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: Texuunueckas puznka
NpoduJIb MOATOTOBKH: Texnnueckast pu3znka KOCMUYECKHX JIETATEIbHBIX alapaToB

®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 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 Crioco0eH UCIOIb30BaTh
(byHIaMEeHTaIbHBIC 3aKOHBI TPUPOJIBI U
OCHOBHBIC 3aKOHBI €CTECTBEHHOHAYYHBIX
JHMCIUILIAH B PO ECCHOHATBHOM
IEATEFHOCTH

OIIK-1.1 Bnameer ¢yHAaMEHTAIBHBIMA TOHATUSIMH H
3aKOHAMU COBPEMEHHBIX €CTE€CTBEHHOHAYUHBIX IUCLMILIMH
B cepe cBoei MpodecCHOHATEHON NeATeTbHOCTH

OIIK-1.2 Wcnonb3yetr HEOOXOMUMBbIE PU3NYECKHE 3aKOHBI U
MOHUMAET IPAHHIIBI UX TPUMEHUMOCTH

IMK-1 CriocobeH npuMeHsTs 3pPeKTUBHbIC
METO/Ibl HCCIICAOBAHNUS (PH3UKO-TEXHUIECKUX
00BEKTOB M IPOIECCOB, TPOBOIUTH HCIBITAHHS
TEXHOJIOTUYECKUX MPOILECCOB U (WIIN) U3ACTHI
C UCIIOJIb30BAHMEM COBPEMEHHBIX
AQHAJMTUYECKUX CPEJICTB TEXHMUESCKOH (HU3UKU

[IK-1.1 CmnocobeH HCIIOIB30BaTh  HCCIIENOBATEILCKUE
METOJBI MPHU PEIICHWH HOBBIX 3a/ad, MPUMEHSS 3HAHUS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

IIK-1.2 BnameeT aHaJIMTUYECKHMH, BBIYHMCIIMTEIILHBIMH H
AKCIIEPUMEHTAIIEHEIMU METOIAMH UCCIICIOBAHUS

[IK-1.3 Cnocoben paspabaTbiBaTh U NMPUMEHATH HauOoiee
MOAXOMAIINE  TEOPETHYECKHMEe M SKCHEepHUMEHTaJbHbIC
METO/Bl HMCCICJOBAaHWN K KOHKPETHON Hay4yHOW 3ajade U
MHTEPIIPETUPOBATH MOTY4YEHHbBIE PE3YIbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUs! 0 JUCHMILINHE (MOLYJII0)

B pe3ynbrare ocBoeHUS TUCIUIUTHHBI 00y4YaroNInecs JOKHBI

HOCTy.]'IaTBI W IPHUHIUIIBI KBaHTOBOM MEXaHUKH, MCTOAbI OIIMCAaHHA KBAHTOBBIX CHUCTEM, CBA3b

OCHOBHBIC HpI/I6J'H/I)KeHHBIe MCETOAbI pCIICHUA 3aa4d KBAaHTOBOM MEXaHUKHU: KBA3MKJIACCUYECKOE

METO/bI OITMCaHUA paCCCAHNA YaCTULl; OIIMCAaHUC B3aUMO/JICCTBHUS SJICKTPOMArHuTHOI'O U3JTYUYCHU

ONpCACIIAATh CPCAHNUC 3HAUCHUA ((1)I/I3I/I‘leCKI/I€ BeJ'II/I‘lI/IHLI) KBAaHTOBBIX CHUCTEM, €CJIM M3BCCTHBI UX

JaCTHIBI B

CUMMETPHYHBIX MMOTEHI[HANIAX, B YACTHOCTH, 00IaIAI0NINX aKCHATbHON M IIEHTPATBHON CHUMMETpHUEH;
MPUMEHATh KBa3WKJIACCHUECKOE TPUONIMKEHHE IS OIEHKH YPOBHEW SHEPTHHU U BEPOATHOCTEH

