PabGouyasi nporpaMma IUCUMIIMHBI

1. Hazpanue nucunmiuHbl: OyHaaMeHTaIbHbIE OCHOBBI KBAHTOBBIX TEXHOJIOTHH.
2. YpoBeHB BbICHIEro 00pa3oBaHHUA — MarucTparypa
3. Hanpagiaenne noarorosku: 03.04.02 dusuka (Maructparypa)

4. AHHOTALIMA:

Kypc «@yHnaMeHTalbHbIE OCHOBBI KBAHTOBBIX TEXHOJIOTUH» SBIAETCS NPO(PUIBHON IUCHMIUIMHON Marucrepckoil mporpammbsl «KBaHTOBas
kpunrorpadus». ucnuniauHa obecrieunBaeT HEOOXOIUMYIO TEOPETHYECKYI0 TMOATOTOBKY CTYIEHTOB B 00JIacTH (PU3MKU KBAaHTOBOW 0OpabOTKH
uHpOpMaIINY, a TaKKe 3HAKOMCTBO C OCHOBHBIMH (hu3ndeckuMu 3¢ddexraMu U mpoTokosamMu. B Kypce paccMaTpuBaiOTCs OCHOBHBIE (DPM3MYECKHE
MOJIEJIN peasIn3aluu KyOUTOB M IpeoOpa3oBaHUIl HaJ HUMM, BBIIOJHSIEMBIX C MOMOIIBIO YHUTApHBIX omnepauui. MMeercs noctarodyHo oOmMpHast
BBOJ[HAsl 4acTh, MOCBSLICHHAs anmapaTy KBAHTOBOM MEXaHUKHU, MOCTPOEHHOMY Ha MAaTpHIE IJIOTHOCTH. Pl pa3nenoB MOCBALIEH BBENCHUIO B
KJIACCUYECKYIO TEOPHIO HH(POPMALIMH, a TAKXKE aHAJIOraM € MOJISPU3ALMOHHBIMU COCTOSHUSIMU CBETa B ONTHUKE U IPeoOpa30BaHUIO HAJl HUMHU.

5. O0beM AUCHUILIMHBI B 32a4eTHBIX eIMHHMIAX € YKAa3aHHEM KOJIMYecTBa aKaJeMHMYeCKHX WM ACTPOHOMHYECKHMX YacOB, BbIJAeJIeHHBIX Ha
KOHTAKTHYI0 padoTy o0y4damoumuxcsi ¢ mnpemnogaBareseM (M0 BHAAM Y4eOHBIX 3aHATHII) M HA CAMOCTOSITEJIbHYIO PadoTy 00y4aroumuxcs
(YyKa3pIBaeTcs COrjiacHo padouemy IJIAHY):

O0beM IUCIUIUIMHBI COCTABIISCT 2 3a4eTHBIC €IWHUIILI, BCEro 72 Yaca, U3 KOTOPHIX 36 YacOB COCTABIISIET KOHTakKTHas paboTa o0ydaromierocs c
npenogaBateneM (18 4acoB 3aHATHS JCKIMOHHOTO THIA, 16 YacoB 3aHATHS CEMHHAPCKOrO THIIA, 2 Yaca KOJUIOKBUYMOB), 36 4acOB COCTaBJISCT
caMmocTosiTeNbHas paboTa 00yJaronerocs.

6. @opMupyeMble KOMIETEHIIUM M BXO/IHbIe TPeOOBaHUs /IS OCBOEHUS JUCHHUILINHBI, IPpeABapUTe/IbHbIe YCI0BHS:

HA3BAHUME KOMIIETEHIAI:
CIIK-1 CrocoGHOCTh cBOOOAHO BIAAETh MPOQPECCHOHATBHBIMHE 3HAHUSAMH JUISI aHAIM3a W CHHTe3a (u3ndeckoi uHpopManuu B obractu (U3MKU
KBaHTOBOW KOMMYHHKALINH.

CIIK-2 CrnocoOGHOCTh K MOMCKY, KPUTHYECKOMY aHAIN3y, OOOOIICHHIO M CHUCTEMAaTH3allMM HayyHOW MHQOpMaluu B 00JIACTH (PU3MKH KBAaHTOBOU
KOMMYHUKAIUH.

CIIK-3 CrnocoOHOCTh OpPraHM30BbIBATh M TUIAHUPOBATH HMCCIEIOBAHUS, CTaBUTh KOHKPETHBIC 3a/1aud HAaYYHBIX HCCIEAOBAaHUN B 007acTH (HU3UKU
KBaHTOBON KOMMYHUKAIIUU, ¥ PEHIaTh UX C MOMOIIbI0 COBPEMEHHOM ammnaparypbl 1 000pyJ0BaHHUS.
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[IOPOI'OBbI (BXOJHOM) YPOBHb 3HAHMI, YMEHU, OIIBITA JAEATEJbHOCTU, TPEBYEMBIM 19 ®OPMHPOBAHUSA
KOMIIETEHIUI

Jns Toro 4ToObl (OPMUPOBAHME JAHHBIX KOMIETEHIMI OBLIO BO3MOXKHO, OOYUYaIOUIMiiCs, MPUCTYNUBIIMNA K OCBOCHHUIO 00pa30BaTENIbHOM
IPOTpaMMBbl, JOJKEH:

e 3HATD: ocHOBHBIE METOABI HAYYHO-UCCIEI0BATEIIHCKON JIEITEIHLHOCTH.

e VYMETD: BeIIeHATh B CHCTEMATH3UPOBATH OCHOBHBIEC UJIEU B HAYYHBIX TEKCTAX; KPUTHUECKU OIICHUBATH JIO0YIO MOCTYMAIOTYI0 HH(POPMAIIHIO,
BHE 3aBHCHMOCTH OT UCTOYHHKA; N30eraTh aBTOMATUYECKOTO MMPUMEHEHUS CTaHJapTHBIX (POPMYIT U IPUEMOB IIPU PEIICHUH 3a/ay.

o BJIAIETD: naBbikamu c6opa, 0OpabOTKH, aHAJIN3a M CUCTEMAaTU3aMH WH(POPMAIMK IO TEME MCCIIE0BaHMs; HaBbIKAMH BBIOOpa METO/IOB U
CpPEZACTB peUIeHUs 3a/au UCCIeI0OBaHMUS.

Jlis OCcBOEHMSI JAMCLUMILIMHBI HEOOXOIMMBI 3HAHUS W YMEHHMs, MpuoOpeTaeMble B pamMKax AMCUUILIMH oOmied ¢usuku «Ontuka», «KBaHTOBas
MexaHuka», «Craructudeckas (U3MKa W TEPMOJAMHAMUKA» MU TEOPETHUECKON (u3uku «DNEKTpoJUHAMHUKA», a TakKe IUCHUIUMH <«JInHeiHas
anredpa» u «Auddepenunansasie ypaBHeHU». JKenaTenbHO MpeiBapuTesIbHOE OCBOEHUE MaTepraia BapuaTUBHOM 4acTu MporpaMMbl OakanaBpHuara:
TUCTUIUTAH Tpoduist «KBaHTOBas DIIEKTPOHUKAY.

7. ConepxaHue TUCHMILUIMHBI, CTPYKTYPHUPOBaHHOE MO TeMaM (pa3jejiaM) ¢ YKa3aHHEeM OTBeJIeHHOI0 Ha HHX KOJHMYEeCTBAa aKajeMHUYeCKHX
4acoB M BH/bI Y4eOHbIX 3aHATHI
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HaumeHnoBaHue u KpaTKoe Coaep:KaHHuEe pas3aejioB
U TeM JUCHUIIJIMHbBI,

¢dopma mnpoMeKyTOUHOW aTTECTALMM IO JAUCIH-
TUINHE

Bcero,
9achbl

B ToM uucie

KonTakTHas padora (padora
BO B3aHMOJAEHCTBHHU C
npenoaaBartesieM), 4achbl

U3 HUX

CamocrosiTesibHasi padora o00y4arwiuerocs,

Yyachbl

U3 HUX

3aHgaTHA I C€KIIMOHHOI'O THIIAa

3aHgaTus CCMHUHApPCKOIo TUiia

YueOHbIe
3aHSTHS,
HaIpaBJICH-
HBIC Ha
MIPOBEICHHE
TEKYIIEeTO
KOHTPOJIS
ycreBae-
MOCTH
KOJUIOKBH-
YMBI, TIPAKTH-
YECKHE
KOHTPOJIbHBIE
3aHATHUA nu

ap.*

Bcero

Brimmonnenue
JOMalIHUX
3aJaHui

ITonroroBka

pedepaToB
T.II.

u

Bcero

1. COBPEMEHHOE COCTOSAHUE nu
IIEPCIIEKTHBbl KBAHTOBOM OBPABOTKM
NHOOPMAILINHU (KON)

Crpykrypa KOMWM. KBaHTOBbIE BBIUMCIHUTENN H
KBAaHTOBbIE CUMYJSTOpPHI. ONTOBOJIOKOHHBIE KaHAJbI
ceu  u cucrembl KPK. Atmochepnsie wu
KOCMHMUYECKHe KaHanbl cBs3u U cuctemMbl KPK.
KBanTOBast MaMsTh M KBAHTOBBIE HHTEP(EHCHI.

