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AHHOTANMA

Kypc nampaBnen Ha oOyueHHE CTYIEHTOB OCHOBaM TEXHOJOTHH (OPMUPOBAHUS CTPYKTYp U YCTPOUCTB C
[IOMOILBIO IIJJA3MEHHOIO M KHJIKOCTHOIO METOAOB TpPABICHHUS B MMKPO M HAaHOZJIEKTpOHUKE. bynyt
pPaccMOTpEHBI OCHOBBI TEXHOJIOTHYECKHUX NMPOLIECCOB JKUJIKOCTHOIO M IUIA3MEHHOTO TPABIEHUS U UX pOJb B
TEXHOJIOTUY HaHO U MUKPO U3JEIHH.

B pamkax Kypca CTyOEHTBI H3y4daT: OCHOBHBIE TPUHIUIBI TEXHOJOTMH KUAKOCTHBIX M ITA3MEHHBIX
IPOLIECCOB TPABJICHHUS, YCTPOHCTBO COBPEMEHHOIO TEXHOJIOTHUECKOTO 00OpPYIOBaHUS AJIS ITUX IPOLECCOB,
MPUHLUIBI (POPMHUPOBAHUS TIA3MEHHBIX Pa3pAI0B U OCHOBBI IUIA3MEHHOTO U IJ1a3MOXUMHUYECKOTO TPABICHUS
s (opMHUpOBaHMS MHMKPO M HAHOCTPYKTyp. [lomydar mpeacTaBieHHs O CBOWCTBAX M XapaKTEPUCTHKAX
JKUAKOCTHBIX M IIJJA3MEHHBIX IPOLECCOB TPABICHUS M METOAAaX XapaKTEpH3alMd OTUX IPOLECCOB IIPH
MOMOIIIA JJEKTPOHHO-TYYEBOH M ONTHUYECKOM MHUKpOCKONWu. B pamkax kypca OyayT pacCMOTpPEHBI
pa3IuYHbIE IPUMEPHI K BAPUAHTHI )KHJIKOCTHBIX M IIJIA3MEHHBIX MPOLECCOB TPABIEHUS AJIS IIHUPOKOTO CIEKTPA
MarepualioB NPHMEHSIEMBIX B MHKPO M HAHOXJICKTPOHHUKE, HalpHMep: IITyOOKoe TpaBleHHUS KpPEMHUS,
TPaBJIECHUS IUVIEKTPUUECKUX U METAIINYECKUX TOHKUX IUICHOK, TPABICHUE NUAIIEKTPUUYECKUX COECTUHEHUN
KpEMHMSI U IUIa3MEHHasl [IOJr0TOBKA U OYMCTKA IIOBEPXHOCTEH U Ip.

1. lean u 3apa4n

Henp AucoMnInHbI
Henpto mucumminabl «OCHOBBI TEXHONOTHH (OPMUPOBaHHS CTPYKTYP M YCTPOWCTB METOJAMHU
XKHUJIKOCTHOTO M IUIA3MEHHOIO TPABJICHUSD» SBISETCS O3HAKOMIJICHHE CTYIAEHTOB C COBPEMEHHBIMU
HAy4YHO-HCCIICAOBATEIILCKUMH PE3yJIbTaTaMi B OOJACTH TEXHOJOTMH KHJIKOCTHOTO M IUIA3MEHHOTO
TpaBJeHUs, sABJSONIelics 0a30BOM uacThio OOIIEro Kypca IO TEXHOJOTMH B MHKPO U
HAHOJIEKTPOHUKE. JaHHBIN Kypc TO3BOJIUT MONyYUTh HABBIKM BHIOOpA M ONTHMH3ALUU TEXHOJIOTHH
TpaBieHus sl GopMUPOBaHUSI TOW WIIM UHOW (PU3UIECKOM 3a]]a4H UITH MIPHIIOKCHUSI.

