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

YTBEPXKJAEHO
JupexTop HHCTUTYTA HAHO-, 0KO-,
HH(POPMALMOHHBIX, KOTHUTHBHBIX
U COLMOTYMAHUTAPHBIX HAYK U
TeXHOJIOTUH

T.E. I'puropses

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: MaremaTi4yecKme 3a1a4u TeOPHH HAHOCTPYKTYP

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuatosa
Kadenpa matemaTHky 1 MaTeMaTH4eCKUX METOIOB PU3UKU

Kypc: 4

KBaJIMpUKALUS: GakanaBp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
7 (ocennwuil) - luddepeHnpoBanHblii 3a4eT

8 (Becennuii) - 3auer

AynutopHbIX 4acoB: 90 Bcero, B TOM 4HCIIE:
nexuuu: 60 gac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 90 yac.
Bcero gacos: 180, Bcero 3au. en.: 4

KonmnuecTBo KOHTpONBHBIX paboT, 3ananuil: 4

[Iporpammy cocraBui: C.1O. lobpoxoros, 1-p ¢u3.-Mar. HayK, npodeccop, 3aBenyromuii kKapenapoi

[Iporpamma obcyxnena Ha 3aceqannu Kadenpsl MmareMaTuku 1 MaTeMaTHueckux MetonoB ¢pusuku 20.03.2023



AHHOTANMA

MeTtoaunueckas Lelb Kypca - HILTIOCTPalis BO3MOXKHOCTH ITOCTPOECHHSI ACHMIITOTHKO-YHCIIEHHBIX AJITOPUTMOB
JUIS ONMCAHUS BOJHOBBIX IIPOIECCOB B OOBEKTaX TAaKOro0 cOpTa, a Takxke (HOpPMHPOBAHHME y CTYIEHTOB
npo(eCCHOHANBHBIX ~ KOMIIETCHIMH, CBS3aHHBIX C  HMCIOJNB30BAaHMEM  METOJOB  MAaTreMaTH4eCKOro
MOJEJIUPOBaHMsl B PEIICHUM 3ajad KOMIIbIOTEPHOIO [u3aliHa HAHOCTPYKTYp M YMCIEHHOIO pacdera HX
PaBHOBECHBIX T€OMETPUUYECKUX MApaMETPOB U (PU3HUECKUX XaPAKTEPUCTHK.

1. leau u 3apauu

Meap AUCUMNIMHBI

- OCBOEHHME METOJIOB HAXOXAECHUS AaCUMIITOTUYECKUX PEIIEHUHN YpaBHEHUIN HU3KOPa3MEPHBIX CTPYKTYp
YpaBHEHUI KBAaHTOBOM MEXaHWMKU B HCKPHUBIICHHBIX KBAaHTOBBIX BOJHOBOJAX THUIIA TOHKHX TPYyOOK U
IUICHOK, B rpadeHe, a Takke ONM3KUX 3a7a4 THAPOAUHAMHUKY U ONITHUKH.

3agauyu AMCHUILINHDBI
- OCBOCHHME METOOB TeopuH (YHKIMH OT HEKOMMYTHPYIOIIMX OIEPaTOPOB W WX IMPUMEHEHUS B
aanabaTHIeCKOM MPUOITNKCHIH,

- NPUMEHEHUE METOJOB MpPENBbIAYIIEr0 IMyHKTa Ui BbIBoJa 3()(EKTUBHBIX (pemyLHpPOBaHHBIX)
YPaBHEHMU 3a71a4 HU3KOPAa3MEPHBIX CTPYKTYP KBAHTOBOM U BOJIHOBOW MEXAHUKH;

- OCBOCHHE AaCHUMTOTHYECKHX UM TCOMETPHYECKHX METOAOB IOCTPOCHHUsS OBICTPOMEHSIOLINXCS
AaCUMNTOTHYECKUX PEIICHUH ypaBHEHUH KBAaHTOBOW MEXaHHMKH, B TOM YHCJIE€ B TOHKHUX TPYyOKax W
IUICHKaX, ypaBHeHus [upaka nist rpadeHa u OMM3KUX YpaBHEHUSX THIPOAUHAMUKYI U ONITUKH.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

OIIK-1.1 CrocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

(dyHIaMEHTATbHbBIC 3HAHUS, MIOJTyUCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

OIIK-1.2 CnocobeH CcTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIC PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIbTaTOB

npodeccuoHaIBHON 1S TeTbHOCTH

3. [lepeyens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCHHILUINHE (MOIYJII0)

B pe3ynbrare 0CBOCHUS AUCIMIUTMHBI 00yYatOINecst JOJDKHBI

3HATh:
[TocTraHOBKY 3aja4 U ypaBHEHHUI KBAaHTOBOM MEXaHUKH B HU3KOPAa3MEPHBIX CTPYKTYypax (KBaHTOBBIX
BOJIHOBOZAX M rpadeHe) ¥ ONM3KHX JIMHEHHBIX 3a1a4 THAPOAMHAMHUKH M OnTHKU. OnpeneseHus
ACUMITOTUYECKAX  PEUICHWH  ypaBHEHUH  HBONIOLMOHHBIX W  CTAllMOHAPHBIX  YpaBHEHUH
maremaruueckod  ¢gusuku. OmpeneneHuss  QYyHKUMH OT  HEKOMMYTHPYIOIIMX  ONEPaToOpOB,
niceBaoaAn (G pepeHINANTBHBIX ONEPaTopPOB € MapaMeTPOM, ONpeIeIeHIs] CHMBOJIOB Tr(depeHaIbHbIX
u ncepnonuddepenmanbabix omneparopo. Meton BKB u nyueBbie paznokenusi. Anmadarudeckoe
npuOIIKeHUe B orepaTopHoi (opme. [eomeTprudeckne U TONOIOTUYECKUE OOBEKTHI, BOSHUKAIOIIUE
OpU  MOCTPOCHUHM OBICTPOMEHSIOIINXCS ACHMITOTHK- JIarPaHXKeBbI MHOrooOpaszust B (a3oBBIX
NpOCTpaHCTBax, MHIEKCH MacnoBa u Mopca. OmnpeneneHne KaHOHMYECKOTO oreparopa Maciosa.
VenoBusi kBaHTOBaHUsS bopa-3omMmepdernbia B MHOIOMEPHBIX 3aJa4aX W €ro CBsS3b CO CIEKTPOM
OIepaToOpOB KBAHTOBOI MEXaHHKH.

