degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: I/IHTCFpaLII/ISI TCXHOJIOTMYICCKUX IMMPOLCCCOB MUKPO U HAHOIJICKTPOHUKHU
0 HANIPaBJICHUIO: 3HeKTpOHI/IKa 1 HAaHOQJICKTPOHHUKA
IIpO(l)I(lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: MHKPO- 1 HAHOJJICKTPOHHKA

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa MUKpPO- U HAHODJICKTPOHHUKH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 15 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: I1.B. Urnaros

[Iporpamma obcyxieHa Ha 3aceflannu KadelIpbl MEKPO- U HaHO3NeKTpoHukH 29.05.2020



AHHOTANMA

Kypc "HHTerpauust TEXHOJOTHYECKHX IPOIECCOB MHKPO U HAHOAIEKTPOHUKU" TIpeqycMaTpUBaeT
(dhopMHUpOBaHKE CHEHUATBHBIX 3HAHUM B OOJIACTH MPAKTUUYECKOM TEXHOJIOTUM MHUKPO-HAHOAIEKTPOHHUKH, O
GU3MUECKNX M XHMHYECKHMX OCHOBaX IPOBEIEHHS TEXHOJOTMUYECKHMX W KOHTPOJIBHO-U3MEPHUTEIBHBIX
ornepaudii B MHKPO-HAHOAJIEKTPOHUKE, O (U3NYECKUX M TEXHHYECKHX MPUHLUUIAX KOHCTPYKTHBHOTO
UCTIOJTHEHUSI TEXHOJIOTHYECKOTO 00OpYyIOBaHUS HCIOIb3YyeMOTO B MHKPO-HAHOZJIEKTPOHHMKE, O NPHHIUIAX
pa3paloTku PU3NUECKONW CTPYKTYPHl U3IEIUN MUKPO-HAHODJIEKTPOHUKH M TEXHOJOTHYECKUX TMPOLIECCax HX
W3TOTOBJICHUSL.

3amaun Kypca:

-PaccmoTpenne (pu3ndUecKMX M XMMHUYECKHMX OCHOB IIPOBEACHUS TEXHOJOTMYECKHX ONEpaluii B MUKPO H
HaHOXJIEKTPOHHUKE;

-Paccmorpenne (u3mUeckux MmapaMeTpoB ONPENENSIONIMX YCIOBHS TPOBENCHHS  TEXHOJOTMYECKHX
olepaiuii B MUKPO 1 HAaHORJIEKTPOHHKE;

-PaccmoTpenus BausHUS GU3HMUECKUX MapaMeTPOB TEXHOJIOTHUECKUX ONEpalii Ha mapameTpsl GU3NUecKoit
CTPYKTYPbI U3IE€TUI MUKPO ¥ HAHOIIEKTPOHUKHU ITPU UX U3TOTOBICHUH;

-PaccmoTpenne BIUSHMS TapaMeTpOB TEXHOJOTMYECKUX OIepanuid Ha (U3MYecKkue mapaMeTpbl U3IeNui
MHKPO U HaHOIEKTPOHUKH;

-PaccmoTpenne npuHIMIIOB pa3paboTKH PEKUMOB IPOBEJCHUS TEXHOIOTHYECKUX ONEPAlii B MUKPO U HAHO
IEKTPOHUKH;

-PaccmoTpeHre OCHOBHBIX NPUHIWIOB Pa3pabOTKH TEXHOJIOTHYECKUX TPOLECCOB HM3TOTOBICHHS H3IEIUI
MHKpPO U HAHOJIEKTPOHUKHY;

-PaccmoTpenne npuHIMIIOB TOCTPOEHUSI OCHOBHBIX BH/I0B TEXHOJIOTHYECKOT0 000pYI0BaHHS B IPAKTUYECKON
MHUKPO ¥ HAHODJIEKTPOHHKE;

-PaccmoTpenne BIMSHUS TNapaMeTPOB TEXHOJOTMYECKOTO OO0OpYyIOBaHUS Ha MapamMeTpsl (usndeckon
CTPYKTYpbl M3AEIUNA MUKPO M HAHOZJIEKTPOHUKH IPH WX HM3ITOTOBIEHHH B YCIOBHSAX TEXHOJIOTHYECKOH
JIMHUH.

ITo pe3ynbTaram OCBOEHHS Kypca CTYAEHT JJOJKEH:

3HaTh:

-dusnyeckre U XUMUYECKUE OCHOBBI TEXHOJIOTHYECKUX ONEPaNiii B MEKPO M HAHOAJIEKTPOHHKE.
-dusnyeckue mapameTpsl XapaKTepU3YIOUIHe TEXHOJIOTHUECKUE OIIEPaIliy.

-Texnudeckue U pU3NUECKHE OCHOBBI KOHCTPYKTUBHOTO MCITOTHEHUS TEXHOJIOTHYECKOTO 000PY/I0BaHUSI.

-Brnusinne ¢usmyecknx mapaMeTpoB TEXHOJOTMYECKHMX OINEpalii Ha mapamerpbl (PU3N4ecKOd CTPYKTYpPBI
3JIEMEHTHOM 0a3bl M U3/IEIHIA B LIEJIOM B MUKPO M HAHOIJIEKTPOHUKE.

VYMeTs:

-PazpabarbiBaTh OCHOBHBIE pEXHMBI TEXHOJIOTHUECKMX orepauuii. PaspabareiBaTh  TEXHOJIOTHYECKUE
MPOLIECCHI.

-IIpoBoauTs aHanu3 BIUSHUA (U3NYECKUX TApaMETPOB TEXHOJOTMYECKHX OINEpaluii Ha mMapamMeTpbl
(U3MYECKOI CTPYKTYPBI U3AETHI MUKPO U HAHOJICKTPOHHKH.

-IIpuMeHsTh CTaTHCTHYECKHE METOAbl aHANM3bl JUIS OLCHKH KadecTBa IPOBEICHHS TEXHOJOTMYECKHX
MPOLIECCOB.

-[InanupoBaTh M TNPOBOAWUTH SKCIEPUMEHTHI HpPU pa3pabOTKe TEXHOJIOTMYECKHX IIPOIECCOB MHUKPO U
HaHODJIEKTPOHHUKH.

Bnaners:

—HepBI/I‘lHBIMI/I HaBbIKaMH pa3pa60TKH TCEXHOJIOTHYCCKHUX OHepaHI/Iﬁ 1 TCXHOJIOT'MYCCKUX NPOUCCCOB MUKPO U
HAHO 3JICKTPOHUKH.

-IlepBr4HBIMU HaBBIKAMU pabOTHI HA TEXHOJIIOTHYECKOM 00OPYIOBaHUU.

-OCHOBHBIMH METOJAMM aHAJIM3a OLEHKH KAauecTBa TEXHOJIOTMYECKHX OIEpaluidi M TEXHOJOTHYECKHX
npoueccoB. OCHOBHBIMH METOAAMH TPOBEICHHUS HKCIIEPUMEHTOB HpPU pa3paboTKe TEXHOIOTHYECKUX
MIPOLIECCOB MUKPO M HAHOBJIEKTPOHHKH.

OcHOBHOE COACPIKAHUC KypCa U3JIOKCHO B CJICAYIOLIUX pa3aciiax:



. BBonnas nexuus no kypey «OCHOBBI TEXHOJIOTUU MUKPO U HAHOIEKTPOHUKUY.

. [Iponieccrr XKXO B mapmipyte uzrorosnenuss UMC.

