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I. Ieau u 3axa4y JUCHUILIHHBI

B xone n3ydenusa nucuumninHbl «KBaHTOBas MEXaHUKa» CTYJIEHTBHI M3y4alOT U OCBAaUBAKOT OC-
HOBHBIE TOHSTUS U METOJIbI KBAHTOBOM TEOpPUHU, CIIOCOOBI TEOPETHUUECKOTO OMUCAHUs, KOJIUYECTBEH-
HOT'O U KaU€CTBEHHOI'0 aHaJIN3a KBAaHTOBBIX IIPOLIECCOB B CUCTEMAX, COCTOSIINX U3 OJHOM MJIM MHOTUX
YaCTHL, a TAKXKE B CUCTEMAX C HEOIPEAEIEHHBIM MM MEHSIOIIMMCS YUCIOM YaCTHULL.

Juctummaa «KBaHTOBass MEXaHHMKA» MPEACTABISET COOOM TEOPETUYECKYH) OCHOBY JUIS IIO-
CIIEIYIOIINUX Pa3JIesIOB Kypca TEOPETHIeCKONH (PU3MKH. MaTeMaTH4eCKO U METOIUYECKON 0a30i Kyp-
ca SIBJISIIOTCSL BCE pasJielibl Kypca MaTeMaTUKU U TEOPETHYeCKON (DU3MKHU, U3YUEHHbIE CTYJCHTAMH K
Hayaiy 5 cemecrtpa.

B pesynbraTe n3ydeHus Kypca CTyACHT MpUOOpeTaeT Kak (yHIaMEHTAIbHBIC 3HAHUS O TIOXO0-
Jlax K OMHCAHUIO KBAaHTOBBIX CUCTEM, TaK U HABBIKH PEIICHUS KOHKPETHBIX KBAaHTOBO-MEXaHHMYECKHUX
3a/1a4.

esn Kypca

KBanToBass MexaHuKa SIBJISICTCS BaXHOM YacThI0 YHUBEPCAJIBHOW 0asbl JJig U3ydeHHUs OOIe-
po(ecCHOHABHBIX U CIEIUAIBHBIX AUCIHUILINH, BOOPYKAET BBIITYCKHUKOB HEOOXOIMMBIMU 3HAHHMSI-
MU JUISl PEIICHUS] HAyYHO-TEXHUYECKUX 33]a4 B TEOPETHUYECKUX M MPHUKJIAJHBIX aCIEKTaX, 3HAKOMUT
CTYJICHTOB C HAYYHBIMH METOJAaMHU MO3HAHHUs, TO3BOJISET HAYUYUTh UX OTJIMYATh TMIOTE3Y OT TEOPHH,
TEOPHUIO OT IKCHEPUMEHTA. DTa AUCIHUIUIMHA CIIOCOOCTBYET MPOBEACHUIO JIEMAapKAIIMU MEXIy Hayd-
HBIM ¥ @HTHHAYYHBIM TOJIXO/JIOM B M3YyUYEHUU OKPYKAIOIIETO MHUPA, MO3BOJIAET HAYYUTh CTPOUTH (U-
3UYECKUE MOJIENTN TPOUCXOSIIETO U YCTAaHABIMBATH CBSI3b MEXK]1y SIBJICHUSIMU, IPUBUBATh IOHUMAHUE
MIPUYMHHO-CIIEICTBEHHOM CBSI3U MEXy siBiIeHusAMU. O0manast TOTHYECKO CTPOHHOCTBIO U OMHPAsCh
Ha JKCMepUMeHTalIbHbIe (aKkThl, TUCHUIUIMHA «KBaHTOBass MeXaHUKa» SIBISETCS HACATILHOW NJIsl pe-
IIEHUS ATOU 3aaauu, GOPMUPYS Yy CTYJIEHTOB MOJIMHHO HAYYHOE MUPOBO33pPEHHE.

I{enbr0 OCBOEHUS Kypca KBAHTOBOM MEXAHUKH SABIISIETCS O3HAKOMIIEHHUE CTYJEHTOB C OCHOBHBI-
MU 3aKOHAaMH COBPEMEHHOU (DM3UKU U BO3MOKHOCTSIMH WX NMIPUMEHEHHUS MPU PEIICHUH 3a7a4, BO3HH-
KaloIuX B X MOCJENyIomel MpoPecCHOHATILHON IS TEIHHOCTH.

3amauu Kypca
— M3y4YECHUE 3aKOHOB KBAHTOBOM TEOPUU B UX B3aUMOCBSI3H;

— (hopMUpOBaHNE HABBIKOB MO MPUMEHEHHIO MOJIOKEHUN KBAHTOBOW TEOPUU K TPAaMOTHOMY Hayu-
HOMY aHaJIU3y CUTyalud, C KOTOPbIMU MCCIEAOBATEI0 MPUXOJUTCS CTAIKUBATHCSA IIPU CO3/a-
HUHW HOBOM TEXHHKH M HOBBIX TEXHOJIOTHII;

— (hopMHUpOBaHHE Y CTY/ICHTOB 3HAHUH OCHOB KBAHTOBOM TEOPUHU OMUCAHUS OKPY’KAIOIIETO MUPA;

— O03HAKOMJICHHE CTYJICHTOB C UCTOPHEN M JIOTMKON Pa3BUTHUS KBAHTOBONM MEXAHWUKH M OCHOBHBIX

€€ OTKPBITUH.



II. Mecto nucuuninubl B cTpykrype OIIOII:

Hucuunnuna «KBantoBast Mmexanuka» BXOAUT B 6a30Byto yacth 1ukia OIIOII. M3yuenue kyp-
ca MpeArnoiaraeT HAJTWYHe MOJYYCHHBIX Ha TPEIbIIyIIEM YPOBHE OOpa3oBaHUs OCHOBHBIX 3HAHUH,
ymeHuil no aucuuruinHam «/uddepennuansupie ypaBHeHUs Y, « TeopeTrnueckas MexaHUKa», «JeK-
TpoauHamuKkay. JucuurminHa «KBaHTOBas Teopus» MpeCTaBiIsieT cO00M TEOPETUUECKYI0 OCHOBY JUIS
MOCIIEAYIOMINX PA3ACNOB Kypca TeopeTuueckoil pu3mku «Pu3nuka KOHISHCUPOBAHHOTO COCTOSHUS,
«TepmoguHamuka u cTaTucTudeckas Gpusnka», «BBefeHre B KBAaHTOBYIO TECOPHIO mMos», «KBaHToBas
TEOpUS U3ITyUCHUS.

II1. TpeGoBanus K pe3yJbTATAM OCBOCHUS IUCHUTIIUHbBI

[Ipouecc n3ydeHus AUCIMUILTUHBI HAIIPABIICH Ha POPMHUPOBAHUE CICAYIOMUX KOMITCTECHITUI:
OIIK-1: ctocoOGeH npuMeHaTh 0a30BbIe 3HAHUS B 00JacTH (PU3MKO-MaTeMaTUUYECKUX U (MJIM) ecTe-
CTBEHHBIX HayK B c(hepe cBoeH mpodecCcroHanbHON JeATeIbHOCTH.

IlepeyeHb MIAHUPYEMBIX Pe3yJbTATOB 00yUeHUsI MO TUCIHUIJIMHE , COOTHECEHHBIX ¢ HHIAMKATO-
pPaMM J0CTH:KEHUs] KOMIIeTeHIHii

Komnerenius OIIK-1

HMupnukaroper koMnereH- MK on 1.1

uu 3HACT OCHOBOIIOJIAraromye MpuHIUIIbI, ITIOHATHUSA KBAaHTOBOM MEXaHHKH.

PesynbTarel 00yueHuss  3naem: OCHOBHBIE 3aKOHBI KBAHTOBOM MEXaHMKH, OTIMYHE KBAHTOBOM
TEOPUHU OT KJIACCUYECKOW; OCHOBHBIE METOJAbI PEIICHUS 3a/1ad, IpuMe-
HSIOLIMECS B KBAHTOBOU TEOPHH.

Ymeem: dbopMmynupoBaTh OCHOBHBIE NPUHIIUIBI KBAHTOBOW TEOPUHU H
NPUMEHATh UX K PELICHUI0 KOHKPETHBIX KBAHTOBO-MEXAHUYECKHX 3a-
Jlay, pelaTb OCHOBHBIE YPAaBHEHUSI KBAHTOBOW MEXAHUKH.

Bnaoeem: HaBbIkaMu pellleHHs] KBaHTOBO-MEXaHWYECKHX 3a/ay, mare-
MAaTHUYECKHM aIlapaToM, NPUMEHSIOMEMCS B KBAHTOBO-MEXaHUYECKOM
MOAXOME.

