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I. Hean v 3a1a4u TUCUUILJIAHBI

B xoxe u3ydenuss nucumrmuiiHbl «KBaHTOBask MEXaHMKa» CTYJIEHThI M3y4alOT M OCBAMBAIOT
OCHOBHBIC TOHATHS ¥ METOJIbI KBAHTOBOU TEOPHH, CTIOCOOBI TEOPETHUECCKOTO OMMMCAHMS, KOJTMUYECTBCH-
HOTO ¥ KaUE€CTBEHHOI'0 aHAJIN3a KBAHTOBBIX MPOLECCOB B CUCTEMAX, COCTOSAIIUX U3 OJHOW MM MHOTHUX
YacTHI], a TAK)KE B CUCTEMaX C HEONPEIeIEHHBIM WIIM MEHSIOUUMCS YUCIOM YacTHII.

Juctunnuna «KBaHTOBast MEXaHHUKaY MPEJICTABIISAET COOOM TEOPETUUECKYIO OCHOBY JIJISl TTOCJIE-
IYIONTUX Pa3JeioB Kypca TeopeTHdeckor (u3uku. MaTteMaTndeckod M METOAMYECKON 0a3oi Kypca
ABIISIOTCS BCE pa3zielibl Kypca MaTeMaTUKU U TEOPETUYECKOM (PU3UKH, U3yUEHHBIE CTyIEHTaMH K Haya-
a1y 5 cemecrpa.

B pesynbraTte u3ydeHus Kypca CTyICHT MpUoOpeTaeT Kak PyHIaMEHTAILHBIC 3HAHUS O MOIXO0-
JlaX K OTMHMCAHWIO0 KBAHTOBBIX CHCTEM, TaK U HAaBBIKH PEUICHUS KOHKPETHBIX KBAHTOBO-MEXaHUYECKUX
3az1ay.

Iean kypca

KBanToBasi MexaHuKa SIBJSIETCS BAXKHOM YacThIO YHUBEPCAIBLHOM 0a3bl JIJIsl M3YUYEHUs 00IIenpo-
(dbeccHOHANBHBIX U CHEIHATBHBIX JUCIUIUINH, BOOPYKACT BBITYCKHHUKOB HEOOXOJAMMBIMH 3HAHUSMU
JUISL pelIeHUs] HAYYHO-TEXHUYECKUX 337a4 B TEOPETUYECKUX U MPHUKIAAHBIX ACTIEKTaX, 3HAKOMUT CTY-
JIEHTOB C HAy4YHBIMU METOJaMU MO3HAHUSI, MIO3BOJIIET HAYYUTh UX OTINYATh THUIOTE3Y OT TEOPUHU, TEO-
PHIO OT SKCIEPUMEHTA. ITa JUCIHUIUIMHA CITIOCOOCTBYET MPOBEACHUIO JIEMapKAIIMKA MEXITYy HAYYHBIM U
AHTHHAYYHBIM TIOJIX0JIOM B U3YYCHUHU OKPYKAIOIIETO MHUpPA, MO3BOJISICT HAYYUTh CTPOUTH (DU3UIECKHE
MOJIEJIA TPOUCXOSALIETO U YCTaHABIMBATh CBS3b MEXKIYy SIBJICHUSMHM, MPUBUBATH IMOHUMAaHHUE MPHU-
YHHHO-CIICJICTBEHHON CBS3M MEXIy siBIeHUsAMH. OO0nanas JOrMUecKoi CTPOHHOCTBIO M OMUPAsICh HA
AKCIIEpUMEHTaNIbHbIE (aKThl, AUCHUIUIMHA « KBaHTOBass MeXaHUKay SBIISIETCS UACATILHOM ISl peLIeHUs
9TOM 3aAa4u, GOPMUPYS Y CTYICHTOB MOJIMHHO HAyYHOE MHUPOBO33pPEHHE.

Lenpro 0CBOEHUS Kypca KBAaHTOBOM MEXAHUKH SIBJIIETCS O3HAKOMJIEHUE CTYJEHTOB C OCHOBHBI-
MU 3aKOHAMH COBPEMEHHOU (M3UKH U BO3MOXHOCTSMHU MX MPUMEHEHHsI TIPH PELICHUH 33]1a4, BO3HU -
KaIoMIMX B UX MOCJIEAyIONIeH MpodecCHOHaIbHOM IS TeIbHOCTH.

3agaum kypca

— M3yYE€HHUE 3aKOHOB KBAHTOBOM TE€OPUHU B UX B3AaMMOCBSI3H;

— (dbopMUpOBaHNE HABBIKOB 110 MPUMEHEHHIO TIOJIOKEHUH KBAaHTOBON TEOPUU K TPAMOTHOMY Hayd-
HOMY AaHAQJIU3y CUTyallui, C KOTOPBIMU HCCJIEJOBATEN0 MPUXOJUTCS CTAIIKUBATHCA IIPU CO3/a-
HUH HOBOM TEXHWKH U HOBBIX TEXHOJIOTHH;

— (dhopMHUpOBaHKE Yy CTYICHTOB 3HAHHI OCHOB KBAaHTOBOM TEOPUH OMKCAHUS OKPYIKAIOIIETO MHUPA;

— O3HAKOMJICHHE CTYJIEHTOB C UCTOPUEN U JIOTMUKON Pa3BUTUs KBAHTOBOM MEXAaHUKU U OCHOBHBIX

€€ OTKPBITUH.



I1. Mecto nucuunimnusl B cTpykrype OIOIL:

Juctunnuna «KBaHTOBasi MEXaHUKa» SIBISIETCS 00s13aTEIbHOM I U3YUYECHHS IO JAaHHOMY IMPO-
¢umo. M3yueHne Kypca npeanonaraeT HajJuurue MOJyYeHHBIX Ha MpeabIyIieM ypoBHE 00pa30BaHUs
OCHOBHBIX 3HaHWM, yMeHuil mo gucuuiuiHam «luddepeHnnanbhele ypaBHeHUs», «TeopeTnyeckast
MeXaHUKay, «DJIeKTpoauHamMuka». Jucuumimna «KBaHTOBas Teopus» MPEACTaBIsSeT coOON TeopeTH-
YEeCKYI0 OCHOBY JUIS MOCIEAYIOMINX pa3/esioB Kypca TeopeTrnueckon (pusnkn «Du3nka KOHICHCHPO-
BAaHHOI'O COCTOAHUS), <<TepMOJII/IHaMI/IKa U CTaTUCTHUYECCKasid (bHSI/IKa)), «BB@}IGHI/I@ B KBAHTOBYIO TCO-
puto noss», «KBaHTOBas TEOPUsI U3ITyUECHUSY.

I1I. TpeOoBaHus K pe3y1bTaTaM OCBOCHHMS JMCIUIITHHBI

IlepeuyeHs NJIAHUPYEMBIX Pe3yJILTATOB 00YYeHHSsI N0 TUCHMIIJINHE, COOTHECEHHBIX ¢ HHANKATO-
aMH JI0CTH/KeHUs KOMIIeTeHIMii

Komnerennus OIIK-1: Cnocoben npuMeHsATh 0a30Bble 3HAHHUA B OOJACTH (DU3UKH U

pamro(U3NKN U MCIIOIh30BaTh MX B MPOGECCHOHAIBHON AEATEIbHOCTH,
B TOM 4HCJIe B cpepe Mneaaroruueckoi 1esiTeIbHOCTH

OIIK 1.1 [Ipumensier 6a3oBble 3HaHUSA B 00J1aCTH (PUBUKU U paAUOPHU3UKH JUTS pe-
IICHUST HAYYHO- UCCIIEIOBATEIBCKUX 3a1a4

OIIK 1.2 [Ipumensier 6a30BbIe 3HaHUS B 0071aCTH (GU3HKHU U paiuoOU3UKH IS pe-
LICHUS TPUKIIAIHBIX 3a/1a4 TPO(ECCUOHATIBHOMN 1eATeIbHOCTH

OIIK 1.3 [Ipencrapnser ciaymarensM B IOCTYIHOH JUIst BOCTIpUATHS (opMe 3Ha-
HUS B 00acTtu GU3UKHU U paano(pU3UKH, B TOM YUCIIE ITPU BBHITOJTHEHUHU
3aja4 B cepe neJaroruyeckoil 1esTeabHOCTH

IV. Conep:xanue u CTPYKTYpPa AMCHUIJIMHBI (MOLYJIs1)

OO0beM DUCHUILIMHBI COCTABIsAET 4 3a4eTHBIX eAUHULBI, 144 yaca, B TOM unciie 84 4. KOHTAKTHOM
paboTHI.

