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

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
NPHUPORONIOAO00HBIX, IJIA3MEHHBIX H
siiepHbIX TexHoJoruii um. N.B.
KypuaroBa

T.E. I'puropses

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: ACHMITOTHYECKHE METO/IBI B JINHEWHBIX 33J]a4aX MaTeMaTHIeCKOi (HU3nKu

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: ®du3KKa aTOMHBIX SIEp U AJIEMEHTAPHBIX YaCTHII, (PH3HKA BBICOKHX YHEPTUI
®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.

CamocrostensHas padora: 90 yac.
Bcero gacos: 180, Bcero 3au. en.: 4
KonmnuecTBo KOHTpONBHBIX paboT, 3ananuil: 4

[IporpamMmy cocraBunu:

C.IO. JoOpoxoToB, aA-p ¢u3.-mar. HayK, Ipodeccop, 3aBenyroniuil kKadeapoit
A.B. IIBeTkoBa
B.E. Hazaiikunckui, 1-p ¢pu3.-mMart. HayK

[Iporpamma obcyxnena Ha 3aceqanuu Kadenpsl MaTeMaTuky 1 MaTeMaTHdeckux MetoaoB ¢usuku 31.03.2025



AHHOTANMA

MeTtoaunueckas LeJb Kypcea - WIITIOCTparys BO3SMOXKHOCTH TOCTPOEHUST aCUMITOTUKO-YUCIEHHBIX aITOPUTMOB
JUIS ONMCAHUS BOJHOBBIX IIPOIECCOB B OOBEKTaX TaKOTO COpTa, a Takxke (OPMHUPOBAHHE Yy CTYICHTOB
npo(eCCUOHANBHBIX ~ KOMIIETCHLIMH, CBSI3aHHBIX C  HCIOJB30BAHMEM  METOAOB  MareMaTH4YeCKOro
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 KBaHTOBON MEXaHUKH B MCKPHUBJICHHBIX KBAaHTOBBIX BOJIHOBOAAX THIA TOHKHUX TPYOOK H
IUICHOK, B rpadeHe, a Takke ONM3KUX 3a7a4 THAPOAUHAMHUKY U ONITHUKH.

3agauu AU CHUILIHHBI

- OCBOCHHME METO/MOB TeOpUH (YHKIUH OT HEKOMMYTHPYIOIIUX OIEpPaTopoB M WX NPUMECHEHUS B
aanabaTHIeCKOM MPUOITNKCHIH,

- NPUMEHEHUE METOJOB IMPEABIAYLIEr0 IMyHKTa JUii BbIBoAAa 3((QEKTUBHBIX (PeayLHUPOBAHHBIX)
YPaBHEHMU 3a71a4 HU3KOPAa3MEPHBIX CTPYKTYP KBAHTOBOM U BOJIHOBOW MEXAHUKH;

- OCBOCHHE ACHUMTOTHYECKMX M TE€OMETPHUYECKHX METONOB IIOCTPOCHHUS OBICTPOMEHSIOMIMNXCS
ACUMNTOTHYECKUX PEIICHUH ypaBHEHHH KBAHTOBOW MEXaHMKH, B TOM YHCIE B TOHKHX TpyOKax
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 CnocobeH aHanM3upoBaTh 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 CcTpOuUTh MareMaTH4ecKhue MOJIeNH,
MPOU3BOIUTH KOJTMUECTBEHHBIC PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH ompenensTs TpaHULbl TPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIbTaTOB

npodeccuoHaIBHON 1S TeTbHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI
3HAThb!

[TocTaHOBKM 3a7a4 Ui ypaBHEHUI KBAHTOBOW MEXaHHKH B HU3KOPa3MEPHBIX CTPYKTYpax (KBaHTOBBIX
BOJIHOBOZAX M rpadeHe) u ONM3KHMX JIMHEHHBIX 3aJa4 TMAPOIMHAMHKHA W ONTUKH. OnpeneieHus
ACUMITOTUYECKUX  PEHICHWH  ypaBHEHHWH  ODBOJIOIMOHHBIX W  CTallMOHAPHBIX  YypaBHEHUH
maremaruueckod  ¢usuku.  OmpenpeneHuss QyHKIMA OT  HEKOMMYTHPYIOIIMX  OIEPaTOpOB,
niceBnoaAn(pepeHINANTBEHBIX ONIEPaTOPOB € MAPaMETPOM, ONPEICIICHHSI CUMBOJIOB TN PEepeHINATBEHBIX
u ncepnonuddepenmanbabix oneparopos. Metonx BKB u sydeBbie paznokenusi. Apnabarudeckoe
NpUOIIKEHUE B ONEpaTopHOM (opme. ['eoMeTpuuecKkue M TOMOMOTHYECKIE OOBEKTHI, BO3HUKAIOIINE
OpU  [OCTPOCHUM OBICTPOMEHSIIOIIUXCS ACHMIITOTHK- JIarPaH)KeBbl MHOrooOpasus B  (ha30BBIX
NPOCTpaHCTBax, MHIEKCH MacioBa u Mopca. OmpezneneHne KaHOHHYECKOTO oreparopa Maciosa.
VenoBusi kBaHTOBaHUs bopa-3oMmepdernbia B MHOTOMEPHBIX 3aJadax M €ro CBSi3b CO CIEKTPOM
OIepaToOpOB KBAHTOBOI MEXaHHKH.
YMETh:




