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1. e ocBOCHHSA THCIHIIINHBI

[enstmu ocBoeHUsT AUCHUILTUHBI «KBaHTOBas MEXaHHKa» SBISAIOTCS HM3YYEHHE OCHOB
HEPEJISITUBUCTCKOW KBAHTOBOM MEXaHHUKHU U MPUOOPETEHHE HABBLIKOB HMCIIOJB30BaHUS armapara
KBAaHTOBOI MEXaHWKH JJIsl OMMCAHUS KOHKPETHBIX MOJIENEH, CBI3aHHBIX CO CTPOCHHEM aToma U
AJIEMEHTAPHBIX YACTHII.

2. MecTO AUCHUIIIMHBI B CTPYKTYpe 00pa30BaTeJIbHON MPOrpaMMbl

HucumiuinHa  «KBaHTOBas ~ MexaHUWKa»  OTHOCHUTCS K  00s3aTenbHOU
00pa30BaTeNIbHOI MporpaMMbl U BXOAUT B MOAYJb « TeopeTruueckast pusuka.

Jlisi OCBOEHUS JAHHOM AMCUUIUIMHOM CTYJIEHTHI JOJDKHBI BIAJE€Th MaTeMAaTHYECKUM
annapaToM BEKTOPHOTO M TEH30PHOTO aHAIN3a, JHMHEHHOW anreOpsl, IudQepeHnnaaIb-Horo
UCUUCIIEHUS, YMETh peLIaTh OCHOBHbIE THUIBl JU(PQPEepeHIMaIbHbIX YPaBHEHUH, 3HATh
crienuanbHble (PYHKIIMN MaTeMaTH4ecKol (PM3UKN U UX CBOMCTBA, 3HATh OCHOBBI TEOPETHUECKON
MEXaHUKH U IEKTPOJUHAMUKH, UMETh MPEACTaBICHNE 00 OCHOBHBIX MOHATHIX (U3UKU aToMa U
aTOMHOTO si7pa.

[Tonmyuennsle B kypce «KBaHTOBas MEXaHUKa» 3HAHUSI HEOOXOAMMBI JUIsl U3YUECHHUS TaKUX
quciumuinH kak KBanTtosast paanogusuka, @uznyeckas 2JIEeKTPOHUKA U IPYTHX

qaCTu

3. [Inanupyemble  pe3yabTaTbl  O0y4YeHMsl 1O  JAWUCHMIVIMNHE, COOTHECEHHbIE C
IVIAHMPYEeMbIMH Pe3yJIbTATAMM 0CBOCHHUSI 00pa30BaTe/JbHONH MPOrpaMMbl

IIponiecc u3yueHus AUCUUILIMHBI HAIIPaBieH Ha (POPMUPOBAHHE CIEAYIONIMX JIEMEHTOB
komrereHmii B coorBercTBrn ¢ ®I'OC BO, OOIT BO u npuoOpereHust CIeAyIOMMX 3HAHHA,
YMEHUH, HaBBIKOB U (WJIM) OIBITA AEATEIbHOCTH:

Dopmupyemas
KOMIIeTeHI S
(xox 1 popMyJIHPOBKA)

HNHaukaTop 10CTHKEHUS
KOMIEeTEeHINH
(xox M popMyJIHpPOBKA)

Ilepeyenn
TUIAHHPYEMBIX Pe3yJIbTATOB 00y4eHHs

Oo61menpodeccnoHaJbHble KOMIIETEHITUN

OIIK-1

Cnoco0eH NpUMEeHATh
0a3oBbIC 3HAHUS B
obnactu pu3nKu u
panuodu3UKu U
UCTIOJIB30BATh MX B
npodeccruoHanbHON
NeSITeTbHOCTH, B TOM
YHCIIe TIeJarorn4ecKoit
JeSITeTbHOCTH

N-OIIK-1.1
OcymiecTBisieT
MIOCTaHOBKY 3a/1a4H,
BbIOMpAET crocol ee
penieHus

3HaTh:

- OCHOBHBIC TEOPEMBI U YPaBHCHUS KBAHTOBOM
MEXaHUKHU;

- IPUOKEHHBIE METOBI BEIYUCIICHUH B
KBaHTOBOM MEXaHHUKE.

YMeThb:

- BOCIIPOM3BOJNTD KITIOUEBBIE (PU3NIECKHE
HpI/IHHI/IHBI U MAaTECMAaTUYCCKUC HpI/IeMI)I,
KCIIOJIb3yeMblIe IIPHU MOCTPOCHUU KBAHTOBOM
MEXaHUKU;

- OTIPEAEIIATh KOPPEKTHOCTH UCITOIH30BAHUS
TeX WM UHBIX (U3NYECKUX MPEIIOI0KEHUNA U
MaTEeMaTUYECKUX METOJIOB, MPUMEHIEMBIX
pu GOPMYITHPOBKE U PEIICHUNA KBAaHTOBO-
MEXaHUYECKUX 3a1ad4.

NI-OIIK-1.2
[Ipumensier
MaTeMaTU4eCKUn
ammapar, pu3uIecKne
3aKOHBI U TEOPUU JUIS
peIeHHsI TPUKIIATHBIX U
TEOPETUYECKHX 3a7ay, B
TOM YHCIIe
Ne1arornyeckon

YMeThb:

- paboTath ¢ orepaTopaMu M BOJTHOBBIMH

(G yHKIUSIMH B KBAHTOBOH MEXaHUKE,

- pewiats ypaBHeHus Llpeaunrepa nis
OJIHOMEPHOI'0 FTAPMOHUYECKOTO OCIIIUIITOPA
¥ aTOMa BOJIOPOJIA;

Biaagers HaBBIKAMMH:
- pemieHust ypaBuenus penunrepa ans




dopmupyemas HNupukaTop nocTuxeHust Ilepeyenb
KOMIIeTEHLMS KOMIIeTeHIIMH IJIAHUPYEMBIX Pe3yJIbTATOB 00y4eHMsI
(xoa u popmyJIMpPOBKA) (ko1 u popMyIMpPOBKA)
EeITEITbHOCTH MIPOU3BOJIBHBIX CUCTEM;

(GYHKIMSIMU.

= IPAKTUYECKOI'O IIPUMEHECHHU A
HpHGJII/I)KeHHLIX METOJIOB BRIYMCIICHUM B
KBAaHTOBOM MEXaHUKE IS peuIcHuA
q)I/ISI/IT-ICCKI/IX 3a71a4, CBA3aHHBIX C JIBMXKCHHUCM
ATOMHBIX YaCTHII,

- pa6OTBI CO CIIMHOBBIMH BOJIHOBBIMHA

4. O0bem, CTPYKTYpa U COAEPKaHHE TUCHUILINHBI

OO61mas TpyJ0eMKOCTh AUCHHUILINHBI COCTABIsET 4 3a4eTHbIE eNUHUIIbL, 144 akan. daca.

Ne Tembl (pa3aebl) Buapl yueOHBIX 3aHATHI, DopMbI TEKYLLIET0
n/n AUCHUTIIHHBI, BKJIIOYASl CAMOCTOSITEIbHYIO | KOHTPOJISI YCII€BAEMOCTH
HX co/iep:KaHHe padoTy CTYAEHTOB,
H UX TPYAOEMKOCThH DopmMa NIPOMEKYTOYHOH
o (B akageMHU4eCKUX Yacax) aTTecTalun
§ KonTakTHas pabora § (no cemecmpam)
3 ° o |
&) QE’ 2 E 4 = % o Dopmor 30 u /10T
= § ) :%s é = % é (npu nanuuuu)
<
3amanus st
1 |BBexeuue. 6 4 2 4 CaMOCTOSITEITLHOU PabOThI
3aganus Ui
CaMOCTOSTEIbHON pa0OTHI,
Tecm onst camonposepxu
2 Marematnyeckuii annapar 6 3 | 10 1 11 no pabome c
KBAaHTOBOW MEXaHUKH. onepamopamu 6 VK «Ka.
mexanurxay 6 LMS Moodle
CamocTosiTenpHas
pabota Nel
6 mom uucne ¢ 20 u JJOT 2
3 [Ipunoxenust KBaHTOBOMH 6 3 12 > ] 3amanus I
MEXaHHKH. CaMOCTOSITETFHON PabOThI
4 |CnuH 3IeKTpoHA. 7 4 2
3amanus Iid
5 HpH6nH)K? HHPIC METO/BI 7 6 8 2 10 | camocTosITenbHON PabOTHI
KBAaHTOBOW MEXaHUKH.
6 |CucreMbl MHOTHX YaCTHII. 7 4 2




Ne Tembl (pa3aebl) Buapl yueOHbIX 3aHATHH, @DopMBbI TEKYLIETO
n/m MUCHUTLIHHBI, BKJIIOYAsl CAMOCTOSITEJILHYIO | KOHTPOJISI yCIIeBA€MOCTH
HX CO/iep:KaHHe PadoTy CTYIEHTOB,
U UX TPYA0EMKOCTh ®DopmMa NPOMeKYTOYHOM
o (B AKAACMHUYECCKUX llacax) aTrecTanuu
S KontakTHasi padoTa (no cemecmpanm)
=
3 o | E
o é’ % E 2 % - @opmer 30 u /10T
=| 8| &| & § % £ 5 (npu nanuuuu)
<) O
2| £E| §| E|E g g
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DK3aMeH
Ilpu noocomosxe x
axzameny: Tecm 01
6 2 1051335 Y
CAMONPOBePKU NO
Pe3yaAbmamam 0Cc80eHuUs.
oucyunaunvl 8 VK ¢ LMS
Moodle
6 mom uucie ¢ 30 u JIOT 2
HUTOI'O 34 | 34 7 |05 68,5
¢ mom uucne ¢ 30 u /0T 4

Coneprxanue pa3iesioB AUCITUTUTMHBI

1. BBenenue.

1.1. BBenenne. MecTo KBaHTOBOW MEXaHUKH B (PM3HKE. DKCIEPHUMEHTANbHBIE aHHBIC,
IPUBEJLINE K CO3/IaHUIO0 KBAHTOBOM MEXaHUKHU.

