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1. Ileau M 3aga4u OCBOEHHS JUCHHUILIHHBI

Lenv oceoenusa Oucyunaunel: 00ECTIEUUTh 3HAHUE TEOPETUUYECKUX OCHOBAHHI KBAaHTOBOMU
TEOPHH, OCHOBHBIX (PM3MUECKUX CHCTEM U 3aKOHOB, ONMCHIBAEMBIX KBAHTOBOW T€OpHEl, TOUHBIX H
MpUOIMKEHHBIX METO/I0B KBAHTOBOM TE€OPHUH; O3HAKOMUTH C COBPEMEHHBIMH KOHIIETIIIUSIMU TEOPUU
CHJIBHBIX, CJIa0BIX W DJEKTPOMATHUTHBIX B3aUMOACWUCTBUI. , YMEHHE pelaTb THIIOBBIC 3a7add
KBaHTOBOH Teopuu. (POPMUPOBAHKE Yy CTYACHTOB 3HAHUN IO KBAaHTOBOIl (PU3UMKE — OCHOBE COBpeE-
MEHHOT'0 IOHUMaHUs CTPOEHUS MUKPOMHUPA;

3adauu oceoenus oucyuniuxvl: 1aTh 0a30BbIE OOIIETEOPETUUECKHE 3HAHUS 110 KBAaHTOBOM
TEOpUH U CHOPMHUPOBATH CIOCOOHOCTH MCIIOJIB30BAaTh TEOPETHUUECKUE 3HAHUS JJIS PEIICHUs Mpo-
(beccruoHaIbHBIX 3a7au.

2. O0bexThI NPodecCHOHATBHOM 1eSITeILHOCTH MPU U3YYeHUH TUCHUILTHHBI (MOTYJIA)

O0bexTamu npodeccuoHaIbHON JeITEIbHOCTH B paMKaX M3y4aeMOM AMCHUIUIMHBI (MOJTYJIs)
SBIISIIOTCSL:
— (uU3MUECKHE CHCTEMBI Pa3IMYHOr0 MaciiTaba ¥ YpOBHEH OpraHM3alliH, MPOLECCH UX (YyHK-
LIUOHUPOBAHMS;
— (Qusnueckue, WHXEHEpHO-(U3NYeckne, Ouoduznyeckre, XUMHUKO-(DU3UYECKHE, MEIHKO-
¢buznueckue, NPUPOI00XPaHUTEIbHbBIE TEXHOJIOTHH;

— (¢usnueckas KCIepTu3a U MOHUTOPHHT.

3. Mecto nucuuniaunbl B cTpykrype OITOIL

Hucnunnuua b1.6.12.4 «KBantoBas Teopusi» aBisercs o0A3aTeNbHON TUCIUILIMHON MOIYIS
«Teoperndeckas gusnka». M3yudaercs B 6—M cemecTpe 3—T0 Kypca.

K nauany u3yueHus IUCHUIUIMHBI CTYAEHTHI JOJDKHBI UMETh TBEPABIC 3HAHUS AMCLUUIUIMH U3
Monynel «Marematuka», «O0mas ¢puszuka» u «Teoperndeckas punkay.

[Tocne ocBoeHHUs Kypca CTYACHT OyJeT MOJATOTOBIIEH K BBIIIOJHEHUIO BBHIMYCKHOW KBan(uKa-
[IUOHHOM pabOTHI U TTOCHIEAYIOIIEH TPO(EeCCHOHATBHON AESTETHLHOCTH.

4. Ilnanupyemble pe3yabTaTbl 00yYeHHs MO AMCHMUILIMHE (MOAYJI0), COOTHECEHHbIE C IIa-
HHUPYEeMbIMH pe3yJibTaTaMH OCBOCHHsSI 00pPa30BATeJbHON NPOrpaMmbl (KOMIIETCHIUSIMHU
BbINYCKHHKOB)

Pa3zoen 3anonusemcs 6 coomeemcmsuu ¢ Kapmamu KOMnemeHyutl.
®opmupyemMble KOMIIE-

TEeHIUU
(K00 KomnemeHnyuu, ypo- Ilnanupyemble pe3yJbTaThl 00y4eHHs MO JUCUUILIMHE (MOAYJII0),
séeny (man) oceoenus) XapaKTepu3youiue 3Tanbl (OPMUPOBAHUS KOMIIETEH I

(nocrednuii — npu HaruyUU
6 Kapme KoMnemeHyuu)

OIIK-3: crtoco6HOCTH Hc- 3HaTh:

I0JIb30BaTh 0a30BbIe TEO- 0a30BbIe pa3Jielbl 00IIEH U TEOPETHUECKON (PH3UKH: OCHOBHBIC TTOHSI-
peTnyeckue 3HaHus QyH- THS1, MOJIEJIN, 3aKOHBI 1 TEOPHH.

JlaMEHTAIbHBIX Pa3/IciiOB Kon 31 (OIIK-3)

001I1eii ¥ TeOPETUIECKOM 3HaTh:

(U3MKY U peLIeHUs IPO- | TEOPETHUYECKHE M METOAOJIOTHYECKUE OCHOBBI OOLIEH U TEOPETUIECKOM
(heccroHaIbHBIX 3a/1a4. (U3UKHU ¥ cIOCOOBI MX MCHOJIB30BAaHMS IPY PELICHNH KOHKPETHBIX (QH-




3UYECKUX 3a7ad.
Kon 32 (OIIK-3)

YMmern:

pelaTh THUIOBBIE YUeOHbIE 3a7aul [0 OCHOBHBIM pa3JiesiaM o0LIel U
TEOPETHIECKON (DU3HKH;

IPUMEHSTh TOIY4YEHHYI0 TEOPETUIECKYIO 0a3y ISl pelleHUs] KOHKPET-
HBIX MIPAKTUYECKUX 3afjay, FPaMOTHO paboTaTh ¢ HAY4YHOM JIUTEPATypOH
C MCIIOJIb30BaHUEM HOBBIX HH()OPMAIIMOHHBIX TEXHOJIOTHHA.

Kon Y1 (OIIK-3)

Ymern:

MPUMEHSITh TIOy4YeHHbIE TEOPETUUECKUE 3HAHUS Il CAMOCTOSTEIBHOTO
OCBOCHHS CIIEHUANIBHBIX Pa3esoB 00IIel U TEOPETHUECKON (PU3HKH,
HEOOXOAMMBIX B TIPOhECCHOHATLHOHN IeITeTbHOCTH;

OTIpeNIeNIAThH HEOOXOIUMOCTD MPUBJICUCHHUS AOTIOHUTEIbHBIX 3HAHUHN W3
CIEIMAJIbHBIX Pa3/eoB 00LIel U TeoOpeTHIecKoi (Gr3nKN ATl pereHns
podeCCHOHANILHBIX 33]1a4;

NPUMEHSThH 3HaHUs 0a30BBIX AUCIUILTHH MO O0IIEH U TEOpeTHIECKON
¢du3uKe 1A aHaIM3a U 00pabOTKK Pe3yNbTaTOB (PU3MUECKUX IKCIIEPH-
MEHTOB.

Kon Y2 (OIIK-3)

Baagers:

HaBBIKAMH CaMOCTOSITENIEHON PabOTHI ¢ y4eOHOH JINTepaTypoii 1Mo 6a3o-
BEIM pa3zjiesiaM OOIIeH U TeOpEeTUIeCKON (UHKH;

OCHOBHOM TEPMHUHOJIOTUEH U TIOHSITHIHBIM aIlliapaToM 0a30BbIX pasze-
JIOB 00IIEel 1 TEOPETHIECKON (DU3HKH;

HaBBIKAMU peleHus: 0a30BbIX 3a7a4d 10 OOIMIeH U TeopeTHIecKor hu3u-
Ke;

OCHOBHBIMU METOAAMHU HAYUHBIX I/ICCHGI[OBaHI/II\/'I; HaBbIKaMM ITPOBCACHUA
¢usngeckoro (JJaOOPaTOPHOTO) SKCIIEPUMEHTA.

Kon B1 (OIIK-3)

Baagers:

HaBBIKAMH HCIIOJIb30BAaHMSI TEOPETUUECKUX OCHOB 0a30BBIX PA3/EIIOB
o0mielt 1 TeopeTHUECKON (PU3UKH MPU PEIICHNH KOHKPETHBIX (U3nye-
CKHUX 3ajad.

Kox B2 (OIIK-3)

5. O0beM AUCHUILIMHBI (MOAYJISA) B 3a4€THBIX €IUHUIAX € YKA3aHMEM KOJUYECTBA aKaje-
MHYECKHX MJIH ACTPOHOMHUYECKHX YaCOB, BbIIEJIEHHBIX HA KOHTAKTHYI0 padoTy o0yuaro-
IIMXCA C mpenogaBaresieM (10 BUAaM y4eOHbIX 3aHATHI) U HA CAMOCTOSITEJILHYI0 padoTy
o0yuarwuuxcsi

O0bemM TUCIUTUTMHBI (MOIYJIS) COCTABIsET 4 3a4eTHBIC €IUHUIIBI, Bcero 144 daca, u3 KOTo-
PBIX:
68 yac cocraBisieT KOHTaKTHasi padoTa 00y4arolIerocsi ¢ npenogaBarejaemM::
34 yaca — JIEKIIMOHHBIE 3aHSATHS;
34 yaca — MpaKTUYECKHUE 3AHSITHUA.
4acoOB — MEPOIPHUSTHS TEKYILIETO KOHTPOJIS YCIIE€BAEMOCTH?,
27 4acoB — MePONPHSAITHS MPOMEKYTOUHOI aTTecTanuu’ (IK3aMeH KaxKI0M ceMecT-

pe),

1 Ilepedyens BUAOB y4eOHBIX 3aHATHI YyTOYHSETCS B COOTBETCTBUH C Y4€OHBIM IJIAHOM.

2 B ckoOkax HEOOXOANMO C/IeNIaTh YTOUHEHHUE, €CIIM MEPOIIPHATHS TEKYIIEro KOHTPOJIS YCIIEeBaeMOCTH | (WIIH) IIpOMe-
KYTOUHOH aTTecTaluu (HampuMep, 3adeT, A1 GepeHIIMPOBAHHBIN 3a4€T) MPOBOAATCS B paMKax 3aHATHI CEMHHApCKO-
'O TUIIA, TPYIIIOBBIX WM HHAMBUAYAJIbHBIX KOHCYJIbTAIMH.



49 yacoB cocTaBJIseT CaMOCTOsITeIbHAA padoTa o0y4yaromerocs.

6. Coaepxanue TMCHUILUIMHBI (MOYJIsl), CTPYKTYPHPOBAaHHOE M0 TeMaM (pa3jejiaM) ¢ yKa3a-
HHEM OTBEJCHHOI'0 HA HUX KOJIMYECTBA aKaJeMHYECKHX MJIM ACTPOHOMMYECKHX YACOB H
BHU/IbI y4eOHbIX 3aHATHIA



HaumeHnoBaHue u KpaTKoe€ cojiepkaHue

B tom uncie:

KonTakTHas pa6oTta (padoTa Bo B3auMo/IeilicTBUH
C mpenogaBaTesieM), 4achl U3 HUX®

CamocTosiTe/IbHAsI
padorta
o0yyarouierocs,
qachbl, 13 HUX

npeacrasieHus. IlpeoOpazoBaHue omnepaTopoB H

Pa3aesioB U TeM QMCHUITUHBI (MOIYJIsT) Beero E E ® YueOHbIe 3aHATHS, )E .
= E QS) 9 = E = HarpaBJICHHBIC Ha ° c% o r:
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Z § % s §‘ s S ? E ? (KOJITOKBHYMBI, =] E E 5 % /M
§ § [% é — 2 E 2 MPaKTUYECKHUE KOH- M g = —g-
= E =~ TPOJIbHBIE 3aHATHS e =¥
= @) u ap.)*
6—ii cemecTp
Beéeoenue. KpantoBas mpupola MHUKPOMHPA.
Boaner Jle-bpoiins. BeposiTHocTHOE omucaHue co-
CTOSTHMH (DU3MYECKUX chUcTeM. BoiHoBas QyHKIHAL.
DU3NYECKUE BEIWYMHBI B KBAHTOBOM MEXaHHUKE.
Oneparopsl (pu3nueckux BenwmduH. COOTHOIIIEHUE 2 2 4
HeonpeenEHHOCTEN.
Ypasuenue Illpéounczepa. Ypasuenue llpénun-
repa ajs OAHOW YacTHULbl. YpaBHEHUE HENPEPHIBHO-
ctu. 3MeHeHne 3HaYeHNH (U3NYECKUX BEIWYUH CO
BpeMeHeM. CTalmoHapHBIE COCTOSHUSI.
Juneinotii 2apmonuueckuii ocyunnamop. Cra-
LHUOHApHBIE COCTOsHUA. YETHOCTH cocTosHud. Boi-
HOBOM MaKer.
Ilpamoyzonvnan nomenyuanvnaa ama. Cramnm- 2 2 4
OHapHbIE cOCTOsSIHUS. MMmynabCcHOE pacmpeneieHue.
CBo0OoHOE NBIKEHHME YacTUIbl. MHQUHUTHOE NBH-
JKEHHE B 10JI€ sIMbl. IMITyJIbCHOE TIPE/ICTaBICHUE.
IlIpeocmaenenue Iaiizendepea. DKBUBAICHTHBIC 2 2 4

3 Hepeqeﬂb BHU/JIOB y‘IGGHbIX 3aHITHI YTOUHSACTCA B COOTBETCTBUU C y‘-[eGHbIM IIJIAaHOM.




BOJIHOBBIX (DYHKIIMH TPH MPEOOpa3OBaHUIX CHUCTEM
orcuéra. CBOOOMHOE IBMKEHHUE W OCHIILIATOD B
npezacrasiennn ['aiizenbepra. Odo3nauenus Jupaka.

Mampuunan gopmynupoexka Keanmoeoii mexa-
HuKu. Matpuipl ornepaTopoB (U3MIECKUX BEITHIHH
s ocuuisATopa. OmnepaTopsl pOXKACHHUS W YHHUTO-
xeHust. KorepeHTHbIE COCTOSHMSI.

Mampuuya naromuocmu. Yuctele U CMEIIAHHBIC
COCTOsIHMSI. MaTpulia INIOTHOCTA U CTaTUCTUYECKUI
onepaTop. Martpuiia IIIOTHOCTA COCTaBHOM CHUCTEMBI.
Cucrema B TepMOCTaTe.

[eusicenue 6 cihpepuuecku-cummempuuHom no-
ne. CranioHapHBIE COCTOSHUS JUISI TIOTEHIMAJIOB C
ObICTpBIM yOBbIBaHWeM. OmepaTop MOMEHTa KOJHYe-
ctBa aBwkeHHsA. CdepruuecKu-CHMMETPUYHAS TIPs-
MOYTOJbHAS SIMa.

