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HanpasieHHocTs (mpoduib):

METOABI U TEXHOJIOTHH o6pa60'rlm AAHHBIX B reTEpOreHHbIX BbIYH CJIMTEJ/IBHBIX CpeAax

®opma 0byyeHus:
OYHas

Jy6Ha 2024



Pabouyass mnporpamMma AUCUMIUIMHBI (MoAyJsis) pas3paboTaHa B COOTBETCTBUU €
CaMOCTOSITE/IbHO yCTaHOBJeHHbIM MIY o6pasoBaTenbHbIM cTta”gaprtom (OC MIY) ana
peasu3yeMbIX OCHOBHBIX MNpodeccHOHaNbHbIX 06pa30BaTeJbHbIX MPOrpaMM BbICIIETO
obpa3oBaHus mno HanpaBiaeHutro mnoAarotoBku 01.04.02 "llpuknagHass MareMaThuka U

MHPOpMaTHUKA" MporpaMMbl MaruCTpaTyphbl B peAakiuu npukasa MI'Y ot 20 1.



1. Mecto gucuumInHbI (MoAyJs) B ctpykrype OIIOII BO:

JvcuunanHa oTHOCUTCS K BapuaTuBHou yactu OIIOIT BO.

2. BxoaHble Tpe6GOBaHUA AJ1 0CBOE€HUA AU CLUINJIMHBI (MOAYJIfA), NpeAgBapUTe/IbHbIE YC/I0BUA

(ecsu ecTh):

3. Pe3ysibTaThl 06y4YeHMs N0 AU CHUIIMHE (MOAYJIIO):

[lnanupyemblie pe3yjbTaThl 00Y4EHHUS 0 JHCHHILIHHE (MOYJII0)

Coaep:xanue H KO/

Nuaukarop (mokasareinb)

Ilinanupyemsble pe3yJbTaThbl 00y4eHHs

KOMIEeTEeHIHH. AOCTHKeHHs] KOMIIETeHIIMH | 10
AUCHHUILINHE, CONPSKEHHbIE ¢
HHIHKATOPaMH
JAOCTHIKEHUs] KOMIIeTeHIH i
CIIK-2. CiocobHOCTD CIIK-2.1. ITpumensier B 3uarTp

IIOHUMATh U IPUMEHSATH B
HCCIIE10BATEIbCKON U
NPUKIIATHON ACATEIBHOCTH
COBPEMEHHBIE
CYNEepPKOMITbIOTEPHBIC
TEXHOJIOTUH,
MaTeMaTUYECKUH amnmnapar,
BBIYUCIUTEIIbHBIE METO/IbI
JUISL IPOBEECHUS
KPYMHOMacIITaOHOTrO
MaTEMaTHYECKOTO
MO/ICTTMPOBAHUS
00paboOTKM JJaHHBIX HA
COBPEMEHHBIX
BBICOKOIIPOM3BOUTEIBHBIX
BBIYUCIUTEIbHBIX CHCTEMAX

HCCIIE/IOBATEIILCKON H
MPUKIIATHON AEATEIIbHOCTH
COBPEMCHHBIC
CYIEpPKOMIIbIOTEPHbBIE
TEXHOJIOTHH,
MaTeMaTHYECKUI armapar,
BBIYHCITMTEIbHBIC METO/IbI
JUISL TIPOBEICHHS
KpyIHOMaciTabHoro
MaTeMaTHYEeCKOTrO
MOJICJTHPOBAHUS
00paboTKH TaHHBIX Ha
COBPEMEHHBIX
BBICOKOITPOM3BOAUTEIILHBIX
BBIYMCIIUTEIIHBIX CHCTEMax

OCHOBBI KBAHTOBOM MEXaHUKH

['eliThl M UX peanu3anus

Ymerhb

Hcrnonb3oBaTh KOHEYHOMEPHBIE MOJIENIN
KBaHTOBOM JIEKTPOAMHAMUKHU: JKeiiHca-
Kammunrca, Ta-suca-Kammunrea, Jluka,
JukerHca-Kammunrca-Xa66apna. as
pacyeToB ¢ NOMOUIBIO 3TUX MOJIEICH B
NpUOJIMKEHUU BPALLAIOLIEHCS BOJIHBI
HMmeTh NPpAKTHYECKHH ONBIT
Pa3paboTku U aHanm3a Mojenen
KBAHTOBOM JICKTPOAMHAMHUKH

CIIK-3. CtocoOHOCTB
pa3pabaTbiBaTh

reTepor eHHbIE
BBIYMCIIUTEIIbHBIC CPEIbI
JUTSL peLIeHUs] HAYyYHbBIX
3a]1a4 KPYMHbBIX IPOCKTOB,
BKJIIOYAsl IPOEKTHI KJ1acca
MeracameHc.

CIIK-3.1. PazpabatbiBaer
reTeporeHHbIe
BBIUMCIUTEIbHBIC CPEIbI IS
pCIICHUS Hay4YHBIX 3a/1a4
KPYIHBIX IIPOEKTOB,
BKJIIOUAsl MPOEKTHI KJ1acca
MeracaieHc.

3narp

KBaHTOBbBIE BEIUMCIICHUS U KBAHTOBBIE
BBIUMCIICHUS C OPAKYJIOM

OTKpBITbIC KBAHTOBBIC CUCTEMBI

Ymersn

Co3aBaTh MO/ICJIM KBAHTOBOM
ToMOrpaduu, OCHOBaHHOIH Ha U3MEPEHHAX
B CMELHAIbHO BBIOPAHHBIX Oa3ucax s
IIPUMEHEHHMS 3TOr0 METo/1a JUIs
MaJIOKYOMTHON CUCTEMBI.

NmeTh NPpAKTHYECKHH ONBIT
[TpuniokeHus: KBAHTOBOW MH(POPMATHKH K
OpraHu3aluy 3alUIEHHOr0 J0CTyNa K
JIAHHBIM U OpraHu3anuu atak Ha RSA
MPOTOKOJI ¢ momonpko anroput™a [lopa.

