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

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JI0BY30BCKOIi MOATOTOBKE

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: KBaHTOBast MexaHuKa
10 HANPABJICHHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
NpoduJIb MOATOTOBKH: @du3KKa MepcreKTUBHBIX TEXHOIOTHIl: albTepHATHBHAS HEPreTHKA, HAYYHOE

IporpaMMHpOBaHue U (YHKIHOHAIBHBIE MaTEPUaIbI
OuzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadenpa reopernyeckoit puzuku um. JI.J[. Jlannay

Kypc: 3

KBAJM(PUKAIMA: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
6 (Becennwii) - JluddepeHnnpoBaHHbIN 3aUeT

7 (ocenHuit) - Dx3aMeH

AynutopHbIxX yacoB: 120 Bcero, B TOM 4ucIe:
nexuuu: 60 yac.
cemuHapsl: 60 gac.
naboparopHsbie 3ansaTus: 0 Jac.

CamocrositensHas pabora: 75 gac.
[ToaroroBka x sx3ameny: 30 yac.

Bcero gacos: 225, Bcero 3a4. ef.: 5
KonmnuecTBo KOHTPONBHBIX padoT, 3a1aHuil: 8

[IporpamMmy cocraBunu:

A .B. I'en1, kann. ¢us.-mar. HayK, JOLEHT

FO.M. benoycos, n-p ¢u3.-Mat. HayK, mpodeccop, mpodeccop
O.U. TonctuxuH, aA-p pu3.-Mar. HayK, JOLUEHT, podeccop
A.U. TepHoB, 1-p ¢u3.-MaT. HayK, OIEHT, Tpodeccop

A.JL bapabanos, a-p ¢u3.-mMar. HayK, JOUEHT, JOLECHT

[Iporpamma obcyxaeHa Ha 3aceqanuu kadenpsl Teoperudeckoit puszuku um. JI.J. Jlannay 23.05.2020



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 3
) Bpemennas  sBomonmst  puzmueckoin 4 ’ 3
CHCTEMBI
3 CuMMmeTpun B KBaHTOBOW MEXaHHKE W 4 4 3
3aKOHBI COXPAHEHUS.
4 Teopuss yrioBoro MOMEHTa M CIMHA 4 4 4
3JIEKTPOHA
3amaua aByX Ten. JIBWkeHHE B TIONE
5 LEHTPaIbHO-CUMMETPUIHOIO 4 6 3
MOTEHIHAIA.
6 KBazukimaccuaeckoe mpuOIMKEeHHUE. 2 4 4
7 AToM Boziopoza. 2 2 3
] Teopyus  NUMHEHHOTO TapMOHUYECKOTO 4 ’ 4
OCLMJIIATOPA.
9 [Ipuém 3ananmii. 2 2 3
10 Hecranuonaphasi Teopusi BO3MYILCHHA. 4 4 5
[IpencraBnenre B3aUMOACUCTBUSA.
1 CranuoHapHass Teopus BO3MYLICHUH. 4 4 5
Merton pyuknuu [puna.
12 |OCHOBBI PEIATUBUCTCKON TEOPUH. 4 2 5
13 CucteMbl  TOXAECTBEHHBIX  YaCTHI. 4 6 5
CnoxHbIH aToM.
14 Cucrema 3JIEKTpUUYECKUX 3apsAlOB  BO 4 ) 5
BHEIIHEM 3JICKTPOMarHUTHOM TIOJIE.
15 Teopus 31E€KTPOMarHUTHOTO U3TYUCHUS. 4 4 5
16  |Teopus paccesHusl. 4 4 5
17 CnoxeHne MOMEHTOB. 2 2 5
18  |IIpuém 3amaHmil. 2 5
Hroro yacos 60 60 75
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 225 ygac., 5 3ad.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 6 (Becennuii)
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.

