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Mporpamma aucumnnuHbl "KeaHtosas Teopus”; 011200.62 Pusuka; npodeccop, A.H. (npodeccop) Kovenaes b.U.

Mporpammy oucumnnvHbl paspaboTan(a)(n) npodeccop, a.H. (npodeccop) Koyenaes b.U. Kagpenpa
TeopeTtuydeckomn gomankn OTaenenne comsnkn , Boris.Kochelaev@kpfu.ru

1. LUenn ocBOEHNS AUCLUMINHBI

Llenamn ocsoeHms oncumnnuHbl "KsaHtoBas Teopus” SBnsOTCSA U3yveHne qomsnyecknx OCHOB 1
mMareMaTnyeckoro annapara KBaHTOBOW TEOPUM HEPENATUBUCTCKOrO WU KBa3NPENATUBUCTCKOrO
OBMXEHNS 4aCcTULbl BO BHELWHEM Mone, Teopun KBaHTOBbIX Nepexonos, OCHOB Teopun atoma n
XUMUYECKOWM CBSA3WN, OCHOB KBAHTOBOW 3N1E€KTPOAMHAMUKN

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

JaHHas yuebHas aucuunnnHa BkntodeHa B pasgen " 53.5.3 MNpodgeccrmoHanbHbin
obpasoBaTenbHol nporpammbl 011200.62 duauka n 0THOCKUTCA K 6a30BOIA
(obwenpodpeccrnoHanbHom) yactu. OcBamBaeTcs Ha 3 Kypce, 6 ceMecTp.

OucumnnnHa BxoauT B 6a30Byto 4acTb npodheccroHanbHoro umkna (b.3). [Ins ocBoeHus
OVNCUMNVHBI HEOOX0ANMbI 3HAHWS OAUCLMINIIMH: MaTeMaTUYeckunii aHanns, audpdepeHumnanbHbole
YpaBHEHUS, TEOPUS BEPOATHOCTEN, Knaccuyeckas MexaHuka, anektpoanHammka. OcBoeHune
AVCUMnAnHbI Byaet cnocobcTBOBaTb YCNEWHOW NPogeccnoHanbHol 0esTenbHOCTU, MO3BOMNT B
HanbHelweM nayyatb Kypcbl 0bLeHay4Horo 1 NpodeccmnoHanbHOro LMKNOB OCHOBHOWA
obpasoBaTefbHO NPOrpaMmbl MarncTpaTypbl

OCHOBHOW

3. KomneTteHuuun obyuarowerocsi, popmMmpyemble B pe3ynibTate 0CBOEHUSA AUCLUMNIINHbDI
/mopynsi

B pe3ynbTate 0CBOEHUSI AMCLMNINHBI (OOPMUPYIOTCS CReaytowme KOMNeTeHUNN:

PacwmdopoBka

LLinchp komneTeHumu npuobpeTaemMon KOMNeTeHL U
OlK-3 CMocOBHOCTLIO MCMOIb30BaTh 6a30Bble TEOPETUYECKNE 3HAHMUSA
(npodhbeccmoHanbHble hyHOaMeHTanbHbIX pa3nenos 06wWel U TEOPeTNYECKON COU3NKM
KOMreTeHuun) ONg peleHns npodgpeccroHanbHbIxX 3a4ad
MK-5 CNOCOBHOCTBIO NONb30BaTLCS COBPEMEHHBLIMM METOAAMU
(npodpeccunoHanbHble 06paboTkun, aHann3a n CUHTE3a PU3NYECKON NHhopMaLUn B
KOMNeTeHLmm) n3bpaHHo 0bnacTn PM3nN4eCcKnx NCcnenoBaHnin

B pesynbtate 0CBOEHUS ONCUMMAUHBI CTYAEHT:
1. QONXeH 3HaThb:

OCHOBbI KBAHTOBO-MEXaHN4eCKOro onnmcaHns CoOCTOAHNN PU3NYECKNX CUCTEM U MATEMATUNYECKOrO
annapara KBaHTOBOW Teopum

2. IONXEeH yMeTb:
doopMynunpoBaThb U [OKa3blBaTb OCHOBHbIE Pe3yNibTaTbl KBAHTOBOW TEOPUN

3. 0OMXEeH BnageTb:

HaBblKaMW peLleHns I'IpOCTGVIU.II/IX 3anay 0 HaxoXAgeHUn aHepreTnHeckKoro cnekTpa n BOTHOBbIX
prHKLWIVI KBAHTOBbIX CACTEM U BblHNCNEHUA BepOFITHOCTeVI nx nepexonos B apyrne CoOCToAaAHUA nog
B/IMSIHNEM BO3MYLLEHWIA

4. nONXeH OEeMOHCTPNPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:
K AanbHenweMy oby4eHunto
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4. CTpyKTypa u cogepxaHve AUCLUMNIUHbI/ Moayns
Obwas TpyooeMKOCTb AMCLUMNANHBI COCTABNSET 6 3a4eTHbIX(ble) eanHmu(bl) 216 Yaca(os).
dopma NPOMEXYTOYHOro KOHTPONSA AUCLMMINHBI 9K3aMeH B 6 cemecTpe.

CyMMapHo no amcumnanHe MoxHo nony4ntb 100 6annos, U3 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 - "HeynoBNEeTBOPUTENbHO" (Heya.).

