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I. Iean v 3aga4M TUCUMILJIMHBI

B xone u3yuenus nucuumuinabl «KBaHTOBasi MEXaHHMKa» CTYIAEHTHI U3y4alOT U OCBAMBAIOT OC-
HOBHBIE TIOHSITUSI U METOJIbI KBAHTOBOM TEOpPHUHU, CIIOCOOBI TEOPETUUECKOTO OMHCAHUS, KOJIUYECTBEH-
HOT'O U KaU€CTBEHHOI'0 aHaJIN3a KBAaHTOBBIX ITPOLIECCOB B CUCTEMAX, COCTOSIIIMX U3 OJTHOM MJIM MHOTUX
YacTHL, a TAKXKE B CUCTEMAX C HEOIIPEAEIICHHBIM WM MEHSIOIMUMCS YMCIOM YaCTHLL.

Hucnunnuna «KBaHTOBasi MEXaHMKa» MPEJCTABIACT COOOM TEOPETUUECKYI0 OCHOBY ISl T1O-
CIIEYIOIINX Pa3JelIoB Kypca TEOpETHIeCKOr Pu3nku. MareMaTH4ecKol U METOUIEeCKOr 6a30i Kyp-
ca SIBJISIIOTCSL BCE pasJielibl Kypca MaTeMaTUKH U TEOPETHUECKON (DU3MKHU, U3YUYEHHBbIE CTYIACHTaMU K
Hayaiy 5 ceMmecTpa.

B pesynbTaTe uzydeHus Kypca CTyACHT MpruoOpeTaeT Kak (yHIaMeHTalbHbIC 3HAHHS O MOJIXO0-
JaX K ONMHCAHUIO0 KBAaHTOBBIX CHUCTEM, TaK M HABBIKM PELICHUS KOHKPETHBIX KBAHTOBO-MEXaHUUYECKHUX
3azay.

esn Kypca

KBaHTOBass MeXaHHKa SIBJISICTCS BaXKHOW YacThIO YHUBEPCAIBLHON 0asbl s M3ydeHHUs oOIe-
po(heCCHOHATBHBIX M CHEIUAIBHBIX JUCIUTLIINH, BOOPYXKACT BBITYCKHUKOB HEOOXOAMMBIMU 3HAHHMSI-
MU JUJISl PEIICHUS] HAyYHO-TEXHUYECKUX 3a]a4 B TEOPETHUUECKUX M MPUKIAJHBIX aCHEKTaX, 3HAKOMUT
CTYJIEHTOB C HAYYHBIMH METOJAaMU MO3HAHHUs, TO3BOJISET HAYUYUTh UX OTJIMYATh TMIOTE3Yy OT TEOPHH,
TEOPHUIO OT KCHEPUMEHTa. JTa NUCIMILUIMHA CIIOCOOCTBYET MPOBEACHHUIO JEMapKaIlMyd MEXIy Hayd-
HBIM U aHTHHAYYHBIM TIOJIXOJIOM B M3YYCHHH OKPY)KAIOIIETO MHpPA, IMO3BOJISICT HAYYUTh CTPOUTH (PH-
3UYECKUE MOJIENIU TPOUCXOISIIETO U YCTAHABIIMBATD CBSI3b MEX/1Y SIBJICHUSMHU, IPUBUBATh TOHUMaHUE
MIPUYUHHO-CIIEICTBEHHOM CBSI3U MEXy sBieHUusAMU. O0nagas TOTHYecKo CTPOHHOCTBIO M OMUPAsCh
Ha JKCIepuMeHTalbHble (akThl, nucuuiuinHa «KBaHTOBas MexaHWKa» SBISIETCS UII€ATBLHOM IS pe-
IIEHUS ATOU 3a7aud, GOPMHUPYS Y CTYJAECHTOB MOJTMHHO HAYYHOE MHUPOBO33PECHHUE.

Llenpro OCBOEGHMS Kypca KBaHTOBOM MEXAHUKH SIBJIIETCS O3HAKOMIIEHHE CTYJ€HTOB C OCHOBHBI-
MU 3aKOHaMH COBPEMEHHOU (DM3UKU U BO3MOKHOCTSMH UX MPUMEHEHHUs MPHU PEIICHUU 3a7a4, BO3SHH-
KaroIIUX B X MOCJIENYIOMEH TPoPecCHOHATIEHON ACSITEIHbHOCTH.

3apaum kypca
— M3y4YEHUE 3aKOHOB KBAHTOBOM TEOPUU B UX B3aUMOCBSI3H;

— (hopMHpOBaHNE HABBIKOB MO MPUMEHEHUIO MOJIOKEHUI KBAHTOBOW TE€OPUH K TPAMOTHOMY Hayu-
HOMY aHaJIM3y CUTYyallui, ¢ KOTOPHIMHU HCCJEA0BATENI0 MPUXOJUTCS CTAJKUBATHCSA MPU CO3/a-
HUHW HOBOM TEXHHKH M HOBBIX TEXHOJIOTHII;

— (hopMHUpOBaHHE Y CTY/ICHTOB 3HAHUH OCHOB KBAHTOBOM TECOPHHU OMUCAHUS OKPYKAIOIIIETO MHUPA;

— 03HAKOMJIEHHE CTYJICHTOB C UCTOPHUEN W JIOTMKOM Pa3BUTHS KBAHTOBOM MEXaHMKHA U OCHOBHBIX

€€ OTKPBITUH.



II. MecTo nucuunimubl B cTpykrype OIIOIL:

I[I/ICL[I/IHJII/IHa «KBaHTOBast MexaHHKa)» SBIISETCI O6H38.T€JIBHOFI IJi1 U3Y4YCHUSA 110 HAaHHOMY
npodwmmo. M3ydenue Kypca nmpeamnosaraeT HajJuuue MoJydeHHBIX Ha MPEAblIyleM ypoBHE 00pa3oBa-
HUS OCHOBHBIX 3HaHHM, yMeHUN mo aucuuimHaMm «/uddepenimanbupie 1 UHTETpadbHBIE ypaBHE-
Hus», «Teoperndeckas MexaHuKa», «QiekTpoauHamuka». JucuuniauHa «KBaHTOBas MeXaHHKa»
MPEJCTaBIsET cO00I TEOPETHUECKYIO OCHOBY JJISl MOCIEAYIOIIUX Pa3/IesioB Kypca TeOpeTHUeCKon (u-
3uku «DHU3uKa KOHICHCUPOBAHHOTO COCTOSIHUS», «[epMOIMHAMUKAa M CTAaTHUCTHYECKas (U3HKAy,
«BBenenue B KBAaHTOBYIO TEOPHIO MOJIs», «KBaHTOBas TEOPHS U3ITYUCHUSY.

II1. TpeGoBaHus K pe3yjbTaTaM OCBOCHUS M CIUIIINHbBI

Ilepeuens MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHHS MO JUCIUTINHE, COOTHECEHHBIX ¢ HHIUKATO-
paMu J0CTHKEHUs] KOMIeTeH Uit

OIlK-1 CrnocoOeH mpuMmeHsATh 0a30Bble 3HAHUS B 001acTU (U3UKH U PATUOPU3UKU U
HCIIOJIb30BaTh X B MPO(ECCUOHATBLHOU JEATSILHOCTH, B TOM 4YHCIe B chepe
MEeIarOrMYECKON JICATEIIbHOCTH;

OIIK 1.1 [Ipumensier 6a30Bbie 3HAHUS B 00JaCTH (PU3UKU U PATUO(PU3UKU IJI PELICHUs
Hay4yHO- UCCIJIEIOBATEIbCKUX 3a]a4
OIIK 1.2 [Ipumensier 6a30Bbie 3HAHUSA B 00JaCTH (PU3UKU U PATUO(PU3UKU AJI PELICHUs

MPUKIIAJAHBIX 33124 MPO()ECCHOHATBHON AEITEeTbHOCTH

OIIK 1.3 [IpencraBnser ciaymarensM B JOCTYIMHOM sl Bocmpusitus (opme 3HAHUA B
o0macTi GU3MKU ¥ paano(PHU3UKH, B TOM YUCIIE TIPU BBITOJIHEHUH 33724 B cepe
MeJarorn4eckou nesiTeIbHOCTH

IV. Coagep:xaHue U CTPYKTYpa AUCHMILIMHBI (MOAYJIs)

OO0beM QUCHMIUIMHBI COCTABIIICT 4 3aUCTHBIX eleHHMIbI, 144 Jaca, B ToM uKcie 84 4. KOHTAaKTHOM

paboTHI.