1 gac
3HaKOMCTBO

C

o030pamMu IO Teme

KBaHTOBBIX

texHosorui [1-3].

Crp. 3 u3 20




2 BBEJAEHME. KVYBUTBI U1 OCHOBHBLIE
OINEPALIMU HAJT HUMUN.

Urto Ttakoe kBaHTOBas wuH(popManus. KBaHTOBBIC
OUTHI, IBYXypoBHEBas cucreMa. OCHOBHBIE OIEpaLluu
HaJ eIWHWYHBIMU KyouTamu. Omeparopsl [laymu.
IIpeoOpasoBanue Anamapa, uHTEepdpepomerp Maxa-
[Hangepa. IlpuHOMO  Ccynepmno3uuMHM, KBaHTOBAs
uHTepdepenys. HMurtepdepenius ogHoro (¢HoToHa.
CBoiicTBa MOJSAPU30BaHHBIX (OTOHOB. 3aK0oH Mypa,
pOJIb KBaHTOBBIX 3(pdekToB. buTel u MX peamuzarus.

Peructpsl. [TousiTue MAIIHHBI Teropunra.
Knaccuueckne BbrumcineHus. Jloruueckue OIrcpanuru.
Cnoxenne o MOJTYJIIO 2. TpeboBanus,

NpeabsBIAsieMble K  KBAaHTOBOMY  KOMIIBIOTEDY.
OcHoBHbIE POOJIEMBI HA TTYTU K €r0 CO3/IaHUI0.

1 yac

BriBon bopmyn
npeoOpa3oBaHus
orepaTopamu
[Taynu u 170.4
koMOuHarmid.  [1,
6].

2 Jaca
IToBTOpEeHUE
JIEKIIUOHHOTO
MaTepuaia 1o TemMe
«KYyOHTBI "
OCHOBHBIE
orepanuu Hajl
HUME.

3. BEKTOP COCTOsAHNA, BOJIHOBAA
OYHKIMA U MATPULIA TINIOTHOCTU.
VYpasuenue Illpenunrepa, Teopus NpeaCTaBICHUN.

OnucaHue COCTOSSHUM B KBAHTOBOW MEXaHHKE.
BonnoBas  dyakums. [lpuHmun  cymepno3uiuu.
Uuctele M CMELIaHHBIE COCTOSHMS. Bpruncienue
CpPEeIHMX BEJIMYMH. MaTpuua u oneparop IJIOTHOCTH.
AHanorust ¢ KJIACCUYECKUMH TMOJISIPU3ALMOHHBIMU
cocTosiHUsMU. JIMHEelHbIe onepaTopbl. DHTponus HoH
Heilimana. Cityyan 4nCTBIX M CMEIIAHHBIX COCTOSTHUM.
Boruucnenue surponuu ¢on Heiimana u Illennona
JUTSL IBYXYPOBHEBOW CUCTEMBI.

1 wac

BreiBog  dopmyib
SHTPOTIHH dbon
Heiimana il g
KOHKPETHBIX
COCTOSTHHI
(3amaercs Ha
cEeMHHape).

2 yaca
[ToBTOpEHME
JIEKIIMOHHOT'O
MaTepuaia 1o TemMe
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«BEKTOP
COCTOSIHHS,
BOJTHOBast (PyHKITUS
u MaTpHUIa
IJIOTHOCTU.
4. TIPUHIUIT CYIIEPIIO3NIIUN U KBAHTOBAA 2 yaca 1 yac 3
NMHTEP®EPEHIIUSA. KBAHTOBBIE COCTOAHUA Komnoksuym 3HaKOMCTBO c
BbICOKOI PASMEPHOCTH - KYJIUTBI. o TEMaM MOHATHSIMHA
Wuteppepomerpsl  Maxa-Llannepa u  HOmra. «®DutameHra- IIPOIOJIBHOU u
[IpogonbHass W momepedHass  KOT€PEHTHOCTb. Hst MOINEepEeYHON
WuTepdepenius OJIMHOYHBIX ¢doroHoB u demroce- uHTEepepeHIen
HHTEPIpPETAINN UHTEPPEPEHIIMOHHBIX KYHIHOTO [6].
AKCIEPUMEHTOB. bUThl, HaThl, IUTHl. VX peanuzanusi. Ja3epHOTO
OCHOBHBIE MOJIETM KBAHTOBBIX COCTOSIHUM BBICOKOH W3IIyYCHUS» 2 Jaca
pasmepHoctu (D>2). u TloBTOpCHHE
«Hennuerina JIEKITMOHHOT'O
A OITHKa Marepuaia 1o TemMe
dbunameHTa» «ITpuHIHM
CYNEpHo3UINu U
KBaHTOBAas
uHTEephepeHITHS.
KBanToBbIie
COCTOSTHUS
BBICOKOM
pa3MepHOCTH -
KYJIHUTBI».
5. TEOPEMA O 3AITPETE KIIOHUPOBAHUMA 1 yac 3
Komno3uiimonnelie cucremsl. Paznuune Mexmy 3HAKOMCTBO o
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KJIACCUYECKOW W KBAHTOBOUW MH(pOPMAIIHECH.
Hoctmwxkumas napopmarus. Teopema o 3anpere
KJIOHUPOBAaHUS KBAaHTOBBIX COCTOSIHMN. Ee CBA3b ¢
nocTkuMon nHpopmanueil. [lepenaua
(transposition) kBanToBoi nHGopMaruu. [ToHsTHE
KBaHTOBOT'O KaHaia CBs3U. TOUHOCTh
BocnpousseneHust napopmanuu (fidelity). Teopema
b.Illymaxepa 0 KOIUPOBAHUHU IIPH OTCYTCTBUU LIyMaA.

auTeparype c
TeopeMOou

b.lllymaxepa 0
KOAUPOBAaHUM TIpU
OTCYTCTBHM IIyMa

[4].

2 yaca

IToBTOpEeHUE

JIEKIIUOHHOTO

MmarepHaia o TeMe

«Teopema 0

3arpere

KJIOHUPOBAHUS»
OCHOBHBIE  TIOHSTUS  KJIACCUYECKOM 4 qaca 4 vaca | 4(8)
KPUIITOI'PA®UN HOBTOpeHI/Ie Iloarororka
Kpunronorus, xpunrorpadus U KpUOTOAHAIU3. JIEKIIMOHHOTO KOJUJTOKBUYMa
OcHoBHble  3amaun  kpunrtorpadpuu.  IloHarus Marepuana  TeMme | Ha TeMy
OTKpPBITOTO  TEKCTa, KPUIITOTPaMMbl, KJo4a U «OCHOBHBIE «KJIaccuyeckas
KPUIITOCUCTEMBI. [TpuHumn Kepkxrodda. OHSTHS KpUnrorpadus»
[Ipunoxxenus kpumnrorpapuu. KJIACCUYECKOM (o BBIOODY)
CumMmeTpuuHble  KpUNTOrpauyeckue  CHCTEMBI. KPUIITOrpadum».

Kpunrocucrema ¢ OTKPBITBIM KITIOYOM - aCHMMETPUS
mmdposku u aemmdposku. [Iporokon RSA.

[Monatuss  xkpunrorpadu4eckoro  MpPOTOKOJIAa U
Kpunrorpaduueckoro ajiropurMa. KoppekTHOCTh u
MOJTHOTA IMPOTOKOJIA.

Kpunroananu3 ©  OCHOBHBIE  BHIBI  aTak.
[MogcnymmBarenn  (Hapymmrtenu). AKTUBHBIA U
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MMACCUBHBIN, BHYTPEHHUU u BHEIIHUHN
MOICTYITUBATEIIH.

Creranorpadus u ee 3a7a4u.

Tumsl  cexkpetrHocTH cooOmenuii (o IlleHHOHY).
besycinoBHo m ycnmoBHO croiikue mmdpsl. [Ipumep:
ko Beprama (01HOpa30BBIN OJIOKHOT).
Pacnpenenenue kmoueit. ['eHeparus Kirodeu, ux
XpaHEHUE ¥ YHUUTOXKCHHE.

