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|. Henu 1 3a1a4n AUCHUIIIMHBI (MOIYJIA)

UEJZb ducuunﬂqul - JaTb CTYACHTaM [ILECJIOCTHOC B pPaMKax CYHICCTBYIOIIUX
CCTCCTBCHHOHAYYHBIX MOJIOKEHHUHN npeaACTaBJICHUC 00.0CHOBHBIX 3aKOHOMCPHOCTAX (I)I/I?;I/IKI/I
AApa U 3JICMCHTAPHBIX 4aCTUI U MCTOAaX UX UCCIICAOBAHUA

3aoauu oucyunaunur.
- TOJIyYeHHUE CTYJCHTaMH 0a30BbIX 3HAHUH MO (PU3HMKE DJIEMECHTAPHBIX YaCTHIl U aTOMHOTO sIJIpa;
- OBJIAJICHUE TIPEJCTABICHUSAMU O CTPYKTYpHOW OpraHu3alid MHUKPOMHPA, MEXaHU3ME
(GyHIaMEHTAIBHBIX B3aUMOJICHCTBUH, HCIMU U METOIaMHU STOU JUCIIUILINHBL,
- YMEHHE MPUMEHSTh YCBOCHHBIC MPHHIMITBI MU METOMBI JUIS aHAIW3W3a OTIEIbHBIX SBICHUU U
MPOLECCOB  (U3MKK DJIEMEHTAPHBIX YAaCTHI[; IOHMMAaHWE POJU IPHHIMUIIOB CHMMETPHH,
MPUYUHHOCTH, KBAHTOBOW MEXAHHKH, 3aKOHOB COXPAHCHHSI B (PH3UKE DJIEMEHTAPHBIX YaCTHIL;;

- IPUOOPETEHNE HABBIKOB PelIaTh KOHKPETHBIC (PU3NYECKUE 3a1a4H;

SBnssace Haykoil o MukpoMupe "®du3nka aTOMHOIO s/ipa U 3JIEMEHTApHBIX YacTHULl" SIBIISETCS
0a30BOI TUCHUIUITMHON, (OPMHUPYIOIIEH 3HAHWE 3aKOHOB MPHUPOJABI HA SICPHOM H CyOBsSIEPHOM
MaclITaOHBIX YpoBHsAX. Ee mnpencraBieHus, MHOHATUS U METOAbl MCCIEIOBAHUS HOCAT
(GbyHIaMEHTAIbHBIA XapaKTep U JIeKAT B OCHOBE €CTECTBEHHOHAYYHON KapTHHBI Mupa. OHa urpaer
MEPBOCTENIEHHYIO POJIb U B COBPEMEHHOM ITOHMMAaHUM 3BOJIIOLMM BceneHHoMH, B3aMMOCBSI3U O4€Hb
MaJIOTO U OYEHb OOJIBILOTO.

1. Mecto nucuuniaunsl (MmoayJs) B ctpykrype OIIOII BO

Jucuuninunza “@usnka aTOMHOTO S7pa U 3JIEMEHTAPHBIX YAaCTUI]  OTHOCHUTCS K 00s3aTeNIbHOM
yactu. Kon yuebnoro nuxmna bl.J[ns ycBoenue kypca "®dusnka aTOMHOTO sipa U 3JIEMEHTapHbIX
gacTuIll" CTyJeHTaM HEOOXOAUMBbl 3HAHHS OOIIeH (QU3NKH, KIACCUYECKONM MEXaHHMKH, OCHOB
PENATUBUCTCKON MEXAHUKH, 3JIEKTPOAMHAMUKH, IIPUHIMIIOB KBAHTOBOM MeXaHUKH. [lucnumimHa
“@Pu3uka aTOMHOIO S7pa U AJIEMEHTApHbIX YacTUIl” OMHUPAETCS HAa MATEMAaTUYECKYIO JHUCHUUIUIMHY
“Maremarndeckuil aHanus”, “Teopus BEpOSITHOCTEN M MaTeMaTHUYECKas CTaTUCTUKA ~ IIKOJIbHbBIE
TUCHUTITUHEL “Duszuka” u “Xumus’”.

OcBoeHMe AUCHUIUIMHBI HEOOXOAUMO JJIi OCBOEHHUSI KypcoB ~®HU3MKa KOHAEHCUPOBAHHOIO
cocTostHUS, . TBepIoTeNbHAs AJIEKTPOHUKA, “MaTeprabl AIEKTPOHHON TEXHUKU .

I11. TpeGoBaHus K pe3yJIbTaTaM OCBOCHHS TUCHUIITITHHBI

[Ipouiecc wu3y4YeHHs OUCHUIUIMHBI (MOIyJsi) HampaBlieH Ha (HOPMUPOBAHHE CIEAYIONIUX
KOMIIETEHIIUN:
- crmoco0eH MpUMEHSATh 0a30Bble 3HAHUA B O0JaCTH (PU3UKO-MATEMATHUYECKUX U (WITH)

€CTECTBEHHBIX HayK B cdepe cBoelt npodeccuonanbroit nesrenaproctu (OITK-1);
- cmocoOeH MPOBOJIUTh HAYYHBIEC HCCIENOBaHUs (PU3NUECKUX 0OBEKTOB, CUCTEM M TIPOIIECCOB,

00pabaThIBaTh U MPEJCTABIAThH dKCIIepUMeHTabHbIe naHHbIe (OI1K-2).

IlepedyeHb MIaHMpyeMbIX Pe3y/JbTATOB 00yUEeHHUS M0 JUCHUILIMHE (MOIYJII0), COOTHECEHHBIX C
HHAMKATOPAMH JOCTHKCHHUS KOMIIECTECHIIMHI

Komnerenuus Nuaukaropsl Pe3yabTarsl 00yyeHus
KOMIIeTeHI M
OIIK-1 HJIK onk13 3Haer:
Hcnons3yet 6a30Bbie -OCHOBHbIE ~ 3AKOHbL Quzuku  sA0pa  u
3HAHUS B 0071aCTH QDUBUKH | 21eMEHMAPHLIX Yacmuy;
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B CBOEH
npodeCcCHOHATbHON
JESTEIIbHOCTH

- K8AHMOBO MexaHuyecKkoe onucauue
CYyOaAmMoOMHBIX U CYOBLAOEPHBIX SAGIEHULL,
-OCHOBHblE ~ DKCNEPpUMEHMbl U OCHOBHbIE
9IKCHEePUMEHMATIbHbIE Pe3VIbmamvl QuuUKu s0pa
U d1eMeHmapHbIX 4acmuy.

Ymeer:

-pewams OCHOBHble 3a0ayu  QU3UKU AMOMHO20
a0pa u snemenmaphulx wacmuy (OI1K-3);

- OyeHusamv npeoeivbl NPUMEHUMOCHU OCHOBHBIX
MEMOO08 ONUCAHUSA SBTeHUL (DUUKU AMOMHO2O
A0pa U 2NeMEHMAPHLIX Yacmuy

-8bINONHAMb J1abopamopHbie pabomuol
NPAKmuKyma — Qu3uku — amomHo2o  sA0pa  u
IIeMEeHMAaPHbIX YACTU;.

Baaneer:

-Memooamu o6pabomKku U OYeHKU NOSPeuHOCmU
UMepeHull Napamempos A6leHull QusuKu 10pa u
IIEMEHMAPHBIX 4aACUY;

-Memooamu  K8AHMOBO -  MEXAHUYECKO20
ONUCAHUAL NPpOCMetUX A0ep U dIeMeHmMapHbIX
yacmuy;

-Memooamu KCNepUMEeHMANbHbIX UCCIe008aAHU
napamemposg u Xapakxmepucmux s61eHull Gpuzuxu
A0paA U DNeMEHMAPHLIX Yacmuy,

OIIK-2 UK onk21

3HaeT OCHOBHbIE Hay4HbIE
METO/1bl TEOPETHUYECKOTO U
AKCTIEPUMEHTATBHOTO
UCCIIeI0BaHHsI OOBEKTOB,
MPOLECCOB U SIBIICHUI

3Haer:

OCHOBHbIE Hay4yHbI€ METOJbl TEOPETUYECKOTO MU
HKCIEPUMEHTAIBHOI0 UCCIIeI0BaHUS (PU3MUECKUX
00BEKTOB, ITPOLIECCOM U SIBJICHUI; TEOPETUUECKUE
OCHOBBI, OCHOBHBIE INOHATHS, 3aKOHBI U MOJEIU
aTOMHOU (QU3UKH

Ymeer:

MPUMEHATh TEOPETUYECKHE 3HAHUS K PELICHUIO
MPAaKTUYECKHX 3a/1a4;

Baageer:

MeTo/laMu 00paOOTKHU U aHaIn3a
9KCHEPUMEHTAIBHOMN U TEOPETUUECKOM
¢busnueckoil uHGopmanu

IV. Copepxanue u cTPyKTYpa AUCHUILIUHBI (MOLYJIs1)

O0BeM QUCIUIUIAHEI COCTABIAET 8 3aUeTHBIX eIUHUIIBI, 288 yacos,

B ToM ymclie 173 yacoB KOHTAaKTHOM pabOTHI.

