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I. Iean v 3aga4M TUCUMILJIMHBI

B xone n3ydenus nucuunianHbel «KBaHTOBass MEXaHMKa» CTYIECHTBI U3y4alOT U OCBAaUBAKOT OC-
HOBHBIE TIOHSITUSL U METOJIbI KBAHTOBOM TEOPUHU, CIIOCOOBI TEOPETHUUECKOTO OMUCAHUs, KOJUYECTBEH-
HOT'O U KaU€CTBEHHOI'0 aHaJIN3a KBAaHTOBBIX IIPOLIECCOB B CUCTEMAX, COCTOSIIIIMX U3 OJTHON MJIM MHOTHX
YacTHL, a TAKXKE B CUCTEMAX C HEOIIPEAEIICHHBIM WM MEHSIOIMUMCS YMCIOM YaCTHLL.

Hucuunnuna «KBaHTOBass MeXaHMKa» MPEJICTABISIET COOOM TEOPETHUYECKYIO OCHOBY JJIsl IO-
CIIEYIOIINX Pa3JIelIoB Kypca TEOPETHIEeCKON U3nKH. MaTeMaTndecKoi 1 METOIMIeCKOoi 06a30ii Kyp-
ca SIBJISIIOTCSL BCE pasJielibl Kypca MaTeMaTUKH U TEOPETHUECKON (DU3MKHU, U3YUYEHHBbIE CTYIACHTaMU K
Hayaiy 5 ceMmecTpa.

B pesynbTaTte u3ydeHus Kypca CTyACHT MpuoOpeTaeT Kak (yHIaMeHTAIbHBIC 3HAHUS O TIOJIXO0-
JaX K OMHCAHWIO0 KBAHTOBBIX CHCTEM, TaK U HABBIKM PEIICHUS KOHKPETHBIX KBAaHTOBO-MEXaHUUYECKHUX
3azay.

esn Kypca

KBaHTOBass MeXaHHKa SIBJISICTCS BaXKHOW YacThIO YHUBEPCAIBLHON 0asbl s M3ydeHHUs oOIe-
po(heCCHOHABHBIX ¥ CIEIUAIBHBIX JUCIUTLINH, BOOPYKACT BBHITYCKHUKOB HEOOXOAUMBIMY 3HAHUS-
MU JUISl PEIICHUS] HAYYHO-TEXHUYECKUX 3a]a4 B TEOPETHUUECKUX M MPHUKIAJHBIX aCHEKTaX, 3HAKOMUT
CTYJIEHTOB C HAYYHBIMH METOJAaMU MO3HAHHUs, TO3BOJISET HAYUYUTh UX OTJIMYATh TMIOTE3Yy OT TEOPHH,
TEOPHUIO OT KCIEPUMEHTa. JTa JNUCIMIUIMHA CIIOCOOCTBYET MPOBEACHUIO JIEMAapPKAIIMK MEXIy Hayd-
HBIM ¥ @HTHHAYYHBIM TOJIXOJIOM B M3yYEHUU OKPYXKAIOIIETO MHUPA, MO3BOJISIET HAYYUTh CTPOUTH (H-
3UYECKUE MOJIENTN TPOUCXOSIIETO U YCTAHABIMBATh CBSI3b MEX]1y SIBICHUSMHU, IPUBUBATh TOHUMaHUE
MIPUYMHHO-CJIEICTBEHHOM CBSI3U MEXy sBieHUsAMU. O0nanast TOTHYECKO CTPOHHOCTBIO U OMHPAsICh
Ha JKCIepuMeHTalbHble (akThl, nucuuiuinHa «KBaHTOBas MexaHWKa» SBISIETCS UII€ATBLHOM IS pe-
IIEHUS ATOU 3a7aud, GOPMHUPYS Y CTYJAECHTOB MOJTMHHO HAYYHOE MHUPOBO33PECHHUE.

Llenpro OCBOEGHMS Kypca KBAaHTOBOM MEXAHUKH SIBJIIETCS O3HAKOMIIEHUE CTYAEHTOB C OCHOBHBI-
MU 3aKOHAaMH COBPEMEHHOH (PU3MKU U BO3MOKHOCTSIMH UX MPUMEHEHHUS MPU PEIICHUH 3a]a4, BO3SHH-
KaroIIUX B X MOCJIENYIOMEH TPoPecCHOHATIEHON ACSITEIHbHOCTH.

3apaum kypca
— M3y4YeHHUE 3aKOHOB KBAHTOBOM TEOPUU B UX B3aUMOCBSI3H;

— (hopMUpOBaHNE HABBIKOB 1O MPUMEHEHHIO MOJIOKEHUH KBAHTOBOM TEOPUHU 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;

— O03HAKOMJICHHE CTYJICHTOB C UCTOPHUEN W JIOTMKOW Pa3BUTHUS KBAHTOBOM MEXAHWUKH M OCHOBHBIX

€€ OTKPBITUH.



II. MecTo nucuunimubl B cTpykrype OIIOIL:

Juctumimaa «KBaHTOBasi MEXaHUKa» SIBISCTCS OOSI3aTENBHON I M3YYCHHS 10 JAHHOMY

npodwmo. M3ydenue Kypca mpeamnoiaraeT Haauuue MOJyYeHHBIX Ha MpeablayIIeM YpoBHEe 00pa3oBa-

HUS OCHOBHBIX 3HaHWM, ymMeHuil no nucuuruimHaMm «J{uddepenunansasie ypaBHeHus», «Teoperuue-

CKasad MCXaHHKa», ((9H€KTpO,Z[PIH3MHK3». Z[I/ICI_[I/IHJ'II/IHa «KBanToBas TEOpU) MPEACTABIACT co0o0ii Teo-

PETUYECKYI0 OCHOBY JUISI TIOCJIEYIOIIMX Pa3/eioB Kypca TeopeTndeckoi ¢usnku «Dusnka KOHIEH-

CHUPOBAHHOI'O COCTOSAHUSAY, ((TepMOl[I/IHaMI/IKa N CTaTUCTHYCCKas (I)I/ISI/IKa», ((BBGI[CHI/IC B KBaHTOBYIO

TCOPHIO ITIOJIA», «KBanToBas TEOPUS U3TYUCHUA.

