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I. Hean v 3a1a4u TUCUUILJIAHBI

B xoxe u3ydenuss nucumrmuiiHbl «KBaHTOBask MEXaHMKa» CTYJIEHThI M3y4alOT M OCBAMBAIOT
OCHOBHBIC TOHATHS ¥ METOJIbI KBAHTOBOU TEOPHH, CTIOCOOBI TEOPETHUECCKOTO OMMMCAHMS, KOJTMUYECTBCH-
HOTO ¥ KaUE€CTBEHHOI'0 aHAJIN3a KBAHTOBBIX MPOLECCOB B CUCTEMAX, COCTOSAIIUX U3 OJHOW MM MHOTHUX
YacTHI], a TAK)KE B CUCTEMaX C HEONPEIeIEHHBIM WIIM MEHSIOUUMCS YUCIOM YacTHII.

Juctunnuna «KBaHTOBast MEXaHHUKaY MPEJICTABIISAET COOOM TEOPETUUECKYIO OCHOBY JIJISl TTOCJIE-
IYIONTUX Pa3JeioB Kypca TeopeTHdeckor (u3uku. MaTteMaTndeckod M METOAMYECKON 0a3oi Kypca
ABIISIOTCS BCE pa3zielibl Kypca MaTeMaTUKU U TEOPETUYECKOM (PU3UKH, U3yUEHHBIE CTyIEHTaMH K Haya-
a1y 5 cemecrpa.

B pesynbraTte u3ydeHus Kypca CTyICHT MpUoOpeTaeT Kak PyHIaMEHTAILHBIC 3HAHUS O MOIXO0-
JlaX K OTMHMCAHWIO0 KBAHTOBBIX CHCTEM, TaK U HAaBBIKH PEUICHUS KOHKPETHBIX KBAHTOBO-MEXaHUYECKUX
3az1ay.

Iean kypca

KBanToBasi MexaHuKa SIBJSIETCS BAXKHOM YacThIO YHUBEPCAIBLHOM 0a3bl JIJIsl M3YUYEHUs 00IIenpo-
(dbeccHOHANBHBIX U CHEIHATBHBIX JUCIUIUINH, BOOPYKACT BBITYCKHHUKOB HEOOXOJAMMBIMH 3HAHUSMU
JUISL pelIeHUs] HAYYHO-TEXHUYECKUX 337a4 B TEOPETUYECKUX U MPHUKIAAHBIX ACTIEKTaX, 3HAKOMUT CTY-
JIEHTOB C HAy4YHBIMU METOJaMU MO3HAHUSI, MIO3BOJIIET HAYYUTh UX OTINYATh THUIOTE3Y OT TEOPUHU, TEO-
PHIO OT SKCIEPUMEHTA. ITa JUCIHUIUIMHA CITIOCOOCTBYET MPOBEACHUIO JIEMapKAIIMKA MEXITYy HAYYHBIM U
AHTHHAYYHBIM TIOJIX0JIOM B U3YYCHUHU OKPYKAIOIIETO MHUpPA, MO3BOJISICT HAYYUTh CTPOUTH (DU3UIECKHE
MOJIEJIA TPOUCXOSALIETO U YCTaHABIMBATh CBS3b MEXKIYy SIBJICHUSMHM, MPUBUBATH IMOHUMAaHHUE MPHU-
YHHHO-CIICJICTBEHHON CBS3M MEXIy siBIeHUsAMH. OO0nanas JOrMUecKoi CTPOHHOCTBIO M OMUPAsICh HA
AKCIIEpUMEHTaNIbHbIE (aKThl, AUCHUIUIMHA « KBaHTOBass MeXaHUKay SBIISIETCS UACATILHOM ISl peLIeHUs
9TOM 3aAa4u, GOPMUPYS Y CTYICHTOB MOJIMHHO HAyYHOE MHUPOBO33pPEHHE.

Lenpro 0CBOEHUS Kypca KBAaHTOBOM MEXAHUKH SIBJIIETCS O3HAKOMJIEHUE CTYJEHTOB C OCHOBHBI-
MU 3aKOHAMH COBPEMEHHOU (M3UKH U BO3MOXHOCTSMHU MX MPUMEHEHHsI TIPH PELICHUH 33]1a4, BO3HU -
KaIoMIMX B UX MOCJIEAyIONIeH MpodecCHOHaIbHOM IS TeIbHOCTH.

3agaum kypca

— M3yYE€HHUE 3aKOHOB KBAHTOBOM TE€OPUHU B UX B3AaMMOCBSI3H;

— (dbopMUpOBaHNE HABBIKOB 110 MPUMEHEHHIO TIOJIOKEHUH KBAaHTOBON TEOPUU K TPAMOTHOMY Hayd-
HOMY AaHAQJIU3y CUTyallui, C KOTOPBIMU HCCJIEJOBATEN0 MPUXOJUTCS CTAIIKUBATHCA IIPU CO3/a-
HUH HOBOM TEXHWKH U HOBBIX TEXHOJIOTHH;

— (dhopMHUpOBaHKE Yy CTYICHTOB 3HAHHI OCHOB KBAaHTOBOM TEOPUH OMKCAHUS OKPYIKAIOIIETO MHUPA;

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

€€ OTKPBITUH.



I1. Mecto qucuuminnsl B ctpykrype OIIOII:

Juctunnuna «KBaHTOBasi MEXaHUKa» SIBISIETCS 00s13aTEIbHOM I U3YUYECHHS IO JAaHHOMY IMPO-
¢umo. M3yueHne Kypca npeanonaraeT HajJuurue MOJyYeHHBIX Ha MpeabIyIieM ypoBHE 00pa30BaHUs
OCHOBHBIX 3HaHWM, yMeHuil mo gucuuiuiHam «luddepeHnnanbhele ypaBHeHUs», «TeopeTnyeckast
MEXaHUKa», « QNEeKTpoJuHaMuKay. JuciuninrnHa «KBaHToBas MexaHHKa» MPEICTaBIseT cOOOH Teope-
THUYECKYIO OCHOBY JUISl TIOCTIEAYIONINX pa3AeioB Kypca TeopeTudeckoi pusnku « Pu3nka KOHIESHCHPO-
BAaHHOI'O COCTOAHUS), <<TepMOJII/IHaMI/IKa U CTaTUCTHUYECCKasid (bHSI/IKa)), «BB@}IGHI/I@ B KBAHTOBYIO TCO-
puto noss», «KBaHTOBas TEOPUsI U3ITyUECHUSY.

I1I. TpeOoBaHus K pe3y1bTaTaM OCBOCHHMS JMCIUIITHHBI

Hepeqeﬂb IVIAHUPYEMBIX pE3yJabTaTOB Oﬁy‘{el{lflﬂ no TMCHUIIVIMHE, COOTHECCCHHBIX ¢ HHIAUKATO-
aMM JOCTHKCHUSA KOMIIeTEeHIIMii

Komnerennus OIIK-1:Criocoben mpumeHATh 0a30Bble 3HAHHS B 00JIACTH (DUBHKO-
MaTeMaTUYeCKnX U (M) €CTECTBEHHBIX HayK B cdepe cBoel mpodec-
CHOHAJIbHOU JIEATEIIbHOCTH

HNunukaTopel koMneTeH- | UK o 1.1
[Mpumensier pu3mKo-MaTeMaTHYECKHA anmapar B cdepe cBoei mpodec-

U o
CHOHAIBLHOW JESTEIIFHOCTH TPUHIIUIIBI

Pesynbrarel oOydenust | 3Haem: OCHOBHBIC 3aKOHBI KBAaHTOBOW MEXaHWKH, OTIMYHE KBAHTOBOU
TEOPUH OT KIIACCUYECKOM; OCHOBHBIE METOJbI PEIICHUs 3a]ay, MpuMe-
HSIOIIHUECS] B KBAHTOBOU TEOPHH.

Ymeem: hopmynupoBaTh OCHOBHBIC MPHUHIIMITEI KBAHTOBOW TEOPUHU U
MPUMEHSATh UX K PEHICHHUI0O KOHKPETHBIX KBAHTOBO-MEXaHMUYECKHX 3a-
Jla4, periaTb OCHOBHbBIC YPAaBHEHUS KBAHTOBOW MEXAaHUKHU.