3aHATHS TPOBOJATCS TOIBKO B OUYHOM QopmMe oOyueHHs ¢ MPUMEHEHHEM IUCTAHIIMOHHOTO
KOHTPOJISI CaMOCTOSITEIbHON paboThl cTyaeHToB depe3 DMOC dakynpTeTa. IIESKTPOHHOW W JTUCTAH-
IIUOHHOH (popM 00yUeHUS HE MPEayCMaTPUBACTCS.

Ha nmpakTtnueckyro noarotoBKy OTBOAUTCS 34 ay IUTOPHBIX YACOB.

dopMa MPOMEKYTOUHON aTTECTALMU: FIK3aMEH.

4.1. Copeprxkanue IMCHUILIMHBI, CTPYKTYPHPOBAaHHOE 110 TEMaM, ¢ YKa3aHHEM BH/I0B

y‘leﬁHle 3aHATHH U OTBEACHHOI'0 HA HUX KOJIHUYECTBA aKAJCMHUYECCKHUX YaC0OB

Ne | Paz- | C| Bc us Bunsr yueOHOH paboTHI, ®DOpMEI TEKy-
m/m | gen | e | er | HUX | BKIIOYas CAMOCTOSTEIBbHYIO paboTy oOydarommxcs , MpakTH4ye- | MIero KOHTPOJIA
quc- | M | O | [pak- CKYIO TIOATOTOBKY U TPY/I0EMKOCTh YCIIEBaEMOCTH;
ou- | € | 4a | TM4e- (B yacax) dopma npome-
IUIA- | C co | ckas JKyTOUHOMH aT-
KonrtaktHas paboTa mpemnogaBatens ¢ o0ydaromu- | CamocTos-
HBI/ | T B oJ- TECTALHA
MHCS TeNbHAs
TEMBI | P ro- (no ceme-
pabota
TOBKa Jlexuu Cemunapckue | Koncynpramuu cmpam)
00y- /TIpakTHYeCcKHe
qaro- /mabopaTopHbIe
LIHX- 3aHATHA
csl




1 1-22 144 34 34 34 2 43 IIpakTrue-
CKOoe  3aja-
HUE; DK3aMe-
HaI[MOHHBIE
3a/1a4u
HUroro: 144 |34 34 34 2 43

4.2. Il;1aH BHeayAUTOPHOI CAMOCTOATEJIbHOI pa0oThl 00y4aIOIMXCH M0 JUCHUILIUHE

Cemectp HazBanue CamocrositenbHas pabora odydaronuxcst | OnieHounoe | YueOHo-
Pasiienna, 1Cgyn  camo- Cpoku  Bbi- Tpyso- CpeACTBO MeTOHng'
MBI CTOATEIHHOMN | TOTHEHUS E€MKCTh ckoe obecrie-
YCHU aMoO-
paboTsl (dac.) CHHC —caMo
CTOSITEIILHOU
paboThI
5 Tema 1-22  |3ananue B Bu- |[locie mpoii- 43 JlemoHcTpa- |Mcrounnkn w3
JIe 3a1a49n JCHHBIX TEM IS TOTOBBIX | OCHOBHOI U JI0-
peleHni HOJIHUTENBHOMI

JUTEPATypHl 10
TEME TMpaKTHYe-
CKHX 3aHATHM;
O06pa3oBarenb-
pecypcehl,
JIO-CTyIHbIE TIO0

HBIC

JIOTHHY U Tapo-
10, MpeJoCTaB-
nsempiM  Hayu-
HOW OubnmoTe-
kot UT'Y.

4.3. Conepxkanue yue0HOro MaTepuasa

Conep:xanue pa3/iesioB U TeM JUCHUNIMHBI (MOTYJISA)

Paspen 1

Tema 1. DHeprus U UMIYJIbC CBETOBbIX KBaHTOB. ['mmore3a Ilnanka. O¢ddexr Komnrona. Ilnockas
BoJsiHa [le-bpoiins, e€ ¢puznuecknit cmbici. KoMnToHOBCKas AJMHA BOJIHBI U AJMHA BOJIHBI [le-bpoiis.
Judpakius MUKpOYACTHIL.

Tema 2. BopHOBCKasi HHTEpIIpETAIMs BOJIHOBON (hyHKIMH. [IpHHIMT Cyneprno3uiu cocTosHui. Pa3-
JIO’)KEHUE MPOU3BOJIBHOTO COCTOSIHMS IO IIIOCKUM BojHaM [le-bpoiiis. ®usnueckuit cmbica kodddu-
UEHTOB pasznoxeHus. Popmanusm upaxka.

Tema 3. ®a30Boe NPOCTPAHCTBO KBAHTOBOM cUCTEMBI. COOTHOLIEHHE HEONPENEIEHHOCTH KOOPIH-

HaTa-uMITyJIbC. OIIGHKa SHEPTHUU OCHOBHOI'O COCTOAHUA TAPMOHUYCCKOTO OCHUIIATOpPA U aTOMa BOJO-

pona.




Tema 4. OniepatopHblit pOpMaTU3M KBAaHTOBOM MexaHUKU. CaMOCOIpsKEHHBIE ONIepaTOphl B THIIbOEp-
TOBOM MpocTpaHcTBe. OnepaTopsl KOOPAWHATH U UMITyJIbca U UX coOcTBeHHBbIE (yHKIMU. CpenHee
3HayeHHe J1I000i AMHAMUYECKON BEJIMYUHBI B POU3BOJIBHOM COCTOSSHUU. OCHOBHBIE CBOICTBa CO0-
CTBEHHBIX (YHKUUH. BbluncieHne BeposTHOCTEN pe3ysIbTaTOB U3MEPEHUs] TMHAMUYECKON BEJIMYMHBI
B IIPOM3BOJILHOM COCTOSIHUU. Y CJIOBHE OJTHOBPEMEHHON U3MEPUMOCTH IMHAMUYECKUX BEJTUYHH.
Tema 5. 'amunbTOHUAH CBOOOHOW YacTHIlBl. beckoHedHOEe BBIpOXKICHNUE cocTosiHU. O000IIeHne Ha
ciay4dail BHemHero nojs. YpasHeHnue IlIpeaunrepa. ['aMuinbTOHMAH Kak T€HEPATOP IBOJIIOLUHUM CUCTE-
MBI BO BpEMEHH. Y paBHEHHUE HENPEPBIBHOCTH. [1n0THOCTH TOKa. HopMupoBka miockux BonH. Cranuo-
HapHble cocTossHUA. CrannonapHoe ypaBHeHue Lllpennnrepa. @eHOMEHOIOTNYECKOE ONMCAHUE KBa3H -
CTaIlMOHAPHBIX COCTOSHUMN. EcTecTBEHHAs MKMpUHA CIIEKTPAIbHBIX JJUHUM U BPEMS JKU3HHU.
Tema 6. DBomrOIMS ONEPATOPOB BO BpeMeHU. VIHTerpasibl IBUKEHUSI.

