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Mporpamma aucumnnuHbl "AToMHas dusmka”; 03.03.02 dusuka; npodeccop, A.H. (npodpeccop) ManHyTanHos P.X.

Mporpammy ovcumnavHbl paspaboTan(a)(n) npodeccop, a.H. (npodeccop) ManHyTanHOB P.X.
Kadgoenpa ontukn n HaHopoToHUkM OToeneHme puamnkm , Renat.Gainutdinov@kpfu.ru

1. LUenn ocBOEHNS AUCLUMINHBI

N3yyeHne OCHOBHbIX SIBNEHUI 1 METOA0B (PM3MKN aToMa U POPMUPOBaHNE OU3NYECKOTO MbIWNEHMS,
NO3BONSOLWEr0 NOHMMAaTb 3aKOHOMEPHOCTN MUKpPOMMPA.

2. MecTO AMCUMNNUHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbLHOro o6pasoBaHus

HaHHas yyebHas aucuunnnHa BkntodeHa B pasgen " 51.6.20 ducumnauHbl (Mogynn)" OCHOBHOW
obpasosatenbHoi nporpammbl 03.03.02 dusnka n oTHOoCMTCS K 6a30B0I (06WenpodecCcnoHanbHoON)
yactu. OcBamBaetcs Ha 3 Kypce, 5 ceMecTp.

OucumnnunHa B3.5.5 "AToMHas comamka" BXxoanT B NpodpeccrnoHanbHblii Lnkn (6nok B3) 6bakanaspos
no HanpaeneHuto 011200.62 - "dunsnka" n sensieTcs 0ba3atenbHO ANs N3y4YeHus.

N3yyeHne naHHO ancumnnmHbl 6a3npyeTcst Ha NOArOTOBKE MO YU3MKe 1 MaTeMaTke B pamkax
CocynapcTBeHHOro ctaHaapta obwero obpasoBaHns, AUCUMNIMH NOAroTOBKM BakanaBpoB no
HanpaeneHnto 011200.62 - "®dusnka":, b3.b.2 "MonekynspHas duamka", 63.6.3 "OnekTpnyecTtso u
marHetnam", 63.6.9 "OnekTpoanHamuka", 63.6.4 "OnTtumka".

OvcumnnnHa siBnseTcst CoCTaBHOM YacTblo Kypca obLwelt (onu3nKn 1 CryXXnT OCHOBOW sl
nocnenyowero N3y4YeHns oMcumnivH kypca obuwei gusunkm (63.6.6 "dunsnka atomHoro siopa
anemeHTapHbIx yacTtuy", 63.6.10 "KBaHToBas Teopus”), Ans BbINONHEHUs nabopatopHbIX paboT B
pamkax 3aHsATuii no aucumnnmHe b3.5.7 "O6wuin domanyecknii npakTnkym".

3. KomneteHuuu obyyatroLlerocs, hopMmpyemble B pe3ynbTate 0CBOEHUS AUCLUMIUHDI
/mopynsi

B pesynbrate 0CBOEHNS AMCUMMIMHBI (OOPMMPYIOTCS Cneayowme KOMNeTEHLUN:

Pacwucposka
LLincpp komneteHumu npuobpetaemMon KOMMNEeTeHL MU
OK-7
(0blWeKynbTypHbIE CNOCOBHOCTBIO K caMoopraHmnsaumm n camoobpasoBaHumto
KOMMeTeHuun)
OlK-3 CMOCOBHOCTBIO MCMOJIb30BaTh 6a30Bble TEOPETUYECKNE 3HAHWNSA
(npogpeccuoHanbHble oyHOaMEeHTanbHbIX pa3aenos obLel 1 TeopeTUHeCKon onsnkm
KOMMEeTEHLMN) LNS peleHns NpogoeccnoHanbHbiX 3aaad
MK-3
FOTOBHOCTbLIO MPUMEHSATb Ha NPaKTMKE M NOHaNbHbI
(MpocheccuoHanbHbie 3?|at|mqo$eommmpm MeeTouoseipm%?AquK?nx pm%cfneecgo:a;a;m °
KOMMeTeHuun) P
nK-5 CNOCOBHOCTBIO NONb30BaTLCS COBPEMEHHBLIMM METOAAMM
(NpogpeccuoHanbHble 06paboTkun, aHann3a n CUHTE3a PU3NYECKON NHPOpMaLMN B
KOMMEeTEHLMN) n3bpaHHo 0bnacTn M3N4eCKNX NCCneLoBaHunin
CNOCOBHOCTbIO MPOEKTMPOBATL, OPraHN30BbIBATD U
MK-9 aHann3npoBaTb Nnenarorn4yeckyto oesiTeNlbHoCTb, obecneymsast
(NpogpeccuoHanbHble nocnenoBaTenbHOCTb M3NOXEHUS MaTepuana v
KOMMeTeHLMN) MEXANCUNMNNNHAPHBIE CBA3N OPUIUKN C APYTrUMM
OVCUMnaHaMm

B pesynbtate 0CBOEHUS ONCUMMNUHBI CTYAEHT:
1. DONXeH 3HaThb:
- 9KCNnepuMeHTasibHble OCHOBbl COBPEMEHHOW aTOMHOM (PU3NKU U KBAHTOBOW MEXaHWUKW;
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- 3aKOHOMEPHOCTM aTOMHOM CPU3KKM, ONpeaensiolne CBOMNCTBa aTOMOB 1 NEPUOANYHOCTb UX
N3MEHEHWS;

- OCHOBHbIE CBOMCTBA aToMa Bo4opoaa.

