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1. llesan ocBOEeHMSI AN CIMIIJIMHbI

Henssmu ocBoeHust AucUUIUIMHBL «KBaHTOBass MeXaHUKa» SIBISIIOTCA H3Y4YEHHE OCHOB
HEPEJSITUBUCTCKOW KBAHTOBOW MEXaHMKH M MPHOOPETEHHE HABBHIKOB MCIIOJIB30BAHUS armapara
KBAaHTOBOW MEXaHUKH JJIsl OMHCAHUSI KOHKPETHBIX MOJIENIel, CBA3aHHBIX CO CTPOCHHEM aToMa U
3JIEMEHTAPHBIX YACTHII.

2. MecTo TUCHMILUIMHBI B CTPYKTYpe 00pa3oBaTeibHON NPOrpaMMbl

JucuunnnHa  «KBaHTOBass ~ MexXxaHHKa»  OTHOCHUTCA K  00sS3aTE€IbHOM  YacTH
o0pa3oBaTeNbHOI MporpaMMbl M BXOAUT B MOAYJb « TeopeTrueckas Gpusukay.

Jns ocBOEHUs NAaHHOW IUCLMIUIMHOM CTYJEHTBHI JOJDKHBI BIIAJIETh MATEMATHYECKUM
amnmapaToM BEKTOPHOTO W TEH30PHOTO aHaju3a, JMHEHHON anreOpsl, auddepeHnnaaTbHOro
UCUUCIICHUS, YMETh peIIaTh OCHOBHBIC THUMBI JU(PQPEepeHINATbHBIX YpaBHEHHUH, 3HATh
creruaibHble QYHKIIMN MaTeMaTUYeCKOl (PU3UKU U UX CBOMCTBA, 3HATh OCHOBBI TEOPETUUECKON
MCXAaHUKHU U SJICKTPOAUHAMUKU, UMCTh IMPCACTABIICHHUC 06 OCHOBHBIX ITOHATHUAX q)HSI/IKI/I aToMa u
aTOMHOTO si/ipa.

HOJ’Iy‘IeHHBIG B KYypcCe «KBanToBas MexaHUKa» 3HAHUS HCOGXOI[I/IMBI IJIs1 OCBOCHUSA
JUCIUIUIMH IO HAHOBJIEKTPOHUKE U CBOMCTBAM MUKPO- U HAHOCTPYKTYP.

3. [lnanupyembie  pe3yJbTaTbl O0yYeHMs] 1O JUCUMILJIMHE, COOTHECEHHbIe C
IVIAHUPYEMBIMHU Pe3yJIbTATAMH OCBOCHHS 00Pa30BaTeIbHOI MPOrPaMMbl

[Tponiecc u3yueHus: MUCIUIUTMHBI HAMIPaBJICH Ha (OPMHUPOBAHUE CIECIYIONINX dJIEMEHTOB
koMmrieTeHnuii B cootBeTcTBHM ¢ I'OC BO, OOII BO u nmpuoOpereHus cleayronux 3HaHHUMH,
YMEHUM, HABBIKOB U (MJIM) ONBITA IEATETbHOCTH:



Dopmupyemas
KOMIIeTeHIUSI
(ko1 u (OpMYJIMPOBKA)

HNHaukaTop 10CTHKEHUS
KOMIIeTEHIINH
(xox u hopMyJITHPOBKA)

Ilepeuenn
IUVIAHUPYEMBIX Pe3yJIbTATOB 00y4eHUsI

Oo6menpodeccHoHAILHBbIE KOMIIETEHIIUH

OIIK-1.

Cnocoben
HUCIIOJIB30BaTh
MOJIO’KEHUS, 3aKOHBI U
METOAbI €CCTCCTBCHHBIX
HayK U MaTeMaTUKU
AJId pCIICHU 3aaa4
WHKEHEPHOM
ACATCIIbHOCTH.

nJ1 OIIK-1.1.

3HaeT
byHnaMEeHTaIbHBIE
3aKOHBI IIPUPOBI U
OCHOBHBIE (pU3HUECKHE U
MaTeMaTH4eCcKue
3aKOHBI.

3HaTh:

- OCHOBHBIC TEOPEMBI U YPAaBHECHUS KBAHTOBOM
MEXaHUKH;

- IPUOIMKEHHBIC METO/IbI BEIYUCIICHUH B
KBAaHTOBOM MEXaHHKE.

NI-OIK-1.2

CrniocobeH npuMeHATh
(bu3UYecKre 3aKOHBI U
MaTeMaTN4YCCKUE METOAbI
TSl peIIeHus 33124
TEOPETUYECKOTO U
MPUKIIQJHOTO XapaKTepa.

YMerTh:

- paboTaTh C ornepaTopaMu 1 BOJIHOBBIMU
(YyHKIHUSIMU B KBAHTOBOW MEXaHUKE;

- pemiath ypaBHeHnus llpenunrepa mis
OJTHOMEPHOTO TAPMOHHUYECKOTO
OCLIIILIATOPA U aTOMa BOAOPO/a;

- OTIPEACIIATh KOPPEKTHOCTH UCIIOIB30BAHMS
TeX WM UHBIX (PU3UYECKHUX MPEATIONI0KEHHUH
1 MaTeMaTUYECKHX METOJOB, MPUMEHIEMBIX
npu GOPMYITUPOBKE U PEIICHUH KBAHTOBO-
MeXaHMYECKUX 3a/a4;

Biaagers HaBBIKAMM:

- pemieHus ypaBuenus llpeaunrepa nis
MPOU3BOJIBHBIX CUCTEM,;

- IPAKTUYECKOT0 MTPUMEHEHUS
MPUOIKEHHBIX METO/IOB BHIYHCIICHUH B
KBAaHTOBOW MEXaHUKE ISl PeIICHUS
(U3MUYECKUX 3a/1a4, CBSI3aHHBIX C
JBU)KCHUEM aTOMHBIX YaCTHII;

- pabOTBI CO CTIMHOBBIMH BOJTHOBBEIMHU
GyHKIUSAMU.




4. O0beM, CTPYKTYpPA U COAEpPKAHUE TUCUUNINHBI

OO01mast TpyA0€MKOCTh TUCIUTIIMHBI COCTABISAET 4 3a4eTHBIE eNUHUIIbI, 144 akal. daca.

Ne Tembl (pa3meJibl) Bunbl yueOHBIX 3aHATHI, ®opMBI TeKyLIETro
n/n JUCHUTLINHBI, BKJIIOYASl CAMOCTOSITEIbHYIO | KOHTPOJISI yClleBaeMOCTH
HX co/lep:KaHHue padoTy CTYAEHTOB,
H UX TPYI0€MKOCTh ®opma NPOMEKYTOIHOM
o (B akaJeMHU4eCKHX Yacax) aTTecTAlMU
§ KontakTHas padora (no cemecmpam)
&) E E E 2 x % o Dopmbt 30 u J1OT
s 8| 5| £|EEEe
21 g| 5|85z
= = ~ S o
3amanust I
1 |BBexneHue. 6 4 2 4 | caMOCTOSATENBHOMN paOdOTHI
3aganus i
CaMOCTOSITEIbHON PabOThI,
Tecm ona camonpogepku
MaremaTu4ecKkuii anmapar no pabome c
2 N 6 8 | 10 1 11
KBAaHTOBOM MEXaHUKH. onepamopamu ¢ VK «Ks.
mexanuka» ¢ LMS Moodle
CamocrosiTenbHast
pabota Nel
6 mom uucne ¢ 30 u JJOT 2
3 [TpunoxeHrs KBaHTOBOU 6 3 | 12 ) ] 3amanus s
MEXaHHKH. CaMOCTOSITeIILHON pabOTHI
4 |CnuH 3neKTpoHa. 7 4 2
3agaHus i
5 HpH@m}Kf HHPIC METORT 7 6 8 2 10 | camocTosTENBHOM PadOTHI
KBaHTOBOW MEXaHHKH.
6 |CucteMbl MHOTHX YaCTHIIL. 7 4 2
OKk3ameH
Ilpu nooeomosxke k
2 05| 335 akzameny: Tecm ons
camonpogepku no
PE3VILMAmMam 0C80eHUs
oucyunaunvt 8 YK ¢ LMS
Moodle
6 mom uucne ¢ 30 u JJOT 2
UTOoro 34 | 34 7 | 05| 685
¢ mom uuciae ¢ 30 u ;10T 4




