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JIMcT akTyajam3anuu padoyeil mporpamMmbl

Pabouast mporpamMma rnepecMoTpeHa, 00CykeHa 1 o00peHa s peanmsaruu B 2026 - 2027
y4eOHOM rojty Ha 3aceqaHuu Kadeapsl JIMTEHHBIX MTPOIIECCOB K MATEPHATIOBEICHHSI

[Iporokonm ot 20 1. Ne

3aB. kadeapoii H.A. ®eokTucros

Pabouast mporpamMma nepecMoTpeHa, 00CykaeHa 1 o00peHa s peansaruu B 2027 - 2028
y4eOHOM roty Ha 3aceqaHuu Kadeapsl JIMTEHHBIX MTPOIIECCOB M MAaTEPUATIOBEICHHSI

[IpoTtokonm ot 20 . Ne
3aB. kadenpoii H.A. ®eoktuctoB




1 lesin ocBOCHUSA TUCHUTIIMHBI (MOYJIA)

N3noxeHune npeacTaBieHuil O CTPOCHUH, CBOMCTBAX U IIPUMEHEHUHU COBPEMEHHBIX
KOHCTPYKUHMOHHBIX U HHCTPYMEHTAJIbHBIX MAaTEPUAJIOB, METOAAX YIIPABICHUS KOMIIJIEKCOM
CBOWCTB U MPHUHIIMIIAX WX BBIOOPA JJIs MPAKTUIECKOTO MIPUMEHEHHUS B TPO(HEeCCHOHATLHOM
JEATEIIbHOCTH.

2 MecTo JTUCUMILIMHBI (MOXYJIsl) B CTPYKTYpe 00pa30oBaTeibHOI MPOrpaMMbl

Juctumimaa CoBpeMEeHHbBIE KOHCTPYKIIMOHHBIE U HMHCTPYMEHTAIILHBIC MAaTEPUATIbI
BXOJIUT B YaCTh YU4EOHOTO TIaHa (POPMHUPYEMYIO YIaCTHUKaMU 00pa30BaTeIIbHBIX
OTHOINICHUN 00pa30BaTEeILHOM MPOTrPaAMMBEI.

Jnst u3ydeHus: AUCIUIUIMHBI HEOOXOAMMBI 3HAHUS (YMEHHMSI, BIAJICHUS ),
c(hOpMHUPOBAaHHBIC B PE3YJIbTaTe U3YUCHHS TUCIUIUINH/ IPAKTHK:

CoBpeMeHHBIE METOIbI UCCIICIOBAHMSI MATEPHAIIOB M MPOIIECCOB

[TpuknagHas TepMOIMHAMHUKA U KHHETHKA

3uanus (yMEHHS, BIAJICHUS), IOTYICHHBIE TIPY U3yYCHUHU JAHHON JTUCITUTUTHHBI
OyIyT HEOOXOUMBI JIS U3YYCHHSI TUCITUTUINH/TIPAKTHK:

[ToaroToBka K mpoleaype 3alluThl ¥ 3al[iTa BBITYCKHOM KBaIU()HUKAIMOHHOM
paboThI

[ToaroroBka K cjaue u caya rocyJapCTBEHHOTO SK3aMeHa

[Tpou3BoICTBEHHAS MPAKTHUKA, HAYYHO-HCCIIEI0OBATEIIbCKas paboTa

3 Komnerenuun ody4aromierocsi, popmupyemsoie B pe3y/ibTaTe 0CBOCHHUS

AUCUMILUTUHBI (MOYJIs1) M IVIAHUPYeMble Pe3yJIbTaThl 00y4eHHs

B pe3ynbrate ocBoeHUS TUCHUIUIMHEI (MOAys) «CoOBpeMEHHbIE KOHCTPYKIIMOHHBIE
Y UHCTPYMEHTAJIbHBIE MaTepUajbl» 00YUarOMIHICs JOKEH 001aaTh CIeAYIOUUMI
KOMITETEHIIUSIMHU:

KO)I HHAUKaTopa I/IHI[I/IKaTOp JOCTHXKCHUS KOMIICTCHIIN

I1K-4 Cnocoben MNpOBOANTH aHAJIN3 TEXHOJIOTHUYCCKUX ITPOLCCCOB I BLIpa6OTKI/I
Hpe,Z[J'IO)KeHI/Iﬁ 110 YIIPABJICHUIO KAYCCTBOM U CBOMCTBaMH INPOAYKIIUH

IIK-4.1 3Haer: COBPEMCHHLIC MCTObI UCCIICAOBAHUA MAaTCPUAJIOB U ITPOLCCCOB,
MCTAJINIOBEAUYCCKHUEC OCHOBBI TCXHOJIOTHUYCCKUX IIPOLECCOB ITPOU3BOJACTBA
H3I[eJ'IHI>i; COBPEMCHHBIC KOHCTPYKIUMOHHBIC 1 HHCTPYMCHTAJIbHBIC
MaTepHrabl; MCTOAbI IIOBBINICHUA KA4YCCTBA IIPOAYKIIMHU
MOI[Hq)HHHpOBaHHCM HX IMTOBECPXHOCTH; TCXHOJOT'HYCCKHEC ITPOUCCChI, UX
BJIMAHHUC HAa KAa4CCTBO IMPOAYKIHHN,; TCXHOJIOTHUYCCKUC ITPOLCCCHI,
IMPUHIUIIBI HX KOMIIBIOTCPHOT'O MOACIIMPOBAHUA U BIUAHHUC HA KAYCCTBO
NPOAYKIHH,; TCXHOJOTHYCCKUEC ITPOUCCChI, IIPUHIHUIILI IIOCTPOCHUS UX
I_II/I(l)pOBBIX ,[IBOI>'IHI/IKOB; ABTOMATHU3UPOBAHHBIC TCXHOJIOTHUYCCKUC
arperarbl IPOKATHOT'O IMTPOU3BOJACTBA

[1K-4.2 YMmeer: OpOBOAUTH aHAJIM3 TCXHOJIOTHYCCKUX IIPOLCCCOB AJIA BLIpa6OTKI/I
HpeIIJ'IO)KCHI/Iﬁ 110 YIIpaBJICHUIO Ka4C€CTBOM U CBOMCTBaMH OpoaAYyKIHUHU,
HCIIOJIb3Y COBPEMEHHBIC MCTO/AbI UCCIICAOBAHNA MATCPHUATIOB U
nmponeccoB, KOMIIBIOTCPHOC MOACIINPOBAHUC U I_II/I(prBLIC TCXHOJIOTHH

T1K-4.3 NmMeeT mpakTHYECKHI OMBIT: aHAIN3a TEXHOJIOTHYECKHUX MPOLECCOB IS
BBIPAOOTKH MPE/IOKEHUHN 10 YIPABICHUIO KAYECTBOM M CBOMCTBAMHU
MPOAYKIHH, UCTIOJIB3YSI COBPEMEHHBIE METObI HCCIICIOBAHUS
MaTepHUaJIOB M MPOILIECCOB, KOMIIBIOTEPHOE MOICIIMPOBAHUE; AHAIN3A
TEXHOJIOTHYECKUX MPOIECCOB I pa3padOTKH TpeOOBaHMIA K

1M (ppoBOMY TBOWHHUKY

ITIK-5 CriocobeH uccienoBath NIPUMEHEHHE HHTEIUICKTYaIBHBIX CUCTEM JIJIS Pa3IudHBIX
MPEAMETHBIX 00J1acTel




I1K-5.1

Hccnenyer HanmpaBlieHUsl IPUMEHEHHUS CUCTEM UCKYCCTBEHHOTO
MHTEJJIEKTA JJIs1 PA3JIMYHBIX MPEAMETHBIX o0acTeit

3HaeT: HaIpaBJIEHUS PA3BUTHUS CUCTEM MCKYCCTBEHHOI'O MHTEIJIEKTA,
METO/IbI IEKOMIIO3UIIMH PEIIaeMbIX 33/1a4 C UCIOJIb30BaHUEM
HCKYCCTBEHHOT'O MHTEIIJICKTA;

YMeeT: OCyIEeCTBISTh IEeKOMIO3UIUIO PELIAEMbIX 33/1a4 C
MCIOJIb30BAaHUEM HCKYCCTBEHHOT'O MHTEIUIEKTA

I1K-5.2

Br16upaeT KOMIUIEKCH METOI0B U MHCTPYMEHTAILHBIX CPEZCTB
HCKYCCTBCHHOI'O MHTCJUVICKTA AJIA pCIICHUA 3aaa4 B 3aBUCHUMOCTH OT
0COOCHHOCTEH IIPEeIMETHOM 00J1acTH

3Ha€TI MCTOJABI U MHCTPYMCHTAJIbHBIC CPCACTBA CUCTEM UCKYCCTBCHHOI'O
WHTEJJIEKTa, KPUTEPUH UX BBIOOPA M METO/IbI KOMIUICKCHPOBAHUS B
paMKax IIPUMCHCHHUA HHTCIPHUPOBAHHBIX I‘I/16pI/II[HBIX HHTCIUICKTYAJIbHBIX
CUCTCM PA3JIMYHOI'O HA3HAYUCHMU A,

VYwmeer: BI)I6I/IpaTB 1 KOMILICKCHO MPUMCHATH METOABI U
HHCTPYMEHTAIBHBIC CPEJICTBA CUCTEM MCKYCCTBEHHOT'O MHTEIUICKTA,
KPUTEPHUHU UX BHIOODA;

HMeeT mpakTUUECKH OIBIT: TPUMEHEHHUS HHCTPYMEHTAIBHBIX CPEJICTB
CHCTEM MCKYCCTBEHHOT'O MHTEIIJIEKTa B METATYPTrUYSCKUX IIPOLIeccax 1
METaUTOBEICHUH; HAalTUCaHUs IIporpaMM Ha si3bike Python; moxbopa
WHCTPYMEHTAIBHBIX CPEJICTB CHCTEM MCKYCCTBEHHOTO MHTEIUICKTA JIJIst
METAJTyprUYeCcKOil MPOMBIIIIEHHOCTH




4. CTpyKTypa, 00b€éM U coep:kaHue TUCHUILIHHBI (MOLYJIs1)

OO0mmas TpyJ0€MKOCTh JUCIIUIUIMHBI COCTABISIET 5 3a4eTHBIX enuHuI] 180 akaa. yacoB, B TOM

qHuCIIC:

— KOHTaKTHas padota — 41,25 akaj. 4acos:
— ayauTopHas — 38 akajl. 4acoB;
— BHeayAuTOpHas — 3,25 akaj. 4acos;

— camocTtosTenbHas padota — 103,05 akan. 4acos;

— B (hopme npakTHyecKoi moarotoBku — 0 akaj. Jac;
— MOJTrOTOBKA K K3aMeHy — 35,7 akaj. Jac

®dopma aTrTecTalui - IK3aMeH

AynutopHas ) 8
KOHTakTHas paboTa E = dopma TeKylero
Paszen/ Tema g (B akaj. yacax) E E{ Bun § KOHTPOJIS Kox
A — : g O | caMOCTOATENBbHOM | - ycreBaeMOCTH 1 R—
@) g £ paboTHI MIPOMEKYTOYHOMH
Tek. mal. | mpakT. s aTTeCTalnuu
3aH. 3aH. O &
1. Beenenue
1.1 CoBpemennsie
TEHJICHLIUU Pa3BUTU syucnne TIK-4.1, T1K-
CO3NaHMA 1 HPUMCHCHHA 3 2 TEOPETUYECKOT0 | HE MPeIyCMOTPEHO 4.2, 11K-4.3,
KOHCTPYKIMOHHBIX U p pery p IK-5.1, TIK-
MaTepuaia