PaGorare ¢ mpocreiimmmu dopmynamMu Teopurd (YHKUMH OT HEKOMMYTHPYIOLIUX OIEPaTopoB -
BBIYHMCIISITh CHMBOJIBI IIPOM3BEAEHUs, OoOpaTHOro omeparopa. IIpoBoaute penykuuio (mpouenypy
MOHKEHHUS Pa3MEPHOCTH) B 337a4ax C HU3KOPa3MEPHBIMH CTpYKTypamu. Haxoquts acumnroruyeckue
OBICTPOMEHSIOIINECS] PELICHNS YPaBHEHHWH KBAHTOBOW MEXaHUKH HHU3KOPAa3MEpPHBIX CTPYKTYp U
ONMM3KMEe AaCUMOTOTHYECKUE PEIIeHUS THAPOAMHAMUKMA M ONTHKM crlenyromux 3amgad. s
9BOJIIOLIMOHHBIX YPAaBHEHUMN: HAXOAMUTh AaCUMIITOTUYECKHE pelleHus 3ajgauu Komum ¢ HayaibHbIMU
YCIIOBUSIMH B BHJE OBICTPOOCHMJUTUPYIOIIMX BOJHOBBIX IIAKETOB M B BHJIE OBICTPOYOBIBAIOIINX
¢bynkmid. [ cTalMOHApHBIX 3a/ad  HAXOIUTh KBAa3HMKJIACCHYECKUE CIIEKTPalbHBIE CEpUH
(acumnToTHUECKHE COOCTBEHHBIE 3HAaUYCHUS M (PYHKIHHM) KBAaHTOBO-MEXaHHYECKHX OIEPaTOpPOB U
acUMIITOTUKY 3afad paccesHus. HaxoauTe mpeicTaBieHuss acUMITOTHYECKHX pEIIEHUM B
OKPECTHOCTHU MPOCTEHIINX (POKATBHBIX TOYCK U KAYCTHK.

BJIAJIETh:

DneMeTapHBIMH KOHCTPYKTHUBHBIMHU (opMyaamMu TeOpHH (YHKIHMKA OT HEKOMMYTHPYIOILUX OIIEPaTOPOB.
KBasukinaccuueckum mpuOIMKeHHEM U ero 0000IEeHUAMI B MHOTOMEPHOM CUTYaINH IS TIOCTPOCHUS
OBICTPOM3MEHSIOIIUXCSl PELICHUH SBOJIOLMOHHBIX W CTAalMOHAPHBIX 3aJad ypaBHEHHH KBAaHTOBOU
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  TOHIKEHHE
pasmepHocTH B 3ajgadax  (U3MKHU

HAHOCTPYKTYD.

ACUMITOTUKH pelieHus
Qg QepeHIanTbHbIX "
niceBnonupGepeHnaNIbHbIX YPaBHEHHUH C 4 2 5
MOMOIIBI0  KaHOHHYECKOTO  Oreparopa
Macnosa.

ACUMITOTUKM  peuleHus 337auud o
pacnpocTpaHEeHUH BOJHOBBIX IIaKETOB,
3ala4d  paccesHUus W  CIEKTPaJIbHBIX 4 2 5
3aJay B HaHOTpyOkax u rpadene. Paza
beppu.

JlarpanxeBsbl MHOT000pa3usl 17§
KaHOHWYECKUN omeparop MacmoBa B 4 2 5
OJJTHOMEPHOM ClIyyae.

Maremaruyeckue TOCTaHOBKM  3ajad
KBaHTOBOM MEXaHHUKH HU3KOPa3MEpPHBIX 4 2 5

CTPYKTYP.

Metox BKb s ypaBHeHHN KBaHTOBOW
MEXAHHKH.

OyHKUMHU oT HEKOMMYTHUPYIOIINX
OTIepaTopoB u 4 3 10
ncesaonupepeHunaIbHbIe yPaBHEHHUS.

ACUMIITOTUKA BOJIHOBBIX IIAKETOB U
BOJIHOBBIX ITyukoB. ®opmyna Ban drexa.

BonHbl 1 BUXpU Manol aMIUIUTYAbl Ha
MENKOM BOJE.




NHnekc © KAaHOHHWYECKUH  OIeparop
MacinoBa B  MHOTOMEPHOM  CIydae.

10 |YcnoBue KBaHTOBaHHUE 5 2 10
Bopa-3ommepdenbaa B MHOTOMEpPHOM
ciydJae.

1 Knaccuyeckass u KBaHTOBas JAMHAMHKA 5 3 5
cnuHa B HaHOTpyOKkax. Paza beppu.

12 JlarpamxeBsl  MHOrOOOpasuss W UX 5 5 5
CBOICTBa B MHOTOMEPHOM CITy4ae.
CranuoHapHbele 3ana4d. ACHMITOTHKHU

|3 |3amat paccesmus u ¢dbyskmus  [puna. 5 3 5
CBsi3HBIE COCTOSIHHSI B HaHO IUICHKaxX U
rpadene.

Hroro yacos 60 30 90

[TonroToBka K 3K3aMeHy 0 gac.