Coneprxanue pa3enoB AUCIUIIINHBL:
1. BBenenne.
1.1. BBenenne. MecTo KBaHTOBOM MEXaHWKHM B (U3UKE. ODKCIEPUMEHTAIbHBIC JJTaHHBIC,
IPUBEJLINE K CO3/IaHUIO0 KBAHTOBON MEXAHUKH.
1.2. 'unote3a ne bpoitns. Boauel ae bpoitnsa. KopnyckyisspHO-BOJHOBOU Tyalu3M.
1.3. BonnoBast ¢ynkuus. Ilpunnmn cynepnosunuu. PasznokeHue BOJHOBOM (YHKIMH TIO
MJIOCKUM BoJIHaM jie bpoitnst. Ctaructuueckas MHTEpIpeTaus BOJTHOBOM GyHKIMH 110 bopHy.
EcrecTBeHHbIe yclOBUS, Hanaraemble Ha (yHKIUMIO. BomHOBas (QyHKIUS B KOOPAMHATHOM MU
MMITYJIbCHOM MPEJICTABICHUSX.
1.4. IlpaBuno kBanToBanust bopa-3ommepdennaa.
2. MaremMaTu4eCcKHi annapat KBAHTOBOW MeXaHUKHU.
2.1. Onucanue (QU3NYECKUX BEIMYMH onepaTopamu. Anrebpa omeparopoB. OnepaTopsl
KOOPJIHMHATHI, MMITYJIbCAd, MOMEHTa HWMIIyJIbCa, KWHETUYECKOW W IOTCHIUAIbHOW DSHEpIUH,
raMHJIbTOHHAH.
2.2. Cpennee 3HaueHne (HU3UYECKON BEIMYMHBI B KBAaHTOBOM MexaHuke. [loHaTtue omeparopa,
OPMUTOBO COMNPSKEHHOro K JaHHOMY. CaMoconpspKEeHHbIE oOmepaTopbl. BelecTBeHHOCTH
CpeHMX 3Ha4YCHHMM Pu3znueckux BeauduH. OO1mume CBOKWCTBa OnepaTopoB, ajredpa onepaTopos.
2.3. CpenHue 3HA4YEHWs OINEpPaTOPOB M CpPEAHUE KBAJpPAaTUUYHBIE OTKIOHEHUS OT HHX.
Cob6cTBeHHbIE 3HAUEHUSI U COOCTBEHHBIE (DYHKIMU SPMHUTOBBIX ONEPAaTOPOB M HUX CBOWCTBA.
JIMCKpeTHBIN, HEeNpepbIBHBIA M CMEIaHHbIN crekTpbl. [IpuMepbl HaXx0XIeHUs COOCTBEHHBIX
3HauYeHU omepaTopoB Px u M.. OCHOBHBIE CBOWCTBAa COOCTBEHHBIX (DYHKIMHA TUCKPETHOTO U
HENpepbIBHOTO crekTpa. HopmupoBka BOJHOBOHM (YHKIHMH HEHpPEPHIBHOTO CIEKTpa HA O -
byHKIHIO.
2.4. YcnoBue  BO3MOXKHOCTM ~ OJHOBPEMEHHOIO  TOYHOTO  M3MEPEHMsSI  HECKOJBKHX
¢u3nyecKux BEIMYMH B OJHOM COCTOSIHMM cHcTeMbl. OmnpenerneHue BOJHOBOW  (yHKUIUU
(cocTostHMSI) MHUKpPOOOBEKTa TIOJHBIM HAa0OPOM HE3aBHUCUMBIX (U3WYECKHX  BEJIUYHH,
XapaKTEPU3YIOIINX BHEUIHUE YCIOBHUS.
2.5. CooTHOLIICHUE HEOMpeaeNeHHOCTeH Juid (DU3MYECKHX BEJIWYMH. BBIBOJ COOTHOLICHHUS
HEOIPEEIECHHOCTEN U3 anmnapara KBAaHTOBOW MEXaHUKH.

2.6. YpaBuenue  lllpenunrepa. CoxpaHeHue  HOPMHUPOBKM  BOJIHOBOM  (DyHKIIHH.
[ImoTHOCTP TOKa BEPOSTHOCTH. YpaBHEHUsS HeENpephiBHOCTU. CTalMOHApHOE ypaBHEHHUE
[IIpenuHrepa.

3. IlpuiiokeHus] KBAHTOBOW MEeXaHUKH.

3.1. CBobGosHas yacTuia B 1ojie ¢ MOTeHUUaNbHBIM OapbepoM. KoadduimenTsl mpoxoxaeHus u
OTpaKEHHUSL.

3.2. F'apmonnueckuii ocuiuiaTop. CeKTp SHEPruy U BOJTHOBBIC (DYHKITHH.

3.3. O0mas Teopuss IBWKEHUS YaCTHI[BI B TIOJIE IEHTpPaIbHBIX cui. CoxXpaHeHHEe MOMEHTa
UMITYJIbCA.

3.4 KsanroBanue MomeHTa wumityibca. CoOCTBeHHbIE (YHKIMHM U COOCTBEHHBIC 3HAYEHUS
oreparopa KBaJpaTa MOMEHTa UMITyJIbCa.

3.5. JIBwxeHue B KyJOHOBCKOM Toje. BomopomomnonoOneie atombl. CHEKTp 3HEpruM U
BOJTHOBBIC (DYHKITHH.

3.6. [IBmkeHMe 3apsDKEHHOM 4acTHULIBI B OJJHOPOJHOM IIOCTOSSHHOM MarHMTHoM nose. Crektp
SHEpPIUH U BOJIHOBBIE (QYHKIIHH.

4. CnuH 3J1eKTpoHa.

4.1. DkcriepuMeHTaIbHOE OOOCHOBAHHME CYIIECTBOBAHMSI COOCTBEHHOTO MOMEHTA HMITYJIbCa
anektpoHa. Oneitsl lITepHa-I'epnaxa n Dlinmreiina-ae ["aasa.

4.2. Onepatop cnuHa. Marpunel [laynun. CoOcTBeHHBIC 3HaueHWUs W (PYHKIIMH OIepaTopa
IIPOEKIIMH CIIMHA HA MPOU3BOJIBHOE HAIIPABJICHUE U HA HAIIPaBJIEHUs OCEN JEKapTOBOM CHUCTEMBI
KOOp/IMHAT.



4.3. YpaBuenne [Ipemunrepa mig 3J€KTpOHA B BJIEKTPOMATHUTHOM IIOJIE C YyYE€TOM CIIMHA
(ypaBuenwue [laynu). KanuGpoBouHast ”HBApHAHTHOCTh B KBAHTOBOM MexaHuKe. [1moTHOCTh TOKa
BEPOSITHOCTH B MAarHUTHOM IT0JIE.

5. Ilpubuaun:keHHbIe MeTOAbl KBAHTOBOI MEXaHHUKH.

5.1. Meton Teopuu BO3MYIIEHHWW B CTAallMOHAPHBIX 3a/ladyaX C JTUCKPETHBIM CHEKTpOM 0e3
BBIPOXK/ICHUS.

5.2 Meton TeopurM BO3MYIIEHUM B CTAlMOHAPHBIX 3a7adyax C JAUCKPETHBIM CIEKTPOM MpHU
HaJIUYUH BBIPOXKICHHUS.

5.3. PacmieruieHrne CreKTPaIbHBIX JIMHUA BOJIOPOJONOI00HOTO aToMa B AJICKTPUUYECKOM IIOJIC.
O dexr Tapka.

5.4. PacmieruieHne CHEKTPaIbHBIX JTUHUN BOJOPOAONOJ00HOTO aTOMa BO BHEITHEM MarHUTHOM
nosue. Opdexr 3eemana.

5.5. BausiHue KOHEUHBIX pa3MepOB spa BOIOPOIOTIOI00HOTO aTOMa Ha €ro CIIEKTP.

5.6. HecranmonapHas teopust BO3MyLIeHUM. Teopusi KBAaHTOBBIX IIEPEXO/0B.

5.7. Ilepexon OT KBAaHTOBOW MEXaHMKU K Kiaccnueckod. KBasukiaccuueckoe MpHOJIMKEHHE.
Merton Bentuensa-Kpamepca-bpumttosna. Bonnoas ¢ysakius B BKb npubmmkenun.

5.8. TynnenbHsbI# 3ddexT. Teopus paTIuoaKTUBHOTO « — pacmaja.

6. CucremMbl MHOTHX YacCTHII.

6.1. CuctemMa MHOTMX YacTHUIl B KBAHTOBOM MEXaHUKE. YUET BIMSAHUS ABUKEHHUS fAlIpa HA CIIEKTP
BOJIOPOJIOTIOI00HOTO aToMa.

6.2. CucremMa TOXAECTBEHHBIX yacTull. [IpunHiun toxaecrBeHHOCTH. OniepaTop NMEepEeCTaHOBKH.
VYpasnenue lpeaunrepa ajist CUCTEMBI, COCTOSLIENA U3 OAMHAKOBBIX YACTHII.