HWHCTPYMEHTAJIBHBIX 52
MaTepHaoB.
HWroro no pazneny 2
2. OCHOBHBIE IOHSTHUS B 00JIACTH
CO3JIaHHSI BEICOKOIIPOYHBIX
HHU3KOJIETUPOBAHHBIX CTaJleil
(BHC)
2.1 AKTyanbHOCTb
TIPOU3BO/ICTBA
BBICOKOITPOYHBIX
HU3KOJIETMPOBAaHHBIX CTalel
(BHC). Obnactn
npumenenus. U3 ucropun Nzyuenue
CO3AaHUA U TIPUMEHEHUS TEOPETUYECKOTO TectupoBanue I1K-4.1, TIK-
BHC u 3 2 2 8 MaTepuania; Brimonnenue 4.2,T1K-4.3,
MHUKPOJIETHPOBAaHHbIX MOJITOTOBKA K nHauBuayansHoro | IIK-5.1, TIK-
craneit (MJIC). KOHTPOJIBHBIM 3aJlaHus 52
Knaccudukanus BBeaeHus MEpPONPHUATHAM
MaJibIX J00aBOK
JICTHPYIOLIHX 3JICMEHTOB
(JID). OcHoBHbIC
koHnenuuu co3nanus BHC
u MJIC
HWroro no pazaeny 2 2 8
3. TeopeTHueckrue OCHOBBI
ynpounenus BHC
3.1 MexaHu3mbl Uzyuenue TectupoBanue IK-4.1, TIK-
YHOPOYHECHUS 3 2 2 13,05 TEOPETUYECKOTO Beinonnenue 4.2, TIK-4.3,
HU3KOYTIIEPOJIUCTBIX Marepuana; nHauBuayansHoro | IIK-5.1, TIK-
craneil. BnusHue MOJI'OTOBKA K 3aJlaHus 52




JICTUPYIOIIUX 3JIEMEHTOB Ha

. KOHTPOJIBHBIM
CTPYKTYpY U CBOMCTBa
N MEpONPHUATHSIM
cTajei
HWroro no pazaeny 13,05
4. OCHOBBI TEXHOJIOTUU
npousBojcrsa BHC
4.1 OcHOBHBIE IOHSATHS B
00J1aCTH TEXHOJIOTUU
MIPOM3BO/ICTBA Nzyuenue
BBICOKOIIPOYHEIX CTaJIEH. TEOPETUIECKOTO TectupoBanmue TIK-4.1, TIK-
TepMoMexaHHYeCKast 14 MaTepHana; Beinonnenue 4.2, TIK-4.3,
obpadotka (TMO). MOJITOTOBKA K unauBuayansHoro | TIK-5.1, TIK-
KonTponupyemas npokaTtka KOHTPOJIbHBIM 3aJaHus 5.2
(KIT). KonTponmupyemas MEpPOIPUITUIM
MPOKaTKa ¢ YCKOPEHHBIM
oxnaxaenueM (KIT ¢ YO)
HWroro no pazaeny 14
5. BbIOOp MUKpOJIErUpyIOMUX
3nementoB (MJID)
5.1 Ponp
MHUKPOJICTUPYIOMIUX Nzyuenue
anemenToB (MJID). TEOPETUIECKOTO TectupoBanue TIK-4.1, TIK-
Ocobennoctn MJID. 14 MaTepHana; Brmonnenue 4.2, I1K-4.3,
dopmupoBaHue 1 MMOATOTOBKA K naguBuayansaoro | ITK-5.1, TIK-
pacTBopeHHe KapOHUI0B U KOHTPOJIBHBIM 3aJaHus 5.2
HuTpunos MJID B MEPOIPUATHAM
ayCTEHHUTE.
HWroro no pazgeny 14
6. Bausaue MJID Ha
(hopMupoBaHUe CTPYKTYPHI U
CBOICTB
6.1 Boustuue MJID Ha
a3Mep 3epHa ayCTeHHUTA U
EI/IHCTEIK b ! Hsyuenue
oK I/ICT;,JIHI/IBa - TEOPETUYECKOTO TectupoBanue I1K-4.1, TIK-
PEKp ! MaTepuania; Brimonnenue 4.2,T1K-4.3,
ropstiueie)OpMUPOBAHHOTO 14
MOATOTOBKA K unausuayansdoro | IIK-5.1, TIK-
aycreHura. OcoGeHHOCTH Y-
KOHTPOJIbHBIM 3aJaHus 52
o, npespamenus 8 MJIC.
MEpONPHUITHSIM
Jucnepcuonnoe
ynpounenue B MJIC
Wroro no pazneny 14
7. OCHOBHBIE TPYTIIBI
KOHCTpYKIMOHHBbIX BHC
7.1 MukpoJsiernpoBaHHbIe
KOHCTPYKIMOHHBIE
BI)ICOK[())}II'I Ii)tn{me TpyOHbIE Vsyuenue
p py TEOPETUYECKOTO TectupoBanue I1K-4.1, TIK-
CTaJIM M CTAJA JUIS
Marepuana; Brinonnenue 4.2, 1IK-4.3,
ABTOMOOTHJIECTPOCHHSI. 20
MOATOTOBKA K naauBuayansaoro | ITK-5.1, TTK-
MukposierupoBaHHas JIuTas
KOHTPOJIbHBIM 3aIaHusI 52
KOHCTPYKI[HOHHAS CTaJIb.
MEpONPHUSITHSIM
MHuKpOTerupoBaHHas
MHCTPpYMEHTAJIbHAS CTallb.
HWroro no pazneny 20
8. OCHOBHBIE TPYIIIBI
COBPEMEHHBIX
MHCTPYMEHTAIBHBIX MATEPHAIIOB
8.1 Knaccuduxanms Nzyuenne TectupoBanue TIK-4.1, T1K-
COBpPEMEHHBIX 20 TEOPETUYECKOTO Beinonnenue 4.2, 1IK-4.3,
HHCTPYMEHTAJIBHBIX MaTepuana; naauBuayansaoro | I1K-5.1, TIK-
MaTepHuaoB. MOATOTOBKA K 3aaHusI 52




WHcTpyMeHTaNbHBIE CTaNH.
TBepable CIIaBHI.
Musnepanokepamuka.
CaepxTBepable MaTepHalbl.

KOHTPOJIbHBIM
OO6nacTu NpUMEHEHHUSI.
MEpONPHUSITHSIM
OCOOCHHOCTH TPUMEHEHHUSI.
Br160p HHCTPYMEHTAILHOTO
Marepuana Win
WU3HOCOCTOWKOTO MOKPBITHS
Hroro no paszzeiy 3 3 20
9. Ok3ameH
Nzyuenne
TEOPETUIECKOTO TIK-4.1, TIK-
9.1 DK3aMeH 10 Kypc MaTepuaia; DK3aMeH 4.2, TIK-4.3,
’ ypey IOJITOTOBKA K TIK-5.1, I1IK-
KOHTPOJIBHBIM 5.2
MEPOTPHUSITUSIM
Wroro no pazneny
103,0
Hroro 3a cemectp 19 19 5 JK3aMeH
Wroro no aucuumuinze 19 19 103,0 3K3aMeH




5 Ob6pa3oBaTe/ibHbIEe TEXHOJIOTUH

[Tpu npoBeneHnn yueOHbBIX 3aHIATHIA MTpernojaBaHue AUCHUIUTHHBI « COBpeMEHHbIE
KOHCTPYKLUHMOHHBIE 1 HHCTPYMEHTAJIbHBIE MATEPUAIIbD PEATIU3YETCS C UCIIOIb30BAHUEM
PE3yJIbTaTOB HAYYHBIX MCCIIEIOBAHUM, IPOBOJUMBIX Ha Kadeape, a TakKe B IIEHTpe
KOJUICKTUBHOTO 1MOJIb30BaHust MI'TY, B TOM unciie ¢ y4eTOM pEerHOHAIbHBIX 0COOCHHOCTEH
po¢eCCUOHATBHON JIEATETFHOCTH BBITYCKHUKOB U TTOTpeOHOCTEH padoTonareneit (MMK,
MMK-METH3, benmar u ap.).

B nponecce npenogaBanus 1ucuUIuinHbl « COBpEMEHHBIE KOHCTPYKIIMOHHBIE U
MHCTPYMEHTAJIbHBIE MAaTE€PUANIbD» IPUMEHSIOTCS TPAAULIMOHHAS, THTEPAKTUBHAS U
nH(OPMALIMOHHO-KOMMYHHKAIIMOHHAs: 00pa3oBaTeNbHble TeXHOoIoruu. [Ipu nucnonbp3oBanuu
TPaJAULIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTUH yueOHbIe 3aHATH BBIOJIHAIOTCS B (hopme
MH(OPMALIMOHHBIX JIEKIUH U MPAKTUYECKUX paboT. DTa TEXHOJIOTHUSI COYETACTCS C
UCIOJIb30BaHNEM MH(POPMAIMOHHO-KOMMYHHUKAIIMOHHBIX 00Pa30BaTeIbHbIX TEXHOJIOTUH,
KOT'/1a JICKIIUH MPOBOJIATCS B hopMe JIEKIHI-BU3yalu3alluid, TPy peaanu3aluu KOTOPbIX
M3JI0KEHUE COJIEPKaHMS COMPOBOXKIACTCS MPE3CHTAIUEH C IeMOHCTpaIuel yueOHbIX
MaTepHuasoB, MPEACTABICHHBIX B PA3JIMYHBIX 3HAKOBBIX CUCTEMAX, B TOM YUCIIE
WUTIOCTPATUBHBIX, TpahMUECKUX, ayHO- ¥ BHICOMATSPHAIIOB.

JIeKuMOHHBIA MaTepHra 3aKpEIUISIETCSA B X0J€ MPAKTUYECKUX 3aHATHI, HA KOTOPBIX
BBITIOJIHSIIOTCS TPYIINOBBIE WIIM MHIUBUAYaJIbHbIC 3aJaHus 110 poiieHHoM Teme. [1pu
MIPOBEACHUH MPAKTUYECKUX pabOT UCTOIB3YETCS HHTEPAKTUBHBIE 00pa30BaTeIIbHBIC
TEXHOJIOTHH, YTO MPEJINOJIaraeT akTUBHOE U HETMHEHHOE B3aMMO/ICHCTBUE BCEX YUYACTHUKOB
Y JOCTHKEHHE Ha 3TOM OCHOBE JJMYHOCTHO 3HAYUMOTO ISl HUX 00pa30BaTeIbHOTO
pe3ynbrara. Mcmonb3yercs Takke pa300p KOHKPETHBIX CUTYAIHi ¢ TETbI0 (OPMHUPOBAHUS U
pa3BUTHS TPO(HECCHOHATLHBIX HABBIKOB O0YYAFOIIHXCSI.

Peanuzanusi KOMIIETEHTHOCTHOTO TIO/IX0/1a MPEYyCMAaTPUBAET UCTIOJIB30BAHKE B
y4e0HOM IPOIIECCe aKTUBHBIX U MHTEPAKTUBHBIX (DOPM MTPOBEICHUS 3aHATUH B COUYCTAHUU C
BHEAYJIUTOPHOU pabOTOil C 11eNbi0 (OPMUPOBAHUS U PA3BUTHS TPO(PECCHOHATLHBIX HABBIKOB
oOydJaronuxcs.