YMETh:




Paborare ¢ npocteiimmmu GopmynamMu Teopur (YHKIMA OT HEKOMMYTHPYIOIIHUX OIEpPaToOpoB -
BBIYHMCIISITh CHMBOJIBI IPOM3BEACHUs, OoOpaTHOro ormeparopa. IIpoBoauTe penykuuio (mpouenypy
MOHIKEHUS Pa3MEPHOCTH) B 3a7a4ax ¢ HU3KOPa3MEPHBIMHU CTpYKTypamMu. HaxonuTs acuMnToTHueckue
OBICTPOMEHSIOIINECS] PELICHNS YPaBHEHHWH KBAHTOBOW MEXaHUKH HHU3KOPAa3MEpPHBIX CTPYKTYp U
ONMM3KMEe AaCHUMOTOTHYECKUE pEIICHUS TUAPOAMHAMUKA M ONTUKMA clieAylommx 3azad.  [ns
9BOJIIOLIMOHHBIX YpPaBHEHUH: HaXOAUTh aCUMITOTHYECKHE pelleHus 3azauu Komm ¢ HavaabHBIMU
YCIIOBUSIMH B BHJAE OBICTPOOCHMJUIMPYIOIIMX BOJHOBBIX MAaKeTOB M B BUAE ObICTPOYOBIBAIOIIMX
¢bynkmid.  JlIs  cTanMOHApPHBIX 3a7ad  HAXOAWTh KBA3WKJIACCHMYECKHE CHEKTpalbHbIE CEpHU
(acumnToTHUECKHE COOCTBEHHBIC 3HAYEHUS M (YHKUMH) KBAHTOBO-MEXAHUYECKUX OIEPATOpOB H
acUMIITOTUKY 3afad paccesHus. Haxoaure mnpencTaBieHUs] aCUMITOTUYECKUX pEIIEHUN B
OKPECTHOCTHU MPOCTEHIINX (POKATBHBIX TOYCK U KAYCTHK.

BJIAJIETh:

DneMeTapHbBIMH KOHCTPYKTUBHBIMHU (OpMyJIaMH TEOPUH (PYHKIMHA OT HEKOMMYTHPYIOIIUX OIIEPaTopOB.
KBasukinaccuueckum npuOIKeHnEeM U ero 0000IeHUIMH B MHOTOMEPHOM CUTyaluy Ul MOCTPOSHUS
OBICTPOM3MEHSIOIIUXCS] PEIICHUI 3BOJIIOLMOHHBIX W CTAllMOHAPHBIX 3a/lad YPaBHEHUI KBaHTOBOM
MEXaHUKU U OJM3KUX JTUHEHHBIX 33/1a4 THAPOANHAMUKN U OTITHKHU.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTs pabora

Anmnabatnueckoe MpHUOJINKEHNE B
oneparopHoil ¢opMe U  IOHWKEHHE
pasmMepHocTH B 3ajgadax  (U3UKHU

HAHOCTPYKTYD.

ACUMITOTUKH pelieHus
Qg QepeHIanTbHbIX "
nceBaonupGepeHUAILHBIX YPAaBHEHHUN C 4 2 5
MOMOIIBI0  KaHOHHYECKOTO  Oreparopa
Macnosa.

ACHMNTOTMKM  peUIeHus 3aJa4d o
pacnpocTpaHEeHHH BOJHOBBIX IIaKETOB,
3ala4d  paccesHUus W  CIEKTPaJIbHBIX 4 2 5
3amay B HaHOTpyOkax u rpadene. dDaza
beppu.

JlarpanxeBsbl MHOTO00Opa3us u
KaHOHWYECKUH oreparop Maciosa B 4 2 5
OJJTHOMEPHOM ClIyyae.

Maremaruyeckue TOCTaHOBKM  3ajad
KBaHTOBOM MEXaHHMKH HHU3KOPa3MEpPHBIX 4 2 5

CTPYKTYP.

Metox BKb s ypaBHeHHN KBaHTOBOW
MEXAHHKH.

OyHKUMHU oT HEKOMMYTHUPYIOILIUX
OTIepaTopoB u 4 3 10
ncesaonupepeHunaIbHbIe yPaBHEHHUS.

ACUMIITOTUKA BOJIHOBBIX IIAKE€TOB MU
BOJIHOBBIX ITyukoB. ®opmyna Ban drexa.

BonHbl 1 BUXpU Manol aMIUIUTYAbl Ha
MENKOM BOJE.




NHnekc © KAaHOHHWYECKUH  OIeparop
MacioBa B  MHOTOMEPHOM  CIlyyae.
10 |YcinoBue KBaHTOBaHUE 5 2 10
Bopa-3ommepdenbga B MHOTOMEpHOM
ciyJae.

Knaccuueckass m KBaHTOBas JUHaAMHUKa

1 cnuHa B HaHOTpyOKkax. Paza beppu.

JlarpamxeBsl ~ MHOrooOpasus W HX

12 o
CBOMCTBA B MHOTOMEPHOM CITy4ae.

CrauvoHapHble 3aaa4d. ACHUMITOTHKH
3amay paccesHuss u  QyHkous [puna.
CBsi3HBIC COCTOSHMS B HAHO IUICHKAaX U
rpadene.

13

Htoro yacos 60 30 90

IToaroroBka k sK3aMeHy 0 yac.

Oobmas TpynoEMKOCTb 180 gac., 4 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 7 (Ocennuii)

1. Agnabatuyeckoe NpHOIMKEHHE B ONEPaTOpHO (hopMe M MOHMKEHHE Pa3MEPHOCTH B 3a/1adax
(U3KMKH HAHOCTPYKTYP.

Marpuusnsle ncepaoanGpepeHnnaIbHbIe OIIepaTopsl u ypaBHEHHUSL. Marpuunsle
nceBaonupepeHIuaIbHbIe ONMEPaTopbl M YPaBHEHHS C ONEPAaTOPHO-3HAYHBIMH CHMBOJIAMH.
[Tpumeps! U3 GU3MKKM HU3KOpPA3MEPHBIX CTPYKTYp M TMAPOAMHAMHUKH «OmepaTtopHOe pasiereHne
MepEeMEHHBIX» U aguadaTndecKoe NpUOIHKeHHE.

OddexruBubie 'amunsronnansl u Tepmbl. [loncranoska [laiiepiica u pexykuus k 3pHeKTHBHBIM
ypaBHEHUSIM MeHblIel pasmepHocTH. Meton bopHa-Onnenreiimepa. [loHnxenne pasMepHOCTH
ypaBHeHus Jupaka amns rpadena. BeiBon 3 QeKTUBHOTO OMHOMEPHOTO ypaBHEHHS Il ABYMEPHOIO
KBaHTOBOT'O BOJIHOBO/Ia IEPEMEHHON IHPUHBL. BoccTaHOBIIEHNE PEIIEHUST UCXOAHOTO YPAaBHEHUS
10 PEUIEHNIO PENYLIHPOBAHHOTO.

2. Acumnrotuku pemieHus AuddepeHIManbHBIX M 1ceBaoanddepeHuInanbHbpIX  ypaBHEHUH C
IIOMOILIbI0 KAHOHUYECKOTI'O oreparopa Maciosa.

Oo6mas cxema penrenus 3aaaun Komm. AcCUMIITOTHKA perieHus 3a1adn Ko asist ofHOMEpHOTo
HecTarroHapHoro ypaBHenus Llpenunarepa u qpyrux (nceeno) audddepennnanbHbIX ypaBHEHHN
(;mHeapu3oBaHHOTO ypaBHeHus: Kopresera-ne Bpusa u ypaBHeHHI TOBEPXHOCTHBIX BOJIH C
Ha4YaJbHBIMU C HadaJIbHBIM ycioBueM B Buje (a) BKbB- BoimHOBOrO nmakera, (6) Ha4aabHOTO YCIIOBHS
B BUJIC IPOCTPAHCTBEHHO JIOKAIM30BaHHOH QyHKUM (hopmyna Tuma popmynsl Ban dneka), (B)
¢dbynkuuu Diipu (pemenue beppu-banaxa). MHBapuanTHbIC NarpaHKeBbl KPUBBIE U PELICHUS
CTalMOHAPHBIX OAHOMEPHBIX 3a1a4. OTHOMEpHas 3a/1a4a paccesHUsI B KBa3UKIACCHUECKOM
npubmpxenun. KBasukiaccnueckne aCHMITOTHKY IS CBA3HBIXCOCTOSAHUM. [lepemMeHHbIe
neiicrBue-yroin. Kiaccudukanms knaccuuecknx GUHUTHBIX JBHKEHUH ¢ TToMoIbio rpada Puba.