4. 06 beM AMCLMIIJIMHBI COCTaBJAET 3 3.€., B TOM 4YHClIe 72 akageMHYECKHX YacoOB, OTBEIECHHBIX Ha
KOHTAaKTHYIO0 paboTy o0yualomuxcs ¢ npenojgaBareneM, 36 akaJeMHUYECKHX YacOB Ha CAMOCTOSATEIbHYIO

paboTy o0yuarommxcs.







5. CogeprkaHue JUCHMILIMHBI (MOAYJIfA), CTPYKTYPHUPOBaHHOE N0 TeMaM (pa3zeJsiaM)
yKa3aHHeM OTBe/JleHHOI0 HA HUX KOJIMYeCTBa aKaJleMHYeCKHX YacoB U BUAbI y4eOHbIX
3aHATHH:

5.1. CTpyKTypa AUCHMIIMHBI (MOAY./I1f1) O TeMaM (pa3jesaM) ¢ yKa3aHMEM OTBeJeHHOro Ha
HMX KOJINYeCTBa aKaJieMUYeCKHUX YaCOB U BU/bl y4YeGHBIX 3aHATUM (B CTPOrOM COOTBETCTBUHU
C y4eOHBIM NJIAHOM)

HauMeHOBaHHMe pa3/ie/ioB U TEM HomuHa/ibHbIE TPYA03aTpPaThl
AMCHUIIMHBI (MOAys), 00y4Yamwierocs
KoHTakTHas pa6ora 8 g
dopma npomMeKyTOYHOH (pa6ora BO & g
aTTeCcTalMHy No AU CUUIJIMHE B3aUMO/eHCTBUM C : Ee
CamocroaTe | = s = S
(Mmoay./0) npemnojaBareJsieM) v ==
i JIbHasA o ¥ g
Buabl KOHTAKTHOM b} © 9 s
pa6oThl, paGota 2 z 5 S
aKaJeMH4YeCKHe Yachbl oGyvarouer 5 I~y )
= 2o 2
ocH, )
o © g 6=
= = akagemuuec | % S =
w © ® «© < —
=T =S KHe 4achbl o =
= T = > Qo= = ="
® O ® © o <)
T s S T or o~ O S
g = F g 5 F /m
g v
= o
Tema 1. OCHOBBI KBAHTOBOM 4 4 2 10 onpoc
MeXaHUKHU
Tema 2. 'elThl ¥ UX peasusdayus. | 4 4 4 12 onpoc
Tema 3. KBaHTOBbIE BbIlYUC/IeHUsA | 4 4 6 14 onpoc
Y KBAaHTOBbI€ BbIYUCJIEHUSA C
OpaKyJioM
Tema 4. OTKpbITbIe KBAHTOBbIE 4 4 6 14 onpoc
CUCTEMBI
Tema 5. KoHeuHOMepHbIe MoJienin | 4 4 6 14 onpoc
K9/
Tema 6. KBanTOBas -+ 4 -+ 12 omnpoc
HEeJIOKaJIbHOCTh
Tema 7. KBaHTOBble U3MepeHUsI -+ -+ -+ 12 ornpoc
Tema 8. /lonoJiIHUTEIbHbIE TEMBbI -+ -+ 2 10 ornpoc
Tema 9. PelneHre KOHTPOJIbHBIX
. P 4 4 2 10 onpoc
3aJlaHUM
Jlpyrue BUbl CAMOCTOATEILHOU
paboThl (OTCYTCTBYIOT)
[IpoMexxyTo4Hasi aTTecTalus
(3k3aMeH)
HToro 36 36 36 108 —




5.2. Coaep:xaHue pa3jesoB (TeM) AU CHUILINHbBI

Nen/n

HaumeHoBaHue pa3/esioB (TeM)
JMCLUTIJIMHBI

CopeprxkaHue paszeoB (TeM) AUCLUIIIMH

1.

Tema 1. OCHOBBI KBaHTOBOH
MeXaHUKH

KpaTKO JAAKTCAd OCHOBHbIE ITOHATHUSA KBaHTOBOM
MEXaHHUKH.

Tema 2. 'elThl ¥ UX peasu3alus

OnuchIBalOTCA NPOCTEHIINE TeUThI, HY>KHbIE J1J1s
MOCTPOEHUs] KBHAaTOBOr'O KOMIbIOTEpa:
opaukyouTHble, CNOT, Csign, Toffoli u ux
peasin3al My Ha 3apsiJOBbIX COCTOSIHUSAX
3JIEKTPOHOB.

Tema 3. KBaHTOBBIE BBIYHCJAEHUS U
KBaHTOBbBIE BBIYUCIEHHA C
OpaKkyJioM

PaccMaTpuBalOTCS KBAHTOBbIE BHIYHUCJIEHUS HA
YUCTBIX COCTOSTHUAX U KBAHTOBBIE OPAKYJIbI.
Pa3z6upaeTcs pas/iMyHasi 3allUCb KBAaHTOBbIX
BBIYMCJIEHUH, B YaCTHOCTH, UX Npe/iCTaBJeHHe B
BU/le quantum gate array - Ha mpuMepe
KBAaHTOBOT0 npeobpa3oBaHusi Pypbe

Tema 4. OTKpbITbIe KBAHTOBbIE
CHUCTEMBI

PacckasbiBaeTcs 0 KOHIENIMHA OTKPbITOM
KBaHTOBOM CUCTEMbI U pa36UpaAIOTCS ee ONUMCAaHUSA
c nomolbio onepatopoB Kpayca u ypaBHeHUsi
Jlunabsiaza. PaccMaTpyBaloTCs YacTHBIE C/Iyyau
CUCTEM, KOTOpPble MOKHO TPAaKTOBaTh KakK
OTKpBIThIe. ONMcaHKe JJaeTcsd B TEPMUHAX MaTPHI]
MJIOTHOCTH CMEeIIaHHBIX CO-CTOSIHUH.

Tema 5. KoHeyHOMepHbIe MOJie/1U
K3/l

QoS, rnaBHbIM NOTOK, GOHOBbIE 33/]a4UH,
DispatchQueue. O6pa6oTka view B rJ1aBHOM
MOTOKE.

