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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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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
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

VK-1 CriocoOeH OCYIIECTBIIATh TOUCK, KPUTHUYECKUH aHATN3 1 CUHTE3 MH(OPMAIUK, TIPUMEHSITh
CHICTEMHBII TIO/IXO[] [JIs1 PEellIeH sI TOCTaBJIEHHbIX 33/1a4

OO6yyarnmmuiicss, OCBOUBIINI JUCHUIUIAHY (MOIYJIb):
IoyokeH 3HATh:

OCHOBBI KBAHTOBO-MEXaHMYECKOTO OMUCAHUS COCTOSTHUN (PU3NYECKUX CUCTEM M MaTeMaTHYeCcKoro armnapara KBaHTOBOI
TEOpUu

JloKeH yMeTh:

(popmynupoBaTh U 10Ka3bIBaTh OCHOBHBIE PE3YJIbTAThl KBAHTOBOI TEOPUN

I[OJDKGH BJIag€Th:

HaBBIKAMM PEIEeHUs MPOCTENINNX 3324 O HAXOKIEHUM SHEPreTUYECKOro CIIEKTPa M BOJHOBBIX (DYHKIMI KBAHTOBbIX
CHCTEM U BBIYUCIIEHUS BEPOSITHOCTEH MX MEPEXOIOB B IPYrUe COCTOSHUSA MO BIUSHUEM BO3MYIIEHUI

JIOJDKGH AEMOHCTPUPOBATDb CITOCOOHOCTH ¥ TOTOBHOCTD:

K JajibHelIeMy 00y4eHHIo

2. MecTo nucuumJauabl (Moayas) B ctpykrype OIIOII BO

Haunaast qucruiuiHa (MOayJib) BKodeHa B paszfen "B1.B.02 [Mucnuruimast (MOgys)" OCHOBHOM MPOo(hecCHOHANTBHOMN
obOpazoBarenbHol nporpammsl 28.03.01 "HaHoTexHOMOrMM U MUK pocUcTeMHast TexHuKa (CHHTE3 U AMarHOCTHKA
HaHOMAaTEepUAJIOB, KOMIIOHEHTHl MUKPO- ¥l HAHOSJIEKTPOHHOH TexHuKH)" 1 oTHOocuTcA K yactu OITOIT BO, hopmupyemoit
yYaCTHUKaMH 00pa30BaTENIbHBIX OTHOLIEHHH.

OcBauBaercs Ha 3 Kypce B 5 cemecTpe.

3. O0beM QUCHUILIMHBI (MOIYJISI) B 3a4€THHIX € JHHAIAX ¢ YKa3aHHeM KOJNYeCTBa YacoB, BbIJeJeHHbIX Ha
KOHTAKTHYI0 pa6oTy 00yJaomuxcs ¢ npenoaaparejeM (10 BHAaM y4eOHBIX 3aHATHI) M HA CAMOCTOSATEJIbHYIO
padoTy obyuarommxcs

OO011ast TPyI0OEMKOCTh AUCIMILUIMHBI COCTaBIIsAET 5 3ayeTHhIX (bie) enuHuIl(bl) Ha 180 vaca(oB).

KonraktHast pabota - 88 uaca(oB), B TOM 4mcIie JeKiun - 36 yaca(oB), MpakTUIEeCKHe 3aHsTUs - 52 yaca(oB), 1JaOOpaTOpHbIE
padotsl - 0 yaca(oB), KOHTPOJIb CAMOCTOSITENIbHOM paboTh - O yaca(oB).

CamocTosTenbHast padoTa - 56 yaca(oB).
Kontpons (3auér / 3x3amen) - 36 gaca(oB).
dopma MPOMeKYTOUHOTO KOHTPOJISI JUCHIUIUIMHBL: 9K3aMeH B 5 ceMecTpe.
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4. Conep:xanne qUCHHILIHHBI (MOYJisI), CTPYKTYPUPOBaHHOE N0 TeMaM (pa3/iejiaM) ¢ yKa3aHHEM OTBE€/IeHHOT'0 Ha
HUX KOJIHYECTBA aKaJeMHYeCKHX YaCcOB ¥ BH/IOB y4eOHBIX 3aHATHI

