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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

PabGouass mporpamma aucuuruiMHbl (MOAyJisi) «KBaHTOBbIE TEXHOJOTMH B JACHCTBUU»
COCTaBJICHA B COOTBETCTBHH C (pe/iepaibHBIM TOCYIapCTBEHHBIM 00pa30BaTeIbHBIM CTAHAPTOM
BbICIIEro oOpa3oBaHMsi — OakanmaBpuar 1o cnequanbHocT 02.03.01 Marematuka u
KOMITBIOTEPHBIE HayKH, Npo¢uib VICKYyCCTBEHHBI HMHTEIUIEKT, YTBEPXKACHHBIA IPHKA30M
MunucTepcTBa HayKH U BbIcIiero oopasoanus Poccuiickoit deneparmu Ne 807 ot 23.08.2017
roja.

N3yuenne mucuumiaunbel (Moayiisi) «KBaHTOBBIE TEXHOJIOTMM B JACHCTBUUY» TMO3BOJISIET
HOHSTH TMPHHIUIB PaOOTHI MEPEIOBBIX KBAHTOBBIX YCTPOWCTB M MX NPHUMEHEHUE B PEATbHBIX
3aJa4ax, TAKUX KaK KBAHTOBBIE BBIUMCIICHUS, KpUNTOrpadus U CEHCOPBI. DTO 3HaHUE OTKPBIBACT
J0oCTynn K ObICTpopa3BHBaromieiicst obnactu, GopMmupyromel Oyayiiee HayKd, TEXHOJOTHH H
OKOHOMHMKHU.

MecTo TMCHUIIJIMHBI (MOIYJIfA) B CTPYKTYpPe 00pa3oBaTe/IbHOI MPOrpaMMbl

Hacrosmas nucunumninnaa (MOAyiib) BKIIOUYEHA B YU€OHBII TUIaH MO TPOrpaMMe MOATOTOBKU
OakanmaBpuata no Hampasieruto 02.03.01 MaremaTnka W KOMIBIOTEpHBIE HAyKH, MPOQUIb
VckycCTBeHHBIH HMHTE/UIGKT W BXOJUT B BapHaTHBHYIO dacTh biioka 1, dopmupyemyro
y4acTHUKaMU 00pa30BaTeNbHBIX OTHOIICHUN KaK JIUCHUIUIMHA [0 BBIOOPY.

JucuumumHa (MOAyNb) M3ydaeTcs Ha 2 Kypce B 3 CEMECTpe COBMECTHO C OIHOM W3
JTUCHUIUINH, BXOAAIIMX B rpynny auciuuruind «Codr-naBeiku 11t STEM-kypco», Ha BEIOOD.

Heab n3y4yeHus AUCHHUIJIMHBI (MOIYJIf1): OCBOCHUE IPAKTUYECKUX IPUHLIUIIOB U METO/I0B
MIPUMEHEHNSI KBAHTOBBIX TEXHOJOTHUW [JII PEUIEHUS COBPEMEHHBIX HAYyYHBIX M TEXHUYECKHX
3azad.

3anaum n3y4yeHus TUCHUILIMHBI (MOYJIs1):

— (opMupOBaHKE 3HaHUHN IO TEMaM: OCHOBHbIE KOHIIETILIUY U TEPMUHOJIOTHIO B 00J1aCTH
KBAaHTOBBIX TE€XHOJOTHI, MaTEMATUYECKUI almapar KBAaHTOBBIX TEXHOJIOTHW, KJIIOUYEBBIE HIACH
KBAaHTOBOW MEXAHWKH, CBSI3aHHBIE C BBIYMCICHUSMU, KJIIOUEBBIE KBAHTOBBIEC AJITOPUTMBI U MX
MOTEHIIMAJIbHbIE TPUMEHEHUs, OOIIMe MTPHUHIHUIBI 00ECIeYeHHs] YCTOWYMBOCTU KBAHTOBBIX
BBIUMCJIEHUM, OCHOBHBIE MOJIXOJbl K pabOTe€ C KBAaHTOBBIMH CHUCTEMAMHU B J1aOOpaTOPHBIX
YCIOBUSX;

— pa3BUTHE MOHMMAHUA IO TEMAM: Pa3IUYUA MEXAY KIACCUUYECKHMMH U KBAaHTOBBIMHU
MoIX0JaMu K 00paboTke MH(POpPMAIUH, OCHOBHBIE MaTeMaTHYECKHE MOJIEIH, UCIONIb3yeMbIe B
KBAHTOBBIX BBIUMCICHUSAX, BAXKHOCTh KOPPEKIIMH OIMMUOOK B KBAaHTOBBIX YCTPOWCTBAX,
¢buznyecKrue OCHOBBI pabOThI HEKOTOPHIX KBAHTOBBIX TEXHOJIOTUN, BOZMOKHOCTH U OTPaHHYEHUS
MPAKTUYECKOTO MPUMEHEHUSI KBAHTOBBIX METO/IOB;

— OCBOEHME YyMEHHH: paboTaTh C MPOCTHIMM KBAaHTOBBIMU CHCTEMaMH B paMKax
1ab0paTOPHBIX 3aJaHUil, MPOBOAWTH 0a30BBIC OINEpaIH [0 HACTPOHKE M TECTUPOBAHUIO
KBAaHTOBBIX CUCTEM, MHTEPIIPETUPOBATH JAHHBIE, TIOJTYYEHHBIE B X0JI€ SKCIIEPUMEHTOB, OLIEHUBATh
MEPCIIEKTUBBI UCTIONB30BAHUSI KBAHTOBBIX TEXHOJIOTUH B Pa3IMYHBIX cepax.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4eHUs

Komnerenmun, ¢opmupyeMbie B pe3ylbTaTe OCBOCHUS IUCHHUILIMHBI (MOAYIS) TIPU
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

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 00IaCTH
HCKYCCTBEHHOTO MHTEIJIEKTA,
OCHOBHBIC MTPUHIIUIIBI
KPUTHYECKOH OIEHKH HCTOYHUKOB
WH(POPMAITUH U UX
PEJIEBaHTHOCTH

YK-1.2.

YMeeT KpUTHUECKU OIICHUBATh
WCTOYHUKYU HH(POPMALINN U
CHHTE3UPOBATh JIAHHBIC U3
Pa3IUYHBIX UCTOYHUKOB IS
pelIeHus 3aaa4, IpUMEHSTh
CHUCTEMHBIH MOAX0/T K aHATTN3Y U
PEIICHUIO0 KOMIUIEKCHBIX IPO0JIeM

YK-1.3.

NMeer nmpakTUYECKUN OIBIT
paboThI C COBpEMEHHBIMH
MHCTPYMEHTaMH U TEXHOJIOTHSIMU
JUTsE 00pabOTKH HH(POPMAILIH,
(bopMynupoBaHUU U
CTPYKTYPUPOBAHUH 3a/1a4 Ha
OCHOBE TOJY4YeHHOH MH(opManuu

YK-2.

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

YK-2.1.

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

YK-2.2.

YMeer onpenensaTe Kpyr 3a7a4 B
paMKax I0CTaBJIEHHOM LIEJH,
BBIOMPATH ONTUMAJIBHBIE CIIOCOOBI
peleHus 3aaad, yYuThIBast
UMEIOIIUECs PECYPChI U
OTpaHHYEHUS

YK-2.3.

Nwmeet mpakTUyecKuid ONbIT
MIPUMEHEHUS 3HAHUU O TPABOBBIX
HOpMax U pecypcax B pealbHbIX
CUTYaIusX, pa3pab0TKU U
peanu3anuu peleHui B
COOTBETCTBHUH C YCTAHOBJICHHBIMHU
OTpaHUYECHUSIMU

OIIK-1.

Crioco0eH KOHCYJIBTHPOBATh U
UCIIOJIb30BaTh

(byH1aMeHTa bHbIC 3HAHHS B
001acTH MaTEeMaTHYECKOTO
aHan3a, KOMIJICKCHOTO U
(GYHKIIMOHAIBHOTO aHajIK3a
anreOpsl, aHATUTHIECKON

OIIK-1.1.

3HaeT OCHOBHBIC KOHIICTII[H U
TEOpHH B 00IaCTH
MaTeMaTHYeCKOTO aHaIn3a U
CMEKHBIX JUCIUTUTHH, METObI U
MOJTXO/TbI, HCTIOB3yEMbIC B
Pa3IMYHBIX 00JIACTIX
MaTeMaTHKH
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reoMeTpuH, 1udpepeHInaAIEHON
T€OMETPHUH U TOTIOTIOTUH,

I QepeHInanbHbIX ypaBHEHUH,
JUCKPETHON MaTeMaTHKH U

OIIK-1.2.

