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YTBEPXOAIO
3aBepyoLmii kadenpon

meopemudeckol ¢hu3uKu
HaumMeHogaHue Kaghedpbi, omeeyaroujel 3a peanusaquro OUCYUNITUHbI
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PABOYASA MPOrPAMMA YYEEHOW OUCLIUMITUHBI

51.0.28 — KsaHmosasi MexaHuKa
Kod u HaumeHosaHue duCcyUnIuHbl 8 COOMeemMcmeuu ¢ Y4ebHbIM rnaHoM

1. Koa u HauMeHoOBaHUe HanpaBlieHUs noAroToBku/cneLmuanbHOCTH:
03.03.03 — Paduoghusuka .

2. NMpodunb nogrotoBku/cneunanusauus: Paduogu3auka U 3/1eKMpPOHUKa

3. Kanudmkauusa BeINyCKHUKA: Oakanasp

4. Popma obyuyeHuUs: oyHasi (OHeeHasl)

5. Kachegpa, oTBevarwas 3a peanusayuio AUCUUNIUHLI: 0802 — meopemuyeckol husuku

6. CocTtaBuTenu nporpamMmmsbl: OscsaHHuUkos Bumanul mumpuesud

@HO
0.¢h.-M.H. npogheccop
Yuernas cmeneHsv YHeHoe 38aHue

7. PekomeHnpgoBaHa: HMC ¢usuyeckozo ghakynsmema om 25.05.2023 2. npomokos Ne 5
(HaumeHosaHue pekomeHdOyroweld cmpykmypsl, dama, HoMep MpPoMmoKoa,

omMemku o rpodneHuUU 8HOCIMCS 8PYYHYIO)

8. YuyebOHbIU roa: 2025-2026 CemecTtp(bil)/ TpumecTp(bi): 6



9. Uenu n 3apgayum y4e6HON AUCLMNIIUHDI:

Llensamu oceoeHusi y4ebHoU OucyuniuHbl S6nsgiomcs:; rnybokoe MNOHMMaHue 3aKOHOMEPHOCTEN
MUKpOMMpPa U CNocoboB MX ONUCaHWs, BNageHne MeTofaMy pacdeta CBOWCTB KBAHTOBbLIX CUCTEM,
YMEHUE NPUMEHATb NOMyYEHHbIE 3HAHWA AN PeLleHNst PpasnMYHOro poga NpakTUYeCcKnx 3agau.

3adayu y4yebHol AucyuriuHbl: O3HAKOMUTb C OCHOBaMM KBaHTOBOW MEXAHWKW, HayuYnTb NMPUMEHATb
ee BbluUCINIUTENbHbIE METOAbl AN pelleHus NpUKNagHbIX 3ajadv, AaTb SACHOe npeacTaBneHune o
PU3NYecKkon NpupoAe KBAHTOBbLIX SABMEHUW, O rpaHuMUax MPUMEHMMOCTM KBAHTOBbIX 3aKOHOB U
MCNonb3yemblXx METOAO0B, NOKa3aTb, YTO KBAHTOBAA MexaHuKa €CTb Hay4dHasi OCHOBa COBPEMEHHbIX
HAHOTEXHOMOIM.

10. Mecto y4ye6HOM aucumnnuHbl B cTpyktype OOIl: gucumnnuHa oTHocuTca Kk GasoBoi
yactn Bb1. Kypc 3HaKOMWUT C COBPEMEHHLIMU TEOPETUYECKMMW MEeTodamMu OMNUCaHUS CBOWCTB
KBaHTOBbIX CUCTEM N TEOPETUYECKMMM NOAXOAAMM K UCCNEAOBAHUIO B HUX Pa3NUYHbIX ANHAMUYECKNX
npoueccoB. CTyoeHT gormkeH obnagaTtb 3HaHMAMKM No AucuunnuHam mopynen «Obwas dusnkay,
«AToMHas n sgepHas dumauka» u «TeopeTndeckas umamkay, B YaCTHOCTU, U3 NOcreaHero Moayrns no
avcumnnuHam «TeopeTuyeckas MexaHukay» n «dnekTpoanHamuka». Kpome aToro, CTyaeHT LOIMKEH
BNageTb OCHOBHbIMM MaTeMaTU4eckumMuM npuemamum W MeTogamMuM M3  AUCUMNAWH - Moayns
«MartemaTtukar.

11. NMnaHupyemble pe3ynbTaTbl 00y4YeHUA No AucuunnuHe/Moaynio (3HaHUSA, YMeHus,
HaBbIKW), COOTHECEHHbIe c nnaHupyemMbIMu pe3ynbTaTtamm OCBOEHMA
obpa3soBaTenbHON NporpaMmMbl (KOMNETEHLUMAMU) U UHONKATOPAMU UX JOCTUKEHUS:

Koa HasBaHue Koga(bt) NnaukaTop(bl) MnaHnpyemble pesynbTaTtbl 06y4eHus
KOMMNeTeHLmMn
OlMNK-1 | CnocoGHoCTb OrlK- | OueHnBaeT rpaHuubl | 3HaTb: OCHOBHbIE NOMOXEHUSA U NpaKTUYecKue
npuMeHsTb 6a3oBble 1.2 NPUMEHNMOCTU U MeTOoAbl KBAHTOBOW MEXaHWUKM, rpaHuLbl Ux
3HaHuA B obnacTu ncnonb3yet NPUMEHEHNS.
PU3MKN 1 mMaTemaTtumyeckue
pagnousnkm n Moaenu, YMeTb: ncnonb3oBaTb B NpodeccrnoHansHom
ucnonb3oBaTh UX B Heobxogumble Ans OEesTeNbHOCTU 3HaHNSA O CBOMCTBaX KBaHTOBbIX
npodeccuoHanbHOM peLleHns TUMOBbIX 0OBEKTOB 1 METOOAX UX UCCregoBaHus,
OesATenbHOCTH, B TOM NpodeccuoHanbHbIX | MPUMEHATE NOMYyYEHHbIE 3HAHWUS A4S
yncne B cdpepe 3apay OCBOEHMSA NPOMUITBHBLIX OUCLMMNINH 1
negarornyeckon peLleHns npodeccuoHanbHbIX 3adau.
neaTernbHOCTH Orl1K- | Bnageet 3HaHuAMM
1.3 dyHAaMeHTanbHbIX BnapgeTb: npaktMyeckumu metogamu
pa3fgenos MU3NKNM U | NCcneaoBaHns KBaHTOBbLIX CUCTEM U
NPUMEHSIET UX B NPUMEHSITb NX Ha NPaKTUKe NpPU peLleHnm
npodeccnoHaneHon | NpodecCuoHarnbHbIX 3agau.
AesaTensHoCcTH

