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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Pabouas mporpamma aucruiuiHbl (Monyisi) «KBaHTOBBIE alropUTMbD» COCTaBI€HA B
COOTBETCTBUHU C (ellepaibHBIM T'OCYJapCTBEHHBIM 00pa30BaTEIbHBIM CTAHIAPTOM BBICIIETO
oOpazoBanusi — OakamaBpuar no HampaiaeHuto noarotoBku 02.03.01 «Maremartuka u
KOMITBIOTEPHBIE HayKu», mpoduib «PazpaboTka», yTBEpkIEHHBIM NpPUKa30M MUHHUCTEPCTBA
HayKH ¥ BbIciero oopaszoBanus Poccuiickoit @enepanuu Ne 838 ot 29.07.2020 rona.

Wzyuenne mucuurummHbl (Moaynsi) «KBaHTOBBIE aITrOPUTMBDY HMEET CTPATETHYECKOE
3HAYCHUC [JI1 NIOATOTOBKU CIICIIMAJIMCTOB B O6HaCTI/I MCPCICKTUBHBIX I/IH(i)OpMaI_[I/IOHHBIX
TeXHOJIOTUI. KBaHTOBBIE BBHIYMCIICHUS MPEACTABISIOT OO0 MPUHIIUITHAIBHO HOBBIA MOIXOM K
0o0paboTke wWHpOpPMAIMK, CIOCOOHBI pPEIIUTh 3aJa4d, HEAOCTYIHBIC JUIS KIACCHYECKHUX
KOMITHIOTEPOB.

MecTo JTUCUMIIIIMHBI (MOXYJIS) B CTPYKTYpe 00pa3oBaTeibHOI MPOrpaMMbl

Hacrosimas nucnumniHa (MOIyJb) BKIIOYCHA B YISOHBIH IJ1aH 1O MPOTrpaMMe TOITOTOBKU
OakanaBpuata mo HampasieHuio 02.03.01 «MaTemaTnka U KOMIOBIOTEPHBIE HAyKW», MPOdHIIb
«Pa3paboTka» W BXOAWT B BapHAaTHBHYIO 4YacTh bioka 1, dopMupyeMyro ydacTHUKaMU
00pa3oBaTebHBIX OTHOIICHUH KaK JUCIMIUIMHA 10 BBIOODY.

Jucnunnuza (MOAyIib) TOCTYIHA K U3ydeHuto Ha 2, 3 wiu 4 kypce ¢ 3 1o 8 ceMecTpbl Ha
BBIOOp.

Heap u3ydeHusi IMCHUIIMHBI (MOAYJs): (OPMUPOBAHUE Y CTYIEHTOB KOMILJIEKCHBIX
KOMIIETEHIIMH B 00JACTH KBAaHTOBBIX aJTOPUTMOB, BKJIIOYas 3HAHHE MATEeMaTHYECKUX OCHOB,
NOHMMAHHUE MOJIEIM YHHUBEPCAJIbHBIX KBAaHTOBBIX BBIYMCIEHUNH M IPAKTUYECKHE HAaBBIKU
IPOTrpaMMHOM peaan3aluu.

3agauu u3y4eHusi AMCUUIIIMHBI (MOAYJIA):

— M3y4YyeHUE MaTEeMaTHYECKOIo amrnapaTra KBaHTOBBIX BBIYMCIIEHUHN (IMHEWHas anrelpa,
TEOpusl BEPOATHOCTEH, THIILOEPTOBBI IPOCTPAHCTBA);

— aHaJIM3 MOJIEJIM YHUBEPCAIBHBIX KBAHTOBBIX BBIYMCICHH (KyOUTHI, KBAHTOBBIE TCHTHI,
CXEMBI);

— oOyueHHe pacKJIaJbIBAaHUIO KBAaHTOBBIX AJITOPUTMOB Ha BJIEMEHTApHbIE ONepaluu
(MpUroTOBIIEHNE HAYaJIbHBIX COCTOSIHUN, TEUTHI U3 YHUBEPCAJIBLHOTO Habopa, U3MEPEHNs);

— aHaJu3 CJIO0XHOCTU U PECYPCOEMKOCTH KBAHTOBBIX CXEM.
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2. IlepeveHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuus

Conep:xaHue KOMIeTeHITHH

Nuauxkarop
KOMIIETeHIIH 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
PEIIEBaHTHOCTH

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
JUTsE 00pabOTKH HH(POPMAILIH,
(hopMyITUPOBAHUH U
CTPYKTYPUPOBAHUH 3a/1a4 Ha
OCHOBE TMOJY4YeHHOH HH(opManru

YK-2.

CriocobeH onpeaensiTe Kpyr
3a/1a4 B paMKax MNOCTaBJIECHHOU
IIeJIM ¥ BEIOMPATh ONTUMAJIbHBIE
CIIOCOOBI MX PEIICHHUS, UCXOJIS U3
JICWCTBYIOLIMX MIPABOBBIX HOPM,
MMEIOIINXCS PECYPCOB U
OrpaHUYECHUN

YK-2.1.

3HaeT NeUCTBYIONINE TPABOBHIC
HOPMBI, PETYTHPYIOIINE
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, yYuThIBast
UMeEIOIIUECs PECYPCHI U
OrpaHUYEHHUS

YK-2.3.

Nwmeet mpakTuyecKuid OnbIT
MIPUMEHEHUS 3HAHUU O MPABOBBIX
HOpMax U pecypcax B pealbHbIX
CUTYaIusX, pa3pab0TKA U
peanu3anuu peleHui B
COOTBETCTBHUH C YCTAHOBJICHHBIMHU
OTpaHUYECHUSIMU

OIIK-1.

