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
npo¢uib NOArOTOBKHU: I'eoxocMuYecKre HayKH ¥ TEXHOJIOTUH

®usrex-mrkoia A3poKocMUYecKux TeXHONOruit
kadenpa teopernueckoi puznku um. JI.J1. Jlannay

Kypc: 3
KBaJIMpUKALS: GakanaBp

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

7 (ocenHwuil) - Dx3aMeH

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

CamocrosrensHas padora: 75 4ac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 225, Bcero 3ad. e11.: 5
KonmuecTBo KOHTPOIBHBIX pa0oT, 3a1aHuil: 8

[Iporpammy coctaBuiIu:

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 3acefanun kadenpsl Teoperudeckoi puszuku um. JI.JI. Jlannay 23.05.2020



AHHOTANMA

Tomoroii kypc KBaHToBasi MexaHHKa COCTaBIISIET OJHY M3 YacTell OCHOBHOTO Kypca TEOPETHIECKOW QU3UKU U
npegHasHadeH Aisl cTyneHToB 3 u 4 xypcoB OakanaBpuara. Kypc cienmyer 3a kypcom «Teopust mons» u
npeanecTByeT Kypey «Craructudeckas pusnkay.

B kypce paccMarpuBaeTcsl OMMCAHUE HEPEIATUBUCTCKAX MUKPOCKOITHYECKUX CHCTEM HAa OCHOBE MOCTPOECHHUS
BEKTOPHOH (IMPaKOBCKOH) (GopMyIHpOBKHU Teopuu. B miepBoii 4acTi copMyaTHpOBaHbI OCTYJIATH KBAHTOBOM
MEXaHUKM W MaTeMaTH4YeCKWH ammapar, MMoJy4YeHbl ONeparopbl OCHOBHBIX (PM3MUECKHUX BEIWYMH HA OCHOBE
TEOPUU MPEACTABICHUN U CHMMETPUI IPOCTPAaHCTBA. M3y4yaroTcsi OCHOBHBIE CBOMCTBA COCTOSIHUN KBAaHTOBBIX
cucteM M pemieHnil ypasHenus lIpenunrepa. MimrocTpanysi OCHOBHBIX CBOMCTB Ha MEPBOM 3Talle JAcTCs B
paMKax OJHOMEpPHOW Mojenu. BaxHoe BHMMaHHE YyIENsSeTCs TOYHO PELIaeMbIM MOJAEISIM, B YacTHOCTH,
noApoOHO paccMaTpUBAEeTCsl KBAHTOBOE OIMUCAHHME T'apMOHMYECKOTO OCLWJUISTOPA, BKJIIOYAsi KOT€PEHTHBIC
cocTtosiHuA. PaccMarpuBaeTcst onMcaHue COCTOSIHUM KBAaHTOBOM YacTHIBI B LEHTPAJIBHOM IIOJIE, CBOMCTBA
MOMEHTa HMMIylbca M cnuHa 4dacThubl. [logpoOHO paccmoTpeHa omHa W3 BaXHEWIIMX 3a4ad — 3a/1ada o
COCTOSIHUSIX BOJJOPOJIONIOZJIOOHOTO aroma.

[Tocne n3noxxeHns: OCHOB KBAHTOBOM MEXaHUKH PAacCMaTpUBAIOTCS MPUOIMKEHHBIE METOIBI PEIICHHS 3a1ad.
B xauecTBe mepBoro mpuOIMKEHHOTO METO/IAa pacCMaTpHUBACTCA KBAa3UKIACCHUYECKOE MPUOIIKEHNE, KOTOpoe
[IO3BOJISIET JIyYlll€ TOHATh COOTBETCTBHME KBAHTOBOTO M KJACCMYECKOIO OINHCAHUSA JBUKEHHS YaCTHUIBIL.
OCHOBHOM NPUOMMKEHHBIH METO — TEOpUsl BO3MYILICHHUI paccMaTpuBaeTcs AJsl KOHCEPBAaTUBHBIX CHCTEM
(craumoHapHa TEOpHsl BO3MYILICHHM) M JUIsl HEKOHCEPBATHUBHBIX CHUCTEM (HECTallMOHApHas Teopus
Bo3MyIeHHH). CranuoHapHast Teopusl BO3MYILEHMH M3JlaraeTcss Ha OCHOBe HocTpoeHus (yHkumu I'puna
cranuoHapHoro ypasHeHusa IllpenuHrepa. PaccMOTpeHO €€ NpUMEHEHWE [ CBS3aHHBIX COCTOSHUI
(IMCKPETHBI HEBBIPOXKICHHBIM M BBIPOXKIICHHBIA YHEPreTUUCCKUA CIIEKTP) M JJIsi HHOUHUTHOTO JIBUKCHUS
(HeTIpephIBHOTO cIIeKTpa). B HenmpepbIBHOM CIEKTPE PaccMOTPEHO OOPHOBCKOE MPHUOIMKEHUS OMHUCAHUS
paccesiHus yactul. HecranuonapHas Teopus BO3MYLIEHUN paccMaTpyBaeTcsl KaK JJIsl AUCKPETHOIO, TaK U s
HEINIPEPBIBHOIO CIIEKTpa DJHEPrHMil C TMO3WLMH ONMCAHWS KBAaHTOBOM CHCTEMBI B IPENCTaBICHUH
B3auMOJIelicTBUs. BbIBOAMTCS BEpOSATHOCTH IEpPEXOla U BEPOSTHOCTb IIEpPEXo/la B EIUHUIYY BPEMEHU
(«30omoroe mpaBuino» Depmu). PaccmarpuBaercs MOHATHE KBa3UCTAIMOHAPHOIO COCTOSHHA. PaccMoTpeHbl
0COOCHHOCTH TEOPUH BO3MYILCHUH B CITydae aquabdaTHuecKyl MEIJICHHOTO N3MEHEHUS BO3MYILECHHS.
PaccMOTpeH ydeT MarHWTHBIX B3aMMOJEHCTBHN KaK y4eT PENATUBUCTCKHUX MOINPaBOK B HEPEISITUBUCTCKON
KBaHTOBON MexaHMKe. PaccMoTpeHa 3ajada O IpeLEecCMM MarHUTHOI'O MOMEHTA YacTHULbl U O JBHXKEHUU
3apsyKEHHON 4acTHIBI B OHOPOJHOM MarHMTHOM I10JI€, ITOJTy4YeHbl YpoBHHU Jlannay.