2. DONIXEH yMeTb:

BblHNCNATb 3HepreTnd4eckmne yposHM 1N 4HaCToTbl CNEKTpasbHbIX NIMHWIA aToMa BOAOpOOAa; onpenensdaTb
CBOMCTBA aTOMOB B 3aBUCUMOCTW OT COCTOSIHUIA, B KOTOPbIX OHN HaxoOAaTCA.

3. OONXeH BnafeThb:

- METO4AaMN peLeHns 3a4a4, CBA3aHHbIX C HAXOXAEHNEM CBOWCTB aTOMHbIX COCTOSIHUN;

- COBPEMEHHOI (oM3mM4eckoin annapatypoi 1 obopyaoBaHNEM;

- MeToaamu paboTbl C COBPEMEHHbIMI 00pa30BaTENbHBIMU M UHPOPMALIMOHHBIMU TEXHONOTNSIMM

4. nONXeH OJEMOHCTpUMpoOBaThb CNOCOBHOCTb 1 FOTOBHOCTb:

- K peleHnto 3aay, CBA3aHHbIX C HAXOXAEHNEM CBONCTB aTOMHbIX COCTOSIHWIA;
- 3KCMyaTpoBaTb COBPEMEHHYIO (PM3NYECKYIO annapatypy 1 060pyLoBaHWE;
- paboTaTb C COBpEMEHHBbIMY 06pasoBaTebHbIMU 1 MHOPMALMOHHBIMW TEXHONOTUSIMM

4. CTpyKTypa u cogepxaHue AUCLUMNIUHBI/ Moayns
Obwas TpyooeMKOoCTb AMCLMMNANHBI COCTaBNseT 3 3a4eTHbIX(ble) eanHmu(bl) 108 yaca(os).
dopma NPOMEXYTOHHOrO KOHTPONSA AUCLMMINHBI 9K3aMeH B 5 cemecTpe.

CyMMapHo no AMcumnanHe MoxHo nony4ntb 100 6anno., N3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONMYeCcTBO ANs oMnycKa K 3a4eTy
28 6annos.

86 6annos 1 bonee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBnetBoputenbHo" (yaooB.);

54 6anna n MeHee - "HeynoBNeTBOpUTENbHO" (Heya.).

4.1 CTpyKkTypa u cogepxaHue ayauTopHOW paboTbl MO AMCLUNIUHE/ MOBYNIO
TemaTtnyecknn nnaH gUCUUNIUHbI/MOAYNS

Buabl n yachbl
Pasgen ayAuTOpHOM paboThbl,
Henens WX TPYA0EMKOCTb Tekywue copmbl
NI Bcuannuue - CeMecTpoyecrpy (8 acax) KoHTponS
Nex ImI'IpaKTm--lecKmeJ1a60parop|-u:|e
L 3aHATUSA pabotbi

1 Tema 1. BeepeHue B 5 1 5 0 0

aTOMHY0 PU3UKY.

Tema 2.

KopnyckynsipHble
2. |cBoliCcTBa 5 1 0 2 0

9NEeKTPOMarHUTHbIX

BOJIH.

Tema 3. BonHosble
8. CBOMCTBA MMKPOYaCTULL. 5 2 8 0 0

Tema 4. [InckpeTHOCTb
4. |aTOMHBIX COCTOSHUIA. 5 3-5 0 6 0
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Buabl v yachbl
Pasgen ayauTopHon paboTbl,
Henens MX TPy A0EMKOCTb Tekywume copmbl
N ,D,ulc\:nuunnunbll CemecTp cemecTpa (B yacax) ‘{( ompﬁl ﬂp
oAyna Nek ImI'IpaKTW-lecm/leJ1a60pa1'op|-||>|e
u 3aHATUSA pa60TbI

Tema 5.

KBaHTOBOMEXaHu4eckoe
5 lonucarme aToMHbIX 5 6-8 10 0 0

cucTem.

Tema 6. KBaHTOBas

MexaHuKa CUCTEMbI Konnoksnym
6. TOXOECTBEHHbIX : 9-10 0 4 0

yacTtumu,.

Tema 7. Atom BOgOpoOa

N BOOOPOAONOA06HbIE i
7. ATOMb. 5 11-14 | 14 0 0

Tema 8.
8. [IMHOroanekTpoHHbIE 5 15-17 0 6 0

aToOMblI.

