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AHHOTANMA

Kypc "HUnrerpauus TeXHOJIOTHYECKHMX TMPOIECCOB MHKPO U HAHOZJIEKTPOHUKH' TMIpeaycMaTpUBaEeT
(dhopMHUpOBaHUE CHEIHUATBHBIX 3HAHUA B OOJIACTH MPAKTUUYECKOW TEXHOJIIOTMH MHUKPO-HAHODJIEKTPOHHUKH, O
GU3MUECKNX M XUMHYECKHX OCHOBAaX IIPOBEJCHUS TEXHOJIOTHYECKUX M KOHTPOJIbHO-U3MEPUTETBHBIX
orepaudii B MHUKPO-HAHOAJIEKTPOHHKE, O (UINUYECKHX W TEXHUUECKUX INPUHIMIAX KOHCTPYKTUBHOTO
UCTIOJTHEHUSI TEXHOJIOTHYECKOTO 000pYyIOBaHUS HCIIOIb3YeMOTO B MHMKPO-HAHOZJIEKTPOHMKE, O MPHUHIMIAX
pa3paboTku pu3nUecKor CTPYKTYpbl M3ACTUN MUKPO-HAHODJICKTPOHUKH M TEXHOJIOTMYECKUX IMPOLECccax UX
W3TOTOBJICHUSL.

3amaun Kypca:

-Paccmorpenne (u3ndyeckux M XMMHUYECKHMX OCHOB IPOBEICHUS TEXHOJOIMYECKHX ONepalnuil B MHKPO U
HaHOXJIEKTPOHHUKE;

-Paccmorpenne (u3mUeckux MapaMeTpoB ONPENCNSAIONIMX YCIOBHS IPOBEACHUS  TEXHOJIOTUYECKUX
olepaiuii B MUKPO 1 HAaHORJIEKTPOHHKE;

-PaccmoTpenus BusHUS pU3NYIECKUX MTapaMeTPOB TEXHOJIOIMYECKHUX ONepaluii Ha nmapameTpsl (pU3N4ecKoi
CTPYKTYPbI U3IE€TUI MUKPO ¥ HAHOIIEKTPOHUKHU ITPU UX U3TOTOBICHUH;

-PaccmoTpenne BIUsIHUS TTapaMeTPOB TEXHOJIOTHUECKUX Olepanidi Ha (U3UUECKUE MapaMeTpbl M3
MHKPO U HaHOIEKTPOHUKH;

-PaccmoTpenne npuHIMNOB pa3paboTKK PEXUMOB MPOBEIECHHS TEXHOIOTHYECKUX ONepannii B MUKPO U HAaHO
IEKTPOHUKH;

-PaccmoTpeHre OCHOBHBIX NPHHIUIIOB Pa3pabOTKH TEXHOJOTMYECKHX MPOLECCOB HM3TOTOBICHHS H3IEIUI
MHKpPO U HAHOJIEKTPOHUKHY;

-PaccmoTpenne npuHIUIIOB TOCTPOEHHSI OCHOBHBIX BHJIOB TEXHOJIOTHUECKOTO 00OPYIOBaHUS B IPAKTUYECKON
MHUKPO ¥ HAHODJIEKTPOHHKE;

-PaccmoTpenne BIMSHUS TNapaMeTPOB TEXHOJOTMYECKOTO OO0OpYyIOBaHUS Ha MapamMeTpsl (usndeckon
CTPYKTYpbl W3AECIUHA MHUKPO M HAHONMIEKTPOHUKU IPH MX H3ITOTOBIECHUU B YCIOBUAX TEXHOJIOTHYECKOU
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.

-Brnusiaue ¢usmueckux mapaMeTpoB TEXHOJOTMYECKHMX OIEepaluid Ha mapameTpbl (HU3HUYECKOH CTPYKTYpHI
3JIEMEHTHOM 0a3bl M U3/IEIHIA B LIEJIOM B MUKPO M HAHOIJIEKTPOHUKE.

VYMeTs:

-PazpabarbiBaTh OCHOBHBIC PEXHUMBI TEXHOJIOTHYECKHX oOlepaimid. Pa3pabaTpiBaTh  TEXHOJOTMYECKHE
MPOLIECCHI.

-IIpoBoauTh aHanM3 BAWSAHMSA (U3NYECKUX IAPAaMETPOB TEXHOJOTMYECKUX ONepaluil Ha mapameTpsl
(U3MYECKOI CTPYKTYPBI U3AETHI MUKPO U HAHOJICKTPOHHKH.

-IIpuMeHsTh CTAaTUCTHYECKHE METONbI AaHAIM3bl ISl OLIEHKM KauecTBa IPOBENCHHS TEXHOJOTMYECKHX
MPOLIECCOB.

-[InanupoBaTh M NPOBOANUTH HKCIEPUMEHTHl NPH pPa3pabOTKE TEXHOIOTMYECKUX IPOLIECCOB MHKPO H
HaHODJIEKTPOHHUKH.

Bnaners:

—HepBI/I‘lHBIMI/I HaBbIKaMH pa3pa60TKH TCXHOJOTHYCCKUX onepauniz’l 1 TCXHOJIOTUYCCKHUX MPOLECCOB MUKPO U
HAHO 3JICKTPOHUKH.

-IlepBr4HBIMU HaBBIKAMU pabOTHI HA TEXHOJIIOTHYECKOM 00OPYIOBaHUU.

-OCHOBHBIMH METOAAMH aHalM3a OLEHKM KadecTBa TEXHOJOTMYECKUX ONEpaluid M TEXHOJIOTHYECKHX
nponeccoB. OCHOBHBIMH METOlaMHM IPOBEICHUS OSKCIEPHUMEHTOB IPH pPa3pabOTKE 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

Henp aucoMnInHbI
- ¢opMmMHpOBaHHE  CIEUUAIbHBIX  3HaHUM B 00JacTW  MPAKTHUYECKOW  TEXHOJIOTHUH
MHUKPO-HaHORJIEKTPOHHUKH, O (PU3MUECKUX M XMMHUYECKUX OCHOBAX HPOBEICHUS TEXHOJIOTHYECKUX U
KOHTPOJIbHO-U3MEPHUTEIbHBIX ONEpalii B MUKPO-HAHOAIEKTPOHUKE, O (U3NYECKUX M TEXHHUUECKHUX
NPUHINIAX KOHCTPYKTHMBHOTO HCIIOJHEHUS! TEXHOJIOTHYECKOro O0OpYyIOBaHUS MCHONB3yeMOro B
MHUKPO-HAHORJIEKTPOHUKE, O TNpUHOMNAX  pa3paboTku  (QU3MUECKOW  CTPYKTYpbl  HM3ACIHiA
MHUKPO-HAHORJIEKTPOHUKHU U TEXHOJIOIMUECKUX ITPOLECCax UX U3TOTOBJIECHUS.

