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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
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Crpanuna 2 u3 13. IEl YHH




ITporpamma muciuruiueel "Begenue B kBaHTOBYIO ¢usuky"; 12.03.04 "bruorexHudeckue CUCTEMBI ¥ TEXHOJIOTUH" .

IIporpamMmy AuCIMTUTHHEL pa3padoTaii(a)(u): 3aBeayommui kadenpoi, 1.H. (mpodeccop) MokmmmH A.B. (kadenpa
BBIUNCIATENBHON (PU3UKH U MOJEIUPOBaHUSA (pu3ndecKux npouecco, 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
KOMIeTeHIIN npuodperaeMon KOMIeTeHIINH
OIIK-1 CriocoOeH PUMEHSITh eCTECTBEHHOHAYYHbIE M OOLIIEUHKEHEPHBIE 3HAHUS, METO/IbI

MaTeMaTUIECKOro aHa/Inu3a U MOJEIUPOBAHUS B MHKEHEPHOM JEATEIbHOCTH, CBSI3aHHOM C
Pa3pabOTKOIA, TPOEKTUPOBaHNEM, KOHCTPYHPOBAaHUEM, TEXHOJIOTHAMU IIPOM3BOICTBA U
PKCIUTyaTalli OMOTEXHUYECKHUX CHCTEM

OO0yyarnInuiics, OCBOUBIINI TUCIMIUIAHY (MOJYJIb):
JloJKeH 3HATh:

OCHOBBI KBAHTOBO-MEXaHHYECKOTO OIMUCAHMUS COCTOSTHUN (PM3MYECKUX CHCTEM M MaTeMaTHUECKOTO amrapaTa KBaHTOBOM
Teopun

HoykeH ymeTh:

(opmypoBaTh 1 10Ka3bIBaTh OCHOBHBIE PE3YJIbTAThl KBAHTOBOM TEOPUU

I[OIDKGH BJIag€Th:

HaBbIKaMH pEHICHUSA HpOCTefII.HPIX 3a1a4 O HaXOXKACHUU SHEPIreTUIYCCKOro ClIEKTpa U BOTHOBBIX prHKL[I/Iﬁ KBAaHTOBBIX CUCTEM
" BBIYUCJICHUA BCpOHTHOCTeﬁ HX NEPEXOA0B B IPYyIru€ COCTOAHUSA 1104 BIMAHUEM BO3MyIJ.[eHPIfI

2. Mecro gucnumiuasl (MoayJisi) B ctpykrype OIIOII BO

Haunaast qucnmruiHa (MOAyJb) BKModeHa B paszfen "B1.0.19 [Nucturumast (MOmysm)" OCHOBHOM MPOoecCHOHANHOMN
obpazosatenbHol nporpammsbl 12.03.04 "BruotexHuueckue cucteMsl U TexHosoruu (MeauiimHckas Tomorpadust: pusnyeckue
MIPUHLIMITBL U PUOOPOCTPOEHHE)" 1 OTHOCHUTCS K 00s13aTenbHoi yacti OITOIT BO.

OcBauBaetcs Ha 3 Kypce B 5 cemecTpe.

3. O0beM quCHUNIHHBI (MO/IYJIsI) B 3aU€THBIX €IHHUIAX ¢ YKa3aHHeM KOJUYeCTBA YacOB, BbIIeJEHHbIX HA
KOHTAKTHYIO Pa0oTy 00y4alIuxcs ¢ npemnogasareieM (10 BHAAM YUeOHbIX 3aHATHII) H HA CAMOCTOSITENbHYIO
padoTy odyuarommxcs

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

KonraktHast pabota - 88 vaca(oB), B TOM ymcIie JeKiun - 36 yaca(oB), MpakTUYECKHe 3aHsTHUs - 52 yaca(oB), 1JabOpaTOpHbIE
padotsl - 0 yaca(oB), KOHTPOJIb CAMOCTOSITENIbHON paboTh - O yaca(oB).

CamocTostenbHast padoTa - 65 yaca(oB).
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KouTposnsb (3auét / ax3amen) - 27 yaca(oB).
dopma MpOMeKyTOUHOrO KOHTPOJISI JUCIUILIMHBL: 9K3aMeH B 5 cemecTpe.