PaccmaTpuBaloTCcs KOHEYHOMEpPHbIE MOJEH
KBAaHTOBOM 3J1eKTpoJuHaMUKHU: />keiHCca-
KammuHurca, Ta-Buca-KammuHrcea, /luka, JpxkelHca-
KammuHrca-Xa66apaa. OnucbiBalOTCSl METO/ibl
paccyeToB C MOMOIIbIO 3TUX MOJleJieH B
NpUO6JIMXKEHUHU Bpallaloleicsl BOJIHBI.

Tema 6. KBaHTOBas
HeJIOKaJIbHOCThb

PasbupaeTcsa skcnepumeHT AsaHa-1laitsinHrepa c
6u-dpoToHaAMH, U HapylLleHUe HepaBeHcTBa besa.
JlaeTcs MHTepnpeTalus JaHHOro peHoMeHa Kak
KBAaHTOBOM HeJIOKaJbHOCTH. O6CcyxaaeTcs
COOTHOIIEHHE C TeOpUel OTHOCUTEJIbHOCTH.

Tema 7. KBaHTOBbIE U3MepeEHUs

JlaeTcs onvcaHvMe KBAaHTOBOW TOMOTpapuH,
OCHOBAHHOMW Ha U3MepPeHUsAX B CllelHaJIbHO
BbIOpaHHbIX 6a3ucax. 06cyx/1al0TCs NpUMEHeHUs
3TOr0 MeTo/ia Ha NpuMepe MaJIOKyOUTHOU
CUCTEMBI.

Tema 8. /lonoJIHUTEIbHbIE TEMBI

[IpunoxxeHuss KBAHTOBOM MHPOPMATHUKHU K
OpraHM3al My 3allMIeHHOT0 JOCTYyNa K JaHHbIM U
opraHusanuu atak Ha RSA npoTokoJ c noMoub10
aaroputma llopa.

Tema 9. PelieHre KOHTPOJIbHbBIX
3aJlaHuH

Pelienue KOHTPOJIbHBIX 3ap;aHm71 o TeMaM.




6. ®oHA oueHOYHBIX cpeAcTB (POC, oeHOYHbIE U MeTOAMYECKHE MAaTepHaJibl) AJIs
OLleHUBAHMA pe3y/IbTaTOB 00Y4YeHUs N0 AUCHUIIMHE (MOAYJII0).

6.1. TunoBbie KOHTPOJIbHbI€ 3aJaHUA HJIK UHbBI€ MaTepHaJibl AJIA NPOBEACHHA TEKyLIero
KOHTPOJIA YCII€EBAE€MOCTH

[IpuMepsl T€M I yCTHOTO ompoca:

1.
2.

©® N W

10.

11.

12.

13.

14.

15.

16.

061wM i BUJ OJHOKYOUTOBOTO YHUTAPHOI'O onepaTopa.

OnpesesieHMe BO3MOXXHOCTU OJJHOBPEMEHHOI'0 M3MepeHUs M0 JBYM HabJII0JaeMbIM,
3a/JaHHbIM 3pPMUTOBBIMHU MaTPHUIAMHU.

CBs3b passoxeHus llIMuaTa ABYX-KyOUTHBIX COCTOSAHUN U SVD- pa3siokeHUs1 MaTpPHUILLbI.
CBoiicTBa MaTpHLbl NJIOTHOCTH.

YucTble U CMellaHHble COCTOSIHUS OZIHOI'0 Ky6uTa B TepMUHax chepnbl Bioxa.
Pacno3HaBaHuUe 3anyThIBAlOUIMX ABYX-KYOUTHBIX YHUTAPHBIX ONepPaTOPOB.

BbluKcieHHe TeH30PHOTO NMPOU3BeJeHUs 0NepaTOpPOB.

KBaHToBOoe npeo6pazoBaHue Pypbe B cjydyae OJHOIro U JABYX KyOUTOB. [IpubimxkeHHOE
KBaHTOBOe Npeobpa3oBaHue Pypbe U ero c10kHOCTb. CBSI3b JIMCKPETHOTO U HENPEPLIBHOTO
npeo6pasoBaHusi Pypbe ¢ KBAHTOBOU BepCHEN.

[lepexos OT KOOpAMHATHOTO 6a3uca K UMIYJbCHOMY B IPOCTPAHCTBE OJHON OJHOMEPHOM 1
OZTHOM IBYMEpPHO M YaCTULbI.

Anroputm ['poBepa B cjiyyae U3BECTHOrO Yuc/a pewieHUH. CJIOXKHOCTb M0 CPABHEHUIO C
KJIAaCCUYEeCKUM Nepe6opoM.

AnroputMm [poBepa B cjiyyae HEM3BECTHOI'O YMCJa pelleHUH. Peasusauus ajsropurma
['poBepa AJis ABYX Ky6OUTOB.

Pemenue ypaBHeHus lllpejuHrepa Ha KBAaHTOBOM KoMMnbioTepe. OjeHKa 4ucaa TpebyeMbIxX
KyOUTOB.

KoHcTpyupoBaHHe MaccMBa KBAaHTOBBIX FeHTOB, peasiM3yrouiux aaroputm posepa ausa 3
KyOUTOB.

B03MO0XHOCTb MPUMEHEHHUsI MPOrpaMMbl YHMCJEHHOI0 HAX0X/Je€HHUs OCHOBHOI'O COCTOSIHUSA
npu 33laHHOM MNoTeHuuasne no AuddysnoHHoMmy mMetoay MouTe-Kapso A HaxoxaeHUs
MepBOro BO30YK/JEHHOI'0 COCTOSIHUS: pa3BEPHYTOe 00'bsiICHEHHUE.

CpaBHeHHEe YCTOWYMUBOCTHU 3aMyTaHHbIX COCTOSIHUM Pa3HbIX THUIOB 3alyTaHHBIX COCTOSIHUU
3 Ky6buToB K omubkam o6uero Buga. Koppekuusi Takux OLIMOOK, BO3HMUKAIOIIUX AJIS
CTALlMOHAPHOTO COCTOSIHUS. MeTo/; KOppeKL MU OLIU60K, BO3HUKAIOLIKUX B X0/le KBAHTOBOTO
BbIYUCJIEHUS.

['paHuLlbl BO3MOXXHOCTEH JJi pacnapasijieJIMBaHUsi KBAaHTOBBIX 3BOJIIOLMNA. KBaHTOBbIN
aHaJsior GMSP - npo6JieMbl.