. Paznuunele cTpaTeruu poBeAeHUs )KUIKOCTHBIX OUMCTOK IUIACTHH U YJlaJI€HUS! KOHKPETHBIX 3arpsi3HEHUM.
. YajieHue MoJIMMEPHBIX OCTaTKOB I10CJIE IPOBEAEHUS IPOLIECCOB MJIa3MOXUMUYECKOTO TPABICHMUS.

. O630p obopynoBanus st mporeccoB KXO.

. Judnexrpudeckue ciou B TexHoioruu YBUC.

. du3nyeckre OCHOBBI ONTUYECKOW JUTOTpaduu.

0 3O L AW~

. OnTrueckue npoOIIeMbl TPOEKITMOHHOW JTUTOrpaduu.

9. ®opmupoBanre u300paXkeHHs B (OTOPE3UCTE.

10. ®oTtope3ucTsl.

11. ITposiBnenue poTope3ncTos.

12. KoHTpoJb 1 U3MepeHre napaMeTpoB KauecTBa MPOSBICHHOTO penbeda Macku u3 Goropesucra.
13. Cnoco0Os1 ynyuieHus paspemaronieid cnocodnoctu nporecca poronutorpadun (RET).

14. O6opynoBanue Qotonurorpaduu.

15. TexHUKO-9KOHOMHYECKHE IOKa3aresnu Gporoaurorpadpuueckoro 000pyJoBaHHs U IPOU3BOACTBA.
16. Oco6eHHOCTH MOHHOM MMIUIAHTAIMH U €€ IIPUMEHEHNE B TEXHOJIOTUH MUKPO3JIEKTPOHHKH.

1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

- (opMHpOBaHHME  CIEUUAIBHBIX  3HAaHMA B  OOJACTM  NPAKTUYECKOH  TEXHOJOTHH
MHUKPO-HaHORJIEKTPOHHUKH, O (PU3MUECKUX M XMMHUYECKUX OCHOBAX HPOBEICHUS TEXHOJIOTHYECKUX U
KOHTPOJIbHO-U3MEPHUTEIbHBIX ONEpalii B MUKPO-HAHOAIEKTPOHUKE, O (U3NYECKUX M TEXHHUUECKHUX
IPUHIMIAX KOHCTPYKTHBHOTO WCIIONHEHUS TEXHOJOTHMYECKOro OOOpYIOBaHMS HCIIOIB3yeMOIo B
MHUKPO-HAHORJIEKTPOHUKE, O TNpUHOMNAX  pa3paboTku  (QU3MUECKOW  CTPYKTYpbl  HM3ACIHiA
MHUKPO-HAHORJIEKTPOHUKHU U TEXHOJIOIMUECKUX ITPOLECCax UX U3TOTOBJIECHUS.

3agauu AUCHUILIHHBI

- paccMOTpeHHe (HU3MYECKHMX M XMMHYECKHX OCHOB IPOBEICHMS TEXHOJOTHMUYECKHX OIepanui B
MHUKPO ¥ HaHODJIEKTPOHHKE;

- paccMoTpeHHe (DU3NYECKUX TMapaMeTPOB OINPEICISIONINX YCIOBHS MPOBEACHHUS TEXHOJIOTHYECKUX
olepaiyii B MUKPO 1 HAaHORJIEKTPOHHKE;

- paccMOTpeHHe BIHSHHS (PU3NYECKHUX IapaMeTPOB TEXHOJIOTMYECKMX OIepaluidi Ha MapameTpbl
(U3NYECKOIl CTPYKTYPBI U3ACTHH MUKPO M HAHOIJIICKTPOHUKH MTPU UX U3TOTOBJICHUY;

- pAacCMOTpEHHE BIUSHUS ITAPAMETPOB TEXHOJIOTUUECKUX Olepaluidi Ha (U3NUECKUE MapamMeTphl
W3/1€UH MUKPO M HAaHORJIEKTPOHHKH;

- paccMOTpEHUE PUHIUIIOB pa3paboTKU PEKUMOB MTPOBEACHUS TEXHOIOTUYECKUX ONepanuii B MUKPO
Y HaHO 2JIEKTPOHHKH;

- PacCMOTpEHHE OCHOBHBIX MPUHIMIIOB Pa3pabOTKM TEXHOJIOTMYECKHUX IPOIIECCOB HW3TOTOBJICHUS
M3/1€UH MUKPO M HAHORJIEKTPOHUKH;

- paccMOTpeHHE NPUHIMIIOB IMOCTPOCHHS OCHOBHBIX BHJOB TEXHOJIOTMYECKOrO OOOpYIOBaHUS B
MPaKTUIECKONH MUKPO U HAHOZJIEKTPOHUKE;

- paccMOTpEHHE BIMSHHS MapaMEeTPOB TEXHOJIOTHYECKOTO0 000OpYJOBaHMS Ha MapaMeTpsl (GU3NUECKOil
CTPYKTYPBI H3JEITUi MUKPO M HAHODJICKTPOHUKH TP UX U3ITOTOBICHHH B YCIOBHUIX TEXHOJIOTHYECKOM
JIMHUM.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananu3upyet npoOIEMHYIO CUTYaINIO KaK CHCTEMY,

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEXKIY HUMH

aHaM3 MPOOJIEMHBIX CHTYaIlMii Ha OCHOBE
CHUCTEMHOTO TIO/IX0/1a, BBIpabaThIBaTh
CTpaTeruro AecTBui

VYK-1.2 OcymecTBisier MOWCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE
JOCTYTHBIX KICTOYHUKOB HH(pOpMaH




OIIK-3 Cnioco6en BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSS 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.1 CrocobeHn aHanm3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEIHLHBIMUA
METOJ]aMU pEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
TpaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeICHUN

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTeMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTh U 0000IIAThH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCCHOHATLHON
IEITEILHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (WIn)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBAaHNN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHUYeCcKue MOAENM Ul OIHUCaHMA H3ydaeMbIX
SIBICHUH M TPOLECCOB, OLCHUTh KaueCTBO pa3paboTaHHON
MOJENN

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00Y4aIOIINeCs JOIKHbI

KOHCTPYKTHUBHOTO HCIIOJIHCHUA  TCXHOJOTHYCCKOTO

- BIJIMSAHHUC (1)I/ISI/ILIGCKI/IX mapaMeTpoOB TCXHOJOTMYCCKUX OHepaL[I/Iﬁ Ha mapaMCTphbL (I)I/IBI/IIIGCKOI\/'I

- pa3pabarbIBaTh OCHOBHBIC PEKMMbI TEXHOJIIOTHUYECKUX omnepanuii. Pa3pabaTbiBaTh TEXHOJIOTHYECKHE

- TMPOBOJMTH AHAJHU3 BIUSHHUA (PU3MYECKUX MapaMeTPOB TEXHOJOTMYECKHX ONEpalfii Ha MmapamMeTpbl

- IPUMCHATDH CTATUCTUYCCKHUEC MCTOAbI aHAJIM3bl IJIA OLICHKH Ka4u€CTBAa NPOBCACHHA TEXHOJOTHYCCKUX

- IJIAHUPOBATH M MPOBOAUTH SKCHEPUMEHTHI IPU Pa3pabOTKe TEXHOJIOTMYECKHUX MPOLECCOB MHUKPO U

3HATh:
- (hu3nUecKUe U XUMHYECKHE OCHOBBI TEXHOJIOTUYECKUX OTEPAINii B MUKPO U HAHODJICKTPOHUKE;
- pu3HYecKue mapaMeTpbl XapaKTePU3YyOLINE TEXHOJIOTHYECKUE OlIepaLluH;
- TEXHHWYeCKne W (U3NYECKUE OCHOBBI
000pYIOBAHUS;
CTPYKTYPBI JJIEMEHTHOM 0a3bl U M3/IEJIMH B IIEJIOM B MUKPO U HAaHODJIEKTPOHHKE.
YMETb:
HPOLECCHI;
(bU3MUECKOI CTPYKTYPBI U3 MUKPO W HAHOICKTPOHHKH;
HPOLIECCOB;
HAHODJICKTPOHUKH.
BIIAJICTh!

