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I. Hean v 3a1a4u TUCUUILJIAHBI

B xoxe u3ydenuss mucumrmuinHbl «KBaHTOBask MEXaHMKa» CTYJIEHThl M3y4alOT M OCBAWBAIOT
OCHOBHBIC TIOHATHS ¥ METOJIbI KBAHTOBOU TEOPHH, CTIOCOOBI TEOPETHUECKOTO OMMMCAHMS, KOJIMUYECTBEH-
HOT'O ¥ KaUE€CTBEHHOI'0 aHAJIM3a KBAHTOBBIX MPOLECCOB B CUCTEMAX, COCTOSALIUX U3 OJHON MU MHOTHUX
YacTHI], a TAK)KE B CUCTEMaX C HEONPEIEIEHHBIM I MEHSFOUTUMCS YUCIOM YacTHII.

Huctunnnna «KBaHTOBast MEXaHHUKay» MPEJICTABIIAECT COOOM TEOPETUUECKYIO OCHOBY JIJISl TTOCJIE-
IYIONTUX pa3feloB Kypca TEOpeTHYeCKor (u3uku. MareMaTnueckod M METOAUYECKON 0a3oi Kypca
ABIIIOTCS BCE pa3zelibl Kypca MaTeMaTUKU U TEOPETUYECKOM (PU3UKHU, N3yUeHHBIE CTyIEHTaMH K Haua-
1y 5 cemecrpa.

B pesynbraTte uzydeHus Kypca CTyICHT MpUoOpeTaeT Kak PyHIaMEHTAIbHBIC 3HAHUS O MOJIXO0-
JlaX K OMHMCAHWI0 KBAaHTOBBIX CHUCTEM, TaK W HABBIKM PEHICHUS KOHKPETHBIX KBAHTOBO-MEXaHMUYECKHUX
3azay.

Iean kypca

KBaHTOBass MexaHHKa SBJISCTCS BOXKHOM YaCThIO YHUBEPCATHHON 0a3bl JIJIsl H3yUeHUsT OOIIeTpo-
(dheccHOHANBHBIX M CHCIHATBHBIX JUCIMIUINH, BOOPYKACT BBITYCKHHUKOB HEOOXOJAMMBIMHU 3HAHUSMU
JUISL pEHICHUs] HAYYHO-TEXHUYECKUX 337]a4 B TEOPETUUYECKUX U MPUKIAAHBIX ACTIEKTaX, 3HAKOMUT CTY-
JIEHTOB C HAy4YHBIMU METOJaMU MO3HAHMUSI, MIO3BOJIIET HAYYUTh UX OTINYATh THUIIOTE3Y OT TEOPUHU, TEO-
PHIO OT SKCIEPUMEHTA. ITa JUCIHUIUIMHA CTOCOOCTBYET MPOBEACHUIO JIEMapKAIMKU MEXTYy HAYyYHBIM U
AHTHHAYYHBIM TIOJIX0JIOM B U3YYCHUHU OKPY’KAIOIIETO MHUPA, MMO3BOJISICT HAYYUTh CTPOUTH (DU3UIECKHE
MOJICJIA MPOUCXOSALIET0 U YCTaHABIMBATh CBA3b MEXKIY SIBJICHUSMH, MPUBUBATh IMOHUMAHHUE MPU-
YHHHO-CIICJICTBEHHON CBS3M MEXIy siBiIeHusMH. OO0nanas JOrMUecKOd CTPOHHOCTBIO M OMUPAsCh HA
JKCTIEpUMEHTaIbHBIE (aKThl, AUCHUIUIMHA « KBaHTOBass MeXaHUKay SBJISIETCS UACAILHOM IS pelICHUs
9TOM 3a7auu, GOPMUPYS Y CTYJICHTOB MOJIMHHO HAyYHOE MUPOBO33pPEHHE.

Lenpro 0CBOEHUS Kypca KBaHTOBOM MEXAHUKH SIBJIIETCS O3HAKOMJICHUE CTYJAEHTOB C OCHOBHBI-
MU 3aKOHAMH COBPEMEHHOW (M3UKH U BO3MOXHOCTSMHU MX MPUMEHEHHsS TIPH PEIICHUH 33]1a4, BO3HU -
KAIOIIUX B UX TOCICAYIONICH MpodecCHOHATBHON IeATEeThHOCTH.

3agaum kypca

— M3y4YE€HHUE 3aKOHOB KBAHTOBOM TE€OPUH B UX B3AaMMOCBSI3H;

— (dbopMUpOBaHNE HABBIKOB 10 MPUMEHEHHIO TIOJIOKEHUH KBAHTOBOM TEOPUHU K TPAMOTHOMY Hayd-
HOMY AaHAJIMU3y CUTyallui, C KOTOPBIMU HMCCJIEAOBATEI0 MPUXOJUTCS CTAIKUMBATHCA NPU CO3/a-
HUH HOBOM TEXHWKH U HOBBIX TEXHOJIOTHI;

— (dhopMHUpOBaHKE Yy CTY/ICHTOB 3HAHUI OCHOB KBAaHTOBOM TECOPUH OMHMCAHUS OKPYIKAIOIIETO MHUPA;

— O3HAKOMJICHHE CTYJIEHTOB C UCTOPUEN U JIOTMKOM Pa3BUTUs KBAHTOBOM MEXAaHUKU U OCHOBHBIX

€€ OTKpBITUH.



II. Mecto nucuuninubl B cTpykrype OIOIL:

Juctunnnna «KBaHTOBasi MEXaHUKa» SIBIISIETCS] 00s13aTEIBbHOM I U3YUYCHHS TTO JAaHHOMY IPO-
¢umo. 3yueHne Kypca npeanoiaraeT HajJuurue MOJyYeHHBIX Ha MpeabIyIIeM ypoBHE 00pa30BaHUs
OCHOBHBIX 3HaHWM, yMmeHuil mo mucuuiuinHam «luddepennnanbheie ypaBHeHUs», «TeopeTnyeckas
MeXaHUKay, «DJIeKTpoauHaMuKa». JucuumuimHa «KBaHTOBas Teopus» MPEACTaBIsSeT cCOOON TEOpeTH-
YEeCKYI0 OCHOBY JUJISl TIOCTIEAYIOLINX pa3/esioB Kypca TeopeTndecko Gpu3nku «Pu3nka KOHJIECHCUPO-
BAaHHOI'O COCTOAHUS), «TepMOJII/IHaMI/IKa U CTaTUCTHUYECKaA CbI/ISI/IKa», «BBG)IeHI/Ie B KBAHTOBYIO TCO-
puto 1oy, «KBaHTOBas TEOPUSI U3ITyUCHUSY.

I11. TpeOoBaHusA K pe3y1bTATAM OCBOCHHS JMCIHUILIHHbI

IlepeueHns MJIAHUPYEMBIX Pe3yJILTATOB 00YYeHHS M0 TUCHMIIJIMHE, COOTHECEHHBIX ¢ HHANKATO-
aMH I0CTH/KeHUs KOMIIeTeHIii

Komnerennus OIIK-1: Cnocoben npuMeHsATh 0a30Bble 3HAHHMA B OOJACTH (DU3UKH U

pamuoU3UKN M MCIIOIb30BaTh X B MPOGECCHOHAIBHON AeATeTbHOCTH,
B TOM 4HCJIE B cpepe Meaarornueckoi AesTeIbHOCTH

OIIK 1.1 [Tpumensier 6a3oBble 3HaHUSA B 00J1aCTH (PUBUKU U paAUOPHU3UKH JUTS pe-
IICHUS] HAYYHO- UCCIIEIOBATEIBCKUX 3314

OIIK 1.2 [Ipumensier 6a30BbIe 3HaHUS B 0071aCTH (GUBHKHU U paTuoOU3UKH IS pe-
LICHUS TPUKJIAIHBIX 3a/1a4 TPO(pECCUOHATIBLHOM 1A TeIbHOCTH

OIIK 1.3 [Ipencrapnser ciaymaresnsM B JOCTYIHOH JUIs BOCIpUATHS (hopMe 3Ha-
HUS B 00actu GU3UKHU U paauo(pU3UKH, B TOM YUCIIE ITPU BBIIOJTHEHUN
3aja4 B cpepe neaaroruueckou aesiTeIbHOCTH

IV. Conep:xanue u CTPYKTYpa AMCHUIJIMHBI (MOLYJIs1)

OO0beM IHUCIHUILIMHEI COCTaBIAET 4 3a4eTHBIX enuHHIl, 144 yaca, B TOM unciie 84 4. KOHTAaKTHOM
paboTHI.