CnocobeH KOHCYIbTUPOBATh 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 JUCIHIUINH, METOJBI U
MOJIXO/IbI, KCIIOJIb3YEMBIC B
Pa3IMYHBIX 00JIACTIX
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

MaTeMaTU4YeCKOU JIOTUKU, TEOPUHU OIIK-1.3. NmeeT mpakTHUEeCKUNA OMBIT
BEPOSITHOCTEN, MATEMaTUIECKOMN pa3paboTKu U peamn3arus
CTaTHCTUKH U CITy4alHBIX MaTEMaTHYECKUX MOJICIICH B
MPOIIECCOB, YUCIECHHBIX METOIOB, npogeccuoHaNbHON
TEOPETHIECKOI MEXaHHUKH B JIeSITEIIbHOCTH
npoheCcCUOHANTBHOMN
JeSITeTbHOCTH
ITK-1. Crnioco6en popmymnupoBathb IK-1.1. O6mnamaet 6a30BBIMHU 3HAHUSIMU,
3a/1a4¥ ¢ MaTeMaTHIECKON MOJTy4YeHHBIMHU B 00JIaCTH
TOYHOCTBIO, 000CHOBEIBAThH MaTEeMaTHYECKUX HaYK,
YTBEPXKICHUS CTPOTO H MPOrPaMMHUPOBAHUS U
aHAIM3UPOBATD MTOTyYSHHBIE MH(GOPMAITMOHHBIX TEXHOJOTHI
pe3ynbTaThl B 00JIacTH IK-1.2. YMeeT HaxOuTh,
MaTEMAaTUKU U KOMITBIOTEPHBIX (hopMynHUpoBaTh U pemaTh
HayK CTaHJapTHEIC 3a/1a4H B
coOCTBEHHOI HAyYHO-
HCCIIEA0BATEIBCKON
JACATCIIbHOCTHU B MaTEMaTHUKE U
nH(pOpMaTHKE
IK-1.3. NmeeT ombIT paboOTHI € 3a72a9aMu

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

Nen/ TpynoeMKocTh, akageMHYecKHe Yachl
n HaumenoBanue Ounas ¢popma
pa3aeia TUCHHUILIMHBI KonTakTHas padora TUK ¥
(Monysst) Texuun Cemunapbr CamocTto (TekyliMii KOHTPOJIb
Konrtpoas | sTeanHa ycIIeBaeMoCTH)
(mpakTHYecKHe
s1 paboTta
3aHATHS)

1 MaremaTtnueckue 8 20 MuHH-TIPOSKT
OCHOBBI KBAHTOBBIX AynutopHas
BBIYHCIICHHH AKTUBHOCTH

3ammuTa KeiicoB

2 KBanToBbIe 8 20 MuHH-TIPOCKT
BBIYHCIICHHS AynuropHas

AKTUBHOCTH
3ammuTa KeiicoB

3 KBaHTOBBIC aITOPUTMBI 8 20 MuHH-TIPOCKT

AynuTtopHas
AKTUBHOCTH
3ammra KeMcoB

4 KsanToBo 6 20 MuHH-TIPOCKT
BJIOXHOBJICHHbBIE AynutopHas
AITOPUTMBI aAKTUBHOCTD

3ammra KeMcoB
3auem ¢ oueHKoIl 4
Hmozo: 30 4 80
Oo6vem oucyunnunvl (Mooyns) 114
(6 ax. u.)
Obvem oucyuniunsl (Mooynsn) 3
(6 3au. eo.)
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4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Nen/m HaumenoBanue Coaeprxanue TUCHUILINHBI (MOAYJIf) IO TeMaM

pa3aesia I CHUILTUHbI
(Moay.Jis1)

1 MaremaTtrdaeckue I'ume6epTOBHI MPOCTPAHCTBA, YNCTHIE KBAHTOBBIE COCTOSHUS, KBAHTOBEIE
OCHOBBI KBAaHTOBBIX HaOmoaeMble, n3MepeHus GoH-HeliMaHa, 3BOITIONNS 3aMKHYTHIX KBAHTOBBIX
BBIYMCIICHUN CHCTEM, CMeIIaHHbIe COCTOSHNA. CBOICTBA YHCTHIX U CMEIIAHHBIX COCTOSHHM.

Cdepa broxa

MHOIro4aCTH4HbIC KBAHTOBBIC CHCTCMBEI, CeHapa6eJ'H>HI)Ie 1 3allyTaHHBIC
COCTOsIHHUA, CBOMCTBaA 3aIIyTAaHHOCTHU, MCPBI 3aITyTAHHOCTHU, PA3JIOKCHHUC
H_IMI/I,Z[Ta, OYHIICHUEC CMCUIAHHBIX COCTOHHHﬁ, MHOTO4YaCTU4Has 3allyTaHHOCTD,
KJ'IaCCI/I(bI/IKaHI/I}l KBAHTOBBIX COCTOSIHUM

CI/IMYJ'ISITOp KBAaHTOBOI'O KOMIILKOTECPA, OCHOBAHHBIN Ha BCKTOPC COCTOAHUA.

