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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:

JuctunnuHa «KBaHTOBasi MEXaHUKa» ABJISIETCS] 003aTEIHLHOM /1JIs1 U3yUEHUSI TI0 TAaHHOMY TIPO-
¢umo. 3yueHne Kypca npeanonaraeT HaJuuue MOJyYeHHBIX Ha MpeabayIleM 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

Hepeqeﬂb IVIAHUPYEMBIX pE3yJabTaTOB Oﬁy‘{el{lflﬂ no TMCHUIIVIMHE, COOTHECCCHHBIX ¢ HHIAUKATO-
aMM JOCTHKCHUSA KOMIIeTEeHIIMii

Komnerenmus OIIK-1: CmocobeH MCIIOIL30BaTh MOI0KEHNS, 3aKOHBI 1 METOIBI €CTeE-
CTBEHHBIX HayK U MaTeMaTHKH Ul peIleHHs 3ajad WHXXEHEPHOM naes-
TEIbHOCTU
OIIK 1.1 [Ipumensier 6a3oBble 3HaHUS B 00JIaCTH (PU3HUKHU JJIsl PELICHUS HAYYHO-

HUCCICA0OBATCIIbCKHUX 3aaa4

OIIK 1.2 [Ipumensier 6a3oBbIe 3HAHUS B 007aCTH HU3UKHU TSI pEIISHUS TPUKIIA -
HBIX 33724 TPOo(eCCUOHATLHON NesITeIbHOCTH

OIIK 1.3 [IpencraBnseT cnymaTensM B JOCTYTHOM AJisi BOCHpUsATUS (opMe 3Ha-
HUS B 001acTd (PU3HMKH, B TOM YHUCJIC TTPH BBITIOJHEHUH 3a/1a4 B cepe
Mearorn4eckoi qesTeIbHOCTH

IV. Conep:xanue ¥ CTPYKTYpPa AMCHHUIJIMHBI (MOLYJIs1)

OO0beM IMCIUILIMHEBI COCTABIIIET 6 3aYETHBIX ¢AUHUII, 216 yacoB, B TOM unciie 128 4. KOHTaKTHOM
paboTHI.

3aHATHS MPOBOJATCS TOIBKO B OYHOM Qopme oOydeHus ¢ MPUMEHEHHEM JUCTAHIMOHHOTO
KOHTPOJISI CaMOCTOSITEIbHON paboThl cTyaeHToB depe3 DMOC dakynpTeTa. IIESKTPOHHOW W JIUCTAH-
IIMOHHOH (popM 00yUueHUs HE MPEayCMaTPUBACTCS.

Ha nmpakTtuueckyro moaroTroBKy OTBOAUTCS 68 ayIUTOPHBIX YaCOB.

dopMa MpOMEKYTOUHON aTTECTALMU: FIK3AMEH.

4.1. Conepxkanune JTUCHUIUINHBI, CTPYKTYPHMPOBAHHOE 110 TeMaM, ¢ YKa3aHUEM BH/I0B

y‘l66HLIX 3aHATHH U OTBECACHHOI'0 HA HUX KOJIHYECTBA aKAJCMHUYECCKHUX YaC0B

Ne | Paz- | C| Bc s Bunsr yueOHOM paboTHI, ®DOpMEI TEKy-
/o | gen | e | er | HUX | BKIIOYas CAaMOCTOSTEIBbHYIO PaboTy 0Oydaroumxcs , MpakTH4de- | MIEr0 KOHTPOJIA
quc- | M | O | Ipak- CKYIO TIOATOTOBKY U TPY/I0EMKOCTh YCIIEBaEMOCTH;
ou- | € | 4Ya | TUYe- (B 4acax) ®dopma mpome-
M- | ¢ co | ckasg YKYTOUHOH at-
KonrtaktHas paboTa mpemnogaBatens ¢ o0ydaromu- | CamocTos-
HB/ | T B noJi- TECTaIHA
MHCS TeNbHAs
TEeMBI | P ro- (no ceme-
pabota
TOBKa Jlexkuuu Cemunapckue | Koncynbranmn cmpam)
00y- /TIpaKkTHYecKue
4aro- /naboparopHsie
WX~ 3aHATHA
csl




