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MO JUCLHUIIJIMHE (MOJYJIIO)

KBaHTOBbBIE TEXHOJIOTHH

(HaumeHosanUe OUCYUNTUHBL(MOOYIS)

09.04.02 NadopMaIiioHHbIE CUCTEMBI TEXHOJIOTHH

(K00 u HaumeHo8aHue)

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

(HaumeHosamue)



Conepxanue

IlosicHuTenpHas 3amucka.

TunoBsle KOHTPOJIBHBIE 33JaHUS WK WHBIE MaTepHalIbl Ul OLIEHKHM 3HAHWUN, YMEHH, HaBBIKOB U (MJIN)
OIIBITA AEATEJILHOCTH, XapaKTEPU3YIOIIHUX YPOBEHb C(HOPMUPOBAHHOCTH KOMIIETEHIIUH.

Metoanyeckre MaTepHaibl, ONPEACSIONNe TPOLUEAYPY U KPUTEPHH OLIEHUBAHUSA CYOPMHUPOBAHHOCTH
KOMIIETEHIIUH NPH NIPOBEACHUH IIPOMEKYTOYHOM aTTECTALMH.



1. HosicHuTEALHAA 3AMHCKA

Heﬂb HpOMe)I(YTOqHOﬁ aTTeCTAllU — OLCHUBAHUC MNPOMCIKYTOUYHBIX WM OKOHYATCIILHBIX PE3YJILTATOB
oOydeHHs] 10 IUCHUIUIMHE, OOECIICYMBAIONIMX JOCTHIKEHHE IUIAHHUPYEMBIX pE3YJIbTaTOB  OCBOCHHUS
00pa3zoBaTeNbHON MPOTPAMMBI.

@DopMbI TPOMEKYTOUHOM aTTECTALUU: 3auem, cemecmp 2.

[lepeuens komneTeH1M, GOPMUPYEMBIX B IPOLECCE OCBOCHUS AUCLUTLINHBI

Kon n HanmeHnoBanue KOMIICTCHIIUH KOI[ HHAWKATOpa JOCTUKCHUA
KOMIICTCHIIH

[TK-3: Cnocoben npoBoauTh paboTH IO 00pabOTKE U aHAIN3Y HAYIHO- IK-3.1
TEXHUICCKON HHPOPMAIINN U Pe3yTbTATOB HCCIICTOBAHMI

Pe?;y.]II)TaTI)I O6y‘IeHI/I$[ 10 JUCHUIIIIMHE, COOTHCCCHHBIC C INIAHUPYCMbBIMUA
pe3yjibTaTaMu OCBOCHUA O6p8.30B21TCJ'IBHOI>i IIporpaMmbl

Kon u HaumeHOBaHME HHANKATOPa PesynbraTbl 00y4eHUs 10 AMCIMIUINHE O11eHOYHbIE
JOCTHXKCHUS KOMIICTCHIINN MaTepuralibl
(cemectp 4)
[1K-3.1: IIpoBoauT aHAIN3 HAYYHBIX OGyuaromuiicss  3HaeT:  ocoOenHocTH  mpoBeneHus | Bompockt (Nel - Ne5)
JIAHHBIX, Pe3y/IbTATOB SKCIICPUMEHTOB | AHAIH33 HAYYHBIX IaHHBIX, PE3YIBTATOB SKCIIEPHMEHTOB
¥ HaGTEOICHHIH 1 HAOJIFOICHHUH B 00JaCTH KBAHTOBBIX TEXHOJIOTHI

OOyuaronuiics yMeer: MPOBOAWTh aHanu3 Hay4yHeix | Pagora (Nel - Ne7)
JaHHBIX, PE3YJIbTATOB SKCIICPUMEHTOB M HAOIIONCHUH B
00JIaCTH KBAHTOBBIX TEXHOJIOT Uil
OOy4aromuiics BiiajieeT: MPOBEACHHS aHAJIHN3a HayYHBIX
JAaHHBIX, PE3YJIbTATOB SKCIICPUMEHTOB M HAOIIONCHUH B
00JIaCTH KBAHTOBBIX TEXHOJIOT Uil

[IpomexyTouHast arTecTarus (3a4eT) MPOBOJAUTCS B OJTHON U3 CIEAYIOMUX (HOPM:
1) cobecenoBanue;
2) BeimonHenue 3ananuii B OMOC YHuepcurera.

2. Tunosbie! KOHTPOJILHBIE 32IAHUS WM HHbIE MATEPUAJIBI Ui OUEHKH 3HAHMI, YMEHMId,
HABBIKOB M (MJIM) ONBITA AEATEIbHOCTH, XAPAKTEPHU3YIOIIHMX YPOBEHb C(POPMHPOBAHHOCTH KOMIICTCHIM I

2.1 TunoBblie BoNpockl (TeCTOBbIE 3aJaHUs1) IJIA OLIEHKH 3HAHHEBOI0 00Pa30BaTEILHOI0

pe3yjabTara
[TpoBepsiembIii 00pa3zoBaTEIbHBIN PE3yIbTAT:
KO,H 1 HAUMCHOBAaHUC UHIUKATOpa O6pa3OBaTGHLHI)II71 pe3yabTaTt
JOCTHKCHUS KOMIICTCHIIMN
[1K-3.1: IIpoBoauT aHamn3 OOyuaronuiicst 3HaeT: 0COOCHHOCTH NMPOBEACHUS aHAJIN3a HayYHbIX JaHHBIX, PE3YyJIbTaTOB

Hay4HBIX JaHHBIX, P€3yJIbTaTOB OKCIICPUMECHTOB U Ha6J‘HOILeHI/II71 B 00JIaCTH KBAHTOBBIX TEXHOJIOTHI
OKCIICPUMEHTOB 1 Ha6.]'IIOZ[eHI/II\/'I