Pazpnen 2
Tema 7. KBaHTOBaHME apMOHMYECKOIo ocLuuiAaTopa. [loBplaronme U NOHMKAOMIME ONEpaTOpHl.
OHeprerudeckuil criekTp. BonHoBas (QyHKIMS OCHOBHOT'O COCTOSIHUS. MaTpu4HbIe 3JIEMEHTHI onepa-
TOpa KOOPAMHATEHI.
Tema 8. KBanTOBaHNE MOMEHTA KOJIMYECTBA ABMKEHUS METOJOM IOBBIIIAIONIINX U IOHWKAIOUIUX OIle-
paTtopoB. Anre6pa MOMEHTOB KOJIMYECTBa JABIWKeHHA. Peannzanus anreOpsl B 1uddepeHnnantsHol u
MaTpuaHOi Gopme. CoOCTBEHHBIII MOMEHT KOJMUECTBa JABMKeHUs (criH) CreKTphl KBaJpaTa MOMEH -
Ta 1 3-eil npoekun. CoocTBeHHbIE GYHKIIMN OPOUTATHHOIO MOMEHTA KOJIMYECTBA IBH)KECHUSI.
Tema 9. Yactuna B cepudecku-cuMMeTpUIHOM 1oiie. Pa3nenenue nepeMeHHsIX. PaananbHoe ypas-
Henue lpenunrepa. Knaccudukarus coctosHuil B cepuiecku-CHMMETPUIHOM T0JIe. ATOM BOJOPO-
Jla, €r0 CIEeKTP M BOJHOBAsK (PYHKIMS OCHOBHOTO COCTOSIHUS. BBIpOXKIeHNE SHEPreTHYECKHX YPOBHEH
u ero npupoaa. Toku B aToMax, MarHUTHBI MOMEHT aToMa.
Tema 10. I'aMuibTOHMAH 3apSyKEHHOW YaCTHLIBI B IPOU3BOJIBHOM 3JIEKTPOMATHUTHOM I0JIE. ATOM BO-
JI0poJia B IOCTOSIHHOM MarHUTHOM roJie. BonHoBast pyHKIMS 1 3HepreTuyeckuil cnektp. Yactuunoe
CHSITUE BBIPOXKICHMSL.
Tema 11. KBaHTOBOE ONMCAHUE ABYXaTOMHON MOJIEKYJIBI. TE€IIOEMKOCTh IIPH Pa3IMYHbIX TEMIEPATY-
pax.
Tema 12. ]IBwkeHue 4acTUIBl B NEPUOAWYECKOM TMoJie. TpaHCIALMOHHAs HMHBAapHaHTHOCTh. CoO-
CTBEHHbIC ()YHKLIMU U COOCTBEHHbIC 3HAUEHUS ONEpaTropa TPAHCIALWHU. 30HHAS CTPYKTypa CHEKTpa.
Paznoxenue cnekrpa Ha "nHe" U "kpasx" 30Hb1 bpuimosna. Meton "a¢dhekTuBHOM Macch".

Pazpnen 3
Tema 13. CivH 351€KTpOHA. DKCIIEPUMEHTAIBHOE JOKA3aTEIbCTBO CYIIECTBOBAHUS CIIMHA AJIEKTPOHA.
Omnepatop cnnna. CrivHOBBIe (yHKIMU. YpaBHeHue [laynu. /IBikeHue criMHa B IOCTOSIHHOM H TIepe-

MEHHOM MariuMTHBIX I1OJIAX.



Tema 14. CranmonapHasi Teopus Bo3MyuieHus. OCOOEHHOCTH U Pa3Iuyusi B BEIPOKIACHHOM U HEBBIPO-
XKIeHHOM cirydasix. [1opoOHbIii aHaTN3 IBYKPATHOTO BBIPOKACHUSA. YacTHYHOE CHATHE BBIPOKICHUS.
Tema 15. HectanmmonapHas Teopusi BO3MyIIeHUS. Pe3oHaHCHOE BO30YKICHUE CUCTEMBI.
Tema 16. ITpocreiimine NpUMEHEHUS] TEOPUHM BO3MYILIEHUs. AHTapMOHUYECKHI ociuuiaTop. Pacmen-
JICHHE CTIEKTPAJIbHBIX JIMHUN B DJICKTPUYECKOM M CI1a00M MarHUTHOM TIOJISIX.
Tema 17. TloBeneHne BOMHOBBIX (DYHKIHMIA Ha OOJBIIMX M MAJIBIX pacCTOSHUAX. [I[puunHa KBaHTOBA-
HUS DHEPTHUH.

Pazpnen 4
Tema 18. IlocTaHOBKa 3a]a4l B TEOPUU CTOJIKHOBEHHM MUKpodacTull. CBA3b MEKIY aMIUIMTYAOU pac-
CesTHUS U aCUMIITOTUYECKUM TIOBEJICHHEM BOJIHOBOM (yHKIH. Cedenne paccestHusi. bopHOBCKoe mpH -
OnuKeHHe Ui aMIUTUTYAbl PACCEsSHUS.
Tema 19. Pacuet aMIUIUTYAbl U CEYEHUS IIPU PACCEIHUM HA KYJIOHOBCKOM M IOKaBCKOM IOTEHIMAJaX.
Tema 20. Tounas Teopus paccesHus. PaznokeHue aMIUIMTY bl Ha NaplyaibHble BoaHbl. Pasza pacces-
HUs. Y CIIOBHE ynpyroi yHUTapHOCTH. OnTrueckas Teopema. Mojiens abCoIOTHO YEPHOTO TUCKA.
Tema 21. TlpoxokaeHHe YacTHI] yepe3 MOTCHIHAIbHBIA Oapbep TyHHenmbHBIN d(ddext. XomoaHas
AMUCCHUS METAIIOB. VICUe3HOBEHNE CIEKTPAIbHBIX JUHUN B CHIIBHOM 3JIEKTpUYecKoM mosne. Tpéxmep-
HBII OTeHIMaNbHBINH Oaphep KBasucranmonapubie cocTossHUS. Teopus paJuoakTUBHOTO pacaia.
Tema 22. KuneMaTHKa W3Ty4YeHUS M MOTJIOMEHUS (OTOHA HECTAOMILHBIM CBOOOIHBIM SIPOM. DHEp-
TUsl OTAAUU s/ipa ¥ BKJIaA €€ B dHepruto ¢oToHa. SAapo B mone ocumwmistopa. Dddext Meccbayapa.
daxrop [lebas - Bamrepa.

4.3.1. IlepeyeHb CEMHHAPCKUX, MIPAKTHYECKHUX 3aHATHII U JJA00PATOPHBIX PadoT

No Noepasnena u | HaumenoBanue cemuHapos, mpak- | Tpymo- OreHoYHbIE dopmupyembie
TEMbI JUCIH- | THYECKUX U JTAOOPATOPHBIX paboOT eM- cpeicTBa KOMITETESHITUH
TUTHHBI KOCTb
("acen)
1 2 3 4 5 6
1. | Pasmen 1, Te- | I'mmotesa [e-bpotins, rumotesa 1 | 3aganue Ha ce- OIIK-1
Ma 1 [Mnanka MUHape B BUJIC
3aa4n
2. | Pasmen 1, Te- | Oddexr Komnrona 1 | 3amanwue Ha ce- OIIK-1
Ma 2 MHHAapE B BUAE
3aJa4u
3. Pazpen 1, Te- | JlazepHast KOHBepcHs KaK MEXaHU3M 1 | 3aganue Ha ce- OIIK-1
Mma 3 ycKopeHus (POTOHOB MHUHape B BUJIE
3a1auu
4. | Pasmen 1, Te- | MuHuManbHbIe 3Ha4eHUS (Ha30BOrO 1 | 3aganue Ha ce- OIIK-1
Ma 4 o0wvema yactuibl. COOTHOIIIEHHE MUHape B BUJIC
HEOoTpeIeIeHHOCTEH "KOOpIMHATA- 3a1aun
uMmnyssc", "IHeprus-Bpemst Ku3Hu"