3aHATUS NPOBOAATCA B OYHOM popme o0ydeHHs ¢ MPUMEHEHUEM TUCTAHIIMOHHOTO KOHTPOJIS ca-
MoCTOsTENbHON paboThl cTyaeHToB uepe3 DMOC ¢akynbrera. DIeKTPOHHON M AUCTaHIIMOHHON (hopM
o0y4yeHHUs He MpeycMaTpUBaeTCs.

Ha npakTtrueckyro noaArotroBKy oTBoAUTCA 34 ayTUTOPHBIX YaCOB.

dopma NpOMEKYTOYHON aTTECTALUN: IK3aMEH.

4.1. Coneprxkanue TUCHUILIMHBI, CTPYKTYPHMPOBAHHOE 110 TeMaM, ¢ YKa3aHHEM BH/0B

y'—lCﬁHLIX 3aHATHH U OTBEJEHHOI0 HA HUX KOJIMYECTBA aKaJleMUYEeCKUX YacoB

Ne | Paz- C  Be 4K Buns! yue6HOI paboThI, DOopMEI TEKy-
n/m | gen e | er | HHUX | BKIJIIOYAs CaMOCTOSITENBbHYIO paboTy 0Oydaronmxcs , MpakTHde- | [Iero KOHTPOJIs
Juc- | M 0 | IIpak- CKYIO TIOATOTOBKY ¥ TPYIOEMKOCTb YCIIEBaEMOCTH;
LU~ € ya | THYe- (B yacax) ®dopma npo-
MHBI/T| C | CO | CKad MEXYTOYHOU
KonrakrHas pabora mpenogasarens ¢ ooygaro- | CamocTos-
eMBl T B | IIOJO- aTTecTalun
MIAMHCS TenbHast
p ro- (no cemecm-
pabora
TOBKa Jlexuuu Cemunapckue = KoncympTannu pam)
00y- /mpakTU9IecKue
Yaro- /mabopaTopHbIe
KX~ 3aHATHSA
cs
1 1-22 5 144 34 34 34 2 34 [IpakTuye-




CKOoe  3ana-
HHUE, DK3a-
MEHAILIMOH-
HEIC 3a/1a4H

Hroro: 144 34 34 34 2 34

4.2. Ilna” BHeayIMTOPHOI cCaMOCTOSATEIbLHOH PadoThI 00yUYaIOIMXCS M0 TUCHHUILIMHE

Cemectp Ha3Banue CamocrositenpHas pabota oOyyatonuxes | OneHouHoe  YueOHO-
paszmena, Te- CpencTBO METOAHYEe-
ckoe  obec-

Bun  camo- Cpoku  BbI- Tpynoem-

Mbl CTOSITEJIPHOM  TTOJTHCHHS KCTh (4ac.)
paGoTHI ne4yeHue ca-
MOCTOSITEIb-
HOM pabOThI
5 Tewma 1-22 3amanue B [Tocne npoiu- 34 Jlemonctpa- Mcrounnkn  u3
BHUJE 3aJa4 ACHHBIX TCM LU TOTOBBIX OCHOBHOM u

pelLIeHu JIOTIOTHUTENb-
HON nuTepary-
pel 1O Teme
MPAKTUUECKHUX
3ansTuii; O6pa-
30BaTeNbHBIC
pecypee,  1o-
CTYIIHBIE o
JIOTUHY W Tapo-
JIFO, TIPEIOCTaB-
nsempiM  Hayu-
HOW Oubimore-
kot UT'Y.

4.3. Conepxxanme yueOHOro MaTepuaJa

Pazpen 1
Tema 1. DHeprust U UMIYJbC CBETOBBIX KBaHTOB. ['mmote3a Ilnanka. Dddexr Komnrona. [Inockas
BostHa Jle-bpoiins, e€ ¢pusnueckuii cMpicn. KomMnToHOBCKAs UTMHA BOJIHBI M ITTMHA BOJHBI J{e-bpoiis.
Judpakius MUKpOYACTHIL.
Tema 2. bopHOBCKasi MHTepIpeTanus BoJHOBOW QyHkuuu. [IpuHnun cyneprno3unuu coctosHuid. Pas-
JIOKEHHE TPOU3BOJIBHOIO COCTOSTHUS 10 MJIOCKUM BosHaM [le-bpoitna. ®dusnueckuil cmpica koapdu-
LHUEHTOB pasnoxenus. opmanmusm [upaxa.
Tema 3. ®az0BOE MPOCTPAHCTBO KBAHTOBOM cHCTeMBbl. COOTHOIIEHHE HEONPENEIEHHOCTH KOOPINHA-
Ta-uMITyJIbC. OLeHKa Y3HEPTUU OCHOBHOTO COCTOSIHUSI TAPMOHHYECKOT0 OCHMIIIATOPA U aTOMa BOJIOPO-
na.
Tema 4. OnepatopHblii popManu3M KBaHTOBOM MexaHHUKHU. CaMOCOIpPSKEHHBIE OMEepaTopbl B T'Milb-

O6epToBoM mpocTpaHcTBe. OnepaTtopbl KOOPAUHATEI U UMIYJIbca U UX coOCTBeHHbIe (QyHKIMU. Cpen-



Hee 3HaueHue JII000H TUHAMUYECKOW BEIMYMHBI B IPOU3BOJIBHOM COCTOSIHMH. OCHOBHBIE CBOWCTBa
coOCTBEeHHBIX (DyHKIMA. Bbruncienne BeposaTHOCTEH pe3yabTaTOB M3MEPEHHUs TWHAMHYECKOW BEIH-
YUHBI B IPOU3BOJIBHOM COCTOSIHUU. Y CJIOBUE OJIHOBPEMEHHON U3MEPUMOCTH IMHAMUYECKUX BEJTUYHH.
Tema 5. I'ammiibToHMaH CBOOOAHOM YacTUIlbl. beckoHEUHOE BRIpOXKACHHE cocTOssHUM. O000IeHNe Ha
ciny4ail BHewmHero nojs. YpasHenue lllpenunrepa. 'aMunbTOHMaH Kak TeHEPAaToOp 3BOJIIOLMU CUCTE-
MBI BO BpeMEHU. Y paBHeHUE HelnpepbiBHOCTU. [InmoTHOCTs Toka. HopMmupoBka miockux BosH. Cranu-
oHapHble coctosinug. Craunonapuoe ypaBHenue llpeaunrepa. @eHoMEHOIOrHYECKOE OMKUCAHUE KBa-
3UCTAIMOHAPHBIX COCTOSIHUM. EcTecTBEHHAsl NIMPHUHA CIIEKTPAJIbHBIX JINHUWA U BpEMs KU3HHU.
Tema 6. DBosroLMS ONIEPATOPOB BO BpeMeHU. IHTerpasibl IBUKEHUS.

