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1. KpaTkasi XapaKTepuCTHKA TUCUMIIMHBI (MOAYJIs1)

PaGouas mporpamMma aucHUIUIMHBL (MOaynsi) «KBaHTOBBIE TEXHOJIOTHMU B JCHCTBUN
COCTaBJICHa B COOTBETCTBUU C (hefiepajbHBIM TOCYIapPCTBEHHBIM 00pa30BaTeNbHBIM CTaHIAPTOM
BhICIIEro oOpa3zoBaHus — OakanaBpuar mo crenuaibHoctH 38.03.05 busnec-undopmaTuka,
npoduns bu3Hec-aHATUTHKA, YTBEP)KICHHBIA TMPHKAa30M MHHHCTEPCTBA HAyKH M BBICIIETO
obpazoBanus Poccuiickoit @eneparun Ne 838 ot 29.07.2020 roaa.

N3ydenne aucuurminHsl (Moxynsi) «KBaHTOBbIE TEXHOJOTMU B ACWCTBUU» MO3BOJISIET
MOHSATHh MPHUHIIHAITEI PabOTHI TIEPEAOBBIX KBAHTOBBIX YCTPOWCTB M MX NMPUMEHEHHE B PEATbHBIX
3a/la4ax, TAKUX KaK KBAHTOBBIC BBIUYUCIICHUS, KPUTITOTPA(¥sI M CEHCOPBI. ITO 3HAHUE OTKPHIBACT
JOCTYyN K OBICTpOpa3BHUBAOIIEHCS oOnacTu, GopMHUpYIOIIeH Oymyiiee HayKH, TEXHOJIIOTHH H
YKOHOMHKH.

MecTo tMcHUIUIMHBI (MOAYJISI) B CTPYKTYpe 00pa30BaTe/1bHON MPOrpaMMBbl

Hacrosmas nucrumivnHa (MOAY/b) BKIIFOUYEHA B YU€OHBIN IJT1aH MO TMpoTrpaMMe OATOTOBKU
OakanaBpuara mo HanpasiaeHuto 38.03.05 buznec-unpopmaTuka, npoduias busHec-anaauTKa 1
BXOJIUT B BapuaTWBHYI dYacTh bioka 1, ¢gopMupyemyro ydacTHUKaMH 0Opa3oBaTEIbHBIX
OTHOIIICHUH KaK JUCIUILINHA 110 BBIOODY.

JuctunnuHa (MOIyab) M3ydaeTcss Ha 2 Kypce B 3 CeMEeCTpe COBMECTHO C OJHOW I3
JUCITUTUTAH, BXOIINX B Tpynmy auciuitind « CodT-HaBeiku a1t STEM-kypcoBy, Ha BEIOOD.

Heab u3yyeHusi AUCHUILIMHBI (MOXYJIs1): OCBOCHUE MPAKTUYECKUX MPUHIIUIIOB U METOJIOB
MPUMEHEHUS! KBAHTOBBIX TEXHOJIOTHMH U1l PELIECHUS COBPEMEHHBIX HAYYHBIX M TEXHUYECKUX
3aja4.

3anauyu U3y4yeHHusl TUCHHUILUIHHBI (MOYJIs1):

— ¢opMHpOBaHKE 3HAHHI IO TEMaM: OCHOBHBIEC KOHIICTIIIMK U TEPMUHOJIOTHIO B 00JIaCTH
KBAaHTOBBIX TEXHOJOTHUH, MAaTEeMAaTUYECKUIN amnmapaT KBAaHTOBBIX TEXHOJIOTHH, KJIIOYEBBIE UACH
KBAaHTOBOW MEXaHUKH, CBSI3aHHBIC C BBIUYMCICHHUSIMH, KJIIFOUEBBIE KBAHTOBHIE AJTOPUTMBI M HX
MOTCHITMAIIbHBIC TPUMEHEHHUs, OOIIHMe TPUHIUIBI O00ECNEYeHUs] yCTOWYMBOCTH KBAHTOBBIX
BBIYHCJICHHU, OCHOBHBIC TOIXOABI K paboTe C KBAHTOBBIMH CHCTEMaMH B J1a0OpaTOPHBIX
YCIIOBUSX;

— pa3BUTHE MOHHMMAHUA O TEMaM: Pa3JIMYUsl MEX]Y KJIACCHYECKMMH M KBAaHTOBBIMU
noaxoaamMu K 006paboTke nH(GOpPMAIMK, OCHOBHBIE MaTeMaTHUECKHE MOJENH, UCIOIb3YyeMbIe B
KBaHTOBBIX BBIYHMCICHHSX, BaXXHOCTb KOPPEKLIMH OIHUOOK B KBAaHTOBBIX YCTpOICTBaX,
(hu3MIeCKre OCHOBBI Pa0OTHI HEKOTOPHIX KBAHTOBBIX TEXHOJIOTHH, BO3SMOKHOCTH U OTPAHUYCHHS
MPaKTUYECKOr0 MPUMEHEHUSI KBAHTOBBIX METO/IOB;

— OCBOGHHE YMEHHi: paboTaTh C MPOCTHIMH KBAHTOBBIMH CHCTEMaMH B paMKax
Ja00paTOPHBIX 3aJlaHWi, TMPOBOJUTH 0Oa30BBIC OMEpalldd II0 HACTPOWKE M TECTUPOBAHHIO
KBAaHTOBBIX CHCTEM, HHTEPIIPETUPOBATH JaHHBIC, IIOJYUYEHHBIE B X0OJI€ SKCIIEPUMEHTOB, OIICHHUBATh
MIEPCTICKTUBBI UCIIOJIb30BAHNUS KBAHTOBBIX TEXHOJIOTHIA B Pa3IMYHBIX cepax.
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2. IlepeyeHb UIAHUPYEMBIX Pe3YJbTATOB 00y4eHUS

Kommnerenuuu, ¢opmupyemble B pe3ylbTaTe OCBOCHMSA JUCLUUIIMHBI (MOMYJS) IpH
NPOBEIEHNH y4eOHBIX 3aHATUH B (hOpME KOHTAKTHOM paboThl 00yUYaIOIIMXCs C MeJarorHuecKuMu
paboTHHKaMHU YHUBEpPCUTETA U B (OpME CaMOCTOSITENIbHOM paboThl 00y4arOIIUXCS:

KoMmnerenuus

Conep:kanue KOMNeTEHIIUH

HNugukarop
KOMIIeTeH MU

Ilepeyens mIaHUPyeMBbIX
pe3yJIbTaToOB 00y4YeHHs 10
JucuunjauHe (MoayJaio)

VK-1.

Cnoco0eH ocylIeCTBIATh TOKCK,
KPUTHUYECKUI aHAIN3 U CUHTE3
nH(OopMauH, TPUMEHSTH
CUCTEMHBIN MOAXOJ AJIs PEIICHUS
[TOCTaBJICHHBIX 3a/1a4

YK-1.1.

3HaeT METO/IbI MOMCKA U aHAITH3a
nHhopmMannuy B 001acTH
AQHATUTUKH, OCHOBHBIC TIPHHIIHITBI
KPUTHYECKOW OI[CHKH UCTOYHUKOB
WHQOPMAIHK U UX
peIeBaHTHOCTH

YK-1.2.

YMeeT KpUTUUECKH OLIEHUBATh
HMCTOYHUKH HHPOPMAITUU U
CHHTE3UPOBATh JaHHBIC U3
Pa3TUIHBIX HCTOTHUKOB IS
pelieHus 3a1a4, MPUMEHSTh
CHCTEMHBIN MTOIXOJ] K aHATN3Y U
PENICHHUIO KOMILICKCHBIX ITPo0ieM

YK-1.3.

HMeeT nIpakTUYECKUH OIBIT
paboTHI C COBPEMEHHBIMHU
WHCTPYMEHTAMHU U T€XHOJIOTU MU
Ui 00pabOTKU MH(POPMAIIHH,
(bopMyITHpOBaHUY U
CTPYKTYPHUPOBaHHH 33124 Ha
OCHOBE ITOJIy4YCHHOH HHPOpMaLNH

YK-2.

CriocobeH orpenensTh Kpyr
3a7ad B paMKax IMOCTaBJIEHHON
I[eJI1 ¥ BRIOUPATh ONTHMAaJIbHBIE
CIOCOOBI UX PEIICHMS, HCXOIS U3
JEHCTBYIOIMX ITPAaBOBBIX HOPM,
UMEIOIINXCS PECYPCOB H
OrpaHUYEHU I

YK-2.1.

3HaeT AeHCTBYIOIINE MPABOBHIE
HOPMBI, PETyJTHUPYIONTHE
JEATSIBHOCTh B 00JIACTH PEIICHUS
3a7a4, OCHOBHbIE METO/IbI 1
TTOXOJBI K ONPEACIICHUIO KpyTa
3a71a4

YK-2.2.

YMeeT onpeaenars Kpyr 3axad B
paMKax IOCTaBJICHHOM €N,
BBIOMpATh ONTUMAIBHBIE CITOCOOBI
peuIeHud 3aaa4, y4uThIBas
HMEIOIIHECS PECYPCHL U
OrpaHUYCHUs

YK-2.3.