12. O6beM AucuuNNUHbI B 3a4eTHbIX eauHUUax/yacax (8 coomeemcmeuu ¢ y4ebHbIM
nnaHom) — 5/ 180.
dopma NPOMEXKYTOYHOMN aTTecTauumn (3a4em/3Kk3aMeH) — 3K3aMeH.
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13. TpyaoemMkocTb No BMAam y4ebHom paboThbi:

TpynoemMkocTb
Bcero Mo cemecTtpam
Bug yuebHow paboTbl
Ne cemecTpa Ne cemecTpa
6
AyOouTOpHbIE 3aHATUSA 100 100
nekymm 50 50
B TOM YuUcne: npakTuyeckue 50 50
nabopaTtopHbie
CamocTtosTenbHas paborta 44 44
B TOM Yucne: Kypcosas paboTa (npoekT)
dopma NpomMexyTo4HOM aTTecTaumm OK3ameH - OK3aMeH -
(3x3ameH — 36 vac.) 36 36
Utoro: 180 180

13.1. CopepxaHme gUCLUUNIIUHLI

Peannsauus
pasgena

HaumeHoBaHue pasgena OVUCLUMMUHBI C

Ne n/n MCLMTITMHBI CopgepxaHve pasgena AMCUUniuHbI FOMOLLBIO
OHMNanH-Kypca,
QYMK*
1. NNekunn
1.1 BsegeHue. OTanbl pa3BuTUS KBAHTOBOW TEOPUN N TPYOHOCTU ee -

OKkcnepuMeHTarnbHble ocBOeHus. KnioueBble 3KCNepUMEHTLI, He Haxoasdllume
OCHOBbI KBAHTOBOM 00BbACHEHNs1 HA OCHOBE KMacCUYECKOM MEXaHNKN 1

MeXaHUKN notpeboBasLune pa3paboTku HoBoro noaxona. BonHa

ne bponnga n ee PuU3nN4ECKMN CMbICH.

1.2 MaTtemaTtnyeckun annapaTt OnepaTopHbI hopmanmam, CO6CTBEHHbIE (PYHKUMM U | -

KBaHTOBOW MeXaHUKM cobCTBEHHbIE 3HAYEHNsI ONepaTopoB, NX CBONCTBA AN
OVCKPETHOIo 1 HenpepbIBHOIO CNEKTPOB onepaTopa.
1.3 OCHOBHbIE MOMOXEHUS BonHoBas dyHkum4. lNepexoa K knaccuyeckomy -
KBaHTOBOMW MeXaHWKK npegeny. NpuHumn cynepnoauumn. MNoctynatbl

KBAHTOBOW MeXxaHuKWU. BepoaTHOCTb pesynbTaTta
namMepeHna pmnsnveckomn BennImHbI.

BpemeHHoe ypaBHeHue LLpeanHrepa. CoxpaHeHne
ymcna 4YyacTul, B KBAHTOBOW MexaHuke. [MNoTHOCTb ToKa
BEPOATHOCTM.

YpaBHeHue WpeauHrepa ansa ctaumoHapHbIX
COCTOSIHUI U ux cBoncTBa. CoOOTHOLLEHME
HeonpeaeneHHOCTEN.

OudpepeHuupoBaHme onepaTopoB MO BpeMEHU.
MHTerpanbl COCTOSAAHNN KBAHTOBOM cuctembl. CBOMCTBA
CUMMETPUN MPOCTPaAHCTBA BPEMEHU U MHTErpanbl
cocTosiHMI cuctembl. OOHOPOAHOCTbL BPEMEHW,
3Heprns. OAHOPOAHOCTL NPOCTPAHCTBA, MMNYJILC.
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M3oTponusi npocTpaHCTBa, MOMEHT MMMyIbCa.
YeTHOCTb.

14 MpocTtenne 3agayu [MpoxoxaeHre yacTuy, Yepes noteHumanbHbi 6apbep,

KBaHTOBOW MeXaHWKM TYHHENbHbIN 3ddekT. KBaHTOBbLIM OCLUUNNIATOP.
O6Lume cBoNCTBa ABUXEHUS YaCTULbl B LEHTpansHOM
none. Teopusa atoma Bogopoaa U BogopoaonoA00HbIX
WOHOB.

1.5 MpnbnumxeHHble MeToAbI Teopus BO3MYLLEHUIN B OTCYTCTBUM U NPU HANn4mm
KBaHTOBOW MeXaHWKM BblpoXXaeHus. MNMpsMor BapnaLMoHHbIN MeTon,.

KBasuknaccuyeckoe npubnmkeHme.

1.6 Yactuua B YpaBHeHue LpeaunHrepa gnsa yactuupbl B

3MNEeKTPOMarHUTHOM none anekTpomarHuTHoMm nosne. CnvH anekTpoHa. Onepartop
CMnWHa, CNUHOBbLIE PYHKUMK. YpaBHeHue Naynu.
HopmanbHbI 1 aHOManbHbIn addekTbl 3eemaHa.
CnoxeHue yrnoBbiX MOMEHTOB B KBAHTOBOW MeEXaHMKe.

1.7 Teopus cuctem MHOrmx CucTtembl TOXOECTBEHHbIX YacTul,. MpuHUMN

yacTtuy, TOXAEeCTBEHHOCTU. BonHoBbIE OYHKUUN cUCTEM
TOXAECTBEHHbIX YacTu, npuHuun Maynu.
Teopus atoma renus u renvonogobHbIX MOHOB.
CnoxHble atombl. MeToabl camocornacoBaHHOro nons
Xaptpu n Xaptpu-®oka. [Nlepuogudeckas cucrtema
anemeHTtoB [1.M. Mengeneesa.