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

4.2. CopepxaHue TUCIUTUIHHBI (MOAYIIS), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3jeliam)

Cemectp: 7 (Ocennuii)

1. Annabatuyeckoe NMpHOIMKEHHE B ONEPaTOPHOM (opMe M TOHIKEHHE Pa3sMEPHOCTH B 3ajadax
(U3KMKH HAHOCTPYKTYP.

Marpuusnsle ncepaoanGpepeHnnaIbHbIe OIIepaTopsl u ypaBHEHHUSL. Marpuunsle
nceBaonupepeHIHaIbHbIE ONEPaTOpbl U YPAaBHEHUS C OINEPAaTOPHO-3HAYHBIMH CHUMBOJAMHU.
[Tpumeps! U3 PU3NKKM HU3KOpPA3MEPHBIX CTPYKTYp M TMApoAMHAMHKH «OrmepaTopHoe paszeieHne
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
OIIEpPaTOpOB B OAHOMEpHOM ciyyae. llepuoguueckass 3amada st ypaBHenus: lllpenunrepa u
ACUMNTOTHKA OJTOXOBCKHUX (DYHKITHIA.

3. ACUMITOTHKH PEUICHUs 3aJa4d O PACIpPOCTPAHECHHH BOJHOBBIX MAKETOB, 3a/a4ll pacCesHHUS 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

HaHOTpYyOKax. TpexMepHbIif KBAaHTOBBIM BOJHOBOJ B MAarHUTHOM I10JI€: PEAYLIMPOBAHHOE 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, aMIUIUTYy/a, KapThl U pa30MeHHe eJUHUIIBI Ha JarpaH:KeBOM MHOrooOpasun
(xpuBoii). CornacoBanune BKb-acumnrornueckux mpeAcTaBIeHMA W MHAEGKC Maciosa.
Omnpenenenue u npuMepsl BIYUCIeHUs UHAEKca MacnoBa. Ompe/esieHue KaHOHMYECKOro oleparopa
MacnoBa. MHBapHaHTHOCTh ONpEACNCHUS KAaHOHHYECKOTO OIeparopa YCIOBHE KBaHTOBAHUS
Opa-3ommepdenpiaa. Kanonuueckuii oneparop MacioBa B OKPECTHOCTH  (DOKaJIBHBIX 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 ¢ ObicTpoocmmumpytomeit skcnoneHTo ®opmyna kommytauumu 1110 u

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. Manekc m xkaHOHWYECKHH orepaTop MacioBa B MHOTOMEPHOM cllydae. YCJIOBHE KBaHTOBaHUE
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

(oKaIbHBIX TOYCK KAayCTHK U crienuanbHble GyHkimu. Oynxunn Oiipu u [upceu. DnemeHTs Teopun
KatocTpod © JarpaHxkeBbl CcUHTYIspHOCTH. Popmyna @Doka COOTBETCTBHA KaHOHHUYECKUX
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 3aa4i. ACUMITOTHKH 3a/1ad paccessHus U QyHkuus [puHa. CBS3HBIE COCTOSHUS
B HaHO IUICHKAaX U rpadeHe.

WnBapraHTHBIE TarpaH>KeBbl MHOTOOOPA3Hsl U CTAIMOHAPHBIE 331a4i. ACUMITOTHKH PelleH 3a/1a4u
paccessHus W QyHKuMu I'punHa anst ypaBHenus lllpeannrepa. ACHUMIITOTMKM pELICHUS —3aJadud
paccestnus U GyHkuuu I'puna nms ypaBHeHus: Jupaka i rpagdena. @aza beppu B MHOromMepHoi
cutyauuu. CBsi3HbIE COCTOSIHUS ¥ TOpBI JInyBuILIA.

Brnionne uHTErpupyeMble raMMIBTOHOBBI CUCTEMBI, IIEPEMEHHbIE EHCTBUE yroid U Topsl JInyBHILISL.
Kanonnyeckuii oneparop Ha KOMIIAKTHBIX MHOT000pa3usiX, KBa3MMOJbI, YCJIOBHE KBAaHTOBaHHS
bopa-3ommepdenbia 1 aCUMITOTHKA CIIEKTPANbHBIX cepuid. CHEeKTp KBAaHTOBBIX BOJIHOBOJOB THIIA
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.
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/ B. II. MacnoB .— M. : Hayka, 1973 — 543 c.
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5) B.M. ba6wuu, B.C.Bynapipes, N.A.MonotkoB, [IpocTpancTBEHHO JTy4eBOi METO, U3-BO
JleHnHTrpaacKoro rocylapcTBEHHOro yHuBepcutera, 1985
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1) V.Gantmakher, Y.Levinson, Carrier Scattering in Metals and Semiconductors,
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2) A.B..boncunoB ®omenko A.T. Bpenenue B TOMOIOTHIO HHTET "PU Py "€ "MBIX
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7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)
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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 nexiuoHHbBIX 3aHATHAX JEMOHCTPUPYIOTCS TIPE3ECHTAIUH C IIOMOIIBI0 MYABTUMETUITHBIX
TEXHOJIOTHH.

