MHWHOBPHAYKH POCCHUHA

(benepanabHOE TOCYIapCTBEHHOE OI0IKETHOE 00pa30BaTeNIbHOE YUPEKICHNE
BbICILIEr0 00pa30BaHUs
«APKYTCKHUMN I'OCYJAPCTBEHHbI YHUBEPCUTET»
OI'bOY BO «UT'Y»
Kadeapa teopernueckoi puznuku

YTBEPXIAR
HekaH ¢usryeckoro ¢dakybTera

—

Vﬁa/ﬁ.‘K/T'B‘y/:[HeB
«20» ampens 2023 1.

PaGouas nporpaMma JUCHUIJIMHBI

Haumenosanue mucrmmmnasl: 51.0.15.03 KBanToBas MexaHUKa

Hanpasnenue noarorosku: 03.03.02 Pusuka

Hanpasnennocts (mpoduib) moarotoBku: Ousnka KOHIEHCUPOBAHHOTO COCTOSHUS

KBanuduxanus (creneHsb) BelTycKHUKA: bakanaBp

®opma oOyuenus:  OuHas

CornacoBano ¢ YMK ¢uszunueckoro daxynpreta
[Ipotokon Ne38 ot «18» anpens 2023 r.

—

Ipencenarens _ ~— -~

~~—___ H.M.byasnes

2 —

Hpkyrck

PexomenmoBano kadeapoii:
ITporoxoin Ne6
Ot «15» maprta 2023 r.

/

/./—7,' C

W.o. 3aB. kadeapoit (B L

A

C.B. JloBuos

2023 r.



Conepxanue

I. LIean ¥ 3a71aUH JUCITAIIIIHHBL. .......ccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeaeaaeaaeeeaeeeaaeaaeasasasasasesesasaasessannns 3
II. Mecto auctumuinHbl B CTPYKTYPE OITOIL . ..ot 4
III. TpeGoBanust K Pe3yJIbTATAM OCBOCHUS TUCIIUATIITHHBL. .....uvveerurreerereeennreeensseeeereessseessneesssneeeessnnns 4
IV. Conepxanne u CTPYKTYPaA AUCITUTUTIHBL (MOJTYTIN ). vveeereeernreeennreesnnreeennseesssseesnsseesnsseessseeesssseseens 4

Q) TICPEUCHD JTUTEPATYPBL. .c.veuverttenreentenstenteestesttesteestesseesteetesseesseestessaenseeabeestenseeebeeebeeensneenneeesne
0) MIEPUOTMUCCKIE MBIIAHMS. ....eeeuveeerrreernureessreensseeesseeesseeassseesssseeessseesssseesssseessssesssseeessssssnseeessnnns
B) CITUCOK aBTOPCKUX METOIHMUECKUX PABPAOOTOK. ....cuveeurerrieeianreaneenseeeeeeesseeseesesseesseesesseesnseeens

F) 0a3sl JaHHBbIX, I/IHCbOpMaHI/IOHHO—CHpaBO‘IHHG U IIOUCKOBBIC CUCTCMBI......cccviviviinniiiiinnniiiinnnnns

VI. MaTepHanbHO-TEXHUYECKOE 00CCTIEYCHNE TUCIIUTITIHDL. ...c...evveeneerireteenrenireenreenieeenieeeniaeeninees 12
VII. OOpa30BATEIBHBIC TEXHOMOTHH . .......evveuteenrenseenseensesseenseassesseensesneesseensesssesseesnseeenseeessseesnseennses 13
VIII. OuenouHble MaTepHabl ISl TEKYIIETO KOHTPOJIS U TPOMEKYTOUHOM aTTECTALUH.............. 13

[Mpusokenue: GOHJT OIEHOYHBIX CPEICTB



I. Hean v 3a1a4u TUCUUILJIAHBI

B xone u3ydenuss mucuuruinHbl «KBaHTOBask MEXaHHMKa» CTYJEHTHI M3y4alOT M OCBaMBAIOT
OCHOBHBIE TIOHATHS ¥ METOJIbI KBAHTOBOU TEOPHH, CTIOCOOBI TEOPETHUECKOTO OMMMCAHMS, KOJIMUYECTBEH-
HOTO ¥ KaUE€CTBEHHOI'0 aHAJIN3a KBAHTOBBIX MPOLECCOB B CUCTEMAX, COCTOSAILIUX U3 OJHON MU MHOTHUX
YacTHI], a TAK)KE B CUCTEMaX C HEONPEIEIEHHBIM I MEHSFOUTUMCS YUCIOM YacTHII.

JuctummuHa «KBaHTOBass MEXaHUKa» MPEACTABIISIET COOOM TEOPETUISCKYIO OCHOBY JUISI TIOCIIE -
IYIONTUX pa3feloB Kypca TEOpeTHYeCKor (u3uku. MareMaTnueckod M METOAUYECKON 0a3oi Kypca
ABIIIOTCS BCE pa3zelibl Kypca MaTeMaTUKU U TEOPETUYECKOM (PU3UKHU, U3yUeHHBIE CTyIEHTaMH K Haua-
1y 5 cemecrpa.

B pesynbTate nzyueHus Kypca CTyI€HT IpHOOpeTaeT Kak PyHIaMEeHTabHbIE 3HAaHUSI O TOJIX0-
JlaX K OMHMCAHWI0 KBAaHTOBBIX CHUCTEM, TaK W HABBIKM PEIICHUS KOHKPETHBIX KBAHTOBO-MEXaHMUECKHUX
3azay.

Iean kypca

KBaHTOBass MexaHHKa SBJISCTCS BOXKHOM YaCThIO YHUBEPCATHHON 0a3bl JJIsl H3ydeHUsT OOIIeTpo-
(dheccHOHANBHBIX U CHEIHATBHBIX JUCIMIUINH, BOOPYKACT BBITYCKHHUKOB HEOOXOJAMMBIMHU 3HAHUSIMU
JUISL pEHICHUs] HAYYHO-TEXHUYECKUX 337a4 B TEOPETUYECKUX U MPHUKIAIHBIX ACTIEKTaX, 3HAKOMUT CTY-
JIEHTOB C Hay4YHBIMU METOJAaMU MMO3HAHUSI, IO3BOJIIET HAYYUTh UX OTINYATh TUIOTE3Y OT TEOPUHU, TEO-
PHIO OT SKCHEPUMEHTA. ITa JUCIHUIUIMHA CITOCOOCTBYET MPOBEACHUIO JIEMapKAIIMKA MEXTYy HAYyYHBIM U
AHTHHAYYHBIM TIOJIX0JIOM B U3YUCHUHU OKPYKAIOIIETO MHUPA, MTO3BOJISICT HAYYUTh CTPOUTH (DU3UIECKUE
MOJICJIA MPOUCXOJSALIETO U YCTaHABIUBAaTh CBS3b MEXKIY SIBICHUSMHM, NPUBUBATH IMOHMMAaHHUE MPHU-
YHHHO-CIICJICTBEHHON CBS3M MEXIy siBiIeHusMH. OOnanas JOTMUecKOd CTPOHHOCTBIO M OMUpPAasiCh HA
AKCTIEpUMEHTaJIbHBIE (aKThl, AUCHUIUIMHA « KBaHTOBass MeXaHUKay SBIJISIETCS UICAILHOM IS pElICHUs
9TOM 3a7auu, GOPMUPYS Y CTYJICHTOB MOJIMHHO HAyYHOE MUPOBO33pPEHHE.