YcnoBue kBaHToBanusa bopa-3ommepdensaa u acumnToTHKa crekrpa (ricesno) nuddepeHuantbHbIX
OIIEPATOPOB B OAHOMEpHOM ciy4ae. llepmonmueckas 3amadya 1 ypaBHeHus Ilpenunrepa u
ACUMNTOTHKA OJTOXOBCKHUX (DYHKITHIA.

3. ACUMITOTHKH PEUICHHUS 3a/ladydl O PACIPOCTPAHCHUWU BOJHOBBIX ITAKETOB, 3a[a4d PACCESHUS U
CIIEKTpabHBIX 3a71a4 B HAHOTpyOKkax u rpadene. ®aza beppu.

AcHuMIITOTHKA peuicHus 3aaa4u 0 paCipOCTPAHCHHUH BOJTHOBBIX ITAKETOB B TOHKHUX KBAHTOBBIX



BOJIHOBOZIAX (HaHOTpyOKax). 3a7a4ya pacCessHUs U OTPa)KEHHE IIOCKOH BOJHBI OT 3ay>KEHHOTO
KOHIIa HaHO-TpyOKu. JIoBymIeuHbIe MOJIBI B HAHOTPYOKax u rpadeHe. bannucTiuueckuii TpaHCTIOPT B

HaHOTpYOKax. TpexMepHbIii KBAaHTOBBIM BOJHOBOJ B MArHUTHOM I10JI€: PEIYLIIPOBAHHOE YpaBHEHUE
Ha OCH TPYOKH U CIIEKTp UcxoHoro oneparopa Llpenunrepa

4. .Hal"paH)KeBLI MHOFOO6paSI/I$[ ¥ KaHOHHUYE CKHM orneparop MacioBa B OJHOMCPHOM Cliy4dac.

OHPCI[GJ'ICHI/IC JlarpaH’KeBa MHOFOO6paSI/I$I. BKB—pCH_ICHI/ISI B UMITYJIbCHOM NPCACTABIICHUU.

JlelicTBue, SKOOMaHBI, aMIUIUTYa, KapThl U pa30MeHHe eIUHMIBI Ha JIarpaH)KeBOM MHOI000pa3uu
(xpuBoii). CornacoBanne BKb-acumnroTnueckux mpeincTaBlieHHME W HHIEKC Macnosa.
Omnpenenenue u npuMepsl BeIUMCIeHUs uHAeKkca MacioBa. OnpeneneHne KaHOHU4YECKOro oreparopa
MacnoBa. MHBapHaHTHOCTb ONpeAeNcHHs] KAaHOHMYECKOTrO OIepaTopa YCJIOBHE KBAHTOBAaHUS
Opa-3ommepdenpaa. Kanonnueckuid omeparop MacioBa B OKPECTHOCTH  (DOKQIBHBIX TOYEK U
¢byHKUMs Dpu.

5. MareMaTn4ecKue II0CTaHOBKU 3aaa4y KBaHTOBOH MEXaHUKH HU3KOPA3MCPHBIX CTPYKTYP.

YpaBHEHHUS KBaHTOBOW MEXaHHKH B BOJTHOBOAAX. JKECTKHE U MATKHE CTCHKHU.
Pa3nenenune nepeMeHHBIX M YMEHBIIIEHUE PA3MEPHOCTH IS IPSIMOJIMHENHBIX BOTHOBOZOB U
Oe3maccoBoro ypaBHeHus Jupaka amns rpadeHa B CielUaibHbBIX CIIydasX.

6. Metox BKb 151 ypaBHEHUI KBaHTOBON MEXaHUKH.

[Tnockue Bonusl 1 BKb- an3zau. BriBon ypaBHenuii ['amunsrona —Akobu u nepeHoca.
WnTerpupoBanue ypaBHenuil ['aMmuinbsroHa-ko0u 1 iepeHoca ¢ MOMOLIbIO CUCTEMBbI | aMHUIIbTOHA.
Kanonnueckue npeobpazoBanus. [eoMerpuyeckas HHTEPIIPETALUs U MIOHITHE JIarpaHXeBa
MHoOrooOpasus. SIkoOuaH nepexona OT JIarpaH)KEBBIX KOOPAUHAT K 3iliepoBbIM. DoOKaNbHBIE TOUYKH.
[Ipumeps! pemenunil ypaBHeHUI raMmuisToHa U epeHoca. BKb-acumnrornueckne pemenus
HecTalnoHapHoro ypasHeHus IpenuHrepa ams oqHOMEpHOTo I'apMOHNYECKOTO OCIMIIIATOPA.
[penunrepa. Tounsle pemeHus ¢ KBagpaTHUHON (a3oii, NX KOMIUIEKCU(PUKAIIHS

u «perynsipuzoBanHas» pyakuus [‘puna. @ynkuus ['puna u npeodpazoBanue Oypre. O6xon
¢dokyca u nnaexkcsl Mopca u Macnosa. Metox cranoHapHO# (a3bl B OTHOMEPHOM CIIydae.
[IpeobpazoBanue @ypoe ot BKb-pemenusi, cBI3aHHOTO ¢ JarpaHKeBBIM MHOTOOOPa3HEM.

7. OyHKIUHU OT HEKOMMYTHUPYIOIIKUX ONEPaToOpoB U nceBaoaudpepeHIaibHbIe ypaBHEHHUS.

@OyHKUIMU OT HEKOMMYTHPYIOIIUX ONepaTopoB -niceBaoauddepenunansubie oneparopsl (11J10)

C MapaMeTPOM M UX CUMBOJIBL. YIIOPAJOUYCHUE ACHCTBHS onepaTopoB auddepeHunpoBaHus 1
YMHOXKEHHS Ha He3aBUCHMBIE TepeMeHHble. Onpenenenus uepes paasl Teinopa u npeodbpazoBanue
®ypoe. KBanToBanue cumsoios no Peitnmany-Macnoy u Beitmo. A30yka
ncesaonuddepeHInaIbHEIX onepatopoB. @opmyna cumBona npousBeaeHus. opmyna

kommyTtauuu I1JIO ¢ ObicTtpoocummmpyomeii skcrionenTod Popmyna xommyrtanuu [0 wu

KaHOHHYECKOTO ornepTopa Maciosa.
Cemecrtp: 8 (Becennuit)

8. ACUMNTOTHKA BOJHOBBIX ITAKETOB U BOJHOBBIX IMy4yKoB. Popmyna Ban dneka.

Oobmas cxema penieHus 3aaa4u Koy ¢ ToMoIpl0 KAHOHUYECKOTO orepaTopa. ACUMITTOTHKA
BOJTHOBBIX MakeToB. O0o0mIeHHas popmyna Ban ®neka. TpexmepHOe BOIIHOBOE YpaBHEHUE JIJIsS
BOJIHOBBIX ITyYKOB U €ro 000011eHns ¢ yuetoM aucnepcuu. beccenessl, Diipu- beccenessl myuku u
uX 0000IIeHHUS.