4. Coaep:xaHne JUCHHMILIMHBI (MOyJis), CTPYKTYPHUPOBaHHOE N0 TeMaM (pa3/jejaM) ¢ YKa3aHHeM OTBe/IeHHOI'0 Ha
HHUX KOJIHYEeCTBA aKaJeMHYE€CKHX YaCcOoB 1 BU0B yqeﬁmﬂx 3aHATHI

4.1 CTpykTypa 1 TeMaTH4€eCKHIl IUIaH KOHTAKTHOM U CAMOCTOATEJbHON PAGOThHI 0 AU CHHUILIHHE (MO/IYJIIO)

Bujpbl 1 yachl KOHTAKTHOW PadoThI, Camo-
HX TPYAO0EMKOCTh (B yacax) cTod-
N Pas el qucuymminHb / Ce- lexumun, lexnun|IIpaxTu-[[IpakTu-JIadopa-Iaopa-| TeIb-
Moay.Jist MECTP| Bcero | B 3JI. | YeCKHe | YeCKHeE |TOPHBIE [TOpHbIe | Hasd
¢dopme 3anaTuA,| B 3J. |padoThL,| B 3L pa-
Bcero | cdopme | Bcero | popme | OoTa
1. Tema 1. OcHOBHbIE TOHATHS] KBAHTOBOU TEOPUU 5 2 0 4 0 0 0 5
2. (Tema 2. Teopus npeacTaBiaeHuil. 5 3 0 4 0 0 0
3 Tema 3. Koutposbhas padora Nel o temam 1-2 5 0 0 2 0 0 0
Tema 4. DBoJIOIMS KBAHTOBBIX COCTOSIHUIA BO
4. 5 2 0 4 0 0 0 4
BpEMEHU
5. |[Tema 5. OnHOMEpHOE IBUKEHUE 5 3 0 4 0 0 0 4
6. Tema 6. JIBuxeHne B 5 3 0 4 0 0 0 4
LEHTPaJIbHO-CUMMETPUYECKOM OJIe
7. |Tema 7. Teopust BO3MyILIEHHUIA 5 4 0 4 0 0 0 4
8. |Tema 8. Teopus paccessHus 5 3 0 2 0 0 0 6
9 Tema 9. KontponbHas padota Ne2 o temam 4-8 5 0 0 2 0 0 0
10.|Tema 10. BapuarmonHsslii MeTon 5 2 0 4 0 0 0 4
11. Tema 11. Kpazukiaccuueckoe npuoiImkeHne 5 3 0 2 0 0 0 ]
12.|Tema 12. MHOro4acTU4HbIE CHCTEMBI 5 3 0 4 0 0 0 4
13. Tema 13. MHOro31€KTpOHHBIE ATOMBI U MOJIEKYJIBI 5 2 0 2 0 0 0 6
14, Tema 14. OCHOBBI KBAHTOBOU JIEKTPOJUHAMHUKHI 5 3 0 4 0 0 0 6
15. Tema 15. OCHOBBI peJIATUBUCTCKOI MEXaHUKHU. 5 3 0 4 0 0 0 g
16. Tema 16. KontponbHast padota Ne3 1o Temam 5 0 0 2 0 0 0
10-15
l1Toro 36 0 52 0 0 0 65

4.2 Cogep:kanne qUCIUATLIHHBI (MO TyJIs1)
Tema 1. OcHOBHbIE€ NOHATHS KBAHTOBOI TEOpUH

HyastuaMm siBJI€HUI MUKPOMUpPA: TUCKPETHbIE CBOIICTBA BOJIH, BOJIHOBBIE CBOMCTBA YacTHIl. [IpUHIUIIBI HEOTIPEIEIEHHOCTH U
cyneprosuru. [Ipoctpancteo ['mip6epra. OnepaTopsl HaOIOAaEMbIX (PU3UIECKUX BEJIMUUH U UX cBoMcTBA. COOCTBEHHbIE
(byHKIIMU ¥ COOCTBEHHBIE 3HAUEHMS ONepaTopoB. JIMCKPETHBIA U HelpepbIBHBINA crieKTp. CoOCTBEeHHBIE (hYHKITUH
KOMMYTHpYIOLIHX onepatopoB. CooTHoOIIEHHE HeompeesieHHocTel ["aiizenoepra sl (pu3nYecKrx BEIUYHH.

Tema 2. Teopus npeacraBjeHuUId.

YHuTapHBIE peoOpa3oBaHKst BOJHOBIX (DYHKIMH 1 oniepaTopoB. Marpuunsiii Meroa. KoopanHaraoe npencrasienue. CBs3b
BOJTHOBOM (DYHKILIMH U BEKTOPA COCTOSsIHUA. MIMITyJIbCHOE MpeAcTaBIeHre. 3aich ONepaTopoB KOOPAUHATH M UMITYJIbCa
YaCTULB! B UMITYJIbCHOM MpeJICTaBIeHNH. MaTpHiia IJIOTHOCTH. YKCThIe U CMellIaHHbIe COCTOsIHUA. Y paBHeHMe HelimaHa.

Tema 3. KonrpoJabHasi pa6ora Nel no temam 1-2
KonrtponbeHas padora rmo temam 1-2
[pumepsi 3a/1a4 11 KOHTPOJILHOW pabOThL:
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1. Beruucaurs kommyTatop [pz,1z22], rae 1z - onepaTop nIpoeKIuy MOMEHTa UMITyJIbCa, U PZ - KOMIIOHEHTHI UMITYJIbCa YACTHULIbI
B JI€KApTOBOM CUCTEME KOOPJUHAT.

