MWHUCTEPCTBO HAYKU U BbICLLEFO OEPA3OBAHUA POCCUNCKOW ®EAEPALIUN
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Papuodusnueckuii paxyabrer

(dpakynbret / vHCTUTYT / hrnman)

YTBEPXXIEHO

pellieHreM yueHoro coseta HHI'Y
TIPOTOKOJI OT

«31» Mast 2023 Ne 6

Paboyasi nporpaMMa AUCUMMIIUHBI

KBaHTOBas Teopust
(HauMeHOBaHUe AUCLMITIMHBI (MOAYJIS))

YpoBeHb BbICLLIErO 06pa3oBaHUs

0akaslaBpuar
(bakanaBpuar / Maructpatypa / CrieLiiauTeT)

HaripaB/iieHve 1oAroToBKH
02.03.02 ®dyHaameHTa/IbHasA HH(oOpMaTHKa U MH(GOPMaLUOHHbIE TEXHO/IOT UM

(yKaBbIBaETCH KO U HAUME€HOBaHKe HarpaB/l€HUs MOATOTOBKU / CI'IELU/IEU'[BHOCTI/I)

HanpaBneHHocTb 06pa3oBaTe/ibHOMN NPOrpaMmbl
NudopmanuoHHbIe CHCTeMbI U TEXHO/IOTHHI

(yxa3biBaetcst Mpodusib / MarucTepcKas mporpamma / Crielida/n3ariys)

KBanndukaumsa (cteneHsb)

0akanaBp
(6axanaBp / MarucTp / CreryatmcT)

dopma 06y4eHus
OuHas

(ounad / ouHO-3a04Has / 3a04Hast)

Hwxuunit HoBropog,

2023 rog,



1. MecTo ¥ 1je/i JUCHUIUINHBI (MOAy/1s1) B cTpyKType OITOIT
HuctyrHa « KBaHTOBasi TEOPHs» OTHOCHTCS K AUCLIMTITMHAM BapUaTUBHOM uacTy (610K
b1.B) ocHoBHO# rTpodeccroHanbHOM o6pa3oBareibHOM niporpammbl (OTTOIT) BeicIero
oOpa3oBaHMs 110 HarpaBieHuto oAroToBku 02.03.02 «DyHpameHTambHast MHGOpMAaTHKa 1
vH(opMaI[MOHHbIe TeEXHOOTHW» Ha pajirodu3ndeckoM (akynsrete HHI'Y. [lucimmivHa
n3yuaercs B 6-M cemecTpe.

IlensiMu 0CBOEHMSA JUCIMII/IUHBI SAB/IAIOTCS:

- 03HaKOMJ/IeHHe C MeTOZlaMH1 TeopeTHUYeCKOM (hH3UKK Ha TIpUMepe KBAaHTOBOW MeXaHUKU;

- (hopMupoBaHYe Mpe/iCTaB/IeHUI 0 KBAHTOBOMeXaHUYeCKHUX 3aKOHOMEPHOCTSIX, JIeXKalluX
B OCHOBE COBPEMEHHOM (M3MKU U ee (QyHJaMeHTa/IbHbIX TIPUIOXKEHUH;

- onyueHue 6a3oBoro obpasoBaHUs /151 U3yueHUs AUCLUILUIMH «KBaHTOBast
3/IeKTPOHUKa», « OCHOBBI TeOMeTPHUYECKON ONTUKU 1 KBa3UOIITUKW», «BBeseHNe B GU3MKy
TIO/TyTIPOBOJHUKOBY.

2. IInanupyemMble pe3y/bTaThl 00yueHNs M0 JUCHUILUINHE (MOAY/II0), COOTHECEHHbIe C
IUIAaHUPYeMbIMH pe3y/IbTaTaMU 0CBOeHHsI 00pa3oBaTe/IbHON MPOrpaMMbl (KOMITETeHIIMSAMH
BBIITYCKHUKOB)

IInanupyemMsie pe3yabTaTbl 00yYeHUs M0
JUCIMILIMHE, XapaKTePU3yIHe dTalbl
(¢opmupoBaHus KoMIeTeHI[HI

®dopMupyeMble KOMIIeTeHIIMH
Kog komrieTeHLIMM (Ko KOMITETEHLUH,
3Tar GopMHUPOBaHMS)

31 (ITK-1). 3HaTb OCHOBBI KBAHTOBOM MeXaHUKHU
(moctysnaTel, MaTeMaTUUeCKHe MeTO/bl) U
OCHOBHbIe KPUTEPUU TPOSIBIIEHUST
KBaHTOBOMEXaHUUYEeCKHUX 3aKOHOMEepPHOCTel B
(bU3MUecKUx cucTemMax.

32 (TIK-1): 3HaTb COBpeMeHHbII MaTeMaThuuecKnui

ITK-1. CriocobHOCTh cOOUpaTh, anmapar, pyHaamMmeHTa bHble KOHLETLUU U
obpabarkiBaTh ¥ UHTEPIPETUPOBATH CUCTeMHbIe MeTOL0/I0TUU, MeKAYHapOoLHble U
JlaHHbIe COBPEMEHHbBIX HayUHBIX npodeccroHa/IbHbIe CTAHJAPTHI B 00/1aCTH
WCCIeI0BaHUM, HeOOX0AUMBIe ISt aKyCTUUeCKUX UH(POPMALIMOHHBIX CUCTEM.
(OpMUPOBaHHS BEIBOJIOB TIO Y1 (ITK-1). ¥YmMeTb NMPOBOAUTE TTPUOIMKEHHYIO 5
COOTBETCTBYHOLMM HAYUYHBIM OLIeHKY TIPU PeIleHrH 3a/iau, CBSI3aHHbIX C TeEOPUEen
vH(opMal1u.
UCCeJOBaHUSIM. .
Y2 (ITK-1): YMeTb Np¥MeHsITb COBpeMEeHHbIN
Tarn Cl)OPMI/IpOBaHI/IH 0a30BbLIIA MaTeMaTuue CKUN aririapar, Cl)YH,I[aMeHTaJ'IbeIe

KOHLIEMNLIMY U CUCTeMHbIe MeTOJ0JI0OTHU 110
MeJULIMHCKOW aKyCTHKe B 00/1acTH aKyCTHYeCKHX
VMH(OPMAaL[MOHHBIX CUCTEM.

