MMWHOBPHAYKH POCCHUUA

®egepanbHOe rocyJapcTBeHHOE 010 KeTHOe 00pa3oBaTe/IbHOE yUpeKIeHHe BhICIIero 00pa3oBaHus
«I'opHo-AuTalickuii roCy1apCcTBeHHbIH YHHBEPCUTET)
(®I'bOY BOTAT'Y, I'AT'Y, I'opHo-AJuiTalickuil roCy1apcTBEeHHbI YHUBEPCHTET)

KBanToBas Teopus

pabouas mporpaMma JUCIUIIIUHBI (MOIYJIS)

3akperuieHa 3a kadeapoit kadeapa MaTeMaTUKHU, pu3nkn 1 MHGOPMATUKHU

VueOHBIH 1aH 44.03.05_2023_673.plx
44.03.05 Ilegaroruueckoe odpazoBaHue (¢ ABYyMs NPOGUIIMU IOATOTOBKH)

Marematuka u dusuka

Kpanuduxanus dakanaBp

dopma 00yueHust OuHast

OO011as TPy10eMKOCTh 23ET

Yacos 1o yueOHOMY TUIaHy 72
B TOM YHCJIE:
ayJIUTOPHBIE 3aHATHS 36
caMocCTosITeNbHas pabora 26,1
4acoB Ha KOHTPOJIb 8,85

Pacrlpez[e.neﬂue YacoB JUCUHMILIMHBI 110 ceMeCTpaM

Bune! kouTponst B cemecTpax:

3a4eThl C OLIEHKOH 9

Cemectp 9 (5.1)
(<Kypc>.<Cemectp Ha Kypce>) Utoro
Henens 6 5/6
Bun 3ansartuit i PIl vII PII
Jleximn 18 18 18 18
[MpakTnueckue 18 18 18 18
KoncynbTanmu (ams cryneHTa) 0,9 0,9 0,9 0,9
Kontposns camocrostenbHoi pabots! ipu nposeaenun  |0,15 (0,15 10,15 (0,15
aTTeCTAIlUH
HUroro ayn. 36 36 36 36
KonraktHas pabora 37,05 |37,05 |37,05 |37,05
Cam. pabora 26,1 26,1 (26,1 |26,1
Yacsl Ha KOHTPOITb 885 (8,85 8,85 18,85
Hroro 72 72 72 72




TIporpammy cocTaBuI(K):

K.p. M., donenm, Knipos Bnachwup Anexcandposit

PaGouas mporpaMMa JUCLHALTHHBL

KpanTOoBas TEOpHS

paspaboTaHa B cooreercTaun ¢ TOC:

MenepanbHbli rocyaapcTBeHHEIH ofpazoRaTeNbHBIA CTAR/APT REICIIErD 06pasoBaHys - Oakanaspuat [10 HANPARIEHHUIO MOATOTORKH
44.03.05 Tenarory4ecKoe ofipazoranue (c ABYMA npodunsaMi NoArOTORKH) (NpAKa3 MunoGpHayku Poccid 0T 22.02.2018 r. Ne 125)

cocTAB/IEHA HA OCHOBAHHH yqeGHOI0 TUIAHA: i
44.03.05 [eparoryHeckoe ofipazoranme (¢ ABYMA npod UMK [IOATOTOBKH)
yTBEPHK/IEHHOTO YUEHBIM COBETOM BY3d ot 26.12.2022 poTOKQT Ne 12.

PaGouas nporpaMma yTBepieHa Ha sacenaHnu KajeIpel

kadeapa MaTeMaTHKH, U3HKA H uudopmaTrKi

[Tpotokon oT 09.03.2023 mpotokon No 8

3ap. kadeapoil bornaHosa Pana AnexcaHiporHa



Buzuposanue PII] 1151 ucnioiHeHUs B 04epeIHOM Yy4eOHOM roay

Pabouas nporpaMma nepecMoTpeHa, 00CyxieHa U 0JI00peHa Jyist
ucnonHeHus B 2024-2025 yaeOHOM roay Ha 3aceJaHuy Kadeaphl
Kadeapa MaTeMaTHKH, QU3MKH U HHPOPMATHKH

IIporokonm or 2024r. Ne
3aB. kadenpoii bormanosa Pana AnexcanapoBHa

Busuposanue PII/I 1iist ucno/iHeHUsI B 04epeHOM y4eOHOM roay

Pabouas mporpaMma nepecMoTpeHa, 00CyxieHa U 0I00peHa s
ucrondenus B 2025-2026 yueGHOM roay Ha 3aceIaHny Kaheapsl
kadeapa MaTeMaTHKH, PU3NKA U HHPOPMATHKH

IIporokon or 2025r. Ne
3aB. kadenpoit bornanosa Paga AsnekcanapoBHa

BuzupoBanue PII/] 1151 ucniosTHeHHs B 04epeTHOM Y4eGHOM Toy

Pabouas nporpamma nepecMoTpeHa, 00CyxkaeHa 1 0100peHa Jyis
ucnosHeHus B 2026-2027 yueOHOM roay Ha 3acegaHuy Kadeapol
kadenpa mareMaTuky, GuU3NKH 1 HHPOPMATUKHI

IIporokon ot 2026r. Ne
3aB. kadeapoit bornanora Pana AnexcanapoBHa

BuzupoBanue PIIJ] nj1s1 ucnosineHusi B ouepegHOM y4eOHOM roay

Pabouas nporpamma nepecMoTpeHa, 00CyxkaeHa 1 0100peHa Jyis
ucnoiHeHus B 2027-2028 yueObHOM roay Ha 3acegaHuy Kadeapsl
kadenpa mareMaTnku, puznku U nHGOPMATUKHU

IIporokon ot 2027r. Ne
3aB. kadenpoit bormanora Payma AnexcanapoBHa



1. HEJIN 1 3AJAYH OCBOEHUSA JTUCIIUTIINHBI

1.1|enu: ®opMupoBaHUE HAYIHOTO MUPOBO33PEHIS ¥ COBPEMEHHOM (hU3MUECKOl KapTHHBI MUpa. [3ydeHrne OCHOBHBIX
TIOHSATHI 1 3aKOHOB KBAaHTOBOH TEOPHH, a TAKKe METOIOB PEIICHHs (PU3MIECKHX 3a1a4, HCIONB3Ys MaTeMaTHIeCKUH
annapaT KBaHTOBOW TEOPHU.

1.2(3a0auu: 1. chopmupoBath npencTaBieHHE O BOIHOBBIX CBOWCTBAaX KBAHTOBBIX OOBEKTOB
2. OCBOUTH MaTeMaTHUYECKUH anapat KBAaHTOBOW TEOPHH;
3. 03HAKOMHTH CTYJEHTOB C OCHOBHBIMH PE3YJIbTaTaMU KBAHTOBOW TEOPHHU

2. MECTO JUCIIMIIJINHBI B CTPYKTYPE OOII

Huxn (pazgen) OOIL: b1.0.24

2.1| TpeboBanus K NpeABAPUTEJIbHOI MOATOTOBKE 00yJaIOIIETOCs

2.1.1|DnexTpoaHaAMUKa

2.1.2| Teopernueckast MEXaHUKa

2.1.3|AtomHas dusmka. GHU3NKa ATOMHOTO S/Ipa U AJIEMEHTAPHBIX YaCTHUIL

2.1.4| BeKTOpHBIi 1 TEH30PHBIH aHAIN3

2.1.5| Teopust BepoATHOCTEH M MaTeMaTHYeCKasl CTATHCTHKA

2.2| IMcMIIMHBI H MPAKTHKH, JUIsI KOTOPBIX OCBOEHHE JAHHOH TUCIUTNIINHBI (MOIYJIs1) HEOOX0TUMO KaK
npeauecTByoniee:

2.2.1|{TToaroToBka k crave M caya rocy1apCTBEHHOr0 K3aMeHa

3. KOMIIETEHIIUY OBYYAIOIIETOCSI, ®°OPMUPYEMBIE B PE3YJIETATE OCBOEHUS JUCIATLIMHEI
(MOJLYJIST)

OIIK-8: CnocoGeH ocyliecTBJISATDH NeAArOrM4ecKyIo 1eATeJbHOCTh HA OCHOBE CIelMATbHBIX HAYYHbIX 3HAHUH

