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I. Ieau u 3axa4y JUCHUIIHHBI

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, COCTOSIIINX U3 OJHOW MM MHOTHUX
YaCcTHL, a TAKXKE B CUCTEMAX C HEOIPEAEIECHHBIM MM MEHSIOIIMMCS YMCIOM YaCTHULL.

Juctummaa «KBaHTOBass MEXaHHMKA» MPEACTABISET COOOM TEOPETUYECKYH) OCHOBY JUIS IIO-
CIIEIYIOIINUX Pa3JIeIOB Kypca TEOPEeTHIeCKON (PU3MKH. MaTeMaTn4ecKo U METOMYECKOi 0a30il Kyp-
ca SIBJISIIOTCSL BCE pasJielibl Kypca MaTeMaTUKH U TEOPETHUECKON (DU3UKHU, U3YUYEHHbIE CTYIACHTaMU 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-MEXaHMYECKHUX
3a/1au.

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 33J1ad B TEOPETHUYECKUX M MPUKIAAHBIX aCMEKTaX, 3HAKOMHUT
CTYJICHTOB C HAYYHBIMH METOJAaMHU MO3HAHHUs, TO3BOJISET HAYUYUTh UX OTJIMYATh TMIOTE3Y OT TEOPHH,
TEOPHUIO OT IKCHEPUMEHTA. DTa AUCIHUIUIMHA CIIOCOOCTBYET MPOBEACHUIO JIEMAapKAIIMU MEXIy Hayd-
HBIM ¥ @HTHHAYYHBIM TOJIX0JIOM B M3YyUYE€HHUU OKPY’KAIOIIETO MHUpPA, MO3BOJIIET HAYYUTh CTPOUTH (hu-
3UYECKUE MOJIENTN TPOUCXOSIIETO U YCTAaHABIMBATH CBSI3b MEXK]1y SIBJICHUSIMU, IPUBUBATh IOHUMAHUE
MIPUYMHHO-CIIEICTBEHHOM CBSI3U MEXy siBiIeHusAMU. O0manast TOTHYECKO CTPOHHOCTBIO U OMHPAsCh
Ha JKCIepuMeHTalbHbIe (akThl, nucuuiuinHa «KBaHTOBass MeXaHUKa» SIBISETCS WACAILHOW NJisi pe-
IIEHUS ATOU 3aaauu, GOPMUPYS Yy CTYJIEHTOB MOJIMHHO HAYYHOE MUPOBO33pPEHHE.

I{enbr0 OCBOEHUS Kypca KBAHTOBOM MEXAHUKH SABIISIETCS O3HAKOMIIEHHUE CTYJEHTOB C OCHOBHBI-
MU 3aKOHaAMH COBPEMEHHOH (DM3UKU U BO3MOKHOCTSIMH WX MPUMEHEHUS MPU PEUICHUH 3a]1a4, BO3HU-
KaroluX B UX MOCJENYIomel MpoPecCHOHAILHON IS TEIHbHOCTH.

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

— (hopMUpOBaHNE HABBIKOB MO MPUMEHEHHIO MOJIOKEHUN KBAHTOBOW TEOPUU K TPAaMOTHOMY Hayu-
HOMY aHaJIU3y CUTyalul, C KOTOPBIMU MCCIENOBATEI0 MPUXOAUTCSA CTAJIKUBATHCS MPU CO3/a-
HUHW HOBOM TEXHHKH M HOBBIX TEXHOJIOTHII;

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

— O03HAKOMJICHHE CTYJICHTOB C UCTOPHEN W JIOTMKON Pa3BUTHUS KBAHTOBOM MEXaHUKH M OCHOBHBIX

€€ OTKPBITUH.



II. Mecto nucuuninubl B cTpykrype OIIOII:

Juctummaa «KBaHTOBasi MEXaHWKa» SIBISETCS OOS3aTENHOM IS M3YYCHHS 1O JaHHOMY
npodwmmo. M3ydenne Kypca mpeamnosiaraeT HajJuuue MoJyYeHHbIX Ha MpeIblIylieM YpoBHE 00pa3oBa-
HUS OCHOBHBIX 3HaHWM, yMeHu# no aucuuiuimHaMm «luddepenunansusie ypaBHeHus», «Teopernye-
CKasi MeXaHuKay, «neKkTpoaunHaMukay. Jucuumnuna «KBaHToBas Teopus» MpeCcTaBiIsieT co0o0i Teo-
PETHYECKYIO OCHOBY ISl TIOCTIEAYIONIUX Pa3lIeioB Kypca TeopeTrdeckor (usuku «Du3uka KOHICH-
CHUPOBAaHHOTO COCTOSTHUSY, « TepMoarHaMuKa U cTaTUCTUYecKas (u3ukay, «BBeneHrne B KBaHTOBYIO
TEOpHIO MoJIsh», «KBaHTOBast TEOPUS U3ITYUCHUS.

II1. TpeGoBanus K pe3yJbTATAM OCBOCHUS IUCHUTIIUHbBI

[Ipouecc n3ydeHus AUCIMUILTUHBI HAIIPABIICH Ha POPMHUPOBAHUE CICAYIOMUX KOMITCTECHITUI:
OIIK-1: ctocoOeH npuMeHsTh 6a30BbIC 3HAHHUS B 00J1aCTH (PU3MKO-MAaTEeMaTUUYECKUX 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

Nupukartopel komrereH- MJIK onki1 Mcnone3yer MareMarndeckuil anmapar Ui ONMCAaHUA H
aHanmu3a (GU3NYECKUX SBIECHUI U mpoleccoB B chepe cBoeil mpodeccuo-

AU o
HaJILHOU JIEITEILHOCTH.

MK onki.2 Mcnonp3yer MareMaTuuecKuil anmapar JJisi TEOPETUYECKOTO
Y OKCMEPUMEHTAIBHOTO MCCIIEAOBAHUS U MOJICTUPOBAHUS (PU3HUECKUX
SIBIIGHUW U TIpoIrieccoB B cepe cBoelt mpodeccrnoHaNIbHON esTeNbHO-
CTH.

MUK onki3 Ucnonb3yer 6a3oBbie 3HaHUS B 00JacTH (U3UKUA B CBOEH
npodeccnoHaNbHOM e TENbHOCTH.

PesynbraTtsl oOOyueHuss  3naem. OCHOBHBIE 3aKOHBI KBAaHTOBOW MEXaHUKH, OTIMYHME KBAHTOBOMU
TEOPUHU OT KIIACCMYECKOMN; OCHOBHBIE METOJBI PEIICHUS 3ahad, IpUMe-
HSAIOIMECS B KBAHTOBOM TEOpHUHU.

Ymeem: (opmynupoBaThb OCHOBHBIE NMPHHLUIBI KBAaHTOBOW TEOpUU U
MPUMEHTh UX K PEIICHHUI0O KOHKPETHBIX KBAaHTOBO-MEXaHMYECKUX 3a-
Jla4, pelaTb OCHOBHBIE YPAaBHEHUS KBAHTOBON MEXaHUKHU.

Bnaoeem: HaBblkaMM pelIeHMs] KBAaHTOBO-MEXaHMUYECKUX 3ajJad, Mare-
MaTU4YECKUM annapaToM, NPUMEHSIONIEMCS B KBAHTOBO-MEXaHUYECKOM
MOJIXO/IE.

IV. Copep:xaHue u CTPYKTYpa AUCHHUILIMHBI (MOXYJIS)

O0BeM TUCHMILIMHBI COCTABJIAET 7 3a4eTHBIX enuHUIl, 252 Jaca, B TOM 4uciie 116 yacoB KOHTAKT-
HOM pabOTHI.

3aHATHS TPOBOATCS TOJIHKO B OYHOW (opMe OO0OydeHHs] ¢ MPUMEHEHHEM JAUCTAaHIIMOHHOTO KOH-
TPOJISI CAMOCTOSTENBbHOM paboThl cTyaeHToB uepe3 DMOC dakynpTeTa. DIEKTPOHHONW M JUCTAHIIMOH-
HOU Gopm 00yueHHs HE MpeTycMaTpUBaeTCsl.

Ha npaktrueckyo noarotroBky orsoautcs 50 ayAMTOPHBIX YacoB.

