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Mporpammy ancumnnvHbl paspaboTan(a)(n) npodoeccop, a.H. (npodeccop) MankuH B.3. Kadgenpa
TeopeTuyeckon gouankn OtaeneHne gousnkn , Boris.Malkin@kpfu.ru

1. Ulenun ocBoeHnst ANCLUMUIIUHDI
Lenamu ocBoeHus aucumnnmHbl "OCHOBbI KBAHTOBbIX BblYMCNEHUIA" ABNAIOTCA:
- OBNlageHne MetogamMm matemMaTnyeckoro annapara KBaHTOBOM Teopuu,

- 3HaHNE OCHOB TEOPWMN SNEKTPOHHOrO CTPOEHNS aTOMOB U MOHOB C OTKPbITbIMU 31EKTPOHHbIMY
0605104KaMn 1 KOHOEHCUPOBAHHbLIX Cpel, HE0OX0AUMbBIX NS AaNbHENWero N3y4eHns GUCUMNInH
bakanaepwuaTa n maructpaTtypbi.

2. MecTo OUCLMNMNHDbI B CTPYKTYpe OCHOBHOM o6pa3oBaTtenibHOM NPorpaMmbl BbiCLLEro
npodpeccrmoHanbHoro o6pa3oBaHus

[aHHas yuebHas aucumnnmHa BkntodeHa B pasgen " 51.B.[0B.14 OucumnanHbl (Mooynm)" OCHOBHOW
obpaszoBatenbHoi nporpammbl 03.03.03 Pagnochunanka n 0THOCMTCS K AUCUMUNAMHAM MO BbIOOPY.
OcBaviBaeTtcs Ha 4 Kypce, 7 ceMecTp.

OucumnnmHa "OCHOBbI KBAHTOBbIX BbIYUCNEHUIA" BXOAWUT B YACO KYPCOB MO BbI6GOPY, COCTABNSIOLLNX
OCHOBY COBPEMEHHOW CMEKTPOCKOMMUN KOHAEHCMPOBaHHbIX cpea. [lns 0CBOeHWS AMCUMUMANHBI
obyyatowmecs LONXKHbI BNaaeTb annapatom anddepeHLmanbHOro U MHTErpanbHOro NCHUCNEHNS,
MeToLaMu pelleHns angocpepeHLanbHbIX ypaBHEHWI (B TOM YUCHE, B HACTHbIX NMPOU3BOAHbBIX), 3HATb
OCHOBbI TEOPUM BEPOSITHOCTEN, BNaAeTb METOLAMU KNIACCUYECKON aHaNMTUYECKON MeXaHUKY,
BnaneTtb JlarpaHxesbiM 1 MaMnnbToHOBLIM dhopmanmamamu. OCBOeHNe ANCUMNANHBI He06X0AUMO
NS nanbHenwero nayyeHns 6asoBbix AUCLMNAUH (ouanka cnnowHblx cpen b1.5.27, ksaHToBas
paauocuasvka 51.5.33) u oncumnnmH no Beibopy 6akanaspumara.

3. KomneteHuuu obyyatrolerocs, hopMmpyemble B pe3ynbTate 0CBOEHUS AUCLUMIUHDI
/monyns

B pesynbrate 0CBOEHUS AMCUMMINHBI (OOPMMUPYIOTCS Cneayowme KOMNeTEHUUN:

PaclwumcppoBka
LLincbp komneTeHumu npuobpeTaemMon KOMMNeTeHL MU
OnkK-1 CNocoBHOCTbL K OBNaaeHuo 6a30BbIMM 3HAHUAMK B 0bnacTu
(npodbeccuoHanbHble MaTeMaTuKN N eCTECTBEHHbIX HayK, UX NCMONb30BaHMIO B
KOMMeTeHLMN) NPOdPECCMOHANBHOW OEeATeNbHOCTY

cnocobHoCTb pewaTtb CTaHOapTHbIE 3aaayn
npogpeccnoHanbHOM OeaTeNbHOCTU HA OCHOBE

8gqu§eccm0Haanble MHCPOPMaLIMOHHOM 1 Brbnmnorpagouyeckor KynbTypbl C

KOMNETEHLIAN) NPVMEHEHEM UHOPMALIMOHHO-KOMMYHIKALINOHHBIX
TEXHONOT W 1 C y4eTOM OCHOBHbIX TPpeboBaHWiA
MHCPOPMALMOHHON 6e30MacHOCTM

(rll'll[<)03C*)eCCI/IOHaﬂbele ﬁnamxnlneemi;ngZMOTepOM Ha YPOBHE OMbITHOTO MoMnb3oBaTens,

KOMNETEHLIAN) p POPMaLMOHHbIX TEXHONOT WA

B pesynbtate 0CBOEHUS ONCUMMIUHBI CTYAEHT:
1. DONXeH 3HaThb:
cnocobbl KBAHTOBO-MEXaHNYECKOro OnmncaHms uanYeckKnx CUCTEM;

2. IONXeH yMeTb:

YMEeTb pelartb ypaBHEHUS OBUXEHNS KBAHTOBOM MEXaHWKM O BOMHOBbLIX OYHKLMIA 1 OnepaTopos
Pr3n4ecknx BennimnH
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Mporpamma omcuunnmHbl "OCHOBbI KBAHTOBbIX BblumcneHuin"; 03.03.03 Pagnodmauka; npodoeccop, 4.H. (npodeccop) MankuH B.3.

3. 0ONXeH BnageTb:

Bnagetb HaBblkaMy pelleHna 3ana4 O HaxXxoXaeHNUn aHeEPreTn4eckoro cnekTpa n BONMHOBbIX (*)yHKLI,I/IVI
napamarHnTHbIX NOHOB.

