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npOrpaMMa CCPOpMl1pOBaHa Ha OCHOBe cpenepaJIhHOrO rocynapCTBeHllOrO CTaHnapTa BhIcwero 

06pa30BaHI15l no nporpaMMe Mafl1CTpaTyphI: 

22.04.02 «MeTaJIJlYPfl15l», npocpl1Jlb nporpaMMbI Mafl1CTpaTypbI «MeTaJIJlOBeneHl1e l1 TeXHOJlOfl15l 

TepMwlecKoH o6pa6oTKl1 CTaJJl1 l1 BbICOKOnpOYHbIX CnJlaBOB» 

COCTaBI1TeJll1 : 

3aBenYIOIlll1H KacpenpoH «MeTaJJJlOBeneHl1e, TepMl1yeCKa5l 11 Jla3epHa5l o6pa6oTKa MeTaJJJlOB» 

npocpeccop, n-p TeXH. HaYK, CI1MOHOB ID.H.; 

npocpeccop no Kacpenpe «MeTaJJJlOBeneHl1e, TepMl1yeCKa5l 11 Jla3epHa51 o6pa6oTKa MeTaJJJlOB», 

n-p TeXH . HaYK, WauoB AA; 

npocpeccop no Ka(penpe «MeTaJIJlOBeneHl1e, TepMl1yeCKa5I 11 Jla3epHa51 o6pa6oTKa MeTaJJJlOB», 

KaHn. TeXH. HaYK, l1BaHoB AC; 

noueHT no Kacpenpe «MeTaJJJlOBeneHl1e, TepMl1yeCKa5l 11 Jla3epHa51 o6pa6oTKa MeTaJJJlOB», 

KaHn. TeXH. HaYK, CI1JlI1Ha O.B.; 

noueHT no Kacpenpe «MeTaJJJlOBeneHl1e, TepMl1yeCKa5I 11 Jla3epHa5I o6pa6oTKa MeTaJJJlOB», 

KaHn. TeXH. HaYK, HeKpaCOBa T.B.; 

noueHT no Kacpenpe «MeTaJJJlOBeneHl1e, TepMl1yeCKa5l 11 Jla3epHa5l o6pa6oTKa MeTaJJJ10B», 

KaHn. TeXH. HaYK, 3aKl1pOBa M.f.; 

noueHT no Kacpenpe «MeTaJJJlOBeneHl1e, TepMl1yeCKa5l 11 Jla3epHa5l o6pa6oTKa MeTaJJJlOB», 

KaHn. TeXH. HaYK, KaMeHCKI1X An.; 

noueHT no Kacpenpe «MeTaJJJlOBeneHl1e, TepMl1yeCKa5l 11 Jla3epHa5I o6pa6oTKa MeTaJJJlOB», 

KaHn. TeXH. HaYK, naHOB .IJ:.O.; 
BenYllll1H I1H)!(eHep KacpenpbI «MeTaJJJlOBeneHl1e, TepMl1yeCKa5l 11 Jla3epHa5l o6pa6oTKa 

MeTaJJJlOB», KaHn. TeXH. HaYK. fpe6eHbKOB C.K. 
(.JO,l)KHOCTb. Y'leHa~ CTeneH b. <llaM ,L~ ,,~ . ,I. 0.) 

npOrpaMMa paCCMOTpeHa 11 peKOMeHnOBaHa K 113naHl1lO MeTOnl1yeCKI1M CeMI1HapOM KacpenpbI 

«MeTaJJJ10BeneHl1e, TepMl1yeCKa51 11 Jla3epHa5l o6pa6oTKa MeTaJIJlOB», 

npOTOKOJl N2 18 OT «Ql» MapTa 2017 r. 
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1. )lHcUHnJU:lHbl, BKJU01.feHHble B nporpaMMy BcryllHTeJIbHblX HCllblTaHHH B acnHpaHrypy: 

1.1. Teopl151 TepMl1"4eCKOH o6pa6oTKl1 MeTaJIllOB 

1.2. MexaHWleCKl1C cBoHCTBa MeTaJIllOB. cD11311Ka 11 MeXaHI1Ka np04HOCTl1 11 pa3pyweHI151. 

1.3. PeHTreHorpacjm51 MeTaJIllOB 

lA. OpraH113aUl151 11 MaTeMaTI14eCKOe nJIaHl1pOBaHl1e 

1.5 . MaTepl1aJIOBe.lleHl1e 11 TeXHOJIOml1 KOHCTpYKU110HHbIX MaTepl1aJIOB 

1.6. cDI1311Ka MeTaJIllOB. 

1.7. 3JIeKTpOHHa5I MI1KpOCKOnl15!. 

2. CO.llepJKaHHe Y1.feOHbIX .llHCUHIlJIHH 

2.1. TeopHH TepMH1.feCKOH o6pa6oTKH MeTaJIJIOB. 

3aKoHoMepHOCTl1 <pa30BbIX npeBpaweHl1H B TBep.llOM COCT05lHI111. 

06pa30BaHl1e aYCTeHl1Ta npl1 HarpeBe CTaJIeH: TepMO.lll1HaMI1Ka, Kl1HeTI1Ka, MeXaH113M. 

