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[ToaroroBka x sx3ameny: 60 yac.
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[Iporpammy cocraBui: T.M. Maxsunas3e, 1-p ¢hu3.-Mar. HayK, mpodeccop

[Iporpamma obcyxneHa Ha 3acefjanni KadeIpbl HAHOAEKTPOHUKH U KBAaHTOBBIX KOMIIbIoTepoB 12.02.2024



AHHOTANMA

Kypc "MogenupoBanue TEXHOJOTMYECKHX MPOILECcCOB" TMpeaycMarpuBaeT O3HAKOMIJIEHHE CTYIECHTOB
MarucTparypbl ¢ METOIOJIOTHEeH MaTeMaTH4eCcKOro MOACIUPOBAHUS B 00JaCTH TEXHOJIOTHU (DOPMUPOBAHHS U
(bYHKIIMOHMPOBAHUS aKTyaJIbHBIX MUKPO- M HAHOCTPYKTYPHBIX 3JIEMEHTOB MHTETPAJIBbHBIX CXEM M OTIEIbHBIX
NpUOOPHBIX CTPYKTYp, OBJIaJCHHE HMH COBPEMEHHBIX 3HAaHMM B 00JacTW KOHLENIWH, HPHUHIUIIOB
MOCTPOCHUS M METOJIOB MCIIOJIB30BAaHHS MAaTEMATHYECKUX, (PU3NUECKUX U KOMITBIOTEPHBIX MOJIENIeH [uIs esnen
pa3BUTHUS DIEMEHTHOW 0a3bl MHKPO- M HaHOZJIEKTPOHMKH. HeoOXoaumMocTh M3ydeHHs Kypca oOycloBieHa
TpeOOBAaHUAMHU pa3BUTHUS TEXHOJIOTHMM MHKpPO- M HAHOMICKTPOHUKH: MOJCIUPOBAHHE JaeT KoY K
MOHUMAaHUIO (DU3MKH TPOLECCOB, MyTEH MX ONTHUMM3ALWHU, WUCCIEAOBAHUIO BO3MOXKHOCTEH M IEPCIECKTUB,
[IO3BOJISIET OCYLIECTBISATh JUMArHOCTUKY, KOHTPOJb M YIpaBJIECHUE IpoleccaMu. Takue CIOXHbIE H
MHOTO()aKTOPHBIE POILIECCHI, KAK OCAKACHNUE U POCT TOHKUX IJICHOK, KOPIYCKYJISIPHO-ONITUYECKUE MPOLIECCHI
(bopMUpPOBaHUS KaueCTBEHHBIX HAHOCTPYKTYP, NMPOLECCHl TPABJIEHHs, UMIUIAHTALUH, AU Py3UH, OKUCICHHS,
XUMHKO-MEXaHUYECKOW TIJIaHApU3alMH, MPOLECCHl JJIEKTPOMUIpalMd W MEXaHHYECKOW Jlerpajanui,
OIIpENISNIAIOIIME HAAEKHOCTh U JIOJIOBEYHOCTh CUCTEM METAJUIM3ALMHU, IBYXCIONHBIX M MHOIOCIONHBIX
uHTEp(EehCcoB, CTEXMOMETPUUYECKUIl cocTaB M J1e(EeKTHOCTh TOHKOIUICHOYHBIX JJIEMEHTOB HPUOOPHBIX
CTPYKTYp, Ha COBPEMECHHOM JTalleé pa3BUTUSl MHUKPOIJICKTPOHUKH B TPUHIMIE “HEBHeApsieMbl” 0e3
MoJeInpoBaHus. B HacTosmee BpeMsi MaTeMaTn4ecKoe MOJICITMPOBAHUE SIBJISIETCS] HE TOJIBKO HEOTHEMIIEMON U
COCTaBHOM 4acTbhIO Pa3BUTHsI TEXHOJIOIMU MUKPO- U HAHOIEKTPOHUKU Ha BCEX ATAllaX IPOEKTUPOBAHUS U
nsrotoBinenuss CBUC, HO u mpeacraBisier co0oil omepexarolmuil (akTop HWHHOBAMOHHOTO Mpolecca,
MO3BOJISISL TIPU OTHOCHUTENBHO HEOOJBIIMX 3aTpaTax BpPEeMEHH M MaTepHalbHBIX PECYpcoB pa3paboTarh,
ONTUMHU3UPOBaTh M BHEAPUTH TpeOyeMmble TEXHOJIOTMU WM, YTO OCOOEHHO CYIIECTBEHHO B O0JacTH
CyOMHKpO- U HaHOIUTOTpaduy, MPUHUMATH SKOHOMUYECKH U TEXHOJIOTHYECKH OOOCHOBAaHHbBIE pEIICHHS O
MOJECpPHHU3AMN HMJIM 3aMEHE CYIIECTBYIOIEH TEeXHOJIOrmueckod Oas3pl. BBuIy mnpakTHueckold BaXXHOCTH
MaTeMaTHYeCKOTO0  MOJCIUPOBAaHUS A JalNbHEHINEro pas3BUTHS DJIEMEHTHOW 0a3bl MHKpPO- U
HAHOJIEKTPOHUKH, €0 HE3aMEHUMOCTHU NPHU pa3padoTKe, COBEPIICHCTBOBAHUH, ONITUMHU3ALNH W BHEAPEHUN
TEXHOJIOTUYECKUX MpPOLEeccoB (OPMUPOBAHUS U (PYHKIMOHUPOBAHUS SIEMEHTOB M HPUOOPHBIX CTPYKTYP
CBHUC, coOTBETCTBYIOLINX HCCIICAOBATEILCKUX YCTAHOBOK W TEXHOJOTHYECKOTO 000PYIOBaHUS, a TAaKXkKe NPU
UCCIIEOBAaHUM M ONTHMHU3AIMHM IPOLIECCOB, ONPEICNAIOMNX JOJrOBEYHOCTh M HAJEKHOCTh palboThI
JJIEMEHTOB HMHTETPAIbHBIX CXEM, HEoOXOAWMa TIOATOTOBKAa CHELMAJIMCTOB, BJIAJCIOUIMX OCHOBAMH
METO/I0JIOTUY MaTeMaTHYECKOTO MOJAEIMPOBAHUS M YMEIOIUX UCIIONb30BaTh PE3YJIbTaThl MOJEIUPOBAHUS Ha
Pa3IMYHBIX dTaax MPOEKTUPOBAHUS U CO3IAaHUSI MUKPO- 1 HAHOCTPYKTYP MHTEIPAIbHBIX CXEM.