1.8 Teopwusi KBQHTOBbIX KBaHTOBbIE Nepexofbl. HecTaunoHapHasa Teopus
nepexoaos BO3MYLLIEHNA. BEeposaTHOCTb KBAHTOBOrO Nepexoaa,

«3onoTtoe npasuno Pepmuy.

OnemMeHTapHasi Teopusi B3aUMOLEWCTBUS KBAHTOBOM
CUCTEMbI C 3NIEKTPOMarHMTHbIM nonem. BbiHyxaeHHoe
M cnoHTaHHoe wu3nydeHusa. [lpaBuna otbopa and
MCMNyCKaHWs 1 NOrMoLeHns cBeTa.

1.9 Penstueuctckasa ksaHTtoBas | Penatusmucrckoe ypasHeHue LpeguHrepa. YpaBHeHue
MexaHuka [upaka 1 ero cBoMcCTBA.

1.10 | KeaHTOBas Teopus BopHoBckoe npubnmxeHre B Teopun ynpyroro
CTONKHOBEHUN. paccesHusd. Ynpyroe paccesiHue 3apsbkeHHbIX YacTuL,
3akntodeHne dopmyna Pesepdopaa.

paHuubl  NPUMEHUMOCTM  3aKOHOB  KBaHTOBOW
MEeXaHVKU U ee aanbHenllee pa3BuTue.
2. NpakTnyeckne 3aHATUA

21 OnepaTtopHbin opmanuam | Anrebpa onepatopoB. KommyTtaTopbl. dusmyeckne

onepaTopbl Y UX KOMMYTaLMNOHHbIE CBOWCTBA.

2.2 CobcTBEHHbIE (PYHKLMM 1 CaolicTBa co6CTBEHHBIX pyHKLUMIA. COBCTBEHHBbIE
COBCTBEHHbIE 3HAYEHNSA YHKLMN 1 COOCTBEHHbIE 3HAYEHNsT (HU3NYECKNX
onepaTopos onepaTopoB.

2.3 N3amepumocTb pusmndeckux | BepoaTHOCTb pesynbTata nsmepeHme gumsmyeckomn
BEITMYMH BEMWYMHbI: AUCKPETHBIN CNEKTP, HEMPEPbIBHbIN

cnekTp. CpegHee 3Ha4YeHUe prU3nHeCcKom BENUUNHBI.
CooTHoLleHMe HeonpedeneHHocTen ans pmsnmyecknx
BEMNNYMH.

24 OpHomepHoe ypaBHeHMe YacTuubl B NOTeHUWanbHbix smax. [ABvxeHue YacTtul, B
WpeanHrepa ons none noteHumaneHbIX 6apbepoB. TyHHENbHbIN
CTaLMOHaPHbIX COCTOSAHUI apgpekT. Nnockui potaTop. KBaHTOBLIN OCLMNNATOP.

25 TpexmepHoe ypaBHeHue YpaBHeHue LLpeauHrepa ang npocTenmnx aTomos 1
WpeanHrepa ons mMonekyn. CBoboaHoe ABuxeHue YacTuubl. Teopus
CTaLMOHapHbIX COCTOAHUI aToma Boopoa ANs CBA3aHHbIX COCTOSHUN N NX

cBouncTBa. [pocTpaHCTBEHHbBIN poTaTop.

2.6 WHTerpansl COCTOAHNA OnddepeHumpoBaHme onepaTopoB MO BPEMEHU U
KBaHTOBOW CUCTEMbI WHTEerparbl COCTOSIHUSA KBaHTOBOW cuctembl. CBOMCTBA

CYMMETPUN NPOCTPaHCTBa BPEMEHUN N MHTErparnbl
COCTOSIHMSA.

2.7 O ekt 3eemaHa PelueHune ypaBHeHui MNaynu gnst HopMarnbHOro 1
aHomarnbHoro adpektoB 3eemaHa. CrnoxeHue
YrNOBbIX MOMEHTOB.

2.8 MpnbnmxeHHble MeTOAbI Teopus BoamyLleHUN. [pamMor BapMaunoHHbIA METOA.

KBaHTOBOMW MEXaHMKM

KBasuknaccudeckoe n peacrtaBrieHune. Ycnosus
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KBaHToBaHus bopa-3ommepdenbaa.

2.9 KBaHTOBbIE NEepexoabl BeposaTHOCTb KBAHTOBOIrO nepexoaa. -
OrnekTpomarHuTHoe nsnydeHne atoma u npasuna
otbopa.

13.2. Tembl (pa3aensbl) AUCLUUNNUHBI U BUAbI 3aHATUN

Buabl 3aHaTUIA (KONMYECTBO YacoB)

Ne HanmeHoBaHue TeMbI CaMoCTOSTeNnbhas

n/n | (pasgena) aucuunnuHbl | Jlekumm Mpaktnyeckme | JlabopaTopHbie pabora Bcero
BseneHue.

1 OKcnepuMeHTarnbHble 3 5 5
OCHOBbI KBAHTOBOW
MEXaHUKN
MaTtemaTtnyeckumn

2 | annapat KBaHTOBOW 3 12 6 21
MeXaHUKN
OcHoBHbIE NOMOXEHUS

3 M 12 12 1 35
KBaHTOBOW MEXaHUKN
lMNpocTenwmne 3agayn

4 P e san 6 10 4 20
KBaHTOBOW MEXaHUKN
MNpubnmkeHHble meToabl

5 | P e A 4 6 5 15
KBaHTOBOW MEXaHUKN
Yactuua B

6 » 5 4 2 11
3NEKTPOMarHMTHOM nosne
Teopusa cuctem MHOrmx

7 P 6 5 11
yacTtu,
Teopus KBAHTOBbIX

8 P 5 4 5 14
nepexoaos
Penstusuctckas

9 2 2 4
KBaHTOBasi MexaHuka
KBaHTOBasi Teopust

10 | CTONKHOBEHUN. 4 2 2 8
3akntoyeHne
WToro: 50 50 44 144

14. MeToanyeckue ykasaHusa Ansi ooyyarLmxcs no 0OCBOEHUIO AUCLUNIIUHbI
(pekomeHOauuu 0by4arouwUMCcs1 o 0C80EHUK0 QUCUUNIIUHbI yKa3aHue Hauboriee crioxHbIx pa3desios, paboma ¢
KOHCriekmamu fiekyud, npe3eHmauuoHHbIM MamepuasioMm, peKoMeHOauuu o 8bIMOSIHEHUIO Kypcoeol pabomsbl,
10 opaaHu3ayuu camocmosimersibHou pabomai rno ducuurnsuHe u 0p.)

