degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
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OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa HAHOZIEKTPOHUKH U KBAHTOBBIX KOMITBIOTEPOB

Kypc: 1
KBAJM(PUKAIMA: MarucTp

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

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 75 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocraBui: N.IO. Karees, kanauaar HayK, JTOIEHT

[Iporpamma obcyxieHa Ha 3acefjanni KadeIpbl HAHOAIEKTPOHUKH U KBAaHTOBBIX KOMIIbIoTepoB 12.02.2024



AHHOTANMA

Kypc "KBanToBoe MonmennpoBaHHe HaHOCHCTEM' NpeayCMaTpUBAeT H3JIOKEHHWE MPUHIIMIOB M METOIOB
KOMITBIOTEPHOTO MOJEIIMPOBAaHMs TBEPAOTEIbHBIX HAHOCHCTEM, OCHOBAHHBIX HAa KBAaHTOBAaHHM JIBUIKCHUS
AIIEKTPOHOB U ()OTOHOB.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- HU3JIOKCHUC MPUHIUIIOB U METOAOB KOMIIBIOTECPHOI'O0 MOACIIUMPOBAHHA TBEPAOTCIBbHBIX HAHOCUCTEM,
OCHOBAHHBIX Ha KBAHTOBAHUU NABUXKCHUS IJICKTPOHOB U (bOTOHOB.

33]13‘[1/[ JAUCHUIIINHBI

- TpuoOpeTeHHe CcyIaTeasiMi 0a30BbIX 3HAHUH B OONACTH COBPEMEHHBIX METOAOB YHCIEHHOTO
pacueTa KBAaHTOBBIX YCTPOWCTB, BbIpaOOTKa YMEHHS aHAJIM3UPOBATh Pa3JIMYHBIE METOIbBI
KOMIIBIOTEPHOTO MOAEIUPOBAHUS Ha NIPEIMET BBISIBJIICHUS UX IPEUMYLIECTB U HEJIOCTATKOB;

- oOydeHue cnymarenel NPUHIMIAM COCTAaBICHHUS KOMIIBIOTEPHBIX IPOrpaMM, pearu3yIomnX
OCHOBHBIE aJITOPUTMBI MOZIETUPOBAHUS TBEPAOTEIBHBIX CUCTEM;

- CTUMYJMpPOBaHHME CaMOCTOSATENIbHOW pPabOThl Clymiarejeil C OpUrHHaJbHBIMH paboTamu,
MyOIMKYIOIUMHCS B OTEUECTBEHHBIX U 3apYOEKHBIX HayUHBIX KypHaax.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000INATH
nHpOpMaNKIO 00 aKTyalbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
[MK-1 CriocobeH craBuTh, GopMann3oBbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie paspadareBath 1 |[IK-1.2  CnocoGeH  BbIABUTATH  THUIOTE3Bl, CTPOUTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTeMaTHYeCKHe MOAENM M ONMCAHHWA HU3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHHUH U MPOIIECCOB, OLICHUBATh KAYe€CTBO pa3paboTaHHOM
aHaJIM3MPOBATh HAy4YHbIE MPOOJIEMBI, IOJIyYaTh |MOIEIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH NpUMEHSTh TeOpeTHYecKHe U (WiIH)
OKCTIEPUMEHTAIBHBIC METOJIbl MCCICAOBAHUN K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
pe3yabTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCUUILIHHE (MOXYJII0)

B pesynbsrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HaTh:
- OCHOBHBI€ aJITOPUTMBbI KOMIIBIOTEPHOTIO MOJCIUPOBAHUS TBEPIOTEIBHBIX CUCTEM, UX IPEUMYILIECTBA
Y HEIOCTAaTKU;
- MPUHIUIBI Pa3pabOTKM KOMITHIOTEPHBIX MPOrpaMM Ha COBPEMEHHOM IPOTPAaMMHOM OOECIICUCHHH,
peaIn3yrouX OCHOBHBIE AITOPUTMBI MOJEIUPOBAHUS TBEPAOTEIHHBIX CUCTEM.

