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1. IEJTA OCBOEHMSI 1M CLIUIIJIMHBI (MOYJIST)

1.1 | Llenpto mpemnoaBaHis AUCIHUILUINHEI SBISETCSA (JOPMHUPOBAHHE Y CTYJCHTOB CIIOCOOHOCTH YUUTHIBATH COBPEMEHHBIE
TEHJCHIUH Pa3BUTUS UH(YOPMAI[OHHBIX TEXHOIOTHI B CBOEH

1.2 HpO(l)eCCHOHaHLHOﬁ JCATCIBHOCTH, B YaCTHOCTH O3HAKOMHUTH C OCHOBAMH KBaHTOBBIX

1.3 | BBIUnCIIeHNIT ¥ KBaHTOBOH Kpunrorpaduu

2. MECTO JUCHUIITUHBI (MOAYJISA) B CTPYKTYPE OBPA30BATEJIBHOU ITPOI'PAMMBbI

Huka (paznen) OIT: |B1.B.ZIB.01.01

3. KOMIIETEHLMY OBYYAIOLETOCS, POPMUPYEMBIE B PE3YJIbTATE OCBOEHMSI JUCLHATLINHBI
(MOZYJIST)

ITK-3 CriocobeH npoBoguTh paboThl 110 00pabOTKE U aHATIHM3Y HAYYHO-TEXHHUECKOH HH(OPMAIIMHU U PE3yIIbTaTOB UCCIICIOBAHHIA

ITK-3.1 IIpoBomuT aHaNMN3 HAyIHBIX JaHHBIX, PE3yIbTATOB SKCIICPIMEHTOB U HAOJIIOICHH

40.011. podeccuonanbuplii cranaapt "CIIEHUAJUCT 11O HAYYHO-UCCJIIEJOBATEJIBbCKHUM U OIIBITHO-
KOHCTPYKTOPCKHUM PA3PABOTKAM", yrBep:kaéHHbIi npukazoMm MuHHCTEPCTBA TPY/Ia M COLUAIBHOMN 321U ThI
Poccuiicko ®@enepauuu or 4 mapra 2014 r. N 1211 (3aperncrpuposad MunucrepcreoM roctuun Pocceniickoii ®@enepanun
21 mapta 2014 r., peructpanuonnbrii N 31692)

IIK-3. B. [IpoBeneHne HayqIHO-UCCIEA0BATENECKUX U OMBITHO-KOHCTPYKTOPCKUX Pa3pabOTOK MPH UCCIIEIOBAHUH CaMOCTOATEILHBIX
TeM
B/02.6 IIposenenue padot 1mo 00paboTKe U aHAIN3Y HAYIHO-TEXHUIECKOH HHPOPMAIINH U PE3yIbTaTOB HCCIICIOBAaHNH

B pe3ysbTaTe ocBOeHUsI AMCUMIIJIMHBI (MOYJIs1) 00y4aroLmiics 10/1KeH

3.1 |3nath:

3.1.1 | ocoOeHHOCTH TIPOBEACHNUS aHAIN3a HAYYHBIX JJAHHBIX, PE3YJIbTATOB AKCIIEPUMEHTOB U HAOJFOICHHI B 00JaCTH KBAHTOBBIX
TEXHOJIOTHI

3.1.2

313

3.2 | YMeTh:

3.2.1

3.2.2 | IlpoBoguTh aHATIM3 HAYYHBIX NAHHBIX, PE3yIbTATOB SKCIIEPUMEHTOB M HAOIIOAEHUI B 00J1aCTH KBAHTOBBIX TEXHOIOTUH

3.3 | Baagerts:

3.3.1 MPOBCACHUS aHAJIN3a HAYUYHBIX JAaHHBIX, PE3YJIbTATOB OKCIICPUMCEHTOB U Ha6J'IIOZ[CHI/II71 B 00J1aCTH KBAaHTOBBIX TEXHOJIOI U

4. CTPYKTYPA U COAEPKAHUE JUCHUIIJIMHBI (MO YJIA)

Kon HaumeHnoBaHue pa3ie/oB 1 TeM /BUJ 3aHATHUS/ Cemectp | Yacos | IIpumeuanue
3aHATUSA / Kypce
Pasnen 1. BBenenue B KBaHTOBbIE BBIYMCICHUSA
1.1 KBaHTOBast TOHKA, KBAHTOBBIH KOMITBIOTED, KBAHTOBBIC BHIYHCIICHUS /JIeK/ 2 2
Pasnen 2. MatemaTH4ecKue OCHOBbI KBAHTOBBIX BbIYMCJICHU I
2.1 JluneitHoe npoctpancTBo. JIuneitnsie onepatopel. /Jlek/ 2 2
2.2 Oo6patumble Beraucienus. Oopatumbie BeHTHIHN /J1ab/ 2 1 [IpakTnueckas
MOATOTOBKA
23 Ob6patumsre cxemsl. /J1ab/ 2 1 IIpakTuueckas
MOJTrOTOBKA
Paznen 3. KBanTOBBIE CXeMBbI
3.1 Ky6ur. OnH0/1ByX/TpexKyOUTOBBIC BEHTHIIH. /JIek/ 2 2
32 IIpocTteie kBaHTOBBIE cXeMbl. Beruncnenue OyneBoit pynkuun. /JIek/ 2 4
33 KsanToBas cxema basuc bemna. /J1a6/ 2 2 IpakTHyeckas
TOJITOTOBKA
34 KsanToBas cxema Reverse CNOT. /JIa6/ 2 2 IIpakTuueckas
MOJTrOTOBKA
3.5 KsanroBast cxema SWAP. /J1a6/ 2 2 [IpakTrueckas
MOJIrOTOBKA
3.6 CroxHbIe KBAaHTOBEIE cXeMbI /Cp/ 2 10




Paznen 4. KBaHTOBbBIE IPOTOKOJIbI
4.1 KBaHTOBBIC IPOTOKOJIBI TIEpeiadun AaHHBIX /Cp/ 2 6
4.2 KBaHTOBEIE TPOTOKOITBI pacnpeenenus Kirouei. /J1ad/ 2 2 [IpakTnueckas
MOATOTOBKA
4.3 KsanTtoBbie mpotokoisl. DITP-tiporokos. /J1a6/ 2 2 [IpakTrueckas
MTOATOTOBKA
Paznen 5. KBaHTOBBIE aJIrOPUTMBI
5.1 Amnroputm [loiua — JIxo3ca. Anroputm beprmreiina — Basupanu /J1a6/ 2 2 IIpakTuueckas
HO/ITOTOBKA
5.2 Anroputm CaiiMona. Anroput™ I'posepa. /J1a6/ 2 2 [IpakTryeckas
MTOATOTOBKA
53 KsanroBoe npeobpazoBanue @ypre. Anroput™ [llopa /J1ab/ 2 2 [pakTrdeckas
MOATOTOBKA
54 Aunroputm [oitua /Cp/ 2 4
5.5 AmnroputMm Beprmureiina — Basupann /Cp/ 2 4
5.6 Aunroputm ['poepa /Cp/ 2 4
5.7 SI3bIKM KBaHTOBOT'O IporpaMmmupoBanus /Cp/ 2 8
Pa3gen 6. KBanToBasi koppekuus ommoox
6.1 OO6m1ast cxeMa KBaHTOBBIX kKoioB. /Cp/ 2 4
6.2 TpexkyOnTOBEIH KBaHTOBBIH Ko, /Cp/ 2 4
6.3 Amnroputmst QEC /J1a6/ 2 2 IIpakTuueckas
MOATOTOBKA
Pa3nen 7. CamocrosiTesibHasi padoTa
7.1 IMoxroroska x nexuusm /Cp/ 2 5
7.2 Ioaroroska k nabopaTopHbIM 3aHsTUAM /Cp/ 2 20
Paznen 8. KonTakTHbIE Yachl HA ATTECTALINIO
8.1 3auer /KD/ 2 0,15

5. OHEHOYHBIE MATEPHAJIBI

OHeHO‘-IHLIe MaTepuaibl I TPOBECACHUSA HpOMe)KyTO'—IHOﬁ aTTeCTalln 06yqa101u1/1xc51 TIPUBEICHBI B IPUIIOKCHUN K

paboueil mporpaMMe JUCHUIIIAHBL.

