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Mporpammy oucumnnvHbl paspaboTan(a)(n) npodeccop, a.H. (npodeccop) Koyenaes b.U. Kagpenpa
TeopeTnyeckon cpunamkn OTaeneHne comnaunkn , Boris.Kochelaev@kpfu.ru ; accncTeHT, K.H. Conoebes
O.B. Kapenpa teopeTtnyeckoin cpunaunku OtaeneHune puaunkm , Oleg.Solovyev@kpfu.ru

1. Uenn ocBOEHNS AUCLUMINHBI

Llenamn ocsoeHuns oncumnnuHbl "KsaHtoBas Teopus” SBns0TCS U3yveHne qomsnyeckmnx OCHOB 1
mMareMaTnyeckoro annapara KBaHTOBOW TEOPUM HEPENATUBUCTCKOro U KBa3NpPenaTUBUCTCKOrO
OBMXEHNSA 4aCcTULLbl BO BHELWHEM Mone, Teopun KBaHTOBbIX Nepexonos, OCHOB Teopun atoma n
XUMUYECKOWM CBSA3WN, OCHOB KBAHTOBOW 3N1E€KTPOAMHAMUKN

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

JaHHas yyebHas oncumnnnHa BkodeHa B pasgen " 53.6.10 MNMpodeccroHanbHbiini
obpasosaTenbHol nporpammbl 011200.62 duauka n oTHOCUTCA K 6a30BOIA
(obwenpodpeccrnoHanbHom) yactu. OcBamBaeTcs Ha 3 Kypce, 6 ceMecTp.

OucumnnnHa BxoauT B 6a30Byto 4acTb npodheccroHanbHoro umkna (b.3). [Ins ocBoeHus
ONCUMNAVHBI HEOOXOANMbI 3HAHWS OAUCLMINIIMH: MaTeMaTUYeckuii aHanusa, audpdepeHumnanbHble
YypaBHEHUS, TEOPUS BEPOATHOCTEN, KNnaccuyeckas MexaHuka, anektpoanHammka. OcBoeHune
AVCUMNAnHbI ByaeT cnocobcTBOBaTb YCNEWHOW NPogeccMoHanbHol 0esaTenbHOCTU, MO3BOMNT B
HanbHelweM n3yyatb Kypcbl 0bLeHay4Horo 1 NpodoeccmnoHanbHOro LMKNOB OCHOBHOWA
obpasoBaTefbHO NPOrpaMmbl MarncTpaTypbl

OCHOBHOW

3. KomneTteHuuun obyuarowerocsi, popMmpyemble B pe3ynibTate 0CBOEHUSA AUCLUMNIINHDI
/mopynsi

B pesynbTate 0CBOEHUSI AMCLMNINHBI (OOPMUPYIOTCS CReaytowme KOMNeTeHUNN:

Pacwucposka

LLinchp komneTeHumu npuobpeTaemMon KOMMNeTeHL U
OlK-3 CNocOBHOCTLIO MCMOIb30BaTh 6a30Bble TEOPETUYECKNE 3HAHWSA
(npodpbeccmoHanbHble hyHOaMeHTanbHbIX pa3fnenos 06wWel U TEOPeTNYECKON COU3NKM
KOMreTeHuun) ONg peleHns npodgpeccrnoHanbHbIxX 3anad
MK-5 CNOCOBHOCTBIO NONb30BaTLCS COBPEMEHHBLIMM METOAAMU
(npodpeccunoHanbHble 06paboTkun, aHann3a n CUHTE3a PU3NYECKON NHopMaLUn B
KOMNeTeHLmm) n3bpaHHo 0bnacTn omM3nN4eCcKnx NCcneLoBaHuin

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

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

2. IONXEeH yMeTb:
doopMynnpoBaThb 1 [OKa3blBaTb OCHOBHbIE Pe3yNibTaTbl KBAHTOBOW TEOPUM

3. 0OMXEeH BnageTb:

HaBblKaMW peLlleHns I'IpOCTGVIU.II/IX 3anay 0 HaxoXaeHUn 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. CTpyKkTypa 1 cogepxaHvue OUCLUNIUHBI MOAyNs

Obwas Tpya0EMKOCTb AUCLMINIIMHBI COCTaBNSET 6 3a4eTHbIX(ble) eanHuL(bl) 216 yaca(os).
dopMma NPOMEXYTOYHOIr0 KOHTPONS AMCUUNANHBI 9K3aMeH B 6 ceMecTpe.

CyMMapHo no AMcumMnanHe MoxHo nony4ntb 100 6anno., U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., nTorosas popma KoHTpons - B 50 6annos. MuHMManbHoe KONMYecTBO ANsl AOMNycKa K 3a4eTy
28 6annos.

86 6annos n bonee - "oTANYHO" (OTN.);
71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBneTBOpUTENBHO" (YAO0B.);
54 6anna n MeHee - "HeyLOBNETBOPUTENbHO" (Heyn.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHomn paboTbl N0 AUCLMNIMHE/ MOAYIO
TemaTnyeckum nnaH gUCUUNANHbI/MOAYNA

Ctpanunua 4 us 14.