2. Haiitu 3Havenne pyakmu F(x)=exp(ia*px)*(x-2)"2 npu x=1 (px - oneparop MpOeKIINHA UMITyJIbCa Ha OCb X).

3. Haiitu pacnipeneseHue BepOsITHOCTEH JITsl KOMITOHEHT MMITYJIbCa YACTHIIBI, €CIU €€ BOJHOBAsI (DYHKLIMS paBHA
A*exp(-a*(x"2+y”"2)-ib*z).

4. BonHoBas ¢yHKuus yactuipl ¢ maccoit M pasaa Cexp(-r/p). Haiiti cpeaHee 3HaUeHNEe KMHETUIECKOW SHEPTHN YACTHIIBL.
Tema 4. DBoJOIMSI KBAHTOBBIX COCTOSHAN BO BpeMeHH

Vpasuenue llpeaunrepa. [T10THOCTD TOTOKA BEPOATHOCTH M ypaBHEHHE HENPepbIBHOCTH. OniepaTop NPOU3BOIHOM IO
BpEeMEHH OT JMHaMI4yecKoi nepemenHoit. [IpencraBnenue I"aiizendepra. CralnrioHapHble COCTOSIHUS. VIHTerpassl JBHKESHHS
KaK CJIe[ICTBHE CBOWCTB CHMMETPHUHY KBAHTOBOH cucTeMbl. [IoHATHE YeTHOCTH KBAHTOBO-MEXaHHYECKOTO COCTOSIHUS.

Tema 5. OqHOMEpHOE IBHKEHHE

IIpumeps! cBepeHns cranmoHapHoro ypasHeHus llpenuHrepa 11 TpeXMepHBIX CHCTEM K OZHOMEPHOM 3a1ade. MeTon
paszeneHus NepeMeHHbIX. YacTuia B OTHOMEpHON OECKOHEYHO ITyOOKOH MOTEHIMATILHON sIMe: IUCKPETHBIN CIIEKTP SHEPTHH.
[Tpoxo:xaeHne JacTUIBl Yepe3 OHOMEPHBIA TOTeHINANbHbIN Oapbep. [IoHATHe KO3 DUIMEHTOB OTpakeH!s / TIPOXOKICHHS.
INapMoHIuecKnil OCMIIATOP.

Tema 6. ,HBI/I)KCHI/IC B HEHTPAJbHO-CUMMETPUYIE€CKOM I10JI€

O6ma${ TCOpHA ABUKCHUSA B ICHTPAJIbHO-CUMMETPUYICCKOM I10JIC. MomenTt HMITYyJIbCA. CoOCTBEHHbBIE (l)yHKHI/II/I 1 COOCTBEHHEIE
3HAYCHUA KBaJlpaTa MOMEHTA UMITYJIbCA U €ro MPOCKIUU. Atom BOAOpOAA: E)HepFeTI/I‘IGCKI/Iﬁ CIICKTp U COOCTBEHHbBIE (l)yHKIII/II/I.
KpaTHOCTL BBIPOKACHUS COCTOSIHHIH. KHaCCHq)HKaHI/IH COCTOSIHMH 10 KBAHTOBBIM UHCJIaM. CHCKTp BOJ]OpO,Z[OHOJIO6HI)IX
dTOMOB.

Tema 7. Teopus Bo3myuienui

Teopust cTalMOHAPHBIX BO3MYIIIEHHH TSI MUCKPETHOTO crieKTpa. Bo3mymenus npu Hammany Beipoxaeans. Ddgext [lrapka
JUIs1 aToMa Bogopoza. Bo3myenus, 3apucsinue ot BpeMeHH. Ilepexoapl CHCTEMbI B HOBBIE COCTOSIHUS O] BIUSTHUEM
Bo3MyIIeHus. Ilepexopl B COCTOSIHUS C HEMTPEPHIBHBIM clieKTpoM. COOTHOIIEHHE HEONpeJeJIeHHOCTH JUTsl SHEPIUH U BPEMEHH.
Tema 8. Teopus paccestnust

Ceuenue paccesiHus B bopHoBckoM npubmkennd. JuddepeHnnanbHoe ceyeHne paccesiHuA B CIydasx KYJIOHOBCKOTO U
KOpOTKOAEHCTBYIoIIero noreniuanos. Popmyina Pesepdopaa. PaccesiHue rpu Gosnbiimx sHeprusx vyacruil. PaccesHue
MeJUIEHHbIX 4acTHll. AHAJIUTUYECKIE CBOWCTBA aMIIUTY bl paccesiHus. Pe3oHaHCHOe paccesiHue MpU MaJlbIX SHEPrHsX.

