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OBILIASA YACTD

OneHouHblE MaTepHallbl 10 AUCLUUIUIMHE TMpPEAHA3HAYEHbl MJI OLEHKU: JOCTHKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. IIK-1 CnocoOeH npoBOAUTE pacdeThl TEIIIO(GU3NUECKUX XapaKTEPUCTUK IIPOLIECCOB,
IIPOTEKAIOIIUX B KOHKPETHBIX TEXHUYECKUX YCTPOMCTBAX U alllapaTax d3HEPreTUIECKOro
000pyT0BaHUS
NJI-2 Bnaneetr HaBbIKaMH pacyeTa TerIo()U3nIecKiX CBOUCTB pabounX Tel, UCTIOIb3YEMbIX
B SHEPreTHYeCcKOM 000py10BaHUN

1 BKIIFOYACT:
JJIA TEKYIEro KOHTPOJIA YCIIEBA€MOCTH:

Popma peanmzanuu: ITncemenHas pabora
1. KorrponbpHoe Meponpustue -1 (KonTponasHas padora)
2. KontponbsHoe meponpusitue — 2 (KonrponsHas padota)
3. Konrponbaoe meponpustue — 3 (KorrponbHas paboTa)
4. Kontpoasnoe meponpusitue — 4 (Konrponsnas padbora)

BbPC nucuuninHbl

5 cemectp

Beca KOHTpOIBHBIX MeponpusITHii, %o

Nupnekc KM-1 | KM-2 | KM-3 | KM-4

Paznen mucuuruimHel
3ACIL AMCTL KM:

Cpox KM: 5 8 13 16

KBanToBas (hu3muka — peBOJIOLNS B €CTECTBO3HAHUU

OcCHOBBI KJ1aCCUUECKON (PUHUKH + + +

duznueckre OCHOBaHUS KBAHTOBOU MEXAHUKU + +

Vpasuenue llpénnnrepa

VYpasuenue llIpénunrepa 1 MUKpOYaCTHUL + + +

OHCpaTOpBI HUMITYJIbCA, KOOPAWHATBI U SHCPTUU MUKPOYACTUIBI

OHCpaTOpBI HUMITYJIbCA, KOOPpAWHATBI U SHCPIUU B KBAHTOBOM

+ +
MCXAaHUKE
CTaTHCTHYECKUE XapaKTePUCTUKU TUHAMUYECKHUX MIEPEMEHHBIX
JlnHaMuuecKue MepeMEHHbIC B KBAHTOBOM MEXaHHKE + + +




COOTHOILICHHS HEOTTPEAEIEHHOCTEN

COOTHOILICHHS HEONTPEAEIEHHOCTEW B KBAHTOBOM MEXaHUKE + + +
MukpodacTuiia B oJie HeHTPAIbHOMN CHUIIbI
[ToBeneHne MUKpPOYACTHUIIBI B LICHTPAJIIBHOM T10JIE + + + +
CranuoHapHble COCTOSTHUS CUCTEMBI IBYX
B3aUMO/JICUCTBYIOIINX MUKPOYACTHII
JIBe B3aMMOAENCTBYIOLIME MUKPOYACTULIBI B KBAHTOBOM + + + +
MeXaHHuKe

Bec KM: 15 30 30 25

$O061as yacte/[I1s1 MPOMEXKYTOUHOM arTecTanuud




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMITETCHIIMHT pe3yiabTaThl OOyYEHHsS IO
JUCHUTIIINHE

IK-1 N J-2mx-1 Bnaneer | 3nath: KonTponpaoe meponpusrtue -1 (KorrponsHas padora)
HaBbIKAMU pacuera | OCHOBHBIE NIPUHIIMIIBI U KonTponbaoe meponpusrtue — 2 (KontponbsHas pabora)
TEIIO(QU3NYECKUX CBOWMCTB | TEOPETUUYCCKUH ammapaT KonTponpaoe meponpustue — 3 (KoHTponbsHas padora)
pabounx Ten, | Kiaccudyeckoi u kBaHToBO# | KonTponbsHoe Mepomnpustue — 4 (KontponsHas padorta)
HCIIOJIB3YEMBIX B | husuku
SHEPreTHYECKOM Meroab! onucaHus
o0opynoBaHUU CTAIMOHAPHBIX CBS3aHHBIX

COCTOSTHUH M COCTOSIHUI
paccesiHusI OJTHOU
MHUKPOUYACTHUIIBI BO BHEIIIHEM
CUJIOBOM II0JI€, a TAKXKE
CUCTEMBI JIBYX
B3aUMOJCHCTBYIOLIUX
MHUKPOYACTHI]

OcHoOBHBIE
JKCIIEPUMEHTAaIbHbIC (DaKTHI,
HEOOBSICHUMBIE C TTO3HUITHIT
KJIACCUYECKON (DU3UKH U
MIPUBEJIIINE K CO3/TaHUIO
KBaHTOBOH (U3UKU

YMeTs:

OrneHuBaTh CTETECHb
BITUSTHUST KBAHTOBBIX
a¢dekToB Ha
TeMI0(U3NIECKIE CBOMCTBA




BEIIECTB M MMPOTEKAHHE
TETIIO(QU3NIECKIX
IIPOLIECCOB

Berunciste sHepreTuueckue
u apyrue pusndeckue
XapaKTEePUCTHKH
MHUKPOYACTHI] BELIECTBA,
UCTIONIB3YS ypaBHEHUE
[IIpenunrepa.




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus
KM-1. KourpoJsbHoe meponpusitue -1

®opmbl peasuzanun: [TuceMennas padora

Tun KoHTpoIBHOr0 MeponpusaTus: KontponsHas padora

Bec konTpoabHoro meponpusitusi B bPC: 15

IIpoueaypa npoBeaeHnst KOHTPOJIbHOr0 MeponpusTusa: KonrpoasHoe meporpustue — 1 (KM-1)
MPOBOAMTCS Ha IMPAKTUYECKOM 3aHATHUM 5 yueOHOUW Helenu B BUIEC MHUCbMEHHOW KOHTPOJIBHOM
paboThl, OXBaTHIBAIONICH cojepkaHue pazzaena kypca «KpanTtoBas Mexanuka»: KsanrtoBas
MeXaHHMKa — PEBOJIOIUS B ecTecTBO3HAHUU 10 TemMe OcHOBBI Kilaccuueckoil puzuku. CTyIeHTHl B
TeyeHue | akageMHUYecKOoro yaca JOJKHBI MHUCHbMEHHO OTBETHTh Ha KOHTPOJIbHBIE BOMPOCHI U
3aganus. KontponbHas paboTa olieHHMBaeTcs Mo S5-0anbHoil mikane. [lomyueHHass CTyJIEeHTOM IO
pe3yabpTaTaM BBINOJIHEHUS MTUCEMEHHON KOHTPOJILHONM paOOThI OIIEHKA SIBISIETCS 0AJIIOM TEKYIIETO
KoHTpoJis 3a KM-1.

Kpatkoe cogepxxanue 3agaHus:
1. 3anucarp pyHkuuro 'aMuabTOHA U1 MEXaHUYECKOM CUCTEMBI, COCTOSIILEH U3 MHOTUX
YaCTHUIl U HAaXOJsIENCsl BO BHEILIHEM MOTEHIMAIBHOM 1oJj€. 3anucarh ypaBHeHus ['amMunpToHa
JUISl TAKOW CUCTEMBI.
2. Jlarp onpenenenue ckobok [lyaccona ans nByX AMHAMUYECKUX (DYHKIIMIA U 3amHcaTh
cBoiicTBa ckobok [Tyaccona. Mcnonb3ys ToxaecTBo SIkoOu 10Kka3aTh ClipaBeInBOCTh
YTBEPAKACHUSI O TOM, UTO IMHAMUYecKas pyHKIMsI, sBIstomascs ckookoii [lyaccona nByx
MHTETPAJIOB ABW)KECHHUS, TAKXKE SBJICTCS HHTETPAJIOM JIBHIKEHUS.
3. 3ammcars hopmyitel mpeobpa3oBanuii Jlopenna u ["aymes. Y CTaHOBHUTH CBSI3b MEXKITY
HUMH.
4.  YCTaHOBUTH COOTHOILIEHUE MEXKIY IHEPIHEH, UMITYJIbCOM U CKOPOCTHIO CBOOOTHOM
gacTtubl. KakoBO COOTHOLIEHNE MEKy SHEPIUEN U UMITYJIBCOM YaCTHUIBI C MACCOM, paBHOMN
HYI0?
5. 3anwmcath ypaBHeHUs MakcBesuia U BbIpakeHue A cuibl JlopeHna.
6. Iloxa3zaTh, 4yTo paboTa, coBepIIaeMast AIMEKTPOMATHUTHBIM TIOJIEM HaJl 3apsiJIOM,
OIPEAEIIAETCS TOIBKO JIEKTPUUECKUM ITOJIEM.
7. 3amucaTh BeIpa)X€HUE I OTEHLIUAIbHONW SHEPTHUH CUCTEMBI TOUEUHBIX 3apsI/I0B.
8.  3ammcaTh BOJIHOBOE ypaBHEHHE M HAHUTH €ro pelieHue Ui OJJHOMEPHOTO Ccydvasl.
9. KaxoBo B3aMMHOE pacIioIoKeHUE BEKTOPOB HAMPSHKEHHOCTEH AIEKTPHYECKOTO U
MarHMTHOTO TI0JIEN U HAIIPABJIEHUS PACIIPOCTPAHEHHMSI IINIOCKON JIEKTPOMArHUTHOW BOJIHBI?
10. KakxoBO COOTHOIIIEHHE MEXTY JJIMHOW BOJHBI, BOTHOBBIM BEKTOPOM U YAaCTOTOU B
MOHOXPOMaTHYECKOH 3JIEKTPOMAarHUTHON BOJIHE?

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3Hath: OCHOBHBIE TPUHLHUIBI U 1.1. 3amucate ¢pyHkuio ['aMuabTOHA A5
TEOPETUUYECKUI arrapar MEXaHHUYECKON CUCTEMBI, COCTOSIIECH U3 MHOTHUX YaCTHI]
KJIaCCUUECKOI Hu KBaHTOBOM ¥ HaXOJIAIIEHCS BO BHENTHEM IMOTCHIIMATILHOM I10JIE.
buzuku 3anucaTh ypaBHEeHUs [ 'aMUIIbTOHA /1711 TAKOW CUCTEMBI.

2. 3anmcath GopmyIbl npeodpaszoBanuii JlopeHma n
lanunes. YCTaHOBUTH CBSA3b MEXK/Ly HUMH.

3. YCTaHOBUTH COOTHOUICHUE MEXKIY dSHEPTHEH,
UMIIYJICOM U CKOPOCTBIO CBOOOIHOM YacTHIbl. KakoBo
COOTHOIICHUEC MCKIY 3Hepr1/1e171 1 UMITYJIbCOM HYaCTHUIEBI C
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MAaccCo, paBHOHN HYJIO?

4.  3anucarb ypaBHeHUs MakcBesula U BIpaXKEHHE IS
cuibl JlopeHna.

5. KakoBo cooTHOLIEHNE MEXAY AJIMHOMN BOJIHBI,
BOJIHOBBIM BEKTOPOM U 4acCTOTOM B MOHOXPOMAaTHUECKOH
AJIEKTPOMAarHUTHOM BOJIHE?

VYMeThb: OreHuBaTh CTEIICHD 1.1.  Jlate onpenenenue ckobok [Tyaccona mis aByx
BJIMSIHUSA KBAaHTOBBIX 3(¢dekToB Ha JMHAMUYECKUX (PYHKIUI 1 3amucaTh CBOWCTBA CKOOOK
TeII0pU3NICCKIE CBOMCTBa [Tyaccona. Mconb3ys ToxaecTBo SIkoOu 1oka3ath
BCIICCTB i MIPOTEKaHUE CIPaBEeJIMBOCTD YTBEPKACHUS O TOM, UTO
TEIII0(U3UIECKUX MPOIIECCOB TUHaMHAYecKast QyHKIUS, SBIISIOIIASACS CKOOKOH

[lyaccona 1ByX MHTEIrpajoB JBUKEHUS, TAKKE SBIISAETCS
WHTETPAJIOM JABUKECHUS.

2. Tloka3zate, uTo paboTa, coBepiiaeMas
3J€KTPOMArHUTHBIM IIOJIEM HAJl 3apsAJIOM, ONPEAEIISIeTCS
TOJIBKO AJIEKTPUYECKUM I10JIEM.

3. 3anucaTh BBIpaK€HHE AJIs IOTCHLUAIBHON SHEprun
CUCTEMbI TOUEUHBIX 3aps0B.

4.  3anmcarh BOJHOBOE YpaBHEHHE U HAWTHU €ro
pelIeHre AJis OTHOMEPHOTO Cllyyasi.

5.  KakoBo B3auMHOE pacnosio;keHre BEKTOPOB
HAIIPSHKEHHOCTEH 3JIEKTPUYECKOI0 U MAarHUTHOTO IIOJIEH
Y HaIlpaBJIEHUs PaclpOCTpaHEHUs IIOCKOM
3JIEKTPOMArHUTHOW BOJIHBI?

Onucanne MKAJbI OIIEHUBAHUS

Ouyenka: 5
Huosienuii nopoe sévinonnenus 3adanus 6 npoyermax: 91
Onucanue xapakmepucmuku 6blnOJIHeHUs 3HaHus: J|aHbl IOJIHBIE, Pa3BEPHYTHIE OTBETHI HA
IIOCTaBJICHHBIE BOIIPOCHI, TI0KAa3aHa COBOKYIIHOCTh OCO3HAHHBIX 3HAHUU 110 IIPONCHHBIM TEMaM,
JIOKA3aTeJIbHO PACKPBITHI OCHOBHBIE IIOJIOKEHUS BOIIPOCOB; B OTBETE MTPOCIIEKUBACTCS YETKAs
CTPYKTYpa, JIOTUUECKas I0CIIEJ0BATEIbHOCTD, OTPAKAIOIIA CYLIHOCTh PACKPBIBAEMBIX IIOHATHH,
Teopui, siBJeHUNH. OTBETHI U3JI0KEHBI C UCIIOJIB30BAHUEM COBPEMEHHONW HAyYHOW TEPMHUHOJIOTHH.
MoryT OBITh AONYIIEHbI HEKOTOPbIE HEJJOUETHI B OTBETAX.