OnHOKITIOYEBbIE (CHMMETPUYHBIE) METOTBI
mdpoBanus. PaccenBanue u mepeMennBaHue.
[Tonsitue o kpuntocuctemax DES u TOCT 28147-89,
WX IOCTOMHCTBA M HeJocTaTku. OCHOBHBIE TPOOIEMBI
CUMMETPUYHBIX MPOTOKOJIOB. AyTeHTHU(UKALINS
CEKPETHOTO KIItoYa. J[ByXKIItOUeBbIE
(acummeTpuvHbBIC) METO B I POBaHU. MexaHu3M
pacmpeseneHus KIIFoUYel Mo OTKPBITOMY KaHaIy 10

V. dubdu u M. Xemnmany. [lonsitue o
kpunrocucremax RSA u Dnp-I'amans. DnexTpoHHas
MOJIIHUCH.

[Tpobnema pacripenesneHus KIro4a B KIaCCHUECKOM
KpunTorpauu v MyTy ee perieHus.

du3ndyecKue OCHOBBI KBAHTOBOTO PaCIpe/ICICHUS
KJII0Ya: TeopeMa O 3alpeTe KOMMPOBaHUS U
HEPa3IMYUMOCTh HEOPTOTOHABHBIX COCTOSHUIA.
O61mas cxema mpoTOKOJIa KBAHTOBOT'O paclpeIeIeHUs
kmtoueit (KPK).

OCHOBHBIE CBOVICTBA TIOJISIPUBOBAHHBIX
®OTOHOB.

Bexkrtop JxoHca. [TonsipuszanuoHHbIE
npeoOpazoBanus. Da3zoBbie IMIACTHHKU. Hekoropeie
CBEICHUS W3 TEOPUHM KBAaHTOBBIX HM3MEPEHUM.
ConpspkeHHbIe 0a3UCHI.

1 yac

Brrancnenue
npeoOpa3oBaHU,
BBIIOJTHAEMBIX
IUIaCTUHKAMU A/2 U
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M4 — 1o 3amaHuIo
npemnogasatens [5].
2 Jaca
[ToBTOpEHME
JICKIITHOHHOTO
MaTepuaia 1o TemMe
«OCHOBHBIE
CBOMCTBA
MOJIIPU30BaHHBIX
doronoB» [5]

COCTABHBIE KBAHTOBBIE CHUCTEMbI 14
IHEPEITYTAHHBIE COCTOAHNA

Ponp Heknaccuueckux moneld B (pU3MKEe KBAaHTOBOU
nHpopmanuu. Omnpenenenue (l) HeKIaACCHYECKOTO
CBETa U €ro HeJOCTaTKHU.

CocraBHble KBaHTOBBIE CUCTEMBI,
JIByXKOMIIOHEHTHBIE KOPPEIUPOBAHHBIE CUCTEMBI.
Ponp I1IC B kBaHTOBBIX anroputmax. [Ipumepsl: HOHBI
B JIOBYIIKaX, KOPPEIUPOBAHHBIE SJIEPHBIE CIIMHBI B
MOJIEKYJIaX, aTOM B ONITUYECKOM PE30HATOPE.
OmnpeneneHue mnepenyTaHHbIX cocTOoAHMM. Ilpumep
npurotoBienus apyxdactuuyHoro IIC. CocrosHus
benna, xak uvactHeiii cimywait IIC. IIpeoOpazoBanus
cocrosiHni bemna mpu cmene 6a3uca.

OnTuueckass  peanu3anus IcC. CrionTanHoe
napamerpudeckoe paccesaue (CIIP) ceera,.
IlepennyTpiBaHME 10 BpPEMEHHM, BpPEMEHHas IOCT-
CEJIeKIUS. [IpocTpaHCTBEHHO-YaCTOTHBIE,
MOJIIPU3aLMOHHO-4YaCTOTHBIE, MOJIIPU3ALOHHO-
yriossie [IC. AMIuTyaHas noct-ceneKius.

2 gaca
[ToBTOpEHME
JICKIIMOHHOT'O
Martepuaia mo Teme
«COCTaBHBIC
KBAHTOBBIC
CHCTEMBI MW  HX
CBOMCTBaY
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OCHOBHBIE MEPGI ITEPEITY TBIBAHUW A 1 |1 2 2 yaca 4 qacoB | 2(6)

[Tonsatue mneburta (ebit). KyOuter u mneOuthl Kak IloBTOpCHHE IToaroroska
npsIMbIE W KOCBEHHBIC  pPeCcypChl  KBaHTOBOM JEKIIHOHHOTO KOJUTOKBHYMa
uHpopMaLuu. Ha TeMy

Marcpualia mo T€Me
«OCHOBHBIC  MCPEBL

Uuctele mnepenyTaHHble COCTOSIHUS. PasznoxkeHue «IIepenyrannbie
[[ImMuara  ABYXKOMIIOHEHTHOM — CHUCTEMbL.  Yucio COCTOSIHUS» (110
[munara.  DuTpornus mnepenyTthiBaHus.  CTeneHb NEPCITyTHIBAHUA) BBIOODY)
nepenyThIBaHUs. JlokanbHbIe onepanuu u
KJIACCUYECKHE COOOIIEHNUS.

ITapamerp ®enoposa.

ITAPAJIOKC SUHIITENHA-TIOJOJIbCKOI'O- 2 |1 3 2 yaca 2
PO3EHA 1 HEPABEHCTBA BEJIJIA [ToBTOpEHUE
[Tapagoxkc OIIP B BApUAHTE bowma. JNEKIMOHHOTO

AHTHCUMMETpPUYHBIE COCTOSIHUS. 1IX MHBapHaHTHOCTD
OTHOCHUTEIILHO IOBOpOTa 0a3uca. AHAJIOTHS MEXIY
COCTOSHUSIMH  YacTHI[ CO CIOHHOM 1/2 m
MOJISIPU3ALMOHHBIMHI COCTOSTHUSIMHU CBETA. HEPaBCHCTBA
[IpuMepsI peann3alum. Bemnay [1, 2]
HepasenctBa bemna. Knaccuueckas mozaens ¢ AByMst
JUXOTOMHBIMU TniepeMeHHbIMU. W3Mmepsemas benna.
Mogenb cKpbIThIX TapaMeTpoB. KBaHTOBas MOJIETb.
[IpuMepsl peanu3anuu.

[Tapagoxc benna s Tpex HaOmogaemMbix. CocTosTHUS
I'punbepra - Xopna - Laiinunrepa.

[Tapagokc ['pun6epra-Xopua-1laitnmuarepa.

[Tpumepsl peanuzanuu.

Marepuaia mo Teme
«ITapagokc OIIP u

KBAHTOBAA TEJIEIIOPTALIA KYBUTOB 1 |1 2 2 Jaca 4 yacos 6
KonupoBanue u mnepenaya KBAaHTOBBIX COCTOSIHUM. [ToBTOpEHue Iloarororka
[IpoTokoN KBaHTOBOHW TenenmopTanuu. TpedoBaHus, JICKIIHOHHOTO KOJJTIOKBHYMa
[peIbsBIsEMblE K HEMY: HEHApYIIEHHUE TEOPEMBbI O «peanuzanus
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BarmpeTe  KIOHUPOBAaHWS; HAJIWYHE  HEU3BECTHOTO
BXOOAHOTO COCTOsSHUA, NACHTUYHOCTD BBIXOAHOT'O
COCTOSIHHSI BXOJHOMY; OTCYTCTBHE CBEPXCBETOBBIX
CUTHAJIOB; IOJTHOE U3MepeHHe oneparopa bernna.
[IpoTOKOS CBEPXILIOTHOMW KOAMPOBKH KyouToB (dense
coding).

[IpoTokoa oOMeHa mepemyTeiBaHreM (SWapping).

MaTepuaia 1o TemMe
«KBanToBas
TEJICTIOPTALIHS
KyouTtosy [1, 2]

OCHOBHBIX
IPOTOKOJIOB
KBaHTOBOM
UHpOpMALIUN

(bu3mIecKux MPOIIECCOB. Jluckperuzarusi.
OrpaHuueHue, HaKIaJbIBAEMOE HA KJIACCHYECKUM
komnbroTep. [lonmHoMuansHbIN Ki1acc 3a1ay P.

MonenupoBaHue BpeMeHH. AITOPUTM KIETOYHOTO
aBTOMATa. MogenupoBanue BEPOSITHOCTH.
DKCIOHEHITUATbHBII poct o0Bema
BBIYMCIIMTENBHOTO ycTporicTBa. Kimace 3amau NP.

