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

YTBEPXJAEHO
IIpopexTop no yueoHoii padore

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 TUCHHILJIMHE: KBaHTOBas MexaHMKa
110 HANPABJICHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
NpopuJIb NOArOTOBKHU: ®Pu3nKa U NeAaroruka

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa teopernueckoi puznku um. JI.J1. Jlannay
Kypc: 3
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Cemectpbl, HOpMBI IPOMEIKYTOUHON aTTECTAIHH:
5 (ocennwuil) - Dx3amMeH

6 (BeceHHMI) - DK3aMEH

AynutopHbIX yacoB: 120 Bcero, B TOM 4HCIIE:
nexun: 60 gac.
ceMuHapsl: 60 gac.
nabopatopusele 3ansaTus: 0 gac.

CamocrosrensHas padora: 90 yac.
[TonroroBka k 3x3ameny: 60 yac.

Bcero gacos: 270, Bcero 3ad. ef.: 6
KonmuecTBo KOHTPOIBHBIX pa0oT, 3a1aHuil: 8
[Iporpammy cocraBuin:

A.B. Ten, kaHj. puz.-mar. HayK, JOLEHT

KO.M. Benoycos, n-p ¢u3.-mart. Hayk, mpodeccop, npodeccop
O.U. TonctuxvH, a-p Gus.-Mar. HayK, JOLEHT, Ipodeccop
A.W. TepHoB, a-p pu3.-Mar. HayK, JOIEHT, podeccop

A.JIL. bapabaHoB, 1-p (u3.-Mar. HayK, JOUEHT, JOIECHT

[Iporpamma obcyxieHa Ha 3acefanuu kKadenpsl Teoperudeckoi puszuku um. JI.JI. Jlannay 12.02.2022



AHHOTANMA

Tomoroii kypc KBanToBast MexaHHKa COCTaBIISICT OJJHY U3 YacTeil OCHOBHOTO Kypca TEOPETUIECKON (QU3NUKU U
npegHa3HadeH Ajs cTyneHToB 3 u 4 KypcoB OakanaBpuara. Kypc cienyer 3a xypcom «Teopust mons» u
npeanecTByeT Kypey «Craructudeckas pusnkay.

B xypce paccMaTtpuBaeTcs ONHCAaHAE HEPEINSITUBUCTCKUX MUKPOCKOIIMYECKHX CHCTEM Ha OCHOBE MTOCTPOCHHUSA
BEKTOPHOH (IMpaKkoBcKoil) popMynupoBkH Teopuu. B nepBoit uactu chopMyarpoBaHbl MOCTYIATH KBAHTOBOU
MEXaHUKM U MaTeMaTH4ecKHUil ammapar, HOJIy4eHbl OlepaTopbl OCHOBHBIX (PM3WYECKUX BEIMYUH HAa OCHOBE
TEOPUU IIPEACTABICHUI U CUMMETPHI IpOCTpaHCcTBa. M3y4aroTcss OCHOBHBIE CBOMCTBA COCTOSIHUM KBaHTOBBIX
cucTteM M pemnieHnid ypasHenus lllpenunrepa. MmmrocTpanyst OCHOBHBIX CBOMCTB Ha NMEPBOM JTalle AAETCS B
paMKax OJHOMEpHOW Mojenu. BakHoe BHUMaHME yAENSETCS TOYHO PEIIAEMbIM MOJEINSM, B YacCTHOCTH,
noApoOHO paccMaTpUBaeTCsT KBAHTOBOE ONMHCAHHME TapMOHHYECKOIO OCLMIUISTOPA, BKJIIOYAs KOTE€PEHTHBIE
cocTtosiHuA. PaccMarpuBaeTcss ONMCAaHME COCTOSIHMM KBAaHTOBOM YaCTHIBI B LICHTPAJIBHOM IIOJIE, CBOMCTBA
MOMEHTa HMMIylbca M cnuHa yacTHubl. [logpoOHO paccMoTpeHa onHa K3 BaKHEHIIMX 3aJad — 3agada o
COCTOSIHUSIX BOJJOPOJIONIOZJIOOHOTO aroma.

[Tocne u3noxxkeHus: OCHOB KBAaHTOBOM MEXaHUKM PAacCMAaTPHUBAIOTCSl MPUOIMKEHHBIE METOABI PEIICHUS 3a/au.
B xauecTBe mepBoro mpuOIMKEHHOTO METO/IAa pacCMaTpHUBACTCA KBAa3UKIACCHUYECKOE MPUOIIKEHNE, KOTOpoe
MTO3BOJISIET JIyYIllI€ IOHATh COOTBETCTBHE KBAaHTOBOTO M KIJIACCHYECKOTO ONMCAHMS JIBHYKEHHUS YaCTHUIIBI.
OCHOBHOM NPUOMMKEHHBIH METO — TEOpUsl BO3MYILICHHUI paccMaTpuBaeTcs AJsl KOHCEPBAaTUBHBIX CHCTEM
(craumoHapHa TeOpHsl BO3MYIICHHMI) M JUIsI HEKOHCEPBATHUBHBIX CUCTeM (HECTalMOHAapHas TEOpHs
BO3MyIeHHH). CranuoHapHas TeOpHsl BO3MYIIEHHH H3J1araercsi Ha OCHOBE MocTpoeHus ¢GyHKiuu [puHa
cranuoHapHoro ypasHeHusa IllpenuHrepa. PaccMOTpeHO €€ NpUMEHEHWE [ CBS3aHHBIX COCTOSHUI
(IMCKpETHBIM HEBBIPOXKACHHBIM M BHIPOXKJCHHBIN DHEPTETHUECKUN CHEKTP) W JJIsi MHOUHUTHOTO JIBUKCHUS
(HeTIpephIBHOTO cIIeKTpa). B HenmpepbIBHOM CIEKTPE PaccMOTPEHO OOPHOBCKOE MPHUOIMKEHUS OMHUCAHUS
paccesiHus yactull. HecranuonapHas Teopust BO3MYIIEHUH paccMaTpUBaeTCs KaK AJIsl IUCKPETHOTIO, TaK U JJIs
HEINIPEPBIBHOIO CIEKTpa DJHEPrHMil € TMO3WLUN ONHCAHMS KBAaHTOBOM CHCTEMBI B IIPEICTaBICHHUH
B3auMoOJleficTBUs. BBIBOAMTCS BEpOSTHOCTb IEpEXolla M BEPOATHOCTh IIEpeXoAa B E€AMHUIY BpPEMEHU
(«30omoroe mpaBuino» depmu). PaccmarpuBaercsi MOHATHE KBa3UCTALMOHAPHOIO COCTOSHHUA. PaccMOTpeHsl
0COOCHHOCTH TEOPUH BO3MYILCHUH B CITydae aquabdaTHuecKyl MEIJICHHOTO N3MEHEHUS BO3MYILECHHS.
PaccMOTpeH ydeT MarHWUTHBIX B3aMMOJEHCTBUN KaK y4deT PEISATHUBUCTCKHX ITONPABOK B HEPEIATUBHCTCKOMN
KBaHTOBOI MexaHMKe. PaccmMoTpeHa 3ajaya O IPELEecCMM MAarHUTHOTO MOMEHTa YacTULbl U O JBUIKEHUU
3apsyKEHHON 4acTHIBI B OHOPOJHOM MarHMTHOM I10JI€, ITOJTy4YeHbl YpoBHHU Jlannay.