1 1-22 216 |68 50 68 62 IIpakTrue-
CKOoe  3aja-
HUE; DK3aMe-
HaI[MOHHBIE
3a/1a4u
HUroro: 216 |68 50 68 62

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- 62 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 Noepaznena u | HaumeHoBanue cemuHapos, mpak- | Tpymno- 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 2 | 3amanue Ha ce- OIIK-1
Ma 1 [Mnanka MUHape B BUJIC
3aa4n
2. | Pasmen 1, Te- | Oddexr Komnrona 2 | 3aganue Ha ce- OIIK-1
Ma 2 MHHAapE B BUAE
3aJa4u
3. Pazpen 1, Te- | JlazepHast KOHBepcHs KaK MEXaHU3M 2 | 3amanue Ha ce- OIIK-1
Mma 3 ycKopeHus (POTOHOB MHUHape B BUJIE
3a1auu
4. | Pasmen 1, Te- | MuHuManbHbIe 3Ha4eHUS (Ha30BOrO 2 | 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. Ilnan caMOCTOATEJIbHOM PadOTHI CTYACHTOB
Ne Tema Bun 3anganue Pexomennye- | Konnue-
HEIL. CaMOCTOS- Mas JINTepa- | CTBO Ya-
TEJBHOU Typa COB
paboThI
1 KsantoBa- | Bueaymu- | KBantoBanue bopna - Madenbaa B Hctounnku 4
Hue bopHa | TOpHas, pe- | suKe. BriunciaeHne craTucTuye- W3 OCHOBHOM
- Un- IICHHE 3a- | CKOW CyMMBI OJTHOW CBOOOTHOM Ya- U JOIIOJIHU-
denabaa B J1aq CTHULIBI. TEJILHOU JTH-
SIITUKE. TepaTypsl MO
2 KBanToBa- Bueaynu- | KBaHTOBaHHME MOMEHTa KOJUYECTBA | TE€ME IIPAKTH- 4
HHE MO- TOpHas, pe- | ABMKEHUS METOAOM IOBBIIIAIOIMINX | YECKHUX 3aHA-
MEHTa KO- LIEHUE 3a- | W MOHWKAIOIIKX ONEepaTopoB. Ajre- THH;
JUYECTBA naq Opa MOMEHTOB KOJIMYECTBA JBUKE- OobpazoBa-
JBYDKECHUS Husl. Peanuzanus anre6psl B nudde- | TeabHbIE pe-
pPEHIMAIbHOM U MaTpUYHOU popme. CypCBI, 10-
CoOCTBEHHBIIT MOMEHT KOJIMYEeCTBA CTYIIHBIE I10
nBukeHus (cnuH) CrekTpbl KBaj- JIOTHHY U Ta-
paTa MOMEHTa U 3-ei POEKIINH. posro, mpeno-
CobcTBeHHbIE PYHKIIMU OpOUTAIIb- CTaBJISIEMBIM
HOT'O MOMEHTA KOJIMYECTBA IBUKE- Hayunou
HUSI. OubIMoTeKON




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 YY) = -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 dx dx
11 CoOcTBeHn- Bueaynu- A d
C=mwx+h—
HbIE 3Haye- | TOpHas, pe- dx
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
IOxaBa na4 U®r)=(a/r)e""

10

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

l.

Bamr A. H. KBanToBast Mexanuka B 3aqadax : yue0.-meroa. mocobue / A. H. Bamr, O. H. Con-

natenko. — pkyrck : U3a-so UT'Y, 2010. — 87 c. Hp A623906; dusmar 30856 (100 3k3.)

