Jemaprament oOpa3zoBanus MIBaHoBcKoil obmactu
001acTHOE TOCYJapCTBEHHOE OI0KETHOE
npoheccroHaIbHOE 00pa30BaTENIEHOE YUPEKICHIE
«IIyiicKHH TEXHOJTOTHYECKUH KOJLIENHA»
155901 r. lys, BanoBckast 00J1., YueOHBIH ropoJIoK, 1

B (49351) 4-70-81  Hwww.profa.ru = liceyshuya@mail.ru

METOJINYECKHUE PEKOMEHJIALIUU

10 BBINOJHEHHIO IPAKTHYECKUX padoT
10 JMCUHUILINHE
OI1.04 MATEPUAJIOBEJEHUE

10 CHEHHAJBHOCTH
23.02.03 Texnuveckoe 00CIy:KUBAHUE U PEMOHT ABTOMOOUJIBHOI'O
TPAHCIIOPTA

r. lys


http://www.prof4.ru/
mailto:liceyshuya@mail.ru

Beenenne

Metoauyeckiue peKOMEHAAIMU [0 BBINOJHEHUIO J1a00paTOPHBIX W NPAKTHUYECKUX padoT 1o
yuebHoit aucuurnHe OI1.04 «MarepuanoBeaenue» MpeaHa3HaueHbl AJs CTYAEHTOB IO mpodeccusm
cpenHero npoheccuoHaIbHOTO 00pa30BaHMS C YIETOM MPOQUIIS MOATOTOBKHU (TEXHHUECKHH 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 MO KKIOM TeME M pEKOMEHyeMast JINTeparypa.

JlaHHBIE PEKOMEHJAIMN CIIOCOOCTBYIOT pa3BUTHIO Bamux o0mmx u mpodecCHOHATBHBIX
KOMITIETEHIIMI, TOCTENICHHOMY U IICJICHAMPABICHHOMY pPAa3BUTHIO TIO3HABATEIBHBIX CIIOCOOHOCTEH.
PexomennoBaHEbl K  HCHOJIL30BAHHUIO npu W3y4YCHUH yaeOHOU UCIAIUINHEI OI1.04
«MarepuanoBeieHHe» B YUPEXKIEHHUSAX CpeaHEero mnpodeccnoHanibHOr0 00pa3oBaHUs C Y4ETOM
cnenuuky TpoduIIst MOArOTOBKH (TEXHUYCCKUM MTPOPHUIIB).

B pesymbrare ocBoeHMs MaHHON Yy4eOHOW IUCHMIUIMHBI CTYIEHT JIOJDKEH yMeTh:

- BEIOMpATh MaTepuasbl HA OCHOBE aHAIM3a UX CBOMCTB, ISl KOHKPETHOTO MTPUMEHEHHS;
- BEIOMPATh CIIOCOOBI COSAMHEHHS] MATEPUAIIOB;

- O6pa6aTI>IBaTI> JACTAJIN U3 OCHOBHBIX MaTCpPpUAJIOB.

B pesymbrare ocBoeHMs [aHHON Y4eOHOM IUCHUIUIMHBI CTYJCHT JOJDKEH 3HATD:

- CTPOEHHUE U CBOMCTBA MAalIMHOCTPOUTEIBHBIX MAaTEPUAIOB;

- METO/IbI OLIEHKHU CBOMCTB MallIMHOCTPOUTEIBHBIX MAaTEPUAJIOB;
- 00JacTH MPUMEHEHHUsI MaTEPUAJIOB;

- KJ1accu(UKalKMIo U MapKUPOBKY OCHOBHBIX MaTEpHUAJIOB;

- METO/IbI 3aLUThI OT KOPPO3HH;

- criocoObl 00pabOTKHM MaTepHAaJIOB;

B coBpemeHHOI cucteme cpeiHero npodeccuoHaIbHOro 00pa3oBaHus OOJbIIas POJIb OTBOJUTCS
MIPAKTUKO-OPUEHTUPOBAHHOMY OOYYEHUIO, CJIEIOBaTebHO, B COJEPKaHWU KakIoW ydeOHOH
JUCIUIUTMHBI JOJKHO OBIThH OIpeeIEHHOE KOJUYECTBO JIAOOPATOPHBIX U MPAKTUYECKUX PadOT.

JlabopaTopHble U MpakTUYeCKUue padOTHl MO3BOJIAT BaMm copmMupoBaTh MpaKTUUECKUE HABBIKU
paboTsl, mpodeccuoHanbHble KoMreTeHIUH. OHU BXOJASAT B CTPYKTYPY U3YUEHUs Y4eOHOM NUCHUTITUHBI
OI1.04 «MatepuanoBeeHre.

JlaGopaTopHbIe U TTpaKTUYECKUE PaOOThI MIPEACTABIAIOT COOOM AMEMEHT yueOHON NUCIMILIMHBI U
OLICHUBAIOTCS IO KPUTEPUSIM, TTPEICTABICHHBIM HUXKE:

OueHka «5» BbICTABJISIETCH CTY/AEHTY, €CJIU:

- TeMarhka pabOThl  COOTBETCTBYET  3aJaHHOM, CTYIEHT  TOKa3bIBaeT
CHCTEMHBIC U MTOJTHBIC 3HAHUS U YMEHHS 110 JAHHOMY BOIIPOCY;

- pabota oopmIleHa B COOTBETCTBHU C PEKOMEH/IAIMSIMA TIPETIOAaBaTEs;
- 00BeM pabOThI COOTBETCTBYET 3aJaHHOMY;

- paboTa BBIMIOJIHEHA TOYHO B CPOKH, YKa3aHHBIC MIPETIOaBATEIICM.



Onenka «4» BbICTaBJISIETCH CTYACHTY, €CJIN:

- TeMaThuka pabOTbl ~ COOTBETCTBYET  3aJlaHHOM, CTYAEHT  JIOMyCKaeT
HeOOoJIbIIINEe HETOYHOCTH MJIM HEKOTOPBIC ONIMOKU B IAHHOM BOIIPOCE;

- pabota ohopmIIeHa C HETOYHOCTSIMH B O(pOPMIICHUU;

- 00beM pabOTHI COOTBETCTBYET 33JaHHOMY WJIM 4yTh MEHbIIIC;

- paboTa cliaHa B CPOKH, YKa3aHHBIC IIPEIoIaBaTelIeM, WK TI03Ke, HO HEe
Oonee uem Ha 1-2 qHS.

Onenka «3» BbICTaBJISIETCHA CTYACHTY, €CJIN:

- TeMaTHKa pabOThl COOTBETCTBYET 3a/IaHHOM, HO B pabOTe OTCYTCTBYIOT 3HAYHMTEIIbHbIC
AJIEMEHTHI 110 COJICPKAHHUIO PAaOOTHI HITM TEMaTHKA U3JI0KEHA

HEJIOTUYHO, HE YETKO MPEJCTABICHO OCHOBHOE COJICP’KaHKUE BOTIPOCA;

- pabota odopmiteHa ¢ omMOKaMu B 0(hOPMIICHHH;

- 00beM pabOoThI 3HAYUTEIHLHO MEHBIIIE 3aIaHHOTO;

- paboTa ciaHa ¢ Oro3JJaHuEM B CPOKax Ha 5-6 THEH.

Ouenka «2» BbICTABJISIETCS CTYAEHTY, €CJIU:

- HE pacKpbITa OCHOBHAs TeMa paboOThI;

- pabota odopmiieHA HE B COOTBETCTBUH C TPEOOBAHHUIMH MPEIIOAABATEIIS,
- 00beM pabOoTHI HE COOTBETCTBYET 33/1aHHOMY;

- paboTa c/1aHa ¢ OTmo3aHUEM B CpOKax OOJIbIIe 7 JTHEH.

JlaGoparopHble M MpakTUYECKHEe pabOThl IO CBOEMY COICPXKAHUIO HUMEIOT OINpeAeNICHHYIO
CTPYKTYpY, IpeljiaraéM paccMOTpeTh €e: X0J paldoThl MPUBEJIEH B Hayajle KaXKAOW MPaKTUYECKOH U
JabopaTOpHON pabOTHI; MPU BBHIMOJHEHUU MPAKTUUECKUX PabOT CTYJEHTAMU BBITMOJHSETCS 3aJaHuE,
KOTOpO€ yKa3aHO B KOHIIE pabOTHI ; MPHU BHIOJHEHUH J1a00paTOPHBIX paboT Bamu cocraBisiercs oTyeT
IO €€ BBIMOJIHEHHIO, COACPKaHNE OTUeTa YKa3aHO B KOHIIE Ia0OpaTOPHOM paboTHlI.

IIpy BbIMONHEHUM J1IAOOPATOPHBIX M TMPAKTHYECKHMX padOT CTYIAEHTaMHU BBIOJHSIIOTCS
Olpeje/ieHHble IpaBWiIa, pPACcCMOTPUTE MX HUXKeE: JIabopaTOpHblE U TPAKTUYECKHE pPabOThI
BBITIOJTHSIOTCS BO BpeMsl YUEOHBIX 3aHSTHI; JOMyCKAeTCsl OKOHYATEIbHOE OPOpMIIEHHE J1a0OpaTOPHBIX
U TPaKTHYECKUX paboT B JAOMAIIHUX YCJIOBHSX; pa3peliaeTcs HCIOJIb30BaHUE JONOIHUTEIbHOM
JUTEpaTypbl TPHU BBINOJIHEHUH J1Ia0OPATOPHBIX W MPAKTHYECKHX paloT; Mepel BbIIOJIHEHUEM
71a00paTOpPHO U MPAaKTUYECKOH pabOThl HEOOXOJMMO M3YUYUTh OCHOBHBIE TEOPETHUECKUE IMOJOKEHHS
10 pacCMaTpuBaeMOMY BOIIPOCY.



Conep:xkanue.

Bsenenue

Jlaboparopnas padota Ne 1 «MakpoucciieJoBaHHEe METAJLIOB U CILJIABOBY.

JlaGopatopnast padota Ne 2 «/3ydueHue MUKPOCTPYKTYpPBI CTajel, 0€7I0ro U Ceporo 4yryHOBY.
JlaGopatopnast padota Ne 3 «/3ydueHue MUKPOCTPYKTYP IBETHBIX METAJIJIOB U CILJIABOBY.
Jlaboparopnast pabota Ne 4 «OrnpesiesieHre TBEpIOCTH METAIUIOB MeTo1aMHu PokBeria u bpuHemsy.
Jlabopartopnast pabota Ne 5 «VcribITaHus Ha yIapHBINA U3THOY.

Jlaboparopras padota Ne 6 «OmnpeseneHne Ka4ecTBa MIACTHYHOW CMa3Kuy.

Jlaboparopuas padota Ne 7 «Onpenenenne GU3NKO-MEXaHHUECKUX CBOWCTB PE3NHOBBIX MATEPHATIOBY.
Jlaboparopnas padota Ne 8 «IIpoBeseHne 3aKalikKi U OTITYCKa yTJIEPOJIUCTON CTATH.

Jlaboparopnas pabota Ne 9 «MccnenoBanue TemnepaTypsl OTIYCKa Ha CBOMCTBA 3aKaJICHHON CTaN.

Jlaboparopnas padota Ne 10 «M3y4yeHre MUKPOCTPYKTYp LIEMEHTOBAHHOM CTaIH».

[Tpaktuueckas padbora Ne 1 «PacmmdpoBka Mapok METaIIOB U CIIJIABOBY.

[TpakTrueckas padota Ne 2 «VccrnenoBanue BIUSHUS CKOPOCTH OXJIAXKACHHS Ha CBOMCTBA CTAIIID.



JIABOPATOPHAS PABOTA Ne 1

Maxponccnenonaﬂne METAJJ10B H CIIJIAaBOB.

Heab padorsl. O3HAKOMIICHHE C METOIMKON MPUTOTOBJICHUS MaKpOILIM(OB M OCBOCHHE METOIOB
BBISIBIICHUS] MAKPOCKOITMUECKOTO CTPOCHHUS U Ie()EKTOB CTAIIH.

OoopynoBanue: nUM(OBATHEHBIN CTaHOK, (haphopoBast YaIlka, IIUIbI, OMHOKYJISIPHBIA MHUKPOCKOIL, JIyIa,
peakTuB s TpaBieHus (xiopucras meas CUCH, 85 r + xmopuctsiii amoruii NH4Cl 53 r + Boga H,O 1000 v —
peakTuB [ eitHe), 5%-Hblil pacTBOp CEpHON KUCIIOTHI, (UKcaTop (THOCYIb(AT HATPUS), TTISIHIIEBas OpomcepeOpsiHast
Oymara, GuIbTpOBaIbHAS Oymara, BaTa, 00paslibl CIIIaBOB.

MaKpoaHa.nm 10 BUAY U3J10Ma

H310m — IOBEPXHOCTh, 00pa3yroMIasicss MOCIe pa3pyleHus o0pasua Wik W3Aenus. Pasnmmyaior u3inoMsl
XPYNKUH (Hanpumep, y KEPaMHKH, 3aKATICHHBIX CTAICH); BA3KUI CO Clie]aMU MECTHOM IIIaCTUUECKOM AedhopMariiu
Ha MOBEPXHOCTH U3JIOMA; YCTAJIOCTHBIN — MOCIIE Pa3pyLICHUs B Pe3yJIbTaTe MHOTOKPATHOTO HArpy»KeHusl. AHAIN3 U
MPaBWIbHOE — YTEHHE M3JIOMOB WIPAIOT BAKHYIO POJIb IMPU YCTAHOBJICHHM TPUYMH aBapuidl U TIOJOMOK.
MaxkpocKOIUYeCKuit aHau3 CTPYKTYPhI U3JIOMOB Ha3bIBACTCS (hpaxkmozpaguet.

o BuaY M37IOMa MOKHO CYIUTH O BEJIMYMHE 3€pHA METallIa WM CIUIaBa, HAIMYUH TIeperpeBa, MpUunHe
pazpylieHus (yCTaOCTHBINA U3JI0M), O HAJIMYUU PACCIOCHHS, PHIXJIOCTH U Jp. M370MBI OBIBAIOT KPUCTAJUIMYECKHE
(3epHHCTBIE), BOIOKHUCTBIC M CMELIaHHbIE, TPOI0JIbHBIC U MONEPEYHbIE.

Bssxuti (BOJIOKHUCTBIN) M3JI0M OOBIMHO HAOJIOMAETCS IOCE IUIACTHYECKOM nedopmammy oOpasia ¢
TIOSIBIICHUEM IICHKH Tiepe]] paspylieHreM. BOTOKHUCTBIA U3JI0OM UMEET MECTO B OTOMXOKEHHBIX JI0IBTEKTOMIHBIX
CTAISIX, a TAKXKE B CTAISX, YIYUIICHHBIX TEPMUUECKOM 00pabOTKOI (3aKaika MojHasi, OTIYCK BBICOKHIA). Bsi3kue
M3JIOMBI HE UIMEIOT KPUCTALTMUYECKOTO OJIecKa, XapaKTepH3yIOT T00pOKaYeCTBEHHYIO CTPYKTYpY MeTaiua (puc.1,a).

Xpynkue (KpUCTAUIMYECKHE) MIIOMBL  XPYIIKOMY —Pa3pyIIEHUIO  TOJBEP)KEHBI 3aKaJIeHHbIE ~CTallH,
TIOBEPXHOCTH M3JIOMOB COCTOSIT M3 MHOYKECTBA ONECTANMX IUIOMIAJIOK. Pazmmyaror cnemyronye pasHOBUIHOCTU
XPYNKUX ~ W3IOMOB.  TPAHCKPHCTALTMYCCKH  (MPOXOIUT MO  Tely  3¢pHA),  MEKKPUCTALTHYCCKUIA
(MHTEPKPHUCTAUTMYECKHI), KPYITHO3EPHUCTBIA  (IPYOO3EPHHUCTBIH, KPYTHOKPHCTALTHYCCKHUI), MEJIKO3EPHUCTHIN
(METKOKPUCTATUTMYECKHH ), HAQTATMHUCTBIN, KAMHEBUIHBIN, IIM(EpHbIHA, YePHbIH, YCTATIOCTHBII.

Hagmanunucmoni - TpaHCKPUCTAUIMYECKUN HW3JIOM, MO BHEIIHEMY BHJly HAIMIOMHHAIONIUN OJiecK
HaramHa, BcTpeyaeTcs: y ObICTPOPEXKYILIMX CTaJIel ITPY HAPYILIEHUH PEKIMa TEPMUUECKON 00pabOTKH.

Kamnesuonwviti n310M - MEXKPUCTATUTMUECKUM, UMEIOIIUI KPYITHO3EPHUCTOE CTPOECHUE, MOSIBISETCS B
CTAJISIX B TpOLIECCE MeperpeBa MpH Topsdeldl MEXaHW4YecKol o0paboTKe, MpU3HAK HeT00pOKayeCTBEHHOCTU
CTPYKTYPHI.

L ugheprpiii (CTIONCTBIN) U3JIOM - XapaKTEPU3YETCsI IPEBOBHTHBIM PACIOIOKEHUEM BOJIOKOH B MPOAOJIBHBIX
M3JI0Max craiu. Berpeuaercs B cpeTHEYITIepOIUCTBIX CTANISX, 3arPSI3HEHHBIX HEMETATMYECKUMH BKITFOUSHUSIMU U
MIEPEHACHIIIEHHBIX Ta3aMH.

YepHbiti N37I0M SIBIISETCS CIIE/ICTBUEM BbIJIETICHUS TpauTa U3 CTajlel C BBICOKUM COZIEpyKaHUEM YTIiepoia U
KPEMHUSI TTOCIIE JUTUTELHOTO OTKUIa PU HU3KUX TeMIIepaTypax Wi 3aKaIKy ¢ OTITyckoM Iipu Temmeparype 700°C.

Puc.1. Ctpoenue Bsi3koro (a), Xpyrkoro (0) ¥ yCTaJIoCTHOTO (B) M37IOMOB



Vemanocmuwiil M3110M BCTpEYaeTcsi B IETAISAX, paOOTABIIMX MPU [UKIMYECKUX Harpy3kax (penbChl, OCH,
BaJIbl, IECTEPHH, LITOKH, KIIAllaHHbIe MPYXUHBI U Jp.). Ha M3lomMe MOBEpXHOCTH PasrpaHUYHMBAIOTCS HA OYar
paspyuieHus (PUCKH, 3a00HMHBL, TPEIIMHBI, HEMETAUTHIECKHE, Ta30BOC BKIIIOUCHHS), 30HY TIOCTEIICHHOTO Pa3BUTHS
YCTQJIOCTHOM TPELIMHBI ¥ 30HY U3JI0Ma. Y CTAIOCTHAS TPEIMHA, PA3BHBAsCh, IOCTEIICHHO OCIIA0NISET MOTepedHoe
cedeHue JeTamd. He mopakeHHOe TPEIMHOW CeYeHMe HE MOXKET HMPOTHBOJACHCTBOBATH HArpy3Ke Ha JETallb U
paspy1uaercsi. 30Ha U3/I0Ma MOYKET HMETh IIPH3HAKH FJTH XPYIIKOTO, HITH BS3KOTO paspylueHus (puc. 1,B).

W350M ¢ 3akanounot mpewunoti IMeeT J1Ba XapaKTEepHBIX Y4acTKa: TEMHBIH - OKHCICHHAs TOBEPXHOCTD
3aKAJIOYHOW TPEIIMHBI U CBETIIBIA - MEIKO3CPHUCTBIN XPYIKUIA HM3JIOM. 3aKalO4HAasi TPEIIMHA BO3HHUKACT IPH
Ype3MEPHO BBICOKOM CKOPOCTH OXJIaxKAeHHs cTaimi. OOpa3oBaHKe MOMEPEYHON 3aKaTOYHOW TPELIMHBI B PEIbCe
CBSI3aHO C MECTHBIM HArPEBOM pEJIbC 0 3aKAIOYHOW TeMIIepaTypbl NMpH OyKCOBAaHHHM Kojeca JIOKOMOTHBA H
HOCJIETYIOIIUM O4Y€Hb OBICTPBIM OTBOJIOM TeILIA.

HarpeBanue OyKchl BBI3BIBAaCT M3JIOM Inelku ocu (puc.2). B cedeHnu w3inoMa OTJIOMUBIIECHCS 4YacTh
BBIICIISIIOTCS CIICIYFOLIHE CIIOH: | CIIOW — OCHOBHO# MeTasl1, 2 CJIOW MMeeT KPYITHO3EPHUCTYIO CTPYKTYPY U SIBHBIC
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 MOp, PAKOBUH, TPEIIMH U JPYruX Ae(EeKTOB, a B CBAPHBIX
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 MTapasIeIbHO €r0 OCH, UTO BIIEYET 32
co00i1 pe3koe CHIDKEHHE YIapHON BSI3KOCTH B MECTE MepPeX0ia OT TOJIOBKH K CTEPIKHIO.

XuMIdecKasi HEOTHOPOIHOCTh CTaJld MOXKET OBITh BBISIBJIEHA HanOOJIee HATISTHO TOJBKO TPU TIOMOIIH
MaKpOaHaIN3a, TaK KaK OO XMMIIECKHI COCTaB CTaIM JIAeT NPECTABICHHE JIMIIH O CPETHEM KOJIMIECTBEHHOM
COJIEPYKaHNH TIEMEHTOB, BXOJIAIINX B METAT, HO HE XapaKTepU3YeT pacIpeIeNieHHsS MX TI0 CEUCHUIO.

BrusiBnenune oOrmeld mukBamy yriaepoaa, ¢hochopa Mpou3BOAAT TpaBIeHHEM NITH()OBAHHON MOBEPXHOCTH
peaktuBoM ['eiine. Ha mpomonbHbIX Makpouumdax HaOMIOJAIOTCd TEMHbBIE MOJIOCHI B BUIE BOJIOKOH - 3TO
JIMKBAITMOHHBIE 30HBI, 00OTaIeHHbIC yriiepoioM U pochopom (puc.4). Ha monepeunpix numdax BOJIOKOH HET.



Puc 3. MakpoctpykTypa 60J1Ta, I3TOTOBJICHHOTO pe3aHueM (a) U
KOBKOM C BbICAIKOM (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 OTMEYaeTcsl, Kak pacipesiesieHa (PaBHOMEPHO WJIM HEPaBHOMEPHO) cepa IO CEUCHHUIO JIETalIH.
HepasHoMepHOE pacnipesiesieHre cepbl YCKOPSET pa3pyLIeHHe META/UIAa B IIPOLIECCE IKCILTyaTallvH.