3agaun AUCHMIIHHBI
— paclIMpeHre Kpyro3opa yqaluxcs B 4aCTH TEXHOJIOTUH JKUKOCTHOIO U IJIa3MEHHOIO TPaBJICHHUS;

— oOydeHue OOMMM MPUHLUWIAM IUIa3MEHHBIX TEXHOJIOTHH TpaBJICHHUS, B TOM YHCIE YCTPOHMCTBA
TEXHOJIOTUYECKOr0 000pyI0BaHMs, YIPaBICHUE CBOMCTBAMU TEXHOJOTMYECKOTO MpOoIecca TPaBICHHS,
IJIaHUPOBAHUE TEXHOJIOTUYECKUX MPOLIECCOB TPABJICHMSI, OpTaHU3aLUN METPOJIOTHYECKOTO KOHTPOJIS;

— ACMOHCTpAanus TCCHOI B3aMMOCBS3H @yHHaMeHTaHBHBIX OCHOB XMMHH H (I)I/I3I/IKI/I C KOHKPCTHBIMU
3aJa4aMiu CO3JaHUuA BBICOKOTCXHOJIOTHUYHBIX HAHOCTPYKTYP.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1 Cnocoben ocymecTisth kKputudeckuii  |YK-1.3  PaspabarsiBaecT ~ CTpareruio  JAOCTHKEHUS

aHaJu3 POOJIEMHBIX CHTyallMi Ha OCHOBE [OCTAaBJACHHONW IeIM KaK [OCJIeJOBATeIbHOCTh IIIAroB,

CHUCTEMHOTO TIOIX0/1a, BEIPaOaThIBATh IPEIBUSL PE3YIBTaT KaXIOr0 M3 HHUX M OLEHUBAs HX

CTpaTeruro AeUCTBUI BJIMSHUE HA  BHEIIHEE  OKPYXEHUE  IUIAHUPYEMOU
JESTEIBHOCTH W Ha B3aUMOOTHOLICHHS yYACTHHKOB STOM
JeATEIbHOCTH

VYK-2.1 ®opmynupyet B pamkax 0003HaYCHHOU MPOOIEMBI,
Lenb, 3aJaud, AakTyaJlbHOCTb, 3HAYUMOCTb (HAyuHYIO,
MPaKTUYECKYI0, METOANYECKYIO U UHYIO B 3aBUCUMOCTH OT
TUIIA TPOEKTa), OXHUIAEMbIE pe3yJbTaTbl U BO3MOYKHBIE
cdepbl UX IPUMEHEHUS

YK-2 CriocoGeH ynpaBisaTh IPOEKTOM Ha BCEX
JTanax ero peajin3anuu

VYK-3 Cnocoben oprann3oBbeiBaTh 1 pykoBoauTh | YK-3.1 OpraHusyer U KOOpOMHHUPYET PabOTy Y4YaCTHHUKOB
paboTOit KOMaH/Ibl, BBIPAOATHIBasi KOMAHIHYIO  |[IPOEKTa, CHOCOOCTBYET KOHCTPYKTUBHOMY IPEOIOJICHHIO
CTPATETrHIO IS JOCTHKEHUS IOCTaBIEHHON BO3HHUKAIOIINX PAa3HOITIACHIA U KOH(PIUKTOB

3a1aun

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
mpo)eCCHOHANBLHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK




OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00sacTu
(u3HMKO-MaTeMaTHIECKUX HAYyK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 IlonnMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTh
MareMaTuk M (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHun 3a1a4 NpoQeccuOHaTbHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpo0iemMax HayKH U TEXHHKH B 001acTH cBOEH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBAThH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTU4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJIbHOCTh
WCCIIe/IOBaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCHMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cnioco6eH BbIOMpaTh u (MIIN)
pa3pabaThIBaTh MOJAXO/BI K PEIICHHIO THITIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrPaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, [JIaHUPOBATh
MyTH PEIIeHHs, MpelaraTb U KOMOWHUPOBATH CHOCOOBI
peleHuns

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEIOBATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HaHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binameer aHaIUTUYECKUMUA U BBIUUCIUTEIHLHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHKE
TPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeIICHUN

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS ¥ HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
UH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOTrPAMMHBIX ITPOTYKTOB

