ITporpamma mucimruiunsl "Keanrosas teopus'; 03.05.01 "ActpoHomus".

MMHHCTEPCTBO HAYKM U BBICIIIEI'O OBPA30OBAHUS POCCUIICKON ®EJIEPALINA
denepanbHOE rOCYIapCTBEHHOE aBTOHOMHOE 00pa3oBaTeIbHOE YUpekJeHHe BHICIIET0 00pa30BaHus
"Kazanckuii (ITpuBomkckuil) penepaibHblil yHEBEpCUTET"

WNucturyt dpusuku

=T
=

4
X

¢
>
'w-
2

VYTBEPKIAIO
IIpopekTop mo oOpa3oBarebHON aesTebHoCTH KDY
Typunosa E.A.
n_n 20_ I.
IIporpamMmmMa QuCHUILIMHBI
KganroBas Teopus
CrnenmansHocth: 03.05.01 - ActpoHOMUSA
Crenpanuzanuus:_ActpodysnKa ¥ KOCMOJIOIUs
Keamudpukarms Beimyckanka:_ Actponom. IlpenonaBarens
dopma 0byyeHusi:_0UHOoe
SI3BIK OOyUEeHHS: PYCCKUI
I'on Havyana oOyveHus Mo oOpa3oBaTebHOM mporpamme: 2025
e EKTPOHHBH

I AN
Bl YHHBEPCHTET

PHEOEMALIMOHHO AHATKTAHE SR SHCTEMA Ky



ITporpamma mucimruiunsl "Keanrosas teopus'; 03.05.01 "ActpoHomus".

Conep:xanue

1. TlepeueHb IMIAHUPYEMBIX PE3YJIbTATOB OOYUYEHHUS 110 AUCHUIUIMHE (MOYJI0), COOTHECEHHBIX C IUIAHUPYEMBIMH Pe3yJIbTaATaMU
ocsoenus OIIOIT BO

2. Mecro pucuuruidasl (MoayJist) B crpykrype OITOIT BO

3. O0beM AUCLMIUTHHBL (MO/YJIsI) B 3a9YETHBIX €OUHULIAX C YKa3aHHEM KOJIMIECTBA YacOB, BbIICICHHBIX HA KOHTAKTHYIO paboTy
00yUaIIMXCs C TpernoaBareseM (1o BuiaM YUeOHbIX 3aHSATUN) ¥ HA CAMOCTOSITENIbHYI0 paboTy 00y4YaloIIuXcst

4. CopeprkaHue TMCUMIUTMHBL (MOJIYJIs1), CTPYKTYPUPOBAHHOE MO TeMaM (pa3fesam) ¢ yKa3aHHeM OTBEJEHHOrO Ha HHX
KOJIMYECTBA aKaJEMUUYECKUX YacOB M BUIOB YUEOHbBIX 3aHATHIA

4.1. CTpyKTypa ¥ TeMaTUYECKHI IJIaH KOHTAKTHOW U CAMOCTOSTEIbHOM pabOThI MO TUCIUILTHHE (MOJIYJII0)

4.2. CopepxaHuie AUCIUTLTAHBI (MOJTYJIs1)

5. TlepeueHpb yueOHO-METOAMUYECKOTO 00eceYeHH s /ISl CAMOCTOSATEIbHOM paboThl 00YYAOIIMXCS O JUCIUILTMHE (MOJYJIIO)

6. ®OH/1 OIIEHOUHBIX CPEACTB MO AUCIUILTIHE (MOYJTIO)

7. TlepeueHb UTEPaTyphl, HEOOXOJUMOM [J151 OCBOCHHS JUCHUILIMHBL (MOYJIs1)

8. IlepeueHnb pecypcoB HH(POPMAIIOHHO-TEJICKOMMYHHUKAIIMOHHON ceTr "VIHTepHeT", HEOOXOAUMBIX TSI OCBOCHUS AUCLIATUTAHBI
(Mopyns)

9. Meroauueckue yKazaHusi JUist 00Y4YaOIUXCsl TI0 OCBOESHUIO JTUCIMIUTUHBI (MOJIYJIs1)

10. Iepeyenb HMPOPMALIMOHHBIX TEXHOJIOTHIA, UCTIONB3YEMbIX MTPU OCYIIECTBIEHUH 00pa30BaTe/IbHOTO MpoLiecca 1o
JMCLUILIMHE (MOJYJII0), BKJIIOUAs MepedeHb MPOrpaMMHOro oOecrieveHrst 1 MH(POPMALIMOHHBIX CIIPABOYHBIX CHCTEM (TIpH
HEOOXOJUMOCTH)

11. Onucanue MaTepuaibHO-TEXHUYECKOUN 0a3bl, HEOOXOIUMOM JIIsl OCYILECTBIEHHS 00pa30BaTeIbHOTO MPOIIecca Mo
JUCLIUIUIAHE (MOAYJIIO)

12. CpeactBa agantanyy npenojaBaHust AUCHUIUIMHBL (MOAYJIs) K TIOTPEOHOCTSIM 00YYaIONIMXCsl UHBAJIMIOB U JIUL] C
OrpaHMYCHHBIMU BO3MOKHOCTSIMU 3[J0POBBS

13. ITpunoxenue Nel. PoHJ OLIECHOUHBIX CPEICTB
14. Tpunoxenune No2. [lepeueHsb uTepaTypbl, HEOOXOAUMOM /ISl OCBOSHUSI TUCHMIUIUHBI (MOJ1YJIs1)

15. TIpunoxenue Ne3. IlepeyeHs HH(MOPMALIMOHHBIX TEXHOJIOTUIA, UCMIOJIBb3YEMBIX AJI1 OCBOEHHS JUCLMILIAHBI (MOAYJIA),
BKJIIOYAsI TIepeveHb IIPOrpaMMHOT0 oOecriedeHHs 1 MH(POPMAIMOHHBIX CIIPABOYHBIX CHCTEM
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[porpammy muictmMIuIMHBL pa3padoTai(a)(u): foueHT, K.H. baitoekos .U. (Kadenpa Teopernueckoii ¢pusrku, OtneneHue
¢pusuku), 1Edward.Baibekov@kpfu.ru ; npoeccop-koncynsrant Mankun B.3. (Kadenpa teopernueckoit ¢pusuku, OtaeneHue
¢pusukm), Boris.Malkin@kpfu.ru

1. IlepeyeHb MIAHNPYEMBIX Pe3yJIbLTATOB 00YYEHHs MO JUCIHHUILIAHE (MOIYJII0), COOTHECEHHBIX ¢ IVIAHUPYEeMbIMHI
pe3yabTatamu ocsoenusi OIIOII BO

OO6yyarnImuiics, OCBOUBIINE QUCIUIUTUHY (MOIYJIb), JOJIKEH 001a1aTh CIICAYIONMMA KOMITETCHITASIMU:

Mudp PacuudpoBka
KOMIIeTeHIHH npuooperaemMoii KoMIeTeHIUH
OIlIK-1 CriocoOeH OpUEHTHPOBATHCS B 0A30BBIX ACTPOHOMHUYECKUX U (PU3UKO- MaTEMATHUECKUX

TeopusX, (pyHIAMEHTAJIbHBIX pa3esiax MaTeMaTUKH, (PU3UKY, ACTPOHOMUH U MEAArOTHUKH IS
[peleHus] HayYHO-HCCIIeJOBATEIbCKUX U MeIaTOTMUYeCKHX 3a1a4

OO0yyarnInuiics, OCBOUBIINI TUCIMIUIAHY (MOJYJIb):

JloJKeH 3HATh:

OCHOBBI KBAaHTOBO-MEXaHMUECKOT'0 OMUCAHUS COCTOSIHUN (PU3UYECKUX CUCTEM U MaTEMAaTHYECKOro arnapara KBaHTOBOM
TEOpUu

JloKeH yMeTh:

Cl)OpMyJ'[I/IPOBaTI) 1 TOKa3bIBaTb OCHOBHLIE PE3YJIbTAThI KBAHTOBOM Teopun

JlomxeH Bl1afeTh:

HaBbIKaMU PELICHUSA HpOCTCﬁmHX 3a7a4 O HAXOXKAEHUU SHEPIrE€ETUIECKOI'o CIIEKTPAa U BOJTHOBBIX (1)yHKLII/If/'I KBAaHTOBBIX CUCTEM
" BBIYUCJICHUA BepOHTHOCTeﬁ HX MEPEXOIOB B APYTU€ COCTOAHUSA MO BJIUAHUEM BO3MyH.[eHPIﬁ
JIOIDKGH AE€MOHCTPUPOBATb CIIOCOOHOCTh Y TOTOBHOCTb:

K JajibHeIeMy 00y4eHHIo

2. Mecto gucnuminasl (MoayJisi) B ctpykrype OIIOII BO

Haunaast qucrmiuiHa (MOayJb) BKMoveHa B pazaen "B1.0.14.11 Juctummasl (MOgyn)" OCHOBHOM MPO(heCCHOHATBHOM

ob6pazosarenbHoi nporpammsl 03.05.01 "Actporomust (AcTpodu3uka 1 KOCMOJIOTHs)" ¥ OTHOCUTCS K 0053aTeIbHOM 4acTh
OIIOII BO.

