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1. IlepedeHb MJIaHUPYEMBIX Pe3y/IbTATOB 00y4eHHUS 110 AUCHHUILIMHE, COOTHECEHHBIX €
YCTAHOBJICHHBIMH B 00pa30BaTe/IbHOI MPOrpaMMe HHAMKATOPAMH A0CTHKEHUS

KOMIIETeHIIM A

®opmupyemast

KoMIleTeHust (¢

yKa3aHHeM Ko0/12)
OIIK-2. Cnocoben
MPOBOANTH HAYYHBIC
UCCJIeIOBaHUS (PU3UUECKHUX
00BEKTOB, CUCTEM U
MPoIIeCCOB, 00padaThIBaTh
U TIPEJICTABIIATh
JKCIIEPUMEHTAJIbHBIC
JAaHHBIC;

Kon u HammeHoBaHue
HHIUKATOPA H0CTHKEHHS
KOMMETEeHI[HN

OIIK-2.1. Pa3bupaetcs B
OCHOBHBIX HAyYHBIX METOJAX
TEOPETUIECCKOTO U
IKCIIEPUMEHTAILHOTO
UCCIIEIOBaHHS OOBEKTOB,
MPOLIECCOB U SIBJICHUI

Pe3yabTaThl 00yueHus no
JMCHUIINHE (MOIYJII0)

OO0Gyuaromuiics T0KEH:
MMOHUMATh OCHOBHBIE 3aKOHBI
KBAHTOBOM (PM3UKU I'PaHUIIBI
MIPUMEHIUMOCTH OCHOBHBIX
KBaHTOBOH (PM3UKU, CUCTEMBbI
(hU3HYECKUX BEIIUYMH,
pa3MepHOCTH PUBUYECKUX
BEITMYHH, UCTOPHIO PA3BUTHSI U
CTaHOBJICHUS] KBAHTOBOM
(bu3nKH, ee COBPEMEHHOE
COCTOSTHUE

OIIK-2.2. Ucnonb3yer
(u3HKO-MaTeMaTHYECKUN
anmapar i pa3paboTKu
MaTeMaTHYECKUX MOJENEH
SIBJICHUH, IPOLIECCOB U
00BEKTOB MPHU PELICHUH 3a/1a4
B IpodecCuOHaIbHON
NEeSITEIbHOCTH

OO0yyaromuiicst TOMKeH:

- aHAJIM3UPOBATH HH(DOPMAIIIO
110 KBAaHTOBOH (pu3MKe U3
Pa3IMYHBIX UCTOYHUKOB,
CTPYKTYpUPOBaTh, OLICHUBATh,
IPEJCTaBISTh B JOCTYITHOM IS
JpYyTUX BUJE;

- IpuoOpeTaTh HOBBIEC 3HAHUS,
UCIIOJIb3YS] COBPEMEHHbBIE
MH(POPMALIMOHHBIE U
KOMMYHHMKaIlUOHHbIE
TEXHOJIOTHH;

- IPUMEHSATH 3aKOHBI (PU3UKH
JUISL pellieHus 3a1a4 B 00J1acTH
KBaHTOBOH (pU3HMKH

OIIK-2.3. IIpoBoaut
SKCIEPUMEHTHI 10 3aJaHHOU
METOAMKE U aHAJU3UPYET UX
pe3yJIbTaThI

OOyyaromuiicst TOMKeH:
BJIAJIETh METOJ0JIOTUEN
UCCIIEJIOBaHUSI B 00JIaCTH
KBaHTOBOH (PM3WKH, HABBIKAMHU
pelleHus 3aa4 1Mo KBaHTOBOU
(u3MKe, HaBBIKAMU aHAJIN3a
(bu3MUeCKUX 3aKOHOMEPHOCTEMN

2. e 1 MeCTO AUCHUILIMHBI (MOAYJIAA) B CTPYKTYpe 00pa3oBaTe/IbHOH IPOrpaMMbl

I_[CJ'II/I HU3YyUCHUS NJUCIHUIIIINHBI:

JucnuniuHa peanu3yercs B paMkax 6a30Boi yacTH.
Jli1s OCBOCHMSI TUCIMITIIMHBI HEOOXOJMMBI KOMITETEHIINH, C(POPMUPOBAHHBIE B paMKaxX M3y4EeHUs
CIIEYIOINX AUCUUIUINH: 00mas ¢pu3nka, npukiaaHas Gu3nka, OCHOBbI OPraHUYECKON XUMUHN

Hucuunnuna uzydaercs Ha 3 Kypce B 6 cemecTpe



3. O0beM AUCHHUILVINHBI (MOAYJIs1) B 3a4€THBIX eJUHULAX C YKa3aHHEM KOJIH4eCTBa
aKa/JleMI4eCKHUX WJIH ACTPOHOMHMYECKHUX YACOB, BbI/ICJICHHBIX HA KOHTAKTHYI0 padoTy
o0yyarommxcs ¢ npenoaasareJieM (110 BUIaM y4eOHBIX 3aHATHI) H HA CAMOCTOSITEIbHYIO

padoTy o0y4aromuxcs

O6mmas Tpy10eMKOCTh (00bEM) TMCIUILIMHBI COCTaBIIACT 6 3a4. en., 216 aka. .

O0BbeM THCHUIIINHBI

Bcero uyacos

Ounas popma o0yueHust

OO0m1as TpyA0eMKOCTh JUCITUTLTHHBI 216
Y4eOHBIX YacOB HA KOHTAKTHYIO PaboTy C MperoaBaTesem:
JIEKIIUHA 60
MPAKTHYECKUX (CEMHUHAPCKHX ) 76
npyrue ¢hopmbl KOHTaKTHOU padboThl (DKP) 0,2
V4eOHBIX 4YacOB Ha KOHTPOJIb (BKJIFOYAsl 4aChl IOJTOTOBKH):
Qg QepeHIIMPOBAHHBIN 3a4€T
Y4eOHbIX YacOB Ha CaMOCTOATENIbHYIO padoTy obydatomuxcs (CP) 79,8
DopMbl KOHTPOJISA CemecTpsl
nuddepeHIMPOBaHHBIN 3a4eT 6

4. Copepskanme IUCHUIIHHBI (MOAYJISA), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3aeiaM) ¢
yYKa3aHHEM OTBEJEeHHOI0 HA HUX KOJMYEeCTBA aKaJeMUYeCKUX YaCOB U BUI0B Y4eOHBIX

3aHATHH

4.1. Pa3enbl JMCUMILUIMHBI M TPYA0EMKOCTh 110 BUIAM Y4eOHbIX 3aHATHH (B

aKaJeMUYeCKHUX 4acax)

Buabl y4eOHbIX 3aHATHH,
BKJIIOYAsl CAMOCTOSITEJIbHYI0
e padoTty o0y4aromuxcs u
/i HanmenoBanue pa3jiesna / TeMbl JMCHUILIHHBI TPYA0EMKOCTH (B 4acax)
KonrakThasi pa6ora ¢
npenogaBarejiemM CpP
Jlek IIp/Cem @ Jlab
1  Cranmonapnoe ypaBHenue llIpeaunrepa. 8 10 0 11
OnHoMepHbIe KBAHTOBOMEXaHMYeCKHe 3aJa4H.
1.1 Tema. Cratmonaproe ypaBuenue Lllpenunrepa. 8 10 0 11
CpoiicTBa BOTHOBOH (pyHKIIMH. 3aa4a O YaCTHIIE B
MNOTEHLIMATBHOMN SIME CO CTEHKaMU O€CKOHEYHOMN
BBICOTBIL. 3aJ1a4ya O 4acTULE B IOTEHIUAIBHOM sIMe
CO CTEHKaMH KOHEYHOH BBICOTHI.
KBanToBoMexaHnueckas 3agada o JUHEHHOM
rapMOHHYECKOM OCLMIUIATOpE. 3a/1a4a O
TyHHEJIbHOM 3¢ dekTe. 3a1ada o6 o - pacmnaje saep.
2 | MaremaTuH4yecKMii annapaTt KBaHTOBOIi 8 10 0 12
MeXaHUuKH
2.1 Tema. CmbICI BOJHOBOM (DYHKIIUU 8 10 0 12
KBAaHTOBOMEXAHMUYECKOUN cucTeMsbl. [IpuHImn
CYNEPIIO3UIMU COCTOIHUHN. OnepaTopsl GU3NIECKUX
BenurH. CaMOCOIPSHKEHHBIE ONEPATOPhI U UX
cBolicTBa. TeopeMsl 0 cBOMCTBaxX
CaMOCONPSKEHHBIX onepaTopoB. Haxoxnenue
COOCTBEHHBIX 3HAUEHHI ONepaTopoB UMITYJIbCa U
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MOMCHTAa UMITyJIbCa.

