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1. IEJTA OCBOEHUSI JUCLUTIIMHBI (MO1Y.J151)

1.1 HGJ'ILIO AUCIUTUIUHEL ABJISICTCA 3HAKOMCTBO CTYACHTOB C HOBBIMH IEPCIICKTUBHBIMU MaTEpHUaiaMu.

1.2 | 3amayeli AUCIUILUIMHBI SBIISCTCS 06y‘II/ITB CTYACHTOB HaBBIKOM rloz[60pa MCTCpHAJIOB JIA MaHIPIHOCTpOI/ITeHBHOﬁ OTpaciu.

2. MECTO JUCHUIIIMHBI MOAYJISA) B CTPYKTYPE OBPA3OBATEJIBHOU ITPOTI'PAMMBbI

Hukn (pazmen) OIT: | b1.B.03

3. KOMIETEHI[UY OB YYAIOIIETOCSl, §OPMUPYEMBIE B PE3YJIbTATE OCBOEHUS JUCLIATIINHBI
(MOJIYJIST)

IIK-3 CnocobeH pa3pabatsiBaTh ¢ ucronab3oBaHreM CAD-CHCTEM TEXHOIOTHYECKUE TPOLECCH H3TOTOBIICHUS
MalIMHOCTPOUTENBHBIX U3/ENUI BBICOKOH CI0KHOCTH

[1K-3.2 PaccunTsiBaeT HOPMBI BpEMEHH, BEIOMPAeT MaTepHalbl 1 HHCTPYMEHTHI JJIS OTIEPAI[H H3TOTOBICHHS
MAaIIMHOCTPOUTENBHBIX U3JEJIUI BEICOKOM CI10KHOCTH

40.083. Ipopeccuonanbuplii cranaapt "CIENUAJNCT 1O ABTOMATU3NPOBAHHOMY NIPOEKTUPOBAHUIO
TEXHOJIOT'HYECKHUX NPOLHECCOB", yrBep:x1éHHbI NpUuKa3oM MUHHCTEPCTBA TPYAAQ H COLUATBHON 3alIUTHI
Poccuiicko ®@enepanun ot 3 urois 2019 r. N 478u (3apeructpupoBan Munucrepersom wcruunu Poccuniickoii @enepanuu 29
u1oJig 2019 r., perucrpanuonnbiii N 55441)

TIK-3. C. ABTOMaTU3UpOBAHHOE IPOEKTUPOBAHUE TEXHOJOTHUECKUX IIPOLECCOB U3TOTOBICHNUS AETANEH U3 CIIIIABOB YEPHBIX U
LBETHBIX METAJLIOB, IOJIMMEPOB U KOMIIO3UIIMOHHBIX MaTepHajoB, 00pabaThiBaeMBIX pe3aHueM, umeromux oosuee 30
00pabaTbIBacMbIX TOBEPXHOCTEH, B TOM YHCIIE TOYHOCTHIO BBIIIE 7-TO KBAJIUTETA U IIEPOXOBaTOCThIO HInke Ra 0,4; 1 cOopku
COOPOYHBIX €ANHMII, BKIFOYAONX Oosee 50 cocTaBHBIX YacTel (meraneii 1 cOOPOYHBIX SIMHUI) (Iajiee - MalInHOCTPOUTEIBHEIE
U37eNUS BEICOKOH CIOKHOCTH)

C/02.7 Pa3paboTka ¢ ucnons3oBanueM CAD-, CAPP-crcTeM TeXHOIOTHYECKUX MPOIIECCOB U3TOTOBICHHUS MAIIMHOCTPOUTEIbHBIX
W3JIeNUNA BBICOKOH CITOKHOCTH

B pe3yabTaTte 0cBOeHUSI AMCUMIJIMHBI (MOYJIs1) 00yUYalOLIMiics J0KeH

3.1 (3HaTh:

3.1.1 PAa3HOBUIHOCTHU U 0COOCHHOCTH CBOICTB HaHOMaTEpUuajIOB U OCHOBHBIC obnacTu MIPUMCEHCHUS HAHOMATCPHUaJIOB U
HAHOTEXHOJIOTHIA IpU U3rOTOBJICHNHU MAIlIMHOCTPOUTCIIbHBIX I/ISI[GJ'II/Iﬁ BBICOKOM CJIOKHOCTH,

3.2 | YMeTh:

3.2.1 | HpUMEHSATh OCHOBHBIC TEXHOJIOTHH MOJYICHHSI HAHOMATEPHAJIOB U METOIbI (POPMOBAHUS M3/ICINN U3 HAHOMTOPOIIIKOB H
KOHCTPYKIIHOHHBIX HAHOCTPYKTYPHBIX MaTepHaIOB P pa3pabOTKe TEXHOIOTHI H3TOTOBICHUH MAITHOCTPOUTENHHBIX
HU3JEIUI BBICOKOH CIOKHOCTH;

3.3 | Baragern:

3.3.1 | 3KCIIEpUMEHTAIBHOTO UCCIEJOBAHUS HAHOMATEPUAJIOB U IPUMEHEHUSI OCHOBHBIX TEXHOJIOTUH MOTY4EHUS
HAaHOMATEPUAJIOB IIPU U3TOTOBJICHUU MAIMHOCTPOUTEIBHBIX H3ENIUI BBICOKON CI10KHOCTU

4. CTPYKTYPA U COJEPKAHUE JUCHUIIIMHBI (MOAY.JIS)

Kon HaumeHnoBaHue pa3aeioB ¥ TeM /BUJ 3aHATHUS/ Cemectp | YacoB | IIpumeuanue
3aHATHS / Kvypc

Paznen 1. [loHATHSI 0 HAHOMATEPHAIAX M HAHOTEXHOJIOTHSAX

1.1 Pa3zHOBHAHOCTH HAHOMATEPHAIOB, OCOOCHHOCTH CBOMCTB HAHOMATEPHAJIOB, 4 2
OCHOBBI Kaccu(pukanuu HaHoMaTepuasios /Jlex/

1.2 OcCHOBHBIE TUTIBI CTPYKTYP HAHOMATEPHAJIOB, OCHOBHBIE 00IACTH IPUMEHEHUS 4 2
HaHoMaTepuayioB /JIek/

1.3 H3zydenue knaccupuKkaiu HaHOMATEPHaIOB U HAHOTEXHOJIOTH /J1ab/ 4 4

1.4 Mertoas! uccnenoBanus HaHOOOBEKTOB /J1ab/ 4 4

1.5 OO01mas xapakTepUCTHKA HAHOMATEPHAIOB U HAHOTEXHOJIOTHIA: 4 10

(yHIaMeHTaIIbHBIE 3JICKTPOHHBIC SIBJICHISI B HAHOCTPYKTYpaX, KBAHTOBOE
OrpaHHMYeHHe, OATTUCTHYECKUH TPAaHCIOPT HOCHTENEH 3apsiia, TYHHEIbHBIC
3¢ deKThl, CHUHOBBIE 2P (PEKTHI, HCTOPHUS Pa3BUTHI HAHOMATEPHAJIOB U
HaHoTexHoJyorui /Cp/

1.6 Mertoab! uccieioBaHUs HAHOMATEPHUaIOB: aBTONIEKTPOHHAs U aBTOMOHHAsI 4 12
MHKPOCKOTIHSI, AaTOMHO-CHJIOBAsi MUKPOCKOIIHS; CKAHUPYIOIIAsk OITHYECKast
MHKPOCKOIHS OJIMKHETO MOJIs, AM(PPaKIMOHHBIN aHAIN3; PEHTIEHOBCKAs
Jupakuus; IMPpaKuus SJIEKTPOHOB; CIIEKTPATIBbHBIA aHAJIN3, PEHTTEHOBCKAs
criekTpockonus, Oe-CIeKTPOCKOM s, (POTOITEKTPOHHAS CIIEKTPOCKOTIHS;
nH(ppaKpacHas CHEKTPOCKOIHs, KOMOMHAIIIOHHOE PAaCCEsTHUE CBETa,
JTIOMUHECLIEHTHBII aHaJIN3; pagnoCIIeKTpocKonus, MeccOayspoBckast
criektpockomus /Cp/