6.3. CuMMeTpUYHBIC H AHTHCUMMETPHUYHBIE BOTHOBBIE (GyHKIMH. [Ipuanmm [Taymu.

5. O0pa3oBaTe/ibHbIe TE€XHOJOIMH, B TOM YHUCJI€ TEXHOJOIHHM IJIEKTPOHHOI0 OOyYEeHUS H
AMCTAHIIMOHHBIE O00pa3oBaTeibHbIE TEXHOJOTHH, HCHOJb3yeMble MPH OCYIIECTBICHHH
0o0pa3oBaTeIbHOIO Mpolecca Mo AMCHUIJIMHE

B nponecce 00ydueHns UCIONB3YIOTCS ClEAyIOIINe 00pa30BaTeIbHbIE TEXHOIOTUH:

BBoanas Jexkuusi — 370 nepBas Jekuus no aucuuiuinHe. OHa AaeT mepBoe LEI0CTHOE
IIPEICTaBICHUE O JUCLUUIUIMHE M OPUEHTHPYET CTyACHTa B CHCTEME W3y4YeHUS JaHHOU
JuctUIuinHbl. CTyJEHTBI 3HAKOMATCS ¢ Ha3HAUEHUEM U 3aJjauaMy Kypca, €ro poJIblo 1 MECTOM B
cucreMe ydeOHbIX JAUCUUIUIMH W B CUCTEME MOATOTOBKM B ueinoM. Ha »3Toil nekuun
paccka3bIBAIOTCS METOJMUYECKUE U OPraHM3alMOHHBIE OCOOCHHOCTH PabOTHl B PaMKax IaHHOM
JTUCLUIUIMHBL, a TAK)KE AAeTCs aHAJIU3 PEKOMEHIYEMOH Ul €€ OCBOECHUS yu4eOHO-METOJUUECKOU
JIUTEPATyPHL.

AKafieMHYecKasi JIEKIUs C JJIeMEHTAMH JeKIHuu-0eceabl — IIOCIECIOBATEIBLHOE
M3JI0’KEHUE MaTepHala, OCyIECTBIIEMOE IPEUMYIIIECTBEHHO B BUJC MOHOJIOTA IIPENOgaBaTels.
OneMeHTHl JieKIuu-Oecenbl 00eCHeunBalOT KOHTAKT TpenojaBareis ¢ ayIuTopuei, 4YTo
IO3BOJISIET TPUBJIEKaTh BHUMAHUE CTYJEHTOB K HauOosiee BaXKHBIM TeMaM JUCLUIUIMHBL,
aKTUBHO BOBJIEKaThb MX B Y4EOHBIH mpolecc, KOHTPOJIUPOBATh TEMIT H3JIOKEHHS Y4eOHOTrO
MaTepraia B 3aBUCUMOCTHU OT YPOBHS €r0 BOCIIPUATHS.

IIpakTHYeckoe 3aHATHE — 3aHATHUE, ITOCBSIIEHHOE OCBOCHUIO KOHKPETHBIX YMEHHUU U
HaBBIKOB I10 3aKPEIICHUIO MTOTYYCHHBIX HA JICKIUU 3HAHU.

KoHcyabTanum — B Y4eOHBIX 3aHATHH, SBISIOMUNCT OXHOW M3 (GOpPM KOHTPOJIS
CaMOCTOSITENIbHOW  paboThl  cTyAeHTOB. Ha KOHCydbTamusx MO MpochOe CTyIEHTOB
paccMaTtpuBaioTcsi HauOosiee CIIOKHBIE MOMEHTBHI INPH OCBOCHHM MaTepHaia JAUCHUILIUHBI,
IIpenojaBaTeilb OTBEYAaeT Ha BOIPOCHI CTYACHTOB, KOTOpPBIE BO3HHMKAIOT y HHMX B IpoIEcce
CaMOCTOSITENIbHOU PaOOTHI.

B npouiecce 00ydeHus1 HCHOIB3YIOTCA CIEIYIOIME TEXHOJIOTHH 3JICKTPOHHOTO 00yYEeHHUs
U IUCTAaHLMOHHBIE 00pa30BaTEIbHbIEC TEXHOIOTHUH:



JJIeKTpPOHHBIH y4eOHbINI Kypc «KBaHTOBasi mexanuka» B LMS DiieKTpOHHBIN
yHuBepcurer Moodle ApI'Y, B koTropoM:

- TpelaCTaBieHbl 3aJaHMsl ISl CaMOCTOSITENbHOM paboThl 00ydYaromMXcs IO TeMaM
JAUCHUIITIMHBI U pCKOMCHAANU 110 UX BBIIIOJIHCHUTIO,

- OCYUIECTBIISIETCS  MPOBEIEHUE OTHECNbHBIX  MEPONPHUATHI  TEKYIIEro  KOHTPOJIS
yCIEBAEMOCTH CTYAECHTOB;

- TpelCTaBJICHbI TEKCTHI JIEKIUI 110 OTAEIBHBIM TeMaM JAUCIUILINHBL,

- MMpCACTABJICHBI ITpaBUJIa IMPOXOKIACHUA HpOMG)I(yTO‘IHOfI aTTeCTalluu 110 AUCLHUIIIINHC,

- TIpelICTaBieH CIHCOK Yy4eOHOHl JuTepaTtypbl, pPEeKOMEHIYeMOHl i  OCBOCHHUS
JUCHUITIINHBI,

- mpencraieHa nHGopmanus o popmMe U BpeMEHU MPOBEACHUS 3aHATUI U KOHCYJIbTaIU
Mo JUCHUIIJIMHC B CIIy4acC MPOBCACHUA UX B NTUCTAHITUOHHOM q)opMaTe;

- mocpeAcTBOM  ¢opyMa  OCYIIECTBISETCSA CHHXPOHHOe W (WJIM) aCHHXPOHHOE
BBaHMOHCﬁCTBHG MCKOY O6y‘laIOH_II/IMI/IC$I U TIpernoaaBaTrCicM B paMKaxX H3Y4YCHUA
JUCIUTUIAHBI.

6. Ilepeyenb JMIEH3MOHHOr0 M (WJHM) CBOOOJHO PACHPOCTPAHSAEMOr0 NPOrPAMMHOIO
o0ecrneyeHusi, HCMOJb3yeMOro TMpPH OCYIIECTBJIEHUH O00pPa30BATEJbHOr0 Mpomecca o
AUCHUTLIUHE

B mpomecce ocymiectBieHuss 00pa3oBaTENBHOTO — Mpolecca MO JAUCHHUTUIINHE
UCIOJIB3YIOTCS:

it (popMHUpPOBAHUS MATEPUANIOB IS TEKYIIETO KOHTPOJS YCIEBAEMOCTU U TPOBEACHHUS
IPOMEXKYTOUHOI arTecTauu, st POpMUPOBAHUS METOAMUYECKUX MAaTEpUAOB MO IUCHUIUIMHE:

- mporpammbl Microsoft Office;

- u3marenbekas cucrema LaTex;

- Adobe Acrobat Reader.

Jns  ¢dopMupBoaHUs JIIEKTPOHHOTO y4yeOHoro kypca «KBaHTOBas MexXaHHKa»
UCIIOJIB3YETCSl CUCTEMA YIIPABJICHUS JEKTPOHHBIMU KypcaMu LMS DnekTpOoHHBIH YHUBEPCUTET
Moodle SpI'Y.

7. IllepeyeHb CcOBpeMEHHBIX NPOPEeCCHOHANBHBIX 0a3 JaHHBIX W HWHPOPMALMOHHBIX
CIIPABOYHBIX CHCTEM, HCI0JIb3YeMbIX NPH OCYIECTBJICHHH 00pa30BaTeIbHOIO0 Mpolecca 1o
JUCHUIIMHE (MPUA He0OXO0UMOCTH)

B mpomecce ocymiectBieHus — 00pa3oBaTENBHOrO — Mpolecca IO JUCHUILUIMHE
HCIOJIB3YIOTCS:

ABToMaru3upoBaHHas ~ OubianoreuHo-uHpopmaunonHas cucrema «BYKU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk cat find.php

8. IlepeyeHb OCHOBHOM M  JONOJHHMTEJILHOW Yy4eOHOWl  JMTepaTypbl, pPecypcoB
HHG(POPMAIMOHHO-TEJIEKOMMYHUKAUMOHHO ceTH «UWHTepHeT» (MPH HEOOXOAMMOCTH),
PeKOMeHIyeMbIX [IJIs 0CBOEHU Sl I CUMIIIMHBI

a) OCHOBHAS JIUTEepaTypa
1. Edpemos FO.C. KBantoBas mexanuka. Mocksa. FOpaiit. 2021
https://urait.ru/viewer/kvantovaya-mehanika-472897#page/1 (31meKTpOHHBII pecypc)

0) 10MOJTHUTEIbHAS JIUTEepaTypa

1. bnoxunnes JI.M. OcuoBel kBanTOoBOM Mexanuku. CII0.: Jlans, 2004.