IV. Copep:xaHue n CTPYKTYpa AUCHHUILIMHBI (MOXYJIS)

OO0beM AUCHHUILIMHBI COCTABJIsAET 7 3aYETHBIX elIeHHIl, 252 Jaca, B TOM 4ucie 116 yacoB KOHTaKT-
HOM paboTHI.

3aHATHS TPOBOAATCSA TOJBKO B OYHOH (hopMe OOydeHHs ¢ MPUMEHEHHEM TUCTAaHIIMOHHOTO KOH-
TPOJISI CAMOCTOATENBbHON paboThl cTyaeHToB uepe3 DMOC dakynpTeTa. DIEKTPOHHON U TUCTAHIIMOH-
HOM GopM 00yUueHHS HE MTpeTyCMaTPUBACTCSI.

Ha nmpaktryeckyro moaroroBky oTBoauTcs 50 ay IMTOPHBIX YacOB.

Dopma npomedNcymoyHol ammecmayuu: IK3AMeH.



4.1.

Coz(epmamle AUCHUILIMHBI, CTPYKTYPUPOBAHHOE€ IO TEéMaM, ¢ YKasaHUEM BU/I0B

y‘lCﬁHle 3aHSAATHH M OTBEJIEHHOI0 HA HUX KOJIMYECTBA aKaJeMHYeCKHUX YacoB

Ne | Paz- C Bc s Bunbl yueGHOit paboThl, DopMBI TEKY-
n/m | gen e | er | HHX | BKIJIIOYAas CAMOCTOSITENBHYIO PadOTy OOyUYaroluxcs , MpakTHYe- | [IEro KOHTPOJIs
Iuc- | M | O | Ipak- CKYIO ITOATOTOBKY M TPYAOEMKOCTh yCIIeBaeMOCTH;
OUIT | € 49a | THde- (B gacax) ®dopwma mpo-
WHBI/T € | cO | CKas MEXYTOYHOM
KonraktHas paboTa npenosaBarens ¢ o0y4ato-  CamocTosi-
eMBl | T B | mox- aTTeCTaIuu
MIAMHCS TenbHast
P ro- (no cemecm-
pabora
TOBKa Jlexuun CeMuHapckue Koncynbra- pam)
00y- /mpaktryeckue 1/ KCP/KO/K
Jaro- /mabopaTopHEIC OHTPOJIb
MIMX- 3aHATHS
csl
1 1-22 5 252 50 50 50 2/4/10/26 110 [IpakTuye-
CKoe  3aaa-
HUC, JK3a-
MEHAIUOH-
HBIC 3aJa4Y1
Hroro: 252 50 50 50 2/4/10/26 110

4.2. Il1aH BHeayAMTOPHO# caMOCTOSAATETbHOM Pa0oThHI 00y4aIOIIUXCSI TI0 TUCIHHILINHE

Cemectp HazBanue CamoctositenpHas paborta oOydaronmuxcs | OneHouHoe  YueOHO-
azzena, Te- CPEICTBO METOu4e-
pasjiena, Bun camo- Cpoku  BbI- Tpynoem- pel A 5
MBI . K -
CTOSITENIHOW | MOJIHEHMS KCTb (4ac.) cloe - obec
NevYeHue ca-
paboThI cHeHne ¢
MOCTOSITEIb-
HOU paboThI
1 Tema 1-22  3ananue B [Tocne mpoii- 110 Hemonctpa- Hcrounukn u3
Bujie 3a7aun  J€HHBIX TeM 1A TOTOBBIX OCHOBHOH W
pelIeHui JTOTIOTHUTENb-

HON JuTeparty-

pHL
MPaKTUYECKHUX

no Teme
3aHaTuil; O6pa-
30BaTeIbHBIC

pecypchl,
CTYIIHBIE

A0-
1o
JIOTHHY U Napo-
10, MPeoCTaB-
nsiempiM  Hayu-
HOM OubmmnoTe-
ko UT'Y.




4.3. Coneprxkanue yueOHOro MaTepuaja

Conep:xanue pa3/iesioB U TeM JUCHHILIMHBI (MOYJIs1)

Pazgen 1

Tema 1. DHeprusi U UMITYJIbC CBETOBBIX KBaHTOB. I'mmore3a Ilmanka. Dddexr Komnrona. [Tnockas
BostHa Jle-bpoiins, e€ ¢pusndeckuii cMbicii. KoMITOHOBCKAsS JUTMHA BOJIHBI M ITTMHA BOJHBI [le-bpoiins.
Judpaxims MUKpOYaCTHUL.
Tema 2. bopHoBCcKas MHTEpIIpETaIlds BOIMHOBOW GyHKIMH. [IpuHITMI cynepno3uiuu cocTossHui. Pasz-
JI0’)KEHUE MPOM3BOJIBHOTO COCTOSIHMS 110 TUIOCKUM BoJiHaMm Jle-bpoiins. dusudeckuii cMbicn K03 du-
HHEHTOB paziioxkenus. Dopmanusm Jupaka.
Tema 3. ®azoBoe NPOCTPAHCTBO KBAHTOBOM cucTeMbl. COOTHOILIEHUE HEONPEIEIIEHHOCTH KOOPANHA-
Ta-uMIyJbC. OLEHKa SHEPTUU OCHOBHOTO COCTOSIHUSI TAPMOHMUYECKOT0 OCHMIUISTOPA U aTOMa BOJIOPO-
na.
Tema 4. Oneparopubiii popmau3M KBaHTOBOM MexaHUKU. CaMOCONPSDKEHHBIC OIEpaTOPhl B THIIb-
O6eproBoM mpocTpaHcTBe. OmnepaTopbl KOOPJAMHATEI U UMITYJIbca B WX coOcTBeHHble QyHKuIuu. Cpen-
Hee 3HaYeHHe JII000H TUHAMUYECKOW BEIMYMHBI B MPOU3BOJIBHOM COCTOSIHMH. OCHOBHBIE CBOWCTBa
COOCTBEHHBIX (PYHKIMIA. BhluncieHne BepoATHOCTEW pe3yJIbTaTOB U3MEPEHHS TUHAMUYECKOW BEIU-
YUHBI B IPOU3BOJILHOM COCTOSIHUH. Y CJIOBUE OJIHOBPEMEHHON U3MEPUMOCTU JUHAMUYECKUX BEJIMYUH.
Tema 5. 'amunsTOHHAH CBOOOTHOM YacTUIBI. beckoHeUHOE BRIpOXKACHHE cocTostHMA. O000meHe Ha
ciy4dail BHEHIHEro nojs. YpaBHenue lpenunrepa. ['aMunbTOHMAaH Kak T€HEPATOP SBOJIOIUU CHCTE-
MBI BO BpEMEHHU. Y paBHEHUE HenpepbIBHOCTH. [ImoTHOCTH Toka. HopMupoBka minockux BosnH. Cranu-
oHapHble cocTosiHMs. CrannonapHoe ypaBHeHue [llpenunrepa. @EeHOMEHOIOTHYECKOE ONMCAHUE KBa-
3UCTAIMOHAPHBIX COCTOSIHUM. ECTeCTBEeHHAs ITUPHUHA CTIEKTPAIBHBIX JIMHUNA U BpEMS KU3HHU.
Tema 6. DBonrOIMS ONEPATOPOB BO BpeMeHU. MIHTerpaiibl IBUKEHUS.

Pazpnen 2
Tema 7. KBaHTOBaHHME TapMOHHMYECKOTO ocuuiuisiTopa. [loBbIIaONME M MOHUKAIOIIUE ONEPATOPHI.
OHeprerudeckuil ciekTp. BonHoBas (QyHKIMS OCHOBHOTO COCTOSIHMS. MaTpUUHBIE JIEMEHTHI Olepa-
TOpa KOOPAUHATBHI.
Tema 8. KBaHTOBaHHE MOMEHTa KOJMYECTBA JABUKEHHUS METOJOM IMOBBIIIAIOIIUX U MOHMKAIOMINX
orepaTopoB. AnreOpa MOMEHTOB KOJIHUYECTBA ABMXKEeHHS. Peanusanus anreOpsl B nuddepeHnnanbHon
u MarpuuHOil popme. COOCTBEHHBIN MOMEHT KOoJu4ecTBa ABWKeHUs (crrH) CHeKTphl KBajpara MO-
MeHTa U 3-eit mpoekiuu. CoOCcTBeHHBIC (DYHKIIMN OPOUTAITHBHOTO MOMEHTA KOJTMYECTBA ABUKEHUS.
Tema 9. Yactuna B chepudyecku-cCMiMMETpUYHOM Toje. Pa3znenenue nepemeHHbIx. PaguansHoe ypas-
Henue llpenunrepa. Knaccudukanus coctosHuil B cheprudecKku-CHMMETPUYHOM T10JIe. ATOM BOJIOpPO-
7la, €ro CIEeKTpP U BOJHOBAs (PYHKLHS OCHOBHOT'O COCTOSIHUS. BBIpoKIeHNe sHEpreTUUeCKUX ypOBHEH

U ero npupoaa. Toku B aToMax, MarHUTHBI MOMEHT aTOMa.



