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PABOYASA NPOrPAMMA YYEEHOU OUCLMUMINHBI

B51.0.26 — KeaHmoeasi meopusi
Kod u HaumeHosaHue ducyunuHbl 8 COOM8emMcmaeuu ¢ y4ebHbIM rraHom

1. Koag u HauMeHOBaHMe HanpaBlieHUs1 NnoAroToBku/cneynanbLHOCTU:

03.03.02 — cpu3uka

2. Mpodunb nogroToBku/cneumann3auma;: Ousuka MeOUUUHCKUX, 183ePHbIX MEeXHOI02ud U

HaHoMamepuasios

3. KBanudukauma BbINyCKHUKA: 6akanasp

4. dopma o6yyeHuUs: oyHasi (OHeeHasl)

5. Kachegpa, oTBevarowan 3a peanmsaumio AUCUUNINHDbI: 0802 — meopemuyeckol husuku

6. Cocmasumernu npozpaMmbl Onezens AnekcaHop Banepbesuy
U0

0..-M.H. ooueHm

yueHas cmeneHsb yueHoe 36aHue

7. PexomeHpoBaHa: HMC ¢usuyeckozo ghakynbmema om 20.05.2025 e. npomokosn Ne 5
(HaumeHogaHue pekomeHAyrouleli cmpykmypbl, 0ama, HOMep rpomoKona)

8. YuebHbIN roa:_ 2027- 2028 CewmecTp(bl)/TpumecTp(bl): 5 — 6




9.lenn u 3apgaum y4yebHOM AucUMNNUHBLI: Llenb AvcumnnuHbl — AaTtb cTygeHTam rny6okoe
NMOHMMaHNe 3aKOHOMEPHOCTEN MUKPOMMPA, HAYyYUTb NPUMEHSATL BblYMCIUTENbHbIE MEeTOAbl KBAHTOBOWM
TEOpUN ANA pelleHna pasnuyHbIX NpuKnaaHbix 3agad. CTyoeHT AOMKeH OBnageTb MaTemMaTUyeckum
annapatoM HepensaTUBUCTCKON KBAHTOBOW TEOPUW, NPUOBPECTM HaBbIKM €ro MNpPaKTUYecKoro
NMPUMEHEHMs U Ha 3TOW OCHOBE MonyyaTb SICHOE MpeAcTaBneHve O pM3nMYeckol NpPUpoAe KBaHTOBbIX
ABNEHUI, UMETb NMOHATUE O PENATUBUCTCKON KBAHTOBON MeXaHUKe 1 YeTKoe NpeacTaBrneHne o rpaHuLax
NMPUMEHMMOCTU KBAHTOBbLIX 3aKOHOB W WCMOMb3YEMbIX BblYMCIUTENbHLIX MeTogoB. OH  [JoSKeH
MOHMMaTb, YTO KBaHTOBAasi MeXaHWKa eCTb Hay4yHasi OCHOBa COBPEMEHHbIX HAHOTEXHOOTUN.

10. MecTo y4ye6HOM aucumnnuHbl B cTpyktype OOIl: Asnsetcs gucumnnuHoin 6asoBow YacTu.
Kpr 3HAKOMUT C COBpEMEHHbIMU TeopeTUn4eCKMMmn MetTogamm onncaHuA CBOWCTB KBAHTOBbIX CUCTEM U
TeopeTn4yeCknMmmn nogxogamMmm K unccregoBaHmMio B HUX pasfindHbIX AMHaMU4YeCKUX NpoLecCoB. CTy}J,eHT
AoImkeH obrnagatb 3HaAHUSMKU MO AUCUMNIMHAM, OTHOCSLLUMMCS K obwen dusmnke, aTOMHON 1 9O0epHON
cbmsvme, MatTemMaTuke, a TakXkKe no gucumnimHam «TeopeTquCKaﬂ MexXaHMKa U MeXaHWMKa ChninoLwHbIX
cpeao» n «sﬂeKTpOﬂMHaMVIKa», BlageTb OCHOBHbIMW MaTeMaTu4eCknumMmun npnemamm n metogamm.

11. MnaHupyemble pe3ynbTaTbl 00y4eHUsi Mo AucuunnuHe/Moayno (3HaHWUA, YMEHWUs,
HaBblK1), COOTHECEHHbIe C NMMaHupyeMbIMN pe3ynbTaTaMu OCBOEHUs obpa3oBaTesibHOMN
nporpaMmmbl (KOMMNETEHLUAMU) U MHOAUKATOPAMU UX AOCTUXKEHUS:

Kog HasBaHwne Kog(bl) WHankaTop(bl) MnaHnpyemble pesynbTaTbl 00y4YeHUs
KOMMNEeTEHLUM
OlK-1 | CnocobHocTb OlK-1.4 | YMeHMe pewaTb TUMNOBbLIE | 3HATb: OCHOBHbLIE TMOSIOXKEHUA U
NPUMEHATb 3afjia4n Cc y4eToOM OCHOBHBIX | MeTOObl KBAHTOBON MEXAHUKU;
6a3oBble 3HaHUA NOHATUN 7] obumx
B obnactn 3aKOHOMEPHOCTEWN, yMeTb: MCMOMNb30BaTh B
¢pu3mKo- COPMYNMPOBAHHIX B npodeccmoHanbHoOn OeATENbHOCTH
MaTeMaTn4eckux paMkax 6a30BbIX OUCLMMNINH .
" (nnm) ECTECTBEHHbIX HayK (Mpexae 3HaHNUS O CBOWUCTBax KBaHTOBbIX
€CTEeCTBEHHbIX Bcero  xummy,  Guororuy, | OOPEKTOB n meTodax nx
Hayk B cdepe akonormu, Hayk o 3emne u | UCCIE0BaHNA, NPUMEHATD
cBoen Yyenoseke) nony4yeHHble 3HaHUA ONA OCBOEHUA
npodeccuoHansH | OMNK-1.5 | YmeHue ncnonb3oBaTtb | MPOMUNBHbBIX ONCUMNINH ]
ON OesTenbHOCTH 3HaHMSA OCHOBHBLIX 3aKOHOB | peLleHust npodyeccnoHanbHbIX
€CTeCTBEHHOHaYy4HbIX 3apauv,
ANCLMMANH B
MpOcpeccroHanbHou BNafeTh: NPakTUYEeCKUMN MeToaamm
e geﬂTeJ'leOCTVI MCCIIEA0BaHUS KBAHTOBBIX CUCTEM W
o napenme HaBbIkamu NPUMEHATbL UX Ha MpaKTUKe npu
NCMONb30BaHUS  3HaHWA O
MeTonax nccnenosanus, | PELIEHUM npodeccmoHarnbHbIX
COBpPEMEHHbIX  KoHLenuusix, | 3aAad
OOCTWDKEHUSIX n
OrPaHNYEHUSIX ECTECTBEHHbIX
Hayk npw peLleHnm
npakTU4YecKmx 3agau,
CTPYKTYpUpOBaHMS
€CTECTBEHHO-HaYy4HOW
MHopmMaumnn

12. O6bemM AMcUMNUHBbI B 3a4eTHbIX eaMHULUAax/yac. (s coomeemcmeauu ¢ y4ebHbIM MaaHoM) —

9/324.

dopma NpoMeXyTOYHOM aTTeCTaLuun(3avem/sxk3amer) 3a4€T, IK3aMeEH




13. TpypoemkocTb No BuAam y4yebHom paboTbl

TpyooeMKoCcTb
Bug yyebHown paboTbl Bcero Mo cemecTpam
5 6
AyaNTOPHbIE 3aHATUSA 212 84 128
Jlekumm 78 34 44
npakTndeckme 94 34 60
B TOM YuUcCne: nabopartopHbie
rpynnosas 40 16 24
KOHCYInbTauus
CamoctosaTenbHas paborta 76 24 52
B TOM YMcne: KypcoBas pabota (npoekT)
® . 3auem, 3auem Ok3ameH — 36
opMa NPOMEXYTOYHOM aTTecTaumnm
(3Kk3ameH — __yac.) 3K3i,"geH )
WToro: 324 108 216

13.1. CopepxkaHmne gUCLUMNIINHBI

Ne n/n

HanmeHoBaHue pasgena
OVCLUUMNIUHBI

CopepxaHve pasgena OQucUunnHbI

Peannsauus
pasgena
OVCUMMIINHBI C
NMOMOLLbIO
OHMawnH-Kypca,
QYMK*

1. Nekuun

1.1

BeepneHune. BonHoBas
dyHKUUA

OcHoBbl kBaHTOBOM Teopun. OCHOBHbIE TPYAHOCTU
Knaccuyeckon Teopumn. KpaTkuin oMepk nctopum
CTaHOBNEHUs KBaHTOBOW Teopun. KBaHTOBbIE
cocTosiHus. BonHoBas dyHkUns. BeposaTHocTHas
uHTepnpeTauus. MNMpuHuun cynepnosuumm. BonHoBown
naker.