2. laBeiioB A.C. KBanTtoBas mexanuka. M. Hayka, 2007.

3. Hapeiackas E.H. MeTonudeckue yka3aHus K pelIeHHIO 331a4 110 KBAHTOBOM
MexaHuKe. YdeOHo-MeToaumdeckoe mocooue. Apocnasns. Apl'Y, 2019.
http://www.lib.uniyar.ac.ru/edocs/iuni/20190705.pdf (31ekTpoHHBII pecypc)




4. IToBapoB A.B. IloBblmaromuii ¥ MOHWKAOIIMK ONEPATOPhl B KBAHTOBOM MEXaHHKE.
Meronndeckue ykasanus. SApocnasis. Apl'Y, 2010.
http://www.lib.uniyar.ac.ru/edocs/iuni/20100757.pdf (3nexTpoHHBIN pecypc)

9. MaTepunaibHO-TeXHH4YecKasi 6a3a, HeoOXxoAuMasi /1 OCYLeCTBJICHUS 00pa30BaTEJILHOIO
npouecca no JUCHUIINHE

MartepuanpHO-TeXHUUYECKass 0a3a, HeoOXoauMas sl OCYIIECTBIECHUSI 00pa30BaTeIHLHOTO
mpolecca 1o AUCUUIIIMHE BKJIIOYAeT B CBOM COCTAB CleUaIbHbIe TOMEILEHUS:

- yueOHBIC ayTUTOPUU JJIsl TPOBECHUS 3aHATHH JIEKIIMOHHOTO TUTIA;

- yueOHbIE ayTUTOPUH JJIs IPOBEACHUS MPAKTUYECKUX 3aHATHIA;

- yueOHBIC ayIUTOPUU ISl TPOBECHUS TPYIIOBLIX U HHIWBUyIbHBIX KOHCYJIbTAIIHIA,

- yueOHBIE ayAMTOPUM JUISl TPOBEACHMSI TEKYILIETO KOHTPOJISI M MPOMEXKYTOUHOU
aTTECTalluu;

- IOMEIIEHUS IS CAMOCTOSTEIbHON paboThI;

- IOMEMICHUS JUIS XpaHEHUs U NPOPUIAKTHUECKOTO OOCIYyKHBAaHUS TEXHUYECKUX
CpencTB OOy4YEHHS.

CrieninanbHbIe TTOMEIICHUS YKOMITJIEKTOBAHBI CPEJCTBAMHU OOYUEHUS, CIIYKAIUMHU IS
MIpEACTaBICHHS YueOHOW nHpOpMAIHK OONBIION ay TUTOPHH.

[TomemieHust 1Jis CaMOCTOSATENBHON PAOOTHl O0YUYAIONTUXCS OCHAIIEHBI KOMITHIOTEPHOM
TEXHUKOW C BO3MOXKHOCTHIO MOJAKIIOUEHHUs: K ceTu «MHTepHeT» M obecrneueHUEM AOCTyma K
3IIEKTPOHHOHN HMH(OpMaIoHHO-00pa3oBaTensHOU cpese SAplY.

ABTOD:

JotueHT xkadenps
TEOPETUYECKON (HM3HKH, K.(.-M.H. E.H. Hapsinckas

Q0NIAHCHOCID, YUEeHAsl CINeNneHb noonuce U.0. Damunus



IMpuiaoxenne Ne 1 k padoyeid nporpaMme M CHUATIIAHbBI
«KBaHTOBasi MeXaHUKA»

DoH/I OLIEHOYHBIX CPEICTB
JJIS1 IPOBEAeHN S TEKYLEero KOHTPOJISl yCIeBaeMOCTH
U MPOMEKYTOYHOM aTTEeCTAIUM CTYAE€HTOB
o JUCIHHUIIJINHE

1. TunoBbIe KOHTPOJILHBIE 3a]JaHUS M HHbIE MaTePHAJIbI,
HCIOJIb3yeMble B MPoliecce TEKYIero KOHTPOJIs YCIeBaeMOCTH

3aganus 1J151 CAaMOCTOATENbHOM padoThI
(Oannbie 3a0aHUs 8bINOIHAIOMCA CMYOEHMAMU CAMOCMOAMENbHO
u npenodasamenem 6 003amelbHOM NOPsLOKe He NPOBEPIOMCS)

3aganuga no teme Ne 1 «BBenenue»:

Paznen 1.4: ncnomnb3yst mpaBuiio kBanToBaHusi bopa-3ommepdennaa, HalTH:

- YPOBHHU SHEpPrMM YacTHLbI MAacChl M C 3apsAOM (, JABHUIalOIIEHCS B IOCTOSHHOM
OJIHOPOJAHOM MarHUTHOM II0JIE;

- CHEKTp HEpPIruu BOJOPOJONON00HOro atoma. PaccMoTpeTs ciyuail 3IIMNTHYECKHX
opowuT.

3ananus nmo teme Ne 2 «MaTeMaTHYeCKUH annapaT KBAHTOBOH MeXaHUKM):
Paszpmen 2.1: HaliTu BeIpaskeHHE I ONEPATOPOB KOOPJIWHATHI X M MPOCKI[UH MMITYJIbCA
P, B UMITyJIbCHOM IIPEJCTaBIECHUN;

Paspnen 2.2: BoInonHuTh 3agaHUs AJS CaMOCTOSITENBHOIO pEIIEHUs K TjaaBe 2.
OmnepaTopbl B KBaHTOBOM MexaHuKe. Anredpa omeparopos. Ne 1-9 (ctp. 31) u3 yuebOHo-
METOAMYECKOro mocodus «MeToanueckue yka3aHusi K PelIeHHIO 3a/1a4 10 KBAaHTOBOM
mexanuke» / E.H. Hapoerackas / Spl'Y, 2019.
http://www.lib.uniyar.ac.ru/edocs/iuni/20190705.pdf

3aganus nmo teme Ne 3 «IIpuyoskeHnst KBAHTOBON MEXaHUKH»:

Paznen 3.1: [IpoBeputh, 4TO0 cyMMa KO3 GUIIMEHTOB MPOXOKACHHUS U OTPaKEHUS paBHA
eANHUIIE.

3ananus nmo teme Ne 5 «IIpudauxeHHbIEe METOAbI KBAHTOBO MEXaHUKH»:

Pasznen 5.4: Haiitu paciuienieHue CeKTpaibHbIX JIMHUN BOAOPOJONOA0OOHOIO aTromMa BO
BHEITHEM MarHuTHOM nojie (3¢ ekt 3eemana) yist ciyqast n=1.

Pazgen 5.6: Ha atom Bomopoaa, HaxoASIIUWUCS MPU f —> —00B OCHOBHOM COCTOSIHUH,
JEHCTBYET OJHOPOJHOE JJIEKTPUUYECKOE TMOJe, HU3MEHSAIOIIEECS CO BPEMEHEM IO 3aKOHY

— — _ 2 o
E=E W™ cos w,t . PaccmatpuBas 1eicTBUE MOJIA HA aTOM KaK BO3MYILCHUE, OIIPEIEIUTE B

MEpBOM TMOPSAJKE MO TEOPUHU BO3MYIIECHUS BEPOSTHOCTD MEepexoaa aTomMa B 2p, 2S — COCTOSTHUS
MOJ AEMCTBUEM YKA3aHHOTO NOJISI IPU { —> +00 .

Pazpen 5.7: BrIMoMHUTE CIIMBKY BOTHOBBIX (DYHKIIWH, HaiiieHHBIX MeTogoM BKDB, B
ciydae yOBbIBAIOIIETo MOTEHIIHAIA.



TecT 11 caMONIPOBEPKU
no pa6ore ¢ onepaTropaMu B KBAHTOBO MeXaHNKe
(tect mpoBoauTtcs B YK «KBantoBas mexanuka» B LMS Moodle)

B Tecre npencraBieHsl 3ajaHus Ha MIPOBEPKY 3HAHUM aireOpbl ONepaTOpOB, HABBIKOB U
yMEHHM paboThl ¢ oniepaTopaMu. TeCT COAEPKUT TEOPETUUECKUE U BHIYMCIUTEIIBHBIE BOIIPOCHI.
B tecte 20 Bonpocos.