1. leau u 3apauu

eap AUCUMNIMHBI



- O3HAKOMJICHHE CTYIEHTOB MAarucTparypbl C METOJOJOIMEeHd MaTeMaTHYeCKOro MOJEIMPOBaHUS B
00JIaCTH TEXHOJIOTUN (HOPMHUPOBAHUA U PYHKIHOHUPOBAHHS aKTyalIbHBIX MUKPO- U HAHOCTPYKTYPHBIX
9NIEMEHTOB MHTETPAJIbHBIX CXEM U OTAENbHBIX MPHOOPHBIX CTPYKTYp, OBJIAJCHUE UMHU COBPEMEHHBIX
3HaHWH B 00JIACTH KOHIEMLWH, TPUHIUIIOB MOCTPOEHHUS U METOAOB MCIIOJIb30BAHUS MaTeMAaTHUECKHUX,
(U3MYECKUX ¥ KOMIBIOTEPHBIX MOJENeH Juis Iiefiell pa3BUTHsI DIEMEHTHOW 0a3bl MHKpPO- H
HAaHOIEKTPOHUKU. HeobxomumocTs u3ydeHHs Kypca oOOyCIIOBI€HAa TpPeOOBaHUSIMH Pa3BUTHS
TEXHOJIOTUM MHKpPO- M HAHOZJIEKTPOHMKH: MOJCIUPOBAHUE MAaeT KII0Y K IOHUMAHHIO (HU3UKH
MIPOLIECCOB, MyTE€H HMX ONTHMH3AIMM, HCCIEIOBAHUIO BO3MOXHOCTEH M MEpPCHEKTUB, IO3BOJAET
OCYILECTBJISITh JUArHOCTUKY, KOHTPOJb W YIpaBJIEHUE IpoLeccaMu. Takue CIOXKHBIE U
MHOTO()aKTOPHBIE MPOLECCH], KaK OCAXIEHHE M POCT TOHKUX IUICHOK, KOPIYCKYJSPHO-ONTHYECKUE
npoueccsl  (OpMHPOBaHHMS KAa4E€CTBEHHBIX HAHOCTPYKTYp, IPOLECCHl TPaBICHMS, HMILIAHTAIMH,
TG Qy3nun, OKHUCIEHUS, XHMHUKO-MEXaHHMYECKOW IIaHAPU3aLMH, MPOLECCHl BIEKTPOMHUIPALUU U
MEXaHUYECKOW Jerpaianuy, ONpeaessoliue HaleKHOCTh U JIOJrOBEYHOCTh CUCTEM MeETaJIM3aliH,
IBYXCIOHHBIX W MHOTOCIOWHBIX HHTEp(EHCOB, CTEXMOMETPUYECKUI cocTaB M J1e(heKTHOCTh
TOHKOIUIEHOYHBIX ~ JJIEMEHTOB  NPHUOOPHBIX CTPYKTYp, HAa COBPEMEHHOM JTame pPa3BUTHSA
MUKPOJIEKTPOHUKMA B TMpUHLUIE ‘“HEBHeapsembl’ ©Oe3 MoxenupoBaHusi. B Hacrosmiee Bpems
MaTeMaTUYeCKOe MOJAEIMPOBAHUE SIBJIETCS HE TOJBKO HEOTHEMJIEMON U COCTABHOM 4acThIO pa3BUTHUS
TEXHOJIOTUM MHUKDPO- U HAHOJIEKTPOHUKHU Ha BCEX 3Tarax npoektuposanus u usrorosienusi CbUC, no
U TpencTaBisgeT coOol omepexaromuii  (GakTop HHHOBALMOHHOIO IMpoIecca, MO3BOJIAA IIPH
OTHOCHTEIBHO HEOONBIIMX 3aTparax BpPEeMEHH W MaTepUAIbHBIX PpEecypcoB  pa3paboTars,
ONTUMU3UPOBATh U BHEAPHUTH TpeOyeMble TEXHOJIOTMH HJIM, YTO OCOOCHHO CYIECTBEHHO B 00IacTH
CyOMHUKpPO- M HaHONUTOTpapuH, NPUHUMATh 3KOHOMHYECKM M TEXHOJOTUYECKH OOOCHOBAaHHBIE
pEeIIeHUs] 0 MOACPHHU3AIMH WIIH 3aMEHE CYIIIECTBYIOINIEH TEXHOIOTHIECKOH 0a3bl. BBUY IpakTH4eCKOi
B2XHOCTH MaTEeMaTH4YE€CKOTO MOJEIIMPOBAHUS ISl TATbHEHIIETO Pa3BUTHSA JIEMEHTHOH 0a3bl MHKpO- U
HAHOXJIEKTPOHHUKH, €r0 HE3aMEHHMMOCTH IIpHU pa3paboTKe, COBEPIICHCTBOBAHWH, ONTUMHU3ALUU U
BHEAPEHUH TEXHOJIOTMYECKUX THpoueccoB (GopMupoBaHuss U (PyHKIHOHUPOBAHUS DJIEMEHTOB M
npubopHbIX cTpykTyp CBUC, COOTBETCTBYIONINX MCCIEIOBATEIBCKUX YCTAHOBOK M TEXHOJIOTMYECKOTO
o0OpynoBaHMs, a TaKXKe NpPU HCCICIOBAHUM M ONTUMHU3ALUH MPOLECCOB, ONPEACISIOMINX
JIOJITOBEYHOCTh U HAJIEKHOCTh PAOOTHI 2JIEMEHTOB MHTETPAIbHBIX CXEM, HEO0OXOIUMa IMOATOTOBKA
CHEIUAINCTOB, BIAJCIOINX OCHOBAMH METOIOJIOTHH MAaTEMaTHYECKOTO MOZEINPOBAHHUS U YMEIOIINX
UCIO0Jb30BaTh Pe3y/bTaThl MOAEIMPOBAHMS HA Pa3JUYHBIX 3Talnax I[POEKTUPOBAaHUS M CO3AAHUS
MHKPO- H HAHOCTPYKTYp UHTETPAIBHBIX CXEM.

3agauu AUCUMIIHHBI
- mpuoOpeTeHne CTYICHTaMH 3HAHWKA O MECTE M POJIM MaTeMaTHYecKOro MOJENMPOBaHMs B 00JacTu
pa3paboTKyU M MPOU3BOJCTBA COBPEMEHHBIX 3JIEKTPOHHBIX W3AEIHH, BKIIIOYas KOHKPETHbIE IPUMEPHI
WCIIOJIb30BaHUsl PE3YNBTATOB MOJEIMPOBAHUS TEXHOJOTMYECKUX TMPOLIECCOB JUISI ONPEICIICHHS
MEePCIEKTUBHBIX MyTeH Pa3BUTHUS JIEKTPOHUKH B CYOMUKPOHHOH M HAaHOMHUKPOHHOH 00MacTIX W Ui
MOMCKA TEXHOJIOTUH OyayIIero;
- TpHOOpeTeHHe TEOPETUYECKUX 3HAHUM M TPAKTUYECKUX YMEHHUH M HaBBIKOB B 00JacTu
MOJIETIMPOBAHUS OCHOBHBIX TEXHOJIOTHYECKHX IPOLECCOB CO3JaHUS MHKPO- M HAHOCTPYKTYp H
3NIEMEHTOB MHTETPAJIBbHBIX CXeM U X (yHKIIMOHUPOBAHUS;
- O3HAaKOMJICHHE ciyllaresiel C OCHOBHBIMM MaT€MaTHMYECKUMHU M BbIUUCIUTEIBHBIMU METONAMHU
MOJEJINPOBAHUSI, UCTIONB3YEMBIMH JUIsl aHAIM3a U ONTUMHU3ALMH TEXHOJOTHYECKHUX MPOLECCOB, HAHO-
U MHKPOCTPYKTYpP SJI€MEHTOB HHTETIPabHBIX CXEM IyTeM IIOCTPOCHUS aJeKBaTHBIX (PU3NYECKUX,
XUMHUYECKUX, MEXaHHUECKUX MOJIENEH TEXHOJIOTMYECKOTO MpOoIiecca;
- mnpuoOpeTeHHEe 3HAHMK OO0 OCHOBHBIX IAKeTaX MPHUKIAIHBIX NPOrPaMM MOICIUPOBAHUS, HX
BO3MOXHOCTSIX M TIpaHMLaX IPUMEHUMOCTH, METOAAX IIPOBEACHUS UHUCIIEHHBIX SKCIEPUMEHTOB,
aHanM3a MX pe3yJbTartoB M METONaX ONTHUMH3ALMM MOACIUPYEMBIX IIPOLECCOB, CTPYKTYD,
TEXHOJIOTUYECKOro 000pyI0BaHHUS;
- [puoOpeTeHHne HaBBIKOB B IPUMEHEHMH METOAOB MaTeMaTH4eCKOro MOJEIHPOBAHHUA HpU
HCCJIEI0BAaHUH HOBBIX, PAHEE HEHCITOIb30BaHHBIX TEXHOJIOTHYECKUX METOAO0B U METOIMK.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[HﬁI

