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AKT COI'JTACOBAHUA

Ha METOJUYECKUE PEKOMEHAIINHU TI0 BBIIOIHEHHIO MpakTudeckux padot no [IM 01 «IloarotoBka u
BeJIEHNE TEXHOJOTHYECKHX MPOLECCOB MJIABKHU, JIUTh U MIPOU3BOCTBA OTJIMBOK U3 YEPHBIX U
uBeTHbIX MeTaiioBy, M/IK 01.03. Ananu3 CBONCTB U CTPYKTYphI MaTepuaioB
JUIS CTICIUAIBHOCTH
22.02.03 JluteiiHO€ MPOU3BOACTBO YEPHBIX U I[BETHBIX METAJLJIOB,
paszpaboTaHHOU npenoaaBaTesieM FOxHO-Y paabCKOro rocy1apcTBEHHOTO TEXHHUECKOTO

kosuiemka bensinko E.C.

Meronuyeckre peKOMEHAANWH IO BBIMOJHEHUIO TMPAKTUYECKHX U JabopaTopHOM padoT
cocTaBieHbl B coOoTBeTCTBUU ¢ mporpammoit [IM.01.«IToarotoBka u BeAeHUE TEXHOJIOTHUECKHUX
MIPOLIECCOB IUIABKH, JIUThS M MPOU3BOJCTBA OTIMBOK W3 YEPHBIX U LBETHbIX MeTauioB» (M/IK
01.03. «AHanu3 CBOMCTB U CTPYKTYPbl MATEPHAITIOBY).

MeTonudeckie peKOMEHIAIMHU K MPAKTUYECKUM U JTA0OpaTOpPHON padoTaM MMEIOT EAUHYIO
CTPYKTypy: IeNH, OOIIHMEe TOJOXKEHHUs, XOX paboThl, (GopMmy ordera Mo padboTe, CIPaBOYHBIC
JaHHBIe, JUTepaTypa. Tematumka paboT pazHooOpazHa. Tembl pabOT oOmpeneneHbl, UCXOIsi W3
JIOTUKW W3YYEHHS] MEKIUCIHUIUTMHAPHOTO Kypca, W HaIpaBlIEHbl Ha YIUIyOJIEHHE TEOPETUUYECKUX
3HaHUU U (OPMUPOBAHNUE YMEHHUN OCYIIECTBISATH BEIOOP MCXOTHBIX MATEPHAIIOB.

Meronuyeckre peKOMEHAAlNU MO BBIOJHEHUIO MPAaKTUYECKUX U JabopaTopHOil paboT 1o
MexaucimmuimHapaoMy kypey MJIK01.03 cootBercTByrOT padoueid mporpamme moxyis [TMO1.
«IToaroToBka u BeJeHNE TEXHOIOTUYECKUX MPOIIECCOB IIABKU, TUThS U MIPOU3BOJICTBA OTIUBOK U3
YepHBIX W [BETHBIX META/UIOB» M MOTYT OBITh PEKOMEHJOBAaHbI K WCIOJIB30BAHUIO B
00pa3oBaTebHOM TIPOLIECCE€ 0 TOJATOTOBKE TEXHUKOB crienuanbHocT 22.02.03 Jlureiinoe

IMPOU3BOACTBO YEPHBIX U IBETHBIX MCTAJLJIOB

Benymmii cnenmanuct Ky3HeuHo-nuteiHoro ausuznona «O00 YT3 YPAJITPAK»




INOACHUTEJIBHASA 3AIINCKA
Meroauueckne  pPEeKOMEHAAIMM 1O  BBIIOJHEHUIO  IPAKTHYECKUX U

naboparopHoit pabor mo IIM.01 «llogroroBka u BeJaeHHWE TEXHOJOTHUECKUX
MPOLIECCOB IUIABKH, JHUThS W MPOU3BOACTBA OTJIIMBOK M3 YEPHBIX M IIBETHBIX
metaimioB»y, MJK 01.03 «AHanu3 CBOHUCTB M CTPYKTYpPbl MaTepUajoB»
MpeaHa3HaYeHbl Il 00ydYarouuxcs Mo CHeruanbHOCTU JIuTeiHoe Mpou3BOACTBO
YEPHBIX U [IBETHBIX METAJIOB (0a30Basi MOATOTOBKA)

[TpakTrueckue u JaOOpaTOpHBIC 3aHATHUS SIBISIIOTCS BAXKHBIM 3JIEMEHTOM
MEXIUCIUIUIMHAPHOTO Kypca. B mpoiecce BBINOJHEHUST MPAKTUYECKUX U
1abopaTopHOil pabOT OOy4YarOIIMECs] CUCTEMATU3UPYIOT U 3aKPEIUISIIOT MOJIyYeHHbIE
TEOPETUYECKHE 3HAaHMS, PA3BUBAIOT HWHTEJUICKTyallbHble U MpodecCHOHATbHBIC
yMeHus1, GOPMUPYIOT AIEMEHTHI KOMIIETEHIIMM OyaylIUX CIIEHUaTUCTOB.

Meronnueckne  peKOMEHJAUMW  NpeJHa3HadYeHbl Ui OpraHU3alMH
BBITIOJTHEHUS TpaKTUYeCKUX U jaboparopHoit pabor mo MJK 01.03 «Anamu3
CBOICTB M CTPYKTypbl MarepuanoB». IIporpammoit IIM (B wactu MK 01.01)
OPEeIyCMOTPEHO BBIOJIHEHWE S5 TpakTHUeCKUX U 7 Jab0opaTopHbIX padoT,
HaIpaBJIeHHBIX HA GOPMHUPOBAHUE ITEMEHMO8E CIe0YIOUUX KOMNEMEHYUL:

[IK 1.2. AHanu3upoBaTh CBOKWCTBA U CTPYKTYPHI METAJIJIOB U CIIABOB JUIS
W3TOTOBJIEHUS OTIUBOK.

OK 2. OpranuzoBsIBaTh COOCTBEHHYIO JCSATEIBLHOCTD, ONPEACIATh METOIbI U
CHOCOOBI BBITTOTHEHUST TPO(PECCHOHANBHBIX 3a/1a4, OIleHUBaTh UX 3G (HEKTUBHOCTH U
Ka4eCcTBO

OK 3. Pemars npo0seMbl, OLEHUBATh PUCKH U IPUHUMATD PELICHUS B
HECTaHJApTHBIX CUTYyalUAX

OK 4. Ocy1iecTBasTh MOUCK, aHAIU3 U UCIOJIb30BaHNE HH(POPMALIUH,
HEOOXONMMOW JJI1 TOCTaHOBKM W peleHus npoecCHOHANbHBIX — 3adad
po(ecCHOHaTBEHOTO U JINYHOCTHOTO Pa3BUTHS

OK 5. Mcnonb3oBaTh HHPOPMALIMOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJIOTHH B

poeCCUOHAILHON JIeITEIIbHOCTH



OK 6. PaboTaTh B KOJUIEKTUBE U B KOMaH]Ie, 00eCIIeYnuBaTh €€ CIJIOUEHUE,
3¢ (HEKTUBHO O0IIATHCS C KOJUIETaMu, PyKOBOACTBOM, MMOTPEOUTETIIMU

OK 9. DbpITb TOTOBBIM K CMEHE TEXHOJOTHMHM B Ipo¢eCcCHOHATLHON
NEeSATENHHOCTH

JLP1 OrtpaxaTh pOCCHUHCKYIO Tpa¥AaHCKYI HJIECHTUYHOCTb, HaTPHOTHU3M,
YBAXKEHHE K CBOEMY HAPOLY, YyBCTBA OTBETCTBEHHOCTH niepes PoauHoM, roproctu 3a
CBOM Kpail, cBor0 PoauHy, mponuioe M HacToslee MHOTOHALMOHAJIBHOIO Hapoja
Poccuu, yBakeHne rocy1apcTBEHHBIX CUMBOJIOB (Tep0, (iar, THMH);

JLP4 Ortpaxars cPOpMUPOBAHHOCTb MHUPOBO33PEHUSI, COOTBETCTBYIOIIETO
COBPEMEHHOMY YPOBHIO Pa3BUTHS HAYKH M OOIIECTBEHHON MPAKTUKH, OCHOBAHHOTO
Ha Juajore KyJdbTyp, a TakKKe pa3InuHbIX (OpM OOIIECTBEHHOTO CO3HAHUS,
OCO3HAHUE CBOETO MECTA B MOJIMKYJILTYPHOM MHUPE;

JI.P9 OtpaxkaTh TOTOBHOCTh U CIIOCOOHOCTH K OOpa30BaHMIO, B TOM YHUCIE
caM0O00pa30BaHUIO, HAa NPOTSHDKEHUHM BCEH JKU3HU; CO3HATEIBHOE OTHOIIEHUE K
HENPEpPhIBHOMY O00pa30BaHUIO KaK YCJIOBHIO YCHEIIHON MNpodeccuOHAIbHON U
OOI1IECTBEHHOH 1€ATEIbHOCTH;

Onucanvne KaXaoW paOOTHI COACPKUT HOMEp, Ha3BaHWE U IIENb
paboThl, (hopMHUpyEMBIE B TIPOIIECCE BBIMOTHEHUS pPaOOTHl 3HAHUS, YMCHUS
TEOPETUUYECKOE U3II0KEHHE HEOOX0IUMOTO MaTepHaiia (Ipu HEOOXOIUMOCTH
MIPUMEPHI BBITIOTHEHUS 3aaHMi), BAPUAHTHI 33JJaHUH, OMMMCAHNE AITOPUTMA
BBITIOJIHEHUST PAOOThI W KOHTPOJBHBIE BOIPOCHI (C IENbIO0 BBISBUTH U

YCTPaHUTh HEJIOUETHI B OCBOCHUH MaTepuana).

JUist monmyyeHusi AOMOJHUTENbHOM, Oosiee MoApoOHOW MH(MOpMauu
1o OCHOBHBIM BorpocaM MJIK B KOHIIE METOAMYECKHX PEKOMEHAAIMN

IMPUBCACH IICPCUCHDb I/IH(i)OpMaHI/IOHHBIX HNCTOYHHKOB.

OTueTnl CTYACHTOB JOJIKHBI COACPIKATHL HOMCP, HAa3BAHUC U LCJIb
paGOTI;-I, BBIIIOJIHCHHBIC 3alaHUA U UX PC3YJIbTAaThbl, OTBCTHI HA KOHTPOJIBHBIC

BOIIPOCHI U BBIBOJIBI 110 TIPOJIETIAHHON padoTe.

TuTynbHBIA JHUCT AOKEH OBITh OQOPMIIEH B COOTBETCTBUHU C

MIPUIIOKEHUEM 1.






INEPEYEHD ITPAKTUYECKHUX U JIABOPATOPHBIX PABOT

Ne rembl HaunMeHOoBaHHe NPAKTH4YECKUX U JIa0OPATOPHBIX padoT O0bem
(uaca)
JlabopaTopHbie padoThI

Tema 3.2. | Nol «MccnenoBanue CTpYKTyp YyTYHOB METOJIOM Makpo- U 2
MUKDPOAHAIIA3a
No2 «MccnenoBanue CTpYKTyp CTaJIEH METOJOM MaKpOaHAIU3a»
No3 «HMccnenoBanue CTpYKTyp CTajded METOJIOM MUKPOAHATIN3a» 2
Ne4 «HccnenoBanre CTpYKTYp allOMUHHUEBBIX CIIZIABOB METOJIOM 2
MaKpO- U MUKPOAHAIIN3a»
No5 «HMccnenoBanue CTpyKTyp LHIMHKOBBIX CIIJIABOB METOJIOM 2
MaKpO- U MUKPOAHAIIN3a»
Ne6 «Onpenenenne yaapHOH BI3KOCTH YyT'YHOBY. 2
No7 «Onpenenennie ynapHoi BSI3KOCTH CTaseil, IIBETHBIX 2
METaJIJIOBY.

IIpakTyeckue padoThI

Tema 3.1. | Noel Onpenenenre XxapakTepUCTUK METAIUIOB U CILIABOB B 2
3aBUCUMOCTH OT UX PUMEHEHHUS
No2 PeHTreHOCTpyKTYpHBIN aHAJIN3 YYyTYHOB 2
Ne3 PeHTreHOoCnEeKTpaIbHBIA METOT ONIPEACIICHUS
MHUKPOCTPYKTYPhI UYyTYHOB
No4 «Omnpenenenne o0aacT MPUMEHEHUS CIIJIaBa B 2
3aBUCUMOCTH OT CTPYKTYPBI CILJIaBa: OPOH3BI, JaTYHI
No5 «Omnpenenenue o6acT MpUMEHEHUS CIJIaBa B 2

3aBUCUMOCTH OT CTPYKTYPHI CIUIaBA: CUIIYMHUHBI, MATHUEBBIE
CILJIaBbD»

JlaGopaTopHasi pabora Nel

Ha3Banue sabopatopHoii padorsi: lcciienoBaHue CTPYKTYp YYTYHOB METOJIOM

MakKpo- ¥ MUKpPOaHaJn3a

Heab padorbi: Hayunthes mpoBOAWTH UCCIEIOBAaHUE CTPYKTYP UYT'YHOB METOJIOM

MaKpo- U MUKpOaHaIn3a




3HAHMS (aKTyaJIn3a1us):

-CTPYKTYpHI UyTYHA

-BUJIBI U3JIOMA

YMEHUS:

-HCCIIeIOBATh CTPYKTYPY YyTyHOB

O6opynoBanme: MUKPOCKOT, 0Opa3ilbl YyTYHOB.
TeopeTuyeckoe 060cHOBaHUE

N3momM — moBepXHOCTh, 00pasyromascs Mociae pa3pylieHus oOpa3na Wi U3IENHs.
Paznuyaror u3a0Mbl XpynKuil (HalpuMep, y KEpaMUKH, 3aKaJE€HHBIX CTajel); BA3KUN
CO clleJaMd MECTHOM IJJaCTUYECKON JedopMalvy Ha TOBEPXHOCTH H3JIOMA;
YCTAJIOCTHBIM — TOCNIE€ pa3pylIeHHus B pe3yJbTaTe€ MHOTOKPATHOIO Harpy>KEeHHs.
AHanu3 U IpaBWIbHOE “‘UTE€HUE” WM3JIOMOB UTPAIOT BAXKHYIO POJIb MIPY YCTAHOBICHUHU
IPUYUH aBApUM U TOJOMOK. MAaKpOCKONUYECKHUM aHAIU3 CTPYKTYPbl H3JI0OMOB
Ha3biBaeTca ¢pakrorpadueii. [lo Bumy u3iiomMa MOXKHO CYIUTh O BEITUYHHE 3€pHA
MeTajljla WK CIUIaBa, HAJIMYWM NEPErpeBa, MPUUYMHE pa3pylIeHHs (yCTalOCTHBIN
W3JIOM), O HATMYUU PACCIIOCHUS, PHIXJIOCTU U Jp. V310MBI OBIBAIOT KPUCTAILTUICCKUC
(3epHUCTHIE), BOJOKHUCTBIE M CMEUIAHHBIE, MPOJOJbHbIE U MOINepeyHble. Bs3kuii
(BOJIOKHUCTBIN) W3JIOM OOBIYHO HaOJIOJAaeTCd MOcie IUIACTUYeCKOoN nedopmanuu
oOpasiia ¢ MOSABJICHUEM IIEUKU Mepe]l pa3pylieHneM. BOTOKHUCTBIA H3JI0M UMEET
MECTO B OTOYIKEHHBIX JTOIBTEKTOMIHBIX CTANAX, a TAKKE B CTaJAX, YJIYUYIIEHHBIX
TepPMUUYECKON 00pabOTKON (3aKayika IMOJHAs, OTIYCK BBICOKHIT). Bsi3kue HU310MBbI HE
UMEIOT KPUCTAJUTMYECKOTO OJIeCKa, XapaKTEePHU3yIT JOOPOKAYECTBEHHYIO CTPYKTYPY
MeTtaia  Xpynkue  (KpUCTAIUIMYECKHE) M3JIOMBL.  XPYNKOMY  pa3pylIEHUIO
MOJIBEP’KEHBI 3aKaJ€HHbIE CTaJId, IMOBEPXHOCTH HM3JIOMOB COCTOAT M3 MHOYKECTBA

OJIECTSIINX IUIOIIATO0K.