NJ1-2.0IIK-8: O6s1anaeT 6a30BbIMH NPeIMETHLIMHM 3HAHUSIMHU H YMEHHSIMH 151 OCYLIeCTBJICEHUS NeAArorn4eckoii
AesITeTbHOCTH

3HaeT OCHOBHBIE 3aKOHbBI U YpaBHEHHS KBAaHTOBOW TEOPHU
YMeer peiaTh 3a1a4y 10 JUCLUILUIMHE KBAHTOBasl TEOPUS

4. CTPYKTYPA U COAEP)KAHUE JUCHHUIIJIMHBI (MOIYJIS)

Kon HaunmenoBanue pasnesnoB u Tem /Buj | Cemectp /| YacoB | Komneren- | Jluteparypa | Unre | Ilpumeuanue
3aHATUS 3aHsiTus/ Kvpne 1170 DAKT.
Pazgen 1. OcHOBBI KBAHTOBOI TeOpUH
1.1 OCHOBHBIE MTOCTYJIaThl KBAHTOBOM 9 2 NO-2.000K- |JI1.1J12.1 J12.2 2
teopuu. /JIex/ 8 JI2.3J12.4 J12.5
J12.6
1.2 Bomnnsl ge bpoiinsa. CootHoleHue 9 2 NO-2.000K- |JI1.1J12.1 J12.2 0
Heonpeaenennocreit /TIp/ 8 JI2.3J12.4 J12.5
J12.6
1.3 MateMaTHuyeCcKUi anmnapaT KBAHTOBOM 9 4 NO-2.000K- |JI1.1J12.1 J12.2 2
MexaHuku. OnepaTopbl KBAaHTOBOI 8 JI2.3J124 J12.5
MexaHukH /JIex/ J12.6
1.4 Omeparops! u ux aeictaus /I1p/ 9 2 na-2.00K- (J11.1J12.1 JI12.2 0
8 JI2.3712.4 J12.5
J12.6




1.5 VYpasuenue peannarepa /Tlp/ 2 NA-2.0IIK- |JI1.1J12.1 JI2.2
8 237124
JI12.5 J12.6

1.6 Pemienne nomamsero 3aganusi. 8 NA-2.0IIK- |JI1.1J12.1 JI2.2

Ioxaroroeka cnucka mousituit  /Cp/ 8 JI2.3J12.4
J12.5J12.6
Pa3nen 2. /IBuikeHne 4acTHIL B M10J1€ CHJI

2.1 OnHOMepHast MOJIENb CBOOOHOM 4aCTHIIbL. 2 WJ1-2.0IIK- |JI1.1J12.1 JI2.2
JIB1KEHNE TOUKH B OZIHOMEPHOM 8 J2.3J12.4
NOTEHIMANBHO siMe. OTHOMEpHBII J12.5J12.6
HOTEHIMANbHBIHN 6apbep. JInHeHHbIH
TapMOHMYECKUH ocusTop. /JIex/

2.2 HaxoxJeHue cpelHUX U BHIUUCICHHUE 2 WJ1-2.0IIK- |JI1.1J12.1 JI2.2
3HaueHUH Qusmdecknx BennyuH /I1p/ 8 J12.3712.4

J12.5J12.6

2.3 JIB1XKEHNE TOUKH B OZIHOMEPHOM 2 WJ1-2.0IIK- |JI1.1J12.1 JI2.2

noTeHuuanbHou sme. /Ilp/ 8 J12.3J12.4
J12.5J12.6

24 OpnHOMEpHBIN TOTEHIUAIIBHBIN Oapbep. 2 NA-2.0I0K- [JI1.1J12.1 J12.2
JIMHEHHBIM rapMOHUYECKHA OCIMILIATOP. 8 J2.3J12.4
Mp/ J12.5J12.6

25 Ypasuenue lpeannrepa ass yacTuipl B 2 NA-2.000K- [JI1.1J12.1 J12.2
LEHTPaJIbHOM T0J1e [IBIKEHHE 3JICKTPOHOB 8 J23J12.4
B KYJIOHOBCKOM T0JI€ siapa. [IBmxkeHue JI2.5J12.6
9JIEKTPOHOB B OJJHOBAJICHTHBIX aTOMaX U
AJIEKTPOHHBIH TOK. /JIek/

2.6 PannanbHble BOTHOBBIE QYHKIIUM JUTS 2 WJ-2.0IIK- (JI1.1J12.1 J12.2
3JIeKTpoHa B atome Bogopona /IIp/ 8 J2.3J12.4

J12.5J12.6

2.7 Pemenne nomarinero 3aiaHusl. 8,1 | UA-2.0IIK- (JI1.1J12.1 J12.2

IMoaroroeka crnucka nousituii  /Cp/ 8 J2.3J12.4
J12.5J12.6

Pazges 3. Co0cTBeHHBI MeXaHMYeCKU i

M MATHUTHBIH MOMEHTBI (CITHH)

3.1 OKCIepUMEHTAIbHBIC I0KAa3aTeNbCTBA 4 NA-2.000K- [JI1.1J12.1 J12.2
CYIIECTBOBAHUS CIIMHA JJIEKTPOHA. 8 JI2.3J12.4
Onepartop CriMHa U CIIMHOBBIC (DYHKIIMH. JI2.5J12.6
Vpasuenne [laynu. CBoiicTBa moIHOTrO
MOMEHTa UMITyibca. Pacuierienne
CIIEKTPAJIbHBIX JIMHUH B MAaTHUTHOM I10J1€
/JTex/

3.2 CroaBele QyHKIHH. OnepaTopsl CIMHA. 2 NA-2.0MK- |JI1.1J12.1 JI2.2
Ypasuenue [Taymu. /TIp/ 8 J2.3J12.4

J12.5J12.6

3.3 Pemenne nqomarrtero 3a1aHusl. 2 NA-2.0MK- |JI1.1J12.1 JI2.2

IMoarororka crnncka nousituii  /Cp/ 8 J12.3J12.4
J12.5J12.6

Paznen 4. CucremMa TOKIeCTBEHHBIX
MHKPOYACTHIL




41 [IpuHIMIT TOXIECTBEHHOCTH 9 4 NI-2.01IK- |JI1.1J12.1 J12.2 0

MukpoyacTul. CUMMETpUYHBIE U 8 J12.3J12.4
aHTHCHMMMETPUYHBIE COCTOSIHHA. YacTusl J12.5J12.6
boze u wactunel @epmu. [punnumn [aynn.
[Jex/
4.2 Cucrema TOXJECTBEHHBIX MUKPOYACTHII 9 2 NI-2.01IK- |JI1.1J12.1 J12.2 0
Mp/ 8 J2.3J12.4
J12.5J12.6
4.3 Perirenue qoMalHero 3a1aHusl. 9 8 NJ-2.0IK- |JI1.1J12.1J12.2) O
Ioaroroeka cnucka mousituit  /Cp/ 8 J23J12.4
J12.5J12.6

Pa3pen 5. Koncyabranuu

5.1 Koncynpranus no aucimuiinae /Konc/ 9 0,9 | NO-2.0IIK- 0
8
Pa3nen 6. [IpomeskyTouHas aTTecTaus
(3a4éT)
6.1 Ioaroroska k 3a4éry /3auérCOn/ 9 8,85 | U/-2.0IIK- 0
8
6.2 KonraktHast pabota /KCPATT/ 9 0,15 | U1O-2.0TIK- 0
8

5. ®OHJ] OLUEHOYHEIX CPEJCTB

5.1. IosicHuTEIbLHAS 3aNMCKA

1. Ha3nauenue oHza oneHouHbIX cpeactB. OleHOYHbIE CPEACTBa MPEHA3HAYCHBI JIJIsl KOHTPOJIS M OLICHKH 00pa30BaTEIbHBIX
JOCTIDKEHUH 00y4alomuXCsl, OCBOMBILUX IIPOrpaMMy yueOHOI quciMIuIuHbl «KBaHTOBas TEOPHS».

