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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. OIIK-1 criocoGeH uCcnoiab30BaTh MOJT0KEHHS, 3aKOHBI M METO/Ibl €CTECTBEHHBIX HAYK U
MaTEeMaTUKH JJI PEUICHUs 3a/1a4 HH)XCHEPHOMU JeSTEIbHOCTH
NJI-1 3naeT pyHaaMeHTalIbHbBIE 3aKOHBI IPUPOJIBI U OCHOBHBIE (PU3NUECKHE MaTeMaTHUECKHE
3aKOHBI
UJI-2 YmeeT npuMeHsTh (pU3NUecKHe 3aKOHbI 1 MAaTEMaTUYECKIE METObI JJIsl PELICHUS
3a/1a4 TEOPETUYECKOTO U MIPUKIIATHOTO XapaKTepa
WJ1-3 BnaneeT HaBbIKAMH UCIIOJIb30BAHUS 3HAHUN (DU3UKU U MaTEMaTHKU TPU PELICHUU
MPaKTUYECKUX 3a/1a4

N BKJIFOYACT:
AJIS TEKYIIEro KOHTPOJIA YCIIEBAEMOCTH

dopma peanuzanuu: [TuceMenHas padbota
1. Atom B MarauTHOM T1071€. DPdekt 3eemana (KorrponsHas padora)
2. KBanToBas MexaHuKa 3j1eKTpoHa u aroma (KoHTposibHas paboTa)
3. KBaHTOBO-MeXaHNYECKOE OMICAaHUE aTOMa BOJIOPOJIA M BOJIOPOIOTIOAOOHBIX aTOMOB WA
noHoB (KontponpHas padota)
4. MaremaTtnueckue oCHOBBI KBaHTOBOM Teopuu (KonTponbsHas pabora)

BPC aucuunjavHbl

4 cemecTp
Beca KOHTPOJIBHBIX MEPOTIPUSTHI, %o
Nupekc KM-1 KM-2 KM-3 KM-4
Pa3gen nucuuIminHbl
KM:
Cpox KM: 4 8 12 16

MaremaTrnueckrue OCHOBBI KBAHTOBOM TEOPHUU

MaremaTtnueckre OCHOBBI KBAHTOBOW TEOPUH +

KBaHTOBas MEXaHUKA OJICKTpPOHA U aTOMa

KBanToBas MexaHWKa JEKTPOHA B aTOMa + +

Cratuctuyeckas (pusnka

Cratuctuyeckas (pusnka + +

Bec KM: 10 20 20 50

$O6m1as yacts//1s1 MPOMEKYTOUHON aTTecTauud




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
KOMIIETEHIHH pe3yabTaThl  OOydeHHs 10
JUCIUILINHE

OIIK-1 N-1lonk-1 3Haet | 3HaTh: Maremaruueckre OCHOBBI kBaHTOBOM Teopuu (KontponbHas padota)
dbyHIaMeHTallbHbIE 3aKOHBI | (hyHIaMEHTaNbHbIE 3aKOHBI
OpUpPOABl M OCHOBHBIE | KBAHTOBOM MEXaHUKHU
buznvecKue
MaTeMaTHYECKUE 3aKOHBI

OIIK-1 NJI-20mk-1 VYmeer | YMeETh: KBanTOBO-MEXaHHWUYECKOE ONKMCaHKE aTOMa BOOpOAa U
IPUMEHSITh ¢dusnveckne | paccMaTpuBaTh BO3MOXKHBIE | BOJOPOAONOA0OHBIX aTOMOB Wik HOHOB (KoHTponbHast pabora)
3aKOHBI M MaTeMaTH4YeCKHe | BApUAHTHI peuieHus 3afaun, | KBaHToBas Mexanuka snexTpoHa u aroma (KontposibHas pabora)
METOMBI JUIS PEUICHUs 337a4 | OLEHUBAsI UX JOCTOMHCTBA U
TEOPETUYECKOTO U | HEIOCTaTK!
NPUKJIIQJHOTO XapakTepa