@DopMBI B BHIBI TEKYIIETO KOHTPOJS O AUCHUILTHHE (MOIYIIO), BUABI 3aIaHUH, KPUTEPUH UX OLICHHBAHHS,

pacnpezeneHne 6aIoB 10 BUAAM TEKYIIET0 KOHTPOMS pa3padaThIBAlOTCS MPETIOAaBaTeIeM UCIUIIMHEI C yI€TOM €€ CIeU(pHUKU U
JIOBOZIATCS 10 CBEACHHS O0YJaIOMMXCs HA IIEPBOM yIeOHOM 3aHSTHH.

Texymumii KOHTPOIb YCIIEBAEMOCTH OCYILECTBIISETCS MpenoaaBaTeNieM JUCHHUIUIMHBI (MOIYIs), KaK MpaBHUIO, C

ucronp3opanreM DMOC win myTeM IPOBEpKH MHCEMEHHBIX padoT, MPeTyCMOTPEHHBIX PA00YNMH IIPOrpaMMaMH JUCIUIUIAH B
paMKax KOHTaKTHOH pabOThI U CAaMOCTOSTEIBHOM PabOTHI o0ydaronuxcs. st QUKCHPOBaHHS PE3yAbTATOB TEKYIIETO KOHTPOJIS
MOXeT ucnoib3oBaTbess DUOC.

6. YAEBHO-METOJUYECKOE U HH®OPMAIIMOHHOE OBECIIEYEHUE JUCHUIIJIMHBI (MO YJISA)

6.1. Pexomenayemasi iureparypa

6.2 UndopManuoOHHbIE TEXHOJIOTHH, HCIOJIb3yeMble NPH OCYLIeCTBJIeHUH 00pa30BaTEJIBLHOI0 NpoLecca 1Mo JUCHUILIHHE

(Mony.110)

6.2.1 IlepeyeHb JMIIEH3UOHHOT0 U CBOOOJIHO PACHIPOCTPAHAEMOr0 IPOrPAMMHOI0 o0ecrieyeHust

6.2.1.1

Microsoft Windows10 Pro Torosop Ne034210000481700004

6.2.1.2

Microsoft office 2013 (JIuuensus Ne 61887848) ororop Ha moctaBky Ne 0342100004813000011

6.2.1.3

7-zip (http://www.7-zip.org/ (GNU LGPL license)

6.2.2 Ilepeyenn npodeccHoOHAILHBIX 023 JAHHBIX 1 MHGOPMALUOHHBIX CIIPABOYHBIX CHCTEM

6.2.2.1

Kpynsaeiitmmii BeG-cepBuc At XoctrHTa [ T-IIpoekToB 1 MX COBMECTHOI pa3paboTku- https://github.com/

6222

basa kHur u myonukaiuit DnekTponHoi oubnnorexu "Hayka u Texuuka" - http:/www.n-t.ru




6.2.2.3

Iopran mist pa3paboTINKOB FMEKTPOHHON TeXHUKH: http://www.espec.ws/

6.2.2.4

baza nannbix «bubnmoreka mporpammuctay https://proglib.io/

6.2.2.5

baza nanHBIX «OTpaciaeBoi mopTall CrienuaucToB» http://www.connect-wit.ru/

6.2.2.6

TapanT.py https://www.garant.ru/

6.2.2.7

KoncynsrantlLmioc http://www.consultant.ru/

7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI (MO YJISA)

7.1

MyJIbTUMEIUITHOE 000pyI0OBaHKE ATl IPEAOCTaBICHUS yueOHON HH(popMany OOIbIION ayTUTOPUH W/UIN
3BYKOYCHIIMBAIOLIee 000pyJoBaHNE (CTAIIIOHAPHOE WIIM IEPEHOCHOE).

72

YueOHble ayAUTOPUU ATl IPOBEICHHS 3aHATHH CEeMUHAPCKOr0 TUIIA, TPYIIOBBIX U MHAMBUIYAJIbHBIX KOHCYJIbTAINH,
TEKYIIETO KOHTPOJISI U TPOMEKYTOUHOH aTTeCTAINH, YKOMIUICKTOBaHHEIC CIICIIHATN3NPOBAHHON MeOEIBIO H
TEXHUIECKUMU CPEJICTBAMU O0YUICHHUS: MyJIbTHMEINIHHOE 000PYIOBaHHE W/UITK 3BYKOYCHIINBAIOIIee 000pyIOBaHUE
(cTanoHapHOE WK TIEPEHOCHOE)

73

[TomenieHust I CAMOCTOSATENBFHOI paboThI, OCHAIIIEHHBIE KOMIIBIOTEPHONU TEXHUKOM ¢ BO3MOXXHOCTBIO TIOAKIIOYEHUS K
cetu "MHTepHeT" M obecnieueHHEM 0CTYIMA B DJIEKTPOHHYIO HH(OPMAaLMOHHO-00pa30BaTENIbHYIO Cpely YHUBEPCUTETA.

7.4

INomemteHust At XxpaHeHHUs ¥ NPOPUIAKTHIECKOTr0 0OCIy)KUBaHUS yIeOHOTO 000pyIOBaHHS




[Ipunoxenue k padoyeit mporpaMme TUCUUTLITAHBI

OLIEHOYHBIE MATEPHAJIBI JIJISI TPOMEKYTOYHOM ATTECTALIUA
MO IUCHUTIIMHE (MOAY.JIIO)

KBaHTOBBIE TEXHOJIOTMH

(Haumenosanue OUCYUNIUHBL(MOOYIS)

09.04.02 NudopMaIimoHHbIE CUCTEMBI TEXHOJIOTUH

(K00 u HaumeHoBaHUE)

KOpHOpaTI/IBHBIe I/IH(I)OpMaHI/IOHHBIG CHUCTCMBI

(Haumernoganue)



Conepxanue

IlosicHuTeIbHAS 3aITMCKA.

TumnoBbie KOHTPOJLHBIC 33JJaHUS WJIM HHBIC MaTepUaIbl IJIs1 OIEHKH 3HAaHWM, YMEHH, HABBIKOB W (MJIH)
OTIBITA JESATEIHLHOCTH, XapaKTEPU3YIOIMIUX YPOBEHb C(HOPMUPOBAHHOCTH KOMITCTCHITHH.

Metoanyeckre MaTepraibl, ONPEACSIONNe TPOLUEAYPY U KPUTEPHH OLIEHUBaHUS COPMHUPOBAHHOCTH
KOMHCTCHI_[I/II;'I HpI/I HpOBeIICHI/II/I HpOMeXCYTOqHOﬁ arTeCTaliuu.



1. HosicHuTEIbLHAA 3aIHCKA

Heﬂb HpOMe)KyTO‘IHOﬁ aTTeCTallU — OUCHUBAHUC MPOMCKYTOYHBIX W OKOHUYATCIBHBIX PC3YJIbTATOB
oOyueHHsI TI0 JUCHUIUIMHE, OO0ECICUMBAONIMX JOCTH)KEHHE IUIAHUPYEMBIX pe3yJIbTaTOB  OCBOCHHS
00pa3zoBaTeNbHON MPOTPAMMBI.

@DopMbI TPOMEKYTOUHOH aTTECTALUU: 3auem, cemecmp 2.

