MuHHCTEpPCTBO HAYKH U BbIcIIero oopasosanusi P®
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpagienue noaroroBku/cnenuaiabioctsh: 13.04.01 TeniooHepreTuka u TEMIOTEXHHKA

HaumeHnoBanune o6pa3oBaTejbHON nporpaMMsel. J(pdeKTHBHBIE TeIVIO3HePreTHYecKUe CHCTEeMbI IPeINpHATHI
u KKX

YpoBeHnb 00pa3oBaHusi: Bbicliee 00pa3oBaHMe - MAaruCTpaTypa

®opma o0yuenusi: OuHas

Pabouast nporpaMma QM CHUILIHHBI
IMPUMEHEHUE HAHOTEXHOJIOTUM B TEILIODHEPTETUKE

bJaok:

Baok 1 «/Iucuuniunsl (MoxyJim)»

Yacrtb 00pa3oBaTesbHOM
NPOrpamMMblI:

Yacrb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBLIX OTHOIIEH Uil

Ne IMCHUNJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.13.02.01

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

2 cemecTp - 4,

Yacos (Bcero) no yueoHomy
MJIAHY:

144 yaca

Jlekuuu

2 cemecTp - 32 yaca;

HpaKTuquKne 3aHATHA

2 cemecTp - 16 yacos;

JlabopaTopHbie padoThI

He NMPeyCMOTPEeHO YUeOHbIM MJIAHOM

Kouncynbranuu

2 cemecTp - 2 yaca;

CamocTrosiTesibHasi padoTa

2 cemecTp - 93,5 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEeHO YUeOHbIM MJIAHOM

HNnasa koHTakTHas padora

MPOBOAUTCS B PAMKAX YaCOB Ay/IMTOPHBIX 3aHATHI

BKJIIOYAS:
TecTrupoBanue
KontpoabsHas padora

IIpomeskyTouHast aTTecTALUS:

IK3aMeH

2 cemectp - 0,50 yaca;
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3aBeyIoNIuil BhIMyCKaroen ) rev— HB0pOBCKIT TOB. 5
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(OIDKHOCTB, YUeHas CTETICHb, YUCHOE (mozmucs) (pacmudpoBKa MOIIHCH)

3BaHKE)



1. HEJIM U BAZJIAYHU OCBOEHU A JUCHUIIIINHBI

Leabp ocBoeHMs] AUCHMILIMHBI. (OPMHpPOBAaHME y CTYJCHTOB KOMIUIEKCa Oa30BBIX 3HAHUU O
XUMUYECKMX W (HU3MYECKHX METOJlaX CHHTE3a HAHOYACTUIl W HAHOMAaTepHalloB, O Crocobax
KOHTPOJIMPYEMOT'O pOCTa Jis TOJy4YeHHUS HAaHOYaCTUI[ Tpedyemoro paszMepa U (GOpMBL, O MeETOoJax
CHHTE3a TUICHOK M TIOKPBITUM, O MACCUBHBIX HAHOCTPYKTYPUPOBAHHBIX M MUKPOIIOPUCTHIX MaTepuaiax, o
caMOOpraHu3allid HAHOYACTHUIl B IJICHKAX U OOBEMHBIX CTPYKTypax, O TEXHOJOTHSIX M 000pYyAOBaHUU
st MoguduKanud  (PyHKIMOHAIBHBIX TMOBEPXHOCTEH COBPEMEHHBIX JHEPIeTUYECKUX OOBEKTOB,
TEIUIOdHEepreTuYeckux cucreM npeanpusituii u KKX

3agaum QU CHUIITHHBI

- 3HAKOMCTBO C UCTOpUEN CTAaHOBJICHUSI HAHOTEXHOJIOTHH;

- OBJIQJICHUE CTICIU(UIECKON TEPMUHOIOTHEH;

- opMupoBanue npeacTaBieHui 00 3¢ dheKkTax, BOSHUKAIOIMNUX ITPH MOIUDUKAIIIN paboInX
MOBEPXHOCTEH TPYOOIIPOBOJIOB U TETNIOOOMEHHOTO 000PYI0BaHUS TTOBEPXHOCTHO-aKTUBHBIMHU

B€IICCTBaAMU,

- U3yueHue (PU3MYECKUX OCHOB MPOSIBICHUS Yy HAHOMATEPHAJIOB YHUKAJIBHBIX CBOMCTB;

- OPUEHTALUS CTY/IEHTOB B IIEPCIEKTUBHBIX HAIPABJICHUSAX U 00JIACTSIX MPUMEHEHUS
HAaHOTEXHOJIOTUH B JHEPIEeTHKE, TEIUIOOHEPTETUUECKHUX cucTeMax npeanpuaruii u JKKX;

- N3y4YECHHE TEXHOJOTMYECKHUX MOIX0J0B K IMOIY4EHUIO HAHOYACTULl 1 HAHOMATEPUAJIOB;

- U3y4EHHE ONBITHO-TIPOMBIIIUIEHHOTO 000pyJ0BaHUs sl JOPMUPOBAHUS Ha dJIEMEHTaX
9HEPreTUYecKOro 060pyA0BaHMsI MHOTO(YHKIIMOHAIBHBIX HAHOKOMITO3UTHBIX MOKPBITHIA;

- U3y4eHHE aHAIMTUYIECKOTO 000pyIOBaHUS JAJISl HCCIIEIOBAHNS XapaKTePUCTUK HAHOMATEPHUAIOB
Y 3alIUTHBIX HAHOKOMIIO3UTHBIX IIOKPBITHI;

- hopmupoBanue npeacrapneHuit 00 3P Perrax, BOZHUKAIIINX MPU MOTUPUKAINHA Pab0Inx
IIOBEPXHOCTEH TPYOOIIPOBOJIOB U TEIJIOOOMEHHOIO 000PY0BaHUS TOBEPXHOCTHO-aKTUBHBIMU

B€IICCTBaAMU.

dopmupyembie y 00yJaronerocsi KOMNeTeHIMH U 3aIJIaHUPOBAHHBIC Pe3yJbTaThl 00yYeHHs TI0
JUCHHUIIIIMHE, COOTHECEHHBIE C HHAMKATOPAMHU JOCTHKEHUS KOMIIeTCHIIHI |