Bo BTOpoil yacTu paccMarpuBaeTCs OMHCAaHHME MHOTOYACTHYHBIX KBAHTOBBIX CHCTEM. BBoauTCs moctynar o
TOXXJECTBEHHOCTH yacTull. PaccmarpuBaercs kak mocTpoeHHe BOJTHOBON (DYHKIIMHM CHCTEMBI TOXKJICCTBEHHBIX
YacTull, TaK U ONHCAHUE CHUCTEM TOXICCTBEHHBIX YACTHULl B MPEACTABICHUW YHCEN 3aloJHEHHS (METO.
BTOPUYHOIO KBAaHTOBaHHUs). B kauecTBe npumepa paccMmarpuBaeTcsi ONMCAHUE COCTOSIHMM aroma TIemus,
BBOIATCSL ypaBHeHHA XapTpu-Doka, MOKa3bIBAaeTCs NMpUpoJa OOMEHHOro B3auMoneicTBua. PaccMmoTpeHsl
IPUHIMIBI U METO/Bl ONHCAHUS COCTOSHUN CIIOXKHOTO aroMa M MX COOTBETCTBHE NMEPUOANYECKON Tabimie
35IeMeHTOB. PaccMoTpeHo onucanne COCTOSHUSI aTOMOB BO BHEIIHUX MOJISIX, B YACTHOCTH paccMoTpeH dh ekt
3eemaHa B c1a00OM U CHIIbHOM MarHUTHOM TIOJI€.

B HepenaTHBHCTCKOM TEOpHM W3ITy4eHHsI paccMaTpUBacTCs KBAaHTOBAHUE CBOOOJHOTO JIEKTPOMAarHUTHOTO
IOJII U €r0 B3aMMOJEHCTBHE C CHUCTEMAMHM 3apsKEHHBIX YacTUL. PacCMOTpPEHO M3IydyeHHE U MOIVIOLIEHUE
ANIEKTPOMArHUTHOTO TIOJISE aTOMA, OIPEAEIIETCs BpeMsl )KU3HU BO30Y)KICHHBIX COCTOSIHUI aTOMOB, HOJTy4€HbI
npasuiia 0T00pa sl AMEKTPUUECKOTO AUMOIBHOTO U3JIyUYeHUs aTOMOB.

B 3akmroueHme Kypca paccMaTpuBAaeTCs OIMCAHUE OTKPBITBIX KBAaHTOBBIX CHCTEM, BBOJUTCS IIOHSATHE
MaTpullbl INIOTHOCTHU. JlaeTcsl pecTaBlIeHUe O 3allyTaHHbIX COCTOSHUAX KBAHTOBBIX CUCTEM.

1. lean u 3apa4n

Heap AucHUNIHHBI
JlaTb cTyneHTaM 3HaHHS B 00JIACTH ONMCAHMS PA3TUYHBIX KBAHTOBBIX (PM3MYECCKHX SIBICHUN U METOIBI
NOCTPOCHHSI  COOTBETCTBYIOIIMX  MaTeMaTHMYeCKUX  MOJEJNel, II0Ka3aTb  COOTBETCTBUE U
HETPOTHBOPEUUBOCTh CHCTEMBI IIOCTYJIAaTOB, TIIOJIOKEHHBIX B OCHOBY KBaHTOBOH TEOpHH,
CYLIECTBYIOIMM DKCICPHMEHTAIILHBIM JIaHHBIM, YTO MO3BOJISIET CUUTATh TEOPHIO AOCTOBEpHOM. JlaTh
HaBBIKM, TIO3BOJISIOIIME TIOHATH AJCKBATHOCTh TEOPETHYECKOW MOIEIU  COOTBETCTBYIOLIEMY
(u3NIECKOMY SIBIICHUIO.

3amaum JUCIUTLIHHBI
* H3yuyeHue CBOWCTB TOYHO PEUIAEMBbIX 3a4a4-MOJIEIEH KBAHTOBOMEXaHUYECKUX CUCTEM;



¢ MU3YYCHHUC HpI/I6JII/I)KeHHBIX MCETOAOB PCIICHHUA 3a1a4 KBaHTOBOM MCXaHUKU,

¢ MU3YUYCHHC MCTOHOB OIMMCAaHUS CIOXKHBIX CUCTEM, B TOM YUCJIC CUCTEM TOKACCTBCHHBIX YaCTHUII;

® OBJIQZICHUE METOJAaMHM KBAaHTOBOM MEXaHUKH JJISI OINKMCAHHUS CBOMCTB Ppas3IMIHbIX (1)I/I3I/I‘-ICCKI/IX

CUCTCM.

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 JOCTHIKCHHUA KOMIICTCHIIMH

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MOJTyUYCHHBIC B
obnacty pU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh HX B
npodeCcCHOHAILHOMN JIeATeIBHOCTH

OIIK-1.1 CnocobeH aHanM3upoBaTh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

OIIK-1.2 CnocobeH CcTpOUTh MareMaTu4ecKhue MOJIeNH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl H OLICHKH

OIIK-1.3 CnocoOeH ompenensts TpaHULbl TPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

[TK-4 CriocoOeH KpUTHYECKH OLICHUBATh
MPUMEHUMOCTb UCIIOJIb3YEMBIX METOIUK U
METOI0B

[1IK-4.1 3naer yncneHHbIe MOPAIKA BEITMYHUH, XapaKTEPHbIX
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

[IK-4.2 3HaeT WCTOYHUKM TIPOMCXOXKACHUS M yMEET
[IPOU3BOIUTh  OLIEHKY  IIOTPELIHOCTH  MU3MEPEHUH U
JIOCTOBEPHOCTH SKCIIEPUMEHTANIBHBIX PE3YIBTATOB

[IK-4.3 CnocobeHn 000CHOBaTh NPUYMHHO-CJIC/ICTBCHHBIC
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOesei

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILTHHE (MOIYJII0)
B pesynberare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaTh:

[locTynatel ¥ NPUHLUIBI KBAHTOBOM MEXaHMKH, METO/bI OIMCAHMs KBAHTOBBIX CHUCTEM, CBA3b
COCTOSIHUHM M OTIEPaTOpOB C HAOIIOJAEMbIMH U U3MEPSEMBIMU BEIIMYMHAMU;
OCHOBHBIE CBOMCTBA TOUHO PelIa€MbIX MOJIeJIell KBAHTOBBIX CUCTEM;
OCHOBHBIE MPUOIMKEHHBIE METOIBI PEIICHHs 3a/1a4 KBaHTOBOM MEXaHWKHU: KBa3HMKIIACCHUECKOE
npuOIMKEHUE; CTAIMOHAPHYIO U HECTAIMOHAPHYIO TEOPUIO BO3MYIICHUI;
METO/IbI ONIMCAHUS CIIOKHBIX U HE3aMKHYTHIX KBAHTOBBIX CHCTEM;
METOJIbl M CIIOCOOBI OMMCAHUS CUCTEM TOX/IECTBEHHBIX YaCTHIl B KBAHTOBOW TEOPUH;
METOJIbI OITMCAHUS PACCESIHUS YAaCTHUL; ONMCAaHUE B3aUMOAEHCTBHSA JIEKTPOMArHUTHOTO U3ITYYEHHS

C KBAHTOBBIMH CUCTEMAMU 3apsAd0B.