3agauu AUCHUILIHHBI

- paccMOTpeHHe (PU3NYECKUX U XMMHYECKHX OCHOB IPOBEAEHUS TEXHOJOTHYECKUX OIepanuii B
MHUKPO ¥ HaHODJIEKTPOHHKE;

- paccMOTpeHHe (hU3UYECKUX TapaMeTPOB ONMPEACIISIONINX YCIOBUS MPOBEICHHS TEXHOIOTHYECKUX
olepaiyii B MUKPO 1 HAaHORJIEKTPOHHKE;

- paccMOTpeHHEe BIUSHHA (U3NYECKUX MapaMeTpPOB TEXHOJOIMYECKMX OIepauuii Ha MapaMeTpsl
(U3NYECKOIl CTPYKTYPBI U3ACTHH MUKPO M HAHOIJIICKTPOHUKH MTPU UX U3TOTOBJICHUY;

- PacCMOTpEHHE BIMSHHUS IapaMeTPOB TEXHOJOTHYECKUX ONepanuidi Ha (QHU3MYECKHe IapaMeTphl
W3/1€UH MUKPO M HAaHORJIEKTPOHHKH;

- paccMOTpEeHHE IPUHLIUIIOB Pa3paboTKU PEKUMOB IIPOBEACHUS TEXHOIOTHYECKUX ONepanuii B MUKPO
Y HaHO 2JIEKTPOHHKH;

- PacCMOTpEHHE OCHOBHBIX HPUHIMIIOB Pa3pabOTKH TEXHOJIOTHYECKUX MPOLECCOB HM3TOTOBICHUS
M3/1€UH MUKPO M HAHORJIEKTPOHUKH;

- paccMOTpeHHE NPUHIUIOB MOCTPOCHHS OCHOBHBIX BHJIOB TEXHOJIOTMYECKOr0 OOOpYIOBaHHS B
MPaKTUIECKONH MUKPO U HAHOZJIEKTPOHUKE;

- paccMOTpEeHHE BIUSHHS MTapaMETPOB TEXHOJOTMYECKOTO 00OPYIOBaHMS HA MapamMeTpbl (pU3NUecKon

CTPYKTYPhbI I/IB,I[CJ'II/Iﬁ MHKPO U HAHOJJICKTPOHUKU IIPU UX U3SITOTOBJICHUU B YCIIOBUAX TEXHOJIOTHYECKOMN
JIMHUUN.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:
Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3.3 Binazeer aHaIUTUYECKUMU U BBIUYUCIUTEIBLHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBAECT HA MPAKTHUKE
IpaHUIBl TIPUMEHUMOCTH MOTYyYaeMbIX PeIICHUN

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PCIICHHUS

OIIK-3.1 Cnocoben aHanu3upoBarh 3ajady, IJIAHHPOBAThH
MyTH pEIeHHs, MpeyiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus




IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie paspadareBath 1 |[IK-1.2  CnocoGeH  BbIABUTaTH  THUIOTE3Bl, CTPOUTH
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN MaTeMaTUYeCKHe MOJAENU JUIS  ONUCAHUS HM3yYaeMBbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJICHHUI M MPOIIECCOB, OLICHUBATh KAYeCTBO pa3paboTaHHOM
aHAJIN3UPOBATh HAyYHbIE MPOOJIEMBI, TIOJIy4aTh |MOJCIH

HOBBIC

HayqHBIC PC3YJIbTAThI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYeCcKHe U (WIIH)
JKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
pE3yIbTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATB!
- (hu3nUecKue U XUMHUYECKHE OCHOBBI TEXHOJIOTUYECKUX ONEPAIii B MUKPO M HAHOICKTPOHUKE;
- (puznueckre napamMeTpsl XapaKTepU3YIOLIIE TEXHOJIOTHUYECKHUE ONIEPALInH;
- TEXHHYeCKHe ¥ (U3NUECKUE OCHOBBI KOHCTPYKTHBHOTO HCIIOJHEHUS TEXHOJIOTHYECKOTO
000pyIOBaHHUS;
- BIMAHHE (U3NYECKHUX MapaMeTPOB TEXHOJOTMYECKHX OIepanuii Ha mapaMeTpbl (hu3n4ecKoi
CTPYKTYPBbI 3JIEMEHTHOM 0a3bl ¥ U3AETIHUH B LIEJIOM B MUKPO M HAHOIJIEKTPOHUKE.

YMETB:
- pa3padarpIBaTh OCHOBHBIE PEKHMbI TEXHOJOTMUECKUX onepanuid. Pa3pabarsiBaTh TEXHOJIOTMYECKHE
IIPOLIECCHI;
- IPOBOAMTH aHAIM3 BIUAHUS (PU3MUYECKUX MapaMEeTPOB TEXHOJIOTMYECKUX OMNEpaluil Ha mapaMeTpsl
(U3MYECKOI CTPYKTYPBHI U3/ACIHI MUKPO U HAHOIIEKTPOHUKH;
- IPUMEHSATH CTATUCTUYECKNUE METOMBI AHAJIM3HI JIJIs1 OLIEHKHM KaueCTBa MPOBEJCHUS TEXHOJOTMYECKHUX
IIPOLIECCOB;
- IJIAHUPOBATh M MPOBOAUTH IKCIIEPUMEHTHI MPH pa3pabOTKe TEXHOJOTHUECKHUX MPOLECCOB MUKPO U
HAHOIEKTPOHUKHU.

