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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.

Hucuunnuna «KBaHTOBass MeXaHMKa» MPEJICTABISIET COOOM TEOPETHUYECKYIO OCHOBY JJIsl IO-
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 u3ydeHus Kypca CTyACHT MpuoOpeTaeT Kak (hyHIaMeHTaIbHbIC 3HAHUS O MOIXO0-
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 BBHITYCKHUKOB 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 JEMapKalluu MEXIy Hayu-
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. OOnagas TOTUYECKO CTPOMHOCTBIO M OMUPAsChH
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 O3HAKOMIIEHHUE CTYJEHTOB 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 Hayd-
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;

— 03HAKOMJICHHE CTYJICHTOB C UCTOPHUEN W JIOTMKON 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 mpeamnosaraeT Hajauuue MoJyuYeHHBIX Ha MPEeAbIIyleM ypoBHE 00pa3oBa-
HUS OCHOBHBIX 3HaHWM, ymMeHuil no nucuuruimHaMm «J{uddepenunansasie ypaBHeHus», «Teoperuue-
CKasi MeXaHuKay, «QleKTpoauHaMukay. Jucuumnnuna «KBanToBas Teopusi» IpeacTaBisieT co0oil Teo-
PETHYECKYIO OCHOBY JUISI TIOCTIEAYIOIINX Pa3JIeioB Kypca TeopeTudeckor (u3uku «Du3nuka KOHJICH-
CHUPOBAHHOTO COCTOSTHUSY, «TepMoAMHAMHKA U CTaTUCTHYECKas (u3HKay, «BBeleHUE B KBAHTOBYIO
TEOPHIO MOoJIsH», «KBaHTOBasE TEOPUS UBTYUCHUSI.

II1. TpeGoBaHus K pe3yjbTaTaM OCBOCHUS M CIUIIINHbBI

Ilepeyenn MuIaHNpPYeMbIX pPe3yJIbTATOB 00y4eHHsI 110 JUCIUIIUHE, COOTHECEHHBIX ¢ HHAUKATO-
pPaMu 10CTHKEeHUs] KOMIIeTeHIUii

Komnerenuus OIIK-1: CnocobeHn mpuMeHsTh 0a30Bble 3HaHHS B 00NMAcTH (PU3UKU U
paaro(U3UKU U WCIIOJIB30BAaTh UX B MPOPECCHOHAIBHON e TCIIEHOCTH,
B TOM 4HcCIIe B cepe Meaarornueckoi 1eareIbHOCTH

OIlIK 1.1 [Ipumensier 6a30BbIe 3HAHUA B 00JaCTH PU3UKU U pagruoGU3UKU AJis
peleH s HayYHO- UCCIIeIOBATENbCKUX 3a/1a4

OIIK 1.2 [Tpumensier 6a3oBbie 3HAHUS B 00JIaCTH (PU3UKH U paaHOPUIUKHU IS
peleHust MPUKIJIAAHbBIX 3a7a4 Npo(ecCUOHANBHOMN NesITeIbHOCTH

OIIK 1.3 [IpeacrasmnsieT ciymarensiM B JOCTYITHOM [t BOCHIPUATHS (hOopMe 3Ha-
HUS B 00J1acT U3UKU ¥ Paiuo(pH3UKK, B TOM YUCIIC TIPU BBITOJTHCHUN
3a7a4 B cpepe neaarornaecKou aesiTeIbHOCTH

V. Conepxanue U CTPYKTYpa AMCUMILIHHBI (MOAYJIs1)

O0BeM THUCIUILUIMHEI COCTABIAET 4 3a4eTHBIX eauHull, 144 yaca, B TOM ducie 84 4. KOHTaKTHOM

paboThI.

3aHATHUS TIPOBOAATCA TOJBKO B O4YHOHN (hopMe 0O0ydeHHs] ¢ MPUMEHEHHEM JIMCTAaHIIMOHHOTO KOH-
TPOJISL CAMOCTOSITENbHON padoThl cTyaeHToB uepe3 DMOC dakynbprera. DIEKTPOHHOW U AUCTaHIIUOH-
HOM opM 00ydeHHUsI He ITpelycMaTpUBaeTCsl.

Ha npakTrueckyro NoAroToBKy OTBOANUTCA 34 ayJTUTOPHBIX 4acOB.

dopma NpOMEKYTOUHON aTTECTALUN: K3aMEH.

4.1. Conepxxkanme IUCHHUIIMHBI, CTPYKTYPHPOBAHHOE 10 TeMaM, ¢ YKa3aHHEM BH/I0B

y‘lCﬁHle 3aHATHH U OTBECACHHOI'0O HA HUX KOJINYECTBA aKAJACMHUYCCKHUX YaCOoB

Ne  Pa3- | C| Be s Buner yueOHOI pabOTHL, DopMBbI TEKY-
n/m | gen e | er | HHMX = BKJIIOYas CaMOCTOSITENbHYIO paboTy o0ydaromuxcs , IpakTHde- | [Iero KOHTPOJIS
JUc- M | O | Ipak- CKYIO MTOJATOTOBKY M TPYAOEMKOCTh yCIIEeBaeMOCTH;
Ly | € | 4a | Th4e- (B gacax) ®dopmMma npome-
WHBI/T € | CcO | CKas KYTOYHOH at-
KonraktHas paboTa npenosgasarens ¢ o0y4ato-  Camocros-
MBIl T B | IOJ- TECTaIlu’
MIAMHCS TenbHast
p ro- (no cemecm-
pabota
TOBKa Jlexuu Cemunapckue | KoncympTanuu pam)
00y- /MpaKTHYECKHE
yaro- /mabopaTopHsle
MINX- 3aHATHSA
csl




1 1-22 5

Hroro:

144 34

144 34

34

34

34 2

34 2

34 [TpakTuue-
CKOoe  3aja-
HHUE,  DJK3a-
MCHAIINOH-
HBIC 33/1a4H
34

4.2. IlnaH BHeayIMTOPHOIi cAaMOCTOATEIbHOM Pa0oThI 00y4alOUIUXCSl MO TUCHHUILIHHE

Cemectp Haszpanue CamocrosTensHas pabora oOyqaronuxcs  OneHounoe | YueOHO-
azjena, Te- CPEelCTBO MeTOo/I1Ye-
pasiena, Bun camo- Cpoxu  BeI- Tpynoem- pel a 5
MBI CTOSITENIbHOW | [TOJTHEHHUS KCTb (4ac.) ckoe obecrie-
YEeHUE CaMo-
paboThl s
CTOATEIIHLHOM
paboThI
5 Tema 1-22  3ananue B ITocne mpoii- 34 JlemoHcTpa- Hcrounnku w3
BHUJIE 3a0a9N JCHHBIX TEM IS TOTOBBIX | OCHOBHOM "
pelieHui JIOTIOJTHUTETb-

HON JuTeparty-

93
NIPaKTUYECKUX

no Teme
3ansaTuii; O6pa-
30BaTeIIbHBIC

pecypcsl,
CTYIHBIE

Ao-
o
JIOTHHY U TIapo-
10, TPEOoCTaB-
nsempiM  Hayu-
HOM OumOIHOTE-
kot I'Y.

4.3. Coagepxxanue y4eOHOT0 MaTepHuasa

Conep:xaHue pa3iesioB U TeM JUCHUIIMHBI (MOAYJIs1)

Pazgen 1

Tema 1. DHeprus M UMITYJIbC CBETOBBIX KBaHTOB. ['mnoresa I[lnanka. Dddext Komnrona. ITnockas

BosiHa Jle-Bpoitns, e€ puznueckuii cMpica. KomnToHOBCKast JyiHA BOJIHBI M JUTMHA BoJHBI Jle-bpoiis.