Pazpnen 2
Tema 7. KBaHTOBaHME rapMOHMYECKOro ocuuiuisTopa. [loBslaromue M MOHUKAIOIIKAE OIEPATOPSI.
DHepreTudeckuii crekTp. BomHoBas GyHKIUS OCHOBHOTO COCTOSIHMS. MaTpUUYHBIE AJIEMEHTHI Orepa-
TOpa KOOPAUHATHI.
Tema 8. KBanTOoBaHME MOMEHTA KOJMYECTBA JIBM)KEHUS METO/OM IOBBIILAIOIIUX U MOHMKAIOLIUX
oreparopoB. Airedpa MOMEHTOB KOJIMUYECTBA IBMKEHUs. Peanuzanus anreOpsl B auddepeHnnanbHoi
u MaTpuuHoil opme. CoOCTBEHHBIN MOMEHT KoJnuecTBa ABMKeHHs (cruH) CreKTpsl KBajpaTa Mo-
MeHTa u 3-eii npoekiuu. CoOcTBeHHbIE PYHKIIMH OPOUTAIBHOIO MOMEHTA KOJIMYECTBA IBUKEHUSI.
Tema 9. Yactunia B chepuyecKu-CHMMETPUIHOM TioJie. Pa3nenenue nepemeHHbIx. PamuanpHoe ypas-
nenue [Ipenunrepa. Knaccuduxanus coctossuuii B chepruuecKu-CHMMETPUYHOM T0JIe. ATOM BOJIOPO-
71a, €ro CIEeKTP U BOJHOBAsE (DYHKIMS OCHOBHOTO COCTOSIHUS. BBIpoXKIeHHE dHEpreTUUECKUX YpOBHEH
U ero npupoja. Toku B aToMax, MarHUTHBII MOMEHT aToMa.
Tema 10. T'amunbTOHNAH 3apsHKEHHOM 4acTUIBI B IPOU3BOJIBHOM 3JIEKTPOMArHUTHOM Tojie. ATOM BO-
70poJia B TIOCTOSIHHOM MarHuTHOM rosie. BonHoBas ¢yHKIUS M SHepreTudeckuil crektp. YactuuHoe
CHSITHE BBIPOXKICHHUS.
Tema 11. KBaHTOBOE ONMCAHUE IBYXaTOMHON MOJIEKYJIBI. TE€MIOEMKOCTD MPU pa3INYHbIX TEMIIEPATY-
pax.
Tema 12. ]IprxkeHue yacTHUIbl B NEPUOJUYECKOM TMojie. TpaHCIALMOHHAs WHBAapHaHTHOCThH. CoO-
CTBEHHbIE (DYHKIMHU U COOCTBEHHbIE 3HAUEHUS OlepaTopa TPAHCIALMU. 30HHAS CTPYKTypa CHEKTpa.
Paznoxenue cnexkrpa Ha "aHe" u "kpasx" 30HbI bpumosna. Meron "¢ dexTuBHON Macchl".

Paszpnen 3
Tema 13. CniuH 31€KTpoHA. DKCIIEPUMEHTAIBHOE JI0KA3aTENbCTBO CYIIECTBOBAHUS CIIMHA HJIEKTPOHA.
Omneparop cnuna. CrinHOBbIe GyHKIMU. YpaBHeHue [laynu. [IBrkeHHe CiMHA B IOCTOSIHHOM M Tiepe-
MEHHOM MarHUTHBIX MOJISIX.
Tema 14. CraumonapHasi Teopusi Bo3myiieHus1. OCOOEHHOCTH M Pa3IN4us B BHIPOXKIECHHOM U HEBHI-

pOXXIeHHOM ciydasix. [loagpoOHbIN aHaINM3 IBYKPATHOTO BHIPOKIAEHUS. YacTUUHOE CHATHE BBIPOXKIe-



HUSL
Tema 15. HecranimoHnapHas Teopusi BO3MYIIEHUs. Pe30HaHCHOE BO30YK/IEHUE CUCTEMBI.
Tema 16. Ilpocreiinive NpUMEHEHUSI TEOPUU BO3MYLIEHUS. AHrapMOHUYECKUN ocumiuiaTop. Pacuien-
JICHUE CIIEKTPAIbHBIX JTUHHUHI B 3JIEKTPUUECKOM H c1a00M MarHUTHOM IOJISIX.
Tema 17. TloBenenne BOTHOBBIX (DYHKIIMI Ha OOJBIIMX M MaJIbIX paccTOsHUAX. [IpuyrHa KBaHTOBA-
HUS SHEPTHH.

Paznen 4
Tema 18. IlocraHoBKa 3a/laud B TEOPUU CTOJKHOBEHMH MHKpoOYacTHIl. CBSI3b MEXIY aMIUTATYI0H
paccestHUsl M1 aCUMIITOTHYECKUM IOBeZeHreM BOJHOBON (yHkiuu. Ceyenue paccesuus. bopHoBckoe
MPUOIKEHUE AJIs1 aMIUTATY Il PACCESTHUSL.
Tema 19. Pacuet aMIUIUTY/Ibl U CEUCHUS TIPU PACCEIHUM HA KYJTOHOBCKOM U IOKaBCKOM IMOTEHI[MAJIaX.
Tema 20. Tounas Teopus paccesHus. Pa3noxeHne aMIUIMTyAbl Ha mapiuanbHbie BoIHbL. Paza pacce-
SHUS. Y CIOBUE yIpyroi yHutapHocTu. OnTrueckas Teopema. Mozens abCoMOTHO YEpHOTO JTUCKA.
Tema 21. TlpoxoxkIeHHe YacTHIl Yepe3 NMOTeHIHaIbHBINH Oappep TyHHenbHBIN 3ddexT. Xonmoanas
AMHUCCUS METAIUTOB. Vlcue3HOBEHHNE CIIEKTPATIbHBIX JIMHUN B CUIIBHOM JICKTpHUUECKOM ToJie. Tpéxmep-
HBIH MOTeHIUAaIbHBIN Oapbep KBazucrannonapusie coctosiHus. Teopust paainoakTUBHOTO pacmaja.
Tema 22. KunemaTtuka U3JIy4eHHUs U MOTIIOMIEHUs (OTOHA HECTAOMIIBHBIM CBOOOHBIM SIAPOM. DHEp-
THsl OTJAYU sJpa W BKJIAJ ee B dHepruto (otoHa. Sapo B mose ocmmnisitopa. Ddpdexkr Meccbayapa.
®daxrop Jebas - Bamnepa.

4.3.1. IlepeyeHb CeMUHAPCKHUX, MPAKTHYECKUX 3aHATHH M JJa00pPaTOPHBIX padoT

Ne Ne paznena u | HaumeHnoBanme ceMuHapoB, mpak- | Tpyzmo- OrneHovHbIe dopmupyemble
TEMBI JUCIH- | THYECKUX U JTaOOPaTOPHBIX paboT eM- cpelncTBa KOMIIETSHIIUN
TUTHHBI KOCTh
(uacer)
1 2 3 4 5 6
1. | Pazgen 1, Te- | I'mmotesa [e-bpotins, rumoresa 2 | 3ajmaHue Ha ce- OIIK-1
ma 1 [lnanka MUHape B BUE
3a1auu
2. | Pasmen 1, Te- | Oddexr Komnrona 2 | 3aganue Ha ce- OIIK-1
Ma 2 MUHape B BUE
3a/1aun
3. Pazgen 1, Te- | JlazepHast KOHBEpCHs KaK MEXaHU3M 2 | 3aganwue Ha ce- OIIK-1
Ma 3 ycKopeHUs POTOHOB MHUHApE B BUJE
3a/1a4n
4, Paznen 1, Te- | MunumainbHbie 3HaYeHMs (Da30BOTO 2 | 3aganwue Ha ce- OIIK-1
Ma 4 o0bema yactunsl. COOTHOIIEHUE MHHApE B BUJE
HeompeneIeHHoCcTe! "KoopAnHaTa- 3a1a9u
uMIynec", "SHEprusi-Bpems Ku3Hu"
5. OueHka SHeprul OCHOBHOTO COCTO- 1 | 3amanue Ha ce- OIIK-1
STHUSI U3 COOTHOIIIEHUS HEOTpe/e- MHHApE B BUJE
JIECHHOCTEM JUJ1s1 JINHEWHOT O TapMO- 3a1a4un
HUYECKOT0 OCLUIUISITOPA U aToMa
BOJIOpOJA