B1 (ITK-1). Bnagets HaBbIKamMu MCIO/Ib30BaHUS
MaTeMaTHueCKOro arrapara KBaHTOBOM MeXaHUKH
B IIPUMeHeHNH K BOIpocaM Teopyur MH(pOpMaLuu 1
HMH(OPMAaL[MOHHBIX TeXHOJIOTHH.

3. CTpyKTypa M cojepxaHue JuciuiniMHbl « KBanToBas Teopus»

O06BeM JUCIMIUIMHBI COCTaB/IsIeT 2 3aUeTHBIX eJUHUIIBI, BCero 72 yaca, U3 KOTophix 49 uacoB
COCTaB/isieT KOHTaKTHas paborta obyuarorierocss ¢ mperofaBareseM (32 dyaca 3aHATHS



JIeKLJMOHHOTO Tuna, 16 4acoB TmpakTHyeckue 3aHATUS, 1 yYaCc — MepOIpUATUS
MIPOME)KYTOYHOTO KOHTPO/IsI), 23 4acoB COCTaB/IsieT CaMOCTosATe/IbHasi paboTa 06yuarorerocs.



CopaepykaHue AUCUUNANHBI



HaumeHoBaHue 1 KpaTKoe CoAep>KaHHue pa3/ie/ioB U
TeM AUCLUII/TUHBbI,

¢dopMa NpoMeXXyTOUYHOM aTTecTauum no
AUCUMNINHE

Bcero(uachr)

B Tom uucne

KonTakTHas padora
(padora Bo B3aUMOJeHCTBUH C
npernojaBarejieM), 4achl

M3 HUX

3aHaTusa
JIEKIJHOHHOT'0 THIIA

3aHarTua
CeMHHAPCKOT0 THIIa

Bcero

3anarus
J1abopaTopHoro

TAIIA

CamocrosiTenibHas padora
00yJaromerocs, 4achl

1. BonnoBas ¢yHKIus.

[TpuHLMI CyTIeprO3ULIMU COCTOSTHUM,
BOJTHOBOM makeT. KBaHTOBaHWe CBOOOHOM
YacTULbl B OrpaHUUeHHOM 00beMe
MPOCTPAHCTBA, YC/I0BHUE HOPMUPOBKHU.
Boruniciienne cpefiHUX 3HaUe€HUM KOOPAWHATEHI U
VIMITYJIbCA.

12

10

2. Oneparopsbl.

Oneparopsl (pr3rYeCcKUX BeJIWYNH, UX
CBOMCTBa, TipuMepbl. CobcTBeHHbIe PYHKIMU U
coOCTBeHHbBIE 3HAUEHMS OTIePaTOpPOB, UX
¢bu3nuecKuii CMbIC/I, KPATHOCTh BHIDOXK/EHUS,
KBaHTOBbIe urcia. CBoicTBa COOCTBEHHBIX
(GYHKLMIA 0nepaTopoB, UMEIOIIUX JUCKPETHBIN
CTIeKTP, 0COOEHHOCTh COOCTBEHHBIX (DYHKIWH B
c/lydyae BbIPOXKJEHHs], YCIIOBHUE TIOJIHOTHI.

18

12

3. OpHoBpeMeHHass U3MEPUMOCTb Be/IMYMH.
YcnoBus, IpU KOTOPBIX HECKO/IBKO (hM3HUYeCKUX
Be/IMYMH MOTYT UMeTh OIpe/ie/leHHbIe
3HaueHWs B OJJHOM COCTOSIHUM, OJJHOBPeMeHHast
M3MepUMOCTb (PM3MUYeCKUX BeJNYMH, MOJTHbIN
Habop ¢usnyeckrx BennurH. COOTHOLIEHHUS
Heomnpe/|e/IeHHOCTeM /1Jis1 POU3BO/IbHBIX
(hU3MUeCKUX BeJIUYMH.

4. MomMeHT umny/bca. CnuH. /IBHKeHHe B
IleHTPa/IbHO-CHMMeTPHUYHOM I10J1e.
Orneparop MOMeHTa VIMITyJIbCA.
KoMMyTalMoHHbBIe  COOTHOLLEHUS — MeXAY
KOMIIOHEHTAM{ MOMEHTa MMIY/IbCa, KOHYC
COCTOSIHUM. Cob6cTBeHHbIe yucia 1%}
cobcTBeHHbIe (DYHKLIMM OTe€paToOpoOB KBajpara
MOMEeHTa U OJHOM U3 ero TIPOeKI[UH.
MarpuuyHoe mpezcTaB/ieHWe B  KBaHTOBOM
TEOpUH, CBOWCTBA  MaTpul,  OIepaTopoB
¢usmueckux BenuuvH. CHUH  37€KTPOHa,
MaTpULibl [Mayu, Ux CBOWCTBA,
KOMMYTALlMOHHbIEe ~ COOTHOLLIEHUS  MeXAY
KOMITOHeHTaMH CIMHa.

16

5. YpaBHenue Illpegunrepa. Teopus
BO3MYII[eHHH.
HecraimonapHoe ypaBHeHue IllpeauHrepa.

16

12




OnpesiesieHye CTALMOHAPHOTO COCTOSTHUS, €ro
3aBUCUMOCTb OT BpeMeHM. CTallMOHapHas
Teopusi BO3MYIL|eHUH, YC/I0BUSI IPUMEHUMOCTH.
Teopust BO3MYIIIeHU nipu Ha/TUInn
BLIDOXK/IEHUS, CeKy/isipHOoe ypaBHeHUe.
BosmylinieHusi,  3aBUCALMe OT  BPeMeHM.
[lepexombl 1O  BAUSIHUEM  BO3MYILIEHUS,
JIeVCTBYIOIIEr0 B TeUeHHe KOHEYHOTO BPeMeHH.