! TlpuBoasTcs TUMOBBIE BONPOCH W 3ananus. OUEHOUYHBIE CPEACTBA, INPEAHA3HAYEHHBIE I IPOBEAEHUS ATTECTALMOHHOTO
MEpPOIPUATHS, XPAaHIATCA HA Kadeape B JOCTATOYHOM JUIA MPOBEACHUS OLEHOYHBIX IPOUEAYpP KOJHMYECTBE BapHaHTOB. OLIEHOYHEIE
CpEICTBa MOJUIEKAT aKTyalM3alldd C YY4eTOM pa3BHTHS HAayKH, 0Opa30BaHUS, KYyJIbTYpPbI, SKOHOMHKH, TEXHHKH, TEXHOJOTHH WU
conuanbHON ceprl. OTBETCTBEHHOCTH 32 HEPACTIPOCTPAHEHHE COJCPKAHNS OLIEHOYHBIX CPEACTB Cpear 00yJaromuxcs yHUBEpCUTETa
HECYT 3aBenyromuii kKapeapoil n mpenoaaBaTenb — pa3padOTIUK OIIEHOYHBIX CPEJICTB.



Ilpumepwl 6onpocos

1.ITocpencTBom vero ynaercsi 00eCeUnTh JOCTOBEPHBIN PE3yNIbTAT KBAHTOBBIX BHIYMCICHHN?

-TToBTOpEHHMST KBAHTOBBIX BBIYHUCIICHUI HECKOJIBKO pa3 (+)

-ITocTenenHoro YBEINYCHUS TOYHOCTU U3MEPECHUA PE3YJIbTaTa U OLICHKH BO3SHUKAIOIINX -OLLII/I6OK.
-AnmnpokcuManuu MeToZ0M HauMeHbIIuX kBajapatos (MHK)

-JlonoIHUTENBHOM 00pabOTKH MOIYYEHHOTO Pe3yIbTaTa JyOJUPYIONICH CUCTEMON KBAHTOBBIX BBIYMCICHHIM.

2.KakuM 06pazoM onpeessioT MpocIylInBaHne KaHaja CBs3U B IpoTokoie BB84?
-ITo oTcyTcTBHIO CUrHAIA

-I1o moBBIIIEHHOMY KOJIMYECTBY ONIMOOK IpoToKoa (+)

-ITo HanuuuIO Mapa3uTHOrO CUrHANA

-Ilo cHMKEHUIO CKOPOCTH Mepeaaun JaHHBIX

3.K kaxomy Ttumny kpunrorpaduu oTHoCcUTCs anroputm AES?
-Kpunrorpagus ¢ 3akpbITeIM KI1104OM (+)

-Kpumrorpadust ¢ OTKpBITEIM KITIOYOM

-[ToctkBaHTOBAs KpUNITOTrpad st

-KBanToBas kpunrorpadus

4.TIpuHIMI CYNEPIO3UIUH, TPUBOIUT K:
-JleTepMUHUPOBAHHOMY XapakTepy KBAaHTOBBIX BBIYHCICHHUN
-BeposATHOCTHOMY XapakTepy KBAaHTOBBIX BBIUHCICHHI (+)
-CHIKCHUIO TOYHOCTH KBAaHTOBBIX BBIYHCIICHHI
-OrpannyeHuio chep MpUMEHEHHS KBAHTOBBIX TEXHOJIOTHI

5.CKOJIBKO, COTJIACHO TEKCTY, MOXKHO BBIJIEJIUTH 11AroB B IpoTokone BB84?
3 (+)

2.2 TunoBble 3aJaHNS IS OLIEHKH HABBIKOBOI0 00pa30BaTe/ILHOI0 pe3yJibTaTa

IIpoBepsieMbIi 06D2130B8.T6J'II>HBII71 PE3VIILTAT.

Kox n HanmeHoBaHMe O0pazoBaTesbHbIA Pe3yIbTaT
MHJIMKATOpa JJOCTHKEHUS
KOMIICTCHIINU
[IK-3.1: IIpoBoauT aHamu3 Oo6yuaronmiics ymeet:  [IpoBOIUTH aHATN3 HAYYHBIX TAHHBIX, PE3YJIETATOB KCIIEPUMEHTOB
HAYYHBIX JJaHHBIX, 1 HaOJIOICHNH B 00JIACTH KBAHTOBBIX TEXHOJIOTHH

PE3yJIbTaTOB SKCIIEPUMEHTOB
¥ HaOJIIOIeHUH

OO0yyJaroInumiics BIaJeeT: nposeaeHnA aHa/iM3a HAYYHbIX AdHHbIX, Pe3y/1bTaToB

3KCNEepUMEeHTOB U HabaaeHU B 06/1aCTU KBaHTOBbIX TEXHOIOMMUIN

Ipumepol 3adanuti

Padora 1. DiileMeHTapHble KBAHTOBBIE AJITOPUTMbI
Lenpb pabotsr: M3yueHre 0CHOBHBIX OJJHOKYOUTOBBIX KBAHTOBBIX JIOTHUECKUX
aJTOPUTMOB.
OO0OBeKT uccaenoBanus: BupryanpHas taboparopHas padora.
3agaun, pemaeMsie B paboTe:
1. N3ydyenue paboThl KBAHTOBBIX JOTHYECKHUX aTOpuTMOB X, Z 1 H.
2. I[Iporuo3upoBaHne pe3yabTaToOB BUPTYAIBHOTO SKCIIEPUMEHTA U CPAaBHEHHE
pe3yIBTATOB TEOPETUIECKUX M IKCIIEPUMEHTAIBHBIX PAacUeTOB.
MMOPAIOK BBITIOJIHEHHW S PABOThI
1. CrynenT nogaet KyOUT Ha BXOJ M3BECTHOTO JIOTHYECKOTO AJIEMEHTA U
MOJTy4aeT BBIXOJIHOHN KyOUT. Pe3ynbpTaTsl pabOThI CXEMBI CPAaBHUBAIOTCS CO
CBOMCTBaMH allrOPUTMA, U3BECTHBIMU U3 TEOPHUHU.
2. Ucnonb3ys MaTpu4yHOE NPEACTABICHUE MIEMEHTA, CTYIE€HT IPOTHO3UPYET
Pe3yNbTaThl BUPTYAJILHOTO SKCIIEPUMEHTA U CPABHUBAET PE3YJILTATHI
TEOPETHUYECKHUX U IKCIEPUMEHTANIBHBIX PACUETOB.
3. CTyIeHT pacrio3HaeT HEU3BECTHBII OJTHOKYOUTOBBIN KBAHTOBBIN
norudeckuit snement X, Z unu H cMm. puc.3.
4. Pacnio3HaBanue HEM3BECTHOTO OAHOKYOHTOBOIO KBAHTOBOTO JIOTHUECKOTO AJITOPUTMA.
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Puc.3. HccaegoraEHe HEH3BECTHOTO KBAHTOBOIO 37I€MEHTa