12

12

Kynonoeckoe none. Crextp BOIOPOIONOA00HO-
ro atoma. KBantoBble «opOuThl». Tabmuna Menpe-
neeBa. M30TpomHbIA TPEXMEPHBIA TapMOHUYECKUN
OCIHJLIATOP.

Momenm konuuecmea osuicenus. Ksantopanue
C MOMOUIBI0 TIEPECTAHOBOYHBIX COOTHOLIEHUI. Mat-
puipl  orepatopoB MomeHTa. CIUHOBas BOJHOBAs
¢ynkims. Crius V5.

Cnoocenue momenmos. OnepaTop MarHUTHOIO
MoOMeHTa 4acTuubl. [Ipeneccus cnuHa 37IEKTPOHA B
MarHutHOM mosie. OneiT Lltepra—I'epnaxa.

Keazuknaccuueckoe npubnuncenue. Meron
BKb, ycnoBue npumennmoctu. KBasukiaccuueckue
BOJTHOBBbIe (hyHKIMH. TyHHENbHBIA >¢dekxT. Bapua-
I[IAOHHBII METOJ.

Teopusa eo3myuwienuii. Teopust BO3MYILIEHUN JUIst
CTaIlIOHAPHBIX COCTOSHUM C IUCKPETHBIM CHEKTPOM;
nepBoe M BTOpoe MpHOmmKeHus. Teopus Bo3Mylie-
HUH PU HATMYUW OJTU3KHUX YPOBHEH.

Hexomopbie npumeHneHus meopuu 603MyuieHull B
3agadax atoMHoil ¢u3uku. KBaHTOBas yacTuuma BO




BHCHIHEM JJICKTPOMAruovuTHOM IIOJIC. MarauTHbie U
OJICKTPHUYICCKUE CBOMCTBA BEIIECTRA.

Teopus cummempuu. [ToHATHE CHMMETPHU B KBaH-
TOBOW MexaHuke. [IpuMeHeHue Teopuu TIPYIIIL
I'pynna TpéxMepHBIX BpalleHUHd U €€ MpeacTaBlie-
HUSL.

I'paouenmnan uneapuarmHuocms W JIOKAIBHBIC
U(1)-xkamuOpoBouHble MpeoOpa3oBaHus BOJHOBOM
¢hyakun gactunpl. [IpuHIHN JOKaTBEHOW KamuOpO-
BOYHOW MHBApPHAHTHOCTH, €r0 OOOOINCHWE Ha He-
abenessl rpynnsl SU(N) kak ocHoBa (usuku hyHaa-
MEHTaJIbHBIX B3aUMOJICHCTBUH.

12

12

3apasdicenHas 4acmuya 6 NOCMOAHHOM O0O0HOPOO-
HOM MazHuUmHoOM noje. YpoBHU JlaHnay, 1eno4yuc-
JICHHBIN KBaHTOBBIN 3¢ dexkt Xoia, apdekr Aapo-
HOBa-boma.

Ilpunyun HepazIUUUMOCIMU  MOXHCOECHIBEHHBIX
yacmuy. bosze- 1 OepMU-CTATUCTHUKA, IIPUHLIAI 3a-
npera Ilaynu. IIpocTpaHCTBO COCTOSIHUII CHUCTEMBI
TOKJIECTBEHHBIX YaCTHII, CIIOCOOBI 3a7aHus Oa3uca B
3TOM MPOCTPAHCTBE.

Oomennoe e3aumooeiicmeue. DddexTuBHOC
CIHMH-CIINHOBOE B3aUMOJAEHCTBHE  KakK CJIEJICTBHE
0OMEHHBIX 3¢ dhexTos. [Ipupona (an-
tH)peppomarnernzma. OgHOMepHbIH  (peppomarHe-
TuK ['eit3endepra. CnMHOBBIE BOJIHBI

Teopusa 06yxaieKMpOHHBIX aAmMOMOE, TNapa- U
OpTO-cocTOsIHUS, 0OMeHHble 3(dekTs. MHOTO03J1eK-
TpOHHbIE aTOMBl. [IpHONMKEeHWE  EHTPaJbHO-
CUMMETPUYHOI0 caMocoriacoBaHHoro nojs. Craru-
cruyeckuid Merosr Tomaca-®epmu

B3aumooeiicmeue amomoeé na 6Goavuiux pac-
cmoanuax. Cuibl Ban-nep-Baansca, oOMeHHBIE 3-
¢extel. KBaHTOBas TeOpUs MOJIEKYJISIPHOM CBS3H.
AnunabaTuieckuii meron bopua-Onmenreiimepa.
Monekyna Bomopona B mpubmwkeHun [ aiTiepa-
Jlonmona. TUIBI XUMHYECKOI CBSI3U

12

12




Hecmayuonapnaa meopusa eosmywienuit ([u-
paka). O0mas TmocTaHOBKa 3a7aqd TSI KBAHTOBBIX
nepexoqoB. [loBelneHHe CUCTEMBI MPU MTHOBCHHOM
U anuabdaTHYecKoM M3MEHCHHMU TOTEHIMaia. 30J10-
Toe mpaBwio (DepMH) A CKOPOCTH TIEpexona B
MIEPUOANYECKOM BHEIIHEM TOJIE B IEPBOM MOPSAKE
TEOPUHU BO3MYIICHUH, 00JIACTH €TO0 MPUMEHUMOCTH.

Mampuuya peaxyuii. 1IpsiMble 1 nocie10BaTENb-
HBIE TIEPEXOJBI B HENPEPHIBHOM CIIEKTPE I He3a-
BUCSIIETO OT BpPEMEHM B3auMojeicTBus. Martpuiia
peaxuuii (T-omeparop) kak cymMMa OOPHOBCKOTO psi-
Ja Teopuu Bo3MmylieHui. IlomHas ckopocTh mepexo-
Jla TP HECOBIAJAIOININX HAdadbHOM M KOHEYHOM
COCTOSHHUAX

S-mampuya. YpaBHenus Jlunmmana-llIBuHrepa
B ONEpaTOPHON M BEKTOpHOW (popmax. S-marpmaHas
(dopmynHupoBKa 3amaund 0 mepexonax. B3anMocBs3b
MEXJy MaTpUYHBIMU 3JeMeHTaMu S- u T-maTpui.
CkopocTs mepexofa B oOmeM ciydae. Onrudeckas
TeopeMa JUIsl KBAHTOBBIX IEPEXOMIOB KaK CIIEJCTBHE
YHUTAPHOCTU 3BOJIIOIUU. Hepexom)l B CHCTEMaxX
TOXKJIECTBEHHBIX YaCTHI], 0OMEHHBIE 3P (EKTHI

Jeonwyua cocmoanuil, NTPUHALISKAIUX He-
MPEPBIBHOMY  JHEPreTHYECKOMY CIIEKTpY. 3aKOH
pacraza ¥ BpeMsl XU3HHM KBa3HCTALMOHAPHOIO CO-
crogHus. Dopma U MHTEHCUBHOCTh NUHHMH. (Co0OT-
HOILIEHUE MEXY NMOJIYIINPHUHON U BPEMEHEM JKU3HU.
OO6parenre BpeMeHU B KBAaHTOBOW MeXaHHKe. Teo-
pemMa B3aMMHOCTH W NMPHHLUI JETaIbHOI'O PaBHOBE-
cust Juis oOpallleHHBIX BO BPEMEHHU IepexoqoB. Teo-
pema Kpamepca

HHomenyuanvnoe pacceanue. Amnauryna u
IudQepeHInanbsHOe CeUeHHE pPaccesHusi, UX BbIpa-
s)keHue depe3 T-marpuny. VYpaBHeHus JlunmmMana-
IlIBuHrepa m onTvuYeckas Teopema Mg YyIpyroro
paccesinusi. bBopHoBckoe npuOImKeHue, 0dIacTh ero
npumernuMocTH. Pezepdopaoso paccesiaue.
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Ilapyuanvnsie amnaumyost u asvl pacceanus,
METO/IbI UX BhIUUcIeHHs. HuzkosHepreTHyeckoe
paccesiHue Ha MMOTEHIMAIe KOHEYHOTO pajguyca Jei-
CTBHAL.

Pacceanue npu evicokux snepzusx. PesoHancw u
(ha3oBBIN aHATH3. Pe30HaHCHOE HI3KOIHEPTeTHIC-
CKO€ paccesiHie Ha HerJTyOOKOM JIUCKPETHOM
ypoBae, popmyna bere-Ilaiiepnca. Dddexr Pamzay-
9pa (pe3oHaHC Ha BUPTyallbHOM ypoBHe). PezoHanc-
HOE paccessHue Ha MeTacTaOMILHOM COCTOSIHUH,
tdopmynel Bpeiita-Burnepa

Bonanosoe ypagnenue. OrpaHN4eHHOCTb HEPEIATH-
BHCTCKO¥ KBaHTOBOW TEOPUH, HEOOXOAMMOCTH y4eTa
pensituBucTckux 3ddekros. [Tonepoe onucanue.
Bonnosoe ypaBaenue Knelina-I'oprona—®oxa; na-
TPaHXHUaH CKaJSIPHOrO NMouid. J[nHaMu4ecKre NHBa-
pHUAHTEHI.

Ypasnuenue /Jupaxa. Matpuup! Jlupaka u Ux CBOM-
cTBa. YpaBHEeHHE HenpepbIBHOCTA. OpOUTATBHBIA U
CIIMHOBBIM MOMEHTHI yacTulbl Jupaka. KoBapuant-
Has popma ypaBHeHus Jupaka. Pemenus ypaBHeHUs
Hupaxa 111 CBOOOJHBIX YACTHULL C ONPEICIICHHBIM
HUMITYJIbCOM U CIIHPAJIIBHOCTBIO. KBasupensTuBucT-
CKOe TIpuOIIbKeHne ypaBHeHus Jlupaka BO BHEIIHEM
3JIEKTPOMArHUTHOM TI0JI€; IEPEX0]l K yPaBHEHHIO
ITaynu. CouHOBBIA MArHUTHBIA MOMEHT YaCTHULIBI
Hupaxa. CriuH-opOUTAEHOE B3aMO/ICHCTBHE U
JpyTUE PENSTHBUCTCKHIE NONPaBKU, UX (PHU3HYECKHUN
cMmbIci. TouHoe peleHne ypaBHeHus Jupaka uist
BOJIOPOJOINIOJO0HOr0 aroMa. TOHKas U CBEpXTOHKas
CTPYKTypa dHEPreTHUeCKUX YPOBHEH aTomMa BOJOPO-
Ja. I1o3uTpoHBs! Kak OTpUIATETBLHO-YaCTOTHBIE pe-
1eHns ypaBHeHus [{upaka. DneKTpoH-
MO3UTPOHHBIN BakyyM. OyHIaMeHTaIbHbIE hepMUO-
HBI (KBapKH ¥ JIENTOHBI) KaK 9acTUIll Jlupaka, ux
KBAHTOBBIC YHCIIA.

12
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dokoeckoe npocmpancmeo. BTopruuHoe KBaHTOBA-
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HUE KaK METOJ] OITMCAHNE CUCTEM C IIEPEMEHHBIM
YHCIOM vacTul. BTopuyHoe KBaHTOBaHUE O030HOB
u depmuonoB. OmnepaTop BOITHOBOH (QYHKIHUH.
Habntomaemble B peAcTaBleHUH BTOPUYHOTO KBaH-
ToBaHMs. HecoxpaHeHue yKciia 9acTHI] B 3aJaHHOM
COCTOSTHMH IIPY BKJIFOUEHHUH B3auMozaencTers. KBan-
TOBaHHWE KOJIEOaHNH pEelIeTKH B TBEPAOM Teie, (o-
HOHBL. D¢ dexT Meccbayspa. ['amunbTOHHAH dIIEK-
TPOH-()OHOHHOT'O B3aUMOJEHUCTBHSL.

Bmopuunoe keanmosanue nona Kneiina-I'opoona.
WNHTepnperanys B TepMuHaxX yacTul. YacTuis! u
aHTryacTuubl. Bakyymable QaykTyanum.

Keanmoesasn 3nekmpoounamuka. KsantoBaHue cBo-
00THOTO PIIEKTPOMArHUTHOTO MOJIsl. DOTOHBI KaK
3JIEMEHTapHbIC BO30YKICHUS KBAHTOBAHHOTO DJICK-
TpOMarauTHOTO 1moJist. CHWH U CIIHPATBHOCTH (DOTO-
Ha. KorepeHTHBIC U CKaThle COCTOSIHUA JJIEKTpOMar-
HUTHOTO TOJISl. DJIEKTPOMAarHUTHBIC MTEPEXObl B
atomax. MynpTunonsHoe pasnoxenue. [lonspusa-
U1 BaKyyMa KBAaHTOBaHHOTO AJIEKTPOMATrHUTHOTO
nonst (3ddext Kazumupa).

Teopus eo3mywienuii. JlnHaMUYECKOE OMMMCAaHUE
BTOPUYHO KBAaHTOBAHHBIX CHCTEM. MeTon (yHKITHH
pacupocrtpanenus. Juarpammsl Oeitnmana. Bupry-
aJIbHBIC MPOIIECCHI, MX BKJIAJ B HAOJ0qaeMbIe 3()-
(hexThl. JISMOOBCKUIT CIBUT, aHOMAIIBHBI MarHHUT-
HBIIl MOMEHT DJICKTPOHA, PACCESTHUE CBETA Ha CBETE,
3¢ hekTUBHBIC 3aps/bl U OEryIIre KOHCTAHThI CBS3H.
[Ipo6nema KoH]aitHMEHTa.

IIpomMexxyTouHas aTTecTanus JK3aMeH

27

HTroro

34

34

68

49

49

12




7. IlepeuyeHb Yy4eOHO-METOANMYECKOr0 olecrevyeHus:
00y4aroIUXCH MO0 JUCHUILIMHE (MOXYJI0) U METOAUYECKHE YKA3ZAHUSA JJIA 00y4aroIUXCs
10 OCBOEHHUIO TUCHUIIMHBI (MOAYJII0)

OIS

CaMOCTOSITEILHOM paﬁoTbI

MCTOIIH‘ICCKHC YKazaHusdl K IPAKTUYCCKUM 3aHATUAM
IlocnenoBaTenbHOE PCIICHUEC MPAKTHUYCCKUX 3a/1ad 110 CJICAYIOIHUM TEMaM:

CemecTp 6

BoOoo~NoOaR~wNOE

WWWWWNDNNDNNNMNNDNNDNNNRPERPRPRPERPERPRERPRERERRE
PONPODOO~NOUIRARWONPOOO~NOOUOUIRRWDNEO

Anrebpa orepaTopoB

VYpasHeHnue llIpénunrepa

JInHeHbI rapMOHUYECKUIN OCITUILISITOP
IIpsmoyronbHas NOTEHIMATIBHAS SIMa

[pencrasnenue ["aiizenOepra

Matpuynast popMyIMpOBKa KBAHTOBOM MEXaHHUKH
Martpuna mioTHOCTU

Cdepuuecku-cummerpuuHoe ypasHeHue Lpéaunrepa
Kynonosckoe nosne

. MoMeHT Konu4YecTBa JBUKECHHS

. Cllo’xeHre MOMEHTOB

. KBazuknaccuueckoe nmpuOimkeHue

. Teopus Bo3aMy1eHHI

. Teopus Bo3MyIIeHMI B aTOMHOH (pr3mKe

. [Ipencrasnenus rpynn SO(3) u SU(2)

. KanubpoBouHas "HBapHaHTHOCTb

. HacTrna B MarHUTHOM T10JIE

. CraumoHapHas TeOpHsi BOZMYILEHHI.