KOI[ U HAMMCHOBAaHHEC
KOMIICTCHINH

KO}] 1 HAMMCHOBAaHHE
HHAUKATOPA TOCTUKCHUS
KOMIIETCHIIMH

3annaHupoBaHHbIE Pe3yJbTATHI 00y4eHH s

IIK-3 Cnocoben
y4acTBOBaTh B
JKCIUTyaTaluu
TEII0IHEPTETUYECKUX
CUCTEM IIPEANPUATHI U

AKKX

N 1-4nk-3 Ciocoben
IPUMEHSTH Ha MPAKTUKE
pa3InyYHble METOJIUKH U
COBPEMEHHBIE TPOTrPAMMHBIE
MAKEeThI JIsI TOBBIILICHUS
HaJIe)KHOCTH
TEIJI0PHEPTeTHUYECKUX CUCTEM
npennpustuii n XXKX

3HATH:
- OCHOBHBIE TEPMUHBI, OTIPEACIECHUS 1
MOHATHUS IPUMEHUTEIBHO K
HAHOTEXHOJIOTUSIM; 0COOCHHOCTH
CTPOEHHUSI HAHOMATEPHUAJIOB U UX OTJIMYUS
OT TPaJIMLIMOHHBIX MAaTEPUAJIOB; OCHOBHbBIE
BO3MO>XHOCTH U ITEPCIIEKTUBBI
MPUMEHEHNS HAHOTEXHOJIOTUH J1JIs
pa3paboTKN MEpPOTNIPUATUI 11O
COBEPIICHCTBOBAHUIO TEXHOJIOTHIA
IIPOU3BOJICTBA, TPAHCIIOPTUPOBKHU U
NoTpeOIeHUs TEIIOBOU U 3JIEKTPUYECKON
SHEPIUH;;

- OCHOBBI 3PO3UOHHOI0, a0pPa3uBHOTO U
KOPPO3UOHHOI'O Pa3pyLICHHUS
KOHCTPYKIMOHHBIX MaTE€pPHAJIOB,
IIPUMEHSIEMBIX CETOJIHS B DHEPIETUKE U
TEII0PHEPTETHKE;

- IPUHLIUIIBI TOCTPOEHUS
BBICOKOBAKYYMHBIX CHUCTEM JJIsI
peanu3alyy IporeccoB MoaAu(UKauu
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Koa u HaumeHoBaHue Koa u HaumeHoBaHMe 3anﬂaﬂnp03aﬂﬂue PeE3yJabTaThI 06yqemm
KOMIIETCHIINH HHAUKATOpa JOCTHKCHUSA
KOMIICTCHIIUHA

KOHCTPYKLIIMOHHBIX MaT€PUAIIOB U
(dbopMHpOBaHUS HAHOKOMITO3UTHBIX
HOKPBITHI; BO3MOXHOCTH U CIIOCOObI
IIPUMEHEHHUS IOBEPXHOCTHO-aKTUBHBIX
BEUICCTB JUIsl YOAJIICHUS OTJIOKEHUN U
ITOBBIIICHNUS KOPPO3ZUOHHON CTOUKOCTH
IIOBEPXHOCTEH PHEPIETUUECKOTO U
TEIIOIHEPTETUIECKOTr0 000PYAOBAHUS.

YMETB:

- BEIOUPATh CXEMHBIE PEIICHUS JUIS
peann3ai HOHHO-TIIIa3MEHHBIX
TEXHOJIOTUH (POpMUPOBAHUS
HAaHOKOMITO3UTHBIX MTOKPHITUI HA
DJIEMEHTAX YHEPTeTUYCCKOTO
TEIUIOIHEPTETHYECKOTO 000PYI0BaHUS;
CTaBHTH 3aj]auy Ha pa3paboTKy
croco0a/cmoco60B MOTUGBUKAIIH WITH
dbopmupoBanus pyHKIMOHATBHBIX
MOKPBITUH C TpeOyeMbIMU
XapaKTePUCTHKAMHU, HCXOISl U3 YCIOBUI
AKCILTyaTallii ¥ CBOWCTB MaTEPUAIOB
U3JICITUI/3]IEMEHTOB SHEPTeTUYCCKUX
CHCTEM, TEIUIODHEPTEeTHUECKUX CUCTEM
npennpustui n XKKX.

2. MECTO JUCIHUILIMHBI B CTPYKTYPE OBPA3OBATEJBHOM ITPOT'PAMMBI BO

JucuumirHa OTHOCHTCS K OCHOBHOM IpodeccHOHaTbHOW —00pa3oBaTeNbHOM  mporpamme
O¢ddexTuBHbie TemnosHeprernyeckue cuctemsl npeanpusatuil u XKKX (manee — OIIOII), nanpaBnenus
noarotoBku 13.04.01 TerutosHepreTHka U TEIUIOTEXHHUKA, YPOBEHb 00pa30BaHUs: BbICIIEE 0Opa30BaHHE -
Marucrparypa.

TpeboBaHMs K BXOJHBIM 3HAHUSIM U YMEHHSIM:

- 3HaTh Ha 6a30BOM ypoBHE nporpamMmmbl 6akaiaBpuaTa Kypchl IO CIAEAYIOUIUM JIUCHUTUITMHAM:
«Pusukar, «XuMmus», "MarepuanoBeneHue. TexHOIOrus KOHCTPYKIIMOHHBIX MaTEpHasoB",
«TexHnueckast TepMOJUHAMUKA»

Pe3ynbraThl 00y4eHus1, MOTydYeHHbIE P OCBOCHUH TUCIMITIMHBI, HEOOXOIUMBI IPU BBITOJTHEHUN
BBIMTYCKHON KBaTU(UKALMOHHON PabOTHI.




3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNIHHBI
OO01as TpyJI0eMKOCTh JUCHUTUTMHBI COCTABIISIET 4 3a4eTHBIX eMuHUIIbI, 144 yaca.