KauecTBO CBapHBIX COECOMHEHHI ONPEAENSETCS Pa3IMYHbIMM METOJIaMH MaKpoaHain3a. BusyalbHbIN
OCMOTP CBapHBIX LIBOB MO3BOJISIET BCKPBITH OTKJIOHEHUS B pa3Mepax 1 opme cBapHOro 11Ba. JleHApUTHOE CTpoeHNe
CBApHOIO I1IBa, 30HY TEPMHUUYECKOTO BIMSHMSA, MEJIKHUE TPEUIMHBl U MOpPbl OOBIYHO BBISABISIIOT MPH TPaBICHUU
HCCIIelyeMbIX TOBEPXHOCTEH CBapHOTrO 11Ba peakTuBoM [eiine (puc.5).

Puc.S. MakpocTpykTypa CBapHOIO 111Ba:
1I0B (a), y4acTok reperpena (0), y4acTOK MENIKOro 3epHa (B),
Y4aCTOK MePEeKPUCTATLTM3AINH (T'), UICXOIHAS CTalb (J1)



Iopsinox BbINOIHEHUs pa0oOTHI:

[logroroButes Makpouuudel. OpHa NTOBEPXHOCTh oOpasua uUHM@yercs HakIayHOM Oymaroit
pa3IMYHBIX HOMEPOB B MOCIIEI0OBATENILHOCTH OT 0oJjiee KpymHoro 10 6osnee Menkoro Ne 220 — 320. [Ipu
9TOM BOJT 1o gy Oymaroif, a He Hao00poT. [IoAroTOBIEHHYIO MOBEPXHOCTh MPOTUPAIOT BATOM,
CMOYEHHOH CIUPTOM sl OOeKUPHUBAHUS Tepe]] TpaBleHUEM. [paBieHHe Makpouumda MpOH3BOIST
KPENKUMHU U CHJIbHO/ICUCTBYIOIIMMHU PEaKTUBAMH.

BbIBUTE B TEMIUIETAaX TPEIIMHBL, TOPbI, PAKOBHHBI [TyOOKUM TpaBJIeHUEM moaorperbiv o 60 — 70 °C
BOJHBIM DAacTBOPOM COISHON kucnorsl (o 50 cv® HCl u H,0). Bpemst tpaBienms 10-45 wMuH.
[ToBepXHOCTh TIOCNIE TpPABICHUSI TPOMBITh, 00paboTath 15% pacTBOpOM a30THOM KHCIOTHI U
NPOCYIINTh. BBIsSBIICHHBIE BUTUMBIE 1€(PEKThI 3apHCOBATh. DTUM METOJOM BBISBIISIOT U HAIPABJICHUS B
Pacro0KEHNH BOJIOKOH.

BbIBUTH JMKBAIIMIO Cepbl, TPUMEHssT MeTon baymana, Ha nByx oOpastax. JIucter ¢orodymarw,
3aMO4YeHHbIE B 5% pacTBOpEe CEpHOM KHCIIOTHI HAJIOXKHTh Ha MOATOTOBJICHHYIO ITOBEPXHOCTh
SMYJIBCHUOHHOM CTOPOHOHM (HE JOIMyCKaTh C/IBUIa W TOMIAKMBAHUEM YAAIATh BbLICISIOLIMICS Ta3),
BBIZIEpXKATh 3-4 MUHYTBL. Bymary npomsITh, 3a)MKCHPOBATh OTIIEUATOK, BhIIepkaB B TedeHne 20-30 MuH B
20% pacTBOpe TUIOCYITB(HUTA, TTOCIIE Yer0 CHOBA IIPOMBITh M IMPOCYIIUTh.

BeisiButh nmKBanmio yriiepona, (ocdopa TpapieHHEM OTHLIM(OBAHHONW IOBEPXHOCTH B PEaKTHBE,
cocTosieM 13 85 T XJIopHOM Meru U 53 T xuopuctoro ammMonwst B 1000 oM’ BOZIBL O06paszelr moAroTOBJICHHOM
TIOBEPXHOCTBIO TIOTPY3UTh B PEAKTUB U BbIAEpKaTh 1-2 MuH. OOpa3oBaBIINIACS HA MOBEPXHOCTH CIION
MEIM CMBITh CTpyel BOJIbl, MAaKpOLLUIH( MPOTEPETh MOKPOM BaToW M MPOCYHIUTh. TeMHble (TITyOOKO
MIPOTpaBJIEHHbIC) YUACTKH XapaKTepU3YIOT pacipeaeneHue yriaepoaa, hocdopa.

Paccmotpers, 3aprcoBaTh HOBEPXHOCTh M3JI0MOB OOPA3IOB M OXapaKTEepH30BaTh MX MO pa3Mepy 3epHa
(MenKo3epHUCTas1, KPYMTHO3EPHUCTAs CTPYKTYpa) U IPYTUM OCHOBHBIM ITPU3HAKAM.

Conepxanue oTyera:

CJIb pa60TBI; KpaTKHuC CBCACHUA H3 TCOPUU MaKpOaHAIM3a, 3apHUCOBKH H3JIOMOB; 3apHUCOBKU

XapaxTepa OoOIel JIMKBAIMY W HAIPABIICHHsT BOJIOKOH; OTIEYaTOK Ha (hoToOyMare XapakTepa pacripe/IeieHusI
Cepbl; JMKBaIMHK yriepoaa, docdopa; 3apuCOBKHM Makpoluida CBApHOTO COEAMHEHUs, MOBEPXHOCTU

H3JIOMOB; BBIBOJBI 110 PE3YyJIbTaTaM aHAJIN30B.

© N ok wbdpE

KOHTpOJ'lebIe BOIIPOCKBI:

MaxkpOCKOIUYECKUI aHATIU3 U €T0 LIEIb.

Buel Mmakpoanamsa.

Kaxk rorossit makpomud?

Kak BeIABIISITOT IepeKThI, HapyIIAOIIHeE CIUIONHOCTD ICTAH?
Kak BBISBIISIIOT JIMKBALIUIO CEPBI?

Kaxk BeIsBIISIFOT JTMKBaIuto yriieposa, gpochopa?
MakpocTpyKTypa CBapHOTO COETUHEHHSI.

Bu b1 n3110MOB.

IT HWYMHbBI, BbI3BIBAIOIINC BO3SHUKHOBCHUC YCTAJIOCTHLIX U3JIOMOB.



JIABOPATOPHAS PABOTA Ne 2
N3y4yenne MUKPOCTPYKTYPHI cTaJIeH, 0€JI0r0 U Ceporo 4yryHosB.

Leab padoThl: U3yUUTH MUKPOCTPYKTYPY CTaJIei, 0€JI0T0 1 Ceporo YyryHOB.

O6opynoBanme: MeTaUIOrpaGUUECKUT MUKPOCKOI; HA0OPHI MHKPOIILTH()OB YIIepOAUCTHIX
CTaJIC: JOIBTEKTOUIHOM, IBTCKTOUIHOMN U 3a39BTEKTOUIHOM; HAOOP MUKPOILIU(OB YYyT'YHOB —
Oerble YyryHbI (IOBTEKTHUECKHU, IBTCKTHUECKHM, 3a9BTCKTHUECKHIT ), CEpPbIC YyT'yHbI Ha OJTHON
W3 MPUBOJIUMBIX OCHOB ((heppUTHOMU, (hePPUTHO-TICPIIUTHON).

3aganue:
1. UMByuute ycTpoICTBO M NPUHLIHUI PaOOTHl METAIIOrpaUYECKOro MUKPOCKOIA.
2. Tlo puc.l u puc.2 U3y4nutTe MEKPOCTPYKTYPBI YTIIEPOJUCTHIX CTAJICH U YyTYHOB.
3. PaccmoTpute B MUKPOCKOI MUKPOILIH(BI YTIEPOAUCTHIX CTallel, OETIBIX U CepPbIX YYT'yHOB,
ONpEeNEeTUTE CTPYKTYPBI cTaneil U uyryHoB. CrenaiTe 3apucoOBKH KaXA0W U3 3TUX CTPYKTYp B
OTUYETE C YKA3aHUEM CTPYKTYPHBIX COCTABJISIIOLIUX.

1.KpaTkue TeopeTuueckue cBeJleHUsI.

Cmanvio Ha3BIBAIOTCS JKENE30YTIEPOJIMCThIE CIUIaBbl C cojepkaHueMm yriepona a0 2%.
CBoiicTBa YriaepoAUCTBIX CTajeil 3aBHCAT OT COACp)KaHUS B HUX Yriiepojaa. YTJepoja, BCTyIas B
XMMHUYECKOE B3aMMOJICHCTBUE C Kele30M, o0pazyeT kapOup sxene3a FezC, KOTOpblii HOCUT Ha3BaHHE
yemenmum. B HeGonbmom koiuuectse (0,006%) yriepon pacTBopsieTcs B jkenese, 00pa3yst TBepIblid
pacTBOp, KOTOPBII HOCUT Ha3BaHUE geppum. YTICPOAUCTHIE CTAIH COCTOAT U3 (peppuTa U IIeMEeHTHUTA.

B cramax, comepxamux 0,8% yriaepona M Ha3bIBaeMbIX 96mexkmoudHvimu (pHuc.2, a), Bech
[IEMEHTUT 2 HAXOJUTCS B IUIACTWHKAX, paBHOMEPHO paccesHHBIX B Qeppute 1. Takas cTpykTypa
HOCUT Ha3BaHUe nepiauTa. B cramax, coxepxkammx yriaepoga MeHee 0,8% u  Ha3bIBaeMbIX
0096mexmoudHvimuy (puc.2, 0), CTPYKTypa COCTOUT YaCTHYHO M3 MEPIUTa 3 M YaCTUIHO U3 YHCTOTO
depputa 1. B cramsix, conepxkamux yriaepoaa 6omnee 0,8% 1 Ha3bIBAEMBIX 3a26mekmoudnvimu (puc. 2,
B), CTPYKTYypa COCTOMT U3 3€pEH NepinuTa 3, OKPYKEHHbIX CETKON [IEeMEHTHTA 2.

PacTtBopuMOCTh (MIPOTpaBIMBAEMOCTh) ILIEMEHTUTa W (eppuTra B KHUCIOTE paznuyHa. UTOOBI
paccMOTpeTh MOJI MHKPOCKOTIOM CTPYKTYpy MeTallla, 3€pKalbHO OTHOJUPOBAHHYIO MOBEPXHOCTH
CTaIbHBIX O00pa3loB 00pabdaThIBAIOT CHJIBHOW KHUCIOTOW. M3-3a OONbIION MPOTPaBIUBAEMOCTU
deppuTa B MecTaXx €ro BBIXOJIa HAa TOJUPOBAHHYIO ITOBEPXHOCTH OOpa3yIOTCS YriyOJIeHHS.
OO6paboTtanHass TakuM OOpa3oM 3epKajbHas MOBEPXHOCTh MOJYy4uT MHKpopenbed. Takue oOpasiibi
HOCST Ha3BaHUE MUKPOULTUPDOE.

Yyzynamu Ha3bIBAIOT KEJIE30YTIEPOAUCTBIE CIIJIAaBBI C COJEpKaHueM yriepoja 6omee 2%.

UyryHbl, B COCTaBe KOTOPBIX BECh YIJIEPOJ CBSI3aH, HA3BIBAIOT Oenbimu. TaKue YyryHbI JCISATCS
Ha Oossmexmuyeckue (puc.l, a), ssmexmuueckue, conepxamme 4,3% yrnepona (puc. 1, 0),
3adBTeKTHUECKUE (puc. 1, B), comeprkaiue yrieposa 6omnee 4,3%.

B TexXHHMKE M CTPOMTENBCTBE NMPUMEHSIOT CEPBIE, CEPHIE BBICOKOIPOYHBIE U KOBKHE YYTI'YHBI, B
KOTOPBIX YIJIEPOJl YaCTUYHO WJIM MOYTH TOJHOCTHIO HAXOJUTCS B HECBSI3aHHOM COCTOSHUM B BHJIE
rpadura. X CTpyKTypa COCTOMT U3 METaNINYECKOW OCHOBBI: (eppuUTHOM (puc. 1, T, €), nepauTHON
(puc. 1, 1) 1 TpadUTOBBIX BKIIOYECHUHN PA3TUIHON KOH(MUTYPAIINH, 3aBUCSIIEH OT CIIOC00a MOTyICHHS
CEpOro uyryHa.

Cepvle yyeyHbl TONYYalOT BBEIEHHEM B Ipolecce IUIaBKU KpeMHHs. OOpazoBaBIIMecs
rpadUTOBbIC BKIIOUECHHUS B CEPBIX YYI'yHaX UMEIOT (hopMy JIETIeCTKOB (CM. puc. 1, ).

BBICOKOHpO‘IHBIG CCPBIC YYI'YHBI, IMOJIY4aCMBIC IPU BBCACHHUU MArHuvd WU LCpHA, UMCIOT
apoBHIHBIE BKIIIOUEHMs rpaduTa (puc. 1, e).



Kosxkue yyeynvl IOIy4aroT MyTeM JUTHTEIBHOTO BBIIEPKUBAHHS TIPU BBICOKHX TEMIIEpaTypax
(TomsieHMH) O€JBIX YYTYHOB. B CTpyKType KOBKMX YYI'YHOB MPHUCYTCTBYIOT XJIOTIbEBUIIHBIC
BKJIIOYeHUs Tpaduta (cM. puc.l, m).

[Tepen paboToii 03HAKOMBTECH ¢ MeTauiorpadudeckuM Mukpockonom (puc. 3). Obpaszen 1
YCTaHABJIMBAIOT Ha CTOJUK 2 MUKpocKona. OT HCTOYHHKA CBeTa 3 JIyd IPeIoMIIIeTCs Mpu3Moii 4 Ha
3epKaJIbHYIO MMOBEPXHOCTh 00pa3ua 1moja yrioM o. OTpaskeHHBI OT 3epKalIbHOW MOBEPXHOCTH JIyd
BTOPO#1 MPU3MOIA TIPEIOMIISIETCSI B OKYJISIp 5.

Tak xak TOBEpXHOCTh UMEET MHUKpOpelbed, TO MpU MaJCHUH Jiydya Ha MOBEPXHOCTh 00pasia
MO/ YIJIOM 0 OT BBICTYMNAIOIIMX KOMIIOHEHTOB CIUIaBa Ha IOBEPXHOCTh OyIyT MajaTh TEHH,
KOTOpbIE€ MOXKHO HaOII0JaTh B MOJIE 3pEHUS MUKpOCKoma. Tak Kak TeHH OyIyT pacrojararbcs Mo
IpaHULaM CTPYKTYPHBIX COCTAaBJISIFOIIMX CIUIABA, TO 110 HUM MOKHO CYIUTh O CTPYKTYpE METajlIa.

PaccmoTpeB B MHKpOCKON HUTU(BI YIIEPOAMCTON CTallk, IMOJIB3YSICh PHUC. 2, CTYICHTHI
OIPEAECISAIOT CTPYKTYpPY CTAIM M JIENAIOT 3apUCOBKU KaXJIO0M U3 ATHX CTPYKTYp B OTHETE C
YKa3aHHUEM CTPYKTYPHBIX COCTaBIISIOLIUX.

Mukpouuiudsl 4yryHOB HEOOXOAMMO HAUYMHATH paccMaTpUBaTh C OENbIX YYT'YHOB, 3aT€M —
MUKpONLIU(BI CepbIX YYryHOB. Bce paccMoTpeHHble MHUKPONUIM(BI HEOOXOAMMO 3apucOBaTh B
OTYET C HA3BAHUEM CTPYKTYPHBIX COCTABIISIONINX.
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Puc. 1 - CTpyKTyphl UyTyHOB:
a — Oenblil TOIBTEKTHUHBIH, O — O€Jblii HIBTEKTUYECKUH (J1e1e0ypuT), B — Oemblil 3a9BTEKTUYECKUH,

I — cepblii  Ha (GeppPUTHON OCHOBE, /T — KOBKHI Ha MEPIUTHON OCHOBE, € — MOAU(DUIIMPOBAHHBIMH,
BBICOKOIIPOYHBIN Ha eppuUTHON OCHOBE; | — mepnuT, 2 — nenedypur, 3 — IeMeHTuT, 4 — geppur, 5 -
rpadur.



Puc. 2 - MukpocTpyKTypa yriiepoIuCThIX CTaJeil: a — 9BTEKTOUAHASA, O — TOIBTEKTOMIHAS, B
— 3asBTeKTouHas; 1 — heppurt, 2 — IeMEHTUT, 3 — NepIuT

Puc. 3 - Cxema metamiorpadguyeckoro MUKpOCKOIa:
1 — obpa3zen, 2 — cTONMK, 3 — HICTOUYHUK CBETA, 4 — IPU3MBI, 5 — OKYJISIP.



JIABOPATOPHAS PABOTA Ne 3

N3yyeHne MUKPOCTPYKTYP LBETHBIX MeTAJIJIOB M CILJIABOB.

Heap padoThbl: U3Y4YUThH KIIaCCU(PUKALINIO, MUKPOCTPYKTYPY, CBOWCTBA U Ha3aHAUYCHUE
TUIIOBBIX IIBETHBIX CIIJIABOB MAITUHOCTPOCHUS.

1. Kparkue Teoperndyeckue CBeJAeHHUS.

K 1BeTHBIM OTHOCUTCSI OOIIMPHAs TPYIINa METAIJIOB CIEAYIOUINX KJIACCOB:

-necKue MeETaJlIbl ABJIAIOTCA OCHOBOI1 CIUIaBOB JUIs  MallMHOCTPOEHMS,
CYJIOCTPOCHHUS, CAMOJIETOCTPOCHUS. ITO MPEUMYIIIECTBEHHO AIFOMUHUN U TUTAH, PEKE MarHuii;

- JlecKonnaskue METaulbl IMPEUMYLIECTBEHHO HMCIOJB3YIOTCS Il  M3TOTOBJIECHUS
AHTU(PUKIIMOHHBIX CIUIABOB: 3TO CBUHEI], OJIOBO, IMHK. Takue CIUIaBbl YacTO B BUJE TOHKOIO
CJIOSI HAHOCSITCS Ha pabouyto MOBEPXHOCTh CTAJIbHONW OCHOBBI MOALIMITHUKOB CKOJIBKEHUSI MAIIUH
1 MEXaHU3MOB;

- peodKo3emelbHble METAIUIBl MPUMEHSIOTCS B KayecTBE J00aBOK K Pa3IMYHBIM CILIaBaM
(cTamsm | JIp.) C LETbI0 yIYyUIIeHUS HX CBOMCTB;

- 61a2opoonvbie MeETaIbl  (30JI0TO, cepedpo, IUIaTUHA ¥ Jp.) HWCIONB3YIOTCS B
ANEKTPOTEXHUKE, JIEKTPOHUKE, PATUOTEXHUKE;

- ypanogvle METAIIbI MOIY4YUIIM IPUMEHEHNE B aTOMHOM SHEPreTHKE;

- myeonjaskue MeTaulbl (HUOOW, TaHTal, MOJHOIEH, BOJb(hpam) MPUMEHSIIOTCS AJs
W3TOTOBJICHUS H3/ICTUH, paboTaIONINX IPH 0c000 BRICOKUX TeMmeparypax o 1500...2000 °C.

M3 1BeTHBIX METaUIOB HauOOJbIlIee HCIOIb30BAHUE UMEET @IIOMUHUI, COJEp>KaHUE
KOTOpPOro B 36MHOH Kope paBHO 8,8 %. AJIIOMUHHEBBIE CIUIaBbl MPUMEHSIOT JUISI KY30BOB, paM,
AJIEMEHTOB JBEpEl, pajnaTopoB, KOJec aBTOMOOWIEH, OIIOKOB IMJIMHIPOB, T'OJOBOK OJIOKOB,
IIOPIIHEN JBUraTeIe BHYyTPEHHErO CTOPAHUS U IPYTUX JAETAIeH MalllUH.

AJIOMUHUEBBIE CIUIABBI OCTAIOTCS OJHUM M3 OCHOBHBIX KOHCTPYKIIMOHHBIX MAaTE€pPHAJIOB B
MIPOM3BOJICTBE JIETATENbHBIX ammapaToB. W3 HHUX H3TOTOBISIOT AJIEMEHTHl KOHCTPYKIMM
CaMOJIETOB, BOCIIPUHUMAIOIIUE IEHCTBUE MEXAaHUYECKUX CUJI: IIAHTOYTHI, IOHKEPOHBI, HEPBIOPBI
n gap. CruaBel B BHJAE JIMCTOB NPUMEHSIOT /s OOLIMBKM KOPIIYCOB pakeT MU CaMOJIETOB,
W3TOTOBJIEHHUS TOIUIMBHBIX W MACIsSHBIX O0akoB (CIUIaB aTIOMUHUI-MarHui, IypajirOMUH,
IIOMUHHH - JTUTHEBBIE CILIaBbl U Ap.). [IOKOBKM M MITaMIIOBKU MOJY4YarOT U3 KOBOYHBIX CIJIABOB
Mmapok 1360 (AK6) u 1380 (AKS). B cepuitHoM mpou3BOJICTBE OCBOCHBI HOBHIE aTIOMHUHUEBBIC
CIUIaBbl, MMEIOIME B JBa paza MEHbUIEE COACpKAHHE BPEAHBIX INPUMECEH U MOBBILIEHHOE
COIIPOTHBIIEHHE K 00pa30BaHUIO TPeUIMH. M3 3TUX CcIIJIaBOB MPOMBIIIIEHHOCTh TPOU3BOAMT JIUCTHI
JUTHHOU 710 9 METPOB | IUTUTHI IJIUHOM 10 25 METPOB.