6.2. TunoBbie KOHTPOJIbHBIE 3a/1aHU A UJIX HHbI€ MaTEepHUaJibl AJIA IPOBEA€HUA
l'lpOMe)KYTO‘-lHOﬂ ATTeCTAllUH 0 AU CHHUIIVIMHE, KDUTEPHUHU U IIKAJIbl O€HUBAHHUA

Bonpock! K 93k3aMeHy

1) [IpocTaHCTBaA COCTOSIHUM — KJlaCCUYECKOoe U KBaHTOBoe. /lucKpeTHU3anus.

2) Co6cTBeHHBbIE QYHKIMHM U COOCTBEHHbIE 3HAaY€HUS ONepaTOPOB KOOPAMHATbI, UMIYJIbCa U
3HepruHu.



3) Pemrenue ypaBHeHus lllpeaunrepa /st 0HOTO U JBYX-KYOUTHBIX 3BoIOL UK. O61lee pelieHUe
3ajauyu Koy 151 Hero. OnucaHue pelieHUH Ha si3blKe COOCTBEHHbIX QyHKLIMN [aMUIbTOHUAHA.
4) PemreHue ypaBHeHus JIMHAGAa4a A1 OHOTO U IByX aTOMOB B O/JTHOMO/IOBOM I0JIe pe30HaTopa.
5) OnpepeneHue CTeneHH 3ayTaHHOCTH ABYX-KYOUTHBIX COCTOSTHUM.

6) CpaBHeHUe CMelllaHHbIX COCTOSIHUM 110 CTeNeHU 3alyTaHHOCTU. BbluucieHre KBaHTOBOM
3HTpPONUMU. BeluucieHue pe3yibTaTa YaCTUYHOTO U3-MepPeHHUs] MaTPHUILLbI IJIOTHOCTH.

7) BbicTpble KBAHTOBbIE AJITOPUTMBI.

8) OnpepesieHue 3ayTAaHHOCTU KBAHTOBBIX COCTOSIHUM, 10JIy4aeMbIX B KBAHTOBbBIX BbIYUC/IEHUSIX.
BbiyucauTeIbHbIe 33/1Ja4¥ HAa OCHOBe KOHeYHOMepHbIX Mojesneit K3 /1.

Yyamuecs pelialoT BbIYMCAUTE/IbHYIO0 33/la4y Ha OCHOBe MoJiesin TaBuca-KaMMuHrca uim
JxeriHca-KamMmuHrca-Xa66apaa cieAyouux TUIOB.

4) OnpeAesUTb CTAOUJIU3ATOP AAHHOTO COCTOSIHUSA NMPU GOTOHHOM peJlakCalluy B MOJIOCTH.

5) HaiiTu AvuHaMUYeCKUW CTAaOUIM3AaTOP NPU YCJIOBUU KOHTAKTA ONTUYECKOU MOJIOCTH C
$OTOHHBIM 0JHOMO/JOBBIM TEPMOCTATOM.

6) BbISICHUTB XapaKTep ONTHYECKOW MPOBOAUMOCTH rpada u3 nosocTeu, coeUHEHHbIX
ONTHYECKUM BOJIOKHOM.

7) HaiiTu co6cTBeHHbIe QYHKIUU U CIEKTP JJIs TPEX-aTOMHOI'0 COCTOSIHUSI B pe30HaTOope.

8) BbIsICHUTb BUJ] TEMHBIX COCTOSIHUH /1J151 6 aTOMOB B I0JIOCTHU C BAKyYMHBIM COCTOSIHUEM I10JIS1.
9) UccnepoBaTh HA ONTUYECKYIO TPOBOAMMOCTD CUCTEMY JIBYX IOJIOCTEH C 4 aTOMaMH.

[IpuMepHbIe TEMBI CEMHMHAPCKUX 3a1aHHM
1. Yucnennoe peuenue kpaepoit 3agaun Komm s ypasuenus Llpennnrepa ans oqHoMepHOM
4acTUIbl B OECKOHEYHO IIy0OKOH NOTeHIMaIbHOM ssMe mMpuHbl L\pi npu HavaasHOM
pacnpenenenun ammanty f{0,X), 1 HAWTH KOHCTAHTY HOPMUPOBKH C:

[TpumepHBbIC BapuaHTHI 3aJ1aHUN:

1. f(0,x)=-c sin(2x)
2. f(0,x)=c sin(3x)
3. f(0,x)=c sin"2(x)
4. 1(0,x)=c sin”2(4x)

2. BplunciieHHe OTHOCHTENIBLHOM MaTPHIIBI TUIOTHOCTH - JUIS IEPBOrO KyOUTa, €Cliv 3aaHo JABYX-
KyOUTHOE COCTOSIHME BUA

1.0.5 (J01> -J00>+|10>-|11>)

2.0.5 (|01>+/00>+[10>+|11>)

3.0.5 (J00>-1j01>+[10>+i1|11>)

4. 0.5 (J00>+1 [01>+i[10>+|11>).

3. OﬂpC}ICHCHHC CTCIICHH 3allTYyTAHHOCTH HCHOPMHUPOBAHHOI'O COCTOSTHHUSA
1). [00>-i[11>, 2). [00>-01>-10>+[11>, 3). [00>+[01>+10>-1 1>,



IIIKAJIA U KPUTEPUU OLLEHUBAHUA pe3yibTaToB 06y4yeHus (PO) no aAucuunivHe

pabomsl, omyem
no npakmuke,
omvem no HUP
um.n.)