Paznuuaror cieayronime pa3HOBUIHOCTH XPYIKUX U3JIOMOB: TPAHCKPUCTAIITNYECKUM
(DpoxXoAUT TO TEeay 3€pHa), MEXKKPUCTAJUIMYECKUN (MHTEPKPUCTATUIMYECKUN ),
KPYIHO3EPHUCTHIN (TPpyOO3EpHUCTHIN, KPYMTHOKPUCTAIUIMYECKUI), MEIKO3EPHUCTHIN
(MEKOKpUCTAIITMYECKUI), HaPTaTMHUCTBIN, KaMHEBUIHBIN, MU(EPHBIA, YEPHBINH,

YCTAJIOCTHBIM.
HadranuuucTelii - TpaHCKPUCTAINIMYECKUA U3JI0M, TIO BHEIITHEMY BHU]Y Ha-

NOMMHAIOMMK Oneck HadTalvHA, BCTPEYaeTCs y OBICTPOPEXKYIIUX CTaJled Ipu
HapylIEHUW pexXuMa TepMuyeckod o0paboTku. KaMHeBUAHBIA  U3IOM -
MEXKPUCTANIMYECKUI, UIMEIOIINI KPYITHO3EPHUCTOE CTPOEHUE, MOSABIISAETCS B CTAIAX
B IIpollecce IeperpeBa Mpu Tropsued MexXaHM4ecKoM o00paboTke, MpHU3HAK
HeZoOpoKauecTBEHHOCTH  cTpyKTypbl.  Iludepubrit  (cmoucTsiil)  uziom -
XapaKTEPHU3yeTCs] APEBOBUAHBIM PACIIOIOKEHUEM BOJIOKOH B IIPOJOJIBHBIX M3JIOMax
CTaJIN. Bcerpeuaercs BCPEAHEYTIIEPOAUCTBIX CTaJIAX, 3arpsi3HEHHBIX
HEMETAJUIMYECKUMH BKJIIOYEHUSIMU W TIEPEHACHIIIEHHBIX ra3amMu. YepHbIl H310M
SIBIISIETCSl CJIEICTBUEM BBIJICICHUS TpauTa M3 CTalell C BBICOKUM COJEp)KaHHEM

yriiepoja U KpEMHHUS TIOCJI€ ITTUTEILHOIO OTXKUTa TPU HUZKUX TeMIIepaTypax
WJIY 3aKaJIKU ¢ OTIycKoM npu temmnepatype 700°C.

VYCTanocTHeI M370M BCTpEYaeTcs B JACTANAX, paOOTaBIIMX MPU LUKIMYECKHX
Harpy3kax (penbChbl, OCH, Bajlbl, IIIECTEPHU, IITOKU, KIalaHHbIE IPYXUHBI U 11p.). Ha
U3JIOME MOBEPXHOCTH PA3TPaHUUMBAIOTCS HAa oyar paspyllieHus (pUCKH, 3a00UHBI,
TPEIIMHbI, HEMETAJUIMYECKHE, Ta30BO€ BKJIIOUEHUS), 30HY MOCTENEHHOIO pPa3BUTHUS

yCTaJIOCTHOM

TPEIIMHBl W 30HY M3J0Ma. YCTAJOCTHAas TpEILIMHA, PAa3BUBASICh, IOCTENEHHO
ocnabiseT MmomepeyHoe ceueHue aetand. He mopakeHHOe TpElmMHON CEeYeHHE He
MOJKET NPOTUBOACHCTBOBATh HArpy3Ke Ha JAeTajdb W paspyliaercd. 30Ha HM3J10Ma

MOJKCT UMCTD IIPU3HAKH WK XPYIIKOI'O, HJIX BA3KOI'O PAa3pYyHICHUA.

N310M ¢ 3aKaJIOYHON TPEIIMHON UMEET JBA XAPAKTEPHBIX YYaCTKA: TEMHBIN -



OKHCJICHHAsI TOBEPXHOCTh 3aKaJOYHOW TPEUIMHBI M CBETJIBIA - MEJIKO3EPHUCTBIN
XPYIIKMI M370M. 3akajJoyHas TpPEIIMHA BO3HUKAET MPU YPE3MEPHO BBICOKOU
CKOPOCTH OXJIaxkaeHusi cranu. OOpa3oBaHuE MOMEPEYHOM 3aKaJlOUHOM TpEHIMHBI B
pelbCce CBS3aHO C MECTHBIM HArpeBOM pENbC /0 3aKaJOYHOM TeMmmepaTyphl MNpu

6YKCOBaHI/II/I KOJIeCa JIOKOMOTHUBA U MMOCJICAYIOIIMM OYCHb 6BICTpBIM OTBOAOM TCILIA.

MHKpoaHaJ'II/IB BKJIIOYACT ABC OIICpalMHU: IIPHUI'OTOBJICHHUC MI/IKpOHIJ'II/I(I)a N U3YUYCHUC

€r0 MUKPOCTPYKTYPBHI.

oM HA3BIBAIOT CHENHMAIBLHBIM O0pa30M MPUTOTOBICHHYIO JI HCCIEIOBAHUS
OJIHYy M3 IUIOCKOCTEH HEeOOJbLIOro pasmepa oOpaslia M3 MCCIEIyeMOro marepuana.
Haunbonee ymobHoit (opmoii oOpasioB 1yl paOOThl W TOJYYEHHUS KadueCTBEHHOI'O
numda sSBISETCS UWIMHAP JUAMETPOM M BBICOTOH OKOJo 15 MM wmiam KyOWK
(mapayenenurnen) ¢ JuHEHHbIMH pa3- Mepamu  10x15x15 wmwm. Ilpomecc
MPUTOTOBJIICHUST NUIM(OB  BKJIIOYACT: BBIPE3Ky 00paslioB H3  MaTepuaia,
MOJIJIEKAIETO UCCIIeI0OBAHUIO; TPeBApUTEIbHOE (MIOATOTOBUTENBHOE) NUTH(OBaHNE
MMOBEPXHOCTH, MIPEAHAZHAYCHHON JIJISI KCCIICIOBAHUS, U TTOCIIESAYIONIEe MOJTUPOBAHHE.
Bripeska o0pasioB. OOpaszen [y TpUTOTOBIEHUs HUIUda cleayeT BhIpe3aTh 0e3
HarpeBa (Jy4iie MEXaHUYECKUM CIOCOOOM) B TAKOM MECTE 3arOTOBKH WJIM W3JCIIHS,
KOTOpOE€ XapaKTepu30BaJl0 Obl CTPOCHUE MeTala HE TOJbKO TOr0 ydYacTKa, W3
KOTOpOro BbIpe3aH oOpasel, HO U Bcero odbema Meramuia. CtopoHy oOpasua,
MPEeIHA3HAYCHHYIO JJI MPUTOTOBJIEHUS UM ]a, MOocie BEIPEe3Ku 00pasiia OMMINBAIOT
HAMMMJIBHUKOM WJIM 3aTOPIIOBBIBAIOT Ha 3aTOYHBIX CTAaHKAX IS CO3JaHUS POBHOM
noepxHoctu. lllnudosanne moBepxHOCTH oOpasla Uisi MPUTOTOBICHHUS MUTUA.
[Tnockocth oOpasna NUMQYIOT BPYYHYI0 WIM Ha CHCIUAIBHBIX CTaHKax. B
HacTosmeld  JlabopaTopHOM  paboTe  MpeaycMaTpuBaeTCs  TOJIBKO  Py4dHOE
nuiidosanue. g moy4eHus: MOBEpXHOCTH IUM(a POBHOW U IUIOCKON a0pa3uBHOE
nutrdoBalibHOE MOJIOTHO (OyMary) cieayeT 1mojo- 6 )KUTh Ha TOJCTOE NUTM(OBAHHOE
crekio. IlnudoBanne Mpou3BOIAT BO3BPATHBIMHM IMPSAMOJIMHCHHBIMU JIBM)KCHHSIMHU

o0OpabaTbiBaeMOl MOBEPXHOCTHIO MO a0pa3WBHOMY IOJIOTHY: MEpEeMENIaloT o0pasels



oT ce0si co cimabbiM HarpykeHuem (pabouuii Xoa) U K cebe O0e3 Harpy>KeHHs, He
OTphIBasi 00pabaThIBAEMYIO TIOBEPXHOCTh OT a0pa3uBHOI OyMaru (xosoctoit xox). He
PEKOMEHIyeTCsl Harpykatb oOpasel] TMpu XOJOCTOM XOJ€ — TOJYy4HUTCS
JIBYXCTOPOHHSISI CKOILIEHHAs] TOBEPXHOCTH («3aBaD» — «KPbIIIa»)*, 4TO HE MO3BOJIUT
MOJIYYUTh PE3Koe W300pakKeHUe CTPYKTYpPhl TIpH HCCICIOBaHWU mnuida Ha
Mukpockone. [lnudoranre HaunHAIOT Ha TPYOBIX (KPYHTHO3EPHUCTHIX C a0pa3uBHBIM
3eppoM oT 250 go 100 mkM) aOpa3uBHBIX WIKypKax /[0 MOJHOIO YJaJdeHHUs
HEPOBHOCTEW, HACJIEIOBAHHBIX OT BBIpe3kHu (puc. la). Jlanmee mepe- xomaaT k Oomee
MEJIKO3epHUCTHIM  aOpa3uBHBIM OyMaram JJis YMEHBIIEHUS LIEPOXOBATOCTU
MOBEPXHOCTH M 3aKaHUYMBAIOT NUTN()OBaHNE HA MUKPOHHBIX Oymarax (28 — 3,5 Mkm)
[Ipn mepexone ¢ oaHOrO HOMeEpa aOpa3MBHON Oymaru K Jpyromy HEOOXOIUMO
KX/l pa3 oOpa3el MEXxaHM4YEeCKH OYuIIaTh OT adpa3uBa U moBopauuBaTh Ha 90° k
HANpaBJICHUIO TEpEeMEIIeHUsT ero Ha mpenpiaymeld Oymare. 3akaHUYMBaTh
nuiidoBaHre Ha UCHOJb3yeMOW Oymare ciefyeT Mocjie MOJHOTO yAalieHUs PUCOK
(mapamnuH), CO3JaHHBIX Ha NpeblayIIei Oymare

[TonupoBanue nUIM(OB MPOU3BOAAT HA TMOJIUPOBATIHLHOM YCTAaHOBKE (CTaHKE) C
BpAIIAIONIMMCSl METAUIMYECKUM JUCKOM, OOTSIHYTHIM TOHKUM CYKHOM, (DeTpOM HIIU
np. MmatepuasioM (puc. 2). TkaHb MOJIUPOBAIBHOTO Kpyra NepUOANYECKA CMAuUBaIOT
cycrieH3ued (BOJHAs B3BECh OKHCH XpPOMa B BHJIE MEITKO3EPHUCTOTO MOPOIIKa)*,
IpeIBapUTEIbHO B30AIThIBAS €€.

[TonupoBanue — mpoiecc JOCTaTOUHO JIUTENbHBIN (0T 8 n10 10 Mu- HyT). [lomupys
nud, HeoOXoaumo cobioaaTh cieayroue npaBuia: 1. Pacmomaraih muud Ha
MOJINPOBAJILHOM Kpyre Jajblle OT IeHTpa (Tak yaoOHee yJepkKuBaTh HUTUD U
KOpoue Mporecc MOJUPOBKU (CM. puc.2). 2. BXxoau B KOHTAKT C MSTKHUM CYKHOM
MOJIUPOBAIILHOTO Kpyra MOBEPXHOCThIO NUIM(a 0e3 TEepPeKoCOB U UYPE3MEPHOTO
HaxaTus (B MPOTHBHOM CiTy4ae Ui MoKeT BeIpBaThes U3 maibiieB). 3. [loctosHHO
CMayMBail TMOJUPOBAIBHBIA Kpyr, TaK KaK €ro BBICBIXaHHE MOXET BbBI3BATh
«MPUTOpPaHUE» TOJUPYEMOM TMOBEPXHOCTU U JAeHOPMUPOBAHHUE CTPYKTYPHI.

HOHI/IpOBaHI/Ie CUUTACTCA 3aKOHYCHHBIM, KOI'ZIa ITOBECPXHOCTH HIJII/I(I)a P BHCHIHEM
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OCMOTpPE HEBOOPY)XCHHBIM TIJ1a30M MpHOOpeTaeT 3epKajbHBIM Oleck, a Tmpu
pPaccMOTPEHUH TOJI MHUKPOCKOIIOM Ha MOBEPXHOCTH nuiida He Oyner oOHapykKeHO
HapanuH

BoisiBienue MukpocTpykTypbl * IInug mnocne mnoaupoBaHus HEO0OXOIAUMO
TIIATEJIbHO TPOMBITH B CTPYE BOJBI M MNPOCYHMIUTh (DUIBTPOBATIBHON OyMaroi.
[ToBepxHOoCTh mITH(pa A0KHA OBITH 3€pPKAIBHO OJiecTsIIel 0e3 3aMeTHBIX s
HEBOOPY)KEHHOr0 TIJ1a3a HapanuH. Jlg BBIABICHUS MUKPOCTPYKTYPbI ILIU(D
MOTPYKAalOT B peakTuB (Mpwi.2) (WM HAHOCIT PEAKTUB JIOKAJbHO BAaTKOM) U
BBIJICPKMBAIOT OMPENEICHHOE BpPEeMsl 1O TOSBICHHS MPU3HAKOB MPOTPABKH, 3aTEM
€ro MPOMBIBAIOT B BOJIC M CyIIAT MPOMOKaHUEM (PHIIbTpoBaIbHOM Oymaroit. Bpems
TPaBJICHUSI 3aBUCUT OT KOHUEHTPALUU pPEAKTHUBA, NIPUPOJbI METAIIUYECKOrO
MaTepuaia M, Kak MpPaBWIIO, YCTAaHABIMBAETCS IKCIEPUMEHTAIBHO MO W3MEHEHUIO
OTpa)kaTeIbHOW CHOCOOHOCTM M 1BeTa mnoBepxHoctu nummda. IIpuznakom
JIOCTATOYHOW  CTENEHH  TPABJICHUS  SIBJISIETCS  MCYE3HOBEHHUE  3EPKaIbHOCTU
MOBEPXHOCTU M MPUOOPETEHUE €10 CBETJIO-MAaTOBOro orTeHka. I[lpumeuanuwe. Co
numdoM HeoOXxoauMo oOpamarbcsi aKKypaTHO: — HE TpUKacaTbCs K €ro
MOBEPXHOCTH MaJIbIIAMH; — OCTOPOXHO CTaBUTh U CHUMATh C MPEJAMETHOIO CTOJIMKA
MHUKpPOCKOIIa; — HE€ IMepeMellaTb €ro MOBEPXHOCTb OTHOCUTEIBHO HPEIMETHOIO

CTOJIHNKA.