Pazpnen 2. OCHOBHbIE TEXHOJIOTHH MNOJy4Y€HHUs1 HAHOMATEPUAJI0B

2.1 MeTo/15I MOPOUIKOBOH METAJLUTPTHH: TEXHOJIOTHH OCHOBAHHBIC HA XHMHYECKUX 2
Tporieccax, TEXHOJIOTUN OCHOBaHHbIE Ha (pr3ndyeckux mporneccax. /Jlex/
2.2 Merto/s!I OTydeHNS] HAHOMATEPHAJIOB C UCIOIb30BaHNEM amopdu3annu /Jlex/ 2
23 MerTo/pI TOTYy4CHUS] HAHOMATEPHAJIOB C UCIOIb30BAHUEM HHTCHCHBHON 2
miactuaeckor nepopmarmu /Jlek/
2.4 Mertobl oTydeHHs] HAHOMATEPUAJIOB C UCTIOIB30BAaHUEM TEXHOJIOTHIA 2
00pabOTKH MOBEPXHOCTH: TEXHOJIOTHH, OCHOBAaHHBIE HA (PH3MUYECKHUX MPOIECcCaX,
TEXHOJIOTHH, OCHOBaHHBIE HA XUMHUECKHX mpoueccax /Jlex/
2.5 Mertoabl popMOBaHHS U3AETHHA U3 HAHOTIOPOIIKOB /JIek/ 2
2.6 OKCIepUMEHTAIBHBIE METO/IBI MCCIIIOBAHIS HAaHOMAaTepHanoB /JIek/ 2
2.7 OU3NKO-XUMHUYECKHE 0COOEHHOCTH HAHOCTPYKTYPHBIX MaTtepuaios /J1ad/ 4
2.8 CriocoObI moJTydeHusi HaHOMaTepraos /J1a6/ 8
2.9 Bunel HaHOMAaTepHAaIoOB, X CBOMCTBA U puMeHeHue /J1ab/ 4
2.10 Merto/ibl CHHTE3a HAHOYACTHII U HAHOTIOPOIIKOB: KOH/ICHCAIIHS ITapOB U 10
ra3o(a3HbIii CHHTE3, TUIA3MOXHMHYECKUI CHHTE3, OCaXKICHNE U3 KOJUIOUIHBIX
pacTBOPOB, XUMHUUECKask KOHACHCAINS, TUPOJIN3, MEXaHOXUMHUUCCKUH CHHTE3,
JIC3UHTErpaliisl, CAMOPACIPOCTPAHSIOUINICS BBICOKOTEMIICPATYPHBII CHHTES,
TEPMOIMKIMPOBAHHE BOJU3HM TEMIIEPaTyphl CTPYKTYPHBIX (pa3oBBIX
niepexoznos /Cp/
2.11 TexHonoruu nojy4eHus: HAHOMaTEPUAIOB U HAHOCTPYKTYP: IIPOLIECCHI 12
CaMOOpPraHU3alUK B HAHOTEXHOJIOTHSX, AaTOMHAs HH)KCHEPUSI, JIOKABHOE
OKHCIJICHHE METAIJIOB M TOIYIPOBOIHIKOB, JOKATEHOE XHMUYECKOE OCAKIACHHE
13 Ta30BOH (hasbl, Ta3epHOE HaHOMaHUITyIHpoBanue /Cp/
Pasnen 3. HanorexHos1oruu
3.1 Pa3HoBuAHOCTH HAHOTEXHOJIOTUI. TEXHOIOTHH [TOJTy4EHHUsI HAHOMATEPUaIOB U 2
HaHOCTPYKTYP: IIPOIIECCHI CAMOOPTaHU3ALNH B HAHOTEXHOJIOTHAX, 30H/I0BBIC
HaHOTEXHOJIOTHH, HaHOJIUTOTpadust /Jlek/
3.2 Ob6nactu IpUMeHeHNs HAHOMATepHaJIoB U HaHOTeXHoJoTHi /JIek/ 2
3.3 HanoTexHONIOTHY B aTOMHO 3HepreTuke /J1ad/ 4
34 OreHKa J0JIM TOBEPXHOCTHBIX aTOMOB B HaHOYacTHIax /J1ab/ 4
3.5 W3zyuenue cBoiicTB HaHO9acTHIL /J1ab/ 4
Pa3znen 4. KoHcTpyKIIMOHHBIE HAHOCTPYKTYPHBIE MaTePHAJIBI
4.1 KoncommaupoBanHsle HaHOMAaTepHais! /JIex/ 4
4.2 HanomieHkr 1 HaHOTPOBOJIOKH /JIex/ 2
4.3 HanocycrieH3un, HaHOAMYIBCHU W HaHOa3p0o30iH /JIek/ 4
4.4 OynnepeHsl, QyLIEPUTHI, HAHOTPYOKH, rpadeH /JIex/ 2
4.5 V3ydeHne CTpyKTYypHI YIIICPOAHBIX HAaHOMAaTepHaiIoB /J1ao/ 4
4.6 W3ydenne CTpyKTyphl KOHCONUANPOBAHHBIX HAaHOMaTepHanos /J1ab/ 4
4.7 W3ydeHne CBOHCTB CMa30YHO-0XJIAXKIAOIINX KHIKOCTEH, MOIH(UIIMPOBAHHBIX 8
YIIIEpOTHBIMHA MHKPO- U HaHOYacTHIamu /J1a6/
4.8 Hanopa3smepHble rerepocTpykTypbl /J1a6/ 4
4.9 ®ymiepens! /J1ab/ 4
4.10 Yriepoaubie HaHOTPYOKH /J1a6/ 4