4.1 CTpyKTypa 1 comepXxaHue ayguTopHon paboTtbl No gucuunimHe/ MOAynto
TemaTtnyecknu nnaH gUCUUNAUHbI/MOAYNS

Buabl n yachbl
Pasgen ayauTOpHOM paboThbl,
Hepens UX TPYAOEeMKOCTb Tekywume coopmbl
N 'D'"Kn":')";lr;m'“b'/ CemecTpcemectpa (B yacax) KOHTpOnNsi
Nex ““I'IpaKmqecmeHaéopaToprle
u 3aHATUA paborbl
Tema 1. OCHOBHbIE ﬂgﬁ;mi::oe
1. [NOHATUSA KBAHTOBOW 6 1-2 6 6 0 g'a aHUe
Teopuun il
[MncbMeHHoEe
5 Tema 2. Teopmg 6 3 3 3 0 nomauiHee
npencrtasneHuii. 3afaHue
Tema 3. KoHTponbHas
3. |paboTta €1 no temam 6 4 0 2 0
1-2
Tema 4. Ssonoumns I'Igl;;mi::oe
4. |KBAHTOBbIX COCTOSHWI 6 4-5 6 4 0 3ﬂa aHMe
BO BPEMEHMU A
MncbmeHHoe
Tema 5. OgHoMepHOE nomMauHee
S OBuXeHne 6 6-7 6 6 0 3agaHue
Tema 6. [1BnXeHune B Eg;;miggoe
6. [LeHTpaIbHO-CUMMETPUYECKEM 8 3 3 0
3apaHue
none
[MncbMeHHoe
Tema 7. Teopus noMallHee
/. BO3MYLLEHUIA 6 9-10 6 6 0 3agjaHue
lMncbMeHHoe
Tema 8. Teopus nomauiHee
8. paccesHus 6 1 3 3 0 3apaHue
Tema 9. KoHTponbHas
9. |pabota €2 no temam 6 11 0 2 0
4-8
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Mporpamma aucumnnuHbl "KeaHtosas Teopus”; 011200.62 Pusuka; npodeccop, A.H. (npodeccop) Kovenaes b.U.

Buabl n yacobl
Paszen ayautopHown pa6oThbl,
Henens MX TPy A0EMKOCTb Tekywume copmbl
N 'uulc\:lll-:')v.ll:r;;v;“bll CemecTp cemecTpa (B yacax) KOHTpons
Nek ImI'IpaKTW-lecm/leJ1a60pa1'op|-||>|e
u 3aHATUA pa60TbI
MuncbmeHHoe

Tema 10. nomalwHee
10. BapuauunoHHbIi MeToq 6 12 3 3 0 3agaHue

Tema 11 [NMncbMeHHOE
11.|KBasuknaccuyeckoe 6 13 3 3 0 ggM::J,,,H:e

npubnuxeHve a

Tema 12 lMncbmeHHoe
12.|MHoro4yacTnyHble 6 14 3 3 0 ggM:,_L:JMHeee

CUCTEMBI 8

Tema 13 [NMncbMeHHoEe
13.|[MHOroaneKTpoHHble 6 15 3 3 0 g'gM::JV,H:e

aTOMbl 1 MONEKyYNbI 8

Tema 14. OcHoBbI ngﬁzmﬁ:'éoe
14.|kBaHTOBOIA 6 16 3 3 0 3ﬂa aHVe

SNEeKTPOANHAMUKMN 8

Tema 15. OcHoBbI ngﬁ;mﬁ::oe
15.|pensTyBUCTCKOIA 6 17-18 | 6 2 0 §a aHne

MEeXaHuKWN. A

Tema 16. KoHTponbHas
16.|paboTa €3 no Temam 6 18 0 2 0

10-15

Tema . Ntoroeas 6 0 0 0 Ok3aMeH

doopMa KOHTPOSISA

NToro 54 54 0

4.2 CopepxaHue oUCLUNMUHbI
Tema 1. OCHOBHbIE NOHATUS KBAHTOBOW TEOpUUN
JNIeKLMOHHOe 3aHsitne (6 4yaca(os)):

Llyannam sBneHnin MmKkpomMmpa: GUCKPETHbIE CBOMCTBA BOJIH, BONTHOBbIE CBOMCTBA YacTul,.
MpuHUMNBLI HeonpeaeneHHoOCTN 1 cynepno3uunn. MpoctpaHcTeo MnbbepTta. Onepartopsl
HabnooaeMbix PU3NYECKUX BENNYUH 1 X cBOMCTBA. COBCTBEHHbIE CPYHKLIMMN 1 COBCTBEHHbIE
3Ha4YeHns onepatopoB.. JNcKpeTHbIi U HenpepbIBHbIA cnekTp. CoOCTBEHHbIE COYHKLIMM
KOMMYTUpYoWwmx onepatopoB. CooTHoWeHWe HeonpeaeneHHocTen Man3eHbepra ons gouanyeckmx
BEJINYUH.

npaktnyeckoe 3aHsitne (6 4aca(os)):

Onepatop koopanHaTel. Onepatop nmnynbca. Onepartop NammnbToHa. 3anayv No TeMe N3 KHUM
[1,2,3] n3 cnncka OCHOBHOW nuTepaTypsbl (CM. . 7.1)

Tema 2. Teopus npencraBneHUn.
JNleKLMoHHoe 3aHsitue (3 yaca(os)):

YHuTapHble npeobpas3oBaHns BONHOBbLIX COYHKLMIA 1 onepaTopoB. MaTpuyHblil MeTon. Matpuua
NAOTHOCTU. YNCTbIE N CMELAHHbIE COCTOSHUS.

npaKkTundeckoe 3aHsitne (3 yaca(os)):
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Mporpamma aucumnnuHbl "KeaHtosas Teopus”; 011200.62 Pusuka; npodeccop, A.H. (npodeccop) Kovenaes b.U.