Tema 9. CTpoeHue n
9. cBOKMCTBa MONEKyn. 5 18 1 0 0

Tema 10. ATom BO Konnoksuym
10. BHELWHEM none. 0 - 1 0 :
11./Tema 11. Ok3ameH 5 18 0 0 0

Tema . Itorosas 5 0 0 0 Ok3ameH

doopma KOHTpons

Ntoro 36 18 0

4.2 CopepxaHue oUCLUNMUHbBI
Tema 1. BBeaeHue B aTOMHYIO0 (PU3MKY.
JIeKLMOHHOe 3aHsiTne (2 4yaca(os)):

BeeneHune B atoMHyt0 on3unKy. Passutmne atoMuctudeckmx npeacrasneHnin. Cneundouka 3akoHOB
MuKpomupa. Kpyr siBneHuin, onvcbiBaeMbIX aTOMHON (PU3UKON.

Tema 2. KopnyckynsipHble CBOUCTBa 3/1€KTPOMarHUTHbIX BOJIH.
npakTnyeckoe 3aHsitne (2 4aca(os)):

KopnyckynspHble CBOMCTBA 3n1eKTpoOMarHMTHbIX BoSH. OTKpbITME dhoToadpdpekTa. [poTrneopeyne
3aKOHOB (hoTo3dhhekTa 3akoHaM Knaccmyeckomn comaunku. Mmnynbc potoHa. TOMCOHOBCKOE
paccesHue. OnbiTbl Bapkna. OnbiTbl KomnToHa. PaccesiHme ceBeta ¢ KOPNyCKYNSApHOW TOYKM 3PEHUS.
AhhekT KomnToHa.

Tema 3. BonHoBble CBOMCTBa MUKpOYacTuL,.
JIeKLMOHHOe 3aHsiTue (8 yaca(oB)):

BonHoBble cBoicTBa MMKpoyacTuL. JAndopakunoHHbIA ONbIT M KBAHTOBOE NOBEAEHNEe SNEeKTPOHOB.
$iBneHne kBaHTOBOW UHTepdepeHumnn. OnbiTol [ascoHa n dxepmepa. ddhdekT
Pamsayspa-TayHceHga. 'vnoTesa Jlym ne Bpoinns. YpasHeHusa ne bpoining. YpaBHeHUs
enbmronbua v WpepuHrepa ons BonH ae bpoiing. HeobxoammocTb BEPOSATHOCTHOM
NHTepnpeTaunn KBAHTOBbIX SBIEHUI.

Tema 4. IMCKPETHOCTb aTOMHbIX COCTOSAHUMN.
npaktnyeckoe 3aHsitne (6 4yaca(os)):
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JnckpeTHOCTb aTOMHbIX COCTOSIHUIA. Knaccmyeckas Teopus sny4eHns YepHoro Tena. JJMckpetHoCcTb
aTOMHbIX COCTOSIHUA. ATOMHbIE CNEKTPbl. DKCMEPUMEHTasIbHbIE 3aKOHOMEPHOCTU B IMHEAYATbIX
cnekTpax.HecoBMeCcTMMOCTb 3aKOHOMEPHOCTENN3NYYEHUS C KNaCCMYECKUMU NPeaCTaBNEHNSMA.
MarHuTtHble cBoricTBa atomoB. OnbiThl WTepHa n MNepnaxa. OTKpbITUE CNHA anekTpoHa. Mogenb
atoma TomcoHa. OnbiTbl Pe3epdoopaa no paccesHuio anbga-4yactuu. [naHetapHas Mmogenb atoma.
Moctynatbl bopa . O6bscHeHNe KoMbrHaUMOHHOrO NpuHumna. Monens atoma bopa

Tema 5. KBaHTOBOMEXaHM4YecKoe onucaHue atToMHbIX CUCTEM.
nekumoHHoe 3aHsiTne (10 yaca(os)):

KBaHTOBOMEXaHNYeCckoe onncaHne aToMHbIX CUCTEM. [ToHATME KBAHTOBOrO COCTOSHUS. [MpnHLUMn
cynepno3uumu. MNoHaTne 06 onepatopax pruanyeckux BenmumH. CtatmctTnyeckmne CBOMCTea
Habnopaembix. CpeHee 3Ha4YEHNE PU3NYECKUX BENNYMH. YpaBHeHue WpenmnHrepa.
Mpencrasnenns WpeanHrepa un MeiideHbepra. CtaumoHapHble cocTosHus. CtaunoHapHoe
ypaBHeHue lLpennHrepa. MNpsiMoyronbHas noteHunanbHas ama

Tema 6. KBaHTOBasi MexaHUKa CUCTEMbI TOXO,ECTBEHHbIX YacTunL,.
npaktnyeckoe 3aHsitne (4 4aca(os)):

KBaHTOBas MexaHvnka CUCTEMbI TOXAECTBEHHbIX YacTuL,. CUMMETPUYHbIE N aHTUCUMMETPUYHbIE
BONHOBble PYHKUMUN. BO30HbI 1 hepMuroHbl. [oHATNE 0 pacnpeneneHn bose-OnHwTenHa n o
pacnpeneneHmnmn ®epmu-Lupaka. MpuHuun Maynw.