YMeeT npuMeHsTh
MaTeMaTHYECKUE METO/IBI IS
petenus npodeccuoHaIbHBIX
3a1a4

MaTeMaTU4YeCKOU JIOTUKU, TEOPUHU OIIK-1.3. NmeeT mpakTHUEeCKUNA OMBIT
BEPOSITHOCTEN, MATEMaTUIECKOMN pa3paboTKu U peamn3arus
CTaTUCTHUKH U CIy4alHBIX MaTeMaTHYECKUX MOJIENCH B
MPOLIECCOB, YUCIECHHBIX METOIOB, npogeccuoHaNbHON
TEOPEeTHIECKOW MEXaHUKH B JeITeIIHOCTH
npoheCcCUOHANTBHOMN
JeSITeTbHOCTH
ITK-1. Crnioco6en popmymnupoBathb IK-1.1. 3HaeT METOIBI U TTOIXOIBI K
3a7a4M C MaTeMaTHYECKOM (bopMyIHpOBaHUIO 3a7a, a TAKKe
TOYHOCTBIO, 000CHOBEIBAThH OCHOBHBIC MTPUHIIMIIBI
YTBEPKICHHUS CTPOTO H MaTeMaTHYECKOTO
aHAIN3UPOBATH MOJTYYCHHBIE JIOKa3aTeIbCTBA M aHAJIH3a
pe3ynbTaThl B 00JIaCcTH pE3yIBTATOB.
MaTeMaTUKH U KOMIIBIOTEPHBIX IK-1.2. YMeeT KOppeKTHO CTaBUTh U
HayK (bopMyIHpOBaTH MaTEMaTHIECKHE
33124, MPUMEHATH CTPOTHE
METOABI JOKA3aTeNbCTBA U
aHATM3UPOBATH TIOTYUYCHHEIC
PE3yIbTATHI.
IK-1.3. NmeeT ombIT paboOTHI € 3a72a9aMu
B 00JIACTH MaTeMaTHKH U
KOMITBIOTEPHBIX HayK, BKIIIOYAst
NPUMEHEHNE MaTeMaTHIECKUX
METOOB JIJIsl pELICHNUS
MPaKTUYECKUX 33734
[K-2. Crioco0eH pemaTh THIIOBbIE I1K-2.1. 3HaeT OCHOBBI MH()OPMALIMOHHOM
3a1a4u MpohecCUOHATBHON 1 6ubnmorpapuIecKkoit KyabTyphl,
JeSITeIbHOCTH B 00JIaCTH a TaK)Ke MPUHIUTIBI
HCKYCCTBEHHOT'O MHTEIIJICKTa, nH(pOpPMALIMOHHO 0€30MaCHOCTH
orupasick Ha HHPOPMAIIHOHHYIO U IPUMEHEHHs] HH(POPMAIIHOHHO-
1 OubNHoTrpadUIECKyro KOMMYHUKAIIMOHHBIX TEXHOJIOTUI
KYJIBTYPY, UCTIONB3YS B TIpoecCHOHATLHON
UH()OPMALTMOHHO- JIeSITeIIbHOCTH
KOMMYHHKAIIMOHHBIE TEXHOJIOTHH [K-2.2. Ymeer 3¢ hekTuBHO
Y YYUTHIBAsi OCHOBHBIE WCTIOJIb30BaTh HHPOPMAITUOHHO-
TpeboBaHus HHPOPMALTMOHHON KOMMYHHUKAIIMOHHBIE TEXHOJIOTHU
0e3onmacHoOCTH JUISL pEIICHUSI CTaHAAPTHBIX 3a1a4
mpoheCcCHOHATBHOMN
JIeSITeIbHOCTH, YUUTHIBAS
TpeGoBaHUs HHPOPMALMOHHON
6e3011acHOCTH
IK-2.3. Nmeet onsIT pabOTHI €

WH(POPMALMOHHBIMH PECypCaMu 1
TEXHOJIOTHSIMU B 00J1aCTH
HCKYCCTBEHHOTO WHTEJICKTA,
BKJTFOYAs COOJTFOICHIE HOPM
MH(POPMALMOHHON 0€30MaCHOCTH
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3. Temaruueckuii njiax

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YaChl
1| HauMeHnoBanue Ounas ghopma TKY
pa3aeia TMCHUIITAHBI KonTakTHas padora (Texymui
(MoayJin) Jlekuuu CeMuHapBI Camocrose KOHTPOJTL
(MpakTHYECKHE Konrpoar Jbuat yCIeBaeMoCTH)
padora
3aHATHS)
1 BBejenne B KBAaHTOBBIE 2 5 IToaroroBska K
TEXHOIOTUHI ceMUHapy,
Tect
2 OO01Me MTOJI0KEHNS 2 5 IToaroroBka x
KBAaHTOBOW (PU3HUKH ceMuHapy,
Jomariinue
3a7aHus
3 KBanToBoe cocTosiHue 2 5 IToaroroBka k
ceMuHapy,
Tect
4 KBanroBas 3 5 IToaroroBka x
nHTephepeHus ceMuHapy,
Jlomarniaue
3a7aHus
5 KBanToBas 3 5 IToaroroBka k
KpunTorpadus ceMuHapy,
Jomaiiinue
3a7aHus
6 KsanroBas 3 5 IToaroroBka k
3aIyTaHHOCTh ceMuHapy,
Jomariiaue
3a7aHus
7 [IpaxTuueckas 3 5 IToxaroroBka k
peanu3anus KBaHTOBBIX ceMuHapy,
TEXHOJIOTHH Jlomaraue
3aJaHUs
8 KBanrtossie 3 5 IToxaroroBka k
BBEIYHCIICHHS ceMUHapy,
Jomaiiiaue
3aJaHUs
9 Onruueckue 3 5 IToxaroroBka k
KBaHTOBBIE TEXHOJIOTHUH ceMUHapy,
Jomaiiiaue
3a7aHus
10 KBanTosrie 15 21 IToaroroBka k
TEXHOJIOTMH Ha ceMUHapy,
MTPaKTHKE JloMarnmve
3a7aHus
15 dusnueckas 3 3 IToaroroBka K
peanu3anus KBaHTOBBIX ceMUHapy,
BBIYHCIICHUI JloMaiiaue
3a7aHus
16 KBanToBas 3 1 IToaroroBka K
OCBEJOMJIEHHOCTb CEMHHApY,
(quantum awareness) Jomarnue
3aJJaHUs
3auem c oueHnkoi
Hmozo: 45 69
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Obvem oucyunaunovt (Mooyns) 114
(6 ax. u.)
O6vem Oucyuniunvt (MoOyns) 3
(6 3au. eo.)
4. CopepxxaHue IMCUUILTHHBI (MO1YJIs)
Nen/m HaumenoBanue pasgesia Copeprxanue TMCHUTLUIHHBI (MOAYJIsI) IO TeMaM
AUCHUNJIMHBI (MOYJIs1)
1 BBenenue B KBaHTOBEIE IlepBast u BTopas KBaHTOBas PeBOIrOIMsA. OCHOBHBIC 3aKOHBI

TCXHOJIOTMH

KBaHTOBOW (pr3ukm. Tpu BETBH KBAaHTOBBIX TexHOJoTHi. O030p
COBPEMEHHOTO COCTOSIHHSI KBAHTOBBIX BBIYUCIICHUM, KBAHTOBOW
Kpunrorpaduu, KBAHTOBOW CEHCOPUKH.

OO0111M€e TT0JIOKEHNST KBAHTOBOM
bu3NKH

dyHnaMeHTaNbHbIe YKCTIEPUMEHTHI KBAHTOBOH (DH3HKH.
Wnrtepnperanus HabmoaeHuid B ¢pusmke. [locTynatsl kBaHTOBOK
MexaHukd. O00CHOBaHKUE HEOOXOIUMOCTA MAaTEMATUUECKOTO
anmapara.

KBanToBoe cocTossHuE

BexTop cocrosiHus (state vector). KBanToBast cymepno3unusi.
HupakoBckas HoTalus. DpMUTOBO collpsbkeHue. BeposTtHocTHas
VHTEpIpEeTalnrs KBAaHTOBOM MeXaHUKU. I[pOEKTUBHBIE U3MEPEHUS.
basuc m3mepenwmii. Paznoxxenue mo 6a3ucy BEKTOPOB U OMEPATOPOB.
[MpakTkyM 1O paboTe C KET-BEKTOPAMHU U AUPAKOBCKOH HOTAIHEH.
HopMmupoBka keT-BekTopoB. CKaJIIpHOE U BHEIIIHEE NTPOU3BEICHHE.

KBanToBas unTepdepeHus

[Nonstre naTepdepentun. [onspuzanus porona. KaHoHnveckwit,
JMarOHAITLHBINA, KPYTOBO# 0a3nchel. ONTHYECKUE STIEMEHTHI.
Hnrepdepomerp Maxa-Llennepa. Welcher-Weg nzmepenus.
OxcnepuMeHT Dnutiypa-Baiinmana. beckoHTaKTHBIE H3MEPEHHUS.
Pacuér ontuueckux cxeM. Bunnocts uarepdepomerpa.