1.2. I'unote3a ne bpoitns. Bonuel ne bpoiinsa. KopmyckyisspHO-BOTHOBOM Tyaan3M.

1.3. BonmnoBas ¢yukmus. [Ipuaimn cyneprnosunuu. Pa3noxenrne BOJHOBOW (yHKIIUU TIO
IOCKUM BoJiHaM Je bpoiins. Cratuctudeckas HHTEpIIpeTalus BOJTHOBOHM (yHkuuu no bopHy.
EctecTBeHHbIe yciioBuS, Hanaraemble Ha (QyHKUUIO. BoiaHoBas (yHKIUS B KOOPAMHATHOM U
MMITYJIbCHOM NPEJCTaBICHUSX.

1.4. TIpaBuno kBanToBanust bopa-3ommepdernba.

2. MaremaTu4eckuii annmapat KBAHTOBOIl MeXaHUKH.

2.1. Onucanne QU3MUECKUX BEIMYHMH OomnepaTopamu. Anredpa omepaTopoB. OmnepaTops
KOOpPJIMHATBHI, HMMIIYJIbCa, MOMEHTa HUMITyJIbCa, KWHETUYECKOM M TNOTECHLHMAIbHOW HHEPrUH,
raMUJIbTOHHAH.

2.2. Cpennee 3HayeHwe (U3MUECKOW BEIMUMHBI B KBAaHTOBOW MexaHuke. [loHsThe
orepaTopa, JPMUTOBO COINpPSDKEHHOTO K  JaHHOMY. (CaMOCONpSDKEHHBIE — ONEpaTophl.
BemectBeHHOCTh cpefHux 3HaueHUM (usmuecknx BenuuuH. OOIIME CBOICTBa OMEpPaTOpOB,
anreOpa ornepaTopoB.

2.3. CpenHue 3Ha4Y€HMs ONEPATOPOB M CPEIHHME KBAJPATUUYHBIE OTKJIOHEHHS OT HHX.
CoOcTBeHHBIC 3HAYCHHS M COOCTBEHHBIE (DYHKIIMH SPMHUTOBBIX OIEPATOPOB M HMX CBOMCTBA.
JIucKpeTHBIN, HEMPEPhIBHBIN M CMEIIaHHBIA CIEKTPhl. [Ipumepsl HaxoXIeHUS COOCTBEHHBIX
3HaueHU# omneparopoB Px u M:. OCHOBHBIE CBOWCTBA COOCTBEHHBIX ()YHKIIUH JHUCKPETHOTO U
HENPEPBIBHOTO criekTpa. HopMupoBka BONTHOBON (DYHKIIMM HEMPEPHIBHOTO CIEKTpa Ha O -
byHKIHIO.

2.4. YcnoBue BO3MOXHOCTH OJHOBPEMEHHOTO TOYHOIO M3MEPEHMSI HECKOJIbKUX
bu3NYeCKUX BEIMYMH B OJHOM COCTOSIHMHM cHCTeMbl. OmpeneneHue BOTHOBOW  (YHKIUU



(cocTosiHMsA) MHUKPOOOBEKTa TIOJIHBIM HAO0OpPOM  HE3aBUCHUMBIX  (U3UYECKUX  BEJIMYMWH,
XapaKTepPU3YIOIINX BHEIIHUE yCIOBUSI.

2.5. CooTHOIIIEHUE  HEOMpPEACIICHHOCTEH  isi  (PU3MYECKHMX  BEJIWYMH. BBIBOJ
COOTHOIIIEHUS HEOIPEIeJICHHOCTEH U3 anmapaTa KBAaHTOBOW MEXaHUKH.

2.6. YpaBuenue Illpenunrepa. CoxpaHeHHE€ HOPMHUPOBKM BOJHOBOM  (YHKIIMH.
[I10THOCTL TOKA BEPOSATHOCTH. YpaBHEHHS HempepbhlBHOCTH. CTalMOHapHOE YypaBHEHHE
[IIpenunrepa.

3. IIpuioxkeHnsi KBAHTOBOI MeXaHUKH.

3.1. CBobomHass yactuiia B TOJie C TOTEHOHMANBHBIM OapbepoM. KoadduumeHTs
MPOXOXKACHUS U OTPAKECHHUS.

3.2. l'apmonnueckuit ocryuiaTop. CIEeKTp SHEPTU U BOJITHOBBIE (DYHKITUH.

3.3. OO0mias Teopust BUKEHHS YACTHUIIBI B TIOJIE IIEHTPAIbHBIX cuil. COXpaHeHHe MOMEHTa
UMITYJIbCa.

3.4 KanroBanue MoMeHTa ummyiabca. CoOCTBeHHbIE (PyHKIINU U COOCTBEHHBIE 3HAUCHUS
orepaTopa KBaJpara MOMEHTa UMITYJIbCa.

3.5. /IBmxkeHne B KyJOHOBCKOM mojse. BogopomomogoOGubie aToMbl. CHEKTp HEPTHH U
BOJTHOBBIE (DYHKITUH.

3.6. JIBmxeHHe 3apsOKEHHOM YacTHIBI B OJHOPOJHOM TOCTOSTHHOM MAarHUTHOM TIOJIE.
CriekTp SHEpIruy ¥ BOJHOBBIC (PYHKIINH.

4. CnuH 3J1eKTpoHa.

4.1. DxcriepuMeHTaIbHOE OOOCHOBAHHME CYIIECTBOBAHUS COOCTBEHHOTO MOMEHTA
umnyJbsca 3nektpona. OnsiTel lltepHa-I'epinaxa n Olinmreiina-ae ["aasa.

4.2. Onepatop cnuHa. Matpunel [laynu. CobcTBeHHbIE 3HaUeHUS U (PyHKLIMU OnepaTropa
MPOEKIIUU CTIMHA Ha MPOU3BOJILHOE HATIPABIICHUE W HA HAIIPABJICHUS OCEH JEKapTOBOM CHUCTEMBI
KOOpJMHAT.

4.3. YpaBuenue lllpenunrepa st 3MeKTpOHa B AJIEKTPOMArHUTHOM TIOJIE C y4YETOM
cnuHa (ypaBHenue [laynum). KamuOpoBouHas WHBapHMaHTHOCTh B KBAHTOBOW MEXaHUKE.
[110THOCTH TOKA BEPOSATHOCTH B MAarHUTHOM II0JIE.

5. Ilpudian:keHHbIe MeTOAbI KBAHTOBOW MEeXaHUKHU.

5.1. Meton Teopun BO3MYIIICHUH B CTAIIMOHAPHBIX 3a7a4ax ¢ TUCKPETHBIM CIIEKTpoM 0e3
BBIPOXKJICHUSI.

5.2 Metoa Teopuu BO3MYILIEHUH B CTAIMOHAPHBIX 3a7a4ax C JUCKPETHBIM CIIEKTPOM MPHU
HAJIUYHUH BBIPOXKJICHUS.

5.3. Pacmieruienne creKTpaidbHBIX JJUHUNW BOJOPOJIONOI00HOTO aToMa B JIEKTPUUECKOM
noje. Dpdexr HrTapka.

5.4. PacmieruieHne CHEKTPAIbHBIX JIMHUH BOJOPOJOINOAOOHOTO aroMa BO BHEIIHEM
MarHuTHOM 1osie. D¢ dekT 3eemana.

5.5. BausiHue KOHEYHBIX pa3MepOB sapa BOIOPOIOTIOI00HOTO aTOMa Ha €ro CIEKT.

5.6. Hecranmonapnast Teopus BO3MyLIEeHUN. Teopust KBaHTOBBIX MEPEXOIOB.

5.7.Ilepexon OT KBaHTOBOM MEXaHMKM K Kiaccudyecko. KBasukiiaccmyeckoe
npubnmwkenue. Meron Benrtuens-Kpamepca-bpummiosna. BonnoBas ¢ynkuus B BKb
MPUOIIKEHUH.