[TapmrakoB A. H. BBenenne B kBaHTOBYIO (PU3UKY : yueb. mocobue [ DneKTpoHHBIH pecypc] / A.

H. ITapmakoB. — DnektpoH. Bepcusi kH. — CII6. : MU3a-Bo Jlawp, [2010]. — 352 ¢. — (OBC

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

JOTIOJIHUTENbHAS JINTEpaTypa

l.

Jlanmay JI. JI. KBanToBas mexanuka : Teoperndeckas ¢usuka, Tom III / JI. 1. Jlaunay, 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 nUTEPATYpA)
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

3aaun U3NI0KEHUS U U3YYCHUS JUCIUILTUHBI PEaTu3yIOTCs B CICAYIOMUX opMax AesITeNbHOCTH:

® JICKIIMH, HAIEJICHHBIC HA TOJy4YCHHE HEOOX0IUMOW HH(OpMalUH, U €€ HCIOJIb30BaHUE
MIPU PEIICHUHU MTPAKTUYECKUX 3a]1ay;

® [PAKTUYECKUE 3aHSATHS, HAMPABICHHBIC HA aKTUBU3AIMIO IMO3HABATEIBHOM JCSITEIBHOCTH
CTYJEHTOB U IPUOOPETEHHSI MU HABBIKOB PEIICHHSI MPAKTUIECKUX U IPOOIEMHBIX 3a7a4;

® KOHCYJIbTALIUU —€KEHEACIIBHO JJIS BCEX YKEIAOLUX CTYJECHTOB;

® CaMOCTOSTENIbHAS BHEAYJUTOpPHAs paboTa HAIlpaBJICHa HAa MPUOOPETCHHUE HABBIKOB CaMoO-
CTOSITEJIBHOTO PEHICHUS 3a]a4 MO JUCHUTUIINHE;

® TEKYyIIMM KOHTPOJIb 3a AESATEIbHOCTbIO CTYJEHTOB OCYIIECTBIISIETCS HA JIEKUHMOHHBIX U
MPAKTUYECKUX 3aHATHUSAX B X0JI€ CAMOCTOSITEIILHOTO PEILICHUS 3a/1a4, B TOM YUCJIE ¥ JOCKH.

VIII. OueHoyHble MATEPHUAJIBI ISl TEKYIIEr0 KOHTPOJISI M IPOMEKYTOYHOM aTTeCcTalluu

®oHJ OILIECHOYHBIX CpCACTB IIPEACTABJICH B ITPUIIOKCHUH.



8.1. OueHoUYHBIE CpeICTBA AJIsE BXOJHOTO KOHTPOJIS: HEe TpeOyroTCs.
8.2. O1ieHOUYHBIE CpEJCTBA TEKYIIETO KOHTPOJIS - KOHTPOJIbHBIC PaOOTHI M coOeceI0BaHuE.

JleMOHCTPAIIMOHHBIN BapUaHT KOHTPOJILHOMN pabOoThL

-x%/2a*

3anaya 1. Beruucnute F(x,0) JUTSL BOJTHOBOT'O TIaKeTa p(x,1)=Ae
3anaya 2. Mcnonb3ys pe3yabTaT npeablaylel 3a1aun, HAaTH U3MEHEeHHEe IIUPUHBI TaKeTa co Bpe-

MCHCM.

