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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

PabGouass mporpamma aucuuruiMHbl (MOAyJisi) «KBaHTOBbIE TEXHOJOTMH B JACHCTBUU»
COCTaBJIEHa B COOTBETCTBUU C (eIepalIbHBIM rOCyIapCTBEHHBIM 00Pa30BaTEIbHBIM CTAHIAPTOM
BbICIIEro oOpa3oBaHMsi — OakanmaBpuar 1o cnequanbHocT 02.03.01 Marematuka u
KOMITbIOTEPHBIC Hayku, Tpoduis «IIporpamma napyx aumiomoB HUY BIID u 1Y «lIpuknagnas
MaTeMaTHKa U WHPOPMATHKA», YTBEPKICHHBIM MpHUKa3oM MUHHCTEPCTBA HAYKHU MU BBICIIETO
obpazoBanus Poccuiickoit deaepannu Ne 807 ot 23.08.2017 rona.

N3yuenne mucuurniuuubel (Moayiisi) «KBaHTOBBIE TEXHOJIOTMM B JACHCTBHUU» TMO3BOJISIET
MOHATh MPHUHLHUIBI PabOThl MEPEAOBbIX KBAHTOBBIX YCTPOMCTB M UX NMPHUMEHEHHUE B PEabHBIX
3a/1a4ax, TaKUX KaK KBAHTOBBIC BBIUYUCIICHUS, KpUNITOTPA(US M CEHCOPHI. DTO 3HAHUE OTKPHIBACT
JIocTyn K ObIcTpopasBuBarolieiics oOiactu, dopMmupyromeil Oyayiiee HayKH, TEXHOJIOTHH U
SKOHOMUKH.

MecTto tucUIIMHBI (MOAYJISA) B CTPYKTYpe 00pa30BaTe/IbHOM MPOrpaMMbl

Hacrosmas nucuuniania (MOayJib) BKJIOYEHA B y4€OHBIH I1aH 10 MPOorpaMMe MOArOTOBKH
OakanmaBpuata no Hampasieruto 02.03.01 MaremaTnka W KOMIBIOTEpHBIE HAyKH, MPOQUIb
«[Iporpamma nByx numuiomoB HUY BIID u LY «IIpuknagnas MmatemMatuka u HHQOpMATHKaA» U
BXOJUT B BapUaTUBHYIO dYacTh bioka 1, ¢opmupyemyro yuyaCTHHKaMH OO0pa3oBaTeIbHBIX
OTHOLIEHUH KaK JMCLUUIUIMHA 10 BBIOOPY.

JucuumnirHa (MOyJb) JOCTYIHA K U3ydeHuto Ha 1, 2, 3 win 4 kypce ¢ 1 no 8 cemecTpsl Ha
BBIOODP, COBMECTHO C OJJHOM M3 TUCHUIUIMH Ha BBIOOD, BXOAAMIMX B rpymmy auciuruina «Codt-
HaBBIKH».

Heab n3y4yeHuss AUCHHUIJIMHBI (MOIYJIS1): OCBOCHUE IPAKTUYECKUX IIPUHLIUIIOB U METO/0B
MPUMEHEHUS KBAaHTOBBIX TEXHOJOTHUW JIS PEIICHUS COBPEMEHHBIX HAYYHBIX M TEXHUYECKHX
3azad.

3apaum n3y4yeHus TUCHUILIMHBI (MOYJIs1):

— (opmupoBaHUE 3HAHUI 110 TEMaM: OCHOBHBIE KOHIIETIIIUA U TEPMUHOJIOTHIO B 00J1aCTH
KBAaHTOBBIX TE€XHOJIOTMM, MAaTEMAaTHYECKUIN amnmapaT KBAaHTOBBIX TEXHOJOTHH, KIIFOUEBBIE WUJIEU
KBAaHTOBOW MEXAaHHKH, CBS3aHHBIC C BBIUMCICHUSMHU, KIIOUYEBHIE KBAHTOBBIC AJTOPUTMBI M HX
MOTEHIIMAJbHbIE TPUMEHEHHUs, OOIIMe MTPHUHIHUIBI 00ECIeYeHHs] YCTOWYMBOCTA KBAHTOBBIX
BBIYHCIICHUM, OCHOBHBIE TMOAXOJbl K paboTe€ C KBAHTOBBIMU CHCTEMaMH B JIa0OPATOPHBIX
YCIIOBHUSIX;

— pa3BUTHE NMOHUMAHUS MO TEMaM: Pa3Iu4Mus MEXIY KIACCUYECKMMU M KBAaHTOBBIMU
MoIX0JaMu K 00paboTke MH(POpPMAIIUH, OCHOBHBIE MaTEeMaTUYECKUE MOJIEIH, HCIIOIb3yEeMbIE B
KBAHTOBBIX BBIUMCICHUSAX, BAXKHOCTh KOPPEKIMH OIMMUOOK B KBAaHTOBBIX YCTPOWCTBAX,
¢buznyecKkrue 0OCHOBBI PabOThI HEKOTOPBHIX KBAHTOBBIX TEXHOJIOTUN, BO3MOKHOCTH U OTPaHHYEHUS
MPaKTUYECKOT0 MPUMEHEHUSI KBAHTOBBIX METO/IOB,;

— OCBOGHHE YyMEHHUH: paboTaTh C MPOCTHIMH KBAaHTOBBIMH CHCTEMaMH B paMKax
1ab0opaTOPHBIX 3aJaHUil, MPOBOAWTH 0a30BBIC OINEpaIi [0 HACTPOHKE M TECTUPOBAHUIO
KBAHTOBBIX CHCTEM, HHTEPIPETUPOBATH JIAHHBIE, TTOJYICHHBIC B X0/1€ SKCIIEPUMEHTOB, OIICHUBATh
MEPCIIEKTUBBI UCTIONB30BAHUSI KBAHTOBBIX TEXHOJIOTHUI B PA3IMUHBIX cepax.
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2. IlepeyeHb MJIAHUPYEMBIX Pe3yJbTATOB 00yUYeHMsI

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
MIPOBEJCHNH YUeOHBIX 3aHATHI B (hopMe KOHTAKTHOU pabOThI 00YYAIOIIUXCS C IEAArOTHYECKUMU
paboTHUKaMU YHUBEpCUTETA U B POpPME CAaMOCTOSATENILHONU PabOThI 00yUYarOIIUXCS:

Komnerenuus

Conep:xaHue KOMIeTeHITHH

Nuauxkarop
KOMIIETeHIN U

IlepeyeHb MJIAHUPYEMBIX
pe3yJIbTATOB 00y4eHHs 110
AUCHMIJIMHE (MOTYJIIO)

YK-1.

Crioco0eH OCYIIeCTBIISATh TIOUCK,
KPUTHYCCKUHN aHAIHM3 U CHHTE3
UH(OPMAITUH, IPUMCHSITH
CHUCTEMHBIH MTOXO/T ISl PEIICHHUS
MOCTABJICHHBIX 337124

YK-1.1.

3HaeT METO/IbI MOMCKA U aHAJIN3a
nH(pOopMaIuu B 001aCTH
HCKYCCTBEHHOTO MHTEIJIEKTA,
OCHOBHBIC MTPUHIIUIIBI
KPUTHYECKOH OIEHKH HCTOYHUKOB
nH()OpPMAITIH B HX
PEIIEBAaHTHOCTH

YK-1.2.

YMeeT KpUTHUECKH OIICHUBATD
UCTOYHHUKU HH(POPMAIIAHU U
CHHTE3HPOBATh JIAHHBIC W3
Pa3UYHBIX HCTOYHUKOB JUIS
penreHus 3a1a4, IPUMEHSTD
CHCTEMHBIH MTOJX0]] K aHAIN3Y U
PELICHHUIO KOMILJIEKCHBIX MPO0IIeM

YK-1.3.

NMeer nmpakTUYECKUN OIBIT
paboThI C COBpEMEHHBIMH
MHCTPYMEHTaMH U TEXHOJIOTHSIMU
Ut 00pabOTKH HH(POPMAILTUH,
(hopMyITUPOBAHUH U
CTPYKTYPUPOBAHUH 3a/1a4 Ha
OCHOBE TMOJTY4YeHHOH MH(opManuu

YK-2.

CriocobeH onpeiensiTe Kpyr
3a]a4 B paMKax MOCTaBICHHON
[EJTH ¥ BBIOUPATh ONTUMAJTHbHBIC
CIIOCOOBI MX PEIICHHUS, UCXOJIS U3
JICHCTBYIONIHUX MPABOBBIX HOPM,
UMEIOIIUXCS PECYPCOB U
OrpaHUYECHUMN

YK-2.1.

3HaeT NeUCTBYIONINE TPABOBHIC
HOPMBI, PETYITHPYIOIINE
JIESITETIbHOCTD B 00JIACTU PEIICHHS
3a7a4, OCHOBHBIE METOELI 1
MOJIXOJIbI K OTIPEICNICHHUIO KPyTa
3ama4

YK-2.2.

YMeer onpenensaTe Kpyr 3a7a4 B
paMKax I0CTaBJIEHHOM LIEJH,
BBIOMPATH ONTUMAJIBHBIE CIIOCOOBI
peleHus 3aaad, yYuTbIBast
UMeEIOIIUECs PECYPCHI U
OrpaHUYEHHUS

YK-2.3.

