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OBILIASA YACTD

OneHouHbple MaTepuaibl MO0 AWCLMIUIMHE IPEIHAa3HAYEHbl I OLIEHKH JTOCTHXKEHUS
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. OIIK-1 CriocoGeH uCIoIb30BaTh MOJIOKEHHUS, 3aKOHBI 1 METOJIbl €CTECTBEHHBIX HAYK U
MaTEeMaTUKH JJI PEUICHUs 3a/1a4 HH)XCHEPHOU JeATEIbHOCTH
N]I-1 Brageer ¢dyHaaMeHTaIbHBIMH 3aKOHAMHU ITPUPOJIBI K OCHOBHBIC (PU3UUECKHE U
MaTeMaTH4YECKHE 3aKOHBI
NI-2 IIpumensier pusnyueckue 3aKOHbI 1 MATEMATHYECKUE METOIBI IJIsI PEIICHUS 3a1a4
TEOPETHUUECKOTO U MPUKIIATHOTO XapaKTepa
N]I-3 IIpuMeHsieT HaBBIKM UCIIOJIb30BAHUS 3HAHUHN (PU3MKU U MAaTEMATUKH IPU PEIIICHUH
MPaKTUYECKUX 3a/1a4

N BKJIFOYACT:
AJIS TEKYIIEro KOHTPOJIA YCIIEBAEMOCTH

Dopma peanuzaruu: [Tucemennas pabota
1. Atom B MarauTHOM T1071e. DPdekT 3eemana (KorrponsHas padora)
2. KBantoBas MexaHnuka 3iekTpoHa u aroma (KontposabsHas pabora)
3. KBaHTOBO-MeXaHNYECKOE OMICAaHUE aTOMa BOJIOPOJIA M BOJIOPOIOTIOAOOHBIX aTOMOB WA
noHoB (KontponpHas padota)
4. MaTtemaTr4ecKue OCHOBHI KBaHTOBOW Teopuu (KoHTposbpHas paboTa)

BPC aucuunjavHbl

4 cemecTp

IlepeyeHb KOHTPOJIBHBIX MePONPHUATHII TEKYIIEro KOHTPOJS yCHeBaeMOCTH IO

AUCUHHUILINHE:

KM-1 Maremarnyeckue ocHOBBI KBaHTOBOM Teopun (KoHTponbHas padoTa)

KM-2 KBaHTOBO-MEXaHMUYECKOE OIMCaHUE aTOMa BOAOPOAA U BOJOPOONOI00HBIX aTOMOB MJIM HOHOB
(KontponpHas pabota)

KM-3 ATtom B marHuTHOM 1oJie. DdexT 3eemana (KontponpHas pabota)

KM-4 KganrtoBas MexaHuka 3ekTpoHa u atroma (KonTtponbHas padoTta)

Buja npomexyToUHOM aTTecTANMU — DK3aMEH.

Beca KOHTPOJIBHBIX MEPOTIPUATHI, %o
Nunexc KM-1 KM-2 KM-3 KM-4
Pa3ngen nuciuIninHbl KM-
Cpok KM: 8 4 12 16

MaremaTnyeckue OCHOBbI KBAaHTOBOW T€OPUHU




MaremaTnyeckue OCHOBbI KBAaHTOBOW T€OPUHU +

KBaHnTOBass MexaHuKka 3J€KTpOHA U aToMa

KBaHTOBas MexaHuKka 3JIEKTpOHA U aTOMa + +

Craructrueckas Gpuznka

Craructrueckas Gpuznka + +
Bec KM: 10 20 20 50




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
KOMIIETCHITHH pe3ynbTaThl  OOYYCHHS TIO
JUCIUILINHE

OIIK-1 N-1lonk-1 Bnaneer | 3nath: KM-1 Maremaruueckue ocHOBbI KBaHTOBOM Teopun (KoHntposnbhas paborta)
byHIaMeHTaIbHBIMU (dbyH1aMeHTaIbHbIE 3aKOHBI
3aKOHAMH  TIPHPOJABI W | KBAHTOBOW MEXaHUKH
OCHOBHBbIE (U3UYECKUE U
MaTEMaTUYECKHUE 3aKOHBI

OIIK-1 NJI-20mk-1 [Ipumensier | YmeTsb: KM-2 KBaHTOBO-ME€XaHMYECKOE ONTMCAHUE aTOMa BOJIOPOJIa U
du3MYeCKue  3aKOHBI U | pacCMaTpHBaTh BO3MOXKHBIC | BOJOPOIONOAO0HBIX aTOMOB Wiu HOHOB (KoHTpospHas paboTa)
MaTeMaTHUYeCKUe  METObl | BapuaHThI pemieHus 3afgaun, | KM-4 KBanToBas mexanuka snekTpoHa u atoma (KontponbHas paboTa)
JUIst petieHus 3a/1a4 | OLEHUBAs UX JOCTOMHCTBA U
TEOPETUYECKOTO U | HEJIOCTaTKU
MIPUKJIIATHOTO XapaKkTepa