2 KsanToBbie Kraccuueckre BRIYUCTIEHUS, JETEPMUHIPOBAHHAS U PaHAOMU3NPOBAaHHAS
BBIYMCIICHHS MarmmHa ThIOpHUHTa, BEIYUCIATENbHAS CI0KHOCTh. KBAHTOBBIN KOMITBIOTEP KaK
BBIYUCIIUTEIbHAS] MOJICTh, KpuTepuu Jlu BUHYEHIIO ISt KBAHTOBBIX
KOMITBIOTEPOB

OO6patumble 1 HeOOpaTUMBbIE BBIYHUCIICHUS], YHUTAPHBIN OepaTop s
KJIaCCHYeCKOW (DYHKIIMHU, KBAHTOBBIC TeHTHI, yHUBEPCAIbHBIC 1 HE
YHHBEpcaibHble HA0OPHI TEHTOB

Wpnes pa3noxeHus: Npon3BOJILHOI0 YHUTAPHOTO ONIEPaTopa Ha ONHOKYOUTHBIE U
IBYXKYOHUTHBIE orepaniy. M3MepeHns B KBAaHTOBBIX LIETIOUKAX

BeHuMapKUHT cCUMYJIATOpa KBAaHTOBOT'O KOMIIbIOTEpA

3 KBanToBble anroputmel | Anroput Jloitua, anroputm Joitua-Hosxu, anroput™ BepHinteiina Ba3upasu.
KBaHTOBBIN Napaienansm, 1 oyeMy oH He paboTaeT B o011eM ciydae.
Anroputm I'poBepa. ['eomerpudeckast HHTEpIIpeTalus, ONTUMAIBLHOE YHCIIO0
urepanuil I'poBepa, IOUCK HECKOJIBKUX NPABUIILHBIX OTBETOB.

Peanusanus anroputma ['poBepa Ha CUMYJIATOpE KBAHTOBOTO KOMITBIOTEPA
KBanToBas ontumuzanus. AnuabaTHuecKuid HOAX0] K KBAHTOBBIM
BbraucieHusM. Airoputm QAOA, GpopMmynupoBka 3a1ay TUCKPETHOMH
ONTUMM3ALNH B TEPMUHAX FaMUJIbTOHHAHA (hr3nUecKoi cuctemsl. [Ipobnemsl ¢
00y4yeHHEeM KBaHTOBBIX LIETIOUEK, HITH [TI0YeMY HE paboTaeT KBAaHTOBOE
MaIIIMHHOE 00y4eHHe

[TpaxTuka. Peanuzamms anroputma QAOA

4 KBanToBo Tenzopusie cetu. Ten3opsl, HoTalus [IeHpoy3a, CHHTYIISIPHOE pa3ioKeHHe,
BIOXHOBJICHHBIE paznoxenwne LlImuara gepe3z SVD.
AJITOPUTMBbI COCTOSIHUSL MATPUYHBIX TTPOU3BECHHI (TCH30PHBIH 1M0E3/) KaK CIoco0

OTIMCaHUs KBAaHTOBBIX CHCTEM C MaJoi 3ammyTaHHOCThIO. Bond dimension,
[EHTPHI OPTOrOHAILHOCTH, KaHOHU4YecKkas (hopma MPS, u kak 3To Bcé ympornaer
M3MEPEHHMSI B KBAHTOBBIX CHCTEMaX.

KBaHTOBO BJIOXHOBJIEHHBIC AJITOPUTMBI ONTUMU3AIMH. CUMYJISIMS KBAHTOBOTO
OTXKHra JUIs PEIICHUs 3aJ1a4 JUCKPETHON ONTHMHU3AIHH.
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pacHpoCTpaHsIeMOro IMPOTPaMMHOTO O0ECHeYeHHs, BKJIIOYas TPOAYKTHl OTEYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMOIMOTEYHOH  CHUCTeME W 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXKHOCTH JOCTYIIA K pecypcaM U3 000l TOUKH, Te eCTh HOAKIYeHHE K cetu VIHTepHeT,
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 10. C. KpantoBas mexanuka : yueOHuk st By30B / 10. C. EppemoB. — 2-¢
u3., uctp. u n1on. — Mocksa : U3gatenbcto FOpaiit, 2025. — 458 ¢. — (Briciee oOpazoBanue).
— ISBN 978-5-534-04975-6. — TekcT : anexTpoHHbIi // O6pa3oBarenbHas miardgopma FOpaiit
[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 : snextponHslii // OOpazoBatenbHas 1uardgopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/559348.

3. Teipeikun, C. ). KpanroBas unpopmaruka. MHpoOpManmoHHO-U3MEpUTEIbHBIE U

VIPaBIISIONIUE CUCTEMBI : yueOHuK mist By3oB / C. FO. Teipeimikua. — Mocksa : M3pareinscTBo
FOpaiir, 2025. — 102 ¢. — (Bsicmee oopazoanue). — ISBN 978-5-534-19540-8. — Teker :
uiekTpoHHBIH  //  OOpaszoBarenpHass  miatdpopma  FOpait  [caiit] —  URL:

https://urait.ru/bcode/580749.

4. Xpennukos, A. FO. KBantoBas (u3nka 1 HEKOJIMOTOPOBCKHE TEOPUHU BEPOSITHOCTEH :
yueOHuk 1iis By30B / A. FO. XpeHHUKOB. — 2-€ u3., HcIp. u Aon. — MockBa : M3aarenbeTBo
FOpaiit, 2025. — 219 c¢. — (Boicuiee obpazoBanue). — ISBN 978-5-534-04355-6. — Tekcr :
anekTpoHHbld  //  OOpazoBatenpHass  miatdpopma  FOpaitr  [caiit]. —  URL:
https://urait.ru/bcode/561990.