4.1 CTpyKTypa 1 TeMaTH4eCKHIl IVIaH KOHTAKTHOW U CAMOCTOATEJbHON PA6OThHI 0 AV CHHUILINHE (MO/IYJIIO)

Buasl 1 yacel KOHTaKTHOI PadoTHI, Camo-
HX TPYAOEMKOCThb (B yacax) cTod-
N Pazgeant qucuumimnnb / Ce- lexmun,Texmmn|lIpakTu-[IIpaktu-/Iadopa-/Iadopa-| Teab-
Mo ayJs MECTP| Bcero | B 3JI. | YeCKHe | YeckHe | TOpHbIE |TOpHbIe | Hasd
¢dopme BansaTusd,| B 3J. |[pabdoThl,| B3I pa-
Bcero | cdopwme | Bcero | ¢popme | 60Ta
1 Tema 1. OCHOBHBIE TOHATHUSI KBAHTOBOW TEOPHHU 5 6 0 4 0 0 0 8
2. (Tema 2. Teopus npeacTaBiIeHUl. 5 3 4 0 0 0
3. Tema 3. Kontposnbhas padora Nel o remam 1-2 5 0 2 0 0 0
4. Tema 4. DBosOLKSI KBAHTOBBIX COCTOSIHUIA BO 5 2 0 4 0 0 0 4
BpEMEH!
5. [Tema 5. OgHOMEpHOE OBUKEHHE 5 2 0 4 0 0 0 6
6. Tema 6. [IBuxkeHue B 5 3 0 4 0 0 0 4
LEHTPaIbHO-CUMMETPUYECKOM T10J1e
7. (Tema 7. Teopusi BOMYIIEHHIA 5 4 0 6 0 0 0 8
8. |Tema 8. Teopus paccesHus 5 2 0 2 0 0 0 4
9 Tema 9. KontponbHas padota Ne2 o temam 4-8 5 0 0 2 0 0 0
10.|Tema 10. BapuaionHslii MeTon 5 2 0 2 0 0 0 4
11. Tema 11. KBasukiaccuueckoe mpHOIMKeHIe 5 2 0 2 0 0 0 4
12.|Tema 12. MHOrouyacTU4HbIE CUCTEMBI 5 2 0 4 0 0 0 2
13. Tema 13. MHOrO3/1EKTPOHHBIE ATOMBI X MOJIEKYJIBI 5 2 0 4 0 0 0 2
14, Tema 14. OCHOBBI KBAHTOBOM 3JIEKTPOJUHAMUKHI 5 2 0 2 0 0 0 4
15. Tema 15. OCHOBHI peJIATUBUCTCKON MEXaHUKH. 5 4 0 4 0 0 0 2
16. "lfgiwlz;_ 16. KontpospHas padorta Ne3 rmo Temam 5 0 0 2 0 0 0 0
MToro 36 0 52 0 0 0 56

4.2 Coaep:kaHue JUCHUILIMHBI (MOIYJIsT)

Tema 1. OcHOBHbIE IOHSITHS KBAHTOBOI TeOPUH

HyaHI/ISM SIBJICHUI MUKpPOMUPA: JUCKPETHLIC CBOMCTBa BOJIH, BOJIHOBBIC CBOICTBa qacTulIl. HpI/IHLlI/IHI)I HEONPEACJICHHOCTU U

cyneprosunmu. [Ipocrpancteo I'mimbbepra. OnepaTopbl HaOMOAaEMbIX (PU3MIECKHUX BEIUYHH U UX cBOicTBA. COOCTBEHHBIE
(byHKIIMM 1 COOCTBEHHbIC 3HAUCHHSI ONIePaTOPOB. JJUCKPETHBIA 1 HEeNpepbIBHBINA clieKTp. COOCTBEHHbIE (DYHKIIUH
KOMMYTHPYOIIHX orepatopoB. COOTHOIIEHNE HeonpeaeneHHocTel [NaiizeH0epra 1u1s (hpU3MYeCcKUX BEJNIMH.

Tema 2. Teopus npeacTaBjieHuii.

YHuTapHBIE IpeoOpa3oBaHKsI BOJHOBBLIX (DYHKIMI 1 onepaTopoB. Marpuunsiii Meroa. KoopanHataoe npencrasienue. CBs3b
BOJIHOBO# (DYHKIIMHM M BeKTOpa cocTostHus. MITyibcHOe MpesicTaBieHre. 3arich OrnepaTopoB KOOPIMHATH X UMITYJIbCa
YaCTHUIIBl B UMITYJIbCHOM TIpeJicTaBIeHny. MaTpuiia roTHocTH. YncThle 1 cMeliaHHble cocTostHMs. Y paBHeHue HelimaHa.

Tema 3. KoutpoanHas pa6ora Nel mo Temam 1-2

KontponsHas padora mo temam 1-2

ITpuMeps! 3a0a4 AJ1s1 KOHTPOJIBHOH padOTHI:

1. Beruucauts kKommyTatop [pz,1z22], rae 1z - onepaTop nIpoeKIuy MOMEHTA UMITYJIbCa, U PZ - KOMIIOHEHTHI UMITYJIbCA YACTHULIbI
B J€KapTOBOM CUCTEME KOOPJUHAT.

2. Haiitu 3navenne pyakmu F(x)=exp(ia*px)*(x-2)"2 npu x=1 (px - oneparop MpoeKIINHA UMITyJIbCa Ha OCh X).

Crpanuua 4 u3 12.
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3. Haiitu pacnipenesieHne BepOsITHOCTEH J1JIs1 KOMITOHEHT UMITYJIbCa YACTHIIBI, €CIU €€ BOJHOBAsH (DYHKLIMS paBHA
A*exp(-a*(x2+y”"2)-ib*z).

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

VYpapuenue Ipenunrepa. [IMOTHOCT MOTOKA BEPOSTHOCTH U YpaBHEHHE HempephIBHOCTH. OniepaTop MpOU3BOIHOM I10
BpEMEHH OT JHaMI4ecKoi nepemenHoi. [IpencraBnenue I"aiizendepra. CralrioHapHble COCTOSIHUS. VIHTerpassl JBHKEHHS
KaK CJIE[ICTBHE CBOWCTB CHMMETPHUHU KBAHTOBOH cucTeMbl. [IoHATHE YeTHOCTH KBAaHTOBO-MEXaHUYECKOTO COCTOSIHUS.

Tema 5. OqHOMEpHOE NBHKEHHE

ITpumeps! cBepeHns cranmoHapHoro ypasHenus IlpenuHrepa 11 TpeXMepHBIX CHCTEM K OZHOMEPHOM 3a1ade. MeTon
paszeneHus nepeMeHHbIX. YacTuia B OTHOMEpHON OECKOHEYHO ITyOOKOH MOTEHIMATIBHON sIMe: IUCKPETHBIN CIIEKTP SHEPTHH.
[Tpoxo:xeHne JacTUIbl Yepe3 OTHOMEPHBIA TOTeHINANbHBIN Oapbep. [IoHATHe KO3 PUIMEHTOB OTpakeH!sI / TIPOXOKICHHS.
INapMoHIYecKknil OCMAIIATOP.