II1. TpeGoBaHus K pe3yjbTaTaM OCBOCHUS M CIUIIINHbBI

Ilepeyenn MuIaHNpPYeMbIX pPe3yJIbTATOB 00y4eHHs N0 JUCIUIIHHE, COOTHECEHHBIX ¢ HHIHKATO-
pPaMu 10CTHKEHUs] KOMIIeTeHIUii

Kommerenius

OIIK-1: CnocobeH HCIIOIL30BaTh ITOJIOKCHUA, 3aKOHBI 1 MCTOJAbI €CTC-
CTBCHHLIX HAYK M MaTCMAaTUKHW JIs1 pCHICHUA 3aJad I/IH)KeHepHOfI JCs-
TCJIIbHOCTHU

OIIK 1.1

OIIK 1.2

OIIK 1.3

HpI/IMeHHeT 0a30BbIe 3HaHUA B 00J1aCTH (1)I/ISI/IKI/I UL pCIICHUA HAYYHO-
HUCCICA0OBATCIIBCKHUX 3aaa4

[Tpumensier 6a3oBbie 3HAHUS B 00JIACTH (PU3HUKH ISl PELICHUS TPH-
KJIa/IHBIX 33/1a4 TPO(heCCUOHAIBHON AEATEIbHOCTH

[IpencraBiser caymaTensM B JOCTYIHOM AJis BocHpustus (opme 3Ha-
HUs B 0051acTy (PU3UKH, B TOM YHCIIE NIPH BBIIOJIHEHUH 3a/1a4 B cdepe
MeJarornyeckon nesiTeIbHOCTH

V. Conepxanue U CTPYKTYpPa AMCHHIIMHBI (MO1YJIs1)

O0BeM IUCIUILUIMHEI COCTABIIICT 6 3aUeTHRIX equHHUI], 216 yacoB, B TOM uHcie 128 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 OTBOAUTCS 68 ayTUTOPHBIX YacoOB.
dopma NpOMEKYTOUHON aTTECTALUN: K3aMEH.

4.1. ConepskaHue JTUCHHUIUINHBI, CTPYKTYPHPOBAaHHOE M0 TEMaM, C YKa3aHHEM BH/I0B

y‘[eﬁl{le 3aHATHH U OTBCACHHOI'0O HA HUX KOJINYECTBA aKaAACMHNYCCKUX YaCOB
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1 1-22 5

Hroro:

216 68

216 68

50

50

68

68

62 [TpakTuue-
CKOoe  3aja-
HHUE,  DJK3a-
MCHAIINOH-
HBIC 33/1a4H
62

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
CTOATETIbHOM
paboTsl
5 Tema 1-22  3ananue B ITocne mpoii- 62 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, TPE0CTaB-
nsempiM  Hayu-
HOM OumOIHOTE-
kot I'Y.

4.3. Coagepxxanue y4eOHOT0 MaTepHuasa

Conep:xaHue pa3/iesioB ¥ TeM JUCHUILIMHBI (MOYJIs1)

Pazgen 1

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

BoJsiHa Jle-Bpoitns, e€ puznueckuii cMpica. KomnToHOBCKas JUIMHA BOJIHBI M JUIMHA BoJHBI Jle-bpoins.

Judpakius MUKpOYacTHUL.

Tema 2. bopHOBCKasi HHTepHpeTanus BoaHoBoN GyHkuuu. [Ipunnun cyneprno3unuu coctosHuit. Pas-

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

IMUCHTOB PA3JIOKCHU. (I)OpMaJ'II/BM I[I/IpaKa.

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

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

Ja.




Tema 4. OnepatopHblii popMaau3M KBAaHTOBOH MeXaHHKU. CaMOCONPSHDKEHHBIC OTEPaTOPhl B THIIb-
O6eproBOoM mpocTpaHcTBe. OnepaTopbl KOOPJAMHATHL U UMITyJIbca U UX coOcTBeHHble (yHkiuu. Cpea-
Hee 3Ha4YCHUE JII000H ITUHAMUYECKOW BEITUYMHBI B NMPOU3BOJIBHOM COCTOSIHUUA. OCHOBHBIE CBOWMCTBA
COOCTBEHHBIX (PYHKIMIA. Briuucienue BeposTHOCTEH pe3yibTaTOB M3MEPEHHs] JUHAMHUYECKON Belu-
YUHBI B IPOU3BOJBHOM COCTOSIHUM. Y CJIOBUE OJIHOBPEMEHHON U3MEPUMOCTU JUHAMUYECKUX BEJTUYUH.
Tema 5. 'amunbTOHHAH CBOOOTHOM YacTUIBL. beckoHeuHOE BRIpOXKACHHE cocTostHMiA. O000IeHe Ha
ciy4ya BHemHero nois. YpasHeHue lllpenunrepa. ['aMunbTOHMAaH Kak IeHEpaTop 3BOJIIOLMHU CUCTE-
MBI BO BpEMEHHU. YpaBHEHUE HenpepblBHOCTH. [ImoTHOCTH ToKa. HopMupoBka minockux BosH. Cranu-
oHapHble cocTosiHuA. CrannoHapHoe ypaBHeHue lpennnrepa. @eHOMEHONIOrHYECKOE ONKMCAHUE KBa-
3MCTAallMOHAPHBIX COCTOSIHUM. EcTeCTBEHHAs IIMpPHHA CIIEKTPAIBHBIX JIMHUN U BPEMs KU3HU.
Tema 6. DBomoLys onepaTopoB BO BpeMeHU. VIHTerpasl ABHKEHUS.

Pazpnen 2
Tema 7. KBaHTOBaHME rapMOHHMYECKOr0 ocuuiuisiTopa. [loBblIaroue U MOHUKAKOIIUE ONEPATOPHI.
DOHepreTuyeckuii CekTp. BoaHoBas GyHKIMS OCHOBHOTO COCTOSIHUSI. MaTpUYHBIE JIEMEHTHI Orepa-
TOpa KOOPAUHATBHI.
Tema 8. KBaHTOBaHHE MOMEHTa KOJMYECTBA JIBM)KEHHS METOJOM IMOBBIIIAIOUIUX W MOHMKAIOIIUX
orepaTopoB. AnreOpa MOMEHTOB KOJIHYECTBa JBMKeHUs. Peanusanus anreOpsl B iuddepeHunanbHon
u MarpuyHoit opme. COOCTBEHHBINT MOMEHT KoJu4ecTBa ABMKeHUs (crnuH) CHeKTpbl KBajpara MoO-
MeHTa U 3-eit npoekinu. CoOCcTBeHHBIE (QYHKIIMN OPOUTAIIBHOTO MOMEHTA KOJTUYECTBA JABUKCHUSI.
Tema 9. Yactuna B cheprudyecku-cMiMMETpUYHOM Toje. Pa3znenenue nepemeHHbIx. PaguansHoe 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 yacTULBl B MEPHOAMYECKOM Mose. TpaHCHsIMOHHAs MHBapHaHTHOCTh. Co0-
CTBEHHBIE (DYHKIIMU M COOCTBEHHBIC 3HAUEHHUS OTepaTropa TPAHCIAIUU. 30HHAs CTPYKTypa CIEKTpa.
Paznosxxenue criektpa Ha "nmHe" u "kpasx" 30Hb1 bprintiosna. Meton "¢ dexTuBHON Macch'.