YMETB:

OHpeI[CJ'ISITB SHCPICTUUCCKUC CIICKTPLI U BOJIHOBBIC (bYHKI_II/II/I B OJHOMCPHBIX CJIydadx,
OIPEALCIIATh CPCAHNUEC 3HAUCHUA (Q)HSH‘ICCKI/IG BCJ’II/I‘II/IHLI) KBAaHTOBBIX CHCTEM, C€CJIM M3BCCTHBI UX

BOJIHOBBIC (DYHKIIUH;

ONPEAETATh COCTOSIHMSA M KJIacCU(HUUIMPOBATh DSHEPreTHYECKHE CIEKTPbl YacTUIBI B
CUMMETPHYHBIX OTEHIIMAJIAaX, B YaCTHOCTH, 00JIaIal0INX aKCHaJIbHON U LEHTPAIbHON CUMMETpUEH;
NPUMEHATh KBa3MKJIAcCHYECKOe MPUONMKEHHE A OLCHKH YPOBHEW SHEPruM M BEPOSTHOCTEH
MIPOXOKJCHUS B OMHOMEPHBIX MOTEHINAIAX;
IPUMEHSTh CTAllMOHAPHYIO TEOPUIO BO3MYILEHUI 1JI1 HaXOXKAECHUS MOIPABOK K YPOBHSAM dHEPIUU

1 BOJHOBBIM (DyHKIIHSIM;

IIPUMEHATh HECTALIMOHAPHYIO TEOPHUIO BO3IMYILIECHUHN Ul HAXOXKICHUs BEPOSTHOCTEH MEPEXON0B

MCXKAY COCTOAHUAMMU,

pemarh 3aga4u O HaXOXKICHUHN COCTOSIHUH U SHEPreTUICCKOro CriCKTpa CUCTEM MHOI'MX, B TOM

YHUCJIC TOXKACCTBCHHBIX, YaCTHII,

BBIUMCIATH AU depeHnnaIbable CeUeHNs pacCesTHIs YaCTUIl Pa3IUYHBIMH OTEHIHATIAMY;
ONpPENENATh BO3MOXKHBIE ONTHYECKHE MEPEXOAbl MEXAY COCTOSHHUSIMU CHUCTEM 3apsigoB U
OIICHUBATh BPEMEHA JKU3HU BO30YXKJICHHBIX COCTOSHHIA.

BJIAJIETD:

OCHOBHBIMH METOAAaMHU PCUICHUA 3a4a4 O HaXOXIACHHU COCTOSTHUH U OHEPICTUYCCKUX CIICKTPOB

PAa3JINIHBIX KBAHTOBLIX CUCTCM;,

HaBbIKaMH TCOPETHUYCCKOTO aHaJM3a peajibHbIX 3alda4d, CBA3aHHBIX CO CBOMCTBaMH
MHUKPOCKOIIMYCCKUX U HAHOCUCTEM, OGHa,I[aIOH_[I/IX KaK JUCKPCTHBIM, TaK U HCIIPCPBIBHBIM CIICKTPaMHU.




4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOSTENIbHYIO padoTy, Jac.
No Tema (pazmen) TUCITUTUTHHEL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 VYpasuenue lllpenunrepa u ero cBoiicTra. 4 4 1
) Bpemennas  sBomonmst  puzmueckoin 4 4 3
CHCTEMBI
3 CuMMmeTpun B KBaHTOBOW MEXaHHKE W 4 3 5
3aKOHBI COXPAHEHUS.
4 Teopuss yrioBoro MOMEHTa M CIMHA 4 3 4
3JIEKTPOHA
3amaua aByX Ten. JIBWkeHHE B TIONE
5 LEHTPaIbHO-CUMMETPUIHOIO 4 3 3
MOTEHIHAIA.
6 KBazukimaccuaeckoe mpuOIMKEeHHUE. 2 3 4
7 AToM Boziopoza. 2 3 10
] Teopyus  NUMHEHHOTO TapMOHUYECKOTO 4 5 4
OCLMJIIATOPA.
9 [Tpuém 3aganuil. 2 2 11
10 Hecranuonaphasi Teopusi BO3MYILCHHA. 4 4 4
[IpencraBnenre B3aUMOACUCTBUSA.
1 CranuoHapHass Teopus BO3MYLICHUH. 4 4 6
Merton pyuknuu [puna.
12 |OCHOBBI PEIATUBUCTCKON TEOPUH. 4 3 5
13 CI/ICTeMHU TOXIECTBEHHBIX  YaCTHII. 4 3 5
CnoxHbIH aToM.
14 Cucrema 3JIEKTpUUYECKUX 3apsAlOB  BO 4 3 5
BHEIIHEM 3JICKTPOMarHUTHOM TIOJIE.
15 Teopus 31E€KTPOMarHUTHOTO U3TYUCHUS. 2 3 5
16  |Teopus paccesiHus. 2 3 5
17  |CrnoxxeHre MOMEHTOB. 4 5 5
18  |IIpuém 3amaHmil. 2 2 5
Hroro yacos 60 60 90
[TonroToBka K 3K3aMeHy 60 gac.
Oobmas TpynoEMKOCTb 270 gac., 6 3ad.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 5 (Ocennuit)
1. YpaBuenue lllpeaunrepa u ero cBOMCTBA.

OneMeHTHl TEOpUM npeacTaBieHuid. KoopauHaTtHoe M MMITyIbCHOE NpeAcTaBieHue. BpemenHoe
ypaBHeHue lllpenunrepa. YpaBHeHue HenpepblBHOCTU. IIOTHOCTh BEPOATHOCTU U IJIOTHOCTH TOKA
BeposiTHOCTH. HopMupOBKa BONHOBOW (PyHKIMH B CIIy4ae TUCKPETHOTO M HEMPEPBIBHOTO CIIEKTpA.
CranuonapHoe ypaBHenue Lllpenunrepa.




2. BpemenHast aBomonus (pU3NIECKON CHCTEMBI

[Mpencrasnenne lpenunarepa u mnpexacraBieHue [aiizenOepra. [aii3eHOEproBCKUE ypaBHEHUS
nerxkeHns. KBantoseie ckoOku Ilyaccona.

dyHIamMeHTalIbHBIE KOMMYTAIIMOHHBIC COOTHOIICHHUS. MHTErpasl ABMKCHUS B KBAHTOBOIM TEOPHH.
Teopembr DpeHdecTa.

3. CuMMeTpur B KBAaHTOBOM MEXaHMKE U 3aKOHBI COXPAHEHHUS.

NHBapruaHTHOCT, KBAaHTOBO-MEXAaHMYECKOW CHUCTEMbl OTHOCHUTEILHO TPy MpeoOpa3oBaHUi.
CummeTpun GU3NUECKON CUCTEMBI U 3aKOHBI COXPaHEHHS.

I'pynna mpocTpaHCTBEHHBIX TPAHCISALUUN M 3aKOH COXpPAHEHHUS HUMIylbca. [pyIma BpeMEHHBIX
TpaHCISILMM U 3aKOH COXpaHEeHUs sHepruu. [pynma TpexmepHbIX BpallleHUIl U 3aKOH COXPaHEHMs
opbutaibHOro MoMeHTa. HenpuBoaumele npeacTaBieHus TPYyMIbl TPEXMEPHBIX BpameHnit. CriuH u
MOJIHBIA MOMEHT.  [pynna NpoCTPaHCTBEHHOW MHBEPCUM W 3aKOH COXPAHEHUS YETHOCTH. Ipyrma
oOpalieHns BpeMEHH.

4. Teopus yIJIoBOro MOMEHTA U CIIMHA JIEKTPOHA

VYI0BOi MOMEHT B KBaHTOBOM MexaHHKe. Omeparopbl MOMEHTA KOJIMYECTBA ABIKCHHS U KBajJpaTa
MoMmeHTa. CoOCTBeHHBIE 3HAYEHHS U cOOCTBEHHBIE (PyHKINHU. OniepaTop KOHEYHBIX BPAIIEHHH.
Omneparop cnuHa. Marpunbsl Ilaynu n ux cBoiictBa. CrmHOBass BonmHOBas (yHKmms. MeToas
M3MEpPEHUs CIIMHA.