4. nOnXeH O0eMOHCTPUPOBaTb CNOCOBHOCTb Y FOTOBHOCTb:
[leMoHCTpUpoBaTh CNOCOBHOCTDL K AanbHeWweMy 0bydYeHuto.

4. CTpyKkTypa 1 cogepXxaHvue OUCLUNIUHBI MOAyNs
Obwas Tpya0eMKOCTb AUCLIMIMIMHBI COCTaBNSET 2 3a4eTHbIX(ble) eanHuL(bl) 72 Yaca(os).
dopma NPOMEXYTOYHOr0 KOHTPONS AUCUUNANHBI 3a4€eT B 7 CEMECTpeE.

CyMMapHo No aMcumnanHe MoxHo nony4ntb 100 6annos, n3 HMx Tekylwas paboTta oueHmBaeTcsl B 50
6annoe, ntorosas popma KoHTpons - B 50 6annos. MuHMManbHoe KONMYeCcTBO ANsl AOMnycka K 3a4eTy
28 6annos.

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

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

55-70 6annos - "ynoBneTBopuUTENbHO" (YA0B.);

54 6anna n MeHee - "HeyOBNETBOPUTENbHO" (Heyn.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTtbl No gucuunnmHe/ MOaynto
TemaTnyeckum nnaH AUCUUMNANHBI/MOAYNA

Buabl n yachbl
Pasnen ayoMTOpHOM paboThbl,
Hepens MX TPYA0EMKOCTb Tekywue coopmbl
N 'D'"Kn"(")v;lr;;:]v"l"b'/ CemMecTPemectpa (B yacax) KOHTpOnNsi
Nekuum MpakTuyeckuellabopatopHbie
3aHATUA pa607b|
Tema 1. lMncbMeHHoe
1 MNpencrasneHus un v 1-0 4 0 0 nomailHee
npeobpasoBaHuUs 3agaHve
BOMHOBbIX CPYHKLIIA
Tema 2. [1BnxeHune lMncbMeHHoe
o [MarHMTHOrO MOMEHTa BO| - 3 5 0 0 noMallHee
" |BHELWHUX MarHUTHbIX 3apaHve
nonsx
gﬁx:Ha.egepexonbl noa [MncbMeHHoe
MallH
3. [agnabaTtumyeckoro u 7 4 2 0 0 ggu:m:e
BHE3aMnHOro BKNOYEHNS
BO3MYLLEHUI
Tema 4. BaprauunoHHbIiii Eomﬁgmﬁ:'goe
4. |MeToL B KBAHTOBOM 7 5 2 0 0 sananmne
MEXaHuKe.
Tema 5.
KBasunknaccuyeckoe
npmnbnuxexHne. Met YCTHbI On
5 punbnunxenHne. Meton - 6-8 6 0 0 c onpoc
BKB. IN'paHuyHble
ycnosus. KsaHToBaHue
Bopa-3ommepdenbaa
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Mporpamma omcuunnmHbl "OCHOBbI KBAHTOBbIX BblumcneHuin"; 03.03.03 Pagnodmauka; npodoeccop, 4.H. (npodeccop) MankuH B.3.

Buabl v yachbl
Paszen ayautopHown pa6oThbl,
Henens MX TPy A0EMKOCTb Tekywume copmbl
N 'uulc\:lll-:')v.ll:r;;v;“bll CemecTp cemecTpa (B yacax) KOHTpons
MpakTnyecknellaboparopHbie
Jlekumnu 3aHATUSA pa60TbI

Tema 6.

MHOroanekTpoHHble

cuctembl. CnoxeHue YCTHbIN onpoc

MOMEHTOB, Teopema v 1 4 KoHTponbHas
6. lkpamepca. Meton 9-10 0 pabora

Tomaca- Pepmu B

TEOPUN SNEKTPOHHOIO

CTPOEHMS aTOMOB

Tema 7. Cuctembl

TOXOECTBEHHbIX

yacTtuu. ATom renus. Egﬁ;ﬂi::oe
7. |Aonabatuyeckoe 7 11-12 4 0 3anaHne

npubnuxeHve.

KBaHTOBas MexaHuka

MOneKyn

Tema 8. BonHosble Egﬁ;ﬂﬁ::oe
8. [dyHKLMK 7 | 1314 | 4 0 3anaHue

napamarHUTHbIX NOHOB

Tema 9. BropuyHoe

KBaAHTOBaHME.

depMnOHbI. BO30HbI. Egﬁ;ﬂi::oe
9. |Oneparopsl B 7 15-16 | 4 0 3apaHvie

npeacTasneHnmn

BTOPUYHOrO

KBAHTOBaHUS

Tema 10

. KoHTponbHas
10 [2nexTpuyeckoe u 7 17-18 | 4 0 25032 °
‘IMarHMTHOE OMNonbHoE P

n3ny4eHve

Tema . Itorosas v 0 0 3avet

doopMa KOHTPOSIS

Wtoro 36 0

4.2 CopepxaHue oUCLUNMUHbI
Tema 1. MpepcraBneHns n npeobpasoBaHUs BONIHOBbIX (OYHKLUMA
JNIeKLMOHHOe 3aHsiTne (4 4yaca(os)):

MNpeobpasoBaHme BOMHOBLIX OYHKLUMIA 1 onepaTopoB. Teopus npeacTasneHuii. NMpeactaBneHuns
WpennHrepa, eiseHbepra n B3anmoneincTems. MNpeobpasoBaHnst BONMHOBbLIX COYHKLIMIA MpK

TPaHCNSAUMSX 1 BPaLLEHMSIX CMCTeMbl KoopamHaT. [peobpasoBaHns onepaTopos.
Tema 2. [BUXeHNe MarHUTHOro MOMEHTa BO BHELLUHUX MarHUTHbIX NONSAX

NeKLuMoHHoe 3aHsiThe (2 yaca(os)):

PeweHne ypaBHeHus WpeanHrepa ons BOMHOBOW GOYHKLMUM YaCTuMLbl CO CMMHOM 1/2 B CKpELLEHHbIX
MOCTOSIHHOM U MePEMEHHOM MarHuUTHbIX MOJISAX C UCMONb30BaHNEM BpaLLALWENCs CUCTEMbI OTCYeTa.
Ocuunnsaummn Pabwu.