6. | Pasmen 1, Te- | OnepaTopbl TUHAMHYECKUX BEIH- 3amanue Ha ce- OIIK-1
Ma 5 YUH B THJIOEPTOBOM IIPOCTPAHCTBE. MUHape B BUC
CoOcTBeHHbIC PYHKITHH B COO- 3a1auu
CTBEHHBIE 3HaUeHUs. VX pusnde-
CKHI CMBICII.
7. Kanonmnuecknit koMmmyTaTop "Koop- 3amaHue Ha ce- OIIK-1
JTUHATA-UMITYJIsC" MHHape B BUJIE
3a1auu
8. | Pasmen 1, Te- | YpaBuenue lllpenunrepa ass Boi- 3aganue Ha ce- OIIK-1
Ma 6 HOBOH (yHKIIH. bopHOBCKas MH- MHHape B BUJIE
TepIpeTaIysi BOJHOBOU (DYHKITUH. 3a/1aun
Crammonaproe ypasHenue IlIpe-
muHTepa. PakTopu3aIus 3aBUCHMO-
CTH OT BpEMEHH U KOOPAHWHAT.
DHEpreTUYeCKuil CIICKTP U BOJTHO-
Bble (DYHKIINW 9aCTHUIIBI B «IIOTEH-
[UAIBHO SIME» ¢ OECKOHEYHO BBI-
COKHUMHU «CTCHKAMI)
9. | Pasmen 2, Te- | DHepreTH4eckuii CIICKTpP U BOJIHO- 3anaHue Ha ce- OIIK-1
Ma 7 BbIe (DYHKIIMW 9aCTHUIIHI B KOHEUHOU MUHape B BUEC
«TOTCHIINATHHON sIME» 3a1aun
10. DHEPreTHUeCKUil CIIEKTP U BOJIHO- 3aganue Ha ce- OIIK-1
BbIe (DYHKIIMU YaCTHUIIBI B TIOJIE I10- MUHape B BUC
TeHmana Buga V(x)=-go(x) 3a1a9u
11. | Pazmen 2, Te- | DHepreTWdyecKuii CIEKTP U BOTHO- 3ananue Ha ce- OIIK-1
Ma 8 BbIe (DYHKIIMU YaCTHUIIBI B TIOJIE I10- MHUHape B BUC
TeHuana Buaa V(x)=-g(d(x+a)+ 3aJ1auu
d(x-a))
12. | Pazmen 2, Te- | OpOurtaibHBIF MOMEHT 3ananue Ha ce- OIIK-1
Ma 9 MUHape B BUE
3a1aun
13. | Pazmen 2, Te- | AMIDMTY/Aa paccesHUs DIIEKTPOHA 3ananue Ha ce- OIIK-1
Mma 10 Ha IIPOTOHE B OOPHOBCKOM TIPH- MUHape B BUE
OJIMKECHUU 3a1a9u
14. AMIUIMTY1a paccesHUs 3JeKTPOHa 3ananue Ha ce- OIIK-1
Ha CII0)KHOM 3JIEKTPOHEUTPAITLHOM MUHape B BUE
aTome 3a1auu
15. | Pa3gen 2, Te- | [IpoxoskaeHre 4acTUIBI Yepe3 Mo- 3ananue Ha ce- OIIK-1
Mma 11 TEHIMATBHBINA 0aprep V(X)=-gd(X) MUHape B BUE
3aJ1aun
16. | Pazmen 2, Te- | IIpoxokaeHHEe 4acTHUIIBI Yepe3 TI0- 3aganue Ha ce- OIIK-1
Mma 12 TEHIMAIbHBIN 6apbep B BUJIE «Oec- MHHape B BUJE
KOHEYHOU CTYTICHN» 3aJ1aun
17. [IpoxoxxneHue yacTullbl Yepes3 npsi- 3aganue Ha ce- OIIK-1
MOYTOJIbHBIN TTOTCHIIMATLHBIN 0a- MHHape B BUJIE
pbep 3a1auu
18. | Pa3men 3, Te- | DHepreTUYECKUil CIIEKTP YaCTHIIBI, 3amanue Ha ce- OIIK-1
Ma 13 HaxoJdIlIeHcs B MOJIe TapMOHUYe- MHHape B BUJIE
CKOT'0 OCITIIISATOPA U B TIOCTOSTH- 3aJ1auu
HOM 3JICKTPUYECKOM I10JIe
19. | Pa3uen 3, Te- | BonHOBBIE PYHKIIMK YaCTHIIHI, 3aganue Ha ce- OIIK-1
ma 14 HaXOAILIEHUCS B IOJIE TMHEHHOTO MHHape B BUJIE
TaPMOHUYECKOTO OCIIIIIATOPA, CO- 3a1a9u
OTBETCTBYIOIIIHE BO30YKICHUSIM
n=1,2
20. | Pazgen 3, Te- | BonHOBBIE QyHKIIMM U SHEpreTHYE- 3anaHue Ha ce- OIIK-1




Mma 15 CKHM CIIEKTp YaCTHIIbI, HAXOAAIICH- MHHape B BUJIE
CsI B TI0JIE IBYMEPHOT'O TapMOHHYE- 3a1a4n
CKOT'0 OCHMJLIATOpPA
21. | Pazgen 3, Te- | BonHoBBIE QyHKIIMH U SHEpreTHUYC- 3anaHue Ha ce- OIIK-1
ma 16 CKHIA CIIEKTp YaCTHIIbI, HAXOISILCH- MHHape B BUJIC
CsI B TIOJIC TPEXMEPHOTO T'APMOHH- 3a1a4n
YeCKOro OCHMILIATOPA (Spa B KpH-
cTaJuie)
22. | Pasnen 3, Te- | DHepreTHueckuii CIeKTp aTomMa BO- 3amanue Ha ce- OIIK-1
ma 17 J0poJia B IOCTOSTHHOM MarHUTHOM MHHape B BUJIE
noJse 3a/1aun
23. | Pasgen 3, Te- | Cnun. Matpuisr [Taynu 3aganue Ha ce- OIIK-1
Ma 18 MHHape B BUE
3a1a4n
24. | Pazgen 4, Te- | 3MmeHeHue cOCTOSIHUS CUCTEMBI 3amanue Ha ce- OIIK-1
ma 19 MO ICWCTBUEM BHEIIHETO BO3MY- MHHape B BUJIC
ICHHS 3a1a4n
25. | Pazgen 4, Te- | XomomHast SMUCCHSI DIEKTPOHOB U3 3ananue Ha ce- OIIK-1
Ma 20 MeTania MUHApE B BUJE
3a/1aun
26. | Pazgen 4, Te- | DHeprus u3IrydeHUs U MOTIOMICHHS 3ananue Ha ce- OIIK-1
Ma 21 (hoToHa HECTAOMIHLHBIM CBOOOTHBIM MHUHape B BUEC
STPOM 3a/1auu
27. | Paznen 4, Te- | Dddexr Meccbayspa. Dakrop [e- 3anaHue Ha ce- OIIK-1
Ma 22 bas-Bannepa MUHape B BUE
3a1a4n
4.3.2. Ili1aH caMOCTOATEJIbHON PadoThI CTYACHTOB
No Tema Bun 3aganue Pexomenny- | Konu-
HeL. CamoCTOs - eMas JuTepa- | 4YeCTBO
TEJIbHOU Typa 4acoB
paboThl
1 KBantoBa- | Bueaynu- | KBantoBanue bopna - Un¢enbaa B Hcrounnku 4
Hue bopna TOpHasi, | sAuUKe. Beluucnenue craTucTuye- 13 OCHOBHOM
- Ungens- peleHre | CKOM CyMMBI OJIHOM CBOOOIHOM Ya- U JOTIOJIHU-
J1a B SIIIIH- 3aga4 CTHULIBI. TEJIbHOM JIN-
Ke€. TepaTypsl 110
2 KBanroBa- | Bueaynu- | KBanToBaHHMe MOMEHTa KOJIMYECTBA | TEME IIPAKTH- 4
HHE MO- TOpHas, | JABMXKEHUS METOJOM IOBBIIIAIOIIMX | YECKUX 3aHs-
MEHTa KO- pelieHue | U MOHWXKAIOUIUX ONepaTopoB. AJl- THII;
JINYeCTBa 3a7a4 reOpa MOMEHTOB KOJTUYECTBA JBU- O6pa3oBa-
JIBH>KEHUS skeHus. Peanuzarus anreOpsl B TEJIbHBIE pe-
T depeHIaIbHON 1 MAaTPUYHOM CypCBl, 10-
¢dopme. CoOCTBEHHBIM MOMEHT KO- CTYITHBIE 10
nudecTBa ABMKeHUs (cruH) Crek- JIOTUHY U Na-
TPHI KBaJIpaTa MOMEHTAa U 3-ei Tpo- pounto,
exiun. CoOcTBEeHHBIE (PYHKIIUH Op- MIPEIOCTAB-
OUTaTBLHOTO MOMEHTA KOJIMYECTBA JISIEMBIM
JBYKCHUS. Hayunoii




3 KBantoBoe | Bueaynu- | KBaHTOBOE onmcaHue JByXaTOMHOM
omnucaHue TOpHasi, | MOJIEKyJIbl. TemI0eMKOCTh IpU pas-
JIBYXaTOM- pelIeHue | JUSHBIX TeMIlepaTypax.

