Ne 2

Bb100p MHCTPYMEHTAJIBHBIX CTaJIE.

Lleasb padoThI: MOTYYNUTh HABBIKK BIOOpA MAaTEpPHAIOB JJISl U3TOTOBJICHUS PEXKYIIETO, IITAMIIOBOTO
U H3MEpPUTENbHOIO HMHCTPYMEHTa B 3aBUCHUMOCTH OT YCJIOBUH €ro paboThl M HAyYUThCS Ha3HA4aTh
YIPOUHSIOIIYIO TEPMUYECKYIO U XUMUKO-TEPMUYECKYIO 00pabOTKY.

1. TpebGoBaHus, npeabsiBisieMble K HHCTPYMEHTAIbHBIM CTAJISAM

WHcTpyMeHTallbHbIE CTaJld  NpPEJHA3HAYEHbl JUIS HW3TOTOBJIEHUS PEXKYIIEro, HU3MEPUTEIbLHOIO
WHCTPYMEHTA M HITAMIIOB XOJIOJHOTO U Topstuero naedopmupoBanus (Tabdn. 14 mpunoxkenus). B mporecce
HKCIUTyaTalluy BCE BUJIBI HHCTPYMEHTA, OCOOCHHO METAIIOPEKYIIIMNA U IITAMIIBI, TOJIBEPraloTCsl HCTUPAHUIO,
UCIIBITHIBAIOT BBICOKHE JABJICHMS, a TAK)KE BBICOKHE HANpsDKEHUs, Yallle BCEro, u3rubda uim kpydenus. s
obecredyeHns: H3HOCOCTOMKOCTH HHCTPYMEHTAIbHBIM CTAJIIM JJOJDKHA OBITh IPUCYIA BBICOKAsl TBEPAOCTD, a
U1 cOXpaHeHus: (OpMbl HHCTPYMEHTA, IPEAYIPEXKACHUS €ro MOJIOMOK M BBIKpAIIMBAaHUS pabOUuX KPOMOK
— BBICOKAsl IPOYHOCTH IIPU yIOBJIIETBOPUTEIBbHON BA3KOCTH.

K BaXHOMY CBOWCTBY MHCTPYMEHTAIbHBIX CTAJICH, IOJBEPralOIIUXCA IPU pPE3aHUU WIN
ne(pOpMUPOBAHUN CYLIECTBEHHOMY HAarpeBy, OTHOCHUTCS TEIUIOCTOMKOCTh (KpacHOCTOMKOCTbB), T.€.
YCTOMYMBOCTh IMPOTHUB OTIIYCKAa C COOTBETCTBYIOIIMM H3MEHEHUEM CBOMICTB (CHM)KEHHUEM TBEPIOCTH M
M3HOCOCTOMKOCTH), a TAKXKE pa3rapoCTOMKOCTh — OTCYTCTBHE CKJIOHHOCTH K 00pa30BaHHIO TOBEPXHOCTHBIX
TPEILMH IPY MHOTOKPATHBIX LIUKJIAX HarPEBAHUS U OXJIAKICHUS.

Cranu [u1si M3MEPUTEIIBHOTO HMHCTPYMEHTA [OJDKHBI MMETh BBICOKYIO UYHUCTOTY IIOBEPXHOCTH U
CTaOMIIBHOCTh Pa3MEPOB B TOTOBOM H3/IEJINH.

2. YriaepoamcTble HHCTPYMEHTAJbHbIE CTAJIN

VYriuepoaucTele CTald MOCTABISAIOT TOCHE OTKUra Ha 3€pHHUCTBI MEpIUT C TapaHTUed Ha
XMMHYECKHAM COCTaB U TBEPIIOCTb.

brarogapst HEBBICOKO# TBEpAOCTH B cocTosiHUM nocTaBku (HB187...217)

YIIEPOAMCTHIE CTAI XOpOIIO 00padaThIBalOTCS pe3aHUEM U JePOPMUPYIOTCS, YTO MO3BOJISIET MPUMEHSATh
HAKaTKy, HaCeUKY U JIpyrye BHICOKOIIPOU3BOAUTEIbHBIE METOAbl M3TOTOBICHUSI HHCTPYMEHTA.

W3-3a Hu3KOM mpokanuBaeMoCTH (Tabna. 15 mpuIOkKeHUs) YriepoAUCTbIe CTAalM MPHUTOIHBI JUIS
MEJIKOr0 MHCTPYMEHTa WU JJIi MHCTPYMEHTA CEUEHUEM A0 25 MM C HE3aKaJCHHOW CEpALIEBUHOW, B
KOTOPOH peyIiast 4acTh NPUXOAUTCS HA MMOBEPXHOCTHBIN CIION (METUMKH, Pa3BEPTKH, HAMMUIBHUKU U T.I1.).
HeckBo3Hast 3akajika yMeHbIIaeT JedopMallii MHCTPYMEHTA U MOBBIIIAET 3a CUET BA3KOW CEep/LIEBUHBI €TI0
YCTOMYMBOCTH K yAapaM U BuOpanusm. B ceuenusx Oomnee 25 MM 3aKaje€HHBIN CIIOM MOTy4aeTCsi TOHKUM U
MIPOJIaBIMBAETCS BO BpeMsl pabOThI.

Cramu Y7-Y9 noaseprarot nosnHou, a ctanu Y 10-Y13 — nenonHol 3akanke. THCTpyMEHT cedeHueEM
Oonee 15 MM OXJIaXXJArOT B BOJAE HJIM BOJHBIX PACTBOpAx COJIEW W IIenodei. MHCTpyMEHThI MEHBIIEro
CeUeHMs JUIsI YMEHbIICHUS IeopMaluii U OTTAaCHOCTH PacTPECKUBAHUS 3aKAMBAIOT B Macie MU pacIuiaBax
coneit npu 160...200 °C.

