degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
A.C. barypun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: KBanrtoBoe MOACIINPOBAHUC HAHOCUCTCM
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)PIJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

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 "KBanToBOoe MonmenmpoBaHuE HaHOCHCTEM' MpelyCMAaTPUBAET H3JIOKEHHE NPUHIIUIIOB M METOAOB
KOMITBIOTEPHOTO MOJEJIMPOBAHMS TBEPAOTEIbHBIX HAHOCHCTEM, OCHOBAHHBIX HA KBAHTOBAHUM JBHKCHUS
AIIEKTPOHOB U ()OTOHOB.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- HU3JIOXKCHUC INPUHIOHUIIOB WU MCTOJOB KOMIIBIOTCPHOI'O MOACIHMPOBAHUA TBEPAOTCIILHBIX HAHOCUCTEM,
OCHOBAHHBIX Ha KBAHTOBAHUU NABUXKCHUS IJICKTPOHOB U (bOTOHOB.

33]13‘[1/[ JAUCHUIIINHBI

- TpuoOpeTeHHe ciymaTeas MU 0a30BbIX 3HAHMHW B OOJACTH COBPEMEHHBIX METOIOB YHCICHHOTO
pacueTa KBaHTOBBIX YCTPOWMCTB, BBIpa0OTKAa yMEHHUS aHAJIM3UPOBATh PAa3IUYHBIE  METOJBI
KOMIIBIOTEPHOTO MOAEIUPOBAHUS Ha NIPEIMET BBISIBJIICHUS UX IPEUMYLIECTB U HEJIOCTATKOB;

- oOydeHue ciymarenel NPUHOMIAM COCTaBICHHS KOMIIBIOTEPHBIX IPOTpaMM, peaU3yIOINX
OCHOBHBIE aJITOPUTMBI MOZIETUPOBAHUS TBEPAOTEIBHBIX CUCTEM;

- CTUMYJIMPOBaHHE CaMOCTOATEJBHOM palOThl CiymaTeleil ¢ OpUTHHAIBHBIMU  paboTamH,
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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3y/IbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0iacTh cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH craBuTh, GopMann3oBbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH — THIOTE3BI, CTPOHTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MareMaTHYeCKHe MOAEIM M ONHCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJIICHUI M MPOIECCOB, OIICHUBATH KAY€CTBO pa3padOTaHHON
aHaJIM3MPOBATh HAy4YHbIE MPOOJIEMBI, IOJIyYaTh |MOIEIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUecKue H (WIIH)
OKCIIEPUMEHTAIbHBIE METObI MCCICAOBAHNN K KOHKPETHOM
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pe3yabTaThl

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

B pesynbsrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HaTh:
- OCHOBHBIE aJITOPUTMbI KOMIIBIOTEPHOTO MOJICTIMPOBAHUS TBEPAOTEIBHBIX CUCTEM, UX MPEUMYILIECTBA
Y HEIOCTAaTKU;
- MPUHIUIBI Pa3pabOTKM KOMITHIOTEPHBIX MPOrpaMM Ha COBPEMEHHOM IPOTPAaMMHOM OOECIICUCHHH,
peaIn3yrouX OCHOBHBIE AITOPUTMBI MOJEIUPOBAHUS TBEPAOTEIHHBIX CUCTEM.