Tema 9. KonTpoJbHasi pa6ora Ne2 mo remam 4-8

KonrposbHast pabota o Temam 4-8

IMpumepsI 3a0a4 [1s1 KOHTPOJIBHOM pabOThI:

1. Haiit cpefiHee 3HaYeHNE KMHETUYECKON SHEPIHH SJIEKTPOHA B ATOME BOZOPO/A B OCHOBHOM COCTOSIHUH.

2. Haiitu paciipeaejeHue BepOHTHOCTeﬁ U1 KOMIIOHEHT UMITYJIbCa JIMHEWHOTO TapMOHHUYECKOI'0 OCHUJLIIATOPA C Maccod m u
YacTOTOM W B OCHOBHOM COCTOSIHUH.

3. Haiitu pacnipesienieHre BepOsITHOCTEH [IIsi KOMIOHEHT UMITYJIbCa JIMHEWHOTO FApMOHMYECKOT0 OCIIFULIATOpA ¢ MacCol m u
YacTOTOH W B IIEPBOM BO30YXKAEHHOM COCTOSIHUH.

4. HaiiTi HEPruio COCTOSIHUY C HYJIEBBIM MOMEHTOM UMITYJIbCA JJIs1 YACTHIIBI C MACCOW M, €C/IM MOTeHIIMAIbHASL SHEPTUsl
YACTHIIBl paBHA HYJIIO BHYTPU c(ephl ¢ paIlycoM a U OECKOHEUHO OOJIbIIIasi BHE 3TOU cephl.

5. Haiitu BeposiTHOCTb peObIBAHKS SIEKTPOHA B KJIACCMYECKH 3apeleHHO 001acTu (T.e. B 00J1aCTH, B KOTOPOU ero MoJHas
SHEPrus MEeHbLIIE OTEHIMAIBHOI SHEPTHM) B OCHOBHOM COCTOSIHMM aTOMa BOJOPOJA.

6. Haiiti ypOBHY SHEpPru¥ U BOJHOBbIE (DYHKIIUH YaCTHIIBI C MOMEHTOM MMITyJIbca l=1, ecyii raMIIIbTOHUAH YaCTHITH PABEH
H=b*1z"2+b*(1x"2-1y2),

rae a u b - MoCTOsTHHBIE.

7. Haiitu cpeiHee 3HaYeHHE NIOTCHIMAIBHON SHEPIUH JICKTPOHA B aTOME BOJIOPO/Ia B OCHOBHOM COCTOSTHVIH.

8. Haiit K03(p(pUITHEeHT OTPakeHMUS YACTUIIBI C MACCOM M OT MOTEHIMATLHON SIMBI (TIOTEHIMATbHAS SHEPTUsl YaCTUIIBI TIPU
JBIKEHUH BIIOJIb OCH X PaBHA HYJIIO Be3jie, Kpome obnactu 0<x<a, rjae ona paesa -U, U>0).

9. INoreHnmanbHast SHEPrusi YacTUIbl ¢ Maccoil m paBHa V(x)=alxl. O1leHUTb SHEPTUI0 OCHOBHOT'O COCTOSIHUSI, UCTIONb3YS
COOTHOIIIEHUE HEOTIPEIEIEHHOCTH.
Tema 10. Bapnanuonssiii MeToq

BapuanoHHblii nprHIKMIT B KBaHTOBOM MexaHuKe. CtanmoHapHoe ypaBHeHue Lllpeannrepa Kak cieAcTBUE BapHALIIOHHOTO
npuHimna. [Ipsmoi BapuanroHHblid Meto Purna. [Ipumep: mouck npuOIMKeHHON BOJHOBOH (DYHKIIMM OCHOBHOTO COCTOSIHHUS
JIMHEIHOTO rapMOHMYECKOT0 OCIMIUIATOPa BapHALMOHHBIM MeToioM. HaxoxieHne Bo30y:KIEHHOTO CTALIOHAPHOTO COCTOSIHUS
OCLIMJITTATOPA.

Tema 11. KBazukiaccuueckoe npuoamxeHne

SAEKTPOHHBH
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[penenbHBIA IEpexo]] OT KBAHTOBOM MEXaHUKH K KJlaccnuecKkoi. KBasukiiaccnieckasi BOTHOBast (DyHKIMS!, TPaHUYHBIE
ycnoBus. Meron BKB (Benrtuensa-Kpamvepca-bpunmosna). Ksanrosanue bopa-3ommepdensia. Ilpumep: rpanuyHble ycaoBus
JUIs1 YaCTHIBI B OJIHOMEPHOM MOTeHIMAIbHON siMe. KBasukiaccnueckoe nmpuoIvKeHue sl FapMOHMUYECKOTO OCHMIUISATOPA.

Tema 12. MHOro4acTHYHBIE CHCTEMBI

[TpuHIMI TOXAECTBEHHOCTH YacTHL. CUMMETpUYHbIE U aHTHCHMMETPUYHbIE BOJTHOBbIE (PYHKIMU. B030HH 1 (hepMHUOHEI. ATOM
reJivsi: MpuOIMKEeHHOE pelieHre U1 COOCTBEHHBIX (DYHKIIMI M SHEPTUil OCHOBHOTO M BO30YXJIEHHOTO cocTosiHUi. OpTo- 1
naparesui. [Tonsitue oOMeHHOro MHTerpana. ek TUBHBIA CIIUHOBBIN ONepaTop 0OMEHHOTO B3aUMO/IEHCTBUSI.