OcBauBaercs Ha 3 Kypce B 6 cemecTpe.

3. 06bem JAUCIMITIJINHbI (MOIIleﬂ) B 3a4Y€THLIX €/IMHUIAX ¢ YKa3aHUEM KOJINYE€CTBA YaCOB, BbI/ICJICHHBIX HA

KOHTAKTHYIO pa0oTy 00y4awuuxcs ¢ npemnogasareieM (0 BHAAM Y4eOHbIX 3aHATHII) H HA CAMOCTOSITENbHYIO
padoTy odyuarommxcsa

OO011ast TPyI0OEMKOCTh JUCIMILUIMHBI COCTABIIAET 5 3a4eTHhIX (bie) enuHuIl(bl) Ha 180 vaca(oB).

KonraktHast padota - 89 uaca(oB), B TOM umciie Jekiuu - 44 yaca(oB), mpakTUyeckue 3aHstus - 44 yaca(oB), 1abOpaTOpHbIE
padotsi - 0 yaca(oB), KOHTPOJIb CAMOCTOSITENIbHOM paboTh - 1 yaca(oB).

CamocTrosTenbHast padoTa - 55 yaca(oB).
Kontpons (3auér / 3x3amen) - 36 daca(oB).

Popma MpomMeRyTOYHOr0 KOHTPOJIS JUCLIUILIMHBL: 3K3aMeH B 6 cemMecTpe.

4. CoaeprkaHue JUCHHUILIAHBI (MOIYJIs), CTPYKTYPHPOBAHHOE M0 TeMaM (pa3jiesaM) ¢ yKa3aHHeM OTBEeJeHHOro Ha
HHUX KOJIHY€CTBA aKaJeMHYeCKHX YacOB U BH/IOB y4eOHbIX 3aHATHI

4.1 CTpyKTypa B TeMaTH4eCKHIl IVIaH KOHTAKTHOH H CaMOCTOSITeJbHOM PatoThI 0 JUCHHILINHE (MOIYJIIO)
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Buasl u yachl KOHTaAKTHOI PadoTHI, Camo-
HX TPYA0EMKOCTh (B Yacax) CcTOS-
N Pazmeant qucuumimnnb / Ce- Iexmun,Texmmu|lIpakTu-[IIpaktu-/Iadopa-/Iadopa-| Teab-
Mo ayJist MECTP| Bcero | B3J. | 4YecKHe | YyecKHe |TOpPHBIE |TOpPHbIe | Hasd
¢dopme BaHaTHsA,| B 3J. |[pabdoThL,| B3I pa-
Bcero | cdopwme | Bcero | ¢popme | 00Ta
Buabl 1 yackl KOHTAKTHOI Pa6oThl, Camo-
HX TPYA0EMKOCTh (B yacax) CTOSI-
N Pazneust qucuunimbt / Ce- Ulexunn,/Texuun|IIpakru-[Iipaktn-/Ta6opa-/Iadopa- TeIb-
MOayJIst MECTP| Bcero | B3J. | yeckue | yecKue |TOpHbIE | TOpHbIe| Had
¢opme BansaTHs,| B 3J. |[padoThL,| B3I pa-
Bcero | dopme | Bcero | popme 0ora
1. Tema 1. OcHOBHbIE TOHATHSI KBAHTOBOU TEOPUU 6 7 0 8 0 0 0 6
2. (Tema 2. Teopus mpeacTaBaeHUIL. 6 5 4 0 0 0 6
3 Tema 3. Kontposnbras padora Nel o remam 1-2 6 0 2 0 0 0 0
4. Tema 4. DBomoLMs KBAHTOBLIX COCTOSIHUNA BO 6 8 0 8 0 0 0 6
BpeMeHH!
5. |Tema 5. OnHOMEpHOE IBUKEHUE 6 8 0 6 0 0 0 3
6. Tema 6. JIBuxeHNe B 6 4 0 6 0 0 0 2
LEHTPaJIbHO-CUMMETPHUYECKOM I10JIe
7. (Tema 7. Teopust BO3MyIIEHUIA 6 8 0 6 0 0 0 2
3. Tema 8. Kontposbhas padora Ne2 o Temam 4-7 6 0 0 2 0 0 0 0
9. [Tema 9. BapuaimonHslii MeTox 6 4 0 4 0 0 0 0
10.|Tema 10. MHOrOYacTHYHBIE CHCTEMBI 6 4 0 4 0 0 0 6
1. Tema 11. MHOrO2JIeKTpOHHbIE ATOMbBI ¥ MOJIEKYJIbI 6 4 0 2 0 0 0 6
12. Tema 12. KontposbHast padota Ne3 o Temam 9-11 6 0 0 2 0 0 0 0
lToro 52 0 54 0 0 0 37
O PAEKTPOHHBIH
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4.2 Cogep:kanne qUCIUATLIHHBI (MO TyJIs1)
Tema 1. OcHOBHbIE NOHATHS KBAHTOBOI TeOpUH

HyastuaMm siBJIeHUII MUKPOMUpPA: TUCKPETHbIE CBOIICTBA BOJIH, BOJIHOBbIE CBOICTBA YacTHIl. [IpUHIUIIBI HEOTIPEIeIeHHOCTH U
cyneprosuruu. [Ipoctpancteo ['mib6epra. OnepaTopsl HaOIOAaeMbIX (PU3UIECKUX BEJIMUUH U UX cBoMcTBa. COOCTBEHHbBIE
(byHKIIMU ¥ COOCTBEHHBIE 3HAUEHUS OMlepaTopoB. JIMCKPETHBIA U HelpephIBHBIN crieKTp. CoOCTBEeHHbIE (hYHKITUH
KOMMYTHPYIOIIHX oreparopoB. COOTHOIIEHME HeorpeaeneHHocTel [aiizentepra 1y1st (pU3MUECKUX BEJTUYMH.

Tema 2. Teopus npeacTaBjeHuUi.

YHutapHble npeodpa3oBaHusi BOJIHOBBIX (PYHKIMH U oneparopoB. Marpuunsiii Metos. KoopannaTtHoe nipesacraBienue. CBssb
BOJIHOBO# (DYHKIIMU U BEKTOpa coCTOsTHUS. MMy ibcHOE NpeacTaBieHrne. 3anuch ONnepaTopoB KOOPAUHATHI U MIMITYJIbCa
YaCTHLBl B UMITYJIbCHOM IPeACTaBIeHUH. MaTpulia IiotHocTu. YncThle ¥ CMelIaHHble COCTOsIHUS. Y paBHeHue HeliMaHa.

Tema 3. KoutpoabHas pa6ora Nel nmo Temam 1-2
KonrtponkHas padora rmo temam 1-2
[pumeps 3a/1a4 11 KOHTPOJILHOW pabOThL:

1. Beruucaurts KommyTatop [pz,1z72], rae 1z - onepaTop NpoeKLuy MOMEHTa UMITYJIbCa, U PZ - KOMIIOHEHTHI UMITYJIbCa YaCTHUIIbI
B JIEKapTOBOI1 CHCTEME KOOPAUHAT.

2. Haiitu 3Havenme pyakimu F(x)=exp(ia*px)*(x-2)"2 npu x=1 (px - oneparop MpOeKITNHA UMITyJIbca Ha OCh X).

3. Haiitu pacnpesieneHyie BepOsATHOCTEN /1151 KOMIIOHEHT UMITYJIbCA YaCTULIBI, €CJIH €€ BOJIHOBasA (DyHKIIMS paBHA
A*exp(-a*(x"\2+y”"2)-ib*z).

4. BonHOoBas (pyHKIus yactuipl ¢ Maccoit M pasaa Cexp(-r/p). Haiiti cpenHee 3HaUeHNEe KMHETUIECKOW SHEPTHN YACTHUIIL.

Tema 4. DBoJOIMSI KBAHTOBBIX COCTOSHAN BO BpeMeHH

Vpasuenne llpeaunrepa. [T10THOCT TOTOKA BEPOATHOCTH M ypaBHEHHE HENPepbIBHOCTH. OmepaTop MPOU3BOIHOM IO
BpPEMEHH OT TMHaMI4ecKoi nepemenHoi. [Ipencrasnenue I"aiizendepra. CranrioHapHble COCTOSIHUS. VIHTerpassl JBHKESHHS
KaK CJIe[ICTBHE CBOWCTB CHMMETPHH KBAHTOBOH cHCTeMBbl. [IoHATHE YeTHOCTH KBAHTOBO-MEXaHHYECKOTO COCTOSIHUS.