Heobxoammo nocne kaxagow nekuun no ee Teme pa3bmpaTtb U OCBanBaTh JIEKLMOHHLIN MaTepuarn,
OnA ero fiydwero NoHMMaHNAa YnuTaTb peKoOMeHO0BaHHY0 OCHOBHYIO 1 OOMOSTHUTENbHYO nnuTepartypy,
FOTOBUTBCS K MPaKTUYECKOMY 3aHATUIO, pa3bupasi COOTBETCTBYIOLMIN TEOPETUYECKMIN MaTepuan,
CcCuUcTeMaTMYEeCKM BbINOSHATL JOMaLUHWE 3af4aHus, He NponyckaTb TeKyLMe TeCTUPOBaHUA No
NponaeHHOMY TEOPETUYECKOMY U NPaKTUYECKOMY MaTtepuany.

15. MepevyeHb OCHOBHOM W AOMOSIHUTENILHOW NUTepaTypbl, PeCypcoB WHTEpPHEeTa,

HeoOGXxoAMMbIX [ONsi OCBOEHUSA AUCUMUNIMUHbI (Crucok rnumepamypbl OGhopMAsemcss 6
coomgemcmeuu ¢ mpebosaHusamu OCT u ucnonb3yemcs obujasi CK8O3Hasi Hymepauus 0rns ecex eudos
UCMOYHUKO8)

a) OCHOBHasi nuTepartypa:
Ne n/n NcTouHnk

’ Haebidos A.C. KeaHmosasi MexaHuka. — Y4ebHoe nocobue. — 3 u3d., cmepeomurHoe. —
Cr16.: BXB — lNemepbype, 2014. — 704 c.

Koneimux U.B. KeaHmosasi MexaHuka: y4ebHoe riocobue s ay3oe / U.B.KorbimuH. —
Mocksa: Usadamenbcmeo Opalum, 2022.- 245 c.

2
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lNMapwakos A.H. BeedeHue 8 keaHmMosyto ¢busuky. YuebHuku 055 ey3oe8. CnieyuarnbHas
numepamypa. M.: llaHb, 2010 — 352 c. // «YHusepcumemckas 6bubnuomeka online» :
anekmpoHHo-6ubniuomedHasi cucmema. — URL :
http://e.lanbook.com/books/element.php ?pl1_cid=25&pl1_id=297

Linonbckuti 3.B. AmomHas ¢usuka Cl16, M., KpacHodap: flaHb, 2010 — 448 c.
4 | // «YHUsepcumemckas 6ubnuomeka online» : anekmpoHHO-6ubriuomeyHas cucmema. —
URL : http.://e.lanbook.com/books/element.php?pl1 _cid=258&pl1 id=443

6) OONONHNTENbHaA nuTepartypa:

Ne n/n NcTouHnk
5 Brnoxunues, .M. OcHosbl keaHmosol mexaHuku / [.U. bnoxuHyes. — CIl16: J1aHb,
2004. — 664 c.
6 Cokornoe A.A. KeaHmoeasi mexaHuka / A.A. Cokornos, .M. TepHos, B.Y. >Kykoeckud.-

M.: Hayka, 1979.- 528 c.

Jlanday J1.[. Teopemuyeckas ¢pusuka. T. 3. KeaHmosas mexaHuka

7 | (Hepenamusucmckas meopusi) / J1.4. [landay, E.M. Jlucpwuy. - M.: PUSMATIINT, 2004.
- 797 c.

Konbimu+ U.B. KeaHmosast meopus. Kypc nekyuti / V.B.KonbimuH, A.C.KopHes,

8 H.J1.Marakos, M.B.®posios — 2-e u30., cmep. — M.; bepnun: Jupekm-Medua, 2018. —

263 c.

Cb6opHuk 3aday no meopemuyeckol ghusuke: YdyebHoe nocobue 0risi 8y308 (M130.2-e) /
9 | J1.[.peyko, B.N.Cyaakos, O.®.Tomacesu4, A.M.®edopyeHko. - M.: Bbicuwias wkona,
1974.- 321 c.

lanuukut B.M. 3aday4u no keaHmosol mexaHuke / B.M.[anuukut, B.M.KapHakos,

10 | B.W.KozaH.- M.: Hayka, 1992.- 880 c.

Konbimun U.B. KeaHmoeasi MexaHuka 8 npumepax u 3adadax. YuebHoe rnocobue /
11 N.B.KonbimuH, A.C.KopHes, H.J1.Marakoe // BopoHex. — isGamernbckul dom BIY,
2020. - 212 c.

B) MHCpOPMALIMOHHLIE 3NIEKTPOHHO-06pa3oBaTerbHbIE pecypchl (oduLnanbHblie pecypcbl UHTEPHET) *:
Ne n/n Pecypc

12 | http://www.lib.vsu.ru/elib/texts/method/vsu/m11-53. pdf
13 http.//www.lib.vsu.ru/elib/texts/method/vsu/m20-121.pdf

* BHauane ykasbiBatoTca OBC, ¢ KoTopbiMM MMetoTca goroBopa Yy BIY, 3aTem OTKpbITble 3MEKTPOHHO-
obpasoBaTtenbHble pecypchbl

16. MNMepeyeHb y4yeOHO-mMeTOOMYECKOro obecnevyeHuss Ansi CaMOCTOATENbHOW paboTbl
(y4ebHo-memodudeckue pexkomeHOauuu, rnocobus, 3adadyHUKU, MemoOuYeCKUE yKalaHUsl MO 6bIMOSTHEHUIO
npakmu4yeckux (KOHMPOJIbHbIX), Kypcosbix pabom u 0p.)