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEICHUS HAYYHOTO MCCIIECA0BAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIILIEHHIO

kB (prKaIy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3IHIUS

OIIK-5.1 Crocoben paboraTh B KOJUIEKTHBE, TOJEPAHTHO
BOCIIPHHUMAS COLIMAJIbHBIC, STHUYECKHE,
KOH(ECCHOHAIBHBIE U KyJIBTYpPHbIC Pa3Inyust

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeI0BATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHON MIPEIMETHOM 00IacTH

[MK-3.1 TloHuMaeT NPUHIUIBI PabOTHI HCIOIBE3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C HMCIOIb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI




3HATh:
— TEXHOJIOTHYECKUE OCHOBBI IIPOLIECCOB KUAKOCTHOIO U IIA3MEHHOI'O TPaBJICHUS;
— TEXHOJIOTUYECKOE YCTPOWCTBO 0OOpYyHOBaHMA MJIsl JKUAKOCTHBIX M IUIA3MEHHBIX IPOLIECCOB
TpaBJICHUS;
— (PU3UKO-XMMHUUECKHE OCHOBBI MTPOLECCOB (HOPMUPOBAHHS HAHOPA3MEPHBIX OOBEKTOB B JKUAKOH (ase;
— (pu3KKO-XUMHYECKHE OCHOBBI IIA3MEHHBIX IPOIECCOB (POPMUPOBAHMS HAHOPA3MEPHBIX OOBEKTOB;
— OpUHOUNBL (POPMHUPOBAHUSL CTPYKTYP C TOMOIIBIO TEXHOJOTHMHM >KHUAKOCTHOTO M IIJIa3MEHHOTO
TpaBJICHUS;
— METPOJIOTMYECKUE METO/IbI XapaKTEPU3ALMH MTPOLIECCOB HKUAKOCTHOIO U INIA3MEHHOTO TPABJICHUS.
YMETB:
— IPOTHO3MPOBATh HAIIPABIEHUE U CKOPOCTh IMIPOTEKAHUS IIPOLIECCOB;
— UHTEPIIPETUPOBATh JaHHbIE METPOJIIOTUYECKUX METOI0B;
— OLIEHHUBATh TEXHOJIOTUYECKHUE PUCKU;
— HaXOAUTh U MCIIOIB30BaTh CIIPABOYHYIO HH(OPMALIHIO.
BJIaJIETh:
- IpUEMaMH IPOBEACHMS KOJUYECTBEHHBIX OIICHOK B CBS3U C PAa3IMYHBIMH HaHOTEXHOJIOTHMUYECKUMH
3aauaMH.

4. Coep:xanue TUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
TexHonoruss TpaBIEHUS KaK METOJ
1 CO3laHHUA CTPYKTYp B MHKPO H 1 5
HAHODJICKTPOHHKE
) Texnonornyeckoe  o0oOpyaoBaHHE U 1 1 5
CpeICTBa IS MPOIIECCOB TPABJICHUS
3 KunkocTHple MeETOABI  TpaBICHUS U ) 3 5
(hOpMHUPOBaHUS CTPYKTYP
4 [Tna3meHHble METOIBI  TpaBICHUSA U 1 1 5
(bOopMHUPOBaHUS CTPYKTYP
5 [Ina3ma. OcHOBBI (dhopmupoBanus ) 1 5
IUIA3MEHHBIX Pa3psAa0B
6 OcHOBHBIE CBOMCTBA M XapaKTEPUCTUKU 1 1 5
TUTa3MEHHBIX MTPOIIECCOB TPABICHUS
7 OcHOBHEIC TIOHSTHS TUIa3MEHHBIX ) ) 5
MPOLIECCOB TPABJICHHS
3 Mertonbl  XapakTepH3alUd  HPOLIECCOB 1 ’ 5
TpaBJICHUS
9 [Tna3MeHHBIE TPOIECCHl TTOITOTOBKH H 1 1 5
OYHCTKH MOBEPXHOCTEH
10 ITpouecchl ITyOOKOTO IJIa3MOXHYECKOTO 1 1 5
TPAaBJICHUS KPEMHUS
1 [lna3mMeHHBIE W IIa3MOXMMHYECKUE 1 1 5
IPOLIECCHI TPABICHHUS METAJJIOB
12 [Tmasmoxumuueckue MPOLIECCHI | 1 5
TPABJICHUS TUIEKTPUICCKHUX CIOEB
Hroro yacos 15 15 60




[ToaroroBka k sK3aMeHy

0 gac.