Paznen 3
Tema 13. CivH 371€KTpOHA. DKCIEPUMEHTAIBHOE JOKA3aTENbCTBO CYIIIECTBOBAHUS CIIMHA AJIEKTPOHA.
Omneparop cnuHa. CrniuHoBble pyHKIMU. YpaBHeHue [laynu. /IBuxkeHue ciHa B IOCTOSIHHOM M Tiepe-

MEHHOM MariuMTHBIX ITOJIIX.



Tema 14. CranmmonapHas teopusi Bo3mymieHnus. OCOOEHHOCTH W pa3iuyus B BBIPOXKJICHHOM U HEBBI-
pokaeHHOM citydasix. [logpoOHbIil aHAIN3 IBYKPATHOIO BBIPOKJAEHUS. YacTUUHOE CHATHE BBIPOKIE-
HUSL.
Tema 15. HectanmonapHasi TeOpHsi BO3MYIIIEHUs. Pe30HaHCHOE BO30YXICHUE CUCTEMBI.
Tema 16. [IpocTeiiliie IpUMEHEHUS TEOPUU BO3MYIICHHS. AHTapMOHUYECKUH ocuisiTop. Paciien-
JICHHUE CTIEKTPAJIbHBIX JIMHUN B DJIEKTPUYECKOM H CIIA0OM MarHUTHOM IIOJISIX.
Tema 17. TloBeneHune BOJHOBBIX (PYHKIMI Ha OONBIIMX M MajbIX paccTosHUsAX. [IpmumHa KBaHTOBA-
HUS SHEPIHUH.

Paszpnen 4
Tema 18. TlocraHoBKa 3a7auu B TEOPUU CTOJKHOBEHUH MUKpouacTHl. CBs3b MEXKIY aMILIUTYIOU
paccestHisl M1 aCUMIITOTHYECKUM I0BeZCHUEM BOJIHOBOM (yHkiuu. CeueHue paccesHus. bopHoBckoe
NpUOTIKEHNE AJI aMIUTUTY bl pACCEesTHUSI.
Tema 19. Pacuer aMIUIUTY/bl U CEYEHUS ITPU PACCEIHUM HA KYJOHOBCKOM U FOKABCKOM IOTEHLIAAJIAX.
Tema 20. Tounas Teopust paccesinus. PasznoxeHue aMIidTyAbl Ha MapiyaibHble BOJIHBL. Pa3a pacce-
sSHUS. Y cloBUE yrpyroi yautapHoctu. Ontuueckas Teopema. Mozenb abCOI0OTHO YEPHOTO IUCKA.
Tema 21. TlpoxoxxaeHHe 4YacTUIl yepe3 MOTeHIHaNbHbIM Oapbep TyHHeIbHBIA >PdekT. XomoaHas
3MHUCCUS METAJUIOB. VIcue3HOBEHNE CIIEKTPAIbHBIX JIMHUWA B CUJIBHOM 3JIEKTpHUYECKOM ToJie. Tpéxmep-
HBIW TIOTEeHIMANBHBIN Oaprep KBasucranmonapusie cocTosiHUS. Teopus paIuoakTHBHOTO pacraia.
Tema 22. Kunematuka U3JIy4eHUs U MOTJIOIMIEHUS (OTOHA HECTAOMIIBHBIM CBOOOIHBIM SIAPOM. DHEp-
I'Ms OTJA4M sA]pa U BKJIAJ ee B dHepruro ¢GoroHa. Sapo B mose ocummisatopa. ekt Meccbayspa.
®akrop Jlebas - Bannepa.

4.3.1. IlepeyeHb CeMUHAPCKHUX, NPAKTHYECKUX 3AHATHH M J1a00pPaTOPHBIX padoT

Ne Ne paznena u | HaumeHoBaHuMe ceMuHapoB, mpak- | Tpyzno- OneHouHsble dopmMupyemble
TEMBI IUCIA- | THYECKUX M J1a0OPaTOPHBIX paboOT em- CpeJcTBa KOMIIETEHIIUN
TUTHHBI KOCTh
("gacer)
1 2 3 4 5 6
1. Paznen 1, Te- | I'umote3a [e-Bpoiins, runoresa 2 | 3aganue Ha ce- OIIK-1
Ma 1 IInanka MUHape B BUJIE
3aJa9u
2. | Pazmen 1, Te- | Oddexr KomnTona 2 | 3aganue Ha ce- OIIK-1
Ma 2 MHHApE B BUJE
3a/1a4n
3. | Pasmen 1, Te- | JlazepHast KOHBEPCHUS KaK MEXaHU3M 2 | 3amanue Ha ce- OIIK-1
Ma 3 ycKopeHus poTOHOB MUHape B BUIE
3a/1a4n
4. | Pazmen 1, Te- | MunumaiibHbIe 3HaYeHMsI (a30BOTO 2 | 3aganue Ha ce- OIIK-1
Ma 4 o0bemMa yacTuisl. COOTHOLICHUE MUHape B BUIE
HEOIpeAeNeHHOCTEN "KoopinHaTa- 3a1a4u
UMITynsC", ""9SHEprusi-Bpems )KU3HH'"