Bo Bropoii wactu paccMaTprBaeTcs ONMMCAHWE MHOTOYACTHMYHBIX KBAaHTOBBIX CHUCTEM. BBomuTcs mocrtynar o
TOXXJECTBEHHOCTH yacTull. PaccmarpuBaercst kKak OCTpOEHHE BOJTHOBON (DYHKIIMHM CHCTEMBI TOXK/IECTBEHHBIX
YacTUll, TaK U ONHCAHUE CHUCTEM TOXIECCTBEHHBIX YACTHULl B NPEACTABICHUU YHCEN 3arolHEHHsS (METOX
BTOPUYHOIO KBAaHTOBaHHUs). B kauecTBe npumepa paccMmarpuBaeTcsi ONMCAHUE COCTOSIHMM aroma TIemus,
BBOIATCSl ypaBHeHHMs XapTpu-Doka, MoKa3blBaeTCsl NMPUPOJa OOMEHHOTO B3aUMOACHCTBHs. PaccMoTpeHbl
HNPUHIMIBI U METO/bI OMHCAHUS COCTOSHUH CJIOKHOTO aroMa M MX COOTBETCTBHE NMEPUOIMUYECKON Tabiuie
35IeMEeHTOB. PaccMoTpeHo onucanue COCTOSIHUSL aTOMOB BO BHEIIHUX IOJISIX, B YaCTHOCTU PAacCMOTPEH 3P QeKT
3eemaHa B c1a00OM U CHIIbHOM MarHUTHOM TIOJI€.

B HepenaTHUBHCTCKOI TEOpHM H3ITy4EHHs paccMaTpHBaeTCs KBAHTOBAaHHWE CBOOOIHOTO 3JIEKTPOMArHUTHOTO
IOJI1 U €r0 B3aMMOJAEHCTBHE C CHCTEMaMM 3apsDKEHHBIX 4YacTHIl. PaccMOTpeHO M3IydeHWe M MOIIOIIEHUE
3NIEKTPOMArHUTHOTO TIOJIS aTOMa, ONPEAEIISIETCS] BpeMsl KHU3HU BO30YXKICHHBIX COCTOSHUN aTOMOB, ITOJTyYEHBI
npasuiia 0T00pa sl AMEKTPUUECKOTO AUMOIBHOTO U3JIyUYeHUs aTOMOB.

B 3akmroueHme Kypca paccMaTrpuBaeTCs OINHMCAHHWE OTKPBITHIX KBAHTOBBIX CHCTEM, BBOIUTCS IIOHATHE
MaTpullbl INIOTHOCTHU. JlaeTcsl pecTaBlIeHUe O 3allyTaHHbIX COCTOSHUAX KBAHTOBBIX CUCTEM.

1. lean u 3apa4n

Heap AucHUNIHHBI
Jlatb cTyneHTaMm 3HaHHS B O0JIACTH ONMCAHMS PA3TMYHBIX KBAHTOBBIX (PM3HMUYCCKHUX SBICHUN U METOIBI
HNOCTPOCHHSI ~ COOTBETCTBYIOIIMX  MAaTeMaTHYeCKMX  MOJENei, IMOoKa3aTh  COOTBETCTBHE U
HETPOTHBOPEUUBOCTh CHCTEMBI IIOCTYJAaTOB, TIOJIOKCHHBIX B OCHOBY KBAaHTOBOW TEOpHH,
CYLIECTBYIOIIMM IKCIEPHMEHTAIBHBIM JaHHBIM, YTO MO3BOJISIET CYMTATh TEOPUIO JIOCTOBEpPHOM. JlaTh
HaBBIKM, TIO3BOJISIOINME TIOHATH aJCKBATHOCTh TEOPETHYECKOM MOJIEIM  COOTBETCTBYIOLIEMY
(u3NIECKOMY SIBIICHUIO.

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



¢ MU3YYCHHUC HpI/I6JII/I)I(eHHBIX MCETOAOB PCIICHHUA 3a1a4 KBaHTOBOM MCXaHUKU,
¢ MU3YUYCHHC MCTOHOB OIMMCAaHUS CIOXKHBIX CUCTEM, B TOM YUCJIC CUCTEM TOKACCTBCHHBIX YaCTHUII;

® OBJIQZICHUE METOAAaMH KBAaHTOBOM MEXAHUKU JUIsi OMHCAHUS CBOMCTB Ppa3JIMIHbIX (1)H3I/I‘IGCKI/IX
CHUCTECM.

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-1.1 CriocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

(dyHIaMEHTAIbHbBIC 3HAHUS, MOJTyUYCHHBIC B
obnacty pU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

npodeCcCHOHAILHOMN JIeATeIBHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKUe MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl H OLICHKH

OIIK-1.3 CnocobeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

[IK-4.1 3naer yncieHHbIE MOPSIIKN BEITWYHH, XapaKTEPHBIX
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

[TK-4 CriocoOeH KpUTHYECKH OLICHUBATh [IK-4.2 3HaeT WCTOYHWUKH TPOUCXOKACHUS H yMEET
MIPUMEHNUMOCTb UCIIONIb3YEMBIX METOAUK H MPOU3BOJUTH  OLEHKY  TOTPEITHOCTH  M3MEPEeHUd U
METOJIOB JIOCTOBEPHOCTH DKCIEPUMEHTAIIbHBIX PE3YJIbTaTOB

[MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOesei

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

3HATB!
[J  IlocTynaTbl M NPUHIMIIBI KBAHTOBOW MEXaHUKH, METOIbl ONMCAHUS KBAaHTOBBIX CUCTEM, CBS3b
COCTOSIHUHM M OTIEPaTOpOB C HAOIIOJAEMbIMH U U3MEPSEMBIMU BEIIMYMHAMU;
[J OCHOBHbIE CBOMCTBA TOYHO pPEIIAEMbIX MOJIEIEH KBAHTOBBIX CUCTEM;
[J  OCHOBHBIC MPHUOJIMKEHHBIE METOIBI PEIICHHUS 33/7a4 KBAHTOBOM MEXAHHKH: KBAa3HKJIACCHUYECKOE
npuOIMKEHUE; CTAIMOHAPHYIO U HECTAIMOHAPHYIO TEOPUIO BO3MYIICHUI;
[J MeTOIbl ONMCAHUS CJIOKHBIX U HE3AMKHYTBIX KBAHTOBBIX CHCTEM;
[]  MeToxbl ¥ CHOCOOBI OITMCAHUS CUCTEM TOX/IECTBEHHBIX YaCTHIl B KBAHTOBOH TEOpHUH;
[]  MeTonpl OMCAHUs PacCEesTHUS YaCcTHIL, ONMCAHNE B3aUMOJECHCTBUSA NIEKTPOMATHUTHOTO H3JTyUCHHUS
C KBaHTOBBIMU CHCTEMaMHU 3apsi10B.

