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Conepxxanue

|. enu u 3amaum AUCIUIUTHHBI (MOJTYIIS)
Il. Mecro nucuurumnsl (Moayiis) B crpykrype OIIOIL.
I1l. TpeGoBaHwus K pe3yabTaTaM OCBOCHHUS AUCIUTUIUHBI (MOJTYJIs)
IV. Copepxanue U CTpyKTypa AMCUMILIUHBI (MOTYJIs)

4.1 ConepxaHue AMCLUUIUIMHBI, CTPYKTYPUPOBAaHHOE IO TEMaM, C
yKa3aHHeM BHJIOB y4eOHBIX 3aHSATHUH M OTBEJICHHOTO Ha HHUX KOJIMYECTBA
aKaJIeMUYECKHUX YacOB

4.2 [Inan BHEayUTOPHOM CaMOCTOSATEIbHOW pabOThl OOyYarOIIMXCS
10 JUCUUIUINHE

4.3 Coneprkanue yaeOHOTo MaTepuasa

4.3.1 TIlepeueHb CEMHUHApPCKUX, MPAKTUYECKUX 3aHATHH WU
J1a00paTOPHBIX pabOT

4.3.2. Tlepeuenb TeM (BOMPOCOB), BBIHOCUMBIX HAa CaMOCTOSITEIHHOE
M3Y4YECHHE B PAMKaX CaMOCTOSITEIbHON pabOThHI CTY/IEHTOB

4.4. Meroauueckue yKa3aHMsl 1O OpPraHU3alUU CaMOCTOSITEIbHOU
paboThI CTYICHTOB

4.5. IlpumepHasi TeMaTHKa KypCOBBIX PadOT (IIPOEKTOB)

V. YuebHOo-MeTOMUYeckoe ©u  WH(OPMAIMOHHOE  00ECIICUCHHE
TUCLMILITUHBI (MOTYJIs)
a) mepeyueHb JIUTepaTyphbl

0) MepuoAMIECKUE U3TaHUS

B) CIIMCOK aBTOPCKUX METOJIMYECKUX pa3paboTOK

r) 0a3bl JaHHBIX, HOMCKOBO-CIPAaBOYHbIE U HHPOPMAIMOHHBIE
CUCTEMBbI
V1. MaTepuanbHO-TEXHHUECKOE 00€CTICUeHHE TUCIIUTUIUHBI (MOTYJIS)

6.1. YueOHO-mabopaTopHoe 000pyI0BaHuE:
6.2. [IporpamMHoOe o0OecrieueHue:
6.3. TexHuYecKHe U JIEKTPOHHBIC CPEICTBA OO YICHUS:
VIl. OGpa3oBaTenbHbIe TEXHOIOTUU
VIII. Ouenouynsle MaTepuaibl A TEKYIIEro KOHTPOJS U MPOMEXYTOUHOM

aTTeCTalluu



. Hean n 3aga4u AMCUMILVIMHBI (MOYJIs1):

Means (mean):

JlaTh CTYJIEHTaM LIEJIOCTHOE B PaMKax CYLIECTBYIOIIUX €CTECTBEHHOHAYUYHBIX I1OJIOKECHHUU
IPEICTaBICHUE O COCTOSHUU UCCIIEAOBAaHUM B OJHOW M3 HauboJiee pa3BUBAIOLIMXCs obiacTeit
¢u3uKn  cucTeM  B3aMMOACHCTBYIOIIMX YaCTHI, O3HAKOMUTb C METOJaMH pacyera
9HEPreTUYECKOro CIEKTPA MAKPOCKOIMYECKUX TEIl.

- HAy4uThb CTYJEHTOB OPHUEHTHUPOBATHCS B OCHOBHBIX HAIIPaBICHUAX pPa3BUTUA U
npo0jeMaTuKe KBaHTOBOM ONTHUKH, (PU3MKU aTOMa M aTOMHBIX SABJICHMH M HUX NPUIOXKEHUH B
COBPEMEHHOM TEXHUKHU U TEXHOJIOTUSX.

3agaun:

- O3HAaKOMJICHHE CTYJCHTOB C OCHOBHBIMH 3aKOHAMH W (IU3NYECKMMHU BEIMYUHAMHU,
XapaKTepHBbIMU J1JIs1 KBAHTOBOW ONTUKU M aTOMHOW (PU3UKH;

- U3yYEHHUE TEOPUH PABHOBECHOI'O JIEKTPOMAarHUTHOI'O U3Jy4EHUs,

- pa3BUTHE y CTYACHTOB OOLIMX MPEACTAaBICHUN KBAHTOBOW MEXaHUKHY;

- O3HAKOMJICHHE CTYJEHTOB C OCHOBHBIMH IIPUHIMIIAMU OIUCAHUSA CTPYKTYPbI aTOMOB U
IIPOLIECCaMM B3aUMOJICHCTBUSL KBAHTOBBIX CUCTEM C U3JIyUYEHUEM;

- U3yYEHHUE MOJIEKYJI, UX CTPYKTYPBI U CIIEKTPOB;

- N3y4eHHUE OCHOB (PM3UKHU Ja3epoB, (PU3UKH METAJUIOB U MOJIYIPOBOJHUKOB, IPUHIIUIIOB
paboThl YCTPOMCTB COBPEMEHHOM 3JIEKTPOHUKH U MUKPOIJIEKTPOHUKH.

1. MECTO JUCHHUIIJIMHBI B CTPYKTYPE OIIOII BO

JucrunmHa «KBaHTOBass onTMka W aToMHas (u3MKay SBISETCS JIUCHUTLIAHON
po()eCCHOHAIBHOTO IHMKJIAa U OTHOCHTCS K 0a30Bod 4yacTh bl OCHOBHOW mpodeccHoHAIbHON
obOpasoBarenbHOl TporpamMmbl o HampasiaeHuio 09.03.02 UudopmainuoHHbIe CHCTEMBI U
TEXHOJOTHH

Huctunnuna «KBaHToBasi onTHKa M aTOMHAas (PU3UKA» OMUPACTCS HA MATEMaTHYECKYIO
muciuminay  «Martematudeckuit  aHanus»  (kox  aucuumiauHel  b1.0.15.01), mkonbHBIE
JUCIIATIINHEI «DHU3UKa» U «XUMUS.

OcBoeHHE TUCIUIUIMHBI HEOOXOAMMO Ui OCBOCHHSI KYpCOB: «DIEKTPOTEXHUKa» (KOI
muciuminael 51.0.24), «[IporpamMmHoO-anmnapaTHble CpeAcTBa 3alMThl HMHGOpManuu» (KO
nucuuiuinael 51.0.36).

I1l.  TPEBOBAHWUS K PE3YJIBTATAM OCBOEHUSA JNCHUITJIMHBI
[Tpouiecc ocBoeHUs! AMCUMIUIMHBI HampaBieH Ha (pOpMHpPOBAHUE CIEAYIOIIUX KOMIIETEHIMH B
cootBercTBUM ¢ ®PI'OC BO u OII BO no nanpasnenuto 09.03.02 MadopMaimoHHble CUCTEMBI U
rexHoaoruu: OIIK-1 - Cioco6eH npuMeHITh €CTECTBEHHOHAYUHbIE U O0IIEUHKEHEPHbIE 3HAHUS,
METO/Ibl MATEMAaTUYECKOTO aHAJIN3a U MOJEINPOBAHNUS, TEOPETUUYECKOIO U SKCIIEPUMEHTAIIBHOTO
UCCIIEI0BaHMsl B IPOQECCUOHAILHOMN EATEIIBHOCTH.

ITepeyenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHMs M0 JTUCHUILINHE (MOAYJIIO),
COOTHECEHHBIX C HHANKATOPAMM JOCTHKEHHUSI KOMIIeTeHIIH

Crnioco0eH npuMeHsTh
€CTeCTBEHHOHAYYHbBIC U
0OIIenH)KEHEePHBIC 3HAHUS,

[Tpumensietr 6a3oBbIe
3HaHUS B 00J1acTH (PU3UKH,
MaTEeMaTHYECKOr0 aHaIN3a

KoMnerenuus HNuauxkaropsl Pe3yabTaThl 00yueHus
KOMIIeTeH NI
OIllK-1 HJIIK onx-11 3HaTB:

- OCHOBHBIE MOHATHSI, 32KOHBI 1
MOJIEJIN KBAHTOBOW ONTHKH U
aTOMHOU (pH3HKH;




METOJIbI MATEMATHIECKOTO
aHaJIM3a U MOACIIMPOBAHUA,
TEOPETHYECKOTO U
AKCIEPUMEHTATIHHOTO
UCCIICIOBAHHS B
npodeccnoHaTbEHOMI
JESTeILHOCTH

JUISL peuIeHus 3a1a4
TEOPETUYECKOTO U
AKCIEPUMEHTAIHHOTO
HCCIICIOBAHUM B
npo¢eCCHOHATBHON
JIeITEeIILHOCTH,

- KBAaHTOBO - MEXaHUYECKOE
OTIMCaHNE aTOMHBIX SBJICHUIA,

- OCHOBHBIC HAyYHBIC METOJIbI
TEOPETUYECKOTO U
9KCIIEPUMEHTANBHOTO FCCIIeIOBAHM
(hU3UIECKUX 0OBEKTOB, IMPOIIECCOB H
SIBJIEHUW KBAHTOBOW ONTHUKHU U
aTOMHOH (pu3uKuM;

YMeTb:

- UCTIOJIb30BaTh 3aKOHBI KBAHTOBOH
ONTHKH U aTOMHOM (PU3UKH MTPH
pelieHny 3aaad;

Bnaners:

- HaBBIKaMU HCIIOJIb30BaHUS
0a30BBIX 3HAHUM B 001aCTH (DU3UKH
B Ipo(heCcCHOHATBHOMN NeATEIbHOCTH;
HaBBIKAMU PEIICHUS THUIIOBBIX 3aja4
13 00J1aCTH KBAHTOBOW ONTHUKU U
aTOMHOU (pH3HKH;

-METOJIlaM1 KBaHTOBO -
MEXaHHUYECKOTO OMUCAHUS
MIPOCTEHIIINX KBAHTOBBIX CHCTEM;

HJIK onx-1.2

[Tpumensietr 6a3oBbie
3HaHUs B 00J1aCTH METO/10B
MaTeMaTUYeCKOI0 aHalln3a
U MOJETMPOBAHUS IS
pelIeHus TPUKIIaTHBIX
3aj71a4 NpoQecCuOHANbHOM
JIeSITEIIbBHOCTH

3HaTh:
- OCHOBHBIC HAayYHbIE METO/IBI
TEOPETUUECKOrO U
9KCIIEPUMEHTAEHOTO HCCIICAOBAHUS
(u3nIecKkux 00bEKTOB, MPOIIECCOB U
SIBJICHUM KBAHTOBOU ONTUKHU U
aTOMHOU (pH3HKHY;

YMeTsh:
- IPUMEHSTH TEOPETUUECKUE 3HAHUS
K PEIICHHUIO MPAKTUYECKUX 3a7ay;
- OLICHUBATH TIPeIeIIbl
NPUMEHUMOCTH OCHOBHBIX METOJIOB
OIMCAaHMNS aTOMHBIX SIBIICHHIA;

Bnaners:
- METO/IaMH KCIIEPUMEHTATBLHBIX
HCCIIEI0BaHUH TapaMeTpoB U
XapaKTePUCTUK aTOMHBIX SIBIICHHIA;
- MeTo1aMu 00pabOTKH U aHAIIN3a
3KCIEPUMEHTAILHON U
TEOpETHUIECKOH (pr3maeckoit
UHQOPMAITUH.




IV. COILEPXAHHUE U CTPYKTYPA JTUCIUIIJINHBI

O0beM JUCHUILIMHBI COCTABJISAET 7 3a4eTHBIX €IUHMIL, 252 yaca, B TOM 4yuciie 7 4acOB Ha DK3aMCH
N3 Hux 60 yacoB — nmpakTUyeckas MoJAroToBKa
dopMa NPOMeKYTOUHON ATTEeCTALMM: IK3aMeH

4.1 Couepmanne AUCHUILVIMHBI, CTPYKTYPHPOBAHHO€ IIO TEMaM, C YKa3aHUEM BHI0OB y‘leﬁHbIX 3aHATHH M OTBEAEHHOI0 HA HHX
KOJIN4YeCTBaA aKaACMHUYICCKHUX YaCo0B

Ne Pa3gen pucuMmJIMHbL/TeMa dopma TeKyIlIero
n/n Buner yaeOHOI paboTHI, KOHTPOJIS1 ycrieBaeMocTH/
BKJII0Yasl CAMOCTOSATEJIbHYIO paboTy ®opma npoMe:KyToIHOH
00yYaroIUXCsl, IPAKTUYECKYIO MOATOTOBKY 1 | ATTecTallnu
§ 06BeM (o cemecTpam)
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1 2 3 4 5 6 7 8 9 10
KonTtponbHbie BOnpockI.
1 Benenue 4 13 4 4 5 P p
2 KBanrtoBas nmpupoa uzmydeHus 4 3 KontposnbHast paGota.
35 8 8/3 16 KOHTpOJILHBIE BOTIPOCHL.
3amuTa 1abopaTopHOi paboOTHI.




