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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 ocBoeHuns ancumnnuHbl "Teopetmnyeckas omsnka: KBaHToBasi Teopusa” SBNSIOTCSA U3yHeHue
PU3nNYEeCKNX OCHOB 1N MateMaTn4yeckoro annapara KBaHTOBOW TEOPUM HEPENSATUBUCTCKOrO U
KBa3MpPenaTUBUCTCKOro ABUXEHUS YacTuLbl BO BHELWHEM None, TEOpUM KBAHTOBbIX NMEpexonos, OCHOB
Teopun atoMa 1 XMMN4eCckom CBA3N, OCHOB KBAHTOBOW 3N1EeKTPOANHAMUKN

2. MecTo OUCLMN/MNHDbI B CTPYKTYpe OCHOBHOM o6pa3oBaTtesibHOM NPorpaMmbl BbiCLLIEro
npodpeccrmoHanbHoro o6pa3oBaHus

HaHHas yuebHas aucumnnmnHa BkntodeHa B pasgen " C2.6.15 Matematnyeckuii n
€CTEeCTBEHHOHAYYHbI" OCHOBHOI 0bpa3oBartenbHo nporpamMmbl 011501.65 AcTpoHoMUs 1

oTHocmKTCS K 6a3oBoii (obwenpodeccroHanbHoi) Yactn. OcBanBaeTcs Ha 3 Kypce, 6 cemecTp.

OucumnnnHa Bxoaut B 6a30Byto 4acTb npodheccroHanbHoro umkna (b.3). [ns ocBoeHus
OVCUMNIVHBI HEOOX0ANMbI 3HAHWS OUCLIMIJIMH: MaTeMaTUyYeckunii aHanna, andpdepeHunanbHble
ypaBHEHUS, TEOPUS BEPOATHOCTEN, KNaccuyeckas MexaHuka, anektpoanHammka. OcsoeHune
AVCUMNAVHBI ByaeT cnocobCcTBOBaTb YCMNEWHOW NPpogeccnoHanbHom 4esaTenbHOCTU, MO3BONNT B
LanbHelweM nayyatb Kypcbl 06LeHay4HOro n NpogeccnoHanbHOro LMKI0B OCHOBHOWA
obpasoBaTenbHO NPOrpaMmbl MarncTpaTypbl

3. KomneteHuuu obyyarowerocs, hopMmpyemble B pe3ynbTate 0CBOEHUS OUCLUM/INHDI
/mopyns

B pes3ynbTarte 0CBOEHUA OUCLUMINHBI POPMUPYIOTCS crneaylowme KOMNeTeHUNn:

PacwmcpoBka
Lincpp komnereHuyu npuobpeTaeMor KoMneTeHLUN

OK-1
(OBLLEKYNbTYPHBIE CMOCOBHOCTb NPEACcTaBNATb COBPEMEHHYIO KAPTMHY MUpa Ha
KOMNETEHLIN) OCHOBE LIENIOCTHOMN CUCTEMbI ECTECTBEHHO-HAY4YHbIX 3HAHWI
MK-1 CNocoBHOCTb OPUEHTUPOBATLCS B 6A30BbIX aCTPOHOMUYECKUX U
(NMpodpeccmoHanbHble PU3MKO- MaTEMATUYECKUX TEOPUSX N MPUMEHSATL UX B HAYYHbIX
KOMneTeHuunm) nccnenoBaHnsx
nK-7 BnageHve Metogamm acTpoOHOMUYECKOro, ousn4eckoro n

MaremMaTn4eckoro nccnenosaHus npu aHannae rnodanbHbIx
(NPOcheccMoHanbHble aTreMaTtunyeckoro muccnenosa pv aHanuse oba

Npobnem Ha OCHOBE rNybOKMX 3HAHWIA OYHOAMEHTaNIbHbIX
KOMNEeTEeHUnM)

on3MKO-MaTEMATUYECKUX ONCUMUMNVH
MK-9 o o

n HOCTb K MHTEHCUBHOW Hay4HO-U BaTeNbCKON U

(pocpsccuonansie ((TOSOGHOCTe K ibercuBon ey uccresosarenkoro
KOMreTeHuunn) y

B pe3ynbtaTe 0CBOEHUS OUCUMUMANHBI CTYOEHT:
1. DONXEH 3HaThb:

OCHOBbl KBAHTOBO-MEXaHNYEeCKOro onnucaHnsa CoCTosHUN PU3N4YECKNX CUCTEM N MaATEMaTMYECKOro
annapara KBaHTOBOW Teopum

2. DONIXEH yMeTb:
doopMynMpoBaTh U O0Ka3blBaTb OCHOBHblE pe3ynbTaTbl KBAHTOBOW Teopuun

3. 0OMXEH BnageTb:
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Mporpamma gucumnnuHel "TeopeTudeckas usuka: ksaHtosas teopus”; 011501.65 ActpoHomums; npodoeccop, A.H. (npodbeccop)

Kouenaes bB.U.

HaBblKaMW peleHns I'IpOCTGI7ILIJVIX 3anay 0 HaxoXageHum saHepreTn4eckoro cnektTpa 1 BolMHOBbIX
prHKLlMVI KBAQHTOBbIX CUCTEM U BblHNCNEHUA BepOFITHOCTeVI nx nepexonos B opyrne CoOCTossHUA nog

BNINAHNEM BO3MyLI.I,eHI/II7I

4. nONXeH OJEMOHCTpPMpOBaThb CMOCOBHOCTb 1 FOTOBHOCTb:

K AanbHenweMy oby4eHunto

4. CTpyKTypa u cogepxaHue AUCLUMNINHBI/ MOoayns
Obwas Tpy[0EMKOCTb AUCLIMIMIIMHBI COCTaBNSET 6 3a4eTHbIX(ble) eanHnL(bl) 216 yaca(os).
dopma NPOMEXYTOYHOrO KOHTPONSA AUCLMMANHBI 9K3aMeH B 6 cemecTpe.