CBOHCTBa aYCTeHl1Ta. 

DepJIl1THOe npeBpaweHl1e B CTaJI5IX: TepMO.llI1HaMI1Ka, Kl1HeTl1Ka, MeXaHI13M. Blll15!Hl1e 

YCllOBI1H OXlla)f(.lleHl151 Ha neplll1THOe npeBpaweHl1e. CBoHCTBa <peppI1TO-ueMeHTl1THbIX CMeceH. 

Yl30TepM114eCKl1e, TepMOKl1HeT114eCKI1e 11 CCT-.lll1arpaMMbI pacna.lla nepeOXllmK.lleHHOrO 

aycTeHl1Ta: Ha3Ha4eHl1e, nOCTpOeHl1e 11 l1CnOllb30BaHl1e .lll1arpaMM. 

EeHHl1T B CTaJI5IX: 3aKoHoMepHOCTI1 06pa30BaHl151, CTpOeHl1e, cBoHCTBa. 

MapTeHCl1T B CTaJI5IX: 3aKoHoMepHOCTl1 06pa30BaHI15!, CTpOeHl1e, CBOHCTBa. 

OCTaT04HbIH aYCTeHl1T B 3aKaJIeHHOH CTaJIl1: np11411HbI 06pa30BaHI151, Blll151Hl1e Ha CBOHCTBa. 

Cnoc06bI YMeHbWeHl151 KOll114eCTBa OCTaT04Horo aYCTeHI1Ta. 

OmycK CTaJIeH: CTPYKTypHble npeBpaWeHI151, Bl1.llbI 11 Ha3Ha4eHl1e omycKa. Blll151Hl1e 

JIempYlOWl1X 3lleMeHTOB Ha npeBpaweHl15! , npol1cxo.ll5lWI1e npl1 oTnycKe. Yl3MeHeHl1e CBOHCTB npl1 

oTnycKe B ymep0.lll1CTbIX 11 JIempOBaHHblx CTaJI5IX. 

Bl1.llbI, Ha3Ha4eHl1e 11 napaMeTpbI TepM114eCKOH 06pa60TKl1 CTaJIeH. 

Uelll1, Bl1.llbI 11 TeXHOJIOm5! ueMeHTaUl1l1. KOHTPOllb napaMeTpoB npouecca 11 Ka4eCTBa 

ueMeHTOBaHHblX ClloeB. 

Uelll1, Pa3HOBl1.llHOCTl1 11 TeXHOllOm5! a30Tl1pOBaHl15!. KOHTPOllb napaMeTpoB npouecca 11 

Ka4eCTBa a30Tl1pOBaHHblx ClloeB. 

2.2. MeXaHH1.feCKHe CBOHCTBa MeTaJIJIOB. <I>H3HKa H MexaHHKa np01.fHOCTH H 

pa3pyrneHHH. 

YnpyrocTb MeTaJIllOB. DOH5ITl1e 06 ynpyroH .lle<p0pMaUl1l1. Ynpyme KOHCTaHTbI 11 CB5I3b 

Me)f(.llY Hl1Ml1. 

OCHoBHble MeXaH113MbI ynp04HeHl151 CTaJIeH 11 cnllaBOB. CpaBHl1TellbHbIH aHaJI113 

3<p<peKTl1BHOCTl1 .lleHCTBl151 pa3ll114HbIX MeXaH113MOB ynp04HeHl151 B KOHCTPYKU110HHbIX cnllaBax Ha 

OCHOBe )f(elle3a. 

Pa3ll114115! nO.llXO.llOB <p11311Kl1 11 MeXaHI1KI1 K np06JIeMe pa3pyweHl15!. KJIaCCl1<pI1KaUl151 BI1.ll0B 

pa3pyweHl151. TeKY4ecTb 11 Ml1KpOTeKY4eCTb B nOlll1Kpl1CTaJIllax. Cy6MI1KpoTpeWI1HbL I1X 

3apO)f(.lleHl1e 11 pa3MepbI. COnpOTl1BJIeHl1e Ml1KPOCKOllY, R MC, KaK CTPYKTYPHbIH Kpl1Tepl1H 

xpynKoro pa3pyweHl151 Ha npe.llelle TeKYlJ:eCTl1. MeTO.llbI Onpe.llelleHI151 RMc. 

CTpYKTypa CTaJIeH 11 COnpOTl1BJIeHl1e Ml1KPOCKOJIY. CTPYKTypHO-Cl1ll0Bble .lll1arpaMMbI 

pa3pyweHl151. Blll151Hl1e Pa3lll1lJ:HbIX Tl1nOB CTpyKTyp Ha R MC : pa3Mep 3epHa <peppI1Ta; nJIaCTl1H 

TpeTl1lJ:HOrO ueMeHTl1Ta, R MC CTaJIeH 3BTeKT0l1.llHOrO COCTaBa; RMc CTaJIeH C m06yll5lpHbIM 

ueMeHTl1TOM. R MC CTaJIeH co CTPYKTYPOH MapTeHCI1Ta 11 6eHHI1Ta. RMc CTaJIeH co CMewaHHOH 

<p eppl1TO-neplll1THOH 11 <pePPl1TO-MapTeHCl1THOH CTPYKTYPOH . 