. MHOro351eKTpoHHBIN aTOM

. MHOro351eKTpOHHBINA aTOM B MOJSIX

. MHOro31eKTpoHHBIH aToM. BOoJTHOBBIE (QYHKIINM TEPMOB.
. Teopus nepexo1oB. MrHOBEHHBIE IEPEXO/IBI.
. HecranmonapHas Teopust BO3MYIIEHUM.

. [Tepexonpl. [lepuognueckoe BO3MyIIEHHE.
. Paccesinue B BopHOBCKOM MpHOIIMKEHUH.
. [TapunansHo€e pa3iioKeHNE B PaCCESHUU.

. Pe3oHaHCHI B paccesHun.

. BonHoBO€E ypaBHEHHE

. YpaBHenue [{upaka

. YpaBHenue Jlypaka BO BHEIIHEM I10JIE

. Bropnunoe kBaHTOBaHME

. KBaHTOBas anexTpognHaMuKa.

. Teopust BO3MYLIEHUI.

. [TepenopMupOBKH.

MeToanueckne yKasaHus JJIs1 CAMOCTOATEIbLHON padoThl 00yYAO M XCS
CamocrosarenbHas pabora cryneHToB (CPC) cOCTOMT B BBINOJIHEHUH JIBYX KOHTPOJIBHBIX
pabot (I1P-2). lnsg ycrenmHoro BBIOJHEHUS! KOHTPOJIBHBIX padOT CTy/eHTaM HEO0O0X0AUMO Mpe-
BapUTEJIBbHO NMPOPadOTaTh TEOPETHUECKUI MaTepuall 1 OCBOUTh HAa MPAKTUYECKUX 3aHATUSAX METO-
JIbl peIlieHus MpeiaraéMblx 3a1ad. TeMaTuka caMOCTOSITENbHBIX padOT CTYJIEHTOB M paclpeserne-
HUE BPEMEHHU CaMOCTOSITENIbHONW PabOThI CTYACHTOB 110 pa3/iesiaM JUCIMITIIMHBI IPUBEICHBI HIKE .
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0
’ﬁn Has3zeanue Cooeporcanue camocmoamenvHoul padomol Tpyooemxocmp
1 I1P-2.1 OnHOMepHast KBAHTOBAsI MEXaHUKA 12
2 I1P-2.2 KBaHToBast Teopust aToMa 12
3 I1P-2.3 MHoroanekTpoHHbIi atoM. [lepexosi. 12
4 ImP-2.4 KBanToBast Teopus mosis 13

8. Ilpumensiemble 00pa3oBaTe/IbHbIE TEXHOJOTHH /IJIsl PA3JIMYHBIX BHI0B Y4eOHBIX 3aHATHIA
U 17151 KOHTPOJISI 0CBOEHHS 00y4aI0IIUMUCS 3aIIAHUPOBAHHBIX Pe3yJIbTATOB 00yUYeHH s

Ilepeuenv 0bs3amenvHbIX 6U008 YUeOHOU pabombl CmyOeHma.
— noceujenue 1eKYUOHHBIX 3AHAMULL
— omeemuvl Ha MeopemuiecKue 60NPoCyl HA NPAKMUYECKUX 3AHAMUX,
— peuieHue npaKmuyeckux 3a0ay u 3a0aHull Ha NPAKMUYeCcKux 3aHAMusX,
—  BbINOJIHEHUE KOHMPOIbHBIX padbom.

Metoaun4eckoe odecrnedyeHne HHHOBALMOHHBIX (pOpM yueOHBIX 3aHATHI

B cilyuae UCMONb30BaHKs HHHOBALMOHHBIX (JOPM MPOBEEHHS y4eOHBIX 3aHATUH® TPHBOIUT-
Csl IepeYeHbh NHHOBALMOHHBIX ()OPM MPOBEACHUS YIEOHBIX 3aHATHH (IO BUAM YUEOHBIX 3aHSATHIA).

(ceedenusi 0 HAnUYUU NO OUCYUNIUHE (MOOYII0) UHHOBAYUOHHBIX (YOPM NPOBEOEHUS YYeOHbIX
3ansmull, 0 KOIU4ecmee 4aco8 no GUOAM YYeOHbIX 3aHAMULL OMPANCAIOMCS 8 Y4eOHOM NlaHe No
00pazosamenvbHol npocpamme)

C uenbio (OPMUPOBAHUS U PA3BUTHS TPEOYEMBIX KOMIIETCHIIMNA OOYYAIONIMXCS B COUCTAHHUHU C
BHEAYJAUTOPHOU paboTOi B ydeOHOM IpOIecce MCIONB3YIOTCSI HHHOBAIMOHHBIE 00pa30BaTeIbHbIC
texHosoruu (~20% ot oObeMa ayAUTOPHBIX 3aHATUH). B KauecTBe TaKOBBIX HUCIOJIB3YETCS YacTUY-
HO Ha JICKITUSAX, 2 B OCHOBHOM Ha MPAKTUICCKUX 3aHITHIX UHTCPAKTUBHOE OOCYKICHHUE OTICITbHBIX
pa3aenoB AUCHUIUTMHBI, HIUTFOCTPAIUs TEOPETHUECKUX TMOJOKEHUN MpUMepaMu U3 >KU3HU U TPaK-
THKH, TIOCTAHOBKA U PEIICHHE COOTBETCTBYIOIIUX 3a/1a4.

9. ®oHA OLEHOYHBIX CPECTB A MPOMEKYTOYHOH aTTeCTAlMHU MO AUCHHUILINHE (MOAYJII0)

— Ilepeuyenb KOMIETEHUUH BBITYCKHUKOB 00pa30BaTEIbHON MPOTrPAMMBI C YKa3aHUEM Pe3Yilb-
TaTOB OOyueHusl (3HAHUH, YMEHUM, BIIAJICHUI), XapaKTepU3YIOIIUX dTanbl UX (HOpMHUpOBa-
HUS, ONIMCAaHUE TIOKA3aTeNIed U KPUTEPUEB OLICHUBAHMS KOMIIETEHIIMI HA PA3JIMYHBIX ATAINax
170.¢ (dbopMupoBaHUsL.

4 TIpm paszpabotke u peammzanuu OITOIT BO Beimyckaromas kadenpa JODKHA MPEIyCMOTPETh MPUMEHEHNE HHHOBA-
IIMOHHBIX (OPM y4eOHBIX 3aHATHH, Pa3BUBAIONIMX Yy OOYYAIOMINXCS HABBIKM KOMAHIHOW PabOThI, MEXIMYHOCTHOM
KOMMYHUKAIWH, IPUHATHS PEIIeHUH, JINIepCKie KadecTBa (BKJIIOYas, IpU HEOOXOANMOCTH, NPOBEAECHNE HHTEPAK THB-
HBIX JIEKIIMH, TPYNIOBBIX JAUCKYCCHH, POJIEBBIX UTP, TPEHUHIOB, aHAJIN3 CUTYAI[M 1 MMHTAllMOHHBIX MOJIEJIeH, Ipero-
JlaBaHUE AWMCUMIUIMH (MOayJieil) B ¢opMe KypcoB, COCTABICHHBIX Ha OCHOBE PE3yJbTAaTOB HAY4HBIX HCCIIEJOBAHMH,
MIPOBOIMMBIX YHUBEPCUTETOM, B TOM YHUCIIE C YIETOM PErHOHAIBHBIX 0COOCHHOCTEH NPO(hEeCCHOHANBHOM NeITeIbHOCTH
BBIITYCKHUKOB M OTpeOHOCTEH paboTonareneii).
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OIIK-3: crnocoOHOCTh HUCIOJIb30BaTh 0a30BbIE TEOPETHUECKHE 3HAHUS (DYHIaMEHTAIbHBIX Pa3JesioB OOIIeH U TeopeTHYecKoi (GU3NKHU AJIsl peLIeHUs

npoeCCHOHATBHBIX 33/au.

ILnanupyembie pe3yJibTa-
ThI 00y4eHuUs1
(TIoxazaTeau OCBOSHUS
KOMITETCHIINU

Kputepun onennBannsi pe3yJbTaToB 00y4eHUs!

1

2

3

4

5

3HaTh:

0a30BbIe pa3/enbl o0meH u
TEOPETUIECKON (PU3UKH:
OCHOBHBIC ITOHATHA, MOJC-
JIM, 3aKOHBI H TCOPHUH.

Kon 31 (OTIK-3)

OrtcyTcTBUE
3HaHUI

He 3naet 6a3oBble pasze-
JIBI OOIIEH U TeopeTHye-
CKOi1 (pM3UKHU: OCHOBHBIE
TIOHATHA, MOCIIN, 3aKOHbBI
U TEOpUH.

HNwmeer npencrasienue o
0a30BBIX pa3aenax oOIIei
Y TEOpEeTHYeCKOn (hu3n-
KM OCHOBHBIX ITOHATHAX,
MOJIETISIX, 3aKOHAX U TEO-
PHSIX, HO JOITyCKAaeT He-
TOYHOCTH B )OPMYIIUPOB-
Kax.

3HaeT 6a30BbIE Pa3IeIbI
o011eit 1 TeopeTHnIecKon
(bM3HUKH: OCHOBHEIE TTOHSI-
TS, MOJIEJIN, 3aKOHBI U
TEOpUH.

HMMeeT deTkoe, 1IeI0CTHOE
MpeJICTaBIeHHe O 0a30BbIX
paznenax oomieit u Teope-
TUYECKOH (PU3UKHU: OCHOB-
HBIX IIOHATHAX, MOACIIAX,
3aKOHaxX M TEOPUSX.

3HaTh:

TEOPETUICCKUE U METOJIO0-
JIOTHYECKHE OCHOBEI OOILIEH
U TeopeTHyeckol pu3nku u
CIIOCOOBI UX HCIIOIB30BaHUS
MPU PEIICHUH KOHKPETHBIX
(du3nyecKuX 3aa4.

Kon 32 (OIIK-3)

OrtcyTcTBHE
3HaHUI

He 3naer u He nmeet 00-
IeTO MPEICTaBICHUS O
TEOPETUYECKUX M METOJI0-
JIOTUYECKHX OCHOBax 00-
e u TeopeTndeckon Gu-
3UKH.

Nmeer o01ee npeacras-
JICHHE O TEOPETHUCCKUX U
METOAOJIOTUIECKUX OCHO-
Bax OOIIEH U TeopeTHye-
CKOM (DPU3UKHU, MOXKET
MPEUIOKUTH OT/ICTHHbIC
MPUMEPBI UX UCTIONB30-
BaHUsI ITPU PEIICHUH 3a-
nad npoheCCHOHATBHO
JeSITEIIbHOCTH.

HNwmeer npeacrasienue o
B3aUMOCBSI3H TEOpPETHYE-
CKUX U METOJI0JI0THYe-
CKUX OCHOB 00IIIeH H Teo-
peTuYecKoi (PU3NKH, MO-
KET MPEIIOKHUTH IPUMe-
PBI X UCTIOJIH30BAHMUS B
Pa3HBIX 00MacTAX PU3UKU

Nwmeer npexacrasiieHue o
B3aMMOCBSI3U TEOpETHYE-
CKHX U METOJI0JIOTUYECKUX
OCHOB 001IIel ¥ TEOpeTH-
4ecKoil (hU3MKH, MOXKET
NPEIIOKUTD CIIOCO0 UX
WCTIOJIb30BaHHMs TIPH pe-
LIEHUW KOHKPETHOH (u3u-
YeCKOU 3aIauu.

Ymern:

pemnaTh TUIOBbBIC y4eOHbIe
3aJa4y 110 OCHOBHBIM pa3-
niesaM oOIIel U TeopeTnde-
CKOW (DU3MKH;

MPUMEHSTH HOJTY4YECHHYIO
TEOPETUIECKYIO 0a3y 1Jis
pPEeIICHUA KOHKPETHBIX

OrtcyTcTBHE
YMEHUI

He ymeer pemats Tuno-
BBIE 3a]1a4H U3 0A30BBIX
pasjienoB obuiei u Teope-
THYECKOH (DU3UKH; TIPH-
MEHSITh TIOJTY4YEHHYIO T€O-
perndeckyto 0a3y ams pe-
IICHUS] KOHKPETHBIX MPaK-
THYECKUX 3aj1a4, rpaMoT-

YMeeT peliatb TUOBbIE
3a7auu U3 0a30BbIX pas-
ZenioB 00IIeH U TeopeTH-
4ecKoi (hM3HUKH, HO J0-
MyCKaeT OT/ENbHbIC
omuOku. YacTuaHO ymeeT
MPUMEHSTD MOJYUYCHHYIO
TEOPETHUECKYIO 0a3y st

YMeeT pemath KOMOUHU-
pOBaHHEIE 3a/1a4M U3 Oa-
30BBIX pa3/ieoB o0mIeH u
TEOpETHUECKOH (pr3mKH.
B nenom ycnemno ymeer
MIPUMEHSATH TIOTYYSHHYIO
TEOPETHUECKYIO 0asy s
PEICHUA KOHKPETHBIX

Ymeer pemath 3a1aud
HIOBBIIICHHOH CIIOKHOCTH
13 0a30BBIX pa3esioB 00-
nied ¥ TeopeTudecKon Gpu-
3UKH.

[TonnocThIO chopMHUpOBa-
HO YMEHHE PUMEHSTh
MOJYYEeHHYIO TEOpeTHYE-
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IIPAaKTUYECKUX 3a7ady, Irpa-
MOTHO paboTaTh C HAyYHOH
JIUTEPATYPOHU € UCIIOJIB30-
BaHHMEM HOBBIX HH(OpMa-
LIUOHHBIX TEXHOJIOTHH.
Kox Y1 (OIIK-3)

HO paboTaTh ¢ HAYIHOMI
JINTEPATYPOU € UCIIOJIB30-
BaHUEM HOBBIX HH(OpMa-
LMOHHBIX TEXHOJIOTHH.

peleHus KOHKPeTHbIX
MIPaKTHUYECKUX 3a/1a4,
IrpaMOTHO paboTath ¢
Hay4HOU JIUTEpaTypoil ¢
HCTIONB30BaHHEM HOBBIX
WHPOPMALMOHHBIX TEX-
HOJIOTHUH.