YMETh:
- pa3pabarbiBaTh KOMITBIOTEPHBIC IMPOTPAMMBbI, PEATH3YIOIMIUX OCHOBHBIE aJTOPUTMbI MOJICIUPOBAHHUS
TBEPAOTENbHBIX CUCTEM;
- HANIATHO TPEACTABIATH ITONYYCHHBIE PE3yNbTarhl C TIOMOINBID COBPEMEHHOTO TIpaUIecKOro
MPOrPaMMHOTO 00ecIIedeHUs K MYJIBTUMETUITHON anmapaTypbl;
- TIOJB30BaThCsl HEOOXOAMMOW yYeOHOW W HAyYHOH JHUTEpaTrypol s perieHws 3a7ad KBaHTOBOW
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
MopaenupoBaHue TpaHCIIOPTa 3JIEKTPOHOB
1 yepe3 PEe30HAaHCHO-TYHHEJIbHBIE 6 15
HAHOCTPYKTYPBI
MonenupoBanue
) KBaHTOBOMEXAaHUYECKOTO MOBEJCHUS 6 15
IEKTPOHOB B  KBAHTOBBIX sIMax U
KBaHTOBBIX TOUYKaxX
MopaenupoBanre NpoXoKIeHHS (HOTOHOB
3 yepe3 MOJIYNPOBOAHUKOBBIE OINTHYECKHE 6 15
HAHOCTPYKTYPBI
4 MonenupoBaHue CHEKTpa IPOCTEHIINX 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. HaxoxneHue BOJHOBOM (YHKLHMH SJIEKTPOHA B PE30HAHCHO-TYHHEIBHOW HAHOCTPYKTYpE Ha
OCHOBe penieHus ypasHeHus Llpenunrepa.

1.2. BeluncneHune 3aBHUCHMOCTH KO3(UIMEHTa NPOXOKICHUS OT HHEPrHM HAJIETAIOIMX Ha
CTPYKTYpY IEKTPOHOB.
1.3. OmpeneneHue 3HEPTrUM PE30HAHCHBIX YPOBHEH M MX HIMPUH B 3aBUCHMOCTH OT IapamMeTpOB

CTPYKTYPBI.

2. MOZ[GIH/IpOBaHI/IC KBAHTOBOMEXAaHUYCCKOI'O IIOBCACHUA DOJICKTPOHOB B KBAHTOBBLIX sAMaxX MU
KBAaHTOBBIX TOYKAX

2.1. HaxoxxneHne BOJHOBOWM (PYHKIUH 3JIEKTPOHA B KBAHTOBOHM siMe (KBaHTOBOM TOUYKE) 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. MonenupoBanue NPOXOXKACHUS (OTOHOB yepe3 MOJYNPOBOJHUKOBHIE — ONTHYECKHE
HaHOCTPYKTYphI

3.1. HaxoxeHue 3eKTpOMarHuTHOTO MOJIS B MOJIYIPOBOIHUKOBON ONTHYECKON MHUKPOCTPYKTYpE Ha
OCHOBE pEIIeHHs ypaBHEHNM MakcBesa.



3.2. Beluncienue 3aBHCUMOCTH KO3((UIMEHTa MPOIyCKaHUS OT AJIMHBI BOJHBI HAJETAIOMIMX Ha

CTPYKTYpY (pOTOHOB.
3.3. OmpeneneHne Pe30HAHCHBIX [UIMH BOJH M JTOOPOTHOCTH CTPYKTYpPHI B 3aBHCHMOCTH OT €€
apamMeTpoB.

4. MoznenupoBaHHe CIIEKTPa MPOCTEHIIINX OTHOMEPHBIX ONTHYECKHX PE30HATOPOB

4.1. HaxoxneHue 3JIEKTPOMarHUTHOIO IO B OJHOMEPHOM OINTHYECKOM MHKPOPE30HATope 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. HaxoxzaeHue 53JIEKTPOMarHUTHOTO TOJS B ONTHYECKOM MHUKPOJUCKE HA OCHOBE pEIICHUS
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)

CTyaeHT, TMpOCIyIIaBIIMK Kypc JEKIMH, JODKEH OBNAAETh OOIMMM IOHATUHHBIM anmapaTtoM 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
3aTPYIHEHUU HW3Y4YEeHUS OTAEIBbHBIX TEM, BOIPOCOB, CleIyeT oOpamarbcsi 3a KOHCYNbTalMeH 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