9. BonHbI 1 BUXpHU MaJION aMILUTUTYABlI HA MEJIKOU BOJIE.

JIvHeliHas cucTeMa ypaBHEHUN MEJIKOM BOJBI U PEAYKLHS K YPAaBHEHUSIM ISl BOJIHOBBIX U BUXPEBBIX



pemenuit. O000IIEHHBIN KAHOHMYECKUH oriepaTop. MacioBa U T0OKalu30BaHHbIE (DYHKIIUH C
napameTpoM. Meramop¢o3a penieHus, pacpocTpaHenue BosH. [IpocTpaHCTBEHHO-BpEMEHHbIE
kaycTuku. OOpa3oBaHKe 3aXBaYE€HHBIX BOJH. DOKAIbHBIC TOUYKH U BUXPH.

10. Manexc n KaHOHMYECKHI omeparop MacioBa B MHOTOMEPHOM cCiiydae. YCJIOBHE KBAaHTOBaHHUE
Bopa-3ommepdenbaa B MHOTOMEPHOM ClTydae.

Wnpexcet MaciioBa u Mopca B MHOroMepHOM citydyae. OnpezeneHre KaHOHHYECKOTO oIieparopa B
MHOTOMEPHOM ciy4ae. IHBapuaHTHOCTH OINpeEIeHNs] KAHOHUYECKOTO OIlepaTopa U yCIOBHE
kBaHToBaHuUs1 bopa-3ommepdenbaa. 3aMeHbl IEPEMEHHBIX B KAHOHUYECKOM OIIepaTope.
[IpumMepsl TOCTPOEHUS KAHOHMYECKOTO orepartopa. JlarpankeBbl MHOr0oOpa3usi oTBevaromiee
¢ynkuum beccensa. MHTerpanbHble MpeAcTaBIeHUS BOJTHOBBIX ()YHKIHN B OKPECTHOCTH

(oKaNIbHBIX TOUEK KayCTUK M crienanbhble Gynkuun. Oynknun Ditpu u [lupceu. DneMeHTs Teopun
KatocTpod W JarpamwkeBbl CcHUHTYIsIpHOCTH. @opmyma @Doka COOTBETCTBUS KaHOHUYECKUX
npeoOpa3oBaHWi M YHUTAPHBIX OMEPATOPOB B KBAHTOBOM U BOTHOBOU MEXaHUKH.

11. Knaccuyeckas 1 KBaHTOBasl JTMHAMUKA CIIMHA B HaHOTpyOKax. Daza beppwu.

AcuMIITOTHKA BOJTHOBOW (DyHKILIMM B TOHKMX KBAaHTOBBIX BOJHOBOJAX (HAHOTPYOKaxX) B MArHUTHOM
T0JIE JUIS OBOJIIOLMOHHBIX M CTALMOHAPHBIX 33/1a4 B BEKTOPHOM ciydae. YpaBHenue [laymu-
BprrukoBa-Pambsr B HaHOTpYOKax, pemayKius Ha och Tpyoku. ®aza beppu u apdexr
ApoHoBa-boMa B 3aMKHYTHIX HaHOTpyOKax. [lepeHOpMUpOBKA AP HEKTUBHOTO TaMIIIBTOHHAHA 1
SIBJICHHE TIepecedeHust TepMoB. [1epeBopoT cliHA M CIIUHOBBIH A0/,

12. JlarpaHkeBbl MHOTOOOpa3usl U MX CBOMCTBA B MHOT'OMEPHOM CIIy4ae.

DyeMeHTBI CUMIUIEKTHUYECKOM reoMeTpun. OnpeienieHue JiarpaHkeBbIX MHOToo0pa3uii B (ha3oBoM
IPOCTpaHCTBe, (YHKUH Ha HUX (JeHcTBHE, IKOOMaHbI, aMIIUTY/IbI) U UX cBoiicTBa. [Ipumepst
JIarpaHXeBbIX MHOT000pa3uil, JarpaHKeBbl CUHTYISIPHOCTH, ()OKATbHBIE TOUKH U KayCTHKH.

13. CranmonapHsbie 3a1auu. ACHMITOTHKY 3a/1a4 paccestHust U pynkimst [prnaa. CBS3HbIE COCTOSHUS
B HaHO IUICHKAaX U rpadeHe.

WnBapraHTHBIE TarpaH>KeBbl MHOTOOOPA3Hsl U CTAIMOHAPHBIE 331a4i. ACUMITOTHKH PelleH 3a/1a4u
paccessHus u ¢yHkuuu I'puna s ypaBHeHus lllpenunrepa. ACHUMOTOTHMKM peIIEHHsS — 3aJadd
paccestnus U ¢yHkuuu [puHa nist ypaBaenust Hupaka mist rpadena. ®asza beppu B MHOroMepHOi
cutyauuu. CBsi3HbIE COCTOSIHUS ¥ TOpBI JInyBuILIA.

Brnionne uHTErpupyeMble raMMIBTOHOBBI CUCTEMBI, IIEPEMEHHbIE NEHCTBUE YTod U TOpbl JIMyBUILIA.
Kanonnyeckuii onepatop Ha KOMIIAKTHBIX MHOTOOOpa3HsAX, KBa3sUMOABI, YCIOBHE KBaHTOBaHUS
bopa-3ommepdenbia 1 aCHMOTOTHKA CIIEKTPalIbHBIX cepuil. CIIEKTp KBAaHTOBBIX BOJIHOBOJOB THUIIA
HAHOIUICHOK B CKAJIIPHOM U BEKTOPHOM ciy4asix. CBS3HBIE COCTOSHUS B TpadeHe

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMO AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

yueOHast ayTUTOpHsI, OCHAIIEHHAs! MYJIbTUMEINA TIPOSKTOPOM U IKpaHOM. KOMIBIOTEPHI C MpOrpaMmmMont
“WolframMathematica”.

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. KBa3zuknaccuueckoe npuOImkeHue Ui ypaBHEHHM KBaHTOBOM MexaHuku [ Tekcr] : [yue6. mocobue
st By3oB] / B. I1. Macnos, M. B. ®enoprok .— M. : Hayka, 1976 .— 296 c.
2. Teopernuaeckas ¢usuka [Tekcr] : 8 10 T. T. 3 : KBantoBas mexanuka. HepensTuBucrckas Teopus :
yue0. mocobue /i By30B: pek. M-Bom obpazosanust P® / J1. /1. Jlanmay, E. M. JIudmwi ; mox pex. JI.
I1. [TuraeBckoro .— 6-¢ u3n., ucnp. — M. : Gusmarnurt, 2008 .— 800 c.



3. Oneparopusbie Metogibl [TekcT] : yue0. pyKoBOACTBO i By30B 1o crell. "[IpukmagHas MaremMaTuka”
/ B. II. MacnoB .— M. : Hayka, 1973 — 543 c.