CyMmMapHo no aucumnanHe MOXHoO nony4ntb 100 6annos, n3 HUX Tekywas paboTa oueHnaeTcs B 50
6annos, ntorosas cpopma KoHTpons - B 50 6annos. MMHMManbHoe KONMYECTBO ANS AOMyCcKa K 3a4eTy

28 6annos.

86 b6annos n bonee - "oTANYHO"

(otn.);

71-85 6annos - "xopowo" (xop.);
55-70 6annos - "ynoBneTBOpUTENBHO" (YA0B.);
54 6anna n MeHee - "HeyLOBNETBOPUTENBHO" (Hey..).

4.1 CTpyKTypa n copepxaHue ayauTopHon paboTbl No aucuMnInHe/ MOaynio
TemaTnyeckum nnaH oUCUUNAUHbI/MOAYNA

Buabl u yachol
Paszen ayoMTOpHOM paboThbl,
Henensa MX TPyAOEeMKOCTb Tekywume copmbl
N ‘D'"Kn":')v;lr;m;”b'/ Cemectp cemecTpal (B yacax) KOHTpOnsi
Nekumu MpakTnyeckmellaboparopHbie
3aHATNA pa60Tb|
NMncbMeHH
Tema 1. OcHOBHbIE CbMEHHOE
9 oomaliHee
1. |NOHATUSA KBAHTOBOMN 6 1-2 6 6 0 3ananme
Teopuu
NucbMeHHoe
Tema2. T ns omalHee
o |!EMa z. 1€0pU5 6 3 3 3 0 A
npencrtaBneHnia. 3agaHue
Tema 3. KoHTponbHas
3. |pabota €1 no Temam 6 4 0 2 0
1-2
NucbMeHHoe
Tema 4. 3sonoumns
o gomauiHee
4. [KBAHTOBbIX COCTOSIHUIA 6 4-5 6 4 0
3agaHue
BO BPEMEHMU
NMncbmeHHOE
Tema 5. HOMEpH omauiHee
5. [Temas. OnHomepHoe | g | 57 | g 6 o B
OBUXeHune 3agaHue
NMncbMeHH
Tema 6. [1BnxeHne B CbMEHHOE
gomauiHee
6. |ueHTpPanbHO-CUMMETPNYECKEM 8 3 3 0
3agaHue
rnone
- 3AEKTPOHHELBH
PernctpaunoHHbin Homep 650017 08 VHUBEPCHTET
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Buabl v yachbl
Pasgen ayauTopHOM paboThbl,
Henens MX TPy A0EMKOCTb Tekywume copmbl
N ‘D'"Kn"(")v;lr;m;“b'/ Cemectp cemecTtpa (B yacax) KOHTpoOns
Nek ImI'IpaKTw-leCI(l/leJ1a60pa1'op|-||>|e
u 3aHATUSA pa60TbI
[MucbMeHHoe
Tema 7. Teopus nomatuiHee
7. BO3MYLLEHWUI 6 9-10 6 6 0 3apjaHve
[MncbMeHHoe
Tema 8. Teopus nomaliHee
8. paccesHus 6 1 3 3 0 3apaHve
Tema 9. KoHTponbHas
9. |pabota €2 no temam 6 11 0 2 0
4-8
[MncbMeHHoe
Tema 10. nomatuiHee
10 BapwnauvnoHHbIn meTon, 6 12 3 3 0 3anaHve
Tema 11 [MncbMeHHoe
11.|KBasuknaccmnyeckoe 6 13 3 3 0 ggg:ﬁ;: ©
npubnuxeHne
Tema 12 [MncbMeHHoe
12.|MHoroyacTuyHble 6 14 3 3 0 g.;)M::'uMH:e
CUCTEMbI A
Tema 13 [MucbMeHHoe
13.|MHOroanekTpoHHble 6 15 3 3 0 ggg:ﬁ;eee
aTOMbl 1 MONEKYNbI
Tema 14. OcHoBbI ﬂgﬁ;mi::oe
14.|kBaHTOBOM 6 16 3 3 0 Nt
ANEKTPOANHAMMKY A
Tema 15. OcHoBbI Eomﬁzmﬁ:goe
15.|penaTneBmcTckonm 6 17-18 6 2 0 sananue
MEXaHUKW.
Tema 16. KoHTponbHas
16.|paboTa €3 no Temam 6 18 0 2 0
10-15
Tema . NToroeas 6 0 0 0 OK3aMeH
doopma KOHTpons
Ntoro 54 54 0
4.2 CopepxaHume ONCLUMIUHDI
Tema 1. OCHOBHbIe NOHATUSA KBAaHTOBOW Teopun
JNIeKLMOHHoe 3aHsiTue (6 4aca(oB)):
PerucrpaumnoHHblii Homep 650017 SAEKTPOHHBIH
Bl VHHBEPCHTET
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Lyannam sBneHuin MnKpoMmpa: GUCKPETHbIE CBOMCTBA BOJIH, BONTHOBbIE CBOMCTBA YacTul,
MpuHUMNBLI HeonpeaeneHHoOCTN 1 cynepno3unumn. MpoctpaHcTeo MnbbepTta. Onepartopsl
HabnooaeMbix OU3NYECKUX BENNYUH 1 X cBoMCTBA. COBCTBEHHbIE CPYHKLIMKN 1 COBCTBEHHbIE
3Ha4YeHns onepatopoB.. JNCKpeTHbI U HenpepbIBHbIA cnekTp. CoOOCTBEHHbIE COYHKLIMK
KOMMYTUpYloWmX onepaTtopoB. CooTHoLWeEHWe HeonpeaeneHHocTen ManaeHbepra ons gouanyeckmx
BEJINYVH.