Hononnumenvnan r1umepamypa:

1. Beprenec, C. H. Teopernueckas ¢gusuka. KBaHToBas 37eKTpoiMHAMMKA : YUEOHUK IS
By30B / C. H. Beprenec. — 4-e uzn., ucnp. u gon. — Mocksa : U3narensctBo IOpaiit, 2025. —
262 c¢. — (Bricmiee o6pazoBanue). — ISBN 978-5-534-01663-5. — TekcT : 31eKTpOHHBIN //
O6pasoBarenbHas wiatdopma KOpaiit [caiit]. — URL: https://urait.ru/bcode/561938.

2. llyka, A. A. Dnekrponuka B 4 4. Yacts 3. KBaHTOBas M onTHuecKasl 3JIEKTPOHUKA :
yueOHuk st By30B / A. A. Illyka, A. C. Curos ; orBercTBeHHBIH penpakrop A. C. Curos. — 2-¢
U3, uchp. u goi. — Mocksa : 3garensctBo FOpaiit, 2025. — 117 c. — (Bsiciiee 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 MaTepHalIbHO-TEXHUYECKOH 0a30if, COOTBETCTBYIOLICH
JENCTBYIOIMM MPOTUBOIIOKAPHBIM IIPaBUJIaM U HOpMaM U oOecreunBaroleil MpoBeIeHne BCeX
BUJOB JUCUUIUIMHAPHOW M MEXIUCIUIUIMHAPHON TOATOTOBKU, INPAKTHUYECKOW U HAay4dyHO-
HCCJIEIOBATENBCKOM paboT 00ydaromuxcsl, IPe1yCMOTPEHHBIX YU€OHBIM MJIAHOM.

[TomerieHus1, KOTOpPBIE MPEICTABIISAIOT CO00M yueOHbIE ayAUTOPUH JJIsl TPOBEICHUS 3aHATHHA
JEKIMOHHOTO THWMA, 3aHATHM CEeMUHApCKOro (MPakTUYECKOro) THIA, TPYIIOBBIX U
UH/IMBUYaJIbHBIX KOHCYJIbTAIMH, TEKYIIEro KOHTPOJIS U MPOMEXYTOYHOM aTTeCTalllH, a TaKKe
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https://urait.ru/bcode/563482
https://urait.ru/bcode/559348
https://urait.ru/bcode/580749
https://urait.ru/bcode/561990
https://urait.ru/bcode/561938
https://urait.ru/bcode/561578

MOMEIIEHUS Il CAMOCTOATENIBHOM paObOThl U MOMEIIEHUS I XPaHEHUS U NMPO(UIAKTUYECKOTO
oOciyxuBaHusi yaeOHoro obopynoBanus. [lomenieHrs yKOMITJIEKTOBaHbI CIICIIMATU3UPOBAHHON
MeOeNnbl0 U TEXHUUYECKHMMHU CpEeACTBAMH OOyuYeHMs, CIyKalllUMH JUIs MpeACTaBIECHUs y4eOHOH
uHpopManuu O0JIBIION ayTUTOPHH.

N3yuenue qucuuIuIMHbL (MOAYIs) o0ecreunBaeTcs B y4eOHbIX ayIMTOPHSX, OCHAILICHHBIX:

— CTOJIaMHU U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOH;

— MEXaHWYECKHMHU KaIbKYJISITOPaMHU;

—  CHENHMAIU3UPOBAHHBIM 000pYyI0BaHNEM, BKITFOYAs IEMOHCTPAIIMOHHOE 000PYI0BaHHE.

[TomerieHus AJ11 CaMOCTOATENBHOM paboTh! 00yUarOIINXCsl, B TOM YUCIIE IPUCIIOCOOIEHHBIE
JUI WCTOJB30BAHUS WHBATUAAMHU M JUIAMH C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMH 30POBBS,
OCHAIIIEHbl KOMIbIOTEPHON TEXHMKON C BO3MOYKHOCTBIO HOJKIIOUEHHs K ceTH «MHTepHeT» u
o0ecrieyeHHeM  JIOCTyNa B OJEKTPOHHYIO  MH(POPMALMOHHO-OOpPA30BATEIBHYIO  CPEdy
YHuBepcurera.

OOyyarommMcsl IPeNOCTaBIAETCA JOCTYI (B TOM 4YHCIE YJAIEHHBIN) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHUCIIe AJIEKTPOHHBIM OHOJMOTEYHBIM CHUCTEMAaM, COBPEMEHHBIM Npo(ecCHOHaIbHBIM 0a3zaM
JTAHHBIX U UH(OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HaumeHoBaHue moprasia Ccplika
(u31aHusL, Kypca, IOKYMEeHTA)
1. Hayunas snextponnas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OubIMoTEKA
2. | baza mannseix g I T-crienuaancTos https://habr.com
3. | Baza mannseix ScienceDirect https://www.sciencedirect.com
4. | OdurmansHbIi calT MUHHCTEPCTBA HAYKH H https://minobrnauki.gov.ru/

BEICIIET0 0Opa3oBanus Poccuiickoit deneparuun

5. | ®enepanbheiii moprai «Poccuiickoe oopasoBanue» | https://www.edu.ru/

6. | Mudopmanuonnas cucrema "Eannoe okHo nocryma | http://window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"

7. Enunast komekius 1udpoBeix 00pa3oBaTebHBIX http://school-collection.edu.ru/
pecypcoB

8. denepanbHbIi HEHTP UHHOPMAIIMOHHO - http://fcior.edu.ru/
00pa3oBaTesIbHBIX PECYPCOB

[lepeueHr MHQOPMALIMOHHBIX TEXHOJOTHM, MCHOIB3YEMBIX IIPU  OCYIIECTBICHUH
00pa30BaTeNLHOTO MpoIiecca M0 TUCHUIIMHE (MOAYII0), B TOM YHCIIE€ KOMIUIEKT JIMIEH3HOHHOTO
IPOrpaMMHOr0  OOecleyeHusl, COBPEMEHHble MpodeccuoHambHble 0a3bl  JaHHBIX U
UH(POPMAaLMOHHBIE CIIPABOYHBIE CHCTEMBI:

HaunmenoBanue 1O ITpousBoacTBoO JluneH3nonHoe / cB0OOAHO

pacnpocTpaHsieMoe

OnepanoHHbIE CHCTEMBI:

Microsoft Imagine (Windows Client, Server) | sapy6exmtoe | nuuensnonHOE

bpaysepsi:

SIunexc.Bpaysep OTEUECTBEHHOE | CBOOOJIHO pacipoCTpaHsIeMoe

Google Chrome 3apyOeKHOe cBOOOJIHO pacrpocTpaHsIeMoe

Od¢ucHble NpUI0KEHNS:

Microsoft Imagine (Visio, OneNote) 3apy0ekHOoe JMLIEH3UOHHOE

TeXstudio 3apy0exHOoe CBOOOJIHO pacIpOCTPaHIEMOE

Adobe Acrobat Reader 3apyOeKHOES CBOOOJIHO pacrpocTpaHsieMoe

IIporpamMmHoe oGecniedyeHue 15l IVIAHMPOBAHUS M Y4eTAa BPeMEHM:

Toggle app | 3apyOexHoe | CcBOOOJ/IHO pacpocTpaHsIeMoe

ONEeKTPOHHBIA JOKYMEHT
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Cucrtembl ynpapJjeHHs IPOEKTAMU:

Microsoft Imagine (Project) | sapyGesxHoe | nuuensnonHOE
CucTeMbl ynpaBJjieHus1 0a3aMH TaHHBIX:

Microsoft Imagine (SQL Server) | sapyGesxuoe | nHuensHonHOE
Cucrtemsbl peseppHOro konuposanus (backup):

Acronis Backup Advanced for HyperV | sapyGexuoe | nuuensnonHoe
CnpaBoYHO-IIPABOBbIE CHCTEMBI:

KoncynprantlLroc: cripaBouHO-IIpaBOBast OTEYECTBEHHOE | JIMIICH3UOHHOE
cucTeMa

CpencrBa aHTMBHPYCHOM 3aIIMTHI:

Kaspersky Endpoint Security mist 6usneca OTEYECTBEHHOE | JHIIEH3HOHHOE

Crampmaprasii Russian Edition

Cpensl pa3padoTKm:

Visual Studio Code 3apy0exHoe CBOOOIHO pacpoOCTPaHIeMOe
Bash (Unix shell) 3apy0eIKHOE CBOOOJHO pacIpOCTPaHIEMOE
Anaconda 3apy0OeKHOE CBOOOJTHO pacIpoCTpaHsIEeMOe
Robotic Operating System 3apy0exKHOe CBOOOHO pacIpOCTPAHIEMOE
CopelliaSim 3apyOeiKHOe CBOOOJIHO pacrpocTpaHsIeMoe
Google Colaboratory 3apy0exHoe CcBOOOIHO pacpoCTpaHsIeMOe
IlakeTbl IPOrpaMMHBIX CPeACTB M OMOJINOTEK:

AutoPsy 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMOe
Interactive Disassembler (IDA) 3apy0exHoe CBOOOJTHO pacpoCTpaHIeMOe
Cucrtembl ynpapjieHusi 0ndanorpaguyeckoii HHGpopManueii:

Zotero | 3apyOeKHOE | cBOOOJIHO pacnpocTpaHsIeMOe
CepBuchl U C1yKOBbI:

Bind 3apy0eKHOE CcBOOOJHO pacIpOCTPAHIEMOE
Docker 3apyOexKHOE CBOOOJIHO pacnpocTpaHsIeMOe

7. MeTtoanuyeckue U OlleHOYHbIE MATEPUAJIBI
MeToan4yeckue yKazaHus I 00y4aOUIUXCS 110 OCBOCHUIO TUCHHILIMHBI (MOYJIs1)

B nponecce usydenus aucuuiuiMHbl (Moaynsi) «KBaHTOBBIE aarOpUTMbB» B paMKax
TEKYILLEro KOHTPOJIS YCIIEBAEMOCTH MCIIOJB3YIOTCS TaKue BUABI Y4eOHON paboThl, KaK JIEKLUH,
MUHU-TIPOEKTHI, ayAUTOpHA paboTa, 3alIuTa KeiicoB, 00HYCHBbIE 0aJlIbl, a TAK)XKE PA3IUYHbIE BUIbI
CaMOCTOSITENIbHOW paboThl 00yyaromuxcsl MO 3aJaHMI0 TpernojaBarens, HalpaBJIeHHbIE Ha
pa3BuTHe HAaBBIKOB npodeccnoHaIbHOM ~ JIEKCUKH, 3aKpeIUICHUE MIPAKTUYECKHUX
npo¢eCCHOHATBLHBIX KOMIETEHIIMH, TOOIPEHNE UHUIMATHB.

Jlexyus — cHUCTEMAaTHYEeCKOe, TIOCIEIOBATEIbHOE, MOHOJOTHYECKOE  H3JI0KEHUE
npernojiaBaTeseM yueOHOro Marepuana, Kak IpaBuio, TEOPETUYECKOI0 XapaKTepa.