Tema 5. OqHOMepHOE NBHKEHHE

[Ipumepsl cBepeHns cranmoHapHoro ypasHeHus llpenuHrepa 11 TpeXMepHBIX CHCTEM K OJHOMEPHOM 3a1ade. MeTon
paszeneHus nepeMeHHbIX. YacTuia B 0THOMEpHON OECKOHEYHO ITyOOKOH MOTEHIMAIBHON SIMe: IUCKPETHBIN CIIEKTP SHEPTHH.
[IpoxoxeHne 4acTuIbl Yepe3 OTHOMEPHBIA TOTeHIMANbHbIN Oapbep. [IoHATHe KO3 DUIMEHTOB OTpakeH!sI / TIPOXOKICHHUS.
IapMoHMUecKnil OCMIIATOP.

Tema 6. ,HBI/I)KGHI/IQ B HEHTPAJbHO-CUMMETPUYE€CKOM I10JI€

O6HIaH TEOpHA ABUKCHUSA B IEHTPAJIbHO-CUMMETPUYICCKOM I10JIC. Mowment HMITYyJIbCA. CoOcTBEeHHbBIE (1)yHKHI/II/I 1 COOCTBEHHEIE
3HAYCHUA KBaJlpaTa MOMEHTA UMITYyJIbCa U €ro MPOCKIUU. Atom BOAOpOA: E)HCpFGTI/I‘ICCKI/Iﬁ CIICKTp U COOCTBEHHbBIE (I)yHKIII/II/I.
KpaTHOCTI) BBIPOKACHUS COCTOSIHMH. KIIaCCPIq}I/IKaHI/IH COCTOSIHMH I10 KBAHTOBBIM UHCJIAM. CHCKTp BOJ]OPOJIOHOILO6HI)IX
dTOMOB.

Tema 7. Teopus Bo3myuienui

Teopus cTanOHapHBIX BO3MYIIIEHNH /151 JUCKPETHOTO ceKTpa. Bosmymenus npu Hanmmauy BeipoxaeHus. ekt IlTapka
JUIs1 aToMa Bogopoza. Bo3myenus, 3apucsinue ot BpeMeHH. [lepexoapl CHCTEMbI B HOBBIE COCTOSIHUS O] BIUSTHUEM
BO3MYyIIeHH. [lepexoasl B COCTOSHMSA ¢ HEMPEPHIBHBIM cIIEKTPOM. COOTHOIIEHNE HEONIPEJENIEHHOCTH /1711 SHEPIUU U BPEMEHH.

Tema 8. KonrpoanHas pa6ora Ne2 nmo temam 4-7

KontponpHas padora mo temam 4-7

[Ipumepsl 32124 11 KOHTPOJILHOW pabOThL:

1. Haiitu cpenHee 3HaYeHHE KMHETUIECKOW SHEPTHH JICKTPOHA B ATOME BOJIOPOa B OCHOBHOM COCTOSIHUM.

2. Haiitu pacnpesienieHre BepOSITHOCTEN JIIs1 KOMIOHEHT UMITYJIbCa JIMHEWHOTO FApMOHMYECKOT0 OCILIFUIATOpA ¢ MacCol m u
YacTOTOH W B OCHOBHOM COCTOSTHUM.

SAEKTPOHHBH
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3. Haiitu pacrnipenesnienre BeposiTHOCTEN 151 KOMIIOHEHT UMITYJIbCa IMHEWMHOTO TapMOHUYECKOT0 OCILIMJUISITOPA C MacCoi m U
YacTOTON W B IIEPBOM BO30YKIEHHOM COCTOSTHHH.

4. Haiity HEpruio coCTOSHUH C HyJIeBHIM MOMEHTOM MMITYJIbCa AJIsl YACTHIBI C MACCOM M, €M NOTeHIMAIbHAS SHEPTHs]
YACTHUIIbl PABHA HYJIIO BHYTPU c(pepbl C paIMyCOM a U OECKOHEUHO OOJIbIast BHE 3TOU C(hepsi.

5. Haiity BepOsITHOCTB IPeOBIBAHIISI 9JIEKTPOHA B KJIACCHUYECKH 3alpeleHHOM 00JIacTH (T.. B 00JIACTH, B KOTOPO¥ ero IMoJHast
SHEPrusi MEHbIIIE MOTEHIUMATBHOI SHEPTHH) B OCHOBHOM COCTOSIHUM aTOMa BOJOPOJIA.

6. Haiitu ypoBHU 3HEpPriy v BOJIHOBbIE (DYHKIIMU YaCTHIHI C MOMEHTOM UMITYJIbca 1=1, eciiu raMuIIbTOHMAH YaCTHUIIbl paBeH
H=b*1z"2+b*(1x"2-1y"2),

rae a u b - MOCTOSIHHBIE.

7. Haiitu cpejiHee 3HaUY€HME MMOTEHIMABLHON SHEPrUHU JIEKTPOHA B aTOME BOJOPOJa B OCHOBHOM COCTOSIHHUH.

8. HaiitT K03(h(hUITEHT OTPakeHUS YACTUIIBI C MACCOM M OT MOTEHIMATLHON SIMBI (TIOTEHIMATbHAS SHEPT UL YACTUIIBI TTPU
JBYDKEHUH BJIOJIb OCH X PaBHA HYJIO Be3Jie, KpoMe ooact 0<x<a, rae ona pasHa -U, U>0).

9. INoTeHIanbHas SHEPTHS YACTHIIB ¢ Maccoi m paBHa V(x)=alxl. OTIeHUTh SHEPTHI0 OCHOBHOTO COCTOSIHUS, HCTIONIB3Y ST
COOTHOIIIEHHE HEeOTpe eI HHOCTH.

Tema 9. BapnanuoHHbIH MeTOT

BapuarmoHHsIil IpUHIKI B KBaHTOBOM MexaHuke. CranrioHapHoe ypaBHeHue Illpenunrepa Kak cieAcTBUe BapUallMOHHOTO
npuHiuna. [Tpsimoit BapuanionHsiii meton Puria. [Tpumep: nouck npudamxkeHHON BOJHOBOH (DYHKIIMM OCHOBHOTO COCTOSIHHS
JIMHEIHOTO rapMOHMYECKOT0 OCLMJLIATOpa BapUaLlMOHHBIM MeTosioM. HaxosxieHne Bo30y:KIEHHOIO CTalIOHAPHOTO COCTOSIHUSA
OCLIWJLIATOpA.

Tema 10. MHOTrOYacTHYHBIE CHCTEMBI

[IpuHIMIT TOXAECTBEHHOCTH YacTULl. CUMMETPUYHBIE U AaHTUCUMMETPUYHBIE BOJIHOBBIE (DYHKIMU. Bo30Hb U (hepMUOHBL. ATOM
resivsi: NpUOJIMKeHHOE pellieHre 17151 COOCTBEHHBIX (DYHKIIMI U SHEPriii OCHOBHOTO M BO30YX/IEHHOTO cOCTOsIHUIA. OpTO- 1
naparenuii. [Tonarie obMeHHOro MHTerpasia. ek TUBHbINA CIMHOBBIA ONepaTop 0OMEHHOTO B3aUMO/IEHCTBUSI.

Tema 11. MHOr03/1IeKTPOHHBbIE ATOMBI H MOJIEKYJIbI

[TpubmxeHne HeHTPATbHOTO MOJIA U1 MHOTOSJIEKTPOHHOTO aTOMa: pa3fie/ieHue IIepeMEHHBIX, TIOPSI0K 3arl0HEHHS
3JIEKTPOHHBIX COCTOSIHUH ¢ pa3HbeIMHU n U 1. IToHsTHE ClI9TEpOBCKOrO AeTepMuHanTa. [lepuoanyeckas cucreMa XUMU4ECKHUX
3/1IEMEHTOB. XUMHUYECKUE CBOMCTBA LIEJIOUHbIX METAJUIOB, UHEPTHBIX Ta30B, [AJIOTEHOB, IEPEXOAHBIX METAJLIOB,
peaKo3eMesIbHbIX JIEMEHTOB Ha OCHOBE KBAHTOBOMEXaHUYECKUX ITPE/ICTaB/ICHU.