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

Onepartop koopauHaTtbl. Onepatop nmnynbca. Onepatop MamunbToHa. 3anayn No TeMe U3 KHUM
[1,2,3] n3 crnncka OCHOBHOW nuTepaTypsbl (CM. . 7.1)

Tema 2. Teopus npencrasneHun.
JNIeKLMoOHHoe 3aHsitue (3 4aca(os)):

YHuTapHble npeobpas3oBaHns BONHOBbLIX (OYHKLMIA 1 onepatopoB. MaTpuyHblil MeTon. Matpuua
NAOTHOCTU. YNCTbIE N CMELAHHbIE COCTOSHUS.

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

CaoictBa MaTpuubl NIOTHOCTM. 3adadun no Teme 3 KHUr [1,2,3] n3 cnmcka OCHOBHOW nuTeparypbl
(cM.n.7.1)

Tema 3. KoHTponbHas pabota €1 no remam 1-2
npakTnyeckoe 3aHsitne (2 4aca(os)):

KoHTponbHas pabota no temam 1-2 (npumepsbl 3agady cM. B . 6)
Tema 4. 3B0ONOLMNSA KBAHTOBbIX COCTOSIHUA BO BPEMEHU
NeKLMoHHoe 3aHsiTne (6 4yaca(oB)):

YpasHeHnve WpennHrepa. NnoTHOCTb MOTOKA BEPOSATHOCTU U YPaBHEHNE HEMPEPLIBHOCTN.
Onepatop NpoM3BOLAHON MO BPEMEHMN OT AMHAMUYECKON NnepeMeHHon. [peacrtasneHme
"an3eHbepra. CTaumoHapHble COCTOSHUS. VIHTerpansl ABMXEHUS Kak CNeACTBME CBOWCTB
CUMMETPUN KBAHTOBOW CUCTEMBI.

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

lMpencraeneHune BzanmonencTens. CBONCTBA CTALMOHAPHbBIX COCTOSIHUIA. 3a4a4n Mo TEME N3 KHUM
[1,2,3] n3 cnncka OCHOBHOW nutepaTypsbl (CM. . 7.1)

Tema 5. OpHOMepHOe ABUXEeHUe
neKkumnoHHoe 3aHsitTne (6 yaca(os)):

[MpumMepbl cBEAEHUSA CTauMOHAPHOro ypaBHeHus LpeanHrepa ons TpexmMepHbIX CUCTEM K
O0QHOMEpPHOI 3aaaye. Yactmua B 04HOMEPHOM 6ECKOHEYHO rTyboKOI NOTEHLUMANBbHON SIME.
["apMOHMYecKnin ocuMnnATop.

npakTudeckoe 3aHsitne (6 yaca(os)):

MoTeHumanbHbln 6apbep, KOAPMULUNEHTLI MPOXOXAEHUS U OTPAXEHUS. TYHHENbHbIA 3QEKT.
3apaym no teme m3 kHur [1,2,3] n3 cnmcka OCHOBHOW nutepatypsbl (CM. n. 7.1)

Tema 6. [1BUXeHUe B LLeHTPallbHO-CUMMETPUYECKOM none
JIeKLMOHHOe 3aHsiTne (3 4aca(os)):

Obwas Teopus OBUXEHWS B LIEHTPanbHO-CUMMETPMYECKOM nosie. MOMEHT nmnynbca, COOCTBEHHbIE
PYHKLMKN 1 COBCTBEHHbIE 3HA4YeHMs. ATOM BoLOpOa.

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

CnoxeHne MOMEHTOB. 3afayum no Teme u3s KHur [1,2,3] n3 cnmcka OCHOBHOW nutepatypsbl (CM. 1. 7.1)
Tema 7. Teopusi BO3MyLLLEHUN

JNIeKLMOHHoe 3aHsiTue (6 4aca(os)):

Teopusa cTaumoHapHbIX BO3MYLEHWIA AN OUCKPETHOro cnekTpa. BoamylweHns npu Hanmymm
BbIpOXAeHUs. SdpdoekT Wrapka ons atoma Bogopona. BoamyweHns, 3aeucswme ot BpEMEHWN.
[Mepexonbl CUCTEMBI B HOBbIE COCTOSIHMSA MO BAUSHUEM BO3MyLLeHMS. [lepexodbl B COCTOSHUSA C
HernpepbIiBHbIM cNekTPoM. COOTHOWEHNE HEONPEOENEeHHOCTN A1 SHEPTUM U BPEMEHMW.

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

lNepuoamnyeckune n BHe3arnHble BO3MyLWeHUS. Teopns eCTeCTBEHHOW WNPUHbBI TMHUK. 3a4a4m no
Teme 13 kHur [1,2,3] n3 cnncka oCHOBHOM nuTepatypsbl (CM. M. 7.1)

KETPOHHBH
B_EPCHTET
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Tema 8. Teopusa paccesiHusA
JIeKLMOHHOe 3aHsitTne (3 4aca(os)):

CeueHue paccesiHusi B bopHoBckoM npmbnuxeHnn. KynoHOBCKMIA 1 KOPOTKOAENCTBYOLWNIA
noTeHuwansl.

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

dopmyna Pesepopaa. 3anayum no reme ua KHur [1,2,3] n3 cnmcka 0OCHOBHOM nuteparypbl (CM. M.
7.1)

Tema 9. KoHTponbHas pabora €2 no temam 4-8

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

KoHTponbHas pabota no temam 4-8 (npuMepbl 3aaay cM. B 1. 6)

Tema 10. BapnauuoHHbIX MeTOA,

JNIeKLMOHHOe 3aHsiTne (3 4aca(oB)):

CraumnoHapHoe ypaBHeHue LpeanHrepa kak cnegctsme BaprMaunoHHOro npuHLumna.
npaktnyeckoe 3aHsitne (3 4yaca(os)):

Meton Putua. 3agaym no Teme na kHur [1,2,3] M3 cnmncka oOCHOBHOM nuTepatypsbl (CM. n. 7.1)
Tema 11. KBa3suknaccuueckoe npubnmxeHue

NeKunoHHoe 3aHsitTne (3 4aca(os)):

[MpenenbHbI Nepexon OT KBAHTOBOW MeXaHWKu K Knaccuyeckon. Keasuknaccuyeckas BonHOBas
doyHKLMS, rpaHnyHble ycnosusl. KsaHToBaHne bopa-3ommepdoenbaa.