Tema 10. 'amunbTOHUAH 3apSHKEHHOM YaCTUIIBI B MPOU3BOJIBHOM 3JIEKTPOMAarHMTHOM MoJie. ATOM BO-
J0poja B IOCTOSTHHOM MarHUTHOM 1oJie. BoiHOBast pyHKIUS U SHEPreTHUECKUi criekTp. YacTuuHoe
CHSITHE BBIPOXKICHMUSL.
Tema 11. KBaHTOBOE ONUCAaHKUE JBYXaTOMHOM MOJIEKYJIbl. TEIMIOEMKOCTh MPHU Pa3IMUHbIX TEMIIEPATy-
pax.
Tema 12. ]IpwxeHue YaCTHIBI B MEPUOIUYECCKOM ToJie. TpaHCISIMOHHAS WHBApHUAHTHOCTH. CoO0-
CTBEHHBbIC (DYHKLMHU U COOCTBEHHBIC 3HAUCHHs OINEparopa TPAHCIALUHU. 30HHAS CTPYKTypa CHEKTpa.
Paznoxenue criektpa Ha "nmHe" u "kpasx" 30HbI bprnttosna. Meron "sddexTuBHON Macchl'.

Paszpgen 3
Tema 13. CiyH 371€KTpoHA. DKCIEPUMEHTAIBHOE JOKA3aTeIbCTBO CYIIIECTBOBAHUS CIIMHA AJIEKTPOHA.
Oneparop cnuHa. CnuHoBble pyHKIMU. YpaBHeHue [laynu. /[BuxeHue cnmHa B IOCTOSIHHOM U Iepe-
MEHHOM MarHUTHBIX MOJISIX.
Tema 14. CraumoHapHas TeopHsi Bo3MyIleHUs. OCOOEHHOCTH U pa3iinyMs B BBIPOXKJCHHOM M HEBBI-
poxxaeHHOM ciydasix. [logpoOHbIi aHaJIM3 IBYKPATHOIO BBIPOKIAEHUS. YacTUUHOE CHSATHE BBIPOXKIE-
HUSL.
Tema 15. HectranmonapHasi Teopusi BO3MylleHus. Pe3oHaHcHOe BO30Y KIeHNE CUCTEMBI.
Tema 16. Ilpocreiiiye NpUMEHEHUS TEOPUH BO3MYILEHUS. AHIAapMOHUYECKUN ocumiuATop. Pacien-
JICHWE CTIEKTPAIbHBIX JIMHUIA B DJIEKTPUYECKOM H CIIA0OM MarHUTHOM IIOJISIX.
Tema 17. lloBeneHue BOJHOBBIX (YHKIUH Ha OOJIBIIMX U MajbIX paccTOsHUAX. [IpuunHa KBaHTOBa-
HUS DHEPIHH.

Paznien 4
Tema 18. TlocraHoBKa 3a/7a4yu B TEOPUHU CTOJKHOBEHUN MUKpouacTHll. CBs3b MEXKIY aMILUIUTYIOU
paccestHisl M1 aCUMIITOTHYECKUM IOBeJACHHEM BOJIHOBOM (yHKIuU. CeueHue paccesHus. bopHoBckoe
NpUOIMKEHNE IJIS1 AMIUTUTY 1Bl PaCCesTHUSL.
Tema 19. Pacuer aMIUIUTY bl U CEYEHMS NIPU PACCESIHUU HA KYJIOHOBCKOM M FOKaBCKOM ITOTEHIIAAJIaX.
Tema 20. Tounas Teopus paccessHusi. PaznokeHre aMIIuTyIbpl Ha apiuanbHbeie BoHBL. daza pacce-
sSHUS. Y cloBUE yrpyroi yHuTapHocTd. OnTrueckas Teopema. Mojens abCoOTHO YEPHOTO JTUCKA.
Tema 21. TlpoxoxJIeHHe YacTHIl Yepe3 MOTeHIMaIbHbIN Oaphep TyHHenbHbIM >(dext. Xonoanas
AMHUCCHS METAJIOB. Vlcue3HOBEHUE CIEKTPAIBHBIX JIMHUM B CHIIBHOM JIEKTPUYECKOM Mose. Tpéxmep-
HBINM MoTeHIManbHbINA Oapbep KBazucranmonapusie cocTosiHUs. Teopus panoaKTUBHOTO pacnajia.
Tema 22. Kunematuka W3JTydeHUs U MOTJIOMIEHUS (OTOHA HECTAOMIBHBIM CBOOOIHBIM SAPOM. DHEp-
TUs OTJA4M A7pa U BKJIAJ ee B oHepruro ¢oroHa. Sapo B mose ocummistopa. ekt Meccbayapa.

dakrop Jebas - Bannepa.



4.3.1. IlepeyeHb CEMHUHAPCKUX, IPAKTHYECKHUX 3aHATHII U J1Aa0OPATOPHBIX PadoT

Ne Ne paznena m | HaumeHoBanue ceMUHApoOB, npak- | Tpyno- O1neHoYHbBIC dopmMupyeMbIe
TEMBI IUCIM- | THYECKUX M JTaOOPaTOPHBIX paboT eM- cpeacTsa KOMITETCHIIUU
TUTHHBI KOCTb
("1acer)
1 2 3 4 5 6
1. | Pasgen 1, Te- | 'mnore3a Jle-bpoiins, runoresa 2 | 3agaHue Ha ce- OIIK-1
Ma 1 [Tnanka MHUHape B BUJE
3a/1a4n
2. | Pasmen 1, Te- | Dddexr Kommrona 2 | 3amanwue Ha ce- OIIK-1
Ma 2 MUHape B BUJE
3aJ1a4u
3. | Pasmen 1, Te- | Jla3zepHas KOHBEPCHS KaK MEXaHHU3M 2 | 3amanwue Ha ce- OIIK-1
Mma 3 yCKOpeHUs! JOTOHOB MHHApE B BUIE
3aJ1a4u
4. | Pazmen 1, Te- | MunumanbHbie 3HaYeHHS (Ha30BOTO 2 | 3aganue Ha ce- OIIK-1
ma 4 o0wvema gacTuibl. COOTHOIIEHHE MHHApE B BUIE
HEomnpeeIeHHOCTEN "KOOpANHATA- 3aJa4u
uMnyssc", "sHeprusi-Bpems ku3Hu"
5. OrieHKa 3HEPTUU OCHOBHOT'O COCTO- 2 | 3aganwue Ha ce- OIlK-1
STHUSL U3 COOTHOIIICHHS HEOTIpeie- MUHape B BUIE
JIEHHOCTEU 15l IMHEUHOT O TapMo- 3aJa4u
HUYECKOT'0 OCLMJIIATOpA U aTOMa
BOZIOpOIA
6. | Pazmen 1, Te- | OmepaTopsl AMHAMAYECKUX BEIH- 2 | 3aganwme Ha ce- OIlK-1
Ma 5 YHH B THIILOCPTOBOM MPOCTPAHCTBE. MHUHAape B BUJIE
CoOcTBeHHBIC (DYHKITUHU U COO- 3a/1auu
CTBEHHBIE 3Ha4YeHUs. VX pusnde-
CKHIl CMBICIL.
7. Kanonnueckuit kommyTaTop "Koop- 2 | 3aganue Ha ce- OIlK-1
JUHATa-UMITYJIBC" MUHape B BUJE
3aJ1a4n
8. Pazgen 1, Te- | Ypasuenue llpenunrepa st Boj- 2 | 3aganue Ha ce- OIIK-1
Ma 6 HOBOI (pyHK1MU. BopHOBCKast WH- MUHape B BUJIE
TepIpeTays BOITHOBOW (QYHKIINH. 3a1a9u
CranuonapHoe ypasHenue lpe-
nquHrepa. dakTopusaius 3aBUCUMO-
CTH OT BPEMEHH U KOOP/IMHAT.
OHepreTU4ecKui CeKTp U BOJIHO-
Bble (DYHKIIMY YaCTHUIIBl B «IIOTEH-
UATLHOH siMe» ¢ OECKOHEYHO BbI-
COKHMMH «CTEHKaMHU»
9. Paznmen 2, Te- | DHepreTuveckuii CIEKTp U BOJIHO- 2 | 3aganue Ha ce- OIIK-1
Ma 7 BbIe ()YHKIIMU YaCTHUIIHl B KOHEUHOH MUHape B BUjIE
«TIOTEHIMATLHON IME 3a/1a4n
10. DHEPreTUIeCKUi CIIEKTP U BOJHO- 2 | 3amanue Ha ce- OIIK-1
Bble ()YHKLIMHU YaCTULBI B MOJIE T10- MHUHape B BUJE
teHana Buaa V(x)=-gé(x) 3aJ1a4M
11. | Pazgen 2, Te- | DHepreTHUYecKHii CIIEKTP U BOJHO- 2 | 3aganwue Ha ce- OIlK-1
Ma 8 BbIe ()YHKLIMHU YaCTULBI B MOJIE T10- MHUHape B BUJE
TeHIMana Buaa V(x)=-g(d(x+a)+ 3a/1a4u
d(x-a))
12. | Pasnen 2, Te- | OpOuTanbHbI MOMEHT 2 | 3aganue Ha ce- OIlIK-1
Ma 9 MHUHape B BUJE
3a1auu