5. OreHKa SHEPTUH OCHOBHOT'O COCTO- 3amanue Ha ce- OIIK-1
SIHUSI U3 COOTHOIICHHUS Heolpe/ie- MUHape B BUJIE
JIGHHOCTEH 7151 IMHEHHOTO rapMo- 3a7a4u
HUYECKOTO OCIMIUIITOPA U aTOMa
BOAOpOJIA
6. Pazpen 1, Te- | Onepatopbl AMHAMUYECKUX Be- 3amanue Ha ce- OIIK-1
Ma 5 JUYYH B THIH0EPTOBOM IIPO- MUHape B BUJIE
ctpanctBe. CoOCTBeHHBIC (PYHKIUH 3a1a4n
1 coOCTBeHHBIE 3HaYeHus. VX du-
3UYECKHM CMBICIIL.
7. Kanonnueckuit kommyTaTop "Koop- 3ananue Ha ce- OIIK-1
JIMHATA-UMITYJIBC" MHHape B BUJIE
3aJa4u
8. Pazpen 1, Te- | Ypasuenue lllpenunrepa ansa Boi- 3amanue Ha ce- OIIK-1
Ma 6 HOBO# (yHKMU. BopHOBCKast UH- MHHape B BUJIE
TEpIpeTaNys BOJIHOBOW ()yHKIIHH. 3a1auu
CranuonapHoe ypasHeHue Illpe-
nuHTepa. GakTopHu3anys 3aBHCHMO-
CTH OT BPEMEHHU U KOOPJAMHAT.
DHEpPreTUUECKU CIIeKTp U BOJIHO-
Bble (DYHKIIMU YaCTHIIBI B «IIOTEH-
[IHAJTHHON SIME» C OECKOHEUHO BBI-
COKHMMH «CTCHKaMU
9. Pazpen 2, Te- | DHepreTuyeckuid CIEKTp U BOJIHO- 3agaHue Ha ce- OIIK-1
Mma 7 Bble (DYHKITUM YaCTHIIBI B KOHEYHOI MHUHape B BUJIE
«IOTCHIIUATBLHOM SIME» 3a/1auu
10. DHEPreTUYeCcKuii CIIeKTP U BOJIHO- 3amanue Ha ce- OIIK-1
BbIe (DYHKIIUM YaCTHIIBI B ITOJIE TIO- MUHape B BUJIC
TeHnuana Buga V(x)=-go(x) 3a/1a9n
11. | Pa3gen 2, Te- | DHepreTHueckuii CIIEKTP M BOJHO- 3amanue Ha ce- OIIK-1
Mma 8 BbI¢ (DYHKIIUM YACTHIIBI B I1OJIC TIO- MUHApE B BUJC
TeHIMana Buaa V(x)=-g(o(x+a)+ 3a1a4u
d(x-a))
12. | Pazmen 2, Te- | OpOuTanbHBIE MOMEHT 3anganue Ha ce- OIIK-1
Ma 9 MUHapE B BUJC
3aa4n
13. | Pazgen 2, Te- | AMIUIMTYJia pacCeaHUs JIEKTPOHA 3ajaHue Ha ce- OIIK-1
Mma 10 Ha MMPOTOHE B OOPHOBCKOM IpUOIIH- MUHape B BUJIE
JKEHUU 3a1a4u
14. AMIUIMTY1a paccesHUs 2IEKTPOHA 3anaHue Ha ce- OIIK-1
Ha CIIO’)KHOM 3JIEKTPOHEHTPaTHLHOM MHUHape B BUJIE
aTome 3a1auu
15. | Pa3nen 2, Te- | [IpoxokaeHue 4acTUIIBI Yepe3 To- 3amanue Ha ce- OIIK-1
Mma 11 TEHIMATBHBINA 0apbep V(X)=-gd(x) MUHape B BUJIC
3a1a9n
16. | Pazmen 2, Te- | IIpoxoaeHHE YaCTHUITHI YEPE3 TIO- 3amanue Ha ce- OIIK-1
Mma 12 TEHIMAIILHBINA Oaphep B BUe «Oec- MUHapE B BUJC
KOHEYHOU CTYTICHU» 3aa4n
17. [TpoxoskieHre YacTUllbl Yepes Mmpsi- 3ajaHue Ha ce- OIIK-1
MOYTOJIbHBIN MOTeHIIMATbHBIHN 0a- MHHape B BUJE
pBep 3a1a4u
18. | Pazgen 3, Te- | DHepreTuyeckuii CrEKTp YaCTULIBI, 3agaHue Ha ce- OIIK-1
ma 13 HaxoJsIIeics B MoJie TapMOHUYe- MHHape B BUJIE
CKOT'0 OCITIIIIISITOPA U B TIOCTOSTH- 3a1auu
HOM 3JIEKTPUYECKOM IOJIe
19. | Paznen 3, Te- | BomHoBBIE GyHKIIMH YaCTHUIIBI, Ha- 3agaHue Ha ce- OIIK-1




ma 14 XOJSIICICS B MOJIE JIMHEHHOTO rap- MHHape B BUJIE
MOHHYECKOTO OCIIHILIATOPA, COOT- 3a1a4n
BETCTBYIOIINE BO30YKIAeHUsIM n=1,2
20. | Pasnen 3, Te- | BosmHoBbIe YHKIIUN U SHEPreTHYE- 3amanue Ha ce- OIIK-1
Mma 15 CKHUl CIIEKTP YaCTHIIBI, HAXOAALICH- MHUHAape B BUJIE
s B TI0JIe IByMEPHOTO TapMOHUYE- 3aa4n
CKOTO OCIIIIISITOPA
21. | Pasnen 3, Te- | BonmHOBbBIEC YHKIIMU U SHEPTETHYE- 3amanue Ha ce- OIIK-1
Ma 16 CKHUI CIIEKTP YaCTHIIbI, HAXOAALICH- MHUHAape B BUIE
s B TIOJIE TPEXMEPHOTO TapMOHHYE- 3a/aun
CKOTO OCIUILIATOpA (siApa B KPH-
crajuie)
22. | Paznen 3, Te- | DHepreTuueckuii CieKTp aroma BO- 3anaHue Ha ce- OIIK-1
ma 17 JIOPOJIa B TIOCTOSTHHOM MarHATHOM MHUHape B BUJIE
moJie 3aJa4uu
23. | Pazgen 3, Te- | Comn. Matpunsl [aynu 3aganue Ha ce- OIIK-1
ma 18 MMHape B BUJIE
3aaun
24. | Pazgen 4, Te- | M3meHeHue COCTOSHUS CHCTEMBI 3agaHue Ha ce- OIIK-1
Ma 19 MO/ ICICTBUEM BHEUIHETO BO3MY- MHHape B BUJIE
HICHUSI 3a1a4yu
25. | Pazgen 4, Te- | XonoaHasi SMUCCUSA IEKTPOHOB U3 3amaHue Ha ce- OIIK-1
ma 20 MeTaiuia MHHApE B BUC
3a71a4un
26. | Paznen 4, Te- | DHeprus u3ny4eHus U MOTIOLUIECHUS 3anaHue Ha ce- OIIK-1
ma 21 (oToHa HECTAaOMITBHBIM CBOOOTHBIM MUHape B BUJIE
SPOM 3a]a4uu
27. | Pasnen 4, Te- | Dddexr Meccbayaspa. Daxrop [e- 3ananue Ha ce- OIIK-1
Mma 22 bas-Bamrepa MHUHApE B BUAC
3aa9n
4.3.2. I1nan caMmoCTOATEIbHOM PadOThI CTYIEHTOB
Ne Tema Bun 3aganue Pexomennye- | Konnue-
HEL. CaMOCTOiI— Mas JINTepa- | CTBO Ya-
TEJBHOU Typa COB
paboOThI
1 KsantoBa- | Bueaynu- | KBantoBanue bopna - Undenbaa B Hctounnku 2
Hue bopHa | TopHasd, pe- | AmuKe. BeruuciaeHue cratTuctuye- 13 OCHOBHOM
- Nn- IIEHUE 3a- | CKOM CyMMBI OJTHOM CBOOOIHOM Ya- U JIOIIOJIHU-
denbaa B a4 CTHULIBI. TEJIbHOU JIU-
SIIITUKE. TepaTypsl MO
2 KBanToBa- Bueaynu- | KBaHTOBaHMEe MOMEHTa KOJUYECTBA | TEME IIPAKTH- 2
HHUE MO- TOpHas, pe- | ABUKECHHUS METOAOM IOBBIIIAIOMINX | YECKHUX 3aHA-
MEHTa KO- LIEHUE 3a- | W MOHWXKAIOIIKX OMEepaTopoB. Ajre- TUH;
JTUYECTBA naq Opa MOMEHTOB KOJIMYECTBA JBUKE- Oo6pazoBa-
JIBAXKEHUS Husl. Peanuzanus anreOps! B nudde- | TeabHBIE pe-
PEHIMAIbHOM U MaTpU4YHOU popme. CypCBI, J10-
CoOCTBEHHBIII MOMEHT KOJIMYEeCTBA CTYIIHBIE I10
nBukeHus (cnuH) CekTphl KBaj- JIOTWHY M Ta-
paTa MOMEHTa U 3-eil IPOEKIIUH. poIro, Ipeno-
CobcTBeHHbIE PYHKIIMU OpOUTAIIb- CTaBJISIEMbIM
HOI'O MOMEHTA KOJIMYECTBA IBUKE- Hayunou
HUSI. OnbIMoTeKON




3 KBantoBoe | Bueaynu- | KBaHTOBOE OnncaHue 1ByXaTOMHOM
ONMCaHUE | TOpHas, pe- | MoJieKybl. Tena0eMKoCTh Ipu pas-
JByXaTOM- | IIEHHE 3a- | JUSHBIX TEMIIepaTypax.