5. 3a;[aqa ABYX TCJIL. I[BI/I)KCHI/IG B ITOJIC HCHTPAJIIbHO-CUMMCTPHUYHOI'O MOTCHIHUAJIA.

3ajaua AByX Tel B KBAaHTOBOM MexaHuke. lleHTpaibHOe monie, pasfelleHHue I[1EPEMEHHBIX.
PamnansHOE YpaBHEHHE [Ipeaunrepa. IIpocTpaHCTBEHHO-U30TPOIHBII OCLUJLIATOP.
Bonopononono0HbIii aToM. DHEpreTH4ecKuii CIIEKTp, BOJTHOBas PyHKIUs. Boipoxkaenue.

6. KBaszuknaccuueckoe mpuOImKeHHe.

[IpenenbHblil MEpexol K KJIacCHUECKoW MexaHuke. BonHoBas (YHKIHS B KBa3WKIACCHYCCKOM
npubmmxennu. Meroq BKbB IlpaBuno kBanToBanust bopa—3ommepdensma. PazoBbiii 00beM,
MPUXOISIINICS Ha OJHO cocTosiHue. [IpoxokieHre CKBO3b MOTCHIMANBHBIN Oaphep (TyHHEIHHBIN
a¢dexT). DneMeHTapHas Teopus pacnaaa.

7. ATom BogOopoaa.

AToMHas cucTeMa eJUHHL. DHepreTuiyeckuii cnekTp. Panuanbupie BomHoBbIe QyHKIMH. KparHOCTH
BBIPOXKJICHUS YPOBHEM.

8. Teopust AMHENHOTO TAPMOHUYECKOTO OCHUIIATOPA.

Onepretudeckuii crekrp. CoOcTBeHHbIE (YHKIMHM TAPMOHUYECKOTO OCHIUIATOPA B KOOPAWHATHOM
MIPECTABIEHUH.

9. Ilpuém 3anaHuil.

Cemecrtp: 6 (Becennuit)

10. Hectanmonapnas Teopus Bo3myienuil. [Ipencrapnenrue B3auMoAeiiCTBUS.



[IpencraBneHue B3aUMOACHCTBHs. XPOHOJIOTM30BaHHASL HKCIIOHEHTA. Teoprss KBaHTOBBIX
nepexoqoB. COOTHOLIEHHE HEOoNpeleNeHHOCTeH il 3Heprud W BpemeHu. llepexompl B
JIBYXypOBHEBOW cucTeMe. Ilepexompl B HEMpepbIBHOM CIIEKTpe. «3050Toe MpaBuwio» @Oepmu.
Buesannbie n anuabaTuueckre BO3MYLICHUSI.

11. CrannonapHas Teopus Bo3MmylieHuid. Meton ¢pynkuuu ['puna.

Teopust Bo3MylIeHU [yis AMCKpeTHOro crekrpa. Kpurepuit npumenumoctd. Meron (yHKIuH
I'puna. [lompaBKkM K COCTOSIHMSIM U ypOBHSM 3Hepruu. Ciydail BBIPOXKJIEHHBIX YPOBHEH SHEpTHUU.
[IpaBunbHBIE BOTHOBBIE ()YHKIMHN HYJIEBOTO NPUOIKeHHs. Teopust BO3MYIIEHUH ISl HEIPEPBIBHOTO
CHEKTpa, OOPHOBCKOE MPUOIMIKEHUE B TEOPUH PACCESHUSI.

12. OCHOBBI PENATUBUCTCKON TEOPHUHU.

PenstuBucTckue BonMHOBBIE ypaBHeHus. YpaBHeHue KieitHa—lopmona—®oxka. Ypasuenue [lupaxa.
Marpunsl  Jlupaka W WX CBOMCTBA. PensTMBUCTCKas WHBAapHAHTHOCTh YypaBHEHHs Jlupaxa.
OpOuTanbHblid, COOCTBEHHBI W TONHBIH MOMeHT B Teopun [lupaka. CnuH-opOHTaNIBHOE
B3auMoyeiicTBue. TOHKas CTPyKTypa SHEPreTHYECKUX YPOBHEH aroMa BOAOpO/a.

13. CucreMsl TOKIeCTBEHHBIX YacTULl. CI0XKHBINA aToOM.

Omnucanue cioxHbx cucteM. Cioxkenne MoMeHTOB. Koaddunuentsr Kinebma-l'opnana.  IIpuHummn
TOXXJIECTBEHHOCTH  (HEpa3IMYMMOCTH)  MuKpouyactul. CuMMeTpuss  BOJHOBOH  (pyHKIHH
OTHOCHUTEJIBHO TIIEPECTAHOBKH TOXIECTBEHHbIX 4YacTtul. Pepmuonsl wu npuHuun [laymu.
Herepmunant Cmarepa. bozonsl. [IpencraBnenue umcen 3amonmHeHUs. Omneparopbl pOXACHUS U
yHUUTOKeHHUSI. OCHOBHBIE ONIEPATOPHI B MIPEACTABICHUH YHCET 3aII0JIHEHHSL.

Atom renus. OOMeHHoe B3aumopericTBue. OCHOBHOE M BO30YKICHHOE COCTOSIHUS aroMa Tellusl.
[Tapa- u oprorenuii.

[Tpubnmxenue NEHTPAIBHOTO MO B aroMe. BapuannoHHelii MeTo. DIeKTpOHHbIE KOH(PHUTYpaLuy.
Tepmel. IIpaBuna Xynaa. ToHkas CTpyKTypa.

14. Cucrema QJICKTPUYICCKUX 3apsAJ0B BO BHCIIHCM JJICKTPOMArHUTHOM I10JIC.

VYpasuenue lllpennnrepa Bo BHENTHEM DIIEKTPOMAarHUTHOM monie. YpaBHenue [laynu. KanubpoBounas
WHBapUAHTHOCTh. J[BH)KEHHE 3JIEKTPOHA B OJHOPOIHOM MarHUTHOM moiie. YpoBHU Jlannay. Dddext
3eeMaHa.

15. Teopus 3MeKTPOMAarHUTHOTO U3ITyUEHUSI.

KBaHTOBaHWE CBOOOJHOTO DBJICKTPOMATHUTHOTO TMOJisA. B3auMomeHCTBHE KBAaHTOBOW CHCTEMBI C
ANCKTPOMArHUTHBIM H3TyucHHeM. CIOHTaHHOE M BBIHY)XICHHOE u3iydeHue (orono. I[IpaBuia
otOopa.

16. Teopus paccesHus.

CeueHue paccesHus. AMIUIMTYa paccesiHUs. YIpyroe paccesHue. Meroj napLualbHbIX BOJH B
TEOpUH paccesHus, amiumrysa #u (as3el  paccesHus. Onrtuueckas Teopema. PaccesHue
TOX/1€CTBEHHBIX YaCTHII.

17. CioxxeHre MOMEHTOB.
[MonmHbIit MOMeHT pensTuBrcTCKON yacTullpl. Koaddunuents Knedmra-T'opaana.

18. Ilpuém 3amanuii.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

CranpaptHas yueOHas ayIUTOPHSL, JKeJIaTelIbHO C MYIBTUMEIUIHBIM 000pyA0BaHHEM (IIPOEKTOD).
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Teopetnueckas ¢pusuka [Tekcr] : B 10 T. T. 3 : KBanroBas mexanuka. HepenstuBrcrckas Teopus :
yue6. mocobue i By3oB / JI. [. Jlannay, E. M. JIudmmn ; ots. pen. JI. I1. IluraeBckuit .— 4-e u3n.,
uctp. — M. : Hayxka, 1989 .— 768 c.

