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Beenenne

Metoauyeckiue peKOMEHAAIMU [0 BBINOJHEHUIO J1a00paTOPHBIX W NPAKTHUYECKUX padoT 1o
yueonort mucuuruimae OI1.03 «MarepuanoBeaeHue» NpeaHa3HAYCHBI I CTYJIESHTOB MO Mpodeccusim
cpenHero nmpohecCuoHaIBLHOTO 00Pa30BaHMS C YIETOM MPOQUIIS OATOTOBKH (TEXHHYECKHIN MPOdUIIB).

B nmanHOM MeTonHM4YecKOM MOCOOMH MPHUBEACHBI YKa3aHHs MO BBINOJHEHHIO MPAKTHUYECKUX H
nabopaTopHBIX paboT MO TeMaM AUCIMIUIAHBL, YKa3aHbl TEMbl M COJECp)KAHUE JIA0OPATOPHBIX U
MPAKTUIECKHUX PadOT, (HOPMBI KOHTPOJIS IO KKJOW TEME M PEKOMEHIyeMasi JInTeparypa.

JlaHHBIE PEKOMEHJAIMN CIIOCOOCTBYIOT pa3BUTHIO Bamux o0mmx u mpodecCHOHATBHBIX
KOMITIETEHIIMI, TOCTENICHHOMY U IICJICHAMPABICHHOMY pPAa3BUTHIO TIO3HABATEIBHBIX CIIOCOOHOCTEH.
PexomennoBaHEbl K  HCHOJIL30BAHHUIO npu W3y4YCHUH yaeOHOU NUCHUIITAHEI OII1.03
«MarepuanoBeieHUe» B YUPEXKICHUAX CpelHero mnpodeccuoHalbHOrO 00pa3oBaHUSI C Y4ETOM
cnenuuky TpoduIIst MOArOTOBKH (TEXHUYCCKUM MTPOPHUIIB).

B pesymbrare ocBoeHMs MaHHON Yy4eOHOW IUCHMIUIMHBI CTYIEHT JIOJDKEH yMeTh:

- pacrmo3HaBaTh U KJIacCU(UIIUPOBATH KOHCTPYKIIMOHHBIE U ChIPHEBBIE MaTepUAIbl IO BHEITHEMY
BUJTY, IPOUCXOXKICHUIO, CBOMCTBAM;

- moAOUpaTh MaTepHalIbl 0 UX HA3HAYCHUIO U YCIIOBUSAM IKCIUTYaTaIMH JIJIsl BHITOJIHEHUS padoT;

- BBIOMPATH ¥ pacIIH(PPOBBIBATH MAPKH KOHCTPYKIIMOHHBIX MaTEPHUAJIOB;

- OIIPEAEIIATh TBEPIOCTh METAIIOB;

- OIPENENSTh PEKUMbI OTXKHUTA, 3aKAJIKU U OTITYCKA CTAJIH;

- oAOUpaTh CIIOCOOBI U PEKUMBI 00paOOTKU METAIIIOB (JIUThEM, JaBICHHUEM, CBAPKOU, pe3aHHEM
U J1p.) JUIsl U3TOTOBJICHUS Pa3INYHbIX JI€TaJIEH;

B pesynmbrare ocBoeHMs JaHHON Y4eOHOM UCHMIUIMHBI CTYAEHT JOJDKEH 3HATh:

- OCHOBHBIC BHUJBl KOHCTPYKIIMOHHBIX W CBHIPBEBBIX, METAIUIMUECKUX W HEMETALTUICCKUX
MaTepuasos;
- KJacCH(UKAIUIO, CBONCTBA, MAapKHUPOBKY W 0O0JACTh MPUMECHEHHUS KOHCTPYKIIMOHHBIX
MaTepuaoB, MPUHIIUIIBI UX BbIOOpA AJI1 MPUMEHEHHUS B TPOU3BO/ICTBE;
OCHOBHBIC CBEJICHUS O HA3HAYCHWH M CBOWCTBAX METAIOB M CIUIABOB, O TEXHOJOTHUH UX
MIPOU3BO/ICTBA;
OCOOCHHOCTH CTPOSHUSI METAIOB U MX CIUIABOB, 3aKOHOMEPHOCTH MPOIECCOB KPUCTAITH3AIIUN
U CTPYKTYpOOOpa3OBaHUs;
- BUJIbI 00pabOTKHM METaJJIOB U CILIABOB;
- CYIIHOCTh TEXHOJOTHYECKUX TIPOIIECCOB JIUThS, CBAPKH, OOpAOOTKH METAJUIOB JIaBJICHUEM W
pe3aHuem;
- OCHOBBI TEPMOOOPAOOTKH METAJIIOB;
- CITOCOOBI 3aIUTHI METAJIOB OT KOPPO3UH;
- TpeOOBaHUs K Ka4eCTBY 00pabOTKH JIeTajei;
- BUJIBI M3HOCA JIeTaJei U y3JI0B;
- OCOOCHHOCTH CTPOCHHWS, HAa3HAYCHHWS W CBOWCTBA PA3IUYHBIX TPYII HEMETALTHICCKUX
MaTepuasos;
- XapaKTePUCTHKH TOIUIMBHBIX, CMAa30YHBIX, a0pa3WMBHBIX MATEPHAIOB M CHEIHATbHBIX
JKUJKOCTEH;
- KJ1accu(UKAIMIO H MapKH MacelT;
- OKCIUTyaTallMOHHbBIE CBOMCTBA PA3IMYHBIX BUIOB TOILTHBA;
- IpaBUJIa XpaHEHHUs TOIIMBA, CMa30YHBIX MaTepUAJIOB U CIIEIMATIbHBIX KHIKOCTEH;
- KJIacCU(DUKAIHMIO B CIIOCOOBI TTOMyYEHHUsI KOMITO3UITMOHHBIX MaTepUasoB;



B coBpemeHHOI cucTeMe cpenHero mpodecCHOHaIbHOr0 00pa3oBaHusl OOMbIIAs POJIb OTBOJAUTCS
MPAKTUKO-OPUEHTUPOBAHHOMY OOYUYEHUIO, CJIEIOBAaTeNbHO, B COJEPKAHWU KaKIOW ydeOHOI
JMCHIUTUIAHBI JIOJDKHO OBITh OTPEICICHHOE KOJIMYECTBO JTa00PATOPHBIX M MPAKTUYECKUX paldoT.

JlabopaTopHble U MpaKTUYeCKue paboThl MO3BOJIAT BaM chopMuUpOBaTh MPaKTHUECKHE HABBIKU
paboTsl, npodeccroHanbHble KoMIeTeHIIMU. OHU BXOJAT B CTPYKTYPY U3YUECHHUS yu4eOHOM TUCIIMIUIMHBI
OI1.03«MatepuanoBeieHUECY.

JIaGoparopHble U MPaKTUYECKHE PAOOTHI MPEACTABISIOT COOON 3IIEMEHT y4eOHON NUCIUTUTMHEI U
OLICHUBAIOTCS 110 KPUTEPUSIM, MPEACTABICHHBIM HUXKE:

Ouenka «5» BbICTABJAETCHA CTYAEHTY, €CJIN:

- TeMaThKka pa0OThl  COOTBETCTBYET  3aaHHOWM, CTYJACHT IIOKa3bIBACT

CUCTCMHBIC U IMOJIHBIC 3HAHUA 1 YMCHUA 110 JaHHOMY BOIIPOCY,

- paboTa oopMIICHA B COOTBETCTBUHU C PEKOMCHIAIIUSMHE ITPETIOIaBaTelIs;

- 00beM PabOTHI COOTBETCTBYET 3aJaHHOMY;

- paboTa BBINIOJIHEHA TOYHO B CPOKH, YKa3aHHBIE MIPEMOJaBATEIIEM.

Ouenka «4» BbICTABJISIETCS CTYACHTY, €CJIU:

- TeMaThka palboThl ~ COOTBEICTBYET  3aJ[@HHOM, CTYIEHT JIOMyCKaeT

HEeOOJIbIIINE HETOYHOCTH WIIM HEKOTOPBIE OMIMOKU B JAHHOM BOIIPOCE;

- pabota ohopmiieHa ¢ HETOYHOCTSIMH B 0()OPMIICHHH,

- 00beM pabOTHI COOTBETCTBYET 33JJaHHOMY HJIA UyTh MEHBIIIE;

- paboTa claHa B CpOKH, YKa3aHHBIC TIPEIIOIaBaTelieM, WU T03Ke, HO He

0osee yem Ha 1-2 mHS.

Onenka «3» BBICTaBJISIETCH CTYACHTY, €CJIN:

- TeMaThka paboThl COOTBETCTBYET 3aJaHHOMN, HO B PabOTE OTCYTCTBYIOT 3HAUUTEIbHbBIE

AJIEMEHTHI 110 COJIEPKAHUIO PAOOTHI MIIM TEMATHKA U3JI0KEeHA

HEJIOTHMYHO, HE YETKO MPEJICTABICHO OCHOBHOE CO/Iep KaHKe BOIIPOCa;

- pabota odopmiieHa ¢ omrbkaMu B 0(OpPMIICHUH;

- 00BbeM pabOThI 3HAYUTEIILHO MEHBIIIE 33/IaHHOTO;

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

OueHka «2» BBICTABJISIETCH CTYEHTY, €CJIN:

- HE PacKpbITa OCHOBHAS TeMa paboThI;

- paboTa oopMiIeHa HE B COOTBETCTBUH C TPeOOBAHUSAMU MPETIO1aBaATENS;

- 00beM pabOTHI HE COOTBETCTBYET 3a/IaHHOMY;

- paboTa cllaHa ¢ ONmo3AaHUEM B CPOKax OoJbIne 7 JHEH.

JlabopaTopHble M TMpakTHYECKHE pabOThI MO CBOEMY COJEPKAaHUI0O HMEIOT OMNPEICICHHYIO
CTPYKTYpY, IpeljaraéM paccMOTpeTh ee: X0J padoThl MPUBEIEH B Hayale KaXKAOW MPAKTHUYECKOH U
nabopaTopHoil paOOTHI; MPHU BBHIMOJIHEHUH NMPAKTUYECKUX pabOT CTyAEHTaMH BBIMOJHIETCS 3aJaHHE,
KOTOpO€ yKa3aHO B KOHIIE pabOTHI ; MPH BHIOJHEHUH J1a00paTopHbIX padoT Bamu cocraBisieTcst oTuer
IO €€ BBIMOJIHEHHIO, COACpPKaHUE 0TUeTa YKa3aHO B KOHIIE JJaOOpaTOPHOM paboThI.

[Ipn BbBIMOTHEHMHM NA0OPATOPHBIX M MPAKTHUYECKUX pPabOT CTYIACHTAMH BBIIOJHSIOTCS
ompejeNiecHHbIe TMpaBWIa, PACCMOTPUTE WX HIKE: IJladopaTOpHBIE U MPAKTHYECKHE PaOOTHI
BBITIOJTHSIOTCSL BO BpeMsi YUEOHBIX 3aHSTHIA; JOMyCKaeTCsl OKOHYATenbHOe oopmiieHne TabopaTOpHBIX
U TPaKTHUYECKUX paboOT B JOMAIIHUX YCIOBHSX; Pa3pelIacTcsl HCIOJIb30BaHUE JIOMOIHUTEIHLHOM
JUTEpaTypbl TPU BBHIMOJIHEHUU JIAOOPATOPHBIX U TMPAKTUYECKUX pPaldoT; Mepel BBITOJIHEHUEM
71a00paTOpPHOM U MPAKTUYECKOW pabdOThl HEOOXOJMMO H3YyYUTh OCHOBHBIE TEOPETHUECKUE MOJOKEHUS
M0 paccMaTpuBaeMOMY BOMPOCY.



Conepxanue.

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

[TpakTuyeckas pabora Ne 2 «BpIOOp HHCTPYMEHTAIBHBIX CTATIEH».

JlaGopatopnas padora Ne 1 «MakpoucciieIoBaHUE METAJUIOB M CIIABOBY.

Jlabopatopnast pabota Ne 2 «/3y4eHne MUKPOCTPYKTYP IBETHBIX METAJIJIOB U CIIJIABOBY.
Jlaboparopuas padota Ne 3 «VcripiTaHus HA YAAPHBIA U3THO.

Jlaboparopnas padota Ne 4 «OmnpeneneHre TBEpIOCTH METaIoB MeToiamu PokBeruia u bpunems».
Jlabopatopnas pabota Ne 5 «[IpoBeieHHE 3aKaIKH U OTITYCKA YIIICPOIMCTOM CTAIIN.

Jlabopatopnas padora Ne 6 «/ccienoBanue TeMnepaTypbl OTIIYCKa Ha CBOMCTBA 3aKaJICHHOM CTalIN».
Jlabopatopnast pabota Ne 7 «/3y4eHne MUKPOCTPYKTYpP LIEMEHTOBAHHOW CTaJIH.

Jlaboparopras padota Ne 8 «Onpenenenne GU3NKO-MEXaHHUECKUX CBOWCTB PE3NHOBBIX MATCPHAIIOB.
Jlaboparopras padota Ne 9 «Omnpenenenne kadecTBa MIACTHYHOW CMa3KM.

Jlaboparopnas padota Ne 10 «OmnpeneneHue kauecTBa aHTUDPHU3AY.



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 MapKH yKa3bIBaeT CpeJHEEe COJECpXKaHME yIiepofa B JECATHIX NOJsAX mpoueHTa. Ecim Bnepeau
MapKu HET IUQPbI, 3TO 3HAYUT, YTO yriepoaa B Hei nubo 1%, nmubo Beimme 1%. Ludpsel, crosmme 3a
OyKBaMH, YKa3bIBalOT CPEAHEE COACPIKaHUE JAaHHOTO JIEMEHTa B MPOILEHTaX, €CIH 32 OYKBOW OTCYTCTBYET
udpa — 3HAYUT CoJiepKaHUE JAHHOTO deMeHTa okoio 1% (He 6onee 1,5%). BykBa A B KoHIIE MapKH, Kak
U B YIJIEPOAMCTOM, TaK W B JETUPOBAHHON CTainH, 0003HAUaeT BBHICOKOKAYECTBEHHYIO CTallb, T.€. CTab,
COJIEp KaIlyto MEHbIIE ceprl U ocdopa.

VYkazaHHas CUCTEMa MAapKUPOBKHM OXBATHIBACT OOJBIIMHCTBO CYIIECTBYIOIIMX JISTHPOBAHHBIX
crajeil. VICKIroueHHe COCTABIISIOT OTJENbHBIC TPYIMIBI CTajel, KOTOpbIE JONOIHUTEIBHO 0003HAYAIOTCS
ompeneneHHon OykBoi: P — OvicTpopexymue, E — marnutssie, 11l — mapukonogmmmHUKOBBIE, O —
3JIEKTPOTEXHUYECKHUE.

IIpumep pacuiudpoBKE MAPKH CTAJIN

C0.12% Tipo 1,5%

\12X18H10T
L 18%/ Ni 10%

.JIerupylolune 3J1EMEHThI M UX BJHMSIHHE HA CBOICTBA CTaJIH

Xpom — Haunboee eneBblil U pacpoCcTpaHEeHHBIN dy1eMeHT. OH MOBBIIIAET TBEPAOCTh U MPOYHOCTD,
HE3HAYUTEJIbHO YMEHbIIasl MIAaCTUYHOCTh, YBEIMYNBAET KOPPO3HMOHHYIO CTOMKOCTD; COiep KaHue OOJIbIINX
KOJINYECTB XpOMa JIeaeT CTalb HepKaBerollel 1 00ecrieunBaeT yCTOMUYMBOCTh MATHUTHBIX CHJI.

Huxkenv coobmaer crand KOPPO3HOHHYIO CTOMKOCTb, BBICOKYIO IPOYHOCTh M IJIACTUYHOCTb,
YBEJIMUMBAET IMPOKAIMBAEMOCTb, OKa3blBaeT BIMSHME Ha HM3MEHEHHEe Kod(p(uIMeHTa TEmIOBOro
pacmupenus. Hukenb — 1oporoit Metasl, ero craparoTcsi 3aMEHUTh O0Jiee JeIIEeBbIM.

Bonvgpam obpasyer B cTanu OYEeHb TBEpAble XUMHUYECKHE COEIMHEHUS — KapOWJbl, pe3Ko
YBEJIMUYUBAIOLIME TBEPAOCTh M KPAaCHOCTOWKOCTh. BonbppaM mnpensTcTByeT pOCTy 3€peH IMpH Harpese,
CIOCOOCTBYET YCTPAHEHUIO XPYIKOCTH MPH OTIYCKE. ITO TOPOTOH M NePUIIUTHBIA METaJLI.

Banaouii noBwIIaeT TBEPIOCTh U MPOYHOCTh, U3MENbYAET 3€PHO. Y BEJINYUBACT IUIOTHOCTH CTallH,
TaK Kak SIBJSETCS] XOPOIIUM PACKUCIUTENEM, OH JOPOT U J1e(pULIUTEH.

Kpemnuii B konmuectBe cBbilie 1% oka3biBaeT 0co0oe BIMSHUE HA CBOMCTBA CTaJM: cojaep)kaHue 1-
1,5% Si yBenmuumBaeT MPOYHOCTD, TPH ITOM BSI3KOCTh coxpansercs. [Ipu OoibineM colepKaHuM KPEeMHUS
YBEJIMUUBAETCS AJIEKTPOCONPOTUBICHUE M MarHUTONPOHMIIAEMOCTh. KpeMHHI yBeIMYMBAaET TaKkKe
YIOPYroCTh, KHCIOCTOMKOCTh, OKaTMHOCTOMKOCTb.

Mapeaney nipu conepkanuu CBbIme 1% yBeTUYMBAET TBEPAOCTh, N3HOCOYCTOMYUBOCTh, CTOHKOCTh
IIPOTUB yJIApPHBIX Harpy30K, HE YMEHbIIAs IJJACTUYHOCTH.

Kobansm noBeIIaeT xaponpoyHOCTb, MATHUTHBIE CBOMCTBA, YBEIIMYMBAET CONPOTHBIICHHUE yIapy.



Monubder yBenMYMBAET KpPAaCHOCTOHMKOCTH, YIPYrOCTh, NpPEAENT IMPOYHOCTH HA pPaCTSHKEHUE,
AHTUKOPPO3UOHHBIEC CBOMCTBA U COTIPOTHUBIICHNE OKUCIIEHUIO MPU BBICOKHX TEMITepaTypax.

Tumawn TIOBBIIAET MPOYHOCTh M IUJIOTHOCTH CTalH, CIIOCOOCTBYET M3MEJBUCHHUIO 3€pHA, SBISICTCS
XOPOIINM PACKUCIIHTENIEM, yIydiiaeT 00padaThIBAEMOCTh M COITPOTHBIICHUE KOPPO3HUHU.

Huobuii ynydimaer KHCIOCTOMKOCTh M CIIOCOOCTBYET YMEHBIIEHHIO KOPPO3WHW B CBapHBIX
KOHCTPYKITHSX.

Anromunuy TOBBIIIAET )KAPOCTOMKOCTh U OKAJIMHOCTOMKOCT.

Meob yBemMUYMBAaEeT aAHTUKOPPO3HOHHBIC CBOKMCTBA, OHAa BBOJIUTCSA TJIAaBHBIM 00pa3oM B
CTPOUTETBHYIO CTalb.

IIpumeps! pacuinGppoBKH 0003HAYEHHSI CTAJIENH:

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, HUKEIs 110 OJTHOMY ITPOLICHTY;
15X25T: conepxkanue yriuepona - 0,15%, xpoma - 1o 25%, tutana - 10 1%;
08X21H6M2T: conepxxanue yriepona - 0,08%, xpoma - 21%, nukens - 6%, monubaena - 2%,
THTaHA - 0 | TIpOLIeHTA.
09X16H15M3b: conepsxxanue yraepoaa - 0,09%, xpoma - 16%, nukens - 15%, monubaena - 3,0%,
HUOOWMS - 10 1 TporeHTa.

Yci0BHBIC 0003HAYCHNS JICTHPYIOIIMX 3JIEMEHTOB:

azoTr (N)-A kobaneT (Co ) - K aukenb ( Ni ) - H
amomuani ( Al ) - FO kpemuwuii ( Si ) - C uuoduit ( Nb) - b
oepwuii ( Be ) - JI marnwuii (Mg ) - I turadn ( Ti ) - T
o6op(B)-P mapraner; (Mn) - T yrnepog ( C ) - VY
BaHaauii (V) - ® ceuren (Pb) - AC dochop ( P ) - II
BucMyT ( Bi) - Bu menb (Cu) - /1 xpom ( Cr ) - X
Bosbpam (W) - B mommbaeH (Mo ) -M tupkonuii ( Zr ) - L.

Cranu o0bIKHOBeHHOro kavecTBa m3rotaBiuBaroT mo ['OCT 380-94. BeimnaBka ux OOBIYHO
MIPOM3BOJIUTCS B KPYMHBIX MapTEHOBCKUX I€4ax U KHUCIOPOJHBIX KoHBepTepax. O0o3HayaroT ux OyKkBaMu
«Ct» u mudpamu ot 0 mo 6, Hampumep: Ct0, Ctl, Ct6. BykBol «CT» 00603Ha4ar0T «CTasby, MUGPEl —
YCIIOBHBIM HOMEp MapKH CTalM B 3aBUCHMOCTH OT €€ XMMHUYECKOTo cocTaBa. B koHIle 0003HaueHUsT MapKu
CTOAT OYKBBI «KII», «TIC», «CI», KOTOPBIE YKA3BIBAIOT HA CIIOCO0 PACKUCIEHUS: «KID» — KHUTISIIAS, «I1C» —
IIOJIYCTIOKOMHAs, «CI» — CIOKOMHAs.

bykBa «A» B KOHIIE Mapku JIOOOH CTamu YKa3bplBaeT, YTO CTalb OTHOCUTCS K KaTeropuu
BbIcokokauecTBeHHOH (30XI'CA, Y7A), B cepeanne 0603Hau€HUSI MapKH — YTO CTallb JIESTMPOBAaHA a30TOM
(16I'2A®D), B Hauane Mapku — YTO CTalbh aBTOMAaTHAs MOBBIMIEHHOW 00pabdaTeiBaeMocTh pe3anuem (A35T).
BbykBel AC B Hauase MapKH yKa3bIBalOT, YTO CTallb aBTOMaTHasi co cBUHIIOM (AC35172).

B koHIle MapKi KOHCTPYKIIMOHHOM CTalM MOTYT OBbITh JOMOJHUTEIbHbIE OYKBEHHbIE 0003HAUYEHUS:
[T — crane noHMKEHHOU NpokanuBaemocTty, JI — nureitnas, K — cranb A KOTIoB U Jp.



MapkupoBKa 4yryHa

Uyryn wmapkupyercs OykBamum CY u tuudpamu, mepBas U3 KOTOPBIX XapaKTepuzyeT Mpeael
MPOYHOCTH YyTryHa JTaHHOW MapKH TPH PACTSDKCHHH, BTOpas - mpu u3rube (kr/mm2). HambOombinee
pacnpocTpaHeHue Moiay4dmiin 4yryHel Mapok: CH12-28; CH15-32; CU18-36; CY 21-40; CY 24-44; CY 28-
48; CY 32-52; CY 38-60, npuyeM mepBble MATH MAapPOK MMEIOT MEPIUTHO-(PEPPUTHYIO METAITHYECKYIO
OCHOBY, IIOCJIEJHUE TPU - NEPAUTHYIO. [IpOUyHOCTH cephIX UyryHOB BCEX MAPOK IPU CKATHH 3HAUUTEIHHO
IIPEBBILIAET MPOYHOCTh NpHU pacTskeHun. Hampumep, ana uyryna mapku CU 24-44, umeromiero npenen
MMPOYHOCTH TPH PaCTSHKEHUU 24 Kre/MM2, Tpenei MPOYHOCTH MPHU CKATHH cocTaBiisieT 85 krc/mm2. Jlns
YBEJIMYEHUSI NPOYHOCTH YYTyHa TIpa(UTOBBIM BKJIIOUEHHEM MPUAAIOT ILapooOpasHylo ¢GopMy MIyTeMm
BBEJICHUs MarHus B KOBUI nepel pa3auBKoil. [Ipu 3ToM 4yryH nmpuoOperaer U HEKOTOPYIO IJIACTUYHOCTb.
BeicokonpouHnsle 4yyryHel MapkupyroT OykBamu BY u mudpamu, mnepBas U3 KOTOPBIX XapaKTepU3yeT
BPEMEHHOE CONPOTHBIICHUE YyT'yHA MPU PACTSLKEHUH (Krc/MM2), BTOpas - OTHOCUTeNnbHOe yanuHenue (%).
Hanpuwmep, BY 60-2 niau BY 40-10.

KoBkue wuyrynel wmapkupytor OykBamu KU wu 1mmdpamm, o003HA4aOmUMH BpEeMEHHBIC
COIIPOTHBIICHUS NIPU paCTsHKEHUH (Krc/MM2) U OTHOcHTENbHOE yumHeHue (%). [IpuMepamMu MapoK KOBKHX
gyryHoB MOryT ciyxutb KUY 38-8; KU 35-10; K4 37-12; K4 30-6 ¢ ¢peppuTHOif METaITNYECKO OCHOBOU U
K4 45-6; KUY 50-4 u K4 60-3, umeromue ¢heppuTHO-TIEPIUTHYIO OCHOBY.

MapxkupoBka jaTyHeii 1 OpoH3.