Bnaoeem: HaBblkaMu pelIeHHs KBAaHTOBO-MEXaHWYECKHMX 3ajJad, Marte-
MAaTHU4YCCKUM aHHapaTOM, HpI/IMCHSIIOH_IeMCSI B KBAHTOBO-MECXaHHNUYCCKOM
MTOJXOJE.

IV. Coaep:xanue U CTPYKTYpa AUCHMILIMHBI (MOAYJIS)

OO0BbeM IHMCILUILUIMHEI COCTABIIIET 7 3aUeTHBIX €IUHHIL, 252 Jaca, B TOM uKcie 116 yacoB KOHTAKT-
HOU paboTBHI.

3aHATHS TPOBOMATCS TOJBKO B OYHOW (opmMe 0OyueHHs ¢ NPUMEHEHHEM IUCTaHIIMOHHOTO
KOHTPOJISI CAaMOCTOSATEIbHOU paboThl cTyneHToB uepe3 DMOC dakynpTera. DIEKTPOHHON M JHUCTaH-
IIMOHHOW opM 00yUEHUS HE TIPETyCMaTPUBACTCS.

Ha mpaktuueckyro noaroroBky oTBoAUTCs S0 ayIUTOPHBIX YaCOB.

dopMa MPOMEKYTOUHON aTTECTAIlUN: IK3aMEH.

4.1. ConepkaHue QUCHUILVIMHBI, CTPYKTYPUPOBAHHOE 10 TeMaM, ¢ YKa3aHUEM BH/I0B

y‘leﬁl-[bIX 3aHATHH M OTBEJEHHOI'0 HA HUX KOJIMYECTBA aKaJleMHYeCKHUX YacoB

Ne | Paz- | C| Be 13 Bunbt yue6HOM paboThI, DopMBbI TEKY-
/0 | Agenx | € | er | HUX | BKIIOYas CAMOCTOSATEIBHYIO PaboTy oOyJarommxcs , MpakTHde- | MIero KOHTPOJIs
Juc- | M | O | Ipak- CKYIO TIOATOTOBKY U TPYI0EMKOCTh YCIICBa€MOCTH;
ou- | € | 4Ya | Thde- (B gacax) ®dopma ipome-
M- | ¢ | co | ckas JKYTOUHOH art-
KonrakTHas pabora npenoaasarens ¢ o0y4aroum- | CamocTosi-
HBI/ | T B | moj- TecTaluu
MHUCS TeNnbHast
TEeMBI | P ro- (no ceme-
pabora
TOBKa Jlexnun Cemunapckue | Koncynprauuu cmpam)




00y- /mpakTHYecKue
Yaro- /mabopaTopHbIe
mux- 3aHATHUA
csl
1 1-22 252 |50 50 50 2 110 [IpakTrue-
CKO€ 3aaa-
HHC, DK3aMC-
HAIlMOHHBIE
3a7a4u
HUroro: 252 |50 50 50 2 110

4.2. Il;1aH BHeayAUTOPHOI CaMOCTOATEJIbHOI pa0oThl 00y4aIOIIMXCH M0 JUCHUILIUHE

Cemectp HazBanue CamocrositenbHas pabora oOyvatonuxcst | OnieHounoe | YueOHo-
Pasaena, T€ gyn  camo- Cpoku  BbI- Tpyso- CpeACTBO MeTOHng'
MBI . K me-
CTOATEIHHOMN | IOTHEHUS E€MKCTh cioe obecre
YeHHE CaMo-
padoThI (uac.) cHHC caMo
CTOSTeITLHOU
paboThI
5 Tema 1-22  |3ananue B Bu- |[locne mpoi- 110 JlemoHcTpa- |Mcrounukn  u3
€ 3aJa4u JCHHBIX TEM U TOTOBBIX | OCHOBHOM U J10-
pelIeHni IIOJIHATENIEHON

JTUTEPATypPhI 110
TeMe TpaKTHie-
CKUX 3aHSTHM;
Oo6pa3oBarenb-
pecypchl,
JIO-CTyIHBIE T10

HBIC

JIOTUHY U Iapo-
10, IPENOCTaB-
nsemplM  Hayu-
HOll 6ubnmore-
ko UI'Y.

4.3. Coneprxkanue y4eOHOro MmaTepuasa

Coaeprxanue pa3aejioB M TeM THCHUIIIHHBI (MOAYJIs1)

Pazpen 1
Tema 1. DHeprus U UMIYJbC CBETOBbIX KBaHTOB. ['mmore3a Ilnanka. O¢pdexr Komnrona. Ilnockas
BostHa Jle-bpoiins, e€ ¢pusnueckuit cmpici. KoMnToHoBCKas AjiiHa BOJHBI M IJTMHA BOJTHBI [le-bpoits.
Judpakius MUKpOYaCTHIL.
Tema 2. bopHOBCKas MHTEpIIpeTays BOJHOBON (yHKIMU. [IpyHIMD cynepno3uiun coctosHuil. Pa3-
JIO’)KEHUE MPOU3BOJIBHOTO COCTOSIHUS IO IIIOCKUM BojHaMm [le-bpoiinsa. ®uznueckuit cmbica kodddu-
IUEHTOB paznoxeHus. opmanusm upaka.

Tema 3. dazoBoe IMPOCTPAHCTBO KBAaHTOBOU cHucTeMBbl. COOTHOIIICHHUE HEOMIPCACIICHHOCTU KOOpIAU-



HaTa-uMIyJbe. OLIEHKa SHEPTUU OCHOBHOT'O COCTOSIHUSI TAPMOHMUYECKOTO OCHMIUISITOPA U aToMa BOJIO-
poza.
Tema 4. OniepatopHblii popManu3M KBaHTOBOUW MexaHUKH. CaMOCONpsKEHHbIE OIepaTophl B THIILOEp-
TOBOM IpocTpaHcTBe. OnepaTopbl KOOPAWHATHI U UMIIyJbca U UX coOcTBeHHbIe (pyHKIMHM. CpenHee
3Ha4YeHHe 000 TMHAMHYECKOW BEIMYUHBI B MPOU3BOJILHOM COCTOSIHMU. OCHOBHBIE CBOICTBa CO0-
CTBEHHBIX (YHKIMI. Bblunicienue BeposTHOCTEN pe3ybTaTOB M3MEPEHUS TMHAMUYECKOW BETMYMHBI
B IIPOU3BOJILHOM COCTOSIHUHU. Y CIIOBHE OJJHOBPEMEHHON U3MEPUMOCTH TMHAMUYECKUX BEJIMUYHH.
Tema 5. 'amunbToHMaH cBOOOIHON yacTUIbl. beckoHeuHOe BhIpOKIeHHE cocTOsTHUNA. O0001IeHne Ha
ciiy4ail BHemHero nojs. YpasHeHue lllpennHrepa. 'aMuinbTOHMAH Kak T€HEPATOp HBOJIIOLIMU CUCTE-
MBI BO BpeMeHH. Y paBHEHHE HenpepbIBHOCTU. [110THOCTH ToKa. HopmMupoBka ninockux BonH. Cranno-
HapHble cocTosiHUA. CrannoHapHoe ypaBHeHue [lpenunrepa. @eHOMEHOIOrMYECKOE ONMCAHNE KBA3H-
CTAllMOHAPHBIX COCTOSHUI. EcTeCTBEHHAs IMPUHA CIIEKTPAJIbHBIX JTUHUI U BPEMS JKU3HMU.
Tema 6. OBonroMs ONIEPAaTOPOB BO BpeMEeHU. MIHTETrpasibl IBUKEHUS.

