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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

3AE
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[IporpamMmy muCHUIUTHHEL pa3padoTaii(a)(u): 3aBeayomuii kadgenpoi, 1.H. MokmmH A.B. (kadeapa BEUNCIUTETHHON (DU3UKH U
MojepoBaHus puznyeckux npoieccos, Otaenenue ¢pusuku), Anatolii.Mokshin@kpfu.ru

1. IlepeyeHb MIIAHNPYEMBIX Pe3yJIbLTATOB 00YUEHHs MO JUCIHHUILIAHE (MOIYJII0), COOTHECEHHBIX ¢ INIAHUPYEeMbIMHI
pe3yabTaTamu ocsoenust OIIOII BO

OO6yyarnImuiics, OCBOUBIINE QUCIWIUTUHY (MOJYJIb), JOJIKEH 001a1aTh CJICAYIONMMA KOMITETCHITASIMU:

Mudp PacuudpoBka
KOMIIeTeHI[IU npuoodperaemMoii KoMIeTeHIUH
IIK-1 CriocoOeH POBOAUTH (PU3UKO-MATEMATHUECKOE MOJICTMPOBAHUE UCCIIElyeMBbIX MPOLIECCOB

HAHOTEXHOJIOTMU U OOBEKTOB HAHO-U MI/IKpOCI/ICTCMHOﬁ TEXHUKHU C UCIIOJIb30BAHUEM
COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTUI

OO0yyarnInuiics, OCBOUBIINI TUCIMIUIAHY (MOJIYJIb):

JloJKeH 3HATh:

OCHOBBI KBAHTOBO-MEXaHIUYECKOTO OMHICAHUS COCTOSTHAN (PU3NIECKUX CUCTEM M MAaTEMATHIECKOrO armapara KBaHTOBOK
Teopuu

HokeH yMeTh:

CI)OpMyJII/IpOBaTI) 1 JOKa3bIBATb OCHOBHbBIE PE3YJIbTAThI KBaHTOBOU TEOpUn

JlomxeH Bl1afeTh:

HaBbIKaMW pEIICHUSA l'[pOCTefIH.IHX 3a/1a4 O HaXOKJACHUU SHEPIETUYCCKOIO CIIEKTPa U BOTHOBBIX Cl)yHKHI/Iﬁ KBAaHTOBBIX
CUCTEM U BBIYUCJICHUA BepOHTHOCTCﬁ UX MEPEXOAO0B B APYyrue COCTOSAHUA 1104 BIMAHUEM BO3MyI_[IeHI/Iﬁ

IIOJI)KCH AEMOHCTPUPOBATDH CIOCOOHOCTh ¥ TOTOBHOCTD:

K JaJbHeHmeMy 00yJeHuo

2. MecTto nucuumjauHbl (MoayJs) B ctpykrype OIIOII BO

JanHas qucnuIuivHa (MOAyJib) BKodeHa B paszjen "B1.B.01 ucuumiunsl (MoayM)" OCHOBHOM NPOo(hecCHOHANIbHON
obpazoBaresbHOH porpammbl 28.03.01 "HaHoTexHOMOMY 1 MUK pocucTeMHast TexHuKa (CHUHTE3 M JUarHOCTHKA
HaHOMAaTEePUAJIOB, KOMIIOHEHTBI MUKPO- 1 HAHOSJIEKTPOHHOI TeXHUKM)" 1 oTHOcuTcA K yactu OITOIT BO, hopmupyemoit
y4aCTHHUKaMu 00pa3oBaTeIbHbIX OTHOLIEHHH.

OcBauBaercs Ha 3 Kypce B 5 cemecTpe.

3. O6beM qUCHUILIMHBI (MOYJISI) B 3a4€THHIX € JHHAIAX ¢ YKa3aHHEeM KOJNYeCcTBAa YacoB, BbIJeJEeHHBIX HA
KOHTAKTHYIO Pa00Ty 00y4aoIuxcs ¢ Npeno/jaBareieM (Mo BHAaM yueOHbIX 3aHATHI1) M HA CAMOCTOSTEJLHYIO
padoTy o0ydamuxcst

OO01as TpyJOeMKOCTh AUCHUILINHBL COCTABIsIeT 4 3aueTHbiX (bie) enunuil(bl) Ha 144 yaca(oB).

KonrtaktHas padora - 73 yaca(oB), B TOM YHCJIe JIEKIIUM - 36 Jaca(OB), MpaKTHYECKUE 3aHATUS - 36 Yaca(oB), JabopaTopHbIe
padorhI - 0 yaca(oB), KOHTPOJIb CAMOCTOSITEJILHOM padoThl - 1 yaca(oB).

CamocrositesibHast pabota - 35 daca(oB).
KonTposns (3auét / x3ameH) - 36 yaca(oB).
dopMa MPOMEKYTOTHOTO KOHTPOJISI IUCIUIUTIHBL: K3aMeH B 5 cemecTpe.

4. Conep:xaHue AVCHHUILIAHBI (MOYJIsI), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3jejaM) ¢c yKa3aHneM 0TBeJeHHOr0 Ha
HHUX KOJHYECTBA aKaA€MHUYE€CKHUX YaCOB U BU10B y'—le6HI)IX 3aHATHN

4.1 CTpyKkTypa U TeMaTH4€eCKHIl IUIaH KOHTAKTHOM U CAMOCTOATEJbHO Pa00ThI O JUCHHUILIHHE (MO/IYJIIO)

Buab! 1 yackl KOHTAKTHOI pa6oThl, Camo-

HX TPYJA0EMKOCTh (B 4acax) CTOSI-

N Pazeant qucuumimnb / Ce- |Texmun,VIexnun|IIpaxTu-[lIpaktu-JIadopa-Iaopa-| TeJIb-
MOy ISt MECTP| Bcero | B 3J. |4eckue | yeckue [TOpHbIe |TOpHbIe| Has
¢opme BansaTHs,| B 3J. |[pabdoThL,| B3I pa-

Bcero | cdopme | Bcero | popme | OoTa

Tema 1. OcHOBHbIE TOHATHSI KBAHTOBOU TEOPUU 5 6 0 2 0 0 0 2

Crpannua 3 u3 12.
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Buapl 1 yachl KOHTAKTHOW PadoThl, Camo-
HX TPYJ0E€MKOCTH (B 4acax) CTOSI-
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 | copme | Bcero | cpopme | OoTa
2. |Tema 2. Teopus npeacTaBieHUI. 5 3 2 0 0 0 2
3 Tema 3. KontponbHas pa6ota Nel o temam 1-2 5 0 0 2 0 0 0 4
4. Tema 4. DBomoLMs KBAHTOBLIX COCTOSIHUNA BO 5 2 0 2 0 0 0 4
BpeMeHH!
5. |Tema 5. OnHOMEpHOE IBUKEHUE 5 2 0 4 0 0 0 2
6. Tema 6. JIBuxeHne B 5 3 0 2 0 0 0 2
LEHTPaJIbHO-CUMMETPHUYECKOM I10JIe
7. |Tema 7. Teopust BO3MYILEHUIA 5 2 0 2 0 0 0 2
8. |Tema 8. Teopus paccessHUsA 5 2 0 2 0 0 0 2
9 Tema 9. KoHTtponbHas padota Ne2 mo temam 4-8 5 0 0 2 0 0 0 4
10. |Tema 10. BapuarmonHsiii MeTox 5 2 0 2 0 0 0 2
1. Tema 11. KBazukiaccuueckoe npHoOIKeHe 5 2 0 2 0 0 0 2
12.|Tema 12. MHOro4acTUYHBIE CHCTEMBI 5 2 0 2 0 0 0 2
13. Tema 13. MHOro31€KTpOHHBIE ATOMBI U MOJIEKYJIBI 5 2 0 2 0 0 0 2
14. Tema 14. OCHOBBI KBAHTOBOU JIEKTPOJMHAMUKHI 5 2 0 2 0 0 0 2
15. Tema 15. OCHOBBI peJIATUBUCTCKOI MEXaHUKHU. 5 4 0 2 0 0 0 2
16. Tema 16. KonrposbHast pa6orta Ne3 o Temam 5 0 0 2 0 0 0 3
10-15
lToro 34 0 34 0 0 0 39