HOU MoJIe- nau
KYJIBL.
4-5 | CnuH anek- | Bueaynu- | CrnuH 31eKkTpoHa. DKCIIEpUMEHTAIb-
TpOHa. TOpHas, pe- | HOE JI0Ka3aTeIbCTBO CYILIECTBOBA-
LICHHE 3a- | HUA CIuHA 3JeKTpoHa. OnepaTop
a4 cnuHa. CiMHOBBIE (PYHKIUHU. YpaB-
Henue [laynu. J[BuxeHue cnmHa B
IIOCTOSIHHOM U IIEPEMEHHOM Mar-
HUTHBIX MOJISIX.

6 Ceuenue Bueaynau- | PacueT aMminuTy el U C€UEHUS IIPU

paccesiHUsI | TOpHasi, pe- | pacCesTHUM Ha KyJIOHOBCKOM U
LIEHHE 3a- | FOKAaBCKOM IOTEHIMANAX.
Jad

7-8 | Kunematu- | Bueaynu- | KunemaTuka u3iydeHHs U MOTJI0-
Ka u3Ny4ye- | TOpHas, pe- | meHus (HoToHAa HECTaOMIbHBIM
HUS U [IeHUE 3a- | CBOOOIHBIM SIAPOM. DHEPTHUS OT/a-
MOTJIOIIe- nadq YU sS7Ipa U BKJIJ] €€ B SHEPTTHIO
UL (hoTO- ¢dorona. JlomnepoBckoe yumpeHne
Ha nuHui. OnpeneneHne TeMIepaTypbl

3BE31.

9 Teopus Bueaynu- | p,ccesane B nome Y (%) = -Go(x) '
paccestid | TOPHAAL, Pe- | OGpaTuTe BHMMAHNE HA MOBEICHHE

LICHHE 3a- o
aMIUINTY 1 OTPaXKEHHOM U MpOLIE-
Aad 1€ BOJIH MPH MPOJIOJHKEHUH pellie-
Hus B o0nacte E<(.

10 KBantoBo- | BHaeaynu- | Omeparopsl, CONpsiKEHHBIE K Olepa-
MEXaHHWYe- | TOpHas, pe- | Topam
CKUe orie- meHuesa- | ~ d 5 .d - d

A=— B=i—,C=mwx+h—
paTopsl naq dx e o
11 CoOcTBeHn- Bueaynu- A d
C=mwx+h—
HbIE 3Haye- | TOpHas, pe- dc
Jnst onepaTopa
HUS KBaH- LICHHE 3a- .
HalTH COOCTBEHHbIE (DYHKIINH U
TOBO-Me€Xa- Jaq
cobcTBenHbIe 3HaueHus. [Ipose-
HUYECKHUX
PHUTH, YTO COOCTBEHHBIEC 3HAYCHUS
oreparo-
ATOTO OMepaTopa MOTYT OBITH
OB
p KOMIUIEKCHBIMH, @ COOCTBEHHBIE
(GYHKINH, OTBEUYAIOINE Pa3THIHBIM
COOCTBEHHBIM 3HAYEHHIM, HE0Os13a-
TEJIbHO OPTOTOHAJIBHBI.

12 | Oueprus Bueaynu- | OnpenenuTs ypOBHU SHEPTUU U
KBaHTOBO- | TOpHasi, pe- | BOJHOBBIC (DYHKIIUH JIJIS 3aPsKECH-
MeXaHW4e- | IIeHUe 3a- | HOW Ui 3apsKEHHOW YaCTHUIIBI B O-
CKHX CH- naq CTOSIHHOM U OJIHOPOJHOM MarHur-
CTeEM HOM T1oJie. BbIOpaTh BEKTOPHBIA TT0-

ternman B Buge A = (0, xB,0).

HUI'Y u Cro-
poHHUE
CaUTBI




13-14 | Yactuua B Bueaynu- | Cunras u3BECTHBIM raMHJIbTOHUAH
JNEKTPO- TOpHAs, pe- | YaCTHLBI B JJIEKTPOMAarHUTHOM I10-
MarHUTHOM | ILIEHUE 3a- | JIe, HATH a) BhIpaKEHUE AJIS Olle-
110J1€ Aad paTopa CKOpocTH v, 0) KOMMyTaIlu-

OHHBIE COOTHOIIIEHHUS Il KOMIIO-
HEHT CKOPOCTH; B) aHAJIOT ypaBHe-
Hus HeroTona.

15-16 | bop- Bueaynu- | BeluuciauTh aMIUIUTY Ly pacCcessHUS
HOBCKO€ TOpHAsl, pe- | Ha MPSMOYTOJIbHON IMOTEHINAIbHON
npubnmKe- | IIEHHE 3a- | siMe B OOPHOBCKOM MPUOJINKECHUU.
HUE Jad

17 | Paccesnue | BHeaynu- | BblUMCINTB aMIIIUTYy pacCestHUS
Ha MIOTE€H- | TOpHas, pe- | B OOPHOBCKOM NMPUOIUKEHUH Ha TI0-
nrajc HICHUC 3a- | tennuane IOxaBa
IOkaBa nad Ur) = (a/r)efr/a

4.4. MeTO[ll/I‘leCKl/Ie YKa3aHus [0 OpraHn3anuun CaMOCTOSITEJILHOM paﬁoTbl CTYACHTOB

B pasnmene 4.3.2 cTyneHTaM JUIsi CaMOCTOSITEILHOTO YIUTYOJICHHOTO M3YYEHHUs TUCHUTLIMHBI (TIapai-
JICJIBHO C JIGKI_II/ISIMI/I) npeajararoTcs 3aaqyv 1o u3y4aCMbIM pa3aciiaM. Hpe,unonaraeTc;I, 4TO CTYHACHT
CaMOCTOSITENIbHO U3YYHT JOTMOJIHUTENbHbBIE Maparpadsl Mo MPOHIEeHHON TeMe, MpeACTaBlIeHHbIE B JIU-
Teparype u3 I. 5, a 3aTeM PelIuT NpeIoKeHHbIe 3a1ad. OIeHKa CaMOCTOSTENIBHON paboThl CTYICH-
TOB MPOBOJIUTCS HA MPAKTUYECKHUX 3aHATHUSX.

4.5. IlpumepHasi TeMaTHKA KyPCOBBIX PadoT (IPOEKTOB) (IIPU HAJTMYMH)

Y4eOHBIM IJIAHOM HE MPEyCMOTPEHO HAMKMCAHUE KyPCOBBIX paboT.

V. YueoHo-MeToqu4Yeckoe U MHGOPMAIIMOHHOE o0ecTiedeHne JUCIUNIHHBI:

a) nepevyeHb JUTEPATypPbl

OCHOBHAs JIUTEpaTypa

1. Bamn A. H. KBantoBas MexaHuKa B 3a7adax : yue0.-meTo. mocooue / A. H. Bamn, O. H. Coun-
natenko. — pkyrck : U3a-so UT'Y, 2010. — 87 c. Hp A623906; dusmar 30856 (100 3k3.)

2. TlapmakoB A. H. BBeaeHue B KBaHTOBYIO GH3HUKY : yueOd. mocobue [DaeKTpoHHBIH pecypc] / A.
H. ITapmakoB. — DnektpoH. Bepcusi kH. — CII6. : MU3a-Bo Jlawp, [2010]. — 352 ¢. — (OBC

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

JOTIOJTHATEIIbHAS JIUTEpaTypa

1. Jlangay JI. [I. KBantoBas mexanuka : Teopernueckas ¢usuka, rom III / JI. J1. Jlannay, E. M.
Jludpmu,. — 5-e u3n. — M. : Hayka, 1989. — 767 c. (56 7k3.)

2. Jlunkuu I'. KBanToBas Mexanuka. HoBblii 101x0/1 K HEKOTOPBIM rpodsemam / I, JIumkuH. — M.

: Mup, 1977. — 592 c. (ud A 37855, 767271, M 767272, 3 5K3.)