Judpakius MUKpOYacTHUL.

Tema 2. bopHOBCKasi HHTepHpeTaus BOJIHOBON pyHKuuuU. [IpuHiun cynepnosuiuu cocrossHuii. Pas-

JI0’)KEHUE MPOU3BOJIBHOTO COCTOSIHMS 1O TIOCKUM BoJjiHaMm Jle-bpoiinsa. dusndeckuit cMbicn K03pdu-

IMUCHTOB PA3JIOKCHUA. qbopMaan I[HpaKa.

Tema 3. ®azoBoe MMPpOCTPAHCTBO KBaHTOBOU cHucTeMBl. COOTHOIIICHUE HCOMPCACIICHHOCTU KOOpJAUHA-

Ta-UMITYJIbC. OI_[eHKa OHEPTUH OCHOBHOI'O COCTOAHUSA APMOHHUYCCKOI0 OCHUIITIATOPA U aTOMa BOJAOPO-

Ja.




Tema 4. OnepatopHblii popManu3M KBaHTOBON MeXaHHKU. CaMOCONPSDKEHHBIC OTEPaTOPhl B THIIb-
6epToBOoM mpocTpaHcTBe. Oneparopbl KOOPAMHATHL M UMITyJIbca U UX coOCTBeHHBIe (yHKuMU. Cpen-
Hee 3Ha4YCHUE JII000H ITUHAMUYECKOW BEITUYMHBI B NMPOU3BOJIBHOM COCTOSIHUUA. OCHOBHBIE CBOWMCTBA
COOCTBEHHBIX (YHKIMIA. Bpluucienue BeposATHOCTEW pe3yJbTaTOB M3MEPEHUsl TUHAMUYECKOW BeIH-
YUHBI B IPOU3BOJILHOM COCTOSIHUH. Y CJIOBUE OJTHOBPEMEHHON U3MEPUMOCTU JUHAMUYECKUX BEJIMYMH.
Tema 5. 'amunbTOHHAH CBOOOTHOM YacTUIBL. beckoHeuHOE BRIpOXKACHHE cocTostHMiA. O000IeHe Ha
ciy4ad BHewHero nojs. YpasHeHue lllpenuHrepa. 'aMUiIbTOHMAH Kak reHEpaTop HBOJIFOLUU CHUCTE-
MBI BO BpEMEHHU. YpaBHEHUE HenpepblBHOCTHU. [lmoTHOCTH TOKa. HopMupoBka minockux BosiH. Cranu-
oHapHble cocTosiHuA. CrannoHapHoe ypaBHeHue lpennnrepa. @eHOMEHONIOrHYECKOE ONKMCAHUE KBa-
3MCTAallMOHAPHBIX COCTOSIHUM. EcTeCTBEHHAs! IIMPHUHA CIIEKTPAJIbHBIX JTUHUNA U BPEMSI )KU3HU.
Tema 6. DBomoLys OnepaTOpoB BO BpeMeHU. VIHTerpansl ABUKEHUS.

Pazpnen 2
Tema 7. KBaHTOBaHME rapMOHHMYECKOro ocuuiuisiTopa. [loBblIarommue U MOHUKAKOIIKUE ONEPATOPBHI.
DOHepreTuyeckuii cuekTp. BoaHoBas (GyHKIMS OCHOBHOTO COCTOSIHUS. MaTpUYHBIE 3JIEMEHTHI OIepa-
TOpa KOOPAUHATBHI.
Tema 8. KBaHTOBaHHE MOMEHTa KOJMYECTBA JIBM)KEHHS METOJOM IMOBBIIIAIOUIUX W MOHMKAIOIIUX
orepaTopoB. AnreOpa MOMEHTOB KOJIMUYECTBa ABMKeHHs. Peanusanus anreOpsl B nuddepeHunanbHon
u MarpuyHoit opme. COOCTBEHHBIM MOMEHT KojudecTBa ABMxKeHUs (criuH) CreKTpbl KBaapara Mo-
MeHTa u 3-eii mpoekiun. CoOCTBEHHBIE PYHKIIMH OPOUTAITEHOTO MOMEHTA KOJIMYECTBA JIBHKCHHUS.
Tema 9. Yactuua B chepuyecKku-cuiMMETpuIHOM Tonie. Pa3nenenue nepemenHsix. PaguanbHoe ypas-
Henue llpenunrepa. Knaccudukanus coctosHuil B cheprudecku-CHMMETPUYHOM T10JIe. ATOM BOJIOpPO-
7la, €ro CIEeKTP U BOJIHOBAs (YHKIUS OCHOBHOTO COCTOSIHUS. BBIpoXaeHHE SHEPreTUUECKUX YpOBHEN
u ero npupoja. Toku B aToMax, MarHUTHbIII MOMEHT aTOMa.
Tema 10. I'amuibTOHNAH 3apsDKEHHOM 4acTUIBI B IPOM3BOJIBHOM 3JIEKTPOMarHUTHOM 110Jie. ATOM BO-
J0pojia B IOCTOSIHHOM MarHUTHOM mosie. BoiHoBas GpyHKIUS U SHEpreTHueckuil crektp. YactuuHoe
CHSITHE BBIPOXKICHHUS.
Tema 11. KBanTOBOE ONMCAHUE IBYXaTOMHON MOJIEKYJIbI. TemI0eMKOCTh MpH pa3IMyYHbIX TEMIEPATY-
pax.
Tema 12. ]IBuxeHue yacTUIBl B NEPHOAMYECKOM Mose. TpaHCIsIuMOHHAs MHBapuaHTHOCTh. CoO0-
CTBEHHBIE (DYHKIIMU M COOCTBEHHBIC 3HAUEHHUS OTepaTropa TPAHCIAIUU. 30HHAs CTPYKTypa CIEKTpa.
Pasznoxxenue criektpa Ha "nmHe" u "kpasx" 30Hb1 bpriimosna. Meton "¢ dexTuBHON Macch'.

Paznen 3
Tema 13. CivH 371€KTpOHA. DKCIEPUMEHTAIBHOE JOKA3aTENbCTBO CYIECTBOBAHMSI CIIMHA DJIEKTPOHA.
Oneparop cniuHa. CnuHoBble pyHKUMU. YpaBHeHue [laynu. JIBukeHue ciiHa B MOCTOSIHHOM U Tepe-

MEHHOM MariuMTHBIX ITOJIIX.



Tema 14. CranmmonapHas teopusi Bo3mymieHnus. OCOOEHHOCTH W pa3iuyus B BBIPOXKJICHHOM U HEBBI-
poxaeHHoM ciryyasx. [1oapoOHbIii aHaMU3 ABYKPATHOTO BHIPOKACHUSA. YacTHUHOE CHSTHE BBIPOXKIC-
HUSL.
Tema 15. HectanmonapHasi TeOpusi BO3MYIeHUsI. Pe30HaHCHOE BO30YKICHHE CHCTEMBI.
Tema 16. [IpocTeiiliie IpUMEHEHUS TEOPUU BO3MYIICHHS. AHTapMOHUYECKUH ocuisiTop. Paciien-
JIEHUE CIIEKTPAJIbHBIX JIMHUHI B 3JIEKTPUUECKOM U C1a00M MarHUTHOM IOJISIX.
Tema 17. TloBeneHune BOJHOBBIX (PYHKIIMI Ha OONBIIMX M MajbIX paccTostHUAX. [IpuumHa KBaHTOBa-
HUS SHEPIHUH.