Tema 7. AToM BOgopoaa u BOAopoaonoao6HbIe aToMbl.
JNleKuoHHoe 3aHsitne (14 Jaca(os)):

ATOM BOLOpPOZA 1 BOLOPOLONOL0OHbIE aTOMbl. KBAHTOBaHNE MOMEHTA KOIMYECTBA ABUXEHUS.
Cdpbepuryeckue pyHKUNN. YPOBHU SHEPTM U KBAHTOBbIE YXCNA SNEKTPOHA B aTOMe BO4OPOLAA.
Op6uTanbHbI U NOMHbIA MOMEHTbI KONMYECTBA ABMXEHNS.KBAHTOBO MEXaHNYECKOE NPaBMIIo
CNOXEHUS YrNoBblX MOMEHTOB. CNuH-0pbuTanbHOE B3anMOLENCTBUE U TOHKAS CTPYKTypa.
Nambosckuin casur. Cxema ypoBHe 3Heprum BoaopoaononobHoro atoma. YeTHOCTb.
B3anmoperictBme aToMoB ¢ nonem manydeHums. Cnektpbl atoMoB. [pasuna otbopa.

Tema 8. MHOroaneKkTpoHHbIe aTOMbI.
npakTnyeckoe 3aHsitne (6 4aca(os)):

MHOroanekTpoHHble atoMmbl. [MpnbnrXxeHHas xapakTepucTnka oTAeNbHbIX 3N1EKTPOHOB KBAHTOBLIMU
yucnamu n u i. NoHATNE O aNeKTPOHHOM KoHurypaumn. MNpnMmeHeHne npuHumna MNaynw.
OnekTpoHHbIE 000NI04KM aToMa U NX 3anonHeHne. BekTopHOe CnoxXeHne yrnoBbiX MOMEHTOB U TUMbI
cBa3n. HopmanbHas u jj ceasn. PacnpeneneHne TepMoB rnpy HopManbHom ceasu. [pasuno XyHaa.
dusnyeckoe 06bSCHEHNE NEPMOLMYECKOro 3aKoHa. BaanmoneictBre anekTpoHOB B
MHOrO3/1EKTPOHHOM aToMe. YPOBHU SHePrum atoma renuns. YwmnpeHue crnektpanbHbIX TUHUNA.
PeHTtreHoBckume cnekTpbl. 3akoH Mozenu. AsneHne Oxe. YPOBHM SHEPrUmM 1 CNEKTPbl aTOMOB
LWEeNOYHbIX MeTannos.

Tema 9. CTpoeHue n cBOMCTBa MONEKYII.
neKkuunoHHoe 3aHsitne (1 yaca(os)):

CtpoeHune n ceoiicTBa Monekyn. Buabl ABnxeHus B Mmonekyne. @opma 1 pasmep Moneky’l.
OneKkTPOoHHbIE 060N0YKM U XMMUYeckas CBs3b. BpalaTenbHble, konebaTtenbHble U 3NEKTPOHHbIE
CMEeKTPbl MONEKYIN.

Tema 10. ATOM BO BHELLHEM rnone.
nekumoHHoe 3aHsitTne (1 yaca(os)):

AToM BO BHelwHeM none. CBsi3b MEX Y MEXaHNYECKMM U MarHUTHbIM MOMeHTamu atomoB. OnbIT
OiHwTenHa-ne Ma3a. PaclenneHre aHepreTnyecKnx ypoBHei npy noMeweHny atoma B MarHMTHoe
none. PacwenneHvne nuHUiA nanyyeHns. 9odekT 3eemMaHa. DNeKTPOHHbIA NapaMarHUTHbIN
pe3oHaHC. SaepHbIli MarHUTHBIA PE30HaHC.

Tema 11. 9k3aMeH

4.3 CTpyKTypa 1 copgepxaHue caMOCTOSITENIbHOM paboTbl AUCLUMINHBI (MOLYNSA)
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Buabi
N Paspen Cemect Hepens | camocTosiTensHon [TpyAo0eMKOCTb g;?ﬂg:;:?:;gﬂg;
AducumnnuHbl pcemecrpa paborthbl (B yacax) 260TbI
CTYL,EHTOB P
Tema 6. KBaHTOBas
noaroToBka K
6 MexaHuKa CUCTEMbI 5 9-10 nagb?/le%m?m 9 MMCbMEeHHas
" ITOX 0ECTBEHHbIX a60Te paboTta
yacTuu. P
nooroToBka K
10 Tema 10. AToM BO 5 18 nagbfne?-mgm 9 MMCbMEHHas
‘[BHelWwHeM none. T
paboTte patota
Ntoro 18

5. ObpasoBatenibHble TEXHONIOTUK, BK/IKOYas UHTEepaKTUBHblie POpPMbl 00yYeHUs
NneKunm ¢ NCNonb3oBaHUEM OEMOHCTPAaLUUM ONbITOB U APKUX ABNEHUI B (PU3KKE;
nposeneHne onan4eckoro NpakTnkyma;

camocTosTenbHas pabota CTyIEHTOB;

KOHCYnbTaLUW.

