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1. EJIb OCBOEHUMA JTUCIIUITJIMHbI

JucuumnuHa « TeXHONIOrHsl U3rOTOBJIEHUSI YCTPOUCTB HAHO- U MUKPOCHUCTEMHOM TEXHUKN
BXOJUT B IMporpammy maructpatypbl «HoBble Marepuanbl M TEXHOJOTHHU ONTO-, HAHO- U
MHKPORJIEKTPOHUKU» 110 HanpaBieHuto 28.04.01 «HaHOTeXHOIOTMU 1 MUKPOCUCTEMHASI TEXHUKA»
u mywaercs BO 2 cemectpe 1 kypca. ucnummimHy peanusyer basoBas kadempa
«HaHoTexHOIOrMH U MUKPOCHCTEMHAsl TeXHUKa». JlucuuIinHa coCTOUT U3 6 pa3nenoB u 16 tem
Y HalpapJieHA HAa WM3Y4Y€HUE YCTPOMCTB HAHO- U MUKPOCHCTEMHOW TE€XHUKU U MPUHLHUIIOB UX
U3TOTOBJICHHUS.

Lenpto OCBOCHUSI NUCIMILIUHBI SIBISETCS MOJYy4YCHHE 3HAHWM, YMEHUMN, HABBIKOB U OIbBITA
NEeSTeIbHOCTH B 00JACTH TEXHOJOTHYECKUX MPOIECCOB IJIAaHAPHOM TEXHOJIOTUU; OCHOBHBIX
nprueMoB (OPMHUPOBAHUS CTPYKTYp DSJIEMEHTOB HHTETPAIBHBIX CXEM; MPUHIUIOB JACHCTBUS

TEXHOJIOTHYECKOI'O O60py,Z[OBaHI/IH H PEKUMOB BBIITOJIHCHUS TEXHOJIOTHYCCKUX onepaunﬁ.

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHMUS JUCHUITVIMHDI

OcBoeHne AUCUUIIIUHBI « TeXHOIOTHS U3TOTOBIEHUSI YCTPONUCTB HAHO- U MUKPOCHUCTEMHOM
TEXHUKW» HANpaBlIeHO HA (POPMUPOBaHHE y OOYYAIOIMIUXCS CICAYIOINUX KOMIETCHIIMH (JacTH
KOMITCTCHITHH ):

Tabnuya 2.1. Ilepeuenv komnemenyuil, opmupyemvix y 00y4arOWuxcs npu 0c60eHuu
OUCYUNTUHDBL (Pe3YTbmambl 0C80EHUS OUCYUNTIUHDL)

HNHaukaTopbl 10CTHKEHHS] KOMIIEeTeHIIHT
Hugp Komnerenuus A PEI A N
(B paMKax JaHHOH THCUUTUIMHEI)
Crmoco6HoCTh pazpadateiBath  |[IK-5.1 3HaeT OCHOBHBIE TEXHOJIOTHU U3TOTOBJICHUS
TEXHOJIOTUH U3TOTOBIICHUS HAHOCTPYKTYpPHUPOBAHHBIX MMOKPBITHH C 33JaHHBIMU CBOMCTBaMU;
MK-5 HaHOCTPYKTYPUPOBAHHBIX [IK-5.2 YmeeT npoBouTh UCCIIEI0BAHUS XapAaKTEPUCTUK
MOKPBITHH ¢ 3alaHHBIMU HAHOCTPYKTYpPHUPOBAHHBIX MOKPBITHH C 3aJaHHBIMH CBOHCTBaMH;
CBOMCTBaMU U IIPOBOJUTH ITK-5.3 Bnangeer MmeTogamu pa3pabOTKH TEXHOJIOTHH U3TOTOBIICHUS
HCCIICIOBAHMS UX XapaKTEPUCTHUK |HAHOCTPYKTYPHPOBAHHBIX MOKPHITHH C 3aJaHHBIMU CBOHCTBAMH;
I1K-7.1 3HaeT OCHOBHBIE COBPEMEHHBIE TEXHOJIOTHIECKUE
CnocoOHOCTh pa3pabaThiBaTh .
MIPOIIECCHI M3TOTOBJICHNUS HAHOAJICKTPOHHBIX H3/ETHA;
COBpPEMEHHBIE TEXHOJIOTHIECKHE
IK-7 [1K-7.2 Bnaneer HaBbIkaM# pa3pabOTKU COBPEMEHHBIX
MIPOIIECCHI U3TOTOBJICHUS
. TEXHOJIOTHYECKUX MPOIIECCOB M3TOTOBICHHUS HAHOAIEKTPOHHBIX
HAHORJIEKTPOHHBIX M3AEIIHH .
W3IEIHH;
I1K-8.1 3HaeT OCHOBHBIE COBPEMEHHBIE TEXHOJIOTUIECKUE
CriocoOHOCTB pa3pabaThIBaTh
MPOLIECCHl NPON3BOJICTBA MUKPO- U HAHOPA3MEPHBIX
HOBBIE TEXHOJIOTHYECKHUE
JJIEKTPOMEXAHUIECKUX CHCTEM;
I1K-8 TIPOLIECCHI MIPOU3BOJICTBA MUKPO-
I1K-8.2 Bnaneer HaBbIKaMu pa3pabOTKH HOBBIX TEXHOJIOTUYECKHX
1 HAHOPA3MEpPHBIX
MPOLIECCOB IPOU3BOICTBA MUKPO- U HAHOPa3MEPHBIX
31EKTPOMEXaHUUECKUX CUCTEM
91EKTPOMEXaHUUECKUX CHUCTEM;

3. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OII BO

JucuumimHa « TeXHOI0rus U3rOTOBJIEHUSI YCTPOMCTB HAHO- U MUKPOCHUCTEMHOM TEXHUKN»
OTHOCUTCSI K 4acTd, (GOopMUPYEeMOMl ydacTHHKaMH o0O0pa3oBaTelIbHBIX OTHOLIEHUH Onoka 1
«ucuurimael (MoIysm)» 00pa3oBaTebHOM MPOrpaMMBbl BBICIIIEIO 00pa30BaHMS.

B pamkax oOpa3oBaresnbHOM HporpaMMbl BbICHIET0 OOpa30BaHUS OOYydalOIIMECs TaKKe

OCBaMBAaKOT

Apyrue JUCHUITIINHBI

w/uim

MPAKTUKH, CIOCOOCTBYIOIIHNE  JOCTHIKEHHUIO

3aIlJTaHUPOBAHHBIX PC3YJIbTATOB OCBOCHUA NUCHUIIIIMHBI «TexHoIorus U3roTOBICHUS yCTpOﬁCTB
HaHO- U MPIKpOCHCTeMHOﬁ TCXHUKUN)).




Tabnuya 3.1.

Ilepeuenv komnonenmos OIl BO,

3ANIAHUPOBARHbLX pe3)1bmamoe OC60€HUA ()ucuunﬂuﬂbl

CnocooCmByroUUx — O0CMUNICEHUIO

[pexmecTByommue IMocaenyromue
g Haumenosanne uncﬁnl:mnﬂblyMolzlll JIH nncunnnni?lil/ﬁloa JIU
p KOMIIETEHIIHH * i, % i,
NMPaKTHKH NMPAKTHKH
TexHonornyeckas mpakTHKa;
[penaumiomMHas MpaKkTUKa;
CriocoOHOCTh TexHonoOrUs HaHECEHUS
pa3pabartbIBaTh TOHKHX ITICHOK;
Martepuaisl HAHOCTPYKTYPHBIX
COBpPEMCHHBIC Texuonocuu npouzeoocmea
MK-7 YCTaHOBOK; y e
TEXHOJIOTHYECKHUE TIPOIECCHI ONnMmMo31eKmMpOHHOU 6a3bl*™;
W3TOTOBJICHUS Texuonocuu uzeomosnenus
HAHOAJICKTPOHHBIX MU3IEIIHHA J1a3epos8 Ha OCHO8e
Hanocmpykmyp **,
TexHonornyeckas mpakTHKa;
IIpenauniaomMHas npakTHKA;
CriocobHOCTB P p ’
TexHosorust HaHECEHUs
pa3pabaTbIBaTh HOBBIC
TOHKHUX IJICHOK;
TEXHOJIOTHYECKHE MPOIIECCHI
AJTUTHBHBIE TEXHOJIOTUU; Texnonoeuu npouszsodcmea
I1K-8 MIPOM3BOJCTBA MUKPO- U N ook
ONnmo31eKmpoHHOU 6a3el **;
HaHOPa3MEPHBIX
Texuonocuu uzeomosnenus
ANMEKTPOMEXaHNIECKUX
J1a3epos8 HA OCHO8e
CUCTEM iy
Hanocmpykmyp **,
TexHONOTHS HAHECEHUS
TOHKHX ITUICHOK;
CnocoOHOCTh Texnonoeuu npouszsodcmea
pa3pabaTbIBaTh TEXHOJOTHUH 0nmMosNeKmponHou bazvl **,
W3TOTOBJICHHUS Texnonoeuu uzeomoeneHus
TTK-5 HAHOCTPYKTYPHUPOBAHHBIX AITUTHBHBIE TEXHOJOTHH; J1a3epos8 Ha OCHO8e
MOKPBITHH ¢ 3aJaHHBIMH Hanocmpykmyp **;
CBOWCTBaMU U POBOJIUTH JnarHoctuueckue CUCTEMBI B
HCCIICTIOBaHUS UX HAHOTEXHOJIOTHSIX;

XapaKTCPUCTHUK

TexHOMOTHYECKAS IIpAKTHUKA,
HpCZ[Z[I/IHJ'IOMHaSI IMpaKTHUKA,

* - 3aMONHSAETCS B COOTBETCTBUH ¢ MaTpuieii kommnerenuii u CYII OI1 BO

** - 3NIeKTUBHBIC TUCIUIUIMHEI /TIPAKTHKH




4. OFBEM JJVCHUILJIMHBI U BUbI YYEBHOH PABOTHI

OO0mas TpyI0eMKOCTh AUCHUILTUHBI « T€XHOIOTHSI U3TOTOBJICHHS YCTPOWCTB HAHO- U MUKPOCHUCTEMHOW TEXHUKH» COCTABIIACT «5» 3a4ETHBIX
CIMHMUII.

Tabnuya 4.1. Buowl yuebHOU pabomuvl no nepuooam o0C80eHUs 00PA308aMeNbHOlU NPOSPAMMbL 8blCUe20 00paA308aHUs Oisi OYHOU (HOopMbl
00yueHus..

Buja yuye6Hoii padoThI BCEI'O, ak.u. CeMeczT pCED)
Konmaxmmnas paboma, ax.u. 51 51
Jlexrmn (JIK) 34 34
JlabopaTopHusie pabots (JIP) 0 0
IpakTnueckue/cemunapckue 3auatus (C3) 17 17
CamocmosmenvHas paboma 0by4aowuxcs, ax.u. 93 93
Konmponw (sx3amen/3auem ¢ oyenxou), ax.u. 36 36
O01masi TPYI0€MKOCTh THCHHILTHHBI aK.4. 180 180
3a4.e1. 5 5