S OEMALIGH

Buabl n yachbl
Pasgen ayoMTOpHOM paboThbl,
Hepens MX TPYA0EMKOCTb Texkyime coopMbl
N 'DMKAL(")I;I-;;:;HH/ CemecTpl: e mectpa (B wacax) KOHTpOns
Nek ImI1pal(mtlecl(meJ1a60paTopH|:|e
u 3aHATUA pa60Tb|
Tema 1. OCHOBHble noMallHee
1. [NOHATMSA KBAHTOBOWA 6 1-2 6 6 0 3apaHve
Teopun
o, |Tema 2. Teopus 6 3 3 3 0 |anawe
" |npencTaBneHuni.
Tema 3. KoHTponbHas
3. |pabota €1 no Temam 6 4 0 2 0
1-2
Tema 4. Ssontouus noMallHee
4. |KBAHTOBbIX COCTOSIHWA 6 4-5 6 4 0 3agaHuve
BO BPEMEHMU
omauwHee
Tema 5. OgHomepHoe A
5. NBMXEHME 6 6-7 6 6 0 3ajaHve
Tema 6. [1BnxeHue B noMallHee
6. |LeHTpaNbHO-CUMMETPUYECKE@M 8 3 3 0 3apaHve
none
omauwHee
Tema 7. Teopus A
7. BO3MYWLEHNIA 6 9-10 6 6 0 3apaHve
omauwHee
Tema 8. Teopus f
8. paccesHus 6 11 3 3 0 3apaHve
Tema 9. KoHTpOnbHas
9. |paboTa €2 no Temam 6 11 0 2 0
4-8
omauwHee
Tema 10. A
10. BapuaUnoHHbIA MeTo 6 12 3 3 0 3ajaHve
PerunctpaumnoHHbii Homep 619914 < ;;?{I;TEPPCSH’{T%%
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Buabl n yacobl
Pasgen ayauTopHOM paboThbl,
Henensa MUX TPYAOEeMKOCTb Tekywume cpopMbl
N .D.VII(\:’ILI.VIHJ',I.IV;I'HI:I/ Cemectp|, - cTpa (B uacax) ‘I'( OHTp$I ﬂp
ony Nek ImI'IpaKTW-lecm/leJ1a60pa1'op|-||>|e
u 3aHATUSA pa60Tb|

Tema 11. nomalHee
11.|KBasunknaccunyeckoe 6 13 3 3 0 3agaHuve

npubnuxeHne

Tema 12. JomMalwHee
12.|MHoroyacTuyHble 6 14 3 3 0 3agaHue

CUCTEMBI

Tema 13. nomalwHee
13.|MHOroanekTpoHHble 6 15 3 3 0 3apaHve

aTOMbl 1 MONEKYNbI

Tema 14. OcHoBbI nomalHee
14.|kBaHTOBOW 6 16 3 3 0 3agaHue

9NEeKTPOANHAMUKMN

Tema 15. OcHoBbI nomalwHee
15.|penatmBucTCKoin 6 17-18 6 2 0 3apaHve

MEXaHMKMN.

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

10-15

Tema . torosas 6 0 0 0 9K3aMeH

doopma KOHTpoOns

Ntoro 54 54 0

4.2 CopepxaHvue JUCLUNMUHDI
Tema 1. OCHOBHbIe MOHATUA KBAaHTOBOW Teopun
neKkumnoHHoe 3aHsitTne (6 yaca(os)):

Jlyanuam siBneHunin mmkpommpa: AUCKPETHbIE CBOMNCTBA BOJIH, BOMTHOBbIE CBONCTBA YacTuULL.
MpuHUMNbI HeonpeaeneHHoOCTN 1 cynepno3unumn. MpoctpaHcTeo MnbbepTta. Onepartopsl
HabnoaaeMbix U3NHECKUX BENNYUH 1 nx cBoncTBa. COBCTBEHHbIE COYHKLIMMN N COBCTBEHHbIE
3Ha4yeHus onepatopoB. [NCKpeTHbI U HenpepbIBHbIA cnekTp. CoBCTBEHHbIE CPYHKLIMK
KOMMYyTUpYylowmx onepatopoB. CooTHoWweHWe HeonpeaeneHHocTen Mak3eHbepra ons gouanyeckmx
BEINYUH.

npakTudeckoe 3aHsitne (6 yaca(os)):

Onepartop koopauHaTtbl. Onepatop nmnynbca. Onepatop MamMunbToHa. 3agayun No TeEMe U3 KHUM
[1,2,3] n3 cnnucka oCHOBHOW nutepatypsbl (CM. . 7.1)

Tema 2. Teopus npencraBieHNN.
JNIeKLMOHHOoe 3aHsiTne (3 yaca(os)):

YHuUTapHble NpeobpasoBaHms BONMHOBbLIX OYHKLMIA 1 onepaTtopoB. MaTpuyHbiin metod. Matpuua
MNOTHOCTW. YNCTbIE N CMEeLaHHble COCTOSHUSA.