3aHATUS TPOBOAATCA TOJIBKO B OUYHOM (hopMe OOy4deHHs C NPUMEHEHHUEM JUCTAHIUOHHOTO
KOHTPOJISI cCaMOCTOATeIbHOU paboThl cTtyneHToB uepe3 DMOC ¢dakynpTeTa. DNEKTPOHHON M AUCTaH-
IUOHHOU (hopM 00yUEHUs HE IPeyCMaTpUBACTCS.

Ha nmpaktrueckyro moarotoBKy OTBOAMUTCS 34 ay IMTOPHBIX YaCOB.

®dopma NpoOMEKyTOUHON aTTECTALMU: IK3aMEH.

4.1. Copepsxkanue JMCHMILIMHBI, CTPYKTYPHPOBAaHHOE 110 TEMaM, ¢ YKa3aHHEeM BHI0B

y‘leﬁHbIX 3aHATHH U OTBCACHHOI'0O HA HUX KOJINYECTBA aKAICMUYCCKHUX YaCOoB

Ne | Paz- | C| Bc us Bunsr yueOHOM paboTHI, ®DOopMEI TEKy-
n/m | gen | e | er | HUX | BKIIOYas CAMOCTOSITEIBbHYIO PaboTy 00ydarommxcs , MpakTH4e- | MIero KOHTPOJIA
auc- | M | O | IIpak- CKYIO TIOATOTOBKY U TPY/I0EMKOCTh YCIIEBAaEMOCTH;
ou- | € | ya | TU4e- (B yacax) dopma npome-
- | C co | ckas JKyTOUYHOM aT-
KonTaxTHas pabota mpernonaBatens ¢ o0ydaromu- | CamocTos-
HBl/ | T B oJI- TECTALHA
MHCS TeNbHAas
TEMBI | D ro- (no ceme-
pabota
TOBKa Jlexun Cemunapckue | Koncynprammu cmpam)
00y- /TIpakTHYeCcKue
qaro- /mabopaTopHbIe
LIHX- 3aHATHA
cst




1 1-22 144 34 34 34 2 43 IIpakTrue-
CKOe  3aja-
HUE; JK3aMe-
HaIlMOHHBbIE
3a/1a4M
HUroro: 144 |34 34 34 2 43

4.2. Il;1aH BHeayAUTOPHON caMOCTOSATEJIbHOI padoThl 00yYalOMIUXCS M0 JUCIHHUIIJIMHE

Cemectp HasBanue CamocrositenbHas pabora odydaronuxcst | OnieHounoe | YueOHo-
Pa3ieina, 1€\ gyn  camo- Cpoku  BbI- Tpyso- CpeACTBO MeTOﬂng'
MBI CTOATEIHHON | TOTHEHUS E€MKCTh ckoe obecrie-
YeHHE CaMo-
paboTsl (dac.) chue - camo
CTOSITEIILHOM
paboThI
5 Tema 1-22 | 3ananue B Bu- |[lociie mpoii- 43 JlemoHcTpa- |Mcrounnkn w3
Jie 3a71a4n JICHHBIX TeM {1 TOTOBBIX | OCHOBHOH H 10~
peleHni HOIHUTENBHOMI

JUTEPATypHl 10
TEeMe TpaKTHYe-
CKHX 3aHITHH;
O6pa3oBarenb-
pecypceel,
JIO-CTyIHbBIE TI0

HBIC

JOTHHY W Mapo-
JI10, MpefocTaB-
nsembiM  Hayu-
HOW OubnmoTe-
kot UT'Y.

4.3. Conepxkanue yueOHOro Marepuasa

Conep:xanue pa3/iesi0B U TeM JUCHUINIMHBI (MOZYJIs1)

Paspen 1

Tema 1. DHeprusi U UMIYJbC CBETOBbIX KBaHTOB. ['mmoresa Ilmanka. Dddext Komnrona. Ilnockas
BosiHa [le-bpoitns, e€ ¢puzndeckuii cmbici. KoMnToHOBCKas AJIMHA BOJIHBI U ATMHA BOJIHBI [le-bpoiins.
Judpakius MUKpOYACTHIL.

Tema 2. bopHOBCKas MHTEpIIpeTanus BOJHOBON (yHKiuu. [IpuHnmn cynepno3unuu coctostHuuid. Pasz-
JIO’)KEHUE MPOU3BOJIBHOTO COCTOSIHMS IO IIOCKUM BojiHaM Jle-bpoinsa. ®dusznueckuit cmbica kodddu-
UEHTOB paszioxeHus. @opmanusm Jupaxka.

Tema 3. ®@a30Boe NMPOCTPAaHCTBO KBAHTOBOW cucTEMBbl. COOTHOLIEHHE HEONPEIEICHHOCTH KOOPAH-

HaTa-uMITYJIbC. OIIGHKa SHEPTHUU OCHOBHOT'O COCTOSAHUA TAPMOHHUYCCKOTI'O OCHUJIIATOpPA U aTOMa BOJO0-

pona.



Tema 4. OniepatopHblil popMaTu3M KBAaHTOBOM MexaHUKU. CaMOCOIpsKEHHBIE ONIepaToOphbl B THIIbOEp-
TOBOM HpocTpaHcTBe. Oneparopbl KOOPAMHATHI U UMITyJIbca U MX coOcTBeHHbIE (yHKIMU. CpenHee
3HayeHHe J1I000i AMHAMUYECKON BEJIMYMHBI B IPOU3BOJIBHOM COCTOSSHUU. OCHOBHBIE CBOMCTBa COO-
CTBEHHBIX (YHKUUH. BbrunciaeHne BeposTHOCTEN pe3ysIbTaTOB U3MEPEHUs TMHAMUYECKON BEJIMYMHBI
B IIPOM3BOJILHOM COCTOSIHUU. Y CJIOBHE OJTHOBPEMEHHON U3MEPUMOCTH TNHAMUYECKUX BEJIUYMH.
Tema 5. 'amunbTOHUAH CBOOOTHOM YacTHIlBl. beckoHedHOe BBIpOXIeHNUE cocTostHUN. O000IeHne Ha
ciay4ai BHemHero nois. YpasHeHue lllpenunrepa. ['amMuibTOHMAaH Kak reHEpaTOp SBOIIOLNNA CHCTE-
MBI BO BpEMEHH. Y paBHEHHUE HENPEPBIBHOCTH. [1n0THOCTE TOKa. HopMupoBka minockux BonH. Cranuo-
HapHble cocTossHUA. CrannonapHoe ypaBHeHue Lllpennnrepa. @eHOMEHOIOTNYECKOE ONMCAHUE KBa3H -
CTaIlMOHAPHBIX COCTOSHUMN. EcTecTBEHHAs MIMpPUHA CIIEKTPAIbHBIX JJUHUM U BPEMS J)KU3HHU.
Tema 6. DBomIOLUs ONIEPATOPOB BO BpeMeHU. VIHTerpanbl IBHKEHUSI.