Nwmeet mpakTuyecKuid OnbIT
MIPUMEHEHUS 3HAHUU O MPABOBBIX
HOpMax U pecypcax B pealbHbIX
CUTYaIusX, pa3pab0TKU U
peanu3anuu peleHui B
COOTBETCTBHUH C YCTAHOBJICHHBIMHU
OTpaHUYECHUSIMU

OIIK-1.

Cnoco0eH KOHCYIbTHPOBATh U
UCIIOJIb30BaTh

(byH1aMeHTa bHbIC 3HAHHS B
00JIaCTH MAaTEeMaTH4ECKOT0
aHaJM3a, KOMIUIEKCHOTO U
(GYHKIIMOHAILHOTO aHAaJIHM3a
anreOpbl, aHATUTHYESCKON

OIIK-1.1.

3HaeT OCHOBHBIC KOHIICTIIIUU H
TEOpHH B 00IaCTH
MaTeMaTHYEeCKOTO aHAJIN3a ’
CMEXHBIX JUCIHILUINH, METOJIbI U
MOJIXO/IbI, KCIIOJIb3YEMBIC B
Pa3IMYHBIX 00JIACTSIX
MaTEMATUKN
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reoMeTpuH, 1udpepeHInaAIEHON
T€OMETPHUH U TOIIOIOTUH,

I QepeHInanbHbIX ypaBHEHUH,
JUCKPETHON MaTeMaTHKH U

OIIK-1.2.

YMeeT npuMeHsTh
MaTEeMaTHYECKUE METO/IBI IS
petenus npodeccuoHaIbHBIX
3a1a4

MaTeMaTUYECKOU JIOTUKU, TEOPUHU OIIK-1.3. NmeeT mpakTHUEeCKUNA OMBIT
BEPOSITHOCTEN, MATEMaTUIECKOMN pa3paboTKu U peamn3arus
CTaTUCTHUKH U CIy4alHBIX MaTeMaTHYECKUX MOJIENCH B
MPOIIECCOB, YUCIECHHBIX METOIOB, npogeccuoHaNbHON
TEOPETUYECKON MEXaHUKH B JIeSITEIIbHOCTH
npoheCcCUOHANTBHOMN
JeSITeTbHOCTH
ITK-1. Crnioco6en popmymnupoBathb IK-1.1. 3HaeT METOIBI U TTOIXOIBI K
3aJa4u C MaTeMaTHYECKOM (bopMynHpOBaHMIO 3a7a4, a TAKKE
TOYHOCTBIO, 000CHOBEIBAThH OCHOBHBIC MTPUHIIMIIBI
YTBEPKICHHUS CTPOTO H MaTeMaTHYECKOTO
aHAJM3UPOBATH TOIy4YEHHbIC JIOKa3aTeNbCTBA U aHAJIU3a
pe3ynbTaThl B 00JIaCcTH pE3yIBTATOB.
MaTeMaTUKH U KOMIIBIOTEPHBIX IK-1.2. YMeeT KOppeKTHO CTaBUTh U
HayK (hopMyTUpOBaTH MaTEMaTHIECKUE
3a7auu, IPUMEHSTh CTPOTrHe
METOABI JOKA3aTeNbCTBA U
AHAJIU3UPOBATH MOJIYYCHHBIC
Pe3yIbTaTHL.
IK-1.3. NmeeT ombIT paboOTHI € 3a72a9aMu

B 00JIaCTH MaTEMATUKU U
KOMITBIOTEPHBIX HAyK, BKITIOYAst
NPUMEHCHHE MAaTEMAaTHUCCKUX
METOIOB JIJIS PELICHIUS
MPAaKTHIECKUX 33734
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3. Temaruueckuii njiax

Nen/ TpynoeMKocTh, akageMu4ecKue Yachl
n HanmeHoBaHnue Ounas ghopma
pa3jaena IMCHUIITHHBI KonrakTHas padora TUK y
(Monysst) Texuun CemHHapbI CamocTto (TekyluMii KOHTPOJIb
Konrtpoas | sTeanHa ycIIeBaeMoCTH)
(mpakTHYecKHe
s1 paboTta
3aHATHS)
1 Brenenue B KBaHTOBEIE 2 1 5 [ToaroToBka k
TEXHOJIOTHH CEMHUHAPY
2 OO01111E TTOJI0KEHNS 2 1 5 IToaroroBxka x
KBaHTOBOU (pu3uKu ceMUHapy,
Jlomarntaue 3a aHus
3 KBanToBoe cocTosHIE 2 1 5 [ToaroToBka k
ceMuHapy
4 KBanrosas 2 1 5 IToarorosxka x
nHTephepeHus ceMuHapy,
Jlomaraue 3a1aHus
5 KBanToBas 2 1 5 IToaroroBka k
KpunTorpadus ceMuHapy,
Jlomarniaue 3aIaHus
6 KBanToBas 3 1 5 IToaroroBka k
3aIyTaHHOCTh ceMUHapy,
Jlomarniaue 3a aHus
7 [IpaxTuueckas 3 1 5 [MoxroroBka
peanu3anus KBaHTOBBIX ceMUHapy,
TEXHOJOTHUI JloMalliHue 3aaHus
8 KsanToBbIC 3 1 5 [ToaroToBka k
BBEIYHCIICHUS ceMuHapy,
Jlomarnnue 3a1aHus
9 OnTtudeckue 3 1 5 Kontponshas pabota
KBAaHTOBBIC TEXHOJOTHUHU Jlomarnrave 3aaHus
10 KBanrtossie 3 2 21 IToxaroroBka k
TEXHOJIOI'MH Ha ceMUHapy,
MTPAKTHKE Jlomanrame 3amaHus
11 dusnyeckas 3 2 3 IToxaroroBka k
peanu3anys KBaHTOBBIX ceMUHapy,
BBIYMCIICHUM JloMailiHue 3aaHus
12 KBanrosas 3 1 1 IToxaroroBka k
OCBEJAOMJIEHHOCTD ceMuHapy,
(quantum awareness) JlomManiHue 3a1aHus
3auem ¢ oueHKoil
Hmozo: 31 14 69
Obvem oucyunaunovt (Mooyns) 114
(6 ax. u.)
Obvem Ooucyunaunvt (MoOoyns) 3
(6 3au. eo.)
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4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Nen/m HaumenoBanue Coaeprxanue TUCHUILINHBI (MOAYJIf) IO TeMaM

pa3aena IMCOUIITHHBI
(Moay.Jis1)

1 Beenenue B kBantoBble | IlepBas u Bropast kBaHTOBas peBotonysa. OCHOBHbIE 3aKOHBI KBAHTOBOI

TEXHOJIOTHH ¢u3uku. Tpu BeTBU KBAaHTOBBIX TeXHOJOTHH. O030p COBPEMEHHOTO COCTOSHUS
KBAaHTOBBIX BBIUYHCIICHUI, KBAHTOBOW KPUNTOTpaduy, KBAHTOBOW CEHCOPHKH.
2 OO01mHe MoI0KEHUS dyHIaMeHTaJIbHBIE IKCTIEPIMEHTHI KBAaHTOBOH (pr3uku. UHTepperanus
KBaHTOBOH (PU3HKH Habmronenuii B ¢pusnke. [locTynaTsl kBaHTOBON MexaHuku. OOOCHOBaHHE

HEO0XOIMMOCTH MaTeMaTu4ecKoro anmnapara.

3 KsanrtoBoe cocrosiuue | Bextop coctosiHus (state vector). KanroBas cynepriosummst. JupakoBckas
HOTalMsa. DPMUTOBO COpsDKEHHUE. BeposTHOCTHAs MHTEpIIpeTanys KBaHTOBOH
MexaHukH. [IpoekTuBHble H3MepeHus. baszuc usmepenuil. Pasnoxenue no
0a3ucy BeKTOpOB U ornepaTopoB. [IpakTukyM mo paboTe ¢ KeT-BEKTOPaMH U
JIupakoBcKor HoTauue. HopmMupoBka keT-BekTopoB. CKaIIpHOE U BHELIHEE
MIPOU3BEICHHE.

4 KBanroBas [Mounstre unrepdepenuun. [onsapuzanus porona. Kanonnueckui,

uHTephepeHnus JMarOHAIBLHBINA, KpYroBoil 0aszucel. OnTrueckue 3nemMenThl. UaTephepomerp
Maxa-lleanepa. Welcher-Weg m3mepenus. DxcnepuMeHT DnuTIiypa-Baliamana.
beckoHnTakTHbIE U3MEpeHUs. Pacuér ontuueckux cxem. BugHocTs
uHTepdepoMeTpa.

5 KsanroBas [Mpuanun Kupxroda. KsantoBoe pacnpenenenue kimtoua (KPK). [IpoTokon
KpunTorpadus BB84. TeopeMma o 3anpere ki1oHUpoBaHUd. Y cToiiunBocTs BB84 Kk atake

"nepexsat”. QBER. Ys3sumoctu Ha ypoBHe hardware.

6 KBanroBas Cuctema aByx 1 6osee yactull. CenapaOenbHbIC U 3alyTaHHBIE KBAHTOBBIE

3aIlyTaHHOCTh coctosiausl. [IpsiMoe npousBeneHrue BeKTOpoB. bamnosckue coctosnus. I11P-
napaznokc. HenokanbHOCTb KBAHTOBOM MeXaHUKU. IIpoTOKOI KBaHTOBOM
tenenoprauuu. [Ipsmoe npousBeeHre BEKTOPOB U MaTpULl. baznc 4acTUUHBIX
n3Mepennii. OpToHopMupoBaHHOCTH basoBckoro 6a3uca. HecenapabenbHble
OIEePaTOPBHI.