IIpuMepbI BONIPOCOB /1151 codece10BAHUSA

e Onucatp onepaTopHbINA (HopMaTu3M KBAaHTOBOI MEXaHUKHU.
e JlaTh onpeneneHNe caMOCOIPSIKEHHBIX ONIEPaTOPOB B THILOEPTOBOM MPOCTPAHCTBE.
e VYKa3aTh OCHOBHBIE CBOIICTBAa COOCTBEHHBIX (DYHKIIUH.
e BrpiuncieHne BEpOSITHOCTEN pe3ynbTaToB U3MEPEHHS TMHAMUYECKOW BETMYMHBI B IPOU3BOJIb-
HOM COCTOSIHUU.
e VYcnoBue OAHOBPEMEHHON U3MEPUMOCTU AUHAMUYECKUX BEJINYMH.
e BpecTu onepaTopbl KOOPIWHATHI U UMITYJIbCAa U UX COOCTBEHHBIE PYHKIMU. YKa3aTh OTIHYHUS
KOOPJMHATHOTO ¥ UMITYJIbCHOTO TIPEICTaBJICHUS.
8.3. OueHoYHbIE CPEACTBA IJIA MPOMEKYTOYHOM aTTeCTalu
dopma IpoBEAEHUS TPOMEKYTOUYHOM aTTECTAIIMU — YK3aAMEH.

IIpumepHbIii NepevyeHb BONPOCOB U 3aJaHHUI K IK3aMeHY

L.

DHeprus U UMIYJILC CBETOBBIX KBaHTOB. [ unore3a [Inanka. ddext Komrona. [lnockas BonHa [e-
bpoiins, e€ duznueckuit cmpica. KoMTOHOBCKas yiMHA BOJHBI U AnUHA BONHBI Jle-bpoinsa. du-
bpakius MEKPOYACTHIL.

. bopHoBckas nnTepnperanus BoaHOBOH ¢yHkuuu. [Ipunnun cynepnosunuu cocrostHuil. Pazmoxe-

HUE MPOU3BOJILHOTO COCTOSIHUA MO TWIOCKUM BosiHaM /Jle-bpoiins. dusnueckuid cmbica kodhduium-
eHTOB pa3znoxeHus. opmanusm Jupaka.

. ®dazoBoe IMPOCTPAHCTBO KBaHTOBOM cHcTeMBl. COOTHOIIEHHE HCOMPCACIICHHOCTHU KOOpAHWHATA-

uMItysbe. OreHka HEPrud OCHOBHOTO COCTOSTHHS TAPMOHUYECKOTO OCIMJUIATOPA U aTOMa BOJIOPO-
na.

. OnepatopHbiii hopmManu3M KBaHTOBOM MexaHUKH. CaMOCONpsKEHHBIE OMepaTOpPhl B THILOEPTOBOM

npoctpancTBe. OnepaTopbl KOOPIMHATHI U UMITYJIbca U UX cOOCTBeHHbIE GyHKIMN. CpeqHee 3HaUe-
HUE 000 AMHAMUYECKON BETUYMHBI B MPOU3BOJIBLHOM CcOCTOSHMM. OCHOBHBIE CBOWCTBa CO0-
CTBEHHBIX (hyHKIMI. BbruncieHne BepossTHOCTEN pe3yibTaToOB U3MEPEHUs] TUHAMUYECKON BETUYH -
HBI B IPOU3BOJILHOM COCTOSIHUU. Y CIIOBHE OJHOBPEMEHHON U3MEPUMOCTH JUHAMUYECKUX BETNYHH

. l'amMunbToHMaH cBOOOHOM yacTuIlbl. beckoHedHOE BBIpOXKIeHHE cocTOssHMA. O000IIeHne Ha CITy-

yaii BHemHero nosis. YpaBHenue [llpegunrepa. ['aMuabTOHUAH Kak Tr€HEPATOP ABOJIOIUU CHCTEMBI
BO BpeMeHU. YpaBHeHHE HernpepblBHOCTH. [noTHOCTH TOKa. HopMmupoBka miockux BosH. CTaruo-
HapHble cocTosiHus. CranuoHapHoe ypaBHeHue lllpeaunrepa. deHOMEHONOrHMYECKOE OMUCAHUE
KBa3UCTAIIMOHAPHBIX COCTOSHUHN. EcTecTBeHHas MIMpPUHA CIIEKTPAIbHBIX JTMHUM U BPeMs KU3HHU.