MPaKTUYECKUX 3a7a4,
rpaMOTHO paboTaTh C
HAY4YHOU JIUTEPATYPOH C
HCIIOJIb30BaHNEM HOBBIX
“H(OPMAITMOHHBIX TEXHO-
JIOTUM

CKyI0 06a3y AJIs peIeHHs
KOHKPETHBIX TpaKTHye-
CKHUX 3aJja4, FpaMOTHO pa-
00TaTh ¢ HAYYHOH JINTEpa-
TYpOH C UCTIOIB30BaHHEM
HOBBIX MH()OPMAIIMOHHBIX
TEXHOJIOTHIA.

Ymerb:

MPUMEHSTH TOJyYCHHBIS
TEOPETUUCCKHUE 3HAHUS JIJIS
CaMOCTOSITEIIBHOTO OCBOEC-
HUS CTIEIMATBHBIX Pa3fielioB
o01el 1 TeopeTHUECKON
(n3nKY, HEOOXOANMEIX B
npoeccCuoHaIbHOMN /Ies-
TEJIHHOCTH;

OTpeeIsATh HeOOX 0T~
MOCTh MPHUBIICYCHHUS J0-
MOJHUTENbHBIX 3HAHUM U3
CHEIHMATbHBIX Pa3/eiioB
o01I1ei 1 TeopeTHIeCcKOn
(bu3uKK TS pelIeHuUs Po-
(hecCHOHANBHBIX 3a]1a4;
MPUMEHSITh 3HAHUS 0a30BBIX
JUCIUILTAH 1Mo 00IIIed 1
TEOPETUYECKOH (hU3MKe s
aHaJin3a u 00pabOoTKH pe-
3yJILTATOB (PU3HUYECCKHUX
JKCIIEPUMEHTOB.

Kox ¥2 (OIIK-3)

OtcyTcTBHE
yYMEHUNI

He ymeet ocBauBath T€O-
peThdecKuii MaTepuan 13
OTACJIBHBIX CIICHIUAJIBbHBIX
pazaenoB ob1iel u Teope-
Trdeckor ¢pusnkn. He
yMeeT HCIOIb30BaTh
CTaHIAPTHBIE METOAUKU
00pabOTKH pe3ynbTaToOB
(U3NIECKUX IKCTIEPHUMEH-
TOB.

YMeeT ocBauBaTh TEOpE-
TUYECKUN MaTepUall U3
OTACJIBHBIX CIICIHUAJIBbHBIX
pazaenoB obmiel u Teope-
TUYEeCKON (PU3HUKH TIO]T
PYKOBOJICTBOM CIIEIHAIH-
cTa OoJee BHICOKOU KaTe-
ropud. YMeeT UCHOJb30-
BaTb CTaHAAPTHBIC MCTO-
JTUKA 00pabOTKH Pe3yJib-
TaTOB (PM3MUECKUX IKC-
MIEPUMEHTOB, PEKOMEHI0-
BaHHbIC CIICIUAJINCTOM
0oJiee BEICOKOH KaTero-
pumn.

Crioco0eH caMOCTOsATENb-
HO OCBOMTH THIIOBEIE Me-
TOJIBI PELICHUs 3324 3
OT/ICNBHBIX CTICIHATBHBIX
paznenoB o01iel u Teope-
TUYECKON (hU3UKH, HO J0-
MyCKaeT OT/eNIbHbIC
OIIMOKY TPH UX TIpUMEHe-
HHUH B TIpoeccHoHaNTBHON
cdepe nesTeIbHOCTH.
YMeeT olleHUBaTh ycio-
BUS IPUMEHUMOCTH CTaH-
JApTHBIX METOJIUK aHaJIH-
3a 1 00pabOTKH pe3ynbTa-
TOB (PM3MYECKOT0 IKCIIE-
PUMEHTa, AOIyCcKas
OLIMOKH B OTJEIBHBIX
CITyJasix.

YMeeT NpuMeHsITh U
00ocHOBaTH HEOOXOIU-
MOCTb INPUBJICYCHUSA CBC-
JIEHUU U3 TOTOJTHUTENb-
HBIX pa3IeNioB O0MIeH U
TEOPETUIECKON QPU3UKHU U
PaAHKUPOBATH HX IO CTe-
TIEHH 3HAYUMOCTH ISt
pEllIeHNs TOCTaBIEHHON
3aaun (HEOOXOIUMBIE,
BCIIOMOTATEeJIbHbIC, HILTIO-
cTpatuBHBIE U jp.). Cro-
COOEH CaMOCTOSITEIBHO
OCBOHMTH OCHOBHBIE TEOpe-
THYECKHUE MOJIOKECHUS U
TUITIOBBIC METOABI PCHIC-
HUS 337149 U3 OTIEIbHBIX
CHCIUANBHBIX Pa3/ICIioB
o01ielt 1 TeopeTUIeCcKon
¢u3ukK. YMeeT OllCHUBATh
aJIeKBaTHOCTh U (pU3HUe-
CKYIO KOPPEKTHOCThH MO-
JIeTIel, UCTI0b3YEMBIX IIPH
00paboTKe pe3yabTaToB
(U3NIECKOTr0o IKCIEPH-
MEHTA.
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Baagern: OtcyTcTBHE He Bnameer ocHOBHOMU Henocrarouno Bimageer XopoI110 BJIaJIEET OCHOB- CB00OOIHO BIAMIEET OC-
HaBBIKAMH CaMOCTOSATEIb- BJIaJICHUS TEPMUHOJIOTHEH U TTIOHSI- METOAaMH peleHust 6a30- | HOM TepMUHOJIOTHEH U HOBHOW TEPMHHOJIOTHEH 1
HOM paboTHI ¢ yueOHOM Jn- TUUHBIM anmapaTtoM 0a30- | BBIX 337a4 1o 00- e M | HOHSATHHHBIM anmnapaToM | TMOHATHHHBIM alnapaToM
Teparypoii mo 6a30BbIM BBIX pa3leyioB OOIIeH u TEOPETHUECKON (DU3HKE; 0a30BBIX pa3zeNoB o0mel | 0a30BBIX pa3leioB oOmeih
pazzenam oO1eit u Teope- TEOPETUYECKON (HU3UKY; BJIaJIeeT HaBBIKAMH BOC- U TeopeTHyecKoi Gu3nKu, | U TeopeTHdecKoil Hu3nKy,
TUYECKOH (QU3NKH; HaBBIKAMHU CAMOCTOATENb- | MPOM3BEICHHSI OCBOCHHO- | HaBBIKAMH PUMECHEHHUS 4TO MO3BOJISIET HOPMYIIHU-
OCHOBHOH TEPMHHOJIOTHEH HO¥ paboTHI ¢ yaeOHOU ro yueOHOTO MaTepHuaa perieHus 6a30BBIX 337124 POBATh BBIBOJIBI U yHACT-
U MIOHATUIHBIM arapaTomM JUTEPaTypoli; HABBIKAMH | 11O 0a30BBIM pa3zenam 1o oO11elt 1 TeopeTuye- BOBATh B IUCKYCCHUH I10
0a30BBIX pa3zenoB OOLIeH U peueHus 6a30BbIX 3a/1a4 o01eit 1 TeopeTHUecKorl | ckoll pusuke; Biajeer yueOHBIM BoIlpocam 0a3o-
TEOPETUIECKON (HU3UKY; 1o oO1ielt 1 TeopeTuye- (¢u3uKy, B EIOM; IUIOXO | HAaBBIKAMU CAMOCTOSTENb- | BBIX (PM3MUECKUX JUCIIH-
HaBBIKaMU pereHus 6a3o- CKOM (hM3UKE; OCHOBHBIMH | OPHEHTHUPYETCS B yueO- HOTO U3y4YECHHUS OTAECIb- IUIMH; YBEPEHO BIIaJeeT
BBIX 3a/1a4 M0 00IIel u Teo- METOJaMH Hay4HBIX UC- HOW NuTepaType mo 00- HBIX Pa3JIesIOB YUeOHOM TEXHUKOH pELICHUs
perndeckoil huznke; CJIEIOBAaHUN; HABBIKAMMU LIEN U TEOPETUYECKON JUTEPATyphI IO 0a30BBIM | YCIIOKHEHHBIX 3aj1a4 110
OCHOBHBIMU METOIAMH mpoBeaeHus pr3ndeckoro | GU3MKe; HEAOCTATOYHO pasnemnam oO1ieii u Teope- | 0a30BBIM pasnenaM oOIIe
Hay4HBIX UCCIIEOBAHUI; (J1abopaToOpHOTO) BJIaJICET HaBBIKaMU OUO- TUYECKOU (DU3UKH U XO- U TEOPETUYCCKOU (hU3UKH;
HaBBIKAMU MPOBEACHUS pu- 9KCIIEpPUMEHTA. JUOTPaUUECKOro MOKC- | POIIO B HEH OPUEHTHPYET- | JIETKO OPHEHTHPYETCS B
3WYECKOTO (J1a00paTOpPHOTO) Ka; parMeHTapHOE NMPHU- | C; B I[EJIOM YCIEIIHOe, HO | Y4eOHOM JuTeparype mo
9KCIEPUMEHTA. MEHEHUE OCHOBHBIX Me- coJieprKalliee OTAEIbHbIC 0a30BBIM pazzenam oOmiei
Kox B1 (OIIK-3) TOJIOB HAYYHBIX HCCIEAO- | MPOOEbl IPUMEHEHHE U TeopeTH4YecKol pu3nuku
BaHU, HABBIKOB MIPOBE- OCHOBHBIX METOJOB Hay4- | U BJIaJ€eT HaBBIKAMU KpU-
JeHust GU3NUECKOro (Ja- | HbIX UCCIEJOBAaHUM, TUYECKOT0 aHajin3a yueo-
0OpaTOPHOTO0) DKCIIEPH- HaBBIKOB MpoBeieHus Gu- | HOM mH(pOpManuy;
MEHTa. 3UYECKOT0 (J1a0OpaTOpPHO- | YCHEIIHOE U CUCTEMAaTH-
r0) 9KCIEPUMEHTA. 9YecKoe MPUMEHEHUE OC-
HOBHBIX METOJJOB HAY4HBIX
HUCCJIEIOBAaHUM, HABBIKOB
npoBeneHus YU3NIECKOro
(;1aGopaTopHOTro) dKCIIE-
pUMEHTA.
Baagernb: OrcyTcTBHE He Bimageet HaBBIKAMH Croco6eH mpeaIoKUTh Bnaneer HaBbikamMu Tpu- Bnaneet HaBbIkamMu nipu-
HaBBIKAMH MCIIOJIB30BaHUS | BIAJCHUS WCTIONBb30BaHMS TEOPETU- | MIPUMEPHI UCIIONB30BaHNUs | MEHEHHS TEOPETUYECKUX | MEHEHHS TEOPETHUECKUX

TEOPETHYECKUX OCHOB Oa-
30BBIX pa3/iesioB o0IIeH 1
TEOPETUIECKON (PUBUKH TIPH
peLICHUH KOHKPETHBIX (u-
3UYECKHX 3a/1a4.

YECKHX OCHOB 0a30BBIX
pazaenoB ob1el u Teope-
TUYECKOW (QU3UKH MPH
pelIeHUH KOHKPETHBIX
(UBUYECKUX U CMEXKHBIX

TEOPETUUECKUX Npe-
CTaBJICHHUI OTIEIILHBIX
pazaenoB ob1iel u Teope-
TUYECKOW (DU3UKH JIS
peteHus 3aja4 npodgec-

MoJiesielt 3 0a30BbIX pas-
JIEJIOB OOIIEH U TEOpEeTH-
4eCcKOM (PM3MKH MPH UH-
TEpIpETalNU Pe3yIbTaToB
B OTJIEJIBHO B35TOM 00a-

Mojiesiel u3 0a30BbBIX pas-
JIeJIOB OOIIeH 1 TEOpEeTH-
4yeckoil (pu3nKu TpH 1ia-
HUPOBAHUU PabOT B IPO-
(deccronanbHOM chepe

17




Kox B2 (OTK-3)

3aJad4.

CHOHAJIbHOMI
NEATEILHOCTH.

CTH (l)H3I/IKI/I 1 CMCKHBIX
AUCHUILINHAX, HO JOITyC-
KacT OTACIbHBIC HCTOYHO-
CTH.

JESITeIbHOCTH U TPAMOT-
HOW MHTepIpeTaluu mno-
Jy4YEHHBIX PE3YyJIbTaTOB.
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— Onwucanue nIKan OEeHUBAHUS.
[Tpu GamIbHO-PEUTHHTOBON CHCTEME BCE 3HAHUS, yMEHUS M HAaBBIKH, IproOpeTacMbie
CTY/IEHTaMHM B pPe3y/bTaTe U3y4EeHUs AUCLHUIUINHBI, OLICHUBAIOTCA B Oasax.
Ornenka kagecTBa pabOThl B PEUTHHIOBOM CHUCTEME SIBJISICTCSI HAKOTIUTEIBHOM M UCTIOb3Y-
eTcs JJIs OLlEHUBaHMs CUCTEMHON pabOThl CTYACHTOB B TE€YEHUE BCErO Iepuoia 00ydeHusl.

Pacrnipenenenuie 6amioB mo Bujgam padoT, GOPMUPYIOLIUX PEUTUHIOBYIO OLEHKY pPaOOThI
CTY/ICHTA B KaXKJIOM CEMECTpE, OCYIIECTBIISIETCS CIEAYIOIINUM 00pa3oMm:

Buas! pador MakcumaJbHOe KOJUYECTBO 0aJJI0B
IMocemaeMocTh 17
Konrposnbnas padora [1P-2.1 15
Konrposnbnas padora [1P-2.2 15
Konrponbnas pabora [1P-2.3 15
Konrponbnas pabora [1P-2.4 15
[TpomexxyTouHasi arrecTanus (3K3aMeH) 50

[To uToram paboThl B cEMECTPE CTYACHT MOXET MOJYYUTh MAaKCUMAIBHO 77 OaslioB.

Ecnu k MOMEHTY OKOHUYaHUS CeMecTpa CTY/ICHT He HaOpall MUHUMAIBHOTO YHciia 0amioB
(50 6ays10B), TO OH HE MOJYYAET TOMYCK K IK3aMEHY.

Ecnu crynenT nabupaer coitie 50 6a10B, TO OH MOTyYaeT JOMYCK K IK3aMEHY.

Ecnu cTyneHT kK MOMEHTY OKOHYaHHUS ceMecTpa HabupaeT oT 61 1o 70 6amios, To oH
MOJKET TIOJTyYUTh ABTOMAaTUYECKYIO OIEHKY «yIOBJICTBOPUTEILHOY. [IpH keTaHnu OBBICUTH
CBOIO OIICHKY CTYJICHT UMEET MPABO OTKA3aThCsl OT aBTOMATUYCCKON OIEHKHU M CAAaTh YK3aMEH.