BJIaJIETh:

- TIEPBUYHBIMU HABBIKAMH Pa3pabOTKH TEXHOJOTHUYECKUX ONEpaluid M TEXHOJOTHYECKHUX MPOLECCOB
MHKPO ¥ HaHO IEKTPOHUKHY;

- IEPBUYHBIMU HaBBIKAMH PaOOTHI HA TEXHOJIOTHYECKOM 000PYI0BaHUY;

- OCHOBHBIMM METOJlaMU aHaJIM3a OLEHKH KaueCTBA TEXHOJIOTMYECKUX ONEpalril U TEXHOJOIMYECKHX
IIPOLIECCOB;

- OCHOBHBIMHM METO/IaMH ITPOBEIEHHS SKCIEPHUMEHTOB MPH pa3pabOTKe TEXHOIOTMYECKUX MPOIECCOB
MHUKPO U HAHODJICKTPOHHKH.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
BBognas nekmms 1o Kypcy «OCHOBBI
1 TEXHOJIOTUHU MHUKPO u 1 1 2
HAHODJICKTPOHHUKH.
) [Ipoueccst KXO B MapuipyTe | 1
m3roroBiienus UMC.




Pasnuunbie  cTparernu  TpOBENEHUS
3 JKUJKOCTHBIX  OYHMCTOK IIJIACTMH H 1 1 4
yIaJICHUS] KOHKPETHBIX 3arpsI3HCHUH.
VYnaneHue MONMMEPHBIX OCTATKOB IIOCIIE
4 MIPOBECHUS MPOLIECCOB 1 1 4
TIa3MOXUMHUYECKOTO TPABJICHHUS.
5 O030p o0opymoBaHust JJisi MPOIECCOB 1 1
KXO.
6 JM3IeKTpUUecKre CIIOM B TEXHOJIOTHU 1 1
YBUC.
7 @U3UYECKUE OCHOBBI ONTHUYECKOMN | 1 4
muTorpadum.
] Ontuyeckue mnpoOIEeMbl MPOESKIMOHHON 1 1
JTUTOTpadUH.
9 dopmupoBanue n300pakeHus B 1 1
¢dortopesucre.
10 |®Dorope3ucTsl. 1 1 4
11 [Iposinenue GoTope3nCTOB. 1 1 4
Kontpone u wu3MepeHue mnapaMeTpoB
12 |kadecTBa MPOSIBICHHOTO penbeda Macku 1 1 2
u3 oropesucra.
CriocoObl  ynmydIlIeHHs  pa3pelnaroniei
13 |cmocoGHOCTH mporecca 1 1
¢doromurorpaduu (RET).
14  |OGopynoBanue Qortonurorpaduu. 1 1 2
TexHUKO-IKOHOMUYECKHE noKasarenu
15  |doronurorpadudeckoro obopynoBaHus u 1 2
MPOU3BOJICTBA.
OCOOCHHOCTH MOHHOW WMITIAHTAIUU U
16 |ee NPUMEHEHUE B TEXHOJIOTUU 1 2
MHUKPOJIEKTPOHUKH.
Uroro yacos 15 15 30
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.
4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 2 (Becennuii)
1. BBonmHas nekuus no Kypcy «OCHOBBI TEXHOJIOTUH MUKPO U HAHOBJIEKTPOHUKHIY .
OCHOBHBIE TEXHOJIOTHYECKUE ONEPALMU U UX HA3HAUCHHE B MUKPO U HAaHO JJICKTPOHUKE.
ba3oBbIif TEXHOIOTMUECKUH TPOLIECC U €r0 PAa3HOBUAHOCTH B MUKPO U HAHODJIEKTPOHHKE.
OcCHOBHBIC TIPUHIMIIBI  Pa3pa0OTKH 0a30BOr0 TEXHOJOTHMYECKOIO TMpolecca B MHKPO H

HAHODJICKTPOHHUKE. UHWCThIE NPOU3BOACTBEHHBIC MoMelieHHs. OCHOBHBIE NPUHIMIBI Pa3paboTKu
Cpebl IPOEKTUPOBAHUS B MUKPO U HAHOIEKTPOHUKE.

2. IIpoueccr KXO B mapmipyte nzrorosienns UMC.




BnusHue ypoBHS MHTETpaly Ha KOJIWYECTBO >KUAKOCTHBIX XMMHUYECKUX 00pabOTOK 10 MapIIpyTy.
Pacnpenenenne oOmEro KoiIMYECTBa IPOLECCOB IKUAKOCTHBIX XHMHYECKHX OOpabOTOK 110
(GYyHKIIMOHATIPHOMY Ha3HaueHMIO. MCTOYHHMKM W TpHpoAa 3arpsA3HEHHMsS KPEMHHUEBBIX IUIACTHH M
METOJBI MOJArOTOBKH IOBEPXHOCTH. MHKpPOYACTHUIBl: MEXaHU3Mbl OCAXJECHHSI MHKPOUYACTHI[ B
BO3JYLIHBIX U )KHUAKHX cpefax. MeTambl: KJIacCU(UKaIs, BIUSHUEC HAa BHIXOIHBIC XapaKTePUCTUKU
W3rOTaBIMBAaEMbIX MpHOOpPOB, MeToabl aHanu3a. OpraHuveckue 3arps3HeHHs: BIUSHHE Ha
U3MepsieMble IlapaMeTpbl HM3rOTABIMBAEMbIX M3JENUN, BIMSHME Ha COCTOSHUE IIOBEPXHOCTH,
BJIMSIHME Ha POCT CJIOEB MPH XUMHUYECKOM OCaXJICHUH U3 Ta30BOH (a3bl.

3. Pa3nnuHble CTpaTeru NPOBENEHUS KUAKOCTHBIX OYUCTOK IJIACTHMH W YAAJIEHUS KOHKPETHBIX
3arpsA3HEHUN.

OcHOBHBIE CITOCOOBI yNaJeHHsT MMKPOYACTHLl, METAJUIMYECKUX M OPraHWYeCKHUX 3arps3HEHUI.
OOmas nocnenoBaTeNbHOCTh Hpolecca JKUAKOCTHOM O4YHCTKH. [Ipomecchl  >KHIKOCTHOTO
XMMHYECKOTO TPABJIEHUsI KPDEMHHUEBBIX IU1acTHH. KOHTpOsIb KauecTsa (110 0CTaTOYHOM TOJIINHE CIIOA,
0 JTMHEHHBIM pa3Mepam, BU3yalIbHbIA KOHTPOJIb). OCHOBHBIE XapaKTEPUCTHUKH MTPOLecca TPaBICHUSL.
CpaBHeHuUE NPOLIECCOB KUAKOCTHOIO U IUIa3MOXUMHUYECKOIO TPABJICHUS.