Ouenka | 2 (He 3a4TeHO) 3 (3auTeHo) 4 (3a4TeHo) 5 (3auTeHo)
BU/IbI
OLLeHOYHBIX
CPe/CTB
3HaHuA OTcyTcTBHE ®parmeHTapHble O6uiue, HO He CdopMupoBaHHbIE
(8udbi 3HAHUH 3HAHUSA CTPYKTYpPUPOBaHHbIE | CUCTeMaTHU4YeCKHe
OYEHOYHbIX 3HaHUSA 3HaHUA
cpedcmas: onpoc,
mecmbl)
YMeHus OTcyTcTBHE B nesom ycnewmHoe, | B nesiom ycnemiHoe, YcnemHoe u
(8udbi yMeHUH HO He HO cojiepxKalee cuUcTeMaTH4yecKkoe
OYEHOYHbIX cUCTeMaTHU4yecKoe | OTZesbHble NPo6esibl yMeHHe
cpedcma: yMeHHe yMeHHe (JonycKaeT
npakmu4eckue HETOYHOCTH
3adaHus) HeNpPUHIMIHAIbHOTO

xXapakTepa)

HaBbIKH OTtcyTcTBUE Hanuuyue B nesom, CdopmMupoBaHHbIe
(B1agenus, HaBBIKOB OT/leJIbHBIX chopMUpOBaHHbBIE HaBBIKH
ONBIT (B1ameHuH, HaBbIKOB (HaJlMyMe | HaBbIKM (BJIafieHUs]), (B1agenwus),
AesTe/IbHOCTH) OMbITA) dparmMeHTapHOrO HO HCI0JIb3yeMble He NpUMeHsieMble
(8udbi OmnbITa) B aKTUBHOH popme NpU pelieHUu
OYEHOYHbIX 3aja4
cpedcma:
8blNO/IHEHUE U
3auuma
Kypcosoll

7. PecypcHoe odecnieueHue:
7.1. IlepeyeHb OCHOBHOM M 10IOJTHHTEILHOMH JIHTEPATYPbl
OcHoBHas quTeparypa

1) P.®eitnman, /1. JIeliton, I1.Cona3, «KBantoBas mexanuka», M.Hayka, 2006.
2) B.M.AxynuH, «/{uHamMuKa CI0KHBIX KBAHTOBBIX cuctem», M.Hayxka, ®usz-mart. Jlut., 496 ctp., 2009.
3) JIx. [Ipecknmi, « KBaHTOBBIC BBIYMCIICHUS M KBAHTOBBIC KOMMYHUKauu» (1,2,3 Toma), M.:bunom,

2009. Dnextponnbiii Bapuant: Jh. Preskill, Quantum computations and communications, Lecture Notes in

Computer Science, 2001.
4) 1.A Kpoubepr, FO.1U.Oxuros, A.FO.Yepusisckuii, «kKBantoBas nndopmaTuka 1 KBAaHTOBBIH
KOMIBIOTEP», U31.-B0 Makc-IIpecc, MI'Y, M. 2011.
5) X-I1.Bbpoiiep, ®@.Ilerpyuunone, «Teopust OTKpbITbIX KBAHTOBBIX cuctem», PX]], MockBa-MxeBck,

2010.




JlononHUTeNbHAS JIMTepaTypa

1) JI. A.Jlannay, E-M.JIudpumu, «KanroBas mexanuka. Hepenstusucrckas teopus», M.Hayka, ®u3-mar.
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7.2. IlepeyeHb JIMIEH3UOHHOIO IMNpPOrpaMMHOro o6ecne4yeHus, B TOM 4YHUCJe
0Te4YeCTBEHHOI0 NpOU3BOACTBA
[lpy peanusauuu JUCUUIIMHBI MOXET OBbITh MCIOJb30BAaHO CJeAyiollee NpPorpaMMHOe
obecnevyeHue:

1. Onepaumonnas cucrema Ubuntu 18.04.

[Iporpammusii npoaykt Dev-C++ Bloodshed Software

[Tporpammusiii npoaykT CodeBlocks The Code::Blocks Team

[Iporpammusiii npoaykT Free Pascal 3.0.0 Free Pascal Team

[Tporpammubiii npoaykT Python 3.5.1 (64-bit) Python Software Foundation

Onepanunonnas cucrema Microsoft Windows 7 koprniopatuBHasi akaJeMHuecKast JIMIEH3Us

NS AW

Onepanunonnas cucrema Microsoft Windows 10 Education akajemudeckast JIMIEH3US

7.3. IlepeyeHb npodeccuoHaNIbHBIX 6a3 JaHHBIX U MHPOPMALMOHHBIX CIIPABOYHBIX

cucTeM
1. http://www.edu.ru — mopra;s MunicTepcTBa 00pa3oBanus U Hayku PD
2. http://www.ict.edu.ru — cucrema ¢denepanpHpix oOpa3zoBarenbHbIX ToptanoB «UKT B
o0Opa3oBaHHM»

3. http://www.openet.ru - Poccuiickuii mopTaj OTKpeITOro o0pa3oBaHus
4. http://www.mon.gov.ru - MunucrepctBo odpa3oBanus U Hayku Poccuiickoit denepanun
5. http://www.fasi.gov.ru - ®enepanbHOe areHTCTBO M0 HAyKe ¥ MHHOBAIMAM
7.4. IlepeyeHb pecypcoB HUHPOPMALMOHHO-T€JIEKOMMYHUKALMOHHOH ceTH «UHTEepHeT»
1) http://www.arxiv.org, quant-ph
2) http://sci.csmsu.ru/
3) http://sqi.cs.msu.su/learning/materials
7.5. OnucaHue MaTepUa/IbHO-TEXHUYECKOT0 o6ecneyeHHus.
Ouman MI'V B r. JlyOHe, OTBeTCTBEHHBIH 3a peanusanuio jaaHHOM [Iporpammel, pacnomaraer
COOTBETCTBYIOIIEH MaTepHAJIbHO-TEXHHYECKONH 0a30i, BKIIOYash COBPEMEHHYIO BBIYHCIUTEIBHYIO
TEXHUKY, OOBEIUHEHHYI0 B JIOKAJbHYIO BBIYUCIMTEIBHYI CETh, HMMEIOUIYI0 BBIXOA B UHTepHer.

Hcnone3yloTcss  cnenManu3upoOBaHHbIC  KOMIIBIOTEPHBIE — KJIACcChl,  OCHAIL[CHHBIC  COBPEMECHHBIM
000py10BaHUEM.

MarepuanbHas 6a3za rmojapaseneHus COOTBETCTBYET JCHCTBYIOIIMM CaHHUTAPHO-TEXHUYECKMM HOpMaM M
oOecrieynBaeT IMpPOBEJAEHUE BCEX BUJOB 3aHATUN (J1aOOpPaTOPHOM, NPAKTUYECKOH, AUCUMIUIMHAPHON |
MEKIUCIMIUIMHAPHON  MOJATOTOBKHM) W HAy4YHO-HCCJIEIOBATENbCKOH  paboThl  oOydarommxcs,
NPeyCMOTPEHHBIX Y4EOHBIM I1JIAHOM.