YMETB:
[0 OmnpenensiTb SHEPreTUUYECKUE CIEKTPhI X BOTHOBbIE (DYHKIIMH B OOHOMEPHBIX CIyYasX;
[l ompemensaTh cpenHue 3HauUCHMA ((PU3MUECKHE BEJINYHMHBI) KBAHTOBBIX CHCTEM, €CIIM M3BECTHBI MX
BOJIHOBBIC (DYHKIIUH;
O ONPEAETATh COCTOSIHMA M KJIAacCH(UIMPOBATh DSHEPreTHUECKHE CHEKTPhl YacTUIBI B
CUMMETPHYHBIX OTEHIIMAJIAaX, B YaCTHOCTH, 00JIaIal0INX aKCHaJIbHON U LEHTPAIbHON CUMMETpUEH;
[l  TpUMEHATHh KBAa3MKJIACCHUECKOe MPHONMKEHHE AJSl OLICHKH YPOBHEH SHEPruM U BEpOSTHOCTEH
MIPOXOKJCHUS B OMHOMEPHBIX MOTEHINAIAX;
[J NpUMEHATh CTALMOHAPHYIO TEOPUIO BO3MYLIEHUH JUIsl HAXOXKICHUSI IIOIIPABOK K YPOBHSIM 3HEPTUU
1 BOJHOBBIM (DyHKIIHSIM;
[J  IpuUMEHATh HECTALMOHAPHYIO TEOPUIO BO3MYIUEHUH Ul HAXOKIEHUS BEPOSTHOCTEH IEPEXOl0B
MEXAY COCTOSHUSIMU;
[J  pewarpb 33aa4d O HaXOKJCHUM COCTOSHUN U 3HEPreTHMUYECKOIO CIIEKTPa CUCTEM MHOIUX, B TOM
YHCJIE TOXKAECTBEHHBIX, YACTHII;
[l BBIUUCHATH AU (epeHIHanbHble CEUeHUs pacCessHUs YaCTHLl Pa3IMYHBIMU TOTEHIMAIaMU;
O ONpEACIATh BO3MOXKHBIE ONTHYECKHE IEPEXOAbl MEXIYy COCTOSHUSAMH CHCTEM 3apsSioB U
OLICHMBATh BPEMEHA )KU3HU BO30YKIEHHBIX COCTOSHUH.

BJIaJIETh:

0 OCHOBHBIMH METOAaMHU PCUICHUSA 3aJa4 O HAXOXICHUU COCTOSIHUH U OHEPICTUYCCKUX CIICKTPOB
PAa3JINIHBIX KBAHTOBLIX CUCTCM;,

0 HaBbIKaMH TCOPETHYCCKOTO aHajin3a pCaJIbHbIX 3aJad, CBA3aHHBIX CO CBOMCTBaMU
MHUKPOCKOIIMYCCKUX U HAHOCUCTEM, OGHa,I[aIOH_II/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 ymioBoro MOMEHTa M CIHMHA 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 CuctemMbl  TOXAECTBEHHBIX  YacTHUII. 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. KoopauHaTHoe M HMMITyJIbCHOE NpeAcTaBieHue. BpemenHoe
ypaBHeHue lllpenunrepa. YpaBHeHue HelpepblBHOCTU. [INOTHOCTH BEPOATHOCTU U IIOTHOCTH TOKA
BeposTHOCTH. HopMHpOBKa BOIHOBOW (PyHKIMH B CIy4ae IMCKPETHOTO M HEMPEPHIBHOTO CIIEKTpa.
CranuonapHoe ypaBHenue Lllpenunrepa.




2. BpemenHast aBomonus (pU3NIECKON CHCTEMBI

[Ipencrasnenne lpenunarepa u mnpexncraBienue [aiizenOepra. [aif3eHOEproBCcKUEe YypaBHEHUS
nerxkeHns. KBantoseie ckoOku Ilyaccona.

dyHnamMeHTalbHbIe KOMMYTAIIMOHHBIE COOTHOIICHHs. MHTerpansl JBIKCHUS B KBAHTOBOW TEOPHUHU.
Teopembr DpeHdecTa.

3. CuMMeTpur B KBAaHTOBOM MEXaHMKE U 3aKOHBI COXPAHEHHUS.

NHBapuaHTHOCT, KBaHTOBO-MEXaHHMYECKOW CHUCTEMBI OTHOCHUTEIILHO TPYMNI MPeoOpa3oOBaHHM.
CummeTpun GU3NUECKON CUCTEMBI U 3aKOHBI COXPaHEHHS.

I'pynna mpocTpaHCTBEHHBIX TPAHCISALUUN M 3aKOH COXpPAHEHHUS HUMIylbca. [pyIma BpeMEHHBIX
TPaHCISILUM U 3aKOH COXpaHEHMs SHEpruu. ['pylnmna TpexMEpHBIX BpalleHUN U 3aKOH COXPAaHEHUs
opbuTaibHOro MoMeHTa. HemprBonumble npeacTaBieHus Ipynibl TpeXMEpHbIX BpauieHnid. CiuH U
MOJIHBIA MOMEHT.  IpynIia NpoCTpaHCTBEHHOW MHBEPCUM U 3aKOH COXpAaHEHHUs yeTHocTu. ['pymma
oOpalieHns BpeMEHH.

4. Teopus yIJIoBOro MOMEHTA U CIIMHA JIEKTPOHA

VYInoBoii MOMEHT B KBaHTOBOW MexaHMKe. Omeparopbl MOMEHTA KOJIMYECTBA ABMKCHHS U KBaJpaTa
MoMmeHTa. CoOCTBeHHBIE 3HAYEHHS U cOOCTBEHHBIE (PyHKINHU. OniepaTop KOHEYHBIX BPAIIEHHH.
Omneparop cnuHa. Marpunpsl [laynm u wux cBoiictBa. CrnivHOBas BOJHOBas (QyHKIHS. MeTonbl
M3MEpPEHUs CIIMHA.

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

3ajaua JOByX Tel B KBaHTOBOM MexaHuke. lleHTpanbHOe 1oe, pa3lielleHue IepEeMEHHBIX.
PamnansHOE YpaBHEHHE IlIpenunrepa. IIpocTpaHCTBEHHO-H30TPOITHBII OCLUJLIATOP.
Bonopononono0HbIii aToM. DHEpreTH4ecKuii CIIEKTp, BOJTHOBas PyHKIUs. Boipoxkaenue.