3 Teopus aroma Bogopoaa o bopy 4 4 KonTtposnbHast pabota.
KoHTpoabHbIE BONPOCHL.
36 8 8/4 16 3ammrta 1a60paTopHOit pabOTHI.
4 DJeMEHThI KBAHTOBOM MEXaHUKHU 4 3 KonrponsHas pa6ora
KoHTpoabHbIE BONPOCHL.
39 10 1073 16 3ammra 1a60paTopHOit pabOTHI.
5 B3aumopeiicTBue aToma € 3J€KTpOMarHUTHbIM 4 4 KourposbHast pabora
KOHTpOHBHLIe BOIIPOCHI.
110JIEM
41 10 10/4 17 3amura 1a00paTopHON paboTHI
6 OJeMeHThl COBpEeMEHHOW (U3UKM aroMoB u | 4 3 TectupoBaHue
KoHTpoabHbIE BONIPOCHL.
MOJIEKYJI
4 40 10 10/3 17 3ammTa 1a60paTopHOIt pabOTHI.
7 OneMeHTh! GU3NKU TBEPAOIo Tea 4 3 TecTupoBanue
KoHTponsHBIE BOIPOCH.
40 10 10/3 17 3amuTa 1a60paToOpHO PabOTHL.
IK3aMeH 8 1 DK3aMeH
UTOIO: 252 20 60 60 /20 1 111
4.2. TlaH BHeayTUTOPHOIi caMOCTOSITEJIbHOI padoThl (B ToM uncie KCP) o0yuyarommxcst o 1ucuuinge
CamocrosTenbHas pabota 00yqaommxcs V4ebHo-
OleHoHOe METOANYECKOe
Cemectp HasBanue pasnena, TeMbl B —_ Cpoxn | o obecrieyeHune
U]l CAMOCTOSITCIIBHON padoThr| -~ o beM (4ac.) CpeacTBO CAMOCTOSTENEHOM
paboThI
4 Beenenue PaGora ¢ yue6Hoii | Hen 3 CobGecenoBanne |Pexomennyemas
JIUTEpaTypoOil, CIIPaBOYHOMN JIATEparypa,
4  |KBaHTOBas Npupoa N3ITy4EHUs JIUTEPATypOH, KOHCIIEKTOM 2-4 Hen 12 CobecenoBanue |KOHCIIEKT
4  |Teopus aroma Bojopoja no bopy JIEKLAHU, BBIIIOJIHEHUE 5-8 Hen 12 TectupoBanue JEKIUN U




CamocrosiTenpHas paboTa 00yJaronuxcst

VYuebHo-

OueHouHoe METOIIECKOE
Cemectp Hassanue pasnena, Tembl Bun camocTositenpHOM pabOThI Cpokn | (5 o (dac.) CPEelCTBO obecnevenne .
BBIIIOJTHCHUSA CaMOCTOATCIIbHON
paboTHI
4 |DnemeHThl KBAHTOBOM MEXaHUKHU JIOMaIHei paboTsl C 9-11 Hen 12 3amura CEMUHAPCKUX
4 BsanMoeiicTBre aTOMa € JIEKTPOMArHUTHBIM |PELICHUEM 3a/1a4 110 TEMaM 12-13 Hex 12 7a00paTOpHBIX  |3aHATHUH,
1oJIeM ceMHHapa pabot METOAMYECKOE
4 DJeMeHTBl COBPEMEHHOM (PU3UKH aTOMOB U 14-15 ne 12 nocodue 1o
MOJICKYT A 1abopaTOpHBIM
4 DnemMeHThl (U3UKHU TBEPAOTO Tea 16 Hex 12 paboram
OO6muit 00beM caMOCTOATENbHOM PabOThl O TUCIUILTUHE (4ac) 75




4.3.Conep:xanue yueOHOro matepuana
BBEJIEHUE.
Onpenenennsi. Macmtadbl pa3MepoB, MAacC ¥ YHEPTUN B aTOMHOH (u3uke. POTOH.

PA3JIEJI 1. KBAHTOBAS ITPUPOJA U3JTYHEHUSA
Kinaccuueckassi kaptuHa MHpa ¥ HeOOXOAMMOCTh  BBeleHHS KBaHTOBBIX
npeacTaABJIEeHUI.
1.1. DmexrponHas Teopus JlopeHma.
1.2. IIpobnema paBHOBECHOTO 3JIEKTPOMATHUTHOTO M3ITyYEHUSI.
1.3. Poroadpdext. Ddpdext Komnrona. laBienue ceeta.
1.4. TopMo3HOE peHTTEHOBCKOE H3nydeHne. KBaHTOBBIH mpemen.
1.5. ®oron. I'unoreza nme bpoinst. Kopmyckynspro-BomHOBOH ayanmn3M. BomroBoit maker. CooTHOMmIEHUS
HEOIpeeNICHHOCTEH.

PA3JIEJI 2. TEOPUSI ATOMA BOJOPOJA 110 BOPY
Mojaean aTOMOB.
2.1.Atom TomcoHa.
2.2.0nwiTel Pezepdopna. [Inanerapuas Mmoaens aTroma.
2.3.Atom bopa. Moaenbs bopa u runoresa ae bporins. PenstuBucrckoe 06o0menne moaenu bopa.
2.4 DKCIIepUMEHTATFHOE JTIOKA3aTeIbCTBO JIUCKPETHON CTPYKTYpPhI aTOMHBIX YpPOBHEW. OTBITHI
®panka u ['epiia.
2.5.M30TONMYecKnii CIIBUT aTOMHBIX YpOBHEH. MIOOHHBIN aTOM BOJOPO/IA.

PA3AEJI 3. 9JIEMEHTBI KBAHTOBOM MEXAHUKH
OcHoBBI (popMaTH3Ma KBAHTOBOM MEXaHHUKH.
3.1. Hecranmonapuoe ypaBHenue [llpeaunarepa. PensituBrcTckoe BoTHOBOE ypaBHeHue. BonHoBast QyHKIHS
u ee GU3NIECKUIl CMBICI. YpaBHEHHE HENPEPHIBHOCTH. BEKTOp MIIOTHOCTH TOKA BEPOSITHOCTH.
3.2.0mpenenenne cpelHUX 3HAUEHUH M JAUCIIEPCHH HUMIYJIbCa M KOOPAMHATHl YacTUIbl. OmnepaTopsl.
CoOcTBeHHBIE 3HA4YeHHsI U COOCTBEHHBbIE (YHKIMH orepaTopa uMmiryibca. COOCTBEHHBIE 3HAYCHUS U
coOCTBeHHbIE (PYHKIMHU OIIEpaTOpa Z - MPOEKLUH MOMEHTA KOJINYECTBA JBIKEHHS.
3.3.Cranuonapuoe ypasaenue llpeguarepa. Kommyratop. MHOro4acTuyHas KBaHTOBas cucteMa. [[BmkeHune
BOJIHOBBIX TMakeToB. [IpenenbHBI mepexon K Kiaccudeckod MexaHuke. ONTHKO-MeXaHH4YecKas
aHaJIOTHSL.
Cranuonapuoe ypaBuenue LlIpeaunrepa. CnekTpbl NpocTedIInX 0JHOMEPHBIX CHCTEM.
3.4.CroOonHOE ABMKEHUE YacTHIIbl. YacTuiia B OECKOHEUHO TIyOOKOM NPSIMOYTOIbHON MOTSHIIMAIBHOM SIME.
Yacrtuma B IpsMOYTOIBHOHN IMMOTEHIIMATBHON SIME KOHEYHOH TITyOHHBI.
3.5.ABTORJIEKTpOHHAs 3MHUCCHs. SIBlIeHue ajbda - pacrnana aTOMHbBIX sjep. TyHHeIbHas HOHU3AI[Ms AaTOMOB B
OINTHYECKOM MoJie. TyHHeNbHbIN MUKpocKon. TyHHeNbHbIN 3 dekT: onTndeckas aHanorus. TyHHeTbHbIH
3¢ EKT 1 30HHAs CTPYKTYpPa CIEKTpa B HEPUOANIECKOM ITOTEHIIHAJIE.
3.6. 'apmonuueckuil ocummiarop. CranroHapHbie cocTossHuA. HecTanuoHapHble COCTOSIHUSL.
CranuoHapHbIe COCTOSIHUSA B LIEGHTPAJIbHO — CHMMETPUYHOM MOJIE.
3.7.00mas mocraHoBKa 3amadd. 3amada Kermepa. Ilepexon k kimaccuueckomy ommcanuto. [lonstue o
KBa3HKIIaccHYecKoM mpubmmkennn. Kanroseie ycnosust bopa u Bopa — 3ommepdenbna. OpoutanbHbiii
MEXaHWYECKUI 1 MarHUTHBIH MOMEHTHI SJIEKTPOHA.
3.8.OKcrepUMEHTANBHOE OTpeJIe/IeHNe aTOMHBIX MarHUTHBIX MOMEHTOB. COOCTBEHHBIH MEXaHWYECKUH M
MarHMTHBI MOMEHTHI 3JeKTpoHa. CrnuH. Clo)keHue HEB3aMMOAECHCTBYIOIIMX MOMEHTOB KOJMYECTBA
nBkeHns. CucTeMaTrka COCTOSTHIN aToMa BOAOPOIa.
IIpubaukennoe pemenue cranuoHapHoro ypasHeHusi Illpexunrepa. Teopus
BO3MYIIICHHH.
3.9.Cnydaii HeBBIpOXKIEHHOro crnekTpa. Ciydyail BBIpOKIEHHOTrO crekrpa. M3oronmueckoe cmerieHne
aTOMHBIX YPOBHEH, CBSI3aHHOE C KOHEYHBIM pPa3MEpOM siipa.
3.10.Tonkass CTpyKTypa CIEKTpa aToMa BOJIOpOAA. YUET PEISITHBHUCTCKON CBS3M UMITYyJIbCa W JHEPTHH
anexTpona. CrimH — OpOUTATEHOE B3aUMOICHCTBUE.

PA3JEJ 4. BBAUMOJENCTBUE ATOMA C DJEKTPOMATHUTHBIM IMOJEM



B3auMoaeiicTBMe KBAHTOBOM CHCTEMBI € 3JIEKTPOMArHUTHBIM IOJIEM.

1.1.00mas mocTaHOBKa 3a7aud. DJIEKTPUYECKOE TUIONBHOE NpulOimxkeHue. HecrarmonapHas Teopus
Bo3MyIeHui. BepositHoCcTh niepexona. [Ipasuna orbopa.

1.2. JIuneiHbIHA TapMOHUYECKHHA OCLIHJLIATOP.

1.3. llentpansHo-cuMMeTpruHOE 1oJie. CrIeKTpaIbHbBIC CEPUH aTOMa BOJOPOJIA.

1.4.CnexTpaibHble CEepUM ATOMOB IICJIOYHBIX METAUIOB. OJICKTPOMArHUTHBIC TIEPEXOAbl B
MHOT'O3JICKTPOHHBIX aTOMaXx.
KBanTOBOE 3/1eKTPOMarHuTHOE 110JI€ ¥ €r0 B3aUMOACHCTBHE C AaTOMOM.

1.5.DneKTpOMarHuTHOE TOJIe KaK KBAHTOBBIM OOBEKT. Kitaccmyeckoe 3JICKTPOMArHUTHOE IIOJIE B
KBaHTOBOW T€OPHHU.

1.6. B3anmoeiicTBUE aTOMHOW CHCTEMBI C KBAaHTOBBIM 3JIEKTPOMArHUTHBIM TioyieM. CIIOHTaHHBIC
MIEePEXO/IBI.

1.7. CrioHTaHHBIC TIEPEXOIbl U €CTECTBEHHAS ITUPUHA CTICKTpaIbHOM nuHuK. ®opmyina [Tnanka.

1.8.JIamOoBcKkuli cnBur aToMHBIX ypoBHeH. OmbiTel JIamM0a — Puszepdopna. KauecTBeHHBIN aHanms
J1MOOBCKOTO ¢BUTa. JISMOOBCKUIA CABHUT B CIICKTPE BOJIOPOIa M pa3Mep MPOTOHA.

PA3JIEJI 5. 3JIEMEHTHI COBPEMEHHOM ®U3UKNU ATOMOB Y MOJIEKY.JI
MHOro03/1eKTPOHHBbINA ATOM.

5.1.ToxnecTBeHHOCTh MHUKpoOYacTUll. HepaznuuumocTs MHUKpPOOOBEKTOB. b030HBI M (epMUOHBI
[Mpuauun Ilaynu. Makpockonnyeckue aHcamOIM MHUKpoYacThll. BapuanuoHHBIM MeToa.
[TpubnmxeHne caMoCcOTrIacOBaHHOTO MOJS. ATOMHBIE 000JIOUKH U MT0I000I0YKHU. DIEKTPOHHAS
KOH(urypanus. ATOMbI IIEJTOYHBIX METAJIIOB. ATOM relusl.

5.2. O6muMe TpUHLHUIIBI OMHCAHUS MHOTOXJIEKTPOHHBIX aTOMOB. 3alOJHEHHE aTOMHBIX 000JI0YeK
ANEKTpOHaMH. TepMbl MHOTO3JEKTPOHHBIX aTOMOB. ToHKkas cTpykrypa Tepma. COCTOSIHMSL.
[IpaBuno untepBanos Jlanae. [Ipubnuxenue LS - u jj -cBsizeil. OCHOBHBIE TEPMbI aTOMOB.
IIpaBuna Xynna. [IpaBuino untepBasioB Jlanae 1t CBEpXTOHKOM CTPYKTYPBI.

IIepexoabl BHYyTPEHHHX 3JIEKTPOHOB B aTOMAaX.

5.3. XapakTepuCTUUYECKOE PEHTTEHOBCKOE H3IydeHHe. TOHKas CTPYKTypa PEHTIC€HOBCKUX JUHHUHU. 3aKOH
Mosnu. ddext Oxe. CIIOMIHON PEHTTE€HOBCKUH CIIEKTP U PEHTI€HOBCKUI CIIEKTP MOTJIOLICHHUS.
ATtoM B anektpuyeckoM nose. dpdext Llrapka.