OIIK-1 N-3orik-1 Bnagneer | YMmers: AToM B marHuTHOM 1oJie. DPpdext 3eemana (KonrpoabHas pabora)
HaBBIKAMU  WCIIOJIB30BAHUS | OINPEEINATh, Kakue 3akoHbl | KBaHTOBas MexaHnuka anekTpoHa u aroma (KoHtponbHas pabora)
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 KOHTPOJIbLHOr0 Meponpusitusi: KourponbHas padota Ha 45 MUHYT

Kpartkoe cogep:xxanue 3aganus:
Bripazute yactoty BoiHbI Jle Bpoitsis cBOOOIHOT0 HEPENATUBUCTCKOTO JIEKTPOHA Yepe3

JIuHy BoHbl Jle bpoitns.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3HaTh: (QyHIAMEHTAJIbHBIC 3aKOHBI 1.Beipazute yactoty BoiHbl Jle bpoiins cBoboaHoro
KBAaHTOBOW MEXaHUKHU HEPEJSITUBACTCKOTO JIEKTPOHA Yepe3 JUIMHY BOJIHBI [e
bpoiins.

2.C nOMOI1IbIO COOTHOIIEHUS HEONPEAeIEHHOCTEN
OLIEHUTh MUHUMAJIbHYIO SHEPTHUIO IEKTPOHA B
0JIHOMEPHOM MOTEHIMAJILHOM sIME IIUPUHOM 24a.

Onucanne MKAJbI OIIEHUBAHUS

Ouyenka: 5
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 90
Onucanue xapaxmepucmuxu evlnoanerus 3Hanus: OleHKa "OTIMYHO" BBICTABIISIETCS, €CIIN 3a/1aHHe
BBITIOJTHEHO B MOJIHOM 00'beMe WIJIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
Huodienuii nopoe svinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapaxmepucmuxu evlnoinenus 3Hanus: O1eHKa "Xopouio" BEICTABISETCS, €CITH
OOJIBIIIMHCTBO BOIPOCOB PACKPBITO, BBIOPAHO BEPHOE HAIIPABICHUE JJIS pEIIeHUs 3a/1a4

Oyenka: 3
Huodienuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuxu ebinoanenus snanus: OueHka "yJIoBIeTBOPUTEIBHO" BBICTABISETCS,
€CIIU 3a/1aHue NMPEUMYILECTBEHHO BHITIOJIHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu evinoaneHus snanusa: OueHKa "Hey10BIETBOPUTEIIBHO" BBICTABIISETCS,
€CJIM 3aJIaHUE BBIITOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBIOJIHEHO

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

®opmbl peanusanun: [lucemennas padbora

Tun kouTpoabHOro Meponpusitusi: KontponsHas padora

Bec konTposbHoro meponpusitusi B BPC: 20

IIpoueaypa npoBeeHHs1 KOHTPOJIBLHOro Meponpusitusi: KontponeHas padota Ha 45 MUHYT

KpaTkoe coaep:kanue 3a1aHus:




CraroHapHbIe COCTOSHUS TAPMOHHYECKOTO OCIUILISTOPA ONPEACIISIFOTCS SITbIM
HEOTPULIATESIILHBIM YHCIIOM N, KAKIOMY U3 KOTOPhIX OTBe4aeT 3ueprus E,,. Uemy paBHO
otnomenwue (E, — Eg)/E;?

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

YMmeTs: paccmarpuBath 1.Yactuna aBuxeTcs BAOIb OCH X B IOTEHIIMATILHOM
BO3MOXHBIE BAPUAHTBI PELICHUS nosie U=0 npu x<0 u U=U,, npu x>0 . DHEPTHs 4aCTUIIBI
3a/1ayy, OLICHMBAsl UX JIOCTOMHCTBA MpEBBIIIACT BHICOTY Oapwepa U, . Uemy paBHa

Y HEJOCTATKHU BEPOATHOCTH TOTO, UTO YACTHIIA IPOJIOJIKHUT IBUTATHCS

BJI0JIb OCH X, €CJIM IUNIOTHOCTh TOKA BEPOSATHOCTHU
najiaroniel u oTpaxeHHon BoJiH [le bpoiis

PaBHBI jo U j1?