Marepuala o TeMe
«OcHOBHBIC

MOJEIN KBAaHTOBBIX
BbIUKCICHMI»  [1,

4]

OCHOBBI KBAHTOBOV TEOPMU N3MEPEHUI 2 4aca 2
Kiaccnueckue BEPOSITHOCTHBIE MOJEIIH. T[ToBTOpeHNe
IIpuroToBneHne W H3MEpPEHUE KIACCHYECKOIO JIEKIIHOHHOTO
COCTOSIHMSI. AHAJIOr CMEIIAaHHOIO COCTOSIHHUSL.
Marepuana o Teme
KBaHTOBBIE BEpOSTHOCTHBIE MoAaenu. llpsmMbie u
KOCBEeHHbIe u3MepeHusa. OmnbiTel IlTepHa wu «OCHOBHU
[epiaxa. J[ByXypOBHEBBIC CHCTEMbI (IIPUMEPBI). KBaHTOBOU TCOpHUH
®opmya Pabu 17151 BEposITHOCTH TTepexo/ia. M3MEPCHUID)
Wsmeputenbupiii  (bopHa) W MPOEKITMOHHBIHA
noctynatel (o Helimana).
[Tonatue o KkBaHTOBOM TOMorpaduu. GUKCUPOBAHHBIE
Y aJJalTUBHBIE IPOTOKOJIBI.
OCHOBHBIE MOJEJIN KBAHTOBBIX 2 yaca 2
BbIYMCJIEHUN. ToBTopenme
B yem npo6nema? KomnbioTepHoe MOJeTupoOBaHHE JIEKIHOHHOTO
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MopenupoBanue KBaHTOBBIX a3 dexTos.
KBaHTOBBIII KOMIBIOTEp M  IOCTPOEHHE  €r0
raMHJIbTOHHAHA.

KBaHTOBBII KOMIIBIOTEP U KBAHTOBBIM CUMYIISTOP.

JlekorepeHTu3anus KBaHTOBOU CUCTEMBEI.
9BOHIOL[I/I$I COCTOSIHHS B KBAHTOBOM KOMIIBIOTCPC.
[Iporpammusblii  cuetunk (kKypcop). Hemocratku
KOMIIbIOTEpa W HEOOpaTHUMbIE IOTEPH SHEPTHH.
KsanToBsriit peructp. Ciyqait N kyouTos.

Oo6mue TpeOoBaHUS, HEO0XO0TUMBIC TUTSE
peanu3anuy  IMOJHOMACIUTAOHBIX  KBAHTOBBIX
KOMIIbIOTEPOB. Y cnoBus [lu BuHueHno.

OcHoBHBIE (U3HUECKUE MOJETH IS peaTu3aluu
KBAHTOBBIX BLIUYHUCIICHUH.

KBanToBbIi1 KOMITBIOTEP Ha dboToHax.
CBerHpOBO,Z[HI/IKOBBIG KBAaHTOBBLIC KOMIIBKOTCPHI.
KBaHTOBBIE KOMMBIOTEPHI Ha KBAHTOBBIX TOYKaX.
KBaHTOBbBIE KOMITBIOTEPHI HA HEUTPAIBHBIX aTOMax
Y MOHAX B JIOBYIIKaX.

IIpoMe:xxyTOoUHAasi aTTEeCTAIUA - 3aUET 4 4 15 gacoB 13
[Toaroroska K
MIPOMEKYTOUHOMN
aTTecTaluu (3a-
4eTy).
Htoro 18 |16 | 2 36 36

* Texyuii KOHTPOJIb YCTIEBAEMOCTH B paMKax 3aHSATUN CEMHHAPCKOTO THIIA peau3yeTcsi B popme 00CyKACHHUS.

8. IlepeueHb y4eOHO-MeTOANYECKOT0 O0ecreYeHHs 1JIsl CAMOCTOATEIbHOM PadoThl 00yUYaIOIUXCS M0 JHCHUIIMHE!
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8.1 OcHOBHAas U TONOJTHUTEIbHAS JIUTEPATypa JOCTYIIHAS CTy/IeHTaM yepe3 MHTEepHET uiiu 1o 3anpocy JIEKTOpY.
8.2 DneKTpOHHbIE TMPE3EHTAlMM OCHOBHBIX TEM JUCHUIUIMHBI JOCTymHbIe 4yepe3 calt LlenTpa

https://www.qotlabs.org/.

9. ®oH/ O1IEHOYHBIX CPECTB /IJIsl MPOBeIeHUsI MPOMEKYTOYHOM aTTeCTAIMN 00YYAKIIUXCS 10 TUCIHIINHE

Tumnosbie KOHTPOJIbHBIC BOIIPOCHI U TCMbI JJI1 OGC}’)KI[GHI/I}II

OcHoBHBIE OTlepaly HaJl eIMHUYHBIMUA KYOUTaMU.

Oneparops! [Taynu

Onuncanne cOCTOSTHUN B KBAHTOBOM MEXAHHKE

Outponus pon Heitmana

butel, HaTBL, AUTHI.

Teopema 0 3anpere KIOHUPOBAHHS KBAHTOBBIX COCTOSIHUM
CuMMeTpHYHbIE U aCUMMETPUYHbIE KpUNITOrpapuuecKrue CUCTEMbI
Kox Bepaama (ogHOpa30BbIi OIOKHOT)

[TomstpuzanmonHbie mpeodpazoBanus. a30BbIe MIACTUHKH.

10 CocTaBHbIE KBAaHTOBbIE CHUCTEMBI, IBYXKOMIIOHEHTHbIE KOppeaupoBaHHble cuctemsl. CoctosiHus bemna.
11. Paznoxenue [lIMuara IByXKOMIOHEHTHOW CHCTEMBI.

12. Tapagokc JI1P B Bapuante boma.

13. HepaBencta bemna.

14. KBanrtoBas Tenenopraius KyOuTos.

15. ®opmyna Pabu niist BEposSTHOCTH Iepexoia.

16. KBaHTOBBII KOMIIBIOTEP U KBAHTOBBIM CUMYIIATOP.

©CoNooA~wWNE

Tunoseie BONPOCHI K 3a4ETY:

SourwNdE

Omneparopsl [Taynu. [IpeobpazoBanue Anamapa, narepdepomerp Maxa-Ilanzaepa..

TpeboBanusl, npeabsaBIsieMble K KBAHTOBOMY KOMITBIOTEDY.

VYpasuenue lllpenunrepa, Teopus IpeaCTaBICHUN.

YucThle U CMELIaHHBIE COCTOSIHYS. BbIuKciieHne cpeqHuX BEJIUYHH.

Marpuua u oneparop IJIOTHOCTH.

Brruucnenue saTponuu ¢pon Helimana u llleHHOHA 117151 KOHKPETHOTO COCTOSIHUS IBYXYPOBHEBOM CHCTEMBI.

KBAaHTOBBIX

TEXHOJIOTHH.
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OCHOBHBIEC MOJIEITH KBAaHTOBBIX COCTOSTHHI BBICOKO# pa3mepHoctH (D>2).

NuTepdepenius oMMHOUHBIX (POTOHOB U UHTEPIIPETALIMHM UHTEPPEPEHIIUOHHBIX IKCIIEPUMEHTOB.

9. Kommo3ununoHHBIE CUCTEMBI. Pa3numune Mex Ty KiiacCH4eckoi U KBaHTOBOM nH(popmarueid. Jloctmxkumas nadopmanus. Teopema o 3ampere
KJIOHHPOBAHUSI KBAHTOBBIX COCTOSIHUM. Ee cBsI3b ¢ qocTikuMoi nHpopmarmen.

10. Teopema b.Illymaxepa 0 KOJHUpPOBaHUHU MPU OTCYTCTBUHU IIyMa.

11. Kpunronorus, kpunrtorpadus u KpunrtoaHanu3. OcHOBHbIe 3aaauu Kpunrtorpaduu. [TOHATHS OTKPBITOro TEKCTa, KPUNTOIPAMMBbI, Kilo4a U

kpunrocucremsl. [Ipunmun Kepkxrodda. [Ipunoskenus kpuntorpapum.

oo

12. Kpunroananus u ocHoBHBIE BUIBI aTak. [loacmymmBarenu (HapymmTenn). AKTUBHBIA U TACCUBHBIA, BHYTPEHHUN U BHEITHUHT
MOJICTYITUBATEIIH.

13. Kpunronorus, kpunrorpadus u kpunroasanus. OcHOBHBIE 3ajauu Kpuntorpapuu. [IoHATHS OTKPHITOro TEKCTa, KPUIITOTPaMMBbl, KII04a U
kpunrocucremsl. [Ipunmun Kepkxrodda. [Ipunoskenus kpuntorpapum.