2. ®oHJ OLEHOYHBIX CPEACTB BKIIIOUACT BBOJAHBIHM TECT, 2 TECTA TEKYIIET0 KOHTPOJISL, KPUTEPUHU OLIEHUBAHUS U BOIIPOCHI
IIPOMEKYTOYHOH aTTecTaly B hopme 3auera.

5.2. OueHOYHBIE CPEICTBA IS TEKYIIEr0 KOHTPOJIS

OreHOUHBIE CPEACTBA AJIsl BXOIHOIO KOHTPOJI puBeeHbl B [IpuioskeHny -- BBOAHBIN TeCT.
OneHOYHbIE CPEICTBA ISl BXOIHOT'O KOHTPOIIs npuBeaeHb! B [Ipunoxenun -- Texymiuii Tect 1.
OLeHOYHbIE CPEICTBA ISl BXOIHOT'O KOHTPOIIs npuBeaeHb! B [Ipunoxenun -- Texymiuii Tect 2.
OrneHOUHBIE CPEACTBA AJIsl BXOIHOTO KOHTPOJIsI puBeeHs! B [Ipuiokenun -- Kputepuu oneHUBaHMS.

5.3. Tembl NUCHLMEHHBIX PadoT (3cce, pedrepaThbl, KypcoBbie padoThI U 1P.)

HE IIPEAyCMOTPEHBI

5.4. OueHouHbIe CPeaCTBA AJIs1 MPOMEKYTOUHOU aTTECTAIUU

Bormpocs k 3auety

1. YpaBrenue llpeaunarepa ais 371eKTpoHa B aToMe BoAopoza. Paznenenne nepeMeHHbIX. KBaHTOBEIE Urca IS AIEKTPOHA B
aToM€ BOAOpOa

2. PaguanpHble QyHKIMY 101 7IEKTpOHA B aTroMe Bogopona. [lopeneHne GpyHKIMI Tpy MaJIbIX U OOJBLINX PACCTOSHHUAX OT
siapa. 3aBUCHMOCTD PaINaIbHBIX (PYHKIMH B 3THX KPaHHMX CIydasx OT OPOMTAIFHOTO M TIIABHOTO KBAHTOBOT'O YHCEL.

3. PaguanpHble QYHKIUH IS 3JIEKTPOHA B aTOME BOJIOpoaa. BeIBO peKKypEeHTHOTO COOTHOMIEHHS s KO3((HUIHNEHTOB
TIOIMHOMA, BXOJIAIIETO B paauanbHyro GyHKkuio. PagnansHoe KBaHTOBOE YHCIIO. | TaBHOE KBAaHTOBOE YMCIIO. 3aBUCHMOCTD
SHEPTHH OT TJIABHOTO KBAHTOBOT'O YHCIIA.

4. Yrnossle (yHKIWN JUTS JIEKTPOHA B aTOME BOAOpOAa. BpamaTenbHas KWHETHYeCKas SHeprysl. MarHUTHOE 1 OpOHUTaIbHOE
KBaHTOBBIE yncia. [TonmHOMBI JIexxaHpa 1 mprucoeqMHEHHbBIe TOMUHOMBI JIexanapa. CMemanHbIe COCTOSHHS.

5. [NoHsATHE CIFHA AIIEKTPOHA. DKCIIEpUMEHTAIBHBIC JaHHBIE 11 OOOCHOBAHUS — CYIECTBOBAHHS COOCTBEHHOTO
MEXaHWIECKOI0 MOMEHTa y 37eKTpoHa. OrepaTop CIIMHA HJIEKTPOHA

6. Teopust BO3MYIIEHHUH AJIs1 HEBBIPOXKICHHBIX YPOBHEH.

7. Teopust BO3MYIIEHUH /TSI IBYX ONM3KHUX YpOBHEH

8. Teopust BO3MYIIEHHUH I BEIPOXKACHHBIX ypoBHEH. [IpaBmiibHble hyHKIN. CeKynspHOE ypaBHEHHE.

9. Oddexr IlItapka B arome Bomopoaa. CekyIsipHOe ypaBHEHHE. MEeTOIbI pacdeTa MaTpUIHBIX SJIEMEHTOB JUIS CEKYIISIPHOTO
ypaBHeHus. [IpaBunbabie pyHknuy. [TonpaBku K SHEPTHX B IEPBOM TOPSIKE MAIOCTH.

10. PacmieruieHre CrieKTpaibHbIX JIMHAHN B C1a00M MarHUTHOM 11ojie. [IpiauHa CHATHS BBIPOXKACHUS

KTV VOORHIMUI




12. BeposATHOCTH 1Iepexo0/10B MO/ BIUSHIEM CBETOBOW BOJHBI (ONTHYECKHUE TIEPEXOJIBI).

13. INpuHnun ToxaecTBeHHOCTH YacTull. Oneparop nepectaHOBKH. b030HBI 1 epMHOHBI.

14. Mpuamun [Maymu. BoiHoBas GyHKIMS CHCTEMBI YaCTHL], CAMMETPHYHAs 1 aHTUCUMMeTpHU4Has. BomHoBast GpyHKImMs
CHCTEMBI U3 ABYX YaCTHIL.

15. CrimHOBast QYHKIHMS IBYX YaCTHIL C MONYIEIBIM CIIMHOM: TIapa- U OPTOCOCTOSTHHE.

16. O6MeHHOE B3aUMOJIEHCTBHE

17. MHOTr03JIEKTPOHHBIE ATOMBI. DHEPTUsl OCHOBHOI'O COCTOSIHUSI aTOMa Tefvs. DHeprus HOHU3aIHH.

18. TlocTaHOBKa 3a/1a4M JJ11 OCHOBHOT'O COCTOSIHUSI OpTOrenus. MeTo/bl pacueTa HHTErpajioB B JaHHOU 3ajaue
19. Monexkyna Bogopoaa

20. I[TocranoBka Bompoca B Teopun paccessHusl. JnddepeHnuanbHoe ceueHne paccestHus

21. BopHOBCKOE MPUOIIDKEHNE ISl HAXOXKACHHUS aMILTUTYAbl PaCcCesTHUS

22. Metoa napuuanbHbIX BOJH JUIS BEIUMCICHNS aMIUIUTYAbI PACCEIHUS

23. Yopyroe paccessHuE TOXI€CTBEHHBIX YaCTHUI]

24. CymHOoCTh METO1a BTOPUYHOI'O0 KBAHTOBaHUS

25. CBoiicTBa ONEPaTOPOB «POXKICHUA» U «YHUUTOXKEHU» Ui yacTul bose u @epmu.

26. BreiBon ypaBHeHus J{upaka u ero ominuue ot ypasHeHus lllpeannrepa

27. CivH 4acTull, ONMChIBAEMbIX YpaBHeHUEM Jlupaka

28. Pemenue ypaBaenus Jupaka jyis CBOOOTHOW YaCTHIIBI.

29. IIn10oTHOCTH BEPOATHOCTH U IIOTOK BEPOATHOCTH B Teopuu Jlupaxa.

30. PensTuBUCTCKOE YpaBHEHHE I YaCTHIl CO CIIMHOM HYJb. YpaBHeHue Kieiina — ®oka - ['oprona

Kpurepuu orieHUBaHUSA AJIS 3a4€Ta C OLEHKON

S5(ornmuHo) [larotcst ¢ 00BSICHEHUSIME BCE OINPEACICHUs, yTBEpXKICHUS TeopeM, Gopmynsl. [IpuBoasTcs morudecku ctporue
JIOKa3aTeNbCTBa TEOPEM U BBIBOZBI (hopMyiI.

4(xopomro) Jlatorcs ¢ 00bSICHEHUsIMU BCE ONpeieNIeHHs], YTBepKAeHHs TeopeM, (hopmMysbl. [IpuBoASTCS YaCTHYHO JIOrHYECKH
CTpOr'He JOKa3aTelbCTBA TEOPEM U BBIBOIBI (POPMYIL.