Pazpnen 2
Tema 7. KBaHTOBaHME rapMOHMYECKOrO ocUMUIATOpa. [loBbIIIaronMe U NOHWKAIOUIME ONEPATOPHI.
DHepreTUyecKkuii cCiekTp. BoaHOBas GyHKIMS OCHOBHOTO COCTOSTHHSI. MaTpHuHBIE 3JIEMEHTHI Orepa-
TOpa KOOPAMHATEHI.
Tema 8. KBanTOBaHNE MOMEHTA KOJIMUYECTBA ABWIKEHUS METOJOM MOBBIIAIONINX U TOHWKAIOLINX OIle-
paTtopoB. Anre6pa MOMEHTOB KOJIMYECTBa JABIWKeHHA. Peanuzanus anreOpsl B 1uddepeHnuantsHol u
MaTpuaHOi Gopme. CoOCTBEHHBIII MOMEHT KOJMUEcTBa JABMKeHUs (criiH) CrieKTphl KBaJpaTa MOMEH -
Ta 1 3-eif npoeknun. CoOCTBeHHBIE (YYHKIIMH OPOUTAIILHOTO MOMEHTA KOJTUYECTBA JABUKCHUSI.
Tema 9. Yactuna B cepudecku-cuMMeTpUYHOM 1oiie. Pa3nenenue nepeMeHHsIX. PaananbHoe ypas-
Henue lpenunrepa. Knaccugukaius coctosHuil B cepuiecku-CHMMETPUIHOM T0JIe. ATOM BOJOPO-
Jla, €r0 CIEKTP W BOJHOBAasl (PYHKIIMS OCHOBHOTO COCTOSIHUS. BBIpOXKJeHNE SHEPreTHYECKHX YPOBHEH
u ero nmpupoaa. Toku B aToMax, MarHUTHBI MOMEHT aToMa.
Tema 10. I'aMIIbTOHMAH 3apsPKEHHOM YaCTHUIIBI B IPOU3BOJIBHOM DJIEKTPOMATHUTHOM I10JIE. ATOM BO-
JI0poJia B IOCTOSIHHOM MarHUTHOM roJie. BonHoBast pyHKIMS 1 3HepreTuueckuil cnektp. Yactuunoe
CHSITUE BBIPOXKICHMSL.
Tema 11. KBaHTOBOE ONMCAaHUE JBYXaTOMHON MOJIEKYJIBI. TE€IIOEMKOCTh IPH PA3IMYHBIX TEMIEPATY-
pax.
Tema 12. ]IBukeHue 4acTUIBl B MEPUOAUYECKOM IoJie. TpaHCIAUOHHAs WHBapUaHTHOCTb. Co0-
CTBEHHbIC ()YHKIMH U COOCTBEHHBIC 3HAYCHHS OMEpaTopa TPAHCISAIMH. 30HHAS CTPYKTYypa CIEKTpa.
Paznoxenue cnekrpa Ha "nHe" U "kpasx" 30861 bpuiosna. Meton "a¢dhekTuBHOM Macch'.

Pazpnen 3
Tema 13. CivH 271€KTpOHA. DKCIIEPUMEHTAIBHOE JOKA3aTEIbCTBO CYIIECTBOBAHUS CIIMHA JIEKTPOHA.
Omnepatop cnuna. CrivHOBBIE (QyHKIMU. YpaBHeHue [laynu. /IBwkeHue criiHa B IOCTOSIHHOM | Tiepe-

MEHHOM MarHuTHBIX I10JIAX.



Tema 14. CraumonapHasi Teopus Bo3MytieHHs.. OCOOCHHOCTH U Pa3luius B BHIPOJKICHHOM U HEBBIPO-
XKJIeHHOM cirydasix. [1lopoOHbIii aHaTN3 IBYKPATHOTO BBIPOXKACHUS. YacTUUHOE CHSATHE BBIPOXKIACHUSI.
Tema 15. HectanmmonapHas Teopusi BO3MyIIeHUsI. Pe3oHaHCHOE BO30YKICHUE CUCTEMBI.
Tema 16. ITpocreiinine NpUMEHEHUS] TEOPUU BO3MYILIEHUs. AHTapMOHUYECKHI ociuuiaTop. Pacmen-
JICHHE CTIEKTPAJIbHBIX JTUHUN B DJICKTPUUYECKOM U CIIA00M MarHUTHOM ITOJISIX.
Tema 17. TloBeneHue BOJHOBBIX (DYHKIMI Ha OOJBIIMX M MAJBIX pacCTOSHUAX. [IpuunHa KBaHTOBA-
HUS DHEPIHUH.

Paznen 4
Tema 18. IlocTaHOBKa 3aJa4l B TEOPUU CTOJIKHOBEHHM MUKpodacTull. CBsA3b MEKIY aMIUIMTYAOU pac-
CesTHUS U aCUMIITOTUYECKUM TIOBEICHHEM BOJIHOBOM (yHKIK. Ceuenne paccesHusi. bopHoBckoe mpu-
OnuKeHue Ui aMIUTUTYAbl PaCCesHUS.
Tema 19. Pacuet aMIUIUTY bl U CEYEHUS IPU PACCEIHUH HA KYJIOHOBCKOM M IOKaBCKOM IOTEHIAJaX.
Tema 20. Tounas Teopus paccesHus. PaznokeHue aMIuInTy bl Ha apiyaibHble BoaHbL. Pa3za pacces-
HUs. Y CIIOBHE ynpyroi yHuTapHoCTH. OnTHueckas reopema. Mojiens abCoIOTHO YEPHOTO TUCKA.
Tema 21. TlpoxokaeHHe YacTHI] yepe3 NMOTCHHHAIbHBIA Oapbep TyHHenbHBIN dddext. XomomaHas
AMUCCUS METAIIOB. VIcUe3HOBEHNE CIEKTPAIbHBIX JIMHUI B CHIIBHOM 3JIEKTpUYecKoM mosne. Tpéxmep-
HBII OTeHIMANbHBIN Oapsep KBasucranuonapHbie cocTossHUS. TeopHs palioakKTHBHOTO pacnaia.
Tema 22. KuneMaTnka W3y4eHHUS M MOTIIOMIEHUS (POTOHA HECTAOMIIBHBIM CBOOOIHBIM SIPOM. DHEp-
TUsl OTJAYU s/ipa W BKJIAA €€ B dHepruto ¢oToHa. SAapo B mone ocumwmistopa. Dddexkt Meccbayapa.
daxrop /lebas - Bamrepa.

4.3.1. IlepeyeHb CEMUHAPCKUX, IPAKTHYECKHUX 3aHATHI 1 JJA00PATOPHBIX padoT

No Noe paznena u | HaumenoBanue cemuHapos, mpak- | Tpymo- OreHoYHbIE dopmupyembie
TEMbI JUCIIH- | THYECKUX U JIAOOPATOPHBIX paboOT eM- cpencTBa KOMITETCHITUN
TUTHHBI KOCTh
("acen)
1 2 3 4 5 6
1. | Pasmen 1, Te- | I'mmoresa [e-bpotins, rumore3a 1 | 3aganue Ha ce- OIIK-1
Mma 1 [Tnanka MUHape B BUIC
3a/1aun
2. | Pasmen 1, Te- | Oddexr Komnrona 1 | 3amanwue Ha ce- OIIK-1
Ma 2 MHHape B BUJE
3aJ1auu
3. Pazgen 1, Te- | JlazepHast KOHBepcHS KaK MEXaHU3M 1 | 3aganue Ha ce- OIIK-1
Mma 3 ycKopeHus pOTOHOB MUHape B BUEC
3a1auu
4. | Pasmen 1, Te- | MunumanbHbIe 3Ha4YCHUS (a30BOTO 1 | 3aganue Ha ce- OIIK-1
Ma 4 o0wvema yactunbl. COOTHOIIEHUE MUHape B BUC
HEOTpeIeIICHHOCTEH ""KooOpInHAaTa- 3a1auu
uMmnysasc", "IHeprus-Bpemst )Ku3Hu"