Ne n/n NcTOYHMK

1 Konbimux U.B. KeaHmosasi mexaHuka: y4ebHoe riocobue 015 8y3oe / U.B.KonbimuH. —
Mockea: NzBamenscmeo FOpalim, 2022.- 245 c.
Konbimu+ U.B. KeaHmosas meopus. Kypc nekyuti 0na 8y3os8. Yacme 1. 3-e usdaHue /
2 N.B. KonbimuH, A.C. KopHes, H.J1. MaHakos // BopoHex. - i30amernbcKo-
rnonuepaghudeckul yeHmp BI'Y. - 2009. — 107 c.
Konbimun U.B. KeaHmosast meopus. Kypc nekuyut 051 8y3o8. Yacmpb 2. 3-e usdaHue,
ucripaarneHHoe u donosiHeHHoe / W.B.KonbimuH, A.C.KopHes, H.J1.MaHakos,

3 M.B.®porios // BopoHex. - 3damernbcko-ronuepagbudeckuli yeHmp BIY. - 2013. — 76
C.
4 Konbimu+ U.B. KeaHmosas meopus. Kypc nekyut 0na 8y3o8. Yacme 3. 3-e usdaHue /

N.B. KonbimuH, A.C. KopHes, H.J1. MaHakos, M.B. ®posnos // BopoHexX. -



http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=297
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=443
http://www.lib.vsu.ru/elib/texts/method/vsu/m20-121.pdf
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U3Bamenbcko-nonuepaguyeckuli yeHmp BI'Y. - 2008. — 87 c.

Konbimux U.B. 3adayu rno keaHmMosoul mexaHuke. Yacme 1. YuebHoe rnocobue 0515
5 8y308 / U.B. KonnbimuH, A.C. KopHes // BopoHex. - U3damenbckuli dom BI'Y. - 2008. —
67 c.

Konbimux U.B. 3ada4u no keaHmoeoul mexaHuke. Yacmeb 2. YuebHoe rnocobue dns
6 8y308. 3-e usdaHue / N.B.KonbimuH, A.C.KopHes, T.A.Yypakoea // BopoHex. -
U3Bamenbcko-nonuepaguyeckuli yeHmp BI'Y. - 2008. — 82 c.

Konbimux U.B. 3ada4yu rno keaHmMoeou mexaHuke. YdyebHoe nocobue 0risi 8y308. HYacmeb
7 3. 3-e uzdarue / N.B.KonbimuH, A.C.KopHes, T.A.Yypakoea // BopoHex. -
U3zdamenbcko-nonuepagudeckuli ueHmp BI'Y. - 2008. — 74 c.

Konbimux U.B. KeaHmosasi MexaHuka & npumepax u 3adadyax. YuebHoe riocobue /
8 N.B.KonbimuH, A.C.KopHes, H.J1.Marakoes // BopoHex. — isGamernbckul dom BIY,
2020. - 212c.

17. Obpa3oBaTesibHble TEXHOOrMU, UCNONb3yeMble Npu peanusauumn yyebHom
ANCLUUNIUHBI, BKITIOYasa AUCTaHUMOHHbIe obpa3oBaTenbHble TexHonoruu (OOT,
3neKTpoHHoe oby4yeHue (J0), cmewwaHHOe OOyyYeHue):

18. MaTepunanbHoO-TeXHM4YECKoe obecneyeHne AUCLUUNIIUHBI:
ﬂeKLI,I/IOHHaH ayonTopua, OOCKa, yqe6Ha;| nmntepartypa, ,EI,I/ICI'IJ'IeI7IHbII7I Knacc.

19. OueHo4Hble cpeaAcTBa Ans NpoBeAeHUs TEKyLen U NPOMEXYTOYHOWN aTTecTaLun

MopsOoK OUEHKM OCBOeHMSI obydarommmucs yd4ebHoro martepuana onpegensieTcs

cogepxaHmem cnegyruwmnx pasgenos gUCUNNIInHbI:

HaumeHoBaHve UnaunkaTop(bl)
Ne KomneTteH
pasgena OuCLUUMNIUHLI OOCTMXKEHUS OueHouHble cpeacTBa
n/n umns(n)
(moayns) KOMMeTEeHL MM
Tekywas atrectauunsa Ne1 (TectoBble
1. Pasgenbl 1.1-1.5 OnK-1.2 aananusi)
OrlK-1 Tekywas atrectauunsa Ne2 (TectoBble
2. Pasgenbl 1.6-1.10 OMK-1.3 a3anaHms)
Paspgenbl 2.1-2.9 [MpakTnyeckne 3agaHus

lMpomexyTodHaa aTTectaums
dopma KOHTPONSA — 9K3aMeH

MepeyeHb BOMPOCOB K 9K3aMeHy

20. TunoBble OUEHOYHbLIE cpeAcCTBa U MeTOAMYECKME MaTepuanbl, onpegensrowme
npoueaypbl oueHUBaHUs

20.

1. TeKyLUMN KOHTPONb yCNeBaeMoCTH

KoHTporb ycneBaemMocTM MO AUCUUMIIMHE OCYLLECTBMNSIETCA C MOMOLLbI  CrieaytoLmx

OLEHOYHbIX cpeacTB: Tekylme aTrectauum Ne1 n Ne2 (TecToBble 3agaHust), NpakTUYeckue 3agaHus.

TecToBbIe 3agaHMsA K TeKywwen attectauum Ne1i.

1.
2.

3.

ok

3anucaTtb BpemeHHoe ypaBHeHue LLpéaunHrepa, nosicHnB 0603HavYeHus.

YTO Takoe «CTauuoHapHOE COCTOsIHME»? 3anucaTtb BuA, BOMHOBOW (DYHKUMM CTALMOHAPHOrO COCTOSIHMS,
MOSICHUB, OTKYAa YTO HaxoauTcs?