Tema 6. ,HBI/I)KCHI/IC B ECHTPAJbHO-CHUMMETPHUYECKOM I10JI€

O6H.Iaﬁ TCOpHA ABUKCHUSA B HEHTPAJIbHO-CUMMETPUICCKOM I10JIC. MomenT HMITYyJIbCA. CoOCTBEHHbBIE q)yHKL[I/II/I M COOCTBEHHEIE
3HA4YCHUA KBaJApaTa MOMEHTA MMITYyJIbCa U €ro MPOCKIUU. Atom BOAOpOAA: SHCpFCTH‘IGCKI/Iﬁ CIICKTp U COOCTBEHHbBIE (l)yHKI_[I/II/I.
KpaTHOCTB BBIPOKACHUS COCTOSIHMIH. KHaCCI/Iq)I/IKaL[I/IH COCTOSIHMH I10 KBAHTOBBIM UHCJIAM. CHCKTp BO,I[OPOI[OHO,I[O6HBIX
dTOMOB.

Tema 7. Teopus Bo3myuienui

Teopus cTanoOHapHBIX BO3MYIIIEHNH /151 JUCKPETHOTO cieKTpa. Bosmymenus npu Hannuuu BeipoxaeHus. Dddekt HTapka
JU1s1 aToMa Bogopoza. Bo3myenus, 3apucsinye ot BpeMeHH. Ilepexopl CUCTEMbl B HOBBIE COCTOSIHUS IO BIUSTHUEM
Bo3MyIIeHMs. Ilepexopl B COCTOSIHMS C HEMTPEPHIBHBIM clieKTpoM. COOTHOIIEHHE HEONpeJeJIeHHOCTH JUIsl SHEPIUU U BpEMEHH.

Tema 8. Teopus paccesanus

Ceuenne paccessnusi B bopHoBckoMm npubmmkennu. JuddepenimansHoe cedeHne paccessHus B CIydasx KYJIOHOBCKOTO U
KOpOTKOJeHcTByoIero noreHiuanos. Popmyna Pesepdopna. Paccesnue npu Gompimx sHeprusix yactuil. PaccestHue
MeJUIeHHBIX YacTUIl. AHAJIMTHYECKHE CBOMCTBA aMIUTUTY/IBI paccesiHusl. Pe3oHaHCHOe paccesiHie IPH MaJIbIX SHEPTUsX.

Tema 9. KonrpoabsHnasi pa6ora Ne2 nmo temam 4-8

KonrposbHas pabora o remam 4-8

ITpumepsl 3a0a4 AJ1s1 KOHTPOJIBHOMH padOTHI:

1. Haiitu cpesHee 3HaYeHNE KUHETUYECKOM SHEPIUH JIEKTPOHA B aTOME BOIOPO/IA B OCHOBHOM COCTOSTHHU.

2. Haiitu pacnpesienieHre BepOSITHOCTEH JIIs1 KOMIOHEHT UMITYJIbCa JIMHEWHOTO rApMOHMYECKOT0 OCLIIUIATOpA ¢ MacCol m u
YaCTOTOH W B OCHOBHOM COCTOSTHUM.

3. Haiitu pacnpeesieHue BepOHTHOCTefI U1 KOMIIOHEHT UMITYJIbCa JIMHEWHOTO TapMOHHUYECKOI'0 OCHUJLIIATOPA C Maccod m u
YacTOTON W B NEpBOM BO36y)KHeHHOM COCTOAHUH.

4. Haiity 9HEpruio coCTOSHUH C HyJIeBBIM MOMEHTOM MMITYJIbca AJIsl YACTHIBI C MACCOM M, ey NOTeHIMAIbHAS SHEPTHs
YACTUIIBI PABHA HYJIIO BHYTPU Cc(ephl C paIycoM a 1 OECKOHEYHO OOJIbliast BHE 3TOU chepsl.

5. Haiiti BeposiTHOCTh TPeOBIBAHMS JIEKTPOHA B KJIACCHYECKH 3alPeIeHHOH 001acTy (T.€. B 00J1aCTH, B KOTOPOH €ro IoJIHas
SHEprus MeHblle NOTEHINAIBbHOI SHEPTUK) B OCHOBHOM COCTOSTHMM aTOMa BOAOPOJA.

6. Haiitu ypoBHHU SHEpriy v BOJHOBbIE (DYHKIMU YaCTHIBI C MOMEHTOM UMITYJIbca 1=1, eciii raMUIIbTOHMAH YaCTHUIIbl paBeH
H=b*1z"2+b*(1x"2-1y"2),

rae a i b - MoCcTOsIHHBIE.

7. Haiitu cpejiHee 3HaU€HKE MTOTEHIMAIBHON SHEPrUHU 3JIEKTPOHA B aTOME BOJOPOJa B OCHOBHOM COCTOSIHHUH.

8. Haiit K03(p(pUITHEeHT OTpaKeHUST YACTUIIBI C MACCOM M OT MOTEHIMATLHON SIMBI (TIOTEHIMATbHAS SHEPTUST YACTUIIBI TTPU
JIBYDKEHUH BJIOJTb OCH X PaBHA HYJIO Be3Jie, KpoMe oOnactu 0<x<a, rae ona pasHa -U, U>0).