MUKpPOCKONIMYECKHI aHAIA3 3aKIOYAETCS B UCCIECIOBAHUM CTPYKTYPhl METAJIIIOB C
MOMOIIBI0O MHKpoOcKomna. HabGmromaemMass B MHKPOCKOII CTPYKTypa Ha3bIBaeTCS
MUKpPOCTpYKTypoil. [lpu momomm MHKpoaHanu3a H3y4aroT (Ha3oBbId COCTaB U
CTPYKTYpHBIE€ COCTABIISIONINE METAIIJIA WU CIUIaBa; pa3Mmep, GopMy U OpUEHTUPOBKY
3epeH; Haimnuue Je(EeKTOB, CHWXKAIONMX KadyeCcTBO MeTauia (BKIFOUCHUS,

MUKPOTPEILIMHBI U Ip.).

P€3y.]'II)TaTOM MHUKpPOAHAIN3a ABJIACTCA 3dKIHOYCHHUC O XapaKTCpe 06pa6OTKI/I

mMarepuaja, 0 COOTBETCTBUU CTPYKTYPbl TCXHHYCCKHUM YCIIOBHAM.
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Xoa padoTbi

1. [omyuuTs oOpazer.

2. UccnenoBaTh CTPYKTYpPY € MOMOIIBIO MUKPOCKOTIA.

2. Onpenenuts BUJ U3JIOMa U 3aNIOJIHUTh Ta0iuibl 1 u 2.
3. JlaTp 3aKJIFOUEHUE O COOTBETCTBUU CTPYKTYpPhI TY.

4. OpopMUTh OTUET.

Tabmura 1 - Buas! u3ioMos

Bun uznoma Crpoenue nznoma

Tabmuna 2 — Buasl uyryHOB

Bupg uyryna Crpykrypa 4yryHa

JlaGopaTopHasi paGora Ne2

Hassanue ga0oparopHoii padorbl: lccienoBaHue CTPyKTyp CTalled METOAOM

MaKpoOaHajIn3a

Heab padorbi: opMupoBaHHE YMEHHUN paclO3HaBATh CTPYKTYpPY CTajedl METOI0M

MaKpoaHaJin3a
3HAHUA (AKTyaIM3aIus):
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-1e(PEeKThI CTaTBHBIX OTIMBOK
yMeHMuSs:
OTIPEEINISITh CTPYKTYPY CTajiel mo o0pasily METOI0M MUKpOaHaI13a
Oo6opynoBanme: jtymna, 00pasibl.
TeopeTnueckoe o00cHOBaHUe

MaKpoaHaﬂnzoM (MaKpOCKOI’luLleCKMM ananu3zom) Ha3bIBaCTCs N3Yy4YCHUC
CTPYKTYPbI MCTAJJIa WUJIN CIlJIaBa HCBOOPY’KCHHBIM I'NIa30M WJIM C TTIOMOIIBIO JIYIIbI

npu HeOobIoM yBenudeHuu (10 30 pas).

CTpykTypa MeTa/jla IPH O3TOM MOXET H3ydaTbCs JUOO HEMOCPEICTBEHHO
HA TOBEPXHOCTH 160 B wm3nome (puc. 1) geranu WM CHEIHAIBHO

MIPUTOTOBJICHHOTO JIJIS 3TOM 1IeJi 00pa3siia.

Puc. 13. Hatom pasuka

O6pa314bz ons MakpoaHnaiuza U3roTOBJIAAIOTCA IIYTCM BBIPC3KH U3 ACTAIIM HIIHA

OTJINBKH.
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Puc. 14, VYcanouHas paKoBHHA
B CTAJIbHOH OTJIHBKe

MaKPOaHaIH/IB IMO3BOJIAICT BbIABHUTH PA3JIIMYHBIC IIOPOKM B JIMTBIX JCTAJIAX
" OTJIMBKax.

HOI[J'IC)K&HIaH HCCIICAOBAHNIO ITOBCPXHOCTh MCTAlJIa THIATCIIBHO IHJ'II/I(I)yeTCH
Ha Ha}KI[a‘-IHOﬁ 6YM3.F€ Pa3HbIX PAa3MCPOB U IIPOTPABINBACTCAH. HO,Z[FOTOBJIeHHa}I
TaKUM o6pa30M IMOBCPXHOCTDb HA3bIBACTCA Makpoumuqbom.

Tpasiienue

TpaBiieHne TPOU3BOAUTCA CHEUUATBHBIMU peakTuBaMH. Tak, OISl «21y6oKo2o»
mpaeienus, BbISBISIIONIETO  BOJIOKHHCTOE CTPOEHHE METaula, XUMHYECKYHO
HEOJIHOPOJHOCTb U pa3jMYHble MOPOKU CBApKH, HEOJHOPOJHOE paclpeesIeHue

BpGI[HOfI IMPUMECHU — CCPLBI B CTAJIBHBIX JICTAJIAX.

Puc. 16. MakpocTpystypa chaploro iupa:

1 =— cpapKa cTAAH; § — cRapxiu wean

I/I3y‘IGHI/IC uszjiomos cmajiu u 4ycyHa 1o3BOJIACT CYIUTb O HAJIMYHWKM BHYTPCHHHX

IIOPOKOB MCTAaJljIa:
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=  YCaJOYHBIX PAKOBUH,
= Ta30BbIX ITy3bIPEU U NIOP B JUTHIX ACTAJSAX,
* TpEIIMH | BOJIOCOBUH, OOPA30BaBIIUXCS B pe3yJbTaTe MPOKATKH

MeTajljla ¢ BHYTPEHHUMH MOPOKAMM.

Jns 3TOro HCHOJB3yHOTCS KOHIIEHTPUPOBAHHBIE pACTBOPBI KHUCIOT W UX CMECHU

B IopA4CM HUJIK KHUITAIICM COCTOSAHUHU.

Puc. 15. Bonoxnucroe crpoenne:
O == SArOTOHKN; & — ZAaHJenKn

Bomnoxknucroe CTPOCHHUC B KOBAHBIX, IMTAMIIOBAHHBIX, IIPOKATHBIX JACTAJIAX

(pUCYHOK BHIIIIE).

Pic.  I7. MakpocTpyxrypa 3syGoen
WecTCpHIt 3akanentnoit ToHaMu
phicoxofl HacTOTH
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Kpome Ttoro, ananuz uznoma cmanu no3BoJIsieT CyJIUTh O pa3Mepe 3€pHa, O CTEIECHH
OJIHOPOJHOCTH CTPYKTYPbl IO CEYEHHUIO O HAIMYMM TIeperpeBa WIH Mepexora

MeTauia.
Xoa padoTbi

1.ITonyuuTs 0Opaserr.
2. VccnenoBaTh CTPYKTYPY € MOMOIIIBIO JIYIIBI.
3. 3amoaHUTh TabIuILy 3.

Ta6nuna 3 — Buasl makpoaHanuza crajiei

Bun makpoananuza Pucynox

4. OpopMUTh OTUET.

JlaGopaTopHasi padora Ne3

Ha3panue npaxkTudeckoil padorwl: lccienoBaHue CTPyKTyp cTajlei METOJOM
MHUKpOaHaIn3a

Heab padorel: MccnenoBars CTpyKTypy CTAIEN METOJIOM MUKPOAHAIU3A

3HAHMA (AKTyaJ u3auus):

- MapKH CTaJieu

- KJIaccu(uKanus cTajaei mo CTpyKType
YMeHHS:

- ONPEACINATh CTPYKTYPY CTalen
O6GopynoBaHmMe: MUKPOCKOT, 0Opa3IIbl.

Teoperuueckoe 000CHOBaHME
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MUKPOCKOTTMYECKUI aHAIN3 METAJIJIOB 3aKIIF0OYAETCsl B MCCIEAOBAHUN HX CTPYKTYPBI
C TOMOIIBI0 ONTHYECKOTO MHKPOCKOMA (MCIOIB3YIOMIero OObIYHOE Oenoe Wiu
yIbTPa(HOIETOBOE U3IIYUCHHE) U AIEKTPOHHOTO MUKPOCKOIIA.

[Ipn mcronb30BaHWK ONTUYECKOIO MUKPOCKONA CTPYKTYPY METajla MOYKHO M3y4aTh
npyu OOLIEM YBEJIIMYEHUH OT HECKOJIbKUX JiecsATKOB 10 2 000-3 000 pa3. Mukpoananus
MO3BOJISIET  XapaKTEepU30BaTh pa3MEpbl M  PACIOIOKEHUE pa3IMyHbBIX (a3,
NPUCYTCTBYIOIIMX B CIUIaBaX, €CIM pa3Mephl yacTull 3Tux (a3 He meHee 0,2 MKM.
MHuorue (assl B METAIMYECKUX CIUIABaX UMEIOT pasmepbl 10*-107cM u mosTomy
MOTYT OBITh Pa3IMYUMbl B MUKPOCKOIIE.

[Tpn mukpoananmmse onHO(MA3HBIX CIUTABOB (OOBIYHO TBEPHBIX PACTBOPOB) M YHCTHIX
METAJIJIOB MOKHO OIpPEACNIATh BEIMYMHY 3€pEH M OTMETUTh CYIIECTBOBAHHE
JIEHJIPUTHOTO CTPOCHUSI.

OHpG,ZICJICHI/IC pasMCpoB 3CpCH IIPOBOAUTCA b 1% (s0) MCTOdaMH KOJIUYECTBEHHOM
MeTaJIJIOI“pa(i)I/II/I, 0o IIyTEM COIIOCTABJICHUA CTPYKTYPBI C 3apaHCC COCTAaBJICHHBIMUA
mIKaJIaMH.

JIeHIpUTHOE CTPOEHUE CBSA3AHO C ONPENAEIECHHONM XMMHMYECKONM HEOJHOPOIHOCTHIO,
BBISIBJISIEMOM MpU TpaBJIEHHM 0Opasla, MOAJIekKAIIEro MHUKpoaHanusy. Eciu
OoJHO(a3HbIE CIIJIaBbl COCTOAT M3 BIIOJHE OJHOPOAHBIX IO COCTAaBY 3€PEH, TO 3TO
YKa3bIBaeT HA IOCTH>KEHHE PABHOBECHOT'O COCTOSIHUSI.

B mHOroda3HpIx crzaBax ¢ MOMOIIBI0 MUKpOAHAIN3a MOXKHO OMPENEIUTh HE TOJIbKO
KOJM4YeCTBO, OpMy M pa3Mephbl BKIIOUECHUN OTIEIbHBIX (a3, HO M WX B3aUMHOE
pacrpeneneHue.

Pa3nbie ga3bl MOryT 00pa30BbIBATh YCTOMYMBBIE (HOPMBI B3aUMHOI'O pacIpeesieHus,
XapakTepHbIE HE U1 OJHOI0 KakKoro-imOo cIiaBa, a A LENbIX TPYII CIIABOB,
UMEIOIINX OOIIME THIBI IPEBpAIlEHUM, OMMCHIBAEMBIX IHArpaMMOIl COCTOSHUS
(Harpumep, IBTEKTUUECKHUE U HIBTEKTOUIHbIE IPEBPALLECHUS).

KonnyecTBO 3BTEKTUYECKON WIIM JBTEKTOMIHOM CTPYKTYpPBI, & TaKK€ CTPOCHHUE H
XapaKTep paclpeAesIeHHs 3TUX CTPYKTYp OKa3bIBatOT OOJIBIIOE BIMSHUE HA CBOMCTBA
CIUIaBOB. B 4acTHOCTHM, CBOWCTBA CTajlMd BECHMA CWJIBHO 3aBUCAT OT KOJWYECTBA
’BTEKTOMJAa (mepiura) U ero crpoeHus. Popma mnepiauTa B 3aBUCUMOCTU OT
XapakTepa TepMHUUYECKOM  00paOOTKM  MOXKET ObIThb  pa3IM4HOM —  OT
rpyOOIIaCTUHYATON JJO MEITKO3EPHUCTOM.

Hpyrue coderanus ¢a3 MOTYT 3aBUCETh OT YCJIOBHM TEPMHUYECKOW M TOpsuen
MeXaHu4yeckoil o0pa®oTku; (a3pl MOryT OBITh B BHJIE OTACIbHBIX BKIIOUEHUH
OKpYTJION, TIACTUHYATON WIJIM UTOJb4YaTol (OPMBI, a TakKe B BHUJE CTPOK U CETKHU.
Hampumep Xopomo H3BECTHO, 4YTO PAaBHOMEPHOE pachlpelereHue KapOuIoB B
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CTPYKTYpE 3a3BTEKTOMJIHOM CTaiu 00ecleyMBaeT BHICOKME MEXaHMUYECKHE CBOMCTBA
MHCTPYMEHTA, TOTJA KaK HaJW4Yhe CeT4yaTroro pacupeicsicHusl LEMEHTUTa I10
rpaHuIlaM 3epeH (IIEMEHTUTHAS CETKa) BHI3BIBAECT XPYIIKOCTb.

[Tonp3ysice MeTOmaMU MHMKpOAHalli3a, MOXHO TakKXe OLEHHTh CBOMCTBA psijaa
MHOro()a3HbIX CIUIaBOB M, B YAaCTHOCTH, YYryHa, [JIs KOTOPOrO HMEITCS
CHeUHaIbHbIE MIKAJIbl, KJIACCUPULUHUPYIOMINE MO (POpME U KOJIUYECTBY TI'papuT H
bochuaHyI0 IBTEKTUKY.

[To mnomaau, 3aHMMaeMOi Kax10M Pa3oil Ui CTPYKTYpPHOM COCTaBIISIONICH B TI0JIE
3p€HUsT MHKPOCKONA, MOXHO B psJ€ CIy4aeB ONPEACIUTh KOJHUYECTBO
MPUCYTCTBYIOMUX (a3, €Clid U3BECTHA WX IJIOTHOCTh. Kpome TOTro, eciu W3BeCTeH
cocTaB Kaxaou u3 (a3, MOKHO MPUOIUZUTEIBHO ONMPEACTUTh U COCTaB M3y4yaeMOro
cruiaBa. Takue pacyeThl TOJBKO B TOM ciydae OyAyT JOCTaTOYHO TOYHBIMHU, €CIIU
NpPUCYTCTBYIOMIKE (ha3bl HE CIUIIKOM JUCHEPCHBI M HAXOMSITCS B 3HAUYUTEIIBHOM
KOJIMYECTBE.

C momoIp0 MHUKpOAHaIu3a MOXKHO OINPEIEIUTh CTPYKTYpPY CIUIaBa HE TOJBKO B
PaBHOBECHOM, HO W B HEPABHOBECHOM COCTOSIHMH, YTO B PSJE CIy4acB MO3BOJISET
YCTaHOBHUTH MPEIIIECTBYIONTYI0 00paboTKY CIiaBa.

N3mMeHeHne CTpYKTYphl OT MOBEPXHOCTHOIO CJIOSI K CEPEAMHE U3/CIINM yKa3bIBAE€T HA
XapakTep HarpeBa (HAIMYME OKHCIICHHUS WM O00e3yIrJepOoKUBaHUs CTall) WIM Ha
MPUMEHEHUE XUMHUKO-TEPMUUECKO 00paboTKHU (1IeMEHTAIMU, a30TUPOBAHUS U T. 1.

Xoa padoTbI

1.ITonyuuts 0Opaser.
2. VccnenoBaTh CTPYKTYPY € MOMOIIBIO MUKPOCKOIIA.
3. 3anoiaHuTH TabuIy 4

Tabnuia 4 — MUKpOCTpyKTypa cTajien

Mapxka cranu Knaccudukanus craneit mo CrpykTypa cTanu
CTPYKTYype
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4.0popMHUTB OTYET.