ATOM B MATHMTHOM I10JI€.
5.4.9¢dext 3eemana. Dpdexr Ilamena u baka. DneKTpOHHBINA MapaMarHUTHBINA pe3oHaHC. OMBITHI
[lItepna u I'epnaxa.
OcHOBBI (PM3MKH MOJIEKY.I.
5.5.Ammabarnyeckoe npubIrkeHne. MoeKy IspHbI HOH BoJopoaa. Mosekyia Bogopoaa. Teopus ["aiitiepa
— Jlounona. Hacelmenune xuMuuecknx cBsa3eil. BamenTHocTh. MeTox IUMHEHHON KOMOMHAIIMKM aTOMHBIX
opouraneii (JIKAO). KoBaneHTHast nossipHasi 1 HOHHAsS CBSI3H.
5.6.0OnemeHThl crepeoxuMud. OCHOBBI CHCTEMAaTHKH JJIEKTPOHHBIX COCTOSIHUH JBYXaTOMHBIX MOJICKYJI.
H,Z[epHaH mnmoacucTeMa MOJICKYJIbI. SJ'ICKTpOMaFHI/ITHBIe MEepexXoJbl B MOJICKYJIaX.

PA3AEJ 6. 9JIEMEHTBI ®U3UKHU TBEPAOI'O TEJIA
OcHOBBI (PM3UKH TBEPOIo TeJa.
6.1.Turmeb! cBs3u B TBepaoM Tese. DoHoHbl. OCHOBBI 30HHOH Teopuu. MeTainibl. [TomympoBoIHUKH.
JIMDIIEKTPUKHU.
6.2.D0TOPOBOANMOCTD TIOTYIIPOBOTHIKOB.
6.3.JlroMHHECIIEHIINS TBEPBIX TEIL.
6.4.KoHTaKT IBYX METAJJIOB 1O 30HHON TEOPHH.
6.5. TepMoaIeKTpHUUECKUE SIBICHUS U UX IPUMEHEHHE.
6.6.BeImpsiMiieHne Ha KOHTAKTe METAJLT - MOJYIPOBOAHUK (Ouod [llommku).
6.7.KOHTaKT 3J€KTPOHHOTO U ABIPOYHOTO MOIYIPOBOJIHUKOB (P-n-nepexoo).
6.8.ITomyrmpoBOTHUKOBBIE TUOIBI U TPUOIBI (TPAH3UCTOPHI)



4.3.1. IlepeyeHb CEMHHAPCKHUX, IPAKTUYECKHX 3aHATHI U 1a00PaTOPHBIX padoT

Ne paznena u Tembl

HaumenoBanue
CeMHUHAPOB,
NMPAKTHYECKUX U
J1a00paTOPHBIX
padoTt

Oobem
(uac.)

Bcero
JacoB

M3 nux
NPaKTH
yecKkas
MoJAroTo
BKa

OneHovHLIE
cpeacTBa

®opmupyeMble
KOMIIETeHII U
(MHIMKATOPBI)

2

3

5

6

7

BBenenue

OnpenencHus.
Macmra0sr
pa3MepoB, Macc U
SHEPruil B aTOMHOM
¢usnke. PoToH.

KouTponbHble
BOTIPOCHI.

OIIK-1
(UOK OIK 1.1.,
OIIK 1.2.)

1. KanroBas
MPUPOIA U3TYyUSHUS

Knaccuueckas
KapTHHA MHpPa U
HEOOX0JUMOCTE
BBEJICHUSA KBAHTOBBIX
MpEICTaBICHUH.
Tema 1.1 -1.5

JLp. U3yuenue
CepHATBbHBIX
3aKOHOMEPHOCTEN B
CIIEKTpe aToMa
BOJOpOZa

KonTtpomnsHbie
BOIIPOCHI.
KonTtponsHas
pabora.

OIIK-1
MK orK 1.1,
OIK 1.2.)

2. Teopus atoma
BoJopoza o bopy

Moeny aToMOB.
Tema 2.1 -2.5

JLp. OnbiT
Pesepdopna

KonTtpomnsHbie
BOIIPOCHI.
KonTtponsHas
pabora.
Pedepar

OIIK-1
MK orK 1.1,
OIK 1.2.)

3. DaeMeHTsl
KBaHTOBOI MEXaHUKH

OcHoBbI (hopman3Ma
KBaHTOBOM
MEXaHHKH.

Tema 3.1-3.3
CraunoHapHoe
ypaBHEHHE
[Ipeaunrepa.
CriekTpbl
MpOCTENIINX
OJTHOMEPHBIX CHUCTEM.
Tema 3.4-3.6
CraroHapHbIe
COCTOSIHHS B
HEHTPAIBHO —
CHMMETPHYHOM TIOJIE.
Tema 3.7-3.8
[TpubmkenHoe
pelieHue
CTaIHIOHAPHOTO
ypaBHEHHUsI
lpenunrepa.
Teopus
BO3MYILICHHU.

Tema 3.9-3.10

JL.p. KBanroBas
4acTHIA B
OJIHOMEPHOI1 iMe

10

KonTtpomnsHbie
BOTIPOCHI.
KouTponbHas
pabota.

OIIK-1
(UK OrK 1.1.,
OIIK 1.2.)




4.B3aumoeicTBue
aTtoma c
3JIEKTPOMAarHUTHBIM
MOJIEM

BsaumoneiicrBue
KBAaHTOBOM CHUCTEMBI
C DJICKTPOMAarHUTHBIM
ITOJIEM.

Tema 4.1 -4.4.
KBanToBoe
3JIEKTPOMarHUTHOE
0JIE U €r0
B3aUMOJICHCTBHUE C
aTOMOM.

Tema 4.5 -4.8

JL.p. U3yuenue
CIIEKTPOB aTOMOB
IMIEIOYHBIX METAJUIOB

10

KonTtponbHsie
BOIIPOCBHI.
TecTupoBaHue
Pedepar

OIIK-1
(MK OrK 1.1.,
OIIK 1.2.)

5. DneMeHTHI
COBPEMEHHOW (U3UKU
aTOMOB M MOJICKYJI

MHOT03J1eKTPOHHBII
aToM.
Tema 5.1 -5.2

KouTponbHble
BOTIPOCHI.
TecTupoBaHue

OIIK-1
(MK OrK 1.1.,
OIIK 1.2.)

Ilepexonnt
BHYTPEHHUX
3JICKTPOHOB B
aToMax.

Tema 5.3

ATOM B MarHUTHOM
oJe.

Tema 5.4. 10
OCHOBHI (hU3HUKH
MOJICKYII.

Tema 5.5-5.6

JLp. Onpenenenue
SHEpPTuu
JUCCOLUALUH
MOJIEKYJ] Hoza 1o
CHEKTPY MOTJIONCHHS

6. DnemeHTb GU3NKU
TBEPJIOTO Tela

OcHOBBI (hU3UKH
TBEPJIOTO TeIa.
Tema 6.1 -6.8
JLp. U3yuenue 10
CIEKTPAILHOTO
COCTaBa M3IyYCHUS
nazepa

BOITPOCHI.
Pedepar

KonTtpomnsHbie

OIIK-1
(MK oK 1.1,
OIlK 1.2.)

4.3.2. Ilepeuenn
CTyJIeHTaMH B PAMKaX CaMOCTOATEeIbHOI padoTnl (CPC)

TEM (BOl'[pOCOB), BBIHOCMMBIX Ha CaMOCTOATECJIbHOEC H3YyUYCHUE

Ne Tema 3aganue ®opmupyemast NAK
n/n KOMIIeTeHIUs
1 2 3 4 5
1 Beenenue N3yuenue HayyHOU U OIIK-1 NKomnk-1.1.,
CIICLIMATIbHOM JTUTEPATYPHI, NKork- 1.2.
2 KBantoBas IOATOTOBKA K 3aHATHUAM, OIIK-1 NJ1Komnk-1.1.,
npupoja peuenue 3anad, NJIKonk-1.2.
W3JIyYEHUsI BBINIOJIHEHUE 3aJaHUi 110
3 Teopust aroma TeMaM, BEIHECEHHBIM Ha OIlK-1 NJKomnk-1.1.,
BOoJI0poJia 1o bopy CaMOCTOSTEIIbHOC WJKomnx-1.2.
4 | DieMeHTHI H3y4cHHE, OIlK-1 NKonk-1.1.,
KBAHTOBOM KOHCIICKTUPOBAHUE N Kork- 1.2,




MEXaHUKH OTBETOB Ha KOHTPOJILHBIE

5 | B3aumopeticTBre BOIIPOCHL. OIIK-1 NJKomnk-1.1.,
aToma c NJIKork-1.2.
SJICKTPOMATHUTHBIM
oJIeM

6 | DiemeHThI OIIK-1 NKonk-1.1.,
COBPEMEHHOIM NJIKork-1.2.
(bU3KUKH aTOMOB U
MOJIEKYJT

7 | DneMeHTHI PU3UKU OIlK-1 NJKornk-1.1.,
TBEPJIOTO TEIIa NKornk- 1.2.

8 | Beenenue OIIK-1 N Konk-1.1.,

NIKork- 1.2.

4.4, MeToanuyecKue YKa3aHUs M0 OPraHU3aIlUN CAMOCTOSITE/IbHOI padoThl CTY/IEeHTOB

Llenp camocTOsATENbHOW PAOOTHI CTYAEHTa — OCMBICIEHHO U CaMOCTOSITENIbHO padoTaTh
CHauajga ¢ Y4YeOHBIM MaTepualoM, 3aTeéM C HaydyHoW uHdoOpManuen, 3aJ0XUTh OCHOBBI
CaMOOpraHu3alii U CAMOBOCIHUTAHUS C TeM, YTOOBI IPUBUTH YMEHHUE B JalbHEHIIEM HEMPEPHIBHO
MOBBIIIATH CBOIO IPOPECCHOHATBLHYIO KBATH(PHUKALIUIO.

B ydeGHOM mpoliecce BBIISISIOT IBa BUJIa CAMOCTOSITENILHOM paboThI:

- ayauTOpHAasT — CaMOCTOSITeNbHAas pabdoTa BBIIOJHAETCS HAa YYEOHBIX 3aHATUSAX IIOJ
HEMOCPEJACTBEHHBIM PYKOBOJICTBOM IMPEIOIaBaTENs U 110 €r0 33/1aHHUI0.

- BHeayautopHasi CP mog MeTognuecKuM pyKOBOJICTBOM M KOHTPOJIEM IIPETIOIaBaTelis, HO 0e3
€ro HEMOCPEACTBEHHOTO Y4YacTUsl MPU MOATOTOBKE K ayAUTOPHBIM 3aHATHUSAM, TEKYIIUM |
MIPOMEKYTOUHBIM (hOpMaM KOHTPOJIS.

Bunst CP o0yuaromuxcs:

MeTtoauueckue peKOMEHIalUU CTYAEHTaM IpPU MOJITOTOBKE K IMPAKTHMUECKOMY 3aHSATHIO Ha
OCHOBE M3YYEHHUS PEKOMEHJJOBAaHHOW Hay4yHOH M yueOHOH nuteparypbl. V3yueHue TUCHMITIIMHBI
clielyeT HauWHATh C MPOpabOTKM HACTOSIIEH paboyeil mporpaMMbl, 0c000€ BHUMAaHHE, YyEmss
LIEJISIM U 3a/1ayaM, CTPYKTYpE U COAEPKAHUIO TUCLHUIUIMHBL. I MOATOTOBKY K 3aHATUSAM, TEKYLIEMY
KOHTPOJIIO M TPOMEXKYTOYHOM aTTeCTallMM CTYAEHThl MOTYT BOCIOJB30BaThCs AJIEKTPOHHON
OUOINOTEKOM, OHU UMEIOT BO3MOXKHOCTh MOJIYYUTh JOCTYI K y4eOHO-METOJUUECKUM MaTepuanam
Kak OMOJIMOTEKH, TaK M MHBIX JEKTPOHHBIX OMOIMOTEUHBIX cHUCTeM. B cBOrO ouepenp, CTYJIEHTHI
MOTYT B3Th Ha JIOM HEOOXOIUMYIO JINTEpaTypy Ha aOOHEMEHTE BY30BCKOM OMOIMOTEKH, a Takke
BOCIIOJIb30BaThCSl YUTAJIbHBIMU 3aJIaMH BY3a.

IToaroroBka k Jexkunuu. KauecTBO OCBOECHHS AUCHMILIMHBI HANpPAMYK 3aBUCHUT OT TOTIO,
HACKOJIBKO CTY/IEHT CaMOCTOSITEIbHO (POPMHPYET YCTAHOBKY Ha IMOJY4YEHHE Ha JIEKIMSIX HOBBIX
3HAHUH, TOMOJIHAIOIIMX YK€ UMEIOLINECS 3HaHUS 10 JaHHON QUCHMILIMHE. Bpems, oTBeieHHOE Ha
MOATOTOBKY CTYAEHTOB IIPU JBYXYacOBOH JIEKIIMM 10 HOPMAaTHUBaM cocTaBiisgeT He meHee 0,2 yaca.

IToaroroBka K mNpaKkTHYecKOMY 3aHATHIO. [IpakTudeckoe 3aHATHE — OTO 3aHATHE,
MIPOBOAMMOE TOJI PYKOBOJACTBOM IIpernojaBareiiss B y4eOHOW ayAWTOpUM, HANpaBlIEHHOE Ha
yriyOJeHue Hay4YHO-TEOPETHMUYECKMX 3HAaHMW M OBJIQJICHHE ONPEACNCHHBIMH  METOAAMHU
CaMOCTOSITeNIbHOM paboThl. B mpoiecce Takux 3aHATHI BhIpaOATHIBAIOTCS MPAKTUYECKHE YMEHUS.
Ilepen mNpakTUYECKUM 3aHATHUEM CIEIYyEeT M3YYUThb KOHCHEKT JIEKIMM M PEKOMEHIOBAHHYIO
npernojaBaTesieM JUTepaTypy, oOpaliasi BHUMaHUE Ha MPAaKTHUYECKOe NMPUMEHEHHWE TEeOpUU U Ha
METOJMKY pELIEHUS THUIOBBIX 3ajady. Ha npakTM4ecKOM 3aHATHM IJIABHOE — YSCHUTH CBS3b
pelIaeMbIX 3a/1a4 ¢ TEOPETUUECKUMHU MOJIOKEHUSMHU.