3(ynosi.) latoTcs ¢ 0OBSICHEHUSIMHU BCE ONPENENICHUs, YTBEPKICHHA TeopeM, GopMyIbl. [IpuBOAATCS OTACNBHbIE BBIPAsKEHHS
BMECTO JI0Ka3aTeNIbCTB TEOPEM U BBIBOIOB (POPMYIL.

WJIN [atotcs Ge3 ueTkux 00bsCHEHUSMU ONPECICHUS, YTBEPKAeHUs TeopeM, hopmyibl. [IpuBoAsSTCS DIIeMEHTHI
JI0Ka3aTeIbCTB TEOPEM U BBIBOJIOB (hOPMYIL.

2(neynosi.) Jarorcs 6e3 yeTKHX OOBSCHEHUSIMU ONpENleNIeHNs, YTBEp)KIeHHU TeopeM, ¢popmyisl. [IpuBonsarcs otaensHble
BBIPAXKEHHS BMECTO JI0Ka3aTeIbCTB TEOPEM H BHIBOAOB (hOPMYIL.

6. YYEBHO-METOAUYECKOE 1 UH®OPMAIIMOHHOE OBECIIEYHEHUE JUCHUIIJIMHBI (MOAYJIST)

6.1. Pexomenayemas autepatypa

6.1.1. OcHoBHas JuTepaTypa

ABTOpBI, COCTABUTENN 3arnaBue MznatenbcTBO, TOA On. aapec
JI1.1 |CaBenber U.B. OcHoBbl TeopeTHdeckoit puzuku. T.2. Cankr-IlerepOypr:
KBaHTOBast MexaHHKa: B 2-X T.: y4eOHUK Jlans, 2016
6.1.2. [lonotHUTEILHAS TUTEPATypa
ABTOpBI, COCTaBUTENH 3ariaBue H3narenscTBO, O Dn. aapec
JI2.1 |Wponos U.E. 3aa4yn 10 KBAaHTOBO#H (hrsuke: yueOHOE Cankr-IlerepOypr:
mocoOue Jist By30B OUSMATIIUT, 2001
JI2.2 [[Tpammn A.O. KBaHTOBasi MexaHuKa: yueOHOe mocooue Mocksa:
IIpocemenne, 1974
J12.3 |dpykapes I.®. KBaHTOBast MexaHuKa: yueOHOE mocooue Jlenunrpan: JITY,
1988
J12.4 [CepoBa @.I'., SlukuHa |COOpHUK 3a/1a4 IO TEOPETHUYECKOMN (pH3HKE: Mocksa:
AA. KBaHTOBas MEXaHWKa, craTucThuueckas pusuka: |[IpocBerienue, 1979

yueOHOe TTocoOue 11 By30B




ABTOpBI, COCTaBUTENH 3arnaBue N3 natensbeTBo, rof O anpec
J2.5 |Mankua A.M. Pa6ouas nporpamma, meroauueckue ykazauus |['opHo-Aunraiick: PUO[http://elib.gasu.ru/index.ph
W PEKOMEHJIAILMH 10 KypCy TEOpPETHYECKAst I'Ary, 2010 p?
¢u3uKa (KBaHTOBAS TEOPHS): METOANUYECKUE option=com_abook&view
yKa3aHHs ¥ PEKOMEH/IALHH 10 CHIEUATbHOCTH =book&id=499:rabochaya-
010701 ®usuka programma-metodicheskie
-ukazaniya-i-
rekomendatsii-po-kursu-
teoreticheskaya-fizika-
kvantovaya-
teoriya&catid=6:physics&l
temid=164
JI2.6 |MarasunnukoB A.JI., |BBezneHue B KBaHTOBYIO MexaHuKy: yueOHuK |Tomck: Dub Kontenr, |http://www.iprbookshop.ru
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7. OBPA30OBATEJIBHBIE TEXHOJIOI'MA

npoOJIeMHast JeKIHs

Npe3eHTalys

JUCKYCCHs

8. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHHUE JUCHUIIJIMHBI (MOIYJIS)

Homep ayautopuu

Hasznauenmue OCHOBHOE OCHAILIEHHE

220 b1

YueHuueckas Jocka, I0caoyHble MecTa o0ydaromuxcs (1o
KOITMYECTBY 00yJaromuxcs), pabodee MECTo MpernoaaBaTens

Y4eOHast ayquTOpHUs A1 IPOBEICHUS
3aHATHH JICKIIMOHHOI'O THIIA, 3aHATHI
CEeMHMHAPCKOT0 TUIA, KYpCOBOTO
MIPOEKTUPOBAHUS (BBITIONMHEHHS KYPCOBBIX
paboT), TPYIIOBBIX ¥ WHANBUAYAIBHBIX
KOHCYJITAIMHA, TEKYIIEr0 KOHTPOIS U
TIIPOMEKYTOUHON aTTECTAIINH

214 b1

Kabuner MeTonuKky npenogaBaHus
¢u3nku. YueOHas ayquTopus s
TIPOBENICHUS 3aHATHIA JISKIMOHHOTO THIIA,
3aHATHIA CEMHHAPCKOTO THIIA, KypCOBOT'O
MIPOSKTUPOBAHHMS (BBIIOJHEHHS KYPCOBBIX
paboT), TPYIIOBBIX ¥ WHANBUAYAIBHBIX
KOHCYJIbTAIHH, TEKYIIEro KOHTPOJIS 1
MIPOMEKYTOYHOM aTTECTALIHI

YdeHnueckas JOcKa, MyJIbTUMEAHAPOEKTOP, KOMITBIOTED,
9KpaH, MM0CcaI09HbIE MecTa 00ydaroIuxcs (10 KOIUIECTBY
o0yJarommxcs), pabouee MECTO IPEmoAaBaTEN

211 b1

Pabouee mecto mperonaBatens. [locagounsie MecTa
o0y4aromuxcs (10 KOMHYECTBY O0YJAFOIIIXCS),
KOMITBIOTEPHI ¢ JocTynoM kK MHTepHeT

KomnerotepHsriit kinacc. YueOHas
ayUTOPHS VIS IPOBEICHHS 3aHATUI
JIEKIMOHHOTO THIIA, 3aHATHH
CEMHHAPCKOr0 THIIa, KYpPCOBOT'O
MIPOEKTUPOBAHUS (BBITIOITHEHHUS KYPCOBBIX
paboT), TPYNIIOBEIX W MHIANBUAYAIHHBIX
KOHCYJBTAIMH, TEKYIIEro KOHTPOIIS U
IIPOMEXYTOUHOH aTTectarmy. [lomenienne




214 b1 Kabuner meronuku npernogaBanust Gu3nky. | YaeHnueckas 1ocka, MyJIbTHMETUAIIPOEKTOP, KOMITBIOTED,
VYuebHast ayauTOpus ISl IPOBEACHUS 9KpaH, I10CaI0YHbIE MECTa 00YyJaIOIUXCs (10 KOJIMYECTBY
3aHATUH JEKIMOHHOT O TUIIA, 3aHATHH o0ydatomuxcsi), pabodee MeCTO IPEToaBaTeNs
CEMHMHApPCKOro TUIIA, KypCOBOTO
MIPOEKTUPOBAHUS (BBITIOITHEHHUS KYPCOBBIX
paboT), TPYNIIOBEIX W MHAWBUAYAIHHBIX
KOHCYJIbTAIlMH, TEKYIIEro KOHTPONIS U
MIPOMEKYTOUHON aTTeCTallui

211 Bl KommsrotepHslii knacc. YueOHas aynuropusi | Pabouee mecto npenoaasatens. [Tocanounsie mecra
JUIA IPOBENICHUS 3aHATHH JEKIIMOHHOTO o0yuaromuxcs (110 KOIU4ecTBY 00y4aroImuxcs),
TUIA, 3aHATHA CEMUHApPCKOro TUIa, KOMIIBIOTEPHI C JocTynoM K MHTepHeT