7 [IpakTuueckas Dkckypcus B Poccuiickuii KBaHTOBBIHM LIEHTP: BU3UT B JIA0OPATOPHH + JICKIIHSL.
peanuzanus KBaHTOBBIX
TEXHOJIOTUH

8 KBanToBBIE 0030p HampaBiIeHU KBAHTOBBIX BEIYMCICHUN. BEeHTHIILHBIE KBAHTOBBIE
BBIYMCIICHHUS] BhIUUCIeHHs. KBaHTOBBIE Ienovky (quantum circuits). KyOuTsl, KyanuTsl. ['eHTsI.

OnHOKYOHUTHBIE M IBYXKYOUTHBIE TeiTHI. YHUBEpCanbHbI Ha0op. KBanTOBOE
npeBocxocTBO. KBanTOBBIN napamienusM. [paktukym no padore ¢
KBAaHTOBBIMH IIETIOYKaMU (paboTa ¢ KOJOM WJIH B OHJIAH-PEIaKTOPE)

9 Onruyeckue 3D-ontHKa, ONITOBOJIOKOHHBIC KOMIIOHEHTHI. JIazepHoe u3iydeHue.

KBaHTOBbIE TexHONoruu | M3mepurensnoe obopynosanue. TexHrka 6e30macHOCTH pu paboTe ¢
na3epHbIM m3iyyeHrneM. [IpaBuna oOpaliieHus ¢ ONTHYECKUM U U3MEPUTEIILHBIM
obopynoBanreM. KBantoBeblii reHepatop ciy4daibix uncen (KIT'CH).

10 KBaHTOBBIE JlaboparopHnas pabora. OnTHYECKH KBAHTOBBIA T€HEPATOP CITYyYaWHBIX YHCEI.
TEXHOJIOTHH Ha IOctupoBka ontrueckoi cxembl. CHITHE IOKa3aHUH U3MEPUTEIbHBIX
MpaKTUKE npubopos. [Iporpammuas 00paboTka TaHHBIX. AHAIN3 OTYyYEHHBIX JaHHBIX.

IToaroroBka TeXHUYECKOro 0TuéTa. KBaHTOBBIE AJITOPUTMBL.

11 duznueckast VYpasuenue lIpénunrepa. Onepatop ['aMmunbrona. Aauadaruueckas Teopema.
peanu3anys KBAaHTOBBIX | AnnabaTHuecKue KBaHTOBbIE BerauciaeHus. [Inatdopmel 1 peannzanuu
BBIYMCIICHUN KBaHTOBBIX BbluncieHuil. Kpurepuu nu Bunuenuno. IlepcriekTuBHbie

1aTdOPMBI JUTsk KBaHTOBBIX BbruucieHuid. @uuenuru (fidelity). Jlornyeckue u
¢usnueckue kyoutsl. [lonsTue kBaHTOBOTO ceHcopa. O0IacTH IPUMEHEHHS
KBaHTOBBIX CEHCOPOB. ATomHbIe ackl. SQUID-marneTomerp.
12 KBanroBas N
i 0O030p KBaHTOBOM OTpACIIH.
OCBEIOMIIEHHOCTh

(quantum awareness)

[IpoBepounas paboTa.
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTPaHsIEMOro IMPOTPAMMHOTO O0ECHEeYeHHs, BKJIIOYAs MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIa K pecypcaM M3 JI000# TOUYKH, Tlie eCTh NOAKII0oUeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

Ocnosnas numepamypa:

1. Edpemon 1O. C. KpanTtoBas mexanuka : yueOHuk st By30B / FO. C. EdpemoB. — 2-¢
u3., uctp. u n1on. — Mocksa : U3gatensctBo FOpaiit, 2025. — 458 ¢. — (Briciiee oOpazoBanue).
— ISBN 978-5-534-04975-6. — Texcr : anekTpoHHbI // O6pa3oBatenbHas miardGopma KOpait
[caiiT]. — URL.: https://urait.ru/bcode/563482.

2. Konwitun, U. B. KBanToBas Mexanuka : yaeOHuk a7 By30B / U. B. Konbitua. — MockBa
: I3marensctBo HOpaiit, 2025. — 222 ¢. — (Bricmiee obpazoBanue). — ISBN 978-5-534-15459-
7. — Teker : snextpoHHbli // OOpazoBarenbHas tiardgopma HOpaiit [caiit]. — URL:
https://urait.ru/bcode/559348.

3. Teipeikun, C. ). KpanroBas unpopmaruka. MHpoOpManmoHHO-U3MEpUTEIbHBIE U
yIpaBIsonme cucteMsl : yaeouuk st By30B / C. FO. Teipeikun. — Mocksa : M3garenscTBo
IOpaiir, 2025. — 102 ¢. — (Bsicmee oopazoanue). — ISBN 978-5-534-19540-8. — Teker :
uiekTpoHHBIH  //  OOpaszoBarenpHass  miatdpopma  FOpait  [caiit] —  URL:
https://urait.ru/bcode/580749.

4. XpennnkoB, A. 0. KBanroBas (pu3uka u HEKOJIMOTOPOBCKUE TEOPUH BEPOATHOCTEH :
yueOHuK 1iist By30B / A. FO. XpeHHUKOB. — 2-€ U3, HcIp. u Aon. — MockBa : M3aarenbeTBo
FOpaiit, 2025. — 219 c¢. — (Boicuiee obpazoBanue). — ISBN 978-5-534-04355-6. — Tekcr :
anekTpoHHsld  //  OOpazoBarenpHas  miatrpopma  IOpaiitr  [caiit]. —  URL:
https://urait.ru/bcode/561990.

Hononnumenvnan r1umepamypa:

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

2. Beprenec, C. H. Teopernueckas ¢usuka. KBaHTOBas 3J€KTpOAMHAMUKA : YUEOHUK IS
By30B / C. H. Beprenec. — 4-e u3n., ucnp. u gon. — Mocksa : U3narensctso IOpaiit, 2025. —
262 c¢. — (Bricmiee o6pazoBanne). — ISBN 978-5-534-01663-5. — TekcT : 37€KTpOHHBIN //
O6pasoBarenbHas wiathopma KOpaiit [caiit]. — URL: https://urait.ru/bcode/561938.

3. Ulyka, A. A. DOnextponuka B 4 4. Yacts 3. KBaHTOBast 1 onTuyeckas JIEKTPOHUKA :
yueOHuk st By30B / A. A. Illyka, A. C. Curos ; otBercTBeHHBIH penakTop A. C. Curos. — 2-¢
U311, ucnp. u gon. — Mocksa : Uznatensctso FOpaiit, 2025. — 117 ¢. — (Briciiee oOpa3oBanue).
— ISBN 978-5-534-01870-7. — Texcrt : anexkTpoHHBIH // OOpazoBaTenbHas miatgopma FOpaiit
[caiit]. — URL.: https://urait.ru/bcode/561578.

6. MaTepuaabHO-TEXHHYECKOE 00ecTeyeHne

VYHUBEpCUTET pacmojaraeT MaTepHallbHO-TEXHUYECKOH 0a30if, COOTBETCTBYIOLICH
JENCTBYIOIIMM MPOTUBOIOKAPHBIM IIPaBUJIaM U HOpMaM U o0ecreunBaroleil MpoBeIeHne BCeX
BUJOB JUCUUIUIMHAPHOW M MEXIUCIUIUIMHAPHON TOATOTOBKH, IMPAKTHUYECKOW M Hay4yHO-
HCCJIEIOBATENBCKOM paboT 00ydaromuxcsl, IPe1yCMOTPEHHBIX YU€OHBIM MJIAHOM.
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[TomereHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [Tl POBEACHUS 3aHATHI
JEKIIMOHHOTO THIA, 3aHATHA CEMHHAPCKOro (MPAKTUYECKOro) THIA, TPYIIOBBIX U
WHAUBUAYAIbHBIX KOHCYJIbTALMMA, TEKYIIIETO KOHTPOJISI U MPOMEKYTOUHON aTTECTAIllH, a TaKkKe
MOMEIIEHUS JUISI CAMOCTOSTEIILHOM paOO0Thl M IOMEIICHHUS JJIsI XPAHCHUS U TPOPUITAKTHIECKOTO
oOciyxuBaHusi yaeOHoro o6opynoanus. [lomenienrs yKOMITJIEKTOBAaHbI CHEIUAIN3UPOBAHHON
MeOENbI0 U TEXHUYECKHUMH CPEJCTBAMHU OOYUYCHUS, CIYXKAIIUMHU JJIsl MPEACTaBICHUS YIeOHOM
nHpopMaIuu OOJIBIION ayAUTOPHUH.

W3ydeHne qUCIHUILTMHBI (MOTyJIsl) 0OECTICUNBACTCS B YUCOHBIX ayAUTOPHIX, OCHAIICHHBIX

— CTOJIAMH U CTYJIbSIMU;

— KOMIIbIOTEPHON TEXHUKOM;

— MEXaHWYECKHUMH KaJbKYJISTOpaMH;

— CIEUHMaTU3UPOBAHHBIM 000PYIOBaHUEM, BKIIIOUAsl JEMOHCTPALlMOHHOE 000pYyI0BaHUE.