3.1

3.2

3amaya o ABMKEHUH YJIEKTPOHA B
BOJ0POJ0NI0I00HOM aTOMe

Tema. VYpaBnenue llpeaunrepa miist
BOJIOPOJIONIOA00HOT0 aToMa B C(heprHuecKUX
KOOpAUHATax. Perenue yrioBoi 4acTH 3TOro
ypaBHeHwus. [lonmunomsl Jlexxanapa.
Ob6e3pa3meprBaHue U MPUOIMHKEHHOE pelIeHne
paauaIbHOM YacTu 3TOro ypaBHeHUs. [lomuHOMBI
Jlareppa. [TonmuHOMBI YeObITIeBa-OpMuTa.
BonnoBas ¢GyHKIUS 1)1 SJIEKTPOHA B
BOIOpoonIon00HOM aToMe. KpatHocTb
BBIPOXKJICHUSI YPOBHEH SHEPrun
BOJI0POJONIOA00HOI0 aTOMa.

Tema. ILIOTHOCTH MOTOKA BEPOSATHOCTH. BhIBO
(dbopMyIIbI [IJIs1 MATHUTHOTO MOMEHTA aToMa.
Marueton bopa. Ilepexon 0T KBaHTOBOM MEXaHUKHU
K KJIACCUYECKO.

17 22 0 21,8

8 11 0 10,8

BpemenHoe uJiM 1MoJIHOE YPaBHEHUE
IIpeaunrepa. Teopusi npeacraBJIeHHI.

10 12 0 11

4.1

5.1

Bpemennoe nnu nonnoe ypasHenue llIpennnrepa.
Teopust mpeacTaBiIeHUN.

OcHOBBI TEOpUH BO3MYLICHU I

Tema. Bo3mynienue npu OTCyTCTBUU BBIPOKICHUS.
Bo3Myl1ieHne npyu HalM4uu BBIPOKICHUS.

10 12 0 11

10
10

12
12

O ©
o o

Teopnﬂ BBIHYKICHHBIX KBAHTOBBIX II€PE€X010B.

oo

12 12

6.1

Tema. BeposiTHOCTH EpEX0I0B O] BIUSHUEM
BOSMyIIIeHI/ISI, 3aBUCAIICTO OT BpeMeHI/I. Hepexonm
IO/ BIUSIHUEM BO3MYILEHUN, HE 3aBUCALUX OT
BPEMEHU.

Hroro

o o

12

60 76 0 79,8

4.2. Conep:xanne JMCHHILIMHBI, CTPDYKTYPHPOBAaHHOE IO pa3jejaM (TeMaMm)

Kypc npakTudecknx/ceMuHapCcKuX 3aHATUN

Ne HaumeHnoBaHue pa3gesia / TeMbl JMCHUIIIHHBI \ Coaepxanue
1 Cranuonapnoe ypaBHenue lllpeaunrepa. OqHoMepHble KBAHTOBOMEXaHHYeCKHe
3aja4m.

1.1 Tema. CranunonapHoe ypaBHenue lllpenunrepa. YacTtuna B NOTEHIIMAIBHOU sIME.
CBoiicTBa BOTHOBOH (pyHKIIMH. 3a/1a4a O YaCTHIIE B [IpoxokaeHne yacTUIIbI CKBO3b
MOTEHIIMATBLHOM sIME CO CTEHKaMU OECKOHEYHOM MOTEHIIUATIBHBIN Oapbep.
BBICOTHI. 3a/1aya O 4aCTHULE B IOTEHIUAIBHOH SIME CO
CTEeHKaMHU KOHEYHOU BBICOTHI.