®onp auTeparypsl Kadeaps
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JleHnHTrpaacKoro rocylapcTBEHHOro yHuBepcutera, 1985

6) B. Hazaiikunckuit, b. Crepuaun, B. [IlatanoB MeToasl HEKOMMYTaTUBHOTO aHayn3a, MOCKBa,
Texnocdepa, 2002

7.) Benog B. B., BopobseB E. M., COopHUK 32/1a4 TIO JOTIOTHUTEIBHBIM ITIaBaM MaTeMaTH4eCcKon
¢uzuku. [1 M.: Beicas mkona, 1978

8) M.S. Dresselhaus, G.Dresselhaus, P.,C.Eklund, Science of Fullerenes and Carbon Nanotubes,
Academic Press, San~Diego, 1996;

9) M. I. Katsnelson, Graphene: Carbon in Two Dimensions, Cambridge, 2012

10) JIndmuy E.M., ITuraeckuii JLII. Crarucruyeckas gusmuka. Yacts 2. Teopus KOHIEHCUPOBAHHOTO
coctosHus. — M.: @usmariut, 2004.— 496 c.

Cratbu
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Stationary states, Russ. Jour.Math.Phys., v.16, N4, pp.467-477, 2009

9) C.1O.lo6poxoros, I"Makpakuc, B.E.Hazalikuuckuii, T.A. Tynoposckwuii, HoBble

(opMyIIBI U1 KAHOHWYECKOTO oreparopa MacioBa B IByMEPHBIX KBa3UKIACCHUECKUX
ACHMIITOTHKAX, TeopeTrueckas u MareMaTnueckas pusuka, Tom 175, Ne , 2013, C.

10) C.}O.do6poxoroB, I H.Makpakuc, B.E.Hazaiikunckuii Kanonnueckwuii oneparop MacioBa, oiHa

dopmyna Xépmanjiepa U okanuzanus pemieHus: beppu-banaxka B Teopun BOJTHOBBIX MYyYKOB,

Teopernueckas u maremarndeckas ¢puzuka, Tom 180, Ne 2, 2014, C.162-188

JomnonHutensHas auTeparypa
®onp auTeparypsl Kadeaps

1) V.Gantmakher, Y.Levinson, Carrier Scattering in Metals and Semiconductors,
North-Holland, Amsterdam, 1987

2) A.B..boncunoB ®omenko A.T. Bpenenue B TOMOIOTHIO HHTET "PU Py "€ "MBIX
raMuiab—TOHOBbIX cucteM. M.: Hayka, 1997.

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

1. http://lib.mipt.ru— snekrponnas Ondmmoreka dusrexa.



2. http://www.Sci-lib.com — Bonbiiast Hay4yHast GubmuoTeKa.

3. http://www.eqworld.ipmnet.ru - Mathematical Equations - EQWorld ®u3uko-maremarnueckas
o6ubnuoreka. Kuuru B popmare DjVu u PDF. eqworld.ipmnet.ru

4. http://arXiv.org— CornellUniversityLibrary — bubnuorexa Koprenbckoro YHuBepcurera,
3NIEKTPOHHBIN pecypc arXiv.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha nekIimoHHBIX 3aHATHSIX JIEMOHCTPUPYIOTCS TIPE3CHTAINH C TIOMOIIBI0 MYJIBTUMEIHHHBIX
TCXHOJIOTHH.

B mporiecce caMoCTOSTENEHON paboThl 00yYaIONUECs MOT'YT UCIIOIb30BATh MPOTPAMMHBIC CPEICTBA
WolframMathematica, a takxke MATLAB, Mathcad,

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

JIJis yCTenHOro OCBOCHUS Kypca, TOMHUMO MOCCIIEHHS JISKIIUIA U CEMUHAPOB, OT CTYACHTOB TpeOyeTcs
caMmocTosTeNbHas paboTa B 00beMe HE MEHEe YeM TE 4Yachl, KOTOPbIC yKa3aHbl /Ul KaXIOro pasielia
mporpaMmbl. B OCHOBHOM, 3TO BpeMsi OTBOJAUTCS Ha CAMOCTOSATENILHOE PEIICHUE 3a/1a4, BbIIaBAEMBIX
Ha JICKIUSIX W TPAKTHYCCKHX 3aHATUAXK. CaMOCTOSATENbHBIC 3aHATHS BKIIOYAIOT B Ce0s Taroke
MOBTOPEHUE MaTepuayia JICKIMHA, CEMHUHAPCKUX 3aHATHH UM TOATOTOBKY K MPOMEKYTOYHBIM
TECTHPOBAHUSAM, KOTOPbIC TMPOBOISTCS IS TEKYIIEro KOHTPOJS 3a YCBOCHHMEM Marepuaia. Bcero
Mpe/ronaracTces MpPoOBECTH 3a 7 ceMecTp 2 TecTa, M 3a 8 cemecTp | TECT, BBIMOIHUTH MTOTOBYIO
KOHTPOJIbHYIO paboTy 10 peIIeHHIO 3a/1a4 B KoHIle 7 U 8 cemecTpoB. CTYIACHTbI, YCICUIHO MPOIICIIIHES
Bce (POPMBI MPOMEKYTOUHOTO KOHTPOJIS, JAOMYCKAOTCA K craade AuddepeHiimpoBanHoro 3ayera (B 7
ceMecTpe) 1 3aueTa (B § ceMecTpe) 1Mo IUCIUILTHHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SJHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuarosa
kadeapa MaTeMaTHKU ¥ MaTEMaTHYECKUX METOIOB (PU3UKH

Kypc: 4

KBaJIMpUKALUS: GakanaBp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
7 (ocennwuil) - luddepeHnpoBaHHblii 3a4€T

8 (Becennmuii) - 3auer

Pa3zpadorunk: C.1O. lo6poxoToB, a-p ¢puz.-mMaT. Hayk, npodeccop, 3aBenyronuii kapeapoi



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,

OIIK-1 CriocobeH npuMeHsTh HAMEYATD MyTH €€ PEIICHHS

(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B

npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

2. Iloka3arem OLleHUBAHUS KOMIIeTeHITHHA

B PE3YIbTATC HU3YUCHUA AUCHUIIINHBI «MareMarudeckue 3alaun TCOPHUU HAHOCTPYKTYP» O6y‘IaIOH_H/II\/’IC$I
JOJIKCH:

3HATb:

[TocraHOoBKY 3aja4 JUIs ypaBHEHUI KBAaHTOBOM MEXaHUKH B HU3KOPAa3MEPHBIX CTPYKTYpax (KBaHTOBBIX
BOJIHOBOZAX M rpadeHe) u ONM3KHX JIMHEHHBIX 3a1a4 THAPOAMHAMHUKH MU onTHKU. OnpeneseHus
ACUMITOTUYECKAX  PEUICHWH  ypaBHEHUH  DBONIOLMOHHBIX W  CTAllMOHAPHBIX  YpaBHEHUH
maremaruueckod  ¢gusuku. OmpeneneHuss  (QyHKUMH OT  HEKOMMYTHUPYIOIIMX  ONEPaToOpOB,
niceBaoaAn (G pepeHINANTBEHBIX ONIEPaTOPOB € MAapaMeTPOM, ONpeIeICHIs] CHMBOJIOB Tr(depeHnaIbHbIX
u ncepnonuddepenmanbaeix omneparopo. Meton BKB u nyueBbie paznokenusi. Anmpadarudeckoe
npuOIIKeHUe B orepaTopHoi (opme. [eomeTprudeckrne U TONOJIOTUYECKUE OOBEKTHI, BOSHUKAIOIIUE
OpU  MOCTPOCHUHM OBICTPOMEHSIOIINXCS ACHMITOTHK- JIarPaH)KeBbl MHOroo0Opasust B (a3oBbIX
NpOCTpaHCTBax, MHIEKCH MacnoBa u Mopca. OmnpeneneHne KaHOHMYECKOTO oreparopa Maciosa.
VenoBusi kBaHTOBaHUs bopa-3omMmepdernbia B MHOIOMEPHBIX 3aja4aX W €ro CBS3b CO CIEKTPOM
OIIepaToOpOB KBAHTOBOI MEXaHHKH.