Padora 2. OnHOKYOHTOBbIEe KBAHTOBBIE CXeMbI

Hemnb paboTsr: M3yueHne npocTeHImnX 0THOKYOUTOBBIX KBAHTOBBIX
JIOTHYIECKUX CXEM.

OO0nbekT uccnenoBanus: BupryanpHas naboparopHas pabora.

3ajaun, permaeMbie B paboTe:

1. N3yueHue paboThl KBAHTOBBIX JIOTHYECKUX CXEM, COCTABIICHHBIX U3
3JIEMEHTOB aJIropuT™MoB X, Z u H.

2. [Iporuo3upoBaHue pe3yJibTaTOB BUPTYAILHOTO SKCIIEPUMEHTA U CPABHEHUE
PE3yIBTATOB TEOPETUYECKUX U IKCIIEPUMEHTAIBHBIX PacyeTOB.

IMMOPAJOK BBITIOJIHEHU I PABOTBI

CryneHT BEIOMpaeT HECKOJIBKO KBAaHTOBBIX JIEMEHTOB, ITOJAET HA BXOJ]
LETIOYKH JIEMEHTOB KYOHT, ITOJIy4aeT BBIXOAHOW KyOHT H, MCIOIb3Ys
MaTpPUYHOE IPEICTABICHUE CXEMBbI, CPAaBHUBAET PE3yIbTaThl TCOPETHIECKUX
pacUeTOB C MONTYyYEHHBIMH YKCIEPUMEHTAIBHBIMU JAHHBIMU — CM. PUC.5.

e e B e T s
s e . Budminciace: b o
wpfa bela 1 dahs  beta
TE TR i
[307 Mg a2 -Jﬁﬂrl".-.ul -_ll-l-'.q.:vm -_I

Purc.5. Hecnegopanne nenousky 0JHOKYOHTOBBIX 3I€MEHTOB

Pabora 3. /IByXxKyOHUTOBBIC KBAHTOBbIC CXEMBI

Lenpb pabotsr: M3yueHne mpocTeHINX TBYXKYOUTOBBIX KBAHTOBBIX JIOTHUECKUX CXEM.

OO0BeKT uccaenoBanus: BupryanpHas taboparopHas padora.

3amaun, pemaembie B padore:

1. Nzydyenne paboThl KBAHTOBBIX JIOTHUECKHUX CXEM, COCTaBJICHHBIX U3 aeMeHToB anroputMoB CNOT, X, Z u H.

2. [TporHo3upoBaHue pe3yinbTaTOB BUPTYATBHOTO IKCIIEPUMEHTA 1 CPAaBHEHUE PE3YJIbTATOB TEOPETHUECKHUX U
OKCIICPUMEHTAJIBHBIX PACUCTOB.