2. 3amauu o Teopernueckoii ¢pusnke [Tekcer] : yuebd. mocobue st By3oB / FO. M. Benoycos, C. H.
Bypmuctpos, A. 1. TepuoB .— Honronpyassiii : Uatennekt, 2013 .— 584 c.

3. Kypc xBanTOBOM Mexanuku. HepensituBuctckas teopust [ Tekct] : yue6. mocobue amns By3os / 0. M.
Bbenoycos ; M-Bo oOpa3zoBanus Poc. ®enepaunu, Mock. ¢us.-texH. un-t (roc. yu-T .— M. : U31-Bo
M®THU, 2006 .— 408 c.

JlononHuTenbHAs TUTEpaTypa
1. 3agaun no kBantoBoi Mexanuke [Tekcr] :B 2 w.Y.1 : yueb. mocobue ans By30B / B. M. [Nanunkwuit, b.
M. Kapnaxos, B. U. Koran .— 3-e¢ u3n., ucnp. u non. — M. : Equropuan YPCC, 2001 .— 304 c.
2. 3agaum 1o kBaHTOBOW MexaHuke [Tekcr] : B 2 4. U.2 : yueb. mocobue ains By3os / B. M. lanunkuti,
b. M. Kapnakos, B. 1. Koran .— 3-e u3zz., ucnp. u gon. — M. : Eguropuan YPCC, 2001 .— 304 c.

3. Karexusuc. PykoBozcTBO 10 MaTeMaTHke Ui HAYMHAIOIIUX U3Y4aTh TEOPETHUECKYIO (PH3UKY
[Tekcr] / FO. M. benoycos, B. I1. Ky3uenos, B. I1 . Cmuira ; M-Bo o6pazoBanus u Hayku PO, MOTH -
M.U3n-80 MOTH,2005

4. IpakTryeckas MaTeMaTHKa. PyKOBOJCTBO JIJIsl HAUMHAIOIINX U3Yy4aTh TEOPETHUECKYIO PUIUKY
[Tekct] : [yueb. mocobue mis By3os] / FO. M. benoycos, B. I1. Ky3uenos, B. I1. Cmunra .— 2-e uzn. —
Honronpynnsiit : Uatennekt, 2009 .— 176 c.

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

He HCIOJIB3YIOTCA

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

Ccbuika cTpaHuIbl Kageapsl Ha OQUIIHMATBHOM CaiiTe yHUBEPCUTETA
http://mipt.ru/education/chair/theoretical physics//

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0CBOCHMIO JTHUCHUIIJINHBI (MO)_Iy.Tlﬂ)

Pabora ¢ yueOHOW 1 Hay4YHOW JHMTEPATYpOH sIBISIETCS TIaBHOW (HOpMOM caMOCTOSTENHHON paboThl U
HeoOXoZMMa TpU TOATOTOBKE K Sk3aMeHy. OHa BKIIOYaeT MpopaboTKy JIEKIIMOHHOTO Marepuana —
U3yYeHHE JIMTEPaTypbl MO0 TEMaTHKE JIeKUWd. THIOBbIE 3aiaud pa3OMpalOTCs Ha CEeMUHAPCKUX
(IpaKTUYECKUX) 3aHATHAX. AHAJIOTUYHBIC 337a4d W YNPAKHEHUS CTYACHTHI JOJDKHBI PEIIUTh
CaMOCTOSITENIFHO, HCIIOJb3ys PEKOMEHJIOBAaHHYIO JuTeparypy. Pabora ¢ nuTepaTypoil HE TOJBKO
TMOJIe3HA KaK CPeNCTBO Oojiee TIIyOOKOTO H3yUeHHs JIF000H IUCIMIUINHBI, HO U SBIISIETCS HEOThEMIIEMOI
YacTbIO0 NMPO(ECCHOHAIBHON NEeSTeIbHOCTH OyIylIero BBITYCKHHKA. PelieHue 3aqa4 B KOHTPOJIBHOM
pabore mpencrapisier co0OW OIEHKY HABBIKOB pEIHICHHs 33jad OOBIYHON CIIOKHOCTH. 3aJaHus
KOHTPOJIBHBIX pa0OT OLCHEHBI B ONPEICICHHYI0 CyMMY O0ajllOB, Y4TO HO3BOJISET OLCHHTH YPOBEHb
YMEHUSI ¥ HaBBIKOB CTYy/eHTOB. [loka3zareneM BiaJeHHs MaTeprUaoM Ha K3aMEHE CITy)KHT yMeHHe 0e3
KOHCIIEKTa OTBEYaTh Ha BOMPOCHI 110 TeMaM JUCHHIUIMHBL. BakHO NTOOHMTHCS MOHMMAHUS U3y4aeMOro
Marepuasia, a He MEXaHWYeCKOro ero 3anoMuHaHus. [Ipu 3aTpynHeHMM W3y4eHUs OTICNBHBIX TEM,
BOIIPOCOB, CIIEyeT 00paIIaThCcs 32 KOHCYJIBTAIMSIMHU TIPETIOIaBaTEIIIO.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: ®u3nKa U MeAaroruka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadenpa reopernyeckoit puzuku um. JI.J[. Jlannay
Kypc: 3

kBaTuuKkanus: OaxanaBp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
5 (ocennwuii) - Dxk3amMeH

6 (BeceHHMI) - DK3aMeH
PaspaGorunkm:

A.B. Ten, kaHj. pu3.-mar. HayK, JOLEHT

KO.M. Benoycos, n-p ¢pu3.-mart. Hayk, mpodeccop, npodeccop
O.U. TonctuxuH, a-p Gus.-Mar. HayK, JOLEHT, Ipodeccop
A.W. TepHOB, a-p pu3.-Mar. HayK, JOIEHT, podeccop

A.JIL. bapabaHoB, 1-p (u3.-Mart. HayK, JOUEHT, JOICHT



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 HAMEYATD MyTH €€ PEIICHHS

(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B

OIIK-1.2 CpnocobeH CcTpOUTb MareMaTu4ecKhue MOAEIH,
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)

MPOU3BOAUTDH KOJIMUCCTBECHHBIC PACYCThI U OLICHKU

C€CTCCTBCHHBIX HAYK, U UCIIOJIb30BaTh UX B

MPO(ECCHORATBHOM MESTETBHOCTH OIIK-1.3 CnocobeH ompenensTs TpaHHIbl TPUMEHHUMOCTH

MOJIYYCHHBIX PC3YJIbTATOB

[1IK-4.1 3HaeT yncieHHbIC TOPSIKA BEJINYHH, XapaKTEPHBIX
JUISI COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00nacTu

[MK-4 Crioco0OeH KpUTHYECKH OLIEHUBATh [IK-4.2 3HaeT WCTOYHHMKH TPOUCXOXKACHHUA U yMEeT
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U MPOU3BOAUTH  OLICHKY  MOTPELIHOCTH  H3MEpPEHUH W
METO/IOB JOCTOBEPHOCTH YKCIIEPUMEHTAIBHBIX PE3YJIbTAaTOB

[IK-4.3 Cnocobern 000CHOBaTh MPUYUHHO-CIIEICTBEHHEIE
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEN

2. IToxa3zareu oneHUBAHHUSI KOMIIETEHIINIT
B pesynbrare n3ydeHus AMCIUIUIMHBL «KBaHTOBast MexaHUKa (CTaH/I.)» 00yYaroIUiics JOKEH:

3HATb:

HOCTy.]'IaTBI U TPUHIUIIBI KBaHTOBOM MEXaHUKH, MCTOAbI OIIMCAaHHA KBAHTOBBIX CHUCTEM, CBA3b
COCTOSIHUH U OIIepaTopoB € Ha6J'IIOI[aeMLIMI/I 1 UBMCPACMBIMU BCJIMINHAMMU,
OCHOBHBIC CBOMCTBA TOYHO peiacMbIX MO,Z[eJ'IefI KBAaHTOBBIX CUCTCM,
OCHOBHBIC HpI/I6HI/I)KeHHBIe MCETOAbI pCIICHUA 3aa4d KBAaHTOBOM MEXaHUKHU: KBAa3MKJIACCUYECKOE
HpHGHH)KeHI/Ie; CTAalTMOHAPHYIO U HCCTAIMOHAPHYIO TCOPHUIO BO3My11IeHHI>i;
METO/bI OITMCAHUS CJIOKHBIX U HE3AMKHYTBIX KBAHTOBBIX CUCTEM;
MCTOABI U CIIOCOOBI OIHCAHUS CUCTEM TOXICCTBCHHBIX YaCTHUII B KBaHTOBOM TCOPUH,
METO/bI OITMCaHUA paCCCAHNA YaCTULl; OIIMCAaHUC B3aUMO/ICCTBUS SJICKTPOMArHuTHOI'O U3JTYUYCHU
C KBAHTOBBIMU CUCTCMAaMU 3apsa10B.

yMeThb:
Omnpenensits YHEPreTHYECKHUE CIEKTPhI U BOJHOBBIC (DYHKLIUH B OTHOMEPHBIX CIIy4asix;
OTIPEICTATh CpeAHNE 3HaUeHHS ((PU3HMUYECKUE BEINYHHBI) KBAHTOBBIX CHCTEM, €CIIM M3BECTHBI HX
BOJTHOBBIE (PYHKITUH;
ONPEACTSATh COCTOSIHHMS M KIAcCU(HUIMPOBATH DHEPreTHYECKHE CIEKTPHl YacTUIBI B
CHUMMETPUYHBIX IOTCHIIMAJIaX, B YACTHOCTH, 00JIaJalONINX aKCUaIbHOW M IICHTPAJIbHOW CUMMETpPUEH;
NPUMEHATh KBAa3WKJIACCHYECKOE MPUONMKEHHE JJIS OLCHKA YPOBHEW DHEPrHHM U BEPOSTHOCTEH
NPOXOXKICHHS B OTHOMEPHBIX IOTCHIINATIAX;
MIPUMEHSATH CTAMOHAPHYIO TEOPHIO BOMYIICHUH JJIsl HAXOXK/ICHHS TTONPABOK K YPOBHSIM DHEPTHH
Y BOJIHOBBIM (DYHKLIUSIM;
NPUMEHSATh HECTAMOHAPHYIO TEOPHIO BO3MYIICHUH JUISI HAXOXICHHS BEPOSITHOCTEH MEpPEXO/I0B
MEXJy COCTOSIHUSIMHU;
pemars 3aJa4d O HAXOXKJICHUU COCTOSHUHA M DHEPreTUYECKOro CIIEKTpPa CHCTEM MHOTHX, B TOM
YHCIIC TOXKAESCTBEHHBIX, YACTHUII;
BBIYHCIIATE AU PepeHInANTbHBIC CEUCHUS PACCESTHUS YaCTHL] Pa3INYHBIMU TTOTCHIHATaMHU;
OIIpE/ICNISITh BO3MOXKHBIC ONTHYECKHE MEPEXOAbl MEXKIY COCTOSHHSIMH CHCTEM 3apsijioB U
OLICHHBATh BPEMEHA )KU3HU BO30YK/ICHHBIX COCTOSHUH.
BJIA/IETh:
OCHOBHBIMH METOJIAMH PELICHUS 337a4 O HAXOXKICHHH COCTOSHHHA W YHEPIeTUYECKHX CIIEKTPOB
Pa3IMYHBIX KBAHTOBBIX CHCTEM;
HaBBIKAMH TEOPETHYECKOTO aHaJM3a peajbHbIX 3a/ad, CBSI3aHHBIX CO CBOHCTBaMH
MHKPOCKOIIMYECKUX M HAHOCUCTEM, 00JIAIAI0IINX KaK JIUCKPETHBIM, TaK U HEIIPEPHIBHBIM CIIEKTPAMH.

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




C nenpro KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
Hayaje 3aHATUS 110 TEME IIPOIIOTO 3aHATHS.



3. llepeyeHb THUMOBBIX KOHTPOJIBLHBIX 3aaHMii, MCHOJb3YeMbIX /IJs OLEHKH 3HAHMIA,
YMeHUil, HABbIKOB

OK3aMeH IMPpOBOAUTCA 11O UTOI'aM pa6OTBI CTYIACHTA B CEMECTPEC B Cliydac YCIICIIHOI'O OCBOCHHUA
JAUCLHMITIIMHBI. OI_IGHKa 9K3aMCHa CKJIAAbIBACTCA H3 OLCHOK TPCX MMO3HIIHIA; 3H3,HHI7[, yMeHI/Iﬁ n
HaBBIKOB.

3HaHUS CTYAEHTOB OLEHHUBAIOTCA B PE3yJbTaTe MPOBEIACHUS E€KEHEIEIbHOIr0 Ompoca
npoiinenHoro marepuaina. Ompoc TPOBOAWTCA B MUCHBMEHHOW (opMe B BHUAE TECTOBBIX
BOIIPOCOB. [IpuMep TecTOBBIX BOIPOCOB IPUBEAEH HUXKE.

YMEHHS U HaBBIKU CTYAECHTOB ONPEIEIAIOTCS 10 UTOraM CIayd JOMAIIHUX 33JaHUN IIOTOKOBBIX
KOHTPOJIbHBIX paboT. Bcero cryieHtam mpejuiaraercs ABa JOMAIIHUX 3a/laHus B CEMeEcCTp.
3ajaHue COJIEPKUT TPU TUNA 3aJad M yNpakHeHUH. TuIOBbIE 3alauu U YHOPaKHEHUS
pa3duparoTCa Ha CEMUHAPCKUX (MTPAKTUUYECKHX ) 3aHATUAX. AHATIOTUYHbBIE 3a/1a4H U YIIPaKHEHUs
CTYIEHTBl JOJDKHBI PEIIUTh CaMOCTOSATEIBHO, HCIOJIBb3ys PEKOMEHIOBAHHYIO JIMTEPATYPY.
Kpome TOro, cryaeHram mnpennararoTcsi CHELUAIbHO IIOMEYEHHBIE 3a/auyd IOBBILICHHON
cloxHOCTU. PemieHue Takux 3aznad TpeOyeT OT CTYAEHTa HAaBBIKOB M IMPEACTaBIAET cO00M
OILICHKY HaBbIKOB PEIICHUS 3a/]1a4 MOBBILIEHHOM CII0KHOCTH.

HaBbikn CTyn€HTOB MpOBEPSIOTCS B pPE3yJAbTaTe pELIEHUS KOHTPOJIbHBIX pPaldoT. 3ajauu
AQHAJOTUYHBI TUIIOBBIM 3a/1a4yaM, BKJIIOUEHHBIM B JIOMAallHUE 33JaHusl, KaK PACCMOTPEHHBIX Ha
CEMHUHApCKUX (IIPaKTUYECKUX) 3aHATUSIX, TaK M HpelaraéMbplX JJIs CaMOCTOSTEIbHOIO
pemieHus. 3aJaHus KOHTPOIBHBIX pabOT OIEHEHBl B OMNpEACNEHHYI CyMMY OaiiioB, 4YTO
IIO3BOJISIET OLICHUTh YPOBEHb YMEHUS U HABBIKOB CTY/ICHTOB.