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

CaoiicTBa MaTpmubl NIOTHOCTK. 3adayun no Teme u3 KHUr [1,2,3] n3 cnncka OCHOBHOWM NuTeparypbl
(cm.n. 7.1)

Tema 3. KoHTponbHas pabora €1 no temam 1-2
npaktnyeckoe 3aHsitne (2 4aca(os)):

KoHTponbHas pabota no temam 1-2 (npumMepbl 3aaad CM. B M. 6)
Tema 4. OBoNIOLUA KBAHTOBbIX COCTOSIHUA BO BPEMEHMU
neKkumnoHHoe 3aHsitTne (6 yaca(os)):

KETPOHHBH
B_EPCHTET
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YpasHeHuve WpennHrepa. NnoTHOCTb MOTOKA BEPOSATHOCTU U YPaBHEHNE HEMPEPLIBHOCTN.
Onepatop NpoM3BOL4HON MO BPEMEHMN OT AMHAMUYECKON NnepeMeHHon. [NpeacrtaBneHme
ain3eHbepra. CTaumoHapHble COCTOSIHUS. VIHTerpanbl ABMXEHUS Kak CNeACTBME CBOWCTB
CUMMETPUN KBAHTOBOW CUCTEMBI.

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

MpencTtaeneHune B3anmonencTens. CBONCTBA CTALMOHAPHbBIX COCTOSIHWUIA. 3a4ayn No TEME N3 KHUM
[1,2,3] n3 crnncka OCHOBHOW nuTepaTypsbl (CM. . 7.1)

Tema 5. OpHOMepHOe ABUXEHUe
JNIeKLMOHHoe 3aHsiTue (6 4aca(oB)):

[MpuMepbl cBEOEHMS CTaunoHapHOro ypasHeHus LpeamHrepa ons TpexmMepHbIX CUCTEM K
0QHOMEpPHO 3aaaye. Yactmua B 0oHOMEPHOM 6ECKOHEYHO ryboKOoI NOTEHUMANbHON SIME.
["apMOHUYecKknii OCUUNNATOP.

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

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

Tema 6. [1BUXeHune B LLleHTpaNbHO-CUMMETPMYECKOM none
JNIeKLMOHHOoe 3aHsitne (3 4aca(os)):

Obwas Teopms OBUXEHWS B LIEHTPaNbHO-CUMMETPMYECKOM nosie. MOMEHT nmnynbca, COOCTBEHHbIE
PYHKLMKN 1 COBCTBEHHbIE 3HA4YeHNs. ATOM BoLOpoOa.

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

CnoxeHne MOMEHTOB. 3afaym no Teme u3 KHur [1,2,3] n3 cnmcka OCHOBHOW nutepatypsbl (CM. 1. 7.1)
Tema 7. Teopus BO3MyLLLEHUA

NeKuMoHHoe 3aHsiTne (6 4yaca(os)):

Teopus cTaumoHapHbIX BO3MYLLEHWUIA AN AUCKPETHOrO cnekTpa. BoamyweHus npy Hannyimm
BblpoxaeHus. ddodoekT Wtapka ans atoma Bogopona. BoamyweHus, 3aBucsiime ot BpEMEHM.
Mepexonbl CUCTEMbI B HOBbIE COCTOSIHUS MO BINSHNEM BO3MYyLLEeHWs. [lepexonbl B COCTOSIHNSA C
HenpepblBHbIM CNeKTPOM. COOTHOLWEHNE HEONPEAENEHHOCTN A1 SHEPTUN N BPEMEHU.

npakrtnyeckoe 3aHsitne (6 4yaca(os)):

[Mepuoamnyeckune n BHe3arnHble BO3MyLeHUS. Teopns eCTeCTBEHHOW WNPUHbBI TMHMK. 3afa4m no
Teme 13 kHur [1,2,3] n3 cnucka ocHOBHOW nuTepartypsbl (CM. n. 7.1)

Tema 8. Teopus paccesiHus
neKuMnoHHoe 3aHsiTne (3 yaca(os)):

CeyeHne paccesiHns B bopHoBckom npubnmxerHun. KynoHOBCKUIA U KOPOTKOAENCTBYIOWMNIA
noTeHumnanbl.

npakrTudeckoe 3aHsitne (3 yaca(os)):

dopmyna Pesepdopaa. 3agaqv no reme us kHur [1,2,3] U3 cnvcka 0CHOBHOW nuTepatypsbl (CM. .
7.1)

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

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

KoHTponbHas pabota no temam 4-8 (npumepbl 3a4ady cM. B . 6)

Tema 10. BapuauvoHHbIn meToq,

JNleKLMoHHoe 3aHsitue (3 4aca(os)):

CraumnoHapHoe ypasHeHue WpeanHrepa kak cnegctsvMe BapyMaunoHHOro npuHumna.
npaktnyeckoe 3aHsitne (3 4aca(os)):

Meton Putua. 3agaym no teme n3 kHur [1,2,3] M3 cnmcka oCHOBHOM nuTtepatypbl (CM. n. 7.1)
Tema 11. KBa3suknaccuueckoe npubnmxeHue

JNeKuMoHHoe 3aHsitTne (3 yaca(os)):

MpenenbHbIli Nepexon 0T KBAHTOBOI MexaHuKkuM K knaccuyeckoi. KBasuknaccumyeckas BONHoBast
oyHKLMSI, rpaHnyHble ycnosus. KeaHToBaHne bopa-3ommepdenbaa.

npakTudeckoe 3aHsitne (3 yaca(os)):

KETPOHHBH
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KBasuknaccumyeckoe ABUXEHNE B LLEHTPaNbHO-CMMMETPMYHOM 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)):

MpuHUMN TOXAECTBEHHOCTU YacTuLl. CUMMETPUYHbIE N aHTUCMMMETPUYHbBIE BONTHOBbIE (PYHKLINN.
Bo30oHbI 1 hepMuroHbl. BTopryHoe kBaHTOBaHweE.