13. | Pazgen 2, Te- | AMIUIMTYZAa paccestHUs 3JIEKTPOHA 3amaHue Ha ce- OIIK-1
ma 10 Ha TIPOTOHE B OOPHOBCKOM IIpH- MHHApE B BUIE
OJIMKeHHUN 3a/1a4n
14. AMIUIUTY/1a paccesHus 3JeKTpOHa 3aaHue Ha ce- OIIK-1
Ha CJIO)KHOM 3JICKTPOHEHUTPATHLHOM MUHape B BUJIC
aTome 3a/1a4n
15. | Pasgen 2, Te- | IIpoxosxaeHHe YaCTHUIBI YEPE3 I10- 3aganue Ha ce- OIIK-1
Mma 11 TEeHIHANbHBINA 6apbep V(X)=-gd(x) MUHape B BUJE
3aJ1aun
16. | Pasgen 2, Te- | IIpoxosxaeHHe YaCTHUIBI YEPE3 I10- 3amaHue Ha ce- OIlK-1
Mma 12 TEHIIHATLHBIN Oaphep B BHIE «Oec- MHHApe B BUIE
KOHEYHOU CTYICHNY 3aJ1auu
17. IIpoxoxaeHne yacTHIbl uepes npsi- 3aaHue Ha ce- OIIK-1
MOYTOJIBHBIN TOTEHINATHHBIN Oa- MHHApE B BUIE
pbep 3aJ1a4yn
18. | Pasgen 3, Te- | DHepreTHUYECKUi CIICKTP YaCTHIIBI, 3amanue Ha ce- OIlK-1
Ma 13 HaXOJSIIEHCS B ITOJIC TApMOHUYEC- MUHape B BUJIC
CKOTO OCIIIIISITOPA U B TIOCTOSH- 3a/1aun
HOM 3JICKTPUYECKOM TI0JIC
19. | Pasgen 3, Te- | BonHOBBIC (yHKIIMK YaCTHIIBI, 3aganue Ha ce- OIlK-1
ma 14 HaxOJAILIEHCS B MOJIE TUHEHHOTO MHHApE B BUIE
TapPMOHHYECKOTO OCIIIIIATOPA, CO- 3a/1aun
OTBETCTBYIOIINE BO30YXKICHUAM
n=1,2
20. | Pazgen 3, Te- | BomHoBbIe GyHKIIMH U SHEPTETHYE- 3amaHue Ha ce- OIlK-1
ma 15 CKHI1 CIIEKTp YaCTHUIIbl, HAXOAIICH- MHHApE B BUIE
s B TI0JIC IBYMEPHOTO TapMOHHUYE- 3aJ1a4yu
CKOT'0 OCHMIIISITOpa
21. | Paznen 3, Te- | BomHoBbIe GYHKIIMU U SHEpreTHYIE- 3amanue Ha ce- OIIK-1
Mma 16 CKHI1 CIIEKTp YaCTHUIIbl, HAXOAIICH- MUHApE B BUIE
s B TI0JI€ TPEXMEPHOTO rapMOHHM- 3aJ1a4yu
YECKOTO OCIIILIATOpA (SI1pa B KpHU-
craje)
22. | Pasnen 3, Te- | DHepreTHUeCKUid CIIEKTpP aToMa BO- 3amanue Ha ce- OIIK-1
Mma 17 JIOpOJia B TIOCTOSIHHOM MarHUTHOM MUHape B BUJIC
oJie 3a/1a4n
23. | Pazgen 3, Te- | Crun. Matpursr [laymu 3amanue Ha ce- OIIK-1
ma 18 MUHape B BUJIE
3aJ1a4u
24. | Pazgen 4, Te- | 3meHeHue COCTOSIHUS CUCTEMBI 3amanue Ha ce- OIIK-1
ma 19 MO/ JE€UCTBUEM BHEILIHETO BO3MY- MHHApE B BUIE
HICHUS 3aJ1a4u
25. | Pasnen 4, Te- | XosoaHast SMUCCHS 3JICKTPOHOB U3 3amanue Ha ce- OIIK-1
ma 20 MeTaja MUHape B BUJIE
3aJ1aun
26. | Pasznen 4, Te- | DHeprust u3jIy4eHUs U MOTJIOIICHHS 3amanue Ha ce- OIIK-1
ma 21 (doToHa HeCTAOMIBLHBIM CBOOOIHBIM MUHape B BUJIE
SITPOM 3aJ1aun
27. | Pazgen 4, Te- | Dddext Meccbayspa. Paxrop Le- 3anaHue Ha ce- OIIK-1
ma 22 bas-Bamepa MHHApE B BUJE

3agaun




4.3.2. [1nan camoCTOATEJbHOI PadoThI CTYACHTOB

Ne Tema Bun 3amanue Pexomenny- | Komu-
HeL. caMocTosl- emas JUTepa- | YeCTBO
TEJIHOU Typa 4acoB
paboThI
1 KBanToBa- | Baeaymu- | KBanroBanme bopHa - Mudenbaa B 10
Hue bopna TOpHas, siuKe. Berancienue cratuctuye-
- Uadens- pelieHre | CKOW CyMMBI OJTHOM CBOOOIHOM ya-
Ja B SN~ 3a1a4 CTHIIBI.
Ke.
2 KBanroBa- | Bneaynu- | KBaHTOBaHHME MOMEHTa KOJIMYECTBA 10
HUE MO- TOpHasi, | ABM)KEHUS METOJIOM IOBBIIIAIOLTNX
MEHTa KO- pelIeHre | U MOHIKAIOIIMX ONepaTopoB. AJl-
JINYeCTBa 3a1a4y reOpa MOMEHTOB KOJIMYECTBA JBU-
JIBUKCHHUS xKeHus. Peanmm3zanmst anreOpsl B
mudepeHIaTbHON U MAaTPUYIHON
¢dopme. CoOCTBEHHBIIT MOMEHT KO-
nudecTBa ABMkeHus (crnuH) Crek- M CTOUHHKH
TPBI KBaJpaTa MOMEHTA U 3-€d IIPO- | 13 ocHOBHOI
exuuu. CobcTBeHHbIE (PYHKIINU Op- ¥ JTOTIOJHH-
OUTaTBHOTO MOMEHTA KOJIMYECTBA TenLHONR i~
[ABUKCHUS. TepaTypsbl 1O
3 Ksanrosoe | Breaymu- | KBaHTOBOC OmHCaHHE ABYXAaTOMHOM | teme mpakTH- 10
OIHCaHUe TOpHasl, | MOJEKYJbl. TeIIOEMKOCTb IPH Pa3- | yeckux 3aHs-
JIBYXaTOM- pellIeHne | JIMSAHBIX TEeMIIepaTypax. TH;
HOM MoJte- 3a1a4y O6pazoBa-
KYJIBL. TEIBHBIE pe-
4-5 | Cnun Bueayau- | CniuH 351€KTpoHA. DKCIIEpUMEH- CYpPCBI, J10- 10
DIIEKTPOHA. TOpHasl, | TAIbHOE JJOKAa3aTe/IbCTBO CYIIECTBO- | CTYMHBIC IO
pellieHie | BaHWs CIIMHA dNIeKTPOHA. ONepaTop | joruuy u ma-
3a1a4 cnuHa. CIMHOBbIE PYHKIMU. YpaB- poutio,
Henue [laynu. /IBukeHue crnvHa B TIPeoCTaB-
MOCTOSTHHOM U TIEPEMEHHOM Mar- TISIEMBIM
HUTHBIX MOJISIX. Hayumoit
6 Ceuenue Bueaynu- | Pacder aMmudtypl U cedeHUs Ipu 6UOINOTEKOIM 10
paccessHUsS TOpHasi, | pacCcesHUU Ha KyJIOHOBCKOM U UTY u Cro-
pemieHne | F0KaBCKOM TOTEHIIMAIAX. POHHHe caii-
3a/a4 THI
7-8 | Kunematnu- | Bueayam- | KnHemaTnka U3IydeHUs H MOTIIO- 10
Ka u3nyue- TOpHasi, | IMeHUs (HOTOHA HECTAOMIILHBIM
HUS ¥ T10- pemieHne | CBOOOTHBIM SAPOM. DHEPIHs OT/a-
TJIOIICHHUS 3aa4y YM s7pa ¥ BKJIAJ €€ B SHEPrTHIO (o-
¢dorona ToHa. J{orepoBckoe ymmpenne
muHuA. Onpenenenue TeMnepaTypbl
3BE3/I.
9 Teopus Bueaymi- | pyccesmme B mome Y (X) =—Go(X) 10
paccesHis TOPHAYL, | OfpaTHTs BHUMAHNE HA OBE/ICHIE
PCHICHAC | anNmimuTy oTpaskeHHO#H 1 IpomTe/-
sanat Ield BOJIH MPH MPOJIODKEHUH pellie-
Hus B o6nacth E<O0.




