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AKT COI'JTACOBAHUA

Ha METOUYECKHE PEKOMEH AU TIO BHITMOJIHEHHIO MPAKTHYECKUX PA0OT MO yueOHOM TUCIUTUIHHE
«Marepuanosenenue» 1 cneuranbHoctu 15.02.14 OcHalieHue cpeacTBaMu aBTOMaTU3aluu
TEXHOJIOTHYECKUX MPOLIECCOB U MPOU3BOCTB (10 OTPACIISIM)

OIT (ITPOPECCHUOHAIIUTET»,

pa3paboranHoil npenogasatensimu KOxHO-YpanbCKoro rocy1apCTBEHHOIO TEXHUYECKOTO

koJutemka LlBapesoit U.A., Mopos 10.A.

Mertoanuyeckre PpPEeKOMEHJAMKM IO BBIIOJIHEHUIO JIAOOPATOPHBIX M MNPAKTUYECKUX paldoT
COCTaBJIEHbI B COOTBETCTBUU C IIPOrpaMMOi yueOHON AUCUUILIMHBI «MaTepuanoBeieHue.

MGTOZII/ILIGCKI/IG PEKOMEHOAlINU K J'Ia60paTOpHI)IM N IMPAKTHYCCKUM pa60TaM HUMCIOT CAUHYIO
CTPYKTYpY: LEIH, OOIIME TIIOJIOKEHUs, X0oA paboThl, ¢opMy oTdera 1Mo padoTe, CIpaBOYHBIC
JaHHBIe, JTuTepatypy. Temaruka paboT pasHooOpasHa. TeMbl pabOT ompeneneHbl, UCXOAS U3
JIOTUKM  H3YUCHUA  AOUCHUILIMHBI ((MaTCpI/IaJIOBCIICHI/IC)) U HallpaBJICHBI Ha yrﬂy@ﬂeHHe
TEOPETHYECKUX 3HAHWU W (HOPMUPOBAHHE YMEHHU MPOBOAUTH IKCIEPUMEHTHI HA JTAOOPATOPHBIX
paboTax ¢ UCIOJIb30BAaHUEM J1a0OPATOPHOTO 00OPYIOBAHUS.

Mertonuyeckue peKOMEHAALNN O BBIOJHEHUIO J1a0OpaTOPHBIX U MPAKTUYECKUX padboT
no aucuumiiuHe «MaTepualoBe/leHHe» COOTBETCTBYIOT —Iporpamme y4yeOHOM AMCHUIUIUHBI U

MOTYT HUCIIOJIb30BATLCA B O6pa3OBaTeJ'H>HOM mnmpomnecce.
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MNOACHUTEJBHASA 3AIINCKA

Meronuueckiue peKOMEHAAIMU IO BBINOJHEHUIO JA0OPATOPHBIXH MPAKTUYECKUX
pabor mo yuebHOW gucuMIUIUHE «MaTrepuanoBeieHue «IpeAHa3HAuYCHBbl IS
oOyuarouxcs no crneuuanbHocT 15.02.14 OcHamenue cpeicTBaMu aBTOMaTU3alun
TEXHOJOTMYECKUX  IpPOLUEcCOB M Hpou3BoACTB  (nmo  otpacisim) @Il
«IIpodeccuonanurery. JIabopatopHble U MPAKTUYECKUE 3AHATHS ABIISIOTCS BaKHBIM
AJIEMEHTOM Y4YeOHOM IUCHMIUIMHBL. B mporiecce BBINOJHEHUS JAOOPaTOPHBIX U
IPAKTHYECKUX PabOT 00yYaroUIMecs: CUCTEMAaTU3UPYIOT U 3aKPEIUISIIOT NOJyYEHHbIE
TEOPETUYECKHE 3HAHUS, pPA3BUBAIOT MHTEIUIEKTyalbHbIE U MNpO(decCHOHAbHBIE
yMeHHUsl, GOPMUPYIOT 3JIEMEHTHI KOMIIETEHIUH OyAyIIUX CIELIUATUCTOB.

JUist  3aKperuieHHsT TEOPETUYECKUX 3HAHMW M OPHOOPETEeHHs HEOOXOAMMBIX
MPAKTUYECKUX YMEHUU MporpaMMoil y4eOHON JUCHUIUIMHBI «MaTepranioBeIeHNuEe
npexycMmarpuBatoTca2lnabopatopHoen GMpakTHUECKUX 3aHATUN, HAINPABICHHBIX HA
(OPMHUPOBAHUE 31EMEHMOE CEOYIOUUX KOMNEMEHYUT

OK 01. Bbeibuparb cnocoObl penieHus: 3aaad NpoPecCUuOHAIBHON JEATEIbHOCTH
MIPUMEHUTETHHO K PAa3IMYHBIM KOHTEKCTaM.

OK 02. Hcnonb30BaTh COBpEMEHHBIC CPEACTBA MOUCKA, aHATN3a U UHTEPIIPETALINH
uHpOpMalMd W HWHPOPMAITMOHHBIC TEXHOJOTUU /I BBHIMOTHCHHUS 3a1ad B
poheCCUOHAIBHON JIEITSIIBHOCTH

OK 04. D¢ dexTnBHO B3aUMOJICHCTBOBATh U pabOTaTh B KOJIJIEKTUBE U KOMaH/IE

IIK 1.1. Ucnonb30BaTh KOHCTPYKTOPCKYIO U TEXHOJOTHYECKYIO JOKYMEHTALIUIO
MpH pa3pabOTKe TEXHOJOTUYECKHUX MPOLIECCOB M3TOTOBJICHUS JI€TajIeil MallliH

I[IK 1.2. BpiOupare MeTOA TOJYYEHHS] 3aroTOBOK C Y4YE€TOM YCIOBHUU
ITPOU3BOJICTBA.

Ha AOCTUKCHUC JIMYHOCTHBIX PE3YJIbTATOB!

JIP 2: TlposBisiOlIMi AKTUBHYK TPaXXJTAHCKYIO MO3WILHIO, JEMOHCTPUPYIOLIUN
IIPUBEP)KEHHOCTh ~ IPUHLHUIIAM  YECTHOCTH,  IOPSANOYHOCTH,  OTKPBITOCTH,
SKOHOMHUYECKHA aKTUBHBIM M YYaCTBYIOLIUW B CTYJEHYECKOM U TEPPUTOPHUATBHOM
CaMOYIPaBJICHUU, B TOM YHCJIE HA YCJIOBUAX JOOPOBOJIBYECTBA, MPOAYKTHUBHO
B3aUMOJICUCTBYIOIIMM M  YYAaCTBYIOIIMM B  JIEATEIBHOCTH  OOIIECTBEHHBIX
OpraHu3aun

JIP 4: IlposBasiomuii W JEMOHCTPHUPYIOIIMH yBaXEHUE K JIIOASIM TpYy[a,
OCO3HAIOUIMI [IEHHOCTh COOCTBEHHOrO Tpyaa. CTpeMsiuiics K (pOpMHUPOBAHUIO B
CETEBOU cpefie JINYHOCTHO U Mpo(hecCUOHATBHOIO KOHCTPYKTUBHOTO «IIU(POBOTO
ciena»

JIP 7: Oco3Haouyidi NpUOPUTETHYIO LIEHHOCTh JIMYHOCTH YEJIO0BEKA; YBAXKAIOUIUN
COOCTBEHHYIO U UYXYI0 YHUKAJIBHOCTh B PA3JIMYHBIX CUTyallUsAX, BO Bcex opmax
Y BUJAX JEATEIbHOCTH.

JIP 10: 3aboTsmumiicss 0 3alUTe OKPY’KAIOIIEH Cpejibl, COOCTBEHHON U YyKOM
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0€30MacHOCTH, B TOM YHCIIe TU(PPOBOI

CryneHt B npoliecce pabOThl I0KEH yMeTh:

pacmo3HaBaTh W KJIACCH(UIMPOBATH KOHCTPYKIIMOHHBIE ¥  CHIPHCBBIC
MaTepHuabl IO BHENTHEMY BHITY, IPOUCXOXKICHUIO, CBONCTBAM;

— ONPEIENSITh BUIbI KOHCTPYKIIMOHHBIX MAaTEpPHAJIOB;

— TMPOBOJUTH UCCIICAOBAHMS U UCTIHITAHHS MaTCPHAIIOB,;

— pacCcUuTHIBaTh M HA3HAYATh ONTUMAJIBHBIE PEKUMBI PE3aHUS

CryaeHT B miporiecce padboThl JOJDKCH 3HATh(aKTyalIn3aIus):

~ 3aKOHOMEPHOCTHU TIPOIIECCOB KPUCTAIUIM3ALMA U  CTPYKTYpOOOpa3oBaHUs
METaJJIOB U CIUIABOB, OCHOBBI MX TEPMOOOPAOOTKH, CIIOCOOBI 3aIlIUTHl METAJIOB
OT KOppO3UH;

— TMPUHLUIBI BhIOOpAa KOHCTPYKIMOHHBIX MaTEpPHANOB JUIsI UX NPUMEHEHUS B
IPOU3BOJICTBE;

~ CTPOCHHE M CBOMCTBA METAJLIOB, METOJIBI MIX MCCIICIOBAHNS;

~ METOJIWKY pacueTa W Ha3HAUYCHHUS PEKUMOB PE3aHUS IS Pa3IMYHBIX BHJIOB
pabor;

~ KJaccu(UKaIMIo MaTEPUAIOB, METAIUIOB U CIUIABOB, UX 00JACTH MPUMEHECHUS.

Onucanue Kaxaoi 1a00paTOPHON M MPAKTUYECKOW pabOThI COAEPKUT HOMED,

Ha3BaHHE U 1Ie]b paboThl, (hOpMUPYEMBIE B MPOIECCE BBHIMOJHEHUS] paOOThl 3HAHMUS,

YMEHUS UTEOPETHUECKOE U3JIOKEHUE HEOOXOAUMOro, BAPUAHTHI 3aJJaHUM, OMHCAHHE

ITOpPUTMa BBITIOTHEHUS, KOHTPOJIbHBIE BOIIPOCHI.

Jlns  monydeHus JOMOJHUTENbHOM, Oojee moapoOHOW uWHQpOpMAIUu 1O
OCHOBHBIM BOTIPOCaM y4€OHOM JUCIUIUIMHBI B KOHIIE METOJUYECKUX PEKOMEH AN
MIPUBEJICH NIepeueHb NHOOPMAITMOHHBIX UICTOUYHUKOB.

OT4eTsl CTYJIEHTOB MO JIA0OPATOPHBIM M TMPAKTUYECKUM paboTaM JOJHKHBI
colepkaTb HOMEp, Ha3BaHWE M I1IeNb palOThl, BBIMOJIHEHHBIC 3alaHUI W HX
pe3yabTaThl, BEIBOABI IO MPOICIAHHON pab0Te, OTBETHI HA KOHTPOJIBHBIC BOITPOCHI.

OreHKa OTJIMYHO — CTaBUTCS 3a TPABWIBHO BBHITIOJHEHHYIO pa0OTy C BEPHBIMHU

OTBETaMH Ha BOIMPOCHI 110 OTYETY.

O1ieHKa XOpOoIIO — CTABUTCS 3a MPABUIILHO BHITIOJHEHHYIO paboTy 6€3 OTBETOB Ha
BOITPOCHI TIO0 OTYETY.

OrneHka yAOBIETBOPUTEIBHO — CTaBHTCS 3a pPabOTy ¢ W HEKOTOPHIMHU
HETOYHOCTSIMU U O€3 OTBETOB Ha BOMPOCHI 110 OTUETY .

Or1eHKa HEYJJOBIETBOPUTEIHLHO CTABUTCS B CIIydae OTCYTCTBUS OTYETA 1O padoTe.

TuTynpHBI JTHCT W CTPYKTypa pabOThl AOJKHBI OBITH OQOpPMIIEHBI B
COOTBETCTBHHM C NpuiioxkenueMm b, B, I'.



HEPEYEHDB JJABOPATOPHBIXHU ITPAKTUYECKUX PABOT

Ne Trembl HaumenoBanue padorsl Oo0bem
(uac)

Tema 1.2 | Jlabopamopnas pabomal.llpurotToBiaeHue CycrieH3uu
KapOoHaTta Kaiblus B Boje. O3HaKOMJIEHHE CO CBOMCTBAMHU 2
JUCIIEPCHBIX CUCTEM.

Tema 1.2 | Jlabopamopnas paboma?2. VccienoBanue coctaBa u
croco0O0B pa3zesieHusl cMeceil (OTCTanuBaHue, 2
(buIBTPOBaHKE, BHITTAPUBAHNUE).

Tema 1.3 | Jlabopamopuas paboma3. IlpurotoBieHne pacTBopa 2
3aJTaHHOW KOHIICHTPAINH

Tema 1.4 | Jlabopamopnas pabomad. VccienoBanue CBOMCTB KUCIIOT, 9
OCHOBAHMI, COJIEH.

Tema 1.5 | Jlabopamopuas paboma5. IlpoBefeHue peakiiuii HOHHOTO 9
oOMeHa.

Tema 1.6 | Jlabopamopnas paboma6. UccneqoBanue CBOMCTB 2
METaJUIOB U UX COCTUHEHUN

Tema 1.6 | Jlabopamopnas pabomaT. IIpoBeaeHNE OKUCITUTEIHHO- 2
BOCCTAHOBUTEJIBHBIX PEAKIIUN

Tema 1.6 | Jlabopamopuas paboma8. Penienne SKCepuMEeHTATbHBIX 4
3aJ1ay Ha WICHTHU(PUKAIIMIO HEOPTAaHNYECKUX COSAMHEHUN

Tema Jlabopamopnas paboma9. Onpenenenrue TBEPIOCTU 9

2.2.1 MeTaJUIOB 0 MeToiuke bpunesnss u Poksesna

Tema Jlabopamopnas pabomal0. Onpenenenue ynapHoi 9

2.2.1 BSI3KOCTH CTaJIH

Tema Jlabopamopnas pabomall. VctibiTanue o0pasiia Ha 9

2.2.1 pacTshKEeHUE

Tema Jlabopamopnas pabomal2. ccnenoBanue

2.2.3 MUKPOCTPYKTYPBI JKEJI€30yTIEPOUCTHIX CIIIIAaBOB B 2
PAaBHOBECHOM COCTOSIHUH

Tema Ilpaxmuueckas pabomal. WccienoBanue nuarpaMMbl 4

2.2.3 COCTOSIHUSI JKEJIe30yTIAePOIUCThIX criaBoB Fe-Fe3C.

Tema Jlabopamopnas pabomal3. IlpoBeneHre 3aKalky U OTITyCKa 9

2.2.5 CTaJbHBIX 00Pa3IOB C HCIBLITAHUEM TBEPJIOCTU

Tema Jlabopamopnas pabomal4. ViccnenoBanue

2.2.5 MUKPOCTPYKTYPBI CTAJIEN MOCIIE TEPMUUYECKON U XUMHUKO- 4
TEPMUYECKOI 00paboTKH

Tema Ipakmuuecxas paboma2.Beibop pexnuMa 3aKaIKu 9

2.25 CTAJILHOM JIeTaIu

Tema Ipakmuueckas paboma3.Bei00p pexxuma OTITyCKa

2.2.5 3aKaJICHHOM JIeTald B 3aBUCUMOCTH OT TpeOyeMoii 2

TBEPJIOCTH




Tema Jlabopamopnas pabomals. ViccnenoBanue 4
2.3.2 MUKPOCTPYKTYPbI YYTYHOB

Tema Ilpakmuuecxas pabomad.Beibop pexuma TepMooOpabOTKH 9
2.3.2 YYTYHHOW OTJIMBKH

Tema Jlabopamopnas pabomal6. VccnenoBanue 9
2.3.4 MHUKPOCTPYKTYPBI IBETHBIX METAJJIOB U CIJIABOB

Tema Jlabopamopnas pabomall. ccnenoBanue 9
2.3.5 MUKPOCTPYKTYPbI M CBOMCTB JICTUPOBAHHBIX CTaJIeH

Tema IIpakmuuecxas pabomaS.PacdeTt mpumycka 1o 4
2.6.2 MEXaHUYECKYI0 00pabOTKy MOKOBKHU

Tema IIpakmuuecxas paboma6.Ha3znaueHne onTUManbHbIX 4
2.6.3 PEXKUMOB pe3aHus

NTOI'O 58




Pa3znen 1 XUMMUS

JlabopaTtopHnast pa6ora Ne 1
Tema: IlpurorosJieHne cycrneH3un KapOoOHaTa KaJbuus B Boae. O3HAKOMJICHHE
€O CBOIICTBAMH JUCIHEPCHBIX CHCTEM.
Heanb:
1) dopmMupoBaHUE YMEHUI MPUTOTOBJICHUS CYCIICH3UN KapOOHATa KaJbIMsl B BOJIE,
H3YUYUTh €€ YCTOMYUBOCTh U (pa30BBIN COCTaB.
2) dopmupoBaHUE 3HAHUHN KITACCU(DHUKAIIMHM U CBOWCTB JUCIIEPCHBIX CUCTEM.
B pesynbTaTte BeIMOIHEHUS 1a00paTOPHOM pabOThI CTYIEHT JOJIAKEH
3Hamb . IPUMEPBI TUCTIEPCHBIX CUCTEM
Ymemyw:onpenensate nucnepcHyo a3y u JUMCIEPCUOHHYIO CPENY
PeakTusbI:
KapOonar kanbius, BoJia, MbLUIO, MOJIOKO, CILJIABHI.
OobopynoBanmue:
[lItatuB, mpoOUPKH, AEPIKATET.

Xoa paéoThi:

Omnwit 1. ITosryyeHne cycneH3Mu KapOoHaTa KaJablMs B BOJIE.

B dapdopoBoii cTymke TIIATENIBHO Pa30TPUTE KyCOYEK Mejla 0 TOHKOTO
nopoiika. BHecute B MpoOMPKY HEMHOTO M3MENBUYCHHOTO MOPOIIKa, IpuieiTe 4-5
MJI BOABI W HECKOJIBKO pa3 DSHEPrUYHO BCTPAXHUTE MPOOHPKY. OTMEThTe
PaBHOMEPHOE paclpe/iesICHUE MOPOoIlKa Mejia Mo BceMy o0beMy cpenbl. [locTtaBbTe
npoOUMpKy B IITaTUB W HaOMIOAAiiTe Yepe3 HECKOJBbKO MHUHYT pacCIOCHUE
ITOJTyYE€HHOU CYCIICH3UU.

Kakue cuctembl Ha3bIBalOT cycneH3usAMu? UTo sBISETCS B JAaHHOW CYCIIEH3UHU
nucriepcHol (a3oi, nucnepcHoi cpenoi?

OnpiT 2. O3HaKOMIICHHE ¢ 00pa3llaMU JIMCIICPCHBIX CUCTEM.

O3HakoMbTECH C OOpa3llaMu JUCHEPCHBIX CHUCTEM: 1OpoOMpKa — TEHBI
(BCIICHEHHBII  MBUIBHBIM ~ pacTBOp), 2 mpoOMpka — OMYyJNbCHH (MOJIOKO),

MeTaJuIMYecKas IIACTUHA — TBEP/IbIE TETEPOTCHHbBIE CUCTEMBI (CILIaB).

[Tonp3ysice Tabnuueii 1 (mpunoxkenue 1), ompenenute B JaHHBIX JUCTIEPCHBIX
CUCTEMAax arperaTHoe COCTOSIHUE TUCTIEPCHOMN (pa3bl U TUCTIEPCHOM CPEIbI.

[To xomy paboThI 3aMIOJIHUTE TAOJUITY U CIETIATE BHIBOJIBI.
KoHTpoJibHBIE BONIPOCHI

[IpuBenuTe TpW TmpUMEepa AUCIEPCHBIX CHUCTEM (HE pPacCMOTPCHHBIX B
nabopatopHOil paboTe) ¢ yKa3aHMEM arperaTHoro COCTOSIHUS JAUCIEpCHON (a3bl U
JTHACTIEPCUOHHOU CPEIBI.

JlabopaTopHas padora Ne 2
Tema: UccienoBanue cocTaBa u clnoco00B pa3iejieHUsi cMecei
(orcTauBanue, GUILTPOBAHUE, BbINIAPDUBAHUE).



Heab:dopMupoBaHre yMEHHMM NPOBENCHUS PA3LAECICHUS CMECH, HCIOJIb3Ys
pas3inyHbIe CrIOCO0BI (OTCTauBaHue, PUIBTPOBAHUE, BHITAPHUBAHHE).

B pe3ynbTaTe BhINOIHEHUS 1a00paTOPHOM pabOTHI CTYIEHT AOJIKEH
3Hamb:COCOObI pa3/ieIeHus cMecei

YMemb . BBITIOJIHATH JIa00PATOPHBINA SKCTIEPUMEHT 10 Pa3/IesIEHHUI0 CMECH

PeakTuBbI:

[ToBapeHHas coJib, IECOK, BOJA.

OobopynoBanmue:

XUMHUYECKUI CTakaH, CTEeKJsSHHAs Tmajgouyka, (QuibTpoBanbHas Oymara
(6bymaxkHBIM (UIBTP), BOPOHKA, IITATUB, (GapdhopoBas yailka, Jep)KaTeib, Fopelika,
CyX0€ roproyee, CIInIKH.

Xoxa padoThI:

OnpiT 1. PacTtBOpeHue 3arps3HEHHOM coiM (CMECH COJau € BOJIOW).
OtcravBaHue.

PaccmoTtpute cmech conu ¢ nieckoM. [lonpoOyiiTe oTnenuts coib OT necka. B
CTakaH CcO cMecblo Hanente mnpuMepHo 20 M Boabl. CoxepkuMoe CTakaHa
[IEPEMEILINBANTE CTEKIIIHHOM ITAlOYKOW J10 pacTBOpeHus conu. Jlanrte pacTtBopy
orcrositca. OOpaTuTe BHHUMAaHHE Ha OCEJIAHME YaCTUYEK IMeCKa U YMEHbIICHUE
MYTHOCTH PacTBOpA.

OnbIT 2. PUIBTPOBAHUE.

ByMaxubIii QuIbTp moMecTuTe B BOPOHKY U CMOUMUTE BOJAOM, paclpaBbTe €To,
YTOOBl OH IUIOTHO MPHUMBIKAJT K CTEHKaM BOPOHKU. BOpOHKY BCTaBUTH B KOJBIIO
mratuBa. KoHen €€ Mo/mKEeH KacaTbCsl BHYTPEHHEW CTEHKH CTAaKaHa, B KOTOPOM
coOupaercsi OTGUIBTPOBAHHBIM pacTBOp. MyTHBIN pacTBOp HajlelTe Ha (PUIBTP 1O
CTEKJISIHHOM naynoyke. B crakaH cTeuer mpo3payvHblil puiabTpar.

OmnpiT 3. BeinapuBaHue.

[Tonyyennsiii punpTpaT BhUICHTE B (apdOpOBYIO HAIIKy U MOCTaBbTE €€ Ha
KOJIbIIO IITaTuBa. Harpemaiite B IjiaMeHU, MEPUOJUYECKU TEepeMelniuBas QpuibTpaT
10 TIOJTHOTO ucnapeHus Bojbl. [[ojlydeHHYI0 COJIb CPABHUTE C MUCXOJHOW CMECHIO U
yuCcTOM coibto. Crenaite BhIBOI.

[To xomy paboThI 3aMIOJIHUTE TAOJUITY U CIETIATE BHIBOJIBI.

KoHTpoJibHBIE BONIPOCHI
[Iepeuncnure 3Tansl pa3aeaeHUs] CMECU COJIU C TIECKOM.

JlabopaTopHnasi padbora Ne3
Tema: IlpuroroBieHue pacTBopa 3aJaHHOH KOHIEHTPALMH.
Heab:PopmMupoBaHue yMEHMH  NOPUTOTOBJICHUS  pacTBOpa  3aJaHHOU
KOHLIEHTPAIlMU,BbIUUCIICHUSI MacChl BEIIECTBA M  BOJbI, HEOOXOAUMBIX IS
IIPUTOTOBJIEHMS PACTBOPA 3aJaHHOM MAacCOBOM J10JI€H BEILECTBA.
B pe3syinbrarte BbINONHEHUS 1a00paTOPHOM pabOThI CTYIEHT T0JKEH:
3Hamb.CIIOCOOBI BBIPAKEHUSI COCTaBa pacTBOpa



YMemb: peliaTh pacuyeTHbIC 3ala4d Ha ONpeIesieHHe MacCOBOW  JOJH
pPacTBOPEHHOTO BEIIECTBA

PeakTuBbI:

XJopua HaTpus, BOAA.

OobopynoBanmue:

Becbl, pa3HoBeChl, CTEKJITHHBINA HUIMHAP, KOJ0a.

Xoa paéoThi:

OmnpiT 1. TIpuroToBiieHHE pacTBOpa COJM C ONPEAeICHHOW MAacCOBOW JoJiei
BEIIIECTBA.

1. MonmyunTe y mpemnojaBaTens 3agaHUe. BblUncianTe, CKOIBKO COMH U
BOABl MOTpeOyeTcss i1 MNPUTOTOBIEHUS YKAa3aHHOIO pacTBOpAa C 3aJaHHOU
MaccoBOil 1o1€eil BemecTBa. B pacuerax ucnosbs3yite GopmyJibl

m(s-6a)
L *100% ;m(p-pa) = m(s-6a) + m(H0),
m(p-pa)

2. OTBechTe Ha Becax COJIb U IOMECTUTE €€ B KOJIOY.

3. OTmepbTe TpeOyemblit 00BeM BOAbl (IIPU TMOMOIIM CTEKJISTHHOTO
UJINHAPA) U BbUIeHTe €€ B KOOy ¢ conblo. ComepKuMoe KOJIObI TIepeMelIanTe
710 TIOJIHOTO PACTBOPEHUS COJIH.