Tema 13. MHOT03JIeKTPOHHBIE ATOMBI H MOJIEKYJIbI

Mertog camocornacoBanHoro noJist Xaprpu u Xaprpu-Poka. Meron Tomaca-Pepmu. AtoM renusi. CnekTpajabHbIE TEPMBI.
IepBoe u Bropoe npaBuia ['yuaa. Tabmuna MenpaeneeBa. Anuabatudeckoe npudbimkenye. Mosekylia BOAopoa:
MIPUOIIIKEHHOE PellieHHe METOIOM TEOPUH BO3MYLIEHHUH ISl CTAMOHAPHBIX YPOBHEN. DHEPrus CBS3M B MOJIEKYJIe BOAOPOLA.

Tema 14. OcHOBBI KBAHTOBOI JEKTP 0 IHHAMHKH

Pemenus ypaBHCHI/Iﬁ MaKCBCJUIa, HOPpMaJIbHbIE€ KOOPAWHATBI, FTaMWUJIbTOHHAH. Kanonnueckue NEPEMCHHBIE JIECKTPOMATHUTHOT'O
nojist. KsantoBanue DJICKTPOMATrHUTHOTI'O MOJIA. BBaI/IMO,IlCI‘/JICTBI/IG 9JICKTPOHOB 1 (pOTOHOB. HOFIIOH.[GHI/IG 1 UBJIyYCHUE q)OTOHOB
aTOMaMM, COOTHOIICHUA DinmreriHa. CIIOHTaHHOE H3JIy4YCHUE CBETA ATOMOM. EcrectBennas I pHUHA CHCKTpaHbHOﬁ JIMHUH.

Tema 15. OCHOBBI PeJIITHBHCTCKOI MEeXaHUKH.

Vpasuenue Kieiina-®oka-I'opgona. CBoboHOe aBmxkeHue 6030Ha. Y paBHeHue [upaka. [IoHsATHE YacTUIIA/aHTHYACTHIIA.
CBoiicTBa COCTOSIHHN C OTPHIIATEIbHBIMU SHEPIUSMU. DIIEKTPOH U MO3UTPoH. CBOOOJHOE IBIKEHHE eKTpoHa. CrvH,
TMOJIHBIA MOMEHT KOJin4yecTBa aBrxeHus. Helirpuno. YpaBuenue [Tayiiu, MarHUTHbIA MOMEHT 31eKTpoHa. CIIMH-OpOUTATBHOE
B3aMMO/IEHCTBHE.

Tema 16. KourpoJuibHas padora Ne3 mo remam 10-15
KonrposbsHas pabora rmo remam 10-15
[Ipumepsl 32124 U1 KOHTPOJILHOW pabOThL:

1. Oneparop 'amubToHa yacTuis! co cimHOoM S=1/2 paBen H=a*Sx+b*Sy, BonHoBas (yHk1ma yactus! pasHa (A; B). C
KaKOH BEpOSTHOCTHIO YaCTUIIA HAXOANTCSI B OCHOBHOM COCTOSTHHN?

2. l'aMHIBTOHHAH YaCTHUIIBI B JIEKTPOMArHUTHOM TIOJIe ¢ oTeHuanamu A(r,t), phi(r,t) pasen H=(p-eA/c)"2/2m+e*phi. Haittu
OIepaToOp YCKOPEHMs YaCTHLIbL.

3. BBIUMCINUTB 9HEPTUI0 OCHOBHOTO COCTOSIHMSA aTOMa BOJOPO/A BapUAaLlMOHHBIM METOJIOM, HCIOb3Ys B KAUECTBE
TIPUOJTVKEHU S IJ1s1 BOJTHOBOH (pyHKITMH cocTostHUS: a) PyHknuio [aycca; 6) SKCIOHEHITMANTBHYIO (DYHKITUIO.