HMeeT npakTU4ECKUI ONBIT
MPUMEHEHUS 3HaHUH O IIPaBOBBIX
HOpMax M pecypcax B pealbHbIX
CUTYallUX, pa3paboTKH U
peanu3anuu peneHuil B
COOTBETCTBUU C YCTAHOBJIEHHBIMU
OrpaHUYEHUIMHU

OIIK-1.

Cnoco0eH nIpoBOANTh
MOJCJIMPOBAHUEC, aHATIN3 U
COBEpILIEH CTBOBaHUE OH3HEC-
[IPOLIECCOB M NH(OPMALIOHHO-
TEXHOJIOTUYECKOH
HHQPaCTPYKTypHI MPEAIPUATHS B
HMHTEpecax JOCTHKEHUS ero

OIIK-1.1.

3HaeT COBpEeMEHHBIE METOJIbI
MOJICJIMPOBAHUS 1 aHAIN3a
OM3HEC-TIPOIIECCOB, a TAKKE
MIPUHIINAIIBI Pa0OTHI
HH(POPMAIHOHHO-
TEXHOJIOTUYECKOU
MHOPACTPYKTYPBI TPSAIPUATHS
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CTpaTErMYeCcKuX LemeH ¢
HCII0JIb30BAHUEM COBPEMEHHBIX
METOJI0B U IPOI'PAMMHOTO
WHCTPYMEHTapHs

OIIK-1.2.

YMeeT UCnoap30BaTh
MPOrpaMMHbBIA HHCTPYMEHTapUil
JUTS IIPOBEJICHUS aHAaIN3a U
COBEpILICH CTBOBAHNS OM3HEC-
MIPOIIECCOB, a TAKXKe
paspabaTpIBaTh CTPaTErHy IS
JOCTHXKEHUS CTPATETHUECKUX
Lesied NpeanpusiTus

OIIK-1.3. HMeeT npakTUYECKU ONBIT B
peanu3anuu TPoeKTOB 110
ONITUMH3AITUN OU3HEC-TIPOIIECCOB
Y BHEJIPEHHUIO HH(POPMAITHOHHBIX
TEXHOJIOTUH B OpraHu3aIusix
TIK-1. CriocoO€eH UCII0Ab30BaTh T1K-1.1. 3HaeT KIIF0YEBbIE METOIBI
OCHOBHBIE METOJIbI €CTECTBEHHOHAYYHBIX,
€CTECTBECHHOHAYYHBIX, skoHoMuueckux u UT-
sxkoHomuueckux u UT- JTUCLHUTLIMH, TIPUMEHICMbIC B
JUCLHUILIMH B TPOQeCcCcr OHAITBH O pode CCHOHAILH O
JESTENbHOCTH TSI JICSITEIbHOCTH
TEOPETUYECKOT0 U IIK-1.2. YMeeT HHTErpupoBaTh pa3IndHbIe
AKCIIEPHUMEHT ATEHOT O METO0JIOTHYECKUE TTIOAXOIBI JJIsT
HCCIIeIOBAHUS MPOBE/ICHUS TCOPETUUCCKHUX H
SKCHEPUMEHTATBHBIX
HUCCIIEI0OBaHN
IK-1.3. HmeeT mpakTUIECKHI OIBIT
MIPUMEHEHUS METOJIOB B
peabHBIX MTPOEKTAX JJIs
JMOCTH)KEHHUS HAYYHBIX U
MIPaKTHYECKUX PE3yIbTaTOB
MK-2. Crioco0OeH uConb30Barh MK-2.1. 3HaeT OCHOBHBIC MaTEMAaTHICCKUE
COOTBETCTBYIOIINI METOZbI 1 HHCTPYMEHTAJIbHBIC
MaTeMaTHYCCKU amnmnapar u CpEeCTBa, IPUMEHACMBIC JJIS
MHCTPYMEHTAIBHBIE CPECTBA JIJIS 00paboTKY U aHATHM3a
00paboTku, aHanm3a u nHpOpMAHH
CECTeMaTH3aIuy HHHOpMAITUH 10 IIK-2.2. Ymeer a3 PpeKTHBHO
TEME HUCCIICOBAHUS ISl PEIICHUS MCIOJbh30BaTh MAaTeMaTUYECKHIA
3ama4 mpodeCCHOHATEHOM armapar JJis CHCTeMaTUu3al[uu
JESITeIbHOCTH JAHHBIX U PEIICHUS
npodecCHOHaIbHBIX 3314
I1K-2.3. HMeeT npakTUIECKHUI OIBIT

paboThI C UHCTPYMEHTAMH
aHanM3a HHPOPMaLMK B paMKax
MCCIIe/I0BATEIBCKUX POCKTOB
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3. TemaTnueckuii miIan

Nen/ TpyaoeMkocTh, aKaJleMHYeCKHE YAChI
. HaumeHoBaHnue Ounas opma
pasaea KonTakTHas paGota TuK M
JMCHHUILTHHBI CamocTo (TeKyInii KOHTPOJIb
(monyJist) Jlerkun Cemunapbt KonTpoas | sitenbHa ycneBaemMocTH)
(mpakTHyecKue
3aHATHA) s padora
1 BBenenue B 2 5 [TonroroBka K
KBaHTOBEIE CeMUHApY,
TEXHOJIOTUU Tect
2 OO01IMe TOJI0XKEHUS 2 5 IToaroroBska K
KBaHTOBOH (hM3UKHU CEMUHADY,
JlomammauMe 3agaHus
3 KBautoBoe 2 5 IToxroroBka k
COCTOSIHUE CeMHHApY,
Tect
4 KBautoBas 3 5 IToxroroBska k
HHTEpEPESHITH CeMUHApY,
Jomaraue 3aganus
5 KBauToBas 3 5 IToaroroBka K
Kkpunrorpadus CeMUHApY,
Jomaraue 3aganus
6 KBauToBas 3 5 IToaroroBka k
3aIyTaHHOCTh CEMUHApY,
HomanHue 3aianus
7 [IpakTuueckas 3 5 IlonroroBka k
peanu3aius CEeMHHAPY,
KBaHTOBEIX Jlomaraue 3amaHus
TCXHOIOTHH
8 KBanToBrie 3 5 IloaroroBka k
BBIYHCIIEHUS CEMUHApY,
JlomalnHue 3agaHus
9 Onruueckue 3 5 IToaroroBska k
KBaHTOBEIE CEMUHApY,
TEXHOJOIHHU Jomaraue 3aganus
10 KBauTOBEIE 15 20 IToaroroBska K
TEXHOJIOTHH Ha CeMHHApY,
MIPAaKTHUKE HomanrHue 3aianus
15 Ddusnueckasa 3 3 ITogroroBka k
peanu3anus CEeMHUHAPY,
KBaHTOBEIX Jlomaraue 3agaHus
BBIYMCIICHUH
16 KBauToBas 3 1 IToaroroBska K
0CBEIOMIIEHHOCTH CEMUHApY,
(quantum JomariHue 3ananus
awareness)
3auem ¢ oueHKoll
Hmozo: 45 69
Oo0vem oucuunuHbvl 114
(modynsa) (e ax. u.)
Oovem OUCHUUNTIUHDL 3

(mooynsa) (6 3au. eo.)
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4. Coaep:xkaHue TUCHHUILIHHBI (MO1YJIs)

Neri/m HaumenoBanue Conepsxkanue TUCHUILIMHBI (MO1YJIfA) IO TeMaM

pa3aesa IMCHUTIHHBI
(MoxyJis)

1 Beenenne B kBanToBble | [lepBas n BTOopas kBaHTOBas peBomonns. OCHOBHBIE 3aKOHbBI KBAaHTOBOU

TEXHOJIOTHHU ¢usukn. Tpu BeTBH KBAaHTOBBIX TeXHOJOTHA. O030p COBPEMEHHOT'0 COCTOSHUS
KBaHTOBBIX BBIUMCICHUN, KBAHTOBOM KpUNTOrpaduu, KBAHTOBOH CEHCOPHUKH.
2 OO1ue MmooKeHus OyHmaMeHTaNbHbIe SKCIIEPUMEHTHI KBaHTOBON Gu3uku. VHTEprpeTanus
KBaHTOBOHW (U3UKH HaOroneHuit B usmke. [locrymnarsl kBaHTOBOW MexaHukH. OOOCHOBaHUE

HE00XOJAMMOCTH MaTeMaTH4YeCKOr0 armapara.

3 KganToBoe cocrosaue | Bekrop cocrosuus (state vector). KpantoBas cyneprosumus. upakoBckas
HOTaIus. DPMUTOBO COMpsbKkeHUe. BeposTHOCTHAs HHTepIpeTanust KBaHTOBOH
MexaHuku. IIpoextuBHble u3MepeHusd. basuc usmepenuii. Pasnoxenue mo
0asmcy BeKTOpOB U omneparopos. [IpakTukym mo paboTe ¢ KeT-BEKTOpaMH U
IupakoBckoi HoTauel. HopmupoBka keT-BekTopoB. CKalsipHOE U BHEIIHEE
[IPON3BEICHHE.

4 KsanrtoBas [onsarue uarepdepennnn. [lonspuzanus ¢porona. Kanonnueckui,

nHTephepeHus JaroHaJbHbIA, Kpyropoi 6asucsl. OnTudeckue ayeMeHTsl. MaTepdepomerp
Mazxa-lleanepa. Welcher-Weg n3mepenus. OkcnepuMenT DimTiypa-Baiinmana.
BbeckonTakTHble n3Mepenus. Pacuér ontuyeckux cxeM. BugHocTs
uHTepdepomerpa.