Lenpro 0CBOEHUS Kypca KBaHTOBOM MEXaHUKH SIBJIIETCS O3HAKOMJICHUE CTYJEHTOB C OCHOBHBI-
MU 3aKOHAMH COBPEMEHHOW (M3UKH U BO3MOXHOCTSMHU MX MPUMEHEHHsSI TP PEIICHUH 3a]1a4, BO3HU-
KAIOIIUX B UX TOCIIEAYIONICH MpodecCHOHATBHOMN IeATeThHOCTH.

3agaum kypca

— M3yYE€HHUE 3aKOHOB KBAHTOBOM TEOPUH B UX B3AaMMOCBSI3H;

— (dbopMUpOBaHNE HABBIKOB 10 MPUMEHEHHIO TIOJIOKEHUH KBAHTOBOM TEOPUHU K TPAMOTHOMY Hayd-
HOMY AaHAQJIMU3y CHUTYAalud, C KOTOPHIMH HCCIIEIOBATENO MPUXOIUTCS CTAJIKUBATHCS MPU CO3/1a-
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 MEXAHHUKU U OCHOBHBIX

€€ OTKpBITUH.



II. Mecto nucuuninubl B cTpykrype OIOIL:

Juctunnnna «KBaHTOBasi MEXaHUKa» SIBIISIETCS] 00s13aTEIBbHOM I U3YUYCHHS TT0 JAaHHOMY IMPO-
¢umo. 3yueHune Kypca npearnonaraeT HajJuurue MOJyYeHHBIX Ha MpeabIyIleM ypoBHE 00pa30BaHUs
OCHOBHBIX 3HaHHWM, yMmeHuil mo mucuuiuiHam «luddepeHnnanbhele ypaBHeHUs», «TeopeTnyeckas
MeXaHUKay, «DJIeKTpoauHaMuka». JucuumuimHa «KBaHTOBas Teopus» MPEACTaBIsSeT cCOOON TEOpeTH-
YEeCKYI0 OCHOBY ISl TIOCTIEAYIOLUINX pa3/JesioB Kypca TeopeTndecko Gpu3nku «Pu3nka KOHAECHCUPO-
BAaHHOI'O COCTOAHUS), «TepMOJII/IHaMI/IKa U CTaTUCTHUYECKaA CbI/ISI/IKa», «BBeJIeHI/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: CnocobeH mnpuMeHsATh 0a30BbIC 3HAHUS B 00JMACTH (U3UKU H

pamroU3UKH ¥ HCIOIb30BaTh UX B MPO(PECCHOHATIBLHON esSTeTbHOCTH,
B TOM 4HCJIE B cpepe Meaarornueckoi AesTeIbHOCTH

HNupukatopel koMneTeH- | UK o 1.1
[Mpumensier pu3nKo-MaTeMaTHUECKHA anmapar B cdepe cBoeid mpodec-

U o
CHOHAIBHOW JESATEIFHOCTH TPUHITUTIBI

Pesynbrarel oOyuenust | 3Haem: OCHOBHBIC 3aKOHBI KBAaHTOBOW MEXaHWKH, OTIWYHE KBAHTOBOM
TEOPUH OT KJIACCUYECKOM; OCHOBHBIE METOJbl PEIICHUS 3a]ay, pUMe-
HSIFOIIHMECS] B KBAHTOBOU TEOPHH.

Ymeem: dhopmynupoBaTh OCHOBHBIC MPHUHIIMITEI KBAHTOBOW TEOPUH U
MPUMEHSATh UX K PEHICHHUI0 KOHKPETHBIX KBAHTOBO-MEXAHMUYECKHX 3a-
Jla4, peniaTb OCHOBHbBIC YPABHEHUS KBAHTOBOW MEXaHUKH.

Brnaoeem: HaBblkaMu pelIeHHs KBAaHTOBO-MEXaHWYECKHMX 3aj]ad, Mare-
MAaTHU4YCCKUM annapaTOM, HpI/IMCHSIIOH_IeMCH B KBAHTOBO-MCXaHHNYCCKOM
MOJIXO0JE.

IV. Conep:xanue U CTPYKTYpa AUCHMILIUHBI (MOAYJIs)

OO0OBbeM IHMCIUILUIMHEI COCTABIIIET 7 3aUeTHBIX €IUHHIL, 252 yaca, B TOM uncie 116 4acoB KOHTAKT-
HOU pabOTHI.

3aHATHS TPOBOIITCS TOJBKO B OYHOW (opmMe 0OyueHHs ¢ NPUMEHEHHEM IUCTaHIIMOHHOTO
KOHTPOJISI CaMOCTOSATEIbHOU paboThl cTyneHToB uepe3 DMOC dakynpTera. DIEKTPOHHON M JIUCTaH-
IIMOHHOU popM 00yUEHUS HE TTPETyCMaTPUBACTCS.

Ha nmpaktuueckyro moaroroBky oTBoAUTCs 50 ayIMTOPHBIX YaCOB.

dopMa MPOMEKYTOUHON aTTECTAIIUHU: DK3aMEH.

4.1. Conepkanue TMCHUILVIMHBI, CTPYKTYPUPOBAHHOE MO TeMaM, ¢ YKa3aHUEM BH/I0B

y‘lQﬁHbIX 3aHATHMM M OTBEJIEHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKHUX YacoB

Ne | Paz- | C| Be n3 Bunbt yueOHOM paboThI, DopMEBI TEKY-
/0 | Aen | € | er | HUX | BKJIIOYas CAMOCTOSTEIbHYIO PaboTy 00yJarommxcs , MpakTHde- | MIero KOHTPOJIs
auc- | M | O | IIpak- CKYIO TIOATOTOBKY U TPY0EMKOCTh YCIIEBaEMOCTH;
ou- | € | 4Ya | Thde- (B gacax) ®dopma pome-
M- | ¢ | co | cKas JKYTOYHOH art-
KonrakTHas pabora npenoaasarens ¢ oOyyarouu- | CamocTos-
HBl/ | T B | moj- TecTaluu
MHUCS TeNnbHast
TEeMBI | P ro- (no ceme-
pabora
TOBKa Jlexnun Cemunapckue | Koncynaprauuu cmpam)




00y- /mpakTHYecKue
Jaro- /mabopaTopHbIe
IUX- 3aHSTHSI
csl
1 1-22 252 |50 50 50 2 110 [IpakTrue-
CKO€ 3aaa-
HHUC, DK3aMC-
HAaIlMOHHBIC
3a1a4u
HUroro: 252 |50 50 50 2 110

4.2. Il;1aH BHeayAUTOPHON CaMOCTOSATEJIbHOI PadoThl 00yYaOIIUXCs M0 JMCHUILJIMHE

Cemectp HasBanue CamocrositenbHas pabora oOydarontuxcst | OnieHounoe | YueOHoO-
azzena, Te- CTB METOIuYe-
Pasiena, Te gun  camo- Cpoku  BbI-| Tpyno- CPpeACTBO cTol 5 ©
MBI . K Te-
CTOATEIHHOMN | IOJTHEHUS E€MKCTh cKoe obectie
YeHHE CaMo-
paboTsl (dac.) CHHC  caMo
CTOSITEIbHOU
paboThI
5 Tema 1-22 3amanue B BU- |[locie mpoii- 110 JlemoHcTpa- |Mcrounukn  u3
€ 3a1a4u JCHHBIX TEM U1 TOTOBBIX | OCHOBHOM U JI0-
pelIeHui HOJHHUTEIBHOM

JUTEPATYPhI TI0
TeMe MpaKTHye-
CKUX 3aHATHH;
OO6pa3oBarenb-
pecypchl,
JIO-CTyIHBIE 110

HBIC

JIOTUHY U Iapo-
10, MPEIOCTaB-
nsemblM  Hayu-
HOll OubnuoTe-
ko UI'Y.