ITOPSJ1OK BBITIOJTHEHV S1 PABOTHI

CryneHT coOupaeT KBaHTOBYIO CXEMY MCIONB3Ys KBaHTOBEIE torndeckue snemMenTsl CNOT, X, H u Z, momaeT Ha BXOJ IEMOYKH
JJIEMEHTOB JIBYXKYOUTOBOE COCTOSTHHE KyOUT, IOTYYaeT BBIXOAHOE TBYXKYOUTOBOE COCTOSIHUUE W, HCIIOB3YsI MATPUIHOE
MIpeCTaBICHUE CXEMbl, CPAaBHUBAET PE3YJIbTaThl TEOPETUUECKUX PACUETOB C MOJTYYEHHBIMU IKCIEPUMEHTAIbHBIMU JAHHBIMU —
cM. puc. 1.
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Puc.l. Hccnegoranne EVXKYOHTOEOH KEAHTOEOH CXEMEI
Pa6ora 4. KBanroBslii aaroputrm I'poepa
Lenb pabotsl: M3yueHne npuHIMIIOB paboThl anropur™a ['posepa.
OO0BeKT uccaenoBanus: BupryanbHas taboparopHas padora.
3amauu, pemaeMbie B padboTe:
1. N3ydyenue paboThl KBAHTOBOM JIOTHYECKOM CXEMBI, pealn3yolnel anroputM ['posepa.
2. Be160p cBOOOIHBIX TAPaMETPOB AJITOPUTMA AJISI OTYdeHHS TPeOyeMbIX
PE3YIBTaTOB PAOOTHI CXEMBI.
IMMOPAJOK BBITIOJIHEHU I PABOTBI
B mpurnoxerrnoM ¢aitne QGA.cmd cMmonenipoBaH KBaHTOBBIH anroputM ['poBepa. 3agady MOKHO OMUCATH CIEAYIOMINM
oOpazoM: nMeeTtcst 0a3a JaHHBIX, COCTOAIIAS U3 TPUALIATH JIBYX JIEMEHTOB (KOTOpPBIE KOAUPYIOTCS MATHIO KyOUTaMu), OANH U3
KOTOpBIX IOMeueH. Baiuell 3ajaueii SIBIsETCS ONpeAeIuTh HOMEP IOMEUEHHOT0 3JIEMEHTA. B BallleM pacnopsskeHUU UMeeTCs
BO3MOXKHOCTb yKa3aTh CKOJIbKO pa3 He0OXOJMMO NPUMEHUTD OIlepaTopbl KOHTpOIUpyeMoi ¢a3bl u nuddy3un (BTopoi mar
anroputMa I'poBepa), a Takke YBUAETh TEOPETHUECKUE Pe3yIbTaThl U3MEPEHHH (pacipeieseHne aMIUTUTYA BEpOsSTHOCTEH 1o
9JIEMEHTaM) U Pe3yJIbTaThl TOr0, YTO MOXKET MOJIYYUTHCS Ha IPaKTHKe (TMCTOrpaMMa pe3yibTaTOB M3MEpEeHHid ancamOis
OJIMHAKOBBIX COCTOSIHUM 0a3bl). Uncio KyOuToB cucteMsl (pazmep 6a3bl) MEHSATh HE PEKOMEH/IYeTCsl — IIPH OOJIbILIEM YHCIIE
9JIEMEHTOB (2 YHMCJIO MX PACTET Kak 2 N ) HarJIIJHOCTh CXeMBbI CHIIbHO yxXyAmutcs. B noapasznene “Algorithm realization”
OTIMCHIBAIOTCSI OCHOBHBIE OTIEPATOPHI, UCTIOIb3yEMbIE B TIporpaMMe. MeHsIsl YMCII0 NTepalyii BTOPOro Iiara ajaropurMma, u3yqnTe,
Kak
MEHSIETCS pacrpe/ielicHue aMIIUTY] BEPOSITHOCTEN TOJIyYUTh B PE3YJIbTATE MOUCKA TOT MIIM MHOM 3JIeMEHT 0a3bl JaHHBIX (B
HallleM ciryqae yucen). Taxke onpenenuTe KOIN4eCTBO MOBTOPEHNUI, TIPH KOTOPOM OJIMH M3 3JIEMEHTOB 0a3bl
MOSIBUTHCS C BEPOSTHOCTHIO Oombineit 95%. Kak 3aBUCHT 3TO YUCIIO OT KOJIMIECTBA AIEMEHTOB B 0a3ze? YOeaurecs, 4To mpu
JlanbHEHIIeM yBEIMIEHUH YNClla HTepanuii 3Ta aMIUINTY/1a BEPOSTHOCTH HauHET yMeHbIIaThes. Ha rucrorpamme (puc.2)
MIPUBOIMTCS PE3YNIBTAT 16-TH OJJMHAKOBBIX U3MEPEHNH COCTOSIHUS 0a3bl. BricoTa cTOJIONKA TOKAa3bIBAET, CKOJILKO pa3 B
pe3yabpTaTe JaHHOTO YKCIa H3MEPEHHH MOTYYHIIH 3aJaHHOE YHCII0. DTO peaibHasi CUTYaIis TOTO, 9YTO MOKET MOJyYHThCS B
9KCIEpUMEHTE, KOTIa TeOpHs MPeICKa3bIBAET pacupeaeieHNne, IPUBEICHHOE Ha pUCyHKe 1. MeHss KOJTHMIeCTBO H3MEPEHUH,
IIOCMOTPHTE, KaK TUCTOTPaMMa Pe3yJIbTaToB OyneT
NPUOIMKATHCS K TEOPETUUECKOMY PaclpeIelIeHHUIO.
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Quantum Grover algorithm
Qubits number in the base: -5
Number of iterations: q:=0

Number of experiences: gy =16

E]A Igorithm realization
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Puc.1. Peammsanma anroputMma [ poBepa: pacnpeaciIeHHE aMILIHTYZ
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Puc.2. I'ncTorpamva pesyIpTaToB 3KCIEPHMEHTA

Pabora S. Peasmm3anus KkBaHTOBOro onru4eckoro seHTiass CNOT

ens paboTer: M3ydeHue npuHIMIOB paboThl M-CXeMbI, pean3yronieii KBaHTOBbIN onTtndeckuii BeHTHIH» CNOT.

OOBeKT uccnenoBanus: BupryansHas nabopatopHas pabora.

3amaun, pemnraeMele B padboTe:

1. U3yuenne paboTsl M-cXeMbl, peaan3yromield KBaHTOBbIH ontudecknii BeHTHinbs CNOT.

2. Bri6op cBOOOAHBIX TAPaMETPOB IS MOTYICHHS TPEOYyEeMBIX PE3yIbTaTOB

paboThI CXEMBI.

MOPAAOK BBITTOJIHEHU A PABOTBI

B npunoxennom ¢aitne CNOT.mecd cMozenupoBaHa onTHYecKasi CXeMa, Ha OCHOBE KOTOPOI MOXHO peann30BaTh ONTHUYECKUN
norndeckuii anemeHT CNOT. B paboTe npemnaraercs, MeHsist apaMeTphl 3TOH CUCTEMBI IOOUTHCS TOTO, YTOOBI OHa
OCYIIECTBIISLIA 3TY JIOTHYECKYIO OIepaluio. B BamieM pacropspkeHHH UMEIOTCS! OTHO(OTOHHBIE OTCTPOWKH U 4acToThl Pabw,
KOTOpBIE MOKHO M3MEHSATH (B (paiie OHM HOACBEYEHBI 3eJICHBIM 1IBETOM). 3HaYeHHs 01HO(OTOHHBIX OTCTpoeK Bam morpedyercst