3aHsaTus MMPpOBOAATCA TOJIBKO B OYHOM (I)opMe 06y‘-IeHI/I}I C IPUMCHCHUCM NUCTAHITUOHHOT'O KOHTPOJIA

CaMOCTOATENbHON paboThl cTyneHToB uepe3 InMOC dakynapTeTa. DISKTPOHHON U TUCTAHITMOHHOM

dhopm o0ydeHHs He peTyCMaTpUBaeTCsl.

Ha npaktuueckyto noaroroBky orsoaurcs 40 ay IMTOPHBIX 4acoB (BO BPEMS BBIIIOIHEHHUS

MIPaKTUYECKUX 3aJaHuil).

dopma TPOMEKYTOUHOU ATTECTAIUN: DK3AMEH.



4.1. Conepma}me AUCHUIIJIMHBI, CTPYKTYPUPOBAHHOC 110 TEMaM, C YKazaHUEM BUA0B y‘leﬁHbIX 3aHATHIL M OTBEJEHHOI0 HA HUX KOJINYeCcTBAa

AKAACMHUICCKHUX JacoB

Buasbl yue6Hoii padoThl,

DopMBI TEKYyLIET0

= ; BKJIIOYAS CAMOCTOSITEIbHYI0 padoTy 00y4aromuxcs, KOHTPOJIA
g E NMPAKTHYECKYIO MOAT0TOBKY U TPY/10eMKOCTh yCIieBaeMoCTH;
2 § e (B yacax) ®opMa IPOMeKYTOUHOI
= § = c:i KonTakTHas padora npenoaaBareJs ¢ - arrecTaluu
I.D“]-)-I Pa3jenn MCHMILIAHDI/ TeMa § z E € 00yyaromuMHCs E - (no cemecmpan)
% et [} 5]
&) 3 = 2 =35
2 £ é Jlexuuu Cemunapckune/ | Koncynb E 'S
5 e NpaKkTH4YecKue/ | TAUMHU g :‘
= 5 JadopaTopHbie z
= 3aHATHSA ©
1 2 3 4 5 6 7 8 9 10
1 | 1. Benenue. 6 24 4 4 6/6 8 Pemenue 3anau,
2 | 2. CBolicTBa aTOMHBIX SIIEP 6 |181| 2 4 6 0,1 8 OIIPOC, KOJUTIOKBUYM
3 | 3. PagnoakTHBHOCTH 6 |181| 4 4 6 0,1 8 | OTuér o
4 | 4. Mopaenu aTOMHBIX si7Iep 6 [342]| 4 4 6/12 0,2 12 | nmabopaTtopHoOi
5 | 5. BzaumojieicTBHE SIEPHOTO M3ITYYCHUS C BEIIECTBOM 6 322 2 2 6/12 0,2 12 | pabore,
6 | 6. DkciepuMeHTalbHbIE METO/BI B (PU3HKE BHICOKHUX 6 4 4 6/12 01 12 cobeceoBanme OT4eT
SHEPTUi 341 ' o 1abopaTtopHoit
7 | 7. O0mue cBOMCTBAa AJIEMEHTAPHBIX YACTHII 6 [321| 4 4 6/12 0,1 10 | pabore,
8 | 8. Kocmuueckue jryun. 6 |201| 2 2 6 0,1 12 | cobecenoBanue,
9 | 9. Slnepnas actpodusmka 6 6 Pemenne 3anav,
) 4 01 2 OTIPOC, KOJIIOKBUYM,
' MMUCbMEHHBIN
17,1 TEKYIIHUH KOHTPOJIb
KOHnTposs 10
KCP 18
OK3aMeH 26
Hroro uacon 288 | 32 36 54/54 1 89




4.2. I1nan BHeayAUTOPHOIi CAMOCTOSITEJILHON PaGoThl 00yYAOIIMXCS MO AUCHMILTIHHE

CamocrosiTenbHas paboTa 00yJaronuxcs Y4eOHo-
0 METOIUIECKOE
CHOYHOE
Cemectp Haspanue pasziena, TeMBI Cpoku T 1 obecrieueHue
o PyAOEMKOC CpelCTBO o
Bun camocrosiTenbHO# paboThI | BEIIOIHEH ( CaMOCTOSITEIbHOM
L Tb (4ac.) paGOTEI
CaMOCTOATEIIbHOE PEIICHUE . B. CaBennen
Bcee Temel P B Teuenue KonTponbHas .
3 3a7a4 Ha MPaKTHYECKUX 6 Kypc obmeit
cemecTpa pabora
3aHSTUSIX ¢u3uku U.E.
Pabora ¢ yueOHUKOM, pemicHue Hponos
Bce Tembr y P B reuenue KouTtposbHast P ’
3 JIOMAIIHUX 32724 8 «3agauu 110
cemecTpa pabora o
obmel husuke»
- U3YYCHUE TEOPETHUYCCKOU ,
Tewmsr 1,2,6,9 y p . OtuéT, OTBETHI
gacTu JabopaTtopHoOit paboThl; |B TeueHue
3 64 Ha KOHTPOJIbHBIE
-o(opMIICHUE OTUETA, cemecTpa
» BOIIPOCHI Bcesa
- MOATOTOBKA K OTYETY
peKoMeHayemast
3akperieHne JeKIHOHHOTO
B Teuenue JaTepaTypa
3  |Bce Tembl Marepuana st paboThl Ha ceMecTDa 8
MPAKTUYECKHUX 3aHATUSIX P Omnpoc
K xon
3  |Bce Tembl IToaroroska K 3K3amMeHy 1y 3
cemecTpa DK3.BOMPOCHI
OOmuii 00BeM CaMOCTOSATEIHLHONM PAOOTHI IO JUCIHUILTHHE (Yac) 89




4.3. Conep:xaHue y4eOHOIro MaTepuasa
ConeprkaHue pas3iesioB U TEM AUCIUTIIMHBI

1.BBenenne.l.1.OcHoBHBIE 3TANbl pa3BUTUS GU3UKU S/IpA U DIIEMEHTAPHBIX YACTHII.
1.2.Macira0sbl sIBJICHUH MUKPOMUpA.

2.1CsoiicTBa aTomMHbIX saep. 2.1.1.0nwiT Pesepdopaa mo paccesHuio o-4acTuil.

2.1.2.51apo xak cuctemMa B3auMOJICHCTBYIOMIMX MPOTOHOB U HEUTPOHOB. 3apsn siapa. MaccoBoe
grcio U macca sipa. Pasmepwr simep. @opmdakTop siapa U HyKIOHOB. M3otombl. M3006aphi.
Oneprus cBs3u sapa. Ilomysmnupudeckas ¢dopmyna s sHepruu cBs3u saiapa. ChouH u
MarHUTHBII MOMEHT 511pa. DKCIEPUMEHTBI 10 U3MEPEHUIO MAarHUTHBIX MOMEHTOB siiep. S iepHblit
MarHuTHbIM pe3oHaHc. CTaTWyecKue MYJbTUIIOIBHBIE MOMEHTBI SAEp. OJIEKTPUYECKHN
KBaJIPYIIOJIbHBIII MOMEHT s1/1pa.

2.1.3.KBaHTOBOMEXaHUYECKOE OIMCAHUE SJIEPHBIX COCTOSHUM. YEeTHOCTh BOJIHOBOW (YHKLHUU.
CBoiicTBa CHMMETPUH BOJHOBBIX (DYHKLHUH JUIS TOKJIECTBEHHBIX YaCTHIl. BO30HBI U (epMHOHBI.
[Tpunuun [laymu. Cratuctuku saep. M3oronnueckuii CriuH sapa.

2.2 . HyKJIOH-HYKJIOHHbIE B3auMOJIeHCTBUA. J[EUTPOH - CBSI3aHHOE COCTOSIHUE B N-p -CHCTEME.
OcHOBHBIE XapaKTEPUCTUKH JOeHUTpoHA. MarHUTHBIM M KBaJIpYIOJIBHBII MOMEHTHI JEUTPOHA.
BonnoBas ¢ynkuus neiitpona. TeH30pHBIN XapakTep sSAEpHBIX cuil. PaccesHue HEHTPOHOB Ha
npoTtoHaX. CIMHOBAs M CHUH-OPOMTAIbHAS 3aBUCUMOCTH SA€PHBIX CUIl. OCOOEHHOCTH paccesHus
TOKJIECTBEHHBIX YaCTHUILl. 3apsAoBas HE3aBUCUMOCTH sI€pHBIX CHil. OOOOIIEHHBIH MPUHIINII
[Taynau. OOMeHHBIH XapakTep siiepHbIX CUil. JIBYyXHYKIOHHBIHM oTeHuan. CBONCTBO HACHIILICHUS
AJIEPHBIX CUJ1. Me30HHas TeopHsl sIIEPHBIX CUJL.