Cramu Y7, V8, V9, obecneunBatomue 6ojee BHICOKYIO BSI3KOCTb, IPUMEHSIOT A1 HUHCTPYMEHTOB,
MOJIBEPTraloIuXCcs yapaM: JepeBO0OICIIOUHOr0, CIECApPHOro, KY3HEUHOT0, a TaKXKe IyaHCOHOB, MaTpHll U
ap. IMocne 3akanku ux otmyckatot nmpu275...350°C na Tpooctut (HRC48...51). 3asBTekronanbie ctamm Y10,
V11, V12ucnons3ytot nocne Huzkoro ormycka (150...180 °C) co cTpykTypoil MapTeHCUTA U BKJIIOUYEHUSIMU
KapOuI0B, 00ECHEUMBAIOMIUX MOBBIIIEHHYIO HW3HOCOCTOMKOCTh. VX NPUMEHSIOT AJii WHCTPYMEHTOB C
BBICOKOH TBEepA0OCThIO Ha pabounx rpansx(HRC62...64): pexyiiero (HAMWILHUKH, MTAJIBI, METYHKH, CBEpJIa,
pe3lbl U T.1.),

M3MEPUTENBHOTO (KaJuOpbl MpOocTOd (POPMBI M HEBBICOKHX KJIACCOB TOYHOCTH) M HEOOJBIIMX IITAMIIOB
XOJIOTHOM BBICAJIKH U BBITSDKKH, paOOTAIOIIMX MPH HEBBICOKMX HAarpy3Kax.

Cranp V13 npuMeHSIOT JUIsi HHCTPYMEHTOB, TpeOyIomuX Hauboiee BHICOKON TBEPAOCTH: 1IabepoB,

I'PaBUPOBAJILHOTO MHCTPYMEHTA.



BricokokauecTBEHHBIE CTaIM UMEIOT TO K€ Ha3HauU€HUE, YTO U KaYeCTBEHHbIE, HO M3-3a HECKOJIBbKO
JTydIied BA3KOCTH UX Yallle UCIOJIb3YIOT I HHCTPYMEHTOB ¢ 00Jiee TOHKON PEeXYIIEH KPOMKOIA.

3. JlerupoBaHHBbIe CTAJIHU AJIS PeXKyllero HHCTPyMeHTAa

ITo TemIOCTONKOCTH ATH CTANIN JAENATCS Ha ABE TPYIIIIBL:

* HHU3KOJICTHPOBAaHHBIC CTAIH, HE 00JIa1al0INe TEIIIOCTORKOCTHIO;

* BBICOKOJICTUPOBAHHBIC OBICTPOPEKYITUE CTAIH € TEIIIOCTOUKOCThIO 10 600...640 °C.

HuskonernpoBaHHbIe CTalu COJEpPKAT MOBBIIIEHHOE KOJUYECTBO yriieposa u 10 5 % Jerupyroumx
351eMeHTOB. 110 CTpYKType OHM OTHOCSTCS K 3a3BTEKTOMA-HBIM CTaJIIM IIEPJINTHOrO Kiacca. Mx moaseprator
HEIOJIHOM 3aKalIke OT TEMIIEpPAaTypbl HECKOJIBKO BbIle A; M HU3KOMY OTIYCKY. CTainu UMEIT CTPYKTYpPY
MapTeHCUTa M M30BITOUYHBIX KapOHWIOB (JIETHPOBAHHBIM IEMEHTUT) W  XapaKTEPH3YIOTCSBBICOKOM
tBepaocthio (HRC 62...69) u m3HOcocTolKOCThIO. OnHAKO, KaK M YIJIEPOAUCTBIC, OHM HE 00JaaaroT
TEIJIOCTOMKOCThIO U MMEIOT IMPAKTHUYECKU OJUHAKOBBIE C HUMHU PEXYIIUe CBOMCTBA. VX MPUMEHSIOT IS
MHCTPYMEHTa, Pa0OTAIOIIEro MpH HEOOJBIIMX CKOPOCTSIX pE3aHMs, HE BBI3BIBAIOIIMX HAarpeBa CBBIIIE
200...260 °C. B omiMuuu OT YIJEPOJUCTHIX OHU MEHBIIE CKIOHHBI K TEperpeBy U IO3BOJSIOT
W3rOTaBIIMBATh HHCTPYMEHT OOJBIINX Pa3MEpPOB U 00Jiee CII0KHON (OPMBI.

Cranp XB4 otnuvaercss 0c000 BBHICOKON TBEPIOCTHIO U M3HOCOCTOMKOCTBIO Oiarojnapsi TOMy, 4TO B
HEel, KpOME JIETMPOBAaHHOIO IIEMEHTHUTA, HPUCYTCTBYIOT KapOuael Boibppama tuna MesC, KoTOpbIE
NPaKTHYECKH HE PACTBOPSIOTCS TP Temiiepatrype 3akaiku. M3-3a Beicokoit TBeppoctu (HRC 67...69) ee
Ha3bIBAKOT aJIMa3HOMN
U IPUMEHSIOT AJ1s1 YucTOoBOM 00paboTku TBepAbIX MaTepuanos. Ctanu X, 9XC, XBI', XBCI' 3akanuBatoTcs B
Macje ¥ OTHOCATCS K cTaisiM Tiyookoi npokanuBaemocTr. Crane 9XC B ommuune ot cranmu X (1,5 % Cr),
Omarofaps MPHUCYTCTBUIO KPEMHHUS MMeeT 0ojiee BBICOKYIO YCTOMUMBOCTH MpoTHB OoTmycka (10 260 °C),
MOBBILICHHBIE PEXKYIIHE CBOICTBA M NMPUMEHSETCS Ui U3rOTOBJIeHHs (pe3, CBepll, pe3bOOHape3HOro u
Apyroro nHcTpymeHTa ceuenueM 110 35 MMm. Henocrarok cranu 9XC — CKIOHHOCTB K 00€3yriaepoKMBaHUIO.

Cranp XBI' u3-3a mpucyTCTBUSI MapraHila XapakTepusyercs Majo gedopmanueil mpu 3akanke. Ee
MPUMEHSIOT JUTSl [UIMHHOTO CTEP’KHEBOTO MHCTPYMEHTA (CBEPJI, Pa3BEPTOK, MPOTSHKEK U T.II.) CEYCHUEM JI0
45 mm. Cnox-HonerupoBanHas ctanb XBCI' couetaer B ceOe smyumme coiictBa ctaineit 9XC u XBI' u
WCIIONIB3YETCS U1 UHCTPYMEHTOB OosbIioro ceueHus (1o 100 Mm).

beicTpopexyiye cTaad — Tpynna BbICOKOJETUPOBAHHBIX —CTajel, MpeiIHa3HAYeHHBIX Ui
M3TOTOBJIEHHSI BHICOKOIPOU3BOIUTEIBLHOIO HHCTPYMEHTA.