W3MEHSTD JUIsl TOTO, YTOOBI IOIYYUTh HEMHEHHbIE Ha0ern (a3 Kak nokasaHo B Tadumue 1. st Toro, 4ro0b cMOJETHMPOBATh
CHUTYaIIO, KOT/Ia O/THO U3 MOJIeH HEe HaXOANTCS B PE30HAHCHOM B3aUMOAEHCTBUH C COOTBETCTBYIOLIMM EMY IIEPEX0/I0M,
HE0OX0MMO YCTaHOBUTD 4acToTy Pabu sToro moss paBHoi Hymo. [lpyrue 3HaueHust 4actot Pabu (kpome HyIst ¥ TOTO, 4TO
NIPUBEJICHO Ha PHCYHKE) MBI HCIIOJIb30BaTh HE PEKOMEH]IyeM, TaK KaK JJIsl HACTPOMKH CXEMBbI BIIOJIHE JIOCTATOYHO
0JHO(OTOHHBIX OTCTPOEK. 3HAYECHUS OCTAJILHBIX ITAPAMETPOB CXEMBI, TAKUX Kak (pa3oBble cOOM Ha IIEpexoaax U HIMPHHBI TI0JIOC
CIIOHTaHHOTO paclajia, MeHATh KpaifHe He PEeKOMEHIYETCsl B CBSI3H C TEM, UTO JUIS HX HACTPOMKH TpeOyeTcs TiTyOOKHid aHaIHn3
BCEl CXEMBI, YTO BBIXOIUT 33 PaMKH

JTaHHOI paboTHI.

ITocne Toro, kak Bel ycTaHOBMIM IPOOHBIE 3HaAYEHHS OXHO(MOTOHHBIX OTCTPOCK, 00paTHTe BHUMaHue Ha oneparop ['amMmibToHa
CHCTEMBI, KOTOPBII 3aIIMCaH B PE30HAHCHOM IPUOIIKEHUH (00BEKTHI, 32 KOTOPBIMH HEOOXOIMMO HaOMOIaTh B paboTe
OTMEUEHBI CBETIIO-KENTHIM I[BeTOM). Ha aronany sToro oneparopa cTosiT MHOrO()OTOHHBIE OTCTPOWKH, 3HAUSHHST KOTOPBIX
BBIYHCIIAIOTCS 1O (hOpMyJiaM, MPUBEAEHHOM B Tozpasaeine “Two photon detunings”.

Jlanee crenytoT HECKOJIBKO MOJIPa3/IeoB, KOTOPBIE KACAIOTCs IIPOrPaMMHOI peann3alyu, N3y4eHue KOTOPBIX BBIBOJIUT 33 PaMKH
JaHHOHU paboThl. CreyomuM 00BEKTOM, TOCTOHHBIM BHUMAaHHS, CITY>)KUT MaTpulia IUIOTHOCTH aTOMHOU CHCTeMBI. /lnaronans
9TOM MaTpHIBI IPEJCTABISET COOOI BEPOSITHOCTH HAWTH 3JIEKTPOH HA JTAHHBIX ATOMHBIX YPOBHSIX (HOMEp CTPOKH

WM cTosI01a paBeH HOMEPY aTOMHOT'O YPOBHS).

| Two photon detunings
=

Systems dynamic (superoperator representation)

Hamiltonian operator
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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, MHIyITUPOBAHHOH HAa COOTBETCTBYIOIIEM Iepexo/ie (IIEpexo1 MKy YPOBHSIMH C HOMEpaMHU

paBHBIMH HOMEpaM CTPOKH 1 cTonb1a). KoaddummeHnT nponopruoHaasHOCTH BEIOpaH paBHEIM eanHuIie. OcoOblil nHTepec, Kak
HETPYIHO A0TANaThCs, 31eCh PEACTABIIAIOT 37ieMeHTH 21 DM u 45 DM , Tak kak paBHHI (IIpy BEIOpaHHOM Ko durneHTe
MIPOIIOPIMOHATBHOCTH) BOCTIPUUMYHBOCTSM Ha TIepexo/iaX, I/ie HaC MHTepeCyeT HeIMHEHHBIH (a30BbIi Haber mospru3aun
moysi. B (haiie mpuBeneHa TONBKO BeIEeCTBEHHAS YacTh 3JIEMEHTOB MAaTPHUIIBI TNIOTHOCTH, KOTOPAast OTBEYAET 3a IUCTIEPCHIO,
TOT/la KaK MHMMasl 4acTh OTBEYAET 32 IOIJIONICHNE Ha JAaHHOM Iepexoe (CM. 3aKkoH byrepa).

Ha cnenyromem stane npeuiaraercst BBIYUCIUTE CYMMapHBIN HENMMHEHHBIH Ha0er (a3bl KpyroBoi MoJisipu3anuy mojei 1

o 1 4 o (Hymepanus cTpok u crononos B MathCad Hauunaercs ¢ Hyist). @opmyiia 11 €ro BBIYHCICHHS U ITOJTyYHBIIEECS
3HaueHHE (BBIPAXCHHOE B paJaHax) NPUBEICHBI B CICIYIOIIEM