[TpomexxyTouHO# HOopMOIi KOHTPOIIS B SBJISETCS 9k3aMeH. Ha sk3amMeHe CTyJCHT MOXKET
HaOpatb MakcumansHO 50 6amoB.

dopmupoBaHue IK3aMEHAIIMOHHOW OLIEHKH MPOUCXOIUT CICAYIOIIM 00pa3oM:
—  omm4HO — npu Habope He MeHee 91 Gana;

—  xopormo — npu Habope ot 71 1o 90 Gamos;

—  YIOBJETBOPUTEIHHO — MpU Habope ot 51 mo 70 6anios;

—  HEYyJOBJIETBOPUTENIBHO — IpU Habope meHee S0-Tu Oaos.

Texyiuit KOHTPOJIb OCYILIECTBISIETCS B TEUEHNE CEMECTPA B BUJE YCTHBIX OMPOCOB HA MpaK-
TH4eckux 3aHATusAX (YO-1), npoBepku ayAUTOPHBIX KOHTPOJBHBIX PabOT MO OCHOBHBIM pasfie-
JlaM TIPOTPaMMBbI U BBITIOJIHEHHS TMCbMEHHBIX KOHTPOJIbHBIX 3aaanuii (ITP-2).

I'paduk BHINOJHEHUS] CAMOCTOSTEIbHBIX pabOT CTYIEHTAMH

Henenn yuebHOTO TIpoIiecca

1 2 3 4 5 6 7 8 9 10 11 12 13 14 | 15 | 16 | 17

B3 33

B3 33

B3 33

B3 33

B3 — BeImaya 3aganns
33 — 3amura 3a1aHus

— Meroanyeckue MaTrepualibl, ONPEACIAIONINE MPOUEAYPbl OLICHUBAHUS 3HAHUM, YMEHU,
HaBBIKOB U (MJIM) OMBITA JEATEILHOCTH, XapaKTEPU3YIOMIUX 3Tarbl (POPMHUPOBAHUS KOM-
HETEHIINN.




[Ipouenypa mpoMeKyTOUHOM arrecTauuu NPOXOAUT B COOTBETCTBUU C «llonmoxeHuem
0aJUIbHO-PEUTUHIOBOM CHUCTEME OLCHKH M TEKYyIEM KOHTPOJIE YCHEBAa€MOCTH CTYAEHTOB», a
takxke «[lonokeHnemM o MpOMeXyTOYHOM aTTeCTalluny yHUBepcHuTeTa «JyOoHay.

— TwumoBble KOHTPOJIBLHBIC 3a/IaHUS WM MHBIE MAaTepPUAIbl, HEOOXOAUMEBIE NIl OLIEHKH pe-
3YJIbTaTOB OOYYCHHSI, XapaKTEPU3YIOMUX ATArbl ()OPMHUPOBAHKSI KOMIETCHIIMA U (VTN )
JUISL U'TOTOBOT'O KOHTPOJISt CPOPMUPOBAHHOCTH KOMITETEHITUH.

O0pa3ubl KOHTPOJIBLHBIX PadoT

Hitxe IIPHUBECICHBI O6p€13HBI 3aJa4, BXOAAIIUX B KOHTPOJIBHBIC 3aJIaHUA.

3a1auM KOHTPOJIbHBIX 3a/IaHUIL:

1. Ily4ok wacTuil co cnuHOM 1/2, OpUEeHTHPOBAHHBIM 10 OCH X , BieTaeT B mpubop LlrepHa-
I'epnaxa ¢ mosiem o ocu z . Ha Beixoje n3 mpubopa BEpXHHH ITy4OK MIPOJIETaeT 00IaCTh Mar-
HutHoro nosisi H z , Bpems mposera t . [Tocie 3Toro my4ku CBOIST BMECTE U HAIIPABJISIIOT B
npubop IlItepna-I'epnaxa ¢ monem no ocu x . HaliTi oTHOIIEHNE HHTEHCUBHOCTEH MSTEH.

2. Marpuia ImIoTHOCTHA OJHOMEPHOT0 TAPMOHUYECKOTO OCIUILIATOPA UMEET BH/T
\rho=2/310><0|+ 1/3|1><1|+ i/6|0><1|- i/6 |1> <0

Haiitu cpenHee 3HaUCHNUE W TUCTICPCUIO SHEPTUH, CPEIHEE 3HAYCHHUE U TUCIICPCHIO
UMITYJIbCA B 3TOM COCTOSIHUH.

3. Marpuua mioTHOCTH OJIHOMEPHOTO TAPMOHUYECKOT0 OCIHILIATOPA UMEET BUJT

\rho=3/410><0|+ 1/4|1><1|+ 1/6|0><1|+ 1/6 |1><0|
Haiitu cpenHee 3HaUCHNUE W TUCTICPCUIO SHEPTUH, CPEIHEE 3HAYCHHUE U TUCIICPCHIO
KOOPJHMHATHI B 9TOM COCTOSTHHH.

4. OgHOMEpHBI rapMoHHYecKuil ocumwuisitop. Beraucnuts <\alpha| x p[\alpha>
5. OgHOMEpHBIM rapMoHUYecKuil ocimaTop. Beraucauts <\alpha| x|\beta>

<\alpha| p|\beta>. Kak yosiBaet otBeT ¢ poctom [\alpha-\beta| ?

6. OmHOMEpPHBIN TAPMOHUYECKHH OCIIMILIATOP. B KOOpAMHATHOM IpeCTaBICHUN HAWTH SIB-
HBIN

BUJI BOJIHOBOW (DYHKIIMH JUTsSI KOTePEHTHOTO cocTosiuus |\alpha> .

7. OnHOMEpHBII rapMOHUYECKUI ocMIIATOp. B MMIynbCHOM NpeacTaBieHUN HAWTHU SB-
HBIN

BUJI BOJTHOBOW (DYHKIIMH JUTsS KOrepeHTHOro coctostuus [\alpha> .

8. OQHOMEpHBIIT FapMOHUYECKUH OCIILIATOP. Bhraucoute <n| XM | n>

9. OmHOMEpHBIN TAPMOHUYECKUH ocHmnIATOp. Bhramcnuts <n| p3 | m>

10. BomnuoBas ¢yukius ocumisitopa umeet Bua |\psi > = (| \alpha> + | \beta>)/27(1/2)
[Monaras <\alpha \beta> manbiM, HaliTH cpeiHee 3HAYCHUE U TUCTICPCUIO KOOPIUHATBI.

11. HaiiTi ypoBHH SHEPTUH U BOJIHOBBIE (DYHKIIUH CUCTEMBI

H=p_x"2/2m + p_y"2/2m + kx"2 /2 + qy"2 /2 +\alphaxy
12. Haiitu ypoBHU 3Hepruu B noteHimane V(-a<x<a)=- V_0\delta(x-a) - V_0\delta(x+a) +
U_0. V(x<-a,x>a)=0.

13. Haiitu ypoBHU 3Hepruu B notenimaie V(-a<x<a)=- V_0\delta(x) - U_0. V(x<-a,x>a)=0.
14. Haiit k03D GUIMEHTBI OTPAXKESHUS U IPOXOXKIeHHs st moteHnuana V(X>0) =
V_O\delta(x) + U_0, V(x<0)=0.

15. Haiitu pacnonokeHue pa3pelieHHbIX 30H JUIsl OMHOMEPHOU pemeTku Jlupaka.

16. HaiiTi B KBa3UKJIACCHYECKOM MPUOIMKEHUN YPOBHU SHEPTHHU B IIOTEHIIHAIE
V(x<0)=\infty, V(x>0)=kx"2/2. CpaBHUTb C TOUHBIM OTBETOM.
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17. HaifTu B KBa3UKJIAaCCUYECKOM MPUOTMKEHUN YPOBHH SHEPIHH B IOTEHIIMAJIE
V(x<0)=\infty, V(x>0)=kx .
18. HaiiT B KBa3MKJIaACCHUECKOM MPUOIIMKEHNN KOd(D(DUITMEHT Han0apbepHOro OTPaKEHUS Ha
noteHmane V(x<0)=0, V(0<x<a)=U 0 x/a, V(a<x)=U 0. CpaBHUTb C TOYHBIM OTBETOM
npu a=0. [IpoaHanu3npoBaTh OTBET B KJIIACCUYECKOM IIPENIEIIE.
19. Haiitu 3aBUCUMOCTh BpeMeHH sku3HK \alpha -akTHBHOTO siipa OT SHEPIHH BBLICTAIOMICH
\alpha -gacruripl.
20. HaiiTu 3aBUCUMOCTb TOKa XOJIOJHON 3MUCCUU OT BEIMYUHBI IPUIIOKEHHOIO JIEKTpUYe-
CKOT'O TOJIS.
21. Haiitu ypoBHu sHepruu s chepuueckoii oboaouku V(r)=-V_0 \delta (r-a) .
22. Haiitu ypOBHHU 3HEPruH B cheprueCKU-CHMMETPUIHOM MTOTECHIHATIE
V(r<a)=-U_0 +V_0\delta (r-a), V(r>a)=0.
23. Haiitu ypoBHHU 3HEPruH B cheprHueCKU-CUMMETPUIHOM MTOTECHIHATIE
V(r<a)=-U_0, V(r>a)=A/r"2.
24. Haiitu cpeHee 3HaUeHUE KUHETUYECKOW SHEPTUH, TIOTEHIIMAJIbHOW SHEPTUH, LIEHTPO-
0eKHOIro NOTEHIMala U BeMU4uHbl 1/1"3 a1 aTomMa BO0poia, KOTOPBIA HAXOIUTCS B COCTO-
saum [\psi_ nlm > .
25. Beraucimute  <I'm'| 1L xLy|Im> <I'm'|lLyl x|Im>
26. Cucrema aByx cnuHOB 1/2 Haxoautcs B coctosiHun S=0. O0a crrHa MpoIrycKaroT
ckB03b npubdop LltepHa-I'epnaxa ¢ noaem, OpueHTUPOBAHHBIM 110 ocu n. Haiitu BeposiTHoCTH
BCeX 4 BO3MOXKHBIX PE3yJbTAaTOB (BB,BH,HB,HH).
27. T'aMUJIBTOHMAH CUCTEMBI IBYX CIMHOB 1/2 mmeeT BUJ

H=-2mu_1s" zH z-2\mu_2s"2 _z H_z +\alpha s"1s"2

Haiitu ypoBHU 3HEPruyu U COOTBETCTBYIOLIME BOIHOBBIC (PYHKLIUH.
28. Cnoxenue AByX COMHOB 1/2 . Bwrumciauthb

<S§=1,S z=0|s" (2) x|S=1,S z=1>

<S=1,S z=-1|s"(2) y|[S=0,S z=0>

<S=0,S z=0|s" (1) _z|S=1,S z=0>
29. CnoxeHue opOUTAIBHOTO MOMEHTA U CIIMHA. Bbrunciaute

<j=I-172,m_j=m+1/2| s_y | j=I-1/2,m_j=m-1/2 >

<j=I1+12,m_j=m-1/2| s_x | j=I-1/2,m_j=m+1/2 >

<J=I+1/2,m_j=m+1/2| s_z | j=I-1/2,m_j=m+1/2 >
30. CrnoxeHue opOMTAILHOTO MOMEHTA U CIMHA. BBIUMCINTH