Paszpnen 4
Tema 18. TlocraHoBKa 3a7auu B TEOPUU CTOJKHOBEHUH MUKpouacTHl. CBs3b MEXKIY aMILIUTYIOU
paccesHUS ¥ aCHMITOTHYECKUM TOBEZCHUEM BOJIHOBOHM (pyHKImu. Ceuenue paccesiHus. bopHoBckoe
NpUOTIKEHNE AJI aMIUTUTY bl pACCEesTHUSI.
Tema 19. Pacuer aMIUIUTY/Abl U CEUEHUS IIPU PACCEIHUM HA KYJOHOBCKOM M IOKaBCKOM IOTEHIMAJaX.
Tema 20. Tounas Teopus paccesiHus. PaznoxxeHue aMIiuTyAbl Ha NapiuaibHbie BOIHbI. dDaza pacce-
sSHUS. Y cloBUE yrpyroi yautapHoctu. Ontuueckas Teopema. Mozenb abCOI0OTHO YEPHOTO IUCKA.
Tema 21. TlpoxoxxaeHHe 4YacTUIl yepe3 MOTeHIHaNbHbIM Oapbep TyHHeIbHBIA >PdekT. XomoaHas
3MUCCHS METAJIOB. MIcue3HOBEHNE CIIEKTPAIbHBIX JIMHUN B CUIIBHOM 3JIEKTpUUECKOM Toiie. Tpéxmep-
HBIW TIOTEeHIMANBHBIN Oaprep KBasucranmonapusie cocTosiHUS. Teopus paIuoakTHBHOTO pacraia.
Tema 22. KunemaTuka U3JIy4eHHS U MOTJIOMICHUST (JOTOHA HECTAOMIBHBIM CBOOOIHBIM SIAPOM. DHEp-
TUsl OTJA4U A]pa U BKJIAJ ee B sHepruto ¢otona. SAnpo B mone ocmmuistopa. Iddext Meccbayapa.
®akrop Jlebas - Bannepa.

4.3.1. IlepeyeHb CeMUHAPCKHUX, NPAKTHYECKUX 3AHATHH M J1a00pPaTOPHBIX padoT

Ne Ne paznena u | HaumeHoBaHue ceMuHapos, mpak- | Tpyzno- OneHouHsble dopmMupyemble
TEMBI IUCIA- | THYECKUX M J1a0OPaTOPHBIX paboOT em- CpeJcTBa KOMIIETEHIIUN
TUTUHBI KOCTh
("gacer)
1 2 3 4 5 6
1. Paznen 1, Te- | I'umote3a [e-Bpoiins, runoresa 1 | 3amanwue Ha ce- OIIK-1
Ma 1 IInanka MUHape B BUJIE
3a/1a4n
2. | Pazmen 1, Te- | Oddext Kommrona 1 | 3amanue Ha ce- OIIK-1
Ma 2 MUHape B BUJE
3aJ1a4n
3. | Pasmen 1, Te- | JlazepHas KOHBEPCHUS KaK MEXaHU3M 1 | 3amanwue Ha ce- OIIK-1
Ma 3 ycKopeHus: pOTOHOB MUHape B BUIE
3a/1a4n
4. | Pazmen 1, Te- | MunumaiibHble 3HaYeHHsI (a30BOTO 1 | 3aganwue Ha ce- OIIK-1
Ma 4 o0bemMa yactuisl. COOTHOLICHUE MUHape B BUIE
HEOIpeAeNeHHOCTEN "KoopinHaTa- 3a1a4u
UMITynsC", ""9SHEprusi-Bpems )KU3HH'"




5. O1neHka SHEprUr OCHOBHOTO COCTO- 3aganue Ha ce- OIIK-1
STHAS U3 COOTHOIICHHSI HEOTIpe/ie- MUHape B BUE
JICHHOCTEH N1J1 TMHEUMHOr0 rapMo- 3a7a41
HUYECKOT'0 OCHMJUIATOPA M aTOMa
BOZIOpOAA
6. | Pasmen 1, Te- | Oneparopbl TUHAMHYCCKUX BEJIH- 3aganue Ha ce- OIIK-1
Ma 5 YUH B THJILOCPTOBOM MIPOCTPAHCTBE. MUHape B BUJIC
CoOcTBeHHBIC (YYHKITUH U COO- 3a/1auu
CTBEHHBIE 3HaUeHUs. VX pu3mde-
CKHM CMBICII.
7. Kanonmnueckuit kommyTaTop "Koop- 3aaHue Ha ce- OIIK-1
JTUHATA-UMITYJIbC" MHUHape B BUJIE
3a/1a4n
8. | Pasmen 1, Te- | YpaBuenue lllpeaunrepa ajis BoJ- 3aganue Ha ce- OIIK-1
Ma 6 HOBOU (yHKIMH. BOpHOBCKas MH- MUHape B BUJIC
TepIpeTaIHs BOJTHOBOU (DYHKITUH. 3a/1auu
Crammmonaproe ypasaenue IIpe-
nuHrepa. GakTopu3aius 3aBUCHMO-
CTH OT BPEMCHH U KOOPHMHAT.
OHEpPreTUYECKUl CTIEKTP U BOJIHO-
BbIe (DYHKIIMW YaCTHUIIBI B «IIOTEH-
[UATBHOH SIME» ¢ OECKOHEYHO BBI-
COKHMH «CTCHKAMID)
9. | Pazmen 2, Te- | DHepreTudeckuii CHEKTP U BOJIHO- 3amaHue Ha ce- OIlK-1
Ma 7 BbIe (DYHKIIMW 9aCTHUIIHI B KOHEUHOU MUHape B BUE
«IOTEHIMAIBHOHU SIME 3aJ1a4u
10. DHEPreTHUeCKUil CIIEKTP U BOJHO- 3ananue Ha ce- OIlK-1
BbIe ()YHKIIMW YaCTHUIIBI B TIOJIE T10- MUHape B BUE
TeHuana Buaa V(x)=-go(x) 3aJ1a4yu
11. | Pa3gen 2, Te- | DHepreTuyecKuii CIEKTP U BOJHO- 3aaHue Ha ce- OIIK-1
Ma 8 BbIe ()YHKIIMW YaCTHUIIBI B TIOJIE T10- MUHape B BUE
TeHuana Buga V(x)=-g(d(x+a)+ 3a1a9n
d(x-a))
12. | Pa3men 2, Te- | OpOutanbHbIH MOMEHT 3amanue Ha ce- OIIK-1
Ma 9 MUHape B BUJIE
3a/1aun
13. | Pa3men 2, Te- | AMIuiuTyaa paccesHus 3JIEKTPOHA 3amanue Ha ce- OIIK-1
Mma 10 Ha MPOTOHE B OOPHOBCKOM TIpH- MUHape B BUJIE
OIVKeHUN 3a/1a4n
14. AMIUIMTYy1a paccesHUs 3IEKTPOHA 3anaHue Ha ce- OIIK-1
Ha CJIO)KHOM DJIEKTPOHEUTPATEHOM MUHape B BUJIC
aToMe 3aJ1a4n
15. | Pazmen 2, Te- | IIpoxokaeHHe 4acTHUIIBI Yepe3 T0- 3amanue Ha ce- OIIK-1
Mma 11 TEHIMATBHBINA 0aprep V(X)=-gd(X) MUHape B BUJIE
3aJ1a4n
16. | Pa3gen 2, Te- | [IpoxokaeHre 4acTUIBI Yepes3 Mo- 3aaHue Ha ce- OIlK-1
ma 12 TEHIMALHBIN Oaphep B BUe «Oec- MHHApE B BUIE
KOHEYHOU CTYTICHN» 3aJ1aun
17. [IpoxoxaeHre qacTUIlBl 4epes mpsi- 3amanue Ha ce- OIlK-1
MOYTOJIbHBIN TTOTCHIIMABHBIN 0a- MHWHApE B BUJIE
pbep 3aJ1aun
18. | Pa3men 3, Te- | DHepreTndeckuii CIEKTpP YaCTHLIBL, 3anaHue Ha ce- OIIK-1
Mma 13 HaXOJISIIEHCs B 10JI€ TapMOHHYE- MHUHape B BUIC
CKOT0 OCITUIUISITOPA U B IIOCTOSIH- 3aJ1a4u
HOM DJIEKTPUYECKOM TI0JIe
19. | Pazpmen 3, Te- | BonHOBBIE PyHKIIMK YaCTHIIHI, 3amanue Ha ce- OIIK-1