Cemectp: 7 (OceHnuii)

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)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

HpO(l)I(lJIb MnoATrOTOBKMU: dusuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC

IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI
®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadenpa teopernueckoi puzuku um. JI.J1. Jlannay

Kypc: 3

KBaJIMpUKALUS: GakanaBp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
6 (Becennwii) - AuddepeHunpoBaHHbIN 3a4eT

7 (ocenHwmil) - Dx3aMeH
PazpaGoTunkm:

A .B. I'en1, kann. ¢us.-mar. HayK, JOLEHT

FO.M. benoycos, n-p ¢u3.-Mat. Hayk, mpodeccop, mpodeccop
O.U. TonctuxuH, aA-p pu3.-Mar. HayK, JOLUEHT, podeccop
A.N. TepHoB, a-p $pu3.-Mar. HayK, JOLEHT, podeccop

A.JL. bapabanos, a-p ¢u3.-mMar. HayK, JOUEHT, JOLECHT



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 u3ydeHus AUCIUTUIMHBL «KBaHTOBast MEXaHUKa» 00YYarOIIUICS TOTKEH:

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




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

HuddepenurpoBaHHblil 3a4eT TPOBOAUTCS MO UTOTaM pabOThl CTYyIEHTa B CEMECTpE B clydyae
YCIIEIIHOTO OCBOEHMUS AMCLMIUIMHBL. B ciydae, eciau CTyAeHT He YCBOMJ AMCLMILIMHY U
pe3ynbTaThl €ro paboThl B CEMECTpe OKa3ajuCh HEYIOBIETBOPUTEIbHBIMU, MPOBOAUTCS
JIOTIOJTHUTEIBHBIN THCbMEHHBIH ONpOC, a NpU HEOOXOAMMOCTH W YCTHBIA, Ha MpPEAMET
BBISIBJICHUS 3HAaHUW. JIOMOJHUTENBHBIM NUCBMEHHBIM ONPOC MPOBOJUTCA B BHJIE TECTOB,
COJIep’KaHuEe KOTOPBIX MOJIHOCTbIO COOTBETCTBYET COAECPHKAHUIO TECTOBBIX OIPOCOB CTYJIEHTOB B
TEYEHUE CEMeCTpa.

Onenka auQQepeHIUPOBaHHOIO 3a4eTa CKJIAAbIBACTCS M3 OLICHOK TpeX IO3ULMHA: 3HAHWM,
YMEHUI U HAaBBIKOB.

3HaHUS CTYACHTOB OLIGHUBAIOTCA B PE3YyJbTaTe TMPOBEIACHUS E€XKEHEISIbHOr0 Oompoca
npoiieHHoro matepuaia. Omnpoc TPOBOIUTCS B IMHUCBbMEHHOW (opMe B BHJAEC TECTOBBIX
BOIPOCOB. [IprMep TeCTOBBIX BOIPOCOB MPUBEICH HHUXKE.

VYMeHHUsI U HaBBIKM CTYACHTOB ONPENEISAIOTCS M0 UTOraM CJadyd JOMAalllHMX 3afaHuil. Bcero
CTyJIGHTaM TpeJiaraeTcsl JBa JOMAIIHUX 3aJlaHusl B CEMECTp. 3aJaHue COIEPKUT TPU THUIIA
3aja4 M ynpaxHeHWi. TuMoOBbIe 3aladyll W YHOpaXHEHUs pa30MpaloTCs Ha CEMUHApPCKHUX
(MpaKTUYECKUX) 3aHATUSIX. AHAJOTUYHBIC 33aa4l U YIPAXKHEHUS CTYIACHTHI JOJHKHBI PEIIUTh
CaMOCTOSTENIbHO, MCIOJIb3yd PEKOMEHJOBaHHYIO Jureparypy. Kpome Toro, cryaeHtam
MpeIaratoTCsl CIEeUHAIbHO MOMEYEHHbBIE 3a7a4d MOBBIIIEHHOM CII0KHOCTH. PelieHue Takux
3a1a4 TpeOyeT OT CTyJeHTa HaBBIKOB M MPEACTaBISET COOOM OIEHKY HABBIKOB PEIICHUS 3a/1a4
MTOBBIIIIEHHOM CIIOKHOCTH.

HaBbIku CTYyZIEHTOB MpPOBEPSAIOTCA B pE3yNbTaTe pEHICHHS KOHTPOJIBHBIX pPa0OT, KOTOpPHIE
MPOBOJATCS BO BpeMs AayIuTOPHBIX 3aHATHH. 3aladyd  aHaJOTUYHBI THUIIOBBIM 3aj/layaw,
BKIIIOUEHHBIM B JOMAIIIHHE 33JaHUs, KaK PAaCCMOTPEHHBIX HAa CEMHHAPCKUX (MPAKTUUYECKHX)
3aHATHUAX, TAK M TIPEAJIAraeMbIX JJIsl CAMOCTOSITEILHOTO PEIIeHUs. 3aJaHusl KOHTPOIBHBIX padboT
OIICHEHHI B OMpEACIEHHYI0 CyMMY OaJlJIOB, YTO MO3BOJISIET OLEHUTh YPOBEHb YMEHUS U HABBIKOB
CTYAEHTOB.