1.2

OnepaTopbl PU3NYECKNX
BENUYMH U NX CBONCTBA

CpeaHve 3Ha4vyeHnsa KoopaMHaT U nMnynbcoB. Anrebpa
onepatopoB. CobCTBEHHbIE 3HAYEHUS U COBCTBEHHbIE
dyHKUMK  onepatopoB. CBolMcTBa  COBCTBEHHbIX
3HA4YeHMN U  COBCTBEHHBLIX  (PYHKUMIA  NMHENHbIX
3pMuUTOBBIX  onepatopoB.  OpTOroHambHOCTb U
HOpMMpOBKa COBCTBEHHBbIX (OYHKUMI onepaTopa ¢
ONCKpPeTHbIM  cnekTpoMm. HopmupoBka CcOBCTBEHHBIX
dyHKUUIN onepaTtopa C HenpepbiBHbIM  CMEKTPOM.
YcnoBne  COBMECTHOMO  M3MEPEHUs]  pasfnyHbIX
MeXaHN4YEeCKMX BEMUYVH. CooTHoLeHNe
HeonpeaeneHHOCTEN.

1.3

YpaBHeHue LWpeauHrepa

MoctynupoBaHue ypaBHeHusi LWpeawnHrepa.
CraunoHapHoe ypaBHeHue LlpeauHrepa. YpaBHeHue
HenpepbIBHOCTU.

1.4

MN3meHeHne coCcTosHUI CO
BPEMEHEM

CrtaumoHapHble cocTosiHusi. CBOMCTBA CTaLMOHAPHbIX
coctosHun. [OdunddpepeHumpoBaHne onepaTtopoB Mo
BpemeHn. KBaHToBble ckoOku [MyaccoHa. MHTerpansl
aBwkeHns.  CBA3b  WMHTErpanoB  OBWKEHWS  C
cnMmmeTpuen 3agadun. Teopembl QpeHdecTa.

1.5

OpHomepHble 3agayn

1-mepHble 3agauun. CeorcTBa QUHUTHOIO 1-MepPHOro
OBwkeHus. JIMHEMHbIA TapMOHUYECKMI OCLUNNATOP,
CMNEKTp 3HEepru, BOSHOBbIE (OYHKLUN CTaLMOHapPHbIX
coctosiHMn. CpaBHEHME KNacCU4eCKoro U KBaHTOBOIO
peweHnn ansa ocumnnstopa. 1-mepHoe OBUXEHWE B
OAHOPOOHOM Mone.

1.6

[BwmxeHune B LEeHTpallbHOM
none

Ob6wan Teopus OBWMXEHUA B LEHTpanbHOM More.
CobcTBeHHblIE PYHKUMM N COBCTBEHHbIE 3HAYEHUS
onepaTtopoB KBagpaTa YINOBOrO MOMEHTa U ero




NpoeKuMn Ha [daHHoe HanpaeBneHue. PaspeneHue
nepemMeHHbIXx B LUeHTpanbHOM none. PapguanbHoe
ypaBHeHue LpeanHrepa. ObLime CBOWCTBA peLUEHUS.
AHanus ycnosun nageHus vactuubl Ha LeHTp. MeTog
pelweHus 3agauM OBYX Ten C  UeHTparnbHbIM
B3aumogenctemem. ATom Bogopoda. PeleHune
paguanbHOro YypaBHEHUsi. JOHepreTUyeckuin CrnekTp.
[BkeHne B  KyNMOHOBCKOM Mofle B  chnyyae
HenpepbIBHOrO criekTpa. Pacnpegenenne
3NIEKTPOHHOW  MNMNOTHOCTM B aToMe  BoOAopoAa.
MarHuTHbIN MOMEHT B aTOMe Bogopoaa.

1.7

Teopusa npeacTasneHui

Teopus npegctasneHnin. KoopguHatHoe, NMNyrbCHOE
M SHepreTnyeckoe npeacTaBneHus ONS  BOJIHOBOW
dyHKuuKn. Teopus npeacTaBneHUMr AnNs onepaTopos.
MaTtpuyHas opMynMpoBKa KBaHTOBOW MeXaHUKWU.
OnucaHve BpeMEeHHOW 3BONIOUUN CUCTEMbI B KapTuHE
"enseHbepra. AunpakoBckuin popmanmnsm.

1.8

KBasunknaccuyeckoe
npubnmxkeHne

KBasuknaccunyeckoe pelueHue ypaBHeHus
WpeanHrepa. Metog BKB. ®opmyna kBaHTOBaHUA
Bopa—-3ommepdenbaa. [lNpoxoxaeHne MUKpoYacTuL
CKBO3b MOTEHLManbHbIA 6apbep B KBa3MKIIaCCUYECKOM
NPUGNKEHNN.

1.9

MpnbnmxeHHoe peLueHne
cTauMoHapHbIX 3adad

CrauuoHapHas Teopus BO3MYLLEHWI ans
HEBbIPOXAEHHbIX YPOBHEN. YCMOBUS MPUMEHUMOCTW.
Teopuss BO3MYLIEHU AONs OBYX ONM3KUX YPOBHEW.
Teopusi BO3MYLLEHUA MNPU  HaNUYUKU  BbIPOXOEHMS.
BapuauuvoHHble meToabl: meTog LpeanHrepa n metoq
Putua.

Teopusa KBAHTOBbIX
nepexonos

Teopuss KBaHTOBbLIX MNEPEXOAOB AN  BO3MYLLEHUN,
OEeNCTBYOWNX B TeYEeHMe KOHEYHOro npomMexyTka
BpemeHn. Teopusi KBAHTOBbLIX NepexonoB  Ans
rapMoHMYEeCKMX BO3MyLLeHun. "3onotoe" npaBuno
Depmu.

HepenaTtusuctckas Teopus
N3nyyeHns

FaMUnNbTOHMAH  3apshKEHHOW  MUKpodacTuubl B
anekTpomarHMutHom none. Cnydan cnaboro nons.
MoHoxpomaTudeckas BOIHa. Mornowexne 7]
BbIHY>KOEHHOE 3NEKTPOMAarHUTHOe M3ryyYeHMe cBeTa
aTomamy. CnoHTaHHOEe u3nyyeHune. [nMHHOBOMHOBOE
npubnmkeHne. MNpaBuna oTbopa ANA 3NeKTPUYECKOro
OMMNONbHOMO 13nyyexus. Bpems usHm atoMmoB.

KesaHTOBasi Teopus
paccesiHuA

[MocTaHoBKa 3agaydn B TeOpUM paccesiHUs. YpaBHeHue
LWpeanHrepa B nHterpansHon gopme. yHkuma MpuHa
Ans cBob60gHOro ABMXKEHMS.