10

10

10

10 | KsanroBo- | Bueayau- | OmnepaTopsbl, COnpspKEHHBIE K OIle-
MeXaHHuye- TOpHas, | patopam
CKHeE or1e- emeHne | » d 5 .d A d

P A=— B=1—,C=mwx+h—
paTopbl 3a1a4y dx dx dx

11 | CobOctBen- | Bueaymu- A d

HbIE 3Ha- TO Izaﬂ C=mox+h—_
PHAA, 1 11 onepatopa dx

YCHUS pelieHne .

HaiiTu coOCTBeHHbIE (DYHKIMU U
KBaHTOBO- 3aa4y

coOcTBeHHbIe 3HaueHus. [IpoBe-
MeXaHH4e-

PHUTb, 4YTO COOCTBEHHBIE 3HAYCHUS
CKHUX OIle-

3TOTrO OMepaTopa MOTYT OBITH KOM-
paTopoB

TUIEKCHBIMHU, a COOCTBEHHBIE (DyHK-

L[MU, OTBEYAIOIINE PA3IMYHBIM COO-

CTBEHHBIM 3HaYCHUSIM, HE00s13a-

TEJIbHO OPTOTOHAIIBHBI.

12 | Dueprus Bueayau- | OnpenenuTs ypOBHHM dHEPTUU U
KBaHTOBO- TOpHAsi, | BOJIHOBBIC (DYHKILIUU IJIs 3apSIKECH-
MeXaHWu4e- pelIEHHE | HOW JJIs 3apsKEHHOW YaCTHIIbI B
CKUX CH- 3ama4y MIOCTOSIHHOM U OJTHOPOJHOM Mar-
cTeM HUTHOM I10J1€. BbIOpaTh BEKTOPHBIM

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

13-14 | Yactuua B Bueayau- | Cunrtast U3BECTHBIM TaMUIBTOHUAH
AIIEKTPO- TOpHAsl, | YaCTHIIBI B SJIEKTPOMAarHUTHOM TI0-
MarHUTHOM | peIlIeHuE | Jie, HAUTH a) BhIpaKEHUE IJis OTle-
11oJIe 3anaq paropa ckopoctu V; 6) KoOMMyTanu-

OHHBIE COOTHOIICHHUSI JIJIsI KOMIIO-
HEHT CKOPOCTH; B) aHAJIOT ypaBHe-
Hus HproToHa.

15-16 | BopHoB- Breaynu- | BeluMcinTh aMIUIATYAy paccesHUs
CKO€ IpH- TOpHasi, | Ha MPSIMOYTOJHLHOU MOTEHIIMATHLHOM
OnmxKeHue pelieHue | siMe B OOPHOBCKOM MPHUOIMKEHUN.

3a/a4

17 | Paccesnune | Bueayau- | BelUMCANTH aMITTUTYIy pacCesHUS
Ha MOTEH- TOpHas, | B OOPHOBCKOM NpUOJIMKEHUH Ha
nyane pemienue | moteHumaine FOkasa
IOxaBa 3a1a4 Ur)=(alr)e "

4.4. MertonuyecKkue yKa3aHus 10 OPraHU3alMU CAMOCTOSITEIbHOM Pa0doThI CTY/IEHTOB

B pasnmene 4.3.2 cryaeHTam I CaMOCTOSATEIBHOTO yTiyOJEHHOTO M3Y4YeHHUs AUCIUIUIMHBI (TIapari-
JIENBHO C JICKIMSIMHU) MpeIaraloTes 3a1a4i Mo U3ydaeMbIM paszzienaMm u rpaduk ux mzydenus. [Ipen-
MoJlaraeTcs, 4To CTYACHT CaMOCTOSITENIbHO U3YUUT JIOMOJHUTENbHBIE aparpadsl Mo IpoiAeHHON Te-
M€, NIPEACTABIEHHBIE B JIUTEPAType U3 II. 5, a 3aTeM pEIINT NPEJI0KEHHbIE TE€OMETPUUECKHE 3aJauH.
OneHka caMOCTOSITENbHON paboThl CTYAEHTOB MTPOBOJUTCS B BHJI€ KOHTPOJBHBIX OIMPOCOB Ha MPAKTH-
YECKUX 3aHITHSIX.

4.5. IlpumepHasi TeMATHKA KYPCOBBIX PadoT (IPOeKTOB) (NIPU HAJIMYNHN)

YueOHBIM INIAHOM HE npeaAyCMOTPCHO HAIMMCAHUC KYPCOBBIX pa60T.




V. YueOHOo-MeTOoaM4YecKOe M HHPOPMALIMOHHOE O0ecriedeHre TN CHUIINHBI:
a) mepeYeHb JUTEPATYPbI
OCHOBHasl JIUTepaTypa
1. Bamr A. H. KBantoBas MexaHHKa B 3aj1a4ax : yue0.-meroq. nmocobue / A. H. Bami, O. H. Coin-
narenko. — Upkyrtck : U3a-so UT'Y, 2010. — 87 c. Hp A623906; pusmar 30856 (100 3k3.)
2. Tlapmaxos A. H. Beenenue B KBaHTOBYIO (GH3HKY : yue0. mocobue [DaeKTpoHHbIi pecypc] / A.
H. ITapmakoB. — Dnextpon. Bepcusi kH. — CII0. : U3a-Bo Jlaws, [2010]. — 352 c. — (OBC

«Jlanbpy). — Pexxum goctyma: http://e.lanbook.com/view/book/297/

JOTIOTHUTEIIbHAS JINTEpaTypa
brnoxunnes, 1. 1. OCHOBBI KBaHTOBOW MeXaHUKH [ DneKTpoHHEIH pecypc] / 1. U. bioxunies. - Diek-
TPOH. TEKCTOBBIE JaH. - Mocksa : Jlanb, 2004. - 664 c. : un. - (YueObuuku ansa By30B. Crienuanb-
Has nuteparypa). - ObC "Jlanp". - Heorpanuu. nocrym. - ISBN 978-5-8114-0554-1
Jlannay JI. JI. KBantoBas mexanuka : Teoperuueckas ¢pusuka, Tom 1/ J1. J1. Jlangay, E. M. JIuduumn.
—5-e u3a. — M. : Hayka, 1989. — 767 c. (56 3k3.)
lamuukwmii, B.M. 3amaun mo kBaHTOBOW MexaHuke [Tekct] : y4e0. mocobme st ctyd. us. crei.
BhIcII. y4eO. 3aBeaenuii / B. M. Nanunkuit, b. M. Kapnakos, B. 1. Koran. - M. : Hayka, 1981. -
648 c. — (30 3x3.)
Jlunikun . KBanToBas mexanuka. HoBbIi moaxon kK HeKOTOpEIM npodsiemam / I. Jlunkun. — M. : Mup,
1977. 592 c. (ud A 37855, 767271, dm 767272, 5 3k3.)
0) mepuoguYeCKHEe U3TAHUS
- HeT.
B) CIIUCOK ABTOPCKUX METOJANYECKUX pa3padoTok
- HeT.
r) 0a3bl JaHHbIX, HHPOPMAMOHHO-CIIPABOYHbIE U IOUCKOBbIE CUCTEMbI
http://library.isu.ru/ - Hayunas outbmuorexa UT'Y;
OO0pa3oBarenbHbIE PECYPCHI, OCTYIHBIE 1O JIOTHHY M Tapojio, MpeaocTaBiseMbiM HaydHoit
o6ubmmorexoit UI'Y:
e https://isu.bibliotech.ru/ - 343 «bubmmoTex»;

e http://e.lanbook.com - DBC «U13natenbctBo «Jlanby,

e http://rucont.ru - 3bC «PykoHT» - MexoTpacneBas Hay4Hass OMOJIMOTEKa, coaepsKamas ouud-
POBAaHHBIC KHUTH, IICPUOJUYCCKUEC U3OaHNUA U OTACIBHBIC CTaTbU IO BCEM OTpaCIAM 3HaHHI>i, a
TaKKe ayIuo-, BUAE0-, MyJIbTHMEANA COPT U MHOTOE JIPYTOE;

e http://ibooks.ru/ - DBC «AiiOykc»- HHTEpHET Pecypchl B CBOOOTHOM JIOCTYTIE.