Bormpocsl, BKIIIOUEHHBIE B TECTOBBIE ONPOCHI, OXBATHIBAIOT OCHOBHBIE MOHITHSI, PACCMOTPEHHbBIE
Ha NPEeAbIIYLIEH JEKINH.

HpHMep BOIIPOCOB TECTOBOI'O 3a/IaHUs IICPBOT'0 CEMECTPA O6y‘IeHI/IHZ



1

2.
3.

10.

L e oo

. Kak cBazanst mexty coboit {1|p) u {p|)?

P1) + co|thy) 3ammcars (1.

,ZLH?[ BEKTOPa B IPpeabl IYIIEM IIYHKTE 3allMCaTh YCJI0OBHE HOPMHUPOBKHA. COCT()H[IHH
CYHEPITIOSHUI NN He ob"A3aTeIbHO OPTOrOHaJIbHBI .

s BekTopa |) = ¢

Kak onpejemTs HaO/IIOJaeMyI0 BeJIMUHHY, KOTOPOH COOTBETCTBYET onmeparop g,
B COCTOHUM KBAHTOBOI cucremsl [1))?

Ilycrs f — oueparop dusmueckoii Bemunns. Kak onpeessercs suadenne du-
3udeckoii Beimaunbl (f) B coctognun [Py = ¢ |1h1) + e |ha)?

Iycrs |p) = fl), kak oupenesmts (p|?
Banumure ypaBHeHue, KOTOPOMY MOIIUHSIETCsl BeKTOp cocTosuus W),
Yemy pasua nocroganaa ILrtanka h =7

Kak o [peae/jideTCd PpMHATOBCKOC COIIPAZKCHHUEC JId HEKOTOPOI'O OliepaTopa g ?

Kak cBazanbl MexK 1y coboii aBa uuciaa fo = {¢2|f|¢1) u fo = (Y1 |f’r|¢2>?

[IpuMeprl KOHTPONIBHBIX 3aJaHUN:

YacTuma Macchl m HAXOAUTCS B OAHOMEPHOM TOTEHIHAJE, OMMACKIBAEMOM - yHKIHE:

Ulw) = — 25 ()

m

1. Bamumure I'paHUYIHBIE YCJIOBHA IJIS HaXO0XKICHHUS CBA3aHHBIX COCTOSTHHM. (2)

2. OHPE,ILEHHTE HOPMHUPOBAaHHYIO BO/THOBYIO (byHK]J‘I/I}C) H 9HEPruio CBA3aHHOTO COCTOAHHA.
(7)

B mowment Bpemenn ¢ = () BHe3anHO (MIHOBEHHO) HOSIBJISIETCs Gapbep W MOTEHIIHA CTAHO-
BHTCSI PaBHBIM
0 z <0,

U ) = 2
@) =00 - E26(@) =3 0.



1. Kakoit Bug nMeer BOJHOBas (DYHKIUS CBA3AHHOIO COCTOAHNA. (3)
2. Ompenemmre HOpMupoBaHHYH BD cBAZAHHOTO cOCTOSIHUS U 3HadeHue suepruu. (6)
3. Ilpu kakux yCclIoBHS CYIIECTBYET CBsi3aHHOE cocrosinue? (5)

4. Bammmmre I'paHAYHbBIE YC/JIOBHA I HaXOXKICHHA COCTOSTHH I HH('bHHHTHO]"O ABHUZKECHHH .

(2)

9. Kakosa KpPaTHOCTE BBIPOXKICHHA 3HEPreTHYEeCKOro CIHEeKTDa HH (‘l)HHHTH oro ABHH{EHHH?

(2)

6. Onpememre BOMHOBBIE (DYHKIMH COCTOSHUH MH(MUHATHOTO IBUYKEHUS AJIs1 caydas B <

Up. (10)
7. Bamummre obuwit Bu BOTHOBON (pyHKIME 9acTuis npu ¢ > 0. (3)