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

0) nepuoguYecKUe U3TAHUS
- HCT.
B) CIIUCOK ABTOPCKUX METOJANYECKUX pa3padoTok
- 1 (ocHOBHas IUTEPATYPA).
r) 0a3bl JaHHBIX, HH(POPMAIHOHHO-CIIPABOYHBbIE H MOUCKOBBIE CUCTEMBI

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

OOpa3oBaTeNbHBIE PECYPCHl, JAOCTYIHBIC IO JIOTHHY W TApoJio, MpeaocTaBisseMbiM HaydHoit
oubnuorekot UT'VY:

e https://isu.bibliotech.ru/ - U3 «bubnmoTex»;
e http://e.lanbook.com - OBC «M3narenscTBo «JIaHby;
e http://rucont.ru - DbC «PykoHT» - MeXOTpacieBas HaydyHas OuOIMOTEeKa, copepxkaas onud-

pOBaHHbIE KHUTH, IEPUOANYECKUE U3JaHUS U OTJEIbHBIE CTAThU 110 BCEM OTPACIIIM 3HAHUM, a
TaKKe ayJuo-, BUJ€0-, MyJIbTUMEINA COPT U MHOTO€ JIPYTOE;

e http://ibooks.ru/ - OBC «ANOYKC»- HHTEPHET PECYPCHI B CBOOOTHOM JIOCTYTIE.

VI. MaTrepunajnbHO-TeXHHYeCKOe o0ecnedeHne TUCHUIIITHHbI

YueOHast ayaAuTopus AJsl MPOBEACHUS 3aHATUN. J[1s1 IpoBeneHus 3aHATUN JIEKIIMOHHOTO THUIIA B
KaueCTBE JICMOHCTPAIMOHHOTO 000pYyI0OBAaHUS UCTIOIB3YeTCsl MEeToBasl Tocka. HarmsaHocTs obecreun-
BAETCs IyTeM HU300paKCHHsI CXeM, TuarpamMm u GopMyll ¢ IOMOIIbI0 Mena. Mcnonp3oBanue rinodans-
HOW KOMITBIOTEPHOU CETH IMO3BOJISIET 00ECIEYHUTh JOCTYMHOCTh MHTEpHET-pecypcoB W pean30oBaTh
CaMOCTOSITEIIbHYIO paboOTy CTYISHTOB. Ha JIEKIHMSIX MOTYT HCIIOJIB30BAThCS MYJIbTUMEIUMHBIC CPEll-
CTBa: MPOEKTOp, MEPCHOCHOW d3KpaH, HOyTOyK. Ha (akynpTere mMeercss KOMIBIOTEPU3UPOBAHHAS
ayUTOpHS, MpeJHA3HAYCHHAS JJII CAMOCTOSITEIbHONW palOOThl, C HEOTPAHWYEHHBIM J0CTyroM B UH-
TEpHET.

Marepuansl: yaeOHO-METOIUYECKHUE TOCOOMs, 3adaHus I ayAUTOPHON M CaMOCTOSITEILHOM pa-
OOTBI CTYJIEHTOB.

VII. Ob6pa3oBarejibHbIE TEXHOJIOTHU

3a1aun U3JI0XKEHUS U U3yUeHUs TUCIUIUIMHBI PEaIU3yI0TCs B CIEAYIOMUX (popMax AesTeIbHOCTH:

e JIEKLMH, HAlleJIEHHbIe Ha MOJIydeHHE HeoOXoauMoW HH(OpMalMH, U €€ UCIOJIb30BaHUE
IIPU PELIEHNHU IPAKTUYECKUX 3a/1a4;

® [IPaKTUYECKHE 3aHATHUS, HAPaBJIEHHbIC HA aKTUBM3ALMIO [T0O3HABATEIBHON AESITEIbHOCTU
CTYZICHTOB U IPUOOPETEHHS UMHU HABBIKOB PELLICHUS MIPAKTUYECKUX U IPOOJIEMHBIX 3a7ay;

® KOHCYJIbTAllMU —€XKEHEIEIbHO I BCEX JKEJIAIOIINUX CTYIACHTOB;

® CaMOCTOsITEeNIbHAsl BHEAyIUTOpHas paboTa HalpaBieHA HAa MPUOOPETEeHHE HABBIKOB CaMO-
CTOATEBHOIO PELIEHUS 3a7a4 110 JUCIIUILINHE;

® TEKyLMH KOHTPOJIb 32 JEATENbHOCTBIO CTYACHTOB OCYILECTBIISETCS Ha JIEKLUOHHBIX U
IIPAKTUYECKUX 3aHATUAX B XOJ€ CAMOCTOATENIHOIO PELICHHS 33a]1a4, B TOM YHCIIE Y JTOCKH.

VIII. OueHoyHble MATEPHUAJIBI ISl TEKYIIEr0 KOHTPOJISI M IPOMEKYTOYHOM aTTecTalluu
@DOH/1 OLIEHOYHBIX CPEJCTB MPEACTABIECH B MPUIIOKEHHH.

8.1. OuleHOUHBIE CpeACTBA ISl BXOJHOTO KOHTPOJIS: He TPEOYIOTCS.
8.2. OrleHOUHBIE CpEACTBA TEKYIIEro KOHTPOJIS - KOHTPOJIBHBIE Pa0OTHl M COOECeI0BaHNE.



JIeMOHCTpAIIMOHHBII BAPUAHT KOHTPOJBHON padOTHI

_ —x2/24a?
3anaua 1. Beraucmuts © (X-7) nng ponHoBoro nakera P(x,1) = de

3anaya 2. Mcnonb3ys pe3yabTaT NpeablAyLIeH 3a1aun, HATH H3MEHEHHE HIMPUHBI ITAKETa CO Bpe-

MCHCM.

IIpumepsl Bonpocos AJ1s1 codece10BaHUs

e Ormucath onepaTopHblid (hopMaiu3M KBaHTOBOI MEXaHUKH.
e JlaTp omnpeneneHne caMOCONPSKEHHBIX OMEPaTOPOB B THILOEPTOBOM MIPOCTPAHCTBE.
e VYKka3aTh OCHOBHBIC CBOMCTBA COOCTBEHHBIX (DYHKITHHA.
e BrruncieHue BEposSTHOCTEN pPe3yIbTaTOB U3MEPEHUS AMHAMUUECKOM BETMUUHBI B IPOU3BOIIb-
HOM COCTOSIHUH.
e VYcioBUE OTHOBPEMEHHON H3MEPUMOCTH TUHAMUYECKUX BEITUYMH.
e Baectu oneparopbl KOOPJMHATHI U UMITYJIbCA U UX COOCTBEHHbIC (PYHKLNHU. YKa3aTh OTINYUS
KOOPJMHATHOTO U UMITYJIbCHOTO MTPEICTABICHHUS.
8.3. OueHouHbIe CpencTBa AJIs IPOMEXKYTOUHOM aTTecTaluu
®dopma npoBeIeH:s TPOMEKYTOUHOM aTTeCTallul — HK3aMEH.

IIpumepHbIii NepedyeHb BONPOCOB U 3aJaHMUI K IK3aMeHY

1.

OHeprus U UMITYJIbC CBETOBBIX KBaHTOB. I unoresa [lnanka. Opdext Komrona. Ilnockas Bonna [le-
bpoiins, e€ dusuveckuii cmpica. KoMTOHOBCKas yIMHA BOJIHBI M JjiMHa BoJiHBI Jle-bpoins. du-
(bpakus MUKPOYaCTHII.

. bopHoBckas unrepnperanus BoiaHoBoM pyHkuuu. [IpuHiun cynepnosumnuu coctosHuil. Pasnoxe-

HUE MPOU3BOJILHOTO COCTOSIHUS TIO TUIOCKUM BosiHaM Jle-Bbpoiinsa. ®usmueckuii cMbica kodhduim-
€HTOB pasyioxkeHnus. Popmanusm upaka.

. ®azoBoe IMPOCTPAHCTBO KBAaHTOBOM cucTeMBl. COOTHOIIEHUE HCOMPECACIICHHOCTH KOOpAMWHATAa-

HUMITYJIBC. OHGHKa OHEPIrUr OCHOBHOT'O COCTOSAHUA TAPMOHUYCCKOTI'O OCHWIIIATOpPA U aTOMa BOAOPO-
Ja.