B T.4. TeKyL[{ii KOHTPOJIb 1 1 1

HPOME)KyTO‘IHaH daTTeCTalud — 3d4eT

TekylMii KOHTPO/b yCIeBaeMOCTH IPOXOJWUT B paMKaxX 3aHATUW CeMHHApCKOro THIIA.
VITOroBbIii KOHTPOJ/Ib OCYILL|ECTB/ISIETCS Ha 3ayeTe.

4. OOpa3oBare/IbHbIE TEXHO/IOTHH
B cootBeTcTBUM C paboueli mporpaMMoi U TeMaTHyeCKUM IJITAHOM H3yUueHHWe AUCIUTUIAHbI
TIPOXO/IUT B BH/IE AyIUTOPHOM U CaMOCTOSITe/TbHOM PabOThI CTYAEHTOB. Y UeOHBIH Mpo1jecC B
ayZIUTOPUU OCYIIeCTBIsSIeTCs B opMe MpaKTUUeCKUX 3aHATHH.
OoOpa3oBare/IbHbIe TEXHOJIOTHH, CIIOCOOCTBYOIIME (OPMUPOBAHUI) KOMITETeHIUI
ucnosib3yemble Ha 3aHAMUSX /1eKYUOHH020 muna:
- JIEKIMU € TIpo0/IEMHBIM U3/I0)KeHWeM yueOHOro Marepuarnia.
ucnosib3yemble HA 3aHAMUSIX CEMUHAPCKO20 muna:
- periaMeHTHPOBaHHasi CaMOCTOsITe/IbHAs [IesITe/IbHOCTh CTYAEeHTOB;
- peiieHdHe TMpoOJEeMHBIX CHUTyallMd [yid peau3alldd  TEeXHOJOTMM KOJUIEKTHBHOMN
MBIC/TUTE/IEHOU [1esiTeIbHOCTH.

5. YueOHO-MeToAuUeCKOe 00ecrieueHne CaMOCTOATE/TbHOM PadoThI 00yUalOIUXCs

CamocTosiTesibHasi paboTa 00yYaroIMxcsl BK/IIOUAEeT CIeIYIOLHe BU/IbL:

o pa3bop JIeKLIMOHHOTO MaTepuara,
o M3ydyeHHue JOTIONHUTEbHBIX Pa3e/ioB AUCLUIUIMHBI C UCTI0/Ib30BaHHEM yueOHOM
JIUTepaTyphbl.

5.1 TeMbl IpaKTUUYECKUX 3aHSTUM, 10 KOTOPbIM JIaeTCs loMalliHee 3a/laHue:

1. CeotictBa omeparopoB. OrmpenesnieHrde crekTpa COOCTBeHHbIX 3HaueHUNW U
COOCTBEHHBIX BEKTOPOB HEKOTODPBIX OTEePaTOPOB.

2. BblumcsieHWe BepOATHOCTEM u3MepeHUs] (HU3UUECKUX BeJWUYMH B KBAHTOBBIX
COCTOSIHUSIX.

3. YpoBHM 3HEpruu U BOJIHOBBIe (YHKIIMU YaCTHULIbI, HaXOASAIIeHCs B TIOTeHI[MaTbHON
siMe C 6eCKOHEUHbIMH CTeHKaMHU.

4., CpegHue 3HaueHUs] SHEPrUM, UMMY/IbCA, KOOPJWHAThl UACTULbI B Pa3/MUHBIX

COCTOSIHUSIX.

YpOBHU 3HEpPrUu U BOJIHOBBIE (DYHKIJUM FrapMOHUUECKOTO OCLIU/IISTOpa.

6. MoMeHT umnysbca yacTulbl. KoOMMyTal[MOHHbIE COOTHOILLIEHHSI PA3TMYHbIX TPOEKIUI

MOMeHTa ummysnbca. C/io)keHrne MOMEHTOB.

MarpuyHoe 1ipeficTaB/ieHre oreparopoB. CIUH YaCTULIBI.

8. [IB)KeHMe UacTUl] B 1[€HTPaJbHO-CUMMETPUUHOM T1Ojie. YPOBHU SHEPrUu U
BOJIHOBBIE (DYHKI[MM 37IeKTPOHA B aToMe BOJ|0po/a.

9. Teopusi Bo3MyiieHuii. Dddekr I[lrapka. Sddekr 3eemana. Ilepexoasl TOA
JlefiCTBMEM UMITY/IbCa 3/IeKTPUUECKOTO TOJIs.

v

~



BbImosiHeHWe JOMalllHUX 3aZlaHAN  TIPOBEpSIeTCST Ha 3aHATUAX. Y ueOHO-MeToquuecKoe
obecrieyeHre CaMOCTOSITe/TbHON pabOThl — OCHOBHAsI U JIOTIO/IHUTE/IbHAsK JIUTeparypa.

5.2 Boripochl, KOTOpbIe [A0/KHBI OBITH TIPOPaboTaHbl B X0/ie CAMOCTOATeTbHOM PaboThI

1. CoOcTBeHHbIe (YHKIMU U COOCTBEHHBbIE UMC/Ia OTIepaTopoOB KBaZipara CIMHA U OfHOU
Y3 ero NpOoeKLUH.

CrnoxeHue JByX MOMeHTOB. KBaHTOBBIe UKC/la CyMMapHOTO MOMEHTa.