5. OrieHKa 9HEPTUH OCHOBHOTO COCTO- 3amanue Ha ce- OIIK-1
SIHUSL U3 COOTHOIIICHUS Heolpe/ie- MUHape B BUC
JIGHHOCTEH JIJIsl TMHEHHOT0 rapMo- 3a7a4u
HHUYECKOT0 OCLMJIIATOpa U aTOMa
BOAOPOAA
6. Pazgen 1, Te- | Onepatopsl AMHAMUYECKUX Be- 3amanue Ha ce- OIIK-1
Mma 5 JUYYH B THIH0EPTOBOM IIPO- MUHape B BUC
ctpancTBe. CoOCTBEHHBIE (YHKIIUH 3aJa4n
u cobcTBeHHBIE 3HaUeHHA. X du-
3UYECKUM CMBICII.
7. Kanonmueckuit kommyTaTop "Koop- 3ananue Ha ce- OIIK-1
JUHATa-UMITYyJIbC" MHUHApE B BUJE
3aJ1a4u
8. Pazpen 1, Te- | Ypasuenue lllpenunrepa aiis Boi- 3amanue Ha ce- OIIK-1
Ma 6 HOBOH (yHKIIMH. bopHOBCKas MH- MHHape B BUJE
TepIpeTanys BOJTHOBOW (QYHKIUH. 3aJa4u
Cranuonapsoe ypasHenue IlIpe-
nuHTepa. QakTopHU3aIys 3aBHCHMO-
CTH OT BpEMEHH U KOOpAUHAT.
OHEepreTU4ecKuii CEKTpP U BOJIHO-
Bble (DYHKIIMY YaCTHUIBI B «TIOTEH-
[IUATBHOM AIME» ¢ OECKOHEYHO BBI-
COKHMMH «CTCHKaAMU
9. | Pazpmen 2, Te- | DHepreTuueckuil CIeKTp U BOIHO- 3anaHue Ha ce- OIIK-1
Mma 7 Bble (DYHKIIMU YaCTHIIBI B KOHEYHOH MUHape B BUJIE
IIOTEHIMATILHON SIME» 3aJa4u
10. DHEPreTUYecKuii CIIeKTp U BOJIHO- 3amanue Ha ce- OIIK-1
Bble (DYHKIIMU YaCTHIIBI B ITOJIE TIO- MUHape B BUIC
TeHnuana Buga V(x)=-go(x) 3a/1a9u
11. | Pa3gen 2, Te- | DHepreTHdecKHii CIIEKTP U BOJIHO- 3amanue Ha ce- OIIK-1
Mma 8 Bble ()YHKLIMH YaCTHUIIBI B [IOJIE I10- MUHape B BUJE
TeHMana suaa V(x)=-g(d(x+a)+ 3a/1a9u
d(x-a))
12. | Pazgen 2, Te- | OpOuTanbHBIA MOMEHT 3anganue Ha ce- OIIK-1
Ma 9 MUHApE B BUJE
3a/1a4n
13. | Paznen 2, Te- | AMIUIUTYJ1a pacCcesHUs JIEKTPOHA 3ajaHue Ha ce- OIIK-1
Mma 10 Ha MPOTOHE B OOPHOBCKOM MpPUOIH- MUHape B BUE
JKEHUU 3aJ1auu
14. AMITIUTY A paccesHUs SIEKTPOHA 3anaHue Ha ce- OIIK-1
Ha CIIO’)KHOM 3JIEKTPOHEUTPATFHOM MUHape B BUEC
aToMe 3aJa4u
15. | Paznen 2, Te- | [IpoxoxkaeHue 4acTUIIBI Yepe3 TMO- 3amanue Ha ce- OIIK-1
Mma 11 TEeHIMAIBHBINA 0aprep V(X)=-gd(x) MUHape B BUC
3a/1a4n
16. | Pazgen 2, Te- | IIpoxoKaeHHME YaCTHUITHI YEpeE3 TI0- 3amanue Ha ce- OIIK-1
Mma 12 TEHIUAIILHBIN Oaphep B BUJE «Oec- MUHape B BUJE
KOHEYHOU CTYTIeHN 3aJ1a4n
17. [IpoxoxieHre YacTUIlbl Yepe3 Mpsi- 3ajaHue Ha ce- OIIK-1
MOYTOJIbHBIN MOTeHIIUATbHBIHN Oa- MHHape B BUJIE
pBep 3aJ1auu
18. | Paznen 3, Te- | DHepreTuyeckuii CieKTp YaCTHIIBI, 3aganue Ha ce- OIIK-1
ma 13 HaxoJs1Ieics B MoJie TapMOHUYe- MHHape B BUJIE
CKOTO OCIIIUIIISITOPA U B TIOCTOSIH- 3aJa4u
HOM JIEKTPUYECKOM I10JIE
19. | Pazgen 3, Te- | BomHOBBIE hyHKIIMH YaCTHUIIBI, Ha- 3agaHue Ha ce- OIIK-1




ma 14 XOJSIICICS B MOJIE JIMHEHHOTO rap- MMHape B BUJIE
MOHHYECKOTO OCIHIUIATOPA, COOT- 3a7a4M
BETCTBYIOIINE BO30YKIESHUIM n=1,2
20. | Pasnen 3, Te- | BosHOBbBIE YHKIIUY U SHEPreTHYE- 3amanue Ha ce- OIIK-1
ma 15 CKHUH CIIEKTP YaCTHUILIbI, HAXOASIIEH- MHHape B BUJIE
s B TI0JIe IByMEPHOTO TapMOHHYE- 3a7a4M
CKOT'0 OCITIJIISATOPA
21. | Pasnen 3, Te- | BomHOBBIE ()YHKIIMM U SHEPreTHYE- 3amanue Ha ce- OIIK-1
ma 16 CKUM CIIEKTP YaCTHUIIbI, HAXOIAIICH- MUHape B BUIC
s B TI0JIE TPEXMEPHOTO TapMOHHYE- 3a7a4H
CKOT'0 OCIHILIATOPA (sApa B KpHU-
crajie)
22. | Pazgen 3, Te- | DHepreTuueckuii CIeKTp aroma BO- 3anaHue Ha ce- OIIK-1
ma 17 JIOPOJIa B IIOCTOSTHHOM MarHATHOM MUHape B BUC
oJjie 3aJa49u
23. | Pazgen 3, Te- | Comn. Matpuns! [laynu 3amganue Ha ce- OIIK-1
Ma 18 MMHape B BUJIE
3a7a4H
24. | Pazgen 4, Te- | 3meHeHue COCTOSHUS CHCTEMBI 3agaHue Ha ce- OIIK-1
Ma 19 MO/ ICICTBUEM BHEILIIHETO BO3MY- MHHape B BUJIE
HICHUS 3a7a4M
25. | Pazgen 4, Te- | XonoaHast 3MHUCCHS SIEKTPOHOB U3 3aaHue Ha ce- OIIK-1
ma 20 MeTajuia MHHApE B BUIE
3a1a4u
26. | Paznen 4, Te- | DHeprus u3iaydeHUs U MOIJIOMICHUS 3amanue Ha ce- OIIK-1
ma 21 (oToHa HeCTAOMITHHBIM CBOOOTHBIM MUHape B BUC
SITPOM 3a1a49u
27. | Pasnen 4, Te- | Dddexr Meccbayaspa. Daxrop [e- 3ananue Ha ce- OIIK-1
Ma 22 basg-Bamiepa MUHAape B BUZEC
3a7a4H
4.3.2. I1nan caMmoCTOATEIbHOM Pa0OTHI CTYICHTOB
Ne Tema Bun 3anganue Pexomennye- | Konnue-
HEL CaMOCTO\}JI— Mad JIuTepa- | CTBO Ya-
TEJILHOM Typa COB
paboThI
KBantoBa- | Bueaynu- | KBantoBanue bopna - udenbaa B Hcrounukn 2
Hue bopHa | TopHasd, pe- | AmumKe. BeruuciaeHue cratuctuye- U3 OCHOBHOM
- Un- IIEHUE 3a- | CKOM CyMMBI OJTHOM CBOOOIHOM Ya- U JIOTIOJTHU-
denbaa B Jad CTHLIBI. TEJIbHOM JIU-
SIIITUKE. TeEpaTypsl MO
2 KBanToBa- Bneaynu- | KBanToBaHne MOMEHTa KOJIUYECTBA | TEME MPAKTH- 2
HUE MO- TOpHAs, pe- | IBUKECHUS METOAOM MOBBIIIAIOIINX YeCKHUX 3aHs-
MEHTa KO- LIEHUE 3a- | W MOHWKAIOIIUX OMepaTopoB. Ajre- THUH;
JINYECTBA maq Opa MOMEHTOB KOJIMYECTBA JBUKE- O6pazoBa-
JBUKCHUS Husl. Peanuzanus anreOpsl B nudde- | TenabHBIE pe-
PEHIMAIbHOM U MaTpUuHOU popme. CypCBI, J10-
Co0OCTBEHHBIA MOMEHT KOJIMYECTBA CTYIIHBIE T10
nBukeHus (cnuH) CrekTpbl KBaj- JIOTHHY M Ta-
paTa MOMEHTa U 3-ei IPOEKIIUH. poJIro, Mpeao-
CobcTBeHHbIE PYHKIIMU OpOUTAIIb- CTaBJISIEMbIM
HOI0 MOMEHTA KOJIMYECTBA ABUXKE- Hayunou
HUSL. OMOIMOTEKOM




3 KBantoBoe | Bueaynu- | KBaHTOBOE OnncaHue 1ByXaTOMHOU
ONMCaHUE | TOpHas, pe- | MoJieKybl. TernaoeMKoCTh Ipu pas-
JByXaTOM- | IIEHHE 3a- | JUSHBIX TEMIIepaTypax.