8. MeTOZIIl'-leCKHe pelcomelmauuu nmo opraumauun u3yqeuuﬂ JAUCHHUILJIMHBI
8.1. ®opMbI M METOABI NPENoJgaBaHUA AU CLUILINHbI

(mepeyucasOTCA B COOTBETCTBUU € TabJsuien 5.1.)



Hcnosb3zyembie pOpMbI 1 METOJIbI 00YY CHUS:

NEKLUH

CEeMHHApPCKUE 3aHATUS

camocTosiTellbHasi padoTa CTYEHTOB.

B nporiecce npenogaBaHus JUCHHUILIMHBI TPENoaBaTeNlb HCIONb3YET KaK KJIacCuuecKue GopMbl 1
MeTO/1bl 00y4YeHHUs (JEKIUU U CEMUHAPCKUE 3aHATHSA), TAK U AKTUBHbIE METO/1bl 00 Y4 EHHUSI.

[Ipu mnpoBeaeHUM JIEKIMOHHBIX 3aHATHH MpPENoOJaBaTeilb MCHOJIB3YET ayAHOBU3YaJIbHBIE,
KOMITBIOTEPHbIE U MYJIbTUMEAMIHbIE CcpeAcTBa OOyYeHHUs, a TAK)Ke JEMOHCTPALlMOHHbIE M HATJISIHO -
WJLTIOCTPAllMOHHBIC (B TOM YHCIIE pa3aTOUYHbIC) MaTCPHAIIBI.

CemHHapCKHe 3aHATHS MPOBOJATCA B (opMe NMpoOJIeMHON CUTYyallMd, KOrJa HEKOTOPBIA acrekT
pacCMOTPEHHON TEMbl HM3/araeTcs IpenojasareneM Oosee noapodHo. Yacte uHboOpManuu
KOHCIIeKTUpYyeTcs. bonbiias yacth BpeMeHM BblfelleHa Ha paboTy C HMCIOIb30BAHMEM KOMITbIOTEPHOM
TEXHUKH U IPOI'PAMMHOI0 00eCIeyeHusl.

B paMkax Kypca HCHONB3YIOTCS aKTUBHBIC M HMHTEPAaKTHBHBIC METOJAbl OOy4eHHs B Ipolecce
npoBeeHus 3aHsITHH. OCHOBHBIMM OCOOEHHOCTSMU MHTEPAKTUBHbBIX 3aHATHI SBIISIOTCS UHTEPAKTUBHbBIE
MPAKTUYECKUE YIPAXKHEHHS U 3a7aHUs1, KOTOPHIE BBITOIHSIOTCA 00YJalOIMMHUCI HE TOJILKO M HE CTOJIBKO
Ha 3aKperieHre U3y4eHHOI 0 MaTepuaia, HO U Ha CAMOCTOSITe/IbHOE U3y4eHHE HOBOTO.

8.2. MeTou4yecKHre peKOMeHJal U1 IpernogaBaTesto

[lepen HauanoM wu3yueHUs UCHMIUIMHBI IperojaBaTellb JOJUKEH O3HAKOMHUTb CTYJACHTOB C
BHUJIaMH Y4eOHON U CaMOCTOSITEIbHOU pabOThI, MEPEUHEM JIMTEPATYPbl U HHTEPHET-PECypcoB, hopMaMu
TEKyIled U MPOMEKYTOYHON aTTeCTalliH, C KPUTEPUAMH OLICHKH KayecTBa 3HAHHi JJI1 UTOTOBOW Ol HKU
10 AUCHUIIIIUHE.

[Tpu npoBeacHUM JIEKIUH, PEnoaaBaTeb:

1) bopMmynupyeT TeMy | LieJb 3aHATHS;

2) u3naraeT OCHOBHbBIC TCOPETUYCCKUE MOTOKECHHUS;

3) ¢ NOMOILBIO MYJILTUMEIUIUHOI0 000PYA0BAHUS U/WIIM T10/1 3aIMCh J1Ia€T ONPEIEJICHUs] OCHOBHbBIX
MOHATHI, pacueTHBIX GOpMYII;

4) NpoBOAMT MPUMEPBI U3 OTEUECTBEHHOI0 U 3apYOEKHOr0 OINbITa, 1a€T TEKYIIUE CTATUCTUYECKUE
JAHHBIC OJIs1 HArJISAHOIO U 06pa3H0ro NpeaCTaBJICHUA U3YHaEMOr0o MaT€puaia,

5) B KOHIIE 3aHATHUSA JIaeT BOMPOCHI AJIi CAMOCTOSITEIBHOTO U3Y4eHHSI.

Jlns ceMUHApPCKUX 3aHATUH

[ToaroroBka K INpOBEAEHUIO 3aHATUH NPOBOAMTCS peryisipHo. OpraHuszanusi IperojaBareiem
CEMHHAPCKUX 3aHATHH JO/DKHA YAOBICTBOPATH CICAYIOIUIMM TpeOOBaHUS: KOJIUYECTBO 3aHATHH JOKHO
COOTBETCTBOBAaTh Y4YeOHOMY IUIAHY IIpOrpaMMbl, COJEpKaHHE IUUIAHOB JIOJUKHO COOTBETCTBOBATH
porpaMMe, IJIaH 3aHSATHH JT0JDKEH COAEPIKATh MEPEYEHb pacCMaTPUBAEMBIX BOIIPOCOB.

Bo BpeMsi ceMMHAapCKUX 3aHATHI MCIONB3YIOTCS CIIOBECHBIE METOJbl 00ydeHus, Kak Oecena u
JIUCKYCCHS1, YTO IMO3BOJIIET BOBJIEKATh B y4€OHbBIH MPOLIECC BCEX CIyIIATENIeH U CTUMYJIMPYET TBOPYECKUI
MOTEHIMANT 00yJaro X CSL.

