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PABOYASA NMPOrPAMMA YYEBHOWU OUCLUMIIUHDI

B51.0.26 — KeaHmoeasi meopusi
Kod u HaumeHosaHue OuCYUNIuHbl 8 COomeemecmauu ¢ y4ebHbIM MiiaHoOM

1. Koa u HauMeHoOBaHuUe HanpaBlieHus nogrotoBku/cneyuaribHOCTHU:

03.03.02 — chu3uka

2. Mpodunb noaroToBku/cneunann3auus: JoepHas u MeduyuHckas ¢usuka, Puauka 1a3epHbIX U

crekmparsnbHbix mexHonoaull, Quauka meepdoz0 mena

3. KBanudukaumsa BbINyCKHUKA: 6akanasp

4. Dopma oOy4eHuUs: oyHas (OHeeHas)

5. Kachegpa, oTBeualolas 3a peanusauuio AUCLIMNIUHLI: 0802 — meopemuyeckol chusuku

6. CocTtaBuTenu nporpamMmmsbl KopHes Anekcell CmaHucnasosuy

®HUO
0.¢b.-M.H. doueHm
yuenas CMENEHb y’~l€H0€ 38aHUe
Marakos Hukonati JleoHudosu4
0.¢h.-M.H. npogpeccop

YueHas cneneHsv

Y4eHoe 38aHue

7. PekomeHpoBaHa: HMC ¢usuyeckozo pakynbmema om 17.06.2022 2. npomokosi No 6

(HaumeHosaHue pekomeHAyroueld cmpykmypsl, ama, HOMep NpPomoKosna)

8. YueOHbIN roa: 2024 - 2025 CemecTtp(bl)/TpumecTp(bl): 56




9.llenn n 3apaum y4yeOGHOW AMCUUNNUHLI: Llenb avcuunnuHbl — AaTb CTyAeHTam rryGokoe
NOHVMaHNe 3aKOHOMEPHOCTEN MUKPOMMPA, HAyYUTb NMPUMEHSTb BblYUCIIUTENbHBIE METOAblI KBAHTOBOW
TEOPUM ANIS PelleHusl pasnuyHbIX NpuKnagHbix 3agadv. CTygeHT OOoMkeH OBnageTb MaTemMaTUYeckum
annapatoM HepensiTUBUCTCKOM KBAHTOBOW TeOpuW, MPUOOPECTM HaBbIKM €ro  NpakTU4ecKoro
NMPUMEHEHMSI U HA 3TOW OCHOBE MNosyyaTb SICHOE MpeacTaBlieHne o pu3ndeckor NpUpoae KBaHTOBbIX
SIBMEHWIN, UMETb NOHSITUE O PENATUBUCTCKOWM KBAHTOBOW MEXaHMKe U YeTKoe npeacTaBrieHne o rpaHuuax
NMPUMEHUMOCTM KBAHTOBbIX 3aKOHOB W WCMOMb3yEMbIX BblYUCIUTENbHLIX MeTodoB. OH  JormkeH
NOHMMaTb, YTO KBAHTOBAsi MEXaHUKA eCTb Hay4Hasi OCHOBA COBPEMEHHbIX HAHOTEXHOOTUIA.

10. MecTo yyebHOM gucumnnuHbl B cTpykTtype OOI: Asnserca gucuunnvHoi 6asoBoi YacTtu.
Kypc 3HaKoMUT C COBPEMEHHBIMU TEOPETUYECKMU METOAAMU ONUCAHUSI CBOWCTB KBAHTOBbLIX CUCTEM U
TEOPETUYECKMMYM NOAXOAAMU K UCCMEAOBaHUI0 B HUX PasfuYHbIX AMHamMuYeckux npoueccoB. CTyaeHT
[OIKEH obnaaaTtb 3HaHUAMM MO AWUCUMNIMHAM, OTHOCSILLMMCS K 0bLlein dusnke, aTOMHOW U SAepHOi
husmke, maTemaTuke, a Takke Mo AUCUMNIMHAM «TeopeTuyeckas MexaHuka U MexaHuka ChIloLHbIX
cpen» v «OneKkTpoanHaMukay, BrageTb OCHOBHLIMU MaTeMaTUYECKUMMU NPUEMaMUN U METOAAMMU.

11. MnaHupyemble pe3ynbTaTbl 00y4YeHUs NO AucuunnuHe/moaynio (3HaHUA, YMeHus,
HaBblKN), COOTHECEHHbIEe C NNIaHUPyeMbiMU pe3yribTaTaMu OCBOEHUA obpa3oBaTesnibHON
nporpaMmmbl (KOMNEeTEHLUAMU) U MHAUKATOPAMU UX OOCTUXKEHUS:

Kog HasBaHue Koa(bl) UnaunkaTop(bl) MnaHnpyemble pesynbTaTtbl 06y4eHus
KOMNeTeHuun
Orl1K-1 | CnocobHocTb OlK-1.4 | YMeHue pewatb TUMNOBbLIE | 3HATL. OCHOBHbLIE TMMONIOXEHUa W©
NPUMEHATb 3afa4n C y4eToOM OCHOBHbIX | meTOoabl KBAHTOBOW MeXaHUKW,
6a3oBble 3HaHUA NOHATUN 7] obumx
B obnactu 3aKOHOMEPHOCTEWN, yMeTb: MCMOMb30BaTh B
¢pu3nKo- C(POPMYIMPOBAHHbIX B npodeccmoHanbHon OeaTenbHOCTH
MaTeMaTn4ecKnx pamkax 6a30BbIX OUCLUNANH .
y () ECTECTBEHHbIX HayK (Npexae 3HaHMA O CBOWCTBax KBAHTOBbIX
€CTeCTBEHHbIX BCEro xumun, Ouonoruw, obbekToB " meToaax nx
Hayk B cdepe akornorun, Hayk o 3semne u | NCCIEAOBaHMS, NPUMEHATD
cBoen Yyenoseke) nony4yeHHble 3HaHUA Ona OCBOEHUA
npodeccuonaneH | OlMK-1.5 | YmeHue ncnonb3osath | MPOPUMbHBLIX AncumnmnH 7
Ol AesiTeNbHOCTH 3HaHWsi OCHOBHbIX 3aKOHOB | peLLeHus npodeccmoHarnbHbIX
€CTEeCTBEHHOHAYYHbIX 3afav;
ONCUMNIWH B
NpocheccuoHanbHo BnafeTb: NPakTU4ecKUMn MeTogamm
AEATENLHOCTY MCCNEefOBaHNs! KBAHTOBbLIX CUCTEM U
OrK-1.6 | Bnanerue HaBbIKaMV NPMMEHATb WX Ha MpaKTUKe npu
NCMOMb30BaHNA 3HaHUM O
MeToaax MCCREeoBaHMS, peLueHumn npodyeccnoHanbHbIX
COBPEMEHHbIX  KOHLienuusix, | 3aAad
OOCTWDKEHUSIX "
OrPaHNYEHUSAX €CTECTBEHHbIX
Hayk npw peLleHnm
npakTU4YecKmx 3agau,
CTPYKTYPUPOBaHUS
€CTEeCTBEHHO-Hay4HOW
nMHpopmaLum

12. O6bem gucuunnuHbl B 3a4eTHbIX eauHMUax/Yac. (s coomeemcmsuu ¢ y4ebHbIM MIaHOM) —
71252.

dopma npOMe)KyTOHHoFI aTtTecTauMnUn(zavem/sk3ameH) 3a4eT, IK3aMeH



13. TpyaoemkocTb No BMAam y4ebHom paboTbl

TpyaoemMKkocTb
Bug yuebHow paboTbl Bcero Mo cemecTpam
5 6
AyanTOpPHbIE 3aHATUSA 162 84 78
Jlekuyumn 62 34 28
npakTndeckme 76 34 42
B TOM ymucne: nabopartopHkle
rpynnosas 24 16 8
KOHCYynbTauus
CamocTtoaTensHas paborta 54 24 30
B TOM Yucne: Kkypcosas pabota (Npoekr)
y 3avem, 3avem Ok3ameH — 36
dopma NpoMeXyTOUYHOWN aTTecTaLmm
(3Kk3ameH — __yac.) 3K3a:;\geH )
Utoro: 252 108 144

13.1. CopepkaHne ANCLMNIIUHBI

Ne n/n

HanmeHoBaHue pasgena
OVNCLUMNIUHBI

CopepxaHue pasaena aucUununHb

Peanusauus
pasgena
ONCUMNNWHbI C
NOMOLLbIO
OHMawnH-Kypca,
JYMK*

1. NNekunn

1.1

Beepgenune. BonHoBas
OyHKUMA

OcHoBbI kBaHTOBOM Teopun. OCHOBHbIE TPYQHOCTU
Knaccudeckon Teopumn. KpaTtkmin o4epk ncTtopum
CTaHOBNEHNS KBAHTOBOW Teopuun. KBaHTOBbLIE
cocTosiHusA. BonHoBas yHKuna. BeposaTHocTHas
uHTepnpeTauus. MNpuHuun cynepnosuunm. BonHoson
naker.