. OneparopHblii popmanu3M KBaHTOBOM MexaHUKH. CaMOCOTPSKEHHBIE OTIEPaTOPhl B THIHOSPTOBOM

npoctpancTBe. Oneparopbl KOOPAUHATH M UMITYJIbCa U MX COOCTBEHHBIE (GyHKIMU. CpeHee 3Have-
HUE 000 AMHAMHYECKON BETUYMHBI B MPOU3BOJIBLHOM cOCTOSHUH. OCHOBHBIE CBOWCTBa COO-
CTBEHHBIX (DyHKIMIA. Bbruncienue BeposSTHOCTEH pe3ylbTaToOB U3MEPEHUST TUHAMUYECKON BEITHYH -
HBI B IIPOU3BOJIBHOM COCTOSIHMH. Y CJIOBHE OJHOBPEMEHHON MU3MEPUMOCTH JUHAMUYECKUX BEIINYUH

. FamunbroHMan cBOOOHON YacTHUIBI. beckoHewHOe BBIPOXKIACHHE cocTOsTHUI. O000IeHne Ha CITy-

yail BHelHero nojis. YpasHeHue lllpenunrepa. 'aMubTOHHAH KaK T€HEPATOP HBOJIFOLUU CUCTEMBI
BO BpeMeHH. YpaBHeHUE HernpepblBHOCTU. [oTHOCTH Toka. HopMupoBka miockux BoiH. Craruo-
HapHble cocTosiHus. CranuoHapHoe ypaBHeHue lllpenannrepa. ®@EHOMEHOJIOTMYECKOE OIMCAHUE
KBa3MCTALIMOHAPHBIX COCTOSAHMM. EcTecTBeHHAs MMpPHHA CIIEKTPAIbHBIX JIUHUN U BPEMS KU3HH.

. DBOJIIOLINS OIIEPAaTOPOB BO BpeMeHU. VIHTerpansl ABMKEHNUS.
. KBanroBanue rapmonnueckoro ocuusuiatopa. [lopblmaromiye u NOHMKAIOLIME ONIepaTopbl. JHepre-

TUYEeCKUI cnekTp. BomHoBas (yHKIMS OCHOBHOIO COCTOSIHUSA. MaTpuyHbIE 3JE€MEHTHI orepaTopa
KOOPJMHATHI.

. KBaHTOBaHME MOMEHTa KOJIMYECTBA JABMOKCHUA METOAOM ITOBBIINAOINNUX W ITOHMXKAKOIIHUX OIICPaTO-

poB. Anre6pa MOMEHTOB KOJHMUYECTBa JABIKeHHUA. Peanusanus anreOpsl B AuddepeHunaibHol U



MaTpu4HOi (popme. CoOCTBEHHBINT MOMEHT KOJMUYECTBa ABMKeHUS (cruH) CHeKTphl KBaJapara MoO-
MeHTa U 3-eii npoekiu. CoOCTBeHHbIE (DYHKIMM OpOUTAIBHOTO MOMEHTA KOJIMYECTBA JBMKEHHUS.

9. Yacruna B cdepuvecKkr-CHMMETPUYHOM mojie. Pa3nencHue nepeMeHHbIX. PajnanbHOe ypaBHEHHUE
penunrepa. Knaccupukanus coctosHuil B chepruuecKu-CUMMETPUYHOM IoJie. ATOM BO0OpO/a,
€ro CIEKTP U BOJIHOBAsi (PYHKLUS OCHOBHOTO COCTOSIHUS. BBIpoXkIeHHE SHEPreTHYeCKUX YPOBHEH U
€ro Npupoja.

10.TamMunpTOHNAH 3apsHKEHHON YaCTHIIBI B TIPOU3BOJILHOM AJICKTPOMArHUTHOM TI0Jie. ATOM BOJOpO/a
B TIOCTOSIHHOM MarHUTHOM Iojie. BonHoBast GyHKIMs 1 sHepreTuueckuil cnektp. YacTuuHoe cHs-
THE BBIPOXKJICHHS.

11.KBanTOBOE OmMMCaHue AByXaTOMHOM MOJICKYJIbl. TEMI0eMKOCTh IIPU Pa3IHsIHbIX TEMIIEpaTypax.

12. JIBmxeHue 4acTuipl B EPHOANYCCKOM roiie. TpaHCIsuoHHass WHBApUAaHTHOCTh. COOCTBEHHBIC
(byHKIMU ¥ COOCTBEHHBIE 3HAUEHUS OTlepaTopa TpaHCIAIMH. 30HHAs CTPYKTypa crekTpa. Pazmoxe-
HUE CIieKTpa Ha "mHe" M «kpasx» 30HbI bpummosna. Meron «a¢hdhekTuBHON Macch»

13. CiuH anekTpoHa. DKCIIEPUMEHTAIBHOE TOKA3aTeNIbCTBO CYIISCCTBOBAHUS CITUHA dJieKTpoHa. Orne-
parop cnuHa. CriuHoBbie QyHKIMH. YpaBHeHue [laynu. J[BrokeHHE CIIMHA B MOCTOSIHHOM M Tepe-
MEHHOM MarHUTHBIX TTOJISIX.

14. Craumonapsast Teopust Bo3MyIeHUs. HeBBIPOKICHHBIN CITydaii.

15. CrammonapHast Teopust BO3MYIIEHUSA. BRIpOKICHHBIN CIyJaii.

16. HecrannoHapHasi Teopusi BO3MYIICHUsI. Pe30HAHCHBII XapaKkTep KBAaHTOBBIX MEPEXOIOB.

17.TloBenenre BOMHOBBIX (YHKIMH Ha OOJBIIMX M MalbIX PacCTOSHHsX. [IpuYnMHa KBaHTOBAaHUS
SHEPIHH.

18.TlocTaHoBKa 3a7a4u B TEOPUH CTOJIKHOBEHUI MUKpO-dacTHil. CBsI3b MEXKIY aMIUIUTY0N paccesi-
HUS ¥ aCHMIITOTHYECKUM TIOBEJIeHHEM BOJHOBOH ¢yHkumu. Cedenue paccestaus. bopHoBckoe nmpu-
0N KeHHe JUIs aMIUTUTYbl PACCESHUS.

19. Pacuer aMIIUTY/ bl M CEYCHUS TIPH PACCESIHUH HA KYJIOHOBCKOM M FOKaBCKOM TTOTEHITHAJAX.

20. AMIuTy 12 paccesiHus 3apsDKSHHO 9acTUIbI Ha CiioxkHOM atoMe. DopmpakTop aroma.

21.Tounas Teopusi paccesHus. PazinokeHre aMIUTUTYIbl HA HapiHaibHbie BOJHBL Paza paccesHusl.
VYcnosue ynpyroit yautapaoctu. Ontudeckast reopeMa. Mozenb abCOII0THO YEPHOTO JTUCKA.

22.TIpoxox/IeHre YacTUI[ Yepe3 MOTCHIUaIbHbIi 0apbep TyHeabpHbINH 3(dexT. X0omoaHass SMUCCHS
MeTauIoB. VICue3HOBEHHME CHIEKTPAIBbHBIX JIMHUM B CWJIBHOM JJIEKTPUYECKOM moje. TpéxmepHsli
NOTEHIMAIBHBIN Oapbep. KBazucraunonapHusle cocTosiHUS. Teopus paJuoOKTUBHOTO paciajia.

23.KuHemMaTHKa U3Ty4eHUS U TOTJIOMCHUST (DOTOHA HeCTaOMIBHBIM CBOOOIHBIM SIIPOM. DHEPTHsI
OTJauu A1pa U BKJIAJ e€e B dHeprtuio (ortoHa. JloriepoBckoe ymmpeHue auHuN. OnpeneneHue
TEMIIEPATYPHI 3BE31.

24.HectabunbHoe sapo B mose ocumuisatopa. dhdekr Meccbayspa. Pakrop Jebdas -Bamiepa.

25. KoHBepcus 1a3epHOTro U3IyYCeHUs! TPU PACCETHUH Ha OBICTPBIX 3JIEKTPOHAX.

26.KBantoBanue bopHa - UH(enbaa B siuke. BeraucieHne cCTaTHCTHYECKON CyMMBI OJTHO# ¢BOOOI-
HOU YaCTHIIBI.

3ananus:
1. HaiiTi n3meHeHne IIMHBI BOJIHBI (POTOHA MPU YIPYTOM PACCEsSHUU Ha TOKOAIIEMCS dIIEKTPOHE

(3¢ ekt Komnrona). J[aTh HHTEpIpETALMIO SKCIEPUMEHTAIbHBIX JTaHHBIX, MOITy4eHHbIX KomMnToHOM
B TIpoliecce paccesHusi GOTOHOB Ha mapaguHe.
2. Haiitu n3menenue suepruu GoTOHA NPU YIPYTOM PACCESTHUU Ha PENIITUBHUCTCKOM 3JIEKTPOHE



Ha yroJs 0 = B pamkax runote3s! [Inanka—JiiHmTeiina.