4.3. Conepkanue y4eOHOro MmaTepuaJjia

Coaeprxanue pa3aesioB M TeM THCHHUILINHBI (MOLYJIs1)

Pazpen 1
Tema 1. DHeprust ¥ UMIYJIbC CBETOBHIX KBaHTOB. ['mmoresa [lmanka. D¢pdexr Kommnrona. [Tnockas
BostHa Jle-bpoiins, e€ dusndeckuit cmpicii. KoMnToHoBcKas AJiMHA BOJHBI M IJTMHA BOJIHBI [{e-bpoits.
Judpakius MUKpOYaCTHLI.
Tema 2. bopHOBCKas MHTEpIIpeTays BOJIHOBON (QyHKIMH. [IpHHIMT Cynepno3uiiuu cocTosHui. Pa3-
JIOKEHHE TIPOU3BOJIBHOTO COCTOSHHS MO TUIOCKUM BosHaM [le-Bpoiinsa. @usndeckuit cMbica Kodhhu-
IHUEHTOB paznoxeHusa. opmanusm upaka.

Tema 3. dazoBoe IIPOCTPAHCTBO KBaHTOBOM cucTeMbl. COOTHOIIICHHE HCOIMPECACIICHHOCTH KOOpAU-



HaTa-uMIyJbc. OLIEHKA SHEPTUU OCHOBHOT'O COCTOSIHUSI TAPMOHMYECKOTO OCHMIUISITOpPA U aTOMa BOJIO-
poza.
Tema 4. OniepatopHblii popMann3M KBaHTOBOW MexaHUKH. CaMOCONpsKEHHbIE ONepaTophl B THIIbOEp-
TOBOM IpocTpaHcTBe. OnepaTopbl KOOPAMHATHI M UMITyJIbca U UX cOOCTBeHHble QyHKuuu. CpenHee
3Ha4YeHue 0001 TUHAMUYECKONW BEIMYUHBI B MPOU3BOJILHOM CcOCTOSTHMM. OCHOBHBIE CBOICTBa C00-
CTBEHHBIX (YHKIMI. Boluricienue BeposTHOCTEN pe3yabTaTOB M3MEPEHUS TMHAMUYECKOW BETMUYHMHBI
B IIPOU3BOJILHOM COCTOSIHHUH. Y CJIOBHE OJJHOBPEMEHHON N3MEPUMOCTH TUHAMUYECKUX BEJIMYHH.
Tema 5. I'amunbToHMAH cBOOOHOM yacThLbl. BeckoHEeuHOE BBIpOXKIECHUE COCTOSIHUNA. O0001IeHne Ha
cily4ail BHemHero nois. YpasHeHue lllpennnrepa. 'aMuiabTOHMAH Kak T€HEPATOP IBOJIIOLIMU CUCTE-
MBI BO BpeMeHH. Y paBHEHHUE HenpepbIBHOCTU. [110THOCTH ToKa. HopMupoBka minockux BoiH. Cranno-
HapHble cocTosiHuA. CtannoHapHoe ypaBHeHue [llpenunrepa. @eHOMEHOJIOIMYECKOE ONMCAHNE KBA3H-
CTAllMOHAPHBIX COCTOSHUI. EcTecTBEHHAs IMPUHA CIIEKTPAJIbHBIX JIUHUI U BPEMS JKU3HHU.
Tema 6. DBomronus ONIEpaTOPOB BO BpeMeHU. VIHTErpans! IBHKEHUS.

Paznen 2
Tema 7. KBaHTOBaHME rapMOHHMYECKOro ocuwuraTopa. [loBelmaronmme v MOHMXKAIOIINE OIEPaTOPBI.
DOHepreTudeckuil ciekTp. BoiaHoBas QyHKIMS OCHOBHOTO COCTOSIHMS. MaTpHuHbIE 3JIEMEHTHI onepa-
TOpa KOOPAUHATHI.
Tema 8. KBanToBaHHE MOMEHTA KOJIMUYECTBA JIBMYKEHUSI METOIOM MOBBIIIAIOLINX U TOHWKAIOIIUX OIle-
paTtopoB. Anre6pa MOMEHTOB KOJM4YecTBa ABMKeHUs. Peanuzanus anredpsl B nuddepeHmanbHoi u
MaTpu4HOi popme. CoOCTBEHHBII MOMEHT KOJMUecTBa ABWkKeHHUs (crivH) CrieKTpbl KBaJpaTa MOMEH-
ta 1 3-eit npoekunu. CoOcTBeHHBIE GYHKIINN OPOUTAIEHOTO MOMEHTA KOJIMYECTBA ABHKEHHS.
Tema 9. Yactuna B cepuiyecku-ciMMETpUYHOM Mone. Paznenenne nepeMeHHbIX. PagnansHoe ypas-
Henue llIpenunrepa. Knaccudukarus cocTosiHu B CheprHUeCKU-CUMMETPUYIHOM T10JIe. ATOM BOJOPO-
Jla, €ro CHEeKTP U BOJHOBas (YHKLMS OCHOBHOT'O COCTOSHUS. BBIpOXKJeHHE 3HEepreTUYeCKUX ypOBHEMH
U ero npupoja. Toku B aTOMax, MarHUTHBII MOMEHT aToMa.
Tema 10. 'ammiibTOHMAH 3apsPKEHHOM YacCTHUIIBI B IPOU3BOJIBHOM AJIEKTPOMArHUTHOM I0JIe. ATOM BO-
JI0poJia B TIOCTOSIHHOM MarHUTHOM mosie. BonHoBas GyHKIMS U SHEpreTHUecKuid cuekTp. YacTuuHoe
CHSATHUE BBIPOKICHMS.
Tema 11. KBanTOBOE ONMCAaHNE JBYXaTOMHOM MOJIEKYJIbI. TeIMI0EeMKOCTh IIPH Pa3InYHbIX TEMIIEpATYy -
pax.
Tema 12. ]IwxeHue YacTHIBI B MEPUOJMYECKOM TToyie. TpaHCIAIMOHHAs WHBapUaHTHOCTh. Co00-
CTBEHHbIC (DYHKLMHU U COOCTBEHHBIE 3HAUCHMS OIepaTopa TPAHCISALMHU. 30HHAs CTPYKTypa CIEKTpa.
Paznoxenue criektpa Ha "aHe" u "kpasx" 30Hbl bpuimosna. Meron "a¢dexTuBHON Macchl".

Pasnmen 3

Tema 13. CniuH 31€KTpoHA. DKCIIEPUMEHTAIBHOE JI0KA3aTENbCTBO CYIIECTBOBAHUS CIIMHA JIEKTPOHA.



Onepatop cniuna. CrinHOBbIe yHKUIMU. YpaBHeHue [laynu. J[BrkeHHe CiMHA B MIOCTOSTHHOM U Iepe-
MEHHOM MarHUTHBIX MOJISAX.
Tema 14. CraunonapHasi Teopusi Bo3MyiieHuss. OCOOEHHOCTH U Pa3Inyusl B BBIPOXKIEHHOM U HEBBIPO-
XJ1eHHOM citydasix. [logpoOHbIi aHAaIN3 IBYKPATHOTO BBIPOKACHUA. YaCTUUHOE CHATHE BBIPOXKACHUS.
Tema 15. HectanmonapHasi Teopusi Bo3MylIieHus. PesoHaHcHOe BO30YXK/I€HHE CUCTEMBI.
Tema 16. ITpocreiimve NpuMEHEHUs] TEOPUU BO3MYLIEHHs. AHTapMOHUYECKUH ociusTop. Pacmen-
JICHHE CIIEKTPAIbHBIX JUHHUH B 3JIEKTPUUYECKOM U €1a00M MarHUTHOM MOJISIX.
Tema 17. TloBeneHue BOJHOBBIX (DYHKIMH Ha OOJIBIIMX M MaJbIX paccTOsHUAX. [IpuunHa KBaHTOBA-
HUS DHEPIUH.