6. KBaszuknaccuueckoe mpuOImKeHHe.

[IpenenbHbIil MEpexol K KIacCHYECKOW MexaHuke. BomHoBas (QyHKIUS B KBa3HKJIACCUYECCKOM
npubnmxennd. Meronq BKB IlpaBuno kBantoBanusi bopa—3ommepdenbna. @Pa3oBeiii 00beM,
MPUXOISIIMICS Ha OMHO cocTosHue. [IpoxoxkaeHue CKBO3b MOTEHIMANBHBINA Oapbep (TyHHEIbHBIN
a¢dexT). DneMeHTapHas Teopus pacnaaa.

7. ATom BogOopoaa.

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

8. Teopust AMHENHOTO TAPMOHUYECKOTO OCHUIIATOPA.

Onepretnyeckuil cnekrp. CoOcTBeHHbIE (DYHKIIMM TapMOHHYECKOTO OCHMIUIATOPA B KOOPAMHATHOM
MIPECTABIEHUH.

9. Ilpuém 3anaHuil.

Cemectp: 7 (OceHnuii)

10. Hectanmonapnas Teopus Bo3myienuil. [Ipencrapnenrue B3auMoAeiiCTBUS.



[IpencraBneHue B3aUMOACHCTBHs. XPOHOJIOTM30BaHHASL HKCIIOHEHTA. Teoprss KBaHTOBBIX
nepexoqoB. COOTHOILIEHHE HEOMpeleNeHHOCTeH il »Heprud W BpemeHu. llepexompl B
JIBYXypOBHEBOM cucteMe. [lepexompl B HENpEpHIBHOM CHEKTpe. «30510Toe mpaBuiio» Depmu.
Buesannbie n anuabaTuueckre BO3MYLICHUSI.

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

Teopust BO3MyIICHHH Ui JUCKpETHOro crekrpa. Kpurepuii nmpuMeHuMocTd. Meton ¢yHKIUH
I'puna. [lompaBKku K COCTOSIHMSIM U ypOBHSM »Hepruu. Ciydail BBIPOXKIEHHBIX YPOBHEH 3HEPTHUU.
[IpaBunbHBIE BOJTHOBBIE (DYHKIHU HYJIEBOTO NpUOIMmkeHus. Teopus BO3MYLICHUN AJIs1 HEIPEPHIBHOTO
CHEKTpa, OOPHOBCKOE MPUOIMIKEHUE B TEOPUH PACCESHUSI.

12. OCHOBBI PENATUBUCTCKON TEOPHUHU.

PenstuBucTckue BONHOBBIE ypaBHeHudA. YpaBHeHue KneitHa—Topmona—®oka. YpaBHenue Jlupaxa.
Marpunsl  Jlupaka W UX CBOWCTBA. PensTHBHCTCKAas WHBapHMAHTHOCTh YypaBHeHHs Jlupaka.
OpOuTanbHblid, COOCTBEHHBIH W TIOMHBIAH MoMeHT B Teopuu J[lupaka. CrnmH-OpOUTaNBHOE
B3auMoyeiicTBue. TOHKas CTPyKTypa SHEPreTHYECKUX YPOBHEH aroMa BOAOpO/a.

13. CucreMsl TOKIeCTBEHHBIX YacTULl. CI0XKHBINA aToOM.

Onucanue cnoxHbIx cucreM. Cnoxxenne MmomeHToB. Koadduuuentsr Knebma-lIopgana.  [Ipunuoun
TOXJIECTBEHHOCTH  (HEpa3M4MMOCTH)  MUKpodacTull. CuMMeTpHuss  BOJHOBOH  (YHKIWHU
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. OO6MenHoe B3ammozelicTBue. OCHOBHOE U BO30YKIEHHOE COCTOSHUSI aToMa TeJHsl.
[Tapa- u oprorenuii.

[Tpubnmxenue HEHTPATIBHOTO TOJI B aToMe. BapuaroHHbli MeToA. DIeKTPOHHbIE KOH(UTYpaLnu.
Tepmel. IIpaBuna Xynaa. ToHkas CTpyKTypa.

14. Cucrema QJICKTPUYICCKUX 3apsAJ0B BO BHCIIHCM JJICKTPOMArHUTHOM I10JIC.

VYpasuenue lllpenunrepa Bo BHEITHEM AJIEKTPOMArHUTHOM 1olie. Ypapaenue [laymu. KannOpoBounas
WHBapUAHTHOCTh. J[BI)KEHHE 3JIEKTPOHA B OMHOPOAHOM MarHUTHOM moje. Yposuu Jlanmay. Dddexr
3eeMaHa.

15. Teopus 3MeKTPOMAarHUTHOTO U3ITyUEHUSI.

KBaHTOBaHWE CBOOOJHOTO DBJICKTPOMATHUTHOTO MOJisA. B3anMomeHCTBHE KBAaHTOBOW CHUCTEMBI C
ANEKTPOMArHUTHBIM U3nyueHreM. CIOHTaHHOE W BBIHYXKICHHOE H3iydeHue (GoToHoB. [IpaBuia
otOopa.

16. Teopus paccesHus.

CeueHue paccesHus. AMIUIMTYa paccesiHUs. YIpyroe paccesHue. Meroj napLualbHbIX BOJH B
TEOpUH paccesHus, ammmtysa U (a3sl  paccesHus. Omnruyeckass Teopema. PaccesiHue
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 JIuTEparypa
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®TH, 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. IlpakTudeckas MaTeMaTuka. PyKOBOACTBO JUIsl HAUMHAIOIIUX U3Y4aTh TEOPETHUECKYIO (H3HUKY
[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 ¢ yueOHOI 1 HaydyHOW JUTEpaTypol SBISETCS INaBHOW (OpPMON caMOCTOsSTENLHOW paboThl U
HEeoOXo[MMa TPU TOATOTOBKE K dk3aMeHy. OHa BKIIOYAeT MPOpabOTKy JIGKIMOHHOTO MaTephaia —
U3yYeHHE JIMTEpaTypbl IO TeMarhke Jekuuid. TumoBble 3amadnM pa30MparOTCs Ha CEMHHAPCKHX
(MpaKTUYECKNX) 3aHATHAX. AHAJIOTUYHBIC 3aa4d W YIPAKHEHUS CTYIACHTHl JOJDKHBI PELIUTh
CaMOCTOSITENIFHO, HCIIONb3ys PEKOMEHIOBAaHHYIO JHTeparypy. Pabora ¢ nureparypoil He TOJBKO
TMOJIe3HA KaK CPeNCTBO OoJiee TTyOOKOro H3ydeHHs JTF000H AUCIUIUIMHBL, HO H SBJISIETCS HEOThEMIIEMON
YacThIO0 NMPO(ECCHOHATBHON JEeATeIbHOCTH OyIyllero BBIIYCKHHKA. PerieHue 3aqa4 B KOHTPOJIBHOI
pabore mpencrapisier co0OW OIEHKY HABBIKOB pEIHICHHs 33jad OOBIYHON CIIOKHOCTH. 3aJaHus
KOHTPOJIBHBIX PAa0OT OLICHEHBI B OINPEACICHHYIO CyMMYy OajlJIoB, YTO IO3BOJISICT OLICHHTH YPOBEHb
YMEHUSI 1 HaBBIKOB CTy/ACHTOB. [loKka3areiieM BiaJeHUs MaTepraioM Ha dK3aMeHe CIY)KHT yMeHHe 0e3
KOHCIIEKTa OTBEYaTh Ha BOIPOCHI 10 TeMaM JUCHHIUINHBL. BakHO 1OOMTHCS MOHMMAaHUS W3y4aeMOro
Marepuasia, a He MEXaHH4YEeCKOrO ero 3armoMuHaHus. [Ipu 3aTpyqHEHUH H3yYeHHs OTICIBHBIX TEM,
BOIIPOCOB, CIIEyeT 00paIIaThCcs 32 KOHCYJIBTAIMSIMHU TIPETIOIaBaTEIIIO.
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1. Kom