4.2 Coaep:xaHue JUCHUILIMHBI (MOIyJIs1)

Tema 1. OcHOBHbIE OHATHS KBAaHTOBOI T€OPHH

Jyanusm siBIeHNI MAKPOMHUPA: JUCKPETHBIE CBOMCTBA BOJIH, BOJIHOBBIE CBOMCTBA YacTuIl. [IpHHIMIIBI HEOIPE/IeIeHHOCTH 1
cyneprosuumu. [Ipocrpancteo I'minpbepra. OnepaTopbl HaOMOAaEMbIX (PU3MIECKHX BEIUYHH U UX cBOicTBa. COOCTBEHHBIE
(byHKIIMM 1 COOCTBEHHbIC 3HAUCHHSI ONIePAaTOPOB. JIUCKPETHBIA 1 HEeNpepbIBHBINA clieKTp. COOCTBEHHBIE (DYHKIUH
KOMMYTHPYOIIHX orneparopoB. CooTHOIIeHNE HeornpeaeneHHocTel [NaiizeH0epra 1u1s (pU3HMYECKUX BEJIUIMH.

Tema 2. Teopus npeacraB/ieHuil.

YHuTapHBIE Ipe0Opa3oBaHKsI BOJHOBLIX (DYHKIMI 1 oniepaTopoB. Marpuunsiii Metoa. KoopanHataoe npencrasienne. CBs3b
BOJIHOBOM (DYHKIIMM M BEeKTOpa cocTostHus. MMITyibcHOe mpesicTaBieHre. 3aIich OnepaTopoB KOOPIMHATH X IMITYJIbca
YaCTHUIIBl B UMITYJIbCHOM TIpeJcTaBIeHnr. MaTpuia rioTHOCTH. YnCThle 1 cMelIaHHble cocTostHMS. Y paBHeHne HelimaHa.

Tema 3. KourpoanHas pa6ora Nel mo Temam 1-2

KontponsHas padora mo temam 1-2

ITpumepsl 3a0a4 AJ1s1 KOHTPOJIBHOH padOTHI:

1. Beruucautb koMmyTaTop [pz,1z"2], rae 1z - onepaTtop NpoeKr MOMEHTA UMITYJIbCA, U PZ - KOMIIOHEHTbI UMITYJIbCa YACTULIBI
B JIEKApPTOBOH CHCTEME KOOP/AMHAT.

2. Haiitu 3Havenne pyakimu F(x)=exp(ia*px)*(x-2)*2 npu x=1 (px - onepaTop MpoeKINH1 UMITyJIbca Ha OCb X).

3. Haiitu pacripenesnenne BeposITHOCTEN [IJ1s1 KOMIIOHEHT UMITYJIbCa YACTHUIIBI, €CIIU €€ BOJTHOBAsH (PYHKLIMSI paBHA
A*exp(-a*(x"2+y”"2)-ib*z).

4. BonHoBas ¢yHKuus yactupl ¢ Maccoit M pasaa Cexp(-r/p). Haiiti cpeaHee 3HaUeHNE KMHETUIECKOW SHEPTHU YaACTHUIIBL.

Tema 4. DBoJOINSI KBAHTOBBIX COCTOSHAN BO BpeMeHH

Crpanuua 4 u3 12.
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Vpasuenue IlIpeaunrepa. II10THOCTh MOTOKA BEPOSATHOCTH U YpaBHEHUE HeNpephIBHOCTU. OniepaTop Npou3BOIHOM 1O
BpPEMEHH OT IMHAMHU4ecKol nepemeHHou. [Ipencrasnenue ["aiizenoepra. CraimoHapHble cOCTOSIHUS. VIHTErpastbl ABMKEHWU ST
KaK CJIeJCTBUE CBOMCTB CUMMETPHUU KBAaHTOBOM cucTeMbl. IIOHATHE 4eTHOCTH KBAaHTOBO-MEXaHUYECKOTO COCTOSIHHUS.

Tema 5. OqHoMepHOE ABUKEHHE

IIpumepsl cBefeHus cranoHapHoro ypaBHeHus Illpenunrepa a1 TpeXMepHBIX CUCTEM K OJJHOMEPHOH 3agaue. Meron
pasnesnieHusi epeMeHHbIX. YacTuiia B OAHOMEPHOH OECKOHEYHO TITyOOKOM MOTEHIMAIBLHON sIMe: UCKPETHBIH CIIEKTP SHEPrHu.
[Ipoxox/ieHne YacTuIIbl Yepe3 OTHOMEPHBIA NTOTeHIMATbHbIN Oapbep. [loHsTHe KO3 (DUIMEHTOB OTpaXkeH!sI / TIPOXOXKICHHS.
I'apMoHMUYeCKUil OCLAIIATOP.

Tema 6. IIBl/l)l(eHl/le B HEHTPAJbHO-CUMMETPHUYE€CKOM I10JI€

OO011ast Teopusi JBWIKEHUS B IIEHTPAJIbHO-CUMMETPUYECKOM 1osie. MoMeHT umityjibca. CoOCTBeHHbIE (DYHKIIMU U COOCTBEHHBIE
3HAYCHUS KBajJjpaTa MOMEHTA UMITYJIbCA M €0 MPOEKIIMU. ATOM BOIOPO/Ia: SHEPreTUUECKHIA CIIEKTP U COOCTBEHHBIE (DYHKITUM.
KpatHocTh BBIpOsKIEHHS cocTOsTHUM. Kitaccuukanusa cocTosIHUAN 1Mo KBaHTOBBIM yrciiaM. CIEeKTp BOIOPOJONOI00HBIX
aTOMOB.

Tema 7. Teopusi Bo3mMyuieHui

Teopus cTaloHApHBIX BO3MYILEHUI 7151 JUCKPETHOTO criekTpa. Bo3myenus npu Hamuuuu BeipoxkaeHus. dddekt [tapka
IUIs1 aToMa Bogopoza. BosmyieHus, 3aBucsinye oT BpeMeHu. Ilepexosl CUCTEMBI B HOBBIE COCTOSIHUS MO BIUSHUEM
BO3MyILeHUs. [lepexopl B COCTOSIHUSA ¢ HENPEPBIBHBIM cieKTpoM. COOTHOIIEHHE HEONIPEJeJIEHHOCTH /1711 SHEPTUU U BPEMEHH.

Tema 8. Teopus paccessnus

Ceuenue paccessHus B bopHoBckoM npubmmkenun. JuddepeHipaibioe ceYeHrue paccesiHusl B CIIyJasix KYJIOHOBCKOTO U
KOpOTKOAEHcTRYIoIIero norenuanos. Popmyina Pesepdopaa. PaccessHue mpu 6ombimx sHeprusx yactui. PaccesiHue
MeJIICHHBIX YacTHIl. AHATMTUYECKUE CBOWCTBA aMILIUTY/IBI paccesiHus. Pe30HaHCHOe paccesiHUe MPH MaJTbIX SHEPTUSIX.