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

KBaauknaccumyeckoe ABUXEHNE B LLEHTPaNbHO-CUMMETPUYHOM none 3anayun no remMe ua KHur [1,2,3]
N3 cnmcka OCHOBHOM nuteparypsbl (CM. n. 7.1)

Tema 12. MHOroyacTnyHble CUCTEMbI
neKuMnoHHoe 3aHsiTne (3 yaca(os)):

MpYHUMN TOXAEeCTBEHHOCTM YacTul. CUMMETPUYHbBIE N aHTUCUMMETPUYHbBIE BOMHOBbBIE CRYHKLIW.
B030HbI 1 hepMUOHbI. BTOpnYHOE KBaHTOBAHUE.

npakTudeckoe 3aHsitne (3 yaca(os)):

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

Tema 13. MHOroanekTpoHHbIe aTOMbl U MOJIEKY bl
JNIeKLMoHHOoe 3aHsiTne (3 4aca(os)):

MeTton camocornacoesaHHoro nonsg Xaptpu n Xaptpu-doka. Metog Tomaca-Pepmu. ATom renus.
CnekTpanbHble TepMmbl. Tabnuua Menneneesa. Agnabatnyeckoe npnbnuxerHne. Monekyna
BOoJOpoAa

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

ATOM B anekTpuyeckom none. 3agadu no teme na kHur [1,2,3] n3 cnmcka OCHOBHOWM nuTepatypbl (CM.
n.7.1)

Tema 14. OcHOBbI KBaHTOBOM 3/1€KTPOAUHAMUKMU
JNleKLMoHHoe 3aHsitue (3 4aca(os)):

PeweHuns ypasHeHnin Makcsenna, HopMasbHble KOOpAUHAThI, raMuibTOHMaH. KBaHToBaHuMeE.
BaanMmogencTeme anekTpoHOB U OOTOHOB. [lornoweHne n nany4eHme qoOTOHOB aToMaMmu,
COOTHOWEHUS SNHWTENHA.

npakTundeckoe 3aHsitne (3 yaca(os)):

OneKTpnyeckoe ounonbHoe nanyyeHve. 3agadm no teme ms kHur [1,2,3] n3a cnmcka 0OCHOBHOM
nntepartypsbl (CM. n. 7.1)

Tema 15. OCHOBbI PeNATUBUCTCKON MEXAHUKMU.
neKkumnoHHoe 3aHsiTne (6 yaca(os)):

YpasHeHune Kneiina-doka-lMopaoHa. CeBoboaHoe asumxeHne 603oHa. YpasHeHue Oupaka.
CBoboHOe ABmxXeHne anekTpoHa. CnuH, NOMHbLIA MOMEHT KONMYECTBa ABUXEHUS. HeNTpuHo.
YpaBHeHue Maynu, MarHuTHbI MOMEHT anekTpoHa. CnnH-opbrTanbHOe B3aMOLenCcTBIe.

KETPOHHBH
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Mporpamma gucumnnuHel "TeopeTudeckas usuka: ksaHtosas teopus”; 011501.65 ActpoHomums; npodoeccop, A.H. (npodbeccop)
Kouenaes B.U.

npaKkTudeckoe 3aHsitne (2 yaca(os)):

ToHkas cTpykTypa ypoBHeln atoma Bogopoga. 3agadun no reme ua kHur [1,2,3] n3 cnucka 0OCHOBHOM
nutepartypsbl (CM. n. 7.1)

Tema 16. KoHTponbHas pa6ota €3 no temam 10-15
npaktnyeckoe 3aHsitne (2 4aca(os)):

KoHTponbHas pabota no temam 10-15 (npumepbl 3a8ad cM. B . 6)

4.3 CTpyKTypa 1 copgepXxaHume caMoCTOSITeNIbHOM paboTbl AUCUUMNINHBI (MOLYNSA)

Buabi
N Paspen Cemect Hepens | camoctositenbHon [TpyA0eMKOCTb| g;?&%::)';?:;gaga
AuvcumnnuHbl pcemecrpa pabortbl (B yacax) 260TbI
CTYAEHTOB P
Tema 1. OcHOBHbIE MoAroToBkKa
"~ MaLlH
1. [NOHATUS KBAHTOBOMN 6 1-2 |pomawmHero 8 ggﬂaaHM:e
Teopumn 3agaHus
5 Tema 2. Teopus 6 3 Egﬂ;ﬂsgr'(g 4 JomalHee
) n. HW
npeacTasneHni 3anaHms 3amaHue
Tema 4. Osontoums MoAroToBkKa
- MaLlH
4. [KBAHTOBbIX COCTOSAHWA 6 4-5 |pomalHero 8 ggﬂ,:HVl : e
BO BPEMEHM 3agaHus
MnoaOroToBK
5. [Tema 5. OnHomepHoe 6 6-7 ugﬂaomﬁerc? 8 nomatiHee
) HIU
nBumxeHune 3anaHms 3agaHue
Tema 6. [lBuXeHue B rnooroToBka
MalLlH
6. |ueHTpanbHO-CMMMETPUYECKEM 8 |oomalwHero 4 3ﬂ§naaHmeee
none 3agaHus
- (Tema 7. Teopus 6 9-10 zgﬂ;oujﬁgrl(g 8 nomallHee
) 7 HW
BO3MYLLEHWI 3ananms 3agaHue
MoaOroToBkK
8 Tema 8. Teopus 6 11 ugﬂa?ugerg 4 JomallHee
) HU
paccesHns sanaHms 3amaHue
Tema 10. MoAroToska JgomaliHee
10. BapunauunoHHbii meTon, 6 12 |nomawHero 4 3agaHue
P 3agaHus
Tema 11. nooroToBka
MaLlH
11.|KBa3uknaccuyeckoe 6 13 |mDomalwHero 4 ggﬂ:Hm:e
npubnmxeHne 3a[aHns
Tema 12. MnoaroToBka
MalLlH
12.|MHoro4yacTun4Hble 6 14 |momalwHero 4 ggﬂ:}_‘meee
CUCTEMDI 3agaHus
Tema 13. nooroToBka
MaLlH
13.|MHOrosnekTpoHHbIE 6 15 |momawHero 4 ggﬂ:Hmeee
aToOMbl 1 MONEKYNbI 3agaHus
Tema 14. OcHoBbI MoaroToBka
o MalLlH
14.|kBaHTOBOW’ 6 16 |momawHero 4 ggﬂ:}_‘meee
9N1eKTPOANHAMUKN 3agaHus
Tema 15. OcHoOBbI noaroToBka
> MalLlH
15.|pensaTmBmMcTCKon 6 17-18 |oomawHero 8 Sﬂgﬂ:nge
MEeXaHUKN. 3agaHus
NToro 72
- 3AEKTPOHHELBH
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5. O6pazoBarenbHble TEXHONOIMU, BK/IOYAA MHTEPaKTUBHbIE hOpMbl 06yUeHus