KBanToBas kpunrorpadus

[Mpuanun Kupxroda. KsantoBoe pacnpeznenenue kimoda (KPK).
[Iporokon BB84. Teopema o 3ampeTe KIOHUPOBAHUS. Y CTOHYUBOCTD
BB84 k atake "nepexsar”. QBER. Vs3BumocTu Ha ypoBHe hardware.

KBanToBas 3aIIyTAHHOCTb

Cucrema nByx u 6osee yactull. CenapaOenbHble U 3aIlyTaHHbIE
KBaHTOBBIE cOCTOsIHUSL. [IpsiMoe mponsBeieHne BEKTOpOB. bamnosckue
coctostams. DI1P-mapamoke. HenokambHOCTh KBAHTOBOM MEXaHUKH.
ITpoToKON KBAHTOBOH TENENOPTALIUH.

IIpsMoe npousBeieHHE BEKTOPOB M MaTpHil. ba3zuc yacTHUHBIX
n3Mepennii. OpTOHOPMHUPOBAHHOCTh BartoBckoro 6asuca.
HecemnapabenbHbIe OnepaTopsbl.

HpaKTI/I‘IeCKaH pcain3anua
KBAHTOBEIX TEXHOJIOTHM

Okckypeus B Poccuiickuil KBaHTOBBIN LIEHTP: BU3UT B 1a00OpaTOpuH +
JIEKIMS.

KBaHTOBBIC BRIUMCIICHUS

O0630p HanpaBlieHU KBAHTOBLIX BHIYHNCICHUNA. BeHTUIIHHBIC
KBaHTOBBIC BEIUMCICHUs. KBaHTOBEIE 1emoukn (quantum circuits).
KyOwutsl, kyautsl. I'eiiTel. OMHOKYOUTHBIE U ABYXKYOUTHBIE TEHTHI.
YHusepcansHbIM Ha00p. KBaHTOBOE TIpeBOCX01cTBO. KBaHTOBEII
MapajuIeIn3M.

[IpakTrky™m 1o paboTe ¢ KBaHTOBBIMU IIETIOYKaMHu (padoTa ¢ KOJOM
WJIH B OHJIAH-PEIaKTOPE)

OnTuyecKkre KBaHTOBBIE
TEXHOJIOTHUH

3D-ontHKa, ONITOBOJOKOHHBIE KOMIIOHEHTHI. JIazepHoe u3iydeHue.
WzmeputensHoe 06opynoBanue. TexHuka 6e30macHOCTH pH padoTe ¢
na3epHbIM m3nyyenneM. [IpaBuna oOpalieHus ¢ ONTHYECKUM U
M3MEPHUTETHHBIM 000pyIoBaHHeM. KBaHTOBBIN reHepaTop CiydaitHbIX
gucen (KI['CY).

10

KBanToBbIc TeXHOIOTMH HA
IMPAKTHUKC

JlaGoparophast pabota. OnTHdeckuil KBAHTOBBII TEHEPATOP
ciay4aiHbIxX yncen. FOctupoBka ontuueckoi cxeMbl. CHATHE
MTOKa3aHUi H3MEPHUTENBHBIX TPHuOOpoB. [Iporpammuas 06paboTka
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JIAHHBIX. AHAIN3 NOMYYECHHBIX JaHHBIX. [I0ArOTOBKA TEXHUYECKOTO
otuéTta. KBaHTOBBIEC aNTOPUTMBI.

11

duznyeckas peaansaius
KBAaHTOBBIX BBIUHUCICHUMN

Vpasuenne llpémuarepa. Oneparop ['amunbproHa. AnmadaTnyaeckas
Teopema. AnnadaTudeckrue KBaHTOBBIE BeIancieHus. [lnardopmer ams
peanu3alnyy KBaHTOBBIX BblurcieHui. Kpurepuu nu Bundenio.
IMepcniekTHBHBIE TAT(GOPMBI JJIs1 KBAHTOBBIX BhIYUCICHUH. DunenuTu
(fidelity). Jlormueckue u puzndeckue KyoOuTsl. [loHsTHE KBaHTOBOTO
cercopa. O6nacTi NPUMEHEHHSI KBAHTOBBIX CEHCOPOB. ATOMHBIE Yachl.
SQUID-marueromerp.

12

KBanToBast ocBE1OMIEHHOCTD
(quantum awareness)

O0630p KBaHTOBO# OTpAaCIIH.
[TpoBepouHas 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  DJIEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUHU YHUBEPCUTETA, TAK U 32 €r0 MpeaesaMHy.

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

OcHosnas numepamypa:

1. Eppemos 0. C. KpanroBas mexanuka : yueOHuK 115 By30B / FO. C. EdpemoB. — 2-¢
u31., uctp. u n1on. — Mocksa : U3gatensctBo FOpaidt, 2025. — 458 ¢. — (Briciee oOpazoBanue).
— ISBN 978-5-534-04975-6. — Texcr : anekTpoHHbIi // O6pa3oBatenbHas miardGopma KOpait
[caiiT]. — URL.: https://urait.ru/bcode/563482.

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

6. MartepuajJbHO-TeXHHYECKOe o0ecredeHne

VYHuBepcuTeT pacrnojaraeT MaTepualbHO-TEXHUYECKOM 0a30i, COOTBETCTBYIOLIEH
JIeMCTBYIOIMM MTPOTUBOIOKAPHBIM IPaBUIaM MU HOPMaM M oOecrieunBaroleil MpoBeieHue BeexX
BUJIOB JIUCUUIUIMHAPDHOW W MEXIWCUUIUIMHAPHOW IOATOTOBKH, HPAKTHYECKOH M HAay4YHO-
UCCIIEI0BATEIbCKON PaboT 00ydaromuxcs, NpeayCMOTPEHHBIX YU€OHBIM IIJIaHOM.

[TomenieHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayAUTOPUH JIIsl IPOBEACHMSI 3aHATUN
JEKIMOHHOTO THUMA, 3aHATUH CEeMMHAapCKOro (IpakTUYeCKOro) THIA, TPYNIOBBIX U
VMHAUBUAYaAJIbHBIX KOHCYJIbTALIMN, TEKYIIIETO KOHTPOJISI U MPOMEKYTOUHON aTTECTAalllH, a TaKkKe
MOMEIIEHUS Il CAMOCTOATENbHOM pabOThl U MOMEIIEHUS Ul XpaHEeHHUs U MPOPHIAKTHIECKOTO
obcimyxuBaHusl yueOHOTO 000pynoBaHus. [ToMereHns: yKOMIUIEKTOBaHbI CIICIMAT3UPOBAHHON
MeOenbl0 U TEXHUYECKHMMHU CPEICTBAMHM OOYUYEHHMsI, CIyXKAIlUMH Ui MpeACTaBIeHUs yueOHOH
uH(popMauu 60JbIION ayIUTOPUH.

N3yueHne qUCUUIUIMHBI (MOAYIs) o0ecrieunBaeTcs B ydeOHBIX ayIUTOPHUSX, OCHAIEHHBIX:

— CTOJIaMH U CTYJIbSIMU;

— KOMIIBIOTEPHOU TEXHUKOU;

— CIEeUHaIU3UPOBAHHBIM 000PYI0BaHHEM, BKIIIOUYasi AEMOHCTPAaLlMOHHOE 000pYyI0BaHUE.

[TomMerieHus 1711 CaMOCTOATENBHOM paboTh 00y4arOIINXCsl, B TOM YKCIIE IPUCTIOCOOTICHHBIE
JUISL MCTIONBb30BaHMsI MHBAJUIAMH M JIMLIAMUA C OTPaHMYEHHBIMH BO3MOXHOCTSMH 3J0POBbS,
OCHAILIEHBI KOMIBIOTEPHON TEXHUKOM C BO3MOXKHOCTHIO MOAKIIOUEHHS K ceTu «MHTepHeT» M
o0ecriedeHHeM JocTyna K B DJJEKTPOHHYIO HH(DOPMAIlMOHHO-00pa30BaTENbHYIO Cpeay
YHuBepcurera.