1.2

Onepatopsbl husnyecknx
BENNYMH N NX CBONCTBA

CpefHve 3HayeHnsa KoopavHaT U nMmnynscoB. Anrebpa
onepatopoB. CoBCTBEHHbIE 3HAYEHNA U COOCTBEHHbIE
dyHKUuM  onepatopoB. CBoWcTBa  COBCTBEHHbIX
3Ha4YeHUn U  COBCTBEHHbIX  (DYHKUMN  JIMHEWHbIX
3pMUTOBLIX  onepatopoB.  OpToroHanbHOCTb U
HOpMMpOBKa COBCTBEHHBbIX (OYHKUMI onepaTopa ¢
OVNCKpPEeTHbIM CcnekTpoMm. HopmupoBka COBCTBEHHbIX
PYHKUMI onepaTopa C HeNpepbIBHbIM CMNEKTPOM.
YcnoBne  COBMECTHOIO  M3MEpPEeHUs  pasfnyHbIX
MEeXaHN4YeCKNX BEMWYVH. CooTHolweHne
HeonpeaeneHHOCTEN.

1.3

YpaBHeHue LpeauHrepa

MocTynupoBaHue ypaBHeHNA LWpeauHrepa.
CraunoHapHoe ypaBHeHue LlpeauHrepa. YpaBHeHue
HenpepbIBHOCTN.

1.4

MN3meHeHne cocTosiHUI co
BpPEMEHEM

CtauunoHapHble cocTosiHusA. CBOMCTBa CTauMOHapPHbIX
coctosHun. [OudbdpepeHumpoBaHne onepaTtopoB Mo
BpemeHu. KeaHToBble ckobku [lyaccoHa. WVHTerpansl
NBWXEHUS. CBA3b  WHTErpanoB  OBWXEHUA  C
cnMmmeTpuen 3agadn. TeopemMbl peHdecTa.

1.5

OaHomepHble 3agayun

1-mepHble 3agauun. CeoKcTBa QUHUTHOIO 1-MepHOro
aBwxeHus. JIMHEeMHbIA rapMOHUYECKUMW OCLMINATOP,
CMEKTP 3HEeprui, BOJTHOBbIE (OYHKLUM CTaLMOHaPHbIX
cocTosiHMI. CpaBHEHME KITaCcCUYecKoro u KBaHTOBOrO
peleHun gnsi ocumnnaTopa. 1-mepHoe OBWXEHME B
OLHOPOOHOM norse.

1.6

[BuxeHne B LEHTPanbHOM
none

O6wan Teopusi OBWXKEHUS B LEHTpanbHOM nore.
CobcTBeHHblIE PYHKUMM N COBCTBEHHbIE 3HAYEHUS
onepaTtopoB KBagpaTa YIroBOro MOMEHTa W ero




NpoeKuMn Ha [daHHoe HanpaBneHue. PaspgeneHue
NnepeMeHHbIX B LeHTpanbHOM none. PagnanbHoe
ypaBHeHue LLpeauHrepa. O6Line cBoWCTBa peLUeHUs.
AHanua ycnosuin nageHus Yactuubl Ha ueHTp. Metoq
peleHns 3agayM [OBYX Ten C  LUeHTpasbHbIM
B3aumogenctemem. ATom Bogopoda. PelweHune
paguanbHOro YypaBHEHUsi. JOHepreTUyecKkuin CrnekTp.
[BumxeHne B  KynOHOBCKOM Nofe B  cnyyae
HenpepbIBHOroO cnekTpa. PacnpegeneHnue
3NEKTPOHHOM  NMNOTHOCTM B aToMe BogopoAa.
MarHUTHbI MOMEHT B aTOMe Bogopoaa.

1.7

Teopusa npeacraBneHnmn

Teopus npeactaBneHuit. KoopanHatHoe, MMMynbCHOE
M SHepreTnyeckoe npeacTaBneHns AONS  BOJIHOBOW
dyHKUMN. Teopua npencrtaBneHUn Ona onepaTopos.
MaTpuyHas dopMynMpoBKa KBAHTOBOW MeEXaHMUKMU.
OnucaHve BpeMeHHOW 3BONIOLUM CUCTEMbI B KapTUHE
en3eHbGepra. npakoBckuin hopmanmnsm.

1.8

KBasuknaccunyeckoe
npuénuxeHune

KBasuknaccuyeckoe pelleHve ypaBHeHUs
WpeanHrepa. Metog BKB. d®opmyna kBaHTOBaHUSA
Bopa—3ommepdensbaa. [NpoxoxaeHue MuKpodacTul
CKBO3b MOTEHUManbHbIN 6apbep B KBA3MKIACCUYECKOM
NPUBNUXKEHUN.

1.9

MpubnmxeHHoe pelueHne
CTaLMOoHapHbIX 3a4ay

CrauunoHapHas Teopus BO3MYLLEHUN ans
HEBLIPOXAEHHbLIX YPOBHEN. YCNOBUS MPUMEHUMOCTW.
Teopus BO3MyLLEHUA AN OBYX ONU3KUX YPOBHEW.
Teopus BO3MYLLEHWUA MPU  HanuM4yMm BbIPOXAEHUS.
BapuaumnoHHble meTogbl: metoq LpeaunHrepa n meTtoa
PuTtua.

Teopus KBaHTOBbIX
nepexonos

Teopusi KBaHTOBbLIX MNEepPexodoB ANA BO3MYLLEHWUH,
OEVCTBYIOLLIMX B TEYEHWEe KOHEYHOro MpoMeXyTKa
BpeMeHn. Teopus KBaHTOBbIX MEepexodoB AN
rapMOHUYECKMX BO3MYyLLeHun. "3onotoe" npaBuno
Depmu.

HepeJ'IHTI/IBI/ICTCKaﬂ Teopusa
n3nyyeHuna

famMunbTOHMaAH  3apsHKEHHOWN MUKpOYacTuLbl B
anekTpoMarHutHom none. Cnyyanm cnaboro nons.
MoHoxpomaTudeckas BOIHA. MornowieHne 7]
BbIHYXXJEHHOE 9MNeKTPOMarHUTHoe Wu3nyyeHue cBeTa
atomamu. CnoHTaHHoe usnyvyeHue. OnNnHHOBONHOBOE
npubnuxeHune. MNpaBuna otbopa ONs SNEKTPUYECKOro
OUNONBHOIo U3nydeHnsi. Bpemsi xxm3Hn atomoB.

KBaHTOBasa Teopus
paccesaHus

[MocTaHoBKa 3agaydn B TeOpUM paccesiHus. YpaBHeHue
LWpeanHrepa B nHTerpansHon dpopme. PyHkumusa MpuHa
Ansa cBo6OJHOro OBVKEHMUS.

HepenaTtusucrtckas Teopus
CMWHa 3MNeKTpoHa

CnvHOBbBIN MOMEHT anekTpoHa. MartpuyHas dopma
onepatopoB. Matpuubl lNaynu. BonHoBble ¢yHKUUK
CMUHOBBIX  cocTosHuW. ChvHOBasd  nepemMeHHas.
CnvHop. [BWKeHWe  3apsbkeHHOM  4YacTuubl B
MarHuTHoMm none. YpaBHeHve [laynu. OddpekT
3eemaHa.