MaxkcuManbHblii 0ajul 3a NMpaBUIbHBIA OTBET B 3aBHCHUMOCTH OT CJIOXHOCTH BOIIpOCa
cocTaBiseT OT 2 10 4 6amioB. MakcuMalbHOE KOJIMYECTBO OayioB, KOTOPOE MOXHO MOJTY4YHUTh
[0 UTOraM TecTa, cocTaBiseT 52 Oamna. Ha kaxkaplit Bompoc naeTcsl 1BE NMOMBITKU OTBETA, B
cllydyae IpPaBUIBHOIO OTBETa CO BTOPOTO pa3a KOJIMYECTBO OajUIOB 3a MPABUIIBHBIA OTBET
YMEHBILIAETCS B /IBa pa3a [0 CPaBHEHUIO C MAKCUMAJIBHO BO3MOKHBIM.

Ha npoxoxneHue Tecra gaercs 2 Jaca.

Wtoru npoxoxaeHns TecTa OLEHUBAIOTCS 1O CIEAYIOLUIUMM IIpaBUjaMm:

- KOJIMYECTBO HAOpaHHBIX 0aJI0B OT 46 110 52 COOTBETCTBYET OLIEHKE «OTIMUYHON;

- KOJIM4ecTBO HaOpaHHBIX 0amioB OT 36 10 45 COOTBETCTBYET OLIEHKE «XOPOLIO»;

- KOJIMYECTBO HaOpaHHBIX 0aJlI0B OT 26 110 35 COOTBETCTBYET OLICHKE
«YIOBIIETBOPUTEIIHHOR;

- KOJIMYECTBO OAJIJIOB MEHbIIE 25 COOTBETCTBYET OLIEHKE «HEYIOBIETBOPUTEIBHO.

IIpuMepHBIE BOIPOCHI TECTA:

Bomopoc 1 Omneparop A=x + 0/0x sBasgercs

1) nuHEeNHbIM;
2) ¥ TUHEHHBIM, ¥ CAaMOCOIIPSKEHHBIM;
3) HE TUHENHBIM, HE CAMOCOIIPSKEHHBIM.

Bompoc 2 Kommyrarop [M?, M, ], tnei=x.y.z

1) paBeH HymO IpU 1 =X, Y, Z;
2) He paBeH HYJIIO TIPH JIFOOBIX 1;
3) paBeH HyJIIO TIPH 1 = Z.

Bonpoc 3 Camoconps»kKeHHOCTb OIepaTopoB, H300paXKaromMuX HU3NIECKYIO0 BETUYUHY,
ABISIETCA CIIEACTBUEM TpeOOBaHUS

1) coxpanennem (GpU3NUECKON BETMUUHBI C TEUEHUEM BPEMEHU;

2) paBeHCTBa HYJIIO OTKJIOHEHUS OT CPEIHEro 3HaUCHUsI (PU3NUECKON BEINUHHBI,

3) BeLIECTBEHHOCTH CPEHEr0 3HAUEeHUS (PU3UUECKON BETMUUHBI;

4) HeT MPaBUIILHOTO OTBETA.

Bonpoc 4 Komwmytartop [x°, M ] pasen
1) =3ihzx?;

2) 3ihzx?

3)0.

Bormpoc 5 Oneparop. 5pMUTOBO CONPSIKEHHBIH K oreparopy A = sin @-0/0¢p _paBeH
1) A" =—sing-0/0¢

2) A" =—cos ¢

3) A* =—cosp —sing-0/0¢




Bompoc 6 JIBa onepatopa 4 1 B KOMMYTHPYIOT. 9TO 03HAYAET, UTO

1) onepatopsl 4 U B — caMOCONPSKEHHBIE;

A

2) ¢pu3nveckre BEIIMYMHBI, COOTBETCTBYIONIUE oniepaTopaM A U B MOTYT OBITh OJHOBPEMEHHO
U3MEPEHBIL;

3) oneparopsl A U B - BELIECTBEHHBIC;
4) HeT NpaBUIILHOT'O OTBETA.

2
Bormpoc 7 Oneparop (82 yJ UMeEeT BUJL
y
62
1 2
) o7
2)1
2

3)1+3y3+y28—2
oy oy

Bompoc 8 Ecau aBa oneparopa KOMMYTHUDPVIOT, TO OHU 001a/1a10T OAMHAKOBBIM HAaOOpOM
CcOOCTBEHHBIX QYHKIMN

1) BepHO
2) HEBEpHO

IIpaBuibHBIE OTBEThI

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

CamocrositesbHast padora Ne 1
(nposepxa cipopmuposannocmu OIIK-1, unouxamop HU/J-OIIK-1 2
(6 wacmu ymeruii pabomwi ¢ onepamopamis))
IIpumepsbl 3a1aHuMi:
BapuanTt 1

1. PackpbITh CKOOKH B OIIEpaTOPHOM BBIPAKCHUH:

o1y

ox x
2. BpUCIUTD CAeayIONNe KOMMYTATOPBI:

[a—iﬁxs} [ﬁ, rzl [yz,Mz]

2

op°

3. Haiitu onepaTtop, 3pMUTOBO-CONPSKEHHBIN onepaTopy A =



Bapuanrt 2

1. PackpbITh CKOOKH B OIIEpaTOPHOM BBIPAKCHUH:
a 2
oy d

2. BpMUCIUTD CAEaYIONINE KOMMYTATOPHI:

{a—ae,cosé’sin(o } [ﬁ(fﬁ)?l [f?y’Mx]

82

3. Haiitu onepaTop, 3pMUTOBO-CONIPSKEHHBIN onepaTtopy A =i y

IIpaBuja BEICTABICHHUS OIICHKH 110 PE3YJIbTaTaM CaMOCTOSITSIIHLHOM Da6OTBII

OrneHka 1o pe3ysibTaTaM CaMOCTOATEIbHON pabOThl cUUTaeTCs B 0ayuiax 1Mo cieayromeMy
MPUHIIAITY: TIPABUIBHO BBHITIOTHEHHOE
- 3amanue Ne 1 — 2 Oaia;

- 3amanue Ne 2 — 1 kommyTtarop —1 Gami, 2 kommyTtaTop — 3 6amna, 3 koMmyTaTop — 2 6asa;
- 3amanue Ne 3 — 2 Oayuia.

Kaxxnoe n3 3aganuii MOXKeT OBITH OIEHEHO IMOJIOBUHOW 3asBJICHHBIX 1O HEMY OaiioB, B
clly4yae, KOI/la TpU €ro BbINOJHEHHH MPAaBUIBHO TNPUMEHEHO ONpeJesieHne orepaTopa
(koMMyTaTOpa ¥ T.A.), IPaBUIBHO MCIOJIb30BaHbl CBONCTBA ONEPATOPOB (KOMMYTAaTOpPOB U T.1.),
HO UMEIOTCS OIIMOKU B YHCIEHHBIX pacyeTax.

[ToHOCTBIO HETIPABHIIBHO BBIMOJIHEHHOE 3a1aHue — () 6asioB.

MakcumanbHOE KOJIMYECTBO OAJIJIOB TI0O UTOTAaM CaMOCTOSATEIbHOM paboThl — 10 6aos,

HaGpannoe konuyectBo 6amioB - 9-10 cOOTBETCTBYET OLIEHKE «OTIMYHO», 7-8 OamioB —
OIICHKE «XOpOIIO», 5-6 OAIJIOB — OIIEHKE «YyIOBIETBOPHUTEIBHO», MEHEe 5 OaJlJIOB — OIICHKE
«HEYIOBJIETBOPUTENBbHO» (YMEHMsI Ha JaHHOM DJTale OCBOEGHMS  JUCLUIUIMHBI  HE
chopMHUpPOBaHHI).

IIpaBuia BEICTABJICHHUS OLICHKH M0 PE3YJILTaTaM CaMOCTOSTSILHOM Da6OTBII

OrneHka 1o pe3ylibTaTaM caMOCTOATEIHHOU PabOThl CUUTACTCS B OayIax Mo KaKIoMy
3aJJaHUIO TI0 CJeIyIoIIeMy IPUHIIUITY:

OneHuBaeTcsl BBITIOMHEHHE Kaxkaoro kputepusi: 0 0auioB — MOJTHOE OTCYTCTBUE
Kputepus; 1 Oamnm — 4YacTUYHOE BBINOJHEHHE KpUTepus; 2 Oaijga — IMOJHOE BBINOJIHEHHE
KPUTEPHUSL.

MakcumanbHOE KOJIMYECTBO OAIIIOB 3a paboty — 14.

HaGpannoe xonmdectBo 6amioB 13-14 cooTBETCTBYET OLIEHKE «OTIMYHO», 11-12 Gansos
— OIICHKE «Xopoio», 8-10 0aioB — OLIEHKE «YIOBJICTBOPUTEILHO», MEHEE 8 0aIOB — OIEHKE
«HEYIOBIETBOPUTENHHO» (YMEHUS W HABBIKM Ha JTaHHOM JTalle OCBOCHHS AWCIHILIMHBI HE
chopMHUpPOBaHHI).