Mapxku o6o3HauaroTcs cieayromuM odpasoM. IlepBeie OykBbl B Mapke o3HavaroT: JI - natyss u bp. -
Oponsa. bykssl, cnenyromue 3a OykBoit JI B nmatynu unu bp. B Oponse, o3HayaroT: A - amoMuHui, b -
oepuuii, XK - xene3o, K - kpemauii, Mt - mapranen, H - aukens, O - onoBo, C - cBuner, L] - munk, O. -
dbocdop.

[udpsel, nomenieHHbIe Mocae OYKBBI, YKa3blBalOT CpeIHEEe MPOLEHTHOE COJAEp)KaHUE HIIEMEHTOB.
ITopsinok pacnonoxeHus Udp, IPUHATHIN U1 JaTyHel, OTINYaeTCs OT MOPSAIKa, IPUHATOTO JUIs OpOH3.

B wmapkax naryHu mnepBble aBe LUQphl (mocie OyKBbI) YKa3bIBaIOT COJEP’KaHHE OCHOBHOI'O
KOMIIOHEeHTa - Meau. OcranbHble HU(QPBI, OTAENIsEMbIE IPYr OT JApyra uepe3 THUpPE, YKa3bIBAIOT CpeliHee
coJiepKaHUe JIETHUPYIOUIUX AJIEMEHTOB. OTH HU(PHI PacHoJIOKEHBI B TOM XK€ TMOpSAKe, Kak U OYKBBI,
YKa3bIBaIOIUE MPUCYTCTBHUE B CIUIABE TOTO MJIM MHOTO 3JIEMEHTA.

B mapkax OpoH3bI (Kak U B CTAJIAX) COAEpKAHUE OCHOBHOTO KOMIIOHEHTA - ME/IU - HE yKa3bIBaeTcs, a
onpezensercs 1no pazHoctu. Lludpsl mocine OykB, oTAenseMble APYr OT JApyra 4yepe3 THUpE, yKas3blBaloT
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% mean (100-(4+4+2.5)=89,5% ).

Hanpumep,

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

2.  JIAXK60-1-1» — natyns, copepskariast 60 IpoIeHTOB Meau, | MPOIIEHT afOMUHUS U | TIPOIIEHT
Kenesa.



INPAKTUYECKAS PABOTA Ne 2

Bb100p MHCTPYMEHTAJBHBIX CTAJIEH.

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 HHCTPYMEHTAJIbHBIM CTAJSM

WHcTpyMeHTallbHbIE CTaJld  NpPEJHA3HAYEHbl Ul HW3TOTOBJIEHUS PEXKYILIEro, HU3MEPUTEIHLHOIO
MHCTPYMEHTA M ILITaMIIOB XOJOIHOTO U ropsiuero aedopmupoBanus (tabn. 14 mpunoxenus). B mpouecce
9KCIUTyaTalluy BCE BUJbI HHCTPYMEHTA, OCOOCHHO METAJUIOPEKYLIUI U IITAaMIIbl, IOJBEPratoTCsl HCTUPAHMUIO,
UCIIBITHIBAIOT BBICOKHE JABJICHMS, a TAK)KE BBICOKHE HANpsDKEHUs, Yallle BCEro, n3rubda uim kpydenus. s
obecredyeHns: H3HOCOCTOMKOCTH HHCTPYMEHTAIbHBIM CTAJISIM JOJIKHA OBbITh NMpHUCYIa BbICOKAsi TBEPAOCTD, a
U1 cOXpaHeHus: (opMbl HHCTPYMEHTA, IPEAYIPEXKACHUS €ro MOJIOMOK M BBIKpAIIMBAaHUSA pabOYUX KPOMOK
— BBICOKAsl IPOYHOCTH IIPU yIOBJIIETBOPUTEIBLHON BA3KOCTH.

K BaxHOMY CBOWCTBY MHCTPYMEHTQIbHBIX CTAJICH, IOABEPralOIIUXCA IPU pPE3aHUU WIN
ne(pOpPMUPOBAHUN CYLIECTBEHHOMY HAarpeBy, OTHOCHUTCS TEIUIOCTOMKOCTh (KPaCHOCTOMKOCTB), T.€.
YCTOMYMBOCTh IMPOTHUB OTIIYCKAa C COOTBETCTBYIOIIMM H3MEHEHUEM CBOMICTB (CHM)KEHHUEM TBEPIOCTH M
M3HOCOCTOMKOCTH), & TAK)KE Pa3rapoCTOUKOCTh — OTCYTCTBHE CKIOHHOCTH K 0Opa30BaHMIO TIOBEPXHOCTHBIX
TPEILMH IPY MHOTOKPATHBIX LIUKJIaX HATPEBAHUS U OXJIAXKICHUS.

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

2. YriaepoamcTble HHCTPYMEHTAJbHbIE CTAJIN

VYriaepoaucTele cTald MOCTABISAIOT TOCHE OTKUra Ha 3€pHUCTBI MEpIUT C TapaHTUed Ha
XMMHYECKHAM COCTaB U TBEPIIOCTb.

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

YIIEPOAMCTBIE CTAI XOpOIIO 00padaThIBatOTCS pe3aHUEM U JePOPMUPYIOTCS, YTO MO3BOJISIET MPUMEHSATh
HAKaTKy, HaCeUKY U JIpyrHe BHICOKOIIPOU3BOAUTEIbHBIE METOAbl M3TOTOBICHUSI HHCTPYMEHTA.

W3-3a Hu3KOM mnpokanmuBaeMoCTH (Tabna. 15 mpuIokKeHUs) YriepoAUCTbIe CTalM MPHUTOTHBI JUIS
MEJIKOT0 MHCTPYMEHTa WU IJI1 MHCTPYMEHTA CEUEHUEM A0 25 MM C HE3aKaJCHHOW CEpALIEBHHOH, B
KOTOPOH peyIiast 4acTh IPUXOAUTCS HA MOBEPXHOCTHBINA CIION (METUYMKHU, Pa3BEPTKU, HAMIBHUKH U T.IL.).
HeckBo3Hast 3akajika yMeHbIIaeT JedopMallii MHCTPYMEHTA U MOBBIIIAET 3a CUET BA3KOW CEep/LIEBUHBI €TI0
YCTOMYMBOCTH K yAapaM U BuOpauusMm. B ceuenunsax 6osee 25 MM 3aKaJ€HHBIM CIOW MOJIYyYaeTCsl 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 JUIl YMEHbIIeHUs JeGopMaluii U ONaCHOCTH pacTPECKUBAHUS 3aKAJMBAIOT B Macje WU pacIulaBax
coneit npu 160...200 °C.

Cramu Y7, V8, V9, obecneunBatomue 6ojee BHICOKYIO BSI3KOCTb, IPUMEHSIOT A1 HUHCTPYMEHTOB,
MOJIBEPTraloInXCsl yAapaM: JepeBO0OICIOUHOr0, CIECAPHOT0, KY3HEUHOT0, a TaKXkKe IMyaHCOHOB, MaTpHIl U
ap. Tlocne 3akanku ux ormyckator npu 275...350 °C na tpooctutr (HRC 48...51). 3a3BTeKTONAHBIC CTAIN
V10, V11, V12 ucnone3ytor nocie Huzkoro otmycka (150...180 °C) co cTtpykTypoil MapTeHcHUTa U
BKJIFOUEHUSIMU KapOMJIOB, OOECIEUMBAIOIIUX TIOBBIIIEHHYI0 H3HOCOCTOMKOCTh. WX mNpUMEHSIOT A
HUHCTPYMEHTOB C BBICOKOH TBepAOCThIO Ha padounx rpansx (HRC 62...64): pexymiero (HamuIbHUKH, TTHIbI,
METYMKH, CBEPJIA, PE3LBI U T.11.),

M3MEPUTENBHOTO (KaJuOpbl MpOocTOr (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 HECKOJIbKO
JTydiied BA3KOCTH WX Yallle UCIOJIb3YIOT Ui HHCTPYMEHTOB ¢ 00Jiee TOHKOU pexyIeld KPOMKOM.

3. JlerupoBaHHBbIe CTAJIHU AJIS PeXKyllero HHCTPyMeHTAa

ITo TemIOCTONKOCTH ATH CTANIN JAENATCS Ha ABE TPYIIIIBL:

* HHU3KOJICTHPOBAaHHBIC CTAIH, HE 00JIa1al0INe TEIIIOCTORKOCTHIO;

* BBICOKOJICTUPOBAHHBIC OBICTPOPEKYITUE CTAIH C TEIIIOCTOUKOCThIO 0 600...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
HEINOJIHOM 3aKaJlke OT TEMIIEpaTypbl HECKOJIBKO BbIle Aj; M HU3KOMY OTHYCKY. CTaau MMEIT CTPYKTYpy
MapTEeHCUTAa H H30BITOYHBIX KapOWIOB (JIETUPOBAHHBIA LIEMEHTUT) M XapaKTEPU3YIOTCA BBICOKOM
tBepaocthio (HRC 62...69) u m3HOcocTOMKOCThIO. OnHAKO, KaK M YIJIEPOAUCTBHIC, OHM HE 00JaJaroT
TEIJIOCTOMKOCThIO U MMEIOT IPAKTHUYECKU OJMHAKOBbIE C HUMHU PEXylue cBoWcTBa. VX MPUMEHSIOT s
MHCTPYMEHTa, Pa0OTAIOIIEro MpH HEOOJBIIMX CKOPOCTSIX pE3aHMs, HE BBI3BIBAIOIIMX HAarpeBa CBBIIIE
200...260 °C. B omiMuuu OT YIJIEPOAUCTHIX OHU MEHBIIE CKIOHHBI K TIEPEerpeBy U IO3BOJSIOT
M3rOTABIIMBATH HHCTPYMEHT OOJBIINX Pa3MepOB U OoJiee CII0KHON (OPMEI.

Cranp XB4 otnuvaercss 0c000 BBHICOKON TBEPIOCTHIO U M3HOCOCTOMKOCTBIO Oiarojnapsi TOMy, 4TO B
HEel, KpOME€ JIETMPOBAaHHOI'O ILIEMEHTHUTA, HPUCYTCTBYIOT KapOuael Boibppama tuna MeC, KoTOpbIE
NPaKTHYECKU HE PACTBOPSIOTCS IPH Temiieparype 3akajiku. M3-3a Beicokoit TBepmoctu (HRC 67...69) ee
HAa3bIBAIOT aJIMa3HOMN
U IPUMEHSIOT AJ1s1 YucTOoBOM 00paboTku TBepAbIX MaTepuanos. Ctanu X, 9XC, XBI', XBCI' 3akanuBatoTcs B
Macje ¥ OTHOCATCS K CTajsiM Tiyookoi npokanuBaemoctu. Ctans 9XC B otiuuue ot cranu X (1,5 % Cr),
Omarojaps MPHUCYTCTBUIO KPEMHHUS UMeEeT 0oJiee BBICOKYIO yCTOMYMBOCTH MPOTHB oTmycka (mo 260 °C),
MOBBILICHHBIE PEXKYIIHE CBOICTBA M NMPUMEHSETCS Ui U3rOTOBJIeHHs (pe3, CBepll, pe3bOOHape3HOro u
Jpyroro nHcTpyMeHTa ceuenueM 10 35 mM. Hegocratok ctanu 9XC — CKIOHHOCTBh K 00€3yTiaepoKMBaHMIO.

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

beicTpopexyiye cTamu — Tpydna BbICOKOJETMPOBAHHBIX —CTajei, NpeAHa3HAYEHHbIX Ul
M3TOTOBIIEHHSI BHICOKOIIPOU3BOIUTEIHLHOIO HHCTPYMEHTA.

OCHOBHOE CBOMCTBO 3THX CTajelf — BBICOKAsl TEIUIOCTOMKOCTb, KOTOpasi 00eCieunBaeTcsl BBeIEHUEM
O0JIBIIIOrO KOJIMYECTBA BOJIb(pamMa COBMECTHO C IPYIMMHU KapOuaooOpasyromumu 3nementamu (Mo, V), a
TaKke KoOanbToM. MHCTpYMEHT M3 ATUX CTajiel COXPaHIET BBICOKYIO TOpsUYyr0 TBepaocTh 10 600...640 °C
U JomyckaeT B 3...5 pa3 Oosee NMpOW3BOAUTEIBHBIE PEKUMBI PE3aHUs, YeM M3 CTajiel, He 00JIaJaroinx
TETIOCTOUKOCTBIO.

Oco0eHHOCTH TEpMHUYECKON 00pabOTKH, CTPYKTYpbl M CBOWCTB OBICTPOPEXKYIIMX cCTajei

paccMoTpuM Ha npumepe craneit P18 u P9, kotopeie o xonmuectBy nerupyromux snementoB (W, Cr, V)
o6o3Havator 18-4-1 n 9-4-2.
ITo cTpykType oTKura ObICTPOPEXKYIIHME CTAIH OTHOCATCS K JIeAeOypUTHOMY Kiaccy. B imToMm Bujie uMmeror
neneOypuTHYI0 3BTEKTUKY. Ee ycTpaHstoT ropsueil aedopmarnueil myTeM H3MeTbUY€HUS NEPBUYHBIX
kapounos. Jlns cHmkenus tBepaoct (no HB 207..255 ) nepopmupoBanHyio cTanb nepes MeXaHUYeCcKOM
00paboOTKO TOABEPralOT H30TEPMUUECKOMY OTKHUTY. CTpPYKTypa OTOXOKEHHBIX CTalled COCTOHUT U3
copOMTOOOPa3HOTO TMEpIUTa, BTOPUYHBIX M OoJiee KPYIHBIX MEPBHYHBIX KapOumoB. OOIee KOIMYECTBO
kapOuoB B ctanu P18 cocraBnser mpumepno 28 %, B ctammm P9 — 17 %. OcHoBHBIM KapouaoMm ctanu P18
SIBJSIETCSI CIIOXKHBIA KapOuy Boibdpama nepemennoro cocraBa FesW3C (MsC), koTopslit pacTBopsieT B cede
4acTh BaHaAWsA U Xpoma. B ocrambHbIX ciyyasx, kpome MgC u HeOombimoro xonuuectBa kapouma (Fe,
Cr)23Cs, mpucyrctByer 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 OBICTPOPEXKYITIEH CTalH: a) — 6e3 00paboTKH X0J10/10M; 0) — ¢
00paboTKOit X0510/10M BBICOKHE pexyIre CBOWCTBAa HHCTPYMEHT U3 OBICTPOPEKYIINX CTajel mpuodpeTaer
MocJyie 3aKajiki U TPEXKPaTHOTro oTiycka (puc. 6.1,a). M3-3a HU3KOI TEMIONPOBOAHOCTH OBICTPOPEKYIIIHE
CTaJIM IIPU 3aKaJIKE HarpeBalOT MEUIEHHO ¢ nporpeBamu npu 450 u 850 °C, npuMeHsst COJIIHbIE BAaHHBI AJIs
YMEHBIIIEHUS! OKUCIICHUS U 00e3yraepokuBaHust. OCOOEHHOCTD 3aKalIKi ObICTPOPEKYIINX CTalIeh —
BBICOKasl TeMIieparypa HarpeBa. OHa HeoOXxoauMa i 00ecTeyeH sl TeJIOCTOMKOCTH — MOJTYYeHHs T10CIIe
3aKaJIKM BBICOKOJIETHPOBAHHOIO MAapTEHCUTA B pe3y/bTaTe MEPEXo0/ia B paCTBOP MAKCUMAaJIbHOTO
KOJIMYECTBA CHEeMATbHBIX KapOuI0B.

CreneHp JerupoBaHHs ayCcTeHHWTa (MapTEHCUTA) YBEIMYMBAETCS C MOBBILICHHEM TeMIIepaTyphl
HarpeBa. [Ipum temmneparype 1300 °C pocTuraercss INpeAenbHOE HACBILIEHHE ayCTEHUTa — B HEM
pactBopsieTcst Becb XpoM, okoiio 8 %o W, 1 % Vu 0,4...0,5 % C.

JlerupoBaHue aycTEHUTa IPOUCXOJUT IPU PACTBOPEHMM BTOPHUYHBIX KapOuaoB. IlepBuuHnble
KapOubpl HEe PacTBOPSIIOTCS W TOPMO3ST POCT 3epHA aycTeHuTa. biaromaps MM mpu Harpese, OJIM3KOM 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. CloKHBIA



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 MEPBHYHBIX KapOumoB, comaepxutcs 30...40 %
OCTaTOYHOTO ayCTEHHUTA, MPUCYTCTBUE KOTOPOTO BBI3BAHO CHUXeHUEeM Touku M Himke 0 C. OcrarouHbiii
ayCTCHHUT MPEBPALIAIOT B MAPTECHCUT IPHU OTIYCKE MK 00PaOOTKE XOJIOIOM.

BricTpopexyie cranu — BTOPUYHO TBEPACIONINE; HAWOOJbIIAs TBEPIAOCTh JOCTHTaeTCs MOCie
otnycka mpu 550...570 ©C. B npoiiecce BbIAEPKKU MPU OTIYCKE U3 MAPTEHCUTA U OCTATOYHOI'O ayCTEHUTA
BBIIETISIIOTCS ucnepcHble kapouabl MgC. AycTeHuT, 00eJHSSACH YTIEPOAOM U JIETHPYIOIIMMHU 3JIEMEHTaMH,
CTAaHOBUTCS MEHEE YCTONYMBBIM U MPH OXJAKICHUM HUKE My UCHBITHIBAET MAPTEHCUTHOE IpEBpaIleHHE.
OpHOKpaTHBIA OTIYCK HE 00ecreurBaeT MpeBpallleHus BCEro OCTaTOYHOro aycTeHuTa. [IpuMeHsoT nByx-,
TPEXKpPATHBIA OTIYCK C BBIICPXKKOH 1Mo | 4 m oxjaxaeHueM Ha Bosayxe. [Ipu 3TomM KoiamuecTBO aycTeHuTa
camkaercs 110 3...5 %. [IpuMenenune mocie 3aKajku 0OpabOTKH XOJIOAOM COKpAINAeT IHKJI TePMHUYECKOU
obpabotku (puc. 6.1,0). B Tepmudecku 00OpaOOTAHHOM COCTOSHUM OBICTPOPEXKYIIUE CTATd HUMEIOT
CTPYKTYpY, COCTOSIIIYIO W3 MapTEHCHTa OTIycka W KapOumos, u TBeprocth 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 Bojibpamosble (P18, P12, P9, P9®5) u
BoJb(hpamomormbaeHoBbie (P6M3, POMS) cramy, coxpanstiomye TBepaocts He Hmke HRC 58 mo temmeparypbl
620 °C. U3-3a 0aMHAKOBON TEIJIOCTOMKOCTH 3TH CTaIM HUMEIOT ONM3KHE PEXYIIUE CBOMCTBA M OTIMYAIOTCS
[JIABHBIM 00Pa30M MEXaHUYECKIMH M TEXHOJIOTMIECKUMI CBOMCTBaMH. Jydiieit 00padaThiBaeMOCTBIO TABICHUEM U
pe3aHueM, a Takke MPOUYHOCTHIO U BSIBKOCTBIO 00ManaroT ctaim POM3 u POMS. Cramm P9, PODS ommuarotcst 1mioxoit
HUT(YEMOCTBIO M3-32 IPUCYTCTBHS TBEPBIX KapOUIOB BaHAINS.

K rpymme ¢ noswviwennoti npouzgooumensHOCHbl0 OTHOCATCS CTajlld, COJEpXKAaIIMe KOOAIbT WU
MOBBIIIEHHOE KonmuecTBO BaHaaus: P18®2, P14d4, P6MSKS, POMA4KS, POKS, POK10, P10K5®5, P18K5®2. Ouu
HPEBOCXOJISIT CTAHM TIEPBO#t TpyIIbI 0 Terutoctoiikocth (630...640 °C), TBepaoct (HRC > 64) 1 H3HOCOCTOMKOCTH,
HO YCTYMAIOT MM IO TIPOYHOCTH W TUIaCTHYHOCTH. CTa TMOBBIIIEHHOH MPOM3BOJUTEIBHOCTH MPUMEHSFOT IS
00pabOTKN BBICOKOIPOYHBIX CTajeH, KOPPO3ZUOHHOCTOMKHUX U YKapOIPOYHBIX CTajlel C ayCTEHUTHOW CTPYKTYpOil 1
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 METAIUTMYECKON CBSI3KOM.

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 IPOYHOCTH U BSI3KOCTh. TBEpbIe CIIaBbl MPOM3BOAT B BUIE IUIACTUH, KOTOPbIE HAITAUBAIOT
Ha JIepKaBKy W3 YIJIEPOAMCTON cTanu. TBepiple CIUIaBbl NMPUMEHSIOT Ul PE3LOB, cBepls, ¢pe3 U APYroro
MHCTpyMEHTa. Takol HMHCTPYMEHT CO4YETAeT BBICOKYK) TBEPIOCTh

HRA 85...92 (HRC 74...76), W3HOCOCTOMKOCTh ¢ Haubosiee BbICOKOM TeruiocTorkocThio (800-1000 °C). o cBoum
PEXYIIMM CBOWCTBAM OH TPEBOCXOIMT OBICTPOPEIKYIIME CTAM W TIPUMEHSICTCS I HauOOJee TSDKENBIX YCIIOBHIA
pe3aHusL, B TOM YUCIIe ¢ Harn0oJiee BRICOKUMHU CKOPOCTSIMH.

TBepble CIUIABbI XapaKTEPH3YIOTCS TAKXKe BBICOKHM Modyiem ynpyeocmu (48000-68000 krc/vn?) u
TIpeNIeSioM TPOYHOCTH Ha Cxatue (mo 600 Kl"C/MMZ). HenoctaTkn — CIOKHOCTH W3TrOTOBJICHUS (DACOHHBIX
W3JICNNH, BRICOKAsI XPYITKOCTb.

B 3aBucuMocCTH OT cocTaBa KapOUIHOM CMECH CIICUCHHBIE TBEP/BIC CIUIABHI BBITYCKAIOT 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 KOOanbpTa 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.

Bropyro rpymiy (TuTaHoBosIb(GpaMoByr0) 00pasytot ciuiaBbl cucteMbl T 1 C -WC-Co. OHu MapkupyroTcst
oykBamu T, K 1 mudpamu, nokaspBaroMy CoJiep kaHne KapOuJ0B TUTaHA M KoOanbTa B npoueHTax. [Ipu
TeMIeparype crekanus kapoua turaHa pactBopser 10 70 % WC u obpasyer tBepasiii pactop (T 1, W)C,
obnamaronmii 6onee BHICOKOH TBepAocThio, ueM WC. CTpykTypa KapOHIHOW OCHOBBI 3aBUCHT OT COOTHO-
reHus kapoumos B muxte. B crumaBe T30K4 o6pasyetcs oana kapoumHas ¢asza — tepasiii pactop (Ti, W)C,
KOTOPBIM IpUJaeT eMy Hanbosiee BhICOKHE PEXYIINe CBOMCTBA, HO OHKEHHYIO TPOYHOCTh. B ocTanbHbIX
criaBax 3Toi rpymmbl konudecTBo WC mpeBblaeT ero mpeeibHyio pactBopuMocth B Ti C , mostomy
KapOu bl BOJIb(pama MPUCYTCTBYIOT B BUI€ U30BITOYHBIX KPUCTAIIIOB.

CrutaBel BTOPOW TPYIIBI XapakTepr3yroTcsi Oormee BhICOKOM TeruioctoikocThio (900-1000 °C), xoropas
MOBBIIIACTCS TI0 MEpe YBEIMYCHHUS KOJIMYecTBa KapOunpa TutaHa. VX Hambonee MIMPOKO MPUMEHSIOT ISt
BBICOKOCKOPOCTHOT'O PE3aHUsI CTAICH.

Tperbto rpymmy (TUTaHOTaHTAJIOBOJIb(PpPaMOBYI0) 00pasyroT cruiaBbl cuctembl 11C-Ta C -WC-Co.
[udpa B mapke mocie 6ykB TT obo3nagaeT cymmapHoe coaepskanue kapoumaos TiC+Ta C , a mocite 6ykBsl K
— KOJIM4ecTBO KobanbTa. CTPyKTypa KapOUIHOW OCHOBBI MpenCcTaBisieT coboit TBepasiii pactop (Ti, Ta, W)
C u u3bbrtok WC. Ot mpeasiaynieil Tpynmnbl 3TH CIUIaBBI OTIWYAIOTCS OOJNBIIEH MPOYHOCTHIO M ITydIIen
COIPOTHBIIIEMOCTHIO BUOpALIMAM U BbIKpamuBaHuio. OHU MPUMEHSIOTCS A7 HauOosee TsHKETbIX YCIOBUH
pe3anus (depHoBas 00pabOTKa CTAIBHBIX CIUTKOB, OTIIMBOK, TOKOBOK).



JIABOPATOPHAS PABOTA Ne 1

Malcponccnenosafme METAJJIOB H CILJIaBOB.

Heab padorbl. O3HAKOMIIEHHE C METOIMKON MPUTOTOBIECHUS MAaKpOLLIM(OB M OCBOCHHE METOIOB
BBISIBIICHUS] MAKPOCKOITMUECKOTO CTPOCHHUS U 1e()EKTOB CTaIIH.

O6opynoBanue: nUM(OBATHHBIA CTAaHOK, (aphopoBas Yalika, IHIbI, OMHOKYIISPHBI MHKPOCKOII, JIYTIa,
peaktuB s TpaBneHus (xopuctas memb CUCH, 85 1 + xmopuctsiii amonuii NH4Cl 53 r + Boga H,O 1000 mut —
peaxtuB ['eitne), 5%-HbIil pacTBOP CEpHOM KUCIOTHI, (pruKkcaTop (THOCYIIB(AT HATPHA), TTISHIIEBast OpoMcepeOpsHast
Oymara, GuIbTpOBaIbHAS Oymara, BaTa, 00paslibl CIIIaBOB.