Ma 14 HaXOAIIEHUCS B IOJIE TUHEHHOTO MHUHape B BUJIE
rapMOHHYECKOTO OCIHIUIATOPA, CO- 337291
OTBETCTBYIOIIUE BO30OYKICHUSM
n=1,2
20. | Pa3gen 3, Te- | BomHOBBIE yHKIIMU U 3HEPTETHYEC- 3aganue Ha ce- OIlK-1
Mma 15 CKHUI CIIEKTp YaCTHUIIbI, HAXOISIIIIEH- MHUHape B BUJIE
Csl B [OJIE JBYMEPHOTO TapMOHUYE- 3a1a9u
CKOT'0 OCHUJUISITOpa
21. | Pazgen 3, Te- | BonHOBBIE QyHKIIMH U SHEpreTHYC- 3aaHue Ha ce- OIIK-1
Ma 16 CKHUH CIIEKTp YaCTHUIIbI, HAXOISIIIEH- MUHape B BUJIE
Csl B [OJIE TPEXMEPHOTO rapMOHH- 3a1a9u
YEeCKOT0 OCIMIIISTOPA (SIpa B KpH-
cTae)
22. | Pasgen 3, Te- | DHepreTHuecKuii CIIEKTp aTomMa BO- 3amaHue Ha ce- OIlK-1
Mma 17 JI0pOZa B TIOCTOSTHHOM MarHUTHOM MHHape B BUJIC
noJje 3a1a9u
23. | Pazgen 3, Te- | Cnma. Matpunst [Taynu 3anmanue Ha ce- | OIIK-1
Ma 18 MHHApE B BUIE
3aJa9u
24. | Pazgen 4, Te- | V3MeHeHHE COCTOSHUS CUCTEMBI 3amanue Ha ce- OIIK-1
Ma 19 [OJ IeHCTBUEM BHELIHETO BO3MY- MHHApE B BUIE
NICHUS 3a1a9u
25. | Pasnen 4, Te- | XosoaHast SMUCCHSI SIICKTPOHOB U3 3anmanue Ha ce- OIlK-1
Ma 20 MeTania MUHape B BUJIC
3a1a9u
26. | Pazgen 4, Te- | DHeprus u3IrydeHUs U MOTIOMICHAS 3amaHue Ha ce- OIlK-1
Ma 21 (hoTOHA HECTAOMIBLHBIM CBOOOIHBIM MUHape B BUJIC
SIIPOM 3a1a9u
27. | Pazgen 4, Te- | Dddextr Meccbayspa. Daxtop [e- 3amaHue Ha ce- OIlK-1
Ma 22 bas-Bannepa MHHApE B BUIE
3a1a91
4.3.2. Ili1aH caMOCTOATEJIBbHON PadoThI CTYACHTOB
No Tema Bun 3agaHue Pexomenny- | Komnu-
HeL. CaMOCTOi{— eMasi JuTepa- | 4eCTBO
TEJIBHOU Typa 4acoB
paboThI
1 KBantoBa- | Bueaynu- | KBantoBanue bopna - Un¢enbna B Hcroynuku 2
Hue bopna TOpHasi, | AuUKe. Belunciaenue craTuctuye- 13 OCHOBHOM
- Uudens- pelieHrue | CKOi CyMMBbI OHOM CBOOOJHOM Ya- M JTONOJIHH-
Jla B SIA- 3a7a4 CTHIIBI. TEJIbHOM JIN-
Ke. TEpaTypsl MO




2 KBanroBa- Bneayau- | KBaHTOBaHME MOMEHTa KOJIUYECTBA
HUE MO- TOpHasi, | ABUKCHHSI METOJIOM TTOBBIIIAIOIINX
MEHTa KO- pelleHre | U MOHMKAIOUINX OIepaTopoB. AJl-
JINYECTBA 3a/1a4 reépa MOMEHTOB KOJIMYECTBA JIBU-
JIBUKCHUS xeHus. Peanuzanus anredpsl B

g epeHIaIbHON 1 MATPUIHOM
¢dopme. CoOCTBEHHBI MOMEHT KO-
au4decTBa ABMKEeHUs (cnuH) Crek-
TPBI KBaJpaTa MOMEHTA U 3-ei Mpo-
exin. CoOcTBEeHHBIE (PYHKIIUH Op-
OUTaTBLHOTO MOMEHTA KOJIMYECTBA
JIBKCHMUSI.

3 KBantoBoe | Bueaymu- | KBaHTOBOE Oomnrcanue 1ByXaTOMHOU
onucaHue TOpHasi, | MOJIEKYJIbI. TemioeMKOoCTh Mpu pas-
JIByXaTOM- pelieHre | JUSHBIX TeMIiepaTypax.

HOW MOJie- 3a1a4

KYJIBL.

4-5 | Cnun Bueayau- | CriuH 35ekTpoHa. DKCIIepUMEH-
ANEKTPOHA. TOpHasi, | TAJIbHOE J0KA3aTeIbCTBO CYIIECTBO-
pelieHue | BaHHs CIuHA AiekTpoHa. Onepartop
3a1au cnuHa. CiHOBbBIE (PYHKIIMH. Y PaB-

Henue [laynu. J/[BuxkeHue cnuHa B
MOCTOSIHHOM U TIEPEMEHHOM Mar-
HUTHBIX MTOJISIX.

6 Ceuenue Bueaynu- | PacueT aMmimuTyabl U c€UEHUS IPH

paccesHus TOpHasi, | paccesiHUU Ha KYJIOHOBCKOM H
pellleHre | FOKaBCKOM MOTEHIUANaX.
3a/1a4y
7-8 | Kunematu- | Bueaynu- | Kunemartuka uszmydeHus  Morio-
Ka u3JIyde- TOpHas, | HeHUS (HOTOHA HECTAOWIBHBIM
HUS U T0- pelieHre | CBOOOIHBIM SAPOM. DHEPrus OTAa-
TJIOIICHUS 3a/1a4 YU Si7pa U BKJIAJ €€ B SHEPITHiO (o-
¢doToHa ToHa. JlonuepoBckoe ymupeHue
nuHui. OnpeeneHne TeMiepaTypbl
3BE3].

9 Teopus Bueaymi- | paccesmme B mone © (X)=-Go(x)

pacceaHui TOPHAA, | OGpaTnTH BHUMAaHNE HA TIOBEICHIE
PCHICHUC | a\NmumuTy OTpaskeHHO# W MpoIIe/i-
safad 1€l BOJIH MPU IPOJOJIKEHUH pellie-
Hug B 00macth E<0.
10 | KBantoBo- | Bueaymau- | OmepaTopsl, CONpsKEHHBIE K OTIE-
MeXaHuye- TOpHas, | paTopam
CKHE OIe- eIIeHNE ~ d 5 .d
Saopst R A=— B=iC=mox+h

TeMe MPaKTU-
YEeCKUX 3aHsI-
THH;
Oo6pazoBa-
TeJbHbIE pe-
CYpCBI, JI0-
CTYIIHBIE 110
JIOTUHY U Ta-
poIIo,
MPEIOCTaB-
JSIEMBIM
Hayunoiu
OoubIMoTeKon
UT'Y u Cro-
pOHHUE caii-
TBI




11 CoOcTBen- Bueaynu- A d

HBIE 3HA TO IZa}I C=moX+h—_
PHAA, | 1119 onepatopa dx

YeHUS pelieHue .