OIIK-1 N-3orik-1 [Tpumensiet | YMeTs: KM-3 Atom B marautHOM nojie. Dddexr 3eemana (KonrponabHas padora)
HABBIKH WCIIOJIb30BaHUS | ONPENesITh, Kakue 3akoHbl | KM-4 KBanToBas Mexanuka snektpoHa u atoma (Kontponbhas pabota)
3HAHUU ¢buzuku U | KBAaHTOBOI MEXaHUKU

MAaTCMAaTUKHU IIpU PEIICHUU
MMPAKTUYCCKUX 3aaa1

00YyCJIOBIIUBAIOT SIBJICHUS
WJIH TIPOLIECCHI B
YCTPOMCTBAX PA3JIMYHON
(busnueckoit mpuposl, U
BBITIOJTHATH IPUMEHHUTEIILHO
K HUM NPOCThIE TEXHUYECKUE
pacdEThl




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus
KM-1. MaremaTn4yeckne 0OCHOBbI KBAHTOBOM TeOpHH

®opmbl peasuzanun: [TuceMennas padora

Tun KoHTpoIBHOr0 MeponpusaTus: KontponsHas padora

Bec konTpoabHoro meponpusitusi B bPC: 10

IIpouenypa npoBeaeHnsi KOHTPOJIbHOro Meponpusitusi: KonrponbHas padbota Ha 45 MUHYT.

Kpartkoe cogep:xxanue 3aganus:
Bripazute yactoty BoiHbI Jle Bpoitsis cBOOOIHOT0 HEPENATUBUCTCKOTO JIEKTPOHA Yepe3
JnuHy BoHbl Jle bpoitns.

KoHTpoJibHbIe BONIpOCHI/3aJaHUA:

3aHHaHI/IpOBaHHHC PE3yJIbTAaThl BOHpOCLI/ 3aJlaHuA JJIA IIPOBCPKU
06y‘IGHI/I$I IO JUCHUIIJIINHE

3HaTh: byHIaMeHTalbHbIE 1.Boipasute yactoty BoaHbI e bpoiinsa cBobogHOrO
3aKOHBI KBAHTOBOW MEXaHUKHU HEPESATUBUCTCKOTO 3JIEKTPOHA Yepe3 IINHY BOJHBI [le
bpoitns.

2.C mOoMOIIIBIO0 COOTHOIIIEHHS HEOTIPEIEIEHHOCTEH OIICHUTh
MUHUMAaJIBHYIO DHEPIHIO 3JIEKTPOHA B OJTHOMEPHOM
NOTEHIIMAJIbHOU sIME IIUPUHOM 2a.

Onucanne MKAJbI OIICHUBAHUS

Oyenxa: 5 («OTIINYHOY)
Huodienuii nopoe svinonnenus 3aoanus 6 npoyermax: 90
Onucanue xapaxmepucmuxu evlnoanenus 3nanus: OleHKa "OTIMYHO" BBICTABIISIETCS, €CIIN 3a/1aHNe
BBHITIOJTHEHO B MOJIHOM 00'beMe WIIH BBITIOITHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenxa: 4 («X0poILI0»)
Huosienuii nopoe evinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapaxmepucmuxu evlnoinerus 3Hanus.: O1eHKa "Xopouio" BEICTaBISETCS, €CITH
OOJIBIIIMHCTBO BOIPOCOB PACKPBITO, BBIOPAHO BEPHOE HANPABJICHUE JJIS pelIeHUs 3a/1a4

Oyenka: 3 («yIOBJICTBOPUTEILHOY)
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuxu ebinoaneHus snanus: OneHka "yIoBIeTBOPUTENIBLHO" BBICTaBISECTCS,
€CITU 3a/1aHue NMPEUMYILECTBEHHO BHITIOJIHEHO

Oyenka: 2 («<HEYIOBIETBOPUTEITHEHOY)
Onucanue xapakmepucmuxu evinonnenus 3uanus: OleHKa "Hey10BIeTBOPUTEIbHO" BBICTABIISIETCS,
€CJIM 33JIaHUE BBIITOJIHEHO HEBEPHO HJIU MIPEUMYIIECTBEHHO HE BBITOJTHECHO

KM-2. KBaHTOBO-MeXaHM4YeCKOe ONMCAHNE ATOMA BOJAOPOa M BOXOPOA0NOI00HBIX
aTOMOB WJIH HOHOB

®opmbl peaausanun: [lucpmennas padbora

Tun kouTpoabHOro Meponpusitusi: KontponsHas padora

Bec konTposbHoro meponpusitusi B BPC: 20

IIpoueaypa npoBeieHNs KOHTPOJILHOr0 Meponpusitusi: KontposibHas paboTa Ha 45 MUHYT.