TeOpI/IFl MHOImMX 4acTtumy,

YpaBHeHune LWpenunHrepa ons cucTembl
TOXOECTBEHHbIX 4Yactuy. CuMMMeTpusi  BOJTHOBOM
dyHKuun. Ceasb co cnuvHoM. lMpuHumn MNaynu. Metoa
XapTpu. Teopus atoma renms. OCHOBHOE COCTOSIHME.
Bo3byxaeHHble cocTosiHus. KynoHoBckoe n o6MeHHoe
KYNOHOBCKOE  B3aummMogenctsume. TpunneTHbln W
CUHIMETHbIN renun.

PensiTMBUCTCKasi KBaHTOBast
Teopust

YpaBHeHue KnenHa-lopgoHa gna  cBobogHom
YacTuubl. [IOCTOMHCTBO (@aHTUyYacTuubl) U HeJOCTaToK
(otcyTcTBME cCnuHA). YpaBHeHne [upaka. Matpuubl
Hupaka. bucnmHopbl. CBobGogHoe aBwxkeHue. CnuH B
Teopun  [Oupaka. CnupanbHocTb. [lpeaenbHbiii
nepexop K ypaBHeHuio Maynu.

2. NpakTnyeckne 3aHATUA




2.1

Beegenune. BonHoBas
OyHKUMA

KBaHTOBbIE COCTOSIHMSA. BonHoBasa pyHKUMS.
BeposTHOCTHasa nHtepnpeTtauus. Hopmuposka.
MpuvHUKMN cynepno3nunn. BonHOBOW NakeT.

2.2

OnepaTopbl PU3NYECKNX
BENUYMH U NX CBONCTBA

CpeaHve 3Ha4yeHns KoopavHaT 1 nMnynbcoB. Anrebpa
onepatopoB. CobCTBEHHbIE 3HAYEHUS U COBCTBEHHbIE
dyHKUuK  onepatopoB. CBolMcTBa  COBCTBEHHbIX
3Ha4YeHMN U  COBCTBEHHBLIX  (PYHKUMIA  NMHENHbIX
3pMUTOBLIX  onepatopoB.  OpTOroHanmbHOCTb U
HOpMUpPOBKA COBCTBEHHbLIX (PYHKUMW onepaTtopa C
ONCKpPEeTHbIM  cnekTpoMm. HopmupoBka COBCTBEHHBIX
dyHKUUIA onepaTtopa C HenpepbiBHbIM  CMEKTPOM.
YcnoBne  COBMECTHOIO  M3MEpPEHUs1  pasfnyHbIX
MEeXaHNYeCKNX BEMWYVH. CooTHolweHne
HeonpegeneHHOCTEN.

2.3

YpasHeHue LpeauHrepa

BpemeHHoe ypaBHeHue LpeauHrepa. CtaumoHapHoe
ypaBHeHue LLpeguHrepa. YpaBHeHe HenpepbIBHOCTU.

24

MN3meHeHne coCTosIHUI CO
BPEMEHEM

CrtaumoHapHble cocTosiHusi. CBOMCTBA CTaLMOHAPHbIX
coctosHun. OunddpepeHumpoBaHue onepaTtopoB Mo
BpemeHn. KBaHToBble ckoOku [MyaccoHa. VHTerpanbl
aoBwkeHnsi.  CBA3b  WMHTErpanoB  OBWKEHWS  C
cuMmmeTpuen 3agadun. Teopembl QpeHdecTa.

25

OpHomepHble 3agayn

1-mepHble 3agayun. CBoncTBa QUHUTHOrO 1-mepHOro
aBuxeHus. [lpsmoyronbHas noTeHUManbHaa dma.
JIVHENHBIN  FApPMOHMYECKUIA  OCUUIAATOP,  CNEKTp
3Heprum, BOMHOBble  (PYHKLUMM  CTaLUOHApPHbIX
cocTosiHMn. CpaBHEHUE KNacCUYeckoro m KBaHTOBOrO
peLueHnn Ans ocumnnaropa.

26

[BuxeHne B LEHTPanbHOM
none

Ob6uwaa Teopuss OBWXEHUA B LEHTpanbHOM nore.
CobcTBEHHbIE (QYHKUMM U COOCTBEHHbIE 3HAYEHUS
onepaTopoB kBagpaTa YIMOBOrO MOMEHTa W €ro
npoekuMm Ha [aHHoe HanpaBneHue. PasgeneHue
nepemMeHHbIX B LEHTpanbHOM none. PaguanbHoe
ypaBHeHue LpeguHrepa. ATom Bogopoaa. PeweHune
paguanbHOro YypaBHEHUsi. JOHepreTUYecKkuin CrekTp.
PacnpegeneHne 9nekTpoHHOW MMOTHOCTM B aTtome
Bogopoaa. MarHuTHbIi MOMEHT B aTOMe BOAOpOoaa.

2.7

Teopusa npeacTasneHui

Teopus npeactaBneHuit. KoopanHatHoe, MMMynbCHOE
W 3HepreTuyeckoe npeacTaBneHns Ans BOMHOBOW
dyHKuuKn. Teopus npeacTaBneHur AnNs onepaTopos.
[upakoBckun popmanusm.

2.8

Ksasuknaccuyeckoe
npubnmxeHne

KBasuknaccuyeckoe pelueHue ypaBHeHus
WpeanHrepa. Metog BKB. ®opmyna kBaHTOBaHUSA
Bopa—3ommepdenbaa. [poxoxaeHne MUKpoYacTuL
CKBO3b MOTEHUManbHbI 6apbep B KBA3MKIIACCUHECKOM
NPUGNKEHNN.

29

MpnbnmxeHHoe pelueHne
cTauMoHapHbIX 3adad

CrauuoHapHas Teopus BO3MYLLEHWI ans
HEeBbIPOXAEHHbIX YPOBHEN. Teopus BO3MYLLUEHUA Ons
OBYX OnM3Kux YypoBHeW. Teopuss BO3MYLLEHUN Mpwu
HanM4nmn BblpoXXaeHnsa. BapnaumoHHbin metog Putua.

2.10

Teopusa KBAHTOBbIX
nepexonos

Teopuss KBaHTOBbLIX MNEPEXOAOB AN BO3MYLLEHUN,
OEeNcTBYOWNX B TeYEHMe KOHEYHOro npoMexyTka
BpemeHn. Teopusi KBAHTOBbLIX NepexonoB  Ans
rapMoHMYeCKMX BO3MyLLeHun. "3onotoe" npasuno
Depmu.

2.11

HepenaTtusucrtckas Teopus
N3nyyeHns

MornoweHne ” BbIHYKOEHHOE 3rIEKTPOMarHUTHoe
n3nyyeHne ceseta atomamu. CnoHTaHHOE W3NyYeHue.
[nvHHOBOMHOBOE npubnmkeHue. [lpaBuna oTbopa
Onst 9NeKTPUYECKOro AMNOSbHOIO M3nydeHusi. Bpems
)KM3HM aTOMOB.

2.12

KBaHTOBasa Teopus
paccesaHus

[MocTaHoBKa 3agavn B TeOpUM paccesiHus. YpaBHeHue
LWpeanHrepa B nHTerpansHon dpopme. PyHkums MpuHa
Ans cBo6OOHOro OBVKEHMUS.

2.13

HepenaTtusucrckas Teopus

CnvHOBBI MOMEHT anekTpoHa. MartpuyHas dopma




CMnHa 3neKTpoHa onepatopoB. Matpuubl Naynu. BonHoBble ¢YyHKLUK
CMUHOBBIX  cocTosHun. ChnvHOBasd  nepemMeHHas.
CnuHop.

2.14 Teopus atoma renud. OCHOBHOE  COCTOSIHME. | -
Bo3byxaeHHble cocTosiHMs. KynoHoBckoe n o6MeHHoe
KYNOHOBCKOE  B3aummogenctsue. TpuNneTHbIn 1n
CUHINETHbIN refvn.