OOyyaromMMcsi MperoCTaBlIAeTCs JAOCTYN (B TOM UHCIE yAaJeHHBbIH) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHClie AJNEKTPOHHBIM OHOJMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM Mpo¢ecCHOHAIbHBIM 0a3zam
JAHHBIX U UH(OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM):
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https://urait.ru/bcode/563482

Ne HaumenoBanmne mopraia Ccebulika
(u3naHus, Kypca, 10KyMEHTAa)

1. Hayunas snextponnas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OuoIIMoTEKA

2. Baza manaeix md 1 T-cnenuanuctos https://habr.com

3. | ba3a mannwix ScienceDirect https://www.sciencedirect.com

4, OdunmanbHeli caiT MUHHCTEPCTBA HAYKH U https://minobrnauki.gov.ru/

BEICIIIEro oopazoBanus Poccutickoit eaeparuu

5. | ®enepanbhbiii mopran «Poccuiickoe odbpasosanue” | https://www.edu.ru/

6. | Uudopmarmonnas cuctema "Equnoe okno qoctyma | http://window.edu.ru/
K 00pa3oBaTenpHBIM pecypcam”

7. | EnunHas KoiuieKkuus udpOoBEIX 00pa3oBaTelIbHBIX http://school-collection.edu.ru/
pecypcoB

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

[lepeuenr WHGOPMAIMOHHBIX TEXHOJIOTUH, WCIOJIB3YEMbIX IPH  OCYHIECTBICHUU
00pa3oBaTeIbHOTO Ipoliecca 10 JUCHUIIMHE (MOAYII0), B TOM YHCIIE€ KOMIUIEKT JIMIEH3UOHHOTO
OPOTPAMMHOTO  OOECIIEYeHHs, COBPEMEHHbIE TNpPOQecCHOHaNbHBIE 0a3bl  JaHHBIX W
MH(POPMALIMOHHBIE CIIPABOYHBIE CUCTEMBI:

HaumenoBanmue 110 IIpousBoacreo JInuen3nonnoe / cB060IHO

pacnpocTpaHsieMoe

OnepannoHHble CUCTEMBbI:

Microsoft Imagine (Windows Client, Server) | sapy6exnoe | nurensnonnoe

bpaysepsbl:

Sunexc.Bpaysep OTEUECTBEHHOE | CBOOOJIHO pacipoCTpaHsIeMoe

Google Chrome 3apyOexHoe cBOOOIHO pacnpocTpaHsieMoe

Od¢ucHble NpUIOKEHHUS:

Microsoft Imagine (Visio, OneNote) 3apy0exHoe JIMIIEH3HOHHOE

TeXstudio 3apy0exHoe cBOOOJIHO pacpOCTPaHIEMOe

Adobe Acrobat Reader 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe

IIporpammHoe o0ecneueHne Uisl IVIAHUPOBAHHUSI M YYeTa BPeMEHH:

Toggle app | 3apyOexHoe | cBOOOIHO pacnpocTpaHsieMoe

CucreMbl ynpaBjieHHsI TPOEKTAMM:

Microsoft Imagine (Project) | sapyGesxuoe | muuensnonHOE

Cucrtembl ynpapjieHus1 0a3aMHi JaHHBIX:

Microsoft Imagine (SQL Server) | sapyGexHoe | nuuensnonHOE

Cucrtembl pesepBHOro konuposanus (backup):

Acronis Backup Advanced for HyperV | 3apy6exHoe | nuuensuonHOE

CnpaBoYHO-IIPAaBOBBIE CHCTEMBI:

Koncynprantllimtoc: cipaBoyHO-TIpaBOBast OTEUECTBEHHOE | JIMIICH3MOHHOE

cucTeMa

CpencTBa AaHTHBMPYCHO#i 3aIUTHI:

Kaspersky Endpoint Security asst 6usneca OTEUECTBEHHOE | JINIICH3MOHHOE

Cranpmapraeiii Russian Edition

Cpensl pa3padoTKm:

Visual Studio Code 3apy0exHOoe CBOOOJIHO pacIpOCTPaHIEMOE
Bash (Unix shell) 3apyOeKHOE CBOOOIHO pacIpoCTpaHsIeMOe
Anaconda 3apyOexHoe CcBOOOJIHO pacnpocTpaHsIeMoe
Robotic Operating System 3apyOekHOe CBOOOJHO pacpoCcTpaHsIeMoe
CopelliaSim 3apyOexkHOE cBOOOJ/IHO pacnpocTpaHsIeMOe
Google Colaboratory 3apy0exKHOoe cBOOOIHO pacIpoCTpaHIEMOE

IMakeTbl MPOrpaMMHBIX CPEACTB M OMOJIHOTEK:
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http://school-collection.edu.ru/
http://fcior.edu.ru/

AutoPsy 3apyOekHOE cBOOOJ/IHO pacnpocTpaHsIeMOe

Interactive Disassembler (IDA) 3apy0eIKHOE CBOOOJHO pacIpoCTpaHIEMOE
CucrteMbl ynpasjieHHs1 0ubanorpapudeckoii mugopMmanueii:

Zotero | 3apyOexKHOE | CBOOOJIHO pacnpocTpaHsIeMOe
CepBHCHI B CITYKOBI:

Bind 3apyOexkHOE CBOOOJIHO pacnpocTpaHsIeMOe
Docker 3apyOexxHOe CBOOOJTHO pacIpoCTpaHsIEeMOe

7. MeToanuyecKkue H OlleHOYHbIE MATEPHAJIBI
MeToauyeckue yKazaHus i 00y4aIOUIUXCS 10 OCBOEHUIO TUCHHILIMHBI (MOYJIs1)

B mpouecce mzydenus auciuiuinHbl (Moaynsi) «KBaHTOBBIE TEXHOJIOTHMHM B JICHCTBHH» B
paMKax TEKYIIEro KOHTPOJS YCIIEBAeMOCTH HCIIOJIb3YIOTCS TaKUE BUIBI YUEOHOU paboThI, Kak
CEMHUHApBI, TECTHI U JOMAIIHHUE 3a/IaHKs, a TAK)KE Pa3IMYHbIC BHJIBI CAMOCTOSATEILHON pabOThI
oOydJaromuxcsi IO 3aJaHUI0 TpEenojaBaTeisi, HaNpaBJICHHbIE Ha pPAa3BUTHE HABBIKOB
po)eCCHOHAIBHON JICKCUKH, 3aKPEIUICHUE MPAKTHYECKUX MPOGECCHOHAIBHBIX KOMIIETECHIINH,
MOOIIPEHNE UHUITUATHB.

Yuacmue 6 cemunape (ayoumopmnas paboma) — akTuBHas paboTa CTyJeHTa Ha CEMHUHApe,
€r0 OTBETHI Ha BOIIPOCHI MIPETIOIaBATENs M YYaCTHE B IUCKYCCHHU.

JI1s ycnenmHoro y4acTusi B CEMHHApe CTYJAEHTaM pEKOMEHAYETCs 3apaHee 03HaKOMUTHCS C
TEMOH OOCYXACHHUS, IPOYUTATh HEOOXOJMMBIE MaTepHajbl M IMOATOTOBHTH BONPOCHL. BakHO
AKTHUBHO CJIYIIaTh M BOBJEKAThCS B IMCKYCCHIO, BHICKA3bIBasi CBOM MHEHHUS U apTyMEHTUPYS HX.
[Ipu oTBeTax Ha BOIMPOCHl MPEMONABATENS CTOUT OBITH YBEPEHHBIM, YETKHUM M JIOTUYHBIM,
OMHPAsCh HA U3YYEHHBIN MaTepuall. Takxe MOJe3HO MOJACPKUBATH AUATIOT ¢ OJTHOKYPCHUKAMH,
YTOOBI 000TaTUTH OOCYXKJEHUE U PACIIUPUTH CBOU 3HAHMUSI.

Tecm — ocobast ¢opma mpoBepku 3HaHMU. [IpoBoguTcs mocne OCBOEHMsI OAHON WM
HECKOJIBKMX TEM M CBHJIETEIBCTBYET O KAa4ECTBE NMOHMMAaHUS OCHOBHBIX IMOHATUNA H3y4aeMOIO
Marepuana. TecToBble 3aJaHUsl COCTaBIEHBI K KIIOUYEBBIM IIOHATHAM, OCHOBHBIM pas3zeciiaM,
B)XHBIM TEPMUHOJIOTMUECKUM KaTerOpHsIM U3y4aeMOH JAUCIUIUTUHBI (MOTYJIs).

Jl71s TOATOTOBKM K TeCTy HEOOXOAMMO 3HATh TEPMUHOJOTUYECKUI anmapaT AUCLUITIMHBI
(Mozy1Is), MOHUMATh CMBICI HAYYHBIX KATETOPUN U YMETh UX UCIIOJIb30BaTh B MPO(HeCCHOHAIbHON
JeKcuke. BrajgeHue NMOHATUHHBIM anmnapaToM, BKIIOYEHHBIM B TECTOBBIE 3aJaHUs, MO3BOJISIET
OpenojiaBaTeNto  ObICTPO  NPOBEPUTH  YPOBEHb  MOHMMAHUS  CTYJEHTaMHU  BaXKHBIX
METO/I0JIOTUYECKUX KAaTETOPHIl.

Homawmnee 3a0anue — HaboOp 3a/1a4 IO TEMaM HEJIEH.

[Ipu pabore Hajg MAOMANIHUMM 33JaHUSMH BaKHO BHUMATEIbHO O3HAKOMHUTBCS C
TpeOOBaHUSAMHU M CPOKAMH BBINOJHEHUs. PexoMeHayeTcs pa3OuBaTh 3aJaHusl Ha JTarbl, YTOOBI
n30exarb MEperpy3kd U Jydlle yCBOUTh Marepual. lcronb3oBaTh pa3ivyuHble HUCTOYHUKU
uHpOpMalKK, BKIIIOYasi yueOHUKH U OHJIAWH-PECypChl, Ui 0osee IiTy00oKoro MOHUMAaHUS TEMBI.