Oobmas TpynoEMKOCTb

90 yac., 2 3au.ex.

4.2. Cogep:xaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 2 (Becennuit)

1. Texnonorus TPaBJICHUA KaK MCTO/] CO3aHUSA CTPYKTYP B MUKPO U HAHOIJICKTPOHUKEC

Kpatkas nctopust pasBUTHsI TEXHOJIOTMM MHUKPO M HAHODJIEKTPOHUKH. JKHIKOCTHBIE U IUIa3MEHHBIC
Ipoueccsl B TEXHOJIOTMH M3TOTOBIEHMS MHMKPO W HaHo ycrpoiictB. Kitaccudukanms
TEXHOJIOTHYECKHX MPOLECCOB TPaBJICHUS. TeXHONIOTUYECKUE MPOOIEMBbI )KUIKOCTHBIX U TUIa3MEHHBIX
METO/I0B TPABJIEHUS B MUKPO U HAHOTEXHOJIOTUsX.

2. TexHonoruueckoe 000PyIOBaHUE U CPEICTBA IS IPOLIECCOB TPABICHUS

IIpon3BOACTBEHHBIE U MCCIENA0BATENBCKUE YHUCTHIE 30HBI JUISI MUKPO M HAHOMIIEKTPOHUKHU. THIIBI U
BU/IbI 00OpYIOBAaHUS 10 TEXHOJOTHMAM H3roToBieHus. OOOpynoBaHME Ul MPOIECCOB TPABICHUS.
HeoOxonnMmeie cpeacTBa U MaTepralibl JJIs IPOLECCOB TPABICHHUS.

3. XunkoctHble METOBI TpaBieHHs U GOPMHUPOBAHUS CTPYKTYP

OCHOBHBI KHJIKOCTHOTO MeToja TpamieHus. Kinaccupukanuss XuMuM JJsl TIPOIECCOB KHUJIKOCTHOTO
TpaBieHus. TexHOoJOrM4ecKkue mMpoOIeMbl >KHUIKOCTHOTO METOJa TPAaBJICHHS. XapaKTEPUCTUKU
YKUAKOCTHOTO METOJIa TPABIEHUS CTPYKTYP.

4. Ilna3MeHHBIE METO/IbI TPaBJIEHHUS U (POPMHUPOBAHUS CTPYKTYD

OCHOBHBI IJIa3MEHHOTO MeToza TpasieHus. Kiaccudukarys mpoueccoB MIa3MEeHHOTO TPaBJICHUS.
TexHonoruss MIa3MEHHOTO TPAaBJICHHUA B CTBIKE C JAPYTHMH TeXHOUTHsIMH. OrpaHu4eHus
IUIa3MEHHOIO0 MeToAa TpaBieHus. DTopHas W XJIOpHAsh XMMHUS HCIOJb3yeMas B IIJIa3MEHHBIX
poreccax TPaBJICHUS.

5. Ilnazma. OcHOBBI (OPMHUPOBAHUS TNIA3MEHHBIX Pa3psI0B

UYro Takoe mimazma B TexHoioruu. Kparkoe mznokeHne (yHIaMEHTAIbHBIX OCHOB IUIA3MEHHOIO
paspsina. Ilnasmenusie ocummsinuu. Yactuusl. Jnuna gebas. Knaccudukanust THIIOB HCTOUHHKOB
IUIa3MBbl HCIIOIb3YEMbIX B COBPEMEHHOM 000pY/IOBaHHH.

6. OCHOBHBIE CBOWCTBA U XapaKTEPUCTUKHU IUIa3MEHHBIX IIPOLIECCOB TPABJICHUS

OOpazoBanue neryuux coeauHeHuil. Ckopocts TpaBieHus. CenextuBHOCTh. [Ipoduins TpaBieHwus.
Perynupyemsie mapaMeTpsl AJ11 KOHTPOJIS TPoLecca TPaBICHHUS.