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 yCIenTHOro OCBOEHHS Kypca, TOMUMO TOCCIICHHS JISKITUI 1 CEMHHAPOB, OT CTYJCHTOB TpeOyeTcs
caMmocTosTeNbHas paboTa B 00beMe HE MEHEE YeM T€ Yachl, KOTOPbIC YKa3aHbI U KaXKI0ro pasjierna
nmporpaMmbl. B OCHOBHOM, 3TO BpeMs OTBOJUTCS Ha CAMOCTOSITEILHOE PEIICHUE 3a/1ad, BbIIaBACMbIX
Ha JICKIHMSIX M TPAKTUYCCKUX 3aHATHSIX. CaMOCTOSTENbHBIC 3aHSITHS BKIIOYAIOT B Ce0s TaKke
MOBTOPEHUE MaTepHalia JICKIWH, CEMHHAPCKMX 3aHATHH M MOJATOTOBKY K MPOMEXKYTOUHBIM
TECTHPOBAHUSAM, KOTOPbIC TMPOBOISTCS IS TEKYIIEro KOHTPOJS 3a YCBOCHHMEM Marepuaia. Bcero
MperonaraeTes MpoBeCTH 3a 7 cemecTp 2 TecTa, W 3a 8§ ceMecTp | TECT, BBIMOJHUTL HUTOTOBYIO
KOHTPOJIbHYIO paboTy M0 PEUICHHUIO 3a/1a4 B KoHIle 7 U 8 cemecTpoB. CTyACHTbI, YCIICIIHO MPOIIEAIINE
BCce (POPMBI MPOMEKYTOUHOTO KOHTPOJIS, JAOMYCKalOTCA K caade auddepeHmpoBanHoro 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: ®du3KKa aTOMHBIX SIEp U AJIEMEHTAPHBIX YaCTHII, (PH3HKA BBICOKHX YHEPTUI
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuatosa
kadeapa MaTeMaTHKU ¥ MaTEMaTHYECKUX METOIOB (PU3UKH

Kypc: 4

KBaJIMpUKALUS: GakanaBp

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

8 (Becennmuii) - 3auer
PazpaGoTunkm:

C.IO. JoOpoxoToB, aA-p ¢pus.-mar. Hayk, mpodeccop, 3aBenyroniuil kadeapoit
A.B. IIBeTkoBa
B.E. Hazaiikunckui, 1-p ¢pu3.-mMart. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 CriocobeH aHamM3upoBaTh MOCTABICHHYIO 3ajady,

OIIK-1 CriocobeH npuMeHsTh HAMENATh TIYTH €€ PENICHHs

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

npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.2 CpnocobeH CcTpOUTb MareMaTu4ecKhue MOAEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompenensTs TpaHHIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

2. Iloka3arem OLleHUBAHUS KOMIIeTeHITHHA

B pesynbrare n3ydeHHs TUCHUIUIMHBI « ACUMIITOTHYECKHE METOIbl B JMHEHHBIX 3a/a4ax MaTeMaTH4eCcKOn
(u3MKI» 00yUaAIOIIMICS JTOJIKCH:

3HATb:

[TocTaHOBKM 3a7a4 Ui ypaBHEHUI KBAHTOBOW MEXaHHKH B HU3KOPa3MEPHBIX CTPYKTYpax (KBAaHTOBBIX
BOJIHOBOZAX M rpadeHe) u ONM3KHMX JIMHEHHBIX 3aJad TMAPOIMHAMHKHA M ONTUKH. OnpeneieHus
ACUMITOTUYECKUX  PEHICHWH  ypaBHEHHWH  OJBOJIOIMOHHBIX W  CTallMOHAPHBIX  YypaBHEHUH
maremaruueckod  ¢usuku. OmpenpeneHuss  QyHKIMA OT  HEKOMMYTHPYIOIIMX — OIEPaTOpOB,
niceBnoaAn(pepeHINANTBEHBIX ONIEPaTOPOB € MApaMETPOM, ONPEICIICHHS CUMBOJIOB T PEepeHINATBEHBIX
u ncepnonuddepenmanbabix oneparopos. Metonx BKB u sydeBbie paznoxenusi. Apnabarudeckoe
NpUOIIKEHUE B ONEpaTopHO (opme. ['eoMeTpuuecKkue M TOMONOTHYECKIE OOBEKTHI, BO3HUKAIOIINE
OpU  MOCTPOCHUM OBICTPOMEHSIIOIIMXCS ACHMIITOTHK- JIAarPAH)KEBbl MHOrooOpasus B  (ha30BBIX
NPOCTpaHCTBax, MHIEKCH MacioBa u Mopca. OmnpezneneHne KaHOHHYECKOTO oreparopa Maciosa.
VenoBusi kBaHTOBaHUs bopa-3oMmepdernbia B MHOTOMEPHBIX 3aJadax M €ro CBSi3b CO CIEKTPOM
OIIepaToOpOB KBAHTOBOI MEXaHHKH.