Paznen 4
Tema 18. IlocTaHoBKa 3a/1a4d B TEOPUH CTOJIKHOBEHUN MUKpoUdacTHIl. CBS3b MEXKy aMILTUTY0M pac-
CEesIHMS U aCUMIITOTUYECKUM TOBeZIeHneM BOJIHOBOM (yHkiu. CeueHue paccesHus. bopHoBckoe npu-
OMKeHHe U1 aMILTUTYAbl pacCesHusl.
Tema 19. Pacuer aMIUIUTYIbl U CEYEHMSI IPU PACCESTHUU HA KYJIOHOBCKOM M FOKaBCKOM IOTEHIIMANAX.
Tema 20. Tounas Teopus paccessHus. PaznoxkeHrne aMInTyAbl Ha TapuyaibHble BOJIHbL. Da3za pacces -
HUs. YclloBHe ynpyroi yHuTapHocTd. OnTrueckas reopema. Mojienb abCOI0THO YEPHOTO TUCKA.
Tema 21. TlpoxoxxaeHHe YacTHIl uepe3 MOTeHUMaNbHbIM Oapbep TyHHenbHbIH 3¢ddexr. XonomHas
OMUCCHUS METAILIOB. VICYe3HOBEHHE CIEKTPAJIBHBIX JIMHUM B CHIIBHOM JJIEKTPUYECKOM Toiie. Tpéxmep-
HBII MOTeHIUaIbHbINA Oapbep KBazucranumonapusie coctosiHus. Teopus painoakTUBHOTO paciajia.
Tema 22. KuneMaTHka U3Iy4eHHs U MOMIOIIEHUS (POTOHA HECTAOMIIBHBIM CBOOOJHBIM ApOM. DHEp-
I'Usl OT/a4M A]pa U BKJIAJ ee B dHepruro ¢GoroHa. Sapo B mone ocimuisatopa. Sddexkt Meccdayapa.
®daxrop Jlebas - Bannepa.

4.3.1. IlepeuyeHb ceMUHAPCKHUX, MPAKTHYECKUX 3aHATHH U JIa0OPAaTOPHBIX padoT

Ne Ne paznena u | HaummeHnoBanue cemuHapos, mpak- | Tpymo- OrneHOYHbBIE dopmupyemeie
TEMBI JUCIH- | THYECKUX U JTAaOOPAaTOPHBIX paboT eM- cpencTBa KOMIIETEHIIUU
TUTHHBI KOCTh
(gacsl)
1 2 3 4 5 6
1. Pazpen 1, Te- | 'mnotesa Jle-bpoitns, runoresa 2 | 3amanue Ha ce- OIIK-1
Mma 1 Ilnanka MUHAape B BUJIE
3a/1auu
2. | Pasmen 1, Te- | Oddexr Komnrona 2 | 3aganue Ha ce- OIIK-1
Ma 2 MUHape B BUJIC
3a/1a4n
3. | Paszmen 1, Te- | JlazepHas KOHBEPCHS KaK MEXaHU3M 2 | 3aganwue Ha ce- OIIK-1
Ma 3 yCKOpeHUs POTOHOB MUHape B BUJIC
3a/1a4n
4. | Pasmen 1, Te- | MuHMMansHBIC 3HAYCHHS (a30BOTO 2 | 3aganwue Ha ce- OIIK-1
ma 4 o0beMa yactuisl. COOTHOIIEHUE MUHape B BUJIC
HeomnpeieIeHHOCTe! "KOOpAUHATa- 3a1aun
uMIyibC", "SHeprusi-BpeMst Ku3Hu"




5. OreHKa SHEPTUU OCHOBHOT'O COCTO- 3ananue Ha ce- OIIK-1
SIHASL U3 COOTHOIICHUS HEOTIpe ie- MUHape B BUJIC
JIEHHOCTEH JJ1s1 TMHEHHOTO rapMo- 3a71a4u
HUYECKOTO OCHUJUIITOPA B aToMa
BOJOpOJIa
6. Pazpen 1, Te- | Oneparopbl AMHAMUYECKHUX Be- 3amanue Ha ce- OIIK-1
Ma 5 JMYWH B TWIHO0EPTOBOM IIPO- MUHape B BUJIE
ctpancTBe. COOCTBEHHBIC (DYHKITUU 3a/1auu
1 coOCTBeHHBIE 3HaueHus. 1x ¢u-
3UYECKUI CMBICI.
7. Kanonmnuecknit kommyTatop "Koop- 3amanue Ha ce- OIIK-1
JUHaTa-uUMITyJIbC" MUHape B BUJIE
3a/1aun
8. Pazpen 1, Te- | YpaBuenue lllpenunrepa ansa Boi- 3amanue Ha ce- OIIK-1
Ma 6 HOBOH (yHKIMH. bopHOBCKas MH- MUHape B BUJEC
TEpIPETALUs BOJIHOBOU ()YHKIIVH. 3a/1a4u
CranuonapHoe ypasHeHue lllpe-
muHTepa. GakTopHu3aIys 3aBUCHMO-
CTH OT BPEMEHU U KOOPIMHAT.
DHEpPreTUUECKUil CIeKTp U BOJIHO-
Bble (PYHKIINW YaCTHIIBl B «IIOTEH-
[IHATTLHOM sIMe» ¢ OECKOHEYHO BBI-
COKHMH «CTCHKaMI
9. | Paznmen 2, Te- | DHepreTuuecKuil CieKTp U BOJIHO- 3amanue Ha ce- OIIK-1
Ma 7 Bble (PYHKIIUW YaCTHUIIB B KOHEUHON MUHape B BUJIC
«IOTEHIIMAIBLHOM SIMEY» 3aJ1a4un
10. DHEPreTHUeCKHi CIIeKTP U BOJHO- 3ananue Ha ce- OIIK-1
BbI€ (PYHKIIMU YaCTHIIBI B TIOJIE TTO0- MUHape B BUJIC
TeHnuana Buaa V(x)=-go(x) 331291
11. | Pazmen 2, Te- | DHepreTHdecKuil CIIEKTP M BOJIHO- 3amanue Ha ce- OIIK-1
Ma 8 BbIC (PYHKIIMU YaCTHIIBI B TIOJIE T10- MUHape B BUJIC
TeHIana Buaa V(x)=-g(o(x+a)+ 3a1a91
d(x-a))
12. | Pazgen 2, Te- | OpOuTaabHBIM MOMEHT 3agadue Ha ce- OIIK-1
Ma 9 MUHape B BUJIC
3a/1a4n
13. | Pazgen 2, Te- | AMIUIMTYZa paccesHUA 3IEKTPOHA 3ajaHue Ha ce- OIIK-1
Mma 10 Ha MPOTOHE B OOPHOBCKOM IpUOIIH- MUHape B BUJIE
HKCHHUH 3a/1auu
14. AMIUIMTY1a paccessHUs dJIEKTPOHA 3aaHue Ha ce- OIIK-1
Ha CII0’KHOM 3JIEKTPOHEHUTPATIHLHOM MUHape B BUJIE
aTome 3a/1auu
15. | Pazgen 2, Te- | IlpoxokaeHue 4acTUIIBI Yepes3 MO- 3amaHue Ha ce- OIIK-1
Ma 11 TEeHIUAIBHBIN Oapbep V(x)=-gb(x) MUHape B BUJIE
3a/1a4n
16. | Pazgen 2, Te- | IIpoxokaeHHE YaCTHUITHI Yepe3 T10- 3amanue Ha ce- OIIK-1
Ma 12 TEHIMATLHBIA Oaphep B BUe «Oec- MUHape B BUJIC
KOHEYHOU CTYTICHM 3a/1a4n
17. IIpoxosxieHre YacTUIlbl Yepe3 Mpsi- 3ajaHue Ha ce- OIIK-1
MOYTOJIbHBIN MOTEHITUATHHBINA Oa- MHUHape B BUJIE
pbep 3a/1aun
18. | Pazgen 3, Te- | DHepreTuyecKuid CEKTP YaCTULIBI, 3agaHue Ha ce- OIIK-1
Mma 13 HaxoJsIIeics B MoJie TapMOHUYE- MUHAape B BUJIE
CKOT'O OCIIIIJISITOPA U B TIOCTOSTH- 3a1aumn
HOM 3JICKTPUYECKOM TOJIE
19. | Pazgen 3, Te- | BomHOBBIE PYHKIIMM YaCTHUIIBI, HA- 3agaHue Ha ce- OIIK-1