7. OCHOBHEIC TTOHSATHS TIJIA3MEHHBIX IponCCCOB TPABJICHUSA

Kak ympaBnsaTe mporneccoM IIa3MEHHOro TpaBieHUsl. DHUIUKO-XMMHUUYECKHE OCHOBBI IPOLIECCOB
IUIa3MEHHOTrO TpasieHus. [loarotoBka u BeIOOp Marepuana Mackd. I1oAroToBka TONONIOTHYECKOTO
pucynka. OTtkpbiTas ob6nacte TpaBieHus. Oddext OnuzoctH. D HEeKTs OONBIINX OTKPBITHIX
obnacreii TpapneHwus. [loAroroBka kaMepsl TpaBICHUSI.

8. MeTozpl XapaKTepHU3aliy POLECCOB TPABICHHS



OcCHOBHBIE MOAXOABI M METOABl K XapaKTepu3alluh IOJIyYEHHBIX CTPYKTYp TpaBieHHUS. MeToabl
ONTUYECKOTO0 KOHTpOJIA. Meronpl 3JIEKTPOHHO-IYyYEBOH MHMKPOCKOIMH. ATOMHO-CUJIOBas MU
CTHIIyCHasi MUKPOCKOIIHSI.

9. IlmasMmeHHbBIC IponeCcChl NOATOTOBKHU U OYUCTKH HOBerHOCTeﬁ

IIpoueccsl MOATOTOBKM TOBEPXHOCTH IIJIa3MEHHBIMM METOAAMHM B KHCIOPOAE WIM aproHe.
AxruBanus nosepxHoctu. KucioponHas asMeHHas ouucTKa noBepxHoctu. IIponeccs! ynaneHust
ocTaTkoB JuTorpaduyeckux macok. llimasmMeHHble mpouecchl TpaBieHHs (POTO M 3AIEKTPOHHBIX
PE3UCTOB.

10. TIponieccel TTyOOKOTO MIa3MOXHYECKOTO TPABJICHUS] KPEMHUS

MexaHu3m mporecca TIyOOKOro TpaBiieHHs KpeMHHUs. OCHOBHBIC perylIHpyeMble MapaMeTpbl B
Bosch mporecce. TIpodunu tpasnenus. TexHONOTHYECKUE OTpaHUUCHHS M MPOOJIEMBI METOJa
DTyOOKOTO TPaBICHUS KPEMHHS.

11. IIna3MeHHEIC U I1a3MOXUMHUYCCKHUC MIPpOLCCChI TPABJIICHUA MCTAJLJIOB

Hpoueccm MIa3MCHHOI'O METOAA TPaBJICHUA MCTAJUIOB. IIna3smo-xumudeckue MMpOUCCChI TPABJICHHUA B
XJIOPHBIX T'a3ax. HMonHo-nna3sMeHHoe TPaBJICHUC MCTAJININYCCKUX IIJICHOK B aproHe.

12. TIna3zMoxuMu4ecKue poLecchl TPaBIeHUs AUIIEKTPUUECKUX CIIOEB

OCHOBHBIE MEXaHU3MBI TPABJICHUS COCIWHEHMH KPEMHHUS IUIa3MEHHBIMH METOAAMHU TPaBIICHUS.
TpaBiieHue TOJCTBIX CIIOCB OKCHJIOB KpeMHHsI BO (DTOpHOW ra3oBoii cpejie. TpaBieHHWE OKCHIOB
MeTauioB. KpuoreHHsIe mpoLecchl TPaBIeHUS! OKCHIA KPEMHHUS.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

Y4eOHas aymuTopus, OCHAIIEHHAS! MYITBFTUMEANAPOCKTOPOM U IKPAHOM.
Hay4Ho-nccnenoBarenbckoe 000pyJ0BaHUE IIEHTPA NEPCIEKTUBHBIX METOIOB ME30(DU3HKH 1
HanotexHonoruit u LKIT MOTH.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. Handbook of Plasma Processing Technology, Stephen M. Rossnagel, Jerome J. Cuomo, William D.
Westwood
2. Principles of plasma discharges and materials processing, Michael A. Lieberman, Allan J.
Lichtenberg
3. A.A. TonumaukoB, M.I". [lyTps, YuebHoe mocobue mo pucrurminie «[lna3MeHHbIe TEXHOIOTUH B
HAHODJICKTPOHHKE)