B mporecce neknmii peKOMEHIYETCsl BECTH KOHCHEKT JISKIUI: KpPaTKO M CXEMaTHYHO
(GUKCUpOBaTH OCHOBHBIE WIEH, BHIBOJBI M OOOOIIEHUS JIEKIMHU; BBIIENATH BaXXHBIC MBICIIH,
KJIIOYEBBIE CJIOBa W TepMUHBL. HeoO0XOIMMO OTMETHUTH BOMPOCH WM MAaTepHalbl, KOTOpPHIC
BBI3BIBAIOT 3aTPYIHEHMS, U MOMBITATbCS HAMTH OTBETHI B PEKOMEHI0BaHHOU nuTepatype. Ecimu
pa3o0paThCsi B MaTepuaie He YHaeTcs, CleAyeT CPOpPMYIHpPOBAaThH BONPOC M 3a1aTh €ro
IPEernoJIaBaTes0 Ha KOHCYJIbTAI[MH UM BO BPEMsI CEMUHAPCKOTO (IIPAKTUYECKOT0) 3aHATHSI.

Ayoumopnas paboma — aKTuBHas paboTa CTyJeHTa Ha CEMHHApE, €ro OTBETHI HA BOIPOCHI
MpenoiaBaresisi U y4acTHe B IUCKYCCHH.

Jl1s ycnemHoro yyacTusi B CEMMHApe CTYJAEHTaM PEKOMEHIYETCs 3apaHee 03HaKOMUTHCS C
TEMOU OOCYXKIEeHHs, MPOYUTATh HEOOXOAUMBIE MaTepUalbl U MOATOTOBUTH BOIMPOCHL. BaxHO
aKTHBHO CITYIIaTh U BOBJIEKATHCS B IUCKYCCHIO, BHICKA3bIBasi CBOM MHEHHUS U apTYMEHTUPYS UX.
[Ipun oTBeTrax Ha BOMPOCHI MPENOJABATENS] CTOUT OBITH YBEPEHHBIM, YETKUM U JIOTUYHBIM,
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OTMPAsiCh HA U3Y4YEHHBIN MaTepHrai. Takke IMoJIe3HO MOIEPKUBAThH TUATIOT C OTHOKYPCHUKAMH,
4T00BI 000TaTUTh 00CYXKACHUE U PACIIUPUTH CBOHM 3HAHUS.

bownycuvie b6annbl — 3TO OLIEHKU, KOTOpBIE CTYAEHTBHI MOTYT IOJYYUTh 32 BBIIOJHEHHE
JOITOJIHUTCIIbHBIX SaﬂaHHﬁ.

®opmar OOHYCHBIX Oa/UIOB I03BOJIAET CTYNCHTaM YIYYIIUTh OOMIYI0 OLEHKY IO
JUCHUTUTMHE (MOYJII0) U CTUMYJIMPYET YIyOJieHHOE U3ydeHHEe MaTepHara.

3awuma xeticoé — aHanu3 peaJbHBIX CUTYallMi U pa3pabOTKa MPAKTHUYECKUX PEHICHUH Ha
OCHOBE TEOPETUYECKUX 3HAHUU.

CryneHTsl pabOTalOT MHAUBUAYAIBHO WU B TPYIINAX, a 3aT€M IPECTABISAIOT CBOM BHIBOJIBI
U PEKOMEH/Ialluy NIepe] PenoJaBaTesIMi 1 OJHOKYPCHUKAaMU, TIOTy4ast OOpaTHYIO cBs3b. Takoi
MOJXO0J HE TOJBKO OIICHMBAE€T YPOBEHb YCBOCHMS Marepuayia, HO M (HOpPMUPYET HaBBIKU
yOJIMYHOTO BBICTYIJIEHUS U apIyMEHTAIUH.

Munu-npoekm — 3TO KpaTKOCpOUHas MpakTUyeckas paboTa B MaiblXx Ipymdmnax Ha
CEMHHapax, HalpaBJICHHAs HAa MPUMEHEHUE TEOPETUUECKUX 3HAHUU ISl peIIeHUsS KOHKPETHBIX
3ajad.

B Xxome MHHH-TIpOGKTa CTYIEHTHI TPOBOIAT aHAIM3 MPOOJIEMBI, pa3padaThIBAIOT
TEXHUUYECKOE PEIlIeHUE U MPECTABIAIOT PEe3yIbTaThl B BUJE OTYETA, MOJACTH WUJIH MPE3CHTALUH.
Takoit popmar crocoOCTBYeT pa3BUTHIO HABBIKOB CaMOCTOSITEIILHON pabOThI, KPUTHUECKOTO
MBIIUICHUS] © KOMaHIHOTO B3aMMO/ICHCTBHUSL.

Camocmosmenvruas paboma — padoTa CTYJEHTOB, HAIpaBJE€HHAs Ha YINIyOJEHHOE
W3YYEHHUE OTJIEIbHBIX TEM U BOIIPOCOB YUYECOHON AUCIMILTUHBI (MOTYIs).

B miportiecce caMocTosITeNbHOM PabOThI CTYIEHTHI B3aUMOACHCTBYIOT C PEKOMEHIOBAaHHBIMH
MaTepuaiaMH MPU MUHUMAJIBHOM y4YacTHH MperoiaBares. 3aaun CTyeHTa BKIIOYaloT paboTy
C KOHCIIEKTaMu JIeKIui (00paboTka TeKCTa), MOBTOPHOE M3yUEHUE YUeOHBIX MaTepUAJIOB IIAHOB
U TE3UCOB OTBETOB, U3yUEHHUE JOMOJHUTEIBHBIX TEM, BHIMOIHEHHE yU4eOHO-UCCIIEI0BATENbCKUX
3aJJaHUI U IPYTOE.