- TIEpPBUYHBIMHM HaBBIKAMU Pa3pabOTKH TEXHOJOTMYECKHX ONEpaLUil U TEXHOJIOTHYECKUX IPOLECCOB

MHKPO U HAHO DJICKTPOHUKU;

- IEpPBUYHBIMHU HaBBIKAaMH PaOOTHl HA TEXHOJIOTMYECKOM 000PYI0BaHNHY;
- OCHOBHBIMHM METOJIaMH aHAJIM3a OLIEHKH KayeCTBA TEXHOJIOTMUYECKHUX OINEpaluil U TEXHOJIOTHYECKUX

pouecCCoOB;

- OCHOBHBIMU MCTOAAaMU MPOBCACHUS SKCIICPUMCHTOB IIpU pa3pa60TI<e TCXHOJIOTMYCCKUX IIPOLCCCOB

MHKPO U HAHOZJIEKTPOHUKH.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYIIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

Tema (pazmen) TUCITUTUIHHEL

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

CamocT.

Mowvrroao (Contoancr TTaAAnaT naAnTLT




Jivnunn | cumnuepon | siauupai. peuuio pabora
BBomgnas nekmms 1o Kypcy «OCHOBBI

1 TEXHOJIOTUHU MHUKPO u 1 1 2
HaHORJIEKTPOHUKI.

) [Ipoueccsr KXO B MapuipyTe | 1
m3roroBiienus UMC.
Paznmuunbie  cTparermm = TpOBEACHHS

3 JKUJKOCTHBIX ~ OUHMCTOK  INIACTHH W 1 1 4
yIlaJIeHHs] KOHKPETHBIX 3arpsA3HEHU.
VnaneHue MONMMEPHBIX OCTATKOB IOCIIE

4 MPOBENCHUSA MPOLIECCOB 1 1 4
MJIa3MOXUMHUYECKOTO TPaBJICHUS.

5 O0630p oOOpymoBaHUS [UIsI TIPOIECCOB 1 1
KXO.

6 JIMdneKTpudeckre CIIOM B TEXHOJIOTHU 1 1
YBUC.

7 OU3UYECKUE OCHOBBI ONTUYECKOMN 1 1 4
JTUTOTpadUH.

3 Ontrueckue TpoOIeMbl MPOESKIIMOHHON 1 1
JUTOTpa(HH.

9 dopmupoBaHue n300paKeHusT B 1 1
¢doropesucre.

10  |Dorope3ucTsl. 1 1 4

11 [IposiBenue GoTope3ucToB. 1 1 4
KoHTponb W wu3MepeHHe mapaMeTpoB

12 Ka4eCTBa MPOSIBIICHHOTO peibed)a MacKu 1 1 2
u3 (horopesucra.
CriocoObl  ynmydImeHuss —pa3penaronieit

13 |cmocoGHOCTH nporiecca 1 1
¢doromurorpaduu (RET).

14 |OGopynoBanue Qotonurorpaduu. 1 1 2
TexXHUKO-9KOHOMUYECKHUE MoKa3arein

15 (dhotonmurorpaduaeckoro 00OpyIOBaHUS U 1 2
MPOU3BOJICTBA.
Oco0eHHOCTH WOHHOW WMIUIAHTAIMA W

16 |ee MIpUMEHEHHE B TEXHOJIOTHUHI 1 2
MUKPODJICKTPOHHUKH.

Hroro wacos 15 15 30

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)

Cemecrtp: 2 (Becennuit)

1. BBonHas nekuus 1o Kypey «OCHOBBI TEXHOJIOTUU MUKPO U HAHOJIEKTPOHUKUY.

OcCHOBHBIE TEXHOJIOIMUYECKUE ONIEPALMU U X HA3HAUEHUE B MUKPO U HAaHO IEKTPOHUKE.
ba30Bb1il TEXHOIOTMYECKUI IPOLIECC U €TI0 PA3HOBUIHOCTH B MUKPO M HAHOIJIEKTPOHUKE.

OcCHOBHBIE TIPUHLMIIBI  pa3padOTKW 0a30BOr0 TEXHOJOTMYECKOrOo Tpolecca B MHUKPO U
HAHOXJIEKTPOHHUKE. YMCTble NPOM3BOJACTBEHHbIE MOMelleHUs. OCHOBHBIE NMPUHIMIIBI Pa3pabOTKH
Cpelbl MPOEKTUPOBAHUSA B MUKPO U HAHODJIEKTPOHUKE.

2. IIponeccst XKXO B mapupyte uzrorosnenus: UMC.




BnusHue ypoBHS MHTETpallii Ha KOJIWYECTBO KUIKOCTHBIX XMMUYECKUX 00pabOTOK 1O MapIIpyTy.
Pacnpenenenne 0oOmIero KoJIMYECTBA TMPOLECCOB >KUAKOCTHBIX XMMHUYECKHX 00paboTOK 10
(bYyHKIIMOHATIBPHOMY Ha3HaueHHIO. VICTOYHMKM M NpHpoAa 3arpsA3HEHHs KPEMHHUEBBIX IUIACTHH U
METOJBl IMOATOTOBKM TOBEPXHOCTH. MUKpPOYACTHLIBI: MEXAHU3MBI OCAKICHUS MHUKPOYACTHI[ B
BO3JYLIHBIX U XKUIKUX cpenax. Merasisl: KiaccuuKanus, BIUSIHAE Ha BBIXOAHBIE XapaKTEPUCTHKH
W3rOTaBIMBAEMBIX MPUOOPOB, MeToAbl aHanuza. OpraHuyeckue 3arps3HEHUS: BIMAHUE Ha
U3MepsieMble IIapaMeTpbl H3rOTABIMBAEMBIX M3/EIMN, BIUSHUE Ha COCTOSHUE IIOBEPXHOCTH,
BJIMSIHME Ha POCT CJIOEB MPH XMMHUYECKOM OCaXJICHUH U3 Ta30BOH (a3bl.

3. Pa3nnuHble CTpaTreruu NpOBENEHUS KUAKOCTHBIX OYMCTOK IUIACTHMH W YAAJIEHUS KOHKPETHBIX
3arpsA3HEHUN.

OcHOBHBIE CITOCOOBI yNaJeHHsT MMKPOYACTHLl, METAUIMYECKUX M OPraHWYeCKHUX 3arps3HEHUI.
OOmas mnocnenoBaTelbHOCTh HpOIecca JKUIAKOCTHOW  OuuMcCTKH. llpomecchl  KHIKOCTHOTO
XMMHYECKOTO TPaBJIEHUs] KPEMHUEBBIX IIacTUH. KoHTposb kKayecTBa (110 0CTaTOUYHOM TOJIIMHE €TI0,
0 TMHEWHBIM pa3MepaM, BU3yaJIbHbIA KOHTPOIIb). OCHOBHBIE XapaKTEPUCTUKHU MPOIecca TPABICHHUS.
CpaBHeHuE NPOLIECCOB KUAKOCTHOIO U IUIa3MOXUMHUYECKOIO TPABJIECHUS.