Pacmmpsiercss mpUMEHEHHE THUTAHOBBIX CIIABOB NPEUMYLIECTBEHHO B CYAOCTPOEHUHU U
aBMAIMOHHON TexHuKe. CrulaBbl OOBIYHO IMOJIYHalOT CIIOCOOOM BaKyyMHO-IYrOBOW IJIaBKU C
pacxoayeMbIM JIEKTpooM. BelmnaBiseMble TUTaHOBBIE CIUTKUA UMeEOT auametp 500...800 mwm,
Maccy 5...8 TOHH U Jlajnee MoJBepraTcs 00paboTKe JaBlIeHUEM: KOBKE Ha MOJIOTaxX, IPOKATKe Ha
ctanax ¥ Ap. OCHOBHBIMU BHUIAMHU J€POPMHUPYEMBIX THTAHOBBIX MOIY(HaOPUKATOB SBISIOTCS
MTOKOBKH, IITAMIIOBKHU, IPYTKH, TPOPHIIU, TPYOBI.

Onucanue MUKPOCTPYKTYP IIBETHBIX CILJIABOB JIAOOPATOPHON KOJUIEKUIMH HIUTU(OB AaHO B
Tabsn. 17, a cxemMbl MUKpPOCTPYKTYp IpuBeneHbl Ha puc. 14. IlpumeHseMble B COBpPEMEHHOI
TEXHUKE IIBETHbIE MaTepuadbl HAa OCHOBE AJIIOMHMHMS, MEAM, TUTaHa U JPYTUX METAIJIOB
nojpasnendiorcs Ha gedopmupyemble U suteiHble. U3 degopmupyemuvix cniasoe momydyaroT
Pa3IMYHBIMHU CIIOCOOAMU TOpSTUEH U XOJIO0IHON 00pabOTKHU JaBJICHHEM KOBAHBIC U IITAMIIOBAHHBIS
3arOTOBKHM, NPYTKH, JIUCTHI U Tpouyre mnoiypadpukaTsl. OCHOBY HX CTPYKTYpPbl COCTaBIISIOT
TBEP/bIE PACTBOPHI.

Heranu w3 aumetinbix cn1a6oé He 00padaTHIBAIOTCS [JaBIEHUEM U CTaBITCA B
KOHCTPYKLHUIO MAIllH B IUTOM COCTOSIHUU B BHJI€ (DACOHHBIX OTIMBOK. /{151 M3TOTOBICHUS U3 HUX
OTJIMBOK OHM JOJDKHBI 00JagaTh XOPOIIMMHU JIMTEHHBIMH TEXHOJIOTUYECKUMHU CBOWCTBAMHU:
BBICOKOM CIHOCOOHOCTh JKHUJKHX CIUIAaBOB K 3allOJHEHUIO TOJOCTeH JUTEHHON (OpMBI
(>KUKOTEKYUYECThIO ), MaJIOW yCaIKOH, HEOOIBIIION CKIIOHHOCTBIO K 00pa30BaHUIO TPEIIHH U Jp.



Tabmuma 17. [lepeueHs 1abopaTOpHON KOJUIEKIIMA MUKPOIUTH(OB [IBETHBIX CIIABOB.

Ne HanMeHoBaHIe Mapka | TOCT XUMHUYECKUI Obpabotka | CTpyKTypHBIE
numda cocraB, % CILIaBa COCTAaBJISIOIINE
Al-ocHoBa; o
> -pacTBOp U
42 | Jypamommn | 1160 | 4784-74 3.8...4.8Cu; Orgeur | HacT
P 1,2...1,8Mg; UHTEpMETa
0,3...0,9Mn. JIHJ0B
3epHa
Menso- X a-pacTBopa
LUHKOBBII OJIofHAaA | ¢ gBoitauKo-
43 JI68 15527-70 Cu — ocrosa 30-33 Zn  |mechopMarius BBIMH
CiLliaB u OTKUr KpucTajljiam
(J1laTyHb) ¥ (CBETJIBIE U
TEMHBIE)
Ti-ocHoOBa;
} 5,5...7Al; 0-pacTBOP
a4 TutaHnoBbIM BT3-1 19807-91 2.. .3M0,.1 5 ORI (cBeTubIil)
CILIaB 2...5Cr,; B-pactBOp
0,15...0,4 Si; (TemHBIiT)
0,2...0,7 Fe.
OBTEKTHKA
i ) JIuteé 6e3 (0+Si) u
45 CuitymuH AK12 1583-89E Al\:) 0011{; Bsai’ Mo T HTIN KpYITHBIE
Tt pOBaHI/IH KPUCTAJIJIbI
Si.
. HucnepcHas
Al-ocHoBa: JIuteé ¢ JIBTEKTHUKA
46 CunmymuH AK12 1583-89E 10.. 13 Si’ Momudunu | (a+Si)u o-
o poBaHHEM pactsopa
(cBeTIbIil)
Mg — ocHoBa Tepenachii
47 MarHueBsli MUT5 2856-79 7,5...9 Al; . JIuteé n eHHBIH O
CILIaB 0,2...0,8 Zn; 3aKanka pacTBop U
0,15...0,5 Mn. Mg.Als
Henaputsl
_ o-pacTBopa
bponza cu OCHO]?a .. (TemMHBIE)
48 bpO10d1 - 9...11 Sn; Juteé ’
OJIOBAHHAasA 3BTEKTOU/]]
08...1,2P (cBeTubIil) 1
CugP
o-pacTBop,
Sn — ocHOBA; CBETJIBIC
49 Ba66ur 583 1320-74 10...12 Sb; JTuteé Kp‘;iﬁgg;ﬁ 5
5,5...6,5Cu -

CusSn
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Puc. 14. CxeMbl MUKPOCTPYKTYp LIBETHBIX CILJIABOB.

[[lupokoe WCHONIB30BAHUE TMOJYYUIH MaTEpHalbl ATIOMHUHUN — Melb — MAarHuid,
JIOTIOTHUTENBHO JIETUPOBAHHBIC MapraHieMm (Oypantomuisl). B OTONKEHHOM COCTOSIHUM TMIPH
conepxanuu 3,8...4,8 % mMenum MHUKPOCTPYKTypa AYpPATIOMUHOB COCTOMT W3 O - TBEPIOTO
pacTBopa MeIW B AJTIOMHHUU M BTOPHUYHBIX JTUCHEPCHBIX BKIFOUCHUH HHTEPMETALITHYCCKUX
coenunenuit CuAl,, Al,CuMg (S-da3ssr).

Haubonee pacrpocTpaHeHHBIMH nepOpMUPYEMBIMH MEIHBIMU CILUTaBaMH
SBIIIOTCS  MEOHO-UUHKOBble cnaagbl  (NMaTyHHW). JIByXKOMIOHEHTHBIE  CIJIaBl  ME[b-
IIUHK MpU conepkaHuu 10 39 % muHKa UMEIOT MUKPOCTPYKTYPY M3 OJIHOTO o-
TBEPJIOTO pacTBopa IMHKa B Menu (maryHb JI68). MuxpocTpykTypa o0Opasia, MOJBEPTHYTOTO
XOJIOMHOM AegopMali U PEKPUCTAIUIM3AMOHHOMY OTXHIY, COCTOMT W3 PAaBHOBECHBIX 3€peH
TBEPAOTO pPAcTBOpa O, HMCIOIIMX BCICACTBUE AHU30TPONHMU (3aBUCUMOCTH CBOWCTB OT
HAMpaBIICHUs]) PA3JIMYHBIA I[BET OT CBETJIOTO [0 PAa3HBIX OTTEHKOB TEMHOTO. OTH JIATYHH
MPUMEHSIFOTCS JITIS TIOJTYYCHHsI JIEHTHI, TPYOOK.



VYV naryneit ¢ comepxxkanueM 39...46 % UMHKAa MUKPOCTPYKTYpa COCTOUT M3 3€pEeH o -
TBEpJOTO pacTBopa U (a3sl ' (YmOpsI0UeHHBINH TBEPbIM pacTBOpP Ha OCHOBE coenuuenust CuZn).
Taxue nByx(asHbie 1aTyHH UMEIOT MOBBIIICHHYIO POYHOCTh IPU MOHWKEHHOW TUIACTUYHOCTH U
M3TOTOBJISIIOTCS B BUIE IPYTKOB U APYTUX MOITy(hadpUKaToB.

BonbumHCTBO AePOPMUPYEMBIX MPOMBIIIIICHHBIX MUMAHOBLIX CHIAB08 TIONYYaI0T MOCIe
OTXKHra MUKPOCTPYKTYPBI U3 O - PacTBOpa MM O+[3 - pacTBOPOB HAa OCHOBE THUTaHA. TBepbIi
pacTBop o Ha ocHoBe TioL MMEET I'eKCaroHaJbHYI KPHUCTaNIMYECKYI0 pElIeTKY, [3- pacTBOp Ha
ocHose Tif} - pemeTky 00beMHO-IICHTPUPOBAHHOTO KyOa. THUTaHOBBIE CIIJIaBBl XapaKTEPU3YIOTCS
BBICOKOH yJI€JIbHOM IPOYHOCTHIO, XOPOILIEH COIPOTUBIIIEMOCTBIO KOPPO3HUHU.

[[lupokoe mMpUMEHEHHE WMEIOT JUTEHHBIC CILIABbl ATIOMUHUN-KPEMHUU (cunymunvl). Y
3a9BTEKTHUYECKOTO CILJIaBa MUKPOCTPYKTYpa COCTOUT U3 IBTEKTHKU U MEPBUYHBIX 00Jiee KPYIHBIX
KPUCTANIOB KpEeMHUs, HanpuMmep, y cuurymuHa AK12. DBTekTuka npencraBisieT coOoi cMech o -
TBEPJIOTO pAacTBOpa KPEMHHUS B aTIOMHHMM M TPYObIX HTrOJIbYAaThIX KPUCTAJUIOB KPEMHUS,
UTPAIOIIMX POJIb BHYTPEHHUX HA/IPe30B (KOHIIEHTPATOPOB HanpspkeHust ). [lpu MoaudumupoBanum
XKHUAKOro cuiiyMuHa HatpueM B koaudectse 0,05...0,08 % sBTeKkTHKAa U3MENbUAETCS U COCTOUT U3
O pacTBOpa M  MEIKHX 3€epeH KpeMHHUS. MHUKPOCTPYKTypa  MOAUQPHUIHPOBAHHOTO
JOIBTEKTHYECKOTO CHJIyMHUHA HMMEET IMEPBUYHBIC CBETJIBIC ICHIPHUTHI TBEPIOTO pacTBOpa O U
MEJIKO3EPHHUCTYIO 3BTEKTHKY. V3MenbpueHne 3BTEKTUKHA M OTCYTCTBHE B MHUKPOCTPYKTYpPE TPYOBIX
KPUCTAVIOB TMEPBUYHOTO XPYIKOTO KPEMHHUS IT03BOJIIET HECKOJIBKO IMOBBICUTH MPOYHOCTH H
IJIACTUYHOCTh cuidyMuHa. CHIYMHHBI NPUMEHSIOT Ui HM3TOTOBJICHUS (DACOHHBIX OTIHMBOK
CJIOXKHOH (hOPMBI.

W3 nuTeiHBIX CTJIaBOB MEH UCIOIB3YIOTCS Hanboee MUpPOKo 6porssl. JIuTtas onoBsiHHAS
OpoH3a C coaep:kaHueM oJioBa 70 5...6 % HUMeeT CTPYKTypy 0L - TBEPJIOTO pacTBOpa
ojloBa B MEIUM C pa3BUTONW JEHAPUTHOM JMKBamueil. MHKpOCTpyKTypa JUTOW OpOH3HI,
conepxaieit 6omee 6 % 0JI0Ba, COCTOUT W3 JACHIPUTOB TBEPJOTO PACTBOPA O M U3BUIMCTHIX
CBETJIBIX BKJIIOUEHUW XPYIIKOTO HBTEKTOWJA (IUCIEPCHOW cMecH ABYX ¢a3: o - pacTBopa M
Cuz;1Sng (0-ha3er)).

OnoBsiHHast OpoH3a, packucieHHast GochopoMm, TOMOTHUTEIBHO UMEET B MUKPOCTPYKTYpe
HeOoJIbIIINe BKIIIOYEHHMsST XUMHUYeckoro coenuHeHus CuzP cBerno-romy6oro 1Bera, Hampumep,
oponza mapku bpO10®1. OnoBsHHBIE OPOH3BI MPUMEHSIOTCS JIi U3TOTOBJICHUS CIOKHBIX IO
(dbopmMe OTITUBOK, MOIIIMITHUKOB CKOJIBKEHHS, apMaTYpBHI.

U3 macnuesvix NTUTEHHBIX CIUIABOB HauOoJiee MIMPOKO MCHOJIB3YIOTCS CILIaBbl MarHU —
ATIOMUHUNA — IUHK, HanpuMep, Mmapku MJIS. B nutom coctosHmu MUKpOCTpyKTypa crmaBa MJIS
COCTOMT W3 O -TBEPAOTO pPACTBOpa ATIOMUHHUS M IIMHKA B MAarHUM WM BKJIIOYEHHH XPYIKOTO
xumudeckoro coenunenus MgsAls. [lpumenenne mamurensHOTO HarpeBa oTiauBOK mpu 400 °C
MPHUBONT K PACTBOPEHHIO YACTH BKITIOYCHUH XUMUYECKOTO COSIMHEHUS B TBEPIOM PacTBOPE, UTO
MO3BOJISIET TIOBBICUTH ITUIACTHUYECKUE CBOWCTBA. OXIaXJAEHWE B BOJAE NACT TEPEHACHIIICHHBIN
o -pacTBOp ¢ yactuuamMu MgsAls (3akanka). MarHueBble CIUIaBbl XapaKTEPU3YIOTCS HEOOJBIIOM
I0THOCTHIO (1,7 I‘/CM3).

JIist 3aMMBKH BKJIABINIEH MOIIMITHUKOB CKOJIBXKEHUS MIMPOKOE MPUMEHEHHUE MOIYUUIIN
CIUTaBBI OJIOBO — CyphbMa — MeJIb, HAPUMEP, 0106aHHblU Oabboum b83. MukpocTpykTypa 6abbuTa
COCTOUT M3 MSTKOTO O -TBEPJOTO PAacTBOpPA CYpbMBI B OJIOBE M KPYIHBIX CBETJIBIX KPHCTAIJIOB
ynopsimoueHHo [3'-¢a3pl Ha OCHOBE XMMHUYECKOTO COeIMHEHHS SnSb ¢ BBICOKOW TBEPIOCTHIO.
BBenenne HeOONIBIIOr0 KOJIMYECTBA MEIU OOECIEeUMBAET KPHUCTAUIM3AIMIO B KHUAKOM PAacTBOPE
0JIOBa C CypbMOM pa3BETBIIEHHBIX JCHAPUTOB paHEe 3aTBEPIEBAIOIIET0 XUMUYECKOTO COSAMHEHUS
Cu31Sng, KkoTOphIe MPENATCTBYIOT JUKBAIlMA B CIUIaBe MO IUIOTHOCTH ("'BCIUIBIBAHUIO"
KpuctamioB f'- ¢aszbl.



Hannune B MHKpOCTpykType 6a00uTa MSATKOM, IUIACTHYHOW OCHOBBI M3 pacTBOpa O U
BKJIFOUEHUH KPUCTAUIOB XHUMHUYECKUX COCIUHEHUN C BBICOKOW TBEPAOCTHIO OOecreynBact
coueTraHue MNpUpadaTHIBAEMOCTH TMOJANIMIIHUKA K Bajly C H3HOCOCTOMKOCTBIO W HEOOJBIION
KO3 (QUIIMEHT TPEHUS MKy BaJIOM U TIOIITUITHUKOM MTPH HATMYHUH KUJIKOCTHOTO TPEHHUS.

1. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHUE PABOTbI

B pabore wucnonb3yroTcs MeTauiorpaguueckiue MHUKPOCKOIIBI U KOJUICKIHH
Mukpouutrdon. Onucanne MUKPOCKOIIOB JJaHO B JlabopaTtopHoi padote No 1.

2. NOCJIEAOBATEJIBHOCTbD BBIIIOJIHEHUA U OBPABOTKA
IKCIHEPUMEHTAJIBHBIX TAHHBIX

[TpakTryeckas 4acTh pabOTHI 3aKIIOYAETCS B U3YYEHUH MUKPOCTPYKTYPBI THIIOBBIX IIBETHBIX
CIUIaBOB MAllIMHOCTPOEHUS: AJIFIOMUHHUEBBIX, MEJTHBIX, TUTAHOBBIX, MarHUEBBIX, 0a0OUTA.
MukpoaHanu3 NpoBOAUTCS, KaK MPaBUIO, pU yBeanueHUuH MuUKkpockona x 100. Ctynentam
MPEIOCTABIISETCS JIabopaTOpHAs KOJJIEKIUSI MUKPOILIH(OB, TOATOTOBICHHBIX AJIs aHAJIN3A.

[Tpu U3ydeHH MUKPOCTPYKTYPHI C TOMOIIbIO ONKCaHus B Tab. 17 U cXxeM MUKPOCTPYKTYP
(puc. 14) ycraHaBIMBAIOT, KAKHE CTPYKTYPHBIC COCTABIISIONINE HMEET KX IbIi 0Opasell,
HAaUMEHOBAHME U MapKy CIUIaBa, XUMHUECKUN COCTaB U 00paboTKYy.

4. COOJEP)KAHUE OTYHETA

Htoru npoBegeHHON paboThl 0(hOPMIISIOT B OTUETE, KOTOPBIH TOMKEH COACPKATh CIACAYIOIIIE

pas3zensl:
1. Lenb paGoThI.
2. O6opynoBanue, mpuOOPHI U MaTePUAIIbI, UCTIOIB30BAHHBIC TIPH BHITIOJHEHUN PaOOTHI.
3. Teopernueckue mouoxeHus: NepeyeHb KJIACCOB I[BETHBIX METAJIJIOB; KPATKUE CBEJCHUS

O TUIOBBIX JINTEHHBIX U J€(POPMUPYEMBIX [[BETHBIX CIJIaBaX MAIIUHOCTPOEHHUSI.

4. Metonuka mpoBeneHUs pabdOThl U MOJYYEHHbBIE pe3yJbTaThl. 3apUCOBKAa CXEM
MHUKPOCTPYKTYP BCEX I[BETHBIX CIUIABOB KOJUICKIUM IUIM(OB; HAaUMEHOBaHME CIUIaBa, Mapka,
XUMHUYECKHH cocTaB, 00paboTKa, CTPYKTYpHBIE COCTaBIISIOLIHE.

B KoHIE 3aHATHA NpenoaaBaTeiab IYTEM YCTHOIO OIpOca IPOBEPSIET YCBOEHUE 3HAHUMN
CTyJIGHTaMM IO BompocaM [uid caMmonpoBepkd. OQOpMIICHHbIE OTYEThl MpPOBEPAIOTCA MU
MO/INMCHIBAIOTCS MPENO0/IaBaTEIEM.

BOITPOCHI AJI1 IOATI'OTOBKU K PABOTE U CAMOIIPOBEPKHA

1. Kak knaccuuuupyrorcs BETHbIE METaILIbI?

2. I'ne mpUMEHSIIOTCS peAKO3eMelbHbIe, OJIarOpoHble, YPaHOBbIE, TYrOIlJIaBKUE, JIETKUE,
JIETKOIIJIaBKUE METaJIIIbI?

3. Kakue TUNUYHBIE [IBETHBIE METAJUIBI UCIIOIb3YIOTCS B KAUECTBE OCHOBBI JIJISl CO3/1aHuUs
KOHCTPYKLIMOHHBIX MaT€PHAJIOB MAlIMHOCTPOECHUS?

4. Kakue 1BETHbIE MeETaUIbl MPUMEHSIOTCS B KaueCTBE OCHOBBI IS aHTU(PUKIIMOHHBIX
CIUIaBOB MOJUIUITHUKOB CKOJIbKEHHUS?

5. Kakoe npruMeHeHNe HaXOAUT AIFOMUHUH U €r0 CIUIaBbl B MAIIMHOCTPOCHUU ?

6. Kakue TpeOoBaHuUs IPEIBIBISIIOTCS K MUKPOCTPYKTYpE AEPOPMUPYEMBIX U TUTEHHBIX
IIBETHLIX CILIABOB?

7. Kakyto MUKPOCTPYKTYPY OJIKHBI UMETh aHTU(PUKIIMOHHBIE CIUIaBbI?

8. Uro npencraBiseT coO0W TBEPIBIA PACTBOP O B TypaTFOMUHAX ?



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

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

O0opynoBanme: TBepromep bpunemns; tBepaomep PokBeria; oOpas3mpl B BUAE MJIACTUH WIH
JIMICKOB U3 PA3IUYHBIX METAJJIOB; TAOIHIIBI TOKA3aTeIe MEXaHUYECKUX CBOMCTB METAJUIOB U CILIABOB.
Bpewms na npoBeneHue paboTsl — 2 yaca
3aganue:
1. 3yuuTe METOMKY OTpeieieHus TBepAocTH 1o bpuneuto u Poksery.
2. Onpenienire TBEPIOCTh METAIUIOB U CIUTABOB PA3JIYHBIMK CIIOCOOAMH.
3. CocraBbTe oT4eT 0 padote 1o dopme 1.

IloaroroBUTEILHBbIE paﬁoTI)I

3apanee MOArOTaBIMBAIOT 00Pa3Ibl PA3IMYHBIX METAIJIOB U CIUIABOB, TBEPJAOCTh KOTOPBIX OyayT
OIPCACIIATD. O6pa3HI)I H3TOTaBJIMBAIOT B BUAC IIJIACTUH WJIM JUCKOB C MapalyICJIbHBIMHA IIJIOCKOCTSAMMU.
TonmmHaa MIACTUH WM AMCKOB 3aBHCHUT OT IPEIOIaraeMod TBEpAOCTH MeTaia. Tak, TONIIHHA
00pa3IoB U3 MATKHX CTaJICH, aTFOMUHHS, MEIU JOJDKHA OBITh HE MEHBIIE 6 MM, U3 OPYTHX CTajeu,
TIOpATIOMHIHA, CWITYMUHOB, HUKEIs1, OpOH3, JaTyHel — He MeHee 4 MM.

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

Coaepixanue padoTsbl

TBepaoCThIO MeTaJlla Ha3bIBAIOT €ro CIOCOOHOCTh COMPOTHUBIATHCS MPOHUKHOBEHHIO B HETO
apyroro, Oojee TBepAOro Tena. TBEpAOCTh METAUIOB ONpPENeNsIIoT, 3aMepsis aedopmanuu B
MMOBEPXHOCTHOM CJIO€ METaJyla TIPW BJIABJIIMBAaHWUU B HETO IIapUKa WU HHAMKATOpa (J€Talb B BUIE
OCTpHS) IO/ JEHCTBUEM periiaMeHTHPOBAHHOW HATrPy3KHU.