Ma 14 XOJAILIENCS B IIOJIE TMHEUHOIO rap- MUHape B BUJE
MOHHYECKOTO OCLHHILIATOPA, COOT- 3aJauu
BETCTBYIOIIHE BO30YKIEHUSIM n=1,2
20. | Pazmen 3, Te- | BoxHOBBIC hyHKIMM U DHEPTETHYIC- 3amanue Ha ce- OIIK-1
Ma 15 CKHUH CHIEKTp YaCTHUIIbI, HAXOASIICH- MHUHape B BUJIE
Csl B [10JI€ IBYMEPHOI'O TaPMOHNYE- 3aJauu
CKOT0 OCIJLIATOpA
21. | Pazmen 3, Te- | BoxHoBBIE (hyHKIIUU U DHEPTETHYIC- 3agaHue Ha ce- OIIK-1
Ma 16 CKHUI CHIEKTp YaCTUIBI, HAXOASIICH- MHUHAape B BUIE
Cs1 B [10JI€ TPEXMEPHOT'0 FrapMOHHYE- 3aJauu
CKOTO ocIuuisTopa (sipa B KpH-
cTaye)
22. | Pazpmen 3, Te- | OHepreTuueckuil CIeKTp aToMa BO- 3aaHue Ha ce- OIIK-1
Mma 17 J0pPOAa B IIOCTOSIHHOM MarHUTHOM MHHape B BUIIE
noJje 3a1a9u
23. | Paznen 3, Te- | Comn. Matpumsl [aynu 3agaHue Ha ce- OIIK-1
Ma 18 MUHape B BUJIE
3aJa4u
24. | Pasgen 4, Te- | lI3mMeHeHUE COCTOSIHUAS CUCTEMBI 3ajaHue Ha ce- OIIK-1
Ma 19 MOJ] A€MCTBUEM BHEILIHETO BO3MY- MHHape B BUJIE
LICHUS 3aJauu
25. | Pazngen 4, Te- | XonoaHasi s3MucCHsI JIEKTPOHOB U3 3amanue Ha ce- OIIK-1
ma 20 MeTamia MUHape B BUJIC
3a7a4u
26. | Paznen 4, Te- | DHeprus usnydeHus U MOTJIOLUIEHUS 3aaHue Ha ce- OIIK-1
Mma 21 (oToHa HECTAOMIIBHBIM CBOOOAHBIM MHHape B BUIIE
SIPOM 3a1a9u
27. | Pasmen 4, Te- | Dddexr Meccbayapa. Daxrop [e- 3amanue Ha ce- OIIK-1
Ma 22 bas-Bamnepa MUHape B BUJE
3aJa41
4.3.2. I1nan caMmoCTOATEIbHOM Pa0OTHI CTYICHTOB
Ne Tema Bun 3ananue Pexomennye- | Konu-
HEL CaMOCTOf[— Mas JUTEpPA- | YECTBO
TEJNBHOU Typa 4acoB
paboThI
1 KBanroBa- | Bueaynu- | KBanroBanue bopha - UHdenpaa B Hcrounukn 10
Hue bopHa | TopHasd, pe- | AmuMKe. BeruuciaeHue cratTuctuye- 13 OCHOBHOM
- Un- IIEHHE 3a- | CKOW CyMMBbI OJJHOM CBOOOJHOM Ya- Y JIOTI0JIHU-
denbaa B a4 CTHUIIBI. TEJIbHOU JIN-
SIIITUKE. TepaTypsl MO
2 KBantoBa- | Bneaynu- | KBanTOBaHHe MOMEHTa KOJIMYECTBA | TEME IPAKTH- 10
HHE MO- TOpHAs, pe- | ABUKECHUS METOAOM TOBBIIAOMINX | YECKHUX 3aHs-
MEHTa KO- LIEHUE 3a- | U MOHWKAIOIIKUX ONepaTopoB. AJre- THH;
JINYEeCTBa maq Opa MOMEHTOB KOJIMYECTBA JABUKE- O6pazoBa-
JIBYDKECHUS Husl. Peanuzanus anreOpsl B nudde- | TeabHBIE pe-
PEHIMAIbHOM U MaTpU4YHOU popme. CypCBI, J10-
CoOCTBEHHBIIT MOMEHT KOJINYeCTBa CTYIIHBIE I10
nBukeHus (cnuH) CrekTpbl KBaj- JIOTMHY U Ta-
paTa MOMEHTa U 3-ei IPOEKIIUH. poaro, mpeno-
CobcTBeHHbIE PYHKIIMH OpOUTAIIb- CTaBJISIEMbIM
HOI'O MOMEHTA KOJIMYECTBA IBUKE- Hayunou
HUSI. O61OIMoTEeKON




3 KBantoBoe | Bueaynu- | KBaHTOBOE OnncaHue 1ByXaTOMHOU
ONHCaHHWE | TOPHAasd, pe- | MOJIEKYJbl. TemI0eMKOCTb IIPH pas-
JByXaTOM- | IIEHHE 3a- | JUSHBIX TEMIIepaTypax.

HOU MoJIe- nad

KYJIBI.

4-5 | CnuH s5ek- | Braeaynu- | CriuH 3J€KTpOHA. DKCIEPUMEHTAIb-
TpOHa. TOpHAs, pe- | HOE 10Ka3aTeIbCTBO CYILIECTBOBA-
LIIEHUE 3a- | HUA CNMHA 3JekTpoHa. Oneparop
Jaq cnuHa. CuHOBBIE (PYHKIUHU. Y paB-

Henue [laynu. J[BukeHne cnmHa B
IIOCTOSIHHOM U IEPEMEHHOM Mar-
HUTHBIX HOJISX.

6 Ceuenue Bueaynu- | Pacuer aMminuTy el U c€UEHUS IIPU
paccessHUsL | TOpHas, pe- | pacCesTHUM Ha KYJIOHOBCKOM M

LIEHHE 3a- | FOKABCKOM IOTEHIMANaX.
Ja4

7-8 | Kunematu- | Bueaynu- | KunemaTuka u3iayyeHHs U MOTJIO-
Ka U3Jyde- | TOpHas, pe- | meHus (HOTOHa HecTaOUIbHBIM
HUS U [IEHUE 3a- | CBOOOIHBIM SIIPOM. DHEPTHUsl OTa-
norJoIe- nad YU s7pa U BKJIAJ €€ B SHEPITHIO
HUS (oTo- ¢dorona. JlomepoBckoe yunpeHne
Ha nuHui. OnpenienieHue Temneparypbl

3BE3/1.