5.8. TynuenwHbIi 3¢ dexT. Teopus paTuoaKTUBHOTO X — pacraja.

6. CucreMbl MHOTHX YAaCTHII.

6.1. Cucrema MHOTHX YacCTHI] B KBAHTOBOM MEXaHHKE. YUeT BIUSHUS JBUKEHUS sApa Ha
CHEKTP BOJOPOIOIIOI00HOTO aTOMA.

6.2. Cucrema TOXIECTBEHHBIX uacTull. [IpuHIun TtoxnectBeHHocTd. Omnepartop
nepectaHoBKU. YpaBHeHue [lIpenunrepa ans cucTeMbl, COCTOSAIIEH U3 OJUHAKOBBIX YaCTHUL.

6.3. CuMmMeTpUYHbIC U AHTUCUMMETPHUYHBIE BOTHOBBIE PyHKIMH. [Tpuanmn [aynu.



5. O0pa3oBaTe/ibHbIe TEXHOJIOTMH, B TOM YHCJE€ TEXHOJOIMH 3JIEKTPOHHOI0 O0y4YeHUS W
AUCTAHIMOHHbIE O00pa3oBaTe/ibHbIe TEXHOJOTHH, HCIOJIb3yeMble NPH OCYIIeCTBJECHHHU
00pa30BaTeILHOIO MpoIecca Mo TUCHUNTIHHE

B npouiecce o0yueHust HCHOIB3YIOTCS ClIEAYIOIINE 00pa30BaTeNbHbIE TEXHOIOTHH:

BBoaHas Jexkuusi —3T0 nepBas Jekuus no aucuuiuinHe. OHa JaeT mepBoe LEI0CTHOE
NpEJCTaBICHUE O JUCHUIUIMHE WM OPHEHTUPYET CTyACHTa B CHCTEME H3y4YeHUs JaHHOU
JUCHUIUIMHBL. CTyJ€HTBI 3HAKOMATCS ¢ Ha3HAUEHUEM U 3aJ]auaMU Kypca, €ro poJibio U MECTOM B
cCUCTeMe Yy4YeOHBIX [UCHUIUIMH W B CHCTEME IOArOTOBKM B 1enoM. Ha 9Toil nexkuuu
paccKa3bIBAlOTCS METOJMYECKUE W OPTaHM3alMOHHBIE 0COOEHHOCTH Pa0OTHI B paMKax JaHHOM
JTUCIUIUIMHBL, a TAK)XKE JaeTCs aHaTU3 PEKOMEHIYEMOM ISl €e OCBOCHHSI yUeOHO-METOUIECKON
JUTEPATYPHI.

AkajeMuyeckasi JIeKIUsI C JJIeMEHTAMH JeKIuu-0eceabl — TIOCIEIOBATEIHLHOE
U3JI0’)KEHUE MaTepHalia, OCYLIECTBIIIEMOE MTPEUMYIIIECTBEHHO B BUJE MOHOJIOra MpernoaaBaTes.
DneMeHThl JeKIuu-0eceapl 00ecrneynBarOT KOHTAKT TpenojaBareis C ayJUTOpHEH, dYTo
MO3BOJIAET TPUBJEKATh BHUMAHUE CTYACHTOB K HauOojiee BaXKHBIM TEeMaM JUCLMILIUHBI,
AaKTUBHO BOBJIEKAaTh MX B Y4YeOHBIH MpolecC, KOHTPOJIMPOBATH TEMIT M3JIOKEHHS Y4eOHOTO
MaTepuasa B 3aBUCUMOCTHU OT YPOBHS €r0 BOCIIPUSTHS.

IIpakTHyeckoe 3aHATHE — 3aHATHE, MOCBSIIEHHOE OCBOCHUIO KOHKPETHBIX YMEHUU H
HaBBIKOB 110 3aKPEIUICHUIO MOTYUYEHHBIX Ha JIEKIUU 3HAHU.

Koncynbranum — Buj yueOHBIX 3aHATUHN, SBISIOIIUACS OAHON W3 (GOpPM KOHTPOISA
CaMOCTOSITENIbHOW ~ paboThl  CTyIeHTOB. Ha KoOHCympTamusix 1o Mpock0e  CTYIIEHTOB
paccMaTpuBaroTCs HauOoliee CJIOXKHbIE MOMEHTBHI MPU OCBOCHHUM MaTepHalia TUCIUILIMHBI,
IpenoaaBaTesib OTBEYAaeT HAa BOIPOCHI CTYAEHTOB, KOTOPbI€ BO3HUKAIOT y HHMX B Ipoliecce
CaMOCTOSITENIbHOM paOOTHI.

B nporecce 00yueHUst UCTIOIB3YIOTCS CEIYIOIIME TEXHOJIOTUHU AJIEKTPOHHOIO OOy4YEeHUS U
JTUCTaHIIMOHHBIE 00pa30BaTeNbHbIE TEXHOJIOTHH:

JIeKTPOHHBbIA Yy4eOHbII Kypc «KBaHToBasi mexanuka» B LMS DiieKTpoOHHBIN
yausepcuter Moodle ApI'Y, B koTopom:

- TpEeACTaBICHBl 3aJaHus JJIsI CAMOCTOATENBbHOM paboThl OO0ydYaromuxcs MO TeMaMm

JTUCIUIUIMHBI U PEKOMEHIAIUH 110 UX BBITIOJHEHHIO;

- OCYLIECTBJIIETCS IPOBEJIEHUE OTHEJIBHBIX  MEPONPUATHI  TEKYLIEro  KOHTPOJI
yCIEeBaeMOCTH CTYJCHTOB;

- IIpeICTaBJIEHBI TEKCTHI JEKIUI 110 OTAEIBbHBIM TEMAaM JUCLUILINHEL,

- TpelcTaBJeHbI MPaBUJIa MPOXOXKIACHUS TPOMEKYTOUHOM aTTECTAIIMH 110 TUCIUIUIMHE;

- TpEeACTaBICH CHOHCOK Yy4eOHOM JuTepaTrypbl, pPEKOMEHIyeMOH Ui  OCBOEHUS

JUCIUTIINHBL,

- mpexacraBieHa uH(GopMaiysa o popMe U BpeMEHHU MPOBEACHUS 3aHATHIA U KOHCYJIbTALUH

MO JUCIUIUIMHE B CJIy4ae MPOBEAEHUS UX B JUCTAHLIMOHHOM (hopmMare;

- mocpeactBoM  (opyma  OCYIIECTBISCTCS CHHXpPOHHOE W (WJIM) ACHUHXPOHHOE

B3aMMOJICIICTBIE MEXIy OOy4alolmMMHCS M TpenojaBareieM B paMKax H3y4YeHUs

JTUCLUTITUHBL.

6. [lepeyenb JMIEH3MOHHOT0 M (MJHM) CBOOOAHO PACHPOCTPAHAEMOr0 NPOrPAMMHOIO
o0ecrneyeHusi, HCHOJb3yeMOr0 MNPH OCYLIECTBJICHUM O00pPa30BaTEeJbHOr0 MpoLecca Mo
AUCHUILINHE

B mpouecce ocymiectBieHuss 00pa3oBaTENbBHOTO — Ipolecca MO AUCHUILIIMHE
UCIIOJIb3YIOTCS:

Ui (popMHpOBaHUS MAaTEpUANIOB AJI TEKYIIET0 KOHTPOJSI YCIEBAEMOCTU U MPOBEACHUS
MIPOMEKYTOUHOM aTTecTaruu, st GOpMUPOBAHUS METOAMUECKUX MATEPUAIIOB IO TUCITUTLINHE:

- mporpammbl Microsoft Office;

- u3marenbckas cucrema LaTex;

- Adobe Acrobat Reader.



Jus  hopMupoBaHus 3JIEKTPOHHOTO yueOHOro Kypca «KBaHTOBasi MeXxaHUKa»
UCTIOJIB3YETCSl CUCTEMa yIPaBJICHUS AJIEKTPOHHBIMU KypcaMu LMS DJIeKTpOHHBIN YHUBEPCUTET
Moodle ApI'Y.

7. IlepeyeHb COBpeMEHHbIX NpPO(decCHOHAIBHBIX 0a3 JAHHBIX M HH(OPMANMOHHBIX
CIIPABOYHBIX CHCTEM, HCIOJIb3YyeMbIX NPH OCYLeCTBJIeHUN 00pa30BaTeIbHOIO Mpolecca 1o
AMCHMILINHE (IPH He00X0AMMOCTH)

B mpomecce ocymectBieHus — 00pa3oBaTENbHOrO — MIpolecca MO0 JUCLMIIIMHE
UCTIONB3YIOTCS:  ABTOMAaTH3MpOBaHHAs OuOnInoTeyHo-MH(POpManuonHas cucrema «BYKU-
NEXT»_http://www.lib.uniyar.ac.ru/opac/bk _cat find.php

8. IlepeyeHbr OCHOBHOII W  /IONMOJIHUTEJbHOW  y4eOHOH JIMTepaTypbl, pecypcoB
HHG(POPMALMOHHO-TEJIEKOMMYHUKAUMOHHOH ceTn «MHTepHer» (IpHM HEOOXOAUMOCTH),
PeKoOMeHAyeMbIX [1JIsl OCBOCHHS JMCIHUIIIHHbI

a) OCHOBHAasl JIUTepaTypa

1. Edpemos 10.C. KpantoBas mexanuka. Mocksa. IOpaiit. 2021
https://urait.ru/viewer/kvantovaya-mehanika-472897#page/1 (3neKTpOHHBII pecypc)
0) AOMOJIHUTe/IbHAS JIUTEpaTypa

1. bnoxunnes JI.M. OcHoBbl kBaHTOBO# MexaHuku. CII6.: Jlans, 2004.