Pasnensr/TeMsl

Pacnipenenenue Tpy10eMKOCTH pa3zena (B 4acax) Mo BUJIaM y4eOHOI paboTh

m
S = | =
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAINH 8| © | Jlex JIab | Ip — - VKK | TK A ceMecT aTTeCTalluu
/M pe /KOHTPOJIb
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 TepMuss! 1 32 2 6 - 2 - - - - - 24 - IlodzomogKa K neKyuiemy KOHmpoio:
ONpEJEIICHUs IToBTOpenune maTepuana no pasaeny "TepMHUHBI
11 CoBpemeHHOE 20 2 - - - - - - - 18 - U onpeaeneHus"
COCTOSIHUE U 3a/1a4u Camocmoamensnoe uzyuenue
UCIIONIb30BaHUS meopemuueckoz0 mamepuana: N3yuenue
HAHOTEXHOJIOTHI1 B JIOTIOJTHUTEJIBHOTO MaTepHaia o pasjieny
TEIJIO3HEPTreTUYECKUX "TepmuHbI 1 onpeneneHus"
cHcTeMax NpennpusITHi H3yuenue mamepuanog 1umepamypHbix
n KKX UCHOYHUKOG:
1.2 XUMHYECKHE, 12 4 - 2 - - - - - 6 - [1], c. 15-41; 137 - 149
(hm3n9ecKre METOIBI [3],¢c.99-131
CHHTE3a HAHOYACTHII U [4], c. 14 - 32;
HaHOMaTEPHAJIOB
2 DOpO3HOHHEIA U3HOC 34 10 - 6 - - - - - 18 - Ilo0zomoeka K meKyuiemy KOHmMPOJIio:
METaJIOB IToBTOpeHue MaTepuaa o paszieiny
2.1 Knaccudukarms 10 6 - 4 - - - - - - - "DPO3HOHHBIA H3HOC METAIUIOB"
(axTopoB, KaKk Camocmoamenvroe usyuenue
NIPUYMHBI U3HOCA U meopemuueckoz0 mamepuana: N3yuenue
paspyLICHUs JJIEMEHTOB JIOTIOJTHUTEJIBHOTO MaTepHaa o pasjieny
9HEPIreTHYECKOro "DPO3HOHHBIA H3HOC METAIUIOB"
obopyioBaHus H3yuenue mamepuanos iumepamypHsix
2.2 MeToasl HCClIeTOBaHUS 24 4 - 2 - - - - - 18 - UCHOUHUKOG:
CBOMCTB OBEPXHOCTH [4], c. 81-119
KOHCTPYKLIMOHHBIX [5], c. 158 - 190
MaTepualioB U
MOKPBITUI
3 BaxyymHuoe 16 8 - 8 - - - - - - - Ilodzomogxa K mexkyuiemy KOHmMpOJiio:

obecrieueHne HOHHO-

IToBTOpEHNe MaTepuaa o pasaeiry
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"BakyyMHOe obecriedeHrue HOHHO-TITa3MEHHBIX

TUIa3MEHHBIX
TEXHOJIOTUil TexHoyorui"
3.1 du3nuecKkre 0CHOBBI 8 - Camocmoamenvroe usyuenue
MPOIIECCOB MPU meopemuyueckoz0 mamepuana: VIzyaeane
(hopmupoBaHUH JIOTIOTHUTENBHOTO MaTepHaia o pa3zeiry
MIOKPBITUH B BaKyyMe. "BakyymHOe obecriedeHHEe HOHHO-TIITa3MEHHBIX
Knaccudukarus TEXHOJIOrnin"
METOJIOB TIOJTyYECHUS
MIOKPBITUH
3.2 CoBpeMeHHBIE HOHHO- 8 -
IUTa3MEHHBIE CIIOCOOBI
HAHECEHUSI IIOKPBITUH.
CxeMbl (OpMUPOBAHUS
2D u 3D
HAHOKOMITO3UTHBIX
IIOKPBITUI
4 IIpumenenue 26 18 Ilo020mo6Ka K KOHMPOILHOU padome:
HAHOKOMITO3UTHBIX W3yuenne MaTepHaoB o pa3aeiy
TOKPBITU JUIst [TpuMeHeHne HAHOKOMIO3UTHBIX TOKPBITHH
TTOBBIIICHUS JUTS TIOBBIIEHHS 3()(PEKTHBHOCTH
3¢ PeKTUBHOCTH SHEPreTUYECKUX CUCTEM, TEIUIOIHEPT eTHIECKUX
SHEPreTHIECKUX cucreM npennpusituii n JKKX 1 noaroroska x
CHCTEM, KOHTPOJILHOH paboTte
TETMJI0PHEPTETHUECKUX Iloozomoeka pacuemmuslx 3a0anuii: 3a1aHus
CUCTEM NPEeNNpPUITUH 1 OpPHEHTHPOBAHBI Ha PEIICHHUS MUHN3a/1a4 110
KKX pa3zgeny "[IpuMeHeHNEe HAHOKOMITO3UTHBIX
4.1 OKcIIepUMEHTaIbHOE 4 - MOKPBITUH JUIs TOBBIILIEHUS () (HEKTUBHOCTH
MO/ICINPOBAHHE IPO3UH 9HEPTreTUUECKUX CHCTEM, TEeIUIO3HEPTEeTHIECKUX
METaJlIOB. cucteM npeanpuatuit u XKXKX". CryneHTs
OcoGenHocTn HEO0OX0AMMO ITOBTOPUTH TEOPETUUECKHUN
5PO3HOHHOTO Marepuall, pa3odpars IpUMepHI PEIICHHS
paspylieHus AHAJOTMYHBIX 33/1a4. IPOBECTH PacyeThl IO
MaTepuasoB C BapuaHTy 33/IaHUA U CAENaTh BEIBOAKL. B
TIOKPBITHSMHU Ka4yecTBe 3a/1aHHS HCIIOIb3YIOTCS ClIeIyOIINe
4.2 IIpumenenue [TAB- 22 18 YOpPaKHEHUS:
TEXHOJIOTHH 115t H3yuenue mamepuanos 1umepanmypHsix
TIOBBILIIEHUS UCIOYHUKOG:
s pekTuBHOCTH [2],c.4-38;94 -128
(hyHKIIMOHUPOBAHUS