4.11

Hanokmnactepsl 1 HAHOKPUCTAIIBI: HAHOKJIACTEPHI, YIOPSIOYECHHbIE
HaAHOKJIACTEPBI, HEYIIOPSIOYCHHBIC HAHOKIIACTEPI U HIDKHUN TIpesies
HaHOKPHCTAITTMIHOCTH; HAHOKPUCTAIUIBI, HEOPTaHWIECKHE HAaHOKPHUCTAIIIHI,
opraHn4eckue HaHOKpucTais /Cp/

12

4.12

DyinepeHsl 1 HAHOTPYOKH: 3aI0IHCHHbBIC (YIUICPEHBI, (YICPEHOBBIC aTyKTHI,
rerepodyIiepeHbl, QyIepeHono00HbIe HAHOKIACTEPDI, YIIIEPOIHbIE
JYKOBHIIBI, HEYIIIEpOAHbIC HAaHOTPYOKH /Cp/

13

4.13

HaHoTuIeHKH 1 HAHOTIPOBOJIOKH: MOJIYIIPOBOAHNKOBBIC HAHOIUICHKH 1
HAHOIPOBOJIOKH, MATHUTHBIC HAHOIJICHKH M HAHOMIPOBOJIOKH, aJIMa30II0100HbIC
U KepaMHUYEeCKHe HAHOTUICHKH, IUIeHKH JIPHrMIopa-bIIo/ukeTT, MeTainieckue
HaHOMpoBoJIokH /Cp/

10

4.14

Hanoxunacrepsl. Ctpykrypa: HaHo4acTuIlb! ¢ IpaHElleHTPUPOBAaHHON PEIIETKOM.
Marugeckue 4ncia, IOHITHE O KIacTepax, BU/BI KIACTEPOB, MOJICKYIIPHbIE
HAHOKJIACTEPbI, MOJICKYISIPHBIE KIIaCTePhl METAILIOB , Ta30Bble Oe3MUraHIHbIE
KJIACTEPBI, MULIENIbHBIE CTPYKTYPBI, YIOPSAA0UYEHHBIE PEHIETKH HAHOYACTHIL B
KOJUIOMJHBIX CYCIIEH3UAX, TBEPAOTEIbHbIE HAHOKIACTEPHI U HAHOCTPYKTYPBI,
MaTpHYHbIE HAHOKIIACTEPHI, KIaCcTePhl Ha OCHOBE OKCHIOB MeTamos /Cp/