14. CummeTpuuHbIe KpunTorpadguueckue cucteMbl. KpunrocucreMa ¢ OTKPBITBIM KITFOUOM - aCUMMETpust @ poBKHU U aemudpoku. [IpoTokosn
RSA.

15. Tunsl cexperHocTu coobuienunii (o Illennony). besycnoBHo u ycinoBHo croiikue mudpel. Pacnpenenenue kimoueid. ['eHepanus Kirodei, ux

XpaHEHHE ¥ YHUUYTOXKCHHUE.

16. OnHOKTIOYEBBIE (CHMMETPUYHBIE) MEeTO B! uppoBanus. PaccenBanue u nepememmBanue. [lorstue o kpunrocucremax DES u TOCT 28147-89,
UX JJOCTOMHCTBA U HelocTaTKU. OCHOBHBIE MTPOOJIEMBI CHMMETPUYHBIX TPOTOKOJIOB. AyTEHTHU(HUKAIHS CEKPETHOTO Kitova. J[ByXKItoUeBbIe
(acummeTpuvHBIC) METO B MG POBaHU. MeXaHu3M pacpeIeieHus KIoUel 1Mo oTKpeiToMy KaHay 1o Y.Jludpdu u M. Xennmany. [Tonstue o
kpunrocucremax RSA u Dnp-I'amans. DnexktponHas noanuck. Obmas cxema IpoOTOKOJIa KBAHTOBOTO PACIIpEICIIEHUS KITIOUEH.

17. Bexrop [xonca. [Tonspuzanronnsie mpeodpa3zoBanus. @a3oBbie mIacTHHKH. HeKOoTOphIe CBeIeHHS N3 TEOPUH KBAHTOBBIX U3MEPECHUH.
ConpspkeHHbIe 0a3UCHI.

18. Onpenenenue (l) HeKIIacCHUECKOTO CBETA M €TI0 HEAOCTATKH.

19. Cocrosus benna, kak yacTHbIi ciaydaii nepenyranHbix cocrostauii (I1C). IIpeobpazoBanust cocrostuuii benna npu cmene 6asuca.

20. TlepenyThIBaHHE 110 BPEMEHH, BpEMEHHasl MOCT-ceneKuus. [IpocTpaHcTBEeHHO-4YaCTOTHBIE, TOISPU3ALMOHHO-UYACTOTHBIE, MOJISIPU3aUOHHO-
yraossle [1C. AMnuntyaHas mocT-ceneKuusl.

Uucteie nepenyranHbie cocTosgHusA. Paznoxkenue I[lIMuara nBYXKOMIOHEHTHOW CHCTEMBI. JHTpomus mnepenyTtbiBaHUs. CTENeHb MepernyThIBAHUS.

JlokanbpHbBIE Onepaly 1 Kinaccuueckue coodmenus. [lapamerp @enoposa.

21. ITapanokc DI1P B Bapuante boma.

22. HepasenctBa bemna. Kitaccuueckast MoJiens ¢ IByMsI TMXOTOMHBIME nepeMeHHbIMU. V3Mepsiemast bemnna. Moienb CKpBITBIX TapaMEeTPOB.
KBanToBsasg Mozenb.

23. Ilapagokc benna st Tpex Habmonaembix. Cocrosaust ['punbepra - Xopna - Laitnunrepa.

24. TTpoTOKOJ KBAaHTOBOM TEJIETIOPTAIUH.

25. [IpoToko CBEpXIUIOTHOM KoaupoBKHU KyouToB (dense coding).
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26. [IpoTokon oOMeHa repenyThiBaHreM (Swapping).

27. NsmepurensHublii (bopHa) n mpoekimonHbIi ocTyaTel (o Helimana).

28. [lonarue o kBaHTOBOI ToMorpaduu. GUKCUPOBAHHBIE U AJANTUBHBIEC TIPOTOKOJIBL.

29. O6mme TpedoBaHuUs, HEOOXOAMMBIC JUTSl peaTu3aIii OJTHOMACIITAOHBIX KBAHTOBBIX KOMIIBIOTEPOB. Y ciioBus Jlu BunueHnrio.
30. OcHoBHBIE (hpr3UUECKIE MOCIH JIsl peaTnu3allii KBAHTOBBIX BBIUYMCICHU.

IIJTAHUPYEMBIE PE3YJIBTATEI OBYUEHUS (IIOKA3ATEJIN JIOCTHXXEHUS 3AJTAHHOI'O YPOBHS OCBOEHMS KOMITETEHII)

BJIAJIETD: npodeccrnoHanbHBIMU 3HAaHUSMH JJIS aHAJIM3a M CHHTe3a (pusnueckoil nHopManuu B obmacTu (U3MKK KBaHTOBBIX BeluHMcieHuid (B,

CIIK-1).

BJIAJIETD: HaBbIkaMu TOMCKA, KPUTUYECKOTO aHajau3a, OOOOIICHUS M CHCTeMaTH3allMk HAaydYHOW HMH(pOpManuH B 00JacTH (PU3MKM KBAHTOBBIX
Beruucienuii (B2, CITIK-2).

BJIAJIETh: HaBblkamMu aHaau3a METOMOJOTHYECKUX MPOOJEeM, BO3HUKAIONIMX NPH ITUTAHUPOBAHWM, OPTraHW3allUd M PEIICHHH KOHKPETHBIX
UCCIIEIOBATEIbCKUX 331au B 00acT (pu3KuKu KBaHTOBBIX Bhruucienuit (B3, CIIK-3).

YMETb: ananu3upoBaTh albTEpHATUBHBIC BAPHAHTHI PEUICHUS MCCIENI0BATEIbCKUX 33124 B 001aCTH (PU3MKM KBAHTOBBIX BBIUYMCIICHUH W OLEHUBATH
MOTEHIMAIbHBIE BHIMTPBIIIN/TPOUTPHINIH peann3aiuu 3tux Bapuantos (Y1, CITK-1).

YMETb: ocymiecTBIiATh MOUCK, KPUTUYECKHH aHanu3, 0000IIaTh M CHUCTEMaTH3UpPOBATh HAYYHYIO MH(POPMALHUIO B 00JIACTH (U3UKU KBAHTOBBIX
Beruucnenuii (Y2, CIIK-2).

YMETD: opranu3oBbiBaTh W IUIAHUPOBATh HCCIICOBAHUS, CTAaBUTh KOHKPETHBIC 3aJa4ll HAYYHBIX HCCIEIOBAaHUN B 00JaCTH (PU3MKK KBAHTOBBIX
BBIUUCIICHHI, U PEIIaTh MX C MOMOIIBIO COBPEMEHHO# ammapaTypbl u obopyaoanus (Y3, CIIK-3).

3HATD: meTonpl aHanM3a U OLIEHKH COBPEMEHHBIX HAYYHBIX JIOCTH)KCHHUH, a TaK)K€ METOJbI TeHEpHUPOBAHUS HOBOW (Pu3MUeCKOW MHQPOpMALUK TPU
PEIICHUH UCCIIEA0BATEIBCKUX U MPAKTHYECKUX 3a]1a4u B 00acTH (hU3MKKM KBAaHTOBBIX Bhruncienuit (31, CIIK-1).

3HATD: crnocoObsl KpUTHYECKOTO aHAlKM3a M CUCTEMATH3aIlluU HAaydyHOU MH(OpMAIMU TpU PEIICHUH UCCIIEIOBATENbCKUX 3a/1ad B 00JacTu (U3HKHU
KBaHTOBBIX Bbruucienuii (32, CIIK-2).