HepeJ'IHTI/IBI/ICTCKaﬂ Teopusa
CMnHa 3NeKTpoHa

CnunHoBbIN MOMEHT anekTpoHa. MartpuyHas dopma
onepaTopoB. Matpuubl Maynu. BonHoBble dyHKLMK
CMMHOBbIX  cocTosHMWA. CnvHOBasi  nepemeHHas.
CnuHop. [BmXeHue  3apsbkeHHOW  4YacTuubl B
MarHuTHoMm none. YpaBHeHve [laynu. OddpekT
3eemaHa.

Teopusa MHOMMX YacTul,

YpaBHeHue WpeguHrepa ans cUcTeMbl
TOXOECTBEHHbIX  yacTuy. CummeTpus  BOSTHOBOM
dyHKuun. Ceasb co cnmHoM. lMpuHumn MNaynu. Metog
XapTtpu. Teopusa atoma renmsi. OCHOBHOE COCTOSIHUE.
Bo30yxaeHHble cocTosiHuA. KynoHoBckoe 1 obmeHHoe
KyNOHOBCKOE  B3ammogenctsme. TpunnetHbln U
CUHIMETHbIN renni.

1.15

PensaTtueucTckasi KBaHTOBas
Teopus

YpaBHeHve KnenHa-lopooHa ana  cBobogHom
yacTuubl. JJOCTOMHCTBO (aHTUYacCTULbl) U HEJOCTaToK
(otcytcTBME cnuHa). YpaBHeHve [upaka. Matpuubl
Oupaka. bucnuHopbl. CBobogHoe apwkeHue. CnvH B
Teopun  [Oupaka. CnupanbHocTb. [lpeaenbHbiii
nepexop K ypasHeHuto Naynu.




2. MpakTuyeckune 3aHATUA

2.1

BeepneHune. BonHoBas
dyHKUMA

KBaHTOBbIE COCTOSIHMSA. BonHoBasa pyHKUMS.
BeposatHocTHasa uHtepnpetauusa. Hopmuposka.
MpuHUMn cynepno3vnunn. BonHoBon naker.

22

Onepatopsbl husnvecknx
BENNYMH N NX CBONCTBA

CpefHve 3HayeHnsa KoopavHaT 1 nMmnynscoB. Anrebpa
onepatopoB. CobCTBEHHbIE 3HAYEHNA U COOCTBEHHbIE
dyHKUuM  onepatopoB. CBoWCTBa  COBCTBEHHbIX
3HaYeHUn U  COBCTBEHHbIX  (DYHKUMN  JIMHEWHbIX
3pMuUTOBBIX  onepatopoB.  OpTOroHambHOCTb U
HOpMMpOBKa COBCTBEHHBbIX (OYHKUMI onepaTopa ¢
OVNCKpPEeTHbIM cnekTpoMm. HopmupoBka COBCTBEHHbIX
YHKUMI onepaTopa C HeNpepbIBHbIM CMNEKTPOM.
YcnoBne  COBMECTHOrO  M3MEpPEHUs  pasfnyHbIX
MEXaHN4YeCKNX BEMWYVH. CooTHoLweHne
HeonpeaeneHHOCTEN.

23

YpaBHeHue LWpeauHrepa

BpemeHHoe ypaBHeHue LpeauHrepa. CtaumoHapHoe
ypaBHeHwue LLpeaunHrepa. YpaBHeHe HENPePbIBHOCTH.

24

MN3meHeHne cocTosiHUI co
BpEMeEHeM

CtauunoHapHble cocTosHusA. CBOMCTBa CTauMOHapPHbIX
coctosHun. [dnddepeHumpoBaHme onepaTtopoB nNo
BpemeHu. KeaHToBble ckobku [MyaccoHa. WHTerpansl
nopuxkeHnsi.  CBsAA3b  MHTErpanoB  OBWXKEHUS  C
cnMmmeTpuen 3agadun. Teopembl peHdecTa.

25

OaHomepHble 3agayun

1-mepHble 3agayun. CBoncTBa QUHUTHOrO 1-mepHOro
aBwxkeHns. [lpamoyronbHad noTeHuManbHasd sma.
JINHERHBIN  FTAPMOHUYECKUA  OCLUMSIAATOP,  CNekTp
3HEepPrum, BOSTHOBblE  OYHKLMU CTauUWOHapHbIX
coctosiHMn. CpaBHEHUE KIacCUYeCKOro M KBaHTOBOIO
pelweHnin gna ocumnnaTopa.

2.6

[BwmxeHune B LEeHTpallbHOM
none

O6wan Teopusi OBWXKEHUS B LEHTpanbHOM nore.
CobcTBeHHblIE OYHKUMM N COBCTBEHHbIE 3HAYEHUS
onepaTtopoB KBagpaTa YrroBOoro MOMEHTa W ero
npoekuun Ha [p[aHHoe HanpaeneHune. PasgeneHue
nepemMeHHblXx B LUeHTpanbHOM none. PapguanbHoe
ypaBHeHue LlpeauHrepa. ATom Bogopoaa. PelueHue
paguanbHOro YypaBHEHUsl. JOHepreTMyecKkui CrnekTp.
PacnpegeneHne anekTpOHHOW MMIOTHOCTM B aToMe
Bogopoga. MarHMTHbI MOMEHT B aTOMe Bogopoaa.

2.7

Teopusa npeacTaBneHnmn

Teopus npegctasneHnin. KoopguHatHoe, NMNyrbCHOE
M SHepreTnyeckoe npeacTaBneHus ONS  BOJIHOBOW
dyHKUMN. Teopua npencrtaBneHUn Ona onepaTopos.
[OupakoBckui dopmanmam.

2.8

KBasuknaccunyeckoe
npuénuxeHune

KBasuknaccuyeckoe pelleHve ypaBHeHUs
WpeanHrepa. Metog BKB. ®opmyna kBaHTOBaHUSA
Bopa—3ommepdensaa. [NpoxoxaeHve MuKpodacTul
CKBO3b MOTEHUManbHbIN 6apbep B KBA3MKIIACCUYECKOM
NPUBNUXKEHUN.

29

MpubnmxeHHoe pelueHne
CTaLMOoHapHbIX 3a4ay

CraunoHapHas Teopus BO3MYLLIEHUI ans
HEBbIPOXAEHHbIX YpOBHEW. Teopusi BO3MYLLEHUA ANS
OBYyX Onu3kux ypoBHeW. Teopus BO3MYLLEHUN MpwU
Hanyumn BbIpOXXaeHnsa. BapnauymoHHbin meTog Putua.

2.10

Teopus KBaHTOBbIX
nepexogos

Teopusi KBaHTOBbLIX MNEepPexodoB ANA BO3MYLLEHWUH,
OENCTBYOLNX B TEYEHME KOHEYHOro MpoMexyTKa
BpeMeHn. Teopusi KBAHTOBbIX MNEPeExogoB  Afis
rapMOHUYECKMX BO3MYyLLeHun. "3onotoe" npaBuno
depmm.

2.11

HepenaTtusucrtckas Teopus
n3nyveHus

MornoweHne 1 BbIHYXAEHHOE 3NIEKTPOMAarHUTHoOe
nanyyeHne ceeta atomMamu. CnoHTaHHOE M3ry4vyeHue.
OnunHHoBONHOBOE npubnuxkeHne. [MpaBuna oT6opa
ONs 3NeKTpuYecKkoro AMNonbHOro manydeHus. Bpems
YKM3HN aTOMOB.

212

KesaHTOBasi Teopus
paccesHus

lMocTtaHoBKa 3afayn B Teopun paccesHus. YpaBHeHue
LWpeavHrepa B nHterpansHon gopme. PyHkuma MpuHa




AN cBO60JHOr0 ABKEHUS.