JlabopaTopHasi padora Ned

Ha3panue mnpakTtuuyeckoii padorbi: lccienoBanue CTPYKTYp aJlFOMUHUEBBIX

CIIaBOB METOAOM MAKpPO- 1 MUKpOaHaJIn3a

Heab padorbi: @opMHUpPOBAaHUE YMEHUM pACHO3HABaTh CTPYKTYpPY aTIOMUHHUEBBIX

CILJIABOB METOJIOM MaKpO- U MUKpOAHaIU3a
3HAHUA (AKTyaIM3anus):

-BU/JIbI ATFOMUHHUEBBIX CIJIABOB

yMeHMUSsI:

- HCCJIEIOBATh CTPYKTYPY aTIOMUHHEBBIX CIIJIABOB

O6GopynoBanmne: MUKPOCKOT, OOpa3IIbl.
Xoa paéoTbi

1.ITonyuuTs 0Opazen.
2. UccnenoBaTh CTPYKTYpY € OMOIIBIO MUKPOCKOTIA.

2. 3anoaHuTh Ta0IUILy S.

Tadbmumnas — Buasl aTFOMUHUEBBIX CILIABOB

Buj antomMuHHEBOTO CIijlaBa CrpykTypa aITtOMUHHUEBOTO CILIaBa
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3.0bopMuUThH OTHYET.

JlabopaTopHasi padora Ne$

HaunmenoBaHue npakTu4yeckoi padornl: VccienoBanue CTpyKTyp IIMHKOBBIX
CIUIaBOB METOJIOM MaKpO- U MUKpPOAaHAaIN3a

Leab paGoTei: GopMupoBaHrEe YMEHUN paclo3HaBaTh CTPYKTYPY IIUHKOBBIX
CIUIABOB METOJIOM MaKpO- U MUKpOaHaIN3a

3HAHMS (aKTyaJIn3a1usl):

-BU/IbI IIMHKOBOTO CIJIaBa

yMeHMUSsI:

- UCCJIEIOBATh CTPYKTYPY LIMHKOBBIX CIJIABOB
O6opynoBanmne: MUKPOCKOT, OOpa3IIbl.

Teoperuueckoe 000CHOBaHME

N3nom — moBepXHOCTb, 00pa3yromiasicsi nocie paspylieHus odpasua Wid U3JeNus.
PaznuuaroT u37I0MBI XpYNKuil (Hampumep, y KEpaMUKH, 3aKaJIEHHBIX CTajiei);
BA3KHUI CO CJ€IaMH MECTHOW IIACTUYECKON AepOopMalMi HA MOBEPXHOCTH HU3JIOMA;
YCTaJOCTHBIM — IIOCIE pa3pylLIeHUs B PE3yJIbTATE MHOIOKPAaTHOIO HAarpy>KEeHMUS.
AHaJIN3 ¥ IPaBUIBHOE “UTEHHE” M3JIOMOB UIPAIOT BaXKHYIO POJIb IIPU YCTAHOBIICHUH
MPUYAH aBApUM M TOJOMOK. MakKpOCKONMWYECKHN aHaiu3 CTPYKTYpPbl H3JIOMOB
Ha3biBaeTcs ¢QpakTorpaduein. Ilo Buay n3IomMa MOXKHO CyAUTh O BEIUYHMHE 3€pHA
MeTajla WK CIUIaBa, HAJIWYUU MEperpeBa, NpUYMHE pas3pylieHus (yCTaJoCTHBIN
U3JI0OM), O HAJIMYUU PACCIOEHUS, PhIXJIOCTHU U JIp. M3710MbI OBIBAIOT KPUCTAJUINYECKUE
(3epHHUCTBIE), BOJIOKHUCTBIE M CMEIIAaHHbIE, MPOJOJbHBIE U IONEpeuHble. Bs3kuii

(BOJIOKHHCTBIN) HW3JI0M OOBIYHO HAOJIOJAETCAd MOCEe IUIACTUYECKON nedopmanuu
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oOpaslia ¢ MOsBJIEHUEM IIEUKHU Tepell pa3pylieHreM. BOJIIOKHUCTBIA H3JI0M HUMeEEeT
MECTO B OTOXJKEHHBIX JOABTEKTOHUJIHBIX CTASAX, a TAKXKE B CTAIAX, YJYYIICHHBIX
TEPMUYECKON 00pabOTKOM (3aKajka MOJHAas, OTIMYCK BBICOKWI). Bs3kue m3IoMbl HE
UMEIOT KPUCTAJUIMYECKOro OJIeCKa, XapaKTEPU3yIOT JOOPOKAYECTBEHHYIO CTPYKTYPY
MeTtaia  Xpynkue (KpUCTAIUIMYECKHE) M3JIOMBI.  XPYNKOMY  pa3pylICHUIO
MOJIBEP)KEHBI 3aKaJICHHbIC CTaJId, MOBEPXHOCTH M3JIOMOB COCTOST M3 MHOXECTBA

OJIECTAIIMUX IUIOIMIAIOK.

Paznuyaror cieayronie pa3HOBUIHOCTU XPYIKUX U3JIOMOB: TPAHCKPUCTATITNYECKUIMA
(IpoXOoAUT TO TEeIy 3€pHAa), MEXKKPUCTAUIMYECKUN (MHTEPKPUCTATUIMUYECKU),
KPYITHO3EPHUCTBIN (TPyOO3EPHUCTHIN, KPYMHOKPUCTAITUYECKUI), MEITKO3EPHUCTHIN
(METKOKPUCTAIITNYECKUI), HAPTaATUHUCTBINA, KaMHEBUIHBIN, MU(EPHBIA, YEPHBINH,

YCTaJIOCTHBIM.
HadranuuucTelii - TpaHCKPUCTAINIMYECKUA U3JIOM, TIO BHEIITHEMY BHU]y Ha-

MOMUHAIOIMK OJieck HadTaauHa, BCTPEYACTCA y OBICTPOPEKYIIMX CTajeh mpu
HapylIICHUU peXuMa TEepMHUYECKOM 00paboTku. KamHeBUAHBIA  HU3JIOM -
MEXXKPUCTAIUIMYECKUH, UMEIOIINI KPYITHO3EPHUCTOE CTPOEHHUE, MOSIBIIIETCS B CTAJISAX
B Ipolecce IeperpeBa MpU Topsiue MexaHudeckol o0paboTke, NpHU3HAK
HeZ00poKayecTBEHHOCTH  CTpyKTypbl.  [lludepubrit  (cmoucTsiii) u3IoM -
XapaKTEPU3YETCs APEBOBUAHBIM PACIOJIOKEHUEM BOJIOKOH B IMPOJOJIBHBIX H3JI0Max
cranu.  BcTpewaercss B CPEOHEYIVIEPOJMCTBIX  CTANSX,  3arpsi3HEHHBIX
HEMETAJUIMYECKMMM BKJIIOUCHUSIMM M TNEPEHACBIIMICHHBIX Ta3amMu. YepHbId H3JI0M
SBJISIETCSL CJICJICTBUEM BBbIJIeJIeHUs] TpaduTa M3 cTajed ¢ BBICOKUM COJIEpKAHUEM

yriiepoa U KpeMHHUS TIOCJIE ITTUTEILHOIO OTXKUTa TPU HUZKUX TeMIlepaTypax
WJIU 3aKaJIKU ¢ oTiyckoM npu temneparype 700°C.

VYCTanocTHeIl M370M BCTpeYaeTcs B JACTANAX, paOOTaBUIMX MPU LUKIMYECKHX
Harpyskax (peibChl, OCH, Bajbl, IIECTEPHU, IITOKH, KJIallaHHbIE MPYXUHBI U Ap.). Ha

U3JIOME TMOBEPXHOCTU Pa3TPaHMUYMBAIOTCS Ha Oyar paspylueHus (pucku, 3a00MHBI,
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TPEIIMHbI, HEMETAJUIMYECKHE, Ta30BO€ BKIIOUEHUS), 30HY MOCTEIIEHHOIO pPa3BUTHUS
YCTaJOCTHOM TPELIMHBI W 30HY U3JIOMAa. YCTajJoCTHasi TpPEIIMHA, pPa3BUBAsCH,
MOCTETICHHO OCNa0JISIeT TOMEepeyHoe CeueHHe AeTaiu. He mopakeHHOe TpemmuHOn
CEUYECHHE HE MOKET MPOTHUBOJEHCTBOBATh HArpy3Ke Ha J€Tallb U pa3pyliaeTcs. 30Ha

M3JI0Ma MOXET UMETh NPU3HAKHU WU XPYIKOTr0, WIN BA3KOTO Pa3pyLICHUS.
N310M ¢ 3aKJIOYHON TPEIIMHON UMEET JBA XAPAKTEPHBIX YYaCTKa: TEMHBIU -

OKHCJICHHAsl MOBEPXHOCTh 3aKAJOYHOW TPEIIMHBI U CBETJBIA - MEJIKO3CPHHUCTHIN
XPYOKHI M3J0M. 3aKajlioyHas TpEellMHAa BO3HHUKAET IMPU YPE3MEPHO BBICOKOM
CKOpOCTH oxJIaxaeHus ctanu. OOpa3oBaHUE MONEPEUYHOM 3aKaJOYHON TPEIIMHBI B
penbce CBSA3aHO C MECTHBIM HAarpeBOM pelbC 10 3aKAIOYHON TeMIepaTrypbl MpU

6YKCOB8.HI/II/I KOJIECa JIOKOMOTHUBA U MMOCICAYIOIIUM OYCHb 6BICTpBIM OTBOAOM TC€IlJIA.

MUKpOCKONMYECKUI aHAJIU3 3aKII0YAETCSl B UCCIEIOBAHUU CTPYKTYpPbl METAJJIOB C
MOMOIIbI0 MHUKpoOcKoma. HaOmromaemas B MHKpPOCKON CTPYKTypa Ha3bIBAaeTCs
MUKpOCTpYKTypoil. Ilpu mnomomm MHKpoaHanu3a H3y4daroT (a3oBbId COCTaB U
CTPYKTYpPHBIE€ COCTABIISIOIINE METAIIJIA WU CIUIaBa; pa3Mep, popMy U OpUEHTUPOBKY
3epeH; HajJuyue JAe(PEeKTOB, CHIXKAIOUIMX KAauecTBO MeTaula (BKJIIOYEHUS,

MUKPOTPEIIUHBI U JIp.).

Pe3ynpraToM MuKpoaHanu3a SBISETCA 3aKIIOUEHHE O XapakTepe o0padoTKu
MaTepuaiga, O COOTBETCTBHH CTPYKTYpbl TEXHHUYECKHM YCIOBHSIM, HapyIICHUU

TCXHOJIOTHUHU U T.II.

MukpoaHanu3 BKJIIOYAET JBE OMEpPalMU: MPUTOTOBIIEHUE MHUKpoUUIUda U U3yuyeHUe

€ro MUKPOCTPYKTYPBHI.
Xoa padoTbi

1.IToxyuuts 0Opazen.

2. HccnenoBaTh CTPYKTYPY € MMOMOLIBIO MUKPOCKOIIA.
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2. 3anoaHuTh TadIUILy 6.

Tabmuia 6 — Buabl IMHKOBBIX CILJIABOB

BI/II[ IIUHKOBOI'O CIlJIaBa CprKTypa AJIIOMWMHHCBOI'O CIlJIaBa

3.0¢opMuUTh OTUET.

JlaGopaTopHasi padora Ne6

Ha3Banme npakTudeckoi padorsi: OnpeiesieHue yaapHoi BI3KOCTU YyT'yHOB.
Henb padoThI: HAYYUTHCS ONPEIEHATh YAAPHYHI BSI3KOCTh METAJUIOB M MOJYYUTH
IIPAKTUYECKHE HABBIKM 110 TPOBEICHUIO UCIIBITAHUS HA YAAPHYIO BI3KOCTh METAJIIIOB
OOopynoBaHMsi: MasTHUKOBBII Komep, oOpa3ubl Il HMCHBITAHHUS Ha YyIApHYIO
BSI3KOCTb, IITAHTCHIIUPKYJIb.

3HAHMA (AKTyaJIu3auMs):

-METObI OIPEAECIECHUS YAAPHOU BA3KOCTH

YMEHHUS:

- TI0JIb30BATHCA TAOOPATOPHBIM 000PYJOBAaHUEM

-MCIOJIB30BAaTh METOJ, OIIPENEICHUS yAAPHON BSA3KOCTH IIPU MCHBITAHUH METaslla Ha
yIapHYIO BSI3KOCTh Ha 1JaOOpaTOpHOM 000py0BaHUU

OCYILECTBJIATh PACUYET YIAPHOHN BA3KOCTH

Matepuainbl, mpuMeHseMbIe IS U3TOTOBJICHHS JeTajel, paboTaroNMX B yCIOBUSIX
YIAApHBIX HAarpy30K, NOJABEPrarOTCs UCIBITAHUIO HA YJIAPHYIO BSI3KOCTb.

[Ipn wucneiTaHuu 0O0pa3er] YCTaHABIMBACTCS B OMOKaX MAasSTHHKOBOTO KOpITyca
HAaJIpe30M B CTOPOHY, MPOTHUBOMOJIOKHYIO yAapy MasTHUKA. MasgTHUK NOJAHUMAIOT,
IIpU 3TOM OH MPUOOpETAET 3anac NOTeHIMaILHON 2Hepruu. [lagas MasaTHUK ynapser
1o 00pasiy U pa3pylIaeT ero, Ha 3TO PaCcXoIyeTCs YaCTh SHEPIHU, OCTABIIASCS YaCTh
SHEPIUM MOJHUMAET MASTHUK Ha HEKOTOPYIO BbICOTy. PaboTy, morionjaeMyro mnpu
paspylieHun o0paslia, Ha3bIBAIOT YJIApHOM BSA3KOCTHIO. YpaapHas Bs3kocTh KC
BBIUMCIIIETCA 110 hOopMyJIe:
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KC 25
S
K-pabota ynapa, 3aTpadueHHas Ha u3jioM oopasua, Jx(xl *m)

So-1I101IIaIh MOTIEPEYHOT0 CeUCHMS 00pasiia B MecTe Haapesa, M*(cM?).

JIns uctibITaHus MPUMEHSIOT CTaHAAPTHBIA 00pa3elr

A g L A-A
_.L.._l
S | o .Y
L A
Z
L/204 -
A
—=1 PUCYHOK 6

Jluneitawie pasmepsl oopasna L=55mm, H=10mm, Hi=8Mmm

3aﬂaHI/Ie OIIPCACINTD YAAaPHYIO BA3KOCTb MCTAJlIA.

1. Hepezl BBIIIOJIHCHUEM pa6OTI>I BHUMATCJIBbHO O3HAKOMBTECH C PIHCTpYKIIPICﬁ I10
TEXHUKE 0€30ITaCHOCTH Ipu pa60Te C MAaATHUKOBBIM KOIIPOM.

2.3anumuTe HaMMEeHOBaHUE MaTepurala oopasia B rpady 2 TabauibS.

3.M3MepbTe IMHEHHBIC pa3Mephl oOpasiia B MECTE HaJipe3a M 3aHeCTH B Ipady 3
Ta0IuLbI 7

4.PacuuTaiiTe ImIomaabp MOMePEeYHOro ceueHus oopasiia u 3anojHure rpady 4
Ta0IUBI7

5. HaxxmuTe Ha TOPMO3HYIO MTeJalIb U TIOJHUMHUTE MAITHUK JI0 32/IaHHOTO
MOJIO’KEHUS, 3aKPEMUTE 3aILETKOH; 3aUKCUPYNUTE TOTHYIO SHEPTHUIO0, 3alIaCEHHYIO
MasITHUKOM I10 IIKaJIe, U 3an0JIHUTE Tpady S5 Tabnuiist 7

6.ITomecTuTe 00pazel Ha ONOPHI HAJIPE30M B CTOPOHY, IPOTHUBOMOJIOKHYIO yAapy
7.01mycTuTe 3aleNKy U MPOU3BEINUTe yaap Mo o0pasiy.