4. Vnanenue IMOJIMMEPHBIX OCTATKOB ITOCJIC MPOBCACHHS IPOLICCCOB IJIa3SMOXUMHNYCCKOTO TPABJIICHUS.

BusyasibHbIli KOHTPOJIb C TIOMOIIBIO ONTHYECKHX MeTonoB. Kopposumonnsie mukisl. OcobeHHOCTH
MPOLIECCOB YAAJICHUS MOJMMEPHBIX OCTATKOB B LIUKJIE (POPMHUPOBAHMS TPAH3UCTOPHOU CTPYKTYPHI.
OcoOeHHOCTH yHalieHUsl TOJMMEPHBIX OCTAaTKOB B Lukie Metamum3auuu (Al). Ymanenue
MHUKpPOYACTHUI M IPOLECCHl OYMCTKU O€3 HCIOJIB30BaHUS XHMHUECKHX peakTuBoB. HaszHauenune
MPOLIECCOB THAPOMEXaHUUYECKON OYHUCTKH. Paznuunbie TEXHOJIOTUH MIPOBEICHUS
THJIPOMEXaHHYECKONH OYMCTKH: 00paboTka cTpyéll, 00paboTKa ¢ MOMOIIBI0 METa3ByKOBOW JHEPIHUH,
OYHCTKa C HCIIOJIb30BAHNEM IETOK, OYMCTKA C IOMOIIBIO PACTIBUICHHS.

5. O0630p obopymoBanwus s nporeccor XKXO.

[IpuHUMTIBL paOOTHI BaHHBI ¢ PEUPKYISIIUEed XumpeakTuBa. [IpuHINIBI paOOTHl IPOMBIBHBIX BaHH.
Texnuka Oe3omnacHocTH W oxpana Tpyda npu nposegeHnd JXXO. CoBMECTUMOCTh MPUMEHSIEMBIX
XUMHYECKUX PEAKTHBOB M TOTCHUMAIbHBIE PHCKH cMelrBaHus. KonmmuecTBo moTpedisieMbix
KHUIKUX XUMHUECKUX PEAKTHBOB B COBPEMEHHOM MHKPOIIEKTPOHHOM IPOU3BOACTBE. DKCKYpCHs B
UIIIT nnst o3HaKomuieHust ¢ obopynoanreM XKXO.

6. dusnexrpudeckue ciion B texHomoruu Y BUC.

[IpumeHnenne W (QYHKOUMM pPa3NIWYHBIX AMAIEKTPUUECKUX CJIOEB B (PU3HUECKOH CTpPYKType
kpuctauioB YBUC. Ou3nko-xumMrueckne 0CHOBBI MPOIECCOB, MOETH (POPMUPOBAHUS 1 OCHOBHBIC
XapaKTepUCTHKH JAMAIJICKTPHUYECKUX ciioeB. [IpomblnieHHOE  00OpyaoOBaHHE Uit OCAXKICHUS
JURJIEKTPUUECKUX CIIOEB.

7. ®uznueckre OCHOBBI ONTHYECKOU JUTOrpaduu.

dopMupoBaHHE  «BO3AYIIHOTO  W300pa)KCHHs»  TOINOJOTHYECKOro  pucyHKa.  KoHTakTHas
¢dorommTorpaduss W ee BapuaHTHl (WKECTKHID» KOHTAKT, «MATKHI» KOHTAKT, «3a30p»).
[Mpoexkunonnas doromurorpadus. Onrtuueckas m3zoOpaxaromas cucrema. Jludpakuus cBeta Ha
SNIEMEHTaX ONTHUYECKOH Macku («doTomadnona»).  I[IpoekunoHHsle 00beKkTUBHL. [lomydeHue
«BO3/IYIIHOTO HM300pa)XKEHUS» Ha «BBIXOAHOM 3padyKe» IPOCKIIMOHHOTO OOBEKTUBA C YMEHBIICHUEM.
[TapameTpbl TPOEKIMOHHBIX 00BEKTHBOB. Unciosas ameprypa (N.A.), pa3pemaromas crocoOHOCTb
U n1youHa ¢okyca. Cucrembl ocBelieHHs. KorepeHTHOCTh OCBEIICHHS M YaCTUYHAS KOTEPEHTHOCTD.
«BHeoceBoe» U «aHHYISPHOE)» OCBELICHUE.

8. Onruyeckue npodiaemMbl NPOSKIMOHHON JIUTOrpaduu.



Ontrueckue abeppanmu  MPOeKIUOHHOW cuctembl. JledokycupoBka.  M3odokanbHas Touka
n3o0paxenus. [nmyOuna ¢okyca. @dopmupoBaHHE BO3IYLNIHOTO W300pa)KEHUsI IMPOSKIHMOHHBIMU
CHCTEMaMH «CTENIIEPOB» U «CTEN-CKaHEpoB». BekTopHas npuponma cBeta U (GOpMHpOBaHHE
«BO3IIYIITHOTO HM300paKeHUsD B MOJISIPU30BaHHOM cBeTe. «MMepcnonHas» doromurorpadmus.

9. ®opmupoBanne H300pakeHUs B (OTOPE3UCTE.

«Ctosunie BONMHBI» H «OOKOBas» (JarepaiibHas) 3acBeTka (oTopesncra. CBETOMOTIIONIAIOIINE
(«oxpamieHHbIe») GoTope3ncTbl. HukHee aHTHOTpaXxarolee OKpeITHE. BepxHee aHTHOTpaxarolee
MTOKPBITHE. KonTtpacroycunuparomue  Ciou. VYpaBHeHus u napametrpsl  Jwina (Dill).
MoenrpoBaHue POIecCOoB TUTOrpaduu.

10. ®oTope3ucTsl.