yMeThb:
Paborare ¢ mpocteiimumu Gopmynamu Teopur (QYHKIHHA OT HEKOMMYTHPYIOIIUX OIEPaToOpoB -
BBIYKCIISITH CHMBOJIBI TIPOM3BEACHUS, 00paTrHOro ormeparopa. [IpoBoauTh penykuuio (mpouenypy
HOHIKEHHS Pa3MEPHOCTH) B 33/1a4aX ¢ HU3KOPa3MEPHBIMU CTPYKTypamu. HaxoauTh acuMOToTHYECKHE
OBICTPOMEHSIOIIMECS PEIICHUS YPaBHCHWH KBAHTOBOW MEXaHUKH HU3KOPAa3MEPHBIX CTPYKTYp U
ONM3KMe AacUMITOTUYECKHE pEIICHHs THIAPOAMHAMHKM W ONTHKM Clefylomux 3amgad. s
IBOJIIOLMOHHBIX ypPaBHEHUI: HAaXOAWTh ACHMITOTHYECKUE pelleHus 3agadn Komm ¢ HavaabHBIMA
YCIOBHSMH B BHJIE OBICTPOOCHHMJUIMPYIOIIMX BOJHOBBIX ITAKETOB M B BHUJE OBICTPOYyOBIBAFOLIHMX
¢byskmmid.  JIas  cTalMOHApPHBIX 3a7a4 HAXOAWTh KBA3UKJIACCHYECKHE CHEKTpPAJIbHBIE CEpHH
(acuMnToTHYeCKHe COOCTBEHHBIC 3HA4YeHHs W (YHKIMH) KBAaHTOBO-MEXaHUYECKHX OIEPaTOpPOB M
aCUMITOTUKY 3alad paccesHus. HaxoauTe TpeACTaBICHHS aCHUMITOTHYECKHX pPEHICHUH B
OKPECTHOCTH MPOCTEHIINX (POKAIBHBIX TOUYEK M KayCTHK.

BJIaJIeTh:
DneMeTapHbIMU KOHCTPYKTUBHBIMU (pOpMysIaMu TEOPHH (YHKLUH OT HEKOMMYTHPYIOILIHX ONEPaTOpOB.
KBasukinaccuueckum mpuOIIKeHUEM 1 ero 0000IIeHHSIMU B MHOTOMEPHOM CUTYaluy IS TOCTPOSHHS
OBICTPOU3MEHSIOIIMXCS PEIICHUI SBONIONMOHHBIX W CTAl[MOHAPHBIX 331a4 YPaBHEHUH KBaHTOBOM
MEXaHUKHU M OJM3KUX JTMHEHHBIX 33129 TUAPOANHAMUKA M OTITUKH.

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

B nensix Tekyliero KOHTpOJIs YCIEBAEMOCTH MPENLyCMOTPEH KPaTKUH OIpOC IO TeMaM HpPeAbLayIIHX
3aHATHH 110 TEME MTPOLION JIEKIIUN WM B KOHILIE 3aHATHS 110 IPOMIEHHON TeMe.



3. IlepeyeHb THIOBBIX KOHTPOJIBHBIX 33aHUIH, HCNOJAb3yeMbIX /A OLEHKH 3HAHWH,
YMeHHii, HABLIKOB
[IpomexyrouHas  arrecranms 1o  aucuuiuinHe  «MaremMaTHdeckue  3aJa4d  TEOpUHU

HAHOCTPYKTYpP» OCyIIecTBiIsseTcss B Gopme auddepeHIMPOBAHHOTO 3aueTa B / CeMecTpe U B

dopme 3auera B 8 cemectpe. uddepeHInpoBaHHBIN 3a4eT U 3a4eT MPOBOMISITCS B YCTHOUH

dbopwme.

[TepeueHp KOHTPOJIBHBIX BOIPOCOB JUIsl CJa4X SK3aMEHa B 7 CEMECTpE:

1. Meron BKbB s ypaBaenus Llpenunrepa. BeiBoa ypaBHenuid ['amunbrona-Skoou u
nepeHoca

2. T'aMuUIBTOHOBBI CHCTEMBl W HWHTEIpUpPOBaHWE ypaBHeHUH [ammiibroHa-SKoOM wu
nepeHoca.

JlarpanxeBbl MHOTOOOpa3us (KpHBBIE), KaHOHHYECKHE NpeoOpa3oBaHUs, (oKaibHbIE
TOYKH.

3. AcumnTotuka QyHkuuu ['puna ans ypaBHenus lllpeunrepa nast rapMOHHYECKOIO
OCLMJUISTOpA.

4. . Metop cranmoHapHO# (a3sl 1 oreparus ooxoaa Gokyca.

5.Munexc MacnoBa Ha ogHOMepHON KpuBoil. OnpezeneHne KaHOHMYECKOTO oreparopa
MaciioBa Ha HE3aMKHYTOM M 3aMKHYTON KPUBOM.

6. lHBapUaHTHOCTb ONpE/ENICEHNs KaHOHMYECKOI0 OIlepaTopa M YCJIOBHE KBAaHTOBAaHUS
bopa-3ommepdenbna. CBoiicTBAa KaHOHMYECKOTO oOIepaTopa M 3aMEeHbl IEPEMEHHBIX.
Peanu3zanus kaHOHHYECKOro onepaTopa MaciioBa B OKpECTHOCTH (POKaJIbHBIX TOUeK. DYHKIUSA
Olipn

7. @OyHKOUM OT HEKOMMYTHUPYIOIIUX OMNEpaTopoB M IceBaoAudepeHnaIbHbIe
onepaTopsl ¢ napamerpoM. CHUMBOJ MpousBeAeHUs MceBAoAup(epeHIIMAIbHBIX ONEpPaToOphl U
(bopMyna KOMMyTallMK ¢ KAHOHUYECKUM OIEPaTOPOM.

8. YpaBHEHMs C ONEpaTOPHO3HAUYHBIM CHUMBOJIOM. AauabaThyeckoe NpUOIMKEHUE B
onepaTopHoil ¢opMme. BbiBon 3(pPeKTUBHBIX TaMUWIBTOHHAHOB JJisi ypaBHeHMs Jlupaka st
rpadena. IloHnxeHne pa3MEepHOCTH U BBIBOJI OJTHOMEPHBIX PENyLIMPOBAaHHBIX YpPaBHEHHUU Jisi
KBaHTOBBIX BOJIHOBOJIOB.