Ouyenka: 4
Huosienuii nopoe sévinonnenus 3adanus 6 npoyenmax: 81
Onucanue xapakmepucmuxu 8binoaHeHus snanus: 11oka3aHbl 3HAHUS TPOMICHHBIX Pa3/iesioB Kypca
KBaHTOBOM MEXaHMKH MTOYTH B MTOJHOM 00beMe (MMEIOTCS MPOOesbl 3HAHUHM TOJIBKO B HEKOTOPBIX,
0Cc00EHHO CIIOKHBIX pazfieliax); JaHbl OJHOIICHHBIE OTBETHI HA BOIIPOCHI KOHTPOJIBHOM paboThI; HE
BCEr/Ja BbIETICHO HanboJee CyIeCTBEHHOE, HO He JOMYIIEHO Cephe3HbIX OIMOOK B OTBETAX;
OTBETHI Ha BOMPOCHI TPE/ICTABICHBI B 00hEMe, MPEBBIIIAIONIEM 00s3aTeIHbHBIIT MUHUMYM.

Oyenxa: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 11
Onucanue xapakmepucmuxu ebinonnenus 3uanus: 110ka3ano BiajieHue OCHOBHBIM 00bEMOM
3HAHWUU 10 POUJICHHBIM pa3jieliaM Kypca KBAaHTOBOW MEXaHUKHW; UMEIOTCS 3aTPYTHEHUS B
HEKOTOPBIX OTBETaX, HETOUHBIC (DOPMYIHPOBKH; B OTBETAX JOIMYCKAIOTCS OLINOKH MO CYIIECTBY
BonpocoB. CTYACHT BIaJIeeT TOJIbKO 00sA3aTeIbHBIM MUHUMYMOM B IPOMICHHBIX pa3jeiiaX Kypca
KBaHTOBOI MEXaHUKHU

Oyenka: 2




Onucanue xapaxmepucmuxu vinoineHus 3nanus: 1) OTBETHI MPEICTaBISAIOT CO00M pa3pO3HEHHbBIE
3HAHUS C CYIICCTBCHHBIMHU OIMOKAaMU 110 BompocaMm. [IprucyTCTBYIOT (parMeHTapHOCTb,
HEJIOTHYHOCTh U3NI0KEeHUsI. OTCYTCTBYIOT BBIBOJIBI, KOHKPETHU3AIMS U JOKA3aTEILHOCTh
u3noxxeHus. Hay4yHast TepMHUHOJIOTHS IPAKTHYECKU HEe MCIoNb3yeTcs. 2) OTBeThI Ha OOJBIIUHCTBO
BOIIPOCOB IMOJTHOCTBIO OTCYTCTBYIOT

KM-2. KoutposabHoe Meponpusitue — 2

®opmbl peasuzanun: [TuceMennas padora

Tun koHTpoBLHOr0 Meponpusitus: KonrponsHas pabora

Bec konTpoabHoro meponpusitusi B BPC: 30

IMpouenypa npoBeaeHust KOHTPOJIbHOT0 MeponpusTus: Kourpoisnoe mepornpusitie — 2 (KM-2)
MPOBOAMTCS Ha IMPAKTUYECKOM 3aHATHH § yuyeOHOUW Helenu B BUJEC MUCbMEHHOW KOHTPOJIbHOM
paboThl, OXBaThIBalOLIEH cojaep:kaHue pasgena kypca «KBaHToBas wmexaHuka»: KsaHroBas
MEXaHHMKa — PEBOJIIOLIMS B €CTECTBO3HAHUHU 110 TeMe Pu3nueckre OCHOBAHUS KBAHTOBOM MEXaHHUKH.
CryneHtsl B TedyeHHe | aKaJeMHUYECKOro 4aca JOJDKHBI MUCHBMEHHO OTBETHTh Ha KOHTPOJIBHBIE
Bonpockl U 3amanus. KoHTponbHas paboTa oneHuBaeTrcs Mo S5-O6ampHoil mikane. [lomydennas
CTYACHTOM TIO pe3yJabTaTaM BBIIIOJHEHUs NMHUCbMEHHON KOHTPOJIBHOW pabOTHI OIEHKA SIBISETCS
OarioM Tekyiiero KoHTposs 3a KM-2.

Kpartkoe cogep:xanue 3aganus:
1.  Ha ocnoBe pacnpeznenenus [1nanka BeiBenute 3akoH Ctedana—bonbpliMana u onpenenuTe
BeIMUMHY noctosHHol Credana—bonpimana.
2.  Haocnose ¢popmynst Jlebast 11 cpeHel 3HEpruu OJHOr0 MOJISI TBEPJOTO Tea
ycTaHOBUTE 3aKOH [[rostonra u [Ith 1 TeMIiepaTypHyIO 3aBUCUMOCTD TEIJIOEMKOCTH JUIS
00J1aCTH HU3KHUX TEMIIEpaTyp.
3. Hcmonwsys runote3y bopa o ToM, 4TO aTOM MOXET HaXOJUTHCS TOJIBKO B ONPEACTICHHBIX
CTALlMOHAPHBIX COCTOSHUAX C JUCKPETHBIMU 3HAUECHUSIMU DHEPTUH, YCTAHOBUTE
KOMOMHAIIMOHHBIA MPUHIIMII [T YaCTOT U3JIYYEHHsI aToMa.
4.  CdopmynupyiiTe TUIIOTE3y CBETOBBIX KBAHTOB DWHIITEHHA. 3alUIINTE 3aKOHBI
COXPAHEHHUsI SHEPTUH U UMITYJIbCa JJIS IIPOLECCA PACCESIHUSA KBAaHTA U3JIyYEHHUs HA TOKOSAIEMCS
snekTpoHe. Ha 3Toii ocHoBe BbiBeauTe Gpopmyny KomnToHa.
5. IlpuBenute npuMepsl IPOSABICHUS KOPIYCKYISIPHO-BOJIHOBOTO JIyaqu3Ma
JJIEKTPOMATrHUTHOIO U3JIy4YCHHUS.
6. Kakas nuHamudeckas mepeMeHHas ONpe/eisieT JUIMHY BOIHBI ¢ bpoiis
MHUKPOYACTHIIBI? 3alMIINTE BOJHOBYIO (DYHKIIMIO MUKPOYACTHIIBI P 3alaHHON HEPTUH U
VMITYJIBCE.
7. YCcTaHOBUTE COOTHOIIEHUE MEXJy CKOPOCThIO PENIATUBUCTCKON MUKpPOYACTHUIIBI U
TPYIIIOBOM CKOPOCTBEO COOTBETCTBYIOIIEH BOJIHEI J1e bpois.
8.  IlpuBemute mpuMep MPOSBICHUS KOPITYCKYISIPHO-BOIHOBOTO Tyaji3Ma MUKPOYACTHII.
9. 3anummre cooTHoIIEHHE HeompeneneHHocTel ['eiizendepra. [IpuBeaure npumep ero
peaNn3alny B SKCIIEPUMEHTE.
10. CopmynupyiiTe BEpOITHOCTHOE TOJIKOBAHNE BOJHOBOM (DYHKIIMH, OIpEeTeHHON B
KOH(UTYpallMOHHOM MPOCTPAHCTBE, AJII CUCTEMBI, COCTOSIIEN U3 OJTHOM U ABYX YaCTHII.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3HaTh: OcHOBHBIE 1.1. IlpuBenute npuMepbl NPOSBICHUS
AKCIIEPUMEHTAIIbHbIE (bakThl, KOPIYCKYJISIPHO-BOJIHOBOTO JlyaJlu3Ma
HEOOBSICHUMEBIE c ITO3HITHM 3JIEKTPOMArHUTHOTO WU3Ty4YEHHUS.

KJIaCCHYECKOM ¢busuku u 2. Kakasg nuHamudeckas nepeMeHHas ONpeesieT
MIPUBEIIINE K CO3IaHHUIO JUTHHY BOJIHBI Jie bpoiiyiss MukpodacTuiibl? 3anuimmre




KBaHTOBOU (U3UKH BOJIHOBYIO (DYHKITUIO MUKPOUYACTHIIBI IPU 33ITaHHOM
SHEPTUU U UMITYJIbCE.

3. IIpuBenure nmpumep NposiBICHUS KOPIYCKYISPHO-
BOJIHOBOTO JIyalMi3Ma MUKPOYACTHIL.

4.  3anumuTe COOTHOIICHHE HEOolpeaeeHHOCTEN
I'eiizenOepra. [IpuBeauTe npuMep ero peanus3anuu B
JKCIIEPUMEHTE.

5. CdopmynupyiiTe BEpOSITHOCTHOE TOJTKOBAHUE
BOJTHOBOW (DYHKITUH, OIPEICICHHON B
KOH(UTYpAIIMIOHHOM MPOCTPAHCTBE, JISI CHCTEMBI,
COCTOSIIEH M3 OJTHOM M JIBYX YACTHII.

YMers: OueHuBaTh  CTENEHBb 1.1.  Ha ocHose pacnpenenenus [lnanka BeiBegute
BJIMSIHUSA KBAaHTOBBIX 3(dekToB Ha 3akoH Credana—bonbiiMana 1 onpeAeanTe BEIUYUHY
TETUIO(PU3NIECKUE CBOICTBa nocrostnHoi Credana—bonbimana.

BEIIECTB u IIpOTEKaHHe 2.  Haocnose ¢popmynsl [lebast 11 cpeHei sHeprun
TEIUIO(PHU3NUECKUX ITPOLIECCOB OJIHOT'O MOJIsl TBEPJIOrO TeJla yCTAHOBUTE 3aKOH J[roJ0HTra

u IITn 1 TemMnepaTypHyro 3aBUCUMOCTb TEILIOEMKOCTHU
TUTSE 00JIACTH HU3KUX TEMITepaTyp.

3. Hcnonw3ys runote3y bopa o Tom, 4TO aTOM MOXET
HaXOJUTHCS TOJIBKO B ONPEJEIIEHHBIX CTAI[MOHAPHBIX
COCTOSIHUSIX C JUCKPETHBIMM 3HAYE€HUSIMU YHEPIHH,
YCTaHOBUTE KOMOMHAIIMOHHBIN MPUHIUI JJIS1 4aCTOT
U3JIy4EHUs aToMa.

4.  ChopmynupyiTe runore3y CBETOBBIX KBAHTOB
OHHIITEWHA. 3allUIIUTE 3aKOHbI COXPAHEHUS DHEPTUU U
HMITyJIbCA JJIs1 IPOLIecca pacCesiHUS KBaHTa U3TyUEHUS
Ha noKoseMcs 31eKkTpoHe. Ha 3Toil ocHOBe BbIBEUTE
¢dopmyny Komnrona.

5. YcTaHOBUTE COOTHOIIEHUE MEXY CKOPOCTHIO
PENATUBUCTCKOM MUKPOYACTHULIBI U TPYNIIOBOU
CKOPOCTBIO COOTBETCTBYIOIICH BOJIHBI 1€ bponis.

Onucanue MKaJbI OlleHUBAHUS

Oyenka: 5
Huorcnuii nopoe sevinonnenus 3a0anus 6 npoyenmax. 91
Onucanue xapaxmepucmuxu 6binoIHeHUs 3Hanus: JlaHbl OJHBIE, pa3BEPHYTHIE OTBETHI HA
MTOCTABIICHHBIC BOIIPOCHI, TTOKa3aHa COBOKYITHOCTh OCO3HAHHBIX 3HAHWH 110 IPOHICHHBIM TEMaM,
JI0Ka3aTEeNbHO PACKPHITHI OCHOBHBIE TIOJIOKEHUS BOIIPOCOB; B OTBETE MPOCIIEKUBACTCS YeTKas
CTPYKTYpa, JIOTHIEeCKas TIOCIIEI0BATEIIBHOCTD, OTPAXKAIOIIAs CYIIIHOCTh PACKPBIBACMBIX ITOHSATHIHA,
Teopui, siBJeHHH. OTBETHI U3NI0KEHBI C UCTIONB30BAHUEM COBPEMEHHON HAYYHOU TEPMHUHOIOTHH.
MoryT OBITH JOIMYIIEHB HEKOTOPHIC HEJIOYETHI B OTBETAX.

Ouyenka: 4
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax.: 81
Onucanue xapaxmepucmuxu vinoineHus snanus: [lokazaHbl 3HAHUS MPOUIEHHBIX Pa3/Ie]IoOB Kypca
KBaHTOBOH MEXaHUKH MTOYTH B TIOJTHOM 00BbeMe (MMEIOTCS TPOOEITBI 3HAHUH TOJIBKO B HEKOTOPBIX,
0COOCHHO CIIOKHBIX pa3fieliax); JaHbl MOJHOIICHHBIE OTBETHI HA BOIPOCH KOHTPOJIBHOM paOOThI; HE
BCET/Ia BBIJICJICHO HanOoJIee CYIeCTBEHHOE, HO HE JIOMYIIEHO CePhE3HBIX OIMMOOK B OTBETAX;
OTBETHI Ha BOIIPOCHI MPEICTABICHBI B 00BEME, MPEBBIIIAIOIIEM 0053aTEIbHBI MUHIMYM

Oyenka: 3
Huoichuii nopoe svinonnenus 3adanus 6 npoyenmax. 11
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Onucanue xapaxmepucmuxu vinoineHus snanus: [lokazano BiajgeHne OCHOBHBIM 00HEMOM
3HAHUM MO MPOMJECHHBIM pa3ziesiaM Kypca KBAaHTOBOW MEXaHUKH; UMEIOTCS 3aTPYyAHEHUS B
HEKOTOPBIX OTBETaX, HETOYHBIC (POPMYIIUPOBKH; B OTBETAX JOMYCKAKTCS OMIMOKH 110 CYIIECTBY
BOIpocoB. CTYJEHT BJIaJCeT TOIbKO 00s13aTeIbHBIM MUHIMYMOM B IPOHJICHHBIX pa3jieiax Kypca
KBAaHTOBOM MEXaHUKH

Ouenka: 2
Onucanue xapakmepucmuxu evinoinerus 3Hanus: 1) OTBETHI MPEACTaBISIOT COOOM pa3pO3HEHHbIE
3HaHUS C CYIIECTBEHHBIMHU OIIMOKaMU 110 Boripocam. [IpucyTcTByroT hparMeHTapHOCTbD,
HEJIOTHYHOCTh U3NI0KEeHUsI. OTCYTCTBYIOT BBIBOJIBI, KOHKPETHU3AIIMSI U JOKA3aTSIIbHOCTh
U3JI0XKeHUs. HayuHast TepMHHOJIOTHS IIPAKTHYECKU HE UCTIONb3yeTcs. 2) OTBeThl Ha OOJIBIIMHCTBO
BOIIPOCOB IMOJTHOCTBIO OTCYTCTBYIOT

KM-3. KoutposabHoe meponpusitue — 3

®opmbl peaquzanun: [TuceMennas padora

Tun koHTpobLHOrO MeponpusaTus: KourponsHas pabora

Bec koutposabHoro meponpusitusi B BPC: 30

IIpouenypa npoBeneHnst KOHTPOJIbHOro MeponpusaTus: KonrponsHoe meponpusitue — 3 (KM-3)
MPOBOAMTCS Ha MPAKTUYECKOM 3aHATUU 13 yueOHOW Helenu B BHUIE MHUCHbMEHHOW KOHTPOJIBHOMN
paboThl, OXBAaTBIBAIOLIEH COJAEPIKAHUE CIEAYIOLIUX pa3eloB Kypca «KBaHTOBas MeXaHHKa»:
VYpaBuenue [lpemunrepa. Oneparopsl HMITYJIbCa, KOOPAMHATBI W HSHEPrUU MHUKPOYACTHIIBL.
Craructuueckue XapaKTePUCTUKHU JUHAMHYECKUX MIEPEMEHHBIX. CootHomieHue
HeonpeneneHHocTel. CTyAeHThl B TeUeHHe | akaJieMHYeCcKOoro yaca JI0OJKHbI IMCbMEHHO OTBETUTH
Ha KOHTPOJIbHBIE BOMPOCHI U 3aganus. KoHTposbHas paboTa oreHMBaeTCs MO S-0aqbHOW IIKae.
[TomyueHHasi CTYIGHTOM IO pe3yJIbTaTaM BBIMIOJIHEHUSI TUCbMEHHON KOHTPOJIBHON pabOoThI OI[CHKA
SBIISIETCS OAJUIOM TeKyIero KoHTposs 3a KM-3.