8. H}-’CTL npu t S 0 HaCTHIa HaXOIUJIaCh B CBA3aHHOM COCTOMHHH B HCXOJHOM IMOTEHIIHAIE
&(byHK]_LHH. Kakosa BepPOATHOCTE TOIO, 4TO YaCTHIa OCTaHETCHdA B CBA3aHHOM COCTO-
mauu? OTsBer BBIPDA3HTE 9€pPE3 MHHMBIE BO/THOBBIE BEKTOPBI, BCTPEYAOIIHECHA B 3aJa9e:

x = /2m|E|hu s = \/2m(Uo + |E|)/h (10)

Kaxnaprii Bompoc 3agaHusi OICHEH B ONpPEICNICHHYI0 CyMMy OaUlOB B 3aBUCHMOCTH OT
CIIOKHOCTH W YpOBHS (3HaHMS, yMEHHMsS M HaBblku). [lomHas cymma OauioB mpumepa
KOHTPOJIbHOM paboThl paBHa 50.

Konkpertnsie ycnoBust Habopa 06ayuioB 3a pabOTy B CEMECTpE MOTYT 3aBHCETh OT JICKIIHOHHOTO
MOTOKA U OTIPeNIeNIAI0TCs JIeKTOpoM. OOLIMM OcTaeTcs Cieayrolee MPaBUIIo.

B Teuenme cemectpa CTyAeHT HaOWpaeT CymMMy OajUIOB IO pe3yJbTaTaM TECTOBBIX OMPOCOB
(Hanpumep, 50 GaysioB), MO pe3yabTaTaM cllaud ABYX 3ajaHuil (Hampumep, 80 GamioB) u 1o
pe3ynbTataM JIBYX KOHTpOJIbHBIX (Hampumep, 100 6amnos). Kpome Toro, 3a peueHue 3anad
MOBBIIIEHHON CJIO)KHOCTU JIOMAIlIHEro 33JaHusi CTYACHT MOXeT Ha0paTh NpeMHUallbHbIE
(6onycHbie) Oautbl 10 ABYM 3amaHusMm (Harmpumep, 30 6amioB). [lomHblil 6ain oneHUBaeTCs B
JTaHHOM ciydae cymmoil 230 6amnoB. Ilo pesynbraTaM HTOrOBOrO peHTHHIra CTYIEHT MOXKET
HaOpaTh HEKOTOPYIO CYMMY, KOTOpast OIICHUBAETCS B % OTHOCHUTEILHO MOJTHOTO Oajia.
HtoroBas oueHka aud@epeHInpoBaHHOIO 3a4eTa BBICTABISIETCS B COOTBETCTBUU CO CXEMOM,
MIPUBEACHHOM B CIEIYIOIIEM pa3fee.

4a. Kputepum ouennBanus (1 depeHIUPOBAHHBbIH 3a4eT)

Orenka HaGpannsie 6amib
otnuyHo (10) 6omnee 90%
oTIn4yHO (9) oT 80% 110 90% BKIIFOUUTEITEHO
xopotio (8) ot 70% 1o 80% BKIFOUUTEITEHO
xopoto (7) ot 60% 10 70% BKIIFOUHTEITLHO
xoporio (6) oT 50% 10 60% BKIFOUUTEITEHO
yJIOBJIETBOPHUTENHHO (5) oT 40% 10 50% BKIIIOUUTENHEHO
YOBJIETBOPUTENHHO (4) oT 30% 10 40% BKIIFOUUTEITEHO
yIIOBJIETBOPHUTENHHO (3) TpebyeT MOMOTHUTENHHOTO TECTUPOBAHHUSI 110
POOJIEMHBIM BOIIpocaM (TemMam)
HeyIoBJIeTBOpHUTEIRHO (2) | He momydeHa yaoBIeTBOpUTEIbHAS OIIEHKA B TICPHO]T
3a4€THON CECCHH.




30. [lepeyeHb THUNMOBBIX KOHTPOJBHBIX 3a/IaHUI, HCIOJb3YeMbIX /AJsi OLEHKH 3HAHMI,
YMeHUil, HABbIKOB (0OCEeHHMI ceMecTp)

HToroBasi SK3aMeHAIIMOHHAsI OI[EHKA BBICTABIISICTCSl CTYJCHTY C y4ETOM OIICHKH €ro paboThl B
cemecTpe.