. :‘)BOJ'IIOI_II/ISI OIICPaTopoOB BO BPpEMCHHU. I/IHTeraJ'ILI JABUOKCHUA.

. KBantoBanue rapMmoHIM4ECKOT0 ocHIIIsATOpa. [1oBBIIIAIONINE M MOHWKAOIIUE ONIEPATOPhl. DHEpre-

TUYECKUN CHeKTp. BonHoBass QyHKIMS OCHOBHOTO COCTOSIHUS. MaTpHuHBIE 3JIEMEHTHI Oleparopa
KOOPJMHATHI.



8. KBaHTOBaHHE MOMEHTa KOJIMUYECTBA [BIKCHHUSI METOIOM IMOBBIIIAIOIINX U MOHMKAIOIIUX OMEpaTo-
poB. AnreGpa MOMEHTOB KOJIMYECTBa JBMKEHUs. Peanuszanus anreOpsl B nudepeHnuansHon 1
MaTpu4HOi (popme. CoOCTBEHHBINT MOMEHT KOJUYECTBa ABM>KEHUS (cnuH) CHekTphl KBaJapara Mo-
MeHTa U 3-eii npoekiu. CoOCTBeHHbIE (PYHKIIMU OPOUTAIBHOTO MOMEHTA KOJIMYECTBA JBHKEHHUS.

9. Yacruna B cdepruuecKu-CHMMETPUYHOM mojie. Pa3nencHue nepeMeHHbIX. PajnanbHOe ypaBHEHHUE
penunrepa. Knaccugpukanus coctosHuil B cheprUuecKu-CUMMETPUYHOM Iosie. ATOM BOAOPO/a,
€ro CIEKTP U BOJIHOBAsl (PYHKLUS OCHOBHOTO COCTOSIHUS. BBIpoxkieHHE SHEpreTHYeCKUX YPOBHEH U
€ro Npupoja.

10.TamMunpTOHNAH 3apsHKEHHON YaCTHIIBI B TIPOU3BOILHOM AJICKTPOMArHUTHOM TI0Jie. ATOM BOJOpO/a
B IIOCTOSSHHOM MarHUTHOM ImoJie. BonHoBast QyHKIMs 1 3HepreTuueckuil cnektp. YactuuHoe cHs-
THUE BBIPOXKJICHHSL.

11.KBanTOBOE OMMCaHKe AByXaTOMHOM MOJICKYJIbl. TEmI0eMKOCTh IIPU Pa3iHsIHbIX TEMIIEpaTypax.

12. JIBm>keHre YacTUIbl B MEPHOIUYECKOM mojie. TpaHCISIMOHHAs WHBApUAHTHOCTh. COOCTBEHHBIC
(byHKIMU ¥ COOCTBEHHBIE 3HAUEHUS OllepaTopa TpaHCIAIMHU. 30HHAs CTPYKTypa criekTpa. Pazmoxe-
HUE CIieKTpa Ha "mHe" M «Kpasx» 30HBI bpumosHa. Meron «d3¢hdekTuBHONM Macch»

13. Criun smexTpoHa. DKCIIEPUMEHTAIBHOE JOKA3aTeIbCTBO CYIIECTBOBAHMS CIIUHA 3JeKTpoHa. Ore-
parop cnuHa. CriuHoBble QyHKIMU. YpaBHeHue [laynu. J[BrkeHHE CIIMHA B MMOCTOSIHHOM U Tepe-
MEHHOM MarHUTHBIX TOJISIX.

14. CratmonapHast Teopust Bo3myIeHus. HeBBIPOXKICHHBIH CIydaii.

15. CrarnonapHast Teopust BO3MYIICHUA. BRIpOKICHHBIN CIydaii.

16. HecrannonapHas Teopusi BO3MYIICHUsI. Pe30HAHCHBII XapakTep KBaHTOBBIX MEPEXOIOB.

17.TloBenenre BOJTHOBBIX (YHKIHMI Ha OOJBIIUX M MajbIX paccTOSHUSAX. [IpudrHA KBaHTOBaHHS
SHEPIHH.