OCHOBHOE CBOMCTBO 3THX CTajelf — BBICOKAsl TEIUIOCTOMKOCTb, KOTOpasi 00ecieunBaeTcsl BBeIEHUEM
O0JIBIIIOrO KOJIMYECTBA BOJIb(pamMa COBMECTHO C IPYIMMHU KapOuaooOpasyromumu 3nementamu (Mo, V), a
TaKke KoOabToM. IHCTPYMEHT U3 9TUX CTaJIel COXpaHseT BHICOKYIO ropsiayio TBepaocTh 10 600...640°C u
nomyckaer B 3..5 pa3 OoJjiee NMPOU3BOAMTENBHBIE PEKUMBI pPE3aHUs, YeM M3 CTajeil, He 00Jiagaroimux
TETIOCTOUKOCTBIO.

Oco0eHHOCTH TEpMHUYECKON O00pabOTKH, CTPYKTYpbl M CBOMCTB OBICTPOpPEXKYIIHMX cTajeit

paccMoTpuM Ha npumepe craneit P18 u P9, kotopeie mo konmuuectBy nerupyrommx snemento (W, Cr, V)
o6o3Havarot 18-4-1 n 9-4-2.
ITo cTpykType oTxHra ObICTPOPEKYIIHE CTAIH OTHOCATCA K JieAeOypUTHOMYKIaccy. B nurom Buzie umeror
neneOypuTHYI0 3BTEKTUKY. Ee ycTpaHstoT ropsueil aedopmarnueil myTeM H3MeTbUY€HUS NEPBUYHBIX
kapounos. Jlns cHmkenus tBepaoctu (mo HB 207..255 ) nepopmupoBanHyio cTanb nepes MeXaHU4ecKou
00paboOTKO TOABEPralOT H30TEPMUUECKOMY OTKHUTY. CTpPYKTypa OTOXOKEHHBIX CTalled COCTOHUT U3
copOMTOOOPa3HOTO TMEepIUTa, BTOPUYHBIX M 0OJee KPYIHBIX MEePBHYHBIX KapOumoB. O0Imee KOIMYECTBO
kap6unoB B ctanu P18 cocrapnsier npumepno 28 %, B cranu P9 — 17 %. OcHoBHbIM KapOunom crainu P18
SIBJSIETCSI CIIOXKHBIA KapOuy Boib(pama nepemennoro cocraBa FesW3C (MsC), koTopslit pacTBopsieT B cebe
YacTh BaHaAWsA U Xpoma. B ocranpHbIX ciyyasx, kpome MgC u HeOombimoro xonumuectBa kapouma (Fe,
Cr)23Cs, mpucyrcrByet kapoun VC( MC).

B kapOunax maxogures 80...95 % Bonbdpama u BaHaIUSA M OKOJIO MOJIOBUHBI XpoMa. OcTanbHas
4acTh PaCTBOPEHA B eppHuTe.
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Puc. 6.1. Cxema Tepmudeckoit 00pabOTKH OBICTPOPEXKYITICH CTalH: a) — 6e3 00paboTKH X0J1010M; 0) — ¢
00paboTKOit X010/10M BBICOKHE pexyIre CBOWCTBAa HHCTPYMEHT U3 OBICTPOPEKYIINX CTajel mpuodpeTaer
MocJyie 3aKajikyi M TPEXKPaTHOTro oTiycka (puc. 6.1,a). M3-3a HU3KOM TEMIONPOBOAHOCTH OBICTPOPEKYIIHE
CTaJIM IIPU 3aKaJIKE HarpeBaIOT MEJUIEHHO ¢ nporpeBamu npu 450 n 850°C, npuMeHsis COIsIHbIE BAaHHBI JUIs
YMEHBIIIEHUS! OKUCICHUS U 00e3yraepokuBaHust. OCOOEHHOCTD 3aKalIKi ObICTPOPEKYIINX CTalIel —
BBICOKasl TeMIleparypa Harpea. OHa HeoOXoauMa i 00ecTieyeH sl TeMI0CTONKOCTH — MOJTYUYEeHHUs 1OCIIe
3aKaJIKM BBICOKOJIETHPOBAHHOIO MAapTEHCUTA B pe3y/bTaTe MEPEXo0/ia B paCTBOP MAKCUMAaJIbHOTO
KOJIMYECTBA CHEeMATbHBIX KapOuI0B.

CreneHp JerupoBaHHs ayCcTeHHWTa (MapTEHCUTA) YBEIMYMBAETCS C MOBBILICHHEM TeMIIepaTyphl
Harpesa. [Ipu temneparype 1300°C nocturaercs nmpeieabHOE HACBIILIEHUE ayCTEHUTA — B HEM PacTBOPSAETCS
Bech XpoMm, okosio 8 %o W, 1 % V u 0,4...0,5 % C.

JlerupoBaHue aycTEHUTa IPOUCXOJUT IPU PACTBOPEHMM BTOPHUYHBIX KapOuaoB. IlepBuuHnble
KapOubpl HEe PacTBOPSIIOTCS M TOPMO3ST POCT 3epHA aycTeHuTa. biaromaps MM mpu Harpese, OJH3KOM K
TeMIlepaType IUIaBIEHUs, OBICTPOPEIKYIIHE CTAIU COXPAHSIOT MEJIKOE 3€PHO.

beicTpopexylye cTanu Mo CTPYKType HOPMAJIM3aLUU OTHOCATCS K MapTeH-CUTHOMY Kiaccy. C
TeMIepaTypbl 3aKJIKA MEJIKUM HMHCTPYMEHT OXJIaXIAloT Ha BO3JyXe, KpymHbId — B macie. CIloKHBIA



MHCTPYMEHT I YMEHbLIEHUs aedopMaiuil MoABepraioT CTYNEeHYaToON 3aKajKe C BBIIEPKKOW B TOpSUMX
cpeaax npu temmeparype 500...550 °C.

[Tocne 3akanku cranu He 00J1aaI0T MAaKCUMaIbHOM TBEPIOCTHIO
(HRC 60...62), Tak kak B CTpyKType, KpOME MapTEHCUTa U NEPBHYHBIX KapOumaoB, comaepxutcs 30...40 %
OCTaTOYHOTO ayCTEHMTA, MPUCYTCTBUE KOTOPOro BhI3BaHOCHMX)eHHWEeM Touku M Humxke 0 C. OcraTtouHblit
ayCTCHHUT MPEBPALIAIOT B MAPTECHCUT IPHU OTIYCKE MK 00PaOOTKE XOJIOIOM.