2.CranuoHapHble COCTOSIHHUSI TAPMOHHUYECKOTO
OCLIMJUISITOPA OIPEIEIISAIOTCS LIEIbIM HEOTPULIATEIbHBIM
YHCIIOM N, KQXKJIOMY U3 KOTOPBIX OTBEYaeT dHeprus E,,.
Yemy pasHo otHoteHue (E, — Eg)/E;?

Onucanne MKAJbI OIIEHUBAHUS

Ouyenka: 5
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

Ouyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 70
Onucanue xapaxmepucmuxu evlnoanenus 3Hanus: OleHKa "X0opouio" BEICTaBISETCS, €CIH
OOJIBITMHCTBO BOIPOCOB PACKPHITO, BBIOPAHO BEPHOE HANIPABIICHUE JIJISl PEIICHUS 3a/1a4

Oyenka: 3
Huodienuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuxu ebinoanenus snanus: OnueHka "yJIoBIeTBOPUTEIBHO" BBICTABIISETCS,
€CIIU 3a/1aHue NMPEUMYILECTBEHHO BHITIOJIHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu evinoaneHus snanua: OueHKa "HeyI0BIETBOPUTEIIBHO" BBICTABIISAETCS,
€CJIM 3aJIaHUE BBIITOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBINOJIHEHO

KM-3. Atom B MarHuTHOM 1oJie. Dpdext 3eemana

®opmbl peanuzanuu: [luceMenHas padora

Tun koHTpobHOrO MeponpusTus: KourponsHas pabora

Bec koHTpOobHOrO0 Meponpustusi B BPC: 20

IIpouenypa npoBeaeHusi KOHTPOJILHOTO Meponpusitusi: KonrponpHas padota Ha 45 MUHYT

Kparkoe conepxxanue 3agaHus:
[TapamarHUTHBINA pe30HaHC HAOIIOJaeTCsl B BELIECTBE, IOMEIIEHHOM B MarHuTHOE 1osie. Yemy
paBHA MHAYKIIMS 110JIs1, €CIM YacTOTa pe30HaHca paBHa o, a ¢akrop Jlanne g=17

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

YMeTb: omnpenensaTh, Kakue 3aKOHBI 1.ITapaMarHUTHBIN pe30HAaHC HAOIIO1aeTCs B BEIIECTBE,
KBAHTOBOH MEXaHHUKU IIOMEIICHHOM B MarHuTHOC€ IT0JIC. quy paBHA MHAYKIUA
00yCJIOBIMBAIOT  SIBICHUS  WJIH TOJIS1, €CJIM YacTOTa pe30HaHca paBHa m, a GaxTop Jlanne
MIPOLIECCHI B ycTpoiicTBax g=1?

pasInYHON (pu3nyecKor MPUPOJBI, 2.D71eKTPOH B aTOME BOJIOPOJIa HAXOJUTCS B




U BBIIOJHATh NPUMEHUTENBHO K
HUM MPOCTHIE TEXHUYECKUE
pacuEThl

BO30YXIEHHOM COCTOSTHUM N=2 aTroMa Bojopoaa (N —
TJIaBHOE KBAaHTOBOE YHCIIO). B Kakux mpemenax MoxeT
H3MEHSTBCS TPOCKIIMSI YTJIOBOTO MOMEHTA Ha
MIPOU3BOJILHO BbIOpaHHOE HampasieHue? OTBeT
BBIPA3UTh Yepe3 MocTossHHyro [Tnanka /.

