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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

Henp aucoMnInHbI
- (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

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
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 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATbH
MyTH pemeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus




[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN MareMaTHueCKHe MOAENM JUIsi  OIMCAHUS  U3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJIICHUI M MPOIECCOB, OIICHUBATH KAY€CTBO pa3padOTaHHON
aHAJIN3UPOBATh HAyYHbIE MPOOJIEMBI, TIOJIy4aTh |MOJCIH

HOBBIC

HayqHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUeCKHue H (WIIHN)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
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 U (U3NYECKHe OCHOBBI KOHCTPYKTHBHOTO MCHOJHEHHMS TEXHOJOTMYECKOIo
000pyIOBaHHUS;
- BIMAHHE (U3NYECKHUX MapaMeTPOB TEXHOJOTMYECKHX OIepanuii Ha mapaMeTpbl (hu3n4ecKoi
CTPYKTYPBbI 3JIEMEHTHOM 0a3bl ¥ U3AETIHUH B LIEJIOM B MUKPO M HAHOIJIEKTPOHUKE.

YMETB:
- pa3padareiBaTh OCHOBHBIE PEXHMBI TEXHOJOTHUYECKHUX omepaiuii. PazpabareiBaTe TEXHOIOTHYECKUE
IIPOLIECCHI;
- IPOBOAMTH aHAIM3 BIUAHUS (PU3MUYECKUX MapaMEeTPOB TEXHOJIOTMYECKUX OMNEpaluil Ha mapaMeTpsl
(U3MYECKOI CTPYKTYPBHI U3/ACIHI MUKPO U HAHOIIEKTPOHUKH;
- IPUMEHSATH CTaTHUCTUYECKHE METOABI aHAJIM3BI JJI OIICHKH KauyecTBa IMPOBEIECHUS TEXHOJIOTUYECKUX
IIPOLIECCOB;
- TUIAHUPOBATh W MPOBOAMUTH SKCIEPUMEHTHI IPU Pa3pabOTKE TEXHOJIOIMYECKUX MPOLECCOB MUKPO U
HAHOIEKTPOHUKHU.

BJIaJIETh:

- NIEPBUYHBIMU HABBIKAMH Pa3paOO0TKH TEXHOJOTHUYECKHUX OMNEpalil U TEXHOJOTHYECKHUX IPOLIECCOB
MHKPO ¥ HaHO IEKTPOHUKHY;

- IEPBUYHBIMU HaBBIKAMH PaOOTHI HA TEXHOJIOTHYECKOM 000PYI0BaHUY;

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

- OCHOBHBIMH METOIaMH TPOBEAEHUS SKCIEPHUMEHTOB IPH pa3pabOTKe TEXHOJOIMYECKHUX IPOLECCOB
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 nexmms mo Kypcy «OCHOBBI
1 TEXHOJIOTUHU MHUKPO u 1 1 2
HAHODJICKTPOHHUKH.
) [Ipoueccst KXO B MapuipyTe | 1
m3roroBiienus UMC.




Pasnuunbie  cTparermd  TPOBEACHUS
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 ONTHUYECKOU | 1 4
muTorpadum.
] Ontuyeckue mnpoOIEeMbl MPOESKIMOHHON 1 1
JTUTOTpadUH.
9 dopmupoBanue n3o0pakeHuss B 1 1
¢dortopesucre.
10 |®Dorope3ucTsl. 1 1 4
11 [Iposinenue GoTope3nCTOB. 1 1 4
Kontpone u wu3MepeHune 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 [IOKa3aTeiIn
15  |doronurorpadudeckoro obopynoBaHus u 1 2
MPOU3BOJICTBA.
OCOOCHHOCTH WOHHOW WMILIAHTAIUU H
16 |ee NPUMEHECHUE 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  pa3pabOTKW 0a30BOrO  TEXHOJIOTHYECKOro Tpolecca B MHUKPO U

HAHODJICKTPOHHUKE. YHWCThIE NPOW3BOJACTBEHHbIC MOMeIIeHUs. OCHOBHBIC MPUHIMITBI Pa3padOTKH
Cpebl IPOEKTUPOBAHUS B MUKPO U HAHOIEKTPOHUKE.