8.3adukcupyiiTe BpeHy0 paboTy, COBEpPILIAEMYI0 MaSTHUKOM, IO IIKaJe U
3anoiaHuTe rpady 6 Tadnuib7
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9. Ha oOpaTtHOM BHYKEHUH MAasTHHUKA OMyCTUTE TOPMO3HYIO MeJallb, YTOOBI
OCTaHOBHTH KaUeHHE MAasITHHUKA, 3aUKCUPYUTE TIOJIE3HYIO padOTy | 3aIOTHHUTE
rpady 7 Tabauusl 7.

10. Paccuuraiite 3Hauenue ynapHoi Bszkoct KCU u 3anonauTe rpady 8 Tabmuirs 7

Ta6nuna 7 - [Tokazarenu uaMepeHuit
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11. Cnoenaiite BBIBOJ

12. OTBeThTE HA KOHTPOJIBHBIE BOIPOCHI:

-IToyemy npu UCTIBITAHUAX TPUHUMAIOT CTAaHAAPTHBIA oOpasen?

-Kakue nmpaBuiia TeXHUKH O€3011aCHOCTH HEOOXOMMO COOJII0IaTh MPU UCTIBITAHUSX ?
-3aueM Ha cTaHAAPTHOM OOpasiie AenatoT Haape3?

13.0¢opmuTs oTUeT.

JlaGopaTopHasi padora Ne7

Ha3zBanue mnpakrTuueckoii padornl: OmnpenencHue yJIapHOW BS3KOCTH CTajed u
LBETHBIX METAJIJIOB.

Heab padorei: HayuuTbes onpenensaite yaapHyH BS3KOCTb METAIOB U IMOJYYHUTh
MPAKTUYECKNE HABBIKU 110 MTPOBEJACHUIO UCIIBITAHUA HAa YIAPHYIO BSI3KOCTh METAIIJIOB

OOopynoBaHusi: MasTHUKOBBIN Komep, oOpaslbl IJisi HMCHBITAHUS Ha YyIapHYIO
BSI3KOCTb, IIITAHTCHIIUPKYJIb.

3HAHUA (AKTyaJIM3alus):

-ME€TO/Ibl ONIPEJCTICHNS YAAPHOM BSI3KOCTH

YMEHUSA:

- TI0JIb30BATHCA TAOOPATOPHBIM 000PYJOBAaHUEM
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-MCII0JIb30BAaTh METOJI ONPEACIICHUS YIAPHON BA3KOCTH IPU WCIIBITAHUM METAJIA Ha
yAApHYIO BSI3KOCTh Ha J1a00paTOpHOM 000pYAOBAHUH
OCYILECTBJISITh PAaCUET YJIapHOM BA3KOCTH

Matepuainbl, mpuMeHseMbIe IS U3TOTOBJICHHS JeTajel, paboTaroNMX B yCIOBUSIX
YIAApHBIX HArpy30K, NOJABEPratOTCs UCIBITAHUIO HA YJIAPHYIO BSI3KOCTb.

[Ipn wucneiTaHuu 0Opa3er] YCTaHABIMBACTCS B OMOKaX MAasSTHHKOBOTO KOpITyca
HAJIpe30M B CTOPOHY, NMPOTHUBOMOJIOKHYIO yAapy MasTHUKA. MasgTHUK NOJIHUMAIOT,
IIpU 3TOM OH MPUOOpETAET 3anac NOTeHIMaIbLHOM 2Hepruu. [lagas MasaTHUK ynapser
1o 00pasiy U pa3pyllaeT ero, Ha 3TO PaCcXoIyeTCsl YaCTh SHEPIHU, OCTABIIASCS YaCTh
SHEPIrUM MOJHUMAET MASTHUK Ha HEKOTOPYIO BbICOTy. PaboTy, moryomnjaeMyro mnpu
paspylieHun o0paslia, Ha3bIBAIOT YJIApHOM BSA3KOCTHIO. YpaapHas Bs3kocTh KC

BBIUMCIIIETCA 110 hopMyJIe:

K
KC=—
S

K-pabota ynapa, 3aTpadueHHas Ha u3jioM oopasua, Jx(xl *m)
So-TuTOIIIa AR MOTIEPEYHOTO CeUeHUsT 00pasia B MecTe Haapesa, M*(cM?).

JIyist icTibITaHUs IPUMEHSIOT CTaHIaPTHBIN 00pa3ery

A g L A-A
_.L.._l
S | o .Y
L A
Z
L/204 -
A
—=1 PUCYHOK 6

Jluneiinbie pa3zmepsl oopasua L=65vmm, H=15mMm, Hi=10mm
3aianue onpenenuTh yIapHylo BA3KOCTh MeTaslia.

1. Ilepen BeimoaHEHUEM paOOTHl BHUMATEIBHO 03HAKOMBTECH C UHCTPYKIMEN IO
TEXHUKE 0€30MaCHOCTH NMpHU paboTe ¢ MASTHUKOBBIM KOITPOM.

2.3anuimuTe HaMMEeHOBaHUE MaTepuala oopasua B rpady 2 TabauibIS.

3.M3mepbTe IMHEHHBIC pa3Mephl 00pasiia B MECTE HaJipe3a U 3aHeCTH B rpady 3
TaOIUIBI &
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4.PacunTaiiTe IJIOMIA/Ibh ONIEPEYHOT0 CCUCHHS 00pa3Iia 1 3aroHuTe rpady 4
TaOIUIBIY

5. HaxxmuTe Ha TOPMO3HYIO ME€1aIb U MOJHUMHUTE MAsSTHUK JI0 3aJJaHHOTO
MOJIOKEHUS, 3aKPEIUTE 3aIETKON; 3apUKCUPYITE MOTHYIO YHEPTHUIO0, 3aAMIACCHHYIO
MasTHUKOM II0 TIIKaje, U 3anojaHuTe rpady 5 Tabnuip! 8

6.ITomectuTe 0Opazell Ha ONOPHI HAAPE30M B CTOPOHY, MPOTUBOMOJIOXKHYIO YIAapy
7.01mycTuTe 3aleNnKy U MPOU3BEeIUTEe yaap Mo 00pasiy.

8.3adukcupyiiTe BpeaHyt0 padoTy, COBEpIIAEMYyI0 MaSTHUKOM, T10 IIKaJIe U
3anojiHute rpady 6 Tadbnuibl 8

9. Ha 00paTHOM JBIYKEHUH MAasITHUKA OITyCTUTE TOPMO3HYIO Meallb, YTOOBI
OCTaHOBHUTH KQaUCHHE MASITHUKA, 3aPUKCUPYHUTE MOJIE3HYI0 PaOOTy U 3alOTHUTE
rpady 7 TabaunbIs.

10. PaccuuTaiite 3Hauenue yaapuoii Bszkoctu KCU u 3anonaute rpady 8 Tabmauist 8

Ta6nuna 8 - [Tokazarenu uamMepeHuit
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11. Cnenaiite BBIBOJ

12. OTBETHTE Ha KOHTPOJIBHBIE BOIIPOCHI:

-IToyemy npu UCTIBITAHKUAX MIPUHUMAIOT CTAaHAAPTHBIM oOpazen?

-Kakue npaBuiia TeXHUKH O€3011aCHOCTH HEOOXOMMO COOJII0IaTh MPU UCTIBITAHUSX ?
-3a4eM Ha cTaHJapTHOM OOpa3sIie JeNarT Haape3?

13.0dbopmuTth oTuer.
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IIpakTuueckas padora Nel

Ha3Banue npaxkTuyeckoil padorsi: OnpenelieHUE XapaKTEpUCTHUK METALUIOB M
CIUIABOB B 3aBUCUMOCTHU OT UX MPUMEHEHUS

Heab padoThl: HAYYUTHCS ONPEETATh XapaKTEPUCTUKUA METAJLIOB U CILIABOB B
3aBUCUMOCTH OT UX IPUMEHEHUS

3HAHMS (aKTyaJIn3aIus):
- XapaKTEePUCTHUKY CIUIaBa M METAJIIa B 3aBUCUMOCTU OT WX TPUMEHEHUS
YMEHUS:

-OIpCACIIATh XapaKTCPUCTUKY MCTAJIJIOB U CIJIAaBOB B 3aBUCHMMOCTH OT UX
IIPUMCHCHUA.

Tabnuna 9 — XapaktepucTuka 1 IPUMEHEHHE METAJVIOB U CILIABOB

CnuaB 1 meTasn XapakrepucTtuka ciiaa | [I[pumeHenue cruiaBa u
U MeTaljIa MeTaIIa

Jns1 BTYJIOK M IPOKIaI0K
aBTOMOOMJIEH M TPAKTOPOB

st ipy>XuH, BTYJIOK,
BKJIQIBIIICH MOJITMITHUKOB

st mecrepeH, 3y04aThix
KOJIEC, BTYJIOK U MPOKIIAJIOK
BBICOKOHArpy>KaeMbIX MalIHH

Jns TokOBeRyIUX NPy KUH

KoHTakTOB IITENICENbLHBIX
Pa3bLEMOB

B aBnanpoMsbIIeHHOCTH

B MAaIIMHOCTPOCHUU

I[J'ISI OTJINBOK OTBCTCTBCHHOI'O
Ha3HA4YCHU

Xoxa padoTbi

1. OtkpoiTe 'OCT 5632-61 u 3anoaHuTh TabIULY 9.
2. OpopMHUTH OTHET.

IIpakTuuyeckas padora Ne2

Ha3Banue npakTuyeckoi padorbi: PEHTT€HOCTPYKTYpPHBIN aHAN3 YyTyHOB
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He.]'lb paﬁoTbI: HaYYUTBCA HHTCPIIPECTUPOBATHL AAHHBIC PCHTTCHOBCKOI'O CIICKTpPa

BBICOKOITPOYHOTO YyTI'yHa

3HAHUSA:

-CTPYKTypa BBICOKOIIPOYHOI'O YyT'yHa
YMEHUSA:

- OIpeaCIAThE COCTABHBIC 3JICMCHTBI BBICOKOIIPOYHOI'O YyI'yHa IIO PCHTICHOBCKOMY

CHEKTPY

PeHTreHoCTpyKTYpHBIN aHanu3 (PeHTreHOAU(PPaKIMOHHBIN aHallu3) — OJIUH
13 AUQPaKIMOHHBIX METOJOB UCCJEIOBAaHUS CTPYKTYphl BellecTBa. B oOCHOBe
JAHHOTO METO/Ia JIEKUT sIBJICHUE NU(PPaKIIMU PEHTICHOBCKUX JIy4ei Ha TpeXMepHOU
KPUCTAJUIMYECKON pemieTke. SIBieHne audpakiuy pPEeHTICHOBCKUX Jy4yed Ha
KpucTayuiax OTKpeIT Jlays, Teopernueckoe O0OOCHOBaHHE SIBIICHWIO Aaiu Bynbd u
bparr (ycnoBue Bynbda-bparra). Kak wmerTon, peHTreHOCTPYKTYpPHBIN aHaIu3
paspabotan [lebaem u Llleppepom.

Metos Mo3BOISET ONPEEsiTh AaTOMHYIO CTPYKTYPY BEIIECTBA, BKIIFOYAIOIILYIO
B ce0sl MPOCTPAHCTBEHHYIO TPYMIY 3JIEMEHTaApHOU sS4eiiku, ee pa3Mepsl U hopmy, a
TaKKe ONMPEACIUTh IPYNIYy CAMMETPUM KpUCTalljia. PEHTT€HOCTPYKTYpPHBIN aHAIHU3 U
Mo Cced JeHb SBISIETCS CaMbIM pacHpOCTPaHEHHBIM METOJIOM OIpeleNeHuUs
CTPYKTYpbl BEIECTBA B CHUJy €ro MPOCTOTHI M OTHOCUTEJIBHOU JEIICBU3HBI.
PaznoBuanoctu metona: Meron Jlays npumensiercst ajis MoHokpuctaiioB. O0pasenn
00JIy4aeTcsi My4YKOM C HEMPEPHIBHBIM CHEKTPOM, B3aWMHAas OPHEHTAIMs My4yka U
KpUCTa/lla HE MEHSETCS. YTJIOBOE pacmpesereHue TudparupoOBaHHOTO H3ITyUYeHUs
UMEET BHJI OTACIBHBIX TU(PAKIMOHHBIX MSTEH (JlayarpamMMma). PEHTTeHrOHMOMETpHS.
Merton [lebas-Illeppepa ucmonb3yeTcss IJis HUCCIEAOBAHMUS TOJIUKPHUCTAIIOB U HX
cMeceil. XaoTWyeckas OpHUEHTalMs KPUCTALIOB B 00pa3lie OTHOCUTEIHHO
MaJalIIero MOHOXPOMATUUYECKOTO Mydka MpeBpamniaeT AudparupoBaHHbIC IMyYKH B
CEMEUCTBO KOAKCHAIBbHBIX KOHYCOB C MaJAOIINM MYyYKOM Ha ocu. X u3zoOpakeHue
Ha doTorui€HKe (1ebaerpaMMa) UMEET BUJI KOHIIEHTPUUECKUX KOJICI, PaCIIOJIOKEHUE
Y UHTEHCUBHOCTb KOTOPBIX IMO3BOJISIET CYAUThH O COCTABE UCCIIEAYyEeMOTro BellecTBa. "
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Pucynox 1 — @eppuro — nepiutHasi CTpyKkTypa oopasina craium 15

Ha pucynke 1 oTMedeHbl epeKpecTUEM BKIIIOUEHHSI, C KOTOPBIX MOJTYUEHbI
PEHTIreHOBCKHUE CIEKTphl. KoJinuecTBEHHbIE COOTHOIIIEHUSI ATUX DJIEMEHTOB

MIPUBEJICHBI HA PUCYHKE 2.

CnekTp 4

PucyHok 2 — PeHTreHoBCKHIA CIIEKTp i cTanu 15

Tabmuma 10 — KonndyecTBO 351eMEHTOB Ha PEHTTEHOBCKOM CIIEKTpe sl cTanu 15.

N, % Si, % Fe, % In, % Hror, %

3,57 0,25 42,62 53,56 100

Xox paboTsbl
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1. HapucoBaTb CTPYKTYpYy U PEHTI€HOBCKUH CIIEKTP BHICOKOMPOYHOTO YyTyHa
2. 3anonauth Tabnuiy Nell «KonnuecTBo 351eMEHTOB Ha PEHTT€HOBCKOM
criektpe s BU25»

Tabmuma Nell -KoaudecTBo 31€MEHTOB Ha pEHTIEHOBCKOM criekTpe ajiss BU25

C% Si% Mn% P% S% Cr% Cu% Ni% Htor%

3. OdopmuTth oTUET

Pucynok3 - CTpyKTypa BBICOKOIIPOYHOTO YyTyHa

PresetTume 100 s UsedTime 0 s
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PucyHnok 4 — PEHTT€HOBCKHUI CHEKTP ISl BRICOKOIIPOYHOIO YyT'yHA

IIpakTueckas padora Ne3
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Ha3Banue npakTuyeckoil padoTbl: PEHTTeHOCHIEKTPpAIBLHBIA METOJ OINpEIeICHUS
MHUKPOCTPYKTYPbI UyT'YHOB

Heab: Hayuntbcs mHTEpIPETUPOBATh JAHHBIE PEHTIEHOBCKOI'O CIIEKTPA YyT'YHOB

3HAHMA (AKTyaJIU3aLMs)

- B KAKOM BHJIE€ COJICPKATCS aJTFOMUHUN U KPEMHHU B UyT'yHE

YMeHHS:

- OIIPENENATh HA OCHOBE PEHTTEHOBCKOTO CIIEKTPA JIEMEHTHI BELIECTB B UyT'yHE.
Teopernueckoe 000cHOBaHUe

PentrenocnexTpanpHbli aHAIW3 —BJEMEHTHBIM aHAJIW3 BEIIECTBA II0 €T0
PEHTIE€HOBCKOMY CIIEKTPY.