HaWTH COOCTBEHHBIC PYHKITUU U
KBaHTOBO- 3a1a4

coOcTBeHHbIC 3HaUeHus. [Ipose-
MeXxaHHuye-

PUTH, YTO COOCTBEHHBIEC 3HAYCHUS
CKHUX OIle-

ATOTO ONEepaTOpa MOTYT OBITH KOM-
paTopoB

MJICKCHBIMU, @ COOCTBEHHBIC (DYHK-

[[UU, OTBEYAIOIINE PA3TMYHBIM COO-

CTBEHHBIM 3HAYEHUSIM, HE0Os13a-

TEJIHHO OPTOTOHAIILHBI.

12 DHeprus Bneayau- | OnpenenuTh YpOBHU SHEPTUU U
KBaHTOBO- TOpHAsi, | BOJIHOBbIC (DYHKIIUU IS 3aPSKCH-
MEXaHW4ye- | pelIeHrue | HOM IS 3apsKeHHOM YacTHIIbI B
CKUX CH- 3a1a4 MOCTOSTHHOM U OJTHOPO/IHOM Mar-
cTeM HUTHOM I10Jie. BBIOpaTh BEKTOPHBI

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

13-14 | Yactuma B Bueaynu- | Cuutas u3BECTHBIM raMUJIbTOHUAH
AIIEKTPO- TOpHAsl, | YaCTHUIIBI B 3JICKTPOMArHUTHOM TI0-
MarHUTHOM | peIlIeHue | Jie, HAUTU a) BhIpaXKEHHE Ui OTie-
1oJie 3ana4 patopa ckopoctd V; 6) KOMMyTaIK-

OHHBIC COOTHOIICHHMS JIJIsI KOMITO-
HEHT CKOPOCTH; B) aHAJIOT ypaBHe-
Husa HeroToHa.

15-16 | bopHoBs- Bueaynu- | BeluuciuTh aMIUIUTYAY paccesHus
CKO€ IIpHU- TOpHa, Ha IIPSAMOYTOJIBHON ITOTEHIIMAIbHOU
OJIM>KEHHE perieHue | sMe B OOPHOBCKOM IPHUOJIMIKEHUU.

3a1a4

17 | Paccesnune | Bueayau- | Beluucinuth aMIuMTyay paccesHus
Ha TIOTEH- TOpHasi, | B OOPHOBCKOM IPHUOJIMKCHUH Ha
uane pemienue | motenuuaine FOkapa
FOxaBa 3a1a4q Ur)=(alr)e"

4.4. Meroauyeckue yKa3aHusl 10 OPraHU3aMU CAMOCTOATEIbHON padoThI CTY/ICHTOB

B pazgene 4.3.2 cryaeHTaM AJii CaMOCTOSITENIBHOTO YIJIyOJIEHHOTO M3Y4EeHMs JUCIMIUIMHBI (mapai-
JIENBHO C JIEKIMAMH) TpeAaraloTcs 3aauu 1o u3ydaeMbIM paszzaenam. [Ipeanonaraercs, 4To CTYAEHT
CaMOCTOSITENIbHO M3YYMT JOIOJIHUTENbHBIE Maparpadsl 0 NPOHJEHHON TeMe, PEeACTaBIEeHHbIE B JIN-
TepaType u3 II. 5, a 3aTeM PEelINT MpeIoKeHHbIe 3a1aui. OLeHKa CaMOCTOATENbHOM paboThl CTY/IeH-
TOB IIPOBOAWUTCA Ha MPAKTHYCCKUX 3aHATHUAX.

4.5. IlIpumepHasi TeMATHKA KyPCOBbIX PadoT (IPOEeKTOB) (IIPU HAJTMYNH)

YueOHBIM IJIAHOM HE MpeaAyCMOTPCHO HAIMMCAHUC KYPCOBBIX pa60T.

V. YueOHo-MeTOAMYeCKOE U MH(OPMALTMOHHOE o0ecnedeHre TUCHUIIMHBI:
a) nepevyeHb JUTEPATYpPbl

OCHOBHasl JIUTEpaTypa



1. Bamn A. H. KBanroBast MexaHuKa B 3a1a4ax : yue0.-meroj. mocobue / A. H. Bamr, O. H. Coin-
narenko. — Upkyrck : MU3a-so UT'Y, 2010. — 87 c. Hp A623906; pusmar 30856 (100 3k3.)

2. TlapmakoB A. H. BBeaeHue B KBaHTOBYIO (HM3HKY : yuel. mocobue [DaeKTpoHHblii pecypc] / A.
H. ITapmakoB. — DnektpoH. Bepcus kH. — CII6. : Usn-Bo Jlans, [2010]. — 352 ¢. — (OBC

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

JOTIOTHUTEIIbHAS JINTEpaTypa

1. Jlammay JI. 1. KBantoBas mexanuka : Teopernueckas dusuka, tom Il / JI. 1. Jlanmay, E. M.
JIudpmm. — 5-e uzn. — M. : Hayka, 1989. — 767 c. (56 3k3.)

2. Jlunkun I'. KBantoBas mexannka. HoBbli moaxox Kk HEKOTOpbIM Ipobiiemam / I'. Jlunkun. — M.

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

0) mepuogMUYECKHEe U3TAHUSA
- HET.
B) CIIMCOK ABTOPCKHUX METOAMYECKUX Pa3padoToK
- 1 (ocHOBHas uTEpaTypa).
r) 0a3pl JAHHBIX, THPOPMALMOHHO-CIIPABOYHbIEC U MOMCKOBbIE CHCTEMbI

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

OOpazoBatebHBIE PECYPCHl, AOCTYIHBIE O JIOTHHY W TMAapojio, MPenocTaBiisieMbiM HaydHoit
ounbaunorexoit UI'Y:

e https://isu.bibliotech.ru/ - U3 «bubnmoTex»;
e http://e.lanbook.com - DBC «M3patenscTBo «JIaHbY;

e http://rucont.ru - OBC «PykoHT» - MeKOTpacicBas HaydHast OHOJIMOTEeKa, coaepKanias orud-
POBAHHLIC KHUTH, ICPUOJUYCCKUEC U3AaHHUA U OTACIbHBIC CTAaTbU IO BCEM OTpaCIAM 3HaHHI>i, a
TaKke ayano-, BUAe0-, MyJIbTHMEANA COPT U MHOTOE JIPYTOE;

e http://ibooks.ru/ - OBC «A#OyKc»- HHTEPHET peCYpChl B CBOOOTHOM JOCTYIIE.