Kpartkoe cogep:xkanue 3a1aHuA:
1. Kakoit maremMaTtndyeckuii 00BbEKT 0TOOpakaeT MOHIATHE AUMHAMUYECKOM nepeMeHHON
(TmHaAMHUYecKOM (YHKLMHU) B KBaHTOBOM MexaHHuke? KakoB ¢pu3nueckuii cMbICI COOCTBEHHBIX
GyHKIMM 1 COOCTBEHHBIX 3HAYEHH OTlepaTopa, MPEICTaBIISIONIET0 HEKOTOPYIO
JMHAMUYECKYIO IIEPEMEHHYIO B KBAHTOBOW MEXaHUKe?
2.  Hcnonw3ys MeTos pa3feneHus MPOCTPAHCTBEHHBIX MMEPEMEHHBIX IS PEIICHUS
ypaBHeHus Llpenunrepa 11 cBOOOJHONH MUKPOYACTHIIBI C TPEMS CTENEHSIMU CBOOO/IBI,
OTIpeIeNIUTE ONepaTop UMITYJIbCA U €r0 COOCTBEHHYIO (DYHKIIMIO JUISl TPEXMEPHOIO CIIydast.
3. Hcnonp3ayiite npuHIMI cooTBeTCTBUS bopa 11 onpenenenus oneparopa ['amuibToHa.
3anummTe onepaTopbl KHHETUYECKON M MOTEHIINAIbHON YHEPTUH TSl OTHOM MUKPOYACTHUIIHI 1
CHCTEMBI B3aUMOJICHCTBYIOIINX MUKpOUYacTHLl. 3anuiuTe ypasHeHue lpenunrepa u
ctarnoHapHoe ypaBHeHue llpenunrepa, ncnosnb3ys onepatop I'aMuibTOHA.
4.  UYemy paBHa BEpOATHOCTH MEPEX0/1a MEKAY COCTOSTHUSIMH CUCTEMBI, €CITH OMTUCHIBAIOIIHE
UX BOJIHOBBIE (DYHKIIMHM OPTOrOHANbHBI? BhIBeIMTEe COOTHOIIEHNE, BhIpAXKarolee MPUHLIUI
MUKPOCKOIIUYECKON 00paTUMOCTH.
5. aiite onpeneneHue MOHIATUAM «COTPSDKEHHBIA M CaMOCOTIPSKEHHBIN OIIEepaTop».
[Toctpoiite onepaTop, conpsKEeHHBIN onepaTopy nuddepenpoBanus. JJokaxure, 4To
KBaJpaT JIF0OOT0 CaMOCOIPSKEHHOT'O OIepaTopa TakXkKe SBISETCS CaMOCOIPSKEHHBIM.
6. Brrumcnmre cpennee (0kuIaeMoe) 3HaUCHUE KOOPAMHATHI U MIMITYJIECA MUKPOYACTHIIBI C
OJTHOM CTETEHbI0 CBOOO/IbI, HAXOSIEHCS B CTAIIMOHAPHOM COCTOSIHUH B T10JI€, 3a/1aBAEMOM
KaK «II0TeHLHaJIbHAas siMa CO CTEHKaMH O€CKOHEUHOM BBICOTBI».
7. JlokaxuTe MEepBYIO M BTOPYIO TeOpeMbl DpeH(pecTa Il MUKPOYACTHIIBI C OJTHON
creneHbio cBo0o 1. KakoB dhusudeckuii cMbic Teopem Dperdecra?
8.  Haiiaure xoMMyTaTOp ONEPaTOPOB KOOPAUHATHI U KUHETHUECKOW SHEPTUU
MUKPOUYACTHIIBI C OJJTHOM CTENEHBIO CBOOOBI.
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9.  Haiiaure KOMMyTaTOp ONEPATOPOB UMITYNIbCA M MOTEHIMAIBHOW SHEPTUN MUKPOUYACTHILIBI
C OIHOI CTENEHBIO CBOOOIEI.
10. BriBenute HepaBeHCTBO | eiizendepra. Ha 3Toif 0CHOBE TOKa)KUTE COOTHOLICHUE

HEOIPEAEIECHHOCTEN MEXK ]y KOOPIAMHATON U UMILYJIbCOM MUKPOYACTHULIBI C OJJHON CTEIICHBIO

CBOOO/IEL.

KoHTposibHbIe BONPOCHI/3a1aHUA:

3HaTh: OCHOBHBIE MPUHIMUIBI U

TEOPETUYECKUI
KJIACCHYECKOU
bu3uKu

amnmnapar
U KBaHTOBOU

1.1. Kakoii MareMaTH4eCcKHii 00BEKT OTOOpaxkaeT
MOHATHE JUHAMUYECKON IIEPEMEHHON (AMHAMUYECKOM
(hyHkMK) B KBaHTOBOM MexaHuke? Kakos huzndeckuii
CMBICII COOCTBEHHBIX ()YHKIUH U COOCTBEHHBIX 3HAUCHHH
oneparopa, MpeACTaBIsAIOIIEr0 HEKOTOPYIO
JUHAMHYECKYIO IEPEMEHHYIO B KBAHTOBOI MEXaHUKe?
2.  Hcnonb3ys METOJ pa3lieleHusl IPOCTPAHCTBEHHBIX
IIEPEMEHHBIX JUIs pelieHus ypasHenus llpenunrepa nmis
CcBOOOHON MUKPOYACTHIIBI C TPEMSI CTETICHSIMU
cBO0O/IbI, OIIPENIEIUTE ONIEPATOP UMITYJIbCA U €TI0
COOCTBEHHYIO (DYHKIIMIO JIJIsl TPEXMEPHOTO CyyYasl.

3. Hcnonp3yiiTe mpUHIMI COOTBETCTBUS bopa s
onpeneneHus oneparopa ['amunpToHa. 3anummTe
OnepaTopbl KNHETUYECKOW U MOTEHIUATbHON 3HEPrUu
JUISL OZTHOM MUKPOYACTULIbI U CUCTEMBI
B3aUMOJCHCTBYIOIIMX MUKPOUYACTUL. 3aMUIIUTE
ypaBHenue lllpeaunrepa u craimoHapHOE ypaBHEHUE
[peaunrepa, ucnosnb3ys oneparop ['amunbTOHA.

4.  Jaiite onpe/esieHne NOHATUSIM «CONPSKEHHBIN U
caMoCOIIpsKEHHBIN onepaTopy. [loctpoiiTe oneparop,
COIPSDKEHHBIN onepaTopy auddepeHInpoBaHHMs.
Jlokaxxute, 4TO KBapaT JIF0OOr0 CaMOCOIPSKEHHOTO
OrepaTopa TAKXKE SIBISETCS CaAMOCOINPSKEHHBIM.

5. JlokaxxuTe nepByr0 M BTOPYIO TeopeMbl DpeHpecTa
JUISL MUKPOYACTHUIBI C OJTHOM cTeneHbro cBo0oabl. Kakos
¢busnyeckuii cMpIci TeopeM DpeHdecTa?

YMers:
HHEPreTHYECcKue
¢duznueckue
MHUKPOYACTHII
UCTIONb3Ys
[IIpenunrepa.

Breraucnaars

n IpyTue
XapaKTepPUCTUKU
BEIIIECTBA,
ypaBHEHUE

1.1. Yemy paBHa BEpOSTHOCTb MIEPEX0/Ia MEXKTY
COCTOSIHUSIMU CHCTEMBI, €CIIM OIIUCBIBAIOINE UX
BOJIHOBBIE (DYHKIIUM OpPTOTrOHAIbHBI? BriBeanuTe
COOTHOUICHHUE, BBIPAXKAIOIIEE TPUHIUIT
MHUKPOCKOIMMYECKON 0OpaTUMOCTH.

2.  Borumcnmre cpennee (0XugaeMoe) 3HaUCHUE
KOOPJAMHATBI M UMITYJIbCa MUKPOYACTHUIIBI C OJJHOU
CTENEeHbIO CBOOOIbI, HAXOSAIIECHCS B CTAIMIOHAPHOM
COCTOSIHUM B T10JIE, 33/1aBAEMOM KaK «II0TEHIAIbHAS
sIMa CO CTEHKaMU OECKOHEYHOU BBICOTBI.

3. Haiigure xoMMyTaTop onepaTopoB KOOPAUHATHI U
KUHETHUYECKON SHEPTUU MUKPOYACTHUIIBI C OJTHOM
CTETEHbIO CBOOO/IBI.

4.  HaiiaguTe KOMMYTaTOp OMEPATOPOB UMITYJIbCA U
MOTEHIIMAJIbHONW YHEPTUU MUKPOYACTULIBI C OJTHON
CTETEeHbIO CBOOO/IBI.

5.  BriBeaure HepaBeHcTBO ['eiizenOepra. Ha stoit
OCHOBE JIOKJKUTE COOTHOLIEHUE HEONPEIETIEHHOCTEN
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MEKy KOOPAUHATON ¥ UMITYJI5COM MHKPOYACTHIIBI C
OJIHOU CTEIEHBIO CBOOOIBI.

Onucanne MKAJbI OIleHUBaAHUS:

Ouyenxa: 5
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 91
Onucanue xapaxmepucmuxu 6binoaneHus 3Hanus: JlaHpl OJIHbIE, pa3BEPHYTHIE OTBETHI HA
IIOCTABJIEHHBIE BOIIPOCHI, IIOKa3aHa COBOKYITHOCTb OCO3HAHHBIX 3HAHUH 110 IPOMICHHBIM TEMAM,
JIOKa3aTeJIbHO PACKPBITHI OCHOBHBIE II0JIOKEHUS BOIIPOCOB; B OTBETE MIPOCIICKUBACTCS YETKAst
CTPYKTYpa, JIOTHYECKasi II0CIEN0BATEIBHOCTD, OTPAXaoLIasi CYIIHOCTh PACKPBIBAEMBIX IIOHATHUH,
TeOpuH, siBIeHUNH. OTBETHI U3JI0KEHBI C UCIIOIb30BAaHUEM COBPEMEHHON HAYYHON TEPMUHOJIOTHH.
MoryT OBITh HOIYIIEHBl HEKOTOPbIE HEA0YETHI B OTBETAX

Ouyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 81
Onucanue xapakmepucmuku evinoneHus 3nanus: 110ka3aHpl 3HAHUS TIPOUCHHBIX Pa3IelioB Kypca
KBaHTOBOW MEXaHHMKH MTOYTH B MOJHOM 00beMe (MMEIOTCSI TPOOEIIbl 3HAHHUI TOJIBKO B HEKOTOPHIX,
0COOCHHO CIIOKHBIX pa3fieliax ); JaHbl MOJHOIICHHBIC OTBETHI HA BOIPOCH KOHTPOJIBHOHN pa0dOThI; HE
BCET/Ia BBIJICIICHO HanOoJIee CyIIECTBEHHOE, HO HE JIOMYIIEHO CEPhE3HBIX OIMOOK B OTBETAX;
OTBETHI Ha BOIIPOCHI MPEICTABICHBI B 00BEME, MPEBBIMIAIONIEM 0053aTeIbHBI MUHUMYM.

Oyenka: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. (1
Onucanue xapaxmepucmuxu evinoineHus snanus: Ilokazano BiajgeHre OCHOBHBIM 00BEMOM
3HAHWUU TI0 MPOUICHHBIM pa3jiesiaM Kypca KBaHTOBOW MEXaHHUKH; UMCIOTCS 3aTPY/IHCHUS B
HEKOTOPBIX OTBETAaX, HETOYHbIE (POPMYIUPOBKHU; B OTBETAX JOMYCKAIOTCS OMIMOKH 110 CYIIECTBY
BonpocoB. CTYyICHT BIa/ICET TOJIBKO 00s3aTeIbHBIM MUHUMYMOM B IPOMICHHBIX pa3zeiiaX Kypca
KBaHTOBOW MEXaHHKH

Oyenka: 2
Onucanue xapakmepucmuxu evinonnenus 3uanus: 1) OTBEeThl MPEICTABISAIOT COO00H pa3po3HEHHbIE
3HAHUA C CYHIECTBEHHBIMU OLIMOKaMU 10 BonpocaMm. [IpucyTcTBYIOT (pparMeHTapHOCTb,
HEJIOTMYHOCTb U3JI0’KeHUSA. OTCYTCTBYIOT BBIBO/IbI, KOHKPETU3ALNS U JOKA3aTEIbHOCTD
u3noxxeHus. HayuHast TepMHUHOJIOTUS IPAKTUYECKU HE UCTIoNb3yeTcsl. 2) OTBeThl Ha OOJBLIIMHCTBO
BOIIPOCOB IOJIHOCTBIO OTCYTCTBYIOT

KM-4. KontpoJibHoe Meponipusitue — 4

®opmbl peanusanuu: [luceMenHas padora

Tun koHTpobHOrO MeponpusTus: KourponsHas pabora

Bec koHTpObHOrO MeponpusTusi B BPC: 25

IIpouenypa npoBeaeHnst KOHTPOJIbHOro Meponpustusi: KonrponsHoe meponpusitue — 4 (KM-4)
IPOBOJUTCS HA MPAKTUYECKOM 3aHATUU 14 yueOHON Henenu B BUAE NMUCbMEHHOW KOHTPOJIBHOM
paboThl, OXBATBHIBAIOLICH COAEpIKAaHUE CIEAYIOIIMX pa3aesioB Kypca «KBaHTOBas MexaHHKay:
MukpouacTuiia B TOJ€ LEHTpaldbHOW cuibl. CTalUMOHapHBIE COCTOSHHUS CHCTEMBI JBYX
B3aMMOJeHCTBYIOIUX MHUKpodacTull. CTyneHThl B TedeHHe | akaJeMHYecKoro 4aca JOJKHBI
MUCbMEHHO OTBETUTh HAa KOHTPOJIbHBIE BOIPOCH! U 3a1aHus. KoHTposibHas paboTa olleHUBaeTcs 1o
5-6anmpHoll mikane. [lomydeHHass CTyZIEHTOM 10 pe3yibTaTaM BBIIOJHEHUS MHCbMEHHON
KOHTPOJILHOM paboThI OLIEHKA ABIIsIETCS OaIoM TeKyIero Koutposs 3a KM-4.