TpeWl1Ha B KOHCTPYKUI1I1. Hanp5l)KeHl15! npl1 BepWI1He TpeWl1Hbl. Kpl1Tepl1l1 llOKaJIbHOrO 

pa3pyweHl151. DllaCTI14eCKa5! 30Ha npl1 BepWl1He TpeWl1HbJ. 3aKoHoMepHocTI1 pacnpocTpaHeHl15! 

TpeWl1H. COnpOTl1BlleHl1e pacnpoCTpaHeHl1fO TpeWl1H, R-Kpl1Bble. ,L(l1arpaMMbI pa3pyweHI15! npl1 



O).lHOKpaTHOM CTaTH4eCKOM HarpY)KeHHH, B UHKllH4eCKoro H ).lllHTellhHOrO 

CTaTH4eCKoro 

TIoWITHe 0 (TIHC) 11 nllOCKO).lecpOpMHpOBaHHOM COCT05!HH5!X. 

OueHKa TpeLUI1HOCTOHKOCTH npH TIHC 11 TIllC. 

OT B5I3KorO p33pyweHI15! 	K xpynKoMy. BJIH5IHHe BHeWHHX H cpaKTOpOB 

I1ocpcpe. CKllOHHOCTH MeTMllOB K xpynKoMy 

y).lapHOH B5!3KOCTH H 

xpynKoCTH. Onpe).lelleHHe Kpl1TH4eCKOH 

CTPYKTypHOrO COCT05!HI15! Ha y).lapHyIO B5!3KOCTh H KpHTH4eCKYIO xpynKoCTH. 

MeTMJIOB, BH).lhI YCTMOCTH. npe).lella BbIHOCllHBOCTH. CTa).lHl1 

YCTMOCTHorO 11 OC06eHHOCTH YCTMOCTHbIX H3ll0MOB. BllH5!Hl1e CTpyKTYPbI 

Ha BellWIHHY BbIHOCllHBOCTH. 3aKOHOMepHOCTH llHarpaMMhI 

Ul1Klll14eCKOH Blll151HHe CTpYKTypHOrO COCT05!HH5! Ha 

COnpOTHBlleHH5! POCTy YCTMOCTHbIX TpelUHH. 

KOHcTpYKuHoHHa5l TIoH5!THe 0 KOHCTpYKUHOHHOH llHarpaMMbl H 

nyTH nOBhIWeHH5I KOHCTPYKUHOHHOH 

2.3. PeHTreHorpaqJHH MeTaJIJIOB. 
n pHpO).la, cneKTphl. 

I1HTepcpepeHuH5I peHTreHoBcKHX llY4eH. YpaBHeHHe 

MeTO).lbl peHTreHocTpYKTypHoro aHM113a. MeTO).l nopOWKa. 

peHTreHorpaMM. Onpe).lelleHHe THna 	 peweTKH. 

OUK, 
aHMH3. 

aHMH3. MeTO).l rpa).lYHpOB04HOH KpHBOH. 

rOMOllOrH4eCKHX nap. 

KOllWICCTBCHHblH pCHTreHocTpYKTypHbIH aHMH3 MHorocp33HbIX KOMn03I1UHH. 

aHMH3 3aKlleeHHoH CTMH. 

OCTaT04Horo 

BllH5IIOlUHC Ha llHHHH. 

MHKpOHanpJDKeHHH H pa3MepOB MeTO).lOM annpOKcHMaUHH. 

MaKpOHanp5!>KeHHH peHTreHoBcKHMH MeTO).laMH. 

OpraHluaUHSI H MaTeMaTH4eCKoe nJIaHHpOBaHHe. 
H H).leMbHOe MO).lellHpOBaHHe. a).leKBaTHOCTb H 

nOTeHUHaTIbHOCTb MO).lelleH. H H).leaTIbHOe MO).lellHpOBaHl1e. <DH3114eCKHe H 

aHMorOBble MO).lellH. 

CpaBHI1TellbHa5! xapaKTepHcTHKa 

MO).leJIH <1>H3H4eCKHx 

MO).lellb. KllacCHcpHKaUI15! MaTeMaTH4eCKHX OCHoBHble :nanbl 

nOCTaHOBKa 3a).la4H. nocTpoeHHe MO).lellH H ee a).leKBaTHocTH. 

MO).lellH 3KCnepI1MeHT), aHMH3 

npaKTH4ecKHx peKOMeH).laUHH. 

xapaKTepHCTHKH BellH4HH. Onpe).lelleHHe 

pacnpe).leneHH5!. llHcnepcHOHHbIH aHMH3 

OllaHHpOBaHHe H aHaTIH3. 

MaTeMaTHLleCKoro O>KH).laHH5! HOPMMbHO paCnpe).lelleHHOH CJlY4aHHOH Belll14l1Hbl. 