Camocmosmenvrnas paboma — paboTa CTYJEHTOB, HANpaBlieHHass Ha YIIyOJIEHHOE
W3YYEHHUE OTJIEIbHBIX TEM U BOMPOCOB YUYEOHON AUCIMILTUHBI (MOTYIs).

B mporiecce camocToATenbHON pabOThI CTYJEHTHI B3aUMOICUCTBYIOT C pEKOMEH/I0BAaHHBIMHU
MaTepuaIaMy MPU MUHUMAIILHOM yYacCTHH MpenoiaBaTes. 3a1auu CTyJeHTa BKIIOYA0T padoTy
C KOHCITeKTaMu JIEKITH (00paboTka TeKCTa), MOBTOPHOE M3yUeHUE YUeOHBIX MaTepHaJIOB TIAHOB
U TE3UCOB OTBETOB, U3yUEHHE JOMOTHUTEIBHBIX TEM, BHIMIOTHEHHE yU4eOHO-UCCIIEeI0BATENbCKIX
3aJlaHUM U IPYyTroe.
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CucreMa OlleHMBAHUA Pe3yJIbTATOB 00y4YeHHs M0 JUCHUILINHE (MOYJII0)

Kputepun nmosryyeHusi ypoBHA M OLEHUBAHUS C(POPMUPOBAHHOCTH KOMIIETEeHUHIi 1O
aucuunanHe (moay.na) «KBaHTOBbIE TEXHOJIOTMH B IeHCTBHH»

OrneHuBanue YpOBHS Y4E€OHBIX JOCTHDKCHUU, OOYYarOMIMXCs MO TUCHUIUIMHE (MOIYIIIO),
OCYIIECTBIISICTCS B BUJIE TEKYIIIET0 KOHTPOJIS YCIIEBAEMOCTH M MPOMEKYTOYHOM aTTECTAIIUH.

I[IpomexyTouHasi aTTecTamusi 1O JUCHUIUIMHE (MOIYJIO) OCyIIecTBiIseTcs B (opme
3auema ¢ OWEHKOW, TIPU ITOM TIPOBOJUTCS OIIGHKAa KOMIICTCHIMH, CHOPMHPOBAHHBIX I10
IHACIATUIHHE.

Jiss OUeHWBAHUS TEKYIIETO KOHTPOJISL YCIEBAEMOCTH W IMPOMEKYTOYHOH aTTeCTaIlUH
UCTIONIB3YETCS JIeCATUOAIIbHAS IIIKaJla OLIGHWBAHUS, KOTOpash COOTHOCHUTCS C TPaJAULIMOHHOU
nATUOAUIPHON HIKAJION CIIETYIONIMM 00pa3oM:

Ounenka 3a 3a4ert Oo0masi xapakrepucTuka

JdecarudoanabHas IlaTudasibHas
pe3yjabraTa 00y4eHus 1o

OLIEHKA OlIeHKA

AUCUUIJIMHE (MOIYJIIO0)

10 OTauaHo 3auteHo CTygeHT  TOJIHOCTBIO  BJIAJIEET

9 OTANYHO 3a4TeHO 3HAHUSMH, U3JIOKCHHBIMH B paboueii
nporpaMMe, ¥ TIyOOKO OCMBICISIET

8 OTtianaHO 3auTeHo
quciuIuiiHy. OH CaMOCTOSITETBHO U

JIOTHYECKH N0CJIE0BATEILHO
OoTBEYaeT HAa  BCE  BOMPOCHI,
aKLUEHTUPYs] BHUMAaHUE Ha HauOoJjee
BLKHOM. YMEET aHaJIU3UpPOBaTh,
CpaBHUBATB, KJ1accu(UIUPOBaTh,
0000maTh, KOHKPETH3UPOBATh W
CUCTEMaTH3UPOBAThH W3yYCeHHBIN
MaTepuaj,  BbIIENAS  KIIOYEBbIC
MOMEHTHI " yCcTaHaBIUBas
MPUYHHHO-CIIE/ICTBEHHBIC CBSI3H.
Yetko ¢dbopmynupyer OTBETHI,
YBEPEHHO HWHTEPIPETUPYET
pe3yibTaThl aHAJIM30B W JAPYTHX
HCCIENOBAaHUM, a TaKXe pelaer
cioxHble 3agaun. CTyAEHT XOpOoIIo
3HAKOM C METOJaMH HCCIIEeIOBaHUS,
HEOOXOMUMBIMH JUIS MPAKTUYECKOM
JEeSTEIbHOCTH, M YMEET CBSI3BIBAThH
TEOPEeTUYECKUE ACTIEKTBI
JUCTIUTITAHBI (Momyst) c
MPaKTUYECKUMH 3aJauaMH.

Xoportio 3auTeHo CrymeHT  oOlamaer  3HaHUSAMU

6 Xopomo 3a4TeHO MpeaMeTa TOUTH B TOJTHOM O0BeMe
paboueii IPOTPaMMBbI u
CaMOCTOSITEIIBLHO, JTIOTHYECKH
MOCJICAOBATCIbBHO M BCECTOPOHHE
OTBEYaeT Ha  BCE  BOIPOCHI,
aKIIEHTUPYS BHUMaHUE Ha HanOoJiee
3HaYUMBIX MOMeHTax. OH yMeeT
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Ouenka 3a 3auer O0uiast xapakTepucTHKA

JecarnoanabHas IIaTudannbHas
pe3yjabTaTa 00yueHus mno

OLICHKA OIIEHKA
AUCUMILIMHE (MOAYJIIO)

aHAJIN3UPOBATH, CpaBHHBATH,
KJIACCU(PUIIMPOBATD, 0000m1aTh,
KOHKPETU3UPOBATh u
CHCTEMaTU3UPOBATh W3y4YEeHHBIH
MaTepuai, BBLAETSAS €ro KIIoYeBbIe
ACTIEKTHI u yCTaHaBIIUBast
MPUYUHHO-CIIEACTBEHHbIE  CBS3H.
dopmynupyer CBOU OTBETHI,
YBEPEHHO HHTEPIPETUPYET
pe3ynbTaThl aHAIU30B U JIPYTHX
WCCIECAOBAHUM, a TaKkKe pelaeT
CJIOKHBIC CUTYAalMOHHBIC 3aJaydu.
CTyneHT  XOpoulo  3HaKkoM C
METOAaMHU HCCIIeIOBAHUS,
HEOOXOJUMBIMU ISl TPAKTHUYECKOM
JESITeIbHOCTH, U YMEET CBSI3bIBAThH
TEOPETUYECKUE ACTIEKThI IPEAMETA C
MPaKTUYECKUMU 3a7auaMHu.

5 Y IOBIETBOPUTEIBEHO 3auTeHo Crynent  oOmagaer  0a30BBIMHU

4 Y 10BIETBOPUTENBHO 3auteHo SHaHMAMHA mo JUCHUIIIINHE
(Moxysro), HO WCTIBITHIBAET

TPYJHOCTH TIPH CAMOCTOSITEIBHBIX
OTBETaxX M HCIOJb3yeT HETOYHBIC
¢dbopmynupoBku. B xoze oTBETOB OH
JIOTTYCKAET OIMUOKH, KacaroIuecs
cytu BompocoB. CTyZEHT crocobeH
pemarb TOJNBKO CaMble MPOCTHIC
3a7a4n u BIIAZIEET JIAIID
MUHUMAaJIbHBIM Ha0OpOM METOJIOB
HCCIIEIOBAHUSL.

He cnaun He 3aureno CryneHT He oBIaeN 003aTeIHbHBIM

He cJaH He 3auteno MHHHUMYMOM 3HAHUH I10 npeaMeETy U

1 He ClIaH He 3auTeno HEC MOXKCT OTBCTUTH Ha BOIIPOCHI,
Jaxe C€CJIM IperoaaBarCiib 3aacT
JOITIOJITHUTCIIBHBIC HaBOOAIIHUEC

BOITPOCHIL.

Hucnunmuna (Moynb) «KBaHTOBBIE TEXHOJIOTHH B IEHCTBHI» OIEHUBACTCS CIIEAYIOIINM
obpazom:

AKTHBHOCTH ‘ Bec ‘Konnqecn;o Onucanne
Haxonumenwvnas oyenka
Homamnue 3aganus | 60% 10 Habop 3amanmii ¢ pa3BEPHYTHIM OTBETOM I10 TEMaM HeJlesn
TecTbl 20% 5 [TuceMeHHas paboTa ¢ HAOOPOM 3a/1a4, KOTOpPBIE HYKHO

PCHIUTH 3a OTPAHUYCHHOC BPEMA
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AKTHBHOCTH Bec |KoanuectBo Onucanne

Aynuropnas padora | 20% 15 AKTHBHOE y4acTHe B CEMHHAPax: OTBETHI HA BOIIPOCHI
IperoaBaTels U y9acTHe B AUCKYCCHU

HNToroBasi oneHka nmo qucuuniude (Moay/am) « KBaHTOBbIe TEXHOJIOTHU B JAeiiCTBHI)
BBICTABJISIETCS N0 HAKOMUTEJNLHOH onmenke: «0,6 X cpennee 3a momamHue 3amanus + 0,2 x
cpenuee 3a Tectol + 0,2 X aynuropHas paboTa»

Texkyluii KOHTPOJIb yCIIeBAeMOCTH 00YYAIOLIUXCS 10 JUCHUILIMHE (MOIYJII0)
IIpumepHbIe 3a1aHus IS HOATOTOBKH K ceMUHapam
Cemunap 1.