PCHTF@HOCHCKTpaHbelﬁ daHaJIn3 OCHOBAaH Ha HCIIOJIb30BaAHMUM 3aBHCHMOCTH
9aCTOTbI H3JIYUYCHHA JIMHUU XAPAKTCPUCTHYICCKOI'O CIICKTpa JJICMCHTA OT HX
ATOMHOI'O HOMCpa M CBA3HW MCKIAY MHTCHCHBHOCTBIO OTHX JIMHUW U YHUCIIOM aTOMOB,
MMPUHUMAIOIINX YIACTUC B U3JITYUCHHU.

PentreHoBckoe BO30YKJEHHE AaTOMOB BEIIECTBA MOXKET BO3HUKATH B
pe3yabTare 0oMOapAUPOBKU OOpasiia JIEKTPOHAMHU OOJIBIIMX SHEPTUN WU MPHU €ro
OOJly4eHUU PEHTICHOBCKUMHU Jydamu. [lepBblil mpoliecc Ha3bIBaeTCs MPSIMbIM
BO30YXKJIeHUEM, TTOCIEAHUN — BTOPUUHBIM WK (IyopeclieHTHRIM. B 00oux cioydasx
SHEPrusl JJEKTPOHA WM KBaHTa TMEPBUYHOM  PEHTTCHOBCKOW  pajuallvi,
OOMOApIUPYIOMIUX  U3IYYAIOIIMK  aToM, JOJDKHA OBITh  OOJIbIIE  DHEPTHUH,
HEOOXOIMMOM /IJIsi BBIPBIBAHUSL DJIEKTPOHA U3 OMpe/IeIEHHON BHYTPEHHEW 000710YKH
aToMa. OJEKTpOHHas OoMOapIMpOBKAa MCCIEAYyeMOro BEIIECTBA MPUBOAUT K
MOSIBJICHUIO HE TOJIbKO XapaKTEPUCTUUYECKOTO CIIEKTPA JIEMEHTA, HO U, KaK MPaBUIIO,
JIOCTATOYHO MHTEHCHUBHOTO HEMPEPBHIBHOTO H3MydeHUs. DiyopeclieHTHOE U3TyUYeHHE
COAEPKUT TOJBKO JINHENYATBINA CIEKTP.

B xome mnepBuYHOrO BO30YXKIEHUS CIEKTpa TMPOUCXOIUT HHTCHCHUBHOE
pa3orpeBaHHe HCCIEAYEMOIO  BEUIECTBA, OTCYTCTBYIOIIEE IPU  BTOPUUHOM
B030yx/ieHuU. [lepBUuHbI MeTOo BO30YKIECHHUS JIydeill MpeArnoaraeT NoMeIIeHUe
MCCJIElyEMOT0 BEIIECTBA BHYTPh OTKAYaHHOM /10 BHICOKOTO BaKyyMa PEHTT€HOBCKOU
TpyOKH, B TO BpeMsl KakK JJisi MOJIyYEHHs] CHEKTPOB (PIIyOPECLEHIIMH HCCIIETyeMble
o0Opa3ibl MOTYT pacroJiaratbCsi Ha MyTH IMy4YKa MEPBUYHBIX PEHTIEHOBCKUX Jyuei
BHE BaKyyMa U JIETKO CMEHATH Jpyr apyra. [loatomy mnpuOopbl, MCHOIB3YIOIINE
CHEKTpHI, (piyopecueHuMu (HECMOTpS HAa TO, YTO HMHTEHCUBHOCTH BTOPUYHOTO
W3JIyYEHUs B THICSYM pa3 MEHbIIE MHTEHCUBHOCTHU JIy4€l, MOJYyYEHHBIX NTEPBUYHBIM
METOJ0OM), B TIOCJIEIHEE BPEMsS IOYTHU I[OJHOCTHIO BBITECHWIM W3 MPAKTUKH
YCTAaHOBKH, B KOTOPBIX OCYIIECTBIISIETCS BO30YXKJIEHHWE PEHTICHOBCKUX JIyde ¢
MTOMOIIIBIO TIOTOKA OBICTPBIX AIEKTPOHOB.
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Anmaparypa Uil pEeHTT€HOCIIEKTPAJIbHOI0 AHAJIN3A.

PentrenoBckuii QuryopeciieHTHBIN criekTpoMeTp (puc 1) coctouT u3 TpEX
OCHOBHBIX Y3JIOB: PEHTT€HOBCKOW TPYOKH, M3TyUYE€HHUE KOTOPOUM BO30YKIAET CHEKTP
GbyopecieHIInr UccienyeMoro oopasiia, KpucTaijia — aHalu3aTopa i pa3ioKeHHUs
Jy4eHr B CIEKTP U ACTEKTOPA ISl UBMEPEHUSI UHTEHCUBHOCTH CIIEKTPAJIBHBIX JIMHUM.

4
—~3 -

1 — peHTreHoBcKas TpyOka; 2 — aHanu3upyemblid oopazen;; 3 — nuadparma Comiepa; 4 — MIOCKUH 1
M30THYTBIH (paauyc — 2R) kpucraml — aHanu3aTopbl; 5 — JETEKTOp H3JydyeHus; 6 — Tak
Ha3bIBa€MbIi MOHHUTOp,  JOIOJIHUTEIBHOE PETUCTPUPYIOIIEE YCTPOMCTBO, IO3BOJISAIOLIEE
OCYILECTBIISATh U3MEPEHNE OTHOCUTEIBHOM MHTEHCUBHOCTH CIEKTPAJIBHBIX JIUHUMN MPU OTCYTCTBUH
cTabuan3alud HMHTEHCUBHOCTH MCTOYHHMKA PEHTICHOBCKOro Wu3MydeHHs; R — pamuyc Ttak
Ha3bIBAEMON OKPYKHOCTH M300paKeHUS.

Pucynok 5. Cxema pPEHTI€HOBCKOIO MHOTOKAHAJILHOTO (JIyOpeCIEHTHOIO
CIIEKTPOMETPA € IJIOCKUM (@) U30THYTHIM (0) KpUcTauIaMu

B HauOoniee yacTo HCHONB3yeMOM Ha MpaKTUKE KOHCTPYKIMH CIEKTpOMETpa
MCTOYHUK HW3JIYYEHUS] M JETEKTOp pAacHoJIaraloTcs Ha OJHOW OKPY>KHOCTH,
HA3bIBAEMON OKPYKHOCTBIO M300pakeHMsI, a KpUCTall — B ieHTpe. Kpucramn moxer
BpALIATBCA BOKPYT OCH, IPOXOMISIIEM Yepe3 LEHTP OTOW OKpyxkHOcThU. l[lpum
M3MEHEHHH YIJla CKOJIbKEHHUS Ha BEJIMYMHY( JIETEKTOpP MOBOPAYMUBAETCS HA yTroi 2q

Hapsny co cnektpomerpaMmu € INIOCKUM KPUCTAIJIOM IIMPOKOE PACIpPOCTPAHEHUE
NOJYyYuau (POKYCUPYIOIIME PEHTIEHOBCKUE CIIEKTPOMETPHI, palOoTalolue «Ha
orpaxkenue» (Mmetonbl Kamuubr — Moranna u MoraHcoHa) U Ha «IPOXOXKJICHHUE)
(metonsl Koyma u [ro-Monna). OHM MOTyT OBITH OJIHO- MU MHOTOKaHAJIbHBIMHU.
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MHoOrokaHanbHble, TaK Ha3bIBAEMbIC PEHTICHOBCKUE KBAHTOMETPBI, ayTPOMETPHI U
Jpyrue, MO3BOJSIOT OJHOBPEMEHHO OINpEAesATh OONBIIOE YHCIO 3JIEMEHTOB H
aBTOMAaTU3UPOBAaTh NPOLECC aHaAIM3a. OOBIYHO OHU CHAOXKAIOTCS ClELUaTbHBIMU
PEHTT€HOBCKUMU TPyOKaMU U yCTPOWCTBaMHU, 00€CIEUNBAIOIINMHU BBICOKYIO CTETIEHb
CTaOMIM3allMM MHTEHCUBHOCTH PEHTTeHOBCKUX Jyuyedl. OOnacTb JUIMH BOJIH, B
KOTOPOM MOJKET HCIIOJIb30BaThCA CIIEKTPOMETP, OINPEAEISAETCS MEKIUIOCKOCTHBIM
paccTossHEeM KpucTaia — ananusaropa (d). B coorBerctBum ¢ ypaBHeHuem (1)
KPHUCTAJI HE MOXKET «OTPa)kaThy» JIy4H, JUTMHA BOJIH, KOTOPBIX MPEBOCXOAUT 2d.

Yucno KpucTamioB, UCIIOIb3YEMBIX B PEHTTE€HOCIIEKTPAJIbHOM aHAIU3E, T0BOJIBHO
Benuko. Haubomnee yacto mpuMeHs0T KBapll, citoy, rumc u LiF.

B kadecTBe NE€TEKTOPOB PEHTTEHOBCKOIO HU3JIyYEHHs, B 3aBUCUMOCTU OT 00JacTH
CIIEKTpa, C YCIIEXOM MCIIOJB3YIOT CETUYMKM l'eirepa, MNpPONOPLUUOHAIBHBIE,
KPUCTAJNINYECKUE U CUUHTHIIIALUOHHBIEC CYETYUKY KBAHTOB.

Tabmuma Nell -KoaudecTBo 371€eMEHTOB Ha peHTIeHOBCKOM criekTpe aisa CY20

C% Si% Mn% P% S% Cr% Cu% Ni% Htor%

Xoxa padoTbi

1.HapucoBate penTreHoBckuii ciektp CH20

2.3anonuuth Tabauiy Nell KomrdecTBo 351eMEHTOB HAa PEHTI€HOBCKOM CIIEKTPE
g CU20

3.0¢opmuth oTUET

w |l & 7] NIl ] A i) v | EEEE ] w0 -] )

Pulzaz's

AH A= - e mm e m mm o o m

(™15 RIS S S, B

PucyHoxk 6- PEHTT€HOBCKUI CHEKTP UyryHa
IIpakTuuyeckas padora Ned

Ha3Banue npakTudeckoii padorsi: OnpeaeneHue 00JacT MPUMEHEHUS CIUIaBa B
3aBUCUMOCTH OT CTPYKTYPHI CILJIaBa: OPOH3BI, JIATYHU

34




Leab paGoThI: HAYYUTHCS ONPEACIIATH 00JIaCTh MPUMEHEHHUS CIIJIaBa B 3aBUCUMOCTH
OT €€ CTPYKTYPHI

3HAHUA (AKTyaIM3alus):
- 001aCTH IPUMEHEHUST OPOH3BI,JIATYHU
YMEHMS:

-OIpeAeATh 00JIaCTh IPUMEHEHHS CIIJIaBa B 3aBUCUMOCTH OT €€ CTPYKTYPbI

Bbponsa - 370 crijiaB Menu ¢ pa3HbIMU XUMUYECKUMU 3JIEMEHTaMU, TI1aBHBIM 00pazoM
MeTalaMu  (0JI0BO, AJTIOMHHHUH, OCpPWIUIMKA, CBUHEIN, KaJMHH, XpOM H ApyTHE).
CoOoTBeTCTBEHHO, OpOH3a HA3BIBACTCS OJIOBSHHOW, AIFOMUHHEBOHN, OCPHILIMEBON WU
T.71. BpOH30i1 HE HAa3bIBAIOT CIUIaBbl MEJU C LIMHKOM (JIATYHb) U HUKEJIEM (MEJIbXUOD,
HEWM3WIbOEp, KOHCTAHTaH, KOMeJlb M JPYrM€ MEIHO-HUKEJIEBbIE CIUIABBI).
JpeBHeimer u3 OpOH3 SBISETCA OJIOBSHHAs (MMEHHO OHA IMOApPa3yMEBAaeTCsl B
TepMUHE «OPOH30BBIM BEKY).

ObsacTu npuMeHeHust OPOH3

Mapxka : BpAXK9-4
[IpumeHeHue: B aBHalPMBIIIJIEHHOCTH, B MAIIMHOCTPOEHHUH; BBICOKME MEXAHUYECKUE
CBOMCTBa, XOpOoIlINe aHTU(HPUKIITUOHHBIE CBONCTBA, KOPPO3UOHHO CTOMKAs

Mapka : BpAXKMi10-3-1.5
[IpuMeHeHue: nerTanym XMMUYECKOU anmnapaTypsl; JUisl U3TOTOBJIEHUS AeTalen
KPHOTEHHON TEXHUKHU

Mapka : bpAXKH10-4-4
IIpumeHenue: netaiu XMMAYECKOH anmnaparypsl

Mapka : bpAMu10-2

[IpumeHeHue: 3aroToBKH, (haCOHHOE JIMTHE B CYAOCTPOCHHUH; BBICOKOE
CONPOTHUBJIEHUE MPU 3HAKONIEPEMEHHOW Harpy3Ke, aHTUQPUKIUOHHBIE J1€TalH,
JI€TaIl apMaTypbl, paboTarolIie B IPECHON BOJE, )KUJIKOM TOIUIMBE U B Mape Mpu
temneparype 10 250 °C

Mapka : BpAXKHM1u9-4-4-1
[IpumeHeHue: neTaim XMMAYECKON anmnapaTypsl

Mapka : BpAS

[TpumeneHue: aetanu, paboTaroUe B MOPCKOW BOJE, JETANN AJI1 XUMUYECKOTO
MAaIIMHOCTPOEHHUSI; 1e(hOPMUPYETCS B XOJIOJHOM U TOPSIYEM COCTOSHUM,
KOPPO3HOHHO-CTOMKasl, )KaponpoyHasi, CTOMKask K UCTUPAHUIO
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Mapka : bpA7
[Tpumenenue: netanu 1jisi XUMHUYECKOT0 MAllIMHOCTPOCHUS; 1eopmMupyercs B
XOJIOAHOM COCTOSIHUHM, KOPPO3UOHHO-CTOMKAS, dKAPOIPOUYHAasA, CTOMKask K HCTUPAHUIO

Mapka : bpOILIC4-4-4
[Ipumenenue: 11t BTYJIOK U MPOKIIAJ0K aBTOMOOUIIEH U TPAaKTOPOB

Mapka : bpO®6.5-0.15
[IpuMeneHue: 115l IPYKUH, BTYJIOK, BKJIABIIIECH MOIIUITHIKOB

Mapka : bpO®7-0.2
[Ipumenenue: s mecTepeH, 3y0uaThiX KOJIeC, BTYJIOK U MPOKIIAIO0K
BBICOKOHArpYy>KEHHBIX MAIlIMH

Mapka : bpOIL14-3
[IpuMenenue: i TOKOBEIYIIUX MPYKHUH, KOHTAKTOB IITEICEIbHBIX PA3bEMOB,
JeTajgeld XuMAYECKOU anmnapaTypbl

Mapka : bpOSI5C5
[IpumeneHue: apMarypa, aHTU(QPUKITHOHHBIC IETAIH, BKJIA I
[HoanmmmmmHuKOB

Mapka : bpO6C6113
[IpuMeneHue: 1u1st U3rOTOBJIEHUS ITAPOBOM U BOJASHOW apMaTyphl

Mapka : bpO10d1
[IpuMeHneHue: y31bl TPEHUSI apMaTypbl, BBICOKOHATPY>KEHHBIE I€TAJIA IIHEKOBBIX
MPUBOJIOB, HAXKUMHbIE U IITTHUH]IETbHBIC TalKK, BEHIIbI YEPBSIYHBIX [IECTEPEH

Mapka : bpO10C10
[IpuMeHeHue: MOAIIMITHUKY CKOJIbXEHHUS, pa00TaIONIUe B YCIOBUSIX BBICOKHX
YIEIbHBIX JAaBJICHUN

Mapka : MK
[IpuMenenue: Wit SIEKTPOAOB KOHTAKTHOM TOYEYHOM U IIOBHOM CBAapKH JIETKUX
CILJIABOB, KOJIJIEKTOPOB AJIEKTPOABUTaTENEH

Mapka : bpHBT
[Ipumenenue: 11 AeTaneil MalluH CTBIKOBOW CBapKH, AIEKTPOAOB JJI1 CBapKU
HEPIKABEIOUIEN CTAJIM U KapPOIPOYHBIX CILUIABOB

JlaTyHHM - 3TO cIUIaBbl Menu ¢ IMHKOM. [IporieHTHOE cojiepikaHue ITMHKA B JIATYHH
kosneosercs ot 3% (J196) no 43% (JIC59-1).JlaTyHb O4eHb MPOUYHBIN U MIACTUYHBIN
MaTepual, a TaKxke 0oJiee JACMEBbIi, YeM METb.