nereHunu, popMupyemMblie B npouecce u3y4eHus AUCHUNINHBI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CriocobeH npuMeHsTh
(byHIaMeHTaIbHbIC 3HAHWSL, IOy YCHHBIC B

oOmnact

€CTEeCTBEHHBIX HayK, U UCIIOJIb30BaTh UX B
npodecCuoHaTbHON e TENHHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,

1 PU3UKO-MATEMATHIECKHUX U (MIIN)
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

[MK-4 Crioco0OeH KpUTHYECKH OLIEHUBATh [IK-4.2 3HaeT HCTOYHHUKH TPOUCXOKACHUA U yMeeT
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U MPOU3BOAUTH  OLIGHKY  IOTPEIIHOCTH  HM3MEpPeHHH |
METO/IOB JOCTOBEPHOCTH YKCIIEPUMEHTAIBHBIX PE3YJIbTAaTOB

[1K-4.1 3Haer 4nciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX
JUISI COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00nacTu

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare u3ydeHus AUCIUTUIMHBL «KBaHTOBast MEXaHUKa» 00YYarOIIUICS TOTKEH:

3HATb:

[ HOCTy.]'IaTLI U IPUHIUIIBI KBaHTOBOM MCXaHUKH, MCTOABI OIIMCAHHSA KBAHTOBBIX CHUCTCM, CBA3b
COCTOSIHUH U OIIepaTopoB € Ha6J'IIOI[aeMLIMI/I 1 UBMCPACMBIMU BCJIMINHAMMU,

[l OCHOBHBIC CBOHCTBA TOYHO peuracMbIX MO,Z[CJ'IGfI KBAaHTOBBIX CUCTCM;

0 OCHOBHBIC HpI/I6J'II/I)KeHHLIe MCETOAbI PCIICHUA 3aJavd KBAaHTOBOM MEXaHUKH: KBAa3MKJIACCHUYECKOE
HpI/I6JII/I)KeHI/Ie; CTAalTMOHAPHYIO U HCCTAIMOHAPHYIO TCOPHUIO BO3My11IeHHI>i;

[] MeTombl ONMCAHUS CIIOKHBIX U HE3aMKHYTbBIX KBAHTOBBIX CUCTEM;,

[] Meronabl U CIIOCOOBI OIMHCAHUS CUCTEM TOXKJIECTBEHHBIX YaCTHI] B KBAHTOBOM TCOpHU,

[l MeTombl ONUCAHUA paccessHr 4aCTull; OITMCaHnuEC B3aUMO/ICCTBUS AJICKTPOMArHuTHOI'O U3JIy4YCHU
C KBAHTOBBIMU CUCTCMAaMU 3apsa10B.

yMeThb:

[l Omnpeznensth YHEPreTHYECKHUE CIEKTPhI U BOJHOBBIC (DYHKIIUH B OJTHOMEPHBIX CIIyYasix;

[l ompemensTh cpenHUe 3HaUCHHs ((PHU3MYECKHE BEIMYMHBI) KBAHTOBBIX CHUCTEM, €CIIH W3BECTHBI HX
BOJTHOBBIE (PYHKITUH;

0 ONPEACTATh COCTOSHHS M KJIACCH(UIIMPOBATh DJHEPreTHUECKUE CHEKTPHl YacTHUIBI B
CHUMMETPUYHBIX IOTCHIIMAJIaX, B YACTHOCTH, 00JIaJalONINX aKCUaIbHOW M IICHTPAJIbHOW CUMMETpPUEH;

[l  TpUMEHSTHh KBAa3WKJIACCHUECKOE MPHONMKEHHE JJISl OLCHKA YPOBHEH JHEPTrUHM U BEPOSTHOCTEU
NPOXOXKICHHS B OTHOMEPHBIX IOTCHIINATIAX;

[l TpPUMEHATH CTAMOHAPHYIO TEOPHIO BOMYIICHUI JJIsl HAXOXKICHHS TIONPABOK K YPOBHSM DHEPTHH
Y BOJIHOBBIM (DYHKLIUSIM;

[l NOpUMEHSATh HECTAMOHAPHYIO TEOPHIO BO3MYIICHUH IS HAXOXKICHUS BEPOSTHOCTEH TEPEX00B
MEXJy COCTOSIHUSIMHU;

[l  pemarh 3a1a4ydl O HAXOXKICHHH COCTOSIHUN M SHEPTETHYECKOTO CIEKTpa CUCTEM MHOTHX, B TOM
YHCIIC TOXKAESCTBEHHBIX, YACTHUII;

[ BeUUCHATh AU hepeHIranbHbIe CEYCHUS pacCessHUS YaCTHIl Pa3IMYHBIMU TIOTCHIHAIaMU;

0 ONENeNsTh BO3MOXHBIC ONTHYECKHE MNEPEXOAbl MEXIY COCTOSHHSMH CHUCTEM 3apsloB U
OLICHHBATh BPEMEHA )KU3HU BO30YK/ICHHBIX COCTOSHUH.