9 Teopus Bueaymi- | paccesmme B mone U (¥) =—Go(x)
paccestn | TOPHAAL, Pe- | OGpaTuTe BHMMAHNE HA MOBEICHHE

IHCHHE 38~ | aMmIMTY1 OTpakeHHOM U mpoIe -
Aad 1€ BOJIH MPU MPOIOJKEHUH pelie-
Hus B 061acth E<O0.

10 KBantoBo- | Bueayau- | Onepatopsl, CONPSIKEHHBIE K Onepa-
MEXaHHWYe- | TOpHas, pe- | Topam
CKUe orie- LIeHHE 3a- Izl:i,lg’=ii,é:ma)x+hi
paTopel Aad dx dx dx

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

[ns onepartopa X
HIA KBaH- IHCHHUC 33~ | Loty coBCTBEHHbIE (GyHKIHU 1
ToBO-Mexa- lad cobcTBeHHbIe 3HaueHust. [IpoBe-
HirHcckux PHUTh, 4TO COOCTBEHHbIE 3HAYECHHUS
oneparo- 3TOTO OIEPaTOpa MOTYT OBITH
poB KOMILJIEKCHBIMH, & COOCTBEHHBIE
(GYyHKINHU, OTBEUYAIOINE PA3THIYHBIM
COOCTBEHHBIM 3HAYEHUSM, He00s13a-
TEJIbHO OPTOTOHAJIbHBI.

12 | Oueprus Bueaynu- | OnpenenuTs ypOBHU SHEPTUU U
KBaHTOBO- | TOpHasi, pe- | BOJHOBBIC (DYHKIIMH IS 3apsKESH-
MeXaHWue- | IIEHHE 3a- | HOM /I 3apsHKEHHOM YacTHIb B 11O-
CKHX CH- Jadq CTOSIHHOM M OJIHOPOJHOM MarHut-
cTeM HOM 1ojie. BbiOpaTh BeKTOpHBIH 110-

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

Uy u Cro-
pOHHUE
CauTEhI

10

10

10

10

10

10

10

10




13-14 | Yactuua B Bueaynu- | Cunras U3BECTHBIM raMWJIbTOHUAH
JNEKTPO- TOpHAs, pe- | YaCTHLBI B DJIEKTPOMArHUTHOM I10-
MarHMTHOM | ILIEHUE 3a- | JIe, HAUTH a) BhIpa)KEHUE AJIs Olle-
116J1€ Aad paTopa cKopocTu v, 0) KOMMyTaIu-

OHHBIE COOTHOIIEHHUS JUIsl KOMIIO-
HEHT CKOPOCTH; B) aHAJIOT YpaBHe-
Husa HeroToHa.

15-16 | bop- Bueaynu- | BerunciauTh aMIIUTy 1y paccestHUs
HOBCKO€E TOpHAsi, pe- | Ha MPSMOYTOJIbHOM MOTEHINAIBbHON
npubnvKe- | IIEHHE 3a- | siMe B OOPHOBCKOM MPUOJIMKESHUU.
HUE Jaq

17 | Paccesnune | BHeaynu- | BbluMciauTbh aMIIIMTYyly paccestHUs
Ha MOTEH- | TOpHas, pe- | B OOPHOBCKOM MPHUOIMKEHNUN Ha 110-
nralic HICHUC 3a- | repnuane KOxaBa
IOkaBa nad U(r)=(al r)e”'/"

4.4. MeTozmqecmle YKa3aHus [0 OpraHms3alumn CaMOCTOSITEJILHOM paﬁoTbI CTYACHTOB

B pasnene 4.3.2 cTtyneHTaM ISl CaMOCTOSITEIFHOTO YIUIYOJICHHOTO M3Y4YEHHUS TUCHUTUIMHBI (TIapaii-
JICJIBHO C JIGKI_II/ISIMI/I) npeajararoTcsd 3aaqdv 1o u3y4acMbIM pa3aciiaM. Hpe,unonaraeTcsI, 4TO CTYACHT
CaMOCTOSITENIbHO U3YYHT JOIMOJIHUTENbHBIE Maparpadsl 0 NpOiIeHHOI TeMe, MpeICTaBIeHHbIE B JIH -
TepaTrype u3 II. 5, a 3aTeM PelIuT NpeIoKeHHbIe 3a1adn. OIeHKa CaMOCTOSTEIBHON 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 MexaHuKa B 3a7a4ax : yue0.-meToa. 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 moctyma: http://e.lanbook.com/view/book/297/

JIOTIOJTHATENIbHAS JIUTEpaTypa

1. Jlangay JI. [I. KBantoBas mexanuka : Teoperuueckas ¢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 ripodiemam / 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 IO JIOTHHY W TApOoJio, MpeaocTaBiseMbiM 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» - MeKOTpacieBas HaydHass OMOIHMOTEKa, conepKaIias ornud-
POBaHHBIEC KHUTH, IEPUOANYECKUE U3/IaHUS U OTACNbHbBIE CTaThH IO BCEM OTpaciisM 3HAHUM, a
TakKe ayJuo-, BUIACO-, MyJIbTUMEeHa cOPT U MHOTOE JIPYTOE;

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

VI. MaTrepunajnbHO-TeXHHYeCKOe o0ecnedeHne U CHUITHHbI

YyeOHast ayaAuTopus A7l MPOBEICHUS 3aHATUN. J[1s1 mpoBeneHUs 3aHATUN JIEKIIMOHHOTO THUIIA B
KaueCTBE JIEMOHCTPAIMOHHOTO 000PYI0OBAaHUS UCTIONB3YETCSI METOBasl TocKa. HarismHOCTh obecreun -
BAETCs IMyTeM M300paKCHHsI CXeM, Tuarpamm u GopMyll ¢ IOMOIIbI0 Mena. Mcnonp3oBanue riodas-
HOW KOMITBIOTEPHOU CETH IMO3BOJISIET 00ECMEYHTh NOCTYMHOCTh MHTEpHET-pecypcoB U pearn30oBaTh
CaMOCTOSITEIIbHYIO paboTy CTYIeHTOB. Ha JIeKIHSIX MOTYT HCIIOJIb30BAaThCS MYJIbTUMEIUNWHBIC CPEeI-
CTBa: MPOEKTOp, MEPEHOCHOW JKpaH, HOYTOyK. Ha dakyibreTe MMeeTcss KOMITBIOTCPU3UPOBAHHAS
ayUTOpHS, MpeJHA3HAUYCHHAs JJII CAMOCTOSITEIbHOW palOOThl, C HEOTPAHWYEHHBIM J0CTyIoM B UH-
TEpHET.

Marepuansl: yaeOHO-METOIUYECKHUE TOCOOUS, 3aIaHMsl Il Ay IUTOPHOM U CaMOCTOSITEIIbHON pa-
OOTBI CTYJIEHTOB.

VII. O0pa3oBaresibHbIE TEXHOJIOTHU

3aaun U3JI0KEHUS U U3YYCHUS JUCIUILTUHBI PEaTU3yIOTCS B CIEAYIOMUX popMax AesITeIbHOCTH:

® JICKI[MU, HAICJICHHBIC HA TOJy4YeHHEe HEoOXOonuMOoW HH(OpMaluH, U €€ HCIOJIb30BaHUE
[PY PELICHUH MPAKTUYECKUX 3a/1a4;

® [IPAKTUYECKHE 3aHATHSI, HAMPABIICHHBIE HA aKTUBU3ALMIO MTO3HABATEIIBHON JEATEIbHOCTH
CTYJEHTOB U IPUOOPETEHHS MIMH HABBIKOB PELICHHSI MPAKTUYECKUX U MPOOJIEMHBIX 3a7a4;

® KOHCYJIbTAIIUU —€KEHEAEIBHO ISl BCEX YKEJAIOIINX CTYICHTOB;

® CaMOCTOSTeNIbHASI BHEAYIUTOpPHAs paboTa HaIlpaBJIieHa HAa MPUOOPETEHHE HABBIKOB CaMoO-
CTOSITEJILHOT'O PELICHUS 3a1a4 10 JUCLUIUINHE;

® TEKYIIMA KOHTPOJIb 3a JESITEIBHOCTHIO CTYIEHTOB OCYILECTBIISIETCS HA JIEKIMOHHBIX U
MPAKTUYECKUX 3aHATHUSAX B X0JI€ CAMOCTOSITEILHOIO PEIICHUS 3a/1a4, B TOM YUCJIE Y JOCKH.