3.PagmoakTuBHOCTh. EcTecTBEHHass M MCKYCCTBEHHas pPaJUOAaKTUBHOCTb. CTaTHCTUYECKUN
XapakTep pacnajga. 3aKkOH paAuOaKTUBHOIO pacnaza. PaguoakTuBHBIE psabl. o.-pacnaf.
OHepreruyeckoe ycioBue o-pacnaga. OCHOBHBIE SKCIIEPUMEHTAIBHBIE 3aKOHOMEPHOCTH OL-
pacmaga. DneMeHTBl Teopuu o-pacnana. llpaBuma ortbopa. B-pacman. Buasl B-pacnana.
OHepreruyeckre ycinoBus B-pacnagoB. CHEKTpbl 3JIEKTPOHOB. XapaKTEPUCTHUKU HEUTPUHO.
OKCHepUMEHTAIbHOE JI0Ka3aTeIbCTBO CYIIECTBOBAHUS HEUTPUHO. DIEMEHTHI TEOpUH [B-pacnaa.
[TonsitTue o cmabbix B3auMOJEHCTBUSIX. PaspemieHHble ©  3ampenieHHbIE  [3-TIePEXOIbI.
Hecoxpanenue uyeTHOCTH Npu [P-pacmaje. y-U3lydeHHe saep. DIEKTpUYeCKHe M MarHUTHBIE
nepexobl. [IpaBuiia oT00pa Mo MOMEHTY M YETHOCTH JUIA Y-TIEpeX0/10B. BeposTHOCTH epexo10B.
SAnepnas uzomepus. Buyrpennss kouBepcus. Dpdext MeccOayspa u ero npuMeHeHHe B pU3UKe
Y TEXHUKE.

4. Mopenu atoMHbIX sigep. Knaccudukanus monenet sapa. Kanensnas mozaens siapa. Monenb
depmu-raza. dDusznueckoe 000CHOBaHHME 000JI0Y€YHOM CTPYKTYypHl siapa. IloreHnman
YCPEOHEHHOTr O siiepHoro nojsi. CuiibHOEe CIMH-OpOUTaNbHOE B3auMojielicTBue. OaHOYaCTUYHBIE
COCTOSIHUS B YCPEHEHHOM sifiepHOM moTeHIuane. OObsICHEHNE CIIMHOB M YeTHOCTEW COCTOSIHUN
anep B mozenu oboiouek. OcraTouHoe B3aumozeiicTBue. KonnekTuBHbIE CBOICTBa sep.
HedopmupoBannsie sypa. CocTossHHE JABWKEHHS HYKIOHOB B Je(OPMHUPOBAHHOM sjipe.
Bpamarensabie u kosneOaTesnbHble cCOCTOSIHUS siiep. CBs3b OJIHOYACTUYHBIX M KOJIJIEKTUBHBIX
JBHIKCHHUH.

5.1.B3aumojeiicTBue s1IePHOT0 M3JIyYeHHs ¢ BewlecTBOM. CeueHue U aMIUIUTY/a PACCESHUS.
[Torepu sHepruu Ha MOHU3AIMIO U BO30YXkKIEHHE aTOMOB. TopMO3HOE M3iIydeHue. M3mydeHue
BasunoBa-UepenkoBa. [IpoGern 3apspkeHHBIX 4YacTull. B3aumonelcTBue HEWTPOHOB C
BEIIECTBOM. 3aMeUIeHHe HEHTpOHOB. TeruioBble W pe30HaHCHble HEUTpoHbl. Juddysus
TEIUIOBBIX HEUTPOHOB. [IpoxoKaeHMe Y-U3ITydYeH s Yepe3 BEECTBO. 3aBUCUMOCTb AP (HEKTUBHBIX
CEUYEHHUU OCHOBHBIX MEXAaHM3MOB B3aUMOJIEHCTBHUSI Y-KBAaHTOB OT HMX DHEPrMH U OT CBOMCTB
BELIECTBA. DJEMEHTHI JO3UMETPHH.

5.2.5nepubie peaknuu. 5.2.1.OKkcriepuMeHTANbHBIE METOIBI HM3YYCHHUS SJIEPHBIX PEaKIIHH.
dusnyueckue NpUHIMIBLI paboThl yckopuTenel. JleTekTopsl saepHbix yactull. CeueHue peakiuii.
Kananb! ssiepHbIX peakiinii. 3aKOHbI COXpaHEHUsI B SIAEPHBIX peakuusix. CBA3b MEXKIY CEUCHUSIMU
OpSAMBIX M OOpaTHBIX peakuuil. MexaHu3Mbl SJepHBIX peakiuii. Mojenb COCTaBHOTO spa.
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Pesonancusie anepnbie peakuuu. Popmyna bpelita-Burnepa. Hepe3onaHCHBIE siepHbIE pEaKLIUK
yepe3 cocraBHOE AApo. IIpsmblie anepubie peakuuu. Mcnonp3oBanue npsMbIX SACPHBIX peaKUi
JUISL OTIPEZICNICHUSI KBAHTOBBIX XapaKTEPUCTHK SIIEPHBIX COCTOSTHUI. OCOOEHHOCTH peaKLMi 10
JEICTBUEM Y-KBAaHTOB U 3apsSyKEHHBIX YaCTHLI.

5.2.2.]lenenuie u cuHTE3 aTOMHBIX A1ep. OCHOBHBIE 3KCIIEPUMEHTAJIbHBIE JIaHHBIE O JEJICHUU U
HHEPreTUUECKUE YCIOBUS AeNEeHUs. DIeMEHTapHasl Teopusl JeneHus. JleieHne n30TonoB ypaHa
moja JeWCTBHEM HEHTpoHOB. OHeprus aktuBamuu. llemnas peaknus. Koaddumument
pasMHOXeHus. Snepubie  peaktopbl. Cunrte3 serkux saep. Kpurepuit  Jloycona.
OKcliepUMEHTAIbHbIE METO/bl M3yUYeHMsl sIIEpHBIX peakuuid. dusnuyeckue NPUHLUIB paboThI
yckoputenei. JleTekTopsl sinepHbix yacTuil. [ Ipobiemsl yrpaBasieMoro TepMosIepHOTO CHHTE3A.
6.1.9KkcnepuMeHTaIbHbIE MeTObl B (U3HKe BLICOKMX dHepruil. IloHsATHE O COBpEeMEHHBIX
METOJaxX IOJIY4YeHMs] IyYKOB BBICOKMX HHepruil. Hakomurtenu wactun. BceTpeunble Iyyku.
OJeMeHTBl PEeNSITUBUCTCKOW KuHemaTuku. HaluroneHue mnpoleccoB poXAEHUS M PaclaioB
yacTtull. MeTo bl HabJI0IeHUS! KOPOTKOKUBYIIMX YaCTHUL.

7.1.00mue cBoiicTBa 3J1eMeHTAPHBIX YacTHL. JlenToHsl, aapoHbl. YacTUIBl U aHTUYACTULIBL.
MexaHu3mbl B3aMMOJCHCTBUSL B MHMpPE 4YacTUIl. 3aKOHBl COXpPaHEHMsI B MUPE 3JIEMEHTAPHBIX
yactull. Krnaccudukanus B3aMMOAEHCTBUM U 3JIEMEHTapHBIX YACTHII.

7.2.1.O1€KTpOMarHuTHbIE B3aUMOJAEUCTBUA. DJIEMEHTHI KBaHTOBOM JIEKTPOAUHAMUKHU.
Jnarpammvsl OeriHMaHa.

7.2.2.CunpHBIE  B3aUMOJICHCTBHS W CTPYKTypa aapoHoB. Kiaccudukauus W KBaHTOBBIE
XapaKTepUCTUKU aapoHOB. CHUMMETpHUsS CHIBHOIO B3auMoOZEMcTBHs. KBapku, INIIOOHBI U HX
OCHOBHbIE XapakTepuctuku. llBer m apomar. KBapkoBas cTpykrypa ajnpoHoB. Popmyina
Hummmokumel. OieMeHTbl KBAaHTOBOM XpOMOJMHAMHMKU.  L[BeroBas CUMMETpUS CHIIBHBIX
B3aUMOJICHCTBUNA. ACUMITOTHYECKAs CBOOOAA U KOH(PAWHMEHT.

7.2.3.0nekTpocnabble  B3aMMOJEHCTBHS.  YHMBEPCAJIbHOCTb  C€1a0Oro  B3aUMOJCHCTBHUS.
3apsiKeHHbIE U HeHTpaibHble TOKU. [lepeHocunky caboro B3auMOAEHCTBUS - IPOMEKYTOUHbBIE
6030Hbl. IloHATHE © TmoneBoi Teopuu  crnabbIx  B3aumopencTBuil.  OOBenuHEHME
AJIEKTPOMAarHUTHOTO U ciiaboro B3aumojeicTBus. Moaens Baiin6epra-Canama s3nekTpociaadboro
B3auMoieiicTBus. KannOpoBouHast HHBAPMAHTHOCTh KaK NMPUHILUI HOCTPOECHHUS MOJIEBBIX TEOPUI
alIeMEHTapHbIX dacTull. [loHsTHE O JOKadbHOW KanMOPOBOYHONM WHBAPUAHTHOCTH U O
CIIOHTaHHOM HapymeHun cummerpuu. Juckpernele cummerpuun C, P, T u CPT-teopema.
Hapymenne CP-unBapuantHoctu. IIpoGimemMa mocTpoeHHss €AMHOW TEOpUH  CIaObIX,
AIIEKTPOMAarHUTHBIX U CUJIBHBIX B3aUMOJIEHCTBU.

8.1. Kocmuueckue jayum. IlepBuunoe kocmmuyeckoe u3imydeHue. [IpoxoxaeHne KOCMUYECKOTO
u3IydeHus yepe3 armochepy. [ MmoTe3sl NporCcXoxKAeHUS] KOCMUYECKUX JTydeH.