BJaJeTh:

[ OCHOBHBIMH MCTOAaMHM PCHICHUA 3a1a4 O HAXO0XJICHUU COCTOSIHUH U OHCPICTUYCCKUX CIICKTPOB
Pa3JIMIHbIX KBAHTOBBLIX CUCTEM;

[ HaBbIKaMU TCOPCTHYCCKOTO aHalin3a pCajibHbIX 3ada4, CBA3aHHBIX CO CBOICTBaMH
MUKPOCKOIMNMYCCKHUX U HAHOCUCTEM, 06naz[a}oumx KaK OIUCKPETHBIM, TaK U HEIIPCPBIBHBIM CIICKTPaMU.

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



3. IlepeyeHb THIOBBIX KOHTPOJIBHBIX 33aHUIH, HCNOJAb3yeMbIX /A OLEHKH 3HAHWH,
YMeHHii, HABLIKOB

JuddepeHnmpoBaHHBINA 3a4eT MPOBOAUTCS 1O UTOTaM PabOTHI CTYICHTa B CEMECTpPE B Clydae
YCIICIIHOTO OCBOEHHUSI JUCHMIUIMHBI. B cilydae, eciid CTyI€HT HE YCBOWI JUCUUIUIMHY U
pe3ynbTaThl €ro paboThl B CEMECTpe OKa3aluCh HEYIOBICTBOPUTEIHHBIMU, MPOBOIUTCS
JIOTIOJTHATEILHBIM TMMHUCBMEHHBIA OMPOC, a NpU HEOOXOJAMMOCTH M YCTHBIM, Ha MpPEaMET
BBIABJICHUSA 3HAHUU. J{ONMOJHUTENBHBIA NHCBMEHHBIM ONPOC NPOBOAUTCS B BHJAE TECTOB,
CoIEp>)KaHUE KOTOPBIX MOJTHOCTHIO COOTBETCTBYET COJAEPKAHUIO TECTOBBIX OMPOCOB CTYJICHTOB B
TEUYECHHUE CEMECTPA.

Onenka audQepeHIMpPOBaHHOTO 3a4eTa CKJIAJbIBACTCS W3 OICHOK TPEX TO3HIMNA: 3HAHUH,
YMEHHM U HAaBBIKOB.

3HaHMS CTYNEHTOB OLEHUBAIOTCA B peE3yJbTaTe IMPOBEACHMS €KEHEAEIbHOIO0 OIpoca
npoiinenHoro marepuana. Omnpoc NPOBOAUTCA B IMUCBMEHHOM (opMe B BHIEC TECTOBBIX
BONPocoB. IIprMep TECTOBBIX BOIIPOCOB NIPUBEICH HUXKE.

YMeHussi U HaBBIKM CTYIEHTOB OIPENEISIOTCS [0 WTOraM claud JOMalllHUX 3ajaHuil. Bcero
CTYJEHTaM IIpeJUlaraeTcsi Ba JOMAIlHUX 3aJaHus B CEMECTp. 3aJaHHe COINEP>KUT TPU THIIA
3aJa4 W ynpaxHeHWd. TumoBble 3amaud W YHOPaXHEHHS pa3OMparoTCs Ha CEMHUHApPCKUX
(MpaKTHUYECKUX) 3aHATHUAX. AHAIOTWYHbBIC 33/1a4M U YINPaKHEHHs CTYIEHTHI JIOJIKHBI PEIIUTh
CaMOCTOSITENIbHO, HCIOJb3Yysl PEKOMEHJIOBaHHYI0 Jjureparypy. Kpome Toro, cryaeHTam
IIPEUIaraloTcsl CHELUAJIbHO TOMEUYECHHbIE 3a7aud IOBBILICHHON CIIOKHOCTH. PemeHue Takux
3a1a4 TpeOyeT OT CTY/ACHTa HABBIKOB M IMPEJCTABISET cOOOI OIEHKY HAaBBIKOB PEUICHUS 3a1ad
MOBBIIIECHHON CJIOKHOCTH.

HaBbiky CTyAEHTOB MNpOBEPSAIOTCS B Ppe3yibTaTe€ PELICHUS KOHTPOJbHBIX pabOT, KOTOpbIE
IIPOBOZASATCS BO BpEMs AayAUTOPHBIX 3aHATHH. 3aJaud aHAJIOIMYHbl THUIIOBBIM 3ajaydam,
BKJIIOUEHHBIM B JOMAIIHHE 3aJaHUs, KaK PacCMOTPEHHBIX HAa CEMHHAPCKUX (IIPAKTUYECKHX)
3aHATHSAX, TaK U IpeAsaraeMbIX JUIsl CAMOCTOSITEILHOIO PelIeHUs. 3alaHisI KOHTPOJIBHBIX padoT
OLICHEHBI B ONPEACIEHHYI0 CYMMY OaJlJIOB, YTO MO3BOJISIET OLIEHUTh YPOBEHb YMEHUS U HAaBBIKOB
CTYJEHTOB.

Bormpocsl, BKIIOYEHHBIE B TECTOBBIE ONPOCHI, OXBATHIBAIOT OCHOBHBIEC IIOHATHUS, PACCMOTPEHHBIE
Ha IIpeabIayIen JEKIHH.

[TprMep BOIPOCOB TECTOBOTO 3a/1aHUs IEPBOIO CEMECTPA OOYUCHHUS:



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>?

[TprMepbl KOHTPOJIBHBIX 3aJAHUIA:

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)

Kaxaplii Bompoc 3afaHusi OLEHEH B OINPEACNCHHYI0 CymMMy OasioB B 3aBHCHUMOCTH OT
CIO)KHOCTH M YpOBHS (3HaHUsA, yMeHHs W HaBbiku). [lomHas cymma OayuioB mpumepa
KOHTPOJIbHOW paboThI paBHa 50.

KonkperHsle ycnoBusi Habopa 0amioB 3a paboTy B C€MECTpe MOT'YT 3aBHCETh OT JIEKIIMOHHOT'O
IIOTOKA M ONPEEIAIOTCA JIEKTOpoM. OOIIMM OCTaeTcs CleAyolee IPaBuiIo.

B TeueHue cemectpa cTyneHT HaOupaeT CyMMy OajUIOB MO pe3yjbTaTaM TECTOBBIX ONPOCOB
(nanmpumep, 50 GamioB), Mo pe3yabTaTaM coadyd JABYX 3aJaHuil (Hampumep, 80 OamioB) U Mo
pesyibTaTtaM JABYX KOHTpOJbHbIX (Hampumep, 100 Oamnos). Kpome Toro, 3a pemenue 3anad
MOBBIIIEHHON CJIO)KHOCTH JIOMAIIIHETO 33JaHusl CTYACHT MOXET Ha0paTh NpeMHUabHBIC
(OoHycHbIe) OGayutbl O ABYM 3agaHusM (Hampumep, 30 6amio). [lomHblil Gamn oreHuBaeTcs B
JaHHoM ciydae cymmon 230 6amwtoB. [lo pesynbTaTam UTOTOBOTO PEHTHHTA CTYIEHT MOXKET
HaOpaTh HEKOTOPYIO CYMMY, KOTOpast OLIEHUBAETCs B % OTHOCUTENIBHO MOJHOTo Oaja.
Wroroast omenka audQepeHIIMPOBAHHOTO 3a4eTa BBICTABISETCS B COOTBETCTBHH CO CXEMOIA,
IIPUBEICHHON B CIENYIOLIEM pa3Jelle.