5 KBanToBas [Mpurmun Kupxroda. KeantoBoe pacnpenenenue kmoua (KPK). ITporokon
kpunrorpadus BB84. Teopema o 3anpete k1oHUpoBaHUs. Y croifunBocTh BB84 k arake

"nepexsar". QBER. Ys3Bumoctu Ha ypoBHe hardware.

6 KgsanroBas Cucrema aByx u 6omnee yactuil. CemapaOenbHble U 3allyTaHHbIE KBAaHTOBBIE

3aMmyTaHHOCTh cocrosinus. [Ipsimoe nmpoussenenue BekTopoB. bamnosckue cocrostHus. 1P -
napanokc. HemokanbHOCTh KBaHTOBOM MeXaHUKH. [IpOTOKOI KBaHTOBOM
tenenoprauu. [IpsMoe npousBeneHne BEKTOPOB U MaTpull. basnuc yacTuuHbIX
nsMepeHuii. OpToHOpMHIPOBAaHHOCTH baimoBckoro 6azuca. HecenapabesHble
OIIEepaTOpPHL.

7 [IpakTuueckas
peanm3anusi KBaHTOBBIX | DKCKypcHs B Poccuiickuii KBaHTOBBINA [IEHTP: BUSUT B J1aDOPATOPUN + JIEKIUS.
TEXHOJIOTUI

8 KBanToBBIE O0630p HanpaBlIeHNUH KBaHTOBBIX BEYHCICHUH. BEeHTHIIbHBIE KBaHTOBBIC
BBIYUCIIEHUSA BeIunciieHus. KBantoBeie nenouyku (quantum circuits). Kyoutsr, kynutel. [ efTHI.

OnHOKYOUTHBIE M JBYXKYOUTHBIE TEUTHL. Y HUBepcalbHBIA Habop. KBanToBOE
npeBocxoncTBo. Keantoseiii napamienn3m. [IpakTiukym mo padore ¢
KBAaHTOBBIMH IleroYKam (padboTa ¢ KOJOM MM B OHJIANH-peIaKTOpe)

9 OnTuueckue 3D-omnTrka, ONTOBOJIOKOHHBIE KOMITOHEHTEL. JlasepHoe H3IydeHue.

KBaHTOBBIE TexHoJoruu | M3MepurenbHoe obopynoBanue. TexHHKa 0€30MacHOCTH IpU padoTe ¢
na3epHbIM u3nydeHueM. IlpaBuia oOpameHus ¢ ONTHYECKUM U U3MEPUTEIbHBIM
obopynoBanueM. KBanToBwIl TeHepaTop cinydaitaeix unces (KI'CH).

10 KBanToBbIE Jlaboparopras pabora. OnTHYECKHI1 KBAaHTOBBIM T€HEPATOpP CIYYAWHBIX YHCEI.
TEXHOJIOTUH Ha FOctupoBka ontuueckoit cxembl. CHATHE TOKa3aHUN U3MEPUTEIbHBIX
MIPaKTUKE npubopos. [Iporpammuas 06paboTka qaHHBIX. AHAN3 TOTYYEHHBIX JaHHBIX.

[ToaroroBka TexHu4yeckoro oruéra. KBaHTOBbIe ajrOPUTMBIL.

11 dusnyeckas Ypasuenue pémunarepa. Oneparop ['amunprona. Anmabarndeckas Teopema.
peanu3anus KBaHTOBBIX | Anuabarnueckue KBaHTOBbIC BhIMHCIeHUS. [InardopMel 1y peanu3anuu
BBIYMCIICHUI KBaHTOBBIX BeruucneHnid. Kputepuu nu Bunuenno. IlepcnexkruBHele

1aT OpMBbI 11 KBaHTOBBIX Beruncinennit. Ounemutu (fidelity). Jlornueckue n
¢usnueckue kyoutsl. [lonsTrne kBaHTOBOrO ceHcopa. O0acTi MpUMEHEHU s
KBaHTOBBIX ceHCOPOB. AToMHBIC yackl. SQUID-maraeTomeTp.
12 KganToBas N
. O030p KBaHTOBOH OTPaCIIH.
OCBEJIOMJIEHHOCTh

(quantum awareness)

[TpoBepouHnas padoTa.
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5. Y4e0HO-MeTOAMYECKOE 00ecIIeYeHUE

VHHUBepcUTET  pacrojlaraeT  IOJIHBIM  HaOOpOM  JIMLIEH3MOHHOTO ¥ CBOOOIHO
pacrpocTpaHseMoro MpOrpaMMHOrO oOecredeHus, BKJOYass MPOJYKTbl OTEYECTBEHHOI'O
IIPOM3BO/ICTBA.

Kaxplii CTyZeHT B TeueHHe BCEero mnepuojna OOydeHMs IOJIydyaeT HHIAMBUAYabHBIN
HEOTPaHWYEHHBIM  JOCTYH K  3JIEKTPOHHO-OMOIMOTEYHOM cucTeMe U 3JIEKTPOHHOU
MH(QOPMALMOHHO-00pa30BaTEIbHOW Cpelle YHMBEPCUTETa. OTH CUCTEMbI IMPEIOCTABISIIOT
BO3MOXKHOCTh JIOCTYyIIa K pecypcaM M3 J000W TOYKH, IJI€ €CTh MOJKIoueHne K cetu MHTepHer,
KaK Ha TEPPUTOPHH YHUBEPCUTETA, TAK U 32 €ro MpeeslaMu.

Crynentam obecreyeH yJaJeHHBIM OCTYN K COBpEMEHHBIM MpOo(decCHOHATbHBIM 0azaM
JTAaHHBIX U UH(OPMALIMOHHBIM CIIPABOYHBIM CHCTEMaM.

Ocnosnas numepamypa:

1. Ebpemon 1O. C. KanroBas Mexanuka : yueOHuk s By30B / 10. C. EppemoB. — 2-¢
W31, uctp. u gon. — Mocksa : U3garensctBo FOpaiit, 2025. — 458 ¢. — (Briciiee oOpa3zoBanue).
— ISBN 978-5-534-04975-6. — Texcr : anexTpoHHbIH // OOpa3oBarenpHas rmuardopma KOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/563482.

Honoanumenvnan rnumepamypa:
1. Imai H., Hayashi M. Quantum Computation and Information: From Theory to
Experiment. — Springer-Verlag Berlin/Heidelberg, 2006.

6. MaTepHaibHO-TeXHHYECKOE ofecnevyeHne

VHUBEpcUTET pacrosiaraeT MarTepHalbHO-TEXHHUYECKOW ©0a30H, COOTBETCTBYOLIEH
JEUCTBYIOIUM MTPOTHBONOXKAPHBIM IPaBWJIaM U HOpMaM U 0OeclieurBarollel mpoBeieHHe BCexX
BUJIOB JUCHMIUIMHAPHOW ¥ MEXIUCIMIUIMHAPHON TTOATOTOBKH, IMPAKTHYECKOW M HAyYHO-
HCCIIEIOBATENBCKON paboOT 00yJarOIUXCs, IPEyCMOTPEHHBIX YIE€OHBIM TUIAHOM.

[TomerieHus1, KOTOpPBIE MPEICTABIAIOT COOON yueOHbIE ayAUTOPUH AJIsl IPOBEICHUS 3aHATHH
JEKIMOHHOTO THIA, 3aHATHH CEMHHAPCKOTO (TMPAKTHYECKOT0) THMA, TPYIIOBBIX U
VMHIMBUIYAITBHBIX KOHCYJIBTAIMHA, TEKYIIEr0 KOHTPOJIS M MPOMEXYTOYHOH aTTeCTallu, a TaKKe
MIOMEIIEHUS JJIS1 CAMOCTOSITENTbHON pabOThl M MOMEIIEHHS JUTSI XpaHEHUS U TPO(PHUIaKTHUECKOTO
oOcny>kuBaHusl ydeOHoro obopynoBaHusi. [loMerieHnss yKOMIUIEKTOBaHbI CHEIMATN3UPOBAHHOM
MeOeNbI0 U TEXHUYECKHMHU CPEJCTBAMHU OOYUYEeHHs, CIYXKAIUMH ISl TIPECTABICHUS YIeOHOM
uHpOpMaLuH OOJIBIION ayIUTOPHH.

N3yueHne AucIUIInHbL (MOyJIsl) 0OecredrBaeTCs B yUeOHbIX ayIUTOPUSAX, OCHALIICHHBIX:

— CTOJIaMH U CTYJbSIMHU;

— KOMIIBIOTEPHOU TEXHUKOI;

— CHeUUaM3UPOBAHHBIM 000PYI0BAaHUEM, BKIIIOUYAs IEMOHCTPALMOHHOE 000PYy/JOBAHUE.