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 nocnenneit gactu paboThI peyIaracTesi CpaBHATH PabOTy peaTn30BaHHOTO YCTPOHCTBa ¢ Teopuei. st 3Toro Heo0xoauMo
COCTaBUTH OTIEPATOP NPeoOpa30BaHMUs, KOTOPOE BBHIIIOJIHAET CHCTEMA ITPH JaHHOM Habope BBEICHHBIX Bamu napameTrpos. OH
naseiBaetcs “yCPS ” (kpatko your CPS) — Hair omepatop KOHTpoJIMpyeMoro Haoera ¢gassl. @opma 3TOro orneparopa B3sTa
n3 TeopeTuueckoi yactH (Boipaxkenue (5)). st ero coctaBiaeHust HEOOX0AMMO 3HaTh KOMIOHEHTHI Bekropa “SCPS” (Summary
CPS), xoTophIe TPEACTABIIAIOT CO00I cyMMapHbIe HeMUHEHHbIC Ha0berH (a3 KpyroBoil mospuzanuu moyieit 1 o u 4 o ms
YeThIpeX pa3IMYHbIX KOMOUHaIMiA. Tak nmepBas KOMIIOHEHTa OTBEYaeT HEIMHEWHOMY Ha0ery ¢as, Korjua OTCyTCTBYeT
PE30HAHCHOE B3aMMOAEHCTBHE ITHX TOJICH ¢ COOTBETCTBYIOUIMMH IepexoiaMy (YCTaHABIMBAEM COOTBETCTBYIOIINE YaCTOTHI
Pabu B HOJIB). BTOpast KOMIOHEHTa — Pe3yJIbTaT PE30HAHCHOTO B3aUMOACHCTBUS OISt 4  CO «CBOMM» MEPEXO0JI0M, KOT/Aa Y
nois 1 o Takoe B3aMMOJICHCTBIE OTCYTCTBYET. TpeThsi KOMIOHEHTA — pe3ynbTaT 0OpaTHOi curyanuu. YerBepTas — Koraa
PE30HaHCHOE B3aUMO/ICHCTBHE NMEET MECTO JJIsI 000MX 3JIEKTPOMArHUTHBIX MTOJIEH.
Hanee cnenyer HarnsanHoe cpaBHeHUe onepatopoB CPS u yCPS — uneansHblil 1 peanbHbli ciiydaid. Takke cpaBHUBAIOTCS
oneparopsl CNOT u yCNOT, xotopsie nmorygatotcst u3 CPS u yCPS cooTBeTCTBEHHO peoOpa3oBaHneM, PHBEICHHBIM B
TeopeTndeckoit yactu (Beipaxernune (3)). 3HaueHue Posibility Bo3BpamaeT BEpOsSTHOCTH TOTO, YTO TPH BEIOPaHHBIX Bamu
napameTpax
ycTpoiicTBo cpaboTaer kak CNOT.

Input summary conditional phase shifts into the vector

-l

SCPSs (00 HO1 G100 ¢p1l)

SCPS:=n(s 0 » l)l

¢ x ) \
o\p( 1*SC} \“' 0 0 0

0 v:.\p( e SL‘PS1 ' 0 0

yCPS = :
0 0 r\p( 1-8( I’N,' 0

0 0 0 v\p‘ 1§('PS" ,

Puc.5. IToctpoenue “Bamero™ onepatopa CPS.

[Tpun BEIOpaHHBIX 3HAYEHUSIX OAHO(OTOHHBIX OTCTPOEK M3YYUTh BHJ OTepaTopa I'aMHIbTOHA CUCTEMBI U MAaTPUIIBI INIOTHOCTH.
BrrancnnTte cyMMapHbIe HelmnHEiTHbIe Habern (a3 i 9eThIpeX BO3MOKHBIX KOMOWHAITHHA KPYTOBBIX IOJIIPH3AIAN
3NMEKTPOMArHUTHBIX Tonel | ® 1 4 ® u coctaButs BekTop SCPS Kkak onmucano Beime. CpaBHUTH MOTydHuBIIHECsS onepaTtopsl yCPS
n yCNOT c oneparopamu, HOTYJAIOIIIMHUCS U3 TEOPUH. BEUNCINTS BEPOATHOCTh KOPPEKTHOTO cpabaTriBaHms Bamero
ycTpoiictBa. [Togbopom

apaMeTpoB TOOUTHCS TOTO, YTOOBI 3Ta BEPOSITHOCTH Obu1a He Hike 90%




Theory Your result

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

! yONOT «

Chet yONOT ket
Posabilaty ( L\". Cket .

Posibility = ¢

Puc.6. CpaBHeHHe pesyabTaTa (cnpasa) ¢ TeopHei (ciIesa).

Pa6ora 6

I'eHepanus ceKpeTHOro KJIKOYA ¢ IOMOUIbI0 KBAHTOBO- KPUNITOrpaduyeckoi yuyeOHo-uCCIe10BaTebCKOM
YCTAHOBKH HA OCHOBE HeCMMMETPHYHOI0 BOJIOKOHHO- ONITHYeCKOro nHTepdepomerpa Maiike/ibcoHa
Lens paboTsl: M3yueHne 0oCHOB KBaHTOBOM KpUNTOrpaduu.

Oo0wexT uccnenopanus: Plug&Play ciicrema kBaHTOBOU KpHITTOrpadu,

paboraromias 1o npoTokoiy B92 ¢ ucnionezoBanueM ¢as3pl H3TydeHHS.

3agaun, pemaeMsie B paboTe:

1. I'eHeparyis ¥ pacchUIKa CEKPETHOTO KITH0Ya.

2. KopupoBaHue CeKpeTHBIM KIIFOUOM COOOIICHHUS U Iepe/iada COOOIICHUH

JISTUTUMHOMY I0JIb30BATENIO.

3. JlekoaupoBaHKE COOOIICHUSI.

PaGora 7

AHaJIN3 IYMOB KBAHTOBO — KPUNITOrpaduyeckoii yueOHO-UCCIeA0BATEIbCKON YCTAHOBKHM HA OCHOBE HECHMMETPUYHOT0
BOJIOKOHHO-ONITHYECKOro nurepdepomerpa Maiikenbcona

Llens paboTsl: MccnenoBanue myMoB KBAHTOBO-KPUITOTPahHIECKOH yCTaHOBKH.

O0nbekT uccnenoanus: Plug&Play cucrema xBaHTOBOM Kpunrorpaduu, paboTaromnias mo npoTokoiry B92 ¢ ucronp3oBaHnemM
(a3el U3TyICHUS.