MCI'IOﬂb3Y|'OTCF| cnenyoune oopmbl y‘-IEﬁHDVI pa6OTbIZ nekuunn, npakTnHeckne 3aHATUA B rpynnax,
CaMOCTOATENNbHAA pa60Ta CTyOeHTa (BbII'IOJ'IHeHI/Ie JOoMallHnX 3a,uaan7|), KOHCYNnbTaUWMN.

6. OueHOUYHble CpeacTBa OJ1s TEKYLLLEro KOHTPOJS yCrneBaeMoCT!, NPOMEXYTOYHOMN
aTTecTtauum no UToram OCBOEHUS OUCLMMNIIMHBI U y4ebHO-meToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

Tema 1. OCHOBHbIE MOHATUSA KBAHTOBOW Teopun
JOoMallHee 3aaHune , npuMepHblie BONPOChHI:

KommyTtatopbl onepatopos. 3aga4ym no teme m3 KHur [1,2,3] 3 cnucka oCHOBHOW nuTepatypsbl (CM. n.
7.1)

Tema 2. Teopus npeacrasneHUn.
JOoMallHee 3ajaHne , NPUMEpPHbIE BONPOCHI:

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

Tema 3. KoHTponbHas pabora €1 no rtemam 1-2

Tema 4. OBoNoLUUSA KBAHTOBbIX COCTOSIHUA BO BpeMeHuU

JoMallHee 3ajaHne , NPUMEPHbIE BONPOCHI:

TeopeMbl IpeHdecTa. 3agaym rno teme s KHur [1,2,3] 3 cnucka oCHOBHOW nuTepartypsbl (CM. n. 7.1)
Tema 5. OgHOMepHOe ABUXEHUE

JoMallHee 3ajaHve , NPUMEpPHbIE BONPOCHI:

PeweHne 3anayn o NMHENHOM OCLMNNSTOPE MaTPUYHbIM METOAOM. 3aaa4dn no teme na kHur [1,2,3]
N3 cnmcka OCHOBHOM nutepartypsbl (CM. n. 7.1)

Tema 6. [1BUXEHME B LLeHTPaNbHO-CUMMETPUYECKOM rnone
JoMallHee 3agaHune , NpUMepHbIe BOMPOCHI:

MatpuyHoe npencTasneHne onepaTopa MOMeHTa umnynbca. 3agayv no Teme us kHur [1,2,3] n3
crnncka OCHOBHOW nuTepartypsbl (CM. n. 7.1)

Tema 7. Teopus BO3MyLLLEHUA
JoMalwHee 3afaHune , NpUMepHble BOMpPOCHI:

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

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

dazoBas Teopus paccesHus. 3agayu no reme ns KHur [1,2,3] 3 cnmcka oOCHOBHOM nuTepatypbl (CM.
n.7.1)

Tema 9. KoHTponbHas paborta €2 no remam 4-8
Tema 10. BapmauunoHHbIX MeTOA,
JoMallHee 3aaaHune , npuMepHble BONpPOCHI:

MeToq NMHenHbIX KoMbHaumii. 3anadm no Teme n3 KHUr [1,2,3] N3 cnmcka OCHOBHO nuTepatypbl
(cm.n. 7.1)

Tema 11. KBasuknaccuueckoe npubnmxeHve
JoMalHee 3afaHune , NpuMepHble BOMpPOCHI:

KBasuknaccumyeckoe NpoxoxaeHne Yyepes noteHumanbHblin 6apbep. 3agaym no reme ns kHur [1,2,3]
N3 crmcka OCHOBHOW nutepatypsbl (CM. n. 7.1)

Tema 12. MHOroyacTuuyHble CUCTEMbI
JoMallHee 3agaHuve , NpuMepHble BOMPOChHI:

KETPOHHBH
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Onepatopbl (pn3nN4ecknx BENNYUH B NPeacTaBNeHU BTOPUYHOIO KBAHTOBaHNS. 3af4a4ym no Teme 13
KHur [1,2,3] 3 cnucka ocHOBHOW nuTepartypsbl (CM. n. 7.1)

Tema 13. MHOroanekTpoHHble aToOMbl U MONTEKYJIbl
JoMallHee 3ajaHne , NPUMEPHbIE BONPOCHI:

BonoponononobHble ypoBHU aHeprun. 3aaayv no reme ua kHur [1,2,3] 13 cnmcka 0CHOBHO
nutepartypsbl (CM. n. 7.1)

Tema 14. OCHOBbI KBaHTOBOW 3NEKTPOANHAMUKKN
JoMallHee 3a4aHune , NpUMepPHbIe BOMPOCHI:

KannbpoBoyHas MHBapuaHTHOCTb. 3adaqm nNo Teme u3 kKHur [1,2,3] 3 cnncka OCHOBHOW nuTeparypbl
(eM. n. 7.1)

Tema 15. OCHOBbI PensATUBUCTCKON MEXaHUKMU.
LoMaluHee 3afaHune , NpUMepHbIe BONPOCHI:

Anrebpa matpuy dupaka. 3agayv no teme us kHur [1,2,3] u3 cnncka 0CHOBHOW NuTepaTtypbl (CM. .
7.1)

Tema 16. KoHTponbHas pabota €3 no temam 10-15
Tema . UToroBas coopma KOHTpoOns

MpumepHble BOMPOCHI K 9K3aMeHY:
PernameHT 6annbHO-PEATUHIOBON CUCTEMDI:
KoHTponbHas pabota €1 - 15 6annos
KoHTponbHas pabota €2 - 20 6annos
KoHTponbHas pabota €3 - 15 6annos
Ok3ameH - 50 6annos

MpuMepHble 3a8a4n ons KOHTPONbHbIX PaboT.

1. Bblumcnutb KoMmyTartop [pz,1z*2], roe 1z - onepaTtop npoekun MOMeHTa uMnynbca, u pz -
KOMMOHEHTbI MMNyNibCa YacTuLbl B 0EKAPTOBOW CUCTEME KOOPAMHAT.

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

3. HanTtn cpenHee 3HaYeHe KMHETUYECKON aHeprum snekTpoHa B aToMe Bo40opoaa B OCHOBHOM
COCTOSIHUW.

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 COCTOSHMMN?

5. Hantn pacnpeneneHne BeposATHOCTEN 0711 KOMMOHEHT UMMyfbca YacTuubl, ecnv eé BonHoBas
doyHKLMA paBHa A*exp(-a*(x"2+y"2)-ib*z).

6. HanTtu pacnpeneneHne BepoATHOCTEN O/ KOMMOHEHT UMMYnbca IMHENHOIO rapMOHNYECKOro
ocuunnaTopa ¢ Maccom m 1 YacToTON W B OCHOBHOM COCTOSIHUN.

7. HanTtn pacnpeneneHne BeposTHOCTEN ONS KOMMNOHEHT UMMyNbca NMMHENHOro rapMOHNYECKOro
ocuMnIATopa ¢ MacCon M 1 4YacTOTON W B MEPBOM BO30Y>XAEHHOM COCTOSHUM.

8. Haintn sHepruio coCTosiHMI C HyNIeBbIM MOMEHTOM UMMYNbCa AN 4acTWLbl C MACCOM M, ecnu
noTeHUManbHas SHepPrus YacTmubl paBHa HysO BHYTPY cdoepbl C paanycoM a n 6eCKOHEYHO
6onblwas BHe 31O cqepbI.

9. HaiiTn BeposiTHOCTb NpebbiBaHNS 3NEKTPOHA B KNACCUYeCKM 3anpeleHHorn obnactu (T.e. B
obnacTtu, B KOTOPOW €ro NonHas aHeprus MeHbLe NOTEHLMANbHOW SHEPTN) B OCHOBHOM COCTOSIHMM
aToma sogopona.

10. HainTn ypoBHM 3HEpPrum v BOMHOBbIE (PYHKLIMM YACTULLbl C MOMEHTOM MMnynbea =1, ecnu
raMmunbTOHMaH 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 Bo4OpoAa B OCHOBHOM
COCTOSIHUW.

PernctpaunoHHbin Homep 650017 SAEKTPOHHBH
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12. Haintn koathpuLmeHT oTpaxeHns 4yacTuLbl C MacCoil m OT MOTEeHUWAaNbHON SAMbl
(noTeHumanbHas sHeprust YacTuubl NPV ABMXEHUN BAOMb OCY X paBHa Hy/o Be3ae, Kpome obnactu
O<x<a, roe oHa pasHa -U, U>0).

13. BonHoBasa doyHKkuUMS YacTuubl ¢ maccont M pasHa Cexp(-r/p). HainTn cpeaHee 3HaveHue
KWHETUNYECKOW 3HEepPrnmn Yactumubl.

14. MNMoTeHumanbHasa aHeprus YactTuubl ¢ Maccor m pasHa V(x)=a|x|. OueHUTb aHepruto OCHOBHOIO
COCTOSIHUSA, NCMNONb3YS COOTHOLWEHNE HeonpeneneHHOCTH.

15. [aMUNbTOHMAH YacTuLbl B 91EKTPOMArHMTHOM none ¢ noteHunanamu A(r,t), phi(r,t) paseH
H=(p-eA/c)"2/2m+e*phi. HainTn onepartop yCKopeHUs 4acTuLbl.
BUNETbI K 9K3AMEHY

1. Teopus paccesHnsa. Meton BopHa.

MpenctaeneHue Nein3eHbepra.

2. [1INOTHOCTb NOTOKA BEPOATHOCTW.

BblHyXAeHHble anekTpuyeckne OunosbHbIe NePexXoLlbl.

3. Monekyna Bogopoga.

lMpencraBneHne B3aNMoOOeNCTBUS.

4. Ycnosusa kBaHToBaHuS bopa.

CraumoHapHble COCTOSHMS.