2.13

HepeJ'IHTI/IBI/ICTCKaﬂ Teopusa
CrNnHa 3NeKTpoHa

CnvHOBbBIN MOMEHT anekTpoHa. MartpuyHas dopma
onepaTopoB. Matpuupbl Maynu. BonHoBble dYyHKLMK
CMUHOBLIX  cocTosHMW. CnnHOBasd  nepemMeHHas.
CnuHop.

214

TeOpI/Iﬂ MHOIMX 4acTtuy,

Teopnss atoma renus. OCHOBHOE  COCTOSIHME.
Bo3byxaeHHble cocTosiHuA. KynoHoBckoe n obMmeHHoe
KyNOHOBCKOE  B3ammogenctsme. TpunnetHoln U
CUHITETHbIV renun.

2.15

PensiTMBUCTCKasi KBaHTOBast
Teopust

YpaBHeHue KnenHa-TopgoHa gna  cBobogHom
yactuubl. YpaBHeHue [upaka. Matpuubl [dupaka.
BucnuHopbl. CBoGogHoe aBwkeHne. CnuH B Teopumn
[upaka.

* 3anonHsemcs, ecsiu omoesibHble pa3desibl OUCUUMIUHbBI U3y4aromcs ¢ NOMOWb OHNaUH-Kypca. B KoroHke
lMpumeyaHue HeobxoduMo ykaszampe Ha3gaHue oHnalH-kKypca unu OYMK. B Opyeux criydasix e sueliku cmagsamcs
rpoYepKU.

13.2. Tembl (pasp,en bl) JUCLUIIMHBL U BUABI 3aHATUN

Bugbl 3aHaTuin (4acos)

Ne HavmeHoBaHue Tembl r c
n/n (pasgena) oucumnnuHbl Jlexumm | MpakTnyeckune pynnosas aMOCTOATENEHAR | Brarg
KOHCynbTaums pabota
5 cemecTp
1 BeegeHune. BonHoBas pyHKUMSA 2 2 2 2 8
> OnepaTopbl PU3NHECKMX
BEMNWYMH 1 UX CBONCTBA 6 4 2 4 16
3 YpaBHeHuve LLpeauHrepa 2 2 2 6
4 M3meHeHne coCTOsiHUIM Co
BpEMEHEM 4 6 2 4 16
5 OpgHoMepHble 3agayn 4 6 2 2 14
6 [BmxXeHne B LeHTparnbHOM
none 6 6 2 4 18
7 Teopus npeactasneHunm 6 6 2 4 18
8 KBasuknaccuyeckoe
npuebnmxeHne 4 4 2 2 12
6 cemecTp
9 MpnbnmxeHHoe pelueHne
CTauUWoHapHbIX 3agay 6 10 3 8 27
10 | Teopus KBaHTOBbIX NEPEX00B 4 8 3 7 22
11 HepenaTtusucrtckas Teopus
nany4yeHunsa 4 10 3 7 24
12 KBaHTOBas Teopua paccesiHus 4 10 4 8 26
13 HepenaTtusucrtckas Teopus
CMNWHa 3NeKTpoHa 4 8 3 7 22
14 Teopusa MHOMMX YacTuy, 6 8 4 7 25
15 PenstuBuncTtckas kBaHTOBas
Teopus 6 6 4 8 24
Utoro: 68 104 40 76 288

14. MeToan4yeckue ykasaHus Ans ooy4aroLWmMXCcAa nNo 0OCBOEHUIO AUCLUMNIIUHDbI:

(pekomeHOayuu obydarouUMCs Mo 0C80EHUK QUCUUNITUHbI: yKa3aHue Haubosiee crioxHbIx pa3denos, paboma ¢
KOHcrekmamu nekyud, rnpeseHmauyuoHHbIM Mamepuariom, pekoMeHOayuu no 8bINnofIHEHUK Kypcogoli pabomel, ro
opaaHu3ayuu camocmosimesibHoU pabomael o ucuuruHe u op.)

Heobxodumo cmpozo criedogams pekomeHOauusim ripernodagamerisi o Usy4eHuro Mamepuarna.
CucmemamuyecKu ebirnosiHsme 3adaHusi, npednazaemMble npenodasamesnem.



15. lepeyeHb OCHOBHOM W [AOMOSIHUTENIbHOW nUTepaTypbl, PECYpCOB WHTEpPHEeT,

HeoOXoaUMbBIX ONA OCBOEHUSI ANCLMNIIUHBI (Criucok iumepamypbl 0GhOPMISEMCS 8 COOM8emcmeauu
¢ mpebosarusimu FOCT u ucrionb3yemcsi obujasi CKeosHasi Hymepauyusi 05151 8cex U008 UCMOYHUKO8)

a) OCHOBHas nuTeparypa:

Ne n/n MCTOYHNMK

KonbimuH, Neope Bacunbesuy. KeaHmosasi meopus : Kypc nekuyud. 4.1/ U.B. KonbimuH
, A.C. KopHes, H.J1. MaHakoe ; BopoHex. aoc. yH-m .— 2-e u3d. — BopoHex : JIOl
1 Bry, 2007 .— 111 c // «YHueepcumemckas 6ubnuomeka online»: 311€KmpoHHO-
6ubnuomeyHas cucmema. — URL :
http:.//www.lib.vsu.ru/elib/texts/method/vsu/may07111.pdf

Haebidos, A.C. KeaHmosas mexaHuka / A.C. [aebidos. — CIl16: EXB-lemepbype,
2014. — 703 c.

JlaHday J1.[]. Teopemuyeckas gpusuka. T. Ill: KeaHmoeas mexaHuka

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

6) gononHuTenbHasa nuTepaTtypa:

Ne n/n McTouHUK

KonbimuH, U.B. KeaHmoesasi meopusi: Kypc nekyud 0ns 8y3o8 4.2/ A.C.KopHes,

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

banawos, B.B. Kypc keaHmoegou mexaHuku : YyebHoe nocobue 0rs cmyod. ¢bus.qpak.

5 Y. 1/B.B. banawos, B.K. JonnuHoe .— M. : 1130-60 Mock. yH-ma, 1974 .— 379 c.

6 banawos, B.B. Kypc keaHmoeol mexaHuku : Y4ebHoe nocobue 0nsi cmyd. hu3s.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 (Hepensmuesucmckast meopus) / J1.. JlaHday, E.M. Jlucpwuy. — M.: @uamamum,

2001. — 803 c.
9 Brnoxunues, .M. OcHosbl keaHmosol mexaHuku / [.U. bnoxuHyes. — CIl16: J1aHb,
2004. — 664 c.

lanuukud, B.M. 3ada4u no kgaHmoeol mexaHuke : y4ebHoe nocobue A5 cmyd. ¢hus.
10 crnieyuanbHocmel 8y3o8 : 8 2 4. / B.M. anuukut, 6.M. KapHakos, B.U. KoeaH .— M. :
Edumopuan YPCC, 2001.

B) MH(pOPMaLIMOHHbIE 3NEKTPOHHO-006pa3oBaTeribHbIe pecypchl (ouUmnanbHble PeCYpPChbl UHTEPHET)™:
Ne n/n Pecypc
11 https://lib.vsu.ru/elib/texts/method/vsu/m20-121.pdf

* Bnavane ykasbiBaoTca OBC, ¢ koTopbiMy umeroTcsa pgoroBopa y BIY, 3atem OTKpbITble 9MNeKTPOHHO-
obpasoBaTerbHble pecypchbl, OHNamH-kypcbl, YMK

16. lMepeyeHb y4yeOHO-meTOOMYECKOro obGecneyvyeHUss ANA CaMOCTOATENIbHOM pPaboThbl
(y4ebHo-Memodudeckue pekoMmeHdayuu, rnocobusi, 3adayHUKU, MemoOu4YyeCcKue yKa3aHUsi M0 BbIMOSTHEHUIO
rpakmu4eckux (KOHMPOIIbHbIX), Kypcoabix pabom u dp.)