KpaTlcoe CoA€cpKaHME 3alaHUA:
1. 3amuimure OIMPEACIICHNUC MOMCHTA UMITYJIbCAa JJIA MUKPOYACTUIILI B KBaHTOBOM MEXaHMKE.

HOKa)KI/ITe, YTO OIICPaATOPhI HpOGKHHI\/'I MOMCHTA UMITYJIbCa ABJISAIOTCA CaMOCOIIPAKCHHBIMU.
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2.  Hcnonw3ys onpeneneHus ornepaTopoB MPOSKIUil MOMEHTA UMITYJIbCa, BEIYUCIIUTE
KOMMYTAaTOp OIEpaTOPOB Pa3INYHbIX MPOCKIMM MOMEHTOB UMITyJIbca. UTO cienyer u3 Toro
¢axTa, 4TO ONEpaTOPHI MPOCKIUNA MOMEHTA UMITYJIbCa MUKPOYACTHIIBI HE KOMMYTHPYIOT APYT

¢ apyrom?

3. Kakne nuHamudeckue NEPCMCHHBIC OJHOBPEMCHHO UMCIOT OIIPCACIICHHBIC 3HAYCHHA, T.C.
SABJIIOTCA MHTErpaiaMy IBUKCHHUA B 3a/1a4€ O CTAHMOHAPHBIX COCTOAHUAX MUKPOYACTHUIIBI B

M0JI€ LIEHTPATBHOU CHUIIBI?

4.  Metonom pa3zzenieHus: IEPeMEeHHbIX TOKaXXUTE, KaK 3a/1ady 00 onpeaeeHun
CTAlMOHAPHBIX COCTOSIHUNA MUKPOYACTHUIII B TOJIE IIEHTPAILHON CUJIbI CBECTU K CUCTEME
YpaBHEHUH I paiiajIbHBIX U YTIOBBIX BOJHOBBIX (PYHKIIHH.

5. Kak KoppeKkTHO chopMyIUpPOBATh 3aKOH COXPAHCHHSI MOMEHTA UMITYJIbCa MUKPOYACTHUIIBI
¢ yueToM TpebGoBaHMI KBaHTOBON MexaHuku? OcTaeTcs Ju CpaBeJIUBBIM C YUETOM
TpeOOBaHUI KBAHTOBOM MEXaHUKH 3aKOH COXPAHEHUS SHEPTMH MUKPOUYACTHUIIBI B TI0JIE

LHEHTPAIbHOU CHIIbI?

6. 3amummurte paguambHOE YpaBHEHHUE UL aTOMa BOJOPOJa B Oe3pa3MepHBIX EPEMEHHBIX.
YeMmy paBHBI XapaKTE€pHbIE 3HAYEHUS PACCTOSHUS M SHEPIHHU, UCIIOJIb3YEeMBbIE NIPH MEPEX0e K

0e3pa3MepHBIM TIEPEMEHHBIM?

7.  Haiiaure acHMOTOTHKY paJlalibHOTO YPAaBHEHUs Ul CBA3aHHBIX COCTOSIHUNA B aTOMe
BOJI0pOJia B 0e3pa3MepHBIX MEPEMEHHBIX MPU MaNbIX U 0OIBIINX paccTosHUsIX. [losgcHuTe X0A
pelLeHHs paualIbHOTO ypaBHEHHUs JJIs aToMa BO10po/ia B 0e3pa3MepHBIX EPEMEHHBIX MTPH
OTIPENICICHUH CBSI3aHHBIX COCTOSIHUI. Y CTAHOBUTE COOTHOIICHUE MEXKTYy KOA(PPUIIHEHTAMH
pasyiokeHus B psa QyHKIMM, ONIpeelisaoel BUjl paiuanbHoi BonHoBoH ¢pyHkuuu. KakoBo
COOTHOLLIEHUE MEXKY IJIaBHbIM, OpOUTAIBHBIM (KOJ€0aTeIbHbIM) U a3UMYTaIbHBIM
KBaHTOBBIMM YMCJIAMU B aTOME Bogopoaa?

8.  Hcmomnb3ys BeIpaXCHHE I PaIAaIbHON BOJHOBOUW (DYHKIIMM OCHOBHOTO COCTOSIHUS
aToMma BOJOPOAa, HalauTe HauboJiee BEPOATHOE U CPEe/IHEE PACCTOSIHUE AJIEKTPOHA OT Apa B

OCHOBHOM COCTOsSHHH.

9.  PykoBoacTBysCh (pOpMyIIOi JUIs OJCUETa SHEPTETUYECKUX YPOBHEH, H300pasute
KayeCTBEHHO PHEPreTUUECKUN CIIEKTP aToMa BOJ0PO/1a B BUE 3aBUCUMOCTH OT
K0JIeOaTeNbHOTO (OpOUTANIBHOI0) KBAHTOBOT'O YMCIIA MPU HECKOJIBKHUX 3HAUEHHSX
a3MMYTaJIbHOTO KBaHTOBOTO ymciia . Ha ocHOBe mosiyueHHOro u3o00pakeHus: 00bsCHUTE
IIPUPOY CIy4aHHOTO BBIPOXKACHUS YHEPTETUUECKUX YPOBHEW B aTOME BOAOPOJIA.

10. Kaxkwue skcriepuMeHTaIbHbIE TaHHBIE (M C KAKOW TOYHOCTHIO) IOATBEPIKIAIOT PE3YIbTAThI
TEOPETUYECKOI0 pacueTa SHEpPreTUYeCKUX ypoBHEl aToMa BOJI0po/ia U BOJOPOIONOA0OHBIX

HOHOB?

KoHTpoJibHBbIC BONIPOCHI/3aJaHHA:

3HaTh: Metonasl OIHUCAHUS
CTaIlOHAPHBIX CBSI3aHHBIX
COCTOSIHUU u COCTOSTHUH

paccestHus OJHOW MUKPOYACTHUILIBI
BO BHEITHEM CHJIOBOM IIOJIe, a
TaKXke CHCTEMBI JIBYX
B3aUMO/ICUCTBYIOIIHNX
MHKPOYACTHULL

1.1. Kakue nuHaMHYECKUE TIEPEMEHHBIC
OJIHOBPEMEHHO UMEIOT OIPEIEIICHHbIC 3HAYEHUS, T.€.
SIBJISIFOTCS UHTETPAJIaMH IBUYKEHHS B 3a7a4€ O
CTallMOHAPHBIX COCTOSHUAX MUKPOYACTHUILIBI B M10OJIE
LEHTPATBHOUN CHIIBI?

2.  Kak koppekTHO c(hOpMyIUpOBATh 3aKOH
COXpAaHEHUS MOMEHTA UMITYJIbCa MUKPOYACTHUIIbI C
y4eToM TpeOoBaHUI KBaHTOBOM MexaHHKHU? OcTaeTcs i
CIIpaBEJIMBBIM C YIETOM TPEOOBaHMI KBAaHTOBOM
MEXAHUKH 3aKOH COXPAHEHUS SHEPTUU MUKPOYACTULIBI B
M0JI€ UEHTPATTLHOU CHIIBI?

3.  3anumuTe paananbHOE YpaBHEHHUE AJIL aTOMa
BOJIOpO/a B O€3pa3MepHBIX MepeMeHHbIX. YeMy paBHBI
XapaKTEPHbIE 3HAYCHUS PACCTOSIHUSA U DJHEPTUH,
WCIIOJIB3YEMBIC MPHU TIepeXoie K 0e3pa3MepHbIM
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MepeMEeHHbIM?

4.  PykoBOJCTBYACH (hOPMYIIOH JUIs TO/ICUETa
SHEPreTHYECKUX YPOBHEH, H300pa3uTe KaueCTBEHHO
HHEPreTUYECKUH CIIEKTP aTOMa BOJIOPOJa B BUJIE
3aBUCHMOCTH OT KoJIeOaTeIbHOTO (OpOUTAIILHOTO)
KBAHTOBOT'O YMCJIA TIPU HECKOJIBKUX 3HAUYEHUSX
a3MMYTaJIbHOTO KBaHTOBOIO yKcia . Ha ocHoBe
MOJIY9EHHOTO M300pakeHUs 00BSICHUTE IPUPOY
CIIy4aifHOTO BBIPOKJICHUS SHEPIeTUUYECKUX YPOBHEH B
aToMe BOJIOpOAa.

5.  Kakue skcniepuMeHTanbHble JaHHBIE (M ¢ KaKOU
TOYHOCTBIO) MMOATBEPKAAIOT PE3YIIbTATHI
TEOPETHUUECKOI0 pacueTa SHEPreTUYeCKNX YpOBHEM
aToMma BOJOPOJAA U BOJOPOJONOI00HBIX HOHOB?

VYMeTh: Breraucnsars
SHEPreTUYECKUE u JpyTue
buznvecKue XapaKTePUCTUKHU
MHKPOYACTHUIL BEIIIECTBA,
UCIIONb3YsI ypaBHEHUE
[lIpenunrepa.

1.1.  3anummre onpeesieHUe MOMEHTA UMITYJIbCa JUIs
MHKpPOYACTHUIbI B KBAHTOBOM MeXaHUKe. [[okaxure, 4To
OIlepaTOpbl IPOEKIIMKA MOMEHTA UMITYJIbCA SIBJISIOTCS
CaMOCOIIPS)KEHHBIMU.

2.  Hcnonb3ys onpeneneHus onepaTopoB MPOEKLUI
MOMEHTa UMITYJIbCA, BBIYUCIUTE KOMMYTATOP
OIIEpaTOPOB Pa3IMYHbIX IPOEKIIMA MOMEHTOB UMITYJIbCa.
Uro ciemyeT u3 TOro GaxTa, 9To OMepaTopbl MPOSKIUH
MOMEHTA UMITYJIbCA MUKPOUYACTHUIIbI HE KOMMYTUPYIOT
JApYT ¢ Apyrom?

3. MetonoM pazzeneHus epeMeHHbIX MOKaKUTE, KaK
3a/1a4y 00 OIpeesIeHUH CTallMOHAPHBIX COCTOSIHUM
MHUKpPOYaCTHUIBI B [10JI€ LEHTPAIbHON CHIIBI CBECTH K
CUCTEME YPaBHEHUH I PaMAIIBHBIX U YIJIOBBIX
BOJIHOBBIX (DYHKIIMH.

4.  Haiigute acMMNTOTHKY paAUaIbHOTO YPaBHEHUS
JUIS CBSAA3aHHBIX COCTOSIHMM B aTOM€E BOJOPOZaA B
0e3pa3MEepHBIX EPEMEHHBIX ITPU MAJIbIX U OOJIBIINX
paccrosHusx. [losgcHuTe X0/ pemenus paaualbHOro
ypaBHEHHUSI JUIsl aTOMa BOJI0po/ia B O€3pa3MepHBIX
IIEPEMEHHBIX IIPU ONPEIEICHUU CBA3aHHBIX COCTOSHUM.
Y cTaHOBHUTE COOTHOILIEHHE MEXTY KO3pPHUIIHEeHTaMU
pasznokeHus B psil QYHKIUU, ONPEIEIISIIOIIEeH BUT
panuanbHOM BoIHOBOM QyHKIMHU. KakoBO cooTHOIIEHNE
MEX/1y TJIaBHBIM, OpOUTANIbHBIM (K0J1€0aTeNbHbIM) U
a3MMYTaJbHbIM KBAHTOBBIMU YUCIIAMHU B aTOME
BoOJIOpoa?

5. Hcnonb3ys BbpakeHHE IS paAHaIbHOI BOJTHOBON
(YHKIIUM OCHOBHOT'O COCTOSIHUSI aTOMa BOJIOPO/a,
HaiinuTe Hauboee BEpPOSITHOE U CPEHEE PACCTOSTHUE
3JIEKTPOHA OT S7Jpa B OCHOBHOM COCTOSIHHH.

Onucanue MKaJbl OLICHUBAHUA:

Ouyenka: 5

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 91
Onucanue xapaxmepucmuxu 6bIn0IHeHUs 3Hanus: JlaHbl OJIHbIE, Pa3BEPHYTHIE OTBETHI HA
MTOCTaBJICHHBIE BOMPOCHI, TOKa3aHa COBOKYITHOCTh OCO3HAHHBIX 3HAHUH IO MPOHICHHBIM TEMaM,
JI0Ka3aTeJIbHO PAaCKPBITHl OCHOBHBIE MTOJIOKEHUSI BOIPOCOB; B OTBETE MPOCIIEKUBAETCS YETKAst

15




CTPYKTYpa, JIOrH4UCCKas MmocCjICa0BaATCIbHOCTD, OTpaXXKaroliasd CYIIHOCTb PaCKPbIBACMBIX HOHHTHﬁ,
Teopuid, aBiaeHUNA. OTBETHI U3JIOKEHBI C UCIIOJIB30BAHUEM COBPEMEHHOW HAYYHON TEPMUHOJIOTHH.
MoryT OBbITH JONYIIEHB HEKOTOPBIE HEJJOYETHI B OTBETAX

Ouyenka: 4
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyenmax. 81
Onucanue xapakmepucmuxu 6binoneHus 3Hanus: 110ka3aHbl 3HAHUS TIPOUJICHHBIX Pa3IelioB Kypca
KBaHTOBOI MEXaHUKHU MOYTH B TIOJTHOM 00BbeMe (MMEIOTCS TPOOEITbI 3HAHUH TOJIBKO B HEKOTOPBIX,
0COOEHHO CIIOKHBIX pa3jieliax); aHbl OJHOIICHHBIC OTBETHI HA BOIIPOCHI KOHTPOJIBHOM paboThI; HE
BCET/Ia BBIJICTICHO HauboJjee CyIecTBEHHOE, HO HE JOMYIIEHO CePhE3HBIX OIMMNOOK B OTBETAX;
OTBETHI Ha BOIPOCHI MPEJICTABICHBI B 00bEME, MMPEBBIIIAIONIEM 00s3aTeIbHBIII MUHUMYM.