yMeThb:
Paborare ¢ mpocreiimumu GopmynamMu Teopurd (YHKIUHA OT HEKOMMYTHPYIOIIUX OIEPaTopoB -
BBIYKCISITH CHMBOJIBI TIPOM3BEACHUs, OOparHOro omeparopa. [IpoBoauTe penykuuio (TIpouenypy
HOHIKEHHS Pa3MEPHOCTH) B 33/1a4aX ¢ HU3KOPa3MEPHBIMU CTPYKTypamMu. HaxoauTh acUMITOTHYECKHE
OBICTPOMEHSIOIIMECS PEIICHUS YPaBHCHWH KBAHTOBOW MEXaHUKH HU3KOPAa3MEPHBIX CTPYKTYp U
ONM3KMe AaCHUMITOTHYECKHE pEIICHMS THAPOIMHAMHUKMA ¥ ONTUKH cileayrommx 3amad. Jlus
IBOJIIOLMOHHBIX ypPaBHEHUWI: HAXOAWTh ACUMIITOTHYECKUE pemeHus 3aaadn Kommm ¢ HadalbHBIMH
YCIOBHSMH B BHJE OBICTPOOCHMUIMPYIOLIMX BOJHOBBIX IAKETOB M B BHIE OBICTPOYOBIBAIOIINX
¢byskmid. [ cTalMOHApHBIX 33/1ad  HAXOIUTh KBAa3HWKIACCHYECKUE CIIEKTPaJbHBIC CEpUU
(acuMnToTHYECKHE COOCTBEHHBIC 3HA4YeHHS M (YHKIHMU) KBAHTOBO-MEXaHHUYECKHX OIEPaTOpoOB M
AaCUMNTOTUKY 3agad paccesHus. HaxoauTh TIPENCTAaBICHUS ACHUMITOTHYECKUX pEIICHUH B
OKPECTHOCTH MPOCTEHIINX (POKAIBHBIX TOUYEK M KayCTHK.

BJIaJIeTh:
DneMeTapHbIMU KOHCTPYKTUBHBIMU (hOpMyraMu TeopHu (GpyHKIMH OT HEKOMMYTHPYIOIINX OIIEPaTOpPOB.
KBasukiaccuueckum mpuOIKEHHEM U €r0 0000IEHUSIMI B MHOTOMEPHOM CUTYaIlH IS TIOCTPOCHUS
OBICTPOU3MEHSIONIMXCS PEIICHUI SBONIOLMOHHBIX W CTAl[MOHAPHBIX 33j1ad YPAaBHEHUH KBAaHTOBOM
MEXaHUKHU M OJM3KUX JTMHEHHBIX 33129 TUAPOANHAMUKA M OTITUKH.

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

B nensix Tekyluero KOHTpoOJIs yCIIEBAEMOCTH IIPEyCMOTPEH KPAaTKUN ONpOC IO TeMaM MpeabLaylluX
3aHATHH 110 TEME MTPOLION JIEKIIUN WM B KOHILIE 3aHATHS 110 IPOMIEHHON TeMe.



3. [lepeyeHb THNMOBBIX KOHTPOJBHBIX 3aaHHI, HCMOJIb3yeMbIX /s OIeHKH 3HAHMIi,
YMeHHii, HABBIKOB

HpOMe)KyTO‘-IHaSI arrecranuda 10 JUCLHUITIINHE «MareMaTH4ecKue 3agadyu TCOpHUHn
HAHOCTPYKTYpP» OCyIIeCTBIseTCs B popme auddepeHIIMPOBAHHOTO 3aueTa B / CeMecTpe U B
dopme 3auera B 8 cemectpe. AuddepeHInpoBaHHBIN 3a4eT U 3a4eT MPOBOMIITCS B YCTHOUH

dbopwme.

[lepeueHb KOHTPOJILHBIX BOMPOCOB TSl cauu qudepeHImpoBaHHOro 3auera B 7
ceMmecTpe:

1. Meron BKbB s ypaBaenus Llpenunrepa. BeiBoa ypaBHenuii ['amunbrona-Sxkoou u
nepeHoca

2. T'aMHIBTOHOBBI CHUCTEMBl M HWHTETPUPOBAaHHE ypaBHEHUH [ amuinbToHa-Sk0OM H
nepeHoca.

JlarpamkeBbl MHOTr000pa3us (KpHBBIC), KaHOHMYECKHE NpeoOpa3oBaHus, (POoKanbHBIC
TOYKHU.

3. Acumnrotuka ¢yakuuu ['puna juis ypaBHenus Llpewnrepa uisi rapMOHHYECKOTO
OCLMIJLIATOPA.

4. Meton crarmonapHou (as3sl U onepaius ooxoa Gokyca.

5.Munekc MacnoBa Ha onHOMEpHOM KpuBoW. OmpenerneHue KaHOHMYECKOro omneparopa
MacnoBa Ha HE3aMKHYTOW U 3aMKHYTOW KPUBOM.

6. lHBapUaHTHOCTb ONpE/ENIEHNs KaHOHMYECKOI0 OIlepaTopa M YCJIOBHE KBAaHTOBAaHUS
bopa-3ommepdenbna. CBoiicTBAa KaHOHMYECKOTO OIeparopa M 3aMEHbl IePEeMEHHBIX.
Peanuzamus kaHOHHUYECKOTO orepaTopa MacioBa B OKPECTHOCTH (POKANIbHBIX TOueK. DyHKIUS
Oiipu.