VI. MaTtepuajibHO-TeXHHYeCKOe o0ecnedeHne TUCHUNINHBI

VYyeOHast ayautopus AJisi poBeneHUs 3aHATHI. J[1s mpoBeneHus 3aHATHI JIGKIIMOHHOTO THIMA B
KauecTBE JEMOHCTPAI[MOHHOTO O0OPYJIOBaHMS MCIONB3YyeTCsl MeoBasi Jocka. HarmsgHocTs oOecre-
YUBAETCs MyTeM HM300pa’keHUsl cxeM, AuarpaMMm U (GopMmyls ¢ moMolibio Mena. Vcnonbs3zoBaHue rio-
OaJIbHOW KOMIBIOTEPHOM CETH TMO3BOJIAET 00ECNEeYUTh JOCTYIMHOCTh VHTepHET-pecypcoB U peaan3o-
BaTh CaMOCTOSITETILHYIO padOTy CTYACHTOB. Ha JEKIUAX MOTYT HCIOJIB30BaThCS MYJIbTUMEIUWHbBIE
CpeJlICTBa: MPOEKTOP, MEPEHOCHOM KpaH, HOYTOYK. Ha dakynpTeTe nMeeTcs KOMIbIOTepU3UPOBaHHAS
ayqUTOpHs, TIpeHa3HauYeHHAas JUIsi CaMOCTOSITeNIbHON paboThl, ¢ HEOrPAaHUYEHHBIM MOCTynmoM B UH-
TEpHET.

Marepuansl: yueOHO-METOIUYECKUE TOCOOUs, 3aJaHUs ISl ayIUTOPHON U CaMOCTOSITENIbHOM pa-
OOTBI CTY/ICHTOB.


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

VII. O0pa3oBaTesibHbIE TEXHOJIOTHU

3&[[8.‘-11/1 H3JI0KCHUSA U U3YUYCHHUA JUCIIUILIMHBI PCAIM3YIOTCA B CIICAYIOIIUX (bopMax JACATCIIbHOCTH

JeKIMM, HalleJICHHbIE Ha IMOJy4YeHHE HeoOXoauMoW HMHGpOpMalUu, U €€ UCIOJIb30BAHUE
IIPU PELICHUHU IPAKTUYECKUX 3a/1a4;

IPAaKTUYECKHE 3aHATUS, HAIIPABJICHHbIC HA aKTUBU3ALMIO [TO3HABATEIbHOMN €ATEIIBHOCTU
CTYAEHTOB U IPUOOPETEHUs] UMU HABBIKOB PEILIEHUS MPAKTUUECKUX U MPOOJIEMHBIX 3a]1a4;

KOHCYJIbTAallUM —€KEHEIENIbHO JJIs1 BCEX JKENIAIOIIUX CTY/IEHTOB;

CaMOCTOSATENIbHAs BHEAYAUTOPHAsl paboTa HalpaBleHAa Ha NPHOOPETEHHE HABBIKOB CaMo-
CTOATEIBLHOTO PELICHUS 3a]1a4 110 IUCLUIIINHE;

TEKYLIUIl KOHTPOJb 3a JIEATENBbHOCThIO CTYJEHTOB OCYIIECTBIISIETCS Ha JIEKIMOHHBIX U
IPAaKTUYECKUX 3aHATUAX B XOJI€ CAMOCTOATENILHOIO PELLICHHs 3a/1a4, B TOM YHUCIIE Y JTOCKHU.

VIIl. OneHounble MaTepHaJbl A1 TEKYIIero KOHTPOJISA M IPOMEKYTOYHOH aTTecTaluu

(DOHI[ OLICHOYHBIX CPEACTB IIPEACTABIICH B IIPUITIOKCHNH.

8.1. OueHouHbIE CpeICTBA AJIsl BXOJHOTO KOHTPOJIS: He TpeOyroTCs.

8.2. O1ieHOYHBIC CpPEICTBA TEKYIETO KOHTPOJIS - KOHTPOJIbHBIC pa0OTHI B cOOeceI0BaHHUE.

JIeMOHCTPALIMOHHBIN BADUAHT KOHTPOJIBLHOU PabOThI

BpPCMCHCM.

3amaya 1. Berauciure

‘{’(X ’ t) (X,t) — Ae—x2/2az .

JJIs1 BOJTHOBOTI'O ITaKE€Ta »

38.,[[21‘121 2. I/ICHOJ'IB3Y${ pe3yiibTaTt npez[bmymeﬁ 3aJa4u, HaWTU H3MEHEHHE INUPUHBI ITaKETa CO

IIpumepsI BONpoOCoOB 1Jisi coGece10BAHUS

e Onucarp onepaTopHbIid (opMaTu3M KBaHTOBOH MEXaHUKH.

L4 I[aTB OIIpCACIICHUC CaMOCOIIPS’KCHHBIX OIICPATOPOB B rHHB6CpTOBOM IMPOCTPAHCTBC.

e VYKa3aTh OCHOBHBIE CBOIICTBa COOCTBEHHBIX (DYHKIIUH.

e BrunuciaeHue BepOHTHOCTeﬁ PE3YyJIbTAaTOB U3MCEPCHUA JUHAMHUYECKOM BEIWYMHBI B poun3-

BOJIBHOM COCTOSITHHUH.

e VYcioBue OHHOBpCMeHHOI\/'I HU3MECPUMOCTH JTUHAMHUYCCKUX BCIUYNH.

e BpecTu onepaTopsl KOOPIMHATHI U UMITYJIbCA U UX COOCTBEHHbIE PYHKIIMU. YKa3aTh OTIUYUSA

KOOPAWHATHOT'O U UMITYJIBCHOT'O ITPEACTABJICHH.

8.3. O11eHOYHBIE CPEACTBA ISl IPOMEXKYTOUYHOM aTTecTalu

®dopma poBeACHU TPOMEKYTOUHOM aTTECTA[UN — JK3aMEH.

IIpumepHBbIii IepeyeHb BONPOCOB U 3a1aHUI K IK3aMeHY

1.

DOHeprust 1 UMIYJIbC CBETOBBIX KBaHTOB. ['unote3a [Inanka. Dddexr Komrona. [Inockas BonHa [le-

Bbpoiins, e€ dusmueckuii cmbica. KoMToHOBCKasi iHA BOJNHBI U JuiiHA BoiHBI Jle-bpoims. u-
(bpaxius MUKPOYACTHII.

BopHoBckast uHTepnpeTanus BoaHOBOM ¢yHkuuu. [Tpunnun cyneprno3unuu coctosHuil. Paznoxe-
HUE MPOU3BOJILHOTO COCTOSIHUSA IO MJIOCKUM BosHaM [le-Bpoitnsa. @usndeckuii cMbicn kodpduim-
eHTOB pa3zioxeHus. opmanusm Jupaxka.

®a3oBo€ MPOCTPAHCTBO KBAHTOBOM cHCTeMbl. (COOTHONIIEHHWE HEOMPENETICHHOCTH KOOpAWHATa-
uMITysibC. O1eHKa YHEPTUHA OCHOBHOTO COCTOSTHUS TAPMOHHYECKOTO OCIIMJUIATOPA U aTOMa BOJOPO-

Ja.



4. OnepaTtopHblii (hopMaIu3M KBaHTOBOW MexaHUKH. CaMOCOIPSKEHHBIE OMEPATOPhI B IHMIL0EPTOBOM
npoctpancTBe. Oneparopbl KOOPAMHATEL U UMITyJIbCa U UX coOcTBeHHbIe pyHKIMHU. CpenHee 3Ha-
YeHue JI000H AMHAMUYECKOW BEJIMYMHBI B MPOU3BOJILHOM COCTOSHUHM. OCHOBHBIE CBOWCTBA COO-
CTBEHHBIX (DyHKIMIA. Brruncienne BeposSTHOCTEH pe3ylbTaTOB U3MEPEHUS TMHAMUYECKON BEITHYH-
HBbI B IPOU3BOJIBHOM COCTOSIHUU. Y CJIOBUE OJJHOBPEMEHHON NU3MEPUMOCTH AUHAMUUYECKUX BEIIMYUH

5. T'amMunbTOHHAaH CBOOOAHON YacTHIIBL. beckoHeuHOe BBIpOXKAeHHE cocTostHui. O000IIeHe Ha CITy-
yall BHEWHEro nois. YpasHenue penunrepa. 'aMuiibTOHHAH Kak T€HEPATOP 3BOJIFOLUHA CUCTEMBI
BO BPEMEHU. Y paBHEHHE HenpepblBHOCTU. [lnoTHOCTE TOKa. HopMmupoBka miockux BosiH. Cranuo-
HapHble cocTosiHus. CranumoHapHoe ypaBHeHue llIpenunrepa. @EeHOMEHOJIOTMUECKOE OIKUCAHUE
KBa3HCTALIMOHAPHBIX COCTOSIHUI. EcTecTBEeHHAs MPHUHA CIIEKTPAJIbHBIX JIMHUW U BpEMs KU3HHU.