Tema 3. NMepexoabl NoA, BNIMsIHUEM aanabaTMyecKoro 1 BHe3arnHoro BK/IIOYEHNUsl BO3MYLLLeHUIA
JNIeKLMOHHOe 3aHsiTne (2 4yaca(oB)):
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CtpaHnua 5 ns 13.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

BAE
il YHH

AR 5 AN LM O



Mporpamma omcuunnmHbl "OCHOBbI KBAHTOBbIX BblumcneHuin"; 03.03.03 Pagnodmauka; npodoeccop, 4.H. (npodeccop) MankuH B.3.

PacuyeT BeposiTHOCTEN KBAHTOBbLIX MEPEexXo0B Nod AeCTBUEM ObICTPO U MEeASIEHHO U3MEHSIIOLNXCS
BHeWHMX noneii. KeaHTOBOE TYHHENMPOBAHME HaMarHM4YeHHOCTU NPY aHTUNEPECEYEHUSIX YPOBHEN
3HEepruu, CTyneH4yatblii rmctTepesunc.

Tema 4. BapnauuoHHbIA MeTOA, B KBAHTOBOM MeXaHuKe.
NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

OKCTPEMYMbI SHEPTUN Kak PyHKUMOHana B npoctpaHctee Mnnbbepta. MeTon NpobHbIX OYHKLWIA.
[MprMepbl 3anay.

Tema 5. KBasuknaccuyeckoe npubnmxeHme. Metron BKB. FpaHuyHble ycnoBus. KBaHToBaHue
Bopa-3ommepcpenbpa
JNIeKLMOHHOoe 3aHsitne (6 4yaca(os)):

[MpenctaBneHne BONHOBOW QOYHKLMN Yepe3 OeicTBre O/ OAHOM YacTuLbl, pasnoxeHue rno
cTerneHam nocTosHHoM naHka. icnonb3oBaHmne ycnosusa HeNpepbIBHOCTU ANS NONyYeHUs
aHannMTU4eckoro Bnaa BOMHOBOM coyHKUMK. [1prMepbl NCNOb30BaHMS KBA3UKIACCMYECKOro
NprbnMXeHns.

Tema 6. MHOroanekTpoHHble cuctembl. CroxeHue MOMeHTOB, Teopema Kpamepca. Meton,
Tomaca- Pepmu B TeOpun 3/1EKTPOHHOrO CTPOEHUSI aTOMOB

JNIeKLMOHHOe 3aHsiTue (4 4yaca(os)):

MeTtopn ueHTpanbHOro nons B Teopum atomoB. CesA3b Paccena-CayHaepca. ToHkas cTpykTypa
cnekTpoB. Meton Xaptpu-®oka B Teopun atomos. OueHka aHeprum no metody Tomaca-depmu.
Xunmnyeckas cBs3b. MonekynsipHble opbutanu.

Tema 7. CucTeMbl TOXOECTBEHHbIX YacTul,. AToM renusi. Apunabatuyeckoe ﬂpVIﬁﬂI/I)KEHVIe.
KBaHTOBasi MexaHMKa Mosiekyn

JNeKLMOHHOoe 3aHsiTne (4 4yaca(os)):

aﬂeKTpOHHOG CTpOeHune atoma renms n MOonekynbl BOOOpoaa. OueHka SHEpPrnn BO36y)K,D,eHVII7I aroma
renus. PacyeTbl SHEPIrnMn MeXXanekTpoHHOro B3aMMOOeNCTBuS.

Tema 8. BonHoBble pyHKLUM NapaMarHUTHbIX MOHOB
JNeKLMoHHoe 3aHsiTne (4 4yaca(os)):

nOCTpOGHI/Ie BOJIHOBbIX prHKLl,VIVI ATOMHbIX TEPMOB 1N MYyNbTUMNNETOB 4Yepe3 OOHO3NEKTPOHHbIE
prHKLl,I/IVI N pacyeTbl MaTpuUYHbIX 3JIEMEHTOB OOHO- N OBYX4aCTUYHbIX OnepartopoB

Tema 9. BropnyHoe kBaHTOBaHMe. DepMunoHbl. Bo3oHbI. Onepartopsbl B NpeacTaBneHun
BTOPUYHOIro KBaHTOBaHUA

neKkumnoHHoe 3aHsiTne (4 yaca(os)):

Orlpe,ueneHme oneparopoB poXOoeHnAa N YHUHTOXEeHUA YacTtunl, KOMMYyTaUNOHHbIE CBOWCTBA, O4HO- U
OBYyX4aCTW4YHbIE Oornepartopbl B NnpeactaBieHnn BTOPUYHOIo KBaHTOBaHUA

Tema 10. AnekTpUyeckoe U MarHUTHOE AUNOJIbHOE U3Jy4YeHue
JNIeKLMOHHOe 3aHsiTne (4 4yaca(os)):

KBaHTOBaHME 3N1eKTPOMArHUTHOrO MONS, FaMUNbTOHNAH B3aVMOAENCTBIUS NOKANN30BaHHbIX
aNeKTPOHOB ¢ M noneM, pacyeTbl BEPOSATHOCTEN CMOHTAHHBIX W BbIHYXAEHHbIX N3/ydYaTenbHbIX
nepexonos

4.3 CTpyKTypa 1 comepXaHue camocTosiTesibHoM paboTbl AUCLMNNHBI (MOAYNS)

Buabi
N Paspnen Cemectp Hepens | camocTosiTenbHon [TpyA0eMKOCTb g&%ﬂ::):‘::;gﬁg;
AvcuvnnuHbl cemecTtpa paboTbl (B yacax) pa6oTbl
CTYOEeHTOB

Tema 1. rnoaroTtoBka

] [NpencrasnexHns u v 1-2  |nomawnero 4 nomaluiHee

" [Inpeobpa3zoBaHus 3anaHms 3agaHve

BOMHOBbIX (PYHKLIMIA

KTPOHHEBH
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Mporpamma omcuunnmHbl "OCHOBbI KBAHTOBbIX BblumcneHuin"; 03.03.03 Pagnodmauka; npodoeccop, 4.H. (npodeccop) MankuH B.3.