Oyenka: 3
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 11
Onucanue xapakmepucmuxu 6vinoaneHus 3uanus: 110ka3ano BiajieHue OCHOBHBIM 00BEMOM
3HAHUU N0 MPOUECHHBIM pa3jiesiaM Kypca KBaHTOBOM MEXaHHUKHU; UMEIOTCS 3aTPy/IHEHUS B
HEKOTOPBIX OTBETaX, HETOYHBIC (DOPMYIIMPOBKH; B OTBETAX JIOMYCKAKOTCS OMIMOKH 110 CYIIECTBY
BonpocoB. CTyIeHT BIa/IeeT TOJIbKO 00s3aTeIbHBIM MUHUMYMOM B IIPOIICHHBIX pa3jeniax Kypca
KBAaHTOBOU MEXaHUKHU

Oyenka: 2
Onucanue xapakmepucmuxu evinoinerus 3Hanus: 1) OTBETHI MPEACTABISIOT COOOM pa3pO3HEHHbBIE
3HaHUS C CYIIECTBEHHBIMHU ONIMOKaMU 110 Boripocam. [IpucyTcTByoT hparMeHTapHOCTbD,
HEJIOTHYHOCThD M3JI0KEHUsI. OTCYTCTBYIOT BBIBOJBI, KOHKPETH3AIMSI U JOKA3aTSIIbHOCTh
u3noxkeHus. Hayynast TepMHUHOJIOTHS IPAKTUYECKU HE UCTonb3yeTcs. 2) OTBeThl Ha OOIBUIMHCTBO
BOIIPOCOB IOJTHOCTBIO OTCYTCTBYIOT
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COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
5 cemecTp

@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

[Tpumep sK3aMeHaIMOHHOTO OmIieTa 1o Kypey “KsanroBas mexanuka”

1. YpaBuenust Makcgesia. DnemenTapHas yactuna. Cua JlopeHua st KiiacCu4eckoi
yactuubl. [InoTHOCTH 3apsina u nenbta—pyHkuus upaka. YpaBHeHHE HENPEPHIBHOCTH IS
3aps1I0BOM IUIOTHOCTU. I NIOTHOCTB 3JIEKTPUYECKOTrO TOKA.

2. IIpouenypa peuienust cramoHapHoro ypasHeHus Llpénunrepa 11s1 MUKpOYacTULIbI,
HaxOoJsIIelcs B II0JIe IEHTpalbHOM criibl. Kak B mporecce 3TOro pemeHus UCIoab3yrTCs
pe3ysbTaThl KBAaHTOBOM TEOPUH MOMEHTa uMitysbca? Kakue nuHamudeckue nepeMeHHble
OJIHOBPEMEHHO UMEIOT onpezieéHHble 3HaueHHs U noueMy? OObsACHUTE, KaK paclpOCTPaHUTh
pe3yabpTaThl pELICHUS ATOM 3aa4X Ha OIIMCAHUE OTHOCHUTEIIBHOTO JBUKEHUS JIBYX
MUKPOYaCTHL.

3. Beruucnure cpenHee 3HaYeHHE KOOPIUHATHI MUKPOUYACTHIIBI, HAXOASAIIEHCS B CTAlIMOHAPHOM
COCTOSIHMH B OJTHOMEPHOM 0€CKOHEUYHO IITyOOKOH MOTEHIIMAIBHON “ame”.

IIpoueaypa nposexenust

Ok3ameH 1o Kypey "KBantoBas mMexanuka" MpOBOJUTCS B YCTHOW (OpME MO SK3aMEHAIIHOHHBIM
O6uneraM. Bpems Ha MOArOTOBKY OTBETa Ha SK3aMEHAIMOHHBIA OWJIET cocTaBiseT He MeHee 1
aKaJeMUYECKOro Jaca.

L. Ilepeuens komnemenyuii/uHOUKAmMOpPo8 u KOHMPObLHBIX 60NPOCOE NPOBEPKU PE3YbMAN 08
0C60EeHUA OUCYUNIUHDL

1. Komnerenuusi/Mnankarop: NJI-2nk-1 Bnageer HaBbikamu pacuera Termio(pu3nuecKux CBOUCTB
pabovmx Te, UCIOJIB3YEMBIX B DHEPI€TUUYECKOM 000PYJ0BaHUU

Bonpocel, 3aganus
1.9x3amenanuonHbIi Ounet Ne 1
1. 3akonsl HetoToHA B Kilaccuueckoit Mexanuke. [IpuHImn otHOCcuTenbHOCTH [ anumes.
3aKOHBI COXPAHEHHS UMITYJIbCA, MOMEHTA UMITYJIbCA U SHEPTHH JIJIsi CUCTEMBI, cocTosimei u3 N
yactull. Oynkuus Jlarpamxka 1 cuctemsl, coctosimeld u3 N 4acTHIl BO BHEIITHEM TTOJIE.
[TpuHIIMTT HaMMEHBIIEro NeUCTBUS. Y paBHeHHs Jlarpanxka.
2. Beruncnenue BOJTHOBBIX (PYHKIIMI U DHEPTETUYECKUX YPOBHEH aToMa BOJAOpOa U
BOJIOPOIOTIOA00HBIX HOHOB. [ 1aBHOE, paguanbHOe (KoJeOaTebHOE), a3UMYTATHHOE U
MarHMUTHOE KBaHTOBBIE UKcia. BrIpoxkaeHne dHepreTHUecKux ypoBHel. CinydaitHoe
BBIPOXKEHUE. XapaKTep YHEPTEeTHIECKOTO criekTpa. Kak CpaBHUTH pPe3yabTaThl TOJTYIEHHOTO
pemieHus ¢ 3kcnepuMeHToM? KakoBbl pe3yabTaThl TAKOTO CpPAaBHEHUS?
3. JlokaxwuTe, 4TO OMEepaTop , COMPSHKEHHBINA TPOU3BECHUIO ONIEPATOPOB , PABEH
MIPOU3BEICHUIO COTIPSHKEHHBIX OMEPATOPOB B 0OpaTHOM TOPSIKE:

2.buner Ne 2
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1. ®ynkuus 'aMunbToHa A1 cUCTEMBI, cocTosiiieit u3 N 4acTuil BO BHEIIHEM IOJI€.
VpaBuenus ['amminbToHa. @a30Bo€ MPOCTPAHCTBO. Y PaBHEHUE ABMKECHUS ISl JUHAMUYECKOM
nepemenHo (pynkuun). Ckobku [lyaccona. HTEerpaibl IBUKEHHUS.

2. IloreHuManpHas 3HEPIHs CUJI XUMUYECKOM CBSI3U aTOMOB B JIByXaTOMHOM MOJIEKYJIE.
Brrurcnenue BOTHOBBIX (PYHKIIHIA, OTIMCHIBAIONINX COCTOSHUS OTHOCUTEIBLHOTO JIBUKCHHUS
aTOMOB, U K0JiebaTeIbHO—BpaIllaTeIbHBIX SHEPreTHYECKUX YPOBHEH MOJIEKYJIBI.
KonebarenbHoe, a3uMyTanbHOE (BpaliaTeIbHOE) U MATHUTHOE KBAaHTOBBIC YUCIIA.
BripoxkaeHne sHepreTuueckux ypoBHel. Mojenb «rapMOHUYECKUA OCHMILIATOP — SKECTKHUI
poTatop». XapakTep SHEPreTUYECKOro CreKTpa.

3. Jlokaxkute, 4yTO Ui JH0O0T0 OorepaTopa MPOU3BEACHHUE ONEPaTOpa U COMPSHKEHHOTO EMY
SIBJISIETCS] CAMOCOIIPSKEHHBIM U TIOJIOXKUTEIIBHO OMPEIEIEHHBIM OIEPaTOPOM.
3.Ox3aMeHanmoHHbIN Ouset Ne 3

1. [IpuHUUI OTHOCUTENBHOCTH DiHIITEHHA. CKOPOCTh pacpOCTpaHEHUsI B3aUMOICUCTBUH.
HuTepBan Mexy coobITusiMU. MupoBas Touka 1 MupoBast uHusi. [IpeoOpazoBanue Jlopenna.
CoOTHOIIIEHHE MEXKYy SHEPrUeH, UMITYJIbCOM U CKOPOCTbIO CBOOOTHOM PENIATUBUCTCKOM
YaCTHUIBI.

2. Brruncnenue paginanbHON YaCTH BOJHOBOM (DYHKIIMM MUKPOUYACTHUIIBI B IICHTPATILHOM T10JIE
CUJI U peleHue ogHoMepHoro ypaBHenus Lpéaunrepa ¢ 23QpekTHBHON MOTEHIINAIBHOM
sHepruen. KakoB BO3MOXKHBIN XapakTep PEeIICHUH 3TOT0 YPaBHEHUS I Pa3IMYHbIX
neHTpanbHbIx cui? KonebarensHoe (paguanbHOE), a3UMyTalIbHOE (BpallaTeaIbHOE) U
MarHuTHOE KBaHTOBbIE uKciia. OOBSICHUTE, KaK paCPOCTPAHUTh PE3YyIbTaThl PEIICHUS
PacCMOTPEHHOM 3a/1a4M HA ONKMCAHUE OTHOCUTEIBHOTO ABMKEHUS ABYX MUKPOYACTHLI.

3. JlokaxuTe, 4TO ONepaToOpbl UMITYJIbCAa U KOOPAMHATHI — CaMOCOTPSKEHHBIC.
4.9x3aMeHalMOHHLIN OmteT Ne 4

1. YpaBuenust MaxkcBesnia. DnemeHTapHas yactuna. Cuia JlopeHia st KiiacCu4ecKoi
yactuubl. [ImoTHOCTS 3apsana u nenbra—hyHknus J(upaka. YpaBHeHHE HEMPEPHIBHOCTH IS
3aps110BOM IJIOTHOCTH. I IIOTHOCTB 2JIEKTPUYECKOr0 TOKA.

2. Ilpouenypa peuieHus craliMoHapHOro ypaBHenus Ipéaunrepa ajis MUKpOYaCTHIIbI,
HaxOJIEHCs B TTOJIE LIEHTPaIbHOM chiibl. Kak B Mpouecce 3Toro peueHus UCroab3yrTCs
pe3ynbTaThl KBAHTOBOM TEOPUU MOMEHTa uMIyJbca? Kakue TuHaMHuecKue nepeMeHHbIe
OJIHOBPEMEHHO UMEIOT ONpe/Ie€HHbIE 3HaUeHUs U nouemMy? OObsSICHUTE, KaK paclipoOCTPaHUTh
pe3ynbTaThl PEIICHUS 3TOW 3a/1a4M HA OMMCAHUE OTHOCUTEIBHOTO ABUKEHUS ABYX
MHUKPOYACTHII.

3. Beluucnure cpegHee 3Hau€HUE KOOPAMHATHI MUKPOYACTHIIbl, HAXOAIIEHCA B CTALIMIOHAPHOM
COCTOSIHMH B OJTHOMEPHOU 0€CKOHEUHO TITyOOKOH MOTSHITHAIBHON “‘ame”.

5.Ox3aMeHanmoHHbIN Ouer Ne 5

1. Pabora, coBepiiaeMas 2IeKTpOMarHUTHBIM TOJIeM Haj 3apsaoM. [InoTHOCTh sHEpTUN
anekTpoMarHuTHoro noss. Bekrop [loliHTHHTa U €10 PU3NYECKUIl CMBICII.

2. YpaBHeHus Ha cOOCTBEHHBIE (DYHKIIMU U COOCTBEHHBIE 3HAYCHHSI ONIEPATOPOB MPOEKIUN U
KBaJpaTa MOMEHTa UMITysibca. Kakumu 3HadeHUSIMA aOCOTFOTHON BETMYUHBI M IPOESKITUIA
MOMEHTa UMITYJIECa MOXKET 00JIaJaTh MUKPOYACTHUIIA, HAXO/SIIASCS B TIOJIE IICHTPAIbHON
cuiibl? A3uMyTanbHOE (BpallaTesbHOE) U MAarHUTHOE KBaHTOBBIE YKciia. B kakoM cmbicie
MO>KHO FTOBOPUTH O COXPAaHEHUU MOMEHTa UMITYJbCa KBAHTOBOM MUKpoudacTulibl? B uém
pa3Inuurs 3aKOHA COXPAHEHHS MOMEHTA UMITYJIbCa B KBAHTOBOM U KJIACCHYECKON MeXaHUKe?
3. BoiBenuTe KOMMYTallMOHHOE COOTHOIIEHHE MEX]y OlepaTopaMu uMnyJsbca u ['amunbToHa
JUTSI MUKPOYACTHIIBI C OJTHOM CTETIEHBIO CBOOOIBI

6.0x3aMeHaImoHHbIN Onnet Ne 6

1. DnexkTpocTaTyecKkoe B3auMOJICUCTBUE 3apsKEHHBIX YacTull. 3akoH Kynona. YpaBHeHue
[lyaccona /15t moTeHIMaNa 3JIEKTPUYECKOTO MOJISl U €0 pelIeHue AJi TOUEUHOT 0 3aps/ia.
[ToTentmanpHast YHEPTUSI CUCTEMBI TOUEUHBIX 3apPSI/IOB.
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2. MoMeHT uMIyJibca Kak MHTErpal JBUKEHHSI MaTEpHAIbHOM TOUKH B I10JI€ LIEHTPAIBHOU
CHUJIbI B KJIACCMYECKOU MeXaHuKe. Vcronbs3ysa npuHIu cooTBeTCTBUS bopa, naiite
OIIpEIEICHUS OIIEPATOPOB MPOEKIMM U KBapaTa MOMEHTA UMITYJIbCa B KBAHTOBOM MEXAaHUKE U
YCTaHOBUTE KOMMYTAllMOHHBIE COOTHOLIEHUS MEXKAYy HUMH. UTO MOKHO CKa3aTh, UCXOJS U3
3TUX COOTHOILLUEHMH, O COCTOSHUAX MUKPOUYACTHILIbI B LIECHTPAJILHOM I10JI€, B KOTOPBIX
paccMaTpuBaeMble TMHAMUYECKUE IEPEMEHHBIE MOTYT OJHOBPEMEHHO UMETh OIPEACIIEHHbIE
3HaueHus?