CaoiicTBa Matpmubl NIOTHOCTK. 3adayun no Teme ua KHur [1,2,3] n3 cnmcka OCHOBHOWM nuTeparypbl
(cm.n. 7.1)

Tema 3. KoHTponbHas pabora €1 no temam 1-2
npakTudeckoe 3aHsitne (2 yaca(os)):

KoHTponbHas pabota no temam 1-2 (npumepbl 3aaady cM. B 1. 6)
Tema 4. dBONOLUA KBAHTOBbIX COCTOSSHUA BO BPEMEHU
JNIeKLMOHHOoe 3aHsitne (6 4yaca(os)):

YpasHeHuve WpennHrepa. NnoTHOCTb NOTOKA BEPOSATHOCTU U YPaBHEHNE HEMPEPLIBHOCTN.
Onepatop Npon3BOOHON MO BPEMEHM OT ANHAMUYECKOW NepeMeHHoN. [peactasneHne
"an3eHbepra. CtaumoHapHble COCTOSHMS. VIHTerpanbl ABUXEHUS Kak CneacTBme CBOMCTB
CUMMETPUN KBAHTOBOW CUCTEMbI.

npakTnyeckoe 3aHsitne (4 4aca(os)):

MpencrtaBneHne B3anmonencTems. CBOMCTBA CTALMOHAPHbLIX COCTOSIHMIA. 3aaaymn no TeMe U3 KHUr
[1,2,3] n3 cnncka OCHOBHOW nutepaTypsbl (CM. n. 7.1)

Tema 5. OpHOMepHOe ABUXEHUEe
NeKunoHHoe 3aHsitne (6 4yaca(os)):

[MpuMepbl cBEOEHMS CTauNOHAPHOro ypasHeHus LpeanHrepa ons TpexmMepHbIX CUCTEM K
0OHOMEpPHOI 3aaaye. YacTmua B 0oHOMEpPHOM 6ECKOHEYHO ryboKOoI NOTEHUMANbHOR SIME.
["apMOHWYecKknii OCUUNNATOP.

npakTudeckoe 3aHsitne (6 yaca(os)):

MoTeHuManbHbln 6apbep, KOAPPULUNEHTBI MPOXOXAEHUS U OTPAXEHUS. TYHHENbHbIA 30EKT.
3agaym no teme m3 kHur [1,2,3] n3 cnmcka OCHOBHOW nutepaTypsbl (CM. n. 7.1)

Tema 6. [1BUXeHMe B LLleHTPaNbHO-CUMMETPUYECKOM rnone
neKuMnoHHoe 3aHsiTne (3 yaca(os)):

Obuwas Teopusa ABNXeHnsa B LEeHTPalIbHO-CUMMETPUHECKOM MNone. MomeHT nMmnynbca, cobCTBEHHbIE
PYHKLNM 1 CcOOCTBEHHbIE 3HAYEHUS. ATOM BO4opoOa.

npakTudeckoe 3aHsitne (3 yaca(os)):

CnoxeHune MOMeHTOB. 3afayn no teme na kHur [1,2,3] n3 cnucka OCHOBHOW nutepaTypbl (CM. n. 7.1)
Tema 7. Teopus BO3MyLLLEHUN

JNleKLMoHHOoe 3aHsitne (6 4yaca(oB)):

Teopus cTaumoHapHbIX BO3MYLLEHWUIA AN AUCKPETHOrO cnekTpa. BoamywweHus npy Hannyimm
BblpoxaeHus. ddodoekT Wtapka ans atoma Bogopoaa. BoamyweHuns, 3aBucsiume ot BpEMEHM.
Mepexonbl CUCTEMbI B HOBbIE COCTOSIHUSI NOL BINSHNEM BO3MYyLLEeHMS. [epexonbl B COCTOSIHNSA C
HenpepblBHbIM CNeKTPOM. COOTHOLWEHNE HEONPEAENEHHOCTN A1 SHEPTUN N BPEMEHU.

npaktnyeckoe 3aHsitne (6 4aca(os)):

lMepuoamyeckune n BHe3arnHbie BO3MyLWEHUS. Teopns eCTeCTBEHHOW WNPUHbBI TMHMK. 3a4a4m no
Teme 13 KHur [1,2,3] 3 cnucka oCcHOBHOW nuTepartypsbl (CM. n. 7.1)

Tema 8. Teopus paccesiHus
JNleKLMoHHoe 3aHsitue (3 4aca(os)):

CeueHue paccesiHus B bopHoBckoM npmbnuxeHnn. KynoHOBCKMIA 1 KOPOTKOAENCTBYOWNIA
noTeHumanbl.

npakTnyeckoe 3aHsitne (3 4aca(os)):

®dopmyna Pesepopaa. 3agaym no reme u3a KHur [1,2,3] n3 cnncka 0OCHOBHOM nuTepatypbl (CM. M.
7.1)

Tema 9. KoHTponbHas paborta €2 no remam 4-8

npakTnyeckoe 3aHsitne (2 4aca(os)):

KoHTponbHas pabota no temam 4-8 (npuMepsbl 3agady cM. B . 6)

Tema 10. BapuauvoHHbI meToq,

JNeKLMoHHoe 3aHsiTne (3 4aca(os)):

CraunoHapHoe ypaBHeHue lllpennHrepa kak cneocteme BaprMaunoHHOMO NpuHUMNa.
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npakTudeckoe 3aHsitne (3 yaca(os)):

Meton Putua. 3apaym no teme n3 kHur [1,2,3] 13 cnmncka oCHOBHOWM nuTepartypsbl (cMm. n. 7.1)
Tema 11. KBa3suknaccuueckoe npubnmxeHue

JNIeKLMoHHOoe 3aHsiTne (3 4aca(os)):

[MpenenbHbI Nepexon OT KBAHTOBOW MEXAHWUKM K Knaccuyeckon. Ksasuknaccmyeckas BonHoBas
doyHKUMSA, rpaHnyHble ycnosms. KBaHToBaHne bopa-3ommepdoenbaa.

npaktnyeckoe 3aHsitne (3 4yaca(os)):

KBasumknaccumyeckoe ABUXEHNE B LLEHTPaNnbHO-CMMMETPMYHOM none 3anayun no remMe ua KHur [1,2,3]
N3 cnmcka OCHOBHOM nutepartypsbl (CM. n. 7.1)

Tema 12. MHOroyacTnyHblie CUCTEMbI
JNeKLMoHHoe 3aHsitue (3 yaca(os)):

MprHUMN TOXOECTBEHHOCTU YacTuLl. CUMMETPUYHbIE N aHTUCUMMETPUYHbBIE BOMTHOBbIE (PYHKLINN.
Bo30oHbI 1 hepMUoHbl. BTopryHOe kBaHTOBaHNeE.

npakTundeckoe 3aHsitne (3 yaca(os)):