HaHTH B03MO>KHbIH BepXHHH CO).lep}KaHH5I KOMnOHeHTa F no 

aH3J1H3a 100 Kr rOTOBoro (F%): 0.18,0.12,0.1 0.15.lloBepHTellbHa5l 
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.lloBepHTenbHbIH HHTepBaJI H .llOBepHTenbHa5! Bep05!THOCTb. OpHMep. Cpe.llH5!5! TeMnepaTypa 

neYH, nonyqeHHa5! no 4 He3aBHCHMbIM H3MepeHH5!M OnTHyeCKHM nHpoMeTpoM, 2250 °C. OUIH6Ka 

npH TaKOM MeTO.lle H3MepeHI1H 10°C. HaHTI1 C Bep05!THOCTblO 95 % .llOBepl1TenbHble rpaHHubI 

BHyTpH KOTOPbIX ne)l(HT I1CTHHHoe 3HayeHI1e H3Mep5!eMOH BenHYHHbI. 

OonHbIH cpaKTOpHbIH 3KcnepHMeHT. ,Z:(p06Hble pennHKI1. 

OnTI1MI13aUI15! MeTO.llOM KpYToro BOCXO)l(.lleHH5! no nOBepXHOCTI1 OTKnI1Ka. 

CxeMa OnTI1MI13aUl111 npoueccoB C .llByM5! napaMeTpaMI1 BblXO.lla. 

OpoBepKa mnOTe3bI CTaTHCTl1yeCKOH 3HaYHMOCTI1 pa3nHYI15! Me)l(.llY pe3ynbTaTaMI1 

He3aBI1CI1MbIX I1cnbITaHI1H. Ilpl1Mep. CnnaB .llOJ1)KeH COllep)I<aTb He MeHee 99 % OCHOBHoro 

KOMnOHeHTa. Tpe6yeTC5! npoBepHTb rHnoTe3Y 0 CTaTI1CTHyeCKOH 3HaYI1MOCTI1 Me)l(llY 

nacnopTHbIMI1 llaHHbIMI1 H pe3ynbTaTaMI1 Tpex onpelleneHI1H cOllep)l(aHI15! KOMnOHeHTa 

98,3%;.97,3%,98,7% 

<DaKTopbI, I1X ypOBHI1, nnaH 3KCnep11MeHTa. OnTHMaJIbHOCTb nnaHa H I1HcpopMaTI1BHOCTb 

cpaKTOpoB. 

MeToll Hal1MeHblllHX KBa.llpaToB. 

flI1HeHHa5! perpeccl15! OT OllHoro napaMeTpa. 

A.lleKBaTHocTb MOlleneH H Kpl1TepHI1 ee OueHKI1. 

OpraHl13aUI15! 3KCnepl1MeHTaJIbHbIX HccnelloBaHHH, BbI60p cxeM H3MepeHI1H. 06pa60TKa H 

aHaJIH3 3KcrrepHMeHTaJlbHbIX llaHHblX. 

OrrpelleneHHe 1l0Bepl1TenbHOro HHTepBaJla C Hcnonb30BaHHeM KpHTepH5! CTblOlleHTa. 

OueHKa norpeuIHoCTeH H3MepeHHH . .llHcKpeTHble H HerrpepbIBHble cnyYaHHble BenHYHHbI, I1X 

CI1CTeMbI. 

COCTaBI1Tb rrnaH 3KcnepHMeHTa B KOTOPOM 113MeH5!lOTC5! 2 cpaKTopa Ha 2 ypOBH5!X (O<D3 2\ 

2.5. MaTepl1aJlOBelleHHe H TeXHOJlOrHH KOHCTPYKUHOHHblX MaTepHaJlOB. 

He06paTI1Ma5! oTnycKHa5! xpyrrKocTb CTaJIeH . IlPI1YI1HbI B03HI1KHOBeHI15!, orraCHOCTb 

rrp05!BneHH5!, cnoc06bI 60Pb6bI. 

06paTI1Ma5! oTnycKHa5! xpyrrKocTb CTaJleH. IlPI1YHHbI B03HHKHOBeHI15!, orraCHOCTb 

np05!BneHI15!, crroc06bI 60Pb6bl. 

CYIUHOCTb 11 rrpl1YHHbI rrp05!BneHI15! Me)l(KpI1CTaJlnI1THOH KOPP031111 (MKK). MaTepl1aJIbI, 

nOllBepraeMble 3TOMY BI111Y KOPP03HH 11 crroc06bI 60Pb6bI C MKK. 

)KapoCToHKHe MaTepHaJIbl. 0pHHUl1n nempOBaHH5! )KapOCTOHKHX CTaJIeH. 

)KaporrpOYHble CTaJlH Ha OCHOBe aJlbcpa-)Kene3a. Ilpl1MepbI CTaJleH. TepMI1YeCKa5! o6pa6oTKa. 

)KaporrpOYHble CTaJlH Ha OCHOBe raMMa-)I<ene3a. IlpHMepbI CTaJleH . TepMHYeCKa5! o6pa60TKa. 

MapTeHCI1THOe rrpeBpaIUeHHe B nempoBaHHblx CTaJl5!X. 

Bnl15!HHe nempOBaHI15! Ha rrpeBpaIUeHH5! rrpl1 oTrrycKe. 

XpoMoHHKeneBble Hep)!<aBelOIUl1e CTaJIH. IlpHBellHTe XI1Ml1yeCKI1H COCTaB, Heo6xolll1MYlO 

TepMo06pa6oTKY H rronyyaeMYlO CTpyKTypy. 