KYPCOBOT'O IIPOCKTUPOBAHYS (BBITOTHCHUS
KYPCOBBIX pa0oOT), TPYIIIOBBIX U
UHIUBUYAIBHBIX KOHCYJIbTAIUN, TEKYIIETO
KOHTPOJIS U TIPOMEKYTOYHOM aTTECTAIHH.
TloMelnieHue JuIsl CaMOCTOATENLHON PaboThI

220 b1 VYueOHast ayauTopus sl IPOBEACHUS YueHndeckas JOCKa, MOCaJOUYHbIE MECTa O0YJarOIHXCSI
3aHATHH JICKIIMOHHOTO TUTIA, 3aHATHIA (110 KOTMYECTBY O0yJarOIIMXCs), pabodyee MecTo
CEeMHMHApCKOro TUIa, KypCOBOTO npernogaBaTens

MPOCKTUPOBAHUS (BBIMOIHEHHS KYPCOBBIX
paboT), TPYIIOBBIX M WHIUBUIYATbHBIX
KOHCYJbTAlIMH, TEKYILEr0 KOHTPOJIS U
MPOMEKYTOUHOM aTTeCTalluu

9. METOJAWYECKHUE YKA3AHUS JUISI OBYYATIOIIMXCS 110 OCBOEHMIO JMCOUILINHEBI (MOIYJIS)

Jlexuu, ¢ OHON CTOPOHBI — 3TO OHA U3 OCHOBHBIX ()OPM YUEOHBIX 3aHATHI B BBICIINX YUECOHBIX 3aBECHUSIX, IPEICTABIISIONIAT
co00¥1 cHCcTEeMaTHYeCKOe, IOCIICIOBATEIBHOE YCTHOE U3JI0KEHNE NPETIOAAaBAaTEIeM ONPEICIICHHOr0 pas3/ielia KOHKPETHON HayKH MM
y4eOHO AUCIMIUTHHBL, C IPYroi — 3To 0cobasi (hopMa caMOCTOATENBEHON PaboTH ¢ y4eOHBIM MaTepHraoM. JIeKIus He 3aMeHsIeT co0oi
KHHT'Y, OHA TOJIBKO ITOJTAJIKMBACT K HEel, PACKPbIBasi TeMy, POOJIEMY, BBIICISI [NIABHOE, CYLIIECTBEHHOE, Ha YTO ClIeAyeT 00paTUTh
BHHMaHHe, yKa3bIBaCT IIYTH, KOTOPHIM HYXKHO CJIEI0BaTh, JOOHBAsCH MIyOOKOrO MOHUMAHHSI TOCTABICHHOH IIPOOIEeMBI, a He 00mIeit
KapTHHBI.

PaboTa Ha JIEKIIMH — 3TO CIIOXKHBIN MPOLIECC, KOTOPBIN BKIIOYACT B ¢e0sl TAKHE IEMEHTHI KaK CITyIIaHUE, OCMBICJICHHE U COOCTBEHHO
KOHCIICKTHpOBaHue. J{J1si TOro, 4To0BI JICKIHs BBINONHIIA CBOE HA3HAYCHHUE, Ba)KHO MOArOTOBUTHCS K HEell U e 3alKCH elie 10
MPUXO0/Ia IperoaaBatessi B ayAuTopHio. be3 aToro nanpHeiiiee BOCIPUATHE JISKIUH CTAHOBUTCS CIIOKHBIM. JICKIMS B YHUBEPCUTETE
paccyuMTaHa Ha MOATOTOBJICHHYIO ayauTopHio. [IpernoaaBarens u3iaraeT 000i BOIPOC, OPHCHTUPYSCH HA TC 3HAHHS, KOTOPBIS
JIOJDKHBI OBITh Y CTYICHTOB, YCBOMBILMX MaTepHall BCeX MPEbIIYIIUX JICKIMil. Ba)KHO HAYIUTHCSI CITYIIATh PEMOAaBaTENs BO BPEMs
JICKLMH, TIO//ICP)KUBATh HEIPEPHIBHOC BHUMAHUE K BBICTYIIAOIIEMY.

OJHaKo, OJHOTO CIYIIAHUS HEAOCTaTOYHO. Heo0X0oammMo pUKCHPOBaTh, 3aITUCHIBATh TOT TOTOK MH()OpMAIIMHU, KOTOPBI COO0IIaeTCs
BO BpeMsi JICKIIMU — HAYYUTHCSI BECTH KOHCIICKT JICKIMH, T/i¢ HOPMYITUPOBAIHCH ObI HAHOOIEE BaXKHBIC MOMEHTHI, OCHOBHbIC
MOJIOXKEHUS], H3JIaraeMble JIEKTOpOoM. J{isi BeleHUst KOHCIICKTA JICKIIUH CJICAYET UCIIONB30BaTh TeTpaib. BeleHrne KOHCIeKTa Ha
JIUCTOYKAX HE PEKOMEHIYETCs, TIOCKOJIBbKY OHH HE TaK yJOOHBI B HCIIOJIb30BAHUHU U YaCTO TepsroTcst. [1pu odopmiieHnu KOHCIEKTa
JICKIMH HEOOXOANMO OCTABIIATH OIS, TI€ CTYACHT MOKET 3aIHCaTh CBOM COOCTBEHHBIC MBICIIH, BOSHHKAIOIIHE [1aPaJUICIBHO C
MBICJISIMH, BBICKa3aHHBIMH JICKTOPOM, & TAKXKE BOIIPOCHI, KOTOPBIE MOTYT BO3HHKHYTB B IIPOLIECCE CIYIIAHHS, YTOOBI MOIYYHTh Ha HUX
OTBETHI IPH CAMOCTOSITEIBHOM IPOPabOTKE MaTepraia JICKIUH, IPU H3Y4CHHH PEKOMEHIOBAHHO JINTEPATYPBI HIIK HEIIOCPEACTBEHHO
y IpenoaaBatessi B KOHIe JeKun. COCTaBIsst KOHCIEKT JICKIUH, CJICAYET OCTaBIIsATh 3HAYUTEIbHBII HHTEPBAI MEKIY CTPOYKAMHU. ITO
CBSI3aHO C TEM, YTO HHOT/IA BO3HUKAET HEOOXOMMMOCTH BITHCATh B IIEPBOHAYAIBHBIN TEKCT JICKIIUHA OAHY HIIH HECKOJIBKO CTPOUCK,
MMEIOLIHMX IPHHINIHATBHOE 3HAYCHUE U IOYSPITHYTHIX U3 IPYTUX HCTOYHUKOB. PaccTosIHHE MEX Iy CTPOKaMH HEOOXOAUMO TAKKE [UIS
MOTYEPKUBAHMS CIIOB HJIH LICJBIX TPYIII CJIOB (TaKOE MOJYCPKUBAHKE BBI3bIBACTCS HEOOXOANMOCTBIO IPUBIICYh BHUMAHHE K TAHHOMY
MECTY B TEKCTE IIPH MOBTOPHOM 4TeHHH). OOBIYHO TOAYCPKUBAIOT ONPE/ICTICHNUS, BBIBOJIBL.

Taxoke BaKHO MOTHOCTBIO 03 BCSIKUX M3MCHEHHUI BHOCHTD B TE€TPAb CXEMBI, TAOIHUIIBI, YEPTEKHU U T.II., €CIIH OHH IIPEAIIONATAIOTCS B
nekuuu. J{jist Toro, 4To0b COBMECTUTh MEXaHHIECKYIO 3AIIUCh C IIOYTH IOCIOBHBIM (DUKCHPOBAHHEM HanOOJICe BAXKHBIX [OJIOKCHUI,
MOXKHO HCITIONIB30BATh CHCTEMbI YCIIOBHBIX COKpAILCHHI. B MepByro ovepens COKPAIAOTCs [UIHHHBIC CII0BA U TE, YTO OBTOPSIIOTCS B
peun JekTopa Jaiie Bcero. [Ipu 3ToM caMo COKpanieHne A0DKHO ObITh IO BO3MOXKHOCTH KPATKUM.