18.TlocTaHoBKa 3a7a4u B TEOPUH CTOJIKHOBEHUI MUKpO-dacTHil. CBsI3b MEXKIY aMIUIUTYJON paccesi-
HUS M aCHMIITOTHYECKUM TIOBEJIeHHEM BOJHOBOH ¢yHkuuu. Cedenue paccestuus. bopHoBckoe nmpu-
0N KeHHe JUIs aMIUIUTYbl PACCESHUS.

19. Pacyer aMIuMTyIbl ¥ CEYCHUS TIPH PACCESIHUM HA KYJIOHOBCKOM M FOKQBCKOM ITOTEHIIHAJIAX.

20. AMIuTy1a paccessHus 3apsDKSHHOI 9acTUIBI Ha CiioxkHOM atoMe. DopmpakTop aroma.

21.Tounas Teopus paccesHus. Pa3nokeHne aMIUTUTYIbl HAa MapiHaibHbie BOMHBL Da3a paccesHus.
YcnoBue ynpyroit yautapaoctd. Ontudeckas reopeMa. Mozens abCOTIOTHO YepHOTO JTUCKA.

22.TIpoxOoxIeHHEe YaCTUI[ Yepe3 MOTCHIHANbHBIN O0apbep TyHenbHbIH dddext. XomoaHas 3MUccust
MeTauIoB. Vcue3HOBEHHE CHEKTPAIbHBIX JUHUNA B CUJIBHOM 3JEKTPUYECKOM Mojie. TpéxmepHbIit
NoTeHIMaIbHBIN Oapbep. KBazuctaunonapusle coctosiHus. Teopus paJuoOKTUBHOTO pacnajia.

23.KuHemMaTHKa U3TyYeHUS] U TOTJIOMECHUsT (DOTOHA HecTaOMIbHBIM CBOOOIHBIM SIIPOM. DHEPTHsI
OTJauu A1pa U BKJIAJ e€e B dHeprtuio (ortoHa. JlomiepoBckoe ymmpeHue auHuN. OnpeneneHue
TeMIIepaTypbl 3BE3/1.

24.HectabunbHoe spo B nose ocumuisatopa. dhdekr Meccoayspa. Dakrop Jledas -Bamnepa.

25. KoHBepcus 1a3epHOTro M3IYYCHUs TPU PACCESHUH Ha OBICTPBIX 3JICKTPOHAX.

26.KBanToBanue bopHa - MH(enbaa B sinuke. BeruuciaeHne cTaTHCTHYECKON CyMMBI OJTHO# ¢BO0OI-
HOU YaCTUIIBI.

3apanus:
1. HaiiTi n3meHeHmne IIMHbI BOJIHBI (POTOHA MPU YIPYTOM PaCcCEsSHUU Ha TOKOAIIEMCS dJIEKTPOHE

(3¢ ekt Komnrona). J[aTh HHTEpIpETALMIO SKCIEPUMEHTAIbHBIX JaHHBIX, MOTy4eHHbIX KoMnToHOM



B TIpoliecce paccesHust GOTOHOB Ha mapaguHe.

2. Haiitu n3menenue suepruu GoTOHA NPU YIIPYTOM PACCESTHUU Ha PENITUBHUCTCKOM 3JIEKTPOHE
Ha yroJ O = T B pamkax runote3s! [Inanka—JiiHmTeiina.

3. Haittu Eq' pu Eq = 1, 2 eV (undpakpacHslii 1azep Ha HeoAUMOBOM ctekie), Ep = 46 GeV
(ycxopurens SLAC, onbiTel o HenuHeliHoMy 3¢ dekry Komnrona, 1996 r.) m Eq=1,2 eV, Ep =5
GeV (yckopurens BOIIIT-4M, onbIThI 110 pacuieryieHuio GoToHa B mose sapa, 1997 r.).