KBAJM(PUKAIMA: 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

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uncie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTreMaTHYeCKHe MOAEIM M ONHMCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHUI M MPOIIECCOB, OIICHNUBATH KAY€CTBO pa3pabOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKue H (WIIH)
OKCIIEPUMEHTAIbHBIE METOJbI MCCICAOBAHNN K KOHKPETHOM
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydenus quciuiuiiabl « KBaHTOBOE MOIETUPOBAHNE HAHOCHCTEM) O0YJarOIIHIACS TOJIKCH:

3HATh:
- OCHOBHBIC aJITOPUTMBI KOMITBIOTEPHOTO MOJIEIIMPOBAHUS TBEPAOTEIBHBIX CHCTEM, HX MPEUMYIIECTBA
Y HEJIOCTATKHY;
- TIPUHIHMIBL Pa3paOOTKH KOMIBIOTEPHBIX MPOTrpaMM Ha COBPEMEHHOM IPOTPAMMHOM OOECICYCHUH,
pean3yIOMNX OCHOBHBIC aITOPUTMBI MOJICITUPOBAHUS TBEPIOTEIBHBIX CHCTEM.

yMeThb:
- pa3pabaThIBaTh KOMITBIOTEPHBIE MPOTPAMMBI, PEAU3YIONINX OCHOBHBIC AJTOPUTMBI MOJCITUPOBAHUS
TBEPIOTEIBHBIX CHCTEM;
- HADISIHO TPEACTABIATH TONYyYEHHBIE pE3ylbTaThl C IMOMOIIBI0 COBPEMEHHOTO Tpadudeckoro
HPOrpaMMHOIO 00ECIICUeHHUS ¥ MYJIBTUMEUIHHOM anmaparypsl;
- TOJIb30BATHCS HEOOXOMUMOI y4eOHOW W HAay4YHOW JHMTEpaTypod MUIisi PEelIeHUs 3a/ad KBAaHTOBOM
TEOpUHU HH(OPMAITHH.

BJIaJIeTh:
- OCHOBHBIMH METOJIaMU KOMITBIOTEPHOTO MOJICIIMPOBAHHMS TBEPAOTEIILHBIX CUCTEM;
- HaBBIKAMH UCIIOJIb30BAaHMSI COBPEMEHHBIX MPOTPAMMHBIX CPEACTB JIJIsI BHITOJHEHUS PacYeTOB.

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

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromMMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC 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[GJ'II/IpOBaHI/Ie TpaHCIIOpTa J3JICKTPOHOB 4YCPC3 PC30HAHCHO-TYHHCJIBHBIC HAHOCTPYKTYPhI

2. HaxokIeHre BOTHOBOW ()YHKIIMH JIEKTPOHA B PE30HAHCHO-TYHHEITHHON

HaHOCTPYKType Ha OCHOBE peleHus ypaBHeHus lllpenunrepa.

3. Beruncnenue 3aBUCUMOCTH KO PHUIHEHTA NPOXOKACHUS OT SHEPIHU HAJIETAIOIIHNX Ha CTPYKTYPY
3JIEKTPOHOB.

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

5. MogenupoBaHue KBaHTOBOMEXAHHUYECKOTO IIOBENCHUS OJJIEKTPOHOB B KBAaHTOBBIX sSMax M
KBAHTOBBIX TOYKAX



6. HaxoxxneHne BOMHOBOH (YHKIIMW SIIEKTPOHA B KBAHTOBOH siMe (KBAaHTOBOMU
TOYKE) Ha OCHOBE pewenus ypasHeHus Ll penunrepa.

7. OnpeneneHue >HEPreTUIECKOro CHEKTpa KBaHTOBOH SMbI (KBAHTOBOM TOYKH) B 3aBUCHMOCTH OT
[IapaMeTPOB CTPYKTYPhI U IPUIIOKEHHOIO K HEH HallpsDKEHUS] CMELICHHUS.

8. MonenupoBanue NPOXOXKICHUA (POTOHOB yepe3 IOJIYIPOBOJHUKOBBIE  ONTHYECKUE
HAHOCTPYKTYPBI

9. HaxoxxeHue 21€KTPOMarHuTHOTO TMOJIA B MOJYIPOBOJHUKOBOM ONTHYECKOW MUKPOCTPYKTYpEe Ha
OCHOBE PEIICHUS ypaBHEHUN MakcBeia.