5. YpoBHM 3HEprum nMHEmHOro rapMoHMYeCcKoro ocumnnaTopa.
CobcTBeHHbIe (yHKLUMM onepaTtopos Iz, 12

6. Teopnsi eCTeCTBEHHOW WNPUHbI IMHUIA

KBaHTOBaHME 91eKTPOMArHUTHOrO NONSA. QHEPrus 1 UMMNyNbC POTOHOB
7. Teopus cTaumMoOHapHbIX BO3MYLEHWNA. BbIpoXaeHHbIR ypOBEHb aHEpPrum
CsowicTBa onepaTopoB (PUINYECKNX BENNYMH

8. BropnyHoe kBaHTOBaHne. PepMmNOHbI

CooTHoweHns HeonpeneneHHocTen eliseHbepra

9. Teopus HecTaLMOHAPHbIX BO3MYLLEHWIA

3apava OByX TEN B KBAHTOBOW MEXaHuKe

10. MoMeHT KonuyecTBa ABUXEHUSA PENITUBUCTCKOM YacTuubl. CnuH. CnnvHopsl.
Teopwus npencraBneHnn

11. CnoHTaHHbIE aneKkTpuyYeckme AunosbHble Nnepexonbl

KsaHTOBaHME MOMEHTa KONn4yecTsa OBUXEHMUS

12. CnnH-opbuTanbHOEe B3aMMOAENCTBME

Onepartop nmnynbca

13. YpaBHeHue Naynn. MarHMTHbI MOMEHT 9NeKTpoHa

YeTHOCTb COCTOSIHUI YacTULbl B LIEHTPasIbHOM Mnone

14. Onepatop obpauleHuns BpemeHu. Teopema Kpamepca

PeweHune ypaBHeHns Oupaka ong cBo604HON YacTuubl

15. [INCKpeTHBIN SHEepreTM4ecknin CnekTp atoma sogopona
YpasHeHve Oupaka

16. BropuyHoe kBaHTOBaHMEe. BO30HbI

MartpunyHoe npencTasneHne onepaTtopoB KOMMNOHEHT MOMEHTa UMMy bca
17. BonHoBble QOYHKLMM CUCTEMbBI TOXOECTBEHHbIX YacTuL,

KBaHTOBbIE Nepexobl B HEMPEPbIBHOM CreKTpe

18. Teopuns camocornacoBaHHOro nons B atomMax

Onepartopbl CKOPOCTEN N3MEHEHNS OU3NHECKUX BENUYNH

19. dasoBag Teopus paccesHus

TyHHennposaHue

KETPOHHBH
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20. Onepartopbl CKOPOCTEN N3MEHEHNS (PU3NYECKMNX BENNYNH
BapuaunoHHbI MeTon, B KBAHTOBOM MEXaHuke

21. Teopus cTaunmoHapHbIX BO3MYLLEHUI. HEBLIPOXAEHHbIV YPOBEHb SHEPrUn
CnoxeHve MOMEHTOB.

22. Teopus cTaunoHapHbIX BO3MYLLEHUIA. BbIpOXAEHHbIN YPOBEHb 3HEPrUn
O6MeHHOe B3anMoLeincTeme

7.1. OcHoBHas nuTeparypa:

1. Koyenaes b./. KsaHTOBas Teopus: koHcnekT nekuun / b. W. Koyenaes; KasaH. gpenep. yH-T, IH-T
ousnkun, Kad Teopet. pusnkm.-[2-e n3a., nepepad., non. n ncnp.].-KasaHb: [KazaHckuii
yHuBepcuteT], 2013.-222 c.

2. Conosbes O.B. 3apayn no KBaHTOBOM MeXaHMKe: BONHOBbIE GOYHKLUK K onepaTopbl (y4.-MeToa.
nocobue). - 2013. - KasaHb. - KMNDY.http://kpfu.ru/docs/F1064181181/Zadachi po kvantovoi
mehanike.Volnovie_funkcii_i_operatori.pdf

3. HaebipnoB A.C. KBaHTOBasi MexaHuka: y4ebHoe nocobue. - ClN6: BXB Metepbypr, 2011. - 704 c.
http://znanium.com/bookread.php?book=351130.

7.2. JlononHuTenbHasa nureparypa:

1. Nanpay, J1.[0. TeopeTnyeckas dpusuka : B 10 Tomax : yyebHoe nocobue ansi CTyaeHToB
domsnydeckux cneumanbHocTen yHnsepcutetos / J1.0. JlaHgoay v E.M. Jlucowwuy, ; non pen. J1.11.
lMutaesckoro .- N34. 8-e, ctep. - Mocksa : duamatnut, T. 2: Teopus nong .- 2006 .- 533 c.

2. bnoxnHues .M. OcHoBbl kKBaHTOBOW MexaHuku. 3n-8o JlaHb, 2004. - 672 c.
http://e.lanbook.com/view/book/619/

7.3. UHTEepHeT-pecypcChbl:

mMeToaunyeckme marepuansl kagenpbl T® - http://www.kpfu.ru/main_page?p_sub=8205
Ob6pazosatenbHblii NpoekT A.H. BapruHa - http://www.ph4s.ru/index.html

Caiit kadbenpbl ¢ MeToanyecknm obecneyeHmnem - http://www.kpfu.ru/main_page?p_sub=5721
9bC Knura®oHg - http://www.knigafund.ru

O0P Ha www.twirpx.com - http://www.twirpx.com/files/#Category_42

8. MarepuanbHo-TexHM4Yeckoe obecrneyeHme oUCLMMINHBI(MOAYNS)

OcBoeHve agncuunnuHbl "TeopeTnyeckas puauka: KBaHToBas Teopus” npegnonaraet
NCMONb30BaHNE CNenyoWero MaTepuanbHO-TEXHUYECKOro obecneyeHns:

PernctpaunoHHbin Homep 650017 SAEKTPOHHBH
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MynbTumMeauiiHas ayautopusi, BMECTUMOCTbO 6onee 60 Yenosek. MynbTumMeaniiHas ayautopus
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €AUHOWN CUCTEMON yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanu3auum noboit Buaeo n ayamno
NHdpopMauuu, NOyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUNoBasi KOMMIeKTaLms
MyNbTUMEOMNAHOM ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKO CUCTEMDI, a TaKXe MHTepPaKTMBHONM TpMbyHbI NpenoaaBsaTens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCcoHalbHbI KOMMbIOTEP
(C TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJOepeHL-MUKPOOH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHUeM, MHTEPAENChHI
noakntoyermns: USB,audio, HDMI. MiHTepakTBHas TpmbyHa npenoaaBaTtens sBnsieTCcs KMo4eBbIM
3N1EMEHTOM yrpaBneHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EANHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. MNpenoaaeatens MMeEET BO3MOXHOCTb JIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NEKLMMW, MPaKTUYEeCKNe
3aHATWA, Npe3eHTauun, BebrHapbl, KOHEPEHUNM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 DOCTYMHOW ANSt HAX CPOPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeaCcTB 0Oy4eHMs, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0by4yeHuns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHas ayautopus Takxke oCHalleHa WupPOoKOrnonOCHbIM
LOCTYNOM B CETb MHTEpHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NporpaMmMHoe obecneyeHue.