Teopusa MHOMMX YacTul,

2.15 YpaBHeHue KnenHa-TopgoHa gna  cBobopgHowm | -
PenstmuBuctckasa kBaHToBas | Yactuubl. YpaBHeHne [Oupaka. Matpuubl [Oupaka.
Teopusi BucnuHopbl. CBoGoagHoe gwkeHue. CnuH B Teopuun
[upaka.

* 3anosiHsemcs, ecsiu omoesibHble pa3desibi OUCUUMIIUHBI U3y4aomcsi ¢ NoMOWwbio OHNalH-Kypca. B KosoHke
lNpumeyaHue HeOb6Xx00UMO yKasamb Ha3gaHue oHnalH-Kypca unu QYMK. B Opyaux criyyasix e syeliku cmagsmcs
rpoyepKu.

13.2. Tembl (pasgenbl) AUCLUNIIUHBLI U BUAbI 3aHATUNA

Bugpbl 3aHsaTUN (4acoB)
Ne Haumerosarive Temb! I oBas CamocTosATenbHas
n/n (pasgena) oucumnnuHbI Jlekuum | MpakTndeckne pynn Bcero
KOHCyNnbTauusi paboTta
5 cemecTtp
1 BeegeHve. BonHoBas dyyHKLMS 2 2 2 2 8
2 OnepaTtopbl hnsnyecknx
BEMNWYMH N UX CBONCTBA 6 4 2 4 16
3 YpaBHeHue LpeanHrepa 2 2 2 6
4 M3meHeHne cocTosHUIM co
BpEMEHEM 4 6 2 4 16
5 OpgHoMepHbIe 3agayn 4 6 2 2 14
6 [BwkeHne B LeHTpanbHOM
none 6 6 2 4 18
7 Teopus npeacTaBneHnmn 6 6 2 4 18
8 KBasuknaccuyeckoe
npubnmxexHune 4 4 2 2 12
6 cemecTp
9 MpnbnmxeHHoe pelueHne
CTauMoHapHbIX 3agad 4 6 1 4 15
10 | Teopus KBaHTOBbIX NEPEXOA0B 2 4 1 4 11
11 HepenstuBnctckasa Teopus
n3nyyeHus 4 6 1 4 15
12 KBaHTOBas Teopus paccesHus 4 8 1 6 19
13 HepenstuBnctckas Teopus
CMnHa 3reKkTpoHa 4 6 1 4 15
14 Teopust MHOIMX YacTtumu 4 6 1 4 15
15 PensituBncTckas kBaHToBast
Teopus 6 6 2 4 18
Utoro: 62 76 24 54 216

14. MeToaun4yeckme ykasaHus onsi ooy4aroLmxcsa Nno 0OCBOEHUIO ANCLUNIINHbBI:
(pexkomeHOayuu 0byHaUUMCS MO0 0C80EHUK QUCUUIMNIIUHBI yKa3aHue Haubosiee CrioXHbIx pa3desos, paboma ¢
KOHcrekmamu fekyud, rnpe3eHmayuoHHbIM Mamepuasiom, pekomeHOayuu no 8bINnofIHEeHUK Kypcogol pabomel, ro
opeaHu3ayuu camocmosimenbHoul pabomal o ducyurnuHe u op.)

Heobxodumo cmpozo criedogamb pekoMmeHdayusam rnpernodagamersis rio U3y4eHUto Mamepuarna.
CucmemMamuydecKu 8bInonHIMb 3adaHusi, npednazaeMsle npernodasameriem.

15. lepeyeHb OCHOBHOM W [AOMOSIHUTENIbHOM nUTepaTypbl, PECYpPCOB WHTEpPHEeT,

HeoOXoaUMBIX ONA OCBOEHUSI ANCLMNIIUHBI (Criucok iumepamypbl 0GhOPMISEMCS 8 COOM8emcmeauu
¢ mpebosarusivu TOCT u ucrionb3yemcsi obujasi CKeo3Hasi Hymepauyusi 05151 ecex 8U008 UCMOYHUKO8)




a) OCHOBHasg nuteparypa:

Ne n/n McTOYHMK

KonbimuH, Neope Bacunsesuy. KeaHmosasi meopus : Kypc nekyud. 4.1/ U.B. KonbimuH
, A.C. KopHes, H.J1. MaHakoe ; BopoHex. 2oc. yH-m .— 2-e u30. — BopoHex : J1Ol1

1 Bry, 2007 .— 111 c // «YHueepcumemckas 6ubnuomeka online»: 311€KmpoHHO-
bubnuomeyHas cucmema. — URL :
http:.//www.lib.vsu.ru/elib/texts/method/vsu/may07111.pdf

2 Haebidos, A.C. KeaHmosas mexaHuka / A.C. [aebidos. — CIl16: EXB-lemepbype,
2014. — 703 c.
JlaHday J1.[]. Teopemuyeckas pusuka. T. Ill: KeaHmoeas mexaHuka

3 (Hepensmusucmckass meopus) / J1.4. JlaHOay, E.M. flugpwuy. — M.: @uamammum,
2015. — 800 c.

6) gononHWTenbHaa nuTeparypa:

Ne n/n MCTOYHMK

KoneimuH, N.B. KeaHmoeasi meopus: Kypc riekuyuti 0s1s sy3os 4.2/ A.C.KopHes,

4 H.J1.Marakos, M.B.®posios — uzdamersibcko-ronuepagudeckuli ueHmp BIY, 2008 — 88
c. http://www.lib.vsu.ru/elib/texts/method/vsu/m08-189.pdf

5 banawos, B.B. Kypc keaHmoegou mexaHuku : YyebHoe nocobue 0rs cmyod. ¢bus.gpak.
Y. 1/B.B. banawos, B.K. JonnuHoe .— M. : 1130-60 Mock. yH-ma, 1974 .— 379 c.

6 banawos, B.B. Kypc keaHmoeoul mexaHuku : Y4ebHoe nocobue 0nsi cmyd. pu3s.qhak.
Y. 2/B.B. banawos, B.K. [JonuHos .— M. : 130-e0 Mock. yH-ma, 1978 .— 196 c.

7 Cokoros A.A. KeaHmoesasi mexaHuka / A.A. Cokonos, .M. TepHos, B.Y.
XKykoeckuti .— M. : Hayka : @uamamnum, 1979 .— 528 c.
JlaHday, J1.[. Teopemuyeckas ¢pusuka. T. lll: KeaHmosasi mexaHuka

8 (Hepensmuesucmckas meopus) / J1.. JlaHday, E.M. Jlucpwuy. — M.: @uamamum,
2001. — 803 c.

9 Gnoxunyes, [.1. OcHoebl keaHmosol mexaHuku / [J.U. brioxuHues. — CI16: JlaHb,
2004. — 664 c.
lanuuykud, B.M. 3ada4u no keaHmoeoul mexaHuke : y4ebHoe nocobue 0ris cmyd. ¢bus.

10 crnieyuanbHocmel 8y3o8 : 8 2 4. / B.M. Nanuukut, 6.M. KapHakos, B.U. KoeaH .— M. :
Edumopuan YPCC, 2001.

B) MHOPMALIMOHHbIE 3NIEKTPOHHO-00pa3oBaTenbHble pecypcbl (0duLlmanbHble pecypchbl MHTEPHET)™:
Ne n/n Pecypc
11 https://lib.vsu.ru/elib/texts/method/vsu/m20-121.pdf

* Bnavane ykasbiBaotca OBC, ¢ koTopbiMM wumeroTcs goroBopa y BIY, 3arem OTKpbITble 3MEKTPOHHO-

obpasoBaTerbHble pecypchbl, OHNamH-kypcbl, YMK

16. lMepeyeHb y4yeOHO-meTOOMYECKOro obGecneyvyeHUss ANA CaMOCTOATENIbHOM paboThbl
(y4ebHo-Memodudeckue pekomeHdayuu, rnocobusi, 3adayHUKU, MemoOu4YeCcKue yKa3aHUsi M0 BbIMOSTHEHUIO

rpakmu4eckux (KOHMPOJIbHbIX), Kypcoabix pabom u dp.)