Tema 9. KonrpoabHasi pa6ora Ne2 no temam 4-8

KonrposbHast pabota o Temam 4-8

Ipumeps 3a/1a4 [T KOHTPOJILHOM pabOTHL:

1. Haiitu cpeniHee 3HaueHHEe KMHETHUECKOW SHEPTUH SJIEKTPOHA B aTOME BOJIOPOJIa B OCHOBHOM COCTOSIHUM.

2. Haiitu pacnpecyicHue B€pOHTHOCT€ﬁ U1 KOMIIOHEHT UMITYJIbCa JIMHEHHOTO TapMOHHUYECKOI'0 OCHUJLIIATOPA C Macco m u
YaCTOTOM W B OCHOBHOM COCTOSIHUU.

3. Haiitu pacnpesieneHue BepOsITHOCTEN [IIs1 KOMIOHEHT UMITYJIbCa JIMHEWHOTO rApMOHMYECKOT0 OCLIJUIATOpA C MacCol m u
YacTOTOH W B IIEPBOM BO30YXKAEHHOM COCTOSIHUH.

4. HaiiTn 9Hepruio COCTOSIHUI C HyJIEBBIM MOMEHTOM MMITYJIbCa JUIsl YACTHIIBI C MACCOM M, €CJIM MOTEHIMAIbHAS SHEPTHs
YACTHIIbl PABHA HYJIO BHYTPU Cephl ¢ pauycoM a 1 OECKOHEYHO OOJIbIIasi BHE 9TOU chephl.

5. Haiitu BeposiTHOCTh IPeOBbIBAHKS JIEKTPOHA B KJIACCMYECKH 3alpeleHHO 001acTu (T.e. B 00J1aCTH, B KOTOPOU €ro MoJjHas
9HEPrus MeHbLIE OTEHIMAIBHOI SHEPTHY) B OCHOBHOM COCTOSIHMM aTOMa BOJOPOJa.

6. Haiiti ypOoBHY SHEpruv ¥ BOJIHOBbIE (DYHKIIUH YaCTHIIBI C MOMEHTOM MMITyJIbca 1=1, ecyii raMIIIbTOHUAH YaCTHITH paBEeH
H=b*1z"2+b*(1x"2-1y"2),

rae a ¥ b - IOCTOSTHHEIE.

7. Haiitu cpeiHee 3HaUeHHNE TIOTEHITMAIBHON SHEPIUH JIEKTPOHA B aTOME BOJIOPO/Ia B OCHOBHOM COCTOSTHVIH.

8. Haiit K03(p(pUITHEHT OTPaKEHHUS YACTUIIBI C MACCOM M OT MOTEHIMATLHON SIMBI (TIOTEHIMATbHAS SHEPTUs YaCTULIBI TTPU
JBIKEHUH BIIOJIb OCH X PaBHA HYJIIO Be3jie, Kpome obnactu 0<x<a, rjae oHa paBsa -U, U>0).

9. IloTeHuManbHasA SHEPrUs YacTULBI ¢ Maccoi m paBHa V(x)=alx|. OLleHUTb SHEPrUI0 OCHOBHOTO COCTOSIHUSA, UCTIONIb3YS
COOTHOULIEHHE HEONPENEIEHHOCTH.

Tema 10. Bapnanuonnsiii MeTo 1

BapuauvoHHbI NPUHLKIT B KBaHTOBOH MexaHKKe. CranoHapHoe ypaBHeHue IllpequHrepa Kak cIeACTBIE BapHALIMOHHOTO
npuHumna. [IpsiMo# BapuanmoHHslii Metos Putia. [Ipumep: Nouck MpHOIMKEHHOW BOJTHOBOW (DYHKIIMK OCHOBHOTO COCTOSIHUS
JIMHEIHOTO rapMOHMYECKOT0 OCLMILIATOpa BapHalMOHHBIM MeTosioM. HaxoxieHne Bo30y:KIEHHOTO CTALIOHAPHOTO COCTOSIHUS
OCLMJLIATOPA.

Tema 11. KBazukiaccuueckoe npudamxeHne

IpenenbHBII IEpex0] OT KBAHTOBOM MEXaHUKH K KJaccniecKkoil. KBasukiiaccuieckast BOSHOBasI (DyHKIIMS, TPAaHIYHbIE
ycnoBust. Meron BKB (Bentnens-Kpamepca-Bpunmosna). KBaarosanmne bopa-3ommepdensaa. [Ipumep: rpaHndHbIE YCIOBHSA
JUISl YaCTHLBI B OMHOMEPHOH NOTeHMABHOM siMe. KBasukiacciueckoe NprOIMKXeHHE U1 TAPMOHUYECKOTO OCLIHILIATOPA.

Tema 12. MHOro4YacTH4HbIE€ CHCTEMBI

[MpunHuMn ToxaecTBeHHOCTH YacTrll. CHMMETPHYHbIE ¥ aHTUCHMMETPHYHBIE BOJTHOBBIE (DYHKIMH. Bo30HBI 1 (hepMHOHBI. ATOM
resst: TPUOTVMKEHHOE pellleHre 1J1si COOCTBEHHBIX (DYHKIMI M SHEPTHH OCHOBHOTO M BO30YKASHHOTO cOCTOsIHUI. OpTO- 1
naparenui. [ToHsiTHe oOMeHHOro uHTerpaia. DPGEKTUBHBINA CIIMHOBBIA ONepaTop OOMEHHOTO B3AaUMOJICHCTBHSI.

Tema 13. MHOro3/1eKTPpOHHBIE aTOMBbI H MOJIEKYJIbI

SAEKTPOHHBH
Crpanuna 5 u3 12. Il YHHBEPCHTET
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Merton camocoriacoBanHoro nojist Xaprpu u Xaprpu-Poka. Meron Tomaca-Depmu. Atom resusi. CrieKTpajibHbIE TEPMBI.
[epBoe u Bropoe npasuia ['yuaa. Tabmna MenpeneeBa. Annadatndyeckoe npubimkenre. Mosekyiia Bogopoa:
MIPUOJTIKEHHOE PellieHre METOJI0M TEOPUU BO3MYIIICHUI 1T CTAIIMOHAPHBIX YPOBHEN. DHEPIHsl CBS3M B MOJIEKYJIe BOJIOPO/IA.

Tema 14. OcHOBBI KBaHTOBOM 3JIEKTP 0 JUHAMUKHI

Pemenus ypaBHeHI/Iﬁ MaKCBeJ’IJ’Ia, HOPMAJIbHBIE KOOPAWHATDLI, TaMUJIbTOHUAH. Kanonuueckue NEPEMEHHBIC JIEKTPOMATHUTHOT'O
nonsi. KeanroBaHue DJICKTPOMArHUuTHOI'O IOJIA. B3aHMO)]eﬁCTBPIC 9JIEKTPOHOB U Q)OTOHOB. [Tornomenue n H3JIy4YCHUue Cl)OTOHOB
aToMaMu, COOTHOIICHU A SiHmTelHa. CrIoHTaHHOE H3JIy4YCHUE CBETA aTOMOM. EcrecTtBenHas I pHHa CHCKTpaJ’[bHOﬁ JIMHUH.

Tema 15. OCHOBBI PeJSITHBHCTCKOI MeXaHUKH.

VpaBuenue Kieitna-®oka-I'opmpona. CBoboaHOe nBrxeHre 0030Ha. Y paBHenue {upaka. [ToHsITHE YacTHIIa/aHTUYACTHIIA.
CBoiicTBa COCTOSIHUI C OTPUIIATEIbHBIMU SHEPIHSIMU. DJIEKTPOH U MO3UTPoH. CBOOOHOE JBMkKEHHUE ieKTpoHa. CrivH,
TIOJTHBII MOMEHT KOJIn4ecTBa aBmkeHus. HelitpuHo. Y paBHeHue [layiu, MarHUTHBI MOMEHT 3JieKTpoHa. CIIMH-OpOUTaIbHOE
B3alMO/IEUCTBHE.