9. INoTeHImanbHas SHEPTHS YACTHILIB ¢ Maccoi m paBHa V(x)=alxl. OTIeHUTb SHEPTUI0 OCHOBHOTO COCTOSIHUS, HCTIONIB3Y ST
COOTHOIIIEHHE HEOPeIeIeHHOCTH.

Tema 10. BapuanuoHHbIil MeTO 1

BapuaroHHslil npuHIKI B KBaHTOBOH MexaHuke. CranrioHapHoe ypaBHeHue Illpenunrepa Kak cieacTBre BapualliOHHOTO
npuHimna. [Ipsmoit BapuanvionHsiii Meton Purna. [Tpumep: nouck npudamkeHHON BOJHOBOH (DYHKIIMM OCHOBHOTO COCTOSIHHS
JIMHEIHOTro rapMOHUYECKOT0 OCLMLIATOpa BapUallMOHHBIM MeTosioM. HaxoxieHne Bo30y kK IEHHOIO CTALlMIOHAPHOTO COCTOSIHUS
OCLIMJIIATOpA.

Tema 11. KBa3ukjaccuueckoe npuoJmKeHHe

[penenbHBIA IEpexo]] OT KBAHTOBOM MEXaHUKH K KJlaccnieckoil. KBasukiiaccudeckast BOJHOBasI (DyHKIIMS, TPaHIYHBIE
ycnoBus. Meron BKB (Bentuensa-Kpamvepca-bpunmosna). KBanrosanue bopa-3ommepdensia. [Ipumep: rpaHuyHbIe YCIOBUSA
JUIS1 YaCTHILBI B OJHOMEPHOH NOTeHIMAIbHOM siMe. KBasukiIaccuueckoe NpuOKeHHe 1)1 FapMOHUYECKOT0 OCLIIUIATOPA.

Tema 12. MHOTO4YacTHYHBIE CHCTEMBI

SAEKTPOHHBH
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ITpuHnmn ToxAecTBEHHOCTH yacTill. CUMMETpUYHBIE U AHTUCUMMETPUYHBIE BOJIHOBBIE (DYHKIMU. Bo30HBI 1 (hepMUOHBL. ATOM
reJvsi: MpUOJIMKEHHOE pellieHne 1 COOCTBEHHBIX (DYHKIMIA M 9HEPTUil OCHOBHOTO M BO30YXKJEHHOTO cocTosiHUi. OpTo- 1
naparesuii. [Tonsitue oOMeHHOro MHTErpana. dQeKTHBHBIA CITMHOBBI OrepaTop 0OMEHHOTO B3aUMO/IEHCTBUSI.

Tema 13. MHOT03JeKTPOHHbIE ATOMbI H MOJEKYJIbI

Meton camocoriacoBaHHoro nojist Xaptpu u Xaptpu-Poka. Meron Tomaca-Pepmu. Atom reusi. CrieKTpajibHbIE TEPMBI.
[epBoe n Bropoe npasuia ['yuaa. Tabmna MenpeneeBa. Annadatndyeckoe npubimmkenre. Mosekyiia Bogopoa:
MIpUOJIMKEHHOE pellieHre METOJOM TEOPHH BO3MYILEHUI 7S CTAl[MOHAPHBIX YPOBHEH. DHEPIusl CBA3M B MOJIEKYJIe BOJOPOIA.

Tema 14. OcHOBBI KBAHTOBOII 3J€KTP O IMHAMUKH

Pemenus ypaBHeHI/Iﬁ MaKCBeJ’[J’[a, HOPMAJIbHBIE KOOPAWHATLI, FaMUJIbTOHUAH. Kanonuueckue TNEPEMEHHBIC JIEKTPOMATHUTHOT'O
nosis. KBaHTtoBaHme DJICKTPOMArHuTHOI'O IOJIA. B3aHMO)]eI>iCTBPIC QJICKTPOHOB U q)OTOHOB. [Tornomenue u H3JIy4YCHUEe (l)OTOHOB
aToMaMu, COOTHOIICHU A DiHiTerHa. CrIoHTaHHOE H3J1Iy4YCHUE CBETA aTOMOM. EctecTBenHasn IIUpHrHa CHeKTpaﬂbHOﬁ JIMHUU.

Tema 15. OCHOBBI PeJSITHBHCTCKOI MeXaHUKH.

VpaBuenue Kieitna-®oka-I'opmona. CBoboaHOe nBmkeHre 0030Ha. Y paBHenue Jupaka. [ToHsTHE YacTHIIa/aHTUYACTHIIA.
CBoiicTBa COCTOSIHUI C OTPUIIATEIbHBIMU SHEPIUSIMU. DJIEKTPOH U MO3UTPoH. CBOOOHOE JBMKEeHHE ieKTpoHa. CrivH,
TIOJTHBIE MOMEHT KOJIn4ecTBa amkeHus. HelitpuHo. Y paBHeHue [layii, MarHUTHBI MOMEHT 3JieKTpoHa. CIIMH-OpOUTaIbHOE
B3aMMOJIEUCTBHE.

Tema 16. KonTpouabHas padora Ne3 nmo remam 10-15
KonrposbHast pabora o remam 10-15
[pumepsi 3a/1a4 [ KOHTPOJILHOW pabOThL:

1. Oneparop 'amuibTOHa YacTuilsl co cniuHoM S=1/2 paBeH H=a*Sx+b*Sy, BonHoBas pyHkuusa yactuipl paBHa (A; B). C
KaKOU BEPOSITHOCTBIO YaCTHUIIA HAXOAUTCS B OCHOBHOM COCTOSIHUU?