Ne n/n McToYHNK
1 @nozee, 3. 3adayu rno keaHmMosol MexaHuke : 8 2 4. / 3. @nrozee ; rnep. ¢ aHan. b.A.
JIbicosa; nod ped. A.A. Cokonosa .— Yepenosey : Mepkypud-lpecc, 2000.

17. O6pa3oBaTenbHble TEXHONOMNU, UCNoNb3yeMble Npu peanusaumm y4eoHom
AVUCLMNIINHBI, BKITIOYasA AUCTaHLUMOHHbIe obpa3oBaTenbHble TexHonoruum (OOT,
3neKTpoHHoe obyyeHue (30), cmewaHHOe 0bGy4eHune):

18. MaTepmnanbHoO-TeXHU4YECKOEe obecneyeHme AUCLUNIINHDI:

JlekunoHHast ayauTopms, focka, yiebHas nutepaTypa, AMCMeHbIR Knacc.



https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=8554&TERM=%D0%9A%D0%BE%D0%BF%D1%8B%D1%82%D0%B8%D0%BD,%20%D0%98%D0%B3%D0%BE%D1%80%D1%8C%20%D0%92%D0%B0%D1%81%D0%B8%D0%BB%D1%8C%D0%B5%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/elib/texts/method/vsu/may07111.pdf

19. OueHo4HbIe cpeaAcTBa ANs NpoBeAeHUs TeKyLen U NPOMEeXYyTOYHON aTTecTalun

MopsOooK OLEHKM OCBOeHWUst obyvarowmmucss y4ebHOro Martepuana onpegensietcs
coaepkaHneMm crneayoLwmx pasgenos ANCUMNINHBIL

No HaumeHoBaHve KoMmneTeH UnaunkaTop(bl)
. /|_'| pasgena QucCuuniuHbl ws(n) OOCTWKEHNS OueHouHble cpecTBa
(moayns) Y KOMMeTEeHL MM
Pasgens 1.1 — 1.15 OnK-1.4 KOHTpoOrnbHasi paboTa 1, KOHTpOnbHas
1. 2 1 52 15 ’ e OnkK-1 OnK-1.5 paboTa 2, KoHTponbHasa paboTa 3,
) ) OMNnK-1.6 KOHTpoInbHasi paboTta 4

lMpomexyToyHaa aTTecTaums
dopma KOHTpOns — 3a4eTt

lMpomexyTodHasa aTTecTaums

dopma KOHTPONs — 9K3aMeH

Cnuncok BONpoCOB K 3a4eTy

Cnncok BOMpOoCOoB K 3K3aMeHy

20. TunoBble OLEHOYHbLIE CcpeAcTBa W MeToAuMYeCcKMe MaTepuanbl, onpepgenslowme
npoueaypbl oLueHUBaHUsA

20.1. TeKyWwMn KOHTPOIb yCneBaeMocTun

KoHTponb ycneBaeMocTy MO AUCLMNIIMHE OCYLLECTBISAETCHA C NMOMOLLLIO CNeayHLNX OLEHOYHbIX
cpeacTs:
KoHTponbHaga paboTta 1,2,3,4

(HaumeHogaHuUe oUeHO4YHO20 cpedcmea MeKywe2o KOHMPOIIS yYCrieeaemMocmu)
Mpumep BapuaHTa KOHTPONbHOM paboTbi 1

1. Kakne 13 nepeuncneHHbix PyHKLNN COOTBETCTBYHOT OANHAKOBbLIM COCTOAHNAM? (2)

,0_,(2443 —a(x+1)2 lnﬁﬂx(xzfl)
) > €

oe e™e
2. PackpbITb ckobku (4):

(L.=p, (pi=-x)
3. MNMokasatb, 4TO PYHKUMA O = Ae " aBnsetcs cobeTBeHHOI dyHKUMEen

2
onepatopa R = —F+ x° 1 HalTM cOBCTBEHHOE 3HaYeHMe, KOTOPOMY OHa yaoBneTsopsieT. (3)
X

4. 3anucaTb COOTHOLLUEHNE HEONPEAENEHHOCTEN ANS crieayroLwmnx dmusmyecknx
BEINUYUH: (py, L.). (2)
5. Bblumcnutb cpegHee 3HavYeHue p, B NPOM3BOSIbHOM CTaLMOHAPHOM COCTOSHMM YacTuLbl Maccon m B
SIMe LUMPUHOM a C ABYMS GECKOHEYHO BbICOKMMW CTEHKaMU. [pnBECTM ABHbIN BUA BOSTHOBOW OYHKLIMN.
(5)
6. EcTb nn obwme cobeTBeHHbIe doyHKLUMKM y onepaTopoB (,L.) ? (2)
7. Kakne 3HadeHns momMeHTa L, 1 ¢ Kako BEpOSTHOCTLIO OyayT HabntogaTtbes Ha
3KCnepumMeHTe, eCrin COCTOSAHME CUCTEMbI OMUCLIBAETCHA BONMHOBOW (OYHKLUMEN
P () = a(cos’ 2 +sin @) ? Haittn <L,> n <(AL,)*>. (8)
8. 3anuwwure ramunbTOHMaH atoMma Bogopoaa. (2)
9. MoXeT nn CocTosiHME, ONUCbIBAEMOE BOSTHOBOWN hYHKLMEN

W(E, 1) = p(&)e” "™ | BbITb cTauMoHapHLIM? (2)

Mpumep BapuaHTa KOHTPOJSIbHOW paboThbI 2
1(12). YacTtuua, nmerowas maccy m, ABUXKETCS B none



HanTtn aHeprum cTaumMoHapHbIX COCTOAHUN U COOTBETCTBYHOLLME UM BOSIHOBbIE DYHKLINN.
2(12). Yactuupbl, Kaxxgas U3 KOTOpbIX UMEET Maccy m n aHepruio E, asnxkytca B none V(x) = Qd(x) .

Haintu koappruneHT oTpaxkeHna kak pyHKUUIO aHeprun E.
3(6). Haitt (cos6) u <c0s2 6> B 2P-COCTOSIHUM aTOMa BOAOPOAA.

Mpumep BapuaHTa KOHTPOJSIbHOW paboThbI 3

1(5). Hantn nmnynbcHoe npeacTaBneHne BONHOBOM (OYHKUNN B LLEHTParibHOM Mone:

K efKr
r)=,—
w(r) -

2(5). B umnynbcHom npeactaeneHun onepatop 7 = e . HanTu koopamHaTHoe npeacTaBneHve.

3(10). Mcnonb3ays kBasuknaccuyeckoe NpubnmxeHne, BblYUCINTb YPOBHN 3HEPTUM CTaLMOHAPHbIX
COCTOSAHMW B NMOoTeHLMane

o, x<0,
U(x)=
ox, x>0,0>0.

Mpumep BapuaHTa KOHTPONbHOW paboThI 4

1(20). OnpegenuTb C NOMOLLLID BapuvauUMOHHOIO MeToga PuTua 3Heprnto OCHOBHOMO COCTOSIHUS

h2
3NeKTpoHa B noTteHuuane U(x):z—\/gyy2 |x| . Mpo6Hyo PYHKUMIO OCHOBHOIO COCTOSIHUS B35iTb B
m

1
Bnae y(x)= Aexp[—gaxz}, rAe a — BapuauWoHHbIN NapameTp.

2(10). Hantu cobcTBeHHbIE 3Ha4YeHns onepatopa F =(a-6)", rae a — NOCTOSHHbBIN BEKTOP.

3(10). Myyok anekTpoHOB C aHepruen E paccevsaetcs Ha noteHunane U(r)=Uy e ™, rae Uo n a —

nonoXxuTenbHble KOHCTaHTbl. OnpeaenuTe auddepeHunanbHoe cevyeHne paccessHua YacTuL, B NepBoM
©OpPHOBCKOM MPUBNMKEHUN.