Tema 16. KouTpoJabHas padora Ne3 nmo Temam 10-15
KonrposbHas pabora o remam 10-15
[pumepsl 3a/1a4 [T KOHTPOJILHOW pabOThL:

1. Oneparop 'amumibTOHa YacTuilsl co cniiHoM S=1/2 paBeH H=a*Sx+b*Sy, BonHoBas pyHkumsa yactuipl paBHa (A; B). C
KaKOU BEPOSITHOCTBIO YaCTHIIA HAXOTUTCS B OCHOBHOM COCTOSIHUU?

2. F'aMIIbTOHUAH YACTHUIIB B JIEKTPOMATHUTHOM TIOJIE ¢ TIOTeHmanaMu A(r,t), phi(r,t) paer H=(p-eA/c)"2/2m+e*phi. Haiitu
OTIepaTop YCKOPEHHUSI YaCTHIIBL.

3. Bbruncnuth HEpruio OCHOBHOTO COCTOSIHUS aTOMa BOJOPOJAA BapUALIMOHHBIM METOJOM, UCHIOJIb3YsI B KAUECTBE
NpUOJIVKEHM S [J151 BOJIHOBOM (pyHKLIMM cocTosiHus: a) Pynkumio ["aycca; 6) SKCHOHEHIMATIBHYIO (PYHKIIMIO.

5. IlepevyeHb Y4e€OHO-METOJUUECKOT0 00eCmeYeHHsI JJIsi CAMOCTOATEJbHONH Pa00Thl 00yJalOIUXCs M0
JUCHUILINHE (MO/LYJII0)

CamocrosiTesbHas padoTa 00yYAIOIIMXCS BHIIOIHSETCS MO 33/IaHUI0 U IPH METOOMYECKOM PYKOBOJCTBE MperofaBaTes, HO 6e3
€ro HeMoCPeACTBeHHOro yyactust. CamocTtosiTeNbHast paboTa MOAPa3IeNseTcsl Ha CAMOCTOSITE/IbHYI0 paboTy Ha ayAUTOPHbIX
3aHATHUSIX U HA BHEAYIUTOPHYIO CAMOCTOSITENbHYI0 paboTy. CaMocTosATe bHAS padoTa 00YYAIOIIMXCS BKIIOYACT KaK MOJHOCTHIO
CaMOCTOSITEJIbHOE OCBOEHHE OTIEJbHBIX TeM (Pa3esioB) JUCHMIUIMHBL, TaK U TPOpadOTKY TeM (pa3/iesioB), OCBANBAEMbIX BO
BpeMsl ayIUTOPHOI padoThl. Bo BpeMst caMOCTOSITeNIbHOM paboThl 00yJaIOIIUecs YATAIOT U KOHCIIEKTUPYIOT YUeOHYI0, HAyYHYIO
Y CIIPABOYHYIO JIUTEPATYPY, BBIIONHSIIOT 3a1aHKUs1, HATIPABJICHHbIC Ha 3aKpEeIIeHUe 3HAHUI 1 OTPaOOTKY YMEHHIA M HABBIKOB,
TOTOBSTCS K TEKYIEMY M TPOMEKYTOUYHOMY KOHTPOJIO IO JUCIUIUIMHE.

OpraHu3anys caMOCTOSATEbHONH padoThl 00YYAIOIIKMXCS perJlaMeHTHPYeTCs HOPMaTHUBHBIMU JIOKyMEHTaMHU,
y4eOHO-METOIMYECKOH JINTepaTypoil ¥ SJEKTPOHHBIMI 00Pa30BaTE/IbHBIMK PECYPCaMHU, BKIIIOYASL:

INopsiiok opraHu3aliK 1 OCYIECTBICHHUS 00pa30BaTEIbHOM AeSATEIbHOCTH IO 00pa30BaTEIbHBIM ITPOrpaMMaM BBICIIIETO
00pa3oBaHus - IporpaMmam OakajiaBpuara, mporpaMmam CrielMajIuTeTa, IporpaMMaM MariucTparypsl (YTBEpKIEH MPUKa30M
MunucTepcTBa HayKu 1 BhIciero oopasosanus Poccuiickoit @eneparyu ot 6 anpenst 2021 roga Ne245)

IMucemo MunuctepcrBa odpaszoBanust Poccuiickoit ®enepann Nel14-55-996un/15 ot 27 nosi6pst 2002 r. "OO6 akTHBU3AIMI
CaMOCTOSITEJILHOW paOOThI CTY/IEHTOB BHICIIIMX YIeOHbIX 3aBe/ieHuit"

VYcraB (peaepanbHOro rocyJapcTBEHHOTO aBTOHOMHOTO 00pa3oBaresibHoro yupesxaenus "Kazanckuii (ITpuBomkckmii)
(penepasbHbIl yHUBEpCUTET"

[paBuna BHyTpEeHHEro pacrnopska (efepaabHOro rocy1apcTBEHHOr0 aBTOHOMHOTO 00Pa30BaTeNIbHOTO YUPEkKJEHHs BBICLIIETO
npogeccuoHambHOro oopazoanus "Kazanckuit (IpuBoskckuil) (eaepaibHblil yHUBEpCUTET"

JlokanbHble HopMmaTuBHBIE akThl Kazanckoro (ITpusomkckoro) deaepaibHOro yHUBEpCUTETa

ConosbeB O.B. 3a1auu 110 KBAaHTOBOW MEXaHUKe: BOJHOBbIE (DYHKIIMM M OIepaTopsl (y4.-MeTto. nocoodue). - 2013. - KazaHs. -
KII®V. http://kpfu.ru/docs/F1064181181/Zadachi po kvantovoi mehanike.Volnovie_funkcii_i_operatori.pdf -
http://kpfu.ru/docs/F1064181181/Zadachi po kvantovoi mehanike.Volnovie_funkcii_i_operatori.pdf

ComnosbeB, O.B. KBanToBas Teopus (pakTudeckuil Kypc). 3agaqnuk ans ¢pusukos. Yacts 1. [DnexTponnsiii pecype] / O.B.
Conosbes, J.U. Baiibekos, C.1. Benos // Y4ebnoe 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 CPEJICTB MO JUCIUIINHE (MOIYJIIO0)

POoHJ1 OLIECHOYHBIX Cpe€aCTB IO AUCHUIIMHE (MOI[yJ'HO) BKJIIOYACT OLECHOYHBIE MaTe€pHaJibl, HAITIPABJICHHBIC HA ITPOBEPKY OCBOCHUA
KOMHCTCHHHI;'I, B TOM 4YUCJIE 3HaHHﬁ, yMeHI/Iﬁ Y HaBBIKOB. ®OH/I OLIECHOYHBIX CpE€ACTB BKIIOYAET OUEHOYHbLIC CPEACTBA TEKYIIECTO
KOHTPOJIA U OLICHOYHLIE CPEACTBA HpOMe)KyTO‘lHOITI aTTeCTalluu.

B ¢oHIe 01eHOYHBIX CPENICTB COAEPKUTCS CeayoIas HHPOPMaITHs:
- COOTBETCTBUE KOMIIETCHITUI TUIAHUPYEMBIM pe3yJIbTaTaM 00yUYeHHs IO TUCIUIUTHHE (MOYJII0);
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- KpUTEpUHU OlieHUBaHUs1 c(hOPMUPOBAHHOCTU KOMIIETEHIIHIA;

- MexaHu3M (POPMHUPOBAHHMS OIIEHKH MO JUCHUIUTAHE (MOIYJIO);

- OIMCaHUe MOPsiIKa MPUMEHEHUs U NPOLIeypbl OLIEHUBAHUS JIJ1s1 KaXKJI0TO OLIEHOUYHOTO CPECTBA;
- KpUTEpHH OLIEHUBAHUS [T KaXJOTr0 OIIEHOYHOTO CPEJICTBA;

- COACPIKAHME OLECHOYHBIX CPEACTB, BKJIIOYad Tpe60BaHI/IH, MPEeAbABIACMBIC K HCﬁCTBHHM o6yqa}omnxc;1, AE€MOHCTPUPYEMBIM
pe3yJjibTaTaM, 3alaHuA pa3IMYHbIX TUIIOB.