Hanucanue pedepara. Hanucanue pedepaToB IOMKHO CHOCOOCTBOBATH 3aKPEIUICHUIO U
yrayOIeHHIO 3HaHUH, a TaKKe BRIPaOOTKE HABBIKOB CAMOCTOSITENIbHOTO MBIIIJICHHS M1 YMEHUS peliaTh
MIOCTaBJIEHHBIE TIepe/l CTYACHTOM 3aj1aun. CoJepaHue BBITOJHEHHON paboThl 1aeT BO3MOXKHOCTh
yIrayOuTh YpOBEHb 3HAHHS HM3y4yaeMoOW HpoOJIeMbl, MMOKa3aTh 3HAHWUE JIMTEPATypbl U CBEACHUH,
COOpaHHBIX CTYAECHTOM, BBIIOJHAIOMINM pedepaTuBHble padoThl. CylecTByeT orpeeneHHas



dopma, KOTOpOH JOIKEH NPUICPKUBATHCS CTYACHT, BBINOJHSIOMUN padotry. Pedepar momxeH
UMETh THUTYJBHBIM JIUCT, COJEp)KaHWE TEMbI, CIHCOK JHUTepaTypbl U ornaBieHue. Crucok
JUTEpaTyphl JOJDKEH BKIIOYATh, TJIABHBIM O0pa3oM, HOBEWIIME HCTOUYHUKHU: CTaTbH, YUCOHHKH,
Jpyrue TEepBOMCTOYHUKH MO mpobiemMaM JuciumuinHel. Ocoboe BHUMaHHUE —YIeNseTcs
NEPUOIMYECKO TIedyaTu, KoTopas OTpaxaeT HpoOieMaTHKy, 3aTpoHyTylo B pedepare. Ilpu
HamucaHUM paboThl 00s3aTeabHbl CCHUIKM Ha MCIOJNb3yeMble HCTOYHUKH, CTaTHCTUYECKUE
MaTepHalbl, YTO IpUIaeT paboTe OCHOBATEIbHOCTh, HAYYHYIO OpHeHTalu0. Pedepar numercs Ha
nucrax ¢opmara A4. O6veM pedepara HoKEeH ObITH HE MEHee 18 CTpaHMI] MEYaTHOTO TEKCTa
(pasmep mpudra 14 nmpu KOMIBIOTEPHOM HA0OpEe TEKCTa), W3 HUX 3 CTpaHHIBI — OGOPMIICHHE
pedepara (1 cTp. — TUTYIABHBIN JKCT, 2 CTP. — OIVIaBJICHUE WJIH IIJIaH, OCIEAHSs CTpaHuLa pedepara
— CITMCOK HCIIOJIb30BaHHOUM nmTepaTypsl). Pedepar maer BO3MOXKHOCTH HE TOJIBKO YOEIUTHCS B
YpOBHE 3HAHUH CTYAECHTOB MO U3y4aeMOMY IPEIMETY, HO U YCTAaHOBHUTb CKJIOHHOCTH CTYACHTOB K
HAYYHO-HMCCIIEI0BATENbCKON pabore. TlonoxkuTenbHOM OLEHKH 3a pedepar 3acimyXHBaeT CTYICHT,
MOJIHOCThIO  PACKPBIBIIMN BBIOPAaHHYIO TeMyY, OIMpaBIIMICS Ha HOBEHIIYIO JHTEpaTypy,
JEMOHCTPUPYIOIIMK 3HAHWE OCHOBHBIX TEPMUHOB W IOHSATHI, YMEHHME BBIAEIATH CYLIECTBEHHbIE
XapaKTePUCTUKHU CIEeUU(DUKHN MeJaroruueckoil IesTeNbHOCTH Mo (HOPMUPOBAHUIO KOM(OPTHON H
0e30macHoil 00pa3o0BaTENBHON CPEIBI.

KomnbioTepHasi mpe3eHTauusi MO TeMe — BHJ CaMOCTOSITENIbHON paboOThl CTYACHTA,
NpeIyCMaTpUBAIOIINK  YIOpSAAOYMBaHWE y4eOHOro Marepuaia B (QopMar BU3YalIbHOTO
opranuzatopa. OCHOBHBIC NPUHLHUIIBI MIPH COCTABJICHUU KOMITBIOTEPHOW MPE3EHTALUU: MPOCTOTa
COJIep’KaHus, JIOCTYHMHOCTb, IOHSATHOCTb COJEP)KaHUS, COOTBETCTBUE COJCPXKAHHUIO JIOKJIAJa,
yMEpEeHHO sipKoe ohOopMIICHHE, HATMSAHOCTh (pa3yMHOE HCHOJb30BaHuE sipkux 3¢dexron). He
snoynoTpebnsiite d¢pdexkramun annMmaruu. CTwib 0QOpPMIICHHS KOMIBIOTEPHOW MpPE3eHTAINH
(craii1oB) TOKEH OBITh €IMHBIM.

IloaroroBka kK MPOMeKYTOYHOMY KOHTPOJIIO IO JTUCHUILINHE (IK3aMeH)

DK3aMeH SBISETCS HEOThEMIIEMOM 4YacThi0 Y4eOHOTo mpolecca M NpU3BaH 3aKpenuTh U
YIOPSAOYUTh 3HAHUS CTYACHTA, MOJIyUEHHbIE Ha 3aHATHSIX U camocTosTelbHO. Crade sK3amMeHa
MpeauiecTByeT paboTa CTyAEHTa Ha JIEKIIMOHHBIX, MPAKTHUYECKUX 3aHATHSIX M CaMOCTOSITeNbHAs
pabota no uzydenuto npeamera. OTCYTCTBUE CTYAEHTA Ha 3aHATUAX 0€3 YBaXXUTEIbHON NPUYHUHBI U
HEBBINIOJHEHUE 3aJJaHUH CaMOCTOSITEIbHOM pabOThl SBISAETCS OCHOBAaHUEM [UIl HEIAOMYLICHHUS
CTYJEHTa K cJjaue dK3aMeHa. [ '0TOBUTbCS K SK3aMEHY HEOOXOAMMO MOCIEI0BaTENbHO, C YUETOM
IIPUMEPHBIX BOIIPOCOB, COEpKaLUXCA B TporpaMMe. CHaydasa cielyeT ONpeAeIuTb MECTO KaX 100
KOHTPOJIBHOI'O BOINPOCAa B COOTBETCTBYIOIIEM pa3jieie TeMbl Y4eOHOHl MporpaMMbl, a 3aTeM
BHUMATEJIbHO NPOYUTATh U OCMBICIMTH PEKOMEH/IOBaHHYIO Y4eOHYIO M HAy4dHYIO JIUTEpaTypy.
Paboty Hag TEMON MOKHO CUMTATh 3aBEPLICHHOMN, €CIIU Bbl CMOKETE OTBETUThH HA BCE KOHTPOJIbHBIE
BOIIPOCHI U AATh ONPEEIICHNE TIOHATUI 110 N3y4aeMOH TEME.

CamocrosiTesibHasi paboTa MOMOraeT CTyAeHTaM:

1) OBaageTb 3HAHUSIMM:

- yTeHHe TeKcTa (yueOHMKa, IepBOUCTOUYHUKA, TOTIOJIHUTEIBHON JIUTEPaTyphl U T.11.);

- COCTaBJIeHHME TIUlaHa TeKcTa, rpaduyeckoe HU300pakeHHe CTPYKTYphl — TEKCTa,
KOHCIIEKTUPOBAHUE TEKCTa, BHIMUCKU U3 TEKCTAa U T.1.;

- paboTa co cipaBOYHUKAMH U APYrod CIpaBOYHOH JINTEPATYpOi;

- 03HaKOMJICHHE C HOPMAaTUBHBIMH U IPABOBBIMH JIOKYMEHTAMU;

- yueOHO — MEeTOINYECKast U Hay4HO-HCCIIe0BaTeNIbCKask padboTa;

- UCIIOJIb30BaHNE KOMIIBIOTEPHON TEXHUKH, IHTepHETa U 1Ip.;

2) 3akpenysiTh U CHCTEMATH3HPOBATH 3HAHUS .

- paboTa ¢ KOHCIIEKTOM JICKITUH;

- o0paboTka TekcTa, IMOBTOpHas paboTa HaX Y4eOHBIM MaTepualoM Yy4ueOHHKa,
MIEPBOUCTOYHHUKA, JOMOJIHUTEIBHOM JINTEPATYPhI, ayAUO U BUIE€03aIUCEN;

- IOATOTOBKA IJIaHa;

- COCTaBJIeHHE TaOJIUI] ISl cCUCTeMaTU3allui y4eOHOro MaTepuana;

- IOATOTOBKA OTBETOB Ha KOHTPOJIbHBIE BOIIPOCHI;



- 3arM0JHEeHNe pabodeil TeTpau;

- aHaNIMTHYEeCKast 00paboTKa TEKCTa;

- TOATOTOBKA MYJIbTUMEIWA NPE3CHTAlMd W JOKJIAJ0B K BBICTYIUICHHIO Ha CEMHHAape
(koH(epeHIInH, KPYTIIOM CTOJIE | T.I1.);

- MIOATOTOBKA pedepara;

- cocraBiieHHue OnbIMorpaduu UCIOJIb30BaHHBIX UCTOYHUKOB;

- TECTUPOBAHUE H JIP.;

3) ®opMupoBaTHL YMEHMSI:

- peleHHe CUTYallMOHHBIX 33a[a4 ¥ YIpaXKHEHUI 1o oOpasiy;

- BBITIOJTHEHUE pacueToB (TpaduuecKkue U pacyeTHbIC padoThl);

- MIOATOTOBKA K KOHTPOJILHBIM paboTam;

- MOJITOTOBKA K TECTHPOBAHUIO;

- OTBITHO-3KCIIEPUMEHTaNIbHAs paboTa;

4.5. lIpumepHasi TeMAaTHKAa KyPCOBbIX Pa0do0T (IPOEKTOB)

BrimonHeHne KypcoBbIX paboT He npedycMompeHo yueOHbiM NIAHOM

V. YYEBHO-METOAUYECKOE U TH®OPMALIMOHHOE OBECIIEYHEHHUE
JUCHUIIJIMHBI (MOAYJIS)
@) nepeueHs Tumepamypol
OCHOBHAA Tumepamypa:

1. CuByxun JI.B. O0umii kypc pusuku [I1eKTpoHHBIN pecype] : yueOHoe mocodue. B
5 1. T.V. AtoMHas u sigepHast puszuka — 3-¢ uza. crep. / . B. CuByxuH. - Mocksa :
OU3MATIINT, 2008. - 784 c. - Pexxum nocryna: 9bC "Aidykc". - Heorpanuu. nocrym. - ISBN
978-5-9221-0645-0

CuByxun J.B. O6umwuit kypc ¢usuku. B 5 1. T.V. Atomnas u snepuas ¢usuka / [I. B.
CuByxwuH. - 3-¢ uzg. crep.- M. : @usmarnut, 2008. - 784 c.

2. AtomHas (pusuka [DnexTpoHHbIH pecypc]: yuebnuk / 3. B. llnonsckuii. - CIIO. : Jlans,
2010. - Pexum pnocryma: http://e.lanbook.com/books/element.php?pll_cid=25&pll_id=442. -
Pexum noctyna: 9bC "UznatensctBo "Jlanw". - Heorpanuu. goctym. - ISBN 978-5-8114-1004-0. -
ISBN RU20070172(ommm60uHbI#).

MInoasckuii J.B. Atomuas ¢usuka. T.1: Beenenue B atomHyto ¢pusmky: ydeOHuk /. 3. B.
[monbckwii. - CII6. : Jlanb, 2010. - 557 ¢. : un. ; 22 cM. - bubnuorp. B cHockax. - ISBN 978-5-8114-
1005-7 (15 2k3.)

3. Aymytun H.K. ©Ouszuka. ®usnka aToMHBIX sBieHHA: yued. mocodue / H.K. dymyrun. —
Wpkyrck: U3a-so UT'Y, 2007. — 156 ¢.(30 3k3.)

4. Upopnos U.E. 3anauu no oOmieit ¢pusuke [DnekTpoHHBIN pecypc] : yueb. mocodue / U. E.
Hponos = Exercises in general physics. - Mocksa : Jlaub, 2009. - 416 c. : un. - (Knaccuueckas
yueOHast nmuteparypa no ¢usuke) (Kmaccuueckue 3agauHuku U MpakTUKyMbl. Dusnka). - Pexum
nocrymna: ObC "U3natensctBo "Jlanp". - Heorpanuu. goctym. - ISBN 978-5-8114-0319-6 : b. 1.

5. AtomHas ¢pusuka: JadopaTopHbIl NpakTHKYM. Yueb. nocobue / coct. JI.U. lllenuHna,
B.B. Uymak, B.B. JIeizranos. — Upkyrck: U3a-Bo UT'Y, 2017. — 136 c. ISBN 978-5-9624-1486-7 (30
9K3.)