4(10). Ha yactnuy B 6eckoHeyHOo rnybokor NoTeHUManbsHoN ave WWMPUHBLI & HaknagbiBaloT BO3MYLLEHNE
BMAa:

oursin’(nt/1), |f| <1,

A I S

OI'IpeLI,GJ'II/ITb BE€POATHOCTb nepexonaa Mmexay OCHOBHbIM U BO36y)K,D,eHHbIMI/I COCTOAHUAMMN.

OnuncaHue TexHonornu npoBegeHusA

Ha pelueHune 3agaHnii KOHTPOSbHbIN paboThl BbigensieTcs 2 akagemudecknx vYaca. Npu pelweHnn 3agay
CTYAEHT MOXET NoNb30BaTbCA 3apaHee NoAroTOBNEHHbIMY METOAMYECKMMN MaTepranamu.

TpeboBaHMA K BbINOMTHEHUIO 3a8aHUN (MNX WKanbl U KPUTEPUN OLleHUBAHUA)

OugeHKa «OTNUYHOY: MModpobHbie u 6e3owuboyHbIe peweHuUs ecex 3aday, O0MyCKamcs He3HaYUmMerbHbIe
8bI4UCIUMESIbHbIE HEMOYHOCMU.



OueHKa «xopoLLo»: ModpobHsie pelueHus ecex 3adau, 8bi60p nNpasunbHo20 xoda peweHusi Onsi ecex 3adad,
donycKaomcs 8bI4UCIUMESIbHbIE HEMOYHOCMU, @ MaKXe HEeroJsIHOe 8bIMOSIHEHUE 0mOesibHbIX 3a0aHull.
OueHKa «yOoBNETBOPUTENBHOY: peweHue omoenbHbix 3aday, AoMycKarmecs HeaHadyumesibHble HemoYHocmu
8 8blbope memoda u xola pelwieHuUs 3adayu.

OueHKa «HeyOoBNETBOPUTENBHO» omcymemeue rnpasusibHO peueHHbIX 3aday, Ucrofib308aHue oWUGOYHbIX
mMemo0doe u rpuemos Os1s1 pelueHUs1 nocmaeJsieHHbIX 3adad.

20.2. NpomexyToyHas atrecTayus

lMpomexyToyHas aTTecTtaums MO AUCUMMAWHE OCYLLEeCTBNAETCA C MOMOLLbK  CrieaytoLwmx
OLleHOYHbIX CpeacTB:
Cnimcok BoNpocoB Ans NpoBedeHus 3ayeTta
(HaumeHogaHUe OUeHOYHO20 cpedcmaa NPoMexXymoyHol ammecmauuu)

1.MaTtemaTtunyeckoe nsobpaxxeHne KBaHTOBOIO COCTOSIHUSI MMKPOOObeKTa.

2. P13NYECKMIN CMbICI BOITHOBOW QDYHKLNN.

3.BonHoBas yHKUUA cUCTEMBI yacTuy, 3ajaHa:
Hawntn pacnpegeneHme BeposaTHOCTU OBHapyXeHns -1 YacTuubl.

4.CTaHaapTHble YCroBUS, KOTOPbIM AOMKHA YAOBMETBOPATb BONTHOBAsS PYyHKLMS.

5.HopmMurpoBka BONHOBbLIX (PYHKLUI COCTOAHUIA (DUHUTHOIO ABWXKEHUS.

6. paHnyHOe ycnosue, Hanaraemoe Ha BOSTHOBbIE (PYHKLIMN COCTOSAHUA (ODUHUTHOTO ABUXKEHUS.

7.MprHUMN cynepno3numm COCTOSHWUNA.

8.Marematunyeckoe nsobpaxeHne PUN4ecKUX BENNYMH.

9. dopmyna cpefHero 3HadeHns omsnyeckon BeNMYMHbLI B 4aHHOM COCTOSHUM.

10. Moyemy onepatop hmsmyeckon BENMUYUHbBI AOSMKEH ObiTb JIMHENHBIM?

11. MNoyemy onepaTop PU3N4EeCKon BENNYNHbI OIMKEH OblTb 3PMUTOBBIM?

12. OGBACHUTL PU3MYECKUIA CMbICI BbiCKasbiBaHus: "BenuunHa B AaHHOM COCTOSAHUN WUMEET
onpegeneHHoe 3HavyeHune".

13. O6BACHUTL (DM3MYECKMI CMbICIT BbiCKasbiBaHMs: "BenvunHa B OaHHOM COCTOSIHUM HE UMeEEeT
onpeneneHHoro 3HavyeHnsa".

14. MatemaTtunyeckasi oopmMynmpoBKa onpeaeneHHoro 3HadeHns BennYmMHbl B JaHHOM COCTOSIHUN.

15. Kakvne 3Ha4yeHus BeNuUmMHbl MoKasbIBAET IKCMNEPUMEHT?

16. B Kakmx COCTOSHUAX cpeaHeKBaapaTUYHOE OTKITOHEHUE BESTMUYUHBI  PaBHO HYSH0?

17. Kak HanTu onpeaeneHHble 3Ha4YeHUs1 BENUYNHbBI , 3HasA BMA ee oneparopa?
18.Yemy paBHO cpeaHekBagpaTUYHOE OTKIOHEHWE BENUYUHDI B COCTOSIHUM C OMpeaeneHHbIM
3Ha4YeHnem ?

19. ConctBa cO6CTBEHHBIX (PYHKLUIMN U COOCTBEHHBLIX 3HAYEHUI NMMHENHBLIX 3PMUTOBbLIX ONEpPaToOpPOB.

20. PasnoxeHne BOMHOBON yHKUUWM NO Gasucy NMHENHOro apmuToBa onepaTtopa. Puanyeckuin
CMbICIT  KOI(PPULMEHTOB pasnoxeHus. Pusnyecknini CMbICNT  OPTOrOHanbHOCTU  Ba3nCHbIX
OYHKUMA.

21.BblpoxaeHne. KpaTHoCTb BblpoxaeHusi. lNMpuBectn 5 npumepoB Ans criyyvas BbIpOXAEHMS
COOCTBEHHbIX 3Ha4YeHuMI onepaTopa.

22. NHUHMTHOE aBuxeHne. HopMmmnpoBka BOSTHOBLIX (PYHKLIMA HENPEPBLIBHOIO CnekTpa.

23. PasnoxeHne 3agaHHOM BoOmfHoBoM yHKUuMM no 6Gasucy onepatopa. PU3NYECKUA CMbICH
KO3 hULMEHTOB pasnoXeHus Ang onepaTtopoB € ANCKPETHLIM U HEMPEPbLIBHLIM CMEKTPOM.

24. [latb om3amyeckoe o6bACHEHNE BbICKA3bIBaHWUIO: "BennMunHbl 1M M3MepuMbl COBMECTHO".

25. [latb matemaTnyeckoe o6bACHEHNE BbiCKa3bIBaHWUIO: "BennumnHbl _ 1 namepumMbl COBMECTHO".

26. CchopmynupoBaTb HeobXxoammoe Wu [OCTaTOYHOE YCIOBME COBMECTHOW W3MEPUMOCTU OBYX
dusnyecknx senuunH. MNpueectn no 10 NpumepoB nap U3MEpPUMbIX U HEM3MEPUMbIX COBMECTHO
BEMUYUH.

27. CooTHOLeHNe HeonpeaeneHHocTen. Ero omsmyeckuin cmblich.

28.B 4yem COCTOUT OCHOBHOE OTMMYME COOTHOLLUEHUN HeornpedeneHHocTern ANns nap COBMECTHO
N3MEPUMbIX N HEU3MEPUMbBIX PUNYECKNX BENUYNH? [puBEeCTU NpuMepsl.

29. HectaumnoHapHoe ypaBHeHue LLpeanHrepa. dunanyecknii cmbicn.

30. JaTb onpeaeneHne ctaunmoHapHbIX COCTOSIHUMN.

31. CtaunoHapHoe ypaBHeHue LpegunHrepa. (JJononHUTENBHO — €ro akyctudeckas aHanorns)



32
33
34

35.
36.

37.
38.

39.
40.
41.

42

43.
44.

45.
46.
47.

48.
49.

50.
51.
52.
53.

54.
55.
56.
57.
58.
59.