YMETh:
- pa3pabarbIiBaTh KOMITBIOTEPHBIC MMPOTPAMMBI, PEATH3YIONIUX OCHOBHEIE aJITOPUTMBI MOJICITUPOBAHUS
TBEPAOTENbHBIX CUCTEM;
- HANIATHO TPEACTABIATH ITONYYCHHBIE PE3yNbTarhl C TIOMOINBID COBPEMEHHOTO TIpaUIecKOro
MPOrPaMMHOTO 00ecIIedeHUs K MYJIBTUMETUITHON anmapaTypbl;
- TIOJB30BAThCS HEOOXOAMMON yUeOHOW W HAydyHOW IUTEPaTypOl NI pPEIIeHUs 3a/lad KBaHTOBOM
TEOpUHU HH(OPMAIIHH.

BIIA/IETh:
- OCHOBHBIMH METOJIaMU KOMITBIOTEPHOTO MOJIEITMPOBAHUS TBEPAOTEIbHBIX CUCTEM;
- HaBbIKAMH UCMOJIb30BAHUS COBPEMEHHBIX MPOTPAMMHBIX CPEJICTB JIJIsl BHIIIOJIHEHUS PACUETOB.

4. Coaep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI



4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUeOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAM Y4E€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
MopaenupoBaHre TpaHCIOPTa JIEKTPOHOB
1 yepe3 PEe30HAaHCHO-TYHHEJIbHBIE 6 15
HAHOCTPYKTYPBI
MonenupoBanue
) KBaHTOBOMEXAaHUYECKOTO MOBEJCHUS 6 15
IEKTPOHOB B  KBAaHTOBBIX sMax W
KBaHTOBBIX TOUYKaxX
MopaenupoBanue NpoxokaceHUs (HOTOHOB
3 yepe3 MOJIYNPOBOAHUKOBBIE OINTHYECKHE 6 15
HAHOCTPYKTYPBI
4 MognenupoBaHue CHEKTpa IPOCTEHIIMX 6 15
OJHOMEPHBIX ONTHYECKUX PE30HATOPOB
5 MogennpoBaHHe CIIEKTpa MUKPOAUCKOB 6 15
Hroro yacos 30 75
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2.

Coneprxanue JUCHUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (paszesiam)

Cemecrtp: 2 (Becennuit)

1. MOI[CJ'II/IpOBaHI/Ie TpaHCIIOPTa 3JICKTPOHOB UCPEC3 PC30HAHCHO-TYHHCIIbHBIC HAHOCTPYKTYPhIL

1.1. HaxoxkneHue BOMHOBOH (PyHKIHMM 3JEKTPOHA B PE30HAHCHO-TYHHEJIBHOM HAHOCTPYKTYpe Ha
OCHOBe penieHus ypasHeHus Llpenunrepa.

1.2. BeluncneHne 3aBUCUMOCTH KO3((UIMEHTa TNPOXOKICHUS OT DSHEPrMH HAJICTAIOUIMX Ha
CTPYKTYpY IEKTPOHOB.
1.3. Ompenenenue SHEPrUM PE30HAHCHBIX YPOBHEH M WX IIMPUH B 3aBUCUMOCTH OT IapamMeTpOB

CTPYKTYPBI.

2. MO,I[CIH/IpOBaHI/Ie KBAHTOBOMECXAaHHUYCCKOI'0O IIOBCACHUSA DJJICKTPOHOB B KBAHTOBBIX sMaxX U
KBAaHTOBBIX TOYKAX

2.1. HaxoxxneHre BOJIHOBOW (PYHKIMH DJIEKTPOHA B KBAHTOBOH siMe (KBAaHTOBOW TOYKE) Ha OCHOBE
pewenus ypasHenus lllpenunrepa.

2.2. OnpeneneHre YHEPTETUIECKOTO CIIEKTPa KBAHTOBOM SIMbI (KBAHTOBOWM TOYKH) B 3aBUCUMOCTH OT
MapaMeTpoB CTPYKTYPHI U IPUIIOKEHHOTO K HEH HaNpsDKEHUS] CMELICHHS.

3. MonenupoBaHue MPOXOXKACHUS  (OTOHOB yepe3 MOJYNPOBOJHUKOBHIE — ONTHYECKHE
HaHOCTPYKTYphI

3.1. HaxoxneHue 3eKTpOMarHuTHOTO TIOJISt B TIOTYTIPOBOAHUKOBOI ONTHYECKOH MUKPOCTPYKTYpe Ha
OCHOBE pEIIeHHs ypaBHEHNM MakcBesa.