CeowicTBa onepaTopoB POXAEHUS U YHUHTOXEHUS. 3adaqm no teme ua kHur [1,2,3] n3 cnucka
OCHOBHOW nuTepartypsbl (CM. n. 7.1)

Tema 13. MHOroanekTpoHHble aTOMbl U MONEKYbI
neKuMnoHHoe 3aHsiThe (3 yaca(os)):

MeTton camocornacosaHHoro nons Xaptpu n Xaptpu-doka. Metog Tomaca-Pepmu. ATom renus.
CnekTpanbHble TepMbl. Tabnuua Menneneesa. Agnabatnyeckoe npnbnmuxeHne. Monekyna
BO4OpOAA

npakTudeckoe 3aHsitne (3 yaca(os)):

ATOM B anekTpmnyeckoM none. 3agayv no reme ua kHur [1,2,3] 3 cnmcka OCHOBHOM nuTepaTypbl (CM.
n.7.1)

Tema 14. OCHOBbI KBaHTOBOM 3/1€KTPOAUHAMUKMN
JNeKuMoHHoe 3aHsiTne (3 yaca(os)):

PeweHuns ypasHeHnin Makcsenna, HopMasnbHble KOOpAUHATBI, raMunbToHMaH. KBaHToBaHue.
BaanmogencTeme anekTpoHOB 1 OOTOHOB. [lornoweHne n nanydyeHme goOTOHOB aToMaMmu,
COOTHOWEHUS SNHWTENHA.

npakTnyeckoe 3aHsitne (3 4aca(os)):

OneKTprnyeckoe gUnonbHoe nanyyeHve. 3agadm no teme s kHur [1,2,3] na cnmcka 0OCHOBHOM
nuteparypsbl (C™. n. 7.1)

Tema 15. OCHOBbI PensiTUBUCTCKON MEXaHUKMU.
neKkumnoHHoe 3aHsitTne (6 yaca(os)):

YpaBHeHue KneliHa-doka-lMopaoHa. CeBoboaHoe aBuxeHne 603oHa. YpasHeHue Oupaka.
CBob0HOE ABMXEHMNE anekTpoHa. CnuH, NOMHbLIA MOMEHT KONMYECTBA ABUXEHMS. HeNTpuHO.
YpaBHeHue Maynu, MarHuTHbIA MOMEHT anekTpoHa. CnnH-opbuTanbHOe B3aMOLENCTBIE.

npaktnyeckoe 3aHsitne (2 4aca(os)):

ToHKas CTpykTypa ypOBHEN atoma Bogopoaa. 3agaym no teme na kHur [1,2,3] 3 cnmucka OCHOBHOM
nutepartypsbl (CM. n. 7.1)

Tema 16. KoHTponbHas paborta €3 no temam 10-15
npakTnyeckoe 3aHsitne (2 4aca(os)):
KoHTponbHas pabota no temam 10-15 (npumepbl 3a8ady cM. B . 6)

4.3 CTpyKTypa u cogepxaHue caMOCTONATENIbHOM paboTbl AUCLUNIUHBI (MOAYNS)

Buabi
N Pasanen Cemectp| HeRens | camocTosirensHoit TpyaoeMkocTh 3&%‘;:;‘;?:3:23
AucunnnunHbl Pcemectpa pa6oTbl (B yacax) 260Tb!
CTYL,EHTOB P
Tema 1. OcHOBHblE
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NOHATNS KBAHTOBOM Teopun
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Buabi
N Paspen Cemect Hepens | camocTosiTensHon [TpyAo0eMKOCTb g;?ﬂg:;:?:;gﬂg;
AducumnnuHbl pcemecrpa paborthbl (B yacax) 260TbI
CTYL,EHTOB P
5 Tema 2. Teopus 6 3 Egﬂgﬂﬁ:r'(g 4 JomalHee
“In TaBNeHUn.
peacrasne 3anaHms 3apaHune
Tema 4. Osontoums MoAroToBka
4. |KBAHTOBbIX COCTOSIHUIA 6 4-5 |pomalwHero 8 ggx:l-L:Jl/lHee e
BO BPEMEHN 3agaHus
5. |Tema 5. OnHomepHoe 6 6-7 zgﬂ;ﬂﬁgr'(g 8 nomatHee
" |OBUXEHM
il eHune 3ananms 3agaHue
Tema 6. [lBuxeHue B nogroToBka
6. |LeHTpaNbHO-CUMMETPUYECKEM 8 |momalwwHero 4 ggﬁ:.ﬂ]m“:e
none 3agaHus
- [Tema 7. Teopus 6 9-10 zgﬂ;ﬂggrl(g 8 nomallHee
" |BO3M HU
o3MmylLe 3anaHms 3agaHue
MoaOroToBk
8 Tema 8. Teopus 6 11 ugﬂaijﬁerg 4 JomallHee
) AHUS
pacce 3ananHns 3agaHuve
10, Tema 10. 6 12 |nowaunero 4  |omawkee
‘(BapuayoHHbIA MeT
apviauuno eTon 3anaHms 3agaHue
Tema 11. nooroToBka
11.|KBa3uknaccuyeckoe 6 13 |mDomalwHero 4 gg;;:”m"':e
npunbnuxeHne 3a0aHus
Tema 12. MoaroToBka
12.|MHoroyacTun4Hbie 6 14 |pmomalwHero 4 ggg::lmfe
CUCTEMDI 3agaHus
Tema 13. MnoaroToBka
13.|MHOroanekTpoHHbIE 6 15 |momawHero 4 ggx:ﬂJMHee ©
aToOMbl 1 MONEKYNbI 3agaHus
Tema 14. OcHoBbI MnoaroToBka
14 .|[kBaHTOBOWN 6 16 |momawHero 4 gg;:,:",,,”f €
9NeKTPOANHAMUKN 3agaHus
Tema 15. OcHOBbI rnoaroToBka
15.|penaTmBmcTCKon 6 17-18 |oomawHero 8 ggx::JMH:e
MEeXaHUKW. 3agaHus
Ntoro 72

5. O6pa3oBarenbHble TEXHONOIMU, BK/IHOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs

NcnonbaytoTest cneaytowme coopMbl y4ebHo paboTbl: NekUmm, NpakTUYeckme 3aHsSTUS B rpynnax,
camocTosTenbHas paboTta cTyeHTa (BbiNOMHEHNe AOMALIHUX 3a4aHuiA), KOHCYNbTaUuu.