3HATD: Meroapl opraHu3alMy U MJIAHWPOBAHUS MCCIEIOBAaHUN B 00JIACTH (PM3UKM KBAHTOBBIX BBIYMCICHUH, BKIIOYAs CIIOCOOBI PELICHHUs 3a/ad C
MIOMOIIBIO COBPEMEHHOI! anmaparypsl u obopynoBanus (33, CIIK-3).
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TLnanupyemMble Kpurtepun oueHuBanusi pe3yjabTaToB 00y4eHU s
pe3yJbTaTbl 00y4YeHust
(mokasareau
JOCTHKEHHUS 3aJaHHOI0 1 2 3 4 5
YPOBHS OCBOEHHUS
KOMIIEeTEeHIH )
BJIAJIETH: OrcyrcrBue |(@parmeHTapHOE B nenom ycnemnoe, Ho He|B 1enomM ycnemHoe, HO YcnenrHoe u cucrema-
HaBBIKOB MIPUMEHEHHE HABBIKOB |CHCTEMAaTHYECKOe coJieprkaliee OTAeIbHbIC TUYECKOE MPUMEHEHHE
po¢eCCHOHATBHBIMH
aHaJlM3a U CHHTE3a MIPUMEHEHHE HABBIKOB poOeIbl MPUMEHEHHE HABBIKOB aHAN3a U CHHTE3a
3HAHUSMH TS aHAIH3a | 5 B
. ¢buznyeckoi aHaJIM3a U CUHTE3a HaBBIKOB aHaJIM3a U CUHTE3a |(u3nyeckoit MHPpOpMaIUK B
CHHTE3a (PU3NIECKOI 6 5 B p
uHpopmanuu B obnactu |pusndeckoit nHGpopmaru [pusndeckoit nHbopMaruu B |o61actu GU3NKK KBAHTOBBIX
uHpopMauy B 00JIaCTH (popman ¢ (popmanuu | (popman ¢ N
(U3MKN KBaHTOBBIX B 001aCcTH (PU3UKHU 001acT! (PU3UKN KBAaHTOBBIX [BBIYMCICHUIN
(U3MKN KBaHTOBBIX B . N
. BBIYHUCIICHUI KBAaHTOBBIX BBIYHCICHUH (BBIYMCIICHUN
Beraucnennii (B1, CITK-
1).
BJIAJIETD: OtcyrcTBue |@parmeHTapHOE B nenom ycnemnoe, HO He|B nenom ycnemniHoe, HO VYcenemHoe 1 cucrema-
HABBIKOB IIPUMEHEHHE HaBBIKOB |CHCTEMAaTHUYECKOE coJiepaKallee OT/IeNbHbIe TUYECKOE NTPUMEHEHHE
HaBBIKaMU TIOHCKA,
MOUCKA, KPUTUYECKOTO |IPUMEHEHHE HaBBIKOB pOoOeIbl MPUMEHEHHE HABBIKOB TTOUCKA,
KPUTHUYECKOTO aHAIIH3a,
aHanIn3a, 0000IIEeHNS U |TIOMCKA, KPUTHYECKOTO  |HaBBIKOB ITOMCKA, KPUTHYECKOTO aHAIIH3a,
000011IeHUS 1
CUCTEMATU3ANH aHanm3a, 0000IIeHNs U KPUTHYECKOTO aHAJN3a, 0000I1IIeHNs U CUCTE-
CUCTeMaTH3aluH _ o606 3
. Hay4yHOU MH(OpMaMK |cUCTeMaTHU3allMi Hay4dHO [00001IeHus U cHC- MaTH3aluu HAyqYHOU
Hay4YHOU MH(OpMaIuu B yg (bopmar I 5 ya m . 1 y‘I6
B o0nactu pusmku uH(popmanuy B 00JacTu  |[TeMaTH3aluu HAyqHOU uH(popmManuu B o0JacTu
obnactu hU3MKH b (bopmar 1 v (opman
. KBaHTOBBIX (bU3UKHM KBAaHTOBBIX nH(popMaluu B 00J1acTu (U3UKN KBAaHTOBBIX
KBaHTOBBIX BBIYHUCIICHUM . B .
BBIYHCIICHUI BBIYHCIICHUI M3HUKH KBaHTOBBIX BBIUMCIICHUM
(B2, CITK-2). b i
BBIUMCIICHHM
BJIAJIETH: OrcyrcrBue |(@parmeHTapHOE B nenom ycnemnoe, Ho He|B 1enomM ycnemHoe, HO YcnemnrHoe u cucrema-
HaBBIKOB MIPUMEHEHHE HABBIKOB |CHCTEMAaTHYECKOe coJieprkaliee OTAeIbHbIE TUYECKOE MPUMEHEHHE
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HaBBIKAMH aHaJIM3a
METOI0JIOTHUECKUX
po0JIeM, BO3HUKAIOIINX
MIpY TIAHUPOBAHUH,
OpraHM3aIlMH U PEIICHUN
KOHKPETHBIX
HCCIIEIOBATENHCKUX
3a/1a4 B 00J1aCcTH (PU3UKH
KBAaHTOBBIX BBIUMCIICHHI

aHaJM3a METOJI0JIOTH-
YEeCKUX Mpo0IIeM,
BO3HUKAIOIMIUX MPH
IUTAHUPOBAHHH,
OpraHM3aLIH U perie-
HUH KOHKPETHBIX
MCCIIEIOBATEHCKIX
3a7a4 B o0yacTu
(U3MKN KBaHTOBBIX

PUMEHEHHE HaBBIKOB
aHaJM3a METOJI0JIOTH-
YEeCKUX Mpo0IIeM,
BO3HUKAIOIMIUX MPH
TUTAHUPOBAHMH,
OpraHM3aLIH U PEIICHUN
KOHKPETHBIX
HCCIIeIOBAaTEIbCKHX 3a/1a4
B 001aCcTH (PU3UKHU

npo0esbl MPUMEHEHNE
HABBIKOB aHATN3a
METOJIOJIOTUYECKUX MPOOIIEeM,
BO3HUKAIOIIUX TIPU
IUTAHUPOBAHUH, OpTaHU3aIII
U PEUICHUH KOHKPETHBIX
HCCJIEIOBATEIbCKUX 3a/a4 B
obsactu (PU3MKH KBAHTOBBIX
BBIUMCIICHUMN

HABBIKOB aHATN3a
METOJIOJIOTUYECKUX
po0JieM, BO3HUKAIOIINX
NpH IJIAHUPOBAHUH,
OpraHHU3alH U PelIeHUN
KOHKPETHBIX
HCCJIEIOBATEIbCKUX 3a7a4 B
obsacti (HU3NKH KBAHTOBBIX
BBIUMCIICHUMN

(B3, CIIK-3). BBIYMCIICHUI KBAaHTOBBIX BBIUYHCIICHUI
YMETD: OrcyrcTBue |@parmeHTapHOE B nenom ycnemnoe, Ho He|B 1enoM ycnemHoe, HO YcnenrHoe u cucrema-
YMEHHUSI MPOSIBIIEHUE YMEHUS CUCTEMaTHYECKOe coJiepikaliee OTAeIbHbIE TUYECKOE MPOsIBIICHUE

AHAJIM3UPOBATH aJbTEP-
HATUBHbIC BAPHAHTBI
pEIICHHS HCCIIeI0Ba-
TENbCKUX 337124 B
obnacti GpU3NKU
KBAHTOBBIX BBIUMCIICHHUI
U OLICHHUBATh
HOTCHIHAIbHBIC
BBIUTPBILIN/TPOUT PHILIH
pean3anuy dTUX Ba-
puantoB (Y1, CITK-1).

aHATM3UPOBATh ANBTEP-
HaTUBHBIC BApUAHTHI
pelIeHus UCCcie10Ba-
TENBCKUX 3a7a4 B
obnactu GpU3NKU
KBaHTOBBIX
BBIYHCIICHUIN B
OIICHHBATh
MOTEHIHAILHBIE
BBIUTPBITITH/TIPOUT PHIIIIN
pealM3aiuu STUX Ba-
pUAHTOB

MPOSIBIICHUE YMEHUS
aHAJTN3UPOBATH AJTb-
TEPHATUBHbBIC BAPUAHTHI
pElICHUS UCCIIeIOBa-
TEJIbCKHX 3a7a4 B 00JIaCTH
(U3MKN KBaHTOBBIX
BBIYMCJIEHUH U OIEHUBATh
MMOTEHIHAIbHEIE
BBIUTPBIIITH/TTPOUTPHIIIN
pealn3alyy STUX Ba-
pUAHTOB

npoOebl MPOSIBIICHNE
YMEHUS aHATTM3UPOBATh
IbTEPHATUBHBIC BAPUAHTBI
pEIIeHUS UCCIIEIOBATENbCKUX
3aja4 B 00sacTH pU3MKU
KBAaHTOBBIX BBIUMCIICHUH U
OILICHUBATh MOTCHIIHATLHBIE
BBIMTPBIIITH/TIPOUT PHITIN
peanu3anim STHX BapUaHTOB

YMEHHSI aHAJTU3UPOBATH
aIbTepHATHUBHBIC BAPUAHTHI
pElICHUs UCCIIeI0Ba-
TEIIbCKUX 3a7a4 B 00J1aCTH
(U3UKN KBaHTOBBIX
BBIYUCIICHUM U OILICHUBATh
MMOTEHIHAIbHBIE
BBIMTPBIITH/TIPOUTPHIIIN
peaM3aIiy 3TUX Ba-
pHAHTOB
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YMETh:

OCYILECTBIISATh MOUCK,
KPUTHYECKUH aHaJIN3,
0000mmaTh u
CUCTEMAaTU3UPOBATh
Hay4YHYI0 HH(POPMAIIHIO B
obnactu huU3MKH
KBaHTOBBIX BBIYHUCIICHUM