OPUMCHATH CTAIUOHAPHYIO TCOPHUIO BO3My1.L[CHHI>i AJId HaXOXKACHHUA MOIPABOK K YPOBHAM SHCPTHUU

MNPUMCHATH HCCTAITMOHAPHYIO TCOPHIO BO3My1].[€HPII71 JJIA HAXOXKACHUA BepOHTHOCTeﬁ nepexoa0B

peuarb 3aAa41M O HAXOXKACHUUN COCTOSIHUHI H OHCPICTUUCCKOI0 CIICKTpa CUCTEM MHOTHX, B TOM

BBIYHCIIATH I[I/I(i)(bepeHI_H/IaJ'ILHBIe CCUCHUSA PACCCAHUA YACTUL PA3JIMYHBIMU IMOTCHIIMAJIAMU
OIPEACIIATh BO3MOXHBIC OITHUYCCKHUEC TICPEXOAbl MCKAY COCTOAHUAMHU CHUCTEM 3apsiloB H

3HATh:
COCTOSIHMI M OIIEpaTopoB ¢ HAOIOaEMBIMU M U3MEPSEMbIMHU BEINUYNHAMH;
OCHOBHBIEC CBOHCTBA TOYHO PEIIaeMbIX MOJIEIICH KBAaHTOBBIX CHCTEM;
NpUOTIKEHUE; CTAIMOHAPHYIO U HECTAIIMOHAPHYIO TEOPUIO BO3MYIICHUIA;
METO/IbI OITMCAHMSI CJIOXKHBIX U HE3aMKHYTBIX KBAHTOBBIX CHCTEM;
METOJIbl M CIIOCOOBI OMMCAHUS CUCTEM TOXKJICCTBEHHBIX YaCTHIl B KBAHTOBOW TEOPUH;
C KBAaHTOBBIMHU CHCTEMaMH 3apPs/I0B.
YMETb:
Omnpenensath YHEPreTHYECKUE CIEKTPhI U BOJTHOBbIC ()YHKLIUH B OTHOMEPHBIX CIIy4asix;
BOJTHOBBIE (PYHKITUH;
ONPEACTSTh COCTOSIHHUS M KIACCU(HUIMPOBATH DHEPIETHYECKHE CIIEKTPHI
NPOXOXKICHHS B OTHOMEPHBIX IOTCHIINATIAX;
Y BOJIHOBBIM (DYHKLIUSIM;
MEXJy COCTOSIHUSIMHU;
YHCIIC TOKAESCTBEHHBIX, YACTHUII;
OLICHHBATh BPEMEHA )KU3HU BO30YK/ICHHBIX COCTOSHUH.
BIIAJICTh!

OCHOBHBIMH MCTOAaMHM PCHICHUSA 3aJa4 O HAXOXKACHUUN COCTOSHHH U OHCPICTUYCCKUX CIICKTPOB

Pa3JIMIHbIX KBAHTOBBLIX CUCTEM;

HaBbIKaMU TCOPCTHUYCCKOIO0 aHaJIn3a PpCaJbHBIX

3aga4, CBJA3aHHBIX CO CBOICTBaMH

MUKPOCKOIMNMYCCKHUX U HAHOCUCTEM, 06na;[a}oumx KaK OIUCKPETHBIM, TaK U HCIIPCPBIBHBIM CIICKTPaMU.




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

4.1. Paznenbl tuctMIInHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKOCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs

CaMOCTOATCIIbHYTO pa60Ty, qac.