[To xoty pabOTHI 3aMoIHUTE TAOIUILY U CAETANTE BHIBOJBI.

KonTposbHbBIE BONIPOCHI:

Pemmte 3amady Ha OIpeneieHHE MacCOBOM [JOJM PacTBOPEHHOIO BEIIECTBA
(KapTOUKy C 3aJJaHUEM TOJIYYUTh Y MPENO1aBaTeis).

JlaGoparopHasi pabora Ne 4
Tema: UccaenoBanne CBOMCTB KMCJIOT M OCHOBAHMIM, COJIEH.

Heab:@opMupoBaHUEe YMEHUW MPOBEACHHS OIBITOB, IMOITBEPKIAIOIINX
CBOWCTBA KUCJIOT U OCHOBAHUM, COJIEN; HAIIMCAHUS YPABHEHUIN JTUCCOLMALINN KHACIIOT
1 OCHOBAaHMM,pEAKIIUU TUAPOJIA3a B MOJIEKYJISIPHOM U MOHHOM BHJIE.

B pe3ynbTaTe BBITIONHEHUS 1a00paTOPHOM pabOThI CTYACHT HOHKEH:

3HaAMb: OCHOBHBIE TTOJI0KEHUS TEOPUU IIEKTPOJUTHIECKON AUCCOLUAINY;

- CBOMCTBA KHUCJIOT, OCHOBAaHHUM, COJIECH

yMemby. BBINONHATh XUMHUYECKHUNA SKCIEPUMEHT IO PACIO3HABAHUIO KHUCIIOT,
OCHOBaHUM, COJICH;

- COCTaBJIATh YPaBHEHUS THIPOJIM3a COJIEH B MOJIEKYJISIPHON M MOHHOU (hopMme;



- ONpeNeNsATbXapakTep Ccpeabl B BOJHBIX pPAacTBOPax HEOPraHUYECKUX
COCIMHEHUN

PeakTusbI:

Cepnast KuCIOTa, TUAPOKCU] HATpUs, BOJAA, KapOOHAT HATpud, Cyibdar mMeau
(1), xmopun nuHKa, XJIOPHU] HATPHS, YHUBEPCATHHBIN HHIUKATOP.

OobopynoBanmue:

raTtuB, mnpoOupKu, JepkaTenb, TOpENIKa, CYXO€ TOprodee, CIHYKH,
CTEKJISIHHAs I1aJI0uKa.

Xoa paéoThi:

OneIT 1. DKcEprUMEHTAIBbHOE ONPEACIICHUE BEIAHHOTO BELIECTBA.

B Tpex mpoHyMepoBaHHBIX NPOOMPKAX HAXOIUTCSA CEpHas KUCIOTa, BOAA U
ruApoKcul HaTpus. [lpu moMomm MHAUKATOPOB ONPENEIUTE, B KAKOW M3 MPOOUPOK
HAaXOJIUTCS KUCJIOTA, B KAKOM OCHOBAaHUE M B KakoW Bojaa. OObSICHUTE HAOIIOAaeMbIe
3¢ dexTel Mpu HX pacrno3HaBaHWW. Hanummwre ypaBHEHUS AHCCOLUMALMU CEPHOU
KHCJIOTBI U TUIPOKCUIA HATPHUSL.

OmngiT 2. McnbITaHWE PacTBOPOB COICH MHAMKATOPOM.

HcnwiTaliTe AEHCTBHE pacTBOPOB PAa3JIMUHBIX COJIEM Ha JaKMycC, HaHecs
CTECKJISIHHOM MaJIOYKOM KaIlUll0 pacTBOpa KaXKJIOW COJIM HA KPACHYHD M CHHIOKO
JAaKMYCOBbIe OyMaxxku. 3anojHuTe Tabnuiry 1.

Tabmuua 1 - ['uaponus coneit

dopmyna Cpena pacTBopa KakumMu ocHOBaHusIMU U
coJiu HEWTpaibHas | Kucinas HieJI0YHas KHCIIOTaMU  (CHJIbHBIMU
WIIN c1a0bIMN)

o0Opa3oBaHa CoJib

Hanumure ypaBHEHHs peakuuil THAPOIIN3a COJIEN, pACTBOPBI KOTOPBIX UMEKOT
KHUCITYIO WJIA IIEJOYHYIO0 PEAKLIUIO. Y PAaBHEHUS PEAKUUN 3aIUIINTE B MOJIEKYJISIPHOU
u noHHOW ¢opmax. [lomp3ysch COKpalieHHbIM HOHHBIM ypaBHEHHEM, YKaXKHUTE,
KaKHE MOHBI BIIUSIOT HA U3MEHEHUE OKPACKU MHIUKATOPA.

[To xoxy pa®OThI 3a1I0JIHUTE TAOJIUILY U C/AETIAWTE BHIBOBI.

KonTposbHbIE BONIPOCHI:
YKaXUTe OKpacKy JIaKMyca B KHCJIOH, [IEJIOYHOM, HEUTPAIILHOM Cpele.

JlaboparopHasi pab6ora Ne 5

Tema: IlpoBeaeHne peakuuu HOHHOT0 00MeHA.
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Heab:dopMupoBaHre yMEHUN ONPENEHATh YCIOBHS NPOTEKAHMS PEAKIIUU
MOHHOTO OOMEHa 10 KOHILA,BBIIOJHATh PEAKUMU HOHHOIO OOMEHa, COCTaBIAThH
MOJIEKYJIIPHBIE 1 HOHHBIE YPABHEHHUSI BHIITOJTHEHHBIX PEAKIUH.

B pesynbTaTe BbINOJIHEHUS 1a00paTOPHOM pabOThI CTYIEHT JIOKEH:
3HAaMb:yCIOBHS MPOTEKAHUS PEAKLIMI HOHHOTO OOMEHA 10 KOHIIA
YMemb:COCTaBIISATh YPABHEHUS PEaKIMi MOHHOTO OOMEHA B MOJIEKYJIIPHOU U

HOHHOU hopme

PeakTuBsbI:

Cepnast kucnota, xyuopua Oapus, xiopup sxeneza (1), rugpokcun Hatpus,
cynbdat meau (I1), kapbonart Harpus,

OobOopynoBanmue:

[lITatuB, MpoOUPKH, JEPKATEIb.

Xoxa padoThI:

Omnpit 1. Peakiyu npoTekaromye ¢ 00pa3oBaHUEM OCaIKa.

K 1-2 mn pactBopa xiyopuna Oapust 100aBuTh 1-2 M pacTBOpa CepHOM
kucyoThl. [IponabmionaiiTe BeinageHue 0€I0ro rycToro ocaaka.

K 1-2 mn pactBopa xnopuaa >keneza (lll) mo6GaBute mo karumsim 1-2 mi
pacTBopa THapokcuaa Hatpus. Kak msmensiercs: upet pactBopa? [Iponabmromaiite
BbITIaZICHUE OYpOTro XJIOMbEBUAHOTO OCAIKA.

K 1-2 mn pactBopa cynbdara meau (1) nobaButhk no karmasm 1-2 M pacTBopa
rugpokcuaa Hatpus. Kak usmensiercs niset pactBopa? IIponabitomaiite BbimaaeHue
CHUHEr0 aMOp(HOTO OCajKa.

Hanummvre ypaBHEHMS BBINOJHEHHBIX PEAKLMU B MOJIEKYJIIPHOM M HOHHOM
dhopme.

OnpiT 2. Peakiyy, NpOTEKaIONIME C BbIICJIEHUEM ra3000pa3HOro BEIIECTBA.

K 1-2 M pactBopa kapOoHaTa HaTpus J0OABUTH MO KamiaM 1-2 Mi1 pacTBopa
cepHoil kucnotel. Habmonaercss mu OypHoe BbieneHue raza? M3meHsiercs oM 1BET
pactBopa? Hanumure ypaBHEHHWE [aHHOM pEakIMW B MOJICKYJISIPHOM W HOHHOMU
dhopme.

Omnpit 3. Peakimu, NpoTeKaromnme ¢ 00pa30BaHUEM BOIbI.

K 1-2 mn pactBopa ruapokcuaa HaTpusi 700aBUTH 1-2 Kamim WHAMKATOPA,
3aTeM 100aBUTh 3-4 Kamid pacTBOpa CEpHOM KHUCIOTHI. Kak m3MeHseTcsi OKpacka
pacTBopa 1mocie T00aBICHHUS MHANKATOPA; MOcie 100aBieHus KucaoTel? Hanmummre
ypaBHEHUE JAaHHOU PEaKIMM B MOJIEKYJISIPHON U MOHHOU (hopme.

[To xoxy pa®OThI 3a1I0JIHUTE TAOJIUILY U C/AETIAWTE BHIBODI.

KonTposbHbIE BONIPOCHI:
OcCyIIecTBUTE METOYKY MPEBPALICHHI:

1 BapuantMgSO, — Mg(OH), — MgCl,
2 BapuanTCaCO; — CaCl, — AgClI

3 BapuantNaOH — Na,SO4 — BaSO4
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4 BapuanTCuSO, — Cu(OH), — CuCl,
JlabopaTtopHnasi pa6ora Ne 6

Tema: UcciaenoBanue CBOWCTB METAJUIOB 1 UX COeIMHEHHH.
Heab:dopMupoBanre yMEHHI MPOBEICHHUS OIBITOB, WILTIOCTPUPYIOIIMX CBOWCTBA
aJIOMHUHUS, ITUHKA, COJIEH CBHHIIA, CIIOCOOBI MoyueHus ruapokcuaa sxkenesa () u
(1) u HanMcaHus ypaBHEHUH JaHHBIX PEAKI[Hi

B pe3ynbTaTe BBITIOTHEHUS 1a00paTOPHON pabOTHI CTYACHT JOJIKEH:
3HAmb:CBONCTBA METAJIJIOB U UX COEAUHCHUU
YyMemb:COCTaBIIATh YPAaBHCHUS! XUMHUYCCKUX PEAKIINM, XapaKTePHBIX Il METAVIOB U
UX COEITMHEHUU

PeakTuBbI:

ATOMHHMEBAs CTPYIKKA, COJISIHAs KUCJIOTa, CEpHAsi KMCJIOTa, a30THAsA KUCJIOTa,
TUAPOKCU] HaTpusl, cyabdar xenesa (1), xmopun xenesa (11), autpar cBuHIa, HIUHK.

OobOopynoBaunmue:

[lITatuB, mpoOUPKH, TOPETKA, CyXO€E TOPIOYEe, CIIMYKH, TyUYUHA, AePKaATEb.

Xoa paéoThi:

OmneiT 1. CBOMCTBA AIFOMUHMUSL.

1.1. B3anmoieiicTBUE amtOMUHUSA C KUCIOTAMM.

B tpu npoOupku momecTuTh Mo 5-6 Kareiab pacTBOPOB COJSTHOM, CEpHON U
KOHII. a30THOM KHCHIOT. Omycture B Kaxayro mo 1-2 crpyxkum amoMuHus. B
poOupKax, e HAOII0AAeTCs] IHEPTUYHOE BBIJEIEHHE Ira3a, NonpoOoBaTh MOHKEUb
ero ropsuieil yunHoi. OOpaTuTh BHUMaHUE, YTO B MPOOUPKE C KOHI[. a30THOU
KHCIIOTOM peakuuss He UAET. 3anummTe HaOmoaeHus. Hanummre ypaBHEHUs
PEAKLMI MEXKTy alTFOMUHUEM U CEPHOM KUCJIOTOM, AIIFOMUHUEM U COJISTHOW KHCIJIOTOM.

1.2. B3anMonencTBre aATFOMUHUS CO IIEI0YaMMU.

[Tomectuts B mpoOupky 4-5 kanenb 30% pacTBOpa TUAPOKCHIA HATpuS,
OMYCTUTh B pacTBOp 1-2 amomMuHueBbIe CTPYKKU. Korja HauHeTCs BbIICIICHUE rasa,
MOJKEYb €ro ropsuieil ayunHol. 3anuimurte HaOmoaeHus. Hanumumre ypaBHEHUs
peakuii MeX1y aTFOMUHUEM U PACTBOPOM THAPOKCHUAA HATPHUSI.

OmnpiT 2. [TonyyeHne U CBOMCTBA THIPOKCHJIOB JKeJie3a.

2.1.ITosnyuenue u cBolicTBa ruapokcuaoB xere3a (11).

B mpobupky Hamuth HemHOTO cyib(dara skenesa(ll) m mobaButh pacTtBOp
TUAPOKCUTIA HATpUs, K MOJy4eHHOMY ruapokcuay sxeneza(ll) mpumute comnsiHOM
KHUCJIOTHL. 3anuinTe Ha0moaeHus. Hanummre ypaBHeHUs! peaKiuii.

2.2 .IlonyueHue u cBoiicTBa ruapokcuaoB xenesa (11).

B mpoOupky HamuTh HemHOro xjopuaa sxenesa (l11) u moGaBuTh pactBop
TUAPOKCUIA HATpusi, K TodyuyeHHoMy rujapokcuny xkeneza(lll) mpumute pactBop
CEpHOM KHUCJIOTHI JO pacTBOpPEHHUs ocajaka. 3anuiuure HabmoaeHus. Hanwummre
YPAaBHEHHUS pEAKLIHA.
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Omnpit 3. CBOKCTBA COJIEH CBUHIA.

B npobupky ¢ pactBopom Hutpata cBuHIa (lI) monoxurs Kycodek LHUHKA.
[IponabmonaiiTe 3a ocejaHNeM Ha IMHKE HajETa CBUHIA. 3alUIINTE HAOIIOICHMS.
Hanmummre ypaBHEHHE peakumu.

[To X0ty pa®OThI 3aMOJHUTE TAOIUILYy U CACIANTE BHIBOIBI.

KoHTpoJibHBIE BONPOCHI:
[lepeuncInTh XUMUYECKHE CBOMCTBA, XapaKTEPHBIE JJII METAJUIOB.

JlabopaTopHasi padora Ne7
Tema: [IpoBeaeHne OKMCIUTEIbHO-BOCCTAHOBUTEIbHbIX PEAKIUM.

Heab:dopMupoBanre yMEHUN IPOBEAEHUS OIBITOB, WILUTFOCTPUPYOIINX
BOCCTAHOBUTEJbHBIE CBOMCTBA IIMHKA, OKHUCIMTEJIbHBIE CBOWCTBA IE€pMaHraHaTa
KaJIig B Pa3IMYHBIX CPE/laX; HAMMCAHHUS YPABHEHUMN BBINOJHEHHBIX OKUCIHTEIBHO-
BOCCTAaHOBUTEJBHBIX PEAKLIUN METOJOM JIEKTPOHHOIO OaslaHca.
B pe3ynbTaTe BeINOIHEHUS 1a00paTOPHOUN pabOThHI CTYIEHT AOJKEH:

3HAMb. TIOHATUS OKUCIIUTEND, BOCCTAHOBUTEIb, OKUCIIEHNE, BOCCTAHOBJICHNE

YMemb:COCTABIIAThYPABHEHUSOKHUCINTEIbHO-BOCCTAHOBUTEIBHBIX PEAaKIUil U
pa3bupaTh UX METOJIOM 3JIEKTPOHHOrO OanaHca.

PeakTuBbI:

[{uHk, comnsiHasg KWCJIOTa, MEpMaHraHaT Kalius, CepHas KHUCIOTa, CYJIb(pUT
KaJIMsi, TUIPOKCH]I HATPHUS, BOJA.

Oob6opynoBanmue:

[tatuB, npoOUPKH, AEPKATETb.

Xoxa padoThI:

OmpIT 1. BoccTaHOBUTEIBHBIC CBOMCTBA ITMHKA.

OnycTuTh B TPpOOUPKY KyCOYEK IMHKA U TI00ABUTh PACTBOP COJISTHON KHUCIIOTHI.
OOpatuth BHMMaHHE Ha BbIICIICHHE raza (Boaopoja). 3amuimute HaOIIOICHUS.
Hanumumre ypaBHEHME JaHHOW OKHUCIUTEIBHO-BOCCTAHOBUTEIBHOW  PEAKILINH,
MCIIOJIB3YST METO/T AJIEKTPOHHOTO OaiaHca.

OnbeIT 2. OKHCIMTEIBbHBIE CBOMCTBA IIEpMaHraHaTa KajWs B Pa3IMUHBIX
cpelax.

1.1. Hamute B mpoOupky 1-2mM1 pacTBopa TNepMaHraHata Kamus,
HEMHOTO pa30aBJICHHON CEPHON KUCIIOTHI U PacTBOp CyJibpura kanusa. O0paTtuth
BHUMaHHE Ha MCYE3HOBEHUE SIPKOW PO30BOM OKpaCKU. 3amUIIUTE HAOIIOJCHUS.
Hanummre ypaBHEHME HJAaHHOM OKHUCIIUTEIBHO-BOCCTAHOBUTEIBLHOU pEAKIUH,
HCIIOJIB3YSI METOJT AJIEKTPOHHOTO OajlaHca.

1.2. Hamute B mnpoOupky 1-2M7 pacTBopa mepMaHraHatra Kajwus,
100aBUTh K HEMY TaKOE€ € KOJHWYECTBO KPEMKOro pacTBOpa IIEJIOYH, 3aTeM
pactBop cynbpura kKamus. OOpaTUTh BHUMaHMe€ Ha OOpa3oBaHUE 3EJICHOTO
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pacTBOpa MapraHIeBOKHCIOro Kanus. 3anumuute HaOmoneHus. Hanwumumre
ypaBHEHHE JIaHHOM OKHCIUTEIbHO-BOCCTAHOBUTEIBHON pPEaKIUH, HCHOIb3Ys
METOJI JICKTPOHHOTO OaaHca.

1.3. Hamute B mpoOupky 1-2mim pacTBopa mepMaHTraHata Kajus,
pa30aBUTh €ro BOJOW M MPUIUTH pacTBop cyibdura kanus. OOpaTUTh BHUMaHHUE
Ha BbINaJeHUE Oyporo ocajka JHOKCHAA MapraHua. 3anuiiuTe HaOIIOICHMS.
Hanummre ypaBHEHHE TaHHOH OKHUCIMTEIbHO-BOCCTAHOBUTEIILHOW pPEaKIIHH,
UCTIONB3YSl METOJ AIEKTPOHHOTO OanaHca.

1o xomy paboThI 3amoHUTE TAOIMILY U CAETANTE BHIBOIDI.

KoHTpoJibHBIE BONPOCHI:
Paccrasbte crenenn okucienus: Cly, KCI, HCIO,HCLO,4, HCIO3, CI,0;
JlaGoparopHasi pabGora Ne§

Tema: Pemenne IKCIICPUMCHTAJBHBIX 3a1a4 Ha I/I)IeHTI/I(l)I/IKaI[I/IlO
HEOPraHN4Y€C€CKUX COC}II/IHCHHﬁ

Heab:@opMupoBaHUEe YMEHUW MPOBEACHUS KAaYECTBCHHBIX PEAKLMUN s
MPEVIOKEHHBIX HEOPraHMYECKUX BELIECTB, COCTABISATH MOJEKYJISIPHbIE U HOHHBIC
YpaBHEHUS BBITTOJTHEHHBIX PEAKIU.

B pesynbTaTe BeInogHEHUs 1a00paTOPHOM pabOTHI CTYIEHT JOJKEH:

3HaQmMb ONPENIETICHUE U ONIEPUPOBATH CIEAYIOIUMH XUMUYECKUMHU
MOHATUSIMU: UOH, AJIEKTPOOTPUIIATEIIBHOCTh, XUMHYECKAsI CBA3b, DJICKTPOJIUTHUECKAS
JTMCCOIMALINS, PACTBOPBI.

YyMemb.00bIICHATh 3aBUCUMOCTH CBOMCTB BEIIECTB OT UX COCTaBa, COCTABIISITh
YpPaBHEHUSI XUMUYECKUX PeaKIuii

PeaktuBbl: pactBopbl: xjopunma keneza  (III), pomanupma — kanws,
HUTpaTacepeOpa,XjJopuja HaTpus, KapOoHaTa HaTpus, cysibdara HaTpUs, COJSTHOU
KHCJIOTBI, XJIOpUAa Oapust

Oob6opynoBaHnmue:

[lITatuB, mpobupkwm, nepxkareib, acOecToBasi CETKa, CyX0e roprouee, ClimIKu

Xoxa padoThI:

OmsblT 1. Onpenenenne Ka4YeCTBEHHOI'O COCTaBa HEOPraHMYECKUX BEIIECTB.

Han pacTtBOp, cocTosimui 3 xjopuaa kamus W cyibdara kenesza(lll).
[IponmenaiiTe OMBITHI, TPU TTOMOITH KOTOPHIX MOXHO ONPEACTUTh XJIOpHI-HOHBICI 1
vonsl Fe®'. JIns BBINOJIHEHUS JAHHOTO OMBITA COIEPKMMOE TIPOOMPKH pa3JeiuTe Ha
nBe 1poObl. I ompejeneHus KaTHOHOB kene3a Fe'™ mpuneiite B oqHy mpoOupKy
ponanuy kanus KSCN. Uro nabnronaere?

Jns onpenenenus annoHoB xjopa Cl™ mpuneite B Apyryr NpoOUpPKY HUTpAT
cepeopa AgNOs;. Urto nHaGmomaere? Hanwummre ypaBHEHUS COOTBETCTBYIOIIUX
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peakiuii B MOJIEKYJIIPHOM, TTOJTHOM M COKPAIlleCHHOM MOHHOM BUJIE.

OnbIT 2. DKCHEPUMEHTAIBLHOE ONPEICICHUE BELIAHHBIX BEIIECTB.

C nmoMoIIbI0 Ka4€CTBEHHBIX PEaKIUi ONpEACIUTE, B KAKON U3 BbIIAHHBIX BaM
MPOOHPOK HAXOATCS PACTBOPHI XJIOpUIA HATPHsI, XJIOPUIa aMMOHHSI, CyIbdara
HaTpud. /{15 3TOro copep:KUMoe Kaxa0i MpOHyMEPOBaHHOW MPOOUPKHU pa3ieIuTh HA
Tpu npoObL. it onpenenieHrs XJI0puaa aMMOHUSI HEOOXOMMO MPOBECTU
KaueCTBEHHYIO PEaKIIMIO HA MOH aMMOHHUS: B TPU NIPOOBI MPUIUTH PACTBOP
TUAPOKCUJIA HATPHSI, HATPETh B TUIAMEHU cIUPTOBKU. UTo Habmomaete? [{s
onpeeneHus cyibdara HaTpusi HEOOX0IUMO MTPOBECTH KAUECTBEHHYIO PEAKIIUIO HA
cyJib(paT-uOH: B IBE€ OCTaBIIUECS TPOOBI MPUIUTH pacTBOpP XJopuaa 6apus. Yto
HaOroaere?

JInst moATBEpKACHUS, YTO B TPEThEH MPOOUPKE HAXOUTCS XJIOPUJT HATPUSI,
MPOBEUTE KAUECTBEHHYIO PEAKIIUIO HA XJIOPUI-UOH — I00aBbTE€ paCTBOP HUTpATA
cepedpa. Uto HabmoaeTe? 3anuiinTe ypaBHEHHUS] COOTBETCTBYIOIINX PEAKITUH B
MOJIEKYJISIPHOM, TIOJITHOM M COKPAIlICHHOM MOHHOM BHUJIE.

[To xoy pa®oThI 3aMOTHUTE TAOIUILY U CAEIANTE BHIBOIBI.

KoHTpoJsibHbIE BONIPOCHI:

[Ipennoxure cnocoOwl mosydeHus a) ruapokcua sxenesa (I11); 6) ruapoxkcuaa
MarHusi; B) MEJIu U3 CIeAYIOIMUX BEIIeCTB: Kpucramuioruapar cyibdar meau(Il),
KapOOHAT MarHus, TUAPOKCU]T HATPHSI, KEJIE30, COJISTHASL KMCJIOTA, XJIOPU/T
xeneza(Ill).

CocTtaBbTe ypaBHEHHUS IPEIJIOKEHHBIX PEAKIUNA B MOJIEKYJISIPHOM, ITOJTHOM U
COKpalIEHHOM MOHHOM BHJIE.

Paznen 2 MATEPUAJIOBEAEHUE
JlabopaTtopnasi pa6ora Ne9
Tema: Onpenesienne TBEPAOCTH MeTA/IOB 0 MeToAuKe bpuneisa u Poksesia

Heab: popmupoBaHre yMeHUNONPEAETATh TBEPIOCTBMATEPHAIIOB C TIOMOIIBIO
nabopaTopHOTro 000pya0BaHUsINO MeToauke PokBernia u bpunenis
Oo6opynoBanme: TBepromepPokBernia,ryna bpunems, ctanbHble 00pasiibl ¢
oTIeYyaTKkaMu

3HAHMA (AKTyaIu3alus):

- METO/IBIM3MEPEHHUSI TBEPIOCTH;

YMEHMSI:

-TI0JIb30BATHCSI TAOOPATOPHBIM 000PYI0OBAHUEM;

- UCTIONB30BaTh MeTObl PokBemia u bpuHenns mpu UCHbITAHUM MeTallla Ha
TBEPJOCTh Ha TAOOPATOPHOM 000PYI0OBAHUH;

- II0JIb30BAThCsI HOPMAaTUBHOM U CIIPAaBOYHOM TOKYMEHTALIUEH;

3apanme: OnpenenuTs TBEPAOCTh MeTasuIa 1o MeTony Pokseina u bpunero.
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Teopernyecknimarepuas

Teépoocmb — CIOCOOHOCTh MaTepuajga CONPOTHBIATHCS NMPOHUKHOBEHUIO B
HETro JIpyroro, 0osee TBEPAOTO Tea.