KBanToBOMEXaHNUECKas 3a7a4a O JTMHEHHOM
rapMOHHYECKOM OCHUIIIATOpE. 3a71a4a O TYHHEJIbHOM
sddexre. 3amaua o6 o - pacmnaae suep.
2 MareMaTH4ecKHUii annapaT KBAHTOBOH MeXaHUKH
2.1  Tema. CMBbICT BOJTHOBOW (DyHKIIMU KBanToBOMEXaHnueckue

KBAaHTOBOMEXAHWYECKOM cucTteMsbl. [IpuHImn
CYIEepHO3UINH cOCTOSTHUN. OniepaTopsl (pU3NIECKUX
BeJIM4MH. CaMOCONPSHKEHHBIE ONIEPATOPhI U UX
cBorcTBa. Teopembl O CBOMCTBAX CAMOCOIPSKEHHBIX

oneparopsl. CpeHue 3HaUYCHUS U
BEPOSTHOCTH (PH3UIECKHIX
BeJInunH. MI3MeHeHne BO BpPEMCHU
COCTOSIHUSI.
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omeparopoB. HaxokneHne coOCTBEHHBIX 3HAUCHUM
OIepaTopoOB UMITYJIbCa U MOMCHTA UMITYJIbCA.

3 | 3amava o IBH:KEHHH IJIEKTPOHA B BOJOPOI0NOI00HOM aTOMe

3.1 Tewma. VYpaBuenue llpenunrepa ans 3aiaya o JBMKEHUH 3JIEKTPOHA B
BOJOPOJONOA00HOT0 aToMa B chepruiecKux BOJIOPOONIOA0OHOM aTOME.
KoopauHaTax. Pemienue yriioBoil yacTu 3Toro
ypaBHeHus. [Tonmunomsl Jlexanapa.

O06e3pa3mepuBane U MPUOIIIKEHHOE pEeIIeHUE
paauanbHOM yacTu 3TOro ypaBHeHus. [lonmuHoMBI
Jlareppa. [TomuaOMBI UeObIieBa-Opmuta. BoaHoBas
(GyHKIUS 1715 3JIEKTPOHA B BOAOPOI0NIOA00HOM
atome. KpaTHOCTB BBIPOKIEHUS YPOBHEU dSHEPIUU
BOZOPOJIONIOA0OHOTO aTOMA.

3.2  Tewma. [1n0THOCTH OTOKA BEpOATHOCTH. BbIBOA LeHnTpanbHO-CHMMETPUYHOE TOJIE.
(hOpMyIIBI 111 MATHUTHOTO MOMEHTA aToMa. ATOM BOAOpOAA. DIIEKTPOHHAS
Maruneron bopa. Ilepexon oT KBaHTOBOI MEXaHUKH K =~ 000JI0YKa BOJAOPOJONOA0OHOTO
KJIACCUYECKOM. aToma.

4 | BpemenHoe win nojaHoe ypapHenue lllpenunrepa. Teopusi npeacraB/ieHui.

4.1 Bpemennoe unu nosuHoe ypasuenue Llpeaunrepa. N3menenust BO BpeMeHH

Teopus mpeacTaBiIeHUN. CcOCTOSIHUS. MIHTEHCUBHOCTD U
[IMPUHA CIIEKTPaJIbHBIX JTUHUI.
5 | OcHOBBI TEOPUH BO3MYIIEHHUIT
5.1 Tewma. Bo3myiienue nmpu OTCYTCTBUU BBIPOKICHUSI. Bosmyiienue, He 3aBucsIiee oT
Boswmymienue npy Haau4uu BBIPOKICHUS. BpeMeHu. Bo3myienue,
3aBHCsIIIEE OT BPEMEHH.
6 Teopusi BbIHY:KI€HHbIX KBAHTOBBIX I1€PEX0/10B.
6.1 Tema. BepoaTHOoCTH Mepex0A0B MO/ BIUSHUEM Koaddunmentst DitHinTeiina.