5. COAEPKAHUE JUCIUIIJINHBI

Tabauya 5.1. Codeporcanue oucyuniunsl (Mo0yis) no euoam y4ebHou pabomuol

Bun
Homep | HammeHnoBaHue pasnena "
Copep:xanue pa3aesa (TeMbl) yueOHoit
pa3neia AUCUMITHHBI «
padoThI
OCHOBHBIE TEXHOJIOTHIECKHE TIPOLIECCHI.
Tunosast TEXHOJOTUS 11 ITnanapHas TexHonorusa. XapakTepuCTHKa JIK
HU3TOTOBJICHUS coBpemeHHOU TexHooruu UMC
Paszen | HWHTETPaIbHBIX BazoBbie MaTepHaisl A1 MUKPO U
MHKpPOCXEM, HAHO U HAHOAIEKTPOHUKH. KpeMHneBbIe
MHUKPOAJICKTPOHHBIX 1.2 MOHOKPHCTAJUTHYCCKHE TUIACTHHBL. JIK
YCTPOICTB OpueHTHpOoBaHUE KPUCTAIIOB. MexaHndeckas
00paboTka
21 Omnpenenenune auTorpadguiyeckux nporeccos. Bust K. C3
. ' JUTOrpaMYECKUX NPOLIECCOB ’
Jlutorpaduyeckuii
N OCHOBHBIE TapaMeTPhl TEXHOJIOTHYECKUX
MpoILIecC Kak 0a30BBbIii
. npoueccoB aurorpaduu. [IpeaenbHbie TOCTHKIUMBbIE
TEXHOJIOTUYECKHH TPoIiecc 2.2 JIK, C3
Paznen 2 3HAa4YEHHUS TapaMeTpOB TOMOJIOTHHU AT Pa3IUIHbIX
H3TOTOBIICHHUS MUKPO H
JTUTOTpaIISCKUX IPOIECCOB
HAHOAJICKTPOHHBIX
. [lo3uTHBHBIC U HETaTUBHBIE POTOPE3IUCTHL. METOIBI
YCTpPOWCTB
2.3 cosznanus poTomadmonoB. OcoOeHHOCTH JIK, C3
JTUTOTrpad i HAHOMETPOBBIX Pa3MEpOB
Obmiee onrcanme BaKyyMHBIX TEXHOJIOTHUYECKIX
3.1 cucteM. YUncThle TOMENICHU — Ha3HAYCHHE, JIK, C3
KOHCTPYKIHS, OPTaHU3aIHS
BakyymHbie DYy oD
Mertonp! monmydeHus Bakyyma. GopBakyyMHEIE,
Pasnen 3 | TexHonoruueckue
3.2 BBICOKOBaKYyMHBIE U CBEpXBBICOKOBAKYYMHBIE JIK, C3
CHUCTEMBI
HAaCOCHI
33 ITocTpoeHne MOIYIBHBIX TEXHOIOTHIECKUX K. C3
) cuctembl. CHCTEMBI TEXHOJIOTHUECKOTO KOHTPOJISI ’