Cnoco6 bpunenns OCHOBaH Ha TOM, YTO B IUIOCKYIO MOBEPXHOCTH MeTalljia
(oOpasiia) BOABIMBAIOT CTANbHOW 3aKal€HHBIN mmapuk 10 mMM; 5 mMMm; 2 MM Tox
nocTosHHOM Harpy3koil coorBeTcTBeHHO 3000kI’; 1000xI” u 750 xI'. B pesynbraTe
MOJIy4aeTcsl OTIIEYaTOK B BUJIE JIYHKU, YEM OOJIbIIE OTIIEYATOK, TEM MATrYe MaTepHall.
W3mepun quameTp oTiieyaTka ¢ MOMOIIbI0 ONTHYECKOM JIyTbl, 1O TabJIMIlEe HaXOAT
COOTBETCTBYIOIIME 3HAUCHUA TBEpAocTtu HB.

[TpeumymiectBa crnocoba bpuHenas 3akmrodaercs B MPOCTOTE HCHBITAHUS U

TOYHOCTH TMOJy4aeMbIX pe3ynbraroB. CnocoboM bpunenns He pekoMmeHayercs
MU3MEPATh TBEpROCTh MaTepranos ¢ HB > 450, nanpumep 3axkanéHHOM cTany, T.K. IpU
M3MEPEHUH IIapuK AepOpMHUpPYETCS M MOKa3aHusd HCKaxaroTcs. Henb3da Takke
UCIIBITHIBATH TOHKHE MAaTepHaibl, T.K. NPU HCIBITAHUM IIAPUK MPOJABIMBAET
oOpasell.
Cnoco6 PokBenna NpuUMEHSIOT MPU UCIBITAHUU TBEPABIX MaTepuaynoB. B oOpazen
BJIABJIMBAIOT aJIMa3HBIN KOHYC Npu BepmnHe 120° nmim cTanbHOM 3aKaJ€HHBIN IApUK
muamerpoM 1,59 mm. TBépmocte no PokBemny m3mepsieTcs B yCIOBHBIX €IUHULAX.
3HaueHue TBEPJOCTU OMPENEIAIOT M0 TIyOHuHE OTIEeYaTKa U OTCUUTHIBAIOT IO ILIKAJIe
MHAMKATOpa, YCTAaHOBJIIEHHOTO Ha mpubOope. McnbiTaHue ¢ MOMOIIBIO alIMa3HOro
KOHyCa MPUMEHSIOT Il TBEPABIX MartepuaioB npu Harpyske P = 150 xI" (1500 H)
i 60 xI" (600 H) u orcunthiBatoT o ué€pHoit mkaie («Cy» uim «Ay).

O6o3nauenne TBEpAOcTH: HRC — P =150 xI'; HRA — P =60 kT

Harpy3ky P = 60 kI npuMeHSIOT IpU UCTIBITAHUHM OY€Hb TBEPJIBIX MM TOHKHUX
m3aenui. Eciu npu ucnbiTanuu 0epércs CTaIbHOM 1mapuk U obias Harpyska P = 100
kI (1000 H), To TBEpAOCTH OTUUTHIBaETCA 10 11aie «By» u o6o3Hauaercss HRB.

Xoa padoTbi

1. Tlepen BeITIONHEHUEM PaOOTHI BHUMATEIIBHO 03HAKOMBTECH C MHCTPYKIIUEH T10
TEeXHHKe 0€30MacHOCTH MpHU padoTe ¢ npudbopom Poksemia.

2. YcraHoBuTe oOpaszell Ha CTOJMK MpUOOpa TakKUM 00pa3oM, 4TOOBI aIMa3HBIM
KOHYC OBUI HampaBlieH B IIEHTPaJbHYI0 YacTh oOpasia, a oOpaserr Obul
napasuiesieH MOBEPXHOCTH CTOJIMKA.

3. Bpamiennem MaxoBHKa MOJAHUMUTE CTOJHMK /10 CONMPHUKOCHOBEHUS aIMa3HOTO

KOHyca Cc o0Opas3roMm (MajeHbKasl CTpelKa Ha WHIWKATOpE JOJDKHA BCTATh

MPOTUB KPACHOW TOYKM, ITHM YCTAHABJIMBACTCS TpEIBapUTENbHAS HArpy3Ka

P=10«I"=100 H).

[ToBOpOTOM AMCKa YCTAaHOBUTE OOJBIIYIO CTPEKy Ha «0» u€pHOoi mKaibl «Cy;

Brxutrounte mpubop M MpoBeANTE U3MEPEHHE.

[ToBTOpHUTE M3MepeHus ToJOOHBIM 00pa3oM 3 pa3a B pa3HBIX TOUKaxX oOpasIa.

JlaHHbIE U3MEpeHni 3aHecuTe B Tabnuiry 1.
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8. Ha oOpasie ¢ orneyaTkamu 3aMepbTe C MOMOIIBIO ONTHUECKOHN JIyMbl AUMETP
3-X OTHEYaTKOB, JJI1 Yer0 COBMECTHTE OAMH Kpal oTmedarka ¢ «0» IIKabl
JIyIbl; APYTOW Kpal MOKAXKET TUaMETP OTIIEYAaTKa,;

9. IMonp3ysch mepeBOAHON Tabnuilel, MEpeBeIUTe 3HAYCHHS TBEPAOCTU IIO
PokBenmyHRC u amametp otmeuatka B uncna TBEpaoct HB u 3anectu B
Ta0IuILy.

10.OTBeThTE Ha KOHTPOJIBHBIE BOIIPOCHI

11.Cnuenaiite BBIBOJI.

Tabmuua 1 - [TokazaTenn usmepeHuit

TBEpaocTh
No m3mepeHus no bpuuenmto no PokBemn
p D Y o HB (nepeBon)
Jnamerp orneyarka, MM HRC

OO WIN|F-

KOHTpOJII)HBIG BOIIPOCHI:

1) B uém npenMyIecTBO U HeOCTAaTKH MeTo1a bpunens?
2) TTouemy oOpasel 10/HKEH YCTaHABIMBATHCS MAPALUICIBHO MOBEPXHOCTH CTOJHKA?
3) Kakum cmocoOoM HU3MEpSIFOT TBEPAOCTh 3aKaIEHHON CTalbHOM IJIACTHUHBI
tonmuHou 15 Mm? 3 mm? [Touemy?
4) Tlpu 3amepe TBEpAOCTH Ha TpubOOpe BpuHEIIsT Ha OAHOM 00pa3ie MOTyYHIICS
auameTp otnevatka 3,3 MM, Ha apyrom — 4,2 mm. Kakoit oOpazen msirue? [Touemy?

6. CnaiiTe OTYET MPENOJABATENIO.

JlabopaTropHnasi pa6ora NelO
Tema: OnpeneneHue yiapHoi BA3KOCTH CTAJIH

Heab padorei:PopMHUPOBaHNE YMEHHUN ONPEAEIATh YAAPHYIO BA3KOCTh METAIIOB U
MOJIYYUTh TPAKTUYECKUE HABBIKYU 10 MPOBEAEHUIO UCIBITAHNS Ha yIAPHYIO BSI3KOCTb
METaJIOB

OOopynoBaHMe: MaITHUKOBBII KoTiep, 00pa3iibl AJisl UCTIBITAHUS HA YAapHYIO
BSI3KOCTb, IITAHT €HLIUPKYJIb.

3HAHMA (AKTyaIu3alus):

- METO/1 OIpe/IeSICHUs] yAAPHOU BA3KOCTH;

YMEHUS:

-T10JIb30BaThCsI TAOOPATOPHBIM 000PYIOBAHUEM;
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- HUCIOJIb30BaTh METOJ| OIpEeNeieHHs] YAApHOW BS3KOCTH IPH HCIBITAHUU
MeETaJula Ha YAApHYIO BA3KOCTh Ha 1a00paTOPHOM 00OpYAOBAHNH;

- OCYILECTBIIATH PAacyeT yJIapHOM BSI3KOCTH.

3apanme: OnpenenuTs yIapHyO BI3KOCTh METAILIA.

Teoperuyeckuii MmaTepuasl

Martepuanbl, TpUMEHSiEeMbIe JJII M3TOTOBJICHUS JeTaneil, pabdoTaromux B
YCJHOBUSX yIapHBIX HArPY30K, MOJIBEPTalOTCs UCTIBITAHUIO HA YAAPHYIO BA3KOCTbD.

[Ipu ucneiTaHuu 0Opasel] yCTaHABJIMBAETCS B OMOpaXx MAasTHUKOBOTO KOIpa
HAJIp€30M B CTOPOHY, MPOTHUBOMOJIOKHYIO yAapy MAasTHHKA. MasSTHUK NOJHUMAIOT,
IIpU 3TOM OH MPUOOpPETAET 3anac NOTeHIMaIbHON Heprun. [lanas MasTHUK yaapsieT
1o o0pasily U pa3pyliaeT ero, Ha 3T0 pacXoAyeTcCs YaCTh YJHEPTUH, OCTABIASICS YaCTh
SHEPruM MOJHUMAET MAATHUK Ha HEKOTOPYIO BbICOTYy. PaboTy, morioiaemyro mpu
paspyuieHud o00pas3lia, Ha3bIBAIOT YJApHOM BSI3KOCTHIO. YnapHas Bsi3kocTh KC

K
BBIUHCIISICTCS 10 popMyIie: KC=—,

S

rae K — pabora yaapa, 3aTpaueHHas Ha uzjiaom obpasua, x (kI - m);
Sp — oAk IONEPEYHOTO CeYeHHs 00pasLa B MecTe Hajapesa, M2 (cm?).
JIyist MCTIBITAHKS IPUMEHSIOT CTAaHAAPTHBIN obpasell

55

0

/\—i' 1
1
f

Pucynox 1 — Dcku3 o06pasna asist uCIbITaHUs

Xox padoTbI

1. Tlepen BbIOJIHEHHWEM pabOTHl BHUMATEIHHO O3HAKOMBTECH C MHCTPYKIUEH TI0

TEXHHUKE 0€30MacHOCTH TpU PabOTe ¢ MASTHUKOBBIM KOITPOM.

2. 3anuiuuTe HAMMEHOBaHME MaTepuasia oopasia B rpady 2 tadnuibl 1.

3. HM3mepwTe nuHEHHBIE pa3Mephl 00pa3iia B MeCTe HajApe3a U 3aHeCTH B rpady 3
Ta0IuIeIl.

Tabmuna 1 - [TokazaTenu usmepeHuit
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4. PaccuuraiiTe Tuionaab MOMEPEYHOro ceyeHusi oOpas3ina W 3amnoyiHute rpady 4

~N o

Ta0uIeIl.

Haxxmure Ha TOpMO3HYIO MeJalb M MOJAHUMUTE MAasATHUK [0 3aJaHHOTO
MOJIOKEHUS, 3aKpenuTe 3amEnKkoil; 3adUKCUpyHTE TOJHYKO  HSHEPIUIO,
3aMmacéHHYI0 MasiTHUKOM IO IIKaJie,u 3anojaHuTe rpady 5 tadnuusl 1.
[TomecTuTe oOpa3zel Ha OMOPBI HAJIPE3OM B CTOPOHY, MPOTHBOIIOJIOKHYIO YAApY.
Onyctute 3an€NKy ¥ IPOU3BEIUTE Yap Mo o0pasiry.

3adukcupyiiTe BpeaHylo padoTy, COBEpIIAEMYyI0 MAasSTHUKOM, IO IIKaJIEe HU
3anoyiHuTe rpady 6 Tabauim 1.

Ha oOpatHoM JBMXEHMM MasTHHKA OIYCTUTE TOPMO3HYIO II€lallb, YTOOBI
OCTaHOBHUTh Kau€HHE MasITHUKA, 3a(UKCUPYITE MOJE3HYI0 pabOTy U 3alOIHUTE
rpady 7 Tabmuis 1.

10.PaccuuTaiite 3Hauenue ynapHoit Bsizkoct KCU u 3anonuute rpady 8 Tabiauiisi

1

11.Cnaenaiite BBIBOI.
12.0T1BeThTE Ha KOHTPOJBHBIE BOTIPOCHI:

1) [Mouemy mpu UCTIBITAHUSAX MPUMEHSIOT CTAHIAPTHBINA 00paser?

2) Kakme mnpaBWiia TEXHUKH O€30MMaCHOCTH HEOOXOIUMO COOJIOAATh IIPH
HUCTIBITAHUAX ?

3) 3aueM Ha cTaHIAPTHOM 00pa3Iie JAeNIaloT Haapes?

11. Cpaiite oTueT npenogaBaTeito.
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JlabopaTtopnas paGora Ne 11

Tema:UcnbpiTanne 00pa3ua Ha pacTsKEHUE
Heap padorbi: DopMupoBaHUe YMEHUNW NPOBOAMTH HCIBITaHWE oOOpas3la Ha
pacTsHKeHUe
OO0opynoBanme: pa3pbiBHasi UCIIbITATEIbHAS MallldHA, 00pa3ilbl JIJIsl UCIIBITAHUS Ha
pactsixeHue, mranreHupkyb L 1-250 TOCT 166-89.
3Hanus: (aKTyanuszanus):
- MEXaHUYECKHE CBOMCTBA METAIIOB;
- XapaKTEPUCTUKW W E€IWHULBI U3MEPEHHUS MEXAHHYECKUX CBOWCTB
MeTaJlIa.
Ymenus:
- MIOJIL30BAThHCS J1A0OPATOPHBIM 000PYAOBAHUEM;
- OCYLIECTBJIATh UCIIBITAHUS PACTSXKEHUSI 00Pa31OB;
-IPOBOJIUTH SKCIIEPUMEHT;
- PaCCUMTHIBATH MPEEI IPOYHOCTH METAILIA.
3ananue: [IpoBecTu ucnbITaHNE HA pacTsHKEHUE 00Pa3LIOB CTAJIH;

Teopernueckuit MaTepuas

[IpoYyHOCTH — 3TO CHOCOOHOCTh MaTepuajga CONPOTUBIATHCS JIEHCTBHUIO
BHEIIIHUX CHJI 0€3 pa3pyIlIeHHUS.

YHOpyrocte — 9TO  CHOCOOHOCTH  MaTepuajga BOCCTaHABIUBATH  CBOIO
MEePBOHAYAIbHYI0 (JOPMY U pa3Mephl TOCIIe MPEKpaIIeHUs TSHCTBHUS BHEUTHUX CHII,
BBI3BABIIIHNX nedopmaruio.

[11acTHYHOCTD — 3TO CHOCOOHOCTh MaTepHialia M3MEHSATHh CBOIO (POpMy U pa3Mepsl
o JICMCTBHEM BHEIIHUX CHJI, HE pa3pyliasicb, U COXPaHATh MOJyYCHHBIC
nedopMalnuy mociie MpeKpameHus ASHCTBUS BHEIIHUX CHIL.

Cratu4yecKUM  UCIBITAHUSIM Ha  pPacTsDKCHUE — IMOJBEpraroT  oOpasIlsl
CTaHJIapTHONW (GOpMBI M pa3sMEpPoOB Ha CHEHNUAIBHBIX pa3pbIBHBIX MaIllMHAX.
PactaruBaronye ycwins pa3pblBHOM MaIllMHBI BBI3BIBAIOT YJIMHEHHE oO0pasia
BIUTOTH JIO €T0 Pa3pylICHUSI.

OOpa31el 11 UCTIBITAaHUS HA PACcTSHKECHHUE COCTOST M3 pabodyeld 4acTh U
TOJIOBOK, TIPETHAa3HAYCHHBIX JIJIS 3aKPEIUICHUS B 3aXBaTaX pa3pbIBHOM MAIIIWHEI.

[Ipm craTMyecKMX HWCHOBITAHUAX METAUIOB HA  PACTSDKCHHE, KPOME
MIPOYHOCTHBIX XapPaKTEPUCTHUK, OMPEICISICTCS €Ile TUIACTHYHOCTh MAaTepUaioB. IDTO
CBOMCTBO MPOSBIISCTCS B TOM, YTO IO JACHCTBHEM HArpy3Kd OOpasilbl pa3InYHBIX
METaJUIMYCCKUX MaTEPHAJIOB YUIMHSIIOTCS W CYXalOTCSI B pa3HOW cTeneHW. Yem
Oosibllie 00pa3ell Coco0eH YUIMHUTBLCS, a €r0 MONEePEeYHOe CEUCHUE CYKAaThCs, TEM
IJJacTUYHEEe MaTepuana oOpas3na. biaromaps TMUIaCTUYHOCTH METAIbl  MOYKHO
o0OpabaThIiBaTh MaBiieHrEeM (KOBKOM, MITAMIIOBKOMN, IPOKATKOM ).

XpynKre Matepuaibl B MPOTHBOIOJIOKHOCTh TUIACTHYHBIM Pa3pyIIAIOTCS MPU
CTaTUYECKUX WCTIBITAHUAX HA PACTsDKeHHE 0e3 3aMETHOTO YJIMHEHHWS, BHE3AITHO.
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XPpYIIKOCTb OTHOCUTCS K OTPULIATENIBHBIM CBOWCTBaM. B TEXHHMKE NPUMEHSIOTCS HE
TOJIBKO MPOYHbIE, HO U MJIACTUYHBIE MAaTEPHAIIBI.

[Ipy uCHBITAHMSX METAUIOB HAa PACTSHKEHHE IUIACTUYHOCTH OIpPEAEIISIeTCs
IBYMSl B3aMMOCBSI3aHHBIMU XapaKTEPUCTUKAMH: OTHOCHUTENIbHBIM YJJIMHEHUEM H
OTHOCUTEJIbHBIM CYKEHHEM. JTH XapaKTEPUCTUKH PACCUUTHIBAIOTCA 1O pe3yJibTaTaM
3aMepoB 00pasiia 10 ¥ MOoCcie UCTIBITAHUS.

JIns ucnpITaHuA Ha PACcTSHKEHHE NMPUMEHSIOT LWIMHAPUYECKUE WU TUIOCKUE
o6pasiel (Pucynox 1).

[lepen wucnbiTaHWEeM M3MEPSIOT MOMEpPEeYHOE cedeHue oOpasuoB (y
[WIMHAPUYCCKUX — HadalbHBIA auaMeTp pabodeid dactu 0,a y IUIOCKUX —
HAYaJbHYIO TONIIUHY padodei yactu a0 u mupuny b0).

YroObl MOCHE HCHOBITAHUSA ONPENETUTh YIJIUHEHUE, N3MEPSIOT HAYaJbHYIO
pacuetnyro JuiuHY |0 oOpasma ¢ TourocTeio g0 0,1 MM YcTaHOBIEHHAs HadalbHAs
pacuetHas jurHA |0 orpaHUYKMBaeTCS HETITYOOKMMHU KepHAMH, PUCKAMU WM HWHBIMH
METKaMH.

o
]
ih_c
| )
ol D)) W

Pucynoxk 1 — CrannapTHbie 00pa3iibl JJIsl HCTIBITAHUS HA PACTSHKEHUE

h — nyuHA 3aroTOBKM, MPH MOMOIIIHA KOTOPOH 00pasel 3aKperisieTcs B 3aXBaT
maiuHbl; |0 — HavaneHas pacdeTHas JuyMHA 00pasna; R — pamuyc 3akpyrieHus
nepexoanoit yactu; d0 — HavanbHBIA qruaMeTp paboueii YacTH IIOCKOTO

obpasma; a0 — HayaabHast TOJIIIMHA paboYei YacTH MIockoro oopasmna; b0 —
HavaJbHas MmupuHa pabodeil yacTu miockoro oopasia; L — obmras nmuHa oOpasia.

Xox pa6oTbI

[Tepen BbITIOTHEHWEM PaOOThI MPOCTYIIANTE HHCTPYKTAXK MO TEXHUKE 0€30MacHOCTH
1. TlpousBectu 3aMephl 0Opasiia i UCTIBITAHUS IITaHTeHIIUPKYJIeM. 3mepenus

MOTNIEPEYHOr0 CeYeHUs (IMaMeTp) U pacueTHYIO JUIMHY 00pa3iia MPOBECTH B

TpeX TOUKaX U MUHUMAJIbHOE 3HAUEHUE 3aHECTH B TaOuILy 1.

[ToaroToBieHHBIN 711 UCTIBITAHUS OOpa3el] MOMECTUTD B 3aKUMbI MaIlIMHBIL;

BxJttounTte 351€KTpOIBUTATENb.

4. aduxcupyiite KpaiiHee MpaBoe MOJ0XKEHHE, T0 KOTOPOTO TOHAET
CTpeJika mprubopa, T.e. HauOOJIBIIYI0 HAarpy3Ky Pmax, mpeaiecTByomnyo
pa3pylieHHio 00pasiia, u 3anucaTh B Ta0nuiy 1.

5. Ilocne pa3pbiBa 0Opasiia BHIKIIOUUTE SIEKTPOBUTATEND, 00€ YacTH 00pa3ia
BBIHYTh M3 33)KUMOB U CHATH C JUArPAMMHOTO allliapaTa 9acTb OyMaKHOU
JICHTBI C 3alIMCAHHOW THArpaMMON.
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6.

7.

Onpenenute npeaen NpoYHOCTH (BPEMEHHOTO CONPOTUBIICHHUS), [1a 1o

dbopmye:
P
é‘ — max
BT g

[Toy4yeHHBIH pe3yabTaT 3anUIIUNTE B TAOIUILY 1.

Tabmuua 1 — Pe3ynbTaTel U3MEpEHUS

Mapk | luamer | Pabouas | [Lmomann Makcumanena | [Ipenen IIpenen
a p JUIMHA | IONIEPEYHOT | 51 HAarpy3ka, H | mpoyHOCT | TeKydecT
cTtanu | obpasia, | oOpas3ia | 0 ceueHue u (oB), u (o71),
MM , MM obpasra, MIla MIlIa
MM2
8. HauepTtute muarpammy HCIBITaHUS 00pA3IOB HA PACTSKEHUE, OTMETUTD Ha
HEel TIpeIel TEKYYeCTH U MPECIT MPOYHOCTH
Pw
1
paspyeHHe
) PO R
)
!

Pucynok.2 - JluarpamMmma ucnibITaHusi 00pasiia Ha pacTsKEHUE.

9.

10.

OTBETHTE HA KOHTPOJIBHBIE BOMPOCHI
Odopmute oTuer U caaiTe NpenoaBaTeio.

KoHTpoJibHBIE BONIPOCHI:

1.

s~ w

Kakune nokazaTenn MexaHUYECKHX CBOMCTB XapaKTepU3yIOT MPOUYHOCTh U
MJACTUYHOCTh MaTepHalia MPHU €ro pacTsiHKEeHUn?

Kax onpenenstorcss mpoOYHOCTh U TUIACTUYHOCTD, KaK 0003HAYAIOTCS, B KAKUX
€IMHUIAX BBIPAXKAIOTCS?

IToueMy ucIbITaHUS Ha PACTSHKEHUE HA3BIBAIOTCS CTATUYECKUMU?

Kakue Mexannueckue CBOMCTBAa METAJUIOB ONPEETISIOT MPU TOMOIIU 3THX
UCTIBITAHUI?
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JlabopaTopnasi paGora Ne 12

Tema: UcciienoBanue MUKPOCTPYKTYPBI 2KeJIe30yTJIepOANCThIX CIVIABOB B
PAaBHOBECHOM COCTOSTHHH

Hear  padorbl: POpMHUPOBAHME  YMEHHUW  HMCCIEAOBAaHUA  MHUKPOCTPYKTYPBI
KEJIE30yIIIEPOAUCTBIX  CIUIABOB B PABHOBECHOM  COCTOSHHUM C  HOMOIIBIO
MeTaJuIorpauuIeckoro MUKpocKomna

Oo6opynoBanme:  meramiorpaduueckuii  Mukpockon — «MHUM-7M»,  Habop
MUKPOIUTU(OB YIIIEPOAUCTHIX CTANIEH C pa3IMUHBIM COJIEP)KAaHUEM YTJIepoa.
3amanue: UccrmenoBaTb MUKPOCTPYKTYPY — IKEJNE30yTIEPOAMCTBIX  CIUIABOB B
PaBHOBECHOM COCTOSIHUU

Teopernuecknii MaTepuaJl

JlnarpamMmma COCTOSIHUSA CIUIaBOB Keje3a C IEMEHTUTOM MOKa3bIBAET MPEBpaICHHUS,
MPOUCXOAIINE IPU PA3IMUHBIX TEMIIEPATYpPax B JKEJI€30yTJIEPOJUCTHIX CIIaBaX.
JKene3zoyriepoaucTeie CIUIaBbl ¢ KOHLIEHTpauen yrieposaa 1o 2,14% Ha3piBatoTCA
CTaJIsIMH, a C KOHIIEHTpauuen cBaie 2,14% - ayrynamu.
N3 nuarpammbl (pucyHOK 1) BHAHO, YTO CTPYKTypa CTajld B PaBHOBECHOM
COCTOSTHUU ONPEACIISIETCS CoOAep KaHUuEM yTIiiepoa.
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1400) G c\\ XC. .
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1300 N \\ A MO
\ NG (nepbuunbied)
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4| \EL lme7 Y £
o / I N
1000 — 1 -
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A+ P~ AtlY | !g'
800 f 25 5
2 ‘;"‘4 ]op b f id"'r‘t?ﬂu%'ot’?)l | 727 [§ X
' Z;,,;,? I —_ - N
@+ —if! e Y\ l my+1 };% /874 L
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AvarpaMMa COCTOSHUA Xenes3o - UEMEeHTUT
A- ayctenurt, N - nepaut, J1 - nepebyput, ® - deppur, L| - UEMEHTUT

Pucynok 1 — Jluarpamma cocrosinus Fe-Fe;C
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Bce cranu ¢ conepxkanuem yriepona ao 0,8% cocrost u3 ¢epputa (CBETIBIN
¢don) u nepauta (TEMHBIN (HOH) U HA3BIBAIOTCS JOIBTCKTOMTHBIMHU.