3. Haiitu Eq' npu Eq = 1, 2 eV (undpaxpacusiii n1azep Ha HeoguMmoBoM ctekie), Ep = 46 GeV
(ycxopurens SLAC, onbiTel o HenuHeliHoMy 3¢ dekty Komnrona, 1996 r.) m Eq=1,2 eV, Ep =5
GeV (yckopurens BOIII-4M, onbITh 1O paciieruieHnio (oToHa B modje sapa, 1997 r.).

4. [Touemy cBOOOHBII 3JEKTPOH HE MOXKET MOTTIOTUTH WM U3NMy4YuTh (hoToH. Haiitu sHepreruye-
CKHUH CTIEKTp U3ITy4eHHs aOCOIIOTHO YEPHOTO Tela, UCNOJb3yst cooTHomienus [lnanka: E = pc u p =k,
rie k = 21/A — BOJIHOBOW BEKTOp, A — JNTMHA BOJHBI (DOTOHA.

3. [Tonarast, yto /u1d JUpakIUU Ha KPUCTAUIMYECKONW PEILETKE MOJIE3HO UMETh YACTHUIIbl C A =
10—8 cm, HaliTi sHEpruto (HOTOHA, JIEKTPOHA U HEUTPOHA C TAHHOH IJTMHOW BOJIHEI.

6. VYAbTpaxoa0JHBIMUA Ha3bIBAIOTCS HEUTPOHBI, CKOPOCTh KOTOPBIX V < 1 m/c. Haiitu ux mimny
BOJIHBI Jle-bpoiins.

7. Bbruncnuts MaTpuuHbIA 351eMeHT h~X|~pi, rAe |~pi, |~X1 — COCTOSHUS C ONpeAENEHHbIM HUM-
IIyJIbCOM U ONPEIEIECHHON KOOPAUHATON COOTBETCTBEHHO.

8. OueHuTh U3 COOTHOIIECHUSI HEONPEASIEHHOCTH SHEPTUI0 OCHOBHOI'O COCTOSIHUSL YaCTUILIBI B MO~
Jie OJHOMEPHOI'0 TAPMOHHYECKOTO OCHUIIIATOPA.

9. OueHuTh U3 COOTHOUICHHSI HEONPEAEICHHOCTH SHEPTUI0 OCHOBHOTO COCTOSTHHS JJIEKTpOHA B
aToMe BOJOpPO/a.

10. Haiiti paauyc cHIIBHOTO B3aMMOJEUCTBUSA, KOTOPOE 00YCIIOBIEHO OOMEHOM BHUPTYaIbHBIM T-
ME30HOM.

11. ITokazaTh, 4TO MPOU3BOJIBHBIN JTUHEHHBIHN orepaTtop L MoxHO npeacTaButh B Buje L = A +iB
rae A u B — 3pMUTOBBI OnIepaTopHI.

12. Jloka3zatsk, uTo ams moobix oneparopoB A, B u C cnpasemmuso ToxkaectBo[A, BC] =[A, B ]°C
+ B[A,C .

13.  SIBnsiercs u onepaTop KOMIUIEKCHOTO CONPSKEHUS a) JIMHEHHBIM, 0) SpMUTOBBIM?

14.  Jlns onepatopa C , omnpesieneHHOro B MpeablIylieil 3ajadye, HailTu coOCTBeHHbIE (QYHKIMH U

coOcTBeHHBbIe 3HaueHHs. [IpoBeputTh, 4TO COOCTBEHHBIE 3HAYECHHS STOrO OIEpaTropa MOTYT OBITh
KOMIIJICKCHBIMHU, a COOCTBEHHEIE (I)yHKI_[I/II/I, OTBCUAIOMIKUC PA3JINYHBIM COOCTBEHHBIM 3HAa4YCHUSIM, HEC
0053aTeIbHO OPTOTOHAJIBHBI.

15. [Tokazarp, 4T0 cOOCTBEHHBIE (PYHKIMH 3PMHUTOBOIO ONEPATOPA OPTOTOHAIBHBI MEXKIY COOOH,
€CJIM OHU COOTBETCTBYIOT Pa3IMYHBIM COOCTBEHHBIM 3HAUCHUSIM.

16.  Iloka3arp, 4TO COOCTBEHHBIE 3HAUEHHSI SPMUTOBOT'O OIlEpaTopa BCETAa ACHCTBUTEIbHBI.

17. [Toxazate, uro BoaHa [le-bpoiiis He mpUHAIEKUT THILOEPTOBY IPOCTPAHCTRY.

18. Haiitu oOmiee pemenue ypaBuenus lllpenunrepa st cBoOOAHOM YacTHIBI M TOKA3aTh, YTO

OHO OECKOHEUYHO BBIPOKJICHO.

19. [TokazaTh, 9TO MIIOTHOCTH TOKA ] JIJIsl SJIEKTPOHA B OCHOBHOM COCTOSIHMM aTOMa BOJOpOJa PaB-
Ha HyJt0. CnecTBUEM 3TOro (akTa sSBJIsSeTCs] CTA0MIBHOCTh aTOMa BOJAOPO/Ia B OCHOBHOM COCTOSIHHH.
OOBSICHUTDH TTOUEMY.

20. Haiitu sHEepreTueckuii CIeKTp 1 HOPMUPOBAHHBIE BOJIHOBBIE (DYHKIIMH CBSI3AHHBIX COCTOSIHUM
gacTullel B mojie V (X) =—g - d(X), Tie g — MOJOKUTEIbHAs TOCTOSTHHAS.

21. Haiitu cpennue 3Ha4eHUs] KHHETUYECKON M MOTEHIIMAIBHOM dHEpruil. Beruuciauts npoussee-
HUE HEOTNpeesIeHHOCTe KOOPAUHATHI M uMIyJibca. KakoB BUJ BOTHOBON (DYHKUIHU B UMITYJIECHOM
npecTaBiIeHUH?

22. HaiiTi sHepreTHueckuii CeKTp U BOJHOBBIE (DYHKIIMH YAaCTHUIIBI C 3apsAOM € U Maccoil m, Ha-
XOJISIIeHcs B MOJI€ TAPMOHUYECKOTO OCIMILISTOPA U B MIOCTOSTHHOM 3JICKTPUUYECKOM I10JIe HAMPSIKEH -
HocThi0 E. CunrtaTh BOTHOBBIE (DYHKIIMH U CHEKTP JMHEWHOTO TapMOHUYECKOTO OCHMIUIATOPA 3aaH-
HbIMU. J[BI>KEHHE OJJHOMEPHOE.



Ilpumep mecmoswix 3a0anuii 013 RPOGEPKU CHOPMUPOBAHHOCMU KOMNEMEH WU, YKAZAHHBIX @blude N.3:
1. YcnoBust HEONPEIEAEHHOCTH ISl P U X

1 APAXZ%

2 APAX>h

3 APAXE%

2. CexTp ocumusITopa

1. E=ho

+_
G

—_—
~—~

2. E=ho(n)

how
E=—
3. >

3. CBs3b k03 dunmenTa npoxoxacHus R u orpaxkenust D (ogHOMEpHBIH Citydaii)
1. R+D=1
2. R*+D’=1
3 R+D=5

Paspaborunkm:

O noueHT kadenpsl Teopernueckoil pusuku  C.B. JloBros

[Tporpamma cocrasieHa B coorBercTBuu ¢ TpedboBanusMu @I'OC BO 1o HampapiieHUIO TOATOTOB-
ku 03.03.03 Pagnodusuka.

[Iporpamma paccMOTpeHa Ha 3aceIaHuu KadeIpbl TEOPETHUECKOM HUBUKU
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[Iporokon Ne6 3aB. kadenpoii 5 / C.B. JloBuoB

Hacrosimmass nporpamMa He MO:KeT ObITH BOCIpPOM3BeeHA HHM B Kakoii ¢opme 0e3

NpeABapPUTEJIbHOI0 NMCHMEHHOI0 pa3pelieHus Kadeapbl-pa3padoTunKa NPporpaMMbl.