Dopma npomexcymouHot ammecmayuu. IK3aMeH.



4.1.

Coz(epmamle AUCHUILIMHBI, CTPYKTYPHUPOBAHHOEC II0 TEMaM, C YKasaHUEM BHIAOB

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 = BKJIIOYas CaMOCTOSTENBHYIO paboTy oOydarommxcs , pakTHde-  LIero KOHTPOJIs
Juc- | M 0 | IIpak- CKYIO TIOATOTOBKY ¥ TPYIOEMKOCTb YCIIEBAEMOCTH;
OUIT | € 49a | THde- (B gacax) dopma mpome-
MHBI/T| € | CO | CKad KYTOUHOH at-
KonraktHas paboTa npenosaBarens ¢ o0y4ato-  CamocTosi-
€MBl T B | IIOJO- TeCTalnuu
MIAMHCS TenbHast
P ro- (no cemecm-
pabora
TOBKa Jlexkuun Cemunapckue = Koncynbranuu pam)
00y- /MpaKTHYEeCKHEe
Jaro- /mabopaTopHEIC
MIMX- 3aHATHS
csl
1 1-22 5 252 50 50 50 2 110 [IpakTuye-
CKoe  3aja-
HUC, JK3a-
MEHAIUOH-
HBIC 3aJa4Y1
Hroro: 252 50 50 50 2 110

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 me-
CTOSITENIEHOW | MTOJIHEHUS KCTb (4ac.) cioe obectie
YeHHe CaMo-
paboThI cHHC caMo
CTOSITENTLHOU
paboTHI
5 Tema 1-22  3ananue B [Tocne mpoii- 110 Hemonctpa- Mcrounuku u3
Bujie 3a7aun  J€HHBIX TeM IS TOTOBBIX OCHOBHOH ¢
pelIeHui JTOTIOTHUTENb-

HON nuTepary-

pHL
MPaKTUYECKHUX

no Teme
3aHaTuil; O6pa-
30BaTeIbHBIC

pecypchl,
CTYIIHBIE

A0-
1o
JIOTMHY U Hapo-
10, MPEeJOoCTaB-
nsemplM  Hayu-
HOi Oubnuore-
ko UT'Y.

4.3. Coneprxkanue y4eOHOIro MaTepuasa

Conep:xanue pa3/iesioB U TeM JUCHUIIMHBI (MOIYJIs1)

Pazgen 1




Tema 1. DHeprus U UMITYJIBC CBETOBBIX KBaHTOB. I mmore3a Ilmanka. Dddexkr Komnrona. [Tnockas
BostHa Jle-bpoiins, e€ ¢pusndeckuii cMbicii. KoMNTOHOBCKAS UTMHA BOJTHBI U JJIMHA BOJIHEI J{e-bpoiis.
Judpaxius MUKpOYaCTHUL.
Tema 2. bopHoBcKas MHTEpIIpETaIs BOJTHOBOU GyHKIMH. [IpuHIIMT cynepno3uiiuu cocTossHuid. Pas-
JI0’)KEHUE MPOM3BOJIBHOTO COCTOSIHUS 1O TUIOCKUM BosiHaMm Jle-bpoiinsa. dusnveckuii cMbici koadhhu-
HHUEHTOB paziioxkenus. Dopmanusm Jupaka.
Tema 3. ®a3oBoe NPOCTPAHCTBO KBAHTOBOM CUCTEMbI. COOTHOILLIEHUE HEONPEAEICHHOCTH KOOPANHA-
Ta-uMIyJbC. OLEHKa SHEPTrUM OCHOBHOT'O COCTOSIHUSI TAPMOHMUYECKOT0 OCHMIUISTOPA U aTOMa BOJIOPO-
na.
Tema 4. OneparopHblii popmanu3M KBaHTOBOH MexaHUKHA. CaMOCONPSIKEHHBIC ONEPAaTOPhI B THIIb-
O6epToBoM mpocTpaHcTBe. OmnepaTopbl KOOPAMHATHL M UMITyJIbCa U UX coOcTBeHHbIe (yHKImH. Cpen-
Hee 3HaYeHHUe JII000H TUHAMUYECKOW BEIMYMHBI B MPOU3BOJIBHOM COCTOSIHMH. OCHOBHBIE CBOWCTBa
COOCTBEHHBIX (PYHKIMA. BbluncieHne BepoATHOCTEH pe3ylbTaTOB M3MEpPEHUs AUHAMUYECKOW BesH-
YUHBI B IPOU3BOJIBHOM COCTOSIHUU. Y CJIOBUE OJIHOBPEMEHHON U3MEPUMOCTH IMHAMUYECKUX BEIHUYHH.
Tema 5. 'amunsTOHHAH CBOOOTHOM YacTUIBI. beckoHeUHOE BRIpOXKACHHE cocTostHMt. O000meHe Ha
ciyyail BHewHero nojs. YpasHeHue lllpenunrepa. 'aMunbTOHMAH Kak FeHEPATOp 3BOJIFOLUU CUCTE-
MBI BO BpEMEHHU. Y paBHEHUE HenpepblBHOCTHU. [lmoTHOCTH TOKa. HopMupoBKka minockux BosiH. Cranu-
oHapHble coctosiHud. CrannonapHoe ypaBHenue llpeaunrepa. @eHOMEHOIOTHYECKOE OMKUCAHUE KBa-
3UCTAallMOHAPHBIX COCTOsIHUI. EcTecTBeHHAs! IIMPHUHA CIIEKTPAJIbHBIX JTUHUHA U BPEMS KU3HH.
Tema 6. DBomonys onepaTopoB BO BpeMeHU. VIHTerpansl IBUKEHUS.

Pazpnen 2
Tema 7. KBaHTOBaHME rapMOHHYECKOro ocuuuraTopa. [loBelmaronme 1 MOHWKAIOIMINAE ONEPATOPSI.
OHepreTudeckuil ciekTp. BonHoBas (QyHKIIUS OCHOBHOTO COCTOSIHMS. MaTpHuHbIE 3J€MEHTHI oIepa-
TOpa KOOPANHATHI.
Tema 8. KBaHTOBaHHE MOMEHTa KOJMYECTBA JBM)KEHHUS METOJOM IMOBBIIIAIONIUX W MOHMKAIOIINX
orepaTopoB. AnreOpa MOMEHTOB KOJIMUYECTBa ABMKEHUs. Peannsanus anreOpsl B 1uddepeHnnanbHon
u MarpuuHOi opme. COOCTBEHHBIN MOMEHT KoJu4ecTBa JABIKeHUs (crmuH) CreKTphl KBajpaTra Mo-
MeHTa U 3-eii mpoekiuu. CoOcTBEeHHbIE (PYHKIIMHM OpOUTATBHOIO MOMEHTA KOJTMYECTBA IBH)KEHUSI.
Tema 9. Yactuna B chepudyecku-cCMMMETpUYHOM Toje. Pa3znenenue nepemeHHbIx. PaguansHoe ypas-
nenue [Ipenunarepa. Knaccuduxarus coctosHuil B chepruIecKu-CHMMETPUYHOM T0Jie. ATOM BOJIOPO-
Jla, €ro CIeKTp U BOJHOBAs ()YHKILHS OCHOBHOTO COCTOSIHUS. BBIpoKIeHHe IHEpreTUUeCKuX ypOBHEN
u ero npupoja. Toku B aToMax, MarHUTHBIII MOMEHT aToMa.
Tema 10. I'amniibTOHNAH 3apsKEHHOM 4acTUIBI B TIPOM3BOJIBHOM 3JIEKTPOMAarHUTHOM T0JIE. ATOM BO-
JI0poJia B TIOCTOSTHHOM MarHuTHOM mosie. BonHoBast ¢yHKIus U sHEpreTudeckuil crektp. YactuuHoe

CHATUC BBIPOXKICHHA.