10. Boruncienue 3aBUCMMOCTH KO3(G(HIMEHTA MPOIYCKAHUS OT JAJIMHBI BOJHBI HAJICTAIOUIMX HA

CTPYKTYpY (pOTOHOB.
11. OmpeneneHue pe30HAHCHBIX JJIUH BOJH M JOOPOTHOCTH CTPYKTYpPHI B 3aBUCHMOCTH OT €€
apameTpoB.

12. MogenupoBaHue  CHEKTpa  IPOCTEHIINX  OJHOMEPHBIX  ONTHYECKUX  PE30HATOPOB

13. HaxoxzaeHue SIEKTPOMAarHUTHOIO MOJIA B OJHOMEPHOM ONTHYECKOM MHUKPOpPE30HATOpE Ha
OCHOBE PEIICHUS ypaBHEHUN MakcBeia.

14. OmpeneneHue ONTHYECKOTO CIHEKTpa pE30HATOpPa B 3aBUCUMOCTH 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[GJ'II/IpOBaHI/Ie KBAHTOBOMCXAHUYCCKOI'O IMOBCACHUSA 3JICKTPOHOB B KBAHTOBBIX AMaX WU KBAHTOBLIX
TOYKax

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

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

*  CHUCTEMaTU3UPOBAaHHbBIC, IIyOOKHE M MOJHBIE 3HAHUS IO BCEM pasjenaM y4eOHOIl mporpammsbl, a
TaKXe [0 OCHOBHBIM BOIIPOCaM, BBIXOIAIIUM 3a €€ IPEIEIbI;

° TOYHOC HCIIOJIBb30BaHHC Haquoﬁ TCPMUHOJIOTUHN (B TOM 4YHCJIC Ha HWHOCTPAHHOM $I3I>IKG),
CTUJIMCTUYCCKHU T'PaMOTHOEC, JIOTUYCCKHU MTPABUIJIBHOC U3JI0KCHHUE OTBETA HAa BOIIPOCHI;

*  Oe3ymnpedHoe BIAJCHHEC HHCTPYMEHTapHeM Y4eOHOW IWCIUILTUHBI, yMEHUE ero 3(pQPeKTHBHO
HCIOJIB30BaTh B MIOCTAHOBKE M PEILICHUH HAyYHBIX U MPO(GECCHOHANBHBIX 3a1a4;

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

*  TIOJHOE W IIIyOOKOE YCBOEHHE OCHOBHOW M JOMOJHHUTENBHON IUTEparyphl, PEKOMEHJIOBAaHHOMN
y4eOHO mpoTrpaMMOi TUCITUTUINHEI,

* yMEHHE OPHUEHTHPOBATHCS B TEOPHAX, KOHLEHIMIX U HAPaBICHUIX 0 U3y4aeMOW AMCLUUIUIMHE U
JlaBaTh UM KPUTUUYECKYIO OLICHKY, UCII0JIb30BaTh HAYUHbIE JOCTHKEHUSI JPYTUX JUCLUIUINH;

*  TBOpYECKas CaMOCTOSTEIbHAs paboTa Ha MPAKTUYECKUX, JTaOOPAaTOPHBIX 3aHATHSIX, 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 HCIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCJIE Ha HMHOCTPAaHHOM S3BIKE),
CTHIMCTHYECKH I'PAaMOTHOE, JIOTHUECKH MPABUIbHOE N3JI0KEHNE OTBETA HAa BOIPOCHI;

*  BJIAJICHUE MHCTPYMEHTapHueM Yy4eOHOW NUCLUIUIMHBI, yMEHHE ero 3(QQEKTUBHO HCIIOIL30BaTh B
MOCTAHOBKE M PELICHUH HAyYHBIX M MPO(PECCHOHANBHBIX 3a1a4;