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

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

Tema 13. MHOroanekTpoHHble aTOMbl U MONEKY bl

JNIeKLMOHHOoe 3aHsiTne (3 yaca(os)):

MeTton camocornacosaHHoro nonsg Xaptpu n Xaptpu-doka. Metog Tomaca-Pepmu. ATom renus.
CnekTpanbHble TepMbl. Tabnuua Menoeneesa. Agnabatnyeckoe npubnuxerHne. Monekyna
BOoJOpoOAa

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

ATOM B anekTpuyeckom none. 3agayv no Teme n3 kKHur [1,2,3] 3 cnmcka 0OCHOBHOM nuTepatypbl (CM.
n.7.1)

Tema 14. OCHOBbI KBaHTOBOM 3M1EKTPOAUHAMUKMU
NeKLMoHHoe 3aHsiTne (3 4aca(os)):

PeweHunsa ypasHeHnin Makcsenna, HopMasnbHble KOOpAUHATBI, raMubTOHMaH. KBaHToBaHuMe.
BaanMmogencTeme anekTpoHOB U OOTOHOB. [lornoweHne n nanydyeHme goOTOHOB aToMaMmu,
COOTHOWEHUS SNHWTENHA.

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

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

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

YpaBHeHune Kneiina-doka-lMopaoHa. CeBoboaHoe asuxeHne 603oHa. YpasHeHue [upaka.
CBoboHOe ABMXeHNe anekTpoHa. CnuH, NOMHbIA MOMEHT KONMYECTBa ABMXEHMS. HeNTpuHo.
YpaBHeHue Maynu, MarHuTHbIA MOMEHT anekTpoHa. CnnH-opbrTanbHOe B3aMOLEnCTBIE.

npaKkTudeckoe 3aHsitne (2 yaca(os)):

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

Tema 16. KoHTponbHas pabora €3 no temam 10-15
npaktnyeckoe 3aHsitne (2 4aca(os)):
KoHTponbHas pabota no temam 10-15 (MpuMepbl 3a0a4 cM. B M. 6)

4.3 CTpyKTypa 1 copgepXxaHume caMOCTOSITeNIbHOM paboTbl AUCLUMMINHBI (MOLYNSA)

Buaopbi
N Paspen Cemect Hepens | camoctositenbHon [TpyA0eMKOCTb| g&%ﬂ:gﬁ?:;gzga
AuvcumnnuHbl pcemecrpa pabortbl (B yacax) 260TbI
CTYAEHTOB P
Tema 1. OCHOBHbI MnoaOroToBkK
0 e. OAroToBka JomMallHee
1. [NOHATUSA KBAHTOBOWN 6 1-2 |pomalwHero 8 3anaHve
Teopuu 3agaHung
MOOroToBK
5 Tema 2. Teopus 6 3 ugﬂa?ljgerc? 4 JomalHee
" InpencTtaBneHui. HU
PeA © 3a0aHuns safaHne
Tema 4. OBontoums MoAroToBka
H . A JomMaluHee
4. [KBAHTOBbIX COCTOSAHWA 6 4-5 |pomalwHero 8 sananme
BO BPEMEHN 3agaHung
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Buabi
N Paspen Cemect Hepens | camocTosiTensHon [TpyAo0eMKOCTb g;?ﬂg:;:?:;gﬂg;
JducumnnvHbl pcemecrpa paboTbl (B yacax) 260TbI
CTYAEHTOB P
5. [Tema 5. OnHomepHoe 6 6-7 Egﬁ;ﬂﬁ:r'(g 8 nomatiHee
" | OBUXEHM
n eHune 3anaHms 3apaHune
Tema 6. [lBuXeHue B rnooroToBka
6. |ueHTpanbHO-CMMMETPUYECKEM 8 |oomalwHero 4 ggzaaﬁ;eee
none 3apaHus
- (Tema 7. Teopus 6 9-10 zgﬂ;oujﬁgrl(g 8 nomallHee
" |BO3M HUI
o3MmylLe 3ananms 3agaHue
MoaOroToBk
8 Tema 8. Teopus 6 11 ugﬂa?ugerg 4 JomallHee
) AHUNS
pacce 3a0aHNs 3agaHuve
10, Tema 10. 6 12 |nowaunere 4  |Romawkee
‘(BapuayoHHbIA MeT
apviauno eTon 3anaHms 3agaHue
Tema 11. nooroToBka
11.|KBa3uknaccuyeckoe 6 13 |mDomalwHero 4 gg;:mﬂ”eee
npubnuxeHne 3a[aHns
Tema 12. noaroToBka
12.|MHoroyacTun4Hbie 6 14 |pmomalwHero 4 ggz::JMHeee
CUCTEMDI 3apaHus
Tema 13. nooroToBka
13.|MHOroanekTpoHHbIE 6 15 |momawHero 4 gg;:ﬁj;eee
aToOMbl 1 MONEKYNbI 3apaHus
Tema 14. OcHoBbl noaroToska
14 .|[kBaHTOBOW 6 16 |momawHero 4 gg;::JMHg €
9NEKTPOANHAMUKN 3a0aHus
Tema 15. OcHoOBbI noaroToBka
15.|pensaTmBmMcTCKon 6 17-18 |oomawHero 8 Sﬂgxgﬁm"fe
MEeXaHUKW. 3apaHus
NToro 72