2. F'aMIIbTOHUAH YACTHUIIB B JIEKTPOMATHUTHOM TIOJIe ¢ TIOTeHmanaMu A(r,t), phi(r,t) paen H=(p-eA/c)"2/2m+e*phi. Haiitu
OTIepaToOp YCKOPEHUSI YaCTHIIHL.

3. Bbruncnuthb HEpruio OCHOBHOTO COCTOSIHMS aTOMa BOJOPOJAA BapUALIMOHHBIM METOJOM, UCHIOJIb3YsI B KAUeCTBE
NPUOJIVKEHM S U151 BOJIHOBOM (pyHKLIMM cocTosiHust: a) PyHkumio ["aycca; 6) SKCHOHEHIMATBHYIO (PYHKIIMIO.

5. lepedyeHb y4eOHO-METOAYECKOTO 00€eCIeYeHHS UIA CAMOCTOSITEJbHOM PAa00THI 00yJammuXcs mo
JUCHUIINHE (MO/LYJII0)

CamocrosiTenpHas padoTa 00yJalomMXCsl BBITIOJIHSETCS M0 3aJaHHI0 U ITPY METOIMUYECKOM PYKOBOJICTBE ITpero/iaBaresisi, Ho 6e3
€ro HenocpeAcTBeHHOro yuacTtust. CamocrosTesnpHas padoTa MoipasaensieTcss Ha CaMOCTOSTENbHYIO paOOTy Ha ayIMTOPHBIX
3aHATUSIX M HA BHEAYIUTOPHYIO CaMOCTOSITeNIbHYIO paboTy. CamocTosiTesbHast paboTa 00yYaloIMXCsl BKIIOYAET KaK MOJHOCTHIO
CaMOCTOSITEJIbHOE OCBOEHHE OTIEJbHBIX TeM (Pa3/esioB) JUCHMIUINHB, TaK U TPOPadOTKY TeM (pa3JiesioB), OCBaNBAEMbIX BO
BpeMsI ayJUTOPHOM paboThl. Bo BpeMs caMocTOsTeIbHOM paboThl 00YYaIOIIMEcs! YUTAIOT U KOHCTIEKTUPYIOT YUeOHYI0, HayIHYIO
Y CIIPABOYHYIO JIMTEPATYPY, BHIIOIHSAIOT 331aHMsI, HAIIpaBJIEHHbIE Ha 3aKpeTuUIeHNne 3HaHWI M OTpabOTKy YMEHHI U HaBBIKOB,
TOTOBSTCS K TEKYIEMY M TPOMEKYTOUYHOMY KOHTPOJIO IO JUCIUIUIMHE.

OpraHu3anys caMOCTOSTEbHON padoThl 00yYAIOIIKMXCS perJlaMeHTHPYeTCsl HOPMaTHBHBIMU IOKyMEHTaMHU,
y4eOHO-METOIMUYECKOI IUTepaTypoOil ¥ SJEKTPOHHBIMI 00Pa30BATE/IbHBIMK PECYPCaMHU, BKIIIOYASL:

[Nopsiiok opraHu3aliK 1 OCYIIECTBICHIS 00pa30BaTEIbHOM AeSATEIFHOCTH IO 00pa30BaTEIbHBIM ITPOrpaMMaM BBICIIIETO
o0pa3oBaHus - IporpaMmam OakajlaBpuara, mporpaMmMam CrielMaauTeTa, IporpaMMaM MariucTparypsl (YTBEpKIEH MPUKa30M
MunucTepcTBa HayKu 1 BhIcIero oopaszoBanus Poccuiickoii @eneparvin ot 6 anpesst 2021 roga Ne245)

IMucemo MunuctepcrBa odpaszoBanust Poccuiickoit ®eneparin Nel14-55-996un/15 ot 27 nosi6pst 2002 r. "OO6 akTHBU3AIMA
CaMOCTOSITEJILHOW paOOThI CTY/IEHTOB BHICIIIMX YIeOHbBIX 3aBe/ieHuit"

VYcraB (peaepanbHOro rocyJapcTBEHHOTO aBTOHOMHOTO 00pa3oBaresibHOro yupesxaenus "Kazanckuii (ITpuBomkckmii)
(penepasbHbIil yHUBEpCUTET"

[paBua BHyTpeHHEro pacrnopska (efepaabHOro rocy1apcTBEHHOr0 aBTOHOMHOTO 00pPa30BaTENIbHOTO YUPEKJEHHs BBICLIIETO
npodeccronanbHOro oopazosanus "Kazanckuii (ITpuBomkckuit) genepaibHblid yHUBepcUTeT"

JlokanbHble HopMmaTuBHBIE akThl Kazanckoro (ITpuBoskckoro) deaepaibHOro yHUBEpCUTeTa

ConosbeB O.B. 3aauu 110 KBAaHTOBOW MEXaHUKe: BOJHOBbIE (DYHKIIMM M OIepaTopsl (y4.-MeTto. nocoodue). - 2013. - KasaHs. -
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

ConosbeB, O.B. KBanToBas Teopus (IpakTudeckuil kypc). 3agaynuk A ¢pusnkon. 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 (MOIYJII0)

3 A
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(DOH)] OLICHOYHBIX CPEACTB M0 JUCHUILIMHE (MOILyJ'IIO) BKJTIOYAET OLICHOYHBIE MAaTEPpUAJIbl, HAIIPABJICHHLIC HA IIPOBEPKY OCBOCHUS
KOMHCTCHHI/IfI, B TOM 4YUCJIE 3HaHPII>i, yMeHI/IfI 1 HaBBIKOB. (DOH)] OLICHOYHBIX CPEJACTB BKIIOYACT OLUEHOYHbIE CPEACTBA TEKYIIETO
KOHTPOJIA U OUEHOYHbIE CPEACTBA HpOMe)KyTO‘IHOﬁ aTTeCTalluu.