1. Yro nonumaercs o4, IMOHATHUEM «KBAHTOBBLIC TCXHOJOI'HHW)» U KAaKHEC o0JacTu HAayKH U
TEXHUKH OHU OXBaTHIBAIOT?

2. KakoBbI KIIIOYEBBIE HCTOPUUYCCKHUE OTallbl PAa3BUTUA KBAaHTOBOM MEXAaHUKH M KakHe
OTKPBITHS CTAJIM OCHOBOITOJIATAOIIMH JIJIsI ITOSIBJICHUS] KBAHTOBBIX YCTPOHCTB?

3. B 4yem 3aKimrouaroTcsi OCHOBHBIE (DyH/JIaMEHTAJIbHbIE TPUHIUITEI KBAHTOBOW MEXaHUKH,
OTJIMYAIOLINE €€ OT KJIACCHYECKOH (PU3UKU?

4. Kak OIpeaACACTCA KBAHTOBOC COCTOAHUC CHUCTEMBI W KaKyKO0 pOJIb OHO HUIpacT B
OIMCAHUH KBAHTOBBIX CUCTEM?

5. Urto Takoe KBaHTOBas Cyneprno3unusa, 1 Kak 9TO ABJICHUC UCIIOJbL3YCTCA B COBPEMCHHBIX
KBAaHTOBBIX TEXHOJIOTHSX?

Cemunap 2.

1. Kakue maTemMaTHuecKue CTPYKTYpbl M HMHCTPYMEHTBHI JIeaT B OCHOBE OIMCAaHUS
KBAHTOBBIX CUCTEM U T€XHOJIOTHM?

2. Kak TeopeTMyecku MOJCIUPYIOTCS KBaHTOBBIE YCTPOMCTBa C MCIIOJB30BaHUEM
MaTeMaTUYeCKOro anmnapaTa KBaHTOBOW MEXaHUKH?

3. B ueMm 3aki1ro4aroTCsi OCHOBHBIE PUHIIUIBI PA0OTHI KBAHTOBBIX AJITOPUTMOB M Y€M OHHU
OTJIMYAIOTCS OT KJIACCUYECKUX allTOPUTMOB?

4. Kakue U3BeCTHbIE KBAHTOBbIE AJITOPUTMBI CYIIECTBYIOT, M KaKHE 3a7a4il OHU TO3BOJISIOT
3¢ (HEeKTUBHO pelaTh?

5. Kak maremaTnueckuil amnmapaT KBaHTOBBIX TEXHOJIOTMH IOMOIaeT aHAJIW3UPOBATh U
ONTUMU3UPOBATH PabOTy KBAHTOBBIX YCTPOICTB U aJrOPUTMOB?

Cemumnap 3.

1. Kak ycTpoeHa onTHyeckas cXxeMa yCTaHOBKH JJIsl TEHEPAIMH CIIYy4ailHOTO KBAaHTOBOTO
KJIFOYa ¥ KaKW€ OCHOBHBIE 3TArbl B HEW BBIICISIOTCS?

2. Uro Takoe moyigpusanus (GOTOHA W KaKWe THITBI MOJIIPU3ANNN HCIONB3YIOTCS B
KBAaHTOBBIX KOMMYHUKAIUAX?

3. Kak onpenensiercss KAHOHMYECKHH 0a3UC B KOHTEKCTE TOSIPU3AIH (OTOHOB H ITOYEMY
OH Ba)K€H /ISl KBAHTOBOM Kpunrorpapuu?

4. KakoBa pojib W TPUHIUIN PAOOTHI OCHOBHBIX ONTHYECKHX JJIEMEHTOB: JEIUTEIIS,
MOJIIPU3AIMOHHOTO JACTUTENs, JaTYNKa OJIMHOYHBIX (DOTOHOB U 3epKaia’?

5. Kakue ocoOGeHHOCTH U TpeOOBaHUS TPEABSIBISIOTCS K ONTHYECKUM CHCTEMaM s
oOecrnieueHus HaJe)KHOM reHepaluy 1 repeadd KBaHTOBOTO KiTro4a’?

IIpumepHbIe 3a1aHKUS IO TeCcTaM

Tect 1.
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Bompoc 1.
Kakoli pe3yibTaTr JEMOHCTPUPYET OIBIT € ABYMS ILIEISAMU IIPU IPOXO0KIAEHUHN OJAUHOYHBIX YaCTHUIL
(HampuMep, JIEKTPOHOB) Uepes3 Lieau?
A. Yacrtuipsl Bceraa mpoxoAsT 4epe3 OAHY U3 LIeel, He co3aBasi uHTep(epeHInu
B. Yactuiel oTpakaroTcs OT Lieseil U He IPOXOAT Yepe3 HUX
C. YacTuupsl co31at0T HHTEPPEPEHIIMOHHYIO KapTUHY, YKa3bIBask HA BOJIHOBYIO IPUPOY
D. Yactusl ucuesaroT ocie NPOX0KICHUS Yepe3 1esn
Ortger: C.
Bomnpoc 2.
Kaxoit pesynbrar gan sxkcnepument Llrepra—I'epinaxa, noarsepkaaromui KBaHTOBYIO IIPUPOAY
crinHa?
A. HenpepsiBHOE pacipeieieHle YacTUIl Ha SKpaHe
B. JlBa n1MCKpETHBIX NATHA, COOTBETCTBYIOIIMX KBAHTOBAaHHBIM 3HAUEHUSM IIPOEKIIUH CIIUHA
C. TlomHOE MOTIONMEHHEe AaTOMOB MAarHUTHBIM TI0JIEM
D. CnyuaiiHoe paccesiHue aTOMOB 0e3 3aKOHOMEPHOCTEH
Ortger: B.
Bomnpoc 3.
Uro Takoe KyOUT B KOHTEKCTE KBAHTOBBIX BBIYMCIICHHUNA?
A. Kinaccuueckas enuHuia uHGopManuu, npuHuMaromas 3nadenus 0 wim 1
B. DOnekrtpoH, Bpawatouuiics no opoure
C. KsanroBas eauHuna HHGOpMAaLUH, CIOCOOHAS HAXOAUTHCS B CYNEPIIO3ULIMU COCTOSAHUH 0
ul
D. bur, 3amuiméHHbii oT OMInOoK
Ortger: C.
Bomnpoc 4.
Kakue Tpu ocHOBHbBIE HampaBieHUs BKIIIOYaeT B ce0s kBaHToBas TexHosorus (KT)?
A. Kpunrorpagus, poO0TOTeXHHKA, OMOTEXHOIOTUN
B. Bebruncnenusi, KOMMyHHKallMU, CEHCOPUKA
C. Jlazepsl, MUKPOCKOIIHUS, TEIETIOPTALIHS
D. Cnekrpockonus, HAHOTEXHOJIOTHUH, TEPMOJTUHAMUKA
Ortser: B.
Bomnpoc 5.
Kakoe w3 cienyrommx NPUMEHEHMM OTHOCHUTCS K IEPCIEKTHUBAM HCIIOJIB30BAHHS KBAHTOBBIX
TEXHOJIOTHI B Oyayiem?
A. 3ameHa BceX KJIaCCHYECKMX KOMITBIOTEPOB Ha KBAHTOBBIE B TEUEHHUE 5 JIeT
B. Coznanue KBaHTOBBIX YCTPOMCTB, CIIOCOOHBIX MOJIEIMPOBATh CIOXKHBIE MOJIEKYJIbI JUIS
pa3pabOTKH HOBBIX JIEKAPCTB
C. Hcnonp3oBaHnE KBAHTOBBIX TEXHOJIOTHH JIJISl YBETMYCHHUSI CKOPOCTH CBETA
D. IlpumeHeHHe KBAaHTOBBIX TEXHOJIOTUHN JJIsl CO3[aHUs BEUHBIX JIBUTaTesIen
Otser: B.

Tecr 2.