5. O6pa3oBarenbHble TEXHONOMMU, BK/IOYAs MHTEPaKTUBHbIE hopMbl 06yUYeHUs

WcnonbaytoTcst cnenytowme goopMbl y4ebHON paboTbl: nekumm, NpakTUYeckue 3aHaTms B rpynnax,
camocTosiTenbHas paboTta cTyAeHTa (BbINONHEHME AOMALHNX 3a0aHNIA), KOHCYNbTaUWW.

6. OLueHOUHble CPeACcTBa AJ1sl TEKYLLLEro KOHTPO/S yCneBaeMOCTH, MPOMEeXYTOUYHOM
aTTecTauum No UToram OCBOEHUS OUCLUNNMHDBI M yYyeOHOo-MeTooMUYeckoe obecneyeHune
CaMOCTOSsITe/IbHOW paboThl CTYAEHTOB

Tema 1. OCHOBHbIe NOHATUSA KBAaHTOBOW Teopun
JOMallHee 3ajaHve , NPUMEpPHbIE BONPOCHI:
KommyTartopbl onepatopos. 3agaym no reme us KHur [1,2,3] na cnvcka 0OCHOBHOW nutepaTypbl (CM. .

7.1)

Tema 2. Teopusa npencraBneHUn.
JoMallHee 3afaHune , NpuMepHble BONpPOCHI:
Martpuua NnnoTHOCTW B 3HEPreTnyeckom npeacrasneHnn. ViMnynscHoe npeacraeneHune. 3agayv no

Teme 13 KHur [1,2,3] 3 cnucka oCHOBHOW nuTepartypsbl (CM. n. 7.1)

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

PernctpaunoHHbin Homep 619914
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Tema 4. dBoNOLUSA KBAHTOBbIX COCTOSIHUA BO BPpEMEHU

JoMallHee 3afaHune , NpuMepHble BOMNpPOCHI:

Teopembl IpeHdpecTa. 3agaym no teme ua kHur [1,2,3] U3 cnucka OCHOBHOM nuTepartypsbl (CM. n. 7.1)
Tema 5. OgHOMepHOe ABUXEeHUe

JoMallHee 3a8aHve , NPUMepHbIe BOMPOCHI:

PeweHne 3anayn o NMHENHOM OCLMNNSATOPE MaTPUYHBIM METOLAOM. 3afayn no teme n3 kHur [1,2,3]
N3 crmcka OCHOBHOW nutepatypsbl (CM. . 7.1)

Tema 6. [1BUXeHue B LLleHTpalbHO-CUMMETPMYEeCKOM nosne
JoMallHee 3ajaHve , NPUMEpPHbIE BONPOCHI:

MaTtpunyHoe npeacraBneHme oneparopa MOMeHTa nmnynbca. 3agaym no reme m3s KHur [1,2,3] na
cnmcka OCHOBHOM nutepartypsbl (CM. n. 7.1)

Tema 7. Teopusi BO3MyLLLEHUN
JoMallHee 3a8aHve , NPUMepPHbIE BONPOCHI:

Anmnabatnyeckue Bo3myLieHns. 3aaaym no teme ua kHur [1,2,3] M3 cnucka 0CHOBHOM nnTepaTypbl
(eM.n. 7.1)

Tema 8. Teopusa paccesiHusA
IOMallHee 3aJaHne , NPUMEPHbIE BOMPOChI:

daszoBas Teopus paccesHs. 3agadm no teme ns kHur [1,2,3] 3 cnmucka 0CHOBHOM nuTepaTypbl (CM.
n.7.1)

Tema 9. KoHTponbHas pabora €2 no temam 4-8
Tema 10. BapuauunoHHbIn meToq,
LoMallHee 3ajaHve , NPUMepPHbIE BONPOChI:

MeTon NnHeHbIX KoMBMHauuin. 3agadymn no Teme 3 KHur [1,2,3] N3 cnmncka OCHOBHOWM NUTeparypbl
(cM.n. 7.1)

Tema 11. KBa3auknaccuueckoe npubnmxeHue
JoMallHee 3agaHue , NpuMepHble BOMPOCHI:

KBasuknaccuyeckoe NpoxoxaeHune Yepes noTeHumanbHbli 6apbep. 3agadn no Teme ma kKHur [1,2,3]
N3 cnmcka OCHOBHOM nuteparypsbl (CM. n. 7.1)