3agaun, pemaeMsle B paboTe:

1. OnpezeneHue MPOIEHTA OMTHOOK B CHIPOM KPHUNTOTPahUIECKOM KITFOUE.

2. AHamu3 omuboK, 00YCIOBICHHBIX TEMHOBBIMH OTCYETAMHU CYETUMKA

¢dhoToHOB

2.3. IlepeuyeHb BONPOCOB Al MOATOTOBKH 00y4AIOIIMXCH K NIPOMEKYTOYHOH aTTecTaluu

1. Oneparopst Ilaynu. [IpeobpasoBanune Anamapa, nareppepomerp Maxa-Llanaepa..

. TpeboBauus, nperbsBIseMbIE K KBAHTOBOMY KOMITBIOTEPY.

. ¥Ypasuenue llpenunrepa, Teopust npencTaBiIeHU.

. UncTele 1 cMemaHHble COCTOSHUS. Brruncnenue cpeiHuX BETHIHH.

. MaTpuna u onepaTop MIOTHOCTH.

. Beruncnenue sutpornnu ¢on Helimana u LLleHHOHA 17151 KOHKPETHOTO COCTOSHUS ABYXYPOBHEBOH CHCTEMBI.
. OCHOBHBIE MOJIESTN KBAaHTOBBIX COCTOSIHHN BBICOKOH pazMepHocTH (D>2).

. Uatepdepeniinst oqMHOYHBIX ()OTOHOB W MHTEPIIPETAIINN HHTEP(HEPEHIIMOHHBIX KCIIEPUMEHTOB.

. Komnozunmonssie cucremsl. Paznuune Mexy Kiaccuueckoi 1 KBaHTOBOW HHpopMmanueit. JlocTmkumas
nH(popmarus. Teopema o 3ampere

KJIOHHPOBAHWSI KBAHTOBBIX COCTOSIHUN. Ee CBSI3b ¢ JOCTKUMON HHPOPMAIIHEH.

10. Teopema b.11lymaxepa 0 KoAMPOBAHNHU IPU OTCYTCTBUU IIyMa.

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

O 003N LB~ Wi



kpuntocuctemsl. [Ipunimn Kepkxrodda. [Ipunosxenus: kpunrorpadum.

12. Kpunroananus 1 OCHOBHBIC BHIIBI aTak. [loacmymmBaTenn (HapymuTenn). AKTHUBHBIN 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 kpuntorpaduu.

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

RSA.

15. Turmer cexpetrocT coodmenuii (o Lllennony). besycioBHO 1 ycinoBHO cToiikue mupsl. Pactipenenenne KIrovei.
I'enepanust kitoueit, ux

XpaHEHUE U YHUUTOKCHHE.

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

WX JOCTOMHCTBA U HeocTaTku. OCHOBHBIE MPOOIEMbl CAMMETPUYHBIX MPOTOKOJIOB. AYTeHTU(HUKAIIHS CEKPETHOTO
Kmoua. J[ByxkimroueBbie

(acuMmMeTpuyHBIE) METOIBI T poBaHMs. MeXaHNU3M paclpeneleHns KIdei Mo OTKpeIToMy KaHaiy 1o Y./ Juddu u
M. Xemnmany. [Tonsitue o

kpuntocuctemax RSA u Onp-I"amans. Dnextponnas noanuck. OO6IIast cxeMa MpOTOKOJIa KBAHTOBOTO pacIpeeIeHuUs
KIJIFOUEH.

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

ConpsikeHHbIE 0a3HCHI.

18. Onpenenenue (1) HEKITACCHIECKOTO CBETA M €T'0 HEOCTATKH.

19. Cocrosinus benna, kak uacTHbI cirydait nepenytannsix coctosiauii (I1C). [IpeodpazoBanus coctosiHmii benna npu
cMmeHe Oa3uca.

20. IlepenyThiBaHmEe IO BpEMEHH, BPEMEHHAs TIOCT-ceNeKIus. [[pocTpaHCcTBEeHHO-9aCTOTHEIE, OIS PU3AIIMOHHO-
YaCTOTHBIE, OJApU3aMOHHOYTI0BbIE [1C. AMIITUTYIHAS TTOCT-CEIECKIIUS.

UYucrtele nepenytaHuble cocTossHus. Paznoxxenue LlMunra TByXKOMIIOHEHTHOM CUCTEMBI. DHTPOIHS NIEPEITy ThIBAaHHS.
CreneHb mepemnyThIBaHuUs.

JlokanbHeIe omepanyu 1 Kiaccudeckue coodmenus. [lapamerp demoposa.

21. ITapagoke OIIP B BapuanTe boma.

22. HepaBenctBa bemna. Knaccuueckast Mojiens ¢ 1ByMs TMXOTOMHBIME ITepeMeHHbIMU. M3mepsemas benna. Monens
CKPBITBIX TTAPAMETPOB.

KBanTtoBas Mmozens.

23. IMapanokc bemna s Tpex Habmogaembix. Cocrosinust ['punbepra - Xopha - Laimunrepa.

24. [IpoTOKOJI KBaHTOBOH TeJIenopTaluu.

25. IIpoTOoKOII CBEPXILUIOTHON 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. O6umre TpedoBaHwMsl, HEOOXOAMMBIC JIIsl pealIn3alliy MTOJTHOMACIITAOHBIX KBAHTOBBIX KOMITBIOTEPOB. Y ciioBus Jlu
Bunuenrro.