3.2. Bpluncienue 3aBUCUMOCTH KO3 (HUIMEHTA MPOMYCKAaHUs OT IJIMHBI BOJIHBI HAJETAIOUIMX Ha

CTPYKTYpY (pOTOHOB.
3.3. OnpeneneHre PEe30HAHCHBIX [UIMH BOJH U JOOPOTHOCTH CTPYKTYPbl B 3aBUCHUMOCTH OT €€
apamMeTpoB.

4. MoznenupoBaHHe CIIEKTPa MPOCTEHIIINX OTHOMEPHBIX ONTHYECKHX PE30HATOPOB

4.1. HaxoxneHue 3JIEKTPOMAarHUTHOIO IOl B OAHOMEPHOM ONTHYECKOM MUKPOPE30OHATOpE Ha
OCHOBE pEIIeHHs ypaBHEHN MakcBesa.

4.2, OnpeaeneHI/Ie OINITUYCCKOTO CIICKTpA p€30HATOPA B 3daBUCUMOCTH OT €ro nNapaMeTpoOB.
5. MOI[CJ'II/IpOBaHI/Ie CIICKTPa MUKPOANUCKOB

5.1. HaxoxzaeHHe SIEKTPOMAarHWTHOIO TMOJISI B ONTHYECKOM MHKPOAHCKE Ha OCHOBE PpEHICHUS
ypaBHEHMI Makcsesuia.

5.2. OmnpezneneHne ONTUYECKOro CIeKTpa MUKPOIUCKA B 3aBUCUMOCTH OT €T0 IapaMeTpoB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

yueOHast ayTUTOpHsl, OCHAIICHHAS KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pya0BaHHEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa
Jluteparypa Bolgaercs Ha kadenpe:

1. ammnaiin JI. @., I'mansen U., Tomncon C. Pemenue oO6bIkHOBEHHBIX U depeHInaNIbHBIX
ypaBHeHu# ¢ ucnonb3oBanneM MATLAB: Yue6noe nocobue / [lep. ¢ anrn. Makaposa U.A.. - CIIG.:
«JIanby, 2009. - 304 ctp.

2. AmocoB A.A., Jlyounckwuii 10.A., Komuenosa H.B. BerancnurenbHbie METOBI JUTsI HHKEHEPOB. M.
Bricmas mxoma, 1994 - 540 c.

3. Chiang K.C. Review of numerical and approximate methods for the modal analysis of general
optical dielectric waveguides. Optical and Quantum Electronics. 1994. V. 26. P. S113.

4. TuxoHoB A.H., Camapckuii A.A. YpaBHeHUs MaTeMaTrueckor ¢pusuku. M.: M3n-so MI'Y, 1999.

JlononHuTenbHAs TUTEpaTypa
Jlureparypa BblaeTcs Ha Kadeape:

1. K.A. Banues, A.A. Kokun ®uznka noinynpoBOAHUKOBBIX TPHOOP MHKPO- U HAHOTIEKTPOHHKH.
T'oc.xom.P® no BeIicHI.00pa3oB., Mock. ¢puzuko-TexH.u-1. M., MOTHU, 1995

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

1. http://www.ph4s.ru/book _pc_chisl.html
2. http://gen.lib.rus.ec/
3. http://arxiv.or

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00pPa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIOB3YIOTCS MYJIBTUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIHIO
MpEe3EHTALUN.



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

CTyneHT, mpociyllaBIInil Kypc JEKUui, NOIDKEH OBJaJeTh OOIMM MOHSATUHHBIM allapaTtoM H
HAy4UTHCS IPUMEHATH TEOPETUUECKHIE 3HAHUS Ha MPAKTUKE.

VYenenHoe ocBoeHue Kypca Tpedyer:

1) mocemeHust Bcex JEKLHMA, MPEIYCMOTPEHHBIX YYEOHBIM IUIAHOM; BEICHHE KOHCIEKTOB 3aHATHUH;
aKTHBHOE y4acTHE B 00CYKIECHUH JIEKLIUII;

2) BayKHO AOOUTHCS MOHMMAHUSI U3y4aeMOro MaTepuana, a He MeXaHHYeCKoro ero 3anomuHanus. [lpu
3aTPYHEHUH W3Y4YCHUS OTAENbHBIX TEM, BOINPOCOB, CJIEAyeT oOpamarbCsi 3a KOHCYJbTalMeH K
MPETIOIaBaTEI0 Ha JIEKIHH.