Bomnpoc 1.
KakoBa ocHoBHas ¢yHkims uHTeppepomerpa Maxa-llennepa B KBaHTOBO-ONTHYECKUX
AKCIIEpUMEHTAaX?
A. Ycunenue curnaia poToOHOB
B. H3mepeHnue JIMHBI BOJHBI CBETA
C. Coznanue uHTEpPEPEHINN MEXIY IBYMsI MyTAMU (HOTOHA
D. I'enepanust oTOHOB ¢ 3aJaHHOU NOJISIpU3ALUEi
Ortser: C.
Bomnpoc 2.
Kakoli u3 cnemyronMx TUIOB JAETEKTOPOB Yallle BCEr0 MCHOJIBb3YETCS JUIsl perucTpanuu
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OJIMHOYHBIX (DOTOHOB B KBAaHTOBOW KpHMTOrpaduu?
A. ®otonuon
B. II3C-marpuna (CCD)
C. CsepxmpoBojsmmii 1aBuHHBIN hoTtoanoa (SPAD)
D. JlazepHsiit auon
Ortger: C.
Bomnpoc 3.
Kakoii snmeMeHT ONTHYEeCKOH CXeMbl HCHOJB3YeTCs I CiydailHOro BbIOOpa Oa3uca mpu
reHepaluy KBaHTOBOIO KJItoua 1o npotokony BB84?
ITomnstpusaTop
[Tomstpu3anmonHsIil neauTens mydka (PBS)
[TonyBosIHOBAs MJIACTHHKA
Cny4aifHpId TEHEpaTOp WM KBAaHTOBBIM CIydalHBIA Tpolecc (Hampumep, ACIUTEIh
y4yKa)
Otger: D.
Bonpoc 4.
Uro sBisieTcs LEeIbl0 KaTHMOPOBKU OINTHUYECKOW CHUCTEMBbI Mepe]] HayaloM JKCIHEPUMEHTa IO
reHepaluy KBaHTOBOrO Kiiroua?
A. VYBenuueHue MOIIHOCTH Jiazepa
B. Cuumxenue tremrneparypbl A€TEKTOPOB
C. OOecnedeHre TOUHOTO BbIPAaBHUBAHUS ONTHYECKHX KOMIIOHEHTOB U KOPPEKTHON pabOThI
JIETEKTOPOB
D. VYcranoBka IIMHBI BOJIHBI HA MAKCUMYM
Ortger: C.
Bompoc 5.
Kakoli pe3ynpTaT CBUAETENLCTBYET 00 YCHEIIHON paboTe CHUCTEMBbI I'€HEpaluu CIy4aiiHOTO
KBaHTOBOTO KJr0o4a?
A. TlomyueHue oqMHAKOBBIX OUTOB y OTIIPABUTEIIS U MOJTydaTelis IPH COBIAICHUH 0a31COB
B. IlomydeHue HyleBOro CUrHajia Ha BCEX JIETEKTOPAx
C. TlomHoe coBmajeHne Bcex OMTOB HE3aBUCHMO OT Oa3uca
D. OrcyrcrBue unrepdepenunu B unTepdepomerpe
Ortger: A.

COw>

Tect 3.

Bomnpoc 1.
YTo 13 NepeyrcIeHHOro SIBIsSETCS NEPBBIM 3TAloM 00pabOTKU 3KCIIEPUMEHTAIBHBIX JaHHBIX ?
A. Tloctpoenue rpaduka 3aBUCUMOCTH
B. CpaBHeHue ¢ TeOpeTHUECKOI MOIENbIO
C. TIpoBepka JaHHBIX Ha HAJTHMYHE BEIOPOCOB M OIIHOOK
D. Pacuér ctanIapTHOrO OTKJIOHEHUS
Ortger: C.
Bonpoc 2.
Kakoii meToJ ucronb3yercs Ajs OLEHKH TOYHOCTH U3MEPEHHUI TPU MHOTOKPATHBIX TOBTOPEHUSIX
JKCIIEpUMEHTa?
A. Meron HaMMEHBIINX KBAIPATOB
B. Pacuér cpennero apudmernueckoro
C. Pacuér craHmapTHOTO OTKIOHCHHUS
D. Hurepnonsauus 1aHHBIX
Ortger: C.
Bomnpoc 3.
Yro o3HayaeT BBICOKAs KOPpENALUs MEXIY ABYMS IEPEMEHHBIMH B JKCIHEPUMEHTAJIbHBIX
JTAHHBIX?
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A. Mexay nepeMeHHBIMU HET CBSA3U

B. M3MeneHue oaHOIM epeMEHHOM CBA3aHO C U3MEHEHUEM JPYTrou

C. JlanHble coliepkaT CUCTEMAaTUYECKYIO OIIHOKY

D. H3mepenus ObutH MIPOBEICHBI HEKOPPEKTHO
OrtgerT: B.

Bonpoc 4.

Kakoii u3 cienyromux rpadukoB Jiydilie BCero MoAXOAUT A7l BU3yalU3alui 3aBUCUMOCTH MEXY
JBYMsI KOJTMYECTBCHHBIMH TIEPEMEHHBIMU ?

A. T'mcrorpamma

B. Kpyrosas nuarpamma

C. JImarpamma paccesiaus (scatter plot)

D. Cronbuaras nuarpamma
Ortger: C.

Bompoc S.

[Ipu aHanu3e JAHHBIX C OSKCIEPUMEHTAIBHON YCTAaHOBKH BBl OOHAPYKWJIM 3HAUYUTEIBHOE
PacXOXKICHUE MEXIY JKCICPUMCHTAIBLHBIMH M TEOPSTHYSCKUMHU 3HAUCHUSIMHU. UTO clieayer
cenaTh B epBYIO ouepeib?

A. Ynanuth Bce JaHHBIC

B. I1oBTOpPUTH 3KCIIEPUMEHT U MIPOBEPUTH KATHOPOBKY 000pYAOBaHUS

C. H3MeHUTh TEOPETUICCKYIO MOJICITb

D. UrnopupoBaTh pacXxoxaeHue
Otser: B.

IIpumepHbIe JoMALIHUE 3aaHUS

Jlomamnee 3aganue 1.

1. Hanumwure a3cce (300400 cnoB) Ha Temy «UTO Takoe KBAaHTOBBIE TEXHOJIOTUU M B KAKUX
chepax OHM IPUMEHSFOTCSI CETOJTHS.

2. CocTaBbTe XpOHOJOTHYECKYIO TaOJHIly C OCHOBHBIMU BEXaMHU B Pa3BUTHH KBAHTOBOM
MEXaHUKH U MOSBIICHUN KBAHTOBBIX YCTPONCTB, YKa3aB KIFOUEBHIE OTKPBITUS U YUCHBIX.

3. [loaroroBbTe KpaTkoe u3NOXKeHHE (He Oornee 2 cTpaHuI]) O (yHIAMEHTATBHBIX
MIPUHIIMIIAX KBAHTOBON MEXAHHUKHU, OOBSICHSS TAKUE TIOHSTHS, KAaK KBAHTOBAaHUE, KOPITYCKYJISPHO-
BOJIHOBOM JTyaJIi3M M MPUHIIUI HEONPEAECICHHOCTH.

4. OnumwuTe MOHSATHE KBAaHTOBOT'O COCTOSIHUSI Ha MPUMEpE CIMHA dJIEKTPOHA WK KyOuTa,
UCTIONB3YS (POPMYIIBI U CXEMBI JJIs UILTIOCTPAITHH.

5. IlpoBeaute uccnenoBanue U MOATOTOBBTE AOKIA (5—7 cIaiiioB) O SBJICHUH KBAaHTOBOM
CyNEpIO3UIMY, BKJIOYas MPUMEPhl W3 KBAHTOBBIX BBIUUCICHUW WU JKCIIEPUMEHTOB C
KBAaHTOBBIMH CHCTEMaMHU.

Jomamnnee 3a1anue 2.

1. V3yuuTe OCHOBHBIC MAaTEMaTUUYECKHUE TTOHSATHUS, UCIIOIH3yeMbIe B KBAHTOBON MEXaHHKE
(BEeKTOpBI COCTOSIHUS, OINEPaToOphl, TUIHOEPTOBO MPOCTPAHCTBO), U TOJATOTOBHTE KOHCIEKT C
puUMepamu.

2. OnumuTe TEOPETUYECKYI0 MOJETIh OJHOTO M3 KBAHTOBBIX YCTPOHCTB (Hampumep,
KBAaHTOBOTO OWTa WJIM KBAaHTOBOTO PETHUCTPA), MPHUBEAUTE COOTBETCTBYIOIINE MATEeMaTHYECKUE
BBIPAKEHUS U CXEMBI.

3. Uccnenyiite amroputm Illopa wim anroputm ['poBepa: MOATOTOBBTE MOAPOOHOE
00BsICHEHUE €T0 MPUHITHUIA PAOOTHl U MATEMAaTUYECKOTO 0OOCHOBAHMUS.

4. PemuTe 3a7aud HAa BBIYUCIIEHHE BEPOSITHOCTEH H3MEpPEHHIl KBAaHTOBBIX COCTOSHUH,
UCIIOJIBb3YsI ONEPATOPHBIE METO/Ibl U MATPUIIbI IJIOTHOCTH.