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN | I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH




[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  |SBJICHUIH M MPOILECCOB, OLEHHUTh Ka4eCTBO pa3pabOTaHHON
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. [lepeyeHb MIIAHUPYEMBIX Pe3yJbTATOB 00y4eHUS MO JUCHUILIHHE (MOTYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

YMETB:

- OeNM M 33Ja4d MaTeMaTHYeCKOTO MOJEIMPOBAHUS OCHOBHBIX TEXHOJOTMYECKUX MPOIECCOB Kak
COCTaBHOM YacTH pa3BUTHS IEMEHTHOH 0a3bl MUKpPO- U HAHORJIEKTPOHHUKH; 3TAlbl Pa3BUTHS METOIOB
MOZICJIMPOBAHMSI OCHOBHBIX IPOIECCOB, MX KJIAacCH(UKAIMA, INIaBHbIE TPeOOBaHUS K (PU3MYECKHM H
KOMITbIOTEPHBIM MOJEIISIM; TUIIbI BBIYUCIUTEIbHBIX MOJIETICH M KOMIIBIOTEPHBIX SKCIIEPUMEHTOB;

- IIOCIIEIOBATEIILHOCTh OCHOBHBIX TEXHOJOTMYecKHux mporeccoB npomssonctsa CBUC, wmepapxuro
Mozesel 3TO! MOCIeI0BaTeIbHOCTH; TPEOOBAHNUS K pe3ylIbTaTaM MOJICINPOBAHNUS;

- TEOPETHYECKHE OCHOBBI MaTeMaTHYECKOTO MOJCIUPOBAHUS MPOLIECCOB MUKPO- U HAHOAIEKTPOHUKH,
BKJIIOYasi HEOOXOAMMBbIE CBEOCHHS M3 (PU3MYECKOM M XUMHYECKOW KHHETUKH, OCHOBBI METOAA
Momnre-Kapno u MeToma MOJNEKYISpHOH JAWHAMHUKA B TPHUMEHEHHWH K 3aJadaM MOJCITHPOBAHHS
MPOLIECCOB U CTPYKTYP MUKPO- U HAHOIJIEKTPOHUKH;

- 00J1aCTH MPUMEHUMOCTH ¥ BO3MOKHOCTH HCIIOJIb30BAHUS PA3IMYHBIX METOIOB MOJICITHPOBAHHUS;

- Mojienu nporieccoB Gotonurtorpaduu, EUV-nurorpadun, peHTreHoBCKOW TUTOrpadii B OCHOBHBIC
pe3yabTaThl MOJACTHUPOBAHUS JJISl THX IPOIECCOB;

- MOJZIEJIH TIPOLIECCOB 3JIEKTPOHHOM M MOHHON JUTOrpaduu U OCHOBHBIE PE3YJIbTAThl CTATUCTUYECKOTO
MOZICITMPOBAHHUS ITUX TPOLIECCOB;

- MOJENH IIPOIECCOB HMIUIAHTAIMM, AW(QYy3UH, OKHCICHHUS, OTXKUra, TPABJICHUS, OCAKACHUS,
XMMHUKO-MEXaHHYECKOW TNTAHAPH3AaLUN U OCHOBHBIC PE3yIIBTaThl MOJISIUPOBAHUS STHX MPOIIECCOB;

- MOZIEJM POCTa, aAr€3MOHHON MPOYHOCTH, ACTPAJALMH U Pa3pyLICHUS] TOHKOIUIEHOUHBIX MPUOOPHBIX
CTPYKTYp U 21eMeHToB Metaum3armu VC;

- mnepcnektuBHble TexHoinormn MC B 1IyOOKolW HaHOMETPOBOW O0NAcTH, MOAXOABl K UX
MOZICTTMPOBAHHIO U OIICHKE ITEPCICKTHB.

- TPUMEHUTHb OCHOBHBIE (DOPMYIBI M COOTHOIICHHS (PU3NYECKOW KHHETHKH ISl OIHCAHUS
TEXHOJOTMYECKUX MPOLIECCOB;

- IPUMEHATh METOJbl CTOXACTUYECKOTO MOJEIUPOBAaHMS U METOIbl MOJIEKYJSIPHOM IOUHAMUKU IS
OINMCAHMSI TEXHOJIOTMYECKUX MPOLIECCOB;

- HCIOJB30BaTh METOAbl MOIEIMPOBAHMSA JIMTOrpaUUecKuX IPOIECCOB A aHaIu3a CKPBITOTO
N300pakeHNs ¥ IPOSIBIICHHBIX CTPYKTYD;

- QHAJIM3UPOBATh PA3PEIIAIONIYI0 CTIOCOOHOCTD PA3IMYHBIX JIUTOIPaQUIECKUX CXEM U YCTAaHOBOK;

- HCIONIb30BaTh  Pe3ylbTaThl  YWUCICHHOTO  MOJEIMPOBaHHsS  MpoueccoB  (GoToaurorpaduu,
penrrenoBckod u EUV — nwmrorpadmm uisi aHanmm3a OCHOBHBIX XapaKTEPUCTHK IONyYaeMbIX
MHUKPOCTPYKTYp U UX ONTUMHUXALUH;

- NCTIOJIB30BATh METO/IbI MOZICTIMPOBAHMUS MPOLIECCOB 3JIEKTPOHHOM U MOHHOI uTOrpaduu U1 aHaIu3a
CKPBITOTO M300paKEeHUs U MIPOSIBIICHHBIX CTPYKTYDP;

- HCIOJIb30BaThb MOJEIH IPOIECCOB HMIUIAHTAIMH, AUGQY3UH, OKHCICHUS, OTXKHIa, TpPaBICHHS,
OC@XJICHUS, XMMHKO-MEXaHUYECKON IIaHApHU3allMi W OCHOBHBIE pE3yJAbTaThl MOAEIUPOBAHUSA 3THX
IIPOLIECCOB ISl X ONTUMM3ALMU U [IOMCKA NIEPCIIEKTUBHBIX METOIAUK U PEKUMOB;

- IPUMEHATHh MOJAENHN POCTa, aAr€3MOHHON NMPOYHOCTH, AETPAlallii U pa3pyLI€HUs] TOHKOIUIEHOYHBIX
IpUOOPHBIX CTPYKTYp M »iaeMeHTOB Meramn3auud MC K KOHKPETHBIM NPAKTUYECKUM CHTYaIHsIM;
Hcnonp3oBaTe pe3ynbTaTsl MOJCIMPOBAHUS A IMOBBIIIEHUS HAACKHOCTH U JOJITOBEYHOCTH
anementoB UC.