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 HAHOZIEKTPOHUKH U KBAHTOBBIX KOMITBIOTEPOB

Kypc: 1

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

Pa3paborunk: N.IO. Karees, kanauaar HayK, JTOIEHT



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

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylIbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM
JEATEIIEHOCTH

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

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «KBanToBoe MOACINPOBAHUC HAHOCUCTCM OGy‘IaIOH_H/II\/’ICH JOJIKCH:

3HAThb:

- OCHOBHBIC AJITOPUTMbI KOMIIBIOTCPHOT'O MOJACIUPOBAHUA TBEPAOTCIBHBIX CUCTCM, UX NIPCUMYIICCTBA

1 HEJJOCTATKH;

- IIPUHIHUIIBL pa3pa6OTKI/I KOMIIBIOTCPHBIX HNPOTrpaMM Ha COBPECMCHHOM IIPOrpaMMHOM O6CCHC‘I€HI/II/I,
pCaIM3yrOmuX OCHOBHBIC aJITOPUTMbI MOACTIUPOBAHUA TBEPAOTCIIbHBIX CUCTEM.

yMeThb:

- pa3pabaThIBaTh KOMITBIOTEPHBIC MMPOTPAMMBI, PEAU3YIONINX OCHOBHBIC ITOPUTMbI MOJCITUPOBAHUS
TBEPIOTEIBHBIX CHCTEM;

- HADISIHO TPEACTABIATH TONYyYEHHBIE pE3ylbTaThl C IMOMOIIBI0 COBPEMEHHOTO Tpadudeckoro
HPOrpaMMHOIO 00ECIICUeHHUS ¥ MYJIBTUMEUIHHOM anmaparypsl;

- TOJIH30BATHCS HEOOXOMUMOI ydeOHOW W HaydHOW JIMTepaTypoil Uil pelIeHUs 3a1ad KBaHTOBOU
TEOpUHU HH(OPMAITHH.

BJAA€Th:

- OCHOBHBIMH METOJaMU KOMIIBIOTCPHOI'0 MOACIIMPOBAHUS TBEPAOTCIbHBIX CUCTEM;
- HaBbIKaMU HCITIOJIb30BAHUA COBPECMCHHLIX MMPOrpaMMHBIX CPCACTB JJIS BBIITOJHCHUSA PACUCTOB.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enpl0 KOHTPOJS OCBOCHHS OOYYaIONUMUCS y4eOHOTO Marepualia MPOBOAUTCS YCTHBHIM OMpPOC B
HayaJie 3aHsATHs 110 TEME MPOIUION JICKIUU UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

BOHpOCLI AJId TIOATOTOBKH K 3K3aMCHY:

1. MOI[CJ'II/IpOBaHI/IC TpaHCIIOpTa JJICKTPOHOB HYCPC3 PC30HAHCHO-TYHHCIBHBIC HAHOCTPYKTYPbI

2. HaxoxJeHre BOJTHOBOW (YHKIIMH JIEKTPOHA B PE30HAHCHO-TYHHEIHHOMN

HaHOCTPYKType Ha OCHOBE peleHus ypaBHeHus lllpenunrepa.

3. Beluncnenue 3aBUCUMOCTH KO3 QHUIMEHTA MPOXOKACHUS OT SJHEPTUN HAJIETAIOIINX HA CTPYKTYPY
3JIEKTPOHOB.

4. OnpezneneHue 3HEPrUU PE30HAHCHBIX YPOBHEM M MX LIMPUH B 3aBUCUMOCTU OT NapaMeTpOB
CTPYKTYpBHI.

5. MopenupoBaHne KBaHTOBOMEXaHWYECKOTO TIOBEJEHUS DJIEKTPOHOB B KBAaHTOBBIX SIMax W
KBAHTOBBIX TOYKAX



6. Haxoxnenue BONHOBOM (YHKIIMU DIEKTPOHA B KBAaHTOBOW siMe (KBaHTOBOM
TOYKE) Ha OCHOBE pewenus ypasHeHus Ll penunrepa.

7. OnpeneneHne HEPreTUUECKOTO CIEKTpa KBAHTOBOW SIMBbI (KBAHTOBOM TOYKH) B 3aBUCUMOCTHU OT
[IapaMeTPOB CTPYKTYPhI U IPUIIOKEHHOIO K HEH HallpsDKEHUS] CMELICHHUS.