[TomerieHus A1 CaMOCTOATENLHON PaOOThI 00Y4AIOIIUXCS, B TOM YHCIIE TPUCTIOCOOICHHbBIE
JUI UCIOJIb30BAHUS MHBAJIMJIAMH M JIMIAMHU C OIPAaHUYEHHBIMH BO3MOXXHOCTSIMH 3/10pOBbS,
OCHAIIIEHBl KOMITBIOTEPHON TEXHUKOH C BO3MOXKHOCTBIO IMOJKIIOYCHUSI K ceth «MHTepHeT» H
obOecriedeHHEM JIOCTyma K B OJEKTPOHHYIO HMH(DOPMAIMOHHO-00pPa30BaTEIbHYIO Cpely
VYHuBepcurera.

OOyuaromumMes MpeNoCTaBiIseTcs] IOCTyln (B TOM 4YHCIE YJaJ€HHbIM) K pecypcam
MH(POPMALMOHHO-TEIIEKOMMYHHUKAIIMOHHOHN cetn «HTepHEeT», 3JeKTPOHHBIM pecypcaM (B TOM
YUCIE AJIEKTPOHHBIM OHMOIMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM INpOo(decCHOHANTbHBIM 0a3zam
JTAHHBIX ¥ NH(GOPMALIMOHHBIM CIIPABOYHBIM CHCTEMaM):
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Ne HaunmeHnoBanue noprana CcbliIka
(u31aHusA, Kypca, JOKYMEHTA)

1. | Hayunas snekrponnas 6udmroreka elibrary.ru https://elibrary.ru/defaultx.asp
OnoIMoreKa

2. Basa nansbix g | T-cnenuanicros https://habr.com

3. Basa nanusix ScienceDirect https://www.sciencedirect.com

4. | OduuunanbHbli calT MUHUCTEPCTBA HAYKH U https://minobrnauki.gov.ru/

BBICIIEr0 00pa3oBanus Poccuiickoit @eneparnuu

5. | ®enepanbublii mopran «Poccuiickoe oopazoBanue” | https://www.edu.ru/

6. | Mudopmanunonnas cucrema "Enqunoe okHo nocrymna | http://window.edu.ru/
K 00pa3oBareabHbIM pecypcam"

7. | Enunas kosutekuus [udpoBbIx 00pa3oBaTebHbIX http://school-collection.edu.ru/
pecypcoB

8. | ®enepanbHblii IEHTP UHPOPMAITHOHHO - http://fcior.edu.ru/
00pa30oBaTesIbHBIX PECypPCcOB

[TepeueHr WMHGOPMALMOHHBIX TEXHOJOTHH, HCHOJB3YEMbIX MpPU  OCYILIECTBICHUU
00pa30BaTEIHLHOTO NPOIIECcCa MO TUCIUIUINHE (MOJIYIIIO), B TOM YHCIIE KOMIUICKT JTHLECH3HOHHOTO
IpOrpaMMHOIO  OOeclieueHusi, COBPEMEHHble MpodeccHoHalbHbIe 0a3bl  JaHHBIX U
MH(POPMALMOHHBIE CIIPAaBOYHbBIE CHCTEMBI:

Haumenosanue 110 IIpousBoacTBo JInuen3uoHHoe / cBOOOAHO

pacnpocTpaHsieMoe

OmnepanmnoHHbIE CHCTEMBI:

Microsoft Imagine (Windows Client, Server) | 3apy0eKHOE | JIMIIEH3HOHHOE

bpay3epsbi:

Supexc.bpaysep OTEYECTBEHHOE | CBOOOJHO PacCIpoCTpaHsIeMoe

Google Chrome 3apy0OekHOe CBOOOIHO pacmpocTpaHseMoe

OducHble NPUIIOKEHHS:

Microsoft Imagine (Visio, OneNote) 3apy0eKHOoe JMIIEH3HOHHOE

TeXstudio 3apy0OeKHOe CBOOOIHO pacmpocTpaHseMoe

Adobe Acrobat Reader 3apybexHOoe CBOOOJIHO PacIpoCTpaHIEMOe

IIporpaMMHoe o0ecnieyeHne I NJAHNPOBAHNUS M Y4eTa BPEMEHH:

Toggle app | 3apy0OexKHOe | CBOOOIHO pacmpocTpaHsIeMoe

CucreMbl yipaBJieHUs IPOEKTAMH:

Microsoft Imagine (Project) | 3apy0exHOe | JIMIICH3HOHHOE

Cucrtembl ynpasJieHus1 6a3aMu JaAHHbBIX:

Microsoft Imagine (SQL Server) | 3apy0eKHOE | JIMIIEH3MOHHOE

Cucremsl pe3epBHoro konuposanus (backup):

Acronis Backup Advanced for HyperV | 3apy0exHOe | JMIICH3HOHHOE

CnpaBo4HO-NIPABOBbIE CHCTEMBI:

KoncynprantIlntoc: cripaBo4HO-IpaBoOBas OTEYECTBEHHOE | JIMIICH3MOHHOE

cucremMa

CpencrBa aHTUBMPYCHO# 3a1UTHI:

Kaspersky Endpoint Security s 6usteca OTEYECTBEHHOE | JIMIICH3HOHHOE

Cranpaprusii Russian Edition

Cpenbl pa3pabdoTKu:

Visual Studio Code 3apy0eKHOE cBOOOIHO PaCIPOCTPAHIEMOE
Bash (Unix shell) 3apybexHoe CBOOOIHO pacIpoCTpaHsIeMoe
Anaconda 3apy0OekHOe CBOOOIHO pacmpocTpaHseMoe
Robotic Operating System 3apy0eKHOE cBOOOHO PacCIpOCTPaAHIEMOE
CopelliaSim 3apy0exHOoe cBOOOJHO PACIPOCTPAHIEMOE
Google Colaboratory 3apy0eKHOe cBOOOHO PacIpoCTPaHsIEMOe

ITakeThl NPOrPAMMHBIX CPEICTB U OMOJIMOTEK:
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AutoPsy 3apyOexHOe CBOOOIHO pacIpocTpaHsIeMoe

Interactive Disassembler (IDA) 3apy0exHoe CBOOOIHO pacImpoCTpaHsIeMoe
CucreMbl ynpanJieHusi Ouoauorpaduyeckoii uHGopmanueii:

Zotero | 3apyOeKHOe | CBOOOIHO pacipocTpaHsIeMoe
CepBHuCHI H CJTY:KObI:

Bind 3apyOeKHOe CBOOOIHO pacpocTpaHsIeMoe
Docker 3apyOeKHOE CBOOOJTHO pacHpoCTpaHsIeMOe

7. MeToanyeckue M OlleHOYHbIE MATePUAJIbI
MeToanueckue yka3aHus AJ1s1 00y4a0IMUXCS M0 0CBOCHUIO INUCUUILINHBI (MOIYJIs1)

B npouecce u3zydenust aucuuruinebl (Moayns) «KBaHTOBBIE TEXHOJOTHU B JACUCTBUN» B
paMKax TEKyIIero KOHTPOJsS YCHEeBAaeMOCTH HMCIOJIb3YIOTCS TaKHe BHUIbI yueOHOU paboThI, Kak
CEeMHHApBI, TECTHI M JIOMAIIHUE 3aJaHUs, & TAKKE PA3IMYHBIC BUIBI CAMOCTOSTEILHOW PabOTHI
oOyJaromuxcsi 1O 3aJaHUI0 [penojaBaTelsi, HalpaBlIeHHblE HA Ppa3BUTHE HABBIKOB
poecCuOoHaIbHON JIGKCHKH, 3aKperyieHHue MPaKTUYeCKUX MpOodecCUOHATbHBIX KOMIIETEHIUH,
MIOOUIPEHNE UHULIUATUB.

Yuacmue 6 cemunape (ayoumopuas paboma) — akTuBHasi paboTa CTy/leHTa HAa CEMHUHApE,
€ro OTBETHI Ha BOIPOCHI IPETIOIABATENS U YIaCTHE B TUCKYCCUH.

Jns yCTIemHOTO y9acTHs B CEMHUHApe CTyJICHTaM PEKOMEHIYETCs 3apaHee 03HAKOMHTHCS C
TEMON OOCYXIEHUs, TPOYNTATh HEOOXOAWMBIE MaTepUallbl M TOATOTOBUTH BOMPOCHI. BaskHO
aKTHBHO CITYIIATh W BOBJICKATHCS B MCKYCCHUIO, BBICKA3bIBasi CBOM MHEHUS M apIyMEHTHPYS UX.
[Ipr oTBeTax Ha BOMPOCH MPEMOIABATENS CTOUT OBITh YBEPEHHBIM, YETKHM W JIOTHYHBIM,
OTUPAsCh HA U3YyYEHHBIH MaTepHual. Takke MoJIe3HO MOIePKUBATh THANIOT C OJTHOKYPCHUKAMH,
9TOOBI 000TaTUTh 00CYXK/IEHUE U PACIIUPHUTH CBOU 3HAHMSL.

Tecm — ocobas ¢gopma mpoBepku 3HaHUUA. [IpoBOIUTCS TOCIE OCBOCHHUS OIHOW WU
HECKOJIBKUX TEM M CBUJIETEIHCTBYET O KauyeCTBE MOHMMAaHUS OCHOBHBIX MOHSTHH H3y4aeMOro
Marepuasia. TecToBble 3aJaHHsi COCTAaBJCHBI K KIIIOUEBBIM MOHSITHUSIM, OCHOBHBIM pa3jeiiam,
BaXHBIM TEPMUHOJIOTUYECKUM KaTErOPHSIM U3y4aeMON TUCIUILTUHBI (MOIYIIsS).