Buabi
N Pasnen Cemect Hepens | camocrositensHon [TpymoeMKOCTb g‘:ﬂ%’::;';?:;gzgz
AucumninHbl pcemeCTpa paborthbl (B yacax) 260TbI
CTYyAOEeHTOB P
Tema 2. [1BnxeHune NOArOTOBKA
o [MArHMTHOrO MOMEHTa BO| - 3 |nomawnero > nomauwHee
" |BHELWHNX MArHUTHbIX 3anaHus 3ajaHve
nonsx
Tema 3. lNepexonbl noa
BNUSHNEM noaroToBka
3. |annabatuyeckoro u 7 4  |nomalHero 2 ggz:;”;:e
BHE3aMHOro BKIKOYEHUS 3a0aHus
BO3MYLLEHUI
Tema 4. BapnaunoHHbI noaroToBKa
4. |MeTon B KBAHTOBOM 7 5 |nomawHero 4 ggz::l;ee ©
MEXaHuKe. 3agaHus
Tema 5.
Keasuknaccuyeckoe
npunbnuxexne. Meton MoaroToBka K y
5. BKB. ['paHu4HbIE / 6-8 yYCTHOMY onpocy 6 yCTHBI onpoc
ycnosus. KeaHToBaHue
Bopa-3ommepdenbaa
Tema 6.
MHOroanekTpoHHble noarotoeka K KOHTPOsbHas
cucTembl. CnoxeHue KOHTPONbHOM S pabota
5. [MomerToB, Teopema 2 | g.10 |[PROOTE
" IKpamepca. Meton
Tomaca- depmu B
noaroToBka K o
1 THbIN On
TEoOpUN 3NEKTPOHHOIO VCTHOMY OMpocy yC onpoc
CTPOEHMS aTOMOB
Tema 7. Cuctembl
TOXAECTBEHHbIX
yacTtuu. AToM renms. noaroToBeka
7. |Aonabatumyeckoe 7 11-12 |gomawHero 2 Egﬁﬁﬁse
npubnunxeHne. 3agaHus
KBaHTOBasi MexaHuka
MONEKYn
Tema 8. BonHoBble noarotoeka
8. |dyHKuUK 7 13-14 |pomawHero 4 ggz::];;e
napamarHUTHbIX NOHOB 3agaHus
Tema 9. BtopunyHoe
KBaHTOBaHMe.
depMnoHbl. BO30HbI. noarotoeka
MallH
9. |Onepatopsb! B 7 15-16 |gomawHero 2 ggu:meee
npencrtaBneHnn 3anaHus
BTOPUYHOIO
KBAHTOBaHMS
Tema 10.
10 OneKkTpmyeckoe v v 17-18 Egﬂogﬁi'ﬁ%; 4 KOHTPONbHas
‘IMarHMTHOE AunonbHoe aéoge paboTta
N3nyyvyeHune P
Ntoro 36

5. O6bpazoBarenbHble TEXHONOIMU, BK/IIOYAA MHTEPaKTUBHbIE hOpPMbl 06yUYeHUs
Nexkuuwn, pelweHne TUNOBbIX 3a4a4, CaMoCTosITeNbHAas paboTa, KOHTPONbHbIE paboThl
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6. OueHOUYHble cpeacTBa OJ1sl TEKYLLLEro KOHTPOS yCreBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLIMINIIMHBI U y4eBHO-MmeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

Tema 1. NpepncraBneHus n npeobpasoBaHUs BONHOBbIX PYHKLIUMA
LoMalHee 3afaHne , TPUMEpPHbIE BOMPOCHI:

1. HainTn noteHuman anekTpu4yeckoro rnons Ha pacctosHun R ot sapa atoma renns B COCTOSHUN
|2p2, S=0, L=2, J=2, Jz=1>. 2. Bbl4MCNNTb KOMMNOHEHTbI TEH30pa rpagneHTa aNeKTPU4EeCcKoro nons
9/1eKTPOHAa Ha NPOTOHE B aTtOMe BOOOPO4a, €CNn SNeKTPOH Haxo4MTCs B COCTOSHMM n=2, |=1, 1z=0. 3.
Haritu aHepruio anekTpoHa B atoMe BoOAOpO4a C rNaBHbIM KBAHTOBbIM YNCIIOM N=2, €C/N SHEepPrus
B3aVMOLENCTBMSA C BHEWHMM nonem pasHa V=a*(x"2-y"2) (a - KOHCTaHTa, X,y - KoopAunHarhbl
9/1eKTPOHA OTHOCUTENbHO A4pa), B NEPBOM NMopsaKe Mo KOHCTaHTe a.

Tema 2. [1BNXXeHue MarHUTHOro MOMeHTa BO BHELUHMX MarHUTHbIX MNONSAX
JoMalwHee 3afaHune , NpUMepHble BONpPOCHI:

HenTtpanbHas yactuua co cnvHom 1/2 HaxoamTcs B OQHOPOOHOM MarHMTHOM Mnone, BpawaroLlemMcs
BOKpyr ocu z: B=(B1*cos(wt), B1*sin(wt), BO). B MoMeHT BpeMeHn t=0 npoekums cnnHa Ha ocb z
6bina pasHa +1/2. HailTn BEpoSTHOCTb Nepexofa YacTuubl K MOMEHTY BPEMEHU t B COCTOSHNE C
npoekumen cnmHa Ha ocb z, pasHom -1/2.