Tect 11 camonpoBepKH MO Pe3yJIbTATAM OCBOCHUS JUCIHUIJIMHBI
nepes IK3aMeHOM
(tect mpoBoaurcs B YK «KBantoBasi Mexannka» B LMS Moodle)

B Tecte 55 BonmpocoB, 3a MpaBWIIbHBINA OTBET Ha KaX/Iblii Bompoc aaercs 1 6amt. Ha
Ka)K/IbIii BOIIPOC JTaeTCsl OJIHA MOMBITKA oTBeTa. Ha mpoxoxaeHue tecta gaeTcs Bpems 2 Jaca.
KonnyectBo HabpaHHBIX 0a/I0B OT 51 10 55 COOTBETCTBYET OLICHKE «OTIMYHO.
KonnuecTBo HabpanHbix 6amioB oT 41 10 50 COOTBETCTBYET OLIEHKE «XOPOIIIOY.
KonuyectBo HabpaHHbIX 6a/10B OT 31 10 40 COOTBETCTBYET OLICHKE
«Y IOBJIETBOPUTEIILHOY.
KonnyectBo 6anioB menbie 31 cooTBeTCTBYET onieHKe «HeynoBieTBOPpUTETHHO.

2. Cniucok BONPOCOB M (WJIH) 3aJlaHUi JJI IPOBeeHUs IPOMEKYTOYHOM aTTeCTAIMU
Cnucok 3a1aHuil K 3a4eTy

Ha 3adere mpomepsiercsi chopmupoBanHocth komneteHiun OIIK-1, (nagukarop WJI-
OIIK-1_2 B yacTu yMeHUU pabOThI C ONepaTOpaMu, BOJIHOBBIMHU (DYHKLHSIMHU, HABBIKOB paOOTHI €
HOBBIIIAIONIMMHU U MOHWKAIOIIKMMU OIIEpPaTOpaMH).

3ayer BBICTABISETCS MO pe3yJbTaTaM KOHTPOJBHON pabOTHI MpH YCIOBUM Habopa 1o
UTOT'aM €€ BBINIOJIHEHUS CTYAEHTOM C OJHOH MONBITKH HE MeHee 9 6auios.

IIpaBuja BEICTAaBICHMS OIICHKH 110 pe3YJIbTaTaM KOHTPOJbHOM Da6OTBII

OneHka 1o pe3yiabTaTaM KOHTPOJIbHOM paboThl ompeaesnseTcs B 6auiax Mo ciaeryromemMy
IPUHLMITY: IPABWJIBHO BBIIOJIHEHHOE 3aJjaHME OLEHUBAETCSI B MAKCHMAJIbHOE KOJMYECTBO
0aJu10B, yKa3aHHOE 110 JAHHOMY 3a/IaHUI0 B BapHaHTE.

Kaxxnoe n3 3aganuii MOXKET OBITH OIEHEHO IMOJIOBUHOW 3asBJICHHBIX 10 HEMY OaiioB, B
Clly4ae, KOIZJa IIpH €ro BBIIOJHEHWM IPAaBUIBHO IPUMEHEHO OIpEICIIEHUuEe Oreparopa
(koMMyTaTOpa M T.A.), IPaBUIBHO MCIOJIb30BaHbl CBONCTBA ONEPATOPOB (KOMMYTAaTOpPOB U T.1.),
HO UMEIOTCS OIIMOKH B YMCICHHBIX pacyeTax.

[ToHOCTBIO HETIPABHIIBHO BBIMOJIHEHHOE 331aHue - (0 6asIoB.

IIpuMepol 3a1aHNii:

BapuanTt 1

1. BpuaucauTh cieayronme KOMMyTaTOPbI:

%,?ayx5 —16ann, [@,?2]—36aﬂﬂa, [ZZ,A;[X]—25GJZJZCZ

2. Haittu onepaTop, 3pMHUTOBO-COIPSIKEHHBIN ONIEPATOPY
,leiya— — 2 banna
Ay

3. Haiitu HOpMHPOBOYHBIN KOIDPUITUEHT HYyHKIIUH

w(0,p)=Nsinfe’, 0<p<2r,0<0<r -36ama



4. Haiitn chepuueckyro ynkuuio Y, (6, 9), HCHIONB3ys CIEMYIONIEE ONPENETEHHE:
o d" P,(cos@
Y, (6,9)= N " sin™ g 4 L1(c0s0)
dcos "
1 d .,
rae P (x)= —(x" -1
l( ) 21 l' dxl ( )
U OTHOPMHPOBATH €€ — 4 baa.
Bapmuanr 2

Beraucnauts cnenyromyue KOMMYTaTOpBbI:
0 - n
{a—, 3z + xz} —16ann, [V, (@-7)’ ]— 3 b6anna, [pzz, MX]— 2 banna
/4
Haiitu onepatop, 3pMHUTOBO-CONPSKEHHBIN OIIEPATOPY

A0

A=i
o9

Haiit HOpMupOBOUHBIH KO3(PIHUTIHEHT DYHKITIH

cosp — 2o6anna

w(r)=Nr*e’?, 0<r<oo-36amua
Haiitu chepuueckyro Gynkuuio Y, (0, 9) , HCIONb3ys CIEAYIOIIEE ONPEIETIECHHUE:

Y, (0,0)=N & sin g I—_L1(€0s0)
d cos O™
1 d' ) 1
rae P;(x)—z, l!ﬁ(x —1)

U OTHOPMHPOBATEH €€ — 4 baa.

Cnucox BONPOCOB K IK3aMEHY:

MecTo KBaHTOBOH MEXaHHMKH B (pU3UKE. DKCHEPUMEHTAJIbHBIE JaHHBIC, MPUBEALINE K
CO3JJaHUIO KBAHTOBOM MEXaHUKH.

I'mnoresa ne bpoinsa. Bouubl ne bpoiug. KoprycCkynsipHO-BOJIHOBOW — Iyalld3M.
Bomnosas ¢dyukmus. [puanun cynepnosunuu. Paznoxenne BOTHOBOM (PYHKITUHU 110
IIJIOCKUM BOJIHaM Jie bpoiiss. BolHOBbIE ITAKETHI.

Craructudeckasi HHTEpIIpeTaIus BoJHOBOW (yHKuu 1o bopHy. BonHoBas dyHkims B
KOOpPJMHATHOM M UMITYJIbCHOM IPEICTABICHUSX.

Onucanne Gpu3NUeCKUX BEIWYWH omneparopamu. OOIIMe CBOWCTBA OMEpaTopoB, auredpa
onepaTopoB. Omneparopbl KOOPAMHATBI U UMIIyJbCa B KOOPAWHATHOM M HMMITYJIbCHOM
npeacrabieHusax. Omneparop MoMeHTa umnyibca. Oneparopbl KUHETHYECKOM U
NOTEHIIUATBHOM SHEPTHH, TAMUIIBTOHUAH.

[lonsiTe omnepaTopa, SPMHUTOBO-CONPSIKEHHOTO K JaHHoOMY. CaMocomnpshKeHHbIE
orepaTopsl. BerecTBeHHOCTh CpeTHNX 3HAaUeHUH (PU3HMUECKUX BEITUYHH.

OnepaTopbl OTKJIIOHEHUS OT CpPEOHEr0 M CPEOHEKBAJAPAaTUYHOTO  OTKJIOHEHHS.
CoOcTBeHHBIE 3HAYeHHS U COOCTBEHHBbIE (DYHKUIMH OSPMUTOBBIX  OIEPATOPOB.
JIucKpeTHBIN 1 HEMPEPBIBHBIA CIIEKTPHI. [IpruMepbl Hax0XIeHNUs COOCTBEHHBIX 3HAYCHHIA
oneparopos Py u M-..



7. CBoiicTBa COOCTBEHHBIX (PYHKIIMU THUCKPETHOTO M HEMPEPHIBHOTO CIIEKTPOB. Y CIIOBUE
OPTOHOPMHPOBAHHOCTH.

8. VYcnoBue BO3MOXHOCTH OJJHOBPEMEHHOTO TOUHOTO U3MEPEHHUS HECKOJIBKUX (PU3NYECKUX
BEJIMYMH B OJJHOM COCTOSIHUU CUCTeMbl. OmpeenieHue BOTHOBON (YHKITUU (COCTOSHUS)
MHUKPOOOBEKTa  IMOJHBIM  HA0OpPOM  HE3aBUCHUMBIX  (PU3MYECKHX  BEJIUYHH,
XapaKTEePU3YIOLIUX BHEUTHUE YCIOBHUS.

9. CooTHoOIlIEHHE HEONPEIEICHHOCTH Ui (U3MYECKUX BEIWYUH. BBIBOJI COOTHOIICHHS
HEONPEeIeIEHHOCTH U3 anmnapara KBAaHTOBOM MEXaHUKH.