HOU MoJIe- nau

KYJIBIL.

4-5 | CnuH snek- | Breaynu- | CriuH 3J€KTpOHA. DKCIEPUMEHTAIb-
TpOHa. TOpHAs, pe- | HOE 10Ka3aTeIbCTBO CYILIECTBOBA-
IIEHHE 3a- | HUA cIuHA 3JeKkTpoHa. OnepaTop
Jadg cnuHa. CMHOBBIE (PYHKIUHU. Y paB-

Henue [laynu. J[BuxxeHue cnmHa B
IIOCTOSIHHOM U IIEPEMEHHOM Mar-
HUTHBIX MOJISIX.

6 Ceuenue Bueayau- | Pacuer aMmiuTy/ibl ¥ c€UEHUS IIPU
paccesiHUsL | TOpHasi, pe- | pacCesTHMM Ha KyJIOHOBCKOM U

LIEHHE 3a- | FOKAaBCKOM IOTEHIMANaX.
Jad

7-8 | Kunematu- | Bueaynu- | KunemaTuka u3iaydeHHs U MOTJI0-
Ka u3Ny4ye- | TOpHas, pe- | meHus (HoToHa HECTaOMIbHBIM
HUS U HIEHUE 3a- | CBOOOIHBIM SIIPOM. DHEPTHUS OT/a-
norJjonie- naq YU S]Ipa U BKJIAJ] €€ B SHEPTTHIO
U (hoTO- ¢dorona. JlomepoBckoe yumpeHmne
Ha nuHui. OnpenenaeHne TeMInepaTypbl

3BE3/1.

9 Teopust Bueaymn- | paccesmme B mome U (X) = —G(x)
paccesti | TOPHAAL, Pe~ | OGpaTuTe BHMMAHNE HA MOBEICHHE

IHCHHUC 33~ | aNmuTy R oTpaskeHHOH M mpoIes-
Aad 1€ BOJIH MPU MPOJIOJKEHUH pelie-
Hus B o0nacte E<(.

10 KBantoBo- | BHeaynu- | Onepartopsl, cOnpsihKEHHBIE K orepa-
MEXaHHUYe- | TOpHas, pe- | Topam
CKHE ore- meHuesa- | ~ d , .d A d
paTopsI nad A=E,B=15,C=ma)x+ha

11 CoOcTBeH- Bueaynu- A d
HbIE 3HAUe- | TOPHasl, pe- C =maox+ hd_

Jnst onepatopa X
HYA KBaH- IHEHHUC 33~ | 1ottt coBCTBEHHbIE (GyHKIHU 1
ToBO-Mexa- ad cobcTBeHHbIe 3HaueHust. [IpoBe-
HIHACCKX PHUTH, YTO COOCTBEHHBIEC 3HAYCHUS
oneparo- 3TOTO OIEPaTOpa MOTYT OBITH
poB KOMIUIEKCHBIMH, & COOCTBEHHBIE
(GYHKINH, OTBEUYAIOMINE PA3THYHBIM
COOCTBEHHBIM 3HAYEHHIM, HE0Os3a-
T€JIbHO OPTOTOHAJIBHBI.

12 | Oueprus Bueaynu- | OnpenenuTs ypOBHU SHEPTUU U
KBaHTOBO- | TOpHas, pe- | BOJHOBbIC ()YHKIIUHU /IS 3apsKECH-
MeXaHW4e- | IIeHHue 3a- | HOW Ui 3apsKEHHOW YaCTHUIIBI B MO-
CKUX CH- naq CTOSIHHOM M OJIHOPOJHOM MarHut-
CTEM HOM T1oJie. BEIOpaTh BEKTOPHBIIA T0-

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

NIy u Cro-
pOHHUE
CauTEhI




13-14 | Yactuua B Bueayau- | CuMras U3BECTHBIM raMUIbTOHUAH
JNEKTPO- TOpHAs, pe- | YaCTHILbI B JJIEKTPOMArHUTHOM I10-
MarHMTHOM | ILIEHHUE 3a- | Jie, HAUTU a) BhIpa)KEHUE AJIs OIle-
116J1€ Aad paTopa CKOpocTH v, 0) KOMMyTaIu-

OHHBIE COOTHOIIECHHUS Il KOMIIO-
HEHT CKOPOCTH; B) aHAJIOT ypaBHe-
Hus HeroToHa.

15-16 | bop- Bneaynu- | BbIUMCINTE aMIUIUTYy pacCcesiHUs
HOBCKO€ TOpHAsl, pe- | Ha NPSAMOYTOJIbHOM MOTEHINAIBbHON
npubnmKe- | IIEHHE 3a- | siMe B OOPHOBCKOM MPUOJIMKECHUH.
HUE Jad

17 | Paccesnune | BHeaynu- | BbruMciauTh aMIIIUTYy pacCestHUS
Ha MIOTEH- | TOpHAas, pe- | B OOPHOBCKOM NMPUOIUKEHUH Ha TI0-
nuaie HICHUC 3a- | tennuane IOxaBa
IOkaBa nad U(r) = (a/r)eﬂ/a

4.4. MeTozmqecmle YKa3aHus [0 OpraHms3alumn CaMOCTOSITEJILHOM paﬁoTbI CTYACHTOB

B pasnene 4.3.2 cTyneHTaM ISl CaMOCTOSITEILHOTO YIUIYOJICHHOTO M3Y4YEHHUs TUCIUIUIMHBI (TIapai-
JICJIBHO C JIGKI_II/ISIMI/I) npeajararoTcsd 3aaqyv 1o u3y4acMbIM pa3ciiaM. HpennonaraeTc;{, 4YTO CTYACHT
CaMOCTOSITENIbHO U3YYHT JOIMOJIHUTENbHBIE Maparpadsl 0 NpOiIeHHOI TeMe, MpeICTaBIeHHbIE B JIH -
Teparype u3 I. 5, a 3aTeM PelIuT NpeIoKeHHbIe 3a1adn. OIeHKa CaMOCTOSTENBHON paboThl CTYICH-
TOB MPOBOJIUTCS HA MPAKTUYECKHUX 3aHATHUSX.

4.5. [IpumepHasi TeMaTHKA KYPCOBbIX Pa0oT (IPOeKTOB) (IPU HAJIMYMH)

VY4eOHbIM MJIAHOM HE MPEyCMOTPEHO HAMKMCAHUE KyPCOBBIX padoT.

V. YueoHo-MeToqu4Yeckoe U MHGOPMAIIMOHHOE o0ecTiedeHne JUCIUIIHHBI:

a) nepevyeHb JUTEPATYPbI

OCHOBHAsl JIUTEpaTypa

1. Bamn A. H. KBantoBas MmexaHuKa B 3a7adax : yue0.-meTo. nmocooue / A. H. Ba, O. H. Con-
naterko. — Mpkyrck : U3a-so UT'Y, 2010. — 87 c. udp A623906; dusmat 30856 (100 3k3.)

2. TlapmakoB A. H. Beaenue B KBaHTOBYIO GH3HUKY : yued. mocobue [DaeKTpoHHBIH pecypc] / A.
H. ITapmakoB. — DnekrpoH. Bepcusi kH. — CII6. : U3a-Bo Jlaws, [2010]. — 352 ¢. — (BBC
«Jlanby). — Pexxum poctyma: http://e.lanbook.com/view/book/297/

JIOTIOJTHATENIbHAS JIUTEpaTypa

1. Jlangay JI. [I. KBantoBas mexanuka : Teopernueckas ¢usuka, rom III / JI. 1. Jlanmay, E. M.
Jludpmu. — 5-e u3n. — M. : Hayka, 1989. — 767 c. (56 7k3.)