4. Vnanenue IMOJIMMEPHBIX OCTATKOB ITOCJIC MPOBCACHHS ITPOLICCCOB IJIA3SMOXUMHNYCCKOTO TPABJICHUS.

BusyasibHbIli KOHTPOJIb C MOMOIIBIO ONTHYECKUX MeTOnoB. Kopposuonusle nukibl. OCOOEHHOCTH
MPOLIECCOB YAAJICHUS MOJMMEPHBIX OCTATKOB B LIUKJIE (POPMHUPOBAHMS TPAH3UCTOPHONU CTPYKTYpHI.
Oco0eHHOCTH yhaJieHusl TIONMMEPHBIX OCTAaTkoB B mukie Mertaumsauud (Al). VYnanenue
MHUKpPOYAaCTUI M IPOLECCHl OYMCTKU Oe3 HCIOJIb30BaHUS XHMHUYECKHX peakTuBoB. HaszHauenume
MPOLIECCOB THUIPOMEXaHUYECKON OYHUCTKH. Paznuunbie TEXHOJIOTUH MIPOBEICHUS
THJIPOMEXaHHYECKONH OYMCTKH: 00paboTKa CTpyEl, 00padoTKa ¢ MOMOIIBI0 MEra3ByKOBOM 3HEPruw,
OYHCTKa C HCIIOJIb30BAHNEM IETOK, OYMCTKA C IOMOIIBIO PACTIBUICHHS.

5. O0630p obopymoBanwus s nporeccor XKXO.

[IpuHLMTIBL paOOTHI BaHHBI ¢ PEUUPKYISLUEH XUMpeakTuBa. [IpuHIMITE pabOTHl TPOMBIBHBIX BaHH.
Texnuka Oe3omacHOCTH W oxpaHa Tpyraa npu npoBeneHnu JKXO. CoBMECTHMOCTh MPUMEHSIEMBIX
XUMHYECKUX PEaKTHMBOB M IOTCHLHUANbHbIE PHCKH cMemmBaHus. KommdecTBo moTpedisieMbIx
KHUIKUX XUMHUECKUX PEaKTHBOB B COBPEMEHHOM MHKPO3JIEKTPOHHOM IPOU3BOJCTBE. DKCKYpCHUS B
UIIIT nnst o3HaKoMmuieHust ¢ obopynoanueM XKXO.

6. dusnexrpudeckue ciion B texHomoruu Y BUC.

[IpumeHnenne W QYHKIUM pPa3NIUYHBIX AMAIEKTPUUECKHX CJOEB B (PU3MUECKOW CTpPYKType
kpuctauioB YBUC. Ousnko-xuMrUdeckne OCHOBBI MPOIIECCOB, MOACTU (hOPMUPOBaHHS U OCHOBHBIC
XapaKTEePUCTHKH AMAICKTPUUECKUX cinoeB. [IpoMblnuieHHOE  000pyaoBaHHE MMl OCAKICHHS
JURJIEKTPUUECKUX CIIOEB.

7. ®uznueckre OCHOBBI ONTHYECKOU JIUTOrpaduu.

dopMupoBaHHE  «BO3IAYIIHOTO  W300pa)KCHHs»  TOINOJOTHYECKOro  pHucyHKa.  KoHTakTHas
¢dorommTorpaduss u ee BapuaHTBl («WKECTKHI» KOHTAKT, «MSTKHH» KOHTAKT, «3a30p»).
[Mpoexknmonnas doromutorpadus. Onrtuueckas uzoOpaxkatomias cucrema. Judpakius cBera Ha
SNIEMEHTAaX ONTHUYECKOW Macku («¢ortomadbiaoHa»).  [IpoeknuoHHble 00BeKTHBEL —[lomydeHue
«BO3/IYIIHOTO HM300pa)KEHHsD Ha «BBIXOJHOM 3payKe» MPOEKIHOHHOTO OObEKTHBA C YMEHBIICHHEM.
[TapameTpbl TpOeKIMOHHBIX 00BeKTHBOB. Yncnosas aneprypa (N.A.), paspemaromas crnocoOHOCTh
1 n1youna ¢okyca. Cucremsl ocBelieHHs. KorepeHTHOCTh OCBELICHHS U YaCTHYHAsI KOTePEHTHOCTb.
«BHeoceBoe» U «aHHYISPHOE)» OCBELICHUE.

8. Onruyeckue mpodiaemMbl NPOSKIUOHHON JIUTOrpaduu.



Ontrueckue abeppainum  NpoeKNUOHHON cuctembl. JlepokycupoBka.  M3odokanpHas Touka
n3zo0paxenus. [myounHa ¢okyca. DopMupoBaHHE BO3AYIIHOTO M300paKEHHS MPOCKIMOHHBIMU
CHCTEMaMH «CTENIIEPOB» U «CTEN-CKaHEpoB». BekTopHas npuponma cBeta U (GOpMHpOBaHHE
«BO3IIYIITHOTO HM300paKeHUsD B MOJISIPU30BaHHOM cBeTe. «MMepcnonHas» doromurorpadmus.

9. ®opmupoBanne H300pakeHUs B (OTOPE3UCTE.

«Ctosunie  BONHBI» U «OOKOBas» (jarepanbHasl) 3acBeTka ¢orope3ucta. (CBETOMOIIOMAONTNE
(«oxpamieHHbIe») GoTope3ucThl. HmkHee aHTHOTpaKaroliee MOKpeITHE. BepxHee aHTHOTpaXkaroliee
MTOKPBITHE. KonTtpacroycunusaromue Ciou. VYpaBHEeHUS U napamerpsl  Jumna  (Dill).
MoenrpoBaHue POIecCOoB TUTOrpaduu.

10. ®oTope3ucTsl.

«OObIUHBIC» TO3UTHBHbIE W HeraTuBHbIE (oTope3ucThl. DOTOXMMHUYECKHE U XUMHUYECKHE
nporeccsl B (OTOpe3ucTax TPU OKCIOHMPOBAaHMHM CBETOM U TEpPMOOOpabOTKe nocie
SKCITOHUPOBAHMUSI. Kunetuka oskcnonupoBanus. WMamepenne ABC mapamerpoB [uma.
@DOoTOpPE3UCTHl € «XUMUYECKUM yCHIeHHEM». DOTOXMMUYECKHE PEaKIMu MPH YKCIIOHUPOBAHUHN |
TepMOOOpaboTKe  (OTOPE3UCTOB € «XUMHUYECKHM yCcWUJICHHEM». BrnusHue armocdepHbIX
MOJICKYJSIDHBIX 3arpsi3HCHUH Ha YyBCTBUTEIBHOCTh  «XMUMHUYECKH YCHIICHHBIX» (DOTOPE3UCTOB.
XUMHUYECKHEe PeaKIMy, Karaiu3upyeMbie (GororeHepupyeMoin kuciotoi. duddysus GoTOKHCIOTHI
u 1eOIOKUPOBAaHKUE PACTBOPECHUS MOJMMEPHOH OCHOBBI

11. IIposiBnenne GoTOPE3UCTOB.

Kunernka nposBieHus. BausHue MoJeKylIsIpHO-MACCOBOTO PACHpENENIeHHs] IMOJIUMEPHOH OCHOBBI
($OTOpEe3UCTOB Ha MX UYBCTBUTEIBHOCTh M KHHETHKY IpOSBICHUS. BimsHue Temmeparypsl u
HOPMAJIbHOCTH TMPOSIBUTENII Ha TpOLecC NPOABICHHUS NO3UTUBHBIX (oropesuctoB. KoHTpacT
IPOSBJICHUS. YTOJI HAKJIOHA OOKOBBIX CTEHOK HPOSIBIEHHOIO peibeda.