VIII. OueHoyHble MATEPHUAJIBI VISl TEKYIIET0 KOHTPOJISI M IPOMEKYTOYHOM aTTeCTAIMA
@DOH/1 OLIEHOYHBIX CPEJCTB MPEACTABIECH B MPUIIOKEHHH.

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



JIleMOHCTPAIIMOHHBII BAPUAHT KOHTPOJBHON padOTHI

-x?/2a%

3amauva 1. Beraucnurs F(x.1) JIJIg BOJIHOBOTO ITaKeTa p(x,1) = Ade
3anaya 2. Mcnonb3ys pe3yabTaT npeAblayIei 3a1auu, HATH U3MEHEHHEe IIUPUHBI TAKeTa cO Bpe-

MCHCM.

IIpuMepbI BONPOCOB /1J151 co0ece10BAHUSA

e Onucatp onepaTopHbI (HopMaTu3M KBAaHTOBOI MEXaHUKU.
e JlaTh onpeneneHne caMOCOIPSKEHHBIX OMIEPaTOPOB B THIHLOEPTOBOM MPOCTPAHCTBE.
e VYKa3aTh OCHOBHBIE CBOICTBAa COOCTBEHHBIX (DYHKIIUI.
e BrpiuncieHne BEpOSITHOCTEN pe3ynbTaToB U3MEPEHHSI IMHAMUYECKONW BETMYMHBI B TPOU3BOJIb-
HOM COCTOSIHHH.
e VYcnoBue OJHOBPEMEHHONW U3MEPUMOCTU AUHAMUYECKUX BEJINYMH.
e BpecTu onepaTopbl KOOPIWHATHI U UMITYJIbCA U UX COOCTBEHHBbIE PYHKIMH. YKa3aTh OTINYUS
KOOPJMHATHOI'O U UMITYJIbCHOTO IIPE/ICTABIICHHUS.
8.3. OueHOYHbIE CPEACTBA IJIA MPOMEKYTOYHOM aTTeCTaIlN
dopma IpoBEACHUS TPOMEKYTOUYHON aTTECTAIIMU — YK3aAMEH.

IIpumepHBbIii NepevYeHb BONPOCOB U 3aJaHUI K IK3aMeHY

L.

DOHeprus ¥ UMIYJbC CBETOBBIX KBaHTOB. ['unoresa [Inanka. Dpdexr Komrona. [Tnockas Bonna [le-
bpoiins, e€ ¢usnueckuii cmpica. KOMTOHOBCKas /yiMHA BOJHBI U AnuHa BOiHBI Jle-bpoiinsa. [du-
bpakIus MEKPOYACTHIL.

. bopHoBckas nnTepnperanys BoaHOBOM ¢yHkuuu. [Ipunmun cyneprnosunmu coctossHuil. Pasnoxe-

HHUE MPOU3BOJILHOIO COCTOSHUSA MO TUIOCKUM BosiHaMm Jle-bpoiinst. dusnueckuit cmbicn ko3dduim-
eHTOB pazioxeHus. ®opmanuszm upaxa.

. ®azoBoe IMPOCTPAHCTBO KBAaHTOBOM cHCTeMBl. COOTHOIICHHUE HCOMPCACIICHHOCTHN KOOpAWHATA-

uMmItysbe. OreHKa HEPTrui OCHOBHOTO COCTOSIHHSI TAPMOHUYECKOTO OCIMIUIATOPA U aTOMa BOJIOPO-
na.

. OnepatopHsiii popmanus3M KBaHTOBOK MexaHUKH. CaMOCONPSKEHHBIE ONEPAaTOPhl B THILOEPTOBOM

npoctpancTse. OnepaTopbl KOOPIMHATHI U UMITYJIbCa U UX cOOCTBeHHbIE PyHKIMU. CpeaHee 3Haye-
HUE 000 AMHAMUYECKON BETUYMHBI B MPOU3BOJIHLHOM COCTOSSHUM. OCHOBHBIE CBOWCTBa CO0-
CTBEHHBIX (hyHKIMI. BbruncieHne BeposTHOCTEN pe3ynbTaTOB U3MEPEHUSI TUHAMHUYECKON BETUYH -
HBI B IPOU3BOJILHOM COCTOSIHUU. Y CIIOBHE OJHOBPEMEHHOW N3MEPUMOCTU AUHAMUYECKUX BEIMYUH

. FamunbroHNan cBoOOHON YacTuIbl. beckoHeuHoe BBIpOXKACHHUE cocTosiHUM. O000IIeHre Ha City -

Yyail BHEIITHETO IT0JIS. YPaBHeHI/Ie Hlpez[HHrepa. I'amMmusTOHMAH Kak reaepaTop 3BOJIOLIUN CUCTEMBI
BO BPCMCHHU. YPaBHeHI/Ie HCTIPCPBIBHOCTH. IInoTHOCTE TOKA. HOpMI/IpOBKa IIJIOCKHX BOJIH. CTaI_[I/IO—
HapHBIC COCTOAHUA. CTaI_[I/IOHapHOG YPaBHCHHUC U_[pez[HHrepa. DEHOMEHOIOTHUECKOE OIMCAHUE
KBa3UuCTalMOHAPHBIX cocTossHuH. EcTecTBeHHas IIUpHUHA CIICKTPAJIbHbBIX JIMHUU U BpPCM: )KU3HU.

. DBOIIOLIMS ONIEPaTOPOB BO BpeMeHU. VHTerpaibl ABMKEHUS.
. KBanTtoBanue rapMmoHU4ECKOT0 ociIIsiTOpa. [1oBBIIIarONINE ¥ MOHWKAOIIUE ONIEPaTOPhl. DHEpre-

TUYECKUN cHeKkTp. BoiHoBass pyHKIMS OCHOBHOTO COCTOSIHUS. MaTpHuHBIE 3JIEMEHTHI OllepaTropa
KOOPJMHATHI.

. KBaHTOBaHME MOMEHTa KOJIMYECTBA ABUXKCHUA MCTOAOM IMOBBIMIAOMIUX WU IMOHMKAOIIHUX OIICpaTo-

poB. AnreOpa MOMEHTOB KOJIMYECTBa JIBMKEHUA. Peanuszanms anreOpsl B nudepeHIuaabHon |



MaTpu4HOi (hopme. 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 ypaBHCHUE
penunrepa. Knaccupukanus cocTosHuil B chepuuecKu-CUMMETPUYHOM I0JIe. ATOM BOJOPO/a,
€ro CIEKTP U BOJIHOBAsI (PYHKLUS OCHOBHOTO COCTOSIHUS. BBIpoXk/ieHHE SHEPreTHYeCKUX YPOBHEH U
€ro Npupoja.

10.TamMunpTOHNAH 3apsHKEHHOW YaCTHUIIBI B IPOU3BOIBHOM JJIEKTPOMArHUTHOM TOJIe. ATOM BOJOpOIa
B TIOCTOSSHHOM MarHUTHOM moJie. BonHoBast QyHKIMS 1 sHepreTHueckuil cnekTp. YacTuuHoe CHs-
THE BBIPOKICHUS.