HOH MoJIe- 3a1a4
KYJIBL.
4-5 | Crun Bueaynu- | CnuH 31eKTpoHa. DKCIIEPUMEH-
3JEKTPOHA. TOpHasi, | TaJIbHOE JI0KA3aTEJIbCTBO CYIIECTBO-
pelieHre | BaHMs CIMHA 3JIeKTpoHa. Oneparop
3aja4 criuHa. CimHOBBIC (PYHKITMHU. Y paB-
Henue [laynu. J/[BuxkeHne ciuHa B
IIOCTOSIHHOM U IIEPEMEHHOM Mar-
HUTHBIX MOJISIX.

6 Ceuenue Bueayau- | Pacuer aMIuIMTyibl U CEYEHUS TIPU

paccestHus TOpHasl, | paccesHUU Ha KYyJOHOBCKOM U
pelIeHUE | FOKaBCKOM MOTEHLHAJIAX.
3a/1a4

7-8 | Kunematu- | Bueayau- | KunemaTuka u3iay4eHHs U MOTJIO-
Ka u3JIyde- TOpHas, | mieHus (HOTOHA HECTAOMIBHBIM
HUS U TI0- pemieHue | cBOOOJHBIM sIAPOM. DHEPTHUs OTAa-
TJIOIIEHHUS 3aja4 9H s7pa M BKIIAJ €€ B SHEPITHIO (o-
¢dboToHa ToHa. JloruepoBckoe ymupeHue

auHui. OnpeneneHue TeMneparypbl
3BE3/I.

9 Teopus Breaynu- | paccesmme 8 nome Y (X)=-Go(x)
pacceaui TOPHAA, | OpaTuTh BHUMAaHNE HA TIOBEJICHIE

PCHICHHAC | aNmumuTys1 OTpaskeHHOH U Ipore -
sajad 11 BOJIH MIPU IPOJOJIKEHUH pellie-
Hus B o0nacth E<O0.

10 | KBantoBo- | Bueayau- | OmepaTopsl, CONPSKEHHBIE K OTIE-
MexaHHuye- TOpHas, | paropam
CKHE OT1e- emenne | ~ d 5 .d
Saops P A=— B=iC=mox+h

11 | CobctBen- | Bueaynu- A d
HbIE 3Ha- Toplzaﬂ, C =max+ h’d—

Jlnst omeparopa X
HeHHA PCILICHUC | yajitn cobeTBeHHbIC GyHKIUH U
KBaHTOBO- afat coOcTBeHHbIe 3HaueHus1. [Ipose-
MexamHe- PHUTh, YTO COOCTBEHHBIE 3HAYCHUS
ciux ofre- 3TOr0 ONepaTopa MOryT ObITh KOM-
PaTopos IJIEKCHBIMU, @ COOCTBEHHbIE (PYHK-
[[MU, OTBEYAIOIINE PA3TUYHBIM COO-
CTBEHHBIM 3HaYEHUSIM, HE0OsI3a-
TEJIbHO OPTOTOHAJIBHBI.

12 OHeprus Breaynu- | OnpenenuTs ypOBHH SHEPTHH U
KBaHTOBO- TOpHAsi, | BOJIHOBbIE (DYHKIIUU IS 3apPSKECH-
MEXaHW4e- peuIeHne | HOM IS 3apsKEHHOM YacTHUIIbI B
CKHX CH- 3a1a4 IIOCTOSIHHOM U OJTHOPOJHOM Mar-
cTeM HUTHOM 110J1e. BBIOpaTh BEKTOPHBIH

norenrman B Buae A = (0, xB,0).

O6ubamoTexoin

Ury u Cro-

pOHHHE caii-
THI




13-14 | Yacrtuma B Breaynu- | CuuTas M3BECTHBIM raMUJIbTOHUAH
ANEKTPO- TOpHAsl, | YaCTHIIBI B 3JIEKTPOMAarHUTHOM I10O-
MarHuTHOM | pELIeHHE | JIe, HAUTU a) BBIpaXKEHUE JJIS OIe-
IroJIe 3anaq paTopa CKOPOCTH \7; 0) KOMMYyTaIlH-

OHHBIE COOTHOILIEHUS JUIs KOMIIO-
HEHT CKOpPOCTH; B) aHAJIOT ypaBHe-
Husa HproToHa.

15-16 | bopHos- Bueaynu- | BeruMciauTh aMINIUTYRy paccesiHUs
CKO€ IIpHU- TOpHasi, | Ha NPSMOYTOJbHON MOTEHIIUATBHOM
OmmKkeHue peuieHre | siMme B OOPHOBCKOM MPHOIMKEHHH.

3ajga4
17 | Paccesnue | Bueayau- | Belumcnurth aMIUIMTYAY paccesHUs
Ha MOTEH- TOpHasi, | B OOPHOBCKOM IPUOJIMKEHUU HA
uaie pemenue | noreHuuane FOkasa
IOxaBa 3a1a4 U =(alr)e"

4.4. MeTonu4ecKue yKa3aHUs 10 OPraHU3alMU CAMOCTOSITEJIbHOM PadoThI CTY/IEHTOB

B pazgene 4.3.2 cryaeHTaM AJii CaMOCTOSITENILHOTO YIiyOJEHHOTO M3YYeHHUs AUCIHMILIUHBI (Tapai-
JIJIBHO € JICKITUSIMU) TIPEJIaraloTes 3aaqd 10 U3y4aeMbIM pasfennaM U rpaduk ux usydeHus. [Ipen-
MOJIaraeTcs, YTO CTYACHT CaMOCTOSITEIbHO U3YyYUT JIOTOJHUTENbHBIE aparpadsl Mo IpoiaeHHON Te-
Me, TIPEJICTABJICHHBIE B JIUTEpAType U3 1. 5, a 3aTeM PEIIUT MPEII0KEHHbIE TEOMETPUUCCKUE 3a/1a4H.
OneHka caMOCTOSATENbHON PabOThl CTYICHTOB MIPOBOIUTCS B BHJIE KOHTPOJIBHBIX OMPOCOB HA MPAKTHU-

YECKHUX

4.5. IlIpumepHasi TeMATHKA KYPCOBbIX PadoT (MPOeKTOB) (IPU HAJIMYNH)

3aHATUAX.

YueOHBIM IIJIAHOM HeE MMpeaAYCMOTPCHO HAITMCAHUC KYPCOBBIX pa60T.

V. YueOHO-MeTOAMYECKOE H HH(POPMALMOHHOE 00ecnieYeHre JUCIUIIUHBI:

a) mepevyeHb JUTEPATYPbI

OCHOBHasI JIUTEpaTypa

1.

Bann A. H. KBantoBas mexaHuka B 3ajauax : yue0.-mero. nocobue / A. H. Bann, O. H. Con-
narenko. — Upkyrck : MU3a-so UT'Y, 2010. — 87 c. Hp A623906; pusmar 30856 (100 3k3.)
[TapmakoB A. H. BBenenue B kBaHTOBYIO QU3HKY : yueb. mocobue [DneKkTpoHHbIN pecypc] / A.

H. INapmakoB. — OnektpoH. Bepcusi kH. — CIIO. : U3n-Bo Jlawp, [2010]. — 352 c. — (OBC

«Jlanby). — Pexxum noctyma: http://e.lanbook.com/view/book/297/

JOIMMOJIHUTCIIbHAA JINTCPATYpa

1. Jlanpmay JI. JI. KBantoBas mexanuka : Teopernueckas ¢usuka, Tom Il / JI. 1. Jlanpay, E. M.

2. Jlunkun I'. KBanroBas Mexanuka. HoBbIi oaxo/1 K HEKOTOPBIM 1podiemam / I, JInnkuH. — M.

JIudpmu. — 5-e u3a. — M. : Hayka, 1989. — 767 c. (56 3k3.)