60.
61.

62.

63

64.

65.
66.

67.

3avert

. OnpepneneHne 0CHOBHOro cocTosiHuA. Ero ceoncTeo.

. 3aBMCUMOCTb BOSTHOBOM (PYHKLMUM OT BPEMEHW B CTALNOHAPHBLIX COCTOSIHUSIX.

. CBowcTBa CTauMOHapHbIX COCTOSTHUN.

Mpy kKakoM YCrNOBMM CTaLMOHAPHbIE COCTOSIHUS MOTYT ObITb peanv3oBaHbl?

MpaBmna clumBaHnsA BONMHOBbLIX OYHKLUMIA B TOUKax paspbiBa NoTeHUnanbHOW aHeprum (1-mMmepHbIi
cnyyan).

Concrtea 1-MepHOro (oMHUTHOIrO ABMKEHUS.

YpaBHEHME HeMNpPepbIBHOCTM ANd  MfAOTHOCTU BepossTHOCTU. CBA3b  NAOTHOCTM  MOTOKA
BEPOATHOCTU C BOSTHOBOW (PYHKLUMNEN.

Kakoe cocTosiHne n3obpaxaeTcsi NNOCKOW BOSTHON?

OnpegeneHne nosiHON NPoOM3BOAHOM onepaTopa PrU3nyYecKon BENUYMHbI MO BPEMEHW.
YpaBHeHWe OBWXKEHWe And onepaTtopa uandeckon BenuvuuHbl B dopme [enseHbepra.
Knaccuueckas aHanorusi. CBocTBa NOMHOW NPOM3BOLAHOM orepaTtopa no BPEMEHM.

. Teopembl IpeHdecTa. Knaccuyeckne aHanornu.

OnpepeneHne nHTerpana gBMWKEHUS.

lMpn Kakom (pmM3M4YecKoM YCNoBUM BENWYMHA, HE 3aBuCALWLAs SBHO OT BpemeHwn, Oyaet
NHTEerpanom aswkeHns? Kak ato ycnosme popmynupyetca matemaTnyeckmn?

Mpun kakoM PU3NYECKOM YCINOBMKN NOMNHast aHeprusa GyaeT NHTerpanom ABUKEHNs?

Mpun KakoM PU3NYECKOM YCNOBMM UMNYNbLC OyaeT MHTerpanom ABMXKeHUA?

Mpn KakoM PM3N4ECKOM YCIOBUM MPOEKUNS MOMEHTa UMMNYNbCca Ha BblAeNeHHOe HarnpaBneHve
OyaeT MHTerpanom ABMXeHUNA?

Mpun KakoM PU3NYECKOM YCNOBMM KBagpaT MOMEHTa nMmnynbca 6ygeT UHTerpanom ABUMKEeHUS?
Onepaunsi uHBepcun. Pusnyeckaa CywHocTb. MHBepcus B AeKapTOBbIX WU ChepuyecKknx
KoopauHaTax.

dursnyeckasn BennynHa, COOTBETCTBYIOLLAA onepaTopy nHBepcun. Habnogaemble 3Ha4eHus.
CeowicTBa BOMHOBLIX (OYHKLUNA COCTOSIHWIA C ONPeaeneHHON YETHOCTLIO.

Mpn KakoM PU3NYECKOM YCNOBUN YETHOCTb ByaeT nHTerpanom ABMKEHNS?

C kakMMy BenuUMHamm (MMMysbC, KMHETMYECKas 3HEeprusi, NoTeHumanbHas 3Heprusi, Npoekuns
MOMEHTa KonnyecTBa ABWXKEHUS, KBagpaT MOMEHTa KONMYecTBa ABMKEHUSA) YETHOCTb 3mepuma
COBMECTHO?

OcumnnatopHbiv noTeHuman. Npumepbl KBAHTOBbLIX OCLUNNATOPOB.

OHepreTU4ecknin cnekTp 1-mMepHoOro NUHENWHOro rapMoHuMYeckoro ocumnnatopa. CBOWCTBO
OPTOHOPMMPOBKN BOSTHOBBIX (PYHKLIMIA CTALMOHAPHbLIX COCTOSIHUIA ocLMnnsiTtopa.

Hyneeble konebaHus ocumnnatopa. Mx dpusnyeckas npuunHa. AHeprus HyneBbiX konebaHui.
OnpegeneHne LeHTpanbHOro nons. VIHTerpansl ABMXEHUS.

OnpegeneHHble 3HavYeHUsa kKBagpaTa opbutanbHOro MomeHta u npoekumn. CooTBETCTBYHOLLMNE
UM BOJSTHOBbIE OYHKUMK. KpaTHOCTb BbIPOXAEHUA.

B Kakux COCTOSAHMSAX NepeMeHHble B CTauuMoHapHOM ypaBHeHuu LUpeauHrepa ¢ uLeHTpanbHbIM
NnoTeHUnanomM NonHOCTLIO pasaensaTca?

PagnaneHoe ypaBHeHue WpeguHrepa. 'paHmnyHOe ycnosue.

Knaccudumkaumss cTtaumMoHapHbIX COCTOSSHUM B LeHTpanbHOM none. CnekTpocKkonuyeckue
CVMMBOIbI.

MeTop pelueHus 3agaym ABYX Ter C LeHTpanbHbIM B3aMOAENCTBUEM.

. Qb EeKTUBHBIV NOTEHLMAN 3NIEKTPOHA B KYJIOHOBCKOM NOJIE MPUTSKEHUS.

KBaHTOBbIE YMCMa, XapaKTepuaytoLLne COCTOSHMA aToMa Bogopoda. [AnanasoHbl UX USMEHEHUS.
Kakow gonanyeckon BennyunHe COOTBETCTBYET KaXK4oe KBAHTOBOE YMCNO?

Knaccudukauusa BogopogHbix TepmoB. OCHOBHOE COCTOsIHME aToMa Bogopoaa.

OHepreTu4eckmin cnekTp atoma Bogopoaa. KpaTtHoCTb BbIpOXAeHUs. YCroBne OpTOHOPMUPOBKU
BOJTHOBbIX (PYHKLMA.

MarHuTHbIA MOMEHT B CTaLMOHaPHbIX COCTOSIHUSIX aToOMa BOAOPOAaA.

OnuncaHue TexXHONOrMm npoBeaeHus
npoxoanT B NCcbMeHHON hopme. CTyaeHTy npeanaraetcs 15 BONpocoB 13 NOSIHOMO Cnmcka

BOMPOCOB, Ha KOTOpPble OH AO0JTXEH OaTb KpaTKI/II;I OTBEeT B Te4eHne ogHOoro akagemMmmyeckoro 4yaca.



Tpe6oBaHMUsA K BbINOSIHEHUIO 3aA4aHUM, WKanbl U KPUTEPUM OLlEHUBAHUSA

«3a4TeHo»: AaHbl NpaBuUbHbIE U NOMHble 0TBEThHI HA 10 M Gonee BONPOCOB, AOMNYCKAOTCSA NOrPELLHOCTH,
KOTOpble CTYAEHT CNOCOBeH CKOpPEKTUPOBaTL MO PYKOBOACTBOM NpenofaBaTens

«He 3auTeHO»: NpaBunbHbIE U NOMHbIE OTBETLI AaHbl HA MeHee, YeM 10 BONPOCOB; OTBEThLI HA BOMPOCHI
coaepkaT HETOYHOCTUN U OLNBKK, KOTOPbIE CTYAEHT He CrocobEH CKOPPEKTUPOBATL NoA PYKOBOACTBOM
npenoaaeartens
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Cnu1cok BOMpOCOB AJ1si NPOBeeHUs 3k3aMeHa
(HaumeHosaHuUe OUEeHOYHO20 cpedcmea NPoMeXymo4YHol ammecmauyuu)

KBaHTOBLIE COCTOSAHMSA. BonHoBble doyHKUMW. [MprHLMNI cynepno3numnm COCTOSTHUA.
CpenHekBagpaTU4HOE OTKIOHEHWE (aucnepcnsi) OU3nYecKon BENNYUHbI.