6. OueHOUYHble CpeacTBa OJ1sl TEKYLLLEro KOHTPOS yCreBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLIMINIIMHBI U y4eBHO-MmeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboThbl CTYAEHTOB

Tema 1. BBeaeHue B aTOMHYIO0 (PU3MKY.

9K3ameH

Tema 2. KopnyckynsipHble CBOMCTBa 3/1eKTPOMarHUTHbIX BOJIH.
9K3ameH

Tema 3. BonHoBble CBOMCTBa MUKpPOYacTuL,.

9K3ameH

Tema 4. IMCKPETHOCTb aTOMHbIX COCTOSAHUN.

9K3ameH

Tema 5. KBaHTOBOMEXaHU4YecKoe onucaHme aTOMHbIX CUCTEM.
9K3ameH

Tema 6. KBaHTOBasi MeXxaHMKa CUCTEMbI TOXA,ECTBEHHbIX YacTULL.
nMcbMeHHast paboTa , NpUMepHbIe BONPOCHI:

KETPOHHBH
B_EPCHTET
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1. NpoTnBopeyme 3aKoHOB ooToapdpekTa knaccuyeckom puankm 2. imnynbsc gpotoHa 3. OnbIT
bapkna 4. KorepeHTHasa n komntoHoBckas nuHum 5. Knaccuyeckuin aHanor adpgpekra
Pam3zayaspa-TayHceHna 6. YpaBHeHue ans sonH He-bponng 7. [loyeMy COCTOSHUSA onucbiBatOTCS
ny4amn? 8. CobcTBeHHble cocTosiHMS 9. OCHOBHbIE CBOMCTBA COBCTBEHHbIX cocTosiHMIA 10. Kak
onpenensitoTcs onepatopbl? 11. MoyeMy onepatopbl AOMXHbI ObiTb 3pMUTOBLIMU? 12. CMbICH
coctogHus ¢_1*|fi_x>+ c_2*|fi_y>. 13. Onepatop p_x 14. CpenHee 3Ha4eHME p_X B COCTOSAHUN
c_1*|fi_x>+ c_2*|fi_y>. 15. HeonpeneneHHOCTb p_X B cocTosHumM ¢_1*|fi_x>+ ¢_2*|fi_y>. 16. Y10
MOXHO ckasaTb 0 Habnogaembix, MMerowWwmx obwme cobecTBeHHble BekTopa? 17. O6obleHHoe
COOTHOWeHWe HeonpeneneHHocTen 18. KoopanHaTtHoe npenctasnerHune 19. MmnynbcHoe
npeactaeneHne 20. KaHoHU4Yeckne KoMMyTaTBHbIE COOTHOWeEHNS 21. [lokasatb ncxons us smaa
onepaTtopa p_i 22. [lokasaTtb COOTHOWEHNE HeonpeaeneHHocTn [ein3eHbepra 23. OnepaTop
opbuTtanbHoro MoMeHTa L 24. YpasHeHue WpeaunHrepa 25. Onepatop asonouun 26. uHaMmmyeckoe
ypaBHeHMe B KapTuHe [ein3eHbepra 27. [JMHaMM4eckoe ypaBHEHME B KAPTUHE B3anMoaeincTems 28.
Kak mokasbiBaeTtcs HecoBMecTHoCTb L_X, L_y n L_z 29. Bun onepatopa L_z 30. Cob6CTBEHHbI
BEKTOP M coBCTBEHHbIE 3HaYeHust L2 n L_z 31. MomeHTHbIn 6a3uc 32. YpaeHeHve LWpennHrepa B
KoopavHatHoOM npencrtaeneHun 33. YpasHeHue WpeanHrepa B umnynbcHOM npencrasneHn 34.
CraumnoHapHoe ypasHeHue WpeaunHrepa 35. OnpenenuTb cpeaHee 3Ha4YeHne KoopanHathl X
4acTuLbl B SME B OCHOBHOM COCTOSiHUK. 36. Onpenenntb HeonpeaeneHHOCTb KOOPANHATBI X YacTuLbl
B sIM€ B OCHOBHOM COCTOSiHMMW. 37. OnpenennTb cpeaHee 3Ha4YeHne NMnynbca p_X 4acTulbl B SIME B
OCHOBHOM coCTOsiHMM. 38. OnpenennTb HeonpeneneHHOCTb UMNyNbca P_X 4acTuLbl B SIME B
OCHOBHOM COCTOSIHMM. 39. DHepreTnyeckme ypoBHn atoma sogopoa 40. ToHkasa CTpykTypa atoma
Booopoaa 41. Nlambosckuin cagur 42. KBaHToBble yncna 43. Co6CTBEHHbIE BEKTOPbI M 3HAYEHWS
onepaTopa nonHoOro MoOMeHTa Kkonmnyectsa Osmxenns J 44. CnuH 45. VIHBapMaHTHOCTb 1 3aKOHbI
coxpaHeHust 46. ToxAeCTBEHHbIE YacTuLbl 1 ctatucTnka. PepMmoHbl 1 6030HbI.