: Mup, 1977. - 592 c. (ud A 37855, 767271, pm 767272, 3 5k3.)



http://e.lanbook.com/view/book/297/

0) nepuoagnUYecKre U3TAHUSA
- HCT.
B) CIIMCOK ABTOPCKUX METOJAMYECKUX Pa3padoToK
- Bannm A. H. KBanroBas MexaHuWKa B 3amadax : y4eO.-meron. mocodue / A. H. Bamn, O. H.
Conpnarenxo. — Upkyrck : U3a-so UT'Y, 2010. — 87 c.
r) 0a3pl JAHHBIX, THPOPMALMOHHO-CIIPABOYHbIEC U MOMCKOBbIE CHCTEMbI

http://library.isu.ru/ - Hayunas 6ubmunorexa UT'Y;

O6pazoBareibHble PECYPChl, AOCTYIHBIE 0 JOIMHY W HApOJII0, MPedocTaBiaseMbiM Hayunoii
ouobnuorexon UI'Y:
e https://isu.bibliotech.ru/ - U3 «bubimoTex»;
e http://e.lanbook.com - DBC «M3patenscTBo «JIaHby;

e http://rucont.ru - 3bC «PykoHT» - MexoTpaciieBas Hay4Hasi OMOJIMOTeKa, coaepKamas ouud-
POBAHHLIC KHUTH, IICPUOANYCCKUC U3AaHNA U OTACIbHBIC CTAaTbU IO BCEM OTpaCIAM 3HaHl/If/'I, a
TaKKe ayano-, BUIEO-, MyJIbTUMEIHa COPT U MHOTOE JIPYroe;

e http://ibooks.ru/ - OBC «A#OyKCc»- HHTEPHET PEeCYpChl B CBOOOIHOM JOCTYIIC.

VI. MarepuajJibHO-TeXHHYECKOe oOecredeHne TUCIUNINHbI

YueOHasi aynuTopus A7 MPOBEACHUS 3aHATHMA. J[1s mpoBeneHus 3aHATUN JIEKIIMOHHOTO TUIIA B
KauecTBE JEMOHCTPAI[MOHHOTO O0OPYIOBaHMS MCIOJB3YyeTCsl MeJoBasi Jocka. HarmsgHocTs oOecrme-
YMBACTCS MyTEM H300paKeHHs CXeM, IuarpamMMm M (GopMyI ¢ moMoulpio Mena. Mcmonbp3oBanue Ti10-
0aJbHON KOMITBIOTEPHOH CETH MO3BOJSET 00eCHEeUnTh JOCTYMHOCTh MIHTEpHET-PEeCcypcoB U peasm3o-
BaTh CaMOCTOSITEJIbHYIO paboTy cTyneHToB. Ha jekuusx MoryT HCIOJIb30BAThCA MYJIbTUMEIUITHBIC
CpeICTBA: MPOCKTOP, IEPEHOCHOM KpaH, HOYTOYK. Ha (akynbpreTe mMeeTcss KOMITbIOTEPU3UPOBAHHAS
ayTUTOpHS, TIpeHa3HAuYeHHAas JUIsl CaMOCTOSITENbHOM paboThl, ¢ HEOrPAaHUYEHHBIM TOCTynmoM B UH-
TEpHET.

Marepuansl: yaeOHO-METOAMUYECKUE TOCOOUS, 3a/laHus JUIsl Ay TUTOPHOIN U CaMOCTOSITENIbHON pa-
OOTBI CTY/IEHTOB.

VII. O6pa3oBaTte/ibHbIe TEXHOJIOTHH

3az[atn/1 H3JI0KCHUSA U NU3YUYCHHA AUCHUILIMHBI PCAIM3YIOTCA B CIICAYIOIIUX (1)0pMax JACATCIIbHOCTH
® JICKIIMM, HAICJICHHBIC HA IIOJIYUYCHHC H€06XOI[I/IMOI\/JI I/IH(i)OpMaHI/II/I, H €€ HCIIOJIBb30BAHUC IIPU
PCIICHNHU MPAKTUYCCKUX 3aaa4;

® TIPAKTUYCCKHUEC 3aHATHA, HAIIPABJICHHBIC HA aKTUBU3AHUIO IMO3HaBaTeIbHOM ACATCIIBHOCTH CTY-
JCHTOB U HpI/IO6p€TeHI/I${ VMU HABBIKOB PCIICHUSA MMPAKTUYCCKUX U HpO6J’I€MHI>IX 3aaa4,

® KOHCYJIbTAIIMU —CKCHCIOCIBHO OJIA BCEX XKETAOIINUX CTYACHTOB,

® CaMOCTOATCIbHAsA BHCAyAUTOPHAA pa60Ta HaIlpaBJICHA Ha HpI/I06pCTCHI/IC HaBBIKOB CaMOCTO-
TCJIIBHOT'O PCHICHUA 3aaa4 1O JUCIHUITIINHE,

L4 TCI(yu[PIfI KOHTPOJIb 3a ACATCIBHOCTBIO CTYACHTOB OCYIICCTBIISICTCA HA JICKHUOHHBIX U MPAKTHU-
YCCKUX 3aHATUAX B XOAC CAMOCTOATCIIbHOTO PCHICHUA 3a/1a4, B TOM YUCJIC Y TOCKHU.

VI1Il. OueHounble MaTepHaJIbl AJs TEKYIIero KOHTPOJISI M IPOMeKYTOYHOM aTTecTaluu

DoHJ OLICHOYHBIX CpCACTB IPCACTABJICH B IIPUIIOKCHUH.



8.1. O1uieHOUHBIE CpEICTBA TSl BXOJHOTO KOHTPOJIS: HE TPEOYIOTCS.
8.2. O1leHOUYHBIE CpENICTBA TEKYILIEr0 KOHTPOJIS - KOHTPOJIbHBIE paboThl U coOece10BaHuE.

JIeMOHCTPALIMOHHBII BADUAHT KOHTPOJIBLHOU PAOOTHI

W(x,t) o (X 1)=Ae

3amaya 1. Berauciurs JUIS 1L BOJTHOBOT'O MAKET

3amauya 2. Wcnonb3ys pe3ynbrar Nmpeablaylled 3ajaud, HalTH W3MEHEHUE LIMPHUHBI IIAKeTa Co

BPEMEHEM.

IIpumepbI BONPOCOB 1Jis1 coOece10BaHUS

e Ormucarp onepaTopHsblii (hopManTn3M KBaHTOBON MEXaHUKH.
e JlaTb onpeneneHne caMOCONPSKEHHBIX OIIEPaTOPOB B I'MIILOEPTOBOM IIPOCTPAHCTBE.
e VYKa3aTh OCHOBHBIE CBOMCTBA COOCTBEHHBIX (DYHKITHIA.
e BplunciieHne BEpPOSATHOCTEM pe3yslbTaTOB HM3MEPEHUS AMHAMMYECKON BEJIMYUHBI B IPOU3-
BOJIBHOM COCTOSIHHMH.
e VYcnoBHE OAHOBPEMEHHON U3MEPUMOCTH JUHAMUYECKUX BEJIUYMH.
e Baectu oneparopbl KOOPIUHATHI H UMITYJIbCA U UX COOCTBEHHBIC (DYHKIIMH. YKa3aTh OTIHYUS
KOOPJAMHATHOI'O U UMITYJIbCHOTO IIPEACTABJICHNUS.
8.3. O1ieHOYHBIE CPEACTBA ISl IPOMEXKYTOYHOM aTTecTalu
dopma poBeACHU IPOMEKYTOUHOM aTTECTAL[UN — JK3aMEH.

IIpuMepHBIii NepevYeHb BONPOCOB U 3aJaHUH K IK3aMeHY

1.

DHeprus U UMITYJILC CBETOBBIX KBaHTOB. [ 'unoresa [lnanka. Odpdext Komrona. Ilnockas Bonna [le-
bpoiins, e€ dusnueckmii cmbicin. KoMToHOBCKas ayiMHA BOJIHBI W JyMHA BOiHBI Jle-bpois. u-
(bpakuus MUKPOYACTHII.

BbopHoBckast unTepnperanust BonHoBoM ¢pyHkuuu. [IpuHumn cynepno3unuu cocrosiHuil. Pasnoxe-
HUE MPOU3BOJIBHOTO COCTOSIHUS 1O MI0CKUM BosiHaM Jle-bpoitna. dusnueckuit cmpicn ko3 duiim-
€HTOB pasyioxkeHus. Popmanusm Jupaka.

®da30Bo€ MPOCTPAHCTBO KBAHTOBOM cucTeMbl. COOTHOIIEHHE HEONpEeAEICHHOCTH KOOpAMHATA-
uMnyabsc. OneHKa SHEPTuu OCHOBHOTO COCTOSTHUSI TAPMOHMUYECKOTO OCLMIUISITOpPa U aTOMa BOJ0PO-
na.