BJIAJIETD:




- OCHOBHBIMM OOIIMMH METOAAMH MOJEIHPOBAHHUS TEXHOJIOTHYECKUX IPOIECCOB M HABBIKAMU HMX
MpUMEHEHHsI K npoueccam gotonutorpaduu, pearrenoBckor 1 EUV — nutorpaduu;

- HaBBIKAMM pacueTa JTaloOB O3KCIOHUPOBAaHWS W MPOSBICHHA B Mporeccax (oroiaurorpaduy,
penrrenoBckoi 1 EUV — nutorpaduu;

- METOZAaMH{ HCIIOJIb30BAaHMUS METOJ0B MareéMaTHYeCKOI'0 MOJEIMPOBAaHUs Ul aHajIu3a BO3MOXKHOCTEH
¢doronuTorpaguuECKUX yCTaHOBOK, MEPCIEKTUBHBIX TUTOrPaQUUECKUX METOANK U OTITUYECKHX CXEM;
- HaBBIKAMU IPUMEHEHUS CTAaTUCTUYECKUX METOIOB MOJEIMPOBAHMs K IpolieccaM KOPILyCKYJISIpHON
uTorpaduu;

- METOAAMHU pacyera 3TalloB SKCIIOHUPOBAHMS U IPOSIBJICHMS B IIpoleccax 3JIEKTPOHHONM M HMOHHOM
utorpaduu;

- HaBBIKAMU IPHUMEHEHHUs MOJeNel MpOoLIeccOoB HMIUIAHTALUH, IUPQY3UH, OKUCICHHS, OTXKMHIa,
TpaBIICHUS, OCAXKICHHUS, XHMHUKO-MEXaHMYECKOW IUIaHApU3allMd M  OCHOBHBIX  PE3YJbTaTOB
MOJEJIUPOBaHUs 3TUX IPOLECCOB s MX ONTUMHU3alUMU M IIOMCKA IEPCHEKTUBHBIX METOAMK U
PEXKHMOB;

- HaBbIKAMH HCIIOJb30BaHMS MOAEIEH pPOCTa, aAre3suu HHTEp(elcoB, Aerpajalid U pa3pylIeHHS
TOHKOIUICHOYHBIX MPUOOPHBIX CTPYKTYp M 3yIeMeHTOB MeTajum3zaunu MC K nccieqoBaHUIO OTKa30B
anemenToB UC;

- HaBBIKAMH UCIIOJIb30BaHMSI PE3yIbTaTOB MOJCIMPOBAHMS ISl aHAJIN3a HAICKHOCTH U JI0JITOBEYHOCTH
anemenToB UIC;

- IPEJCTABICHUSIMH O MIEPCIIEKTUBHBIX MY TSIX PA3BUTUSI MUKPO- U HAHOBJIEKTPOHHBIX TEXHOJIOTHH.

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 TUCIMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekium | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
Hemn w® 3agayn  MaTeMaTHYECKOTrO
1 MOJIETTUPOBAHUS TIPOIECCOB MHKPO- U 2 2
HAHOBJIEKTPOHUKHU
) Pa3Burue MeronoB  MaTeMaTHYECKOIro 4 3
MOJEJINPOBAHUS
3 Maremarndyeckoe MOETUPOBAaHUE 2 2
Jlutorpaduueckre npouecch U CUCTEMBI,
4 HCIIOJNIb3yeMblIe B MUKpPO- u 2 3
HAHODJIEKTPOHUKE
5 Maremaruyeckoe  MOJEJIMPOBAaHUE B ) )
suTorpadun
6 EUV — nutorpadus 2 3
7 Pentrenonurorpadus 2 2
8 OTxur 2 3
9 TpaBnenue, ocaxaeHue 2 2
10 ToHKHE TUICHKH , TOJy4YE€HHBIE METOIOM 4 3
CVD
11 XVMUKO-MEXaHHUEeCcKasl IIaHapHU3aIis 2 2
12 |TexHOIOIMH MEXCOEIUHEHUIN 4 3
13 |MukpokuHETHUYECKHE MOAXOABI 2 8
14  |MakpoKUHETHYECKHE TTOAXO/bI 2 8
15  |Cneumeroasl 2 8
16  |Doronurorpadus 2 7
17  |Kopmyckynsipaast tutorpadus 2 8
18 HMonnag nMiuranTanus 4 8




19  |TepmookucieHUE KPEMHHU 4 7
20  |duddysus B kpemHUN 4 7
21 AJre3smoHHas MPOYHOCTh 4 7
22 |IIpoueccsl aerpamanuu 4 7
Wroro yacos 60 105
ITonroToBka k 3K3aMeHy 60 gac.

OO01mas TpynoEMKOCTh 225 yac., 5 3au.en.

4.2. CopaepxaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)
1. Ilenu u 3aa4yu MaTeMaTHYECKOTO MOJICJIMPOBAHUS MIPOLIECCOB MUKPO- M HAHOIEKTPOHUKHU
OmnucaHue OCHOBHBIX TEXHOJIOTHYECKUX MPOLIECCOB.
2. Pa3BuTHE METOIOB MaTeMaTHYECKOTO MOICINPOBAHUS

H3MeHeHre TeXHOJIOTHMUYECKUX HOPM; TIEPBUYHBIC MOHATHS O MOJEINSX OTICNbHBIX MPOILECCOB, HUX
KJIacCU(hUKAIIHS.

3. Maremarudeckoe MOACINPOBAHUC
TCOpeTI/ILIeCKI/Ie OCHOBBI MATECMATUYCCKOT0O MOJACIUPOBAHUA TCXHOJIOTHYCCKUX MPOIICCCOB.
4. .HI/ITOFpa(i)I/ILIeCKI/IC OponCCChl U CUCTCMBI, UCITIOJIB3YCMBIC B MUKPO- U HAHOIJICKTPOHUKE

KIIaCCI/I(l)I/IKaI_II/IH, XapaKTCPUCTUKHU, paspClIaronias CHOCO6HOCTL; MCTOAbI MOACIUPOBAHUA U
OIITUMMU3AIIUHU.

5. Maremarudeckoe MOJISIMPOBaHKE B TUTOrpadun
AHanu3 nepcrneKTUBHBIX METO0B (POTONNTOTpa(uu ¢ HOMOIIBI0 MATEMAaTUYECKOTO MOJICITUPOBAHUSL.
6. EUV — nurorpadus

Monenuposanne EUV — nurorpaduu.

7. Pertrenonurorpadus

MonenupoBaHue peHTTeHOIUTOrpahuuecKoro mpouecca.
8. OTxur

MonenupoBaHue IpoLEecCOB TEPMUIECKOTO OTHKHUTA.

9. TpaBneHue, ocaxacHNe

MonenupoBaHue MPOLECCOB TPABIECHHS U OCAKICHUS.
10. Tonkue nueHKY , moxy4deHHsle Metogom CVD

MogenupoBanue mpoliecca Mojiy4eHus TOHKUX MmieHok metonom CVD.




11. XuMHKO-MeXaHUYeCKas! TUIaHapU3aIus
MoenrpoBaHue npoiiecca XUMUKO-MexaHnuecko mnanapusanuu (CMP).
12. TexHONIOIUK MEXCOECTUHEHUN

Pone MopenupoBaHus MpU BBIABIECHUU MPEUMYIIECTB M HEAOCTATKOB MEPCIIEKTUBHBIX TEXHOJIOTHHA
MEKCOETUHEHUI.

Cemecrtp: 2 (Becennuit)
13. MUKpPOKMHETHYECKUE TTOJXO/IbI

MUKpOKHHETHYECKHE  TMOAXONbl  NPU  MOACIMPOBAHMM  TEXHOJNOTHYECKHX  MPOILECCOB
MHKPO3JIEKTPOHHUKH.