Tema 12. MHOroyacTnyHbie CUCTEMbI
JoMalwHee 3aaaHune , NpuMepHble BOMpPOCHI:

Onepatopbl PU3MYECKNX BENNYNH B NPEACTABNEHNN BTOPUYHOIO KBAHTOBaHUS. 3a4a4m nNo Teme 3
KHur [1,2,3] 3 cnucka ocHOBHOW nuTepatypsbl (CM. n. 7.1)

Tema 13. MHOroanekTpoHHble aTOMbl U MONEKYNbI
JoMallHee 3afaHune , NpuMepHble BOMpPOCHI:

BoooponononobHble ypoBHU 3Heprun. 3agaym no teme n3 KHur [1,2,3] ns cnmcka 0OCHOBHOW
nuteparypsbl (CM. n. 7.1)

Tema 14. OcHOBbI KBaHTOBOM 3/1€KTPOAUHAMUKMU
LoMallHee 3afaHune , NpUMepHbIe BONPOCHI:

KannbpoBoyHas nHBapuaHTHOCTb. 3ada4m no tTeme n3 kHur [1,2,3] n3 cnucka oCHOBHOIM nnuTepaTypbl
(em.n. 7.1)

Tema 15. OCHOBbI PeNSITUBUCTCKON MEXaHMUKMW.
oomallHee 3aaaHue , NPUMepHbIE BOMPOCHI:

Anrebpa matpuy Oupaka. 3agayum no Teme 3 KHur [1,2,3] n3 cnmcka 0CHOBHOW nutepatypbl (CM. .
7.1)

Tema 16. KoHTponbHas pa6bota €3 no temam 10-15
Tema . UToroeasi popma KOHTpons

MpnmepHble BOMPOCHI K 9K3aMEHY:
PernameHT 6annbHO-PENTUHIOBO CUCTEMDI:

KETPOHHBH
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KoHTponbHas pabota €1 - 15 6annos
KoHTponbHas pabota €2 - 20 6annos
KoHTponbHas pabota €3 - 15 6annos
Ok3ameH - 50 6annos

MpuMepHble 3a8a4n ons 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. Haiitn cpeaHee 3HayYeHne KUHETUYECKOM SHeprum anekTpoHa B aToMe BoAOpOo4a B OCHOBHOM
COCTOSIHWW.

4. Onepartop NaMnnbTOHA YacTUUbl CO CNNMHOM S=1/2 paBeH H=a*Sx+b*Sy, BonHOBas pyHKUNS
yactuubl paBHa (A; B). C kakoln BEpOSTHOCTbIO YacTuLa HaxoanuTCs B OCHOBHOM COCTOSHMMN?

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

6. Hantn pacnpeneneHne BepoaTHOCTEN A8 KOMMOHEHT UMMynbca NTMHEAHOrO rapMOHNYECKOro
ocumnngropa ¢ Macco m 1 4HacToTOM W B OCHOBHOM COCTOSIHUN.

7. Hantu pacrnpeneneHne BeposTHOCTEN ONS KOMMOHEHT UMNybCca NIMHENHOro rapMoOHNYeCcKOro
ocumnngaTopa ¢ Maccom m 1 4aCToToM W B MepPBOM BO36y)K,U,eHHOM COCTOSAHUN.

8. Haltu sHepruio COCTOSHNIA C HyNEBbIM MOMEHTOM MMMy bCca AN 4aCcTuLbl C MaCCon M, ecnu
noTeHUManbHas SHeprus HacTvubl paBHa HyO BHYTPY cdoepbl C paanycoM a n 6eCKOHEYHO
6onblas BHe 3TOl cqepbl.

9. Hantn BEPOATHOCTb ﬂpe6bIBaHI/I$| SJIEKTPOHa B KnacCcun4ecku 3anpemeHHO|7| obnactu (T.e. B
06ﬂaCTI/I, B KOTOpOI7I €ero rnoJjiHas sHeprmsa MeHble noTeHumanbHon SHepFVII/I) B OCHOBHOM COCTOSAHUN
daToOMa Booopoaa.

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

roe a nb - nocTosiHHbIE.

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

12. Haintn K0aghrUMEHT OTPaXEeHNS YacTuLbl C MACCon M OT NOTEHLMANBbHOW SMbl
(NoTeHUmanbHas aHeprus YactTuubl NPV 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 3HaveHune
KMHETUYECKOWN SHEPrnm 4acTuubl.

14. lNoTeHumanbHas sHeprus YacTuubl ¢ Maccon m pasHa V(x)=a|x|. OueHnTb 3Heprmn OCHOBHOIO
COCTOSIHWS, NCNOMb3YS COOTHOWEHME HEONPEAENEeHHOCTH.

15. MaMnnbTOHMAH YacTuubl B 9NEKTPOMarHUTHOM none ¢ noteHumanamm A(r,t), phi(r,t) paseH
H=(p-eA/c)"2/2m+e*phi. HanTtn onepatop yCKopeHns YacTuupl.
BUNETbI K SKBAMEHY

1. Teopusa paccesHnsa. Meton BopHa.

Mpenctasnerve eli3eHbepra.

2. [1INOTHOCTb NOTOKA BEPOSATHOCTW.