4a. Kpurepun onennBanus (1npdepeHIupOBaAHHBIH 3a4eT)

Onenka HaGpanHzble 6ayuibl
otinnyHo (10) oosee 90%
oTIIN4YHO (9) ot 80% 10 90% BKIHOYUTEITHHO
xopoto (8) ot 70% no 80% BKIIFOUMTEIILHO
xoporio (7) ot 60% 10 70% BKJIIOUUTEITEHO
xoporto (6) ot 50% 1o 60% BKIIFOUUTEITEHO
YAOBJIETBOPUTENHHO (5) ot 40% 10 50% BKJIFOUUTEITHHO
yJIOBJIETBOPHUTENHHO (4) oT 30% 10 40% BKIIFOUUTEIHEHO
YAOBJIETBOPUTENHHO (3) TpeOyeT NOMOHUTEIBHOTO TECTUPOBAHUS 10
POOJIEMHBIM BOIIpocaM (TemMam)
HeyIoBJIeTBOpHUTEIRHO (2) | He momydeHa yaoBIeTBOpUTEIbHAS OIIEHKA B TICPHO]T
3a4E€THOU CECCUMU.




30. IlepeyeHb THMOBBIX KOHTPOJBbHBIX 3aJaHMH, HCHOJb3YeMbIX ISl OLEHKHM 3HAHWIA,
YMeHHUIi, HABBIKOB (OCEHHUI cemecTp)

Hrorosas OK3aMCHAallMOHHAasA OLICHKA BBICTABJIACTCA CTYACHTY C YUCTOM OLCHKH €TI0 pa6OTBI B
ceMecTpe.

Pabora B cemecTpe OLIEHMBAETCA MO TEM XK€ KPUTEPHSM, YTO U B MPEIbIAYIIEM ceMecTpe. 3a
paboTy B CeMECTpe BBICTABIISICTCS OLIEHKA 110 TEM K€ KPUTEPHSM, YTO TP ONPEICICHHH OLICHKH
QG epeHIIMPOBAHHOTO 3a4eTa.

DK3aMeH MPOBOJIUTCS B YCTHOU (hopMe. DK3aMEeHAIMOHHBIE OMIIETY MOTYT COJIEPKaTh HAPSTY C
TEOPETUUYECKHUMH BOIPOCAMH, TakKe M TuloBble 3amauu. Popma Ounera ompenensercs
JIEKTOPOM U 3aBUCHUT OT JIEKIIMOHHOTO MOTOKA.

Tpamunmonnas gopma OuneTa COACPKUT 2 TEOPETUUYECKUX BOMPOCA W OJHY THUIIOBYIO 3a/ady.
[Tpumep TpaguinoHHOM GopMbI OHTeTa.

Otger cryaenTa onenuBaercs 1o 10-0annpHoi mikase.

bunerbl Takke MOIYT COCTOSTh M3 3 — 5 OTHOCHUTEIBHO NPOCTHIX BOIPOCOB M BOIpPOCa
(BOTIPOCOB) TOBBIIMIEHHON CIIOKHOCTH. [IpocThie BOMPOCHI OLIEHWBAIOT YPOBEHb 3HAHUM.
CI10kHBIE€ BOIIPOCHI OLIEHUBAIO YPOBEHb YMEHUI U HABBIKOB.

[Tpumep Ousera ¢ S Borpocamu pasHOTO 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 TIOBEACHHE PATHAILHON (PYHKIMN CBA3AHHOTO cOCTOAHUA Ry (1))

?
r—0 ™

4. ¥Vpasuenus [Ipeauarepa B npeacTaBIeHdH B3AWMOIEHCTBHS. SATHITATE €r0 PENIeHHe B BH/IE HTEPAITHOHHOTO PSIIa,

u npejactasienue B hopme 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.

[Ipumep 6uiiera ¢ 3 Bonpocamu.

1. bazuc B npocTpaHcTBe cocTosiHUM. [IpeacraBienne BEeKTOPOB COCTOSHUS U ONepaTo-
poB B 0a3uce. COOTHOIIEHNS OPTOTOHAJILHOCTH U TIOJTHOTHI PU HATMYUH JTUCKPET-
HOT'O U HENIPEPBIBHOT'O CIEKTPA.

2. YpaBuenue [lupaka.

3. DAeKTpOH HaXOAUTCA B COCTOSTHUU C MPOEKIIMEN cliHa Ha och Z paBHOi 1/2. Haii-
TH BEPOSITHOCTh OOHAPY>KUTH 3TOT JIEKTPOH B COCTOSIHUHU C MPOEKLIMEH cliuHa Ha
HarpasjeHue n = (sin 0 cos @, sin 0 sin @, cos 0) paBHoit 1/2.

40. Kputepun oueHnBaHust



CryneHTsl, MoJlydyuBIIME 32 pabOTy B CEMECTpe K Hauyaly 3K3aMEHAlMOHHOM CEeCCHM OLICHKY
«HeyaoBIeTBOpUTENbHO» (MeHee 30% ycBOEHMsI Marepualla), CUMTAIOTCd HE YCBOMBIIMMU
MaTepHall U He BBIIOJHUBILUMHU 3aJlaHHsI Kypca, I03TOMY K K3aMEHY HE JOIyCKalOTCs.