2. Hapsinckast E.H. Meroanueckne yka3zaHus K peLLIEHUIO 3a]1a4 110 KBAaHTOBOU
MexaHuke. YueOHo-MmeTonuueckoe nocooue. Spocnasis. SApl'Y, 2019.
http://www.lib.uniyar.ac.ru/edocs/iuni/20190705.pdf (3meKTpOHHBIIA pecypc)

3. IloBapoB A.B. IloBblmaroniuii 1 NOHWKAIOIIHUKA ONEpaTOpPbl B KBAHTOBOW MEXaHUKE.
Meroanueckue ykazanus. Spocnasib. SApl'Y, 2010.
http://www.lib.uniyar.ac.ru/edocs/iuni/20100757.pdf (3neKTpoHHBII pecypc)

9. MaTepunaibHO-TeXHH4YecKasi 0a3a, HeoOXxoauMast VIl OCyLeCTBJICHUsSI 00Pa30BaTeJbLHOIO0
npouecca no JUCHUIINHE

MarepuanbHo-TeXHUYECKass 0a3a, HeOOXOoauMast ISl OCYIIECTBICHHsI 00pa30BaTEIHLHOTO
mporiecca 1Mo JUCHUTUIMHE BKIIFOYAeT B CBOM COCTAB CIIeUaIbHbIC TOMEIICHUS:

- yueOHbIe ayAUTOPUU IJIs IPOBEICHUS 3aHATUI JIEKIIMOHHOTO TUIIA;

- yueOHbIC ayAUTOPUU JJIs TPOBEICHUS IPAKTUUECKUX 3aHATHIH;,

- yueOHbI€ ayAUTOPUH I TPOBEICHUS TPYNIIOBBIX U MHINBUIYabHBIX KOHCYJIbTAIIHIH;

- yueOHbIC ayAUTOPHH [UIS TPOBEACHHS TEKYIIEro KOHTPOJIS M TMPOMEKYTOUHOU
aTTecTaluu;

- IOMEMICHHUS TSI CAMOCTOSTEIHbHON PabOTHI;

- IOMEIICHUs JUIS XpaHEHUs U NPOPHIAKTHUECKOrO OOCITYyKHBAaHUS TEXHUYECKHX
CpencTB 00ydeHUsI.

CriennanbHble TOMELIEHUS! YKOMILJIEKTOBaHbl CpPelCTBaMU OOY4YEHHs, CIyKalluMU st
npezcTaBieHus yueOHoi nHpopMannu OOBIION ayAUTOPUH.

[TomenieHust 1si CaMOCTOATENBHONH PabOThl O0yYaIOMIMXCS OCHAIEHBI KOMITBIOTEPHOMN
TEXHUKOW C BO3MOXKHOCTBIO MOJAKIIOUEHHUsI K ceTu «VHTepHeT» u obecrmeueHueM JocTymna K
3JICKTPOHHOM MH(POpMaIIMOHHO-00pa3oBaTeabHOM cpene SApl'Y.

ABTOD:

JoueHt xadenpsl
TEOpETHYECKON Pu3nKH, K.().-M.H. E.H. Hapsinckas

00NIHCHOCMb, YYeHas cmenetb H.0. Damunus



IIpunioxkenne Ne 1 k padoyeii mporpamMmme M CHHIIIMHBI
«KBaHTOBasi MEXaHUKa»

®oHJ O1IEHOYHBIX CPEICTB
A1 IPOBe/IeHNsl TeKylero KOHTPOJIsA yCleBaeMOCTH
U MPOMEKYTOYHOM aTTecTAlMHU CTYACHTOB
10 AUCHMILIHHE

1. Tunosble KOHTPOJIbHbBIC 3aJaHUA H MHbIC MaTepHaJIbl,
HCII0Jb3YEMBIE B IPOLIECCE TEKYIIECT0 KOHTPOJIA YCIIEBAEMOCTH

3agaHus 1J1s1 CAMOCTOATEILHOH PadoThI
(OaHmble 3a0aHUsl BbINOIHAIOMCI CIYOEHMAMU CAMOCIOSMENTbHO
u npenoodagameinem 8 0033ameabHOM NOPsAOKe He NPOBEPAIOMCSL)

3ananus no teme Ne 1 «BBeneHue»:

Paznen 1.4: ncnomns3yst mpaBuiio KBaHToBaHUs bopa-3omMmepdensaa, HaWTH:

- YPOBHHM DHEPrMM 4YaCTHIBI MacChl m C 3apsIoM (, ABHUIalOLICICS B IOCTOSHHOM
OJIHOPO/IHOM MarHUTHOM II0JIE;

- CIIEKTp SHEpPIrUu BOJOPOJOINON00HOro atoma. PaccMoTpers ciyuyail 3IMNTHYECKHX
opOwuT.

3ananns no teme Ne 2 «MareMaTHYeCKUH aNNapaT KBAHTOBOH MEeXaHUKW»:
Paznien 2.1: Haiitu BeIpaskeHHe UIsl ONIEPaTOPOB KOOPAWHATHI X W MPOCKIIMHA MMITYJIbCA
P, B UMILyJIbCHOM IIPEJICTABICHUH;

Paznen 2.2: BBINONHUTH 3aJaHusl JUIsI CaMOCTOSITENBHOTO pEIICHHS K TJaBe 2.
OmnepaTopsl B KBAaHTOBOM MexaHuke. Anredpa oneparopo. Ne 1-9 (ctp. 31) u3 yueOHO-
METOJIMYECKOTr0 TocoOust «MeToandeckue yKa3zaHHus K PEHICHHUIO 3a/1a4 M0 KBaHTOBOU
mexanuke» / E.H. Hapsrackas / Spl'Y, 2019.
http://www.lib.uniyar.ac.ru/edocs/iuni/20190705.pdf

3aganus no teme Ne 3 «IlpuiioskeHnsi KBAHTOBOI MeXaHUKH»:
Paznen 3.1: [TpoBepuTh, 9T0 cymma K03(p(PUIIMEHTOB MPOXOKACHUS U OTPAKCHHUS paBHA
eAVHHULIE.

3ananus no teme Ne 5 «IIpu6aukeHHbIE MEeTOAbl KBAHTOBOI MEXaHUKH»:

Pazgen 5.4: Halitu pacuiemnyieHne CIeKTPaIbHBIX JIMHUI BOAOPOAONOA00HOTO aToMa BO
BHEIIIHEM MarHUTHOM noje (3 dexT 3eemana) /i cirydas n=1.

Pazgen 5.6: Ha atom Bomopoda, HaxoAsIIMWCS MPU f —> —0OB OCHOBHOM COCTOSIHUH,
JIEUCTBYET OJHOPOIAHOE DJIEKTPUUYECKOE I0JIe, H3MEHAIOUIEECS] CO BPEMEHEM 10 3aKOHY

— - 2 o
E=E, """ cosw,t.Paccmatpupas neiicTBUE MO HAa aTOM KaK BO3MYILEHHE, ONPEEUTh B
TIEPBOM TOPSIIKE 1O TEOPHH BO3MYIIEHHS BEPOSITHOCTh TIEPEX0a aToMa B 2p, 28 — COCTOSHUS

MOJT ISHCTBUEM YKa3aHHOTO TTOJISI IPU ¢ —> +00 .

Paznen 5.7: BoIoMHUTE CIIMBKY BOJTHOBBIX (DyHKIIWH, HalieHHBIX MeToaoM BKbB, B
ciTydae yOBIBAIOIIETO TOTCHIIHAIA.

KpuTtepun oneHnBanus pemeHus 3a/1a4 3aJaHUH I CAMOCTOSATEIbHOMH PadoThI U
caMoCTOSATeJIbHBIX padoT Nel u Ne2

Iloka3zaTenu Kpurtepun

ITonnmanue — Kparkas 3anuce ycioBusl.




Iloka3zaTenu Kpurtepun

YCIIOBUS 33]]a4H — Hcnons3oBanue GU3NIECKON CHMBOJIUKH.

— 3amnuchk eAUHUI U3MepeHus U nepeBoa ux B CU

— Xoporee ohopmiieHHE pabOThI, YETKHE PUCYHKU H YEPTEIKH.

— Haxoxnenue u 3anuch HEOOXOIUMBIX TAOIUYHBIX U
OIOJHUTEILHBIX TaHHEIX.