JomnonHurenbsHas auTeparypa

1. Etching in Microsystem Technology, Michael Kohler
2. ®.MN.I'puropses, [Ina3MoxuMuyeCcKOE U HOHHO-XUMHUUYECKOE TPABICHUE B TEXHOJIOTUU
MUKPOIIEKTpOHUKH (YdueOHoe mocoodue)

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

https://www.isuct.ru/conf/plasma/index.htm,
https://studfile.net/



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

CrangapTHOE 000pYIOBaHKE U MYJIBTUMEIUHHBIX TPE3CHTAIIMI U IPOBEICHUS BHICOKOH(EPECHIIUH,
KOMITBIOTEpHOE 000py/IoBaHKE 15l IOMCKa HH(POPMAIIH.

bubnmuoreunsiii poug MOTU.
Google.meet.com

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0CBOCHMIO JTHUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CryneHT, M3y4arollui JTUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIMM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJAKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B peE3yabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT MJOJIKCH 3HATb OCHOBHBLIC OIPCACIICHHUA W IOHATUSA,
YMETb NPUMEHATD IMOJTYUCHHBIC 3HAHUS AJI1 pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUE Kypca Tpelyer:

— MIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaMpsDKEHHON CaMOCTOSTENLHOM Pa0OTHI CTY/ICHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, peAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKYIEW U MPOMEXYTOUYHON aTTECTALUH.

[lokazarenem BiaJeHHUs MaTEpUaIOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAYyeT OOpamiarbesi 3a KOHCYJIbTAlUAMH K
MIpENoAaBaTelto.

Bo3MoxeH nmpoMeKyTOUHBINH KOHTPOJIb 3HAHWI CTYIECHTOB B BHJE PELIEHMS 331a4 B COOTBETCTBUU C
TEMAaTUKOW 3aHATHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kadeapa QyHIaMEeHTAIbHONW U PUKIaTHONW QU3UKA MUKPO- U HAHOCTPYKTYP
Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT
PaspaGorunkm:

B.C. Cronsipos, 1-p ¢u3.-Mar. HayK
M.A. TapxoB, kaHa. Gpu3.-MaT. HAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYallUil HA OCHOBE
CHCTEMHOTO TT0JIX0/1a, BEIpAa0aThIBATh
CTpaTeruro AeUCTBUI

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

YK-1.3 Pa3pabarsiBaeT CTpaTEeruIo JOCTHKEHUS
[IOCTABJICHHON IeIM Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpEeNBUIA PE3YIbTaT KakIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIAHUPYEMOMU
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

YK-2 CriocoGeH ynpaBisiTh IPOEKTOM Ha BCEX
JTanax ero peajin3anuu

VYK-2.1 ®opmynupyet B pamkax 0003HaYCHHOU MPOOIEMBI,
Lenb, 3aJaud, AakTyaJlbHOCTb, 3HAaYUMOCTb (HAyuyHYIO,
MPaKTUYECKYI0, METOANYECKYIO U UHYIO B 3aBUCUMOCTH OT
TUIIA TPOEKTa), OXHUIAEMbIE pe3yJbTaTbl U BO3MOYKHBIE
cdepbl UX IPUMEHEHUS

YK-3 CnocobGeH oprann30BbIBaTh H PYKOBOIUTD

paboToii KoMaH/Ibl, BEIpa0aThIBasi KOMaHIHYTO
CTpATEeTHIO JUIS JOCTHKECHUS IMOCTABICHHOMN
3aj1auu

VYK-3.1 Opranuzyer ¥ KOOpAMHUPYET pabOTy y4acTHHKOB
MPOEKTa, CHOCOOCTBYEeT KOHCTPYKTHBHOMY IPEOIOJICHUIO
BO3HHUKAIOIINX Pa3HOITIACHNA U KOH(PIUKTOB