[IBy>KeHHe 4aCTHL] B LieHTpaJbHO-CUMMETPUYHOM Iosie. VIHTerpasnbl [BWKeHUs.
[MonHelli Habop ¢M3MUeCKUX BEeJMUMH M WX 00Ime coOCTBeHHble (YHKIUH.
CraupoHapHoe ypaBHeHHe lllpenvHrepa A/l pauanbHOW COCTAaBJISIOIIEN BOJTHOBOU
(GyHKUMM. ACUMITTOTHKA ypaBHEHUsI Ha Majibix U OOJbIIMX PacCTOSTHUSX. [IBrKeHue
3JIEKTPOHA B KY/IOHOBCKOM noTeHMane. CrieKTp SHepruyd U CBOMCTBA CTaLlMOHAPHBIX
coctosiHui. BbipoxgeHue ypoBHel. CrieKTpocKonuueckue 0003HaueHus —AJist
COCTOSIHMM B aroMe BOJoOpoAa. PajuanbHble BOMHOBble (QYHKIMU. I[lonyMHOMBI
Jlareppa.

[Tepexonpl 1O BO34EMCTBHEM I€PUOAMYECKOrO BO3MYLEHMs. ACHUMNITOTUKA
BEpPOSITHOCTU Ilepexofia B €QUHULYY BpeMeHH. 3aKOH COXPaHeHWs] SHepruu IpHu
KBAaHTOBBIX Ilepexofax. KBaHTOBbIe Iepexofbl II0J, B/IWSHYEM ITOCTOSIHHOTO BO
BpeMeHM Bo3MyllleHus. [losHasi BepOSTHOCTb Tiepexofla B €JWHULy BpeMeHH.
[T10THOCTH KOHEUYHBIX COCTOSIHUM. “30/10TO€e MpaBuio” depmu.

2.
3.

6. ®oH/ OLIEHOUYHBIX CPEJCTB /1A MPOME)XYTOYHON arTeCTal[yuy 10 JUCHUILIHHE
6.1. IlepeueHb KOMIETEHLMI BHIMYCKHUKOB 00pa30BaTe/IbHOW MPOrpaMMBbI C
yKa3aHHeM pe3y/iIbTaToB 00yuyeHHus1 (3HAaHUH, yMeHH, HABBIKOB),
XapaKTepU3yWIIHX 3Tanbl uX (OpMUPOBaHUs, ONMMCAHUE M0Ka3aTe/1ed U
KpUTepHeB OLleHUBAaHUSA KOMITeTeHI[HI Ha Pa3/IMYHbIX dTanax Uux
¢opmupoBanusn

ITK-1. Crioco6HOCTH cOOMpaTh, 00padaThbIBaTh U HHTEPINPETHPOBATH AaHHbIE
COBpPeMEeHHBIX HayYHbIX HCC/IeJOBaHUM, Heo0xoauMbIe /i (OPMUPOBAHUS BHIBOJIOB 110
COOTBETCTBYIIINM HAyUYHBIM HCC/IeJ0BAHHUAM.

W HUKaTOPBI Kputepuu onjeHuBaHus (JleCKpPUIITOPbI)

KOMIIeTeHIIUHN

«IIJIOXO»

«HEY/IOBJIETB
OPUTEILHO»

«yZIOB/IETBOPU
TEJTEHO»

«XOpouio»

«OueHb
XODOIIIO»

«OT/ITHYHO»

«TIPEBOCXOJ
HO»

3HaHUudAg

3HaTb

1. oCcHOBBI
KBaHTOBOU
MeXaHUKH
(mocTynarsl,
MaTeMaTruyiec
Kue MeTO/Ibl)
Y OCHOBHbIE
KpUTEpUU
TMIPOSIB/IEHUS
KBaHTOBOMeEXa
HUYeCKUX
3aKOHOMEPHO
CTell B
bur3nuecKux
SI/ICTEMaX.

COBPEMEHHBIN
Mmaremaruyiec
KWI anmapar,
¢byHzameHTan
bHBIE

OrtcyTcTB
vie 3HaHUM
Marepual
a

KOHOenguu u

Hanuuwne
rpyOBIX
oLI1OOK B
OCHOBHOM
Marepuare

3HaHUe
OCHOBHOTO
Marepuasa C
psiioM
HerpyObIX
OLIMO0K

3HaHue
OCHOBHOTO
MaTrepuaioM
C psiioM
3aMeTHBIX
TMOTPeLIHOC
Tel

3HaHue
OCHOBHOTO
Marepuasa
C
He3HauuTe
JIbHBIMU
TOTPeIIHO
CTAMU

3HaHue
OCHOBHOI'O
MaTtepuasa
0e3
[0)1115(0]0):9!
TOTPeIHO
crei

3HaHue
OCHOBHOTI'O
U
JTOTIO/THUAT
e/ILHOI'O
Marepuasa
0e3
o1IMOO0K U
TIOTPEIITHO
cTelt




CUCTEMHbIE
MeTO/|0/IOT Y,
MeXXJyHapoJH
ble U
rpogeccroHa
NbHBIE
CTaH/lapThl B
obsactu
aKyCTHUeCKUX
nH(opmalmo
HHBIX CHCTEM.

YMeHuUst
YmeTb

1. mpoBOgUTH
MIPUOJTKEeHHY
0 OLIEHKY
TP pelleHuU
3ajau4,
CBSI3aHHBIX C
Teopuen
“H(OopMalu.
2. IPUMEHSITh
COBDEeMeHHbIU
MaremMaThyec
KWUM arrapar,
(byHameHTan
bHbIE
KOHLIeTILUY U
CHUCTEMHbIe
MeTO/I0JIOTUUA
o
MeTULIMHCKOM
aKyCTHKe B
obnactu
aKyCTHUeCKUX
r“H(opMaLuo
HHBIX CUCTEM.