Onpenenenne TBepaocTn no bpunenmo. TBepnocte MeTtamuia o bpuHENIIO OLIEHMBAIOT 1O
JUaMETpy OTIeYaTKa Ha TOBEPXHOCTH MCHBITYEMOIO METajula, OCTaBJIEHHOTO BJABIMBAEMbIM
IAPUKOM.

TBepAOCTh ONPEeneNsOT C MOMOIIIBI0 TBepaoMepa bpunens (puc. 1).

HcnpiTyempiii oOpasen 8 ximagyT Ha paboumii cTon TBepaomepa 9 Tak, 4TOOBI IEHTP OTIEYaTKa
OTCTOSIJT OT Kpasi oOpa3iia He MeHee YeM Ha 2,5 nuaMeTrpa MpearnoiaraeMoro ormnedarka (Juis Meau u
amoMuuus 3,0d), a pacCTosTHHE MEX/Ty IEHTPAMH JIBYX COCEIHHUX OTICUATKOB JOKHO OBITh HE MEHEe
4,0d, a s menu u amomuuus 6,0d. Bpamenuem pykosTku 12, HacaKeHHOW Ha YEPBSYHBIA Ball
peaykropa 11, mogaumarot cton 9 c¢ obpasiom 8. [Ipu >TOM mIapuK HAKOHEYHUKA BIABIMBACTCS B
MOBEPXHOCTHBIN cioi oOpasma 8. OJHOBpEMEHHO HAKOHEYHUK Yepe3 MOpIIeHbh 6 CKUMaeT B
THAPOLIUIUHAPE S5 Maclio, aBIeHUE B KOTOPOM OIPEAETSIOT IO MaHOMETPY 4 .

[lapyiku HAaKOHEYHHKA - CHEMHBIC, H3TOTOBJICHBI W3 TEPMUYECKH OOpabOTaHHOW CcTanmu C
TBEPJIOCTHIO, ompeneneHHo 1mo mertony Bukkepca e menee HV 850. JlmameTrp mpuMeHseMBIX
mapukoB 2, 5 u 10 mm. [l 06pasnos, TOIIMIMHA KOTOPHIX YKa3aHa B OMUCAHWUU MOATOTOBUTEIBHBIX
paboT, UCIIONB3YIOT HIApUKH JuamMeTpoM 10 MM.



3arpyxarot o0paselr paBHOMEPHO, YTO IOCTHUTACTCs
TUTABHBIM BpAIlEHHEM PYKOSTKH CO CKOPOCTBIO
MPUMEPHO OAMH 000poT B cekyHay. [locne Toro kak
Harpys3ka JOCTUTHET TpeOyeMoil BeTHUHHBI, e
BBIICPKUBAIOT OIIpe/ieTIeHHOe BpeMsi. Pa3mep Harpy3ku
Y BpeMsI BBIJICPKKH MO HArpy3Koi 00pasiia 3aBUCUT OT
TBEPJOCTH METaJlJIa ¥ TOJIIIHUHBI HCIIBITYEMOT0 00pasia
(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 peLyKTOD;
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 HCTEUET, Harpy3Ky CHHMAIOT, Bpaimas pykosTh 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 Oosee 0,01 MM. TBepmoCTh MeTaNIIa XapaKTEPUIYETCS YUCIIOM TBEPAOCTH T10
bpunenaio HB, kotopoe onpenenstoT no popmyie:



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

rae P — ycunue, nefictBytoniee Ha MIapuK, KT;
S- oAb MOBEPXHOCTH OTIEUaTKa, MM;
D- auametp mapuka, MM.;
d — auamerpa oTrevyarka, Mm;
HB — tBepnocts no bpunemto. Hanpumep, npu uamMepeHur TBEPAOCTH MIAPUKOM JuameTpom 10

MM noz1 Harpy3koi 3000 kre, Beiaep:xkuBaemoil B TeueHuel0 ¢, yuciao tBepaoctu no bpunemio
BeIpaxkaercsi cumBoiiom HB, nanpumep HB 180. Ilpu apyrux napamerpax HCHOBITAaHUS HX
CUMBOJI JonoiHsgeTcs naaekcoM. Hanpumep, HB 5/750/30-200, yTo 03Ha4aeT 4yuCiIo TBEPAOCTH
no bpunemno 200 mpu MCHBITAaHMM IIAPUKOM JIUAMETpPOM S5 MM, oA Harpyskoi 750 xrc,
IpHI0KEeHHOH B Teuenue 30 c.

K npubopy Bbpunenns npunaraercs Tabiuia, B KOTOPOW YMCIIO TBEPIOCTU MO bpunemnto
YKa3aHO B 3aBHCHMOCTH OT JMaMeTpa OTIe4yaTrka W Harpy3kd. [Ipu Haimmymm Takux TaOuil
MOJICYETHI IO (hopmyIie (2) MOXKHO HE JeTaTh.

Pe3ynbTarhl HCTIbITaHMS 3aIIMCBHIBAIOT B TETPab M0 Gopme 1.

®Dopma 1
H3mepenne Teepaoctu
[aa]
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Omnpenenenue TeepaocTu mo Poxpesny. TBepaocts MeTaiuioB o PokBesty onieHuBaeTcs
rI1yOUHOM MPOHUKHOBEHMSI B HETO HAKOHEYHHKA (7IMa3HOT0 KOHYCa UM CTAJIbHOTO IIapHKa),
B/IABJIMBAEMOTO C ONPEACICHHON CUIION. 3a YCIOBHYIO €MHUILY TBEpIOCTH 110 POKBeTy npuHsiTa
BEJIMYMHA, COOTBETCTBYIONIAsl MPOHUKHOBEHHIO HakoHeuHHKa Ha (0,002 mM. TBeprocTh
OIIPEAEIAIOT HA phlYaXHOM TBepaomepe Poksemna (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

CMeHHble HaKOHEYHHUKH [/ Mpubopa OKaHYMBAIOTCS CTAJIbHBIM IIApUKOM auameTpoMm 1,588 Mm
VI UHJIEKTOPOM 8, PeICTaBIAIOINM COO0H aTMa3HbIi KOHYC.

Ha uudepOnare nnaukaropa 6, Mo KOTOPOMY ONPEAESIOT YHMCIO TBEPAOCTH, HAHECEHBI TPH
mkansl: A, B, C. lllkana 4 coyXuT JUis OTCYETOB NMPH UCHBITAHUIX aIMa3HbIM KOHYCOM MO 0Omiei
Harpy3koi 60 krc. Yucimo TBepAoCcTH B 3TOM ciydae obOo3HadaeTcss umHaekcom HRA; mpenens
m3mepennit HRA 70 — 90 emmuun tBeppoctu. Ilo mkane C TBEpAOCTh M3MEPSIIOT MPH TOM XKe
HaKOHEYHHKe, HO mpu obmeil Harpyske 150 krc. Ilpenenmsr m3mepennit HRC 20 — 67. Illkana B
IpelHa3HayeHa JAjis OTCYETOB NPU UCHBITAHUSAX MIapuKoM ¢ obmel Harpyskod 100 xrc. [Ipenemnsl
nu3Mepenuit mo sroit mkane HRB 25 — 100.

Haumenpmiasi 1ieHa aeneHus MHIMKATOpa Ha BeeX HIKanax paBHa (0,5 eIuMHUI] TBEPAOCTH, YTO
COOTBETCTBYET MpoHUKHOBeHUIO Ha 0,001 mm.

TBepaoCTh ONpeAensAoT B TaKOW IOCIIEN0BAaTENBHOCTH. B 3aBUCMMOCTH OT OPHEHTHPOBOYHO
OKH/IaeMON TBEPJOCTH METalljla BCTABJISIOT HAKOHEYHHMK [/ W mojaBemmBaroT rpy3 3. OOpazen 9
yCTaHABIIMBAIOT Ha padoumii ctosr 10 TBepaoMepa TakuM 0Opa3oM, YTOOBI PACCTOSTHUE OT OTIIeYaTKa
710 Kpasi ¥ 10 MpebIylIero oTnevarka 0p11o He MeHee 30 MM.

OO6mrast Harpy3ka Ha HaKOHEYHUK P ckiagwsiBaeTcs w3 mpenBaputenbHOl Po m ocHOBHO# Pi.
[IpenBaputenbHas Harpy3ka Pgo koTopas Bo Bcex ciydasx paBHa 10 krc, co3maercs IyTem
npubImKeHns odpaslia K HeMoABMKHOMY HAaKOHEYHHMKY C IOMOIIIBIO BpaleHus: MaxoBuka 11.B stoT
MOMEHT, KOrJa IpelBapuTelbHas Harpy3ka gocTurHeT 10 Krc, malleHbKas CTpelka HWHIUKaTopa
COBIIAJIET C KPACHOHN TOYKOW, HAHECEHHOW Ha ero mudepoOmare. 3areMm, Bpamas 000iMMy UHAUKATOPA,
COBMEIIAIOT €0 OOJIBIIYIO CTPEIIKY C HYJIEBOH TOUKOH.

[Tocne 3Toro pykosiITKOM 5 MIaBHO OTBOJISAT OMOPHI OT PHIYAKHOTO YCTPOMCTBA 4, TiepeaaBas TeM
caMbIM HAarpy3Ky OT rpy3a 3 4Yepe3 phlua)XHO€ YCTPOHCTBO Ha HakoHe4HUK /. IIpoHuKHOBeHHE
WHIUKaTopa 8 HaKOHEYHHKA B oOpasel PUKCUpyeTcs o OAHON U3 IIKaI



uHaukaropa. Jns storo uepes 1-3 ¢ mocie pe3Koro 3amelyieHHs IBM)KEHUS CTPEIKM HHIUKATopa
CHMMAIOT OCHOBHYIO Harpy3ky. Otcyer OepyT mpu NpOJODKAIOUIEMCs JEHCTBUU IpeIBapUTENbHOM
Harpy3ku. [lorpemnocts orcuera He Oonee +-0,5 eaunun mkaiasl. B3sB  oTcueT, CHHUMAIOT
Mpe/IBApUTENIbHYIO HAarpy3Ky. Pe3ysbTaTsl HCTIbITAaHUS 3aIIUCBIBAIOT B OTYET 1O (hopme 1.



JIABOPATOPHAS PABOTA Ne §

HcnbiTanus Ha yiapHbIH U3ruo.

1. O01mue cBeaeHus

VYnapHas BSI3KOCTh XapaKTEpU3YeT CIIOCOOHOCTh MeTaia paboTarh NMpU MPEeJHAMEPEHHBIX HIIH
CIIy4allHbIX JUHAMH4YECKMX (YyAapHBIX) Harpy3kax, €ro CKJIOHHOCTb K XpYIKOMY pa3pyllIE€HUIO U
YyBCTBUTEIBHOCTh K KOHLEHTpPATOpaM HaIpsDKEHHsl (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
3JIEMEHTAPHBIX IIPOLECCOB, CBA3AHHBIX C IEPEMEIICHNUEM, PAa3MHOKEHUEM U B3aUMO/IEHCTBUEM TOUEUHBIX
U JTUHEHWHBIX Ae(PeKTOB (AMCIOKANi, BAKAaHCHIA) B KPHUCTAIMYECKON pelIeTKe B Iporecce aegopmanuu
U BBI3bIBAET COOTBETCTBYIOLIEE H3MEHEHHE CBOWCTB. MHOIrMe MeTaibl, 00JIaJAalole BHICOKUMHU
IIPOYHOCTHBIMU CBOICTBaMU IPU CTATHUECKOM (MEAJICHHOM) HAarpy>K€HUH, HE CIIOCOOHBI padoTaTh Aaxke
Ipy HEOONBIINX YyJApHBIX Harpy3kax BBUJY ONACHOCTM MX MTHOBEHHOI'O XPYIKOTO pa3pyLICHHUS.
[IpumepoM 3TOr0 MOrYT CIYXUTh 3aKaJleHHbIE Ha BBICOKYIO TBEpAOCTh (0e3 oTmycka)
BBICOKOYTJIEPOIUCTBIE HHCTPYMEHTAJIBHBIE CTAIIH.

VY 1apHy1o BS3KOCTh ONPEAEISIOT MPH 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 ¢ panuycoMm 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 W3Jenuid 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, 3aTpaueHHY0 Ha JIeopMalio U
paspymenue obpasua (K), OTHECEHHYIO K IUIOIIAJM €ro MONEPEeYHOro CeueHHs B MecTe Hajpes3a 10

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 KpEMsIyro 3allelKy BRIHUMAIOT, MasSTHHUK CBOOOIHO MaaaeT MOJ COOCTBEHHOH TSKECThIO,
yaapsieT 1o o0pasily, M3rudaet u pa3pylaet ero, MoJHMUMAasCh OTHOCHTEIBHO BEPTUKAILHON OCH KOIpa
Ha yroi . DTOT yroil TeM MEHbIIE, 4YeM Oolbinas padora K 3aTpadeHa MasTHUKOM Ha JeQopMaIfio u
paspyuienne ooOpasia. CKOpoCTh MasiTHHUKA Vi, M/C, B MOMEHT yaapa 10 00pa3ily 3aBUCHT OT BBICOTBI
noabeMa H 1 MOXKET OBITh OIpe/Ie/icHa 10 BRIPAXKCHUIO, T/Ie ( - YCKOPEHUE CBOOOIHOTO MaJICHUS.

Benuunnaa paboTel AedopMany ¥ pa3pylIeHUS OMPEIENIeTCs Pa3HOCThIO TMOTEHIIMAIBHBIX
JHEPruil MasTHUKA B HA4YaJbHBIA (IIOCIE MOJbEMa Ha Yol ¢) U KOHEYHBIH (IOCNe B3jeTa Ha yrou f)
MOMEHTHI UCITBITAHUS:

K =P (H-h), rne P - macca MasiTHHKA, KT; H 1 h - BBICOTBI [TOIbEMa U B3JIETA MAITHUKA, M.

Ecmu nimaa masitiuka L, toh =L (1 - cos ), H =L (1 - cos a) u, ciiemoBaTenbHO,

K =PL (cos S - cos a).

Ota hopmysa M CIYKHT TSl pacdeTa padoThl K 110 U3MEPEHHBIM yriiaMm a U f (P 1 L mocTosHHBI 1715
na"Horo korpa). [llkana komnpa MokeT ObITh IPOrpaTyUpPOBaHa B €AMHUIIAX PAOOTHI, €CIIM YTOJI MOAbEeMa
MasiTHUKA 0. PUKCUPOBAH.

3HaueHUs YAApHOU BSI3KOCTH ONPEACISAIOT JCICHUEM TOJHOW paboTHI MehopManuy U pa3pynicHHsI
K na muioniap monepevyHoro ceueHus oopasiia B MecTe Hajipe3a 10 uctbitanus F.

2. [Topsinok BHITIOJIHEHHsI PA0OTHI M 3aN0JTHEeHHs pado4eii TadIMIIBI

1 3anucarp B TaONMIly XapaKTEPUCTUKUA MAsTHUKOBOTO KOIMpa: MacCy MasiTHHKA U €ro UIMHY
(paccTosiHUE OT OCH JI0 LIEHTPA TAKECTH).
2. 3amucath HOMEp M MaTepuai oopasia.
3. M3meputhb ¢ TogHOCTHIO 10 0,1 MM pa3Mepsl IOMEPEYHOTO CeUCHHs 00pasiia B MecTe Hajape3a u
[10ICYMTATD ILIOLIA/b CCICHHS, CM-.
4. OTKIIOHUTh MAasSTHUK Ha HEOOJBIIONW yroJ M MOMECTUTHh OOpas3el] B THE3/I0 Ha Omopax Kompa
HaJPEe30M B CTOPOHY, MPOTUBOIIOJIOKHYIO yIapy HOKA MasITHUKA.
5. IlogHaTh MasTHUK (HOX) B BEpPXHEE IOJIOKEHHE U 3aUKCHUPOBATH €ro 3allleiKoil. 3amucarhb
YTOJI oThbeMa MasATHHKA O.
3anpemaercs: ycTaHABJAMBATH 00pa3el NPH MOJIHATOM HA MOJHYI0 BbICOTY MAsiTHHKE, TAK KaK
3TO KpaiiHe ONACHO JJis1 padoTaromero.
6. TlogBecTH cTpenKy K HYJIO IIKaJIbl A0 yIOpa Ha ITUT.
7. OTImycTHUTH 3alleIKy U TPOU3BECTH yaap mo oOpasiry. Jloxkaarbes MOIHONH OCTAHOBKY MasiTHUKA.
8. Ompenenuts N0 MIKaJIe KOMpa yroi MoabeMa MasiTHUKA T0Cie pa3pyiieHus odpasia S u 3anucarb
3HAaYeHHUE B TAOJIHILY.
9. Paccuutatp paboty paspymierus oopasia K o hopmyie:
K =P-L (cos P - cos a), kr'M u 3anucaTh B TaOIUILy. [ MOTyYeHHUS] Pa3MEPHOCTH IO CHCTEME
CU ucnonws3oBathk cooTHomeHue 1 kr-m = 10 JIx.
10. Omnpenenuts yuapHyio Bsiskocts mo dopmyre KCU = K / F, Jlx/cM?. 3amucars moxydeHHOe
3HAYCHHE B TAOJIHILY.
11. PaccmoTpers m370M OOpa3iia W KIACCH(PHUIIUPOBATHL €ro IO CICAYIONUM BapHaHTaM: a)
XPYIKUH M3JI0M - KPUCTATMYECKHM, OyecTsammii; 0) BS3KUNA -MaTOBBIM, BOJOKHHCTBHIA. Jlis
KJIacCU(UKAILIUU CIIeTyeT UCTIOIB30BaTh ATAIOHHBIE U3JIOMBI, UMEIOIIUECS B TA00OPATOPHH.



PaGouas Tabmua pe3yJibTATOB UCHIBITAHMI HA YIAPHYIO BA3KOCTH

No [TapameTtp Pa3mepHoC Benuunna
/o Th
1.
XapakTepucTuka Korpa: — KT
Macca MasTHHUKa — JJIMHA M
MasiTHUKA
2. |Homep oGpa3ma
3. |Marepuan o6pa3ia
4. |Pa3Mepsl IIOIIEPEUHOTO CeYeHns 06pasIa B oM
MecTe Haapesa:
— IIApUHA 2
— BBICOTA
5 2
- (Ilmomane monepeyHoro ceyeHus odpasmna ™M
6. ayChl
Yroa nogpema MasiTHUKA — JI0 rpany
u3noma obpasia — rnocie
u3ioma obpasia
7. |Pa6oTa nedopMaIH U pa3pyIIeHHs Kr-M, DK
oOpa3sia
8. Y napHast BA3KOCTb I[)K/CM2
9. XapakTepucTrka u3ioma

3. KoHTpoJIbHBIE BONIPOCHI:
. UTo XapakTepu3yroT UCIBITAaHUS HA YAAPHYIO BA3KOCTh?

-

2. KakoB (u3nuecKuii CMbICT BETUUMHBI yIAPHOH BA3KOCTH, YTO MPUHUMAIOT 32 BEIMUUHY
yapHO! BSI3KOCTH?

3. OOBsicHUTE Pa3MEPHOCTH BEITMUUHBI YAAPHOU BA3KOCTH?

4. Tlpuseaute u pacmudpyite 0003HAUCHUS yIapHON BA3KOCTH?

5. Kakue koHIIEHTpaTOphl HANPsHKEHUI HAHOCAT Ha 00pa3Libl 1Sl UCTIBITAHUM Ha yIapHYIO
BSI3KOCTB?

6. C kakoii 1eapIo Ha 00pa3Ibl HAHOCAT KOHIICHTPATOPBI HATTPSKSHUN ?

7. TloyueMmy cBOMCTBa METAJUIOB MPU MEXAHMUYECKUX UCIIBITAHUAX 3aBUCAT OT CKOPOCTH
NPUII0KEHUS HArpy3Ku?

8. EcTb lu 01HO3HAUYHOE COOTBETCTBUE MEXK/Ty TPOUHOCTHBIMH XapaKTEepPUCTUKAMU MeTajla v
3HAUEHUSIMU €T0 YAAPHOU BSI3KOCTH?

9. C xakuMu 0COOEHHOCTSIMU yCJIOBUH 3KCITyaTalluy CBsi3aHa HEOOXOMMOCTb ONpEIeICHUs
yZapHO! BSI3KOCTH?

10. IIpuBemuTe mpuMepsI U3ICTUH (IeTaNeH ), 1711 MaTepralia KOTOPBIX UCIIBITAHUS HA yIapHYIO
BSI3KOCTH Hanbosiee He0OXOMUMBI?



JIABOPATOPHASA PABOTA Ne 6
OmnpenesieHne Ka4ecTBa MJIACTUYHON CMA3KHU.
1. Heab padoTsI

1.3akpenuenue 3HaHU MapOK MJIACTUYHBIX CMA30K.

2.3HaKOMCTBO C HOPMAaTHUBHO-TEXHHUYECKOW JOKYMEHTAllMe 10 Ka4yecTBY IUIACTUYHBIX CMa30K
(I'OCTamu Ha moKasareny KauecTBa M METOJIbI UX OTPEICIICHU).

3.3HaKOMCTBO C METOIaMH OIPECICHHS KOHTPOJIBHOTO aHAIN3a MJIACTUYHBIX CMa30K.

4.IIpuoOpeTeHrne HaBBIKOB 110 KOHTPOITIO U OIICHKE Ka4eCTBa TUIACTUIHBIX CMAa30K.

2. 3ananue

1.011eHUTh UCTIBITYEMBIN 00pa3ell 0 BHEITHUM MTPU3HAKAM.

2.0mnpenenuTh paCTBOPUMOCTh CMa3KH B BOJIe M OEH3HHE.

3.0mpenenuTs TeMIIepaTypy KarienaleHus IpeIoKEeHHBIX 00pa3I[0B CMa30K.
4.CocTaBUTh OTUET 1O paboTe.

5.0TBETUTH HA KOHTPOJbHBIE BOIIPOCHIL.