12. KoHTpoJb 1 U3MepeHre napaMeTpoB KauecTBa MPOSBICHHOTO penabeda Macku u3 Goropesucra.

Kontpons ¢opmbr npoduins u kpurnueckux pasmepoB (CD) snemMeHTOB Macku U3 GOTOpE3UCTA.
Brnusaue morpemnocteli hoxycupoBku u3o0paxkenuss Ha (opmy npoduns u CD.  Korrtpons u
HU3MEPEHUE MOTPEIIHOCTEH COBMEILICHUS TOMOJIOTUYECKUX ClIoeB. MeTKu (perepbl) COBMEIICHUSI.
Ammnutynasie U pazoBbie MeTKH. [locTosSHHbBIE 1 TOCIIOMHBIE METKHU. 3allUTa METOK NPH HAaHECEHUH
W TpaBJICHUM MOCIEAyIOMHX cioeB. «OKHO» AONMyckoB  QoTonurorpaduyeckoro mpoiecca.
[TocTpoenne MaTpuilbl «POoKyc — 1032 SKCIIOHUPOBAHUSY.

13. Cnioco0Os1 ynyuieHus paspemaronieid cnocodnoctu nporecca poromutorpadun (RET).

Paspematomias cnocoOHocTh nuTorpadun. YpaBHenue Panes. Onrtumuzanust GopMbl SIIEMEHTOB
Macku. Koppeknus sddekra «ontuueckorr o6musoctm» (Optical proximity correction - OPC).
OnTtuMuzanusi yria majaeHusi cBera Ha macky. BrueoceBoe ocsemenue (Off-axis illumination).
HobGasnenne ¢a3oBoii MHPOpPMAIIMK K aMIUDIMTYAHOW uHpopManuu Macku. «DazocaBuraromnie
macku» - (Phase-Shift Mask — PSM). «CunbHblit» («anpTepHaTHbIN») (ha3oBeiid capur. Pa3oBblid
koH(UKT. J[BOWHOE JKCIIOHMPOBAHUE. «Cna0biit»  («arTeHroaTHbIN»)  (Pa30BbId  CIBUT.
Texunonornyeckue npodnemsl u3rorosneHust OPC u PSM  ¢oTomabnonos.

14. O6opynoBanue ¢otonurorpaduu.

«TpexoBble JTMHUWY» Ui TOATOTOBKM MOBEPXHOCTH, HAHECEHHUs, TEPMOOOPAOOTKU U MPOSBICHHS
doropesucra. KnacrepHbple KOMIUIEKCHI aBTOMATH3MPOBAaHHBIX «TPEKOBBIX JIMHHI» W YCTaHOBOK
COBMEIICHUSI M JKCIOHUpPOBaHMSA. KOHTaKkTHBIE yCTaHOBKM COBMEILICHHS W OSKCIOHUPOBAHMUSL.
CoBMellleHHE W DKCIIOHUpOBaHWE  «HA 3a3ope» (Proximity).  YcTaHOBKM TIPOEKIIMOHHOTO
COBMEIICHUSI W OKCIOHUPOBAHMSA C  MYJBTUIUIMKAUEH  («CTENmepsl). [Ipoekunonnoe
HKCIIOHHPOBAHUE CO CKAHMPOBAHUEM HM300paXKEHUs («CKaHEphI»). YCTAaHOBKM KOMOMHHPOBAHHOTO
SKCIIOHUPOBAHHUA C MYJNbTHUIUIMKAIMEH M CKAaHUPOBAaHUEM HW300pakeHHs («CTET-CKaHEePhD»).
HNMMeEpCUOHHBIE CUCTEMBIL.



15. TeXHUKO-9KOHOMHYECKHE TOKa3aresnu Gporoaurorpadpuueckoro 000pyJoBaHHs U IPOU3BOACTBA.

Cpennee Bpemsi HapaOoTku Ha otka3 (MTBF) u Ha omeparMBHOE BMEMIATEIbCTBO («IIOMOIIBY -
MTBA). ITokazarens 3arpy3Ku o0opynoBaHus (Utilization). CebecToumMocTh
¢doromurorpaduueckoro  mpousBonuctBa  (Cost of ownership — COO). Cpok oxymnaemocTu
KaIlMTaIbHBIX 3aTpar.

16. OcoOeHHOCTH HOHHOM HUMIIJIAHTAallUU U €€ IPUMCHCHHNC B TCXHOJIOTUH MUKPOIJICKTPOHUKHU.

Ousnueckne ocHoBbl M. Cxemarudeckuii MapuipyT (HOpMHUpOBaHUs aKTHBHOW cTpykTtyphl UC ¢
ncronb3oBanneM WU, JlocToMHCTBA W HEAOCTAaTKW HCIoNb30BaHHA MM B TEXHOJIOTMYECKOM

Mapipyte usrorosieHus: IC. MeTonbl KOHTPOJIS UMIUIAHTUPOBAHHBIX CJIOEB.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaATEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

Heo0xonnmoe ob6opynoBaHue 1is IEKIUK U IPAKTHUECKUX 3aHATUH: ydeOHas ayIuTOPHsI, OCHALIICHHAS
KOMITBIOTEPOM M MYJIBTUMEIUHHBIM 000pyA0BaHNEM (IIPOEKTOP, 3BYKOBasi CUCTEMA).

ObecrieueHue caMOCTOSTENBLHON pabOTHL: JOCTYM B ceTh HTEpHET, AOCTYI K PEKOMEHIOBaHHOK
JuTeparype.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

OcHoBHas nuTeparypa
1. OcHoBbI MuKpoanekTponnku [Tekcr] : [yae6.mocodue mis By3os] / . I1. Crenanenko .— 2-e u3.,
nepepad. u gor. — M. : JlaGoparopus bazoBsix 3nanmii, 2004 .— 488c.
2. bepmun E.B., Ceiinman JI.A., MoHHO-TI71a3MEHHBIE MTPOLIECCH] B TOHKOTJIEHOYHOW TEXHOJIOTHH |,

Texnochepa Mocksa. 2010. 527 ctp.
3. OnTHdeckue TEXHOIOTUU MUKPO- U HaHOAnekTpoHukH, S.U. Tounnkuit, 2010, Munck, PUBILI.

4. I'S1.KpacHukoB. KOHCTPYKTHBHO-TEXHOJIOTHYECKHE OCOOEHHOCTH CyOMUKPOHHBIX
MOII-tpanzucropos. Uzg. «Texnocdepa» Mockea 2011.