Tema 3. Hepexo,u,bl non BNusiHueM agmabartmyeckoro u BHE3anHoro BK/AOYEHUs BO3MyI.I.I,EHVII7I
JOoMallHee 3aaHune , npuMepHblie BOMNPOChHI:

1. Bbl4MCNNUTb €CTECTBEHHYIO WNPWHY NIMHAN U3Ny4eHNs atoMa BoJopoaa Ha nepexoge 3d -2p. 2.
Yactmua co cnuHoM S = 1/2 HaxooMTCca BO BHEWHEM MarHUTHOM rone B || z B cocTtosHun Sz =-1/2. B
MOMEHT BpeMeHu t = 0 BKNoYaeTCcs nepeMeHHoe MarHnTHoe none Bx = bsin(wt). HainTn BepoaTHOCTb
0bHapyXuTb YacTuly B cocTosiHum Sz =1/2 npu t>0.

Tema 4. BapnauuoHHbIA MeTOA, B KBAHTOBOM MeXaHuKe.
JoMalwHee 3aaaHune , NpuMepHble BOMpPOCHI:

Bbl4mcnnTb SHEPrn0 OCHOBHOrO COCTOSIHUS IMHENHOrO rapMOHNYECKOro OCUMNNATOpPa, PaccMOTPEB
B Ka4yecTBe NpobHoI cpyHKkumo A*exp(-x"2/a).

Tema 5. KBasuknaccuyeckoe npubnmxeHme. Meron BKB. FpaHuyHble ycnoBus. KBaHToBaHue
Bopa-3ommepcpenbpa

YCTHbIA ONPOC , NPUMEPHbIE BOMPOCHI:

HecTtaunoHapHas Teopus Bo3mylueHWit. MNepexoabl B HENPEpPbIBHOM crnekTpe. BapraunoHHblili meTon
Putua. KaHtoBaHue Bopa-3ommepdhenbaa.

Tema 6. MHOroanekTpoHHble cuctembl. CrioxeHue MOMeHTOB, Teopema Kpamepca. Meton,
Tomaca- Pepmu B TeOpun 3/1EKTPOHHOrO CTPOEHUSI aTOMOB

KOHTponbHas paboTta , NpUMepHbIE BONPOCHI:
[MpuMmepbl 3agay cM. HUXe B nNyHKTe lNMpoyee
YCTHbI ONpoC , NPUMEpPHbIE BOMPOCHI:

MeTon LeHTpanbHOro Nons B Teopum atoMoB. TOHKas CTpykTypa cnektpos. Meton XapTtpu-doka B
Teopun atoMoB. MeTo MOnekynsipHbIx opbutaneii

Tema 7. CucTeMbl TOXOECTBEHHbIX YacTul,. AToM renusi. Agunabatuyeckoe npuﬁnuerMe.
KBaHTOBasi MexaHuKa MoOJieKyn

noMalHee 3afnaHue , NpUMepHbIe BOMPOCHI:

[lBe yactnupbl co cnUHOM 1/2 HaxoOaTCcs B cnenyrouem CoCToAHnn: CnnH I'IepBOI7I HarnpasJieH BOO/b
ocun z, a CnnH BTOpOI7I HarnpaeJieH BOOJb OCWU, COCTaBNsaoWen C OCbio z yron a. Hantn BEPOATHOCTHU
06Hapy)KVITb CNCTEMY B CUHITIETHOM U TPUMJIETHOM COCTOAHUAX NO NOTHOMY CMNAHY.

Tema 8. BonHoBble pyHKL MM NapaMarHUTHbIX MOHOB
JoMallHee 3aaaHune , npuMepHble BONpPOCHI:

MocTpoeHne BOMHOBBIX (OYHKLIMIA OCHOBHbLIX TEPMOB MOHOB C 3NIEKTPOHHBIMK KOHGUrypauusimm d2,
ds, f2, f12.
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Tema 9. BropnyHoe kBaHTOBaHMe. DepMuUoHbl. Bo30HbI. Onepartopbl B NpeacTaBneHun
BTOPUYHOIr0 KBaHTOBaHUA

JOoMallHee 3a4aHune , npuMepHblie BOMNPOChHI:

Bblyncnutb sHEpPruo NMHENHOro rapMOHNYECKOro OCLMNNATOPA B COCTOSIHMM C BOSTHOBOW QOYHKLIMEN,
ABNsOLWencs cobCTBEHHOM OyHKLMEN onepaTopa NOHMXEHMSI.

Tema 10. AnekTpUyeckoe U MarHUTHOe AUNOJIbHOE U3ny4yeHue
KOHTponbHas paboTa , NpuMepHbie BONPOCHI:

[MpuMepbl 3ana4y cM. HUXe B nNyHKTe lNMpoyee

Tema . UToroBasi oopma KOHTpOns

[MprMepHbIe BONPOCHI K 3a4eTy:
PernameHt BPC

1 IomaluHune 3agaHus 20 6bannos
2 KoHTponbHble paboTbl 30 6annos
3 3auet 50 6annos

MpuMepHble 3a8a4n Ans KOHTPONbHbLIX PaboT.

1. Bbluncnutb kKommyTartop [pz,lz*2], roe |z - onepatop npoekun MOMeHTa uMnynbca, u pz -
KOMMOHEHTbI MMMyNbCa YacTuLbl B EKAPTOBON CMCTEME KOOPAMHAT.