5. O1eHka SHEprur OCHOBHOTO COCTO- 3aganue Ha ce- OIIK-1
STHAS U3 COOTHOIICHHSI HEOTIpe/ie- MUHape B BUE
JICHHOCTEH NJ11 TMHEMHOro rapMo- 3a7a41
HUYECKOTO OCHUILIATOPA U aTOMa
BOZIOpOAA
6. | Pasmen 1, Te- | Oneparopbl THHAMHYSCKUX BEJIH- 3aganue Ha ce- OIIK-1
Mma 5 YHH B TWJILOEPTOBOM IPOCTPAHCTBE. MUHape B BUJE
CoOcTBeHHBIC (DYHKITHH U COO- 3a/1auu
CTBEHHBIE 3HaUeHUs. VX pu3mde-
CKHM CMBICII.
7. Kanonnueckuii kommyTaTop "Koop- 3aaHue Ha ce- OIIK-1
JTUHATA-UMITYJIsC" MHUHape B BUJIE
3a/1a4n
8. | Pasmen 1, Te- | YpaBuenue lllpeaunrepa ajs BoJ- 3aganue Ha ce- OIIK-1
Ma 6 HOoBO# (pynkumu. bopHoBckas uH- MUHape B BUJE
TepIpeTanus BOTHOBOH (QYHKLIUH. 3a1a9u
Craunonapsoe ypasaenue Llpe-
nuHrepa. Gaxkropuzanyst 3aBUCHMO-
CTH OT BPEMEHH M KOOp/MHAT.
OHEpPreTUYECKUl CTIEKTP U BOJIHO-
BbIe (DYHKIIMW YaCTHUIIBI B «IIOTEH-
IUATBEHOH 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 BUIE
TeHuana Buaa V(x)=-go(x) 3aJ1a4yu
11. | Pa3gen 2, Te- | DHepreTHyecKuil CIEKTP U BOJHO- 3aaHue Ha ce- OIIK-1
Ma 8 BbIe ()YHKIIMW YaCTHUIIBI B TIOJIE T10- MUHape B BUJIE
TeHIana suaa V(x)=-g(o(x+a)+ 3a/1a9n
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 MHUHape B BUJIE
aToMe 3a1a9u
15. | Pazmen 2, Te- | IIpoxokaeHHe 4acTHUIIBI Yepe3 T0- 3amanue Ha ce- OIIK-1
Ma 11 TEHIMaIbHBIH O0apbep V(X)=-gd(x) MUHape B BUIE
3a/1a4n
16. | Pasmen 2, Te- | [IpoxosKaeHHE YaCTHUIIBI YePE3 TI0- 3amanue Ha ce- OIIK-1
Ma 12 TEHIMaIbHBINA Oapbep B Buae «oec- MHHApE B BUJE
KOHEYHOH CTYIIECHH» 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 HaXOJISIEHCs B MOJIe TapMOHHYE- MUHape B BUjIE
CKOT0 OCITUIUISITOPA U B IIOCTOSIH- 3aa9u
HOM DJICKTPUYECKOM M0JIe
19. | Pazpmen 3, Te- | BonHOBBIE PyHKIIMK YaCTHIIHI, 3amanue Ha ce- OIIK-1




Ma 14 HaXOIAIIEHUCS B IIOJIE TUHEHHOTO MHUHape B BUJIE
rapMOHHYECKOTO OCIHIUIATOPA, CO- 337291
OTBETCTBYIOIIUE BO30YKICHUIM
n=1,2
20. | Pasgen 3, Te- | BomHOBBIC yHKIIMY U 3HEPTETHYE- 3ananue Ha ce- OIlK-1
Mma 15 CKHUI CIIEKTp YaCTHUIIbI, HAXOISIIIIEH- MUHape 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 OCHMIIIATOPA (SIapa B KpH-
cTae)
22. | Pazgen 3, Te- | DHepreTHuecKuii CIIEKTp aTomMa BO- 3amaHue Ha ce- OIlK-1
Mma 17 JI0pOZa B TIOCTOSTHHOM MarHUTHOM MUHape B BUJE
noJje 3aJa9u
23. | Pazgen 3, Te- | Cnun. Matpursr [laymmn 3amaHue Ha ce- OIlK-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
Mma 22 bas-Bannepa MHHApE B BUIE
3a]a91
4.3.2. Ili1aH caMOCTOATEJIBbHON PadoThI CTYACHTOB
No Tema Bun 3agaHue Pexomenny- | Komnu-
HeL. CaMOCTO\S’I— eMasi JuTepa- | 4eCTBO
TEJIBHOU Typa 4acoB
paboThI
1 KBantoBa- | Bueaynu- | KBantoBanue bopna - Un¢enbaa B Hcroynuku 4
Hue bopna TOpHasi, | AuUKe. Belunciaenue craTuctuye- 13 OCHOBHOM
- Uudens- pelieHrue | CKOi CyMMBbI OHOM CBOOOJHOM Ya- M JTONOJIHH-
J1a B ALIU- 3a1a4 CTULIBL. TEJIbHOM JIN-
KE. TEpaTypsl MO




2 KBanroBa- Bneayau- | KBaHTOBaHME MOMEHTa KOJIUYECTBA
HUE MO- TOpHasi, | JABMYKEHHUS METOOM IOBBIIIAIOLIIUX
MEHTa KO- pellieHre | 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
JIBUKCHMUSI.

3 KBantoBoe | Bueaymu- | KBaHTOBOE omnucaHue JByXaTOMHOM
onucaHue TOpHasi, | MOJIEKYJIbI. TemioeMKOoCTh Mpu pas-
JIByXaTOM- pellieHre | JUSHBIX TeMIepaTypax.

HOUW MOJie- 3a1a4

KYJIBL.

4-5 | Cnun Bueayau- | CriuH 35ekTpoHa. DKCIIepUMEH-
ANEKTPOHA. TOpHasi, | TAJIbHOE JI0KA3aTeIbCTBO CYIIECTBO-
pelieHue | BaHHs CIuHA AiekTpoHa. Onepartop
3a1au cnuHa. CiHOBbBIE (PYHKIIMH. Y PaB-

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

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

paccesHus TOpHasi, | pacCesiHUU Ha KYJIOHOBCKOM U
pellleHre | FOKaBCKOM MOTEHIUANaX.
3a/1a4
7-8 | Kunematu- | Bueaynu- | KunemaTtuka uznmydeHUs U MOTIIO-
Ka u3Jyye- TOpHas, mieHus: (OTOHA HECTaOMIILHBIM
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 O (X)=-G&(x)

pacceaHui TOPHAA, | OGpaTnTH BHUMAaHNE HA TIOBEICHIE
PCHICHUC | a\NmumuTy OTpaskeHHO# W MpoIIe/i-
sajad 1€l BOJIH MPU IPOJOJIKEHUH pellie-
Hug B 00macth E<0.
10 | KBantoBo- | Baeaymau- | OmepaTopsl, CONPSKEHHBIE K OTIE-
MeXaHuYe- TOpHasi, | paTopam
CKHE OIe- eIICHNE ~ d 5 .d
paTopsI p3a}Iaq Aza,lea,sza)X+h—X