DeppUT UMEET 3€PHUCTOE CTPOCHHE, 00JialaeT MAarHUTHBIMU CBONCTBaAMU U
ABJSIETCA CaMOW IUIACTUYHOM M MATKOM COCTAaBIBIIOLIEH JKEJIE30yTIIEPOIUCTBIX
crraBoB. TBépnocts HB = 80.

[lepnut npencrapisieT coOOM ABTEKTOMIHYIO CMECh, COCTOSIIYIO U3 MEIKUX
TUTACTUHOK WJIM 3€PEH LIEMEHTHUTA, PACTIOIOKEHHBIX B EpPUTHOI OCHOBE.

B 103BTEKTOMIIHBIX CTAJISIX KOJIWYECTBO MEPIUTa yBEIMUMUBaeTCs, a peppura —
YMEHBIIIAETCSI TPOMOPLUHUOHAIBHO BO3PACTAHUIO COAEpKaHUS yriiepoAa. 3Has
IPOLIEHTHOE COJIEPYKAHUE YIIIEPOJA, MOKHO OMPENEIUTh MAPKY CTAJIU.

Crans ¢ coxaepxkanuem yriepoaa 0,8% Ha3bIBACTCSIIBTEKTOUIHOM. EE
cTpykrypa — mnepaur. Craim ¢ coxaepxkanuem yriuepoga ot 0,8 mgo 2,14% -
3a3BTEKTOUJIHBIC, UX CTPYKTypa — MNEPIUT U IEMEHTUT BTOPUYHBIM.

UyryHbl, KpUCTALIU3YIOUIUECS 10 TUarpaMMe KeJIe30-1IeMEHTUT, Ha3bIBAIOTCS
OenpiMu. B HHUX Bech yriiepoJ HaxOJMUTCS B CBSI3aHHOM COCTOSSHUM B BHJE
1ieMeHTuTa. beable 4yryHbl noapa3iesioTcsl Ha IOOBTEKTUYECKHUE, SBTEKTUUECKUE U
3a3BTEKTUYECKHUE.

OBTeKTHYECKUU Oenblii 4yryH coaepxuT 4,3% yriaepona, €ro CTpykTypa —
nenaeOyput. JosBTexkTrueckue Oesbie YyTryHbI copepxar yriepoaa ot 2,14 no 4,3%,
UX CTPYKTypa — MEpIUT, BTOPUYHBIA LEMEHTUT U JeAcOypuT. 3a3BTEKTUUYECKHE
Oenble 4yryHbl cojepxkat Oosiee 4,3% yriepoja, WX CTPYKTypa — MEpPBUYHBIN
IIEMEHTHUT B BHJIC KPYITHBIX UTJI U JIe1eOypUT.

Xoa padoTbl

1. Ilepen BbIMOJSHEHHWEM PabOThl BHUMATEIbHO O3HAKOMBTECH C MHCTPYKIMEH IO
TEXHUKE 0€30MacHOCTH IMpH padoTe ¢ MeTaorpadpuyeckuM MUKpockornom MIM-
M.
2. VYcraHoBuTe Ha NpeAMETHBIH cTOMUK Mukponuug cramum 80 Tak, UYTOOBI
IJIOCKOCTh HUIM(a OblIa pacnoyiokeHa NEPHeHAMKYJISIPHO K ONTHYECKOW OCHh
oOBeKTa.
3. [TocmoTpute MukpocTpykTypy nuuda cramm 80.
4. 3anonHuTe TabNHITy 3:
4.1 B rpade Noe3d — HamummTe XUMUYECKHNA COCTAB CTaHM, HCXOIS W3 €ro

MapKUPOBKH.

4.2 B rpade Ne 4 — 3apucyiite MuKpocTpyktypy ctanus0.

4.3 B rpage Ne5 — Hanummre CTpyKTypHbIe cocTaBistomuye ctanu80.

5. [loBTOpHUTE BHILIE ONKMCAHHBIE onepauu ¢ Mukpouudom ctanu 60 u Y12A (1. 2-
4).

Ta6muma 1 - PesynbTaThl uccienoBaHus

MukpocTpyKTypa
HaumenoBanue nu | Copaepkanue POCIPYRIYD
Nen/n CTPYKTYpHBIE
Mapka cIijiaBa yriaepona 3apUCOBKa
COCTaBJISIOLINE
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2 3 4 5

Crans 80

Crans Y12A

WIN ||

Crais 60

6. [To pe3ynbpTatam paboTHI cieNaiTe BHIBO/.
7. OTBEThTE Ha KOHTPOJIBbHBIE BOTIPOCHI:
1) Yem otnmuaetcs ctpykrypa cranm 80 ot cramu Y12A7?
2) Uem otimdaaercs cTpykrypa ctanu 80 ot craim 607
3) Kak Bnmsier mpoOIEHTHOE COJEpKaHHE YIiiepoia Ha TBEPJAOCTh U MPOYHOCTH
KEJIE30YTICPOAUCTHIX CTUIABOB?
8. Craiite oT4eT mpenoaBaTesio.

IIpakTnueckoe 3ansaTue Nel

Tema: UcciienoBanue JuarpaMMbl COCTOSTHUSA JKeJ1€30YTJIePOANCThIX
cmiiaBoB Fe-FesC

Hear padorbl: @PopMHUpOBaHME YMEHHM CTPOUTH KPUBBIE  OXJAXKICHUS
KEJIE30yTIIEPOAUCTHIX CILUIABOB

3HAHMA (AKTyaJIu3aus):

- IPUHIUIBI [TOCTPOEHUSI KPUBBIX OXJIAXKIAEHUS KEJIE30yIJIEPOIUCTBIX
CILUIaBOB

- BH/IbI IMAarpaMM KeJIe30yTJIEPOIUCTHIX CIIJIaBOB;

YMEHHUS:

-CTPOUTH KPUBBIE OXJIAKIEHUS KEIE30YTIEPOIUCTBIX CIUIABOB,;

- YATATh TUATPAMMBI KEJIE30yTIIEPOAUCTBIX CILIABOB.

3amanue: I[locTpouTe KpuBBIE OXJIAXKICHHS CIUIABOB CO  CIHEAYIOLIUM
coaepxkanuem yriepona: 0,4%; 0,8%; 1,2%; 3,2; 4,3; 5,0%.

Teopernueckunii MaTepuaJl

B 103BTEKTOMIHON CTaIM IPU OXJIAKACHUU TPOUCXOAT CIAETYIOLINE
MIPEBPANICHHUS: 10 TOUKH 1, HAUMHACTCS IEPBUYHAS KPUCTAIUTA3AIIHUS: U3
HUJIKOTO CIUIaBa BBIIACISAIOTCS KpUCTAILIBI aycTeHnuTa. [Ipoiecc
KPUCTAJUTH3AIUU TTPOJOJDKAETCS 10 TOUKH te, TPU 3TOM CKOPOCTh OXJIAXKICHUS
3aMeIIAeTCA, T.K. BBIICISCTCS TeIUIOTa KpucTamn3anun. KprBasi oxmmaxkaeHus
CTaHOBHUTCS OoJiee mojioroii. B uHTepBane remmnepatyp oT t. 10 Ars (uaus GS)
MIPEBPAIICHUI B CIUIABE HE MMPOUCXOJINT, TOITOMY OH OXJIaXaeTcs ObICTpee, U
KpUBas CTAHOBUTCS Kpyde. B Touke Als HaYWHAETCS] BTOPUYHAS
KpUCTAJUIU3AIMS: U3 ayCTEHNUTA BBIICIAIOTCS KpUcTauibl hepputa. [Iporiece
BbIZIeIeHUs (peppuTa npoaoipkaercs a0 temrneparypsl 727°C - Touka Ari. B
9TOM MHTEpBaJie TeMIepatyp (0T Ar30 T. Al1) CKOPOCTh OXJIAXKICHHS
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3aMeJIsIeTCs, MOTOMY YTO BBIAEISETCS TEII0Ta KPUCTAILIN3AUHN peppuTa, u
KpUBasi OXJIAKECHUS CTAHOBUTCS 00JIee MOJIOTOH.

B Touke Ari ocTaBmIMiics ayCTEHUT IPUOOPETAET IBTEKTOUIHYIO
KOHIIeHTpaIuto yriepoja — 0,8% u npu mocTOSHHOU TeMmepaType
npeBparaercs B nepaut. Ha kpuBoi oxmakaeHust oopasyercs
TOPU30HTAIBHBIN YU4aCTOK — ILTOIIA/IKA.

[Ipu nanpHENIIEM OXJIAKICHUN IPEBPALIEHUS HE IPOUCXOST, CTAIb
OXJIaX1aeTcs ObICTPO, KPUBAsi OXJIAKICHHSI CTAHOBUTCS Kpyye.
J109BTEKTOMIHASI CTATb HUKE TOYKU Al1 COCTOUT U3 TiepiiuTa u deppura.

AHQJIOTUYHO CTPOATCSI KPUBBIEC OXJIAXKICHUS SBTEKTOUIHOW U
3a9BTEKTOMIHOM CTaJIEH.

B 3a3BTEKTHYECKOM YyT'yHE IPOUCXOIAT CIAEAYIOIINE TPEBPALLICHHUS: 10
TOYKH {; CIITaB HAXOUTCA B )KUAKOM COCTOSIHUU. B TOUKe t, HaumHaercs
IIEPBUYHAS KPUCTAIUIU3ALMSA: U3 )KUAKOTO CILIABA BBIICISIIOTCS KPUCTAIUIBI
LeMeHTUTa nepBudHoOro. [Iponecc kpuctammsanuu MpoAgoJKAETCS 10 TOUKU
t., CKOPOCTh OXJAXKIECHUS 3aMEUISIETCS, T.K. BBIIEIAETCS TEIIOTA
KPUCTAJUIA3ALWN, KPUBAs OXJIAKICHHSI CTAHOBUTCS IOJOTOU. B TOUKe
tcocTaBmIasics JKUIKasg 4acTh CIJIaBa IPHUOOPETAET SBTEKTUUECKYIO
KoHLeHTpaiuio (4.3% yriepona) u npu noctostHHoi temrepatype (1147°C)
npeBpaiaercs B Jieaedyput. Ha kpuBoil oxnaxkaenus oopasyercs
TOpU30HTAIBHBIN yuyacToK. B untepBaiie remneparyp tc u Ary mpoucxoaut
osicTpoe oxnaxaeHue. [Ipu Temmeparype Al ayCTeHUT, BXOISAIIUN B COCTaB
nenaedypuTa, MpeBpaiaeTcs B NEPIIUT, TOITOMY Ha KPUBOU OXJIAXKJCHUSI BHOBD
MOSIBJISIETCSI TOPU30HTANIBHBIN yuyacToK. Huke Touku Al mpeBpanieHui B
CILJIaBE HE MPOUCXOANT, IOITOMY KPHBAsk OXJIAXKJIEHUS CTAHOBUTCS KpyUe.
Huxe Touku Ari3a3BTEeKTUYECKUNA YYyTYH COCTOUT U3 Jiee0ypuTa
(IepJIUTHOTO) U [IEMEHTUTA MIEPBUYHOTO.

AHQJIOTUYHO CTPOATCSI KPUBBIE OXJIAKICHHUS U1 OBTEKTHYECKOTO U
JNO3BTEKTHYECKOTO YyT'YHOB.

Xoa padoTsl

=

Hauepture nuarpammy Fe-FesC (ITpunoskenue A).

O603HaYbTE HA TUArPaMME KPUTHIECKUE TOUKH.

3. Haueptute 6 rpadukoB, B KoopauHaTax: BpeMs OXJIKICHUS — TEMIIepaTypa
JUIS1 TOCTPOEHHUSI KPUBBIX OXJIAXKICHUS.

4. TlocTpoiiTe KpUBYIO OXJIAXACHUS JJIs CILJIaBa C COAEpKaHUEM yIiepoja

paBHbIM 0,4%:

4.1 OTMeThTE HA AMArpaMMe TOYKY KOHLIEHTpaluu yriaepoaa, pasayto 0,4%.

4.2 ITpoBenuTe 4epe3 OTMEYEHHYIO TOUKY MEePIECHIUKYJIISP.

4.3 O003HaYbTE TOYKH MEPECEUEHUS ITOTO MEPIEHIUKYISAPA C TUHUSAMU

JarpamMMsl.

4.4 Tlepenecute 3TH TOUYKU Ha NEPBBIA rpaduK B KOOPAUHATAX: BpEMsI

OXJIXKIEHUS — TEMIIEPATYPA.

N
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4.5 IlponyMepyiTe nepeHEeCeHHbIE TOUKH.
4.6 CoequHuUTE MEPEHECECHHBIE TOUKH TUIaBHBIMU JTUHUSIMHU.
5. llocTtpouTe KpHUBBIE OXJIAXKICHUA IS CIUIABOB C COJAEPKAHUEM YIJIEpOJia
paBubiM: 0,8%; 1,2%; 3,2; 4,3; 5,0% (11.4), NOBTOPUB BBIIIIEC ONUCAHHBIE ICHUCTBUS.
6. CnenaiiTe BBIBOJ IO BBITIOJHEHHON padoTe.
7. OTBEThTE HA KOHTPOJIbHBIE BOIIPOCHI:
1) Yro oO1iero Mexay 3BTEKTUYECKUM U 3BTEKTOUIHBIM CILIABOM ?
2) lloueMy Ha OTAENBHBIX Yy4YacTKaX HAKJIOH KPHUBBIX OXJIaXIeHUs Ooiee
MOJIOTUIA?
3) Uem oObscCHSETCS Halu4yhe TOPU3OHTAIBHBIX IUJIOMIAJOK Ha KPUBBIX
OXJIAXKICHHUSI
6. OdopMuTe OTYET U CAANTE €ro MPernoaaBaTelio.

JlabopaTtopnasi pa6ora Ne 13

Tema: IIpoBeaeHue 3aKaJIKU M OTIIYCKA CTAJbHBIX 00Pa31l0B ¢ HCHBITAHUEM
TBEPAOCTH

Hear paGorbl: dopMupoBaHHE YMEHHUM OCYIIECTBISTH  TEPMOOOPAOOTKY H
MPOBOJIUTH UCIIBITAHUS METAJIJIa Ha TBEPAOCTb.

OGopynoBanue: MydenbHas AIEKTpUUISCKas Iedb, 3aKaJ0UYHbBIA 0akK ¢ BOJIOM,
TBepaoMep PokBeria, kiemu, oOpasisl ctaiu 45, MapOYHUK CTajeH.

3HaHu4A (aKTyanu3amus):

— CBOICTBa METAJJIOB;

— TeMIepaTypHbIE PEXKUMBbI 3aKaTMBaHUSI METAJIOB.

YMmeHus:-

- TIOJIK30BaTHCA TAOOPATOPHBIM 000PYIOBAHUEM;

- OCYIIECTBIIATh TEPMOOOPAOOTKY MeTayuia JJisd YBEJIMUYCHHS IOoKas3aTeseit
TBEPJIOCTH;

-IIPOBOJAUTH IKCIIEPUMEHT;

- U3BMEPSTH TBEPAOCTb.

3apnanme: IlpoBecTu 3akajiKky W OTHYCK CTaJIbHBIX OOpa3lOB C WCHBITAHUEM
TBEPIOCTH MeTOAOM PokBesuia.

Teopernueckunii MaTepuaJl

3axanxoti Ha3BIBAIOT MPOIIECC TEPMHUUECKOM 00paOOTKU — HATPEB CTAJIHM BBIIIE
TEPMUYECKON TEeMIEepaTyphl, BBIICPKKA U TOCIEAYIOIMIEe OBICTPOE OXJIAKICHUE C
IIEJIBIO TIOYYEHUSI HEPAaBHOBECHOM CTPYKTYphl. B pe3ynbTaTe 3akajiku MOBBINMIACTCS
IPOYHOCTh U TBEPJIOCTh U TTOHMKAETCA TUIACTUYHOCTh cTaiu. OCHOBHBIE MMapaMeTphl
IIpU 3aKaJIKe: TeMIepaTypa HarpeBa, BhIIEPKKA U CKOPOCTh OXJIAXKICHUSI.

[Ipn 3akanke MO3BTEKTOMAHBIC CTalM HArpeBalOTCS 10 TeMIlepaTypbl Ha
30+ 50 rpanycos Bblllie TOYKH ACs.
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[Ipu 3akanke 3a’BTEKTOMJHBIE CTajJl HArpeBarOTCs [0 TeMIepaTyphl Ha
30+ 50 rpamycoB BbIlll€ TOYKH ACj.

B 3aBHCHMOCTH OT pa3MepoB JeTajieil U TEIUIONPOBOJAHOCTH CTaIH BHIOMPAIOT
BpeMsi HarpeBa. Bpemsi BbIIEP)KKH MpU TeMmIiepaType 3aKajKd BBIOMPAIOT TaKHUM,
YTOOBl TIOJHOCTHIO 3aBepUIMINCH (ha3oBble MpeBpamieHus. [IlpakThyecku Bpems
Harpesa B dJIeKTporieyax nNpuHITo 1,5 + 2 MuH Ha 1 MM ceueHusl.

CKOpOCTh OXJIAXKIEHHUS CTaJu, HArPpETON A0 TEMIIEPATYPhI 3aKAJIKH, OKa3bIBAET
pemiaroliee BIMSHUE Ha pe3yipTaT 3akaiku. Hawbornee pacnpocTpaHEHHBIE
3aKaJIOYHbIE CpENbl: BOJA, BOAHBIE PAacCTBOPHI COJIEM M ILEIOYEH, Macio, BO3AYX,
pacruiaBJI€HHBIE COJIH.

Bona oxmaxgaer ropas3no ObicTpee, yeM Macio: B 6 pa3 OblcTpee IpHu
temneparype 550 — 650 °C u B 28 pa3 Osictpee npu 200 °C. Ilostomy Bomy
MPUMEHSIIOT JIJIsI OXJIAKJICHHS CTajel ¢ OOJIbIION KPUTHYECKONW CKOPOCTHIO 3aKallKU
(YrIepoIUucThIX CTalieil), a B Macjie OXJAKIAT CTAIM C MaJIOW KPUTUYECKOU
CKOpPOCTBhIO 3aKajku (JerupoBaHHbie cTaiu). OCHOBHOM HEAOCTAaTOK BOJIBI Kak
OXJIAJUTENSI — BBICOKAsl CKOPOCTh OXJIAXKAECHUS MPU MOHUKEHHBIX TEMIIepaTrypax B
obnmacTu oOpa30BaHWsS MApPTEHCUTA, YTO NPUBOJUT K BO3HUKHOBEHUIO OOJBIIMX
CTPYKTYpHBIX HANpSHKEHUHM W CO3AAET OMACHOCTh BO3HUKHOBEHHUSI TPEILIMH.
JloGaBnieHre K BOJIE COJICH, IIEI0UeH YBETMUMBAECT €€ 3aKAIMBAIOIYI0 CIOCOOHOCTb.

Macno oxjaxaaeT 3HA4YUTENbHO MEIJICHHEE, Y€M BOAA, HO MPEUMYIIECTBO
Macja KaKk OXJIQIUTENs 3aKII04aeTcsl TaKKe B TOM, YTO OHO 0OJajaeT HanOOJbIIeH
CKOPOCTBIO OXJIQXJCHHS B O0JIACTH TEeMIEpaTyp MapTEHCUTHOTO MPEBpPAIICHUS,
MOATOMY TMpPU OXJIAKJIESHUM B MacJ€ OINACHOCTh OOpa30BaHUS TPEIIUH PE3KO
yMeHblIaetcsi. Hemocrtatku macina — 9T0 Jierkasi BOCIUIaMEHSIEMOCTb, MPUTrOpaHue K
ITIOBEPXHOCTH JETAJEH.

OcHosHble cnocoObI 3aKATKU.!

- 3aKalika B OJTHOM CpEJIE;

- 3aKaJika B JIBYX cpeaax (uepe3 BoJly B Maclio);
- CTyIEHYaTas 3aKajka;

- HM30TEepMUYECKas 3aKajKa.

Omnyckom Ha3bIBAIOT MPOIECC TEPMUIECKON 00pabOTKH — HArpeB 3aKaaEHHOM
CTaJIu A0 TEeMIEPATYPhl HE BBIIIE TOUKU AC.

OTIycK OpOBOJAT MJiE CHUKEHUS WM TOJHOIO YCTPAHEHHS BHYTPEHHHX
HANpPsDKEHUH, YMEHBUICHUS] XPYIKOCTH 3aKaJIEHHOW CTalM U MOJy4eHUs TpeOyemoi
CTPYKTYpbl M MEXaHUUYECKHUX CBOMCTB. B 3aBUCHMMOCTH OT TemmepaTypbl OTIYCK
JEJISIT HA HU3KUHM, CPEIHUN U BBICOKHM.

Huskuii otmyck — HarpeB cranu a0 Temieparypsl He Oonee 200 °C u
OXJIQXKJIEHUE JJIsI TIOJYUYEHUS] CTPYKTYPhl MAapTEHCUTA OTITYyCKa U YACTUYHOTO CHSTHUS
BHYTPEHHMX HANPSKCHUH.

Cpennuii otnyck — HarpeB ctanu oT 350 °C go 500 °C m oxnaxjaeHue s
NOJIyYEHHUSI CTPYKTYPbI TPOOCTUTA OTITYCKA.

Bricokuit ornyck — HarpeB ctanu ot 500 °C go 650 °C u oxnaxaeHue aJis
MOJIYYSHUS] CTPYKTYPBI COpOUTA OTIMYyCKa. 3aKaJIKy C BHICOKUM OTITYCKOM HA3bIBAIOT
YIY4ILlICHUEM.
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Xox padoTsl

1. Ilepen BbIMONIHEHHEM PaOOTHl BHUMATEIBHO O3HAKOMBTECh C MHCTPYKIMEH IO
TEXHUKE 0€30MacHOCTU Mpu padoTe ¢ My(eabHON AJIEKTPOINEYbI0 U TBEPIOMEPOM
Poxgenna.

2. Onpenenure TEMIIEPATYPY 3aKaJKKU CTanu 45 Mo AUarpaMme «Keae30-IEMEHTUTY,
CpaBHHUTE €€ CO CIIPABOYHBIMU JJAHHBIMU 110 MAPOYHUKY.

3. 3amepnpTe TBEPAOCTH OOPA3IOB A0 3aKajdkd (B HOPMAIM30BAHHOM COCTOSIHUH)
MeTo10M PokBesia v 3aHeCcTH pe3yJibTaThl B Tabauiry 1.

Tabmuua 1 - [TokazaTenu usmepeHuit
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4. Onpenenute BpeMs BbIACPKKH B MIEUU, UCXO/IS U3 Pa3MEPOB IEYH.
5. Onpexnenure TeMiepaTypy HarpeBa B Me€4YH, UCXOAs U3 IPOLIEHTHOTO CO/IepKaHUs
yrieposa.
6. 3arpy3ute oOpa3sibl B NI€4b, HATPETYIO 10 3aJaHHOW TEMIIEpaTyphl, U BBIAEPIKUTE
YCTaHOBJICHHOE BpEMSI.
7. 3akanute oOpasiibl B BOJIE, HE JIOMyCKasi 00pa30BaHUs «IIapOBOM pyOaIlIKm»:
- mepemeniainTe oopasIbl KIeaMy B BOJIE «BOCBMEPKO»;
- 00pa3zell BO3bMHUTE KJIelaMu 3a «00UKy», a He 3a TOPIIbL.
6. Ilocne ocTbiBaHuS OOpa3lOB 3aMepbTe TBEPAOCTh U 3aHECUTE PE3yJbTaThl B
Tabnuiy 5.
7. llpousBeaute oTmyck obpasmnoB mpu Temmeparype paBaoi 600 °C B Teuenne 30
MHUHYT C OXJIOKJICHHEM Ha BO3AyXe (Ji1 SKOHOMUHU BPEMEHH OXJIaKICHUE MOXKHO
MIPOBECTHU B BOJIE).
8. 3amepbTe TBEPIOCTh U 3aHECUTE PE3YJIbTaThl B TAOIUILY 4.
9. Ilo pe3ynbraraMm pabOThI clieTaiTe BBIBO/I.
10. OTBETHTE Ha KOHTPOJIBHBIE BOITPOCHI:
1) Kak BbIOpatTh TeMiiepaTypy 3aKaJIKi JI0PBTEKTOUIHON U 3a3BTEKTOMAHON CTaIN?
2) Tlouemy npu 3akajnke aetanu (00pasiibl) HEOOXOAUMO TPOKAYUBATH?
3) Ilouemy TBEpPAOCTH 0OPA3LOB U3 CTANH 45 MOCie 3aKaJKU B Macjie MEHbBIIIE, YeM
IIPH 3aKAJIKU B BOJiE?
4) Kako#i crioco0 3aKkajKy UCTIOJIb3YeTCs B JabopaTopHO padboTe?
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5) Uro Takoe ymy4dmeHue?
11. CnaiiTe oTueT npenoaBaTeio.