Cemunapckue (npaktudeckue) 3anatus CaMoCTosTebHas padoTa CTYICHTOB M0 IOATOTOBKE K CEMHHAPCKOMY (ITPAKTUYECKOMY)
3aHATHIO TOJDKHA HAYMHATHCS C O3HAKOMJICHHS C TFIAHOM CEMHHAPCKOTr0 (MIPaKTHYECKOr0) 3aHATHS, KOTOPBII BKIIOYAET B CEOSI
BOIIPOCHI, BBIHOCUMEBIE Ha 00CYKIEHHE, PEKOMEHIAIIH 0 TIOATOTOBKE K CEMHHAPY (MIPAaKTHIECKOMY 3aHSTHIO), PEKOMEHIyEMYIO
JTUTEpaTypy K Teme. M3ydeHne MaTepuaia clieqyer HadaTh ¢ MPOCMOTpPa KOHCIIEKTOB JIEKIMH. BOCCTaHOBUB B MamMsTH MaTepual,
CTYZIEHT NPUBOJNUT B CUCTEMY OCHOBHBIE MTOJIOKEHHUS TEMBI, BOIPOCHI TEMBI, BBIJEISIA B HEH TJIaBHOE M HOBOE, Ha UTO 00paIiagoch
BHUMAaHHME B JIGKIIMHU. 3aTeM ClieqyeT BHUIMATEILHO MMPOYUTATh COOTBETCTBYIOLIYIO IIaBy yUeOHHKA.

Jst Gonee yriryOIeHHOr 0 H3y9eHNUs BOIPOCOB PEKOMEHAYETCS KOHCIIEKTHPOBAaHNE OCHOBHOM 1 TOIOMHUTENIBHON TuTepaTyphl. UnTas
PEKOMEHIOBaHHYIO JINTEPATYPY, HE CTOUT MACCHBHO MPHHUMATH K CBEICHHIO BCE HAITMCAHHOE, CIIEAYET aHAIH3UPOBATh TEKCT, TyMaTh
HaJl HAM, 3TOMY CIIOCOOCTBYIOT 3aITHCH IO X0y YTEHHSI, KOTOPbIE IIPEBPALIAIOT YTEHHE B TIPOIECC. 3aliCH MOTYT BECTUCH B
pa3nuaHOI (hopMe: pa3BepHYTHIX M MPOCTHIX ILTAHOB, BHIIIHCOK (TE3MCOB), aHHOTAIINH U KOHCIIEKTOB.

IoxoGpas, oTpaboTaB MaTepHa U YCBOUB €0, CTY/ISHT IOJDKEH HaYaTh HEIOCPEACTBEHHYIO ITOrOTOBKY CBOETO BBICTYIUICHUS Ha




CEMUHAPCKOM (IIPaKTUYECKOM) 3aHSITUM JJIs 4ETO CIeAyeT IPOAYMaTh, KAK OTBETUTh Ha KaXIbII BOIIPOC TEMBI.

IMo ka>xoMy BONpOCY ITaHa 3aHATHI HEOOXOIMMO ITOATOTOBUTHCS K YCTHOMY coo0mIeHuto (5-10 MUH.), OBITh TOTOBBIM IPHHSTH
y4acTue B 00CYXK/ICHHH U JOMOIHEHHHN JOKJIAJIOB U COOOMICHHH (10 5 MUH.).

BricTymnieHre Ha CeMHHApCKOM (IIPAaKTHIECKOM) 3aHSTHH JIOJDKHO YIOBICTBOPATH CICAYIOIINM TPEOOBAHHAM: B HEM H3JIAaTraroTCs
TEOPETUYECKUE MOIXObI K pACCMAaTPUBAEMOMY BOIPOCY, JAETCS aHAJIU3 IPUHIIUIIOB, 3aKOHOB, IIOHATHI U KATETOPUI; TEOPETUUECKUE
TIOJIOKEHNS HOKPEIUIAIOTCS (haKTaMH, IPUMEPaMH, BEICTYIUICHUE TOJDKHO OBITH apryMEHTHPOBAHHEIM.

CamocrosTenbHas paboTa 00yJaroIMXCsS— 3TO INTAHUpYyeMas yaeOHast, yaeOHO-MCcClIe[oBaTebCKast, HAyYHO-HUCCIIeJOBATEIbCKAs
pabota, BBITIOIHAEMAs BO BHEAYAUTOPHOE BPEMsI I10 33JaHUIO U IPH METOIMIECKOM PYyKOBOJICTBE IIpENoiaBaTels, Ho 0e3 ero
HEIIOCPEICTBEHHOTO YYACTHS.

O0BeM caMOCTOSTENTBHON PabOTHI OnpeaeNsieTcs yaeOHbIM IUITAHOM OCHOBHOH NMPo(decCHOHAIBHOM 00pa30BaTeIbHORIIPOr paMMEI
(OIIOII), paboueit mporpaMMOi AUCUUILIMHBL (MOIYIIS).

CamocrosTensHast paboTa OpraHU3yeTCsl M IPOBOJUTCS C IEbI0 (JOPMUPOBAHHS KOMIIETEHIIHIA, IIOHIMaeMbIX KaK CIIOCOOHOCTD
MPUMEHSITH 3HAHHS, YMEHHS ¥ JIMYHOCTHBIC KAYeCTBA ISl YCIICTITHOW MPAKTUYESCKOM IeATEIBHOCTH, B TOM YHCIIE:

- (hopMHUpPOBaHMST YMEHUIA TI0 MOUCKY M UCITOIb30BAHUIO HOPMATHBHOM, TIPABOBO#, CIIPABOYHOM U CHICIIUATILHON JTUTEPATYPHI, & TAKKE
JPYruX UCTOYHUKOB HH(POPMAIINY;

- KAYECTBEHHOI'0 OCBOCHUSI U CHCTEMATH3aLUH TIOJTyICHHBIX TECOPETHICCKIX 3HAHUMN, UX YIITYOICHHS U PACIIUPEHUS MO PUMEHEHHIO
Ha YPOBHE MEXKIMPEIAMETHBIX CBSI3CH;

- (hopMHUpOBaHKS YMEHUSI IPUMEHSTH MOJMYyICHHBIC 3HAHUS HA MPAKTHKE (B POMECCHOHATBHOMN JISITENLHOCTH) 1 3aKPETUICHUS
MPaKTHISCKUX YMEHHUN 00yUJarONuXcs;

- pa3BUTHS MO3HABATEIBHBIX CITOCOOHOCTEH, (DOPMUPOBAHHUS CAMOCTOSTENEHOCTH MBIIIICHUS 00YJaIOIIAXCSI;

- COBEpLICHCTBOBAHMS PEUEBHIX CIIOCOOHOCTEH 00yUaromuxcs;

- (hopMHUpOBaHHS HEOOXOAUMOTO YPOBHS MOTHUBAIIUK 00YUYAIOIIUXCS K CHCTEMAaTHUECKOM paboTe /TS MOMyIeHHs 3HAHUH, YMEHUH U
BJIaJICHUH B IIEPHOA Y4eOHOr0 CEMEcTpa, aKTUBHOCTH 00YJAIONHXCsl, TBOPYECKOH HHHUIIMATHBBI, CAMOCTOSTEIIBHOCTH,
OTBETCTBEHHOCTH U OPTraHU30BaHHOCTH;

- (hopMHpPOBaHUS CIIOCOOHOCTEH K CAMOPa3BUTHIO (CaMOIIO3HAHHIO, CAMOOIPEICICHUIO, CAMOOOPa30BaHHIO,
CaMOCOBEPIICHCTBOBAHHIO, CAMOPEATU3ALIMH H CAMOPETYIISLIHN );

- Pa3BUTHS HAy9IHO-HCCIIEN0BATEILCKUX HABBIKOB;

- Pa3BUTHS HABBIKOB MEXJIHMYHOCTHBIX OTHOLICHHIL.