2. IIpoueccr KXO B mapmipyte nzrorosienns UMC.




BnusHue ypoBHS MHTETpalii Ha KOJIWYECTBO KUIKOCTHBIX XMMUYECKUX 00pabOTOK 1O MapIIpyTy.
Pacnpenenenne oOmIero KoJIMYECTBA TMPOLECCOB >KUAKOCTHBIX XMMHUYECKHX 00paboTOK 10
(GYyHKIIMOHATIBPHOMY Ha3HaueHHIO. VMICTOYHMKM M NpHpoAa 3arpsA3HEHHs KPEMHHUEBBIX IUIACTHH U
METOJBl IMOATOTOBKM TMOBEPXHOCTH. MUKpPOYACTHLIBI: MEXAHU3MBI OCAKIACHUS MHUKPOYACTHI[ B
BO3JYLIHBIX U XKUIKUX cpefax. Merasisl: KiaccuuKanus, BIUSIHAC Ha BHIXOAHBIE XapaKTEPUCTHKH
W3TOTAaBIMBAaEMBIX MPUOOPOB, MeToAbl aHaiu3a. OpraHuyeckue 3arps3HEHUS: BIHMAHUE Ha
U3MepsieMble IIapaMeTpbl H3rOTABIMBAEMBIX M3/AEIMN, BIUSHUE Ha COCTOSHUE IIOBEPXHOCTH,
BJIMSIHME Ha POCT CJIOEB MPH XUMHUYECKOM OCaXJICHUH U3 Ta30BOH (a3bl.

3. Pa3nnuHble cTpareruu NpOBENCHUS KUAKOCTHBIX OYMCTOK IUIACTMH W YAAJIEHUS KOHKPETHBIX
3arpsA3HEHUN.

OcHOBHBIE CITOCOOBI yNaJeHHsT MMKPOYACTHLl, METAJUIMYECKUX M OPraHWYeCKHUX 3arps3HEHUI.
OOmas mnocnenoBaTeNbHOCTh HpoOlecca JKUIAKOCTHOW  OuucTKH. llpomecchl  KHIKOCTHOTO
XMMHYECKOTO TPaBJIEHUs] KPEMHUEBBIX IIacTUH. KoHTposb kayecTsa (110 0CTaTO4YHOM TOJIMHE €TI0,
0 TMHEWHBIM pa3MepaM, BU3yaJIbHbIA KOHTPOIIb). OCHOBHBIE XapaKTEPUCTUKHU MPOIecca TPABICHHUS.
CpaBHeHuUE NPOLIECCOB KUAKOCTHOIO U IUIa3MOXUMHUYECKOIO TPABJICHUS.

4. Vnanenue IMOJIMMEPHBIX OCTATKOB ITOCJIC MPOBCACHHS IPOLICCCOB IJIa3SMOXUMHNYCCKOTO TPABJIICHUS.

BusyasibHbIli KOHTPOJIb ¢ MOMOIIBIO ONTHYECKUX MeTOnOB. Kopposuonusle mukibl. OCOOEHHOCTH
MPOLIECCOB YAAJICHUS MOJMMEPHBIX OCTATKOB B LIUKJIE (POPMHUPOBAHMS TPAH3UCTOPHOU CTPYKTYPHI.
OcobeHHOCTH yhaJieHusl TIONMMEPHBIX OCTAaTkoB B mukiIe Mertaumsauud (Al). VYnanenue
MHUKpPOYACTHUI M IPOLECCHl OYMCTKU Oe3 HCIOJIb30BaHUS XHMHUYECKHX peakTuBoB. HasHauenume
MPOLIECCOB THAPOMEXaHUUYECKON OYHUCTKH. Paznuunbie TEXHOJIOTUH MIPOBEICHUS
THJIPOMEXAaHHYECKONH OYMCTKH: 00paboTKa cTpyEl, 00padoTKa ¢ MOMOIIBI0 MEra3ByKOBOM 3HEPruw,
OYHCTKa C HCIIOJIb30BAHNEM IETOK, OYMCTKA C IOMOIIBIO PACTIBUICHHS.

5. O0630p obopymoBanwus s nporeccor XKXO.

[IpuHLMTIBL paOOTHI BaHHBI ¢ PEUUPKYISLHEH XUMpeakTuBa. [IpuHIMITE pabOTHl TPOMBIBHBIX BaHH.
Texnuka Oe3omacHOCTH W oxpaHa Tpyna npu npoBeneHnu JKXO. CoBMECTHMOCTh MPUMEHIEMBIX
XUMHYECKUX PEaKTHMBOB M IOTCHLHUANbHbIE PHUCKH cMemmBaHus. KommdecTBo moTpedisieMbIx
KHUIKUX XUMHUECKUX PEAKTHBOB B COBPEMEHHOM MHKPO3JIEKTPOHHOM IPOU3BOJCTBE. DKCKYpCHS B
UIIIT nnst o3HaKomuieHust ¢ obopynoanreM XKXO.