Tema 7. AToM BOogopoaa 1 BoAopoaonoao6Hbie aToMbl.
9K3aMeH

Tema 8. MHOroanekTpoHHbIe aTOMbI.

SK3ameH

Tema 9. CTpoeHue n cBONCTBa MOJNEKYII.

SK3ameH

Tema 10. ATOM BO BHeLLHEM norne.

nMcbMeHHas paboTa , NpuMepHbIE BONPOCHI:

1. CBA3b cnnHa n ctaTUCTUkK. 2 Kakasa KOHCTaHTa ABUXEHUS CBSA3aHa C MHBAPUMAHTHOCTbIO
OTHOCMKTENbHO 3epKanbHOro otpaxeHna? 3. Onpenenntb YETHOCTb cocTosiHMa 2D _3/2 4. Matpuua
Maynn 5. MHOroanekTpoHHble atombl 6. Kak onpenensietcs YACNO COCTOSAHUIA B 9NEKTPOHHOW
obonouyke 7. B L-S cBA3n onpenenutb TEPMbI 1 COCTOSIHNS B KOHGpurypauum 2p3p 8. B j-j cBsau
onpenennTb TEPMbI U COCTOSHMS B KOHdurypaumm 2p3p 9. MNpasuna otbopa 10. Maparennii n
optorenuin 11. Pa3pelweH nu nepexon: "3P_2 -> *3S 1, A3P_2 -> "M P_1, "3P_2, 06pa3oBaHHOro 13
11=1 n 12=0 B *3D_2, 0bpasoBaHHOro 13 [1=2 n 12=1? 12. Onpenenntb KOHPUrypaumo 1 OCHOBHOE
coctosHne: 5B; 13Ar; 20Ca

Tema 11. 3k3aMeH

9K3aMeH

Utorosasa chopma KOHTpoOnsA
9K3aMeH

[MprMepHble BOMPOCHI K 9K3aMeHy:

BblwenpuseneHHble BONPOCHI K KOMTOKBAUYMaM M NPUMEpPHbIE 3K3aMeHaunoHHbIe BOMPOCh! BeAyT K
passuTuio cnegyowmx komneteHumn: OrK-3, MNMK-3, rNkK-5, rkK-9 n OK-7

JK3aMeHauMoHHbIe BOMpPOChI:

1. MNMpoTmnBopeUne 3aKoHOB (PoTOoaPdEKTa 3aKOHaAM KNaCCUYECKON (PU3NKK

2. mnynbc gooToHa

3. OnbiT Bapkna

4. KorepeHTHas 1 KOMNTOHOBCKAs NUHUK
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5. Knaccuyeckuin aHanor agopekta Pam3ayspa-TayHceHna

6. YpasHeHune ons sonH ne bponns

7. lNo4yeMy COCTOSHMSA ONUCLIBAKOTCS Ny4amun?

8. CobCTBEHHbBIE COCTOSIHNS

9. OCHOBHble CBOMCTBA COOCTBEHHbBIX COCTOSHWIA

10. Kak onpegnenstotcs oneparopbl?

11. MNoyemy onepartopbl [ONXKHbI ObITb 9PMUTOBLIMU?

12. Y10 MOXHO cKkasaTtb 0 Habnoaaemblx, UMetoLWwmnx obwme cobCTBEHHbIE BEKTOPA?
13. KoopanHaTtHoe npencrasneHve

14. IMnynbcHoe npeacTaeneHune

15. KaHOHWYeckne KOMMyTaTUBHbIE COOTHOLWEHNS

16. IlokasaTb COOTHOWEHNS HeonpeneneHHocTn [ein3eHbepra

17. OuHamnyeckoe ypaBHeHue LpenuHrepa

18. Onepartop asonounm

19. InHamnyeckoe ypaBHeHune WpennHrepa B kapTuHe ["ein3eHbepra
20. OunHamunyeckoe ypaBHeHue LpenunHrepa B kapTnHe B3aMMOLENCTBUSA
21. MOMeHTHbI 6a3nc