MakpoaHa/iu3 1o BUy u3JjiomMa

H3nom — OBEpXHOCTb, 00pa3yroIasics Mocie pa3pyllieHuss o0pasia Wik U3eaus. Pa3nmuyaior u3noMbl
XPpYIKuil (Hanpumep, y KEPaMUKH, 3aKICHHBIX CTAJICH); BSI3KUI CO CIIeAaMi MECTHOM IIacTUYecKon Aedopmanuu
Ha [OBEPXHOCTH U3JI0OMa; YCTaJIOCTHBIM — [OCIIE Pa3pyLIEHNs B pe3yJIbTaTe MHOIOKPATHOTO HAarpyXXeHus. AHaIM3 U
NpaBUIIbHOE —UYTeHHE|| M3JI0MOB WIPAIOT BAXHYIO POJIb MPH YCTAHOBICHWM NPHYMH aBapHd M TIOJIOMOK.
MaxkpoCKOIMYECK A aHATTU3 CTPYKTYPhI U3JIOMOB Ha3bIBACTCA (hpakmoecpagueil.

Ilo BuaYy M370Ma MOKHO CYIUTH O BEJIMYMHE 3€pHA METAJUIA WM CIUIaBa, HAIMYUM IIeperpeBa, NpUunuHe
pazpymieHus (YCTaTOCTHBINA H3JI0M), O HATMYHH PACCIOCHHUS, PHIXJIOCTH U JIp. M3710MBI OBIBAIOT KPUCTAJUTYECKHE
(3epHUCTBIE), BOJIOKHUCTBIE U CMELIaHHBIE, IIPOI0JIbHBIE U IONIEPEYHBIE.

Bsizkuii (BOJIOKHUCTBIN) W3JIOM OOBIYHO HAOJIOMACTCS IMOCHe IUIACTHYECKOW jaedopmaiuu odpasma ¢
TOSIBJICHUEM IIEHKU Iiepe]] paspylieHreM. BOJOKHUCTBIA M3JI0M UMEET MECTO B OTOMOKEHHBIX JI09BTEKTOM/IHBIX
CTISIX, @ TAKXKE B CTAISX, YITYYIICHHBIX TEPMUUECKOM 00pabOTKOM (3aKaika IMOJHas, OTITYCK BBICOKUMN). Bsizkue
W3JIOMBI HE UIMEIOT KPUCTALTMYECKOTO OJIECKa, XapaKTepU3yIOT TI00POKaYeCTBEHHYIO CTPYKTYpY MeTasuia (puc.1,a).

Xpynkue (KpUCTAUTMYECKME) WIIOMBL  XPYIIKOMY — paspyILEHHIO — TOBEP/KEHBI 3aKAICHHBIE  CTaIIH,
MOBEPXHOCTH M3JIOMOB COCTOSIT M3 MHOXKECTBA OJNECTSIIMX IUIOMIANOK. PazmiuaroT cremyronme pasHOBUIHOCTH
XPYIIKMX ~ W3IOMOB:  TPAHCKPUCTAUTMYSCKUH  (MPOXOAMT MO  Telmy — 3¢pHA),  MEKKPHCTALTAYCCKHI
(MHTEpKPUCTAUINYCCKHE), KPYITHO3EPHUCTBIA  (TPYOO3CPHUCTBIN, KPYTHOKPUCTAUTAYCCKH), —MEJIKO3CPHHCTBIH
(METKOKPUCTATITNYECKUH ), HATATMHUCTBIN, KAMHEBUIAHBIH, IIM(EpHBIH, YEPHBIHA, YCTATOCTHBIH.

Hagmanunucmoii - TpaHCKpUCTAJUIMYECKUH H3JI0M, MO BHEIIHEMY BHJY HAIlOMUHAIOIIMK Oyieck
Ha(TaMHa, BCTpeYyaeTcs y ObICTPOPEKYILMX CTaleH MpU HapyIICHUH PeXXUMa TEPMUIECKON 00pabOTKH.

Kamneeuonwviii U310M - MEXKKPUCTAIUTMUYECKUH, UMEIOLIMH KPYITHO3EPHUCTOE CTPOEHHUE, MOSBISAETCS B
CTallIX B Ipoliecce MeperpeBa MpH Topsiueil MexaHMueckoil oOpalboTke, NMpHU3HAK HeloOpOKayeCTBEHHOCTH
CTPYKTYpBHI.

L ugheprvuii (CTOUCTBII) U3TIOM - XapAKTEPU3YETCs IPEBOBHUIHBIM PACTIONIOKEHHEM BOJIOKOH B TIPOJIOJIBHBIX
M3JI0Max cTajau. Berpeyaercs B CpeiHEYITIEpOIUCTBIX CTANSX, 3arPSI3HEHHBIX HEMETANINYECKUMH BKITFOUEHUSIMU U
MEPEHACHIIIEHHBIX Ta3aMH.

Yepnplii U3710M SIBIISIETCS CIIEACTBUEM BbIIENIEHHS TpaduTa U3 cTajieil ¢ BHICOKUM COJEpYKaHUEM YITIeposia U
KPEMHHUSI TIOCIIE JUTUTEIBHOTO OTYKUTa MPY HU3KKX TEMIIEpaTypax WM 3aKaIKH C OTITYCKoM rpu Temneparype 700°C.

-7 - . 7 T

Puc.1. Ctpoenue Bsi3Koro (a), Xpymnkoro (0) ¥ yCTaJIoCTHOTO (B) H3JIOMOB



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. 3aKaliouHas TpElMHA BO3HHUKAET 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 cedyeHun 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€TaJlM, ONPENENICHUs] MecTa HAIUIaBKH TOCJe€ PEMOHTa JieTanel, paBHOMEPHOCTU paclpeieNieHus
yraepoaa, cepsl, ochopa B ceueHHH, BBIABICHUS TOp, PAKOBUH, TPELMH U JIPYrUX AE(PEKTOB, a B CBApHbBIX
COEMHEHUSX - UCCIEYIOTCS O0COOEHHOCTH CTPYKTYPBI CBAPHOTO IIBA.

Maxpouwnug - 310 00pasel], 0Ha TOBEPXHOCTh KOTOPOTO CHEHUAILHO MOATOTABINBACTCS JJIs IPOBECHUS
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
COJIEPYKaHNH TIEMEHTOB, BXOJISAIINX B METAT, HO HE XapaKTepU3yeT PacTpeIeNICHHS UX 10 CEYCHUIO.

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
KOBKOMH 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 OTKJIOHEHHS 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 6osee menkoro Ne 220 — 320. ITpu 3Tom BoasT 110
gy 6ymaroii, a He Ha060poT. [1oArOTOBIEHHYIO TOBEPXHOCTH MPOTUPAIOT BaTOW, CMOUEHHOM CIIUPTOM
Ul 00e3KUpUBAHUS Tepel] TpaBleHHMeM. TpaBieHue Makpouuda NPOM3BOIAT KPENKUMH U
CHJILHOJICHCTBYIOILIMH PEaKTHUBAMH.

BbIBUTE B TEMIUIETaX TPEIUMHBI, MOPbI, PAKOBMHBI TIIYOOKMM TpaBIEHHEM TOAOTpeThiM 0 60 — 70 °C
BOJTHBIM PAaCTBOPOM COJISTHOM KHCIIOTHI (110 50 em® HCl H,0). Bpems tpasienus 10-45 mun. [ToBepxHOCTD
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
CTOPOHO#! (HE JIOIYCKaTh C/IBUIA U TIOTNIAKMBAHUEM YIAIISThH BBIISISIOIIMIICS Ta3), BhIIEPKaTh 3-4 MUHYTBL
bymary mnpombITh, 3adukcupoBaTh oTHEeyaToK, BbliepkaB 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 xyopHoi MeM U 53 T xytopricroro ammonust B 1000 M’ BOJIBL. O06pa3zelr NoAroTOBICHHOM
MOBEPXHOCTHIO TIOTPY3UTh B PEAKTUB U BBIZIEPKaTh 1-2 MuH. OOpa30BaBIINiiCS HA IOBEPXHOCTHU CJION MEIH
CMBITh CTpyeH BOJbI, MaKpOILTM(] TNPOTEPETh MOKPOH BAaTOM M MPOCYHUTh. TemHble (TIyOOKO
MIPOTPABJICHHBIC) YIACTKH XapaKTePU3YIOT pacipeienieHue yriepoaa, hocdopa.

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

oOlIell JMKBAIMM M HANpaBJICHUs BOJOKOH; OTHEYaToK Ha (hoToOymare xapakrepa pacHpeseNieHHs Cepbl;
JIMKBAaIMU yriepona, (ocdopa; 3aprucoBKM Makpouuidga CBapHOIO COEIMHEHUS, MOBEPXHOCTH H3JIOMOB;

BBIBOJIBI 11O PE3YJIbTATaM aHAJIU30B.

No ok~ wbdhRE

IIp

KoHTpoJibHBIE BONIPOCHI:

MakpOoCKOMMYECKHiA aHAITH3 U €TO 11ETb.

Buel Makpoanamsa.

Kak rorossit maxporumd?

Kax BBISBISIIOT Ie()eKThI, HAPYIIAFOIIHE CIUTONIHOCTD JICTan?
Kax BBISBIISIFOT JIMKBAIHIO CEPhI?

Kax BoIsBISIFOT NMTUIKBatuio yriaepoaa, gochopa?
MaxkpocTpyKTypa CBapHOTO COSIMHEHHIS.

Bue! n3imoMoB.
WYHHBI, BHI3bIBAIOIIME BOSHUKHOBEHHE YCTAIOCTHBIX U3JIOMOB.



JIABOPATOPHAS PABOTA Ne 2

H3yyeHne MUKPOCTPYKTYP LIBETHBIX MeTAJIJIOB M CIJIABOB.

Lesan padoThl: U3yYUTh KIaccu(UKALUIO, MUKPOCTPYKTYPY, CBOMCTBA U Ha3aHAYCHUE
TUIOBBIX I[BETHBIX CIVIABOB MAIIMHOCTPOEHHUS.

1. Kparkue Teopernyeckue CBeJIeHHUS.

K 11BeTHBIM OTHOCHUTCSI OOIIMPHAS TPYIIA METAIJIOB CIEAYIOUINX KIacCOB:

-7ecKue METAJUIbl SIBJIAIOTCS. OCHOBOM CIUIABOB JUISl MAIIMHOCTPOEHUS, CYJOCTPOCHUS,
CaMOJIETOCTPOCHHUSI. DTO MPEUMYIIIECTBEHHO AIIOMUHUMN U TUTaH, PEXKE MarHuii;

- JleeKonjaskue  METaulbl  IPEUMYILECTBEHHO  HCIONb3YIOTCS  JUISl  M3TOTOBJICHUS
AHTU(PPUKIIMOHHBIX CIUIABOB: 3TO CBUHEII, OJIOBO, IIMHK. TaKkue CIIJIaBbl 4YacTO B BHJIE TOHKOTO CJIOS
HaHOCATCA Ha pPabouyl MOBEPXHOCTh CTAJIBHON OCHOBBI MOJIIMIHUKOB CKOJIBKEHUS MAIUH U
MEXaHU3MOB;

- peoxo3emelibHble METAIUIbl MPUMEHSIOTCS B KauecTBE J00aBOK K Pa3MYHBIM CIUIaBam
(cTamsM | JIp.) € LEJIbI0 YIYyYLIEHUS] UX CBOMCTB;

- 0OnaeopooHnvle MeTamnel  (30110TO, cepebpo, IUIATMHA M JAp.) HUCHOJB3YIOTCS B
AIIEKTPOTEXHUKE, SJICKTPOHUKE, PATUOTEXHUKE;

- ypano8ble METAJIIbI MOTYYUIIU IPUMEHEHUE B aTOMHO SHEPreTHKeE;

- myeonnaékue MeTaulbl (HMOOWH, TaHTal, MOJMUOACH, BOJb(pPaM) IPUMEHSIIOTCS IS
W3TOTOBJICHUS U3AENUi, paboTaroMX MpH 0c000 BHICOKUX Temmeparypax 1o 1500...2000 °C.

M3 1BeTHBIX METalIOB HauOOJIblIEE HCIOJIb30BAaHUE HMEET QIIOMUHUIL, COJCpKaAHUE
KOTOpPOro B 3eMHOW Kope paBHO 8,8 %. ANIOMUHUEBBIE CIUIaBbl MPUMEHSIOT ISl Ky30BOB, paM,
9JIEMEHTOB JIBEPEH, paguaTopoB, KOJeC aBTOMOOWJIEH, OJIOKOB ILMJIMHIPOB, TOJIOBOK OJIOKOB,
MOpUIHEH NBUTaTeNell BHYTPEHHETO CrOpaHus U IPYTUX JeTaleil MalllnH.

AJIOMUHUEBBIE CIJIaBBI OCTAIOTCS OJIHUM U3 OCHOBHBIX KOHCTPYKIIMOHHBIX MaT€pUajiOB B
MIPOU3BOJICTBE JIETATENbHBIX anmnapaToB. M3 HUX M3TOTOBISIIOT 3J€MEHThl KOHCTPYKLIHMM CaMOJIETOB,
BOCIIPUHUMAIOIIINE IEUCTBUE MEXAaHUYECKUX CHII: IIMAHTOYTHI, JIOHKEPOHBI, HEPBIOPHI U Ap. CIUIaBhI
B BU/IE JINCTOB MPUMEHSIOT JJs1 OOIIMBKH KOPITYCOB PaKeT U CaMOJIETOB, U3TOTOBIICHHS TOIUIMBHBIX U
MacJsHbIX 0aKoB (CIUIaB aTFOMUHUNM-MAarHUW, TypaIFOMUH, aJlOMHUHHUI - JIUTUEBBIE CIUIaBBI U Jp.).
[TokOBKM M IITAMIOBKH TONY4YalOT M3 KOBOUYHBIX criaBoB mapok 1360 (AK6) m 1380 (AKS). B
CEpHUITHOM TIPOU3BOJICTBE OCBOEHHI HOBBIE AIIOMHUHHUEBHIE CIUIABBI, UMEIOIINE B JIBa pa3a MEHbIIIEE
CoJiep>KaHue BPEIHBIX MPUMECEH U MOBBHIIICHHOE COMPOTHUBICHHE K 00pa3oBaHui0 TpemuH. U3 aTux
CIUTAaBOB TIPOMBITINIEHHOCTh TMTPOU3BOUT JIUCTHI JUIMHOM 10 9 METPOB U TUTUTHI JUTMHOM 110 25 METPOB.

Pacmmpsiercss nmpUMEHEHUWE THUTAHOBBIX CIUIABOB MPEUMYIIECTBEHHO B CYAOCTPOCHUM H
aBuaniMoHHON TexHuKe. CruiaBpl OOBIYHO TMOMYYalOT CIIOCOOOM BaKyyMHO-IYTOBOM TIJIaBKH C
pacxomayeMbIM S3JEKTPOJOM. BrlMnaBiseMble TUTaHOBBIE CIUTKH HMErOT auamerp 500..800 mm,
Maccy 5...8 TOHH U jJajnee MmojBepraiTcs o0paboTKe IaBiIeHUEM: KOBKE Ha MOJOTaX, MPOKaTKe Ha
ctanax W ap. OCHOBHBIMH BHUAAMU JAePOPMHUPYEMBIX THUTAHOBBIX MONTY(HaOPUKATOB SIBISIOTCS
MTOKOBKH, IITAMIIOBKHU, IPYTKH, TPOPHIU, TPYOBI.

Onucanrie MHUKPOCTPYKTYpP ILIBETHBIX CIIJIAaBOB JIAOOPATOPHOM KOJUICKIMH NHLTU(GOB AaHO B
Taba. 17, a cxeMbl MUKPOCTPYKTYp MpuBeeHbI Ha puc. 14. [I[puMeHsemble B COBPEMEHHONU TEXHHUKE
[[BETHbIC MaTepuajbl HA OCHOBE aJIOMUHUS, MEIIM, TUTAHA U JIPYTHX METAIUIOB MOAPA3ICIAIOTCS Ha
nedopmupyeMbie U nuTelHbie. U3 depopmupyemvix cniasos MoaydarOT pa3IudHBIMH CIIOCOOAMU
ropsiueil ¥ XoJoIHOW 00pabOTKU JaBIEHUEM KOBAHBIE U IITAMIOBAHHBIE 3aTOTOBKH, MIPYTKHU, JTUCTHI
1 ipoune norydadpukarsl. OCHOBY UX CTPYKTYPBI COCTABJISIOT TBEPIbIC PACTBOPHI.

Heranu u3 aumetinvix cniagoé He 0OpabaTHIBAIOTCS JABJICHUEM M CTaBATCS B KOHCTPYKIUIO
MallliH B JIATOM COCTOSHUU B BHUZC (DACOHHBIX OTJIMBOK. J[7I1 M3rOoTOBICHUS M3 HUX OTJIMBOK OHHU
JOJKHBI 00JIa]aTh XOPOIIUMU JIMTEHHBIMUA TE€XHOJIOTUYECKUMHU CBOWCTBAMU: BBICOKOH CIIOCOOHOCTH
KUJKHUX CTUIABOB K 3aIlIOJIHEHUIO MOJOCTEH JTUTEHHON (HOpMBI (KHUAKOTEKYUECThIO), MaJIOW YCaIKOMH,
HEOOJBIION CKIOHHOCTBIO K 00pa30BaHUIO TPEIIHH U JIp.



Ta6muma 17. Tlepeuens 1abopaTopHOI KOJUICKITUH MUKPOILIA(OB IBETHBIX CIUIABOB.

No Hauvenosanue | Mapka rOCT XHMquCIf)I/H/I O6pabotka | CTpyKTypHBIE
nuda coctaB, % CcILIaBa COCTABJISIOIIHC
Al-ocHoBa; o
> -pactBOp U
42 | Jiypamommn | 1160 | 4784-74 3,8..4,8CU; T
P 1,2...1,8Mg; HHTEpMETAaN
0,3...0,9Mn. JmnoB
3epHa
MenHo- X a-pacTBopa
LIMHKOBBIM OJIOAHAA | ¢ gBoiiHMKO-
43 JI68 15527-70 Cu - ocnoBa 30-33 Zn  |nepopmarus BBIMH
CILIaB u OTKUr KpucTajuiaM
(J1aTyHB) u (CBETIbIE U
TEMHBIC)
Ti-ocHOBA;
} 5,5...7Al; 0-pacTBop
44 TuTaHOBBIN BT3-1 19807-91 2.. .3M0,.1 ; O (cBeTBIiN) U
CILIaB 2...5Cr; B-pacTBOp
0,15...0,4 Si; (TemHbIi)
0,2...0,7 Fe.
DBTEKTHKA
Al-ocHoBa; JuTee oes3 (0#Si) m
45 CuitymuH AK12 1583-89E 0. 13 Si’ MOAUUITN KpYIHBIE
Tt pOBaHHﬂ KPpUCTAJIJIbI
Si.
. Hucnepchas
Al-ocHOBA: JIuteé ¢ SBTEKTHKA
46 CuiymuH AK12 1583-89E 10.. 13 Si’ monupunu | (at+Siu o-
o pOBaHHEM pacTBopa
(cBeTIIBIN)
Mg — ocnoBa Ilepenach
47 Maruuesblit MIT5 9856-79 7,5...9 Al; - JIuteé u -
CILIaB 0,2...0,8 Zn; 3aKajka pacTBop u
0,15...0,5 Mn. Mg,Als
Henaputsl
— o-pactBopa
bponsa Cu OCHO]?a .. (TemHBIE),
48 BpO10d1 - 9...11 Sn; Juteé
OJIOBsSIHHAs 3BTEKTOHU/T
08...1,2P (cBeTIBIN) 1
CugP
OL-pacTBop,
Sn — ocHOBa; CBETJIBIC
49 BaG6ur B83 1320-74 10...12 Sb; JIuThé Kpﬁﬁﬁ;ﬁ 5
5,5...6,5Cu [

CuzSn
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Puc. 14. CxeMbl MUKPOCTPYKTYp LIBETHBIX CILJIABOB.

[[lupokoe HCHONB30BAHUE TMOJYYWJIM MaTepuadbl aJIOMUHUM — MEOb — MAarHui,
JIOTIOJTHUTENBHO JIETHPOBAaHHBIE MapraHueMm (Oypaniomutvl). B OTOXKEHHOM COCTOSHUHM IIpH
conepxanuu 3,8...4,8 % Meau MUKPOCTPYKTYpa TYypaTlOMHUHOB COCTOUT U3 O - TBEPAOrO pacTBOpa
MEJIA B QJIIOMUHUH W BTOPUYHBIX TUCIICPCHBIX BKIIOYCHUN MHTepMeTaTHueckux coequHennii CUAl;
, Al,CuMg (S-da3er).

Haubonee pacnpocTpaHEeHHBIMU nepOpMUPYEMBIMH METHBIMU CIUTaBaMH
SBIIAIOTCS  MEOHO-UUHKOG8ble  chiaebl  (J1aTyHU).  JIByXKOMIIOHEHTHBIE  CIUJIaBbl  ME[b-
IUHK TIPU cojiepkaHuu 10 39 % IUHKAa UMEIOT MUKPOCTPYKTYPY M3 OJHOTO o-
TBEPAOrO pacTBopa IIMHKAa B Meau (JaTyHb JI68). MukpocTpykTypa oOpasiia, MOJIBEprHYTOTO
XOJOMHOW nedopMalud U PEKPUCTAIUTM3AIMOHHOMY OTXKHUTY, COCTOMT M3 PaBHOBECHBIX 3€PEH
TBEPAOr0 PacTBOpa O, UMEIOIIUX BCIIEICTBUE aHU30TPONHH (3aBHCUMOCTH CBOWCTB OT HAIPABJICHHMS)
pa3IMyYHbI [BET OT CBETJIONO JI0 Pa3HBIX OTTEHKOB TEMHOrO. OTH JIATYHH HPUMEHSIOTCS IS
MOJTyYEHUS JICHTHI, TPYOOK.



VYV naryneit ¢ coxepxkanHueM 39...46 % IMHKa MHUKPOCTPYKTYypa COCTOMT M3 3€pPEH O -
TBEpJOro pacTBopa u ¢aszsl ' (YHOpsIOUeHHBIH TBEpAbIA pacTBOp Ha OCHOBE coexuHeHust CuZn).
Takue nByxdazHble JIATYHH HUMEIOT MOBBIIICHHYIO MPOYHOCTH MPH MOHWKEHHOW IUIACTHYHOCTH U
M3TOTOBIISIIOTCS B BUJIE PYTKOB H JPYTUX MONy(HhadpruKaToB.

BonpmmHaCcTBO AEOpPMUPYEMBIX MPOMBIIUICHHBIX MUMAHOBbIX CHAA608 TIOIYYalOT IIOCIIe
OTXKHra MHUKPOCTPYKTYPBI M3 O - pacTBOpa WM o+ - pacTBOPOB Ha OCHOBE TUTaHA. TBepIbIi
pacTBOp o Ha OCHOBe TioL MMEeT IeKCcaroHaJbHYI0 KPUCTANIMYECKYHO pEIIeTKy, - pacTBOp Ha
ocHoBe Tif} - pemeTKky 0OBEMHO-LIIEHTPUPOBAHHOTO KyOa. THUTaHOBBIE CIIJIaBBl XapaKTEPHU3YIOTCS
BBICOKOM yJIeIbHOM MPOYHOCTHIO, XOPOIIEH COPOTUBIIIEMOCTbIO KOPPO3UH.

[[lupokoe mnpuMEHEHHE HUMEIOT JIMTEHHBIC CIUIaBbl ATOMUHUN-KPEMHHUUN (cunymunst). Y
329BTEKTHYECKOTO CIUIaBa MHKPOCTPYKTYpa COCTOMT M3 IBTEKTHKH W TEPBUYHBIX 00Jiee KPYIHBIX
KPUCTAJUIOB KpeMHUs1, Hanpumep, y cuiaymuHa AK12. DBTekTuka mpencrasiseTr cobol cMech o -
TBEPJIOTO PacTBOpAa KPEMHHUS B QIIOMUHUM U I'PYOBIX UIOJIbYATHIX KPUCTAIJIOB KPEMHUS, UTPAIOIINX
pOJb BHYTPEHHHMX HaJApe30B (KOHLEHTPAaTOpoB HampspkeHus). Ilpu MoauduuupoBaHuu >KHUIKOTO
cuiiymuHa HaTpueM B KonuuecTtse 0,05...0,08 % 3BTEeKTHKA N3MEIbYAETCS U COCTOUT U3 O PacTBOPA
U MEJKHX 3epeH KpeMHHUs. MHKpOCTPYKTypa MOIUGHUIIMPOBAHHOTO JOIBTEKTHUYECKOTO CHIIyMHHA
UMEEeT NEPBUYHBIE CBETJIbIE ACHAPUTHI TBEPIOTO pacTBOpa O U MEJIKO3EPHUCTYIO 3BTEKTHKY.
V3menbueHue 53BTEKTUKM M OTCYTCTBUE B MHUKPOCTPYKTYpE TIPYOBIX KPUCTAIIOB MEPBUYHOIO
XPYIKOTrO KpPEMHHS IO3BOJIIET HECKOJIBKO MOBBICUTH MPOYHOCTb U IUIACTUYHOCTH CHJIYMHUHA.
CuIyMHHBI IPUMEHSIOT JIJIS1 U3TOTOBJICHUS (PaCOHHBIX OTIMBOK CIOKHOM (HOPMBL.