Tema 11. KBaHTOBOE ONMMCAHUE ABYXaTOMHON MOJIEKYJIbI. TEMI0EMKOCTh MPU PA3IUYHBIX TEMIIEPATY-
pax.
Tema 12. ]IBuxeHue 4yacTUIBl B MEPHOAMYECKOM mose. TpaHcisiuoHHAas MHBapuaHTHOCTb. CoO-
CTBEHHbIE (PYHKIIMH U COOCTBEHHBIC 3HAUYECHMsSI OlepaTopa TPAaHCISAIUU. 30HHAS CTPYKTypa CIEKTpa.
Paznoxenue criektpa Ha "nmHe" u "kpasx" 30HbI bprnttosna. Meron "s>ddexTuBHON Macchl'.

Paznen 3
Tema 13. CiyH 371€KTpOHA. DKCIEPUMEHTAIBHOE 10OKA3aTEIbCTBO CYLECTBOBAHMS CIIMHA 3JIEKTPOHA.
Omnepatop cnmHa. CiuHOBBIC GyHKIMH. Y paBHeHue [laynu. /[BrmkeHHe criiHa B MOCTOSIHHOM M TIepe-
MEHHOM MarHUTHBIX MOJISX.
Tema 14. CraumonapHas teopus Bo3myIneHus. OCOOCHHOCTH M Pa3lIndus B BBIPOKJICHHOM U HEBHI-
poxaeHHOM citydasix. [1oqpoOHbIii aHATU3 ABYKPATHOTO BBIPOXKICHHSA. YaCTUYHOE CHSATHE BBIPOXKIE-
HUSL.
Tema 15. HecraumonapHas Teopusi BO3MyIlieHusl. Pe3oHaHCHOE BO30YX/I€HUE CUCTEMBI.
Tema 16. Ilpocreiime NpUMEHEHUSI TEOPUU BO3MYILEHUS. AHrapMOHUYECKUI ocumiuiaTop. Pacuen-
JIEHUE CIIEKTPAIbHBIX JIUHUI B 3JIEKTPUUECKOM U €1a00M MarHUTHOM MOJISIX.
Tema 17. IloBeneHue BOMHOBBIX (DYHKIMU Ha OONBIIKMX M MaJbIX paccTosHUsAX. [IpuunHa KBaHTOBa-
HUS SHEPTHUH.

Paznen 4
Tema 18. TlocraHoBKa 3a/7a4yu B TEOPUU CTOJKHOBEHUN MUKpoyacTHll. CBS3b MEXKIY aMILIUTYIOU
paccesHUSI M1 aCHMITOTHUYECKUM TOBEZCHHEM BOJHOBOH (yHkuuu. CeueHue paccesHus. bopHoBckoe
NpUOIMKEHNE ITIs1 AMIUTUTY 1Bl paCcCesTHUSL.
Tema 19. Pacuer aMITUTY Il U CEYEHHUS IIPH PACCESTHUM HA KYJIOHOBCKOM M IOKaBCKOM MOTEHIMANAX.
Tema 20. Tounas Teopus paccessHus. PaznokeHue aMIUTyIbl Ha MapiuaibHbie BoJdHBI. dDaza pacce-
sHUA. YcaoBue ynpyroil yaurapaoctu. Onrudeckas TeopeMa. Mojienb abCcoItoTHO YepHOTO AUCKA.
Tema 21. TlpoxoxJeHHe 4YacTHIl yepe3 NoTeHIMadbHbINH Oapbep TyHHenbHbIN >ddexT. XonoaHas
SMHUCCHS MeTaJIOB. Mlcue3HOBEeHUE CIEKTPATIBHBIX JIMHUM B CHIIBHOM 3JIEKTpUYecKkoM noje. Tpéxmep-
HBIN oTeHIManbHbIi Oapbep KBazucrannonapuslie coctosiHus. Teopust paainoakTUBHOTO pacnaja.
Tema 22. KunemMaTuka U3Jy4yeHHs U MOTJIOMIEHUST (POTOHA HECTAOMIIBHBIM CBOOOTHBIM SIIPOM. DHEp-
I'Us OT/A4M A]pa U BKJIaJ ee B oHepruro ¢oroHa. Sapo B mose ocummstopa. Dddexr Meccbayapa.
®daxrop [ebas - Bamnepa.

4.3.1. IlepeyeHb CEMHUHAPCKHX, IPAKTHYECKHUX 3aHATHI U JJA0OPATOPHBIX PadoT

Ne Ne paznena u | HaumeHnoBanme ceMuHapos, mpak- | Tpyzno- OneHounble dopmupyemslie
TEMBI IUCIHM- | THYECKUX M J1a0OpaTOPHBIX paboT eM- cpeJcTBa KOMIIETEHLIUU
TUTHHBI KOCTh
(gacer)
1 2 3 4 5 6




1. | Pasmen 1, Te- | I'mnore3a [de-bpoiins, runoresa 3amaHue Ha ce- OIIK-1
Ma | [Tmanka MHHApE B BUJE
3aa4n
2. | Pasmen 1, Te- | Oddexr Komnrona 3ananue Ha ce- OIIK-1
Ma 2 MUHape B BUC
3aa4n
3. | Pasmen 1, Te- | JlazepHas KOHBEPCHUS KaK MEXaHU3M 3amaHue Ha ce- OIIK-1
Mma 3 ycKopeHUs POTOHOB MUHapE B BUJE
3a1auu
4, | Pazmen 1, Te- | MuHMManbHBIE 3HAYCHUS (a30BOTO 3amaHue Ha ce- OIIK-1
Ma 4 o6bema gacTuIpl. COOTHOIICHHE MHHape B BUJE
HeolpeeNIeHHOCTeH "KoopAnHaTa- 3a7auu
uMITynsc', "SHEPrusi-BpeMs )KU3HH'"
5. OreHka YHEPTHH OCHOBHOTO COCTO- 3amaHue Ha ce- OIIK-1
SIHUSL U3 COOTHOIICHHMSI HEOTIPE/Ie- MUHape B BUJIC
JIECHHOCTEM JUJIs1 JINHEWHOT O TapMO- 3a1auu
HUYECKOTO OCIMJUIATOPA B aTOMa
BOIOpOAA
6. Pazmen 1, Te- | Onepatopsl AMHAMHUYECKUX BEIHU- 3aganue Ha ce- OIIK-1
Ma 5 YHH B THJILOCPTOBOM MIPOCTPAHCTBE. MUHape B BUC
CobcTBeHHBIC (hYHKITUH U COO- 3aaun
CTBEHHBIE 3HaUeHUs. VX pu3mde-
CKUH CMBICII.
7. Kanonmnueckuit kommyTaTop "Koop- 3ananue Ha ce- OIIK-1
JUHATa-UMITyJbC" MHUHape B BUE
3aJ1auu
8. | Pasmen 1, Te- | YpaBuenue lllpenunrepa ajs BoJ- 3anaHue Ha ce- OIIK-1
Ma 6 HOBO# (pyHkmu. BopHOBCKast nH- MUHape B BUJE
TEpIPETANS BOJIHOBOU ()YHKITHH. 3a/1aun
Crammonapsoe ypaBaenue Llpe-
nuHrepa. GakTopu3saius 3aBUCHMO-
CTH OT BpEMEHH U KOOPJAMHAT.
OHepreTU4ecKnii CEKTpP U BOJIHO-
BbIe (DYHKIIUU YaCTHUI[BI B IIOTCH-
[UANBHON sIME» C OECKOHEYHO BBI-
COKHMH «CTCHKaMID)
9. | Pasmen 2, Te- | DHepreTudeckuii CIICKTP U BOJHO- 3amaHue Ha ce- OIIK-1
Mma 7 BbIe (DYHKIIUN YaCTHUIIBI B KOHEUHOU MUHape B BUJIC
«TOTEHIIHATLHON STME» 3a]1aun
10. OHepreTU4ecKuii CeKTpP U BOJIHO- 3anaHue Ha ce- OIIK-1
BbIe (DYHKIIMN YaCTHUIIBI B TIOJIE I10- MUHape B BUJIC
TeHmana Buaa V(x)=-go(x) 3aJ1auu
11. | Pa3men 2, Te- | DHepreTHdecKuil CIEKTP U BOJHO- 3anaHue Ha ce- OIIK-1
Ma 8 BbI€ ()YHKIIUW YaCTHUIIBI B TIOJIE T10- MUHape B BUJC
TeHIana Buaa V(x)=-g(d(x+a)+ 3a1a9u
d(x-a))
12. | Paznen 2, Te- | OpOurtanbHBI MOMEHT 3aganue Ha ce- OIIK-1
Ma 9 MUHape B BUJC
3a]a9u
13. | Pa3men 2, Te- | AMILIMTYAA pacCesHUS DJIEKTPOHA 3amanue Ha ce- OIIK-1
Ma 10 Ha IPOTOHE B OOPHOBCKOM TIPH- MUHape B BUJC
OJIMHKCHUN 3aJ1aun
14. AMIUTATY1a paccesHus 3JeKTPOHA 3ananue Ha ce- OIIK-1
Ha CJIO)KHOM DJIEKTPOHEUTPAITEHOM MHUHape B BUJIC
aToMe 3aJ1aun
15. | Paznen 2, Te- | IIpoxokaeHHE YaCTHUIIBI Yepe3 IO~ 3ananue Ha ce- OIIK-1