14. MakpOKHHETHYECKHE TTOIXOIbI

MaKpOKI/IHETI/I‘-IeCKI/Ie moaAXoabl Inpu MOJACIIMPOBAHNUU TEXHOJIOTNYCCKHX IIpoueccoB
MHKPOIJICKTPOHUKHU.

15. CnenMeToms!

CrnenuanbHble  METOIBI  MAaTEeMaTHYECKOTO  MOJCIUPOBAHUS  TEXHOJIOTMUECKUX  IPOLECCOB
MHKPO3JIEKTPOHHUKH.

16. ®oronurorpadus

Monenupoanue npoiieccoB GoTonutorpaduu.

17. Kopniyckynsipaast iurorpadus

MoenrpoBaHre POIECCOB KOPITYyCKYISIPHOM TUTOTpadum.

18. MouHass uMIuIaHTaIUs

MonenupoBaHue npolecca HOHHOU UMILUTaHTALUU.

19. TepmooKuciIeHNEe KPEMHUS

MopnenupoBaHue npolecca TEpPMUUECKOTO OKUCICHUS KPEMHHUS.
20. Tuddysus B kpeMHUN

Monenuposanue npoiieccoB Tupy3un B KPEMHUH.

21. Aare3uoHHas IPOYHOCTh

MonenupoBaHre aJire3NOHHON IPOYHOCTH UHTEPPEHCOB.

22. Ilpouecchl nerpaganuu

MopnenupoBaHue NpoLEeccoB Jerpajalluy U paspyLeHus JeMeHToB MeTaiun3zanuu 1C.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMO¥ AJIl OCYlIeCTBJIECHHS 00pa30BaTEILHOTO
npouecca 1no JUCHUILInHE (MOIYJII0)



yueOHas ayIuTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIbTUMEAUHHBIM 000py10BaHHEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
Jluteparypa Bolgaercs Ha kadenpe:

1. Maremarnueckoe MOJICIUPOBaHUE CyOMUKPOHHBIX TexHoJorui u npudopos. 11, Tpynst ®THUAH,
1.17, pen. T.M. Maxsunazaze, M.: Hayka, c. 13-36, 54-81, 2001.

2. KBaHTOBBIE KOMIIBIOTEPHI, MUKPO- U HAHOUIEKTpoHUKa, Tpyasl ®TNAH, T.18, pen. A.A.
OpnukoBckuit, M.: Hayka, ¢.219-278, 379-397, 2005..

3. KBaHTOBBIE KOMIIBIOTEPHI, MUKPO- U HaHOANIEKTpoHUKa, Tpyasl @TUAH, 1.20, pen. A.A.
OpnukoBckuit, M.: Hayka, c.85-134, 2009.

4. KBaHTOBBIE KOMIIBIOTEPHI, MUKPO- U HAaHOMIEKTpoHUKa, Tpyasl ®TUAH, 1.21, pen. T.M.
Maxsunanze, M.: Hayka, ¢.56-95, 2009.

5. M.A Kopoznes, T.}O. Kpynkuna, M.A. PereneBa. TexHOMOTHS, KOHCTPYKIIMHA U METOIBI
MOJIETTUPOBAHUS KPEMHUEBBIX HHTETpanbHbIX MUKpocxeM. Yacts 1, M.: BUHOM, 2010.

JlononHuTenbHAs TUTEpaTypa
Jlureparypa BblaeTcs Ha Kadeape:

1. KBaHTOBBIE KOMIIBIOTEPHI, MUKPO- ¥ HaHOANEeKTpoHuKa, Tpyast @®TUAH, 1.24, pen. T.M.
Maxgunanze, M.:Hayka, ¢.85-96, 163-186, 2014.
2. K.A. Banues. ®usuka cyoOMukponHoi nutorpadun. M.: Hayka, 1990.

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

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHAX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIOTUH, BKITIOYas IEMOHCTPALIHIO
Npe3eHTALUN.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, NpoCIymaBIIMKA Kypc JEKUUH, IOKEH OBJIAACTh OOLIMM IOHSATHHHBIM amnmaparoM u
Hay4UThCs IPUMEHATh TEOPETUUECKHE 3HAHUS Ha [IPAKTUKE.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

1) mocemenus Bcex JEKIMH, MPEIYCMOTPEHHBIX YYEOHBIM IIJIAHOM; BEIEHHE KOHCIIEKTOB 3aHSATHIA;
AaKTHUBHOE y4yacTre B O0CYKICHUH JICKIIH;

2) BaXXHO AOOUTHCS MOHMMAHMS M3y4aeMOIo MaTepHaja, a He MEXaHHYECKOro ero 3anoMuHaHus. [Ipu
3aTPyOHEHUN W3YYEHUS! OTICIBbHBIX TEM, BOIPOCOB, CIEIyeT OOpaliaThCsi 3a KOHCYJIbTalKed K
[IPETIO/IaBaTEII0 Ha JIEKIIHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: DJIEeKTPOHMKA U HAHOZJIEKTPOHHKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTUI: MUKPO- K HAHOZJIEKTPOHUKA
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa HAHOZIEKTPOHUKH U KBAHTOBBIX KOMITBIOTEPOB

Kypc: 1

KBAJM(PUKAIMA: MarucTp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
1 (ocenHuit) - Dx3aMeH

2 (BeceHHMH) - DK3aMeH

Pa3paborunk: T.M. Maxsunas3e, 1-p ¢hu3.-Mar. HayK, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh THIIOTE3bl, CTPOHUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCaHMA H3ydaeMbIX
SIBICHUH M TIPOLECCOB, OLCHUTh KaueCTBO pa3paboTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3YyabTaTC MUIYUYCHUA AOUCHUILIAHBI «MOI[CJ'II/IpOBaHI/Ie TCXHOJIOTHYCCKUX IMPOLCCCOBY» 06yqa10mnﬁc51

JOJIKCH:

3HATb:

- LeIM U 33Jaud MaTeMaTH4eCKOro MOJEIMPOBAaHMS OCHOBHBIX TEXHOJOIMUECKUX IPOLIECCOB Kak
COCTaBHOM 4acCTH Pa3BUTHA 3JIEMEHTHON 0a3bl MUKPO- U HAHOAJIEKTPOHUKH; STAIbl Pa3BUTHSI METOJIOB
MOZIEIIMPOBaHNS OCHOBHBIX IPOIIECCOB, MX KiIacCH(UKAIMA, IIaBHbIE TpeOOBaHUSA K (PU3NYECKUM U
KOMITBIOTEPHBIM MOAEIISIM; THUIIBI BBIYMCINUTENBHBIX MOENEH U KOMIIBIOTEPHBIX SKCIIEPUMEHTOB;

- IOCIE0BATEIbHOCTh OCHOBHBIX TEXHOJIOTMYecKUX Mpouecco npousBoicrsa CBUC, uepapxuto
MOJIeJIeH 3TOH NMOCIEeI0BaTEIbHOCTH; TPEOOBAHNUS K Pe3yJbTaTaM MOJIEIUPOBAHUS;

- TEOPETUYECKUE OCHOBBI MAaTEMaTUUECKOI'O MOJIEIMPOBAHUS NIPOLECCOB MUKPO- U HAHORJIEKTPOHUKH,
BKJIIOYAs HEOOXOAMMBIE CBEACHUS W3 (PU3MUECKOW M XHMMHYECKOM KHHETUKH, OCHOBBI METOAA
Monte-Kapiio u MmeTona MoyeKysIpHOW JMHAMHMKU B NPUMEHEHUU K 3a7adaM MOJAEIMPOBAaHUS
MIPOLIECCOB U CTPYKTYP MUKPO- U HAHONIEKTPOHUKH;