W3 nMuTEeHHBIX CIUTABOB MEIM HCIONB3YIOTCS HambOosiee MHUPOKO Opowu3swl. JluTas omoBsiHHAS
OpoH3a ¢ cofiepKaHueM 0JI0Ba /10 5...6 % UMeeT CTPYKTypy ol - TBEPJOr0 PacTBOpa 0J0Ba B
MEJU C pa3BUTON JACHIPUTHOHN NUKBaluei. MUKpOCTpyKTypa JTUTON OpOH3bI, coaepxalleil 6ouee 6
% oJ0Ba, COCTOMT M3 JAECHIPUTOB TBEPJIOTO pacTBOpa O M M3BWIMCTBIX CBETJIBIX BKJIFOYECHUN
XPYIKOT0 3BTEKTOM A (IMCIIEPCHON cMecH IBYX (a3: o - pactBopa u CuziSng (8-daser)).

OnoBsiHHast OpoH3a, packucieHHas (ochopoM, JOMOIHUTENBHO MMEET B MUKPOCTPYKTYpe
HeOoJIbIIHe BKIIIOYeHHS XUMudeckoro coeanaenust CusP cBetio-romy6oro msera, Hanpumep, OpoH3a
Mapku BbpO10d1. OnoBsiHHbIE OpOH3BI NMPUMEHSIIOTCS JUISI M3TOTOBJIEHHUS CIOXKHBIX IO (opme
OTJIMBOK, MOJIIUITHUKOB CKOJIbKEHUS, apMaTyphl.

U3 maenuesvix NUTEHHBIX CIUIABOB HanOoJiee IIMPOKO HCIIOJIB3YIOTCS CIJIaBbl MAarHui —
QIIOMUHHUNA — IUHK, HarnpuMmep, mapku MJI5. B mutom cocrossHMM MHUKpOCTpYKTypa crutaBa MIJIS
COCTOMT M3 O -TBEPAOr0 pacTBOpa aJlOMUHUS M [MHKA B MarHud W BKJIIOYEHHH XPYIKOIO
xumMudeckoro coenuHeHuss MgsAls. Tlpumenenuwe nmutenpHOro HarpeBa otiuBok mpu 400 °C
MPUBOJUT K PACTBOPEHUIO YAaCTH BKIIFOUEHUN XMMHUYECKOTO COEMHEHUS B TBEPJOM pPacTBOpE, UTO
MO3BOJISIET MOBBICUTH IUTACTUYECKUE CBOWcTBAa. OXJaxJeHWEe B BOJE JAaeT MEePEeHACHIIIEHHBIH
o -pactBOp ¢ uvactuuamu MgsAlz (3akanka). MarHueBble CIUIaBbl XapaKTEPHU3YIOTCS HEOOJBbIION
I0THOCTHIO (1,7 I‘/CM3).

Jnsg 3anuBKM BKIAABINIEW NOJIIMITHUKOB CKOJIBKEHUS MIMPOKOE INPUMEHEHHE IOJYUYUIIH
CIUTaBBI OJIOBO — CypbMa — MeJb, HAPUMeEp, 0.108saHHbIt 6a06um b83. Mukpoctpykrypa 6ab0uTa
COCTOMT U3 MATKOTO O -TBEPJOrO pacTBOpa CypbMbl B OJOBE M KPYIHBIX CBETJIBIX KPHUCTAJIIOB
yrnopsigoueHHOH [’'-(a3pl HA OCHOBE XMMHMYECKOTO COEAMHEHHsS SnSb C BBICOKOW TBEPIOCTHIO.
BBenenne HeOONBIIOrO KOJIMYECTBA MeOU OOecledyrBaeT KPHUCTAUIM3AIMI0 B KUIKOM pPacTBOpE
0JIOBAa C CYpbMOH pa3BETBJIECHHBIX JIEHAPUTOB paHee 3aTBEPEBAIOIIEIO XUMHUECKOTO COEAMHEHUS
Cu3z1Sng, KoTOpBIC MPEMATCTBYIOT JUKBAIIMK B CIUIABE IO IUIOTHOCTU (''BCIIBIBAaHUIO") KPUCTAJIIOB
B’- da3sbl.

Hanmnume B MuKpocTpykType 0ab0MTa MSATKOW, IJIACTUYHOM OCHOBHI M3 pacTBOpa O |
BKJIFOYEHUH KPUCTAIIJIOB XMMUYECKHX COEAMHEHUH ¢ BBICOKOW TBEPAOCTHIO 00ECIIEUNBAET COUCTAHNE



npupabaTHIBAEMOCTH MOIUIMITHUKA K BTy ¢ H3HOCOCTOMKOCTHIO M HEOOJIBIIONW KO PHUIIUEHT TPEHUs
MEXy BaJIOM U MOIIIAITHUKOM MIPU HATMYUHU KUAKOCTHOTO TPEHHSL.

1. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHUE PABOTbI

B pabote ucmnonp3yoTes MeTamuorpaduueckue MUKPOCKOIBI M KOJUICKLIHH MUKPOLUTH(OB.
Omnucanue MUKPOCKOIOB AaHO B JabopaTopHoii pabote Ne 1.

2. HOCJEAOBATEJIBHOCTbD BbBIIIOJIHEHUA U OBPABOTKA
IKCIIEPUMEHTAJIBHBIX TAHHBIX

[TpakTHdeckast 4aCTh paOOTHI 3AKTFOYAETCS B U3YICHUN MUKPOCTPYKTYPHI THIIOBBIX IBETHBIX
CIUTABOB MAllIMHOCTPOCHUS: ATFIOMIUHHEBBIX, MEJTHBIX, THTAHOBBIX, MATHUEBBIX, 0a00nTa. MUKpoaHan3
IIPOBOJIUTCSA, KaK IIPaBUIIO, IpHU yBenndeHun Mukpockomna x 100. CtyaeHTam npenocTaBisieTcs
nabopaTopHast KOJISKIIMS MUKPOILIA(OB, TOATOTOBICHHBIX JIJIS aHATU3A.

[Tpu U3ydeHH MUKPOCTPYKTYPHI C TOMOIIbIO ONKCaHus B Tab. 17 U cXxeM MUKPOCTPYKTYP
(puc. 14) ycraHaBnuBaioT, Kakie CTPYKTYPHBIE COCTABIISIFOIINE UMEET KaXK/Iblil 00pasel], HAMMEHOBAHHE
Y MapKy CIUIaBa, XUMHUYECKHI cOCTaB U 00paboTKYy.

4. COJEP)KAHUE OTYHETA

WToru npoBeeHHON paboThl OPOPMIISIOT B OTYETE, KOTOPBIH TOJHKEH COIEePIKATh CIEAYIOIINE
paszensl:

1. ens paboThI.

2. O6opynoBanue, mpuOOPHI U MaTEPUAITbI, UCTIOIH30BAHHBIC TIPU BHITIOJHEHUH PA0OTHI.

3. TeopeTrnueckue MoNOKEHUS: NMEPEYEHb KIACCOB IIBETHBIX METAJIOB; KPATKUE CBEICHUS O
TUTIOBBIX JINTEHHBIX U 1e(hOPMUPYEMBIX [[BETHBIX CIJIABaX MAIIMHOCTPOCHHUS.

4. Metonuka mpoBefeHHs pabOThl M TOJYYECHHBIE PE3yNbTaThl. 3apUCOBKa CXEM
MUKpPOCTPYKTYpP BCEX IBETHBIX CIUIABOB KOJUIEKIIMH IIIMGOB; HAMMEHOBAaHUE CIJIaBa, Mapka,
XUMHUYECKUN cOCTaB, 00paboTKa, CTPYKTYPHBIE COCTABJISIIOIIHE.

B koHIe 3aHATHS TpenojaaBaTelib IyTeM YCTHOTO OMNpoca IPOBEpPSET YCBOCHUE 3HAHUMA
CTyJIGHTaMHU TI0 BOTIpocaM Jjisi camonpoBepku. OQopMIIeHHBIE OTUYETHI MPOBEPSIOTCS U MOAMMCHIBAIOTCS
MpernojaBaTesieM.

BOITPOCHI JIAA MOATI'OTOBKHU K PABOTE U CAMOITIPOBEPKHA

1. Kak knaccuuuupyrorcs BETHbIE METaILIbI?

2. I'me mpuUMEHSIOTCS penKo3eMebHbIe, OJIarOpOoJHBIC, YpPaHOBBIC, TYrOIUIABKHE, JIETKHE,
JIETKOILJIABKUE METaJIIbI?

3. Kakue TunuyHble IBETHBIE METAJUIbI UCIIOJIB3YIOTCA B KAUYECTBE OCHOBBI ISl CO3/IaHUS
KOHCTPYKIIMOHHBIX MaT€pUaIOB MAIIMHOCTPOCHHUS?

4. Kakue 1BeTHbIE METAIbl MPUMEHSIOTCS B KA4eCTBE OCHOBBI JIJISl aHTH(PPUKIIMOHHBIX
CIUIABOB MOAIITUITHHUKOB CKOJIBKCHUS?

5. Kakoe nprMeHeHre HaXOUT ATFOMUHHUI U €ro CIUIaBbl B MAIIMHOCTPOCHHUU ?

6. Kakue TpeboBaHMs IPEIBABISAIOTCS K MUKPOCTPYKTYpE AehOPMHUPYEMBIX U TUTEHHBIX
IIBETHLIX CILIABOB?

7. Kakyto MUKpPOCTPYKTYPY AOKHBI HMETh aHTU()PUKIIUOHHBIE CTIJIABbI?

8. Uro npencraBiseT coO0W TBEPIBIA PACTBOP O B TypaTFOMUHAX ?



JIABOPATOPHAS PABOTA Ne 3
HcnbiTanus Ha yaapHbIid U3rud.

1. O01mue cBeaeHus

VYnapHas BSI3KOCTh XapaKTEpU3YeT CIIOCOOHOCTh MeTaia paboTarh NMpU MPEeJHAMEPEHHBIX HIIH
CIIy4allHbIX JUHAMH4YECKMX (YyAapHBIX) Harpy3kax, €ro CKJIOHHOCTb K XpYIKOMY pa3pylIE€HUIO U
YyBCTBUTEIBHOCTh K KOHLEHTpPATOpaM HaIpsDKEHHUs (IIOBEPXHOCTHBIM JAedeKkTaM B BHJE HAJIPE30B,
IrpyOBIX PHUCOK OT MEXaHUYECKOH 00pabOTKH | JIp.).

B ornmune oT XapakTEpUCTHK CTaTUYECKOM MPOYHOCTH, ONPEIAENIEMbIX Ha pPa3pbIBHBIX MALIMHAX
IpU CKOPOCTSX JiehopMHUpOBaHUS 10°...10% w/c, ucrbITanus Ha YIApHYI0 BSA3KOCTb IPOBOAAT IIpU
CKOPOCTSIX Je(pOpMUPOBaHMS (IIPUTIOKEHUS Harpy3Kku) A0 4...7 m/c. CTosb pe3Kkoe MOBBIILIEHHE CKOPOCTH
U yMEHBIICHHWE BPEMEHU NPUIOKEHUS HArpy3Kd H3MEHsSET XapakTep MpOTEKalolIMX B MeTajuie
AJIEMEHTAPHBIX IIPOLECCOB, CBA3AHHBIX C IEPEMEIICHNEM, PAa3MHOKEHUEM U B3aUMO/IEHCTBUEM TOUEUHBIX
Y TMHEHHBIX NePEeKTOB (IUCIOKAINN, BAKAHCHI) B KPUCTALUTMIECKON pelIeTKe B Tporecce Aedopmaruiu
U BBI3BIBAET COOTBETCTBYIOLIEE H3MEHEHHE CBOWCTB. MHOIrMe MeTaibl, 00JIaJAalole BBICOKUMHU
IIPOYHOCTHBIMU CBOICTBaMU IPU CTATHUECKOM (MEAJICHHOM) HAarpy>K€HUH, HE CIIOCOOHBI padoTaTh Aaxke
Ipy HEOONBIIMX YAApHBIX Harpy3kax BBUJY OINACHOCTH HX MIHOBEHHOI'O XPYIKOTO pPa3pylLEHUs.
[IpumepoM 3TOro MOIYT CIYKUTh 3aKajieHHblE Ha BBICOKYIO TBepAocTh ( 0e3 oTmycka)
BBICOKOYTJIEPOIUCTBIE HHCTPYMEHTAJIBHBIE CTAIIH.

VY 1apHy10 BS3KOCTb ONPEAEISAIOT NPU TUHAMUYECKUX MCIIBITAHUAX Ha U3TH0 00pa31ioB KBAaJAPaTHOIO
WIK TPSIMOYTOJIBHOTO ceueHus anuHo 55 wmm, mmpunoit 10...8 mm, BbeicoToit 10...8 MM ¢
KOHIEHTpAaTOpaMy HAaNpsDKEeHWH B BUJE MOMNEPEUYHBIX HAJpPE30B ClEAyIIMX BUAOB : U-00pas3HbiM C
panuycoMm Hazape3za 1 MM ; V-o0pa3HbiM ¢ panuycom Haapesa 0,25 MM u yriom 45°, T-o06pa3HbIM ¢
IpeBapUTEIbHO HAHECEHHOM YCTaJIOCTHOM TpelmuHoi. Buiel u pa3mepsl Hanboiee 4acTo MpUMEHSIEMBIX
oOpa3uoB npuBeneHsl Ha puc. 1. Kak mpaBuno Oonee ocTpble HaJpe3bl MPUMEHSIOT AJIS MaTepUalioB,
UCTOJNb3YyEeMBIX JUISI UW3Jenuid Oojiee OTBETCTBEHHOIO Ha3HaueHUs (MO0 TSKECTH MOCHeACTBHUM
paspyIeHus).

HcnpiTanus mpoBOJSAT HAa MasSTHUKOBBIX Kompax (puc. 2) ¢ mpeaensHoil sHeprueir mo 300 JIx.
Metoanka mpoBeieHus HCIbITaHui perimameHTrpoBana ['OCT 9454-78.

3a BenmuuuHy yaapHo#t BsskocTH (KC) mpuHUMaOT paboTy, 3aTpaueHHYI0 Ha JIeopMaluio U
paspymenue obpasua (K), OTHECEHHYIO K IUIOIAAM €ro MOINEpPEeYHOro CEYeHUs B MecTe Hajapesa 0

ucnbitanus (F).

KC=KI/F
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Puc. 1. O6pa3upl 11t HICTIBITAHUN HA yIapHBIN HU3THO.

. 2 2
CrangaptHele  pasMmepHocTH  yrmapHou  Bszkoctu  JDx/cm® uw  MJDx/m®.  Tun
KOHIIEHTPATOpa HaIPSKEHUH YKa3bIBAETCSl TPETHUM MHEKCOM, J00ABISIEMOM K 0003HAYEHUIO
KC n, takum o0pa3zom, 0003HauCHHUSIMH yIapHOH Bsi3kocTh ciykaT cumBosibl KCU, KCV,

KCT, coorBerctBenno mist U, V u T-o6pa3Horo Haj-
pE30B.

Puc. 2. Cxema ynapHOTo HCTIBITaHUS HA U3THO Ha MaSTHUKOBOM KOTIPE

Cxema ucnbliTanus npuBeaeHa Ha puc. 2. O0Opaseln Ki1aayT ropu30HTaNIbHO B THE3/I0 Ha
oropax, o0ecreurnB yCTaHOBKY HaJlpe3a CTPOro B CEpeMHE IposieTa MeXay onopamu. Yaap
HAHOCAT CO CTOPOHBI, INPOTHUBOMNOJIOXKHOW HaJape3y, B IUIOCKOCTH, MEPIEeHIUKYISIPHON
POAOIbHON ocH o0pa3na. MasTHHK KOIpa 3aKperuisieTcss B UICXOIHOM BEPXHEM IOJIOKEHUH.
[To mkane Gukcupyercs yroi noabeMa MasiTHUKA O.



3areM Kpersiyro 3alieiaKy BHIHUMAIOT, MAATHUK CBOOOHO Ma/aeT 1Mo COOCTBEHHOU TSKECTHIO,
yrapser mno oOpasiy, M3rubaerT M paszpyllaeT ero, NOJHHUMAasCh OTHOCUTEIBHO BEPTHUKAIBHOM OCH
Kompa Ha yroia f. DTOT yroia TeM MeHbIle, 4eM Oombmias pabota K 3arpayeHa MasTHHUKOM Ha
nedopMmaiuio U paspyuieHue oodpasua. CKOpoCTh MasTHUKA V., M/C, B MOMEHT yAapa Mo obOpasily
3aBHCHUT OT BBICOTHI MoabeMa H U MOXET OBITh OIpe/esieHa MO BBIPAKEHUIO, TIe J - YCKOpeHue
CBOOOHOTO MaICHHUS.

Bennunna paboTel gedopManuu U paspylieHHsS ONPEACISIETCS Pa3HOCThIO MOTCHIHMAIBHBIX
JHEPruil MasTHUKA B HAYaJIbHBIN (OCIE MOABEMA Ha YroJl ¢) U KOHEUYHBIN (ITOCiIe B3JIeTa Ha yroi f)
MOMEHTBI HCITBITAHUSL:

K =P (H-h), rne P - macca MasiTHUKA, KT; H 1 h - BBICOTBI 110TbeMa U B3JIeTa MAITHUKA, M.

Ecnu niwna masitiuka L, toh =L (1 - cos ), H =L (1 - cos a) u, cienoBaTenbHO,

K =PL (cos f - cos a).

Ora opMyiia U CIYKHT JUIs pacdera paboTsl K 10 U3MEepeHHBIM yriiaM o u ff (P u L ToCTOSTHHBI
s aanHoro kompa). Illkana kompa MoXeT OBITh HMPOTpagydpoOBaHa B eAWHHUIAX PAOOTHI, €CIU YOI
0/TbeMa MasiTHUKA o PUKCHPOBaH.

3HaueHHUs yOApHOW BSI3KOCTH OMNPEACISAIOT JCJICHHWEM IMOJHOM paboTel aedopManuu U
paspyiieHus K Ha IUIOIIa1b MTOMEePEYHOro CEeUeHuUs 00pasiia B MeCTe Haape3a 10 UCTbITaHus F.

2. Ilopsa10K BHINOJTHEHHST PpaGOThI M 3aM0JHEeHHs padoyeii Ta0 MBI

1 3anucarp B TabnMIly XapaKTEPUCTUKUA MAsSTHUKOBOTO KOIpa: MAacCy MasiTHUKA W €ro JUIMHY
(paccTosiHUE OT OCH JI0 LIEHTPA TAKECTH).
2. 3amucath HOMEp ¥ MaTepuai oopasia.
3. Usmeputs ¢ TouHocThIO 0 0,1 MM pa3Mepbl OMEPEYHOTO CeUeHHs 00pasiia B MECTe Hajpes3a
¥ TIO/ICYMTATH TUIOMIA/b CCYSHHS, CM.
4. OTKJIOHUTHh MasiTHUK Ha HEOOJBILIOW yroj M MOMECTHTh 00pa3ell B THE3/I0 Ha Oropax Korpa
Ha/Ipe30M B CTOPOHY, IIPOTUBOIIOJIOKHYIO yAapy HOXa MasiTHUKA.
5. [lonHATh MasATHUK (HOXX) B BEpXHEe MOJIOKEHUE U 3a()UKCHPOBATh €ro 3alleiKoi. 3amucarb
yroJl ojgbeMa MasiTHUKA .
3anpemaercsi ycTaHABJIMBATh 00pa3el] NPU NMOAHATOM HA INOJHYI0 BbICOTY MasiTHHKe, TaK
KAaK 3TO KpaiiHe onacHo AJ1 padoTaloiiero.
6. IToxBecTH cTpeKy K HYJIIO IIKAJIBI 10 yIopa Ha ITUQT.
7. OTnyCTUTh 3alleNKy W TMPOW3BECTH yaap mo oOpasmy. JloKmaTbCs MOJHOW OCTAaHOBKH
MasiTHHKA.
8. OmpemenuTh MO IIKaje KOMpa yroji MoJbeMa MasTHUKA IOCe pa3pylieHus oOpasua f u
3amucarh 3HaYeHUE B TaOIHUILY.
9. Paccuutath paboTy paspyueHus oopasua K no ¢popmyie:
K = P-L (cos P - cos a), kr'M u 3anmcarb B Tabnuiy. J{asi momydeHus: pa3MEpHOCTH II0
cucreme CU ucnonwizoBath cooTHomeHue 1 kr-m = 10 JIx.
10. Onpenenuts ymapHyro BsizkocTh 1o (opmyne KCU = K / F, Jix/em®. 3ammcarts
MOJTyYeHHOE 3HaYeHUE B TaOJIHUILy.
11. PaccmoTperh u3iaoM obOpaslia U KIacCH(PUIUPOBATH €ro MO CIEAYIOIIMM BapHUaHTaM: a)
XPYINKUH H3JIOM - KPUCTAUTMYECKHM, ONecTAmui; ©) BS3KWNA -MaTOBBIA, BOJOKHHUCTHIN. JImst
KJ1acCU(MKALUY CIIelyeT UCIOJIb30BaTh TAJIOHHBIE U3JIOMbI, UMEIOIINECS B Ja00PAaTOPHH.



Pabouasi Tabsimua pe3yJibTaTOB MCNIBITAHUI HA YIAPHYIO B3KOCTh

No [TapameTtp Pa3mepHoC Bennuuna
11/T1 Th
1.
XapakTepucTUKa Kompa: — KT
Macca MasiTHUKA — JIMHA M
MasiTHUKA
2. |Homep obpasma
3. |Marepuan obpasua
4.
Pa3mepsl nonepeuHoro ceuenus: oopasia B oM
MecTe Haapesa:
— IIUPHUHA ™
— BBICOTA
5 2
- |[Inomanp monepeyHoro ceyeHus oopasia M
6. aTyChl
Yron nogbemMa MasITHHKA — 11O Tpany
n3jomMa obpasia — mocie
u3ioma obpasia
7. |Pa6ora meopMaliH 1 pazpyIICHHs Kr'M, JDK
obpasia
2
8. |Ymapnas BA3KOCTh Jlx/em
9.

XapaKTepI/ICTI/IKa n3jaomMa

-

. KoHTpO/ILHBIC BONIPOCHI:

. Uto XxapakTepu3yloT UCIIBITAHUS HA YIAPHYIO BA3KOCTH?

. KakoB ¢u3nyeckuit cMbICII BETUYMHBI YJAPHOH BS3KOCTH, UTO MIPUHUMAIOT 32 BEJIUYUHY
y1apHO! BSI3KOCTH?

. O0BsAcHUTE pa3MEPHOCTh BETUUNHBI YJAPHOU BA3KOCTHU?

. IIpuBenute u pacmmdpyiite 0003HauUEHUS YIapHOI BI3KOCTH?

. Kakue koHIIeHTpaToph! HANPSHKEHUH HAaHOCAT Ha 00pasIibl JAJIs UCIIBITAHUHN Ha yIapHYIO
BA3KOCTb?

. C Kako# 1eb10 Ha 00pa3ibl HAHOCAT KOHIIEHTPATOPHI HANPSKEHU?

. Ilouemy cBoiicTBa METAJIJIOB PU MEXAHNYECKUX UCIBITAHUAX 3aBUCAT OT CKOPOCTH
MIPUJIOKEHUS Harpy3Kn?

. EcTb 11 0[THO3HAYHOE COOTBETCTBHE MEXKY IPOYHOCTHBIMU XaPAaKTEPUCTUKAMU METaJlIa U
3HAYECHUSIMU €T0 yIapHOU BSA3KOCTH?

. C KakuMHU OCOOEHHOCTSIMU YCJIOBHUM 3KCILTyaTalluu CBs3aHa HEOOXOIUMOCTb ONPEIEIICHUS
yAapHOU BA3KOCTH?

10. IIpuBemuTe mpuMepsI U3ICTUH (IeTane), A1 MaTepralia KOTOPBIX UCIIBITAHUS Ha yIapHYIO

BSI3KOCTH Haubosiee HE0OXOIUMBI?



JJABOPATOPHAS PABOTA Ne 4
OnpenesieHne TBEPAOCTH MeTAIOB MeToaamu PokBessia u bpuness.

I_le.m,: HAYYUTHCS OIIPEACIIATE TBEPAOCTh MCTAJZIOB pa3sIMYHbIMU criocodamu.

Oo6opynoBanme: tBepromep bpunemns; tBepaomep PoxBeria; oOpasubl B BHAE IJIACTHH WU
JMCKOB U3 PA3JIMUHBIX METAJIOB; TAOIUIIBI MOKA3aTeIe MEXaHMYECKUX CBOMCTB METAJLJIOB U CIUIABOB.

Bpewms Ha npoBeneHue paboTsl — 2 yaca

3aganmue:
1. Usyuute MeTonuKy onpeaeneHus TBepaoctu no bpunemnto u Poxsemny.
2. Onpernienure TBEPAOCTb METAIUIOB U CILIABOB PA3IMUHBIMK CLIOCOOAMH.
3. CocraBbTe oT4eT 0 padote 1o dopme 1.