6. OueHOUYHble CpeacTBa OJ1s TEKYLLLero KOHTPOJS yCrneBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLMMNIIMHBI U y4e6HO-meToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB
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Tema 1. OCHOBHbIE NOHATUSA KBAHTOBOW Teopun
JOoMallHee 3aaHune , npuMepHblie BONPOChHI:

KommyTatopbl onepatopos. 3agaym no teme s KHur [1,2,3] na cnmcka OCHOBHOW nnutepaTypsbl (CM. M.
7.1)

Tema 2. Teopus npencrasneHUn.
HoMmallHee 3afaHune , NpyUMepHbIe BONPOCHI:

Martpuua nnoTHOCTW B 3HepreTnyeckom npeacrasneHnn. VimnynscHoe npeacraeneHune. 3agayv no
Teme 13 kHur [1,2,3] M3 cnncka oCHOBHOM nuTepartypsbl (CM. n. 7.1)

Tema 3. KoHTponbHas paborta €1 no temam 1-2

Tema 4. OBoNoOLUUA KBAHTOBbIX COCTOSIHUA BO BpeMeHU

LoMaluHee 3afaHune , NpUMepHbIe BONPOCHI:

Teopembl OpeHdecTa. 3agaym no Teme ua kHur [1,2,3] U3 cnucka OCHOBHOM nuTepartypsbl (CM. n. 7.1)
Tema 5. OpHOMepHOE ABUXEHue

[OoMallHee 3ajaHve , NPUMEpPHbIE BONPOCHI:

PewweHne 3agayv 0 NMHENHOM OCLUMNNATOPE MATPMYHbIM METOAO0M. 3afayn rno Teme n3 KHur [1,2,3]
N3 cnmcka OCHOBHOM nuTeparypsbl (CM. n. 7.1)

Tema 6. [1BUXeHUe B LLeHTPa/lbHO-CUMMETPUYECKOM none
JoMallHee 3agaHue , NpuMepHbie BOMPOCHI:

MaTtpuyHoe npeacraBneHme onepaTopa MOMEHTa nMnynbca. 3agadm no teme ms KHur [1,2,3] ua
crnmcka OCHOBHOM nutepartypsbl (CM. n. 7.1)

Tema 7. Teopusi BO3MyLLLEHUN
LoMallHee 3ajaHve , NPUMepPHbIE BONPOChI:

AnmnabaTtunyeckue Bo3MyleHns. 3anaym no teme n3 kHur [1,2,3] 3 cnucka oCHOBHOI nuTepaTypbl
(cM.n. 7.1)

Tema 8. Teopusa paccesiHusA
JoMallHee 3aJaHve , NPUMepPHbIE BONPOCHI:

dazosas Teopus paccesHus. 3agaym no reme n3 kKHur [1,2,3] 3 cnmcka oOCHOBHOM nuTepatypbl (CM.
n.7.1)

Tema 9. KoHTponbHas paborta €2 no temam 4-8
Tema 10. BapmnaunoHHbIn meTon,
JoMallHee 3agaHue , NpuMepHbie BOMPOChHI:

MeTon nuHenHbIX KoMOrHauuin. 3agadym no Teme 3 KHur [1,2,3] N3 cnncka OCHOBHOW NUTepaTypbl
(eM. n. 7.1)

Tema 11. KBasuknaccuueckoe npubnmxeHue
LoMallHee 3ajaHne , NPUMEpPHbIE BONPOCHI:

KBasuknaccuyeckoe NpoxoxaeHune Yepes noTeHumanbHbi bapbep. 3agadn no Teme 3 kKHur [1,2,3]
N3 crmcka OCHOBHOW nutepatypsbl (cM. . 7.1)

Tema 12. MHOro4yacTnyHble CUCTEMbI
JoMallHee 3agaHue , NpUMepHbie BOMPOCHI:

Onepatopbl hn3NYeCcKnx BENNYUH B NPEACTaBNEHNM BTOPUYHOIO KBAHTOBaHNS. 3a4a4m no Teme 13
KHur [1,2,3] 3 cnucka ocHOBHOM nuTepartypsbl (CM. n. 7.1)

Tema 13. MHOroanekTpoHHbIE aTOMbl U MOJNIEKY/IbI
LoMallHee 3afaHne , TPUMEpPHbIE BOMPOCHI:

BonoponononobHble ypoBHM aHeprun. 3anayqm no teme na kHur [1,2,3] n3 cnmcka 0CHOBHOW
nuteparypsbl (C™. n. 7.1)

Tema 14. OCHOBbI KBAHTOBOW 3/1IEKTPOAUHAMUKU
oomatllHee 3aaaHue , NPUMepHbIEe BOMPOCHI:

KannbpoBoyHas nHBapuaHTHOCTb. 3a4ayvm no tTeme n3 KHur [1,2,3] n3 cnucka OCHOBHOWM nnuTepaTtypbl
(em.n. 7.1)

KETPOHHBH
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Tema 15. OCHOBbI PENSATUBUCTCKON MEXAHUKW.
noMallHee 3afaHne , NPUMepPHbIE BONPOCHI:

Anrebpa matpuu dupaka. 3agaqv no teme us kHur [1,2,3] u3 cnmncka 0CHOBHOW nuTepaTtypbl (CM. M.
7.1)

Tema 16. KoHTponbHas pa6bota €3 no temam 10-15
Tema . UToroBasi oopma KOHTpOns

[MpvMepHble BOMPOCH! K 3K3aMeHy:
PernameHT 6annbHO-pERTUHIOBO CUCTEMDI:
KoHTponbHas pabota €1 - 15 6annos
KoHTponbHas pabota €2 - 20 6annos
KoHTponbHas pabota €3 - 15 6annos
Ok3ameH - 50 6annos

MpuMepHble 3a8a4n Anst KOHTPONbHbIX PaboT.