[TomemeHust 1J1E CAMOCTOATEIBHOM paOOTHI 00YJAIOIIMXCS, B TOM YHCIIE IPUCIIOCOOICHHBIE
JUISL MCTIONb30BaHMs MHBAIUIAMH M JIMLIAMU C OTPAaHMYEHHBIMU BO3MOXHOCTSMH 3J0POBBS,
OCHAIIIEHBI KOMIBIOTEPHON TEXHUKOH C BO3MOXKHOCTBIO MOIKITIOYCHUS K ceTu «HTepHeT» H
o0OecriedeHHEeM  JIOCTyla B  JJIEKTPOHHYIO  HH(GOPMAalMOHHO-00pa30BaTEeNbHYIO  Cpely
YHuBepcurera.

OOyyarommMcst TPENOCTaBIAETCS MOOCTYN (B TOM 4YHCIE YIOAlICHHBIN) K pecypcam
WH(OPMAIMOHHO-TEIICKOMM YHUKAITMOHHON ceTH «HTepHET», MIEKTPOHHBIM pecypcaMm (B TOM
YHclie JJIEKTPOHHBIM OUOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM MPOQECCHOHANBHBIM 0Oa3am
JAHHBIX ¥ HHOOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMAaM):

Ne HaumeHnoBanue nmopraa Cceblika
(u3naHus, Kypca, I0KyMEHTA)
1. | Hayunas snektponHas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OoubImoTeKa
2. Basa gausbix mus | T-cienuanucTos https://habr.com
3. Basza gauaeix ScienceDirect https://www.sciencedirect.com
4. | OdunmanbHbIi caiT MUHUCTEPCTBA HAYKH U https://minobrnauki.gov.ru/

BEICIIIEro oopasoBanus Poccutickoit deneparuu

5. | ®enepanbubiii mopran «Poccuiickoe oopasoBanue” | https://www.edu.ru/

6. WNudopmarmonnas cucrema "Enunoe okHO noctyna | http://window.edu.ru/
K 00pa3oBarenbHBIM pecypcam”

7. | Enunas xomnekims nudposix oOpazoBatenbubix | http://school-collection.edu.ru/
pecypcoB

8. | ®enepanbHblii IEHTP HHPOPMAITMOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB

[lepeueHr WH(DOPMAIIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPU  OCYIIECTBICHUH
00pa3zoBaTeNbHOIO MpoIiecca Mo AUCIUTUINHE (MOIYJI0), B TOM YUCIIE KOMIUIEKT JTUIIEH3MOHHOTO
IpPOrpaMMHOTO  OOecleyeHus, COBPEMEHHble mpodeccHoHanbHble 0a3bl  JaHHBIX U
MH(OpPMaILMOHHbBIE CIIPABOYHbIE CUCTEMBI:

HaumenoBanmne 110 IIponsBoacTBO JInnen3snonnoe / cB000IHO

pacnpocTpaHsieMoe

OnepanMoHHbIE CHCTEMBI:

Microsoft Imagine (Windows Client, Server) | sapyGexuoe | nuuensuonHOE

BpaysepsbI:

Sunekc.Bpayszep OTEUECTBEHHOE | CBOOOJIHO pacipoCTpaHsIeMoe

Google Chrome 3apyOexHoe cBOOOJIHO pacnpocTpaHsieMoe

OducHble NPUIIOKEHNS:

Microsoft Imagine (Visio, OneNote) 3apy0exHOe JIMIEH3UOHHOE

TeXstudio 3apyOexHoe CBOOOJ/IHO pacnpocTpaHsIieMoe
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Adobe Acrobat Reader | 3apyOekHOE | cBOOOJ/IHO pacnpocTpaHsIeMOe

HpOFpaMMHOC odecreveHme AJsi MNJJAHUPOBAHUA U YUYE€TA BPEMCHU:

Toggle app | 3apy0OeKHOE | CBOOOJTHO pacIpoCTpaHsIEeMOe
CucreMbl ynpaBjieHHsI TPOEKTAMM:

Microsoft Imagine (Project) | sapy6esxuoe | muuensHonHOE
Cucrtembl ynpapjeHHus1 0a3aMH JaHHBIX:

Microsoft Imagine (SQL Server) | sapyGesxHoe | nuuensnonHOE
Cucrtembl pe3epBHoro konupopanusi (backup):

Acronis Backup Advanced for HyperV | sapyGesxuoe | nHuensHonHOE
CnpaBoYHO-IIPABOBBIE CHCTEMBI:

Koncynprantllimoc: cipaBogyHO-TIpaBOBast OTCUECTBEHHOE | JINIICH3MOHHOE
cucTeMa

CpencrBa aHTUBHPYCHOM 3aIIMTHI:

Kaspersky Endpoint Security amst 6usneca OTEUYECTBEHHOE | JIUIIEH3UOHHOE

Crampmaprasii Russian Edition

Cpenbl pa3padoTKu:

Visual Studio Code 3apy0eKHOe CcBOOOJHO pacIpOCTPAHIEMOE
Bash (Unix shell) 3apyOeKHOE CBOOOJIHO pacnpocTpaHsIeMOe
Anaconda 3apyOeKHOE CcBOOOJIHO pacnpocTpaHsIeMOe
Robotic Operating System 3apy0OexHOe CBOOOJIHO pacrpocTpaHsIeMoe
CopelliaSim 3apy0eKHOE CcBOOOJHO pacIpOCTPAHIEMOE
Google Colaboratory 3apy0exHoe CBOOOJTHO pacpoCTpaHIeMOe
IMakeThl MPOrPAMMHBIX CPEICTB H OHOINOTEK:

AutoPsy 3apyOeKHOE cBOOOJIHO pacnpocTpaHsIeMOe
Interactive Disassembler (IDA) 3apy0OexHOe CBOOOJIHO pacrpocTpaHsIeMoe
Cucrtemsbl ynpaJjieHust ouoanorpaduyeckoii uHgopmanmeii:

Zotero | 3apyOexKHOE | CBOOOJIHO pacnpocTpaHsIeMOe
CepBHCHI B CITYKOBI:

Bind 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
Docker 3apyOexHoe cBOOOIHO pacnpocTpaHsieMoe

7. MeTtoanyeckue v OlleHOYHbIE MATEPHAJIBI
MeToauyeckue yKazaHus i 00y4aIOUIUXCS M0 OCBOEHUIO TUCHHIIMHBI (MOYJIs1)

B npouecce u3yuenust qUcUUIUIMHBL (MOayiisi) «KBaHTOBbIE TEXHOJOTMM B JIEHCTBUMY B
paMKax TEKyILEero KOHTPOJI YCIEBAEMOCTH HCIONb3YIOTCS TaKue BHJIbI yueOHOW paboThl, Kak
JeKIMM, CEMHHApBl, JOMAIlHUE 3aJlaHHs, KOHTPOJbHAas paboTa, a TaKKe Pa3JIMYHbIe BHJIbI
CaMOCTOSITENIbHOM padOThl 00yYaroIMXCs IO 3aJaHUI0 IPEernojaBaTelis, HAlpaBICHHbIE Ha
pa3BUTHE  HAaBBIKOB  NPO(ECCHOHATBHOM  JIEKCHKH, 3aKpEIUICHHE  MPAKTUYECKUX
npo¢eCCHOHATBHBIX KOMIIETEHIIMH, TOOIPEHNE HHUIMATHB.

Jlekyusi — cUCTEMAaTHYeCKOe, MOCIEAOBATEIbHOE, MOHOJOTHYECKOE  H3JIOKEHHUE
npernojiaBaTeneM yueOHOro Marepuana, Kak IpaBuio, TEOPETUYECKOr0 XapaKkTepa.

B mpomecce neknuii peKOMEHIYEeTCS BECTH KOHCIEKT JIEKIMI: KpPaTKO M CXEMaTHYHO
(UKCUpOBaTh OCHOBHBIE WIEH, BHIBOJBI M OOOOIIEHUS JIEKIMHU; BBIIENATH BaXXHBIC MBICIIH,
KJIFOYEBBIE CJIOBa W TepMUHBL. HeoOXOIMMO OTMETHUTH BOMPOCHI HJIM MaTepUaNbl, KOTOPBIC
BBI3BIBAIOT 3aTPYIHEHMS, U MOMBITATHCS HAMTU OTBETHI B PEKOMEH0BaHHOU nuTepatype. Ecimu
pa3oOpaTbCsi B Marepuane He yHaercs, cieayeT chopMyiIupoBaTh BONPOC W 3a7aTh €ro
IPEernoJIaBaTes0 Ha KOHCYJIBTAI[MH UM BO BPEMsI CEMUHAPCKOTO (PAaKTUYECKOT0) 3aHSATHS.

Yuacmue 6 cemunape (ayoumopmnas paboma) — aktuBHas paboTa CTyJeHTa HAa CEMUHApE,
€ro OTBETHI Ha BOMPOCHI MIPEToaBaTelis U y4acTHe B JUCKYCCHH.
JIJIs yCTIIETITHOTO yJacTHs B CEMHHAPE CTYJICHTaM PEKOMEHIYETCS 3apaHee O3HAKOMHTHCS C

DNEeKTPOHHBIA JOKYMEHT




TeMOU OOCYXXIEeHHs, IPOYUTAaTh HEOOXOAHWMbIEe MaTepualbl U MOATOTOBUTH BOIPOCHL. BaxkHO
AKTHUBHO CJYIIaTh ¥ BOBJIEKATHCS B IMCKYCCHIO, BRICKA3bIBasi CBOM MHEHUS M apTyMEHTUPYS HX.
[Ipu oTBeTrax Ha BONPOCHI MPENOJABATENs] CTOUT OBbITh YBEPEHHBIM, YETKUM M JIOTHYHBIM,
ONUPAsICh HA U3YYEHHBIN MaTepuall. Takke MOJE3HO MOAACPKUBATH TUATIOT C OJHOKYPCHUKAMHU,
4TOOBI 000TaTUTH OOCYXKJCHHE U PACIIUPUTH CBOU 3HAHMUSI.