BricTpopexyiie cranu — BTOPUYHO TBEPACIOLINE; HauOOJbIIash TBEPAOCTh JOCTUTAETCS MOCIe
otnycka mpu 550...570 °C. B npoiiecce BbIAEPKKU MPU OTIYCKE U3 MAPTEHCUTA U OCTAaTOYHOT'O ayCTEHUTA
BBIIETISIIOTCS ucnepcHble kapouabl MgC. AycTeHuT, 00eJHSSACH YTIEPOAOM U JIETHPYIOIIMMHU 3JIEMEHTaMH,
CTAaHOBUTCS MEHEE YCTOMYMBBIM M MPU OXJKICHUHM HUKeM, HCHBITHIBAET MAapTEHCUTHOE IpEBpalleHHeE.
OpHOKpaTHBIA OTIYCK HE 00ecreurBaeT MpeBpallleHus BCEro OCTaTOYHOro aycTeHuTa. [IpuMeHsoT nByx-,
TPEXKPATHBIA OTIYCK C BBIICPXKKOH 1Mo | 4 m oxjaxkaeHreM Ha Bozxayxe. [Ipu 3TOM KOJIMYECTBO ayCTeHHTA
camwkaercs 110 3...5 %. [IpuMenenune nocie 3aKajiku 0OpabOTKU XOJIOAOM COKpAINAeT IHKJI TePMHUYECKOU
obpabotku (puc. 6.1,0). B Tepmudecku 00OpaOOTAHHOM COCTOSHUM OBICTPOPEXKYIIUE CTATd HUMEIOT
CTPYKTYpY, COCTOSIIIYIO W3 MapTEHCHTa OTIycka W KapOumos, u TBepmoctb HRC 62..65 . Pexymme
CBOICTBA JOMOTHUTEIHHO YIYUYIIAIOT HU3KOTEMIIEPAaTypHBIM IMaHUPOBaHUEM (Ta0d. 16 mpuiIoKeHus).

[To cBOMM peXylmUM CBOWCTBaM OBICTPOPEXKYIUE CTAIM JAEISAT HA JBE TPYIIbI: HOPMajIbHOU H
MOBBIIEHHOW MTPOU3BOIUTELHOCTH.

I'pynmty  Hopmanvhou  npouzsooumenvHocmu 00pasytor Bojibbpamosble (P18, P12, P9, P9®5) wu
Bosb(pamomonoieHoBsie (POM3, P6MS) cranm, coxpanstromue TBepaocts He Hike HRCS58 o temmeparyps
620 °C. U3-3a 0aMHAKOBON TEIJIOCTOMKOCTH 3TH CTaIM HUMEIOT ONM3KHE PEXYIIUE CBOMCTBA M OTIMYAIOTCS
[JIABHBIM 00Pa30M MEXaHUYECKIMH M TEXHOJIOTMYECKUMU CBOMCTBaMH. JIydiireir 00padaThIBaeMOCTRIO TABIICHUEM U
pe3aHueM, a TaKkke MPOUYHOCTHIO U BSIBKOCTHIO 00anatoT ctam POM3 u POMS. Cramu P9, PODS ommuarotcst mioxoit
HUTH(YEMOCTBIO M3-32 IPUCYTCTBHS TBEP/BIX KapOUIOB BaHAIHS.

K rpymme ¢ noswviwennoti npouzgooumensHOCHbl0 OTHOCATCS CTajlld, COJEpXKAaIIMe KOOAIbT WU
MOBBIIIEHHOE KonmuecTBO BaHaaus: P18®2, P14d4, P6MSKS, POMA4KS, POKS, POK10, P10K5®5, P18K5®2. Ouu
MPEBOCXOJIST CTAHM TIEPBOM TPyIIThI M0 TerutoctoiikocTh (630...640 °C), tBepaoctn (HRC> 64) 1 M3HOCOCTOWKOCTH,
HO YCTYMAIOT MM IO TIPOYHOCTH W TUIaCTHYHOCTH. CTa TMOBBIIIEHHOH MPOM3BOJUTEIBHOCTH MPUMEHSFOT IS
00pabOTKN BBICOKOIPOYHBIX CTajeH, KOPPO3ZUOHHOCTOMKHUX U YKapOIPOYHBIX CTajlel C ayCTEHUTHOM CTPYKTYpOH U
IPYTHX TPYAHOOOpAOaThIBAEMBIX MAaTepHANIOB, TJ€ WX BBICOKAS CTOMMOCTh OKYIaeTcs Oojiee BBICOKUMU
PEXKYIIMMHU CBOMCTBAMMU.

4. Taepable CIJIABbI

Cneuennvie meepovle cniagbl - MaTepUallbl, COCTOSIINE U3 BBICOKOTBEPIbIX M TYTOIUIABKUX KapOWIOB
BOJIb(ppama, TUTaHa, TaHTaJIa, CLIEMEHTUPOBAHHBIX METAIMYECKOMN CBSI3KOI.

TBeprple CIUTaBbl M3MOTARIMBAIOT METOJOM TIOPOIIKOBOM MeTauTypruy. Iloporiku kapOuioB CMEIMBaOT ¢
TMIOPOLIKOM KOOaiIbTa, BBIMOIHSIOIIMM POJTb CBSI3KH, IpeccytoT U criekaroT rpu 1400...1550 °C. Tlpu cniekanny KoOassT
pacTBOpsieT YacTh KapOMIOB U IUIaBUTCS. B pe3ynbTare moiydaercsl IUIOTHBIA Marepuai, CTpYKTypa KOTOpOro Ha
80..95 % cocTouT W3 KapOWTHBIX YaCTHII, COCNMHEHHBIX CBS3KOM. YBEIMUEHUE IO CBSI3KH BBI3BIBACT CHIDKCHHE
TBEPIOCTH, HO MOBBIIIAET POYHOCTH U BSI3KOCTh. TBEpbIe CIIaBbl MPOM3BOAT B BHUJIE IUIACTUH, KOTOPbIE HAITAUBAIOT
Ha JIepKaBKy W3 YIJIEPOAMCTON cTanu. TBepiple CIUIaBbl NMPUMEHSIOT Ul PE3LOB, cBepls, ¢pe3 U APYroro
MHCTpyMEHTa. Takol HMHCTPYMEHT CO4YETAeT BBICOKYK) TBEPIOCTh

HRA85...92 (HRC74...76), M3HOCOCTOWKOCTh ¢ HauOosee BbICOKOHM TeruiocToiikocthio (800-1000 °C). Ilo cBoum
PEXYIIMM CBOWCTBAM OH MPEBOCXOIMT OBICTPOPEIKYIIME CTAIM U TPUMEHSICTCS Il HauOOJee TSDKENIBIX YCJIOBUI
pe3aHusL, B TOM YUCIIe ¢ Harn0oJiee BRICOKUMHU CKOPOCTSIMH.