CamocrosiTenbHas paboTa CTy/IEHTOB HallpaBlieHa HAa CAMOCTOSATEIFHOE N3YUCHUE
y4eOHOW U HAyYHOU JIUTEPATYPHI, @ TAKKE CAMOCTOSITEIIbHYIO MPOPabOTKY TEM B MIPOIIECCEe
MOATOTOBKU K TEKYIIEMY U TPOMEKYTOUHOMY KOHTPOJISIM.

6 YueOHO-MeTOAMYeCKOe o0DecleyeHne CaMOCTOSITeJIbHOIH padoThl 00y4arommuxcst

IIpencraBieno B mpuioxeHuu 1.

7 OueHo4HbIe CpeAcTBA JISl IPOBeAeHHUS IPOMEKYTOYHOM aTTecTaluu
[TpencraBieHbl B IPUIOKEHUH 2.

8 YueOHO-MeTOAMYeCKOe U MH(POPMAIIMOHHOE o0ecTieYeHre JUCHUIIIMHbI

a) OcHoBHas JIUTEpaTypa:

1. 'amumos, D. P. CoBpeMeHHbIE KOHCTPYKIITMOHHBIE MaTEPHUAIIBI JUIS
MalIMHOCTpOeHUs: yueOHoe nocodue / J. P. lanumos, A. JI. AGaymnun. — 3-e u31., cTep.
— Cankr-IlerepOypr : Jlanb, 2020. — 268 c. — ISBN 978-5-8114-4864-7. — Texkcr:
aNeKTpoHHBIH // JlaHb: anekTpoHHO-OnOIMoTeyHast cuctema. — URL:
https://e.lanbook.com/book/126707 (nara oopamienus: 10.01.2025). — Pexxum goctyna: st
aBTOPU3. TIOJIB30BATENCH.

2 .3y6apes, FO. M. CoBpeMeHHbIE HHCTPYMEHTAIbHBIE MaTepHalbl : yueOHuk / FO. M.
3ybapeB. — 2-e u3n., uctp. u gon. — Caunkr-IletepOypr : Jlanp, 2022. — 304 ¢c. — ISBN
978-5-8114-0832-0. — Tekct : aneKTpoHHBIH // JIaHb : 2IeKTPOHHO-OUOIMOTEYHAsT CUCTEMA.
— URL.: https://e.lanbook.com/book/210758 (nara obparienus: 10.01.2025). — Pexxum
JOCTyTA: JIJIsl aBTOPH3. TOJIH30BATENEH.



https://e.lanbook.com/book/126707
https://e.lanbook.com/book/210758

3. Ky3nernos, B. I'. HoBble KOHCTpYKIIMOHHBIE MaTepHaIIHI : yueOHOoe mocodue / B. T
Kysnenos, I'. A. Amunoga. - Kazans : KHUTY, 2020. - 472 c. - ISBN 978-5-7882-2812-9. -
Tekcr : anexrponnsiii. - URL: https://znanium.com/catalog/product/1899618 (narta
obpamenust: 10.01.2025). — Pexxum mocTyra: 1mo moanuckKe.

0) /lonmoJiHUTeIbHAA JINTEpaTypa:

1. KoHCTpyKIIMOHHBIE CTAJIA U CIIABHI : yueo. mocooue / I'. A. BopoOnesa, E. E.
CkuannoBa, A. @. JIeonos, A. A. Ycrunosa. - Mocksa : Uudpa-M; Znanium.com, 2016. -
440 c. - ISBN 978-5-16-105096-5 (online). - Tekcr : anekTponHsIii. - URL:
https://znanium.com/catalog/product/563296 (nara obparenus: 10.01.2025). — Pexum
JOCTYTIA: TI0 TIOIHCKE.

2. TpaAUIIMOHHBIC U TIEPCIIEKTUBHBIC CTAIH JUISI CTPOUTEIHCTBA MaruCTPAIbHBIX
razoHedrenpoBoaoB : MoHorpadus / JI. A. Ebumenko, O. lO. Enaruna, E. M.
Beimemupckutii [u np.]. - Mocksa : Jloroc, 2020. - 316 c. - ISBN 978-5-98704-573-2. -
Tekcr : anextponnsiit. - URL: https://znanium.com/catalog/product/1214446 (nata
obpamenus: 10.01.2025). — Pesxkum qocTyma: 1mo moIiuckKe.

3. Bonkoron, I'. M. CoBpeMeHHBIE TTPOIIECCH TOPOIITKOBOM METAJLUTYPIruu : yueOHoe
nocodue / I'. M. Bonkoron, K. B. Epemeena, JI. A. JlenoBckoii. - Mocksa ; Bonoraa :
WNudpa-Nmxenepus, 2020. - 208 c. - ISBN 978-5-9729-0509-6. - TekcT : 37IEKTPOHHBIH. -
URL.: https://znanium.com/catalog/product/1168590 (nara oopamenuns: 10.01.2025). —
Pexxum noctyma: mo moamnucke6.

4. Iluxynos, M. B. CoBpemeHHbIE MP0oOJIeMbl MAaTEPUATIOBEICHUS U METAJUTYPIHH :
KPUCTAJTU3AIMOHHBIE TIPOIIeCCHI : yueOHoe mocodue / M. B. ITukyHos, B. E. baxxeHnos. -
Mocksa : U3a. lom MUCuC, 2016. - 95 c. - ISBN 978-5-87623-980-8. - Tekcr :
anektponHbIi. - URL: https://znanium.com/catalog/product/1223176 (nata oOparieHus:
10.01.2025). — Pesxum gocTyma: 1mo mojarnuckKe.

5. T'ony6uoB, B. A. MoauduiinpoBanue 1 MUKPOJIETUPOBAHUE CTAIIU VISl OTIIMBOK U
ciUTKOB : MoHOrpadust / B. A. T'omyOuos. - Mocksa : Uadpa-Unxenepus, 2023. - 356 c. -
ISBN 978-5-9729-1217-9. - Tekcr : anexTponHsIii. - URL:
https://znanium.com/catalog/product/2085947 (nata oopamierus: 10.01.2025). — Pesxum
JOCTYTIA: TIO TIOATHCKE.

6. IIportacos, A. B. PapunupoBanue cranu B mpoliecce pa3iuBKu : MoHorpadus / A.
B. IIporacos, b. A. CuBak, JI. A. CmupHOB. - Mocksa ; Bonoraa : Undpa-Nuxenepus,
2023. - 328 c. - ISBN 978-5-9729-1159-2. - Tekcr : anekTpoHHbIi. - URL:
https://znanium.com/catalog/product/2098539 (nata oopamierus: 10.01.2025). — Pesxum
JOCTYTIA: TIO TIOATHCKE.

7. CnenmanbsHBIE CTalIU U CIUIaBBL: YdeOHoe mocodue / KoBanesa A.A., Jlomatuna
E.C., Aaukuna B.U. - KpacuHosp.:CDVY, 2016. - 232 c.: ISBN 978-5-7638-3470-3. - Tekcr :
anekTponHbii. - URL: https://znanium.com/catalog/product/967770 (nara obpateHus:
10.01.2025). — Pesxum mocTyma: 1mo moarnuckKe.

B) MeToanueckue yKazaHusi:

1. Marepuanosenenune. Yacts 1 [Dnexkrponnsiii pecypce]/ H.B. Konmena, FO.1O.
E¢umona, H.H. Mnbuna. Maruutoropckuii roc. rexundeckuit yu-t um. I'.11. Hocosga. -
Maruutoropck: MI'TY um. I''M. HocoBa, 2019.1 CD-ROM. 3arx. ¢ sxpaHa.
https://magtu.informsystema.ru/uploader/fileUpload?name=3966.pdf&show=dcatalogues/1/153
2467/3966.pdf&view=true— Pesxum mocTyma:ajsi aBTOPHU3. TOIH30BATEIICH.

2. MeTo/bl vcciieoBaHus CTPYKTYphl MaTEpPHUAJIOB : MpakTUkyM [11s By3oB] / FO. 1O.
Edumona, H. B. Koniesa, O. A. KynpusinoBa. - Marauroropek : MI'TY um. I'. Y. Hocoga,
2022. - 1 CD-ROM. - 3arm. c TUTYL. JKpaHa.

URL :https://host.megaprolib.net/MP0109/Download/MObject/20281- TekcT : 37€KTPOHHBIIA.



https://znanium.com/catalog/product/1899618
https://znanium.com/catalog/product/563296
https://znanium.com/catalog/product/1214446
https://znanium.com/catalog/product/1168590
https://znanium.com/catalog/product/1223176
https://znanium.com/catalog/product/2085947
https://znanium.com/catalog/product/2098539
https://znanium.com/catalog/product/967770
https://magtu.informsystema.ru/uploader/fileUpload?name=3966.pdf&show=dcatalogues/1/1532467/3966.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=3966.pdf&show=dcatalogues/1/1532467/3966.pdf&view=true
https://host.megaprolib.net/MP0109/Download/MObject/20281

3. Cxanupyro1as 30H10Bass MUKpOCKONHsL: JabopaTtopHslii mpaktukym / FO.1O.
EdumoBa, M.A. TlonskoBa, A.E. I'ynmun. Maraurtoropck: M3a-Bo MarHuToropck. roc.
TexH. yH-Ta uM. ['.11. HocoBa, 2017. 41 c.

4. OnpeneneHne MEXaHMYECKUX CBOMCTB MeTallla U IIOCTPOECHUE KPUBBIX
YIOPOYHEHHUS [0 JUarpamme pacTsbkeHus: MeToll. ykas. / B.I'. Jloporo6ua. Marauroropcek:
N3n-Bo Marnuroropck. roc. TexH. yH-ta um. I'.1. Hocosa, 2008. 49 c.

r) [IlporpammHuoe odecneuenne u UHTEpHET-pecypcehi:
IIporpammHoe oGecnieueHue

HanmenoBanue .

o Ne norosopa Cpoxk neiicTBUS JTULIEH3UH
7Zip cB00OOIHO pactpocTpansemoe [10 OeccpoyuHO

FAR Manager cB00OIHO pacnpocTpansemoe [10 OecCpovYHO
Bbpaysep Yandex |cBoOomHO pacnpoctpansemoe [10 0eccpovHO

HpO(l)eCCI/IOHa.]'IbeIe 0a3bl JAaHHBIX U HH(])OpMalII/IOHHbIe CIIPpaBOYHLIC CHCTEMbI

HasBanue kypca Cchuika
DaexTpoHHbie pecypchl oubamoreku MI'TY um. I'.1. https://host.megaprolib.net/M
Hocoga P0109/Web
denepanabHOE TOCYAaPCTBEHHOE OFOIKETHOE
yupexaenue «DenepanbHblii HHCTUTYT URL.: http://www1.fips.ru/
MPOMBIIUICHHOH COOCTBEHHOCTHY
HamumonansHast nHDOpMaIMOHHO-aHATUTHYECKAS URL.:
cucrema — Poccuiickuii nHaeKke HaydHOro nutupoBanus | https://elibrary.ru/project risc.
(PUHLI) asp

DnekTpoHHas 6a3a nmepuoarueckux u3nanuii East View

Information Services, OO0 «MUBUC» https://dlib.eastview.com/

9 MaTepuajibHO-TeXHUYeCKOe o0ecneyeHne JUCHUIIMHBI (MOYJIs1)

MaTCpI/IaJILHO'TeXHI/I‘ICCKOG obecrneucHue JUCHUIIIIMHBI BKIIIOYACT:



https://host.megaprolib.net/M
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https://dlib.eastview.com/

VY4yebHast ay TuTOpHs U1 IPOBEICHUS 3aHATUIN JIGKLIMOHHOTO TUIIA OCHAIIICHA!