Onucanue MIKAJbI OICHUBAHUSA:

Ouenka: 5

Huoicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 90
Onucanue xapakmepucmuku 8binoanenus 3uanus. OueHka "oTJIUYHO" BBICTABIISIETCS, €CIIU 3a/1aHue
BBITIOJTHEHO B MTOJIHOM 00'bEME WIIH BBITIONHEHO MPEUMYIIIECTBEHHO BEPHO

Ouenka: 4

Huodicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuku 8btnoanenus 3nanus. OueHka "Xopouio" BbICTABISETCS, €CIIH
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO, BRLIOPAHO BEPHOE HAMPABJICHHE JUISI PEIICHUS 3a]1a9

Ouyenxa: 3

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax. 50
Onucanue xapaxmepucmuxu evlnoanenus 3nanus: OLeHKa "yJ0BIETBOPUTEIbHO" BBICTABIISAETCA,
€CJIM 3aJJaHu€e PEUMYILIECTBEHHO BHIIIOJIHEHO

Ouyenka: 2

Onucanue xapakxmepucmuxu evinoanenus snanus: OueHKa "Hey10BIETBOPUTENILHO" BBICTABIISAETCS,
€CJIM 3aJIaHUE BBIIIOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBINOJIHEHO

KM-4. KBanToBasi MEXaHHKA JIEKTPOHA U aTOMA

®opmbl peaquzanun: [TuceMennas padora

Tun koHTpobHOrO MeponpusTus: KourponasHas pabota

Bec koHTpOobHOrO0 Meponpustusi B BPC: 50

IIpouenypa npoBeaeHnsi KOHTPOJIbLHOro MmeponpusaTusa: KourpoasHas pabora Ha 90 MUHYT

Kparkoe conep:kanue 3aiaHus:

N
BoanoBas q)YHKI_II/IH QJICKTpOHAa B OCHOBHOM COCTOAHHHU aTOMaA BOAOPOAA UMECT BU/: l/) (T') =

3 _1/ _T'/ o o
(ma’)~ /2e™ /a (r — paccrosiHEE OT BIIEKTPOHA JIO s/Apa, a — 6OpoBCKuit paauyc). Haiitn
BEPOATHOCTH OOHAPYKEHUS AJIEKTPOHA 3a Mpe/ieJaMU NepBoil 00pOBCKOI OpOUTHI.

KoHTpoJibHBbIC BONIPOCHI/3aJaHHA:

YMers: paccMarpuBarh
BO3MOXXHBIE BAapUaHTBl PEIICHUS
3aJja4uM, OLIEHUBAsi UX JIOCTOMHCTBA
Y HEIOCTATKU

1.BosiHOBast PyHKITHS 3JIEKTPOHA B OCHOBHOM COCTOSTHUH
Ed _1 r
aToma BOJOPO/ia UMEET BU/I: (r) = (ma3®) /ze~"/a (r

— pacCTOSIHHE OT JJIEKTPOHA JI0 S/Apa, a — OOPOBCKUMN
paauyc). HaiiTu BeposTHOCTh OOHAPYKEHHUSI SJIEKTPOHA
3a MpeeIamMu nmepBoii 00pPOBCKOI OPOUTEHIL.

YMeTh: onpeaensaTh, Kakue 3aKOHbI

KBaHTOBOM MEXaHUKU
00yCJIOBIIMBAIOT ~ SIBICHUSI  WJIK
MIPOLECCHI B YCTPOWCTBAxX

pa3ianyHOll (PU3NYECKONH TPUPOJIBI,
U BBINOJHATh INPUMEHUTEIBHO K
HUM POCThIE TEXHUYECKHE
pacy€Tsl

1.Knaccuueckuii OCIMILIATOP MAacChl 711 COBEPIIAET
rapMoHHYecKHe Kojebanus Ha yactore . OnpenenuTh
aMILTUTYY KoJeOaHU X, €CIIM UX SHEPIUs COBMAIAET C
HauMEHBIIEW SHEPrueil KBAaHTOBOI'O OCIMILISATOPA TOH ke
Macchl U 4acToThl. HaiiTh BEepOSITHOCTh OOHApYKEHUS
KBaHTOBOT'O OCLMJUIATOPA B TOUKAX, KOOPJAUHATHI
KOTOPBIX MPEBBILAIOT 110 MOAYIIIO X (KJIACCUYECKH
3arnpeleHHas o0nacTh). BorHoBas (GyHKIMSI OCHOBHOTO




COCTOSIHHSI TAPMOHHYECKOTO OCHMILIATOPA: Py (X) =

1
(mw) /4 ex ( mwxz)
h p 2h J°
I’II/ICJ—IeHHoe 3HA4YCHUC OHpe):[eJIeHHOFO
oo 2
UHTErpaa fl e ?"dz = 0,139.