KpaTkoe coaep:kanue 3a1aHusi:
CranuoHapHbIe COCTOSIHUS TAPMOHUYECKOTO OCIIMIUISTOPA OMPEAEIIAIOTCS IETbIM
HEOTPHUIATEIILHBIM YHCIIOM N, KaKIOMY M3 KOTOPBIX OTBevaeT sueprus E,,. Uemy paBHO
ornomenwue (E, — Eg)/E;?

KoHTposibHbIEe BONPOCHI/3aJaHUA:

3aryaHupOBaHHbIE Bomnpocel/3aganust st IpoBEPKU

pe3ynbTaThl  OOydeHus 1O

JUCIUIUINHE

YMmeTs: paccMaTpuBaTh 1.Yactuna nBuxeTcst BAOIb OCH X B IOTEHIIMAILHOM I10J1€
BO3MOYHBIE BapHaHThI U=0 npu x<0 u U=U, npu x>0 . DHEPrus 4acTUIIbI
pelleHus 3a/1a4u, OLIEHUBAas UX IpeBbILIaeT BhICOTY Oapbepa Uy . UeMy paBHA BEpOSITHOCTh
JIOCTOMHCTBA U HEJJOCTATKU TOT0, YTO YacTULIA IPOAOKUT ABUTATHCS BJIOJb OCHU X, €CITU

IUIOTHOCTh TOKA BEPOSITHOCTH MAJIAKOLIEN U OTPAKEHHOU
BouiH Jle bpoiinst paBHHI jo 1 j;?

2.CtanroHapHbBIE COCTOSIHUS TAPMOHUYECKOTO OCIIHILISITOPA
ONPEACIISIIOTCS LEbIM HEOTPUIIATEIbHBIM YHCIIOM N,
Ka)kJIOMy M3 KOTOpPbIX OTBeuaeT 3Heprus E,,. Uemy paBHO
ornomenwue (E, — Ey)/E;?

Onucanne MKAJbI OIlEHUBAHUS

Oyenxa: 5 («OTIINYHOY)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 90
Onucanue xapaxmepucmuxu evlnoanenus 3Hanus: OleHKa "OTIMYHO" BBICTABIISIETCS, €CIIN 3a/1aHNe
BBIIOJIHEHO B TIOJTHOM 00'bEME MJIH BBITIOJHEHO NMPEUMYIIECTBEHHO BEPHO

Oyenka: 4 («X0OpOIIO»)
Huoicnuti nopoe evinonnenus 3aoanus 6 npoyenmax.: 10
Onucanue xapaxmepucmuku 6vinoaneHus snanusa: OUeHKa "Xopouo" BICTAaBIIAETCS, €CIIU
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO, BBIOPAHO BEPHOE HANpPABJICHUE JUIsl pEIIeHUs 3a/1a4

Oyenka: 3 («yI0OBIETBOPUTEIIEHO)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: S0
Onucanue xapaxmepucmuxu ebinoneHus snanus: OueHka "ya0BIeTBOPUTENBHO" BBICTABIISETCA,
€CIIU 3a/1aHU€E TPEUMYILLECTBEHHO BBITIOJIHEHO

Oyenka: 2 («HEyJOBIETBOPUTEIHHOY)
Onucanue xapakmepucmuxu ebinoanenus 3nanus: OueHKa "Hey10BIeTBOPUTEIHHO" BBICTABISIETCS,
€CJIM 33/1aHUE BBIIIOJIHEHO HEBEPHO MJIU MPEUMYILECTBEHHO HE BBIITOJHEHO

KM-3. Atom B MarHuTHOM noJie. dpdexrt 3eemana

®opmbl peanusanun: [lucemennas padbora

Tun kouTpoabHOro Meponpusitusi: KontponsHas padora

Bec konTposbHoro meponpusitusi B BPC: 20

IIpoueaypa npoBeieHNs KOHTPOJILHOr0 Meponpusitusi: KontposbHas paboTa Ha 45 MUHYT.

KpaTKOC CoA€cpKaHME 3alaHUA:
HapaMaFHHTHBIfI PE30HaHC Ha6J'IIO,Z[aCTC}I B B€HICCTBEC, IOMCIICHHOM B MaroHuTHOC I10JIC. quy

paBHA MHIYKITUS TI0JIs1, €CITM YacTOTa Pe30HaHca paBHa M, a ¢akrop Jlanme g=17

KoHTpoJibHbIE BOIPOCHI/3a/1aHUA:

3annaHUpOBaHHbIE pe3ynbTaThl oOyueHus | Bompockl/3aganust 11t mpoBepKu
110 IUCLMILIMHE




3arnnaHupOBaHHBIE PE3yNbTaThl O0yUEHUs
10 TUCLUILINHE

Bonpocsi/3aganus 11t npoBepKu

VYMeTh:  OIpenemsaTh, Kakue 3aKOHBI
KBAaHTOBOH MEXaHUKU OOYCIOBIUBAIOT
SIBJICHUSI WJIM TIPOILIECCHl B YCTPOMCTBaX
pa3nuyHON  (U3MYECKOH TpUpOABI, |
BBIIIOJIHATh ~ NPUMEHHUTEIBHO K  HUM
IPOCTbIE TEXHUYECKHE PACUETHI