[lepeuens komneTeHINH, GOPMUPYEMBIX B IPOLECCE OCBOCHHUSI TUCIIUTUIUHBI

Kon n HanmeHnoBanue KOMIICTCHIIUH KOZ[ HHAWKATOpa JOCTHKCHUA
KOMIICTCHIIH

[TK-3: Cnocoben npoBoauTh pabOTH IO 00pabOTKE U aHAIN3Y HAYYHO- [K-3.1
TEXHUICCKON MHPOPMAITNN U Pe3yTbTATOB UCCIICTOBAHMI

P€3y.HI>TaTI>I O6y‘-I€HI/I$I Mo JUCHUIINIMHE, COOTHECCCHHBIC C INIAHUPYCMbBIMU
pe3yjibTaTaMu OCBOCHUA O6p330B&T€J’IBHOﬁ IIporpaMmbl

Ko/ 1 HanMeHOBaHHE MHAUKATOPA Pe3ynbTaThl 00yUeHHUsI 1O TUCIUIUTHHE OrieHOYHBIE
JIOCTIDKCHHS KOMITETCHIIUH MaTepHabl
(cemectp 4)
[1K-3.1: [IpoBoauTh aHanu3 HayyHblx | OOyuarommiics  3HaeT: ocobGeHHocTH — mposeneHus | Bompockr (Nel - Neb)
JIAHHBIX, PE3YITATOB SKCIIEPUMEHTOB | AHAIM3a HAYYHBIX JAHHBIX, PE3YJIbTATOB JKCIICPHUMCHTOB
¥ HAGTEOICHMI Y HaOJIIOICHUH B 00JIaCTH KBAaHTOBBIX TEXHOJIOTHI
OOyuaronuiics yMeer: MPOBOAWTh aHanu3 HaydHbeix | Pabota (Nel - Ne7)
JaHHBIX, PE3YJIETATOB SKCIICPUMEHTOB M HAOIIONCHUH B
00JIaCTH KBAHTOBBIX TEXHOJIOT Uil
OOyyaromuiics BilaieeT: MPOBEACHHS aHAJIN3a HayYHBIX
JAaHHBIX, PE3YJIETATOB SKCIICPUMEHTOB M HAOIIONCHUH B
00JIaCTH KBAHTOBBIX TEXHOJOTHI

[IpomesxyTouHast arTecTarus (3a4eT) MPOBOJAUTCS B OJTHON U3 CIASAYIOMHUX HOpM:
1) cobecenoBanue;
2) BeimonHenue 3ananuii B OMOC YHuepcurera.

2. TunoBbie! KOHTPOJILHBIE 32IAHUS WM HHbIE MATEPHAJIBI JIsi OUEHKH 3HAHMI, yMEHMIi,
HABBIKOB M (MJIM) ONBITA AEATEIbHOCTH, XAPAKTEPHU3YIOIIHMX YPOBEHb C()OPMHPOBAHHOCTH KOMIICTCH M

2.1 TunoBbie BONPOCHI (TeCTOBBIE 3a/1aHNs) IJIS1 OLIEHKH 3HAHHEBOr0 00pPa30BaTEJIHLHOI0

pe3yabTara
[TpoBepsiembIit 00pa3zoBaTEIBHBIN pe3yJIbTaT:
KO,H 1 HAUMCHOBAaHUEC MHIUKATOpa O6pa3OBaTGHLHI)II71 pe3yabTaTt
JOCTHKCHUS KOMIICTCHIIMN
[TK-3.1: IlpoBoanTh aHATN3 OOyuaronuiicst 3HaeT: 0COOCHHOCTH NPOBEACHUS aHAIN3a HAYYHBIX JAHHBIX, PE3YJIbTaTOB

Hay4HBIX JaHHBIX, PE3yJIbTaTOB OKCIICPUMECHTOB U Ha6J‘HOILeHI/II71 B 00JIaCTH KBAHTOBBIX TEXHOJIOTHI
OKCIICPUMEHTOB 1 Ha6HIO)IeHHI>'I

! TIpuBopsaTcs TUmoBBIE BOMPOCH M 3amaHus. OIEHOYHBIE CPENCTBA, INPEAHA3HAYCHHBIE JUIS TPOBENEHHUS ATTECTALMOHHOIO
MEPOTIPUATHS, XpaHATCS Ha Kadeape B JOCTATOYHOM JJIsi MMPOBEIEHUS OIEHOYHBIX MPOIENyp KOJUYecTBe BapuaHTOB. OIeHOYHBIE
cpencTBa MOMJIEKAT aKTyalu3ald C Y4eTOM pa3BUTH Haykd, oOpa3oBaHUS, KyJbTYpPbl, SKOHOMHKH, TEXHUKH, TEXHOJIOTUH W
conuanbHOM cheprl. OTBETCTBEHHOCTH 32 HEPACTIPOCTPAHEHHE COISPIKAHUS OTICHOYHBIX CPEACTB CPeI 00YJAIOIINXCsl YHUBEPCUTETA
HECYT 3aBenyromuii kKaeapoil u mpenoaaBaTens — pa3padOTINK OIIEHOYHBIX CPEJICTB.



Ilpumepwl 6onpocos

1.ITocpencTBom vero ypaercs 00eCeYnTh JOCTOBEPHBIA PE3yJIbTAT KBAHTOBBIX BHIYMCICHHN?

-IToBTOpEHVSI KBAHTOBBIX BBIYHMCIICHUI HECKOIBKO pa3 (+)

-ITocTenenHoro YBEIIMYECHUA TOYHOCTU U3MEPEHUA PE3YJIbTaTa U OLUCHKH BO3SHUKAKOIINX -OLLII/I6OK.
-ANmpoKcUMaIKy METOJ0M HauMeHbIInX kBajapatos (MHK)

-JlonoHUTENbHOM 00pabOTKH MOTYYEHHOTO pe3yJibTaTa AyOJIMPYIOICH CHCTEMOM KBAHTOBBIX BBIYUCICHHIMA.

2.KakuM 06pazoM onpeessioT MpocTyInBaHne KaHala CBsI3U B IIpoTokoie BB84?
-ITo oTcyTcTBHIO CUrHAIA

-I1o NoBBIIIEHHOMY KOJIMYECTBY OMIMOOK IpoToKoa (+)

-ITo HanuuuIO Mapa3uTHOrO CUrHANA

-Ilo cHMKEHUIO CKOPOCTH Mepeaaun JaHHBIX

3.K kakomy TuIy Kpuntorpaduu OTHOCUTCS anroputm AES?
-Kpunrorpadus ¢ 3aKpbITbIM KII04OM (+)

-Kpurrorpadust ¢ OTKpBITEIM KITIOYOM

-[ToctkBaHTOBAs KpUNITOTrpad st

-KBanToBas kpunrorpadus

4.TIpuHIMI CYyNEepPIO3UIUHI, TPUBOIUT K:
-JleTepMUHIPOBAaHHOMY XapaKTepy KBAHTOBBIX BBIYHMCICHHN
-BeposaTHOCTHOMY XapakTepy KBaHTOBBIX BBIYUCICHUH (1)
-CHIDKCHUIO TOYHOCTH KBAaHTOBBIX BBIYHCIICHHI
-OrpannyeHuio chep MpUMEHEHHs KBaHTOBBIX TEXHOJIOTUI

5.CKOJIBKO, COTJIACHO TEKCTY, MOXKHO BBIJIEIIUTH IIAroB B IpoTokosne BB84?
3 (+)

2.2 TunoBble 3aJaHNUS IS OLIEHKH HABBIKOBOI0 00pa30BaTeIbHOIO pe3yJibTaTa

IIpoBepsieMbIi 06D2130B8.T6J'II>HBII71 pE3YIbTAT.