[Tpumep. O6o3nauenue narynu JI63 TOCT 15527-70,
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JI — ycinoBHOe 00O3HaueHHE JIATyHHU, 63 — mpoleHTHoe cojepxkanue meau (63%),
oCTalbHOE — HMHK U npuMecH (37%)

JlaTyHu paznensitorcs Ha 00pabaThIiBacMbIe JIaBIICHUEM U JTUTCIHBIC

Tabmuma 10 - HasHaueHHWe HEKOTOPBIX MapOK JIATyHU, NMPUMEHSEMBIX IS
W3TOTOBJIEHUS AeTaJIEN

Mapxa ennasa rocT [prMeproe HAIEAYEHEE

JI96 Pagraropasie TpyOr

Ji63 Monocw, AMCTHL, TeETH, TPY{LM B IPOROIOKA

JIK80-3 OrTamexs 408 APMATYDR ¥ CYIOBRIE IETATH, PA-
BoTaKIIHE B MOPCKOR B0JE

JIMC85-2-2 15527-70 lerann, NOIEEPramiIHect BOIAHOMY JABIe-
HAK), 1 JETATH, TOgZREePraniiaeci TPeHEND

Bomonposognas apMaTypa (KpaHs, BEHTHIN,

BOTOMEDHLIE TPRGODE, TOAMENHEKN, BTYIKH | T.
m.)

JIAHCMDn-6-3-2 Hetans, NOZFEPratniHeci TPEHEK; MACCHE-
HHIE SePBAYHLIE BRHTH, MaflKe HAOKAMHALX BAH-
TOB, pafOTAKIIHE B TAMETMY YCIORAAX H ID.

XoJ paboThl
1. 3anonaHuTh Tabnuiy 11 —« Onpenenenue 006IacTU NPUMEHEHUS CIUIaBa B

3aBUCUMOCTH OT CTPYKTYPHI CIIJIaBa: OPOH3BI, TaTYHU»

Tabnuua 11 - Onpenenenue 00JaCTH NPUMEHEHHS CIIaBa B 3aBUCUMOCTU OT
CTPYKTYpBI CILJIaBa: OPOH3BI, JaTyYHU

Mapka criaBa O6sacTh IPUMEHEHHUS
bpKnl
bpXIlp

bpX
J160

2. OdopMurs otuer.

IIpakTuyeckas padora NeS
Ha3zpanue npakTudeckoil padorsl: Onpenenenue 00acTi NPUMEHEHHs CIUIaBa B
3aBUCUMOCTH OT CTPYKTYpBI CILJIaBa: CUIIYMHHbBI, MArHUEBBIE CILIABHI
Heab padoThl: HAYYUTHCS OMPEAEIATh 00JIaCTh MPUMEHEHHS CIUIaBa B 3aBUCUMOCTH
OT CTPYKTYpHI cIljIaBa (CUIIyMHUHbI, MAarHUEBBIE CILIABbI)
3HAHUA (AKTyaIM3aIus):

-001acTH MPUMEHEHHUS CIIJIaBa B 3aBUCUMOCTH OT CTPYKTYpHI CIlJIaBa
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YMEHHUs:
- Onpenenenue 001acTh MPUMEHEHHUS CIJIaBa B 3aBUCUMOCTH OT CTPYKTYPHI CIlJIaBa

Teopernyeckoe 060CHOBaHUE

CHJIyMHH — CILUIaB aJIFOMUHUSA ¢ KpeMHMEM. XUMUYecKuil cocraB — 4-22 % Si,
ocHoBa — Al, He3HauuTenbHOe KoymuecTBO mpumeceit Fe, Cu, Mn, Ca, Ti, Zn, wu
HEKOTOPBIX Jpyrux. HexoTopeie criiyMuHBI MOIUDUIMPYIOTCS T0OABKaMH HATPUS
win sutud. JJo6aska Bcero 0,05 % mutus win 0,1 % HaTpus MO3BOJISET YBEIUUUTH
coJiep>kaHre KpeMHUsl B dBTeKTHUeckoM ciuiaBe 0 14 %. CmaB Al-Si (cumyMuHBI)
00JIaIaf0T HAWTy4YIIUMU JIMTEHHBIMU CBOWCTBaMH. B 1BOMHBIX criaBax  Al-
Si 3BTEKTHKA COCTOUT W3 TBEPAOTO pAcTBOpa ¥ KPUCTAUIOB MapKupoBKa
CUIyMHUHOB: A — amomMuHui, K — kpemuuit, ,AJl — antoMuHHN JTUTEHHBINA

[Tpumepsr:

AKI12 — 12 % xpeMHHUsI, 3BTEKTHUYECKUI CILIIaB
AK9 — 9 % kpemuus

AKTI9 — 7 % xpemuus, 9 % nuHka

B Tabmune 12 ykazaHbl XUMHYECKUM COCTaB U MEXAaHUYECKHE CBOMCTBA
AJTFTOMUHUEBBIX CIIJIAaBOB.

Mapka | Cogmepxanue 3neMeHTOB (octambHOe | Coco0 mUTHS BUI | o o-1 | B,% KCV HB
cutaBa | Al),% TEPMHUUECKON 0,2 MTx/m?
Si Mg |Cu | Mn obpabotkn MIIA
AK12 10- - - - - B necuanyto popmy | 130 | 20 - 2 - 50
12 To xe+
MOIU(HUIIPOBAHUE 180 | 80 42 |6 - 50
AK9 8- 0,15- | - 02- | - To xe+, 260 | 200 |70 |4
10,5 | 0,3 0,5 3akanka+crapeHue
AKTr 6-8 0,2- - - - Iox naBneHnEM 220 | 120 | - 2 - 50
0,4 B necuanyio ¢dopmy,
3aKaJIKa+CTapeHue 220 | 160 | - 3 75
AK8M 1 75 1 03- | 1,0- [ 03- | 0,1- | ox maBnernenm 270 | 160 |- |3 0,2 80
8,5 0,5 L5 [0,5 | 03Ti
AM4,5 - 4-5 B mecuanyio ¢opmy, | 260 | 200 | - 3 - 70
3aKaKa+CcTapeHune
AM5 45- | 06- | 0,15- | To xe 360 | 250 | - 3 - 100
53 |1 0,35
Ti
AMrI0 | 95- |- 0,05- | B mecuanyio popmy, | 360 | 180 | 70 | 15 - 75
11,5 0,15; | 3akamka
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JlerupoBaHHbBIE CHIIyMHHBI MPUMEHSIOT ISl CPEIHUX W KPYMHHBIX JIUTBIX JAETalei
OTBETCTBEHHOTO HA3HAYEHHUA: KOPIIYCOB KOMIIPECCOpPA, KapTEPOB, TOJOBOK
nuIMHAPOB. Beicokonpounsiii cruiaB AK8M, pazpaborannsiii 8 MBTY um. H.O.
baymana, npegnazHaueH i JuThs mof AasieHueMm. CrjiaB o0iazaeT XOpOITUMHU
JUTEHHBIMH CBONCTBaMH, 0O0pabaTHIBAEMOCTHIO pPE3aHUEM, CBApPUBAEMOCTHIO H
KOPPO3MOHHOM CTOMKOCTbIO Mapranenr M TUTaH, a Takke OOJbIIaK CKOPOCTb
KpUCTAJUTM3AIIMU  TIPH  JIUTBE TIOJI  JABJICHUEM CIOCOOCTBYIOT — IOJYYEHUIO
METAacTaOMJIBHOM CTPYKTYpbl MpU OTJIUBKE JeTajged. DTO MaeT BO3MOXKHOCTH
YIOPOUHSITh OTJIMBKM IIyTEM MCKYCCTBEHHOTO CTapeHus 0e3 mpeaBapuTeIbHOM
3aKaNku. YTpoyHeHue Boi3bIBatoT 0- u B-dazer (CuAl2 u Mg2Si

Cmia AK8M npuMeHSIOT Il JUThS MOJ JIaBJICHUEM HArpy>KEHHBIX JI€TaJICH,
HarpuMep OJIOKOB IMIMHIPOB, TOJOBOK OJIOKOB M JIPYTUX JieTajell aBTOMOOMIBHBIX
JIBUTATENCH.

Cmnasel cuctemsl Al-Cu (AM4,5; AMS) xapakTepu3yloTcs BbICOKOH TPOYHOCTHIO
Ipy OOBIYHBIX W TOBBIIIEHHBIX TEMIIEpAaTypax; OHH XOpPOHIO 00padaThIBAIOTCS
pe3aHueM U cBapuBaroTcs. Bmecrte ¢ TeM H3-3a OTCYTCTBUSI IBTEKTHKHU CIUIABbI
00Ja1al0T TUIOXMMH JUTEHHBIMU CBOWCTBAMHM, HMMEIOT HM3KYI0 T'€PMETHYHOCTb.
JluteitHple W MeXaHMYECKHe CBOWCTBa cIuiaBoB cuctembl Al-Cu ymydmaiorcs B
pesyibTaTe JETHpOBaHUST TUTaHOM u MapranieM (AMS). Mapranen, o0pasys
IIEPECHIIICHHBIN TBEPABIM PAaCTBOP IPU KPUCTAJUIM3ALMHU W3 KUIAKOIO COCTOSHUS,
CHOCOOCTBYET 3HAUUTEILHOMY YNpouHeHUIo crutaBa. CmuaBbl cucteMbl Al-Mg
(AMr, AMrl0) oOnanaroT BBICOKON KOPPO3MOHHON CTOMKOCTHIO, MPOYHOCTHIO,
BA3KOCTBIO M XOpolIeid o0pabaTtbiBaeMocTbi0 pe3anueM. OHU HE coaepkaT B
CTPYKTYpE DBTEKTHKH IO TOM K€ MPHUYMHE, 4TO U CIuiaBbl cucteMbl Al - Cu, u
XapaKTEpU3YyIOTCS  HEBBICOKUMU  JINTEHHBIMM  CBOWCTBAMH,  IOHWKEHHOMU
FEPMETUYHOCTBIO M, KPOME TOT'0, OBBIIIEHHON 4yBCTBUTEIBHOCTHIO K ITpuMecsm Fe,
Si, koropble 00pa3ylOT B ATUX CIUIaBaX HEpPAcTBOpUMBIE (a3bl, CHUKAIOLIUE
IJJACTUYHOCTBD CILJIABOB.

CmnaBbl cuctembl Al-Mg NpUMEHSIIOT IJisi U3TOTOBIICHUS JeTanei, paboTalmux B
YCIIOBHSIX BBICOKOM BJIQXKHOCTH, B Cy JI0-, CAMOJIETO- U PaKeTOCTpoeHuu. M3 Hux
JIeNaloT JIeTalii MPUOOPOB, BUIKHU IIACCH U XBOCTOBOTO ONEPEHMS, IIITYPBAJILI U JP.

MarnueBble clJIaBbl - CIUIaBbl Ha OCHOBe MarHusa. HauOonee mnpouHsie, B TOM
qucie U Haubosiee KapornpouHbie, M. c. pa3paOoTaHbl HA OCHOBE CUCTEM MarHuii —
METaJIJI C OTPAHUYEHHOW PACTBOPUMOCTBIO B TBEPJIOM MAarHuu. BenencTBrue BbICOKOM
XUMHUYECKOW aKTUBHOCTH MArHusi BHIOOp METAJIOB, MPUTOAHBIX MJIsl JIETUPOBAHUS
M. c., cpaBHUTENBHO HEBENMK. M. C. pa3meimsaroTcs Ha 2 OCHOBHBIE TIPYIIIBL:
JUTEHbIE — JJI1 IPOU3BOJACTBA (DACOHHBIX OTJIMBOK U JAePopMUpyEMble — s
MPOU3BOJICTBA MOIY(PadpPUKATOB MIPECCOBAHUEM, ITPOKATKOM, KOBKOM M IITAMITOBKOA.
XapakTepHasi OCOOCHHOCTh MAarHHUEBBIX CIUIAaBOB — MaJslas IUIOTHOCTh MIpH
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CPaBHUTEJIBHO BBHICOKUX MEXaHUYECKHX CBOMCTBAaX, YTO MO3BOJIAET UX HUCIOJIb30BATh
JUISL YMEHBIIEHUS] MAacChl Pa3jIWYHBIX MAaIlUH (Hampumep, OTOOMHBIX MOJIOTOB,
JeTajen qBurareneid MOTOIMKIOB, aBTOMOOMIICH U T. 11.).

CrocoOHOCTP MAarHUEBBIX CIUIABOB XOPOIIO MPOTHUBOCTOSTH YAAPHBIM Harpyskam
MO3BOJISIET MCMOJIb30BATh UX JIJIS IETaliel KoJieC aBTOMOOWIIEH, OpyIMii, CAMOJIETOB,
POJIMKOB TpPY30BbIX KOH MaruueBbsle CIUIaBbl O0JIaIal0T CHOCOOHOCTBIO K
MOTJIOIIEHUIO YHEPTUH, Oaroaaps HU3KOMY MOAYJIO YIPYTOCTH HaXOJSAT LIMPOKOE
NpUMEHEHUE B y3JaX W arperarax MallliH, rje TpeOyeTcs BbICOKas CIIOCOOHOCTh K
MOTJIOUIEHUIO SHEPTUU.

HenmocTtaTok MarHMeBbIX CIUIABOB — 0o0Jie€ HMU3Kash KOPPO3UMOHHAs CTOMKOCTH IO
CPaBHEGHHMIO C aJIIOMHHUEBBIMU cIulaBaMd. (OCOOEHHO YCWICHHO pa3BUBAETCS
KOppO3Usi Ha MOBEPXHOCTH JETAllel W3 MarHUWeBBbIX CIUIABOB, €CJIM B OTJIMBKHU
MOMNajaT xjaopuasl MarHug. [loaToMy MIMXTOBBIE MAaTepuaibl, MNOPAKEHHBIC
KOppPO3HWEH, MOKPBITHIE OKHCIAMU W MAcCJOM, JOJDKHBI TIIATEIBHO OYMIIATHCS.
Opnako mpu OOECIEUEHUM HAJIeKAIIEeH TEXHOJOTUM TMPOU3BOACTBA MAarHMEBBIX
CIUUIaBOB , & TAKXKE 3alIUTHI OT KOPPO3HUH JETATU MOTYT JUTUTEIBLHOE BpeMsi paboTaTh
B arMochepHbIX ycioBusix. WM3aenuss M3 MarHWeBBIX CIJIAaBOB KOPPO3UOHHO-
YCTOMYMBBI B pacTBopax (TopaTtoB, XpOMAaToB, MUHEPAJbHBIX Macey, TOIUIMBA,
miesoyax, >KMJIKOM U ra3000pa3HOM KHCIOPOJIE.