OtcyTcTB
yer
CIIoCcoOHO
CTb
peleHus
CTaH/apT
HBIX 3a/1a4

Hanuuune
rpyObIX
OIInO0K
TIpH
peleHrur
CTaHIapPTH
BIX 3a/1a4

CriocobHOC
Th PeIeHUs
OCHOBHBIX
CTaHJAPTHBI
X 3a71a4 C
CyILleCTBEHH
BIMHU
OLIMOKaMU

CriocobHOC
Th PeIIeHHUs
BCeX
CTaHJAPTHBI
X 3a7a4 C
He3HauuTesn
bHBIMU
TIOrPEIIHOC
TAMU

CriocobHO
CThb
peleHust
BCEX
CTaHJJapPTH
BIX 3a/1a4
6e3
OIIMOOK 1
TIOTPEeIIHO
creit

CriocobHO
CThb
pelieHyst
CTaHZApTH
BIX U
HEKOTOPBI
X
HecTaH/ap
THBIX
3ajau

CrocobHo
CTh
pelieHust
CTaHJapTH
BIX 3a/1a4
u
LIMPOKOTO
Kpyra
HeCTaH/ap
THBIX
3a/1au

HaBbIKU
BiajieTh
HaBbIKAMU
UCTI0/Ib30BaH
us
MareMaTu4decK
Oro anmapara
KBaHTOBOM
MeXaHUKHU B
MPYMeHEHUU
K BOIIpOCaM
TeOpUHn
“H(pOpMaLr
u

vH(bopMalmo
HHBIX .
TEXHOJIOTUH.

ITonHoe
OTCYTCTBHU
e HaBbIKa

OrcyTcTBU
e HaBbIKa

Bnanenue
HaBbIKOM B
MUHUMAJIbH
oM 00BéMe

ITocpexctse
HHOe
B/IaJleHHe
HaBbIKOM

HocrarouH
oe
B/la/leHVe
HaBbIKOM

Xopotuee
BJla/leHue
HaBbIKOM

Bcecrtopo
HHee
BJ/IaJIeHUe
HaBbIKOM

[IIxana ouieHOK
T10 MPOLIEeHTY
TPaBUILHO
BBIMTOJTHEHHBIX
KOHTPOJIBHBIX
3a/IaHUH

0-20%

20-50 %

50-70 %

70-80 %

80-90 %

90 -99 %

100%




6.2. OnmucaHue MKasi OLl€cHUBAHHUA PE3y/IbTATOB Oﬁy‘-IEHI/Iﬂ o JUMCIMII/INHE

VITOroBbI1 KOHTPO/L KayeCTBa YCBOEHHUS CTy[EeHTaMW COZepXaHWs JUCLIUILIMHbI
NIPOBOAMTCS B BUJIe 3aueTa, Ha KOTOPOM OIlpe/iesIsieTCs:

® ypOBeHb YCBOEHUsI CTyJeHTaMl OCHOBHOTO yueOHOro Marepuara o JUCLIMIUIMHE;

® ypOBeHb [IOHUMaHUs CTyJeHTaMU U3y4YeHHOro Marepyasa;

® CriocoOHOCTh CTY/|EHTOB MCII0/Ih30BaTh MO/TyUeHHbIe 3HAHUS [/ PeLleHUs
KOHKDEeTHBIX 3a/au.

3aueT MPOBOAUTCSI B YCTHOW (opMe U 3aK/IOUaeTcsi B pelleHud 3ajaud  (C
TIpeZIBapUTETbHON TIOATOTOBKOM) U TIOC/IeYIOIeM COOeceJOBaHUH TI0 Pe3y/ibTaTaM peleHust
33/lau B paMKax TeMmaTWkd Kypca. CobecesjoBaHue MNpOBOAUTCS B (hopme BOMPOCOB, Ha
KOTOpBIe CTYZIeHT JIO/DKEeH /1aTh KPaTKUK OTBeT.

Pe3ynbraToM MpoBepKM YCBOEHUS CTYJEHTOM MaTepuasna U MpPaBUIbHOCTH peLleHUs]
3a/jauM  SB/ISeTCS  BBICTAB/IEHWE CTYAEeHTy OLieHKM «3auTeHO». Ilpu orcyTcTBUM
COOTBETCTBYIOLLIET0 YPOBHS 3HAaHMM M HAaBBIKOB CTY[E€HT He arTeCTOBbIBAeTCS C
BBICTaB/IEHVEM OLIeHKU «He 3aUuTeHO».

6.3. Kputepuun u mnponeaypbl OLEHMBAaHHUA pe3y/IbTaToOB o00ydyeHUsl MO
AVCIUIUIVHE, XapaKTepH3yIUX c(opMHPOBAaHHOCTb KOMIIeTeHLINI

17151 olleHWBAHMS Pe3y/IbTaTOB 00yUeHUs B BU/e 3HAHUW UCTTO/Ib3YHOTCS:
WH/IMBU/yanibHOe cobeceioBaHMe, JOMAIlIHKe 3a/laHusl U TeCTOBbIe KOHTPOJIbHbIE 3a/lau
(IIK - 1).

7151 oLleHWBaHMs Pe3y/bTaTOB 00yueHus B BU/le YMEHUN UCTIONb3yeTCs
VMHIMBUYaibHOe cobeceloBaHWe | MPAKTHUeCKHe KOHTPosibHbIe 3afanus (TTK-1).

7151 oLileHUBaHKS pe3y/bTaTOB 00yueHus B BU/ie BIaIeHUH UCTIOb3YeTCs
VMH/IMBU/yabHOe cobece/loBaHUe W TeCTOBbIe KOHTpPOJbHBIE 3azaun (TIK - 1).

6.4. TunoBbie KOHTPO/IbHbIE 3a/laHUA WIH WHbIe MaTepUasibl, He00X0 UMbIe /i

OLleHKH  Ppe3y/IbTaToB  O00yueHHs, XapaKTepu3ywimux CcGpopMHPOBAHHOCTH
komnereHuud OIIK-1, v (W1M) A8 WUTOroBOro KOHTPo/isi CGOPMHPOBAHHOCTHU
KOMIIeTeHLINH.