JlabopaTtopnas paGora Ne 14

Tema: UcciienoBanue MUKPOCTPYKTYPbI CTAJIEH MOCJIEe TEPMUYECKON U XUMHUKO-
TepMHUYeCKOi 00padoTKN

Heab paéorbi: DopmupoBaHHE YMEHUN OMNPEACIATh MHUKPOCTPYKTYPY CTallel
nocjie  TePMUYECKOM U  XUMHUKO-TEPMHYECKOM  0O0pabOTKM C  MOMOIUIBIO
J1a00paTOPHOTO 00OPYIOBAHUS
OobopynoBanmue: Merauiorpaguueckuii  mMukpockon — «MHUM-7»,  Habop
Mukpouuidor craneit 45, Y10 u 20, minakat «Jluarpamma xeae30-1eMEHTUT.
3HAHMA (AKTyaJIu3aIus):
- MHKPOCTPYKTYpa CTAJIEH MOCIE TEPMHUECKON U XUMHUKO-TEPMUYECKON
00paboTKH;
YMeHHS:
- I0JIK30BATHCA TAOOPATOPHBIM 000PYIOBAHUEM;

- pa3nuyaTh CTPYKTYPhl PAa3IUYHBIX CTAJIEld MOCJIE€ TEPMHUYECKONH U XHUMHUKO-
TEPMUYECKON 00pabOTKH.
3apnanume: UHccrnenyilTe CTpyKTypy MeTaia IOCIE TEPMHYECKOM M XUMHKO-
TEPMUYECKON 00pabOTKH.

Teopernueckunii MaTepuaJl

[lenbto TepMHUUECKOM OOpPaOOTKU CTaIU SIBISETCS W3MEHEHHE CBOMCTB MyTEM
n3MeHeHus: e€ (a3zoBOro cocraBa M CTPYKTYpbl. PaBHOBEeCHasi CTpPyKTypa CTajw,
COOTBETCTBYIOIIAasl JAUArpamMme COCTOSIHUSI <COKEJIe30-IEMEHTUT», (opMupyercs B
pe3yJibTare OTXHUra. B pe3yiapTare NOJHOrO OTXKHUIra JOITEKTOMJHAA CTajb
npuoOpeTacT paBHOBECHYIO CTPYKTypy Tiepauta u  (deppuTa ¢  BBICOKOU
IJJACTUYHOCTBIO U BS3KOCTHIO. [locie Hopmanu3anuu JO3BTEKTOHUIHAS CTallb UMEET
TaKyIo K€ CTPYKTypY, YTO U TOCJ€ MOJHOTO OTXKWTA, HO MEPJIHUT CTAaHOBHUTCS Oojee
JUCIIEPCHBIM, TIPU 3TOM HE3HAUUTENIbHO YBEIUUYMUBAIOTCS TBEPAOCTH U IPOUYHOCTD.

[Tocne 3akanku yriepoaucThie CTalu MOIYYaloT CIEIYIONIYI0 CTPYKTYpPY:

- JIOOBTEKTOUJHBIE CTAIIM — MAPTEHCUT (TOJIHAS 3aKaJIKa);
- 3a’BTEKTOUIHBIC — MAPTEHCUT U KapOU bl (HEMOJIHAS 3aKaJKa).

[IpyuMeHEHNE HEMOJHOM 3aKaldKW Uil 3a3BTEKTOMIHBIX CTAIEH ITO3BOJIAET
MOJTYYUTh BBICOKYIO TBEPAOCTH 3a CUET HAJMYHUA B CTPYKType KapOUa0oB (IleMEHTUTA
F63C).

MapreHcutHass CTpykTypa o0JjiajjaeT BBICOKMM YPOBHEM OCTaTOUYHBIX
HaIpPsDKEHHM, BBICOKOM TBEPIOCTHIO, NPOYHOCTBIO, XpPyHKOCThiO. [loaromy miis
CHWKCHHUSI OCTAaTOYHBIX HANPSDKCHWM W TONy4deHUs 00Jie€ PaBHOBECHBIX CTPYKTYP
pacriajia MapTeHCUTA 3aKaJ€HHYIO CTalb MOABEPratoT oTnycky. [Ipu HU3KOM OTITyCcKe
YaCTUYHO CHUMAIOTCSI HAIPSDKEHUSI W TMOJIYy4YaeTcsl CTPYKTypa MapTEHCHUT OTITYCKa,
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OpU CPEeIHEM OTIYCKE — TPOOCTUT OTIYCKa, NMPHU BHICOKOM — COpPOUT OTIyCKa.
OO6pa3yembie TIpU OTITYCKE (PepPUTHO-IIEMEHTUTHBIC CMECH — TPOOCTHUT OTITYCKA U
COpOUT OTITyCKa — UMEIOT 3€pPHUCTOE CTPOCHUE B CBSI3U C OKPYTJIOW (HopMOil YacTuIl
KapOuaHOM (a3l B OTIMYME OT MMEIOIIUX TUIACTUHYATOE CTPOEHHE TPOOCTUTA U
copbura, obOpasyeMblx B  pesynprate  AuUG(GY3MOHHOTO  MpEBpalleHUs
NEPEOXJIAKAEHHOTO ay CTEHUTA.

[locne nemMeHTanuMu NOBEPXHOCTh HU3KOYTJIEPOAUCTOW CTAM HACBHIIIACTCS
yriaepoioM ¢ 00pa3oBaHMEM LEMEHTHTa — KapOuaoB kene3a. KapOuiel
pacnojararoTcs 1o rpaHulaM 3€peH MepinuTa U MOryT 0Opa3oBbIBATH LIEMEHTUTHYIO
ceTky. llemeHTHpOBaHHBIHN €10 COCTOUT (YCIIOBHO) U3 TPEX 30H:

- 3a3BTEKTOMIHONW — PACIIOJIOKEHHOW Yy MOBEPXHOCTH M MMEIOLIEH CTPYKTYpy
3a3BTEKTOMAHON CTaNH (IIEPJIUT U LIEMEHTUT) C coaepkaHueM yriaepoaa 0,8 —
1,0%:;

- DOBTEKTOWJHOW — HMEIOIIEN CTPYKTYpY O3BTEKTOWJIHOW CTAIA — IEPIUT C
cojaepkanueM yriepoaa 0,8%;

- JIOOBTEKTOMJHOM — MMEIOLIEN CTPYKTYPY AOIBTEKTOWIHOW CTAIA — NEPIUT U
deppur, conepxanue yriepoaa 0,8%.

[locne memeHTanuu aeTanb O0S3aTEIBHO MOJBEPralOT 3aKAJIKE U HU3KOMY
OTIIYCKY, TIIpM 3TOM IIOJY4YaeTcsi CTPYKTypa MAapTEHCUT OTIycKa — B
LIEMEHTUPOBAHHOM CJIOE, a4 B CEpALEBUHE JETaIN — MAJIOYIJIEPOAUCTBIA MAapTEHCUT.
B pesynprare 3akaJku TBEPAOCTP M HW3HOCOCTOMKOCTH IOBEPXHOCTH JETaIH
CTAHOBUTBHCA  BBICOKOM, a TBEPAOCTh CEPAUEBHUHBI  JETalIM  IOBBIMIAETCA
HE3HAUYNUTEJIBHO M3-3a HU3KOTO COJAEpXKaHUs yriepona. B cBsI3n ¢ HauBBICIIHM
COJIep’)KaHUEM YIJIepoJia camasi BbICOKasi TBEPAOCTh HAOJIOJAeTCsl HAa MOBEPXHOCTU
JEeTaju.

Xoa padoTsi

1. Ilepen BbINONIHEHHEM PaOOTHl BHUMATEIBHO O3HAKOMBTECH C MHCTPYKIMEH IO
TEXHUKE O€30MaCHOCTH MpU paboTe ¢ MeTauiorpaduueCKuM MUKPOCKOIIOM.
2. YcTaHOBUTE Ha MPEAMETHBIA CTOIUK MUKpOULIU( cTanu 45TaK, YTOObI IIIOCKOCTh
numda ObUTa pacnoiokeHa MePIeHIUKYIISIPHO K ONTUYECKON OCH 0OBEKTA.
3. [TocMoTpUTE MUKPOCTPYKTYPY HuIHba cTanmu 45 Ha MUKPOCKOIIE.
4. 3anonHute Tadbmuiry 1:
4.1 B xomonke Ne3 — HamumuTe BHUA TEPMOOOPAOOTKH, HCXOIi U3

MUKPOCTPYKTYPHI cTanu 45, yBUIEHHONW B MUKPOCKOIL.

4.2 B xosonke Ne 4 — 3apucyiite MUKpOCTPYKTYpY cTaiu 45.

4.3 B xosnoHke Ne5 — HanumuTe CTPYKTYPHBIE COCTABISIONIME CTANN 45.

5. IloBTOpUTE BHBILIE ONMKMCaHHbIE onepauuu ¢ Mukpouuudom cranu 20 u Y10 (m. 2-
4).

Ta6muma 1 - MukpocTpykTypa cranen

31



HaumeHnoBanue u Bun MukpocTpykTypa
Nori/mm CTpyKTypHBIE
Mapka cIjiaBa TEpMOOOPabOTKHI 3apucoBka coCTABIAIONIC
1 2 3 4 5
1 45
2 Y10
3 20

6. Ilo pe3ynbTatam paboThI C/ieNIaiiTe BHIBOJ.

7. OTBETbTE HA KOHTPOJIbHBIE BOIIPOCHI:

1) [Toyemy mocie 3aKaaku MOBHIIIACTCS TBEPIOCTH?

2) 3adyem mocie 3aKaliku JeNaloT OTITYCK?

3) [louemy mociie LIEMEHTAIMH, 3aKaJKd U HU3KOTO OTITyCKa MOBEPXHOCTH JACTAIU
CTAHOBUTCS OUYE€Hb TBEPAOU, a TBEPIOCTH CEPIIEBUHBI BO3PACTAET HE3HAYUTEIHLHO?
8. ChaiTe OTUET MPENOaaBaATENIO.

IIpakTHyeckoe 3ansitue Ne 2
Tema: Bb10op pexxuma 3aKaNKU CTATbHON AeTaJIU

Hear pabGorbi: DopMHpOBAHME YMEHUM Ha3HA4YaTh PEXKUM 3aKAJIKU CTaJbHOU
neTanu

3HAHMA (AKTyaIu3aIus):

- BU/JIbI 3aKaJIKH CTaJICH;

- PEXKUMBI 3aKaJIKH;

— METO/IMKA TOCTPOEHUS Tpadrka TepMOOOpadOTKH

yMeHHS:

- HA3HA4YaTh 3aKaJIKy CTaJeil;

- CTpOUTH rpadK TEPMOOOPAOOTKHU.

3amanue: Ha3zHauuTh peXuM 3akaliku AeTanu (Mapka cTald M pa3Mepbl
JeTaH TOJYYUTh y mpenogaBatens). [Ipu pabote ncronb3oBaTh AHarpammy
Fe-Fe;C u mapouHuUK cTajel u CIJIaBOB.

Teopernuecknii MaTepuaJl

Temneparypa 3akayiku onpeaensiercs mo Gopmyre:
T3axk = Ac3 + 30...50°C — st 1OPBTEKTOUIHBIX CTaJICH,
Tzak = Acl + 30...50°C — ny151 32a3BTEKTOUIHBIX CTaJECH.
Bpewmst HarpeBa aeTaiv 1o 3akajky 3aBUCUT OT HarpeBarolleil CriocOOHOCTH Cpeibl,
pa3MepoB U GOpMBbI AeTallel, OT UX YKJIAJIKK B TIEYH U OIpeIeTIsieTCs o opMyIie:
T = 0,D1K1K2K3,MI/IH. (1) )
rae D1 — MuaumansHbId pazMep (MUHUMAaJIbHAS TOJIIMHA), MM
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K1 — ko3 dunment cpensr (mms raza — 2, anst conu-1, ans meramia — 0,5),

K2 — xoaddunment hopmser (11 mapa — 1, 118 muummHapa — 2, 171 napajijieienurena
- 2,5, U1 IIACTUHBI - 4),

K3 — ko3¢ dunrenT paBHOMEPHOCTH HarpeBa (BCECTOPOHHMM Harpes — 1,
OJTHOCTOPOHHUI Harpes - 4).

Bce ato otHOCUTCS K TemniepaType HarpeBa 800-900°C, ecinu Temneparypa OoJibliie,
TO BpeMsl HarpeBa MEHbIIIe, U HA000POT, YeEM MEHbIIIE TEMIIepaTypa, TEM MEJJICHHEE
HarpeB. [leTanu U3 yriepoaucThiX KOHCTPYKIIMOHHBIX CTallel 3aKaluBaloOT B BOJIE,
YTIEPOJUCTHIX MHCTPYMEHTAIIBHBIX — Yepe3 BOJLy B MacJO, JIETUPOBAHHBIX — B Macie.

Xoa padoTbl

1. Jns 3agaHHON MapKU CTajlu ONMpEAeIUTh TeMnepatypy Acs o nuarpamme Fe-
FesC 1 mo MapouHUKYy.

PaccuuTath TeMiiepaTypy 3aKajKi U CPAaBHUTH €€ CO CIIPABOYHBIMU TAHHBIMU.
Onpenenuth BpeMs HarpeBa Mo/l 3aKaJlKy U OXJIAKIAIOLIYIO CPey.
[TocTpouTh rpaduk 3aKanKu B KOOPJIMHATAX «TEMIIEPATYpPa - BPEMS».

1o pe3ynbraTtaM paboThI clieTaTh BBIBOJ O MPOEIAHHON padoTe.

abswn

IIpakTuyeckas pad6ora Ne 3

Tema: Bo10op pexknma oTnycKa 3aKajJeHHOM JeTajJu B 3aBUCUMOCTH OT
TpeOyeMOil TBEPAOCTH

Heap padorbi: PopMUpPOBAHHE YMEHUN HA3HAYATH PEXKUM OTIIYCKA 3aKaJICHHOU
J€Tald B 3aBUCUMOCTH OT TpeOyeMoH TBEpAOCTH, Ha3HayaThb BpEMs OTIYyCKa H
Cpeny OXJIAKICHHUS.
3HAHMA (AKTyaIu3aus):
- BU/IbI OTITYCKa;
- PEXUMBI OTITYCKa;
— METO/IMKa OCTPOEHUS Tpaduka OTIyCKa;
YMEHHUS:
- Ha3HA4aTh OTIYCK CTaJH;
- CTpOUTH rpaduK OTIYyCKa.
3ananue: HaszHauuTh pexuM OTIyCKa 3aKaJICHHOW JeTainu (HeoOXOoauMbIe
JaHHbIe 1Ji1 padOThl IO CBOEMY BapHaHTy MOJY4YUTh y npenonasarens). [Ipu
paboTe UCIIoNIb30BaTh MAPOYHUK CTaJIEH U CILIaBOB.

Teopernueckuit MaTepuas
OTnyck - 3aKJIIOYUTENbHAS ONepalus TepMOOOpPaOOTKH CTaM, KOTOpas
3aKJII0YAETCSl B HAIPEBE HMKE TEMIIEpATyphl epAUTHOro npespauienus (727°C),
BBIJIEPIKKE U MOCHeayomeM oxiaxaeHuu. [Ipu ormycke Gpopmupyercs
OKOHYAaTeJbHas CTPYKTypa cTanu. Llenp oTmycka — nmosy4eHue 3aJaHHOro KOMIUIEKca
MEXAHUYECKUX CBOMCTB M MOJIHOE WK YACTUYHOE 3aKaJIOUHBIX HanpsbKeHui. Beibop
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TBEPJOCTH JIETAJIH MOCTIE 3aKAIKU M OTITyCKa OMPEIETSETCS yCIOBUSIMH PAOOTHI ATOU

JE€TAIIA U 3aBUCHUT OT TEMIIEPATYPHI OTITYCKA: YEM BBILIE TEMIIEPATYPA, TEM CUIIbHEE

CHW)KAETCS TBEPAOCTh. JTO CBSA3aHO € pacnajoM MapTEeHCUTa U 00pa3oBaHUEM

pasTUYIHBIX (EePPUTHO-KAPOUTHBIX CMECEH — TPOOCTUTA OTIYCKa M COPOUTA OTITyCKA.
Buner otnycka:

1.

Huskuii otmyck — temnepatrypa 150-220°C — genaroT A1 pexKyIIero u
U3MEPUTETHFHOTO MHCTPYMEHTA U3 YIJIEPOJUCTHIX U JIESTUPOBAHHBIX CTaJleH, a
TaK)K€ MAIIMHOCTPOUTENBHBIX JeTallel, KOTOPbIE TOKHBI 001a1aTh BBICOKOM
TBEPIOCThIO U H3HOCOCTOMKOCTHIO. MUKPOCTPYKTYpa CTaIM MOCIE TAKOTO
OTITyCKa — OTIYLIEHHBIN MapTEHCHUT.

Cpennuit otiiyck — Temneparypa350-450°C — oOecrieunBaeT BHICOKUHM TIpeies
MIPOYHOCTH, YIPYTOCTH U BBIHOCIIMBOCTH, XOPOIILYIO COIPOTUBIIIEMOCTD
yaapHbeIM Harpy3kam. [Ipumensiercst i npy>kKuH, peccop U UHCTPYMEHTA,
KOTOPBIN T0KEH UMETh 3HAYUTEIbHYIO MPOYHOCTh MPU JOCTATOUHON
BSI3KOCTU. MUKPOCTPYKTYpa CTalu TIOCJI€ CPETHETO OTITYCKA — TPOOCTHUT
OTITyCKa.

Bricokuii otnyck — remmnepatypa450-650°C, MUKpOCTpYKTypa — cOpOUT
OTITyCKa. 3aKaJjika ¢ BBICOKUM OTIIYCKOM Ha3bIBA€TCs YIIyUILIEHHEM, a CTaJIH,
MOJABEPracMbI€ YIYyUIICHUIO — yIy4lIaeMbIMU. [eTanu u3 Takux cTajei mocie
3aKaJIKU ¥ BBICOKOTO OTITYCKAa UMEIOT ONTUMAIBHOE COYETaHUE MPOYHOCTH U
MJIACTUYHOCTH, YTO MO3BOJISIET IPUMEHATH UX B YCIIOBUSIX BO3ACHCTBUS
BBICOKHMX HANPSHXKEHUH U yIApHBIX HArPY30K. JTO OCHOBHOM BHU/T
TEPMOOOPAOOTKHU KOHCTPYKIIMOHHBIX CTaJICH.

OTnyck JerupoBaHHbIX CTaleH MPOBOAAT MU OoJiee BHICOKUX TeMIlepaTypax,
CEM YIJIEPOIUCTHIX, YTOOBI YCKOPUTH TU(PPY3Ut0 JErupyromux 31eMeHToB. Bee
JIETUPYIOIIUE DJIEMEHTBI, 0COOEHHO XPOM, MOJINOAEH, KPEMHUM 3aTPyIHSAIOT IIPOLIECC
pacnajza MapTeHCUTA ITPU HarpeBe, TEM CaMbIM TEMIIEpaTypy OTITyCKa.

=

o s

Xoa padoTbi

3angannyto TBepocTh B enunuiax HRC» nepesectu B uucna tBepaoctu HB.
IIo mMapoyHUKy HaWTH TeMIepaTrypy OTIYCKa Il JAHHOM MapKu CTajad T
TBepaoctu HB.

PaccuuraTe Bpems OTIYyCKa, ONPENEIUTh OXJIAXKIAIOLIYI CpeAy, MCXOAS U3
pa3MepoB o0pasiia U MapKu CTaJIu.

[TocTpouTs rpaduk OTIycKa B KOOpJAUHATAX «TEMIIEpaTypa - BpeMs».

1o pe3ynbraTtam paboThI clieiaTh BHIBOI.

JlabopaTopHnasi padora Ne 15

Tema: UcciaenoBanue MUKPOCTPYKTYPbI YyT'YHOB
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Heans padorbl: PopMHpOBaHHWE YMEHHUW HCCIEAOBaTh CTPYKTYPY PpPAa3IHYHBIX
YyTYHOB C MMOMOIIBIO JIAOOPATOPHOTO 000PYI0OBAHMS.
Oo0opynoBanme:  Metamiorpapudeckuii  mMukpockon  «MUM-7M»,  Habop
MUKpPOLUUIH(OB Ppa3IUYHBIX UYYTYHOB, IIaKaT «JlparpaMma COCTOSHHUSI CIUIaBOB
’Keye3a C IEMEHTUTOM.
3HAHMS (aKTyaM3arus):
- BU/JIbI UYyTYHOB;
- CTPYKTYpPbl U MEXaHUYECKUE CBOMCTBA YYTYHOB Pa3JINYHBIX MapOK.
YMEHHUS:

- pa3MyaTh CTPYKTYpPbl YyTYHOB C IIOMOIIBI0 MUKPOCKOIA.
3ananue: lccnenoBaTe MUKPOCTPYKTYPY UyTYHOB C IIOMOILBEO
MeTtaiorpadguyeckoro Mukpockona « MUM-7M».

Teopernueckuit MaTepuas

B 3aBucuMocTH OT XapakTepa CTPYKTYpbl pa3jidyaroT Oelblii, MOJIOBUHYATHIMH,
CepbIi, KOBKUHN U BBICOKOIIPOUYHBIN 4yryH. B 6eioM uyTryHe BeCh Yriaepoj HaXOIuTCs
B CBSI3aHHOM COCTOSIHMH, T.€. B BHJe HeMeHTHTa FesC. Takoit uyryH umeer Oemblii
M3JIOM, OY€Hb TBEPIBIN, XPYIKHUH, MMOATOMY HE MPUMEHSETCS ISl M3TOTOBIICHUS
JeTajgei MalllvH, a UCTOJb3YETCs ISl OTJIMBKHU JIETANIC C MOCIEAYIOIIUM OTKUTOM
Ha KoBKHMHM uyryH. Kpucrammusyercs no auarpamme «Fe-FesCy». benbiii uyryH B
3aBUCHUMOCTH OT COJICpKaHUsl yriiepojia ObIBaeT no3BTeKkTUUeckuM (ot 2,14 no 4,3%
yriepona), sBTektuueckuM (4,3% yriepona) u 3a3prekrudeckum (ot 4,3 1o 6,67%
yriepona). B crpykrype Oenoro uyryHa NpUCYTCTBYIOT MEpIHUT, JeAeOypUT U
LIEMEHTUT TIEPBUYHBIH.

[TonoBUHYATHIN YYyTYH COJEPKUT YIIIEPO B CBA3aHHOM COCTOSIHUM (LIEMEHTHUT) U
B cBOOOIHOM (Tpadut). CTpyKTypa — NEepauT, JIeAeOYPUT U MIIaCTUHYATHIA rpaduT.

MexaHnueckne CBOMCTBA Yyr'yHa ONPEHEISAIOTCA CBOMCTB €r0 METAJIMYECKOU
OCHOBBI, a TAKX€ KOJMYECTBOM, Pa3MEpPOM U XapaKTEPOM pPACHpPEACIICHUS B HEM
rpauUTOBBIX BKIIIOUECHUN. B cOCTaB cephIX YyryHOB BXOJAT CICAYIOIIUE DJIEMEHTHI:
2,9 — 3,6% yraepona, 0,3 — 1,4% wmapranua, 1,5 — 3,5% kpemaus, o 0,12% cepsl, 10
0,5% dochopa. ConepkaHre KpeMHHUS M MapraHila MCHSIOTCS B 3aBHCHMOCTH OT
MapKu W Ha3zHaueHus 4yryHa. CTpPYKTypa METaUIMYeCKOM OCHOBBI M XapakTep
pacrojio)keHus: B HeW TrpadUTOBBIX BKIIOYEHUW 3aBUCAT OT COCTaBa, YCJIOBUM
OTJIMBKM M TIOCJIEAYIOIIEH TepMuueckoil o0paboTke uyryHa. Tak, MOBBIINICHHOE
COJICp’)KaHME MapraHila TMpensSTCTBYET, a IMOBBIIIEHHOE COJACP)KAHUE KPEMHUS
CIOCOOCTBYET BbIIENIEHUIO rpaduTa. MeasieHHOe OXJIaXIeHUe YyryHa ClIOCOOCTBYET,
a YCKOpEeHHUe MPEnsSTCTBYET BhbIJIeJIeHUIO TpaduTta. BBeaeHue HEOONbIINX KOJIUYECTB
MarHusi, KpeMHUSI, CHJIMKOKAJIBIIMS B YYTYH Tepe]] pa3iuBKON (MoIuQUIUpOBaHUE
YyryHa)  CHOCOOCTBYET  BBIJeNICHHIO  rpaduta B TJIOOYJSpHOM  WIH
MEJTKOIIIIACTUHYATON hopme.