- 00y1acTH MPUMEHUMOCTH ¥ BO3MOKHOCTH HCIIOJIB30BAHUS PA3IMYHBIX METOIOB MOAETMPOBAHHUS;

- mozenu npoueccoB Qotonutorpadhuu, EUV-nurorpadun, peHTreHoBCKoW TUTOrpad)uu 1 OCHOBHBIC
Ppe3yNbTaThl MOJAESJIMPOBAHUS U1l TUX POLIECCOB;

- MOJIEJI MPOLIECCOB IEKTPOHHON M MOHHOHN JIMTOrpaduu U OCHOBHBIC PE3YJbTaThl CTATUCTUYECKOTO
MOJEJINPOBaHUS STUX IIPOLIECCOB;

- MOHEJHM TMPOLECCOB HMIUIAaHTAUUM, IUPQPy3ur, OKHCICHHS, OTXKUIa, TPAaBICHUS, OCAKICHHUSA,
XMMMKO-MEXaHUYECKON IUIaHApU3aLUU U OCHOBHBIE PE3YJIbTaThl MOJEIUPOBAHMSI STHX IPOLIECCOB;

- MOJIEJIM POCTa, AATC3UOHHOM MPOYHOCTH, AETPajalliid U pa3pylIeHUs] TOHKOIIEHOYHBIX MPUOOPHBIX
CTPYKTYDp U 311eMeHTOB MeTasnuzauuu UC;

- mnepcuektuBHble TexHoinormn MC B mIyOoOkoii HaHOMETPOBOM O0MAcTH, MOAXOABI K HX
MOJIEJINPOBAHUIO U OLIEHKE IIEPCIIEKTUB.

yMeThb:



- TPUMEHUTH OCHOBHBIE (OPMYITBI M COOTHOIICHHS (PU3MYECKOW KHHETHKH JUIsl OIUCAHUS
TEXHOJIOTUYECKUX MPOLIECCOB;
- TPUMEHATh METOIbl CTOXAaCTHYECKOTO MOJCIMPOBAHHS W METOABl MOJICKYJISIPHOW JWHAMUKHU JUIS
OITMCAHUS TEXHOJIOTNYECKUX MIPOIIECCOB;
- HCIOJB30BaTh METOABl MOICIMPOBAHHS JHUTOTPAUUECKUX IPOIECCOB ISl aHaIM3a CKPBITOTO
n300pakeHHsI U POSIBIICHHBIX CTPYKTYD;
- QaHAJTM3UPOBATh PA3PEIIAOIIYI0 CIIOCOOHOCTh PA3IHMYHBIX JIUTOIPAPUISCKHX CXEM U YCTAaHOBOK;
- HCHOJIb30BAaTh  pe3ylbTaThl YHUCICHHOTO  MOJEJIMPOBAHUS  TpoleccoB  ¢oTtonuTorpadumu,
pertreHoBckoit u EUV — nmrorpadumm Juis aHaim3a OCHOBHBIX XapaKTEPUCTHK ITONYYaeMBIX
MHUKPOCTPYKTYP U UX ONTUMHXALIUH;
- UCTIOJIb30BaTh METOJBI MOJICIIMPOBAHMUS TIPOLIECCOB 3JICKTPOHHOI M MOHHO TUTOrpaduu IS aHAIH3a
CKPBITOTO M300pa’keHNs ¥ MPOSBICHHBIX CTPYKTYD;
- HUCTOJIb30BaTh MOJETH IPOIECCOB WMIUIAHTAIMH, JUQPQPY3UH, OKHCICHUS, OTXKHIa, TPABICHHS,
OCaX/ICHHS, XMMHUKO-MEXaHMUYECKOM IIaHApU3alMK M OCHOBHBIE PE3YyJbTaThl MOJCIMPOBAHHS 3THUX
MPOLIECCOB ISl HX ONITUMH3ALUH U TIOMCKA TIEPCIIEKTHBHBIX METOIUK M PEIKIMOB,;
- IIPUMEHSTh MOJIENN POCTA, AT€3MOHHOM MPOYHOCTH, ACTPANAMU U Pa3pyLICHUsS TOHKOIICHOYHBIX
NpUOOPHBIX CTPYKTYp W dieMeHTOB Metawmm3anud MC K KOHKPETHBIM NPAKTUYECKUM CHTYaIHsIM;
Hcnonp30BaTh pe3yibTaThl MOJCIUPOBAHUS JUIS TOBBIIEHHS HAASKHOCTH U JIOJITOBEYHOCTH
anemenToB UC.

BJIA/IETh:
- OCHOBHBIMH OOIIMMH METOAaMHU MOJICITHPOBAHHUS TEXHOJIOTHYSCKUX IPOIECCOB M HABBIKAMU HX
MpUMEHEHMsI K rporieccaM Qotonurtorpaduu, pearreHoBckoi 1 EUV — nmutorpadum;
- HaBBIKAMH pacyeTa JTaloOB OJKCIOHUPOBAaHWS W TMPOSBICHHS B Mporeccax (oroiaurorpaduy,
penrrenoBckoit 1 EUV — nutorpaduu;
- METOJaMH HCIIOJIb30BAaHHUS METOJ0B MAaTEeMaTHYECKOTO MOJCIUPOBAHUS Ul aHAJIH3a BO3MOXKHOCTEH
¢doTonuTorpaduueckux yCcTaHOBOK, HEPCIIEKTUBHBIX JIUTOTPahUUECKUX METOJUK U ONTHYECKHX CXEM;
- HaBBIKAMHU TPHUMEHEHUSI CTAaTUCTUYECKUX METOJO0B MOJCIUPOBAHUS K MPOLECCaM KOPIYCKYJISIPHOM
mutorpaduu;
- METOJaMH{ pacyeTa JTaroB SKCIOHUPOBAHHS W TPOSBICHHS B MPOIECCAX AIECKTPOHHOW M MOHHON
mutorpaduu;
- HaBBIKAMH TPUMEHEHUS MOJENeH NpOIecCOB HMIUIAHTAUUH, IUPQPY3UH, OKUCICHHS, OTXKHIa,
TPaBJCHUS, OCAXKACHHS, XUMHMKO-MEXaHHYECKON IUIaHApU3allud M  OCHOBHBIX  PE3YJbTaToB
MOZCIHMPOBAHMS ITHUX TMPOIECCOB UI WX ONTUMH3ALMU M TOWUCKA IEPCIEKTHBHBIX METOAUK M
PEKIMOB,3
- HaBBIKAMH HCIIOJB30BaHMS MOJAEIEH pPOCTa, aAre3MH WHTEP(ENcOoB, AETpajallid U pPa3pyIICHHS
TOHKOIUICHOYHBIX HPUOOPHBIX CTPYKTYp M 3eMeHTOB MeTamm3auuu MC K HCCclenoBaHUIO OTKA30B
snemenToB UC;
- HaBbIKaMH HCIIOJIb30BaHUS PE3yIbTAaTOB MOJACTUPOBAHMS JUI aHAIN3A HAJC)KHOCTH U JOJITOBEYHOCTH
snemenToB UC;
- IPECTABICHUAMH O NMEPCHEKTUBHBIX MYTIX Pa3BUTHSA MUKPO- U HAHORJIEKTPOHHBIX TEXHOJIOT .