*  CIOCOOHOCTb CAaMOCTOSITENIFHO M TBOPUYECKH pelIaTh CIOXKHBIC MPOOJIIEMBI B HECTaHAAPTHOM
CUTyallul B paMKax Yy4eOHOW TNporpamMMbl, IIOJHOE YCBOCHHE OCHOBHOM U JONOJHUTEIbHOM
JUTEpaTyphl, PEKOMEHA0BAaHHON Y4eOHON MpOrpaMMOil TUCIUITIINHEI;

*  YMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMUAX M HANpPaBICHUAX IO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  caMmocTosATeNbHas paboTa Ha MPAKTHYECKHX, JJAOOPAaTOPHBIX 3aHATHSAX, TBOPUECKOE ydacThE B
IPYNIIOBBIX 00CYKACHUSAX, BHICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 3aJaHHMH.

8 6amnoB — (IIOUYTHU OTIIMYHO):

* CHCTEMaTU3WPOBaHHbBIC, IyOOKHE M IOJHBIC 3HAHMS [0 BCEM IOCTABJICHHBIM BOIpOcaM B 00beMe
yueOHOM IporpaMMBl;

*  HCIOJb30BaHUE HAYYHOH TEPMHUHOJIOTMH, CTWJIMCTUYECKH I'PaMOTHOE, JIOTMUYECKU IPaBUIIBHOE
W3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHHUE JeJIaTh 000CHOBaHHBIC BHIBOJIBL;

* BJIAJICHUE MHCTPYMEHTApHEM YUeOHOU IUCHUILTUHBI (METONAMHU KOMIUIEKCHOTO aHajn3a, TeXHUKOM
MH(QOPMAIMOHHBIX TEXHOJOTWH), YMEHHE €ro HCIOJIb30BaTh B IOCTAHOBKE M PEIICHUHM HAyYHBIX U
npoeCCHOHANBHBIX 3a7a4; CIIOCOOHOCTh CAMOCTOSITENIFHO pPEeIIaTh CIIOKHBIE NPOOIEMBI B PaMKax
y4eOHOM porpaMMBl;

*  YCBOCHHME OCHOBHOW W JIOTIOJHUTEIHLHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCLUUTUIHHBL,

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOM
JUCUMIUIMHE W JaBaTh MM KPUTHYECKYIO OLIEHKY C IO3WIHUI TOCyJapCTBEHHOH wHIeojaoruu (1o
JUCLUIUIMHAM COLUAJIbHO-I'YMaHUTAapHOIO LIUKJIA);

* AaKTUBHAas CaMOCTOsTENIbHAs paboTa Ha MPAKTHYECKUX, JTa0OPATOPHBIX 3aHATUSIX, CHCTEMAaTHUECKOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 33 JaHHMA.

7 6anoB — (OYEHb XOPOLIO):

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

* HCIIOJB30BaHME HAYYHOUW TEPMUHOJIOTHH (B TOM YHCJIE€ HA HHOCTPAHHOM SI3bIKE), IMHIBUCTUYECKH H
JIOTMYECKH MPAaBUIIBHOE M3JI0’KEHHE OTBETA Ha BONIPOCHI, YMEHHUE JeNIaTh 000CHOBaHHBIE BBIBOIBI;

* BJAJCHHE MHCTPYMEHTapHeM y4eOHOW NUCHUIUIMHBI, YMEHHE €ro HMCIOJIb30BaTh B IMOCTAHOBKE U
pEIIeHUH HAay4YHbIX U NMPO(eCCHOHANBHBIX 3a1ay;

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

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

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIA0OOPATOPHBIX 3aHATHSX, Y4acTUE B TPYNIIOBBIX
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;

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJb30BaTh B PEIICHUU
y4eOHBIX U MPodecCHOHANBHBIX 3a[a4; CIIOCOOHOCTh CAaMOCTOSATEIEHO MPUMEHSITh TUIIOBBIE PEIICHUS
B paMKax y4eOHOW MpOrpaMMel;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTUHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIEMUIUSAX M HANpaBICHUSAX MO H3ydaeMOi
JUCUMIUIMHE W JaBaTh MM CPaBHHUTEJIbHYIO OLICHKY; AaKTHBHAas CaMOCTOsSTElIbHas pabora Ha
MPaKTHYECKUX, J1a0OPAaTOPHBIX 3aHATUAX, IMEPUOAMYECKOE YYaCTHE B TPYHIOBBIX OOCYKACHUSX,
BBICOKHUH YPOBEHB KYJIBTYPbI HCIIOTHEHUS 3aJaHUH.