KonmuyectBo, pasmep u ¢opMa rpadUTOBBIX BKIIOUYCHUN BBISBISETCS Ha
HeTpaBleHHbIX nuMpax npu yeenuuenun B 100 pas. Ilpu TpaBieHuu dYyryHa
BBIABJISIETCS €r0 METAJUIMYECKasi OCHOBA.
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MUKpOCTpPYKTypa CEpOro 4yryHa COCTOUT M3 BKIIOUYEHHH IJIACTUHYATOIO
rpaduta W TEPIUTHOW, (GEpPPUTO-TIEPIUTHON WM (HEPPUTHOM METaTUIECKON
OCHOBBI, a Takke (HochHUIHON IBTEKTHKE (ITPU TOBBIIIIEHHOM cojiep kaHuu ¢ocdopa B
yyryHe). Cepbple 4YyryHbl HWMEIOT XOpOIIHME JIMTEHHBIE CBOMCTBA, XOPOUIO
00palaThIBAIOTCSl pE3aHUEM, H3HOCOCTOMKHE, HWMEIOT BBICOKHE JeMI(UPYIOIINE
CIIOCOOHOCTH (CBOMCTBO TracuTh BuOpamuio). M3 HHUX HM3roTaBIMBAIOT CTaHUHBI
pPa3IMYHOr0 000PYOBaHUS, KOJIECHYATHIE U PaCIpeIeTUTEIbHbIC BaJIbl TPAKTOPHBIX U
aBTOMOOUJILHBIX JBUTATENICH U IPYTUE IETAIH.

KoBkuii 4yryH cocrouT u3 rpadura XJIONbEBUAHOW (QOPMBI U TMEPIUTHOM,
nepnuTo-GpeppuTHO Wi GeppuUTHON MeTauIndeckoil ocHOBbI. KoBkuit uyryH 6osee
IJIACTUYEH N0 CPABHEHUIO C CEPBIM, HO €r0 HUKOTJA HE KyIOT. OTIMBKU U3 KOBKOIO
YyryHa MOJy4YarT U3 OTJIMBOK O€JOoro 4yryHa JUIMTEIbHBIM OTKUIOM, MPU ITOM
MIPOUCXOMUT pacnaj LIEMEHTUTa C BbIAEIEHUEM rpadura XJIONbeBUIHON (opmbl. M3
KOBKOTO YyryHa HW3TOTaBIMBAIOT JETAJM BBICOKOM NPOYHOCTH, CIOCOOHBIE
BOCIIPUHUMATh MOBTOPHO-TIEPEMEHHBIE W YJApHbIE HArpy3ku U paloTarouue B
YCJOBHSIX TMOBBIIIEHHOTO HM3HOCA: KapTep 3aJHEr0 MOCTa, TOPMO3HBIE KOJOJKH,
CTYNHIIbI, IECTEPHU U AP.

BBICOKONIPOYHBIM 4YyryH MOJIy4alOT MOJU(DHUIMPOBAHUEM JKHUJIKOTO YyryHa
MarHMeéM M KpEMHHMEM Mepell 3aJuBKOW. B pesynbrare mnomy4arorcs MEIKHE
BKIIOUeHUsT Tpadura mmapoBuaHoil ¢opmel. [lapoBunsbeiii rpadur, uMeromun
MUHUMAaJIbHYIO IOBEPXHOCTh MPHU JaHHOM 00BbEME, 3HAUYUTEIILHO MEHBIIE OCIa0IIsIeT
METAJJIMYECKYI0 OCHOBY YYyryHa, 4YeM IUIaCTUHYaThli rpadut. Merammueckas
OCHOBA BBICOKOIIPOYHBIX UYT'YHOB — HEPIUTHAS, MEPIUTO-PEeppUTHAS U (eppUTHAsL.
YyryHsl ¢ MIapOBUAHBIM I'pa)UTOM UMEIOT 00Jiee BHICOKHE MEXaHUYECKHE CBOMCTBA,
B YAaCTHOCTH, MPOYHOCTb, [0 CPABHEHHUIO C CEPbIMU YYT'yHaMH, XOPOIIUE JUTECIHbIC
CBOMCTBa, 00padaThIBAEMOCTh PE3aHUEM, CIIOCOOHOCTh raCUTh BHOpAIMU, BBICOKYIO
M3HOCOCTOMKOCTh. M3 BBICOKONIPOYHOTO YyryHa M3rOTaBJIMBAIOT JETAIHU MPOKATHBIX
CTaHOB,  KYy3HEUHO-TIPECCOBOIO  OOOpYAOBaHMs,  TPAKTOPOB,  ABTOMOOMIIEH
(KoJIeHBaJIbI, TWJIb3bI [TUIUHAPOB, MOPIITHN).

Xoa padoTsl

1. YcraHoBuTe Ha MPEAMETHBIN CTOJMK MUKPOIUIU( YyryHa Tak, 4TOObI MJIOCKOCTh
numda ObuTa pacnoiokeHa MePIeHIUKYIISIPHO K ONTUYECKON 0CH 00BEKTA.
2. I'nsaist B OKyJIIp MUKPOCKOIA, OIPEAEIITE MUKPOCTPYKTYPY UyTyHa.
3. ITo MukpocTpyKkType (YBUICHHOU B OKYJISIp MUKPOCKOIIA) ONIPEACIIUTE BUJ] YYTyHa.
4. 3anonHute Tabmuiy 1:

4.1 B rpade Ne 2 — HanuiuTe BUJ YyTyHA.

4.2 B rpade Ne3 — 3apucyiite MUKPOCTPYKTYpY UyTyHa.

4.3 B rpade Ne 4 — HanuIMTE CTPYKTYPHBIE COCTABIISIOIINE.

4.4 B rpade Ne5 — Hanummrte 06J1acTh IPUMEHEHUS JaHHOW MapKH 4yryHa.

Ta6muna 1 - MukpocTpyKkTypa uyyryHa
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Nen/m | Bun uyryna MukpocTpykTypa

3dPpHUCOBKH CTPYKTYPHEIC COCTABJIAIOIINE

1 2 3 4

5. Cnenaite BBIBOJ.

6. OTBEThTE HA KOHTPOJIbHBIE BOIIPOCHI:
1. Yem (110 CTPYKTYypeE) OTIIMYAETCA BHICOKOIIPOYHBIN UyTYH OT KOBKOTO?
2. Yem (O CTPYKTYpE) OTIMYAETCS BHICOKOIIPOUYHBIN UyTYH OT CEPOro?
3. Yem (110 CTPYKTYpE) OTIIMYAETCA CEPBIA UyTYH OT KOBKOTO?
7. CnaiiTe OTYET MPEeno/IaBaTeio.

IIpakTuyeckoe 3ansitue Ned
Tema: Bei0op pe:xxuma TepM000OpPadOTKH YYTYHHOM OTJIMBKH

Heapb padorel: HayuuThcs BEIOUpATh peXUM TEPMOOOPAOOTKU UyT'YHHOU OTJIMBKH
3HAHMA (AKTyaJIn3aIus):

- BU/JIbI TEPMOOOPAOOTKH JIs1 YyTYHHOU OTJIUBKU;

- PEXKUMBI TEPMOOOPAOOTKH YyTYHHON OTIIUBKY;

- METOJIMKa MOCTPOEHUs Ipaduka TepMUIECKON 00padOTKY;

YMEHHUS:

- Ha3HayaTh TEPMUUECKYIO 00pabOTKY /JIsl UyT'YHHOU OTJIMBKH;

- CTpOUTH rpaduK TEPMUYECKON 00pabOTKH

3apnanmne:HazHauuTh peXxuMbl TEPMOOOPAOOTKH OTIIMBKU M3 yyrHa Mapku CH20 nis
CHSITUSI BHYTPEHHUX HANPSKEHUN U JJ1 YCTpaHEHUs oT0ena.

Teopernueckuit MaTepuas

[Tocne nuThs YyryHHbIE OTJIMBKUA OOBIYHO MOABEPTaIOT OTXKUTY. By oTxxura
OMpENENseTC MUKPOCTPYKTYPOM YyryHa: €CJIM B HE HET CBOOOIHOTO IEMEHTUTA
WJIM OH COJIEPKUTCS B KOJIMYECTBE, TOIYCKAEMbIMU TEXHUYECKUMU YCIOBUSIMH Ha
JAHHBIN YYTYH, TO JIENAI0T HU3KOTEMIIEPATYPHBIM OTHKUT C LEIBIO CHATHUS
BHYTPEHHHX HANPSXKEHUHN, BOBHUKIIUX B PE3YJIbTATE 3aTBEPACBAHUS OTIUBKH.
Temneparypa Takoro omxkura — 550-650°C, HarpeB BeIyT MEIJIEHHO, CO CKOPOCTHIO
He 6omee 100°C B gac. [Ipo10KUTETFHOCTh OTXKHUTA 3aBUCUT OT PA3MEPOB OTIIMBKU
Y COCTABJISIET OT 3-X 10 7 4yacoB. OXJIaXAEHUE OTIUBOK MTOCIIE OT)KUTA TPOBOIUTCAC
MeYbI0 CO CKOPOCThIO He Ooiiee S0°C B yac ¢ 1enbo Tpea0TBpaeHUsS
BO3HMKHOBEHUS HOBBIX HaIlPsSOKEHUH B OTJIMBKax. Hamnuue B MUKPOCTPYKTYpe
CBOOOJIHOTO, TO €CTh HE CBA3AHHOT'O B MEPIIUT, IIEMEHTUTA IPUBOJIUT K CHUYKEHHUIO
MEXaHUYECKUX CBOMCTB, MOBBIIIEHUIO TBEPAOCTU U XPYIIKOCTH U, CIIEIOBATENBHO,
YXYAIIEHHIO0 00pabaThIBAEMOCTH PE3AHUEM.
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[IpucyTcTBrE HAa MOBEPXHOCTH OTIMBKHA CBOOOJHOTO IIEMEHTHUTA, TTPUBOISIIIECTO
K YBEITMUCHUIO TBEPAOCTH, Ha3bIBaeTCs 0TOCOM. [IpranHoii oTOena MoryT ObITh
OTKJIOHEHUS 110 XUMUYECKOMY COCTABY M MOBBIIIEHHAs CKOPOCTh 3aTBEP/ICBaHUS
OTJIUBKH. /{7151 ycTpaHeHus oT0esna OTIIMBKU MOJIBEPratOT BEICOKOTEMIIEPATYPHOMY
OT)KHUTY, P KOTOPOM MPOUCXOUT pacnaj CBOOOIHOIO HEMEHTUTA ¢ 00pa30BaHUEM
rpadura. Pexxum Takoro oTxkura:

— Ilocagka oTiMBOK B nieub npu Temiiepatype He Boiiie 200°C, yToObl He
JIOIYCTUTh BOBHUKHOBEHHUS TEMIIEPATYPHBIX HANPSIKEHUN;

— MeanieHHslii HarpeB co ckopocThio He 6osee 100°C B yac 10 TemnepaTypsl
700...750°C, BeLuepkKa pu 310 Temneparype 1...1,5 gaca qid
BBIPABHUBAHUSI TEMIIEPATYPHI;

— Harpes a0 temnepatypsl 920...950°C, Beinepxkka 3...3,5 yaca;

— OxJaXJIeHHe ¢ MeYbIo CO CKOpOoCcThIo He Ooiee S0°C B yac 70 TeMIiepaTyphl
150...200°C, nanpHeiiee oxJIaxAeHUE — Ha BO3AYX€E WIH C TIEYBIO.

Xoa padoThI

|

. Ha3naupTe pekuM OTKHTa C IEIbI0 CHATHS BHYTPECHHUX HANPSKCHUNA B
OTJIUBKE.

2. Ha3znaubTe pexxuM OT)KHTA I YCTPAHESHHSI OTOENa.

. [locTpolite rpaduku pexUMOB OTKHUra B KOOpAMHATAX «TeMmIeparypa -
BpEMS».

4. OTBeThTE HA KOHTPOJIHHBIE BOMPOCHI.

w

5. Tlo pe3ynbraram paboTHI CAEIalTe BHIBOJ.
JlabopaTtopnasi paGora Ne 16
Tema: UccienoBanue MUKPOCTPYKTYPbI HBETHBIX METAJJIOB
Hear  paGorbi:  DopMUpOBAaHHE  YMEHUUMCCIIENOBATH  MHUKPOCTPYKTYPY

MPOMBIIIJIEHHBIX CIUIABOB IIBETHBIX METAJUIOB.

Oo6opynoBanme: metamorpadudeckuii MUKpockorn «MUM-7My, mukpouudbl
LBETHBIX CIUIABOB, CIIPABOYHUK MO I[BETHBIM METaJIaM.

3HAHUSA (aKTyann3amus):

— MHUKPOCTPYKTYpa MPOMBIIICHHBIX CIIJIABOB IIBETHBIX METAJIIOB;

yMeHHS:

-TI0JIb30BATHCSI TAOOPATOPHBIM 000PYI0OBAHUEM;

- ONpEeHeNsTh  MHUKPOCTPYKTYpPhl  ILBETHBIX  METAUIOB  C  IIOMOIIBIO
Metasuiorpadguueckoro Mmukpockona « MUM-7My,

3amanue: lcciaegoBaTh MHMKPOCTPYKTYPY IIPOMBIIUICHHBIX CIIABOB I[BETHBIX
METAJIJIOB C TOMOIIbI0 MeTaJTorpaduyeckoro Mukpockorna « MMM-7M».
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Teopernuyeckunii MaTepual

Haubonee mupoko pacrnpocTpaHEHHbI IIBETHBIE CIUIaBBI Ha OCHOBE MEJH,
aMIOMUHUA U oJioBa. Cniasbl Ha OCHO6e MeOu — NaTyHU (CIUIaB MEAM C IIMHKOM) U
OpoH3BI (CIUIaBBl MEIU C OPYTMMH 3JIEMEHTAaMHU: OJIOBOM, AJIFOMMHHMEM, KPEMHHEM,
oeputueM u 1.7.). OHH ObIBatOT neopMHupyeMble U JTUTCIHBIC.

Jlatyau, comepkamue a0 39% 1uHKA, SBISIOTCS OAHO(DA3HBIMU (CTPYKTypa
COCTOHT M3 0-(a3bl). ITH JATyHU MJIACTUYHBI, XOPOIIO 00padaThIBAIOTCS JaBICHUEM
B TOpPSAYEM COCTOSIHUHU, KOPPO3UOHHOCTOWKME, UMEIOT XOPOLIUE JINTEUHBIE CBOKCTBA.
Jlatyau, comepxamme oT 39 mo 46% uuWHKa, SBISIOTCA ABYX(a3HBIMH — HMEIOT
cTpyKTypy o+f. B-daza xpynkas u TBEpAas, M03TOMYy ABYyX(a3HbIE JATYHH UMEIOT
0oJ1ee BBICOKYIO IPOYHOCTh U MEHBIIYIO IIaCTUYHOCTh, YEM OJHO(a3HBIE.

MuKpocTpyKTypa JIMTOM O-TaTyHH HMEET  JIGHAPUTHOE CTPOECHHE, a
MUKpPOCTPYKTypa A€POPMUPOBAHHOM «-TATYHHU IIOCJIE XOJIOAHON 00paboTKu u
PEKPUCTAJUIM3ALMOHHOTO OTXKUIAa COCTOUT U3 3€pPEH C JBOMHMKAMHU U OTJIMYAETCA
HU3KOM TBEPIOCTHIO U BBICOKOM TUIACTHYHOCTBIO.

MuxkpoTpykrypa o+ B-IaTyHH COCTOUT U3 CBETJIBIX HOJEH a-(pa3bl U TEMHBIX
noJielt B-paspl. 11 MOBBIIEHUS] MEXaHUYECKUX CBOMCTB M XUMUYECKOU CTOMKOCTHU B
JATYHH BBOJST JIETUPYIOLIME AIEMEHTBI: aJlOMUHHI, HUKEJIb, MapraHell, KpeMHHIA.

bponzbi 1O OCHOBHBIM JIETHPYIOIIMM 3JIEMEHTaM  MOJAPA3JEISAI0T Ha
OJIOBSIHUCTHIE, CBUHIIOBUCTBIE, KDEMHUCTBIE, OEPUIUIMEBBIC U T. 1.

MukpocTpykTypa JuToi onoBsiHUCTON Opon3sl (10% Sn) cocTouT U3 TEMHBIX
IEHAPUTOB O-TBEPJOrO pacTBOpa OJOBa B MeAW, OOraThlX MEIbIO, U CBETJIBIX
JICHIPUTOB, OOTAaThIX OJIOBOM M conepikamue 3BTekToua o+CusiSng. IByxdasznas
amomuHueBas Opon3a bpA10 Hapsany ¢ kpuctamiamu o-(a3bl UMEET B CTPYKTYpe
ABTEKTOMIHYIOCOCTABIAIONIYI0 0. Takue OpOH3bI MOTYT IOABEPraThCsl 3aKajKe.
Ecnu ux Harpets 5o B-a3bl 1 3aTeM OXJIaauTh B BOJAE, TO 00pa3yeTcss Uroybuaras
CTPYKTYpa, NOJ00Hasi CTPYKType MapTEHCHUTA.

Cnnagbl Ha ocHoGe antomMuHus O0JAJal0T Majol IUIOTHOCTBIO, OBIBAOT
auTeHble U nedopMupyembie. [ monydeHHsl MPOYHBIX CIUIABOB UX JIETUPYIOT
pa3IMYHBIMM  3JEMEHTaMH B KOJIMYECTBAX, CIIOCOOCTBYIOMIMX OOpPa30BaHUIO
nByxdaznoit crpyktypel. Hypamomunsl (1, 16) — nedopmupyembie cCriaBbl
QTIOMUHUSA C MeJbl0, MarHMEM W Maprasuem. [[ns ynpoyHeHus uX MOJBepraror
3aKalIke M E€CTECTBEHHOMY cCTapeHHio. Mukpoctpykrypa cmaBa J[1 mociie Takoit
TEpMOOOPaOOTKH COCTOUT U3 TBEPAOTO PACTBOPA U BHICOKOJUCIIEPCHBIX BKIIOUECHHM
CuAl; u Al;MgCu, pacrionararommxcst 10 TpaHHUIIaM ¥ BHYTPH 3EPEH.

HaubGonee pacnpocTpaHEHHBIMU JUTEHHBIMU AJTIOMUHUEBBIMU  CILIaBaMU
ABJISIIOTCS CWJIIYyMHUHBI — CIUIaBbl amioMuHus U kKpemHus (AJI2, AJI9). ns
MOBBILICHUS] MEXAaHUYECKUX CBOMCTB CHIIyMUHBI MOIU(UIUPYIOT, BBOJS B paciliaB
cmeck coerr NaF u NaCl. Crpykrypa HemomuduimpoBanHoro cuiymuHa AJI2
COCTOUT M3 O-TBEPJOTO PACTBOpPA KPEMHHUSI B AIFOMUHUU (OCHOBHOU CBETJIBIN (POH) U
IBTEKTHKH 0+Sl (TEMHBIE yd4acTku) TpyOOro CTpOeHHUs, B KOTOPOW KpEMHHIA
HAaXOAUTCS B BHJAE KpymnHbIX uri. HemonmuduuupoBaHHbIM cuaymMuH oOjamaer
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WH3KMMU MEXaHHUYEeCKUMU cBoricTBamMu. CTPyKTypa MOAU(PHUITUPOBAHHOTO CHITyMHUHA
AJI2 menko3epHHUCTass U COCTOMT W3 MEPBUYHBIX JCHJPUTOB O-TBEPAOTO pAaCTBOpA
(cBeTubIi hOH) M MEJTKOM (IUCTIepCHOM) IBTEKTUKE 0+Si (TEMHBIN (OH).

Cnnaevl Ha ocHoBe 0106a U céuHya — 0A0OUTHI MPUMEHSIOTCS B KadyeCTBE
AHTU(PPUKIIHOHHBIX (MOAMIMIHUKOBBIX). CTpPyKTypa TakuX CIUIABOB COCTOHUT U3
BSA3KOM, IUTACTUYHOM OCHOBBI M TBEPABIX (OMOpPHBIX) BKItOUeHHd. CTpyKTypa
oJIoBsHUCTOrO 0ab6uta b83 coctouT W3 TBEPAOro -pacTBOpa CypbMbl B OJIOBE
(BsI3Kasi COCTABIISAIONIAS), CBETJIBIX KPYMHBIX KPUCTAIIOB MPAMOYTOIBHOU (HOpMBI U
TpeyrojapHo (GopMbl SNSH M MeNKuUX KpUCTaLIoB, coeauHeHus CusSn (TBEpable
OTOPHBIEC BKIIOYCHUS).

Xoxa padoThl

1. YcTaHoBuTe Ha IPEIMETHBIN CTOJIMK MUKPOILIM( CIUIaBa LIBETHOTO METajlla Tak,
YTOOBI TJIOCKOCTH IUIH(a Obla pacnoiokeHa NEPHEHAUKYISIPHO K ONTHYECKON OCH
00BEKTA.
2. I'manga B OKyJIslp MUKPOCKONA, ONPEAEIUTE MUKPOCTPYKTYPY CIUIaBa LIBETHOTO
MeTaia.
3. ITo mukpocTpykType (YBUACHHOW B OKYJISIp MUKPOCKONA) OMPEAEIUTE BU/JI CILJIaBA
LIBETHOI'O METaJUIA.
4. 3amomauTe Tadauiry 1.

4.1 B rpade Ne 2 — HanumvTe BU CIUTaBa IIBETHOTO METaJLa.

4.2 B rpade Ne3 — 3apucyiite MUKpPOCTPYKTYpPY CILIaBa IIBETHOTO METAJIJIA.

4.3 B rpade Ne 4 — HanummTe CTPYKTYPHBIE COCTABIISIOIINE.

Tabnuua 1 - MUKpOCTpYKTYypa CIuiaBa [IBETHOTO METalia

Nen/m | Bun CcIIjIaBa MUuUKpOCTpYKTypa
LIBETHOT'O 3apUCOBKHU CTPYKTYPHBIE COCTABIISFOLINE
MeTajuia
1 2 3 4

5. Cnenaiite BBIBOJI.

6. OTBETbTE HA KOHTPOJIbHBIE BOMPOCHI:
1) Kak Ha3piBaeTCs CIJIaB QTIOMHHHS W KpeMHHus. [IpuBenanTe MapKUpPOBKY JHTEHHOTO
CIUIaBA.
2) Kakas cucrema criaBa J[1?
3) U3 yero cocTouT MUKpOCTPYKTypa JaTyHu JI190?
4) Kakast MapkupoBKa y OpoH3bl, umeromieii B cocrae 10% Sn?

7. CnaiiTe OTYET Mpeno/1aBaTeio.
JlabopaTtopnas paGora Nel/

Tema: UcciienoBanne MUKPOCTPYKTYPBI M CBOMCTB JIETHPOBAHHBIX CTaJIel
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Heanb padorsi:PopMUpOBaHUE YMEHUWHCCIEAO0BATh MUKPOCTPYKTYpPY U CBOICTBA
JIETUPOBAHHBIX CTAJIEH HA MUKPOCKOIIE.

O6opynoBanue: merauiorpadueckuit Mukpockon « MUM-7M», HaOOp MUKPOIILIH-
¢doB craneil, MApOUHUK CTAJICH.

3HAHMS (aKTyaM3arus):

— MHUKPOCTPYKTYpa U CBOMCTBA JIETUPOBAHHBIX CTAJICH;

YMeHHS:

- I0JIK30BATHCA TAOOPATOPHBIM 000PYIOBAHUEM;

-pa3yinyaTh CTPYKTYpPhI U CBOMCTBA PA3JIMYHBIX JIETUPOBAHHBIX CTaJEH
3apanme:lccnenoBarb MUKPOCTPYKTYPY JETHMPOBAaHHBIX CTalel € IOMOIIBIO
MeTtaiorpadguieckoro Mukpockona « MUM-7M».

Teopernueckunii MaTepual

Jlecuposannvimu Ha3bIBAIOT CTaIM, COJEpXKAIIUME HapsAay C YIJIEpOoIoM
pa3IMuHbIe JJIEMEHTHl (KaK MpaBWIO, METaUlbl), BBOJUMBIC JUISI TMOJy4YCHUS
TpeOyeMbIX CBOMCTB. JIerupyromnye 3JIeMEHThl B3aUMOJIEUCTBYIOT B CTaJIM C XKEJIE30M
U YIJIepoaoM, BIUSAIOT HAa paclaj ayCTeHWTa U MapTEHCUTHOE IpeBpaiueHue. OHu
MOTYT PacTBOPATHCS B METAJUIMYECKOM OCHOBE CTalld, TEM CaMbIM YIIPOUHsS €€,
M3MEHATH UHTEPBAJIbI TEMIIEPATyp YCTOMYMBOIO COCTOSIHUS (heppuTa U ayCTEHUTA, TO
0OyCJIOBJIEHO BJIMSHUEM JIETUPYIOIIMX JEMEHTOB HA MOIMMOP(U3M Kelesa.

Jlerupyroume 3JI€MEHThl CHUXAIOT KPUTHUYECKYIO CKOPOCTh 3aKaJIKH, YTO
MIO3BOJISIET MOJIYYUTh CTPYKTYPY MAapTEHCUTA JaKe MPU OXJAXKIECHUU Ha Bo3nyxe. I1o
CTPYKTYpE€ B OTOXIKEHHOM COCTOSIHUM JIETUPOBAHHBIE CTald JAEJSAT Ha KIIACCHI:
MEPJAUTHBIN  (HOIBTEKTOUIHBIE, HBTEKTOMAHBIE M  3a3BTEKTOUJIHBIE  CTaJN),
beppUTHBIN, ayCTEHUTHBIM, KapOWAHBIA (JeAeOypUTHBIN), IO CTPYKType B
HOPMAJIN30BaHHOM COCTOSIHUU — MEPJIIUTHBINA, MAPTECHCUTHBIN, Ay CTEHUTHBIM.

K nepaumnomy xnaccy OTHOCATCS KOHCTPYKIMOHHBIE WU MHCTPYMEHTAJIbHBIE
HHU3KOJIETHpOBaHHbIE cTanu, Harpumep 45X, 38XC, 9XC u np.

K mapmencumnomy wiaccy — cpennenerupoBanHbie ctain — 18X2H4AMA,
40X13 u ap.