2. Jlunkun I'. KBanToBas Mmexanuka. HoBblii ox01 K HEKOTOpbIM ripodsemam / I, JIunkuH. — M.

: Mup, 1977. — 592 c. (ud A 37855, 767271, M 767272, 3 5K3.)


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

0) nepuoguYeCcKUe U3TAHUS
- HCT.
B) CIIUCOK ABTOPCKUX METOANYECKHUX pa3padoTok
- 1 (ocHOBHast IUTEPATYpPA).
r) 0a3pl JAaHHBIX, THPOPMALMOHHO-CIIPABOYHbIE H MOUCKOBbIE CHCTEMbI

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

OOpa3oBaTeNbHBIE PECYPCHl, JAOCTYIHBIC TIO JIOTHHY W TMAapojio, MpeaocTaBisseMbiM HaydHoit
oubnuorekoit UI'Y:

e https://isu.bibliotech.ru/ - U3 «bubmamoTex»;
e http://e.lanbook.com - ObBC «M3narenscTBO «JIaHby;
e http://rucont.ru - DbC «PykoHT» - MeKOTpaciaeBas HaydHass OMOIUOTEKa, colepKarias onud-

pPOBaHHbIE KHUTH, IEPUOANUECKUE U3TaHUS U OTJEIbHBIE CTAThU 10 BCEM OTPACIIIM 3HAHUI, a
TaKKe ayJauo-, BUJ1€0-, MyJIbTUMEIUA COPT U MHOTOE JIPYTOE;

e http://ibooks.ru/ - OBC «ANOYKC»- HHTEPHET PECYPCHI B CBOOOTHOM JIOCTYTIE.

VI. MaTrepunajnbHO-TeXHHYeCKOe o0ecnedeHne U CHUITHHbI

YyeOHast ayaAuTopus AJsl MPOBEICHUS 3aHATUN. J[1s1 IpoBeneHUs 3aHATUN JIEKIMOHHOTO THUIIA B
KaueCTBE JICMOHCTPAIMOHHOTO 000PYI0BAaHUS UCTIONB3YETCSI METIOBasl TocKa. HarmsaHocTh obecreun-
BAETCs IMyTeM M300paKCHHsI CXeM, Tuarpamm u GopMyll ¢ IOMOIIbI0 Mena. Mcnonp3oBanue riodas-
HOW KOMITBIOTEPHOU CETH IMO3BOJISIET 00ECMEUYHTh NOCTYMHOCTh MHTEpHET-pEecypcoB W Pean30BaTh
CaMOCTOSITEIIbHYIO paboOTy CTYJISHTOB. Ha JIGKIMSIX MOTYT HCIIOJIB30BAThCS MYJIbTUMEIHUHBIC CPEll-
CTBa: TMPOEKTOp, MEPEHOCHOW d3KpaH, HOyTOYK. Ha (akynprere mMeercss KOMIBIOTEPU3UPOBAHHAS
ayUTOpHS, MpeJHA3HAUYCHHAs JJII CAMOCTOSITEIbHOW palOOThl, C HEOTPAHWYEHHBIM J0CTyIoM B UH-
TEpHET.

Marepuansl: yaeOHO-METOIUYECKHUE TOCOOHS, 3aAaHus I ayAUTOPHON M CaMOCTOSITEILHOM pa-
OOTBI CTYJIEHTOB.

VII. O0pa3oBaresibHbIE TEXHOJIOTHU

3a1aun U3JI0XKEHUS U U3yYEHUs TUCIUIUIMHBI PEalIu3yloTcs B CIEAYIOMNX (popMax IesTeIbHOCTH:

e JIEKLMH, HAlleJIEHHbIE Ha MOJIydeHHE HeoOXoauMoW HH(OpMalMH, U €€ UCHOJIb30BaHUE
IIPY PELICHNN IPAKTUUECKUX 3a]a4;

® [IpaKTUYECKHE 3aHATHUS, HAPaBJICHHbIC HA aKTUBMU3ALMIO [T0O3HABATEIBHON JESITEIbHOCTH
CTYZICHTOB U IPUOOPETEHHSI UMU HABBIKOB PELLICHUS IPAKTUYECKUX U IPOOJIEMHBIX 3a/ay;

® KOHCYJIbTAllMU —€XKEHEETIBHO I BCEX JKEJIAIOIINX CTYICHTOB;

® CaMOCTOsITENIbHAsl BHEAyAUTOpPHas paboTa HalpaBieHa Ha MPUOOPETEeHUE HABBIKOB CaMo-
CTOATEIBHOIO PEIIEHUS 3a7a4 110 JUCLIUILINHE;

® TEKyLMH KOHTPOJIb 3a JEATENbHOCTBIO CTYACHTOB OCYILECTBIISETCS Ha JIEKLHUOHHBIX U
IIPAKTUYECKUX 3aHATUAX B XOJ€ CAMOCTOATENIBHOIO PELICHHS 3a]]a4, B TOM YHCIIE Y TOCKH.

VIII. OueHouyHble MATEPUAJIBI ISl TEKYIIET0 KOHTPOJISI M POMEKYTOYHOM aTTeCTAMHU
@DOH/1 OLIEHOYHBIX CPEJCTB MPEACTABIECH B MPUIIOKEHHH.

8.1. OuleHOUHBIE CpeACTBA ISl BXOJHOTO KOHTPOJIS: He TPEOYIOTCS.
8.2. OrieHOUHBIE CpEACTBA TEKYIIEro KOHTPOJIS - KOHTPOJIBHBIE Pa0OTHl M COOECeI0BaHuE.



JIleMOHCTPAIIMOHHBII BAPUAHT KOHTPOJIBHON padOTHI

-x*/2a?

3anava 1. Berauenuts ¥ (X>7) g BonHoBoro makera p(x,1)=Ae
3amaua 2. Vicnonb3ys pe3yinbTaT NpeabLIyIei 3a1auy, HATH U3MEHEHHE IIMPUHBI TIAKETa CO BpE-

MCHCM.

IIpumepsl Bonpocos AJ1st codece10BaHUs

e Ormucarh onepaTopHblii (hopMain3M KBaHTOBOI MEXaHUKH.
e JlaTp ompeneneHne caMOCONPSKEHHBIX OMEPaTOPOB B THILOEPTOBOM MIPOCTPAHCTBE.
e VYKka3zaThb OCHOBHBIC CBOMCTBA COOCTBEHHBIX (DYHKITHH.
e BrruncieHne BeposSTHOCTEN pPe3ynbTaTOB U3MEPEHUS AMHAMUUECKOM BETMUMHBI B IPOU3BOJIb-
HOM COCTOSIHUH.
e VYcioBUE OTHOBPEMEHHON H3MEPUMOCTH TUHAMUYECKUX BEJTUYMH.
e Baectu oneparopbl KOOPJMHATHI U UMITYJIbCA U UX COOCTBEHHbIE (PYHKLMHU. YKa3aTh OTINYUS
KOOPJAWHATHOTO U UMITYJIbCHOTO MPEICTABICHHUS.
8.3. OueHouHBbIE cpecTBa AJIs IPOMEXYTOUHOM aTTecTaluu
dopma npoBeieH:s TPOMEKYTOUHOH aTTecTallul — HK3aMEH.

IIpumepHbIii NepedyeHb BONPOCOB U 3a1aHHUI K IK3aMeHY

1.

OHeprus U UMITYJIbC CBETOBBIX KBaHTOB. I unoresa I[lnanka. Opdext Komrona. Ilnockas Bonna [le-
bpoiins, e€ dusmyeckuii cmpici. KoMTOHOBCKast IyiMHA BOJIHBI M JyiMHAa BoJiHBI Jle-bpoits. du-
(bpaxus MUKPOYaCTHIL.

. bopHoBckas unTepnperanus BoiaHoBoM pyHkuuu. [IpuHiun cynepnosunuu coctosHuid. Pasnoxe-

HHUE TIPOM3BOJILHOTO COCTOSHUS MO TUIOCKUM BosiHaMm Jle-Bpoiinst. dusnueckuii cmbicn ko3dduim-
€HTOB pasyioxkeHus. Popmanusm Jupaka.