4. [Touemy cBOOOHBII 3JEKTPOH HE MOXKET MOTTIOTUTH WM U3My4YuTh (hoToH. Haiitn sHepreruye-
CKHUH CIIEKTp M3ITy4eHHs aOCOIIOTHO YEPHOTO Tella, UCIOJb3ys cooTHomenus [lnanka: E = pc u p =~k,
riae k = 21/ — BOTHOBO# BEKTOp, A — JUTMHA BOJIHBI (JOTOHA.

3. [Tonaras, yto /uid qupakIUy Ha KPUCTAUIMYECKONW PEIIeTKE MOJIE3HO UMETh YacCTHIlbl C A =
10—8 cMm, HaliTH PHEPTHIO POTOHA, JIEKTPOHA U HEUTPOHA C JAHHOM IJTMHOM BOJIHEI.

6. VAbTpaxoa0JHBIMUA Ha3bIBAIOTCS HEUTPOHBI, CKOPOCTh KOTOPBIX V < 1 m/c. Haiitu ux mimny
BOJIHBI Jle-bpoiins.

7. Beraucnute MaTpuuHbIid neMeHT h~X|~pi, rae |~pi, |~X1 — COCTOSHUSA C OINPEACIICHHBIM HM-
MyJI5COM U ONPEAECICHHON KOOPANHATON COOTBETCTBEHHO.

8. OueHuTh U3 COOTHOIIEHUS HEONPEACIEHHOCTH YHEPTHUI0 OCHOBHOIO COCTOSIHUS YaCTHULIBI B MTO-
JI€ OJHOMEPHOI'0 FApMOHMYECKOTO OCHUIIIATOPA.

9. OueHuTh U3 COOTHOUICHMSI HEONPEAEIEHHOCTH SHEPIUI0 OCHOBHOI'O COCTOSIHMS JJIEKTpOHA B
aToOMe BOOPOJA.

10.  Haiitu paanyc CHIIBHOTO B3aMMOJEHCTBHS, KOTOpOEe 0OYCIIOBIEHO OOMEHOM BHPTYalIbHBIM T-
ME30HOM.

11. [Toka3atb, 4TO MPOU3BOJIbHBIN JUHENHHBIN onepaTtop L MokHO mpencTaButh B Buae L = A +iB
rae A u B — spMHUTOBEI OnIepaTopsl.

12. Jloka3zathk, uTo ams mro0bix oneparopoB A, B u C cnpaBemmuBo ToxkaectBo[A, BC] =[A, B ]°C
+ B[A,C .

13.  SIBnsiercs m onepaTop KOMIUIEKCHOTO CONPSKEHUS a) JIMHEHHBIM, 0) 3pMUTOBBIM?

14. s oneparopa C , onpeaesieHHOro B MpeabIAyIIel 3aqaue, HAaWTH cOOCTBEHHBbIE (YHKIUU U

coOcTBeHHBbIe 3HaueHHsA. [IpoBepuTh, 4TO COOCTBEHHBIE 3HAYEHHS STOTO OIEpaTropa MOTYT OBITh
KOMIIVJICKCHBIMHU, a COOCTBEHHEIE q)YHKI_[I/II/I, OTBCHAIOIKUC PA3JIMYHBIM COOCTBEHHBIM 3HAa4YCHUSIM, HEC
0053aTeIbHO OPTOTOHAJIBHBI.

15. [Tokazarb, 4T0 COOCTBEHHBIE (PYHKIMH 3PMHUTOBOTO OIEPATOPa OPTOTOHAIBHBI MEXIY COOOH,
€CJIM OHU COOTBETCTBYIOT PA3JINYHBIM COOCTBEHHBIM 3HAUEHUSIM.

16. [ToxazaTk, 4TO COOCTBEHHbIE 3HAUEHUS YPMUTOBOTO ONIEPATOPA BCErla ACHCTBUTEIbHBI.