8. MogenupoBanue TNPOXOKIACHUS (OTOHOB yepe3 IONyIPOBOAHUKOBBIE  ONTHYECKUE
HAHOCTPYKTYPBI

9. HaxokneHue 2MeKTpOMarHuTHOIO MOJIs B TOJIYIPOBOAHUKOBOM ONTHYECKOHM MHUKPOCTPYKTYpeE Ha
OCHOBE PEIICHUS ypaBHEHUN MakcBeia.

10. Beruucnenue 3aBUCUMOCTH KOX(QUIMEHTA MPOIYyCKAaHHUS OT [UIMHBI BOJHBI HAJIETAIOIIUX Ha

CTPYKTYpY (pOTOHOB.
11. OmnpeneneHre Pe30HAHCHBIX UIMH BOJH M JOOPOTHOCTH CTPYKTYpHl B 3aBHCHMOCTH OT €€
apameTpoB.

12. MogenupoBaHue  CHEKTpa  MPOCTEHIIMX  OJHOMEPHBIX  ONTHYECKHUX  PE30HATOPOB

13. HaxoxzaeHHe JIEKTPOMATHUTHOTO IOJS B OJHOMEPHOM ONTHYECKOM MHKpPOPE30OHATOpE Ha
OCHOBE PEIICHUS ypaBHEHUN MakcBeia.

14. OmpeneneHue ONTHYECKOTO CIEKTpPa pE30HATOpa B 3aBUCHUMOCTH OT €ro IapaMeTpoB.

15. MopenupoBaHue CIEKTPA MUKPOIHUCKOB

16. HaxoxneHne >IEKTPOMarHUTHOIO TOJII B ONTHYECKOM MUKPOIHUCKE Ha
OCHOBE PEIICHUS ypaBHEHUN MakcBeiua.

17. OmpeneneHue ONTUYECKOTO CIEKTpa MHUKPOIMCKA B 3aBHCHUMOCTH OT €ro MapameTpoB.

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.
1. MonenupoBaHue TpaHCIIOPTa IEKTPOHOB Yepe3 PE30HAHCHO-TYHHEIIbHBIE HAHOCTPYKTYPbI

2. MOI[CJ'II/IpOBaHI/Ie KBAHTOBOMCXAHUYCCKOI'O MOBCACHUA IJICKTPOHOB B KBAHTOBLIX SIMAaX WU KBAHTOBBIX
TOYKax

[Ipumep 2.
1. MozaenupoBaHue CrIeKTpa MPOCTEHIITNX OHOMEPHBIX ONTHYECKHX PE30HATOPOB
2. MoznenupoBaHHe CIIEKTPa MUKPOANCKOB

Kpurepun onennBanus
10 6aimnos — (ITIPEBOCXO/IHO):

*  CHCTEMaTU3MPOBaHHbIC, IIyOOKHE M TOJIHBIE 3HAHMS 10 BCEM paszeiaM y4eOHOH MporpamMel, a
TaKXe [0 OCHOBHBIM BOIIPOCaM, BBIXOIAIIUM 3a €€ IPEIEIbI;

° TOYHOC MHCIIOJIb30BaHHUC Haquoﬁ TCPMUHOJIOTUHA (B TOM 4YHCJIC Ha HWHOCTPAHHOM $I3BIK€),
CTUJIMCTUYCCKHU T'PaMOTHOEC, JIOTUYCCKHU MTPABUIJIBHOC U3JI0KCHHUE OTBETA HAa BOIIPOCHI;

*  OesympeuHOoe BIAJICHUE HHCTPYMEHTapHeM Y4eOHOW IUCIMIUIMHBI, yMeHHe ero 3(QeKTHBHO
HCIOJIB30BaTh B MIOCTAHOBKE M PEILICHUH HAyYHBIX U MPO(GECCHOHANBHBIX 3a1a4;

. BBIP@XXEHHAs! CIIOCOOHOCTh CaMOCTOSTEIbHO M TBOPYECKU peEIIaTh CIOXKHBIE NPOOJIEMBI B
HECTaHJAPTHOW CUTYyalUu;