9.1.5sInepuas acrpodusuka. 9.1.1.3ransr pazsutust Becenennoit. CoBpeMeHHBIE TPEICTaBICHUS
o crpykrype Bcenennoi. bapuonnas acummerpuss Bceenennoii. Temuas Marepus. TemHas
sHeprus. 9.1.2.J[03Be31HBIN HYKICOCHHTE3. SIIepHBIC peaKkIliy B 3BE3/1aX.

4.3.1. IlepeyeHb CEMHUHAPCKUX, MPAKTHYECKHUX 3aHATHI 1 J1a00pPaTOPHBIX padoT
No Ne paznena u HaumenoBanue Tpynoewm- Ouenounsle | @opmupy-
n/m TEMBI MPaKTUYECKUX paboT KOCTb cpencTaa eMbIe
JUCLIUTUTUHBI (gachr) KOMIIETEH
(MozyJLst) 117071
1 2 3 4 5 6
1. | Temal Brenenue. KoHTtponbHbIE OIlK-1
Pasgensr 1.1-1.2 6 BOIPOCHI.
KoHnTtponbHas
paboTa.




2. | Tema?2 OcHoOBHBIE CBOWCTBa 6 KoHnTponbHbie OIIK-1
Pasznensr 2.1-2.2 ATOMHBIX SITIEP BOITPOCHI.
3. | Tema3 PagnoakTuBHOCTE 6 KonTposbhbie OIIK-1
Paznensr 3.1-3.6 BOIIPOCHI.
4, | Tema 4 Mojenu aTOMHBIX siEp 6 KonTtposbhbie OIIK-1
Paznenst 4.1-4.5 BOIIPOCHI.
5 | Tema5 BsaumonerictBue KoHnTtposbHbIe OIIK-1
Paznensr 5.1-5.2.2 | uznyuenus ¢ 6 BOIIPOCBI.
BELIECTBOM
6. | Tema6 DKcrepuMEHTAIIbHbIE KoHntposbHbie OIIK-1
Pa3nenrr 4.13 MeTObI (PU3UKHU 6 BOIIPOCHI.
BBICOKMX DHEPTHIA.
7. | Tema?7 OcHoBHBbIE CBOWCTBa 6 KoHntposbHbie OIIK-1
Paznenbr 7.1-7.2.3 | 2ieMEeHTapHBIX YaCTHIL. BOITPOCHI.
8. | Tema 8 Kocmuueckue iryum. 6 KoHtposbHbIe OIIK-1
Pasznensr 8.1-8.4 BOITPOCHI.
9. |Tema9 SAnepuas actpodusuka. 6 KonTposbhbie OIIK-1
Paznensr 9.1-9.2.3 BOIPOCHI.
[Tepedens 1abopaTopHBIX PabOT
No Ne paznena Tpynoe | Ouenou
/11 U TeMbI HaunmeHoBaHHe cCeMHUHAPOB, MKOCTH HbIe dopmupye
AUCHUTLINH NMPAKTHYECKUX U JIa0OPATOPHBIX (uacwl) | cpencTs Mble
bl (MOaYJIs1) pador a KOMIIETEeHI|
UM
1 2 3 4 5 6
1 |Temal CranmonapHoe ypaBHEHHUE 4 cobecen | OINIK-2
I .
penunrepa 3HeKTp(jH B OBAHIE
OJIHOMEPHOH MOTSHITMAILHOU SIME
2 | Tema2 JM3yueHne JABMKEHUS 3apsSKEHHBIX 3) cobecen | OIIK-2
YacTHUIl
OBaHWE
3 | Tema2 OmnsiT Pesepdopaa 4 cobecen | OIIK-2
OBaHWE
4 | Tema3 CriekTpanbHble 3aKOHOMEPHOCTHU 5 cobecen | OIIK-2
aToma BOJIOPO/JIa U €ro N30TOIOB.
AOPOAL nos OBaHWE
5 | Tema4 Wzydenue CIIEKTPOB aTOMOB 4 cobecen | OIIK-2
MIEJIOYHBIX METAJIJIOB.
OBaHHE
6 | Tema4 CtpyKkTypa MOJEKYJISPHBIX CLIEKTPOB. 5 cobecen | OIIK-2
OBaHHE




7 | Tema4 OCHOBBI CIIEKTPAJILHOTO aHAU3A. 5 cobecen | OIIK-2
OBaHUE
8 | Tema4 CepualibHbIE 3aKOHOMEPHOCTH aTOMa 4 cobecen | OIIK-2
ATFOMUHUSL.
OBaHUE
9 | Tema$s Dddext 3eemana. 5 cobecen | OIIK-2
OBaHUE
10 | Tema 5 ToHKass  CTPyKTypa CHEKTPaIbHBIX 4 cobecen | OIIK-2
JIMHUH
OBaHUE
11 | Tema 6 N3yueHne CHEKTpajabHOrO COCTaBa 5 cobecen | OIIK-2
u3nyuenus He-Ne nasepa.
OBaHUE
12 | Tema 7 CnekTpsl MOTJIOIIEHUS u 4 cobecen | OIIK-2
JIFOMUHECHEHIINY PyOnHAa
HeHUMH Py OBaHUE

4.3.2. IlepeyeHb TeM (BONPOCOB), BLIHOCUMBIX HA CAMOCTOSAITEIbHOE M3yYeHUEe CTYAeHTaAMU
B PaAMKax caMocTosTebHoi padotsl (CPC)

TEeMaM,

Ne | Tema Bun 3aganue Pexomenayem | UK
HeJ CaMOCTOSITe/IbH ast
. oii paboThbl JuTeparypa
1 Bsenenue Bueaynuropnas | M3yueHue N3 cnucka
pabora. Hay4YHOU U OCHOBHOM U
CIIELUAIIBHON JIOTIOJIHUTENBH
JIATEPATYPHI, oi
MIOATOTOBKA K JUTEPATYPHI.
3aHATUAM,
BBITNIOJIHEHHE
igf;lifn o HJIK onk13
BBIHECEHHBIM Ha
CaMOCTOSTEIIBHO
€ U3y4CHHUE,
KOHCIIEKTUPOBAH
V€ OTBETOB Ha
KOHTpPOJIbHBIE
BOITPOCBL.
2 OcHOBHBIE Bueaynuropnas | W3yuenune N3 cnucka HJIK onk.1.3
CBOICTBa aTOMHBIX | paboTa. Hay4YHOU U OCHOBHOMW H
Anep. CIIELUAIIBHON JIOTIOJIHUTENBH
JIUTEPATYPHI, oi
MIOATOTOBKA K JUTEPATYPHI.
3aHATHUAM,
BBIIIOJIHEHHE
3aJaHuH 110




BBIHECEHHBIM Ha
CaMOCTOSITENILHO
€ U3y4CHHUE,
KOHCIIEKTHPOBaH
ue OTBETOB Ha
KOHTPOJIbHbIE
BOIPOCBHI.

Pa,I[I/IoaKTI/IBHOCTB.

Bueayauropnas
pabora.

N3yuenue
Hay4YHOU U
cHenuaIbHOM
JTUTEpaTypHl,
IMOATOTOBKA K
3aHATUIM,
BBIITOJIHCHHE
3aJIaHUi 110
TEMaM,
BBIHCCEHHEIM Ha
CaMOCTOATEIBLHO
€ U3y4eHHE,
KOHCIIEKTUPOBaH
K€ OTBETOB Ha
KOHTPOJIbHBIE
BOIPOCHI.

W3 crimcka
OCHOBHOH U
JOMOJHUTEIBH
on
JUTEPATYPBI.

HJIK onk.13

Mozenu aTOMHBIX
saep.

Breayauropnas
pabora.

Nsyuenue
Hay4YHOU U
cIienuaabHOUN
JIUTEPATYPHI,
MOJITOTOBKA K
3aHSTHSIM,
BBIMIOJTHEHHUE
3aJIlaHuH 110
TeMam,
BBIHECEHHBIM Ha
CaMOCTOSATETBHO
€ U3y4YCHHE,
KOHCIIEKTUPOBaH
1€ OTBETOB Ha
KOHTPOJIbHBIE
BOIIPOCHI.

N3 cnucka
OCHOBHOM U
JIOTIOTHHUTEIIHH
o
JIUTEPATYPBL.

HJIK onk.13

BzaumonencrBue
W3JIYYEHHUS C
BEIIIECTBOM.

Bueaynuropnas
pabora.

N3yuenue
Hay4YHOU U
CIIELUAIIBHON
JUTEpaTypHl,
MIOATOTOBKA K
3aHATHUAM,
BBIIIOJIHCHHE
3aJaHuH 110
TEMaM,
BBIHECEHHBIM Ha
CaMOCTOSTEIIBHO
€ U3y4CHHE,
KOHCIIEKTUPOBAH

N3 cnucka
OCHOBHOM U
JIOTIOTHHUTEIIHH
o
JUTEPATYPBL.

HJIK onk.13




ue OTBETOB HA
KOHTPOJIbHbIE
BOIPOCBHI.

ATOM B MarHUTHOM
IIOJIC.

Bueayauropnas
pabora.

N3yuenue
Hay4YHOU U
cHenraIbHOM
JUTEpaTypHl,
IMOATOTOBKA K
3aHATUIM,
BBIITOJTHCHHE
3aJIaHUi 110
TEMaM,
BBIHECCHHEIM Ha
CaMOCTOATEIBbHO
€ U3y4eHHE,
KOHCIIEKTUPOBaH
K€ OTBETOB Ha
KOHTPOJIbHBIE
BOIIPOCHI.