6. DBoJIIONHS OMEPaTOPOB BO BpeMeHU. VIHTErpaibl ABUKEHHS.

7. KBaHTOBaHME TapMOHHYECKOTO OCHMILIATOPA. [10BBIMIAIONINE M MTOHMKAIOIIME ONEPATOPhl. JHEP-
reTuYecKuil crekTp. BomHoBas GyHKIMS OCHOBHOTO COCTOSIHUS. MaTpHUHbIe 3JIEMEHTHI OrlepaTopa
KOOpJUHATBHI.

8. KBaHnToBaHME MOMEHTA KOJIMYECTBA JBUKCHHUS. METOOM TOBBIIAIONIAX U MOHUKAOLIUX OIEpaTo-
poB. AnreOpa MOMEHTOB KOJIMYECTBA JBIKEHHA. Peanmuzamus anreOpbl B qudQepeHnnaIb-Hol 1
MatpudHOil popme. COOCTBEHHBIE MOMEHT KOJIMYeCcTBA JABMKCHHS (criuH) CTIEKTPHI KBajpara Mo-
MeHTa u 3-¢if mpoekiun. CoOCTBEHHBIE PYHKIIMH OPOUTAITEHOTO MOMEHTA KOJIMYECTBA JIBHKCHHUS.

9. Yacruma B chepuuecKr-CHMMETPUYHOM TI0Jie. Pasjenenue nepeMeHHbIX. PaguanbHoe ypaBHEHHE
Hlpenunrepa. Knaccudukanus coctosHuii B chepruuecKu-CHMMETPUYHOM ToJie. ATOM BOJOpOJA,
€ro CIEeKTpP W BOJHOBAsI (PYHKIIHSI OCHOBHOTO COCTOSIHMSI. BBIpOXKAeHNE SHEPreTHYeCKUX YPOBHEH U
€ro npupoja.

10. l'amusIbTOHMAH 3apSKEHHOM YaCTHIBI B TIPOM3BOJILHOM 3JIEKTPOMArHUTHOM TI0JIEe. ATOM BOJIOPOJIa
B MOCTOSSHHOM MarHUTHOM moJje. BonHoBas QyHKIMA U SHepreTuyeckuil cnekTp. YacTuuHoe CHSA-
THE BBIPOKICHUS.

11. KBaHTOBOE OIMCAHKE BYXaTOMHON MOJIEKYIIBI. TEIIOEMKOCTh IPH PA3IHUSHBIX TEMITEPATypax.

12. [IBukeHre 4acTUIBI B MEPUOAUIECKOM TioNe. TpaHCIsIUOHHAs WHBAPHAHTHOCTH. COOCTBEHHBIC
(GYHKIIMU ¥ COOCTBEHHBIE 3HAUEHUS OllepaTopa TPaHCISIIUK. 30HHAs CTPYKTypa crekrpa. Pazmoxe-
HUE creKTpa Ha "qHe" M «kpasix» 30Hbl bpuintosHa. Meton «adpekTUBHON Macch»

13. Criue snekTpoHa. DKCIEpUMEHTATBHOE J0KAa3aTeIbCTBO CYIECTBOBAHMS CITUHA 3JIeKTpoHa. Ore-
patop cnuHa. CinHOBble QpyHKuMH. YpaBHeHue [laynu. J[BrkeHne cMHa B TIOCTOSIHHOM U Iepe-
MEHHOM MarHUTHBIX IOJISIX.

14. Craunonapnas Teopusi Bo3MyIeHuUs. HeBBIPOKICHHBIN CTydaid.

15. Craunonapnas Teopusi BO3MYIICHUs. BhIpOXKICHHBIN CiTy4ail.

16. HecranronapHas Teoprsi BO3MYIICHHs. Pe30HAHCHBIN XapakTep KBAHTOBBIX MEPEXO/IOB.

17.TloBenenne BOTHOBBIX (YHKIMH Ha OONBIIMX W MalbIX PacCTOSHUAX. [IpHYMHA KBaHTOBAHHS
JHEPIrUH.

18.TlocranoBKa 3a/1auui B TCOPHH CTOJKHOBEHHI MHUKPO-4acTuil. CBs3b MEKIy aMIUIUTYION paccesi-
HUS ¥ aCUMIITOTHYECKUM MOBeeHHEeM BOJIHOBON (yHkuuu. Ceuenue paccestHus. bopHoBckoe mpu-
ONMKEeHHE JIsl aMILTUTY/Ibl PACCESHHUS.

19. Pacuer aMIuIUTy/IbI U CEUEHHUS TIPH PACCESIHUH Ha KYJIOHOBCKOM U FOKaBCKOM ITOTCHITHAIAX.

20. AMIuTHTYyIa paccestHus 3apsDKEHHOM 9acTUIIBI Ha CIIoHOM atome. DopmdakTop aroma.

21. Tounas Teopust paccesHus. Pa3noxkeHre aMIUIUTYIBI Ha MapiuaibHbie BOMHBL Pa3a paccesHus.
YcnoBue ynpyroi yautapHoctd. Ontudeckas Teopema. Mojennb abCOoF0THO YepHOTO JIUCKA.



22.TIpoxoXIeHHEe YacTHUI[ Yepe3 MOTCHIUaIbHbI Oapbep TyHenbHbIH 3(dexT. X0I0aHas dIMHUCCHS
MeTauIoB. VICUe3HOBEHHE CHIEKTPAIbHBIX JIMHUM B CWJIBHOM J3JIEKTPUYECKOM IoJie. TpEXMepHBIii
NoTEeHIMaIbHBIN Oapbep. KBazucranmnonapusie coctosiHus. Teopus paJuoKTUBHOTO pacraja.

23. KunemaTrKa M3JIydeHUS W IOIJIOMEHUS (OTOHA HECTAaOMIBHBIM CBOOOJHBIM SIPOM. DHEPIUs
OTJauu Aapa W BKIaA ee B dHeprTuio ¢orona. [lomnepoBckoe ymupenue nuHuA. Onpenenenue
TEMIEPATyphl 3BE3.

24. HecrabuibHoe a1po B nojie ocumuistopa. dhdekr Meccbayspa. Dakrop Jlebas -Bamiepa.

25. KouBepcust 1a3epHOr0 U3JTyUCHHUS [TPU PACCESTHUM Ha OBICTPBIX 3JIEKTPOHAX.

26.KBanroBanue bopna - Uudenpaa B siuke. BeraucieHne cTaTHCTUYECKONW CyMMBI OJHOM CBOOOI-
HOU YaCTHULIBIL.

3ajnanus:
1. Haiitu n3MeHeHue IIMHBI BOJHBI (DOTOHA TIPU YIIPYTOM PACCESTHUU Ha MOKOSIIEMCS dJICKTPOHE

(Odpdexr Komnrona). JlaTe HHTEPIIPETAIMIO SKCIIEPUMEHTAIBHBIX JTaHHBIX, MOTYYeHHBIX KoMmToHOM
B IIpoIIecce paccessHus GOTOHOB Ha mapaduHe.