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

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Y4eOHOro MaTrepuaina MPOBOAWUTCS YCTHBIH ONpoOC B
HayaJje 3aHATUSA 110 TeME IPOIUIOHN JIEKIIMH WU B KOHIIE 3aHATHUSA IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Bomnpocs! a5 TOATOTOBKY K 9K3aMEHY:

. Pa3BuTHE METOIOB MAaTEMaTHYECKOTO MOJCITHUPOBAHUS

. TeopeTnueckre OCHOBBI MATEMAaTUYECKOTO MOJCIHPOBAHUS TEXHOJIOTHUECKHUX MPOLIECCOB

. Jlutorpaduueckue nporeccs ¥ CUCTEMBI, HCIIOIb3YEMbIE B MUKPO- 1 HAHOJICKTPOHHKE

. AHaII3 IEPCTIEKTHBHBIX METOOB (POTOIUTOrpaMK C MOMOIIBIO MATEMAaTHUECKOTO MOCITNPOBAHHS
. MonenmupoBanue EUV — nutorpadun

. MozenupoBanue peHTreHOIUTOrpaduecKoro mpouecca

. MopenupoBaHue mponeccoB TePMUYECKOTO OTHKHUra

0 3O LD AW

. MoznennpoBaHue IPOLIECCOB TPABICHUS U OCAKACHUS



9. MogenvpoBaHue Tpolecca Moy4eHnsd TOHKUX MIeHoK metonoMm CVD
10. MoaenupoBanue Tiporiecca XUMUKO-MexaHuueckol tanapusanuu (CMP)

11. Ponp MozmenupoBaHus MPHU BBHIABIEHUHU MPEUMYIIECTB U HEAOCTATKOB MEPCIIEKTUBHBIX TEXHOIOTHIA
MEKCOETUHEHUI

12. MUKPOKMHETUYECKUE TTOJXO/IbI
[Ipumeps! 3K3aMeHAIMOHHBIX OUIIETOB.

IIpumep 1.
1. TeopeTnueckre OCHOBBI MAaTEMaTHYECKOTO MOIETUPOBAHUS TEXHOJIOTHYECKHUX IPOLECCOB
2. MopenupoBaHue MpoLecca NOITy4eHUs! TOH-KUX IIeHOK MeTogoM CVD

[Ipumep 2.

1. MonenvupoBaH#e peHTTEHOIUTOrpaPUIeCcKO-TO Iporecca

2. Pons MonenupoBaHus MPU BBISBICHUH MPE-UMYIIECTB U HEAOCTATKOB MEPCIEKTUBHBIX TEXHOJIOTUN
MEKCOEIUHCHUN

Kpurepun onennBanus
10 6aitnos — (ITIPEBOCXOIHO):

*  CHUCTEMaTU3UPOBaHHbBIC, IIyOOKHE M MOJHBIE 3HAHUS IO BCEM pasjenaM y4eOHOIl mporpammsbl, a
TaKXe [0 OCHOBHBIM BOIIPOCaM, BBIXOIAIIUM 3a €€ IPEEIIbI;

. TOYHOE HCIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCIIE Ha HMHOCTPAaHHOM S3BIKE),
CTUJIMCTUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  Oe3ymnpedHoe BIAJCHHEC HHCTPYMEHTapHeM Y4eOHOW IMCIUILTUHBI, yMEHHE ero 3(pQPeKTHBHO
WCIOJIBb30BaTh B MIOCTAHOBKE M PEILICHUH HAyYHBIX U MPO(GECCHOHANBHBIX 3a1a4;

. BBIP2KEHHAs! CIIOCOOHOCTh CaMOCTOSITENIbHO M TBOPUYECKHM peIIaTh CJIOKHBIE HpoOIeMbl B
HECTaHJAPTHOW CUTYyalUu;

*  TIOJHOE W IIIyOOKOE yCBOEHHE OCHOBHOW M JOTOJHHUTENBHON IUTEparypbl, PEKOMEHJIOBAaHHOMN
y4eOHOI mporpaMMOi TUCITUTUINHEI,

* yMEHHE OPHUEHTHPOBATHCS B TECOPHAX, KOHLENIMIX U HANPaBICHUIX 0 U3y4aeMOW AMCLUUIUINHE U
JlaBaTh UM KPUTUUYECKYIO OLIEHKY, UCII0JIb30BaTh HAYUHbIE JOCTHKEHUSI JPYTUX JUCLUIUINH;

*  TBOpYECKas CaMOCTOSTENbHAs paboTa Ha MPAKTUYECKUX, JTa0OPAaTOPHBIX 3aHATHIX, AKTUBHOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 33 JaHHMA.

9 6amnoB — (OTJIMYHO):

* CcHCTEMaTU3UPOBAHHbBIEC, ITTYOOKHE U MOJIHBIE 3HAHUS 110 BCEM pa3zeiaM yueOHOH MporpaMmbl;

. TOYHOE HCIIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCIE Ha HMHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  BJIAJICHUE MHCTPYMEHTapHueM Yy4eOHOM NUCLUIUIMHBI, yMEHHE ero 3(QQEKTUBHO HCIOIL30BaTh B
MOCTAHOBKE M PEIICHUH HAyYHBIX M MPO(PECCHOHANBHBIX 3a1a4;

*  CHOCOOHOCTH CaMOCTOSATEIBHO M TBOPUYECKH pEIIaTh CIOKHBIE MpoOIeMbl B HECTaHIAPTHOM
CUTyallud B paMKax Y4eOHOW NporpaMMbl, IOJIHOE YCBOCHHE OCHOBHOH W JIONOJHUTEIBHOU
JUTEpaTypbl, PEKOMEHI0BAaHHON y4eOHOW POTrpaMMO TUCIIUILITHBI;

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOM
JUCLHUIUTMHE U JaBaTh UM KPUTHUECKYIO OLEHKY;

*  caMOCTOsTENbHass padoTa Ha MPAaKTUYECKHX, JaOOpaTOPHBIX 3aHITHUAX, TBOPUECKOE y4yacTHE B
IPYIIOBBIX 00CYKICHUAX, BBICOKUI YPOBEHb KYJIBTYphl HCIIOJTHEHHS 3aJaHuUi.

8 6awios — (IIOYTU OTJINYHO):

* CHCTEMaTHU3UPOBAaHHbIC, NNIyOOKHE M IOJIHBIC 3HAHUS 110 BCEM IMOCTABJIEHHBIM BOIIPOCaM B 00beMe
y4eOHON MpOrpaMMel;

*  HCHOJb30BaHUE HAYYHOHW TEPMHUHOJIOTMH, CTHIIMCTUYECKH TIPaMOTHOE, JIOTMYECKH NPaBUIBHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JIeIaTh 000CHOBAHHbIE BBIBOJIBI;

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

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



*  YMEHHUE OPUEHTUPOBATHCS B OCHOBHBIX TCOPHUSIX, KOHLEMIMUSIX W HAMPABICHUSIX IO U3y4aeMoil
TUCIUIUINHE U JlaBaTh UM KPUTHYECKYIO OIICHKY C TO3WIMA TOCYJapCTBEHHONW HIEOJOTHH (TI0
JUCITUTUIMHAM COIHAIEHO-TYMaHUTAPHOTO ITUKJIIA);

* aKTHBHAs CaMOCTOsTENIbHAS paboTa Ha MPAKTUYECKHX, J1a00PATOPHBIX 3aHATHUSIX, CUCTEMATHUECKOE
ydacTue B IPYIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.