Bormpocsl, BKIIIOUEHHBIE B TECTOBBIE OMPOCHI, OXBATHIBAIOT OCHOBHBIC MOHATHUS, PACCMOTPEHHbBIE
Ha MPebIIYyICH TEeKINH.

[Tprmep BOMPOCOB TECTOBOIO 33JaHUs TIEPBOTO cCeMecTpa 00yUeHUsI:
BapuaHnThbl TECTOBBIX 3aJaHMI AJI51 OCEHHEr0 ceMecTpa

Tect 1
e Kak cBs3aHa aMIIIUTY/1a BEPOSITHOCTH C INIOTHOCTHIO BEPOSITHOCTH?

e CdopmynupyiTe IPUHIUIT COOTBETCTBUS JUHAMUKH KBAHTOBOW CUCTEMBI IMHAMHKE
KJIACCUYECKOM CUCTEMBI.

e 3Banumute ypaBHeHue llpenunrepa a1 BOIHOBOM (QYHKIIMM YaCTHUIIBI C
raMuiabToHMaHoM H.

e 3anuuinuTe raMUIbLTOHHAH HCpCJ’ISITI/IBI/ICTCKOI\/’I JaCcTUlbl B IOTCHIIUAJIC Vs OonepaTopHOM
BUJIC.

e 3anuImTe YCJIOBHUEC ITOJTHOTBI Oasuca B FI/IJIB6epTOBOM MMPOCTPAHCTBEC KBAHTOBBIX
COCTOSIHUM ¢ KBAHTOBBIM YHCJIOM N U CIICKTPAJIbHBIM ITapaMETpOM K.

e 3anuumMTe YCI0BUE HOPMHUPOBKH COCTOSTHUN B TUCKPETHOM M HEIIPEPBIBHOM CIEKTPE.

BapuaHThbl TECTOBBIX 3aJ1aHUI 1J151 BECEHHEr0 ceMecTpa
Tect 2

e 3anumute GOpMyITy AJIs MOMPABKH IEPBOTO MOPsIKA K SHEPTUU B CTAI[MIOHAPHON TEOPUU
BO3MYIIEHUN JUIsl HEBBIPOXKACHHOTO CIIydas.



e 3anumuTe KpUTEPU MPUMEHUMOCTH CTAllMOHAPHON TEOPUU BO3MYIIEHHUH B IEPBOM
MOPSIIKE B HEBBIPOKICHHOM CIIydac.

e 3anummuTe cranoHapHoe ypaBHeHue Llpenunrepa s nonpaBKy NepBOro Nopsika K
HCXOJIHOMY COCTOSTHUIO B HEBBIPOXKJICHHOM CJIydae CTallMOHAPHON TEOPUU BO3MYIICHUIA.

e 3anumute GopMyITy IS MOTPABKH IMIEPBOTO MOPSIKA K UICXOJHOMY KBAHTOBOMY
COCTOSIHUIO B CTAlMOHAPHOW TEOPUH BO3MYILIEHH /111 HEBBIPOKJAECHHOTO CiIy4asi B BUJIE
pa3I0kKEeHUs 10 UCXOAHOMY Oazucy.

e 3anuIIMUTE CEKYJISIPHOE YPAaBHEHHE B CTALIMOHAPHOW TEOPUHU BO3MYILIEHUH JIJIs IOIIPaBKU
K DHEpPIr'uM B IIEPBOM NOpsake. JlaiTe onpenesenre MaTpyLa BO3MYILEHUN.

e Yro onpenensitoT COOCTBEHHbIE BEKTOPHI MATPHUIIbI BO3MYILIEHUN IEPBOrO MOPSIKA B
BBIPOXKJIEHHOM ciiy4ae?

IIpumMepbl KOHTPOJILHBIX 3aJAHUI:

1. YacTuna HaxoAUTCS HA YpOBHE N=2 B AILIUKE pa3Mepa a (CTeHKH sIuKa B Toukax x=0 u x=a),
pa3Mep [IuKa MTHOBEHHO YBETTMUYHMBAETCSA 33 CUET MEePEMEILICHHUS TPABON CTEHKU U3 TOUYKH a B
TOYKY a’=2a. BEIYMCINTH BEPOATHOCTH TOTO, YTO YACTHUIIA OKAKETCS HA YPOBHE n=1 B HOBOM
SIIUKE.

2. B Teopunm BO3MYILIEHUN BBIUUCIUTH PEJIATUBUCTCKYIO IONPABKY K DHEPrHUM 3JEKTPOHA B
aToMe BOJOPOZAA 3a CYET AAPBUHOBCKOTO BKJIaJa IO BOJHOBBIM (YHKLIMSM CTAallMOHAPHOI'O
COCTOSIHMS B HEPEIATUBUCTCKOM 3a/1a4e

Kaxaplii Bompoc 3amaHusi OIEHEH B OMNPEACICHHYI0 CyMMy OalIoOB B 3aBHCHMOCTH OT
CJIOKHOCTH M YPOBHS (3HaHUs, YMEHUS U HABBIKH).

KonkperHsle ycnoBusi Habopa 0amioB 3a paboOTy B C€MeCTpe MOTYT 3aBHCETh OT JIEKIIMOHHOTO
MIOTOKA M OTIPENIENIAIOTCS JIEKTOpoM. OOLIIM OCTaeTCsI CIeayIoIIee MPABHIIO.

B TeueHue cemectpa cTyneHT HaOupaeT CyMMy OajuIOB MO pe3yJbTaTaM TECTOBBIX OINPOCOB
(manpumep, 65% OawoB oTBedar0oT 1 OalTy UTOTOBYIO OIIEHKY 3a CEMECTp), MO pe3yibTaTam
chaauu AByX 3anaHuil (3 Oamna B WUTOTOBYIO OILIGHKY 3a CEMECTp) M IO pe3yiabTaTaM JABYX
KOHTPOJIbHBIX (HAampUMep, OTIMYHAs OIeHKa oTBeyaeT 3 OaulaM B HMTOTOBYIO OIIEHKY 3a
cemectp). Kpome Toro, 3a pemeHue 3a1ad TOBBIIIEHHON CIOXHOCTH JIOMAITHETO 3aJaHus
CTYAEHT MOXET HabpaTh NpeMuanbHble (OOHYCHBIE) OaylIbl O JIBYM 3a/laHUsIM (Hampumep, He
Ooee 2 6auioB).

WtoroBas oueHka 3a paboTy B cemecTpe (MakcumyMm 10 OamoB) ycpenHsieTcsl ¢ OLEHKOM,
MIOJTYYEHHOU CTYJCHTOM IIPH OTBETE HA OWJIET MPH C/1adye HK3aMeHa.

30. IlepeyeHb THMOBBIX KOHTPOJbHBIX 3aJaHMH, HCHOJb3YeMbIX ISl OLEHKHM 3HAHWIA,
YMeHHUIi, HABBIKOB (BeCEeHHHUII ceMecTp)

HToroBast sK3aMeHaIMOHHAs OLEHKAa BBICTABIIAETCS CTYACHTY C y4ETOM OLIEHKU €ro padoThl B
ceMecTpe.