Tema 12. KonrpoJubHas padora Ne3 mo remam 9-11
KonrposbHast padota o Temam 9-11
ITpuMepsl 32124 17151 KOHTPOJIBHOH padOTHI:

1. Oneparop 'amusbToHa yacTuis! co crimHoM S=1/2 paBen H=a*Sx+b*Sy, BonHoBas pyHKIMs yacTuis! pasHa (A; B). C
KaKOH BEPOSATHOCTBIO YACTUIIA HAXOOUTCS B OCHOBHOM COCTOSIHMU?

2. M'aMuIbTOHMAH YaCTULIBL B JIEKTPOMATHUTHOM MOJ1€ ¢ nmoTeHuuanamu A(r,t), phi(r,t) paseH H=(p-eA/c)"2/2m+e*phi. Haiitu
orepaTrop yCKOPEHUsI YaCTUbL.

3. BeIYncanTh SHEPrUi0 OCHOBHOTO COCTOSTHMSI aTOMa BOJIOPO/ia BAaPUALIIOHHBIM METO/IOM, UCIIOJb3YsI B KAUeCTBe
npuOJIMKeHUs Uit BOJHOBOW (hYHKIIMH cocTostHus: a) PyHkimio [aycca; 6) 9KCIOHEHIMATbHYIO0 (DYHKIIHIO.

5. IlepeyeHb y4eOHO-METOUYECKOTO 00€eCIeYeHHS UIA CAMOCTOSITEJbHOM Pa6oThI 00yJalOMMXCs M0
JUCHUIINHE (MO/LYJII0)

CamocrosiTenbHas padoTa 00yJalomMXcsl BBITIOJIHIETCS M0 3aJaHHI0 U ITPY METOIMUYECKOM PYKOBOJICTBE ITperoiaBaresisi, Ho 6e3
€ro HermocpeACcTBeHHOro yuacTust. CamocrosiTenbHast paboTa MojipasaensieTcs Ha CaMOCTOATENbHYI0 padoTy Ha ayIUTOPHBIX
3aHSITHSX U Ha BHEAYAUTOPHYIO CAMOCTOSITENbHYIO paboTy. CamocTosTesbHas paboTa 00yYaloMXCs BKIIIOYAET KaK ITOJHOCTHIO
CaMOCTOSITEIIBHOE OCBOEHHE OT/EJIbHBIX TeM (pa3/esioB) JUCIMIUINHBI, TaK U MPOpadOTKY TeM (pa3JiesioB), OCBAUBAEMBIX BO
BpeMsI ayJUTOPHOM paboThl. Bo BpeMs caMOCTOsITEIbHOM paboThl 00YYaIOIMecs! YUTAIOT U KOHCTIEKTUPYIOT YUeOHYI0, HayIHYIO
Y CIIPAaBOYHYIO JIMTEPATYPY, BHIIOIHSIOT 331aHKsI, HATIPABJIEHHBIE Ha 3aKpeTUIeHNe 3HAHWI M OTPabOTKY YMEHHI U HaBBIKOB,
TOTOBATCS K TEKYILEMY U POMEKYTOYHOMY KOHTPOJIIO MO AUCLIUTUIMHE.

OpraHu3aiys CaMOCTOSITETIHON padoThl 00yYAIOIIMXCS perilaMeHTHPYeTCsl HOPMATHBHBIMH JIOKyMEHTaMHU,
y4eOGHO-METOIMUYECKOH JIMTepaTypoil ¥ SJEKTPOHHBIMU 00Pa30BATE/IbHBIMK PECYpPCaMHU, BKIIOYASL:

[Nopsiok opraHu3aluK 1 OCYILECTBICHHUS 00pa30BaTEIbHOM AeSATEILHOCTH 10 00pa30BaTeIbHBIM ITPOrpaMMaM BBICIIIETO
o0pa3oBaHusl - IporpaMmam OakajaBpuara, mporpaMmMaM ClielMajIuTeTa, IporpaMMaM MariucTparypsl (YTBEpKIECH MPUKa30M
MuHucTepcTBa HayKu U Bhiciiero oopaszoBanus Poccuiickoii @enepanyu ot 6 anpest 2021 roga Ne245)

IMucemo MunuctepeTBa odpasoBanust Poccuiickont ®eneparmy Nel4-55-996un/15 ot 27 Hos16ps 2002 1. "O6 akTUBU3ALNN
CaMOCTOSITEJILHOI pabOTHI CTYAEHTOB BBICIIUX y4eOHBIX 3aBe/ICHII "

VYcraB (eepaabHOro rocyIapcTBEHHOIO aBTOHOMHOTO 00pa3oBaTesbHOro yupexaenus "Kazaunckuii (ITIpuBoBKCKIA)
(penepanbHbIil yHUBEpCUTET"
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[paBuia BHyTpeHHEro pacnopsiaka (enepaibHOro rocyJapcTBEHHOr0 aBTOHOMHOI'O 00pa30BaTeIbHOTO YUPEKAESHUs BHICIIETO
nipodeccronanbHOro oopasosanus "Kazanckuii (ITpuBomkckuii) enepaibHblil yHUBEpcUTeT"

JlokanpHble HOpMaTHBHBIE akTHl KazaHckoro (IIpuBosskckoro) deaepaabHOro yHUBEPCUTETa

ConosbeB O.B. 3aaun 1o KBaHTOBOW MeXaHWKe: BOJHOBBIE (DYHKILIMM ¥ OTlepaTopsl (y4.-MeToz. nocodue). - 2013. - Kazans. -
KII®YV. http://kpfu.ru/docs/F1064181181/Zadachi po kvantovoi mehanike.Volnovie_funkcii_i_operatori.pdf -
http://kpfu.ru/portal/docs/F1064181181/Zadachi_po_kvantovoi_mehanike.Volnovie_funkcii_i_operatori.pdf

Comnosres, O.B. KpanTtoBast Teopus (fpakTudeckuil Kype). 3agaqnuk ans ¢pusukoB. Yacts 1. [Dnextponnsiii pecype] / O.B.
ConoBbes, J.U. Baiibekos, C.W. Benos // Yye6Hoe nocobue. ? Kazanb: Kazanckuii yausepcurer, 2015. ? 102 c.
http://dspace.kpfu.ru/xmlui/handle/net/20301 - http://dspace.kpfu.ru/xmlui/handle/net/20301

6. ®oH/] OLIEHOYHBIX CPE/ICTB M0 JUCIUILIHHE (MOYJII0)

CDOH,I[ OLCHOYHBIX CPEACTB I10 JUCHUILIMHE (MO,IIyIIIO) BKJIIOYA€T OLICHOYHBIC MATEPUAJIbl, HAIIPABJICHHBIC HA IIPOBEPKY OCBOCHUS
KOMHCTGH].[I/Iﬁ, B TOM 4YUCJIE 3HaHPII>i, yMCHI/Iﬁ 1 HaBBIKOB. CDOH,[[ OLCHOYHBIX CPEACTB BKIIOYACT OUEHOYHbIC CPEACTBA TEKYLIETO
KOHTPOJIAA U OUEHOYHbIC CPEACTBA HpOMC)KyTO‘IHOﬁ aTTeCTalluu.

B ¢oHze oLIeHOUHBIX CPEeJCTB COAEPKUTCS creayomas HHpOopMaLus:

- COOTBETCTBHME KOMIIETEHIIUH [IAHUPYEMBIM pe3yJibTaTaM 00yUeHusI 110 UCHUILINHE (MOYJI0);

- KpUTepuu olieHuBaHus1 c(hOPMUPOBAHHOCTU KOMIIETEHIIHIA;

- MeXaHu3M (POPMHUPOBAHHUS OIIEHKH 110 JUCHUILTAHE (MOIYJIO);

- OINMCaHUe MOPSIKA MPUMEHEHUs U MPOLIeyPbl OLIEHUBAHUS /151 KaXkKIOTO OIIEHOYHOTrO CPEACTBa;
- KpUTepHH OIICHUBAHUS JJTs1 KaXJOr0 OIIEHOYHOTO CPEJICTBA;

- COAEPKaHNE OLICHOYHBIX CPEACTB, BKJIIOYas Tpe60BaHI/IH, MPEABABIACMBIE K HCﬁCTBHHM 06yqa10u11/1xc;{, AEMOHCTPHUPYEMBIM
pe3yiibTaTaM, 3aJaHuA pa3INIHbIX THUIIOB.

®DoHJ OIIEHOYHBIX CPEICTB IO AUCIUIUTUHE HaxoauTcs B [Iprnoxkernun 1 K mporpaMMe JUCIUILTHHBL (MOIYITIO).