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbBIX 3HaHUH B o0acTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© Croco0eH HCIIOJIL30BAaTh B
nmpoeCCHOHANBFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4YHbIC 3HAHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKU OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIEJOBaHUH B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpHU
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacraBicHre 00 aKTyalTbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HAyYHOM SI3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 Umeet npeacrapieHHE 0 COBPEMEHHOM COCTOSTHUH
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoi obmactu cBoei
npo¢ecCHOHANIBHON eI TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
HCCIICIOBAaHUH B o0jacth cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUUHBIX METOJIOB PEIICHHUS

OIIK-3.1 Cnocoben ananu3upoBarh 3ajady, IJIAHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHIE
METO/bl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHss 3HAHHS B
pa3IMYHBIX 001ACTAX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHaIUTUYECKMMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAET U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJM3 pe3yabTara U MPeACTaBUTh BHIBOIbI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bHU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX

MAVITATTATTITY

OIlIK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIY4YEHHBIX
pe3yabTaToB




1VAMNUJIUL Y1X1

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCO0
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

OIIK-5 CriocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJICKTHBOM B chepe cBocit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCUOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.1 Cnocoben paboraTb B KOJJIEKTHBE, TOJEPAHTHO
BOCIIPUHUMAs COILMAJIBHBIE, ITHUYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

[IK-1 CnocoGen ctaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIEA0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOTyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WiIn)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEN0BAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAaHHBIMH TAKETAaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl HCIOJIB3YEMOTO

00opynoBaHUs (crierManu3upOBaHHBIX MIAKETOB
MPUKIIAAHBIX TPOTPaMM)
[IK-3.2 Criocoben MIPOBOANTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIO0BATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIU

B pesynbrare wnsyueHus AuCHMIUIMHBI «OCHOBBI TEXHOJOTHH (POPMHPOBAHHS CTPYKTYp U YCTPOWCTB
METO/IaMH >KUKOCTHOTO | [JIa3MEHHOTO TPaBJICHU» 00yUaIOIINIACS JOJIKEH:

3HAThb:

— TEXHOJIOTHYECKHE OCHOBBI ITPOLIECCOB KHUAKOCTHOTO U IUIA3MEHHOTO TPABJICHUS;
— TEXHOJIOTUYECKOE YCTPOHCTBO OOOpYHOBaHMS JUI SKUAKOCTHBIX M IUIQ3MEHHBIX IPOLIECCOB

TPpaBJICHUA,

— (U3UKO-XUMHUYECKHE OCHOBBI ITPOIECCOB (DOPMUPOBAHHS HAHOPA3MEPHBIX OOBEKTOB B JKUIKOH (a3ze;
— (pu3HMKO-XUMHYECKHE OCHOBBI ITa3MEHHBIX IPOLECCOB (POPMUPOBAHHSI HAHOPA3MEPHBIX OOBEKTOB;
— NpUHLOUIBE (OPMHUPOBAHUS CTPYKTYP C IOMOIIBIO TEXHOJOTUH JKMIKOCTHOTO M IUIA3MEHHOTO

TPpaBJICHUA,

— METPOJIOTMYCCKUE METOABI XapaKTECpHU3allun MPOUCCCOB )XKUAKOCTHOT'O U IIJIAa3MEHHOI'O TPAaBJICHUA.

yMeThb:

— IIPOTHO3MPOBATh HAIIPABJIEHHE U CKOPOCTH MIPOTEKAHUS IPOLIECCOB;
— HHTEPIPETUPOBATH JAHHBIE METPOJIOTHUECKUX METO/IOB;

— OLICHUBATHb TCXHOJIOTUYCCKUE PUCKH,

— HAaXOUThb U UCIIOJIL30BaATh CIIPABOYHYIO I/IH(l)OpMaL[I/IIO.