[Tnan pemenus — OOocHoBaHue BbIOOpa HU3UIECKUX (GOPMYIT IJIsl PEIICHHMS.
3a7a49u — PanmonanpHbIN crioco0 perieHus
— 3anucek popmya
OcyiiecTBieHue — BriBoa pacuetnsix(oit) hopmyin(sl), penieHne 3a1a4u B 0011eM BUIE
peHICHUA — Maremaruyeckue onepanuu ¢ eANHAIIAMA U3MEPEHUS (PUINIECKUX
BEJIMYUH, BBIUYNCICHUS
[IpaBuibHOCTB — Kpatkoe oO0bscHeHUE penieHusl.
pemeHus 3a/1a9mn — AHanu3 NOJyYEHHBIX PE3yJIbTaTOB

[IIxana oueHnBaHUs:
0 GasI0B — NOJHOE OTCYTCTBHE KPUTEPHS;
1 Gamn — yacCTUYHOE BBHITIOJTHEHUE KPUTEPHS;
2 Gasuta — MOJTHOE BBIMIOJHEHNUE KPUTEPHUs
CymmupytroTcst 0aiusl 3a KaXIyro 3a/1a9y.
OreHKa MPOCTaBIsAETCS MO0 KOIUYECTBY HAOpaHHBIX OalIOB:
meHee 60% oT MakCHMaIbHO BO3MOXKHOT'O KOJIMYECTBA 0aJJIOB - HEYI0BIETBOPUTEILHO,
60-75% 0T MaKCUMaJIbHO BO3MOXHOI'O KOJIMYECTBA OaJIJIOB - y/I0BIETBOPUTEIHHO,
76-85% OT MakCHMaJIbHO BO3MOXKHOT'O KOJINYECTBA 0aJJIOB - XOPOILIO,
86-100% oT MakCHMalbHO BO3MOYXKHOTO KOJIMYECTBA OAIIJIOB — OTIHYHO.

TecT pJj1 camonpoBepku
o padoTe ¢ onepaTopaMu B KBAHTOBO# MeXaHHKe
(mecm nposooumcs 6 VK «Keanmosas mexanuxa» ¢ LMS Moodle)

B Tecte mpeacraBieHbl 3aJaHUS Ha MTPOBEPKY 3HAHHIA anreOpbl ONepaTopoB, HABBIKOB U
yMeHHH paboThl ¢ onepaTopaMu. TeCT COAEPKHUT TEOPETHUECKHUE M BHIYMCIUTEIbHBIE BOMPOCHL.
B Tecre 20 Bompocos.

MaxkcumanbHbld 0ajl 3a MpaBUIBHBIA OTBET B 3aBHCHMOCTH OT CJIOXHOCTH BOIIpOCA
COCTaBJIsIET OT 2 10 4 6ayioB. MakcUMalbHOE KOJIMYECTBO OAIIOB, KOTOPOE MOKHO TMOJTYYUTH
M0 WTOraM TecTa, cocTaBisieT 52 Oamna. Ha kaxapiii Bompoc MaeTcsl IBE MOMBITKA OTBETa, B
cllydae TPaBHJIBHOTO OTBETa CO BTOPOTO pa3a KOJIMYECTBO OaJIOB 32 IMPABHIBHBIA OTBET
YMEHBIIIAETCs B Ba pa3a Mo CPAaBHEHUIO C MAKCUMAJIbHO BO3MOKHBIM.

Ha npoxoxnenue tecta gaercs 2 Jaca.

Wtoru npoxoxaeHus TecTa OLEHUBAIOTCS 10 CIEIYIONINM MPaBUIaM:

- KOJIMYECTBO HAOPAaHHBIX 0aIsIOB OT 46 10 52 COOTBETCTBYET OLIEHKE «OTIMYHON;

- KOJIMYECTBO HAOpaHHBIX OAIIIOB OT 36 710 45 COOTBETCTBYET OIICHKE «XOPOIIIOY;

- KOJIMYECTBO HAOpaHHBIX 0aJIIOB OT 26 110 35 COOTBETCTBYET OLIEHKE
«YJIOBJIETBOPUTEIIHHO;

- KOJIMYECTBO OAJJIOB MEHbIIE 25 COOTBETCTBYET OIICHKE «HEYI0BICTBOPUTEIHHOY.

IIpuMepHBIE BOIIPOCHI TECTA:

Bompoc 1  Oneparop A=x + 0/0x sBasercs

1) nuHeNHbIM;




2) ¥ IMHEWHBIM, U CAMOCONPSKEHHBIM;
3) He TMHEHHBIM, HE CAMOCOIPSYKEHHBIM.

Bompoc 2 Kommytarop [M 2, A;Ii l.rnei=x,vy,7

1) paBeH HyqO IPU 1 =X, Y, Z;
2) HE paBeH HYJIIO TIPH JIFOOBIX 1,
3) paBeH HyJIIO TIpU 1 = Z.

Bonpoc 3 Camoconpsi’KeHHOCTb OIIEepaTopoB, 300paXKaromux (GU3HMIECKYIO BEAMYUHY,
ABJISICTCA CIIEJICTBUEM TPEOOBaHMSI

1) coxpaHeHrneM (QpU3NUECKOM BETMUUHBI C TCUEHUEM BPEMEHH;

2) paBEHCTBA HYJIIO OTKJIOHEHUS OT CPEIHEro 3HaUCHUsI (PU3NUECKON BEINUMHBI,

3) BeLIECTBEHHOCTH CPEAHEr0 3HAUeHUS (PU3NUECKOM BETMUUHBI;

4) HET MPaBWJILHOTO OTBETA.

Bonpoc 4 KommyTaTop [xs,M , ] paBen
1) —=3ihzx’;

2)3ihzx’

3)0.

Borpoc 5 Oneparop, 5pMUTOBO CONPSIKEHHBIH K orepatopy A = sin @-0/0¢p _paBeH
1) A" =—sinp-0/0¢

2) A" =—cos g

3) A" =—cosp—sing-0/d¢

A~

Bomnpoc 6 /IBa oneparopa 4 1 B _KOMMYTHPYIOT. 9TO 03HAYAET, YTO

1) onepatopsl 4 U B — caMOCONPSKEHHBIE;

Py A

2) ¢m3nueckre BEIMUMHBI, COOTBETCTBYIOIIME oniepaTopaM A4 U B MOryT ObIThb OJHOBPEMEHHO
U3MEPEHBI;

3) onepatopsl 4 U B - BEIIECTBEHHEIE;

4) HeT NpaBUILHOTO OTBETA.
2

0
Bompoc 7 Oneparop " Y | uMeer Buj
v
o’
1) —
) o
2) 1
2

3) 1+3y£+y26—2
oy oy

Bompoc 8 Ecau nBa oneparopa KOMMYTHUDPVIOT, TO OHU 00Ja1aI0T OAMHAKOBBIM HA00OPOM
COOCTBEHHBIX QYHKIIUI

1) BepHO
2) HEBEpHO



IIpaBuJjbHBIEC OTBETHI

Bonpoc Ne | Bapuant Bonpoc Ne | Bapuant
OTBETA OTBETA
1 | 5 3
2 1 6 2
3 3 7 3
4 2 8 1

CamocrositeibHas padora Ne 1
(nposepka cqpopmuposannocmu OIIK-1, unoukamop H/[-OIIK-1_2
(6 uacmu ymenuti pabomsi ¢ onepamopamis))
IIpumeps! 3aganuii:
Bapuanr 1
1. PackpbITh CKOOKH B ONIEPATOPHOM BBIPAIKCHHH:
o1y
ox x
2. BpluncauTh creayonme KOMMYTaTOPHbI:
o _ .
—.,6x° |, [V, r? M

2

3. Haiitu onepaTtop, 5pMUTOBO-CONPSIKEHHBIN oreparopy A =

Bapuanr 2
1. PackpbITh CKOOKH B OIIEPaTOPHOM BBIPAKEHUU:
2
2 y
oy
2. Bbluucauth criegyronye KOMMyTaTophL:

[%,cos@sinq) } [6,(’7'5)’7]’ [ﬁy’M«V]

2

3. Haiitu onepaTtop, 3pMUTOBO-CONPSKEHHBIN onepaTopy A =i 8)/_2

IIpaBuiia BEICTABICHHUS OIICHKH I10 PE3YJILTaTaM CaMOCTOSTEILHOMN Da6OTHI

OneHka 1o pe3yJibTaTaM CaMOCTOSITENIbHOM paboThl cUMTaeTCsl B 6a/Iax Mo ClenyoeMy
MIPHUHIIAITY : TIPABUJILHO BBITIOJTHEHHOE
- 3aganue Ne 1 — 2 bama;
- 3aganne Ne 2 — 1 kommyTatop —1 Gam, 2 kommyTtarop — 3 6amra, 3 komMmyTarop — 2 6aiia;
- 3amanue Ne 3 — 2 Oayuia.



Kaxmoe u3 3amanuii MOXKeT OBITh OICHEHO MOJIOBMHOHN 3asBJICHHBIX 110 HEMY OaJuIoOB, B
cillydyae, KOIJla IpPHU €ro BBINOJHEHUMHM MPAaBUIBHO IPUMEHEHO OIpeJesieHHe orepaTopa
(koMMyTaTOpa U T.1.), IPABWIHHO MCIOJIB30BaHbl CBOMCTBA OMEpaTopoB (KOMMYTATOPOB H T.1.),
HO UMEIOTCS OIIMOKH B YMCICHHBIX pacyeTrax.

[TosnHOCTBIO HEMPABUIILHO BHIIOJHEHHOE 3aaHue — 0 OayioB.