B ¢onIe 01IeHOYHBIX CPENICTB COAEPKUTCS CeayoIas HHPOPMaIH:

- COOTBETCTBHME KOMIIETEHIIMH TUIAHUPYEMbIM pe3yJibTaTaM 00y4eHHsI 110 AUCIUITIMHE (MOJIYJIO);

- KpUTepHH OLIEHUBaHUS c(DOPMUPOBAHHOCTH KOMITETEHITHA;

- MeXaHU3M (pOPMHUPOBaHUSI OLIEHKH MO JUCHUILIMHE (MOJIYIIO);

- OMHCaHMe MOpsIIKa IPUMEHEHUS 1 POy PHI OIIEHIUBAHUS TS KKIOTO OLICHOYHOTO CPECTBa;
- KpUTEPHH OLIEHUBAHHUS /ISl K&XKJI0TO OLIEHOYHOT'O CPeJICTBa;

- COACPIKAHMC OLECHOYHBIX CPEACTB, BKJIIOYAA TpC6OBaHI/IH, MMPEABbABIIACMBIC K HeﬁCTBHHM o6y'1a101m/1x05{, AEMOHCTPUPYEMBIM
pe3yjibTaTaM, 3alaHUA pa3JINYHbIX TUIIOB.

DoHJI OLIEHOUHBIX CpE€ACTB 1O AUCHUIIMHE HAXOUTCA B HpI/II[O)KeHI/II/I 1k nporpamMmmMe JUCHUITTTMHBI (MOIlyIIIO).

7. IlepedeHnb JATEPATYPHI, HEOOXO0JUMOM JJIST O0CBOEHHS N CIUILINHBI (MO TyJIs)

OcBoeHMe JVCIUIUIHBL (MOJLYJIs) TPEAToJIaracT u3yueHne OCHOBHOM 1 JIOTIOJTHUTEIIbHON y4eOHOM nmuTepatypsl. JInteparypa
MOXeT ObITh JOCTYITHA 0OYYalONIMMCS B OTHOM 3 BYX BAPUAHTOB (JIMOO B 0OOMX M3 HUX):

- B 9JIEKTPOHHOM BHJIE - Yepe3 K TPOHHbIE OMOIMOTEUHbIE CHCTEMBI Ha OCHOBAHHH 3aKTi0YeHHbIX KPY 10oroBopos ¢
npaBoobJIaaaTes sIMu;

- B eyatHoM Bujie - B Hayunoit 6ubimoreke um. H.M. Jlo6aueBckoro. O0yvarolnuecs: HoaydyaoT y4eOHyIo JTUTepaTypy Ha
abOHEeMeHTe MO YMTATeIbcKUM OMJIeTaM B COOTBETCTBHU C NPAaBMJIaMU T10JIb30BaHKs HayuHoi GMOIMOTeKOM.

DIeKTPOHHBIE U3[AHUS AOCTYIHBI AUCTAHLIMOHHO U3 JI00OH TOYKM NPU BBEJCHUN 00YUAIOIIMMCS CBOETO JIOTUHA U [ApoJisl OT
JIMYHOTO KabuHeTa B cucteMe "DNeKTPOHHBIH yHUBepcuTeT" . [Ipu HCronb30BaHNM MTEYATHBIX U3aHUN OMOIMOTEUHbIN (hOHT
JIOJDKEeH OBbITh YKOMILUIEKTOBAaH UMHU U3 pacuera He Menee 0,5 sk3emiuisipa (uist ooydaonmxcs o PI'OC 3++ - He menee 0,25
9K3eMIUIAPA) KaKIOr0 U3 U3JaHUI OCHOBHOM JIUTEpaTyphl 1 He MeHee 0,25 9K3eMIuIsApa JOMOIHUTENBHON JIUTepaTypsl Ha
KQ)XJI0ro 00y4aloLIerocsi U3 4ucia JiMl, OAHOBPEMEHHO OCBAMBAIOIIMX JAHHYIO JUCLUIUINHY.

[lepeueHb OCHOBHOI M OTIOJHUTEIBHON YUeOHOM TMTEpaTypbl, HEOOXOIMMON JIIsI OCBOSHUS JUCIIAIUIMHBL (MOJLYJIs), HAXOAUTCS
B [Ipmnoxenun 2 k paboueii mporpamMme JUCHMIUIMHBL. OH MOUIEXUT OOHOBJIEHHUIO ITPY U3MEHEHUH yCIoBUi 1oroBopoB KOV ¢
IpaBOOOJIaJaTe I AMU JIEKTPOHHBIX U3/1aHUH U ITPU U3MEHEHNN KOMIUTeKToBaHus oHoB Hayunoit 6momiorexn KOV,

8. IIepeuenn pecypcoB HH(OPMATHOHHO-TEJIEKOMMYHUKAIMOHHOM ceTH ""MIHTepHET'', HE0OX0AMMBIX IJIsI
OCBOEHHUS JUCIHILINHBI (MO TyJIsT)

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

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

O6pazoBarenbHbii poekT A.H. Bapruna - http://www.ph4s.ru/index.html

9. MeToauuecKne YKa3aHUA 1A 00yUAIOMMXCA 10 0CBOEHUIO JUCIHHUILIAHBI (MOXyJIsI)

Bujg paéor MeToanuecKrue peKoMeHIanun

JeKLMH Paz6op u ycBoeHue TeKIMOHHOro MaTepuana. ITocne Kax1o0i IeKInK CTYJEeHTY clefyeT BHUMATEIbHO POYUTATh
U pa3o0paTh KOHCIIEKT, IIPH ITOM:

- [ToHATD 1 3aIIOMHUTH BCE HOBBIE ONPE/eIeHHUSI.