[Ipy noAroToBke CEMHHAPCKOMY 3aHSATUIO IPENojaBaTeNl0 HeoOXOAMMO 3HATh IUIAH €ro
NPOBEJICHUS, NPOAYMaTh (OPMYJIUPOBKM U COAEpKAaHME Y4eOHBIX BOMNPOCOB, BBIHOCUMBIX Ha
o0cCysKJIeHHE.

B mnavane 3aHATHS mnpenogaBaTelb JIOJDKEH PACKPBITh TEOPETHUYECKYI) M IMPAKTUYECKYIO
3HAaYUMOCTb TEMbl 3aHATHS, ONPEACIUTH MOPSAAOK €ro IMPOBEACHHS, BpeMs Ha OOCYXJCHHE KaxkI0ro
yueOHOro Bompoca. B xome 3aHsTus cienyer AaTh BO3MOXKHOCTH BBICTYIIUTbh BCEM JKEJIAIOIMIUM H
NPEJIOKUTE BBICTYITUTH TEM CIIyLIATENIIM, KOTOPBIE IIPOSIBIISIIOT NACCUBHOCTb.

[lenecooOpa3Ho, B Xxo/1e 00CyKeHHsl y4eOHbIX BOIIPOCOB, 3a1aBaTh BLICTYIAIOIIMM U ayJUTOPUU
JIOTIOJTHUTENBHBIC M YTOUHSIOLIME BOMPOCHI C IIEJIBIO BBIICHEHHS UX MO3MIHH MO CYIIECTBY 00CYKAaeMbIX
npobiem, a TakKe IOOIIPATh BBICTYIUIEHME C MecTa B BUJAE KpaTkux jornojHeHuid. Ha 3ausrtusx
MPOBOJUTCS OTPAadOTKA MPAKTUYECKUX YMEHHUH 11OJ1 KOHTPOJIEM IPENOAaBaTeNs



8.3. MeTtoauyecKkue peKOMeHJALMHM CTyJEeHTaM MO0 OpPraHU3alUMU CaMOCTOSATEe/IbHOU
paGoThl.

[Tpuctynas xk M3y4eHUI0O HOBOW y4eOHON IUCLUMIUIMHBI, CTYACHTHI JOJKHBI O3HAKOMUTHCS C
yueOHOH mporpamMmoi, y4eOHOM, HaydHOH W METOJAMYECKOM JIMTepaTypoil, umerouleics B Oubamoreke
YHUBEPCUTETA, BCTPETUTHCA C IIpernojaBaTelieM, BeAYLIMM IUCLUMIUIMHY, I[ONYy4YUTh B OuOIMOTEKE
pPEKOMEHJOBaHHbIE YUYEOHMKH M  Y4eOHO-METOJMYECKHE TMOCOOMS, OCYIIECTBUTh 3alHCh Ha
COOTBETCTBYIOUIMH KypC B Cpejie JIEKTPOHHOr 0 00y4eHHs] YHUBEPCUTETA.

['myOuHa ycBOEHUS IMCUMILUIMHBI 3aBUCHUT OT aKTUBHON M CHCTEMaTUYECKOM paboThI CTy/CHTa Ha
JNEKUMSIX W IPAKTUYECKUX 3aHATHSAX, a TaKKEe B XOJ€ CAMOCTOATEIbLHOM padoThbl, MO M3Y4YEHUIO
PEKOMEH0BAHHOM TMTEPaTypPHI.

Ha nexkuusax BaXKHO COCPEIOTOYMTH BHMMAaHUE HAa €€ COJEpKaHUM. IJTO IIOMOXKET Jydlle
BOCIIPUHUMAThL Y4eOHBIN MaTepuan U ySCHUTh B3aUMOCBA3b MpodsieM 1mo Bcel aucuuiuimHe. OCHOBHOE
CojIepyKaHue JIGKLMH 1eJIeco00pa3Hee 3aiChiBaTh B TETPAAH B BUJE KIIIOUYEBBIX (pa3, NOHATHIA, TE3UCOB,
0000111eHHI, CXeM, OIMOPHBIX BbIBOAOB. HeoOxoaumo obpaiiath BHUMaHUE HAa TEPMUHBI, (HOPMYJIUPOBKH,
pacKpbIBAlOIIME COACPKAHUE TEX MJIM MHBIX SBJICHMHM U INPOILIECCOB, HAYYHBIC BBIBO/BI U MPAKTHUYECCKUE
pexkomenaanuu. JKejiarenabHO OCTaB/IsATH B KOHCHEKTaX I10Jig, Ha KOTOPBIX [€laThb IIOMETKH U3
PEKOMEH/1I0BaHHON JIMTEpaTyphl, OMOJHAIOLIECH MaTepuasl MPOCIYLIAHHOW JIEKUUHM, a TakKKe
MOAYEPKUBAIOIIME 0COOYI0 BaKHOCTh T€X MJIM MHBIX TEOPETHYECKUX MONOKEeHUH. C Lenplo ysSCHEHHS
TEOPETUYECKUX MOJIOKEHHH, pa3pelIeHUus CHOPHBIX CUTyalluid HEOOXOAMMO 3a/1aBaTh MPENOAABATEIIO
YTOUHSIIOIIUE BOMPOCHL. J[s 3aKpenieHust COACp)KaHMs JICKIMH B IaMATH, HEOOXOAMMO BO BpeMs
CaMOCTOSATEJIbHOM pPabOoThl BHUMATEJIBHO IPOYECTh CBOM KOHCHEKT U JONOJHUTH €ro 3anucsiMu U3
yu4eOHHMKOB M PEKOMEH/10BaHHON IUTepaTyphl. KOHCIIEKTHpOBaHNE YHTAEMBIX JIGKLIIUH U UX MOCIeAYIOIas
nopabortka criocodcTByer 0ojiee riry0OKOMY yCBOCHHIO 3HAHUHM, M MOATOMY SIBIISIOTCS BaKHOH (opMoii
yueOHOH eI TEIbHOCTU CTY/ICHTOB.