Cob6cTBEHHbIE 3HAYEHMSI U COBCTBEHHbIE (DYHKLUMN NIMHENHBIX 3PMUTOBbLIX ONEPATOPOB.
YcnoBus COBMECTHOW N3MEPUMOCTM HECKOSTbKMX (PU3NYECKNX BENNYMH.

CooTHoLweHne HeonpeaeneHHOCTEN.

CeowcTtBa cobCTBEHHBIX (DYHKLUMI onepaTopa C HENPEPbIBHLIM CMEKTPOM.

YpaBHeHve LpeaunHrepa (BpemeHHOe, cTauumoHapHoe). CTauuoHapHble cocTosHuA. WX
CBOWCTBA.

YpaBHeHMe HenpepbIBHOCTU. MMNOTHOCTbL NOTOKa BEPOSATHOCTM.

OuddepeHumnpoBaHmne onepaTtopos No BpemeHu. IHTerpanbsl COCTOAHUSA.

KBaHTOBasi Teopus MMHENHOIO rapMOHMYECKOro OCLMnnaTopa.

MomeHT KonuyecTsa ABMXKeHUs (OpOUTanbHbIN MOMEHT).

PasgeneHne nepemeHHbix B ypaBHeHun LpéauHrepa B LEHTpanbHOM  norne.
CnekTpockonuyeckme CMMBOJIbI.

3apava oByx Ten ¢ LeHTpanbHbIM B3aMMOAENCTBUEM.

Teopus aToma Bogopoaa.

Tokun B atomax. MarHeToH bopa.

MmMnynbCcHoOe 1 3HepreTnyeckoe npeacTaBneHne BONHOBbIX OYHKLNA.

MmnynbcHoe 1 aHepreTnyeckoe npeacraBfieHne onepaTopos.

YpaBHeHue LpeanHrepa B MUMNyNbCHOM 1 3HEPreTUYECKOM NpeacTaBneHnsX.

CobcTBEHHbIE PYHKUUM U COBCTBEHHbBIE 3HAYEHUsI ONepaTopoB B MaTpUYHOM BUAE.
MaTpunyHas bopma onepatopa MosIHON NPOM3BOAHON PU3NYECKON BEMNYMNHBI MO BPEMEHMN.
KBasuknaccuyeckoe npubnuxeHue. YCnoBus ero npMeHUMOCT!.

KBasuknaccuyeckoe pelieHne 1-mepHoro ypasHeHus LpeawHrepa (metog BeHnTuens—
Kpamepca—bpunnioaHa).

MpaBuno keBaHTOBaHNA Bopa—3ommepdensaa.

BapuaumnoHHbIi MeToA pelleHus ypaBHeHus WpeavHrepa (metog Putua).

BapmauuoHHbIN NpUHLMN B KBaAHTOBOWM Teopun. BapumauuoHHbIM BbIBOA4 CTalUMOHapHOro
ypaBHeHus LpeaunHrepa.

CraumoHapHas Teopusi BO3MYLLEHWI ANS U30SIMPOBAHHOMO YPOBHS.

CTtaumoHapHas Teopust BO3MYLLEHU MPU HANUYMN BbIPOXOEHUS.

HecTaunoHapHas Teopusi BO3MYLLEHUI (TEOPUS KBAHTOBbIX NEPEXOAOB).

Meprogunyeckoe n NOCTOAHHOE BO3MYyLLEHUS («3onoToex» npasunno Gepmn).

PaccesiHnme kak KBaHTOBbIN Nepexod B HENpPepbiBHOM cnektpe B 1-omM nopsgke Teopuun
BO3myLeHun. Popmyna BopHa.

[amMunNbTOHMAH B3aMMOAEWCTBUSA KBAHTOBOW CUCTEMblI C 3NIEKTPOMArHUTHLIM  MOMEM.
BbiHy>kQeHHOEe NornoLLeHne n nsnyyeHne ceeta.

AnuHHoBoNHOBOE NpubnmxeHve. unonsHoe n3nyyeHuve.

CnoHTaHHOe n3ny4yeHne Bo30YyXAEeHHbIX KBAHTOBbIX CUCTEM.



34. AMnnnTtyga n ceyeHue paccesiHus. VIHTerpanbHoe ypaBHeHue LpeguHrepa ans 3agayu
paccesiHus.

35. lNepBoe 6opHOBCKOE NMpUbNMXKEHNE. YCNoBMS €ero NPUMEHUMOCTH.

36. CeueHune paccesHns Ha KyNIOHOBCKOM MoTeHumane.

37. Hepenatmneuctckasa teopua cnmHa. Onepartop cnvHa. CnuHoBble hyHKLMK.

38. YpaBHeHue MNaynn.

39. PacwienneHne ypoBHeW B MarHUTHOM nosne. Oddekt 3eemaHa.

40. MpuHUUN TOXAECTBEHHOCTN 4acTuy. CummeTpusaumss U aHTUCMMMETPU3aunsa BOJTHOBbIX
dyHKumi. MpuHumn MNaynu.

41. Teopusa OCHOBHOIO COCTOSIHUSA aToMa renus.

42. Bo3byxaeHHble COCTOsAHNS aToma renus. OpTo- u naparenuin.

43. MeTop camocornacoBaHHoOro nons. YpaBHeHuss XapTpw.

44, YpaBHeHue KnenHa—-I opgoHa.

45. YpaBHeHve [npaka ana pensiTMBUCTCKOro afeKTpoHa.

46. PewweHune ypaBHeHusa dupaka ans csob6ogHoro anektpoHa. CnnpanbHOCTb.

47. TlorfHbIN MOMEHT UMMYNbCa U CNUH 3NeKTpoHa B Teopuun Jupaka.

48. BbiBog, ypaBHeHus Naynu n3 ypasHeHns dunpaka.

OnucaHune TexHonoruu npoBeneHus

Ok3ameH npoxoauT B ycTHOM chopme. CTyaeHTy npegnaraetcsa 2 BONPOCOB M3 NOSIHOro crmcka
BOMPOCOB, Ha KOTOPbIE OH AOMKEeH AaTb pas3BepHYThIN OTBET B TEYEHNE OHOro akageMmnyecKkoro yaca.
B cnyyae, ecnu CTyaeHT UMeeT OLEHKY «HEeYAOBNEeTBOPUTENBHO» NO OAHOM M3 KOHTPOSIbHbLIX paboT
TeKyllen aTTecTauumn, eMy Takke npegnaraetca ogHa M3 3agayvm U3 COOTBETCTBYIOLLEN KOHTPOMbHOWM
paboThbl.

TPEGOBaHMﬂ K BbIMOJIHEHUIO 3ap,a|-w||7|, wKanbl U KputTepmun oueHnBaHusA

«OTNUYHO»: ModpobHbIe u 6e30wWuboYHbIe 0MEembl Ha OCHOBHbIE U OOMOTHUMEbHbIE 80MPOCHI, MO/IHOE
roHumaHue u cgobo0Hoe srnadeHuUe MamepuasioM, yMeHuUe pewams rpakmudeckue 3adadu

«XOpOUJO»: lModpobHbie omeembl Ha MOCMaeseHHbIe 80MNPOChl C MENIKUMU OWUubKaMu, He3HadyumersibHble
rnpobersbi 8 3HaHUU Mamepuarna, YMeHuUe pewamsp npakmu4yeckue 3adayu

«YpoBneTBopuTenNsbHO»: HeydosnemesopumeribHbie omeemsl Ha 00UH U3 OCHOBHbIX 8oripocoe KMa u
Hekomopble AonoHUMerlbHbIE 80MPOCHI, HEMOMHOE 3HaHUE UMu MoHUMaHue Mamepuarna, HU3Kue HaeblKu
peweHus npakmuyeckux 3aday

«HeynoBneTBopuTENbLHON»: Mioxoe 3HaHue Mamepuarna, HeydoenemeopumesibHbie 0meembl Ha 80pPOChI
KWMa u 6orbwuHcmeo 0onoiHumerbHbIX 80MPOCO8, OMCYMCMeUe HasbIKo8 PeleHuUs Npakmuyeckux 3aday
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