00nOJIHUMEIbHAA TUmepPamypa:

1. dymyrun H.K. ®uzuka. ®usnka aToMHBIX aBlIeHUH : yuel. nmocooue / H. K. lymrytun, B.
M. Kanmuxwman, FO. H. Ilepenses ; CuOupckuii uH-T TipaBa, 3K0H. u ymp. - Upkyrck : U3a-Bo
CHUIIDY, 2007. - 219 c. ; 21 cm. - bubmuorp.: c. 219. - ISBN 978-5-9769-0009-7 (285k3.)

2.  Tpodumona T. . Kypc ¢pusuku: yued. mocodbue st By30B / M.: U3narenbckuii ieHTp
«Axkagemus», 2006. — 560 c.




3.  EabsameBu4 M.A. AToMHas 1 MoJieKyJsipHasi ciekrpockonus / M.A. EnpsieBuy.- 2-¢ uz.
— M. : Dauropuan, YPCC, 2010. -894 c.

0) nepuoouueckue uzoanus M %f’ s c f///

- HeT.

6) CRUCOK A8MOPCKUX MEMOOUYECKUX PA3PADOMOK

B cucreme oopaszoBarensroro mopraisa UI'Y (http://educa.isu.ru/) pasmeineHsl METOUUECKUE
MaTepuaibl ¥ 3aJaHus 110 TaHHOMY KypCy

2) 6azvl OaHHbBIX, UHPOPMAYUOHHO-CRPABOYUHDLE U HOUCKOBBLE CUCHIEMbL

1) Hb UT'Y http://library.isu.ru/ru

2) DU3 «bubanoTex» https://isu.bibliotech.ru/

3) BBC UznarensctBo «Jlanpy http://e.lanbook.com/

4) OBC «PykonT» http://rucont.ru - mexxorpacieBast HaydHas OMOIHMOTEKa, COIEpIKAIas
onn(ppoBaHHBIC KHUTH, IEPUOTUICCKIE U3TAHUS U OT/ICTbHBIC CTATHH 110 BCEM OTPACIISIM 3HAHUU, a
TakXe ayJauo-, BUAEO-, MyJIbTUMeua cCOPT U MHOTOE JAPYTOE;

5) OBC «Aiibyke» http://ibooks.ru - - uaTepHET pecypchl B CBOOOIHOM JOCTYIIE.

VI.MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE JUCHHUIIJINHBI
MOAVYJIA)

6.1. YueOHo-1a00paTopHOE 060py/10BaHuUeE:

UreHne NEKIUN COMPOBOKAACTCS JEMOHCTPAICH HHPOPMAIUH, JIJIS 9eT0 HCIIOJIb30BAThCS
MYJIbTUMEANIHBIE CPECTBA: IEPEHOCHOW MPOEKTOP, IEPEHOCHOM 3KpaH, HOYTOYK. Mcnons3oBanue
rJ100aJbHOM KOMIIBIOTEPHOM CETH IO03BOJISIET O0ECHeYnTh JOCTYNHOCTh HHTepHeT-pecypcoB u
pealin30BaTh CaMOCTOATEIbHYIO pPa0OTy CTYIEHTOB, B XO0JI€ KOTOPOHl OHHM MOTYT BBIYUTHIBATH
Hay4YHBIC CTAThU MO TeMaM Kypca. Ha dakynbreTe MMeeTcs KOMIBIOTEPU3UPOBAHHAS AYIUTOPHUS,
MpeHa3HauYeHHAas 715l CAMOCTOATENIbHOM paboThl, C HEOTPAaHUYEHHBIM NOCTyrIoM B IHTEpHET.

JIabopaTopHBI MPAaKTUKYM TI0O KAHTOBOM ONTHKE W ATOMHOH (U3MKE paCIOOXKeH B
crenuanbHOl yueOHoM jaboparopun ¢akynbrera. MMeroTcs KOMMBIOTEPH s 00pabOTKU
IKCIIEPUMEHTAIBLHBIX JIAHHBIX U MOJICJIBHBIX paboT. JlabopaTopHbie padoThl 10 KypCy IPOBOISTCS
B CIEIUATM3UPOBAHHOM J1a00paTOpuu.

6.2. IlporpammHoe obecnieyeHue:

CranmapTHbIe CepBHCHI TIIOOaNbHON ceTn MHTEpHET, cTaHAapTHBIE CPENCTBA MPOCMOTPA
MPE3eHTAIMI U HaAyYHBIX IMyOJIUKAIMHA B 3JIEKTPOHHOM BHJIE, UCIIOIB3YIOTCS CTaHJapTHBIE CPE/ICTBA
Windows u MS Office:

1. ABBY PDF Transformer 3.0 ITaket u3 10 Henmennbix nunen3uit Per Seat (10mmi.)
EDU. Kox no3unmn: AT30-1S1P10-102 Kotuposka Ne 03-165-11 ot 23.11.2011. Beccpousro.

2. Microsoft OfficeProPlus 2013 RUS OLP NL Acdmc. Koutpakt Ne 03-013-14 ot
08.10.2014.Homep Jlunenzun Microsoft 45936786. beccpouno.

3. WinProl0 Rus Upgrd OLP NL Acdmc. Cy6nunensuonnsiii gorosop Ne 502 ot

03.03.2017 Cuet Ne ®P3- 0003367 ot 03.03.2017 Akt Ne 4496 ot 03.03.2017 Jlunensust Ne

68203568. beccpouHo.

4. Kaspersky Free (exeronno oonosnsiemoe I10). YcnoBus ucnonb30BaHust O CChUIKE:
http://www.kaspersky.ru/free-antivirus/. beccpouno.

6.3. Texuuuyeckue U 31eKTPOHHbIE CPeACTBA:

MynpTUMEAUHHBIN TPOEKTOP, dKpaH (110 HEOOXOAMMOCTH ), MEJIOBas WM MapKepHas 1ocka. B
X07le y4eOHOTo Tmpoliecca HCIONb3YIOTCS TEXHHUUECKHE CpEeICTBAa OOy4YeHMsS W KOHTPOJS 3HAHWUU
CTYICHTOB (TIpE€3€HTallM{, KOHTPOJMPYIOUIUX MPOrpaMM, JAEMOHCTPALMOHHBIX YCTaHOBOK),
HCII0JIb30BaHUE KOTOPBIX MPEAYCMOTPEHO METOINYECKON KOHLIENIUEN MTPENOIaBaHusl.

VI1.OBPA3OBATEJIBHBIE TEXHOJIOTI'NU


http://educa.isu.ru/
http://library.isu.ru/ru
https://isu.bibliotech.ru/
http://e.lanbook.com/
http://rucont.ru/
http://ibooks.ru/
http://www.kaspersky.ru/free-antivirus/

3amaun W3NOKEHUS W W3yYCHHS JAUCHUIUIMHBI PEAM3yIOTCS B CIEIyRImuX (opmax
JIeSITEILHOCTH .

JIEKIMU, HAIICJICHHBIE HA MTOJIy4eHHEe He00X0IMMOM HH(POPMAITUH, U €€ UCITOJIb30BAHNE
MpY PEUICHUH MPAKTUYECKUX 3a/1a4;

NPAaKTHYECKHEe 3aHATHS, HANpPABICHHbIE HAa AKTUBHU3ALMI I103HABATEIbHON
NEATEILHOCTH CTYJICHTOB W TPHUOOPETCHHS MMM HABBIKOB PEIICHHS] TMPAKTHUYCCKUX |
MPOOJIEMHBIX 33]1a4;

JabopatopHble PpadoOThbl, HaIpaBJICHHbIE Ha AaKTUBU3ALMIO T[O3HABATEIHHOM
NESATEIbHOCTH CTYACHTOB W TIPUOOPETEHUS WMHU HABBIKOB pPEIICHUS TMPAKTHUYECKUX U
poOJIEMHBIX 3a/1a4;

KOHCYJIbTAUMM — €KEHEAEIBHO JJISI BCEX KETAOIIMX CTYJECHTOB;

CaMOCTOsITe/IbHASI BHeAYIUTOPHAsi paboTa HarpasjcHa Ha MPUOOPETEHUE HABBIKOB
CaMOCTOSITEJIbHOTO PEIMIEHU 3aa4 110 IUCIUILIMHE;

TeKYIIH KOHTPOJIb 32 JACSTEIbHOCTBIO CTYICHTOB OCYIIECTBIISACTCS Ha JICKIIMOHHBIX
Y MPAKTUYECKUX 3aHATUSAX B XOJE€ CAMOCTOSITEILHOIO PEIICHUS 3a/1a4, B TOM YHCIIE Y JOCKH.
Ha nexknusx wucnonb3yroTcs aKTUBHBIE METOAbl OOyueHHUs (KOMIBIOTEPHBIX CHUMYISLUH,

pa30op KOHKpETHBIX cuTyarui). [IpakThyeckue 3aHATHS TPOBOAITCS B WHTEPAKTHBHOU (opme.
Jlaboparopubie paboThI MPOBOAATCS € Ucmosb3oBanueM [19BM ¢ nocneayromieit 3amuToi.

HaumeHoBaHue TeM 3aHATHH ¢ YKa3aHHeM (popM/ MeTOA0B/ TEXHOJIOTHI 00YYCHHS

Ne Buj 3ansitus ®opmbl / MeTopl/ TEXHOJIOTHH KoanuecTBo
n/n 4acoB

1 2 3 4

1 | Jlekuus BBoanas nekuus, nHGpoOpMamoHHas 60

JICKIHSL, JICKIHS C JICMEHTaMH
TUCKYCCHH, UHTCPAKTUBHAS JICKIIUS
(ytexrus quanor), “HGpopMaluoHHas
JIEKIHSI C DJIEMEHTaMH 00paTHOM CBS3H.

2 [IpakTnueckoe 3anaTue 3aHATHE — pEILICHNE 3a]a4, BBICTYIUICHHE 60
C IOKJIaI0M II0 TEME, OIpPOC,
MMACbMEHHBIA TEKYIIUN KOHTPOJIb,
co0eceoBaHne, KOJJIOKBUYM.

3 JIaGopatopHble paboThI 3aHATHS IPOBOJATCS B 20
IKCIIEpUMEHTAIbHON JJabopaTopuy Ha
1a00paTOPHBIX YCTAaHOBKAX, C
MOCTIeIYFOIIUM HAITUCAHUEM OTYEeTa T10
1a00paTOpHOIl paboTe U ero 3almTe.

HToro yacos: 140

VIII.OHEHOYHBIE MATEPHUAJIBI U151 TEKYIIEI'O KOHTPOJIS 1
MMPOMEXYTOYHOM ATTECTAIIIA

OueHoYHBbIE CpPeCTBA AJ BXOJHOI0 KOHTPOJISA (MOTYT ObITh B BU/IE TECTOB C 3aKPBITHIMU
WM OTKPBITBIMH BOIIPOCAMH).

OuneHoYHBIE CPeICTBA TEKYIEro KOHTPOJIS

Texkylmuii KOHTPOJIb OCYIIECTBISIETCS B YCTHOM M MUCBMEHHOM (opMe MpH BBHIOIHEHUU
CTYJEHTaMU y4eOHBIX 3a/laHui - pellIeHUH 3a/1a4 U BBIMOJIHEHUH KOHTPOJIbHBIX pabOT WIIM TECTOBBIX
3aJJaHU{, BBIOJHEHMHM U 3aIIMTe JIAOOPATOPHBIX pabOT, BBICTYIUICHMM C JOKJIaJaMHu I10
MIpeIJIOKEHHBIM TEMaM Ha MPOTSHKEHUU BCero Kypca. TeKyIuii KOHTPOJIb HallpaBJIeH Ha BbISIBICHHE
copmupoBanHoctu komnereHiun OIIK-1. ITo pe3ynbTaram TEKyIIEro KOHTPOJIS BBICTAaBIISIOTCS
OLIEHKH MO MATHOA/IBHOM IlKalie, 3aHOCATCS B JKypHal M HCHOJB3YIOTCS KaK JOMOJHUTEIbHAs



nH(OpMAaIIUS IPH ATTECTAIUU CTYJACHTOB B CEPEIMHE CEMECTPA U MOTYICHUU CTYJEHTOM JOMYyCKa K
IK3aMEHY.

[IpenonaBarens 3a1aéT CTyEHTaM 3aJauul JJsl BHEAYIUTOPHOH CAMOCTOSITEILHON paboTHl,
1oI00HBIE Pa300paHHBIM B JICKIIMOHHOM KYpCE€ M KOHTPOJIHMPYET YCIEHNIHOCTh CAMOCTOSITEIHLHOTO
pElIeHUs CTyIEHTAMHU JITHX 33Ja4 (KaKk MUHUMYM, MPOBEPsis BCIAYX MPABHIBHOCTH IMOTYYCHHBIX
OTBETOB).

B pamkax maGopaTOpHBIX pabOT HMMEIOTCS KOHTPOJIBHBIE BONPOCHI M YIIPAKHCHHS B
COOTBETCTBYIOIIMX METOJMYCCKHX MaTepHaiax K KaxJou padoTe.

OneHOYHBIE CPEICTBA /IJISl IPOMEKYTOYHOM aTTeCTAUH

IIpoMeskyTOoUHasi aTTeCTAlMA HAPABJICHA HA TPOBEPKY CHOPMUPOBAHHOCTH KOMITETCHIIUU
OIIK-1 u npoBoautcs B popMe KOHTPOJIBHBIX pabOT, TECTUPOBAHMS WM KOJUIOKBHYMa IO paHee
M3YYEHHBIM TEMaM, a TAKXK€ 3alUT BBIIOJIHEHHBIX Ja00paTOpHBIX padoT. OueHKa BBICTABISAETCS 110
MATUOAIILHON CHUCTEME.