2. Hantu 3HaveHne doyHkumm F(x)=exp(ia*px)*(x-2)*2 npu x=1 (px - onepatop Npoekunu nmnynbca
Ha OCb X).

3. Haintn cpenHee 3HaveHVe KMHETUYECKOW SHEPrMmn aNekTpoHa B aToMe BOA0pOoAa B OCHOBHOM
COCTOSIHUN.

4. Onepartop NaMnnbTOHA YacTULbl CO CNNMHOM S=1/2 paBeH H=a*Sx+b*Sy, BonHOBas pyHKUNS
yactuubl paBHa (A; B). C kako BEpPOSTHOCTbIO YacTuLa HaxoaNTCs B OCHOBHOM COCTOSHUMN?

5. Hantun pacnpeneneHne BepoaTHOCTEN A1 KOMNOHEHT UMMynbca YacTuubl, ecnv €€ BoNHOBas
doyHKUMSA paBHa A*exp(-a*(x"2+y"2)-ib*z).

6. Hantn pacnpeneneHne BepoaTHOCTEN A1 KOMMOHEHT UMMynbca TMHEAHOrO rapMOHUYECKOro
ocumnngropa ¢ Macco m 1 4HacToToM W B OCHOBHOM COCTOSHUN.

7. Hantn pacnpeneneHue BepoaTHOCTEN A1 KOMMOHEHT UMMynbca IMHEMHOro rapMOHUYECKOro
OCLMNNSATOPa C MAaccoi m 1 4acTOTON W B NEPBOM BO30YXAEHHOM COCTOSIHUN.

8. HanTtun aHepruto COCTOSAHUIA C HyNEeBbIM MOMEHTOM UMMYNbCa ANS YaCTuLbl C MACCOonM M, ecnu
noTeHUManbHas SHepPrus YacTuubl paBHa HyNO BHYTPY cdoepbl C paanycoM a n 6ECKOHEYHO
6onblas BHe 31Ol cqepbl.

9. HaiiTn BeposTHOCTb NpebbiBaHNS ANEKTPOHA B KNAcCUYeckmn 3anpeleHHorn obnactu (T.e. B
obnacTtu, B KOTOPOW €ro NonHas aHeprus MeHbLe NOTEHLNANbHOW SHEPrM) B OCHOBHOM COCTOSIHMN
aToma Bogopoaa.

10. HainTn ypoBHM 3HEpPrum v BONMHOBbIE (PYHKLIMM YACTULLbl C MOMEHTOM MMnyrbea =1, ecnu
ramnnbTOHMaH YacTtuubl paseH H=b*Iz"2+b*(Ix"2-ly"2),

roe a v b - noctosHHbIE.

11. Hantn cpegHee 3Ha4yeHne NoTeHunanbHOM aHeprum anekTpoHa B aToMe BoO4OpoAa B OCHOBHOM
COCTOSIHUW.

12. Haintn K0agomUMEHT OTPaXEHNS YacTuLbl C MACCoM M OT NOTEHLMANBbHOW SMbl
(NoTeHUmanbHas aHeprus Yactuubl NPy OBUXEHUN BAOSIb OCY X paBHa Hy/o Be3ne, Kpome obnactu
O<x<a, roe oHa pasHa -U, U>0).

13. BonHoBas doyHKUMS YacTuubl ¢ maccon M pasHa Cexp(-r/p). HainTn cpenHee 3Ha4eHune
KWHETUYECKOW 3HEePrnmn Yactumubl.

14. NoTeHumanbHas sHeprus YacTuubl ¢ Maccom m pasHa V(x)=a|x|. OueHnTb 3Heprn OCHOBHOIO
COCTOSIHUS, NCNOMb3YS COOTHOLWEHME HEONPEAENEeHHOCTH.

15. MaMnnbTOHMAH YacTuUbl B 9NEKTPOMarHUTHOM none ¢ noteHumanamm A(r,t), phi(r,t) paseH
H=(p-eA/c)"2/2m+e*phi. HainTn onepartop yckopeHus 4acTuubl.
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Bonpocsl k 3a4eTy:
1. MaTtpuyHoe npencrasneHne oneparopa MoMeHTa umnynbca. CnoxeHme MOMEHTOB.
2. MNpeobpasoBaHns BONHOBbLIX OYHKLWA NPy BpaWeHUsiX CUCTEMbI KOOPAUHAT.

3. KBaHTOBas 3anava AByx Ten. CnekTp v BONHOBbIE (YHKLIMN CBA3AHHbLIX COCTOSHWIA 9NEKTpOoHa B
aTtoMme BoJopoa.

4. HenpepblBHbIN CNEKTP COCTOSIHUI 9N1IEKTPOHA B aTOMe Bo4opoaa.
5. CraunoHapHoe ypasHeHue WpeanHrepa kak cneactsme BapuaunoHHOro npuHumna.
6. BapnaumnoHHbii Mmeton Putua. MeTon NMHenHbIX KOMOUHaLNIA.

7. Teopus cTaumMoHapHbIX BO3MyLeHUA. Cnyyar HeBbIPOXOEHHOro criekTpa. Ycnosus
NPUMEHNUMOCTIN TEOPUM BO3MYLLEHWNIA.

8. Teopns BO3MyLLEHWNA NPU HANNYUW OBYX ONN3KMX YPOBHEN.
9. Teopusl BO3MYyLLEHWI B CyHae BbIPOXAEHHOro cnekTpa.
10. SdbgpexT WTapka ans atoma Bogopoaa.

11. Bo3mylweHus, 3aBucsiume ot BpeMeHu. [lepexonbl CUCTEMbI B HOBbIE COCTOSIHUS NOL, BIUSIHAEM
BO3MYLLEHUS.

12. MNepuoanyeckme n BHe3anHbIe BO3MyleHNs. Agnabatnieckne BO3MyLLEeHMS.
13. Teopust eCTECTBEHHON WNPUHbBI NNHUN.
14. YpaBHeHue Odupaka. MOMeHT nmnynbca pensaTMBMcTCKOn Yactuubl. CnuH.