- [ToHATH Bce MaTeMaTHYeCKHe BBIKJIAIKH U JIEKalle B X OCHOBE (PU3MUYECKHE MOTOKEHUS U JOIYIIEeHHS;
BOCITPOU3BECTH BCE BHIKJIAJKM CAMOCTOSITENIBHO, HE TJIsIAs] B KOHCIIEKT.

- BBINOJIHUTE WK I0AeNaTh BHIKJIAAKU, KOTOPBIE JIEKTOP IPEAINCAN CAENaTh CAMOCTOSTENIBHO (ECIIN TAKOBBIE
HMEI0TCS).

- Ecnm niexTop npearnucain pa3odparh 4acth Matepuaia 0ojiee MoapoOHO CAMOCTOSTEIBHO 10 JOCTYITHBIM
NMCbMEHHBIM MY JIEKTPOHHBIM MCTOYHUKAM, TO HEOOXOJUMO CBOEBPEMEHHO 3TO CIeJIaTh.

- IIp1 BOBHUKHOBEHHH KAaKUX-JIMOO TPYAHOCTEH C HIOHMMaHUeM MaTepuaia peKOMEHIyeTcs TOIPOCUTh HOMOLIH
CBOMX OJHOTPYIIIHMKOB MJIM COKYPCHUKOB. Takke MOXKHO 0OpaTUTHCS 3a MOMOLIBIO K JIeKTopy. [J1s sToro
MO>KHO JINYHO TIOJOUTH K IIPENoAaBaTesio, MO0 HamucaTh eMy 3JIeKTPOHHOE IIMCbMO, C(pOpMyIMPOBaB B HEM
BO3HMKAIOIHE BOMPOCH. K MIChMy MOXKHO IMPUKPEIUTh KaKue-Tu00 3IeKTPOHHbIE MaTepraibl, CBA3aHHBIE C
BO3HHKIINMU BOIIPOCAMHM, HAIIPUMEP, OTCKAaHUPOBAaHHBIE HJIH c(poTOrpachpoBaHHbIE JIUCTOYKH C PYKOIMCHBIMH
KOMMEHTapHsMH, IOMETKaMH, BBIKJIQJKAMU U T.II.

SAEKTPOHHBH
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Bujg paéor MeToanuyeckue peKOMeHIalu

IMPaKTUYCCKHUE HCO6XOHI/IMO AKTUBHO y4aCTBOBATb B pa60Te CEMUHApPOB (BI)IHOJIHﬂTb BCE Tpe6OBaHI/IH npenojaaBarelid,
3aHATUA NPpUXOAWTDb MOATOTOBJIEHHBIMU K 3aHHTI/IIO) 1 CBOEBPEMEHHO BLITIOJIHATH KOHTPOJIbHBIE pa60T1>1, HEC OCTaBJIATHb

NEPENrCbIBAHUE HEBBIIIOJIHEHHBIX 3aIIaHPIﬁ Ha 3a4€Thl 1 SK3aMCHBEI.

OueHb BaXXHO HE MPOITYCKATh 3aHATUSA (J'IGKL[I/II/I, a 0COOEHHO MPaKTUYCCKUEC 3aH$[TI/I$[).