1.ITapaMarHuTHBIN pe30HAHC HAOIIOIAETCS B
BEILIECTBE, IOMEIICHHOM B MarHUTHOE 1oJje. Yemy
paBHA MHAYKIUS MOJIs, €CIIM 4acTOTa Pe30HaHCca
paBHa ®, a pakrop Jlange g=17

2.D5eKTpOH B aTOME BOJOPO/Ia HAXOAUTCS B
BO30YKIEHHOM COCTOSIHUM N=2 aToMa BOJIOpPOAA

(n — rmaBHOE KBAaHTOBOE YKCIIO). B Kakux
Mpezesiax MOXKET U3MEHSATHCS MPOEKIIUSI YTIIOBOTO
MOMEHTa Ha IPOU3BOJIBHO BEIOpaHHOE
HarpaBiienue? OTBET BbIPa3UTh Yepe3
nocrosiunyio [lnanka 7.

Onucanue MIKAJbI OICHUBAHUSA:

Oyenka: 5 («OTITUIHOY)
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 90
Onucanue xapakmepucmuku 8binoanenus 3uanus. OueHka "oTJIUYHO" BBICTABIISIETCS, €CIIU 3a/1aHue
BBITIOJIHEHO B MOJIHOM 00BEME HJIM BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4 («X0OpOIIO»)
Huoicnuti nopoe evinonnenus sadanus 6 npoyenmax.: 10
Onucanue xapaxmepucmuxu 6blnoanenus 3Hanus: OLeHKa "Xopouio" BbICTaBISAETCS, €CIH
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO, BRLIOPAHO BEPHOE HAMPABJICHHE JUISI PEIICHUS 3a]1a9

Oyenxa: 3 («yAOBIETBOPUTEIHHOY)
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 50
Onucanue xapaxmepucmuxu evlnonenus 3nanus: OLeHKa "yJ0BIETBOPUTEIbHO" BHICTABIAETCA,
€CJIM 3aJJaHue MPEUMYILIECTBEHHO BHIIIOJIHEHO

Oyenka: 2 («HEyJOBIETBOPUTEIHHOY)
Onucanue xapakmepucmuxu ebinoanenus 3nanus: OueHKa "Hey10BIeTBOPUTEIHHO" BBICTABISIETCS,
€CJIM 33/1aHUE BBIIIOJIHEHO HEBEPHO MJIU MPEUMYILIECTBEHHO HE BBIITOJHEHO

KM-4. KBantoBasi MexaHHuKa 3JICKTPOHA M aTOMa

®opmbl peanuzanuu: [luceMenHas padora

Tun koHTpoabHOrO MeponpusTus: KourponsHas pabota

Bec koHTpOBbHOrO Meponpusitusi B BPC: 50

IIpouenypa npoBeaeHnsi KOHTPOJIbLHOro MmeponpusaTusa: KourponasHas padora Ha 90 MUHYT.

Kparkoe conep:kanue 3aaHus:

N
BonnoBas (I)YHKI_[I/IH QJICKTpOHAa B OCHOBHOM COCTOAHHU aTOMaA BOAOPOAAa UMECT BU/I: ll) (T') =

3 _1/ _T/ o o
(ma®)™ /2e™ /a (r — paccTosiHUE OT BIEKTPOHA JI0 S/pa, a — OOpOBCKUil paxuyc). HaiiTu
BEPOATHOCTHh OOHAPYKEHUS AJIEKTPOHA 3a Mpe/ieJaMH NepBoil 00pOBCKOI OpOUTHI.

KoHTpoJibHbIE BOIPOCHI/3a/1aHUA:

3aruIaHUPOBAHHBIE pe3ynbTathl | Bonpocsl/3anianus A NpoBEpKU
00y4YeHHsI 110 TUCHUTUIMHE

YMeTb: paccMmaTpuBaTh BO3MOKHBIE 1.BonnoBas GyHKIIKS IEKTpOHA B OCHOBHOM

.
BapUaHTBI peIICHHs 3anatu, COCTOSIHMHM aTOMa BOJOPOJIa UMEET BU: Y (T‘) =
OllEHMBas WX  JOCTOMHCTBA U oy

HEJIOCTATKH (ma®)~"/2e~"/a (r — paccrosiHue oT HIEKTPOHA 10




3annaHupOBaHHbIE pe3yNbTaThI
00y4YeHUs 10 TUCITUTINHE

Bonpocsi/3aganus 1iist mpoBepKu

snpa, a — 60poBCcKuid paauyc). HaliTu BeposiTHOCTD
0OHapyXEeHUs 2JIEKTPOHA 3a IIPEeIaMU [IEpBOH
OOPOBCKON OPOUTHI.