DoH[ OIIEHOYHBIX CPEICTB IO AUCHUIUTNHE HaxoauTcs B [Ipunoxkernun 1 K mporpaMme JUCHUILTHHBL (MOIYIIIO).

7. IlepedeHnb JUTEPATYPbl, HEOOXO0JUMOM JJIsT 0CBOEHHS U CIUILINHBI (MO XyJIs)

OcBoeHMe TUCITUILIMHBL (MOYJIsl) TIPEoaracT u3y4yeHne OCHOBHOM | JOMOIHUTEILHON yueOHO! TuTepaTypsl. JlutepaTypa
MOXeET OBbITh JOCTYIHA OOYYaIOIIMMCsI B OJHOM U3 IBYX BapUaHTOB (JIMOO B 000UX U3 HUX):

- B 9JIEKTPOHHOM BUJIE - Yepe3 JIeKTPOHHbIE OMOIMOTEYHbIE CUCTEMBI HA OCHOBaHUHM 3aKToueHHbIX KDY noroBopos ¢
TIPaBOOOIAJATEIISIMU;

- B meyaTHOM Bujie - B HayuHo# 6ubmoreke um. H.U. JlobaueBckoro. OOydJaroImecs mojyvyanT yIeOHyIo JUTepaTypy Ha
aOOHEMEHTE I10 YMTATEIbCKUM OMJIeTaM B COOTBETCTBHMU C IIPAaBHJIaMHM T0JIb30BaHus1 HaydHOH OHOIHOTEKON.

DJIeKTPOHHbIE N3AAHUSI JOCTYITHBI AUCTAHIIMOHHO U3 JII000H TOUKH MPY BBEAEHUN 0OYYaIOIIMMCsI CBOETO JIOTHHA U MTapoJIsi OT
JIMYHOTO KabWHeTa B cucteMe "DIeKTPOHHBIH yHUBepcuTeT . [1pn NCronb30BaHMM TTIEYaTHBIX N3AaHUN OMOIMOTEYHbIN (hOH/T
JOJKeH OBITh YKOMITIEKTOBAH MMHU U3 pacuera He MeHee 0,5 sk3emrusipa (s obydatonmxcs mo ®I'OC 3++ - He menee 0,25
9K3EMIUIIPA) KaXKA0TO U3 U3/IaHWi OCHOBHOM JITepaTypsl 1 He MeHee 0,25 9K3eMIuIsipa JOTOJHUTEILHON JINTEpaTyphl Ha
Ka)kJI0r0 00y4JaioIerocs U3 Jucia Jiuil, OJHOBPEMEHHO OCBAMBAIOIIMX JAHHYIO AUCHMIUIMHY.

[NepeueHb OCHOBHOI M IOTOJHUTENBHON YUeOHOM JIMTEpaTypbl, HEOOXOIMMON /ISl OCBOSHUS UCIMIUTMHBI (MOJLYJIs), HAXOIUTCS
B [Ipunoxenun 2 k padoueii mporpaMme JUCUUIUIAHBL. OH MOAIEKUT OOHOBJIEHHIO IPYU U3MEHEHHUH YCJIOBUI 10roBopoB KOV ¢
npaBooOJIaAaTes sIMU JIEKTPOHHBIX M3/IaHWI U NTPU U3MEHEHNH KOMIUTeKToBaHus (hoHnoB HayuHo# 6ubmorekn KOV,

8. Ilepeuennb pecypcoB HH(OPMAIMOHHO-TEJEKOMMYHHUKANUOHHOI ceTH ""HTepHeT'', HE00X0AMMBIX JIJIsI
OCBOEHHS U CIHILINHBI (MOXyJIs)

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

MeToaudeckue Marepuansl Kapeaps TP -
http://kpfu.ru/physics/struktura/kafedry/kafedra-teoreticheskoj-fiziki/metodicheskie-materialy

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

9. MeToandecKne yKa3aHHSA VIS 00yUAIOMMXCS 10 0CBOEHUIO JUCIUIIAHBI (MOTyJIsT)

Bujg pa6or MeToanuyeckue peKOMeHIalu

JICKIIAU Pa36op 1 ycBOeHUe JIEKIIMOHHOro Matepuaa. I1ociie Kax /1o JeKInK CTYIEHTY ClielyeT BHUMATEJIbHO MPOYUTATD
U pa3o0paTh KOHCIIEKT, ITPU 3TOM:

- [ToHSATH ¥ 3aNIOMHUTH BCE HOBBIE OIIpeeIICHUSI.

- [ToHATH Bce MaTeMaTHUECKIe BBIKJIAKH U JIeKallie B UX OCHOBE (PH3MUECKIE TIONOKEHUS U OMYIICHHS;
BOCIIPOM3BECTH BCE BHIKJIAJIKA CAMOCTOSTENBHO, HE TJISISA B KOHCIIEKT.

- BeImoTHUTE WK qofenaTh BEIKJIAKHU, KOTOPBIE JIEKTOP MPEAITICAN CeNaTh CAMOCTOSTENIHHO (€CTTH TAKOBBIE
UMEIOTCS).

- Ecnu niekTop mpearnuca pa3odparh 4acth MaTepuaia 6ojiee MoapoOHO CAMOCTOSATENBHO M0 JOCTYITHBIM
MMMCbMEHHBIM WJIH SJIEKTPOHHBIM UCTOYHHUKAM, TO HEOOXOIUMO CBOEBPEMEHHO 9TO CHEATh.

- [Ipu BO3HUKHOBEHUH KAKUX-JIKOO TPYJHOCTEH C MOHMMAHUEM MaTepHasia PeKOMEH/IYeTCsl MOMPOCUTh MOMOIIH Y
CBOMX OJJHOTPYIITHUKOB MJIA COKYPCHUKOB. Takke MOXHO OOpATUTHCS 3a TIOMOIIBIO K JieKTOpy. st 3T0r0
MOJKHO JIMYHO TIOIOUTH K TIPETIoaBaTeio, IMOO HAIMMUCATh €My JIEKTPOHHOE MTUCEMO, C(POPMYJIMPOBaB B HEM
BO3HHUKAIOIIKE BONPOCHL. K MUCbMY MOXKHO MPUKPETUTh KAKUe-TUOO0 SJIEKTPOHHBIE MATePHUAIIbI, CBSI3AHHbBIE C
BO3HUKIIIMMY BOIIPOCAMH, HATIpUMep, OTCKaHUPOBaHHBIE WK C(hOTOrpahpOBAHHBIE JIMCTOYKH C PYKOTIUCHBIMU
KOMMEHTapHUsIMH, TOMETKAMH, BHIKJIAIKAMH U T.II.

npaktuyeckre | Heo0xommMo akTHBHO y4acTBOBATh B pabOTe CEMUHAPOB (BBIIONHATH BCe TpeOOBaHMs peroaBaTes,
3aHATUS HPUXOJUTh NMOArOTOBJICHHBIMHU K 3aHSTHIO) U CBOEBPEMEHHO BBIIIOJIHATH KOHTPOJIbHBIE PAOOThI, HE OCTABIIATH

MepEeNKChIBAHNE HEBBIIOJHEHHbIX 3alaHUI Ha 3a4€Thl M 9K3aMEHBbI.

OueHb BaKHO He IPOITyCKATh 3aHATUSA (JIEKLMH, a OCOOEHHO MPAKTUYECKUE 3aHATHSA).