JI71st MOATOTOBKM K TECTy HEOOXOIMMO 3HaTh TEPMHUHOJIOTUYECKHM anmnapar AUCUUTUTHHBI
(MO[yIst), MTOHUMATh CMBICTT HAYYHBIX KATETOPUI U YMETh UX UCIIOJIb30BaTh B PO eCcCHOHATbHON
nekcuke. BrnajgeHne NMOHATUHHBIM anmapaTroM, BKIIOYEHHBIM B TECTOBBIE 3aJlaHUs, MO3BOJISIET
MpenojaBarento  OBICTPO  MPOBEPUTh  ypOBEHb  NMOHMMAHUS  CTYIEHTAaMH  BaXXHBIX
METOJIOJIOTUYECKUX KaTeropHil.

Jlomawnee 3a0anue — HabOP 3a/1a4 IO TEMaM HEJIEIH.

[lpu paboTe Hag MOMAHUMH 3aJaHUSIMH Ba)XKHO BHUMATEIBHO O3HAKOMHUTBCS C
TpeOOBaHUSIMH M CPOKAMH BBITIOTHEHHUS. PekoMeHmyeTcs pa3OuBaTh 3a/laHUsl Ha ATAllbl, YTOOBI
n30eXkaTh TEPEerpy3Kd W JIydllle yCBOWTH Marepuan. Mcrmonp30BaTh pa3inyHble HCTOYHUKH
uHOpPMaLUH, BKIIIOYast ydeOHUKH U OHJIAH-PECYPCHI, U 00JIee TIyO0KOro TOHUMAHUS TEMBI.

Camocmosamenvnas paboma — paboTa CTyJEHTOB, HANpaBICHHAas Ha YIIyOJeHHOE
M3YYEHHUE OTJENIbHBIX TEM U BOIIPOCOB YUEOHON AUCHUILIMHBI (MOTYJIS).

B nporecce camocTosTENbHOM pabOThI CTYIEHTHI B3aUMOAEHCTBYIOT C PEKOMEHJOBAHHBIMU
MaTepHajaMy IPU MUHUMAJIbHOM yYacTHUH IpenojaBaress. 3a1a4u CTyeHTa BKIIOYAIOT paboTy
C KOHCIEKTaMu JieKLui (00paboTka TeKCTa), MOBTOPHOE N3yUeHHE yUeOHBIX MaTepHaIOB INIAHOB
U TE€3MCOB OTBETOB, U3YY€HHE JONOIHUTENIBHBIX TE€M, BBIIIOJIHEHUE Y4€OHO-MCCIIEA0BATEIbCKUX
3aJjaHuM U JPYroe.

DIIeKTPOHHBIN TOKYMEHT




Cucrema oneHMBaHus Pe3y/IbTATOB 00y4eHHsI 10 JUCHHMILIMHE (MOAY.I10)

Kpurepun mosiyyennsi ypoBHsl U OLleHUBAHUS COPMHPOBAHHOCTH KOMIIETEHUMH 110
aucuuminHe (Moayiw) «KBaHTOBbIe TEXHOJIOTHH B 1€CTBHUN»

OrneHNBaHME YpOBHSI YUEOHBIX OCTHXKEHUH, 00YJarOIIMUXCS MO JUCHUILTUHE (MOIYIIO),
OCYILECTBIISIETCS B BUJIE TEKYILIETO KOHTPOJISI YCIIEBAEMOCTH M MPOMEXKYTOUHON aTTECTAIIH.

IIpomexxyTouHasi aTrecTamusi 10 JUCIUIUIMHE (MOJYIIO) OCYIIECTBIAETCS B (dopme
3auema ¢ OYEHKOU, TPU STOM IIPOBOJUTCS OIIEHKAa KOMIIETCHIIMHA, CHOPMHUPOBAHHBIX IO
JUCUMITINHE.

JIns oLleHMBaHMA TEKYIIEr0 KOHTPOJSA YCIIEBAEMOCTHM M IPOMEXKYTOYHOW aTTeCTaluu
UCTIONB3YeTCs JIeCATHOAIbHASA IIKalla OLIEHWBAHUS, KOTOpas COOTHOCUTCS C TPaJAWIIMOHHOMN
MATHOAIUTEHON MITKAJION CIICTYIOIINM 00pa3oM:

OueHka 3a 3a4eT OO0 as xapakTepucTHKA
JlecaTubanabHasi| IlsaTudajiabHas

pe3yJjbTara 00y4yeHus 1o
OlleHKa OlleHKAa

AMCUMIIUHE (MOIYJII0)

10 Otim4HO 3a4yTeHo CTyaeHT  TMOJNHOCTBIO BIIAJIEET

9 OTauuHO 3auyTeHo 3HaHUAMH, U3JI0KCHHBIMHA B pa60qel71

8 OTIMYHO 3auTeHo mporpamMmme, u TIyOOKO OCMBICISET
qucouIuinHy. OH caMOCTOSTENIBHO U
JIOTUYECKU MOCJIeIOBATEILHO
OTBEYaeT  Ha  BCE  BOIPOCHI,
aKIEeHTUPYSd BHUMaHHE Ha HaubOouee
BAXHOM. YMEET aHaIU3UpOBaTh,
CpaBHHBATH, KJIacCH(HUIUPOBATH,
0000mare, KOHKPETU3UPOBATH U
CHCTeMAaTH31POBATh W3ydeHHbIH
Marepuan,  BBIICNsT  KIFOUCBbIC
MOMEHTBI u ycTaHaBIHBast
MPUIHHHO-CIIC]ICTBEHHBIC CBSI3H.
Yetko bopmymupyer OTBETHI,
YBEPEHHO UHTEPIPETUPYET
pe3yNbTaThl aHAIM30B U APYIHX
UCCIENOBAaHUI, a TaKXKe pelaer
cioxuble 3amayd. CTYIEHT XOpOIIO
3HAKOM C METOJaMHU HCCIICIOBaHMS,
HEOOXOIUMBIMU JJISl TTPAKTHUECKON
JESTeIbHOCTH, W YMEET CBS3BIBaTh
TEOPETHUYECKHE ACIIEKTHI
JTACITUTUTHHBI (Momys) c
MPaKTUYECKHUMH 3a/1a4aMu.

Xopouio 3a4yTeHo CryneHT  oOnamaeT  3HAHHUSIMH

Xopomio 3auTeHo IpexMeTa MOoYTH B MOJHOM 00BbeMe
paboueit MPOrPaMMBI u
CaMOCTOSITEIIBHO, JIOTHYECKU
MIOCJIEIOBAaTeIbHO M BCECTOPOHHE
OTBEYaeT Ha  BCE  BOIPOCHI,
aKLEHTUPYs BHUMaHUE Ha HauOoJee
3HaYMMBIX MoMeHTax. OH ymeer
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OueHka 3a 3a4eT O6uas xapakTepucTHKA
JlecaTubanabuasi| IlaTudannbHas
pe3yJibTara 00y4eHus 1o

OlleHKA OlleHKA
AUCHUNJIUHE (MOIYII0)

AHAJIM3UPOBATh, CPaBHUBATH,
KJIaCCH(UITUPOBATh, 0000111aTh,
KOHKPETHU3UPOBATh H
CHCTEMaTH3HPOBATh W3Y4CHHBIN
MaTepuall, BBIICISS €ro KIIOYEBbIS
aCIIEKTHI H yCTaHaB/IMBas
MIPUYUHHO-CIICICTBCHHBIC CBSI3M.
dopmynupyet CBOU OTBETEI,
YBEPEHHO HHTEPIPETUPYET
pe3yabTarThl aHAIM30B M JAPYTUX
HCCIIEIOBAHUH, a TaKKe pelaeTt
CJIOKHBIC CHTYAIIMOHHBIC 3aJ1a4H.
CTymeHT  XOpOIIO  3HAaKOM ¢
METOIaMU HCCIIEIOBAHHS,
HEOOXOAMMBIMH JUIS TMPAKTHYCCKON
JESATEIbHOCTH, ¥ YMEET CBS3bIBATh
TEOPETUYCCKHUE ACTIEKTHI IPEIMETA C
MPAKTHYECKUMH 3a][a4aMH.

5 Y IOBJIETBOPHUTEIHLHO 3auTeHo CrymeHT  oOnamaeTr  0a30BBIMH

4 Y 10BIETBOPUTENBHO 3auTeHo 3HAaHUSAMU o JUCHMIITIAHE
(Monymo), HO HCIIBITHIBACT

TPYAHOCTU IIPH CAMOCTOSATENIBbHBIX
OTBETaX MW MUCIOJIB3YET HCTOYHBIC
¢dopmymupoBku. B xozne orBeToB OH
JIOITYCKaeT OIIMOKHM, Kacaroluecs
cytu BompocoB. CTymeHT crnocobeH
peuiarb TOJIBKO CaMbI€ IIPOCTHIC
3aja4n u BIIAJICET R11501003
MHUHUMAJIbHBIM Ha60pOM MCETOJ0B
UCCIIeI0BaHUsL.