YMeTh: omnpeaensaTh, KakUe 3aKOHbI
KBaHTOBOI MEXaHHUKHU
00YyCJIOBIIUBAIOT SIBJICHUS WIn
MIPOLIECCH B YCTPOMCTBAX pa3IMYHOM
($u3nUecKoil MPUPOIbI, U BHIIOIHITH
NPUMEHUTEIBHO K HHUM MPOCThIC
TEXHUYECKHUE PACUETHI

1.Kiaccuueckuil ocuuuIsiTOp Macchl m COBEPIIAET
rapMOHUYECKHE KOJIeOaHUs Ha 4acTOTe (.
OnpenenuTs aMIUINTYy KOJIEOaHUH X, €CIIU UX
SHEPIUs COBNAJAET C HAUMEHbIIEH SHepruen
KBAaHTOBOI'O OCHIUJIIIATOPA TOM K€ MaCChI I YaCTOTHI.
Haiitu BepossTHOCTh OOHApYyKEHUsSI KBAHTOBOT'O
OCLMJUISITOpA B TOUKaX, KOOPAUHATHI KOTOPBIX

IPEBBIMIAIOT [10 MOJYIIO X (KIaCCUYECKU
3arpenieHHas oonacTs). BomHoBas ¢pyHKuus
OCHOBHOTO COCTOSIHUSI TAPMOHUYECKOTO

1
mw\ /4 mwx?
ociuursatopa: Yo(x) = (—) exp|— :
mh 2h
YucneHHoe 3HaYEHUE OMPEETICHHOIO

HHTErpaa floo e 2 dz = 0,139.

Onucanne MKAJbI OIICHUBAHUS

Oyenxa: 5 («OTIINYHOY)
Huoicnuii nopoe evinonanenus 3aoanus 6 npoyenmax. 90
Onucanue xapaxmepucmuxu evlnoanenus 3Hanus: OleHKa "O0TIMYHO" BBICTABIISIETCS, €CIIN 3a/1aHNe
BBIIOJIHEHO B TIOJTHOM 0O'bEME MJIH BBITIOJHEHO NMPEUMYIIECTBEHHO BEPHO

Oyenxa: 4 («XOpoILIO0»)
Huodicnuii nopoe sevinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapaxmepucmuxu evlnoinerus 3Hanus: O1eHKa "Xopouio" BEICTaBISETCS, €CITH
OOJIBIIMHCTBO BOIPOCOB PACKPBITO, BBIOPAHO BEPHOE HANPABJICHUE JJIS pEIIeHUs 3a/1a4

Oyenka: 3 («yIOBJICTBOPUTEILHOY)
Huodienuii nopoe sévinonnenus 3adanus 6 npoyernmax: 50
Onucanue xapakmepucmuxu ebinonnenus snanus: OueHka "yJIoBIeTBOPUTENBHO" BBICTABISETCS,
€CITU 3a/1aHue NMPEUMYILECTBEHHO BHITIOJIHEHO

Oyenka: 2 («HEYIOBIETBOPUTEITHEHOY)
Onucanue xapaxmepucmuxu evinoaneHus snanua: O1eHKa "HeyI0BIETBOPUTEIIBHO" BBICTABIIAETCS,
€CJIM 3aJIaHUE BBIITOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBINOJIHEHO




COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
4 cemecTp

@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

KBaHTOBOE COCTOsIHME, CTAllMOHAPHBIE U HECTAIIMOHAPHBIE COCTOSIHUS, BOJTHOBAS (PYHKIUS U
BEKTOp cocTosiHUA. [IpyHIMN cynepno3uuuy, Cyneprno3uius KBaHTOBBIX COCTOSIHUM,
JMHENHOE IPOCTPAHCTBO COCTOSHUM.

B criekTpe HEKOTOPBIX BOAOPOIOMOJOOHBIX HOHOB JJTMHA BOJHBI TPEThEH JIMHUH CEPHUH
banbmepa paBua 108,5 um. HaliTu sHEepruto CBs3u 3J1€KTPOHA B OCHOBHOM COCTOSTHUM 3THX
MOHOB.

IIpoueaypa nposenenus
VYcrHas popma

L Ilepeuens Komnemenyuil/uHOUKaAMOpPoO8 U KOHMPOIbHBIX 60NPOCOB NPOGEPKU PE3YbHIAN 08
0CBOCHUA OUCUUNTUHDI

1. Komnerenunst/Uuaukarop: UJ1-1lonk-1 Bnageer dynnamMeHnTanbHbIMU 3aKOHAMU TPUPOIBI U
OCHOBHBIC (PH3UYECKUEC U MATEMATHYSCKHUE 3aKOHBI