7. IlepedeHb JUTEPATYPbI, HEOOXO0AUMON JJIsI 0CBOEHHS JUCIUILINHBI (MO XyJIs)

OcBoeHWe QUCHIUILTAHBI (MOIYJIs1) IPE/IoaraeT n3yueHne OCHOBHOM 1 JIOMOJTHUTEIBHON yueOHO# TnTepaTyphl. JIuteparypa
MOXeT OBbITh JOCTYITHA OOYYAIOIIMMCSI B OTHOM U3 IBYX BapUaHTOB (JIMOO B 000UX M3 HUX):

- B 9JIEKTPOHHOM BHJIE - Y€PE3 JIEKTPOHHbIE OMOIMOTEUHbIE CUCTEMBI HA OCHOBAHUHM 3aKTioueHHbIX KDY 10oroBopos ¢
TIPaBOOOIAIATEISIMU;

- B leyaTHOM Buje - B Hayuno# 6ubnuorexke um. H.U. Jlo6aueBckoro. OOyyaiomiecs noayyaoT yueOHyIo TUTepaTypy Ha
aOOHEeMeHTe MO YUTATEIbCKUM OMJIETaM B COOTBETCTBHM C MPABUJIAMU 110J1b30BaHusi HayuHoi OUOIMOTEKOM.

DJIeKTPOHHBIE U3aHUSI JOCTYITHBI AUCTAHIIMOHHO U3 JII000H TOUKH MPY BBEAEHUM 00YYaIOIIMMCsI CBOETO JIOTHHA U [TapoJisi OT
JIMYHOTO KabuHeTa B cucteMe "DNeKTpOHHBIH yHUBepcuTeT" . [Ipn NCronb30BaHNM ITeYaTHBIX U3aHUN OMOIMOTEYHbIN (hOHT
JOJDKEH OBbITh YKOMIIEKTOBAH MMHU M3 pacuera He MeHee 0,5 sx3emruisipa (uis ooydaommxcs no PI'OC 3++ - He menee 0,25
9K3EeMIUIAPA) KakI0ro U3 U3JaHUIl OCHOBHOM JIMTepaTyphl U He MeHee (0,25 sK3eMIuIApa JONOIHUTENBHON TUTepaTypsl Ha
Kax10r0 00y4alolerocs U3 4ucia Jull, OJHOBPEMEHHO OCBAUBAIOIIUX JAHHYIO AUCLUILIMHY.

INepeueHb OCHOBHOI M IOTIOJHUTENIBHON Y4eOHOI IMTEpaTyphl, HEOOXOAUMOI U1l OCBOSHUS JUCLMIUIMHBI (MOAYJIsT), HAXOAUTCS
B [Ipunoxennu 2 k paboyeil nporpaMme AUCHMILIAHBL. OH MOAJIEXHUT OOHOBJICHUIO IPH M3MEHEHUH YCIIOBHI JoroBopoB KOV ¢
npaBoodIagaTe MK SJEKTPOHHBIX U3JaHUI U IPH U3MEHEHNH KOMILTeKToBaHus (poraoB HayuHoii Ounbmuoreku KOVY.

8. IIepeuenn pecypcoB HH(OPMANHOHHO-TEJIEKOMMYHHKAIMOHHOM ceTn ''IHTEepHET'', HE00X0MMBIX JIsI
OCBO€HHUS JUCIUIIUHBI (MOTyJIsT)

Bubmmoreka Library Genesis - http://gen.lib.rus.ec

MeToIuJeckue Marepuans! Kapeaps TD -
http://kpfu.ru/physics/struktura/kafedry/kafedra-teoreticheskoj-fiziki/metodicheskie-materialy

O6pazoBarenbHblil mpoekT A.H. Bapruna - http://www.ph4s.ru/index.html

9. MeToandecKne YKa3aHHSA VI 00yJaIOMIXCs M0 0CBOEHUIO JUCIHUIIAHBI (MOTyJIsT)
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JIEKLINHU s oBafieHu sl JUCUMIUIMHON YPE3BbIUATHO BAXKHBIM SIBJISIETCSl YCBOGHUE JIEKIIMOHHOTO MaTepuaia.
Heob6xoaumo mocemars Bee JISKIMH, BO BpeMsI JIEKIIUH CIIeIyeT BeCTH KOHCHEKT. Tlocie Kak 1o JISKITUH
CTYJICHTY cJIeJlyeT BHUMATEIbHO IPOYNTATh M Pa300paTh KOHCIEKT (2 TaKKe MPe3eHTAITNIO, TPEACTABICHHYIO
JIEKTOPOM, B ClIy4yae ee HAJIM4Usl), IPU STOM:

- TIOHSITh U 3aIIOMHUTH BCE HOBbIE ONpE/IEIIeHNS];

- MIOHSITh BCE MaTeMaTUUeCKHe BBIKJIA/IKY U JiekKallle B UX OCHOBE (PU3UUYECKUE MOJIOKEHUS U JOITYIIEHUST;
BOCIHPOU3BECTU BCE BBIKJIAIKUA CAMOCTOSITENILHO, HE [JIsI[sl B KOHCIEKT;

- BBIIIOJIHUTH WM JJOAEJATh BHIKJIAJKU, KOTOPBIE JIEKTOP MpPEeANUcall ClIeaTh CAMOCTOSITENIbHO (€C/I TAKOBbIE
HMEIOTCS);

- €CJIM JICKTOP Mpe/IIcai pa3odpars yacTh MaTepraia 6oJiee MOAPOOHO CAMOCTOSITEIBHO TI0 MUChMEHHBIM HJTH
3JIEKTPOHHBIM UCTOYHUKAM, TO HEOOXOIMMO CBOEBPEMEHHO 3TO CJIE/IATh;

- CTyJIEHTbl MOTYT MOJIyYUTb JOMOJHUTENbHYIO HH(POPMAIIUIO [0 BOIIPOCAM, BbI3bIBAIOIIUM 3aTPYAHEHUS, HA
KOHCYJIbTAIUSIX C MpernojaBaresieM; B cllyyae BOSHUKHOBEHUS 3aTPyIHEHUI C yCBOEHHEM MaTepuaia,
HEOOXOIMMO B KaK MOKHO 00Jiee KpaTKUe CPOKU 0OPAaTUTHCS 3a KOHCYJIbTAIMEH K MPEToIaBaTetio,
MpeIBApUTETbHO YETKO C(DOPMYJIMPOBAB CIHCOK BOIIPOCOB.

npakriyeckue | st Hanbosee 3¢hpekTHBHOro yCBOSHHs MaTeprasa MPaKTUUECKOTO 3aHATHSI PEKOMEHIyeTCs TPOBECTH

3aHATUA MOATOTOBKY K HEMy: 1) BBITIOJIHUTD 3aJaHHOE Ha MPebIIyIeM IPAKTHUECKOM 3aHATUH JOMAITHEe 3aJaHNe
(mozpoOHee peKoMeHaAUK 00 3TOM CM. B IyHKTe ?CamMocTosiTenbHas pabora?); B cilyyae BOSHUKHOBEHUS
CJIOKHOCTEH € €ro BBIIOJHEHHEM, OBITh TOTOBBIM KPaTKO MX c(popMyIMpoBaTh Ha 3aHATUM; 2) pa3o0paTh
JIEKLIMOHHBIA MaTepHasl MPeJCTOSIIEro MPaKTHUECKOTO 3aHATH. [Ipi BOSHUKHOBEHNH TPYJHOCTEN C
BBITIOJIHEHMEM JJOMAIIIHETO 3aJaHMs TaKKe PEKOMEHyeTCsl TPOKOHCYJIbTUPOBATHCS Y CBOMX OJHOIPYIITHUKOB
WM COKYPCHHKOB, IPUBETCTBYETCS] COBMECTHBIN MOUCK pelieHni. Takke MOKHO 0OpaTHThCS 3a OMOILBIO K
nperopasateno. [IponycTus kakoe-1moo 3aHATHE, CTYIEHTY ClIeqyeT CKONMPOBATh PellieHne pa30OpaHHBIX Ha
3aHATUHM 33724 U3 TeTPajiell OXHOrPYIIIHUKOB; pa300paTh UX pellieHue, PEIINTh UX CAMOCTOSITENBHO, a TAKXKe
PEeIInTh 3aa49K JOMAIIHETO 3a1aHN.