MaTepna.m,l IJIAA TIPOBEACHUSA TCKYIECT0 U MPOMEKYTOYHOT0 KOHTPOJIA 3HAHUH CTYACHTOB:

Ne Bua xonTposs KouTposmpyembie KouTtpoJsmpyemsie
TeMbl (pa3aeJibl) KOMIIeTeHI[ UM/
HH/INKATOPBI

1 2 3 4

1 Tekymnii KOHTPOJIb Bce Tembl OIIK-1 HJ/[KOIIK-1.1

2 Otuér no naboparopHoii pabote Tewmbl 2-6 OIIK-1/1JIKOIIK-1.2

3 [TpomMexxyTouHast aTTecTaus Bce Tembr OIIK-1/ UJ[KOIK-1.1
HJIKOIK-1.2

4 DKk3amMeH Bce Tembr OIIK-1/ HJ[KOIK-1.1
HJIKOIK-1.2

Jns nposepku chopmupoBaHHocTH komnereHun OITK-1:
IIpumep TecTOBLIX 3aaHUI
1. Ha rpaduke mpuBeneHa 3aBHCUMOCTD
UCIYCKaTeNIbHOW CIIOCOOHOCTH abCOJIIOTHO
4€pHOro Teia OT JUIMHBI BOJIHBI JUISL JBYX
pasnuyHbIX Temmeparyp. Omnpenenure u3 47
rpaduka otHomeHue temmeparyp T1/ Ta. 3T |
a)0,5 6)1,23 81,33 130 10,75 27 | T,
1/ /N
- I Il »
T A0
2. BonnoBas ¢pyHKIMS Wi QYHKIMS COCTOSIHUS Ja€T BO3MOXKHOCTb ... .
a) MpeJjicKa3aTh, KaKue 3Ha4eHUsI BCEX U3MEepsIeMbIX BEJIMYMH OyIyT HaOI01aThCs Ha
OTIBITE U C KAKOW BEPOATHOCTHIO
0) onucaTh 3aKOH JIBM)KCHHS YaCTUIIBI
B) MOJIY4YUTh UH(OPMAIMIO O 3HAUEHUH KOOPAWHAT U UMITYJIbCA YACTUILIBI
T') MOJIY4YUTh UH(GOPMALIMIO O 3HAUEHUU YHEPTUH U UHTEpBaJie BPEMEHHU, B TEUECHUE
KOTOPOTO YacTHIa UMEET ATY SHEPTHIO
1) OnHcaTh 3aKOHBI TEPMOIMHAMUKH
3. Yemy paBHa AuHa BOJIHBI e Bpoiins 1u1st yacTuisl, 00J1aAa0e UMIyIbcoM

3,3-10 *xe-mlc
a) 100 mm 6) 20 um B) 0,2nm r) 0,1 om n) 0,2 um

r(d,T,10" B/’

F




10.

CucreMbl U3 KaKUX KBAaHTOBBIX YACTHI] OMUCHIBAIOTCS (PYHKIIMEH
pacnpenenenns @epmu-/upaka.

a) CucTeMbl U3 4acTUll C MOITYLENIBIM CIIMHOM
6) CucreMbl U3 YaCTHI] C LIEJIbIM CTUHOM
B) CHCTEMBI U3 YaCTHUII C HYJIEBBIM CIIMHOM
r) CucTeMbl U3 YacTHl], IPAKTUYECKU HE B3aUMOJICHCTBYIOIINX MEXKIY CO00it
1) CucteMbl U3 YaCTHUI] OYEHb BHICOKUX YHEPTUi

KakoB xapakTep TemrnepaTypHOU 3aBUCUMOCTH 3JIEKTPOIIPOBOJHOCTH

METAJJIOB O, U IOJYIIPOBOJHUKOB O

n

M -I- ' ~n 2kT
0) o, ~1/T, o, ~ nesasucumomT
—-AE
B) O, He 3agucumomT, o, ~exp——
' 2kT

ryo, ~1T, o, ~T
no, ~T,0, ~T?

Uro Takoe ypoBeHb Depmu?

a) MaKCUMaJlbHasi SHEPTHsl IEKTPOHOB B KPUCTAJLIE

0) cpelHsisg SHEPTUs 3JIEKTPOHOB B KPUCTAILIE

B) MaKCHMAaJIbHAs SHEPIUs IEKTPOHOB B KpucTamwie mpu 0°K

I') MUHUMaJIbHasi SHEPTUs AJIEKTPOHOB B KpUCTAILIE

Ha puc. u300paxkeHbl cTanuOHapHblE OPOUTEHI
aTomMa BOJOpOJA COrjJacHO Mojend bopa, a Takke
YCIOBHO M300pa)kKeHbl MEPexXoJbl 3JIEKTPOHA C OJHOM
CTallMOHAPHON OpOUTHI HA JIPYTyI0, CONPOBOXKAAIOIINECS
U3Iy4eHHeM KBaHTa 3Hepruu. B ynbTpaduoneroBoit
o0yacTu cekTpa 3TU Iepexo/ sl JatoT ceputo Jlaiimana, B
BUAMMOI1 - banbMmepa, B nH(ppakpacHoii - ceputo [lamena.
Haubonpmieit wactore kBaHTa B cepuu banbmepa
COOTBETCTBYET MEPEXOL. ..

an=4—-m=3 6)n=5—-m=1
B)N=5—->m=2 rnn=3-m=2.
CBsi3b B KYIIEPOBCKOH TIape B CBEPXITPOBOIHUKE 00ECIICUHNBAIOT:
a) GoToHBI; 0) MarHoHsl, B) (OHOHBI; T') 9KCUTOHBL;

[TonynpoBOIHUK B BHI€ TOHKOM miacTuHbl BeicoTol d = 1 cM u mmnoit | = 10
CM IIOMEILEH B OJHOPOAHOE MAarHuTHoe noje ¢ mHaykuuen B = 0,2 Tn. Bekrtop
MAarHuTHOM MHAYKIMY NEPIICHIUKYISPEH TUIOCKOCTH IIIaCTUHBI. K KOHIIaM IJ1aCTUHBI
Baoib | mpunoxkeno nocrosiaoe Hanpsbkenne U = 300 B. Onpenenuts XOUIOBCKYHO

Pa3HOCTh TMOTEHIMAJIOB, €CJIM MOCTOsIHHAs XoJuia RX = 0,1 m/Kn, a ynemsHOE

conpotusienue p = 0,5 Om-m.
a) UX= 54B 0) UX: 12B B) UX= 8,6 B r) UX: 35B

Kakoli M3 mnpuBeNEeHHBIX HUXKE Tpa@UKOB ONMCHIBAET paclpeeieHue
IUIOTHOCTH BEPOSATHOCTH OOHApPYXKEHHS 4YacTUIbl B MOTEHIHAIbHONH sMe JUIs
OCHOBHOTO COCTOSIHHSA?



a) o) B)

Jlemoncmpayuonnulii eapuanm KOHmMpoavHou padomor Nel

1. I[Tomocts 06beMoM V = 1 11 3amoJIHEHA TEIUIOBBIM H3NIy4eHHEeM rpu TemmepaTtype T = 1000
K. Haiitu renmoemxkocts CV.

2. meetcst BakyyMHBIN (POTORIEMEHT, OJIUH U3 JEKTPOIOB KOTOPOTO IIE3UEBBIN, IPYyroi —
MeAHbld. OmnpenenuTh MaKCUMAaJbHYI0 CKOPOCTh (POTORJIEKTPOHOB, MOMJIETAIONIMX K METHOMY
ANEKTPOAY, NMPU OCBEUICHUH LIE3UEBOTO 3JIEKTPOAA IEKTPOMArHUTHBIM H3JIy4YEHUEM C JUIMHON
BOJIHBI 0,22 MKM, €CJIM AJIEKTPO/IbI 3AMKHYTh CHAPYKU HAKOPOTKO.

3. ®oton ¢ ummmynscom p = 1,02 M»sB/c, rae ¢ — CKOpOCTh CBeTa, paccesuics Ha
MTOKOMBIIEMCSI CBOOOTHOM 3JIEKTPOHE, B pe3yybTare 4yero uMmnyinsc Gotona cran p' = 0,255 M»aB/c.
[Tox kakum yriiom paccesuicst GoTon?

4. IIpotoH ¢ kuHeTnueckoi sHepruerd T = 10 M»B nponeraer Ha paccrosaun b = 10 M ot
CcBOOO/IHOTO MTOKOMBILIETOCs 31eKTpoHa. HailT sHEpruto, KOTOPYIO MOIYYHUT 3JIEKTPOH, CUUTAs, YTO
TPAeKTOpUSl MPOTOHA MPSMOJIMHEHHAs M 3a BpeMsl MPOJeTa AJIEKTPOH OCTAETCA MPaKTHUUECKU
HETIOIBUYKHBIM.

5. IlokouBmwmiics atoM BOJOPOJia UCHYCTUI (POTOH, COOTBETCTBYIOIIUN T'OJOBHOW JIMHUU
cepun Jlaiimana. Kakyio ckopocTs mproOpesn arom?

Jemoncmpayuonnuiii éapuanm mecma Nel

1. Dddexr Komnrona 3akimodaercs B

1) B3auMOEHCTBHE O 3JICKTPOMArHUTHOTO M3JIyYCHHUS C BEIIECTBOM, B pE3yJIbTaTe KOTOPOTO
sHeprus (OTOHOB IEepeAETCs TEKTPOHAM BEILECTBA.

2) pacluerieHUe JIMHUNA aTOMHBIX CIICKTPOB B MAarHUTHOM TOJIE.

3) paccesHMe  JIEKTPOMAarHUTHOIO  W3JIY4YeHHs  HAa  CBOOOJHOM  BIIEKTPOHE,
COIIPOBOXAAOIIEECS YMEHBILIEHUEM YaCTOThI U3JIy4EeHHUS

4) sMHUCCHS DIICKTPOHA U3 aTOMa, MPOUCXOJSIIas B pe3ylbTaTe Oe3bI3IydarelibHOTO
nepexo/ia Npyu HaJIMYMU B aTOME BaKaHCHUU HA BHYTPEHHEH 3JI€KTPOHHOM 000JI0UKeE.

2. B monenan aroma ToMmcoHa:

1) 2JIEKTPOH CUMTAETCS HENOIBUKHBIM;

2) NOJ0XKUTEIBHO 3apsKEHHAsl 4YaCcTh aTOMa CYMTACTCS HEMOBI)KHOM, TaK KaK 3HAYUTEIbHO
TSKEJee DIIEKTPOHA;

3) pa3Mep MOJOXKUTEIbHO 3apsDKEHHOTO «IIyJUHra» 3HAUYUTENBHO OOJbIle pazMepa
AJEKTPOHA;

4) 5NeKTpPOHBl HAXOJATCA Ha IOBEPXHOCTU TOJOXKUTENBHO 3apsKEHHOIO  OO0JIBIIOro
«IyIUHTa», IPUTATUBASICH UM;

5) DIEKTPOHBI HAXOAATCA BHYTPU TIOJOKUTENBHO 3apsDKEHHOTO <«IIyJAMHTa» U MOTYT
coBeplIaTh KOJeOaHNs OTHOCUTENBHO MOJI0KEHHUS] pAaBHOBECHS;

6) 2JIEKTPOHBI COBEPIIAIOT JBUKEHUE BOKPYT MOJOKUTENBHO 3apsHKEHHON YacTH aToMa

3. ITocne onbITOB MO paccestHUio o-yacTull Pesepdopa caenan BoIBOABIL:

1) cymecTByer sifepHas MOJEIb aTOMa;

2) onbIT NOATBEpAMIA MOIENb ToMcoHa;

3) cyuiecTByeT IUTaHETapHAsl MOZAEIb aTOMA;

4) B Aipe CKOHLIEHTPUPOBAHA MTPAKTUUYECKH BCSI Macca aToMa;

5) pa3Mepsl gipa COIOCTaBUMBI C pa3MepaMH aToMa;



6) pa3Mepsl s1/ipa 3HAUUTEIbHO MEHBIIE Ppa3MEPOB aToOMa.

4. KakoB ¢usnueckuii cMbIc 3 (HEKTHUBHOTO CEUEHUS paccesiHus?

1) B MexaHMYecKOW MOJenH: 3TO IUIoIIaJKa (MHUIIEHB), TOMaB B KOTOPYIO YacTHIla
UCHBITHIBACT OTKJIOHEHHUE;

2) B CTaTHUCTHUYECKOM HWHTEPHpPETALMH: 3TO BEPOSTHOCTh HCIBITATh PAacCesSHUE OJIHOM
YacTHULIE;

3) oTa BenuunHA (PU3HMUECKOTO CMBICIIA HE UMEET;

4) ceyeHue Mmydka paccestHHbIX 4yacTHIl B onbiTe Pesepdopra;

5) ceueHue MyyKa Najalliyux YacTull;

6) OTHOILIEHHE CEUEHUs TyYKa PACCEIHHBIX YaCTUIl K UHTEHCUBHOCTHU MAJAIOIINX YACTHII;

7) OTHOILLIEHHE YUCJIa PACCESHHBIX YaCTUIl K MHTCHCUBHOCTH MaJAar0IIUX YaCTHII.