10

4.15

CBOIiCTBa HAHOKJIACTEPOB: ICKTPOHHASI CTPYKTYpa, PEaKI[MOHHAS CLIOCOOHOCTD,
MAarHUTHBIE KJIACTEPbI, CTPYKTYPHBIE U (ha30BbIe MIEPEX0IbL, BAUSHUE paMepa
HAHOYACTHUII HA [TAPAMETPhI KPUCTAIIMYECKHX PEHIETOK, (OHOHHBIN CIICKTP U
TEIJIOEMKOCTOK, BIIUSIHUC Pa3Mepa HAHOYACTHUI[ HA TEPMHUIESCKOE PaCIIMPEHHE,
¢dorodpparmenTanus, KymoHOBCKuUil B3pbIB, BIUSIHUE pa3Mepa 3epeH Ha
MeXxaHu4deckue cBorctaa /Cp/

10

4.16

KBaHTOBBIC TOUYKH, SIMBI, TIPOBOJIOKY (HUTH): KBAaHTOBasl TOYKA, OTECHIIMATbHAS
siMa, KBAaHTOBbIE HUTH, KBaHTOBas siMa /Cp/

10

4.17

@DOTOHHBIE KPUCTAILIBL: TEOPHSI (POTOHHBIX 3aIPEHIEHHBIX 30H, Te(EKTH B
KPHUCTAJUIMYECKOHN PEIIETKE KaK JIEMEHT CTPYKTYphl (JOTOHHOT'O KpHUCTalIa,
mpuMepsl mpuMeHeHus Gotonusx Kpucramios /Cp/

10

4.18

MeramaTepHaibl: CTPAHHOCTH OTPUIIATEIIFHOTO IPEJIOMIICHHS, CBOHCTBA U
CTPOCHHE METaMaTepPHAaJIOB, CO3JaHNEe METaMaTePHAJIOB, IPAKTHICCKUE
acreKTsl, Tunepoonnieckue MeramnoBepxHoctu /Cp/

10

Pazpen 5. KoHTaKkTHBIE Yachl HA aTTECTAIIHIO

5.1

/K3/

2,35

5. OHEHOYHBIE MATEPHAJIbI

OueHoYHbIe MaTepHabl JUIs MPOBEICHHS IIPOMEXYTOYHOH aTTECTAllMU OO0YJaIOMNXCsl NPUBEICHBI B IPHIOKECHUU K
paboueii mporpaMme AUCIUILTHHEL.
@DOpMBI U BHIBI TEKYLIETO KOHTPOJIS [0 AUCUUILINHE (MOIYNIO), BUIBI 3aJJaHUH, KPUTEPUH UX OI[CHUBAHUS,
pacnpezenenye 6auIoB 10 BHJaM TEKYIIEro KOHTPOJIsL pa3pabaThIBatoTCs! PErojaBaTeneM AUCHHUILUINHBL C YIETOM €€ CIIeM(PHUKU 1
JIOBOJIATCS IO CBEICHHS 00YJarOIMXCs Ha IEPBOM YIEOHOM 3aHITHH.
Texymuil KOHTPOIb YCIEBAEMOCTH OCYIIECTBIISCTCS MPENoAaBaTeNeM AUCIUILINHGI (MOIYNIA), KaK MPaBHIIO, C
ucnonb3oBanueM SMOC unm myreM NpoBEPKH MUCHbMEHHBIX PadoT, MPETyCMOTPEHHBIX pab0YMMHU MPOTpaMMaMU AUCLIUILIMH B
paMKax KOHTaKTHOI pabOThI M CaMOCTOSATENBHOH paboThl oOydaromuxcs. st GpukcupoBaHus pe3ynbTaToB TEKYIIEr0 KOHTPOIIS
MOXeT ucnoinb3oBaThess DMOC.