Koumponvnas paboma — nuceMeHHasi pabota ¢ HabopoM 3a/1a4, KOTOPbIC HYXKHO PEIIUTh 3a
OrPaHUYCHHOE BPEMSI.

HCHB KOHTpOJIBHOI;’I pa60TbI — NOJIYYUTh CIICHUAJIBHBIC 3HAHHUA T10 O,Z[HOﬁ NN HECKOJIbKUM
TEeMaM TUCHHUILUIMHBI U TIPOJICMOHCTPUPOBATH HABBIKH UX MPAKTHYECKOTO IPUMEHEHHS.

Homawnee 3a0anue — HaOOp 3a7ad 10 TeMaM HEAECIH.

[Ipu pabGore Hax AOMAIIHUMM 33JaHUSMM BaKHO BHUMATEJIbHO O3HAKOMUTBCS C
TpeOOBaHUSMHU M CPOKaMH BBINIOJHEHUS. PexoMeHayeTcs pa3OuBaTh 3aJaHUsl Ha JTAlbl, YTOOBI
n30exaTh NEperpy3kd M Jydllle yCcBOUTh Marepuai. lcmonb3oBaTh pa3inuyHble HCTOYHHUKH
uH(OpMAaILINK, BKIIIOYAs YIeOHUKH U OHJIAWH-PECYPCHI, Ut 00Jee TiTy00KOro HOHUMAaHUS TEMBI.

Camocmosmenvnas paboma — paboTa CTYJEHTOB, HAIpaBICHHAs Ha YIIIyOJEeHHOE
U3y4eHHE OTICIBHBIX TEM M BOIPOCOB YIEOHOW JUCIUTUTMHBI (MOIYIIS).

B nporuecce camocTosTensHON paboThl CTYAECHTHI B3aUMOJIEHCTBYIOT C PEKOMEHI0BAHHBIMU
MaTepHrajaMH P MUHUMAJIFHOM y4aCTHHU MPEeroiaBaTess. 3aaul CTyIeHTa BKIIOYAIOT paboTy
C KOHCHEKTaMH JIeKui (06paboTka TeKCTa), MIOBTOPHOE U3yYeHUE YUeOHBIX MAaTepUaIOB IJIAHOB
¥ TE3MCOB OTBETOB, U3YUEHHUE JOMOJHUTEIBHBIX TEM, BHIIIOJHEHNE YI€OHO-UCCIIECAOBATEIBCKUX
3alaHUM U Ipyroe.

Cucrema OLlCHUBAHUSA PE3yJabTaTOB oﬁyqennﬂ o JTMCHMIIJIMHE (MO)IyJ'IIO)

Kpurepun nosiyyeHusi ypoBHS M OLlEHUBAHUS c(POPMUPOBAHHOCTH KOMIIETEHUMII 10
aucuumiInne (Moaya0) «KKBaHToOBbIe TEXHOJIOTHH B 1eiiCTBHU»

OrneHuBaHue YpOBHsS Y4EOHBIX JOCTHKEHHM, oOydaromuxcs Mo AUCHUIUIMHE (MOIYIIO),
OCYIIIECTBIISIETCS B BUE TEKYIIET0 KOHTPOJISl YCIIEBAEMOCTH U IMTPOMEXYTOUYHOM aTTeCTaliH.

IIpoMeskyTouHasi aTTecTanMs IO JUCHUIUIMHE (MOJYJIO) OCYILECTBISETCS B (opme
3auema ¢ OWEHKOU, TPU STOM TPOBOJUTCSA OLEHKA KOMIETEHIMH, cHOpMHpOBaHHBIX IO
JTUCLUTUIMHE.

JIns OoueHMBaHUSA TEKYLIETO KOHTPOJS YCIEBAEMOCTH M IPOMEXYTOYHOM AaTTECTALUU
UCIIONIB3YETCS JIeCATHOAINTbHAS IIIKaJIla OIEHWBAHMS, KOTOpas COOTHOCUTCS C TPaJAUIIMOHHON
MATUOATIPHON MIKAIOHN CIEAYIONIUM 00pa3oM:

Ouenka 3a 3a4er OO0mas xapakTepucTuKa
Jdecarudoanabias IlarudamnbHasn
pe3yjabTaTa 00yueHus 1o

OlleHKAa OlleHKA
AUCUUIINHE (MOIYJIIO)
10 OTnnyHO 3auTeHo CTyleHT  TOJHOCTBIO  BIaAEeT
9 OTIUYHO 3auTeHo S3HAaHUSIMH, U3JI0KCHHBIMHA B pa60qel71
8 OTIMYHO 3a9TeHo nporpaMMe, ¥ TIyOOKO OCMBICISIET

quctumnHy. OH CaMOCTOSITENIBHO U
JIOTUYECKH [IOCJIEJOBATENIBHO
OTBEYaeT  Ha  BCE  BOIPOCHI,
aKIIEHTUPYs BHUMaHUE Ha Hanbojee
BaAXXHOM. YMeEeT aHaJu3upOBaTh,
CpaBHUBATb, KJIaCCU(HUIIPOBATD,

0000mmaTh, KOHKPETH3HPOBaTb U
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JlecaTnboanabHas
OlleHKA

IIaTnéananLuasn
OLICHKA

OneHka 3a 3a4uert

OO0masi xapakTepucTuKa
pe3yjabTaTa 00yueHus mno
AUCUMILIMHE (MOAYJIIO)

CHUCTEMAaTHU3UPOBATh W3yYCHHBIN
MaTepuan,  BBIICHAS  KJIFOUCBHIC
MOMEHTBI u yCTaHABJIMBAs
MPUYHUHHO-CIICCTBEHHBIC CBSI3H.
YeTko dhopmymupyet OTBETHI,
YBEPEHHO HHTEPIPETUPYET
pe3yibTaThl aHAIM30B H  JIPYTHX
WCCIIEIOBAHUM, a TakKe pelIaeT
cioxHble 3anauu. CTyAEHT XOpOIo
3HAKOM C METOJAaMH HCCJIeIOBaHU,
HEOOXOIUMBIMHU I MPAKTHUECKOH
JIEATSIILHOCTA, U YMEET CBS3BIBATh
TEOPETUUCCKUC aCIeKThI
TUCIIUILTHHBI (Momyst) C
MPAKTUYECKUMU 3aa4aMHu.

Xopomo

3auTeHo

Xopomo

3auTeHo

CrymeHT  o0OJiamaeT  3HaHUSAMU
npeaMera MoYTH B TOJHOM O0beMe
paboueii MPOTPaMMBI u
CaMOCTOSITEIBHO, JIOTUYECKH
MOCJIEeIOBATEILHO W BCECTOPOHHE
OTBEYaeT Ha  BCE  BOMPOCHI,
aKIEHTUPYS BHUMaHKE Ha Haubolee
3HAYUMBIX MOMeHTax. OH ymeer
aHATM3UPOBATH, CpaBHHUBATH,
KJIACCU(UIMPOBATD, 0000111aTh,
KOHKPETU3HPOBATh 15§
CUCTEMAaTH3UPOBATh W3yYCHHBIN
MaTepHal, BBIIENSAS €ro KIOYeBbIC
ACTICKThI u yCTaHaBIIUBAs
MPUYMHHO-CIIC/ICTBCHHBIC  CBSI3H.
dopmynupyeT  CBOHM OTBETHI,
YBEPEHHO HHTEPIPETUPYET
pe3yibTaThl aHAM30B W JIPYTHX
HCCIENOBAHUM, a TaKkKe pelaer
CJIOKHBIC CHUTYaIlMOHHBIC 3aJauu.
CTymeHT  XOpomio  3HaKOM C
METOIaMu UCCIIeIOBAHUS,
HEOOXOJUMBIMHU JUISl TIPAKTHYECKOM
NeSITEIbHOCTH, U YMEET CBS3bIBAThH
TEOPETHYECKUE aCIIEeKTHI IIPeIMETa C
NPaKTHYSCKUMHU 3a/1a49aMH.

Y 10BIETBOPUTENBHO

3auTeHo

Y 10BIETBOPUTENBHO

3auTeHo

Crynentr oOmamaet  0a30BBIMU
3HAHUSAMU o JUCITUTLTAHE
(Moyr0), HO WCTIBITHIBAET
TPYZHOCTH IIPU CAMOCTOSITEIBHBIX
OTBETaX M UCIOJb3yeT HETOYHEIC
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Ouenka 3a 3auer O0uiast xapakTepucTHKA

JecarnoanabHas IIaTudannbHas
pe3yjabTaTa 00yueHus mno

OLICHKA OIIEHKA
AUCUMILIMHE (MOAYJIIO)

dopmynmpoBku. B xone oTBeTOB OH
JIOITyCKaeT OIIMOKM, Kacaroluecs
cyTu BorpocoB. CTyaeHT crocoOeH
pemiath TONBKO CaMble MpPOCTHIE
3a7auu u BJIaseeT JIMIIb
MHHUMaJIBHBIM HAaOOpOM METONOB
UCCIIEIOBAHUSI.