BO3MYUICHUS, 3aBUCAIICTO OT BpCMCHHU. HGPCXOHI)I
Ioa BIMAHUCM BO3My1J_[eHI/II7I, HC 3aBUCAIIUX OT

BpPEMEHH.

Kypc JIeKnMOHHBIX 3aHATHI

Ne

1

11

2.1

HanmenoBanme pa3nesa / TeMbl
JTUCIUIIINHEI

Conepxanue

Crannonapnoe ypasHenue llIpequnrepa. OnHomMepHbIle KBAHTOBOMEXaHHYECKHE

3ajavm.

Tema. CraunoHapHoe ypaBHEHHE
[peaunrepa. CBoiicTBa BOJIHOBOU
¢byHkuu. 3aaa4ya o0 4acTUIIE B
MOTEHIMAIBHOM sIME CO CTEHKaMu
0eCKOHEUYHOH BLICOTHI. 3a7a4ya O YaCTHIIE B
MOTEHIMATBHOM sIME CO CTEHKaMu
KOHEYHOU BbICOTHI. KBaHTOBOMEXaHWUYECKas
3a/1aya O JTMHEWHOM FrapMOHUYECKOM
ocuusuIATOpe. 3a1a4a 0 TYHHEJIbHOM
saddexre. 3amada 06 o - pacmaie suep.

CranuonapHoe ypaBHenue lllpenunrepa.
CaoiicTBa BOTHOBOH pyHKIIMH. 3a1a4a O
YacTHUIle B TOTEHIIMAIHLHOH SIME CO
CTEHKaMU O€CKOHEYHOMH BBICOTHI. 3aja4a o
YacTHUIle B MOTEHIIHAILHOH SIME CO
CTEHKaMU KOHEYHOH BBICOTHI.
KBanToBoMexanuueckas 3ajgada o
JUHEHHOM TapMOHHYECKOM OCLUJIIATOPE.
3amaya o TyHHEIBHOM 2 dekTe. 3amada 06
o - pacraje siziep. 3ajzada o
BOJIOPOOTIOJ00HOM aTOME.

MareMaTH4YeCKHH aNNapaT KBAHTOBOH MEXaHUKHU

Tema. CMbIci BOTHOBOH (DyHKIIMH
KBaHTOBOMEXAHUYECKOU CUCTEMBI.
[TpuHIMI CyneprnO3UIIUN COCTOSHUM.
Omnepatopbl pU3HMUECKUX BEINYHH.

CMBbICIT BOTHOBOHM (PYyHKIIMH
KBaHTOBOMEXAHUYECKOU CUCTEMBI.
[IpuHIMI Cynepno3uui COCTOSHUM.
Omnepatopbl pU3MUECKUX BEIUYHH.




CamoconpsiKeHHbIE ONIEPATOPBI U UX
cBoricTBa. Teopemsl 0 CBOMCTBAX
CaMOCOIIPSI)KEHHBIX OIIEPaTOPOB.
Haxoxaenne coOCTBEHHBIX 3HAYCHHIA
ONepaTopoB UMITYJIbCa U MOMEHTA
MMITYJIbCA.

CamoconpsiKeHHbIE ONIEPaTOPBI U UX
cBoiicTBa. Teopemel 0 CBOMCTBAX
CaMOCOIIPSI)KEHHBIX OIIEPaTOPOB.
Haxoxnenne coOCTBEHHBIX 3HAYCHHIA
ONEepPaTOpPOB UMITYJIbCAa U MOMEHTA
HMITYJIbCA.