Kox n HanmeHoBaHMe O0pazoBaTesbHbIA Pe3yIbTaT
MHJIMKATOpa JOCTHKEHHS
KOMIICTCHIINU
[TK-3.1: IIpoBoanTh aHATN3 Oo6yuaronmmiics ymeeT:  [IpoBoANTh aHANN3 HAYYHBIX JAHHBIX, PE3YIBTaTOB SKCIIEPHMEHTOB
HAYYHBIX JaHHBIX, 1 HaOJIOIeHNH B 00JIaCTH KBAHTOBBIX TEXHOJIOTHH

PE3yJIbTaTOB KCIIEPUMEHTOB
¥ HaOJIIOIeHUH

OOyyaronuiicsi BlIajeeT: nposeaeHnA aHa/n3a HAYYHbIX JAdHHbIX, Pe3y/1bTaTOB

3KCNepMMEeHTOB U HabaaeHU B 06/1aCTU KBAHTOBbIX TEXHOIOMMUN

Ipumepol 3adanuti

Padora 1. DiileMeHTapHble KBAHTOBBIE AJITOPUTMbI
Lenb paboTsr: M3ydeHre OCHOBHBIX OJJHOKYOHUTOBBIX KBAHTOBBIX JIOTHUECKUX
aJTOPUTMOB.
OO0BeKT uccaenoBanus: BupryansHas taboparopHas padora.
3amauu, pemaembie B padboTe:
1. N3yuenne pabOThI KBAHTOBBIX JJOTHUECKHUX aTOpUTMOB X, Z 1 H.
2. [TporHo3upoBaHue pe3yabTaTOB BUPTYATBHOTO IKCIIEPUMEHTA ¥ CPaBHEHUE
Pe3yNbTaTOB TEOPETHUUECKUX B IKCIIEPUMEHTAIBHBIX PacYeTOB.
MMOPAJJOK BBITIOJIHEHW I PABOThI
1. CtyneHT momaeT KyOUT Ha BXOJ H3BECTHOTO JIOTHYECKOTO DJIEMEHTA U
MOJTy4YaeT BBIXOIHOM KyOuT. Pe3ynpTaTsl paboThl CXEMBI CPABHUBAKOTCS CO
CBOMCTBaMH allrOPUTMA, U3BECTHBIMU U3 TEOPHUHU.
2. Ucnonb3ys MaTpUuHOE MPEACTABICHUE 3JIEMEHTa, CTYAEHT IPOTHO3UPYET
pPe3yAbTaThl BUPTYabHOTO SKCIIEPUMEHTA U CPABHUBAET PE3YJIbTATHI
TEOPETUYECKUX U IKCIEPUMEHTAIbHBIX PACUETOB.
3. CTyJeHT pacrio3HaeT HEU3BECTHBIN OJTHOKYOUTOBBIN KBAHTOBBIN
norudeckuit snement X, Z unu H cMm. puc.3.
4. Pacno3zHaBaHne HEM3BECTHOTO OJHOKYOUTOBOTO KBAHTOBOTO JIOTHYECKOTO aJITOPUTMA.
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Puc.3. HccaegoeaEne HEH3BECTHOTO KBAHTOBOIO 37I€MEHTa

Padora 2. OnHOKYOHTOBbIE KBAHTOBBIE CXEMbI

Hemnb paboTsr: M3ydeHne npocTeHImnX 0THOKYOUTOBBIX KBAHTOBBIX
JIOTHYIECKUX CXEM.

OO0nBekT uccnenoBanus: BupryanbHas naboparopHas pabora.

3ajaun, permaeMbie B paboTe:

1. 3y4eHne pabOThl KBAHTOBBIX JIOTHYECKUX CXEM, COCTABIICHHBIX U3
3JIEMEHTOB aJIropuT™MoB X, Z u H.

2. IIporuo3upoBaHue pe3yabTaToB BUPTYAIbHOTO SKCIIEPUMEHTA U CPaBHEHHE
Pe3yIbTaTOB TEOPETUYECKUX U IKCIIEPUMEHTAIBHBIX PacyeTOB.

IMMOPAZOK BBITIOJIHEHU I PABOTBI

CryZneHT BEIOMpaeT HECKOJIBKO KBAaHTOBBIX JIEMEHTOB, ITOJAET HA BXOJ]
LETIOYKH JIEMEHTOB KYOHT, ITOy4aeT BEIXOAHON KYOUT M, HCTIONIB3Y S
MaTpPUYHOE IPEICTABICHUE CXEMBbI, CPaBHUBAET PE3yJIbTaThl TEOPETHIECKUX
PacyeToB C MOITYyYEHHBIMHU YKCIIEPUMEHTAIBHBIMU JAHHBIMU — CM. PUC.5.
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Purc.5. Hecnegopanne nenousky 0JHOKYOHTOBBIX 3I€MEHTOB

Pabora 3. /IByxKyOHUTOBBIC KBAHTOBbIC CXEMBbI

Llens paboTsl: M3yuenne npocTeimx IByXKyOHTOBBIX KBAHTOBBIX JIOTHUECKHX CXEM.

OO0mBexT uccnenoBanus: BupryansHas naboparopHas pabora.

3agaun, pemaemMsle B paboTe:

1. U3yuenue paboThl KBAHTOBBIX JIOTHYECKUX CXEM, COCTABICHHBIX U3 ieMeHTOB anroputMoB CNOT, X, Z u H.

2. [TporHo3upoBaHue pe3yIbTaTOB BUPTYATBHOTO IKCIIEPUMEHTA U CPAaBHEHUE PE3YIbTATOB TEOPETHUECKHUX U
OKCIICPUMEHTAJIBHBIX PACUCTOB.

I[MOPAAOK BBIITOJIHEHW A PABOTbBI

CryneHT coOupaeT KBaHTOBYIO CXEMY HCTONB3Ys KBaHTOBBIE jorndeckne 3nemenTsl CNOT, X, H u Z, momaet Ha BXOJ IETTOYKH
9JIEMEHTOB JIByXKYOHTOBOE COCTOSIHUE KyOUT, I0JIy4aeT BEIXOJHOE ABYXKYyOHUTOBOE COCTOSIHUNE U, UCIIOJIB3YsI MaTPUYHOE
MIPEJCTaBIEHNUE CXEMBI, CDABHUBAET PE3YJIbTATHl TEOPETUUECKUX PACUETOB C MOIYUYEHHBIMH IKCIIEPUMEHTAIbHBIMU JAHHBIMU —
cM. puc. 1.
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Puc.l. Hccnegoranne EVXKYOHTOEOH KEAHTOEOH CXEMEI
Pa6ora 4. KBanroBslii anroputm I'poBepa
Lens pabotsl: M3yuenne npuHIMIOB paboThl anropurMa ['posepa.
OO0BeKT uccaenoBanus: BupryanbHas taboparopHas padora.
3amauu, pemaeMbie B padboTe:
1. U3yuenue paboThl KBAHTOBO# JJOTMYECKOM CXEMBI, peau3yomiei anroput™ ['posepa.
2. Be160op cBOOOIHBIX TAPaMETPOB AJITOPUTMA AJISI OTydEHHS TPeOyeMbIX
PE3yIIBTaTOB PAOOTHI CXEMBI.
IMMOPAZOK BBITIOJIHEHU I PABOTBI
B mpunoxernoM ¢aitne QGA.cmd cMomennpoBaH KBaHTOBBIH anroputM ['poBepa. 3agady MOKHO OIKCATh CIEAYIOMIAM
oOpazoM: nMeeTtcst 6a3a JaHHBIX, COCTOSIIAS U3 TPUALIATH JIBYX 3JIEMEHTOB (KOTOpPBIE KOAUPYIOTCS MATHIO KyOUTaMu), OAWH U3
KOTOpBIX IIOMeueH. Baiell 3ajaueii SBISETCS ONpPeNeIuTh HOMEP IOMEUYEHHOTr0 3JIEMEHTA. B Ballem pacnopsiKeHUU UMEeTCst
BO3MOXKHOCTb YKa3aTh CKOJILKO pa3 He0OXOIUMO MPUMEHUTD ONepaTopbl KOHTPOIUpYyeMon (a3bl u nuddy3un (BTopoi mar
anroput™Ma I'poBepa), a Takke YBUAETh TEOPETHUECKUE Pe3yIIbTaThl U3MEPEHHH (pacipeaeseHne aMIITY I BEPOSITHOCTEH 110
9JIEMEHTaM) U Pe3yJIbTaThl TOr0, YTO MOYXKET MOJIYUYHUTHCS Ha IPaKTHKe (THUCTOrpaMMa pe3ysibTaTOB U3MEPEHHd aHcamOist
OJIMHAKOBBIX COCTOSIHUM 0a3bl). Uncio KyOuToB cucteMsl (pazmep 6a3bl) MEHSATh HE PEKOMEH/IyeTCsl — IIPH OOJIbILIEM YHCIIE
9JIEMEHTOB (2 YKCJIO MX PACTET Kak 2 N ) HAmIAJHOCTh CXeMbI CHJIbHO yxyamures. B moxpasznene “Algorithm realization”
OTIMCHIBAIOTCSI OCHOBHBIE OTIEPATOPHI, UCITIOIb3YEMbIE B TIporpaMMe. MeHsIsl YMCII0 Tepaliii BTOPOro Iiara ajaropurMa, u3yqnTe,
Kak
MEHSETCS pacrpe/ielicHHe aMIIUTY] BEPOSITHOCTEH TOJyYHTh B PE3YJIbTAaTe ITOUCKA TOT MIIM MHOM 3JIeMEHT 0a3bl JaHHBIX (B
HallleM ciiydae umcen). Takke onpenenuTe KOIU4eCcTBO MOBTOPEHUI, TIPH KOTOPOM OZIMH M3 3JIEMEHTOB 0a3bl
MOSIBUTHCS C BEPOSTHOCTHIO OombIneit 95%. Kak 3aBUCHUT 3TO YHCIIO OT KOJIMYECTBA SJIEMEHTOB B 0aze? Y OeanuTech, 4To MpH
JlabHEHIIeM yBEIUMIEeHUH YnClla HTepaniii 3Ta aMIUINTY/1a BEPOSTHOCTH HauHET yMeHbIaThes. Ha rucrorpamme (puc.2)
MIPUBOIMTCS PE3YJIbTAT 16-TH OJJMHAKOBBIX U3MEPEHNH COCTOSIHUS 0a3bl. BricoTa CTOJIONMKA TOKA3bIBAET, CKOJILKO pa3 B
pe3yabpTaTe JaHHOTO YMCIIa H3MEPEHHUH NOTYIHIIH 3aJaHHOE YUCII0. DTO pealbHasi CUTYaIUs TOTO, YTO MOKET IOyYUThCS B
9KCIEpUMEHTE, KOTIa TeOpHs MPeICKa3bIBAET pacupeaesieHne, IPUBEICHHOE Ha pUCYHKe 1. MeHss KOJIHMYeCTBO H3MEPEHHH,
MIOCMOTPHTE, KaK TUCTOTPaMMa Pe3yIbTaToB OyneT
NpUOIIMKATHCS K TEOPETHUECKOMY PACIIPEIENICHUIO.
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Quantum Grover algorithm
Qubits number in the base: -5
Number of iterations: q=0