OrtcyrtcTBUE
YMEHHUS

®parMeHTapHOE
MPOSIBIICHUE YMEHHS
OCYILIECTBIIATH TIOUCK,
KPUTHYECKUH aHaJIN3,
0000marTh u
CUCTEMAaTU3UPOBATh
Hay4YHYI0 HHPOPMAIIHIO
B oOyactu pu3uKu

B nenom ycnemsoe, HO He
CHUCTEMATUYECKOE
MMPOABJICHUC YMCHUA
OCYHICCTBIJIATH IMOUCK,
KPUTHYECKHUI aHaJIu3,
0000maTh u
CUCTEMAaTU3UPOBATh
Hay4YHYI0 HH(POPMAIIHIO B

B nenom ycnemHsoe, HO
CoJIeprKallee OTAEIbHbIC
poOesbl MPOosIBIICHUE
YMEHHSI OCYIIECTBIISITH
MOMCK, KpUTUYECKUI aHAIIU3,
0000111aTh U
CUCTEeMaTU3UPOBATh HAYUHYIO
nHpopMaIuoo B 00JaCTH

YcenemHoe u cucrema-
TUYECKOE MPOSIBIICHUE
YMEHHSI OCYIIECTBIISIT
IIOUCK, KPUTUYECKUI
aHanu3, 00001maTe U
CUCTEMAaTU3UPOBATh
Hay4HYI0 HHPOPMAIIHIO B
obsacti (PU3UKH KBAHTOBBIX

KBAaHTOBBIX 06HaCTI/I U3HUKHN N3UKHU KBAHTOBBIX BBEIYHCJICHUN
(V2, CIIK-2). ) b ) b .
BBIYUCIICHUHU KBAaHTOBbBIX BBIYHUCJIICHUHN |BbBIYHUCICHUN
YMETD: OrcyrcTBue |@parmeHTapHOE B nenom ycnemnoe, Ho He|B 1enoM ycnemHoe, HO YcnenrHoe u cucrema-
YMEHHUSI MPOSIBIIEHUE YMEHUS CUCTEMaTHYECKOe coJiepikaliee OTAeIbHbIE TUYECKOE MPOsIBIICHUE

OpraHU30BbIBATH U
IIJIJAHUPOBATh MCCIIE-
JIOBaHUs, CTABUTH
KOHKPETHBIE 3a/1a41
HAYYHBIX UCCIENOBAHHI
B 001aCcTH (PU3UKHU
KBAaHTOBBIX BHIYMCIICHU,
U peliaTh UX ¢ TOMOIIbIO
COBPEMEHHOM amra-
paTyphl B 000pyAOBaHUS
(Y3, CIIK-3)

OpPraHU30BbIBATH U
IJIAaHUPOBATh UCCIIe-
JIOBaHUSI, CTaBUTh
KOHKPETHbIE 3a/1a4u
Hay4HbIX HCCIIEIOBA-
HUH B 006nactu GU3MKU
KBaHTOBBIX
BBIYMCIICHHH, U pelIaTh
UX C TOMOUIBIO
COBPEMEHHOM amra-
paTypsl 1 000pya0OBa-
HUS

MPOSIBIIEHUE YMEHUS
OpPraHHU30BbIBATH U
IJIAaHUPOBATh UCCIIe-
JIOBaHHUS, CTAaBUTh
KOHKPETHBIC 3a]]a41
HAyYHBIX UCCIICJIOBAHUI B
obnactu GpU3NKU
KBaHTOBBIX BHIYHMCIICHU,
U pelaTh X C MOMOILBIO
COBPEMEHHO amra-
paTyphl B 000pyAOBaHUS

poOeIbl MPOSIBIICHNE
YMEHHMsI OpPraHU30BbIBaTh U
IJIAHUPOBATh UCCIIEI0BAHUS,
CTaBUTh KOHKPETHBIC 331241
HAYYHBIX UCCIICIOBAaHH B
00acTi (PU3MKN KBAaHTOBBIX
BBIYUCIICHUM, U peIIaTh UX C
MTOMOIIBI0 COBPEMEHHOM
anmnapatypsl 1 000pyAOBaHUS

OpPraHU30BBIBATH U
IJIAHUPOBATh UCCIIe-
JIOBaHMsI, CTABUTh
KOHKPETHBIC 33/1a4H
HAYYHBIX UCCIICIOBAaHH B
00acTi (PU3MKN KBAaHTOBBIX
BBIYUCIICHUH, U peIIaTh UX C
MTOMOIIBI0 COBPEMEHHOM
amnmapaTypsl 1 000pyI0Ba-
HUS
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3HATH: OrtcyrctBue |OparmeHTapHoe B nenom ycnemnoe, Ho He|B 1enom ycnemnoe, HO YcenemHoe u cucrema-
3HaHUH MPOSIBJIICHUE 3HAHUN CHCTEMaTHYECKOe CoJIeprKallee OTAEIbHbIC TUYECKOE MIPOSIBIEHUE
METObI aHAIH3a U . . B
METOIOB aHaJIN3a u MPOSIBJIICHUE 3HAHUN npo0ebl MPOosIBIICHUE 3HAHUH [3HAHUI METOJIOB aHANIN3a U
OLIEHKH COBPEMEHHBIX
. OLIEHKU COBPEMEHHBIX |METO/IOB aHAIM3a U METO/IOB aHaJIM3a U OLICHKU  [OIIEHKH COBPEMEHHBIX
HAYYHBIX JOCTIKEHUH, a 3 B
Hay4HbIX JOCTH)KEHHUH, |OLIEHKH COBPEMEHHBIX COBPEMEHHBIX HAYUHBIX HaY4HBIX JOCTHKEHHH, a
TaK>Xe€ METOIbI yi A > (o1 p . p . yi yi A ’
. a TaK)Ke METOJI0B Hay4HbIX JOCTHKEHHUH, a |JOCTHIKEHHH, a TaKkKe TaKXe METOI0B T'€HepUpo-
TeHEepPUPOBAHUS HOBOU . g .
. TeHEPUPOBAHUS HOBOM |Takke METO0B METO/I0B T'€HEPUPOBAHUS BaHUs HOBOW (pM3NYECKON
¢dusnaeckoit nadop- 5 . g 5
¢usnueckoil UHQOpP-  |reHEepHUpPOBaHUS HOBOU HOBOH (pu3nueckoil uHGOp- [nH(pOpMALMK IPU PELIEHUN
Maliy [IpU peLIeHUN 5
MaIliH [PpU PEeLICHUN U3MYECKOi MH(pOpMAINK |MalliU TIPU PEIIeHUN UCCIIEIOBATEIbCKUX U
HCCIIEI0BATENLCKUX U 1 pHp ¢ (opman H prp A
MCCIIEIOBATENbCKUX U |TIPU PELICHUU UCCIIEI0BATEIbCKUX U NPaKTUYECKUX 3a/1a4 B
MPAKTUYECKHX 337124 B
MPAaKTUYECKHX 33/1a4 B |UCCIIEIOBATEIbCKUX U NPaKTUYECKHX 3a/1a4 B 00acTi (PU3MKN KBAaHTOBBIX
obmacti GpU3MKU N
. obnacti GpU3NKU IIPaKTUYECKUX 3a/a4 B 00acTi (PU3UKN KBAaHTOBBIX [BBIYMCICHUIN
KBAHTOBBIX BBIUMCIICHUH c B
KBAHTOBBIX obnacti GpU3NKU BBIUUCIICHUH
(31, CIIK-1) ) ¢ )
BBIUUCIICHUH KBAHTOBBIX BBIUMCIICHUI
3HATH: OtcyrctBue (OparmeHTapHoe B nenom ycnemnoe, Ho He|B 1enom ycnemnoe, HO YcenenrHoe u cucrema-
3HaHUH MPOSIBJIICHUE 3HAHUN CHCTEMaTHYECKOe coJieprKallee OTACIbHbIE TUYECKOE MIPOSIBIEHUE

CIOCOOBI KPUTUYECKOTO
aHaJM3a U CUCTEMaTH-
3alU¥ HAy4YHOHN
nHpopMaIuy nmpu
pELICHUH HCCIIeI0Ba-
TEJIBCKUX 337129 B
obnactu pu3uKH
KBAHTOBBIX BBIUMCIICHUH

(32, CITK-2).