6. dusnexrpudeckue ciion B texHomoruu Y BUC.

[IpumeHenne W (QYHKIUM pPa3NIUYHBIX AMAIEKTPUUYECKHX CJIO€B B (PU3MUECKOW CTpPYKType
kpuctauioB YBUC. Ousnko-xuMrUdeckne OCHOBBI MPOIIECCOB, MOETU (hOPMUPOBAHHS U OCHOBHBIC
XapaKTEepUCTHKH AMAICKTPHUUECKUX cinoeB. [IpoMblnuieHHOE  000pyaoBaHHE MAJsl OCAKICHHS
JURJIEKTPUUECKUX CIIOEB.

7. ®uznueckre OCHOBBI ONTHYECKOU JUTOrpaduu.

dopMupoBaHHE  «BO3AYIIHOTO  W300pa)KCHHs»  TOINOJOTHYECKOro  pucyHKa.  KoHTakTHas
¢dorommTorpaduss u ee BapuaHTBl («WKECTKHI» KOHTAKT, «MSTKHH» KOHTAKT, «3a30p»).
[Mpoexknmonnas doromutorpadus. Onrtuueckas uzoOpaxkatomias cuctema. Judpakius cBera Ha
SNIEMEHTaX ONTHUYECKOH Macku («¢ortomadiaoHa»).  [IpoeknuoHHble O0BeKTHBEL —[lomydeHue
«BO3/YIIHOTO HM300pa)KEHHsD Ha «BBIXOJHOM 3payKe» MPOEKIHOHHOTO OOBbEKTHBA C YMEHBIICHHEM.
[TapameTpbl TpOEKIMOHHBIX 00BeKTHBOB. Yncnosas aneprypa (N.A.), paspemaromas crnocoOHOCTh
U n1youHa ¢okyca. Cucremsl ocBelieHHs. KorepeHTHOCTh OCBELICHHS U YaCTHYHAsI KOTePEHTHOCTb.
«BHeoceBoe» U «aHHYISPHOE)» OCBELICHUE.

8. Onruyeckue npodiaemMbl NPOSKIMOHHON 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: [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

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

OIIK-3.3 Binameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJIaMU PEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PelICHUN

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-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATbH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4ecKoi o0nacTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM unciie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTeMaTHYeCKHe MOAEIM M ONHMCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJICHUH M MPOIECCOB, OIICHUBATH KAY€CTBO pa3padOTaHHON
aHaJM3MPOBATh HAy4YHbIEC MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUeCKue H (WIIHN)
OKCIIEPUMEHTAIbHBIE METObI MCCICAOBAHNN K KOHKPETHOM
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUYCHHBIC
pe3yabTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynabrare w3ydeHHs ~JUCHUIUIMHBI  «VHTErpamust TEXHOJIOTMYECKHX IPOIECCOB MHUKPO H
HAHORJIEKTPOHHUKI» 00YYaIOLIHIACS TOTKEH:

3HATH:
- (hu3nUeCKUe U XUMHYECKHE OCHOBBI TEXHOJIOTUYECKUX OTEPAIii B MEKPO U HAHODJICKTPOHUKE;
- pu3HYecKue mapaMeTpbl XapaKTePH3YyOLINE TEXHOJIOTHYECKUE OIIepaLluH;
- TEXHWYeCKne W (U3NYECKHE OCHOBBI KOHCTPYKTHBHOTO HCIOJHEHHS TEXHOJOTMYEeCKOTO
000pYIOBAHUS;
- BIMsAHWE (U3MYECKUX MapaMeTPOB TEXHOJOTMYECKHX OIepanuii Ha TmapaMeTpbl (U3UUECKOi
CTPYKTYPBI JJIEMEHTHOM 0a3bl U M3/IEJIMH B IIEJIOM B MUKPO U HAaHODJICKTPOHHKE.