Ma 11 TEeHIMAIbHBIH 0apbep V(X)=-gd(X) MUHape B BUC
3aa4n
16. | Pasmen 2, Te- | IIpoxosKaeHHE YaCTHUIIBI YEPE3 I10- 3amaHue Ha ce- OIIK-1
Ma 12 TEHIIUAIBHEIN Oapbep B BHIE «Oec- MUHape B BUC
KOHEYHOH CTYIICHM) 3aJ1auu
17. [IpoxoskIeHHne YaCTHIIBI Yepe3 Mpsi- 3amaHue Ha ce- OIIK-1
MOYTOJIFHBIN TOTEHIHAIBHBIN Oa- MHUHape B BUJE
pBep 3aJ1aun
18. | Pa3men 3, Te- | DHepreTUYEeCcKUil CIIEKTP YaCTHIIBI, 3amanue Ha ce- OIIK-1
Ma 13 HaXOJSIIEHCS B TI0JIE TapMOHUYE- MHHape B BUJIE
CKOTO OCITMIIISITOPA U B TIOCTOSTH- 3aaun
HOM DJICKTPUYESCKOM I10JIe
19. | Paznen 3, Te- | BonHOBBIC (PyHKIIMK YaCTHIIHI, 3aganue Ha ce- OIIK-1
Ma 14 HaxoJsuencs B 1oJie TUHEHHOTO MHHape B BUJIE
TFapMOHHYECKOTO OCIIHILISITOPA, CO- 3a1auu
OTBETCTBYIOIIHNE BO30YXKICHUSIM
n=1,2
20. | Pa3gen 3, Te- | BomHOBBIE QYHKIIMY U SHEPTETHYE- 3ananue Ha ce- OIIK-1
Ma 15 CKHUH CIIEKTp YaCTUILIbl, HAXOASIICH- MHHape B BUJIE
Csl B TOJIE IBYMEPHOI'O TApMOHUYE- 3aJ1auu
CKOTO OCIIIIISITOpPA
21. | Pa3gen 3, Te- | BomHOBBIE QYHKIIMY U SHEpTETHYE- 3ananue Ha ce- OIIK-1
Ma 16 CKHUH CIIEKTp YaCTHUILIbl, HAXOASIIEH- MHHape B BUJIE
Csl B TOJIE TPEXMEPHOTO TapMOHH- 3aJ1auu
YEeCKOT0 OCIHILIATOpA (SIIpa B KpH-
cTaje)
22. | Pasnen 3, Te- | DHepreTuueckuii CieKTp aTomMa BO- 3amanue Ha ce- OIIK-1
Mma 17 JI0pPOJia B IIOCTOSTHHOM MarHUTHOM MHUHape B BUC
oJie 3aJ1aun
23. | Pasgen 3, Te- | Cnun. Matpursr [laymmn 3aganue Ha ce- OIIK-1
ma 18 MHHape B BUJIE
3aJ1a4n
24. | Pazgen 4, Te- | 3MeHeHHe COCTOSHUS CUCTEMBI 3aganue Ha ce- OIIK-1
ma 19 MOJ1 AEACTBUEM BHEIIIHETO BO3MY- MHHape B BUJIE
HICHHUS 3aJ1auu
25. | Pasnen 4, Te- | XonoaHast SMUCCHSI SJICKTPOHOB U3 3amanue Ha ce- OIIK-1
Mma 20 MeTaJlia MUHape B BUJE
3aJ1auu
26. | Pasnen 4, Te- | DHeprust ©3JIy4eHUs U MOTJIOMICHUSI 3amanue Ha ce- OIIK-1
Mma 21 (hoToHa HeCTAaOMIHLHBIM CBOOOTHBIM MUHape B BUE
SITPOM 3aJ1aun
27. | Pasnen 4, Te- | Dddexr Meccbayspa. Dakrop [e- 3amanue Ha ce- OIIK-1
ma 22 bas-Bamnepa MUHape B BUJIE
3a]1aun
4.3.2. Il;1aH camoCTOATEIbHOM PadOThI CTYICHTOB
No Tema Bun 3aganue Pexomenny- | Komu-
HelL CaMOCTOiI- eMas JuTepa- | 4eCTBO
TEIBbHON Typa 4acoB
paboThI




1 KBantoBa- | Bueayau- | KBantoBanue bopna - Un¢enbaa B
Hue bopHa TOopHas, | smuKe. Belunciienue crarucruye-

- Ungens- pelIeHne | CKOM CyMMBI OJIHOM CBOOOIHOM Ya-
1a B SIIIHU- 3a1a4y CTHIIBL.
Ke.

2 KBanToBa- | Bneaynu- | KBaHTOBaHME MOMEHTA KOJWYECTBA
HUE MO- TOpHasi, | JABM)KEHHUS METOJIOM IOBBIIIAIOLINX
MEHTa KO- pellieHre | U TMOHMXKAIOUINX OlepaTopoB. AJl-
JM4ECTBA 3a1a4 re0Opa MOMEHTOB KOJINYECTBA JIBU-
JIBUKCHUS xeHus. Peanuzanus anredpsl B

TudepeHIaIbHON 1 MATPUIHOM
dopme. CoOCTBEHHBI MOMEHT KO-
au4decTBa ABMKeHUd (cnuH) Crek-
TPBI KBaJpaTa MOMEHTA U 3-ei Mpo-
exiun. CoOcTBEeHHBIE (PYHKIIUH Op-
OUTaTLHOTO MOMEHTA KOJTMYECTBA
JIBIDKCHHSL.

3 KBantoBoe | Bueaynu- | KBaHTOBOE omnucaHue IByXaTOMHOM
OIMCaHue TOpHas, | MOJIEKyJbl. TernI0eMKoCTh IpU pas-
JIByXaTOM- pelleHre | JUSHBIX TeMIIepaTypax.

HOH MoJIe- 3a1a4

KYJIBL.

4-5 | Cnun Bueayau- | CnuH 35eKTpoHa. DKCIIEpUMEH-
ANEKTPOHA. TOpHasi, | TaJbHOE JI0KA3aTeIbCTBO CYIIECTBO-
pellieHue | BaHUs CIMHa 3JeKTpoHa. Oneparop
3a1a4y cnuHa. CIMHOBbBIE (PYHKIIMH. Y PaB-

Henue [laynu. J[BukeHne cnuHa B
IIOCTOSIHHOM U IIEPEMEHHOM Mar-
HUTHBIX MOJISIX.

6 Ceuenue Bneaynu- | Pacuer aMmiuTypl U cedeHus pu

paccestHus TOpHasi, | paccesHUU Ha KyJOHOBCKOM U
pellleHne | I0OKaBCKOM MOTEHIMAIaX.
3a/1a4y
7-8 | Kunematu- | Bueaynu- | Kunemartuka n3mydeHus U MOIJIO-
Ka u3Jyye- TOpHas, mieHus: (OTOHA HECTaOMIBLHBIM
HUS U TI0- peleHre | CBOOOTHBIM sIIPOM. DHEprus oTja-
TJIOIIEHUS 3a1a4y YH s17ipa U BKJIAJl €€ B SHEPITUio o-
¢dorona ToHA. JloNIepOBCKOE yIIMpEHUE
auHui. OnpeneneHne TeMnepaTypbl
3BE3.