Bonpocel, 3a1anns
1.KBaHTOBOE COCTOSIHHE, CTAI[IOHAPHBIC M HECTAIIMOHAPHBIC COCTOSHUS, BOJTHOBAsI PYHKIIHS U
BEKTOp COCTOsIHUS. [IpHHIIMTI CYTIepIIO3HUIINH, CYTIEPIIO3UIIUS KBAHTOBBIX COCTOSHUM,
JUHEHHOE TIPOCTPAHCTBO COCTOSIHUM.
2.IIpocTpaHCTBO KBAaHTOBBIX COCTOSTHUH, CONMPSKEHHOE MPOCTPAHCTBO, CKAISIPHOE
npousBenenrne. OpTOHOPMHPOBAHHBIN 0A3HC, PA3I0KEHHE 110 OA3MUCHBIM COCTOSTHHSIM.
[Tpoekiust BEKTOpa COCTOSHUS Ha Oa3UCHOE HaMpaBlIeHHE KaK KOMIUIEKCHAs aMILTUTYa
BEPOSTHOCTH.
3.HabGmtonaemblie BETUYHMHBI, KBAHTOBBIE H3MEPEHHUS, CTaTHCTUYeCKHEe aHcaMOi. COBMECTHBIE
¥ HECOBMECTHBIC Ha0Ito1aeMbie. M300paxeHre Ha0Jr01aeMbIX JTHHCHHBIMH ONIEPATOPaAMU,
MPAaBHUJIO COOTBETCTBUSI HA0I01aeMbIX orepaTopam. OnepaTopbl KOOPAUHATHI U UMITYJbCA,
raMIIbTOHHUAH.
4.0nTuueckre nepexo/ibl B aTOMe, JUMOJIbHbIC IEPEX0/Ibl, TUMOIBLHOE TPUOIIKEHNE s
B3aMMOJICHCTBHS aTOMa C JICKTPOMArHUTHOUW BOJTHOM, TIPpaBHiIa OTOOPA ISl TUTIOJIEHBIX
MEPEX0JI0B, BEPOSTHOCTH PE30HAHCHBIX MIEPEXO0I0B B aTOME MO/ IEHCTBUEM KIaCCHUECKOM
AJIEKTPOMArHUTHOW BOJTHBI, MEXaHU3MBbI YIIIUPEHUS CIICKTPATbHBIX JIMHUH B ra3ax,
Kod(GUIMEeHTH DUHIITEHHA.

Matepuanbl 1Jisl IPOBEPKH OCTATOYHBIX 3HAHUMI
1.YacTuiia HaXOAUTCS B COCTOSTHUU C OMPEICIICHHON MPOEKIMel MOMEHTa UMITYJIbCca Ha OCh
y: Ly = 4h. 3MepsIoT KBaJIpaT MOMEHTA UMITyJibca. Kakoe U3 mepeynciieHHbIX 3HaYeHHHA
MOTJIO OBITh TIPU ATOM MOTyYEHO?
OTBeTHI:

1)49h; 2)36h; 3)25h; 4)20h
BepHsiii otBeT: 4
2.Moayab 5HEpruM NepBOro BO30YXAEHHOTO COCTOSIHUS B aTOME BOIOPO/A:
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OTBeThI:
1) GosbIie YHEPTUM OCHOBHOTO COCTOSIHMSI B JIBa pa3a;
2) MEHbIIIE€ SHEPTUH OCHOBHOTO COCTOSIHMS B JIBa pa3a;
3) 6osbllie SHEPTHUH OCHOBHOI'O COCTOSTHUS B UETHIPE pa3a;
4) MeHbIIIe SHEPTUH OCHOBHOTO COCTOSIHHSI B YEThIPE pa3a.
Bepnsiit otet: 4

3.100 ogmHAKOBBIX YACTHI] IBHTAIOTCS BIOIHL OCU X B moTeHIMabHOM nojie U =0 mpu x<0 u U

=Ug ipu x>0 . DHEPrus YaCTHIIBI MEHbILE BHICOTHI opora U . BeposAsTHOCTh MPOXOKIEHHS
YaCTHUIIbI Uepe3 MOTeHIMaNbHBIN mopor paBHa 0,3. OT 6apsepa oTpassarcs:

OTBETHI:
1) 100 wactu; 2) 0 wactui; 3) 30 vactui; 4) 70 gacruil.

Bepnplii otBeT: 4

2. Komnerenuus/Mugukarop: N-2omk-1 [Ipumenser pusznueckne 3aKOHbI 1 MATEMATHYECKUE
METO/IbI [Tl pEUICHUS 3a/1a4 TEOPETUUYECKOTO U MPUKIIATHOTO XapaKTepa

Bonpocel, 3a1anns
1.Anrebpa onepatopoB. IPMHUTOBBI ONIEPATOPBI U UX CBOMCTBA. OriepaTopbl KOOPIUHATHI

UMITYJIbCa, TaMHJIbTOHUAH, ypaBHeHue [lpeaunrepa.

2.0npenenuTe, Ha KAKOM PAaCCTOSHUM OT spa C HAUOOJIbIICH BEPOSTHOCTHIO MOXKHO
O0OHAPYKUTH JCKTPOH B aTOME BOIOPO/Ia B 1S- U 2p- COCTOSHUSX.