W3 crimcka
OCHOBHOH U
JOMOJHUTEIBH
on
JUTEPATYPHI.

HJIK onk.13

DKCIepUMEHTaIbH
BIEMETOJIBI (PU3UKH
BBICOKHMX DHEPIHH.

Breayauropnas
pabora.

Nsyuenue
Hay4YHOU U
cIieIuabHOUN
JIUTEPATYPHI,
MMOJITOTOBKA K
3aHSTHSIM,
BBIIIOJTHEHHE
3aJIlaHuH T10
TeMam,
BBIHECEHHBIM Ha
CaMOCTOSATETBHO
€ U3y4YCHHE,
KOHCIIEKTUPOBaH
1€ OTBETOB Ha
KOHTPOJIbHBIE
BOIIPOCHI.

N3 cnucka
OCHOBHOM U
JIOTIOTHHUTEIIHH
o
JUTEPATYPBL.

HJIK onk.13

OCHOBHBIE
CBOMCTBaA
AIIEMEHTaPHBIX
YaCTHII.

Bueaynuropnas
pabora.

N3yuenue
Hay4YHOU U
CIIELUAIIBHON
JUTEpaTypHl,
MIOATOTOBKA K
3aHATHUAM,
BBIIIOJIHCHHE
3aJaHuH 110
TEMaM,
BBIHECEHHBIM Ha
CaMOCTOSTEIIBHO
€ U3y4eHHUE,
KOHCIIEKTUPOBAH
V€ OTBETOB Ha
KOHTpPOJIbHBIE
BOITPOCHL.

N3 cnucka
OCHOBHOM U
JIOTIOTHHUTEIIHH
o
JUTEPATYPBL.

HJIK onk.13
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KocMmuueckue nyun.

Bueaynuropnas
pabora.

N3yuenue
HAay4YyHOH U
crenuanabHOM
JIUTEPATYPHI,
IMOJITOTOBKA K
3aHATHUAM,
BBIIIOJTHCHHEC
3aJaHUH 110
TEMaM,
BBIHECCHHBIM Ha
CaMOCTOSATCILHO
€ U3yUYCHHE,
KOHCIIEKTUPOBAH
He OTBETOB Ha
KOHTPOJIbHBIE
BOIIPOCHI.

N3 cnncka
OCHOBHOH H
JIOTIOTHHUTEIIBH
on
JUTEPATYPHL.

HJIK onk.13

Snepnas
actpodusuka

Bneaynuropnas
pabora.

N3yuenne
Hay4YHOU U
CcHemuaiabHON
JUTEpaTyphl,
IMOATOTOBKA K
3aHATHUAM,
BBIIIOJIHCHHE
3aJIaHUH 110
TeMaM,
BBIHECCHHBIM Ha
CaMOCTOSTEIBHO
€ U3yUYCHHUE,
KOHCIIEKTUPOBaH
1€ OTBETOB Ha
KOHTPOJIbHBIE
BOIIPOCHI.

HJIK onk.13

ITonroroBka K
9K3aMeHy. DK3aMeH

Bneaynnuropnas
pabora.

W3 ciimcka
OCHOBHOI U
JOITOJIHUTCIIbH
on
JIUTEPATYPhL.

HJIK onk.1.3

Temsbl
1a00paTOPHBIX
pabor

AynutopHas
pabora.

- U3y4eHue
TEOPETUYECKOMN
4acTu
nabopaTtopHoOit
paloThI;
-oopmieHune
pe3yJIbTaToB
IKCTIEPUMEHTA,
- MOJITOTOBKA K
0TYETY

Meroanueckue
MaTepHaITbl K
71a00paTOPHBIM
pabotam

HJIK onk2.1




4.4. MeTonnueckne YKa3aHHUs M0 OPraHU3ALUHM CAMOCTOSATeJbHOI Pa0oThI CTyACHTOB

Llenb caMOCTOSITETHLHOM pabOTHI CTYJCHTA — OCMBICIICHHO U CaMOCTOSTEIBHO paboTaTh CHavyasa ¢
y4eOHBIM MaTepuasoM, 3aTeM C Hay4HOU MH(OopMaIie, 3a10KUTh OCHOBBI CAMOOPTaHU3aLUH U
CaMOBOCIIUTaHMsI ¢ T€M, YTOOBI IPUBUTH YMEHUE B JaJIbHEHIIEM HENPEPHIBHO MOBHIIIATH CBOIO
npodecCHOHaTIbHYIO KBaTH(PUKALIUIO.

B yuebHOM mporiecce BBIIENSAIOT ABa BUJA CAMOCTOSTEIbHOM paboThI:

- ayJOUTOpHas — CaMOCTOsITelIbHas pPaboTa BBINOJIHAETCS HAa YYEOHBIX 3aHATUAX MOJ
HEMOCPEACTBEHHBIM PYKOBOJICTBOM IIPENOAABATEINS U I10 €r0 3aJaHHIO.

- BHEAayJIUTOpPHAas — CaMOCTOSITeNIbHAass paboTa BBINOJHIECTCA CTYIACHTOM 110 33/1aHUI0
Iperno/iaBaTessi, HO 0€3 ero HeMOCPEICTBEHHOTO YYaCTHS.

CamocrosrenbHas padoTa IOMOIaeT CTyIeHTaM:

1) OBJiagerh 3HAHUSAMM:

- YTeHue TeKcTa (yueOHMKa, TIEPBOUCTOYHHKA, JONMOTHUTEIBHON TUTEPaTyphl U T.11.);

- COCTaBJICHUE IIJIaHA TEKCTa, rpadudeckoe n300pakeHNue CTPYKTYPBI TEKCTa, KOHCIIEKTHPOBAHUE
TEKCTa, BBIMUCKU U3 TEKCTa U T.1.;

- paboTa co cripaBOYHUKAMHU U APYroi CIpaBOYHOM JINTEpaTypoi;

- 03HAKOMJICHHE C HOPMAaTHBHBIMH U TIPABOBBIMH TOKYMEHTAMU;

- yueOHO — METOINYECKasi U Hay4YHO-HCCIIeA0BaTENIbCKas paboTa;

- HCIIOJIb30BaHUE KOMIIBIOTEPHON TeXHUKH, VIHTepHeTa U 1Ip.;

2) 3aKkpenJIsAiTh ¥ CHCTEMATH3UPOBATH 3HAHUS:

- paboTa ¢ KOHCIIEKTOM JICKITUH;

- 00paboTKka TeKcTa, MOBTOpHAs paboTa HaJl y4eOHbIM MaTepuaioM Y4eOHHUKA, TEPBOMCTOYHHKA,
JIOTIOJTHUTEIBLHOM JINTepaTyphl, ayIM0 U BUIE03aHCEeH;

- IOJITOTOBKA IJIaHA;

- COCTaBJICHUE TAOIUIL JUTSI CUCTEMAaTH3aIH y9eOHOTO MaTepHraa;

- TOJITOTOBKA OTBETOB HAa KOHTPOJIbHBIE BOIIPOCHI;

- 3aMoJIHEHUE paboyei TeTpaau;

- aHAJIUTHYEeCKas 00paboTKa TEeKCTa;

- TOATOTOBKAa MYyJIbTUMENWA TMPE3CHTAllMH W JOKJIAJ0B K BBHICTYIUICHHIO Ha CEMHHape
(xoH(pepeHIuH, KPYTJIOM CTOJIE U T.I1.);

- IOJITOTOBKa pedepara;

- cocTaBieHue Oubauorpaduu UCIOIb30BaHHBIX UCTOUHUKOB,;

- TECTUPOBaHUE U JP.;

3) ®opmMupoBaTh yMEHHS:

- pellieHne CUTYallMOHHBIX 3a/1a4 U yIpaXXHEHHH 110 00pasily;



- BBITIOJIHEHUE pacyeToB(rpaduyueckue u pacueTHbICe paboThl);
- IOJITOTOBKA K KOHTPOJILHBIM paboTam;

- IOJITOTOBKA K TECTUPOBAHUIO;

- ONBITHO-3KCIIEPUMEHTaIbHAsI padoTa;

- IOJITOTOBKA K BBIMTYCKHOW KBaJH(HUKAIIMOHHOH paborTe.

Metoanyeckre yKka3zaHus K BBITIOJTHEHHUIO JIAOOPATOPHBIX padoT:

- NOJpOOHOE ONKCAHNE TPOBEICHHS IKCIIEPUMEHTA, 3HAKOMCTBO C ONHMCAHUEM
nabopaTopHOi pabOTEHI.

- IIpY TIOJTyYSHUH JIOIyCKa MPeroiaBaTeNb o0paiiaeT BHUMaHHe Ha TpeOOBaHUS K
OTYETHOMY MaTepuay.

- oubnuorpaduyeckue cCupaBKy Ha HCTOYHUKY HH(OPMALIUK U CTIPABOYHBIN MaTepHal.

- Yyepe0BaHue TBOPUECKOH pabOTHI Ha 3aHATHSIX C 3aJaHUSIMHA BO BHEAYTUTOPHOE
BpeMsi.

- BO BpeMsI JIOMTyCKa JTAeTCs YETKUI MHCTPYKTAXK IO BBITIOJIHEHUIO CAMOCTOSITEIIHHBIX
3aJlaHuil, YKa3bIBAIOTCS LIEJIb, YCIOBHUS BBIIOJIHEHHS, 00bEM PadOTHI i CPOKH
BBITTOJIHEHUSI.