BJIaJeTh:

- IIpue€MaMu MNPOBEACHUA KOJINMYCCTBCHHBIX OLICHOK B CBA3U C PA3JIMYHBIMHU HAHOTCXHOJIOTHYCCKHUMU

3agadyaMu.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

HOJIy‘IeHHI)Ie 3HAaHUSA OLCHUBAIOTCA II0 pPE3ylbTaTraM pCEHICHUA 3aJa4, BbIAAHHBIX CTYACHTY JJIid
CaMOCTOATCIIBHOTO PCIICHNA U KOHTPOJIbHBIX BOIIPOCOB IO COACPKAHUTIO KypcCa.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu

o0yuyarommxcst

1. O60ocHOBaTh BHIOOP TEXHOJIOTMH KUAKOCTHOTO MJIM IUIA3MEHHOTO TPABJICHUS.

2. YcioBus NONTy4€HUs IUIa3MBbl B IUIOCKOIIAPaJUIEIbHOM PEAKTOPE TPABJICHUS.




3. [Mpuanmn ~ paboOThl  YCTAHOBKM  IUIA3MOXMMHYECKOTO  TPaBICHUS C  HUCTOYHUKOM
WHJIYKTUBHOU-CBSI3aHHOM ILJIA3MBI.

. IlpuHIMN M1a3MOXMMHUYECKOTO TITyOOKOTO TPaBICHUs KPEMHHUSL.
. ObocHOBaTh BEIOOP MACKH TSI TPABJICHHSI TOHKHX CJIO€B METAIJIOB (AJLTIOMUHUN).
. IlpuHnun yaaneHust OCTaTkoB (POTOPE3UCTOB MOCIIE TPABICHUS.

. Kak YHOpaBJIATb TPOLIECCCOM IIJIA3MCHHOT'O TPABJICHUS.

4

5

6

7. Knaccudukanus mpoueccoB I1a3MeHHOIO TPABICHUSI.

8

9. Kakue marepuaisl MOXHO TPaBUTH BO (PTOPHOI ra30BOM XUMHN?
1

0. nst KaKuX METaJJIOB MOXKHO MCIIONIb30BaTh HOHHO-IUIa3MEHHOE TpaBJieHHue?
[Tpumeps! OuIETOB:

bumer 1.

1. Knaccudukaius TEXHOJOTHYECKUX TMPOIECCOB TpaBICHUS. TE€XHOJOTHYECKHE MPOOIeMbl
HUJIKOCTHBIX ¥ IJIa3MEHHBIX METOJIOB TPABIICHHS B MUKPO M HAHOTEXHOJIOTHSIX.

2. OU3UKO-XUMHUYECKHE IPUHIUIIBI TIA3MOXHUMHUYECKOTO TPABIICHUS IJICHOK.

buner 2.
1. [TpuHIMT TTYOOKOTO TIA3MOXHUYUECKOTO TPABJICHUS! KPEMHUS M €T0 OTPaHHUCHMSI.
2. MeTo1oJ0ruecKue METO/IbI XapaKTepU3aI|K MPOIECCOB KHUIKOCTHOTO U IIA3MEHHOTO TPaBICHHUSI.

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEOHOH MNpOorpaMMbl AMCHUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPAKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 00OCHOBAHHE
HNPUHATHIX PELLICHUAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHE YBEPEHHO
IPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka OTIMYHO § OauioB -  BBICTABISETCS  CTYHACGHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPAaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopo1o 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs Ha MPAKTHKE, HO JIOMYCKaeT B
OTBETE WJIH B PELICHUH 33a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.
OneHka yIOBIETBOPUTENHHO 4 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTH B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.
OneHka yIOBIETBOPUTENHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKazaBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH MporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET MTOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBIETBOPUTENIBHO 2 0ajuia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl IUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(hopMyIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.



OueHka HEYIOBIETBOPUTENbHO 1 0aim - BBICTABISAETCS CTYIEHTY, KOTOPBI HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue ommOK B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3a/1ad.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNne MPoueIypPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

JuddepennmpoBanuplii 3a4€T MPOBOIATCS B YCTHOW ¢opme mo Owireram. B kaxaom Owiere
NPE/ICTABICHO JIBA TEOPETHYECKHX BOIPOCA W TIOATOTOBJICHHBIA B II€YaTHOM BHUJE OTYET II0
NPaKTUYECKUM 3aHsATHAM. [Ipu mpoBeneHun 3auéra oOywaromemycs npenocrasisercs 30 MUHYT Ha
noAroToBKy. Onpoc 00y4aronierocs: He JI0JDKEH MPEBhIIIaTh OTHOIO aCTPOHOMHUYECKOTO Yaca.