9 Teopust Breaymi- | pyccegume 8 mome & (X) =-Go(X)

pacceaHui TOpHAd, | OGpaTuTh BHUMaHWE HA TOBEICHHE
PCIICHHC | anNmmmTy | OTpaskeHHOM U mpoIe/-
sajad 1€} BOJIH NPU MPOJIOJKEHUH pelle-
Hus B o0xacte E<0.
10 | KeantoBo- | Bneayau- | Omeparopsl, CONpsiKEHHBIE K OMe-
MexaHHuye- TOpHasi, | paropam
CKHE OTIe- emeHne | » d 5 .d 4 d
paTopsl p3a)1a11 A=&,B=I&,C=ma)x+h&

HUcTounukn
U3 OCHOBHOM
M JIOTIOJIHH-
TEIILHOU JIH-
TepaTyphl 1O
TeME MpPaKTH-
YECKHUX 3aHs-
THH;
O6pazoBa-
TEJIbHBIC pe-
CypCHI, J10-
CTYIHbIE 110
JIOTUHY U TIa-
poJto,
MPEeI0CTaB-
JISEMBIM
Hayunon
OnONIMoTEeKOM
HUI'Y u Cro-
POHHHUE caii-
TBI

10

10

10

10

10

10

10

10




10

10

11 CoOctBen- | Bueaynu- G — mox+h d
= ). e

HBIE 3HA- TOpHas, dx

Hns onepaTopa
YEHUS pelieHne .

HATH COOCTBEHHBIC (DYHKIIMU U
KBaHTOBO- 3a1a4

coOcTBeHHbIe 3Ha4yeHus. [Ipose-
MeXaHHuue-

PHTB, 4TO COOCTBEHHbIEC 3HAYCHUS
CKHUX oOIle-

3TOro OIepaTopa MOryT ObITh KOM-
paTopos

IUIEKCHBIMHU, & COOCTBEHHbIE (DyHK-

LIUH, OTBEYAOIME Pa3IMYHBIM COO-

CTBEHHBIM 3HaYECHUSIM, HE00s13a-

TEJIbHO OPTOTOHAJIBHBI.

12 | Dueprus Bueayau- | OnpenenuTs YpOBHU SHEPTUU U
KBaHTOBO- TOpHasl, | BOJHOBbIE (DYHKIMH JUIs 3apsIKEH-
MEXaHu4e- pelieHre | HOM I 3aps’KEHHOM 4acTHULbI B
CKUX CH- 3a1a4 IIOCTOSIHHOM U OJTHOPOJHOM Mar-
cTeM HUTHOM T10J1e. BBIOpaTh BEKTOPHBIIHA

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

13-14 | Yactuna B Bueayau- | CuMrtas U3BECTHBIM raMUIbTOHUAH
JNEKTPO- TOpHAsA, | 4aCTHULBI B JIEKTPOMArHuTHOM I10-
MarHMTHOM | pelIeHHUE | Ji€, HAUTU a) BhIpaKEHUE JId OIle-
noine 3ama4 paTopa ckopoctu v ; 6) KOMMyTau-

OHHBIE COOTHOUIEHMS JUIsl KOMIIO-
HEHT CKOpPOCTH; B) aHAJIOT ypaBHe-
Hust HproTona.

15-16 | bopHoB- Breaynu- | BeraucianTh aMIUIMTy Ay paccesiHus
CKO€ IIpH- TOpHasA, | Ha NPAMOYIOJbHOW TOTEHLIUAIbHON
OmmKeHue pemieHre | siMe B OOPHOBCKOM MPHOIMKEHHH.

3a/1a4

17 Paccesnue | Breaynu- | BeramciauTh aMIIUTyny paccessHUS
Ha TOTEH- TOpHas, | B OOPHOBCKOM MPHUOIMKEHUH Ha
nuane pemenne | moteHmane FOkasa
IOxkaBa 3a1a4 ur)=(alre"

4.4. MeTonuveckne yKa3aHus 10 OPraHU3anMu CaMOCTOATEIbLHOI Pad0ThI CTYA€HTOB

B pazgene 4.3.2 cryaeHTaMm A CaMOCTOSITENIBHOTO YIUIYOJIEHHOTO M3YYEeHHs TUCIUIUIMHBI (Tapai-
JIENIBHO C JIEKIMSIMM) TpeJiaratoTcs 3a/1a4u 1o u3ydaeMbIM pazaenaM. [Ipeanomnaraercs, 4To CTyA€HT
CaMOCTOSITENTLHO M3YYHT JOIOJHUTENbHBIE Maparpadsl M0 MPOHIEHHON TeMe, IPeACTaBlIeHHbIC B JIH-
TepaType u3 1. 5, a 3aTeM PEIINT MpeIoKeHHbIe 3a1auu. OIeHKa CaMOCTOSATEILHON pPadOTHI CTYACH-
TOB IIPOBOJIUTCA HA MPAKTUYECKHUX 3aHITHUSAX.

4.5. IlpuMepHasi TeMaTHKa KYPCOBBIX padoT (IP0eKTOB) (IPpH HAJTUYHMH)

YueOHBIM IJIAHOM HE npeaAyCMOTPCHO HAIMMCAHUC KYPCOBBIX pa60T.




V. Y4eOHo-MeTOAM4YecKOe M HHGOPMALIMOHHOE 0O0ecTiedeHue TN CIUTINHBI:
a) mepevYeHb JUTEPATYPbI

OCHOBHAs TUMepamypa

1.

Bamn A. H. KBanToBas MmexaHuka B 3aja4ax : yue0.-meton. nmocodue / A. H. Bamn, O. H. Coin-
narenko. — Upkyrtck : U3a-so UT'Y, 2010. — 87 c. Hp A623906; pusmar 30856 (100 3k3.)

[TapmakoB A. H. BBenenue B kBaHTOBYIO (DU3HUKY : yueO. mocobue [DaeKTpoHHbIN pecype] / A.
H. ITapmakoB. — DnektpoH. Bepcus kH. — CII6. : Usn-Bo Jlans, [2010]. — 352 ¢. — (OBC

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

00NOHUMENbHAS TUMePaAmypa

1. bnoxunues, JI. 1. OcHOBBI KBaHTOBO# MexaHUKH [DneKTpoHHbIN pecype] / . Y. bnoxuHies. -

DNeKTpPOH. TeKCTOBbIe AaH. - Mocksa : Jlanb, 2004. - 664 c. : wi. - (YueOHUKHU 175 BY30B.
CrenmanbHast muteparypa). - 9bC "Jlanp". - Heorpanud. goctyi. - ISBN 978-5-8114-0554-1
Jlannmay JI. JI. KBanToBas mexanuka : Teopernueckas ¢usuka, Tom Il / JI. 1. Jlanmay, E. M.
JIudurui. — 5-e u3a. — M. : Hayka, 1989. — 767 c. (56 3k3.)

lanuukuii, B.M. 3agaun no xBaHTOBOW MexaHuke [Tekct] : yueb. mocobue st cTyn. us.

creil. Boicul. y4eO. 3aBenenuii / B. M. l'anuukwii, b. M. Kapuakos, B. 1. Koran. - M. : Hayka,

1981. - 648 c. — (30 3k3.)

4. Jlunkwuu I'. KBanToBast Mexanuka. HoBbIi OAX01 K HEKOTOPBIM mpobsiemam / . JTumkun. — M.

: Mup, 1977. — 592 c. (ud A 37855, 767271, dm 767272, 5 5k3.)

0) mepuoguYeCKHEe U3TAHUS

- HCT.

B) CIIMCOK ABTOPCKHUX METOAHYECKUX Pa3padoTok

- 1 (ocHOBHas UTEpaATYpA).

r) 0a3p1 JAaHHBIX, HHPOPMALIMOHHO-CIIPABOYHbIE H MOMCKOBbIE CHCTEMbI

http://library.isu.ru/ - Hayunast 6utnuorexa UI'Y;

O6p3.30BaTCJ'ILHLIC PECYpChI, NJOCTYIIHBIC IO JIOTUHY W MApOJIt0, MPEAOCTABIIACMBIM Haquoﬁ

ouodmmmorexont UT'Y:

https://isu.bibliotech.ru/ - 343 «bubmmoTex»;
http://e.lanbook.com - OBC «M3narenbcTBO «JlaHby;

http://rucont.ru - 3bC «PykoHT» - MeXoTpacieBas HayyHas OMOTMOTEKa, coepKamias onud-
pOBaHHbIE KHUTH, IEPUOAMYECKHUE U3TAHUS U OTJIENIbHbIE CTAThU MO BCEM OTPACIISIM 3HAHUH, a
TaKXXe ayJuo-, BUJE0-, MyJIbTUMeIua COPT U MHOTO€ JIPYTOE;

http://ibooks.ru/ - 3bC «AiOyKCc»- HHTEPHET PeCypChl B CBOOOHOM JOCTYIIE.