caMocCTOSsI- CamocTosTeIbHOe U3yYeHHe YacTH MaTeprana. Ecim yacTs yueOHOro Mateprana OTBeIeHa Ha CaMOCTOSTENIbHOE
TeJbHas padoTa | u3ydyeHue, TO HeOOXOAUMO IPHUCTYIUTh K STOMY He3aMeIUTEIbHO T0CTIe YKa3aHusl IperoJaBartesis 1 OCBOMTh
MaTtepuiI B OTBEACHHbBIE UM CPOKH. Marepuai clieayeT U3yYHTh 110 JOCTYITHBIM MMCbMEHHBIM M 9JIEKTPOHHBIM
HCTOYHMKAM, O KOTOPBIX COOOIIHT MPEernoaaBaTesb.
B camocTosTe pHON JOMAIHeH padoTe CTYIEHTOB MOKHO BBIIEJIUTD JIBE COCTaBJIAOIIMe: 1) pa3dop peleHunit
3a/1a4 ayIUTOPHBIX 3aHATHH, 2) CAMOCTOSTENFHOE PellieHre JOMAIIHUX 3aga4. Takum o0pa3oM, Mpuas JOMOn
ToCyIe KaXaI0ro ayJUTOPHOTO 3aHSATHS, CTYJEHT JOJDKEH CHAaYasIa PeIUTh CAMOCTOSITENIBHO (He IS B pabouylo
TeTpapb) Te 3aJa41, KOTOpbIe el IIPernoAaBaTesb BO BpeMs 3aHATHs. [Ipi BOSHUKHOBEHHH TPYAHOCTEH BO
BpeMsl pelleHNs] KakoH-HUOYAb 3a/1aull CIeAyeT pa3o0parh pelieHue STO! 3alauu B TeTpagu. 3aTeM ciemyer
PELINTb 3224y CaMOCTOATENBHO 0e3 TeTpaau. CKOIBKO Obl pa3 He PUXOAMIIOCH BO3BPAILAThCS K TETPaiH,
HACTOSTEIHO PEKOMEH/yeTcsl BCE ke HayUUThCS BOCIIPOU3BOIUTD PELIEHHE CaMOCTOSITENIBHO. 3aTeM ClefyeT
MIPUCTYNHTD K PEIISHHIO 3a/1a4 U3 JOMAIIHETo 3aaHus. [Ipy BOSHUKHOBEHUH TPYJHOCTEN PEKOMEHIYeTCs
TIONPOCUTH TIOMOLIM y CBOMX OJHOTPYIITHUKOB MJIM COKYPCHUKOB. [IpHBETCTBYETCS COBMECTHBII IIOMCK PEIEHH.
Takske MOXKHO 0OpaTHTHCS 3a MMOMOIIBIO K ITpernoaaBaTeo. [yt 9Toro MOkHO JIMYHO MOAOWTH K IPeNoiaBaTeo,
700 HaMcaTh eMy JIEKTPOHHOE IIMCbMO, C(hOPMYIIMPOBAB B HEM BO3HUKAIOIINE BOIPOCH! /MM MIPUKPETIHB
CBO# OTCKaHMPOBAHHBIN WK c(hOTOrpapMpOBAHHBIN BAPUAHT pellieHus s poBepku. [IpomycTuB kakoe-1mbo
3aHSATHE, CTYAEHTY CJIeflyeT CKONMPOBaTh pellieHre pa300paHHbIX Ha 3aHATHH 331a4 U3 TeTPaad KaKoro-HUOYyIb
OIHOTPYIITHUKA; Pa300paTh UX pElleHNe, PEIUTh HX CAMOCTOSITENBHO, & TAKKE PEILHTh 3aJa41 JOMAIIHEro
3a/1aHuSl.

SAEKTPOHHBH
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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 .
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Tpunoosicernue 2
K paboueii npozpamme OUCUUNAUHbL (MOOYASL)
b1.B.02 Bsedenue 6 keanmosyro opuszuxy

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

Hanpagsnenue noaroroku: 28.03.01 - HaHOTEXHOJIOIMY M MUKPOCUCTEMHAS TEXHHUKA

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

Kpanu¢ukanus BeITyCKHUKA:_OaKanaBpp

dopma 0OydeHust: 0UHOe

SI3bIK OOyUEeHMS: PYCCKMiA

Ton Havana oOyueHus1 Mo odpa3oBatesibHON nporpamme: 2021

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: 25.01.2021). - Pexum nocryna: 1yist aBTOpH3.
OJIb30BaTeIeH.

2. Baiikos, 0. A. KantoBasi MexaHuka : yueObHoe rocodue / 10. A. baiikos, B. M. Ky3Henos. - 2-e u3z. (311.). - Mockaa :
JlabopaTopus 3HaHuii, 2015. - 294 c. - ISBN 978-5-9963-2989-2. - TekcT : 21eKTpoHHbIH // JIaHb : 91eKTPOHHO-OMOINOTeYHAs
cucrema. - URL: https://e.Janbook.com/book/70719 (gata obpamenus: 28.01.2021). - Pexxum moctyna: ajs aBTOpuU3.
HOJIb30BaTENeH.

3. Conosbes, O.B. 3agaunuk s ¢pusukos. Yacts I: yuebHoe mocobue / O.B. Conosbes, D.U. Baitbekos, C.U. Benos - Kazaus:
Kaszan. yH-1, 2015. - 102 c. - Tekcr: anektponnsiit. - URL: http://dspace.kpfu.ru/xmlui/handle/net/20301 (nata obpatuenust:
25.01.2021). - Pexxum mocTtyna: Uist aBTOPH3. TIOJTb30BaTENICH.

JonoJiHUTEILHAS JUTEpaTypa:

1. ConosbeB, O.B. 3agaun Mo KBaHTOBOW MEXaHHKE: BOJHOBbIC (DYHKIMHU M ONEPATOPHL: Y4.-MeTo/1. Tocodue - KazaHb:
Kazanckuii yausepcuret, 2013. - 49 c. - TekcT: anekTponssiid. - URL:
http://kpfu.ru/portal/docs/F1064181181/Zadachi_po_kvantovoi_mehanike.Volnovie_funkcii_i_operatori.pdf (zata obparienus:
25.01.2021). - Pexxum goctyna: ajisi aBTOPU3. MOJIb30BaTENEH.

2. Brioxunties, [I. V. OcHOBbI KBAHTOBO# MexaHUKH : ydeOHoe nocodue / [I. Y. Broxunies. - 7-e usg., crep. - Cankt-IletepOypr

: Jlanb, 2004. - 672 c. - ISBN 978-5-8114-0554-1. - Tekcr : a1eKTpoHHbIH // JIaHb : 31eKTPOHHO-OMOINOTEYHAS CHCTEMA. -
URL: https://e.Janbook.com/book/619 (nata obparuerus: 28.01.2021). - Pexum goctyna: [1jisi aBTOPU3. MOJIb30BaTENEH.
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Tpunoosicenue 3
K paboueii npozpamme OUCUUNAUHbL (MOOYASL)
b1.B.02 Bsedenue 6 keanmosyro opuszuxy

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 oOyueHus Mo oOpa3oBatesibHON nporpamme: 2021

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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