CaMoCTOsI- B camocrosiTenbHOI paboTe CTyJeHTa MOKHO BBIIEJUTh HECKOJBKO COCTABIISIOIINX.
TenbHas padota | - Pabora Haj IEKIMOHHBIM MaTepHajioM ? roapodHee cM. B IyHKTe 2Jleximn?.
- CamocTosITeNIbHOE N3yUYeHHe YacTH MaTeprania (Harpumep, JIeKIIMoHHoro). Eciu yacTs yue6HOro Matepraia
OTBeJieHa Ha CaMOCTOSITENIbHOE U3YyUEeHHE, TO HEOOXOAMMO MPUCTYIUTD K 3TOMY He3aMeUTMTENIBHO MOCe
yKa3aHWs [perogaBaTesisi U OCBOUTh MaTepUJI B OTBE/IEHHBIE MM CPOKM. Matepua cieayeT U3y4uTh 110
JOCTYITHBIM IIMCbMEHHBIM ¥ 3JIEKTPOHHBIM MCTOYHHKAM, O KOTOPBIX COOOLIUT MPEroJaBaTeb.
- B camocrosiTenbHOI paboTe CTyJeHTOB HaJl AOMAIIHUM 3aJaHKEeM MOKHO BBIIEJIUTD JIBE COCTaBJIsomue: 1)
pas30op peleHuii 3a1a4 ayJUTOPHBIX (IIPAKTUYECKUX) 3aHSATHH, 2) CAMOCTOSITEIbHOE pEellIeHre JOMaIIHUX 3a/1a4.
[Nocne kaxa0ro ayAMTOPHOTO 3aHSTHUS CTYIEHT JOJDKEH CHavyasla PeliTh CAMOCTOSITENILHO (He IJisiist B pabodyio
TETpasib) Te 3a/a4k, KOTOPbIE PEIIMII PENoaBaTelb BO BpeMs 3aHsATHs. [1pr BOSHUKHOBEHHHU TPYJHOCTEH BO
BpeMsI pelleHus] KaKoH-HUOYIb 33/1a4M Clle/lyeT pa3o0parh pellieHne STON 3aJaull B TETPaau. 3aTeM CleayeT
PelmTh 3aa4y caMoCTosITeNbHO 6e3 TeTpan. CKoJbKO OBl pa3 He MPUXOJUIOCh BO3BPAIATHCS K TETPaIH,
HACTOSITEIbHO PEKOMEH/IyeTCsl HAyYUThCSI BOCIIPOM3BOAUTD PELIEHHE CAMOCTOSITEIHO. 3aTeM Clle/lyeT
TIPUCTYIHUTD K PEIIEHHIO 33/1a4 M3 JOMAIIHETO 3aaHusl. [Ipy BOBHUKHOBEHHH TPYJHOCTEN C BHIOJTHEHUEM
JIOMAIIIHETO 3aJJaHNsI TaKKe PEKOMEHIyeTCsI IPOKOHCYJIbTUPOBATLCS Y CBOMX OJJHOTPYIITHUKOB WITH
COKYPCHHKOB, TIPMBETCTBYETCSI COBMECTHBIN ITOMCK pelieHni. Takke MOKHO 00paTUThCS 3a IIOMOIIBIO K
npenojiaBatemo. IIponycTuB Kakoe-1Oo0 3aHsTHE, CTYAEHTY CIIeAyeT CKONMPOBATh pelIieHre pa300paHHbIX Ha
3aHSITHM 33124 U3 TeTpaaell OQHOrPYIITHUKOB; pa3o0paTh UX PellleHUe, PEIUTh UX CAMOCTOSITENIBHO, a TAKKe
PELIUTD 3a1a9K JOMAIITHETO 33/1aHMs.
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9K3aMCH

3aJI0roM yCIenHOW CIauu SK3aMeHa SIBJISIIOTCS CHCTeMaTUJIecKre, J0OPOCOBECTHBIC 3aHATHSI CTY/ICHTa B TCUCHUE
cemectpa. OJTHAKO TO He OTMEHSET HEOOXOIMMOCTH CIIEIIUAILHOIN paOOTHI Mepe/i CEeCCUel U B IIEPUO]| CAAUYH
sk3aMeHoB. CrienmpuIecKoi 3aaueid paboThl CTYIEHTA B IIEPHO]T SK3aMEHAIIMOHHOW CeCCUU SIBJISIIOTCS
MOBTOpEeHUE, 000OIIEHNE U CHCTEMATH3aIHs BCero MaTepraia, KOTOpbId U3yJYeH B TeueHre ceMecTpa. HaunHath
MMOBTOPEHUE PEKOMEH]TYETCsI 32 MECSIII-TIOJITOPa JI0 Havajia CeCCHU.

B ocHOBY mOBTOpeHMs OKHA OBITh TIOJIOKEHA TOJIBKO IIporpamma. He clietyeT moBTOpsITh HU TIO OWJIeTaM, HA
10 KOHTPOJILHBIM BoripocaM. [ToBTopeHwe 1Mo OmieTamM HapyliaeT CUCTEMY 3HAaHHUH U BeJIeT K MEXaHUYECKOMY
3ayunBaHuo. [IoBTOpeHMe 10 pa3InIHOro pojia KOHTPOJIBHBIM BOIPOCAM IIPUBOIMT K IPOITYCKaM U MpodesiaM B
3HAHUSIX U K HeIopaOOTKe MHOT/IA BeChbMa BaXXHBIX pa3iesioB mporpaMmsl. [loBropeHue - mporiecce
VH/IUBUTYaJIbHBIN; KaXKJIBIA CTYJICHT MIOBTOPSIET TO, UTO JIJIST HETO TPYIHO, HesICHO, 3a0bITo. [1oaToMy, npexie yem
TIPUCTYIUTh K TIOBTOPEHUIO, PEKOMEH/TyeTCsI CHaYajla BHIMATEJIbHO MTOCMOTPETh MPOrpaMMy, YCTAHOBUTh
HaunOoJiee TpyIHbIe, HAUMEHEee YCBOSHHbBIEC Pa3/ie)ibl U BBHIITACAThH UX HA OTAEIBHOM JIUCTE.

B niporiecce MOBTOpeHUs aHAM3UPYIOTCS W CHCTEMATU3UPYIOTCS BCE 3HAHMS, HAKOTICHHbIE TIPU U3YUYCHUN
MPOrPaMMHOT0 MaTepHaia: JaHHbIe yUeOHNKA, 3aTMCH JICKITUI, KOHCTIEKTHI POYUTAHHBIX KHHT, 3aMETKH,
ClIeJIaHHBIE BO BpeMsI KOHCYJIbTAIINI WM CEMIHAPOB, U JIp. Hu B KoeM citydae Helb3si OrpaHNYUBATHCS TOJBKO
OJTHIM KOHCIIEKTOM, a TeM OoJiee, Uy KUMHU 3anicsMU. BCAKOro pojia 3amvcy ¥ KOHCIIEKTHI - B CYyTy0o
VH/IUBUTyaJIbHbIC, IOHSITHBIE TOJILKO aBTOPY. ['OTOBSCH MO UyKHMM 3aIHCsIM, JIETKO MOKHO BIIACTh B OYEHb
rpyObie ormmoOku. CaMo MOBTOpeHHe PEeKOMEHIYETCsl BECTH IO TeMaM MTPOrpaMMBI U TI0 IJIaBaM ydeOHHKaA.
3akoHuMB paboTy HaJ TeMOH (IJ1aBO¥i), HEOOXOIUMO OTBETHUTh Ha BOIIPOCH YUeOHVKA MU BBHIIOJHUTH 3aJaHUs, &
camMoe JIydlIliee - BOCIPOU3BECTU Bech MaTeprall. KoHCyIbTaluu, KOTOpble MPOBOAATCS IS CTYAEHTOB B IIEPUOT
9K3aMEHAIIMOHHON CecCur, HeOOXOIUMO HCIOIL30BATh IS YITyOJIeHUs] 3HAHUH, JI1 BOCIIOJIHEHUS TIPOOEIIOB U
JUTSL pa3pellieHrs BCceX BO3HUKINUX TPYIHOCTEH. Be3 TIaTebHOro caMoCTOATETbHOTO MPOIyMBIBAaHUS MaTepraia
Gecez1a ¢ KOHCYJIbTAHTOM HEN30eKHO Oy/leT HOCUTH '0OIIMiA', TOBEPXHOCTHBIN XapaKTep 1 He IMPUHECET HYKHOTO
pe3yJibrara.