- IIPU OTYETE JTAOOPATOPHOU PabOTHI OCYILECTBISIETCS TEKYIIMI YYET U KOHTPOJIb 3a
CaMOCTOSITENILHOM pabOTOM CTYIEHTOB.

- JaeTcs OLleHKa padoThl, 0000I1aeTCss YPOBEHb YCBOCHUS HABBIKOB CAMOCTOSITEIILHOM U
TBOPUYECKOH pabOTHI.

4.5. llpumepHasi TeMATHKA KYPCOBBIX padoT (IpoeKToB) (IPpH HAJTUYHH)

KypcoBbie paboThl yueOHBIM IIJIAHOM HE MPEAYCMOTPEHBI
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V. YueOHo-MeTOAUYecKOe U MH(OPMALTMOHHOE o0ecredeHne TUCHUIIMHBI (MOTYJIA)
a) nepeuens Iumepamypbol

OCHOBHAs TUMepamypa

1. HInonsckuii 3.B. ATomHas ¢pusuka. Tom 1. BBenenue B aToMHYyI0 PU3HUKY [ DIEKTPOHHBIH
pecypc]: yue6. — DnekrpoH. gaH. — Cankr-Ilerepoypr: Jlans, 2010. — 560 c. — Pexxum
nocryna: https://e.lanbook.com/book/442

2. Uponos, U.E. KantoBas ¢usuka [Tekct] : ocHoBHBIC 3akoHbl / MI.E. Uponos. - 2-e u3n.,
nor. - M. : bunom. Jlabopatopust 3Hanuii, 2004. - 256 c. : rpad. ; 22 cm. - (Texauueckuit
yauBepcurer). - [Ipeam. ykas.: c. 252-256. - ISBN 5-94774-058-3. — (28 5k3.)

3. CasenneB U.B. Kypc obmieli ¢pusnku [DneKTpoHHBIH pecypc]: yaedHoe mocooue: B 5 1. T.
5: KBantoBas ontrka. AtomHas ¢pusuka. @usuka TBepaoro tena. Gusnka aTOMHOTO sijipa
u anemenTtapubix yactul / M.B. Casenbes. — CI16.: Jlanb, 2011. —384 c. — Pexxum nocryna:
https://e.lanbook.com/reader/book/708/#authors

00NOIHUMENbHAS TUMepamypa
1. Uponos N.E. 3agaun no kBanToBo# pusuke [Teker] : yued. mocodue mis crya. By30B / U.
E. Uponos. - 2-e uzn., uctp. - M. : JIab6. bazoBbix 3nanuii, 2006. - 215 c. - (Texuuyeckuit
YHUBEPCUTET).
2. Hymytud H.K. ®uzuka. ®usuka aToMHbIX sBieHuil: Yueb. nocodue / H. K. dymyTun, B.
M. Kaynmuxmam, FO. H. IlepensieB; Cubupckuii UH-T 1paBa, SKOH. U ynp. - Upkyrck : 13-
Bo CUIIDY, 2007. - 219 c.

%gm e HE Aty %
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0) nepuoouuecxue uzoanus
- HET.
B) CHUCOK ABMOPCKUX MEMOOUUECKUX papabomox

1. B cucreme obpasoBareiapHoro mnoprama MI'Y (http://educa.isu.ru/) pasmemicHb

MCTOANYCCKHUEC MAaTCPpHAJIbI U 3aJaHUA 110 JAHHOMY KYpCYy

2) baszvl 0aHHblx, MHd)OpMCZI/;I/lOHHO'CFZPCZ@O‘{Hble U nouckKkoevle cucmniemnl

1) HB UT'V http://library.isu.ru/ru

2) DY3 «bubauorex» https://isu.bibliotech.ru/
3) DBC «Jlauw» http://e.lanbook.com/

4) 3BbC «PykonT» http://rucont.ru

5) OBC «Ai#byke» http://ibooks.ru

V1. MaTepuajibHO-TeXHHYECKOe OOecreyenne JUCHUILUIUHBI (MO1YJIs1)

6.1. YueOHO-1a00paTOpHOE 000pPy10BAHUE!

KomMmmnbrorepHele mpe3eHTanuu, IporpamMma Uil TECTHpOBaHUA. UTeHue JeKIui
COIIPOBOXKIAETCS JeMOHCTpanueld uHbopmanuu (MyJIbTUMEAMMHBIA IpoekTop, oducHoe
o0OpyI0OBaHUE Ul OINEPATUBHOIO PA3MHOXKEHUS MJUIIOCTPATUBHOIO M Pa3laTOYHOIO
JIEKIIMOHHOT'O MaTepHasoB).

6.2. IlporpammHoOe obecrnieyeHue:

VHTEepHET UCTOYHUKHU:

Hay4HbIC TyOJMKAIUK B pehepaTHBHBIX )KypHAJIaX MO aKTyaJbHBIM MpodieMaM (DU3UKH; MaTepUalIbl
Hay4HBIX KOH(pepeHIuii. B yacTHOCTH Hay4Has 3JeKTpoHHas oubinoreka elibrary.ru; snexrponnast
onbmmoteka «Tpyxasl yuensix UT'Y» (http://elib.library.isu.ru); DnekTpoHHBIE BEPCHH KypPHAIOB:
“Venexu pusnueckux Hayk”, “M3Bectust By30B (cepus Gusuka)”, “Dusnka TBepaoro tena”, “Ousmnka u
TEXHHKa TTOJyIIPOBOIHIKOB ' WWW.Nanodigest.ru — MurepeHeT »ypHasl 0 HAHOTEXHOJIOT X

6.3. TexHnuyecKkue U 3J1eKTPOHHbIE CPEACTBA:

MynbTUMEIUIHBI TPOEKTOp, IKpaH (10 HEOOXOAMMOCTH), MEJOBas WM MapKepHas
nocka. B xozie yueOHOro nporecca HCHoiIb3yI0TCsl TEXHUUECKUE CPEeICTBA O0YUEHUSI U KOHTPOJIS
3HAHUW CTYJEHTOB (MPE3E€HTAlUH, KOHTPOJUPYIOIIUX TMPOrpaMM, JE€MOHCTPALlMOHHBIX
YCTAaHOBOK),  HCIIOJIb30BAHME  KOTOPBIX  IPEIYCMOTPEHO  METOAMYECKON  KOHILENIHEN
IpenojaBaHus

VIl. O6pa3oBaTebHbIe TEXHOJIOTHH

Ne

u/n Buabl yueoHoii padoThI Oo0pa3oBaTte/ibHbIE TEXHOJIOTHH

JMCKYCCUM, UHTEPAaKTUBHAS JIEKIUs (JIEKLIHS TUaJIor),
nH(pOpPMAIMOHHAS JIEKIIUS C 3JIeMEHTaMU 00paTHOM CBSI3H.

1. | Jleknus BBomnas nekimusi, nHGOpMaIUs JEKIUs, JISKIHSI ¢ DIIEMEHTaMHU

3. [TpakTHueckoe 3aHsTHE 3aHsTHE — pelieHue 3a1a4.



http://educa.isu.ru/
http://library.isu.ru/ru
https://isu.bibliotech.ru/
http://e.lanbook.com/
http://rucont.ru/
http://ibooks.ru/
http://elib.library.isu.ru/
http://www.nanodigest.ru/
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VI1Il. OneHounble MaTepHaJbl A TEKYILero KOHTPOJISA M IPOMEKYTOYHOM aTTecTalluu

(DOHI[ OLICHOYHBIX CPEACTB IIPEACTABIICH B ITPUITOKCHUH.

8.1.1. OnieHouHbIE CPEACTBA IJIs1 BXOJAHOTO KOHTPOJIS

(MOryT OBITH B BUJI€ TECTOB C 3aKPBITHIMH HJIH OTKPBITBIMH BOTIPOCAMH ).

8.1.2. OuieHOYHBIE CPEACTBA TEKYIIETO KOHTPOJIS

* Texkymuii KOHTPOJIb OCYLIECTBIIETCS B YCTHOM M MUCbMEHHOM (pOpMe MPU BBINOITHEHUN
CTYJIEHTaMH Y4eOHBIX 3aJJaHUH - PEIICHUH 3a7a4 U BBIIIOJIHCHUN KOHTPOJIBHBIX paboT Ha
MPOTSKEHUH BCETO Kypca.

TemaTuka KOHTPOJIbHBIX 3aJaHuM U BOIIPOCOB IIPUBCACHA HHUIKC.

1.
2.

3.

[Tocrosinnas Punbepra. B kakux egunuiax uamepsercs?

[paBuna orbopa [uis KBaHTOBBIX ymces: N, |, S, j. Ha3Banue KBaHTOBBIX YHCEN M 4YTO
XapaKTEepU3yOT?

Pemenue ypaBuenus Llpenunrepa ajist 371€KTpOHA B OJJTHOMEPHOW MOTEHIUAIBHON SIME B
pasnmuuHbIX obmactax: | — x <a, Il - -a<x<a, Ill —X>a roe a — mupuHa
MOTEHIIUATBHOM MBI, B JIByX Cllydasix : Korga sHeprus snektpoHa (E) Oosbie
noTeHmaibHou suepruu (U) u E<U.