5. IlepeyeHb yueOHO-METOAUYECKOT0 00€eCIeYeHHA 1A CAMOCTOSTEJbHON PadoThHI 00yJaOMMXCs 10
JUCHUTIINHE (MO /LYyJII0)

CamocrosTesbHas padoTa 00yYaIOIIMXCs BEIIOIHAETCS MO 33AaHUI0 U IPH METOOUYECKOM PYKOBOACTBE MperofaBaTesis, Ho 6e3
€ro HeMoCPeACTBEHHOro yyactust. CamocTosiTesbHas paboTa MOAPa3AeNseTcsl Ha CaMOCTOSITEbHYIO pa0oTy Ha ayANTOPHBIX
3aHATHUSX U HA BHEAYAUTOPHYIO CAMOCTOSITENbHYIO paboTy. CaMocTosATebHAs padoTa 00yYaIOIMXCs BKIIOYAET KaK MOJTHOCTHIO
CaMOCTOSITEJIbHOE OCBOEHHE OTIEIbHBIX TeM (pa3zieioB) JUCHUILIMHBI, TaK U TPOPaOOTKY TeM (pa3ziesioB), OCBAUBAEMBIX BO
BpeMsl ayJUTOPHOMN paboThl. Bo BpeMst caMmocTosITeIbHON paboThl 00yYaloIyecs YATAIOT U KOHCTIEKTUPYIOT YUeOHYI0, HayYHYIO
¥l CIIPABOYHYIO JINTEPATYPY, BHIIOJIHSIIOT 3a1aHM, HalIpaBJIeHHbIe Ha 3aKpeTieHNe 3HAaHNI 1 OTPaOOTKY YMEHHIA M HaBBIKOB,
rOTOBATCS K TEKYLIEMY ¥ IPOMEKYTOUYHOMY KOHTPOJIIO IO JUCLIUTLIMHE.

OpraHI/I3au1/15{ CaMOCTOSITEIbHOM pa6OTI)I 06yqaloumxc5{ PErIaMEHTUPYETCS HOPMATUBHBIMU JOKYMEHTAMMU,
y‘-Ie6H0-MeTO,HH‘IeCKOﬁ HHTepaTypoﬁ 1 SJICKTPOHHBIMHA 06pa3OBaTeHLHLIMI/I pecypcamu, BKJIIOYas:

IMopsnok opraHU3aUMK U OCYIIECTBIEHUs 00pa30BaATEIbHON JeATeIbHOCTH M0 00pa30BaTeIbHBIM IIPOrPaAMMaM BBICIIETO
00pa3oBaHus - MporpaMMamM OakajaBpuaTa, porpaMMaM CelMaIuTeTa, IPOrpaMMaM MarkuCTpaTyphl (YTBEpK/IEH MPUKa30M
MuHKCTEepCTBa HAYKH U BhICIIero odpaszoBanus Poccuiickoii ®eneparviu ot 6 anpesst 2021 roga Ne245)

IMucemo Munucrepersa obpazoBanust Poccuiickoit @eneparim Nel14-55-996un/15 ot 27 nosi6pst 2002 r. "O6 akTHBU3AIMI
CaMOCTOSITEJIbHOHN padOTHI CTY/ICHTOB BBHICIIVX YUeOHBIX 3aBeICHUI"

VYcraB (peaepanbHOro rocy JapcTBEHHOTO aBTOHOMHOTO 00pa3oBatesibHoro yupesxaenus "Kazanckuii (ITpuBosmkckmi)
(penepasbubIil yHUBEpCUTET"

IpaBuna BHyTpeHHEro pacrnopsjka eepaabHOro rocy1apcTBEHHOr0 aBTOHOMHOT'O 00Pa30BaTe/IbHOTO YUPEkKJEHUS BBICLIIETO
nipodeccronanbHOro oopasosanus "Kazanckuii (ITpuBomkckuii) genepaibHblid yHUBEpcUTeT"
JlokanpHbie HOpMaTHBHBIE aKTH Kazanckoro (ITpuBosskckoro) deaepaabHOrO YHUBEPCUTETA

ConosbeB O.B. 3aaum 110 KBaHTOBOW MeXaHUKe: BOJHOBBIE (DYHKILIMM U OTlepaTopsl (y4.-MeTos. nocoodue). - 2013. - Kazans. -
KII®YV. 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
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ConosbeB, O.B. KBanTtoBas Teopust (mpakTuyeckuii Kypc). 3agaunuk ist pusuko. Yacts 1. [Dnektponnsiii pecype] / O.B.
Conosbes, D.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 JUCIHUILINHE (MOIYJII0)

POoH/JT OLIEHOUHBIX Cpe€ACTB MO AUCHUIIMHE (MOHyJ'IIO) BKJTIOYACT OLICHOYHBIC MaTEPpUaAJIbl, HAIIPABJICHHLIC HA IPOBEPKY OCBOCHU S

KOMHCTCHHHﬁ, B TOM YUCJIE 3HaHHﬁ, yMeHI/Iﬁ Y HAaBBIKOB. ®OH/T OLIECHOYHBIX CpE€ACTB BKIIIOYAET OIEHOYHBIE CPEACTBA TEKYIIETO
KOHTPOJIA U OHEHOYHbBIC CPEACTBA HpOMe)KyTO‘iHOﬁ aTTeCTalluu.