BblHyX O€HHble aneKTpuyeckne AnnonbHble nepexopl.

3. Monekyna sogopoza.

lMpencrasneHne B3anMoOenCcTBuS.

4. Ycnosusa kBaHToBaHMS bopa.

CraumnoHapHble COCTOSHMS.

5. YpoBHM 3HEPrMM NMHENHOIO rapPMOHNYECKOro OCLMINATopa.
CobCcTBEHHbIE (PYHKLIMM ONepaTopos |z, 12

PerncrpaumnoHHblii Homep 619914 DAEKTPOHHEH
Ctpanunua 10 n3 14. il yLH,lfIP EPCHTET

AHATTAMECKAR CrCTEMA KPY



Mporpamma ancumnnuHbl "KeaHtosas Teopus”; 011200.62 dusuka; npodeccop, a.H. (Mpodeccop) Kovenaes b./. , accucteHT, K.H.
Conosbes O.B.

6. Teopnsi eCTECTBEHHOW WUPWHbI IMHWIA

KBaHTOBaHMe 3n1eKTPOMarHMTHOro Nons. SHEPrus u UMNynbC POTOHOB

7. Teopus cTaumoHapHbIX BO3MYLLEHWNA. BbIpOXOEHHbIN YPOBEHb SHEPTUM
CsowicTBa onepaTopoB PU3NYECKNX BENNYMH

8. BropuyHoe kBaHTOBaHune. depMnoHbI

CooTHowWeHMs HeonpeaeneHHocTeln elideHbepra

9. Teopus HeCcTaUMOHAPHbBIX BO3MYLLEHWUIA

3apada OByX Ten B KBAHTOBOW MeXaHuke

10. MOMEHT KonnyecTBa ABUXEHNS PENSTUBUCTCKOM YacTumubl. CnuH. CnnvHopsl.
Teopus npenctaBneHnn

11. CnoHTaHHbIe 3neKTpuYeckne ounosnbHble nepexonpl

KBaHTOBaHME MOMEHTa KONM4ecTsa ABUXEHMUS

12. CnuH-opbuTanbHoOe B3anmMonencTane

Onepartop nmnynbca

13. YpasHeHue lNaynn. MarHnTHbI MOMEHT 311eKTpOoHa

YeTHOCTb COCTOSIHWIA YaCTuLbl B LLIEHTPaNbHOM Mnosne

14. Onepartop obpauleHns BpemeHn. Teopema Kpamepca

PeweHwne ypaBHeHus dupaka ons ceoboagHom Yactuupl

15. InCcKpeTHbIN 3HepreTMYecKuin cnekTp artoma sogopoaa

YpasHeHve Hupaka

16. BTopnyHoe kBaHTOBaHMe. BO30HbI

MartpunyHoe npencraeneHre onepaTopos KOMMOHEHT MOMEHTAa UMMynbca
17. BonHoBble QOYHKLMM CUCTEMbBI TOXOECTBEHHbIX YacTuL,

KBaHTOBbIE Nepexoabl B HENPEPbIBHOM CNekTpe

18. Teopus camocornacoBaHHOro Nons B atomax

OnepaTopbl CKOPOCTEN N3MEHEHNS OU3NYECKMX BENYUH

19. dasoBas Teopns paccesHus

TyHHENUpOBaHue

20. Onepartopbl CKOPOCTEN NBMEHEHNS (PUINYECKMX BENNYNH
BapvaunoHHbIn MeTon B KBAHTOBOW MEXaHUKe

21. Teopus cTaumMoOHapHbIX BO3MYLLEHNA. HEBLIPOX OEHHbIV YPOBEHb SHEPrnn
CnoxeHvne MOMEHTOB.

22. Teopust cTaumMOHapPHbIX BO3MYLLEHWNA. BbIpOXAEHHbI YPOBEHb SHEPrm
O6meHHOe B3anmoaeincTeme

7.1. OcHOBHas nuTteparypa:

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

2. ConoBbes O.B. 3agaun no KBAHTOBOW MEXAHWUKE: BOMHOBbIE (PYHKLIMM U OnepaTtopsbl (y4.-MeToA.
nocobue). - 2013. - KasaHb. - KM®PY.http://kpfu.ru/docs/F1064181181/Zadachi po kvantovoi
mehanike.Volnovie_funkcii_i_operatori.pdf

3. OaebipoB A.C. KBaHTOBas MexaHuka: y4ebHoe nocobue. - Cl6: BXB Metepbypr, 2011. - 704 c.
http://znanium.com/bookread.php?book=351130.
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7.2. lononHutenbHasa nuteparypa:

1. Nanpay, J1.0. TeopeTnyeckas couauka : B 10 Tomax : y4ebHoe nocobue ons cTyneHToB
domsnyeckux cneumanbHocTen yHnsepcutetos / J1.0. JlaHpoay n E.M. Jlucpwwuy, ; non pen. J1.11.
lMuntaesckoro .- N3a. 8-e, ctep. - Mocksa : duamatnut, T. 2: Teopus nong .- 2006 .- 533 c.