OmnepatopHblif popMann3M KBaHTOBOW MexaHUKU. CaMOCOIPsKEHHBIE ONEepPaToOphl B THIILOEPTOBOM
npoctpaHcTBe. Oneparopbl KOOPAMHATHL U UMITyJIbca U UX coOCTBeHHbIe (pyHKIMU. CpeqHee 3Ha-
YeHue 00 AMHAMUYECKOW BEJIMYMHBI B MPOU3BOJILHOM COCTOSIHUHM. OCHOBHBIE CBOWCTBa COO-
CTBEHHBIX (pyHKIMI. BbruncieHne BeposTHOCTEH pe3ysibTaTOB U3MEPEHUS TNHAMHUYECKONW BEIUYH-
HBI B IPOU3BOJIBHOM COCTOSIHUU. Y CJIOBUE OJHOBPEMEHHON N3MEPUMOCTH JUHAMUYECKUX BEJIMYUH
lMamunpTOHMaH cBOOOAHON YacTHIlbl. beckoHeuHoe BhIpOkAeHUE cocTosiHUNA. O000IeHne Ha CITy-
yail BHemHero nojis. YpasHenue peaunarepa. ['aMunbToHMaH Kak reHEpAaTOp IBOJIIOIUNA CUCTEMBI
BO BPEMEHU. Y paBHEHME HenpepblBHOCTU. [InoTHOCTE TOKa. HopMmupoBka mimockux BosiH. Cranuno-
HapHble coctosiHus. CranmonapHoe ypaBHeHue llIpennnrepa. @EHOMEHOJIIOIMYECKOE OIHMCAHME
KBa3UCTAI[MOHAPHBIX COCTOSHUI. EcTecTBEHHAs IIMpUHA CIIEKTPaIbHBIX JIMHUI U BpeMs )KU3HU.
DBOIOIMS ONIEPaTOpPOB BO BpeMeHU. MHTerpansl 1BukeHus.



7. KBaHTOBaHHE rApMOHMYECKOTO OCLHMJLIATOPA. [1OBBIIAIOIINE M TOHMKAIOIINE OIEPATOPhL. JHEP-
reTUYecKuid cekTp. BomHoBas QyHKIMS OCHOBHOTO COCTOSTHUS. MaTpU4HbIE 3JIEMEHTHI OollepaTopa
KOOpJMHATBHI.

8. KBaHTOBaHME MOMEHTA KOJIMYECTBA JIBUKCHUSI METOIOM TOBBIIAIONIAX U OHUKAOUINX OIEPaTo-
poB. AsreOpa MOMEHTOB KOJIMYECTBa JBWXKEHHA. Peanmuzamus anreOpsl B auddepeHnnansHoi n
MatpuuHOil popme. COOCTBEHHBIE MOMEHT KOJIMYecTBa ABMkKEeHHs (cruH) CTIEKTpHI KBajpara Mo-
MeHTa U 3-eii mpoekiun. CoOcTBeHHbIE (PYHKIIMHM OpOUTATIHLHOIO MOMEHTA KOJIMYECTBA JIBUKCHUS.

9. Yactuua B chepryecKr-CUMMETPUYHOM MoJie. Pa3jencHue nepeMeHHbIX. PajananbHoe ypaBHEHHE
HIpenunrepa. Knaccudpukanus coctosHuil B chepuyecKu-CUMMETPUYHOM I0sIe. ATOM BOJIOPOJa,
€ro CIEKTp U BOJIHOBAsl (PYHKIMSI OCHOBHOI'O COCTOSIHUSA. BIposkaeHue 3HepreTHueckux ypoBHel u
€ro NpUupoJa.

10. TamMunbTOHMAH 3apsHKCHHOM YaCTHIBI B TPOU3BOILHOM 3JIEKTPOMATHUTHOM TI0Jie. ATOM BOJIOpO/a
B IIOCTOSIHHOM MarHuUTHOM nosie. BoiHoBas QpyHKIuMS U SHEpreTudeckuil crnekrp. YacTuyHoe CHs-
TUE BBIPOKICHMUSL.

11. KBaHTOBOE OIMCAHKE IBYXATOMHON MOJIECKYIIBI. TeII0EMKOCTh IPU PA3IHSHBIX TEMIIEPATypaXx.

12. JIsrokeHre 9acTUIBl B MEPHOJUIECKOM Tojie. TpaHCiAMoHHas WHBApHaHTHOCTh. COOGCTBEHHbIE
(GbyHKIMU 1 COOCTBEHHBIC 3HAYCHUS OIIepaTopa TPAHCIIUU. 30HHAS CTPYKTypa crekTpa. Pasmoxe-
HUE CIieKTpa Ha "mHe" M «kpasx» 30HbI bpummosHa. Meron «3¢hekTuBHON Macchi»

13. Ciiun snekTpoHa. DKCIEPUMEHTAIBHOE JI0KA3aTebCTBO CYIECTBOBAHMS CITMHA dJIeKTpoHa. Ore-
parop cnunHa. CrimHoBBIe pyHKIMK. YpaBHenue [laynu. [IBikeHue criiHa B MOCTOSTHHOM M TI€pe-
MEHHOM MarHUTHBIX MOJISIX.

14. CratmonapHrast Teopust Bo3MyIieHus. HeBbIPOXKICHHBIN CITy4aii.

15. CrarnmonapHrast Teopusi BO3MYIICHUsI. BBIPOKICHHBIH CIydail.

16. HecranronapHas Teoprst BO3MYIICHHs. Pe30HAHCHBIN XapaKkTep KBAHTOBBIX MEPEXO/I0B.

17.TloBenenne BONHOBBIX (YHKIHI HA OONMBIIMX W MAaJbIX PacCTOSHUsX. [IpHuMHA KBaHTOBAHHS
JHEPIUH.

18.TloctaHoBKa 3a/1auri B TCOPHH CTONKHOBEHHH MHUKPO-4acTuil. CBSI3b MEKIY aMIUTUTYION paccesi-
HUS ¥ aCUMIITOTUYECKUM MOBeJeHHEM BOJIHOBOM ¢yHkuuu. Cedyenue paccessHusa. bopHoBckoe mpu-
OJIMKEHHE JUIsl aMILITUTY/Ibl PACCESHUS.

19. Pacuer aMIuIUTY/IbI M CEUCHHUS TIPH PACCESIHUH Ha KYJTOHOBCKOM M FOKABCKOM ITOTCHITHAIAX.

20. AMIuTHTYIa paccestHus 3apsDKEHHOM YacTUIBI Ha CII0HOM atome. DopmdakTop aroma.

21. Tounas Teopusi paccesHus. Pa3noxkeHre aMIUIUTYIbI HAa MapiuanbHbie BOMHBL Pa3a paccesHus.
VYcnosue ynpyroi yautapaoctu. Ontudeckas treopema. Mojenb adCOoMI0THO YePHOTO JUCKA.

22.TIpoxox/IeHHEe YacTHI[ Yepe3 MOTeHIUaIbHbI Oapbep TyHenbHbIH 3(dexT. X0T0aHAS IMHUCCHS
MeTauIoB. VICue3HOBEHHE CIEKTPAIBHBIX JIMHUM B CHJIBHOM JJIEKTPUYECKOM mojie. TpEéXMepHsIii
MOTeHIMaIbHBIN Oapbep. KBasucrannoHnapHble cocTossHus. Teopus paAMOKTUBHOIO pacraja.

23. KuHemaTHKa U3Iy4eHHUs] M TOTIIOMCHUsST (OTOHA HECTaOMIBHBIM CBOOOIHBIM SIIPOM. DHEPTHs
OTJauu A1pa U BKJIAJA ee B dHeprtuio ¢oroHa. JlorepoBckoe ymmpenue muHuA. OmnpeneneHue
TEMIEPATypHI 3BE3.

24. HecrabuisHoe sapo B mosie ocmmistopa. Dddexr Meccbayspa. Daxrop Jlebast -Bamepa.

25. KoHBepcust JTa3epHOTO U3ITyIEHHs TPU PACCESIHUM Ha OBICTPBIX SIEKTPOHAX.

26.KsanrtoBanue bopha - UH}enbaa B sinmke. BeraucieHre cTaTHCTHYIECKOM CYMMBI OIHOM CBOOOI-
HOM YaCTHIIBIL.