IloaroroBUTEILHBbIE paﬁoTI)I

3apanee MoAroTaBIMBAIOT 00PA3Ibl PA3IMYHBIX METAIJIOB U CIUIABOB, TBEPAOCTh KOTOPBIX OyayT
OIPCACIIATE. O6pa3HI)I H3TO0TaBJIMBAIOT B BUAC IIJIACTUH HWJIM AWCKOB C MapalJICJIbHBIMU IIJIOCKOCTSAMMU.
TommuHa NIacTUH WM AMCKOB 3aBHCUT OT MPEIIOJIaraeMoi TBEPJOCTH MeTayuia. Tak, TOJIMHA
00pa3IoB W3 MATKHX CTAJICH, aTlFOMUHHS, MEIU JOJDKHA OBITh HE MEHBIIE 6 MM, U3 APYTHX CTajeH,
TIOpPAIIOMUHA, CWITYMUHOB, HUKEIsA, OpOH3, JTaTyHel — He MeHee 4 MM.

[ToBepxHOCTH OOpa3IOB OYMIIAIOT OT OKAJMHBI M JPYTHX IOCTOPOHHMX BemiecTB. Ha Heil He
JOJDKHO OBITH BMSTHH, CJIEIOB OT YAapOB, PAKOBHUH.

Conep:xanue padoTsl

TBepaocThIO MeTa/ula Ha3bIBAIOT €ro CIOCOOHOCTh COMPOTHUBIATHCS NMPOHUKHOBEHHIO B HETO
apyroro, Oojee TBepAOro Tena. TBepIOCTh METAUIOB ONPEIEISAIOT, 3amepss nAedopMmaluu B
MOBEPXHOCTHOM CJIO€ MeTajula MpH BJABIMBAHUM B HETO IIapHKa WIM MHIUKaTOpa (eTaib B BUIE
OCTpHs) MOA NeHCTBUEM perIaMEeHTHPOBAHHOM Harpy3KH.

Onpenenenne TBepaocTn no bpunenmo. TBepnocte MeTauia o bpuHENIIO OLIEHMBAIOT 1O
OUaMeTpy OTIEYaTKa Ha IIOBEPXHOCTH HCIBITYEMOIO MeETajljla, OCTaBJICHHOIO BJAaBIMBAEMBIM
LIApUKOM.

TBepaOCTh ONpEeneNsoT ¢ MOMOIIIBI0 TBepaoMepa bpunenns (puc. 1).

HcnpiTyembiii oOpazen 8 ximagyT Ha paboumii cTon TBepaomepa 9 Tak, yTOOBI LIEHTP OTIEYaTKa
OTCTOSUI OT Kpasi oOpa3lia HE MeHee ueM Ha 2,5 Juamerpa MperojaraeéMoro ormnevarka (s Meau U
amomMuuus 3,0d), a pacCTosHHE MEX/Ty IEHTPAMH JIBYX COCEAHHUX OTICUATKOB JOHKHO OBITh HE MEHEe
4,0d, a s menu u amomuuus 6,0d. Bpamenuem pykosTtku 12, HacaKeHHOW Ha YCPBIYHBIA Ball
penykropa 11, mogaumarotT ctoi 9 ¢ obpasmom 8. [Ipu 3TOM IIapuK HAKOHEYHWKA BJIABIIMBACTCS B
MOBEPXHOCTHBIA cnoi obOpasna 8. OnHOBpEeMEHHO HAKOHEYHHMK dYepe3 IOpHIeHb 6 CXKUMaeT B
THJIPOLMIIMHIPE 5 Maclio, JaBlIeHUE B KOTOPOM OIPEIENIAI0T IO MaHOMETpPY 4 .

[lapuky HaKOHEYHHKA - CBEMHBIC, M3TOTOBJIEHBl M3 TEPMHUECKHM OOPaOOTAaHHOM CTaaM C
TBEPJIOCTBIO, OmpezeseHHol nmo merony Bukkepca ne menee HV 850. lnameTp npuMeHSEMBIX
mapukoB 2, 5 u 10 mm. [{ng o0pa3nos, TONIMHA KOTOPBIX yKa3aHa B OMHMCAHUU MOATOTOBUTEIBHBIX
paboT, UCTIONB3YIOT MWAPUKH JruaMeTpoM 10 Mm.



3arpykarot o0pasell paBHOMEPHO, YTO JOCTHTACTCs
IJTABHBIM BpAIllEHUEM PYKOSTKH CO CKOPOCTBHIO
MIPUMEPHO OAMH 000pOT B cekyHy. [locne Toro kak
Harpys3ka JOCTUTHET TpeOyeMoil BeTHUHHBI, e
BBIJICP)KUBAIOT ONpeieTIieHHOE BpeMsl. PasMep Harpys3ku
Y BpeMs BBIJICP)KKH TI0J] HArpy3Koi o0pasia 3aBUCHT OT
TBEPJIOCTH METAJlJIa U TOJIIUHBI HCIIBITYEMOTO 00pa3ia
(Tabm. 1).

7~

PN ¢

¢

Pucynok 1 — TBepaomep bpunenns

1- ctannHa; 2 - KOJIOHHA; 3- KOHCOJIH; 4 -
MaHOMETp; 5 - THAPOLMIUHID; 6 -
MOpPIIEHB; 7- CMEHHBI HAKOHEYHUK; 8 -
UCTIBITYEeMBIN 0oOpaszerr; 9-pabounii croux; 10-
YepBAYHBIM BUHT; 1 1-4epBAYHBINA pELYyKTOP;
12 — pykosTh

Tabnuma 1- Pasmep Harpy3ku u BpeMs BBLAECPIKKH [0/ HArpy3KOi mpu quamerpe mapuka 10 mm

Marepuan Wurepsan tBeproctu B (Harpyska Ha Beiaepxka non
yucnax bpunenns mapuk P, kre Harpys3Ko, ¢

UepHble MeTaILTHI (MSTKHE 140 1000 10
CTaJIn)

UepHble MeTaUTBI (MSTKHE 140-450 3000 10
CTaJIn)

Hukens, TropaaroMUHBL, 35-130 1000 30
CHJIYMHHBI, JIATYHH, OPOH3BI

AJIIOMUHHH, MEIb 8-35 250 60

Harpy3ky Ha oOpa3zell onpeensitoT o noka3aH’i MaHoMmeTpa 4, KOTOpPbIH B HEKOTOPBIX
Cllydasix TpaJyHpoBaH Ha BENUYMHY Harpy3ku B Krc. TpebyemMoe moka3zaHHE MaHOMETpa
yCTaHaBJIMBAIOT 10 Gopmye: M=P/Fn, (1)
rre M — noka3zanue MaHoMeTpa, Kkre/cm; P — tpeOyemast Harpyska mo tabmuue 1, kre; Fr —
IJI0ILA/b MOPIIHS UIUHIPA, cM?.

[Tocrme Toro kak Bpemsl BBIIEPKKH UCTEUET, Harpy3Ky CHHMAIOT, Bpaimas pykosTs 12 B
oOpatHOM HampasieHud. OOpaselr CHUMAT co cToja 9 W 3aMepsioT JuaMeTp OTIedaTKa
OTCYETHBIM MHUKPOCKOIIOM, KOTOPBIH BXOJUT B KOMIUIEKT MpHOOpa. 3amep MPOU3BOIAT C
norpentHocThio He O6osee 0,01 Mm. TBepaocTh MeTallIa XapaKTePU3yETCsl YUCIIOM TBEPAOCTHU IO
bpunenito HB, kotopoe onpenenstoT nmo hopmyie:



HB = P/S = 2P/3,14*D*(D — D \ D* — d?), krc/mm?

rae P — ycuiue, neiictBytoliee Ha MIApHK, KT

S- miomaas NOBEPXHOCTH OTIIEYATKA, MM;

D- nuamerp mapuka, MM.;

d — ntnamerpa oTrevaTKa, MM;
HB — tBepocts no bpunemno. Hanpumep, npu n3mepeHuun TBEpAOCTH HIapuKoM auameTrpom 10
MM nof Harpyskoi 3000 kre, Belaep:kuBaeMoil B Teuenuel0 c, uncno tBeproctu 1o bpunemnnto
BbIpaxkaeTcst cumBosiom HB, nanmpumep HB 180. Ilpu npyrux napameTpax HCHBITaHHSA HX
CUMBOII ononHsieTcs naaekcom. Hampumep, HB 5/750/30-200, 4To 03Ha4aeT 4uUCIO TBEPAOCTH
no bpunemno 200 mpu MCHBITAaHUM IIAPUKOM JIUAMETpPOM S5 MM, oA Harpyskoi 750 krc,
IpuI0keHHOH B Teuenue 30 c.

K npubopy bpunenns npunaraercst Tabauia, B KOTOPOH 4MCIIO TBEPAOCTU MO bpunento
yKa3aHO B 3aBUCUMOCTH OT JMaMmeTpa oTIedyaTka U Harpy3ku. IIpu Hamuuumu Takux TaOnuil
nmozc4yeThl o Gopmyiie (2) MOXKHO HE JIeIaTh.

Pe3ynpTaThl HCIIBITAHUS 3aIUCHIBAIOT B TETPaib MO Gopme 1.

®opma 1
N3mepenne Teeproctu
aa]
£
5 ITo bpunemno I1o Poksemny
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Onpenesienne TeepaoctTu no Poxsesty. TBepaocTe MeTaiuioB no PokBeiTy olieHUBaeTcs
r7TyOMHON MPOHUKHOBEHMS B HETO HAKOHEYHHKA (QJIMAa3HOT0 KOHYCA MM CTAIbHOTO IIapuKa),
BJIaBJINBAEMOTO C OIIPEACIICHHON CUJION. 3a YCIOBHYIO €AMHUILY TBEpAOCTH 10 PokBemuty npuHsTa
BEJIMYMHA, COOTBETCTBYIOLIAs IPOHUKHOBEHUIO HakoHeuHuKa Ha 0,002 mM. TBeprocTsb
OTIPEIEIIIOT Ha PhIYaXHOM TBepromepe Poksernna (puc. 2).
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Puc. 2 - TBepnomep Poksema: 1 — cranuHa , 2 — KOJIOHHBI, 3 — rpy3, 4 — ppIYaXHOE YCTPOMCTBO, 5
— PYKOSITH BKIIIOUEHHUS,
6 — uHAMKATOp, 7 — CMEHHBIM HAKOHEYHUK, § — CTAIIbHOM IIapUK WM UHIEKTOP (AIMa3HbIH
KOHYC), 9 — ucnsITyeMslii oOpasern, 10 — pabouwnii cton, 11 — MaxoBuk

CMeHHbIE HAaKOHEYHHMKH 7 MpuOOopa OKAaHUMBAIOTCS CTAJbHBIM IIApUKOM JuamerpoMm 1,588 mMm
WINA UHIEKTOPOM 8, PeICTaBISAIOIINM COO0H aTMa3HbIi KOHYC.

Ha uugepOnare nnaukaropa 6, mo KOTOPOMY ONpPENENsIOT YMCIO TBEPAOCTH, HAHECEHbI TPHU
mkansl: A, B, C. lllkana 4 coyXuT JUis OTCYETOB NMPH UCHBITAHUIX aIMa3HbIM KOHYCOM MO 0Omiei
Harpy3koi 60 krc. Yucimo TBepAoCcTHM B 3TOM ciydae oOo3HadaeTcss umHaekcom HRA; mpenens
mmepennit HRA 70 — 90 emunun tBepmoctu. ITo mkane C TBEpAOCTh H3MEPSIOT TPU TOM IKE
HaKOHEYHHKe, HO mpu obOmeil Harpyske 150 krc. Ilpenenmsr m3mepennit HRC 20 — 67. lllkana B
IpelHa3HayeHa JAjis OTCYETOB NpPU UCHBITAaHUSAX MIapukoMm ¢ obmed Harpyskod 100 xrc. IIpenensl
n3Mepenuit o sroi mkane HRB 25 — 100.

Haumenpmiast 1ieHa aeneHus MHIMKATOpa Ha BceX HIKanax paBHa 0,5 eIMHUI] TBEpJOCTH, UTO
COOTBETCTBYET NPOHUKHOBEHUIO Ha 0,001 MM.

TBepaoCTh ONpeAensaoT B TaKOW IOCIEN0BAaTENbHOCTH. B 3aBUCMMOCTH OT OpPHEHTHPOBOYHO
OKH/IaeMON TBEPJOCTH MeTalljla BCTABJSAIOT HAKOHEYHUK [/ W moaBemmBaroT rpy3 3. OOpazen 9
ycTaHaBIMBAIOT Ha pabouuii cron 10 TBepaOMepa TakuM 00pa3oM, YTOOBI paccTOSIHME OT OTIIEYaTKa
710 Kpas U JI0 PeIbIIyLIero oTnevyarka obu10 He MeHee 30 MM.

OOmiast Harpy3ka Ha HaKOHEYHUK P cknanpiBaeTcss U3 mpeaBaputenbHoi Po m ocHOBHOU Pi.
IIpenBaputenbHas Harpy3ka Pgo koTopas Bo Bcex ciydasx paBHa 10 krc, co3maercs IyTem
npuOIKeHns o0paslia K HEeNOoJIBUYKHOMY HAaKOHEYHUKY C MOMOIIbIO BpallleHus MaxoBuka 11.B stor
MOMEHT, KOrJa IpeaBapuTelbHas Harpy3ka nocturHeT 10 Krc, MajieHbkas CTpeiika HHAMKATopa
COBMAJET C KpaCHOW TOYKOM, HaHECEHHOU Ha ero 1udepOmare. 3aTem, Bpaimias 000iMy HHIUKATOPA,
COBMEIIAIOT €ro OOJNBIIYIO CTPEIKY C HYJIEBOI TOUKOM.

[Tocne 3Toro pykosiITKOM 5 TIaBHO OTBOJISAT OMOPHI OT PHIYaKHOTO YCTPOHCTBA 4, TiepeaaBas TeM
CaMbIM Harpy3ky OT Ipy3a 3 4epe3 pblYaKHOE YCTPOWCTBO Ha HakoHeuHUK /. IIpoHMKHOBeHHE
MHAMKaTopa 8 HAKOHEYHUKa B 00pazel GPUKCUPYETCs IO OJHOM U3 LKA



uHaukaropa. s storo uepe3 1-3 ¢ mociie pe3KOro 3aMeJICHHUs] JBMXKEHUS CTPENIKM HMHJWKaTopa
CHUMAIOT OCHOBHYIO Harpy3ky. OTcuer OepyT mpu HpOAODKAIOIIEMCs ICHCTBHH IMPEABAPUTEIBHON
Harpy3ku. llorpemHocts oTcueta He Oonee +-0,5 emuHun mKamel. B3sSB oTcyeTr, CHUMAIOT
MIPEIBAPUTEIILHYIO HArpy3Ky. Pe3ybTaTel HCTIBITAaHUS 3aITUCHIBAIOT B OTYET 1O (hopme 1.



JIABOPATOPHAS PABOTA Ne 5
IIpoBeneHne 3aKajJIKu M OTIIYCKA YIJIEPOAUCTOM CTAJIN.

Ilesab: 03HAKOMHTBHCS € MPAKTHUYECKUMH IpPUEMaMHU 3aKaJKd U OTIyCKAa CTaId M C BIMSHUEM
OIepanyii HAa MEXaHUYECKHE CBOMCTBA CTAJICH.

O0opynoBanme: MydenbHas 3JIEKTpOIeub; npecc bpuHem s W cnenuanbHas Jyna K HEMY;
npubop PokBensa, BAHHOYKM C BOAOH, HAOOp HYMEPOBAHHBIX IUIACTHMHOK W3 Pa3IMYHBIX CTaJeH,
LIEJIbIX U B U3JIOME, CEKYHI0MED, IIMIILIbI; MAsSTHUKOBBIN KOIIED.

Bpewmst Ha npoBeneHue paboTel — 2 yaca

3aganue:

1. Onpenenure TBEPAOCTH CTAIBHBIX IIACTUHOK JI0 IPOBEICHUS 3aKaJIKU.

2. IlpousBennTe 3aKaJIKy U OTITYCK CTAIbHBIX TNIACTHHOK.

3. Onpenenute TBEPAOCTH CTATBHBIX IIACTUHOK ITOCIIE 3aKAJIKH U OTITYCKa.

4. CooTHecUTE NOJyYEHHBIE YHCIIAa TBEPJOCTHU J0 U MOCIE 3aKAIKHU C OTIYCKOM.
5. CocraBpTe OTYET 0 padore no dopme 2.

Conep:xanue padoTsl

3akalika CTaJld COCTOMT B HAarpeBe CTalH O OMPEICIICHHBIX BBICOKUX TeMmreparyp (Bwie 723
©C), BBLIEPKKE TIPH TPEOYEMON TEMIIEPATYPE M IOCIELYIOMEM OBICTPOM OXJIAXKIECHUU B BOJE, MACIIE
Wik Japyroil oxnaxpawoomed cpene. llenp 3akanku: mpuaath BBICOKYIO TBEPIOCTh PEXKYIIHM
MHCTPYMEHTAM, BBICOKYIO IIPOYHOCTh M YIPYIOCTh J€TalsIM MalluH. Pe3ynbTaTsl 3aKanky 3aBUCAT OT
CKOPOCTH TEMIIEpaTypbl HarpeBa, NPOAOLKUTEIBHOCTH BBIACPKKH IIPH 3TOM TEMIIEPATYpPEe U CKOPOCTH
OXJIQXKICHHUS, a TAK)KE OT MIPOKATMBAEMOCTH CTaJIH.

Jletanu W HHCTPYMEHTHI, MPOLIEAIINE 3aKaJIKy, HeNb3s IMPUMEHSATh O€3 JOIMOJHUTEIbHON
TEPMOOOPAaOOTKM — OTIYCKA, TaK KAK y HUX BEJIIMKM BHYTPEHHHE HAIpPsDKEHHs BCIEACTBUE HAINYMA
MapTEHCUTHOW CTPYKTYpbl M O3TH M3Jenus Xpynku. Omepanued TepMooOpaOOTKH, MOCPEICTBOM
KOTOPOH OCNAOAIOT HAOpsHKeHUs M MPUIAIOT 3aKaJeHHBIM H3JENUSAM TpeOyeMylo CTPYKTYpy H
HaJJIeXKallue CBOMCTBA, ABJIETCS OTIYCK, BBIIIOJIIHAEMBIN Cpa3y e MOCIIE 3aKaJIKH.

CyIHOCTh OTHyCKa COCTOMT B TOM, 4YTO IIPU OTIIYCKE IPOUCXOIUT pachaj] MapTEeHCUTa U
ayCTEHUTa B 3aKaJICHHOM CTalu, BMECTO HUX 00Opa3yroTcsi 0osee YCTOWUYMBBIE CTPYKTYPhl, & UMEHHO
TpooCcTUT U copOut. IlocienqHue mNpUAAIOT CTamud BSI3KOCTh M IUIACTHYHOCTH B COYETAHUU C
OTIpe/IeNIEHHOW TBEPJOCThIO M TMPOYHOCThIO. TemmepaTypy HarpeBa HpH OTILYCKE KOHTPOJIUPYIOT
npubopamH, a TakXke o LBETaM Mo0eKaI0CTH.

TepMuyeckoe yiydlleHHE — 3TO COBMECTHO IPOBOJMMBIE 3aKalKa M BBICOKHMH OTIYCK —
oliepaliy, MOBBIIIAOIINE MEXaHUUECKHUE CBOMCTBA CTANIH.

:‘)KCHepHMeHTaJILHaH qacTb

Ilopsinok BbINOJIHEHHS Pa0OTHI

1. Beruepture TabnuIry 1S 3alUCH TAHHBIX JTAOOpaTOPHBIX paboThI o hopme 2.



®opma 2

Howmep [uameTp oTreyaTtka B MM Teepnocts HB
TUTACTUHKHI
bie) TTocne o ocJie
TepMOOOpPaOdOTKH | TepMOOOPAOOTKH | TEPMOOOPAOOTKH | TEPMOOOPAOOTKH
1 2 3 4 5

2. Bo3pmuTe /IBE TUTACTHHKH U 3alIUIINTE UX HOMEpa B rpade 1 Tabnuisl.

3. 3ayncTUTe HANMMIBLHUKOM IIOBEPXHOCTh IUIACTHHOK M TPOHM3BEAWTE Ha Tmpecce bpuHems
B/IABJIMBAHHE B TUTACTUHKH CTAIBHOTO HIAPUKA TUAMETPOM 5 MM.

4. VI3MepbTe MpH MOMOIIH JIYIbI JHAMETPhI OTIIEYAaTKOB, MMOJYYCHHBIX HA TUIACTHHKAX, U 3aITHIIUTES
pe3ynbTat B rpade 2 Tabuuib.

5. [To wm3BectHoil Bam TaOmuie "COOTHOIIEHHE MEXKIY YHUCIaMU TBEPAOCTH" OIMPEACIUTE YHUCIIO
TBEPJIOCTH 10 BpHHEIITIO ISl HCIBITAHHBIX 00pPa3LlOB M 3alHUIIUTE 3TO YMCIO B rpade 4 odhopMieHHON
TaOJIULIBIL.

6. [Ipou3BeuTe 3aKaJiKy IUIACTHHOK B TaKOW IOCJIEOBATEIILHOCTU: TIOMECTUTE IUIACTUHKUA B
AJIEKTpONeYb JJIsi HarpeBa JI0 KpacHOro kKajieHus; uyepe3 10 MMH. IIUNIIAMU BBIHBTE IOOYEPETHO
TUTACTUHKY U3 TIEYU U MOTPY3UTE UX B BAHHOUYKHU C XOJIOAHON BOIOM.

7. TIpou3BeanTe BHICOKMI OTIYCK 3aKaJeHHbIX TWAacTUHOK (Harpes 10 500 °C — 650 °C).
8. Ilocie aTOTO MCHBITAliTE IMITACTUHKU Ha Tpudope bpuHemis npu Tex ke yCIIOBHsIX, KaKue yKa3aHbl
B ITyHKTE 3. 3anummre pe3yapTaTsl B rpade 3 TaOnuibl.
9. Mo Ttabmume «COOTHOUICHHE MEXIY YHCIAMH TBEPAOCTH» HAWIUTE 4YHCIa TBEPAOCTH JUIS
3aKaJICHHBIX TUIACTMHOK 10 BpHHENII0 1 3anummTe 3TH JaHHbIe B rpade 5 TaOauiib.
10. IIpousBeauTe NOMOTHUTEIbHBIC HAOTIOICHHUS:
a) CpaBHUTE TBEPJOCTh CHIPOIl U 3aKaJCHHOM IUIACTUHOK LapariaHUeM;
0) pacCMOTpHTE U3JIOM ChIPOH M 3aKaJI€HHOM MJIACTHHKH.
11. CnemaiiTe BEIBOJIBI:
a) HAIMIINTE, KaK U3MEHIIIACh TBEPIOCTh CTAIH B PE3YJIbTATe 3aKAJIKH U OTITYCKa;
0) ONUIIIUTE PE3yAbTATHI TOTIOJTHUTEIILHBIX HAOIOICHUN.
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Hccaenopanue reMneparypbl OTIIYCKa Ha CBOHCTBA 3aKAJICEHHON CTAJIH.

Leab padoThl: uccien0BaTh BIMSHUE TEMIIEPATyphl OTIIYCKa HA CTPYKTYPY U CBOMCTBA 3aKaJI€HHON
YIIEPOAUCTON CTaH.

IIpuGopsl U 060pyT0BaHHE: KOMIUICKT JIAOOPATOPHBIX 00pasnos, TBepaomep Poksemna TK-2.
1. KpaTkue TeopeTu4eckue cBeJleHUs

3akasi€HHasT Ha MAapTEHCUT CTajlb HAXOJUTCS B HEPABHOBECHOM, CHJIBHO HAIPSKEHHOM
coctosiHud. OHa 00J71a/1aeT BHICOKOH TBEPAOCTHIO U XPYIKOCTBHIO.

Jis cHYDKEHHs] BHYTPEHHHX HANpsDKEHUH, MOBBIIMICHUS ITUIACTHYHOCTH M BA3KOCTH 3aKaJIEHHAs
CTaJIb IIOJIBEPIaeTcs OTIIYCKY.

OTnyck 3aKiloyaeTcss B HarpeBe 3akal€HHOM CTalM 10 TeMmepaTypbl HUXKE AcCi, BBIAEPKKE MPU
3TOU TeMIEepaType U MOCIEAYIOIIEeM OXJIaXICHUH.

OTnyck sBISE€TCS OKOHUYATENBHON oOlepalnueil TepMHYeCKOl oO0paboTKH, B pe3ylabTaTe Yero
MOJIHOCTBIO WJIM YAaCTUYHO CHUMAIOTCS BHYTPEHHUE HaIPSHKCHUS, BOSHHUKAIOIIME MPHU 3aKaJKe, MPUYeM
9T HaNpsKEHUS] YHUUYTOXKAKOTCS TEM IIOJIHEE, UEM BbIIIE TEMIIEpaTypa oTinycka. Tak, Hapumep, OceBble
HaIpsDKEHUs B UWJIUMHAPUYECKOM 00Opasile u3 ctaid ¢ conaepxkanHuem yriepoaa 0,3 % B pesynbrare
ormycka npu Temreparype 550 °C ymenbiuarores B 7,5 pas.

CKopocTh OXJaXIEHHs] IpPU OTIYCKE OKa3blBa€T CYIIECTBEHHOE BIUSHUE Ha BEJIUYUHY
OCTaTOYHBIX HaNpspKeHuil. UeMm MeieHHee OXJIaKIeHIE, TEM MEHbIIIE OCTaTOUYHbIE HAIIPSKEHHUS.

OcHOBHOE BIMSIHME Ha CBOMCTBAa 3aKaJiéHHOM CTajlM OKa3bIBaeT TemIeparypa, J0 KOTOPOH
IIPOM3BOJIUTCSL HAarpeB M3JeNus MpH OTIycKe. B 3aBUCMMOCTM OT TeMmepaTypbl HarpeBa pasinyaroT
ClIeYIOIINE TPU BU/IA OTITYCKA.