B ¢oH/ie OLIEHOUHBIX CPECTB COAEPKUTCS CIeAyIoNIas HHDOPMAIIHS:

- COOTBETCTBHME KOMIIETEHIIMH TUIAHUPYEMbIM pe3yJibTaTaM 00y4eHHsI 110 AUCLUILIMHE (MOJYJIO);

- KpUTEpHUHU OlleHUBaHKst COPMUPOBAHHOCTH KOMITETEHIINIA;

- MexaHu3M (bOPMUPOBAHUSI OLIEHKU IO JUCIUILIMHE (MOJYJIIO);

- OMUCaHUE MOPSIIKA IPUMEHEHUS U TPOIIEAYPbl OLEHUBAHMSI /IS KAXKJOr0 OLEHOYHOTO CPEJICTRA;
- KpUTEPHHU OLICHUBAHMSI [JTs1 KaXJOr0 OLIEHOYHOTO CPEICTBA;

- COACPIKAHNC OLCHOYHBIX CPEACTB, BKJIIOYaA TpC6OBaHI/IH, MMPEAbABIIACMbIC K HeﬁCTBHHM 06y11a101111/1x05{, AEMOHCTPUPYEMbIM
pe3yjibTaTaM, 3alaHusA pa3IMIHbIX TUIIOB.

DOH/1 OIIEHOYHBIX CPEACTB MO AUCHUILTMHE HaxoauTcs B [IpunoxkeHnu 1 kK mporpaMMe AUCHUILIMHBL (MOJYJIIO).

7. IlepedeHnb JATEPATYPHI, HEOOXO0JUMOM JIJIsI OCBOEHHS IV CIUILINHBI (MO TyJIs)

OcBoeHMe IUCIUIUIMHBL (MOJLYJIs) TIPEATIoJIaracT u3yuyeHue OCHOBHOM 1 JIONIOJIHUTEIIbHON y4eOHOM mTepatypsl. JIntepatypa
MOXeT ObITh JOCTYITHA 0OYYaIONIMMCS B OTHOM M3 ABYX BAPUAHTOB (JIMOO B 0OOUX M3 HUX):

- B 9JIEKTPOHHOM BHJIE - Yepe3 K TPOHHbIE OMOIMOTEUHbIE CHCTEMBI Ha OCHOBAHHH 3aKTi0YeHHBIX KPY m0roBopos ¢
npaBooOJIaaaTes sIMu;

- B Ie4aTHOM BHJe - B Hayuno#t 6ubmmoreke um. H.U. JlobaueBckoro. OOyyalommuecs nojydaioT y4eOHyIo JUTepaTypy Ha
aboHEeMeHTe MO YNTaTeIbcKUM OMJIeTaM B COOTBETCTBHM C MPaBWJIaMU T0JIb30BaHKs HayuHoi GMOIMOTEKOM.

DIeKTPOHHBIE U3AHKS AOCTYIHBI AUCTAHLIMOHHO U3 JII00OH TOYKM MPU BBEJEHUN 00YUaIOIIMMCS CBOETO JIOTUHA U MapoJisl OT
JIMYHOTO KaOuHeTa B cucteMe "DNIeKTPOHHBIH yHUBepcuTeT" . [Ipy HCONb30BaHUM MTEUYATHBIX U3aHUN OMOIMOTEUHbIN (hOH]T
JIOJDKEeH OBbITh YKOMILIEKTOBAH UMHU M3 pacuera He Menee 0,5 sx3emiuisipa (uist ooyuaonmxcs o PI'OC 3++ - He menee 0,25
9K3eMIUTAPa) KaKIOro U3 U3JaHUI OCHOBHOM IUTEpaTyphl 1 He MeHee 0,25 aK3eMIuIspa JOMOIHUTENBHOMN JTUTepaTypsl Ha
KaXJI0ro 00y4aloLIerocsi 3 4ucia JIML, OZHOBPEMEHHO OCBAMBAIOIIMX JAaHHYIO JUCLUIUINHY.

[lepeueHb OCHOBHOI 1 IOTIOJHUTENBHON YUeOHOM TMTEpaTypbl, HEOOXOIMMOM JIIsi OCBOSHUSI JVCIIAIUIMHBI (MOJLYJIs), HAXOAUTCS
B [Ipunoxenun 2 k paboueii mporpamMme JUCHUIUIMHBL. OH MOUIEXUT OOHOBJIEHHUIO TP U3MEHEHUH YCIIoBUi 1oroBopoB KOV ¢

IpaBOOOJIaJaTe I AMA JIEKTPOHHBIX U3/1aHUH U ITPU U3MEHEHNN KOMITTeKToBaHus (oHoB Hayunoit 6momiorexn KOV,

8. Ilepeuenn pecypcoB HH(OPMATHOHHO-TEJIEKOMMYHUKAIMOHHOM ceTn ""MHTepHET'', HE00X0AMMBIX JIsI
OCBOEHHUS JUCIHILIAHBI (MO TyJIsT)

Bu6mmoreka Library Genesis - http://gen.lib.rus.ec

MeToguueckue marepuaiisl kKagenpot TO -
http://kpfu.ru/physics/struktura/kafedry/kafedra-teoreticheskoj-fiziki/metodicheskie-materialy

O6pazoBarenbHbiil poekT A.H. Bapruna - http://www.phds.ru/index.html

9. MeToauuecKHe YKa3aHUA 1A 00YUAIOMMXCSA 10 0CBOESHHIO JUCHHUILIHHBI (MOXyJIsI)

3AE
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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.
IIporpamma cocrasiieHa B cootBeTcTBrM ¢ TpedoBanusMu PI'OC BO u yyeO6HbIM 1u1aHOM 110 Harpasienuio 12.03.04

"BroTexHUYECKUE CUCTEMBI M TEXHOJIOTUH'" ¥ MPO(UITIO MOArOTOBKY "MeauiuHcKast ToMmorpadusi: pu3ndeckre MpUHLIKUIIbL U
pudopocTpoeHue".