10. TlepeyeHp nH(OPMAMOHHBLIX TEXHOJIOTHII, HCIOJb3YEeMbIX IPU OCYIIEeCTBJIEHHH 00Pa30BaTEJLHOrO Mpomecca
1o JUCIHILUIAHE (MOAYJI0), BKJI0YAs IepevYeHb NPOrpaMMHOro o6ecnedyeHusi 1 HH(G OpManuoOHHBIX CIIPABOYHBIX
cucreM (IpU HEOOXOUMOCTH)

INepeueHs HHPOPMALIMOHHBIX TEXHOJIOTHH, UCIIOJb3yEMBIX IIPH OCYLIECTBICHHN 00pa30BaTEILHOTO IIPOLiECca M0 TUCHUILIIHE
(MOZyJII0), BKJIIOYAS MTepeyeHb POrpaMMHOr0 oOecieueH!s 1 MH(POPMAIIMOHHBIX CIIPABOYHBIX CHCTEM, ITPE/ICTABJICH B
[punoxennu 3 x pabovelt mporpaMme TUCITUTLIAHBL (MOIYJIS).

11. Onncanne MaTepuaJIbHO-TEXHUYECKOM 0a3bl, HEOOXO0UMOIT /IJIsl 0CYI[eCTBJIEHUSI 00Pa30BaTEJILHOTO
nponecca no JUCIHUAILIHHE (MOYJII0)

MaTepI/IaHBHO-TCXHI/I‘ICCKOC obecrieueHne O6paSOBaTCHLHOFO nponecca 1no AMCuuIvinHe (MO,Ily)'[lO) BKJIIOYAET B ce0s cireaymomue

KOMIIOHCHTHI:

TTomerteHus UIst CAMOCTOSITEIbHON pabOThl 00YJaIONIUXCsl, YKOMIUIEKTOBAHHBIE CIICIIMAIN3UPOBAHHON MeOeIbIo (CTOJIBI U
CTYJIbs) U OCHAIIIEHHbIE KOMITBIOTEPHOW TEXHUKOM C BO3ZMOKHOCTBIO MOJKTIOUeHHsI K ceTr "VIHTepHeT" 1 obecriedeHneM JOCTyIa
B 9JICKTPOHHYI0 HH(OPMAITMOHHO-00pa3oBaTebHylo cpeny KOV,

VuebHsie ayJuTOpun 4JIst KOHTaKTHOM pa60T1>1 C IpenogaBaTteyieM, YKOMIUIEKTOBAHHBIC CHCHI/IaIII/BI/IpOBaHHOﬁ MeOeIbio (CTOJII)I

U CTYJIbS1).

KommnbloTep 1 puHTEp U1 pacnevyaTky pa3JaTOYHbIX MaTepUaIoB.

MynbTUMeaniiHas ayAUTOPHS.

12. CpeacrBa ajjantanuu npeno aBaHus JUCHUILIMHLI K TOTPEOHOCTIM 00yUYalonuXcsi HHBAJIU0B U JIHI C
OrpaHUYeHHbIMHU BO3MOKHOCTSIMH 3/10POBbSI

HpI/I H€O6XOHI/IMOCTI/I B O6paSOBaTCJ’ILHOM npouecce MpuMEHAITCA CIICAYIOIUE METOAbl U TEXHOJIOIMH, 06)'[61"‘121101]_[1/16
BOCIIpUsTUC HH(bOpMaHI/IH O6y'~IaIOIHI/IMI/ICH HWHBAJIMAAMU U JIMAMU C OI'PAHUYCHHbIMUA BO3MOKHOCTAMUA 3JOPOBbA:

- CO3J]aHKe TEKCTOBOW BEPCUHM JIIDOOTO HETEKCTOBOTO KOHTEHTA [IJIs1 €0 BO3MOXKHOTO NMPe00pa30BaHusl B albTePHATHBHBIC
(bopmbl, yIOOHBIE 17151 Pa3IMYHBIX MOJIb30BATEICH;

- CO3JaHMUE€ KOHTCHTA, KOTOpLIfI MOJKHO IPEACTAaBUTDL B PA3JIMYHBbIX BUAX 0e3 NOTEPU JAHHBIX WK CTPYKTYPBI, IPEAYCMOTPETH
BO3MOXHOCTb MaCIHTa6I/Ip0BaHI/IH TEKCTa U 1/1306pa>1<eHI/1ﬁ 6e3 NOTEPH Ka4eCTBa, MPEAYCMOTPETh JOCTYITHOCTb YIIPABJICHUA
KOHTEHTOM C KJIaBUATYyPbI;

- CO3/IaHMe BO3MOXKHOCTEH [JIs1 00yUaIOIMXCsl BOCHPHMHUMATD OJIHY U Ty ke MH(OPMALIMIO 13 Pa3HbIX HCTOYHHUKOB - HAIIpHUMeEp,
TaK, YTOOBI JIML[A C HAPYIIEHUSMH CIyXa MOJTydaltd MH(OOPMALMIO BU3YaIbHO, C HAPYLLIEHUIMH 3PEHUS - ayIHaIbHO;

- IPUMEHEHUEC MMPOIrpaMMHBIX CPEJICTB, 06eCHe‘II/IBaIOIJII/IX BO3MOXHOCTb OCBOCHHA HABBIKOB U yMeHHfI, Q)OpMpreMI)IX
,HI/ICHPIHJ'[PIHOfI, 3a CUET AJIbTEPHATUBHbIX CHOCO6OB, B TOM YMCJI€ BUPTYaJIbHBIX J'Ia60paT0pI/If/’1 1 CUMYJIAIIMOHHBIX TeXHOJ’[OFHﬁ;
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- IPUMEHEHUNE TUCTAHIIUOHHBIX 06paSOBaTeJ’[bHBIX TEXHOJIOTUI U1 Tiepeiavn HHq)OpMaLIPIH, OpraHu3sal pa3jInvHbIX CbOpM
HHTepaKTHBHOﬁ KOHTaKTHOU pa6OTI)I 06yqa10mer00ﬂ C nIpernojaBarejieM, B TOM 4UCJIe BC6I/IHapOB, KOTOPbIE MOTYT OBITh
HCIOJIb30BAaHbI 1J1d IPOBEACHUA BUPTYAJIbHbIX J'IGKL[I/II71 C BOBMOJKXHOCTBIO B3aHMOHeﬁCTBHH BCEX YYACTHUKOB JUCTAHIUOHHOT'O
06y‘-IGHI/I${, MpOBEACHUA CEMUHAPOB, BBICTYIUICHUA C JOKJIalaMU U 3allIUTHI BBITIOJTHEHHBIX pa60T, MMpOBEACHUSA TPEHUHIOB,
OpraHmsanuun KOJUIEKTUBHOM pa6OTLI;

- IPMMEHEHNe JUCTAHIIMOHHBIX 00pa30BaTeIbHBIX TEXHOJIOIHH sl OpraHu3aiy (POpM TEKYIIEro U MPOMEKYTOUHOrO
KOHTPOJIS;

- YBEJIMYCHUE TPOJOJLKHUTEIIbHOCTU CIa4n 06y'—IaIOIJ_[I/IMCH HWHBAJIMAOM WJIA JIUIIOM C OI'paHUYCHHBIMU BO3MOKHOCTAMU 3J0POBbA
q)OpM HpOMe)KyTO‘IHOfI aTTeCTalluU 110 OTHOIICHUIO K YCTaHOBHeHHOﬁ MPOAOJIKUTEIIbLHOCTU UX CAAYU:

- MPOJOJIKUTENIBHOCTY CAa4M 3a4€Ta WM 9K3aMeHa, IPOBOJMMOro B MMCbMEHHOM (hopMme, - He Oosee yeM Ha 90 MUHYT;

- IPOJOJIKUTEILHOCTH MOATOTOBKY 00YYAIOIIErocsi K OTBETY Ha 3a4€Te MM 9K3aMeHe, IIPOBOAMMOM B YCTHOH (opMme, - He
6osiee yeM Ha 20 MUHYT;

- IPOZIOJIKUTENBHOCTH BBICTYILICHUS 00YYaloIerocst IpH 3aliyTe KypcoBor paboTHl - He OoJiee yeM Ha 15 MUHYT.

[Iporpamma cocrasiieHa B cootBeTcTBHM ¢ TpedoBaHussMu PI'OC BO u yyeO6HbIM 1u1aHoM 1o crienmanbHocty: 03.05.01
"AcrpoHomus" ¥ criequaau3anuy " AcTpodusrka U KocMoJorus'.
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IlepeyeHs JurepaTypbl, He0OX0UMOI ISl 0CBOEHHUS JUCIUILUITHHBI (MO /TyJjIs1)

CrenmaiibHocTh: 03.05.01 - AcTpoHOMUS

Criermanuzans:_AcTpodu3nKa U KOCMOJIOTUs

Kpanudukanus BeinyckHuka:_ AcrpoHoM. [penonaBatenb
dopma 0OydeHust: 0UHOe

SI3bIK OOyUEeHMS: PYCCKMiA
Ton Hauana oOyueHusi Mo oOpa3oBaTesibHOM nporpamme: 2025

OcHoBHas JuTepartypa:

1. Baiikos, 10. A. KpanToBas mexaHuka : yuye6Hoe mocodue / 10. A. Baiikos, B. M. Ky3nenos. - 4-¢ uzn. (311.). - Mocksa :
Jlaboparopus 3HaHwi, 2024. - 294 c. - ISBN 978-5-93208-719-0. - Tekct : anekTpoHHBIH // JIaHb : 31eKTPOHHO-OMOIMOTEYHAs
cucteMa. - URL: https://e.lanbook.com/book/417980 (mata obpamenust: 19.12.2024). - Pexxum noctyma: 1jis aBTOpU3.
M0JIb30BATENEN.