Ilpl1Hul1n nerl1pOBaHI15! )l(apOrrpOYHbIX CTaJIeH. IlyTI1 rrOBbIWeHH5! )l(apOnpOYHOCTI1 . 

IlOnl1MepbI H nnaCTl1yeCKl1e MaCCbI. Knaccl1 CPI1 KaUI15! 11 cTpyKTypa rrOnl1MepHblx 

MaTepHaJIOB. MoneK),n5!pHa5! cTpyKTypa nOnl1MepoB. TeopHI1 pOCTa nOnl1MepHbIX KpI1CTaJlnOB. 

Oc06eHHOCTI1 MeXaHl1yeCKHX CBOHCTB rronHMepOB, o6ycnoBneHHble HX CTpoeHHeM . CTapeHl1e 11 

cTa611nH3aUH5! nonHMepOB. 

COCTaB, KnaccmpHKaUH5! 11 CBOHCTBa rrnaCTHyeCKI1X Macc. IlnaCTMaCCbI Ha OCHOBe 

TepMOnnaCTI1YHbIX 11 TepMOpeaKTI1BHbIX nonHMepOB. OTBeplll1TenH, HanOnHI1Tenl1, 

nnaCTHcpl1KaTOpbI, KaTaJl113aTOpbI, rrHrJ'vleHTbL HHm6HTOpbI. MeTonbI rrepepa60TKI1 rrnaCTMacc B 

H311enH5!. MaTepHaJlbI, TeXHonOfl15! H 060pYllOBaHI1e ,!ln5! nonyYeHI15! rrOnl1MepHbIX nOKpbITI1H. 

KOMn0311UHOHHble MaTepl1aJIbI. IlpHHUl1nbI C0311aHI15! 11 OCHOBHble Tl1rrbI KOMrr0311UI10HHbIX 

MaTepl1aJlOB. KOMn0311UHOHHble MaTepl1aJlbI C Hynb-MepHbIMI1 11 OllHOMepHbIMH HarronHHTen5!MH. 

3BTeKTHyeCKHe KOMn03HUI10HHble MaTepHaJlbI. KOMrr0311UHOHHble MaTepHaJlbI Ha 

HeMeTaJlnHyeCKOH OCHOBe. MeXaHHyeCKHe CBOHCTBa KOMrr03HUI10HHbIX MaTepHaJlOB. 06naCTH H 

nepCneKTI1BbI rrpl1MeHeHH5! KOMn0311UHOHHbIX MaTepHaJlOB B MaIllI1HOCTpOeHI1I1. 

5 



Y rnepo,u-yrnepO,uHbIe KOMrr03HUHOHHbIe MaTepHaJlbl (YYKM). OCHOBHbIe 

:noro KnaCCa CXeMbl apMHpOBaHH5I B YYKM H BH,ubl H apMHpYIOUlHX 

3neMeHTOB B YYKM. YYKM: HerO oco6eHHOCTH, 

cnoco6 Hero Cnoco6bl nOBblweHHSI pecypca YYKM. YYKM C 

KepaMH"1eCKOH MaTpHueH H HX OCHOBHble nOCTOHHcTBa. COBMecTHMocTb 

KOiV1I103HUHOHHoro Crroco6bI BBeneHH51 KepaMH4eCKOH COCTaBn51IOweH B 

YYKM B rrpoMblwneHHocTH. 

MaTepHaJlbl. H TeXHOnOrH51 

H CPOpMHpOBaHHSI 

pe3HHbl. BnH5IHHe ycnoBHH 3KCrIJlyaTaUHI1 

B MawHHoCTpOeHHI1. 

KepaMH"IeCKHe H HeopraHH4ecKHe MaTepl1aJ1bl. 

Bl1nbl TeXHI14eCKOro cTeKna, CI1TaJlnOB, cpapcpopa 11 

CMa3KH H 3aWHTHble nOKpbITI151. 

KepaMHKa. 11 KOHCTPYKUI10HHble MaTepHarlbl. DpHMeHeHHe 

KepaMI1KH B MawHHocTpoeHHH. 11 ero MOJmcpHKaUl111 B Ka4eCTBe KOHCTPYKUHOHHbIX 

MaTepHaJlOB 

H Kne5lWHe MaTepHaJlbl. H KnaCCHCpI1KaUI151 

Oco6eHHocTH KpeMHHHOpraHI14eCKI1X nOKPb[TI1~L HaHeCeHI15I 

nOKpbITI1H. CpaBHHTenbHbIe CBoHcTBa nOKpbITHH H I1X 

rrpHMeHeHHe B MawHHoCTpOeHI1I1. 

MaTepHaflbl, COCTaB H KnaCCl1cpHKaUH5I. <D113HKO-XI1MH4eCKa51 I1pl1pona. 

KOHCTPYKUHOHHble Knel1. COCTaB KneeBbIX MeTonbl rronY4eHH5I KneeBbIX 

H I1X I1CrrblTaHH5I. KneeBblX B 

npl1MeHeHI151 B MaWI1HOCTpOeHHH C 

nonrOBe4HOCTH. 6e30nacHocTH H 3KOnOrH4eCKOH 4HCTOTbL 

pac4eTa 3KOHOMI14eCKOro 3(pcpeKTa 3a C4eT paUHOHaJlbHOrO Bbl60pa H 

rrpHMeHeHH51 MawHHOCTpOI1TenbHblx MaTepHaJlOB. 