15. CnnH-opbutanbHoe B3aumoaenicteme. MatpuyHble aneMeHTbl raMuibTOHNaHa
CNUH-0pBUTaNbHOrO B3aUMOLENCTBUS.

16. MarHUTHbIA MOMEHT 3n1ekTpoHa. P dekT 3eemaHa.

17. MeTopq LeHTpanbHOro nons B tTeopun atomoB. Ceasb Paccena-CayHaepca.

18. MeTton XapTpu-doka B Teopmv aTOMOB.

19. CeueHne paccesHns B BopHOBCKOM NpubnmxeHuu.

20. KeaHTOBaHMe anekTpoMarHMTHoro nons. OnepaTopbl POXAEHNUS U YHUHTOXEHNS (POTOHOB.

21. CnoHTaHHble anekTpuyeckne OMnonbHble nepexonbl. BoiHyXXAeHHbIe SNeKTpuYeckme AnnosbHble
nepexomnbl.

22. MarHmTHOE OunonbHoe na3nydeHnme.

7.1. OcHOBHas nuTeparypa:

1. ®n3uka. BonHoeas ontuka. KsaHToBas npnpoaa nany4yeHms. SNeMeHTbl aTOMHON U SAEPHOM
pusnkm: Yueb. noc. / C.M.KysHeuos, A.M.Jlugep - 3-e n3g., nepepab. n gon. - M.: Bysos. y4eb6.: HAL
NH®PA-M, 2015 - 212 ¢.: 60x90 1/16.(n) ISBN 978-5-9558-0350-0, 500 2ka3.
http://www.znanium.com/bookread.php?book=438135

2. NaebinoB A. C. KeaHToBasi MexaHuka: y4eb. nocobue. - 3 3., ctepeoTunHoe. - Cl16.:
BEXB-Metepbypr, 2011. - 704 c.: un. - (Y4yebHas nutepatypa ons By3oB). - ISBN 978-5-9775-0548-2.
http://znanium.com/bookread.php?book=351130

3. Ceprees, H. A. OcHOBbI KBAHTOBOW TEOPUY SAEPHONO MAarHUTHOMO pe3oHaHca : MoHorpadgus / H.
A. Ceprees, L. C. PsbywkuH. - M. : Jloroc, 2013. - 272 c. - ISBN 978-5-98704-754-5.
http://znanium.com/bookread.php?book=469025

7.2. lononHutenbHasa nuteparypa:

1. 1. 4. Nanpay, E.M. Jlndpwwny. TeopeTtuyeckas guaunka, 1. 3 KBaHToBas MexaHuvka.
Hepenatnsucrtckasa teopus. M. Hayka, 2009
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2. Kouvenaes b.W. KeaHToBas teopus: koHcnekT nekuuii / B. U. Kovyenaes; KasaH. dpenep. yH-T, IH-T
ousnku, Kag teopet. pusmnku.-[2-e nsa., nepepad., non. un ncnp.].-KasaHb: [KazaHckuii
yHusepcuteT], 2013.-222 c.

3. Conoebes O.B. 3apayHuk ons gounankos. Hactb |. [OnekTpoHHbIN pecypc] / O.B. Conosbes, 3.U.
Baibekos, C.N. Benos // Y4ebHoe nocobue. KasaHb: KazaHckuii yHusepcutet, 2015. 102 c.
http://dspace.kpfu.ru/xmlui/handle/net/20301

7.3. UHTEepHeT-pecypcChbl:

Lecture notes in Quantum Mechanics. D Cohen - D Cohen arXiv:quant-ph/0605180 (2006)
HoBas anektpoHHas 6ubnuoteka - http://www.newlibrary.ru

ObpasoBatenbHblii NpoekT A.H. BapruHa - http://www.ph4s.ru/index.html

caunT kadpenpbl TeopeTnyeckon pusnkn - http://www.kpfu.ru/main_page?p_sub=5721
9BC KHura®oHg - http://www.knigafund.ru

8. MarepuanbHo-TexHM4Yeckoe obecrneyeHme oUCLMMINHBI(MOAYNS)

ALl

OcBoeHune oncumnnnuHbl "OCHOBbI KBAHTOBbIX BbIYMCIEHWUIA npegnonaraeTt ncnonb3oBaHmne
cnenytouero MmatepumalibHO-TEXHNYECKOro obecneveHus:

MynbTumMeauiiHas ayoutopusi, BMECTUMOCTbO 6bonee 60 Yenosek. MynbTumMeaniiHas ayautopus
COCTOUT N3 UHTErPUPOBAHHbBIX UHXEHEPHbIX CUCTEM C €AUHOWN CUCTEMOWN yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanv3auum noboin Buaeo n ayamno
NHdpopMauuu, NOyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUnoBasi KOMMeKTaums
MyNbTUMEOMNAHOM ay ANTOPUN COCTOUT U3: MyNbTUMELMNIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
MPOEKLIMOHHOIO 3KpaHa, akyCTUYeCKON CUCTEMBI, a TaKXe MHTepPaKTMBHON TpMbyHbI NpenoaasaTens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCcoHasbHbI KOMMbIOTEP
(c TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHgoepeHL-MUKPOoH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHueM, MHTepPAelicChl
noakntoyerms: USB,audio, HDMI. MiHTepakTBHas TpmbyHa npenoaaBaTtens siBNsieTCs KAYeBbIM
3N1EMEHTOM yrpaBneHns, 06 beANHSIIOWMNM BCE YCTPONCTBA B EOMNHYIO CUCTEMY, U CIYXUT
NONHOLIeHHbIM paboymm MecToM npenoaasatens. lNpenoaaeatens MMeET BO3MOXHOCTb JIErKo
ynpaBnsiTb BCEA CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NEKLUMMW, MPaKTUYeCcKue
3aHATWA, Npe3eHTaunn, BebrHapbl, KOHEPEHUMM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowwmxcs B yA0BHON 1 OOCTYMHOW ONSt HAX CPOPME C NMPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeacTB 0Oy4eHMsl, B TOM YMCe C MCNONb30BaHMEM B NpoLiecce 0byyeHuns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeoninHas ayautopus Takxke oCHaleHa WupPOoKOrnonOCHbIM
LOCTYNOM B CeTb MHTEpHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYHOWEE
NMLEH3VMOHHOE NporpaMmMHoe obecneyeHue.