TBepble CIUIABbI XapaKTEPH3YIOTCS TAKXKe BBICOKHM Modyiem ynpyeocmu (48000-68000 krc/vnd) u

TIpeNIeSioM TPOYHOCTH Ha Cxatue (mo 600 Kl"C/MMZ). HenoctaTkn — CIOKHOCTH W3TOTOBJICHUS (DACOHHBIX
W3JICNNH, BRICOKAsI XPYITKOCTb.
B 3aBucumocTH OT cocTaBa KapOUIHOM CMECH CIICUEHHBIE TBEP/bIC CIUIABHI BHITYCKAIOT TPEX TPYIIIL.
[TepByto (BoibhpamoByw) Tpymmy cocTaBisitoT cruiaBbl cucteMbl WC-Co. OHM MapKupyroTcs



oykBamu BK u mmdpoi, mokaspiBaromieii comepikanue KoOanbTa B MpolieHTax (Tabm. 17 mpuioskeHus).
CmuiaBbl 3TOM TPYIIIBI TPEBOCXOAT MPOYHUE MO MPOYHOCTH, HO YCTYNAIOT MO TBEPAOCTH. TEmIoCTOMKU 10
800 “C.

CmuaBel BK3-BKS8 nmpuMeHSIOT U1 pexyIiero MHCTpyMEHTa MpH 00paboTKe MaTepUaioB, JarOIInX
MPEPBIBUCTYIO CTPYXKKY (UyTryHa, IBETHBIX METAIUIOB, (hapdopa, KepaMUKH U T.I1.).

Cmnaset BK10 u BK15, oGmagatomiye u3-3a MOBBIMIEHHOTO COJEPKaHUS KOOanbTa 0ojiee BHICOKOU
BSI3KOCTBIO, UCTIONB3YIOT /ISl BOJIOYHUIIBHOTO U OYpOBOTO MHCTPYMEHTA, CTOUKOCTh KOTOPOTO B JIECATKU pa3
MPEBBINIAET CTOMKOCTh CTAIBHOTO MHCTpyMeHTa. CIUlaBbl ¢ BBICOKHM cojepkaHueMm kooOanpra (BK20 u
BK25) wucnonp3yroT i MITaMIOBOTO HMHCTpyMEHTa. VX NPUMEHSIOT Takke KaK KOHCTPYKIIMOHHBIN
MaTepua IS IeTanei MaliuH 1 MpUOopoB, OT KOTOPBIX TPeOyeTcsi BBICOKOE COITPOTHUBIICHUE TIACTUYECKON
nepopMaI UM U3HOCY.

Bropyto rpyniy (TutaHoBONB(GpaMoByt0) 00pasytot cruiaBbl cucteMbl TIC -WC-Co. OHu MapKupyroTcst
oykBamu T, K 1 mudpamu, nokaspBaroMy CoJiep kaHne KapOuJ0B TUTaHA M KoOanbTa B npoueHTax. [Ipu
TeMIeparype criekaHus kapoua tutana pactBopser 10 70 % WC u obpasyer tBepasiii pacteop (Ti, W)C,
obnamaroumii 6onee BHICOKOH TBepAocThio, ueM WC. CTpykTypa KapOHIHOW OCHOBBI 3aBUCHT OT COOTHO-
eHus kapoumos B muxte. B crumaBe T30K4 o6pasyetcs oana kapoumHas ¢asza — teepasiii pactop (Ti, W)C,
KOTOPBIM IpUJaeT eMy Hanbosiee BhICOKHE PEXYIINe CBOMCTBA, HO OHKEHHYIO TPOYHOCTh. B ocTanbHbIX
criaBax 3TOM rpymmbl KoiaudectBO WC mpeBbIlIacT €ro mpeeibHyr0 pacTBopuMocth B TIC , mosTomy
KapOu bl BOJIb(pama MPUCYTCTBYIOT B BUI€ U30BITOYHBIX KPUCTAIIIOB.

CrutaBel BTOPOW TPYIIBI XapakTepr3yroTcs: Ooree BbICOKOM TeruioctoikocThio (900-1000 °C), xoropas
MOBBIIIIACTCS TI0 MEpe YBEIMYECHHUs KOJMUYecTBa KapOmma TuraHa. VX Hambosee MHMPOKO MPUMEHSIOT IS
BBICOKOCKOPOCTHOT'O PE3aHUsI CTAICH.

Tperbto rpymnmny (THTAaHOTAHTAJIOBOJIL(PPaMOBYI) 00pasyroT ciutaBel cuctemsl T11C-TaC -WC-Co.
[udpa B mapke nociie 6ykB TT obo3HayaeT cymmaptoe coaepkanue kapoumos TIC+TaC , a mocie Oykebl K
— KOJM4ecTBO KobanbTa. CTpyKTypa KapOWIHOW OCHOBBI HpejacTaBisieT coboit TBepabiii pactBop (Ti, Ta,
W)C u u36brTok WC. Ot mpeablayiieii rpynibl 3TH CIUIaBbl OTINYAIOTCS OOJIBIIEH MPOYHOCTHIO M JTyUIIeH
CONPOTHUBIIIEMOCTbIO BHOpAMsIM U BbIKpaIyMBaHuio. OHU MPUMEHSIOTCS JUId Haubosee TSKeNbIX yCIOBUN
pe3anus (4epHoBasi 00pabOTKa CTANBHBIX CIIMTKOB, OTIMBOK, TOKOBOK).



JIABOPATOPHAS PABOTA Ne 1

Malcponccnenosafme METAJJIOB H CILJIaBOB.

Heab padorbl. O3HAKOMIIEHHE C METOIMKON MPUTOTOBIECHUS MAaKpOLLIM(OB M OCBOCHHE METOIOB
BBISIBJICHUS] MAKPOCKOITUYECKOTO CTPOCHUS U 1e(DEKTOB CTaIIH.