«OObIUHBIC»  TIO3UTHBHBIE M HEraTHBHBIE (OTOPE3UCTHl. DOTOXMMHYECKHE M XHUMHUYECKHE
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 C  «XUMHUYSCKAM yCWJICHHEM». BrnusHue armocdepHbIx
MOJICKYJSIDHBIX 3arpsi3HCHUII Ha YYBCTBUTEIBHOCTH «XHMHYECKH YCHJICHHBIX» (POTOPE3UCTOB.
XUMHUYECKHEe PEeaKIMy, KaTalu3upyemble (QoToreHepupyemMon kucioroi. Juddysus GoToOKUCIOTHI
u 1eOIOKUPOBAaHKUE PACTBOPECHUS MOJMMEPHOH OCHOBBI

11. IIposiBnenne GoTOPE3UCTOB.

Kunernka nposBieHus. BiusHue MONEKYIIpHO-MacCOBOIO PAacHpeAesiCeHUsT IMOJIMMEPHOM OCHOBBI
(GOTOPEe3UCTOB HAa HX YYBCTBUTEIBHOCTh M KHHETHKY IpOSBIEHHsS. Biusnue Ttemmeparypbl u
HOPMAJIbHOCTH TMPOSIBUTENA Ha TNpOLecC NPOABICHHUS NO3UTUBHBIX (ortopesuctoB. KoHTpacT
IPOSBJICHUS. YTOJI HAKJIOHA OOKOBBIX CTEHOK HPOSIBIEHHOIO peibeda.

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

Kontpons ¢opmer nmpopunst u kputuueckux pazmepoB (CD) smemeHTOB Macku w3 (poTopesucra.
Brnusiare morpemHoctelt (oKycupoBkr n3oOpakeHuss Ha Qopmy npoduns u CD.  KonTponbs u
W3MEPEHUE MOTPEIIHOCTEH COBMEUICHUS TOMOJIOTUYECKUX CJIoeB. MeTku (perepbl) COBMEIICHHUSI.
Ammnutynasie U pazoBbie MeTKH. [locTOsSHHbBIE U TOCIIOMHBIE METKHU. 3alllUTa METOK NPH HAaHECEHUH
W TpaBICHUHM TNOCIEAyIOMHUX cioeB. «OKHO» [OmycKoB  (hOTOMUTOTrpauueckoro mpouecca.
[TocTpoenne MaTpuilbl «POoKyc — 1032 SKCIIOHUPOBAHUSY.

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

Paspematomias cnocoOHocTh nuTorpadun. YpaBHenue Panes. Onrtumuzanust GopMbl SIIEMEHTOB
Macku. Koppekmust sddekra «ontuueckoir 6mmzoct» (Optical proximity correction - OPC).
OnTtuMuzanusi yria majaeHusi cBera Ha macky. BrueoceBoe ocsemenue (Off-axis illumination).
HobGasnenue ¢a3oBoii MHGOpPMAUMK K aMIUIMTYIHOW wuH(popMmanmu Macku. «®DazocaBuraromme
macku» - (Phase-Shift Mask — PSM). «CuibHblil» («ansTepHaTHbIN») (pa3oBblil casur. Pa3oBblil
koH(UKT. J[BOWHOE JKCIOHWPOBAHUE. «Cna0pii»  («arTeHroaTHbI») (a3oBbId  CIABUT.
Texunonornyeckue npodnemsl u3rorosneHust OPC u PSM  ¢oTomabnonos.

14. O6opynoBanue ¢otonurorpaduu.

«TpexoBble TMHUWY» I TOATOTOBKH HMOBEPXHOCTH, HAaHECEHUs, TepMOOOPaOOTKH M MPOSIBICHUS
¢doropesucra. KrnactepHble KOMIUICKCHI aBTOMaTH3UPOBAHHBIX «TPEKOBBIX JIMHUID M YCTaHOBOK
COBMEIICHUSI M JKCIIOHHpPOBaHUS. KOHTakTHbIE YCTAaHOBKH COBMEIICHUS M 3KCIIOHHPOBAHUSI.
CoBMellieHHEe W JKCIIOHMpOBaHWE  «HAa 3a3ope» (Proximity).  YcTaHOBKH MPOEKIIMOHHOTO
COBMEIICHUSI W OKCIOHUPOBAaHMA C  MYJBTUIUIMKAUUEH  («CTEImepsl). [Ipoexkunonnoe
HKCIIOHHPOBAHUE CO CKAHUPOBAHUEM H300paxeHUs («CKaHEephl»). YCTaHOBKM KOMOMHHPOBAHHOIO
SKCIIOHUPOBAHHUA C MYJIbTHIUIMKAIMEH W CKaHUPOBAaHHEM HM300paXeHusi («CTeH-CKaHEPhI»).
HNMMeEpCUOHHBIE CUCTEMBIL.



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

Cpennee Bpemsi HapaOoTku Ha oTka3 (MTBF) u Ha omepaTMBHOE BMEMIATENbCTBO («IIOMOIIB)» -
MTBA). ITokazarens 3arpy3Ku o0opynoBaHus (Utilization). CebecTonmMocTh
¢doromurorpaduueckoro  mpousBogactBa  (Cost of ownership — COO). Cpok oxymnaemocTu
KaIlMTaIbHBIX 3aTpar.

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

Odusnueckne ocHoBbl M. Cxemarudeckuii MapuipyT (GOpMHpPOBaHUsT aKTUBHOH cTpykTyphl UC ¢
ncronb3oBanneM WUW. JlocTomHCTBA M HENOCTAaTKHW HCIoiab30BaHHA MM B TEXHOIOTHYECKOM

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)

CTyIeHT, MpoCIyIIaBIINM Kypc JIEKIMH W CEeMHUHApOB, JODKEH OBJIAAETh OOLIMM HOHATHHHBIM
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
3aTPYHEHUH W3Y4YCHUS OTAENbHBIX TEM, BOINPOCOB, CJIEAyeT oOpamarbCsi 3a KOHCYJbTalMeH K
MPEToaBaTeNI0 Ha JICKIUU WK TOKJIa YUKy Ha CEMUHAape.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa MUKpPO- ¥ HAHODJICKTPOHHUKH

Kypc: 1

KBaJIH(UKALUS: 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

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabdaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.3 Binazeer aHaIUTUYECKUMU U BBIUYUCIUTEIHLHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
IPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PelICHUN

OIIK-3.1 Crocoben ananmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, Mpeiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBaTh M 0000IIATH
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTDH
MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM

Hay4yHOW 3aZade W HHTEPHPETUPOBATH  IOJyYECHHBIE
PpE3YNbTaThI

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare wu3ydeHus JucUUIUIMHBL  «VHTEerpanus TEXHOJIOTMYECKUX IMPOIECCOB MHUKPO U

HAHORJIEKTPOHHUKI» 00YYaIOLIHIACS TOTKEH:

3HATb:

- (hu3nUeCKUe U XUMHYECKHE OCHOBBI TEXHOJIOTUYECKUX OTEPAIii B MEKPO U HAHODJICKTPOHUKE;
- (hm3mUecKue napaMeTpsl XapaKTepH3yIOIUe TEXHOIOTHYECKUE OTepalni;