10. CranuonapHoe u HecranuoHnapHoe ypaBHeHus I[llpenunrepa. Bua BomHOBOW (DyHKIIMH
JUISL CTallMOHAPHOM 3a/1a4u.

11. CoxpaHneHrne HOPMHUPOBKH BOJHOBOW (yHKIMH. [[ITOTHOCTHP TOKa BEPOSTHOCTH.
YpaBHEHHE HENIPEPBIBHOCTH.

12. T'apmormveckuii ociimuuiaTop. CIEeKTp SHEPTUU U BOJTHOBBIC (DYHKITHH.

13. /IBukeHre B KyJIOHOBCKOM mose. BomoponmomomoOubie atombl. CHEKTp JHEPruu H
BOJTHOBBIE (DYHKITHH.

14. smeHeHne cpeHUX 3HAYeHUH (DU3MUECKUX BETUYHMH C TeueHUeM BpemeHu. OmepaTtop
MPOM3BOJHOM IO BpeMeHH OT (u3udeckoil BenmumuuHbl. Onepatopsl CKOPOCTH,
yckopenus, cuiibl. Teopema Dpendecra.

15. CriuH 37eKTpoHA. DKCIEPUMEHTATbHOE OOOCHOBaHWE CYIIECTBOBAHHUS COOCTBEHHOTO
MOMEHTa HUMIyJbca dJeKTpoHa. YpaBHenue Ilpenunrepa s dJ€KTpoHa B
3JIEKTPOMArHUTHOM II0JI€ ¢ yuyeToM cnuHa (ypaBHenue [laynn).

16. Oneparop cnuna. Marpuusl [Taynu. CsolictBa matpun [laymu. CoOcTBeHHbIE QyHKITMH
U COOCTBEHHbBIE 3HAYEHHsI ONEepaTopa MPOEKIMU CIIMHA Ha TPOU3BOJILHOE HaIlpaBJICHHUE.

17. VpaBuenne lllpenunrepa B MpOU3BOJIBHOM 3JIEKTPOMAarHUTHOM mose. KanuGpoBouHas
WHBAPUAHTHOCTh B KBAHTOBON MEXAHMKE.

18. MeTon Teopuu BO3MYIICHHH B CTAIlHOHAPHBIX 3a7adaX C JUCKPETHBIM CIIEKTpOM Oe3
BBIPOXKICHUS.

19. Metoa Teopur BO3MYILIEHHHM B CTAllMOHAPHBIX 3aJadaX C JUCKPETHBIM CIEKTPOM IpHU
HaJIU4HMH BBIPOXKICHHUS.

20. PacmieryieHrie CHEKTPANbHBIX JTUHUH BOJAOPOIONOAOOHOTO aTOMa B AJIEKTPUYECKOM
noste. Dddext [lTapka.

21. PacmierieHre CHEKTPaNbHBIX JIMHUN BOJOPOJIOMOAOOHOTO aTOMa B MarHUTHOM IIOJIE.
DddekT 3eemana.

22. Y4er BIMAHUS Pa3MEPOB sApa HA CIEKTP BOJOPOIONOT00HOTO aToMa.

23. HectanmonapHas Teopusi BO3MyIIEeHUH. Teopusi KBAHTOBBIX MEPEXOJIOB IO BIUSHUEM
BO3MYILIEHHUS, 3aBUCSILETO OT BPEMEHH.

24. [lepexoa OT KBAaHTOBOM MEXaHHMKH K Kiaccumueckoil. KBasmkiaccuyeckoe nmpuOInxKeHue B
KBAaHTOBOW MEXAaHUKE.

25. Meton Bentnensa-Kpamepca-bpunrosna. Bonrosast ynkius B BKb mpubnmxenun.

26. BonnoBas ¢ysuknust B BKB nmpubmmxenunu. CrmBanue BosnHoBOH ¢(yHkimu B BKB
MPUOJIMIKEHHUH.

27. CuctemMa MHOTHX YaCTHUIl B KBAHTOBOW MEXaHUKE. YUeT ABMKCHUS Sapa.

28. YpaBuenue IllpenuHrepa mjisi CHUCTEMBI, COCTOSIEH W3 OJWHAKOBBIX YacCTHII.
CHUMMETpUYHBIE U aHTUCUMMETPUYIHBIC BOTHOBBIC (pyHKIMU. [Tpunnun [Naymu.

l'[paBn.ﬂa BBICTABJICHHA OIICHKHN HA 3K3aMCHE.

B sx3aMeHanmoHHble OMIIET BKIIIOYAETCS 1Ba TEOpETUYECKUX Borpoca. Ha moaroTosky k
OTBETY JlaeTcsl He MeHee 1yaca.

[lo wroram »5K3aMeHa BBICTABISETCS OJHA U3 OLEHOK: «OTJIIMYHO», «XOPOIIO»,
«YJIOBJIETBOPUTEIILHO» WA «HEYIOBIECTBOPUTEIHHOY.



Ounenka «OTJMYHO» BBICTABISIETCS CTYJCHTY, KOTOPBIMH JEMOHCTpUPYET TIyOoKoe U
IIOJIHOE BJIAJICHUE COICpPKAaHUEM MaTepHalla U MOHATHUMHBIM annaparoM KBaHTOBOW MEXaHMKHU;
OCYIIECTBIISIET MEKIIPEIMETHBIE CBS3H; YMEET CBSA3BIBATH TEOPUIO C MpakTUKoi. CTyneHT naer
pa3BepHyTble, IOJHBIE M 4YETKME OTBEThl Ha BOIPOCHl SK3aMEHAIMOHHOIO Ouiera Hu
JIOTIOJTHUTEIBHBIE BOMPOCHI, COOJIIOJIAET JIOTMYECKYI0 MOCIEI0BATENbHOCTh TPU H3JI0KEHUH
MaTepuana. ' paMOTHO UCTIOIB3yET TEPMUHOJIOTHIO KBAHTOBOM MEXaHUKHU

Onenka «Xopomo» BBICTABISAETCS CTYIEHTY, OTBET KOTOPOTO Ha JK3aMEHE B IIEJIOM
COOTBETCTBYIOT YKa3aHHBIM BBIIIE€ KPUTEPHUSAM, HO OTIMYAECTCA MEHbIIEH OOCTOATENBbHOCTHIO,
ri1yOuHON, 000CHOBAaHHOCTBIO M TIOJHOTOWH. B OTBeTe MMEIOT MECTO OTJENIbHbIE HETOYHOCTH
(HeCYIIECTBEHHBIE  OIMMOKH), KOTOPBIE  HUCIPABJISAIOTCS  CaMUM  CTYACHTOM  TIOCTe
JOTIOTHUTENBHBIX U (WJIM) YTOUHSIOIIHUX BOIPOCOB IK3aMEHATOPA.

OuneHka «Y10BJIETBOPUTEIbHO» BHICTABISETCS CTYACHTY, KOTOPBIHM J1aeT HEAOCTATOYHO
NOJHBIE M TOCJENOBaTeNbHbIE OTBETHI HA BOIPOCHl JK3aMEHAlMOHHOTO Owiera u
JIOTIOTHUTEIIbHBIE BOIIPOCHI, HO IIPH 3TOM JAEMOHCTPHPYET YMEHME BBIICINUTH CYIIECTBEHHBIC U
HECYIIECTBEHHbIE ITPU3HAKUA U YCTAaHOBUTH PUYMHHO-CIICACTBEHHBbIE CBA3H. OTBETHI U3JIaraercs
B TEpPMHHAX KBAaHTOBOM MEXaHUKH, HO NpPHU 3TOM JAONYCKAIOTCA OLIMOKH B OINpPENEIECHUH U
PACKpPBITUM HEKOTOPBIX OCHOBHBIX MOHATHH, (POPMYyTUPOBKE MOJOKEHHUH, KOTOpPbHIE CTYICHT
3aTPyJHSAETCS MCIPABUTh CcaMoCToATenbHO. Ilpm aprymeHranmm oTBeTa CTYIOEHT HeE
00OCHOBBIBAET CBOM CyXAeHHUs. Ha yacTb JOMOJHHUTENBHBIX BOIPOCOB CTYACHT 3aTpyIHSETCS
JlaTh OTBET WJIN AAE€T HEBEPHBIE OTBETHI.