JlononHuTenbHAs TUTEpaTypa
1. Hanoanekrponuka [Tekcr] : yueb. mocobue ans By30B / A. A. lllyka ; mox pen. A. C. CuroBa .— 2-¢
n3g. — M. : BUHOM. JIa6. 3nanuii, 2012 .— 342 c.
2. B.JL.LEBnokumoB. 3akOHOMEPHOCTH OPMUPOBAHUS MPODUIIS CIIOEB, OCAKAAEMbIX U3 Ta30BOU (a3bl.
Marepuans! 7-it otpacieBoit koHpepeHnu MOII « ToHkue TIeHKH B IPOU3BOACTBE
MOTYTTPOBOTHUKOBBIX MPUOOPOB M MHTETPAIBHBIX CXeM» OKTIO0pb, 1990 1., cTp 127.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

http://people.rit.edu/Iffeee
8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust

¥ HH(OPMALMOHHBIX CIPABOYHBIX CHCTEeM (IIPH HEOOX0AMMOCTH)

Ha nexiuoHHbBIX ¥ CEMUHAPCKUX 3aHATHUIX UCTIOIB3YIOTCS MYIBTUMEANIHBIE TEXHOIOTUH, BKITIOUAs
JIEMOHCTPALUIO MPE3CHTALIUM.



9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHCHUIIJINHBI (MO)_Iy.Tlﬂ)

CTyaeHT, mpocCiyllaBIIMi Kypc JEKUUMI M CEMHHApOB, JOJDKEH OBJIAJeTh OOIIMM MOHSITHHHBIM
anmaparoM M HayYUThCS IPUMEHSTh TEOPETUYECKUE 3HAHUS Ha TIPaKTHKE.

VYenenHoe ocBoeHue Kypca Tpedyer:

1) mocemeHust Bcex JEKLHMA, MPEIYCMOTPEHHBIX YYEOHBIM IUIAHOM; BEICHHE KOHCIEKTOB 3aHATHUH;
aKTHBHOE y4JacTHe B 00CYKAECHUH JIEKLIUI 1 CEeMUHApOB;

2) BayKHO AOOUTHCS MOHMMAHUSI U3y4aeMOro MaTepuana, a He MeXaHHYeCKoro ero 3anomuHanus. [lpu
3aTPYIHEHUU HW3Y4YEeHUS OTAEIBbHBIX TEM, BOIPOCOB, CleIyeT oOpamarbcsi 3a KOHCYNbTalMeH K
MPEToaBaTeNI0 Ha JICKIUU WK TOKJIa YUKy Ha CEMUHAape.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: DJIEeKTPOHMKA U HAHOZJIEKTPOHHKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTUI: MUKPO- K HAHOZJIEKTPOHUKA
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa MUKpPO- ¥ HAHODJICKTPOHHUKH

Kypc: 1

KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

Pa3paborunk: I1.B. Urnaros



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHUCTEMHOTO TI0/IX0/1a, BBIpadaThIBaTh
CTpaTeruro AecTBUi

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

YK-1.2  OcymiecTBisieT TIOHCK BapHaHTOB
MOCTAaBIICHHONH  TpoOJIeMHOW  CUTyallud  Ha
JIOCTYITHBIX UCTOYHUKOB MHGOPMAITUU

peleHust
OCHOBE

OIIK-3 CniocobeH BbIOUpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THITIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHanbHoN
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3MYHBIX 00IACTAX HAYKH (TEXHUKH)

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH pemeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEIHLHBIMUA
METOJ]aMU PEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTy4YaeMbIX PeIICHUN

[IK-1 CnocoGen craBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIAThH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTW4eCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
EITEILHOCTH

[MK-1.3 CrnocobeH NpUMEHATh TeopeThueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM JUIsl OIUCaHMA H3y4aeMbIX
SIBICHUH M TPOLECCOB, OLCHUTh KaueCTBO pa3pabOTaHHON
MOJENN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIIU

B pesynbrare u3ydeHuss AMCUUILIMHBI
HAHOJIEKTPOHUKNY 00YYarOIINIACs TOJKEH:

3HAThb:

«nTerpanus

TCXHOJIOTUYECKUX  IIPOLECCOB  MHUKPO H

- (hu3MUecKue U XUMHUYECKHE OCHOBBI TEXHOJIOTUYECKUX ONEPAIii B MUKPO M HAHOYICKTPOHUKE;
- (puznueckre napamMeTpsl XapaKTEPU3YIOLIIE TEXHOJIOTHUYECKHUE ONEPALInH;

- TEXHHUYECKHE
000pyI0BaHHUS;

u  (QundecKue

OCHOBBI

KOHCTPYKTUBHOI'O  HCIIOJIHECHHA  TEXHOJOTMYCCKOIo

- BIMAHHE (U3NYECKUX MApaMEeTPOB TEXHOJOTMYECKHX OIepanuii Ha mapaMeTpbl (hu3n4ecKoi
CTPYKTYPBbI 3JIEMEHTHOM 0a3bl ¥ U3AEIHUH B LIEJIOM B MUKPO M HAHOIJIEKTPOHUKE.

yMeTh:

- pa3pa6aTHBaTL OCHOBHBIC PCIKHMMBI TCXHOJIOTHUYCCKUX onepaunﬁ. Pa3pa6aTBIBaTL TCXHOJIOTHYCCKUC

MPOLIECCHI;

- IPOBOAMTH aHAIM3 BIUAHUS (PU3MUYECKUX MApaMETPOB TEXHOJIOTMYECKUX OMNEpaluil Ha mapaMeTpsl
(U3MYECKOI CTPYKTYPBHI U3/ACTHI MUKPO M HAHOIIEKTPOHUKH;
- IPUMEHSATH CTaTHUCTUYECKHE METOABI aHAJIM3BI JJI OIIEHKH KauyecTBa IMPOBEIECHUS TEXHOJIOTUYECKUX

pouecCCoOB;

- IJIAaHWPOBATH U MPOBOAUTH SKCIICPUMCHTHI IIPpU pa3pa60TKe TCXHOJIOTUYICCKUX IMPOLCCCOB MHUKPO U

HAHOYJICKTPOHUKH.
BJA€Th:




- NIEPBUYHBIMU HABBIKAMH Pa3paOOTKH TEXHOJOTHUYECKHUX OMNEpalil U TEXHOJOTHYECKHX IPOLIECCOB
MHUKpPO ¥ HaHO IEKTPOHUKHY;

- IEPBUYHBIMU HaBBIKAMH PAaOOTHI HA TEXHOJIOTHYECKOM 000PYI0BaHUY;

- OCHOBHBIMM METO/IaMU aHAJIM3a OLEHKU KayecTBAa TEXHOJOIMUECKHUX ONEpPalUil U TEXHOJIOIMUECKUX
IIPOLIECCOB;

- OCHOBHBIMH METOIaMH TPOBEACHUS SKCHEPHUMEHTOB NPHU pa3pabOTKe TEXHOJIOIMYECKHUX IPOLECCOB
MHUKPO U HAHODJICKTPOHHKH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MPOIUION JICKIUH UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

Bormpocs! k sx3ameny:
1. Ilponeccrr XKXO B Mapupyte nzrorosnenus: UMC.

2. Pa3nuuHble CTpaTeruy NPOBEACHMS JKUIKOCTHBIX OUYMCTOK IUIACTUH M YHAJeHHS KOHKPETHBIX
3arpsA3HEHUN.

3. Ynanenue nNoIMMEpPHBIX OCTATKOB IIOCIIE IPOBEICHHUS MPOLIECCOB MIa3MOXHMMUYECKOTO TPABICHUS.
4. O630p obopyaoBanus st mporeccoB XKXO.

5. dudnextpuueckue ciou B TexHoioruu Y BUC

6. ®u3nueckre OCHOBBI ONTHYECKOU JIUTOrpaduu.

7. Onrryeckue mpoOIIeMbl TPOSKITMOHHOM JUTOTpaduu.

8. ®opmupoBanre M300paxKeHUs B (OTOPEUCTE.

[Tpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1.

1. PasznuuHble cTpaTerMu IPOBEAEHUS JKUIKOCTHBIX OUYUCTOK IUIACTMH U YJAJIEHUS KOHKPETHBIX
3arpsi3HEHUN.

2. OnTrueckre npoOieMbl MPOSKUMOHHON JUTOrpaduu.

[Ipumep 2.
1. YnaneHue MoIMMEpHBIX OCTATKOB MOCIIE MPOBEACHHMS MPOLIECCOB MIIa3MOXUMHUYECKOTO TPABJICHUS.
2. ®U3UUECKHe OCHOBBI ONTHYECKOU JUTOrpaduu.

Kpurepun oneHuBaHus
10 6amnos — (IIPEBOCXO/JHO):
*  CHCTEMaTU3MPOBaHHBIC, IIyOOKHE U TOJIHBIE 3HAHMS IO BCEM paslesiaM y4eOHOH Mporpammbl, a
TaKKe 110 OCHOBHBIM BOIIPOCAM, BBIXOSIIUM 32 €€ [IPEEIIbl;
. TOYHOE MHCIIOJIb30BAHUE HAy4YHOM TEPMHHOJIOTUM (B TOM YHCJIE Ha HMHOCTPAaHHOM S3BIKE),
CTWJINCTUYECKH IPaMOTHOE, JIOTHUECKH MPABUIIbHOE U3JI0KEHUE OTBETA HA BOIPOCHI;
. Oe3ynpedHoe BiaJieHHE HHCTPYMEHTapHeM Y4eOHOW AMCUUIUIMHBL, yYMEeHHE ero 3()()EeKTUBHO
UCIIONIb30BaTh B TIOCTAHOBKE M PEIICHUU HAYYHBIX U MPO(eCCHOHATIBHBIX 3a/1a4;
. BBIP&KCHHAs] CIOCOOHOCTh CAMOCTOATEIHO M TBOPYECKM pEILIaTh CIIOXKHBIE NPOOJIeMbI B
HECTaHJapTHOH CUTYyalllH;
* TOJHOE M DIIyOOKOE yCBOEHHE OCHOBHOM M JONOJHHUTENBHOH JUTEparyphl, PEKOMEHJOBAaHHOMN
y4eOHON MPOrpaMMO TUCTIMITIIHEI;
* YMEHHUE OpUEHTHPOBATHCS B TEOPUSAX, KOHLENIMIX U HallpaBIEHUAX 10 U3y4aeMOM AMCLUIUIMHE U
JaBaTh UM KPUTHYECKYIO OLIEHKY, HCIIOJIb30BATh HAYYHBIE JOCTHKEHMS IPYTHX JUCIUILINH;
*  TBOpYECKas CaMOCTOATENIbHAs PadoTa Ha NPAKTHUYECKHX, JIAOOPATOPHBIX 3aHATUSAX, AaKTUBHOE
ydacTue B IPYIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.
9 6amto — (OTJIMYHO):



* CHUCTEMaTU3UPOBAHHbIC, NTyOOKHE U MOJIHBIE 3HAHUS 110 BCEM pa3zieliaM yueOHOM MporpaMmel;

. TOYHOE MHCIIOJIb30BAHUE HAy4YHOM TEPMHHOJIOTUM (B TOM YHCJIE Ha HMHOCTPAaHHOM S3BIKE),
CTWJINCTUYECKH I'PaMOTHOE, JIOTHUECKH MPABUIIbHOE U3JI0KEHUE OTBETA Ha BOIPOCHI;

*  BIAJCHUE MHCTPYMEHTApUEM Y4eOHOW IMCLHUIUIMHBI, yMEHUE ero 3((EeKTUBHO HCHOJIb30BaTh B
MOCTAHOBKE U PEIIEHUH HAYYHBIX U NPO(eCcCHOHAIBHBIX 33/1a4;

*  CrIOCOOHOCTb CAMOCTOSITENIbHO M TBOPUYECKH peEIIaTh CIOXKHBIE MPOOJIIEMBI B HECTaHAAPTHOM
CUTyallul B paMKaxXx Yy4eOHOW INporpamMMbl, IIOJHOE YCBOCHHE OCHOBHOMH U JONOJHUTEIbHOM
JUTEpaTyphl, PEKOMEHA0BAaHHON Y4eOHON MpOrpaMMOil TUCIUIIIINHEI;

*  yYMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMUAX M HANpPaBICHUAX IO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  caMocTosATeNbHas paboTa Ha MPAKTHYECKHX, JJAOOPAaTOPHBIX 3aHATUSAX, TBOPUECKOE ydacThE B
IPYNIIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbI HCIIOJTHEHHS 3aJaHHMH.

8 6amnoB — (ITIOUYTHU OTIIMYHO):

* CHCTEMaTU3WPOBaHHbIC, [IYOOKHE M IOJHBIC 3HAHHS [0 BCEM IOCTABJICHHBIM BOIpOcaM B 00beMe
y4eOHOH MPOrpaMMbl;

*  HCIOJb30BAaHUE HAYYHOH TEPMHUHOJIOTMH, CTHWJIMCTUYECKH I'PaMOTHOE, JIOTMUYECKU IIPaBUIIBHOE
W3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHHUE JeJIaTh 000CHOBaHHBIC BHIBOJIBL;

* BJIAJICHUE MHCTPYMEHTApHEM YUeOHOU IUCHUILIUHBI (METONAMHU KOMIUIEKCHOTO aHajn3a, TeXHUKOM
MH(QOPMAIMOHHBIX TEXHOJOTWH), YMEHHE €ro HCIOJIb30BaTh B IOCTAHOBKE W PEIICHUHM HAyYHBIX U
npoeCCHOHANBHBIX 3a7[a4y; CIIOCOOHOCTh CAMOCTOSITENIbHO pPEelIaTh CIIOKHBIE NPOOIEMBI B PaMKax
y4eOHOH MPOrpaMMbl;

*  YCBOCHHME OCHOBHOW W JIOTIOJHUTEJILHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCLUUTUTHHBL,

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOM
JUCUMIUIMHE W JaBaTh MM KPUTHYECKYIO OLIEHKY C MO3WIHUI ToCyJapCTBEHHOH wHIeoiaoruu (1o
JUCLUIUIMHAM COLUAJIbHO-I'YMaHUTAapHOIO LIUKJIA);

* AaKTUBHAs CaMOCTOsATENbHAs paboTa Ha MPAKTHYECKHUX, JTA0OPATOPHBIX 3aHIATUSIX, CHCTEMAaTHUECKOe
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BRICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 33 JaHHMH.

7 6anoB — (OYEHb XOPOLIO):

* CHCTEMaTU3UPOBAHHbBIC, ITTYOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zeiaM yueOHOH MporpaMmbl;

* HCIIONB30BaHMUE HAYYHOUW TEPMUHOJIOTHH (B TOM YHCJIE€ HA HHOCTPAHHOM SI3bIKE), IMHIBUCTUYECKH H
JIOTMYECKH MPAaBUIIHOE M3JI0’KEHHE OTBETA Ha BONIPOCHI, YMEHHUE JeNIaTh 000CHOBAaHHBIE BBIBOIBI;

* BJAJCHHE MHCTPYMEHTapHeM y4eOHOW NUCHUIUIMHBI, YMEHHE €ro HMCIOJIb30BaTh B IOCTAHOBKE U
pEIIEHUH HAay4YHbIX U MPO(eCCHOHANBHBIX 3a1ay;

*  YCBOCHHE OCHOBHOW W JIOTIOJHUTEJILHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH NpOrpaMMoit
JUCLUIUIMHBL,

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOMU
JUCLHUIUTMHE U JaBaTh UM KPUTHUECKYIO OLEHKY;

*  caMocTOsiTeNbHas paboTa Ha MPAaKTHYECKUX, JIA0OOPATOPHBIX 3aHATHSX, Y4acTHE B TPYNIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHUS 33/1aHHH.