MaxkcumanbHOe KOJIMYECTBO OAJUIOB 110 UTOTaM CaMOCTOsITeNIbHON paboThl — 10 Oanos,

Habpannoe konndectBo 6ayuioB - 9-10 COOTBETCTBYET OLIEHKE «OTIMYHO», 7-8 OaioB —
OLIEHKE «XOpouIo», 5-6 0alyloB — OLIEHKE «yJOBJIETBOPUTEIBHO», MEHEe 5 0auIoB — OLIEHKE
«HEYJIOBJIICTBOPUTEIHHO»  (YMEHHMs Ha JAaHHOM JTalne OCBOCHHS JUCHUIUIUHBI  HE
c(hOpMHUPOBAHBI).

TecT nJ1s1 caMONPOBEPKH MO Pe3yJIbTATAM OCBOEHHS TUCIHUTLIUHBI
nepej 3K3aMeHOM
(mecm npoeooumcsa ¢ YK «Keanmoeaa mexanuxa» ¢ LMS Moodle)

B tecte 55 Bonpocos, 3a IpaBUIIbHBIN OTBET Ha KaXKAbli Bonpoc naetrcs 1 6amwit. Ha
Ka)KIbI BOTIPOC JTa€TCs OJ[HA MOMbITKAa 0TBeTa. Ha mpoxoxaeHue tecta qaeTcst BpeMs 2 yaca.
KonnyectBo HaOpaHHBIX 0a/UTOB OT 51 10 55 COOTBETCTBYET OLIEHKE «OTIHYHOY.
KonunuectBo HaOpanubix 6amnoB oT 41 10 50 COOTBETCTBYET OLIEHKE «XOPOIIIOY.
KommaectBo Habpanubix 6ayioB oT 31 10 40 cOOTBETCTBYET OICHKE
«Y I0BJIETBOPUTEIILHOY.
KonuuecTBo 6aminoB mensie 31 cooTBeTcTBYET O1ieHKe «HeynoBneTBOpUTEIbHOY.

2. CiuCcOK BONPOCOB M (WJIN) 3aIaHUI VI IPOBedeHNs MPOMEKYTOYHOM aTTecTAllUN
9K3aMeHAIlMOHHLIE 32JaYH

IIpuMepol 3a1aHi:

Bapmuanrt 1

1. BpuaucauTh ciaeayronme KOMMYTaTOPhI:

ai,wxs —16ann, [6,?2]—350ﬂﬂa, [ZZ,MX]—26CZJZ/ZG
Y

2. Haittu onepaTop, 3pMUTOBO-COMPSKEHHBIN ONEPATOPY
~ 0

A=iy— — 2banna
Oy

3. Haiitu HopMHUpOBOUHBIN KOADPHUITMEHT PyHKIIUN

w(0,p)=Nsinfe?, 0<p<2r,0<O<n -36ama
4. Haiitn chepuueckyro ynkuuro Y, (6, ¢), HConb3ys CIeayIoNnee ONpeIeleHHE:

. d" P (cos6)
Y, (0,p)=N ™ sin"g———""2
n(0:0) d cos "™
1 4, I
we )=y g 7

U OTHOPMUPOBATH €€ — 4 bana.



Bapmuanr 2

Brruucnuts cienyronire KOMMYTaTOPBI:
0 - n
[a—, 3z% + xz} —16ann, [V, (@-7)° ]— 3b6ama, [pzz, Mx]— 2 banna
Z
Haiitu onepatop, 5)pMUTOBO-CONPSKEHHBINA ONIEPATOPY

A :ia—cosgo — 2 banna
o
Haiitn HOpMHpPOBOYHBIH KOAPPUIMEHT QPyHKIUU

w(r)=Nrie’?, 0<r<owo-36ama
Haiitu chepuueckyro pynkuuio Y, ((6,¢) , iCIonb3ys CIeIyIoIee ONnpeIeIeHuE:

Ylm (67 w) =N eim(p Sin‘m\ ew
dcos "
d 1
FIIG Pl(x): 2] l'ﬁ X _1)

¥ OTHOPMHUPOBATH €€ — 4 banna.

IIpaBuja BEICTABICHUS OIICHKM SK3aMEHAIIMOHHBIX 3a1a4:

OneHka 1o pe3yJsibTaTaM KOHTPOJIbHON paboThl orpeaenseTcs B 0amiax Mo cleAayomeMy

NPUHIUIY: TPaBUIBHO BBHINOJHEHHOE 3a/IaHHE OLICHHBAETCS B MAKCHUMAJIbHOE KOJIMYECTBO
0aJyI0B, yKa3aHHOE 110 JaHHOMY 33JJaHUIO B BapHaHTE.

Kaxxnoe u3 3aganuii MOXKET OBITH OIICHEHO IMOJIOBUHOMN 3asIBJICHHBIX 10 HEMY OaJlioB, B

cillydyae, KOIJla IpPU €ro BBIIOJHEHUHM MPAaBUIbHO IPUMEHEHO OIpEJelIeHHe OIepaTopa
(koMMyTaTOpa | T.1.), IPaBUIBHO MCIIOJIb30BaHbl CBOMCTBA ONEpaTOPOB (KOMMYTATOPOB U T.1.),
HO UMEIOTCS OIIMOKH B YMCIIEHHBIX pacyeTax.

[TomHOCTBIO HETIPABUIIBHO BBIMOJIHEHHOE 3a/1aHue - () 6asioB.

CnHcoK BONPOCOB K 3K3aMEHY:

MecTo KBaHTOBOM MEXaHUKH B (pu3MKe. DKCIEPUMEHTAIbHbIE JaHHbIE, MPUBEIIINE K
CO3JJaHUIO0 KBAHTOBOM MEXaHUKH.

I'mnoreza ne bpoitns. Bonnel ne bpoitns. KopmyckynasipHO-BOJTHOBON — AyallUu3M.
Bonnosas ¢ynkuus. [Tpunnun cynepnosunuu. Paznoxenne BOTHOBOM GyHKIUH 110
IJIOCKUM BosHaM Jie bpoiisna. BoiHOBBIE MakeThl.

CraTtuctuueckas HHTepIpeTanys BoJIHOBOW (yHKiuu no bopuy. BonHoBas ¢yHkuus B
KOOPAMHATHOM M UMITYJIbCHOM IPEJCTABICHUSAX.

Onwucanue Qpu3nuecKkux BeIMYUH ornepaTopaMu. OOmMe CBOWCTBA ONEPaTOPOB, airedpa
onepatopoB. Omneparopbl KOOPAWHATBI U MMITYJIbCa B KOOPJUHATHOM M HMITYyJIECHOM
npencraBieHusx. OmnepaTop MoOMeHTa wuMmmyibca. Omneparopsl KHHETHYECKOW U
NOTCHUIUAIbHON YHEPIUH, TAMWIBTOHHUAH.

[lonsTe omneparopa, 3pPMHUTOBO-COIPSDKEHHOTO K JaHHOMY. (CaMocomlpsiKeHHbIE
orneparopsl. BelecTBeHHOCTh cpeTHUX 3HAYEHUH (PU3MUECKUX BEITUUYHH.

Oneparopbl OTKJIOHEHUS OT CPENHEr0 M  CPEIHEKBAAPaTUUHOIO  OTKJIOHEHUS.
CoOcTBeHHBIE 3HAYECHHs] W COOCTBEHHBIE (YHKIIMH DSPMUTOBBIX  OIEPATOPOB.
JIMCKpeTHBII M HEeTIPEepBIBHBIN crieKTphl. [IpuMepsl HaX0Xk/1eHUs] COOCTBEHHBIX 3HAUCHHIH
onepatopoB Px u M-.



7. CaolicTBa COOCTBEHHBIX (PYHKUMI JUCKPETHOTO M HEMPEPHIBHOTO CIEKTPOB. YCIOBUE
OPTOHOPMHMPOBaHHOCTH.

8. VYcrnoBue BO3MOKHOCTH OJHOBPEMEHHOTO TOYHOTO M3MEPEHHs] HECKOIBKUX (PU3NIECKUX
BEJIMYMH B OJJHOM COCTOSIHUM cucTeMbl. OnpezaeneHne BOJIHOBOM (QyHKIMM (COCTOSHUS)
MHUKPOOOBEKTa  TOJHBIM  HA0OpOM  HE3aBHUCHMBIX  (U3UYECKHX  BEJIHYUH,
XapaKTEepU3yIOUINX BHEIIHHUE yCIIOBUSI.

9. CooTHolIEHHE HEONPENENIEHHOCTH Ui (U3MYECKUX BEJIMYMH. BBIBOJ COOTHOIIEHUS
HEOIIPEAEIEHHOCTHU U3 anmnapara KBaHTOBOM MEXaHHKH.

10. CraunonapHoe u HectanuoHapHoe ypaBHeHusi lllpenunrepa. Bua BoaHOBON (yHKIUU
JUISL CTAallMOHAPHOMW 3aJ1a4H.

11. CoxpaHneHne HOPMHPOBKH BOJHOBOM (yHKIuH. [IMOTHOCTE TOKa BEpOSTHOCTH.
YpaBHEHNE HENTPEPHIBHOCTH.

12. 'apmonmueckuii ocimyuiaTop. CeKTp SHEPTUH U BOTHOBBIE (DYHKITUH.