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




11 CoOcTBen- Bueaynu- A d 5
HBIC 3HA- TO IZa}I C=maoX+h_
PHAA, | 111g onepatopa dx
YeHUS pelieHue .
HaWTH COOCTBEHHBIC PYHKITUU U
KBaHTOBO- 3aga4
coOcTBeHHbIe 3HavYeHus1. [Ipose-
MeXxaHHuye-
PUTH, YTO COOCTBEHHBIEC 3HAYCHUS
CKHUX OTIe-
ATOTO ONEepaTOpa MOTYT OBITH KOM-
paTopoB
MJICKCHBIMU, @ COOCTBEHHBIC (DYHK-
IIUH, OTBEYAOIIUE PA3IMYHBIM COO-
CTBEHHBIM 3HAYEHUSIM, HE0Os13a-
TEJIHO OPTOTOHAJIBHBI.
12 DHeprus Bueaynu- | OnpenenuTs ypOBHU SHEPTUU U )
KBaHTOBO- TOpHAsi, | BOJIHOBbIC (DYHKIIUU IS 3aPSKCH-
MEXaHW4ye- | pelIeHrue | HOM IS 3apsKeHHOM YacTHIIbI B
CKHUX CH- 3ama4 MOCTOSTHHOM U OJTHOPOJAHOM Mar-
cTeM HUTHOM T10Jie. BBIOpaTh BEKTOPHBIN
noreniman B Buae A = (0, xB,0).
13-14 | Yactuua B Bueaynu- | CuuTas U3BECTHBIM raMUJIbTOHUAH 5
AIIEKTPO- TOpHAsl, | YaCTHUIIBI B 3JICKTPOMArHUTHOM TI0-
MarHUTHOM | peIlIeHue | Jie, HAUTU a) BhIpaXKEHHE Ui OTie-
1oJie 3ana4 patopa ckopoctd V; 6) KOMMyTaIK-
OHHBIE COOTHOIICHUS [T KOMIIO-
HEHT CKOPOCTH; B) aHAJIOT ypaBHe-
Husa HeroToHa.
15-16 | bopHos- BHeaynu- | BeluncinTh aMIUIMTYRy paccesHus 5)
CKO€ IIpHU- TOpHa, Ha IIPSAMOYTOJIBHON ITOTEHIIMAIbHOU
OJIM>KEHHE perieHue | sMe B OOPHOBCKOM IPHUOJIMIKEHUU.
3a1ad
17 | Paccesune | Bueayau- | BelYMCIUTH aMIUITMTYAY paccesHUs 10
Ha [TOTEH- TOpHasi, | B OOPHOBCKOM MPHUOIMKEHUU Ha
uane pemienue | motenuuaine FOkapa
IOxaBa 3a1a4 ur)=(alre"

4.4. Meroauyeckue yKa3aHusl 10 OPraHU3aMU CAMOCTOATEIbHON padoThI CTY/ICHTOB

B pasgene 4.3.2 cryaeHTaM AJi CaMOCTOSITENILHOTO YIIyOJ€HHOIO M3YyY€HHUs AUCLMILIMHBI (Tapas-
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 PeIIUT MpeIoKeHHbIe 3a1aun. OIeHKa CaMOCTOSATENIbHOW paboThl CTYAEH-
TOB ITPOBOAWTCA Ha MPAKTHYCCKUX 3aHATHUAX.

4.5. IlIpumepHasi TeMATHKA KyPCOBbIX PadoT (MpPOeKTOB) (NIPU HAJIMYNHN)

YueOHBIM IJIAHOM HE MpeaAyCMOTPCHO HAIMMCAHUC KYPCOBBIX pa60T.

V. Y4ueOHo-MeTOAMYeCKOEe U MH(POPMALTMOHHOE o0ecnedeHne JUCIUNIMHBI:
a) nepevyeHb JUTEPATYpPbl

OCHOBHasl JIUTEpaTypa



1. Bamn A. H. KBanroBast MexaHHKa B 3a1adax : yue0.-merof. mocobue / A. H. Bamr, O. H. Coi-
narenko. — Upkyrck : U3a-so UT'Y, 2010. — 87 c. Hp A623906; pusmar 30856 (100 3k3.)

2. TlapmakoB A. H. BeeaeHue B KBaHTOBYIO (HM3HKY : yued. nmocobue [DaeKTpoHHbIi pecypc] / A.
H. IlapmakoB. — Daektpon. Bepcus kH. — CII6. : U3a-Bo Jlams, [2010]. — 352 c¢. — (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 Ipobiemam / I. Jlunkud. — M.

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

0) mepuogMUYECKHEe U3TAHUSA
- HET.
B) CIIMCOK AaBTOPCKHUX METOAMYECKHX Pa3padoToK
- 1 (ocHOBHas UTEpaTypa)
r) 0a3pl JAHHBIX, THPOPMALMOHHO-CIIPABOYHbIEC U MOMCKOBbIE CHCTEMbI

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

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

e https://isu.bibliotech.ru/ - 943 «bubnmoTex»;
e http://e.lanbook.com - DBC «M3patenscTBo «JIaHbY;

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

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

VI. MaTtepuajibHO-TeXHHYeCKOe o0ecnedeHne TUCHUNINHBI

VYyeOHast ayautopusi Al poBeneHus 3aHATHI. [l mpoBeneHus 3aHATHI JIEKIIMOHHOTO THUIIA B
KauecTBE JEMOHCTPAI[MOHHOTO O0OPYJIOBaHMS MCIONB3YyeTCsl MeoBasi Jocka. HarmsgHocTs oOecre-
YUBaeTCsl MyTeM M300pa’keHUsl CXeM, AuarpaMMm M (opMyl ¢ MOMoIIbio Mena. Vcrnonb3oBaHue Tiio-
OaJIbHOW KOMIBIOTEPHOUN CETH TMO3BOJIAET 00ECIEYUTh JOCTYIMHOCTh VHTEpHET-pecypcoB U pean3o-
BaTh CaMOCTOSITETILHYIO padOTy CTYACHTOB. Ha JEKIMAX MOTYT HCIOIH30BaTHCS MYJIbTUMEIUWHBIE
CpeJlICTBa: MPOEKTOP, MEPEHOCHOM dKpaH, HOYTOYK. Ha ¢akynpTeTe nMeeTcs KOMIbIOTepU3UpPOBAHHAS
ayIUTOpHs, TIpeHa3HauYeHHAas JUIsl CAaMOCTOSTENIbHON paboThl, ¢ HEOTPaHWYCHHBIM JOCTYNoM B MH-
TEpHET.