-  TCXHHUYCCKHE H (I)I/I3I/II'ICCKI/IG

000pYIOBAHUS;

OCHOBBI

KOHCTPYKTHUBHOI'O  HCIIOJIHCHUA  TCXHOJIOTHMYCCKOTO

- BIUSHHE (PU3MUYECKUX TMapaMeTpPOB TEXHOJOTMYECKHX OIepauuil Ha mnapaMeTpbl (U3UUECKOM
CTPYKTYPbI 2JIEMEHTHOI 0a3bl M M3AEIUN B LIEJIOM B MUKPO M HAHODJIEKTPOHHKE.

yMeThb:

- pa3pabarbIBaTh OCHOBHBIE PEKMMbI TEXHOJIOTHUYECKUX omepanuil. PaspabaTbiBaTh TexHOIOrM4ecKne

MMPpOLCCChI;

- TMPOBOJMTH AHAJHU3 BIMSHHUA (PU3MYECKHX IapaMeTPOB TEXHOJOTMUYECKHX ONEpalfii Ha MmapamMeTphbl
(U3NYECKOI CTPYKTYPBI U3AEIHIA MUKPO U HAHOIJIEKTPOHUKH;
- IIPUMEHATh CTaTUCTUYECKUE METO/bl aHAJIN3bI JUI OLIEHKU KayecTBa IPOBEIEHUs TEXHOJOTMYECKUX

MPOIIECCOB;

- IUTAHUPOBATh U MPOBOAUTH SKCIIEPUMEHTHI NPU Pa3pabOTKe TEXHOJOTMYECKHX MPOLIECCOB MHUKPO U

HaHODJIEKTPOHUKH.
BJaJeTh:

- TICPBUYHBIMHM HaBBIKAMU Pa3pabOTKU TEXHOJOTMYECKHX ONEPalii M TEXHOJOTMYECKHX IPOIECCOB

MHKPO U HAHO DJICKTPOHUKU;

- IEpPBUYHBIMHU HAaBBIKAMH PaOOTHl HA TEXHOJIOTHYECKOM 000PYI0BaHNY;
- OCHOBHBIMM METOJIaMH aHaJIN3a OLEHKH KadeCTBAa TEXHOJIOIMYECKUX ONEpalrii U TEXHOJIOTHYECKUX

pouecCCoOB;

- OCHOBHBIMH MCTOAAMMU IIPOBCACHHA 3KCIICPUMCHTOB IIpU pa3pa60TKe TCXHOJIOTHYICCKUX IIPOLCCCOB

MHKPO 1 HAHOZJIEKTPOHUKH.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKyIIeMy KOHTPOJII0

C 1menplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMH WM B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.




4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Bonpocs! k sx3ameny:

1. Ilponeccrr XKXO B Mmapuipyte uzrorosnenus: UMC.

2. PaznuuHble cTparerud NPOBENCHUS >KUAKOCTHBIX OYHMCTOK IUIACTUH M yHAJeHHS KOHKPETHBIX
3arpsA3HEHUN.

3. Ynanenue nNoIMMEpPHBIX OCTATKOB IIOCIIE TPOBEJCHHUS MPOLECCOB 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. dopmupoBanre M300paxKeHUs B (OTOPE3UCTE.

[Tpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1.

1. Pa3nuuHble cTparerud IpPOBEIEHUs >XUAKOCTHBIX OYMCTOK IUIACTUH M YNAJEHHUS KOHKPETHBIX
3arpsI3HEHUN.

2. OnTrueckre npoOieMbl MPOESKUUOHHON JUTOrpaduu.

[Ipumep 2.
1. Ynanenue MoIMMEpPHBIX OCTATKOB MOCIIE POBEACHHUS MPOLIECCOB MIIa3MOXUMHUYECKOTO TPABIICHUS.
2. ®U3UYECKHe OCHOBBI ONTHYECKOU JUTOrpaduu.

Kpurepun oneHuBaHus
10 6amnos — (IIPEBOCXO/JHO):
*  CcHCTEMaTU3MpOBaHHBIE, IIyOOKWE W TOJHBIC 3HAHMA 10 BCEM paszesiaM yuyeOHOH mporpammel, a
TaKKe 110 OCHOBHBIM BOIIPOCAM, BBIXOJSIIUM 32 €€ [IPEEIIbl;
. TOYHOE€ HCIOJIb30BAHUE HAy4YHOM TEPMHHOJIOTMU (B TOM 4YHUCIIE HAa HHOCTPAHHOM S3BIKE),
CTWJINCTUYECKH IPaMOTHOE, JIOTHUECKH MPABUIIbHOE U3JI0KEHUE OTBETA Ha BOIPOCHI;
*  Oe3ympeuHOE BIAJCHUE HWHCTPYMEHTAapHEM Y4eOHOW IUCIMIUIMHBI, yMeHHE ero 3(QeKTHBHO
UCTIONIb30BaTh B TIOCTAHOBKE U PEIICHUN HAYYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;
. BBIP&KCHHAs! CIOCOOHOCTh CAMOCTOATENBHO M TBOPUECKH pEIIaTh CIOXKHBIE NPOOIEMBI B
HECTaHJapTHOH CUTYyalluH;
* TMOJIHOE W TIIyOOKOE YCBOGHHE OCHOBHON M JONOJIHHUTENBHOM JUTEpaTyphl, PEKOMEHIIOBAHHOU
y4eOHON MPOrpaMMOi TUCTIMITIIMHEI;
* YMEHHE OPUEHTUPOBAThCSA B TEOPUSX, KOHLENUUAX U HAIPaBICHUAX 10 U3y4aeMOl AUCLUIUIMHE U
JaBaTh UM KPUTHYECKYIO OLIEHKY, HCIIOJIb30BATh HAYYHBIE JOCTHKEHMS IPYTUX JUCIUILINH;
*  TBOpYECKas CaMOCTOsATENIbHAsi PaboTa Ha NPAKTHUYECKHUX, JIAOOPATOPHBIX 3aHATHUSAX, AKTUBHOE
ydacTue B IPYIIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.
9 6amto — (OTJIMYHO):
* CHUCTEMaTU3UPOBAHHbIC, NTyOOKHE U MOIHBIE 3HAHMS 110 BCEM pa3zieaM yueOHOM MporpaMmel;
. TOYHOE HCIOJIb30BAHUE HAy4YHOM TEpMHHOJIOTMU (B TOM 4YHUCJIE HAa HMHOCTPAHHOM S3BIKE),
CTHWJINCTUYECKH IPaMOTHOE, JIOTHUECKH NPABUIIbHOE U3JI0KEHUE OTBETA HA BOIPOCHI;
*  BIQJCHUEC MHCTPYMEHTApHEM Yy4eOHOW AMCLUMIUIMHBL, yMEHHE ero 3((EKTUBHO HCIONb30BaTh B
MOCTAHOBKE U PEIIEHUH HAYYHBIX U NPO(eCcCHOHAIBHBIX 33/1a4;
*  CIIOCOOHOCTH CaMOCTOSITEIbHO W TBOPYECKH PEIIaTh CIOXKHBIE MPOOJIEMbl B HECTaHIAPTHON
CUTyallud B paMKaXx y4eOHOW IporpaMMsbl, IIOJHOE YCBOGHHE OCHOBHOW M JIOTIOJHHUTEIBLHON
JUTEpaTyphl, PEKOMEHA0BAaHHON Y4eOHON MpOrpaMMOil TUCIUIIIINHEI;
* yMEHHE OpPUEHTHPOBATHCS B OCHOBHBIX TEOPHUSAX, KOHLEMIUAX W HANPABICHUAX MO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;
*  caMocCToATeNbHass paboTa Ha MPAKTUYECKHX, JIAOOPATOPHBIX 3aHATHUSIX, TBOPUYECKOE ydacTHE B
IPYNIIOBBIX 00CYKACHUSAX, BHICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 3aJaHHMH.
8 6amnoB — (IIOUYTHU OTIIMYHO):