PaboTa B cemecTpe OLIEHUBACTCS IO TEM K€ KPUTEPUSM, YTO W B TPEABLIYIIEM ceMecTpe. 3a
paboTy B ceMecTpe BBICTABISAETCS OLIEHKA 110 TEM K€ KPUTEPHSIM, YTO MIPH OINPEICTICHUH OIEHKU
nuddepeHIMPOBaHHOTO 3a4eTa.

DK3aMeH MPOBOJIUTCS B YCTHOU (hopme. DK3aMeHaLMOHHbIE OUJIETY MOTYT COJIEpKaTh HapsAIy C
TEOPETUYECKIUMH BONPOCAMH, TakKe H THUINOBBIE 3amauu. Dopma Owuiera ompenensercs
JIEKTOPOM U 3aBUCHT OT JIEKIIHOHHOT'O ITOTOKA.

TpaguunonHas ¢opma Ousera COOEPKHUT 2 TEOPETUUYECKUX BONPOCAa U OJHY THIIOBYIO 3aJauy.
[Tpumep TpaguuuoHHO# Gopmbl OrteTa.

Otger cryzaeHTa onieHuBaercs 1o 10-6amnpHoi mkase.

bunersl Takke MOTYT COCTOSITh M3 3 — 5 OTHOCHUTEIBHO NPOCTHIX BOIMPOCOB M BOIpPOCa
(BOIIPOCOB) TMOBBIMIEHHOW CHOXHOCTU. [IpocThie BOMPOCH OIEHUBAIOT YPOBEHb 3HAHUHU.
CrnosxHbIe BOIIPOCHI OLICHUBAO YPOBEHb YMEHHUI U HaBbIKOB.

[Tpumep Ouneta ¢ 5 BorpocaMu pa3HOTO YPOBHS:

1. 3ajan BEKTOP COCTOAHMA B BHAE CYNEPIO3UIMM ABYX COCTOSHMI |1)) = €1]1)1) + ¢2|ib2) u 3aman onepatop dusmae-
ckoii pemrmnnt f. Kak onpeaenserca mabnogpeman (pusnieckas Be4una) KBAHTOBOH CHCTEMBI, HAXOAAIIEHCA B
cocroanuu )7

2. BamummTe, 9eMmy pasen marpuunsii snement (r'|U(r)|r) =.

3. Onpegenure nomusni HabOp (hu3MHeCKHX BeIuHHH OECCIMHOBON YACTHIELI B HEHTPAILHOM nose. Kak pasmemnaiores
[I€PEMEHHBIE B BOJIHOBOH (DYHKINN, OMCHLIBAIOMIEH COCTOAHHE YACTHLBLI B LUeHTpaabHoM noie ¥ (r) =7 Banumute
ACHMIITOTHYECKOE [OBEPHHe PaIHATLHON (PYHKIUH CBA3AHHOTO cOCTOSHUS R (r)|, o ~7

4. ¥Vpasuenus [Ipeauarepa B npeacTaBIeHdH B3AWMOIEHCTBHS. SATHITATE €r0 PENIeHHe B BH/IE HTEPAITHOHHOTO PSIIa,
u npeacTasaenue B popme T — exp.

5. Ilycrs W (21, 22; 1) BOMHOBas (DYHKI[HA CHCTEMBI ABYX TOXKICCTBCHHBIX YACTHIL, HEMY PABEH Pe3yabTarT AeHCTBHA HAa
Hee oneparopa nepectanosku gactun P¥(zy, xa;t) =7

6*. Pemmre 33124y 00 0aHOMepHOM rapMOHIHYeCKOM ocuminarope. Hafimure cocToanus u sHepreTHIeCKHil CIIeKTp, a
TAKKE BOMHOBYIO (DYHKIHIO OCHOBHOTO COCTOAHUA B KOODAMHATHOM H HMIIYJILCHOM IIDEACTABICHHAX.

[Tpumep 6uiieta ¢ 3 Bonmpocamu.

1. basuc B npoctpancTBe cocTosiHui. [IpencraBienrie BEKTOPOB COCTOSHUS U OTIEpaTO-
poB B 6a3zuce. COOTHOIIEHUS] OPTOTOHATIBHOCTH U MOJIHOTHI TPH HATUYUM JUCKPET-
HOT'O U HENPEPBHIBHOTO CHEKTPA.