4. 3anucatb (HOpMyYJIIBI AJIs TIOJTHOM SHEPTHH AJIEKTPOHA B aTOMaX BOJIOPO/Ia M HATPHUSI.

5. 3anucarb (opMyIbl sl TOTEHIUAIBLHOW YHEPrHH AJIEKTPOHA B aroMax BOJIOpPOAA U
HaTpUsL.

6. Uto Takoe TepM? ENUHUIIBI U3MEPEHUS TEPMA.

7. 3anucarh cepHalibHble (QOpPMYJIBl Yepe3 pa3HOCTh TEPMOB B aTOME HATpHUS AJIs
pas3nuy HBIX CEpUii: TTTaBHOM, PyHAaMeHTaIbHOH, pe3koil u Auddy3HO.

8. Bamucars GopMyITy IS MArHUTHO-OPOMTAITBHOTO MOMEHTA 31eKTpoHa (ML).

9. 3amucaTh (HOpMyYITy ISl MATHUTHO-CIIMHOBOTO MOMeHTa 3eKTpoHa (Ms).

10. Marueron bopa. Equnnis! usmepenus.

11. ®u3ryeckuii CMBICI TIOCTOSHHOM TOHKOW CTPYKTYPHI (a ).

12. CpaBHUTH TO BEIWMYHMHE HHEPIHI0 DJIEKTPOHHBIX O000J0YEK, KOJIeOATENBHYIO |
Bpallla TEJIbHYIO SHEPTHIO MOJIEKYII.

13. 3anucats GhopMymy JUIsl SHEPTUU BPAIICHUSI MOJICKYJIBI.

14. 3anucath GpopMyTy IS KOeOATeNbHON SHEPTUU MOJIEKYJIbI.

15. CoberBennas yacrora kosebanmii aromoB Q =+/k/m . Cmeici k ?

16. Dddext 3eemana. 3anucats hopmyny Jlopeniia.

17. B monepeunoM 3¢pdexre 3eemaHa CpaBHUTH T U G — KOMIIOHEHTHI IO HHTEHCUBHOCTH.
18. Kak 00BSACHUTH OTCYTCTBHE T KOMIIOHEHTHI B TIPOI0JIHHOM d(dekte 3eemana.

19. Haiftu MmuOXuTens Jlanad mis coyyas, korga L=0.

20. Haitti MEHOXHTENH JIanm i cydas, koraa S=0.

21. JlomiepoBCKOE YIINPEHUE CIEKTPATIbHBIX JUHUM, OT KAKUX MapaMeTPOB 3aBUCUT?
22. JIopeH1eBCKOE YIIMPEHHUE CIIEKTPAJIBHBIX JTUHHUM, OT KAKUX IapaMeTPOB 3aBUCHUT?
23. llITapkOBCKOE YIIMPEHUE CIEKTPATIBbHBIX JUHUH, OT KAKUX [apaMeTPOB 3aBUCUT?
24. 3anucath GopmyIty st JOOPOTHOCTH PEe30HATOPA JIazepa.

25. 3anucath popMyity 17 KO3PPUIIMEHTA SHEPTeTUUECKUX TTOTEPD (a1).

IlepeyeHb KOHTPOJIBLHBIX BOIIPOCOB U 3a/1aHUI /15l CAMOCTOSITeIbHOI PadoThl CTYIEHTOB.

1. Hasosure moctynatsl bopa.



Kak onpenensiercst paanyc 60poBckoit opouTsl? CKOpOCTh 3JIEKTpOHa Ha opOuTe?

Urto Takoe CruH IEKTpoHA?

OcHOBHbBIE TPUYUHBI YIIUPEHUS CIIEKTPAIbHBIX JTUHUNA?

Knaccuueckas anexrponnas teopus JlopeHua.

®opmyna Jlopenua. Muoxurens Jlanze.

Kaxk onpenensiercst moyiHast 3HEPrusi CTAllMOHAPHOIO 3JIEKTPOHA B aTOME LIEJIOYHOTO
Mertaiia?

9. OOBSACHUTH MPUINHY BO3HUKHOBEHUS JTyOJICTHOU CTPYKTYPHI.

Nk wN

Paccka3aThk 0 KBAaHTOBBIX YHCIIaX U X (bHBH‘lCCKOM CMBICTIE. YKa3aTh ImpaBujia 0T6opa.

10. HapucyiiTe cxemMy TEpMOB SHEPTreTHUYECKUX YPOBHEH € yueToM 4 —eX KBaHTOBBIX UHCEIL.

8.1.3. OnieHouHbIe CPEACTBA Il IPOMEKYTOUHON aTTeCTalluN

* [IpoMeKyTOUHBIN KOHTPOJIb — 3K3aMEH.

IIpumepHBIH CIMCOK BONPOCOB K IK3aMeHY
Pa3BuTHne aTOMHCTHYECKUX NPeJCTABJICHUI 00 U3JIyYeHHHU
Bunel uznnydenns. DHepreTu4eckue BeJIUYUHbI U3aydeHus. FIHTerpaibHbie U CIIeK-
TpaJIbHbIE XapaKTEPUCTUKU U3TyUEHUS.
TennoBoe paBHOBecHOe u3inydeHue. VcmyckaTenbHas U MOMIomaTenbHas Cnoco0-
HOCTH Tesia. AGCOJIFOTHO YEPHOE TEJIO.
3aKoHBI TEMJI0BOT0 U3yueHus: 3akonsl Kupxroga, Credana-bonbiimana u Buna.
®opmyna Panes-/Ixunca.
I'nnore3a kBanToB 3Heprun. Popmyia Ilnanka u cieacTBuUs, BBITEKAIOIINE U3 HEE.
SBnenue BHenIHEro GPoTod3(pdeKTa U ero 3aKOHEHI.
VYpaBHenue DiiHTelHa Ui GoTodPPeKTa u ero SKCepuMeHTaIbHas MPOBEPKA.
Buytpennuit potordpdexr.
@DOTOHBI, X PHEPIHSL, MACCa U UMITYJIbC.
O¢pdext Komnrona.
BoJiHOBbBIE CBOMICTBA YaCTHI]
KopnyckynsipHO-BOTHOBOM Ayann3M B CBETOBBIX SBJICHUSX.
I'mnoresa ne bpoins 0 IBOMCTBEHHOU KOPITYCKYJISIPHO-BOJIHOBOW IIPUPOJIE YACTHL]
BEIIECTBA U €€ TIOJITBEPKICHUE.
CsoiicTBa BosH ae bpoitis.
CootHouieHue HeomnpeaeneHHocTel [elizendepra.
Crpoenne aTtoma u Teopus bopa
ATOMHBIE CIEKTPBI U UX 3aKkoHOMepHOcTH. [locTosinHast Pundepra. O6o01ienHast
¢dopmyna bansmepa. CriektpanbHble TepMbl. KoMOMHanmonHslid npuHiun Purna.
Mogaenbs aroMa ToMCOHA ¥ €€ HEMPUMEHUMOCTD JIJIS1 ONTMCAHUS JTMHEWYAThIX
ONTUYECKUX CIIEKTPOB.
OmnsiTel Pesepdopaa o paccestuuto anbda- yactuil. [lnanerapuas monens atoma,
€€ MpOBEpPKa U €€ HELOCTATKHU.
KBanrtoBble noctynatsl bopa u ux skcrnepuMeHTaabHoe noaTsepkaeHue. (OnpIt
®panka u ['epia).
Teopus cTtpoeHns BOAOPOI0ONOA00HBIX aTOMOB 10 bopy.
VYyer nBukeHus sapa B reopuu bopa.
MaruuTHbI€ CBOMCTBa aToma B Teopuun bopa. Henocrarku teopun bopa.
PDu3nyecKHe 0CHOBbI KBAHTOBOH MEXaHUKH
OcHoOBHbIE MOJOXKEHUS KBaHTOBOW MexaHUKU. (BonHoBas (yHKIMSA, €€ HOpMUPOB-
Ka, CPEIHUE 3HAUECHHUSI, OTIEpaTOPbl UMITYJIbCA U SHEPTUH).
BonnoBoe ypaBHenue llIpeaunrepa. CranmonapHoe ypasHenue Llpeaunrepa.
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IIpuMeHeHre KBaHTOBOM MEXAHUKU K IIPOCTEUIINM 3a7a4aM O CTal{UOHAPHBIX CO-
cTosHUAX vacTullbl. (YacTuia B mpsIMOYTOJIBHOM MOTeHUMadbHOU sime. [IpoxokaeHue
YaCTHUIIBl Yepe3 MOTeHIUATBHBIN O0apbep. KoadduimenTs! oTpaskeHust u
MIPO3PavYHOCTH).
KBaHTOBO-MeXaHNUECKasi TEOpUs aToMa. DJIEKTPOH B BOAOPOJONIOA00OHOM aTOME.
DHepreTu4yeckuil crnekTp syekTpoHa. KBaHTOBbIE uumcia: I1aBHOE, OpOMUTaIbHOE U
MarHiuTHOE OpOUTAIHHOE.