Paznen 2
Tema 7. KBaHTOBaHME rapMOHHYECKOro ocruurATopa. [loBeimaronme 1 MoHMKarolmue OrnepaTopsl.
DOHepreTndeckuil cektp. BoiHoBas QyHKIMS OCHOBHOTO COCTOSIHMS. MaTpHuHbIE 3JIEMEHTHI onepa-
TOpa KOOPAUHATHI.
Tema 8. KBanToBaHNE MOMEHTA KOJIMYECTBA JIBMYKEHUSI METOJIOM IOBBIIIAIOLINX U TOHWKAIOIIUX OIle-
paTtopoB. Anre6pa MOMEHTOB KOJMYECTBA IBWXKEeHUs. Peanuzanusa anreOpsl B auddepeHnnaibHol u
MaTpudHOi popme. CoOCTBEHHBIIT MOMEHT KOJIMUYecTBa JABMXKeHUs (crivH) CrieKTpbl KBaJpaTa MOMEH-
Ta 1 3-eit npoekunu. Co6cTBeHHBIE (YHKIIUU OPOUTAIEHOTO MOMEHTA KOJIMYECTBA JABHKEHHS.
Tema 9. Yactuna B cepudyecku-ciMMETPUYHOM Moe. Paznenenne nepeMeHHbIX. PaguansHoe ypas-
Henue llIpenunrepa. Knaccudukamus coctosiHuil B chepruuecKu-CUMMETPUIHOM T10JIe. ATOM BOAOPO-
Jla, €ro CHEeKTP U BOJHOBAas (PYHKLMS OCHOBHOT'O COCTOSHUS. BBIpOXKJeHHE 3HEpPreTUYeCKUX YpPOBHEH
U ero npupoaa. Toku B aTOMax, MarHUTHBII MOMEHT aToMa.
Tema 10. 'amubTOHMAH 3apsSyKEHHOW YaCTHIIBI B POU3BOJIBHOM 3JIEKTPOMATrHUTHOM I10JIe. ATOM BO-
JI0poJia B TIOCTOSIHHOM MarHUTHOM Imosie. BonHoBas GyHKIMS U SHEpreTHUecKuid cekTp. YacTuuHoe
CHSITUE BBIPOKICHMUSL.
Tema 11. KBaHTOBOE ONMCAaHNE JBYXaTOMHON MOJIEKYJIbI. TEII0EMKOCTD NPU PA3IMYHBIX TEMIIEPATY-
pax.
Tema 12. ]IBwxeHue 4acTHUIBI B MEPUOJAMYECKOM Ioje. TpaHCISIIMOHHAS WHBapHaHTHOCTH. Co0-
CTBEHHbIE ()YHKLMHU U COOCTBEHHbIE 3HAUEHUs ONEpaTopa TPAHCIALMU. 30HHAs CTPYKTypa CHEKTpa.
Paznoxenue criektpa Ha "aHe" u "kpasx" 30HbI bpumosna. Meron "a¢dexTuBHON Macchl".

Pasnmen 3

Tema 13. CniuH 31€KTpoHA. DKCIIEPUMEHTAIBHOE JI0KA3aTENIbCTBO CYIIECTBOBAHUS CIIMHA JIEKTPOHA.



Omnepatop cnuHa. CrinHOBbIe (yHKIMU. YpaBHeHue [laynu. /IBimkeHue criMHA B IOCTOSSHHOM M Tiepe-
MEHHOM MarHUTHBIX MOJISAX.
Tema 14. CraunonapHasi Teopusi Bo3MyIeHus. OcCOOEHHOCTH U pa3inyusl B BHIPOKJICHHOM U HEBBIPO-
XKJIeHHOM citydasix. [lopoOHBblii aHaIN3 IBYKPAaTHOTO BBIPOKAEHUA. HaCTHYHOE CHATHE BBIPOKICHHUS.
Tema 15. HecranmonapHasi Teopusi Bo3MylIieHus. Pe3oHaHCHOE BO30YK/I€HHE CUCTEMBI.
Tema 16. ITpocTeiiive npuMeHEHUs] TEOPUU BO3MYLIEHHs. AHTapMOHUYECKUI ocIyuLisTop. Pacmien-
JICHHE CIIEKTPAIbHBIX JUHUH B AEKTPUYECKOM U C1a00M MarHUTHOM TOJISIX.
Tema 17. IloBeneHue BOJHOBBIX (DYHKIMHA Ha OOJBIIMX U MaJIbIX paccTOsSHUAX. [IpuunHa KBaHTOBA-
HUS DHEPIHH.

Paznen 4
Tema 18. IlocTaHoBKa 3a/1a4d B TEOPUH CTOJKHOBEHUN MUKpodacTUll. CBs3b MEXKy aMILTUTY0M pac-
CEesIHMS U aCUMIITOTUYECKUM TOBeIeHneM BoaHOBOM (yHkiuu. CeueHue paccessHus. bopHOBCKoe npu-
OMKeHHe Uil aMIUTUTYAbI pacCEesHuUsI.
Tema 19. Pacuer aMIUIUTYIbl U CEYEHUSI IIPH PACCESTHUU HA KYJIOHOBCKOM M FOKaBCKOM IOTEHIIMANAX.
Tema 20. Tounas Teopus paccessHus. PaznoxeHnrne aMInTyAbl Ha TapiyaibHble BOJHBL. Pasza pacces -
HUs. YclloBHe ynpyroi yHuTapHocTd. OnTrueckas reopema. Mojienb abCoI0THO YEPHOTO TUCKA.
Tema 21. TlpoxoxxJIeHHe YacTHIl uepe3 MOTeHUMaNbHbIM Oapbep TyHHenbHbIH 3¢ddext. Xononnas
OMUCCHUS METAJIOB. VICYE3HOBEHNE CIIEKTPAIBHBIX JIMHUI B CWJIBHOM JJIEKTpUYECKOM rone. Tpéxmep-
HBII OTeHLMaIbHBIN Oapbep KBaszucranuonapHsie cocTosiHUS. Teopus palnoaKTUBHOTO pacmaja.
Tema 22. KuneMaTHKa W3Iy4YeHUs M MOTJIOIMEHUS (POTOHA HECTAOMIIBHBIM CBOOOIHBIM SpOM. DHep-
I'Usl OT/Ia4M A7pa U BKJIaJ ee B dHepruro GoroHa. Sapo B mone ocumuisatopa. ekt Meccbayapa.
®daxrop Jlebas - Bannepa.

4.3.1. IlepeueHb ceMUHAPCKHUX, NPAKTHYECKUX 3aHATHH M J1a00pPaTOPHBIX padoT

Ne Ne paznena u | HaummeHnoBanue ceMuHapos, mpak- | Tpymo- OrneHOYHBIE dopmupyemeie
TEMBI JUCIU- | THYECKUX U J1aOOpaTOPHBIX paboT eM- CpencTBa KOMTIETeHIINU
TUTHHBI KOCTh
(gacsl)
1 2 3 4 5 6
1. Pazpen 1, Te- | 'unotesa e-bpoitns, runoresa 2 | 3agmanue Ha ce- OIIK-1
Mma 1 Ilnanka MHHApe B BUJIE
3a1aum
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 3HAUCHHS (a30BOTO 2 | 3aganwue Ha ce- OIIK-1
ma 4 o0beMa yactuisl. COOTHOILIEHHE MUHape B BUJIC
HeompeieIeHHOCTeN "KOOpAUHATa- 3aJaun
uMIysbC", "SHEPrusi-BpeMst KU3HHU"