- TEXHUYECKUMU CPEICTBAMH 00yUEHUs, CITy KALIUMHU 11 IIPEACTaBIeHUs ydeOHOM
nHbopManuu O00JIbIION ayAUTOPUH: MYJIBTUMEIUMHBIMU CPECTBA XpPAaHEHHUS, IIepelaul U
IpeJCcTaBIeHUs yueOHOM nHpopmanuu;

- CHIeLMAIM3UPOBAHHON MeOebIO.

2. YueOHble ay TUTOPUU AJIs IPOBEICHHsI Ja0OPATOPHBIX 3aHATHH OCHAIEHBI
J1a00paTOPHBIM 000PYIOBAHUEM:

«JlabopaTopust TpoOONOArOTOBKMY:

- OTPE3HBIMU, HUIN(OBATILHBIMU U OJUPOBAILHBIMU CTAaHKAMU;

- 000py10BaHKEM JUIsI TPABJICHUS HTU(OB;

- CHeLMAIM3UPOBAHHON MeOeIbIO.

«JlabopaTopust oNTHYECKONH MUKPOCKOITUI:

- ontrueckumu Mukpockonamu MICRAY "CMI-400", METAM 32M, MUM-6,
MUM-T7;

- KOMITBIOTEPHBIMH CHCTEMaMK 00paboTKH n3o0paxenuit Ha 6ase I1O « Thixomet
PRO» u «SIAMS-600»;

- KOJIEKLUSIMM MUKPO- U MaKpOIIH(OB yIIepOJUCThIX U JETUPOBAHHbBIX CTAJIEH,
YyTr'yYHOB, [IBETHBIX METAJJIOB U CIIABOB, IOPOLIKOBBIX MaTepHAJIOB;

- KOJIJIEKIeH MakpoluIuQoB ¢ 1eheKTaMu MaKpOCTPYKTYPBI CTajIeH;

- albOOMaMU MUKPOCTPYKTYP YIVIEPOAUCTBIX U JETMPOBAHHBIX CTajlel, UyTyHOB,
LIBETHBIX METAJUIOB U CILIABOB,;

- CHeLMAIM3UPOBAHHOM MeOebIO.

«JlabopaTopust MeXaHUYECKUX UCIIBITAaHUI»:

- mukpoTtBepaomepom BuehlerMicromet 5103 Buehler;

- TBEPJOMEPAMH JJISl UCIIBITaHUS TBEPAOCTH IO MeToay PokBesuia u o Merony
bpunenns;

- yHuBepcaiabHbIM TBepaomepoM M4C075G3 EmcoTest, METOJIAB 701;

- HATIOJIPHOHM YHUBEPCATLHOW UCTIBITATENbHON NBYXKOJMOoHHOM MammHoi AG 1C-300
kN Shimadzu Corp;

- HaNOJBbHOH YHUBEpPCAILHOW UCTIBITATENBHON IBYXKOMTOHHOM MammHoi AG 1C-50
kN Shimadzu Corp;

- BusieodkcTenzomerpom TRWiew XShimadzu Corp;

- korrpoM MasiTHUKOBBIM MK 300 OO0 « UMITYJIbCy;

- MEPUTEIIHBIM HHCTPYMEHTOM;

- CIIEUAIU3UPOBAHHON MEOEIbIO.

«JIabopaTopus ckaHUPYIOIIEH FTEKTPOHHOW MUKPOCKOIIUNY:

- QIIEKTPOHHBIM CKaHHPYOIMM Mukpockorom JEOL JSM — 6490LV;

- CUCTeMO MUKpoaHanu3a ¢ nporpaMmebM odecrieuenuem INCA Energy 450 x-
MAX 50;

- CUCTEMOM aHaln3a KapTUH AU(paKIui 00paTHO PACCESTHHBIX AIIEKTPOHOB C
nporpamMmmHbIM obecrieuenreM Crystal 400;

- CIIEUAIU3UPOBAHHON MeOebIO.

«JIaboparopust TEpMHUIECKOI 00PabOTKI:

- TEPMUYECKAMHU KaMEPHBIMU TTEYaMU;

- COJISTHBIMU BaHHAMU;

- YCTAaHOBKOM IJIA3MEHHOM 3aKaJIKu;

- CIIEUAIU3UPOBAHHON MEOEebIO.

3. YuebOHast ayJuTOpust IS IIPOBECHHS MTPAKTUICCKUX 3aHITHN , TEKYIIETO
KOHTPOJISI I TPOMEKYTOYHOM aTTECTAIlA OCHAIIICHA!

- KOMIIbIOTEpHOM TexHuKo# ¢ maketoM MS Office, ¢ moakmodeHnem K ceTn
«MIHTEpHET» M C JOCTYIIOM B JIEKTPOHHYIO HHPOPMAIIMOHHO-00Pa30BaTENBHYIO CPEeILy
YHHUBEPCHUTETA,;

- CTICIIMATU3UPOBAHHON MEOEIBIO.



4. YaeOHas ayAUTOPHS JUIsl TPYNIOBBIX M HHAWNBUAYATbHBIX KOHCYJIbTAIIAHN,
TEKYIIIETr0 KOHTPOJISI ¥ IPOMEKYTOYHOM aTTeCTallu OCHAIICHA!

- KOMIIbIOTEpHOM TexHuKo# ¢ maketom MS Office, ¢ moakmoyeHnem K cetn
«VHTEpHET» U C TOCTYIOM B 3JIEKTPOHHYIO HH(OPMAIITMOHHO-00pa30BaTEIBHYIO CPEILy
YHUBEPCUTETA;

- CIICHMATU3UPOBAHHON MEOEIIBIO.

5. [TomerneHue a1 caMOCTOSTENHHOM pabOThl OCHAIIICHO:

- KOMIIbIOTEpHOM TexHuKo# ¢ maketom MS Office, ¢ moakmoyeHnem K cetn
«VHTEpHET» U C TOCTYIOM B 3JISKTPOHHYIO HH(OPMAIITMOHHO-00pa30BaTEIBHYIO CPEILy
YHUBEPCUTETA;

- CIICIMATU3UPOBAHHON MEOEIbIO.

6. [Tomenienue a1 XpaHeHUS U MPOOHUIAKTHYECKOTO 00CTYKUBaHUS y4eOHOTO
000pyI0BaHUS OCHAIICHO:

- CIICIMATU3UPOBAHHON MeOEbIO: CTEeIUTaKaMHK JIJIsi XpaHCHHS Y4eOHOTO
o0opyI0BaHus;

- CTAHOYHBIM ITAPKOM U MHCTPYMEHTAMHU JJII pEMOHTA Y4eOHOT0 000pYI0BaHUS.



Ipuioxenne 1

6 YueOHO-MeTOoauYeCKOe o0ecneyeHne caMoCTOATEIbHOI PadoThl 00y4aloIMXCs

ITo pucrumunbae «CoBpeMEHHbIE KOHCTPYKLIMOHHBIE M MHCTPYMEHTaJbHbIEMATEpUAIbI»
IpPEeIyCMOTPEHA ayAUTOPHAs U BHEAYJUTOPHAsl CaMOCTOsITeIbHAas paboTa 00yyaromuxcs.
6.1 AyauTOpHasi caMoOCTOsITeJIbHasi padoTa CTYJIEHTOB IPEAINOIAracT BbIIOJHEHUE

KOHTPOJIBHBIX padoT.
IlepeyeHs BONMPOCOB [Jisl NMOATOTOBKH K KOHTPOJbHBIM ayIUTOPHBIM MepPONPUATHSM IO TeMaM
AUCHHUILTUHBI

Tema 1. MexaHu3MbI yIIPOYHEHUSI

ROoo~NoGO~LNE

13.

0.
11.
12.

KaxoBbI IPUHLINIIBI YIPOYHEHHS HU3KOYTJIEPOAUCTON CTAIn?

HazoBuTe MexaHu3Mbl YIPOUHEHUS! HU3KOYTJIEPOAUCTON CTaIN

Uto Takoe HanpsH>KEHUE TPEHUs?

KakoB MexaHN3M TBEpI0paCTBOPHOTO YIIPOUYHEHUS?

OT 4yero 3aBUCHT YNIPOYHEHUE 32 CUET MEepauTa?

B uem cyTh AMCTIEPCUOHHOTO YIIPOYHEHUS?

Kak peanusyercs MeXaHU3M IUCIOKALIMOHHOTO YIIPOYHEHNUsA?

Kak nelicTByeT MexaHU3M 3€pHOIPaHUYHOTO YIIPOUYHEHUA?

KaxoBa poip 3TOro Mexanusma B yIpOYHEHHH?

UYro co0oif MpeacTaBIsieT MEXaHU3M CYOCTPYKTYPHOTO YIIPOYHEHHUs?

Kakoit n3 MexaHu3MOB yIpOUHEHHsI HU3KOYTJICPOIUCTOM cTau Haubosee 3ppeKTuBeH?
Kak wMenHsercs [aucioOKanMOHHAs CTPYKTypa IIpM  XOJOAHOW  IPAKTUYECKOMU
nedopmaruu?

Kakue gakTopsl BIUSIOT HA COITPOTUBICHUE XPYITKOMY pa3pyIICHUIO?

Tema 2. OcHOBHBIE TEPMHUHBI TEXHOJIOI'HHU MPOKATKH BBICOKOIIPOYHBIX craJeii

CoNoR~WNE

KakoBa nenb repmomexanuueckoit oopadorku (TMO)?

B gem ocnoBHas cymuocts TMO?

Kakue npeumymiectsa obecrieunBaer TMO 1o cpaBHEHHIO ¢ IpYyrUMH 0OpaboTkaMu?
B uem npunnunuansaoe ornuue BTMO or HTMO?

KakoBa cymHocts koHTpoupyemoii mpokatku (KII)?

3a cuer yero obecrnieunBaercs u3MenbueHue sepHa npu KI1?

Kak ocymectsisiercsa Harpes mipu KIT?

KakoBa nienb BeicokoTemnepatypHoi nedpopmanuu npu KI1?

Yro naer nedopmanvi B HUKHEW YacTH ayCTEHUTHOM WIIM ayCTEHUTHO-(EpPUTHOM

obnactu mipu KI1?

10.
11.
12.
13.
14.
15.

N

o ok

Kax nmpoucxoaut oxnaxaenue npu KI1?

B yem cyTh KOHTpONIMpYyeMOii MPOKATKU € YCKOpEeHHbIM oxJaxaeHueM (KI1+Y0)?
Kakue TexHomornueckue napameTpsl perinamentupyercs npu KII+YO?

Yro Bnuser Ha cTpykTypy npu KII+YO?

Kakue cTpyKTypbl MOTYT OBITH NONTydeHb! B iporiecce KIT+YO?

KakoBa 00111as 11€J1b yCKOPEHHOTO OXJIaXkI€HUS MoCIIe MPOKaTKU?

Tema 3. Posib MUKPOJIETHPYIOLIMX 3J1EMEHTOB

Pacckaxxute 0 pacmoioKEHUU MHKPOJETUPYIONINX JieMeHToB B Tabmuie [I.U.
Menneneena

Uro Takoe psa kapoumpooOpazyrommx dneMeHToB? [1o kakoMy NPUHITUITY OH CTPOUTCS?
KakoBbl 0COOEHHOCTH  AJIEKTPOHHOIO CTPOEHUS AaTOMOB  MMKPOJIETHUPYIOLIUX
3J€MEHTOB?