. ®azoBoe IMPOCTPAHCTBO KBAaHTOBOM cucteMbl. COOTHOIICHHUE HEOMPECACIICHHOCTH KOOpAWHATa-

HUMITYJIBC. OI_IeHKa OHCPIrUr OCHOBHOT'O COCTOAHUA TAPMOHHUYCCKOTI'O OCHUIIATOpPA U aTOMa BOAOPO-
Ja.

. OneparopHblii popManu3M KBaHTOBOM MexaHUKH. CaMOCOTIPSKEHHBIE OTIEPaTOphl B THILOSPTOBOM

npoctpancTBe. Oneparopbl KOOPAUHATH M UMITYJIbCA U UX cOOCTBEHHBIE PyHKIMHU. CpeHee 3Haue-
HUE JII000M JUHAMUYECKOM BEIMYMHBI B TMPOU3BOJIBHOM COCTOSSHMH. OCHOBHBIE CBOMCTBa COO-
CTBEHHBIX (DyHKIMIA. Bbruncienne BeposSTHOCTEH pe3ybTaTOB U3MEPEHUST TUHAMUYECKON BEITHYH -
HBI B IIPOU3BOJIBHOM COCTOSIHUH. Y CJIOBHE OJHOBPEMEHHON U3MEPUMOCTH JUHAMUYECKUX BEJIMYUH

. FamunbroHMan cBOOOHON YacTUIBL. beckoHeuHOe BBIpOXKAeHHE cocTosiHME. O000IIeHe Ha CiTy-

yail BHelHero nojis. YpasHeHue llpenunrepa. 'aMubTOHNAH KaK T€HEPATOP HBOJIFOLUU CUCTEMBI
BO BpeMeHH. YpaBHeHUE HenpepblBHOCTH. [ImoTHOCTH Toka. HopmupoBka miockux BosH. Cranuo-
HapHble cocTosiHus. CranuoHapHoe ypaBHeHue lllpeaunrepa. ®eHOMEHOJIOIMUECKOE OINKCAHUE
KBa3MCTALIMOHAPHBIX COCTOSHUM. EcTecTBeHHAs IMPHHA CIIEKTPAIBHBIX JJUHUN U BpEMS KU3HH.

. DBOJIIOLIMS ONIEPAaTOPOB BO BpeMeHU. VIHTerpaisl ABM)KEHNUS.
. KBanroBanue rapmonnueckoro ocuusuiatopa. [lopblaromiyie u NOHMKAIOLIME ONIEpaTopbl. JHepre-

TUYEeCKUI cnekTp. BomHoBas (yHKIMS OCHOBHOIO COCTOSIHMSA. MaTpUyHBIE 3JIEMEHTHI orepaTopa
KOOpIMHATBHI.

. KBaHTOBaHME MOMEHTa KOJIMYECTBA ABUKCHUA MCTOAOM IMOBBIIIAIOIINMX W IMOHMXAKOIHUX OII€paTo-

poB. Anre6pa MOMEHTOB KOJHMUYECTBa JABIMKeHUsA. Peanusanus anreOpsl B AuddepeHunaibHon U



MaTpu4HOi (popme. CoOCTBEHHBINT MOMEHT KOJMMYECTBa ABMKeHUS (cruH) CHeKTphl KBaJapara Mo-
MeHTa U 3-eii npoekiuu. CoOCTBeHHbIE (DYHKIIMU OPOUTAIBHOTO MOMEHTA KOJIMYECTBA JBMKEHHUSL.

9. Yacruna B cdepuuecKr-CHMMETPUYHOM mojie. Pa3nencHue nepeMeHHbIX. PajnanbHOe ypaBHEHUE
penunrepa. Knaccupukanus coctosHuil B chepuuecKu-CUMMETPUYHOM I0JIe. ATOM BOJOPO/a,
€ro CIEKTP U BOJIHOBAsl (PYHKLUS OCHOBHOTO COCTOSIHUS. BBIpoXk/IeHHE SHEPreTHYeCKUX YPOBHEH U
€ro Npupoja.

10.TamMunpTOHNAH 3apsHKEHHON YaCTHUIIBI B IPOU3BOIBHOM JJIEKTPOMArHUTHOM TOJIe. ATOM BOJOpOIa
B TIOCTOSSHHOM MarHUTHOM moJie. BonHoBast GyHKIMS 1 3HepreTuueckuil cnektp. YactuuHoe CHs-
THE BBIPOKICHUS.

11.KBanTOBOE OMMCaHKEe AByXaTOMHOM MOJIEKYJIbl. TEMI0eMKOCTh IIPU Pa3IHsIHBIX TEMIIEpaTypax.

12. IBmkeHue 4acTuipl B EpHOANYESCKOM moiie. TpaHCisnuoHHass WHBApUaHTHOCTh. COOCTBEHHBIC
(byHKIMU ¥ COOCTBEHHBIE 3HAUEHUS OllepaTopa TpaHCIAIMH. 30HHAs CTPYKTypa crekTpa. Pazmoxe-
HUE CrieKTpa Ha "mHe" M «kpasx» 30HbI bpummosna. Meron «a¢hhekTuBHON Macchi»

13. CnuH anekTpoHa. DKCIEPUMEHTAIBHOE TOKA3aTeIbCTBO CYIIECTBOBAHUS CITUHA 3JieKTpoHa. Orme-
parop cnunHa. CriuHoBble GyHKIMH. YpaBHeHue [laynu. J[BrokeHHe CMHA B MOCTOSIHHOM U Tepe-
MEHHOM MarHUTHBIX MOJISX.

14. Cranmonapsast Teopust Bo3MyIieHus. HeBBIPOKACHHBIN CITydaii.

15. CrannonapHast Teopust BO3MYIIEHUSA. BBIpOXKICHHBIN CIyYaid.

16. HecrannonapHasi Teopusi BO3MYIICHUsI. Pe30HAHCHBII XapaKTep KBAaHTOBBIX MEPEXOI0B.

17.1loBenenre BOMHOBBIX (YHKIMI Ha OOJBIIMX M MaJbIX PacCTOSHHsAX. [IpUYnMHa KBaHTOBaHUS
SHEPIHH.

18.TlocTanoBKa 3a7a4u B TEOPUH CTOJIKHOBEHUI MUKpO-dacTHil. CBsI3b MEXKIY aMIUIUTYOH paccesi-
HUS ¥ aCHMIITOTHYECKUM TIOBEJICHHEM BOJHOBOH (yHkumu. Cedenue paccestaus. bopHoBckoe mpu-
OnmKeHHe Ui aMIUTUTY bl PACCEsHUS.

19. Pacuer aMIIUTy bl M CEUCHUS TIPH PACCESIHUM HA KYJIOHOBCKOM M FOKABCKOM ITOTEHI[HAIAX.

20. AMIuTy 12 paccesHus 3apsDKSHHO 9acTUIbI Ha CiioxkHOM atome. DopmpakTop aroma.

21.Tounas Teopusi paccesiHus. Pa3iokeHre aMIUTUTY/IbI Ha NaplaibHbie BOJMHBL. daza paccesHus.
Ycnosue ynpyroii yautapHoctu. Ontudeckast reopema. Mojiesib abCo0THO YEPHOTO IUCKA.

22.TIpoxox/IeHHe YacTUI[ Yepe3 MOTCHIUaIbHbIi 0apbep TyHenbHbINH 3(dekT. X0moaHass SMUCCHS
MeTauloB. VICue3HOBEHHME CIEKTPAIBbHBIX JIMHUM B CWJIBHOM JJIEKTPUYECKOM moje. TpéxmepHsli
NOTeHIMAIbHBIN Oapbep. KBazucraunonapusie coctosiuus. Teopus paJMoOKTUBHOTO pacnaa.

23.KuHemMaTHKa U3TyYeHUS U TOTJIOMICHUST (DOTOHA HECTAOMIBHBIM CBOOOIHBIM SIIPOM. DHEPTHsI
OTJauu A1pa U BKJIAJ e€e B dHeprtuio ¢ortoHa. JlomiepoBckoe yupeHnue auHuN. OnpeneneHue
TEMIIEPATYPHI 3BE31.