3anucatb ypaBHeHue LUpéauHrepa ansa crauMoHapHbIX COCTOSIHMIA: a) BoAopoAonogobHoro atoma; 6)
aToma renus; B) atoma nutusa (94po M 3 3aneKkTpoHa, ABWXKeHMeM sapa npeHebpeuyb); ©) Monekynbl
BOOOpOAa.

3anncaTtb ypaBHeHME: @) 4N YacTulbl B 3NeKTPOMarHuTHoMm none; 6) Maynu.

lMepeuncnnTb cBONCTBA COOCTBEHHbIX PYHKLUIA onepaTtopa: a) C ANCKPETHLIM CMEKTPOM; C HENPEPbIBHbIM
CMEeKTpOM.

MpocTtpaHcTBO: a) oaHopoaHO; 6) usotponHo. Kakue usmyeckne BeNMUnHbI COXPaAHAKOTCS, KAaKoB AN HUX
CMNeKTp COBCTBEHHbIX 3HaYEHU U BUA CODCTBEHHbIX PYHKUMIA?
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YacTuua aBuxeTtcsa B none cgepuyeckon cummeTtpun. Kakme uandeckme BENMYMHBI Y HEe COXPaHAOTCS,
KaKoBbl O151 HUX CMEKTPbl COBCTBEHHbIX 3HAYEHNIA?

3anucaTb BUA SHEPreTUYeckoro criekTpa KBaHTOBOro OCLMINIIATOPA: a) 04HOMepHOro; 6) ABYMEpHOro.
3anucaTb COOTHOLLIEeHWe HeonpeaenéHHocTeln Ana 3agaHHbIX Bam nap guanyeckmx onepaTtopos

TecToBbIe 3afaHMA K TeKyLwen attectauum Ne2,

1.
2.
3.

S

No

3anucaTtb BMA onepaTtopa CnunHa 3MeKTPoHa U CMIMHOBbLIX PYHKLNNA.

3anucatb ypaBHeEHME: a) ANd YacTuLbl B 3NIEKTpOMarHMTHoM norne; 6) Maynu.

Vpes pelweHns 3agadv no Teopun BO3MyLLIEHUIA. [INs criyyast OTCYTCTBUS BbIPOXAEHUSA 3anncaTthb B
HMU3LWNX NOPSAKaX NOMpaBKu: a) K aHepru; 6) K BOTHOBON pyHKLUN.

Wpes pelwenuns 3agaym no Teopmm Bo3MyLleHui. Kak pelwaeTcs 3agada npy Hanmunumn BoIpOXAEHNS?
Vpoes kBasuknaccuyeckoro meTtoga. 3anucaTb YCrnoOBUE ANs HAXOXOEHUA 3HepreTuyeckoro crekrpa
cucTtemsbl (ycriosune bopa-3ommepdensaa)?

Voes npamoro BapmMaumMoHHOro Metoaa.

Vpoest BpemeHHON Teopuu Bo3myLLeHUn. Kak paccuntatb BEPOSTHOCTb KBAHTOBOrO rnepexofa (3anucatb
«3onoToe npasuno ®epmu», NOACHNB 0603HaYEHMSA)?

3anucatb ypaBHeHue [Jupaka: a) ona ceobogHom yactuubl; 6) ansa yactuubl B none V(r);

B) 4N aTomMa Bo4opoaa; r) Anst BogopogonogobHoro atoma. MosacHuTe Bce 0603HayYeHus.

Naes 6opHoBCKOro npubnmikeHun B KBAaHTOBOW TEOPMM CTONIKHOBEHUI. Yem onpeaenseTcs
anddepeHumnansHoe cedeHne CTONKHOBEHWST B 3TOM NpUbnmxkeHun?

n PaKTn4yeckue 3agaHumsA

1.

10.

11.

12.

BbluMcnnTb KOMMYTaTOPbI CrieayoLLMX Nap onepaTtopos:

~ . - . ~ f . r r . F T2
a)p,,yv:b)z,L_;co)x,L ;d)p,,.L_;e)L L ;/)L_,L".
HaliT cobcTBEHHbIE DYHKLMM U COOCTBEHHbBIE 3HAYEHWS CEAYIOLNX ONepaTopoB:

P Py> P> bp;oL.. HopmupoBaTtb cobcTBeHHbIE DYHKLIMK.

— 3ip
CUCTEMa HaXOAMUTCA B COCTOSHIUM, KOTOPOE ONMCHIBAETCS BOMHOBOM dyHkumein T (P) = Ae™ cos2p.
OnpefenuTb, Kak1e 3HaueHust L, 1 ¢ kakoi BEPOSITHOCTBIO ByayT NOSIBISITECA NPU N3MEPEHUN.

PewwTb ypaBHeHue LpeanHrepa gnst cBO6G04HO ABUXKYLLENCS YacTULbl.

HaiiT aHeprum 1 BonHOBbIE DYHKLMK: &) NIIOCKOro poTatopa; b) NpocTpaHCTBEHHOro poTtaTopa. MoMeHT
WHepuumn potaTopa /.

L'|aCTl/ILI,a, ABUrasacb B NoNOXUTENTbHOM HanpaBleHnn oCu X, NnagaeT Ha I'IOTeHLI,I/IaJ'IbeIVI nopor:
U(x)=0, ecnn x<0, n U(x)=Uo, ecrnin x>0. PaccmoTper cnyvan E>Uy n E<Uy, HaTK KO3 pULNEHTDI
npoxoxaeHus D n oTpaxeHns R vyactuu.

2
3anucaTb BOMHOBYIO (OYHKLIMIO YacTULbl B LIeHTpansHoM none B £~ -npeacrtasneHnu.
3anucatb chepnyeckyto yHKLUNIO B Lz -NnpeacTaBneHnm.

3anucaTb BOSHOBYI (PYHKLMIO OCHOBHOTO COCTOSIHMSI 3fIeKTPOHa B BOOOPOAONOAOGHOM MOHE B
UMMNYIIbCHOM NPeACTaBEeHUN U HAWTN BEPOATHOCTb 3a4aHHOMO 3HAYEHNS UMMYIbCa Y 3TIEKTPOHA.