L(aHHble rro CTOI1MOCTH YLleponHCTblx H crrJlaBoB, UBeTHblx MeTaJlnOB H cnnaBoB, 

HX 3cpcpeKTHBHoro rrpHMeHeHH5I. 

H XI1MHKOTepMHyeCKOH, TepMOMexaHH4eCKOH 06pa6oTKH 

MaTepHanOB. DOBbIweHHe Ha,ue)KHOCTH, ,uonroBe4HocTH H 6e30nacHocTH H3,uenHH 

MaWHHOCTpOeHH5I 3a CyeT HOBbIX 06na,uaIOWHx YHHKaJlbHblMH CPH3HKO­

MexaHH4eCKHMI1, TeXHonorH4eCKI1MH H 

3KonorH4ecKOH 4HCTOTOH. B 

nOKyMeHTawm 

2.6. <l>H3HKa MeTaJI.rlOB. 

CB5I3H B Tenax 

Bl1nbl XHMHyeCKHX CB5I3eH. OTnH"lHTenbHble oc06eHHocTH Ka)KJlOrO BHJla. OCHOBHble 

xapaKTepHCTHKH. MOHHa5f CB5I3b. DpHHUHrr CPOpMHpOBaHI15I CTpYKTYPbJ 

THnOM CB5f311. KOOpJlHHaUI10HHOe 4Hcno, cpaKTopbl ero 

<DaKTopbl. Koopmmaw1oHHoe 

411cno aTOMHblX DpHHuHn CPOPMI1POBaJUI51 MoneKyn5lpHbix Kpl1CTaJlnoB. 

CB5I3b. Oco6eHHocTH MeTaJlnH4eCKOH CB5I3H aTOMaMH 11 

CPOpMHpOBaHH5I KpHCTaJlnH4eCKHx CBOHCTBa MeTaJlnl14eCKI1X 

Ten. 

CTpOeHl1e aTOMa C rr03HUI1H MexaHHKH. OCHoBHble npHHUHnbl 

KBaHTOBOH MeXaHI1KI1. YpaBHeHl1e flYI1 Jle 

DaynH. TeopvB1. TeOpl111 30MMepcpenbna 11 30H 

bpHJIJlI03Ha. Oco6eHHOCTI1 JlBl-DKeHI151 nOTonKa 30HbI 

npOBonHHKOB, nonynpoBoJlHI1KOB H 

MeTanITOB Ha HX cpH3H4eCKHe CBoMCTBa. 
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TeOpH5I CnnaBOB. 

THnbl aTOMOB B CHCTeMax B H )KHnKOM 

COCT05IHHH.TIPH4HHbI H ycnOBH5I paCTBOpOB H 3BTeKTHK. 

TeOpH51 CPa3 IOM-P03epH. 

CTpOeHHe. OC06eHHOCTH Me)KaTOMHbIX H OCHOBHble 

OTnH4H51 CPCL1 BHe)lpeHHH OT TBepnbIX COOTHOllleHH51 

aTOMHbIX pa)lHYCOB KOMnOHeHTOB npH 06pa30BaHHH 

CTpyKTyp CHfMa-<pa3bI. 

nHCPCPYTHH. 

nHcpCpy3HH. 

reTepOnHCp<PY3H51. MeXaHH3MbI 

¢aKTOpbI, BnH5HOlllHe Ha npouecc nHq)cpY31111: THI1 paCTBOpa, 

n!I1 KpHCTCLrIJ1H4eCKOH CTpOeHH51 11 CTpyKTypa. JlHCPCpy3HH 

B 

B TBepnOM COCT051HHH. H 

B TBepnOM COCT05IHHH. OCHOBaHHH )ln51 

<pa30BbIX no 

aHCLDH3 npouecca B 

Me)KcpCL1HbIX rpaHHU H B CPa30BOM CTpOeHy!e H 

rpaHHU. Y CnOBH51 pellleTOK Ha MeJKcpa3HOH rpaHYlue. 

Y CnOBH51 B03HHKHOBeHH51 ynpymx HCKa)I(eHHH H ynpYfOH 3HepmH B xone cpa30BOrO 

BnH5IHHe HX Ha 

H ynenbHoH 

3aBHCHMOCTb aTOMHOH TennoeMKOCTH. 

TeMnepaTypa KaK Mepa ::mepnUl 

3cpcpeKTbl CPa30BbIX 

3aBHCHMOCTH TennoeMKOCTH CPCL10BbIX npeBpalUeHH51X I H II TeMnepaTypHa5I 

3aBHCHMOCTb TennoeMKOCTH )Kene3a. AHCLflH3 TennoeMKOCTI1 H3yyeHHH B 

CT3J1H. H3MepeHH51 TennoeMKOCTH. 3cpcpeKTbI H3MeHeHH5I TennoeMKOCTH npH HaKnene, 

3aK3J1Ke, oTnycKe H )lpyrHx TeXHonorWleCKHX Ka.DopHMeTpHYeCKOrO H 

TepMH4eCKoro aHCL'lH3a. 