3ananus:
1. Haiitu n3mMenenue JUIMHBI BOJHBI (DOTOHA MPH YIPYTOM PacCcesHUHU Ha MOKOALIEMCS JJIEKTPOHE

(3 dexr Komnrona). JlaTe MHTEPIPETALUIO SKCIIEPUMEHTAIBHBIX JaHHBIX, MOMy4YeHHbIX KomMnToHOM
B IIpoliecce paccessHust GOTOHOB HA MapaduHe.

2. Haiitu n3menenue sHepruu GoTOHA IPU YIPYTOM PACCESHUU Ha PENSTUBHCTCKOM 3JIEKTPOHE
Ha yrou 0 = 1 B paMkax runotesbl [[manka—DWHIITeHHA.

3. Haiitu Eq' mpu Eq = 1, 2 eV (undpakpacuslii 1azep Ha HeonuMmoBoM ctekie), Ep = 46 GeV
(yckoputens SLAC, onbiThl 110 HenmuHEHHOMY 3¢ dekty Komnrona, 1996 r.) u Eq =1, 2 eV, Ep=35
GeV (yckopurens BOIIII-4M, onbIThI 110 paciierieHnto GgoToHa B mose sapa, 1997 r.).

4. [Touemy cBOOOHBIN IEKTPOH HE MOXKET MOTJIOTUTh WM M3Iy4uTh GoToH. HaliTh sHepreTu-
YEeCKUI CHEKTp M3TydeHUs: aOCOJIIOTHO YEPHOTO Tela, UCIOoNb3ys cooTHomeHus [Inanka: E = pc u p
=~k, rae k = 2n/A — BOTHOBOU BEKTOp, A — ITTMHA BOJHBI ()OTOHA.

S. [Tonarasi, yto s AUdpaKIUK HA KPUCTALUTUYECKON pPEIIeTKE MOJIe3HO UMETh YaCTHULBI ¢ A =
10—8 cM, HalTH PHEPTUIO (POTOHA, MIEKTPOHA U HEUTPOHA C JAHHOM JIJTMHOM BOJIHEI.

6. VY IbTpaxoia0JHBIMUA Ha3bIBAIOTCS HEUTPOHBI, CKOPOCTh KOTOPBIX V < 1 m/c. Haiftu ux mimuny
BoJIHBI Jle-bpoiins.

7. BbruncnuTh MaTpuuHbIf 35eMeHT h~X|~pi, rae |~pl, |~Xi — COCTOSIHHS C OMpPEEICHHBIM HUM-
IIyJIbCOM U OIPENEIEHHON KOOPAMHATON COOTBETCTBEHHO.

8. OueHUTh U3 COOTHOILIEHUS! HEONPEAECIEHHOCTH SHEPTUI0 OCHOBHOI'O COCTOSIHUSL YaCTHIIbI B 10~
JI€ OJJHOMEPHOI'0 FapMOHUYECKOI'0 OCLUIUISITOPA.

9. OueHuTh U3 COOTHOLICHHS] HEONPEAEIEHHOCTH YHEPIHI0 OCHOBHOI'O COCTOSIHUS 3JIEKTPOHA B
aToMe BOJIOpo/a.

10. Haiitu pagmyc cuibHOTO B3aUMOACHCTBUSI, KOTOPOE 00YCIOBICHO OOMEHOM BUPTYaJbHBIM TT-
ME30HOM.

11. [Tokasath, 4TO MPOU3BOJILHBIN JIMHEWHBIN onepatop L MoxkHo npeactaButh B Bujae L = A +iB
rae A u B — 3pMUTOBBI OIIEpaTOpHI.

12. Joxkazats, uto s J1roobx oneparopoB A, B u C cripaBemuBo ToxaectBo[A, BC]=[A, B |°C
+B[A,C].

13. SBnsiercs oM onepaTop KOMIUIEKCHOTO COMPSKEHUS a) TMHEUHBIM, 0) 3pMUTOBBIM?

14. st oneparopa C , onpeneneHHoro B MpeabayIel 3aj1aue, HaWTU COOCTBEHHbIE (DYHKIIMHU U

COOCTBEHHbBIEC 3HAYCHHS. HpOBepI/ITB, YTO COOCTBCHHBIC 3HAUYCHHUS ITOTO orneparopa MOryt OBITH KOM-
IJICKCHBIMH, a COOCTBEHHBIC q)YHKI_II/II/I, OTBCUAIOIINUEC PA3JIMIHBIM COOCTBEHHBIM 3HA4YCHUAM, HC 00s13a-
TCJIbHO OPTOIrOHAJILHEIL.

15. [Toka3aTb, 4TO cOOCTBEHHBIE (PYHKLIMU 3PMHUTOBOIO ONEpaTopa OPTOrOHAIBHBI MEXy COOOi,
€CJIM OHM COOTBETCTBYIOT Pa3JINYHBIM COOCTBEHHBIM 3HAUYEHUSIM.

16. [Tokazarp, 4TO COOCTBEHHBIE 3HAYEHMSI SPMUTOBOI'O OIlepaTopa BCeraa JeHCTBUTENIbHBI.

17. [Tokazatse, uto BotHa Jle-bpoiiist He mpuHAIIECKUT THILOEPTOBY MPOCTPAHCTBRY.

18. Haiitn obmee pemenue ypaBHeHusi lllpenunrepa st cBOOOJHON YacTUIBI U MOKa3aThb, YTO

OHO OECKOHEYHO BBIPOKJICHO.

19. [Toka3aTb, 4YTO IUIOTHOCTH TOKA j JJISl SJIEKTPOHA B OCHOBHOM COCTOSIHUM aTOMa BOJIOPOJIa PaB-
Ha Hymo. CieicTBUEM 3TOr0 (akTa ABIsSETCS CTAOUIBHOCTh aTOMA BOIOPO/Ia B OCHOBHOM COCTOSIHHH.
OOBSACHUTH IOYEMY.

20. HaiiTi sHepreTnyeckuii CHeKTp U HOPMUPOBAHHBIE BOJHOBBIE (YHKIIMH CBSI3aHHBIX COCTOSTHUI
gacTulbl B nosie V (X) =—g - 8(X), T1ie g — MOJ0KUTENbHAs TOCTOSHHAS.

21. Haiitu cpennne 3HaueHUs] KHHETHYECKOM M MOTEHIIMAIbHOM 3HEpruil. Berunciuts npoussese-
HUE HEONpEIEICHHOCTEN KOOpAMHATHI U UMITylbca. KakoB BUA BOJHOBOW (YHKIIMH B UMIIYJIbCHOM



MpeCTaBIeHUN?

22, Haiitu sHepreTuyeckuii CrieKTp W BOJIHOBBIE (DYHKIIMM YACTHIBI C 3apsJOM € M Maccod m,
HAXOJAIIeHCA B TMOJ€ TapPMOHMYECKOTO OCIHHJUIATOPA M B IMOCTOSHHOM 3JIEKTPHUYECKOM I10JI€ HAmps-
#eHHOCThI0 E. CunTtaTh BOJTHOBBIE ()YHKIIMU U CIIEKTP JIMHEHHOTO TApMOHUYECKOTO OCIMIUIATOpA 3a-
JAHHBIMU. J[BHKEHHE OJTHOMEPHOE.

Ilpumep mecmosvix 3a0anuii Ona nPoGePKU CHOPMUPOBAHHOCIU KOMHEMEeHUUTl, YKAZAHHBIX Gblule

n.3:
1. YcnoBus HeoNnpeIeneHHOCTH i P U X

1 APAXZ%

APAX>h

N

3 APAXZ%

2. CrexTp ocuMuIsITopa
1
E=ho[n+=
1. E=ho(n+3)
2. E=ho(n)

E=—
3. E=3

3. CBs13b koadpdunmenTa npoxoxaeHus R u orpaxkenus D (ogHOMEpHBIN citydaii)
1. R+D=1

2 R*+D*=1
3 R+D=5

PazpaboTunkmu:

”/{ / no1eHT kadeapsl Teoperuueckoit pusuxku  C.B. JloBros

\}// 4 J

[Tporpamma cocraBnena B cooTBeTcTBUM ¢ TpeOoBaHusMu PI'OC BO mo HampaBieHHUIO MOATO-
toBKkH 03.03.03 Panmodusuka.
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