No Tema (pazmen) TUCITUTUIHHEL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 VYpasuenue lllpenunrepa u ero cBoiicTra. 4 4 3
) Bpemennass  sBomonusi  puzmueckon 4 ’ 3
CHCTEMBI
3 CuMMmeTpun B KBaHTOBOW MEXaHHKE W 4 4 3
3aKOHBI COXPAHEHUS.
4 Teopuss yrioBOoro MOMEHTa U CIMHA 4 4 4
3JIEKTPOHA
3amaua aByX Ten. JIBWkeHHME B TIONE
5 LEHTPAIbHO-CUMMETPHUYIHOTO 4 6 3
MOTEHIHAIA.
6 KBazukiaccuaeckoe mpuOIMKEeHHUE. 2 4 4
7 AToM Boziopoza. 2 2 3
] Teopyus  NUMHEHHOTO TapMOHUYECKOTO 4 ’ 4
OCLMJIIATOPA.
9 [Ipuém 3ananmii. 2 2 3
10 Hecranuonaphass Teopusi BO3MYILICHHA. 4 4 5
[IpencraBnenre B3aUMOACUCTBUSA.
1 CranuoHapHass Teopus BO3MYLICHUH. 4 4 5
Merton ¢ynkuunu [puna.
12 |OcHOBBI PEISITUBUCTCKON TEOPHUH. 4 2 5
13 CI/ICTeMHU TOXIECTBEHHBIX  YaCTHII. 4 6 5
CnoxHbIH aToM.
14 Cucrema 2JIEKTpUUYECKUX 3apsAlOB  BO 4 ) 5
BHEIIHEM 3JICKTPOMarHUTHOM TIOJIE.
15 Teopust 37EKTPOMarHUTHOTO H3JTyUECHHUS. 4 4 5
16  |Teopus paccesHus. 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 3au.eq.

4.2.

Coneprxanue JUCHUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzesiam)

Cemectp: 6 (Becennuii)

1. YpaBuenue lllpeaunrepa u ero cBOMCTBA.




OneMeHTHl Teopuu npezacrasieHuil. KoopauHatHoe M uMITylIbCHOE IpeicTasieHue. BpemenHoe
ypaBHenue [llpenunrepa. YpaBHeHue HENpepbIBHOCTU. IINOTHOCTh BEPOSTHOCTH M IUIOTHOCTH TOKA
BepoaTHOCTH. HopMupoBKa BOTHOBOH (D)YHKIMM B Clydae TUCKPETHOTO M HENPEPBIBHOTO CIIEKTPA.
Cranuonaproe ypaBaenue Llpenunrepa.

2. BpemenHnas 3Bomonusi PU3NIECKON CUCTEMBI

[Ipencrasnenne Ulpenunrepa u mnpexacraBieHue [aizenOepra. [aii3eHOeproBckue ypaBHEHUS
nswxkeHus. Ksantossie ckoOku [lyaccona.

dyHIaMeHTaIbHBIE KOMMYTAI[MOHHBIC COOTHOIICHUs. MHTErpasbl ABMKCHUS B KBAHTOBOIM TEOPHH.
Teopemsr Opendecra.

3. CI/IMMCTpI/II/I B KBAHTOBOM MEXAHHKE M 3aKOHEI COXpaHCHUA.

WHBapuaHTHOCTP KBAaHTOBO-MEXAaHMYECKOW CHCTEMbl OTHOCHTENIBHO TIPyNI Mpeodpa3oBaHuil.
CummMerpuu GpU3NIeCcKON CHCTEMBI U 3aKOHBI COXPaHEHUS.

I'pynma mpoCTpaHCTBEHHBIX TPAHCISIMHA M 3aKOH COXpPaHEHMs HMMIIyJbca. [pynma BpeMEHHBIX
TPAHCISIMIA U 3aKOH COXpPaHEHHs PHEprud. [pyrma TpeXMEpHBIX BpAICHUH M 3aKOH COXPAaHCHUS
OpOHMTANIFHOTO MOMEHTa. HenpuBoguMble NpeICTaBICHHs IPYIIIBI TPEXMEPHBIX BpamieHuid. CliuH 1
MOJIHBIA MOMEHT.  [pymnma mpocTpaHCTBEHHOW WHBEPCHU M 3aKOH COXpaHEHHs 4eTHOCTH. [pyrma
oOpaleHus BpeMeHH .

4. Teopus yIJIOBOrO MOMEHTA U CIIMHA 3JIEKTPOHA

VYri0BolH MOMEHT B KBaHTOBOM MexaHMke. Oneparopbl MOMEHTa KOJIMYECTBA ABMKEHUs U KBajpara
MomeHTa. CoOCTBEHHbBIE 3HAUYEHHSI U COOCTBEHHBIEC (QyHKUNHU. OnepaTtop KOHEYHBIX BPAILICHHH.
Omneparop cnuna. Marpuusl Ilaynu u ux cBoiictBa. CrmHOBas BonmHOBas (yHKumsa. MeToas
U3MEpPEHUs CIMHA.