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


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

VII. O0pa3oBaTesibHbIE TEXHOJIOTHU

321[[3,‘-11/1 H3JI0KCHUSA U U3YUYCHHA JUCIHUILIMHBI PCAIM3YIOTCA B CIICAYIOIIUX (1)opMax ACATCIIbHOCTH

JeKIMH, HalleJICHHbIE Ha IOJy4eHHE HeoO0XOoAMMOW MH(pOpMalMH, U €€ HUCIOJIb30BAHUE
IIPU PELICHUHU IPAKTUYECKUX 3a/1a4;

NPAaKTUYECKUE 3aHATHUS, HAIIPABJICHHbIE HA aKTUBU3ALMIO [TO3HABATEIBHOM J1ESTEIbHOCTH
CTYAEHTOB U IPUOOPETEHUs] UMU HABBIKOB PEILIEHUS MPAKTUUECKUX U MPOOJIEMHBIX 3a]1a4;

KOHCYJIbTAllUM —€KEHEIEIbHO JJIs1 BCEX JKEIAIOIINX CTY/AEHTOB;

CaMOCTOSATENIbHAs BHEAYAUTOPHAs paboTa HaIpaBlieHa Ha MPHOOpPETEeHHE HaBBIKOB CaMoO-
CTOATEIBLHOTO PELICHUS 3a]1a4 110 IUCLUIIINHE;

TEKYLIUIl KOHTPOJb 3a JIEATENBbHOCThIO CTYJEHTOB OCYIIECTBIISIETCS Ha JIEKIMOHHBIX U
IPAaKTUYECKUX 3aHIATUAX B XOJI€ CAMOCTOATENBHOTO PEILIEHHs 3a/1a4, B TOM YHUCIIE Y JOCKH.

VI1Il. OneHoynble MaTepHaJIbl AJI TEKYIIero KOHTPOJISI M IPOMEKYTOYHOM aTTecTaluu

DoHJ OLIEHOYHBIX CpCAacCTB IIPCACTABJICH B IIPUJIIOKCHNH.

8.1. OueHouHbIE CpeICTBA AJIsl BXOJHOTO KOHTPOJIS: He TpeOyroTCs.

8.2. OnieHOYHBIE CpPEICTBA TEKYIIETO KOHTPOJIS - KOHTPOJIbHBIC pa0OTHI B cOOECeI0BaHHUE.

JleMOHCTpAIMOHHBII BapraHT KOHTPOJIBHOU padOThI

BPEMEHEM.

3amaya 1. Berauciure

‘P(X,t) (X’t):Ae—XZ/Zazl

JJIs1 BOJTHOBOT'O ITaKE€Ta »

3anauya 2. Wcnonb3ys pe3ynbTar npeablaylied 3ajaud, HalTH W3MEHEHHE LIMPHUHBI [aKeTa Co

IIpumepsI BONPOCOB /1JIs coOece10BAHNUS

e Ornucarp onepaTopHblii (opMann3M KBaHTOBOI MEXaHUKH.

e JlaTb onpeneneHne caMOCONPSKEHHBIX ONIEPATOPOB B TMIILOEPTOBOM IIPOCTPAHCTBE.

e VYKa3aTh OCHOBHBIE CBOMCTBA COOCTBEHHBIX (DYHKITHIA.

e BrprunciieHHEe BEPOATHOCTEH pe3yJbTaTOB M3MEPEHMS IUHAMUYECKOM BEJIMYUHBI B IPOM3-

BOJIbHOM COCTOSHHUH.

e VYcioBue O,Z[HOBpeMeHHOﬁ HU3MCPUMOCTHU JTUHAMHUYCCKUX BCINYHH.

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

KOOPAWHATHOTO U UMITYJIbCHOT'O ITPEACTABJICHHA.

8.3. OnieHOUHBIE CpeACTBA IS IPOMEXKYTOYHON aTTeCTalluu

d)opMa IIPOBCACHUA HpOMC)KWO‘IHOfI aTTeCTalluu — 5K3aMCH.

IIpuMepHBIH NepeYeHb BONPOCOB U 32JaHUH K IK3aMeHY

1.

DHeprus U UMITYJIbC CBETOBBIX KBaHTOB. I unoresa [lnanka. Opdext Komrona. Ilnockas Bonna [le-

bpoiins, e€ dusnueckmii cmpbicin. KoMToHOBCKas ayMHa BOJTHBI W JyiiHA BOiHBI Jle-bpoitnsa. [u-

(bpaxuss MUKPOYACTHII.

. bopHoBckas unTepnperanus BosHOBONH QyHKuMH. [IpuHnun cynepno3unuu coctostHui. Pasnoxe-

HUE MPOU3BOJIBHOTO COCTOSIHMS 1O MI0CKUM BosiHaM Jle-bpoitna. dusnueckuii cmpicn ko3dduiiu-

€HTOB pasyioxkeHust. Popmanusm Jupaka.

®da3oBoe MMPOCTPAHCTBO KBaHTOBOUM cucTeMbl. COOTHOIIICHHE HEOMPCACIICHHOCTH KOOpAMWHATa-

HUMITYJIBC. OI_IGHKa 9HEPTHUU OCHOBHOI'O COCTOAHUS TAPpMOHHUYCCKOI'0 OCHUIIIIATOPA U aTOMa BOJOPO-

Aa.



4. OnepaTtopHslii (hopMaIu3M KBaHTOBOM MeXaHUKH. CaMOCOINPSKEHHBIE OIIEPATOPBI B THIILOEPTOBOM
npoctpancTBe. Oneparopbl KOOPAMHATHL U UMITYJIbca U UX coOCTBeHHbIe (yHKuuu. CpenHee 3Ha-
YeHue JI000H AMHAMUYECKOW BEJIMYMHBI B MPOU3BOJILHOM COCTOSHUHM. OCHOBHBIE CBOWCTBA COO-
CTBEHHBIX (DyHKIMHA. Brruncienne BeposTHOCTEH pe3ylbTaTOB U3MEPEHUS TUHAMUYECKON BEINYH-
HBbI B IPOU3BOJIBHOM COCTOSIHUU. Y CJIOBUE OJJHOBPEMEHHON NU3MEPUMOCTH AUHAMUUYECKUX BEIIMYUH

5. T'amMunbTOHHAaH CBOOOAHON YacTHUIBL. beckoHeuHOEe BBIpOXKAeHHE cocTostHuil. O000IIeHe Ha CITy-
yail BHewHero nois. YpasHenue penunrepa. ['aMunbTOHMAaH Kak r€HEPATOP SBOJIIOLUU CUCTEMBI
BO BPEMEHU. Y paBHEHHE HenpepblBHOCTU. [lnoTHOCTE TOKa. HopMmupoBka miockux BosiH. Cranuo-
HapHble coctosiHus. CranumoHapHoe ypaBHeHue lllpenunrepa. @EeHOMEHOJIOIMYECKOE OIHMCAHUE
KBa3HCTALIMOHAPHBIX COCTOSIHUI. EcTecTBEHHAs IMpPHUHA CIIEKTPAJIbHBIX JINHUM U BpEeMs KU3HU.