*  MOJIHOE W TIIyOOKOE YCBOGHWE OCHOBHOM M JOTOJHHUTENBHOHM JUTEpaTyphl, PEKOMEHIIOBAHHOM
y4eOHO mpoTrpaMMOi TUCITUTUINHEI,

¢ YMCHHC OPUCHTUPOBATHCSA B TCOPUAX, KOHICIIIUAX U HANIPABJIICHUAX I10 I/13y‘laeM0ﬁ JUCIHHUIIIIMHE U
AaBaTb UM KPUTUYCCKYIO OLICHKY, UCII0JIb30BAaTh HAYYHBIC JOCTHIKCHUA APYTUX NUCHHUILINH,

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

9 6amnoB — (OTJIMYHO):

* CcHCTEMaTU3UPOBAHHbBIEC, ITTYOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zieiaM yueOHOH MporpaMmbl;

. TOYHOE HCIOJIb30BAHUE HAYYHOM TEPMHHOJIOTMU (B TOM 4YHCIIE HAa HWHOCTPAHHOM SI3BIKE),
CTHIMCTHYECKH I'PAaMOTHOE, JIOTHUECKH MPABUIbHOE N3JI0KEHNE OTBETA HAa BOIPOCHI;

*  BIIAJICHUEC MHCTPYMEHTapueM y4eOHOW IMCLUIUIMHBL, yMEHHE ero 3(p(EeKTHBHO HCIIOIb30BaTh B
MOCTAHOBKE M PELICHUH HAyYHBIX M MPO(PECCHOHANBHBIX 3a1a4;



*  CIIOCOOHOCTH CaMOCTOSITEIbHO W TBOPYECKH PEIIaTh CIOXKHBIE MPOOJIEeMbl B HECTaHIAPTHON
CUTyallud B paMKaxX y4eOHOW MporpaMMsbl, IIOJHOE YCBOGHHE OCHOBHOW M JIOTIOJHHUTEIBLHON
JUTEpaTyphl, PEKOMEHA0BAaHHON Y4eOHON MpOrpaMMOil TUCIUITIINHEI;

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

*  caMocCToATeNbHas paboTa Ha MPAKTUYECKHX, JIAOOPATOPHBIX 3aHATHUSAX, TBOPUYECKOE ydacTHE B
IPYNIIOBBIX 00CYKACHUSAX, BHICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 3aJaHHMH.

8 6amnoB — (IIOUYTHU OTIIMYHO):

* CHCTEMaTU3UPOBaHHbIEC, ITYOOKHE U MOJHBIC 3HAHUS IO BCEM MOCTABICHHBIM BOIIPOCaM B 00bEMe
y4eOHOH MPOrpaMMbl;

*  HCIOJIb30BAaHME HAy4YHOM TEPMUHOJIOIMM, CTHIMCTUYECKU IPAMOTHOE, JIOIMUECKU IPaBUIIbHOE
W3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHHUE JeJIaTh 000CHOBaHHBIC BHIBOJIBL;

* BIQJICHUE WHCTPYMEHTapueM yueOHOH AMCUMIUIMHBI (METOAaMU KOMILJIEKCHOTO aHaJN3a, TEXHUKOM
MH(QOPMAIMOHHBIX TEXHOJOTHI), YMEHHE €ro HCIOJIb30BaTh B IOCTAHOBKE W PEIICHHM HAyYHBIX U
npoeCCHOHANBHBIX 337a4; CIOCOOHOCTh CaMOCTOSTENBHO pPELIaTh CIOXKHBIE MPOOJEMBI B paMKax
y4eOHOH MPOrpaMMbl;

*  YCBOCHHME OCHOBHOW W JIOTOJIHUTEIHLHOW JINTEPATYphl, PEKOMEHIOBAHHOW y4eOHOM mporpammon
JVCLUUTUIHHBL,

*  YMEHHME OPHUEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHLENLMAX M HANpaBICHUIX 10 U3ydaeMO
JUCUMIUIMHE W JaBaTh MM KPUTHYECKYIO0 OLEHKY C MO3ULMHA TOCYIapCTBEHHOW HAeonoruu (mo
JUCLUIUIMHAM COLUAJIbHO-I'YMaHUTAapHOIO LIUKJIA);

* aKTHBHAs CaMOCTOSTENbHAs paboTa Ha MPAKTUYECKUX, JTa0OPATOPHBIX 3aHATUAX, CUCTEMATHUECKOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 33 JaHHMA.