VYkaxwure cBoiictBa 35eMenToB 1V-VI rpynn

Ha3zoBuTe HetocTaTKu 3JIEMEHTOB STON TPYIIIBL: YIUPKOHUS, radHUs, TaHTaIa.
HazoBuTe »s1eMeHTBI, KOTOpbIE HAIUIM MPAKTUYECKOE INPUMEHEHHE B KauyecTBe
MHKPOJIETUPYIOIIHX



© oo~

12.

13.
14.

15.

Kakyro posib urpaer pacTBOPUMOCTb JIEMEHTOB B ayCTEHUTE?
Kak mpoucxonut pacTtBopeHue KapOUIHBIX U HUTPUIHBIX (a3 B aycTeHuTe?
Urto xapakTepusyeT IpOou3BeIeHUE pACTBOPUMOCTH?

. CpaBHHTE pacTBOPUMOCTH KapOU0B, KApOOHUTPUAOB M HUTPUJIOB B AyCTCHHUTE.
11.

Kakue u3 kapOuIHBIX U HUTPUIHBIX (a3 MUKPOJIETUPYIOIIUX 3JIEMEHTOB UMEIOT CaMyIO
OOJIBIIYIO PACTBOPUMOCTH B ayCTEHUTE?

Kak BnuseT mNoBBILIEHHE COJEp:KaHUS YIJIepoJa Ha pacTBOPUMOCTb KapOWUIOB B
ayCTeHUTe?

Kak Bnusier Temneparypa HarpeBa Ha pacCTBOPUMOCTb KapOMAHBIX U HUTPUIAHBIX (a3?
KakoBbl 0COOCHHOCTH PACTBOPUMOCTH KapOUIHBIX M HUTPUAHBIX a3 IpU COBMECTHOM
MUKPOJIETUPOBAaHUN HUOOMEM U TUTAHOM?

KakoBbl BO3MOXXHOCTH, JIOCTHTaeMbIe C IOMOIILI0 KapOWIOB THUTaHA, BaHAIUA U
HUOOMS?

Tema 4. Biusinue MUKpoOJIeripoBaHus HA (popMHUpPOBaHME CTPYKTYPbI

1.

2.

L

10.
11.
12.
13.
14.
15.
16.
17.
18.

19.
20.

Kak BAMSAI0T MUKpOJIErHPYIOIINE 3JIEMEHTHI B TBEPIOM PACTBOPE HA MPOLIECCHI B CTAJIN
Mpu Harpese?

Kak Bnmsier pa3Huiia B pa3mMepax aTroMOB MHUKPOJETHPYIOIIETO 3JIEMEHTa M aToMa
KeJle3a Ha TBEPJIOPACTBOPHOE YIIPOUHEHHE:

Kak BIUSIOT MUKPOJIETUPYIOLINE 3JIEMEHTHl  Ha y—>o. IpeBpaiieHue?

Kakoe BnmsiHMEe Ha y—>0 MpPEBpallEHHE OKa3bIBAIOT YAaCTUIBI KapOOHUTPUAHBIX (a3
MHUKPOJIETUPYIOIINX AJIEMEHTOB, BBIACIUBIIUECS 10 MpeBpalieHus?

Kak Bausier pa3Mep BBIIENMBIIMXCS YacTUL KapOOHUTPUIHBIX (a3 Ha y—o
npeBpaiieHue?

[loueMy Ba)XXHO KOHTPOJMPOBATH pa3Mep 3€pHa ayCcTEHUTa, OOpa30BaBIIErOCs MpU
HarpeBe MUKPOJIETMPOBaHHBIX CTAJCH?

Uro HeoOXxonuMo o00ecneyuTh IMPU HArpeBe IMOJ MPOKATKy MHUKPOJETHMPOBaHHBIX
craneu?

Kak BIusI0T MUKpOJIErHPYIOIINE 3JIEMEHTHI, PACTBOPEHHBIE B ayCTEHUTE, HA POCT 3€pHa
aycreHuTa?

B kakoM ciydae BIMSHHE MHKpPOJETHPOBAHMS Ha POCT 3€pHa aycTEHUTa Haubosee
3¢ deKTUBHO?

VYkaxuTte TemnepaTypsl, JO KOTOPHIX 3aTOPMOXEH POCT 3€pHAa ayCTEHHUTa B CTaJsfX,
MHUKpPOJIETUPOBAHHBIX TUTAHOM, HIOOUEM, BaHAIUEM.

Kakoii pasmep 3epHa aycreHuta u (eppura MOXKHO OOecneduTh B CTalAX C
MHUKpPOJI00aBKaMH KapOUJ0- UM HUTPUI000pa3yIOLINX HIEMEHTOB?

KakoBo BnmsiHME MUKPOJ00AaBOK THUTaHA Ha CKJIOHHOCTh K POCTY 3€pHa ayCTEHHUTa B
HUOOMI-cofiepKaluX MUKPOJIETHPOBAHHBIX CTANIAX?

Pacrionoxure V, Nb, Ti 1o BO3pacTaHUIO CACPKUBAIOIIETO BIUSHHS Ha POCT 3epHA
ayCTEHUTA.

Uto Ha3bIBaOT TEMIIEPATypOl Havyaja OCTAHOBKHU PEKPUCTAIIIU3ALNN?

Uro Takoe drag-apdext?

Kak BIuslOT MHUKpOJETHUPYIOIIKME DJIEMEHThl Ha KHUHETHUKY pEeKpHUCTaUIU3aliu
ropstueiehOpMUPOBAHHOTO ayCTEHNUTAa HU3KOYTJIEPOJUCTOM cTan?

KakoBo paznuume TuTaHa U HUOOWS BO BIMSHUU Ha KUHETUKY PEKPUCTALTU3ALNN
ropstueiehOpMUPOBAHHOTO ayCTEHNUTAa HU3KOYTIEPOJUCTOM cTann?

Kak tremnepatypa ayCTeHUTH3AIMH BIUSET HA PEKPUCTAJUIM3ALMIO ayCTeHUTAa?

Kak temneparypa ropsueit jeopmanuy BIUsSeT Ha peKPUCTAILTU3AINIO ayCTeHUuTa?
KaxoBo BiausiHue nedopmaniny Ha y—>o. peBpalieHNe B MUKPOJIETUPOBAHHBIX CTAJAX?

Tema S. /lucnepcoHHOE YIIPOYHEHHE IPH MUKPOJIETHPOBAHUH

1.

YeM 00bACHSACTCS JUCTIEPCUOHHOE YIPOUYHEHHE P MUKPOJIETHPOBAHUU?



2. YeMm pa3nuyaroTcs KOTEpEHTHbIC, IOIYKOT€pPEHTHbIE M HEKOTEPEHTHbIE TI'PAHULIBI

«4actua-mMarpuna»? Kakyro pojb OHM UTparOT B AUCIIEPCUOHHOM YIIPOYHEHUU?

VYKaXuTe BO3MOKHbIE MEXaHU3Mbl B3aUMOJICHCTBUS YaCTHI] C AUCTOKALUAMU?

KakoB MeXaHu3M YIPOYHEHMsS HEKOT€PEHTHBIMM 4YacTULAMU C MOJAYJEM CJIBHra

OoJblIe MO/YJIS CABUTa MAaTPULbI?

5. Kakme mnapamerpsl ONpenensioT HampspKeHHE, HEoOXoauMoe JUIs  pealu3anuu
Mexanu3zma OpoBaHna?

6. Kakwe mnapamerpsl ONpenensiOT HaNpsDKEHHE, HEOOXoauMoe JUIs pealu3anuu
MeXaHU3Ma [epepe3aHmst yacTu?

7. B xakoM ciy4ae IPOUCXOIUT TOPMOXKEHUE JUCIOKALUMA YOPYTMMH IOJIAMU
HanpsoKeHUn ?

8. Kakue napamerpsl onpenenstor BenuduHy 3 (eKTsl JUCTIepCHOHHOTO YIPOUYHEHHS?

9. Kakue yactuips! Hanbosee F3PpPEeKTUBHBI TSI JUCTIEPCUOHHOTO TBEPACHUS?

10. Kakoii npuHIHI HEOOX0UMO COOIIOIATh MPHU JUCIIEPCHOHHOM YIPOYHCHUH CTaIN?

11. Kakyto poJib UrpaeT TUTaH, HUOOM 1 BaHAIUI IPU MUKPOJIETUPOBAHUU CTAIH?

How

Tema 6. CoBpeMeHHbIe HHCTPYMEHTAJIbHbIE MaTEePHAJIbI

=

Hw

o

7.
8.
9.

TpeboBanus1, IpeabsBIsieMble K HHCTPYMEHTAJIbHBIM MaTepUallaM.

VYriepoaucTele W JIETHPOBAHHBIE WHCTPYMEHTAJbHBIE cTalu. lIpumepbl,MapKUpOBKa,
Ha3Ha4YCHHUE.

beicTpopexymue cranu. [Ipumepsl, MapKUpOBKa, Ha3HAYEHUE.

Bonbsdpamokobansrossie crnassl (rpynna BK). [Ipumepsl, MapkupoBka,Ha3HauEHHE.
TuranoBonbdpamokobansToBeie  ciutaBel  (Tpynma TK). Ilpumeps, MapkupoBka,
Ha3Ha4YCHHUE.

TuranoranTanoBonbdpamokodansToBeie cruiassl (rpynmna TTK). [Ipumepsl, MapkupoBKa,
Ha3Ha4YCHHUE.

besBonbdpamossie TBepbie ciiaBsl (BBTC). [Ipumepsl, MapkupoBKa,Ha3HauUEHUE.
Pexymas kepamuka.

CBepXTBEp/ble MHCTPYMEHTAJIbHBIE MaTEPHAIIbI.

10. I/IHCTp}IMeHTaJ'ILHHe MaTCepHaJibl C H3HOCOCTONKHUM TIOKPBITHEM.

KonTpoJsbHbie 3aganus no npakruyeckoi padore 1. Jlazepnas ceapka
CBEPXHHM3KOYIJIEPOAUCTOH MUKPOJIETHPOBAHHOMN X0JI0JHOKATAHOM I0JIOCHI

Ha ocHoBaHuM pe3ynbTaTax M BHIBOJOB IO pa3jienaM paboThl B OJyUYE€HHBIX pe3yibTaTax
BbIOpaTh aHHbIE ((poTorpaduu MUKpOCTPYKTYpHI, IpadUKH, AUarpaMmbl, TaOIUIbI),
KOTOPbIE UIUTIOCTPUPYIOT CIEAYIOIINE 3aKIF0UEHUS:

1. OO6pasmsl mas MeTamuiorpaguyeckoro aHajdu3a OXBaThIBaJM 30HY CBAapHOTO IIIBA,
okoJo1oBHY0 30HY (OIL3)1 ocHOBHOM MeTa.

2. B cTpykType HcceI0BaHHBIX CBAPHBIX COCIUHEHUH MOCIE OCYIICCTBICHHUS JIa3ePHOM
CBapKH OTYETIMBO WACHTUDHUIHUPYIOTCS CIEAYIONIUE XapaKTEPHbIE KPUCTAJUIMUECKUE
30HBI: 30HAa KpUCTAUIM3AllMd  CBApHOTO  IIIBA, 30HAa TEperpeBa, 30HA
MepeKpUCTAIIN3AIUHY, 30Ha peKpHUcTaIU3aUn u 30Ha OCHOBHOTO
XOJIOAHOIe(OPMUPOBAHHOTO ~ METajla, HE  TOJBEPraBIIETOCs TEPMHYECKOMY
BO3JECHCTBUIO TEIIA CBAPOYHOU BAHHBI.