3 He cnan He 3aureno CryneHT He OBJa1eN 00513aTebHBIM

He cnaun He 3aureno MHHUMYMOM 3HAHWH 110 IIpeaAMCTY U

HE MOXET OTBETHUTH Ha BOIIPOCHI,
JKE C€CIIM nperoaaBarciib 3a4acT

He cnaun He 3auteno

JOIMOJIHUTEJIbHBIC HaBOAAIINEC

BOITPOCHI.

JucuumuimHa (Moayib) «KBaHTOBBIE TEXHOJIOTUU B JICHCTBUM» OICHUBACTCSI CIICITYIONIHM
oOpa3zom:

AKTHBHOCTH ‘ Bec ‘ KoaunuecTrBo ‘ Onucanue

Haxkonumenvnas OUECHKa

Homammaue 3amaaus | 60% 10 Habop 3amanmii ¢ pa3BEpHYTHIM OTBETOM 110 TEMaM HEJIEITH

Tecrsr 20% 5 [TucemenHas pabora c HaOOpOM 3amad, KOTOpPbIE HYKHO
PEIIUTH 3a OrPAaHUYCHHOC BPEMA

DIIeKTPOHHBIN TOKYMEHT



AKTHBHOCTb Bec | KoamuecTBoO Onucanmne

AynutopHas padora | 20% 15 AXTHBHOE yJacTHe B CEMUHApax: OTBETHI Ha BOITPOCHI
MPENoAaBaTelNisi U y4acTUe B AUCKYCCUU

HNrorosasi ouenka nmo gucuumnanae (Moay/iaw) « KBaHToBble TEXHOJIOTHM B J1eHCTBU M
BBICTABJISIETCS M0 HAKOMUTENbHOW omeHke: «0,6 X cpemHee 3a momamrHue 3amanus + 0,2 x
cpenHee 3a TecTsl + 0,2 X aynmuTopHas paboTay

Texkymmii KOHTPOJIb YCIIEBAeMOCTH 00y4YAIOIIMXCS 110 JUCHHUIINHE (MOLYJII0)
IIpumepHble 3aaHusA 1718 NOATOTOBKH K CeMHHapam
Cemumnap 1.

1. Yro moHmMaercs o4 IMOHATUEM «KBAHTOBBLIC TEXHOJOI'MHU» U KAKUC oOmacTu HAayKHU U
TEXHUKH OHH OXBaTHIBAIOT?

2. KakoBbl KITIOYEBBIE HMCTOPHYECKUE 3Tambl Pa3BUTHs KBAHTOBOW MEXaHWKH M KaKue
OTKPBITUA CTAJIM OCHOBOIIOJIAratOIIUMU IJIA MMOABJIICHHUA KBAHTOBBIX yCTpOI\/'ICTB?

3. B uem 3akimovaroTcsi OCHOBHBIE (DyHIaMEHTAIbHbIC MPUHIUITEI KBAHTOBOH MEXaHHKH,
OTJIMYAIOIINE €€ OT KIIACCUIECKOU (hU3UKHU?

4. Kak ompenensieTcsi KBaHTOBOE COCTOSIHHE€ CHCTEMbl U KAaKyl0 pOJb OHO WIpacT B
OIMCAaHUU KBAHTOBBIX CUCTEM?

5. YTo Takoe KBaHTOBAs CYNEPIIO3ULIUS, U KAaK 3TO SIBJICHUE UCIIOJIb3YETCSI B COBPEMEHHBIX
KBAHTOBBIX TEXHOJIOTHUAX?

Cemumnap 2.

1. Kakue maremaTudeckue CTPYKTYpbl U WHCTPYMEHTHI JISKAaT B OCHOBE OIHCAHHUS
KBaHTOBBIX CUCTEM U TEXHOJIOTHUIA?

2. Kak TeopeTHueckd MOJAEIUPYIOTCS KBAaHTOBBIE YCTPOMCTBA C HCIIOJb30BaHUEM
MaTeMaTU4YeCKOro arrapaTa KBAHTOBOM MEXaHUKH?

3. B uewm 3akito4aroTcsi OCHOBHBIC IPUHITUITBI paOOTHI KBAHTOBBIX aJITOPUTMOB M Y€M OHHU
OTJIIMYAIOTCA OT KJIACCUYECKUX AITOPUTMOB?

4. Kakue n3BeCTHbIE KBAHTOBBIE AJITOPUTMBI CYIIECTBYIOT, U KaKHe 331a4l OHU [TO3BOJISIOT
s¢dexTuBHO pemars?

5. Kak maremarmueckuil anmapaT KBAHTOBBIX TEXHOJOTMH IOMOTaeT aHaJu3upoBaTh U
ONTUMHU3HPOBATH PAOOTY KBAHTOBBIX YCTPOMCTB U aIrOpUTMOB?

Cemumnap 3.

1. Kak ycTtpoeHa onTuueckas cXxemMa YCTaHOBKH JJIs T€HEpaluu CIy4allHOro KBaHTOBOT'O
KJIF0Ya M KaKWe OCHOBHEBIE 3TaNbl B HEH BBIJACIIIOTCA?

2. YUto Takoe monsgpuzanuss (GOTOHA U KaKUe THMbI MOJSPU3ALUU HCIONB3YIOTCS B
KBAaHTOBBIX KOMMYHHUKAITUAX?

3. Kak ompenensiercs KaHOHUYECKU 0a3UC B KOHTEKCTE MOIIpU3aliu (POTOHOB U TIOYEMY
OH Ba)KCH ISl KBAHTOBOW Kpurrorpaduu?

4, KakoBa posib W TPUHIMI PaOOTHl OCHOBHBIX ONTHYECKHUX JJIEMEHTOB: JEIUTENS,
MOJISIPU3AITMOHHOTO JIETTUTENS, TaTYNKA OJTMHOYHBIX (D)OTOHOB M 3epKana?

5. Kakue ocoOeHHOCTH W TpeOOBaHUS MPEIBSBIAIOTCA K ONTHUYECKHM CHUCTEMaM Jis
oOecriedeHus1 HAJIS)KHOW TEHEPAIMH | Tepeayrl KBAaHTOBOTO KJIto4a?
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IIpumepHbIe 321aHNUS 110 TeCTAM
Tect 1.

Bomnpoc 1.
Kakoli pe3ynbrar AEMOHCTPUPYET ONBIT C ABYMS LIEISAMH IPU IPOXO0XKAECHUN OTMHOYHBIX YACTHIL
(HampuMep, 3JICKTPOHOB) uepes3 Lienu?
A. YacTuipl Becerzia mpoxoaaT 4yepe3 OJHy U3 Iieliel, He co3AaBas UHTephepeHInu
B. UYacTuiisl oTpaskaroTcs OT MIEICH B HE TPOXOIIT Yepe3 HUX
C. YacTumsl co31ar0T HHTEPPEPEHIIMOHHYIO KapTHHY, YKa3bIBasi Ha BOJIHOBYIO TIPUPOIY
D. Yacruip! ncue3aroT Mocie MPOXOKACHUS Yepe3 MIeTH
Ortser: C.
Bompoc 2.
Kaxoi1 pesynbrar gan skcnepumenT Llrepra—I epinaxa, moaTBepkaaroniuil KBAHTOBYIO IIPUPOLY
crnuHa?
A. HenpepsiBHOE pacnpeielieHUe 4YacTULl Ha dKpaHe
B. JlBa nuCKpeTHBIX MATHA, COOTBETCTBYIOIMX KBAHTOBAHHBIM 3HAUYEHUSAM IPOEKIIMU CIIMHA
C. IlonHoe norioueHue aToMOB MarHUTHBIM T10JIEM
D. CnyuaitHoe paccesiHue aTOMOB 0€3 3aKOHOMEPHOCTEH
Ortger: B.
Bomnpoc 3.
Uro Takoe KyOUT B KOHTEKCTE KBAHTOBBIX BHIYUCICHUN?
A. Krnaccuyeckas enunauiia nadopmanuu, npuHIMaromas 3Hadennst 0 wim 1
B. DnekrtpoH, Bpamarouuiics no opoure
C. KsanroBas enuuuia HHGOpPMAIUH, CIOCOOHASI HAXOIUTHCS B CYNEPIO3HUIINN COCTOSTHUH ()
nl
D. bur, 3amuIméHHbIA OT OIIHOOK
Ortser: C.
Bomnpoc 4.
Kakue Tpu 0CHOBHBIE HallpaBiIeHUs BKJIIOYaeT B ceOst kBaHToBas TexHosnorus (KT)?
A. Kpunrorpadusi, poO0TOTeXHHKA, OMOTEXHOJIOTUU
B. Bpruucnenus, KOMMyHHKAIUU, CEHCOPUKA
C. Jlazepbl, MUKPOCKOMHS, TENETOPTALMS
D. Cnektpockonusi, HAHOTEXHOJIOTHH, TEPMOJUHAMUKA
Ortsert: B.
Bompoc S.
Kakoe u3 crnenyromux NMpUMEHEHHUH OTHOCUTCS K MEPCIEKTUBAM HMCIOJIb30BAaHUS KBAaHTOBBIX
TEXHOJIOTUH B Oymyriem?
A. 3amMeHa Bcex KJIaCCUYECKMX KOMIBIOTEPOB HAa KBAHTOBBIE B TEUEHUE 5 JIET
B. Coznanmne KBaHTOBBIX YCTPOWCTB, CIIOCOOHBIX MOJIENHUPOBATH CIOKHBIE MOJEKYIbI JUIs
pa3pabOTKH HOBBIX JICKAPCTB
C. Hcnonp3oBaHne KBAaHTOBBIX TEXHOJIOTHH JUTS YBEIMYEHUSI CKOPOCTH CBETA
D. TlpumeHeHre KBAaHTOBBIX TEXHOJOTUM JIJIsl CO3JaHUs BEUHBIX ABUTATEIICH
Ortsert: B.