Onucanne MKAJbI OIleHUBaAHUS:

Ouyenxa: 5
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax: 90
Onucanue xapaxmepucmuxu evlnoanenus 3nanus: OLeHKa "0TIMYHO" BBICTABIISIETCS, €CIIU 3a/1aHHe
BBITIOJTHEHO B MTOJIHOM 00bEME WJIH BBITIOJHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 710
Onucanue xapaxmepucmuxu evlnoinerus 3Hanus: OLeHKa "Xopouio" BEICTaBISETCS, €CIH
OOJIBITMHCTBO BOIPOCOB PACKPHITO, BBIOPAHO BEPHOE HANIPABIICHUE JIJISl PEIICHUS 3a/1a4

Oyenka: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 50
Onucanue xapakmepucmuxu evinonnenus 3uanus: O1eHKa "yI0BIeTBOPUTEILHO" BBICTABIISETCS,
€CITM 3aJIaHUE MPEUMYIIECTBEHHO BBITIOJHEHO

Oyenka: 2
Onucanue xapakmepucmuxu evinoinenus 3Hanus: OleHKa "HeyJOBIETBOPUTEIbHO" BBICTABIISAETCS,
€CJIM 3aJ]JaHue BBITIOJHEHO HEBEPHO WJIM MTPEUMYIIIECTBEHHO HE BHITIOJIHEHO




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 3Haet GyHnaMeHTaIbHbIE 3aKOHBI IPUPOIBI U
OCHOBHBIC (1)I/ISI/I‘~IGCKI/IC MaTEMATUYCCKUE 3aKOHBI

Bonpocel, 3a1anns
1.KBaHTOBOE COCTOSIHHE, CTAI[IOHAPHBIC M HECTAIIMOHAPHBIC COCTOSHUS, BOJTHOBAsI PYHKIIHS U
BEKTOp COCTOsIHUS. [IpHHIIMTI CYTIepPIIO3HUIINH, CYTIEPIIO3UIUS KBAHTOBBIX COCTOSHUM,
JUHEHHOE TIPOCTPAHCTBO COCTOSIHUM.
2.IIpocTpaHCTBO KBAaHTOBBIX COCTOSTHUH, CONMPSKEHHOE MPOCTPAHCTBO, CKAISIPHOE
npousBenenrne. OpTOHOPMHPOBAHHBIN 0A3HC, PA3I0KEHHE 110 OA3MUCHBIM COCTOSTHHSIM.
[Tpoekiust BEKTOpa COCTOSHUS Ha Oa3UCHOE HaNpaBlIeHHE KaK KOMIUIEKCHAS aMILTUTY/a
BEPOSTHOCTH.
3.HabGmtonaemblie BETUYHMHBI, KBAHTOBBIE H3MEPEHHUS, CTaTHCTUYeCKHEe aHcaMOi. COBMECTHBIE
¥ HECOBMECTHBIC Ha0Ito1aeMbie. M300paxeHre Ha0Jr01aeMbIX JTHHCHHBIMH ONIEPATOPaAMU,
MPABHUJIO COOTBETCTBUSI HA0II01aeMbIX orepaTopam. OnepaTopsl KOOPAUHATHI M UMITYJIbCA,
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
AJIEKTPOMArHUTHOM BOJTHBI, MEXaHU3MBbI YITUPEHUS CIICKTPATbHBIX JIMHUH B rasax,
Kod(GUIMEeHTH DUHIITEHHA.