Hrorosas OLICHKA BBICTABJIACTCA B COOTBECTCTBUHU CO CXEMOM:

OneHka banbt Kpurepuu
10 10 6amioB 3a PK3aMEH U OIICHKA 3a padOTy B ceMecTpe He
HUXKe 8.
9 6asu1oB 3a 9k3ameH U 10 6amioB 3a paboTy B ceMecTpe
9 9 GasuToB 3a 3K3aMEH M OIleHKa 3a paboTy B ceMecTpe He
OtnnuHO Huxe 8.
8 8 OayTOB 3a PK3aMEH U OIICHKA 3a paboTy B ceMecTpe He
HUXe 6.
7 GasuioB 3a 3K3aMeH u Oosiee 8 6aIoB 3a paboTy B
ceMecTpe
7 7 6aJUIOB 3a 9K3aMEH U OICHKA 3a paboTy B ceMecTpe He
HIKE 5.
6 6ayIoB 3a 9K3aMeH u Ooree 8 6ayoB 3a paboTy B
ceMecTpe
6 6 0aJUTOB 3a 9K3aMEH U OICHKA 3a paboTy B ceMecTpe He
Xopoltiio
HIKE 5.
5 6aioB 3a 9k3aMeH u Ooree 7 6arioB 3a paboTy B
ceMecTpe
5 5 06aJuIOB 3a 9K3aMEH U OICHKA 3a paboTy B ceMecTpe He
HUXKE 3.
4 4 Oayula 3a SK3aMEH U OLIEHKa 3a padoTy B CEMECTpPE HE
YIIOBIICTBOPUTEIHHO HUKe 3.
3 3 Gajuia 3a DK3aMeH M OIleHKa 3a padoTy B cemecTpe 3.
Hey/I0BIETBOPHTEILHO 2 2 GaJuta 3a SK3aMEH U OlLIeHKa 3a paboTy B cemecTpe 3.
1 1 Gasut 3a HK3aMeH M OlleHKa 3a paboTy B cemecTpe 3.

5. MeToauyeckue MaTepuaJbl, onpeaesiiolue nNpoueaypbl oleHMBaHUA 3HAHUH, YMEHUIA,
HABBIKOB M (WJIH) ONBITA eATEJILHOCTH

CryneHThl, clarolue 5K3aMeH, OTBEYalOT Ha BOIPOCH Ouiera, MMes BO3MOXKHOCTh Ha
MOoATrOTOBKY HE MCHCC 1 gaca. OtBeTHI MNpEaACTAaBIAIOTCA B IMMCBMCHHOM BHJIC, IO KOTOPBIM
MPOBOAMTCS YCTHOE cOOECeI0BaHUE.

Hrtorosas OIICHKA 3a 9K3aMCH BBICTABJIACTCSA B COOTBETCTBUH CO CICAYIOIIHUM KPUTCPHUAMMU:
CTyneHT, OTBETHUBIIMN MPaBUIBLHO Ha BCE BOMPOCHI OWUIIETa U JOMOJHUTEIbHBIE BOMPOCHI
HK3aMEHaTOpa, MOJIy4aeT OlEeHKY «oTia» (10) mpu yciaoBHHM OLIEHKH 3a paboOTy B ceMecTpe He
HUKe «oTi» (8). CTyneHT, OTBETUBIIUI IPABUILHO HAa BCE BOMPOCH! OHIIETa U JOMOJIHUTEIbHbBIE
BOTIPOCHI 9K3aMEHATOPA, MOJIyJaeT OIEHKY «OTIMYHO» (8 Wi 9) mpu ycJIOBUH, YTO Yy HETO 3a
paboTy B ceMECTpe CTOUT OLIEHKA HE HUXKE «XOPOIIO»

CryneHT, He OTBETHUBILMN HAa OJIMH BOIPOC OWJIETa, HO OTBETHUBILWN MPABUIBHO HA Apyrue u
NPaBUJIBHO OTBETUBIIMK Ha JOMOJHHUTEIbHBIC BOMPOCHI, MOJYyYaeT OIEHKY «Xopormo» (5 — 7).
Ornenka 1o necATHOATPHON IIKalle 3aBHCUT KaK OT OLEHKH 3a paboTy B ceMecTpe, Tak M OT
KauecTBa OTBETOB HA JOTOTHUTEIbHBIE BOMPOCHI.

CTyzeHT, He OTBETHBIIUI MPAaBHIILHO HA JIBA BOTpoca Onjiea, He MOXKET MPECHI0BATh HA OIEHKY
BbIIIIe «yAoBM». OllEHKa MO AEeCATUOAIITFHON IIKajde 3aBUCUT KakK OT OLEHKH 3a paboTy B
CeMecTpe, TaK M OT Ka4eCTBa OTBETOB Ha JIONIOJHUTEIILHBIC BOITPOCHI.




Onenka «HEyIOBI» CTaBUTCS CTYACHTY, KOTOPBIM HE CMOI OTBETHTH IIPABWJIBHO HHM HA OJUH
BOIIpOC OmiieTa, a TakXKe, €ClM, MOJArOTOBUB MPAaBWIbHBIA TOJIBKO HAa OJWH BOMpPOC OHieTa, HE
CMOT OTBETUTH Ha JIOIOJHUTEIBHBIE BOIIPOCHI K3aMEHATOPA.

HToroBas olieHKa 3a 9K3aMEH Kak MPaBHJIO HE JOJDKHA OTIMYaThCs Oosee yem Ha | Gait Bblmie
WIA HUXE OLEHKHU 3a paboTy B CeMeCTpe Mo MATHOaIbHON mikane. VICkiaroueHue cocTaBiseT
cilydai, Korja CTy/IeHT He CMOT OTBETUTH IPABHJILHO HAa BOIIPOCHI OnIeTa.

Bo Bpems mpoBeleHus dK3aMeHa CTYIEHTbl MOTYT IOJI30BAThCA NMPOrpaMMON TUCLUIUIMHBI U
cOOpHMKaMU JIOMAIIHMX 3aJaHuil. Y4eOHOH, yueOHO-METOIMYECKOH H  CHpaBOYHOU
JUTEPATypOU MOJIB30BATHCA BO BPEMsI dK3aMe€Ha HE JOIycKaeTcs. Bo BpeMs sK3aMeHa JOJIKHBI
OBITh TAKXKE BBIKIIFOUECHBI MOOUIIbHBIC TEIC(DOHBI.

[Tepen HauanoOM SK3aMEHAIIMOHHOM CECCUU CTYJEHTHI MI0JIy4aroT [IEpEUEHb BOIIPOCOB, OTBETHI Ha
KOTOpbIE HEOOXOJMMO 3HaTh ISl YCHEIIHOM caayu sk3ameHa. dDopMyIupoBKH BONPOCOB B
OuieTax CTyJEHTHI Y3HAIOT BO BPEMsl KOHCYJIbTalUil.

CryneHThl, NOJIYYMBIIME HTOIOBYIO OLEHKY «OoTiau4Ho» (10) M pemmBIIME M 3alUTHUBILNE
3aJjauyd TOBBILICHHOM CIIO)KHOCTH JIOMAIIIHErO 3a/aHusi, MOTYT IOJIYYUTh JIONOJIHUTEIbHbIE
3a4€THBIE €AMHUILIBI 110 KypCYy.