5. IloaroroBbTe MPE3CHTALMIO O MPUMEHEHUHW MaTEMaTUYECKOTrO arrmapara i aHajau3a
YCTOWYHBOCTH M OITMOOK B KBAHTOBBIX aJITOPUTMAaX U YCTPOUCTBAX.

JlomamHee 3aganue 3.

1. Hapucyiite n onMmuTe CXeMy YCTAaHOBKHM [JIsl T€HEpalMM CIy4yailHOro KBAaHTOBOI'O
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KJIt04a (Hampumep, 1o npotokosry BB84). Vkaxute, kakue ONTHYECKHE SJIEMEHTHI UCTTOJIB3YIOTCS
Ha KaXOM 3Tale U Kak OHU BIHSIOT HA COCTOSTHHE (DOTOHOB.

2. IloaroroBete kpatkuit pedepar (1-2 cTpanuipl) o nmoispusanuu HoToHa: ONPECICHHE,
TUIIBI IONSIpU3aLMU (JIMHEWHas, KPYTroBasi, JUIMIITHYECKAs ), CIIOCOObI €€ CO3JaHus U U3MEPECHHUS
B ONITUYECKUX CHCTEMAaX.

3. O0OBsACHHUTE, YTO TAaKOE KAaHOHUYECKHH 0a3uC B KOHTEKCTE€ KBAHTOBOW KpUITOrpaduu.
[TpuBenute mpumepsl 0a3MCOB, UCHIOIB3YEMBIX B IMPOTOKOJAX KBAHTOBOW Mepenauu Kirouel, u
OIMIINTE, KaK BBIOOP 0a3uca BIHMSIET HAa MHTEPIPETAIHIO U3MEPEHUH.

4. CocraBbTe TaONMIy C omnucaHueM GYHKIUHA M HOPUHIUIOB PabOTHl CIETYIOIINUX
ONTUYECKUX DIIEMEHTOB: MAEIHUTENb Iy4Ka, IMOJSAPU3ALHOHHBINA IETUTEb, 3€pKajo, TaT4hK
OJIMHOYHBIX (DOTOHOB. YK@XKUTE, KaK KXKIbIH U3 HUX HCIOJB3YETCS B KBaHTOBO-ONTHYECKHX
yCTaHOBKaXx.

5. Pemmte 3amauy: B ycraHoBke 1o mpotokoiny BB84 ¢otoH ¢ Topu3zoHTanbHOM
nossipu3anueit (JH)) mpoxoaut depe3 Mmoisipu3allMOHHBIA JenuTesb. Onpenenure, B KakoM
BBIXOJTHOM KaHajle OH OKaXeTCs, €CIAM JEeIUTeNb opueHTHpoBaH Ha Oasuc {|H), |[V)}. Uro
POU30MIET, €CITU TOT ke (POTOH MOMAAET HA ICIUTEN b, OPHEHTHPOBAHHBIN Ha Oasuc {|t), |-)}?
O06ocHyliTe OTBET.

3apaHus AJ1s1 MPOMEKYTOYHOM ATTEeCTAIMM MO JMCUMILINHE (MOLYJII0)

Ne o/t 3amanme OtBer KomMmnerenmust

1. | OmbIT ¢ IByMS IIENSAMH IEMOHCTPUPYET KBAHTOBYIO A YK-1
cynepno3uuuio. Kakoe u3 cnenyromux yTBEepKICHUN
JydIlIe BCErO OOBSACHSET, I0UYEMY 3TOT IKCIIEPUMEHT
HeJb3s HHTEPIPETUPOBATH KIIACCUUECKOM yacTuLen?

A) Yactrna npoxoauT OJHOBPEMEHHO Yepe3 00e ey,
co3zaBasi UHTepEPECHINOHHYIO KapTHHY

B) YacTuia TepsieT s3HEprUio Mpu MpOX0oXkKASHUHU Yepe3
HieIu

C) YacTuipl oTpaskaroTcs OT IIeNel U He MIPOXOIAIT yepes
HUX

D) YacTuripl B3aMMOIEHCTBYIOT APYT € APYTOM, CO3/1aBast
nHTEpdepeHIHIO

2. | Ilpu nnaHnupoBaHUM BHEIPEHUs] KBAHTOBBIX KOMMYHUKALMH Cc YK-2
B KOPIIOPATUBHYIO CETh HEOOXOAMMO YUUTHIBATD
OTrpaHUYEeHHS TEKYIIUX TexHonorni. Kakoe u3 cienyromux
YTBEP)KICHUH HanboJiee TOUHO OTPa)kaeT OAMH U3 TaKUX
OrpaHUYUBAIOIINX (HAKTOPOB?

A) KBaHTOBBIE KOMMYHHKAIIMHM HE TPEOYIOT CIEUATBHOTO
o0opyoBaHUs

B) KBanTtoBble KaHaIbl MOTYT OBITh PEaTM30BaHbI HA
J000M paccTostHAN O€3 ToTeph

C) CoBpemMeHHBIE KBAaHTOBBIE KOMMYHHUKAIIUH OTPaHIYEHBI
pPaccTOSHUEM NIEpelauM U3-3a NOTEPh B ONTOBOJIOKHE

D) KBanTOBBIE KOMMYHHKAIINH MTOJTHOCTHIO 3aMEHSOT
KJIACCHYECKHE KaHANbI CBSI3U

3. | Kakoii MaTemMaTHuecKuii anmapat HanboJee MoJIHO B OIIK-1
OIMCBIBAET COCTOSIHUE KyOUTa B KBAHTOBBIX BHIYHCICHHSIX ?
A) BekTopHO€ TPOCTPAHCTBO HAJI MOJIEM BEIIECTBEHHBIX
qrcen

B) KomruiekcHOE THIIBOEPTOBO IPOCTPAHCTBO

C) EBKIHIOBO TPOCTPAHCTBO

D) MeTpudaeckoe IpoCTPaHCTBO ¢ HOPMOH

4. | Ilpu BBIOOpE KBAaHTOBOTO ATOPUTMA AJISl PEILICHHS 3a1a4H B YK-2
MONCKa B HEYNOPSAAOUYCHHOH 0a3e TaHHBIX, KaKOH M3
CIITYIOIINX JITOPUTMOB OYyJIET ONTUMAIBHBIM C TOUKH
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3peHus pecypcoddGekTuBHOCTH?

A) Anropurm Illopa

B) Anroputm I'posepa

C) Knaccruueckuii %aaHbIi anroputM
D) Anroputm JleHKCTpHI

[Ipu ananm3e SKCIIepUMEHTAIBHBIX JaHHBIX KBAHTOBOTO
reHepaTopa CIIy4aiHbIX YUCeN s OLIEHKU CIy4aiHOCTH
MOCJIEeI0BATENILHOCTH UCTIONIB3YETCSl CTATUCTUIECKUI
KpUTEpUI, OCHOBaHHBIHN Ha:

A) Teopun BepoSITHOCTEH 1 MATEMATHUECKON CTATUCTHKE
B) AuddepeHunanbHbIX ypaBHEHUSAX

C) duddepeHmmanbHON TeOMETPHH

D) Tomonoruu

OIIK-1

Kaxkoii onTu4eckuii 3JIeMEHT B KBAHTOBOM I'€HEpaTope
CIlydaifHBIX KJIoYel obecreunBaeT paszienenue GOToHOB
TI0 TIOJISIPU3AIINH, YTO TIO3BOJISIET PEaTn30BaTh MPUHIIUIT
KBaHTOBOM cly4aitHOCTH?

ITonsapuszaunonH
BIM JICIIUTED

YK-1

Kaxkoii sneMeHT ONTHYECKON CXEMBbI KBAHTOBOTO
reHepaTopa Kitouei HeoOX0JUMO BbIOPATh IS
PETUCTPAINN OTACITBHBIX (HOTOHOB?

OnHO(hOTOHHBIN
JIETEKTOP

YK-2

Kak Ha3pIiBaeTCs MaTeMaTHIECKUM O0BEKT, OMHUCHIBAFOIIUI
KBaHTOBOE COCTOsiHME (DOTOHA B Oa3uce MoJsipu3anun’?

Kyout

OIIK-1

Kak Ha3bpIBaeTCs sIBJICHUE, IPH KOTOPOM KBaHTOBAs
CHCTEMa MOYKET HAXOIUThCS OJJHOBPEMEHHO B HECKOJIBKHX
0a3UCHBIX COCTOSIHUAX?

Cynepno3uius

[IK-1

10.

Kak Ha3pIBaeTCs ONTHUECKHM 3JIEMEHT, 00CCICUMBAIOIITHI
nHTepepeHnno (OTOHOB B KBAHTOBOH cXeMe,
WCIIONIb3YeMOH JIJisi 0€30TIaCHOM reHepalluy CIIydailHbIX
Kknrouel B cuctemax MN?

Untepdepomerp
Maxa-Ilennepa

[K-2
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