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

VI. MatepunajibHO-TEXHHYECKOe o0ecneyeHne JUCUUIIMHBI

Y4ueOHast ayauTopusi JJisi IPOBENCHUS 3aHATHH. J[J1s1 MpoBeneHus 3aHATHI JICKIIMOHHOTO THIA B
Ka4yecTBE JIEMOHCTPAIMOHHOTO O00OPYJOBAaHUS MCIOJIB3YeTCs MenoBas nocka. HarmsgHocTs obecre-
YMBACTCS MyTEM M300pa’keHHsI CXeM, auarpamMMm M ¢GopMys ¢ moMmoulbio Mena. Mcmonb3oBaHue Tio-
0aNbHOI KOMIBIOTEPHOI CETH MO3BOJSET 00ECHEUUTh TOCTYMHOCTh MHTepHET-pecypcoB U peaan3o-
BaTh CaMOCTOSITEJIbHYIO paboTy cTyneHTOB. Ha NeKuusx MOryT HCIOJIb30BAThCA MYJIbTUMEIUNHBIC
CpeICTBa: MPOEKTOP, NEPEHOCHON 3KpaH, HOYTOYK. Ha (akynpTeTe nMeeTcs KOMIbIOTEPU3UPOBAHHAS
ayIuTOpus, MpelIHa3HauYeHHas JUIsl CaMOCTOSTEeNbHOM paboThl, ¢ HEOrPaHUYEHHBIM JoCcTynoM B WH-
TEpHET.

Marepuansl: y4eOHO-METOIMYSCKUE MOCOOUs, 3aMaHusl ISl Ay AUTOPHON M CaMOCTOSITEIbHOU pa-
OOTBI CTY/ICHTOB.

VII. O0pa3oBaTe/ibHbIe TEXHOJIOTHH

33,[[3.‘11/1 H3JI0KCHUS U NBYUCHHU NUCHUIINHBI PCAJIU3YIOTCA B CIICAYHOIIUX (bOpMaX JCATCIIbHOCTH

® JICKIIMHK, HAICJICHHBIC HAa ITOJIYYCHHEC HCO6XO,Z[I/IMOI71 I/IH(l)OpMaI_II/II/I, Hh €€ HCIIOJIBb30BaHUC IIPpH
PCIICHHHU IMMPAKTUYCCKUX 3ada4,

® [IPAKTUYECKHE 3aHATHS, HAPABJICHHbIC HA aKTMBU3ALUIO II03HABATEIBHON NEATEIBHOCTH CTY-
JICHTOB M TPUOOPETEHUSI MIMU HAaBBIKOB PEIICHUS MPAKTHUECKUX U MPOOIIEMHBIX 33/1a4;

® KOHCYJIbTalMM —CKCHCIACIIBHO JI BCEX XKEIAarOINUX CTYACHTOB,

® CaMOCTOATCIbHAsA BHCAYIUTOPHAA pa60Ta HallpaBJICHA Ha HpI/IO6p€TeHI/Ie HAaBBIKOB CaMOCTOA-
TCJIBHOT'O pCHICHUA 3aaa4 110 JUCHUILIINHE,

L4 TeKYIHHfI KOHTPOJIb 3a ACATCIBbHOCTBIO CTYJACHTOB OCYIICCTBIIACTCA HA JICKIMOHHBIX WU IIPAKTHU-
YCCKUX 3aHATUAX B XOAC CAMOCTOATCIIBHOTO PCIHICHUA 3a/1a4, B TOM YUCJIC Y NOCKHU.

VIll. OueHouynble MaTepHAJIbI A/ TeKYLIEro KOHTPOJIS M IPOMEKYTOYHOI aTTecTaluu
CDOH)I OLCHOYHBIX CPCACTB MMPEACTABIICH B ITPUITOKCHUH.

8.1. OueHouHBIE Cpe/ICTBA AJIsi BXOJHOTO KOHTPOJIS: HEe TpeOyroTCs.
8.2. O1ieHOYHBIE CPEACTBA TEKYIIETO KOHTPOJIS - KOHTPOJIbHBIE paOOTHI U coOece0BaHuE.

JEeMOHCTpaIlMOHHBIN BapUaHT KOHTPOJIbLHON Da6OTBI

w(x,t) (x,t)=Ae /2"

3anaua 1. Beruncnuts JUTS 1S BOTHOBOTO makera ¥
3agaua 2. Vcnomb3yst pe3ysbTaT NpeAblAylled 3aaud, HaAWTH U3MEHEHHE HIMPHHBI MakKeTa co
BPEMEHEM.

IIpumepsI BOMpoOCoOB 1Jisi codece10BaAHNS

e Ornucarp onepaTopHbIid (opMaTu3M KBaHTOBON MEXaHUKH.

e JlaTb onpeneneHne caMOCONPSKEHHBIX ONIEPaTOPOB B THILOEPTOBOM MTPOCTPAHCTBE.

e VYKa3aTh OCHOBHBIE CBOICTBA COOCTBEHHBIX (DYHKIIUH.

e BrpluucieHne BEpPOSTHOCTEN pe3yibTaTOB M3MEPEHUS AMHAMMUYECKON BEIMUYMHBI B IPOM3-
BOJIBHOM COCTOSIHHH.

e VYcaoBue OHHOBpeMeHHOﬁ HU3MEPHUMOCTHU JTUHAMHUYCCKUX BCINYHH.

e Baectu oneparopbl KOOpJUHATEI U UMITYJIbCA U UX COOCTBEHHBIE (DYHKIMH. YKa3aTh OTIMYHUSL
KOOPAWHATHOT'O U UMITYJIbCHOT'O ITPEACTABIICHH.



8.3. OueHOYHbIE CPEACTBA IJI MPOMEKYTOUYHOM aTTECTALINU
®dopma nMpoBeACHUS TPOMEKYTOUHON aTTECTAIIUH — JK3aMEH.

IIpumepHBbIii IepeYeHb BONPOCOB U 3aIaHNI K IK3aMeHY

1.

DHeprusi 1 UMITYJIbC CBETOBBIX KBaHTOB. [ unotesa [lnanka. Dddext Komrona. [Tnockas BonnHa Jle-
bpoiins, e€¢ dusnueckmii cmbicin. KoMToHOBCKas ajiMHA BOJHBI W JyiiHA BOHBI Jle-bpoitsa. u-
(bpaxus MUKPOYACTHII.

BbopnoBckas unTepnpetanus BonHOBoOM ¢GyHKuuu. [Ipunimn cynepno3unuu cocrosiHuii. Paznoxe-
HUE MPOU3BOJIBHOTO COCTOSIHUS 10 MI0CcKUM BosiHaM Jle-bpoitna. dusnueckuit cmbicn ko3dduiim-
€HTOB pa3yioxkeHus. Popmanusm Jupaka.

®da30Bo€ IPOCTPAHCTBO KBAHTOBOM cucTeMbl. COOTHOIIEHHE HEOINPEAEICHHOCTH KOOpJUHAaTa-
uMIyJibc. OLEeHKa SHEPruu OCHOBHOT'O COCTOSIHUSI TAPMOHMUYECKOT0 OCLIMIUISITOpPA U aTOMa BOAOPO-
na.