7 6annoB — (OYEHb XOPOILLO):
* CHUCTEMaTU3UPOBAHHbIC, NTyOOKHE U MOJIHBIE 3HAHUS 110 BCEM pa3zieaM yueOHOM MporpaMmel;

¢ HCIIOJIB30BaHUC HaquOﬁ TCPMHUHOJIOT U (B TOM YUCJIC HAa UHOCTPAHHOM SIBBIKC), JIMHI'BUCTUYCCKHU U
JIOTUYCCKHU IMPABUJIIBHOC U3JIOKCHUC OTBCTA HAa BOIIPOCHI, YMCHHUC [1CJIATh 000CHOBaHHEIC BBIBOJbI,

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

*  YCBOCHHME OCHOBHOW W JIOTIOJIHUTEJIBLHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCIUIUIAHBI;

*  YMCHHUE OPUEHTUPOBATHCS B OCHOBHBIX TCOPHUSX, KOHLEMIMSIX W HAMPABICHUSIX IO U3y4aeMoil
TUCITUIUIMHE U 1aBaTh UM KPUTHUECKYIO OLIEHKY;

*  camocTosTenbHas padoTa Ha IMPAaKTUUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYIMIIOBBIX
00CYXIICHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJTHEHUS 3aaHUH.

6 6ayoB — (XOPOILO):
* JIOCTaTOYHO ITOJHBIC U CHCTEMAaTU3UPOBAHHBIC 3HAHUS B 00beMe yueOHOW MPOrpaMMEl;

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

*  BIQJCHUE WHCTPYMEHTapueM Yy4eOHOH IMCLMWIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
y4eOHBIX U NMPO(pECCHOHAIBHBIX 33]a4; CIOCOOHOCTh CaMOCTOSTEIbHO NPUMEHATh THUIIOBBIC PEIICHUS
B paMKax y4eOHOH NpOrpaMMel;

®* YCBOCHHUC OCHOBHOH JINTCPATyphl, peKOMeH,Z[OBaHHOﬁ y‘le6H0ﬁ HpOl”paMMOfI JUCHUITIIINHBI,

*  YMEHHE OPHUEHTHPOBATHCS B 0A30BBIX TEOPHUSAX, KOHUEHIMAX M HANPABICHUAX IO H3Y4aeMOU
IUCLMIIMHE M JaBaTh WM CPaBHUTEIBHYIO OICHKY; AaKTHUBHAs CcaMOCTOsTelbHas pabora Ha
MPAaKTUYECKUX, JIAOOPATOPHBIX 3aHATHSX, MEPUOJUYECKOE y4YacTHE B TPYNIOBHIX OOCYKACHUSX,
BBICOKHI YPOBEHB KYJIBTYPHI UCIIOJIHEHUS 3aJaHUM.

5 6ammoB — (ITOYTU XOPOILIO):
* JIOCTaTOo4YHbIC 3HAHUA B 00beMe YUeOHOM MPOTrpaMMBbl;

® HCII0JIb30BaHUC Haquoﬁ TCPMHHOJIOTUU, CTUJIHMCTUYCCKU TI'PAMOTHOC, JIOTUYCCKHU IIPAaBHUJIBHOC
H3JI0KCHHUC OTBCTA HAa BOIIPOCHI, yMCHHC [1CJIaTh BBIBO/bI,

*  BIAJCHUEC HMHCTPyMEHTAapHeM y4eOHOW IHMCHUIUIMHBI, YMEHHE €ro WCIOJIbh30BaTh B PEIICHHU
y4eOHBIX U IPOPECCHOHAIBHBIX 3a/1a4;

* CII0OCOOHOCTH CAMOCTOSTENILHO MIPUMEHSTH THIIOBBIE PELICHUS B paMKaxX y4eOHOM MPOrpaMMBl;
* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTNHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIEMUUSAX M HANpaBICHUAX MO H3ydaeMOi
JUCLUUIUTMHE U JaBaTh UM CPaBHHUTEIbHYIO OLEHKY;

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIA0OOPATOPHBIX 3aHATHSX, Y4acTUE B TPYNIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHHS 33/1aHHH.

4 6amta — (YAOBJIETBOPUTEJIBHO), 3AYTEHO:
* JIOCTaTOYHbIM 00BEM 3HaHMI B paMKax 00pa30BaTeIbHOTO CTaHIaPTa;
* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTNHBL

® HCII0OJIb30BaHUC Haquoﬁ TECPMHUHOJIOTUH, CTUIMCTUYCCKOC U JIOTHUYCCKOC M3JIO)KCHUEC OTBETA Ha
BOIIPOCHI, YMCHHUC ACJIATh BBIBOAbI 0e3 CYHICCTBCHHBIX OH_II/IGOK;

. BIIQJICHHNE WHCTPYMEHTApueM Y4YeOHOW IUCIUIUIMHBI, YMEHHE €r0 HCIIOJIb30BaTh B PEIICHUU
CTaHJIAPTHBIX (THUIOBBIX) 3aJ1a4;

* yYMEHHE [0l PyKOBOJCTBOM ITPENOAABATENs PELIaTh CTAaHJAPTHBIE (TUIIOBBIC) 3aa4H;

® YMEHUE OPUCHTUPOBATHCA B OCHOBHBIX TCOPUAX, KOHLCHIMUAX M HAIPABJICHHUAX I10 I/IsyqaeMoﬁ
AUCHUIUIMHC U JaBaTh UM OLICHKY,

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

3 6anna — (HEYAOBJIETBOPUTEJIBHO), HE3AYTEHO:
* HEIOCTATOYHO IOJIHBIN 00BbEM 3HAHUI B paMKax 00pa30BaTeIbHOTO CTAHIAPTA;
* 3HAHWE YaCTH OCHOBHOH JINTEPATypPhl, PEKOMEHI0BAHHON Y4eOHOMH MPOTpaMMOi TUCIUILTHHBL;



*  HCHOJb30BaHHE HAYYHOW TEPMHUHOJOTHH, M3JOKEHHE OTBETAa HAa BOMPOCHI C CYIIECTBEHHBIMHU
JIMHTBUCTHYECKUMH U JIOTHYECKUMU OIINOKAMU,

. cnaboe BIaJieHUE WHCTPYMEHTapueM Yy4eOHOW NHUCUIUIUINHBI, HEKOMIIETCHTHOCTh B PEIICHUU
CTaHJIAPTHBIX (TUIOBBIX) 3a]1a4;

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

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

2 6amta — (HEYIOBJIETBOPUTEJILHO):

* (parMeHTapHbIC 3HaHUS B paMKax 00pa30BaTelbHOIO CTaH/APTa;

. 3HAaHUSl OTHENBHBIX JINTEPATYPHBIX HCTOYHHKOB, PEKOMEHIOBAaHHBIX YYEeOHOH mporpaMmmoi
JIHCIHILINHDI,

. HEYMEHHE WCIIONh30BaTh HAYYHYI0 TEPMHUHOJIOTHIO UCIUIUIMHEI, HAJIWMYUE B OTBETE TI'PYyOBIX
CTUIHUCTUYECKUX U JIOTHYECKUX OLINOOK;

* TACCHBHOCTh Ha MPAKTUYECKUX U JIA0OPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhl UCTIOHEHUS
3aJIaHH.

1 6amt — (HEYIOBJIETBOPUTEJILHO):

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

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

IMpu mpoBeneHMM 3K3aMeHa oOydaroniemycs npegocrasisercs 30 MUHYT Ha ToArotoBky. Ompoc
o0yuaroIerocs mo OWJIeTy He JODKCH MPEBBINIATh JBYX aCTPOHOMHYECKHX YacOB B YCTHOW W (WJIN)
MMMCEMEHHOU (opme.