13. [IBwxkeHre B KyJIOHOBCKOM moze. BomoponmomomoOubie artombl. CHEKTp 3HEpPruu |
BOJIHOBBIE (DYHKIIHH.

14. I3meHeHue cpeHUX 3HA4eHUH (PU3MYEeCKHX BEIMYUH C TeYeHHeM BpemeHu. Omepatop
IPOU3BOJHOW TIO BPEMEHH OT (Qu3ndeckol BeianuuHbl. OnepaTopbl CKOPOCTH,
yckopeHus, cuiibl. Teopema DpeHdecra.

15. CriuH 371eKTpoHA. DKCIEPUMEHTAIbHOE OOOCHOBAaHWE CYIIECTBOBAaHUS COOCTBEHHOTO
MOMEHTAa HMIIyJbca DJJeKTpoHa. YpasBHeHue lllpenunrepa nns  2nekTpoHa B
3JIEKTPOMArHUTHOM I0JIE C y4eToM cnuHa (ypaBHeHue [laynm).

16. Oneparop cnuna. Martpuusl [laynu. CsolictBa matpurl Ilaynu. CoOcTBeHHbIE (PyHKIUH
¥ COOCTBEHHBIE 3HAUCHHSI OTIEpaTOpa MPOCKIMH CIIHA Ha MPOU3BOJILHOE HATIPaBJICHHUE.

17. YpaBuenue lllpenunrepa B Mpou3BOIBHOM 3JIEKTPOMAarHUTHOM mnose. KanubpoBouHas
MHBAapUAHTHOCTb B KBAHTOBON MEXaHUKE.

18. Meron Teopuu BO3MYILEHHUI B CTallMOHAPHBIX 3a/layax C JUCKPETHBIM CIIEKTpoM Oe3
BBIPOXKJICHUS.

19. Meton Teopuu BO3MYUIEHHWN B CTAllMOHAPHBIX 3a7adax C JUCKPETHBIM CIIEKTPOM IIPHU
HAJIMYUU BBIPOKICHMUSL.

20. PacmiernieHue CIEKTPAIbHBIX JUHUN BOJOPOJIONOJIO0HOTO aroMa B SJIECKTPUUECKOM
nose. Opdexr HrTapka.

21. Pacmienienue CHeKTPaIbHBIX JIMHUNA BOAOPOAOINOAO0OHOTO aToMa B MAarHUTHOM IIOJIE.
Dddext 3eemana.

22. Y4eT BIHUsIHUS Pa3MEpOB SApa Ha CIIEKTP BOJOPOAOIIOA00HOTO aToMa.

23. HecraunoHnapHasi TeOpusl BO3MYLIEHHI. Teopuss KBaHTOBBIX NEPEXOAOB IOJ BIMSHHEM
BO3MYIIICHHUS, 3aBUCAILETO OT BPEMEHH.

24, Tlepexo OT KBAaHTOBOW MEXaHUKH K Ki1accuueckoil. KBasukiiaccuueckoe npubimxeHue B
KBAHTOBOM MEXaHUKE.

25. Metox Bentuensa-Kpamepca-bpuntosna. Bonnosas ¢pyukims B BKb npubmmkenun.

26. BomnoBas ¢ynkuus B BKBb npubnmxenun. CmmBanue BonHOBOM ¢yHkuuu B BKb
NpUOJINKECHUU.

27. Cuctema MHOTHX YacTHUI B KBAHTOBOW MEXaHUKE. Y UYeT JBUKECHUS sAIpa.

28. YpaBuenue Illpenunrepa uisi CHUCTEMBI, COCTOSILIEH W3 OJMHAKOBBIX YACTHILI.
CuMmMeTpuyYHbIE U AHTUCUMMETPUYHbIE BOTHOBBIE QyHKIMU. [IpuHuumn [Taynu.

Kputepun onieHMBaHNs 0TBETOB HA BONPOCHI OMJieTa

. Boicokmi
. IIpoaBUHYTHIN
N IloporoBslii ypoBeHb YPOBEHb
Kpurepnii YPOBEHb
(Ha «y1I0BJIETBOPHUTEILHO») (na
(Ha «xXopo110»)
«OTJMYHOY)
CoorBercTBH | X0Ts Obl vacTuuHoOE (He omHocaweecs | [lonHoe [Tonnoe
€ OTBeTa K 80NpOCY He NOOJIeHCUM NposepKe)




BONpOCY
Hanuune NMeroTcst oTenbHbIE IPUMEPHI Meuoro npumepoB | Ectb
NpUMepoB MIPAKTUYECKH KO
BCEM
YTBEPKICHUSIM
Conep:xxanme | [IoHATHIIHBIE BOIIPOCHI U3JIOKEHBI C OtBeT nouTn NcuepnbiBaroin
0TBeTa KJ1accupuKalusaMu, TpoOIeMHBIE C MIOJTHBIH, 6€3 W TTOJTHBIN
MOCTaHOBKOM MPOOIEMBI U omnooK, He OTBET
U3JI0’KEHUEM PA3JINYHBIX TOUEK XBaTaeT
3penus. Imerorcs ommOku wim OTJICTBHBIX
pOOETIBI. AJIEMEHTOB U
TOHKOCTEH

3. Onucanue npoueaypbl BbICTABJACHUA OLICHKH HA IK3aMEHE

B sk3ameHarimoHHple OWJIET BKJIIOYAETCS JBa TEOPETUYECKHMX BOMpoca M 3amadd. Ha
MOATOTOBKY K OTBETY J1aeTcs He MeHee 1yaca.

[To wrToram »K3amMeHa BBHICTABJISETCS OJHA W3 OLECHOK: «OTIUYHO», «XOPOIIOY,
((y,Z[OBJ'IeTBOpI/ITCHI:HO» 1501051 ((HeyIIOBJIeTBOpI/ITe.HI:HO».

Ounenka «OTJIUYHO» BBICTABISETCA CTYJICHTY, KOTOPBIA JEMOHCTPUPYET TIIyOOKOE M
II0JIHOC€ BJIAZACHHUC coaepmaHHeM MaTepHana nu HOHHTHﬁHBIM annapaTOM KBaHTOBOﬁ MCXaHUKH,
OCYIIIECTBIIICT MEXKITPEAMETHBIC CBS3U; YMEET CBSI3BIBATh TEOPUIO C MPaKTUKOW. CTyIeHT maer
paBBepHyTLIC, IIOJIHBIE MW YCTKHC OTBETBI Ha BOHpOCBI 3K3aMCHAIIlMOHHOI'O 6I/IJICTa n
JIOTIOJTHUTEILHBIE BOIPOCHI, COOJIIOAET JIOTUYECKYIO IOCIEA0BATEIIbHOCTh TMPH HM3JI0KCHUH
Marepuana. [ paMOTHO UCIIOJIB3YET TEPMUHOJIOTUIO KBAHTOBOM MEXAHUKHU

Ouenka «Xopouio» BBICTABISETCS CTYJIEHTY, OTBET KOTOPOTO Ha JK3aMEHE B IIEJIOM
COOTBCTCTByIOT yKHSaHHBIM BBIIIC KpI/ITepI/IHM, HO OTJIMYACTCA MeHbmeﬁ OGCTOﬂTCHbHOCTBIO,
rTyOMHO#M, 000CHOBAaHHOCTHIO W TOJHOTOW. B OTBeTe MMEIOT MECTO OTAENIbHbIE HETOYHOCTH
(HecylIecTBeHHbIE  OMIMOKM), KOTOpbIE€  HUCHPABIAIOTCS  CAMHUM  CTYJEHTOM  IIOCIe
JOTIOTHUTEIBHBIX U (MJIM) yTOYHSIOIIMX BOITPOCOB AK3aMEHATOPA.

Ouenka «Y10BJIEeTBOPUTEIbHO» BBICTABIISIETCS CTYICHTY, KOTOPBIH 1a€T HEJOCTATOUYHO
MOJIHBIE W TOCJEAOBAaTENbHBIE OTBETHI HA BOIMPOCH AK3aMEHAIIMOHHOTO Oujera |
JOITOJIHUTCIIbHBIC BOHpOCBI, HO HpI/I 3TOM ILCMOHCTpI/IpyeT yMeHI/Ie BBIACIIUTH CyI_I_ICCTBeHHLIC )41
HECYIIECTBEHHBIC IPU3HAKN M YCTAHOBUTH MMPUYMHHO-CIIEACTBEHHBIC CBA3U. OTBETHI U3JIaraeTcs
B TCpMI/IHaX KBaHTOBOfI MCXaHUKH, HO HpI/I 3TOM I[OHyCKaIOTCSI OH_II/I6KI/I B onpeneneHHH nu
PACKpPBITUH HEKOTOPBIX OCHOBHBIX TOHATHHA, (OPMYITHPOBKE TMOJIOKEHUN, KOTOPHIE CTYICHT
3aTPyJHACTCS HCIPaBUTh caMmocTosATenbHO. Ilpm apryMeHranuu OTBeTa CTYACHT HE
000CHOBBIBAET CBOM CYXKIeHHUs. Ha 4acTh MOMOJHUTEIBHBIX BOMPOCOB CTYACHT 3aTPyIHSETCS
aTh OTBECT WU JACT HeBepHLIG OTBCTHI.