1. HPI/I HW3MEePEeHHH MMPOEKIINUKM MOMEHTA UMITY/IbCa L,B HEKOTOPOM COCTOAHHUH MMOTyUHN/TA

(L) = h/2

cpefHee 3HaYeHHe . TTonb3ysich mapoBeiMu QyHKUUSAMU Y, (6, @) |

HAITUILIUTe XOTs OBl OIHY BOTHOBYHO (DYHKI[HIO, KOTOpasi OMKChIBaia Obl Takoe
COCTOSIHUE.
2. B nepBoMm nopsifike TeOpUM BO3MYILIEHUI HalTU CABUT SHEPTMU OCHOBHOT'O COCTOSIHHUS

6,¢)=—e a
W0 (1,8, @) = a2t o
3JIEKTPOHA B aTOMe BOZIOPO/ia - T0/1 1eHiCTBHEM BHEIIIHEro

OAHOPOAHOI'O 3/IEKTPHUUYECKOTI'O I10/I4 HAITPS>KEHHOCTBIO E, HAIipaB/IEHHOT'O BAOJ/Ib OCH Z.



10.

11.

10

Haiitu AXUCIIEPCHUIO TTPOEKIHHU CITMHA Hd OChb Y B COCTOAHHUN ™=

B miepBOM COCTOSIHUM rapMOHHWYeCKOTo ocu/uIATopa (n = 1) BEIUMC/IUTE Haubosiee
BepOSITHOe 3HaueHHe KOOPAUHATHI.

TTpy U3MepeHNH MPOeKLU MOMEeHTa UMIYJ/Ibca L, B HEKOTOPOM COCTOSIHUM Oy UM/
L )= 3h/7

cpefiHee 3HaueHHe (L) / . ITonb3ysch 1mapoBbiMU GyHKIMAMU Y, ,, (O, @),

HaMWIIMTe XOTs ObI OZIHY BOJHOBYO (DYHKIIHIO, KOTOpast ONMChIBaa Obl Takoe

COCTOSIHME.

B riepBoM MopsiZike TeOPUH BO3MYIIeHH HalTH c,qBHr SHEPTrU¥ OCHOBHOTO COCTOSTHHUS

;'1{"J_I}D (Trg ‘P] »-ﬁs e
3J/IEKTPOHA B aTOM€ BOAOPOAd

T0/1, IeICTBYEM BHEILLIHEr0

OZIHOPO/ZIHOTO 3/IEKTPUYEeCKOTO TI0/IS HANpsKeHHOCThIO E, HanpaBneHHoro B/IO/b OCH .

Y(r,6,9) =——==e @
OJIeKTPOH B aTOMe BOZ0pPO/ia HaXOAUTCS B COCTOSIHUU Vma® . Beruncurs

CpefiHee 3HaYeHHe KMHeTHYeCKOW 3Hepruu 3/1eKTPoHa.
B oHOMEpHOI TIPSIMOYTO/TbHOM TIOTEHIUA/ILHOM siMe C aOCOMIOTHO HEeNPOHUIIAeMbIMH
CTeHKaMU U IIUPHUHOU a HaXO/I[I/ITCH 3J1eKTp0H, COCTOSIHME KOTOPOTO OTUChIBAeTCS

BOJIHOBOM (pyHKLMeN W(x) 1/ Onpe,z[eJIHTb BePOSTHOCTH NpPeObIBaHMS

3/IEKTPOHA B OCHOBHOM COCTOAHUH.
HPI/I HN3MepEHUH TIPOEKIIMH MOMEHTA UMITYJ/IbCd L,B HEKOTOPOM COCTOAHHWH MOJTyUNIN

(L) =

cpe/iHee 3HaueHHe —2h [Tosb3ysiCh MIAPOBBIMU GYHKIUIMH Y, ,, (€, @),

HaITUILIUTe XOTsI Obl OHY BOJTHOBYHO (DYHKI[MIO, KOTOpasi ONKChIBaia Obl Takoe
COCTOSIHUE.
B nepBoM nopsizike Teopyuy BO3MYILLEHUI HAUTH C,E[BI/IF 5HEpruv OCHOBHOTO COCTOSIHUSI

Pi00(r. 8. 0) = ,‘ﬁse . .
3/IEKTPOHA B aTOMe BOZIOpo/ia 10/ IeICTBMEM BHEIITHEero

OAHOPOAHOTI'O 3JIEKTPHUUYECKOT'O IM10JI HAIIPAXKEHHOCTBIO E, HaripaB/IEHHOT'O BAOJIb OCH X.

Hality aucnepcuro mpoeKiuy CrivHa Ha 0Cb X B COCTOSTHUA ==

-




12.

13.

14.

15.

16.

17.

18.

19.

20.

YacTHila HAXOAUTCS B O[HOMEPHOU MOTEHIMAIBHOMN siMe IIIMPUHOM a ¢ 6eCKOHEeUHBIMU
2 . gnx o

CTeHKamu B cocTosgHuu W, (x) =,|—sin——. HaliTu cpefjHee 3HaueHUe U AUCIIEPCUIO0
a a

uMmynsca P .

BosHoBasi pyHKIIMsSE HEKOTOPOM CUCTeMbI B C(peprueCcKrX KOOpAWHATaX OmpesesseTcs
r, 8 = AR(r)sinf cos
BbIpa)keHHeM (A — HOpMHUPOBOYHAasl KOHCTaHTa): (. 6.0) (r) L.