Paborta B cemecTpe OIIEHUBAETCS 110 TEM K€ KPUTEPUSIM, UYTO U B MPEIBIIYIIIEM CEMECTPE.
DK3aMeH MPOBOAUTCS B YCTHOHM (hopMe. DK3aMeHallMOHHbIE OMIIEThI MOTYT COZIEpKaTh HapsIy C
TEOPETUYECKMMHU BOIIPOCAMM, TaKXKe W TUINOBbIE 3agaun. Popma Ousera ompeaensercs
JIEKTOPOM M 3aBUCHT OT JIEKIIMOHHOI'O ITOTOKA.



Tpanunmonnas ¢opma Onnera COmEpX HUT 2 TEOPETUUECKUX BOMPOCA U OJHY THIIOBYIO 3a/1ady.
[Tpumep TpaguunoHHo# Gopmbl OuieTa.

Otger cryaeHTa onieHuBaercs 1o 10-6amnpHoi mkase.

bunersl Takke MOryT cOCTOATH W3 3 — 5 OTHOCHTENBHO IPOCTHIX BOIPOCOB M BOIIpOCA
(BOIIPOCOB) TMOBBIIIEHHOW CHOXHOCTU. [IpocThie BOMPOCH OIEHUBAIOT YPOBEHb 3HAHUM.
Ci10xHBIE BOIIPOCHI OIIECHUBAIOT YPOBEHb YMEHHUI 1 HABBIKOB.

[Tpumep Ouneta ¢ BOmpocaMu pa3HOrO YPOBHSI:

40. Kputepun oueHnBanust

CTyzneHTsl, MOMy4YHMBIIME 32 paboTy B ceMecTpe K Hayaly 3K3aMEHAIMOHHOW CECCHM OLCHKY
«HeynoBieTBopuTesbHO» (MeHee 30% ycBOEHMsI Marepuala), CUMTAIOTCS HE YCBOMBIIMMU
MaTepuall ¥ He BHIMOJHUBIINMY 33/1aHHUS Kypca, IIO3TOMY K 9K3aMEHY HE JIOITyCKaIOTCH.

Ha 5 BOIPOCOB, MOJIY4aET OLIEHKY «OTINYHO» (8).

Hrorosas OIICHKA BBICTABJIACTCA B COOTBETCTBUHU CO CXEMOM:

Onenka basbl Kpurepun
10 10 6ay10B 32 SK3aMEH U OIIEHKA 3a paboTy B ceMecTpe He
HUXe 8.
9 6asinoB 3a 3x3ameH U 10 6asioB 3a paboTy B ceMecTpe
9 9 6ayu10B 3a 9K3aMEH U OLIEHKa 3a paboTy B ceMecTpe He
OTan4nHO HUKe 8.
8 8 OaJIOB 3a HK3aMEH M OLIEHKA 3a pabOoTy B CEMECTpE He
HUXKeE 6.
7 6aioB 3a 9k3aMeH u Ooree 8 6arioB 3a paboTy B
cemMecTpe
7 7 6ayUI0OB 3a 9K3aMEH U OLIeHKa 3a paboTy B ceMecTpe He
HIKE 5.
6 6ayu10B 3a 9K3aMeH U Oojee § 6ayIoB 3a paboTy B
cemecTpe
6 6 6ayIoB 3a 9K3aMeH M OIleHKa 3a paboTy B ceMecTpe He
Xopo1o
HIKE 5.
5 6a1oB 3a 9K3aMeH U Oojee 7 6ayIoB 3a paboTy B
cemMecTpe
5 5 6anoB 3a 9K3aMeH U OIeHKa 3a paboTy B ceMecTpe He
HUKE 3.
4 4 Gana 3a HK3aMeH M OIIeHKa 3a paboTy B CEMECTpe He
YJIOBJIETBOPUTEIBHO HIDKE 3.
3 3 Gasuia 3a K3aMEH M OIleHKa 3a paboTy B cemecTpe 3.
Hey/10BJIeTBOPHTENBHO 2 2 GaJuta 3a SK3aMEH U OlIeHKa 3a paboTy B ceMecTpe 3.
1 1 Gayut 3a K3aMeH | OlIeHKa 3a paboTy B cemecTpe 3.

5. MeToauyeckue MaTepuaJbl, onpeaesiioiue nNnpoueaypbl oleHMBaHUA 3HAHUH, YMEHUId,
HABBIKOB M (MJIM) ONBITA JeSITeJIbHOCTH

CTy,Z[CHTBI, JOMMYHICHHBIC K 3K3aMCHY, OTBCYAIOT HA BOIIPOCHI 6I/IJ'ICT3., HUMEsl BO3MOXHOCTL Ha
IMOATOTOBKY HE MCHEC 1 gaca. OTBeTHI NpEACTABIAIOTCA B INMUCBMCHHOM BHJAC, IO KOTOPBIM
MMPOBOAUTCS YCTHOC COGGCCI{OB&HI/IC.




OrieHka 3a OTBET Ha OHMJIET BBICTABIISETCSI B COOTBETCTBUU CO CIEAYIOIINM KPUTEPUSIMU:
CTylleHT, OTBETUBILIHI PABUIBHO

Ha | Bompoc, rosy4aer OLeHKy «HeyaoBm» (1);

Ha 2 Ha 1 BompocC, OJIy4aeT OlEeHKY «HeymoBm» (1);

Ha 3 BOIpoca, MOJIy4aeT OLICHKY «yIoBI» (3) uiu (4), B 3aBUCUMOCTH OT MOJIHOTHI TPaBUIIBHBIX
OTBETOB U OTBETOB Ha JIPYT'He BOIIPOCHI;

Ha 4 BoIpoca, MOJy4aeT OLEeHKY «xopomio» (5), (6) wim (7), B 3aBUCUMOCTH OT IOJHOTHI
MPABWJIBHBIX OTBETOB U OTBETOB Ha JIPYrHe BOIIPOCHI;

CTyneHT, OTBETHBIIMK Ha BCE S5 BOMPOCOB, MOJy4daeT 8 OalIOB M MOXKET BHIOpaTh s
MOATOTOBKU BOIPOC MOBBIIIEHHOM CJI0KHOCTHU ISl OTYYEHHUS OLEHKH «OTIIMUHO» (9) unu (10).

Bo Bpems npoBeneHus 3K3aMeHa CTYAEHTbl MOTYT IOJIb30BATHCS MPOrPaMMON JTUCIUILIMHBL U
COOpHHMKAMHU  JOMAIIHUX 3afaHuil. Y4eOHOW, y4eOHO-METOJAMYECKOM U  CIPaBOYHOU
JUTEPATYpOM MOJIB30BATHCS BO BpEeMsl dK3aMeHa He Joryckaercs. Bo BpeMs sk3aMeHa J10JKHbBI
OBITh TaK)KE BBIKITFOYCHBI MOOMIIHHBIC TEIE(HOHBI.

Ilepen HauamoM 3K3aMEHALIMOHHOW CECCUU CTYJEHTHI I10JIy4aloT [IEPEUYECHb BOIIPOCOB, OTBETHI HA
KOTOpBhIC HEOOXOJWMO 3HATh JUISl YCIENIHON caadu dk3amMeHa. DOpMyIHpPOBKH BOMPOCOB B
OuieTax CTyJIEHTHI Y3HAIOT BO BpeMs KOHCYJIbTAIHil.

CTy,Z[CHTBI, MMOJIYYMBHIUC HUTOIOBYHO OLCHKY «OTJIIMYHO» (10) H PCIIMBIOKUC M 3allIUTHBIINC
3aga4dun MMOBBIIICHHOM CI0KHOCTH AOMAIIHEro 3aJaHusd, MOTYT IIOJIYYUTHb JOINOJHUTCIBHBLIC
3a4YCTHBIC CANHUIBI 110 KYPCY.