SAEKTPOHHBH
Crpanuna 7 u3 12. Il YHHBEPCHTET
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Bujg paéor

MeToanuyeckue peKOMeHIalu

€aMoCTOSI-
TeJbHas padoTa

CamocrosiTesbHOe N3yUYeHne YacTi MaTepuana. Ecim yacTs yueOHOro MaTepraia OTBeJJeHa Ha CaMOCTOSITENIbHOE
n3y4eHue, TO HeOOXOIMMO NPUCTYIUTH K 3TOMY He3aMeUTUTENILHO TI0CiIe YKa3aHu sl MPETo/IaBaTelis U OCBOMTh
MaTepuJl B OTBEJICHHbIE UM CPOKH. Matepuall ciie/lyeT U3y4uTh MO JOCTYIHBIM MTHChbMEHHBIM U 3JIEKTPOHHBIM
WCTOYHUKAM, O KOTOPBIX COOOIIHT IpEero/iaBaTesib.

B camocrosiTenbHON oMalHel paboTe CTYIeHTOB MOKHO BBIIEIHTD JIBE COCTaBIIsIioNIue: 1) pa3dop pelieHuit
3aa4 ay/IMTOPHBIX 3aHATHH, 2) CAMOCTOATENBHOE pellieHne JOMAIIHKX 331a4. TakuM oO0pa3oMm, IpHs JOMOH
TI0CJIe KaXI0T0 ayUTOPHOTO 3aHSTHS, CTYAEHT JIOJKEH CHavala pelIuTh CaMOCTOSTENHHO (He I/l B pabovylo
TETpasib) Te 3a/a4k, KOTOPbIE PELIMII PENo/aBaTelb BO BpeMs 3aHsATHs. [1pr BOSHUKHOBEHHU TPYJHOCTEH BO
BpeMsI pelleHus1 KaKoH-HUOYIb 33/1a4H Clle/lyeT pa3o0parh pelleHne STON 3aaull B TETPaau. 3aTeM CleayeT
pelmTh 3a1a4uy camocTosTeNbHO 6e3 Terpany. CKOJbKO Obl pa3 He MPUXOJUIOCh BO3BPAIATHCS K TETPaIH,
HACTOSITEIbHO PEKOMEH/IyeTCs BCE e HAYUUThCSI BOCHPOM3BOANTD PEIIEHHE CaMOCTOSATENBHO. 3aTeM CIIeayeT
TIPUCTYIHUTD K PEIIEHHIO 33/1a4 U3 JOMAIIHETo 3aaHusl. [Ipy BOSHUKHOBEHUH TPYJHOCTENH PEKOMEH/IyeTCsl
TIONIPOCHUTH IOMOIIM Y CBOMX OAHOTPYIITHUKOB WJIM COKYPCHHUKOB. [IprBETCTBYETCS COBMECTHBIN ITOUCK PELIEHHH.
Tax:ke MOKHO 0OpaTUTHCS 3a IOMOIIBIO K NperogaBaTeo. s 3Toro MoXHO JIMYHO TIOJIOWTH K ITPEroiaBaTelIo,
MO0 HarMcaTh eMy JIeKTPOHHOE IMCbMO, c(hOPMYJIMPOBaB B HEM BOZHHMKAIOIIME BOIIPOCH /WM TIPHKPETTUB
CBOI OTCKaHMPOBAaHHBIN WM c(hoTorpadpoOBaHHBIN BapUaHT pelieHus Ajisi poBepku. [IpormycTuB kakoe-1moo
3aHsITHE, CTYAEHTY CJIeflyeT CKONMPOBATh PelIeHre pa300paHHBIX Ha 3aHSTHY 3a7a4 U3 TeTPaay KaKoro-HuOy b
OJJHOTPYIIITHHKA; pa300paTh MX PElleHne, PEIINTh UX CAaMOCTOSITEIBHO, a TAK)KE PEIIUTh 33241 JOMAIIHETO
3aJaHus.

Crpanyua 8 u3 12.
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Bujg paéor

MeToanuyeckue peKOMeHIalu

9K3aMCH

3aJI0roM yCIenHOW CIaul BceX 9K3aMEHOB SIBJISIIOTCS CHCTeMaTHYeCKUe, JOOPOCOBECTHBIE 3aHATHS CTY/ICHTA.
OJIHAKO 3TO HEe MCKJII0YaeT HeOOXOAUMOCTH CIIEIHATLHON padOoTHI Mepejl CECCHEl U B IIEPHO]T CIAYM IK3aMEHOB.
Crierudpriueckoi 3a1aueil padoThI CTYICHTa B TIEPUOJ 9K3aMEHAIIMOHHON CECCHH SIBJISIOTCS IOBTOPEHIE,
0000IIeHNe U CUCTEMATU3aIMsI BCero MaTepraia, KOTOPHhI M3yYeH B TeueHue roga. HaunHath moBTOpeHMe
PEKOMEHITyeTC sl 32 MECSIII-TIOJITOPA JI0 Havajia CeCCUU.

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
3ayYMBAHUIO, K 'HaTacKuBaHUIO'. [IOBTOpeHNME IO Pa3IMIHOrO poja KOHTPOJILHBIM BOIIPOCAM IPUBOIUT K
MPOMycKaM U MpodesiaM B 3HAHUSX U K HeIopabOTKe UHOT/IA BeChMa BaXKHBIX pa3ziesioB mporpaMmel. [ToBTopeHme
- TIPOTIECC MHIUBHUYATbHBIN; KaXK]IBIA CTYJCHT MOBTOPSIET TO, UTO JIJISI HErO TPYIHO, HESICHO, 3a0bITO. [ToaToMYy,
MIpeXk/Ie YeM MPUCTYITUTh K IIOBTOPEHHIO, PEKOMEHIYETCs] CHaYaJIa BHUIMATEILHO IIOCMOTPETh MTPOTrpaMmy,
YCTaHOBHTH HaMOOJIee TPYIHbIe, HAUMEHee YCBOSHHbIC pa3Jiesibl U BBIMUCATh UX Ha OT/ICTLHOM JIHCTE.

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.

ITamsarka (http://www.smrgaki.ru/inst_sgi/ykaz_samostoyatel.pdf)

1. HakanyHe XOpoOI1IO BbICTIAThCS.

2. IlpuiiTn Ha 9K3aMeH MOpaHbIle, YTOOBI MTPOLIO IEPBOE BOJIHEHHE.

3. bustet 6paTh, He pa3ayMbIBasi JOJITO, HO M HE XBAaTaTh €ro C OTYAsTHHBIM BHUIIOM.

4. He guraiite OwieT y cToJIa MperoaBaTesis, HA30BUTE TOJBKO ero HoMep.

5. Ha nucte 6ymaru ¢ 60JIbIIMME MHTEPBAJIAME Ha ITPABOU MOJIOBIMHE CTPAHUIIBI HAOpOCATE IPUMEPHYIO CXEMY
packpsITus iepBoro Borpoca. Koraa odimast cxema rotosa, B IpoOMeXyTKax 3amuimuTe 0ojiee OAPOOHBIH TIIaH
PACKPBITUSI OTAEJBHBIX €€ YaCTel C BKTIOUEHHEM aHAIMTUIECKUX BBIBOJIOB BHIPAKEHUN, TS PMUHOB U (DOPMYITL.

6. Ecitit uyBcTBYyETE, UTO 110 IIEPBOMY BOIIPOCY HUUETO OOJIbIE MOKA JOOABUTH HE MOXKETE, IEPEXOIHUTE KO
BTOPOMY BOITPOCY ¥ TOTOBBTE €r0 B TOH ke MOCIeJ0BATeIFHOCTH, YTO W MIEPBBI.

7. Ecriu Bol B35t 6WJIET, IO KOTOPOMY TUIOXO TTOJITOTOBJICHB, HE CIIEIUTe OpaTh APYTrOM - CHAYalla MOCTapanTeCh
BCIIOMHHTBH BCE, UTO 3HAETe 10 HEMY.