Y4yebHo-meToamnyeckas nutepatypa ans 4aHHOW OMCUMNAVHBI UMEETCS B HANNYun B
9NEeKTPOHHO-bMbnmoTeyHol cnucteme " bnbnmnoPoccurka", BocTyn K KOTOPOK NPenocTas/eH
ctyneHtam. B 3bC " bubnuoPoccuka " npefactaBneHbl KOMNEKLMN akTyanbHON Hay4YHOW 1 y4ebHo
nuTepaTypbl N0 ryMaHUTapHbIM HaykaMm, BKoYatowme B cebs nybnmkauum Beoylmnx poOCCUnCKnxX
n3nartenbCTB ryMaHUTapHOW nuTepaTypbl, U30aHUS HA aHTIMACKOM A3biKe BeayLMX aMePUKaHCKNX 1
€BPONenCcKMX N3naTenbCTB, a TakXe peakue n ManoTupaxHble N30aHns POCCUNCKUX pernoHanbHbIX
By30B. 9bC "BbubnunoPoccurka" obecneynBaeT WNPOKKIA 3aKOHHbI JOCTYN K HE0OX0AUMbIM A/1s
obpasoBaTesibHOro npoLecca n3aaHusaM ¢ UCMoib30BaHMEM MHHOBALIMOHHBIX TEXHONOMMIA 1
COOTBETCTBYET BCEM TpeboBaHUSIM dpelepalnbHbIX rOCy1apCTBEHHbIX 0Opa3oBaTenbHbIX CTAHAAPTOB
Bbicluero npodoeccuoHanbHoro obpasosarus (PrOC BIMO) HoBOro nokoneHus.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLUMMNINHBI UIMEETCS B HAIMYUN B
3NEeKTPOHHO-6nbnmnoTeyHol cucteme "ZNANIUM.COM", pocTyn K KOTOPOW NpenoCTaBNeH CTyAEHTaM.
9BC "ZNANIUM.COM" conepXuT Nnpon3seneHns KPYnHENWNX POCCUNCKNX YYEHBIX, PYKOBOOUTENEN
rocynapCTBEHHbIX OpraHoB, Npenogasartenel Beaylmx By30B CTpaHbl, BbICOKOKBANUULMPOBAHHbIX
CrneunanncToB B pasnunyHbix cdoepax brusHeca. PoHL 6nbnmoTekn cpopMMpPOBaH C y4ETOM BCEX
N3MEeHeHNn obpa3oBaTenbHbIX CTAHOAPTOB U BKNOYaEeT y4ebHukK, y4ebHble nocobus, YMK,
MOHOrpadun, asTopedoeparbl, guccepraLmm, SHUMKNONEANN, CAOBApPU U CIPaBOYHNKN,
3aKkoHO4AaTEeNbHO-HOPMATMBHbIE OOKYMEHTbI, CNeLunanbHbie Nepnoanyeckme n3gaHms n n3gaHus,
BbiNyckaeMble nagatenncrsamm By30B. B HacToswee spems O95C ZNANIUM.COM cooTteeTtcTBYET
BceM TpeboBaHusaM penepanbHbIX rocyAapCTBEHHbIX 06pa3oBaTeNbHbIX CTaHAAPTOB BbICLIErO
npogoeccrnoHanbHoro obpasosanust (PrOC BI1O) HoBoro nokoneHus.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLMMNINHBI UIMEETCS B HAMYUN B
3NEeKTPOHHO-6MbNMoTeyHol cucteme Maparennctea "MlaHb" , 4OCTYN K KOTOPOW NPenoCcTaB/eH
ctyneHTam. 9bC MN3patenbcta "MlaHb" BKAOYAET B cebs aNEKTPOHHbIE BEPCUMUN KHUI U3[aTENbCTBA
"IlaHb" 1 opyrnx Beaywmux n3natenbCcTB y4ebHoM nMTepartypsbl, a TakXe 9NeKTPOHHbIE BEpCUmn
nepuoanyecknx N3aaHuim no eCTeCTBEHHbIM, TEXHUYECKNM U r'yMaHuTapHbiM Haykam. 9bC
N3patenbcTBa "flaHb" obecneunBaeT LOCTYN K HAy4YHOI, y4ebHON nnTepaType 1 Hay4HbIM
nepuoanyeckmm n3gaHnsmM no MakCrmMarbHOMy KONMMYECTBY MPOCUIbHbBIX HanpasneHnin ¢
cobntoaeHneM BCEX aBTOPCKUX U CMEXHbIX NPaB.

YyebHble ayauTopun onsi NpoBeAeHNs NEKLMOHHbIX 1 NPAaKTUYECKMX 3aHATUIA.

Mporpamma cocTtasneHa B cootBeTcTBum ¢ TpebosaHnsmm ®rOC BIMO n y4ebHbIM nnaHoM no
cneumanbHoctn: 011501.65 "AcTpoHoMua" 1 cneumanusauum He NPesyCMOTPEHO .

PernctpaunoHHbin Homep 650017 SAEKTPOHHBH
Ctpanunua 13 n3 14. il yLH,lf[;F EPCHTET

AHATTAMECKAR CrCTEMA KPY
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