6. DBoJIIONHS OMEPaTOPOB BO BpeMeHU. VIHTErpaibl ABUKEHHS.

7. KBaHTOBaHME TapMOHMYECKOTO OCHMILIATOPA. [10BBIMIAIOINE W TOHMKAIOIINE OTEPATOPLI. DHEp-
reTUYeCKui crieKTp. BomHoBas GyHKIMS OCHOBHOTO COCTOSIHUS. MaTpHYHbIE 3JIEMEHTHI OTiepaTopa
KOOpJUHATBHI.

8. KBanToBaHME MOMEHTA KOJIMYECTBA JABUKCHHUS. METOOM TOBBIMIAIONINX U OHUKAOIINX OIEPaTo-
poB. AnreOpa MOMEHTOB KOJIMYeCTBa JABIKEHHs. Peanmzanus anreOpsl B quddepeHnnaIb-Hol 1
MatpudHOil popme. COOCTBEHHBIE MOMEHT KOJIMYeCcTBA JABMKCHHS (criuH) CTIEKTPHI KBajpara Mo-
MeHTa ¥ 3-¢if mpoekiun. CoOCTBEHHBIE PYHKITMHM OPOUTAITBHOIO MOMEHTA KOJIMYECTBA IBHIKCHUSI.

9. Yacruna B cepuuecKr-CHMMETPUYHOM TI0Jie. Pasjenenne nepeMeHHbIX. PaquansHoe ypaBHEHHE
Hlpenunrepa. Knaccudukanus coctosHuii B chepruuecKu-CHMMETPUYHOM ToJie. ATOM BOJOpOJA,
€ro CHEeKTpP U BOJTHOBAsI (PYHKIIMSI OCHOBHOTO COCTOSIHHSI. BBIpoKIeHHe SHEPreTHYeCKUX YPOBHEH U
€ro npupoja.

10. l'amusIbTOHMAH 3apPSKEHHOM YacTHIB B IIPOM3BOJIILHOM DJICKTPOMArHUTHOM T10JI€. ATOM BOZOpO/Ia
B MOCTOSSHHOM MarHUTHOM moJje. BonHoBas QyHKIMA U SHepreTuyeckuil cnekTp. YacTuuHoe CHSA-
THE BBIPOXKICHUS.

11. KBaHTOBOE OIHCAHKE IBYXaTOMHON MOJIEKYIIBI. TeII0eMKOCTh IPU PA3IHSHBIX TEMIIEPATypaXx.

12. [IBukeHre 4acTUIBI B MEPUOANIECKOM Tiosie. TpaHCIsIHOHHAsS WHBApUAHTHOCTH. COOCTBEHHBIC
(GYHKIIMU ¥ COOCTBEHHBIE 3HAUEHUS OllepaTopa TPaHCISIIUK. 30HHAs CTPYKTypa crekrpa. Pazmoxe-
HUeE creKTpa Ha "qHe" U «kpasix» 30Hbl bpuinmosHa. Meton «3hpexkTUBHON Macch»

13. Criun snekTpoHa. DKCIEPUMEHTATBHOE J0Ka3aTeIbCTBO CYIIECTBOBAHUS CIMHA dJeKTpoHa. Ore-
patop cnuHa. CinHOBble QpyHKuMH. YpaBHeHue [laynu. J[BrkeHne cMHa B TIOCTOSIHHOM U Iepe-
MEHHOM MarHUTHBIX IOJISIX.

14. Craunonapnas Teopusi Bo3MyIIeHuUs. HeBBIPOKICHHBIN CIydaii.

15. Craunonapnas Teopusi BO3MYIICHUs. BhIpOXKICHHBIN CiTy4ail.

16. Hecranronapras Teoprsi BO3MYIICHHs. Pe30HAHCHBIN XapaKTep KBAHTOBBIX MEPEXO/IOB.

17.TloBenenne BOMHOBBIX (YHKIMH Ha OONBIIMX W MAalbIX PAcCTOSHUAX. [IpHYMHA KBaHTOBAHHS
SHEPTUH.

18.TlocranoBKa 3a/1auui B TCOPHH CTOJKHOBEHHI MHUKPO-4acTuil. CBs3b MEKIy aMIUIUTYION paccesi-
HUS ¥ aCUMIITOTHYECKUM MOBEJeHHEM BOJIHOBOH (yHKkuuu. Ceduenue paccestuusa. bopHoBckoe mpu-
ONMKEeHHE JIsl aMILTUTY/Ibl PACCESHHUS.

19. Pacuer aMIuIUTY/IbI M CEUCHHUS TIPH PACCESIHUH Ha KYJTOHOBCKOM M FOKaBCKOM ITOTCHITHAIAX.

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

21. Tounas Teopust paccesHus. Pa3noxkeHre aMIUIUTYIBI Ha Mapiuanbabie BOMHBL. Pa3a paccesHus.
Ycnosue ynpyroi yautapHoctd. Ontudeckas teopema. Mojenb abCOoMI0THO YePHOTO JUCKA.



22.TIpoxoXIeHHEe YacTHUI[ Yepe3 MOTCHIUaIbHbI Oapbep TyHenbHbIH 3(dexT. X0I0aHas dIMHUCCHS
MeTauloB. VIcue3HOBEHHE CIEKTPAIBbHBIX JIMHUM B CWJIBHOM 3JIEKTPUYECKOM IoJie. TpEXMepHBIii
NoTEeHIMaIbHBIN Oapbep. KBazucrannonapusie coctosiHus. Teopus paJuoKTUBHOTO pacraja.

23. KunemaTrKa M3JIydeHUS W IOIJIOMEHUS (OTOHA HECTAaOMIBHBIM CBOOOJHBIM SIPOM. DHEPIUs
OTIauul Aapa W BKJIAJA ee B dHeprrtuto ¢orona. JloruepoBckoe ymupenue nuHuid. OmnpeneneHue
TEeMIIepaTyphl 3BE3/1.

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

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

26.KBanroBanue bopna - Uadenpaa B siuke. BeraucieHre cTaTHCTUIECKONW CyMMBI OJHOM CBOOOI-
HOU YaCTHULIBIL.