yMeThb:
- pa3pabarbiBaTh OCHOBHBIE PEXXUMbI TEXHOJIOTHUECKHUX onepanuid. Pa3pabaTeiBaTh TEXHOJIOIHYECKUE
HPOLECCHI;
- MPOBOJUTH AHAIN3 BIUSHUS (HU3MYECKUX [APAMETPOB TEXHOJOTMYECKHX ONEpaldii Ha IapamMeTphl
(bU3MYECKOI CTPYKTYPBI U3 MUKPO W HAHOIICKTPOHHKH;
- IPUMEHATh CTATHCTHYECKUE METOJbI aHAIIU3BI JUISl OLICHKH Ka4eCTBa IPOBEACHHS TEXHOJIOTHYECKUX
HPOLIECCOB;
- IUITAHUPOBATh U IPOBOAUTH HKCIIEPUMEHTHI MIPU Pa3pabOTKe TEXHOJIOTMYECKUX HPOIECCOB MUKPO U
HAHODJICKTPOHUKH.

BJIA/IETh:
- TIEPBUYHBIMHM HaBBIKAMHU Pa3pa0OTKM TEXHOJIOTMYECKUX ONEpalMil U TEXHOJIOTHYECKHX IPOIECCOB
MUKpPO U HAHO DJICKTPOHUKH;
- IEPBUYHBIMH HAaBbIKAMH PaOOThI HA TEXHOJIOTHYECKOM 000PY/I0BaHHH;
- OCHOBHBIMH METOJaMH aHAJIN3a OICHKH KayeCTBA TEXHOJOTMYECKHUX ONEPALUi U TEXHOJIOTMYECKHX
HPOLIECCOB;
- OCHOBHBIMH METOaMU TPOBEACHUS SKCIEPHUMEHTOB NPU Pa3pabOTKe TEXHOJOTMYECKHX IPOLECCOB
MHKPO ¥ HAHOJICKTPOHHKH.

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

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MpOBOAUTCS YCTHBIH ONpoC 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 CTpaTerudl MPOBEACHUS >KUIKOCTHBIX OUYMCTOK IUIACTHH W YHAJICHUS 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. PaznuuHble cTpaTeruy IPOBEAEHUS SKUIKOCTHBIX OUYMCTOK IUIACTMH U YJAJIEHUS 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):
*  CHCTEMaTU3MPOBaHHBIC, IIyOOKHE U TIOJIHBIE 3HAHMS IO BCEM paslesiaM y4eOHOH Mporpammbl, a
TaKKe 110 OCHOBHBIM BOIIPOCAM, BBIXOJSIIUM 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
UCTIONIb30BaTh B TIOCTAHOBKE U PEIICHUN HAYYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;
. BBIP&KCHHAs] CIOCOOHOCTh CAMOCTOATEIHO M TBOPYECKM pEILIaTh CIIOXKHBIE NPOOJIeMbI B
HECTaHJapTHOH CUTYyalluH;
* TOJHOE M DIIyOOKOE yCBOEHHE OCHOBHOM M JONOJHMUTENBHOH JUTEparyphl, PEKOMEHJOBAaHHOMN
y4eOHON MPOrpaMMOi TUCTIMITIIMHEI;
* YMEHHUE OPUEHTHPOBATHCS B TEOPUAX, KOHLENIMIX U HallpaBIEHUAX 10 U3y4aeMOM AMCLUIUIMHE U
JaBaTh UM KPUTHYECKYIO OLIEHKY, HCIIOJIb30BATh HAYYHBIE JOCTHKEHMS IPYTUX JUCIUILINH;
*  TBOpYECKas CaMOCTOATENIbHAs PadoTa Ha NPAKTHUYECKHX, JIAOOPATOPHBIX 3aHATUSAX, AaKTUBHOE
ydacTue B IPYIIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.
9 6amto — (OTJIMYHO):
* CHUCTEMaTU3UPOBAHHbIC, NTyOOKHE U MOIHBIE 3HAHMS 110 BCEM pa3zieaM yueOHOM MporpaMmel;
. TOYHOE MHCIIOJIb30BAHUE HAy4YHOM TEPMHUHOJIOTUM (B TOM YHCJIE Ha HMHOCTPAaHHOM S3bIKE),
CTHWJINCTUYECKH IPaMOTHOE, JIOTHUECKH NPABUIIbHOE U3JI0KEHUE OTBETA HA BOIPOCHI;
*  BIAJCHUE MHCTPYMEHTApHUEeM Y4YeOHOW IMCLUIUIMHBL, yMEHUE ero 3((EeKTUBHO HCHOJIb30BaTh B
MOCTAHOBKE U PEIIEHUH HAYYHBIX U NPO(eCcCHOHAIBHBIX 33/1a4;
*  CIOCOOHOCTb CAMOCTOSITENIFHO M TBOPUYECKH peEIIaTh CIOXKHBIE MPOOJIIEMBI B HECTaHAAPTHOM
CUTyallul B paMKaxXx Yy4eOHOW TNporpamMMbl, IIOJHOE YCBOCHHE OCHOBHOMH U JONOJHUTEIbHOM
JUTEpaTyphl, PEKOMEHA0BAaHHON Y4eOHON MpOrpaMMOil TUCIUIIIINHEI;
*  YMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMUAX M HANpPaBICHUSAX IO H3y4acMOM
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;
*  caMocTosATeNbHas paboTa Ha MPAKTHYECKHX, JJAOOPAaTOPHBIX 3aHATUSAX, TBOPUECKOE ydacThE B
IPYNIIOBBIX 00CYKACHUSAX, BHICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 3aJaHHMH.
8 6amnoB — (IIOUYTHU OTIIMYHO):