O6opynoBanue: NUMQOBATHHBINA CTAHOK, GaphopoBas yalika, MHIbl, OMHOKYIISIPHBI MHKPOCKOII, JIYTIa,
peaktuB 1yt TpaeieHus (xiopucras meap CUClL85 r + xsopucteiii amounitNH4Cl 53 r + Boma H,O 1000 vt —
peaxtuB ['eitne), 5%-Hblil pacTBOp CEpHOM KUCIOTHI, (pruKcaTop (THOCYIIB(AT HATPH), IVISTHIIEBAs: OpoMcepeOpsiHast
Oymara, GuIbTpOBaIbHAS Oymara, BaTa, 00paslibl CIIIaBOB.

MakpoaHa/iu3 1o BUy u3JjiomMa

H3n10m — NOBEPXHOCTh, 00pazyrollasics Mocie pa3pylleHus oOpasua Wi uifenus. Pasnuyaror uznomsl
XPpYIKuil (Hanpumep, y KEPaMUKH, 3aKICHHBIX CTAJICH); BSI3KUI CO CIIeAaMi MECTHOM IIacTUYecKon Aedopmanuu
Ha MOBEPXHOCTH U3JI0OMA; YCTAJIOCTHBIM — [10CIIE Pa3pyLLIEHUsI B Pe3YJIbTaTe MHOIOKPaTHOTO HArpyKeHus. AHaIM3 U
NpaBUIIbHOE —UYTeHHE|| M3JI0MOB WIPAIOT BAXHYIO POJIb MPH YCTAHOBICHWH TPHYWH aBapUid M TIOJIOMOK.
MaxkpoCKOIMYECK A aHATTU3 CTPYKTYPhI U3JIOMOB Ha3bIBACTCA (hpakmoecpagueil.

Ilo BuaYy M370Ma MOKHO CYIUTH O BEJIMYMHE 3€pHA METAJUIA WM CIUIaBa, HAIMYUM IIeperpeBa, NpUunuHe
pa3pyieHus (yCTaJIOCTHBIN U3JI0M), O HAJIMYUHU PACCIOEHHS, PhIXJIOCTU U JIp. V3710MBI OBIBAalOT KPUCTAJUIMUECKHE
(3epHUCTBIE), BOJIOKHUCTBIE U CMELIaHHBIE, IIPOI0JIbHBIE U IONIEPEYHBIE.

Bsizkuii (BOJIOKHUCTBIN) W3JIOM OOBIYHO HAOJIOMACTCS IMOCHe IUIACTHYECKOW jaedopmaiuu odpasma ¢
MOSIBICHUEM IIEWKW Mepell pa3pylieHHEeM. BOJOKHHCTBIA  W3JIOM HMMEET MECTO B OTOXIKEHHBIX
JIO3BTEKTOM/IHBIXCTAISX, & TAKKE B CTASIX, YJIYUIIEHHBIX TEPMUUECKOM 00pabOTKOHM (3aKaika IOJHasi, OTIIYCK
BBICOKHI). Bsi3Kkuie n310Mbl HE UMEIOT KPUCTAJUIMUECKOTO OJIECKA, XapaKTEPH3YIOT T00POKAUYECTBEHHYIO CTPYKTYPY
Mmetawia (puc.1,a).

Xpynkue (KpUCTAUTMYECKHE) HIIOMBL  XPYIIKOMY — paspyILEHHIO — TOBEP/KEHBI 3aKAICHHBIE  CTaIIH,
MOBEPXHOCTH M3JIOMOB COCTOSIT M3 MHOXKECTBA OJNECTSIIMX IUIOMIANOK. PazmiuaroT cremyronme pasHOBUIHOCTH
XPYIIKMX ~ W3IOMOB:  TPAHCKPUCTAUTMYSCKUH  (MPOXOAMT MO  Tely — 3€pHA),  MEKKPHCTALTAYCCKHI
(MHTEpKPUCTAUTNYCCKHE), KPYITHO3EPHUCTBIA  (TPYOO3CPHUCTBIN, KPYTHOKPUCTAUTAYCCKHI), MEIKO3CPHHUCTBIN
(METKOKPUCTATITMYECKUH ), HA)TATMHUCTBIN, KAMHEBHIHBIH, IU(EpHbIN, YepHBIH, YCTaTOCTHBIH.

Hagmanunucmoiii- TpaHCKPUCTAJUTMYECKUH H3J70M, 1O BHEIIHEMY BHJY HAIOMUHAIOIIMK Oieck
Ha(TaHa, BCTpedyaeTcs y ObICTPOPEKYILMX CTaIeH MPU HapyIIEHUH PeXUMa TEPMUYECKO 00pabOTKH.

Kamnesuonwviii U310M - MEKKPUCTAIUTMUYECKUH, UMEIOLIUH KPYITHO3EPHUCTOE CTPOEHHUE, MOSBISETCS B
CTallIX B IIpoliecce MeperpeBa MpH Topsiuel MexaHuueckoil oOpalboTke, NMpHU3HAK HeloOpOKayeCTBEHHOCTH
CTPYKTYpBHI.

L Iugheprvii (CTOUCTBII) U3TIOM - XapAKTEPU3YETCs IPEBOBUIHBIM PACTIONIOKEHUEM BOJIOKOH B IIPOJIONBHBIX
n3JI0Max crainy. Berpeuaercs B cpeiHEYIIepOIUCTBIX CTANISX, 3arPSI3HEHHBIX HEMETAINTMYECKUMH BKITIOUEHUSIMU U
ME€PEHACHIIIEHHBIX Ta3aMH.

Yepnplii U3710M SIBIISIETCS CIIEACTBUEM BbLIENIEHHS TpaduTa U3 cTajiell ¢ BHICOKUM COJEpyKaHUEM YIJIeposia U
KPEMHWUSI TIOCIIE JUTMTEIBHOTO OTYKUTa MPY HU3KKX TEMITEpaTypax WM 3aKaIKH ¢ OTITYCKoM rpu Temneparype 700°C.
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Puc.1. Ctpoenue Bsi3Koro (a), Xpynkoro (0) ¥ yCTaJIoCTHOTO (B) M3JIOMOB



Yemanocmuwlii 131oM BCTpEeYaeTcs B ICTASIX, padOTaBIIMX MPH IMKINYECKUX Harpys3Kax (penbChbl, OcH,
BaJIbl, IECTEPHH, IITOKHU, KJIAMaHHbIE NPYXUHBI U Jp.). Ha U310Me MOBEpXHOCTU pa3TpaHWYMBAIOTCS HA Oyar
pazpyieHus (pUCKu, 3a00UHbBI, TPEIIMHBI, HEMETATMYECKUE, Ta30BOE BKJIIOYEHHSI), 30HY MOCTEIIEHHOTO Pa3BUTHS
YCTaJIOCTHOM TPEUIMHBI U 30HY HU3JI0Ma. Y CTaIOCTHAs TPEIMHA, Pa3BUBasICh, IOCTENIEHHO OCIA0JISeT MOMEPeYHOe
ceyeHue JeTaad. He mopakeHHOe TPEIIMHOM CeueHHWe He MOXKET MPOTUBOJCHUCTBOBATH HArpy3Ke Ha JeTalb U
pazpyiaercs. 30Ha U37I0Ma MOKET MIMETh PU3HAKH WM XPYIKOTO, WM BSI3KOTO pazpyiieHus (puc.1,B).