7. @OyHKIUMM OT HEKOMMYTHPYIOIIUX ONEpaTopoB U IceBaoauddepeHIaIbHbIe
oreparopsl ¢ napamerpoM. CUMBOJ Mpou3BeleHHs NceBIoIU(GEpeHIIMAIbHBIX ONepaTopsl U
dbopMysia KOMMYTallUU ¢ KAHOHUYECKUM OTIEPaTOPOM.

8. YpaBHEHHsS C OINepaTOPHO3HAYHBIM CHMBOJIOM. AauabaTHdeckoe NPHOIUKEHUE B
onepaTopHoil ¢opMme. BbiBon 3(pPeKTUBHBIX TaMUWIBTOHHAHOB MJisi ypaBHeHMs Jlupaka st
rpadena. IloHnxeHne pa3MEpHOCTH U BBIBOJ OJHOMEPHBIX PEIyLIMPOBAHHBIX YpPaBHEHUU AJis
KBaHTOBBIX BOJIHOBOJIOB.

10.06mas cxema pemeHus 3aaadd  Komm. ACHMITOTHKA PacHpOCTPAHSIONIUXCS
BOJIHOBBIX NakeToB. Pemenue 3amaun Komm ¢ JIOKanu30BaHHBIM HadaJbHBIM YCJIOBHEM U
¢dopmyna tuna Ban O@neka. Pemenne beppu-banaxa. I[lpumeHeHne K HecTalMOHApHON
KBaHTOBOH IMHAMUKE AJIEKTPOHA B HAHOTPYOKax.

11.CraimonapHbele  3aJayd W WHBApUAHTHBIE  JIATPaHXKEBbl ~ MHOT000paswusl.
KBasuknaccuueckas 3agada paccesHus. OTpakeHHEe BOJHOBBIX MAKETOB 3ayKEHHBIMU KOHIIAMH
HaHOTpYyOKax.

12. KBasukiaccuyeckass aCMHMOTOTHKA CBSA3HBIX cocTosHui. Kiaccudukanus crekrpa ¢
nomoteio rpada Puba. CTpykTypa cnekTpa 3aMKHYTOH HAaHOTPYOKH NMEPEMEHHOTO CeueHHs C
napaboIMYecKUM MOTEHIIMAIOM KOH(paitHMeHTa.

[lepeueHb KOHTPOJILHBIX BOIIPOCOB JUIS C/Ia4M 3a4eTa B 8 cemecTpe:

1. AmmabGatuueckoe W KBa3WKJIACCHMUECKOE NPUOIMKEHHE B BEKTOPHOM Cllydae Ha
npumepe



ypaBHeHus [laynmu-bperakoBa-PamOsr B HaHOTpyOKax,
2.MHOTOMEpHOBIC JarpaHKeBbl MHOT00Opa3zus W ux cBoicTBa. Dasza, AKOOMHBI U

(GyHKIMU Ha JarpaHXeBbIX MHOrooOpasusx. ['aMHUIbTOHOBBI CHUCTeMBI M (ha30Bble IOTOKH.

Kanonnyeckne npeoOpa3oBaHus JarpaHKeBbIX MHOTOOOpa3uii.

3.0mnpenencHue MHICKCa U KAHOHUYECKUI onieparopa MacioBa B MHOTOMEPHOM CITydae.

YcnoBue kBantoBanue bopa-3ommepdenpaa B MHOTOMEPHOM CITydae.

4.AcUMINTOTHKA BOJHOBBIX MAKETOB U BOJIHOBBIX My4KoB. @opmyna tumna Gopmysnsl Ban

®dreka B MHOTMEpHOM ciydae. becceneBbl 1 Diipu-becceneBsl myyku.

5.AcUMIITOTHKA 3a7a4ll paccesHUs Uil JAByMepHOro ypaBHeHus Jlupaka mns rpadena.

®a3a beppu.

6.CBs13HBIE COCTOSTHUS B Tpad)eHe U B HAHOTJICHKAX.
IIpumepsl OnJieToB:

Buaer 1
Meton BKb nans ypaBuenus lllpenunrepa. BwiBon ypaBHenwii ['amuibToHa-SIkoOu wu
nepeHoca
YpaBHeHHsI € ONEpaTOPHO3HAYHBIM CHMBOJOM. Apnuabathyeckoe NpUOIMKEHHUE B
onepaTopHoil ¢opme. BriBon 3(hPeKTUBHBIX raMHIBTOHHAHOB JIJIsl ypaBHeHUs: Jupaka s
rpadena. [ToHmkeHne pa3MEpHOCTH U BBIBOJ OJHOMEPHBIX PEAYHUPOBAHHBIX YpPaBHEHHI
JUUIsl KBAHTOBBIX BOJIHOBOJIOB.

Buaer 2
JlarpanxeBbl MHOT000pasusi (KpUBBIC), KAHOHHYECKUE TPE0Opa3oBaHusl, (JOKAITBHBIC TOUKH.
10.00mas cxema pemienus 3agaud Komm. ACUMOTOTHKA pacpOCTPAHSIIOIIUXCS BOJHOBBIX
naketoB. Pemenue 3amaun Komwu ¢ JI0KanuM30BaHHBIM HAYaJbHBIM YCIOBHEM M (opmysa
tuna Ban ®neka. Pemenne beppu-banaxa. [IppuMeHeHHe K HecTallMOHApHOW KBaHTOBOW
JTUHAMHKE 3JIEKTPOHA B HAHOTPYOKax.