Tecr 2.
Bomnpoc 1.
KakoBa ocHoBHas ¢yHkuus wuHTeppepomerpa Maxa—llennepa B KBaHTOBO-ONTHYECKHX
HKCHEepUMEHTax?

A. Ycunenue curnana ¢OTOHOB

B. N3mepenue qIMHBI BOJTHBI CBETA

C. Coznanue uHTEp(HEPESHIINU MEXIY IBYMsI ITyTSIMU (OTOHA
D. T'eneparus ¢OTOHOB ¢ 3aJaHHOM TOJIAPU3AITHCH
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Ortser: C.
Bomnpoc 2.
Kakoli n3 crneayromux THUIOB JETEKTOPOB Yallle BCETO MCIONb3YETCS Ul PEruCTpaluu
OJIMHOYHBIX (POTOHOB B KBaHTOBOMW KpHITorpapuu?
A. ®oromnon
B. TI3C-marpuna (CCD)
C. CeepxmpoBojsmuii JaBuHHBIN GoToauon (SPAD)
D. Jlazepuslit nuoa
Ortser: C.
Bomnpoc 3.
Kakoii s/meMeHT ONTHYecKOil CXeMBl HCHONB3YeTCs IS CIIydailHOro BbIOOpa Oasuca mpH
reHepalyd KBaHTOBOTO KJTtoua 1o npoTtokosny BB84?
[Honstpusarop
[Monstpuzanmonusiit nenutens mydka (PBS)
[TonyBosiHOBAS IUIACTHHKA
CryuaiiHblii TeHepaTop WM KBAHTOBBIM CIy4ailHbI mnpouecc (Hampumep, IEIUTENb
yJKa)
Ortser: D.
Bomnpoc 4.
UYro sBiseTcs LENbl0 KaTMOPOBKM ONTHYECKOW CHCTEMBI IEpe] HaydaloM SKCIEpUMEHTa 110
reHepalyy KBaHTOBOTO KIr04a?
A. YBenuueHue MOIIHOCTH Jiazepa
B. CHmxeHue TeMieparypsl 1€TEKTOPOB
C. OOGecrnieueHne TOYHOTO BRIPABHUBAHUS ONITUYECKAX KOMITOHEHTOB U KOPPEKTHON PaOOTHI
JIETEKTOPOB
D. VYcraHoBka JIMHBI BOJIHBI HA MAKCUMYM
Ortser: C.
Bompoc S.
Kakoii pe3ynbTaT CBUAETENHCTBYET OO0 YCHENMIHOW padoTe CUCTEMBI T€HEpalluu CIy4daifHOTO
KBaHTOBOTI'O Kjro4a?
A. TlonyueHue 0IMHAKOBBIX OMTOB Y OTHPABUTEIIS U MOJIydaTeNs IPU COBIAAEHUHU 0a31COB
B. IloxyueHue HyneBOro CUTHaNIA Ha BCEX JETEKTOPAX
C. IlonHoe coBnaseHue Bcex OMTOB HE3aBUCUMO OT Oa3uca
D. OrcyrcTBue nnTepdepeHun B uHTEphepoMeTpe
Ortsert: A.

CoOw>

Tect 3.

Bompoc 1.
Yo U3 nepedyrcaeHHOro SBIsSETCs TEPBbIM 3TallOM 00pa0OTKH SKCIEPUMEHTATIbHBIX JAHHBIX?
A. TloctpoeHue rpaduka 3aBUCUMOCTH
B. CpaBHeHue ¢ TeOpeTHUECKOW MOJIENbIO
C. TlpoBepka maHHBIX Ha HATMYUE BRIOPOCOB M OIIMOOK
D. Pacuér ctanmapTHOrO OTKJIIOHEHUS
Ortger: C.
Bomnpoc 2.
Kakoii MmeTos ucnonb3yercst it OLEHKH TOYHOCTH U3MEPEHUI TPH MHOTOKPATHBIX ITOBTOPEHUSX
SKCIIEpUMEHTA?
A. Meroa HauMEHBIINX KBAJPaTOB
B. Pacuér cpennero apudmernyeckoro
C. Pacuér crangapTHOTO OTKJIOHEHUS
D. Uutepnonauus JaHHBIX
Ortger: C.
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Bomnpoc 3.
Uto o3HAYaeT BBICOKAS KOPPENALHS MEXAYy ABYMs MEPEMEHHBIMH B AKCIEPUMEHTAIBHBIX
HAHHBIX?
A. Mexy nepeMeHHBIMH HET CBS3U
B. M3meHnenue oHOMN MEpeMEHHOI CBSI3aHO C U3MEHEHHUEM JIPYTOi
C. JlanHble conepkaT CUCTEMAaTHYECKYIO OIIHOKY
D. HM3mepenus ObLIM IPOBEIEHBI HEKOPPEKTHO
Otger: B.
Bomnpoc 4.
Kaxoit u3 crnenyromux rpadkoB qydiiie BCETO MOIXO0UT JTsl BU3yalIu3aIlii 3aBUCUMOCTH MEXTY
JIBYMsI KOJIMYCCTBCHHBIMH ITEPEMEHHBIMU ?
A. T'ucrorpamma
B. Kpyrosas nuarpamma
C. Jlmarpamma paccestaus (scatter plot)
D. Cronbuaras nuarpamma
Ortger: C.
Bomnpoc 5.
[Ipu ananu3e JAHHBIX C OSKCIEPUMEHTAJIHHOM YCTaHOBKH BBl OOHApPYKUJIM 3HAUUTEIbHOE
pacxoXIeHUE MEXKIY 3KCICPUMEHTAIbHBIMU M TEOPETUYECKUMU 3HauyeHUAMH. UTo cieayer
clernarh B IEPBYIO o4Yepe.nb?
A. Yiaamurts Bce maHHbBIE
B. IloBTOpPUTH 3KCHIEPUMEHT U MIPOBEPUTH KAITUOPOBKY 000py10BaHUS
C. U3MeHUTh TeOpEeTUYECKYIO0 MOJIENh
D. UrnopupoBaTh pacxoxacHUE
Ortger: B.

HpnMeprle AOMAIIHUE 3alaHUsA

JomamHee 3axanue 1.

1. Hanummure scce (300—400 cnoB) Ha TeMy «UTO Takoe KBaHTOBBIE TEXHOJIOTHUU U B KaKHX
cdepax OHU MPUMEHSIOTCST CETOTHSI.

2. CocTaBbTe XPOHOJOTUYECKYIO TaONUIly C OCHOBHBIMH BE€XaMH B Pa3BUTHUU KBAaHTOBOM
MEXaHUKH U TIOSIBJICHUH KBAHTOBBIX YCTPOUCTB, yKa3aB KIFOUEBBIE OTKPBITUS U YUCHBIX.

3. [loaroroBhTe KpaTkoe u3NOXkeHUe (He Oomee 2 crpaHui]) O (YHIAMEHTAIBHBIX
MIPUHIIAIIAX KBAHTOBON MEXaHUKH, OOBSICHS TaKUe TIOHSTHUS, KaKk KBAHTOBaHKE, KOPITYCKYIISPHO-
BOJIHOBOM JTyaJu3M U MPUHIUI HEOMPEICTICHHOCTH.

4. Onumure MOHSATHE KBAHTOBOTO COCTOSIHMS Ha MPUMEPE CIIMHA 3JIEKTPOHA WM KyOuTa,
UCHOJB3YS GOPMYJIIbI U CXEMBI JJISl MILTIOCTPALIUH.

5. IlpoBeaure uccienoBaHue U MOATOTOBbTE NOKIaA (5—7 ciaiI0B) O SBJIEHUU KBAHTOBOM
CYNEpIO3UIINY, BKJOYas TMPUMEpPbl M3 KBAHTOBBIX BBIYMCICHUN WU SKCIEPUMEHTOB C
KBaHTOBBIMH CHCTEMaMH.

JlomamiHee 3axanmue 2.

1. 3yunte OCHOBHBIE MATEMATUUYECKHUE MMOHSITHS, UCIIONb3YEMbIE B KBAHTOBON MEXaHUKE
(BEKTOpBI COCTOSIHHSI, OMEpaTOphl, THILOEPTOBO MPOCTPAHCTBO), W IMOATOTOBHTE KOHCIIEKT C
IPUMEPaMH.

2. OnuIuTe TEOPETHUYECKYI0 MOJENIb OJHOTO W3 KBAaHTOBBIX YCTPOWCTB (HAmpuMep,
KBaHTOBOTO OWTa WJIM KBAaHTOBOTO PETUCTPA), MPUBEAUTE COOTBETCTBYIOIINE MATEMaTHYECKUE
BBIPAKEHUS U CXEMBI.

3. Uccnenyiite anroput™m Illopa wnm amroputm ['poBepa: moAroTroBbTe MOApOOHOE
00BSICHEHHE €ro MPUHIUIIA padOThl 1 MATEMATHUECKOT0 000CHOBAHUSI.