2. YpaBHenue [{upaxa.

3. DNeKTpOH HaXOIUTCS B COCTOSIHUU C MIPOEKIMEN CIIMHA Ha OCh Z paBHOM 1/2. Haii-
TH BEPOSATHOCTh OOHAPYKUTH ITOT JIEKTPOH B COCTOSTHUU C MPOEKIMEH ClIMHA Ha
HampaBieHue n = (sin 0 cos @, sin 0 sin @, cos 0) pasHo# 1/2.

40. Kpurepumn oueHuBaHMSI



CryneHTsl, MoyyuBIIHEe 3a paboTy B CeMecTpe K Hadaly 3K3aMEHALMOHHOM CECCHH OLEHKY
«HeyzaoBueTBopuTenbHO» (MeHee 30% ycBOoeHMsI MaTepualia), CUMTAlOTCd HE YCBOMBIIMMU
MaTepuail U He BBINOJIHUBIINMY 33JIaHUS Kypca, [I09TOMY K 3K3aMEHY HE JIOITYCKatOTCA.

Hrorosas OLICHKA BBICTABJIICTCA B COOTBETCTBUHU CO CXEMOM:

Onenka basbl Kpurepun
10 10 6ayToB 3a SK3aMEH U OIIEHKA 3a paboTy B ceMecTpe He
HUXKeE 8.
9 GasutoB 3a 3k3aMmeH u 10 6amioB 3a paboTy B cemecTpe
9 9 GayoB 3a 9K3aMeH U OIeHKa 3a paboTy B ceMecTpe He
OT1an4HO HIUKE 8.
8 8 0ayIoB 3a SK3aMEH M OIICHKA 3a padoTy B ceMeCcTpe He
HUXxe 6.
7 GasuioB 3a 3K3aMeH u Oosiee § 6aIoB 3a paboTy B
ceMecTpe
7 7 GaJuIoB 3a 3K3aMEH M OIleHKa 3a paboTy B CEMECTpe He
HUXKE 5.
6 OasuioB 3a 3K3aMeH u Oosiee § 6aIoB 3a paboTy B
ceMecTpe
6 6 0aJuIoB 3a PK3aMEH M OIleHKa 3a paboTy B CEMECTpe He
Xopomo
HUXKE 5.
5 GayoB 3a 3k3aMeH U Oosiee 7 6ayioB 3a paboTy B
cemecTpe
5 5 GasuIoB 3a 3K3aMEH M OlleHKa 3a paboTy B CEMECTpPE HE
HUxKe 3.
4 4 Gana 3a HK3aMeH U OIIEHKa 3a paboTy B CEMECTpe He
YIIOBJIETBOPUTEIHHO HIDKE 3.
3 3 Gasina 3a HK3aMeH U OlleHKa 3a paboTy B cemecTpe 3.
Hey/10BJIETBOPHTEBHO 2 2 Oayuta 3a PK3aMEH M OIIeHKa 3a paboTy B cemecTpe 3.
1 1 Gann 3a PK3aMEH U OlIeHKa 3a paboTy B cemecTpe 3.

5. MeToanyeckne MaTepuaJibl, onpee/siiome Npoueaypbl OleHUBAHUS 3HAHUI, YMEHMH,
HABBIKOB M (MJIM) ONBITA 1eATEJIbLHOCTH

CTyneHThl, CHaroIKe SK3aMEH, OTBEYAl0T Ha BOMPOCH Owuiera, MMes BO3MOXXHOCTH Ha
NOAroTOoBKY He MeHee 1 uaca. OTBeThl MPEACTaBIAIOTCA B MHUCbMEHHOM BHJIE, TIO KOTOPBIM
MPOBOAMTCS YCTHOE COOECeI0BaHUE.