Buaer 3
Acumnroruka ¢yHknuun ['puHa nans  ypaBHenus lllpeuwnrepa ans rapMOHHYECKOTO
OCHWIJLIATOPA.
CranuoHapHble 3a7]aud U MHBApUAHTHBIE JIarpaHXKeBbl MHOrooOpasus. KBasukinaccuueckas
3amava paccestHus. OTpakeHre BOJIHOBBIX TAKETOB 3ayKEHHBIMU KOHIIAMH HAaHOTPYOKax.

4. Kpurepun oneHuBaHus

OneHka bannsl Kpurepun

10 BeicTaBisiercss  CTyACHTY,  IOKa3aBIIEMY
BCECTOPOHHME, CHCTEMaTU3WPOBAHHbBIE, TIyOOKHE
3HaHUS  y4eOHOH TporpaMMbl  JTUCIMILIMHBI,
MPOSIBJISIFOIEMY MHTEpPEC K JAHHOW IPEeIMETHON
o0nacT,  MPOJEMOHCTPUPOBABIIEMY  yMEHHUE
YBEPEHHO U TBOPYECKM IPUMEHATh MX Ha
[IPAaKTUKE TPU pEUICHUH KOHKPETHBIX 3ajad,
CBOOOJHOE U MPAaBHJILHOE 00OCHOBAHUE MPUHATHIX
peLICHU.

OTJIMYHO

9 BeIcTaBisgercs  CTy€HTY, MOKa3aBIIEMY




BCECTOPOHHME, CHCTEMaTU3UPOBAHHbIE, TITyOOKHE
3HAaHUSA YYeOHOW MPOrpaMMbl JUCHUIUIHHBI U
YMEHHUE YBEPEHHO MTPUMEHATh UX HA IPAKTUKE IPU
pelICHNH KOHKPETHBIX 3a/1a4, CBOOOJHOE U
MPaBIJIbHOE 0OOCHOBAHUE NMPUHSATHIX PEHICHHI.

BeicTaBisiercs  CTyACHTY, IIOKa3aBIIEMY
BCECTOPOHHME, CHCTEMAaTU3UPOBAHHbBIE, TIyOOKHE
3HAaHUS Y4eOHOH MpOorpaMMbl JUCHUIUIMHBL U
YMEHHUE YBEPEHHO IPUMEHATh UX HAa IPAKTUKE IIPU
pElIEHNN  KOHKPETHBIX  3ajady, IpaBUJIbHOE
000CHOBaHUE MPHUHSATHIX PEIICHUN, C HEKOTOPBIMU
HEJIOYETaMH.

XOpOIIIO

BeicraBisiercss CTyIEeHTy, €ClIM OH TBEPHO
3HaeT Marepuall, TIpPaMOTHO M IO CYILIECTBY
u3jaraeT €ero, yMeeT IMPUMEHSTh I0Jy4YeHHbIE
3HAHUS HA MPAKTUKE, HO HEJOCTaTOYHO I'PaMOTHO
000CHOBBIBAET MOJIyYEHHBIE PE3YJIbTATHI.

BricTaBnsiercsi CTyIOeHTy, €Clii OH TBEPAO
3HAaeT Marepuajl, I'PaMOTHO M IO CYLIECTBY
W3JIaraeT €ro, yMEET MPUMEHSATHh IOJTyYCHHBIC
3HAHUs Ha IPAKTUKE, HO JIOIIYCKAET B OTBETE WJIHU B
pPELIEHNUH 3a]1a4 HEKOTOPbIE HETOYHOCTH.

BricTaBnsercs CTYACHTY, €Clin OH B
OCHOBHOM 3HACT Marcpuajl, IrpamMOTHO n I10
CymIeCTBy H3jaract €ro, YyMeCeT JMPUMCHATb
MOJIYYCHHBIC 3HAHWA Ha IIPAKTHUKE, HO OOITYCKACT B
OTBCTC MWJIM B PCIICHUU 3aJlad J0CTATOYHO
00JIBIIIOE KOJIMYSCTBO HETOYHOCTEM.

YAOBJICTBOPUTCIBHO

BricTaBnsieTcss  CTyAEHTY, IIOKa3aBLIEMY
(dbparMeHTapHbIH, Pa3pO3HEHHBIN Xapakrep
3HAHUH, HEJ0CTaTOYHO IIPABUJIBHBIE
(bopMynupoBKH 0a30BbIX MOHATHM, HapyIICHUS
JIOTUYECKON TIOCIEN0BAaTENBHOCTH B H3JI0KEHUU
IIPOrpaMMHOT0 MaTrepuaia, HO TIpHd OBTOM OH
OCBOWJI OCHOBHBIE pa3zielibl yueOHOH MpOorpamMsl,
HeoOXOoIuMBbIe MJi JAalibHEHIIero oOydeHHus, U
MOJKET MPHUMEHATh TOJIY4YEHHBIE 3HAHHUA 10
00pasily B CTaHJaPTHOM CUTYAIUH.