K camocrostenbHOi paboTe 1Mo JUCHUILTUHE (MOAYI0) OTHOCATCS: POpaboTKa TEOPETHYECKOro MaTepraa AUCIUIUTHHBI
(MOyJ1s1); TOATOTOBKA K CEMHHAPCKUM M MPAKTHYCSCKUM 3aHATHSM, B T.4. TIOJrOTOBKA K TEKYLIEMY KOHTPOIIIO YCIEBAEMOCTH
oOyuaromuxcsi(TeKymias aTTecTalys); MoAroToBKa K JIa00OpaTOpHBIM paboTaMm; IOJroTOBKa K MPOMEKYTOUYHOM aTTecTanuy (3a4éram,
9K3aMeHaM).

Bunpl, popMbl 1 00BEMBI CAMOCTOSTENLHOM Pab0ThI 00yUYaIOIIUXCATIPH U3YICHHH AUCIUIUTUHBI (MOIYJIST) ONPEICISFOTCS:

- COJIep)KaHNEM KOMITETEHIINH, (POPMHUPYEMBIX JTUCLUILTHHON (MOIYJIeM);

- cnetr(UKO AUCHUILTHHBL (MOAYIIS), IPUMEHIEMBIMU 00pa30BaTEIbHBIMH TEXHOJIOTHSIMH;

- TpynoeMkocthio CP, mpenycMoTpeHHON y4eOHBIM ITAHOM;

- YPOBHEM BbICIIIEro o0pa3oBanus (0akaaaBpuar, CrielIMAIUTET, MATUCTPATYpPa, aCIUPAHTYpa), Ha KoTopoM peanusyercst OITOIT,

- CTENEeHBIO MOArOTOBICHHOCTH 00YYarOIINXCs.
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BBoaHbBI TEeCcT
1. 3akon Credana-bonsimana

BeiOGepure oiuH OTBET:
a. Re=c T4
b. Re=cT"3

c. Re=cT"5

2. DHeprus KBaHTa CBETa

BbiGepure OiMH OTBET:
a. hn
b. hv

c. ho

3. BepHo 11, uto BHenHuit GoTodPEKT - TO UCIyCKaHUE IIIEKTPOHOB BEIIECTBOM MO/ AeHCTBUEM cBeTa?

BriOepuTe OJIMH OTBET:
d. HET
b. na

C. HE 3HaI0

4. Ypasuenue DiiHiuTeiHa uisi BHerHero ¢porodddexra

Beibepure oMt OTBET:
a. hv = A+mv"2/2
b. ho = A+mv"2/2

c. hv=A+mv

5. Kak HazpIBaercs ciemyromas MoJeab aToMa: ATOM - paBHOMEPHO 3apsDKEHHBIH [1ap, BHYTPU KOTOPOTO
JIEKTPOHBI

Bribepure oquH OTBET:
a. Monens Pesepdopma
b. Mognens ToMcoHa

€. Mogens bopa

6. Kak HazpBaeTcs ciemyromas MoeNb aTomMa: B IeHTpe atoMa MacCHBHOE 510, BOKPYT KOTOPOTO IBHIKYTCS
JIEKTPOHBI

Bribepure oquH OTBET:
a. Mogmens ToMmcona
b. Monens Bopa

. Mopens Pezepdopaa



7. Uemy paBHa SHEprHsi OCHOBHOT'O YPOBHS aToMa BOoposa’?

BeiOGepure ofuH OTBET:

a.-9,8 B
b.-13,6 5B
c. 13,6 5B

8. Uemy paBHa [UIMHA BOJHBI Jie Bpoilsist 1st SJ1eKTpoHa, ABIKYIIErocst co cKopocThio 10 Mm/c

BriGepure oMH OTBET:
a. 87 nm/c
b. 73 mm/c

. 50 mm/c

9.BepHo nu, uTo nocTosiHHas [1nanka papHa 6,63 *107%4?

Bepuo

10.Bepna 5n popmysa s umiysbca hotona p = h/A?

Bepno

Texymmuii Tect 1

1. B ueM 0ocoOeHHOCTH TITaHETAPHOM MO aToMa Bogopoa?

Bribepure oquH 0oTBET:
a. B nenTpe atroma HaXOIUTCSI MACCUBHOE OTPHIATENBHO 3aPSHKEHHOE SIPO
b. B 1eHTpe aTOMa HAXOAUTCS TMONOKUTETBHO 3aPSKECHHOE SIPO

c.B HECHTPE aTOMa HaXOAUTCA MACCUBHOC ITOJIOKUTEIIBHO 3apsHyKEHHOE AP0

2. I'unoresa nie bpoiins rnacur:

Bribepure oquH OTBET:
a. CBsI3aHHO# YacTHIIE CIIEAYeT COMOCTABUTD TUIOCKYI0 MOHOXPOMATHYECKYIO BOITHY
b. CBoGomHO# yacTHIlEe Clle/TyeT COMOCTABHUTD TUIOCKYI0O MOHOXPOMATHYECKYIO BOJIHY

C. Yacrurie cieayeT ComoCTaBUTh INIOCKYI0 MOHOXPOMATHIECKYIO BOIHY

3. IMocrynatsl Bopa:

BBI6CpI/ITe OJIMH HUJIN HECKOJIBKO OTBCTOB:

a. I/IznyquI/Ie 1 NTOTJIOHICHHUE SHEPIUU aTOMOM IMPONUCXOAUT IMPU HEMPEPBIBHOM IIEPEXOJAC U3 OAHOI'O
CTalMOHAPHOI'O0 COCTOAHHSA B APYIroe



b. CyHIeCTByIOT CTalMOHAPHBIC COCTOAHUA aTOMA, B KOTOPBIX OH HE U3JIYHYAaC€T U HC MMOIJIOMIACT SHEPIHUIO
C. CyHIeCTByIOT CTAallMOHAPHBIC COCTOSAHUS aTOMA, B KOTOPBIX OH U3JTy4acT, HO HE MOIIOIACT SHCPTUIO

d. MznydeHue u MOrIIOIEHHE SHEPTUH ATOMOM MPOUCXOAUT MPU CKAYKOOOPA3HOM MEePEX0Jie U3 OTHOTO
CTallMOHAPHOI'O COCTOSIHUSI B IPYroe

4. DJIeKTPOH JBMXETCS CO cKopocThio 1| Mwm/c. HaliTn IMKINYecKyro 4acToTy ero BOJHBI 10 bpois

Bribepute OiMH OTBET:
a. 4,33 *10"15 pan/c
b. 4 *10"15 pan/c
C. 5,33 *10"15 pa/c

5. Uem 3a/1aé1cs COCTOSTHUE MUKPOUYACTHUIIBI?

BeibepuTe OJMH WM HECKOIBKO OTBETOB:
a. Bonnosoii pynkimeit
b. CkopocThio u Maccoit

C. OyHKLMEN COCTOSAHUSA

BepHo MK 3anKcaH NPMHLWN CYNEPNO3IULKMKA cocToAHKA: 1 = ROy, 'E|nf)'1-|2 =1

BbibepuTe OQMH OTBET:
a. HeT

b. He 3HaW

c.na

YpasHeHWe LUpeguHrepa 3anucbiBasTCA Tak:

BbiGepUTe 0UH OTBET:
.y O 2
a.tho = %Vzw + U(z,y, 2, t)

.o Ol 2
b ih—- = —%W2¢+U[ﬂ:,y, z,t)

2
E ih% = _%v2¢ + Uz, y, z,t)



DopMyna ona NNOTHOCTM NOTOKa BEPOATHOCTH:

BblbepuTe 0QMH OTBET:

a j = = (yvyr — V)
b. j = B (YVy* + ¢ V)
c.j= (Vg — ¢ V)

9.
Bepno nu, yto ypasHenue llIpénunrepa nuueitHoe n ogHOpoaHOE?
BeiGepure oiuH OTBET:

Bepuo

Hesepno

10.