K aycmenumnomy xnaccy — cramu ¢ BbICOKUM coaepxkanuem Ni, Mn —
12X18HIT u np. Takue cranm KOPPO3NOHHOCTOMKHE U JKAPOITPOYHBIE.

Kapobuonvie (neneOypuTHbie) — 3TO HHCTPYMEHTAJIbHBIC CTalH, COAEpKaT
OOJBITIOE KOJMYECTBO YIJIEpoaa U KapOua000pa3yronmxX JIEMEHTOB, B CTPYKType
MPUCYTCTBYIOT TIEPBUYHBIC KapOuabl (OTCIoJa W Ha3BaHue kiacca) — P18, P6MS,
X12M u nap.

K ¢eppumnomy xnaccy otHocstes cranu ¢ 0onpmum cogepxxanuem Cr, Si u
Ap. DJIEMEHTOB, CY’KalOLMX 00JacTh CyIIECTBOBAHUS ayCTEHHUTA, HANpUMeEp, CTalId
12X17, 15X28.
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Xox paboTbI

1. YcraHoBuTE Ha NMPEAMETHBIN CTOJUMK MHUKPOUUIM( CTad Tak, 4TOOBI MJIOCKOCTh
nrga ObUIa pacrnoiokeHa NEPHeHIUKYISIPHO K ONITUYECKOW OCH 00BEKTA.
2. I'nsaist B OKyJIIp MUKPOCKOIIA, OIIPEAEIINTE MUKPOCTPYKTYPY CTaJIN.
3. Ilo wmwukpocTpykType (YBHIEHHOH B OKYJSIp MHKPOCKOIA) OIpPEAEIINTE
CTPYKTYPHBIN KJIACC CTAJIH.
4. 3anonHute Tadbnuiy 1:
4.1 B rpade Ne 3panumunTe XUMAYECKUH COCTAB CTaJIM, UCXO/S U3 €r0 MAPKUPOBKH.
4.2 B rpade Ned3zapucyiite MUKPOCTPYKTYPY CTaJIH.
4.3 B rpage Ne 5 HanummTe CTpyKTYpHBIN KJIacC CTaJH.
4.4. B rpade No 6 ykakuTe OCHOBHBIE CBOMCTBA CTalld ONPEACICHHOrO Kiacca,
BBIJIEJIUB XapaKTEPHbIE 0COOEHHOCTH

Tabnuua 1 - MukpocTpyKTypa cTaiu

Mapxka TepmooGpaboTka XI/IMI/IIIGCI;I/Iﬁ Muxkpoctpy | CTpyKTypHBIi OCHE)BHI)IG
cTaJIn cocras, % KTypa KJIACC CTaJIH CBOMCTBa
1 2 3 4 &) 6
45X Hopmainmsanus
45X 3aKajika ¢ BBICOKUM
OTIIYCKOM
P18 KoBka u oTxur
P18 3akanka u
TpEXKpaTHBII
OTIIYCK

12X18HOT | 3akanka B Bozie Ipu
t=1110°C - 1150
°C

40X13 3akajka B Macie
WJIM Ha BO3JyXe MpHU
t=1000 °C — 1050
°C

12X17 3akayika B BOJI€ MPHU
t=1100°C — 1150
°C

5. Cnenaiite BbIBOJI.

6. OTBETbTE HA KOHTPOJIbHBIE BOIPOCHI:

1) /151 9ero u3roTaBIMBaIOT JIETHPOBAHNUE CTATH?

2) Kakyro cTpyKTypy JOKHBI HMETh KOPPO3HOHHOCTOMKHE CTATU?

4) 151 9ero OBICTPOPEXKYIIME CTAIM JODKHBI MMETh BBICOKYIO TBEPHOCTH? Kakum
o0pa3oM OHa TIOCTUTAETCS?

7. Cnaiite 0T4ET MPEno1aBaTelo.

IIpakTH4yeckas padora Ne 5
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Tema: Pacuer npuimycka 1nojg MexaHu4ecKy o0padoTKy NOKOBKH.
Heans padotbl: GopMUPOBATH YMEHHS pacueTa MPUIIYCKOB IMOJ MEXAHHYECKYIO
00pabOTKy MMOKOBKH.
3apanme.PaccunTtaTh NPUIYCK MOJ MEXaHUYECKYI0 OOpa0OTKY IMOKOBKHM HIECTEPHS
U3 CTal (B COOTBETCTBUU CO CBOMM BapUaHTOM M3 TaOJUIHI 1).

Tabnuna 1 - BapuanTsl 3a1anuii

06o HoMep BapHaHTHI
WUcxoaunte l3ua
JaHHble ye-| 1| 2|1 3|4 |56]617|[8]9|]10;11 (121314
HHSA
Buyrpenuun
quamerp ety- | do (201354065140 [ 364214630135} 25)40;20)40
ITHIEI, MM
Bricora ey~ 1 6o 166 ] 70| 75 | 85 | 80 |110]140( 70 | 75 | 68 | 70 | 60 | 72
NUIbl, MM
HapyxabIl
quamerp ¢ry- | dy {3048 |50 |74 55 — | - [58[40 45|36 — | - |52
IIHUIILI, MM
Hapyxasii
auamerp mec- | do [ 42168160185 (65|90 |100{160) 60 {65 | 55|60 ) 10 ) 66
TePHU, MM
Tommuna t |40]42(65]58|60] | - [110{50 |55 44| - { - [ 60
dJaHIa, MM
O6pem geta- slalo|la|lm|nle|ls|o|lo|laiolels
i, o AR RN R SR R R R g
Macca pgera- wlolo|=|laje || 2| |w|w]|mx
A, KT Mgl Alatlel]l i mlA|mjc|c]|
=+ | <
I = = £ [ I I X é Tl e
~ £ L .
Mapxka cranu S XS SE R 28|55 Sl8 ST
Sl =X |x | 2|53 fg gﬁ
5] % — o - | =
ojlw o |ow ol |jolo|mja|ln|Flalees
o] [iee} [Tou] [Ye} W i o [Te) jim} Pig) [Teus - o)
g o O 2 I I B T T A S R R R
pyrma cranu M2IM1IIM2IM2IM2IM3 M1 {M2 | M2 M2|M1|M31M2}M3
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Pucynok 1 - Yeprex nokoskulllectepHns:
1 — crynumna; 2 — ¢umanerr; 3 — 3y0
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Teopernuyeckunii MaTepual

["opsiuas oObeMHas ITaMIIOBKA — TEXHOJIOTHYECKHI MPOIIECC U3TOTOBICHHSI TOKOBKH
B CIIELMATBHOM WHCTPYMEHTE-IITaMIIE IyTeM IIaCTUYECKOM AedopMaiiii HCX0THOM
3aroTOBKU (COPTOBOTO MpokaTa, Onmtoma uiu cisioa). OH COCTOUT U3 CIAEAYIOUIUX
OCHOBHBIX OIIE€pAIIHiA:

" pe3Ka MpoKaTa Ha MEpHbBIE 3arOTOBKU Ha MPECC — HOKHUIIAX

" HarpeB 3aroTOBKM B HAarpeBaTCNBHBIX TedYax JUIS  TOBBIIICHHS

TUTACTUIHOCTH

" OcajKa 3arOTOBKH

" [ITAaMIOBKAa B OTKPBITHIX IITAMIIax

= o0Ope3ka 0011051 M MPOIIKMBKA OTBEPCTHUS

" TepMOOOpadOTKa AJIA YIYUIICHHS pe3aHuEM

" OYHCTKA MOBEPXHOCTH OT OKAJIWHBI.

HaMeTKa
MOJ MPOIUHBKY

|
i
i
i
i
i
i

38roToBKAa 3aroToBKa ropaydas AeTaJlb
Imocjae OCajKH IIOKOBKA

Pucynox 2 - [Iporecc popmMupoBaHusi TOKOBKH

[TokoBka — wu3menue, MOJlydyaeMoe B IITaMIle, O KOHPUTYpAIlMu U pazMepam
OJIM3KOE K JeTalId; OTIUYAETCS OT He€ MPUITyCKaMH, YKIOHAMU Ha BEPTUKAIbHBIC
MOBEPXHOCTH IS CBOOOJHOTO W3BJICYCHHS TIOKOBKM M3 IITaMIma, a TaKxkKe
paguycaMd 3aKpyrJ€HusT [Ji1 YMEHBUIEHWS BHYTPEHHUX HANPSHKEHUN U
n30exaHuss BO3HUKHOBEHUS JedekToB. ['opsyas TOKOBKAa — TIOKOBKa IpHU
TeMIeparype ITaMrnoBKu. OTIWYaeTcs YBEJIMYEHUEM pPa3MEPOB 3a CYET
TEPMUYECKOTO paciiMpeHus cranu. [1o e€ pazmMepam Ienar0T pyybr MITAMIIA.

Xox pa6oTbI

1. BeimoaHUTE YepTEX MOKOBKH, B COOTBETCTBUH CO CBOMM BaPHUAHTOM.

2. B otuet BHecTH Tabnuily 1 ¢ TaHHBIMHU CBOETO BapraHTa

3. BBIMOMHUTE SCKU3 JIeTalld 10 pa3MepaM CBOETO BapuaHTa C YyKa3aHHEM
HIepOX0OBATOCTU NMOBEpXHOCTH. [loa 3cKM30M yKkazaTh 00BEM, Maccy, MacmTad u
Matepuan jetaid. B BeIOpaHHOM Maciitade CTporo coOJiroAaTh COOTHOIICHUS
MEXIY JTUHEHHBIMU pa3MEPaAMH.

4. Paccuutath ycunue npecca KI'LIIT

4.1¥Ycunue mpecca onpenenstor no macce nokoku. B coorBerctBun ¢ I'OCT
7505-89 macca M, kpyri0ii MOKOBKH OmpeesieTcs o Gopmyre:
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M=1,6m,

rIe M- Macca JieTaian, KT

4.2 U3 Tabmuiet 2 — JlanHbIe 115 BRIOOpa ycuius mpecca, P onpenenuts ycumue

rpecca JJisi CBO€ MOKOBKH
Tabmumws! 2 — Jlanusie U1 BeIOOpa ycuus mpecca, P

HomuranpHoe yeunne| a0 110000 | 16000 | 20000 | 25000 | 31500 [40000
npecca P, kH
Macca nmokoBkn M, kr{go 0,5| 0,5-2 2-3 3-8 8-12 | 12-20 |20-25

5. Paspaborarh uyepTex MOKOBKH.

5.1 BbiOpaTh MIOCKOCTh pa3béMa mTammna. s feraneid Tuma IIECTEPHU

Ha3HAYaroT Y2 BBICOTHI JIETAJIH.

5.2 Cormacao I'OCT 7505-89 mpu pacuere NpUITYyCKOB Ha MexoOpabOTKy
HeoOxoauMo onpenenuts rpynny cranu (M); crenenb cnoxnHoctu (C); kiacc
TouyHOCTH MOKOBOK (T).

a ds © (1]
1,6/ (d}, <ot
A
T i/ —_ /; - v yTIJTOCKOCTh
:é : %E A ApaszneMa
a8 1’6 (Eigw 2 d”
HE o . 2 -
T ”1]‘\ e
27’ 5 7’ = AR
% S i 3
Z |
E Ll k], 43\ o

Pucynok 3- [locrnenoBaTenbHOCTh pa3pabOTKH YepTekKa MOKOBKHU.

I'pynima M1 — a0 cTanu ¢ maccoBoi goseit yrieposaa a0 0,35% BKIFOYUTEIRHO,
JIETUPYIOMIMX 3JIEMEHTOB — 110 2,0% BKIIIOUUTENBHO; Tpynna M2 —
cooTBeTcTBEHHO cBbIlIe 0,35 10 0,65% C 1 nerupyromnmx 3J1eMeHTOB — CBbIIE 2,0
10 5,0%; rpynna M3 — cBsiie 0,65% yraepona u cBaiie 5,0% Aerupyrommx

DJICMCHTOB.
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Crenensb cnoxnoct nokoBkH (CI, C2, C3 u C4) onpeaensieTcss OTHOIIEHUEM €€
o0bema k 00beMy ¢urypst V¢, B KOTOPYIO BIHCHIBaeTCs (hopMa MOKOBKH:
C=Vn/Va.
rae Vo= 1,6* Vi
Vi - 06’[)2€M neraau (o Tabi. 1).
nds
Vo= -2 H,
rae d; — HapyXHbIA JuameTp mecTepHu, cM; H — BeicoTa cTynHIIbl, CM.
CreneHb CIIOXXKHOCTU TOKOBKH OyET:
— Cl1, ecimm otHOmIeHUE cBhIme 0,63;
— (C2 — ecnmm ono HaxoauTcs B npenenax 0,32- 0,63;
— C3 —ecmm V/V B mpeaenax 0,16-0,32;
— C4—Vn/V no 0,16 BKIIOUYUTEIBHO.
[Tpu mrrammnoBke Ha KI'IIT B OTKpBITHIX mITaMIax (00710MHas MITaMITOBKA)
MOJIY4Yar0T TOKOBKH CJIEAYIOIIEH TOUHOCTHU:

— T3 — nokoBka, Kpyruias B IJIaHE TUIIA IIecTepHU; (PakTopbl: M,

M2, CI, C2; marpeB HHAYKIMOHHBIN; IIPELYCMOTPEHA OCAIKa
HWCXOJTHOM 3arOTOBKH;

— T4 — nokoBka, KpyrJias B IJIaHE TUIIA IIecTepHs; GpakTopbl: M,

M2, C2, C3; HarpeB — B IJIAMEHHBIX I1€4Yax; MPEAyCMOTPEHA
0caJiKa 3arOTOBOK JJIsl YAAJI€HUSI OKAJIUHBIL;

— TS5 — nokoBka cii0kHOU (POPMBI BBIIABIMBAHUEM U3
TpyAHOIEPOPMHUPYEMOTO METAJIA; HATPEB — B IJIAMEHHBIX
revax.

5.3 OnpenenuTh UCXOIHBIN HHICKC IITaMIIa 1Mo Tadiumie 3

5.4 OnpenenuTh MPUITYCKU HA MEXAaHUUYECKYI0 00paboTKy 1o Tabnuiie 4.

C y4yeToM HOMHUHAJIBHBIX JIMHEHHBIX pa3sMEpoOB JETaii W IIEPOXOBATOCTH
MTOBEPXHOCTEH 10 Tabiuie 4 Ompeae/siioT OCHOBHBIC MPUITYCKH HAa MEXaHUYECKYIO
00paboTKy (Ha cTopony). [TomydaroT pa3smMepsl MOKOBKU (BCE pa3Mephbl C HHJICKCOM II:

do"m T.71.)

5.5 OnpenenuTh 1OMYyCKHU HA MOJyYEHHBIE pa3Mepbl HOKOBKHU U3 TaOJIUIIBI 5.

Hamnpumep: pazmep TonuiuHbl nokoBku H = 55, unaexc 2 B Tabnuie 5 B CTpoke
HaxoJAT UHTepBal pa3zmepoB 40-63, a B cTONOIE MHIEKC 2, HA MEPECCUCHUH JIMHUMN

onpenensroT oTkiaoHenue 0,5, T.e pa3Mep TONIIHMHBI TOKOBKU OyeT paBeH 55+23
PacueTHble 1aHHbIE HAHECTH Ha Ye€pPTEX MOKOBKU PUCYHOK 3(B, I)
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Tabmuna 3 — UcXoaHbIN HHAEKC ITaMIIa

I'pynna cf:;i%iin Kanace Tounocru ’% o

Macca nMoKoBKH, cTaIn IIOKOBKU TTOKOBKIU E 5

KT e o S‘? E
s=E= o888 |EE8EEE =
o 0,5 Braroy. 1
Cs. 0,5 1mol,0 2
Cs. 1,0 xo 1,8 3
Ce. 1,8 103,2 \ 4
Cs. 3,2 a0 5,6 \ 5
Cs. 5,6 10 10,0 \ \ 6
Cs. 10,0 10 20,0 \ \ 7
Cs. 20,0 10 50,0 \ \ \ 3
Cs. 50,0 150 125,0 \ 9
Cs. 125,0 mo 250,0 10
N \ —

12

NN T

NN —

Q \ 5

ITpumep: \ N\ i?

Macea IOKOBKH — 8,5 kr \ \

rpynmna caoKHOCTH — M2 18

cTelleHb CJIO0XMHOCTH —- 1 \ 19

KJaCcC TOUHOCTH MOKOoBKU — T4 20
HCXOJHBIU MHIEKC — I3 21

22
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Tabnuma 4 — [Ipunycku Ha MEXaHUYECKYIO 00pabOTKY

Ot [T'6,1°212'8l6° L1209l g ¥ Li8'cle 2|8 9lr'els9la a6 F[caolelerloc|iclipliclarlselltlierlveler
L'8|6°2|29iT'8/¥ LigcleL[g9 el 9|z 9le v ol eleFloc|Te|Tv|1c|L T 2e|sF|er|rellFigeloelag
U'glva|g8'eisrigolvelgglgol6v|a ol clerioc|te|T¥|1c|rw|Lel 2T |ev|relir|se|logigelceles|iz
¢'Li8°9|F'6ig8'9(g 9|6 Fiz olLeley[o e[ g w|Te[2¥% [t el v |ew|veliv|seloe|seleelasicsizelozloz
ggigglevigalLielarioeire|vr| g2 v elLTlev v e 1 v seog|se|celsc|celzelozleeios|bel6r
cojLgigrloei s Ty el v rela e R [P el w8 eloelselee|sT ee |z e|oc|ee|oelrzloel Lglzzlst
g sireltpiT e L el L viev v e[TF|8clog[selc ]9 celzelag|ec|oelveloeltalezirziezlozlot
rslawiselLy(e' vl 1vs'c|o'e[ggle g[8 z]eeleeloC e elvelve|oelrz|ec|relezlozicz|ezl6T o1
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5.5 PaccunTaTh HanmyCKH, YKJIOHBI
Ky3Heunble Hamycku MOTYT OBITH OOpa3oBaHbl Ha MOKOBKE MITAMIIOBOYHBIMU
HENMpoOMBaeMON TEPEMBIUKOW B YIUIYOJNEHUSIX W paguycaMu
3aKpyTJIeHUI BHYTPEHHHUX YTJIOB.
[ITamMnoBOYHBIE YKJIOHBI HE JOJDKHBI MPEBBIIIATh 3HAYCHHM, YCTAaHOBICHHBIX B
Ta671.6. Jlommyckaemble OTKIOHEHHS IITAMIIOBOYHBIX YKJIOHOB yCTaHABIMBAIOTCS B
npeaenax +0,25 uX HOMUHAJIbHOW BeTMYUHBI. HanecT Ha yepTex MOKOBKH pHC.3

YKIJIOHaMH,

(B, T).

Tabmuma 5 — Jlomyckd W JOMyCKaeMble OTKIOHEHHUS JIMHEWHBIX pa3MepoB
MIOKOBOK, MM

:E HaPI6OJIbU.Iaﬂ TOJUOIHHa& ITIOKOBKH, MM
- J3)
%l Mos0 [ 40-63 | 63100 | 100160 [ 160-250 | Casume 250
=
g é nuna, mIMpyHA, AUaMeTp, IJ1y6HUHA U BBICOTA IOKOBKY, MM
= Ilo 40 40-100 | 100-160 | 160-250 | 250-400 | 400-630 | 630-1000 |1000-1600 | 1600-2500
1 2 3 1 5 6 7 ] 9 10
0,2 0,3 0,3 0,4 0,5
0’3 i0,1 0’4 iO,l 0’5 tO,Z 0’6 tQ,Z 0’7 f0,2
0,3 +0,3 +0,4 0,5 0,6 0,7
2| 04 3F | 05 05 | 06 03 | 07 %% | 08 35 | 09
0,3 0,4 0,5 0,6 0,7 0,7 0,8
310595 | 0635 | 07 %3 |08 %509 57 1o %7 | 12 98
+0,4 +0,5 +0,6 +0,7 +0,7 +0,8 0,9
4 |06 55 | 07 03 {08 %% 109 | Lo DT |2 %8| 1a 00
+0,5 +0,6 +0,7 +0,7 +0,8 0,9 1,1 1,3
5107 Tgh | 08 Tpg | 09 Igs | 10 Tgg | L2 Tph L 14 Iy | L6 Tgp | 20 gy
+0,6 +0,7 +0,7 0,8 +0,9 +1,1 1,3 1,4 1,6
6 108 53109 1%L 1 10 0% |12 1Gh e 0| e thh | 20 5 |22 gt | 25 RS
0,7 +0,7 0,8 0,9 +1,1 1,3 1,4 1,6 1,8
7109 GF 1 1o (0h | L2 98 | ua 0% | e thh | 20 22 %h | o2s 8 | 28 18
0,7 +0,8 +0,9 +1,1 1,8 +1,4 1,6 1,8 +21
8 1,0 joy3 12 5 14 o L6 755 2,0 io,7 22 4 2,5 fo’g 2,8 f1,o 32
+0,8 +0,9 +1,1 +1,3 +1,4 +1,6 1,8 2,1 2,4
9 12 5y L4 5% 16 I 20 157 22 T8 | 25 Toe 2,8 jw 3,2 t1,1 3,6 jLZ
0,9 1,1 +1,3 1,4 1,6 1,8 2,1 2.4 2,7
100 14 708 | 16 TG | 20 5 | 22 tph | 25 hS | 28 %) 32 31| 36 R | 40 ‘2]
1,1 1,3 +1,4 +1,6 +1,8 2,1 +2,4 2,7 3,0
1] 16 “gh | 20 TGh | 22 hh | 25 tph | 28 % | 82 1| 36 2| 40 31| a5 39
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[Iponomxenne TabIUIBI 5

1 2 3 4 5 6 7 8 9 10

12| 20 g% | 22 G | 25 G | 28 Ty | 32 M | 36 5 | 40 g | 45 fig | 50 7
18 | 22 'G5 | 25 Tgo | 28 o | 32 M | 86 Ty | 40 5 | 45 15 | 50 7 | 86 g
14| 25 755 | 28 'yp | 82 N | 36 7 | 40 3F | 45 55 | 50 17 | 56 g | 63 i
15| 28 15 | 32 M | 36 3 | 40 E | 45 N5 | 50 7 | 86 90 [ 63 T3 | 71 TG
16| 2 1 | se i [ a0 % | 45 90 [ 50 33 [me 90 [es i | o [s0
17186 735 | 40 35| 45 53 | s0 33 ) ose ThE | 63 5] | Ta Y ) 80 5% | 90 !5
18| 40 2T 1 45 ) 50 B33 56 3 63 TET | 71 3 | 80 33 | 90 50 | 100 3%
19| 45 5 | 50 37 | 56 g | 63 131 | 7L 1yy | 80 57 | 90 I3 | 100 f3h | 110 15
20| 50 3% 156 | 63 37 | 1 7y [ 80 133 | 90 %5 | 100 137|110 IT5 120 59
21| 56 35 | 63 4% | 71 2L | 80 33 | 90 50 | 100 1§71 110 (TR 120 50 (180 5§
22 | 63 32 | 71 4T | 80 5% | 90 3% 100 5L |10 L5 | 120 5% (130 55 140 %%
23 | 71 4T | 80 5% | 90 750|100 3T 110 TE 1120 50 [ 180 55 1140 3% 160 G

Tabnuna 6 - [llTaMnoBoYHBIE YKIIOHBI

HItamMnoBoyHble VKJIOHLI, I'Pal
OGopynosanue HA HAPYKHOM HA BHYTPeHHeH
IIOBEPXHOCTH NOBEPXHOCTH
ITpecch! 6e3 BEITAJKKUBaTENEH 7 10
Ilpecchbl ¢ BRITAJKHBaATEEM 5 7

5.6 OnpenenuTh BO3MOKHOCTH MPOIITMBKHA OTBEPCTHSI.

ITo T'OCT 7505-89 otepctusi auamerpom menHee 30 mm u rayounoit (I') menee
0,8d"o.He mITaMITyIOTCS.

5.7 Paccumntath Ti1yOUHY TPOOMBAEMOTO OTBEPCTHS U pa3Mep MEPEMBIUKH.
[TepeMbluky (HaMeTKa IO MPOMIMBKY) MpoOuBaroT mpu ycinoBuu S< d% Eciu
pa3sMep TIEPEeMBIYKM HE YJOBIETBOpPSIET TPEOOBAHMSAM, TO €ro TMPOIINBAIOT
MEXaHHYECKHU.