5. 3amada qByX Tei. J[BrkeHue B TOJI€ IIEHTPAIbHO-CUMMETPUYHOTO MMOTeHIIHATIA.

3amaua AByX TeN B KBAaHTOBOW MexaHuke. lLleHTpanbHOE TmoNie, pasfelieHHe I[EePEeMEHHBIX.
Pannanenoe YpaBHEHHE IIpenuHrepa. [IpocTpaHCTBEHHO-U30TPOIHBIM OCLHJUIATOP.
BonoponononoOHbIii aroM. DHEpreTH4eCcKUii CIEKTp, BOJTHOBas GyHKIus. Boipokaenue.

6. KBazukiaccuueckoe HpI/I6J'II/I)KCHI/IC.

[IpenenbHBIE TIEpexon K KIACCUUECKOM MexaHHMKe. BoiHoOBasg (yHKIUS B KBa3HKJIACCHYECKOM
npubmmxennu. Merogq BKB IlpaBuno kBanToBanus bopa—3ommepdensma. PDazoBbiii 00beM,
NPUXOASLINNCS HA OTHO cOCTOsiHUE. [IpoxokIieHHe CKBO3b NMOTEHIMAIBHBIN Oapbep (TyHHEIbHBIH
addexT). DneMeHTapHasi Teopus pacnaia.

7. Atom Bogopofa.

ArtomHas cucTeMa eqUHHUI. JHepreTHYecKuil crekrp. PanuansHele BomHOBbIE QyHKInU. KpatHOCTH
BBIPOXKJICHUS] YPOBHEM.

8. TeOpI/Iﬁ JIMHEHHOTO TapMOHHUYCCKOTO OCHUILIATOPA.

3HepFeTH‘leCKI/Iﬁ CIICKTD. CoOcTBEeHHBIE (I)YHKL[I/II/I TapMOHHUYCCKOI0 OCHUIIIATOPA B KOOPAWMHATHOM
MpeACTaBJICHUU.

9. llpuém 3amganmuii.

Cemecrtp: 7 (OceHHwmii)



10. HecranmonapHas Teopust Bo3myieHui. [Ipeacrasnenne B3auMoaeicTBYS.

[IpencraBneHue B3aWMOACHCTBHs. XPOHOJIOTM30BaHHASL HKCIIOHEHTA. Teoprss KBaHTOBBIX
nepexoqoB. COOTHOILIEHWE HEOoNpelNeNeHHOCTeH il 3Heprud W BpemeHu. llepexompl B
JIBYXypOBHEBOM cucTeMe. llepexompl B HEMpepbIBHOM CIIEKTpe. «3o050Toe MpaBuwio» @Oepmu.
Buesannbie u anuabaTuyeckrie BO3MYLICHUSI.

11. CranuonapHas Teopus Bo3MmylieHuid. Meton ¢pynkunu ['puna.

Teopust Bo3MylIeHU [yis AWCKpeTHOro crekrpa. Kpurepuit npumenumoctu. Meron (yHKIUH
I'puna. [TompaBKkM K COCTOSIHMSIM U ypOBHSM 3Hepruu. Ciydail BBIPOXKJIEHHBIX YPOBHEH SHEpTHUu.
[IpaBunbHBIE BOTHOBBIE (YHKIMHU HYJIEBOTO NPUOIKeHHs. Teopust BO3MYIIEHUH ISl HEPEPBIBHOTO
CHEKTpa, OOPHOBCKOE MPUOIMIKEHUE B TEOPUH PACCESHUSI.

12. OCHOBBI PENATUBUCTCKON TEOPHUHU.

PenstuBucTckue BonMHOBBIE ypaBHeHus. YpaBHeHue KieitHa—lopmona—®oxka. Ypasuenne [lupaxa.
Marpunsl  Jlupaka W WX CBOMCTBA. PensTMBUCTCKas WHBapUAaHTHOCTh ypaBHEHUs Jlupaxa.
OpOuTanbHblid, COOCTBEHHBI W TONHBIA MOMeHT B Teopun [lupaka. CnuH-opOHTaIBHOE
B3auMoyeiicTBue. TOHKas CTPyKTypa SHEPreTHYECKIX YPOBHEH aroMa BOAOpO/a.