3. B 30He kpucTaimm3anuy 1mBa HaOJIIOMAETCsl CTPYKTypa, COCTOSIIAs M3 MAaCCHBHOTO

deppuTa B BUAE KPYIMHBIX KBa3UIIOJIUTOHAIBHBIX 3€PEH U OCHHUTA, TPEICTABISIFOIIETO
coboii peitku TommuHo# ot 0,5 10 1 MKM U IITHHO#M 10 25 MKM.

4. CrpykTypa,  cocrosimiass M3  MacCHBHOro  (eppura,  00pa3oBaBLIETOCH

0e3muPy3noHHBIM  MyTEM 10  HOPMAJIBHOMY  MEXaHH3My, U  OCiHHTa,
00pa30BaBIIEeroCcs MO MPOMEKYTOYHOMY MEXaHH3My C(HOpMHpOBANlaCh B PE3yNbTaTe
BTOPUYHOW KPUCTAJUTM3ALUU JACHAPUTHON CTPYKTYPHI IIBAa MPU OOJIBIINX CKOPOCTIX



10.

11.

12.

13.

14.

15.

16.

17.

oxnaxaeHus npuodauzutenbHo 1000 °C/c, xapakTepHBIX IS Ja3epHOM CBAPKHU.

B OII3 M0XHO BBIAECTUTH 30HY IEperpeBa C KPyMHbBIMH (DEPPUTHBIMH 3€pHAMHU, B
KOTOPOW MeTaJuT HarpeBajcs 3HaunuTeapHO Bhime Ac3 (1o 1450 °C).

3ona mnepekpuctaumzanuu  OIL3  Brirodaer cebs 30HY HOpMalU3alH  C
HNEPEeKPUCTAIIN30BABIIMMUICA MEJIKUMHM 3€pHaMH  (eppura, B KOTOPOM MeTal
HarpeBajcs 0 TeMmueparypbl Heckoibko Bbiie Ac3 (mo 900-1000 °C), u 30mHY
YaCTUYHOM MepeKpUCTaUIN3aLuU, B KOTOPOH METaul HarpeBajcs 10 TeMIepaTyphl B
unrepBajie Acl—Ac3, cocTosIIyI0 U3 METKUX NMEPEKPUCTATUTMZOBABILIUXCS 3€PEH (TaM,
rzie o0pa3zoBalicsl AyCTEHUT) U KPYIHBIX PEKPUCTANIM30BaHHBIX 3epeH (epputa (Tam,
r7ie He Mpou3omnuia (azoBas MepeKpUCTAIUIN3ALNS IPU HATrPEBeE).

B 30He Tepmuueckoro BIUSHMS HaOJIOJAETCA 30HA PEKPHCTALIM3ALMM, B KOTOPOH
METajul HarpeBajcs 10 TeMIeparypsl Hike Acl u HaOmomaercs CTPYKTypa,
CBUJIETEJILCTBYIOIAS. O  INPOTEKaHUW  Ipouecca  o0Opa3oBaHHUS  3apojblileit
PEKpUCTAJUIM3ALMY, MX pPOCTa W TIOCTEIIEHHOW 3aMEHBbl BOJIOKHHCTOW CTPYKTYPHI
(1eopMHPOBAHHBIX 3€PEH ) HA HOBbIE MEJIKUE PEKPUCTAININ30BAHHBIE 3€PHA.

30Ha OCHOBHOT'O METaJIa HIMEET BOJIOKHHUCTYIO ((PHOPOBYIO) CTPYKTYPY, XapaKTEPHYIO
Ui 1e()OPMUPOBAHHOTO XOJIOAHOKATAHOTO METaJula: BBITSHYTBIE 3€pHA CO ClI€aMHU
nedhopmaruu.

B mukpocTpykType cBapHbBIX coenuHenni mosockl u3 ctanm 006/IF Bo Bcex 30Hax, 3a
UCKJIIOUEHHEM 30HBbl KpHUCTAIM3alMM IIBa HAOMIOAAIOTCA KPYIIHBIE YaCTHIIbI
TeOMETPUYECKM  TpPaBWIBHOH  ¢opmbl  pasmepoM 10 10 MKM, KOTOpBIE
UJAECHTUPULIHUPYIOTCS KaK KOMIUIEKCHbIE HUTPUIbI THTaHA U HUOOMS, oOoraiieHHbIe
TUTAHOM WJIM HUTPHUBI TUTAHA.

B MukpocTtpykType 30HbI mBa Kpuctamuzanuu ctain 006/IF koMIuieKcHble HUTPUIbI
TUTaHa W HUAOOWS, OOOTAlCHHBIE THUTAHOM WJIM HUTPUABl THUTaHA YaCTHUIIBI
OTCYTCTBYIOT, IOCKOJIbKY OBLIH paCTBOPEHBI B ’KMJIKOM METaJlJIe CBAPOYHOM BaHHHBI.

B OUI3, npuneratomeil k 30He kpuctaumzanuu msa cranu 006/IF, nabmrogaercs
YY4aCTOK C KpYNHbIMH HE PpAacTBOPHBIIMMUCS YacTULAMH HUTPHUJIOB THUTaHA.
KomruiekcHbie HUTPUIIBI, COMEpKaIlie HUOOUN, UMEIOT 00Jiee HU3KYIO TeMIEepaTypy
pacTBOPEHUs U OATOMY PacTBOPSIIOTCA MO/ BO3JEHCTBUEM TEIJIa CBAPOUYHOM BaHHBI, U
U3-32 BBICOKHX CKOPOCTEH OXJIQKJCHHS, HE YCIEBAIOT BBIJIEIATHCS U HE CIEPKUBAIOT
pOCT 3epHa.

B yuactke OILI3 cBapHoro coennnenus nojockl u3 cranu 006/1F, npuneratomieit k 301e
KpUCTANIM3allMM  I1IBa, 00pa3yloTcs aHOMalbHO KpyHHBIE 3epHa  (Qeppura,
OPUEHTHPOBAaHHBIE B HANpPABIEHUH TEIUIOOTBO/A, YTO MOXXET OBITh OOBICHEHO
3aMeJICHUEM BBIJCTICHUSI PAaCTBOPHUBILUXCA B ATOM 30HE YaCTHIl, M3-3a BBICOKHX
CKOPOCTEH OXJIaX/IeHUs1, XapaKTEPHBIX JUIsl Ja3€PHON CBapKHU.

[TpoTsKeHHOCTh 30HBI MEPEKPUCTAIUIM3AIMN CBApHOTo coeanHeHus u3 craau 006/1F
coctapimsier mnpuOmm3uTenbHo 0,06 MM, dYTO OOBSACHAETCS MajbiM BpEeMEHEM
npeObIBaHUS MeTaJljla B JTOH 30HE HpU Temreparype Bblmie Ac3 u3-3a OONbIINX
CKOpPOCTEH TEIJI00TBO/Ia B OKOJIOIIOBHYIO 30HY B MPOIIECCE Ja3epHOM CBapKH.
KadecTBO cBapHOro COeAMHEHHUS OLEHHMBAeTCs MO Npobe Ha BbLAABIUBaHHE (TI0
OpHUKCEHY): CBapHOM IIIOB CUMTAETCS KAU€CTBEHHBIM, €CIIM pa3pylIeHHe MPOU30ILIO0
NEePIEHIUKYJISPHO IIBY.

KauecTBO cBapHOro coeMHEHHUs OLIEHWBAETCS MO MPOoOE Ha BHIAABIMBAHUE: CBAPHOM
IIOB CUMTAETCSl HE KaueCTBEHHBIM, €CIIU pa3pylLIeHne Ipou301uIo 1o mey uin B O3
napajuieIbHO LIBY.

MakcumanbHOE 3Ha4YeHHE TBEPAOCTH HaOJIOAaeTcsi Ha OCH CBAapHOro IBa, YTO
00BsICHSIeTCS Hamu4uueM OEWHUTHOM CTpyKTypbl. Ha HEKOTOpOM pacCTOSHUM OT OCH
CBApHOTO I1IBa HA0JIIOJaeTCsl CHUKEHUE TBEPJIOCTH, MUHMMAaJIbHOE 3HAUEHUE KOTOPOI
COOTBETCTBYET 30He neperpena. [1o mepe npoaBHKEHNsI K OCHOBHOMY METAJLTY B 30HAX
NEePEeKPUCTATLTU3AIMH U PEKPUCTAITU3AIIMH TBEPAOCTh BO3PACTAET, JOCTUTast 3HAUCHUS
TBEPJIOCT OCHOBHOT'O XOJIOJJHOKATaHOI'O MeTaslIa.

KadyecTBeHHO cTpoeHHE 30H OJMHAKOBO JJSI BCEX MCCIECJOBAHHBIX MapoOK CTaIH.



OpHako MPOTSKEHHOCTh 30H U pacHpelesieHne MHUKPOTBEPAOCTH pa3iMyaloTcs B
3aBUCHUMOCTH OT COPTaMEHTa CTAJIH.

18. [ToBbIlIeHHE MUKPOTBEPAOCTH B 30HE KPUCTALIM3ALMU IIBAa CBAPHOTIO COEIUHEHUS
cramm 006/1F mpumepno wa 500 HV no cpaBHeHHIO ¢ MUKpOTBEpIOCThIO cTanu 0810,
MOCKOJIbKY KOMILJICKCHBIE HUTPUJbI (KapOOHUTPHUAOB) TUTAHA U HUOOMS U HUTPHUIBI
(kapOOHUTPHUIBI) TUTAHA TIPU CBAPKE PACTBOPSAIOTCS B METAJJIE CBAPOUYHOW BaHHBI U
IpU TOCIEAYIOUEM OXJIaKICHUM TUTAaH W HUOOWI OCTalOTCA B TBEPAOM pacTBOpE
MeTaJula 30Hbl KPUCTAJUTM3AIMY 111Ba, 00eCIIeurBas TBEPAOPACTBOPHOCYIIPOUYHEHHE.

19. Pacnipenenenrie MUKpPOTBEPIOCTH CBUIETENILCTBYET, YTO Pa3ylNpOUYHEHUE B JIa3epHBIX
CBapHbIX COCIMHEHUAX B HelerupoBaHHbIX craisax 10mc, 08nc u 08O cocrasnser no
38 %, a B cBepxHu3koyriepoaucroit ctanu006/1F, MUKpOIernpoBaHHON TUTAHOM U
HuoOueM - Bcero 110 15 %.

20. Tlocne  pexkpUCTAIUIM3AIMOHHOTO OTXKMTAa B  CBAapPHOM  COEJUHEHUM  30HA
PEeKpUCTAIUTM3AMN OOBEIUHSIETCS C OCHOBHBIM PEKPUCTAJUIM30BAHHBIM METAJIOM,
BCJIE/ICTBHE UEro MPOTSHKEHHOCTh 00J1aCTH pa3ypOYHEHHs] yMEHbBIIASTCS HA BETUYUHY
HOPOTSKEHHOCTH 30HBl PEKPUCTAIM3ALUU, 4YTO I[OJIOKUTEIBHO CKa3bIBAaeTCsl Ha
KayeCcTBE COCAMHEHHUS.

21. Tlocne ma3epHOil CBapKu MaKCUMalbHBbIE 3HAYEHHUS CHKUMAIOIIUX OCTATOYHBIX
HaAIpPsDKEHUH COOTBETCTBYIOT OCH 11Ba. Ha rpaHuIie 30HbI KpUCTAJIN3aLMHY 111BA U 30HbI
neperpeBa, HaMpsHKEHUS MEHSIOTCS Ha PacTATMBaIOIIUeE, 3aTeM CHOBA B 30HE Ieperpena
MEHSIOTCS Ha C)KMMAOIIKME, KOTOPbIE YMEHBIIAIOTCA Ha NPOTSHKEHUM 30HbI
MEPEeKPUCTAIIM3AINA W TPOAODKAIOT YMEHBIIATECA 1O 3HAUEHHUS OCTATOYHBIX
HaNpsDKEHUH OCHOBHOTO METalIa.