2. Haiitn n3menenne »Hepruu GOTOHA NPU YIPYTOM PACCESHUU HA PENISITUBHCTCKOM 3JIEKTPOHE
Ha yrou 0 = 1 B paMmkax rumnotessl [[nanka—DiHITelHa.

3. Haiitu Eq' mpu Eq = 1, 2 eV (undpaxpacHsiii 1a3ep Ha HEOOUMOBOM cTekie), Ep = 46 GeV
(ycxopurens SLAC, onbiThl o HenuHerHOMY 3¢ dekty Komnrona, 1996 r.) u Eq=1,2 eV, Ep =5
GeV (yckoputens BOIIIT-4M, onbIThl 10 paciierieHuio GoToHa B mosie saapa, 1997 r.).

4, [ToueMy cBOOOMHBII JIEKTPOH HE MOXKET MOTJIOTUTh WU U3My4uTh (poToH. HaliTu sHepreru-
YEeCKUI CHEeKTp M3NMydyeHus: aOCOIIOTHO YEPHOTO Tefa, UCIOoNb3ya cooTHomeHus [Tnanka: E = pc u p
=~k, rae k = 27/A — BOTHOBOM BEKTOP, A — ITTMHA BOJTHBI ()OTOHA.

5. [Monarasi, yTo st AUdpaKIUK HA KPUCTALIHYECKONW PEIIeTKe MOJIE3HO UMETh YacTUIBI C A =
10—8 cm, HaliTH 3HEpruio0 PoTOHA, AEKTPOHA U HEUTPOHA C JAaHHOW JUIMHOM BOJIHBI.

6. VY IIbTPaxoJ0JHBIMU Ha3bIBAIOTCS HEUTPOHBI, CKOPOCTh KOTOPBIX vV < 1 m/c. Haiitn ux mimHy
BOJIHBI [le-bpoiins.

7. Bbruucnute MaTpuuHbIi 3neMeHT h~X|~pi, Tae |~pi, |~X1 — COCTOSHUS C ONpPEAEICHHbIM UM-
IIyJIbCOM M ONPEIEIIEHHON KOOPANHATOU COOTBETCTBEHHO.

8. OueHUTh U3 COOTHOIIEHUS HEONPEACIEHHOCTH SHEPTUI0 OCHOBHOIO COCTOSIHUS YaCTHIIBI B I10-
JIe OJJHOMEPHOT'0 FapMOHUYECKOI0 OCIUIUISITOPA.

9. OueHuTh U3 COOTHOLICHHSI HEONPEEeIEHHOCTH 3HEPTUI0 OCHOBHOT'O COCTOSIHUS DJIEKTPOHA B
aToMe BOJIOpOJa.

10. Haiitu paguyc cuibHOTO B3aMMOAEHCTBUSI, KOTOpOE 00YCIOBIEHO OOMEHOM BUPTYaJIbHBIM TT-
ME30HOM.

11. IToka3zaTb, 4TO MPOU3BOJIBLHBIN JTUHEHHBIN onepaTop L MoxxHO npenctaButh B BUuge L = A +iB
rae A u B — spMHUTOBEI oniepaTopsl.

12. JlokazaThb, uTo ams aro0bix oneparopoB A, B u C cnpaseminBo ToxaectBo[A, BC]=[A, B ]°C
+B[A, C].

13. SIBnsiercs M onepaTop KOMIUIEKCHOTO COMPSKEHUS a) TMHEHHBIM, 0) 3pMUTOBBIM?

14. Jlnst omeparopa C , onmpeneneHHoro B MpeabIAyel 3a1ade, HaWTH COOCTBEHHbIE (DYHKIIMU U

coOcTBeHHBIC 3HaUeHUs. [IpoBepuTh, 4TO COOCTBEHHBIE 3HAUCHUS STOTO OINEepaToOpa MOTYT OBITH KOM-
MIJIEKCHBIMU, @ COOCTBEHHBIE ()YHKIIMH, OTBEUAIOIINE PA3IMYHBIM COOCTBEHHBIM 3HAYCHUSIM, HE 00s13a-
TEJIbHO OPTOTOHAJIbHBI.

15. [Tokazatk, 4TO COOCTBEHHBIE (DYHKIIMH SPMHUTOBOTO OMEPATOpa OPTOTOHAIBHBI MEXKIY COOOH,



€CJIM OHU COOTBETCTBYIOT pa3JINdYHbIM COOCTBEHHBIM 3HAYECHHSM.

16.  Iloka3aTh, YTO COOCTBEHHBIE 3HAUEHHS SPMUTOBOTO OIIEPaTOPa BCErla ACHCTBUTEIbHBI.
17. [Tokasare, uro BonHa Jle-bpoiinsg He MPUHAAIEKUT THILOSPTOBY IPOCTPAHCTRY.
18. Haiitu obmee pemenne ypaBuenusi Lllpenunrepa ans cBOOOAHON YacTHIBI U TMOKa3aTh, YTO

OHO OECKOHEYHO BBIPOXKJICHO.

19. IToka3aTb, YTO IUIOTHOCTH TOKA j Il JIEKTPOHA B OCHOBHOM COCTOSIHMM aTOMa BOJIOPOJIA PaB-
Ha Hymo. CiecTBUEM 3TOro (akTa ABJIsSeTCS CTAOUIBHOCTh ATOMA BOAOPO/Aa B OCHOBHOM COCTOSIHUH.
OOBACHUTD TTOYEMY.

20. Haiitu sHepreruyeckuii CieKTp 1 HOPMUPOBAHHbIE BOJIHOBBIE (DYHKLIUHU CBSI3aHHBIX COCTOSIHUI
qacTUIlbl B osie V (X) =—g - 8(X), T1ie g — NOJOXKHUTEIbHAs TOCTOSTHHAS.

21. Haiitu cpenHue 3HaueHUs KUHETUYECKOW U MOTEHUUAIBLHON dHEPIUii. BeruncinTh nmpoussese-
HUE HEOIPEeICHHOCTeH KOOPAMHATH M UMIylbca. KakoB BHJI BOJTHOBOW (PYHKIIMH B UMITYJIHCHOM
IpecTaBiIeHUN?

22. Haiitu sHepretuyeckuil CieKTp M BOJIHOBBbIE (DYHKLMH YAcCTHULBI C 3aps/iOM € M Maccod m,
HaxoJslIelcs B 10JIE TaPMOHUYECKOTO0 OCLMJUIATOPA U B IIOCTOSHHOM JIEKTPUYECKOM IIOJIE HAIps-
#KeHHOCTbI0 E. CunTaTh BOJHOBBIE ()YHKLMHU U CIIEKTP JIMHEHHOr0 rapMOHUYECKOI0 OCLMIUIATOpaA 3a-
JaHHBIMU. J[BUJKEHUE OTHOMEPHOE.

Ilpumep mecmogwix 3a0anuii 011 nPOGEPKU CHOPMUPOBAHHOCIU KOMNEMEHYUTL, YKA3AHHBIX 6bliie N.3:

1. YcnoBus HeoOnpeneaeHHOCTH s P U X

1 APAXED
2

2 APA X>h
h

2. CrexTp ocumMuIsITOpa
1
E=ho(n+—
1. E=ho(n+)

2. E=ho(n)

ho
E=—
3. 5

3. Ca3b koadpunmenTa npoxoxaeHus R u orpaxkenus D (ogHOMeEpHBIH citydaid)
1. R+D=1

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