10.00mas cxema pemenus 3agaud  Komm. ACHUMNTOTHKAa pPacHpOCTPaHSIOMUXCS
BOJIHOBBIX makeToB. Pemenue 3amaun Komm ¢ JoKkanu3oBaHHBIM HayalbHBIM YCIOBUEM U
dbopmyna tuma Ban ®nexa. Pemenue beppu-bamaxa. IlpumeHenue K HecTarmoHApHON

KBAaHTOBOM JUHAMHKE 9JICKTPOHA B HaHOTp}/6KaX.



11.Cranimonapuble  3aJaud W WHBApUAHTHBIC  JIarpaHXEBbI ~ MHOT000pa3us.
KBazuknaccuueckas 3aaya paccesuusi. OTpakeHrue BOJTHOBBIX MaKETOB 3ayKEHHBIMH KOHIIAMU
HaHOTpPYOKax.

12. KBa3uknaccuyeckass aCUMITOTHKA CBS3HBIX cocTossHUH. Knaccudukanus crekrpa ¢
nomoinbio rpada Puba. CTpykTypa CIeKTpa 3aMKHYTOW HAaHOTPYOKH MEPEMEHHOTO CEYEHUsS C

napaboIMYeCKUM MOTEHIIMAIOM KOH(paitHMEeHTa.

[IepeueHb KOHTPOJILHBIX BOMPOCOB ISl cauu 1uddepeHImpoBaHHOro 3auera B 8

CCMECTPEC:

1. Annabatuyeckoe M KBa3UKIACCUYECKOE NPUOIMKEHHE B BEKTOPHOM ciydae Ha
npumepe
ypaBHenus [laynu-bperukoBa-PamiOsl B HaHOTpyOKax,

2.MHOroMepHObIE JIarpaHXeBbl MHOT0OOpasusi U ux cBoWcTtBa. daza, SKOOMHBI U
(GyHKIMU Ha JarpamXeBBIX MHOro00pasusx. ['aMHUIbTOHOBBI CHUCTEMBI M (ha30BbIE TOTOKH.
Kanonuueckue npeoOpa3oBaHus JarpaHXeBbIX MHOT000pa3ui.

3.0npenenenne MHAEKCAa 1 KAHOHUYECKUH oneparopa MacioBa B MHOTOMEPHOM Ciydae.
VYcnoBue kBantoBanue bopa-3ommepdenbia B MHOTOMEPHOM ClTydae.

4.AcUMINTOTHKA BOJTHOBBIX MTAKETOB U BOJIHOBBIX My4KoB. Popmyina tuna ¢popmyinsl Ban
®dneka B MHOrMEpHOM ciydae. becceneBsl u Diipu-becceneBbl mydku.

5.ACUMITOTHKA 3a/la4¥l PacCesiHHsI JUIsl TBYMEpPHOTo ypaBHeHus [lupaka miis rpadeHa.
®a3a beppu.

6.CBs13HBIE COCTOSIHUS B rpad)eHe U B HAHOIJICHKAX.

IIpumepsl OnJteToB:

Bbuaer 1
1. Meronx BKB mis ypaBuenust Ilpenunrepa. BoiBom ypaBuenuii [amuibToHa-SIko0M

nepeHoca
2. YpaBHEHHs C OIEPAaTOPHO3HAYHBIM CHMBOJIOM. AnabaTHYecKoe MNPUOIIKCHHE B
orneparopHoil popme. BeiBog 3P PekTUBHBIX raMMIBTOHHAHOB Ui ypaBHeHMs Jlupaka s
rpadena. [loHmkeHHE pa3MEPHOCTU U BBIBOJ OJHOMEPHBIX PEAYLHUPOBAHHBIX YpaBHEHHM
JUIsl KBAHTOBBIX BOJTHOBOJIOB.
Buner 2

JlarpanxkeBbl MHOr000Opasus (KpuBbIe), KAHOHUYECKUE NPeoOpazoBaHmsl, (POKATbHbIE TOUKH.
2. 10.06mas cxema perrenus 3anaun Komm. ACHMITOTHKA PacIipOCTPAHSIOIINXCSI BOTHOBBIX

=

nakeroB. Pemenne 3agaun Komm ¢ jgokann30BaHHBIM HadyalbHBIM YCIOBHEM M (opmylia
tuna Ban ®neka. Pemenne beppu-banaxa. [IppuMeHeHHe K HecTallMOHApHOW KBaHTOBOW
JMHAMUKE 3JIEKTPOHA B HAHOTPYOKax.
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Acumnroruka Gyaknuun ['pura g ypaBHenums lllpeuwHrepa mjis TapMOHHUYECKOTO

OCUMJUISATOPA.

CTaI_[I/IOHapHBIC 3a1a4i U WHBAPHUAHTHBIC JIaIrPaH>KCBBI MHOFOO6paSI/I5[. KBasukmaccuaeckas

3agauda paccessHus. OTpaskeHUe BOJHOBBIX ITAaKETOB 3ay)KEHHBIMU KOHIIAMH HAHOTPYOKax.

4. Kputepuu oneHuBaHus

Ornenka

bamer

Kpurepuun

10

BricraBnsiercss  CTyAeHTy, IOKa3aBLIEMY
BCECTOPOHHME, CHCTEMaTH3UPOBAaHHbIE, INIyOOKHE
3HaHHMA Y4eOHOM @IporpamMmbl  JHUCLUIUIMHBI,
IIPOSBIIAIOIEMY HMHTEPEC K JAHHOW NpPEeAMETHON
o0nacTv,  IPOJAEMOHCTPUPOBABIIEMY  YMEHHUE
YBEPEHHO M TBOPYECKM IPUMEHATh MX Ha
MPaKTUKE IPH PELUICHUH KOHKPETHBIX 3ajad,
cBOOOJIHOE U MPABUIIBHOE 0OOOCHOBAHUE MPUHATHIX
peLIeHU.

OTJINYHO

BricTaBisiercss  CTyAEHTY, IIOKa3aBLIEMY
BCECTOPOHHME, CHCTEMaTU3UPOBAHHbIE, TITyOOKHe
3HaHUS Y4eOHOH MporpamMMbl JUCUUIUIMHBL U
YMEHHME YBEPEHHO NMPUMEHATh UX HA MPAKTUKE IPU
peLICHMM KOHKPETHBIX 3ajay, CBOOOJHOE U
IIPaBUJIbHOE OOOCHOBAHUE NMPUHSATHIX PELICHUH.

BricTaBisiercss  CTyAEHTY, IIOKa3aBLIEMY
BCECTOPOHHME, CHCTEMaTU3UPOBAHHbIE, TITyOOKHe
3HaHUS Y4eOHOH MporpamMMmbl JUCUUIUIMHBL U
YMEHHUE YBEPEHHO IIPUMEHATh UX HA IPAKTUKE IPH
pElICHMH  KOHKPETHBIX  3a4a4d, IPaBUIbHOE
000CHOBAaHHE MPHUHATHIX PEIICHUN, C HEKOTOPBIMU
HEJOYETaMH.

BricTaBnsercss CTyIEHTy, €ClIM OH TBEpAO
3HaeT Marepuaig, TPaMOTHO M 1O CYIIECTBY
M3JIaraeT €ero, yMeeT IPUMEHATHh IOJIyYCHHbIE
3HaHMUS HA MPAKTUKE, HO HEJIOCTATOYHO TPaMOTHO
000CHOBBIBAET MOJTYUYCHHBIC PE3YIbTATHI.