HTorosas olieHKa 3a 3K3aMEH BBICTaBIIETCS B COOTBETCTBUHU CO CIECAYIOIIUM KPUTEPHUSIMMU:
CTYHGHT, OTBETHUBIITNH IMpaBUJIbHO Ha BCE BOIIPOCHL oumnera u JOIMOJTHUTECIIBHBIC BOIIPOCHI
9K3aMeHaTopa, MojiyyaeT oLeHKY «oTi» (10) mpu ycloBUM OLIEHKH 3a paboTy B ceMecTpe He
HIKe «0T» (8). CTyneHT, OTBETUBIINI MPABWIILHO Ha BCE BOMPOCHI OMJIETA U JOTIOTHUTEIIbHBIC
BOIIPOCHI 9K3aMEHATOPa, MOJIy4yaeT OLEHKY «OTIIMYHO» (8 uiau 9) mpu ycJIOBUH, UYTO Yy HEro 3a
paboTy B ceMecTpe CTOMT OIEHKA He HIDKE «XOPOIIO»

CryneHT, He OTBETHBIIMH Ha OJWH BONPOC OWMJIETa, HO OTBETUBLIMHA NMPABWIBHO Ha ApPYrue U
NPaBUIILHO OTBETHBIIHIA Ha JOMOJHHUTEIBHBIC BOMPOCHI, MOJy4aeT OLEHKY «xoporio» (5 — 7).
Ornenka no ecaTHOATILHOM IIKalle 3aBUCUT KaK OT OLIEHKH 3a paboTy B ceMecTpe, Tak M OT
Ka4ueCTBAa OTBCTOB HA JOIMOJHUTCIBHBIC BOIIPOCHI.

CryneHT, He OTBETHBILUI MPaBIWIILHO HA JIBa BOIpoca Ouiiea, He MOXKET MPEEeHI0BaTh Ha OIICHKY
BBIIIE «ya0BM». OIEHKa MO AecATHOAUIPHOW IIKaJle 3aBHCHUT KaK OT OIEHKH 3a paboTy B
CeMecCTpe, TaK U OT Ka4eCTBA OTBETOB Ha JOMOJIHUTEIbHBIE BOIIPOCHI.




OrneHKa «HEYIOBID» CTABUTCS CTYACHTY, KOTOPBI HE CMOT OTBETHTHh MPABUIHHO HU HAa OJUH
BOIIpPOC OmIieTa, a TaKXe, €CIH, MOJATOTOBHB MPABUJILHBIN TOJIBKO Ha OAWH BOIMpPOC Ouiera, HE
CMOT OTBETUTDH HA JIOTIOJHUTEIbHBIE BOIPOCKHI 3K3aMEHATOPA.

HroroBast orieHKa 3a dK3aMeH KakK MPaBUJIO HE JIOJDKHA OTJIMYAThCs OoJiee yeMm Ha 1 OGain BhIIIe
WK HWKE OLIEHKH 3a pa0doTy B CeMeCTpe MO MATHOAUIHHOW ImiKaie. VICKITIoYeHne COCTaBIseT
CiIy4ai, KOrja CTy/ICHT HE CMOT OTBETHTh IPABHUIIHHO HA BOIIPOCHI OMIIETA.

Bo Bpems npoBeneHus 3K3aMeHa CTYIEHTHl MOTYT I0JIb30BaThCS MPOTPaMMOM JTUCHUILIMHBI U
COOpHHMKAMHU JOMAIIHKX 3afaHuil. Y4eOHOW, y4eOHO-METOJAMYECKOM U  CIPaBOYHOU
JUTEPATYpOM MOJIB30BATHCS BO BpEMsl dK3aMeHa He Joryckaercs. Bo BpeMs sk3aMeHa J10JKHbBI
OBITh TaK)XE BBIKITFOYEHBI MOOMIIbHBIC TETIS()OHBI.

Ilepen HauanmoM 3K3aMEHAMOHHON CECCUM CTYJEHTHI MOJy4arOT EPEUYEHb BOIIPOCOB, OTBETHI HA
KOTOpBhIE HEOOXOJMMO 3HATh JUISl YCHEIIHON caadu dk3amMeHa. DOpMyIHpPOBKH BOMPOCOB B
OuieTax CTyJIEHThI Y3HAIOT BO BpeMs KOHCYJIbTAIHil.

CTy,Z[CHTBI, MMOJIYYMBHIUC HUTOIOBYHO OLCHKY «OTIHYHO» (10) U PpCUIMBIIMC W 3alIUTHBIINC
3aga4uu MMOBBIIICHHON CJI0KHOCTHU AOMAIIHEr0 3aJaHusl, MOTYT IMOJYYHUTH OOIOJHHUTCIbHBLIC
3a4YCTHBIC CANHUIBI 110 KYPCY.