Y4yebHo-mMeToamnyeckas nutepatypa ans 4aHHOW OMCUMNAVHBI UMEETCS B HaNNYun B
3NEeKTPOHHO-bMbnmoTeyHol cnucteme " bnbnmnoPoccurka", DocTyn K KOTOPOW NPenocTaseH
ctyneHtam. B 3bC " bubnuoPoccuka " npefactasneHbl KOMNeKLMN akTyanbHON Hay4YHo 1 y4ebHoi
nuTepartypbl N0 ryMaHMTapHbIM HayKaMm, BKoYalowme B cedbs nybnmkaumm BeoyLwmx pOCCURCKNX
N30aTENbCTB ryMaHUTapHOW NnTepaTypbl, U3AaHNS Ha aHTIMACKOM S3blKe BeAyLWMX aMEPUKAHCKUX U
€BPOMNENCKMX N30aTenbCTB, a TakXe peakue 1 ManoTupaxHoie n3gaHns POCCUNCKMUX PEMMOHANbHbIX
By30B. OBC "BubnnoPoccrka" obecneunBaeT WMPOKMA 3aKOHHbIA AOCTYN K HEOOX0AMMbIM ANs
obpasoBaTenbHOro npoLecca M3naHnsaM C UCNONb30BAHNEM MHHOBALMOHHBLIX TEXHONOMNIA 1
COOTBETCTBYET BCEM TPeOOBaHNAM hefepanbHbIX rOCYapCTBEHHbIX 06pa3oBaTebHbIX CTaHAAPTOB
Bbicluero npodoeccuoHanbHoro obpasosarus (PrOC BIMO) HoBOro nokoneHus.
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YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLUMMINHBI UIMEETCS B HAIMYUN B
3NEeKTPOHHO-6nbnnoTeyHol cucteme "ZNANIUM.COM", pocTyn K KOTOPOW NpefoCTaBNeH CTyAEHTaM.
9BC "ZNANIUM.COM" conepXuT nponsseneHns KpynHENWUX POCCUNCKNX YYEHBIX, PYKOBOAUTENEN
rocyaapCTBEHHbIX OpraHoB, Npenogasartener Beaylmx By30B CTpaHbl, BbICOKOKBANUULMPOBAHHbIX
CreunanncToB B pasnnyHbix cdoepax brusHeca. PoHL 6nbnmoTekn cpopMMpPOBaH C y4ETOM BCEX
N3MEHeHWNn obpa3oBaTenbHbIX CTAHOAPTOB U BKAOYAET y4ebHUKK, y4ebHble nocobus, YMK,
MOHOrpadun, asTopedoeparbl, guccepraLmm, SHUUKNONEANnN, CAOBapU U CPaBOYHNKN,
3aKkoHO4AaTeNbHO-HOPMATMBHbIE OOKYMEHTbI, CNeunanbHbie Nnepnoanyeckme n3gaHms n n3gaHus,
BbiNyckaeMble nagatenncrsamm By30B. B HacToswee spems 95C ZNANIUM.COM cooTteeTcTBYET
BceM TpeboBaHusaM penepanbHbIX rocyaapCTBEHHbIX 06pa3oBaTeNbHbIX CTAHAAPTOB BbICLIErO
npogoeccrnoHanbHoro obpasoeanust (PrOC BI1O) HoBoro nokoneHus.

YyebHo-MeToAMYeCcKasa nutepatypa Ans AaHHON AUCLMINAVHBI UMEETCS B HANMYUn B
3NeKTPOHHO-6ubnnoTeyHol cucteme Mapatenbctea "flaHb" , 4OCTYN K KOTOPOW NpeaocTaBneH
ctyneHtaMm. 96C Mapnatenbctea "/laHb" BkioYaeT B cebs 9nekKTPOHHblE BEPCUM KHUM N34aTenbcTBa
"laHb" 1 Opyrux Beoywmx n3natenbcTB y4ebHOM nnTepatypbl, a TakXXe 3NeKTPOHHbIe BEPCUM
NepuoaNYEeCKNX U3aaHnii No eCTECTBEHHbIM, TEXHUYECKMM M FTyMaHUTapHbIM Haykam. ObC
Na3patenbcTBa "/laHb" obecneymBaeT LOCTYN K HAYYHOM, y4ebHOM nuTepaTtype 1 Hay4HbIM
NeprvoanYeCcKUM N34aHNSIM MO MakCUManbHOMY KOMYECTBY NPOGUNbHBIX HaNpPaBneHWii ¢
cobnoneHneM BCex aBTOPCKMX U CMEXHbIX Npas.

YyebHble ayantopun Ons NPoBEOEeHNs 3aHATUIA.

Mporpamma coctaeneHa B cootBeTcTBum ¢ TpeboBaHnsmm ®rOC BIO n yyebHbIM nnaHoM no
HanpasneHuo 03.03.03 "Pagnodounamnka” n npodomnio noarotoBkn Pusnka MarHUTHbIX SBIEHWUNA .
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