<j=I-172,m_j=m+1/2| |_x | j=I-1/2,m_j=m-1/2 >

<j=I+12,m_j=m-1/2| |y | j=I-1/2,m_j=m+1/2 >

<J=1+1/2,m_j=m+1/2| |_z | j=I-1/2,m_j=m+1/2 >
31. Yactuua co cnuHoMm 1/2 HaxoauTcst B cocTtosHuM [jlsm_j> . Haiigure HanpaBieHue
CIIMHA N B MPOU3BOJILHON TOYKE X.
32. Cnoxenne MomenToB | 1=2 u 1 2=1 . Bpruucmurey | L=1,M=1> |L=1,M=0 >
IL=1,M=-1>
33. Crnoxenue momeHToB | 1=2 u 1 2=2 . HaiiTu Bce cTapuire BeKTopa ¢ ONpeieIeHHbIMU
3HayeHusiMu L
34. Cnoxenue momeHToB | 1=1 u 1 2=1. Beruucnuts Bce koapduuments Knebma I'op-
JIOHA.
35. OnHOMEpHBIN rapMOHMYECKHI OCIMIIIATOP B MOMEHT BpeMeHH t=0 HaXoAMuTCs B OCHOB-
HOM COCTOSIHMH. 3aTeM OH Ha uHTepBasie 0<t<t 0 moaBepraercs BO3JAECHCTBUIO MOCTOSIHHOMN
cunel f(t)=f 0. HaiiTi BoMHOBYIO ()YHKIIMIO B MOMEHT BPEMEHH t U BEPOSTHOCTH OOHApY-
KHUTh €T0 Ha N -OM YPOBHE B MOMEHT BPEMEHH t .
36. OnHOMEpHBIN rapMOHUYECKHH OCIMIIIATOP B MOMEHT BpeMeHH t=0 Haxonauics B Kore-
penTHOM coctosinuu  [\alpha> . HaiiTu BOTHOBYIO ()YHKIIHIO B MOMEHT BpeMeHH t . Bbruric-
JUThH CPEHHUE 3HAUCHUSI KOOPMHATHI M UMITYJIbCa U UX JUCIIEPCUI0 B MOMEHT BPEMEHH t .
37. TaMUJIbTOHUAH CHCTEMBI JBYX YaCTHIl CO ciiHOM 1/2 mmeet Bua H=- 2\mu_0 (s_z"
(1) -s_z*(2) ) H_z Haiitu BeposSTHOCTb TOTO, YTO MOJHBIN CIIMH CUCTEMbI PaBEH HYIIIO B
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MOMEHT BPEMEHHU t, €CIIM B MOMEHT BpeMeHH t=0 CIUH MepBOi YacTULIbl ObLIT OPUEHTHPOBAH
BJI0JIb OCH
Yy , @ BTOPOU --- IIPOTHUB OCH Y .
38. I'aMUJIBTOHHAH CHCTEMBI IBYX YacTHII co cuuHoM 1/2 mmeet Bug H=-2\mu_0 (s_z" (1)
+s 7" (2) ) H_z HaiiTu BepoSITHOCTb TOTO, YTO MOJIHBIN CITUH CUCTEMbI PABCH HYJIIO B MO-
MEHT BpEMEHH t, €ClIM B MOMEHT BpeMeHH t=0 CIMH NepBOil yacTUIbl ObUT OPUEHTUPOBAH
BJI0JIb OCH
y , @ BTOPOM --- NPOTHB OCH Y .
39. JIuHEHbIN TapMOHUYECKUI OCHUIUIATOP B HA4YaJIbHbI MOMEHT BPEMEHHU HAXOJIUTCS B CO-
CTOSIHUH
\rho(t=0)=2/3|0><0|+1/4|1><0|+1/4|0><1|+1/3|1><1]]
HaiiTu MaTpuily IUIOTHOCTH, CPEAHEE 3HAUEHUE U JUCIIEPCUIO KOOPIMHATBI U UMITYJIbCA B
IIPOU3BOJIbHBIA MOMEHT BPEMEHH t .
40. 3apsoKeHHBIA JBYMEPHBIM CHMMETPUYHBIN TapMOHUYECKUN OCIMIIISATOP IMOMEIIEH B ciraboe
OJIHOPO/IHOE MarHUTHOE 110JI€, OPUEHTUPOBAHHOE 110 OCH Z . B mepBoM nopsiike Teopun Bo3-
MYLIEHUH HAlTH IONPAaBKKU K SHEPIMHU BTOPOTO BO30YKICHHOI'O YPOBHS, BbI3BaHHBIE MarHUT-
HBIM I10JIEM.
41. JIBymMepHbII CUMMETPUYHbBIN TaPMOHUYECKUI OCHUILIATOP. B nepBoM nopsiaike Teopun
BO3MYILIEHUN HAITH NMONPAaBKU K YIHEPTHU [1EPBOr0 BO30YKIECHHOIO YPOBHS, BBI3BAHHBIE BO3MY-
LICHUEM
H_I=\alpha xy . CpaBHUTb C TOYHBIM OTBETOM.
42. 3apsKeHHBIH JBYMEPHBIM CUMMETPHUHBIA TapMOHUUYECKUI OCIIMIUIATOP MOMEILEH B ci1aboe
OJIHOPO/IHOE MarHUTHOE 110JIe, OPUEHTUPOBAHHOE 10 OCH Z . B mepBoM nopsiike Teopun Bo3-
MYLIEHUHA HATH MONPaBKH K SHEPIUU IIEPBOro BO30YKIEHHOTO YPOBHS, BbI3BaHHbIE MarHUT-
HBIM I10JIEM.
43. ]JIByMEpHBIII CHMMETPUYHBIN FraPMOHUYECKUI OCLMILIATOP. B iepBoM nopsiake TeOpuu BO3-
MYLICHUH HATH MONPaBKH K SHEPIMU BTOPOrO BO30YKIEHHOTO YPOBHSI, BbI3BaHHBIE BO3MYILIE-
HUEM
H_I=\alpha xy . CpaBHHTb C TOYHBIM OTBETOM.
44. OnHOMEpHBII rapMoHnYecKuil ocyisaTop. HaiiTy nmonpaBku K 3HEPrUU n -ro ypoBHS,
BbI3BaHHbIe Bo3Mmyiennem H I=\alpha x"3 .
45. OnHoMepHbII rapMoHnYecKuil ocmuiaTop. HailTu monpaBKu K 3HEPTUHU OCHOBHOT'O CO-
CTOSIHUSI, BbI3BaHHBIC Bo3MylieHrneM H_[=\alpha x4 . CpaBHHUTb C OTBETOM, HOJyYCHHBIM Ba-
PHAIMOHHBIM METOJIOM.
46. Haiitn qu3IeKTpUYECKy0 BOCIIPUUMYHMBOCTD I'a3a, COCTOALIETO U3 aTOMOB BOJIOPOAA, HAXO0-
JSIIUXCS B OCHOBHOM COCTOSIHUU. CITUHOM MpeHeOpeyb.
47. HaiiTu MarHUTHYIO BOCIIPUMMYHMBOCTD I'a3a, COCTOSLIETO U3 aTOMOB BOJIOPO/A, HAXOJAIIMX-
Csl B OCHOBHOM cOCTOSTHUU. CIIMHOM NpeHe0peyb.
48. Haiitu sHepruto B3aMMOIEHCTBHS IBYX aTOMOB BOJIOPO/ia Ha OOJIBIINX PACCTOSHUSIX (CHIIBI
Ban-nep-Baansca).
49. Haiitu pacuienienue ypoBHs n=2 aToMma BOJOpOJa B C1a0OM MarHUTHOM I10JI€ C YYETOM
TOHKOHW CTPYKTYpBHI.
50. Haiitu pacuiemieHue ypoBHs n=2 aToMa BOAOPOJa B CPEAHEM MArHUTHOM II0JIE C YUETOM
TOHKOW CTPYKTYpBHI.
51. Haiitu pacuiemienue ypoBHs n=2 aToMa BOAOPOJa B CHJIBHOM MarHUTHOM II0JIE C YYETOM
TOHKOUW CTPYKTYpBHI.
52. Haiitu pacmieruieHue ypoBHS n=2 aroma BOJOpPOZa B CIaOOM 3JIEKTPUUYECKOM I10JIe C yue-
TOM TOHKOHM CTPYKTYDBI.
53. Haiitu pacuiermieHue ypoBHsl n=2 aTOMa BOJOPOJIA B CPEIHEM DJIEKTPUUECKOM IIOJIE C yue-
TOM TOHKOHM CTPYKTYDBI.
54. HaiiTu pacuiemieHue ypoBHs n=2 aTOMa BOJOPOJa B CHJIBHOM 3JIEKTPUUYECKOM II0JIE C yue-
TOM TOHKOHM CTPYKTYPBL.
55. Pa3noxuTh 3NEKTPOHHYIO KOH(UTrypanuio 2p”3 Ha TepMbl ¢ MOMOIIbI0 quarpamMm FOHra.
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56. Pa3noxuTh 3MeKTpOHHYIO KOH(purypauuio 3d*2 Ha TepMbl ¢ moMolibio quarpamMm FOHra.
57. Pa3znoxuTh 2JeKTpOHHYIO KoH(purypanuio 3d*3 Ha TepMbI ¢ moMoIsio nuarpamm FOHra.
58. Haiitu sBHBIN BU BOJHOBBIX (DYHKIMI TepMOB B KOHGHUTyparuu 2p”3 .

59. HaiiTu sBHBIN BHUJI BOJTHOBBIX (DYHKIIMA TEPMOB B KOHpuUTrypamuu 2p”2 .

60. HaiiTu sBHBIN BUI BOJHOBBIX (DYHKIIMI TepMOB B KOHGHUTypauuu 2p”4 .

61. HaiiTu sBHBII BUJI BOJTHOBBIX ()YHKIIMIA CTAPIIMX BEKTOPOB TEPMOB B KoH(purypamuu 3d"2 .
62. Ilonb3ysch npaBwiamu XyH/a, HAUTH KBaHTOBBIE yKcia S, L, J cocTosHus ¢ HauMeHbIIeH
sHepruen s koHdurypanuu nl™k .

63. HaiiTu monpaBKu K ypOBHSIM SHEPIHA MHOTOAJIEKTPOHHOT'O aTOMa B C1a00M OJJTHOPOIHOM
MarHiuTHOM TIOJI€.

64. HaiiTu nonpaBky K YpOBHSIM SHEPIrUU MHOT'OJIEKTPOHHOTO aTOMa B CUIIBHOM OJIHOPOJAHOM
MarHMuTHOM TIOJI€.

65. HaiiTu nonpaBku K YpOBHSIM SHEPTHH MHOTOJICKTPOHHOT'O aTOMa B CIIa00M OHOPOTHOM
AIEKTPUYECKOM IIO0JIE.

66. Ha arome BoJ0po/1a, HAXOISIIEMCS B OCHOBHOM COCTOSIHUM, PACCEUBAIOTCS \MU -ME30HBI.
Haiitu popmdbakTop un auddepeHnmaibrHoe CEUSHUE YIPYTOoro pacCestHus.

67. Ucrounuk norenumana FOxkaBbl paBHOMEPHO pacIipesiesieH 1o mapy paauyca R ¢ mioTHo-
cteio 3apsiaa \rho 0. Haiitu hopmbaxrop u quddepeHmanbioe cedeHne ypyroro paccestuus.
68. OmnpenenuTs MOJTHOE CEUCHUE YIIPYTOro paccestHus HePOHUIIaeMon cepoii paanyca a
JUIs OBICTPBIX YaCTHII, Je-OpoiineBcKas AarMHa BOJIHBI KOTOphIX \lambda << a . [Ipoananu3upo-
BaTh KJIACCUYECKUI MIPEAEI 3aa4u.

69. OmnpenenuTs NOJIHOE CEUECHUE YIIPYTOro paccesiHus HEMPOHUIIaeMoil cepoil paanyca a
TSl MEJIJICHHBIX YaCTHIL, Ie-OpoiiyieBcKast IJIMHA BOJIHBI KOTOphiX \lambda >>a .

70. HaiiTu Hepruo u BpeMs )KM3HU METaCTaOMIBHBIX S -ypoBHEHW B moteHuuane V(r)=V_0
\delta (r-a) .

71. HaiiTu Hepruo u BpeMs )KM3HU METACTA0MIbHBIX YPOBHEH B OJHOMEPHOM MOTEHIIUATE
V(X)=V_0 \delta (x-a)+V_0 \delta (x+a) .

72. HaiiTu 2HEPTHUIO ¥ BpEMsl )KU3HU METACTa0MIIbHBIX YPOBHEW B OTHOMEPHOM ITOTEHITHAIIE
V(x<-a)=0, V(x>a)=0, V(-a<x<a)=U_0-V_0 \delta (x).

73. HaiiTu napiuanbHOE CEYCHUE PacCesiHUs S -BOJHBI Ha nmoteHnuane V(r)=V_0 \delta (r-a) .
VYka3aTh N0JI0KEHUE PE30OHAHCOB.

74. BBIMUCIUTH CEYEHUE YIPYTOro PacCesHUsI MEIJIEHHON YaCTUIIbl HA TOTCHIIMAIIBHON SIME
V(r<a)=-V_0, V(r>a)=0 . Yka3arh yclIOBHE pE30HAHCA.

75. B npubnnxeHun s3iKoHana HalTH a3kl paccestHus Ha noteHuuane A/r*2 . CpaBHUTH C
TOYHBIM OTBETOM.

76. Haiitu (a3sl paccesHusI IPU YIPYroM paccesiHuu Ha noTeHuane V(r<a)=A/r"2 ,
V(r>a)=0.

77. Haiitu ¢a3sl paccesHus IpU YIPYroMm paccesiHuu Ha notenimane V(r>a)=A/r"2 , V(r<a)=0

78. Haiitu ¢a3sl paccesHus pu yrpyrom paccesiiuu Ha notenimane V(r<a)=-U_0+V_0

\delta (r-a) , V(r>a)=0.

79. Haiitu nuddepeHnmaibHOe CEUeHUE YIPYToro KyJIOHOBCKOTO pACCEsHUS DJIEKTPOHA Ha

ANEKTPOHE JUIsl CHHIVIETHOTO U TPUILIETHOIO COCTOSIHUM B CUCTEME LIEHTPA Macc.

80. HaiiTu BeposTHOCTH TOTO, YTO JIEKTPOH B arome Tputust H"3 | Haxoasmumiicss B OCHOBHOM
COCTOSIHMH, TiepeiineT B 1s cocrosinue nona He” 3+ mpu \beta -pacnane omnoro u3 Heitrpo-

HOB si/Ipa.

81. Yacrtuiia HaXOUTCS HA JUCKPETHOM YPOBHE B MOTeHIMANIBHOM siMe V(X)=-V_0\delta(x) .

Haiit BpeMs )KM3HU 4acTHLIBI B IME, €CIIM OHA MTOABEPraeTcs JSHCTBUIO BO3ZMYLLICHUS
H_1=2U_0 cos(\Omega't) .

82. YacTuila HaXOUTCS HA JUCKPETHOM YPOBHE B MOTEHIMANbHOM siMe V(Xx)=-V_0\delta(x) .

Haiitu BpeMs ’KM3HM 4acTHUIIBI B sIME, €CIIM OHA MTOJIBEPraeTcs AeUCTBUIO BO3MYILIEHUS
H_1=2U_0 cos(\Omega t-\Pi Xx) .
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83. Haiitu nuddepennumanbHoe ceueHre HEYIPYroro pacCestHusl YacTHIIBI Ha ChepruIeckoM
rapMOHUYECKOM ocuuiuATope. OCHMUIATOP NEPEXOAUT U3 OCHOBHOTO B IIEPBOE BO30YKIEHHOE
coctosinue |001> . [ToreHuan B3auMOACHCTBUS MEX Y yacTuleil u ocumwmisitopom W( X, y) =
W _O\delta(x-y).

84. Haiitu nuddepeHnnanbHOe ceueHre HeyIpyroro paccestuusi \Mu -Me30Ha Ha HETIO[BUK-
HOM aTOM€ BOAOPOAA. ATOM MEPEXOIUT U3 COCTOSIHUA 1S B cocTosHUE 25 .

85. HaiiTu cpeanue 3Hau€HUs U IUCHEPCUIO HANIPSHKEHHOCTEH 3JIEKTPUUECKOTO M MArHUTHOIO
0JICH B OIHOMOIOBOM KorepenTHoM coctossuuu | \alpha_Kk,p >.

86. BriBecTH npasuiia 0T60pa U GOpMyIly IS pacipeesieHUus] HHTEHCUBHOCTH U3TY4EHUS 110
yriaM U NOJISIPU3aLHsAM B 2JIEKTPUUYECKOM JAUIOJIBHOM IPUOINKEHUH.

87. BriBecTH npasuiia 0T60pa U GOpMyITy IS pacipeesieHUus] HHTEHCUBHOCTH U3Ty4EHUS 110
yIJiaM U NOJISIPU3ALMM B JIEKTPUUYECKOM KBAJPYIOJIBbHOM MPUOINKEHNN.

88. BriBecTH npasuiia 0To0pa U GopMyiy Ui pactpeaesieHusl HHTEHCUBHOCTH U3TY4YEHUS 110
yriaM U NOJSIpU3alsiM B MAarHUTHOM JIUIIOJIBHOM NPUOIIMKEHHH.

89. VYkazaTb, MEXy KaKUMHU YPOBHSIMH 3apsSKEHHOTO C(hEepUYECKOro TapMOHHUYECKOTO OCIIHJI-
JSATOPA BO3MOXKHBI 3JICKTPOMArHUTHBIE IEPEXOAbl B TUMOIbHOM NMPUOIMKEHUN. BeIuncanTs
BpEMS J)KU3HU IIEPBOT0 BO30YKIEHHOI0 YPOBHS OCLIMIIIATOpA B 3TOM NpudamxeHuu. Haitu
pacripeieleHus] MHTEHCUBHOCTH M3JIY4YEHUs 110 yIJlaM U MOJISpU3ALIUsM.

90. B aumonsHOM NpUOJIMKEHUN BBIYUCIUTD BpeMs )KHU3HH ypoBHs 2p 1/2 aToma Bogopona
(C y4eToM TOHKO# CTPYKTYpBHI).

91. B pumonsHOM NpUOJIMKEHUN BBIYUCIUTD BpeMs )KU3HH YpoBHA 2p 3/2  aToma BoJOpoza
(C y4eToM TOHKO# CTPYKTYpBHI).

92. ATOM BOJOpOJa MOMENICH B ClIa00€ OAHOPOJAHOE MAarHUTHOE Toje. OnrcaTh H3IydeHHe U
nepexoae 3d -->2p (TOHKOH CTPyKTypoil mpeHeOpeub). YKa3aTh KOJINYECTBO JUHUN B CIIEKTPE
Y ONHCATh PACIPENETICHUE UX MHTEHCUBHOCTH 110 YTJIaM U MOJISIPU3ALIHSIM.