Huskomemnepamypnuiti (Huzkuii) omnyck. DTOT OTIIYCK OCYILECTBISETCS NPU HArpeBe HU3Aeus
no 250 °C. Tlpu 5TOM CHHDKAIOTCS 3aKAIOYHBIE HAIPSIKEHUS, MAPTCHCHT 3aKalKd IEPEXOJUT B
MapTEHCUT OTIIyCKa; IOBBIIIAETCS MPOYHOCTh KW HAMHOIO YJIydyllaeTcs BA3KOCTh (0€3 3aMEeTHOro
cHmKeHus1 TBEpAocTH). OaHAKO HW3/eNMe W3 TAaKOW cTanu (€CiM HE MMEET BSI3KOW CEepJIeBUHBI) HE
BBIIEPKMBAET 3HAUUTENbHBIX TUHAMUYECKUX U 0COOEHHO 3HAaKONEPEMEHHBIX Harpy3oK.

HuszkoTemneparypHOMy OTIYCKY IIOJBEPraercs pexXylHd M MEpUTEIbHBbIH WHCTPYMEHT U3
YIJIEPOAMCTBIX M HMU3KOJETUPOBAaHHBIX CTajel, a Takke JeTald C IOBEPXHOCTHOW 3aKalKoH,
[EMEHTallle, I[MaHUPOBAaHMEM WIM HHUTpoLleMeH-Talueil. Yame Bcero B 3THX  clydasx
IPOJOIDKUTEIBHOCTh  OTIycKa cocTaBisgeT 1...2,5 4, a ansd KpyNHOTa0apuUTHBIX M3ACIHA U
M3MEpUTENIbHBIX HHCTPYMEHTOB Ha3HayaeTcs 0oJiee ATUTENIbHOE BpeMs OTITYCKa.

Cpeonememnepamypnviii (cpednuit) omnyck BBIIOIHSIETCS npu Temimeparype 350...500 °C.
Wcnonp3yeTcss OH daie BCEro Ais MPYXKUH, PEccoOp M INTAMIIOB, TaK Kak 0OECIeYMBAeT BBICOKHE
Ipeiesbl yIPyrocTy, BEBIHOCIMBOCTU U PEIaKCAI[MOHHYIO CTOMKOCTh. CTPYKTypa CTallu MOCJe CPEAHETO
OTIIyCKa — TPOOCTUT OTIIyCKa WUJIM TPOOCTOMAPTEHCUT, TBEPAOCTH KOTOPOIO HUXKE, YEM y MapTEHCHUTA
OTITyCKa.

Oxnaxuenue mocie ormycka npu temrneparype 400...450 °C ciexyer NpoBOAUTH B BOJE, UTO
CIOCOOCTBYET 00pa30BaHMIO HA TOBEPXHOCTH CHKUMAIOIIMX OCTaTOYHBIX HAINpPsDKEHUH, KOTOpbIe
YBEJIMUYUBAIOT MIPEJIe] BHIHOCIUBOCTH MPYKHUH.

Bovicokomemnepamypuwiil (8blcokuti) omnyck TpousBoaurcs npu temmeparype 500...680 °C.
OO6pazyemasi cTpykTypa — copobut ormycka. [lo cpaBHEHHIO C TPOOCTUTOM OTIYCKa COPOHMT OTIycKa
o0nazaeT MeHbLIEH TBEPAOCTHIO, MPOYHOCTHIO W YHOPYrOCThIO, HO Ooyiee BBICOKMMH IOKa3aTelsIMU
TUTACTUYHOCTH U BA3KOCTH.



Ornyck mpu temmeparype 550...660 °C B Teuenue 1...2 9 MOYTH TOJHOCTHIO CHHUMACT
OCTaTOYHbIC HAINpPsDKEHUS, BO3HHUKAIOIIME IMpH 3akanke. B oOmeM ciydae ATUTEIBLHOCTH BBICOKOTO
OTIIyCKa cocTaBiiseT 1...6 4 B 3aBUCHUMOCTH OT Macchl M raGaputoB uzgenus. MHorma 31O Bpems
YBEJIMYMBAETCS O HECKOJIBKUX JIECSITKOB YacoB.

Tepmuueckas 00pab0TKa, COCTOAIIAS U3 3aKAJIKH U BHICOKOT'O OTITYCKa, HA3bIBACTCS YIIYUIICHUEM.

VY ydieHuIo MoABepraoT, kKak npasuiio, cpeaneyriaepoauctoie (0,3...0,5 %C) KOHCTPYKIIMOHHBIE
CTajld, €CIM K HHUM IpPEIbSABISAIOTCS BBICOKME TPEOOBaHUS MO MpEAENy BBIHOCIMBOCTU M yJapHOU
BA3KOCTH. YJIyUIIEHHE CYIIECTBEHHO IOBBIIIAET IPOYHOCTb, YMEHBIIAET YYBCTBUTEIBHOCTh K
KOHLIEHTpaToOpaM HaIlpsDKEHUH, CHUXKAET TeMIIepaTypy Hopora XJaJHoJoMKocTH. OJHAKO M3HOCOCTOM-
KOCTb YJIYYIIIEHHOM CTaJy HEBBICOKAs BCIEIACTBUE TIOHUKEHHOU TBEPIOCTH.

2. Ilopsiiok BbINOJIHEHUSI PA0OTHI

1. Beraeptuth ydactok nuarpammel Fe—FesC, cooTBercTByromuii cransm. Hanecti Ha HEM 30HBI,
COOTBETCTBYIOLIME TEMIIEPATYpaM 3aKaJIKH U OTITyCKa UCCIEAYEMOH CTaH.

2. N3meputh Ha npubope Poksemia TBEpIOCTh 00pa3LOB CTAIM MOCIIE 3aKaJIKU B BOJE U OTITyCKa
IIPU PA3JIMYHBIX TeMIlepatypax. /JlaHHble 3anectu B Tabm. 7.1.

3. ITocTpouts rpaduk 3aBUCUMOCTH TBEPIOCTU OT TeMIleparypsl ornycka. Ha rpaduke Hanectu
MPSIMYIO, COOTBETCTBYIOILYIO 3aKaJIECHHOM CTalIH.

Tabnuya 7.1
Pe3yabTaTsl H3MepeHust TBEPAOCTH
TBépnocThb TBEpmocTh IIpeanonaraemas
Mapka cranu Bup u remneparypa
oGpasia I0CJIE 3aKaJIKH, oTIIveKa ocJye OTITyCKa, CTPYKTYpa TocIie
P HRC 4 HRC OTITyCKa

3. Conep:xaHue 0T4éTA

. Onucanue uenu paboThl.

. Kparkue cBeneHus u3 Teopum.

. CranpHolt yyacTok nuarpammsl Fe-FesC.

. Tabnuna pe3ynbTaToB U3MEpPEHUs TBEPJOCTH 00pa3IOB.

. I'pacuk 3aBECHMOCTH TBEPIOCTH OT TEMITEPATYPHI OTITYCKA.

. BBIBOZIBI O CTPYKTYpe M MEXaHWYECKHX CBOHCTBAX CTAJIH MOCJE PA3IMIHBIX BUJOB OTITYCKA

o Ol WDN B

4. KoHTpoJ/IbHBbIE BONIPOCHI

1.Yto Ha3pIBaeTCA 3aKaAJIKOH cTaM? PeXKMMBI 3aKaJIKH.

2.Yto Takoe otmyck? Llenpb oTITycka, pesKUMbI, BUAbI OTITYCKA.

3. CtpykTypa cranm, mojrydaeMasi IpH pa3IMuHbIX BUaX OTITYCKa.

4. TBEpOOCTH CTANN, TTOJTydaeMasi IIPH Pa3INYHbIX BHIAX OTITYCKa.

5. Uto Takoe ynyumienue ctanu? J{s Kakux 1enei 3Ta onepars mpou3BOIUTCS?
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HN3yyenue MUKPOCTPYKTYP HEMEHTOBAHHOM CTAJIH.

esab padoThi:
HccnepoBanue CTpyKTypbl IEMEHTOBAHHOW CTaJIM.

CeeneHusi U3 TeOpUU.

JUIs NOBBIIEHUS SKCIUTyaTallMOHHOM HaJIEXKHOCTHU JeTajed MallMH HeoO0XOAMMO 00ecneuuTh
TakM€ XapaKTePUCTHKH, KAK IOBEPXHOCTHAs TBEPAOCTb, N3HOCOCTOMKOCTD, TOBBIILIEHUE —Ipeaesa
KOHTAKTHOM BBIHOCIIMBOCTH, MPE/iea BBIHOCIMBOCTHU IIPU U3TN0€ U KPYUYEHUH.

OnHUM U3 METOZI0B, 00ECIIEYUBAIOIINX HEOOX0AUMBbIE CBOMCTBA, SIBJISETCS, B YACTHOCTH, XUMHKO-
TepMudeckas 00padoTka.

XHUMHUKO-TEpMUYECKOM  0OpabOTKONM  HA3bIBAa€TCSl  MOBEPXHOCTHOE  HACBILIEHHE  CTald
COOTBETCTBYIOILIUM  3JIEMEHTOM(YIJIEPOJOM, a30TOM, OOPOM, ATIOMUHUEM, KPEMHMEM U TI.) IyTEM
mudQy3un ero B aTOMapHOM COCTOSHMM M3 BHEIIHEH Cpebl(TBEpaOii, ra30BOM, JKUAKON) MPH BBICOKOU
TEeMIIEpAType.

[Tponiecc XUMUKO-TepMUYECKOH 00paObOTKU MPOXOJUT TPU HOCIEIOBATEIIbHbIE CTaIUH.

1-acragust — ouccoyuayusa. Ilporekaer B ra3oBod cpefie M 3aKIIOYaeTCd B pacHajze MOJEKYyJ ¢
o0pa3oBaHMEM aKTUBHBIX aTOMOB. Hampumep:

2CO—CO2+CaromapHblii
WIH

CH3—3H+C aromapnslii
WIH

CH4—2H2+C aromapHsbIit

2-scTajist — a0copbyusi, TOTJIOIIEHNE AKTUBHBIX aTOMOB TOBEPXHOCTBIO HACHIIICHMUS;

3-acTanus — Auggyszus, TO €cTh NPOHUKHOBEHHE aTOMOB, aJCOPOMPOBAHHBIX MOBEPXHOCTHIO, B
riy0b MeTasna.

K xumuko-repmuyeckoit o0paboTke
OTHOCSITCS: [IEeMEHTallUs1, a30THPOBAaHUE, HUTPOLIEMEHTAIHS, INaHUPOBAaHKE, OOPUPOBAHUE U T. [I.

B Hactosmielt pabore paccMaTpuBaeTCs OJMH M3 BHUIOB XUMHUKO-TEPMHUECKONH 0OpabOTKH
CTaJIi LIEMEHTALINS.

[lemMeHTalMsI — XUMUKO-TEPMHUYECKasi 00padoTKa, 3aKTrovaronascs B 1upPpy3noHHOM HACHIIIICHUN
MOBEPXHOCTHOTO c10s1 cTan(Ha rinyouny0,4...2,5 MM)yriaepoioM IpU HarpeBaHUU B COOTBETCTBYIOLIEH
cpene(kapOropuzarope).

[lemeHTanmst ¥ TOCHeAyIolas TepMHuYeckass oOpabOTKa IO3BOJIIOT MOJMYYUTh W3JAEIHUI C
M3HOCOCTOMKOM IOBEPXHOCTBIO U BSI3KOW CEPALICBUHOM.

JI1s ieMeHTauu UCTOIb3yI0T HU3KOYIJIEPOIUCTBIE CTAIM ¢ coaepkanueM yraepoaa0,10...0,20%
(manpumep, ctanu mapok10, 20, 15X, 12XH3 u ngp).

[{eMeHTOBaHHBIN CJIOM MMEET MEPEMEHHYI0 KOHIIEHTPAIWIO YIiepoja M B 3aBUCUMOCTH OT
HEOOXOMMOM CTETICHH HACHIIIIEHUS MOKET UMETh CIICYIOITHe 30HbI(puc. 8.1):

- npu Hackrmennu 10 0,75...0,8 % C — 109BTEKTOMIHYIO C IEPEMEHHBIM COJIEpKaHUEM

yraepoga(®d+ IT);

- npu Hacklimenuu 0,8...0,85 % C — 703BTEKTOUAHYIO C IEPEMEHHBIM COJIepKaHUEM

yraepoxa(®+ I1) u sBrekrouanyio (I1);

- npu HacbimeHuu 6osee 0,85% C — 10IBTEKTOUIHYIO C IEPEMEHHBIM CO/IEpPIKaHUEM

yraepona (D+ I1), aerexkrouanyro (I1), 3a3BTexkronanyro (I1+ I1).)
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Puc.8.1. CtpykTypa U TBEpIOCTh IIEMEHTOBAHHOTO CJIOS B 3aBUCUMOCTH OT TITyOMHEI
HACBHIIIEHUS YTICPOIOM (3HAUCHHS TBEPIOCTH JaHbI TS M3ICIU IMOCIIe 3aKalKH;
MHKPOCTPYKTYpa - TOCIIE OTIKHUTA)

IMpakTHyeckn LeMeHTalMs npoBogurcs mpu  Temmeparypax 900...950°C. Ilosblmenne
TEMIIEPATYPHI PE3KO YBEIMUMBACT TIyOuHy cinos (puc. 8.2).
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Puc. 8.2 Bausaue TemnepaTypsl Ha TIIyOHHY IEMEHTOBAHHOTO CJIOS IIPU
pa3IUYHON IIPOIOKUTENBHOCTH Ipolecca.

Conepkanne yriaepoja B IIEMEHTOBAHHOM CJIO€ COOTBETCTBYET MPOEKIIMHM TOYKH, JIXKAIEH Ha
muHuN SE muarpamMmbl«Kene30-IeMEeHTUT» NMPU TaHHOW TeMIleparype U 3aTeM MOCTENeHHO MalaeT C
ylajJeHHueM OT TOBEPXHOCTH B TIYOMHY HW3JIENHsl, TOCTHrash UCXOMHOTO cojepkaHus. Hampumep, mpu
temneparype uemenranud 900 °C B muddy3sMoHHOM clloe IepeMeHHas KOHLEHTpalus yriepoaa B
aycrenute Oynet Haxomutcs ot 1,2...1,3 % mo 0,1...0,15 %. Ilpu oxnaxxaeHuu cTamu OT yKa3aHHOU
TeMITIepaTyphl 1O KOMHATHOW MPOM3OWIYT MPEBPAIICHUS B COOTBETCTBHM C COJCp)KAHWEM yTriepojia B
OTIPEICTICHHOM CIIO€.

[Ipu neMeHTOBaHMHM CTaJIeH C coziep kanreM yriaeposa e 6omnee 0,17% rmybuHa 11eMEHTOBaHHOTO
CIOsl JOJKHA CcOCTaBisITh 12...15 % OT HauMeHbLIEH TONIIMHBI WIM JHAMETpa IIEMEHTOBAHHOIO
ceuenus. [lpu conmepxanuu B cramu Oonee 0,17 % C rmybuna cnos ymenbmaercs 10 5...9 %. s
W3JIeHiA, padoTaloMUX Ha U3HOC M HE HCIBITHIBAIONINX YIApHBIX HArpy30K, MTyOMHA IIEMEHTOBAHHOTO



ciosi coctaBisieT 3...4 %O0T HauMEHBIICH TONIIMHBI WIK JIUaMeTpa IMeMeHTyemoro m3aenus. Haubomee
9acTo TIyOrHa IIEMEHTOBAaHHOTO ciost coctasiset 0,5...2,2 mm.

[lemeHTaMIO PEKOMEHAYETCSI MPOBOJUTH TAKUM 00pazoM, 4TOOBI COJEpKaHUE YTiepoaa B
HapykHOM cioe He mnpesbimano 1,1...1,2 %.IIpu Oosiee BBICOKOM conepkaHuu oOpa3yercs
3HAYUTEJIHOE KOJIMYECTBO BTOPUYHOTO IIEMEHTHUTA, KOTOPBHIM BBI3BIBACT B CJIO€ TOBBIIICHHYIO
Xpynkoctb. Ha  mpakThke TpuUMEHsSeTcss B OCHOBHOM TpPH BHAAQ IIEMEHTAIMH: B TBEPAOM
KapOropu3aTope, Ta30ByI0 U B JXKHJIKOM KapOropusarope. [locneanuit crnoco0d HUCMOab3yeTcsi B OCHOBHOM
JUIST METKHMX Jetaiieid. JIJig ero peanusanuyl MPUMEHSIOTCS JKUIKHE COJITHBIE BaHHBI C TEMIIEpaTypoi
880...920°C. Hanbonee ImWMPOKOE NPUMEHEHHE Ha IIPOM3BOACTBE HAXOAAT ABA CIOCO0A: B TBEPAOM
KapOropu3aTope U B ra30BOM (Ta30Basi [IEMEHTAIH ).

Ilemenmayua 6 meepoom Kapoiopuzamope. llpu 3TOoM cnocobe IeMeHTaluu KapOpu3aTopoM
ABIISICTCA JpPEBECHBIN yronb (myOoBbIi wiu Oepe3oBblid) B 3€pHax mnomepedyHukoM 3,5...10 MM, k
KOTOpPOMY JTOOABISIFOTCS aKTHBH3aTOpbl — yriekuciblii Oapuit (BaCOs3) m KanpIMHUpOBaHHAS cO/a

(CaCO3) B kommuecte 20...30 % OT Macchl yris.
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Prc. 8.3, Voagxorka geTalell B AIMHKe

Pabouas cmech, mpuMeHsieMast Ui LIEMEHTaluu, cocToUuT u3 25...35 % cBexero kapOropuzaropa u

65...75 % otpaboTaHHOTO.

Jletanu, moJuiexaliie eMEeHTAlluH, YKIaJbIBalOTCs B CTaJbHbIC SIIMKU. MeXay JeTausiMu U CTEH-
KaMU fIMKa CJION kapOropuszaropa JobkeH 0bTh He MeHee 10...15 mm, a cBepXy 3ackinatot cioit 30...40
MmM. Tlocne 3Toro SIMK 3aKphIBaeTCsl KPBIMIKOH, KPOMKH KOTOPOH 0OMa3bIBalOTCS OTHEYMOPHOW TIIMHON

(puc. 8.3), u moMenIaeTcs B MeYb.

[Tpu Harpese 10 Temneparypsi 920...950 °C npoucXoasT XUMUIECKHE PEAKIINH:

02+ 2C =2CO (c kucropooom Haxooauemcs 6 sujuxe),
2CO - CO; + C (amomapHuvlii),
BaCO3; - BaO + COy;
CO; + C = 2CO;
2CO - CO; + C (amomapnwiii);
ATtomapusiii yriaepon nud@yHaupyeT B ayCTEHUT.



[emenTarus B TBEPAOM KapOIOpHU3aTOPE — MPOJAOIDKUTENBHBIN MPOIEcC, KOTOPHIH B 3aBUCHMOCTH
OT TOJIIMHBI IIEMEHTHPYEMOIO CJOSl 3aHMMAEeT MHOTJAa HECKOJIBKO JECSATKOB 4yacoB. [ yOuHa cios B
IpoLecce IEMEHTAllUd KOHTPOJUPYETCs C MOMOUIbI0 00paslia-«CBHAETENs», 3aKJIaJblBAEMOrO B
OTBEpCTHE SIIMKA [IPH YIAKOBKE MepeJl IeMeHTaIHeH.
OObpazen-«cBUaETENbY, OH e KOHTPOJIbHBIN (puc. 8.3) MO X0y mpolecca IEeMEHTAluu U3BIEKaeTCs U3
AIMKa, 3amMauyMBaeTcsi B Boje U Jomaerca. KoHel, NpPOTUBOMOJOXKHBIA  HW3JIOMYy, Ha
rpesaercst 10 Temmepatypsl 250 °C, 4TOOBI «IPOSIBUTH» CJIOM IEMEHTAIMHU (CIIOW OKpalIuBaeTcs
nBeraMu nodexkanoctu, puc. 8.4). Tlocie eMEHTalUK AIUKA OXJIaXaaioT Ha Bo3ayxe 10 400...500 °C u
3aTe€M PAaCKpbIBAIOT.

eMEeHT OB AHHBI
CJI0K

Puic. 8.4. «IIposae neHHEBIID» 1{eMeHT OB AHHBIH CJI0H
B I33JIOMe KOHTPOJILHOT 0 06pa3ia

TI'azosan yemenmayua OCyUIECTBIIETCS HArpPEBOM JIETANIM B CpEJie T'a30B, COJIepKalUX yriepoa. B
KayecTBe IIEeMEHTYIOLNX Ta30B ucnosb3yercs MeTad (CHa) u nponan-OyTaHOBBIE CMECH.

["a3oBasi LmeMeHTalusl OCYIIECTBIISETCS B CTAMOHAPHBIX WJIM METOJWYECKUX I€YaxX, MMEIOIIUX
repMeTHYECKHE 3aTBOPHI. JleTann HarpeBaroTCsl B TEPMETHYECKH 3aKPBITOM PETOPTE, B KOTOPYIO MOJAETCS
LeMEeHTYOuUMI ra3. OCHOBHBIMM PEAKLUSAMU IPU I'a30BOM HEMEHTALMHU SBIISIOTCS:

CO—->CO; + C amomapHnuwui;
CH4—>2H; + C amomapneoiit,
Car + Fey =Fe v (C).

IMpouecc 1eMeHTanuu npoBoaar npu Ttemmeparype 910...930 °C. Ilo BpeMeHu Tra3oBas
LIEMEHTAalMsl MPUMEPHO B 2 pa3a ObIcTpee, yeM LieMeHTalus B TBEPJOM KapOropuzaTope. Bo3MoxkHOCTD
MEeXaHM3alM1 U aBTOMAaTH3al[H MPOIIECCOB MIPU ra30BOI LIEeMEHTALlUU IPEoNpeAesieT IpUMEeHEHUE e€ B
MacCOBOM M KPYITHOCEPUHHOM IIPOU3BO/ICTBAX.

Tepmuueckaa  obpabomka  uemenmosannvix  Oemasnei.  OKOHYATEIbHbIE  CBOMCTBA
[IEMEHTOBAHHbIE JETalM NOJYy4aloT Iocie TepMuueckol o0pabotku. CymiecTByeT Tpu crocoba
TEPMUYECKOH OOpabOTKM IIEMEHTOBAaHHBIX cTayiel. [lepguviii cnocob. 3akanky JeTaineil Mpou3BOIST
HEMOCPEICTBEHHO ¢ LIEMEHTAI[MOHHOIO HATPEBa, T. €. oT TeMueparypsl 910...930 °C (puc. 8.5, a).

DTOT cocod MPUMEHSETCS I TEPMOOOPaOOTKA HEOTBETCTBEHHBIX JCTAJICH, KOT/1a HE00X0IUMO
MIOJIyYUTh TOJBKO TBEPIBIM IOBEPXHOCTHBIM cioil. Hemocratkom sBisieTCs KPYIHO3EPHUCTOCTH
CTPOEHHMSI, @ TaKXKe MOBBIIIEHHOE COJIepKaHNe ayCTeHNUTa B IIEMEHTOBAHHOM CJIO€, TaK KaK 3aKajka UJIET
OT BBICOKHMX TEMIIEPATYP.

Bmopoii cnoco6 ucnonb3yercs NpU TOBBIIIEHHBIX TPeOOBaHHUSAX K CTPYKType M CBOWCTBAM
neraneil. [locnenHue nocne neMEHTaUMU OXJIAKIAAIOT Ha BO3JIyX€E, a 3aTEM MOABEPraroT 3akaike ot 850...
900 oC B 3aBUCHMMOCTH OT HACBHIIIIEHHOCTH MIOBEPXHOCTHOT'O Clos yraepoaoMm (puc. 8.5, 6). B cepaueBune
JIETalM IPOM30MIET NOJHAs NEPEKPUCTAIIN3ALUS U 3€PHO U3MEIBUUTCS.



Tpemuii cnoco6 TepMOOOPaOOTKH - TBOMHYIO 3aKAJIKy C MOCIEIYIOIINM HU3KUM OTITYCKOM (pHC.
8.5, 8) - IPUMEHSIOT 11 0000 OTBETCTBEHHBIX JAETajJel MpU HAYTJIEPOKUBAHHHM MOBEPXHOCTHOTO CIIOS
ooiee 0,8 %.
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Puc. 8.5. PexkuMel TepMuyeckoii 06paboTkH LieMeHTOBAHHbIX H3IEIHI:
a — MepBblii cnocod, & — Bropol crnocod, 6 — TpeTHit cnocod

[TepBast 3aKajka TPOU3BOMMTCS TAKKe, Kak W TpU BTopoM crocobe (850...900 °C), T. e. ms
U3MEIBbYEHMSI CTPYKTYPbI CEPALIEBUHBI U YCTPAHEHUSI CETKHA LIEMEHTUTA Ha TIOBEPXHOCTH.

Bropast 3akanka Benércs ot Temmeparyp 760...800 °C, T. e. Temmeparyp 3aKajkKu
BBICOKOYTJIEPOAMCTBIX CTallell. B MOBEPXHOCTHOM CllO€ BBIAENSETCS MEIKOMIOJIbYaThli MapTEHCUT C
BKpaIlJIeHUEM H30bITOYHOIO IEMEHTHTa, 4YTO OOECHEeYMBAET BBICOKYIO H3HOCOCTOMKOCTh. Jlnd
CepLIEBUHBI TAKOM pexXUM 00pabOTKH HE SBISETCS MIEPErPEBOM.