5. Or1eHKa SHEPTUH OCHOBHOT'O COCTO- 3ananue Ha ce- OIIK-1
SITHASL U3 COOTHOIICHUS HEOTIpeie- MUHape B BUJIC
JIEHHOCTEH JIjIs1 IMHEHHOTO rapMo- 3a7a4u
HUYECKOTO OCHUJUISITOPA B aToMa
BOJIOpOIa
6. Pazpen 1, Te- | Oneparopbl IMHAMUYECKHUX Be- 3amanue Ha ce- OIIK-1
Ma 5 JIMYWH B TWIIHOEPTOBOM ITIPO- MUHape B BUIE
ctpancTBe. COOCTBEHHBIC (DYHKITUU 3a/1auu
1 coOCTBeHHBIE 3HaueHus. Ux du-
3UYECKUI CMBICII.
7. Kanonwnueckunit kommyTarop "Koop- 3amanue Ha ce- OIlIK-1
JUHATa-UMITyJIbC" MUHape B BUJIE
3aJ1aun
8. Paznen 1, Te- | YpaBuenue lllpenunrepa ans Bon- 3amanue Ha ce- OIIK-1
Ma 6 HOBOH (yHKIMH. bopHOBCKas MH- MUHape B BUJEC
TEPIPETaLUs BOJIHOBON (DYHKIIHH. 3a/1a9u
CranuonapHoe ypasHeHue llpe-
muHTepa. GakTopHu3aus 3aBHCHMO-
CTHU OT BPEMEHU U KOOPANHAT.
DHepPreTUUECKUil CIeKTP U BOJIHO-
Bble (PYHKIIUU YaCTHUIIB B «IOTEH-
[AATHLHON sIME» ¢ OECKOHEUHO BBI-
COKHUMU «CTCHKaAMUY
9. | Pazgen 2, Te- | DHepreTruuecKuil CIEKTp U BOJIHO- 3amanue Ha ce- OIIK-1
Ma 7 Bble (DYHKIINU YaCTHIIBI B KOHEYHOH MUHape B BUJIE
«IOTEHIUAIBLHOMN sIME» 3aJ1aun
10. DHEPreTUUeCKUii CIIeKTP U BOJHO- 3ananue Ha ce- OIIK-1
Bble (PYHKIIUU YaCTHIIBI B ITOJIE TIO- MUHape B BUJIC
teHnrana suaa V(x)=-gd(x) 3a/1a91
11. | Pazmen 2, Te- | DHepreTHdecKuil CIIEKTP U BOJHO- 3anmanue Ha ce- OIIK-1
Ma 8 BbIe (PYHKIIMU YACTHIIBI B ITOJIC TIO- MUHape B BUJIC
TeHIMana suna V(x)=-g(o(x+a)+ 3a/1a91
o(x-a))
12. | Pazgen 2, Te- | OpOuTanbHBIA MOMEHT 3agaHue Ha ce- OIIK-1
Ma 9 MUHape B BUJIC
3a/1a4n
13. | Pazgen 2, Te- | AMIUIMTYJa paccessHUS 3JIEKTPOHA 3ajaHue Ha ce- OIIK-1
Mma 10 Ha MPOTOHE B OOPHOBCKOM MPUOITH- MUHape B BUIE
JKEHUU 3aJ1aun
14. AMIUIMTYy1a paccesHus dIEKTPOHA 3amaHue Ha ce- OIIK-1
Ha CIIO’KHOM 3JIEKTPOHEUTPATFHOM MUHape B BUJIE
aTome 3a1auu
15. | Pazgen 2, Te- | IlpoxokaeHue 4acTUIIBI Yepes o- 3anaHue Ha ce- OIIK-1
Mma 11 TEHIMAIBHBIN O0apbep V(X)=-gd(Xx) MUHape B BUJIC
3a/1a4n
16. | Pazgen 2, Te- | IIpoxoKaeHUE YaCTHUITHI Yepe3 TI0- 3amanue Ha ce- OIIK-1
Ma 12 TEHIMALHBINA O0aphep B Buje «Oec- MUHape B BUJIC
KOHEYHOU CTYTICHN 3a/1a4n
17. IIpoxosxieHre YacTUIlbl Yepes3 Mpsi- 3ajaHue Ha ce- OIIK-1
MOYTOJIbHBIH TOTEHIIMANBHBIN Oa- MHUHape B BUJIE
pbep 3aJ1aun
18. | Pazgen 3, Te- | DHepreTuyecKuil ClieKTp YaCTHLIBI, 3agaHue Ha ce- OIIK-1
Mma 13 HaxoJs1Ieics B MoJie TapMOHHUYE- MHHApe B BUJIE
CKOT'O OCIIIIJISITOPA M B TIOCTOSTH- 3a1aqu
HOM 3JICKTPUYECKOM MOJIE
19. | Pa3gen 3, Te- | BomHOBBIE ()YHKIIMW YaCTHIIBI, HA- 3agaHue Ha ce- OIIK-1




ma 14 XOJSIEICS B MOJIE JIMHERHOTO rap- MHHApe B BUJE
MOHHYECKOTO OCIHILIATOPA, COOT- 3a7a4u
BETCTBYIOIINE BO30YKIESHUIM n=1,2
20. | Paznen 3, Te- | BoxHOBBIC (hYHKIIMU U YHEPTETHYC- 3amanue Ha ce- OIIK-1
Mma 15 CKUH CIIEKTP YaCTHIIbI, HAXOJISAIICH- MUHape B BUJIC
Csl B TI0JI€ IByMEPHOT'O TapMOHWYE- 3a7a4u
CKOT'O OCITHIIIISITOPA
21. | Paszmen 3, Te- | BosiHOBBIE ()yHKIIMU U SHEPreTHYE- 3anmanue Ha ce- OIIK-1
Ma 16 CKUH CIIEKTp YaCTHIIbI, HAXOJISIICH- MUHape B BUJIC
Csl B TIOJIE TPEXMEPHOTO TapMOHHYE- 3a7a4u
CKOTO OCIMILIATOPA (sApa B KPH-
cTae)
22. | Paznen 3, Te- | DHepreTHUecKuil CeKTp aTomMa BO- 3amanue Ha ce- OIIK-1
Mma 17 JIOPOJIa B IIOCTOSSHHOM MarHUTHOM MUHape B BUJIE
ToJie 3aJa49u
23. | Paznen 3, Te- | Coun. Matpums! [aynu 3agaHue Ha ce- OIIK-1
Ma 18 MUHape B BUJIE
3a7a4u
24. | Pasgen 4, Te- | l3meHeHue COCTOSIHUS CUCTEMBI 3ajaHue Ha ce- OIIK-1
Ma 19 MOJ] AE€MCTBUEM BHEILIHETO BO3MY- MHHApe B BUJIE
LIECHHUS 3a7a4u
25. | Paznen 4, Te- | Xonoanas 3MuccHsl SJIEKTPOHOB U3 3amanue Ha ce- OIIK-1
Ma 20 Meraiia MUHape B BUJIC
3a1aun
26. | Paznen 4, Te- | DHeprus u3imydeHUs U MOTJIOMICHUS 3amanue Ha ce- OIIK-1
ma 21 (hoToHa HeCcTaOMITHLHBIM CBOOOTHBIM MUHape B BUJIC
SIPOM 3aJa49u
27. | Pasnen 4, Te- | Dddexr Meccbayapa. Daxrop [e- 3amanue Ha ce- OIIK-1
Mma 22 bas-Bamnepa MUHape B BUJIE
3a7a49u
4.3.2. I1nan caMmoCTOATEIbHOM PadOThI CTYIEHTOB
Ne Tema Bun 3ananue Pexomennye- | Komnu-
HEL CaMOCTOiI— Mas JIUTepa- | 4YECTBO
TEJIBHOMN Typa 4acoB
paboOThI
1 KBanToBa- | Bueaymu- | KBantoBanue bopha - Undensaa B Hcrounuku 10
Hue bopHa | TopHasd, pe- | AmuKe. BeruuciaeHue cratuctuye- U3 OCHOBHOM
- Un- IIEHUE 3a- | CKOM CyMMBI OJTHOM CBOOOIHOM Ya- U JIOIIOJIHU-
denbaa B aad CTHILIBI. TEJIBHOM JIU-
SIIITUKE. TepaTypsl MO
2 KBanToBa- Bueaynu- | KBaHTOBaHHME MOMEHTa KOJUYECTBA | TEME IIPAKTH- 10
HHUE MO- TOpHas, pe- | ABMKECHUS METOAOM MOBBIIIAIOIINX YECKMX 3aHs-
MEHTa KO- LIEHUE 3a- | U MOHWKAIOIIKX OMEepaTopoB. Anre- THUH;
JTUYECTBA naq Opa MOMEHTOB KOJIMYECTBA JABUKE- O6pazoBa-
JBUKCHUS Husl. Peanuzanus anreOps! B nudde- | TeabHbIE pe-
PEHIMAIbHOM U MaTpU4YHOM popme. CypCBl, 110-
CoOCTBEHHBINI MOMEHT KOJIUYCCTBA CTYIIHBIE I10
nBuxeHus (cnuH) CekTpbl KBaj- JIOTHHY M Ta-
paTa MOMEHTa U 3-eil IPOEKII1H. posro, mpeno-
CobcTBeHHbIE PYHKIIMU OpOUTAIIb- CTaBJISIEMbIM
HOI0 MOMEHTA KOJIMYECTBA ABUXKE- Hayunou
HUSL. OMOIMOTEKOM




3 KBantoBoe | Bueaynu- | KBaHTOBOE OnmncaHue 1ByXaTOMHOU
ONMCaHUE | TOpHAs, pe- | MOJIeKybl. TernIoeMKOCTh IpHU pas-
JByXaTOM- | IIEHHE 3a- | JUSHBIX TEMIIEpaTypax.