OmnepatopHblii popMann3M KBaHTOBOW MexaHUKU. CaMOCOIPsKEHHBIE OMEPaTOPhl B THIILOEPTOBOM
npoctpancTBe. Oneparopbl KOOPAMHATEI U UMITyJIbca U WX coOcTBeHHbIe QyHKIMU. CpenHee 3Ha-
YeHHe JII000N TUHAMUYECKON BEIWYMHBI B MPOU3BOJIBLHOM COCTOsIHMH. OCHOBHBIE CBOICTBa CO0-
CTBEHHBIX (DyHKUUN. BrraricieHue BepoITHOCTEHN pe3yabTaTOB U3MEPEHUs JMHAMUYECKOM BeTHuu-
HBI B IPOU3BOJIBHOM COCTOSIHUU. Y CIIOBUE OJHOBPEMEHHOW U3MEPUMOCTH JUHAMUYECKUX BEIMYUH
NamunpToHMaH cBOOOAHON yacTHIlbl. beckoHeuHoe BhIpoXkaeHHEe cocTosiHui. O000IIeHne Ha ciy-
yail BHelHero nois. YpaBuenue Ulpenunrepa. ['aMuiIbTOHMAH Kak reéHEpaTOp SBOJIOLUUA CUCTEMBI
BO BpeMeHU. YpaBHeHHE HenpepblBHOCTH. [1noTHOCTH TOKa. HopMupoBka miockux BoiH. Cranuo-
HapHble coctosiHus. CranuoHapHoe ypaBHeHue lllpeaunrepa. deHOMEHONIOIMYECKOE ONMMCAHUE
KBa3UCTAI[MOHAPHBIX COCTOSHUN. EcTecTBeHHas MMpUHA CIIEKTPaIbHBIX JIUHUN U BpeMs )KU3HU.
DBOJIOIMS ONEPaToOpoB BO BpeMeHU. MHTerpansl 1BUkKEHUS.

KBantoBaHue rapMoHuueckoro ocuuuistopa. IloBslmatonmuye U MOHMKaIOMIME ONEPATOPHI. JHEP-
reTuYecKuil crekTp. BomHoBas GyHKIMS OCHOBHOTO COCTOSIHUMS. MaTpHUHbIE 3JIEMEHTHI OlepaTopa
KOOpJUHATBHI.

KBaHTOBaHNE MOMEHTAa KOJIMYECTBA JIBUKEHUS METO/OM IOBBIIAIOIIUX U TOHIKAIOIIUX OIepaTo-
poB. AnreOpa MOMEHTOB KoJIM4ecTBa JABWKeHHs. Peanuzanus anreOpsl B auddepeHnnanbHoil u
MaTpu4HOil popme. CoOCTBEHHBIF MOMEHT KoJIM4ecTBa JIBUKeHHUs (cruH) CreKTpsl KBajpaTa Mo-
MeHTa U 3-eii nmpoekiu. CoOcTBeHHbIE (PYHKIIMM OpOUTATBHOIO MOMEHTA KOJIMYECTBA IBH)KEHUSI.
Yactuua B cpepuyecKku-cuMMETpUYHOM Mone. Pa3nenenne nepemMeHHbIX. PannanbHoe ypaBHEHME
HIpenunrepa. Knaccudukanus coctosHuil B cheprUuecKU-CHMMETPUYHOM Tojie. ATOM BOJOpOJA,
€ro CIEeKTpP U BOJHOBasl (PYHKIIMSI OCHOBHOTO COCTOSIHMSI. BBIpokeHre sHepreTH4ecKuX ypoBHEH U
€ro Npupo/ja.

10. F'amusIbTOHMAH 3apsHKEHHON YaCTHIBI B TIPOM3BOIEHOM 3JIEKTPOMArHUTHOM TI0JIe. ATOM BOJOpO/Ia

B MIOCTOSSHHOM MarHUTHOM moJje. BoiaHoBas (QyHKUMS U 3HepreTuyeckuil crnekTp. YacTuuHoe CHA-
TUE BBIPOKICHUS.

11. KBanroBoe onucanue ﬂByxaTOMHOﬁ MOJICKYJIBI. TenmoeMKOCTh IIpU pa3IMAHbIX TCMIICpATYypaXx.

12.I[BI/I)KCHI/IC YaCTHULbI B IICPUOJUYCCKOM IIOJIC. TpaHCJI}II_II/IOHHaH HWHBApPUAHTHOCTD. CoOcTBeHHEIE

(GyHKIMU U COOCTBEHHBIE 3HAUEHUS ONlepaTopa TPAHCIALUHU. 30HHAs CTPYKTypa crekTpa. Pasnoxe-
HUE CIleKTpa Ha "aHe" U «kpasx» 30HbI bpuimosna. Meron «3¢dexkTuBHOIi Macch»



13. Crniun snekTpoHa. DKCIEPUMEHTATBHOE TOKA3aTeNbCTBO CYIIECTBOBAHMS CITHHA AJIeKTpoHa. Ore-
parop cnunHa. CriuHoBble (yHKIMH. YpaBHenue [laynu. /[BikeHue criiHa B MOCTOSHHOM M IIE€pe-
MEHHOM MAarHUTHBIX IOJISX.

14. Craunonapuas teopusi Bo3myuieHuUs. HeBBIPOKICHHBIN CTy4ail.

15. Craunonapnas Teopusi BO3MYIICHUsI. BRIPOXKICHHBIH CITydail.

16. Hecranuonapnas Teopusi BO3MyIIeHHs. Pe30HAHCHBIN XapakTep KBAHTOBBIX IEPEXO/IOB.

17.TloBenenne BOMHOBBIX (YHKIHMH HA OOJBIINX W MAIBIX PAcCTOSHUAX. [IpUYMHA KBaHTOBAHHUSI
SHEPTHUH.

18. IMocranoBKa 3a71a4u B TEOPUHM CTOJKHOBEHUI MHUKpO-uacTHil. CBs3b MEXIY aMILUIUTYI0M pacces-
HUS 1 aCUMIITOTUYECKUM MOBEIeHHEM BOJIHOBOHU (yHkumu. Ceduenue paccestuus. bopHoBckoe mpu-
OJVDKEeHUe U1 aMIUIUTY bl PACCEsTHUS.

19. Pacuer aMIIUTY/Ibl M CEUCHUSI IPH PACCESHUU HA KYJIOHOBCKOM U FOKABCKOM MOTEHIIHATAX.

20. AMIutuTy 18 paccesiHus 3apsHKEHHOM YacTHIIbI Ha CIIOXKHOM aTtome. Dopmbakrop aroma.

21. Tounas Teopusi paccesiHusi. PasnoxeHne aMIUIATYIbI Ha HapipaibHbie BOnHbL. Dasa paccesHus.
VYcnoBue ynpyroit yuutapHoctd. Ontuueckas Teopema. Mojiens abCOIOTHO YEPHOTO JTUCKA.

22.TIpoxosKIeHHe YacTHI] 4epe3 MOoTeHIuanbHbli Gapbep TyHenbHbIN dddekt. XomomHas sMuccus
MeTaJlI0B. Vc4e3HOBEHHE CHEKTPAJIBHBIX JIMHUM B CHJIBHOM 3JIEKTPUYECKOM IoJe. TpEéXMepHbIN
noTeHIMaIbHbIN Oapbep. KBazucrannonapusie coctosiHus. Teopus paJuoKTUBHOTO pacraja.

23. KuHemMaTHKa W3JIy4eHUs] ¥ TOTJIOMEHUS. (OTOHA HECTaOWIIBHBIM CBOOOIHBIM SIPOM. DHEPTHs
OTJauM s7pa M BKIAJ ee B 3Heprtuio (ortoHa. [lomnepoBckoe ymupenue auHui. OnpezneneHue
TEMIIEPATyphl 3BE3 .

24. HecrabuibHoe s1po B nojie ocumuiatopa. dhdekr Meccoayspa. Dakrop Jlebas -Bamiepa.

25. KoHBepcust 1a3epHOTO U3JTyUCHHUS IPU PACCESIHUM Ha OBICTPBIX 3JIEKTPOHAX.

26.KsanTtoBanue BopHa - UH(enbaa B simuke. BeraucieHne CTaTHCTHYECKONH CYMMBI OJTHO#M cBOOOI-
HOM YaCTHIIBIL.

3ananus:
1. Haiiti u3aMeHnenue AMuHBI BOJIHBI (DOTOHA MPH YIIPYTOM PACCESTHUH HA MOKOSIIEMCS SIEKTPOHE

(3 dexr Komnrona). JlaTe MHTEPNPETALUIO SKCIIEPUMEHTAIBHBIX JAHHBIX, MOJy4yeHHbIX KoMnToHOM
B IIpoliecce paccesHus: GOTOHOB Ha napaduHe.