Number of experiences: u =16

IBA Igorithm realization
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Puc.1. Peammsanma anroputMma [ poBepa: pacnpeaciIeHHE aMILIHTYX

101

02 4 6 8 10121416 18 2022 24 26 28 30 32
INTERVALS

Puc.2. I'ncTorpamva pesyIpTaToB 3KCIEPHMEHTA

Pabora S. Peasmm3anus KBaHTOBOro ontu4eckoro seHTass CNOT

ens paboTer: M3yueHne npuHIMIOB paboThl M-CXeMbI, pean3yronieii KBaHTOBBIH onTtndeckuii BeHTHIH» CNOT.

OO0BeKT ucclenoBanus: BupryansHas tabopaTopHas padora.

3amaun, pemnraeMele B padboTe:

1. N3yuenne paboTsl M-cxeMsbl, peaan3yromield KBaHTOBbIH ontudecknii BeHTHnbs CNOT.

2. Br16op cBOOOAHBIX TApaMETPOB IS MOIYICHHS TPEOyeMBbIX pe3yIbTaToOB

paboThI CXEMBI.

MNOPAAOK BBITTOJIHEHU A PABOTbI

B npunoxennom ¢aitne CNOT.med cmozenupoBaHa onTHYecKasi cCXema, Ha OCHOBE KOTOPOI MOXHO peann30BaTh ONTHYECKUN
norndeckuii anemeHT CNOT. B pabote npearaercs, MeHsist apaMeTpbl 3TOH CUCTEMBI IOOUTHCS TOTO, YTOOBI OHa
OCYIECTRIISLIA 3TY JIOTHYECKYIO OIepaluio. B BarieM pacnopspKeHHH HMEIOTCS 0THO(OTOHHbBIE OTCTPOMKH U 4acTOThl Padw,
KOTOpBIE MOKHO M3MEHSATH (B (paiiie OHM HOACBEYEHBI 3eJICHBIM 1IBETOM). 3HaYeHHs 01HO(OTOHHBIX OTCTpoeK Bam morpedyercst




W3MEHSTH JUIsl TOTO, YTOOBI IIOJTyYUTh HEJIMHEHHbIe Habern (a3 Kak nokasano B Tabnuie 1. J{ns Toro, 4ToObI cMOAEINPOBATH
CHUTYaIUIO, KOT/Ia O/THO U3 MOJIeH HEe HaXOANTCS B PE30HAHCHOM B3aUMOEHCTBUH C COOTBETCTBYIOIIMM EMY IEPEX0JIOM,
HE0OXO0ANMO YCTaHOBUTD 4acToTy Pabu sToro mosns paBHoi Hymo. Jlpyrue 3HaueHus yactot Pabu (kpome HyIist ¥ TOTO, 4TO
NIPUBEJICHO Ha PUCYHKE) MBI HCIIOJIb30BaTh HE PEKOMEH/IyEeM, TaK KaK JJIsi HACTPOWKU CXEMBI BIIOJIHE JOCTATOYHO
OJHO(OTOHHBIX OTCTPOEK. 3HAYECHUS OCTAJILHBIX IIAPAMETPOB CXEMBI, TAKMX Kak (pa3oBble cOOM Ha Mepexojax v IUPUHBI M10JI0C
CIIOHTaHHOTO paclajia, MeHATh KpaifHe He PEKOMEHIYEeTCsl B CBSI3H C TEM, YTO [UIS HX HACTPOHWKHU TpeOyeTcs IiTyOOKHil aHaIn3
BCEl CXEMBI, YTO BEIXOJIUT 33 PaMKH

JTaHHOI paboTHI.

ITocne Toro, kak Bel ycTaHOBMIM TPOOHBIE 3HaAYEHHS OXHO(MOTOHHBIX OTCTPOCK, 00paTHTE BHUMaHue Ha oneparop ['amMuibToHa
CHCTEMBI, KOTOPBIH 3aIIMICaH B PE30HAHCHOM IPUOIIKEeHIH (00BEKTHI, 32 KOTOPBIMH HEOOXOMMO HAaOI0AaTh B paboTe
OTMEUEHBI CBETIIO0-KENTHIM I[BeToM). Ha uaronanu sToro oneparopa cTosiT MHOrO()OTOHHBIE OTCTPOWKH, 3HAUSHHST KOTOPBIX
BBIYHCIIAIOTCS IO OpMyJiaM, IpUBEeIEHHOM B monpaszeie “Two photon detunings”.