HOU MoJIe- nau

KYJIBIL.

4-5 | CnuH anek- | Bueaynu- | CrnuH 31eKTpoHa. DKCIIEpUMEHTAIb-
TPOHa. TOpHas1, pe- | HOE J10Ka3aTeIbCTBO CYILIECTBOBA-
HICHUE 3a- | HUA cIuHa 3JeKkTpoHa. OnepaTop
Jaq cnuHa. CiMHOBBIE PYHKINHU. Y paB-

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

6 Ceuenue Bueaynu- | Pacuer aMminuTy el U c€UEHUS IIPU
paccesiHUsI | TOpHasi, pe- | pacCestHUM Ha KyJIOHOBCKOM U

IICHHE 3a- | FOKaBCKOM IOTEHIMANAX.
Jad

7-8 | Kunematu- | Bueaynu- | KunemaTuka u3iaydeHHs U MOTJIO-
Ka u3Ny4ye- | TOpHas, pe- | meHus (HoToHa HEeCTaOMIbHBIM
HUS U [IEHUE 3a- | CBOOOIHBIM SIAPOM. DHEPTHUsl OTa-
MorJIoIIe- naq YH s/Ipa U BKJIJ] €€ B SHEPTTHIO
UL (hoTO- ¢dorona. JlomnepoBckoe yunpeHne
Ha nuHui. OnpenenaeHne TeMnepaTypbl

3BE3/1.

9 Teopus Bueaynu- | p,ccesame 8 nome Y (%) = -Go(x) '
paccestid | TOPHAAL, Pe- | OGpaTuTe BHEMAHIE HA MOBEICHNE

LICHHE 3a- .
aMIUIATYJl OTPAXKEHHOM U MpOIIE-
Aad 1€ BOJIH MPU MPOJI0JKEHUH pelie-
Hus B o0nacte E<O.

10 KBantoBo- | Bueaynu- | Omnepatopsl, CONPSIKEHHBIE K OnIepa-
MEXaHWYe- | TOpHas, pe- | Topam
CKUe orie- meHuesa- | ~ d 5 .d d

A=—,B=i—,C=mwx+h—
paTopsl naq dx dx dx
11 CoOcTBeHn- Bueayau- A d
C=mwx+h—
HbIE 3Haye- | TOpHas, pe- dx
Jns onepartopa
HUS KBaH- LICHHE 3a- .
HalTH cOOCTBEHHbIE (PYHKITUH U
TOBO-Me€Xa- Jaq
coOcTBeHHbIe 3HaueHus. [Ipose-
HUYECKHUX
PUTH, YTO COOCTBEHHBIEC 3HAYCHUS
oreparo-
3TOTO OMEepaTopa MOTYT OBITH
OB
p KOMIUIEKCHBIMH, & COOCTBEHHBIE
(GYHKINH, OTBEYAIOINE PA3THIHBIM
COOCTBEHHBIM 3HAYEHUIM, HE0Os13a-
TEJIbHO OPTOTOHAJIBHBI.

12 | Oueprus Bueaynu- | OnpenenuTs ypOBHU SHEPTUU U
KBaHTOBO- | TOpHas, pe- | BOJHOBBIC (DYHKIIUHU /IS 3aPsKECH-
MeXaHW4e- | IIeHHUe 3a- | HOM Ui 3apsKEHHOW YaCTHUIIBI B MO-
CKHX CH- Jaq CTOSIHHOM UM OJIHOPOJHOM MarHut-
CTeEM HOM T1oJie. BeIOpaTh BEKTOPHBI 110-

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

HUI'Y u Cro-
pOHHHE
CaUTBI

10

10

10

10

10

10

10

10




13-14 | Yactuua B Bueaynu- | Cunras U3BECTHBIM raMWJIbTOHUAH
JNEKTPO- TOpHAs, pe- | YaCTHILbI B JJIEKTPOMArHUTHOM I10-
MarHUTHOM | ILIEHUE 3a- | JIe, HAUTH a) BhIpa)KEHUE IJIs Olle-
110J1€ Aad paTopa cKopocTH v, 0) KoMMyTaIu-

OHHBIE COOTHOIICHHUS JIsl KOMIIO-
HEHT CKOPOCTH; B) aHAJIOT ypaBHe-
Hus HeroToHa.

15-16 | bop- Bueaynu- | BelunciauTh aMIUIUTYly pacCessHUS
HOBCKOE TOpHAsi, pe- | Ha MPAMOYTOJIbHOM MOTEHINAIBbHON
npubnvKe- | IIEHHe 3a- | siMe B OOPHOBCKOM MPUOJINKECHUH.
HUE Jag

17 | Paccesnune | BHeaynu- | BbluMCIUTBh aMIIIUTYy pacCestHUS
Ha MOTEH- | TOpHas, pe- | B OOPHOBCKOM MPHUOIMKEHNUN Ha 10-
nuaic HICHUC 3a- | rennuane IOxaBa
IOxaBa Ja4 U®r)=(a/r)e""

4.4. MeTO[ll/I‘leCKl/Ie YKa3aHus [0 OpraHn3anuun CaMOCTOSITEJILHOM paﬁoTbl CTYACHTOB

B pasnmene 4.3.2 cTyneHTaM JUIsi CaMOCTOSITEILHOTO YIUTYOJICHHOTO M3YYEHHUs TUCHUTLIMHBI (TIapai-
JICJIBHO C JIGKI_II/ISIMI/I) npeajararoTcs 3aaqyv 1o u3y4aCMbIM pa3aciiaM. Hpe,unonaraeTc;I, 4TO CTYHACHT
CaMOCTOSITENIbHO U3YYHT JOTMOJIHUTENbHbBIE Maparpadsl Mo MPOHIEeHHON TeMe, MpeACTaBlIeHHbIE B JIU-
Teparype u3 I. 5, a 3aTeM PelIuT NpeIoKeHHbIe 3a1ad. OIeHKa CaMOCTOSTENIBHON paboThl CTYICH-
TOB MPOBOJIUTCS HA MPAKTUYECKHUX 3aHATHUSX.

4.5. IlpumepHasi TeMaTHKA KyPCOBBIX PadoT (IPOEKTOB) (IIPU HAJTMYMH)

Y4eOHBIM IJIAHOM HE MPEyCMOTPEHO HAMKMCAHUE KyPCOBBIX paboT.

V. YueoHo-MeToqu4Yeckoe U MHGOPMAIIMOHHOE o0ecTiedeHne JUCIUNIHHBI:

a) nepevyeHb JUTEPATypPbl

OCHOBHAs JIUTEpaTypa

1. Bamn A. H. KBantoBas MexaHuKa B 3a7adax : yue0.-meTo. mocooue / A. H. Bamn, O. H. Coun-
natenko. — pkyrck : U3a-so UT'Y, 2010. — 87 c. Hp A623906; dusmar 30856 (100 3k3.)

2. TlapmakoB A. H. BBeaeHue B KBaHTOBYIO GH3HUKY : yueOd. mocobue [DaeKTpoHHBIH pecypc] / A.
H. ITapmakoB. — DnektpoH. Bepcusi kH. — CII6. : MU3a-Bo Jlawp, [2010]. — 352 ¢. — (OBC

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

JOTIOJTHATEIIbHAS JIUTEpaTypa

1. Jlangay JI. [I. KBantoBas mexanuka : Teopernueckas ¢usuka, rom III / JI. J1. Jlannay, E. M.
Jludpmu,. — 5-e u3n. — M. : Hayka, 1989. — 767 c. (56 7k3.)