3 He cnan He 3aureHo CTyneHT He oBJa/ien 0043aTeIbHBIM

He cpoan He 3auteno MHUHUMYMOM 3HAaHUH 110 IpeaMETy U
HE MOXET OTBCTUTH Ha BOIIPOCHI,

He cpoan He 3aureno
JlaXKe €clid TpernojaBaTelb 3aaaeT

JIOTIOJTHUTEIIHHEIE HaBOISIINE

BOTIPOCHI.

Juctummaa (Moaynb) «KBaHTOBBIC TEXHOJIOTHH B JACHCTBHHY OLICHUBACTCS CIICAYIOIINM
obpazoM:

AKTHBHOCTb ‘ Bec ‘ KoJauuecrso Onucanue

Haxonumenvnasn ouenka

Homamrame 3amaans | 60% 10 Hab6op 3amanuii ¢ pa3BEPHYTHIM OTBETOM 110 TEMaM HEIETH

Kontponsnas padora | 20% 5 [Mucermennas pabota ¢ HabOpoM 3aad, KOTOPbIE HYKHO
PEUIUTD 3a OIrPAHUYCHHOC BPEM

Aynuropnas padora | 20% 15 AKTHBHOE y4acTue B CEMHHApPax: OTBETHI HA BOIIPOCHI
MPENoJaBaTeNs U y9acTHEe B TUCKYCCHH

Hrorosas onenka no aucuuiuviude (MmoayJr0) «KBaHToBbIe TEXHOJIOTUH B 1eHCTBUM»
BBICTABJISIETCS] 0 HAKONMMTEJLHOM onenke: «0,6 x cpennee 3a nmomamHue 3aaanug + 0,2 x
cpennee 3a Tecthl + 0,2 X aynuropHas paboTa»

Texkyumii KOHTPOJIb ycIeBAeMOCTH 00y4aKOIIUXCS M0 JUCHUIIIHHE (MOY110)
IIpumepHbIe 3a1aHUA 1JIs1 IOATOTOBKH K CEMHHAPaM
Cemunap 1.

1. YUro noHumaercst moJj| MOHATHEM «KBAHTOBBIE TEXHOJOIMHU» U KaKHe 00JacTu HayKu U
TEXHUKH OHH OXBaTHIBAIOT?

2. KakoBbl KIIIOYEBbIE MCTOPHUYECKHE 3Talbl Pa3BUTHS KBAaHTOBOW MEXaHUKH U Kakue
OTKPBITHUA CTAJIX OCHOBOIIOJAraromuMu JJIs MMOABJICHUA KBAHTOBBIX yCTpOfICTB?

3. B 4yem 3akimrouaroTcsi OCHOBHbIE (DyH/JIaMEHTaJIbHbIE MPUHIUIIBI KBAHTOBOM MEXaHUKH,
OTJIMYAIOIINE €€ OT KJIacCUYecKoi Qpu3nuku?

4. Kak ormpenensercsi KBaHTOBOE COCTOSHHE CHUCTEMbl M Kakyl0 pPOJIb OHO HIPAEeT B
ONMCAaHNH KBAaHTOBEIX CHCTEM?

5. Uto Takoe KBaHTOBas CYNEPIIO3UIHS, U KaK 3TO SBJIECHUE HCIIOJIb3YEeTCs B COBPEMEHHBIX
KBAHTOBBIX TEXHOJIOTHAX?

Cemumnap 2.

1. Kakue maTemaTuyeckue CTPYKTYpbl M MHCTPYMEHTHI JIEKaT B OCHOBE OIMCAHUSA
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KBAHTOBBIX CUCTEM M TEXHOJIOTHH?

2. Kak TeopeTnyecku MOJCIUPYIOTCSI KBaHTOBBIE YCTPOMCTBA C HCIIOJIb30BaHUEM
MaTEMaTHYECKOI0 anrnapara KBaHTOBOW MEXaHUKH?

3. B yeMm 3aKkiIr04aroTCsi OCHOBHBIC PUHIIUITBI PA0OTHI KBAHTOBBIX AJITOPUTMOB M Y€M OHHU
OTJIMYAIOTCS OT KIACCUYECKUX AJITOPUTMOB?

4. Kaxue u3BeCTHbIE KBAHTOBBIE AJITOPUTMBI CYIIECTBYIOT, M KAKHUE 3a/1a4l OHU [103BOJISIOT
3 dexTUBHO permarh?

5. Kak MaremaTuueckuil annapar KBAaHTOBBIX TEXHOJOTHI IOMOTaeT aHAJIM3UPOBATh U
ONTUMHU3UPOBATh PabOTy KBAHTOBBIX YCTPOHCTB U QITOPUTMOB?

Cemumnap 3.

1. Kak ycTpoeHa onTuyeckasi cXemMa YCTaHOBKH Ui T€HEpalUy CIy4ailHOro KBaHTOBOI'O
KJII0Ya U KaKue€ OCHOBHBIE ATAllbl B HEW BbLAEIAIOTCA?

2. Yro Takoe mosApuzauus (GOTOHA W KaKWe THUIBI MOJIPU3ALUU HCIONb3YIOTCS B
KBaHTOBBIX KOMMYHHKAIUAX?

3. Kak onpenensercs kaHOHHYECKH 0a3uc B KOHTEKCTE MOJISIpU3alii (POTOHOB U ITOUEMy
OH Ba)KEH JIJIs1 KBAHTOBOM Kpunrorpadun?

4. KakoBa poib U MOPUHIUN pPabOThl OCHOBHBIX ONTHYECKHUX SJIEMEHTOB: JIEIHUTEIS,
HOJISIPU3ALMOHHOTO JEITUTENS, JaTYMKA OAMHOYHBIX ()OTOHOB M 3epKasia?

5. Kakue ocoOeHHOCTM U TpeOOBaHUS NPEABSIBISIOTCS K ONTHUYECKUM CHCTEMaM ISt
oOecrnieueHrs HaJe)KHOM reHepalluy U Iepeadyn KBaHTOBOrO Kiroda?

IIpumepHbIe 3a1aHUsA VISl KOHTPOJbHOMH PadoThI
KounrpoJabsHnas patdora 1.

Bomnpoc 1.
Kakoii pe3yibTaT JEMOHCTPUPYET OIBIT € ABYMS ILIEISAMU IIPU MPOXO0KIACHUH OJUHOYHBIX YaCTHUIL
(HampuMep, AJIEKTPOHOB) Uepes3 Lienu?
A. YacTuiisl Beerzia npoxosaT yepe3 OJHY U3 1LIesel, He co3aBasi nHTep(epeHun
B. Yactuisl oTpakaroTcs OT Lieneil 1 He MPOXOIAT Yepe3 HUX
C. YacTuupsl co31ar0T HHTEPPEPEHIIMOHHYIO KapTUHY, YKa3bIBasi HA BOJIHOBYIO TTPUPOTY
D. Yactuisl ucuesarot nocie NpoX0KJICHUS Yepe3 Mesn
Ortser: C.
Bonpoc 2.
Kaxoit pezynbrar gan sxkcnepument Lltepra—I'epnaxa, noarBepkaar0muid KBAHTOBYIO IPUPOAY
cnyHa?
A. HenpepsiBHOE paciipesieJIeHHe YaCTHIl Ha SKpaHe
B. JIBa AMCKpETHBIX MATHA, COOTBETCTBYIOIIMX KBAHTOBAaHHBIM 3HAUEHUSM MTPOEKIIUH CITMHA
C. TlomHOE MOTrIONMEeHHe aTOMOB MAarHUTHBIM TIOJIEM
D. CnyuaiiHoe paccesiHue aTOMOB 0e3 3aKOHOMEpPHOCTEH
Ortser: B.
Bomnpoc 3.
Yto Takoe KyOUT B KOHTEKCTE KBAHTOBBIX BbIUMCICHUN?
A. Knaccuueckas enuHuIa nHGoOpMaluu, NpuHUMaroas 3nadenus 0 wim 1
B. DnekrtpoH, Bpamarouuiics no opoure
C. KsanroBas enunuia nHGOpMaLnH, CocOOHas HAXOAUTHCS B CYNEPIIO3UIIMH COCTOSIHUH 0
ul
D. bur, 3a1uniéHHbINA OT OIIMOOK
Ortser: C.
Bomnpoc 4.
Kakue Tpu ocHOBHBIE HampaBiieHUs BKIItoYaeT B ce0st kBanToBas TexHosorus (KT)?