7 6anoB — (OYEHb XOPOLIO):

* CcHCTEMaTU3MPOBAHHbBIEC, ITTYOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zieiaM yueOHOH MporpaMmbl;

* HCIOJb30BAHUE HAYYHOW TEPMUHOJIOIHHU (B TOM YHCIE HA HHOCTPAHHOM S3BIKE), TUHTBUCTHYECKU U
JIOTMYECKH MPAaBUIIBHOE M3JI0’KEHHE OTBETA Ha BONIPOCHI, YMEHHUE JeNIaTh 000CHOBaHHBIE BBIBOIBI;

* BJIQJICHUE MHCTPYMEHTapueM y4eOHOI AMCIMIUIMHBI, YMECHHE €r0 MCIHOJIb30BaTh B MOCTAHOBKE U
pEIIeHUH HAay4YHbIX U NMPO(eCCHOHANBHBIX 3a1ay;

* YCBOCHHME OCHOBHOW W JIOTOJIHUTEIBLHOW JIUTEPATypbl, PEKOMEHIOBaHHOW y4eOHOH mporpammon
JUCLUIUIMHBL,

*  yYMEHHME OPUEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHLENLMAX M HAIpaBICHUIX 0 U3ydaeMOM
JUCLUUIUTMHE U JaBaTh UM KPUTHUECKYIO OLEHKY;

*  caMmocCTosTelbHasg padoTa Ha MPAKTUUYECKHX, JaOOpPaTOPHBIX 3aHATHUSX, Y4acTHE B TPYMIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHHS 33/1aHHH.

6 6autoB — (XOPOILO):

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

*  HCHOJIb30BaHUE HEOOXOIUMOH HAay4YHOW TEPMHMHOJOIMH, CTHJIMCTUYECKH I'DAaMOTHOE, JOTHYECKU
MPaBUIILHOE U3JIOKEHUE OTBETA Ha BOIPOCHI, YMEHHE AeNaTh 000CHOBAaHHbBIE BHIBOJBL;

*  BJIQJICHUE MHCTPYMEHTapueM Y4eOHOH NMCHMIUIMHBI, YMEHHE €ro HCIOJIb30BAaTh B PEIICHUH
y4eOHBIX U MpOo(hecCHoHaIbHBIX 337a4; CIOCOOHOCTh CAMOCTOSTENILHO IPUMEHSTh THIIOBBIE PELICHHUS
B paMKax y4eOHOW MpOrpaMMel;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTUHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIENIUSAX M HANpPaBICHUSAX IO HM3ydaeMoil
JUCUMIUIMHE W JaBaThb HM CPaBHHUTEIBHYIO OLICHKY; AaKTHBHAs CaMOCTOATENbHas palboTa Ha
MPAaKTHYECKUX, J1a0OPaTOPHBIX 3aHATHAX, NEPHOANYECKOE ydacTHe B TPYMIOBBIX OOCYXICHHUSX,
BBICOKHUH YPOBEHB KYJIBTYPbI HCIIOTHEHUS 3aJaHUH.

5 6amnoB — (IIOYTHU XOPOILO):

* JIOCTaTO4YHbIC 3HAHUA B 00beMe yueOHOM MPOTrpamMMmBl;

*  HCIOJIb30BAHHE HAYYHOW TEPMHMHOJIOTMH, CTHIMCTHYECKH TPaMOTHOE, JIOTMYECKH IMPaBUIIBHOE
U3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHUE J€J1aTh BBIBOIbI;

*  BIQJICHHE MHCTPYMEHTapueM Y4eOHOH NMCHMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B PEIICHUH
y4eOHBIX U TPOEeCCHOHAIBHBIX 33/1a4;

* CrOCOOHOCTH CAMOCTOSATEIBHO MPUMEHATH THUIIOBBIE PELICHHUS B PAMKax Y4€OHON MPOrpaMMbl;

* YCBOCHHME OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  YMEHHE OpPHUEHTHPOBAThCS B 0A30BBIX TEOPHUSIX, KOHUEIIMAX M HANPABICHUAX [0 HM3y4aeMOM
JUCLUIUIMHE U JaBaTh UM CPAaBHUTEIBbHYIO OLEHKY;



*  caMmocCToATeNlbHas paboTa Ha NMPAKTUYECKHX, JJAOOPAaTOPHBIX 3aHATHSX, y4acTHE B TPYMIIOBBIX
00CYXIIEHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJHEHUS 3adaHUH.