MarepuaJbl 1Jisl IPOBEPKH OCTATOYHBIX 3HAHUI
1.CooTHoeHune HeonpeaeneHHoctel [ eiizendepra Ayt KOOpAUHATH M UMITYJIbCA UMEET BUI:
OTBeTHL:
1) ApsAx = h; 2) ApiAx < h; 3) ApFAx = h; 4) ApFAx =0
Bepnpsiit otser: 1
2.CnexTp cOOCTBEHHBIX 3HAYSHHH OnepaTopa sSBISETCS HEMPEPHIBHBIM. JTO 3HAYUT, YTO:
OTBeTHL:



1) onepaTop He UMeeT COOCTBEHHBIX 3HAUCHMIA; 2) ONepaTop UMEET KOHEUHOE YHCIIO
COOCTBEHHBIX 3HAUCHHUM; 3) COOCTBEHHBIC 3HAUCHUS MOYKHO TIEPECUNTATh; 4) COOCTBEHHBIM
3HAYCHUEM SIBIIAETCS JII000E YMCIIO U3 HEKOTOPOTO MHTEPBajIa 3HAYCHHA.

Bepnpsiii oteT: 4
3.CoOcTBEHHOE 3HaYEHHE ONEPaTOpa BBIPOKIEHO, ECIINU:

OTtBeTsI:
1) aTOMy 3HaUEHHUIO OTBEYAET OJJHA COOCTBEHHAsI PYHKIIMS;, 2) 3TOMY 3HAYCHHIO OTBEYACT J[BE
niu 60J1ee JIMHEWHO He3aBUCUMBIX COOCTBEHHBIX (PYHKITHU; 3) 3TO 3HAYCHUE PaBHO HYIIO; 4)
3TO 3HAYEHUE OTPULIATENBHO.

Bepnsiit oteT: 2
4.Kakue 13 nepeynciIeHHbIX YaCTHUIl OTHOCATCS K Ki1accy 6030HOB?

OTtBeTsI:
1) aneKTpoHbI; 2) NPOTOHBI; 3) HEUTPOHBI;, 4) HOTOHBHI.

Bepnwsiit otet: 4

2. Komnerenuusi/Muaukarop: U/ -2onk-1 YMeeT npuMeHATh GU3NUECKHIE 3aKOHBI U
MaTeMaTHYeCKUEe METO/IbI JUIsl PELICHUs 3a7a4 TEOPETUUECKOTO U MPUKIIAJHOIO XapaKkTepa

Bomnpocel, 3axanus
1.Anre6pa onepaTopoB. DpMUTOBBI ONIEPATOPHI U UX cBOMCTBA. OniepaTopbl KOOPIAUHATHI U
UMITyJIbCa, TAMWIBTOHUAH, ypaBHeHue [Ipenunrepa.
2.0mpenenuTe, Ha KAKOM PaCCTOSHUU OT siJIpa ¢ HauOOoJIbIleld BEPOATHOCTHIO MOXKHO
0OHApPYXXHUTH JIEKTPOH B aTOME BOJIOPOJIa B 1s- U 2p- COCTOSIHUSIX.
3.1300pa3uth cxemy paciieruieHus d- COCTOSHMS BOJOPOIOIOA00HOIO aTOMa B IIPOCTOM
addekre 3eemana. OnpeeUTh YHEPTETHUSCKU HHTEPBAT MEXKTY COCETHUMH MOTYPOBHSIMU
U KPaTHOCTh BBIPOKICHHUSI KaXKIOTO MMOAYPOBHSIL.

MartepuaJbl 1Ji1 IPOBEPKU OCTATOYHBIX 3HAHUM
1.HacTtuna HaXOJUTCsl B COCTOSIHUU C ONPEACICHHON MTPOSKIMEN MOMEHTA UMITYJIbCA HA OCh
y: Ly = 4h. 3mepstoT KBaJipaT MOMEHTa UMITyJbca. Kakoe U3 mepeuncieHHbIX 3HaYeHU I
MOTJIO OBITH TIPU ATOM MOTy4eHO?
OTBeTHI:

1)49h; 2)36h; 3)25h;4)20h
Bepnslii otBeT: 4
2.MopayJib SHEPTUU MIEPBOTO BO30YKACHHOTO COCTOSIHHS B aTOME BOJOPOJIa:
OTBeThI:
1) 60bIIIe PHEPTUM OCHOBHOT'O COCTOSTHUS B JIBa pas3a;
2) MeHbIIIe SHEPTUU OCHOBHOT'O COCTOSIHUSA B JIBA Pa3a;
3) 6osbllie YHEPTHUH OCHOBHOT'O COCTOSTHUS B UETHIPE pasa;
4) MeHbIIIe SHEPTUH OCHOBHOTO COCTOSIHHSI B YETBhIPE pasa.
BepHnplii otBeT: 4
3.100 oaMHAKOBBIX YACTHI] JIBHTAIOTCS BIOIL OCH X B moTeHITMabHOM 1ojie U =0 npu x<0 u U
=UQ npu x>0 . DHEPrus YaCTHIILI MEHbIIE BHICOTHI opora U . BeposTHOCTh MPOX 0K IeHHS
YaCTHUIIBI Yepe3 MOTeHIHANbHEIN mopor paBHa 0,3. OT 6apsepa oTpazsTces:
OtBeThI:
1) 100 wactwui; 2) 0 wactum; 3) 30 gactui; 4) 70 wactuil.
BepHnplii otBeT: 4
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3. Komnerenuus/Muaukarop: 1J{-3onk-1 Bnageer HaBbIkaMy HCIIOIB30BaHUS 3HAHUH (DU3UKU U
MaTEeMaTHKH NP PEIIEHUH IPAKTUYECKUX 3a/1a4

Bonpocsl, 3aganus
1.B criekTpe HEKOTOPBIX BOJOPOIONOJOOHBIX HOHOB JJIMHA BOJHBI TPEThEW JTMHUU CEPUU
banpmepa paBna 108,5 M. HaliTi 3Hepruio cBsi3u 3J€KTPOHA B OCHOBHOM COCTOSIHUM 3TUX
HOHOB.
2.0Heprus CBsA3M AJIEKTPOHA B aToMe renus paBHa Ey=24,6 5B. Haiitu snepruro,
HEOO0XOIUMYIO ISl yJalleHUs] 000MX AIIEKTPOHOB aTOMa rellusl.
3.ATOM BOJIOpOJIa, IBUTABIIUICS CO CKOPOCTBIO Vy=3,26 M/c, UCITyCTHII (DOTOH,
COOTBETCTBYIOIIHI MEPEeX0,ly U3 IEPBOro BO30YKACHHOTO COCTOSIHUSA B OCHOBHOE. Haiitn
yroi 6 Mexy HampaBJIeHHEM BbUIeTa (POTOHA M MEPBOHAYAIBHOTO JBM)KEHUS aTOMa, €CITU
KUHETHYECKAasi SHEPTHsI aTOMa B pe3yJIbTaTe U3Iy4YeHUsI HE N3MEHUIIACH.

MartepuaJbl 1Jisi IPOBEPKH OCTATOYHBIX 3HAHUI

I.I[JUI BBIPOXKXJACHHOI'O I'a3a, COCTOAIICTO U3 CBO6OI[HBIX TOXIACCTBCHHBIX YaCTHIL] C MMOJIYLCIIBIM

CIIMHOM, CIIPaBEUIMBO pacrpeaeneHue (yKaxuTe MpaBUIbHbBIN OTBET):
OTBeTHI:
1) Makcemia;
2) bonbumana;
3) boze-DitHmTelina;
4) ®epmu-Zupaka.
Bepnwsiii otet: 4
2.Kakast Benmn4mHa, COCTaBICHHAS U3 TAPAMETPOB FAPMOHUYECKOTO OCIIHIUIATOPA C MACCOM M
4acTOTOU ®, UMEET Pa3MEPHOCTh IHEPTHH?
OTBeTHI:
1) hw; 2) Ao ; 3) mhw; 4) mi/o
Bepnsiit otBeT: 1
3.d-cocTosiHre YacTHUIIBI B IEHTPATBHOM I10JI€, 3TO:
OTBeTHI:
1) TpeTuii BO30YXI€HHBII YPOBEHb YHEPTUH;
2) cocTosIHUE ¢ ONpeIeTIeHHON MPOeKIMel MOMEHTa Ha och Z 1 = 2;
3) cocTostHUE ¢ OnpeeIeHHBIM MOMEHTOM [ = 3;
4) cocTosiHUE C ONpPEIEICHHBIM MOMEHTOM | = 2.
Bepnsiii otBeT: 4