MeTCL'1nOB H cnnaBOB. 

06lUHe nOH5ITH51 11 H3MepeHI15I nnOTHOCTH. pa3nHYHbIX 

nnOTHOCTH nnaBneHHH, H 

nnOTHOCTH npH TepMHyeCKOH o6pa6oTKe CT3J1H. 

pacum:peHHe MeT3J1nOB 11 cnnaBOB. 

OCHOBbI TepMl1yeCKOfO paClllHpeHI15I Ten. 

nHHeHHoro TepMHyeCKOrO BnH5IIDlUHe Ha TennOBoro 

paclllHpeHH51. I1HBapHbIH 3cpcpeKT. TIPHHUHI1 C03naHH5I cnnaBOB C 3anaHHblM K03cpcpl1UHeHTOM 

YCTpOHCTBO, npHHUI1rI npHMeHeHYI5I 

lUinaToMeTpa 

3neKTpHyeCKHe CBOHCTBa MeT3J1nOB 11 cnnaBOB. 

OCHoBHble nOH51TH5I 11 npOBO)lI1MOCTI1 

MeTCLDnOB. MeT3J1na, OT 

HaKnena. 3aBHcHMoCTb 

BneHI15I OT XHMl1yeCKOrO COCTaBa cnnaBa. KYPHaKoBa-MaTl1cceHa )ln5I 

pacTBopoB H CI1naBOB. BnH5l.Hl1e HaKnena, Bl-wa 
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CTaJleH. 

MeToaOB H3MepeHH~ cnnaBOB amI 

COCT05lHH~. 

MeTaJlnOB H CnnaBOB 

TIapaMarHeTH3M H )lHaMarHeTH3M. OCHOBHble nOH~TH.5I H 

XHMHQeCKI1X 3neMeHTOB H Ten. MeToabl H3MepeHH.5I 

H aHaMarHHTHbIX nnaBneHH5I, HaKnena H cpa30BbIX 

npeBpaIllem1H. MarHHTHoe ynop5laoqemle. cpeppOMarHeTH3M. 

cpeppOMarHeTH3Ma. MarHHTHbie no KPHBOH HaMarHHqHBaHH5I H 

3neKTpOHOB npOBonHMOCTH. BHYTpeHH.5I5I CTpyKTypa 

cpeppOMarHeTHKOB. Bnl151HHe TeMnepaTypbI. TOqKa 

KfOPH. TeopHH TeXHH4eCKoro HaMarHHQHBaHH5I. BHelliHero MarHHTHoro nO;1.51 Ha 

MHrpaUl1fO Me)KnOMeHHbIX KOHCTaHTa 

MarHHTHOH aHH30TponHH. TeOpl1H K03PUI1TI1BHOH Cl1nbJ: 

BKJU04eHHH. OaHonOMeHHble 4aCTHUbI. TeopH.5I HaMarHHQHBaHH.5I oaHoaOMeHHblX 

cpeppOMarHeTHKOB. 

3JIeKrpOHHaH MMKpOCKonMH. 

nOTOKa 3neKTpOHOB C BeIlleCTBOM KpHCTaJlnHQeCKHM H aMopcpHbIM. 

TpaHCMHCCHOHHbIH 3neKTpOHHbIH cxeMa. 06J1acTb 

H HenOCTaTKH npOCBe4HBafOillero THna 

CBeTOBbIM MHKpOCKonOM. 

CBeTOBOH 11 MHKpOCKonHH. PaJpelliafOIlla.51 cnoc06HOCTb, 

non.5l, rny6HHa cpOKyca. 

3neKTpOHHbJe nHH3bl H nOnlOCHbJe HaKOHe4HHKH. Y CTPOHCTBO, npl1HUl1n aeHCTBH.5I, 

Ha3Ha4eHHe. gHa<pparMbI. MexaHH3M nonYQeHH.5I CBeTnononbHoro, TeMHononbHoro, 

KOHTpaCTHoro MarHHTHbIX JlHH3: 

aCTHrMaTH3M. MeToabI nn.51 3Toro. 

<Ponbr!1 H pennHKH. CnOC06bJ o6nacTb Hcnonb30BaHH.5I. KOHTpaCT B 

H306paJKeHHH aMopqmblx H KpHCTaJlnl14eCKHX 06beKTOB. Cnoc06bI nOBbIllIeHH.5I 

Oc06eHHOCTH .IU1cppaKUI1H 3neKTpOHOB. 

KHHeMaTH4eCKOH TeopHH .Iu:!<ppaKUHOHHoro 

TonIllHHHble 11 

B H306paJKeHHH H KpHCTaJlnOB. B 

H306paJKeHHH ynaKOBKH. KOHTpaCT B H306pa)]{eHHH aHCnOKaUI1H, 

H nepneHaHKyn.5lpHoH nOBepXHOCTH <ponbrH. KOHTpaCT B H306pmKeHHH BHHTOBOH 

aHcnOKaUHH, 11 0pHeHTaUHOHHbIH 

KOHTpaCT B 4aCTHU H 

B H306pmKeHHH BKnfOyeHHH. 