22. Tlocne pexpucrammuzanroHHoro orxura B OIL3 mporcxoauT HEKOTOPHII POCT 3epeH
depputa B 30HaX MEPEKPUCTAUIM3ALUU M  PEKPUCTAUIM3ALMK, a TaKxkKe
pPEKpHCTAUIM3AIMS OCHOBHOTO METaJlla, B Pe3yJibTaTe Yero 30Ha PeKpHUCTaNIU3alUuu
00BeAMHSIETCS ¢ 30HOW OCHOBHOT'O METaJlIa.

23. Tlocne pekpuCTAIIN3alMOHHOTO OT)KUTa B 30HE KPHCTAJUIM3AlMK I1Ba HAOIIOAAaeTCs
(beppuTHO-LIEMEHTUTHAsI CTPYKTypa, oOpa3oBaBIIascs B pe3yJlbTaTe OTIyCKa
CTPYKTYpBbI, chOPMUPOBABIIEHCS B 3TON 30HE MPHU JIa3epHOI CBapKe.

24. PexpuCTaNTU3aIIMOHHBIA OT)KUT HEMPEPBIBHBIX IMOJIOC C JIA3€PHBIMH CBApHBIMHU
COCIMHEHUSIMU U3 MUKposierupoBaHHoi crtanu 006/IF B IHMHUM HENpephIBHOTO
arperata AHO/AHI'L] cumxaer mukporBepAocTs. OcTaTOUHbIE HANpPSKEHUS B 30HE
cBapHoro mBa u B OIII3 ymeHbIIalOTCS, U UX pacHpeiesieHHe CTaHOBHUTCA Ooiiee
OJIHOPOJHBIM.

KoHTposabHbIe 3a1aHUA M0 NPAKTHYECKOH padoTe 2.Biusinne CKOPOCTH OXJIAMKAEHUS
Ha CTPYKTYPY M MUKPOTBEPAOCTh apMATYPHOI BBICOKOYIJIEPOAMCTOH apMAaTYPHOM CTaJIH,
MHKPOJIETHPOBAHHOKH Oopom

1. OObsAcCHUTP  TPUHIMIBI  HOCTPOCHHS  TEPMOKMHETHYECKHUX  JMarpamMm ¢
HCITOJIh30BaHUEM COBPEMEHHOTO HccienaoBarenbekoro kommiekca Gleeble 3500

2. Ucnonp3ys TEpMOKMHETHUYECKYIO JMarpamMmy, OOBSICHUTh BJIMSHHE CKOPOCTH
OXJIQX/IEHUS] HA MUKPOCTPYKTYpy ctanu 80P.

3. OOocHOBaTh YCIIOBHUSI OXJXKICHUS, obOecrednBaroniue (GopMHpOBaHHE TpeOyeMoit
CTPYKTYpBI IIPH OXJIAKJICHUN 3aTOTOBKH MOCJIE Topsiueii MpOKaTKU Ha COPTOBOM CTaHe.

6.2 BHeaynuTopHasi caMOCTOsITeJIbHAsi padoTao0yvaroNINXCsl OCYIIECTBISIETCS B BUIE

W3Y4YEHUs JUTEPATYphl MO COOTBETCTBYIOIIEMY pa3jelly C IpopabdOTKOW MaTepuasano Temam
JUCIUTIINHBI
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7 OneHo4YHbIe CPeACTBA 1JIsl POBEACHHUS IPOMEKYTOYHOM aTTecTaluu
a) [lnanupyembie pe3yabTaThl 00y4eHUs] H OLIEHOUYHbIE CPeJACTBA /1JIsl IPOBeAeHU
NPOMEKYTOYHOM aTTeCTANMU:

CrpykrypHbIi IInanupyemsle pe3ysbTaTsl o
SIICMEHT oByuens LIEHOYHBIE CPEJICTBA
IIK-4: Cioco0eH NpoBOAMTH AHAJIM3 TEXHOJOTHYECKHUX MPOLECCOB JJIs1 BHIPA0OOTKH
NpeaJI0KeHHH 110 YIIPABJIEHHUI0 Ka4eCTBOM NPOAYKIHH
I1IK-4.1 3HaeT: COBPEMEHHBIE METO/IbI 1. CoBpeMeHHbIE TEHCHIIUN Pa3BUTHS
UCCJIEIOBAaHMSI MAaTEPHAIIOB U CO3/1aHUS U IPUMEHEHUS
IIPOLIECCOB; METAJIOBEAUYECKHE KOHCTPYK-LIIMOHHBIX U HHCTPYMEHTAIBHBIX
OCHOBBI TEXHOJIOTUYECKUX Ma-TepUAIOB.
NPOIIECCOB MPOU3BOACTBA U3ACTHI; |2. AKTyanbHOCTb IPOU3BO/ICTBA
COBpPEMEHHBIC KOHCTPYKIIMOHHBIC U [MUKpO-JIerupoBaHHbIX cTasei (MJIC).
WHCTPYMEHTAJIbHBIE MAaTEPUAJIBL; O06-nacTu IPUMEHEHHUSI.
METO/IbI TOBBIIIIEHUS Ka4eCTBA 3. Knaccudukanus BBeieHUs: MaJIbIX
IPOAYKIUH MOAN(UIIMPOBAHNEM HX [100aBOK JIETHPYIONIHX 371eMeHToB (J1D).
MOBEPXHOCTHU; TEXHOJIOTUYeCKue (4. OcHOBHbBIE KOHIICTIIIMH CO3TaHUS
MpoILIecChl, MX BiIMsiHUE Ha kadecTBO [MJIC
MPOIYKIIMH; IPUHIIUIIBI IPOBEICHUA [D. MexaHu3Mbl yIPOYHEHUS
AKCIIEPTU3BI METAIIJIOB U HU3KOYT-JIEPOIUCTHIX CTajlel
METAIIJIOU3IeTNI; TEXHOJIOTUYECKHE (6. OcHoBHbIE TIOHATHUSA B 0071aCcTH
MIPOIIECCHI, TPUHIIUATIBI HX T€X-HOJIOTMH [IPOU3BOJICTBA
KOMIIBIOTEPHOT'0 MOJICTTUPOBAHUS U [BBICOKOTIPOYHBIX CTasen
BJIMSIHAE HAa KaYeCTBO MPOJAYKIHU; |7. Tepmomexanuveckast 00paboTKa
TEXHOJIOTMYECKHUE MPOLECCHI, (TMO)
IIPUHLUIIBI [IOCTPOCHUS UX 8. KonTtponupyemast npoxatka (KIT)
U(POBBIX TBOINHHUKOB; 0. KonTponupyemast mpokatka ¢
aBTOMaTU3UPOBAHHBIE ycko-peHHbIM oxsaxaenueM (KII ¢ YO)
TEXHOJOTHYECKHE arperaThl 10.  Ponb MUKpONETUPYIOMIUX
IIPOKATHOTO MPOU3BO/ICTBA biiemenToB (MJID).
11. Oco6ennoctu MJID
12. dopmMupoBaHuE U paCTBOPEHUE
Kap-OuoB u HUTpUI0B MJID B aycteHure
[1K-4.2 YMeer: npoBOAUTH aHAIINU3 1. OObscHUTE, KaK MTOCTYMAIOT, €CITU
TEXHOJOTMYECKHUX MPOLIECCOB U [IpU COXPAHEHUH KJlacca MPOYHOCTHU B
BBIPAOOTKH MPEATOKEHUH IO CO-BPEMEHHBIX MarUCTPaIbHBIX
YIIPaBJICHUIO Ka4€CTBOM TpyOO-1IpoBOJax TpeOyeTcs yBEIUYCHUS
MPOAYKIMH, UCTIONB3YS TOJIIIUHBI CTCHKU TPYOBHI.
COBPEMEHHBIE METO/IbI 2. OObscHUTE, KAKOBBI TJTABHBIE
HCCJIETOBaHMS MaTEPHAIIOB U [MOKa3a-TeJIU MEXaHUUYECKUX U
IIPOLIECCOB, KOMIIBIOTEPHOE PKCIITyaTali-OHHBIX CBOMCTB B
MoJIeJIMpOBaHue U LHU(POBHIE BBEICOKOITPOYHBIX HU3KOJIETHPOBAHHBIX
TEXHOJIOTHUHI CTaJISX.
3. Urto OyAeT CIyUTh OCHOBHOU
Xapak-TePUCTUKON XJIATHOIOMKOCTH CTalu
[P UCTIBITAHUUIIAJAIOLIUM IPY30M?
4. [TosicuuTe, Kak BEIOMpaeTcs
coJiepka-HHe yriepoja B BBICOKOIPOYHBIX
TPYOHBIX CTAJIAX.
0. 3aueM yBEeITUYHMBAIOT COJEpKaHUE
Map-Trania o 1,65 % B HU3KOYIJIepOAUCTON




CTpyKTypHBII

IInanupyemslie pe3ysbTaTsl

O1eHOYHBIE CPEJICTBA

DJIEMEHT 06yquH;[
CTaJIM, IPEeJHA3HAYCHHOM 1
KOHTPOJIMPYEMON IPOKATKU?
6. Kakoii ocHOBHOI
HE0CTaTOKTPaULM-OHHO UCII0JIb3YEMBIX
yTel MOBBILIE-HUS IPOYHOCTH aBTOJUCTA?
[1K-4.3 MMeeT mpakTUYECKUH OIIBIT: 1. Kakoe BpeMEHHOE COIPOTHBIICHUE]
aHaJIn3a TEXHOIOTUYECKUX obecneunBaercs B [F-cTanu?
IIPOLIECCOB ISl BBIPAOOTKHU 2. Kak npu mpou3BOACTBE aBTOJIUCTOBOMU
MPEJI0KEHUH 110 yIIPaBICHUIO ctanu ucnoibzyercs TRIP-a3¢gdext?
Ka4eCTBOM MPOAYKLUH, UCNONB3ys |3. Kakue 37eMeHThl MOKHO UCIIOIb30BAaTh
COBPEMEHHBIE METObI JUI1 TBEPAOPACTBOPHOIO YIPOUHEHMS
UCCJIEJOBaHMSI MaTEPUAIIOB U IF-cranein?
IPOLIECCOB, KOMIIBIOTEPHOE 4. OOBSCHUTH  OCHOBHBIE  IPUHIUIIB]
MOJIEJIMPOBAHUE; aHATIN3A TEXHOJIOTHH 00paboTKy|
TEXHOJIOTUYECKUX MTPOLIECCOB /IS CBEPXHU3KOYTJIEPOIUCTON
pa3paboTku TpeOOBaHMIA K MHUKPOJIETUPOBAHHON BBICOKOIIPOYHOM
U(GPOBOMY JIBOMHUKY CTaJIM JUIsl aBTOMOOUIIECTPOCHHUSL.
5. OOBACHUTH NPHUHLMIIBI IOCTPOEHUS
TEPMOKHMHETHYECKHUX Jarpamm
pacnaga ayCTeHuTa B
HU3KOYTJIEPOAUCTBIX
MHUKPOJIETUPOBAHHBIX CTaJIAX C
UCIIOJIb30BaHUEM COBPEMEHHOT0O
UCCIIEIOBATEIBCKOTO KOMILIEKCa)
Gleeble 3500
6. Hcnonp3ys TEPMOKHHETUYECKYIO
auarpamMmy, — OOBSICHUTH  BIIUSTHHE
CKOpPOCTH OXJIaKICHUS Ha)

MHUKPOCTPYKTYPY apMaTypHOH cCTajiu
80P, MHKpOIErHpOBaHHOI OOpOM.