II. Onucanue wikanvl oueHuBanus

Ouyenxa: 5
Huosienuii nopoe sévinonnenus 3aoanus 6 npoyermax: 90
Onucanue xapaxmepucmuxu 8bINOJHeHUs 3HaHUs: BBICTaBIsETCS CTYACHTY, IPaBUIBHO
BBINOJIHUBIIEMY MTPAKTUYECKOE 33JaHNe, KOTOPBIN MOKa3ajl MPH OTBETE Ha BOIPOCHI

u

9K3aMCHAITMOHHOTO ousera u Ha JOIMMOJIHUTEIIBbHBIC BOIIPOCHI, YTO BJIAJICCT MaTCpUaioM I/ISYIIeHHOﬁ
JAUCIMITIIIMHBI, CBO6OI[H0 MPUMCHACT CBOU 3HAHUA JJI 00BSICHEHHS Pa3JIMYHBIX SIBIICHUI 1 peIICHUA

3a7a4

Ouyenka: 4
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax: 10
Onucanue xapaxmepucmuxu 6bIN0IHeHUs 3HaHUs: BBICTaBIAeTCS CTYIEHTY, IPaBUILHO
BBITIOJTHUBIIIEMY MPAKTHYECKOE 3a/IaHWE U B OCHOBHOM IPaBUJIBHO OTBETHUBIIEMY Ha BOTIPOCHI
HK3aMEHAIMOHHOTO OMIeTa ¥ Ha JOTIOTHUTEIbHBIE BOPOCHI, HO JIOMYCTUBIIEMY IIPH 3TOM
HETIPUHIIAITAATBHBIE OITHOKU

Oyenxka: 3
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Huodicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapaxmepucmukuy 6bINOIHeHUs 3HaHUs: BBICTaBIACTCS CTYICHTY, KOTOPBIA B OTBETaX Ha
BOTIPOCHI PK3aMEHAIIMOHHOTO OMJIeTa JOMYCTHI CYIIIECTBEHHBIE H JaXKe TPyObIe OIMOKH, HO 3aTEM
UCTIPABWII UX CaM, a TAK)KE HE BBIIOJIHWII IPAKTUIECKOE 3a/IaHIE U3 IK3aMEHAIIMOHHOTO Oniera, HO
00 HAMETHJT IPABWIIBHBIN ITYyTh €r0 BBITIOJHEHUS, TUOO 10 YKa3aHUIO SK3aMEHATOPA PEIIUIT
JPYTYIO 3a]1a4y U3 TOTO XKe pa3zeiia TUCIUILTHHBI

Oyenka: 2
Onucanue xapakmepucmukuy 6blnOJIHEHUs 3HaHUs: BpICTaBIAETCS CTYIEHTY, KOTOPBIN: a) He
OTBETHJI Ha BOIIPOCHI 3K3aMEHAIMOHHOTO OMJIETa M HE CMOT PEIINTh, TMO0 HAMETUTh TPABUIIbHBIH
IyTh PELICHUs 3a7auu U3 OmiieTa; 0) He CMOT PELIUTh, JINOO HAMETUTh ITPABUIIBHBII ITyTh PELICHUS
3aJ1a4M U3 3K3aMEHAIIMOHHOT0 OMJIeTa U ApYroi 3aauu Ha TOT K€ pa3/ies AUCHUIUIMHBI, BbIJaHHON
B3aMEH Hee; B) IIPU OTBETE Ha JJOMOJHUTEIbHBIC BOIPOCH OOHAPYXKHJI HE3HAHKUE OOJIBLIOrO paserna
HK3aMEHALlMOHHOMN IPOrpaMMBbl

1I1. IIpasuna évicmaesnenusn umo2o60i OYeHKU no Kypcy

Ouenka ompenensieTcss B cOOTBETCTBUU ¢ [lonoxkeHneM o OaIbHO-PEUTHHTOBOM CHUCTEME ISt
crynentoB HUY «MOW» Ha oCHOBaHMU CEMECTPOBOM U aTTECTALlMOHHON COCTABIISIFOLIUX.
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