OnuTaKcHatbHOE HapaIllMBAaHNUE KPEMHHUS.
4.1 XJTOpUIHBIN U TUAPUAHBIA METOABI SITUTAKCHU. JIK, C3
MoneKysIpHO-Ty4eBask SMUTAKCHsI KpEMHHUS
Du3nyecKre METO B! MMOTy4YeHUS TOHKHUX IICHOK:
TEPMUYECKHE METO/IbI UCTIAPEHHUS (TePMHUIECKOe
Texnonorm aIZHBIJ'IeHI/Ie UMIT )JI'ILCHoe Jfase H(()e (I))CEDKJ_ISHI/IC
Paznen 4 | popmupoBaHus 4.2 P ’ y P ’ JIK, C3
AJIEKTPOHHO-IyYEBOE PACIBIICHUE); METOIBI
TOHKOIUICHOYHBIX CIIOCB
(u3MIecKoro pacmbuieHus (KaTOQHOE paclbUICHHE,
HMOHHOE PACIBIICHNE, MATHETPOHHOE PACIIBIICHHE)
OM3UKO-XUMHYECKUE CHCTEMBI ITOTyYSHHUS TOHKUX
4.3 mieHok: CVD MeToIbl, aTOMHO-CII0EBOE JIK, C3
ocaxkaenne, P-CVD meTozsr
WonHo-11a3MeHHoe TpaBieHue. Bumpl,
[Nonmyuenne pucyHka 51 0COOEHHOCTH TpoIIecca, TEXHOJIOTHIECKUE JIK, C3
Paspen 5 |21neMEHTOB MHTETpAJIbHBIX napameTpsl
cXeM 52 Bosch-mporiecc. Bupl, ocobeHHOCTH Mporiecca, K. C3
' TEXHOJIOTHYECKHUE ITapaMeTPHI ’
Knaccugukanus metonoB. OnTHYECKHAE METOIBI
6.1 ¢ A JIK, C3
HCCIICTOBAHUS
Tumnosoit 30HI0BBIE METO/IBI UCCIICTIOBAHUS HAHO- U
Paznen 6 . 6.2 A A JIK, C3
TEXHOJIOTHIECKHUH TPOoIIecc MHKPOPa3MEpPHBIX 00BEKTOB
CriekTpoMeTpHIeCKUe METO B! HCCIEIOBAHUS
6.3 pOMETp . A JIK, C3

HAHO- 1 MUKPOPAa3MEPHbBIX 00BEKTOB

6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JJUCHUIIJINHBI

Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneueHue OUCYUNIUHbL

* - 3anonaseTcs Tossko o OUYHOU dopme oOyuenust: JIK — aexyuu; JIP — nabopamopusie pabomut;, C3 —
npakmu4ecKue/CeMunapcKue 3aHamusl.