5. V3 cooTHOIIEHWS HEOTIPEICTICHHOCTEHN CIEAyeT

1) vactumia ¢ OINpeACTCHHbIM 3HAYEHUEM OHHEPIrUU XapaKTepU3yeTcs OMpeeICHHBIM
3HAYEHUEM HMITYJIbCa

2) TOYHO U3MEPUTH BPEMS JKU3HU YACTUIII MOYKHO JIMIIIb B TOM CJIy4ae, €CIM y Hee TOYHO
OTIpe/ieNieH UMITYJIbC

3) y HJaCTHUILbI MOFYT 6I>ITI> OIIHOBpeMeHHO TOYHO I/I3MepCHI)I IIOJIOKCHUC U I/IMHy.HI)C
4

)
TOYHO HRM PIEC3H T II0OY] T H GRAVIED WEODHEND BIH@IA, BITOM CIIydae, €ClId cCUcTeMa KHUBET OECKOHEUHO
noaro 1) sapo uMeer Malble 10 CPABHEHUIO C aTOMOM Pa3Mepbl

2) yactuua, obiajarolias MUMIYJIbCOM, MMEET KaK BOJIHOBBIE TaK U KOPIYCKYJISIpHbIE
CBOMCTBA

3) TOYHO M3MEPUTH BPEMsi KH3HU YaCTHUIBI MOXKHO JIMIIb B TOM cilydae, €Clii y Hee TOYHO
OIIpEJIEJIEH UMITYJIbC

4) s5eKTpOHHBIE OPOUTHI MOTYT PAcIIOIaraThCsl Ha ONPEIEICHHBIX PACCTOSIHUAX OT siipa

7. Jlym ne bpoiinp mpUMEHWI CBOX THIIOTE3y K Monenu aroMa bopa. Yka3are BepHOE
YTBEP)KICHUE

1) u3MeHeHne CKOPOCTH IEKTPOHA HE MIPUBOJIUT €T0 K NMEepeXoy Ha JIpyryto opouty

2) B aTOMe Ha «Pa3pEIICHHBIX» 3JICKTPOHHBIX OPOUTAX YKIIAIBIBACTCS TOJYIENOE YUCIO
JUIVH BOJIH 1€ bpoiiis

3) IIpU ABUIKCHUU 110 CTAlUOHAPHBIM Op6I/ITaM CKOPOCTD JJICKTPOHA MCHACTCA
4

)

cTanuogpHIp uyp OHeHBAPA £ BHTROTEBIAS TTCTOAY UM YJICKTPOHHBIM BOJIHAM Jie bpoiinis B atome
«Omauunoy: BeojiHeHHE 0T 85% 1m0 100 % TEeCTOBBIX 3aJIaHUN;
«Xopowoy: Beimonuenue ot 65% 10 85% TECTOBBIX 3a/1aHUI;
«Yooenemeopumenwvnoy: seimonnenue 6onee 50% TeCTOBBIX 3a/laHUM;
«Heyooenemeopumenvnoy: soinoiaHenue 50% 1 MeHee TeCTOBBIX 3aJaHUi.

Ilpumep KonmponbHbIX 60NPOCOE

1. KaxoB ¢u3udeckuii cMpICI 9ricel m U n B 00001eHH0# Gopmyre banbmepa?

2. KakoBbl I7IMHBI BOJIH CaMbIX KOPOTKOBOJIHOBOW M JIJIMHHOBOJIHOBOW JIMHUN CEpPUU
ITamena?

3. KakoBa myiHa BOJTHBI, COOTBETCTBYIOIIAS Tpanule cepun bansmepa?

4. KaxoBa yactora rosioBHo# 1uHuu cepuu Jlaiimana?

5. ATOMBI BOJIOPOAA HAXOAATCA B COCTOSIHUM € N = 5. CKOJIBKO JTUHHUM COAEPKUT €0
CHEKTp U3Jy4YeHHUs ?

6. B ueMm cocTout cyTh KOMOMHAIIMOHHOTO TIpUHITUTIA PuTiia?

7. Hcnonb3yss KOMOWHAITMOHHBIN TMPHHIINI, MMOKXXUTE HAa OJHOM W3 MPHUMEPOB, Kak

MOKHO ITOJTYYUTh YacTOTY JUJIsl BTOPOW JUTMHHOBOJIHOBOM JTMHUM cepuH [lamreHa.
8. B yem 3akiovaercs craTUCTUYECKas MHTEpIpeTalus BOTHOBON QyHKIu?



9. Jlig Kakux yacTuIl cripaBenuBo ypaBHeHue llpennnrepa?

10.  Ilouemy ypaHenue lllpeaunrepa chopmyaupoBaHO KaKk BOJHOBOE ypaBHEHUE?

11.  3anmmwure BpeMeHHOE U cTanmoHapHoe ypaBHeHUs Llpenunrepa u npoananusupyire
UX.

12. CosepmuTe mepexonx OT BpeMeHHOro ypaBHeHus LlpenuHrepa kK cTamuoHapHOMY.
3anumure 0JHOMEPHOE BPEMEHHOE U cTalMoHapHoe ypaBHeHUs LlIpeaunrepa u npoanaiusupyire
ux.

13.  3anummuTe BpeMEHHOE M CTalMOHapHOe ypaBHeHus lllpemawHrepa B orepaTtopHOit
(dbopMe U IpoaHATUZUPYUTE UX.

14.  Kakoil BBIBOJ MOXHO CJellaTh, CPAaBHUB cTaliMoHapHoe ypaBHeHue lllpenunrepa c
ypaBHEHHEM i1 COOCTBEHHBIX 3HAYCHUN U COOCTBEHHBIX (DYHKITUII?

15.  3anummmumre cranmmoHapHoe ypaBHeHue IllpemumHrepa s BOIOPOIOIION0OHOM
cuctemsl. [IpuBeauTe npuMepbl BOJOPOIONOIOOHBIX CUCTEM.

16.  Iloyemy Hambomee MOAXOAIICH KOOPAMHATHONH CHCTEMOM ISl PACCMOTPEHHSI aToMa

BoopoJa sBisiercs chepuueckas? [Ipoananusupyiite (Ka4eCTBEHHO) XOJI PEIICHUS CTAIIHOHAPHOTO
ypaBHeHus lllpenunrepa nis atoma Bojopoja B cepuyeckux KoopaunHaTax. Kakue BBIBOJIBI
CIIEYIOT U3 €r0 pelieHus?

17. 3anumurte CcOOCTBEHHBIE 3HAUEHHMs] HHEPrUM 3JIEKTPOHA B aTroMe BOJOPOJa,
onpenenseMele pemeHueM ypaBHeHus lllpenunrepa, u npoananusupyire ux. B uem omimuune n
CXOZCTBO C pe3ynbTaraMu Teopuu bopa?

18. Kakue BeMUUHBI IS 3JICKTPOHA B aTOME OIPECIICHBI, €CITH M3BECTHBI KBAaHTOBEHIC
ypcian, 1 u my?
19. [ToueMy KBaHTOBas MEXaHWKA HE HCIOJB3YeT IPEICTABICHHE 00 JIICKTPOHHBIX

opbutax? Uto xapakTepu3yrOT KBaHTOBBIC uncia n, | u m|?

Temut pechepamos unu 0oxknados

1. PennkroBoe uznyuenue

2. ITupomMeTpsl U TEMIOBU30pBI. TEXHOIOIMY U IPUMEHEHHUE.

3. ConHeunble OaTapeu: TEXHOJOTUH, COBPEMEHHOE COCTOSHUE U IEPCHEKTUBBI
pa3BUTHS.

4. Judpakius peHTTeHOBCKOTO U3yYEHUS! U PEHTI€HOCTPYKTYPHBIA aHAJIU3 CTPOCHMUS
BELIECTBA.

S. DNEeKTPOHHBINA MapaMarHUTHBIA PE30HAHC U SIIEPHBI MAarHUTHBIN PE30HAHC.

6. D¢ dext Pamzayspa-TayHceHa.

7. BpamarenbHash CHEKTPOCKONMS KaK  BBICOKOTOYHBI  METOJA  OIpEIEICHUS
rE€OMETPUUYECKUX TAPAMETPOB MOJIEKYIL.

8. ['uranTckoe KOMOMHAIMOHHOE paccesHUe MW €ro IMPUMEHEHUE K H3YYECHHUIO
OMOJIOTUYECKUX MOJIEKYJT

9. KBanTOBO-KacKaHbIE JIa3epbl: TEXHOJOTUS U IPUMEHEHHE.

10.  Jla3zep Ha cBOOOIHBIX AJIEKTPOHAX: TEXHOJIOTUS U PUMEHEHHE.

11.  CgepxmpoBogumocts. Db ekt MeiicHepa. [lonarue o0 apdexre [xo3edcona.

12. Huon lotTku
13. [TomynpoBOTHUKOBBIE TUOABI ¥ TPUOIBI (TPAH3UCTOPHI).

Kputepuu onieHnBanus pedepatoB npu A0KIaJe B yCTHON dopMe.

Cooepircanue 0oknaoa: aHanu3MpyeT U3yUEHHBIM MaTepual, BhIIETsET HauOoiee 3HaUMbIe
JUIS. pacKpBITHS TeMbI (DaKThl, HAyYHBIE MOJOXKEHUS, COOIIOAAET JJIOTHYECKYIO TIOCIIEI0BATENbHOCTh
B U3JIOKEHUU MaTepHuaa.

Ilpeocmaenenue 0oxknaoa: VCTionb3yeT WLIKOCTPATUBHBIE, HATJISITHBIE MAaTEPHUAIIbl, BIaJACET
KYJIbTYpOH peuHu.

Apzymenmauyus omeemos Ha 60nPocsl: MPOSIBISIET KPUTUUECKOE MBILIUICHUE.

Ilpumepnolii nepeuens 60npocog K IK3AMeHy



1. Knaccudeckas kapTHa MUpa 1 HEOOXOAMMOCTb BBEJICHHSI KBAHTOBBIX
npeactasneHuii. [[pobiema paBHOBECHOTO JIEKTPOMArHUTHOTO m3mydeHust. @ororddexr. dddexr
Komnrona. TopMO3HOE PEHTT€HOBCKOE U31yyeHue. KBaHTOBBIN Mpeel.

2. ®otoH. ['unoresa ne bpoinsa. KopnyckyisipHo-BoJIHOBOM Ayanu3M. BoaHoBoOM
nakeT. COOTHOILIEHUS HEOIIPEIETIEHHOCTEN.

3. Atom Tomcona. OnbiTel Pesepdopaa. [Tnanerapnast Mmoens aToma.

4. Atom bopa. Monens bopa u runoresa ne bpoitns. PenstuBucrckoe 06001menne

Mozenu bopa. DkcniepuMeHTalnbHOE JOKa3aTeIbCTBO JUCKPETHOM CTPYKTYPBI ATOMHBIX YPOBHEH.
Omnpitel @panka u ['epua. M3oronuyeckuii cIBUT aTOMHBIX ypoBHEH. MIOOHHBIN aTOM BOJIOpO/Ia.

5. MHorouacTi4Has KBaHTOBas cuctema. J[|Bim>keHue BOJIHOBBIX MakeToB. [IpeaenbHblii
nepexo/1 K KilacCuueckor Mexanuke. ONTHKO-MEXaHNYeCKasi aHAIOTUsl.
6. CranuonapHoe ypaBHenue lllpenunrepa. CiekTpbl MPOCTEUIIUX OJHOMEPHBIX

cucreM. CBOOOJHOE IBHKEHHE YacTHIIBI. YacTHiia B 0CKOHEYHO TITyOOKOH MPsSMOYTOJIbHON
MOTEeHLIMAIbHOU siMe. YacTulia B MpsIMOYTOJIbHOM MOTEHIIUAIBHOM siMe KOHEYHOMU TITyOUHBI.

7. TynuensHbIN 2P PexT. ABTORIEKTpOHHAS SMUCCHSA. SIBJICHUE o - pacmaa aTOMHBIX
anep. TyHHeIbHas HOHU3ALKMA ATOMOB B ONITUYECKOM MoJie. TyHHEeIbHbIH MUKPOCKOIL. TyHHENbHBIN
3¢ (deKT: onTUIecKasi aHaJIOTHsl.

8. Ilepuonuueckuil moreHMal. ['apMOHUYECKUN OCITUILIATOP.
9. CranuoHapHbIe COCTOSIHUS B LIGHTPAILHO — CHMMETPUYHOM II0JIE.
10. OpOuTabHBIA MEXaHUYCCKUI 1 MarHUTHBI MOMEHTHI JJICKTPOHA.

3KCHepI/IMCHTaJII)HOC OMnpeaAcCICHUC aTOMHBIX MAaIrHUTHBIX MOMCHTOB. CoOCTBEHHBIM MEXaHHYCCKUH
M MarHUTHBIA MOMEHTBI QJICKTPOHA. Cmun. Cioxxenue HCBSaHMOHefICTByIOHlHX MOMCHTOB
KOJIMYCCTBA JBHUKCHHA.

11. CucremaTiKa cOCTOsIHUI aroma Bogoposa. [Ipubnimkennoe pemienue
crtauroHapHoro ypasHeHus [penunrepa. Teopus BO3MyILIEHUH.
12. N3otonnueckoe cMenieHue aTOMHBIX YPOBHEH, CBA3aHHOE C KOHEUHBIM Pa3MepoM

anpa. ToHKas CTpyKTypa CIIeKTpa aToMa Bojiopoza. ToHKasi CTpyKTypa CIIEKTPOB
MHOT'03JIEKTPOHHBIX aTOMOB. IIoHATHE O CBEPXTOHKOM CTPYKTYPE aTOMHBIX CIIEKTPOB.

13. ToxnecTBeHHOCTh MUKpOYacTULl. bo3oubl 1 pepmuonsl. [punnun [aynu.
MHoroanekTpoHHbIH atoM. [TpubnmxeHne caMocoraacoBaHHOTO MOJIS.

14.  ArtomHble 000JI0UYKH U N10000I0UYKU. DIEKTPOHHAS KOHPUTYpalus. ATOMBI
IIETIOYHBIX METAJUIOB. ATOM remust. OO1ue NpUHIUIIBI ONTMCAHUS MHOTO3JIEKTPOHHBIX ATOMOB.