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

17. O6pa3oBaTenbHble TEXHONOMNU, UCNOoNb3yeMble Npu peanusaumm y4eoHom
AVUCLMNIINHBI, BKITIOYasaA AUCTaHUMOHHbIEe obpa3oBaTenbHbie TexHonoruum (OOT,
3neKTpoHHoe obyyeHue (30), cmewaHHOe 0bGy4eHune):



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

18. MaTepnanbHO-TeXHU4YECKoe obecneyeHne ANCLUUNIINHDI:

JlekunoHHast ayanTopms, focka, yiebHas nutepaTypa, AMCMEeHbIR Knacc.

19. OueHo4HbIe cpeacTBa ANA NpoBeAEeHUA TEKYLEeNn N NPOMEXYTOYHOWN aTTecTaumm

MopAnoK OLEHKM OCBOEHMS obyvaloluMucs yd4eGHOro MaTepuana onpegensiercs
coepXxaHMeM crneayLwmnx pasaenos AUCUMNIIVHBI

No HanmeHoBaHue KoMmneTen WHankaTop(bl)
. /|_'| pasgena QUCUUNIVHbI LMA(M) OOCTVDKEHUSI OueHouHble cpeacTea
(moayns) KOMMeTEeHL MM
Pasnensl 1.1 — 1.15 OnK-1.4 KOHTpOrnbHasi paboTa 1, KOHTpOnbHas
1. 21_215 ’ Y OrlK -1 OrnK-1.5 paboTa 2, koHTponbHas paboTta 3,
) ) OlNnK-1.6 KOHTponbHaga paboTa 4

MpomexyToyHas aTTecTauus
dopma KoHTpons — 3a4yeT
MpomexyToyHas atTecTauus
dopma KOHTpOnNs — 3K3aMeH

Cnncok BonpocoB K 3a4eTy

Cnuncok BOMpoCOoB K 3K3aMeHy

20. TunoBble OUEHO4YHble cpeacTBa W MeToAMYECKUe MaTepuanbl, onpeaensiowme
npoueaypbl OLeHUBaHUA

20.1. TeKywyMin KOHTPOIb yCNeBaemMocCcTun

KoHTponb ycneBaeMocTu N0 AUCLMNIIMHE OCYLLECTBIIAETCSA C NMOMOLLbIO CNeayrLNX OLEHOYHbIX
CpencrTs:
KoHTponbHaga paboTta 1,2,3,4
(HaUMeHOSaHUG OUEeHO4YHO020 cpeacmea meKyuweeco KOHMmMpOorsida ycneeaemocmu)
Mpumep BapuaHTa KOHTPONbHOM pa6oThl 1

1. Kakve 13 nepedncrneHHblX YHKLMIN COOTBETCTBYIOT OAMHAKOBLIM COCTOSHUSAM? (2)

2 _ 2 2
oe ox +B’ e(xxe o(x+1) , elnB+a(z 1)

2. PackpbITb ckobkn (4):
(L.—-p.)', (pi-x)
3. MokasaTb, YTO PYHKUMA ¢ = Ae™

2
D 2 o
onepatopa R = —FJr X" 1N HanTK cOBCTBEHHOE 3HA4YeHne, KOTOPOMY OHa yaoBreTBopseT. (3)
x

/2

SABNSiETCS COBCTBEHHOWN (PyHKLUMEN

4. 3anucaTb COOTHOLLIEHME HeONpeaeneHHOCTeN AN criegywmx uanyecknx

BENUYWH: (py, L:). (2)
5. Bblumcnutb cpegHee 3HavyeHue p, B NPOM3BOSIbHOM CTaLMOHAPHOM COCTOSHUM YacTuLbl Maccon m B
sSIME LUMPUHOW a C ABYyMs1 6ECKOHEYHO BbICOKMMM CTEHKaMN. MpnBECTU SABHbLIN BN, BONTHOBOW (PYHKLNN.

(5)

6. EcTb N1 0bLime cobcTBeHHBbIe hyHKLMM y onepaTtopos (7,L.) ? (2)

7. Kakvne 3Ha4yeHnsa MmomeHTa L, 1 C Kakon BepoATHOCTb0 ByayT HabnogaTbca Ha
3KCnepumMeHTe, eCrin COCTOSAHME CUCTEMbI ONMUCLIBAETCHA BONHOBOW (OYHKUMEN

2 . o

(@) =a(cos” 29 +sin@) ? Haittn <L,> n <(AL,)*>. (8)

8. 3annwunTte rammnbTOHMaH atoma Bogopogaa. (2)

9. MoxeT nn cocTosiHMe, ONUCbIBAaEMOe BOSTHOBOW hyHKLMEN

Y&, 1) = 0(E)e™ ™" | Brimb cTaumoHapHbIM? (2)



Mpumep BapuaHTa KOHTPOJSIbHOW pPaboThbI 2
1(12). Yactuua, nmetoLaa maccy m, ABUXKETCS B none
+o0, x <0,
Vix)=41
EmwzxZ, x>0.

HanTtn aHeprum ctaumMoHapHbIX COCTOAHUIN U COOTBETCTBYHOLLME UM BOSIHOBbIE (PYHKLINN.

2(12). YacTtuupl, kaxkgas n3 KOTOpbliX MMEET Maccy m n 3Hepruo E, ABUXKYTCS B none V(x)=Q3(x) .
Haintu koappruneHT oTpaxkeHna kak yHKUUIO aHeprun E.

3(6). Haitu (c0s0) y (cos’ 0) & 2p-cocTosum atoma Bogopoza.

Mpumep BapuaHTa KOHTPOJNIbHOW paboThbI 3

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

K e
r)=,—
w(r) -

2(5). B umnynbcHom npeactaeneHun onepatop 7 =e . HaiTu koopamHaTHOE npeacTaBneHve.

3(10). cnonb3ys kBasuknaccuieckoe NpubnmxeHne, BblYNCINTb YPOBHU 3HEPTUM CTaLMOHAPHbIX
COCTOSAHMW B NMOoTeHLUnane

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

Mpumep BapuaHTa KOHTPONbHOW paboThI 4
1(20). OnpegenuTb C NOMOLLLID BapuvaUMOHHOIO MeToga PuTua SHeprno OCHOBHOMO COCTOSIHUS

hz 3/2
3MneKTpoHa B MoTeHuuane U(x)=2—\/ny/ |x| . MpoBGHY0 YHKUUIO OCHOBHOIO COCTOSIHUSI B3ATb B
m

1
Buge V(x)= Aexp[—gaxz} roe o — BapUaLMOHHbI NapameTp.

2(10). HaitTn cobcTBeHHbIe 3HaueHust onepatopa F = (a-6)", roe a — NocTOsHHbLIN BEKTOP.

3(10). My4yoKk SNEKTPOHOB C 3Heprueil E pacceusaetcs Ha noteHumane U(r)=U,e ™, rne Uy n a —
nonoXuTenbHble KOHCTaHTbl. OnpeaenuTe auddepeHumnanbHoe cevyeHne paccesHusa YacTuL, B NepBoM
©OpPHOBCKOM MPUBNMKEHUN.

4(10). Ha yactmuy B 6eckoHeyHOo rnybokor NoTeHuManbHon ave WUPUHBLI & HaknagbiBaloT BO3MYLLEHNE
BMaa:

orsin’(nt/1), |f| <,

A S

Oﬂpeﬂ,e]’ll/lTb BE€POATHOCTb nepexona Mmexany OCHOBHbIM U BO36y)K,D,eHHbIMI/I COCTOAHUAMMN.

OnucaHue TexHonornu npoeeneHus

Ha peweHne 3agaHun KOHTpOJ'IbeII7I pa6OTbI BblaensieTcsa 2 akageMmn4eckux yaca. I'Ipvl peweHnn 3agav
CTYAEHT MOXET MNOoJ1b30BaTbCA 3apaHee NnoaArotoBfieHHbIMK MeTOOUYECKUMN MaTepuanamn.