IIK-5: Cnioco0eH ucciiea0BaTh NPpMMEHEHNE HHTEIEKTYAJIbHBIX CHCTEM VI PA3JIMYHbIX
npeAMeTHbIX 00J1acTeil

[1K-5.1

Uccnenyer HanpaBieHus
IIPUMEHEHHUS CUCTEM
HCKYCCTBEHHOI'O MHTEJIJIEKTA JJIsi
pa3InYHbIX IPEAMETHBIX oOmacTeit
3HaeT: HalpaBJICHUs Pa3BUTUS
CUCTEM UCKYCCTBEHHOTO
HUHTCEIJICKTAa, METOAbI
JEKOMIIO3UIIMH PEIIAEMBbIX 3a7a4 C
HCIIOJIb30BaHUEM HCKYCCTBEHHOTO
UHTEIJIEKTA;

YMeeT: 0CyIIeCTBIATh
JEKOMIIO3UIINIO pelIaeMbIX 3a/1a4 C
MCIIOJIb30BAaHUEM HCKYCCTBEHHOTO
MHTEIJIEKTa

1.

w

Bmussane MJID Ha pasmep 3epHa
ayCTEHHUTa u KHHETUKY)|
PEeKpUCTATUIM3ALUT
ropstueie)opMUpPOBAHHOTO
ayCTEeHHUTa

OcobeHHOCTH y-0. TpeBpalleHUus B
MIIC

Jucnepcuonnoe ynpounenue B MJIC
MukponerupoBaHHbIE
KOHCTPYKIIMOHHBIE BBICOKOIIPOYHBIE
TpyOHBIE CTalu
MukponerupoBaHHbIE
BBICOKOIIPOYHBIE cTanu
aBTOMOOTHJIECTPOEHUS
MukposnerupoBaHHas
KOHCTPYKILIMOHHAs CTajlb
MukposnerupoBaHHas
WHCTPYMEHTAJIbHAs CTaJIb

JJI5

JIATasd




CTpyKTypHBII
JJIEMEHT

[Tnanupyemblie pe3yabTaThl
o0yueHus

O1eHOYHBIE CPEJICTBA

8. Kiaccudukanus COBPEMEHHBIX
WHCTPYMEHTAIIBHBIX MaTepUAIOB

9. HHcTpyMmeHTaJIbHBIE CTANIN

10. TBepable criIaBbI

11. Munepanokepamuka

12. CBepxTBepable MaTEpUaIbI

13. O6sactu 1 0COOEHHOCTH MPUMEHEHHS]]

[1K-5.2

BriOupaeT KOMILJIEKCH METOJI0B U
MHCTPYMEHTAJIBHBIX CPEJICTB
MCKYCCTBEHHOT'O MHTEJIJIEKTA JIJIst
peuieHus 3aj1a4 B 3aBUCUMOCTH OT
0COOCHHOCTEH MpeIMeTHOM 001acTh
3HaeT: METOABI B
WHCTPYMEHTAJIbHBIEC CPE/ICTBA
CHCTEM MCKYCCTBEHHOT'O
WHTEJUICKTa, KPUTEPHUH MX BHIOOpA U
METO/Ibl KOMIVIEKCUPOBAHUS B
paMKax MPUMEHEHHUS
WHTETPUPOBAHHBIX THOPHIHBIX
WHTEJUICKTYaJIbHBIX CUCTEM
Pa3JIMYHOr0 Ha3HAYCHUS,

YMeeT: BRIOUpaTh U KOMIUIEKCHO
MIPUMEHSITh METOJIbI U
WHCTPYMEHTAJIbHBIEC CPE/ICTBA
CHCTEM MCKYCCTBEHHOT'O
WHTEJUIEKTa, KPUTEPUH UX BBIOODA;
NmMeeT npakTUUECKUM OIIBIT:
MPUMEHEHHUS] UHCTPYMEHTATBHBIX
CPENICTB CUCTEM MCKYCCTBEHHOIO
HMHTEJIIEKTA B METAJIOBSCHUN,
HaIlMCaHUsI POTPAMM Ha SI3bIKE
Python; mog6opa
MHCTPYMEHTAJIBHBIX CPEICTB CUCTEM
MCKYCCTBEHHOTO MHTEIIJIEKTA JIJIs
METaJUTy pruuecKou
MIPOMBIIIUIEHHOCTH

1. OO6ocHOBaTh YCIOBUS OXJIQXKICHUS,
obecreunBaroIue dbopmHpoBaHUE
TpeOyeMoil CTPYKTYpBl IIPU OXJIAXKACHUHY|
3arotoBku u3 ctanu 80P mocine ropsiuei
IIPOKATKH Ha COPTOBOM CTaHe.

2.  MOoXHO 11 UCIOIb30BaTh cTaib Y 10
(X, 9XC) mJis U3roTOBICHUS HHCTPYMEHTA
JUTst 00pabOTKU MATKUX MaTepUasoB U Mpy|
HEOOJBIIUX CKOPOCTSIX pe3aHus (s
00paboTKU TBEPABIX, BI3KHUX MAaTEpPHAIIOB,
1pu OOJIBIINX CKOPOCTSIX PE3aHUs).

3. Pesen npu AKCIUTyaTallH
pazorpeBaetcst qo0 temneparypsl 650 °C.
Kakywo crans npeanodects: P9, P6MS,
P9K10 u mouemy?

4, Kakue marepuaiabl MOKHO BBIOpaTH|
JUIi  MHCTPYMEHTa  CBEPXCKOPOCTHOU
YUCTOBOM 00paboTKu pe3aHueMm|
AKAPOIIPOUHBIX craneit: P6MS5, P18,
P10K5®5, anma3, KHb, T30K4, BK3?

5. Kakywo cranp mnpeamoyectb s
W3TOTOBJICHUSI IITAMIIOB JJISl XOJIOJHOIM]
BBITSDKKH (cedeHueM 100 mm) u mouemy:
X, V12, X12?

6. Kakme wu3 mTaMmoBBIX ~cTanei
MMEIOT TOBBILIIEHHYIO U3HOCOCTOMKOCTb, )
KAaKHE€ — TOBBIIIEHHYIO BsA3KocTh: 9XC,
7XT2BM, X12M, 4XC, 6XB2C, X6BD?
OOBACHUTE.

7.  Kaxue maTepuanabl MOXHO BBIOpATh
Il UHCTPYMEHTa  CBEPXCKOPOCTHOM
YUCTOBOM o0paboTku pe3aHueM
JKaponpouHslx crtanei: PO6MS, P18,
P10K5®5, anmas, KHbB, T30K4, BK3?

8. HHcTpyMeHT JOJKEH MOJBEpPrarhes
nonupoBke. Kakyio cranb mpeanoyecTs:
P9, PODS nmmn POKS u nouemy?

0) Ilopsinoxk mpoBeneHUs: MPOMEKYTOYHOM

OICHUBAHUA:

aTTeCTallMi, NMOoKa3aTeJil U KPHUTECPUHU



IIpomexyTouHas arrecTauus no aucuuniuHe «CoppeMeHHble KOHCTPYKIIHOHHBIE H
HHCTPYMEHTAJbHbIE CTAJW» BKIIOYACT TEOPETUYECKUE BOMPOCHI, TO3BOJSIONINE OIICHUTH
YpOBEHb YCBOCHMSI OOy4YaIOIIMMUCS 3HAHUM, U MPaKTHYECKHE 3aJaHMsl, BBISBIISIONINE CTEIIEHb
c(hOpPMUPOBAHHOCTH YMEHUH W BIIAJICHHIA, U TIPOBOJUTCS B (hopMe IK3aMeHAa

DK3aMeH N0 JaHHOW JUCHMILIMHE MPOBOJAUTCS B YCTHOH (opMe MO SK3aMEHAIlMOHHBIM
OwmyietaM, KKIbIA M3 KOTOPBIX BKJIIOYACT 2 TEOPETHUECKUX BOIMPOCA U OJHO NMPAKTHYECKOE
3aJlaHue.

IMoka3aTe/in U KPUTEPUH OLIEHNBAHUS IK3aMeHa:

— Ha OLEHKY «OTJMYHO» (5 6aiioB) — 00y4aromuiicss JEMOHCTPUPYET BBHICOKHI YPOBEHb
c(OpPMUPOBAHHOCTH KOMIIETCHIIMI, BCECTOPOHHEE, CHUCTEMATHYeCKoe M TIyOOKOoe 3HaHUE
y4eOHOro Marepuajia, CBOOOJHO BBIMOJHSET MPAKTUUYECKHE 3aJlaHusi, CBOOOJHO OMepupyeT
3HAHUSIMH, YMCHHUSIMH, TIPUMEHSET UX B CUTYaIHsIX TIOBBIIIICHHON CII0)KHOCTH.

— Ha OIICHKY «Xopomo» (4 Oamia) — oOyJaroniuics IEMOHCTPUPYET CPEIHUM YPOBEHB
c(OPMHUPOBAHHOCTH KOMITCTEHIMI: OCHOBHBIC 3HAHUS, YMEHHUS OCBOCHBI, HO JIOIYCKAIOTCS
HE3HAYUTEeNIbHbIE OIIMOKN, HETOUHOCTH, 3aTPYJHEHHUS [IPH aHAJTUTUYECKUX ONEpaLlUsX, IEPeHOCce
3HAHWI U YMECHUW Ha HOBBIC, HECTAH/IAPTHBIC CHUTYAIUH.

— Ha OICHKY «YAOBJIETBOpUTEJbLHO» (3 Oamia) — oOydaroumuiicss JIEeMOHCTPHUPYET
MIOPOTOBBI YPOBEHb C(HOPMHUPOBAHHOCTH KOMIICTEHIMI: B XOJI¢ KOHTPOJBHBIX MEPOTPUATHI
JOTYCKAIOTCA OIIMOKM, MPOSBISETCS OTCYTCTBHE OTACIbHBIX 3HAHUM, YMEHUH, HAaBBIKOB,
00yYJarOIIUICS HWCIBITHIBACT 3HAYUTEIBHBIC 3aTPYAHCHHS TP ONCPUPOBAHMM 3HAHUSAMH U
YMEHHSIMHU MPU UX MIEPEHOCE HA HOBBIE CUTYALIUU.

— Ha OLIEHKY «HeY/10BJIETBOPUTEJIBbHO» (2 Oaiia) — 00ydaroluiicss 1IeMOHCTPUPYET 3HAHUS
He Ooznee 20% TeOpeTHMUECKOTO MaTepuana, JOMYyCKaeT CYIIECTBEHHbIC OIIMOKHU, HE MOKET
MOKA3aTh UHTEIUICKTYaIbHbIC HABBIKU PEIICHHS MPOCTHIX 33]1a4.

— Ha OLEHKY «HeYyAOBJIeTBOPUTEJbHO» (1 Oaymn) — oOyuaromuiicss He MOXKET MOKa3aTh
3HaHHWS HA YpPOBHE BOCIPOM3BEACHHS M OOBSCHEHUS WHQPOpMAIMU, HE MOXKET IT0Ka3aTh
MHTEJJICKTyallbHbIE HABBIKU PELICHUS MPOCTHIX 3a1a4.