Jlanee crenytoT HECKOJIBKO MOJIPa3/IeoB, KOTOPBIE KACAIOTCs IIPOrpaMMHOI peann3aluy, N3y4YeHne KOTOPBIX BEIBOIUT 33 PaMKH
JaHHOHU paboThl. CreyomKuM 00BEKTOM, TOCTOHHBIM BHUMAaHHS, CITy>)KUT MaTpUlia IUIOTHOCTH aTOMHOU CHCTeMBI. /lnaronans
9TOM MaTpHUIBI IPEJCTABISET COOOI BEPOSITHOCTH HAWTH DIIEKTPOH Ha JTAHHBIX aTOMHBIX YPOBHSIX (HOMEp CTPOKH

WM cTosI01a paBeH HOMEPY aTOMHOTO YPOBHS).

| Two photon detunings
=

Systems dynamic (superoperator representation)

Hamiltonian operator

[ 0 11 0 0 0
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Pnc.3. Oneparop ['aMu1pTOHA aTOMHO-TIONEEOH CHCTEMEL; HA THATOHATH
HAXOJATCA MHOTOMOTOHHEIE OTCTPOHKH, UacTOTel Pa0M HaxonATcd Ha

INCpESCCUCHEH CTPOEH H CTD.'I'L'_-'PI.IB_. HOMEPA KOTOPBIX COBIIATAHDT C
HOMEpPaMH aTOMHBIX }'pDBHEII:I Ha TIIepeXoIax., MCHIY RKOTOPBIMH
BRIHWCHO COOTBETCTEBYVIOIICE TTOJIC

HenmaroHanbHbIE 3JIeMEHTHI MaTPHIIBI IPEICTABIISIIOT COOOH BEIMYNHBI, MPONOPIMOHAIBHBIE JJIEKTPOMArHUTHON
BOCIIPUMMYHMBOCTH, MHIYIITUPOBAHHOHW HAa COOTBETCTBYIOILEM Iepexoie (TIepexo M1y yPOBHIMHU ¢ HOMEpaMu

paBHBIMH HOMEpaM CTPOKH 1 cTonb1a). KoaddummeHnT nponopruoHaasHOCTH BEIOpaH paBHEIM eanHuIie. OcoOblil nHTepec, Kak
HETPY/IHO AOTANAThCs, 3/1€Ch MPEACTABIAIOT 37eMeHTH 21 DM u 45 DM , Tak kak paBHHI (IIpH BEIOPAaHHOM KO3 GHUIHEHTE
MIPOIIOPIMOHATHHOCTH) BOCTIPUUMYHBOCTSM Ha TIEpexX0/1ax, IJie HaC MHTepeCyeT HeMHEHHbIH (a30BbIi Haber Mospru3aun
moysi. B (aiine nmpuBeeHa TONBKO BEECTBEHHAS YaCcTh JIEMEHTOB MaTPHUIIHI INIOTHOCTH, KOTOPast OTBEYAET 3a AUCIIEPCHIO,
TOT/la KaK MHHMasl 4acTh OTBEYAET 3a TIOTIONICHNE Ha JTAaHHOM TIepexone (CM. 3akoH byrepa).

Ha cnenyromem stane npeuiaraercst BBIYUCIUTE CYMMapHBINA HENMMHEWHBIH Ha0er (a3bl KpyroBoi MoJsipu3anuy mojei 1

® 1 4 o (Hymepanums cTpok 1 crononos B MathCad naunnaercs ¢ Hyins). @opmyna Juist €ro BBIYUCICHUS U TIOJTyYHBIIEECs
3HaueHHE (BBIPAXCHHOE B paJaHax) NIPUBEICHBI B CIEIYIOIIEM

HoJpasene.




Nonlinear phase shifts

Electromagnetic susceptibilities and corresponding conditional phase
shifts

=

12 = n.\-{l_u v45 = IT"J!"L-T_;__1

$12:= 6-m-Rely/1 + 412~ 1) $45 := 6-m-Rel{f1 + 4-m-x45 - 1)

12 = g-rad 45 = g-rad

CPS:= 12+ ¢p45 CPS =g-rad

Prc.4. PacueT cyMMapHOTO HeTHHEHHOTO Hadera dhasel

B nocnenHeit gactu paboTHI peyIaraeTesi CpaBHATH PabOTy peaTM30BaHHOTO YCTpOicTBa ¢ Teopuei. s aToro Heo0XoauMo
COCTaBUTH OTIEPATOP MPEOOPa30BaHMs, KOTOPOE BBIIOIHAET CHCTEMA ITPH JaHHOM Habope BBelICHHBIX Bamu napamerpos. OH
naseiBaetcs “yCPS ” (kpatko your CPS) — Harn onepatop KOHTpoJmpyemMoro Haoera ¢assl. @opma 3TOro orneparopa B3sTa
n3 TeopeTuueckoi yactH (Boipaxkenue (5)). i1s ero coctaBieHuss HEOOX0AMMO 3HATh KOMITIOHEHTHI BekTopa “SCPS” (Summary
CPS), koTOpBIe MPEACTABIIAIOT CO00I cyMMapHbIe HEeMUHEHHbIC Ha0erH (a3 KpyroBoil mospuzanuu moyieit 1 o u 4 o mis
YeThIpeXx pa3IM4YHbIX KoMOMHaIMA. Tak nepBasi KOMIIOHEHTa OTBeYaeT HeIMHEHHOMY Habery (a3, Korna oTCyTCTBYeT
PE30HAHCHOE B3aMMOAEHCTBHE ITHUX IOJICH ¢ COOTBETCTBYIOUIMMU IepexoiaMu (YCTaHABIMBAEM COOTBETCTBYIOIINE YaCTOTHI
Pabu B HOB). BTOpas koMmnoHeHTa — pe3ynbTaT Pe30HAHCHOTO B3aMMOAEHCTBUA NOJSI 4 (0 CO «CBOMM» NEPEX0JIOM, KOrja y
nois 1 o Takoe B3aMMoIeHicTBIE OTCYTCTBYET. TpeThsi KOMIIOHEHTA — Pe3yNIbTaT 00paTHOi cuTyanuu. YerBepTas — Koraa
PE30HaHCHOE B3aUMO/ICHCTBHE NMEET MECTO JJIsI 000MX AIIEKTPOMArHUTHBIX ITOJIEH.
Hanee cnenyer HarnaaHoe cpaBHeHUe onepatopoB CPS n yCPS — uneansHblil 1 peanbHbli citydail. Taxoke cpaBHUBAIOTCS
oneparopsl CNOT u yCNOT, xotopsie momydatotcst u3 CPS n yCPS cooTBeTcTBEHHO IpeoOpazoBaHieM, PHBEICHHBIM B
TeopeTndeckoit yactu (Beipaxernue (3)). 3HaueHue Posibility Bo3BpamaeT BEpOsSTHOCTS TOTO, YTO TPH BEIOPaHHBIX Bamu
napameTpax
ycTpoiicTBo cpaboTaer kak CNOT.

Input summary conditional phase shifts into the veclor

-l

SCPSs (000 01 <:x|U |'-|ll

SCPS:=n(s 0 » l)l

. . )
exp{ ~1-SCPS, ) 0 0 0

0 c.\p( -1 SCI»’S1 ’ 0 0

yCPS = :
0 0 r\p( 1 5( P.‘\'_' 0

0 0 0 (-\p‘ |§(‘PS" |

Puc.5. IToctpoenue “Bamero™ onepatopa CPS.

[Tpun BEIOpaHHBIX 3HAYEHUSIX OAHO(OTOHHBIX OTCTPOEK M3YyUUTh BHJ OTepaTopa I'aMHIbTOHA CUCTEMBI U MAaTPUIIBI INIOTHOCTH.
BrraucinTte cyMMapHbIe HelmnHEeiHbIe Haberw (a3 i 9eThIpeX BO3MOXKHBIX KOMOHMHAITHHA KPYTOBBIX IOJISPH3AIAN
3NMEKTPOMArHUTHEIX Tonel 1 ® 1 4  u coctaButs BekTop SCPS Kak onmcano Beie. CpaBHUTH HOTy4HBIIHECS onepaTopsl yCPS
n yCNOT c oneparopamu, TOTyJaIOMIIMHACS U3 TEOPUH. BEUNCINT BEPOATHOCTh KOPPEKTHOTO cpabaTriBaHms Bamero
ycrpoticTBa. [Togbopom

apaMeTpoB JOOHUTHCS TOTO, YTOOBI 3Ta BEPOATHOCTH OblIa He HIKe 90%




Theory Your result

CPS = yCPS = ¢
0 01 O
0 0 0 <]
CNO1 TP(1, Ho) CPS T, Hur) yONOT1 TP, ) yCPS- T Hur )
|
CNOT = ¢ ket

! yONOT «

Cket yONOT ket
Posibility := Chket  ( ket

Posibility = ¢

Puc.6. CpaBreHue pesyabTaTa (cnpasa) ¢ TeopHed (cIesa).