3. BelBenuTe KOMMYTallHOHHOE COOTHOIIIEHHE MEXKy OllepaTOpaMy KOOPANHATHI U
["aMubTOHA AJI1 MEKPOYACTHIIBI C OJJHON CTETIEHBIO CBOOOIBI:

7.9x3aMeHauoHHbIHN Oner Ne 7

1. DnexTpoMarHuTHbBIE BOJIHBL. BOJIHOBOE ypaBHEHHE U €T0 PELICHUE I OJTHOMEPHOTO
ciyyas. B3auMHoe pacnosnoxeHne BEKTOPOB HANPSYKEHHOCTEN AIEKTPUYECKOr0 1 MarHUTHOTO
MOJICH U HAIPaBJIEHUS PACIPOCTPAHEHUS IIJIOCKOM 3JIEKTPOMArHUTHOU BOJHBL. COOTHOIICHHE
MEXAY JUTMHOU BOJIHBI, BOJTHOBBIM BEKTOPOM U YACTOTOW B MOHOXPOMATUYECKON
ANEKTPOMATHUTHOM BOJIHE.

2. Teopembl 0 COOCTBEHHBIX (PYHKIUAX KOMMYTHUPYIOLIUX CAMOCOIPSHKEHHBIX ONIEPaTOPOB.
Kakoe 3HaueHune 3T TeOpeMbl UMEIOT /Il MaTEMATUYECKOT0 arrnapaTra KBAaHTOBOM MEXaHUKH?
Hcnonb3ys 3Tu TeopeMbl, 00BACHUTE, MOYeMY (PU3NYECKUE BEIIUYUHBI, IPEICTABISIEMbIE
KOMMYTHUPYIOIIMMH OIIEpaTOPAMH, OJHOBPEMEHHO UMEIOT ONPEACIEHHBIC 3HAYCHMUS, &
MPEACTABIISIEMbIE HE KOMMYTHUPYIOIIMMU OllepaTopamMu — JIMIIb B OpsAIKe uckintoueHus? Kak
3TO coryiacyercs ¢ TeopeMoil (HepaBeHcTBOM) ['elizenOepra? IlpuBenure npumepsl.

3. BeiBenute v NPOKOMMEHTUPYHTE COOTHOUIEHUE HEONPEAEIEHHOCTEN MEX 1y SHEPrUue u
UMITYJIBCOM JUIsl MUKPOYACTHULIBI C OTHOM CTENEHbIO CBOOOIbI:

8.Ok3ameHalMoHHbIi Omer Ne 8

1. Pacnpenenenue Ilnanka ayig yepHoro uznydyenus. 3akoH Panes—/[>xuHca n
«ynbrpaduoneroBas» karactpoda. Popmyna Buna. 3akon Credpana—bonbiimana.

2. lunamuueckoe ypaBHeHue I eiizenoepra. Jlokaxxute Teopembl DpeHdecTa, UCIOb3Ysl 3TO
YpaBHEHUE, a TAKKE KOMMYTAIl[MOHHbIE COOTHOLIEHUS MEXKy ONlepaTopaMu KOOPIAUHATHI U
UMITYJIbCa M ONIEPATOPOM [ 'aMUIIbTOHA MUKPOYACTHIIBI.

3. Beruucnure cpenHee 3HaYeHHE UMITYJIbCa MUKPOUYACTHIIbI, HAXOASAIIENHCS B CTAlIMOHAPHOM
COCTOSIHUU B OJJHOMEPHON OECKOHEUHO I'TyOOKOH MOTeHIUANbHOM “same”
9.Ox3aMeHanmoHHbIN Oner Ne 9

1. 3akoHb! poToznekTpudeckoro 3¢ ¢pexra. KBantel n3nydenus. YpaBHeHHe DHHINTEIHA 115
doTtorddexra.

2. Teopema (HepaBeHCTBO) ['elizenOepra. JJokaxuTe COOTHOIICHUS HEOpeAeNEHHOCTEN st
JUHAMHYECKHUX NIEPEMEHHBIX KaK cie/icTBUE U3 TeopeMsl [ 'eiisendepra. Boiseaure
COOTHOUICHUS HEONPEAEAEHHOCTEN 111 KOOPAUHAT U UMITYJIbCOB.

3. BeruncanTe BOTHOBBIE (YHKIIMM CTAllMOHAPHBIX CBSI3aHHBIX COCTOSTHUI U
COOTBETCTBYIOILINE IHEPIETUUECKNE YPOBHU MHKPOYACTHUIIBI MACChl M, HaXOAAIIEHCS B
OJIHOMEPHOI MOTEHIHATBLHOM “sIMe” KOHEUHOM TITyOMHBI, OTpPAaHUYEHHONW HEMPOHUIIaeMOMN
CTEHKOM.

10.Ok3ameHanroHHbIiH 6mter Ne 10

1. TertoemkocTs TBepAoro Tena. 3akoH rononra u I1tu. ®opmyna DiiHmTeiina. Popmyna
JleGas 1 TemI0eMKOCTh TBEPAOIO TeJla MPU HU3KUX TeMIIepaTypax.

2. KommyTarop aByx onepatopos. [IpuBeanre npuMepsl KOMMYTHPYIOIIHUX U HE
KOMMYTHUPYIOIIMX ONEPATOPOB, MPEACTABISAIOMINX JUHAMUYECKHAE ITIEPEMEHHBIE
MHUKPOOOBEKTOB B KBAHTOBOM MeXaHUKe. BrIBeMTeé KOMMYTAallMOHHbBIE COOTHOIICHUS /st
ONEePATOPOB KOOPAUHAT U UMITYJIbCOB.

3. Beiuncnute BOJTHOBBIE (DYHKIIMH CTAIIMOHAPHBIX COCTOSIHUNA U 3HEPreTUYeCKHe YPOBHU
MHUKPOYACTHIIBI MACCHI , HAXOJIAIIEHCS B OTHOMEPHON OECKOHEYHO TITYOOKOU MOTEHITUATBLHOM

13 2

AMCE .
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11.9x3amenHarmonHbIi Omter Ne 11

1. 'mnotes3a bopa 0 cTamoOHapHBIX COCTOSHUSIX aTOMa C IUCKPETHBIMUA 3HAYEHHUSIMU YHEPTUU.
KoMOnHanMoHHbIN IPUHLIKIL JI 94acTOT U3iydyeHus atoma. [TpaBuiia kBantoBanus bopa—
3oMMepdenbaa A OpoOUT 3IEKTPOHA B MOJI€ HEMOABHKHOTO S/Ipa.

2. Teopembl DpeHdecTa 11 MEKPOYACTHIIBI C OJTHON CTETIEHBI0 CBOOOIbI, HAXO/ISIIEHCS B
nosie cuil. KakoB pu3nueckuii CMBICT COOTHOIIICHUH, BRITEKAIOIINUX U3 TeopeM DpeHdecTa?
[Ipu Kakux yCIOBHSIX KBAHTOBOE ONMKMCAHUE TUHAMUKUA MUKPOYACTHUIII IEPEXOIUT B
kiaccuueckoe? [louemy cooTHomeHus: IpeHdecta He yIaéTcs UCIOIb30BaTh KaK HHCTPYMEHT
JUTsL pacuéra AMHAMUKH MUKPOCUCTEM?

3. lokaxkute, yTo cOOCTBEHHbIE (PYHKIIMU ornepaTopa ['aMuIbTOHA MUKPOYACTHUIIBI,
HAXOJIAIICHCS B CTAIMOHAPHOM COCTOSIHUM B OJJHOMEPHOU OECKOHEYHO TTyOOKOM
MOTEHLUAIBHON “sMe”, KOTOpbIe MPUHAAJIEKAT Pa3HBIM COOCTBEHHBIM 3HAUEHHUSIM ATOTO
orneparopa, OpTOrOHAJIbHBI.

12.9x3amenaronnbIi ounet Ne 12 ,

1. KBanToBas Teopust DUHIITEHHA 1JIsl PABHOBECHOI'O U3JIyYEHHUSI.

2. BeposSTHOCTHBII cMBICT KO (UIIEHTOB Pa3JI0KEHUS BOJTHOBOW (DYHKIIMU IO TIOJTHOM
cucteMe cOOCTBEHHBIX (DYHKITUI CaMOCONPSHKEHHOTO OMEepaTopa, UMEIOIIEro JUCKPETHBIN
CIEKTp COOCTBEHHBIX 3HaueHUI. BriBenuTe popmyiy /uis pacuéra CpeJHEro 3HaYCHUSI
(MaTeMaTHYECKOTO OKMJIaHUs ) T000H (HU3HUECKOM BEIIMUMHBI (IMHAMHYECKOU IMTEpEMEHHOM )
MHUKPOCHCTEMbBI B COCTOSIHUH, ONMCHIBACMOM 33JJaHHOW BOJIHOBOU (PYHKIIHEH.

3. BeiBenuTe v NPOKOMMEHTUPYWUTE COOTHOLIEHUE HEONPEIEIEHHOCTEN MEX Ty SJHEpruei U
KOOpPJMHATON MUKPOYACTHULIBI C OJIHOM CTETIEHBIO CBOOO/IBI.

13.Ok3ameHanoHHbIi 6miter Ne 13

1. 'mnoTe3a CBETOBBIX KBAHTOB DWHINTENHA. 3aKOHBI COXPAHEHUS YHEPTUU U UMITyJIbCA IS
npoIiecca paccesiHrsl KBaHTa M3ITy4eHHs Ha MoKosieMcs dnekTpore. Dddexr Komnrona.

2. PaznoxeHne BOJTHOBOM (DYHKIIMM MUKPOCHCTEMBI IO COOCTBEHHBIM (DYHKIMSM OIIepaTopa,
MPEJICTABIISIFOIIET0 TUHAMUYECKYIO IEPEMEHHYIO 3TOM MUKPOCHCTEMBI U 00J1a1a10ILIETO
HENPEPHIBHBIM CIIEKTPOM COOCTBEHHBIX 3HaueHUH. Kakue xapakTepucTHKH pe3yIbTaToB
M3MEpEHMH 3TOM TMHAMUYECKON IEPEMEHHON MOKHO IIPeICKa3aTh, 3Has KO3 OUIINEHTHI
pasyioKeHus: U COOCTBEHHbIE 3HAUEHUs oreparopa?

3. BeiBeauTe KOMMYTAlIMOHHOE COOTHOILIEHUE MEK/Y OllepaTopaMu MPOEKIU MOMEHTa
MMITyJIbCA.

14.Ok3ameHanoHHbIN 6mter Ne 14

1. KopnyckysspHO-BOTHOBOM AyaJIn3M JUIS JEKTPOMAarHUTHOTO U3ITy4EHHs. 3aKOHBI
COXpaHEHHUsI SHEPTUU U UMITYJIbCa JJIs1 B3aUMOJECHCTBYIOIIUX MEXAY co00i (POTOHOB 1
MukpouacTull. [Ipouiecchl nornoumenus, UCIyCKaHUs U pacCessHUs JIEKTPOMAarHUTHOTO
W3JIy4EHHUS.

2. PaznoxeHne BOJTHOBOM (DYHKIIMM MUKPOCHCTEMBI IO COOCTBEHHBIM (DYHKIMSM OIIepaTopa,
MPEJICTABIISIIOIIET0 TUHAMUYECKYIO IEPEMEHHYIO 3TOM MUKPOCHCTEMBI U 00J1a/1a10I1IETO
JMCKPETHBIM CIIEKTPOM COOCTBEHHBIX 3HaueHHH. Kakue XapakTepucTHKU pe3yabTaToB
M3MEpEHUH 3TOM TMHAMUYECKON IepeMEHHON MOKHO IIPeICKa3aTh, 3Hast KO3 OUIINEHTHI
pasyioKeHUs: U COOCTBEHHBIE 3HAUEHUs oreparopa?

3. Ucnonp3ys nuHaMuyeckoe ypaBHeHue [ 'elizenOepra, 10KaXuTe MepBYIO TEOPEMY
OpeHdecTa.

15.9kx3ameHannonHbIi 6uet Ne 15

1. l'unotesa ne bpoiinsa. CooTHoOIIEHNE MEXKTY CKOPOCTBIO PENATUBUCTCKON MUKPOYACTULIBI U
IPYNIIOBON CKOPOCTBHIO COOTBETCTBYIOLIEH BOJIHBI Jie bpoiiins. udpakius MUKpOYACTHIL.
Pa3penienne npoTuBopedrsi MeX1y KOPIYCKYJISPHOM U BOJTHOBOM KOHLIETIIUSIMHA OITMCAHUS
MHUKPOYACTHII.
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2. TeopeMmbl 0 COOCTBEHHBIX (PYHKIHUSAX U COOCTBEHHBIX 3HAUYCHHUSIX CAMOCOIPSIKEHHBIX
OIIEpaTOPOB M HX JI0Ka3aTenbCTBO. Kakoe 3HaYeHNE HMEIOT 3TH TEOPEMBI JUIs
MaTeMaTUYECKOTI' 0 annapaTa KBaHTOBOW MexaHUkH? UTo nopa3symMeBaeTcs Mo/ MOJHOTON
CHUCTEMBI COOCTBEHHBIX (YHKITUN?

3. Beruncnute BOJTHOBBIE (DYHKIIMH CTAIIHOHAPHBIX COCTOSIHUNA U SHEPTeTUYECKHE YPOBHU
MHUKPOYACTHUIIBI MACCHI , HAXOAILEHCS B TPEXMEPHON OECKOHEUHO ITyOOKOH MOTEHLUAIbHON
“same”.

16.Ok3ameHanoHHbIH 6mter Ne 16

1. CooTHomenue Heonpeaenaennocrei I eitzendepra. [Ipumep ero peanuszanuu B
skcriepuMenTe. COOTHOIIEHNE MEX Ty ITOJIYIIMPUHON BOJIHOBOT'O IIAKETa, OIIMCHIBAEMOT0
¢dynkuueii ["aycca, u monymupunoii npeodpazopanust Oypbe 17151 TAKOTO MMAKETa.

2. ConpsKeHHBIN 1 caMOCONPsKEHHBIN orniepaTtopsl. Haitgute onepaTop, conpsskEHHBIN
onepatopy auddepernupoBanus mo koopaunare. Chopmynupyite (He JOKa3bIBasi) TEOPEMY O
COOCTBEHHBIX 3HAUEHHIX CAMOCONPSKEHHBIX oneparopos. [louemy nunamuueckue
NepeMEHHbIE MUKPOOOBEKTOB MPECTABISAIOTCS B MATEMAaTHUECKOM aIllapaTe KBAaHTOBOU
MEXAHUKH TOJIBKO CaMOCOIPSKEHHBIMU OIlEpaTopaMu’?