93. Yactuua co cnuHoM 1/2 HaXoIUTCs B OTHOPOJHOM MAarHUTHOM I10Ji€ HalpsbkeHHOCTH H .
Haiitu Bpems ’u3HH BO30YKJIEHHOI'O COCTOSIHUS U pacIipeielieHue HHTEHCUBHOCTU U3ILy4eHUs
10 yIJIaM U MOJISIPU3ALIHSIM.

94. Haiitu BpeMs )KM3HU U paclpeieleHne MHTEHCUBHOCTH U3JIy4YEHUs 110 YIlaM U MOoJIsipU3a-
LUSM IPU [IEPEXO0/I€ MEXKY YPOBHSIMH CBEPXTOHKOM CTPYKTYypa aromMa BOJIOpOAA.

95. JlokazaTk, yTO OJHO(OTOHHBIE TEPEXObl S --> S 3aIpelieHbl BO BCEX MOPsIKaX MYJIbTH-
MOJIBHOCTH.

96. HaiiTn napaMarHUTHYIO COCTABIISIOIIYI0 MArHUTHOM BOCIIPUUMUYUBOCTH CBOOOHOTO (ep-
MHUOHHOTO Ta3a (CIuH YacTull 3/2) npu HyJEeBOW TeMIiepaType.

97. Haiitu ¢pnyKkTyanuu nioTHOCTH CBOOOIHOT0 6030HHOTO Ta3a Mpu HYJIEBOH TeMmepaType.

KoHTposibHBIE BOITPOCHI U BOITPOCHI TEOPETUIECKOTO MUHUMYMa

1. MaTtpuna mioTHOCTH:

VYcioBre HOPMUPOBKH JUTsI MATPUIIBI IUIOTHOCTH;  CpeAHee 3HaueHHe HallIrolaeMoH, eciu
CHUCTEMa HaXOAMTCS B COCTOSSHUM C MaTpulLed IUIOTHOCTH [; BEPOATHOCTbH NPEObIBAaHUS B
YHCTOM COCTOSIHMM [, €CJIM CUCTEMA HaXOQUTCS B COCTOSIHUM C MaTpuLel INIOTHOCTH [1;  He-
00X0JIMMOE U JOCTATOYHOE YCIOBHE YUCTOTHI COCTOSHUSA, CBSI3b MEXKIY MAaTpULEH INIOTHOCTH U
BOJIHOBOM (pyHKIIMEH B 3TOM cllyyae.

2. BonnoBas pyHKUUSA:

YcoBre HOPMUPOBKHU BOJTHOBOM (DYHKIIMU; CpeHEE 3HAaUeHUE Ha0II0JaeMoil, ecliu cuctemMa
HAXOJUTCS B COCTOSIHUU C BOJHOBOM (QyHKIMEH [1; BEpOATHOCTH NMPEObIBAHUS B YHCTOM COCTO-
SHUU [], €cIM CUCTeMa HaXOJUTCS B COCTOSIHUU C BOJIHOBOM (QyHKumeH [J.

3. U3mepenne HaOmogaeMoil (4MCTO TUCKPETHBINA CIEKT)

BeposTHOCTh MOIYYUTh 3HAUEHUE Aj, €CIIU CUCTEMA HAXOAUTCS B COCTOSIHUU C MAaTPHUILIEH MJIOT-
HOCTHU []; BEPOSATHOCTD MOJYUYUTh 3HAYCHHUE i, €CJIU CUCTEMa HaXOAUTCS B COCTOSIHUU C BOJTHO-
BOM pyHkimen [1.

4. CocTaBHBIE CUCTEMBI:

BolpaskeHue 1 MaTpuipl IIOTHOCTH MOJCUCTEMBI.
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5. JluHaMmuKa:

VYpasuenue ["aitzenOepra Jj1s1 IpOU3BOJIBHOTO OriepaTopa A; HECTallMOHApHOE ypaBHEHHUE
penunrepa (o6mwuii ciayyaii); cramonapuoe ypasuenue Llpenunrepa (oOuuii ciryyait).

6. OnHOMEpHOE JBM)KEHUE MaTepUaIbHOM TOUKHU:

Kanonnueckoe KOMMyTallMOHHOE COOTHOILIEHUE [ X, p|; HEcTauuoHapHoe ypaBHeHue Lllpeaun-
repa B KOOpAMHATHOM IPE/ICTaBIECHUH; cTallMoHapHoe ypaBHeHue lllpeaunrepa B KoopAuHAT-
HOM IIpE/ICTAaBIEHUH; YPaBHEHUE HETIPEPHIBHOCTH.

7. T'apMOHUYECKUN OCUMIIISATOP:

[ a, a™+]=?; ajn>=?; a™+|n>=?; ypoBHu sHepruun E_n=?; xorepentHoe cocrosinue [\alpha>:
al\alpha>=? <\alpha |a"+ =?

8. TpexmepHOe NBUKEHHE MAaTEPUATILHOM TOUKHU:

KanoHHnyeckre KOMMyTallUOHHbIE COOTHOLIEHUS [ X 1, p_j]; HeCTallMOHapHOE YpaBHEHUE
[lIpenunrepa B KOOPAMHATHOM IPEJACTABIECHNUHN; YpaBHEHUE HENIPEPHIBHOCTH.

9. MowmeHT:

Ompenenenne momenta; < I'm'[Im>=?; 1"2 [Im>=?; |_z |[Im>=?; |_+ |[Im>=?; |_- [Im>=?;
OIpEeJIeJIEHUE CKATSIPHOTO U BEKTOPHOI'O ONEPAaTOPOB ; MATPUYHBIE 3JIEMEHTBI CKAJIIPHOI'O OIle-
paropa A: <I'm'A[lm>=?

10. ®opmyiibl A1 onepaTopoB:
exp( A) B \exp(- A)=?; ecmu [ A, B]=\lambda, o [ Af(B)]=?; sBHubiii Bux marpur [laymu;
11. CraunoHapHas Teopus BO3MYILIEHUMN.

VYcnoBrue npUMEHUMOCTH; HEBBIPOXKIEHHBIN YpOBEHbD; MTONpaBKa K 3Hepruu, 1-it u 2-i
HOPSAKH; BBIPOXKICHHBIN ypOBEHb, IIONIPABKa K SHEPIUH, 1-i Mops oK.

12. TloTeHnuanbHOE paccesiHue.

Ammuintyna paccesHus B 1-m BopHOBCKOM puOIMKeHUH; yCI0BUs MpuMeHuMocTu 1-ro bop-
HOBCKOT'O MPUOJIMKEHUS; YCIOBUE YHUTAPHOCTH /U1 MApLMATIBHBIX aMIUIUTY/] pacCesHuUs; Bbl-
paskeHue Ui NapluabHON aMILTUTY/AbI paccesHus dyepe3 (pa3y paccesiHus; aCUMIITOTHKA IS
peleHust paguanbHoro ypasHeHus Llpenunrepa B 3agaue paccesHusl.

13. Tlepexonpi.

YpaBHEeHHE BOJIIOLUH BOJIHOBON ()YHKLIMU B MpeJICTaBIeHUH B3auMoaencTeus ([upaka); 3oi0-
Toe npasuwio Pepmu.

14. BropuuHO€ KBaHTOBaHUE.

Kanonnueckre KOMMYTallMOHHBIE COOTHOILLIEHUS /IJIS1 ONIEPaTOPOB POXKACHUSI U YHUUTOKEHUS;
OIepaTop BOJIHOBOM (DYHKIIMM; BEIPAXKEHUS /ISl OJHOUYACTUYHOIO M JIByX4YaCTHYHOTO OIeparTo-
pOB.

15. U3nyuenue.

KoMMyTannoHHbIe COOTHOILIEHUS /AJIsl ONIEPaTOPOB POKACHUSI U YHUUTOKEHUS (POTOHOB; HEP-
TSl M UMITYJIBC TIOJI U3TY4YEHUs; ONIepaTop BEKTOP-NOTeHIMaNa; GopMya s SJIEKTPUIECKOTro
JUTOJIBHOTO U3JTy4EHUSI.

16. YpaBHenue /lupaxa.

[IpomexxyTounas arrectauus Mo JucuuIuiiHe «KBaHTOBas TEOpHs» MPOBOAUTCS B BHJIE
9K3aMeHa B KOHIE 6-r0 u 7-ro ceMecTpoB. Ha 3k3aMeHe CTyJeHTy npeniaraercs OTBETUTh Ha
TEOPETUYECKHI BOIPOC M pemuTh 3aaauy. Huke npuBeneHbl 00pa3ibl 3K3aMEHAMOHHBIX BO-
IIPOCOB.

ITepedyenb 3K3aMeHAIlHOHHBIX BOIIPOCOB

1. TunsbeproBo mpoctpaHcTBO. basuc. YHuUTapHbIe, 3pMUTOBBI U IPOESKLIUMOHHBIE ONIEPATOPHI.
Nx ¢usnyeckuil cMbICI.

2. CrnekTpalibHOE pasIoKeHHe H)pMUTOBA orepatopa. Ciydail HempepbIBHOTO criekTpa. Onpe-
nenenue GyHKIMH OT orieparopa. TeopemMbl 0 KOMMYTaTOpax )PMUTOBBIX ONEPATOPOB U UX
COOCTBEHHBIX BEKTOPAX.

3. PesynbraThl u3MepeHUs HaOIIOAaeMON. MaTpwuIla IIOTHOCTH, €€ CBOWCTBA, YCIOBHE HOP-
MHUPOBKH.
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10.

11.

12.

13.
14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24,

25.
26.
27.
28.
29.

30.

31.

UYucroe cocTtosgHue. MaTpuiia INIOTHOCTH YUCTOrO cOCTOsIHUA. ONMCaHue YHUCTOTO COCTOSI-
HUS C IOMOILBIO BeKTOpa rmiib0epToBa nmpoctpancTBa. [IpuHuun cynepno3unuu, ero o0oc-
HOBaHHUE.

CoBmecTuMBbIE U HeCOBMECTHMbIe Habmogaemble. [1oaHblil Habop Habmogaembix. Coor-
HOLLIEHHUE HEONPEACIICHHOCTEM.

IIpocTpaHCTBO COCTOSIHMM COCTaBHOM cUCTeMbI. HaxoxkieHne MaTpuisl INIOTHOCTHU IIOJICH-
creMsl. [IpuMepbl Bcex BOZMOXKHBIX KOMOMHALIMI YUCTBIX M CMELIAHHBIX COCTOSHUH y CH-
CTEMBI U ITOJCUCTEM.

"ITapanokcel" kBaHTOBOM MexaHuku. "[lapanokc" DIIP (DitHiureiina, [logonsckoro, Pose-
Ha). "[Tapagokc" GHZ (Greenberger, Horne, Zeilinger).

"ITapanokcel" kBaHTOBOW MexaHuku. "Ilapagokc" Kosna-IlInexepa. Hepasencrsa bemna.
IIpencraBnenus ["aiizen6epra u lllpeaunrepa, cBsA3b MEXIy HUMH, (GOpMaTIbHbIE PEIIECHUS
ypaBHenuii ['aitzen6epra u Llpenunrepa.

Cranuonaphsele cocTosiHusA. CHUMMETPHUN U MHTETPalIbl ABMKEHMs. Oneparop 3BOJIIOLMH U
€ro cBoiicTBa. BeipaxkeHue [ oneparopa 3BOJIIOLMHY B Clydae raMUIbTOHUAHA, 3aBUCSIIIE-
IO OT BpEMEHH.

KoopaunatHoe u ummnynbcHoe npezcrasieHue. Mx cBa3p. Oneparopsl TpaHCIALNUY B KO-
OpPAMHATHOM M MUMITYJIbCHOM IIPOCTPAHCTBE.

OO01ue cBoiicTBa crieKTpa MPU OJHOMEPHOM JBUKEHUH. JIMCKPETHBIN CIIEKTpP, HENPEPHIB-
HBIN CIIEKTP, KPAaTHOCTb BBIPOXKACHUA. OCcHMUIALMOHHAs TeopeMa. YeTHbIN OTEHIMAl.
HenpepsIBHBIN CIIEKTP U OAHOMEPHOE paccesHue. PaccestHue BOJIHOBBIX IIAKETOB.
[lepuonnueckuii NOTEHIMAN, CIEKTP U BOJIHOBBIE PyHKIMH. [lepuonuyeckuit noteHuuan u
KOHEYHbIH OTPE30K MEPUOIUYECKOr0 MOTEHIHANIA.

KBa3uknaccuueckoe npubimxenue. Y cioBue NPUMEHUMOCTH. Y CIIOBHE CIIMBAaHUS B TOY-
Kax IIOBOPOTA.

IIpaBuna kBantoBanus bopa-3ommepdensaa. Koadduuuent tynnenupoBanus. Y cioBus
IIPUMEHUMOCTH.

Teopust MoMeHTa. MaTpuuHbIe 3JIeMEHTHI orieparopa MoMeHTa. CrirH. OpOHUTaIbHBIA MO-
MEHT.

Crnoxenune momeHnToB. Koaddummentsr Kitebmra-I'opona. Crapiime BeKTopa.
IlenTpanpHO-cuMMeTpHuuHOE noJie. PagnansHoe ypaBHeHue lpenunrepa, rpaHMuHOE yCIIO-
BUE.

KoopaunaTHOE ¥ MMITYJIBCHOE NPEACTABIEHUE B 3-MEpHOM citydae. [IoTok BeposTHOCTH,
ypaBHEHHE HenpepbrlBHOCTH. [laneHue Ha LEHTp.

CranuoHnapHas TeOpHsi BO3MYUICHHMH, CIIy4ail HEBBIPOKIEHHOTO YPOBHS. Y CIIOBUS IIPUMeE-
HUMOCTH.

CranuonapHas TeOpHsl BO3MYULIEHH, CIydail BBIPOXKACHHOTO YpOBHs. Teopus BO3MYILEHUN
JUTst OJTU3KUX YPOBHEM.

ToxnectBenHble yacTulsl. [IpuHumn HepazamuumocTy. bo3onsl u pepmuonsl. baszuc B
MIPOCTPAHCTBE COCTOSTHUM TOXAECTBEHHBIX YacThll. OniepaTopsl B IPOCTPAHCTBE COCTOSHUMN
TOXJeCcTBEHHBIX YyacTull. [Ipuniun [Taynn.

MHOr0371eKTPOHHBIN aToM, MPUOIMKEHNE HEHTPATBHOIO MOJIsl, UHTETPaJIbl JIBUKECHMUS,
KOH(UTyparus, TEpMBl.

[TocTpoenue sBHOTO BUa BOJHOBBIX (PYHKIIMI TEPMOB, CTapIINE BEKTOPA.

Huarpammsl FOHra. 1-e u 2-e npaBuia XyHaa, uX 00bsSCHEHHE.

Tonkas cTpyKTypa TEpMOB. 3-€ IpaBuwiIo XyHAA, €r0 10Ka3aTEIbCTBO.