MaruueBble CILIaBbI HGYCTOI‘/’I‘II/IBBI B MOpCKOI>’I BOAC, B CpCAC OPraHUYCCKUX U
MUHCPAJIBHBIX KUCJIOT, 4 TAKIKC COJIAX (33 HCKIIIOUCHUEM (l)TOpI/ICTBIX).

CmnaBel  cuctembl Mg—AI1—T1 sBiIAOTCS Haubojee PpacnpoCTPaHEHHBIMU;
coJlep)KaHHe IIMHKA B HUX 3HAYUTEIIbHO HUWXKE TMpejena pacTBOPUMOCTH (HE
npeBbimaer 3 %); nobGaBka wmapranma (o 0,5 %)BBOAWTCS JJis  TOBBIIICHUS
KOPPO3MOHHON  CTOMKOCTH. (OCHOBHBIM JIETUPYIOIIMM  DJIEMEHTOM  SIBJISIETCS
amomuHui, CrutaBel KpUCTaUIM3YIOTCS B UHTepBajie temmeparyp (120—150 °C),
CKJIOHHBI K 00pa30BaHUIO 3HAYUTEIBHON YCaA0YHON MOPUCTOCTH, TOPAYUX TPELIUH U
JCHAPUTHOMN JIMKBAIUH.

N3 crmaa MJI3 u3roToBISAIOT JETaJM MOBBIIIEHHONM T€PMETHYHOCTH; 3TOT CILIaB
MCIOJIb3YIOT MPU U3TOTOBJIIEHUH OTIMBOK MPOCTON KOH(UTypaluu, paboTaromux npu
CPEIIHUX CTaTUYECKUX U IMHAMMYECKUX Harpy3kax (Kopiyca HacocoB U Jip.). CiuiaBy
OPUCYIIM HEOOJbIION MHTEpBAJl KPUCTAUIM3AalMM W MEHbIIAs CKIOHHOCTh K
00pa3oBaHUIO MUKPOIIOPUCTOCTH B OTJIMUKE OT criaBoB MJIS u MJI6.

CmiaB MJI4 xapaktepu3yercsi BBICOKOW KOPPO3MOHHOW CTOMKOCTBIO, HO OTJIMBKHU U3
ATOrO CIUIaBa MPEAPACIOI0KEHBI K MUKPOIIOPUCTOCTH U TOPSYETIOMKOCTH, MOITOMY
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crutae MJI4 He pekOMEHIyeTcs IS JIUThS B KOKWIb W Toj jgaBieHueM. CriiaB
NPUMEHSIOT TIPH JIMThE JCTAJICH CpeIHeld Harpy>XKeHHOCTH, paOOTaloIIMX TMpU
CTaTMYECKUX H JUHAMHYECKHMX Harpy3KaxX, KOPITyCHBIX JcTalled IMpUOOpPOB U
KPOHIITEHHOB MMOCIIe TEPMUUECKON 00padOTKHU.

OrnuBkaM u3 cmwiaBa MJI4nmu m MJISnu mpucyma noBbILIEHHAas KOPPO3MOHHAs
CTOMKOCTh (IIPU BBICOKOM BIQXKHOCTU B YCIOBHUSAX TPOMUYECKOTO M MOPCKOTO
KJIMMata u Temneparype, He npesbimatonieit 150 °C).

Cmiap MJI6 MOXHO NpPUMEHSTH JJis JUThS B TecuaHble (OPMBI, KOKWIIb U IO
JIABJICHUEM TIPpU TMPOU3BOJICTBE BBICOKO- HATPYKEHHBIX OTJIIMBOK C TMOBBIIMICHHBIM
NpeaeioM TEKy4eCTH UM HarpyeHHBIX OTJHUBOK, palOTalolmMUX B  TOKEIbIX
aTMoc(epHBIX yCIOBUSAX (BbICOKOM BiakHocTh). CrutaB MJI6 oGnamaer xopormmumu
JUTEHHBIMU CBOWCTBAMHU, HO B JIUTOM COCTOSIHUM HE HCIOJB3YETCS HM3-3a BBICOKOM
XPYIKOCTH.

CnnaBbl Ha ocHOBE cucTeMbl Mg—7Zn— Zr — (Me) no cpaBHEHUIO ¢ IpeabLayen
rpynmnoil 0osiee MPOYHBI M JIOCTATOYHO MIIACTUYHBL. M3MenbueHne CTPYKTyphbl Mpu
BBEJICHUM IUPKOHUS OOYCIOBIMBAET MEHBIIYIO UyBCTBUTEIbHOCTh 3THUX CIJIABOB K
TOJIIIMHE CEYEHUs] OTJIMBKHU, BBIPABHMBAET UX MEXaHWYeCKHe cBoiicTBa. J[oOaBka
nanTtana (MJI 15) noBsimaeT xaponpoyHOCTh CILIABA.

Cmiap MJIS Gosee nerupoBaH U UMEET MOBBIIICHHBIE MPOYHOCTHBIE CBOWCTBA MPHU
Xopomiel rmiIacTuYHoCTU. [lpegHasHavyeH Il  OTJMBOK  CpEHEHArpy>KEHHBIX
nerajnei, paboTarnux JIUTENbHO Mpu Temmeparype g0 150 °C.

CrnaB MJI 12 npenna3HaueH A OTJIMBKM J€Tanel, JIUTEIbHO paboTaloluX Mpu
temrepatypax 10 200 °C u kparkoBpemeHHo — a0 250 °C. CnnaB obGnanaer
YAOBJIETBOPUTENIbHBIMU JIMTEMHBIMU CBOMCTBaMU M Ooiiee BbICOKoOM, uem y MIJIS,
KOPPO3UOHHOM CTOUKOCTBIO.

Cmmas MJI 15 pekoMeHAyeTcs NPUMEHATh [JI1 JUThbS BBICOKOHATPYKEHHBIX
TePMETUYHBIX JIeTalIel, IJIUTeIbHO padoTaronux mpu temneparype 250 °C. JlobaBka
JaHTaHa o0pa3yeT camMocTosTeNbHYI0 Pa3zy La.Mg;;, koTopas moBbIIIAET TPOYHOCTD
Y YJIY4IlIaeT TEXHOJIOTHYECKUE CBOMCTRA.

CmaBel Ha OcHOBE cucteMbl Mg— P3M—Zr copepxaT B TBEPAOM pacTBOPE
HeOoJIbIIIME JT00ABKU IIMHKA M ITUPKOHUS, OCHOBHBIMU JICTUPYIOIIUMHU AJIEMEHTAMHU
apisitoTca P3M. CriaBbl ¢ HEOJMMOM YIIPOYHSAIOTCSI KaK MO PACTBOPHOMY THUIY, TaK
U uHTepMeTaUIuAHOM  ¢azor  Mg,Nd, 4dYTo CcHocoOCTBYeT  COKpaIIEeHHUIO
MEXAHUYECKUX CBOMCTB MpPU TMOBBIINIECHHONW Temmeparype. CruiaBbl ¢ HEOJAUMOM
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UMEIOT XOPOUINE TEXHOJIOTHUYECKUE U JIUTEHHbIE CBOMCTBA, AIOT MJIOTHBIE OTJIUBKU C
OJIHOPOJHBIMHU CBOMCTBAMU B TOHKUX M TOJCTBIX CEUCHHUSIX.

Cmnasel ¢ P3M (MJI 11) nerupyrot mummeraiiom (75 % Ce, octansHoe — P3M),
4YTO MPUBOAUT K 00pa3oBaHUI0 MHTepMeTainaa Mg»,Ce. B npouecce Tepmuueckoi
00pabOTKH CIUIaB YOPOYHSIETCS JUCHEPCHBIMU YacTHI[AMU HHTEPMETAJUIUIOB,
PaBHOMEPHO pacipe/ieIeHHbIX B TBEPJIOM PacTBOPE.

CrnaB MJI9 pekomeHnayeTcsi MPUMEHATh KakK JJisl JUThSl B MecuaHble (OpMbI, TaK U
JUISL JIUThsl B KOKWJIb BBICOKOHArpy>KeHHBIX JeTaneit, padorarommx npu 250 °C u
TpeOYIOIIUX BHICOKOM r€pPMETUUYHOCTH.

Cmiap MJI 10 oTiauvaeTcsi BBICOKOW TE€PMETHYHOCTBIO W TpEeAHA3HAYEH s
W3TOTOBJICHUS BBICOKOHATPYKEHHBIX OTJIMBOK, paboTaronux mnpu temmeparypax 250
—300 °C, xoporiio o0padbaTsIBacTCsl pe3aHUEM, CBAPUBALCTCH.

CrnaB MJIH nauOornee xapomnpoyeH Cpeid MarHueBBIX CIUIABOB W IMpeAHa3HayYeH
JUIS  JIeTalield, JUINTENIbHOE BpeMs JkcruryatupyeMbix mpu 250—350 °C w
kpatkoBpeMeHHO — 10 400 °C. CnnaB o0jagaeT XOpOIIMMHU TEXHOJOTHUYECKUMHU
CBOICTBaMU; OTJIMBKU U3 3TOTO CIJIaBa UMEIOT MOBBIIICHHYIO T€pPMETUYHOCTb.

Cmias MJI 19 npennasHayeH Jyisi MPOM3BOJICTBA BBICOKOHATPY>KEHHBIX OTJIMBOK,
pabotaromux mpu 250—300 °C. Ilpumenenue npu 200—250 °C HeuenecoobpaszHo,
TaK KakK CIUIaB MPHU ITUX TEMIIEpaTypax HE UMEET MPEUMYIIECTBA Mepe/l CIIJIaBaMu C
peaKO3eMeNbHBIMU METaJJIAMHU.

CmaBel MJI6 1 MJIS pexkoMeHAYyeTCs NPUMEHSTH JJIsl JIMThA IOJ JABJICHUEM, B
necuanbie (HOPMbI M KOKHIIb, TaK KaK

OHM 00JIaJJAI0T XOPOIIEH KUAKOTEKYUYECThIO U MaJIOM CKIIOHHOCTBIO K 00pa30BaAHMIO
PBHIXJIOT U TpeluH. M3 CIiaBoB OTJIMBAIOT BHICOKOHATPYKEHHBIE JICTAIA JABUTATENCH
W arperaToB, pa0oTarolmMe TMPU CTATHYECKUX M JUHAMHYECKUX Harpyskax,
KOPITyCHBIE JIeTalli NpuOOPOB, KPOHIITEHHBI W JIPyTUe JCTalau, padoTarouye Mpu
temneparype 10 150°C.

Xox padoTsl
1.3amoaauTh TabIUITy 13.

Tabmuma 13 - Onpenenenue o0JacTU NPUMEHEHHs CIUIaBa B 3aBUCUMOCTH OT
CTPYKTYPHI CILJIaBa: CHUTyMHHBI U MAarHUEBBIE CIIJIaBbI

Mapka cruiaa O06sacTh MPUMEHEHHUS
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2.0popMHUTH OTYET.
Cnmcok ureparypbl
1. Teopuss wm TexHonorus JMTEUHOro mnpousBoacrea. B 2-x 4. Y. 1.
dopmoBouHbIe MaTepuaisl U cmecu: Yueb. / JI.M. Kyky#i u np. - M.: HULl Undpa-
M; MHnu.: Hos. 3nanue, 2019. - 384 c.: un.; - (Boicmiee oOpazoBanue)-Pexxum

noctymna-http://znanium.com/catalog/product/389769

2.Teopus u TEXHONOTUS IUTERHOTO IPoU3BOACTBA. B 2-x u. Y. 2. TexHonorus
M3TOTOBIICHUS OTJIMBOK B pa3HbIX popmax: Yuebd. / JI.M. Kykyit u np. - M.: HUI]
Uudpa-M; Mu.: Hos. 3nanue, 2018. - 406 c.: wi.; - (Boiciee oOpazoBanue)-Pexum

noctymna:/http://znanium.com/catalog/product/389768 /znanium.com/catalog/product/
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[Tpunoxenue 1

MunHCcTepcTBO 00pa30BaHus U Hayku YenssOMHCKO#M o0acTu
lNocynapcTBeHHOE OF0IKETHOE TPOPECCHOHATEHOE 00pa30BaTEILHOE YUPEKICHUE
«lOxkHO-YpanbCcKuil rocy1apcTBeHHbIN TEXHUYECKHIT KOJLJIETH»

OTYET
0 BBIMIOJTHEHUIO MPAKTUYECKHUX (JTA0OPAaTOPHBIX) padoT
o [IM 01. «IloarotoBka u BeiCHNE TEXHOJIOTUYECKUX MPOLIECCOB IJIABKH, JINThS U
MPOU3BOJICTBA OTJIMBOK U3 YEPHBIX U LIBETHBIX METAJIIOBY

MJIK 01.03. «AHanu3 CBOMCTB U CTPYKTYpPbl MATEPHUATIOB)

BBITIOJIHUII

rpymnmna

MPOBEPUIL

Yensbunck, 2021
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ITpunoxenue 2

TPEBOBAHUSA K COAEP KAHUIO U O©®OPMJIEHUIO OTYETA

OTt4er g0/15KeH ObITH 0pOpMIIEH:
1. pudt Times New Roman, kerns 14, mexxcTpounbiil uaTEpBa 1,5.
2. Jlonyckaetcsi opopMiieHHE OTUETA B PYKOMCHOM BapUaHTE.
3. Ha ¢opmare otuera A0MKEH NPUCYTCTBOBATH MaJIbIid IITAMII.
4. Pabota kpoMe TUTYJIBHOTO JIUCTA JIOJIKHA COAEPKATh BEIOMOCTb C YKa3aHUEM
BBITNIOJHEHHBIX paboT U rpadoil AJis OLIEHKH.
CTpyKTypa 0T4YeTa J0JIKHA COIePKAThH:
1. Tema nmpakTuueckoi paboThI (Ha3BaHUE).
2. llenp npakTUyecKoOn padbOTHI.
3. Xox paOoThl.

4. OTBeT Ha KOHTPOJIbHBIN BOIIPOC.
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[Tpunoxenue 3
Kpurtepuu ouenku padorsl

OneHka OTJIMYHO — CTABUTCS 3@ MPABWJIBHO BBHINOJHEHHYIO paboOTy € BEPHBIM
OTBETOM Ha KOHTPOJIbHBIN BOMIPOC.

OueHka XOpoIlIo — CTaBUTCA 32 MPABUJIBLHO BBIIIOJIHEHHYIO paboTy 0e3 oTBeTa Ha
KOHTPOJIBHBIN BOIIPOC.

OueHka yJIOBJIETBOPUTENBHO — CTaBUTCA 3a pabOTy C  HEKOTOPBIMH
HETOYHOCTSIMHU.

OHCHKa HCYOOBJICTBOPUTCIIbHO CTABUTCA B CJIydaC OTCYTCTBUA OTUCTA I10 pa60Te.

46



	ПОЯСНИТЕЛЬНАЯ ЗАПИСКА
	Методические рекомендации по выполнению практических и лабораторной работ по ПМ.01 «Подготовка и ведение технологических процессов плавки, литья и производства отливок из черных и цветных металлов», МДК 01.03 «Анализ свойств и структуры материалов» предназначены для обучающихся по специальности Литейное производство черных и цветных металлов (базовая подготовка)
	Практические и лабораторные занятия являются важным элементом междисциплинарного курса. В процессе выполнения практических и лабораторной работ обучающиеся систематизируют и закрепляют полученные теоретические знания, развивают интеллектуальные и профессиональные умения, формируют элементы компетенций будущих специалистов.
	Методические рекомендации предназначены для организации выполнения практических и лабораторной работ по МДК 01.03 «Анализ свойств и структуры материалов». Программой ПМ (в части МДК 01.01) предусмотрено выполнение 5 практических и 7 лабораторных работ, направленных на формирование элементов следующих компетенций:
	Травление