3. TeopeTnueckas 4acThb

IInactuyHple CMa3KH MNPUMCHAIOTCA JId TaKHUX TPYLIIUXCA I[GT&JICﬁ MECXaHU3MOB, TAC IIO
KOHCTPYKIIHOHHBIM 0COOEHHOCTSIM HE MOTYT YACPIKUBATHCA MW PETryJIIPHO IMOAAaBaThLCA KUAKHUEC Macjia,
T. €. KOrJa UCII0Jb30BaAHNC MUHCPAJIIbHBIX MAaCCJI HCBO3MOKHO WJIM HEPpALIMOHAJIBHO.

B kauectBe npuMeEpa TakKuxX y3JI0B, UCIOJIb3YEMbIX Ha aBTOM06I/IJ'IHX, MOKHO Ha3BaTh NOAIIMITHUKH
KOJICC, IIapHUPHBI pa3JIMYHOTO poaa NprUuBOJOB U T. .

3KCHJ’IyaTaI_II/IOHHLIe Tpe6OBaHI/I$I K Ka4€CTBY CMAa30K CJICAYIOIIHE:

-CMa3KH1 JOJI?KHBI OBITh OOAHOPOJAHBIMU,
'06J'IaI[aTI> OMpECaACICHHBIMHU MCXaHUYCCKUMU CBOﬁCTBaMH,

-OKa3bIBaTb MUHHUMAJIbBHOC KOPPO3UOHHOC BOSI[GI\/’ICTBI/IC Ha MCTaJlJIbI,
-HC OOJDKHBI COACPKATH BOABI U MEXaHUYCCKUX an/IMeceﬁ.

3.1. OueHka NJIACTUYHON CMA3KHU 110 BHEIIHUM NMPHU3HAKAM

[Ipu olleHKe cMa3Ku MO BHEIIHKWM IpU3HAaKaM oOpallaercs BHMUMaHHE Ha €€ ILIBET, COCTOSHUE €€
IIOBEPXHOCTHOTO CJIOS U €€ OJTHOPOJIHOCTH.

LIBeT 3aBUCUT OT COCTaBa CMAa3KU U TEXHOJIOTUU €€ IIPUTOTOBIICHHUS.

CMma3ku, B KOTOPBIX HE coAepXkarcs cHeluaibHble T00aBKM, UMEIOT IIBET OT CBETJIO-KEITOro J0
TeMHO-KopuuHeBoro. Hamubosee sipko BbIpakeHHBIN IIBET UMEIOT cMa3ku rpadutHas u Ne 158. Ileppas
HMMeEET YEPHBIN [IBET, BTOpasi — CHUHHUM.

OaHOpPOAHOCTh — OJHO W3 BaXHEMIIMX TpeOOBaHUMU, MPEABABISEMBIX K IUIACTUYHBIM CMa3KaM.
[Ipu BHEIIHEM OCMOTpE ONpEeeNsieTcs, MPEeXk/Ie BCEro, OTCYTCTBUE BBIACICHUS U3 CMA3KU KUAKOU (a3bl
(macna). 3aTeM OJHOPOJHOCTb IPOBEPSAETCS C IOMOUIbIO CTEKJISHHOW IUIACTMHKH, Ha KOTOPYIO
HAHOCHUTCSA CJIOM cMa3Ku ToyuHon 1—2 mMm. IIpu paccMoTpeHHH 3TOro c10si HEBOOPYKEHHBIM IJ1a30M B
NPOXOAAILIEM CBET€ HE JOJDKHbI OOHApY>KUBAThCS KaIUld Macilia, KOMKHM 3aryCTUTEINs, TBEp/bIe
BKJIFOYCHUS.



3.2. OnpenesieHne pacTBOPUMOCTH CMa3KH B BOjle U OeH3HHe

VcnplTanue TUIACTHYHONW CMa3KM Ha PACTBOPHUMOCTh B BOJEC M OCH3WMHE IO3BOJIET OIPEICIUTDH
3aryCTUTENb JAaHHOH CMa3KM, TaK KaK M3BECTHO, YTO HAaTPUEBBIE CMa3KH 00JalaroT ciaaboil BOgoyCcTOMH-
YUBOCTbIO, @ KAJIBLMEBBIE M JMTHUEBbIE HE PAcCTBOPUMBI B BOJE M OCEH3MHE, XOTS ¢ OEH3MHOM OHHU
00pa3yloT TAry4yle, HO HEeNpo3payHble cUCTeMbl. [103TOMY OTIMUYUTH UX JIPYT OT JIpyra MOXKHO TOJBKO
10 TEMIIEpPAaTypaM KarulenaaeHus.

ITonHoE X€ pacTBOpPEHHUE IIIIACTUYHOW CMAa3KU BO3MOXKHO B HAarpeTou A0 kuneHus Bone. IIpu stom
Oyner oOpa3oBaH MYTHBIA (MBUIBHBIN) PacTBOp C TUIABAIOIIMM HA €ro MOBEPXHOCTU CIOEM KHUIKOTO
Macja, YTO TOBOPUT O MPUHAUIEKHOCTH JAHHOTO 00pasiia K HaTpUeBBIM cMa3kaM. OJHaKoO eciu Iocie
OXJIX/ICHUS BOJA CTAHET MPO3pauyHOM WIIM CIIeTKa MYTHOH, a Ha €€ MOBEPXHOCTH OyHeT HaXOIUThCS
CJION CMAa3KH, TO JaHHAs CMa3Ka CUMTACTCsS HEPACTBOPUMOMU B BOJE.

UtoObl IPOBEPHUTH CMa3Ky Ha PaCTBOPHUMOCThH B OCH3MHE, HAJ0 CMEIIATh €€ C HUM B COOTHOILICHUU
1:4 npu temneparype 60 °C. Ecau mpu 3ToM 00pa3yeTcs COBEPIICHHO MPO3paYHbIi PacTBOpP, MMEIOIIUI
IIpU MPOCBEYMBAHUU LIBET MCIBITYEMOro 00paslia, TO CMa3Ka CUMTAeTCs pacTBOpuUMoOi B OeH3uHe. B
OEH3MHE PaCTBOPSIFOTCS CMa3KHU C YTIICBOJOPOIHBIMH 3aryCTUTEISIMH.

3.3. OnpenesieHne TeMnepaTypbl KamjienajJieHusi CMa3Ku

OpnHOM U3 NPUYMH Nepexoa IIACTUYHONW CMa3KU B XKUJKOE CO-
CTOSIHUE SIBJISIETCS] UpE3MEPHOE €€ HarpeBaHuUE.

Jlia onpenieneHys TeMIlepaTypsl KalulenaJaeHus: CMa3Ky M0JIb3Yy-
torcs cneunanbHbIM pudopom ('OCT 6793—74), cxema KOTOpOTro
MoKaszaHa Ha puc. 4.1.

K HmHEN 4YacTu TepMOMETpa NPUKPEIUIAETCS MeTalIndecKas

TWib3a 2, B KOTOPOM 3a CUET TPEHUs [EPKUTCS CTEKIJISTHHAs
yamreyka 1 ¢ KaquOpOBaHHBIM JIOHHBIM OTBEPCTHEM. 3arojHEHHas

CMa3KO#l Yallleyka BCTaBISIETCS B TWIb3y, a COOpaHHBIA MpuOOp

(vameuka, Truiib3a M TEPMOMETP) BCTABISIOTCS B CTEKJISIHHYIO

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

Puc. 4.1. Tpubop mis onpemenenms  COCTAaBISIO 25 MM. Mydra morpykaercs B CTakaH ¢ BOAOH WU
TEMIIEPATYPBl KarvlernaaeHusi CMa30K:

| — uameuka: 2 — rumsa: 3 — cra. | TAMLEPHHOM M 3akperuiiercss B wmratuse. llpu otom riryOuHa

KaH © KUAKOCTBIO; 4 — CTEKIAHHAA  [Orpy)KEHUs JOJDKHA cocTaBisTh 150 MM. 3aTeM Belercs Harpes
My¢Ta; 5 — npobka; 6 — TepMoMeTp

KUJKOCTU B JBa drana. Ha mepBom drame CKOpOCTb HarpeBa He

HOpMHUpYeTCd M OH Benercs no temneparyp: 30 °C — misa

HU3KOIUIAaBKUX cMa3zok, 60 °C — st cpenneraBkux, 110 °C — nmns vatpueBbix u 150 °C — s

nuTHeBblx. Ha BTOpOM 53Tame Temn HarpeBa JojkeH cocTaBisaTh 1 °C B muHyry. Ha oGoux sTamax

KHUJIKOCTb B CTAKAHE CICAYCT IIEPUOANICCKU ITOMEIINBATE.

Temnepamypa, npu Komopot 8 npoyecce HazpesaHus naoaem u3 4auieuku nepeas Kanis UcCnulmyemou
cmasku, cuumaemcs memnepamypa kanienaoenusi. Eciu cMazka He oOpa3yeT Karlid, a BBITSTUBAETCS U3
Yalieykl B BHJAE MWIKMHIApPA, TO 3a TEMIEpaTypy KaruielmaaeHus NPUHUMAIOT Ty, TPH KOTOPOM
BBIXOJIAIINN CTOJIOWK CMa3KH KOCHETCS JHA MY(THI.



4. JKcnepuMeHTANbHAS YaCTh

4.1. OneHKa NJIACTUYHOM CMA3KHU 10 BHEIIHUM NPHU3HAKAM
OobopynoBanmue:

-CTEeKJISTHHAS [IJIACTUHKA;
-II1aTeb;
-00pa3el] UCIIBITYEMON CMa3KH.

IMopsiiok BbINOJHEHUSI PA0OTHI

1.Cma3Kky mpu NOMOUIM IIIATENIs HAHECTH Ha CTEKJISHHYIO MIAcTUHKY cioeM 1—2 mm. Ilpu srtom
TOIyCcKaeTcst 00pa3oBaHKeE IIy3bIPHKOB BO3yXa.

2.0cMOTpETh CII0M CMa3Ku B MPOXOJALIEM CBETE U ONPEICIIUTh HAIMYKE WM OTCYTCTBHE B HEHl Karelb
Macia, KOMKOB 3aryCTUTEsI, TIOCTOPOHHUE TBEP/IbIE BKIIOUEHUS.

3.Pe3ynbpTaThbl OLIEHKH 3aucaTh B OTYET.

4.2. OnpenesieHue pACTBOPUMOCTH CMa3KH B Bojle U OeH3HHe
OobopynoBanmue:

-IIPOOUPKH;

-CTEKIAHHAs aJ0YKa;

-TUCTHJIZTUPOBaHHAS BOJIA;

-OCH3WH HEATUIIMPOBAHHBIN;

-ra30Basi TOPEJIKA;

-BOJIsIHasA OaHs.

HOpﬂI{OK BbIITOJTHCHU A paﬁDTl)l

1.06pazer; cMa3Ku B KOJIMYECTBE MPUMEPHO M0 1 rpaMMy IpU MOMOILM CTEKJISHHOW MaJOYKHU TOMECTUTh
Ha caMblif HU3 JIBYX IPOOHPOK.

2.B onny u3 mpobupok 100aBUTh YETHIPEXKPATHOE KOJIMUYECTBO IUCTHIUIMPOBAHHON BOJIBL.

3.Bo BTOpYy!0 npoOupKy 100aBUThH YETHIPEXKPATHOE KOJIMYECTBO OCH3UHA.

4.Co0mrofast OCTOPOKHOCTb, Ha ra30BOM TOpesIKe JI0OBECTH /10 KUIIEHUs BOAY B IepBoil npoOupke. Ilpu
3TOM HAarpeB BECTH MOCTENEHHO, BHOCS MPOOHMPKY B IJIaMsi TOPEJIKM MHOIOKPAaTHO Ha 2—3 CEKyHJbI C
OJIHOBPEMEHHBIM BpaIlleHUEM BOKPYT CBOEH OCH.

5. OnpeaenuTs pacTBOPUMOCTh CMAa3KH B BOJE M PE3yJIbTAT 3alIUCATh B OTYET.

6. ITogorpets BTOpyto mpodupky 1o temrneparypsl 60 °C (HarpeB onpenenuTh Ha OIYIIb).

7. OnpenenuTb pacTBOPUMOCTb CMa3KH B OCH3MHE U pe3yJIbTaT 3alMCaTh B OTYET.

4.3. OnpenesieHne TeMnepaTypbl KamjenaJieHus CMa3Ku

Oo6opynoBanue:

-ipuOOp JIJIs1 OTpEICTICHUS TEMIIEPATYPhI KaIUICTIaICHHs CMa30K;
-IIITaTeNb;

-CEeKyHJIOMEp;

-CTEKJISTHHBIA TEPMOCTOMKHUH CTaKaH;

-TJIMIEPUH WIN BOJA;

-KOJIbIIEBAsl METaJUIMUECKasi Mellalika.



ITopsinok BbINOJIHEHHS PadOTHI

BoiayTs yameuky 1 (cm. puc. 4.1) u3 npuopa 1 3aroHUTh €€ C MOMOIIBIO HIMATENs CMa3Koi, KOTopast
IIOJUIEKUT UCTIBITAHUIO, HE JI0ITycKas 00pa30BaHus IMy3bIPbKOB BO3yXa B CMa3Ke.

1. BcraBuTh yaimieyky oOOpaTHO B METAUNIMYECKYIO TWUJIB3y 2 JI0 yINOpa M CHATH MINaTelleM
BBIIABIICHHYIO TEPMOMETPOM 6 CMa3Ky 3aMOJIHUII0 C HIGKHUM 00pE30M YalleuKH.

2. CoOpaHHBI NPUOOpP YKPENUTh C TOMOIIBI0 MPOOKHM 5 B CTEKIsIHHOM MydTe 4 Tak, 4TOoOBI
paccTosiHUe OT €€ JIHA 0 HU3a YalleYKH COCTABIISIIO 25 MM.

3. Mydty BMecTe ¢ mpuOOpOM MOTPY3UTHh B CTakaH 4 ¢ BOAOH WM TIUICPUHOM U 3aKPEIUTh B
IITaTUBE TaK, 4YTOOBI INIyOMHA MOTpyKeHus coctasisiia 150 Mm.

5. IloMemmBas C MOMOIIBK) MEMIAIKHA >KUIAKOCTh, HAa Ta30BOM TOPEIKE HAarpeBarb CTAKaH 0
TeMIeparyp:
-30 °C g5 HU3KOILJIaBKHUX CMa30K;
-60 °C 1151 cpeiHeIlIaBKUX;
-110 °C s HaTpUEBBIX;
-150 °C st TUTHEBBIX.

6. [Tocne npoxoxkaeHUs yKa3aHHBIX TEMIIEpaTyp CKOPOCTh JalbHEHILEro HarpeBa MojAepKuBaTh B
npenenax 1° B MUHYTY.

7. 3aduKcupoBaTh TEMIEpaTypy, MpU KOTOPOH U3 YallleUKH YHaJeT MepBas Karisl CMa3Kd WM ee
BBINOJI3AIOIUI CTOJOMK KOCHETCS IHA MY(THI.

8. Pe3ynbTaT OKpyIrJIMTh 10 LENbIX €AMHUI] U 3aIUcaTh B OTYET.

4.5. CocTaBieHHE OTYETA
[To pe3ynbraTam aHAIW30B 3aMOJHUTH TAOIUILY IO Gopme:
Otuer 0 1a00paTOPHOIT padoTe MO OlleHKe KAaYeCcTBa

(yka3aTh HaMUMEHOBAHHME W MApKy MPOJIYKTa)

Lens paboTs
3ananue
OcCHOBHBIE MOKA3aTEH Ka4eCTBa OIEHUBAEMOT'0
oOpa3sia
IlonydyenHnsie Ha
HaumeHnoBanue nokasareseit Io OCHOBAHMH
o TOCTy TIPOBEJIEHHBIX
aHaJIU30B
et
PC3yﬂBTaTBI Hanmawne xanens MaciJia,
OLIEHKH KOMKOB 3aryCTUTENS U
MTOCTOPOHHUXTBEPABIX
BKJIFOUCHHUH
PactBopuMocTs B Bozie
PactBopuMocTh B OeH3UHE
Temneparypa karuienajaeHusl,
°C

3aKiIr04eHre 0 MPUTOAHOCTH 00pa3iia K MPUMEHEHHIO:
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Onpenenenne Gu3nKo-MeXaHHYECKUX CBOMCTB Pe3MHOBBIX MATEPHAJIOB.

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. CoctaBbTE OTYET O padoTe.
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 OyaeT Apyroi, To BBOIAT B cooTBeTcTBUU ¢ ['OCT 269-66 morpemHocTsb
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 TOKHBI 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 IOJOKEHUU MasATHUKA - TpoTUB nenenus 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 3akperuiioT NpyxHuHoi 6 Tak, 4ToOBl TOUKA yAapa Obula Ha paccTOSIHUM 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 MEXaHUIeCKasi CTaOMIIN3aIys MaTepuara,
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 TOBTOPSIIOT 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 - MasITHHK; 3 - 00ek; 4 - TUIoMIaIKa; S - 3aienka; 6 - mpy>kuHa; 7 - Ipy>KUHHBII
3axBar; 8 - cTpenka; 9 - npyKUHHBIN Mexanu3M; 10 - orpannuutens; 11 - gyroas mkana; 12 -
oOpa3zery

Omnpenesnenune TBepaocTu pe3uHsl mo meroay Iopy A. TepmocTe xapakTepusyeT
CIIOCOOHOCTh COIPOTHBIISATHCS NPOHUKHOBEHHIO B HETO MOCTOPOHHETO TBEPAOTO MpPEIMETa,
BJIaBJIMBAEMOI0 MOJ JACWCTBUEM ompeseneHHON cuibl. CONpOTUBICHUE PE3UHBI HU3MEpsieTcs
puOOpPOM C MPYKUHOM ONpeAeICHHON XapaKTepPUCTHUKU U BBIPAXKAETCSI B YCIOBHBIX €IMHHUIAX
tBeproctu no opy A (ot 100 no 0). MakcumanbHOe MPOHUKHOBEHUE WHAECHTOpA B PE3UHY
coorBeTcTByeT 3HaueHuto 0, a 100 - HyneBoMy NpOHUMKHOBeHUIO. VHIEHTOp mpencTaBisieT
co0o¥ urity u3 3aKajgeHHou cranu (puc. 7).

1,25 £ 0,15
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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
X7 77X

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:

Pa3mep
®opma

Tabmuma 3 — Pe3yabTaTsl 3aMepa TBEPIOCTH

N3mepsemas
XapaKTepUCTHKA

OnglT Nel

OngIT Ne2

OngIT Ne3

CpenH.

TBepaocThb

5. PexomeHnpanuy no npuMEHEHHUIO PE3UHBI.

KoHTpoJibHbIE BOPOCHI

o s~ wh e

IIepeuncinte METOABI ITOIYYEHUS PE3UHBI.
Ha3oBuTe 0OCHOBHBIE XapaKTEPUCTUKU PE3UHBI

KaxoBa MeTonuka onpeieneHus TBEpAOCTH PE3UHBI?

Pacckaxure MCTOAUKY OIPCACICHUA 3JIaCTUIHBIX CBOICTB PE3UHEBL.

Pacckaxwure o IMpaBWjIax XpaHCHHUA U SKCILTyaTalluu PE3NHOTCXHUYCCKUX I/ISIICJIPlf/'I.
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IIpoBeneHue 3aKajaKu M OTIIYCKA YIJIEPOAUCTOM CTAJIM.

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 PokBernsa, BAHHOYKM C BO/OH, HAOOp HYMEpPOBAHHBIX IUIACTHHOK M3 Pa3IM4YHBIX CTalei,
LIEJIbIX U B U3JIOME, CEKYHI0MED, IIMIILIbI; MAsSTHUKOBBIN KOIIED.

Bpewmst Ha npoBeneHue paboTel — 2 yaca

3aganue:

1. Onpenenure TBEPAOCTH CTAIBHBIX IIACTUHOK JI0 IPOBEICHUS 3aKaJIKU.

2. Ilpou3BennTe 3aKaJIKy U OTITYCK CTAIBHBIX IIACTUHOK.

3. Onpenenute TBEPAOCTH CTATBHBIX IIACTUHOK MOCIIE 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 CTajH 1O OMpEAENICHHBIX BBICOKUX TeMmIeparyp (Bbiiie 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 IIPOYHOCTb M YIPYIOCTh JETalIsM MallvH. Pe3ynbTarsl 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
TEPMOOOPAOOTKM — OTIYCKA, TaK KaK y HUX BEJIMKH BHYTPEHHHE HAIPsDKEHHs BCIICACTBUE HAINYMS
MapTEHCUTHOW CTPYKTYpbl M O3TH M3Jenus Xpynku. Omepanued TepMooOpaOOTKH, MOCPEICTBOM
KOTOPOH OCNAOAIOT HAOpsHKeHUs M MPUIAIOT 3aKaJeHHBIM H3JENUSAM TpeOyeMylo CTPYKTYpy H
HaJJIeXKallie CBOMCTBA, IBIISETCS OTIYCK, BBIIIOJIHAEMBIN cpa3y ke I10CIIE 3aKaJIKH.

CyIHOCTh OTHyCKa COCTOMT B TOM, 4YTO IIPU OTIIYCKE IPOUCXOIUT pachaj] MapTEeHCUTa U
ayCTEHUTa B 3aKaJICHHOM CTalu, BMECTO HUX 00Opa3yroTcsi 0osee YCTOWUYMBBIE CTPYKTYPhl, & UMEHHO
TpoOCTUT U copOut. IlocmeaHue NPUAAIOT CTadM BSI3KOCTh M IJIACTUYHOCTh 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, MOBBIIIAIOLINE MEXaHUUYECKHE CBOMCTBA CTAJIH.

:‘)KCHepHMeHTaJILHaH qacTb

Ilopsinok BbINOJIHEHHS Pa0OTHI

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



®opma 2

Howmep Jnamerp orrieyaTka B MM Teepnocts HB
IUTACTUHKHU

o Ilocne o ociie
TEPMOOOPAOOTKH | TEPMOOOPAOOTKH | TEpMOOOPAOOTKH | TEPMOOOPAOOTKH

1 2 3 4 5

2. Bo3pMuTe 1BE MJIACTUHKY U 3aIUIIMTE UX HOMEpa B rpade 1 TaGauIls.

3. 3a4nCTUTe HANMWJILHUKOM IIOBEPXHOCTh IUTACTMHOK W TPOM3BEAUTE Ha Tpecce bpuHemts
BJIaBJIMBAHHE B TUIACTUHKHU CTAIBHOTO IIAPUKA TUAMETPOM 5 MM.