2. Jlunkuu I'. KBanToBas Mexanuka. HoBblii 101x0/1 K HEKOTOPBIM rpodsemam / I, JIumkuH. — M.

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



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

0) nepuoguYecKUe U3TAHUS
- HCT
B) CIIUCOK ABTOPCKUX METOJANYECKUX pa3padoTok
- 1 (ocHOBHas nUTEPATYpA)
r) 0a3bl JaHHBIX, HH(POPMAIHOHHO-CIIPABOYHBbIE H MOUCKOBBIE CUCTEMBI

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

OOpa3oBaTeNbHBIE PECYPCHl, JAOCTYIHBIC IO JIOTHHY W TApoJio, MpeaocTaBisseMbiM HaydHoit
oubnuorekot UT'VY:

e https://isu.bibliotech.ru/ - U3 «bubnmoTex»;
e http://e.lanbook.com - OBC «M3narenscTBo «JIaHby;
e http://rucont.ru - DbC «PykoHT» - MeXOTpacieBas HaydyHas OuOIMOTEeKa, copepxkaas onud-

pOBaHHbIE KHUTH, IEPUOANYECKUE U3JaHUS U OTJEIbHBIE CTAThU 110 BCEM OTPACIIIM 3HAHUM, a
TaKKe ayJuo-, BUJ€0-, MyJIbTUMEINA COPT U MHOTO€ JIPYTOE;

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

VI. MaTrepunajnbHO-TeXHHYeCKOe o0ecnedeHne TUCHUIIITHHbI

YueOHast ayaAuTopus AJsl MPOBEACHUS 3aHATUN. J[1s1 IpoBeneHus 3aHATUN JIEKIIMOHHOTO THUIIA B
KaueCTBE JICMOHCTPAIMOHHOTO 000pYyI0OBAaHUS UCTIOIB3YeTCsl MEeToBasl Tocka. HarmsaHocTs obecreun-
BAETCs IyTeM HU300paKCHHsI CXeM, TuarpamMm u GopMyll ¢ IOMOIIbI0 Mena. Mcnonp3oBanue rinodans-
HOW KOMITBIOTEPHOU CETH IMO3BOJISIET 00ECIEYHUTh JOCTYMHOCTh MHTEpHET-pecypcoB W pean30oBaTh
CaMOCTOSITEIIbHYIO paboOTy CTYISHTOB. Ha JIEKIHMSIX MOTYT HCIIOJIB30BAThCS MYJIbTUMEIUMHBIC CPEll-
CTBa: MPOEKTOp, MEPCHOCHOW d3KpaH, HOyTOyK. Ha (akynpTere mMeercss KOMIBIOTEPU3UPOBAHHAS
ayUTOpHS, MpeJHA3HAYCHHAS JJII CAMOCTOSITEIbHONW palOOThl, C HEOTPAHWYEHHBIM J0CTyroM B UH-
TEpHET.

Marepuansl: yaeOHO-METOIUYECKHUE TOCOOMs, 3adaHus I ayAUTOPHON M CaMOCTOSITEILHOM pa-
OOTBI CTYJIEHTOB.

VII. Ob6pa3oBarejibHbIE TEXHOJIOTHU

3a1aun U3JI0XKEHUS U U3yUeHUs TUCIUIUIMHBI PEaIU3yI0TCs B CIEAYIOMUX (popMax AesTeIbHOCTH:

e JIEKLMH, HAlleJIEHHbIe Ha MOJIydeHHE HeoOXoauMoW HH(OpMalMH, U €€ UCIOJIb30BaHUE
IIPU PELIEHNHU IPAKTUYECKUX 3a/1a4;

® [IPaKTUYECKHE 3aHATHUS, HAPaBJIEHHbIC HA aKTUBM3ALMIO [T0O3HABATEIBHON AESITEIbHOCTU
CTYZICHTOB U IPUOOPETEHHS UMHU HABBIKOB PELLICHUS MIPAKTUYECKUX U IPOOJIEMHBIX 3a7ay;

® KOHCYJIbTAllMU —€XKEHEIEIbHO I BCEX JKEJIAIOIINUX CTYIACHTOB;

® CaMOCTOsITEeNIbHAsl BHEAyIUTOpHas paboTa HalpaBieHA HAa MPUOOPETEeHHE HABBIKOB CaMO-
CTOATEBHOIO PELIEHUS 3a7a4 110 JUCIIUILINHE;

® TEKyLMH KOHTPOJIb 32 JEATENbHOCTBIO CTYACHTOB OCYILECTBIISETCS Ha JIEKLUOHHBIX U
IIPAKTUYECKUX 3aHATUAX B XOJ€ CAMOCTOATENIHOIO PELICHHS 33a]1a4, B TOM YHCIIE Y JTOCKH.

VIII. OueHoyHble MATEPHUAJIBI ISl TEKYIIEr0 KOHTPOJISI M IPOMEKYTOYHOM aTTecTalluu
@DOH/1 OLIEHOYHBIX CPEJCTB MPEACTABIECH B MPUIIOKEHHH.

8.1. OuleHOUHBIE CpeACTBA ISl BXOJHOTO KOHTPOJIS: He TPEOYIOTCS.
8.2. OrleHOUHBIE CpEACTBA TEKYIIEro KOHTPOJIS - KOHTPOJIBHBIE Pa0OTHl M COOECeI0BaHNE.



JIeMOHCTpAIIMOHHBII BAPUAHT KOHTPOJBHON padOTHI

_ —x2/24a?
3anaua 1. Beraucmuts © (X-7) nng ponsoBoro nakera P(x,1) = de

3anaya 2. Mcnonb3ys pe3yabTaT NpeablAyLIeH 3a1aun, HATH H3MEHEHHE HIMPUHBI ITAKETa CO Bpe-

MCHCM.

IIpumepsl Bonpocos AJ1s1 codece10BaHUs

e Ormucath onepaTopHblid (hopMaiu3M KBaHTOBOI MEXaHUKH.
e JlaTp omnpeneneHne caMOCONPSKEHHBIX OMEPaTOPOB B THILOEPTOBOM MIPOCTPAHCTBE.
e VYKka3aTh OCHOBHBIC CBOMCTBA COOCTBEHHBIX (DYHKITHHA.
e BrruncieHue BEposSTHOCTEN pPe3yIbTaTOB U3MEPEHUS AMHAMUUECKOM BETMUUHBI B IPOU3BOIIb-
HOM COCTOSIHUH.
e VYcioBUE OTHOBPEMEHHON H3MEPUMOCTH TUHAMUYECKUX BEITUYMH.
e Baectu oneparopbl KOOPJMHATHI U UMITYJIbCA U UX COOCTBEHHbIC (PYHKLNHU. YKa3aTh OTINYUS
KOOPJMHATHOTO U UMITYJIbCHOTO MTPEICTABICHHUS.
8.3. OueHouHbIe CpencTBa AJIs IPOMEXKYTOUHOM aTTecTaluu
®dopma npoBeIeH:s TPOMEKYTOUHOM aTTeCTallul — HK3aMEH.

IIpumepHbIii NepedyeHb BONPOCOB U 3aJaHMUI K IK3aMeHY

1.

OHeprus U UMITYJIbC CBETOBBIX KBaHTOB. I unoresa [lnanka. Opdext Komrona. Ilnockas Bonna [le-
bpoiins, e€ dusuveckuii cmpica. KoMTOHOBCKas yIMHA BOJIHBI M JjiMHa BoJiHBI Jle-bpoins. du-
(bpakus MUKPOYaCTHII.

. bopHoBckas unrepnperanus BoiaHoBoM pyHkuuu. [IpuHiun cynepnosumnuu coctosHuil. Pasnoxe-

HUE MPOU3BOJILHOTO COCTOSIHUS TIO TUIOCKUM BosiHaM Jle-Bbpoiinsa. ®usmueckuii cMbica kodhduim-
€HTOB pasyioxkeHnus. Popmanusm upaka.

. ®azoBoe IMPOCTPAHCTBO KBAaHTOBOM cucTeMBl. COOTHOIIEHUE HCOMPECACIICHHOCTH KOOpAMWHATAa-

HUMITYJIBC. OHGHKa OHEPIrUr OCHOBHOT'O COCTOSAHUA TAPMOHUYCCKOTI'O OCHWIIIATOpPA U aTOMa BOAOPO-
Ja.