Crnennann3npoBaHHoOe
yueOHoe/1a00paTopHoe
obopynoBanme, I1O u
MAaTepHaJIbl 1J151 0CBOEHHS
AMCUMILTUHBI
(Ipu HEOOXOTUMOCTH)

Tun ayauropum OcHamenue ayiuropuu

Ayautopust ISl POBEICHUS 3aHATHN
JICKIIMOHHOTO THIIa, OCHAIIICHHAS
JleximonHast KOMIUICKTOM CHEeIMaTU3UPOBAHHON MeOenH;
JIOCKOH (9KpaHOM) U TEXHHYECKUMU
CpEICTBAMU MYJIbTUMEINA TPE3CHTAIIHIA.

Aynutopus i NPOBEICHUS 3aHATUIMA
CEMHUHAPCKOI0 TUIIA, TPYIIOBBIX U
WHJIMBHU1yalbHBIX KOHCYJIbTALNI, TEKYILIETO
KOHTPOJISI U IPOMEXKYTOYHOU aTTECTaIlUH,

CemuHapckas
OCHAILIEHHAs] KOMIUIEKTOM
CHeIMaIu3UPOBAHHON MeOen U
TEXHUYECKUMH CPEICTBAMU MYJIbTUMEANA
IIPE3CHTALMMN.
Aynuropus JUisi CaMOCTOSITEIbHON pabOThI
Tins o0yyaromuxcs (MOXKET UCTIONb30BAThCS IS
. | IpOBeIEeHNs CEMUHAPCKUX 3aHATUN U

CaMOCTOSITEJIbHOU 9

KOHCYJIbTAIlMi ), OCHALLIEHHAs! KOMIIEKTOM
paboTsl

CIIeaIM3UPOBAHHON MeOenu 1
KoMibroTepami ¢ gocrynoM B SUOC.

* - ayIUTOPHS JJIsL CAMOCTOSTENbHOM paboThl oOyuaromuxcs ykaspiaercs OBA3ATEJIBHO!

7. YAEBHO-METOJUYECKOE 1 UH®OPMAIIMOHHOE OBECIIEYEHHUE JUCHUIIJINHbBI

OcnosHas tumepamypa:

1. Konapamun A.A., JIamua A.H., CrienioB B.B. CoBpeMeHHbIE TEXHOJIOTHUH
U3TOTOBJICHUS TPEXMEPHBIX AMEKTPOHHBIX YCTPOHCTB: Yueb. mocobue. — M.: Texnocdepa, 2019.
-210¢

2. HaHOoTeXHOJIOTHH B JIEKTpOHUKE. BBeeHNe B crieinanbHOCTh. YuebHoe mocodue.
Jlozosckuit B.H., JIozosckuii C. B.: JIaus, 2025 r. ISBN: 978-5-507-47532-2

3. ®usnueckue OCHOBBI HAHOTEXHOJIOTHI U HAHOMaTepuaibl. Y4yeGHoe mocodue.
CwmupaoB B.U.: Uadpa-Umkenepus, 2023 r. ISBN: 978-5-9729-1246-9

4. K. Reinhardt, W. Kern. Handbook of silicon wafer cleaning technology. Thrid
edition.2018. — 773 p

5. Hano- u 6uoxommno3utsl : MoHorpadus / nmox pea. A. K.-T. Jlay, ®@. Xycceiin, X.
Jladam; mep. ¢ anri. — 2-e¢ m3a. — Mocksa : JlJaboparopust 3Hanwmi, 2020. — 393 ¢. —
(Hanorexnonorumn). — SBN 978-5-00101-727-1. - ISBN 978-5-00101-727-1