[l ¥ ]
[T R*(r)ridr =1
npruem * 0 . Kakvie 3HaueHust KBajjpaTra MOMEHTa UMITy/IbCa U €r0
MIPOEKIIMH Ha 0Ch Z MOT'YT ObITh U3MEpEeHbI B 9TOM COCTOSIHUU?
C IOMOIIIbI0 TEOPHUH BO3MYIIIEHWI HAMTH CABUT SHEPTUM OCHOBHOTO COCTOSTHHS

F X
P (x) = [=sin—
N 3JIGKTPOHA B OAHOMEPDHOH 6ECKOHe‘-IHO FJ'IYGOKOI/I IMOTeHIIKMa/JIbHOH

siMe IIUPHUHOM a 1071 IeHiCTBYEeM BHEIITHEro OHOPOJHOTO 3/IeKTPUUECKOTO MO
HarpspKeHHOCThIO E.

1 _r
L‘DET! E!‘P] = '\-'EEE a

ONEeKTPOH B aTOMe BOAOPO/ia HAXOAUTCS B COCTOSTHUN . Berunciuts

CpefiHee pacCTOsIHMe 3/IeKTPOHA OT si/ipa.

B omeite IlITepHa-I'epsiaxa (MarHUTHOe 110/ HarpaB/IeHO BAO/b OCHU Z) 371eKTPOHBI B
Tyuke 00/1a/[af0T CIIMHOM, HarpaB/ieHHbIM 10 ocu X. CKOBbKO TTYYKOB OyZieT Ha 3KpaHe.
OTBeT 000CHOBATH.

BosiHOBasi GyHKI[MsI HEKOTOPOM CHCTeMbl B CpepruueCcKUX KOOpJuHaTax orpeenseTcs
BbIpakeHreM (A — HOpPMUPOBOUYHAs! KOHCTAHTA): Y(r.8,¢) = AR(r)sin§ cos @

[P R¥*(r)rfdr =1

rpuuem 0 . UeMy paBHO Ccpe/iHee 3HaueHHe NIPOEKLIMA MOMEeHTa

y“MIynbca L, B 3TOM COCTOSIHUN?
C nomol1bio TeOpUM BO3MYILeHUH HAUTH C/IBUT SHEPTUU NePBOT0 COCTOSIHUS

—
|2, Zmx

P, (x) = [=sin—
- @ @ [ i) (v
N 3/IeKTPOHA B OZIHOMEPHOI O6eCKOHEUHO ITy0OKOM MOTeHIMaTbHOM

siMe TIIUPUHOU d T10/], IeHCTBUEM BHEIITHETO OJJHOPOIHOTO 3/IEKTPUUYECKOTO TIO/ISt
HarpspKeHHOCThIo E.

1 _r
Y(r.6,0) = e d

ONeKTPOH B aTOMe BOAOPO/ia HAaXOAUTCS B COCTOSTHUN . Berunciutb

CcpeHee 3HaYeHUe l'IOTeHI_[I/IaJ'IbHOI‘/JI SHEPruu 3/IeKTPOHA.

Haiitu AUCIIEPDCHUIO MMPOEKILHU CITMHA Hd OCbhb Z B COCTOAHUN ="

11



21.

22.

23.

24.

25.

26.

27.

28.

12

BosiHoBasi pyHKILIMsSI HEKOTOPOU CHUCTeMbI B CheprueCcKrX KOOpJAHWHATaX OmpesesseTcs
r,. B = AR(r) sin 28 cos
BbIpa)keHHeM (A — HOpMHUPOBOYHAasl KOHCTaHTa): Y(r.6.9) (r) "D,

[l ¥ ]
[ R*(r)ridr =1
npyuyem * 0 . Kakuie 3HaueHust KBajjpaTa MOMEHTa UMITy/IbCa U ero
TMIPOEKIIMH Ha 0Ch Z MOT'YT OBITh U3MEpEeHbI B TOM COCTOSIHUU?
C MOMOII[bI0 TEOPHUH BO3MYILIEHHH HAMTH CABUT SHEPIUH BTOPOTO COCTOSTHMS

_
_ ]2 . 3mx
Py (x) = |=sin—
N 5/1eKTPOHA B OJHOMEPHOM GeCKOHeUYHO [Ty00KOi MOTeHIManbHOM

siMe LLIUPYUHOM d TIO/, IeHiCTBYeM BHEIIHero OJJHOPOIHOTO 3/IeKTPUYECKOTO TIOJIS

HanpsyKeHHOCThIO E.

BonHoBasi GyHKI[MSI HEKOTOPOM CHCTeMbI B c(heprueCKUX KOOpAUHaTaX OIpe/e/nsieTCs
6 = AR(r) sin 26 cos

BbIpakeHHeM (A — HOpPMHUPOBOUHAsi KOHCTaHTa): ¥(r.6.9) (r) e

[F R (r)rfdr =1

rpuuem 0 . UeMy paBHO Ccpe/iHee 3HaueHHe NIPOEKLIMA MOMEeHTa

y“MIy/bca L, B 3TOM COCTOSIHUN?
Ha vacTtuily B ofHOMepHOM 6eCKOHeUHO TTyO0KOH MOTeHI[Ha/IbHOU SIMe IIIUPUHON a

V(x) = V, cos® (E)

HaJIoXKeHO BO3MYIleHUe BU/ia @ /. B nepBOM MOps/IKe TEOPUU

F X
Y, (x) = |=sin—
BO3MYIL[eHNI HaliTh CIBUT SHEPIMU OCHOBHOI'O COCTOSIHHS N

BosiHOBasi GyHKLMS1 HEKOTOPOM CUCTeMbI B C(pepruueCcKUX KOOpJUHaTax orpeenseTcs
BbIpakeHHeM (A — HOpPMUPOBOUHAs! KOHCTaHTa):

[F R} (r)rfdr =1

P(r,6,¢) = AR(r) cos6 (1 + sin 6 sin @) npuuem “0

. Kakue

3HAUeHHs KBa/[paTd MOMEHTA UMITY/IbCa W €ro NMpoeKr Ha OCb Z MOT'yT OBITH HN3MeEPEHDbI