Wznom ¢ 3akanounoti mpewuroii IMeeT JBa XapaKTEepHbIX y4acTKa: TEMHBINA - OKHCIICHHAs TOBEPXHOCTh
3aKaJIOYHOM TpPEIIMHBI U CBETJIBIA - MEIKO3EPHUCTHIA XPYNKHUNA H3JI0M. 3aKaliouyHas TpElMHA BO3HUKAET IpU
Ype3MEpHO BBICOKOM CKOpPOCTH oxJaxkaeHus ctanud. OOpa3oBaHUE MOMEPEUYHON 3aKaJOYHON TPELIMHBI B PEbCe
CBSI3aHO C MECTHBIM HarpeBOM peJibC [0 3aKAJIOYHOM TemIiepaTypbl Mpu OYKCOBAaHHWM Kojeca JIOKOMOTHBA U
MOCIIEAYIOIIUM OYEHb OBICTPHIM OTBOJIOM TETLJIA.

HarpeBanue Oykchl BBI3BIBACT M3JIOM IIEHKH ocu (puc.2). B ceyeHnu wm3noma OTIIOMHBIIEHCS 4YacTH
BBIJIEJIAIOTCS CIEAYIOIINE CIIOU: 1 CI0i — OCHOBHOM MeTasl, 2 CJIOW MMEET KPYIHO3EPHUCTYIO CTPYKTYPY U SIBHBIE
CIIe/Ibl CKpYYMBAHUSI MeTalIa, 3 ClIoi — —cepaleBuHa||, 6onee TeMHas 1o IBETY.

0)

Puc. 2. XapaxtepHble NPU3HAKK U3JI0MA IIEHKH OCH B PE3YJIbTATE
HarpeBaHust OyKChI a — OTJIOMMBIIIASICS 4AaCTh; O — OCTABILIASICS YacTh

MaxkpoaHa/iu3 npu oMo MaKpouLingos

HccenenoBanye Ha Makponuidax ¢ MpUMEHEHHEM PEAKTUBOB MPOBOJSAT C LIEJIbIO BBISIBIICHHS HAaPABIICHUS
BOJIOKOH B JI€TallM, ONpENeNICHNs] MecTa HAIUIaBKH TOCJe PEMOHTa JeTanel, paBHOMEPHOCTH paclpeieNieHus
yraepoaa, cepsl, ochopa B ceueHHH, BBIABICHUS TOp, PAKOBUH, TPELMH U JIPYrUX AE(PEKTOB, a B CBApHbBIX
COEIMHEHUSX - UCCIEYIOTCS OCOOEHHOCTH CTPYKTYphI CBAPHOTO IIBA.

Maxpouwnug - 310 00paser], 0Ha TOBEPXHOCTh KOTOPOTO CHEMAILHO MOATOTABINBACTCS IS IPOBEICHUS
HCCIIE0BAHUM.

Ha puc.3 mokazana MakpocTpykTypa Oojira ¢ mpaBWwibHbIM (puc.3, 0) ¥ HenmpaBWIbHBIM (pHc.3, a)
PAacIoNoXKeHHEM BOJIOKOH B JieTanu. BosokHa 0onTa, M3rOTOBIEHHOTO KOBKOW C BBICAJKOM, COOTBETCTBYIOT €rO
KoH(uryparuu. BosokHa 6051Ta, BHITOYEHHOTO U3 3aTOTOBKH, PACHOIOKEHbI MapajyIebHO €r0 OCH, UTO BJICYET 32
co00i¥1 pe3koe CHIDKEHHE YIApHOH BSI3KOCTH B MECTE TIEPEX0/1a OT TOJIOBKH K CTEPIKHIO.

XuMIdecKasi HEOTHOPOIHOCTh CTaJld MOXKET OBITh BBISIBJIEHA HanOOJIee HATISTHO TOJBKO TPU TIOMOIIH
MaKpOaHaIN3a, TaK KaK OO XMMIYECKHI COCTaB CTAIM JIaeT NPEACTABIICHHE JIMIIb O CPETHEM KOJTMIECTBEHHOM
COZIep>KaHUH 3JIEMEHTOB, BXOJSIIMX B METAJUT, HO HE XapaKTePU3yeT PACIPEAEIICHHUS UX MO CEUEHHIO.

BrusiBnenune oOrmeld mukBamy yriaepoaa, ¢hochopa Mpou3BOAAT TpaBIeHHEM NITH()OBAHHON MOBEPXHOCTH
peaktuBoM ['eiine. Ha mpomonbHbIX Makponummdax HaOMIOJAr0TCs TEMHbIE MOJIOCHI B BHJE BOJIOKOH - 3TO
JIMKBAITMOHHBIE 30HBI, 00OTaIleHHbIE yriiepooM 1 (pochopom (puc.4). Ha monepeynpix numdax BOJIOKOH HET.



Puc 3. MakpoctpykTypa 60J1Ta, I3TOTOBJICHHOTO pe3aHueM (a) U
KOBKOM C BBICaJIKOM (0)

Puc. 4. O61as nukBanus B craiau: 60T (a) ¢ HeOONBIIM
1 60T (0) ¢ OoNbIM cozieprkaHueM yriiepoaa u docdopa

JIMKBaIWIO cepbl ONPEENIOT METOAOM CEPHOro OTIeyaTka Ha (horodymare (1o baymany). ITo pesynbratam
MCCIIeIOBAHUM OTMeYaeTcs, Kak pacipesiesieHa (PaBHOMEPHO WJIM HEPaBHOMEPHO) cepa MO CEYEHHUIO JETallH.
HepasHoMepHOe pacnipesiesieHre cepbl YCKOPSET pa3pyLeHe MeTa/UIa B IIPOLIECCE IKCILTYaATaLUH.