3.1300pa3uth cxemy pacuieruieHus d- COCTOSHHS BOJOPOAOINOA00HOTO aTOMa B IPOCTOM
adpexre 3eemana. OnpeneuTh SFHEPrETHUSCKUI HHTEPBAI MEXY COCEHUMH TIOAYPOBHIMHU
¥ KPaTHOCTH BBIPOXKJICHHS KaXKI0TO ITOTYPOBHSL.

Matepuanbl AJis1 IPOBEPKH OCTATOYHbIX 3HAHUM

I.I[JUI BBIPOXXJACHHOI'O I'a3a, COCTOALICTO U3 CBO6OIIHI>IX TOXACCTBCHHBIX YaCTHI] C MMOJYLCIBIM

CIIMHOM, CIIPaBEUIMBO pacrpeaeneHue (yKaxuTe MpaBUIbHbBIN OTBET):
OTBeTHI:

1) MakcBenna;

2) bonbumana;

3) boze-DitHmTelina;

4) ®epmu-Zlupaka.
BepHnbslii otBeT: 4

2.Kakas BenMuMHa, COCTaBJIEHHAs U3 IapaMETPOB FapMOHNYECKOT0 OCIMIUIATOPA C MacCOM M U

YacTOTOU ®, UMEET Pa3MEPHOCTh IHEPTHH?
OTBeTHI:

1) ho; 2) Ao ; 3) mhw; 4) mh/o
Bepnsiit otBeT: 1

3.d-cocTosiHre YacTHUIBI B IEHTPATBHOM I10JI€, 3TO:
OTBeTHI:

1) Tpetuii BO30YXI€HHBII YPOBEHb YHEPTHUH;

2) COCTOSIHUE C OTIPEICIICHHOM MPOCKIMel MOMEHTa Ha OCh Z 17 = 2;

3) cocTostHUE ¢ OnpeieieHHBIM MOMEHTOM | = 3;

4) cocTosIHUE C OTIPE/ICTICHHBIM MOMEHTOM | = 2.
BepHnsiii otBeT: 4
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3. Komnerenuus/Muaukarop: 1/1-3onk-1 [IpuMeHsieT HaBbIKM HCIIOIB30BAHUS 3HAHUH (PU3UKU U
MaTEeMaTHKH NP PEIIEHUH IPAKTUYECKUX 3a/1a4

Bonpocsl, 3aganus
1.B criekTpe HEKOTOPBIX BOJOPOIONOJOOHBIX HOHOB JJIMHA BOJHBI TPEThEW JTMHUU CEPUU
banbmepa pasua 108,5 um. HaliTu sHEpruo cBs3M 3J€KTPOHA B OCHOBHOM COCTOSTHUU THX
HOHOB.
2.0Heprus CBsA3M AJIEKTPOHA B aToMe renus paBHa Ey=24,6 5B. Haiitu snepruro,
HEO0XO0UMYIO ISl yJalleHUs] 000MX AJIEKTPOHOB aTOMA T'eJIHs.
3.AToM BOJOpO/a, ABUTABIIMICS CO CKOPOCTBIO Vy=3,26 M/C, UCITyCTHUI (POTOH,
COOTBETCTBYIOILUI NIEPEXO/Y U3 MIEPBOT0 BO30YkKAEHHOI'O COCTOSIHUS B OCHOBHOE. Haiitn
yroi 6 Mexy HampaBJIeHHEM BbUIeTa (POTOHA M MEPBOHAYAIBHOTO JBM)KEHUS aTOMa, €CITU
KMHETUYECKasi 3HEPTUs aTOMa B PE3YJIbTAaTe U3IYy4EHUsI HE U3MEHUIIACh.

MartepuaJbl 1Jisi IPOBEPKH OCTATOYHBIX 3HAHUI
1.CooTHoleHue HeonpeaeneHHoctel I 'elisendepra A KOOpAUHATHI U UMITYJIbCA UMEET BUIL:
OTtBeTsI:
1) ApfAx = h; 2) ApfAx < h; 3) ApfAx = h; 4) ApFAx =0
Bepnsiit otBeT: 1
2.CrexTp coOCTBEHHBIX 3HAaYEHUI oneparopa sBJSETCs] HEPEPbIBHBIM. JTO 3HAYUT, YTO:
OTtBeTsI:
1) onepaTop He UMeeT COOCTBEHHBIX 3HAUCHHMIA; 2) OIEepaTop NUMEET KOHEYHOE YHCIIO
COOCTBEHHBIX 3HauU€HMI; 3) COOCTBEHHBIE 3HAUEHUSI MOXKHO IePECUUTaTh; 4) COOCTBEHHBIM
3HAUEHUEM SIBIISIETCA JIH000€ YHCIIO U3 HEKOTOPOT0 MHTEpBala 3HAUEHUH.
Bepnwsiit otet: 4
3.Co0cTBEeHHOE 3HAYCHHE OTlepaTopa BHIPOKICHO, €CIIH:
OTtBeTsI:
1) 5 TOMy 3HaUEHHIO OTBEYAET OJIHA COOCTBEHHAs (PYHKIUS; 2) STOMY 3HAYCHHUIO OTBEYACT JIBE
iy 6osee JIMHEHHO He3aBUCUMBIX COOCTBEHHBIX (DYHKIIMHU; 3) 3TO 3HAYSHHUE PABHO HYIIO; 4)
3TO 3HAYEHHUE OTPULIATEIBHO.
BepHsliii otBeT: 2
4.Kakue u3 nepeynciIeHHbIX YacTULl OTHOCSTCS K Kiaccy 0030HOB?
OtBeTsI:
1) anieKTpoHBI; 2) IPOTOHBI; 3) HEUTPOHBI; 4) POTOHBI.
BepHnslii otBeT: 4