Cucrema oneHUBaHMA Pe3yJIbTATOB 00y4YeHHS MO0 JMCHHILIMHE (MOLYII0)

Kpurepun nosyvyeHusi ypoBHA M OLleHUBAHUS c(DOPMUPOBAHHOCTH KOMIIETEHUMI 10
AucHuILuInHe (Moay/0) « KBaHTOBBIE AITOPUTMBI»

OueHuBaHue ypoBHS Y4€OHBIX JOCTH)KEHUH, OOy4arolmMXcs MO JUCIUIUIMHE (MOIYIIO),
OCYILIECTBIISIETCS B BUZE TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH U ITPOMEXYTOUYHOMN aTTeCTalUH.

IIpome:xyTouHasi arrecTalusi 1O AUCUUIUIMHE (MOAYJIO) OCYUIECTBIsSETCS B (opme
3auema ¢ OWEHKOU, TPU HTOM TNPOBOJUTCA OIIEHKA KOMIETEHLUH, CcHOpPMUPOBAHHBIX I10
JTUCIUIINHE.

Jlns omeHMBaHHS TEKYIIETO KOHTPOJS YCHEBAEMOCTH M TMPOMEKYTOUHOW AaTTecTaluu
UCIIONB3YETCs JIecATUOAIIbHAS IIKalla OLIEHWBAHHUSA, KOTOpask COOTHOCUTCS C TPaJAWLMOHHON
nATUOATUTPHON HIKAJION CIIETYIOIIMM 00pa3oM:

Onenka 3a 3a4er OO0mas xapakTepucTHKA

JecaTuoanabHas IlaTudannbHas
pe3yabTaTa 00yueHus mo

OlleHKA OlleHKA
AUCHUIJIMHE (MOIYJIIO0)
10 OTnnyHO 3auTeHo CTyleHT  TOJHOCTBIO  BIaAEeT
9 OTIIUYHO 3ayTeHo 3HaHUAMMU, U3JI0KCHHBIMHA B pa6oqe171
) OTIHYHO 3auTeHo mporpamMme, M TIyOOKO OCMBICISIET

JAUCHUIUINHY. OH caMOCTOSATEILHO U
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JlecaTnboanabHas
OlleHKA

IIaTnéananLuasn
OLICHKA

OneHka 3a 3a4uert

OO0masi xapakTepucTuKa
pe3yjabTaTa 00yueHus mno
AUCUMILIMHE (MOAYJIIO)

JIOTUYECKH MOCIIEI0BATENHHO
OTBEYaeT Ha  BCE  BOIMPOCHI,
aKUEHTUpYs BHUMaHUE Ha HauOoJjee
BAXXHOM. YMEET aHaJIu3UpOBaTh,
CpaBHMBATb, KJ1accu(UIMPOBaTh,
0000marh, KOHKPETHU3UPOBATh U
CUCTEMATHU3HPOBAThH W3yYCHHBIN
MaTepuaj,  BBIIENAS  KIIOYEBbIC
MOMEHTHI " yCTaHaBIUBas
MPUYUHHO-CIICJCTBCHHEIC CBSI3U.
Yertko thopmynmupyet OTBETHI,
YBEPEHHO HUHTEPIPETUPYET
pe3yapTaThl aHAIM30B M JIPYTHX
HCCICAOBAHUM, a TaKXKe pelaeT
cioxHble 3agaud. CTYZEHT XOpOIIOo
3HaKOM C METOJaMH HCCIIeZOBaHUS,
HEOOXOJUMBIMHU IS TPAKTHIECKOH
ACATCIIBHOCTH, U YMECT CBA3LIBATH
TEOPETHIECKHE ACTIEKTHI
JIACHUTLTAHBI (Momyst) v
MPAKTHYECKAMU 3aa9aMH.

Xoporo

3auTeHo

Xoporo

3auTeHo

Cryment  obnajaer  3HAHUSAMHU
npeaMeTa MOYTH B MOJHOM O0beMe
paboueii MPOTPaMMBI u
CaMOCTOSITEIBHO, JIOTHYECKU
HOCJIEZIOBATENIBHO M BCECTOPOHHE
OTBEYaeT Ha  BCE  BOIPOCHI,
aKIIEHTUPYS BHUMaHUE Ha Haubosee
3HAYUMBIX MoOMeHTax. OH ymeer

aHaJIM3UPOBATH, CpaBHHUBATH,
KJIACCU(HUIIMPOBATD, 000011aTh,
KOHKPETH3HPOBATh u
CHCTEMAaTH3UPOBATh W3yYEHHBIH

Marcpuall, BeIACIAA €ro KIIOUYCBLIC
ACTIEKTHI u yCTaHaBIIUBas
MIPUYINHHO-CJICACTBCHHBIC CBs3H.
dopmynupyer CcBOHU OTBETHI,
YBEPEHHO HHTEPIPETUPYET
pe3ynbTaThl aHAIN30B W JIPYTHX
UCCIIEIOBAHNN, a TakKe pemaeT
CJIOKHBIC CUTYaMOHHBIC 3aJlaydu.
CTymeHT  XOpomio  3HaKOM C
METOoJIaMHU HCCIICZIOBaHNS,
HEOOXOIUMBIMH JUIS MPaKTUYECKON
JIEATEIBHOCTH, U YMEET CBA3BIBATh
TEOPETUYECKHE ACTIEKTHI ITPEIMETA C
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JlecaTnboanabHas
OlleHKA

IIaTnéananLuasn
OLICHKA

OO0mas xapakTepucTuKa
pe3yjabTaTa 00yueHus mno

OneHka 3a 3a4uert

AUCUMILIMHE (MOAYJIIO)

IMPAKTHUYCCKHUMU 3aJla4aMH.