TCIIOOHCPICTUICCKOI'O
000pyIOBaHUS U
cuctem KKX
DK3aMeH 36.00 - - - - 2 - - 0.50 - 335
Bcero 3a cemecTp 144.00 32 - 16 - 2 - - 0.50 60 335
Hroro 3a cemecTp 144.00 32 - 16 2 - 0.50 93.5

Ipumeuanue: Jlex — nexuuu; JIab — naboparopusie padoTsl; [Ip — npaktudeckue 3ausatust; KIIP — aynuTopHble KOHCYIBTAUU IO KYPCOBBIM
npoektam/padboram; MKKII — unauBuayansHbie KOHCYIbTAIIMU 0 KYpPCOBBIM IpoekTam/padoram; ['K- rpymnoBsie KOHCYIbTAIUU 110 pa3aesaam
muctuiuinaer, CP — camocrositennbHas pabota crynenrta; MKP — unast konraktHas padota; TK — Texynuit koHTpoiis; [TA — npoMexyrodHas
aTTecTalus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Tepmunbvi u onpedenenus

1.1. CoBpeMEHHOE COCTOSIHUE U 33/1a4M UCT0JIb30BAHUSI HAHOTEXHOJIOTUM B
TEIJIO3HEPreTUYECKUX cuctemax npeanpusatui u JKKX

[loHsiTHE HAHOTEXHOJIOTUH, OCHOBHBIE TEPMUHBI W onpeneneHus. HMcropust pa3BuUTHS
HaHOTeXHOJOrui.  Du3MKo-XMMHUYeCKHe  ocoOeHHOocTH  HaHomarepuanoB.  CoOBpEeMEHHBIE
JIOCTMKEHUSI HAHOTEXHOJOTWI.  AKTyallbHbIE 3a/laud  MNPUMEHEHUST HAHOTEXHOJOTMH B
TEIJIOPHEPreTUYECKUX CUCTEMAX, SJIEMEHTAX MAIllMH U araparax.

1.2. Xumuueckue, pU3n4ecKue METOIbl CHHTE3a HAHOYACTHUIl U HAHOMAaTEpUasoB

Knaccudukanus nanomarepuanoB. OCHOBHbIE (HU3UYECKUE NPUYMHBI YHUKAJIBHBIX CBOMCTB
HaHoMmaTepuasioB.  CBoiicTBa  HaHoMarepuanoB. (OCHOBHBIE  MOAXOAbl K  IOJIYYEHUIO
HAaHOMATEpPHAJIOB:  «CBEPXY-BHU3»,  «CHHU3Y-BBEpX». XHUMHUYECKHUE CIOCOOBI  IOJyYEHUs
HaHoMareuanoB. [Ipumepbl o0OpymOBaHHS MJii XUMHUYECKOTO TMOJYYEHHUS HAHOMATEpUATIOB.
dusnueckue crnocoObl MolydeHus HaHomarepuaioB. [Ipumepsr o6opynoBanust st HU3NIECKOTO
noJlyueHus: HaHomarepuayioB. Ilnmasmo-xumudeckue crnocoObl M O0OpyIOBaHHE MAJSl MOTyYEHUs
HaHOMaTEPHUAJIOB.

2. IpOo3UOHHbBI UBHOC MEeMAI08

2.1. Knaccudukarus GpakTopoB, Kak MPUYIWHBI H3HOCA M Pa3pyIIECHUS 3JIEMEHTOB
SHEPreTUYECKOro 000PYAOBaHUS

AHanu3 OTKa30B IpH OIKCIUIyaTallid COBPEMEHHOTO JHEPreTHMYECKOro 000pYyIOBaHHUSL.
Knaccudukarust 0CHOBHBIX NPUYMH, BBI3BIBAIOLINX Pa3pylIeHHE (YHKIHOHAIBHBIX TOBEPXHOCTEH
obopynoBanusi. I[lpuMepsl  MOBpPEXKIEHHH  DJIEMEHTOB  JHEPreTHYECKOro  00OpyIOBaHHS.
[Ipumensiemble CrIOCOOBI 3aIUTHI AJIEMEHTOB YHEPreTHYECKOro oOopynoBaHus. TpeGoBaHHS K
METOJaM 3allUThl W 3allUTHBIM TIOKPBITHSM Il HawOoJiee OTBETCTBEHHBIX JIIEMEHTOB
HHEPreTUYECKOro  O0OpyAOBaHMsS. OpPO3UMOHHBIM  H3HOC DJIEMEHTOB O0OpYAOBaHUS  NpHU
BBICOKOCKOPOCTHOM YAapHOM BO3JCHCTBUH JKUIKHX YACTHIl — IPUYUHBI U TIPUMEPHI MTPOSBICHUS,
BIMSHHE Ha A(PQPEKTUBHOCTb pabOThl 000pynoBaHMs. AOpa3MBHBIM HM3HOC 3JIEMEHTOB
HHEPTEeTUYECKOT0 000pYIOBAHUS: IPUIMHBI U MPUMEPHI MPOSIBIICHUSI, BIUSHNAE HA 3(PPEKTUBHOCTD
paboThl 000pynOBaHMA. DKCIEPUMEHTAIbHOE 000pyHOBaHME A MOAEITUPOBaHUS aOpa3UBHOIO
M3HOCA MAaTE€pUAJIOB U MOKPBITUH.

2.2. MeToibl MCCIIETIOBaHUSI CBOMCTB MOBEPXHOCTH KOHCTPYKIIMOHHBIX MaTepuasoB U
MTOKPBITHI

Onpenenenue CTPYKTYphl W pa3MepoB HaHOYacTHI. [IpuHIMMBI pabOThl CKaHUPYIOLIUX
30HJIOBBIX MHKPOCKOTOB. DJIEKTPOHHAsT MUKpOCcKomnusi. OmnpeneneHne TOMIUHBI TOHKUX TUICHOK U
nokpbITHil. OnpeseneHue MepoxoBaTOCTH MOBepXHOCTU. CIOCOOBI OMpeeeHne MEeXaHHYeCKHX
CBOIWCTB MaTepuajioB M MOKpbITHHA. OmnpeneneHue TBEPAOCTH M HaHOTBepaocTh. OnpeneneHue
TPUOOJIOTHUECKUX XaPAKTEPUCTHUK.