DNEeKTPOHHBIA JOKYMEHT



Kpunrorpadusi, po6oToTexHrka, OMOTEXHOJIOTHH
Boluncnenus, KOMMYHUKallUU, CEHCOPHUKA
Jlazepsl, MMKPOCKOIIUS, TEIECTIOPTALIHS
. CniekTpockonusi, HAHOTEXHOJOTUH, TEPMOJIMHAMUKA
Otser: B.
Bomnpoc 5.
Kakoe w3 cienyrommx NPUMEHEHUM OTHOCHUTCA K IIEPCIEKTHUBAM HCIIOJIB30BAHUS KBAHTOBBIX
TEXHOJIOTHH B Oyayiem?
A. 3ameHa BceX KJIaCCHYECKMX KOMITBIOTEPOB Ha KBAHTOBBIE B TEYEHHUE 5 JIeT
B. Co3nanue KBaHTOBBIX YCTPOMCTB, CIIOCOOHBIX MOAEIHPOBATH CIIOKHBIE MOJIEKYIbBI IS
pa3pabOTKN HOBBIX JIEKAPCTB
C. Hcnonp3oBaHne KBAaHTOBBIX TEXHOJIOTUH JIJIs1 YBEIMUECHUSI CKOPOCTH CBETA
D. IlpumeHeHHe KBaHTOBBIX TEXHOJIOTUHN /7Sl CO3[aHUS BEUHBIX JIBUraTesien
Ortgert: B.
Bomnpoc 6.
KakoBa ocHoBHas ¢yHkus wuHTepdepomerpa Maxa—llernepa B KBaHTOBO-ONTHYECCKHX
JKCIIEpUMEHTAX?
A. Ycwienue curaaia poToHOB
B. V3mepeHue 1JMHbI BOJHBI CBETA
C. Coznanue nHTEpPEPEHINN MEKIY IBYMsI MyTIMH (HOTOHA
D. TI'eneparmus (OTOHOB ¢ 3aIaHHOM TTOJISIpU3aIUEH
Ortger: C.
Bomnpoc 7.
Kakoli W3 cieayrouMx TUIIOB JETEKTOPOB Yallle BCEro MCIOJB3YETCS Ul PEruCTpaluu
OJIMHOYHBIX ()OTOHOB B KBAHTOBOM Kpunrorpapuu?
A. ®oronnon
B. II3C-marpuna (CCD)
C. CsepxmpoBoasumii 1aBuHHBIN doTonuosn (SPAD)
D. Jlazepuslil nuon
Ortger: C.
Bomnpoc 8.
Kakoli sneMeHT onTu4Yeckod CXeMbl HCIOIb3yeTcd s ciaydyailHoro BbIOOpa Oasuca MpH
reHepaluy KBaHTOBOIO KJIo4a 1o nporokoiry BB84?
ITonstpusaTop
[Honspuzanmonuslii neautens mydka (PBS)
[TonyBoIHOBAS MJIACTHHKA
CrnyvaiiHplii TeHepaTOp WJIM KBaHTOBBIM cCllyyailHbIN mporecc (Hampumep, IEIUTeNb
y4yKa)
Ortser: D.
Bomnpoc 9.
Yro sBNSETCA LENbI0 KATUOPOBKM ONTHYECKOW CHCTEMBI Mepes HadaloM 3KCIEPHUMEHTa I10
reHeparuy KBaHTOBOTO KIIro4a?
A. YBennueHue MOLTHOCTH Ja3epa
B. Cumxenue tremrneparypbl J€TEKTOPOB
C. Ob6ecrnieueHue TOYHOTO BHIPABHUBAHUS ONTUYECKUX KOMIIOHEHTOB U KOPPEKTHON pabOTHI
JETEKTOPOB
D. YcraHoBka JUIMHBI BOJHBI HA MAKCUMYM
Ortser: C.
Bonpoc 10.
Kakoli pe3ynbTaT CBUAETEILCTBYET 00 YCHEIIHON paboTe CHUCTEMBbl I'€HEepaluu CIy4alHOTO
KBaHTOBOTI'O KJr04a?
A. TlomyueHue oJMHAKOBBIX OUTOB y OTIIPABUTEIS U MOJTydaTelIs IPH COBIAJEeHUH 0a31COB
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B. IlomyueHue HyjeBOro curHajia Ha BCeX JAETEKTOpax
C. TlonHOe coBmajeHUE BCceX OMTOB HE3aBHCUMO OT Oa3uca
D. OrcyrctBue unrepdepeHiiuu B uHTEphepomMeTpe
Ortger: A.
Bonpoc 11.
UTO U3 NEPEeYNCIICHHOTO SIBISIETCS TIEPBBIM ATAIOM 00pabOTKH IKCIIEPUMEHTATBHBIX JTAHHBIX?
A. Tloctpoenue rpaduka 3aBUCUMOCTH
B. CpaBHeHue ¢ TeOpeTUUECKON MOJEIIBIO
C. IIpoBepka 1aHHBIX Ha HAIMYUE BEIOPOCOB M OIIMOOK
D. Pacuér ctangapTHOrO OTKJIOHEHUS
Ortger: C.
Bonpoc 12.
Kakoii MmeToJ ucronb3yercs Ajsl OEHKH TOYHOCTH U3MEPEHMI TPU MHOTOKPATHBIX TOBTOPEHUSIX
JKCIIepUMeHTa?
A. MeToJ HaMMEHBIIUX KBAIPaTOB
B. Pacuér cpennero apudmerndeckoro
C. Pacuét craHgapTHOTO OTKJIOHEHHUS
D. HuaTeprionsinust JaHHBIX
Ortger: C.
Bonpoc 13.
Uro o3Ha4aeT BBICOKAs KOPPENALUS MEXAY ABYMs MEPEMEHHBIMH B SKCIEPUMEHTAIbHBIX
TAHHBIX?
A. Mexay nepeMeHHbBIMU HET CBA3U
B. M3MmeneHue oaHOI epeMEHHOM CBA3aHO C U3MEHEHUEM JPYTroi
C. [lanHbIe colepkaT CUCTEMAaTUYECKYIO OIIHOKY
D. U3mepeHnus Obuin poBeeHbl HEKOPPEKTHO
Ortger: B.
Bonpoc 14.
Kakoii u3 cnenyromux rpadukoB JIydilie BCero MOAXOANUT ATl BU3yalH3allui 3aBUCUMOCTH MEXTY
JIBYMsI KOJTMIECTBCHHBIMH ITEPEMEHHBIMU ?
A. Tucrorpamma
B. Kpyrosas nuarpamma
C. Huarpamma paccesiHus (scatter plot)
D. Cron6uarast nuarpamma
Ortger: C.
Bonpoc 15.
[Ipy ananu3e MAHHBIX C OSKCIEPUMEHTAIBHON YCTAaHOBKH BBl OOHAPYKWJIM 3HAYUTEIBHOE
PacCXOXKJICHUE MEXIY JKCICPUMEHTAILHBIMA M TEOPSTHYSCKUMHU 3HAUCHUSMHU. UTO clieayer
cenaTh B epBYIO ouepeb?
A. Ynanuth Bce JaHHBIE
B. TIoBTOpPUTH 3KCIIEPUMEHT U MTPOBEPUTH KATHOPOBKY 000PYIOBAHHUS
C. H3MeHUTh TEOPETUICCKYIO MOJICITh
D. HUrHopupoBaTh pacXxoxaeHUE
Otser: B.

I[IpumepHbIe TOMaLIHUE 32 IAHUS

Jlomamnee 3aganue 1.
1. Hanumwure 3cce (300400 cnoB) Ha Temy «UTO Takoe KBAaHTOBBIE TEXHOJIOTUU M B KAKUX
chepax OHM IPUMEHSFOTCST CETOJTHS.
2. CocTaBbTe XPOHOJOTHYECKYIO TAOIHIly ¢ OCHOBHBIMU BEXaMU B Pa3BUTHH KBAHTOBOM
MEXaHUKH U TOSBICHUN KBAHTOBBIX YCTPONCTB, yKa3aB KIFOUEBHIC OTKPBITUS U YICHBIX.
3. [loaroroBbTe KpaTkoe u3NOXkeHHUe (He Oonee 2 crpaHui) O (yHIAMEHTATBHBIX
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MPUHITMIIAX KBAHTOBON MEXAHUKH, OOBSICHSSI TAKUE TIOHATHS, KaK KBAaHTOBAaHWE, KOPITYCKYJISIPHO-
BOJTHOBOM JTyaJli3M U IPUHIIUI HEONPEACICHHOCTH.

4, OnuImwuTe MOHSATHE KBAaHTOBOT'O COCTOSIHHSI Ha MPUMEPE CIMHA 3JIEKTPOHA WK KyOHTa,
UCTIOJNB3YS (POPMYIIBI M CXEMBI JJISI MILTIOCTPAITHH.

5. TlpoBenuTe nccaea0BaHUE U MTOATOTOBBTE JOKIaA (5—7 claiiIoB) O SIBJICHUU KBAHTOBOM
CyNEpIO3UIMHU, BKJOUas MPUMEPhl M3 KBAHTOBBIX BBIUUCICHUW WU JKCIIEPUMEHTOB C
KBaHTOBBIMHU CHCTEMaMH.

JlomamHee 3agaHue 2.

1. V3yuuTe OCHOBHBIC MAaTEMaTUUYECKHUE MOHSATHS, UCIIOJIb3yeMbIe B KBAHTOBON MEXaHHKE
(BEeKTOpBI COCTOSIHUSI, OINEPaTOphl, TMIHOEPTOBO MPOCTPAHCTBO), U TOJATOTOBHTE KOHCIIEKT C
IpUMepamHu.

2. OnumuTe TEOPETUYECKYID MOJETh OJHOTO M3 KBAHTOBBIX YCTPOHCTB (Hampumep,
KBAaHTOBOTO OWTa WJIM KBAaHTOBOTO PETHCTpPA), MPHUBEAUTE COOTBETCTBYIOIIUE MATEeMaTHYCCKUE
BBIPKEHUS 1 CXEMBI.