* CHCTEMaTH3MPOBAaHHbIE, INIyOOKUE U TOJHBIC 3HAHHS MO BCEM IOCTABJICHHBIM BOIPOCAM B 00beMe
y4eOHON MpOrpaMMel;

*  HCIOJIb30BAHHE HAYyYHOW TEPMHMHOJIOTMH, CTHIMCTHYECKH TPaMOTHOE, JIOTMYECKH IMPaBUIIBHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JIeIaTh 000CHOBAaHHbIE BBIBOJIBI;

* BJaJICHUEC MHCTPYMEHTApHeM yueOHOW MUCLUIUIMHBI (METOIaMH KOMIUIEKCHOTO aHA/IN3a, TEXHUKON
WH(POPMALIMOHHBIX TEXHOJIOTHI), YMEHHE €ro HCIOJb30BaTh B MOCTAHOBKE M PELICHUM HAyYHBIX U
npoQecCHOHAIBHBIX 33/1a4; CIIOCOOHOCTh CAMOCTOSATENIFHO pellaTh CIOKHBIE MPOOIEMBI B paMKax
y4eOHON MpOrpaMMel;

* YCBOCHHME OCHOBHOW M JIOTOJIHUTEIBLHOW JIUTEPaTypbl, PEKOMEHIOBaHHOW y4eOHOH mporpammon
JUCLUIUIMHBL,

*  YMEHHE OPHUECHTUPOBATHCA B OCHOBHBIX TE€OPHSX, KOHIEMIUAX U HANPABICHUSIX MO U3y4aeMoil
TUCIUIUINHE W J1aBaTh MM KPUTHYECKYIO OILIEHKY C TO3WLUN TOCYyJapCTBEHHON HAEONOTHH (I10
JUCITUTUTMHAM COIMAIEHO-TYMaHUTAPHOTO ITUKJIIA);

* AaKTHBHAs CaMOCTOSTENbHasi paboTa Ha MPAKTUYECKUX, TaOOPaTOPHBIX 3aHITUSAX, CHCTEMaTHIeCKOE
ydacTue B IPYIIIOBBIX 00CYXKICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.

7 6annoB — (OYEHb XOPOILLO):
* CHUCTEMaTU3UPOBAHHbIC, NTyOOKHE U MOTHBIE 3HAHUS 110 BCEM pa3zieliaM yueOHOM MporpaMmel;

* HCIOJIb30BaHNE HAyYHON TEPMUHOJIOTUH (B TOM YHCJIE HA HHOCTPAHHOM SI3bIKE), TMHIBUCTHUYECKH U
JIOTUYECKH MPAaBUIILHOE U3JIOKEHHE OTBETA Ha BONPOCHI, YMEHHE AeNaTh 000CHOBAaHHBIC BHIBOBL;

* BJQJICHUE MHCTPYMEHTapueM y4eOHOW AHUCUUIUIMHBI, YMEHUE €r0 HCIIOJIb30BaTh B NMOCTAHOBKE U
pELIeHNHU HAayYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;

*  YCBOCHHME OCHOBHOW W JIOTOJIHUTEILHOW JINTEPATYphl, PEKOMEHIOBAHHOW y4eOHOM mporpammon
JVCIUIUIAHBL;

* yMEHHE OpPUEHTHPOBATHCS B OCHOBHBIX TEOPHUSAX, KOHLEMIUAX W HANPABICHUAX IO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  caMmocCToATeNlbHas paboTa Ha NMPAKTUYECKUX, JJAOOPAaTOPHBIX 3aHATHSX, y4acTHE B TPYMIIOBBIX
00CYXIICHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJTHEHUS 3adaHUH.

6 6aoB — (XOPOILO):
* JIOCTATOYHO ITOJHBIC U CHCTEMAaTU3UPOBAHHBIC 3HAHUS B 00beMe yueOHO! MPOrpaMMEl;

° HCIIOJIb30BaHHEC HeO6X0):[HMOI>'I HaquOﬁ TCPMUHOJIOTHUH, CTUIUCTUYCCKU T'PAMOTHOC, JIOTUYCCKU
IPaBUIJIbHOC U3JIOKCHHUEC OTBETA HA BOIIPOCHI, YMCHUC ACJIaTh 000CHOBaHHBIE BBIBOJBI,

*  BIAJCHUE HHCTPYMEHTapueM Y4YeOHOW IWMCUUIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B DPELICHUU
y4eOHBIX U NMPOoGEeCCHOHANBHBIX 33Ja4; CIIOCOOHOCTh CAMOCTOSATENIFHO MPUMEHSTh TUIIOBBIC PEIICHHS
B paMKax y4eOHOH MpOrpaMMel;

* YCBOCHHE OCHOBHOM JINTEPATYPbI, PEKOMEHJOBAaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  YMEHHE OpPHUEHTHPOBATHCS B 0A30BBIX TEOPHUSIX, KOHUEIIMAX M HANPABICHUAX II0 H3y4aeMOM
IUCIMIIMHE M JaBaThb WM CPaBHUTEIBHYIO OICHKY; AaKTHBHas CaMOCTOsTenbHas pabora Ha
MPAKTUYECKUX, JTA0OPaTOPHBIX 3aHITHUAX, NEPUOAMUYECKOE YYacTUE B TPYIIOBBIX OOCYXKICHHSX,
BBICOKHI YPOBEHB KYJIBTYPHI UCIIOJIHEHUS 3aJaHUM.