1. Bbluncnutb KomMmyTartop [pz,lz*2], roe |z - onepaTtop npoekun MOMeHTa uMnynbca, u pz -
KOMMOHEHTbI MMMyNbCa YacTuLbl B EKapTOBOM CUCTEME KOOPAMHAT.

2. Haintn 3HaveHve goyHkumm F(x)=exp(ia*px)*(x-2)"2 npn x=1 (px - oneparop Nnpoekunn nMmrnynbca
Ha OCb X).

3. HanTtun cpenHee 3HaYeHe KMHETUYECKON aHeprum snekTpoHa B aToMe Bo40pOoLa B OCHOBHOM
COCTOSIHWMW.

4. Onepatop MaMmnbTOHa YacTuLbl CO cnMHOM S=1/2 paseH H=a*Sx+b*Sy, BonHoBas yHKLMS
yactuubl paBHa (A; B). C kakoln BEpOSITHOCTbIO YacTuLa HaxoOnUTCs B OCHOBHOM COCTOSIHMM?

5. Haintn pacnpeneneHne BepoATHOCTEN AN KOMMOHEHT MMMyfbCca YacTuubl, eCnu eé BONHOBas
doyHKLMA paBHa A*exp(-a*(x"2+y"2)-ib*z).

6. Hantn pacnpeneneHne BepoaTHOCTEN A1 KOMMOHEHT UMMynbca IMHEMHOro rapMOHNYECKOro
ocumnnsTopa ¢ Macco m 1 4acTOTON W B OCHOBHOM COCTOSIHUW.

7. Hatu pacnpeneneHune BepoSTHOCTEN AN KOMMNOHEHT MMMyNbCa IMHEAHOMO rapMOHMNYECKOro
oCUMNNIATOPA C MacCo M 1 HYaCcTOTON W B MEPBOM BO30Y>XIEHHOM COCTOSIHUM.

8. Haltn sHepruo CoOCTOSHNA C HyNEBbIM MOMEHTOM MMMYbca AN YacTULbl C MACCon M, ecnu
noTeHUManbHas SHeprmus YacTuubl paBHa Hy/o BHYTPWU cdiepbl C paanycom a u 6eCKOHEYHO
6onbluas BHe 3TOW capepbl.

9. Haittn BeposiTHOCTb NpebbiBaHMSA 3NeKTPOoHa B KNAcCUYeCcKn 3anpeLleHHon obnactu (1.e. B
obnacTu, B KOTOPOIA ero NonHas 3Heprusi MeHblle NOTeHUManbHOW 3HEePrumn) B OCHOBHOM COCTOSIHUN
atoma Bogopona.

10. HainTn ypoBHM 3HEPrum 1 BOMHOBbIE (PYHKLIMM YaCTULLbl C MOMEHTOM MMNynbea =1, ecnu
raMmnnbTOHMAH YacTtuubl paseH H=b*Iz"2+b*(Ix"2-ly"2),

roe a ub - nocTosHHbIE.

11. Hail'Tn cpeaHee 3HaYyeHne NoTeHUManbHoM S3Heprn a3fekTpoHa B aToMe Bo40pPOAa B OCHOBHOM
COCTOSIHUW.

12. Hantm koadpdomumeHT oTpaxeHns 4acTuLbl C Macco m OT NOTEHUMaNbHON AMbl
(NoTeHumanbHas 3Heprus YactTuubl NPV OBUXEHUN BAOSb OCY X paBHa Hy/o Be3ne, KpoMe obnactu
O<x<a, roe oHa pasHa -U, U>0).

13. BonHoBasa doyHkuUMS YacTuubl ¢ maccot M pasHa Cexp(-r/p). HainTtn cpegHee 3HaveHue
KWHETUYECKOW 3Heprnmn Yactumubl.

14. lNMoTeHumanbHasa sHeprus YactTuubl ¢ Maccor m pasHa V(x)=a|x|. OueHnTb aHepruo OCHOBHOIO
COCTOSIHUSA, NCMONb3Ys COOTHOLWEHNE HeonpeaeneHHOCTH.

15. [aMUNbTOHMAH YacTuLbl B 31EKTPOMarHMTHOM none ¢ noteHunanamm A(r,t), phi(r,t) paseH
H=(p-eA/c)"2/2m+e*phi. HaiTn onepaTtop yckopeHns 4acTuLbl.

BUJIETbI K 9K3AMEHY
1. Teopus paccesHusa. Meton BopHa.
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Mpencrasnerwne elizeHbepra.

2. [MnoTHOCTb NOTOKA BEPOSATHOCTH.

BblHyXAeHHblE aneKTpuieckne OunofbHbIE NEPEXOLbI.

3. Monekyna sogopona.

lMpencrasneHne B3anMoOencTBmS.

4. Ycnosusa kBaHToBaHuS bopa.

CraumnoHapHble COCTOSHMS.

5. YpOBHM aHEpPrum nUHENHOro rapMoHMYEeCKoro ocumnnaTopa.
CobcTBEeHHbIe (hyHKLMM onepaTtopos Iz, 12

6. Teopnst eCTeCTBEHHOW WNPUHbI IMHWIA

KBaHTOBaHWe anekTpoMarHUTHOro Nons. SHeprus n UMNynbLC POTOHOB
7. Teopus cTauMOHapPHbIX BO3MYLLEHWNA. BbIpOXAeHHbIR ypOBEHb aHEPrM
CeoiicTBa onepaTtopos PU3NYECKUX BENNYNH