3ajnanus:
1. Haiiti u3aMeHnenue AMuHBI BOJIHBI (DOTOHA MIPHU YIPYTOM PACCESHUU HA MOKOSIIIEMCS SJIEKTPOHE

(opdexr Komnrona). J[aTe HHTEPIPETANNAIO SKCIIEPUMEHTAIBHBIX JIAHHBIX, IMOJIYYCHHBIX KoMnToHOM
B IIpoliecce paccessHusl 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 HenuHelHoMy 3¢ dexty Komnrona, 1996 r.) u Eq =1,2 eV, Ep =5
GeV (yckoputens BOIII-4M, ombIThI 110 paciiernyieHuio GpoToHa B mose sapa, 1997 r.).

4, [ToueMy cBOOOMHBII JIEKTPOH HE MOXKET MOTJIOTUTh WU U3My4uTh (poToH. HaliTu sHepreru-
YEeCKUI CHEeKTp M3IydyeHUs: abCOIIOTHO YEpHOTO Tefa, UCMob3ya cooTHomeHus [Tnanka: E = pc u p
=~k, rae k = 27/A — BOTHOBOM BEKTOP, A — ITTMHA BOJTHBI ()OTOHA.

5. [onarasi, yto st AUdpaKIuy Ha KPUCTALUIMYECKOW PEIIETKE MOJIE3HO UMETh YaCTULBI ¢ A =
10—8 cM, HalTH SHEPTUIO (POTOHA, HIEKTPOHA U HEUTPOHA C JAHHOM JIJTMHOM BOJIHEI.

6. VY IbTpaxoia0JHBIMUA Ha3bIBAIOTCS HEUTPOHBI, CKOPOCTh KOTOPBIX V < 1 m/c. Haiftn ux nnmuny
BOJIHBI [le-bpoiins.

7. Bbruucnute MaTpuuHbIi 3neMeHT h~Xx|~pi, Tae |~pi, |~Xi — COCTOSHUS C ONpEAEICHHbIM UM-
IIyJIbCOM M ONPEIEIIEHHON KOOPANHATOU COOTBETCTBEHHO.

8. OueHUTh U3 COOTHOIIEHUS! HEONIPEACIEHHOCTH SHEPTUI0 OCHOBHOIO COCTOSIHUSL YaCTHIIBI B I10-
JIe OJJHOMEPHOT'0 FapMOHUYECKOI0 OCIUIUISITOPA.

9. OueHuTh U3 COOTHOLIEHHS] HEONPEEIEHHOCTH HEPTHI0 OCHOBHOT'O COCTOSIHHS 3JIEKTPOHA B
aToMe BOJIOpO/a.

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

11. [Toka3zaTb, 4TO MPOU3BOJIBHBIN JTUHEWHBIN onepaTop L MoxxHO npencTaButh B BUuge L = A +iB
rae A u B — spMUTOBEI OniepaTopHI.

12. JlokazaThb, uTo ams aro0bIx oneparopoB A, B u C cinpaseminBo ToxaectBo[A, BC] =[A, B ]°C
+B[A, C].

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

14. Jlnst omeparopa C , onpeneneHHoro B MpeabIyIel 3aiade, HaWTh COOCTBEHHBIE (DYHKITUU U

coOcTBeHHBIC 3HaUeHUs. [IpoBepuTh, 4TO COOCTBEHHBIE 3HAUCHUS STOTO OINEepaToOpa MOTYT OBITH KOM-
MIJIEKCHBIMU, 8 COOCTBEHHBIE ()YHKIIUH, OTBEUYAIOIINE PA3IMYHBIM COOCTBEHHBIM 3HAYCHUSIM, HE 00s13a-
TEJIbHO OPTOTOHAJIbHBI.

15. [Tokazark, 4TO COOCTBEHHBIE (DYHKIIMK SPMHUTOBOTO OIMEpaTopa OPTOrOHAIBHBI MEXIY COOOI,



€CJIM OHU COOTBETCTBYIOT pa3JINdYHbIM COOCTBEHHBIM 3HAYECHHSM.

16.  Iloka3aTh, YTO COOCTBEHHBIC 3HAUEHHS SPMUTOBOTO OIIEPATOPA BCEr/a ICHCTBUTEIIbHBI.
17. [Tokasare, uro BonHa Jle-bpoiinsg He MPUHAAIEKUT THILOSPTOBY IPOCTPAHCTRY.
18. Haiitu obmee pemenne ypaBHenus Lllpeannrepa ansti cBOOOAHOHM YacTHIBI U TOKa3aTh, YTO

OHO OECKOHEYHO BBIPOXKJICHO.

19. IToka3aTb, YTO IUIOTHOCTH TOKA j AJIS 3JIEKTPOHA B OCHOBHOM COCTOSIHUM aTOMa BOJIOpPOJa paB-
Ha Hymo. CiieicTBUEM 3TOro (GakTa sBiseTcs cTaOUIBHOCTh aTOMA BOAOPOAA B OCHOBHOM COCTOSIHUMU.
OOBACHUTD TTOYEMY.

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

21. Haiitu cpenHue 3HaueHUs KUHETUYECKOW U MOTEHUUAIBLHON dHEPIUii. BeruncinTh nmpoussese-
HUE HEOIPEeIEHHOCTeH KOOpIMHATH U UMIyibca. KakoB BHJI BOJTHOBOW (PYHKIIMM B UMITYJIHCHOM
IpecTaBiIeHUN?

22, Haiitu sHepretuyeckuil CrieKTp U BOJIHOBBbIE (DYHKIMM YACTHIBl C 3apsJOM € M Maccod m,
HaxoJsIIelcs B 10JI€ TapMOHUYECKOTO0 OCLUJUIATOPA U B IOCTOSHHOM IEKTPUYECKOM II0JI€ HaIps-
#KeHHOCTbI0 E. CunTaTh BOJHOBBIE ()YHKLMHU U CIIEKTP JIMHEHHOr0 rapMOHUYECKOI0 OCLMIUIATOpaA 3a-
JaHHBIMU. J[BUJKEHHE OJTHOMEPHOE.

Ilpumep mecmogwix 3a0anuii 011 NPOGEPKU CHOPMUPOBAHHOCIU KOMNEMEHYUTL, YKA3AHHBIX 6blide N.3:

1. YcnoBus HeoOnpeneaeHHOCTH s P U X

1 APAXED
2

2 APA X>h
h

2. CrexTp ocuMusiTopa
1
E=ho(n+Z
1. E=ho(n+)

2. E=hw(n)

= ho
2

E

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

2 R*+D’=1
3. R+D=5
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Hacmoswas npoepamma, ne mooicem Obimb 60cnpouzsedenda Hu 8 Kaxou ¢opme 6e3 npedsapu-

MeNbHO20 NUCLMEHHO20 pa3peulenus Kapeopul-pazpabomuura npocpammol.