22. YpasHeHue WpenunHrepa B kKoopaAnHATHOM npeacTasneHnmn

23. YpasHeHue LLpennHrepa B MNynbCHOM NpeacTaBneHnn

24. CraumnoHapHoe ypaBHeHue WpeauHrepa

25. OHepreTnyeckne yposHu atoma Bogopoaa

26. ToHKag CTpyKTypa aToma Bogopoaa

27. JlamboBcKMin coBur

28. KBaHTOBbIE YMCna

29. CobCTBEHHbIE BEKTOPbI M 3HAYEHNS onepaTopa NONHOro MOMEHTA KONNYECTBA ABUXEHNS J
30. CnnH

31. lHBapraHTHOCTb U 3aKOHbl COXPaHEHNS

32. ToxaecTBEHHbIe YacTulbl 1 cTatucTnka. PepmMmnoHbl 1 6030HBbI.

33. CBA3b crvHa 1 CTaTUCTUKM

34. Kakas KOHCTaHTa ABUXEHNS CBSA3aHa C MHBAPMAHTHOCTbIO OTHOCUTENbHO 3epPKanbHOro
oTpaxeHusa?

35. Matpuua Maynm

36. MHOroaneKTpoHHbIE aTOMbI

37. Kak onpenensietcs YACNo COCTOSIHUIA B 9NEKTPOHHO 060n04Ke
38. MNpaeswuna otbopa

39. MNaparenuin n optorenun

7.1. OcHOoBHas nuTeparypa:

Wnonbcknini 3.B., ATomHas couamka. Tom 1. BBeaeHne B aToMHyt0 ouanky. - 'JlaHb', 2010. - 560 c. -
ISBN: 978-5-8114-1005-7 // http://e.lanbook.com/books/element.php?pl1_id=442

Wnonbcknn 3.B., AToMHas comnamka. Tom 2. OCHOBbI KBAHTOBOWM MEXAHWUKM U CTPOEHNE 3NEKTPOHHOM
obonoyky atoma. - 'Jlanb', 2010. - 448 c. - ISBN: 978-5-8114-1006-4 //
http://e.lanbook.com/books/element.php?pl1_id=443

Caeenbes W.B., Kypc obwei domnaunku. B 5-u 11. Tom 5. KBaHTOBast onTuka. AToMHas puauka.
dun3suka TBepooro tena. Prsmnka aToMHOro g4pa v aneMeHTapHblx Yactuy,. - 'JlaHb', 2011. - 384 c. -
ISBN: 978-5-8114-1211-2 // https://e.lanbook.com/book/708
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7.2. lononHutenbHasa nuteparypa:

Mapwakoe A.H. BeeneHue B kBaHTOBYO (puauky. - "NlaHb", 2010. - 352 c. - ISBN: 978-5-8114-0982-2
// http://e.lanbook.com/books/element.php?pl1_id=297

@®puw C.3., Tumopesa A.B. Kypc obwein pusmkm. B 3-x 11. T.3. Ontuka. ATomHas cmsuka. - "flaHb",
2008. - 656 c. - ISBN: 978-5-8114-0665-4 // http://e.lanbook.com/books/element.php?pl1_id=419

3ucman I.A., Togec O.M. Kypc obweit domamku. B 3-x 1. T.3. Ontuka. dnsmka atoMoB 1 MONEKYII.
duamka aTOMHOro s4pa u mukpodacTtuu,. - "JlaHe", 2007. - 512 c. - ISBN: 978-5-8114-0755-2//
http://e.lanbook.com/books/element.php?pl1_id=508

7.3. UHTepHeT-pecypcChbl:

ManHytomHoB P.X., Kanayes A.A., MytbirynnuHa A.A., Xamagees M.A., Canaxos M.X.
B3anmopnerncteve aToMOB C MOJIEM TA3EPHOM0 N3NyYeHns n pe3oHaHcHas gonyopecueHums. KasaHb
2013, 32c. -
http://shelly.kpfu.ru/e-ksu/docs/F1215185736/metodichka.VZAIMODEJSTVIE.ATOMOV.S.POLEM..pdf

"anHyTamHoB, P.X. lNMapanokcbl KBAHTOBOW MEXAHWKW: KBAHTOBbIN Napanokc 3eHoHa / P.X.
aHyTOnHOB, A.A. MyTbirynnnHa. YuyebHo-metoanyeckoe nocobre ons MarmctTpaHToB NepBoro roaa
obyyeHunst gomamnyeckoro gpakynbTteta. HayuHbii pegaktop - M.X. Canaxos. - 2009. - KasaHb, KI'Y. -
18 c.(1.5 n.n.), 50 aka. - http://shelly.kpfu.ru/e-ksu/docs/F1341557413/Zeno.paradox.pdf

LononHutenbHble matepuansl - http://en.wikipedia.org/wiki/Hydrogen_atom

Konosanosa O.A.,[ainHyTanHoB P.X., UnbuH .., CubratynnuH M.3 MeToamyeckue ykasaHus K
BbINONHEHMIO Nabopa-TopHO paboTbl N0 aTOMHOW donauke ?I ennii-HeoHOBbI Nnasep?
/IY4ebHO-MeTOoaM4eckoe nocobue.- KasaHb, 2012, 60 c. -
http://shelly.kpfu.ru/e-ksu/docs/F1793730712/He_Ne.pdf

ONeKTPOHHbI NapamMarH1UTHbI pe3oHaHc. MeToanyeckme ykasaHus K BbIMONHEHMIO 1abopaTopHbIX
paboT no consnke atoMHbIx siBneHuid/ P.X. MainHytomHos, I".I. UnbuH, 0., Kamanosa, E.B.
Capanpaes, M.X. CanaxoB. Y4ebHo-MeToan4eckoe nocobue onsi CTyoeHTOB TPETbEro Kypca
domsundeckoro goakynbteta. - 2005. - KasaHnb, KI'Y. - 22 ¢.(1.5 n.n.), 50 aka. -
http://shelly.kpfu.ru/e-ksu/docs/F545596313/ZeemanEff_EPR.pdf