TpeboBaHMA K BbINOMTHEHUIO 3a8aHUN (MNN WKanbl U KPUTEPUN OLLleHUBAHUA)



OugeHKa «OTNUYHOY: MModpobHbie u 6e3owuboyHbIe peweHuUs ecex 3adayd, O0MyCKamcs He3HaYUMerbHbIe
8bI4UCIUMESIbHbIE HEMOYHOCMU.

OueHka «xopoLuoy»: ModpobHble peleHus gcex 3aday, ebibop npasusibHo20 xoda peweHus Ans ecex 3adad,
doryckatomes 8bIHUCTUMESIbHbIE HEMOYHOCMU, @ MakKXe HeroIHOe 8bINosIHeHUe omoesibHbIX 3adaHudl.

OueHKa «yOoBNETBOPUTENBHOY: peweHue omoesnbHbix 3aday, A0MyCcKarmecs HeaHadumesbHble HemoYHocmu
8 8bibope Memoda u xo0a peweHus 3adayu.

OueHka «HeyaoBNeTBOPUTENbHO» omcymcemeue npasusibHO PeweHHbIX 3aday, Ucrnob308aHue oWUBGOYHbIX
Memo0doe u rpuemos 01151 pelueHUs1 nocmaeJsieHHbIX 3aday.

20.2. NMpomexyTo4Has aTTecrauums

MpomexyToyHas aTtTectauusi Mo OUCLUMUMNMHE OCYLECTBMSETCS C MOMOLUbK  CreayrLmx
OLEHOYHBIX CpeacTB:

Cnucok BONpoCoB Afsi NpoBeaeHUs 3a4eTa
(HaumeHoB8aHuUe OUEeHOYHO20 cpedcmea MPOMEXYMOYHOU ammecmauuu)

1. MaTemaTnyeckoe n3obpaxeHne KBaHTOBOroO COCTOSIHUS MUKPOOObEKTa.
2. ®U3nNYeCKMn CMbICN BONTHOBOW (DYHKLIMK.

3.BonHoBas yHKUUA CUCTEMDI YyacTtul, 3agaHa:
Haitn pacnpegeneHme BeposaTHOCTU OBHapyXeHns -1 YacTuubl.

4.CTaHaapTHble YCroBUs, KOTOPbIM AOMKHA YAOBNETBOPATb BONIHOBAsA (PyHKLMS.
5.HopmMunpoBKa BOSTHOBbLIX (PYHKLNI COCTOSAHUIA (OUHUTHOIO ABWKEHUSI.

6. paHn4HOe ycrnoBue, Hanaraemoe Ha BOSIHOBbIE DYHKLMN COCTOSIHU (OUHUTHOMO OBUKEHMS.
7.T1puHUMN cynepno3nLnm COCTOSHUN.

8.MaTtemaTuyeckoe nsobpaxeHve PuU3NYECKNX BEMNYNH.

9. ®opmyna cpegHero 3HavyeHUs PM3N4eCKon BENNYUHBI B JAHHOM COCTOSIHUW.

10. No4vemy onepatop pur3nN4ecKon BENNUUNHbLI 4OIMKEH OblTb IMHENHBIM?

11. Moyemy onepatop hun3nHeCcKon BENMMYMNHBLI JOIDKEH ObITb 3pMUTOBLIM?

12. O6bACHUTL PU3NYECKUA CMbICIT BbICKasbiBaHUA: "BenuymHa B [JaHHOM COCTOSIHUM UMeeT
onpeneneHHoe 3HavyeHne".

13. O6bACHUTL PU3MYECKUI CMbICN BbiCKasbiBaHUNA: "BenuunHa B OaHHOM COCTOSIHUM He MMmeeT
onpeaeneHHoro 3aHa4veHms".

14. MaTemaTtuyeckasi hopMynmMpoBKa onpeaeneHHoro 3Ha4eHns BENNYUHbI B JAHHOM COCTOSHUMN.
15. Kakne 3HauyeHus BennymHbl NoKasbIBAET SKCMNEPUMEHT?
16. B Kaknx cOCTOSAHUAX cpegHeKBagpaTUYHOE OTKITOHEHNE BENNYMHBLI  PaBHO HYNHO?

17. Kak HanTtu onpeaeneHHble 3Ha4YeHNA BEJNTMYUHDI , 3Had BUa ee onepaTopa?



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

UeMy paBHO cpegHekBagpaTUYHOE OTKIMOHEHME BENUYMHbI B COCTOSIHUM C OMNpeaeneHHbIM
3Ha4YeHnem ?

ConcrtBa cobCTBEHHbIX PYHKLUMIA U COBCTBEHHbBIX 3HAYEHMI JIMHENHBIX 3PMUTOBLIX ONEPaTOpPOB.
PasnoxeHne BOMHOBOW (yHKUMM MO 6Gasncy NUHEMHOro apmutoBa onepartopa. dusmyeckui
CMbICnT K03 PMUMEHTOB pasnoxeHusi. Puanmdecknin  CMbICNT  OpPTOroHasbHOCTU  Ba3UCHbIX

DYHKLMNA.

BeipoxxgeHue. KpaTHocTb BblpoxaeHusi. [MpuBect 5 npumepoB Ans criydast BblpOXOEHMWS
CcOBCTBEHHbIX 3HAYeHMIN onepaTtopa.

WNHdUHMTHOE aBuxkeHne. HopMmmnpoBka BOSTHOBLIX (PYHKLMA HENPEPBLIBHOIO CnekTpa.

PasnoxeHne 3agaHHOM BOMHOBOM QYHKUMM Mo 6Gasucy onepatopa. Pusnyeckuin cmbicn
KO3 PULMEHTOB pasnoXeHUs ANn4a onepaTtopoB ¢ ANCKPETHBIM U HEMPEPbLIBHBLIM CMEKTPOM.

HaTb pumsnyeckoe obbscHEHME BbiCKa3biBaHMIO: "BennymHbl n N3MepUMbl COBMECTHO".
[aTtb maTemaTnyeckoe 06bSCHEHME BbICKa3biBaHUIO: "BenNnYmHbl _ U M3MEPMMbI COBMECTHO".

CdopmynupoBaTb HeobGXxoaMMOe W [A0CTAaTOMHOE YCMOBME COBMECTHOW M3MEPUMOCTU [OBYX
dumsmyeckux senuuuH. Mpmeectn no 10 NpUMepoB Nap U3MEPUMbIX U HEU3MEPUMbIX COBMECTHO
BEMWYMH.

CooTHoLLeHMe HeornpeaeneHHocTen. Ero gousndecknin cMbicr.

B uyem cocTtonT OCHOBHOE OTNNYME COOTHOLUEHWI Heonpe/J,eneHHOCTeﬂ anAa nap coBMeCTHO
M3MEPUMbIX N HEN3MEPUMBbIX d)m3mqe0|<mx BENUYNH? an/lBeCTVI NMPUMEDPLI.

HecTauunoHapHoe ypaBHeHue LLpeguHrepa. dPrsmyeckuin cmbicn.

HaTb onpegeneHue ctauMoHapHbIX COCTOSHUN.

CraumoHapHoe ypaBHeHue LpeaunHrepa. (JononHMTENbHO — €ro akycTmyeckas aHanorus)
OnpeneneHne OCHOBHOMO COCTOsIHMA. Ero cBOMCTBO.

3aBMCMMOCTb BOSTHOBOWN (PYHKLMM OT BPEMEHU B CTALMOHAPHbBIX COCTOAHUSAX.

ConcTtBa cTaumMoHapHbIX COCTOAHUMN.

Mpn KakoM ycnoBun CTauMoHapHbIe COCTOSHUSA MOryT OblTb peanv3oBaHbl?

MpaBmna clumMBaHns BONMHOBbLIX OYHKLUMIA B TOUKax paspbiBa NOoTeHUnanbHoM aHeprum (1-mMmepHbIi
cnyyan).