SAEKTPOHHBH
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Tpunoosicernue 2
K paboueii npozpamme OUCUUNAUHbL (MOOYASL)
51.0.19 Bsedenue 6 keanmosyio puzuxy

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

Hanpasnenue noarorosku:_12.03.04 - buoTexHUYECKUE CUCTEMBI U TEXHOJIOTUU

HpO(l)I/IJ'[b MOATrOTOBKU:_MenuimHckast TOMOFQanI/Iﬂi q)I/I?)I/I‘{CCKI/Ie MPUHIMIIBL KU HQI/I6OQOCTQOCHHC

KBammdukanus BbITyCKHUKA: OaKanaBp

dopma 0OydeHust: 0UHOe
SI3bIK OOyUEeHMS: PYCCKMiA
Ton Havana o0yueHus Mo o0pa3oBaTesibHOM nporpamme: 2022

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: 25.04.2022). - Pexum nocryna: 1uist aBTOpH3.
OJIb30BaTeIeH.

2.Baiikos, 0. A. KBanToBas mexaHuka : yuye6Hoe rocoowne / F0. A. Baiikos, B. M. Ky3neros. - 3-e u3n. - Mocksa :
Jlaboparopus 3Hanmit, 2020. - 294 c. - ISBN 978-5-00101-856-8. - Tekcr : anekTpoHHbIH // JIaHb : 31eKTPOHHO-OMOINOTEYHAs
cucteMa. - URL: https://e.lanbook.com/book/151548 (mata obpamenust: 25.04.2022). - Pexum nocryma: 1jis aBTOpU3.
I10JIb30BaTENEN.

3. ConosbeB, O.B. 3agaunuk s pusukos. Yacts I: yuedHOe mocodue / O.B. Conosses, I.U. baiibekor, C.1. Benos - Kazans:
Kazan. yn-1, 2015. - 102 c. - Tekcr: anekrponnsiid. - URL: http://dspace.kpfu.ru/xmlui/handle/net/20301 (zaTa obparieHus:
25.04.2022). - PexuM goctyna: Ajsi aBTOPU3. MOJIb30BaTEJEN.
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JonoJiHUTEILHAS JIUTEpaTypa:

1. ConoebeB, O.B. 3agaun Mo KBaHTOBOW MEXaHHKE: BOJHOBBIC (DYHKIMH M OTIEPATOPHL: Y4.-MeTo1. Tocodue - KazaHb:
Kazanckuiil yausepcurert, 2013. - 49 c. - Tekcr: anekTponnsiid. - URL:

http://kpfu.ru/portal/docs/F1064181181/Zadachi_po_kvantovoi_mehanike.Volnovie_funkcii_i_operatori.pdf (maTa oOparienwus:

25.04.2022). - PexuM pocTyna: 1Sl aBTOpU3. NOJIb30BaTeNeH.

2. Bnoxunues, [I. V1. OcHOBBI KBaHTOBOI MeXxaHUKH : yyeOHoe rocodue / [I. Y. broxunues. - 7-e uzg., crep. - Cankr-IletepOypr
: Jlans, 2022. - 672 c. - ISBN 978-5-8114-0554-1. - Tekcr : anekTpoHHbIi // JIaHb : 97€KTPOHHO-OMOIMOTEYHAas! CHCTEMA. -
URL: https://e.lanbook.com/book/210197 (nata obpamenust: 25.04.2022). - Pexum gocryna: aj1st aBTOpU3. MOJIb30BaTeNeH.
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Tpunoosicenue 3
K paboueii npozpamme OUCUUNAUHbL (MOOYASL)
51.0.19 Bsedenue 6 keanmosyio puzuxy

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

Hanpasnenue noaroroBku:_12.03.04 - buoTexHUYECKUE CUCTEMBI U TEXHOJIOTUI

HpO(l)I/IJ'[b MOATOTOBKU:_MenuimHckas TOMOFQanI/Iﬂi q)I/I?)I/I‘{CCKI/Ie MPUHIMIIBL KU HQI/I6OQOCTQOCHHC

KBammdukanus BbITyCKHUKA: OaKanaBp

dopma obydeHust: 0UHOe
SI3bIK OOyUEeHMS: PYCCKMiA
Ton Havana o0yueHus Mo oOpa3oBaTesibHON nporpamme: 2022

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.

3AE
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