Pa6ora 6

I'eHepanus ceKpeTHOro0 KJIKOYA ¢ NOMOIIbI0 KBAHTOBO- KPUNITOrpaguyeckoi y4eOHo-uccjie0BaTe1bCKOM
YCTAHOBKH HA OCHOBE HeCMMMETPHYHOI'0 BOJIOKOHHO- ONITHYeCKOro nHTepdepomeTpa MaiikejabcoHa
Lens paboTsl: M3yuenne 0oCHOB KBAHTOBOM KpUNTOrpaduu.

Oo0wexT uccnenopanus: Plug&Play ciucrema kBaHTOBOU KpHIrTorpadu,

paboraromias 1o npoTokoiy B92 ¢ ucnonezoBanueM ¢as3pl H3TydeHHS.

3agaun, pemaeMsie B paboTe:

1. I'eHeparyis ¥ pacchUIKa CEKPETHOTO KITH0Ya.

2. KopupoBaHue CeKpEeTHBIM KITFOUOM COOOIICHHUS U Mepeiada COOOIICHHH

JISTUTUMHOMY I10JIb30BaTENIIO.

3. JlekoaupoBaHKE COOOIICHUSI.

PaGora 7

AHaJIN3 IIYMOB KBAHTOBO — KPUNTOrpadguyeckoii yueOHO-UCCIeA0BATEIbCKOM YCTAHOBKM HA OCHOBE HECHMMETPUYHOT0
BOJIOKOHHO-ONITHYECKOro nureppepomerpa MaiikejibcoHa

Llens paboTsl: MccnenoBanue yMoB KBaHTOBO-KPUITOTPahHIECKOH YCTaHOBKH.

Oo0nbexT uccnenopanus: Plug&Play cucrema kBaHTOBOU KpHIrTorpaduu, padoTaromas o IpoTokoiy B92 ¢ ncnonp3oBanueM
(a3bl U3TydeHHUS.

3agaun, pemaeMsle B paboTe:

1. OnpezeneHue MPOIEHTA OMTHOOK B CHIPOM KPHUNTOTPahUIECKOM KITFOUE.

2. AHanmu3 omboK, 00yCIOBICHHBIX TEMHOBBIMH OTCYETAMHU CYETUMKA

¢dhoToHOB

2.3. IlepeyeHb BONPOCOB Al MOATOTOBKH 00y4aKOUIUXCHA K MPOMEKYTOYHOH aTTecTaluu

1. Oneparopst Ilaymu. IIpeobpasoBanune Anamapa, nareppepomerp Maxa-Llanaepa..

. TpeboBanus, nperbsBIsSEMBbIE K KBAHTOBOMY KOMITBIOTEDY.

. ¥Ypasuenue llpenunrepa, Teopust npeicTaBiIeHN.

. UncTele 1 cMemaHHble COCTOSHUS. Brruncnenue cpeiHuX BETHIHH.

. MaTpuna u onepaTop MIOTHOCTH.

. Beruucnenue surponnu ¢on Hefimana u LLleHHOHA 17151 KOHKPETHOTO COCTOSHUS ABYXYPOBHEBOH CHCTEMBI.
. OCHOBHBIE MOJIESTN KBAaHTOBBIX COCTOSIHHN BBICOKOH pazMepHocTH (D>2).

. Uatepdepeniinst oqMHOYHBIX (POTOHOB W MHTEPIIPETAIINN HHTEP(HEPEHIIMOHHBIX KCIIEPUMEHTOB.

. Komnosunmonssie cucremsl. Paznuune Mexy Kiaccuueckoi 1 KBaHTOBOW HH(popManueit. JlocTmxumas
nHpopmarnus. Teopema o 3ampere

KJIOHMPOBAHHSI KBAHTOBBIX COCTOSIHUI. Ee CBsI3b ¢ TOCTHKUMON HH(pOPMAIIHEH.

10. Teopema b.11lymaxepa 0 KoAMPOBaHNHU NPU OTCYTCTBUU IIyMa.

11. Kpunrronorust, kpuntorpadust u kpunroananus. OcHOBHbIE 3a1aun kpuntorpaduu. [IoHATHSI OTKPBITOro TEKCTA,
KPUIITOTPaMMBI, KIII04a U

O 0 3O L B~ Wi



kpuntocuctemsl. [Ipunimn Kepkxrodda. [Ipunoxenus: kpunrorpadum.

12. Kpunroananus 1 OCHOBHBIC BHIIBI aTak. [loacmymmBaTenu (HapyuuTenn). AKTUBHBIN U TTACCUBHBIN, BHYTPCHHHIH U
BHCILHUN

MO/ICTYIIIMBATEIIH.

13. Kpurrronorusi, kpunrorpadust n kpunroananus. OCHOBHBIE 3a1aun KpunTorpadun. [IoHITHS OTKPHITOTO TEKCTA,
KPUITOTPaMMBI, KITFOYa U

kpunrocuctemsl. [Ipunnun Kepkxrodda. [Ipunoxenus: kpunrorpaduu.

14. CummeTpudHbIe KpunTorpadudeckre cucTeMbl. Kpunrocrucrema ¢ OTKPBITBIM KITFOUOM - aCHMMETPHS II(PPOBKU U
nermudpoBku. [IpoTokomn

RSA.

15. Tumsr cexpetrocTH coodmenuii (o Lllennony). besycinoBHO n ycnoBHO cToiikue mupsl. Pactipenenenne KiIrovei.
I'enepanust kitoueit, ux

XpaHEHUE U YHUUTOXKECHHE.

16. OgHOKMIOYEBBIE (CUMMETPUYHBIC) METObI IU(poBanus. PaccenBanue n nepememnBanue. [lonstue o
kpuntocuctemax DES u 'OCT 28147-89,

WX JOCTOMHCTBA U HeocTaTki. OCHOBHBIE MPOOIEMbl CAMMETPUYHBIX MMPOTOKOJIOB. AYTEHTU(HUKAIHMS CEKPETHOTO
Kmoua. J[ByxKimoueBbie

(acmMmMeTpuyHBIE) METOIBI MM poBaHI. MeXaHNU3M pacIpeeleHns KIdei Mo OTKpeIToMy KaHainy no Y. Juddu u
M.Xemnmany. [Tonsitue o

kpunrtocuctemMax RSA u Onp-I'amans. SnexTponnas noanuch. OOImIas cxeMa MpoToKoIa KBAHTOBOTO paCIpeieTICHuUs
KIJIFOUEH.

17. Bexrop JlxoHca. [lonspuzamonssie mpeodpazoBanms. Pa3oBble TNIACTHHKH. HEKOTOpBIE CBEIEHUS U3 TEOpUN
KBaHTOBBIX U3MEPEHUM.

ConpsikeHHbIE 0a3HCHI.

18. Onpenencuue (I) HEKITACCHYECKOT0 CBETAa M €r0 HEJOCTATKH.

19. Cocrosinust benna, kak yacTHbI cirydait nepenytannsix coctostauii (I1C). [TpeodpazoBanus coctosiHuii benna npu
cMmeHe Oa3uca.

20. IlepenyThiBaHme IO BPEMEHH, BPEMEHHAs TIOCT-ceNeKIus. [[pocTpaHCTBEHHO-9aCTOTHEIE, OIS PU3AIIMOHHO-
Y4acTOTHBIE, MosIpu3aonHoyTaIoBbie [IC. AMIIIHTYTHAS TTOCT-CEeNEeKITHSI.

UYucrtele nepenyTaHHble cocTossHus. Paznoxxenue LlMunra IByXKOMIIOHEHTHOW CUCTEMBI. DHTPOIHS NPTy THIBAHHS.
CreneHb mepemnyThIBaHuUs.

JlokanbHeIe omepanyu 1 Kiaccudeckue coodmenus. [lapamerp demoposa.