24. HectabunbHoe spo B mose ocuuuisitopa. dhdexr Meccbayspa. Dakrop Jebdast -Bamnepa.

25. KonBepcust 1a3epHOTro U3My4YCeHUsI [IPU PACCETHUH Ha OBICTPBIX 3JICKTPOHAX.

26.KBanToBanue bopHa - UH(enbaa B sinuke. BeraucieHne cCTaTHCTHYSCKON CyMMBbI OJTHO# CBOOOI-
HOW YaCTHILIBI.

3ananus:
1. HaiiTi n3meHeHune IIMHBI BOJIHBI (JOTOHA MPU YIPYTOM PACCESHUU Ha MOKOSAIIEMCS SJIEKTPOHE

(3¢ ekt Komnrona). J[aTh HHTEpIpETALMIO SKCIEPUMEHTATIbHBIX JaHHBIX, MOITy4eHHbIX KomnToHOM
B TIpoliecce paccesHusi OTOHOB Ha napaduHe.
2. Haiitu n3menenue sHepruu GoTOHA NPU YIPYTOM PACCESHUU HA PEISATHUBUCTCKOM JIEKTPOHE



Ha yroJ 0 = B pamkax runote3s! [Inanka—JiiHmTeiina.

3. Haiitu Eq' npu Eq = 1, 2 eV (undpaxpacusbiii nazep Ha HeogumoBoM ctekie), Ep = 46 GeV
(ycxoputens SLAC, onbiTel o HenuHeliHoMy 3¢ dekty Komnrona, 1996 r.) m Eq=1,2 eV, Ep =5
GeV (yckopurens BOIIIT-4M, onbIThl 1O paciiensienuto (oToHa B moje aapa, 1997 r.).

4. [Touemy cBOOOIHBII 3JEKTPOH HE MOXKET MOTTIOTUTH WM U3My4YuTh (hoTOH. Haiitu sHepreTuye-
CKHUH CTIEKTp M3Iy4eHHs aOCOIIOTHO YEPHOTO Tela, UCHOoJb3ys cooTHomnenus [lnanka: E = pc u p =k,
rie k = 2m/A — BOJIHOBOM BEKTOp, A — JJTMHA BOJHBI (DOTOHA.

3. [Tonarast, yTo juId JupaKIUU Ha KPUCTANIMYECKONW PEILETKE MOJIE3HO UMETh YACTHIIbI C A =
10—8 cm, HaliTh sHEepruto (HOTOHA, JIIEKTPOHA U HEUTPOHA C JTAHHOU IJTMHOW BOJIHEI.

6. VY AbTpaxoa0JHBIMU Ha3bIBAIOTCS HEMTPOHBI, CKOPOCTh KOTOPBIX V < 1 m/c. Hailtu ux miuny
BOJIHBI Jle-bpoiins.

7. Bbruncnuts MaTpuuHbIA 351eMeHT h~X|~pl, rAe |~pi, |~X1 — COCTOSHUS C ONpeAENEeHHbIM HUM-
IIyJIbCOM U ONPEIEIEHHON KOOPAUHATON COOTBETCTBEHHO.

8. OLEeHNTh U3 COOTHOILLIEHHUSI HEOIIPEAEIEHHOCTH SHEPIUI0 OCHOBHOTO COCTOSIHUS YaCTHULbI B 10-
JIe OTHOMEPHOT0 FrapMOHUYECKOTO OCIIMILISATOPA.

9. OLeHNUTh U3 COOTHOLIEHUS! HEOIPEAEIIEHHOCTH 3HEPIUI0 OCHOBHOI'O COCTOSIHMSI 3JIEKTPOHA B
aToMe BOJ0OPO/a.

10. Haiiti paauyc CUIBHOTO B3aMMOJEUCTBUSA, KOTOPOE 00YCIIOBIEHO OOMEHOM BUPTYaIbHBIM -
ME30HOM.

11. IToka3zaTh, 4TO MPOU3BOJIBHBIN JIMHEHHBIN onepaTtop L MoxHO npeacTtaButh B Buje L = A +iB
rae A u B — 3pMuUTOBBI OnIEPATOPHI.

12. Jloka3zatsk, uTo ams aroo0bix oneparopoB A, B u C cnpasemmubo ToxkaectBo[A, BC] =[A, B ]°'C
+ B[A, C .

13.  SIBnsiercs u onepaTop KOMIUIEKCHOTO CONPSDKEHUS a) JIMHEHHBIM, 0) SpMUTOBBIM?

14.  Jlns onepatopa C , omnpeieneHHOro B NMpeablIyleil 3a1aue, HailTu coOOCTBeHHbIE (QDYHKIMM U

coOcTBeHHbIe 3HaueHHs. [IpoBepuTh, 4TO COOCTBEHHBIC 3HAYEHHS STOrO OIEpaTropa MOTYT OBITh
KOMIIJICKCHBIMHU, a COOCTBEHHBIE (I)YHKI_[I/II/I, OTBCUAIOMIUC PA3JIUYHBIM COOCTBEHHBIM 3HA4YCHUAM, HC
0053aTeIbHO OPTOTOHAJIBHBI.

15. [Toka3atpb, 4T0 COOCTBEHHBIE (PYHKIUH 3PMHUTOBOIO ONEPATOPAa OPTOTOHAIBHBI MEXKIY COOOH,
€CJIM OHU COOTBETCTBYIOT Pa3IMYHBIM COOCTBEHHBIM 3HAUCHUSIM.

16.  Iloka3arp, 4TO COOCTBEHHBIE 3HAUEHHSI SPMUTOBOT'O OllepaTopa BCETAa JCHCTBUTEIbHBI.

17. [Toxazatk, uro BoaHa [le-bpoiiis He npuHaIeKUT THILOEPTOBY IIPOCTPAHCTRY.

18. Haiitu oOmiee pemenue ypaBaenus lllpenunrepa st cBOOOJHOM YaCTHUIBI U TIOKA3aTh, YTO

OHO OECKOHEUYHO BBIPOXKJICHO.

19. [TokazaTp, 9YTO MIIOTHOCTH TOKA ] JIJISl SJIEKTPOHA B OCHOBHOM COCTOSIHMM aTOMa BOJOpPOJa PaB-
Ha HyJt0. CneacTBHEM 3TOro (akra sSBJIsSeTCs] CTA0MIBHOCTh aTOMa BOJAOPOa B OCHOBHOM COCTOSTHHH.
OOBSICHUTD ITOUEMY.

20. Haiitu sHEepreTueckuii CIeKTp 1 HOPMUPOBAHHBIC BOJIHOBBIE (DYHKIIMH CBSI3AHHBIX COCTOSIHUN
qacTullel B mojie V (X) =—g - 8(X), Tie g — MOJOKUTEIbHAs TOCTOSTHHAS.

21. Haiitu cpennue 3HaueHUs] KHHETUYECKON M MOTEHIMAIBHON dHEpruil. Berancnuth npoussese-
HUE HEONpeeNIEHHOCTe KOOPAMWHATHI M uMIyJibca. KakoB BUJ| BOTHOBON (DYHKUIHU B UMITYJIECHOM
npecTaBiIeHUH?

22. HaiiTi sHepreTHueckuii CeKTp U BOJHOBBIC (PYHKIIMH YACTHUIIBI C 3apsAIOM € U Maccoil m, Ha-
XOJISIIeHCs B 1MOJIe TAPMOHHYECKOTO OCIMILISTOPA U B MIOCTOSTHHOM 3JICKTPUUYECKOM I10JI€ HAMPSKEH -
HocThiO E. CunrtaTh BOoMHOBBIE (DYHKIIMH U CHEKTP JIMHEWHOTO TapMOHUYECKOTO OCHMIUIATOPA 3aaH-
HbIMU. J[BI>KEHHE OJJHOMEPHOE.



Ilpumep mecmogwix 3a0anuil 011 NPOGEPKU CHOPMUPOBAHHOCIU KOMNEMEHYUIL, YKA3AHHBIX bliie n.3:

1. YcioBus HEONIpEAENEHHOCTH IS P U X
1 APAX 22

2 APAX=h
h
3 .ﬁFiX:E

2. CrexTp ocumiusITopa

1. E:frfuln+%l|
2. E=hwln)
3. E=M2

=

3. CBs3b k03 dunmenTa npoxoxacHus R u orpaxkennst D (oqHOMEpHBIN Citydaii)

1. R+ D=1
2. RP+ D=1
3. R+ D=3
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