* CHCTEMaTH3MPOBAaHHbIC, NNIyOOKHE M IOJIHBIE 3HAHUS 110 BCEM IMOCTABJIEHHBIM BOIIPOCaM B 00beMe
y4eOHON MpOrpaMMel;

*  HCHOJNb30BaHHE HAYYHOM TEPMHUHOJOTHH, CTHJIMCTHYECKHM TI'PaMOTHOE, JIOTMUECKH MpPaBHIBHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JIeIaTh 000CHOBAaHHbIE BBIBOJIBI;

* BIAJICHUE MHCTPYMEHTapueM y4eOHOH AMCIMIUIMHBI (METOJaMU KOMIUIEKCHOTO aHAJIN3a, TEXHUKON
WH(POPMALIMOHHBIX TEXHOJIOTHH), YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE M PEUICHUH HAyYHBIX U
poQecCHOHAIBHBIX 33/a4; CIIOCOOHOCTh CaMOCTOSTENIBHO peIIaTh CIIOXKHBIE MPOOJIeMbI B paMKax
y4eOHON MpOrpaMMel;

*  YCBOCHHE OCHOBHOW W JIOTIOJHUTEJIBHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHON NpOrpaMMoit
JUCLUIUIMHBL,

*  YMEHHUE OPUEHTUPOBATHCS B OCHOBHBIX TCOPHUSIX, KOHLECMIMUSIX W HAMNPABICHUSX IO U3y4aeMoil
TUCIUIUINHE W JlaBaTh UM KPUTHYECKYIO OIICHKY C IO3WIMKA TOCYJapCTBEHHONW HIEOJOTHH (TI0
JUCITUTUTMHAM COIMAIEHO-TYMaHUTAPHOTO ITUKJIIA);

* aKTHBHAs CaMOCTOsTENIbHAs paboTa Ha MPAKTUYECKHX, J1a00PATOPHBIX 3aHATHUSIX, CUCTEMATHIECKOE
ydacTue B IPYIIIOBBIX 00CYXKICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.

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

¢ HCIIOJIB30BaHUC HaquOﬁ TCPMHUHOJIOT U (B TOM YUCJIC HAa UHOCTPAHHOM SIBBIKC), JIJMHI'BUCTUYCCKHU U
JIOTUYCCKHU IMPABUJIIBHOC U3JIOKCHUEC OTBCTA HAa BOIIPOCHI, YMCHHUC [1CJIATh 000CHOBaHHEIC BBIBOJbI,

* BIIAQJICHUE MHCTPYMEHTapHeM y4eOHOW NUCHMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE U
pELIeHNHU HAayYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;

*  YCBOCHHME OCHOBHOW W JIOTIOJHUTEJILHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCIUIUIAHBL;

*  YMEHHUE OPUEHTUPOBATHCS B OCHOBHBIX TCOPHUSX, KOHLEMIUSIX W HAMNPABICHUSIX IO U3y4aeMoil
TUCITUIUIMHE U 1aBaTh UM KPUTHUECKYIO OLIEHKY;

*  camocTosTenbHas padoTa Ha IMPAKTHUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYyIMIIOBBIX
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,

*  BIQJCHUE WHCTPYMEHTapueM y4eOHOH IMCLUIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
y4eOHBIX U NMPO(pECCUOHATBHBIX 33]a4; CIOCOOHOCTh CaMOCTOSTEIbHO IPUMEHATh THUIIOBBIC PEIICHUS
B paMKax y4eOHOH MpOrpaMMel;