Onenka «HeynoBJj1eTBOPUTEIBHO» BBICTABISETCS CTYACHTY, KOTOPBIA AEMOHCTPUPYET
pa3po3HEHHbIE, OECCUCTEMHbIE 3HaHUs; OECHOPSIOYHO U HEYBEPEHHO H3jaraeT MaTepual; He
YMEET BBIIEIATH INIABHOE U BTOPOCTENIEHHOE, HE YMEET COEUHATh TEOPETUUECKUE MTOJIOKEHHUS C
IPAaKTUKOH, HE YCTaHABIMBACT MEKIPEIMETHBbIE CBS3U; JONYCKaeT TIpyOble OIIMOKU IpU
ONpPECIICHUN CYILIHOCTH PACKpPbIBAEMBIX IOHSTHUM, SIBJICHWM, BCJIEICTBUE HEMOHUMAHUS MX
CYIIECTBEHHBIX M HECYLICCTBEHHBIX IPU3HAKOB M CBS3€H; JACT HEIOJIHBIE OTBETHI, JIOTUKA U
IIOCJIEI0BATENbHOCTD H3JI0)KEHUS KOTOPBIX MMEIOT CYLIECTBEHHbIE U IPUHLIMIHAIbHBIC
HapyLICHHUs, B OTBETaX OTCYTCTBYIOT BBIBOJABI. JIONOJHUTENBHBIE W YTOYHSIOIIUE BOIPOCHI
JK3aMEHAaTOpa HE NPUBOAAT K KOPpPEKLIMHM OTBETOB CTylaeHTa. Ha OCHOBHyI dacTh
JOTIOTHUTEIIbHBIX BOIIPOCOB CTYICHT 3aTPyIHACTCS AATh OTBET MJIU 1A€T HEBEPHBIE OTBETHI.

Ouenka «HeynoBneTBOpUTENbHO» BBICTABISIETCS TaKXKe CTYACHTY, KOTOPBIH B3s
9K3aMEHallMOHHBII OMJIeT, HO OTBEYaTh OTKA3aJCs.



IMpuioxenne Ne 2 k padoyeid nporpaMme M CHUATIIAHbBI
«KBaHTOBasi MeXaHUKA»

MeTonnquKne YKazaHud QJId CTYACHTOB 110 OCBOCHHIO JUCITUIIJIUHBI

OcHoBHOI (popMO#l M3IIOKEHUST y4eOHOro Marepuana 1o aucHuIuimHe «KBaHTOBas
MCXaHUKa» SABJIAIOTCA JICKIIUU, IPUICM B JOCTATOYHO 60.HBI_HOM O6’beMe. DTO CBA3aHO C TEM, UTO
B OCHOBE KBAaHTOBOW MEXaHWUKH JIGKUT OCOOBIM MaTeMaTHYEeCKHU ammapaT, ¢ IOMOIIbIO
KOTOPOr0 KBAaHTOBas MEXaHMKA peIIaeT JOBOJIbHO CIOXKHBIE W TpoMo3nkue 3amaud. llo
OOJIBIIMHCTBY TEM MPEAYCMOTPEHBl TMPAKTUYECKHE 3aHATUS, Ha KOTOPHIX MPOUCXOIUT
3aKpeIuieHUe JIEKIIMOHHOTO MaTepHuaja MyTeM MPHUMEHEHUS €ro K KOHKPETHBIM (DHU3MYecKUM
3aJa4aM U 0TpaboTKa HAaBBIKOB paOOThI ¢ MaTEMATHUYECKHUM alapaToM KBaHTOBOW MEXaHUKH.

I[JBI yCCIIHOTO OCBOCHHUA NUCHUIINIMHBI OYCHb BAKHO PCHICHUC JOCTATOYHO 60.HBI_HOFO
KOJIMYECTBA 3aJla4, KaK B ayJIUTOPUHU, TaK U CAMOCTOATEIHHO B KaYeCTBE JOMAIIHUX 3aJaHUU.
[Ipumeps! pemieHuss 3aaad  pa3doUparoTCs Ha JEKIUSAX U TMPAKTHUECKUX 3aHATHAX, IPH
HEO0OXOJMMOCTH N0 HamboJjee TPYIHBIM TeMaM MPOBOJAATCS JOMOJHUTENbHbIE KOHCYJIbTALIHUU.
OcHoBHas 0oejib pCHICHUA 3aaa4 — IIOMOYb YCBOUTH (bYH,Z[aMeHTaJIBHLIC IIOHATHUA U OCHOBBLI
KBAaHTOBOW MEXaHUKHU.

3amaHus JUIs CaMOCTOSATENBHOTO peleHus! POpMyJIMPYIOTCS Ha JEKIMUAX U MPAKTHYECKUX
3aHATUAX. B KadecTBe 3amaHuil A CaMOCTOSITENIbHOM paboThl oMa CTyJIEHTaM MpeJiararoTcs
3aJa4du, aHaJIOTU4YHBbIC p3.306paHHBIM Ha JICKIUAX U MPAKTUYCCKUX 3aHATUAX UK HEMHOI'O 60.]166
CJIOHBIE, KOTOPBIE SBIISIOTCS Pe3yIbTaTOM 00bEIUHEHHS] HECKOJIBbKUX 0a30BbIX 3a1ad. [loaHbIi
CIHCOK 3aJlaHHi JUUIsI CAMOCTOSITENIbHON padoThl MO TeMaM (pa3jienaM) AMCUUIUIMHBI IPUBE/ICH B
OVK B LMS Moodle «KBanToBass MexaHuka». Bompocsl, BOZHHKAOIKUE B MPOIECCE WIH IO
UTOTaM peIIeHUs dTHX 3a]a4, MOKHO 337aTh Ha KOHCYIbTalMAX wid B ¢popyme (dare) B OYK B
LMS Moodle.

Jlnst caMOCTOSITeTbHOM paboThl, B TOM YHCIIE U IOBTOpa pPa300paHHOIrO JEKUUU U
MPAKTUYECKHUX 3aHATUSX MaTepuasa MepBOro CeMecTpa U3y4YeHUs AUCHMILIUNHBI PEKOMEHIYeTCs
UCIIOJIb30BaTh Y4eOHO-METOAMYECKOe TTocoore «MeTonuyeckre yKa3aHus K pelieHuo 3a/1a4 1o
kBaHTOBOUW MexaHuke» (aBrop E.H. Hapsinckas), 2019 rox u3nanus. Jlanaoe mocoOue cCOCTOUT
N3 YCTLIPEX Pas3aciioB, B KOTOPBIX paCCMATPUBAIOTCA 3adadyu Ha HCIIOJIB30BAaHHUC OCHOBHBIX
MOHSATUIN armapaTa KBaHTOBOM MEXaHHMKH. Marepuan KaXJaoro pasjeiia BKIIOYaeT B ce0s
KpaTKO€ W3JIOKEHUE TEOPETUYECKOro Marepuaia Mo 3aJaHHOM Teme, KOTOphIM 3areM
WUTIOCTPUPYETCS] MOAPOOHBIM pelleHHeM TUIUYHBIX 3a7ad. B 3akiroueHue Kaxaoro paszena
MMPUBOAATCA 3alaHUA JIS1 CAMOCTOATCIIBHOTO PCHICHUS, OTBECTHI K OTUM 3alaHUAM U YKa3aHHU: 110
UX PEIICHUIO MPUBEACHBI B KOHIIE TAHHOTO Y4eOHO-METOINYECKOTO MOCOOHS.

B KOHIIC MEPBOro CEMCCTpa HU3YUCHUSA AUCHUILNIMHBI CTYACHTHI CHAAIOT 3a4YCT, B KOHIIC
BCEro Kypca — 5K3aMeH. 3ayeT IO MTOraM IEepBOTO CEMECTpa BBICTABISIETCS IO HTOTraM
KOHTPOJLHOM paboTel. Ha 3auere mpoBepstoTCS YMEHHsS M HaBBIKM CTYAEHTOB B paboTe ¢
OCHOBHBIMH MOHSATUSMU KBAaHTOBOI MEXaHUKHU, SBIISIOLIUMUCS OCHOBHOM ISl IOCTPOEHUS BCETO
MaTeMaTHYECKOro amnrapara KBaHTOBOM MEXAaHUKH - BOJNHOBBIMH (DYHKIHMSIMH U OIEepaTOpaMu
KBAaHTOBOUW MEXaHUKH.

B xoH11E BTOpOTO ceMecTpa U3y4eHUs AUCLUIUIMHBI CTYIEHTHI CAAI0T IK3aMEH. DK3aMeH
NPUHUMAETCS MO SK3aMEHAIIMOHHBIM OuieTraM, KaXAbli U3 KOTOPBIX BKIIIOYaeT B cels JBa
TCOPCTUUCCKHUX BOIIPpOCA. Ha CaMOCTOATCIIbBHYIO MMOATOTOBKY K 3K3aMCHY BBIICIACTCA 3 JAHA, B
9TO BpeMs IPEyCMOTPEHa U IPYIIOBasi KOHCYIbTAIIHSL.