6. YAEBHO-METOAUYECKOE 1 TH®OPMAIIMOHHOE OBECIIEYEHME JUCHUITIJIMHBI (MO YJISA)

6.1. Pexomenayemasi iureparypa

6.1.1. OcHoBHas iuTEpaTypa

ABTOpBI, COCTaBUTEIIH 3arnaBue W3natensc On. agpec
TBO, TOJ
JI1.1 |T'anumos O. P., MartepuanoBenieHue Ui TPaHCIIOPTHOIO MAITMHOCTPOEHMUSL: CaHKT-
Tapacenko JI. B., ydaeOHOe mocoOue A By30B [TetepOyp
VHuukoBa M. B., r: JlaHp,
AbnymmH A. J1. 2013




ABTOpBI, COCTaBUTENHN 3arnaBue W3narensc On. agpec
TBO, TOJ[
JI1.2 | Boponun H.H., MarepuaaoBeicHUE U TEXHOJIOTHSI KOHCTPYKITMOHHBIX Mocksa: | https://umczdt.ru/books/
Egcees JI.I"., MaTepHUAaJIOB IS JKEJIE3HOJOPOIKHON TEXHUKU: YAeOHUK ISt Wznarensc
3acemkuH B.B., BY30B XK.-JI. TPaHCII. TBO
Kyzpmuna I'. /1., Tond "Mapuipy
D.P., ®omun B.A., T, 2004
Acramkesud b.M.,
Iypun K.B., 3apem60
ET.
6.1.2. JlonotHUTEIbHAS JTUTEPATYPa
ABTOPBI, COCTABHTEITH 3arnaBue Wznarensc 3. anpec
TBO, TOJT
JI2.1 |lybwna H. B., Martepuanosesenue: yaeOHOe mocoOue It By30B Mocksa:
benstakuna O. B., Tlopnas
Ha6atuukos 1O. ®. KHUTA,
2012

6.2 I/IH(l)OpMaIIl/IOHHl)le TEXHOJIOI'dHU, HCITOJIB3YyE€MbI€ IIPU OCYIICCTBJACHUHA 06pa3OBaTeJ'lb]-l0[‘0 nmpouecca nmo IMCumMIJiniue

(MonyJ110)

6.2.1 IlepeyeHb JIMIEH3UOHHOI'0 M CBOOOHO PACIPOCTPAHAEMOr0 IPOrPaAMMHOI0 o0ecIeyeHust

6.2.1.1

MS Office

6.2.1.2

SolidWorks 2013

6.2.2 Ilepeuens npodeccHOHATBLHBIX 023 JAHHBIX U HH(OPMALMOHHBIX CIIPABOYHBIX CHCTEM

6.2.2.1

IIpodeccrnonanbHbie 0a3bl TAHHBIX:

6222

ACIINXT

6.2.2.3

TexOxcnepr

6224

I/IH(I)OpMaLlI/IOHHO-HOI/ICKOBLIC CUCTEMBI:

6.2.2.5

KoncynbranT miroc

6.2.2.6

l'apant

7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCIUITIJIMHBI (MO YJIA)

7.1

Aynuropus JI35, JI36; neKMOHHBIE 3aHATUSA - IO PACIIUCAHUIO:

72

- KoMrutekTsI Makpo- 1 MEKpoIuIH(oB

7.3

- OMHOKYIAPHBIA MUKPOCKOI

7.4

- Metamorpadudecknit Mukpockon METAM PB-22;

7.5

- TBepaomMep Poxsemia

7.6

- IEPEHOCHOH AIIEKTPOHHEIN Npuoop I onpeneneHus Teeprocta X11-250;

7.7

- eub MydenbHas

7.8

- konep MasATHUKOBBIA 2083KM -0,4 111 ucniblTaHus yoapHOU BSI3KOCTHU ILIIACTMAcCC;

7.9

- KOJUICKIIMH aJIFOMUHUEBBIX CIJIaBOB, IJ1aCTMAcCC