B 3TOM COCTOSIHUM?
Ha vacTtuily B ofHOMepHOM 6eCKOHeUHO TTyOO0KOH MOTEeHI[Ha/IbHOU SIMe IIUPUHON a

V(x) = V, cos® (E)

HaJIoXKeHO BO3MYIleHUe BU/ia @ /. B nepBOM MOpsI/IKe TEOPUU

—
|12 . Znx
P, (x) = |[=sin—
(9 1Y) = a a
BO3MYIIIEHUH HAWTH CABUT SHEPTUH MIEPBOr0 COCTOSTHUS N

BosiHOBasi QyHKLMS1 HEKOTOPOM CUCTeMbI B C(pepruueCcKUX KOOpJUHaTax orpeenseTcs
BbIpakeHHeM (A — HOpPMUPOBOUHAs! KOHCTaHTA):

[P R} (r)rfdr =1

¥(r,8,¢) = AR(r) cos6 (1 + sin 6 sin @) npuyem 0

. Uemy paBHO
cpefHee 3HaYeHUe MPOEKIIMU MOMEHTA UMITy/ibca L, B 3TOM COCTOSTHUM?
Ha vacTtuily B offHOMepHOI 6eCKOHEUHO ITyO0KOH MOTEeHI[Ha/IbHOU SIMe IIIUPUHON a

V(x) = V, sin® (E)

HaJ/IOKeHO BO3MYll|eHHe BH/a @ /. B nepBoM Nopsifike TeOpUU

F X
Y, (x) = |=sin—
BO3MYIIIEHUI HAWTH CABUT SHEPTUM OCHOBHOTO COCTOSTHHS N



29. BonHoBas (yHKLMSI HEKOTOPOW CUCTeMBbI B c(epryeCcKMX KOOpP/IMHATaxX OIpeze/seTcs

BbIpa)keHHeM (A — HOpMHUPOBOYHAasl KOHCTaHTa): (. 0,9) = AR(r)(1+ cos0),

_r: R¥*(r)ridr =1

rnpuyemM . Kakue 3HaueHus KBa/IpdTd MOME€HTd UMITYyJ/IbCa U €ro

MIPOEKIUH Ha OCh Z MOTYT OBITh M3MEPEHBI B 3TOM COCTOSTHUN?
30. Ha yactuily B ofHOMepHOM 6eCKOHeUHO TTyOO0KOM ITOTeHIMaIbHOM siMe IITMPHUHON a

. 3 X
V(x) = V, sin” (—)
HAJ/IO)KeHO BO3MYIIeHHe BU/a a

. B epBoMm mopsizike Teopuu
-
|2 ., Znx
U, (x) = [=sin—
(v v - i [
BO3MYIIEHHI HAMTH CABUT SHEPTUM BTOPOTO COCTOSTHMS N

6.5. MeToanueckue MaTepHasbl, ONpee/sAolue NPpoLe ypbl OLleHUBaHUSA.

[Tonoxxenre «O TpPOBeAEHUM TeKYIlero KOHTPOJISI YCIeBaeMOCTA U TMPOMEXYTOUHOM
arrectatmy obyuatoruxcs B HHI'Y», yTBepkaéHHoe mipuka3om pekrtopa HHIY ot
13.02.2014 r. Ne55-O/1,

[Tonoxxenne o ¢oHJE OLIEHOYHBIX CPEJCTB, YTBep)KJeHHOe TprKa3oMm pekropa HHI'Y or
10.06.2015 Ne247-0O/1.

7. YueOHO-MeTOJUUeCKOe U HH(OpMALIHOHHOE o00ecneueHne JUCHUTUTHHBI

a) OCHOBHasl IMTeparypa:

1. HaBeigoB A.C. KBanToBasi MexaHuka. — M.: Hayka, 1973. — 703 c.(44)
2. BukrtopoBa A.A., Edppemos I.®., [TouTyc M.J. CO0pHUK 3a7ad 110 KBAHTOBOM MeXaHHKe
1 KBaHTOBOM pazuodusuke. — ['opbkuid, 1980. — 53 c.(1)

0) Jomo/THUTeIbHAA IUTepaTypa:
3. bnoxunues [I.1. OcHOBBI KBaHTOBOM MexaHUKH. - M.: Hayka, 1983. — 664 c(8).
4. Jlangay JI.[., Jludpmwmi E.M. Teopetnueckasi pusuka. T. 3. KBaHTOBast MexaHuKa — M.:
®usmarnur, 2001. — 808 c.(150)

8. Marepua/ibHO-TEXHHYECKOe o0ecrieueHne JUCIUTIHHBI (MO/Y/Is)

[nst oOyueHUs] AWCLWTUIMHE WUMEIOTCS CIielldajbHbIe TOMELeHUs /s TPOBeJeHUs
3aHATHH JIEKLIMOHHOTO TWIa. YueOHbIe ayUTOPUM YKOMILIEKTOBAHbBI CIelMa i3upOBaHHON
Me0esTbi0 Y TEXHUUeCKUMU CPe/iCTBaMU 00yUeHusl.

[Mporpamma cocrtaBieHa B cooTBeTcTBUM C TpebGoBanwssmMu OC HHI'Y c yuetom
pekomenzaumi u  OIIOII BIIO no Hampaenenuto 02.03.02 «PyHgameHTaNIbHas
vH(popMaThKa U NH(OPMaLMOHHbIE TEXHOIOTUN»

Agtop [Tapkos B.B.
PerjeH3eHT (bI) [IkeneB E.N.
3aBenyroiuii Kadeapoit benbkoB C.A.
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[Tporpamma ofobpeHa Ha 3acelaHU METOAMYECKON KOMUCCHU PaZro(pu3ndecKoro
(dakynbTeTa ot 25 Mas 2023 Ne 04/23.