8. ITose3HO BHaYaste MoKa3aTh BCIO CXEMY PACKPBITHS BOIIPOCA, A 3aTEM €€ JIeTATU3NPOBATh.

9. OtBeyaiite cTporo Ha Bonpoc. He crapaiitecs, mokasbiBasi Kpyro3op, 3ajie3arh B Ipyrue cgepbl, He
BKJIIOUCHHBIEC B TaHHHIN BOIpoc. [1ockoIbKy 3THM BbI, BO-TIepBBIX, CMOXETe CO3JaTh BIIeYaT/ieHHe, YTO Bhl He
3HaeTe OTBET Ha CBOM BOIIPOC, BO-BTOPBIX, BBl pacmvpsieTe KPyr JAOMOHUTEBHBIX BOIIPOCOB MPETIOIaBaATEIs, YTO
He Bcerja MOXeT ObITh B Batiry moss3y.

10. He meiTaiiTech paccka3aTh OOJIBIIE 32 CUET YCKOPEHHS TEMITA, HO U He MSIMJTUTE.

11. Bynpre BHUMATEbHBI KO BCEM BOIPOCaM MperoaBaTesisi, K MaJIeUIIM ero 3aMe4aHusiM - CO3HATEIbHO WU
HET, HO OH MOJKeT HAaTOJIKHYTh Bac Ha mpUIoMUHAaHYE HOBOTO, JIOTIOJTHUTEILHOTO MaTepralia WM Ha TOHUMaHHe
HOBOM €ro CTOPOHBI, YeM HAJIO TYT ke BOCIHOJIb30BAThCS.

12. He GotiTech JOMOTHUTEIBHBIX BOIIPOCOB - Yallle BCEro MpenoaaBaTesIb UCIOb3YeT UX KaK OJWH U3 CIIOCOOOB
nomoyb Bam.

10. TlepeyeHp nH(OPMAMOHHBLIX TEXHOJIOTHII, HCIOJb3YEeMbIX IPU OCYIeCTBJIEHHH 00Pa30BaTEJILHOrO Mpoecca
o JUCHHILIHHE (MO/IYJII0), BKJIIOYAs epevYeHb MPOrpaMMHOro odecnedeHnst U HH( OPMAIHOHHBIX CIIPABOYHBIX
cucreM (IpU HEOOXOUMOCTH)

INepeueHs HHPOPMALIMOHHBIX TEXHOJIOTHH, UCIIOJb3yEMBIX IIPH OCYLIECTBICHHN 00pa30BaTEILHOTO IPOLiECca M0 JUCHUILIIHE
(MOZyJTI0), BKJIIOYAS MIepeyeHb MPOrpaMMHOr0 obecieueHus 1 MH(POPMAIIMOHHBIX CIIPABOYHBIX CHCTEM, ITPE/ICTABJICH B
[punoxennu 3 x pabovelt mporpaMmMe TUCITUTLIAHBL (MOIYJIS).

11. Onncanne MaTepuaJIbHO-TEXHUYECKOM 0a3bl, HEOOXO0UMOIT /ISl 0CYI[eCTBJIEHUSI 00Pa30BaTEJIHLHOTO
nponecca no JUCHUAILIHHE (MOIYJII0)

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

KOMIIOHCHTHI:
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TomertieHus VTSt CAMOCTOSITETLHON pabOTH 00YJAIOIINXCsl, YKOMIUICKTOBAHHBIE CIICIIMATN3UPOBAHHON MeOebIo (CTOJIBI U
CTYJIbs) U OCHAIIIEHHBIE KOMITBIOTEPHOW TEXHUKOM C BOZMOKHOCTBIO MOJKTIOUeHHs K ceTr "VIHTepHeT" 1 oOecrieueHueM JOCTyma
B 9JIEKTPOHHYI0 MH(OPMaIIMOHHO-00pa3oBarenbHylo cpeny KOV.

VuebHble ayAUTOPUH AJIsI KOHTAKTHOM paboTHI ¢ MpernoaaBaTesieM, YKOMIUIEKTOBAHHbIE CTIeHUATU3MPOBAaHHON MeOebio (CTOJIbI
U CTYJIbS1).

Kommnblotep 1 npuHTEp 1)1 pacnevyaTky pa3JaTOYHbIX MaTepUaIoB.

MynsTUMeaniHAS ayAUTOPHSI.

12. CpeacrBa ajjanTanuu npenojaBaHusi JUCHUILIMHLI K TOTPEOHOCTAM 00yUYalONUXCsl HHBAJIU0B U JIHI C
OrpaHUYeHHbIMH BO3MOKHOCTSIMH 3/10POBbSI

HpI/I H€O6XO,I[I/IMOCTI/I B O6pa30BaTCHBHOM nponecce MpuMEHAITCA CIICAYIOIUE METOAbl 1 TEXHOJIOTHU, 06)161"1310]].[146
BOCIHIpUATHUE I/IH(l)OpMaL[I/II/I O6y‘{aIOHII/IMI/ICH HWHBAJIMAAMU U JIMIAMU C OI'PAHTYCHHBIMUA BO3MOKHOCTAMUA 3J0POBbA:

- CO3/laHNe TEKCTOBOW BEPCHUU JII00Or0 HETEKCTOBOIO KOHTEHTA [l €70 BOZMOXXHOI'O IPe0O0pa30BaHUs B aJIbTEPHATHBHbIE
(bopmbl, yIOOHBIE TS pa3IMYHBIX MTOJIb30BATENIEH;

- CO3JaHME€ KOHTCHTA, KOTOpHﬁ MOJKHO PEACTABUTL B PA3JIMYHBIX BUAX 0e3 NOTCPH JAHHBIX WK CTPYKTYPBI, IPEAYCMOTPETh
BO3MOXHOCTH MaCH.ITa6I/Ip0BaHI/IH TEKCTA U H306pa)K€HHﬁ 0e3 NOTEPH Ka4eCTBa, MPEAYCMOTPETb JOCTYITHOCTD YIIPABJICHUA
KOHTCHTOM C KJIAaBUATYyPbI;

- CO3J]aHKe BO3MOKHOCTEH JUIsl 00YyUaIoIMXCsl BOCIPUHUMATD OJHY M TY ke MH(OPMAaIMIO U3 Pa3HbIX KCTOUYHUKOB - HAIPUMeEp,
TaK, YTOOBI JIMLIA C HAPYIICHUSIMH CJIyXa MOJTy4Yaad MH(POPMALMIO BU3YaIIbHO, C HAPYIICHUSMH 3PEHUS - ayJUAJIbHO;

- IPUMCHEHUEC MMPOIrpaMMHBIX CPEICTB, 06€CHC‘II/IBaIOHII/IX BO3MOXHOCTb OCBOCHUA HABBIKOB 1 yMGHI/IIjI, (l)OpMI/IpyeMI)IX
HHCHHHHHHOﬁ, 3a CUET AJIbTEPHATUBHbIX CHOCO6OB, B TOM 4MCJI€ BUPTYaJIbHBIX Ha60paTOpPIﬁ 1 CUMYJIALIMOHHBIX TCXHOHOFHﬁ;

- IPUMEHEHHe JIMCTAHIIMOHHBIX 00pa30BaTeIbHbIX TEXHOJIOTHH [UIs Tiepeaadyr MH(GOpMali, OPraHu3aliy Pa3iniHbIX (popm
WHTEPAKTUBHOW KOHTAKTHOW paboThl 00y4alolIerocs ¢ NpernojaBaTeieM, B TOM Yicie BEOUHAPOB, KOTOPbIE MOTYT OBITh
HCIIOJIb30BaHbI /151 IPOBEACHUS BUPTYAJIbHBIX JIEKLHI C BOZMOKHOCTBIO B3aMMOJCHCTBUS BCEX YYACTHUKOB AUCTAHIIMOHHOTO
00yueHus1, MPOBEICHNsI CEMUHAPOB, BHICTYIUICHUS C JIOKJIAaMH U 3alIUThI BHITOJIHEHHBIX paboT, MPOBEAEHUsI TPEHUHIOB,
OpraHU3alUK KOJUIEKTUBHOM paboThl;