Ouenka «HeynoB1eTBOPUTENbHO» BBICTABIISETCS CTYACHTY, KOTOPBIH JEMOHCTPUPYET
pa3po3HeHHbIE, OECCUCTEMHBIC 3HAHUS; OCCIOPSA0YHO UM HEYBEPEHHO H3JIaraeT MaTepuai; He
yMEET BBIJCISITh TJIABHOE U BTOPOCTETICHHOE, HE YMEET COSIUHATh TEOPETUICCKUE TTOJI0KEHHUS C
MPAKTUKOM, HE YCTaHABIMBAET MEXIPEAMETHbIE CBSI3U; JOMyCKaeT TIpyOble OIMMOKU Mpu
OHpCIleJ'IeHI/II/I CYHIHOCTI/I paCKpI)IBaeMLIX HOHﬁTHﬁ, $[BJ'ICHI/II71, BCJICACTBUC HCIIOHUMAHUA HX
CYILIECTBEHHBIX U HECYIICCTBEHHBIX NMPU3HAKOB U CBsI3€H; JAaeT HEIMOJIHbIE OTBETHI, JIOTUKA U
IIOCJICO0OBATCIIBHOCTE WU3JIOXKCHUA KOTOpI)IX UMCHOT CYHIGCTBGHHI)IG nu HpI/IHHI/IHI/IaJ'II)HI)Ie
HApyIIeHHUs, B OTBETaX OTCYTCTBYIOT BbIBOJBI. J[OMONHUTENbHbIE U YTOYHSIOUINE BOMPOCHI
3K3aMCHaTOpa HEC HpI/IBOILﬂT K KOppeKHI/II/I OTBECTOB CTYILGHTa. Ha OCHOBHYIO qacTb
JOTIOTHUTEIHHBIX BOIIPOCOB CTYJEHT 3aTPyAHACTCS AaTh OTBET UJIU 1a€T HEBEPHBIC OTBETHI.

Onenka «HeynoBeTBOPUTENBHO» BBICTABISIETCSI TaKXE CTYJIEHTY, KOTOPBIA B3
BKSaMeHaLII/IOHHHﬁ 6I/IJ'ICT, HO OTBC€YATh OTKaA3aJICA.




IIpuioxkenne Ne 2 k padoyeil mporpaMmme M CHHIIIMHBI
«KBaHTOBasi MEXaHUKa»

MeToauueckue YKa3aHusA 1JIsl CTYACHTOB 110 OCBOCHUIO TUCHUIIJIMHBI

OcHoBHOU (opmol u3NOKEeHUs ydeOHOro MaTepuana mo auciuiuinHe «KBaHTOBas
MEXaHUKa» SIBISIOTCS JICKIIMU, PUYEM B JOCTATOYHO OOJBIIOM 00BEME. ITO CBS3aHO C TEM,
YTO B OCHOBE KBAaHTOBOW MEXaHUKHU JIEKHT OCOOBI MaTeMaTHUECKHil ammapaT, ¢ MOMOIUIIO
KOTOpPOTO KBAaHTOBas MEXaHMKA pEIIaeT JOBOJIBHO CIOXKHBIE W TpoMosakue 3amgaun. [lo
OOJIBIIMHCTBY TEM MPEAYCMOTPEHBI TMPAKTUYECKUE 3aHSATUS, HA KOTOPBIX MPOUCXOIUT
3aKpeIUICHUE JICKIIMOHHOTO MaTephalia IyTeM MPUMEHCHHSI €ro K KOHKPETHBIM (hH3HUYECKUM
3a/ladyaM 1 OTpabOTKa HABBIKOB pa0OThI C MAaTEMAaTHUECKHUM alllapaToM KBAaHTOBOW MEXaHHKH.

JIJIsT yCIENIHOTO OCBOSHUS AWCIMILIUHBI OY€Hb BAKHO PEIICHHUE JOCTATOYHO OOJIBIIOrO
KOJIMYECTBA 3aJ1a4, KaK B ayJUTOPUHU, TaK U CAMOCTOATEIHHO B KayeCTBE JOMAITHUX 3a/JaHUU.
[Ipumepsr pemienus 3agad  pa3OuUparoTcss Ha JIGKIUSAX W MPAKTUYECKUX 3aHATUAX, MpU
HEOOXOJUMOCTH N0 Hambojee TPYIHBIM T€MaM MPOBOMAATCA IOMOJHUTEIbHBIE KOHCYJIbTAIIUU.
OcHOBHasl 11e€7Ib pEIICHHsS 3a7a4 — MOMOYb YCBOUTH (yHJAAMEHTAIbHBIC MOHSATHUS U OCHOBBI
KBAaHTOBOU MEXaHUKH.

3agaHus A1 CAaMOCTOSTEILHOTO pelieHUs POPMYITHPYIOTCS Ha JIEKIUSAX U MPAKTHIECKUX
3aHATUAX. B KauecTBe 3aaHuil AJI CAMOCTOSITENIbHOM paboThl IoMa CTyACHTaM IpeiaraloTcs
3a/1a4d, aHAJOTUYHBIE pa300paHHBIM Ha JICKIUAX U MPAKTUYCCKUX 3aHITHSIX WK HEMHOTO 0oJiee
CJIOXHBIE, KOTOPBIE SIBIISIFOTCS PE3YJIbTATOM 00bEIUHEHHSI HECKOJIbKMX 0a30BbIX 3a1a4. [lomHbiii
CIIMCOK 3aJJaHuil JJI1 CaMOCTOATEIbHONW paboThl IO TeMaM (pa3zesiaM) JUCLMILIMHBI IPUBEJCH B
OVYK B LMS Moodle «KBanToBass MexaHuka». BOIpockl, BOZHHKAIOIIKUE B MPOIECCE WIH TIO0
UTOTaM PEIICHUS 3THUX 3aJ]1ad, MOXKHO 3aJaTh HAa KOHCYJIbTAUAX WK B ¢opyme (uare) B YK B
LMS Moodle.

Jlis  caMOCTOSITENNbHON paboThl, B TOM 4YHUCJIE W TOBTOpa pPa3o0OpaHHOIrO JIEKIUU H
MPAKTUYECKHUX 3aHATUSX MaTepuaja MepBoro CeMecTpa U3y4eHUs AUCLUILIMHBI PEKOMEHIYeTCs
UCIIONIb30BaTh Y4eOHO-METOAMYECKOe ocodre «MeToaudeckre yKa3aHus K pelIeHUIo 3a1a4 1o
kBaHTOBOW MexaHuke» (aBrop E.H. Hapreiackas), 2019 ron u3nanus. JlanHoe mocoOue cOCTOUT
U3 4YEThIPEX pa3lieJIoB, B KOTOPBIX paccMaTPHUBAIOTCS 3aJaydl Ha HUCIOJIb30BAaHUE OCHOBHBIX
MOHATUHN armapaTa KBaHTOBOM MEXaHHMKH. MarTepuan KaJaoro pasjeiia BKIIOYaeT B cels
KpaTKO€ HW3JIOKEHUE TEOPETUYECKOro Marepuaja Mo 3aJaHHOM Teme, KOTOpBIM 3aTeM
WUTIOCTPUPYETCsl MOAPOOHBIM pelleHHeM TUIMYHBIX 337ad. B 3akitoueHue Kaxaoro paszaena
MPUBOASATCS 3aJIaHUs Il CAMOCTOSITEILHOTO PEILICHUsI, OTBETHI K 3TUM 33JJaHUSIM U YKa3aHUs 110
UX PEIICHHUIO MPUBEACHBI B KOHIIE JAHHOTO Y4e0HO-METOINYECKOr0 MOCOOusI.

B konue nepBoro ceMmectpa M3yuy€HHUs IUCUUIUIMHBI CTYJIEHTHI CAAIOT 3a4eT, B KOHIIE
BCEro Kypca — 3K3aMeH. 3ayeT II0 MTOraM IEepBOTO CEMECTpa BBICTABISIETCS MO HTOraM
KOHTPOJIbHOK paboThl. Ha 3aueTe mpoBepsItOTCS yMEHHMS M HaBBIKM CTYICHTOB B paboTe ¢
OCHOBHBIMH MOHSATUSIMU KBAHTOBOM MEXaHUKHU, SBIISIOLIUMUCS OCHOBHOM JIJIsl TOCTPOEHUS BCETO
MaTEeMaTHYECKOTO ammapaTa KBAaHTOBOW MEXaHUKH - BOJHOBBIMU (YHKIUSIMHU H OIEpaTOpaMu
KBAaHTOBOW MEXaHUKH.

B koHI11e BTOporo cemecrpa U3yuyeHus: AUCHUIUIMHBI CTYJIEHThI CAAI0T K3aMEH. DK3aMeH
NPUHUMAETCS MO SK3aMEHAIIMOHHBIM OuieraM, KaXAbli M3 KOTOpBIX BKIIOYaeT B cels JBa
TeopeTHueckux Bompoca. Ha camocTosTenbHy0 MOArOTOBKY K SK3aMEHY BblAeNsieTcs 3 AHs, B
9TO BpPEeMS PEIYyCMOTPEHA W TPYIITOBas KOHCYJIbTAITHS.