HaiiTu sHeprumn ctaumoHapHbIX COCTOSHUA NMHENHOIO rapMOHMYECKOrO OCLMNNATOpa Maccbl M, 4yacToTbl
w W 3apsga e, NOMELWEHHOro B OAHOPOAHOE MNOCTOSIHHOE JfeKTpUYEecKoe MNone HanpsKeHHOCTU E.
HelictBne nons paccMaTpvBaTbh Kak BO3MylleHWe. 3agadyy pewaTtb MO Teopuu BO3MYLLEHUN.
(MpumeyaHwe: ans NNHENHOro rapMOHNYECKOro ocuunnartopa MaTpPUYHbIN 3nemMeHT

X, = \/h / Zma)(\/n + 15m,n+l + \/;5m,n+1)

, rae Omn — cumBon KpoHekepa).

HaiiT aHepruo 1 BonHOBYH (OYHKLMIO OCHOBHOIO COCTOSIHUSA NIMHEWHOIO rapMOHUYECKOro ocUUnnsATopa,
UCnonb3ys NPSIMON BapnauMOHHbIN MeTon. CpaBHUTE C TOYHLIM PELLIEHVEM.

Hantu SHEpPrMn CTauMnoOHapPHbIX COCTOSIHUN  FIMHENHOTO rapMOHMYECKOro ocuunnatopa, Wucnosnb3ysa
KBa3uKrnaccmn4yeckoe l'lpVI6]'IVI>KeHVIe.
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13. Ucnonk3ya kBasuknaccudeckoe npubnmxeHue, HaWTU 3HEPrnn CTauMoHapHbIX COCTOSIHUA FMHENHOrO
rapMOHNYECKOro OCLMINNATOpPa C 3apsiAioM €, MOMELLEHHOIr0 B OOHOPOAHOE MOCTOSHHOE 3rieKTpUYeckoe

none Hanpsa>XeHHOCTn 8

20.2. NpomexyToyHasa aTTecraums

MpomexyTouyHass artTectauus No AMCUMMNMHE OCYLUECTBMSIETCA C MNOMOLLLIO  CrneayroLmx
OLIEHOYHbIX CPeACTB: MpaKTUYeckue 3adaHus, TECTOBble 3adaHMsi U BOMPOCHI 3K3aMeEHAaLMOHHbIX
ouneToB.

Bon POChbI 3K3aMeHaUuNOHHbIX ounetoB

1.
2.
3.

© N O

10.
. Yactuua B noteHuunansHoun ame.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.

33.
34.
35.

CBolicTBa COOCTBEHHbBIX 3HAYEHUN N COBCTBEHHBLIX YHKUUIA NIMHENHBIX 3pPMUTOBBLIX OMNEPaTOpPOB.
lMocTynaTbl KBaHTOBOW MeXaHuKN. BeposTHOCTb pe3ynbTaTa U3MepeHnsa (hn3nyeckon BeSIMYNHBDI.
BpemeHHoe ypaBHeHue LpeanHrepa. CoxpaHeHue uncrna YacTul, B KBAHTOBOW MexaHuke. [MnoTHOCTb
TOKa BEPOATHOCTW.

YpaBHeHue LpeauHrepa anga ctraumoHapHbIX COCTOSIHUN U UX CBOMCTBA.

CooTHolleHVe HeonpeaeneHHOCTEN.

OunddepeHumnpoBaHme onepaTtopos Mo BpemeHn. NHTerpansl COCTOAHUS CUCTEMBI.

CeoiicTBa NpOCTpaHCTBa BPEMEHN N MHTErparbl COCTOAHUN. OOHOPOAHOCTL BPEMEHU, SHEPTUS.
CgoKicTBa NpOCTpaHCTBa BPEMEHN N MHTErparnbl COCTOAHUN. OOHOPOAHOCTL NPOCTPaAHCTBA, UMMYILC.
CBolicTBa NpOCTpaHCTBA BPEMEHU U MHTErparbl COCTOSHWUIA. N30Tponus NpocTpaHcTBa, MOMEHT
uMmnynbca.

CummeTpus NpoCTpaHCTBa OTHOCUTENBHO Onepaunn MHBepCcun. YeTHOCTb.

lMpoxoxgeHne YacTuy Yepes noteHuuaneHbli 6apbep. TyHHENbHbIN adhdeKT.
KBaHTOBbIN OCLMNNIATOP.

[BWKeHWe YacTuupbl B LeHTpanbHoM none: obuime cBOMCTBA.

Teopusa aToma BogopoAa U BO4opoaonogo6HbIX MOHOB.

OnemeHTbl TeOpUM NpeAcTaBneHnn. YpasHeHue LpeanHrepa B Npon3BofibHOM NpeacTaBneHnn.
Teopus BO3MYLLIEHWUI B OTCYTCTBUUN BbIPOXAEHUS.

Teopusi BO3MYLLEHUI NPU HANMYUM BbIPOXOEHUS.

Mpsimon BapmaumoHHbIn meTog (meTog Putua).

KBasuknaccuyeckoe npubnuxenne. Ycnosme bopa-3ommepdensaa.

CnwnH anekTpoHa, onepaTop CrnvHa, CMUHOBbLIE OYHKLINN.

YpaBHeHue WpeaguHrepa Ansg YyacTtuubl B 3NekTpoMarHMTHoMm none. YpasHeHue MNaynu.
Teopus acpdekTa 3eemaHa: criyd4am CMnbHOro 1 cnaboro MarHUTHbLIX NONen.

CunctemMa ToXXOeCcTBEHHbIX YacTul,. MNpuHLUMN TOXXAECTBEHHOCTY.

BonHoBbIE YHKLNN CUCTEM TOXAECTBEHHbIX YacTul,. MpuHuun Maynu.

Teopusa aToma renms n renimonogobHbIX MOHOB.

CnoxHble aTombl. MeToAbl camocornacoBaHHOro nonga Xaptpu n Xaptpu-doka.
Mepuoanyeckasn cuctema anemeHToB MeHgeneesa.

KBaHTOBas Teopus paccesHusa. bopHoBckoe npubnmkeHme.