BricTaBnsercs  CTyAeHTY, TOKa3aBIIEMY
(dbparMeHTapHBIH, pa3pO3HEHHbIN XapaxkTep
3HAHWH, JIOMYCKAOIIEMY OILINOKHU B
dbopMynupoBKax ©0a30BBIX TOHATUN, HAPYIICHUS
JIOTUYECKOM IIOCIEAOBATECALHOCTH B U3JI0KECHUH
MpOrpaMMHOTO  Marepuana, ci1abo  BiajeeT
OCHOBHBIMH ~ paszieflaMd y4eOHOH TpOTrpaMMBbl,
HEOOXOUMBIMU JUTSI TalbHEHIIero oOydeHus u ¢
TPYJIOM TPUMEHSET TMOJTy4YEHHBbIC 3HAHUS JaKE B
CTaHJAPTHOW CUTYAaIUH.

HEYAOBJICTBOPUTEIILHO

BeIcTaBnsercs CTyIeHTY, KOTOPBI HE 3HAET
OoublIIel YacTH OCHOBHOI'O COJEpKaHHs y4eOHOM
pPOrpaMMbl  TUCHUIUIMHBI, JIONYCKAaeT TIpyoOble




omMOKu B (OPMYIMPOBKAX OCHOBHBIX TMPUHITUIIOB
U HC YMCCT HCIIOJIb30BAaTh IIOJTYYCHHBIC 3HAHHWA
IIPU PEUICHUN THITOBBIX 3a]1a4.

1 BeicTaBnsieTcst CTy€HTY, KOTOPBIl HE 3HAET
OCHOBHOTO COJIEp)KaHHUsl y4eOHOH mporpammbl
JMCUUIUINHBL, JOMycKaeT rpyOeime ommOku B
dbopMynupoBKax 0a30BbIX MOHATHH TUCIUTUIMHEI U
BOOOIIE HE MMEET HABBIKOB PEIICHUS TUIOBBIX
NPAaKTUYECKHX 3a/1a4.

1. OueHka «3a4TEeHO0» BBICTABJISIETCS CTYIEHTY, KOTOPBIH

- IPOYHO YCBOWJI MPEAYCMOTPEHHBIH MPOTrpaMMHBII MaTepHalt;

- IPaBUIILHO, APTYMEHTUPOBAHO OTBETHJI Ha BCE BOIIPOCHI, C IPUBEICHHEM IPUMEPOB;

- Tokazan TIIyOOKHE CHCTeMaTH3MpPOBAaHHBbIC 3HAHHS, BJIAJEET NpPUEMaMH PACCYKICHHS U
COIIOCTABJISIET MaTepHall U3 Pa3HBIX MCTOYHHUKOB: TEOPHUIO CBSA3BIBACT C MPAKTUKOH, IPYTUMHU
TEMaMU JIaHHOTO Kypca, IPYruX U3y4aeMbIX MPEIMETOB

2. OueHka «He 3a4TeH0» BricTaBisercs cTyAeHTY, KOTOpbli He crpaBuics ¢ 50% BompocoB
Ouiiera, B OTBETax Ha JIPyrve BOMPOCHI JOMYCTUI CyIIECTBEHHbIe OomMOKU. He MoXkeT oTBETUTH
Ha JIOTIOJIHUTENIFHBIE BOIPOCHI, NPEJIOKEHHBIE TMpENoAaBaTeieM, HEe 3HaeT OoJbIIeld YacTu
OCHOBHOTO COJIep:KaHus Yy4eOHOUM MporpamMMbl TUCHUIUIMHBI, JOMYCKAaeT rpyOble OMMOKH B
(bopMyTHpPOBKaxX OCHOBHBIX IPUHITUIIOB.

5. Metoauyeckue MaTepuaJibl, OINpee/silOIIMe NPOLEAYPbl OLEHMBAHUS 3HAHWIA,
YMEHUIi1, HABbIKOB U (MJIM) ONbITA JeATeJIbHOCTH

[Tpu npoBenennu nuddepeHIPOBaHHOTO 3a4eTa 00YJAOIIEMYCsl IPEIOCTABISICTCS HE MCHEe
40 MUHYT Ha TOATOTOBKY. OMNpoc 1Mo OUIIeTy U OTBETHI Ha IOMOJIHUTEILHBIE BOIPOCHI HE JTOJKHBI
MPEBBINIATH JBYX aCTPOHOMHUYECKHX 4acoB. [10 3aBepIlieHnH OTBEJICHHOTO Ha ONPOC BPEMEHH,
9K3aMEHATOP JOJKEH BBICTABUTH O0YYarOIIEeMYyCs OLICHKY.

Bo Bpemss mpoBeneHus 3adera OOy4yarolIUMecss MOTYT TOJIb30BAaThCA MPOTPAMMOi
JUCIUIUIMHBI, @ TaKXe CIPABOYHOW JIMTEPATYpPOH, BBIYMCIUTEIBHON TEXHUKOW, KOHCIIEKTaMH
JIEKITHH.

3ader MOXKET MPOBOAMTHCS MO UTOTaM TEKYIIEH yCIeBaeMOCTH W CHA4M 3aJaHul, WU
MyTeM OPTaHU3alllK CIIEIMAIBHOTO OIIPOCca, TPOBOJMMOTO B YCTHOM (hopme.