. OneparopHblii popmanu3M KBaHTOBOM MexaHUKH. CaMOCOTPSKEHHBIE OTIEPaTOPhl B THIHOSPTOBOM

npoctpancTBe. Oneparopbl KOOPAUHATH M UMITYJIbCa U MX COOCTBEHHBIE (GyHKIMU. CpeHee 3Have-
HUE 000 AMHAMHYECKON BETUYMHBI B MPOU3BOJIBLHOM cOCTOSHUH. OCHOBHBIE CBOWCTBa COO-
CTBEHHBIX (DyHKIMIA. Bbruncienue BeposSTHOCTEH pe3ylbTaToOB U3MEPEHUST TUHAMUYECKON BEITHYH -
HBI B IIPOU3BOJIBHOM COCTOSIHMH. Y CJIOBHE OJHOBPEMEHHON MU3MEPUMOCTH JUHAMUYECKUX BEIINYUH

. FamunbroHMan cBOOOHON YacTHUIBI. beckoHewHOe BBIPOXKIACHHE cocTOsTHUI. O000IeHne Ha CITy-

yail BHelHero nojis. YpasHeHue lllpenunrepa. 'aMubTOHHAH KaK T€HEPATOP HBOJIFOLUU CUCTEMBI
BO BpeMeHH. YpaBHeHUE HernpepblBHOCTU. [oTHOCTH Toka. HopMupoBka miockux BoiH. Craruo-
HapHble cocTosiHus. CranuoHapHoe ypaBHeHue lllpenannrepa. ®@EHOMEHOJIOTMYECKOE OIMCAHUE
KBa3MCTALIMOHAPHBIX COCTOSAHMM. EcTecTBeHHAs MMpPHHA CIIEKTPAIbHBIX JIUHUN U BPEMS KU3HH.

. DBOJIIOLINS OIIEPAaTOPOB BO BpeMeHU. VIHTerpansl ABMKEHNUS.
. KBanroBanue rapmonnueckoro ocuusuiatopa. [lopblmaromiye u NOHMKAIOLIME ONIepaTopbl. JHepre-

TUYEeCKUI cnekTp. BomHoBas (yHKIMS OCHOBHOIO COCTOSIHUSA. MaTpuyHbIE 3JE€MEHTHI orepaTopa
KOOPJMHATHI.

. KBaHTOBaHME MOMEHTa KOJIMYECTBA JABMOKCHUA METOAOM ITOBBIINAOINNUX W ITOHMXKAKOIIHUX OIICPaTO-

poB. Anre6pa MOMEHTOB KOJHMUYECTBa JABIKeHHUA. Peanusanus anreOpsl B AuddepeHunaibHol U



MaTpu4HOi (popme. CoOCTBEHHBINT MOMEHT KOJMUYECTBa ABMKeHUS (cruH) CHeKTphl KBaJapara MoO-
MeHTa U 3-eii npoekiu. CoOCTBeHHbIE (DYHKIMM OpOUTAIBHOTO MOMEHTA KOJIMYECTBA JBMKEHHUS.

9. Yacruna B cdepuvecKkr-CHMMETPUYHOM mojie. Pa3nencHue nepeMeHHbIX. PajnanbHOe ypaBHEHHUE
penunrepa. Knaccupukanus coctosHuil B chepruuecKu-CUMMETPUYHOM IoJie. ATOM BO0OpO/a,
€ro CIEKTP U BOJIHOBAsi (PYHKLUS OCHOBHOTO COCTOSIHUS. BBIpoXkIeHHE SHEPreTHYeCKUX YPOBHEH U
€ro Npupoja.

10.TamMunpTOHNAH 3apsHKEHHON YaCTHIIBI B TIPOU3BOJILHOM AJICKTPOMArHUTHOM TI0Jie. ATOM BOJOpO/a
B TIOCTOSIHHOM MarHUTHOM Iojie. BonHoBast GyHKIMs 1 sHepreTuueckuil cnektp. YacTuuHoe cHs-
THE BBIPOXKJICHHS.

11.KBanTOBOE OmMMCaHue AByXaTOMHOM MOJICKYJIbl. TEMI0eMKOCTh IIPU Pa3IHsIHbIX TEMIIEpaTypax.

12. JIBmxeHue 4acTuipl B EPHOANYCCKOM roiie. TpaHCIsuoHHass WHBApUAaHTHOCTh. COOCTBEHHBIC
(byHKIMU ¥ COOCTBEHHBIE 3HAUEHUS OTlepaTopa TpaHCIAIMH. 30HHAs CTPYKTypa crekTpa. Pazmoxe-
HUE CIieKTpa Ha "mHe" M «kpasx» 30HbI bpummosna. Meron «a¢hdhekTuBHON Macch»

13. CiuH anekTpoHa. DKCIIEPUMEHTAIBHOE TOKA3aTeNIbCTBO CYIISCCTBOBAHUS CITUHA dJieKTpoHa. Orne-
parop cnuHa. CriuHoBbie QyHKIMH. YpaBHeHue [laynu. J[BrokeHHE CIIMHA B MOCTOSIHHOM M Tepe-
MEHHOM MarHUTHBIX TTOJISIX.

14. Craumonapsast Teopust Bo3MyIeHUs. HeBBIPOKICHHBIN CITydaii.

15. CrammonapHast Teopust BO3MYIIEHUSA. BRIpOKICHHBIN CIyJaii.

16. HecrannoHapHasi Teopusi BO3MYIICHUsI. Pe30HAHCHBII XapaKkTep KBAaHTOBBIX MEPEXOIOB.

17.TloBenenre BOMHOBBIX (YHKIMH Ha OOJBIIMX M MalbIX PacCTOSHHsX. [IpuYnMHa KBaHTOBAaHUS
SHEPIHH.

18.TlocTaHoBKa 3a7a4u B TEOPUH CTOJIKHOBEHUI MUKpO-dacTHil. CBsI3b MEXKIY aMIUIUTY0N paccesi-
HUS ¥ aCHMIITOTHYECKUM TIOBEJIeHHEM BOJHOBOH ¢yHkumu. Cedenue paccestaus. bopHoBckoe nmpu-
0N KeHHe JUIs aMIUTUTYbl PACCESHUS.

19. Pacuer aMIIUTY/ bl M CEYCHUS TIPH PACCESIHUH HA KYJIOHOBCKOM M FOKaBCKOM TTOTEHITHAJAX.

20. AMIuTy 12 paccesiHus 3apsDKSHHO 9acTUIbI Ha CiioxkHOM atoMe. DopmpakTop aroma.

21.Tounas Teopusi paccesHus. PazinokeHre aMIUTUTYIbl HA HapiHaibHbie BOJHBL Paza paccesHusl.
VYcnosue ynpyroit yautapaoctu. Ontudeckast reopeMa. Mozenb abCOII0THO YEPHOTO JTUCKA.

22.TIpoxox/IeHre YacTUI[ Yepe3 MOTCHIUaIbHbIi 0apbep TyHeabpHbINH 3(dexT. X0omoaHass SMUCCHS
MeTauIoB. VICue3HOBEHHME CHIEKTPAIBbHBIX JIMHUM B CWJIBHOM JJIEKTPUYECKOM moje. TpéxmepHsli
NOTEHIMAIBHBIN Oapbep. KBazucraunonapHusle cocTosiHUS. Teopus paJuoOKTUBHOTO paciajia.

23.KuHemMaTHKa U3Ty4eHUS U TOTJIOMCHUST (DOTOHA HeCTaOMIBHBIM CBOOOIHBIM SIIPOM. DHEPTHsI
OTJauu A1pa U BKJIAJ e€e B dHeprtuio (ortoHa. JloriepoBckoe ymmpeHue auHuN. OnpeneneHue
TEMIIEPATYPHI 3BE31.

24.HectabunbHoe sapo B mose ocumuisatopa. dhdekr Meccbayspa. Pakrop Jebdas -Bamiepa.