5 6annos — (ITOYTU XOPOULIO):

* JIOCTaro4YHbIC 3HAHUA B 00beMe YUeOHOM MPOTpamMMBbl;

*  HCIOJIb30BaHHE HAy4YHOM TEPMUHOJIOIMM, CTHIMCTUYECKU IPAMOTHOE, JIOIMUECKU IIPaBUIIbHOE
U3JI0KEHUE OTBETA HAa BOIIPOCHI, YMEHHUE J€JIaTh BHIBODI;

*  BJAQJCHUE HUHCTPYMEHTapuUeM Y4YeOHOW IWMCUUIUTMHBI, YMEHHE €ro HCIOJIb30BaTh B PELICHUU
y4eOHBIX U IPOPECCHOHAIBHBIX 33/1a4;

* CII0OCOOHOCTH CAMOCTOSITENILHO MIPUMEHSTH THITOBBIE PELICHHUS B paMKaxX yueOHOM MpOrpaMMBl;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTNHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0a30BBIX TEOPHSX, KOHIENIUSIX M HANpPaBICHUSAX IO HM3ydaeMoil
JUCUUIUTMHE U JaBaTh UM CPaBHHUTEIbHYIO OLEHKY;

*  caMocCToOsTelbHas padoTa Ha MPAKTUYECKHX, JaOOpPaTOPHBIX 3aHATHUSX, Y4acTHE B TPYIMIIOBBIX
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 JTUCITUTUTUHBL

® HCIIOJIB30BaHUC Haquoﬁ TCPMHHOJIOTUH, CTUJIIMCTUYCCKOC U JIOTUYCCKOC H3JIOKCHHUE OTBETA HaA
BOIIPOCHI, YMCHHUC ACJIATh BBIBOAbI 0e3 CYHICCTBCHHBIX OH_II/IGOK;



*  BJIQJICHUE MHCTPYMEHTapueM Y4eOHOH NMCHMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B PEIICHUH
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

¢ YMCHHC I10J pYKOBOACTBOM IIpECTIOAaBaTCyid pCllaTb CTAHAAPTHBIC (TI/IHOBLIG) 3aaa4u,

*  YMEHHE OPHUECHTUPOBATHCA B OCHOBHBIX TE€OPHSX, KOHIEMUUAX U HANPABICHUSIX MO U3y4aeMoil
JTUCITUIUIMHE U 1aBaTh UM OLIEHKY;

. paboTa mOA pPYKOBOJCTBOM IIPENOAABaTeNs Ha MPAKTHUECKUX, J1a0OPAaTOPHBIX 3aHATHIX,
JOITyCTUMBIA YPOBEHB KYJIBTYPbI UCTIOIHEHHS 3aJaHHUH.

3 6amna — (HEYJOBJIETBOPUTEJIBHO), HE3AYTEHO:
* HEJOCTaTOYHO IMOJHBIA 00bEM 3HAHMI B paMKax 00pa30BaTeIbHOTO CTaHJAPTa;
* 3HAHHME YaCTH OCHOBHOH JINTEPATypbl, PEKOMEHIOBAaHHON y4eOHOH MPOrpaMMOi TUCIUILINHB;

° HCIIOJIB30BaHHEC Hay‘lHOﬁ TCPMUHOJIOTUH, H3JIOKCHUC OTBCTAa HAa BONPOCHI C CYHICCTBCHHBIMU
JJUMHI'BUCTUYCCKHUMU U JIOTHYCCKHUMHA OHH/I6KaMI/I;

* cnaboe BiaJeHHE WHCTPYMEHTapueM Y4eOHOW IUCHUIUIMHBI, HEKOMIIETEHTHOCTh B PELICHUH
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

. HEYMEHUE OPUECHTUPOBATHCA B OCHOBHBIX TEOPUSX, KOHLECMIMSIX M HAMPABICHUSIX HU3Yy4aeMOMU
JIMCLMILINHBI,

* TACCHBHOCTh HA MPAKTUYECKUX U JIAOOPATOPHBIX 3aHATHUAX, HU3KHI YPOBEHb KYJIBTYPhlI UCTIOTHEHUS
3aIaHMH.

2 6amra — (HEYIOBJIETBOPUTEJILHO):

* (hparMeHTapHBIC 3HAHUS B paMKax 00pa30BaTEIBbHOTO CTaH/IaPTa;

. 3HaHWS OTACIBHBIX JINTEPATYPHBIX HWCTOYHHMKOB, PEKOMEHIIOBAHHBIX Y4YeOHOH mporpamMmoi
JUCIUTIINHEL,

. HEYMEHHE HCIIOJh30BaTh HAyYHYH) TEPMHUHOJIOTHIO JTUCIMIUIMHBI, HAaJUYHWE B OTBETE TPyOBIX
CTHJIMCTHYCCKUX U JOTMYECKUX OIIUOOK;

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KHIA YPOBEHB KYJIbTYPHl UCIIOTHEHUS
3aJIaHUM.

1 6amr — (HEYIOBJIETBOPUTEJILHO):

* OTCYTCTBHE 3HAaHMH M KOMIIETCHLIMI B paMKax 00pa30BaTeIbHOIO CTaHAapTa UM OTKa3 OT OTBETA.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[lpu mposenennu 5k3ameHa oOyuaromiemycst npepoctarisercs 30 MUHYT Ha mOArotoBKy. Ompoc
oOyyaromierocs mo OWiIeTy He JOJDKEH MPEBBILATh JBYX aCTPOHOMHYECKHX YacOB B YCTHOW U (WMJIH)
MUCHMEHHOM (hopMe.