- IPUMCHEHUEC JUCTAHIIMOHHBIX 06pa3OBaTCHLHLIX TEXHOJIOTUI UL OpraHnu3atn (1)OpM TEKYyHIEro u NIpoMeKyTO4YHOI O
KOHTPOJIA;

- YBEJIMYEHUE MIPOJOJIKUTENLHOCTU CIAUM 00YYAIOIIMMCsI MHBAJIMIOM WIIH JIUIIOM C OTPAaHUYEHHBIMU BO3MOXHOCTSIMH 3710POBbSI
(popm poMeKyTOUHOH aTTECTAIUHU 110 OTHOLIEHHUIO K YCTAaHOBJIEHHOH MPOIOJUKUTENPHOCTH UX CAAYH:

- IPOAOJIKUTEIbHOCTU CAa1n 3a4€Ta Wi 9K3daM€Ha, IIPOBOANMOIO B MMCbMEHHOMI (I)OpMG, - He Oostee uem Ha 90 MUHYT;

- IPOJIOJKUTEIPHOCTH MOATOTOBKHM 00YYAIOIIErocst K OTBETY Ha 3a4éTe WM SK3aMeHe, IPOBOANMOM B YCTHOM (popme, - He
6osiee uem Ha 20 MUHYT;

- TMIPOIOJKUTEIBHOCTY BHICTYIUICHHS 00YJAIOMIEerocs PH 3aluTe KYpPCOBOM PadOTH - He Oojiee YeM Ha 15 MUHYT.
IIporpamma coctapiieHa B coorBeTcTBUM ¢ TpeOoBanusMu PI'OC BO u yueOHBIM M1aHOM 10 HanpasieHwo 28.03.01

"HaHOTEeXHOJIOTUM M MUKPOCUCTEMHasI TeXHUKA" U Mpodutio moaroroBku "CUHTE3 U AMarHOCTUKA HAHOMATEepUAJIOB,
KOMITOHEHThI MUKPO- ¥ HAHORJIEKTPOHHON TEXHUKH .

SAEKTPOHHBH
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Tpunoosicernue 2
K paboueii npozpamme OUCUUNAUHbL (MOOYASL)
b1.B.01 Bsedenue 6 keanmosyro ousuxy

IlepeyeHs JurepaTypbl, He0OX0UMOI ISl 0CBOEHHUS JUCIUILUITHHBI (MO /TyJjIs1)

Hanpagsnenue noaroroku: 28.03.01 - HaHOTEXHOJIOIMY M MUKPOCUCTEMHAS TEXHHUKA
IIpocpuis noaroroBku: CHHTE3 ¥ AUATHOCTUKA HAHOMATEPUAIOB, KOMITOHEHTHl MUKPO- M HAHOJIEKTPOHHON TeXHUKHU

Kpanu¢ukanus BeITyCKHUKA:_OaKanaBpp

dopma 0OydeHust: 0UHOe

SI3bIK OOyUEeHMS: PYCCKMiA

Ton Havana o0yueHus1 Mo o0pa3oBaTesibHON nporpamme: 2025

OcHoBHas JuTepaTtypa:

1. Kouenaes, B.W. KBanTtoBast teopusi: koHcriekT Jjekuii / B. Y. Kouenaes. - [2-e u3n., nepepad., nom. u ucnp.]. - Kazaub:
Kazancknii yausepeurer, 2013. - 222 c. - Tekcr: anexTpoHHsIi. - URL:
http://kpfu.ru/portal/docs/F1738320152/Quantum_Theory.pdf (nara o6pamenus: 25.03.2025). - Pexum nocryna: 11t aBTOpH3.
OJIb30BaTeIeH.

2. Baiikos, 0. A. KBantoBasi MexaHuka : yueObHoe rocodue / 10. A. baiikos, B. M. Ky3Henos. - 4-e u3. (311.). - Mockaa :
JlabopaTopus 3HaHuii, 2024. - 294 c. - ISBN 978-5-93208-719-0. - TekcT : 21eKTpoHHbIH // JIaHb : 91eKTPOHHO-OMOINOTeYHAs
cucrema. - URL: https://e.lanbook.com/book/417980 (nara obpamenwus: 23.03.2025). - Pexxum octyna: Juist aBTOpH3.
TIOJIb30BaTeJIeh.

3. Conosbes, O.B. 3agaunuk s ¢pusukos. Yacts I: yuebnoe nocodue / O.B. Conosbes, D.U. Baitbekos, C.U. Benos. -
Kazanb: Kazan. yu-1, 2015. - 102 c. - Tekcr: anekrponnsiit. - URL: http://dspace.kpfu.ru/xmlui/handle/net/20301 (gara
obparmrenus: 25.03.2025). - Pexxum moctyna: st aBTOPH3. MOJTb30BaTeNeH.

JonoJiHUTEILHAS JUTEpaTypa:

1. ConosbeB, O.B. 3agaun Mo KBaHTOBOW MeXaHHKe: BOJHOBBIE (DYHKIMH M OTIEPATOPHL: Y4.-MeTo/1. TTocodue - KazaHb:
Kazanckuii yausepcuret, 2013. - 49 c. - TekcT: anekTponHsiid. - URL:
http://kpfu.ru/portal/docs/F1064181181/Zadachi_po_kvantovoi_mehanike.Volnovie_funkcii_i_operatori.pdf (zata oOparienus:
25.03.2025). - Pesxum pocTtyna: 1Sl aBTOpU3. NOJIb30BaTeNeH.

2. Brioxunues, []. V1. OCHOBBI KBAHTOBO# MeXxaHUKH : yueOHoe rnocodue / [I. Y. Broxunies. - 7-e usg., crep. - Cankt-IletepOypr
: Jlanb, 2022. - 672 c. - ISBN 978-5-8114-0554-1. - Tekcr : a1eKTpoHHbIH // JIaHb : 971eKTPOHHO-OMOINOTEYHAs CHCTEMA. -
URL: https://e.Janbook.com/book/210197 (nata obparuenus: 25.03.2025). - Pexum fgocryna: [jisi aBTOpU3. MOJIb30BaTENEH.
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Tpunoosicenue 3
K paboueii npozpamme OUCUUNAUHbL (MOOYASL)
b1.B.01 Bsedenue 6 keanmosyro ousuxy

IIepevyens nH( OPMAMUOHHBIX TEXHOJIOTHIl, HCI0JIb3YE€MBIX /IJISI 0CBO€EHHUS JUCHUILUIHHBI (MOIYJIs), BKIIOYAsI
nepevyeHb NPOrpaMMHOrO 0OecneyeHns1 U HH(OPMAIMOHHBIX CHPABOYHBIX CHCTEM

Hanpagsnenue noaroroku: 28.03.01 - HaHOTeXHOJIOIMY M MMKPOCUCTEMHAS TEXHUKA

HpO(l)I/IIH; IOATrOTOBKM: CuHTEe3 ¥ IMarHOCTMKA HAHOMATEPUAJIOB, KOMIIOHEHThI MUKPO- ¥ HAHOZJICKTPOHHOW TEXHUKU

Kpanuukanus BeITyCKHUKA:_OaKanapp

dopma obydeHust: 0UHOe

SI3bIK OOyUEeHMS: PYCCKMiA

Ton Havana o0yueHus Mo oOpa3oBaTesibHON 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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