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

VI. MatepunajibHO-TEXHHYECKOe o0ecneyeHne JUCUUIIMHBI

Y4yeOHast ayauTopusi AJisl MPOBEACHUS 3aHATHI. J[J1s1 MpoBeneHus 3aHATHI JICKIIMOHHOTO THIA B
Ka4yecTBE JIEMOHCTPAIMOHHOTO 00OPYJIOBAaHUS HCIOJB3YETCs MenoBas nocka. HarnmsgHocTs obecre-
YMBAETCS MyTEM M300pa’keHHs CXeM, auarpamMMm M (GopMys ¢ moMmouibio Mena. Mcmonb3oBaHue Iio-
0aNbHON KOMIBIOTEPHON CETH MO3BOJISIET 00ECHEUUTh TOCTYIMHOCTh MIHTepHET-pecypcoB U peaan3o-
BaTh CaMOCTOSITEJIbHYIO paboTy cTyneHTOB. Ha JeKuusx MOryT MCIOJIb30BAaThCA MYJIbTHUMEIUNHBIC
CpeICTBa: MPOEKTOP, NEPEHOCHON 3KpaH, HOYTOYK. Ha (akynpTeTe nMeeTcs KOMIbIOTEPU3UPOBAHHAS
ayuTOpus, MpeIHa3HauYeHHas JUIsl CaMOCTOSITeNIbHOM paboThl, ¢ HEOrPaHWYEHHBIM TOCcTynoM B UH-
TEpHET.

Marepuansl: yaeOHO-METOIMYESCKUE MOCOOUs, 3aaHusl ISl Ay AUTOPHON M CaMOCTOSITEIIBHON pa-
OOTBI CTY/ICHTOB.

VII. O0pa3oBaTe/ibHbIe TEXHOJIOTHH

3a7auu U3JI0KEHUS U U3yUeHHs JUCLMIUIMHBI PEaTu3y0TCs B CIEAYIOIMNX POpMax e TeIbHOCTH:

e JIEKIMM, HAlleJICHHbIE Ha NOJY4YeHHE HeoO0XOoAMMOW HH(pOpMalMM, U €€ HUCIOJIb30BaHUE
IIPU PELLIEHNUH IIPAaKTUYECKUX 3a/1a4;

® [IPAKTUYECKHUE 3aHATHs, HAIPABICHHBIC HA AKTUBM3ALMIO IIO3HABATEIBHON JEATEIbHOCTH
CTYZCHTOB U IPUOOPETEHUS] UMU HaBBIKOB PEIICHUS MPAKTHUECKUX U MPOOJIEMHBIX 3a/1a4;

® KOHCYJIbTALIMU —€KEHEIEIBHO IS BCEX JKEIAIOIIUX CTYICHTOB;

® CaMOCTOsATENIbHAs BHeayJUTOpHas paboTa HampaBiieHa Ha NMPUOOPETEHHE HABBIKOB CaMO-
CTOSITEJIBHOTO pelIeHUs 3a/1a4 110 TUCLUILINHE;

® TEKyLIMH KOHTPOJIb 3a JEATEIbHOCTBIO CTYAECHTOB OCYILIECTBISIECTCA HA JICKIMOHHBIX M
[IPAKTUYECKUX 3aHATUAX B XOJE€ CAMOCTOATEIBLHOIO PEIICHUS 3a/1a4, B TOM YUCIIE Y JOCKHU.

VIll. OueHo4Hble MaTepHAJIbI A/ TeKYLIero KOHTPOJISA M MPOMEKYTOYHOM aTTecTaluu
CDOH)I OLCHOYHBIX CPCACTB MPEACTABIICH B ITPUITOKCHUH.

8.1. OueHouHBIE CpE/ICTBA AJIsi BXOJHOTO KOHTPOJIS: He TpeOyroTCs.
8.2. O1ieHOYHBIE CPEACTBA TEKYIIETO KOHTPOJS - KOHTPOJIbHBIE paOOTHI U coOeceI0OBaHuE.

JEeMOHCTpaIlMOHHBIN BapUaHT KOHTPOJILHOMN Da6OTBI

- -
3amava 1. Beruucnuts ¥ (x , t) gus Bonnosoro makera ¢(x , t) = Ae ™™ /=%
3amaua 2. Mcnons3ys pesyabTar MpeAbIAyINEH 3aiaud, HAWTH M3MEHEHHME INUPUHBLI MAKeTa CO
BPEMEHEM.

IIpumepsl Bonpocos AJisi codece10BaHUSA

e Omnucatp onepaTopHbIi HopMaTU3M KBAHTOBON MEXaHUKU.

e JlaTb onpeneneHne caMOCONPSKEHHBIX ONEPaTOPOB B TMILOEPTOBOM MTPOCTPAHCTBE.

e VYKa3aTh OCHOBHBIE CBOMCTBA COOCTBEHHBIX (DYHKITHIA.

e BriuucieHrue BEpOSATHOCTEM pe3ysibTaTOB M3MEPEHHS JAMHAMMYECKON BEIMYMHBI B MPOU3-
BOJIBHOM COCTOSIHHMH.

e YcnoBue OAHOBPEMEHHON U3MEPUMOCTH JUHAMUUYECKUX BEJINYMH.

e BBecTu onepaTopsl KOOPIWHATHI U UMITYJIbCa U UX COOCTBEHHbIE (PYHKIUH. YKa3aTh OTIMYUS
KOOPJMHATHOTO M UMITYJIbCHOTO IIPEACTABJICHNUS.

8.3. OuieHOUHBIE CpelICcTBA AJIs IPOMEXKYTOUHOM aTTecTaluu



dopma pOBEACHUS TPOMEKYTOUHOU aTTECTAUH — HK3aMEH.

IIpumepHBbIii IepeYeHb BONPOCOB U 3aIaHNI K IK3aMeHY

1.

DHeprusi 1 UMITYJIbC CBETOBBIX KBaHTOB. [ unotresa [Inanka. ddext Komrona. [Tnockas Bonna Je-
bpoiins, e€ dusnueckmii cmbicin. KoMToHOBCKast AJiMHA BOJHBI W JUyMHA BOJHBI [le-bpoitns. u-
(bpaxus MUKPOYACTHII.

BbopHoBckas unTepnperanus BonHOBOM ¢yHKuuu. [Ipunimn cynepno3unuu cocrosiHuil. Paznoxe-
HUE MPOU3BOJILHOTO COCTOSIHUS 110 MI0ckuM BostHaM Jle-bpoitna. dusnueckuit cmbicn ko3dduiim-
€HTOB pasyioxkeHus. Popmanusm upaxa.

@da30Bo€ IPOCTPAHCTBO KBAHTOBOM cucTeMbl. COOTHOIIEHHE HEONPEAEICHHOCTH KOOpAMHATA-
uMItyJsibc. OLEeHKa SHEPTUU OCHOBHOI'O COCTOSIHUSI TAPMOHMYECKOI0 OCLIMIIISTOpPA U aTOMa BOJOPO-
na.