BepHo MK 3anKcaHa opmyna sdgekta KoMNToHa:

A2 — Ap = - (1 — cosb)

BhIGEPHUTE OMH OTBET:
BepHo

HeeepHo

Texymmii Tect 2

1. ®opmyna It KOMMYTaTOpa IBYX JTUHEHHBIX OMEPaTOpPOB:

Bribepure oquH 0TBET:
a. [A,B] = AB+BA
b. [A,B] = A-B
c. [A,B] = AB-BA



hopMyna AnA oNepaTtopa NPoeKLMY MOMEHTA MMNYMNbCA:

BbibepuTe 0AHH OTEET:

a L=—%v
b. Pz =—z’%%
C E:—ihf"

3. Ykaxxure CBOMCTBA CaMOCOIPSKEHHOTO OMepaTopa:

BeiOepure 0MH MM HECKOJIBKO OTBETOB!
a. CoOcTBEeHHbIE 3HAUEHHUSI CaMOCONPSHKEHHOT'0 OllepaTopa JIeHCTBUTENbHbBIE YHCIIa
b. IIpousBeaeHIe CaMOCOTPSKEHHBIX KOMMYTATHBHBIX OMEPATOPOB SIBISIETCS CAMOCOTIPSKEHHBIM OIEPaTopoM

. Cymma caMOCOIPSKEHHBIX OTIEPAaTOPOB SABJISETCS CAMOCOIPSKEHHBIM OIIEPaTOpOM

Onepatop NPoekUMKM MMAYNbChI:

BbIOepHTE O4HH OTBET:

- h @

d. Py :EEE
b. pr =—ih%
. k8
CDr = "t

5. BepHo J1i1, 9TO CHEKTp JIMHSHHOTO OIepaTopa -- 3T0 COBOKYITHOCTB €ro COOCTBEHHBIX 3HAYCHUH 1 COOCTBEHHBIX
GbyHKIMin?

Bribepure oquH 0TBET:
Bepno

Hesepno

6. BepHO 111, 9TO B KBAHTOBOW TEOPUHM OCHOBHBIM (DU3MUYECKUM BEIIMYMHAM COIMOCTABIISIOTCS CAMOCOIPSHKECHHBIE
orepaTopsr?

Bribepure oquH OTBET:
Bepuo

HesepHo



7. BGpHO JIK, 4TO (1)1/131/1‘18(3}(35[ BCJIMYMHA MOXKCT [IPUHUMATDH TC TU TOJIBKO TC 3HAYCHUA, KOTOPLIC COBIIAAAr0T C
COOTBCTCTBYIOIIMMHU 3HAYCHUAMU eé onepaTopa?

BeiOGepure oiuH OTBET:

Bepuo

Hesepno

8. BepHo 111, uro Hanboee nmosiHoe onrcaHue COCTOSHUS KBAHTOBOW CUCTEMBI JIOCTHTIAETCS 3aJaHUEM
COOTBETCTBYIOIIEH STOMY COCTOSTHHIO BOJTHOBOH (DyHKIIMH?

BeiOepure ouH OTBET:

Bepuo

HesepHo

9. BepHo 1111, 4TO OCHOBHBIM ypaBHEHHEM KBaHTOBOM TeOpHHU siBisieTcst ypaBHenue [1IBapimmnbaa?

BriOepuTe OJIH OTBET:

Bepuo

HesepHo

10.

Bepxa NMu thopmyna anA CPpefHern 3Ha4eHWA onepatopa:; d = J"ﬂ; * Adx?

BeIDEpUTE OOWH OTBET:

Bepho

HeBepHo

Kputepuu ouennBanus

KpnTepnn OLleHUBaHMS [JIs DK3aMeHa U 3a4€Ta ¢ OlleHKOil

Omnenka Kputepun
5(otmmuHo) | HdaroTcs ¢ 0OBSCHEHUSIMH BCe ONPENeNICHIs, YTBEPKACHUS TeopeM, popmynsl. [lpuBonsaTes
JIOTHYECKH CTPOTHE TO0KA3aTENbCTBA TEOPEM H BBIBOABI (POPMYIIL.
4(xoporro) JaroTcs ¢ 00BSCHEHUSIMH BCE OIPEIeNICHIS, YTBEPKIACHUS TeopeM, popmynsl. [lpuBonsaTes
YaCTUYHO JIOTUYECKH CTPOTHE JOKA3aTEIbCTBA TEOPEM U BBIBOABI (HOPMYIL.
3(ymoBi.) JaroTcs ¢ 00BSCHEHUSIMH BCE OIPEIeNICHIs, YTBEPKICHUS TeopeM, popmynsl. [IpuBonsares

OT/IENbHBIC BEIPAKEHNSI BMECTO JOKA3aTEIBCTB TEOPEM H BBIBOJIOB (DOPMYITL.

WJIN Harotcs 6e3 4eTKUX OOBSCHEHUSIMH ONPEACICHNUS, YTBEPKACHIS TeopeM, (popMyIThL.
[TpuBOOSTCS 3IEMEHTHI TOKA3aTENECTB TEOPEM U BBIBOIOB (hOPMYII.

2(HeymoBi1.)

Jarorcst 6e3 4eTKuX OOBSICHEHUSIMH OIPEIEICHUS, YTBEPKICHUS TeOpeM, (popMyIIbL.
[IpuBoasTCs OTAETBHBIE BRIPAYKEHHUSI BMECTO JI0KA3aTENILCTB TEOPEM U BHIBOAOB (hopmyiI.




KpuTtepnn oueHuBanmusi st 3a4eTa

Onenka

Kputepuu

3a4TeHo

Jarorcst ¢ 00BbsICHEHUSIMH BCE OIIPEIEICHUs, YTBEPXKICHUsI TeopeM, Gpopmyisl. [IpuBomsTes
JIOTHYECKH CTPOT'He J0Ka3aTeNbCTBAa TEOPEM U BBIBOABI (hOPMYJIL.

Jarorcst ¢ 00BbsICHEHUSIMH BCE OIIPEIEICHUs, YTBEPXKIACHUsI TeopeM, Gpopmyisl. [IpuBomsTes
YaCTHYHO JIOTUYECKH CTPOTHE JI0Ka3aTebCTBa TEOPEM U BBIBOJIBI (POPMYIIL.

Jarorcst ¢ 00BbSICHEHUSIMH BCE OTPEENICHUS, YTBEPKACHUS TeopeM, Gopmynsl. [IpuBoasTes
OT/IENBHBIE BEIPKEHUSI BMECTO JJOKA3aTEJIbCTB TEOPEM H BHIBOJIOB (DOPMYII.

WJIN [Jatorcs 6e3 ueTkux 00bsSCHEHUSMH ONPEEIICHUS, YTBEPKISHUS TEOpPEM, (OPMYIIBL.
[TpuBOASTCS EMEHTHI 10KA3aTeNILCTB TEOPEM U BBIBOJIOB (hOPMYII.

He 3aureno

Jarorcst 6e3 4eTKUX OOBSICHEHUSIMH OIIPEIETICHUsI, YTBEPXKICHHUS TeopeM, (popMyJIbl.
[TpuBoASATCS OTAENBbHBIEC BBIPAXKEHHS BMECTO JI0KA3aTENILCTB TEOPEM U BBIBOAOB (hopmyi.

Kpurtepun oueHMBaHMs /1 KOHTPOJIbHOW padoThI

Ormenka Kputepun
S(otanuno) | Jlaercs MOJMHOE peleHHe BCeX 3aad, BO3MOXHBI MEJIKHE HEO0UETHI.
4(xoporto) OpHa 3a7a4a pelieHa MoJHOCThIO, XOTS JOITyCKalOTCsl MEeJIKKE HeAo4eThl. BTopas 3amada
pelIeHa YaCTHYHO.
3(ymoBi.) 3amaun pemieHsl YyacTU4HO. [IpuBOIATCS MpaBIIIBHBIE XOBI PEIICHHIA.
2(neynosin.) | Pemenus Het. [IpHBOASATCS TONBKO OTAETIbHBIE HECBSI3HBIE BHIPAYKECHHS.

KpnTepml OLICHUBAHUA /ISl TECTa

Omnenka Kputepun
S(otimuno) | 91 — 100 Gamtos
4(xopor1o) 76-90 GaioB
3(ymoBit.) 60 — 75 6anoB
2(meynoBi.) | meHsine 60 OamioB
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