15.  3anonHeHHe aTOMHBIX 000J0YEK AIEKTPOHAMH. TepMbl MHOTO3JIEKTPOHHBIX AaTOMOB.
Tonkas ctpykrypa tepma. Coctosiaus. [IpaBuino unrepsanos Jlange. [Tpubnmkenue LS - u jj -
cBszeit. OcHOBHBIE TepMbI aTOMOB. [IpaBuna XyHja.

16.  BzaummopeiicTBHE KBaHTOBOM CUCTEMBI C 3JIEKTPOMArHUTHBIM T10JIEM.
Hecranuounapnas Teopus Bo3mymienuid. [IpaBuna orbopa.

17.  CnextpanbHble cepuu aroma Bojopoja. CeKTpanbHble CepUU aTOMOB IIET0YHbIX
METaJIJIOB. DJIEKTPOMAarHUTHBIE IEPEX0/IbI B MHOTOAJIEKTPOHHBIX aTOMaXx.

18.  KBaHTOBOE 3JIEKTPOMarHUTHOE TOJI€ U €r0 B3aUMOJIEHCTBHE C AaTOMOM.
DEeKTPOMarHuTHOE 10JI€ KaK KBAHTOBBIA OOBEKT.

19.  BzaumopeiicTBHE aTOMHOI CHCTEMBI C KBAHTOBBIM 3JIEKTPOMArHUTHBIM MOJIEM.
CrioHTaHHBIE TIEpeX0/Ibl. YIIMPEHHUE CIIEKTPAIbHBIX JUHUNA. JISMOOBCKUI CABUT aTOMHBIX YPOBHEH.

20.  Ilepexoapl BHYTPEHHHX JIEKTPOHOB B aTOMax. XapaKTePHUCTUUECKOE PEHTTEHOBCKOE
m3nyderue. 3akon Moznu. Dddext Oxe.

21.  Atom B marauTHOM moJie. Dpdexr 3eemana. dpdekr [Namena u baka.
DNEeKTpOHHBIN MapaMarHuTHEIN pe3oHanc. OnbiTel [lTepna n [Nepnaxa.

22.  Bugpl nBrxeHus B Mojiekyne. Pa3neneHue e€ sHEpruM Ha 3JIeKTPOHHYIO,

KOJIeOaTeNIbHYIO U BpalaTeabHyi0. Anrnadatndeckoe MpuoImKeHne. DIIeKTPOHHEIE,
KoJsiebaTenbHbIe U BpallaTelbHble YPOBHU SHEPTUU U CIIEKTPHI IByXaTOMHON MOJIEKYIIbI.

23. Tunsl cBs3u B TBepaoM Tene. Kpucramnuueckas pemerka. @oHoHbl. OCHOBBI 30HHOM
teopun. Meraisl. [lonynpoBoaHukU. JIUdIEKTPUKH.



24.  ®OTONPOBOAUMOCTH MOIYIPOBOAHUKOB. JIFOMUHECIEHITUS TBEPABIX Tel. DPPEeKT
Xouna.

25. KoHTakT 1ByX METaJUIOB 110 30HHOM TEOpUU. TepMOIIEKTPUIECKUE ABICHUS U UX
MIPUMEHEHHUE.

26.  BeimpsmiieHHE HAa KOHTAKTE METAJLT - OJIYIPOBOIHUK (0100 [[lommxu)

27.  KOHTaKT 3JIGKTPOHHOTO U ABIPOYHOTO MOIYITPOBOJIHUKOB (P-N-nepexoo).

[TonynnpoBOIHUKOBBIE TUO/BI U TPUOBI (TPAH3UCTOPBI).

Ilpumepot 3a0au na Ix3amene

1. Haiitu cpenHioro umHY BOIHBI ¢ bpoinsd TemioBoro HEUTPOHA, TO €CTh
HaXOJSIIEr0oCs B TEIJIOBOM PaBHOBECHU C OKpPYXKaKOIIEH cpesioil, mpu KoMHaTHOM Temmneparype 300
K.

2. ®otoH ¢ sHeprueit 12,12 5B, moryomeHHplid aTOMOM BOJIOPO/Ia, HAXOASIIUMCS B
OCHOBHOM COCTOSIHMHM, TIE€PEBOAMT aTOM B BO30YXIeHHOE cocrosiHue. OmnpenenuTts TiIaBHOE
KBAHTOBOE YMCJIO 3TOTO COCTOSIHHUSL.

3. YacTuia HaxoJuTcs B ABYMEPHOM MPSMOYTOJIbHON MMOTEHIIUAIEHON sIME ¢ a0COIIOTHO
HenpoHunaemMbiMu creHkamu (0 <x <a, 0 <y <b). Onpenenurs BEpOSATHOCTh HAXO0XKICHUS YACTHUIIbI
C HauMeHbIeH sHepruer B oomactu 0 <x < a/3.

4. Hanucars ¢ momompbto npaBuin XyHAa CIEKTPAJIbHBIA CHMBOJ OCHOBHOI'O TepMa
aToMa, eJIMHCTBCHHAS HE3aIOJTHEHHAS 110J000JI09Ka KOTOPOro 3amoiHeHa: a) Ha 1/3, u S = 1; 6) Ha
70%, u S =3/2.

S. Hailitn HanpsbkeHue Ha pEHTT€HOBCKON TpyOKe C HUKEJIEBBIM aHTHKATOJOM, €CIIH
pa3HOCTh JJIMH BOJIH Ko-TMHUY U KOPOTKOBOJIHOBOM IPaHUIIbI CIUIOLIHOTO PEHTI€HOBCKOIO CIIEKTpa
paBHa 84 nM.

Ilpumeput 3K3amenayuonnblx Ounemos

BWJIET 1

1. Knaccuyeckass kapTiHa MUpPa U HEOOXOJIMMOCTh BBEJEHHUS KBAHTOBBIX IPEJCTaBICHUMH.
[Tpo6nema paBHOBECHOT'O 3JIEKTPOMArHUTHOTO U3iydeHHus. DoTordexT.

2. N3oTronnueckoe CMEILEHNE aTOMHBIX YPOBHEH, CBSI3aHHOE C KOHEUHBIM pa3MEpoOM sjipa.
ToHKkast cTpykTypa cnekTpa aToMa BoAopoja. TOHKas CTpyKTypa CHEKTPOB MHOIO3JEKTPOHHBIX
aTOMOB.

3. 3amayva: [Ipu yBenuueHUN HapsHKEHUs Ha peHTreHOBCKOoM TpyOke ot Ul =10 kB o U2 =
20 xB wuHTepBanm amuH BoiH Mexay Ko-nuHueW M KOpPOTKOBOJHOBOM T'paHMIEH CIUIOLIHOTO
PEHTTEHOBCKOTO CIeKTpa yBennuwicad B n = 3,0 paza. Onpenenurs NOpsIKOBbII HOMEDP dJIEMEHTa
AQHTUKATOJIa ITOU TPYOKH.

BUWJIET 2

1. B¢ ekt Komnrona. TopmMo3HOE peHTreHOBCKOE H3ilyueHre. KBaHTOBBIH mpeser.

2.ToxaecTBEeHHOCT, ~ MUKpodacTHIl. bo3oHst u  ¢epmuonsl. [lpunmun Ilaynu.
MHorosnekTpoHHbIH atoM. [Ipubnmkenne caMocoraacoBaHHOTO TOJIS.

3. 3amaua: DeKTpoH ¢ KuHeTu4ecko sHeprueit 7'~ 4 3B nokanu3oBaH B 00JacTu pazmMepoM
| = 1 mxm. OueHuTh € TIOMOIIBIO COOTHOIICHHS HEONPENSICHHOCTEH OTHOCUTEIbHYIO
HEONPENEIEHHOCTh €r0 CKOPOCTH.

BUJIET 3.

1. ®otoH. ['umore3a ne bpoitna. KopnyckynspHo-BoiHOBOW nyann3M. BoiHOBOW maker.
CooTHOIIEHNSI HEOIIPEAECIEHHOCTEN.

2. AToMHBIE 00OJOYKH M MOA000I0UKH. DJIEKTPOHHAS KOHPUrypauus. ATOMBI HIETOYHBIX
MeTaiIoB. AToM renus. O0IIKe TPUHIIMITBI ONTUCAHUSI MHOTO3JIEKTPOHHBIX aTOMOB.



3. 3agava: BonHoBas (QyHKIUS 9aCTUIIEI MACCHI M ISl OCHOBHOT'O COCTOSIHUS B OZJHOMEPHOM
norenrmansHoM none U(X) = kx?/2 umeer Bum w = Aexp(-ax?), rae A — HOPMHUPOBOYHEI
KO3 (UIIMEHT, 0. — TMOJIOKHUTENbHAs NocTosiHHAsA. Haiitu ¢ momonipio ypaBHeHus Lllpemnunrepa
MOCTOSIHHYIO 0L M SHEPIUuto E 4acTUibl B 3TOM COCTOSIHUH.

Kpurepnn sK3aMEHallMOHHON OLIEHKH.

Onenka «omauuno»: CBOOOIHO BIANEET TEOPETUUYECKUMHU MOHATHSAMH JIUCIHILINHEL;
IPOSIBJISIET CUCTEMHOCTb 3HAHUH y4eOHOIo MaTepuaia U ClIOCOOHOCTh YCTaHABIMBATh CBSI3U MEKAY
TEOPETUYECKUMU IOHATUAMM; YMEET JeJaTh NEPEHOC TEOPETUYECKUX 3HAHUM B IIPAKTUYECKYIO
00JIacTh NPUMEHEHUS; YMEET CBOOOAHO BBINOJHATH 3a/aHUs, MPEILyCMOTPEHHbIE MPOIPaMMOH,
YCBOMWJI OCHOBHYIO JIMTEPATypy M 3HAKOM C JOIOJHUTEIBHOW JUTEPATypOH, PEKOMEHIOBAHHOU
[IPOrpaMMoii; MOHMMAET 3HauY€HUE NPHUOOPETEHHBIX 3HAHUN A Oynyueidl npodeccuu, mposBiIsieT
TBOPYECKHE CIIOCOOHOCTH B TMOHMMAHUM, M3JI0)KEHUH U HCIIOJIb30BAaHUH Y4EOHO-TIPOTPAMMHOTO
MaTepuaa.

OneHka «xopouioy: CTYACHT BIAJICeT TEOPETHUUYECKHUMH 3HAHHMSIMHU, TOCTATOYHO CBOOOIHO
OIIEpUPYET UMU; YCIIEUIHO BBIIOJIHSET IPELYCMOTPEHHBIE B IPOrPaMMe 3a/1aHHUsl, YCBOWJI OCHOBHYIO
JUTEPaTypy, PEKOMEHIOBAHHYIO B IPOIPAMME; IIOKA3bIBACT CUCTEMATHYECKUN XapaKTep 3HAHUU 10
JUCLUIUIMHE U CIIOCOOEH K UX CaMOCTOSTEIbHOMY ITOIOJIHEHUIO U OOHOBIJIEHUIO B XO€ aibHENIIeH
yueOHOI paboThl W TPOPECCHOHATHHON JAEATEIIbHOCTH; OCYIIECTBIISICT YAaCTHYHBIA MEPEHOC
TEOPETUYECKUX 3HAHUN B MNPUKIAAHYIO OOJACTh; HPOSBISET HE3HAYUTEIbHbIE HAPYIICHUS B
YCTaHOBJICHUY B3aUMOCBS3H MEXKy TEOPETUUECKUMHU ITOHATHIMM.

OneHka «yooenemeopumenbHo»: CTYIEHT OOHApY>KUBAeT 3HAHME OCHOBHOIO Y4eOHOro
MaTepuaia B o0beMe, HeoOXOAMMOM JUIsl JajbHeWmied y4eObl M TPEACTOSIIEH padoThI IO
npodeccur; COpaBisieTcs C BBINOJHEHUEM 3a/laHUi, MPeIyCMOTPEHHBIX HNPOTrpaMMOif; 3HAKOM C
OCHOBHOM JIMTEPATYPOM, PEKOMEHI0BAHHOW IIPOIPAMMOM; JOIYCKAET ITOIPEIIHOCTH B OTBETE B XO/I€
UTOrOBOM aTTecTalMy, HO 00JajaeT HEOOXOAMMBIMU 3HAHMSIMU JUIsI UX YCTPaHEHHUs IMOJ
PYKOBOJICTBOM IIPENIOAABATEINS.

Ouenka «HneyoosenemeopumenvHo»: CTYNEHT TPOSBISIET OTPHIBOYHBIE 3HAHMS, HE
OCYULIECTBJISIET IEPEHOC TEOPETUUECKUX 3HAHUM B IPAKTUKY; OTCYTCTBYET MHTETPALUs 3HAHUM.

Pa3paborunku:

A, . IOLEHT, K.Q.M.H Cemubparosa B.A.
N e (3aHMMaeMast I0JKHOCTE) (®.1.0.)

[Tporpamma cocraBieHa B cooTBeTcTBUM ¢ TpeboBaHussMu PI'OC BO mno HampaBieHHIo U
npodwmto noaroroku 09.03.02 UupopmanuoHHble CHCTEMbI H TEXHOJIOTHH

[Iporpamma paccmoTpeHa Ha 3acenanuu kadeapsl 001Iel U IKCIIEPUMEHTATLHON (DU3UKH
[Tporokon Ne 5 ot 21.02.2025 .
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3aB. Kaq)enpofz’f%% I.¢.-M.H., npodeccop A.A. I'aBputtok

Hacrosimmass mporpamma He MoKeT OBbITH BOCIPOU3BeleHA HU B Kakoil d¢opme 0e3
NpeIBapuTEeIbHOI0 NMCbMEHHOT0 pa3pelieHus: KageApbi-pa3padoTynKa NPOrpaMmabl.