OmnepatopHsbIil popMann3M KBaHTOBOWM MexaHUKU. CaMOCOIPsKEHHBIE ONEPaTOPhI B THIIOEPTOBOM
npoctpancTBe. Oneparopbl KOOPAMHATHL M UMITyJIbca U UX coOcTBeHHbIe (yHKIMU. CpenHee 3Ha-
YeHHe JI000N TUHAMUYECKON BEIWYMHBI B MPOU3BOJIBLHOM CcOCTOsIHMH. OCHOBHBIE CBOICTBa CO0-
CTBEHHBIX (DyHKUMN. BrraricieHue BepoITHOCTEH pe3yabTaTOB U3MEPEHHs JMHAMUYECKOM BeTHuu-
HbI B IPOU3BOJIBHOM COCTOSIHUU. Y CIIOBUE OJHOBPEMEHHOW MU3MEPUMOCTU JUHAMUYECKUX BEJIMUUH
INamunpToHMaH cBOOOAHON yacTHIlbl. beckoHeuHoe BhIpoxkaAeHUEe cocTosiHuM. O000IIeHrne Ha ciy-
yail BHelHero nois. Ypasuenue Ulpenunrepa. ['aMuIbTOHHAH Kak reéHEpaTOp SBOJIOLHUH CUCTEMBI
BO BpeMeHU. YpaBHeHHE HenpepblBHOCTH. [TnoTHOCTH TOKa. HOpMupoBKa mockux BoiH. Cranuo-
HapHble coctosiHus. CranuoHapHoe ypaBHeHue lllpeaunrepa. deHOMEHONIOIMYECKOE ONMCAHUE
KBa3UCTAI[MOHAPHBIX COCTOAHUN. EcTecTBEHHas IMpPUHA CIIEKTPaIbHBIX JIMHUN U BpEMs KU3HU.
DBOJIOIMS ONEPaTopoB BO BpeMeHU. HTerpasbl 1BUKEHUS.

KBantoBaHue rapMoHHuYecKOro ocuuuisitopa. [loBblmaromnye u MOHMKAIOIINE ONepaTopbl. JHEp-
reTuYecKuil crekTp. BomHoBas QyHKIMS OCHOBHOTO COCTOSIHMS. MaTpU4HbIE 2JIEMEHTHI OIlepaTopa
KOOpJUHATBHI.

KBaHTOBaHNE MOMEHTa KOJIMYECTBA JIBUKEHUS METOAOM IOBBIIAIOIMNX U MOHMWKAIOIIUX ONEPATO-
poB. AsreOpa MOMEHTOB KOJIMYecTBa JABMKeHHs. Peanuzanus anreOpsl B quddepeHInaIbHON U
MaTpu4HOil popme. CoOCTBEHHBI MOMEHT KoJndecTBa JBHXKeHUs (cnuH) CHeKTphl KBajpaTa Mo-
MeHTa U 3-eii mpoekiunu. CoOcTBEeHHbIE (PYHKIIUN OpOUTAIBLHOIO MOMEHTA KOJIMYECTBA IBUKEHHUS.
Yactuua B cepuyecKku-cuMMETpUYHOM moJjie. Pa3znenenue nepeMeHHbIX. PaananbHoe ypaBHEHHE
Hlpenunrepa. Knaccudukanus coctossHuN B cheprUuecKU-CHMMETPUYHOM Tojie. ATOM BOJOPOJA,
€ro CIEeKTpP U BOJHOBAsI (PYHKIIHSI OCHOBHOT'O COCTOSIHUSL. BBIpokKeHne S3HepreTH4ecKuX ypoBHEN 1
€ro Npupo/ja.

10. F'amusIbTOHMAH 3apsHKCHHOMN YaCTHIBI B TIPOM3BOIILHOM DIICKTPOMATHUTHOM T10JIe. ATOM BOZOPO/Ia

B MIOCTOSSHHOM MarHUTHOM moJje. BonHoBas QyHKuMS U dHepreTuyeckuid cnekTp. YacTuuHoe CHs-
TUE BBIPOKICHUS.

11. KBanroBoe onucanue ﬂByxaTOMHOﬁ MOJICKYIJIBI. TennoeMKoCTh IIpU pa3JIuAHBbIX TEMIICpATypax.

12.I[BI/I)KCHI/IC YaCTHULbI B IICPUOJUYICCKOM IIOJIC. TpaHCHSIL[I/IOHHa}I HWHBApUAaHTHOCTD. CoOcTBeHHEIE

(GyHKIMU U COOCTBEHHBIE 3HAUEHUS ONepaTopa TPAHCIALMU. 30HHAs CTPYKTYpa crekTpa. Paznoxe-
HUE CIIeKTpa Ha "aHe" U «Kpasx» 30HbI bpuutosna. Meroa «3ddexTuBHOM Macch

13. Cniun QJICKTPOHA. 3KCHCpI/IMCHTaHBHOC A0Ka3aTCJIbCTBO CYIIECTBOBAHUSA CIIMHA 3JICKTPOHA. Omne-

parop cnunHa. CriuHoBble (yHKIMKU. YpaBHenue [laynu. [/IBikeHue crivHa B MOCTOSHHOM U Tepe-
MEHHOM MarHUTHBIX MOJISX.



14. Cranmonapnas Teopusi Bo3mylieHus. HeBBIpOKIEHHBIN ciTydaii.

15. Craunonapnas Teopusi BO3MYIICHHUS. BBIPOKICHHBIN CITydail.

16. Hecranuonapsas Teopusi BO3MyIIeHHs. P€30HAHCHBIN XapakTep KBAHTOBBIX [EPEXOIOB.

17.TloBenenne BOMHOBBIX (DYHKIMI HA OOJNBIIMX W MAIBIX PAcCTOSHUAX. [IpUYMHA KBaHTOBAHUSI
SHEPTrUHU.

18. IMocranoBKa 3a71a4u B TEOPUHM CTOJKHOBEHUI MHUKpo-uacTHil. CBs3b MEXIY aMILUIUTYI0M pacces-
HUS ¥ aCUMIITOTHYECKUM NOBeJeHHEM BOJIHOBOH (yHkumu. Ceuenue paccestuus. bopHoBckoe mpu-
ONMKEeHUEe [T aMIUTUTY bl PACCESTHHUS.

19. Pacuer aMIUIATY/IBI ¥ CEUCHUSI TIPH PACCESTHUU HA KYJIOHOBCKOM U FOKABCKOM MOTEHIIHANIAX.

20. AMIutuTy 18 paccesHus 3apsKEHHOM YacTHIbI HA CIIOXKHOM atoMe. PopMdakTop atoma.

21. Tounas Teopusi paccesHus. PasjioxeHne aMIUIATYIbI Ha MaplHaibHbie BONHBL Da3za paccesHusl.
YcnoBue ynpyroit yautapaoctd. Ontudeckas reopema. Mozenp abCoIFOTHO YEPHOTO TUCKA.

22.TIpoxosKIeHHE YacTUI[ 4epe3 MOTeHIHaNbHbIl Oapbep TyHenbHbIH 3 dext. XoaoaHas IMUCCHS
MeTaJlI0B. Vc4e3HOBEHHE CHEKTPAJIBHBIX JIMHUM B CHJIBHOM 3JIEKTPUYECKOM IoJe. TpEéXMepHbIN
noTeHIMaIbHbIN Oapbep. KBazucranronapHsie cocTossHUs. Teopust paluOKTUBHOTO pacnaja.

23. KuHemaTHKa W3Iy4eHUs] M MOTJIOMCHUsST (OTOHA HECTAOMIBHBIM CBOOOIHBIM SIAPOM. DHEPTHS
OTJauy A]pa U BKJIAJA ee B SHeprTuto ¢goroHa. JlomnepoBckoe ymupeHue JauHui. OmnpeneneHue
TEMIIEPATYPHI 3BE3I.

24. HecrabuibHoe sa1po B nosie ocumuiatopa. dhdekr MeccOayspa. Dakrop Jlebas -Bamiepa.

25. KonBepcust J1a3epHOTO U3JIyYEHHs IPU PACCESIHUM Ha OBICTPBIX JJIEKTPOHAX.

26.Ksanrosanue bopha - UH}enbaa B smmke. BerancieHue craTHCTHYECKOM CYMMBI OJIHOM CBOOOI-
HOM YaCTHIIBIL.

3aganus:
1. Haiiti n3amMeHnenue AuHbI BOJIHBI (DOTOHA MPH YIIPYTOM PACCESIHUM HA MOKOSIIEMCS 3JIEKTPOHE

(3 dexr Komnrona). JlaTe MHTEPNPETALUIO KCIEPUMEHTAIBHBIX JaHHBIX, OJyuYeHHbIX KomnToHoM
B IIpoliecce paccesHus: (OTOHOB Ha napaduHe.