II. Onucanue wkanvl ouenueanus

Oyenxa: 5 («OTIUYHOY)
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 90
Onucanue xapaxmepucmuxu 6bInoIHeHUs 3HaHus: BbICTaBIAeTCs CTYIEHTY, IPaBUIBLHO
BBITIOJTHUBIIIEMY MPAKTHYECKOE 3a/IaHNe, KOTOPBIH TIOKa3aJl IPH OTBETE HAa BOIIPOCHI
HK3aMEHAIMOHHOTO OMJIeTa ¥ Ha JOTIOTHUTEIbHBIE BOIPOCHI, UTO BIIAJCET MaTEPHAIOM U3y4EeHHOU
JICITUTUIAHBI, CBOOOIHO IPUMEHSICT CBOM 3HAHHMS JUTSI OOBSICHEHHUS PA3IMYHBIX SBJICHUNA U PEIICHUS
3aa4y

Oyenka: 4 («xX0OpoII0»)
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuku 6blNOJHEHUs. 3HaHUsL: BBICTaBISIeTCS CTYICHTY, MPABUIBHO
BBIMOJIHUBIIIEMY MTPAKTHYECKOE 33/1aHUE ¥ B OCHOBHOM TPABUJILHO OTBETUBIIIEMY Ha BOIIPOCHI
9K3aMEHAIIMOHHOT0 OMJIeTa M Ha JIOTOJIHUTEIILHBIE BOITPOCHI, HO IOMYCTUBIIIEMY TIPH 3TOM
HETPUHIIMITAATBHBIC OITHOKH

Oyenka: 3 (KyIOBICTBOPUTEIHHOY)
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Huodicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapaxmepucmukuy 6blNOIHeHUs 3HaHUs: BBICTaBICTCS CTYICHTY, KOTOPBIA B OTBETaX Ha
BOTIPOCHI PK3aMEHAIIMOHHOTO OMJIeTa JOMYCTHI CYIIIECTBEHHBIE H JaXKe TPyObIe OIMOKH, HO 3aTEM
UCTIPABWII UX CaM, a TAK)KE HE BBIMOJIHWII MTPAKTUIECKOE 3a/IaHUE U3 IK3aMEHAIIMOHHOTO OnieTa, HO
00 HAMETHJT IPABIIIBHBIN MTYTh €r0 BHITIOJHEHMS, THOO0 10 YKa3aHUIO SK3aMEHATOPA PEIIUIT
JPYTYIO 3a]1a4y U3 TOTO XKe pa3zeiia TUCIUILTHHBI

Oyenxa: 2 («HEYIOBIETBOPUTEIBHO»)

Onucanue xapakxmepucmuxu 6bINOJHeHUs 3HaHUs: BBICTaBIseTCS CTYCHTY, KOTOPBIIL: a) He
OTBETHJI HA BOIIPOCHI 9K3aMEHAIMOHHOTO OMJIETa U HE CMOT PEIINTh, TM00 HAMETUTh TPABUIIbHBIN
IyTh PELICHNUS 3a/1a4u U3 OmiieTa; 0) He CMOT PelTh, IM00 HAMETHTh PABHIIbHBIA MyTh PELICHUS
3aJ]auu U3 3K3aMEHAIMOHHOTO OMJIeTa U APYroi 3a/1a4M Ha TOT XKe pa3fesl IUCIHUIINHbI, BbITAHHON

B3aMEH Hee; B) IPH OTBETE Ha JOINOJHUTEIbHBIE BOIIPOCH OOHAPYXKHJI HE3HAHKUE OOJIBLIOTO pasjesna
HK3aMEHALlMOHHOMN IPOrpaMMBbl

1I1. IIpasuna évicmaesnenusn umo2o60i OYeHKU no Kypcy

Ouenka ompenensieTcss B cOoTBeTCTBUU ¢ [lonokeHnem o OaTbHO-PEUTHHTOBOM CHUCTEME ISt
crynentoB HUY «MOW» Ha 0oCHOBaHMHU CEMECTPOBOM U aTTECTALIMOHHON COCTABIISIFOIIUX.
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