PaccesHue 3apsbkeHHbIX YacTul. ®opmyna Pesepdopaa.

HectaunoHapHasa Teopusa Bo3myLLeHUA. KBaHTOBbIE Nepexobl B CUCTEME.

BeposaTHOCTb KBAHTOBOro Nnepexoa Ans NepuoaAnYecKoro no BpeMeHn BO3MyLLeHUs. «3onoToe
npasuno ®epmn».

ManyyeHve n nornoweHne ceeta atomamun. BepossTHOCTb u3nyveHus 1 npasuna otoopa.
Penstusuctckoe ypasHeHue LpeauHrepa.

YpaBHeHve [Oupaka.



10

OnucaHue TexHonornu npoBeneHUA 3K3amMmeHa

OK3aMeH nNpoBoANTCHA B NUCbMEHHOW hopMe 1 BkntovaeT 3 atana: 1) pewweHune 3agay; 2) oTBeT Ha
KOHTPOIbHbIE BOMPOCHI (TECTbI); 3) OTBET Ha 3K3aMeHaLUMOHHbIN Buner.
OT1an 1) - peweHuve 3agay. Ha aTom aTane ak3ameHa y4yacTBYIOT TOSbKO CTYAEHThI, NPOnycKasLUne
NpaKkTUYeckme 3aHATUS (MX CMMCOK OrfallaeTcs Nocre OKOHYaHWUsI NPaKTUYECKMUX 3aHATUR). Kaxabli CTYOeHT 13
3TOro cnmcka nonyyaet 3 3agayn. PelieHne oByx 3agad gaet BO3MOXHOCTb y4acTBOBaTb Ha BTOPOM U TPETbLEM
3Tanax aK3ameHa.
OTan 2) - 0TBET Ha KOHTPOSbHbIE BOMPOCHI (TECThI) (MX CNUCOK MPUBEAEH BbILLE B TECTOBbIX 3aA4aHUSAX K
Tekywum aTTectauusam 1 n 2). Bce cTygeHTbl Mony4aroT OQHOBPEMEHHO CBOM BapyMaHTbl KOHTPOJTbHBIX
BOMPOCOB U3 NPMBEOEHHOrO BbILLE CMUCKA, U HA OTBETbI OTBOAUTCS (PUKCUPOBaHHOE BpeMs - 30 MUH.
Otan 3) - OTBET Ha 3K3aMeHaLMOHHbIN OUNeT. K3aMeHaAUNOHHbIM BUNEeT COAEPXXMT OAMH BONPOC MO NEKLMAM
(cnMcok ak3amMeHaLMOHHbLIX BOMPOCOB NpeAcTaBfeH Bbilwe). Bpems, oTBogumoe Ha oTBeT, - oauH vac. OTeeT
OOIKeH ObITb MakcMMarnbHO NoAPOOHbIM. OKOHYATENbHYI0 3K3aMEHALMOHHYIO OLleHKY OyayT onpenensitb
OTBETbI HA KOHTPOJIbHbLIE BOMPOCHI (TECThI) M Ha BuneT. OueHka ornawaeTcsa Yepes 2 yaca nocrne OKoH4YaHus
ak3ameHa. Kaxapli CTyAEHT MOXET 03HaKOMUTLCS C OLLIMBKamMKM B CBOMX OTBETaX M OTBETAX APYrUX CTyAEHTOB
(no xenaHuio).

TpeGOBaHMﬂ K BbINOJIHEHUIO 3a.qa|-wu7|, wKanbl U KpuTepmun oueHnBaHmnA

Heobxoanmo 3HaTb OCHOBHblE MOMOXEHUS KBAHTOBOW MEXaHWKM, yMeTb 3anucaTb C y4eToM
dur3nyecknx CBOWCTB KBaHTOBOM CWUCTeMbl YypaBHeHWe LpeanHrepa — BpemeHHoe W Ans
CTaUMOHapHbIX COCTOSHWI, BrageTb NpUBAMKEeHHbIMU METOAAMWN UX PeLUeHWs, 3HaTb 0COBEeHHOCTU
KBAHTOBOrO NOBEAEHNs CUCTEM TOXAECTBEHHbIX YacTuL, U UX MPOSIBNEHUIN B CBOMCTBaX NPOCTENLLNX
aTOMOB M B Nepuoamyeckon Tabnuue anemMeHToB, yMeTb PacCUUTbiBaTb XapakTepPUCTUKN KBAHTOBOIO
paccesiHusa 4acTul, U BEpOATHOCTM KBAHTOBbLIX MEpPexodoB, MMeTb MpeAacTaBneHve o crnocobax
KBaAHTOBOrO OMUCaHWsi PENSTUBUCTCKOrO ABWXEHWUSI YacTuu,.

Kputepum oueHok:

OTnnyHO — nogpobHble 1 6e30WNboYHbIE OTBETHI HA BCE KOHTPOSIbHbLIE BOMPOCHI (TECTbI) U BONPOC
9K3amMeHaunoHHoro bunera.

XopoLwo — noapobHble n 6e30WnboYHbIE OTBETLI HAa KOHTPOSbHbIE BOMPOCHI (TECTbI) (He MeHee 75%)
1 BOMPOC 3K3aMeHaLNOHHOro buneTta (gonyckatoTcs Menkue owmnbkm).

YOoBNeTBOPUTENbLHO — OTBEThHI HE HA BCE KOHTPOSbHbIE BONPOCH! (TECTbI) (OTBETOB AOSMKHO ObITh HE
mMeHee 50%) 1 He NOomMHbIN OTBET Ha BOMPOC 3K3aMeHauMoHHoro bunera.

HeynoBneTBopuTenbHO — MMOXoe 3HaHWe Martepuana, HeyaOBNeTBOpUTESNbHbIE OTBETbI UMK WX
OTCYTCTBME Ha KOHTPOSIbHbIE BOMNPOCHI (TeCThbl) (X B cymme 6onblue 50%) n otcyTcTBue oteeTa (Mnu
OY€eHb HEMOIHbIN OTBET) Ha BOMPOC 3K3aMeHaLMOHHOro buneTa.
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