CIOCOOOB KPUTHUYECKO-
ro aHAJIM3a U CUCTEMa-
TH3aLUU HAYYHOU
nHpopMaIuy mpu
pEIIeHNH UCCIIeI0Ba-
TEIbCKUX 33/1a4 B
obnactu GpU3NKU
KBaHTOBBIX
BBIUMCIICHU I

MPOSIBJICHUE 3HAHUI
CII0C000B KPUTHIECKOTO
aHaJlM3a U CUCTeMaTu-
3allMd HAyYHOH
nHpopMaIuy npu
pEIIeHNH UCCIIeI0Ba-
TEIBCKUX 33/1a4 B 001aCcTH
(U3MKN KBaHTOBBIX
BBIUMCIICHU I

npoOesbl MPosIBIICHUE 3HAHUI

CI0CcOO0B KPUTHUIECKOTO
aHaJIM3a ¥ CUCTEMAaTHU3aIIH
Hay4YHOU WH(}OpMaIuu mpu

PEIICHNHU UCCIICA0BATCIIBCKUX

3aa4 B 007acTu QU3UKH
KBAHTOBBIX BI:I‘-II/ICJ'IGHI/Iﬁ

3HAHMI CITIOCOOOB
KPUTHUYECKOTO aHAIH3a
CHUCTeMaTH3allid HAyYHOU
nH(pOpMaIy IpH peleHur
HCCJIEIOBATENbCKUX 3a/a4 B
obsacti (PU3UKH KBAHTOBBIX
BBIUMCIICHUM
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3HATb:

METO/IbI OpTraHU3alUU U
TUTAHUPOBAHHUSI
HCCIICTIOBAaHMI B 00JIaCTH
(hU3UKH KBAaHTOBBIX
BBIYUCIICHUH, BKITIOYAsI
CIOCOOBI pelieHus 3a/1a4
C TMIOMOIIIBIO
COBPEMEHHOM
anmaparypsl U
obopynosanus (33, CIIK-
3)

OrtcyrtcTBUE
3HAHUU

®parMeHTapHOE
MPOSIBJICHUE 3HAHUI
METOJI0B OpraHu3alHu
Y TUTAHUPOBAHHUS
HUCCIIETOBAHUN B
obnactu huU3MKH
KBaHTOBBIX
BBIUMCIICHUM, BKIIIOYast
CIOCOOBI PEIICHUs
3a]1a4 ¢ IOMOIIbIO
COBPEMEHHOMN
anmapaTtypsl U
o0opyIoBaHUS

B nenom ycnemsoe, HO He
CHCTEMaTHYECKOe
MPOSIBJICHUE 3HAHUI
METOJIOB OPTaHU3AINH U
TUTAaHUPOBAHUS
HUCCIIEIOBAHUI B 00/1aCTH
(bU3UKH KBAaHTOBBIX
BBIUHCIICHUM, BKIIIOYast
CHIOCOOBI perieHus 3a/1a4
C IIOMOIIBIO COBPEMEHHOU
anmapaTtypsl U
obopynoBaHus

B nenom ycnemHsoe, HO
coJiepaKallee OT/eNbHbIe
poOesbl MposIBIICHUE 3HAHUI
METOJIOB OpPTaHU3alNU U
TUTAHUPOBAHHUS
HCCIIENOBAaHUI B 00acTr
(U3UKHA KBAaHTOBBIX
BBIYUCIICHUH, BKITIOYAs
CIIOoCOOBI pelieHus 3a1a4 ¢
MIOMOLIBI0 COBPEMEHHOMN
anmaparypbl 1 000py10BaHUS

YcenemHoe u cucrema-
TUYECKOE MPOSIBIICHUE
3HAaHUW METOJIOB
OpTraHH3aIUH ’
IUTAHUPOBAHUS
HCCIIENOBAaHUI B 00acTr
(GU3UKHA KBAaHTOBBIX
BBIUMCJICHUH, BKIIIOYas
CIocOOBI pelieHus 3a1a4 ¢
MIOMOLIBI0 COBPEMEHHOMN
anmaparypsl 1
obopymoBaHus

10. IlepeyeHb OCHOBHOIi M 10NOJIHUTEJIHLHON Y4eOHOI TUTEepaTyphl

OcHoBHas1 JiuTEepaTypa

1 M.Hunscen, M.Yanr. KBantoBble BelunciIeHus 1 kBaHTOBas nH(popmarus. Monorpadus. Ilep. ¢ aurn - M.: Mup, 2006. - 824c.

2 ]I. Baymecrep, A. Dxept, A. Laiinuarep. ®usuka kBantoBoit nHGopmarun. Mocksa: [Toctmapker, 2002. — 376¢.

3. A. C. XoneBo. Beenenue B kBaHTOBYIO Teoputo nHpopmarmu. M.: MITHMO, 2002. —128¢

JlonoiHUTeIbHAS JTUTEPaTypa

4. ]J1. lpeckmmn. KantoBas mH(OpManuss M KBaHTOBBIC BBIUMCICHUsS. PeryispHas W xaoTWyeckas JHUHaAMHKA, IHCTHUTYT KOMITBIOTEPHBIX
uccnenoanuii, 2008, 464c.
5. V.lepxmmdod. [onspuzoBanHblii cBeT. (miep. ¢ anri.) - Mup, M. C.264 (1965).
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6. J.H.Knbimko. ®usndeckre 0OCHOBBI KBAaHTOBOM A1eKTpoHUKHU. Hayka, M., 1986, ¢.293.

11. llepeuyens pecypcoB UHTepHEeT HEOOXOAMMBIX JIsI OCBOCHHS M CIUIIJIMHbI:

o www.filamentation.org
e ofvp.phys.msu.ru/science_education/lections/detail.php?ID=2691

12. MeTtoanuyeckue yKa3aHus 1J1s1 00y4aromMXCsl M0 OCBOCHUIO U CIUTIIHHbBI

JInsi OCBOEHUS TUCHMIUIMHBI HEOOXOAUMO TOCEIIeHNEe MHTEPAKTHBHBIX 3aHATUN (JEKIMHA M CEMHMHApOB) U pETyIspHas caMOCTOsTelIbHas paboTa B
TeueHne cemectpa. [[ns Oomplmei 4acTh TeM Kypca MMEIOTCS SJIEKTPOHHBIE TMpe3eHTaluu, BhUTOKeHHBIE Ha caiite [IKM. Pexomenmyercs mepen
JIEKIKEH CKayaTh COOTBETCTBYIOUIYIO IMPE3CHTAIMIO U MMETh €€ Ha WHTEPAKTUBHOM 3aHITUU Ha HOYTOYKE WM IUIaHIIeTe B pexxume Off-line wmm B
pacrieyaTaHHOM BH/JIE, UCTIONB3YsI KAK OCHOBY KOHCIIEKTA JUIsi COOCTBEHHBIX TIOMETOK U KOMMEHTapHUEB.

13. IlepeuyeHb MHGOPMALMOHHBIX TEXHOJIOTHIi, HCNOJIb3yeMbIX MPH OCYLIEeCTBIEHUN 00pa30BaTeIbHOrO Mpoiecca Mo AUCHUILVINHE, BKIIIOYas
nepevYeHb IPOrpaMMHOro o0ecrieueH st 1 MHPOPMALMOHHBIX CIIPABOYHBIX CUCTEM (IIPH HEOOXOAUMOCTH):

[Ipu peanuzammu yueOHOH pabOTHl B paMKax AUCHUIUIUHBI «DyHIaMEHTAIbHBIE OCHOBBI KBAHTOBBIX TEXHOJIOTHUI» HCHOJB3YIOTCS CpPEACTBA
JMCTAaHIIMOHHOTO COTPOBOXKIIEHHsI y4eOHOTro Tporiecca B JopMe CaiTOB ¢ MaTepuallaMH JICKIIHMA ¥ CEMUHAPCKUX 3aHATHH. Kypc umeer 3JeKTpOHHBIC
BepcUM (IIpe3eHTalMM) JEeKIui. JIeKuuu YnTaroTCs C MCIONIb30BAHMEM COBPEMEHHBIX MYJIBTUMEIUMHBIX BO3MOXHOCTEH M IMPOEKIMOHHOTO
o0opyIOBaHUA.

14. Onucanne MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEOOXOAMMOM ISl OCyIIeCTBJICeHUsI 00Pa30BaTeIbLHOIO0 NMpoecca Mo JMCIHUIIIHHE

B cootBercTBUM ¢ TpebGoBanusmu 1. 5.3. oOpaszoBatenbHOro crangapra MI'Y mo HampaBieHuto moarotoBku «®Dusumkay. Jlobas aymuropus,
OCHAIICHHAsI MPOCKITMOHHBIM 000PYIOBAHHEM C BO3MOKHOCTBIO TIOJIKITIOUEHUS K HOYTOYKY, SKpaHOM, U yu4eOHON JOCKOH.
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http://www.filamentation.org/
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