3. Baxyymnoe obecneyenue UOHHO-NIA3MEHHBIX MEeXHOA02Ul

3.1. ®usznueckue OCHOBBI POIIECCOB NMPH (POPMUPOBAHUH MTOKPHITUN B BaKyyMe.
Knaccudukanus MeTo10B MOTy4eHUs TOKPBITUI

XapakTepUCTUKH METOAOB MOIY4EHHs IOKPHITHM B BakyyMe. [IoHATHE BaKyyMHOE HallblJICHUE.
TepMuueckoe ucnapeHue MarepuagoB B Bakyyme. OCHOBHbIE NpPEUMYIIECTBA M HEIOCTATKU
BAaKyyMHBIX METOJIOB TIOJy4eHHUS NOKphITHH. OOOpymoBaHME Ui CO3JaHUS U TOAEpKaHUSA
BakyyMma. [IpuHIMIBI M3MEpeHHs HU3KOro JaBiieHuss — Bakyyma. OCHOBHBIE NapaMeTpbl
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dopMHpOBaHUS TOKPHITMA B Bakyyme. TpeOoBaHHS K TOATOTOBKE IOBEPXHOCTH IIPH
dbopMHpOBaHMKM TOKPHITHH B Bakyyme. [Iporecc 3IeKTpOIMTHO-TUIA3MEHHOW 00paboTKH
MaTepHaloB.

3.2. CoBpeMeHHbIE HOHHO-TIJIA3MEHHBIE CIIOCOOBI HAHECEHUS MOKPHITUN. CXeMbl
dbopmupoBanus 2D u 3D HAHOKOMITO3UTHBIX OKPBITHI

HonHo-1u1a3MeHHble crnocoObl GopMUPOBaHUS MOKPHITHI B Bakyyme. lIpenMyiiectBa HOHHO-
IUIA3MEHHBIX ~TEXHOJOIMM. B3aumopelcTBue HMOHOB € TBEpAOM NOBEPXHOCTHIO. (CXEMBbI
bopMUPOBaHHUS HAHOKOMIIO3UTHBIX MOKPBITHI. MarHeTpoHHOe pachblUIeHHE MAaTepualoB,
IIPEeUMYIIECTBa, HEJOCTATKU, 00JIacTu mpuMeHeHus. [loHsTHe TyroBOro pacnblieHus (MCHapeHHs ).
CTpyKkTypa pacobUIEHHOTO TMOTOKa HpPU JYyroBOM pacnbUleHHH. KOHCTpYKIMHM —JIyroBbIX
ucnapureneir, obractu npumenenus. Ilonstme o mpomecce HIPIMS. Ocobennoctu ropeHus
BBICOKOMOIIIHOTO MMITYJILCHOI'O MarHeTpoHHOro paspsaa. CocrtaB mia3mel npu pexume HIPIMS.
[Tpumenenne HIPIMS.

4. Ilpumenenue HaHOKOMNOZUMHBIX HOKDLIMUL 0J18 ROGbIUEHUA DD exmusHocmu
QHepeemuyecKux cucmem, meniosanepcemuyeckux cucmem npeonpusmunl u JKKX

4.1. DKcriepuMEeHTabHOE MOIETUPOBAaHUE PO3UU MeTaI0B. OCOOEHHOCTH IPO3UOHHOTO
pa3pyLICHUs] MAaTEPUATIOB C MOKPBITUSIMHU

OKCIIEpUMEHTAIbHbIE  CTEHIbl JUII  MOJEIUPOBAHMS  IPOLECCOB  BBICOKOCKOPOCTHOTO
B3aUMOJICUCTBHUS KUJKUX YACTHUI] C TOBEPXHOCTHIO MATEPHAIOB. THUIHYHAS KPUBAas 3PO3HMOHHOTO
M3HOCA IUIACTUYHBIX MaTepuasioB. MeToAMKa HW3Y4EHUs XapaKTEPUCTHK ITOBEPXHOCTU IIOCIIE
KaIuley1apOHOIr0 BO3AECHCTBUS. BiusHUE 3alUTHBIX MOKPBITUH Ha MPOLECC 3PO3UOHHOTO M3HOCA
IIPU KaIjiey1apHOM BO3ECHCTBUH.

4.2. llpumenenue [TAB- TexHonoruii 1y1st moBsieHus 3GpPEeKTUBHOCTH (HYHKIIMOHUPOBAHUS
TEeIUI03HEepreThyeckoro odopynosanus u cucrem XKKX

OcHOBHbBIE IPUYMHBI CHUKEHUS SHEPro3(PPEeKTUBHOCTH TETIO3IHEPTETUYECKOT0 000pyA0BaHUs
U TpyOOIIPOBO/HBIX CHUCTEM TPAaHCHOPTUPOBKHM BOAHBIX Cpell B Mpolecce KcIuryataiui. OCHOBBI
NPUMEHEHUS MOJIEKYJISIPHBIX CJI0€B HEKOTOpbIX BUAOB [IAB nis mossimenust 3pgexTuBHOCTH
TpyOONPOBOJHBIX cHCTEM. MexaHu3M (OPMHPOBAHUS HAHOCTPYKTYPUPOBAHHBIX MOKPBITUH Ha
ocHoBe [1AB Ha pabounx moBepxHOCTAX 00OpynoBaHMs. BiusHue NOKPHITUI HA OCHOBE MOJIEKYJ
ITAB Ha TepMOIMHAMUYECKHE M TUAPOAMHAMHUYECKHE XaPAaKTEPUCTUKU TEIJIOIHEPTreTHYECKOIO
o0opynoBaHus. DKCIIpecC METOJUKA OLIEHKH KOPPO3MOHHBIX CBOMCTB 3alllUTHBIX IOKPBITUH.
DIEKTPOXUMHUECKUE CIIOCOOBI ONpeIeNeHNs] KOPPO3ZUOHHOM CTOMKOCTH MaTepHuajIoB U MOKPHITHH.
[Ipumenenue I[IAB TexHomoruii [uisi 3amIUThl dHEpPreTHdeckoro obopyaoBanusa. OleHka
3 PEKTUBHOCTH MOKPHITUH Ha ocHOBe IIAB-TexHonoruii mpu OJIOKMPOBAHUH KOPPO3MOHHBIX
IPOLIECCOB U PpELIEHHHM NpoO0JIeM YyJaleHUs CTapblX U IPEeAOoTBpallleHuss 0O0pa30BaHUS HOBBIX
TEpMOOAPbEPHBIX OTIOKEHUH.