8. MatepuanbHo-TexHu4Yeckoe obecrneyeHme oUCLMMINHBI(MOAYNS)

OcBoeHune gncumnnuHbl "AToMHas domnauka" npeanonaraeT UCMNoNb30BaHWe Cneayowero
MaTepuanbHO-TEXHNYECKOro obecneyeHms:

MynbTumMeguiiHas ayantopus, BMECTUMOCTbO bonee 60 yenosek. MynbTumMeauiiHas ayamtopums
COCTOUT N3 UHTErPUPOBAHHbBIX UHXEHEPHbIX CUCTEM C €ANHOWN CUCTEMOWN yNpaBneHns, OCHaLlWeHHas
COBPEMEHHBIMM CPeacTBamMy BOCMPOU3BEAEHNS 1 BU3yannaaumm nobo Bnaeo n ayamo
NHpopMaLUK, NONyY4EHNS 1 Nepenayn dNeKTPOHHbIX JOKYMEHTOB. TnoBas KoMnaekTaums
MyNbTUMEOMNIAHON ayanTOPUM COCTOUT U3: MyNbTUMEONAHOrO NPOEKTOpPa, aBTOMaTU3NPOBAHHOIO
NPOEKLMOHHOr0 9KpaHa, akyCTMYECKON CUCTEMBI, a TAaKXe MHTEPAKTMBHOW TPpMOYyHbI MpenonaBaTens,
BK/IOYaoLWen Ta4-CKPUH MOHUTOP C AnaroHasnbio He MeHee 22 OI0MOB, NepCOoHaNbHbIn KOMMbIOTEP
(C TexHUYecknMm xapaktepuctmkamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHpepeHL-MUKPOOOoH, 6ecnpoBofHOM MUKPOMOH, 610K ynpaeneHus 060pynoBaHNEM, UHTEPGECHI
noakntoyeHms: USB,audio, HDMI. HTepakTnBHas TpnbyHa npenonasaTens SBnseTcs KNo4YeBbiM
9NEMEHTOM yNpaBneHns, 00 beANHSAIOWNM BCE YCTPONCTBA B €AMHYIO CUCTEMY, 1 CNYXUT
MONHOLUEHHbIM paboynm MecToM npenonasartens. Npenonasarenb UMeET BO3MOXHOCTb NErko
yrnpaBnsiTb BCE CUCTEMOWN, HE OTXOAS OT TPMOYHbI, YTO MO3BONSIET NPOBOAMTDL NEKLUN, NPaKTU4eckne
3aHATUSA, Npe3eHTaumm, BebrnHapbl, KOHEPEHLMN 1 Opyrie BUabl ayAMTOPHON Harpy3km
oby4varowmxcs B yooOHON 1 AOCTYNHOW ONst HUX POPME C MPUMEHEHNEM COBPEMEHHbIX
MNHTEPaKTMBHbIX CPeACTB 0Oy4eHMs, B TOM YMCNE C MCMONb30BaHMEM B NpoLecce 0byyeHns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHas ayautopus Takxke oCHaleHa WupoKOrnonoCHbIM
LOCTYNOM B CeTb MHTEepHET. KoMnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NIMLLEH3NOHHOE NPOorpaMMHoe obecneyeHue.
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YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLUMMINHBI UIMEETCS B HAIMYUN B
3NEKTPOHHO-6MbNMoTEYHOI cucTeMe MapatenbcTea "flaHb" , 4OCTYN K KOTOPOW NpenocTaB/eH
ctyneHTam. 9bC MNapatenbctea "/laHb" BKOYaET B cebs aNEeKTPOHHbIE BEPCUMUN KHUT U3AaTENbCTBA
"IlaHb" 1 Opyrnx Beaywmux n3natenbcTB y4ebHo nuTepaTtypbl, @ TakXXe 9NeKTPOHHbIE BepCUm
nepuoanyecknx N3aaHuim no eCTeCTBEHHbIM, TEXHUYECKUM U r'yMaHUTapHbiM Haykam. ObC
N3patenbcTBa "/laHb" obecneynBaeT LOCTYN K HAy4HO, y4ebHON nnTepaType 1 Hay4HbIM
nepuoanyecknm n3naHmam no MakCManbHOMY KONMMYECTBY NPOOUIbHbLIX HanpasneHui ¢
cobntoeHneM BCeX aBTOPCKUX M CMEXHbIX Npas.

Ayaoutopun ons NpoBeneHnsi NOTOKOBbIX NEKLIMA.
NabopaTopus 0bwero pran4eckoro NpPakTMkyma no aToMHoO usnke

MNporpamma coctaeneHa B cooTBeTcTBUM € TpebosaHnamm @I OC BIO un yyebHbiM nnaHom no
HanpasneHnio 03.03.02 "®unaunka" n npouno NOAroTOBKN He NPenyCMOTPEHO .
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ABTOpP(bI):

"anHyTomHoB P.X.

S 201 __r.
PeueH3eHT(bl):
Hegenbes J1.A.

v 201 __r.
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