3. Beruncnure BOJTHOBBIE (PYHKIIUM W SHEPTETHUECKUE YPOBHH MHKPOYACTHIIBI MACCHI C
OJIHOM CTETEHbI0 CBOOO/IbI, HAXOAIIEIHCS B CTAIIMOHAPHBIX CBA3AHHBIX COCTOSHUSX B I10JIE
CHUJIBI TAPMOHUYECKOTO OCIIMILISATOPA.

17.DOx3amenannoHubIi Oumaer Ne 17

1. IlpuHImn TMHEHHON CyIepro3UIMU JJIsi BOTHOBOW ()YHKIIMU. BEeposITHOCTHOE TOJTKOBaHHE
BOJIHOBOH (DYHKIIMH, ONPE/IeIEHHON B KOH(PUTypallMOHHOM IIPOCTPAHCTBE, U BOJHOBOM
(GyHKIMM, ONPEJEIIEHHON B UMITYJIbCHOM IPOCTPAHCTBE, Ha IPUMEPE PACCMOTPEHUS OJTHOM U
AByX yactull. O>kuaeMple 3Ha4YEHUS IIPOCTPAHCTBEHHOTO MOJIOXKEHHS U UMITYJIbCA YaCTULLBL.
2. Tunu4Hble 0COOEHHOCTH PELLIEHUI KBAaHTOBBIX 33/1a4 O CTAllMOHAPHBIX COCTOSHUAX
paccessHUsI MUKPOUYacTHULbl Ha IPUMEPE OJIHOMEPHBIX TOTEHIHAIBbHBIX Oapbepax
(cymiecTBOBaHME HETPUBUAIBHBIX pelieHuid ypaBHeHus Llpenunrepa, xapakrep
HHEPIreTUYECKOr0 CIEKTPa, MOBEAECHUE BOTHOBBIX (QDYHKIUI U UX HOPMHUPOBKA, TYHHEJIbHBIN
s dext, HagbapbepHOE oTpakeHue). CpaBHUTE pe3yabTaThl 3TUX PEIICHUH ¢ KJIIaCCUUeCKOM
KapTUHOW MH(UHUTHOTO ABM)KEHUS MaTepuabHONU Touku. [laiite onpenenenus
KOA((UIIMEHTOB OTPaXEHHS YaCTHUIIBI OT Oapbepa U €€ IPOXOoXKACHUS yepe3 Oapbep
(mpo3pauHocTu Oapbepa).

3. BeiBeauTe KOMMYTAllMOHHOE COOTHOILIEHHE MEXKYy OllepaTopaMH KBajpara U MPOEeKIUN
MOMEHTa UMITYJIbCA.

18.Ok3ameHanonHbIi Ouner Ne 18

1. YpaBuenue Hlpénunrepa a1t BOTHOBOW (PYHKIIMM MUKPOYACTHIIBI U CUCTEMBI MUKPOYACTHUI]
B 110JI€ CHJI. MOHO JIM BBIBECTH 3TO YpaBHEHUE, UCIIOJIb3Ys 3aKOHBI KJIaCCUYECKOU (pusuku?
VYcioBus 0IHO3HAUHOCTH, HEOOXOAMMBIE JUIs petieHus ypaBHenus lpéaunrepa, u
TpeOOBaHUs, MPEAbSIBISIEMbIE K €70 PEIICHUSIM.

2. OCHOBHOE CBOWCTBO OIlepaTopa KOOpJIMHAThl MUKpoyacTUlbl. KakuM TpeOoBaHUSM JOJKHBI
YIIOBJIETBOPATH COOCTBEHHBIE (YHKIIMU U COOCTBEHHbIE 3HAUEHUS ATOTO orepaTopa?
[TocTpoiiTe mpoCTpaHCTBEHHYIO 3aBUCUMOCTh KBaJipaTa MOJyJIsl COOCTBEHHOU (QyHKIIUU
orepaTopa KOOPAWHATHI, UCHIONB3YS AeabTa—(pyHKIMIO Jupaka 11 OJHOMEPHOIO U
TPEXMEPHOI'O CIIy4aeB.

3. Ucnonp3ys nuHaMuyeckoe ypaBHeHue I eiizenOepra, 10KaKuTe BTOPYIO TEOpEMY
OpeHdecTa.

19.0k3ameHanroHHbIi 6mter Ne 19

1. CranmoHapHble COCTOSIHUS MUKPOUYACTHIIBI M cUCTEMBI MUKpodacTull. Kakoii
(byHIaMeHTaJIbHBII 3aKOH COXpaHEHUS BBIMOIHSIETCS U1 CTAl[MOHAPHBIX COCTOSIHUMN B
COOTBETCTBHUH C KJaccuueckoi Gpu3nkoi? OcTaéTcst 1 OH CIIPaBeUIMBLIM B KBAHTOBOM
Mexanuke? Kak HaliTH BOTHOBYIO () YHKIIUIO MUKPOCHCTEMBI, HAaXO/SIIEHCs B CTAllMOHAPHOM
cocrosHuun? KakoBa xapakTepHasi 0COOEHHOCTb KBAHTOBBIX CTAllMOHAPHBIX COCTOSHUMN?
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2. CkanspHOe MPOU3BEACHNE BOJHOBBIX (PYHKIUH MUKPOCHCTEMBI U €r0 OCHOBHOE CBOMCTBO.
BeposiTHOCTB Iepexo1a MeXKTy COCTOSTHUSIMI MUKPOCHCTEMBL. [ [pHHIINTT MUKPOCKOITMYECKOH
obOparumocTH. Kak BEIYUCINUTE BEPOSITHOCTD Pe3yiibTaTa U3MEpeHHs (PU3NIECKO BETUUNHBI B
3aJJaHHOM COCTOSIHUM MHUKPOCHCTEMBI?

3. Haiinute coOcTBeHHBIE (YHKIIMKA ¥ COOCTBEHHbIE 3HAYCHHUS PAHATIBLHOTO YPaBHEHUS,
OIIPEICTISIONIETO CTAMOHAPHBIC BOIHOBBIE (DYHKIIMM M YHEPTeTUYECKUE YPOBHU aToMa
BOJIOPOJIa M BOIOPOIOTIOAOOHBIX HOHOB.

20.9k3ameHanoHHbIH Omter Ne 20

1. TunuuHbie 0COOEHHOCTHU PELICHUI OJHOMEPHBIX KBAHTOBBIX 3a/1a4 O CTAIlHOHAPHBIX
CBSI3aHHBIX COCTOSIHUSAX MUKPOYACTHULBI (CYLIECTBOBAaHUE HETPUBUAJIBHBIX PELLICHUIN
ypaBHeHus lllpenunrepa, xapakTep 3HEPreTUHYECKOro CeKTpa, NOBEIEHHE BOJHOBBIX
byHKuni 1 UX HOpMUPOBKA). CpaBHHUTE PE3yNbTAThl 3TUX PEIICHHUN C KIIACCHUECKOW KapTUHOM
(UHUTHOTO JBUKEHHSI MAaTEPUATILHOM TOUKH.

2. CobctBeHHBIE (DYHKITHH ONEPATOpa UMITYIbCAa MUKPOYACTHIIBI C OJHON CTETIEHBIO CBOOO/IBI
B OZJHOMEPHOM CiIy4ae. Y CTAHOBUTE BUJ OllepaTopa UMITyJbca [l 3TOro ciiydas. Oneparop
UMITYJIbCA M €70 COOCTBEHHBIEC BOJIHOBBIE (DYHKITMH [T OJTHOW MHUKPOYACTHIIBI B TPEXMEPHOM
ciyyae.

3. Beruncnure k03pPHUIUEHTH MPOXOXKACHUS Yepe3 OJHOMEPHBII MPSAMOYTOJIbHBIN Oapbep U
OoTpakeHHsl OT Oapbepa AJisi MUKPOUYACTHIIBI 33 JaHHOW MacChl U MIOCTPONTE rpaduKu
3aBUCUMOCTEN HalJIEHHBIX KOA(PPUIIUEHTOB OT SHEPTUU MHUKPOYACTHULIBI.
21.9k3aMeHannoHubIN OmiteT Ne 21

1. JIuneiiHble onepaTopbl KaK MpeICTaBUTENN JUHAMUUECKHUX IEPEMEHHBIX MUKPOYACTHIL U
MHUKpPOCHCTEM B KBaHTOBOM MexaHuKe. CoOCTBeHHbIE (DYHKIIMU U COOCTBEHHbBIE 3HAUCHHUS
OIIepaTOPOB B MATEMATUYECKOM allllapaTe KBAHTOBOW MEXaHUKHU M UX (PU3HUYECKHIA CMBICIL.

2. Oneparop ['amMunbTOHa MUKPOYACTHUIIBI C OJTHOM U TpeMmsl cTeneHssMu cBoOoabl. Kak
YCTaHOBUTH BUJ| 3TOTO OIIEPATOPA, UCIOJIb3Ys IPUHIUI COOTBETCTBUS bopa u npennonaras,
YTO ONEPATOPBI KOOPAMHATHI M UMITYJIbCA U UX CBOMCTBA W3BECTHHI. [lokaxuTe, 4TO
cOOCTBEHHBIMU (DYHKILIMSMHU 3TOTO ONEpaTOpa SIBJISIFOTCS PELIEHHs CTAllMOHAPHOTO YPaBHEHUSI
IlIpenunrepa.

3. JlokaxkuTe, 4TO €CJIM J1Ba OllepaTopa — CaMOCOIPSDKEHHBIE, TO UX MPOU3BECHHUE —
CaMOCONPSKEHHBIN OIEPATOP TOJIBKO B CIIy4ae, €CIU 3TH ONepaTOpPbl KOMMYTHPYIOT.

MarepuaJsl 1JIs1 NIPOBEPKHU OCTATOYHBIX 3HAHUNA

1.Bompoc Nel. ['maBHOE KBaHTOBOE YHCIIO COCTOSIHHS AJIEKTPOHA B aTOME Bojiopoa N = 2.
OpOuTanbHOE KBAHTOBOE YHCIIO IIPU 3TOM MOKET MPUHSITH 3HAYECHUS ...

OTBeTsI:
1. 'maBHOE KBAaHTOBOE YKCIIO COCTOSIHUSI DJIEKTPOHA B aTOME Bojiopoja N = 2. OpOouTanbpHOe
KBAaHTOBOE YUCJIO TIPU TOM MOKET IPUHSATH 3HAYCHHUS ...

OTBETHI:
DI1=0;
2)1=1;
3)1=2;
4)1=3.

Bepnprii otBet: 1) 1=0; 2)1=1;
2.Bompoc Ne2. BepHo, 4rto ...

OTBeTHI:
2. BepHo, 4T0 ...
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OTBETHI:
1) HaGnroIeHNE BOTHOBBIX CBOMCTB MaTEPHAIBHOTO O0BEKTA JEIaeT HEBO3MOXKHBIM
OJIHOBPEMEHHOE HAOIIOJCHHUE €r0 KOPITYCKYJISIPHBIX CBOWCTB;
2) HCCIIeI0BaHUE BOJIHOBBIX CBOMCTB MaTepHaIbHOIO 00BEKTA JeIaeT HCHYKHBIM
WCCJICIOBAHHE €r0 KOPITYCKYJISIPHBIX CBOWCTB;
3) HaOnroIcHUE KOPIYCKY/ISPHBIX CBOMCTB MaTepUaIbHOTO 00BEKTA JIeJIaeT HEBO3MOXKHBIM
OJIHOBPEMEHHOE HAOIIOJICHHUE €r0 BOTHOBBIX CBOWCTB;
4) uccrnenoBaHrue KOPIYCKYJIAPHBIX CBOMCTB MaTepUAILHOTO 0OBEKTA JIeTIaeT HEHYKHBIM
HCCIICIOBAHNE €TI0 BOJTHOBBIX CBOMCTB.
BepHnriii otBeT: 1) HaOMrOI€HNE BOJTHOBBIX CBOMCTB MaTEPHAIBHOTO OOBEKTA Je/IaeT
HEBO3MO>KHBIM OJTHOBPEMEHHOE HAOJIIOJICHUE €T0 KOPITYCKYJISPHBIX CBOUCTB; 3)

Ha6J'IIOI[eHI/Ie KOPITYCKYJIAPHBIX CBOMCTB MaTCpPHUAJIBHOI'O 00BeKTa J€J1a€T HEBO3MOXHBIM

OJTHOBPEMEHHOE HaOJII0IEHUE €TI0 BOTHOBBIX CBOWCTB;
3.Bompoc Ne3. JIonmomHUTENIbHBIMHA (PU3NUYSCKUMH BEIMYUHAMH SIBJISIOTCS

OTtBeTsI:
3. JlomomHUTENbHBIMU (PU3NIECKUMU BETMIUHAMHE SBIISIOTCS:
OTBeThI:
1) DHeprus u UMIyJbC;
2) KoopauHara u UMIyJibC;
3) Koopaunara u Bpems.
Bepwsiii otBeT: 2) KoopanHarta 1 UMITYIIbC;
4.Bonpoc Ned. Ykaxute hopMyiy aist pacuéra JUTHHBI BOJIHBI e bpoiins.

OTBeThI:
4. Ykaxure dopMyny Uil pacu€ra AJIMHBI BOJIHBI e bpoiins.
OTBeTHI:
1) h/mc;
2) hip;
3) dsin(a) / m;
4) 2d sin(a) / m.
Bepusrit otet: 2) h/ p;
5.Bompoc Ne5. Vkakure sIBIICHHsI, B KOTOPBIX MPOSIBISETCS BOJIHOBAs IPUPOAA DJIEKTPOHA.

OTBeThI:
5. VKaxuTe sBJICHUS, B KOTOPBIX NPOSIBIISIETCS BOJIHOBAs IPUPO/IA MIEKTPOHA.
OTBeTHI:
1) Audpakuus 351eKTpOHOB.
2) TepMOdJIEKTPOHHASL SMUCCHSL.
3) dotornexTpuueckuii 3 pexT.
4) Opdext KomnroHa.
Bepusiit otBet: 1) Audpaxus 31eKTpoHOB.
6.Bonpoc Ne6. Pesynbratsl onbiToB J[3BHCCOHA 1 J[>)kepMepa MOATBEPKAALOT ...