5 6amnoB — (IIOYTHU XOPOILO):

* JIOCTaTO4YHbIC 3HAHUA B 00beMe yueOHOM MPOTrpamMMmBl;

*  HCHOJNb30BaHHME HAYYHOM TEPMHUHOJOTHH, CTHJIMCTUYECKHM TI'PaMOTHOE, JIOTMUECKH MpPaBHIBHOE
U3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHUE J€J1aTh BBIBOIbI;

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJb30BaTh B PEIICHUU
y4eOHBIX U TPOEeCCHOHAIBHBIX 33/1a4;

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

* YCBOCHHME OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  YMEHHE OPHUEHTHPOBATHCS B 0A30BBIX TEOPHUSX, KOHUEHIMAX M HANPABICHUSAX IO H3Y4aeMOM
JUCLUIUIMHE U JaBaTh UM CPAaBHUTEIBbHYIO OLEHKY;



*  camocTosTeNnbHas padoTa Ha IMPAKTHUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYyIMIIOBBIX
00CYXIIEHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJHEHUS 3adaHUH.

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

*  HCIONb30BAaHHWE HAYYHOU TEPMUHOJIOTMH, CTUIMCTUYECKOE U JIOTMUECKOE H3JI0KEHUE OTBETa Ha
BOTIPOCHI, YMEHHE JIeTIaTh BLIBO/IBI 0€3 CYIIECTBEHHBIX ONIHOOK;

*  BIAJICHUE HMHCTPyMEHTapHeM y4yeOHON IMCIUIIMHBL, yMEHHE €ro HCIOJb30BaTh B PEIICHUU
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

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

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

. paboTa mOA PYKOBOJACTBOM IIPENOAAaBaTelIsl HAa MPAKTUYECKHUX, Ja0OpaTOPHBIX 3aHATHAX,
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;

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

¢  ciaboe BIAJIEHUE HMHCTPYMEHTapueM Y4YeOHOH AMCIMIUIMHBI, HEKOMIETEHTHOCTb B PEIICHHU
CTaHJAPTHBIX (TUIOBBIX) 3a/1a4;

. HEYMEHUE OPHUEHTUPOBATHCSI B OCHOBHBIX TEOPHUSX, KOHLECMIUSAX W HANpaBICHUSX H3ydaeMoul
JIMCIIMILINHBI,

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

2 6amra — (HEYIOBJIETBOPUTEJILHO):

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

. 3HAHWS OTAETBHBIX JINTEPATYPHBIX HCTOYHUKOB, PEKOMEHJIOBAHHBIX YYEOHOW MPOrpaMMOin
JIMCIIMILINHBI,

® HCYMCHUC HCIIOJIb30BaTh HAYYHYIO TCPMHHOJIOTUIO IAUCHUIUIMHBI, HAJIUYHUEC B OTBETC FPYGBIX
CTUIHUCTUYCCKHX U JIOTHYCCKUX OH_II/I60K;

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

1 6amt — (HEYIOBJIETBOPUTEJILHO):

* OTCYTCTBHE 3HAHWH M KOMIIETCHIIUH B paMKax 00pa30BaTebHOIO CTaHapTa Uik OTKa3 OT OTBETA.

5. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

IIpu nmpoBeneHun 3k3amMeHa oOydaromiemycsl IpeAocTaBisercs 45 MHHYT Ha HOATOToBKY. Ompoc
oOyuarorerocs o Ouiery He AOJKEH MpeBbImars 60 MUHYT