* YCBOCHHE OCHOBHOM JINTEPATYPbI, PEKOMEHJOBAaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  YMEHHE OPHUEHTHPOBATHCS B 0A30BBIX TEOPHUSIX, KOHUEHIMAX M HANPABICHUSAX IO H3Y4aeMOM
IUCIMIIMHE M JaBaTh WM CPaBHUTEIBHYIO OIICHKY; AaKTHUBHAs CaMOCTOsTeNbHas pabora Ha
MPAaKTUYECKUX, J1A0OPATOPHBIX 3aHATHSX, MEPUOJUYECKOEC y4YyacTHE B TPYNIOBHIX OOCYKACHUSX,
BBICOKHI YPOBEHB KYJIBTYPHI UCIIOJIHEHUS 3aJaHUM.

5 6ammoB — (ITOYTU XOPOILIO):
* JIOCTaro4YHbIC 3HAHUA B 00beMe YUeOHOM MPOTpamMMBbl;

® HCII0JIb30BaHUC Haquoﬁ TCPMHHOJIOTUU, CTUJIHMCTHUYCCKU TI'PAMOTHOC, JIOTUYCCKHU IIPaBHUJIBHOC
H3JI0KCHHUC OTBCTA Ha BOIIPOCHI, yMCHHC [1CJIaTh BBIBO/bI,

*  BIAJCHUEC HMHCTPyMEHTapHeM y4eOHOW IHMCUUIUIMHBI, YMEHHE €ro WCIOJbh30BaTh B PEIICHHU
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, KOHIEMUUSAX M HANpaBICHUSAX MO H3ydaeMOi
JUCUUIUTMHE U JaBaTh UM CPaBHHUTEIbHYIO OLEHKY;

*  caMocTOsiTeNbHasE paboTa Ha MPAKTHYECKUX, JIAOOPATOPHBIX 3aHATHSX, YYacTUE 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 JTUCITUTUTUHBL

® HCII0OJIb30BaHUC Haquoﬁ TCPMHUHOJIOTUH, CTUIMCTUYCCKOC U JIOTHUYCCKOC M3JIO)KCHUE OTBETA Ha
BOIIPOCHI, YMCHHUC ACJIATh BBIBOAbI 0e3 CYIHICCTBCHHBIX OH_II/I60K;



*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJb30BaTh B PEIICHUU
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

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

*  YMEHHUE OPUEHTUPOBATHCS B OCHOBHBIX TCOPHUSIX, KOHLECMIMUSIX W HAMPABICHUSIX IO U3y4aeMoil
JTUCITUIUIMHE U 1aBaTh UM OLIEHKY;

. paboTa mOA PYKOBOJACTBOM IIPENOAABaTelsl HAa MNPAKTUYECKHUX, JaOOpaTOPHBIX 3aHATHAX,
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;

° HCIIOJIB30BaHUEC Haquoﬁ TCPMUHOJIOTUH, H3JIOKCHUC OTBCTA Ha BOIIPOCHI C CYHICCTBCHHBIMU
JJUMHI'BUCTUYCCKHUMU U JIOTHYCCKHUMHA OHH/I6KaMI/I;

*  ciaboe BIAJEHHNE HMHCTPYMEHTapueM Y4YeOHOH AMCIMIUIMHBI, HEKOMIETEHTHOCTb B PEIICHHU
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

. HEYMEHUE OPHUEHTUPOBATHCS B OCHOBHBIX TEOPHUSX, KOHLECMIUSAX U HANpaBICHUSX H3ydaeMoul
JIMCLMILINHBI,

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

2 6amra — (HEYIOBJIETBOPUTEJILHO):

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

. 3HAHWS OTAETBHBIX JINTEPATYPHBIX HCTOYHHKOB, PEKOMEHJIOBAHHBIX YUYEOHOW MPOrpaMMOin
JUCIUTIINHEL,

. HEYMEHHE HCIIONb30BATh HAYYHYH0 TEPMHUHOJIOTHIO JUCIMILIMHBI, HAMYUE B OTBETE TIPyObIX
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. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[lpu mpoBeneHnn 5k3amMeHa oOyudaroremycsl npeaocrasisercs 30 MHHYT Ha ToAToToBKY. Ompoc
oOyyaromierocs mo OujeTy He JODKEH MPEBBIIIATh ABYX ACTPOHOMHUYECKHX YAacOB B YCTHOHM M (WIIN)
MUCHMEHHOM (hopMe.