3. Uccnenyiite anroputm Illopa wnm anroputm I'poBepa: MOATOTOBHTE MMOAPOOHOE
00BsICHEHUE €T0 MPUHITHUITA PAOOTHI U MATEMAaTHIECKOTO 0OOCHOBAHHUS.

4, Pemmte 3amayd Ha BBIYMCICHHUE BEPOSATHOCTEH H3MEPEHUN KBAHTOBBIX COCTOSHHIMA,
UCIIOJIB3YsI ONEPATOPHBIE METO/Ibl U MATPHIIBI IJIOTHOCTH.

5. TloaroToBbTE MPE3CHTAMIO O MPUMEHEHUH MAaTeMAaTHYECKOTrO armapara s aHalu3a
YCTOMYMBOCTHU U OMIMOOK B KBAHTOBBIX AJITOPUTMAX U YCTPOMCTBAX.

JlomamHee 3aganue 3.

1. Hapucyiite n onuumuTe cXeMy YCTaHOBKHM JJisi T'€HEpalUH CIy4yailHOro KBAaHTOBOI'O
KJIH04a (Hanpumep, 1o nporokosry BB84). Ykaxute, kakue onTudeckue 3JeMEeHThl HCIOb3YIOTCS
Ha KaXOM 3Tare U Kak OHH BJIHSIIOT HA COCTOSTHHE (DOTOHOB.

2. IloaroroBeTre Kpatkuit pedepar (1-2 cTpanuipl) o nmoispusanuu GoToHa: ONPECICHHE,
TUIIBI TONISIpU3aMU (JIMHEWHas, KPYTroBasi, JUIMIITHYECKAs ), CIIOCOObI €€ CO3aHus U U3MEPECHHUS
B ONTHYECKUX CUCTEMAX.

3. O0OBsACHHUTE, YTO TaKO€ KAaHOHUYECKHH 0a3uc B KOHTEKCTE KBAHTOBOW KpUMTOTpaduu.
[TpuBeaute mpuMepsbl 0a31UCOB, UCHOIB3YEMBIX B MPOTOKOJIAX KBAHTOBOM Mepenauu KIo4el, u
OTIMIINTE, KaK BBIOOP Oa3uca BIHET Ha HHTEPIPETAIHIO N3MEPECHUH.

4. CocraBbTe TaOmuIy C oOnucaHueM (YHKIMM W NPUHIMIIOB paboTHI CIEIyHOIUX
ONTUYECKHUX DIIEMEHTOB: MAETHUTENbh IyYKa, IOJSAPU3AIMOHHBINA IETUTENh, 3€pKajo, IaTdhK
OJIMHOYHBIX (POTOHOB. YKaXKHUTE, KaK KaXJbli M3 HUX MCIIOJIB3YeTCS B KBAaHTOBO-ONTHYECKUX
yCTaHOBKaX.

5. Pemnte 3amauy: B ycranoBke mno mnpotokony BB84 ¢oTtoH ¢ ropuzoHTanbHOI
nossipu3arnuedt (JH)) mpoxoaut depe3 MosIpU3aliMOHHBIA JenuTesb. Onpenenure, B KakoM
BBIXOJIHOM KaHalle OH OKaXeTCs, €CIM JeaWTeNb OopHeHTHpoBaH Ha Oasuc {[H), |V)}. Uro
HPOU30MAET, €CI TOT e (OTOH MONaAET Ha JCIUTENb, OPUCHTHPOBAHHBIN Ha Oaszuc {|+), |-)}?
O0GocHyliTe OTBET.

3apanus AJs1 MPOMEKYTOYHOM ATTeCTAIlUM MO JMCUUILINHE (MOTYJII0)

Ne n/m Saganue OTtBeT KoMmnerenunus

1. | OmeIT ¢ ABYMS MIEISIMH JEMOHCTPUPYET KBAHTOBYIO A YK-1
cynepno3unuio. Kakoe u3 cienyrommx yTBepKIeHUN
JTy4IIIe BCEro OOBICHSET, TOYEMY 3TOT IKCIIEPUMEHT
HEJb3s1 HHTEPIPETUPOBATH KIIACCHYECKOI YacTHIen?

A) Yactuna npoxoJuT 0OJHOBPEMEHHO yepe3 00e MIeH,
co3ziaBasi UHTepEPECHINOHHYIO KaPTUHY

B) YacTuia tepsieT 3HEpTHio Mpu MPOX0XKACHUHN Yepe3
ienn

C) YacTHIiibl OTpaxkaroTcsl OT MIeJIeH U He IPOXOIAT Yepe3
HUX
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D) YacTuiisl B3aUMOJICHCTBYIOT APYT C IPYTOM, CO3/aBast
HHTEpDHEePEHIIHIO

[Mpu nmaHupoBaHUM BHEPCHUST KBAHTOBBIX KOMMYHHKAITUH
B KOPIIOPATUBHYIO CETh HEOOXOAMMO YUUTHIBATD
OrpaHWueHHS TEKYIIUX TeXHoJorui. Kakoe u3 ciemayromumx
YTBEPIKJICHUN HanOoJIee TOUHO OTPAXKAET OJIFH U3 TAKUX
OrpaHUYMBAIOIIUX (HAKTOPOB?

A) KBaHTOBBIE KOMMYHHUKAIIMK HE TPEOYIOT CEIUATBEHOTO
o0opymoBaHU

B) KBaHTOBBIE KaHAIBI MOTYT OBITH PEaTU30BaHBI HA
M000M paccTosiHUM 0e3 MoTeph

C) CoBpemMeHHBIE KBaHTOBBIE KOMMYHHUKAITUH OTPaHIYEHBI
paccTosiHUEM Tepeiadn U3-3a MOTEPh B ONTOBOJIOKHE

D) KBanTOBBIE KOMMYHHKALIUH ITOJTHOCTHIO 3aMEHSIOT
KJIACCUYECKHE KaHaJbl CBS3H

VK-2

Kaxkoit MaTemMaTHdecKuii ammapaT Handoee MoTHO
OIMCBIBACT COCTOSIHUE KyOUTa B KBAHTOBBIX BHIYHCICHHSIX ?
A) BekTopHO€ POCTPAaHCTBO HaJl MOJIEM BEIIECTBEHHBIX
qrcen

B) KommtekcHOE THIIEOEPTOBO TIPOCTPAHCTBO

C) EBknHI0BO IPOCTPAHCTBO

D) Metpuueckoe MpOCTPaHCTBO C HOPMOH

OIIK-1

[Ipu BEIOOpE KBAaHTOBOTO arOPUTMA AJISl PEILICHUS 3a1a4H
MOVICKa B HEYTIOPSIIOYEHHON 0a3e NaHHBIX, KAaKOU U3
CJICYIOIINX aJITOPUTMOB OYJIET ONTUMAJIBHBIM C TOUKH
3peHus pecypcodhdekTuBHOCTH?

A) Anropurm Hlopa

B) Anroputm I'poBepa

C) Knaccuueckuil xaaHbli anroputM

D) Anroputm JleHKCTpHI

YK-2

[Ipu aHanu3e SKCHEPUMEHTAIBHBIX JaHHBIX KBAHTOBOTO
reHepaTopa CIyJailHbIX YHCeN IS OLIEHKH CIy4YaiHOCTH
MOCJIEI0BATEIbHOCTH UCTIOJIB3YETCSl CTATUCTUUECKUI
KpUTEpUl, OCHOBAaHHBIH Ha:

A) Teopun BeposSTHOCTEN U MAaTEMAaTHYECKON CTAaTUCTHKE
B) lnddepeHnnanbHeIX ypaBHEHUAX

C) AnddepenunansHol reoMeTpUH

D) Tononoruu

OIIK-1

Kaxoit ontrueckuii 31eMEHT B KBAaHTOBOM T'eHepaTope
CIIy4allHBIX KJIF0Uel oOecrieunBaeT pasjeneHue GoToOHOB
10 MOJISIPU3aLUHY, YTO TO3BOJISIET PEANTM30BATh PUHLIUIL
KBAHTOBOM CITy4aWHOCTH?

ITonsapuzanmoHH
Bl AEIIUTEID

YK-1

Kaxkoii 271eMeHT OIITHYECKON CXEMBI KBAHTOBOT'O
reHepaTopa Kirroueil HeoOX0MMO BEIOPATh IS
PETHCTPALIMU OTACIBHBIX OTOHOB?

OnH0(hOTOHHBIH
JIETEKTOP

YK-2

Kak Ha3pIBaeTCs MaTeMaTUIECKHH 00BEKT, OMUCHIBAOIIUI
KBaHTOBOE COCTOsiHME (DOTOHA B Oa3uce NmoJsipu3anun’?

Ky6ur

OIIK-1

Kak Ha3piBaeTcs siBIIEHUE, P KOTOPOM KBaHTOBAs
CUCTEMa MOXKET HaXOIUThCS OJTHOBPEMEHHO B HECKOJBKUX
0a3MCHBIX COCTOIHUAX?

Cynepno3uius

[K-1

10.

Kak Ha3pIBaeTCS ONTUYECKUM 3JIEMEHT, 00eCITeUnBaIOIINHA
nHTepdepeHnno GOTOHOB B KBAHTOBOH cxeMe,
WCIIONIB3yeMOH /1715t 0€30TMacCHOM reHepalii CITydailHbIX
Knrouel B cuctemax MN?

HnTepdepomerp
Maxa-Ilennepa

[K-1
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