2. Haiitn n3menenue sueprun (OTOHa IPU YIPYTOM PacCesHUU Ha PEISTUBUCTCKOM 3JIEKTPOHE
Ha yrona 0 = 1 B pamkax runote3sbl [[nanka—DiHITelHa.

3. Haiitn Eq' npu Eq = 1, 2 eV (undpakpacusliii 1a3ep Ha HeoguMoBoM ctekie), Ep = 46 GeV
(yckopurens SLAC, onbiThl o HenuHelHOMY 3 dexty Komnrona, 1996 r.) u Eq=1,2 eV, Ep =5
GeV (yckopurens BOIII-4M, onbIThl 1O paciieniienuto (oToHa B moie aapa, 1997 r.).

4. [Touemy cBOOOIHBIN JEKTPOH HE MOXKET MOMVIOTUTh WM U3Iy4uTh GoToH. HaliTu sHepreTu-
YEeCKUH CHEeKTp M3Iy4deHHus: aOCOJIIOTHO YEpPHOTO Teja, Ucnonb3ys cooTHomeHus [Inanka: E = pc u p
=~k, rae k = 2n/A — BOTHOBOM BEKTOp, A — ATMHA BOJIHBI ()OTOHA.

S. [Tonarasi, yto A AUdpPaKIUK HA KPUCTAIIMUECKONW pelIeTKe MOJIE3HO UMETh YacTUIIBI C A =
10—8 cM, HaiiTh SHEpTUI0 (OTOHA, HIEKTPOHA U HEUTPOHA C TAHHOM JVTMHOMN BOJIHBI.

6. VY IbTpaxoJa0JHBIMUA Ha3bIBAIOTCS HEUTPOHBI, CKOPOCTh KOTOPBIX V < 1 m/c. Haiftu ux nnmuny
BOJIHBI Jle-bpoiins.

7. Boruncnute MaTpuuHbIi 35eMeHT h~X|~pi, rae |~pi, |~X1 — COCTOSIHUS C ONpPENEICHHBIM HUM-
IIyJIbCOM U OIPEJEIEHHON KOOPINHATOW COOTBETCTBEHHO.

8. OueHUTh U3 COOTHOILIEHUS! HEONPEAECIEHHOCTH SHEPTUI0 OCHOBHOI'O COCTOSIHUSL YaCTHIIBI B I10-



JIE OMHOMEPHOI'0 rapMOHUYECKOTO OCHHUIIJIATOPA.

9. OueHuTh U3 COOTHOLIEHUSI HEONPEIEIEHHOCTH 3HEPTUI0 OCHOBHOI'O COCTOSIHUS 3JIEKTPOHA B
aToOMe€ BOJIOpOAaA.

10.  HaiiTu paguyc CHIBHOTO B3aUMOJEHCTBHS, KOTOpOE 00YCIOBIEHO OOMEHOM BHPTYaIbHBIM TT-
ME30HOM.

11. [TokazaTp, 4TO MPOM3BOJILHBIN JIMHEHHBIN omniepatop L MoxxHO nipencTtaBuTh B Buje L = A +iB ,
rae A u B — spMHUTOBBI oniepatopsl.

12. Jlokasartp, uTo 11 Jiro0bIx oneparopoB A, B u C cnipaBemno ToxaectBo[A, BC] = [A, B |°C
+B[A, C].

13. SBnsiercs U onepaTop KOMIUICKCHOTO COTPSKEHUS a) TMHEHHBIM, 0) 3pMUTOBBIM?

14. Jiis oneparopa C , onpeneneHHoro B MpeAbAyIeH 3a1aue, HAaTH cOOCTBEHHBIE (YHKIIUU U

coOcTBeHHbIe 3HaueHUs. [IpoBepuTh, 4TO COOCTBEHHBIC 3HAUCHHS ATOTO OINEepaTopa MOTYT OBITH KOM-
TUIEKCHBIMH, @ COOCTBEHHBIE (DYHKIIMY, OTBEYAIOIIIE Pa3IMYHBIM COOCTBEHHBIM 3HAYCHUSIM, HE 00513a-
TEJILHO OPTOTOHAJIbHBI.

15.  Tloka3aTh, 4TO COOCTBEHHBIE (PYHKIMHM SPMUTOBOTO OIEPATOpPa OPTOTOHAIBHBI MEXAY COOOM,
€CJIM OHU COOTBETCTBYIOT Pa3IMUHbIM COOCTBEHHBIM 3HAUEHUSIM.

16.  Iloka3aTh, YTO COOCTBEHHBIE 3HAUEHHS SPMUTOBOIO OIlEpaTOpa BCeria AeHCTBUTEIbHBI.

17. [Tokazatse, uto BoHa Jle-bpoiiis He mpUHATICKUT THILOEPTOBY TPOCTPAHCTBRY.

18. Haiitn obmee pemenue ypaBHeHus lllpenunrepa st cBOOOAHON YacTUIBl U 1OKa3aTb, YTO

OHO OECKOHEYHO BBIPOXKJICHO.

19. [Tokasark, 94TO MJIOTHOCTH TOKA j IS AJICKTPOHA B OCHOBHOM COCTOSIHUM aTOMa BOJIOPOJIa PaB-
Ha HyIto. CrieZicTBHEM 3TOTO (haKTa SBISETCS CTAOMIBHOCTh aTOMa BOJIOPOJa B OCHOBHOM COCTOSIHHH.
OOBACHUTD TTOUEMY.

20. HaiiTu sHepreTnyeckuii CIeKTp U HOPMUPOBAHHBIE BOJTHOBBIE (DYHKITUU CBSI3aHHBIX COCTOSHUN
gacTulibl B mosie V (X) =—g - 8(X), T1e g — MOJO0XKUTENbHAs TOCTOSHHASI.

21. Haiitu cpennue 3HayeHns KWHETUYECKOM U MOTEHIMAIbHOM HEPTrUil. Beuncinuts npoussene-
HUE€ HEOMPEEICHHOCTEH KOOPAMHATHI M MMITyJIbca. KakoB BUJ BOJHOBOW (DYHKIIMU B UMITYJILCHOM
MIPEJICTABICHIH ?

22. Haiitn sHepreTnyeckuil CeKTp W BOJIHOBbIE (DYHKIIMM YacTHULBI C 3apsOM € U Maccod m,
HAaXOJSIEHCS B MOJE€ TAPMOHUYECKOTO OCHUJUIATOPA U B MOCTOSTHHOM JJIEKTPUUYECKOM I10JI€ Hampsi-
#eHHOCThI0 E. CunTath BONHOBBIE GYHKIIUHU U CIIEKTP JIMHEHHOTO TAPMOHMYECKOTO OCIIIILISATOpA 3a-
JAHHBIMU. J[BHKEHHE OJTHOMEPHOE.



IIpumep TecTOBBIX 3aJaHWH /ISl MPOBEPKU CHOPMHUPOBAHHOCTH KOMIIETEHIUI, YKA3aHHBIX
Bbile B LI 11:
1.  Vcnosus neonpedenennocmu onsi P u X

a) AP AX =2

b)AP AX = h

AP AX =2
2. Cnexmp ocyumamopa

a)Ezhm(n—i—i)

b)E = hw(n)
oF = he
2

3. Ilonpasxka k 3nepeuu 6 nepeom NopsoKe meopuu 803MYyujeHuUst (HeBbLPOICOEHHBLU CIyYAll)
HED =< n|V|n >
nE®, =< n|V + Hy|n >
o ED =<n| g |In >

4. Csazv koaghuyuenma npoxosxcoenuss R u ompasicenusn D (oonomepnulii ciyuaii).

ag R+D=1

by RZ? +D* =1

¢ R+D =5
PaspaboTunkmu:

”//" / noreHt kadeapsl reopetnyeckor puzuku  C.B. JIoBros

G =

[Tporpamma coctaBiena B coorBercTBuu ¢ TpeboBanusiMu ®I'OC BO mo HampaBlieHHIO TOITO-
toBKH 03.03.02 ®usuka.

[Iporpamma paccMOTpeHa Ha 3acelaHiy_Kaheapbl TeOpeTHIeCKOr hH3KKu
«30» aBrycra 2021 . y
[Iporokon Ne 1 H.o. 3aB. kadeapoit Y // C.B. JloBuios
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Hacrosimas mnporpamMa He MOKeT ObITh BOCIPOM3BeAeHA HHM B Kakoil ¢opme 0e3

NpeJBapPUTEJbHOI0 NMCHbMEHHOI0 paspemeHust kKadgeapbi-pa3padoTynka NporpamMmsl.