13. CucreMsl TOKIeCTBEHHBIX YacTULl. CI0XKHBINA aToOM.

Omnucanue cioxkHbXx cucteM. Cioxkenne MoMeHToB. Koaddunmenter Knebma-l'opnana.  IIpuHummn
TOXXJICCTBEHHOCTH  (HEpa3IMYMMOCTH)  MuKpouyactul. CuMMeTpuss  BOJHOBOH  (pyHKIHH
OTHOCHUTEJIBHO IIEPECTAHOBKH TOXIECTBEHHbIX 4YacTtul. Pepmuonsl wu npunHuun [laymu.
Herepmunant Cmartepa. bozonsl. [Ipencrasnenue umcen 3amonHeHUs. Omneparopbl pOXACHUS U
yHUUTOKeHHUSI. OCHOBHBIE ONIEPATOPHI B MIPEACTABICHUH YHCET 3aII0JIHEHHSL.

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

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

14. Cucrema QJICKTPUYICCKUX 3apsAJ0B BO BHCIIHCM JJICKTPOMArHUTHOM I10JIC.

VYpasuenue lllpenunrepa Bo BHENTHEM DIIEKTPOMArHUTHOM 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
ANIEKTPOMArHUTHBIM H3TyucHreM. CIIOHTaHHOE 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. CiioxxeHre MOMEHTOB.
[MonmHpIit MOMeHT pensTuBrcTCKON yacTullpl. Koaddunuents Knedmra-T'opaana.

18. Ilpuém 3ananuii.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaTEJIHLHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

CranpaptHas yuyeOHas ayIUTOPHsI, JKeJIaTeIbHO C MYIBTUMEIUIHHBIM 000pyaOBaHIEM (IIPOEKTOD).
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Teopetnueckas ¢pusuka [Teker] : 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. ya-T .— M. : U31-B0
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 gon. — M. : Equropuan YPCC, 2001 .— 304 c.
2. 3agaum 1o kBaHTOBOW MexaHuke [Tekcr] : B 2 4. U.2 : yueb. mocobue ass 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 M3Y4aTh 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. PyKOBOJICTBO JIJIsl HAUMHAIOIIUX U3Yy4aTh TEOPETHUECKYIO PUIUKY
[Tekct] : [yueb. mocobue mis By3os] / HO. 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
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasl epeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ccbuika cTpaHuIbl Kageapsl Ha OQUIIHATBHOM CaiiTe yHUBEPCUTETa
http://mipt.ru/education/chair/theoretical physics//

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

Pabora ¢ yueOHOW 1 Hay4yHOW JHMTEPATYpOH sIBISETCS TMIaBHOW (HOpMOM caMOCTOSTENHHON paboThl U
HeoOXo[MMa TpU TOATOTOBKE K Sk3aMeHy. OHa BKIIOYaeT MpopaboTKy JIEKIIMOHHOTO Marepuayia —
U3yYeHHE JIMTEPaTypbl 10 TEMaTHKE JIeKUWd. THUIOBbIE 3aaud pa3OMparTCs Ha CEMUHAPCKUX
(IpaKTUYECKNX) 3aHATHAX. AHAJIOTHUYHBIC 337a4d W YNPAKHEHUS CTYACHTHI JOJDKHBI PEIIUTh
CaMOCTOSITENIFHO, HCIIOJb3ys PEKOMEHJIOBAHHYIO JuTeparypy. Pabora ¢ nuTepaTypoil HE TOJIBKO
TOJIe3HA KaK CPeNCTBO Oojiee TIyOOKOTO H3yUeHHs JTIF000H AUCIMIUINHBI, HO U SBIISIETCS HEOThEMIIEMOI
YacTbIO NMPO(ECCHOHAIBHON NEeSTebHOCTH OyIylIero BBITYCKHHKA. PelieHue 3aqa4 B KOHTPOJIBHOM
pabore mnpencrapisier co0OW OICHKY HABBIKOB pEIHICHHS 33/ad OOBIYHOM CIIOKHOCTH. 3aJaHus
KOHTPOJIBHBIX paOOT OLCHEHBI B ONPEJCICHHYI0 CyMMY O0ajllOB, Y4TO HO3BOJISET OLICHHTH YPOBEHb
YMEHUSI ¥ HaBBIKOB CTYy/eHTOB. [loka3areneM BiaJeHHs MaTepUaoM Ha dK3aMEHE CITy)KHT yMeHHe 0e3
KOHCIIEKTa OTBEYaTh Ha BOIPOCHI 110 TEMaM JUCHHIUIMHBL. BakHO NTOOHMTHCS MOHMMAHUS U3y4aeMOro
Marepualia, a He MEXaHWYeCKOro ero 3anoMuHaHus. [Ipu 3aTpynHeHWH W3y4eHUs OTICNBHBIX TEM,
BOIIPOCOB, CIIEyeT 00paIIaThCcs 32 KOHCYJIBTAIMSIMHU TIPETIOIaBaTEIIIO.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Texanueckas Qpusnka