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

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

13. CnuH anekTpoHa. DKCIIEPUMEHTAIBHOE TOKA3aTeIbCTBO CYIICCTBOBAHUS CITUHA dJieKTpoHa. Orne-
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 (YHKIMH Ha OOJBIIMX M MalbIX PacCTOSHHsX. [IpUYnMHa KBaHTOBAaHUS
SHEPIHH.

18.TlocTanoBKa 3a7a4u B TEOPUH CTOJIKHOBEHUI MUKpO-dacTHil. CBsI3b MEXKIY aMIUIUTYOH paccesi-
HUS ¥ ACHMITOTHYECKUM TIOBEJCHNEM BOJTHOBOH QyHkunu. CeueHne paccessHusi. 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 3apsDKEHHOM YacTUIBI Ha CIoKHOM atoMe. DopmdakTop aroma.

21.Tounas Teopusi paccesHus. PazinokeHre aMIUTUTYIbl HA HapiuaibHbie BOJHBL. Paza paccesHusl.
Ycnosue ynpyroii yautapHoctu. Ontudeckast reopema. Mojiesib abCo0THO YEPHOTO IUCKA.

22.TIpoxox/IeHHe YacTUI[ Yepe3 MOTCHIUaIbHbIi 0apbep TyHenbHbINH 3(dexT. X0moaHass SMUCCHS
MeTajuloB. Vcue3HOBEHME CIIEKTPAJIBHBIX JIMHUK B CHUJIBHOM 3JIEKTPUYECKOM Ioiie. TpEXMepHBII
NOTeHIMAIbHBIN Oapbep. KBazucraunonapusie coctosiuus. Teopus paJMoOKTUBHOTO pacnaa.

23.KuHemMaTHKa U3JTyYeHUS W TOTJIOIICHUST (DOTOHA HEeCTaOMIBHBIM CBOOOIHBIM SIIPOM. DHEPTHsI
OTJauu A1pa U BKJIAJ e€e B dHeprtuio QortoHa. JlomiepoBckoe yumpeHnue auHui. 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 siuke. BeruucieHne CTaTHCTHYECKONH CyMMBI OJTHO# CBOOOI-
HOW YaCTHILIBI.

3ananus:
1. HaiiTi n3meHeHmne IIMHBI BOJIHBI ()OTOHA MPU YIIPYTOM PACCESHUU Ha MOKOSIIEMCS SJIEKTPOHE

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



Ha yroJ 0 = B pamkax runotess! [Inanka—JiiHmTelina.

3. Haiitu Eq' npu Eq = 1, 2 eV (undpaxpacusiii nazep Ha HeoguMmoBoM ctekie), Ep = 46 GeV
(ycxoputens SLAC, onbiTel 0 HenuHeliHOMY 3¢ dexry KomnTona, 1996 r.) u Eq=1,2 eV, Ep =15
GeV (yckopurens BOIIIT-4M, onbIThl 1O paciiensienuto (oToHa B moje aapa, 1997 r.).

4. [Touemy cBOOOIHBII 3JEKTPOH HE MOXKET MOTTIOTUTH WM U3My4YuTh (hoTOH. Haiitn sHepreruye-
CKHUH CTIEKTp M3Iy4eHHs aOCOIIOTHO YEPHOTO Tela, UCHOoJb3ys cooTHomienus [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. VYAbTpaxoa0JHBIMU Ha3bIBAIOTCSI HEUTPOHBI, CKOPOCTh KOTOPBIX V < 1 m/c. Haiitu ux miuny
BOJIHBI Jle-bpoiins.

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

8. OueHuTh U3 COOTHOILIEHUSI HEOTIPEASIEHHOCTH SHEPTUI0 OCHOBHOI'O COCTOSIHUSL YaCTHILIBI B 10~
Jie OJHOMEPHOI'0 TAPMOHHYECKOTO OCHMIIIATOPA.

9. OueHuTh U3 COOTHOUICHHSI HEONPEACNEHHOCTH SHEPTHUI0 OCHOBHOTO COCTOSTHHUS 3JIEKTpOHA B
aToMe BOJOpOJa.

10. Haiiti paauyc CHIBHOTO B3aMMOJEUCTBUSA, KOTOPOE 00YCIIOBIEHO OOMEHOM BHUPTYaJbHBIM T-
ME30HOM.

11. IToka3zaTh, 4TO MPOU3BOJIBHBIN JTUHEHHBIN onepaTop L MoxHO npencTaButh B Buje L = A +iB ,
rae A u B — 5pMUTOBBI OlIepaTOpHI.

12. Jloka3zatsk, uTo amns mroo0bix 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 MpeablIylei 3ajaue, HailTu coOOCTBeHHbIE (QYHKIMU U

coOcTBeHHBbIe 3HaueHHs. [IpoBepuTh, YTO COOCTBEHHBIE 3HAYEHMS STOrO OIEepaTopa MOTYT OBITh
KOMIIJICKCHBIMHU, a COOCTBEHHBIE (I)YHKI_[I/II/I, OTBCUAIOMIUC PA3JINYHBIM COOCTBEHHBIM 3HAa4YCHUSAIM, HEC
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 ypaBuenus lllpenunrepa st cBoOOAHOM YacTHIBI M TOKAa3aTh, 4YTO

OHO OECKOHEUYHO BBIPOXKJICHO.

19. [TokazaTp, 9YTO MIIOTHOCTH TOKA | JIJIsl SJIEKTPOHA B OCHOBHOM COCTOSIHMM aTOMa BOJOpPOJa PaB-
Ha HyJt0. CneacTBHEM 3TOro ¢akra sSBJIsSeTCs] CTA0MIBHOCTh aTOMa BOJOPO/1a B OCHOBHOM COCTOSTHHH.
OOBSICHUTD ITOUEMY.

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

21. Haiitu cpennue 3HaueHUs] KHHETUYECKON M MOTEHIMAIBHON 3HEepruil. Beruncnuth npoussese-
HUE HEOINpeeNIEHHOCTe KOOPAMWHATHI U uMITyJibca. KakoB BUJ BOJTHOBOM (PyHKIHMH B UMITYJIbCHOM
npecTaBiIeHUH?

22. HaiiTi sHepreTHueckuii CeKTp U BOJHOBBIC (PYHKIIMH YACTHUIIBI C 3apsAIOM € U Maccoil m, Ha-
XOJISIIIeHCs B MMOJIe TAPMOHHYECKOTO OCIMILISTOPA U B MIOCTOSTHHOM 3JICKTPUUYECKOM I10JI€ HATPSIKEH -
HocThi0 E. CunrtaTh BoMHOBBIE (DYHKIIMH U CHEKTP JIMHEWHOTO TapMOHUYECKOTO OCHMIUIATOPA 3aaH-
HbIMU. J[BI>KEHHE OJJHOMEPHOE.



IIpumep mecmoevix 3a0anuil 015 NPOGEPKU CHOPMUPOCAHHOCMU KOMHEMEHYUI, YKA3AHHBIX 8blUie
n3:
1. YcnoBust HEONpenEeNeHHOCTH sl P U X

| apaxzt

2 APAX>h

3 EI.PAXE'%

2. CrnexTp ocuuuisiTopa

)
1. E—f’m.rin+;

i |

2. E=hwin

-

3. Ces3b k03 durmeHTa npoxoxaeHus R u orpaxkenus: D (ogHOMepHBIH ciyyaii)
1. R+D=]1

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

PaspaboTunkmu:

% / _ JoueHT kadenpsl reopernyeckot pusuku  C.B. JloBuos
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