2. Haiitu n3menenue sHepruu (oTOHA IPU YIPYTOM PACCESTHUU Ha PENSTUBUCTCKOM 3JIEKTPOHE
Ha yros 0 = m B paMkax runoressl [Inanka—OiHIITeHHA.

3. Haiitn Eq' npu Eq = 1, 2 eV (undpakpacuslii 1a3zep 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 BOIIIT-4M, omnbIThl 110 paciieryieHno goToHa B mose sapa, 1997 r.).

4. [ToueMy cBOOOMHBIN JEKTPOH HE MOXKET MOMVIOTUTh WU U3Iy4uTh QoToH. HaliTu sHepreru-
YEeCKUH CHEeKTp M3Ty4deHHUs: aOCOJIOTHO YEPHOTO Teja, UCTONb3ys cooTHomeHus [Inanka: E = pc u p
=~k, rae k = 2n/A — BOTHOBOM BEKTOp, A — ATMHA BOJHBI ()OTOHA.

S. [Tonarasi, yto A AUQpPaKIUK HA KPUCTAIIMUYECKOW pelIeTKe MOJIe3HO UMETh YaCTHUIbI ¢ A =
10—8 cm, HaiiT sHepruio (oToHa, INEKTPOHA U HEHTPOHA C TAaHHOM JUTMHOW BOJIHBI.
6. VY IbTpaxoJ0JHBIMH Ha3bIBAIOTCSI HEUTPOHBI, CKOPOCTh KOTOPBIX vV < 1 m/c. HaiiTn ux mimny

BOJIHBI Jle-bpoiins.

7. Bbrurcinute MaTpuuHbIi 35eMeHT h~X|~pi, rae |~pi, |[~Xi — COCTOSHHS C OnpeIeIeHHBIM M-
MyJIbCOM U ONPEJEIEHHON KOOPJUHATOW COOTBETCTBEHHO.

8. OueHUTh U3 COOTHOIIEHUSI HEOTIPEAECIEHHOCTH SHEPTUI0 OCHOBHOI'O COCTOSIHUS YaCTHIIbI B T10-
JI€ OJHOMEPHOT'0 FapMOHUYECKOI0 OCLMIUISITOPA.

9. OueHuTh U3 COOTHOLIEHMSI HEONPEAEIEHHOCTH SHEPIUI0 OCHOBHOI'O COCTOSIHUS DJIEKTPOHA B
aTOMe BOJIOpOAA.



10. Haiitu pagmyc cHIBHOTO B3aUMOJCHCTBUS, KOTOpOE 00YCIOBIEHO OOMEHOM BHPTYaJIbHBIM TT-

ME30HOM.

11. [Toka3zaTb, 4TO MPOU3BOJIBHBIN TUHEWHBINH onepaTop L MoxHO npeactaBuTh B Bune L = A +iB
rae A u B — 5pMHTOBBI OIIEpaTOpHI.

12. JlokazaThb, uTo ams ro0bix oneparopoB A, B u C cnpaBemuBo Toxaectso[A, BC]=[A, B ]°C
+B[A, C].

13. SBnsieTcs M orepaTop KOMIUIEKCHOTO COTPSDKEHUS a) JIMHEHHBIM, 0) 3pMUTOBBIM?

14.  Jlnsa omepartopa C , onpeaeneHHOro B Mpeablayliei 3aaaue, HaiTu coOCTBeHHbIE QYHKIUU U

COOCTBEHHbBIE 3HAYEHUS. HpOBepI/ITB, YTO COOCTBEHHBIE 3HAYEHHUS ITOTO orieparopa MoryT OBITH KOM-
IINICKCHBIMH, a COOCTBEHHBIC q)YHKI_[I/II/I, OTBCUAIOIIUC PA3JIMIHBIM COOCTBCHHBIM 3HaA4YCHUAM, HC 00s13a-
TCJIbHO OPTOIrOHAJIbHBI.

15. [Toka3zaTb, 4TO COOCTBEHHBIE (PYHKIIMU SPMHUTOBOTO OIEPaToOpa OPTOrOHAIBHBI MEXIY CO0Oii,
€CJIM OHM COOTBETCTBYIOT Pa3JINYHBIM COOCTBEHHBIM 3HAUEHUSIM.

16.  Iloka3aTh, YTO COOCTBEHHBIE 3HAUEHHS SPMUTOBOIO OIIEpaTOpa BCEria AeHCTBUTEIbHBI.

17.  Tloka3zatsb, yto BoaHa [le-bpoiiist He mpuHaIeKUT IMIBOEPTOBY IPOCTPAHCTBY.

18.  Haiitu oOmee pemenue ypaBHeHus lllpeaunrepa juist cBOOOJHON YacTHULBI M MOKa3aTh, YTO

OHO OECKOHEYHO BBIPOXKJICHO.

19. [Toka3zaTb, YTO TUIOTHOCTH TOKA j JJISl DJIEKTPOHA B OCHOBHOM COCTOSIHUM aTOMa BOJIOPOJIA PaB-
Ha Hymr0. ClieIcTBUEM 3TOTO (hakTa SIBISETCS CTAOMIBHOCTh aTOMa BOAOPOAA B OCHOBHOM COCTOSIHHH.
OOBACHUTDH TOUEMY.

20. HaiiTu sHepreTnyeckuii CieKTp U HOPMUPOBAHHBIE BOJIHOBbIE (DYHKIIUU CBSI3aHHBIX COCTOSTHUI
gacTulbl B mojie V (X) =—g - 8(X), T11e g — MOJI0XKUTENbHAs TOCTOSHHAS.

21. Haiitu cpenHue 3HaueHNs KMHETUYECKON M MOTEHLUMATILHOM 3Hepruil. Beraucnuts npoussene-
HUE HEOIpeJeIEHHOCTeH KOOpAMHAThl U uMIyjbca. KakoB BUJI BOJTHOBOW (PYHKLMHU B MMITYJILCHOM
MpeACTaBICHUN?

22. Haiitu sHepretuueckuii CrieKTp M BOJIHOBBbIE (DYHKIMM YACTHIBl C 3apsJOM € M Maccod m,
HaxoJsIIelcs B 0JIe TAPMOHUYECKOTO0 OCLMJUISITOPA M B IMOCTOSIHHOM 3JIEKTPUYECKOM II0JIE€ Halpsi-
#eHHOCThI0 E. CunTath BOJIHOBBIE QYHKIMHU U CIIEKTP JIMHEHHOTO FapMOHMYECKOTO OCLMILISATOpA 3a-
JTAHHBIMH. J[BUKEHHE OJTHOMEPHOE.

IIpumep TecTOBBIX 3aJaHUM AJId NPOBEPKH CPOPMHPOBAHHOCTH KOMIIETEHUHH, YKAa3aHHBIX
BbIlIe 11.3:
1.  Venosus neonpedenennocmu ons P u X

a) AP AX =2
b)AP AX = h
AP AX =2

2. Cnexmp ocyunnsmopa
a)E = hw (ﬂ; + é)
b)E = hw(n)

c)E:h—mP
2



3. Ilonpasxka K 3Hepauu 8 nepeom NopsoKe meopuu 603MYyuleHuUst (HeBbLPOICOEHHBLU CyYAll)
HEMD, =<n|V|n>
nE® =< n|V + Hy|n >
9 EV =<n|Yn>
dx

4. Ceazv koaghguyuenma npoxocoenus R u ompasicenus D (oOnomepnwiii cnyuaii).

ag R+D=1

b) RZ+D*=1

¢) R+D =5
PaspaboTunkmu:

ﬁ/{ / ‘ JoueHT kadeapsl Teopetuueckor ¢usuku  C.B. JIoBnos
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[Iporpamma cocrapiieHa B cooTBeTcTBHHM ¢ TpeboBanusmMu ®I'OC BO mo HampaBIeHHIO MMOITO-
ToBKH 03.03.02 dusuxka.

[Iporpamma paccMoTpeHa Ha 3acejaHny Kadeapbl TeopeTHIecKoi HU3UKH
«15» mapra 2023 r.
[Tpotokon Ne 6 U.o. 3aB. kadempoit > C.B. JloBuoB
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