21. ITapagoke OIIP B BapuanTe boma.

22. HepasenctBa bemna. Kinaccuueckast Mojiens ¢ 1ByMs TMXOTOMHBIMH ItepeMeHHbIMU. M3mepsaemas benna. Monens
CKPBITBIX TTAPAMETPOB.

KBanTtoBas Mmozens.

23. IMapanokce bema s Tpex Hadmoaembix. Coctosinus ['punOepra - XopHa - Laitmuarepa.

24. [IpoTOKOJI KBaHTOBOH TeJIenopTaluu.

25. IIpoToKOI CBEPXILIOTHOM KOMMPOBKH KyOuToB (dense coding).

26. [IpoTokos oOMeHa repenyThiBaHueM (swapping).

27. UsmepurenbHblii (bopHa) M mpoeKMOHHEIH mocTynatel (poH Helimana).

28. IlonsTue o kBaHTOBOH TOMOrpadun. GUKCUPOBAHHBIE U aalITUBHBIC TPOTOKOJIHI.

29. O0umre TpedoBaHMsI, HEOOXOAMMBIC JUIsl pealIM3allii MTOJTHOMACIITAOHBIX KBAHTOBBIX KOMITBIOTEPOB. Y ciioBus [lu
Bunuenrro.

30. OcHOBHBIE (PU3NIECKHE MOJICIH JUIS PeaTU3aI[ii KBAHTOBBIX BHIYUCICHUH

3. MeToauyeckne MaTepuasbl, onpeaesionue Npoueaypy U KpuTepu oueHUBaAHUSA
c(popMHPOBAHHOCTH KOMIIETCHLMI NIPU NIPOBEACHUHU NMPOMEKYTOYHOM aTTeCTALUH

Kpurtepun ¢popMupoBaHusi O1IeHOK 110 0TBETAM HA BONPOCHI, BBINIOJHEHHIO TECTOBbIX 3a/1aHUH

- OILICHKa «OTJHYHO» BBICTABIISICTCS OOYYAIOLIEMYCs, €CIIH KOJMYECTBO MPABWIBHBIX OTBETOB Ha
Bonpockl coctapisieT 100 — 90% ot ob1iero 00béMa 3aJaHHBIX BOIIPOCOB;

- OIICHKA «XOPOII0» BBICTABISCTCS OOYYaIOIIEeMyCsl, €CJIM KOJIMYECTBO IMPABWIBHBIX OTBETOB Ha
Bonpockl — 89 — 76% ot 00miero 00bEMa 3aJIaHHBIX BOTIPOCOB;

- OIICHKA «YyJIOBJIETBOPHTEJIbHO» BBICTABIISICTCS OOYYarOIIEMYCsl, €CJIM KOJIMYECTBO MPAaBUIIBHBIX
OTBETOB Ha TeCTOBbIE BONPOCHI —/5—60 % 0T 061iero o0bEMa 3aJaHHBIX BOIIPOCOB,;

- OLICHKa «HEYI0BJIETBOPHUTEIbHO» BBICTABISCTCS OOYYAKOIIEMYCs, €CIIH KOJUYECTBO TPaBUIIBHBIX
oTBeTOB — MeHee 60% oT 001Iero 00BEMa 3aJaHHBIX BOIPOCOB.



Kpurepun ¢popmMupoBanusi OneHOK MO pe3yJbTaTaM BbINOJHEHUS 3aIaHUM

«OTJIMYHO/32a4TEH0» — CTABHUTCS 32 pabOTY, BHIIOJHEHHYIO IMOJIHOCTHIO 0€3 OIMOOK U HEJJOYECTOB.

«XO0po110/3a4TeH0» — CTABUTCA 32 padOTYy, BHIOJIHEHHYIO MOJHOCTHIO, HO TIPH HATUYUH B HEW HE Ooliee
OJTHOW Herpy0oii OIMOKHM U OJTHOTO HeloueTa, He 0oJiee TPEeX HEI0YETOB.

«Y10BJIETBOPUTEIBLHO/3aUTEHO» — CTABUTCA 32 pabOTy, eciau 00ydYalONIMiiCs MPaBUIBHO BBITOJIHUI HE
MeHee 2/3 Bcell paboThl WM JTONMYCTHII HE Oojiee OHOM TpyOoi omMOKH U JBYX HEOYETOB, HE Oojiee OHOM
rpy0oii u omHO# HerpyOoii ommbOku, He Oojee Tpex HerpyObIX OIMOOK, OJHON HErpyOoil OMMOKH W JABYX
HEJ/IOYETOB.

«HeynoBjieTBOpUTEJbLHO/HE 3a4YTEHO» — CTAaBUTCA 3a PabOTy, €CIM YHUCIO OMMOOK W HEI0YETOB
MPEBBICHIIO HOPMY JIJISl OLICHKH «YyIOBJICTBOPUTEIBHOY WA IPABUIIBHO BBITIOJHEHO MeHee 2/3 Bcel paboThI.

Buowl owubox:

- 2pybOble OwuUOKU: He3HaAHUe OCHOBHLIX NOHAMUU, NPABUL, HOPM, HE3HAHUE NPUEMO8 PeuleHUs 3a0ad;
OWUOKU, NOKA3bIBAIOWUE HENPABUILHOE NOHUMAHUE YCI08UsL NPEOTIOHCEHHO20 3A0AHUS.

- HeepyOvle OWUOKU: HEMOYHOCMU GOPMYIUPOBOK, ONpedeleHUll, HePpayUuoOHAlbHbIU 6blOOP X00d
peueHus.

- Heoouyemvl. HEPAYUOHATbHbIE NpUEMbl BbINOJHEHUS 3A0aHUs;, OmoelbHble NOSPeUHOCU 8
Gopmynuposke 6v160008, HEOPEHCHOE BLINOIHEHUE 3A0AHUS.

Kpurtepun popmupoBaHusi OLEHOK 110 324€Ty

«3auTteHo» - 0OydaroIIMHCS JIEMOHCTPUPYET 3HAHHWE OCHOBHBIX Ppa3/ielOB IPOrpPaMMbl H3y4aeMoro
Kypca: ero 0a30BbIX MOHATUI M (yHIAMEHTAIbHBIX MpoOieM; Npuoldpen HeoOXOAMMbIE YMEHUS U HaBBIKH,
OCBOWJI BOIIPOCHI IPAKTHUUECKOTO MPUMEHEHUS MOITYYEHHbIX 3HAHUMN, HE JOIMYCTUI (PaKTUUYECKUX OLIMOOK Ipu
OTBETE, JOCTATOYHO IIOCIECAOBATEIBHO U JIOTMYHO U3JIaraéT TEOPETUYECKUM MaTepuall, JOIyCKas JUlIb
HE3HA4YMUTEJIbHBIC HAPYLIEHUS [TOCJIEI0BATEIbHOCTH U3JI0KEHNS U HEKOTOPBhIE HETOYHOCTH.

«He 3a4TeHO0» - BBICTABIAETCS B TOM Cllydae, Korja oOyd4aroIuiCs ITE€MOHCTpUpPYeT (hparMeHTapHbIe
3HAaHUS OCHOBHBIX DPAa3JIeNIOB MPOrPaMMBbl M3Y4aeMOro Kypca: ero 0a30BBIX MOHATHH W (QyHIAaMEHTAJIbHBIX
npobieM. Y 53K3aMEHyeMoro ciiabo BbIpaKEHa CIOCOOHOCTh K CaMOCTOSITEIbHOMY aHAJTUTHYECKOMY
MBIIIJIEHUIO, UMEIOTCS 3aTPYIHEHUS B M3JI0KEHUH MaTepHalla, OTCYTCTBYIOT HEOOXOAUMbIE YMEHUS U HaBBIKH,
JONYILIEHbl TpyOble OMMOKM M HE3HaHWE TEPMHUHOJIOIMH, OTKa3 OTBEYaTh Ha JONOJIHMUTENbHBIE BOMPOCHI,
3HAaHHE KOTOPBIX HEOOXOAUMO /JIsl IOJTYyUEHUS TOJI0KUTEIBHON OLEHKH.