8. BropuyHoe kBaHTOBaHune. epmMnoHbI

CooTHoweHns HeonpeneneHHocTen en3eHbepra

9. Teopus HecTaUMOHAPHbIX BO3MYLLEHWIA

3apava AByX Ten B KBAHTOBOW MexaHuke

10. MOMeHT KonuyecTBa ABUXEHUSA PENATUBUCTCKOM YacTuubl. CnuH. CnnMHopsl.
Teopusa npencrasneHnn

11. CnoHTaHHbIE 9NEeKTpUYecKme AnnonbHble Nepexonbl

KBaHTOBaHME MOMEHTa KONM4yecTsa ABUXEHMUS

12. CnnH-opbuTanbHoe B3aMMoaencTeme

Onepartop nmnynbca

13. YpaBHeHue lNaynu. MarHnTHbIn MOMEHT 311eKTpOoHa

HeTHOCTb COCTOSIHUI YacTULbl B LLIEHTPasIbHOM none

14. Onepatop obpaleHnst BpemeHn. Teopema Kpamepca

PeweHne ypaBHeHus dupaka ons cBoboagHoM Yactuupl

15. InCKpeTHbIN aHepreTMYecKuin cnekTp aroma sogopona

YpasHeHve Odupaka

16. BropuyHoe kBaHTOBaHME. BO30HbI

MatpuyHoe npencTasneHne onepaTopoB KOMMNOHEHT MOMEHTa MMy bca
17. BonHoBble QOYHKLIMM CUCTEMBI TOXOECTBEHHbIX YacTuL,

KBaHTOBbIE NEepexobl B HEMPEPbIBHOM CMEKTpe

18. Teopnsa camocornacoBaHHOro nons B atoMax

Onepartopbl CKOPOCTEN N3MEHEHNS (OU3NHECKUX BENUYNH

19. da3oBas Teopust paccesHns

TyHHEenupoBsaHvue

20. Onepartopbl CKOPOCTEN UBMEHEHMNS (PUNYECKNX BENNYNH
BapvaunoHHbIn MeTo B KBAHTOBOW MeXaHuke

21. Teopus cTaumMoHapHbIX BO3MYLLEHNA. HEBbIPOXOEHHbI YPOBEHb SHEPrnn
CnoxeHne MOMEHTOB.

22. Teopusi cTauMOHapPHbIX BO3MYLEHWNA. BbIpoXaeHHbI YpOBEHb aHEPrum
O6MeHHOe B3anMoaeincTeme

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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7.1. OcHOBHas nuTteparypa:
KeaHTOBas teopus, Kovenaes, bopuc eaHosu4, 2013r.

2. NaeblpnoB A.C. KBaHTOBasi MexaHuka: yiebHoe nocobue. - CM6: BXB Metepbypr, 2011. - 704 c.
http://znanium.com/bookread.php?book=351130.

3. Conosbes O.B. 3agayHuk ons gomamkos. Hactb |. [OnekTpoHHbIn pecypc] / O.B. Conosbes, 3.U.
Baibekos, C.N. Benos // Y4ebHoe nocobue. KasaHb: KazaHckuin yHusepcutet, 2015. 102 c.
http://dspace.kpfu.ru/xmlui/handle/net/20301

7.2. lononHutenbHasa nuteparypa:

1. Conosbes O.B. 3agayn no KBaHTOBOW MeXaHWKe: BONHOBbIE (OYHKLMK U onepaTopsbl (y4.-MeToq.
nocobue). - 2013. - KasaHb. - KINPY.
http://kpfu.ru/portal/docs/F1064181181/Zadachi_po_kvantovoi_mehanike.Volnovie_funkcii_i_operatori.pdf

2. bnoxuHues .. OcHoBbl kBaHTOBOW MexaHuKW. 130-Bo JlaHb, 2004. - 672 c.
http://e.lanbook.com/view/book/619/

7.3. UHTepHeT-pecypcChbl:

Bubnnoteka Library Genesis - http://gen.lib.rus.ec

MeToaunyeckmne matepuansl kadpenpbl TP -
http://kpfu.ru/physics/struktura/kafedry/kafedra-teoreticheskoj-fiziki/metodicheskie-materialy

Ob6pasoBatenbHblii NpoekT A.H. BapruHa - http://www.ph4s.ru/index.html
AnekTpoHHas bubnuoteka - http://www.newlibrary.ru/genre/nauka/fizika/
OnekTpoHHasa bubnnoteka MexaHMKo-MaTemaTmyeckoro gpakynobteta MIY - http://lib.mexmat.ru/

8. MarepumanbHo-TexHU4YecKoe obecrneyeHne oUCLUMIUHBI(MOOYNS)

OcBoeHure ancumnnuHbl "KsaHtoBas Teopus” npegnonaraet UCnonb3oBaHme crneayouero
MaTepuanbHO-TEXHNYECKOro obecneyeHuns:

MynbTumMeouiiHas ayoutopus, BMECTUMOCTbIO 6bonee 60 yenosek. MynbTumMeauiiHas ayamtopums
COCTOWUT N3 MHTErPUPOBAHHbIX UHXEHEPHbIX CUCTEM C €AMHON CUCTEMON YyNpaBneHns, OCHaLEeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanv3auum noboin BuaAeo n ayamno
nHGopMaLMK, NONYYEHNS N Nepeaayn aNeKTPOHHbIX AOKYMEHTOB. TUNOBas KOMNnekrauus
MyNbTUMEAVNAHOW ayANTOPUN COCTOUT U3: MyNbTUMEAMAHOrO NPOEKTOpPa, aBTOMaTU3NPOBAHHOMO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKON CUCTEMDI, a TAKXE MHTEPAKTMBHONW TpMbyHbI NpenonaBsartens,
BK/IIOYAIOLWEN Ta4y-CKPUH MOHUTOP C AMaroHanbio He MeHee 22 OI0AMOB, NEPCOHANbHbBIA KOMMbIOTEP
(c TexHnyecknmm xapaktepucTukamm He HuXxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHgoepeHL-MUKPOoH, 6ecnpoBoAHOM MUKPOGOOH, 610K ynpaeneHns obopynoBaHueM, MHTepAerChl
noakntouermns: USB,audio, HDMI. MHTepakTmBHas TpmbyHa npenoaaBatens SBnseTcs KnoyeBbiM
3NEMEHTOM yNpaBNeHns, 00 bEANHSIOWMNM BCE YCTPONCTBA B EOMHYIO CUCTEMY, U CIYXUT
NONMHOLIEHHbIM paboymm MecToM npenoaasatens. lNpenonasartens MMEET BO3MOXHOCTb NIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSET MPOBOANTL NEKLMMW, MPAKTUYECKUE
3aHATWA, Npe3eHTaunn, BebrHapbl, KOHPEPEHLMM U Opyrie BUObl ayAUTOPHON Harpy3Kku
obyyatowwmxcs B yA06HON 1 OOCTYMHOW ANS HAX POPME C MPUMEHEHNEM COBPEMEHHbIX
MNHTEPAKTMBHbIX CPEACTB 0Oy4eHMS, B TOM YMCE C MCNONb30BAHMEM B NpoLecce 0by4yeHuns BCex
KopropaTtusHbIX pecypcoB. MynbTumeoniiHasa ayamTopus TakXe OCHaLWeHa WMPOKOMONOCHbIM
LOCTYNOM B CETb MHTEPHET. KoMnbloTepHOE 060pyn0BaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3MOHHOE NPOrpaMmMHoe obecneyeHue.