Conctea 1-MepHOro (oMHUTHOrO ABMKEHUS.

YpaBHeHMe HenpepbiBHOCTM AN NNOTHOCTM  BeposTHOCTU. CBSA3b  NMIOTHOCTU  MOTOKa
BEPOSATHOCTU C BONTHOBOW (DYHKLMEN.

Kakoe cocTosiHne nsobpaxaeTcst NNOCKON BOITHON?



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

38.

59.

60.

61.

OnpegeneHne NonHoM NponsBoAHON onepaTopa MU3MYeCcKon BENNYNHBI MO BPEMEHMN.

YpaBHeHMe OBWXKEHWe And onepaTtopa uandeckon BenuvyuHbl B dopme [enseHbGepra.
Knaccuueckas aHanorus. CBorcTBa NofHOM NpoM3BOLHON onepaTopa no BPEMEHN.

TeopeMbl OpeHdecTa. Knaccuyeckue aHanormu.
OnpegenexHne nHTerpana aBwKeHus.

Mpyn kakoM U3NMYECKOM YCMOBMM BENWYMHA, He 3aBuUCsLLas SIBHO OT BpemeHu, Oyaet
nHTerpanom asmxkeHus? Kak a1o ycrnosme oopMynumpyeTcst MaTeMaTUyYeckn?

Mpw KakoM PU3NYECKOM YCIOBUM NOMHasi SHepPrnst byaeT UHTerpanomM ABWKEHUNA?
Mpwu KakoM PU3NYECKOM YCNOBUM UMNYNbC ByaeT nHTerpanom ABMKEHUS?

Mpy KakoMm PU3MYECKOM YCIOBMU NMPOEKLUMS MOMEHTA MMNYNbCa Ha BblOENEeHHOE HanpaBneHue
OyOeT UHTerpanom ABWKEHUNA?

Mpw KakoM PU3N4ECKOM YCNoBUM KBadpaT MOMEHTa UMnynbca byaeT nHTerpanom ABMKEHUs?

Onepauunssi uHBepcun. duamyeckas CywHoCTb. WHBepcus B [OekapToBbIX W cdepuyeckmx
KOOpAMHaTaXx.

dunanyeckasn BennynHa, COOTBETCTBYIOLLAA onepaTopy uHeepcun. Habniogaemole 3HaveHus.
CsowicTBa BOMHOBLIX (OYHKLNIA COCTOSIHWIA C ONPeaeneHHON YETHOCTLIO.
Mpun kakoM PU3N4ECKOM YCNOBMM YETHOCTb ByaeT NHTEerpanom ABMKEHNSA?

C kakMMy BenuUMHamMm (MMMysnbC, KMHETMYECKas 3HEeprusi, NoTeHumanbHas 3Heprusi, Npoekuns
MOMEHTa KonnyecTBa ABWXEHUS, KBagpaT MOMEHTa KONMMYecTBa ABMKEHUS) YETHOCTb 3mepuma
COBMECTHO?

OCLI,I/IJ'IJ'IFITOprIIZ noteHuuman. I'Ipmmepbl KBAHTOBbIX OCUUITJITATOPOB.

OHepreTnyecknii cnektTp 1-mMepHOro IMHEMHOro rapMoHudeckoro ocuunnsTopa. CBOWCTBO
OPTOHOPMUPOBKW BOMHOBbIX (OYHKLMIA CTaLMOHAPHbIX COCTOSIHWUIA OCLMNNATOPA.

HyJ'IeBbIe KonebaHus ocuunndartopa. Mx d)VI3I/IquKaF| npunynHa. SHGPFVIFI HyJneBbIX KonebaHui.
Onpep,eneHme LEeHTPaJibHOro nons. MHTeraJ’IbI OBWXEHNA.

OnpeneneHHble 3Ha4YeHWUs1 kKBaapaTta opOUTanbHOrO MOMEHTa M npoekuun. CooTBETCTBYHOLLME
MM BOSHOBbIE (PYHKLMUN. KpaTHOCTb BbIPOXAEHUS.

B kakumx cocTosiHusix nepemMmeHHble B CTauMOHapHOM ypaBHEHUN LLIpe/:lerepa C UeHTpalibHbIM
noTeHumnanom NosiHOCTbHO pa3nenm0Tc;|?

PagnaneHoe ypaBHeHue WpeguHrepa. ['paHnyHOe ycnosue.

Knaccudmkaumsi craumMoHapHbIX COCTOSiHAM B LeHTpanbHoM none. ChekTpockonuyeckue
CMMBObI.



62. MeToa pelLeHust 3agayn AByX TeN ¢ LeHTparnbHbIM B3aMMoaencTBUEM.

63. O dPeKTUBHLIN NOTEHLUMAN SNEKTPOHA B KYFIOHOBCKOM MOS1E€ NPUTSKEHNS.

64. KBaHTOBbIE 4MCNa, XapakTtepusyruwne CoCTtoaHnd atoma Boaopoa. ,El,manaspol NX U3AMEHEHUA.
Kakon (*)VI3I/I‘-I€CKOI7I BeJIM4YnHe COOTBETCTBYET KaXXo€e KBAHTOBOE yncno?

65. Knaccudpmkaums BogopoaHbix TepmoB. OCHOBHOE COCTOSIHME aToma Bogopoaa.

66. DHepreTUYeCcKnin cnekTp atoma Bogopoda. KpaTHOCTb BbIpOXAEHUS. YCroBMe OPTOHOPMUPOBKU
BOJTHOBbIX (PYHKLMA.

67. MarHWTHbIA MOMEHT B CTaUMOHapPHbIX COCTOSIHUSIX aToMa BOAOPOAa.

OnucaHue TexHonornu npoeeneHus

3aueT npoxoauT B NUCbMeHHoW popme. CTyaeHTy npeanaraetcs 15 BONPOCOB M3 MOSHOIO crucka
BOMPOCOB, Ha KOTOPbIe OH JOSMKEH AaTb KpaTKWIA OTBET B TEYEHME OAHOIO akaeMMUYeCcKoro yaca.

TpeboBaHNA K BbINONTHEHUIO 3a4aHUN, LWWKaNbl U KPUTEPUN OLleHUBaHUSA

«3a4TeHo»: AaHbl NpaBuUnbHbIE U NoMHble oTBEeThI HA 10 M Gonee BoNpoOCcoB, AOMYCKATCSA NOrPELLHOCTY,
KOTOpble CTYAEHT CNOCOOEH CKOPPEKTUPOBATL MO PYKOBOACTBOM NpenofaBaTens

«He 3a4TeHo»: NpaBunbHbIE U NOMHbIe OTBEThLI AaHbl HA MeHee, YeM 10 BONPOCOB; OTBEThI HA BOMPOCHI
coaepxaT HETOYHOCTU U OLNOKK, KOTOpble CTYAEHT He CrocobeH CKOPPEKTUPOBAaTL NOA PYKOBOACTBOM
npenoaaeartens

NoukwnE

10.
11.
12.

13.
14.
15.
16.
17.
18.
19.

Cnuncok BOMpoCoB Ans NpoBeAeHNs 3Kk3aMeHa
(HaumeHogaHUe OUeHOYHO20 cpedcmaa NPoMexXxymoyHol ammecmauuu)

KBaHTOBblE COCTOAHNSA. BonHoBble oyHKUMW. [MpuHLMI cynepno3numnmn COCTOSHUM.
CpegHekBagpaTuUdHOE OTKMOHEHME (gucnepcust) mMsnyeckon BENTMUNHDI.
CobcTBEeHHbIe 3Ha4YeHUs 1 cCOBCTBEHHbIE (PYHKLMN JIMHENHBIX 3PMUTOBLIX ONEepPaTopoB.
YcnoBus COBMECTHOM U3MEPUMOCTU HECKONBbKUX (OU3NYECKNX BEMUYUH.