MeToanyeckue yKa3anus /sl CAMOCTOSATeILHOM padoThl 00y4alommxcst

IIpoynoe ycBoeHHE M JIOJITrOBPEMEHHOE 3aKperieHHe y4eOHOro MaTepualia HEeBO3MOXKHO Oe3
IpoiyMaHHON camocTosTenbHOM padoThl. Takas pabora TpeOyer OT CTyAEeHTa 3HAYMTEIbHBIX YCHIIHMH,
TBOpPUECTBA M BBICOKOH OpPraHM30BaHHOCTU. B Xoae caMOCTOATENbHOH pabdOTHI CTYACHTBHI BBIMOIHSIOT
clelylolue 3a7auu: JopadaThiBalOT JIEKIHMM, M3Yy4alOT PEKOMEHIO0BAaHHYIO JIMTEPAaTypy, I'OTOBATCSA K
MPaKTHYCCKUM 3aHATHAM, K KOIUIOKBUYMY, KOHTPOJIbHBIM pa0oTaM IO OTJEIbHBIM TeMaM JUCLHUIUINHBI.
IIpu 31tOoM 3ddexkTHBHOCTE Yy4eOHOH IeATETBHOCTH CTYACHTa BO MHOIOM 3aBHUCHUT OT TOro, Kak OH
pacnopsInIICs BBIACIEHHBIM /171 CAMOCTOSITENIbHOM paboThl 010 17KETOM BPEMEHH.

Pe3ynbTaToM caMOCTOATENBHON pabOThl ABJSETCA NMPOYHOE YCBOCHHE MATEPUAsIOB IO MPEAMETY
COrJIAaCHO IIPOrpaMMbl JIMCUUILIMHBL. B nrore 21oii pabotsl opmupyrotces npodeccruonanbubie yMEHUs U
KOMITIETCHIIMH, Pa3BUBACTCS TBOPUYCCKUH MOAXO/ K PEIICHUIO BO3HUKIINX B X0/1¢ yUeOHOI eATelbHOCTH
npoOJIeMHBIX 3a/1a4, MOSABISAETCS CAMOCTOATEIbHOCTH MBIILLICHHUS.

Pemenue 3anau

IIpy caMOCTOATE/ILHOM pPEIIEHUHM 3a/1a4 HY)KHO 00OCHOBBIBATh Ka)K/(bIi JTAll PEICHUs, UCXO/s U3
TEOPETHUECKUX MOJOKEHUN Kypca. Eciu ¢cTy1eHT BUANT HECKOIBKO MyTel pelieHus npodieMsl (3a1a4n),
TO HY)KHO CPaBHUTb MX M BbIOpaTh caMblil panoHagbHBIN. [Toe3H0 10 Havyana BBIYMCICHUI COCTaBUTh
KpaTKUU IJIaH pelieHus mpodaeMbl (3a1aun).

Pemienne mnpoOneMHBIX 3ajad MM TMPUMEPOB CIEAYET H3NaraTh MOAPOOHO, BBIYHUCICHUS
pacrniojaraTh B CTPOroM IOPS/IKE, OT/EJSAs BCIOMOraTeIbHbIE BBIYUCICHUS OT OCHOBHBIX. Perienus npu
HEOOXOAMMOCTH HY>KHO COMPOBOXkK/AaTh KOMMEHTAPUSAMH, CXEMaMH, YePTEKaMH U PUCYHKAMH.

Cienyer IOMHHMTb, YTO pEUIEHHE KakJA0M y4yeOHOM 3ajauyu JIOJKHO JIOBOJMUTHCS 10
OKOHYATENIbHOr0 JIOTHYECKOr 0 OTBETA, KOTOPOro TpedyeT yCI0BUE, H 110 BO3MOKHOCTH € BBIBOZOM.

[TosydeHHbIi OTBET ClIeyeT IPOBEPUTH CIIOCOOAMM, BBITEKAIOLUIMMHU U3 CYIECTBA JaHHOM 3a/1a4H.
[Tonezno Ttakke (ecimm BO3MOMKHO) pellaTh HECKOJIBKHMH Croco0aMu M CpPaBHUTb IOJTy4YCHHbIE
pe3yibTaThl.



Pemienue 3azad JaHHOrO THUIIA HYKHO NPOAOIDKATH 0 NPHOOPETEHUs TBEPIbIX HABBIKOB B HX
PELLICHUH.

3ajaya — 93TO 1eib, 3aJaHHas B OIpPEJCJICHHBIX YCIOBHSAX, pelIeHHe 3adaud — IPOoIecce
JIOCTUIKEHUS IOCTABIICHHOM 1I€JIM, TOMCK HEOOXOAUMBIX Il 3TOr0 CPEJICTB.

ANTrOpUTM peLICHUS 3a/1ay:

1. BHumaTesbHO NpOYMUTANTE YCIOBHE 3aJaHUS U YIACHUTE OCHOBHOM BONPOC, IMPEICTaBbTE
MIPOLIECCHI U SIBJICHUS, OTIMCAHHBIC B YCIIOBUH.

2. IloBTOpHO NPOYTHUTE YCIOBUE IS TOro, 4ToObl YETKO MPEACTAaBUTHL OCHOBHOW BOIIPOC,
npoOJieMy, 11eJIb PEeIIeHHs, 3a/IaHHbIC BETMYUHBI, OMUPasCh Ha KOTOPbIE MOKHO BECTH MOUCKH PELICHUS.

3. [TpousBeauTe KpaTKyro 3alucCh YCIOBUS 3a/laHUS.

4. Ecmu Heo0X0IMMO COCTaBbTE TAOIHUIY, CXEMY, PUCYHOK HJIH YEPTEK.

5. Onpenenure METO/L peIICHHs 3aaHusl, COCTaBbTE IUIaH PELICHMS.

6. 3anuIunuTe OCHOBHbBIE OHATUS, (POPMYJIbI, OMMCHIBAIOLME [IPOLIECCHI, MPEIJIOKEHHbIE 3a1aHHOM
CHUCTEMOM.

7. Haitaure peuienue B 001IeM BU/I€, BBIPA3UB UCKOMbIC BEJIMYMHBI Yepe3 3alaHHbIE.

9. [TpoBepbTe NPaBUIBLHOCTH PELICHUS 3a/1aHUSL.

10. IIpon3sBeuTe OLEHKY peajibHOCTH MOJIYYEHHOTO PEeLIECHHUSI.

11. 3anumuTe OTBET.

9. Pa3pa6oTyuK (pa3paGoOTYUKH) NPOrpaMMBbl.
K.}.-M.H. XBejenuaze A.