3.3. TeMbl NIPaAKTHYECKUX 3aHATHI
1. 3yueHne BakyyMHON MOHHO-TUIa3MEHHON ycTaHOBKH «I'edect» ¢ ycTpoiicTBOM
MarHeTPOHHOTO PAaCHbUIEHUS C «TOPSIYUM» KaTOJIOM;
2. N3yueHne METOAMKH pa3paboTKu Au3aiiHa 2D HaHOKOMITO3UTHBIX MOKPBITHIA;
3. Uzyuenune nanonpodunomepa «Dektak 150». Onpenenenne TONIUH HAHOCIOEB U
HIEpPOXOBATOCTU IOKPBITHI;
4. V3ydeHne SKCIepUMEHTATHFHOTO 000PYAOBAHUS I ONIPEACTICHNS MUKPOTBEPIOCTH H
HAHOTBEPAOCTH MaTEpUAJIOB U MOKPBITHH;
5. N3ydenune o0opynoBaHus AJis AJIEKTPOJIUTHO-TIIIA3MEHHOM MOJIMPOBKH KOHCTPYKIIMOHHBIX
matepuaioB. [IpoBeeHue 31eKTPOIUTHO-TIIIA3MEHHOM MOJIMPOBKU 00Pa3LoB U3



JIETUPOBAHHBIX CTAJICH;

6. Nzyuenune ycranoBku «I'edect+» nist GopMupoBaHuss HAHOKOMITO3UTHBIX U

1 y3nOHHBIX MOKPBITUH. [IpoBeieHe JEMOHCTPAIMOHHOTO TEXHOJIOTHYECKOTO MpoIiecca
10 HAaHECEHUIO Ha 00pa3iibl HOKPHITHS HA OCHOBE TUTAHA,

7. N3yuenue obopynoBanus «I edect-18-4M» mist popmupoBaHUs HOHHO-TIA3MEHHBIX
MOKPBITUI Ha KPYMMHOra0apUTHBIX JIEMEHTaX 3allOPHON apMaTyphbl, TEIIO0OMEHHOTO
00opymoBaHusi, 000JI0YEK TBIJ;

8. M3yueHue ycTpoicTBa U pUHIMIIA PAOOTHI MOOMIIBHOM YCTaHOBKH 7151 BHeApeHus [TAB-
texHoioruit B cucteme JKKX;

9. N3yuenne BakyyMHON HOHHO-TNIA3MEHHOM yCTaHOBKH «I'edecT» ¢ yCTpOrCTBOM
MarHeTPOHHOI'O PaCHbUICHHUS C «TOPSIYUM» KaTOIOM.

3.4. TeMbl 1a00paTOPHBIX padoT
HE NIPelyCMOTPEHO
3.5 KoncyabTauuu

[ pynnosvie koncyaomauuu no pazoeiam oucyuniunol (I'K)

1. OGcyxnenue wmartepuanoB 1o Keicam pasgena "[IpuMmeHeHHe HAHOKOMIIO3UTHBIX
HOKPBITUI Juis HOBBIILICHUS 3 PEKTUBHOCTH HEPreTUYECKUX CHCTEM,
TEIJI0PHEPTreTUUECKUX cucTeM npeanpustuil n XKX"

Texywuii koumpons (TK)

1. KoncynbTanuy HampaBJICHbl HA MOJTYYECHUE WHIUBUIYAIBHOTO 3aJaHUS JJIs BBINOTHEHUS
KOHTPOJIBHBIX MEPOIPUATUI 11O pa3aeny "TepMuHsbl u onpeaeneHus"

2. KoHcynbranuy HanmpaBlIeHbI HA MOJYYCHUE WHIAWBUAYAIBHOTO 3aJIaHUS JJIS BBITIOJHEHUS
KOHTPOJIBHBIX MEPOIIPUATUI 1O pa3zeny "Dpo3UOHHBINA U3HOC METaIOB"

3. KoHCynbTamuu HaIlpaBJICHbl Ha MOJTYYCHUE WHIWBHIYATHLHOTO 3aaHUS NI BHIMOTHCHHS
KOHTPOJBHBIX MEPOIPHUATHI 1o pa3feny "BakyymHoe oOecrieueHHUE MOHHO-TIIA3MEHHBIX
TEXHOJIOTHI"

4. KoHCynbTallUM HAIPaBJICHbI Ha MOJTYYEHHE WHIUBUIYATHHOTO 3a/JaHUs ISl BBITOJHEHUS
KOHTPOJIBHBIX MEPOTPUATHIA 10 pazneny "[IpumeHneHre HaHOKOMIIO3UTHBIX MOKPBITHH IS
MOBBIIIEHUS 3((HEKTUBHOCTH HSHEPreTHUYECKUX CHUCTEM, TEIUIOPHEPTeTUUECKUX CHUCTEM
npennpustail u XKX"

3.6 TemaTnka KypcoBbIX POEKTOB/KYPCOBBIX padoT
KypcoBoii npoekT/ paboTa He MPeAyCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI H OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

3arutaHMPOBaHHBIE PE3YIBTATHI O0YUYEHHS M0 AUCIUILTHHE
(B COOTBETCTBUH C pa3aeioM 1)

Kongl
WHJIUKaTOPOB

Howmep paznena

JTUCLUTLIUHEI (B

COOTBETCTBUHU C
n.3.1)

1]12]3]4

O1eHOYHOE CPECTBO
(THI ¥ HAUMEHOBAHUE)

3HATh:

IIPUHLIMIIBI IOCTPOEHUS BBICOKOBAKYYMHBIX CUCTEM JUIS
peajin3aluy MpoLeccoB MOAU(PUKALUN KOHCTPYKIIMOHHBIX
MaTepHuaoB U GOPMHUPOBAHUS HAHOKOMITO3UTHBIX OKPBITUH;
BO3MO>XHOCTH U CITIOCOOBI IPUMEHEHUS TOBEPXHOCTHO-AKTUBHBIX
BELIECTB JUIsl YAAJIEHUS OTIOKEHUHN U IOBBILLICHUS
KOPPO3UOHHOW CTOMKOCTH IIOBEPXHOCTEH DHEPIETUYECKOTO U
TEIIO3HEPreTUYECKOro 000pyI0BaHUS