4 6amna — (YOBJIETBOPUTEJIBHO), 3AYTEHO:
* JIOCTaTO4YHBIN 00BEM 3HAHUN B paMKax 00pa30BaTeIbHOIO CTAHJAPTA;
* YCBOCHHE OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBaHHOW y4eOHOM MpOrpaMMON AUCIUILINHBL

*  HCIIOJIb30BAaHUE HAYYHOW TEPMUHOJIOTMH, CTHIMCTUYECKOE U JIOTUYECKOE H3JIOKEHUE OTBETa Ha
BOTIPOCHI, YMEHHE JIeTIaTh BLIBO/IBI 0€3 CYIIECTBEHHBIX ONIHOOK;

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

¢ YMCHHC I10J pYKOBOACTBOM IIpCTIOAaBaTCyid pCllaTh CTAHAAPTHBIC (TI/IHOBLIG) 3aaa4u,

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

. paboTa mOA pPYKOBOJCTBOM IIPENOAABATeNs Ha IPAKTHUECKUX, J1a0OPAaTOPHBIX 3aHATHIX,
JOITyCTUMBIA YPOBEHB KYJIBTYPbl HCTIOIHEHUS 3aJaHHH.

3 6amna — (HEYJOBJIETBOPUTEJIBHO), HE3AYTEHO:
* HEJOCTAaTOYHO MOJHBIA 00bEM 3HAHMI B paMKax 00pa30BaTeIbHOTO CTaHJAPTa;
* 3HAHHME YaCTH OCHOBHOH JINTEPATypbl, PEKOMEHIOBAaHHON Y4eOHOH MPOrpaMMOi TUCIUILINHE;

° HCIIOJIBb30BaHHEC Hay‘lHOﬁ TCPMUHOJIOTUH, H3JIOKCHUC OTBCTAa Ha BONPOCHI C CYHICCTBCHHBIMU
JJUMHI'BUCTUYCCKHUMU U JIOTHYCCKHUMHA OHH/I6KaMI/I;

* cnaboe BiajeHHE WHCTPYMEHTapueM Y4eOHOW IUCHUIUIMHBI, HEKOMIIETCHTHOCTh B PELICHUH
CTaHJAPTHBIX (TUIOBBIX) 3a/1a4;

. HEYMEHUE OPUEHTUPOBATHCA B OCHOBHBIX TEOPUSX, KOHLECMIMSIX M HAMPABICHUSIX HU3Yy4aeMOMU
JIMCIIMILINHBI,

* TACCHBHOCTh Ha MPAKTUYECKUX U JIAOOPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhl UCTIONTHEHUS
3aJIaHUH.

2 6amra — (HEYIOBJIETBOPUTEJILHO):

* (hparMeHTapHBIC 3HAHUS B paMKax 00pa30BaTEIbHOTO CTaH/IaPTa;

. 3HaHWS OTACIBHBIX JINTEPATYPHBIX WCTOYHHMKOB, PEKOMEHIIOBAHHBIX Y4YeOHOH mporpamMmoin
JIMCIIMILINHBI,

® HCYMCHUEC HCIIOJIb30BATh HAYYHYIO TCEPMUHOJOIMIO AJUCHHUILIMHBI, HAJIN4YUC B OTBCTC FPYGBIX
CTUIHUCTUYCCKHX U JIOTHYCCKUX OH_II/I60K;

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KHHA YPOBEHB KYJIBTYPHl UCIIOTHEHUS
3aJaHni.

1 6amn — (HEVIOBJIETBOPUTEJIBHO):
* OTCYTCTBHE 3HAHMH M KOMIIETCHLIMI B paMKax 00pa30BaTeIbHOIO CTaHAapTa UM OTKa3 OT OTBETA.

5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

[Ipu nmpoBenenun sk3amMeHa oOyuwaromieMycsl HpeaocTaBisiercss 45 MHUHYT Ha mOArotoBkKy. Ompoc
oOyuarorerocs o Ouiery He AOJKEH MpeBbImars 60 MUHYT