TIpHHUHnHaJlbHa.51 cxeMa. Hcnonb30BaHH5!. 

B paCTpOBOM MHKpOCKone. 

TIpHHUHn XHM.COCTaBa B P3M. 

KOMn03HUHOHHbIH KOHTpaCT. aHaJlH3. CYillHOCTb MeToaa. 

06naCTH npHMeHeHH51. 

HeHTpOHOrpaCpH5L TIpHHUHn 

30HaOBaH TIpHHUHn 

nonyyeHH51. CpeaCTBa H3MepeH1151. 
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PCKOMCHllYCMaH JUHCparypa, HH~OpMaUHOHHblC PCCYPCbI 

3.1. PCKOMcHllycMaH nHTeparypa 
1. feoprHeB M.H., CHMOHOB TpeWHHocTOHKOCTb )Kene30yrnepO)lHCTbIX crmaBOB. 

nepMb: 113)l-BO nepM. Hau. HCCne)l. nonHTeXH. YH-Ta, 2013 - 419 c. 

2. I1BaHoB A.c. 	 MeTMnOB: yqe6. noc06He/ A.C. I1BaHoB. nepMb: 

2014. -	 c. 

3KcnepHMeHTa: YQe6HOe noc06l1e )ln5I BY30B 

)lmI 

lllBeHKHH 

TeXHI1QeCKorO - ynK 2009. - c. 

TepMlf4ecKoH o6pa6oTKl1 MeTMnOB : YQe6HHK )ln5I BY30B / l1. l1. HOBHKoB 4-e 
113)l. , H )lon .- MOCKBa : MeTannyprl1.$I, 1986 .- 480. c. 

B cnnaBax THTaHa : 

/ fl. H )lon MOCKBa : 

MeTannyprH5I, 1991 . ­
7. TpyCOB n.B. B MaTeMaTHQeCKOe MO)lenHpOBaHHe. : «Jloroc», C. 
8. OCHOBbl o6pa6oTKH CTMH. noco6He/ M.A. 

- M.: «HaYKa H TeXHOnOfHH», - 519 c. 

l1.Hq,opMaUHOHHble pecypchI. 
1. http://elibrary.rul 

2. http://wvvw.mati.ruI 

3. http://www.stankin.ru/ 

4. http://www.madi.ru/ 

5. http://www-imetac.ru/ 

4. llepCqeHh TeM pc~cpaToB no IB6paHHoMY HanpaBneHHw nOllrOTOBKH 

1. cDOpMHpoBaHHe CTpyKTYPbI CTaneM npH H OXJla)K)lemll1. 

KpHTepHH MexaHHKH pa3pyrneHH5I MaTepHanoB. 

3. OTnycK CTaneH. 

4. 	 npH pa3pa60TKe MaTepl1MoB. XHMHKo-TepMH4ecKoH H 

5. OTnycKHa5I B03HHKHOBeHH5I, 	 MeTO)lbl 

6. )l,HCPCPY3HoHHoe HaCblweHHe MeTMJlOB. 

7. COBpeMeHHhle 	 MeTO)lbl HccneJ\OBaHH5I CTpyKTyphI cnnaBOB. 
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5. Oopa3eu 3K3aMeHaUHOHHoro 
oHneTa 

YTBEF>KnAIO: 
3aB. Ka¢e.n:poH MTO 

~OB~. 
» vl-ta/3:-~~ 20$ r.( 

?' 

3K3AMEHAUI10HHbIVI EHflET N2 1 

1. Pa3JIWlH5I nO,llXO,llOB cpH3HKH H MexaHHKH K np06JIeMe pa3pyweHH5I. 


2 MO,llenH cpH3lFlecKHx npoueccoB. BH,llhI MO,lleneit CpaBHHTenhHa5! xapaKTepHCTHKa MO,lleJIei1. 


3. TexHWleCKa5I KepaMHKa. QmeynopHhIe H KOHCTPYKUHoHHhIe KepaMHLIeCKHe MaTepHaJIhI. 


OpHMeHeHHe KepaMHKH B MawHHocTpoeHHH. 


4. OOH5ITHe ,llHCPCPY3HH. 3aKoHhI ,llHCPCPY3HH: nepBoe H BTopoe ypaBHeHHe cDHKa. 

IlEPMCKYIH HAIJJ10HAflbHbIVI 

HCCflEnOBATEflbCKHVI 


IlOflHTEXHHLIECKI1VI 

YHHBEPCHTET 


BCTymnenbHble Yl.CnbITaHYl.51 no 

CneUYl.aJIbHOH .n:Yl.CUYl.rrnYl.He, 


cooTBeTcTBYJOmeH nporpaMMe 

aCnYl.paHTypbI 


MaTepYl.aJIOBe.n:eHYl.e B MeTaJInyprYl.YI. YI. 


MaWYl. HOCTpOeHYI.YI. 

(Hau..weHOlJaHUe npozpa.'-'Ul1bl acnupaHmypbl) 

22.06.01 TEXHOflOfHH 
MATEPHAflOB 

(UlUp£ U Hau.14eHOlJaNUe NOI1£aIJReHufI) 
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