XOPpOLIO

BeIcTaBisgercs CTyIeHTy, €ClIM OH TBEpAO
3HaeT Marepuana, TIPaMOTHO M II0 CYLIECTBY
W3JIaraeT €ro, yMeeT IPUMEHATHh IOJIy4CHHbIC
3HaHMA Ha IIPAKTUKE, HO JOIYCKAEeT B OTBETE UM B
pELIEeHUH 33]1a4 HEKOTOPbIE HETOYHOCTH.

BricTraBnsercs CTYACHTY, €Clin OH B
OCHOBHOM 3HACT Marcprajl, IrpaMOTHO n TI10
CymeCTBy H3jlaract €ro, YyMeCeT JMPUMCHATb
MOJIYYCHHBIC 3HAaHWA Ha IIPAKTHUKE, HO JOITYCKACT B
OTBCTC WJIM B PCIICHHU 3aJda4 JOCTATOYHO
00JIBIITIOE KOJIMYSCTBO HETOYHOCTEM.

YIOBJIETBOPUTEIHHO

BeicTaBisieTcss  CTyACHTY, IIOKa3aBIIEMY
(bparMeHTapHbIH, pa3pO3HEHHBIN XapakTep
3HaHUH, HEJOCTATOYHO IIPaBUJIbHBIE




(bopMynUpoBKH 0a30BBIX TOHATHHA, HapyIICHUS
JOTUYECKOW TIOCIIeIOBATEIFHOCTH B H3JIOKCHUHU
OpOTPaMMHOTO MarepHuaia, HO TMpH OSTOM OH
OCBOMJI OCHOBHBIC pa3fiesibl y4eOHOH MPOrpaMmBbl,
HEOOXOAUMBIE JUISL JalbHemero oOydeHHs, |
MOXET TPHMEHSTH IIOJyYCHHbIE 3HAHUS II0
00pasily B CTaHJaPTHOM CUTYaIUH.

3 BeicraBisiercss  CTYIEHTY, IOKa3aBLIEMY
(dparMeHTapHBIH, pa3pO3HEHHBII Xapakrep
3HAHUH, JIOITYCKAIOUIEMY OLINOKH B

dbopMynupoBkax ©0a30BbIX MNOHATUN, HAPYUICHUS
JIOTUYECKOW TMOCJIEIOBATEIbHOCTH B H3JI0KEHUU
IpPOrpaMMHOTO  Marepuana, ci1abo  BiajeeT
OCHOBHBIMH  pa3jiellaMd y4eOHOH MporpaMmel,
HEOOXOUMBIMU JUIsl JlaibHelero oOydyeHus u ¢
TPYIOM NPUMEHSET IMOJTY4YEHHBbIC 3HAHUS JaXKE B
CTaHJAPTHOW CUTYAallUH.

2 BeIcTaBisercs CTyIEeHTY, KOTOPbI HE 3HAET
OoJibLIIel YacTH OCHOBHOI'O COJEpKaHMs yueOHOM
IpOTpaMMbl  TUCHMIUIMHBI, JOMYCKaeT TrpyOble
OoMOKH B (OPMYIUPOBKAX OCHOBHBIX NMPUHIIUIIOB
U HE YMEET HCIIOJIb30BaTh IIOJIyYCHHBIE 3HAHUSA
IIPY PELICHNUN TUIIOBBIX 3a/1a4.

HCYHOBJICTBOPUTCIIBHO

1 BeicTaBisieTcsi CTyJIEHTY, KOTOPBI HE 3HAET
OCHOBHOTO COJEpXaHUsl y4eOHOM MpOorpaMMbl
JUCIUTUTMHBL, JIOIyCKaeT TpyoOeiinre omuOKa B
dbopMyupoBKax 0a30BbIX MOHATHH JTUCITUTUIAHEI 1
BOOOIlE HE MMEET HaBBIKOB PELICHUS THUIIOBBIX
MPaKTUYECKHX 3a/1a4.

1. OreHKa «3a4TE€HO0» BBICTABIISICTCS CTYICHTY, KOTOPBIH

- IPOYHO YCBOWJI MPEAYCMOTPEHHBIN MPOTrpaMMHBII MaTepHal;

- MPaBWJIBHO, ApTYMEHTUPOBAHO OTBETHII HA BCE BOMPOCHI, C TPUBEJACHUEM ITPHUMEPOB;

- Tokazan TIyOOKHe CHCTeMaTU3UPOBAHHBIC 3HAHMS, BJIAJ€ET MPUEMAMH pPACCYXKIEHUS H
COIOCTARJISICT MaTepHall U3 Pa3HBIX MCTOYHUKOB: TEOPHIO CBSI3BIBACT C MPAKTUKOH, JAPYTUMHU
TEMaMU JIaHHOTO Kypca, IPYTrUX U3y4aeMbIX MMPEIMETOB

2. OueHka «He 3a4TeH0» BricTaBnsercst cTyAeHTY, KOTOpbIi He crpaBuiics ¢ 50% BompocoB
Ouera, B OTBETax Ha JIPyrHe BOMPOCHI TOMYCTHI CYIIECTBEHHbIE OMOKU. He MoxkeT oTBeTUTh
Ha JIOTIOJIHUTENIBHBIC BOIMPOCH], TPEUIOKCHHBIE TpEeIoaaBaTejieM, He 3HAeT OOJbIICH dYacTh
OCHOBHOTO COJIepKaHUs Y4eOHOW MpOoTrpamMMbl TUCIUIUIMHEI, JOMYCKAaeT rpyOble OMMOKH B
(hopMyIMPOBKaX OCHOBHBIX ITPUHIIHUIIOB.

5. MeTroauueckue MaTepuajbl, ONpeesiiolne MPOUEAYPbl OLEHUBAHUS 3HAHUIA,
YMEeHUii, HABBIKOB U (MJIM) ONbITA JeATeJIbHOCTH

ITpu nposenennu quddepeHIrpoBaHHOrO 3aueTa 00yUaroEeMyCcs IPEI0CTaBIISIETCS HE MEHEe
40 MuHYT Ha TOATOTOBKY. OIpoc 1Mo GMIIETY M OTBETHI Ha JIOTIOJIHUTEIbHbBIE BOIPOCHI HE JTOJKHBI




MPEBBINIATH JIBYX ACTPOHOMUYECKUX 4acoB. [0 3aBepIieHnH OTBEAEHHOTO HA OIPOC BPEMEHH,
9K3aMCHATOP AOJIKCH BLICTABUTDH 06yqa}0LueMyc51 OLCHKY.

Bo Bpems mnpoBeacHms 3adera OOydYarIIUMecs MOTYT IOJB30BAThCS IMPOTPAMMON
JUCIUIUIMHBI, @ TaKXe CIPABOYHOW JIUTEPATYpPOM, BHIYUCIUTEIBHOW TEXHUKOM, KOHCIIEKTAMHU
JICKITHH.

3a4eT MOXET MPOBOJMTHCA MO UTOraM TEKYIIEH YCIIEBAa€MOCTH W Cllauyd 3aJlaHUil, WU
MyTeM OpPTaHHU3aIUH CIICIUATIHFHOTO OMPOCca, TPOBOAMMOrO B YCTHOH (hopMme.