OpOuTAJbHDBII, CIMHOBBINA M MOJHbIA MeXaHUYEeCKU U MATHUTHBIN

MOMEHTBI JIeKTPOHA B aTOMe
OpOuTanbHBIE MOMEHT KOJIMYECTBA JIBUKEHUS, MATHUTHBIN OpOUTATILHBIA MOMEHT.
OmnpiT LlTepna u I'epiaxa. CoOCTBEHHBII MOMEHT KOJIMYECTBA IBUKECHHUS AIIEKTPO-
Ha (CIIMH), MArHUTHBIN CIUHOBBIA MOMEHT. CIIMHOBOE Y MarHUTHOE CITMHOBOE KBAaHTOBBIE
qucia.
[TonHbBIi MEXaHUYECKU MOMEHT AJICKTPOHA, MOTHBINA U 3(()EKTUBHBIN MarHUTHBIC
MOMEHTHI. BHyTpeHHee 1 MarHUTHOE BHYTpeHHEe KBaHTOBbIe uncia. @akrop Jlanze.
CrnuH - opOuTanbHOe B3auMoelicTBue. ToHKast CTPYKTypa CIeKTpa.

CTpyKTypa U CIEKTPBI CJI0KHBIX ATOMOB
OrnpezenieHne SJHEPTeTUUECKUX COCTOSIHUM AJIEKTPOHOB B CIOXKHBIX aroMax. Cio-
KEHHE MOMEHTOB U TUIIbI CBSA3H 3JIEKTPOHOB B aTOME.
3acTpoiika 31eKTpOHHBIX 00onouek B arome. [Tpunnumn [Taynu. [TpaBuno Xynaa.
OnTHyeckue CeKTPhl CI0KHBIX AaTOMOB.
DHepreTU4ecKrue ypoBHU U ONTUYECKUN CIIEKTP aTOMa BO BHEUIHEM IIOCTOSHHOM
MarauTHOM Toje. (HopmanbHbiii 1 aHoManbHEIH 3 dekT 3eemana, 3 dekt [Tamena-
baka).

MouJiekyJisipHble CIIEKTPBI
DneMeHTapHbIe CBEJCHHS O CTPOCHUH MOJIEKyl. OCOOEHHOCTH MOJEKYISPHBIX
cnekTpoB. KBaHTOBaHuE K0JI€OaTENBHBIX U BPALATENbHBIX YPOBHEH.
CreKTphbI MOTTONIEHUS! 1 KOMOMHAIMOHHOTO PacCesHUS CBETA.

IIpumep TecTOBBIX 3a1aHNI JJI5l IPOBEePKH C()OPMUPOBAHHOCTH KOMIETEHIHIi, YKA3aHHBIX
Bbile B I.111:
1. D¢ppexm Komnmona 3axntouaemcsi 6
1) 83aumooeiicmsue o 31eKMPOMACHUMHO20 U3NYYEHUs. C 8eUjeCmEoM, 6 pe3yibmame
KOMOopo2o sHep2usi homoHo8 nepedaemcst 21eKmpoHaM 8eujecmad.
2) pacwennenue TUHUL AMOMHBIX CHEKMPO8 8 MASHUMHOM NoJe.
3) paccesHue  21eKMPOMACHUMHO20 — U3NYYeHUs HA  CB0O00OHOM  IJleKmpoHe,
conposoaicoaroujeecs ymeHbeHuemM Yacmomsol Uny4eHusl
4) smuccus 31eKmpoHa u3 amoma, npoucxooaujas 8 pezyivmame 0e3vl31y4amenbHo20
nepexooa npu HaIuyuy 8 amome 8aKaHCUuu Ha HympeHHell 21eKMpPOHHOL 000N0UKe.

2. B mooenu amoma Tomcona:
1) anexmpon cuumaemcs HenOOBUNHCHBIM,
2) nonodcumenbHoO 3apsANCEeHHAs 4acmv amoma CHUMAemcsi HenoOBUJICHOU, MAK Kak
SHAYUMENbHO msaxceee dIeKMPOHA;
3) pazmep NoONONCUMENLHO 3APSNCEHHO20 «NYOUHea» 3HAYUMENbHO OOobule pazmepa

IJIEKMpPOHA,
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4) aneKkmpoHbL HAX0OAMCA HA NOBEPXHOCIU NOJIOHCUMENLHO 3APAHCEHHO20 OONLULO20
«NYOUH2A», NPUMALUBAACL UM,

5) anexmponvl HaAXO00AMCA BHYMPU NOTOHCUMENLHO 3APAANCEHHO20 «NYOUHSA» U MO2YM
cosepulams KoaeOaHUsL OMHOCUMENbHO HOLONCEHUS PABHOBECUS,

6) 271eKmpoHbl COBEpULAIOM  OBUIICEHUE BOKPY2 NONONCUMENbHO 3aPANCEHHOU YaAcmu

amoma

3. Ilocne onvimos no paccesnuto a-vacmuy Pezepghopo coenan 6v1600v1:
1) cywecmgyem si0epuas mooenvb amoma,
2) onvim noomeepouna mooensb Tomcona;
3) cywecmgyem nianemapHas Mooeib amoma,
4) 6 A0pe CKOHYEeHMPUPOBAHA NPAKMUYECKU BCSL MACCA AMOMA,
5) pasmepul a0pa conocmasumbvi ¢ pazmepamu amoma,
6) pazmepwi 0pa 3HAUUMENLHO MeHblULEe PA3MEPO8 AMOMA.

4. Kaxos usuueckuti cmoici 3¢pghekmusnozo ceuenus paccesnusn?
1) 6 mexanuueckou mooenu: 3mo NAOWAOKA (MUULEHb), NONA8 68 KOMOPYIO YaAcmuyd
ucnvlmoigaem omkIOHeHUe,
2) 6 cmamucmu4eckol UHmMepnpemayuiL: 3mo epoamHoOCmb UCNbIMAMb PACCesiHUe 0OHOU
yacmuye,
3) sma éenruuuHa QuauUUecKko20 CMbICIA He UMeem,
4) ceuenue nyuxa paccesnnvix yacmuy 8 onvime Pezepghopoa;
5) ceuenue nyuxa naoarowux vacmuy;
6) omHowenue ceuenus NyuKa PACCEAHHLIX YACMUY K UHMEHCUBHOCU NAOAIOUUX
yacmuy;
7) omHouleHue YUCia paccesHHblX 4acmuy K UHMeHCUBHOCMU NAOAIOWUX YaACMUY.

5. U3 coomnowenus neonpedenennocmeli ciedyem
1) yacmuya c onpeoeneHHbiM 3HAYEHUEM DHEPISUU XAPAKMEPUIYEMCS ONpeoeNeHHbIM
3HaueHuemM UMNYIbCa
2) mouHO usmMepums 8pems HCUZHU YACMUYbl MONCHO JUWbL 8 MOM Cayuae, eclu y Hee
MOYHO onpeodeieH UMNYIbC
3) y yacmuyvl Mo2ym Oblmb 0OHOBPEMEHHO MOYHO USMEPEHbL NOJIOHCEHUEe U UMNYTIbC
4) mouHo uzmepums dHePeUIo Y CUCEMbL MOJNCHO TULUbL 8 MOM Clyyae, ecliu cucmemd
Jrcueem 6eCKOHeuHo 007120

6. ['unomesa de bpotiins 3axnouanracy 8 mom, 4mo
1) s0po umeem manvie no cpasHeHuIo ¢ AamoMoM pasmepol
2) wacmuya, obnadarowas UMNYIbCOM, UMeem KAK 60JIHO8ble MAK U KOPNYCKYJISAPHble
ceolcmea
3) mouHO uzmMepums 8pems HCUZHU YACMUYbI MONCHO UL 8 MOM Clyyae, eclu y Hee
MOYHO Onpeoenen UMNYIbC
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4) anekmpoHubie opOUmMbL MO2YM pACnONA2AMbCA HA ONPeOeNeHHbIX pPACCMOSHUAX OMm
a0pa

7. Jlyu Oe bpoiine npumenun ceoro eunomeszy K modenu amoma bopa. Vkazame eeproe
ymeepaicoeHue
1) usmenenue cxopocmu 31eKmMpoHA He NPUBOOUM €20 K nepexody Ha Opyeyio opoumy
2) 6 amome Ha «pa3peuleHHbIXY dIEKMPOHHBIX OPOUMAXx YKAA0bl8aemcs Noayyenoe Yucio
OnuH 601 e bpoiins
3) npu 0sudceHuU NO CMAYUOHAPHBIM OPOUMAM CKOPOCMb JJIEKIMPOHA MEHAEMC Sl
4) cmayuonapuvie opoumusl bopa coomeemcmeyom cmosayum 31eKmpOoHHbIM 80IHAM Oe
bpoiina 6 amome

IIporpamMma coctaBiena B coorBerctBuM ¢ TpeboBanusiMu ®I'OC BO no HampaBieHHro
noarotosku 03.03.02 dusuka.

Pa3zpaboruuk:

K.M-].H, noieHT CemuOparoBa B.A.

[Tporpamma paccMoTpeHa Ha 3aceiaHuu Kadeapsl oOmIeil 1 SKCIIepUMEHTaTbHON (PU3UKH

«24» mapra 2022 r.
[Iporokon Ne _6 4_/
3aB. xadeapoi /:;7 /’ 1.¢.-M.H., mpodeccop A.A. I'aBpuitrok

Hacrosimas mporpamMMa He MOKeT OBITH BOCHIPOM3BEJAeHA HHM B Kakoil d¢opme 0e3
NpeABapPUTEJIbHOI0 MMCHMEHHOI0 pa3pelieHns kKadeapbi-pa3padoTynKka NPOrpaMMmbl.