25. KoHBepcus 1a3epHOTro U3IyYCeHUs! TPU PACCETHUH Ha OBICTPBIX 3JIEKTPOHAX.

26.KBantoBanue bopHa - UH(enbaa B siuke. BeraucieHne cCTaTHCTHYECKON CyMMBI OJTHO# ¢BOOOI-
HOU YaCTHIIBI.

3ananus:
1. HaiiTi n3meHeHne IIMHBI BOJIHBI (POTOHA MPU YIPYTOM PACCEsSHUU Ha TOKOAIIEMCS dIIEKTPOHE

(3¢ ekt Komnrona). J[aTh HHTEpIpETALMIO SKCIEPUMEHTAIbHBIX JTaHHBIX, MOITy4eHHbIX KomMnToHOM
B TIpoliecce paccesHusi GOTOHOB Ha mapaguHe.
2. Haiitu n3menenue suepruu GoTOHA NPU YIPYTOM PACCESTHUU Ha PENIITUBHUCTCKOM 3JIEKTPOHE



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

3. Haiitu Eq' npu Eq = 1, 2 eV (undpaxpacusiii n1azep Ha HeoguMmoBoM ctekie), Ep = 46 GeV
(ycxopurens SLAC, onbiTel o HenuHeliHoMy 3¢ dekty Komnrona, 1996 r.) m Eq=1,2 eV, Ep =5
GeV (yckopurens BOIII-4M, onbITh 1O paciieruieHnio (oToHa B modje sapa, 1997 r.).

4. [Touemy cBOOOHBII 3JEKTPOH HE MOXKET MOTTIOTUTH WM U3NMy4YuTh (hoToH. Haiitu sHepreruye-
CKHUH CTIEKTp U3ITy4eHHs aOCOIIOTHO YEPHOTO Tela, UCNOJb3yst cooTHomienus [lnanka: E = pc u p =k,
rie k = 21/A — BOJIHOBOW BEKTOp, A — JNTMHA BOJHBI (DOTOHA.

3. [Tonarast, yto /u1d JUpakIUU Ha KPUCTAUIMYECKONW PEILETKE MOJIE3HO UMETh YACTHUIIbl C A =
10—8 cm, HaliTi sHEpruto (HOTOHA, JIEKTPOHA U HEUTPOHA C TAHHOH IJTMHOW BOJIHEI.

6. VYAbTpaxoa0JHBIMUA Ha3bIBAIOTCS HEUTPOHBI, CKOPOCTh KOTOPBIX V < 1 m/c. Haiitu ux mimny
BOJIHBI Jle-bpoiins.

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

8. OueHuTh U3 COOTHOIIECHUSI HEONPEASIEHHOCTH SHEPTUI0 OCHOBHOI'O COCTOSIHUSL YaCTUILIBI B MO~
Jie OJHOMEPHOI'0 TAPMOHHYECKOTO OCHUIIIATOPA.

9. OueHuTh U3 COOTHOUICHHSI HEONPEAEICHHOCTH SHEPTUI0 OCHOBHOTO COCTOSTHHS JJIEKTpOHA B
aToMe BOJOpPO/a.

10. Haiiti paauyc cHIIBHOTO B3aMMOJEUCTBUSA, KOTOPOE 00YCIIOBIEHO OOMEHOM BHUPTYaIbHBIM T-
ME30HOM.

11. ITokazaTh, 4TO MPOU3BOJIBHBIN JTUHEHHBIHN orepaTtop L MoxHO npeacTaButh B Buje L = A +iB
rae A u B — 3pMUTOBBI OnIepaTopHI.

12. Jloka3zatsk, uTo ams moobix oneparopoB A, B u C cnpasemmuso ToxkaectBo[A, BC] =[A, B ]°C
+ B[A,C .

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

14.  Jlns onepatopa C , omnpesieneHHOro B MpeablIylieil 3ajadye, HailTu coOCTBeHHbIE (QYHKIMH U

coOcTBeHHBbIe 3HaueHHs. [IpoBeputTh, 4TO COOCTBEHHBIE 3HAYECHHS STOrO OIEpaTropa MOTYT OBITh
KOMIIJICKCHBIMHU, a COOCTBEHHEIE (I)yHKI_[I/II/I, OTBCUAIOMIKUC PA3JINYHBIM COOCTBEHHBIM 3HAa4YCHUSIM, HEC
0053aTeIbHO OPTOTOHAJIBHBI.

15. [Tokazarp, 4T0 cOOCTBEHHBIE (PYHKIMH 3PMHUTOBOIO ONEPATOPA OPTOTOHAIBHBI MEXKIY COOOH,
€CJIM OHU COOTBETCTBYIOT Pa3IMYHBIM COOCTBEHHBIM 3HAUCHUSIM.

16.  Iloka3arp, 4TO COOCTBEHHBIE 3HAUEHHSI SPMUTOBOT'O OIlEpaTopa BCETAa ACHCTBUTEIbHBI.

17. [Toxazate, uro BoaHa [le-bpoiiis He mpUHAIEKUT THILOEPTOBY IPOCTPAHCTRY.

18. Haiitu oOmiee pemenue ypaBuenus lllpenunrepa st cBoOOAHOM YacTHIBI M TOKA3aTh, YTO

OHO OECKOHEUYHO BBIPOKJICHO.

19. [TokazaTh, 9TO MIIOTHOCTH TOKA ] JIJIsl SJIEKTPOHA B OCHOBHOM COCTOSIHMM aTOMa BOJOpOJa PaB-
Ha HyJt0. CnecTBUEM 3TOro (akTa sSBJIsSeTCs] CTA0MIBHOCTh aTOMa BOJAOPO/Ia B OCHOBHOM COCTOSIHHH.
OOBSICHUTDH TTOUEMY.

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

21. Haiitu cpennue 3Ha4eHUs] KHHETUYECKON M MOTEHIIMAIBHOM dHEpruil. Beruuciauts npoussee-
HUE HEOTNpeesIeHHOCTe KOOPAUHATHI M uMIyJibca. KakoB BUJ BOTHOBON (DYHKUIHU B UMITYJIECHOM
npecTaBiIeHUH?

22. HaiiTi sHepreTHueckuii CeKTp U BOJHOBBIE (DYHKIIMH YAaCTHUIIBI C 3apsAOM € U Maccoil m, Ha-
XOJISIIeHcs B MOJI€ TAPMOHUYECKOTO OCIMILISTOPA U B MIOCTOSTHHOM 3JICKTPUUYECKOM I10JIe HAMPSIKEH -
HocThi0 E. CunrtaTh BOTHOBBIE (DYHKIIMH U CHEKTP JMHEWHOTO TapMOHUYECKOTO OCHMIUIATOPA 3aaH-
HbIMU. J[BI>KEHHE OJJHOMEPHOE.



Ilpumep mecmogwix 3a0anuii 011 NPOGEPKU CHOPMUPOCAHHOCIU KOMNEMEHYUIL, YKA3AHHBIX bliie n.3:

1. YcioBus HEONPENAENEHHOCTH IS P U X

1 APAXZﬁ
2

2 APAX>h
h

3 APAXZg

2. CnekTp ocuuIsaTopa

1
n+—

E=h
1. o\ nts

2. E=ho(n)

how
E=—
3. >

3. Ces3b k03 durenTa npoxoxacHust R u orpaxkenus D (omHOMEpHBIH ciyyaii)

1. R+D=1
2. R*+D*=1
3. R+D=5

Pa3patGorunkmu:

///I / noneHt kadeapsl Teopernueckont duzuku  C.B. JloBoB

CF =V

[Iporpamma coctaBieHa B coorBeTcTBUU ¢ TpeboBanusmu @I'OC BO no HanpaBieHUIo MOAr0OTOB-

ku 03.03.02 ®dusuka.
IIporpamma paccMOTpEHa Ha 3acelaHUK KaeIphbl TEOPETHIECKON QU3HKH

«12» mapra 2026 T. .
[IpoTokon Ne7 3aB. kadenpoii / C.B. JloBuos

Hacrosimmasi mnporpamMMa He MoOXeT ObITH BOCIpPOU3BedeHA HU B Kakoil d¢opme 0e3

NpeIBapUTeIbHOI0 NMCHbMEHHOI0 paspeleHust kKadeapbi-pa3padoTynka NporpaMmal.