2. bnoxuHues .. OcHoBbl kBaHTOBOW MexaHukW. 30-8o JlaHb, 2004. - 672 c.
http://e.lanbook.com/view/book/619/

7.3. UHTepHeT-pecypcChbl:

mMeToaunyeckme marepuansl kagoenpbl T® - http://www.kpfu.ru/main_page?p_sub=8205
ObpaszoeatenbHblii npoekT A.H. BapruHa - http://www.ph4s.ru/index.html

Cait kadbenpbl ¢ MeToanyecknm obecnedeHmnem - http://www.kpfu.ru/main_page?p_sub=5721
9BbC KHura®oHg - http://www.knigafund.ru

90P Ha www.twirpx.com - http://www.twirpx.com/files/#Category_42

8. MarepmanbHo-TexHU4Yeckoe obecrneyeHne QUCLMUNINHbI(MOAYS)

OcBoeHve gncuunnuHbl "KBaHToBas Teopusa” npegnonaraeTt UCnonb3oBaHUe Cnemywero
MaTepuanbHO-TEXHNYECKOro 0becneyeHus:

MynbTumMeouiiHas ayoutopus, BMECTUMOCTbIO 6bonee 60 yenosek. MynbTumMeauiiHas ayantopums
COCTOUT U3 MHTErPUPOBAHHbIX UHXEHEPHbIX CUCTEM C €AMHON CUCTEMON YNpaBneHns, OCHaLEeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS 1 BU3yanv3auum noboin BUAeoO 1 ayamno
nHGOPMaLMK, MONYYEHNS N Nepeaaymn aNeKTPOHHbIX 4OKYMEHTOB. TUNoBas KOMNnekrauus
MyNbTUMEANAHOW ayANTOPUU COCTOUT U3: MyNIbTUMEAMIAHOrO NPOEKTOpPa, aBTOMATU3NPOBAHHOMO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKON CUCTEMBI, a TAKXEe MHTEPaKTMBHONM TpMbyHbI NpenoaaBsartens,
BK/IIOYAIOLWEN Ta4y-CKPUH MOHUTOP C AMaroHasnbio He MeHee 22 AI0AMOB, NEPCOHANbHbBIA KOMMbIOTEP
(c TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJoepeHL-MUKPOOoH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHueM, MHTEPAEriChI
noakntoyermns: USB,audio, HDMI. MiHTepakTmBHas TpmbyHa npenoaaBaTtens ABnseTcs Kno4eBbiM
3N1EMEHTOM yNpaBNeHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EAMNHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. lNpenonasartens MMEET BO3MOXHOCTb NIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSET MPOBOANTL NEKLMMW, MPaKTUYECKNE
3aHATWA, Npe3eHTauun, BebrHapbl, KOHEPEHLMM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 DOCTYMHOW ANS HAX POPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPAKTMBHbIX CPEACTB 00y4eHMs, B TOM YMC/E C MCNONb30BaHMEM B NnpoLecce 0by4yeHuns BCex
KopropaTtuBHbIX pecypcoB. MynbTMeoniiHasa ayamTopums TakXe OCHaLWeHa WMPOKOMONOCHbIM
LOCTYNOM B CeTb MHTEpPHET. KoMnbloTepHOe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NPorpaMmMHoe obecneyeHue.

Y4yebHo-mMeToanyeckas nutepatypa ons 4aHHOW OMCUMNAVHBI UMEETCS B HANNYUN B
9NEKTPOHHO-bMbnmoTeyHo cnucteme " BnbnnoPoccurka", BocTyn K KOTOPOK NpenocTaB/eH
ctyneHtam. B SbC " bubnuoPoccuka " npeactaBneHbl KOMNEKLMN akTyanbHON Hay4YHOW 1 y4ebHo
nuTEpPaTypbl MO rYyMaHUTApHbIM HaykKaMm, BKoYatowme B cebs nybnmkauum Beaylmnx pOCCUNCKUX
n30atenbCTB ryMaHUTAPHOW nuTepaTypbl, U30aHUS HA aHTNIMACKOM A3blKe BeayLMX aMepPUKaHCKNX 1
€BPONencKkmx n3gaTenbCTB, a TakkXe peikue n ManoTupaxHble N30aHns POCCUNCKUX PernoHanbHbIX
By30B. 96C "BubnunoPoccurka" obecneynBaeT WNPOKNIA 3aKOHHbIVA JOCTYyN K HEOOX0AUMbIM A/1s
obpasoBaTesibHOro npoLecca n3aaHnsaM ¢ UCMNosib30BaHMEM MHHOBALMOHHBIX TEXHOMOMMIA 1
COOTBETCTBYET BCEM TpebOBaHUSAM (helepanbHbIX rOCYyAapCTBEHHbIX 0bpa3oBaTenbHbIX CTAHAAPTOB
BbICLEro npodpeccrnoHanbHoro obpasosanust (PrOC BI1O) 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 ayanTopumn ons nposeneHns neKUMOoHHbIX U NpakTn4eckKnx 3aHATUN.

Mporpamma cocTtasneHa B cootBeTcTBum ¢ TpebosaHnsmm GrOC BIMO 1 y4ebHbIM nnaHoM no
HanpasneHuto 011200.62 "dusunka" n npodouno NOAroTOBKN HE NPeayCMOTPEHO .
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