[lemeHTOBaHHbIE JA€TalM TOCIE 3aKaJKU IOABEPraroTCs HU3KOMY OTIYCKY IpU TeMIeparype
150... 200 °C aj1st CHATHSI HATIPSKEHHH.

ITopsinok BbINOJIHEHHS PadOTHI

1. U3y4uth CTPYKTYpy LIEMEHTOBAHHOTO CJI0s Ha MUKPOLUTH(]E IEMEHTOBAaHHOW CTaJIH.

N

. 3apHucoBaTh CXeMy MHUKPOCTPYKTYPHI.
3. Ha oOpasme-«cBuaerene» U3MepuTh TIYOHHY IIEMEHTOBAHHOTO CIIOS C IMOMOIIBIO MHKpPOCKOIIA
MIIB-2.
Conep:xanue oT4éTa
Onwucanue neiau paboTHI.
Cxema CTpYKTYpbI LIEMEHTOBAHHOTO CJIOSL.
Cxema u3oMa «IpOosIBICHHOTO» 00pa3ia-«CBUICTEIS».

opnhe

BrIBOIEbL.



KoHnTpoibHbIe BOonpockl

Yro Takoe XMMHUKO-TepMHUecKas 00paboTka cranu?
HazoBure craguu XMMHKO-TEPMUUYECKONH 0OPaOOTKH.

YT0 Takoe IEMEHTUT?

KakoBa 1ienp nemenranun?

HasoBute mapku craneil, IpUMEHSIEMBIX Ul LIEMEHTALUH.
[Tpu xakoil TeMiiepatype MpOBOAUTCS LIEMEHTALM?
HazoBure cTpykTypHBIE 30HBI LIEMEHTOBAHHOTO CIIOS.

OT yero 3aBHCHUT I’TyOMHA IIEMEHTOBAHHOTO CJIOS?

© o N R WNRE

. Kak MOKHO KOHTPOJIMPOBATH TIYOHHY CJIOS B TIEPUO/T IPOIIECCa IIEMEHTAIUH?

10. B yem cyTh niemeHTaIuu B TBEPAOM KapOropu3zaTope?

11. KakoBa CyIIIHOCTb I'a30BOH IIEMEHTALIUU?

12. OnummTe peKuMbl TEPMOOOPAOOTKH IIEMEHTOBAHHBIX JICTAJICH B 3aBUCHMOCTH OT TPeOOBaHUN
IKCIUTyaTaI|H.



JIABOPATOPHAS PABOTA Ne 8
Onpenenenne pu3nKo-MeXaHHYECKHX CBOMCTB Pe3HHOBBIX MAaTEPHAJIOB.

Heanb: onpenenuts napaMeTpbl Pe3UHbBL, XapaKTEPU3YIOIIKE €€ OCHOBHBIE CBOWCTBA.

Oo6opynoBanme: o0pa3ibl pe3uHbl I UcbITanus, pudop Llloba, TBepmomMep, cekyHIoMep 2-T0O
KJ1acca TOYHOCTH.
Bpewms na npoBeneHue paboTs - 2 yaca
3amaHue:
1 Omnpenenure 3MaCTUYHOCTH PE3UHBI 10 OTCKOKY Ha mpubdope tuna [llooa.
2. Onpenenute TBEpAOCTh pe3uHbl 1o Metony Lllopy.
3. CocraBbTeE OTYET O padore.
3. OTBeThTE HA KOHTPOJIBHBIE BOIPOCHI.

Conep:xanue padoThl

Omnpenesienne 31aCTUYHOCTH 1O OTKocy Ha mnpuOope tuma Illoda Cymuocts Mmetona
3aKITI0YAETCsI B ONPEICIICHUN BEIMYMHBI OTCKOKA 0OIKa (PM3NYECKOro MasTHHKA, MaIal0NIero Ha oOpaserl
C ONPEACIICHHOMN BBICOTHI:

K
R=—7*100
H

rae h - BpICOTa OTCKOKA MasiTHUKA MOCJIE yAapa, MM;
H - BeicoTa mogbeMa O6olika MasiTHUKA B HCXOHOM IOJIOXKEHUHU, MM.

WcnsiTanua nposojsatcs B cootBerctBUM ¢ 'OCT 27110-86 mpu temmeparype 21-25 °C. Ecnu
TeMmIeparypa MpH UCHbITaHUAX OyneT Apyroi, To BBOIAT B cooTBeTcTBUU ¢ ['OCT 269-66 morpemHocTb
M3MEPEHUs WM MOMENAoT NpHOOop B CrIeUaAIbHBINA TEPMOCTAT.

OO0pa31bl JOKHBI UMETh (hopMy 11ai0 ¢ 1uamMeTpoM He MeHee 29 MM WJIM KBaJlpaTa co CTOPOHOU He
meHee 29 mm. Tommmua oOpa3uoB 6epercs 12, 5 unn 6,25 M. IloBepxHOCTH 00pa3LOB JTOKHBI OBITH
napajuleIbHBIMU, POBHBIMHU, TNaakuMu. I[IpyxuHHBIH 3axBaT 7 mnpubopa (puc. 6) AOIKEH OBITh
MPUKPEIUICH K MasSTHUKY 2 TaK, YTOOBI IPU TOPU30HTAIHHOM TIOJIOKEHIH MasTHUKA CTPEJIKa HaXOHIIach
npotuB aeneHust 100%, a npu BepTUKAILHOM MOJIO0XKEHUU MasgTHUKA - TpoTUB neneHus 0%. Mcnsitanue
MIPOBOJIAT HE MEHEE YeM Ha 2 00pa3iax B CIEAYIOIIEH MOCIeJ0BATEIHLHOCTH.

1.13mepsIoT TONMMIMHY 00pa3lioB HE MEHEe, YeM B TPEX MECTax.

2. Obpa3zer 12 3akperuisioT NpyXHHOM 6 Tak, 4ToOBI TOUKA yAapa Obula Ha paccTOSHUU He MeHee 10
MM OT €ro Kpacs.

3. OcB0oOOXK1al0T MasITHUK 2 W3 3alleNKd 5 ¥ MPOM3BOIAT yaap mo odpasimy. [locie kaxmoro ynapa
MasTHUK MOJHMMAIOT B HCXOJHOE IMOJIOKEHHE (K 3alienke 5), He AaBas eMy IOBTOPHO yIapsATh IO
oOpasiy. CHavana OCymecTBISIOT 3 yiapa, YToObl TPOU30IIIa MEXaHWYeCKass CTaOMIN3aIys MaTepuana,
a TpU TOCIENYIOIIMX TpeX YyAapax CHUMAIOT MoKa3aHus Ha ayroBoi mkaie 11 B mponentax. s
BO3BpaTa CTPENKH B HCXoaHoe mosiokeHue (0%) MCIoNb3yloT NpYKUHHBIH MexaHm3M 9 ¢ pydkoil.
HaxonsaT cpeanee apudmeTrueckoe U3 TpeX 3aMepOB U OMBITHI IIOBTOPSIIOT JIJIsl BTOPOro oOpasia.

3a pe3ynbTaT UCIBITAHUI IPUHUMAIOT Cpe/iHee apu(PMETHUECKOE IBYX BHIOPAHHBIX 3HAUYCHUH.
YeM BbIlIE OTYYCHHOE 3HAUCHHE, TEM JIyUIIle 3IaCTUYHbBIE CBOWCTBA PE3UHBI.
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Puc. 6 - Cxema npubopa Illo6a:
1 - cranuHa; 2 - MasATHHK; 3 - 00€K; 4 - TJIOMIAIKA; 5 - 3aIeNKa; 6 - IPY)KUHA; 7 - MPYKHHHBIA
3axBar; 8 - cTpenka; 9 - npyKUHHBIN Mexanu3M; 10 - orpannuutens; 11 - gyroas mkana; 12 -
oOpa3zery

Omnpenesnenune TBepaocTu pe3uHsl mo meroay Iopy A. TepmocTe xapakTepusyeT
CIIOCOOHOCTH COIPOTHBIISATHCS NMPOHUKHOBEHHIO B HErO MOCTOPOHHETO TBEPAOTO MpEaMeTa,
BJIaBJIMBAEMOI0 MO JACHCTBHEM OmpeneneHHON cuiibl. COMpOTHBICHHWE PE3UHBI H3MEpSAeTCs
pruOOPOM C MPYKUHOUM OMpe/IeICHHON XapaKTePUCTUKHU U BBIPAXKAETCSI B YCIOBHBIX €IMHHIIAX
tBepaoctu no [llopy A (ot 100 no 0). MakcumanbHOe MPOHUKHOBEHHE MHJIEHTOpPA B PE3UHY
coorBeTcTByeT 3HaueHuto 0, a 100 - HyneBoMy NpOHUMKHOBeHUIO. VHIEHTOp mpencTaBisieT
co0o¥ urity u3 3aKajgeHHou cranu (puc. 7).
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Puc.7 - Unnenrop tBEpAoMepa

OO0pazern A UCTIBITAaHUS OKKEH OBITh B BHJIC TIACTUHBI WM IMAHOBI C MapauIeNbHBIMU
TJIOCKOCTSIMH M TAaKUX Pa3MEPOB, YTOOBI PACCTOSIHUE MEXKy TOUYKaMH 3aMepa ObUIO HE MEHee 5
MM, a PAacCTOSTHHE OT KaXKJ0M TOYKH M3MEpPEHHUs 10 Kpas obpaszna He meHee 13 mm. Tommmaa
oOpasma nomwkHa ObITh HE MeHee 6 MM. JlomyckaeTcss MpUMEHSATh 00pasibl, COCTOAIINE W3
HECKOJIbKUX (He Oosee 3) CI0€B OHOM M TOM K€ PEe3WHBI, HO TOJIIMHA BEPXHETO CJIOS JAOJKHA
OBITH HE MeHee 2 MM. McrbiTyemasi TOBEpXHOCTh J0/DKHA ObITh riaakou. [lepen ncnbrraHusMu
MPOBOAST OPUEHTHUPOBOUHYIO MPOBEPKY MPUOOpa, CTaBsl €ro Ha TJaJKyI0 CTEKISTHHYIO



MOBEPXHOCTh M, HAXKUMAs Ha TOJIOBKY MPUOOpa, MPIKUMAIOT ONOPHBIE Mmiommaaku 2,3 (puc. 8) k
noBepxHocTu. CTpenka npubopa JoKHA MOKa3hIBaTh Ha mIkaie 3Hadenue 100 +-1.

N {
TS 77 NS NI P77 SPr] 77 a4
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Puc. 8 - TBepnomep:
1 - ungentop; 2,3 - miomanku; 4 - oodpazery

Ucnerranus nposogsat o [OCT 263-75 npu Temnepatype 21-25°C. OOpaser moMemaror
Ha T[JIAJKyl0 TBEpPAYIO IIOBEPXHOCTh. TBepIOMEp YCTaHABIMBAIOT B MPHUCIOCOOIEHUE,
MO3BOJIsTIONIEe co3naBarh ycuiue npwkuma 10... 12,5 H, nim mo ocu MHIEHTOpa MOHTHUPYIOT
rpy3 Maccoit 1 kr. MOXXHO TBEpZOMEp HarpykaTrh BPYYHYIO MHUHUMAJIBHBIM YCHIIMEM, HO TaK,
YTOOBI €r0 HMXKHUE TUIOLIA/IKH IJIOTHO MPUJIETIIN K IIOBEPXHOCTH PE3UHBI.

IToka3zarenb TBEpAOCTH OTCUMTHIBAIOT 1O LIKaJIE MO UCTEYEHUH 3 C C MOMEHTA IPUIIOKEHHS
Harpy3ku. Ecnum HaOmromaeTcss JanpHeiliee MOrpyKeHME HAKOHEYHHMKA, TO TBEPAOCTh
OTCUMTHIBAIOT IO ucTeueHuH 15 c. [IpoBepky npoBoAST HE MeHee YeM B 3 TOUKax U 3a pe3ysbTar
IPUHUMAIOT UX cpeliHee apu(MeTHUecKoe, MPUUEM PACX0XKIECHUE MEXIY 3aMepaMU He JI0JIKHO
npesbimaTh 5%.

Conep:xanue oT4yeTa
1. Cxema npubopa tuna [lo0a.
2. XapakTtepucTuka o0pasiia pe3uHsbl:

obpaszer Nel obpaszer Ne2

pasmep , paszmep ,
dbopma , ¢dbopma ,
AIIACTHYHOCTH , 3NTACTUYHOCTh ,

DNaCTUYHOCTh PE3UHBI

Tabnua 2 — Pe3ynbraThl 3aMepa 371aCTHYHOCTH

Homepa Omeit Nel (h) Ombit Ne2 (h) Ombit Ne3 (h) Cpenn. (h)
00pasIoB

Nel

No2

3. Cxema npubopa JuIs onpeesieHHs TBEPJOCTH PE3HHBI.



4. XapakTepucTHKa o0pasia:

Pasmep ,
®opma

Tabmuia 3 — Pe3yabTaTsl 3aMepa TBEPIOCTH

W3mepsiemas OmnsiT Nel OmnbiT Ne2 OmnpiT Ne3 CpenH.
XapaKTEPUCTHUKA

TBepnocts

5. PCKOMCHI[aI_[I/II/I 110 MPUMCHCHUIO PC3UHBI.

KoHTpoJibHbIE BONIPOCHI

[Iepeuncire METOABI ITOTYYEHUS PE3UHBI.

Ha3oBute 0OCHOBHBIE XapaKTEPUCTUKU PE3UHBI

Pacckaxure METOMKY OIIPENEIICHUs 2JJaCTUYHBIX CBOMCTB PE3HHBI.
KakoBa MeTorKa onpeeneHns TBEpAOCTH PE3UHBI?

o s wnh e

Pacckaxure o IMpaBWIaAX XpaHCHUA U SKCILTyaTalluu PE3NHOTCXHUYCCKUX I/IS,HGHI/Iﬁ.



JIABOPATOPHAS PABOTA Ne 9
OmnpeneneHue Ka4ecTBa NJIACTUYHONH CMA3KH.
1. Ilean padoTbl

1.3akpenuieHne 3HaHUN MapoK IUIACTUYHBIX CMA30K.

2.3HaKOMCTBO € HOPMAaTMBHO-TEXHHUYECKON JOKYMEHTAllMeW I10 KadyeCTBY IUIACTUYHBIX CMa30K
(I'OCTamu Ha moKasateny KauecTBa M METOJIbI UX OTPEICIICHU).

3.3HaKOMCTBO C METOAAMH OIPEEICHNUS KOHTPOJIBHOTO aHAJIN3a ITACTUYHBIX CMa30K.

4.IIpuoOpeTeHne HaBbIKOB 110 KOHTPOJIIO U OIICHKE Ka4eCTBa MIACTUYHBIX CMa30K.

2. 3ananue

1.0O1eHNT UCTIBITYEMBII 00pas3el] 10 BHEIIHUM IIPU3HAKAM.

2.0npenenuTh pacTBOPUMOCTb CMa3KH B BOJIE U OEH3HHE.

3.0npenenuTs TemMIeparypy KarenaaeHus MIpeUI0KeHHbIX 00pa3LoB CMa30K.
4.CocTaBUTh OTYET 110 paboTe.

5.0TBeTUTH Ha KOHTPOJIbHBIE BOIPOCHI.

3. TeopeTnueckasi 4acThb

[InacTuuHble CMa3KM TNPUMEHSIOTCA JUId TaKUX TPYLIUXCA JeTajedl MeXaHu3MOB, I/e IO
KOHCTPYKLIMOHHBIM OCOOEHHOCTSIM HE MOTYT YAEpPKHUBAThCS WM PETYISIPHO MOAABATHCS KUJIKHE Macia,
T. €. KOI'/Ia UCII0JIb30BaHNE MUHEPAJIbHBIX Macesl HEBO3MOKHO UJIM HEPALMOHAIIBHO.

B kadgectBe npuMepa Takux y3JI0B, UCIIOJb3YCMbBIX Ha aBTOMO6I/IJI$[X, MOXHO Ha3BaTh INOAIIMUITHUKHN
KOJIEC, IAPHUPBI PAa3JIMYHOIO POJa MPUBOJAOB U T. 1.

OKcmlyaTalluOHHbIE TPEOOBaHMSI K KAUECTBY CMA30K CIIEAYIOIIHNE:

-CMa3KH JJOJDKHBI OBITh OZHOPOJAHBIMH,
-0051a/1aTh ONpeeIeHHBIMI MEXaHUYECKMMHU CBOUCTBaMH,

-OKa3bIBaTb MUHUMAJIbHOC KOPPO3UOHHOC BO3JCHCTBHUE Ha MCTaJlJIbI,
-HC NOJIKHBI COACPIKATH BOABI U MEXAaHUYCCKUX HpHMeCGﬁ.

3.1. OueHka MJIACTUYHON CMA3KHU 110 BHCIIHUM NMPHU3HAKAM

[Ipu olleHKe cMa3Ku MO BHEIIHMM IpU3HAaKaM oOpaliaeTrcsd BHUMaHHE Ha €€ ILIBET, COCTOSHUE €€
ITOBEPXHOCTHOTO CJIOSI M €€ OJTHOPOJHOCTH.

L{BeT 3aBHCHUT OT COCTaBa CMAa3KH M TEXHOJIOTUU €€ IIPUTOTOBJICHHUS.

CMma3ku, B KOTOPBIX HE COJIEp)KaTcsl CHEelUalbHbIE J00aBKH, UMEIOT LIBET OT CBETJIO-XKEJITOro 10
TeMHO-KOpuuHeBoro. Hamubosee sipko BhIpakeHHBIN I[BET UMEIOT cMa3ku rpadurHas u Ne 158. Ileppas
MMeEeT YEPHBIN LBET, BTOpasi — CUHHUM.

OaHOPOAHOCTL — OJIHO U3 BAXKHEMIIMX TpeOOBaHUM, MPEABABISEMBIX K IUIACTHYHBIM CMa3KaM.
[Tpu BHEUIHEM OCMOTpE ONpeAesseTcs, MPEXkKAe BCEro, OTCYTCTBUE BBIIEICHUS U3 CMa3KH )XKUIKOH (a3bl
(macna). 3aTeM OJHOPOJHOCTb IIPOBEPAETCS C IOMOIIBIO CTEKISTHHOM IUIACTHMHKH, Ha KOTOPYIO
HAaHOCUTCS CJIOW CMa3KH TOMIMHON 1—2 MM. IIpu paccMOTpeHUH 3TOro Cliosi HEBOOPYKEHHBIM IJ1a30M B
MPOXOJAIIEM CBET€ HE JOJDKHBI OOHapyXHBaThCS KalUIM Maclia, KOMKHU 3aryCTUTeNsl, TBepble
BKJIFOYEHUSI.



3.2. OnpenesieHne pacCTBOPUMOCTH CMA3KM B BoJie U OeH3MHe

VcnplTanue TUTACTHYHONW CMa3KM Ha PACTBOPHUMOCTh B BOJEC M OCH3WMHE IO3BOJIIET OINPEICIUTDH
3aryCTHTENb JAHHOM CMa3KM, TaK KaK M3BECTHO, YTO HATPUEBBIE CMa3Ku 00JIaAal0T ci1aboi BOJOYCTOM-
YUBOCTHIO, & KAJIBLMEBBIC M JIMTHEBbIE HE PACTBOPUMBI B BOJE U OCH3MHE, XOTS ¢ OCH3MHOM OHHU
00pa3yloT TAry4yHe, HO HENpO3payHble CUCTEMBI. [103TOMY OTIMYUTH UX JIPYT OT JIpyra MOXKHO TOJBKO
10 TeMIIepaTypaM KaruienaieHusl.

ITonmHOE e pacTBOpeHHE IIACTUYHOM CMa3Ku BO3MOXHO B Harperoil no kumnenus Boze. Ilpu stom
Oyzner o0Opa3oBaH MYTHBIH (MBUIBHBINM) pacTBOp C IJIABAIOIIMM HA €r0 MOBEPXHOCTU CIIOEM MKHJKOIO
Maciia, YTO TOBOPUT O NPUHAAJIEKHOCTU JJAHHOTO 00paslia K HaTpueBbIM cMa3zkaM. OHaKo eciu mocie
OXJIAKJEHUS BOJA CTAHET MPO3PauyHOM WM CIErka MyTHOM, a Ha €€ IOBEPXHOCTU OyneT HaXOAMThCA
CJION CMa3KH, TO JaHHAsi CMa3Ka CUMTAETCsl HEPACTBOPUMOM B BOJE.

UToOBl IPOBEPHUTH CMa3Ky Ha PAaCTBOPHUMOCTH B OCH3MHE, HAJ0 CMENIATh €€ C HUM B COOTHOIIICHUHU
1:4 ipu Temneparype 60 °C. Ecau nipu 3ToM 00pazyercs COBEPILIEHHO MPO3PAYHbIA pacTBOP, UMEIOIIHIA
NpU MPOCBEUYMBAHUM IIBET MCIBITYEMOTO 00pasiia, TO CMa3Ka CUMUTAETCs PAacTBOPHUMON B OeH3uHe. B
OCH3MHE PACTBOPSIFOTCS CMa3KHU C YTIICBOJOPOIHBIMH 3aryCTUTCIISIMH.

3.3. Onpenesienne TeMnepaTypbl KamjienaJieHus CMa3Ku

OnHOM U3 MPUYUH Nepexo/ia MIACTUYHON CMa3Ku B )KUJKOE CO-
CTOSTHUE SIBIISIETCS YPE3MEPHOE €€ HarpeBaHHe.

Jlnst onpenienieHust TeMIlepaTypbl KalulenaaeHnus CMa3Ky MOJIb3Yy-
1oted criennanbHbiM pudopom (I'OCT 6793—74), cxema KOTOpOro
rokaszaHa Ha puc. 4.1.

K HmxHe# yactu TECPMOMETpPAa NPUKPCIUIACTCA MCTAJIMNUCCKAA

ThuJib3a 2, B KOTOpOﬁ 3a CUCT TpPCHUA HOCPKHUTCA CTCKIIIHHAA
yamreuka 1 ¢ KaJ'II/I6p0BaHHBIM JAOHHBIM OTBCPCTHUCM. 3aroJHCHHAs

CMa3KOH dYallleyKa BCTaBIICTCSA B rujib3y, a CO6p8.HHBIfI HpI/I60p

(qamqua, Tnujab3a U TepMOMeTp) BCTABJIAIOTCA B CTCKIIIHHYIO

My(QTy Tak, 4TOOBI paccTOsHME OT €€ JHa J0 HH3a YalledyKH

Puc. 4.1. Tpubop mis onpemenemms ~ COCTABISIO 25 MM. Mygra norpykaercs B CTakaH ¢ BOAOH WIH
TEMIIEpATYpPhl KarJiernaaeHusi CMa30K:
1 — vaureyka; 2 — rune3a; 3 — cra-

KaH C XWIKOCTBIO; 4 — CTeKIsTHHAsl nor eHUs HOJDKHA cOCTaBidTh 150 MM. 3areM Bemercs Harpes
My¢Ta; 5 — npobka; 6 — TepMoMeTp Pyx A ’ A p

TIIMOCPUHOM MW 3aKpCIUIACTCA B LITATHUBEC. HpI/I 9TOM FJ'IY6I/IH3

KHUAKOCTH B JBa 3Tana. Ha mepBom 3Tame CKOpOCTh HarpeBa He

HOpMHpYyeTCs W OH Begerca no Ttemmeparyp: 30 °C — s
HU3KOIIAaBKUX cMa3ok, 60 °C — mia cpennemnaBkux, 110 °C — mns HarpueBslx u 150 °C — s
nutHeBbIX. Ha BTOpoMm sTame Temn HarpeBa JojbkeH cocTaBiiaTh 1 °C B muHyry. Ha oGomx stamax
KHUJIKOCTb B CTaKaHe CJIeAYyeT MepruoINYECKU TOMEIINBATh.

Temnepamypa, npu KOmopou 6 npoyecce Hazpesanus nadaem u3 YaueuKu nepeas Kanis UCNblmyemou
CMAsKu, cyumaemcs memnepamypa kanienadenus. Ecau cMazka He 00pa3yeT KaIllM, a BBITATUBAETCS U3
yaleyku B BHJAE LWIMHApa, TO 3a TEMIEparypy KallienaJeHus NPUHUMAIOT Ty, NPU KOTOPOU
BBIXOJIAIINN CTOJIOWK CMa3KH KOCHETCS JHA MY(THI.



4. JkcnepuMeHTAIbHAS YaCTh

4.1. OIIeHKa IJIACTHYHOM CMa3KH 10 BHEITHUM NpU3HaAaKaM

OobopynoBanue:

-CTCKJsIHHAA IIJIaCTUHKA,
-IITIaTeNb;
-00pa3el UCIBITYEMON CMa3KH.

IMopsiiok BbINOJHEHUS PA0OTHI

1.Cma3ky mpu NOMOUIM IINATENs] HAHECTH Ha CTEKISHHYIO IMIAacTUHKY cioeM 1—2 mm. Ilpu stom
IOIycKaeTcst 00pa3oBaHKeE IIy3bIPHKOB BO3yXa.

2.0cMOTpETH CII0 CMa3Ku B MPOXOJAIIEM CBETE M ONPEACIUTh HAIMYUE UM OTCYTCTBUE B HEH Kallelb
Macia, KOMKOB 3aryCTUTEIsl, IOCTOPOHHUE TBEPIbIE BKIIOUEHUS.