KauecTBO CBapHBIX COECOMHEHHI ONPEAENSETCS Pa3IMYHbIMM METOJIaMH MaKpoaHain3a. BusyalbHbIN
OCMOTP CBapHBIX LIBOB MO3BOJISIET BCKPBITH OTKJIOHEHNS B pa3Mepax 1 popme cBapHOro 11Ba. JIeHApUTHOE CTpOeHHE
CBApHOIO I1IBA, 30HY TEPMHUECKOTO BIMSHMS, MEJIKHUE TPEUIMHBI U MOpPbl OOBIYHO BBISBISIOT MPH TPABICHUU
HCCIIelyeMbIX TOBEPXHOCTEH CBapHOTrO 11Ba peakTuBoM [eiine (puc.5).

Puc.S. MakpocTpykTypa CBapHOIO 111Ba:
1I0B (a), y4acTok reperpena (0), y4acTOK MEJIKOro 3epHa (B),
Y4acTOK MEPEKPUCTALTU3ALMH (T), UICXOHAS CTAIb (1)



ITopsinok BbINOIHEHUSI pA0OTHI:

[oaroroButs Makpouumidsl. OHA TOBEPXHOCTh 00pasia NUM(yeTcss HAKAAYHOW OyMaroil pa3inaHbIX
HOMEPOB B TIOCIIEIOBATETIHHOCTH OT OoJiee KpYmHOTro A0 6ojee menkoro Ne 220 — 320. ITpu 3Tom BosT 110
gy 6ymaroii, a He Ha060poT. [1oArOTOBIEHHYIO TOBEPXHOCTH MPOTUPAIOT BaTOW, CMOUEHHOM CIIUPTOM
Ul 00e3KUpUBAHUS Tepel] TpaBlieHHMeM. TpaBieHue Makpouuda MNPOM3BOIAT KPENKUMH U
CHJILHOJICHCTBYIOILIMH PEaKTHUBAMH.

BbIBUTE B TEMIUIETaX TPEIUMHBI, MOPbI, PAKOBMHBI TIIYOOKMM TpaBIEHHEM TOAOrpeThiM 0 60 — 70 °C
BOJTHBIM PaCTBOPOM COJITHOM KUCTIOTHI (110 50 eM®HCl u H,0). Bpems tpaBnenus 10-45 mun. [ToBepxHOCTH
TI0CJIe TPaBJIEHUs POMBITh, 00padoTats 15% pacTBOPOM a30THOM KHMCIOTHI U MPOCYIIUTh. BhIsBICHHBIE
BUJIUMBIE 1e(EeKThI 3apUCOBATh. ITUM METOIOM BBISBIISIIOT U HAIIPABJICHHS B PACTIOIIOKEHUH BOJIOKOH.
BbisBuTh smKBanmio cepbl, mnpuMeHsss meton baymana, Ha 1ByX oOpasmax. Jluctel ¢oToOymarm,
3aMOYEHHBIE B 5% pacTBOpE CEPHOM KUCTIOTHI HAJIOXKUTH Ha MOATOTOBICHHYIO IIOBEPXHOCTh AMYIILCHOHHOMN
CTOPOHOI! (HE JIOIYCKaTh C/IBUIA U TIOTNIAKMBAHUEM YIAIISThH BBIISISIOIIMIICS Ta3), BhIIEpKaTh 3-4 MUHYTBL
bymary mnpombITh, 3adukcupoBaTh oOTHEYaToK, BblAepkaB B TeueHue 20-30 mun B 20% pactBope
TUNOCY/b(UTA, TTOCTIE Yero CHOBA MPOMBITH U IPOCYIIHTD.

BeisiBuTh JMKBarmio  yriepoaa, ¢ochopa TpaBiIeHHEM OTIUIM(OBAHHON MOBEPXHOCTH B PEAKTHBE,
cocrosiieM u3 85 T xJopHoi Memu 1 53 T xsiopucroro ammonust B 1000 CM>BOJIBL. OO6pazer oAroTOBICHHOM
MOBEPXHOCTHIO TIOTPY3UTh B PEAKTUB U BBIZIEPKaTh 1-2 MuH. OOpa30oBaBIINiiCS HA TOBEPXHOCTHU CJION MEIH
CMBITh CTpyeH BOJbI, MaKpOILTM(] TNPOTEPETh MOKPOH BAaTOM M MPOCYHUTh. TemHble (TIyOOKO
MPOTPABJICHHBIC) YIACTKH XapaKTePU3YIOT pacipeneicHue yriaepoaa, Gocdopa.

Paccmotpers, 3apricoBaTh MOBEPXHOCTH M3IIOMOB OOPA3IOB M OXapaKTepU30BaTh MX IO pa3Mepy 3epHa
(MenKo3epHUCTas, KPYITHO3EPHUCTAS CTPYKTYpa) U IPYTUM OCHOBHBIM IPH3HAKAM.

Conepslcalme oTyera:

ICJIb pa6OTLI; KpaTKHC CBCACHUA N3 TCOPUN MAKPOAHAJIN3a, 3apUCOBKU U3JIOMOB; 3apUCOBKHU XapaKTEpa

O6IJ_ICI\/'I JIMKBAlMM W HAIPABJICHHUA BOJIOKOH; OTIICYATOK Ha (I)OTO6YMaFe XapakTepa pacrpeaciiCHud CCpbl;
JIMKBallMK yrJjiepo/a, (bocq)opa; 3apUCOBKHU MaKpometi)a CBAPHOI'0 COCAUHCHHSA, MOBCPXHOCTU U3JIOMOB;

BBIBO/IBI 11O PE3YJIbTATaM aHAJIU30B.

© oo N gk owbdRE

KoHTpoJibHBIE BONIPOCHI:

MakpOoCKOIUYECKUI aHATIH3 H €T0 TIEITh.

Buel Makpoanamsa.

Kak rorossit maxporumd?

Kak BoIABIISIIOT IepeKThI, HapyIIaOIHe CIUIONHOCT ICTaTH?
Kak BBISBISIFOT JTMKBAIHIO CEPBI?

Kax BoIsBISIFOT NMTUIKBatuio yriaepoaa, gochopa?
MakpocTpyKTypa CBapHOTO COSAMHEHHUSI.

Bute1 u3nomos.

[Tpu4nHBL, BBI3BIBAIOIIHE BOSHUKHOBEHHE YCTATIOCTHBIX U3JIOMOB.