N/1-4nk-3

TectupoBanue/BakyymHoe obecrieueHue
MOHHO-TUIA3MEHHBIX TEXHOJIOTHIA

OCHOBBI 3pO3HMOHHOTO, a6pa3I/IBHOFO H KOPPO3NMOHHOT'O
pa3spymieHus KOHCTPYKIITMOHHBIX MaTCPpHAJIIOB, IIPUMCEHACMBIX
CCTOJIHA B OHCPIrCTUKC U TCIIJIOOHCPICTUKE

N/1-4nk-3

TectupoBaHue/ IPO3MOHHBIN U3HOC METAIIOB)

OCHOBHBIE TEPMHHBI, OIIPEJIETICHNS U TOHATHSI IPUMEHUTEIBHO K
HAHOTEXHOJIOTUSIM; OCOOEHHOCTH CTPOEHUS HAaHOMATEPHUAIOB U
UX OTJINYMS OT TPAJULMOHHBIX MaTEPUAIOB; OCHOBHbIE
BO3MO>XHOCTH U NE€PCIEKTUBBI IPUMEHEHHSI HAHOTEXHOJIOTUI
11 pa3pabOTKH MEPOIPUSATHI 11O COBEPIIEHCTBOBAHUIO
TEXHOJIOTUI MPOU3BOJICTBA, TPAHCIIOPTUPOBKU U OTPEOICHUS
TEIJIOBOM M 2JIEKTPUYECKON SHEPTUH;

NJ1-4nk-3

TectupoBanue/TepMuHbI U ONpeeNeHUS

YMmerh:

BI)I6I/IpaTI> CXCMHBIC PCIICHUA AJI pe€ain3alii HOHHO-
MJIa3MEHHBIX TEXHOJIOTUH (POPMUPOBAHNS HAHOKOMITO3UTHBIX
HOKpI)ITI/Iﬁ Ha 3JIEMCHTaX S9HCPIr€THYCCKOIo U
TEIJIOIHEPTETHIECKOT0 000pYI0BaHUS; CTABUTH 331a4y Ha
pa3zpaboTKy crmoco6a/crnoco00B MOAU(PUKAIINH HITH
(dbopMupoBanus (pyHKIMOHAIBHBIX TOKPBITHI ¢ TPeOyeMbIMU
XapPaKTCPUCTHUKAMU, UCXOOs1 U3 YCJIOBI/II;'I OKCILTyaTaluu U

NI-4nk-3

KonTponbnas padota/llpumenenne
HAHOKOMITO3UTHBIX OKPBITHH JUIsl TIOBBIILIEHUS
3¢ (PEKTUBHOCTH U3 YHEPTETU-YECKOTO 1
TEIUIO3HEPTreTUYECKOT0 000PYI0BaHUS
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CBOWCTB MaTEpUaIOB U3EINI1/3]IEMEHTOB SHEPreTHYECKUX
CUCTEM, TEIUIOOHEPreTuYeCKuX cucreM npeanpustuil u KKX
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
2 cemecTp

®opma peanuzaiuu: BeinonHeHue 3ajaHus
1. BakyymHoe obOecrieueHre HOHHO-TUTa3MEHHBIX TexHomorul (TectupoBanue)
2. Tepmunsn! u onpeaenenns (TectupoBanue)
3. Dpo3uoHHbIN n3HOC MeTauioBy» (TectupoBanue)

Dopma peanuzaruu: [lucemennas padota
1. IlpumeHeHne HAHOKOMITO3UTHBIX TIOKPBITHH JUIs1 TOBBILIEHUS 3()(HEKTUBHOCTH U3/1EIUN
SHEPreTH-YECKOT0 U TeryiodHepreTuiueckoro obopynosanus (Kontponbnas padota)

bannpHO-peNTHHIOBask CTPYKTYpa AUCLUIUIMHBI SABJISIETCS PUIIOKEHUEM A.

4.2 TIpoMe:KyTOYHASI ATTECTAIUSA MO AUCHUIJINHE
Ixzamen (Cemecmp No2)

B numiom BeICTaBIsIETCS OLICHKA 32 2 CEMECTP.

IIpumeuyanue: OueHOYHbIE MAaTEpUAIbI 110 TUCLMITIIMHE IPUBEICHBI B (DOHIE OLIEHOYHBIX
matepuaios OITOII.

5. YYEBHO-METOANMYECKOE OBECIIEYHEHUE JUCIUIIJINHbI

5.1 IleyaTHbIE H 3JIEKTPOHHbIE H3IAHNS

1. XaptmanH, Y. OuapoBaHie HAHOTEXHOJIOTHH : Tiep. ¢ HeM. / Y. XaptmanH . — M. : BUHOM.
Jlaboparopus 3uanwmii, 2008 . — 173 ¢. — (Harorexnomnoruwn) . - ISBN 978-5-947745-88-7 .;

2. @ununnos, I'. A. T'uxgpoanHaMuKka 1 TEMIOMaccoOOOMEH B MPUCYTCTBUU MOBEPXHOCTHO-
akTuBHBIX BemecTB / ['. A. ®ununmos, I'. A. Cantanos, A. H. Kykymkun . — M. :
Oneproaromuszaat, 1988 . — 184 c.;

3. XaptManH V.- "OuapoBanue HaHOTexHOJOTUM", (4-€ u3a.), M3garensctBo: "JlabopaTopus
3Hanuii", Mocksa, 2017 - (176 c.)

https://e.lanbook.com/book/94133;

4. M. M. beszybuesa, B. C. Bonkos- "Hanorexnonoruu B suepreruke", U3narenscro: "CaHKT-
[TeTepOyprekuii rocynapcTBeHHbli arpapubiii yausepeutet (CIIOI'AY)", Canxt-IletepOypr, 2012 -
(133c¢.)

https://biblioclub.ru/index.php?page=book&id=276905;

5. A. N. I'yce- "Hanomarepuasbsl, HAHOCTPYKTYpbl, HAaHOTeXHOIorun", (2-€ u3a., ucmp.),
N3narensctBo: "®usmarnut", Mocksa, 2009 - (416 ¢.)
https://biblioclub.ru/index.php?page=book&id=68859.