17. [Toxazatk, uto BoaHa [le-bpoiiis He mpUHAIeKUT THILOEPTOBY IPOCTPAHCTRY.

18. Haiitu oOmiee pemenue ypaBaenus lllpenunrepa mias cBoOOOAHOM YaCTHIBI M TIOKA3aTh, YTO

OHO OECKOHEUYHO BBIPOKICHO.

19. [TokazaTh, 9YTO MIIOTHOCTH TOKA ] JIJISl SJIEKTPOHA B OCHOBHOM COCTOSIHUH aToMa BOJOpOJa PaB-
Ha HyJt0. CieacTBUEM 3TOro ¢akra sSBIsSeTCs] CTA0MIBHOCTh aTOMa BOJAOPO/Ia B OCHOBHOM COCTOSIHHH.
OOBSCHUTH TTOYEMY.

20. Haiitu sHEpreTHUecKuii CIEKTp 1 HOPMUPOBAHHBIC BOJIHOBBIE (DYHKIIMH CBSI3AHHBIX COCTOSTHUM
YJacTHIBI B 1ojie V (X) =—g - 0(X), T1e g — MOJIOKUTEIIbHAS TIOCTOSIHHAS.
21. Haiitu cpennue 3HaueHUs] KHHETUYECKON M MOTEHIMAIBHOM dHEpruil. Beraucauts npoussese-

HHUE HEONpeAeICHHOCTeH KOOpAMHATHI U MMITyJbca. KakoB Buj BOJHOBOH ()YHKIMU B MMITYJIbCHOM
IpeCcTaBIeHUN?

22. Haiitu sHepreTudeckuii cieKTp U BOJHOBbBIE (DYHKIIMM YACTHULBI C 3apsIOM € M Maccoil m, Ha-
XOJSAIIEHCS B 110JI€ TAPMOHUUYECKOTO OCLHIILIATOPA U B IIOCTOSIHHOM 3JIEKTPUUYECKOM I10JI€ HAIPSIKEH -



HocThI0 E. CunraTh BOIHOBEIC (I)YHKI_II/II/I " CICKTp JIMHEMHOTr O TapMOHHUYCCKOI'0 OCHUIIIIATOPA 3a/1aH -

HbIMU. /[BH>KEHME OHOMEPHOE.

Ilpumep mecmoguix 3a0anuii 011 NPOBEPKU CHOPMUPOCAHHOCIU KOMNEMEHYUTL, YKA3AHHBIX bliue n.3:

1. YcroBus HEONIPEAENEHHOCTH IS P U X

1 APAXZ%

2 APAX>h

3 APAXE%

2. CnexTp ocumuIsITopa

1. E=ho|n+=

2

—_—
—_—

2. E=ho(n)

how
E=—
3. >

3. CBs3b k02 dunmenTa npoxoxacHus R u otpakennst D (ogHOMEpHBIH Citydait)
1. R+D=1

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

Pa3paGorunkmu:

A nouent kadeaper Teoperuueckoit husuxu  C.B. JIoBuos

ITporpamma cocraBieHa B coorBeTcTBHU ¢ TpeboBanusiMu OI'OC BO no HamnpaBieHHIO NOATOTOB-
ku 11.03.04 DnexTpoHUKa ¥ HAHOAJIEKTPOHMKA.

[Iporpamma paccMOTpeHa Ha 3aceIaHuy Kadeapbl TeOPEeTHIECKON HU3NKU

«12» mapra 2026 . F

[Iporokon Ne7 3aB. kadeapoii v 2 C.B. Jlosuos

Hacrosimasi nporpamma, He MoskeT ObITH BOCIIPOM3BeeHAa HU B Kakoii (popme Oe3 npenBapu-
TeJbHOI0 MHCbMEHHOT0 pa3pemieHnsi Kageapbl-pa3padoTuyuKa NporpaMmsl.