4. VI3ameppTe TIpU TIOMOILM JYIbl AUAMETPhl OTIEYATKOB, MOJYYCHHBIX Ha IJIACTUHKAX, W 3alHIIUTE
pe3ynbTat B rpade 2 TabIuIIbL.

5.Ilo wm3BectHoil BaM Tabmuie "COOTHOIIEHHE MEXIY YHUCIAMH TBEPAOCTH" OMpPENEIUTE YHUCIO
TBEPAOCTH 1O BPUHEIITIO I UCHBITAHHBIX OOpPA3IOB M 3AMHIIUTE 3TO YHCIO B rpade 4 odopmiieHHOM
TaOJINIIBL.

6. [IpousBenure 3aKajaky IUTACTHHOK B TaKOH IIOCIICIOBATCILHOCTU: TIOMECTUTE IUIACTHHKH B
AJIEKTPOIICUb JIJIsi HarpeBa /10 KPacHOTo KajeHus; yepe3 10 MUH. MUIMIIaMU BEIHBTE MOOYEPETHO TIIACTHHKU
13 [I€YX U IIOTPY3UTE UX B BAHHOYKH C XOJIOIHON BOJOM.

7. IlpousBenuTe BHICOKUI OTIYCK 3aKaleHHBIX MIacTHHOK (Harpes g0 500 °C — 650 °C).
8. Ilocne 3Toro ucnepITaiiTe NIACTUHKU Ha npubope bpuHen s npu Tex *e ycaoBUsAX, KaKUe YKa3aHbl B
nyHKTe 3. 3anuiuTe pe3yabTarhl B rpade 3 TaOIuIbl.
9.ITo Tabmuue «CoOOTHOUIEHWE MEXAYy 4YHMCIaMHM TBEPAOCTH» HaWAMTE 4YHUCIA TBEPAOCTU IS
3aKaJICHHBIX IUIACTUHOK MO0 bpuHento u 3anuimure 31 JaHHble B Tpade 5 TaOIuIbI.
10. [Tpou3BeanTe TOTOIHUTEIbHBIC HAOTIOICHUS:
a) CpaBHUTE TBEPAOCTh CHIPON U 3aKaJIEHHOW IUIACTUHOK L[apariaHueM;
0) pacCMOTPHUTE U3JIOM CHIPOU U 3aKaJICHHOW TTACTUHKH.
11. CnemaiiTe BEIBOIEBI:
a) HaMMIIUTEe, KaK U3MEHWJIAaCh TBEPJOCTh CTAIM B PE3Y/bTaTe 3aKaJIKU U OTITYCKa;
0) onmuIINTE Pe3yabTaThl JTOMOJIHUTEIBHBIX HAOIIOJCHUH.
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HcciaenoBanue TreMneparypsl OTIYCKAa Ha CBOMCTBA 3aKAJEHHOU CTA/IH.

Ieap padoThl: uccien0BaTh BIMSHUE TEMIIEPATYPhl OTIIYCKa HA CTPYKTYPY U CBOMCTBA 3aKaJI€HHON
YIJIEPOJUCTON CTaNIH.

IIpuGopsl U 060pyAOBaHNE: KOMIUICKT JJA0OPATOPHBIX 00pa3ioB, TBepAoMep Poksemna TK-2.
1. KpaTkue TeopeTrnyeckue cBeeHUs

3akanéHHas Ha MapTEHCUT CTallb HaXOJUTCS B HEPABHOBECHOM, CHUJIBHO HANPSHKEHHOM COCTOSIHHH.
Omna o61ajaeT BHICOKOW TBEPAOCTHIO U XPYIKOCTBIO.

Jnst cHUKEHUs BHYTPEHHUX HAIPSKEHUM, TOBBIIICHUS TIJIACTUYHOCTH U BSI3KOCTH 3aKaJIEHHAS CTaJlb
[I0/IBEpraeTcs OTILYCKY.

OTnyck 3aKJII04aeTCsl B HarpeBe 3aKajlEHHOM CTajM 10 TeMIepaTypbl HUXKe AcC1, BBIAEPIKKE NIPU ATON
TEMIIEPATYPE U MOCIEAYIOLIEM OXJIAXKIEHUU.

OTnyck sBISIETCS OKOHYATEIbHOW ormepamueil TepMudeckoil oOpabOTKH, B pe3yiabTaTe 4Yero
MOJIHOCTBIO WJIM YaCTMYHO CHUMAIOTCA BHYTPEHHHUE HAIPSIKEHHSI, BOSHUKAIOIINE MIPU 3aKaJIKe, IPUUYEM 3TH
HaIpsDKEHUs YHUUYTOXKAKOTCSA TEM IIOJIHEE, YEM BbILIE TEMIlepaTypa oTiycka. Tak, Hampumep, OCeBble Ha-
NPsDKEHUS B MWIMHIPUYECKOM oOpaslie U3 cTrainu ¢ coaepkanueM yraepona 0,3 % B pesynbrare OTIycKa
npu Temrneparype 550 °C yMeHbInawTes B 7,5 pas.

CKopocTh OXJIaXJI€HHUS MPU OTIIYCKE OKA3bIBAET CYLIECTBEHHOE BJIMSHHE HAa BEIMUYMHY OCTATOYHBIX
HarnpspDKkeHud. YeM MejIeHHee OXJIaXkICHHE, TEM MEHbIIIE OCTATOUYHBIC HAPSKCHHUS.

OcHOBHOE BIMSHME Ha CBOWMCTBA 3aKAJIEHHOW CTaJId OKa3bIBaCT TEMIIEpaTypa, [0 KOTOPOM
IIPOM3BOJUTCS HArpeB M3JeNUs INpU OTIycKe. B 3aBUCHMOCTH OT TemmepaTypbl HarpeBa pasziudyaroT
CJIe1yIOLIMeE TPHU BUAA OTITyCKa.

Husxomemnepamypuwiti (Huskui) omnyck. ITOT OTIYCK OCYIECTBISIETCS MPU HarpeBe U3AETUs 10
250 °C. IIpu 3TOM CHMIKAIOTCS 3aKAlOYHBIE HAMPSKEHHSA, MAPTEHCUT 3aKAJIKU MEPEXOAUT B MApTEHCHUT
OTITYCKa; MOBBIIAETCS MPOYHOCTh M HAMHOTO YIIYUIIIAETCs BA3KOCTD (0€3 3aMETHOTO CHIKEHHUS TBEPIOCTH).
OpHako u3nenue u3 TakoW cTanu (eciM He MMEET BS3KOW CepJUEBUHBI) HE BbIIECPKUBAECT 3HAYUTENbHBIX
JUHAMHYECKUX U 0COOEHHO 3HAKOIEPEMEHHBIX HArpy30K.

HuskoremnepaTypHOMy OTIYCKY TOJBEPraeTcsl pEeXYyIMUA W MEPUTEIbHBIA HWHCTPYMEHT U3
YIJIEPOJUCTBIX M HU3KOJIETUPOBAHHBIX CTAJICH, & TAK)KE JETAIM C TOBEPXHOCTHOM 3aKaJIKOW, IEMEHTAEH,
LMAaHUPOBAHUEM WJIM HUTpOLIEMEH-Talued. Yamie Bcero B 3THX cllydasX MPOJOKUTENbBHOCTh OTITyCKa
cocraBisieT 1...2,5 4, a 1 KpynmHOrabapuUTHBIX W3JEIHI U MU3MEPUTENbHBIX WHCTPYMEHTOB Ha3zHA4aeTcCs
OoJiee NIUTEIBHOE BpEMs OTITYCKa.

Cpeonememnepamypuwitl  (cpednuti) omnyck BBHINONHAETCS mpu  Temneparype 350...500 °C.
Hcnonp3yeTcst OH yale BCero Jyisl Mpy>KUH, peccop U IITaMIOB, TaK KaK 00eCcIeYuBaeT BBICOKUE IPEEIIbI
YIPYTOCTH, BBIHOCIMBOCTU M PENAKCAllMOHHYIO CTOMKOCTh. CTpyKTypa CTalM MOCJE€ CPEeIHEro OTIycKa —
TPOOCTHT OTITYCKa UJIM TPOOCTOMAPTEHCHUT, TBEPJOCTh KOTOPOTO HUXKE, YEM Y MapTEHCUTA OTITyCKa.

Oxnaxnenue mocie ormycka mpu Temneparype 400...450 °C cinexyeT mpoOBOIUTH B BOJE, YTO
CcrocoOCTByeT O00pa30BaHHWIO Ha TMOBEPXHOCTH COKUMAIOIIMX OCTAaTOYHBIX HAINpPSKEHWH, KOTOphIE
YBEJIUYMBAIOT MPEEI BBIHOCIUBOCTH MPY>KHH.

Buvicokomemnepamyphulii  (6bicokutl) omnyck TpousBoautcs mpu Temneparype 500...680 °C.
OOpa3yemast cTpykTypa — copobuT oTmycka. Ilo cpaBHEHHIO C TPOOCTUTOM OTIYCKa COPOHMT OTIyCKa
o0namaeT MeHbIIed TBEPAOCTHIO, MPOYHOCTHIO W YIPYrocThio, HO O0Jee BBICOKUMHU TOKA3aTEISIMU
IJJACTUYHOCTH U BSI3KOCTH.

Ornyck npu temneparype 550...660 °C B Teuenue 1...2 9 HOYTH HOJHOCTHIO CHUMAET OCTATOYHBIE
HaNpsDKEHUs, BO3HUKAIOIIME MpU 3akalike. B o01ieM ciiydae JIMTENbHOCTh BHICOKOTO OTITYCKA COCTaBISET



1...6 9 B 3aBUCHMOCTH OT Macchl ¥ rabapuToB u3aenus. MHorma 3To BpeMsi yBeTUYMBACTCS 10 HECKOJIBKUX
JIECSITKOB YacOB.

Tepmuyeckas 00pab0OTKa, COCTOSIIAS U3 3aKAJIKH U BEICOKOTO OTITYCKa, HA3bIBACTCS YIIYUIICHUEM.

Vayumenuto noaseprarot, kak npasuio, cpeaneyriepoauctsie (0,3...0,5 %C) KOHCTPYKIMOHHBIE
CTaJli, €CJIM K HUM TPEIbSIBISIFOTCS BEICOKHE TPEOOBAaHUSI TI0 TIPSy BEIHOCIHUBOCTU M YIAPHOH BSI3KOCTH.
VYilydIieHue CyImEeCTBEHHO TIOBBIMIACT IPOYHOCTh, YMEHBIIAET YYBCTBUTEIBHOCTh K KOHIICHTPATOpam
HANPSDKCHUH, CHW)KAET TEMIIepaTypy Hopora XJIaJHOJIOMKOCTH. OJHAaKO HM3HOCOCTOWKOCTH YIyYIICHHOW
CTaJI HEBBICOKAs BCIIE/ICTBUE MIOHKEHHON TBEPIOCTH.

2. Ilopsiiok BbINoJIHEeHHsI padoThI

1. Berueptuth ydactok nmarpammbsl Fe—Fe;C, coorBercTByrommii cransM. Hanect Ha HEM 30HBI,
COOTBETCTBYIOIINE TEMIIEpaTypaM 3aKaJlKH U OTITyCKa UCCIEIyeMOM CTallu.

2. M3meputh Ha mpubope PokBemna TBEprOCTh 00pa3oOB cTalM MOCHE 3aKAIKH B BOJE M OTITyCKa
IIPU pa3IMyYHbIX Temneparypax. JlaHHble 3aHecTH B Tabu. 7.1.

3. [TocTpouth Tpaduk 3aBUCUMOCTH TBEPAOCTH OT TeMIeparypbl ormycka. Ha rpaduke nanectn
IPSIMYIO, COOTBETCTBYIOIIYIO 3aKaJCHHON CTaJIH.

Tabnuya 7.1
Pe3yabTaThl H3MepeHust TBEPAOCTH
TBépnocThb TBEpmocTh [Ipennonaraemas
Mapka cranu Bup u remneparypa
oGpasia MOCJIe 3aKaJIKH, oTIveKa MocJie OTITyCKa, CTPYKTypa nocie
P HRC Y HRC OTITyCKa

3. Coaep:xaHue 0T4éTA

. Onmcanue nenu paboThI.

. Kparkue cBenenus u3 Teopuu.

. CranpHOU yyacTok quarpammsl Fe-FesC.

. Tabnuia pe3ynbTaToB U3MEpPEHUs TBEPIOCTH 0OPA3IIOB.

. I'padux 3aBUCUMOCTH TBEPIOCTH OT TEMIIEPATYPHI OTITYCKA.

. BBIBOJIBI O CTPYKTYpE M MEXaHMYECKHUX CBOMCTBAX CTAJM MOCJE Pa3IMYHbIX BHJIOB OTITyCKa

o Ol WDN B

4. KoHTpO/IbHBIE BONPOCHI

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

2.Yto takoe otnyck? Llenp oTmycka, pexXuMbl, BUJIbI OTITYCKA.

3. CtpykTypa cranw, mojiydaeMasi Ipy pa3InuHbIX BUJaX OTITYCKa.

4. TBEpIOCTH CTANH, TTOJTydaeMasi IPU Pa3IMYHbIX BUIAX OTITYCKa.

5. Uto Takoe ynyumienue ctanu? J{s Kakux 1enei 3Ta oneparus mpou3BOIUTCS?



JIABOPATOPHAS PABOTA Ne 10
HN3yyeHue MUKPOCTPYKTYP HEMEHTOBAHHOM CTAJIH.

Hean padoThi:
HccnenoBanue cTpyKTypbl IEMEHTOBAHHOM CTalH.

CeeneHusi U3 TeOpHU.

JUis IOBBIIEHHSI SKCIUTYaTallMOHHONW HA/Ie)KHOCTH JAeTaleld MalliH He00X0AUMO 00eCIeuynuTh TaKHue
XapaKTEPUCTUKHU, KAK ITOBEPXHOCTHAsT TBEPAOCTh, U3HOCOCTOMKOCTD, IIOBBIIIECHUE IIPEJeia KOHTAaKTHOM
BBIHOCIIMBOCTH, IIPEJIeIa BBIHOCIMBOCTH IPU U3TMO€ U KPYUEHHH.

OpHUM M3 METOJIOB, OOECIEUMBAIOIIMX HEOOXOIUMBbIE CBOMCTBA, SBJISIETCS, B YACTHOCTH, XUMHKO-
TepMuyeckas oopadboTka.

XUMHUKO-TEpMUYECKOl ~ 00pabOTKOM  Ha3bIBaeTCsl ~ IOBEPXHOCTHOE  HACBIIIEHHWE  CTalld
COOTBETCTBYIOILIUM  3JIEMEHTOM(YIJIEPOJIOM, a30TOM, OOpOM, aJlOMUHUEM, KPEMHUEM U  TI.) IyTeEM
mudQy3un ero B aTOMapHOM COCTOSSHUM W3 BHEIIHEH cpenbl(TBEpIOH, Ta30BOM, KHUIKOM) IPU BBICOKON
TEeMIIepaType.

[Tpouecc XUMUKO-TEpMUYECKOW 00paOOTKU IMTPOXOIUT TPH MOCIEI0BATENbHbIE CTAIUH.

1-acragust — ouccoyuayus. IIpotekaer B ra3oBod cpelae M 3aKiioyaeTcs B pacraze MOJEeKyd ¢
o0pa3oBaHMEM aKTUBHBIX aTOMOB. Hampumep:

2CO—CO2+CaTomapHblii
WIN

CH3—3H+C aTomapHslii
WIN

CH4—2H2+C aromapHblit

2-sicTagus — adcopOyusi, TIOTIOMICHNE aKTUBHBIX aTOMOB TOBEPXHOCTHIO HACKHIIIICHHS,

3-sacTamusi — augpgyzus, TO €CTh NMPOHUKHOBEHHE aTOMOB, aJCOPOMPOBAHHBIX IOBEPXHOCTHIO, B
ri1yOb MeTana.

K xumuko-repmuyeckoit o0paboTke
OTHOCATCS: IIEeMEHTAlNs, a30THPOBAHUE, HUTPOLIEMEHTALUs, [IMaHUPOBaHUE, OOPUPOBAHUE U T. 1.

B Hactosmelr pabGore paccMaTpuBaeTcsl OJMH M3 BUAOB XUMHKO-TEPMHUYECKOM 00pabOTKH
CTaJIM LIEMEHTaIusl.

[lemeHTanMsI — XUMUKO-TEPMHUYECKass 00padOTKa, 3aKiovaromasics B Iu(Py3nOHHOM HACHIIIEHUU
MTOBEPXHOCTHOTO cjos ctanu(Ha riayouny0,4...2,5 MM)yriepoioM MpU HAarpeBaHUM B COOTBETCTBYIOLIEH
cpene(kapOropuzaTope).

[lemeHTanust W mocienyromas TepMHUecKas o00paboTka TO3BOJSIOT MOJYYHUTh HU3JEIHUS C
M3HOCOCTOMKOM NOBEPXHOCTBIO U BSI3KOW CEPALICBUHOM.

J1s eMeHTanuu MCIOoNb3yI0T HU3KOYITIEPOAUCTBIE CTald ¢ cofepxkanueMm yrieponal,10...0,20%
(mammpumep, ctamu Mapok10, 20, 15X, 12XH3 u ap).

[leMEHTOBAaHHBII CJIOH HMEET IEPEMEHHYI0 KOHIIEHTpAlMIO YIJIepoJa M B 3aBUCUMOCTH OT
HEOOXOMMOM CTETICHH HACHIIIIEHUSI MOKET UMETh CIICYIOITHe 30HbI(puc. 8.1):

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

yraepona(d+ I1);

- npu Hackrmennu 0,8...0,85 % C — 109BTEKTOUIHYIO C TIEPEMEHHBIM COJIEpKaHUEM

yraepoaa(®d+ I1) u sBrekrouanyto (I1);

- npu HacbimeHuu 6osee 0,85% C — 1OIBTEKTOUIHYIO C TEPEMEHHBIM CO/IEPKaHUEM

yraepona (O+ I1), asrexkrouanyio (I1), 3a3Brexkrounanyro (I1+ L1).)
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Puc.8.1. CTpykTypa U TBEpPIOCTh IIEMEHTOBAHHOTO CJIOSI B 3aBUCUMOCTH OT TJTyOHHBI HACBIIIICHUS
yIIepo0M (3HAYCHHUS TBEPIOCTH AaHbI IS U3CIUI MOCIC 3aKaJIKi; MHKPOCTPYKTYpa
- TIOCJIE OTXKUTA)

[IpakTHYeCcKH LeMEHTAlMs NPoBOAUTCs pu Temieparypax 900...950°C. IToBbleHHE TEMIIEPATYPHI
PE3KO yBENMYHUBAET MIYOHHY clos (puc. 8.2).

2.8
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Puc. 8.2 BausiHue Temneparypsl Ha NIyOHHY [IEMEHTOBAHHOTO CJIOS ITPH
Pa3IMYHON NPOJOIKUTENLHOCTH poIiecca.

Conepxanue yriepoja B IEMEHTOBAHHOM CJIO€ COOTBETCTBYET MPOEKIIMM TOYKH, JIeKAIeH Ha
muann  SE amarpamMMbl«Kene30-IleMeHTHT» TIPH  TaHHOW TeMIepaType H 3aTeM IIOCTEIIEHHO TMajaeT ¢
yIaJIeHHEeM OT IIOBEPXHOCTH B TIYOWHY W3ENus, IOCTUTass HWCXOMHOTO cojepxaHus. Hampumep, mpu
temneparype tementanud 900 °C B auddy3HOHHOM Clloe NepeMeHHas KOHIEHTpalus yriepoia B
aycrenure Oyner Haxoautcs ot 1,2...1,3 % mo 0,1...0,15 %. [Ipu oxnaxneHun cTaaud OT yKa3aHHOH
TeMIepaTypbl /10 KOMHAaTHOMH MHpPOM3OWUIYT NPEBPAIICHUS B COOTBETCTBUU C COJAEp)KAaHUEM yriepoja B
OIpeJICIIEHHOM CIIOE.

[Ipu nemenroBaHuu crajei ¢ coxaepkanueMm yriepoaa He Ooinee 0,17% riyObuHa 1eMEHTOBAHHOIO
cilos JOJDKHAa cocTaBiATh 12...15 % oT HauMeHbLIEW TONIIMHBI WM JAUaMeTpa LEMEHTOBAHHOIO
ceuenus. [Ipu conepxkanmuu B cranu 6onee 0,17 % C rimybuna ciiost ymenbimaercs 10 5S...9 %. s uznenui,
pa0oTalolMX Ha M3HOC M HE MCIHBITHIBAIOIIMX YIApHBIX Harpy3ok, IIyOMHa I€MEHTOBAHHOIO CJOs



coctaBisieT 3...4 %O0T HaWMMEHBINEH TONIIMHBI WU TUaMeTpa LeMeHTyeMoro u3aenus. Hanbomee ydacro
rIyOWHa IIEMEHTOBAHHOTO clios cocTanisiet 0,5...2,2 MM.

[lemeHTaMIO PEKOMEHAYETCSI MPOBOAUTH TakuM 00pa3oMm, 4ToObl CcoJep)KaHHEe Yriepojaa B
HapyXHOM cioe He mnpesbimaino 1,1...1,2 %. [Ipu Gonee BbICOKOM coaep:kaHuu 00pa3yercs 3HAYUTEIbHOE
KOJIMYECTBO BTOPUYHOI'O LIEMEHTHUTA, KOTOPBIH BBI3bIBAET B CIIOE MOBBILIEHHYIO XpynKocTb. Ha mpakTuke
NpUMEHSETCS B OCHOBHOM TPH BHJAa IEMEHTAIMH: B TBEPJOM KapOrOpH3aTope, ra30BYI0 M B JKUAKOM
kapOropu3atope. [Tocieqauii cnocod UCTOIB3yeTCs B OCHOBHOM TSI MEIIKHX JeTaneld. [y ero peanu3anuu
HPUMEHSIOTCSI JKMIKUAE COJSIHBIC BaHHBI ¢ Temreparypoit 880...920°C. HaubGosee mupokoe MpuMeHEHHE Ha
IIPOM3BOJICTBE HAXOMAT J[Ba Cr1oco0a: B TBEPIOM KapOrOpu3aTope U B Ta30BOM (ra3oBasi IEMEHTALIHS).