KETPOHHBH
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YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLUMMINHBI UIMEETCS B HAIMYUN B
3NEeKTPOHHO-6MbNMoTeYHol cucteme " brubnuoPoccurka", 4OCTYN K KOTOPOW NpenocTaBneH
ctyneHTam. B 9bC " bubnunoPoccuka " npeacTaBneHbl KONNEKLUMN akTyanbHON Hay4HOM 1 y4ebHOo
nuTepaTtypbl N0 ryMaHMTapHbIM HayKaMm, BKtovatowme B cebst nybnmkaumm BenyLmx POCCURCKNX
N30aTenbCTB ryMaHUTapHOW nuTepaTypbl, U3AaHUS Ha aHTIMACKOM S3blKe BeOyLWmX aMepuKaHCKnx u
€BPONeNCcKMX N30atenbCTs, a TakxXe peakme U ManoTMpaxHble N3naHnsa pOCCUACKUX PerMoHanbHbIX
By30B. 9bC "BbubnnoPoccurka" obecneynBaeT WMPOKMiA 3aKOHHbI AOCTYN K HEO6X0AMMbIM ANst
obpazoBaTe/ibHOro npoLecca N3naHnsM ¢ UCMONb30BAHNEM MHHOBALMOHHBIX TEXHONOMNIA 1
COOTBETCTBYET BCEM TpeboBaHNSAM henepanbHbIX FoCynapCTBEHHbIX 06pasoBaTebHbIX CTaHAapPTOB
Bbiclero npodpeccuoHanbHoro obpasosarus (PrOC BIMO) HoBOro nokoneHus.

YyebHo-MeToanYeckas nutepartypa ans 4aHHOW ONCLMMNAUHBI UIMEETCS B HAMYUN B
3NeKTPOHHO-6ubnnoteyHol cucteme "ZNANIUM.COM", pocTyn K KOTOPOW NpefoCTaBNEH CTyAEHTaM.
9BC "ZNANIUM.COM" conepXuT nponsseneHnst KpynHEeNWmnxX POCCUNCKNX Y4EHbIX, PyKOBOOUTENEN
rocynapCTBeHHbIX OpraHoB, nNpenogasartenei Beayumx By30B CTpaHbl, BbICOKOKBANMMULMPOBAHHbIX
CMeunanncToB B pasnunyHbix cdoepax brnsHeca. PoHL 6nbnmMoTekn chopMMpPOBaH C y4ETOM BCEX
N3MEHEHMNI 06pa3oBaTENbHbIX CTAHAAPTOB M BKKOYAET y4ebHMKM, yyebHble nocobus, YMK,
MOHOrpadoun, asTopedoeparbl, guccepraumm, SHUMKNONEONN, CAOBapu U CNPaBOYHNKN,
3aKkoHo4aTeNnbHO-HOPMAaTMBHbIE OOKYMEHTbI, CNeunanbHbie Nnepnognyeckme n3gaHms n n3naHus,
BbiNyckaeMble nsgatenbcrsamm By30B. B HacToswee Bpems 965C ZNANIUM.COM cooTteetcTByeT
BCceM TpeboBaHMAM hefepanbHbIX roCyAapCTBEHHbIX 0Opa3oBaTeNbHbIX CTAHAAPTOB BbICLIErO
npogoeccrnoHanbHoro obpasosanust (PrOC BI1O) HoBoro nokoneHus.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ANCLUMMNINHBI UIMEETCS B HAMYUN B
3NEKTPOHHO-6MbNMoTEYHON cucTeMe MapatenbcTtea "MlaHb" , AOCTYMN K KOTOPOW NpenocTaB/eH
ctyneHTam. 9bC MNapatenbcta "/laHb" BKOYaeT B cebs aNeKTPOHHbIE BEPCUMUN KHUI U3AaTeNbCTBa
"IlaHb" 1 Opyrux Beaywmux n3natenbcTB y4ebHom nuTepaTtypbl, a TakXXe 9NeKTPOHHbIE BepCUmn
Nepruoanyecknx N3aaHnim no eCTeCTBEHHbIM, TEXHUYECKNM U r'yMaHUTapHbiM Haykam. OBC
NapatenbcTBa "/laHb" obecneynBaeT LOCTYN K HAy4HOI, y4ebHON nnTepaType 1 Hay4HbIM
nepuoanyecknm n3oaHmsam no MakCManbHOMY KONMMYECTBY NPOoUbHbLIX HanpasneHui ¢
cobntoeHneM BCex aBTOPCKUX M CMEXHbIX Npas.

YuebHble ayantopumn ansg nposeneHnsa neKUMOHHbIX U NpakTn4eCcKnx 3aHATUN.

MNporpamma coctaBneHa B cooTBeTCTBUM € TpebosaHnamm @I OC BINO un yyebHbiM nnaHom no
HanpasneHno 011200.62 "duamka" n npoconnio NoAroToBKN He NpesyCMOTPEHO .
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