npopuJib NOArOTOBKHU: Texauveckas Gu3NKa KOCMUYECKUX JIETATEILHBIX allapaToB
dusTex-urkona ApokocMuueckux TexHomoruit
kadenpa reopernyeckoit puzuku um. JI.J[. Jlannay

Kypc: 3

kBaTuuKkanus: OaxanaBp

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

7 (ocenHuit) - Dx3aMeH
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

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-1 Crioco0eH HCIOab30BaTh OIIK-1.1 Bnameer ¢yHIaMEHTAILHBIMA TIOHATHSIMH H
(dyHIaMeHTaIbHbIE 3aKOHBI IPUPOJIBI U 3aKOHAMU COBPEMEHHBIX €CTECTBEHHOHAYUHBIX IUCIHILINH
OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX B cepe cBoel NpodecCHOHANBHOM IeATENbHOCTH
JUCIMUILTMH B IPO(ECCHOHATBHON OIIK-1.2 Wcnonb3yetr HEOOXOnuMbIEe (PU3NUECKHE 3aKOHBI U
ACATCIIPHOCTH TMOHMUMACT I'PAHUIIBI UX IIPUMECHUMOCTH

[IK-1.1 Crooco0eH HCIOIB30BaTh  HCCIIENOBATEIHCKUE
METOJIbI TPU PEIICHWH HOBBIX 3aj]lad, MPUMEHSs 3HAHWUS B

[IK-1 Cnocoben npuMeHsTh 3 PeKTUBHbIC PA3THYHBIX OOMACTAX HAYKH (TEXHHIKH)

METO/IbI UCCIIEZIOBAHUS (PU3UKO-TEXHUIECCKUX
00BEKTOB U MPOIIECCOB, TPOBOIUTH UCTIHITAHUS
TEXHOJIOTUYECKHX TPOIECCOB | (MIIN) U3EINH

IIK-1.2 BnameeT aHalIMTUYECKHUMH, BBIYHCIMTCIHLHBIMH H
3KCMEPUMEHTAIBHBIMU METOIAMU HCCIIETOBAHUS

IIK-1.3 Cnocoben paspabaTbiBaTh U MPUMEHATH Haunbolee
MOAXOASIIIUE  TEOPETHYECKUE M IKCIIEPHUMEHTAJbHbIC
METOABl HCCIENOBAaHUN K KOHKPETHOM Hay4yHOHM 3ajaye u
WHTEPIPETUPOBATH MOTYUYCHHBIEC PE3YJIBTATHI

C UCTOJIB30BAHNEM COBPEMEHHBIX
AHAJMTUYECKUX CPE/ICTB TEXHUUECKOH (PU3UKU

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydenus quciuiuinabl « KBaHTOBas MEXaHUKa» O0YJArOIIHIACS JTOJKEH:

3HATh:
[locTynatel ¥ NPUHLUIBI KBAHTOBOM MEXaHMKH, METOAbI OIMCAHMs KBAHTOBBIX CHUCTEM, CBA3b
COCTOSIHUH M OTIEPaTOpOB C HAOIIOJAEMbIMH U U3MEPSEMBIMU BEJIMYMHAMU;
OCHOBHBIE CBOMCTBA TOUHO pelIa€MbIX MOJIeJIell KBAHTOBBIX CUCTEM;
OCHOBHBIE MPUOIMKEHHBIE METOIBI PEIICHHs 3a/1ad KBaHTOBOM MEXaHWKHU: KBa3HMKIIACCHUECKOE
npuOIMKEHUE; CTAIMOHAPHYIO U HECTAIIMOHAPHYIO TEOPUIO BO3MYIICHUI;
METO/IbI OIIMCAHUS CIIOKHBIX U HE3aMKHYTHIX KBAHTOBBIX CHCTEM;
METO/Ibl M CIIOCOOBI ONMCAHUS CUCTEM TOX/ICCTBEHHBIX YaCTHIl B KBAHTOBOW TEOpUH;
METOJIbI OITMCAHUS PACCESIHUS YAaCTHUL; OMMCAaHUE B3aUMOAEHCTBHA JIEKTPOMArHUTHOTO U3ITyYEHHS
C KBaHTOBBIMU CHCTEMaMHU 3apsii0B.

yMeTh:
OnpenensiTe SHEPreTUIECKUE CIIEKTPBI U BOJIHOBBIC (PYHKIIMH B OMHOMEPHBIX CIy4asix;
OTIPEIETIATh CpeAHue 3HaueHHs ((U3MUYECKUE BEINYMHBI) KBAHTOBBIX CHCTEM, €CIIM M3BECTHBI MX
BOJIHOBBIE (DYHKIIUH;
ONPEAETATh COCTOSIHMSA M KJIacCU(HUUIMPOBATh DSHEPreTHYECKHE CIEKTPbl YacTUIBI B
CUMMETPHYHBIX IMOTEHI[MAJIAaX, B YaCTHOCTH, 00JIaIal0INX aKCHaJIbHON U LEHTPAIbHON CUMMETpUEH;
INPUMEHATh KBa3MKJIAcCHYECKOe MPUONMKEHHE A OLCHKH YPOBHEW PHEPrHuHM M BEPOSTHOCTEH
MIPOXOKJCHUS B OHOMEPHBIX MOTEHINAIAX;
IPUMEHSTh CTAllMOHAPHYIO TEOPUIO BO3MYILEHUI 1JI HaXOXKAECHUS MOIPABOK K YPOBHSAM dHEPIUU
1 BOJHOBBIM (DyHKIIHSIM;
IIPUMEHATh HECTALMOHAPHYIO TEOPHUIO BO3MYILIECHUHN Ul HAXOXKICHUs BEPOSTHOCTEH MEPEXON0B
MEXIY COCTOSHUSIMU;
pelars 3a7a4d O HaXOXKJIEHUM COCTOSHUN U 3HEPreTHMUYECKOI'o CIEKTpa CUCTEM MHOTUX, B TOM
YHCJIE TOXKAECTBEHHBIX, YACTHII;
BBIYHMCIIATE A depeHInaNbHbIEe CEUEHHUs PACCEsTHUS YAaCTUL] Pa3INYHBIMU TOTEHIMATIaMU;
ONPENENATh BO3MOXHBIE ONTHYECKHE MEPEXOAbl MEXKIY COCTOSHUSAMH CHCTEM 3apsiioB H
OLICHMBATh BPEMEHA )KU3HU BO30YK/IEHHBIX COCTOSHUH.
BJIaJeTh:
OCHOBHBIMM METOJJAMM PEILIEHUs 3ajad O HAaXOXKACHUU COCTOSIHUH U SHEPreTUHYECKUX CIEKTPOB
Pa3IMYHBIX KBAHTOBBIX CUCTEM;
HaBbIKAMU TEOPETUYECKOTO aHAIM3a pPEAJbHBIX 3alad, CBA3aHHbIX CO CBOWCTBaMHU
MHUKPOCKOIIMYECKUX U HAHOCUCTEM, 00JIaIaloINX KaK AUCKPETHBIM, TaK U HEIIPEPBIBHBIM CIIEKTPaMHU.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy 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:
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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.