Llemenmayusa 6 meepoom kKaporwpuszamope. Ilpu >TOoM crnocobe IeMEHTaluu KapOHpU3aToOpoOM
SIBJISICTCSL IPEBECHBIN yroyb (IyOOBBIN MM Oepe30BbIii) B 3€pHAX MONEepeyHuKoM 3,5...10 MM, kK KOTOpOMYy
n00aBISIOTCS aKTUBHM3aTOpbl — yriekucnblii Oapuii (BaCOs3) m kampumaMpoBanHas coma (CaCOs) B

konuyecTBe 20...30 % oT mMacchl yrisi.
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Puc. 8.3, Voaxoeka netaneil B A1HKe

Pabouast cmech, nmpumMeHsiemasi Il IEMEHTAIUU, cOCTOUT u3 25...35 % cBexero kapOropuzaropa u

65...75 % orpaboTanHOrO.

Jeranu, noanexaiire NEMEHTAlUN, YKIIaIbIBAIOTCS B CTAJbHBIE SAUMKU. MeXay eTaasiMU U CTEHKaMu
AIUKa CION KapOropusaropa AobkeH ObiTh He MmeHee 10...15 mm, a cBepxy 3acematoT cioit 30...40 mm.
[Tocrne TOro AWK 3aKPHIBACTCS KPBIMIKOH, KPOMKHA KOTOPOH 00Ma3bIBAIOTCS OTHEYNOPHOU ITHHOH (puc. 8.3),

H IoMemacTcs B 11€Yb.

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

02+ 2C = 2CO (c kucnopodom Haxoosawemcs 6 aumuxe),
2CO - CO;z + C (amomapnwiii);
BaCO3 - BaO + COy;
CO; +C - 2CO;
2CO - CO;z + C (amomapnwiii);
AtomapHuslii yriepon nudyHaupyer B ayCTEHUT.

[lemeHTanmst B TBEPIAOM KapOHOpU3aTOpe — MPOIOIKUTENBHBIN MPOIECC, KOTOPBIA B 3aBUCUMOCTH OT
TOJIIIUHBI IIEMEHTUPYEMOTO CIIOSI 3aHMMAaeT MHOT/Ia HECKOJBKO JIeCATKOB 4acoB. [ myOuHa ciiost B mpoiecce



LEMEHTAIIMH KOHTPOJIUPYETCS C MOMOIIBI0 00pa3iia-«CBUIETENS», 3aKIabIBAEMOr0 B OTBEPCTHE SIIIIUKA ITPU
YIIAaKOBKE IIepel LEMEHTAIUEH.

OO0pa3en-«cBUIETENbY, OH XK€ KOHTPOJIBHBIN (puc. 8.3) mo Xxoay mpolecca IeMEHTAIlUN M3BIEKAeTCs U3
AIMKa, 3aMaduBaeTcss B BoAe W JioMaeTcs. KoHel, MPOTHBOMOJOXKHBIA — HM3JIOMYy,  Ha
rpeBaercs g0 Temneparypbl 250 °C, 4r0oOBI «IpPOSABUTL» CJIOW IlEMEHTAlUU (CIOM OKpalluBaeTCs
nBeramMu nooexanoctu, puc. 8.4). Iocie meMeHTanuK AIMUKA OXJIaXAalT Ha Bo3ayxe 10 400...500 °C u
3aTeM PacKpbIBAIOT.

eMeHT OB AHHBII
CJIOK

Puc. 8.4. «IIpospmeHHBIIT» LIeMeHTOR AHHBIH €JI0IT
B I3JIOMe KOHTPOJILHOT 0 00pasia

T'azosasa uyemenmayusa OCYUIECTBIIACTCS HATPEBOM JIETANIM B CpeJie Ta30B, CoepKalux yriepoa. B
KauyecTBE LIEMEHTYIOIIMX I'a30B ucrosb3yercss metad (CH4) u nponan-6yraHoBble CMECH.

l'a3oBasi meMeHTanus OCYHIECTBISICTCS B CTAllMOHAPHBIX WM METOAMYECKHX IIe4ax, HWMEIOMINX
repMeTHYecKre 3aTBOpHI. JleTanyn HarpeBaloTCs B TEPMETHUYECKH 3aKPBITOH PETOPTE, B KOTOPYIO MOJAETCS
HeMeHTYomui ra3. OCHOBHBIMHU PEAKIMSIMH ITPU T'a30BOM IEMEHTAIUH SBIISIOTCS:

CO—->CO; + C amomapHuwui;
CH4—>2H; + C amomapnuwui;
Car + Fey =Fe y (O).

[Ipouecc memenTanuu npoBoaaT npu temieparype 910...930 °C. Tlo BpeMeHH ra30Bast eMEHTAIUS
IPUMEPHO B 2 pa3za ObICTpee, YeM LEMEeHTalus B TBEPJOM KapOropu3zarope. Bo3aMoXXHOCTh MexXaHH3alUU U
aBTOMaTHU3allUM TPOLIECCOB IMPHU Ta30BOM LEMEHTAIMM IpeIoNpeseNnseT NpUMEeHeHue e€ B MacCOBOM H
KPYITHOCEPUHHOM MTPOU3BOJICTBAX.

Tepmuueckan oopabomka yemenmosannvix oemasnei. OKOHYATEIIbHBIC CBONCTBA 1IEMEHTOBAHHbIE
JeTaIM TOJIYJaroT Mocie TepMuyeckor oOpaboTku. CymiecTByeT TpH crocoba TepMHUecKo o0paboTKH
IIEMEHTOBAHHBIX CTallel. [lepsvili cnocob. 3akainky AeTalie MPOU3BOJAT HEMOCPEICTBEHHO C I[EMEH-
TAlMOHHOIO Harpesa, T. €. oT Temueparypsl 910...930 °C (puc. 8.5, a).

Or1oT cnocold mpuMeHsieTcss A TepMooOpabOTKM HEOTBETCTBEHHBIX JeTajlel, Korjaa HeoOXOAUMO
MOJIYYUTh TOJILKO TBEPABII MOBEPXHOCTHBIN cioi. HepocTaTkoM siBisieTCsl KpYIHO3EPHUCTOCTh CTPOCHUS, a
Tak)Ke MOBBIIIEHHOE COJIep)KaHHWE ayCTEHUTAa B IIEMEHTOBAHHOM CJIO€, TaK KakK 3aKajka HJET OT BBICOKUX
TeMIIeparyp.

Bmopotii cnocob ncnonp3yeTcsl MpH TOBBIIEHHBIX TPEOOBAaHUAX K CTPYKTYPE M CBOWCTBAM JCTaJCH.
[Tocnennue mocie meMeHTAIMU OXJIAXKIAI0T Ha BO3AYyXe, a 3aTeM mojaBepratot 3akainke oT 850... 900 oC B
3aBHCHMOCTH OT HAaCBIIIEHHOCTH MOBEPXHOCTHOTO ciosi yriepogom (puc. 8.5, 6). B cepnaueBune aeranu
MIPOU3OUIET MTOJTHAS TEPEKPUCTATUTN3AIUS B 3E6PHO H3MEITbYHTCSI.

Tpemuii cnocod TepMOOOPaOOTKH - IBOWHYIO 3aKaNKy C MOCIEAYIONUM HU3KUM OTITycKoM (pHc. 8.5,
8) - IPUMEHSIOT JUIsI 0CO00 OTBETCTBEHHBIX J€TajJel MpH HAYyIrJIEpOKMBAHUU MOBEPXHOCTHOTO Ciosi Ooiiee

0,8 %.
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Puc. 8.5. PeskuMel TepMuyeckoii 06paboTkH LieMeHTOBAHHbIX H3OEIHI:
a — MepBblii ¢cnocod, & — Bropol crnocod, 6 — TpeTHit cnocod

[lepBast 3aKkajka MPOU3BOJUTCSA TaKXkKe, Kak W mpu BTopoM crocobe (850...900 °C), T. e. mis
U3MENbYEHMSI CTPYKTYPbI CEpLIEBUHBI U YCTPAHEHUSI CETKU LIEMEHTHTA Ha TIOBEPXHOCTH.

Bropas 3akamka Bexércs ot temmeparyp 760...800 °C, T. e. TeMmeparyp 3aKalKu
BBICOKOYTJIEPOAMCTBIX cTajeil. B MOBEPXHOCTHOM CJIO€ BBIIEISETCS MEJIKOMIOJIbYaThli MapTEHCHUT C
BKpaIlJICHUEM HM30BbITOYHOTO IIEMEHTHUTA, YTO O0ECIEUYNBAET BBHICOKYIO M3HOCOCTOMKOCTh. [l ceplLieBUHBI
TaKOM pe’kuM 00pabOTKH HE SIBIISETCS MEPETPEBOM.

[lemMeHTOBaHHBIE AETAIN MOCJE 3aKAJIKU MOJBEPraoTcs HU3KOMY OTIYCKY npH Temmnepatype 150...
200 °C ny1s CHATUS HANPSOKEHHH.

IHopsinok BbINOJHEHHUS PA0OTHI

1. VI3yuuTh CTPYKTYpy LIEMEHTOBAHHOI'O CJIOSl HA MUKPOIUIH(E HIEMEHTOBAHHOMN CTaJIH.

2. 3apucoBaTh CXeMy MUKPOCTPYKTYPBHI.

3. Ha oOpa3ne-«cBuierene» M3MEpUTh TIIYOMHY LEMEHTOBAaHHOIO CJIOS C TOMOIIbI0 MHMKpPOCKOIA
MIIb-2.

Conep:xanue oTuéTa
Onucanue 1nemu padoThI.
Cxema CTpYKTYpPBI IIEMEHTOBAHHOTO CJIOSI.
Cxema u3oMa «IpOosIBICHHOTO» 00pa3Ia-«CBHIETEIs.

o PRE

BriBoapbl.



KoHnTposabHbIe BOnpockl

Yro Takoe XMMHUKO-TepMHUecKas 00paboTka cranu?
Ha3zoBute cTagun XMMHKO-TEPMHUECKONH 00PaOOTKH.

YT0 Takoe IEMEHTUT?

KakoBa 1ienp nemenranun?

HazoBuTe Mapku craneii, IpUMEHSIEMbIX JUIsSl LIEMEHTAIIH.
[Ipu kakoii TemmnepaType IpOBOAUTCS LIEMEHTAIWA?
HazoBure cTpykTypHBIE 30HBI LIEMEHTOBAHHOTO CIIOSI.

OT yero 3aBHCHUT I’TyOMHA IIEMEHTOBAHHOTO CJIOS?

© o N R WDRE

. Kak MOXHO KOHTPOIHPOBATh IITYOHHY CJIOS B TIEPHUOJ ITPOIIecca IIEMEHTAIUN ?

10. B geM cyTh LIeMeHTaIK B TBEPAOM KapOropuzarope?

11. KakoBa CyIIIHOCTb Ia30BOH IIEMEHTALIUU?

12. OnummTe pexxuMbl TEPMOOOPAOOTKH IIEMEHTOBAHHBIX JICTalleii B 3aBUCUMOCTH OT TPeOOBaHUI
IKCIUTyaTaluu.



INPAKTUYECKASA PABOTA Ne 1
PacummppoBka Mapok MeTaJ10B U CIVIABOB.

Coueranus OykB U (P AAIOT XapaKTEPUCTUKY 1ecuposantoli cmanu. Eciu Bnepean MapKu CTOSAT
nBe NU(pPHI, OHU YKA3bIBAIOT CPEAHEE COACPIKAHUE YIIIepoia B COTHIX JOJsIX mporenTta. OaHa mudpa
BIIEpEU MapKHU yKa3bIBAECT CPEAHEE COJAEPKAHUE YIIIEpOa B IECATHIX JOJAX NpoueHTa. Eciu Bnepenu
MapKu HeT Uu(pbl, 3TO 3HAYUT, YTO yriiepoaa B Heit 1u6o 1%, nubo Beime 1%. Hudpsl, cTodmue 3a
OyKBaMH, YKa3bIBaIOT CpEJIHEE COJepKaHUE TaHHOTO JI€MEHTa B IIPOLIEHTaX, €ClIK 32 OYKBOW OTCYTCTBYET
nugpa — 3HaYUT Coep KaHUe JAaHHOTO AyieMeHTa okojo 1% (ue 6oree 1,5%). bykBa A B KOHIIE MapKH, KaKk
U B YIJIEPOJUCTOMN, TaK U B JISTHPOBAHHOW CTaJIH, 0003HAYAET BEICOKOKAYECTBEHHYIO CTallb, T.€. CTab,
COJIeprKallyto MEHbIIE ceprl U ocdopa.

YkazaHHas cucTeMa MapKHUPOBKH OXBATHIBACT OOJIBITUHCTBO CYIIECTBYIOIIMX JICTHPOBAHHBIX
craneil. MickimoueHne CoCTaBiIsIIOT OT/ICNIbHBIE TPYIIIBI CTANICH, KOTOPBIE TOTOJIHUTEFHO 0003HAYAIOTCS
omnpezaeneHHoi OykBoii: P — ObicTpopexyuue, E — marauthsle, 111 — nmiapukonoaimumnHukoBslie, O —
3JIEKTPOTEXHUUECKUE.

IIpumep pacuiudpoBKE MAPKH CTAJIHA

€0.12% Ti go 1,5%

\12X18H10T

Ni 10%

Jlerupyromme 3;71eMeHThI M UX BJMSHAE HA CBOWCTBA CTAJIH

Xpom — HamboJee ACMIEBBIA U pacCIPOCTPaHEHHBIN 351eMeHT. OH MOBBIIIAET TBEPIOCTh U IPOYHOCTD,
HE3HAYMUTEJIbHO YMEHbIIIAsl TNIACTUYHOCTh, YBEITMYUBAET KOPPO3ZHOHHYIO CTOMKOCTD; COJIEP>KaHUE OOJIBIIINX
KOJIMYECTB XpOMa JIeNIaeT CTallb HEp>KaBeIollel 1 00ecreynBaeT YCTOMYUBOCTh MATHUTHBIX CHJI.

Huxkenv coo011aeT CTaIN KOPPO3ZHOHHYIO CTOMKOCTD, BBICOKYIO IPOYHOCTD U TUIACTUYHOCTD,
YBEITUYMBAET MIPOKATMBAEMOCTh, OKa3bIBAET BIUSHUE HAa U3MEHEHUE KOd((PHUITEeHTa TETIOBOTO
pacmnpenus. Hukenb — 1oporoit MeTasul, ero cTaparoTcsi 3aMEHUTh 00Jiee JeIIEBbIM.

Bonvgpam o6pazyeT B cTalu 0OYeHb TBEP/Ible XUMHUECKHUE COCTUHEHUS — KapOUIbI, PE3KO
YBEJIIMYUBAIOIINE TBEPAOCTh U KPACHOCTOUKOCTh. Bonb(hpam mpensTcTByeT pocTy 3epeH Mpu Harpese,
CIOCOOCTBYET YCTPAHEHUIO XPYIKOCTH MPH OTIYCKE. ITO TOPOTOH U NePUIIUTHBIA METaJLI.

Barnaouui moBeITIIaeT TBEPIOCTH M IPOYHOCTD, U3MENTBYACT 36PHO. Y BETMYUBAET TUIOTHOCTh CTaJIH,
TaK Kak sIBJISIETCSI XOPOIIUM PACKHUCIUTENIEM, OH JIOPOT U IePUITUTEH.

Kpemnuii B konmuecTBe cBbiie 1% oka3biBaeT ocoboe BIHMSHNUE HA CBOWCTBA CTAllU: coJepkanue 1-
1,5% Si yBenuuuBaeT MPOYHOCTD, TIPU 3TOM BSI3KOCTh COXpaHsercs. [Ipu GombiiieM copepikaHuu KPEMHHUSI
YBEITUIUBACTCS AIEKTPOCOMPOTHBIICHHE W MATHUTOITPOHUIIAEMOCTh. KpeMHMI yBeTHIMBaeT TakKe
YIPYTOCTh, KHCIIOCTOMKOCTh, OKaTMHOCTOMKOCTb.

Mapeaney nipu coaepkanuu cBbiiie 1% yBennunBaeT TBEPAOCTb, K3HOCOYCTOMYMBOCTh, CTOMKOCTD

IIPOTUB YJAPHBIX HAIPY30K, HE YMEHbIIAs IUIACTUYHOCTH.



Kobanem noBbIIIaeT )KaponpoyHOCTh, MArHUTHBIE CBOMCTBA, YBEJIMYMUBAET COMPOTUBIICHHUE YAApY.

Monub0der yBenTMUUBaET KPACHOCTOUKOCTD, YIIPYTOCTh, MPEesl IPOYHOCTH Ha PACTSKEHUE,
AHTHUKOPPO3HOHHBIC CBOMCTBA U COTPOTHBIICHNE OKUCIICHUIO TP BBICOKUX TEMIIEpATypax.

Tuman NOBBIIIAET TPOYHOCTH M TUIOTHOCTH CTAJI, CIOCOOCTBYET U3MEIbUEHUIO 3E€PHA, SBISICTCS
XOPOIIMM PACKUCIIUTEINIEM, yydiiaeT 00padaThIBAEMOCTh M COITPOTHBIICHHE KOPPO3HUHU.

Huobuii ynydmaer KUCIOCTOHKOCTb M CITIOCOOCTBYET YMEHBIIEHUIO KOPPO3UHU B CBAPHBIX
KOHCTPYKIIHUSX.

Antomunuyi TOBBIIIAET )KAPOCTOMKOCTh U OKAITMHOCTOMKOCTb.

MeoOb yBeIMUMBAECT aHTHKOPPO3MOHHBIE CBOMCTBA, OHA BBOJUTCS TJIABHBIM 00pa3oM B

CTPOUTCIIbHYIO CTAJIb.

IIpumeps! pacimmppoBKkr 0003HAYEHHS CTAJel:

12XH3A: conepxanue yraepona - 0,12%, xpoma - 1,0%, Hukens - 3,0%, BBICOKOrO KauecTBa;

30XTI'CA: conepxxanue yriepona - 0,30%, xpoMa, Mapratiia, KpeMHUS IO OTHOMY IIPOLIEHTY, OyKBa
"A" 0003HaYaET BHICOKOE KAYeCTBO;

19XT'H: conepxxanue yriepoaa - 0,19%, xpoma, Maprasua, HUKes 10 OAHOMY IIPOLIEHTY;

15X25T: conepxxanue yriepoaa - 0,15%, xpoma - 1o 25%, turana - 1o 1%;

08X21H6M2T: conepxkanue yriaepoaa - 0,08%, xpoma - 21%, aukens - 6%, moaubdaeHa - 2%,
TUTaHA - 70 | TpoleHTa.

09X16H15M3b: conepsxanue yriepona - 0,09%, xpoma - 16%, aukens - 15%, momubaena - 3,0%,
HUOOUS - 10 1 TporieHTa.

Yci0BHBIC 0003HAYCHHS JTETHPYIOLIUX JICMEHTOB:

azoT (N)-A kobansT (Co ) —K uukenb ( Ni) - H
amomunuii ( Al) - O kpemuwuii ( Si) —C uroduit ( Nb) - b
oepusnii ( Be ) - JI marawuii ( Mg ) - I tatan (Ti)-T
o6op(B)-P mapraner; (Mn) - T yriepon (C)-VY
BaHaauii (V) - @ ceurer (Pb) - AC docop (P ) -T1
BucMyT ( Bi) - Bu menb (Cu) - /1 xpom (Cr) - X
Bosbdpam (W) - B mosubaeH ( Mo ) -M nupkonuit ( Zr) -11.

Cranu 00bIKHOBEHHOT0 KauecTBa uirorapnusaiot o ['OCT 380-94. BeimnaBka ux 0ObIYHO
MIPOU3BOJIUTCS B KPYITHBIX MAPTEHOBCKHUX II€UaxX U KUCIOPOIHBIX KOHBepTepax. O003Havyal0T X OyKBaMu
«Ct» u mudpamu ot 0 1o 6, Hampumep: Ct0, Ctl, C16. Byksbl «Ct» 0603Ha4ar0T «CTaiby, u(pbr —
YCIIOBHBIM HOMEpP MapKH CTaJi B 3aBUCHMOCTH OT €€ XMMHUYECKOT0 cocTaBa. B KoHIle 0003HaueHUsI MapKu
CTOAT OYKBBI «KIT», «IICY», «CI», KOTOPBIE YKA3BIBAIOT HA CIIOCO0 PACKUCIICHUS: «KIT» — KUIISIIAS, «IIC» —
IIOJIYCTIOKOMHAs, «CI» — CIOKOMHAs.

bykBa «A» B KOHIIE MapKH JIF000M CTalM yKa3bIBAET, YTO CTAJIb OTHOCUTCS K KaT€rOpHH
BbicokokauecTBeHHOM (30XI'CA, Y7A), B cepennne 0003Ha4eHNUS MapKU — YTO CTaJIb JIESTUPOBaHA a30TOM
(16I'2A®D), B Hauane MapKku — 4TO CTallb aBTOMAaTHAasl OBBIIIIEHHON 00pabaTeiBaeMoCcTH pezanueM (A351).
bykssl AC B Hauasnie MapKH yKas3blBaloT, YTO CTaJlb aBTOMAaTHas co cBUHLIOM (AC35172).

B koHIIe Mapky KOHCTPYKIIMOHHOW CTaJId MOTYT OBITh JOTIOJTHUTEIbHbIE OYKBEHHbIE 0003HAUCHUS:

[IIT — crane noHM>KEHHOU TTpoKaMBaeMocTH, JI — nureitHas, K — cranp 115 KOTJI0B | 1Ip.



MapkupoBka 4yryHa.