5.2 JIunieH3M0HHOE ¥ CBOOOTHO pacnpocTpaHsieMoe MPOrpaMMHOe odecrneyeHHe:
1. CHO "IIpomereit";

2. Office / Poccuiickuii makeT 0(UCHBIX IPOrpamm;

3. Windows / OniepanrionHasi cucrema cemeiictsa Linux;
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4. Maiing BuneokoHpepeHuu.

5.3 UuTepHeT-pecypchl, BKIOYas NpodeccHoHaTbHbIE 0a3bl JAHHBIX U HH(POPMAIMOHHO-
CIIPaBOYHbIE CHCTEMBI:

1. 3BC Jlans - https://e.lanbook.com/

. baza nannbix Web of Science - http://webofscience.com/

. ba3za mannbIix Scopus - http://www.scopus.com

. HanpoHanbHast 3JIeKTpoHHas 0udanoreka - https://rusneb.ru/

9BC "KoncyabTanT ctyaenra' - http://www.studentlibrary.ru/

. DaekTponHasi ondauoreka MOU (3B MDM) - http://elib.mpei.ru/login.php

. ITopTan oTkpeIThIX 1aHHBIX Poccuiickoii ®enepanun - https://data.gov.ru

. ba3a oTKpbBITBIX JaHHBIX MUHHMCTEPCTBA IKOHOMHUYECKOro pa3putusi PO -
http://www.economy.gov.ru

9. ba3za oTkpbITHIX JaHHBIX PocpunmonuTopunra - http://www.fedsfm.ru/opendata
10. DsekTpoHHasi oTKpbITast 6a3a naHHbIX '""Polpred.com O630p CMHU" -
https://www.polpred.com

ONOUTAWN

11. HauMoHAaJXbHBII MOpPTAaJI OHJIAKH 00yYeHus: «OTKpbITOE 0Opa3oBanme» - hitps://openedu.ru

12. O¢puunanbublii caiiT @eaepajbHOr0 areHTCTBA M0 TEXHUYECKOMY PeryJHpPOBAHUIO H
MeTpoJioruu - http://protect.gost.ru/

13. OTkpbITas ynuBepcuterckas nngpopmaunontas cucrema «POCCHUSD -
https://uisrussia.msu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYEHHUE JUCHUITJIMHBI

Tun nomemeHus Homep aynuropun, OcHaleHue
HalMeHOBaHHUe

OTCYTCTBYET

14



IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

HpI/IMCHeHI/Ie HAHOTEXHOJIOTUM B TCIIJIOOHCPICTHUKEC

(Ha3BaHME AUCIMILIMHBI)

2 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1
KM-2
KM-3
KM-4

Tepmunsl u onpenenenus (TectupoBanue)

Dpo3uoHHbIN n3HOC MeTaiuoBy (TectupoBanue)

BakyymHoe o0OecrieueHre HOHHO-TUIa3MEHHbIX TexHoJoruil (TectupoBanue)
[TprMeHeHre HAaHOKOMITO3UTHBIX TIOKPBITHIA JUISI TOBBIIICHUS 3P PEKTUBHOCTH U3 ICITHIA
SHEPreTH-YeCKOTo U TeryiodHepreTuiueckoro obopyaosanus (Kontponbnas padota)

Buja npoMexyToUHOI aTTecTANMU — DK3aMEH.

Nunekc KM- | KM- | KM- | KM-
Howep Pa3znen nucuumninHb KM: L 2 3 4
pasjena Henens 4 8 10 14
KM:
1 TepMUHBI U ONIpEICTCHUS
CoBpeMeHHOE COCTOSIHUE U 33J]Ja4l UCIIOJIb30BAHUS
11 HAaHOTEXHOJIOTUI B TEIJIOOHEPreTUYECKUX CUCTEMAX +
npeanpuatuii u XKKX
12 Xumnuaeckue, (pu3ndeckre MEeTOAbl CHHTE3a HAHOYACTHIL U +
HaHOMaTepHaJioB
2 OPO3UOHHBII U3HOC METAITIOB
21 Knaccugukarus GpakTopoB, Kak IPUUUHBI U3HOCA U +
pa3pyleHus JIEMEHTOB SHEPreTHYeCKoro 000pyA0BaHUs
29 MeTtopl uccieoBaHus CBONCTB NOBEPXHOCTH +
KOHCTPYKIIMOHHBIX MaT€PHAaJIOB U MIOKPBITHHA
3 BakyymHoe obecrieueHrie HOHHO-TIJIa3MEHHBIX TEXHOJIOTUI
dusnyeckue OCHOBBI MPOLECCOB MPU POPMHUPOBAHUHU
3.1 NOKpbITHH B Bakyyme. Kiaccuduxaius MeTo0B noiydeHus +
MIOKPBITUI
CoBpeMeHHbIE HOHHO-TIJIA3MEHHBIE CITIOCOOBI HAHECEHUSI
3.2 nokpeiTuii. Cxemsl popmuposanus 2D u 3D +
HAaHOKOMITO3UTHBIX MTOKPHITHH
[TpruMeHeHre HAHOKOMITO3UTHBIX OKPBITUH JUIS TOBBIIIEHUS
4 () PEKTUBHOCTH YHEPTETHUECKUX CHCTEM,
TEIIOIHEPreTUYeCKUX cucteM npeanpusatuit u KKX
OKCepUMEHTAIBHOE MOAEINPOBAHNE IPO3UU METAIIIIOB.
4.1 Oco06eHHOCTH SPO3UOHHOTO PA3PYIICHUS MATEPHAIIOB C +
MOKPBITUSIMU
[Tpumenenue [TAB- TexHOMIOTUI 1151 TOBBIIIEHUS
4.2 3P PEKTUBHOCTH (DYHKIIMOHUPOBAHHUS TETIJIOIHEPreTHIECKOTO +
obopynoBanus u cucrem JKKX
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BecKM, %: | 25 | 25 | 25 | 25 |
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