OTtBeTHI:
6. Pezynbratel onbelToB J[3BHCCOHA U [[)kepMmepa MOATBEPKAAIOT ...
OTBETHI:
1) BonHoBbI€ cBOiCTBa CBETA.
2) BomHOBYIO IpUPOY SJEKTPOHOB.
3) KoprnyckyinsipHble CBOMCTBA 3JIEKTPOHOB.
4) KBaHTOBBII XapakTep MOTJIOLIEHHUS CBETa
BepHnbiii oTBeT: 2) BomHOBYIO IPUPOAY 2IEKTPOHOB.
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7.Bompoc Ne7. Vkakute, Kakue BBIBOABI CIIEAYIOT U3 COOTHOILICHHS HEONPEAEIEHHOCTH
['eitzenOepra.

OTtBeTsI:
7. YKaxxuTe, Kakue BBIBOBI CIEAYIOT U3 COOTHOIICHUs1 HeonpeaenéHnocTu I elizendepra.
OTtBeTsI:
1) MukpouacTuiia He MOKET UMETh OJJHOBPEMEHHO BIIOJIHE OIIPEACIEHHBIE 3HAUCHUS
KOOPJMHATBI U UMITYJIbCA.
2) YeM TOUHEE JUIs1 MUKPOYACTHULIBI OIIPEEIEHA O/IHA U3 BEIMYHMH — KOOPAWHATA WJIM UMITYJIbC,
— TeM OOoJIblIIe CTAHOBUTCSI HETOYHOCTD B ONPE/EICHUH IPYTrO.
3) MukpoyacTuiia MOKET UMETh OJJHOBPEMEHHO BIIOJIHE ONPEACIEHHBIE 3HAUCHUS
KOOPJMHATBI U HUMITYJIbCA.
Bepnplii otBeT: 1) MukpouacTuia He MO>KET UMETh OJJHOBPEMEHHO BIIOJIHE ONPECIIEHHBIE
3HA4YEeHUs1 KOOPAMHATHI U UMITyJIbca. 2) YeM TouHee /17151 MUKPOUYacTHULbl ONpe/ieieHa OJHa
U3 BEJIMYMH — KOOPMHATA UM UMITYJIbC, — TEM OOJIBIIIE CTAHOBUTCS HETOYHOCTD B
OIpeJIeJIEHUH JIPYTOi.
8.Bonpoc Ne§8. Ykakute HEBEpHOE YTBEPKICHUE.

OTBeTHI:
8. YKkaxuTe HeBEpHOE yTBEPKICHUE.
OTBeTHI:
1) B 0CHOBHOM COCTOSIHMM aTOM MO>KET HaXOJUThCS CKOJIb YTOJHO JOJTO.
2) Bce BO3MOXKHBIE COCTOSIHMSI aTOMa — CTallMOHAPHBIE COCTOSHHUS.
3) B BO30Yy>KACHHOM COCTOSIHUM aTOMa MPOUCXOIUT U3ITYUCHHUE.
4) Cpennee BpeMs )KkM3HU BO30YKJIEHHOTO cOCTOsiHUS aToma mopsiaka 10 (-8) cexk.

BepHbrlii oTBeT: 2) Bce BO3MOXKHBIE COCTOSIHUSL aTOMa — CTAllMOHAPHBIE COCTOSHUSL.
9.Bonpoc Ne9. [[nst onucaHus OBEAEHUS MUKPOYACTHULIBI HE IPUMEHUMBI TIOHATHUA ...

OtBeTsI:
9. lns onucaHus MOBEAEHUS MUKPOUYACTHUIIBI HE IPUMEHUMBI TOHSTHS . ..
OtBeTsl:
1) Tpaektopust IBUKEHUSI.
2) Koopaunara.
3) DHeprusi MUKpOYACTHIIHI.
4) BonHoBas (yHKIIHSL.
Bepnpiii otBet: 1) Tpaekropus asuxenus. 2) Koopaunara.
10.Bompoc Nel0. [110THOCTE BEpOSATHOCTH HAXOXIEHUSI MUKPOOOBEKTa B JAHHON TOYKE
IIPOCTPAHCTBA ONPEACISET ...

OtBerTsI:
10. [170THOCTH BEPOATHOCTH HAXOXKAECHUS MUKPOOOBEKTa B JAHHOM TOUKE MPOCTPAHCTBA
OIpENesIET ...
OtBeTsI:
1) TpaekTopust IBUKEHUSI.
2) Koopaunara.
3) DHeprusi MUKpOYACTHIIHI.
4) KBagpat MOyt BOJIHOBOH (DYHKILIUH.
Bepnsiii oteT: 4) KBagpar Moyt BOJIHOBOM (QYHKIIMH.
11.Bompoc Nel1. BonHoBast pyHKIUS XapaKTepHU3YeT ...

OTBETHI:
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11. BonHoBast pyHKIHS XapaKTepU3yeT ...
OTtBeTHI:
1) 3HaueHre KOOPAUHATHI MUKPOUYACTHUIIBI.
2) 3HaueHue UMITYJIbCa MUKPOYACTHUIIBI.
3) CocrosiHue MUKPOYACTHUIIbI B KBAHTOBOM CHUCTEME.
Bepnsriii orBeT: 3) CocTosiHHEe MUKPOYACTHIIBI B KBAHTOBOM CHUCTEME.
12.Bonpoc Nel2. DHeprus CTallMOHAPHOI'O COCTOSTHUS BOJIOPOAOII0I00HOTO aToMa C pOCTOM
[JIaBHOTO KBAHTOBOT'O YUCHA N ...

OTtBeTsI:
12. DHeprus cTallMOHApPHOTO COCTOSIHUSI BOJOPOIOIOJ00HOT0 aToMa C POCTOM IJIaBHOI'O
KBAaHTOBOI'O UuCiIa N ...
OTtBeThI:
1) He mensiercs.
2) Bo3pacraet nponopluoOHaIbHO KBapaTy n.
3) M3mensercst 06paTHO MPONOPLMOHATIBHO KBaaApary N.
4) U3meHnsieTcst TMHEIHO.
Bepuslit otBet: 3) M3mensercs o0paTHO NpONOPLUOHATIBHO KBAApaTy n.
13.Bonpoc Nel3. Ykaxure, Kakoe U3 CIEIYIOIUX YTBEPKIEHUN COOTBETCTBYET IPUHIIUITY
[Taynu

OtBeTsl:
13. Ykaxwure, Kakoe U3 CICAYIOMINX YTBEPKICHUI COOTBETCTBYET NpuHIMITy [laymn
OtBeTsl:
1) CocTosiHME AIIEKTPOHA B aTOME XapaKTepU3yeTCsl HAOOPOM UETHIPEX KBAaHTOBBIX YHMCEI.
2) B HOpMasbHOM (HEBO30YKJICHHOM) COCTOSIHUU aTOMa JIEKTPOHBI JOJKHBI PacloaraTbCs
Ha CaMbIX HU3KHUX JOCTYIHBIX Uil HUX SHEPTETHYECKUX YPOBHSX.
3) B ogHOM 1 TOM ke aToMe (MM B KaKOi-T1M00 Ipyroil KBAaHTOBOM cHCTEME) HE MOKET OBbITh
JIBYX 2JIEKTPOHOB, 00J1aIAl0NINX OJJMHAKOBOW COBOKYITHOCTBIO YETHIPEX KBAHTOBBIX UHMCEI.
4) B xBaHTOBOI1 cucTeMe NepBOHAYAIBHO 3aMOJIHAIOTCS COCTOSTHUS ¢ HAaMMEHbIIIEH SHeprueil.

Bepusliit otet: 3) B oqHOM M TOM ke aroMe (MM B KaKOKH-JIMOO APYroit KBaHTOBOM
CUCTEME) HE MOXKET OBITh JIBYX JIEKTPOHOB, 00IaA0IINX OJMHAKOBON COBOKYITHOCTHIO
YETBIPEX KBAHTOBBIX YHCEL.
14.Bomnpoc Nel4. Vkaxure, Kakas U3 KBaHTYIOLIUXCS (PU3NUECKUX BEJIMUYMH B aTOME BOJIOpOAa
orpeensercss OpOUTaTbHBIM KBAHTOBBIM YHCIIOM

OtBeTsI:

14. Ykaxure, Kakasi U3 KBaHTYIOIIUXCS ((U3NUECKUX BEJIMYMH B aTOME BOJIOpOAa

orpeensercss OpOUTaIbHBIM KBAHTOBBIM YHCIIOM

OTBeTHI:

1) CoOCTBEHHBIII MOMEHT JIEKTPOHA.

2) OpOuTanbHBIE MOMEHT UMITYJIbCa 3IEKTPOHA.

3) DHeprus 2JIeKTpoHAa.

4) [Ipoekiust BeKTOpa OpOUTAILHOTO MOMEHTA UMITYJIbCA 3JIEKTPOHA HA OCh Z.
Bepuslit otBet: 2) OpOUTaIbHBII MOMEHT UMITYJIbCA SJIEKTPOHA.

15.Bonpoc Nel5. MarHuTHBIM CIMHOBBIM YHCIIOM B aTOME BOJAOPOJA OMPEACISIETCS ...

OtBerTsI:
15. MarHuTHBIM CIMHOBBIM YHCJIOM B aTOME BOAOPOJA ONPEAEIAETCS ...
OTBeTHI:
1) CoOCTBEHHBII MOMEHT 3JIEKTPOHA.
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2) OpOuTanbHBIII MOMEHT UMITYJIbCA 3JIEKTPOHA.

3) DHeprus 3IeKTPOHA.

4) IIpoex1yst BEKTOpa OpOUTAIIEHOTO MOMEHTA MMITYJIbCa JIEKTPOHA HA OCh Z.
5) IIpoekuus BekTOpa cOOCTBEHHOIO MOMEHTA 3JIEKTPOHA Ha OCh Z.

Bepusiii otBet: 5) [Ipoekiust BekTopa cOOCTBEHHOTO MOMEHTA 3JIEKTPOHA Ha OCh Z.

II. Onucanue wkKanvl oueHUBAHUA

Ouenxa: 5
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 91
Onucanue xapakmepucmuku evinonneHuss 3uanus: CTyICHT BIaJieeT 3HAaHUSIMH KBAaHTOBOU
MEXaHUKH B IOJIHOM 00beMe yueOHOM MporpaMmbl, JOCTATOYHO IITYOOKO OCMBICITUBAET KBAHTOBYIO
MEXaHUKY CaMOCTOSITEIIbHO, B JIOTHYECKOH ITOCIICA0BATEILHOCTH M UCUEPITBIBAIOIIE OTBEYACT Ha
BCE BOIIPOCHI 3K3aMEHAIMOHHOTO OMIIeTa, OJYEPKUBACT IPU 3TOM CaMOE CYIIECTBEHHOE, YMEET
aHAJIM3UPOBaTh, CPABHUBATh, KJIaCCU(DUIIUPOBATH, 0000IaTh, KOHKPETU3UPOBAThH

CHCTEMaTH3HPOBATh U3YUYCHHBII MaTepuall, BBIJCISATH B HEM TJIaBHOE: YCTaHABIMBATD TPUYHHHO-

CJICZICTBEHHBIC CBSI3U; YETKO (POPMHUPYET OTBETHI, PELIaeT 3aa4H MOBBIICHHOHN CI0KHOCTH;

BJIaJICeT 3HAHUSMH OCHOBHBIX ITPHHIIUIIOB KBAHTOBON MEXaHHKH.

Oyenka: 4
Huoicnuii nopoe sevinonnenus 3a0anus 6 npoyenmax: 81

Onucanue xapaxmepucmuxu evinoinenus sHanus: CTyIeHT Bila/ieeT 3HaHUSIMU KBAaHTOBOM
MEXaHHKH ITOYTH B MTOJIHOM 00beMe IPOrpaMMbl (MMEIOTCS TPOOEITBI 3HAHHUM TOJIEKO B HEKOTOPBIX,

0COOCHHO CJIOKHBIX pa3Jieliax); CaMOCTOSATEIBHO U OTYACTH IIPH HABOSMIIKX BOIPOCAX JaeT

MTOJIHOIICHHBIE OTBETHI HAa BOTIPOCHI PK3aMEHAIIMOHHOTO OMJIeTa; HE BCET/Ia BRIICIISICT Hanboee
CYIIECTBEHHOE, HE JIOIYCKAET BMECTE C TEM CEPbE3HBIX OIMUOOK B OTBETAX; YMEET PelIaTh JETKUE U
CpeIHEH TSOKECTH 3a7auu; yMEeT TPAKTOBaTh BOIPOCHI KBAHTOBOM MEXaHUKHU B 00BEME,
MPEBBIIIAIOIIEM 00s13aTeIbHBINT MUHUMYM.

Oyenka: 3
Huodienuii nopoe sévinonnenus 3aoanus 6 npoyenmax: 11
Onucanue xapakmepucmuxu ebinonnenus snanus: CTyAEHT BIaJeeT OCHOBHBIM 00bEeMOM 3HAHUH
10 KBAHTOBOM MEXaHMKE; MPOSBIISIET 3aTPYIHEHHUSI B CAMOCTOSATENIbHBIX OTBETAX, ONIEPUPYET
HETOYHBIMH (HOPMYITHPOBKAMH; B TIPOIECCE OTBETOB JIOMYCKAIOTCS OMTUOKH IO CYIIECTBY
BONpocoB. CTyIEHT CIIOCOOEH pelIaTh JIMIIb HauboJiee JIETKUe 3a7auu, BIaeeT TOJIbKO
00s13aTeIIbHPIM MUHIMYMOM METOJIOB KBAHTOBOW MEXaHUKH.

Oyenka: 2
Onucanue xapaxmepucmuxu evinoanenusi snanus: CTyJIeHT He OCBOWII 0053aTeTbHOTO MHHUMYMA
3HAHUU TIpeIMeTa, He CIOCOOEH OTBETUTh Ha BOMPOCHI OMIIETa aXKe MPHU JOMOIHUTEIbHBIX
HABOJIAIIUX BOITPOCAX dK3aMEHATOPa; OTKAa3 CTY/ICHTAa OT OTBETA.

1I1. Ilpaguna évicmaesnenusn umo2080i OYeHKU no Kypcy

Urorosass omenka (MO) mo kypcy "KBanTtoBas wmexaHwka' BBICTaBISETCS Ha OCHOBAaHUH
CEMECTPOBOM M DK3aMEHAI[MOHHOM COCTABJISIOMIEM M ONPEACISIETCS KaK CPEIHEB3BELICHHOE

3HAUYCHHE CICIYIONNX BennunH — Oasuta Texymero koutpois (bTK) u onenku Ha sx3amene (09):
NO =0,4 * BTK + 0,6 * OD.
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