Mertoa Xaptpu. Meron Xaptpu-®oxka. Tabnua Menneneesa.

Ynpyroe norenuuanbHoe paccessHue. [locranoBka 3agauun. YpaBaenue Jlunnmana-
[[IBuHrepa.

BopHoBckwMil psifl, yclioBUE CXOAUMOCTH, YCIOBUE MPUMEHUMOCTH 1-T0 OOPHOBCKOTO MpHU-
OMKeHus.

[TapumnansHOE pa3znoxkeHue. Y ClIOBUE YHUTAPHOCTH JJIsSl MApIUAIbHBIX aMIUTUTY paccesi-
Hus, (aza paccesHus. OnTuyeckas Teopema, ee (PU3MUECKUIl CMBICI.
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51.

10.

1.

. JlucKpeTHbIe ypOBHHU, BUPTYyalIbHbIC YPOBHH, METaCTaOMIbHbIE YPOBHU. MeTacTaOMIIbHBIN
YPOBEHB U PE30HAHC B PACCESIHUMU.

MetacTaOnIbHBIN YPOBEHD U 3BOJIONHMS YaCTHIIBI B HEUACATbHON MOTEHIUATLHON JIOBYIII-
KeE.

Bpewmst ®HU3HN METaCcTaOMIILHOTO YPOBHSI.

PaccesiHue npu HU3KUX DHEPIUSX, PE30HAHCHI B PACCESIHUM IIPH HU3KUX DHEPIUsX.
Paccesnue npu Beicokux 3Heprusix. ®aza paccestHus B MPUOIMKEHUN SMKOHAIA.

dopmyiia 1715 aMIUIUTY bl paccessHUs B IPUOIMKEHUN SMKOHaa Kak (opMysia napLuuaib-
HOT'O Pa3JI0KEHHUS.

[IpencraBnenue qupaka. Hectaumonapnas teopust Bo3myuieHuid. [lepexo bl MrHOBEHHbBIE U
annabdaTHYECKUE.

IIepexonpl moj IeHCTBUEM IIEPUOAMYECKOTO BO3MYLIEHHS. 30J10TOE IIpaBuio depmu.
@yukuusa ['pyHa cUCTEMBI U ABOJIIOLUS COCTOSHMS. JJUCKPETHBIN U HENPEPBIBHBIN CIIEKTP
cucreMsbl U pyHKuUs ['puHa. YpaBHenus 11t GyHkuuu ['puHa cucteMsl py HaJIMYUK BO3-
MYILEHUS.

[TpubnuxenHoe peuieHre ypaBHeHUH A1 yHKUIUYU ['pruHa cuCTeMbI IPU HATUYUK BO3MY-
menust. [IpeBparienue TMCKpeTHOro YPOBHS B METacTaOMIIbHBIN. 3aKOH pacrajia MeTacTa-
OWJILHOTO YPOBHA U (hopMa JTHHHH.

VYpasaenue Jlunnmana-1lIBuHrepa B Teopuu nepexooB. S-MaTpulla, ee cBoicTa. T-
Marpuna. Ontudeckas treopema ais T-mMaTpuisl.

Bropuunoe kBanToBaHue. KoMMyTalimoHHbIE COOTHOIIEHHUS JIsl OLIEPATOPOB POXKICHUS -
yHHuTOKeHUsA. POKOBCKOe MpocTpaHCcTBO. basuc B OKOBCKOM IPOCTPaHCTBE.

Omnepartop BOJIHOBOH (YHKIINH, €r0 PU3NIECKUil cMbIc. OnepaTopsl B PEACTAaBICHUT
BTOPUYHOI'O KBaHTOBAHHUSA. | aMUIbTOHUAH M ONIEPATOP YMCIIA YACTHULL.

KBanToBaHue 351eKTpoMarHuTHOro 1oJisg. KomMmmyTannoHHble COOTHOIIEHUS ISl OLIEPaTOPOB
POXKAECHUA-YHUUTOXKEHUS (POTOHOB. DHEPIHsl U UMITYJIbC MOJIS.

KorepeHnTHOE cOCTOSIHME KaK OMMCAHUE KJIACCUYECKOM 3JIEKTPOMArHUTHOM BOJIHBL. Jlucnep-
CHSI KOMIIOHEHT 3JIEKTPOMarHMTHOI'O T0JIsl B KOTEPEHTHOM cocTostHUM. HyneBoit mym.
W3nydyeHne pOTOHOB KBaHTOBOMEXaHUUYECKON crcTeMoil. CIOHTaHHbIE U BBIHYKIEHHBIE
IIEPEXOIbI.

MynbpTUIIONBHOE Pa3JI0KEHUE B 3a7aUe U3IYUEHHS. DIEKTPUUECKOE JUMOIbHOE U3ITyUEHHE.
VYpasuenue [upaka. Pemennst ceobogHoro ypaBHenus /{upaka ¢ onpeeneHHbIM UMITYJIb-
COM U CIHUPAJIbHOCTBIO, UX HHTEPIPETALHS.

HeBo3MoxxHOCTB JToKanu3anuu yactuilsl Jupaka. Ckopocts yactuubl Jupaka. Cnivz ya-
ctuubl upaka.

Hepenatusncrckuit npenen ypasHenus Jupaka, ypasaenue Ilaynu. KBazupenstuBucrckoe
pasznokeHue ypaBHeHus [{upaka.

PecypcHoe obecnieuenue

e IlepeyeHb OCHOBHO¥ U ONOJHUTEIbHON y4eOHOM JINTepaTypbl

Ocnoenas yueonaa numepamypa

TanuteikoBa-bymkeny, .M. ®@usuka. Y. 2. Ontuka. KBantoBas ¢usuka. Crpoenue u ¢pu-
3UYECKHe CBOMCTBA BellecTBa [ DneKTpoHHbIHN pecypce] : B 2 u.: yueOnuk / I.M. TamusikoBa-
bymxkeBuu. — Munck: Beiniimmas mkona, 2014. — 232 c.: un. - ISBN 978-985-06-2325-6. //
DBC "Znanium.com". - URL: http://znanium.com/bookread2.php?book=509269 (mara 06-
pamenust: 17.05.2019). Pexxum noctymna: orpaHU4EHHBIN 10 JIOTUHY U TTapOJTIo

Mengenes, b. B. Hauana Teopetndeckoit pusmku. Mexanuka, TEOpPHS TOJIS, SJIEMEHThI KBaH-
TOBOI MexaHMKH [DneKkTpoHHBIN pecypc] / b. B. Mensenes. - 2-e u3n., ucop. u jgom. - M.:
OU3BMATIINUT, 2007. - 600 c. - ISBN 978-5-9221-0770-9. // O3bC "Znanium.com". - URL:
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http://znanium.com/bookread2.php?book=544710 (mata oOpamenus: 17.05.2019). Pexum
JOCTYIIa: OrPaHUYEHHBIH 110 JJOTHHY W apOJIIo

CagenbeB, U.B. Kypc obmeit ¢pusuku: B 4 1. T. 3. KBanroBas ontuka. AToMHas (u3uka.
®usuka TBepaoro tena. GU3MKa aTOMHOTO S/Ipa U 3JIEMEHTAPHBIE YaCTUIBI: yueOHOE 10Co-

oue / .B. CaBenbeB; mon obml. pea. B.M. Casensea. — M.: KHOPYC, 2009. — 368 c.: u.

Jlononnumensnasn yueonaa numepamypa
Cagenbes, .B. Kypc obmeit ¢pusuku: B 4 1. T. 4. COOpHUK BOIPOCOB M 3a1a4 MO OOIIEH
¢dusuke: yueoHoe mocodue / M.B. CaBenbeB; nmoa oom. pea. B.M. CasenseBa. — M.: KHO-
PYC, 2009. — 384 c.: u.
CepreeB, H. A. OcHOBBI KBaHTOBOM TEOPHUM SAJIEPHOIO MArHUTHOTO pe30HAHCA [DJIEKTPOH-
HbIi pecypc] : monorpadus / H. A. Ceprees, . C. PsOymkun. — M. : Jloroc, 2013. —272 c. -
ISBN 978-5-98704-754-5 /! 3BC "Znanium.com". - URL:
http://znanium.com/bookread2.php?book=469025 (mata oOpamenus: 17.05.2019). Pexum
JOCTYTA: OTPAaHHYEHHBIH 110 JIOTHHY H MapOJTIO
Tpodumona, T.M. ®usuka B Tabnumax u Gopmynax: yueonoe nocodue / T.1. Tpopumo-Ba. —
4-¢ uzn., crep. — M.: U3narenbckuii neHtp «Axamgemusi», 2010. — 448 c.: . 978-5-7695-
7036-0
Xapynsk B.I'. Kypc ¢uzuku: Yuebnoe nocobue [DnektponHslil pecypc]| / B.I'. XaBpyHsk. -
M.: HUL] UH®PA-M, 2013. - 400 c.: 60x90 1/16. - (Bricmee oOpa3oBanue: baka-naBpuar).
(meperter)  ISBN  978-5-16-006395-9 //  DOBC  "Znanium.com". -  URL:
http://znanium.com/bookread.php?book=375844 (marta obpamenus: 17.05.2019). Pexxum no-
CTyNa: OTPAaHUYCHHBIH 110 JIOTHHY U TApOITI0

o Ilepuonnmyeckue u3gaHus

XKypHan skcnepuMeHTanbHOH U Teoperndeckoin (usuku / Yupemaurens: PAH, Uuctutyt
¢uznueckux npoosem um. [L.JI. Kamuuer PAH. I'n. pen. akagemuk AnupeeB A.D., UODII
PAH. M.: Akagemusgaruentp «Hayxa». - XKypnan ocHoBan B 1873 roay. IlonHble TEKCThI
cTarefi JOCTYHmHBl 10 IOANUCKE Ha CcaiTe Hay4yHOM HJIEKTPOHHOM OMOIMOTEKH
«eLIBRARY.RU»x: http://elibrary.ru/title_about.asp?id=8682 wu Ha caiiTe KypHaia
http://www.jetp.ac.ru/

MenauuuHckas ¢pusuka / Yupenurenb: Accouuanus MeAUIMHCKUX pu3ukoB Poccuu; ri. pen.
a. ¢.-M. H., npod. B.A. KoctbineB. — M.: Accounanus MeaunuHckux ¢usukos Poccun. —
XKypnan ocHoBan B 1995 ropay. IlonHble TEeKCThI cTaTell TOCTYHHBI 1O MOANUCKE Ha caiiTe
Hay4HOU AIEKTPOHHOU 6ubimorexku «eLIBRARY .RUx»:
https://elibrary.ru/contents.asp?titleid=10064

. Slnepnas ¢usuka / Yupenurens: PAH, M3narensctBo «Haykay , I'n. pen.: FO.I'. AdoB. — M.:

NoabkowhE

AxanemuznatiieHtp «Haykaw.- Kypran ocnoBan B 1965 romy. IlonHble TEKCTBI crartei
JOCTYIIHBI 10 MOANUCKE Ha caiiTe HaydHOW »nekTpoHHON Ombnuorexkn «ELIBRARY.RUy:
http://elibrary.ru/contents.asp?issueid=1549086

o [lepeuenn pecypcoB HH(POPMAIMOHHO-TEJIEKOMMYHHUKANMOHHOI ceTH « AUHTepHET»
Dnekmponno-oubruomeunsle cucmemsl u 6a3vl OAHHHIX

3bC «Znanium.comy: http://znanium.com/

9BC «Jlanmp»: https://e.lanbook.com/

3BbC «Opaiit»: https://biblio-online.ru/

OBbC «YHuBepcuTeTcKas 6ubnmroreka onnaita»: http://biblioclub.ru/

Hayunas snexrponnas 6udanoreka (PYHOB) «eLIBRARY.RU»: http://elibrary.ru
Hanmonanwsnas snexrponnas oubdnauorexa (HOB): http://H306.pd/

ba3br qaHHBIX poccuiickux KypHanoB kommanun «East View»: https://dlib.eastview.com/
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Haylll-lble nouckKoesle cucmemaol

1.  Google Scholar - mouckoBas cucTema Mo Hay4HO#M JTUTepaType. BKiIoyaeT craThu KpyIi-
HBIX HAYYHBIX H3/aTENILCTB, apXUBbI MPEIPUHTOB, MyOJIMKAIMK Ha CalTaX YHUBEPCHTETOB,
Hay4YHBIX OOIIECTB M APYTUX HAay4HBIX opranu3anuii https://scholar.google.ru/

2. SciGuide - HaBuraTop 1o 3apy0e’KHbIM HAyYHBIM JIEKTPOHHBIM PECypcaM OTKPBITOTO J0-
cryma. http://www.prometeus.nsc.ru/sciguide/page0601.ssi

3. WorldWideScience.org - riobanbHas HaydHasi IOUCKOBAsi CUCTEMA, KOTOpask OCYIIECTRIISICT
MOUCK MH(OpMAIIMK MO HAIIMOHATIBHBIM M MEKIYHAPOJHBIM HAYYHbIM 0a3aM NaHHBIX W
nopraiam. http://worldwidescience.org/

4. ArXiv.org - Hay4HO-ITOUCKOBAsi CUCTEMa, CHCIUATU3UPYETCS B OOJIACTAX: KOMITBIOTEPHBIX
HayK, acTpou3uku, GU3NKHA, MaTEMaTUKH, KBAHTOBOM Onosoruu. http://arxiv.org/

Ilpogheccuonanvnuie pecypcol cemu «HUnumepnuemy
1. ®epepanbHas undopmanmonHas cucrema «EnquHoe okHO TocTyna K MH(GOPMAIMOHHBIM pe-
cypcam»: http://window.edu.ru/

e Onucanue MaTepI/IaJIbHO-TeXl—[I/I‘IGCKOﬁ 0a3bl

JIeKIMOHHBIE W MPAKTHIECKUE 3aHSTHS CO CTYICHTAMH MPOBOJSITCS B CTAHAAPTHO 000PYIOBaH-
HBIX ayAUTOPUAX q)I/IHI/IaJ'Ia, UMCHOIINX BCE HCO6XO[II/IM]:>IC CpeaAcTBa AJid NPOBEACHUSA 3aHATHH. I[Hﬂ Ipo-
BEJICHHS YMCIICHHBIX PACYETOB MPH BBIIIOIHECHUH CAMOCTOSITEIBHBIX Pad0T CTYACHTAM IMPEJOCTaBISCTCS
BO3MOXHOCTh PabOThI B KOMITBIOTEPHBIX KJIACCAX HA MEPCOHAIBHBIX KOMIBIOTEPAX C HMCIONB30BAHHEM
CTaHJapTHOTO MPOrPaMMHOTO obecreueHus. JUCHUIUIMHA obecrieyeHa HEOOXOMUMBIM POrPaMMHBIM
obecrieyeHUEeM, KOTOpOe HaxOAuTCs B cBoOomHOM joctyne (mporpammbl Open office, Scilab, nemo-
Bepcust POMforWIN).

11. sI3bIk mpenoaaBaHus
Pyccknii
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