CooTHoLleHre HeonpeaeneHHOCTEN.

CovicTBa COBCTBEHHLIX OYHKLMIA onepaTtopa C HEMPEpPbIBHbIM CEKTPOM.

YpaBHeHue LlpeanHrepa (BpemeHHOe, cTaumoHapHoe). CTauuoHapHble cocTosaHus. Ux
cBOMCTBA.

YpaBHeHne HenpepbIBHOCTU. [MNOTHOCTb NOTOKa BEPOSATHOCTM.

OudbdepeHumnpoBaHne onepaTtopoB No BpeMeHU. VIHTerpanbl COCTOSHMS.

KBaHTOBasi TeOpusi MIMHENHOrO rapMOHNYECKOro ocumMnnsaTopa.

MomeHT KonuyecTea gBWKeHUs (opOuTanbHbI MOMEHT).

PasgeneHne nepemeHHbix B ypaBHeHun LpéamHrepa B UeHTpanbHOM  norse.
CnekTpockonuyeckme CMMBOIbI.

3agava gByx Ten ¢ LueHTpanbHbIM B3aMMOAENCTBUEM.

Teopus atoma Bogopoaa.

Tokn B atomax. MarHeToH Bopa.

MmnynbcHoe 1 aHepreTnyeckoe npeacraBneHne BOSTHOBbIX (OYHKLINNA.

MmnynbcHoe 1 aHepreTuyeckoe npencraBneHne onepaTopos.

YpaBHeHue LpeavHrepa B UMMNYNbCHOM U 3HEpPreTU4ecKoM npeacTaBrneHusX.
CobcTBeHHble YHKUUN 1 COBCTBEHHbIE 3HAYEHMS ONepaTopoB B MaTPUYHOM BUAE.



20. MaTpuyHas cbopma onepaTopa MoSIHOW NPOM3BOAHON (PU3NYECKON BEMNYNHBI MO BPEMEHN.

21. KBasuknaccuyeckoe npubnuxeHue. YcnoBus ero npMeHUMOCTW.

22. KBasuknaccuyeckoe pelleHve 1-mepHoro ypaBHeHus LWpeguHrepa (meton BeHTuens—
Kpamepca—-BpunntoaHa).

23. MNpaBuno kBaHToBaHuA bopa—3ommepdenbaa.

24. BapunauunoHHbIn MeTop pelleHus ypaBHeHus WpeauHrepa (metoq Putua).

25. BapuauunoHHbI MPUHUMN B KBAHTOBOW Teopwun. BapuauuoHHbIN BbIBOA CTaLMOHAPHOro
ypaBHeHus LpeanHrepa.

26. CTaumoHapHasa Teopus BO3MYLLEHUA AN N30fIMPOBAHHOMO YPOBHS.

27. CTaumoHapHasa Teopus BO3MYLLEHUA MPU HAanNu4mMm BblpOXAEHWS.

28. HectaunoHapHas Teopusi BO3MYyLLEHWI (TEOPUS KBAHTOBBIX Nepexoaos).

29. NMepunoanyeckoe 1 NOCTOSAHHOE BO3MYLLEeHUS («3onoTtoex» npasuno ®epmu).

30. PaccesiHme kak KBaHTOBbIN Mepexon B HenpepbiBHOM CrnekTpe B 1-OM nopsiake Teopun
Bo3myLeHnn. Popmyna BopHa.

31. laMunbTOHMaH B3aUMOOENCTBUS KBAHTOBOW CUCTEMbl C  3IEKTPOMArHUTHbIM  NOfeMm.
BbiHy>OeHHOe nornoLeHne n nsnyyeHve ceeta.

32. inuHHoBONHOBOE NpubnwxeHve. unonsHoe nsnyyeHue.

33. CnoHTaHHOEe n3rny4YyeHne Bo30YXAEeHHbIX KBaHTOBbIX CUCTEM.

34. AMnNnutyga u cedeHue paccesHus. WHTerpanbHoe ypaBHeHve LpeauHrepa ona 3apjaudv
paccesHus.

35. lNepBoe 6opHOBCKOE NPUBAKEHNE. YCNOBMS €ro NPUMEHMMOCTH.

36. CeyveHune paccesHMs Ha KyNOHOBCKOM noTeHuuane.

37. HepenatusucTtckasa Teopus cnvHa. Onepatop cnvHa. CnvHoBble OYHKLUMK.

38. YpaBHeHue lNaynu.

39. PacwenneHne ypoBHen B MarHUTHOM nose. ekt 3eemaHa.

40. MNpyHUMN TOXAOECTBEHHOCTU YacTul. CummeTpusaums n aHTUCUMMETPU3auus BOJTHOBbIX
dyHKumn. MpuHuun MNaynw.

41. Teopuss OCHOBHOrO COCTOSIHUSA aToMa renusi.

42. Bo3byxaeHHble cocToaHMA atoma renus. OpTo- 1 naparenuvn.

43. MeTopg camocornacoBaHHoOro nons. YpasHeHuss XapTpw.

44, YpasHeHne KneiHa—lopgoHa.

45. YpaBHeHue [Inpaka Ansa pensaTMBUCTCKOrO 3NeKTpoHa.

46. PewweHne ypaBHeHuns [upaka ans cBoboaHoro anektpoHa. CnupanbHOCTb.

47. TonHbIN MOMEHT MMMyNbCa U CMVH 3MNeKTpoHa B Teopuun [upaka.

48. BbiBog ypaBHeHus NMaynu n3 ypasHeHus Jupaka.

OnuncaHume TexHonornu npoBeneHus

OK3ameH npoxoauT B YyCTHoln chopme. CTyaeHTy npegnaraetca 2 BONPOCOB M3 NMOSTHOro cnmcka
BOMPOCOB, Ha KOTOPbIE OH AOMMKEH AaTb pa3BePHYThIN OTBET B TEYEHME OL4HOMO akageMMYecKoro vYaca.
B cny4yae, ecnu cTyaeHT MEET OLIEHKY «HEYLOBNETBOPUTENBHO» MO O4HOW U3 KOHTPOMbHbLIX paboT
TeKyLlen atTectauummn, eMy Takke npeanaraetcsi ogHa 13 3afadv M3 COOTBETCTBYHOLLEN KOHTPOSbHOMN
paboThbl.

TpeboBaHNA K BbINONTHEHUIO 3a4aHUN, WWKanbl U KPUTEPUN OLleHUBaHUSA

«OTnn4HO»: NodpobHbIe u be3owubo4yHbIe omeembl Ha OCHOBHbIE U GOMOSTHUMESIbHbIE 80rPOCHI,
rosIHoe roHumMaHue u ceobodHoe eriadeHuUe mamepuarioMm, yMeHue pewams rnpakmuyeckue 3adadqu
«Xopowoy: [ToOpobHble omeembi Ha MocmassieHHbIe 80IPOChI C MesIKUMU owubKkamu,
He3HaqyumersbHble npobersbl 8 3HaHUU Mamepuarna, yMeHuUe pewams fnpakmudyeckue 3adadu



«YposneTBoputenoHo»: HeydosrnemeopumeribHble omeemabl Ha 0OUH U3 OCHOBHbIX eoripocos KWMa u
Hekomopsble 00rnofIHUMesbHble 80IPOChI, HEMNOTHOe 3HaHUe Uu NoHUMaHue Mamepuarna, HUsKue
HaebIKU peweHus npakmu4yeckux 3aday

«HeynoBneTBOpUTENbHOX: M1710X0€ 3HaHUe Mamepuara, HeydoeremeopumersibHble 0meembl Ha
sonpockl KMMa u 6onbwuHCcmMeo G0nosTHUMESIbHbIX 801POCO8, OMCYMCMeuUe HaBbIKo8 peuwleHus
rnpakmu4eckux 3aday
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