5.8 YcTaHOBUTH MUHUMANIBHBIE PAJANYCHI I 3aKPYTJICHUS YIJIOB MOKOBOK 110 Ta0JIHIIE
7

Tabnuua 7 — MUHUMabHbIE pauyChl 3aKPYTJICHUS B PyUbsX ILITAMIIA

M T'nybuna noJsiocTy pydybsa HITAMIIA, MM
Acef TMOKOBIH, KT Ilo 10 BxJ. 10-25 25-50 | Cseime 50
Jlo 1,0 BKAHOUYHUTENBHO 1,0 1,6 2,0 3,0
Ceoimie 1,0 no 6,3 1,6 2,0 2,5 3,6
Ceprmte 6,3 jgo 16,0 2,0 2,5 3,0 4,0
Cepimie 16,0 go 40,0 2,5 3,0 4,0 5,0
Cerimre 40,0 gmo 100,0 3,0 4,0 5,0 7,0
Ceetmre 100,0 go 250,0 4,0 5,0 6,0 8,0




Pannyc 3akpyrieHus BHyTPEHHUX YTJIOB ONPEEISIeTCS U3 BhIpakeHus R=2,5r, MM u
okpyrisiercs 10 0,5 MM

6. OdopMUTH OTUET U CAATH MPENOABATEINIO.

IIpakTnyeckas padora Ne 6

Tema: HazHaueHne ONTUMAJIBHBIX PEKUMOB Pe3aHUSA

Heapb padotel: GopMUpoBaHHE YMEHUI Ha3HAYaTh ONITUMAJIBHBIE PEXKUMBI PE3aHMS
3HAHMA (AKTyaJIn3alus):
— TEXHOJIOTMYECKHE OIEpalny pe3anus, TY K UX BBIIIOJIHEHUIO
— BU/bI PEKUMOB PE3aHMUS;
yMeHHs:
- Ha3HA4aTh ONTUMAJIbHBIE PEXUMBI PE3aHUS;

3amanue: Ha BepTukaibHO- cBepiiniibHOM ctanke 2H 150 nmpousBoauTcst cBepiicHHE
otBepctus ¢ JI, MM, TiryOuHO#M L, MM B JIeTaiy, U3rOTOBIEHHON U3 cTan X,
TBEPAOCTH noBepxHoctu HB.
JlanHbIe 1711 CBOETrO BapuaHTa BbIOpaTh u3 Ta0nuisl 1. IlomydeHHbIi
pe3yJIbTaT pacuera BHECTH B Ta0uIty 14.

Tabmanma 1 - UcxonHble faHHBIE

Ne Bapuanta | Marepuan HB Bun I, MM L, mm
3arOTOBKH CBEpJICHUS
1 Cranp 15X 150 CkBO3HOE 20 30
2 Crans 40 160 ['myxoe 25 15
3 Cranp 30X 190 CkBO3HOE 25 35
4 Crans 45 202 ['myxoe 30 18
5 Cramp 38XA 240 CkBO3HOE 25 40

IMacnopTHbie nannblie ctanka 2H150: Haubonwsmmii nuamerp o6padaThiBaeMoro
OTBEPCTHUSA B 3aroToBKe U3 cTtainu — 50 mM. MomHocts aBuratens N,=7,5 kBT.
YacToTa BpanieHus mnuHaesns, oo/mun: 45; 63; 90; 125; 180; 250; 355;411; 500;
710; 1000; 1400; 2000. ITomaya, mm/06: 0,1; 0,14; 0,2; 0,28; 0.4; 0,56; 0,8; 1,12; 1,6,
MakcumanbHas oceBas CHIa pe3aHusl, JoImyckaecMass MeXaHM3MOM I10/1aur CTaHka, P
= 2,8 xr; KI1]] cranka 0,8

Xoa padoTbl

1. BeibpaTh THIT M MaTepuai cBepJa, U 3alucaTh MapKy CIUIaBa.
2. Paccuurats juinHy padbouero xonaa L MM, o opmyie (1)
I—p.x.= I—pe3.+y+ I—non (1) )
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I'ne Lpes- nmuHa pe3anus (U3 yCa0BHs 3a1a4H)

I—/:Lon' AOOIIOJIHUTCIIbHAA OJIMHA X0Jid, BbI3BAHHASA B OTACIIBHBIX CIIydasaXx

0COOCHHOCTSIMU HAJIQJKU M KOH(PUTYpalluu IE€TaH.
Y- JUTMHA TI0JIBO/IA, Bpe3aHus U nepedera HHCTPYMEHTa. 3HaueHHe Y BbIOpaTh

n3 Ta0aIuel 2.

Tabnuua 2 — JlnnHa noABoa Bpe3aHus U nepedera HHCTpyMEHTa

Onepanus

JlivHa nosiBoa, Bpe3aHus U nepedera y B MM. HHCTpyYMeHTa y quametpom D B

MM

2,5

6

10 16 20 25

32

40

Oo6paboTka
CKBO3HBIX
OTBEPCTUMU
CBEpJIAMU:

C HOpMmanbHOM
3aTOYKOMN

12

15

C nBoMHOMI
3aTOYKOU

15

18

CsepiieHue
[Ty XUX
OTBEPCTUH

4,5

11

14

3.Haznaunth momauy Ha 00OpOT HIMHMH/LISA CTaHKA S, B MM\0O.

a)  ompeelicHHE IMOJAaYH 10 HOPMATHBAM.
b)  ompenencHue oAUy MO MACIAPTY CTAHKA.
3.1ITpucBouTh rpyniy Moaauu UCXos U3 yCI0BUH 00pabOTKH (CM. TabIUIly

3).

Tabnuna 3 - ['pynna noxauu

Oneparus

YcnoBust 00paboTKH

I'pynna
OJAa4H

Csepnenue

CaepJeHre ObICTPOPEKYIIIMMH CBEPIIAMU C
TOYHOCTBIO HE BBIIIE 5-T0 KJacca

CaepiieHHEe OBICTPOPEXYIIMMHU CBEPIIAMHU C
TOYHOCTBIO HE BBIIIE 5-T0 KJacca IMpH
MOHMKEHHOM KECTKOCTH CUCTEMBI JI€TaNIb-
npucnocoOnenue. CBeprieHue
TBEPAOCIUIABHBIMU CBEPJIAMH C TOUHOCTBIO HE
BBIIIIE 5-TO KJlacca

CaepJeHue nepes 0IHOKPaTHBIM pa3-

BCPTHIBAHUCM HUJIK YU CTOBBIM 3CHKCPOBAHUCM.

CBepJieHre npu yCa0)KHEHHBIX YCIIOBHUSIX
paboThI (HAKJIIOHHBIE IOBEPXHOCTH, KKOCHIE
KaHaJbl U T.11.). CBepiieHne moj pe3boy.

3.2. BoiOpaTh nogavy Ha 000pOT HHCTpyMeHTa (Tadnuia 4).
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Tabnuna 4 - [Togadya Ha 060pOT UHCTPYMEHTA S,

Oneparust ['pynma So B MM\00 mipu 0OpadaTeiBacMoM auameTpe [ B M.

momau | 25 | 4 6 8 10 | 12 | 16 | 20 | 25 | 32

Caepnenue npu<3 | 0,04 0,08 0,12 0,16 | 0,22 0,28 0,32 0,4 |0,45|0,5
4-8 00300601 |014|0,18|0,22|0,28|0,32|0,36 | 0,4

Lpes\d <8 [, 0,03 0,06 |0,09]0,12|0,15|0,18 | 0,23|0,3 |0,32|0,35
0,02 |0,04|0,06 008|011 014|017 0,2 |0,22 | 0,25

[Mpumeuanue: Tabnuma nana ms craneit HB 229-270. [lns craneit HB< 229 mogauy ymHOXaTh Ha
1,3, a msg craneit HB>270 — Ha 0,8

3.3 [lonyudeHHbI€ pacyeTHBIE JaHHBIE Oa4YU HA 00OPOT IIMUH/IENS CPAaBHUTD
C MacCMOPTHBIMU. B ciydae npeBbIIICHUS] paCUETHBIX JJAHHBIX MACIOPTHBIX K
JNaJbHENIIEMY pacueTy NPUHATH JAHHBIC U3 MTACTIOPTa CTAHKA.

4. OnpeaenuTh CTOMKOCTh MHCTPYMEHTA MO0 HOpMaTuBaM Tp B MUHYTax
pe3aHusl.

CTOMKOCTB KaKJI0I0 U3 UHCTPYMEHTOB HAJIAJIKH, IO KOTOPOH BEIETCS pacyeT
CKOPOCTH pE3aHus,

Tp.=Tm.*A (2),

rae T™M. - CTOWKOCTh B MUHYTaX MallIMHHON pabOThI cTaHKa (CM. Tabiuiry 5).

A - K03hDUIIMEHT BpEeMEHH pe3aHus KaXXJ0r0 HHCTPYMEHTA, PaBHBIN
OTHOILIEHUIO JUIMHBI pe3aHusl Lpe;. 7TOr0 HHCTpyMEHTa K ITMHE pabouero xona Ly,

A= Lpes\ Lpx. (3)
B cnyuae, korma A>0,7, ero MOXKHO HE YUYUTHIBATh U TpuHUMATh Tp.=TMm.

Tabnuua 5 - CtoiikocTh TM. B MUHYTaX MalllMHHOW paOOThI

Haunb6omnpmmii TM. IpU KOJIMYECTBE MHCTPYMEHTOB B HAJIAJIKE

oOpabaThIBacMbIii 5m

nuametp /[ B MM 1 3 5 8 10 Souce
10 20 50 80 100 120 140
15 30 80 110 140 150 170
20 40 100 130 170 180 200
30 50 120 160 200 220 250
50 60 150 200 240 260 300

5. Paccuutath ckopocT pe3anus V B M\MUH. U 4ynciia 000pOTOB MITHUHAES N B
MUHYTY
5.10npenenuTh CKOPOCTH PE3aHUs 110 HOPMATUBAM:
V=V 6. *K1*K2*Kz  (4),
171€ V146:CKOPOCTb, B35ITasl U3 TAOJIHIIBI O,
Ki- koaddunment, 3aBucsuuii oT oopadaTeiBaeMoro marepuaia (cMm. Tadbiuiy 7)
K2-0T cToitkocT HHCTpyMeHTa (cM. TabuIty 8)
K3- OT oTHOMIEHUS ATUHBI pe3aHus K AuaMeTpy (cM. Tabmuiry 9)
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Tabnuma 6 - CkopocTb pe3aHueM Ve, IPU CBEPIICHUU

:O OO6pabaTbiBaeMblil IUAMETP B MM

MM\00. 2,5 4 8 10 12 16 20 25 32 40
J0 0,06 | 22 26 32 36 40 44

0,1 20 24 27 30 32 36 40 44 50 55
0,15 21 23 25 27 30 33 36 40 44
0,2 18 19 22 23 26 29 32 34 38
0,3 16 18 19 22 24 26 29 31
0,4 17 19 21 23 24 26
0,6 17 18 20 22
0,8 18

[Mpumeuanus: 1.J17ns HHCTPYMEHTOB U3 OBICTPOPEKYIINX CTAJICH TTOBBIIICHHON MPONU3BOAUTEIb-
HOCTH TaOJINYHbIE 3HAYEHUS] YMHOXXUTH Ha 1,2
2.J1ns1 cBepia ¢ TBOMHOM 3aTOYKON CKOPOCTH pe3aHusi MOoBhIIaTh Ha 15 %

Tabmuua 7 - Koappunuent Ky

Marepuan Mapka oOpabaTbIBaeMOii cTamu
MHCTPyMCHTA 25; 40; 45 15X; 30X; 38XA
HB
143 160 202 150 190 240

beicTpopesyrias 13 1,0 0,9 0,95 0,85 0,8
CTaJ-[B H H i) H H H
TBepblii criiaB 1,3 1,0 0,9 1,0 0,9 0,75
Ta6numna 8 - Koadgdunment Konms cBepina
Marepuan K2 ipu croiikoctu Tp B MUHYTaxX pe3aHusi
WHCTPYMEHTA Jo 15 30 60 100 150 200 300 400
BricTpopex. 1,5 1,25 1,15 1,0 0,9 0,8 0,7 0,6
CTaJIb
TBep bl criIaB 1,6 1,4 1,2 1,0 0,85 0,75 0,65 0,55
Ta6muma 9- Koagpunment Ks
OTHOIIIEHUE JUTUHBI Jlos 8 10
pe3aHust K JHaMETPy

Ks 1,0 0,8 0,7

5.2 Paccuutath uncio 060opoToB N 1o ¢opmyie (5)
n=1000V\nd (5)
5.3 YTouHeHue yrciia 000pOTOB MIMTUHICIS 110 TTACIIOPTY CTaHKa: B CIydae
PacXOXICHUS JaHHBIX TPHUHSTH MACTIOPTHOE 3HAYCHHE YMCiIa 00OPOTOB IIIITHHISTIS
OJKaiee K pacueTHOMY.
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5.4 YTouHEHHE CKOPOCTH PE3aHUs MO MPUHITOMY YUCITY OOOPOTOB IIMUHEIS

o ¢opmye (6):
V=ndn\1000 (6)

6. PaccuntaTh OCHOBHOE MaltuHHOE BpeMs 00paboTku 1y, B MUH 110 hopmyJie

(7)

(7).
tw=Lpx\ NS,
rie Ly x— anmHa pabouero xoaa
N, So- MpUHSATAs M0/1a4a U YUCIO OOOPOTOB IITUHIEIS
7. IIpoBEpOYHBIE PACUETHI.
7.1 Onpenenuthb oceByro cuity pe3anusi P, B kI’ mo HopmaTruBam B

COOTBETCTBHH C hopmyJioH (8):
P o:PTa6n-Kp (8)1

rae Pragy OCEBas cuiia pe3aHusi pu cBepieHuu (cM. Tadmuity 10).
K,- ko3¢ punment, 3aBucanmii or 00padaTsiBaéMOro Marepuana (CM. TadJIuLy
11).

Tabmuua 10 - Ocesast cuna pe3anust Prys, B KT IPU CBEPIICHUH CTAIU

O(Ep abathiBacM ITomaua S, B MM\0O
bIid uamMeTp /I
B MM 0,06 01 | 0,14 | 0,16 0,2 0,3 0,4 0,5 0,6 0,8
2,5 30
3 40
4 50 70
6 75 110 | 135 | 150
8 100 145 180 |200 | 235
10 125 180 [225 |250 |290 390
12 150 215 [ 270 | 300 | 350 465
16 200 280 | 365 |400 |470 620 750
20 250 360 |450 |500 |580 770 950 | 1100
25 314 450 |560 |620 | 730 970 1180 | 1370 | 1570
32 400 570 | 725 |800 |920 1240 1510 | 1770 | 2000 | 2450
Tabmuma 11 - Koadpdpumment K,
O0OpabaTbiBaeMbIi MaTepHal HB Kp
Jlo 156 0,75
143-207 0,9
170-229 1,0
Cranb 207-269 1,1
269-302 1,25
285-321 1,3
321-375 1,45

7.2 Onpenenuts MOITHOCTD pe3anus Nye; B KBT 1o HopmaTuBam.
MomutnocTts pe3anust Npe; IpU CBEpiIEHUH paccuuTath o gpopmyse (9):

Npeg=NT36H.KN*n\1OOO (9),

r71€ Ny~ MOIITHOCTB pe3anus mo Tabmure 12
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Kn- koo dunment, 3apucsimuii ot oOpadbateiBaeMoro Matepuana (cM. Tadauiy 13).
N- IPUHATOE YUCIIO 0OOPOTOB MHCTPYMEHTA B MUHYTY.

Tabnuna 12 - 3naueHue Ny, TPU CBEPICHUU CTATIN

Obpabars1sacmsiii Nrags. IpH TIOAYE So B MM\0OO
nuameTp [ B Mmm
0,06 |01 0,14 |0,16 |0,2 0,3 0,4 0,5 0,6 0,8
3 0,03
4 0,06 | 0,09
6 0,13 | 02 0,25 | 0,29
8 0,22 (035 (045 (052 |06
10 0,35 | 055 |0,7 0,8 0,94
12 05 0,8 1 1,2 1,4 1,9
16 0,9 1,4 1,8 2,1 2,4 3,4 4,3
20 1,4 2,2 2,8 3,2 3,8 5,3 6,7 8
25 2,2 3,5 4,4 5,0 5,9 8,3 105 12,4 | 144
32 3,6 57 7,4 8,2 9,9 13,5 | 17,2 |205 |24 30
Ta6muna 13 - Koadpdumment Ky
OOpabaTpIBaeMbIii MaTEpHa HB Kn
Jlo 156 0,75
143-207 0,9
207-229 1.0
Crans 207-269 1,1
269-302 1,25
285-321 1,3
321-375 1,45

7.31IpoBepUTh OCEBYIO CUITY PE3AHUSA MO JOMYCTUMOMY YCUJIMIO TTOAAYU
CTaHKa ¥ MOIIHOCTH PE3aHus MO MOIIHOCTH JIBUTATENsl B COOTBETCTBUU C (pOPMYIION

(10).

Npe3o< 1,2Nn  (10)
Tabnuua 14 - [TapameTpbl peKUMOB PE3aHUS
Huamerp | Mapka Mapka Croiikoc | Ckopocts | Yncno Mammn | OceBas
u rnyOuHa | oOpabarTbiBa | crijiaBa Th pe3anus 000poTOB | HOE cuiia
OTBEPCTHUS | EMOTO cBepia uHCTpyM | V, M\MHH | mmuHAENS | BpeMs pe3aHus
, MM Mareprana enta Tp, CTaHkKa n, tw, Mua | PokI’

MUH 00\MuH

8.0TBeTHTE HA KOHTPOJIHHBIE BOIIPOCHI.
9. Cnenatb BBIBOJ O TIPOJICTIaHHOM padoTe
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10. OpopMuTb OTUET U CAATH MPENOIABATEINIO.

KOHTpOJIl)HbIe BOIIPOCHI:

1.

2.
3.

Kakue ocHOBHbBIE TPUHITUIIBI JIETJIA B OCHOBY KJacCU(UKAIIMKU CTAIN IS
PEXKYIIUX UHCTPYMEHTOB?

N3 xakux OCHOBHBIX 3JIEMEHTOB COCTOUT CBEPJIO?

Kakoe Ha3HaueHue KakJa0ro 3JieMeHTa cBepa’?

Jlureparypa

OcHosHble UCMOYHUKU:

Crykanos, B. A. MarepuanoBenenue : yueoHoe nocooue / B.A. CtykaHoB. —
MockBa : ®OPYM : HNH®DPA-M, 2022. — 368 c¢. — (Cpennee
npodeccuonanmbHoe obOpazoBanme). - ISBN 978-5-8199-0711-5. - Tekcrt:
anekTpoHHbI. - URL: https://znanium.com/catalog/product/1794455 (nata
obOpamenust: 13.02.2022). — Pexxum focTyna: 1mo NoAMKUCKe.

MocecoB M. /1. OCHOBBI METAJUTOBEICHHS M CBAPKH [ DJIEKTPOHHBIN peCypc]:
yueOHuk MocecoB M. JI. - : UHOPA-M, 2021 - 158c. - (bakanaBpuar)

HaBpioB,C.B. MarepuanoBeieHre U TEXHOJIOTHUS KOHCTPYKIIMOHHBIX
Marepuaiion: yueoHoe nocooue/ C.B. JlaBeinos, P.A. bormanos. - MockBa;

Bonorna: Uadpa-Umxenepns,2020.-256¢.:mm.-ISBN 978-5-9729-0416-7.
TekcT: HemocpenCTBEHHbBIN

JlononHumenbuvle UCOYHUKIL.

4.

INabpuensa, O. C. Xumus g npodeccuit U cneruaibHOCTEH TEXHUYECKOTO
npodwrs : yueonuk / O. C. T'abpuensn, U. I'. Octpoymos. - 9-e uzn., crep. -
M. : Akamemus, 2020. - 256 c.- URL.: https://academia-moscow.ru/reader/?id=
45408 (mara oOpamenus: 24.01.22).-ISBN 978-5-4468-9404-8.-Tekcr:
3JIEKTPOHHBIN

INabpuensn, O. C. XuMus : TECThI, 3a7]a4l U yIpaxHeHus : yueo. mocodue / O.
C. I'abpuensn, I'. I'. JIpicoBa. - 8-e u3x., crep. - M. : Axkanemus, 2020. - 336 c.
. mn. - (IIpodeccuonansioe o6OpasoBanme).- URL: https://academia-
moscow.ru/reader/?1d=45703 (mara oopamenus: 24.01.22).-ISBN 978-5-4468-
9238-9.-TekcT: 2neKTPOHHBIN
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AuarpaMma COCTOSHUA Xeneso - UEMEeHTUT
A- ayctenurt, N - nepnut, N1 - neaebyput, ® - depput, U - UEMEHTUT

Pucynok 1 - Jluarpamma xene3o — HEMEHTHUT
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[Ipunoxenue b

MunuctepcTBo 00pazoBanus U Hayku YensOMHCKOM 001acTu
FOCYI[apCTBeHHOC 6IOH>K6THOC HpO(bCCCI/IOHaIILHOG 06p330BaTGJILHO€ YUpPCKACHUC
«HOxKHO-Y pajbCKNil TOCYIAPCTBEHHBbIH TEXHUYECKUI KOJLJIEIN))

OTYET

11O BBIITOJIHCHHUIO J1a60paT0pHo - IPAKTHYCCKHUX pa60T
I10 yqe6H0ﬁ JUCTUITIINHC «MaTepI/IaJ'IOBeI[eHI/Ie»

BBIITOJIHNUII

rpyImnmna

POBEPUIT

Yensounck, 2023
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[Ipunoxenune B

HEPEYEHDB JJABOPATOPHBIX U IPAKTUYECKUX PABOT

Ne HanmenoBanue padoTsl Oo0nem | Onenka | IMoanmuch
TeMbl (uac)

Tema Jlabopamopnas pabomal IlpuroroBieHue

1.2 CyCIeH3UH KapOoHaTa KaJbIKs B BOJIC. 2
O3HaKOMJICHHE CO CBOWCTBAMH JUCIIEPCHBIX CHCTEM.

Tema Jlabopamopuas paboma?. ViccienmoBanue cocTaBa u

1.2 CrOCO0OB pa3ieieHus: cMecel (OTcTauBaHue, 2
(bUIBbTpOBaHUE, BHIMTIAPUBAHUE).

Tema Jlabopamopnas paboma3. IlpurotoBiieHHe pacTBOpa 2

1.3 3aJIaHHOW KOHIICHTPAIIUU

Tema Jlabopamopnas paboma4. ViccnenoBanue CBONCTB 2

1.4 KHCJIOT, OCHOBAHHI1, COJICHA.

Tema Jlabopamopuas pabomal. IlpoBeneHue peakiui 2

1.5 HMOHHOI0 0OMEHa.

Tema Jlabopamopuas paboma6. ViccienoBanue CBOWCTB 2

1.6 METaJUIOB U UX COCJIMHEHUM

Tema Jlabopamopuas paboma?7. IlpoBenenue 5

1.6 OKHCIIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKINN

Tema Jlabopamopuas paboma8. Pemenue

1.6 IKCTIIEPUMEHTAIIbHBIX 33714 Ha UJEHTU(DUKAINIO 4
HEOPraHMYECKUX COEMHEHUN

Tema Jlabopamopuas paboma9. Onpenenenue TBEPAOCTH 2

2.2.1 METaJUIOB 1o MeToauke bpunenns u Poksemna

Tema Jlabopamopnas pabomal(). Onipenenenue yaapHoi 2

2.2.1 BSI3KOCTHU CTaJIN

Tema Jlabopamopnas pabomal 1. icnpiTanne oOpasia Ha 2

2.2.1 pacTsbKeHue

Tema Jlabopamopnas pabomal?2. ViccnenoBanue

2.2.3 MUKPOCTPYKTYPBI KEJIe30yTIePOAUCTHIX CIIaBOB B 2
PaBHOBECHOM COCTOSIHUH

Tema Ilpakmuueckas pabomal. VccnenoBanue

2.2.3 JyarpamMMbl COCTOSTHUS JKEJI€30YTIIEPOJUCTBIX 4
crtaBoB Fe-Fe3C.

Tema Jlabopamopnas pabomal3. llpoBefeHre 3aKaNKU U

2.25 OTITyCKa CTaJIbHBIX 00Pa310B C UCIIBITAHUEM 2
TBEPJIOCTU

Tema Jlabopamopnas pabomal4. UccnenoBanue

2.25 MUKPOCTPYKTYpBI CTaJIeH NOCIE TEPMUUIECKON 1 4
XHUMHKO-TEPMHUECKON 00pabOTKHI

Tema IIpakmuyeckasn paboma2. Be16op pexxuma 3aKaiku 2

2.25 CTaJILHOM JEeTaIN

Tema Ilpakmuueckas paboma3.Bp100p pexuma OTITyCKa

2.25 3aKaJICHHOH JIeTalli B 3aBUCUMOCTH OT TpeOyeMoit 2
TBEPAOCTH

Tema Jlabopamopnas pabomal5. VccnenoBanue 4

2.3.2 MHUKPOCTPYKTYPHI YyTYHOB
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Tema IIpakmuyeckasn paboma4.Be160p pexxuma

2.3.2 TepMOOOPAOOTKH YyTYHHON OTJIMBKHU

Tema Jlabopamopnas pabomal6. ViccnenoBanue

2.3.4 MUKPOCTPYKTYPHI IIBETHBIX METAJIJIOB M CIJIABOB
Tema Jlabopamopnas pabomal7. ccnenoBanue

2.3.5 MHUKPOCTPYKTYPHI M CBOMCTB JISTHPOBAHHBIX CTaJICH
Tema Ipaxmuueckas pabomal.Pacder npUIrycka 1o
2.6.2 MEXaHUYECKYI0 00pabOTKy NOKOBKH

Tema Ilpakmuueckas paboma6.HazHaueHue

2.6.3 ONTUMAJIbHBIX PEXKUMOB PE3AaHUS
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[Tpunoxenue I
Tpebosanus Kk cooepircanuro u oghopmieHuto omuema
1. CTpykTypa oT4eTa T0JKHA COACPHKATH:
- Temy nmpakTudeckoi paboThI (Ha3BaHUE).
- llens npakTUueckoit paboThI.
- XoJ1 paboTHI.
- BeiBosI.
- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHL.

1. OTueT mo/mkeH ObITh oopmiteHHa Jucte popmaTta A4 B mporpamme Word, IIpudr
TimesNewRoman, kerib 14, MEKCTpOYHBIN HHTEpBa 1,5.
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