4. Pemte 3a7ayd Ha BBIYMCICHHE BEPOSTHOCTEH H3MEpPEHUN KBAHTOBBIX COCTOSIHHIA,
UCIOJIb3YS ONEePaTOPHbIE METOABI M MATPHUIIBI IFIOTHOCTH.

5. IloaroToBbTe Mpe3eHTALMI0 O MPUMEHEHUH MaTeMaTHYeCKOro ammaparta JUlsl aHajau3a
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YCTOWYUBOCTH U OLIMOOK B KBAHTOBBIX aITOPUTMAX U YCTPOHCTBAX.
Jdomamnee 3aganue 3.

1. Hapucyiite u onumwure cXeMy YCTAaHOBKHM JUIs T€HEpaluu CIy4alHOTO KBAaHTOBOTO
KJII04a (Hampumep, 1o npotokosry BB84). Ykaxure, kakue ONTUYECKHE 3JIEMEHTHI HCIIOIb3YIOTCS
Ha KaXJOM 3Tale U KaKk OHU BJIMAIOT Ha COCTOSHUE (POTOHOB.

2. TloaroroBbTe KpaTkuii pedepat (1-2 crpaHulibl) o mossipu3anuu GOTOHA: ONpeaeiIeHHE,
TUIIBI OJISIPU3ALNY (JIMHEWHAas!, KpyroBasl, SJUIMITUYECKas), CIOCOOBI €€ CO3/1aHus U U3MEPEHUS
B ONITHYECKUX CHUCTEMaX.

3. OOBsCHUTE, YTO TaKOE€ KAHOHWUYECKHH 0a3MC B KOHTEKCTE KBAHTOBOW KpHUMTOTpadum.
[TpuBeauTe mpumepsl 0Aa3MUCOB, MCTIONB3YEMBIX B MPOTOKOJAX KBAHTOBOH IMepenavn KIroveH, u
OIUIIINTE, KaK BHIOOP Oa3mca BIMAET Ha MHTEPIPETAIUIO U3MEPEHHIA.

4. CoctaBpTe TabdMIy C ONUCaHMEM (QYHKIMA M MPUHIUIOB PAaOOTHl CIEIYIOIINX
ONTUYECKUX DJEMEHTOB: JEIUTENb IIy4Ka, MOJSPHU3ALMOHHBIM [eNuTeNb, 3epKajo, AaTYMK
OJMHOYHBIX (DOTOHOB. YKaXHTE, KaK KaXIblii W3 HUX HCIOJIB3YETCS B KBAHTOBO-ONTHUYECKHX
yCTaHOBKaXx.

5. Pemmre 3amauy: B ycranoBke mo mnpotokony BB84 ¢doton ¢ ropuzoHTanbHOM
nonspuzauueit (H)) mpoxoaut uepe3 mnoisipuzaumoHHBIA nenutens. OmnpenenuTe, B KaKOM
BBIXOJTHOM KaHaJle OH OKaXeTCs, €CIU JEIUTeNb opueHTHpoBaH Ha Oasuc {|H), [V)}. Uro
NpOM30MIET, ecH TOT Ke (POTOH MONaNET Ha JACIHUTENh, OPHEHTUPOBAHHBIN Ha Oaszuc {[+), |-)}?
OO6ocHyiiTe OTBeT.

3amaHus 1JIsl MPOMEKYTOYHOM ATTECTAMH MO TUCHHUILINHE (MO1YJII0)

Ne i/ 3aganue OT1BeT Komnerenuus

1. | OneIT ¢ ABYMS HIEISAMH IEMOHCTPHPYET KBAHTOB VIO A YK-1
cyneprosuiuio. Kakoe u3 ciaeqyromux yrBepxIeHui
Jyd11e Bcero oObSICHSET, TOYEMY STOT SKCIEPUMEHT
HeJb3sI MHTEPIPETUPOBATH KIIACCHYECKON YacTHIIeH?

A) Yacruna npoxouT OJHOBPEMEHHO Yepe3 o0e MIeH,
co3qaBasi MHTEp(PEPESHITMOHH VIO KapTHHY

B) Yactuna tepseT 3Hepruro npu NpoxoKACHUH Yepes
Iesu

C) Uactuubl oTpaxkaroTcs OT IIeJiei U He MPOXOIAT Yyepe3
HUX

D) Yactuiis! B3anMoIei CTBYIOT APYT € IPYrOM, CO31aBast
HHTEpPEPESHIIHIO

2. | llpm nnaHupOBaHWH BHEPEHUS KBAHTOBBIX KOMMYHUKAIUH C YK-2
B KOPITOPATHUBHYIO CETh HEOOXOIMMO yIUTHIBATH
OrpaHUYeHHMA TeKyIuX TexHonoruil. Kakoe u3 cnenyrommx
YTBEPXKIECHUH HanOojee TOUHO OTPaKaeT OAMH U3 TaKUX
OrpaHUYHBAIOIINX (PaKTOPOB?

A) KBaHTOBBIC KOMMYHHUKAIIMK HE TPEOYIOT CEIHAIBHOTO
000pyIOBaHUS

B) KBanTOBBIC KaHAIBI MOT'YT OBITh PeaTM30BaHbI HA
F000M paccTosTHUU 0e3 ToTePh

C) CoBpeMeHHbIE KBAHTOBBIE KOMMYHUKAIMH OI'PAHIYEHBI
paccTosHUEM Nepeaayy n3-3a IOTePh B ONTOBOJIOKHE

D) KBanToBBIE KOMMYHUKAIIUN TIOTHOCTHIO 3aMEHSIIOT
KJIaCCUUECKHE KaHAJIbI CBSI3H

3. | Kakoii Maremarn4eckuii amnmnapar HanbdoJiee moJHO B OIIK-1
OITHCBHIBAET COCTOSHNE KyONTa B KBAHTOBBIX BBIYH CIICHUSX ?
A) BexTopHOE IPOCTPaHCTBO HAJT TIOJIEM BEUIECTBEHHBIX
qHcen

B) KommnnekcHoe rums0epToBO MPOCTPaHCTBO

C) EBKIIH10BO TPOCTPAHCTBO

DIIeKTPOHHBIN TOKYMEHT




D) Metpudeckoe MpOCTPaHCTBO ¢ HOPMOH

IIpu BEIOOpE KBAHTOBOTO ATOPUTMA JUJIS PELICHUS 3aa91
MTOVCKA B HEYNOPSAIOYCHHON 0a3e TaHHBIX, KaKOH U3
CIIEYIOIINX aNTOPUTMOB OYAET ONTHMAIBHBIM C TOYKH
3peHus pecypcod3pPeKTUBHOCTH?

A) AnroputMm llopa

B) AnroputMm I'poBepa

C) Kimaccuueckuii s>kaTHBIA aJlTOPUTM

D) Anroputm JlefkcTpsl

YK-2

IIpn anamm3e 3KCepUMEHTAIBHBIX JAHHBIX KBAHTOBOT'O
reHeparopa CIy4ailHbIX YA Cell I OLICHKU CIIy4allHOCTH
MOCJIEI0BaTEIbHOCTH UCIIOMB3YETCS CTaTHCTUYECKUN
KPUTEPUNA, OCHOBAHHBII Ha:

A) Teopuu BEpOsITHOCTEN U MaTeMaTHUECKOH CTaTHCTHUKE
B) InddepeHunansHbIX ypaBHEHUX

C) duddepeHnnansHoi reoMeTpun

D) Tomonoruu

OIIK-1

Kaxoil onTu4yeckuii 37€MEHT B KBAaHTOBOM T'€HEPATOPE
CITydaiiHBIX KJItOUel obecrieunBaeT paseneHue GOoTOHOB
0 MOJISIPU3ALNH, YTO O3BOJISIET peaal30BaTh IPUHLIHI
KBaHTOBOH CIIy4aifHOCTH?

Ionspusanronx
Bl IEJIATEND

YK-1

Kaxkol »J1eMeHT ONITHYECKOH CXeMBI KBAHTOBOI'O
reHepaTopa KIo4uel Heo0X0auMO BEIOPATH IS
PETUCTPAIIUU OTACIIBHBIX ()OTOHOB?

OnHOGh OTOHHBIN
JIETEKTOP

YK-2

Kak Ha3piBaeTcss MaTeMaTHYECKUI O0OBEKT, OIKCHIB A0 UM
KBaHTOBOE COCTOsIHUE (hOTOHA B 0a3Mce MOJISIPU3aIUH?

Kybur

OIIK-1

Kak Ha3pIBaeTcs sIBICHHE, TPU KOTOPOM KBAHTOBAS
CHCTEMa MOXET HaXOAUThCS OJHOBPEMEHHO B HECKOJIBKUX
0a3UCHBIX COCTOSTHUSX?

Cynepno3unus

IK-1

10.

Kak HaspiBaeTCcs ONTHYECKUI DJIEMEHT, 00€CIIeYnBAIOIIAI
unTepdepeHIro (HOTOHOB B KBAHTOBOH CXEME,
HCIOJIb3yeMOH JJIsT O€30IMacHON TeHePaIluy CITyIaliHBIX
Kirouel B cucremax MM?

Hureppepomerp
Maxa-Ilennepa

[K-2
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