2. Kouenaes, b.11. KBantoBas Teopust: koHcniekT ek / B. Y. Kouenaes. - [2-e uzn., nepepad., gor. u ucrp.]. - Kazans:
Kazanckuil yausepcurer, 2013. - 222 c. - Tekcr : anekTponHsiii . - URL:
http://kpfu.ru/portal/docs/F1738320152/Quantum_Theory.pdf (nata obparenusi: 21.12.2024) - Pesxxum foCcTyna: OTKPBITHIMA.

3. bnoxunies, 1. 1. OCHOBBI KBAHTOBOW MEXaHUKH : yueOHoe mocodwue / [I. Y. Broxuntes. - 7-e u3n., cTep. -
Cankr-IlerepOypr : Jlanp, 2022. - 672 c. - ISBN 978-5-8114-0554-1. - Tekcr : anexTpoHHsI# // JlaHb :
3NIEKTPOHHO-OMbIMoTeyHas cucrema. - URL: https://e.lanbook.com/book/210197 (nata o6pamenus: 21.12.2024). - Pexum
JOCTYyIa: 1JIs1 aBTOPHU3. TTOJIb30BaTENIEH.

lonosHATE ILHAS JUTEpPATYpa:

1. Bapanosckuii, B. Y. KBaHTOBast MexaHMKa 1 KBaHTOBasi XUMus : yueOHoe rmocodue / B. Y. BapanoBckwid. - 3-e usn., crep. -
Canxkr-IlerepOypr : Jlanp, 2022. - 428 c. - ISBN 978-5-8114-3961-4. - Tekcr : aneKTpoHHsIi // Jlanb :
3JIeKTPOHHO-OMbIMoTeyHas cucrema. - URL: https://e.lanbook.com/book/206195 (nata o6pamenus: 21.12.2024). - Pexum
JOCTyIa: 1JIs1 aBTOPU3. TTOJIb30BaTENEH.

2. ConosbeB, O.B. KpanToBas Teopusi. 3agaunuk ist pusrkos. Yacts I : yuebHoe mocodue / O.B. Cosobes, D.U. baiibekos,
C.U. Benos. - Kazanb: Kazanckuit yausepcuret, 2015. 102 c. - TekcT: anekTpoHHbI pecypc. - URL:
http://dspace.kpfu.ru/xmlui/handle/net/20301 (mata oopamenus: 21.12.2024). - Pexum mocTyna: yist aBTOPU3. TOJIb30BaTEIEH.

3. ConoBbeB, O.B. 3a1auun o KBAHTOBOW MeXaHUKE: BOJTHOBbIE (DYHKIIUH U OMEPaToOphl: yueOHO-MeToqudeckoe mocoodue / O.
B. ConoBses. - Kazans: KOV, 2013. - 49 c. - Tekcr : anektponnsiit. - URL:
http://kpfu.ru/portal/docs/F1064181181/Zadachi_po_kvantovoi_mehanike.Volnovie_funkcii_i_operatori.pdf (zaTa
ooparmmenus: 21.12.2024). - PexxvM gocTymna: OTKPBITHIH.
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IIepevyens nH( OPMAMUOHHBIX TEXHOJIOTHIl, HCI0JIb3YE€MBIX /IJISI 0CBO€EHHUS JUCHUILUIHHBI (MOIYJIs), BKIIOYAsI
nepevyeHb NPOrpaMMHOrO 0OecneyeHns1 U HH(OPMAIMOHHBIX CHPABOYHBIX CHCTEM

CrenmanbHocTh: 03.05.01 - AcTpoHOMEUSA

Criermanu3ans:_AcTpodu3nKa U KOCMOJIOTUS
Kpanudukanus BeinyckHuka:_ ActpoHoM. [penonaBatenb
dopma obydeHust: 0UHOe

SI3bIK OOyUEeHMS: PYCCKMiA
Ton Havana oOyueHusi Mo oOpa3oBatesibHOM nporpamme: 2025

OcBoeHye JUCLUIUIHBL (MOYJIs1) MIPeAoaraeT HCIOJIb30BaHKE CIEAYIOIIEro IPOrpaMMHOrO 00ecreueH s 1
MH(POPMALIMOHHO-CITPABOYHBIX CHCTEM:

Oneparmonnas cucrema Microsoft Windows 7 Ipodeccnonansaast wim Windows XP (Volume License)

IMaket ocucHoro nporpammuoro odecrneuenust Microsoft Office 365 nnu Microsoft Office Professional plus 2010
Bpayzep Mozilla Firefox

Bpayzep Google Chrome

Adobe Reader XI umu Adobe Acrobat Reader DC

Kaspersky Endpoint Security ains Windows

Y4ebHO-MeToqruecKas JIMTepaTypa Uit JaHHOW JUCIUTUIMHBI UMEETCS! B HAJIMYUH B 3JIEKTPOHHO-OMOIMOTEYHON CHCTEMe
"ZNANIUM.COM", noctyn k kotopoii npenocrasiieH ooydaommmest. 95C "ZNANIUM.COM" conep:xuT Npou3BeaeHHs
KPYIMHENIINX POCCUIICKUX YUYEHBIX, PyKOBOJUTEJIEH FOCY JapCTBEHHBIX OPTraHoB, MperoAaBaTesiel BeIyIUX By30B CTPaHsbI,
BBICOKOKBAJIM(PUIIMPOBAHHBIX CIIEMAJIMCTOB B pa3IuuHbIX cpepax 6uzHeca. Ponp 6ubmmorekn chopMrpoBaH C yIeTOM BCEX
M3MEHEHNI 00pa30BaTeNIbHBIX CTAH/IAPTOB 1 BKJIIOYAET YIeOHNKH, YUeOHbIe TOCOOuSs, yUeOHO-METOANYECKHE KOMILIIEKCHI,
MoHorpacuu, aBTopedeparTsl, JUCCEPTALUN, SHIUKIONENH, CIOBAPH U CIIPABOYHNKH, 3aKOHOAATEIbHO-HOPMAaTUBHBIE
JOKYMEHTHI, CIIeLIaJIbHbIE TIEPHOINYECKUE U3AaHUS U U3aHN, BHITyCKaeMble M3/1aTeIbCTBaMU By30B. B HacTosiee BpeMs
3BbC ZNANIUM.COM cooTBeTcTBYeT BCeM TpeOoBaHUSIM (hefiepalIbHBIX TOCYJAPCTBEHHBIX 00pa30BaTeIbHBIX CTAHJAPTOB
Bhiciiero oopasoanust (PI'OC BO) HOBOTO MOKOJICHUSI.

VuebHO-MeToanYeCcKas IUTepaTypa 1jisl JaHHON AUCLMIUIMHBI UIMEEeTCs] B HUIMYMH B 3JIeKTPOHHO-ONOINOTEYHON CHCTEMe
WznarenscrBa "Jlanp" , mocTyn K KOTOpo# npepocTanieH ooydaonmmcs. 9bC NUzparenscta "JlaHp" BKIOYaeT B ceOst
3JIEKTPOHHBIE BEPCUU KHUT U31aTesibcTBa "JaHp" ¥ ApYrUX BeIyIIUX U3[aTeIbCTB YUeOHOM JIMTEpaTyphl, a TAKXKE SJIEKTPOHHbIE
BEPCUM MEPUOANIECKUX U3AaHUN 10 €CTeCTBEHHBIM, TEXHUYECKUM 1 ryMaHuTapHbeIM Haykam. 9BC U3narenscta "Jlanp"
obecrieynBaeT AOCTYI K HAYYHOMH, y4eOHOM JIMTepaType ¥ HayYHBIM IEPUOIMYECKUM U3aHUAM 110 MAKCUMAJIbHOMY KOJIHMUYECTBY
NpoUIBHBIX HAIPABJIEHHUH ¢ COOTIOAEHNEM BCEX aBTOPCKHUX M CMEKHBIX TPaB.
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