3.Pe3ynbpTaThl OLIEHKH 3aucaTh B OTYET.

4.2. OnpenesieHHe pacCTBOPUMOCTH CMAa3KH B BoOJ/ie U OeH3HHe

Oo0opynoBanmne:

-poOUpKU;

-CTEKJIIHHAS 1aJI0YKa;
-TUCTHIJTMPOBAHHAS BOJIA;
-OCH3WH HEATUIIMPOBAHHBIN;
-ra3oBasi TOPEJIKa;

-BOIsiHasA OaHs.

HOpﬂI{OK BbIIIOJTHCHU A paﬁoTbI

1.06pa3zer] cMa3ku B KOJMYECTBE MPUMEPHO 0 1 TpaMMy MpH ITOMOIIY CTSKITHHON MaT0YKH MOMECTHTh
Ha CaMbIil HU3 IBYX MPOOHUPOK.

2.B oany u3 npoOupok 100aBUThH YETHIPEXKPATHOE KOJIWYECTBO UCTUIUTMPOBAHHON BOJIBI.

3.Bo BTOpYyIO0 Mpobupky 106aBUTH YETHIPEXKPATHOE KOTMUECTBO OCH3MHA.

4.Co0irofast OCTOPOKHOCTh, Ha Ta30BOM TOpENKe JOBECTH /0 KUIIEHUs BOAY B MepBoii mpodupke. [Ipu
ATOM HAarpeB BECTH MOCTENEHHO, BHOCS MPOOHPKY B IJaMs TOPEIKH MHOTOKPAaTHO Ha 2—3 CEKYHBI C
OJTHOBPEMEHHBIM BPAIICHHEM BOKPYT CBOCH OCH.

5. OnpenenuTh pacCTBOPUMOCTH CMa3KH B BOJIE M PE3yJIbTAT 3aIIMCATh B OTYET.

6. [Togorpets BTOpYyIO poOUpKy A0 Temrepatypsl 60 °C (HarpeB onpeneauTh Ha OIIYIIh).

7. OnpeenuTh pacCTBOPUMOCTH CMa3KH B OCH3MHE M Pe3yJIbTaT 3aIKCaTh B OTYET.

4.3. OnpenesieHue TeMepaTypbl KajienaJleHusi CMa3Ku

Oo6opynoBanue:

-npuOop AJIS ONpeesieHHs TeMIepaTypbl KarjienaaeHus CMa3okK;
-ILIIATEIb;

-CEKyHJIOMED;

-CTEKJISTHHBIN TEPMOCTOMKHN CTAaKaH;

-TJIMLEPUH WIH BOJA;

-KOJIbIIEBAsI METAJUIMYECKash MeIIaJIKa.



IMopsinok BbINOJHEHUS PAdOTHI

BoiayTs yameuky 1 (cm. puc. 4.1) u3 npubopa 1 3aroJHUTH €€ C MOMOIIBIO MINATENs CMa3KOH, KOTopast
MOJUIEKHUT UCTIBITAHUIO, HE JIOMyCKass 00pa30BaHUs IMy3bIPHKOB BO3yXa B CMa3Ke.

1. BcraBuTh 4aimieyky OOpaTHO B METaNIMYECKYIO TWUJIB3y 2 JIO YINOpa U CHATH IINATENIeM
BBIIABIICHHYIO TEPMOMETPOM 6 CMa3Ky 3aIOJITUII0 C HIDKHUM 00pE30M YallIeuKH.

2. CoOpaHHBI MPUOOpP YKPENUTh C TMOMOIIBI0 MPOOKHM 5 B CTEKIsIHHOM MydTe 4 Tak, 4TOOBI
paccTosiHue OT €€ JIHA 0 HU3a YallleUKH COCTaBIsUIO 25 MM.

3. Mydty BMecTe ¢ mpuOOpoM HOTpy3UTh B CTakaH 4 ¢ BOAOH WM TVIMLIEPUHOM U 3aKPENUTh B
LITaTUBE TaK, YTOOBI ITyOMHA OrpykeHus coctasisa 150 mm.

5. IloMemmBas C MOMOILIBK) MEMIAJKHA >KUIAKOCTb, HAa Ta30BOM TOPEJIKE HArpeBarb CTakaH J0
TeMIlepaTyp:
-30 °C 11 HU3KOILIABKUX CMAa30K;
-60 °C nis cpeIHETUIaBKUX;
-110 °C pys HaTpUEBBIX;
-150 °C nysa MTUTHEBBIX.

6. Iloce npoxokIeHNs yKa3aHHBIX TEMIIEPATyp CKOPOCTh JAIbHEHIIEro HarpeBa Mno/Iep>KuBaTh B
npezgenax 1° B MUHYTY.

7. 3adukcupoBaTh TEMIEpaTypy, Mpud KOTOPOH M3 YallleUKH YHaJeT MepBas Karisl CMa3Kd WM ee
BBITIOJI3AI0IUI CTOJIOUK KOCHETCS IHA MY(THI.

8. Pe3ynbTaT OKpyIauTh 10 LEIbIX €AUHULL U 3a1IUcaTh B OTYET.

4.5. CocTaBJjieHHEe 0TYETA
[To pe3ynbTaTaM aHaTU30B 3aMOJIHUTH TAOIHILY 110 hopMe:

Otuer 0 1a00paTOPHOIT padoTe MO OLleHKe KAYeCTBa

(YyKa3zaThb HAMMEHOBAaHUE U MapKy NMPOJIYKTa)

Lenb

paboThI
3aganue

OcHOBHBIE TTOKa3aTENN KauyecTBa
OIIEHUBAEMOT0 00pasia

HanmMeHoBaHME ITo E;queHHLIe
roKa3areen I'OCT |pcnopanuu
y [IPOBEIECHHBIX|
AHATTN30B

Pe3ynbTarel Lser

OUCHKH  \momiidie  Karieib Macia,
KOMKOB  3aryCTUTEISI H
MMOCTOPOHHUX TBEPBIX
BKJIFOUSHU U

PacTBOpUMOCTBH B BOJIE
PacTBOpHUMOCTH B OCH3HHE

Temneparypa
karenagenus, °C

3aKII04YCcHUE O MPUTrOJHOCTH 06pa3ua K IPUMCHCHUIO:



JIABOPATOPHAS PABOTA Ne 10
OnpenesieHne Ka4yecTBa aHTH(pHU3a.

1. Heuan padoTsl

1.3akperneHue 3HaHUI MapoK MO Ka4yecTBY MapOK HHU3K03aMEP3a0LINX KHUIKOCTEH.

2.3HaKOMCTBO C HOPMAaTHUBHO-TEXHHMYECKON JOKYMEHTAIlMed [0 KadyeCTBY HHU3KO3aMep3arollnx
wuakoctedt ('OCTamu Ha moka3zaresyu KauecTBa U METObI UX ONPEICICHUS).

3.3HaKOMCTBO C METOAAMM OIPEEIECHNS KOHTPOJISI KaueCTBAa HU3KO3aMEP3a0IINX KUIKOCTEH.

4.IIpuoOpeTeHrne HaBBIKOB 110 KOHTPOIIIO U OIIEHKE Ka4eCTBa HU3K03aMEP3aIOIIUX KUIKOCTEH.

2. 3ananue

1.01eHUTh UCTIBITYEMBI 00pa3el] 10 BHEIIHUM IIPU3HAKAM.
2.0npenenuTh COCTaB ¥ TEMIIEPATYPY 3aCThIBAHUS aHTU(DPHU3A.
3.IIpousBecTu pacuer 1o UCIPABIICHUIO KaueCcTBa aHTU(PpHU3a.
4.CocTaBUTh OTUET O padoTe.

5.0TBeTUTH Ha KOHTPOJIbHBIE BOIPOCHI.

3. TeopeTnueckas 4acThb

B kauecTBe oxyaxjaromend SKUAKOCTH s JBUraTeineil HpuMeHseTcs BoJa U CHelMalbHbIe
HU3K03aMep3aole KUIKOCTH — AHTH(PpH3bl. B kauecTBe aHTH()PU30B MOTyT OBITH HCIIOJIB30BaHbI
BOJIHbIE PAcCTBOpHI COJIEH, CIIUPTOB U JAPYrux coenuHeHuil. Hambombiiee pacnpocTpaHeHHE MOIYyYUIH
COOTBETCTBYIOIEH KOHIIEHTPAI[MN CMECH BOJIbI C IBYXaTOMHBIM CIIUPTOM — 3TUJICHTJIMKOJIEM.

HpC- CH
I I
HO OH
JTHJIEHIJIMKOJIb —  OecuBeTHas WU
KEJITOBAaTOr0 IIBETa JKUIKOCTh C IUIOTHOCTBIO
npu 20 °C 1,11 r/em®, TEMIIEpaTypOr KHUIICHUS
197,5 °C u TemnepaTypoii 3amep3aHust MUHYC 12
°C. Temneparypa
3aMep3aHusl BOAHBIX PAaCTBOPOB 3THUIICHTIIUKOJIA

MEHSIETCSl B 3aBUCHMOCTH OT KOHIIEHTPAIIMH, YTO
BHUJIHO U3 rpaduka (puc. 5.2).

Haubonee HU3KYIO TeMIiepatypy 3aMep3aHus
—75 °C uMmeer KMAKOCTb, cocTosAmas u3 66,7 %
STHIAECHTIMKONA B 33,3 % BOJBI.

DTHIICHTJIMKOJIEBBIE aHTU(PU3BI BBITYCKAIOT
JIBYX Mapok: «65» ¢ temmnepaTypod 3amep3aHus
He Bbie —65 °C u «40» — ne Boime -40 °C.

B CUCTEMAX OXJIAXKIACHUA COBpeMeHHI)IX
Puc. 5.1. Tuapometp /uist onpe/ieieHnst TeMIepaTyphl 3aCTHIBAHMS 1 CONEPXKAHMS 3TH- aBTOMOOMIIEH BCECC30HHO IMPUMCHSAIOT

JICHIJIMKOJISL B aHTH(pU3ax: a — 1Kana «[JTMKOJIb B 06beMHBIX MpoueHTax»; 6 — mKa-

na «Temneparypa 3amep3anus, °C» aHTI/I(I)pI/I'S»BI TOCOH A_40 " TOCOH A_65 C



temnepatypamu 3amep3anus He Bbilie —40 °C y mepBoro m He Bbiie —65 °C y BTrOporo. OHu
MPEJCTABISAIOT COOO0I BOIHBIE PACTBOPHI TOCOIA A, IPUTOTOBIISIEMOTO U3 STUIICHTIIUKOIIS U KOMILICKCOM
pa3nuyHBIX Hpucanok. IMeroTcs u aqpyrue Mapku aHTH(QPU30B HA STHIICHTIIMKOJICBONH OCHOBE C TAKMMU
’Ke TeMIIepaTypaMu 3aMep3aHusl.

OTWIEHTIUKOIb M €r0 BOAHBIE PAacTBOPHI OYEHb AM0BHTHL. OIHAKO OTpaBIAIOLIee JEHCTBHE HX
MIPOSBIISIETCS. TOJBKO MPHU MOMNAJaHUU B KEyI0YHO-KUIICUHbII TPaKT, MIOITOMY CIELHMATbHBIX MEp IS
3alUThl HEMOBPEXKACHHOMN KOKU U JIbIXaTENbHbBIX MyTEH MPH UCIIOIb30BaHUHN aHTU(PU30B HE TPeOyeTCs.

OCHOBHBIM  MOKa3zaTejaeM Jjisi OIEHKM  OKCIUIyaTal[MOHHBIX  CBOMCTB  STHJICHIJIMKOJIEBOM
OXJaXJAlome  KUAKOCTH  SBJISETCS  TeMIleparypa  3aMep3aHus. Temmeparypa  3aMep3aHus
STUJICHIJIMKOJIEBON  OXJIAXKJAIoIeld O KUIKOCTH  OINpeNeNseTcs Tpd TOMOLIM TUAPOMETpa |
pedpakTomerpa.

[Ipu ouenke anTH(pU3a MO BHENIHMM INpH3HAKaM OOpaIlaeTcss BHUMaHHE Ha €ro LBET W HaJIH4yue
MEXaHUYECKUX IIPUMECEH.

I[BeT 3aBUCUT OT CHEHUANBHOTO KpacuTens, A00aBIsIeMOro B AaHTHU(PPU3BI, U MOXKET OBITh
KEIITOBATBIM, KEJITHIM, KPAaCHBIM U TONYObIM. B 11000M cilydae 1BeT clielyeT CpaBHUBATH C YKa3aHHBIM
Ha jgaHHbI aHTu(dpu3 B cooTrBercTByromeM ['OCTe wunm TexHuueckux yciaoBuSX. MeXxaHHYECKHE
npuMmecu B aHTUpu3ax He gomyckaroTcs. Kpome ruapomerpa U pedpakTomerpa ONpeneiuTh
TEMIIepaTypy 3aMep3aHusi U COCTaB aHTU(PH3a MOXKHO, H3MEPUB €T0 TUIOTHOCTH M BOCIIOJIb30BABIINCH
Tabn. 5.1, a Takke mpu momommM auarpammel (puc. 5.2).HambGonee TouHO TeMrepaTypy 3acThIBaHUS
aHTH(PU3a MOKHO ONPEACIUThL C IMOMOIIBI0 pedpakromMerpa, HO OOIEe TMPOCTO ITO MOXKHO CHACIATH C
MOMOIIIBI0 THIPOMETpA WM apeoMeTpa. [ mapoMeTp BHEIIHE MOXO0K Ha apeoMeTp, HO OH HMEET JBE
IIKaJbl, U3 KOTOPBIX OJHA UCHOIB3YETCS IS ONpeAeSiCHUs] KOHIIEHTPAIMK dTHIICHTIIUKOMS B 00 bEMHBIX
%, a npyras — JJi OIpelieleHHs] COOTBETCTBYIOIIEH TeMIepaTyphl 3aMep3anus. BHyTpu HIbkHel yactu
THIPOMETpa HUMEETCSI TEPMOMETp, KOTOPBIA TO3BOJSET ONPEAETUTh TeMIepaTypy, MpPU KOTOPO
pOU3BOAUTCS M3MepeHHe. Tak Kak IMIKajibl THIpOMeTpa rpaaynpoBanbl Ha Temmeparypy 20 °C, To s
OIpeJIeNIEHUs] UICTUHHOTO COJePXKAHUS STHICHITIMKOIS HEOOXOIMMO BHECTH TEMIIEPATypHYIO MOMNPABKY

Y TIPOM3BECTHU pacyer 1o hopmyse
Cuer= C{1 + 0,008(t- 20)], (5.1)

rae Cyer - UCTUHHAS KOHLEHTpALUUs ATUIEHTNUKOA; Ci - KOHLEHTPALUs 3TUICHTIIUKOIS, TOJydyeHHas
3aMepoM IIpU JaHHOM Temmeparype; t - Temmeparypa, Npu KOTopod mnpoBomwics 3amep, °C.
TemnepaTtypa KUNEHMs STHIIEHIVIMKOISA U Boabl paBHbl 197,5 °C u 100 °C, noatomy npu 3KCIulyaTaluu
aBTOMOOWIIEH U3 aHTU(pU3a B NIEPBYIO ouepeab OyJeT UCHapsATHCS BOJA, a CJIEI0BATENbHO, UCIIPABICHHUE
KayecTBa OXJAKAAOLIEH JKUIKOCTH OyleT CBOAWUTHCS K JOOABIEHUIO CHCTEMbl OXJaKICHUS
HE/IOCTAIOLIEr0 KOJIMYecTBa BOJbl. EciM ke MMeeT MecTo yTeuka aHTH(pHU3a M3 CUCTEMbI, TO yObUIb
BOCIIOJTHSIETCSL HE BOJIOW, & COOTBETCTBYIOLIECH MapKOM ATUIICHIJIMKOJIEBOM )KUIAKOCTH.

[Ipn HEOOXOAMMOCTH MMOJIMBA YCTAaHABIMBAIOT MOKA3aTeNId KauecTBa M MPUHUMAIOT PEIIEHUE O €ro
BOCCTAHOBJICHHUH ITYTE€M JI0JI UBA ATHJICHTJIUKOJISI UJTH BOJIBI.

KonnuecTBo 100aBnsieMOro 3TUIEHIIMKOIIS PACCUUTHIBAETCS MO (hopMyIie:

a->b
& -V, 5.2
SR (5.2)
Mi; V— o0beM aHanmuszupyemoro oOpasua, Mil; a — OOBEMHBIM TNPOLEHT BOJAbl B aHAIU3UPYEMOM

oOpasiie; b — 0OBEMHBINA MPOIEHT BOJBI B UCIPABIEHHOM 00pa3ile; K — OOBEMHBIN MPOILIEHT BOJIBI B

1"

rae X — KOJUYECTBO JOOABJISIEMOrO DTUICHIIIAKOIIA,

,Z[O68.BJ'I$ICMOM OTUJIC IIJIX KOJI €.



KonnuectBo 106aBnsieMoil BOJbI pacCUUTHIBAETCS 1O popMyIie

(5.3)
rame U — konmdecTBO I00aBisieMO BoAbl, MII, V —

00bEeM aHaANU3UpPyeMoro obpasua, mMi; ¢ — OOBEMHBIM MPOLEHT ATUJICHIVIMKOJNA B aHATU3UPYEeMOM
obpasiie; d — 0ObeMHBIN MPOIIEHT STUIICHTJIMKOJIS B HCITPABICHHOM o0Opa3siie.(5.3)
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Puc. 5.2. 3aBUCUMOCTD TUIOTHOCTH p M TEMIEpPATyphl 3aCThIBAHUS I3 BOAOIIMKOJIECBOM
KUIKOCTH OT COIepXaHusi B Heit Bomsl Cy

Oo6opynoBanmue:

- CTEKJISHHBIN HUanHAp nuaMerpoM 40—55 mm;
- XUMHAYECKHUH cTakaH eMKOCTBIO 250 Mit;
- oOpasel uCIbBITyeMOoro aHTH(pH3a,

ITopsinok BbINOJHEHHS PAa0OTHI

1. 3an0IHUTD CTEKIISTHHEIN MUIIUHAP O6p33].IOM HCIIBITYEMOI'O aHTI/I(l)pI/Ba.

2.He nmaBasi eMy OTCTOSITHCSI, OCMOTPETh OOpa3el] HEBOOPYKEHHBIM TJIa30M, OMPEICNIUB HATUYME WU
OTCYTCTBHE MEXaHUYECKHUX MTPUMECEH.
3.Pe3ynbTarhl OLEHKHY 3aIMCATh B OTYET.

4.2. OnpenesieHue cocTaBa U TeMIlepaTyphl 3aMep3aHus aHTHpU3a.

OobopynoBanue:

-CTEKJISTHHBIN IWIHHAP auameTpoM 40—55 mm;
-XUMUYECKUI CTaKaH eMKOCThIO 250 mir;
-TUJIPOMETD;

-Habop apeoMeTpoB;

-00pasel] UCIIBITYEeMOro aHTU(pHU3a.



Iopsiok BbINOJTHEHUS PA0OTHI

leapuanm

1. C moMOIIbI0 XUMHUYECKOTO CTaKaHa 3alOJHHUTH CTCKJISTHHBIA HWIMHIP 00pa3loM HCIBITYEeMOTO
anTu(pusa.

20CTOpPOXKHO OMYCTUTh THAPOMETP B UWIMHIP, H, IOXKIABIINCH TMPEKPAIICHUS €ro KOJICOaHHH,
MIPOM3BECTH OTCUET MO BEpXHEMY Kpaio MeHucka. [Ipu orcuere ria3 JoKeH HAaXOIUTHCS Ha YPOBHE
MEHUCKaA.

31Ipu HEOOXOIUMOCTH MPOU3BECTU MEpepacyeT COACPKAHUS ITUIICHTIIMKOIISA C YUeTOM TeMIlepaTypHOn
nonpaBk# 1o popmyie (5.1).

41Tpoun3BecTy pacyeT Mo MCIPABICHHUIO KauecTBa aHTu(pu3a no hopmynam (5.2) u (5.3).

SPe3ynbTar UCnbITaHUS 3alKucaTh B OTYET.

26apuanm

1C moMOmbI0 XMMHYECKOTO CTaKaHa 3alOJIHUTh CTCKISHHBIA IWIMHIAP OO0pa3loM HCHBITYEMOTO
anTudpusza.

2Vcnionp3ys MOAXOAAIIUHN 10 MpeaeTy U3MEPEHHs apeoMeTp, IIPOU3BECTH 3aMep TUIOTHOCTU aHTU(pH3a
COTJIACHO METOJMKE, U3JI0KEHHON B MyHKTE 1.3 mpakTHKyMa.

3Ucnonb3ys Tabmn. 5.1, ompeaenuTh KOHICHTPAIMIO ATHICHTIMKOIS U TeMIepaTypy 3aMep3aHus
anTu(pu3a.

4TTpou3BecTy pacyeT Mo MCIPABICHHUIO KadecTBa aHTU(pu3a o hopmynam (5.2) u (5.3).

SPe3ynbpTar onpeneneHus 3anmucaTh B OTUET.

Tabauua S.1. [LnoTHOCTH M TEMIIEpaTypa 3aMep3aHUsl CMECEH TEXHUUECKOTO STUIICHTIIUKOJIS U BOJIBI

Konuentpa Konuentpa
s ITotH Tewmepatyp T [Tnotro  |[Temmeparypa
STHJICHIJIUK| OCTb, 2 STHJICHIJIA | CTh, 3aMep3aHus,
3 3aMep3aHus, 3 o
oI, KI/M "o KOJIA, KI/M C
% %
26,4 11034,0 -10 65,3 |1085,5 -65
27,2 (1037,6 -12 65,6 |1086,0 -66
29,6 [1041,0 -14 66,0 |1086,3 -67
32,0 [1044,3 -16 66,3 |1086,6 -68
34,2 11048,0 -18 68,5 |1088,8 -66
36,4 [1050,6 -20 69,6 |1090,0 -64
38,4 [1053,3 -22 70,8 |1091,0 -62
40,4 |1056,0 -24 72,1 |1092,3 -60
42.2 |1058,6 -26 73,3 |1093,7 -58
44,0 |1060,6 -28 74,5 |1094,7 -56
45,6 |1062,7 -30 75,8 |1096,0 -54
47,0 |1064,3 -32 77,0 |1097,3 -52
48,2 |1066,3 -34 78,4 |1098,3 -50
49,6 |1068,0 -36 79,6 |1099,7 -48
51,0 [1069,6 -38 81,2 |1100,7 -46
52,6 [1071,3 -40 82,5 |1102,3 -44
53,6 [1072,6 -42 83,9 |1103,3 -42




54,6 |1074,0 -44 85,4 |1104,3 -40
55,6 [1075,3 -46 86,9 |1105,4 -38
56,8 |1076,6 -48 88,4 |1106,6 -36
58,0 |1078,0 -50 90,0 |1107,7 -30
59,1 |1079,0 -52 91,5 |1108,7 -36
60,2 |1080,3 -54 93,0 |1109,6 -34
61,2 |1081,3 -56 94,4 |1110,3 -32
62,2 |1082,3 -58 95,0 11105 -28
63,1 |1083,3 -60 95,5 |1110,7 -27
64,0 [1084,3 -62 96,4 1111,0 -24
64,8 |1085,0 -64 97,0 11116 -22
97,8 1112,0 -20

3 eapuanm

4. loBTopuB neiictBuss 1| m 2 Bapuanrta I, onpeaenuTh IUIOTHOCTh MCIBITYEMOTO o0Opasia
anTu(dpH3a.

5. Ucnonp3ys quarpaMmy, MoKa3aHHYIO Ha pUC. 5.2, ONPEAETUTh COCTaB aHTU(PU3a U TEMIIEpaTypy
€ro 3aMep3aHusl.

6. [IpousBecTy pacyeT 1Mo UCIPaBICHIUIO KadecTBa aHTUdpu3a o popmynam (5.2) u (5.3).

7. Pe3ynbTar onpeneneHus 3anucarh B OTYET

4. 3. CocTaBiieHHE 0TYETA

1. ITo pe3ynbraTam aHAIM30B 3aMOJIHUTH TAOIUILY 1O QopMe:

(yka3zaTb HAMMEHOBAHHUE U MapKy MPOIYKTa)

Llens paboThI

3aguue

OCHOBHBIE TTOKA3aTEIN Ka4eCcTBa
OIICHMBAaEMOT0 0Opasia

ITo ol HO HUM
I'OCTy | npose-

Ber
Mexannueckue
MIPUMECH

[T10THOCTB, KI/M3 TIpH
20"C
Konuenrpanus

STWIEHTITUKOIS, %o

Temneparypa
3aMmep3aHnus, °C




2. Ilo pe3ynbraTam pacyera 1o HCIPABJICHUIO Ka4eCTBa aHTU (pH3a 3all0OHUTh TaOuIy 1o Gopme:

Temnepa [Tokazanus rugpomerpa | Temmeparypa
Typa IpH [Ipu [IpuBenenHbie |3aMep3aHMS 110
[IpOBE/IC- HCIIBITAHUU K 20 °C rpaduKy win
HUU Konuen [Temnepat|Konnent| Temnepa| Tadbaune, °C
OIpele- rparus ypa |pauus Typa
JICHUA,  PDTUIICH- |3aMEpP3aH PTUJICH- [3aMEp3aH
°C mmkons| us, °C  mmkons,| us, °C

, % %

3aKIIroueHue 1o Kau€CTBY UCIIPABJICHHOI'O aHTI/I(l)pI/BaZ