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

3. MeTonnyeckue MaTepuasbl, onpeaesionue Npoueaypy U KpuTepuu oeHUBaHUS
c(hopMHPOBAHHOCTH KOMIIETCHIMI NIPH MPOBEACHNH NIPOMEKYTOYHOH aTTECTALMU

Kpurtepun ¢popMupoBaHusi OLIeHOK 110 0TBETAM HA BONPOCHI, BBIIOJHEHHIO TECTOBBIX 3aaHUM

- OICHKAa «OTJIMYHO» BBICTABISETCS OOYYArOIIEMYCs, €CJIM KOJIMYECTBO IPABHJIBHBIX OTBETOB Ha
Borpockl coctaisier 100 — 90% ot obriero o0bEMa 3aJaHHBIX BOIIPOCOB;

- OIIEHKa «XOPOII0» BBICTABIACTCS OOyYarolmeMycs, €CIH KOJWYECTBO IPAaBHJIbHBIX OTBETOB Ha
Bonpockl — 89 — 76% ot o011ero 00bEMa 3aJaHHBIX BOIPOCOB;

- OIICHKa «YAOBJIETBOPHUTEIBLHO» BBHICTABISCTCS OOYYaIOMIEMYCs, €CJIM KOJMYECTBO IPaBHIBHBIX
OTBETOB Ha TeCTOBbIE BONPOCHI —/5—60 % 0T 061Iero o0bEMa 3aJaHHBIX BOIIPOCOB,;

- OLICHKA «HEYAOBJETBOPUTEJbHO» BBICTABIISICTCS OOYUYAIOIEMYCS, €CIH KOJIMYECTBO IPABHIbHBIX
oTBeTOB — MeHee 60% oT 001Iero 00BEMa 3aJaHHBIX BOIPOCOB.



Kpurepun ¢popMupoBanus OueHOK M0 pe3yJbTaTaM BbINOJIHEHUS 3aIaHUM

«OTIANYHO/32a4TEHO» — CTABHUTCS 32 pabOTY, BHIIIOJHEHHYIO MTOJIHOCTHIO 0€3 OIMOOK U HEJJOYECTOB.

«XO0po110/3a4TeH0» — CTABUTCA 32 pa0dOTY, BHIOJHEHHYIO TTOJTHOCTHIO, HO TIPH HATMYHUH B HEH HE Ooliee
OJTHOY HEerpyOoi OIMOKY U OJTHOTO HEeoueTa, He 0oJiee TPEeX HEeJ0YECTOB.

«Y10BJIETBOPUTEIBbHO/3aUTEHO» — CTABUTCA 32 padOTy, eciau 00ydYalONIMiiCs MPaBUIBHO BBIMOJIHUI HE
MeHee 2/3 Bcell paboThl WM JONYCTHII He Oojiee OJHOM TpyOoi OmMOKM M IBYX HEIOYETOB, HE OoJiee OJTHON
rpy0oii U oxHO# HerpyOoii ommOku, He Oojee Tpex HerpyobIX OIMOOK, OAHON HErpyO0oW OMIMOKH M JIBYX
HEJ/IOYETOB.

«HeynoBjieTBOpUTEJBLHO/HE 3a4YTEHO» — CTAaBUTCA 3a PA0OOTY, €CIM YHUCIO OMHMOOK M HEJ0YETOB
MIPEBBICHIIO HOPMY JIJISl OLICHKH «yJIOBJICTBOPHTEIBHOY WM TIPABUIIBHO BBITIOJHEHO MeHee 2/3 Bcel paboThI.

Buowt owuboxk:

- 2pybOble OwUOKU: He3HaAHUe OCHOBHLIX NOHAMUL, NPABUL, HOPM, HE3HAHUE NPUEMO8 PeuleHuUs 3a0ad;
OWUOKU, NOKA3bIEAIOWUE HENPABUTIbHOE NHOHUMAHUE YCA08USL NPEOSIONCEHHO20 3A0AHUS.

- HeepyOvle OWUOKU. HEMOYHOCMU GOPMYIUPOBOK, ONpedeleHUll, HePAYUOHAIbHbIU 6blOOP X00d
peuenus.

- Heoouemvl. HEPAYUOHATbHbIE NpUEeMbl BbINOIHEHUS 3A0aHUs; OMOeNbHble NOZPeULHOCU 8
Gopmynuposke 6v160008, HEOPEHCHOE BLINOIHEHUE 3A0AHUS.

Kpurepun popmupoBaHusi OLIEHOK 110 324eTy

«3auTeHo» - OOydaromMKCS EMOHCTPUPYET 3HAHHE OCHOBHBIX DPAa3JIEIOB IMPOrPaMMBbl H3y4aeMOTO
Kypca: ero 0a30BbIX MOHATUH U (PyHIAMEHTAIbHBIX MpoOieM; npuoOpen HeoOXOJMMbIE YMEHHUS U HAaBbIKH,
OCBOMJI BOIIPOCHI MPAKTHYECKOTO MPUMEHEHUS TIOIYIeHHBIX 3HAHUH, HE JOMYCTHJI (PaKTHYECKUX OMIMOOK MpU
OTBETE, JOCTATOYHO IIOCIECAOBATEIBHO U JIOTMYHO H3JIaraéT TEOPETUYECKUM MaTepuall, JNOIyCKas JUlIb
HE3HA4YMUTEJIbHBIC HAPYLIECHUS [TOCJIEI0BATEIbHOCTH U3JI0KEHHS U HEKOTOPBIE HETOYHOCTH.

«He 3a4TeHO0» - BBICTABISAETCS B TOM Cilydae, Korja oOydaroluiicsi J€MOHCTPUpPYET (parMeHTapHbIe
3HAaHUS OCHOBHBIX DPAa3JIEJIOB MPOrPaMMBbl M3Y4aeMOro Kypca: ero 0a3oBBIX MOHATHH W (pyHIaMEHTaIbHBIX
npobiaeM. Y 93K3aMEHYyeMoro ciabo BbIpaKEHa CIOCOOHOCTh K CaMOCTOSITEIbHOMY aHAJIUTHYECKOMY
MBIIJIEHUIO, UMEIOTCS 3aTPYIHEHUS B U3JI0KEHUM MaTepuaia, OTCYTCTBYIOT HEOOXOUMbIE YMEHUS U HABBIKH,
JONYUIeHbl TpyOble OMMOKM M HE3HaHWE TEPMHHOJIOIMH, OTKa3 OTBEYaTh Ha JOIOJIHUTENbHBIE BOMPOCHI,
3HAaHHE KOTOPBIX HEOOXOAUMO /SISl OJTyYEHHS MOJI0KUTENBHON OLEHKH.