Uyryn mapkupyetcst 0ykBamu CY u niudpamu, epBast U3 KOTOPHIX XapaKTEPHU3yeT MPeeT
MIPOYHOCTH YYT'yHA JAaHHOW MapKH MPH PaCTsHKEHUH, BTopast - pu u3rude (kr/mMm?2). Hanbomsinee
pacnpocTpaHeHue MoIyYrin yyryHsl Mmapok: CH12-28; CH15-32; CH18-36; CY 21-40; CUY 24-44; CH
28-48; CY 32-52; CY 38-60, nmpuyem nepBbIe MATh MAPOK UMEIOT EPIUTHO-PEPPUTHYIO METAITHIECKYIO
OCHOBY, ITOCJIEAHUE TPU - NEPIUTHYIO. [IpOYHOCTH CEPhIX YYI'YHOB BCEX MAapOK IPHU CKATUU 3HAYUTEIBHO
IIpEBBILIAET IPOYHOCTD NIPU pacTskeHuu. Hanpumep, ans uyryna mapku CY 24-44, umeroniero npeaesn
IIPOYHOCTH MPHU pacTsKEHUU 24 Kre/Mm?, IIpeJieN MPOYHOCTHU IIPU CKATUU COCTABISAET 85 kre/mm. Jlis
YBEJIMYEHUS IPOYHOCTH YyryHa rpa(uTOBBIM BKIIOUEHHEM MPUIAIOT MapoodpasHyto GopMy myTeM
BBEJICHUSI MarHus B KOBII Mepes] pa3nuBKoi. [Ipu 3ToM uyryH npuoOpeTaeT U HEKOTOPYIO IIIACTHYHOCTbD.
Bricokornpounsie 4yryHbl MapkupyroT OykBamu BY u nudpamu, nepsasi U3 KOTOPbIX XapaKTepU3yeT
BPEMEHHOE CONPOTUBIICHHE YyI'yHA TIPH PACTSKEHUH (KIc/MM?), BTOPast - OTHOCUTEIBHOE YIUTHHEHHE
(%). Hampumep, BY 60-2 nnu BY 40-10.

KoBkue uyrynsr Mapkupytot 6ykBamu KUY u nudpamu, 0603Ha4ar0uMu BpeMEHHBIE
COIIPOTHBIICHUS MIPH PACTSHKEHUU (Krc/MM2) 1 oTHOcHTeNnbHOe yiuymnHeHue (%). [Ipumepamu mapok
KOBKHMX 4yryHOB MOryT ciykuth KY 38-8; KU 35-10; K4 37-12; KY 30-6 ¢ ¢peppuTHON MeTaIIM4ECKON
ocHoBoit 1 KU 45-6; KU 50-4 u K4 60-3, umeromue GeppuTHO-TIEPIIUTHYIO OCHOBY.

MapxkupoBka jaTyHeii 1 OpoH3.

Mapxku o6o3HayaroTcs cienyrouum oopasoM. IlepBrie OykBbI B Mapke 03HauaroT: JI - matyHs u
Bp. -6ponza. bykBsl, cneayromue 3a OykBoit JI B marynu wiu bp. B OpoH3e, o3HauaoT: A - anromMuHui, b
-6epuumi, XK - xeneso, K - kpemuwnii, M1 - mapranen, H - Hukens, O - onoo, C - cBusner, 1 - munk, O.
-docdop.

[Mu¢psl, noMenIeHHbIE TIOCE OYKBBI, YKa3bIBAIOT CPEHEE MPOLIEHTHOE COAECPKAHUE SJIEMEHTOB.
[Mopsimok pacnonoxenus HUQp, TPUHATHIN IS JaTyHEH, OTINYAETCs OT MOPSIKA, IPUHIATOTO ISl OpOH3.
B mapkax naTyHu nepsbie ABe HUQpPHI (1Tociie OYKBBI) YKa3bIBAIOT COAECPKAHNE OCHOBHOIO
KOMITOHEHTa - MeJiu. OcTanbHble HUPBI, OTACNISIEMbIE IPYT OT Ipyra uepe3 TUpPE, YKa3bIBAIOT CPEeIHEE

coJiep KaHue JIETUPYIOLIMX 3JIEMEHTOB. DTH U(PBI paCHOI0KEHbI B TOM e MOpsAIKe, Kak U OYKBBHI,
yKa3bIBaIOUIUE IPUCYTCTBUE B CIUIABE TOTO MM MHOI'O DJIEMEHTA.

B mapkax OpoH3bI (Kak U B CTAJISAX) COJEpKAHUE OCHOBHOI'O KOMITOHEHTA - MEJIU - HE
yKa3bIBaeTCsl, a onpezensercs no pazHoctu. Lugpsl nocne OykB, oTAesIeMble APYT OT Apyra yepes THpE,
YKa3bIBaIOT CPEJIHEE COJEPKAHUE JIETUPYIOIINUX 3JIEMEHTOB; IU(PBI pacOI0KEHHBIE B TOM XK€ MOPSIJIKE,
Kak ¥ OyKBBI, YKa3bIBAIOILIUE HA JIETUPOBAHUE OPOH3bI TEM MJIM UHBIM KOMIIOHEHTOM.

Hanpumep: mapkoii bp. OLIC4-4-2,5 o6o3HauatoT OpoH3y, coaepxkanryro 4% onosa, 4% UHKA,
2.5% ceunna u 89,5% meau (100-(4+4+2.5)=89,5% ).
Hanpumep,
1. naTyHb ¢ conepxanueM Meau 63 mporeHTa oobo3Hayaercs Kak «J163».
2. JIAXK60-1-1» — nmatyHb, coaepxkamasi 60 mporieHToB Meau, | MpOIeHT amtoMUHUS U | MPOIEHT
Kelesa.



INPAKTUYECKAS PABOTA Ne 2
Hccnegopanne BIUSHUS CKOPOCTH OXJIAKACHUS HA CBOMCTBA CTAJIH.

Leapb pabdoThl: uccie0BaTh BIUSHUE CKOPOCTH OXJIAXK/IEHHUS HA TBEPAOCTh YIIIEPOIUCTON CTaIH,
HarpeToi 10 TeMIepaTyphl 3aKajIKu.
Oo6opynoBaHme: KOMIUIEKT JaOOpaTOPHBIX 00pa3ioB, TBepaomep Poksemna TK-2.

Kp ATKHUE TCOPETHYECCKUEC CBCACHUA

Crioco06oMm, MO3BOJISIFOIIMM U3MEHSTh CTPYKTYPY M CBOMCTBA CIIABOB, SIBIISICTCS TEPMUIECKAS
obpaboTtka. Tepmudeckast 00pabOTKa CIIJIABOB, B YACTHOCTH CTaJIH, B OOJIBITUHCTBE CITy4aeB COCTOUT B
HarpeBe J10 ONPEACIEHHON TEMIIEPATYPBI, BBIAECPKKE MIPU 3TOM TEMIIEPATYPE U OXJIAKIAECHUU C PA3HBIMU
CKOPOCTSIMH B 3aBUCUMOCTHU OT TpeOyeMoi KOHEUHOMN CTPYKTYPhI U PU3UKO-MEXaHUUECKHUX CBOUCTB.

JunarpamMma cOCTOSIHUS CIIJIaBOB KEJe3a C YIVIEPOJAOM JaET MPEACTABICHUE O CTPYKTYPHBIX
MIPEBPALICHUAX, IPOTEKAIOIINX B KEJIE30YIJIEPOAUCTBIX CIUIaBaxX IPU OY€Hb MEAJICHHOM HarpeBe WIn
oxnaxaeHuu. [Ipn yBenrueHuu CKOpOCTH OXJIaXICHUS IPEBPAICHUs ayCTEHNUTa CMEIIAI0TCsl B 00J1aCTh
HU3KHUX TEMIIEPATYP, YTO HCIIOIB3YETCs IPH TEPMUIECKON 00pabOTKe cTamu.

Tepmuueckasi 00paboTKa MPUMEHSETCA JJIsl BRIpAaBHUBAHUSI XUMUUYECKOT'O COCTaBa CILJIaBOB,
CHSITUS BHYTPEHHUX HANPSIKCHUM, YCTPAHSHHS HAKJIENa, YIy4dllIeHUs: 00padaThIBAEMOCTH, TIOBBIIIICHUS
CTOMKOCTH PEXKYILET0 HHCTPYMEHTA, TPOYHOCTH, TBEPIOCTH U H3HOCOCTOMKOCTHU JIETAJIeH U psifia APYTUX
CBOMCTB.
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Puc. 6.1 Temneparypa Harpeba OpH pas-THYHEE BHIAE TERMHUECKOH
obpabotn: 1 — puddysHOHEHE oTRED, 2 — HOpMANHSa IHA, TOMHEH
OTHEHD H OOJNHAT SaKalka, S— HeDOMHHR OTHEHD H HEeNONIHAA 3aKanka,
d— PEEPHCTAIMHZAMOHHE R OTENL, 5 — OTEKHT JNIA CHATHA
EHYTPEHHHEY HalpAXeHH#, & — BRcokHA oTOyCK, 7 — CpegHHE o0TOVCK,
B — HHSEHA OTIVCE

WuTepBansl TeMIepaTyp HarpeBa AJis pa3InuHbIX BUIOB TEPMHUECKON 00pabOTKH IPEICTaBICHbI
Ha puc. 6.1. OxJtaxxieHre CTajau NPOU3BOIUTCS C PA3TIUYHBIMUA CKOPOCTSIMU B 3aBUCUMOCTH OT TOTO,
KaKHe CBOMCTBA HEOOXOAMMO TIOJyYUTh. Pa3imuHbIe CKOPOCTH OXJIAXICHUS CTAIH TTPUBOJIAT K
MOJTYYEHUIO PA3IMYHBIX CTPYKTYP.

CKopocTH OXJIaXKACHUS I PAa3HOOOPa3HBIX BUOB TEPMHUUECKOU 00paOOTKH OMIPEAEIISIOTCS 110
Juarpamme M30TepMHUYECKOro MpeBpalieHus ayctenuTa. Ha puc. 6.2 npeacraBieHa Takas 1uarpaMma
JIISL SBTEKTOUIHOM CTaJIH.



[Tpu MasbIX CKOPOCTSX OXJIaXAeHUs V1 ayCTeHUT MpeBpalaeTcs B mepaut ¢ Teepaoctsio HRC
15-20. Ilpu ckopocTtsix V, oo6pazyercs copout (HRC 20-30), mpu V3 — tpooctut (HRC 35-40). Tlpu
CKOPOCTH OXJIaXICHHUS BbIIIe V3 MPOU30MIET JIUIIb YaCTUUHBIN pacnaj ayCTeHHUTa ¢ 00pa3oBaHuEM
Tpooctuta. He pacnasiiasicst yacTh aycTeHUTa npeTepnuT 0e3audPpy3noHHOE ayCTeHUTO-MapTEHCUTHOE
npespaiienue. B pesynbraTe 00pa3yeTcs TpoOCTO-MapTEHCUTHAS CTPYKTYpPa, KOTOpasi yalle BCero
ABIIAETCS HexKenaTesbHoi. IIpu ckopocTsx Bblle V., B cTalId 00pa3yeTcst TOJbKO MApTEHCHT.

Haumensbias cKopocTb OXJIakAeHUs Vp, IPU KOTOPOH U3 ayCTEHUTa 00pa3yeTcst TOJIbKO
MapTEHCUT, Ha3bIBAETCS KPUMUUECKOU CKOPOCMbIO 3aKaKu. Paznuyaror cnenyromuye (OCHOBHBIE) BUbI
TEPMUYECKOI 00pabOTKH:

- omxur 1-ro pona (nudy3uOHHBIH, peKpUCTATIIN3ALUOHHBIA U OTXKUT IS CHATUS BHYTPEHHHUX

HaIpsHKEHUN);

- OTXKHUT 2-T0 poaa (IOJTHBINA, HEMOJHBIN, ITUKITNISCKUN );

- 3aKaJKa;

- OTIIYCK.
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Puc. 6.2, CxeMa nuarpaMMbl H30TePMHYECKOTO TMpeBpalleHHs
MEPEOXTIAKAEHHOTO ayCTeHUTa 3BTeKTOUAHOH cranu: I1 — neput;
C - copbur; T — tpoocrur; b — Gelinut

Hupgyzuonnviii omorcue mpuUMeHsieTCS Ui KPYNHOTaOApUTHBIX OTIMBOK C LEJbIO YCTPaHEHUS
JUKBanMM. MHoOrga »TOT mpolecc Ha3bIBAlOT TOMOreHM3alMend (OT CclloBa «TOMOTEHHBIN» —
(onuopoaubiif). Ilpu TOMOreHM3amMM CTalb HarpeBaroT g0 Temmneparypsl 1050...1200 °C, Bpewms
BBIZIEPKKH §...20 4acoB U MEJIJIEHHOE OXJIAXK/ICHUE.

Juddy3noHHBI OTXKUT TMPUBOAUT K POCTY 3€pHA. OTOT AEPEKT MOKET ObITh yCTpaHEH
JIOTIOJTHUTENbHBIM OT’)KUIOM Ha MEJIKO€ 3€pHO WJIM HOpMmaiu3auued. B pesynbrate romoreHu3anuu y
CTali TOBBIIIAIOTCS TaKW€ MEXaHWYECKHME CBOMCTBA, KaK YyJapHas BSI3KOCTb M YCTaJIOCTHbBIE
XapaKTePUCTHUKH.

Pexpucmaniuzayuonnsiii omaicue TIPOBOaUTCs pu Temmeparype 650...700 °C. Bpems BbIIepKKU
3aBUCUT OT TrabapuTOB 3aroToBKH. llemp Takoro oTxura — YyCTpaHEHME HAkJI€na W TOBBILIICHUE
wiactuuHocTu. Mcmonb3yercs mnepen XojogHoH 0O0paOOTKOM JaBleHHMEM M KakK MHpPOMEXYTOuHas
orepawus sl CHATHUS HaKJIENa B AETANAX, IPOLIEIIINX XOJIOAHYI0 00paboTKy JaBIeHUEM.

Omoicue On1s1 CHAMUSA OCMAMOYHBIX HANpsdCceHUull HeoOXOIUM Uil U3/AETUi, B KOTOPBIX IOCIe
MIPEANIECTBYIOMNUX TEXHOJIOTHYECKUX onepanuii (oOpaboTka pe3aHWeM, CBapka H Jp.) BO3HUKIU



OCTaTOYHBIC HATPsDKEHHs. [Ipy 3TOM BHjie OTKHra mpou3BoauTcst Harpes 10 160...700 °C ¢ BbiepKKOi
2,5...3 MyuH Ha 1 MM TOIIIUHEI CEUCHHSI.

Ionnwiti omocue 3aKIIOUAETCS B HArpeBe H0dBTeKTOMAHOM cramu Ha 30...50 °C  Bblme
TEMIIEpPAaTypbl, COOTBETCTBYIOLIEH TOuKe Ac3, BBIIEPKKE JJIsi IOJHOTO 3aBeplieHus (Pa3oBbIX
MIPEeBpALICHUI U MOCIEIYIOMEM MEIJICHHOM OXJIaXJACHUU. B pe3ynbrare MOJHOrO OTKHUra IMoJy4aercs
MEJIKO3EpHUCTAsI CTPYKTYpa, o0ecreurBaronias BA3KOCTh U IJIACTUYHOCTbD.

Henonnwiii omorcue 0TMdaeTcs OT MOJIHOTO TE€M, YTO HarpeB MPOU3BOAMUTCS JI0 TEMIEpaTyphl HA
10...30 °C Bblie Touku Acy. HemomHpli OTKUr 118 J09BTEKTOMHBIX CTalell NPUMEHSETCs TOr/ia, Korjaa
TpeOyeTcsT TOJIBKO CHW)XCHHE TBEPIOCTH. 3a9BTEKTOUHBIC CTAU IMOIBEPTalOTCS TOJHKO HETIOTHOMY
OTXKUTY.

Hopmanuzayusa 3aKiiodaeTcs B HarpeBe craiu 10 Temmeparypsl Acs + (30...50) °C wam Acr +
(30...50) °C, BBIIEpXKKE AJIs IPOrpeBa U 3aBepIileHUs (Pa30BhIX MPEBPAILECHUN U OXJIAXKIECHHS Ha BO3IYXE.
HopMmanuzanusi BbI3bIBaeT MOJIHYIO (Da30BYI0 MEPEKPUCTATUIM3ALMIO U YCTPAHSET KPYIHO3EPHUCTYIO
CTPYKTYpy, TOJYYCHHYIO MpH JIMThE, MPOKATe, KOBKE WJIHM INTAMIOBKe. Hopmanmzamwsi mMHAPOKO
WCIIOB3YETCS IS YIYUYIICHUS! CBOMCTB CTAIBHBIX OTJIMBOK BMECTO 3aKAJIKU U OTITYCKA.

3axanka 3aKIH0YAETCS B HAPEBE JOIBTEKTOAHBIX cTajeit no tremmeparyp Ha 30...50 °C Bbime Acs
(mosiHas 3akanka), a 3adBTekTouanbx — Ha 30...50 °C Beiue Acy (HenonHas 3akanka). Hemonnas 3akanka
J09BTEKTOMAHBIX cTanell Ac; + (30...50) °C u monmas 3asBrekroumubix Act + (30...50) °C, kak
paBmiio, He mpousBoauTcs. [locne HarpeBa M BBIAEPKKU CTallb OXJIAXKAAETCS CO CKOPOCTHIO HE HHUXKE
KPUTHYECKOM.

Jns momydeHus pa3NUYHBIX CTPYKTYp TMpH 3aKajKe U3JeNHs OXJIXAAIT € Pa3IuyHOM
CKOPOCTBIO, KOTOpasi 3aBUCUT OT OXJIaXKIAIoUIe cpebl, GOpMbI U3JENHs U TEIIONPOBOAHOCTH CTAIH.
Oxnaxknaromasi CloCOOHOCTh Pa3IMIHBIX CPEJI IIPEICTaBICHA B TA0M. 6.1.

Kputnueckass CKOpOCTh 3aKajKH OIpEACNIeTCs s KaXJIOW MapKH CTalld [0 JuarpaMmmam
M30TEPMUYECKOT0 pacnaja ayCTeHHUTa, KOTOPhIE IPUBOASTCS B CIIPABOYHUKAX.

Tabauya 6.1
Oxurazkaamas cnoco0HOCTh PA3JINYHbIX Cpejl
Oxnaxaaromas cpeaa CxopocTtb oxnaxaenus, °C/c
Bona 18 °C 600
Boga 28 °C 500
Bona 50 °C 100
10%-HBI1ii pacTBOp XJIOPUCTOTO HATPUS 1100
10%-np1it pacTBOp yraekucioro HaTpust (800
TpanchopmaropHOE MacIo 120
MammnHoe Maciio 100
MpruibHag Boga 30
CnokoiiHbIN BO3/TyX 3
BwMmecrte ¢ nieusro 0,02

[TosryueHHBIH 1ocIe 3aKalIki MAapTEHCUT MPENICTaBIsIeT COO0M MepeHachIeHHbIH TBEPABII
pactBop yriiepona B Fe,, o0manaronuii Beicokoit TBEpaocThio (HRC 50-60), HO Xpymok. Jlis
YMEHBIIIEHUS XPYIKOCTH CTaJIel Mocie 3aKajJIKy MPUMEHSIOT OTIYCK — HarpeB CTall A0 TeMIepaTyp,
JeKALUUX HUXKE AcCq, — BBIIEPKKY U OCIEAYIOLIEE OXJIAXKACHUE Ha BO3AYXE.

OTnyck MPOU3BOAUTCS AJIsI CHUKCHHSI BHYTPEHHUX HAMPSKSHHA, TOBBIIIEHUS TNIACTUYHOCTH U
BSI3KOCTH 3aKAJIEHHBIX CTaJIEH.



IMopsinok BbINOJIHEHHUS PAadOThI
1. Onpenenuth TBEPIOCTH 0OOPA3IOB U3 CTANU 45, HArPETHIX 10 TEMIEpa
Typsl Acz + (30...50) °C u ox1axIeHHBIX B pa3aIM4HbIX cpenax. Kaxapii o0pasen u3MepsaTh
TPIOK/IBL. 32 KOHEUHBIN pe3ysIbTaT MPUHATH CpeHee apuPpMETHUECKOE 3HAUCHHUE.
2. JlanHbIe 3MepeHul 3aHeCTH B Ta0. 6.2.
3. Jlns xaxxaoro o0pasiia onpeaesiuTh MPeAnoiaraeMylo CTpyKTypy
4. TlocTpouTh rpaduk 3aBUCUMOCTH TBEPAOCTH CTATH OT CKOPOCTH OXJIAXKICHUSI.

Conep:xanue oT4éTa
1. Onucanue nenu paboThI.
2. Onmcanue BUJOB TEPMOOOPAOOTKH HCCIIETyEMbIX 00pa3lloB U X Ha3HAYCHUE.
3. Tabnuna c pe3yabTaTaMu H3MEPEHHS TBEPIOCTH.
4. I'paduik 3aBUCHMOCTH TBEPAOCTH 00pa3iioB oT ckopocTu oxnaxacHus: HB = f (Voxy).
5. 3akioueHue 0 CTPYKType B MEXaHUYECKUX CBOMCTBAX MCCIIETYyEMBIX 00Pa3IIoB.

Tabauya 6.2
Pe3yabTaThl H3MepeHus1 TBEPAOCTH
Homep |Temmeparypa Oxmax- Ckopocts  |HM3mepennas tBépaocts |[Ipennona-
obpasia | marpesa, °C | O OXnamae- | o~ |HRB  |HB raemas
cperaa HUA CTPYKTYpa

KoHnTpoJibHbIe Bonpockl
Bunbl Tepmuueckoit 00paboTKU U UX Ha3HAUYEHHUE.
Kak Bnusier ckopocTh OXJIaXAeHHUsI HA MUKPOCTPYKTYPY M CBOWCTBA cTasIn?
KakoBa TeMnepatypa Harpesa Julsl pa3InYHbIX BUJOB TEpMOOOpabOTKH?
Yro Takoe KpuTH4ecKasi CKOpOCTb 3aKaJIKu?
I'te HaxoAATCSI KpUTUYECKUE TOUKH Aci, Acs, Acr U CTAJIEH € PAa3JINYHBIM COJIEPIKaHUEM
yraepoaa?
6. Uro Takoe mepauT, COpOUT, TPOOCTHUT, OCHHUT, MapTeHCUT? KakoBbI MeXaHUYECKHE CBOHCTBA

abrwdndE

MIEPEYUCIIEHHBIX CTPYKTYp?
7. Yro Takoe nmoauMop(dHOe NMpeBpalleHue Keae3a U B UEM €ro CyIIHOCTh?