6. Hanosnexrponwuka: Teopus u npaktuka : yueounuk / B. E. bopucenko, A. U.
Bopo6reBa, A. JI. lanmmiok, E. A. YTkuna. - 5-¢ u3a. - Mocksa : Jlaboparopus 3uanuid, 2020. -
369 c. - (YaeOnuk s Beicieit mkoisl). - ISBN 978-5-00101-732-5

7. byntos, E. A. CoBpeMeHHbIE YCTPONCTBA U 2JIEMEHTHI HAHOAIEKTPOHUKH :
yaeObHOMeToandeckoe mocodue / E. A. bByntos, A. C. Boxmunnes, T. B. IllItanr. - 2-e usn., crep.
- Mocksa : ®JIMHTA : U3xa-Bo Ypan. yH-ta, 2022. - 132 c. - ISBN 978-5-9765-5036-06
Hononnumenvnas aumepamypa:

1. CmupnoB B.U. TexHonorus uHTerpaibHbIX MUKpocxeM: Muppa-Unxenepus, 2023 r.,
ISBN: 978-5-9729-1232-2

2. Kopnees B.A. Tononoruu MHTErpagbHbIX MUKPOCXEM U IIporpamMmsl 1y OBM:




[Tpocmekr, 2021 r., YuebHoe mocodue; ISBN: 978-5-392-33754-5
3. Kopoznes M.A., Kpynkuna T.1O., [Tytps M.I'. TexHosorus, KOHCTPYKLIMU U METO/IbI
MOJICIIMPOBAHUS KPEMHHEBBIX HHTETPAIbHBIX MUKpocxeM; [IpocBemenne/bunom, 2012 r.,
ISBN: 978-5-94774-585-6
4. Mouanikuna O.P.; bepe3un A.C. TexHOIO0rUsI 1 KOHCTPYUPOBAHUE UHTETPATbHBIX
MUKpocxeM: Yue0. mocobue ais By30B, bepesun A.C., Mouankuna O.P., M., Paano u cBs3b,
1992.
Pecypcwi ungopmayuonno-menexomMmyHuKayuoHHou cemu « Mnmeprnemy»:
1. ObC PYIH u croponnue 9bC, K KOTOPBIM CTYJE€HThl YHUBEPCUTETA UMEIOT JOCTYII
HA OCHOBAHMH 3aKJIIOYCHHBIX JOTOBOPOB
- DnekTpoHHO-0mOmoTeunas cucrema PYJIH — ObC PY JIH
http://lib.rudn.ru/MegaPro/Web
- OBC «YHuBepcuTeTcKas oudimmoreka onnaiin» http://www.biblioclub.ru
- OBC IOpaiit http://www.biblio-online.ru
- OBC «KoncynpTant crynentay www.studentlibrary.ru
- OBC «Tpouukuiit MmocT»
2. ba3bl JaHHBIX U TOMCKOBBIE CHCTEMBI
- DJICKTPOHHBIN (YOHJT TPABOBON ¥ HOPMATUBHO-TEXHUICCKOW JJOKYMEHTAIIUU
http://docs.cntd.ru/
- mouckoBas cucreMa SHaekc https://www.yandex.ru/
- mouckoBas cucreMa Google https://www.google.ru/
- pedeparuBHas 6a3a ganabeix SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yuebno-memoouueckue mamepuanwvl 0Jis1 CamMoCmosmenbHol pabomsl 00y4arOWuxcs npu
0CB80EHUU OUCYUNTUHBL/MOOYIA*:
1. Kypc nexnnii mo auciumIuinHe « TeXHOJIOTHS M3rOTOBJIEHUS YCTPONUCTB HAHO- U
MUKPOCHUCTEMHOUN TEXHHUKUY.

* - Bce yueOHO-METOANYECKHEe MaTepHalibl Ul CaMOCTOATENbHOM paboThl 00yJaromuxcs
pa3MenarTcs B COOTBETCTBUHM € AEHCTBYIOIIUM HOpsAKOM Ha cTpanule aucuuiuinasl B TYHUC!
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