6 6autoB — (XOPOILO):

* JIOCTaTOYHO IOJHbIE U CHCTEMAaTU3UPOBAHHBIC 3HAHUS B 00beMe yueOHO! MporpaMMsl;

*  HCIOJIb30BaHUE HEOOXOIUMOH HAay4YHOW TEPMHMHOJOIHMH, CTHJIMCTUYECKH I'DAaMOTHOE, JOTHYECKU
MPaBUIILHOE U3JIOKEHUE OTBETA Ha BOIPOCHI, YMEHHE AeNaTh 000CHOBAaHHbBIE BHIBOJBL;

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, yMEHHE €ro HCIOJb30BaTh B PEIICHUU
y4eOHBIX U MPodecCHOHANBHBIX 3a[a4; CIIOCOOHOCTh CAaMOCTOSATEIEHO MPUMEHSITh TUIIOBBIE PEIICHUS
B paMKax y4eOHOI porpaMmsl;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTNHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSIX, KOHIEMUUSAX M HANpaBICHUAX MO H3ydaeMOi
JUCUMIUIMHE W JaBaTh MM CPaBHHUTEIBHYIO OLICHKY; AaKTHBHAas CaMOCTOsTElIbHas pabora Ha
MPaKTHYECKUX, J1a0OPaTOPHBIX 3aHATUAX, MEPUOAMYECKOE YYaCTHE B TIPYHIOBBIX OOCYKACHUSX,
BBICOKHUH YPOBEHB KYJIBTYPbI HCIIOTHEHUS 3aJaHUH.

5 6amnoB — (IIOYTHU XOPOILO):

* JI0CTaTO4YHbIC 3HAHUA B 00beMe yueOHOM MPOrpamMMBl;

*  HCHOJNB30BAaHME HAYYHOM TEPMHUHOJOTHH, CTHJIMCTHYECKHM TI'PaMOTHOE, JIOTMYECKH MpPaBHIBHOE
U3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHUE J€J1aTh BBIBOIbI;

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJb30BaTh B PEIICHUU
y4eOHBIX U TPOEeCCHOHAIBHBIX 33/1a4;



* CIIOCOOHOCTH CAMOCTOSITENILHO NMPUMEHSTH THIIOBBIE PELICHUS B paMKaxX y4eOHOM MPOrpaMMBl;
* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMECHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTNHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIEMUIUSAX M HANpaBICHUSAX MO H3ydaeMOi
JUCLUUIUIMHE U JaBaTh UM CPaBHUTEIbHYIO OLEHKY;

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIA0OPATOPHBIX 3aHATHSX, Y4acTHE B TPYNIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHUS 33/1aHHH.

4 6amta — (YAOBJIETBOPUTEJIBHO), 3AYTEHO:

* JIOCTaTOYHbIM 00BEM 3HaHHI B paMKax 00pa30BaTeIbHOTO CTaHIAPTa;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMECHJOBAHHOW yUeOHOM MpOrpaMMON JTUCITUTUTNHBL

*  HUCIOJIb30BaHUE HAYYHOM TEPMHUHOJIOTMH, CTHIMCTUYECKOE U JIOTMUECKOE H3JI0KEHUE OTBETAa Ha
BOTIPOCHI, YMEHHE JEJaTh BBIBOABI 0€3 CYIIECTBEHHBIX OMINOOK;

*  BIQJCHUE WHCTPYMEHTapueM y4eOHOH IMCLMUIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
CTaHAAPTHBIX (TUIIOBBIX) 3a71a4;

* yYMEHHE [0l PyKOBOJCTBOM ITPENOAABATENs PELIaTh CTaHJaPTHBIE (TUIIOBBIC) 3aJa4H;

*  YMEHUE OpPUEHTUPOBATbCA B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOM
JUCIUIUIMHE U 1aBaTh UM OLICHKY;

. pabora mox PYKOBOACTBOM IIPEMOJABATENsl HA MPAKTUYECKUX, JAOOPATOPHBIX 3aHITHX,
JIOITyCTUMBIH YPOBEHb KYJIBTYPbl UCIIOJIHEHUS 3aJaHUH.

3 6anna — (HEYAOBJIETBOPUTEJIBHO), HE3AYTEHO:

* HEIOCTATOYHO IOJIHBIN 00BbEM 3HAHUI B paMKax 00pa30BaTeIbHOTO CTAHIAPTA;

* 3HAHWE YaCTH OCHOBHOH JINTEPATypPhl, PEKOMEHI0BAHHON Y4eOHOM MPOTpaMMOi TUCIUILTHHBI;

. WCIIONIb30BaHUE HAYYHOW TEPMUHOJIOTUH, W3JIOKEHHE OTBETa HAa BOIPOCHI C CYIIECTBEHHBIMU
JIMHTBUCTHYECKUMH U JIOTUYECKUMU OIINOKAMU,

. cnaboe BIaJieHUE WHCTPYMEHTapueM Yy4eOHOW NHUCUIUIUINHBI, HEKOMIIETCHTHOCTh B PEIICHUU
CTaHJIAPTHBIX (THUIOBBIX) 3aJ1a4;

*  HEyMEHHE OpPHUEHTHPOBAThCS B OCHOBHBIX TEOPHUAX, KOHIEMIMSAX W HANpPaBIECHUSX H3ydaeMou
JIHCIHILINHDI,

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KUHA YPOBEHb KYJIbTYPhl UCIIOTHEHUS
3aJIaHUM.

2 6amta — (HEYIOBJIETBOPUTEJILHO):

* (parMeHTapHbIC 3HaHUS B paMKax 00pa3oBaTelbHOIO CTAH/APTa;

. 3HAaHUSl OTHENBHBIX JINTEPATYPHBIX HCTOYHHKOB, PEKOMEHJIOBAaHHBIX YYEeOHOH mporpaMmmoin
JIHCIHILINHDI,

. HEYMEHHE WCIIONh30BaTh HAYYHYI0 TEPMHUHOJIOTHIO TUCIUIUIMHEI, HAJIMYUE B OTBETE TI'PYyOBIX
CTUIUCTUYECKUX U JIOTHYECKUX OLINOOK;

* TACCHBHOCTh HA MPAKTUYECKUX U JIAOOPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhl UCTIOTHEHUS
3aIaHUH.

1 6amt — (HEYIOBJIETBOPUTEJIBHO):

* OTCYTCTBUE 3HAHUU M KOMIICTCHIINIA B paMKaX 00pa30BaTeIbHOTO CTAHIapPTa WU OTKa3 OT OTBETA.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

IMpu mpoBeneHMM 3K3aMeHa oOydaroniemycs npegocrtaBisercs 30 MUHYT Ha ToAroToBky. Ompoc
o0yuaroIerocs mo OWJIeTy He JODKCH MPEBBINIATh JBYX aCTPOHOMHYECKUX YacOB B YCTHOW W (WJIN)
MMCEMEHHOU (opme.