3 3agaua o ABM:KEHHH YJIeKTPOHA B BOJAOPOI0NOA00HOM aToMe
3.1 Tema. VYpasuenue lllpeaunrepa mis VYpasuenue lllpenunrepa mis
BOJIOPOJIONIOA0OHOI0 aTOMa B CPEepUUECKUX  BOJIOPOJONOA00HOr0 aToMa B chepruecKux
KoopaMHarTax. Pemenue yrioBon 4acTu KoopauHarax. Pemenue yrioBon 4acTu
sToro ypasHeHus. IlonmuHoms! Jlexannpa. aToro ypasHeHus. Ilonmmnoms! Jlexannpa.
Ob6e3pa3mepuBaHue U MPUOIIKEHHOE Ob6e3pa3meprBaHue U MPUOIMHKEHHOE
pellIeHne paJualbHON 4acTH 3TOT0 pelIeHNEe PaJualbHON YaCTU 3TOTO
ypaBHenus. [lonmuoMs! Jlareppa. YpaBHEHUS.
[TomuHOMBI YeObIieBa-Ipmuta. BoHoBast
(byHKIUS 715 3JEKTPOHA B
BOJIOpOIoN0A00HOM atome. KpaTHOCTb
BBIPOXKJICHUSI YPOBHEHN 3HEpPTrun
BOJIOPOJIONIOA0OHOTO aToMa.
3.2 | Tema. [I10THOCTB MTOTOKA BEPOSITHOCTH. ITonmmuowmsl Jlareppa. ITonuHOMBI
BriBog popmyiibl it MarHUTHOTO MOMeHTa  YeObimeBa-Opmuta. BomHoBast hyHKIHs
atoMa. MarnetoH bopa. Ilepexon ot JUIs 3JIEKTPOHA B BOJIOPOIONIOA00HOM
KBAaHTOBOM MEXAHUKH K KJIACCUYECKOM. aroMe. KpaTHOCTB BBIPOKICHUS YPOBHEN
SHEPruU BOJOPOJONOJ00HOI0 aToMa.
4 | BpemenHoe win nojaHoe ypapHenue lllpenunrepa. Teopusi npeacraB/ieHui.
4.1 BpemeHHOE WIH [T0JIHOE YPaBHEHUE Pemrenne HecTanMoOHapHBIX 3a/1a4
[IIpenunrepa. Teopus npeacTaBieHUM. KBAaHTOBOW MEXaHUKU. BpeMeHHoe
ypaBHenue lllpenunrepa — ouH u3
IIOCTYJIATOB KBAHTOBOW MEXaHUKHU.
Paznuunble npencraBieHus
KBAaHTOBOMEXAHNYECKOU CUCTEMBI.
MatpuuHas ¢popma orneparopa. Y paBHEHHE
HIpenunrepa B MaTpuyHOi opme
(aHEepreTuyeckoe npenacrasieHue). Pasaoie
npecTaBieHus (MMITyJIbCHOE U
SHEPreTHYecKOoe) BOJTHOBON (QYHKIUU U
OIIEPaTOPOB, IIEPEXO OT OJHOTO
IIpeACTaBIeHUs K Ipyromy. BpemenHnoe
ypaBHeHue llIpennHrepa B MaTpuIHON
dbopme 1 ero pemieHue.
5 | OcHOBBI TEOPUH BO3MYUIEHHUIT
5.1 Tema. Bo3aMyiieHnue npu OTCyTCTBUI Bo3myiienue npu oTCyTCTBUH
BBIPOXK/IeHUs. Bo3MyllleHne npu HaIuuumn BBIPOXK/IeHUs. Bo3MyllleHne npy HaIu4uu
BBIPOXKJICHUS. BBIPOXKICHUS.
6 Teopusi BbIHYKIEHHBIX KBAHTOBBIX ME€PEX0/10B.
6.1 Tema. BeposTHOCTH nepexo0B MO BeposiTHOCTH epex00B MO/ BIUSHUEM

BJIMSTHUEM BO3MYIICHHS, 3aBUCAILIETO OT
BpeMmeHu. [lepexoapl mox BIUSHUEM
BO3MYIIEHHUI, HE 3aBUCAIINX OT BPEMEHH.

BO3MYUICHUS, 3aBUCAIICTO OT BpEMCHU.
HCpCXOI[LI 1oa BIUAHHUEM BOBMYIHCHHIZ, HC
3aBUCAIINX OT BPEMCHU.