Y 10BIIETBOPUTEIIHHO

3auTeHo Cryment oOnamaeT  0a30BBIMHU

VY 10BIIETBOPUTEIIHLHO

3HAHUSAMU
(Moxymro),
TPYJHOCTH TIPU CaMOCTOSITEIBHBIX
OTBETaX M UCIOJb3yeT HETOYHEIC

oo JUCIHUIIIIHHE

3aureHo

HO HUCIIBITBIBACT

dopmynmpoBku. B xone oTBeTOB OH
JIOIyCKAaeT OLIMOKH, Kacaroluecs
cytd BompocoB. CTyIEHT criocoOeH
pemiath TOJNBKO CaMble MpPOCTHIE
3aja4u u BJIaseeT T
MHHUMaJIbHBIM HaOOpOM METONOB

HUCCICIOBaHU.

He cnan

He 3aureno CryneHT He oBIaziel 00s3aTeIbHBIM

He cnan

He 3auteno MHUHUMYMOM 3HAHHU TI0 TIPEIMETY U

He cnan

He 3auteno HE MOXKET OTBETHUTH Ha BOIPOCHI,

JIaXe €clid TIpernojaBaTeNlb 3a1aeT
JIOTIOJTHUTEIIHHEIE HaBOISIIHE

BOTIPOCHI.

Jucnunimza (Moaynb) «KBaHTOBBIE alrOpPUTMBD) OLIEHUBAETCS CIEAYIOIIUM 00pa3oMm:

AKTHBHOCTb Bec |KoaunvecTBo Onucanue

MuHU-TIpOEKT 45% 3 KpaTkocpouHnas npaktudeckas padoTa B MaJIbIX IPYIIax
Ha 3aHATHIX, HAPABJICHHAS Ha PEIIeHNe KOHKPETHBIX
3a7a4

AymutopHas pabora | 15% 15 AKTHMBHOE y4acTHe B CEMHHAPax: OTBETHI HA BOIIPOCHI
MPeroaaBaTess U y4acTHe B JUCKYCCUU

3amura KeicoB 20% 1 AHanu3 peanbHBIX CUTyalui 1 pa3paboTKa MPaKTUIeCKUX
pelIeHni Ha OCHOBE TEOPETUIECKUX 3HAHUM

3ayeT ¢ OLEHKOU 20% 1 [TucemeHHast niu ycTHas paboTa HaJll 3aJJaHIEM,
HaNpaBJIEHHBIM Ha MTPOBEPKY MOTYyYEHHBIX 3HAHUN U
HAaBBIKOB I10 JTUCIUILTHHE (MOYJITIO)

d®opmyJia pacyera HUTOrOBOH OLEHKH N0 aucuuiuinHe (mMoay/aw) «KsBaHToBbIE
aaroputmbb»: «0,45 x cpennee 3a muHH-TIpoekTH + 0,15 X cpexnee 3a ayauropHyro padoty + 0,2
X 3ammuTa KericoB + 0,2 X 3a4eT ¢ OLEHKON»

B pamkax nucturuivHbl (MO1yJisl) BO3MOKHO MOJIy4YeHHe OOHYCHBIX 0aJlIoB.

Texkymmii KOHTPOJIb YCIIEBAEeMOCTH 00YYAIOIIMUXCS 110 JMCHHUIINHE (MOLYJII0)

HpnMeprle 3aJaHUA QJId NOATOTOBKHU K 3aHATUAM

3ananue 1. Maremarudyeckunii pasMmunka (Linear Algebra Refresh)

e llean: Axkryann3anus 3HaHUM MaTeMaTH4YECKOIO anmnapara KBAaHTOBBIX BBIUHCICHHMN.

e 3agaya: Pemnts HaOop 3a/1a4 Ha onepay ¢ BEKTOpaMU U MaTpUIlaMH B THJILOEPTOBOM
IPOCTpPaHCTBE. BHIYMCANTD TEH30pHOE MPOU3BEICHHE COCTOSHUM, HAUTH COOCTBEHHbIE 3HAUECHUS
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SPMUTOBBIX MaTpPHII.

e Pesynbrat: Pemennsiii worksheet (PDF) ¢ BeruncieHusiMu.

e Kputepuii: I[IpaBuabHOCTh BBIYHMCICHUN, IMOHUMaHHE (U3UYECKOW HHTEPIpPETaIlun
pE3yJIbTaTOB.

3ananmue 2. TpaccupoBka kBaHToBOI cxembl (Circuit Tracing)

e llean: [ToaroroBka kK MOHUMaHHUIO MOJIEJIM YHUBEPCAIbHBIX KBAHTOBBIX BHIYHCICHHI.

e 3agava: Jlana cxema u3 3 xybutoB ¢ Habopom reiitoB (H, CNOT, X, Z). Bpyunyto
MPOCYUTATH COCTOSTHUE CUCTEMBI ITOCIIEe KaXXA0ro 11ara (B BEeKTOpHOU (popme).

e Pesyabrat: [lomaroBoe onucanue 3BOJIOLMN BEKTOPA COCTOSIHHUSL.

e Kputepuii: OTcyrcTBHe OMMOOK B TPUMEHEHUH MATPHI] TEUTOB K BEKTOPAM.

3ananne 3. Hacrpoiika okpy:xenust (Environment Setup)

e lean: [ToaroroBka k peanus3anuu airOPUTMOB B KOJE.

e 3apava: YcranoButh SDK s KkBaHTOBBIX BhruuciaeHui (Hampumep, Qiskit, Cirq nmm
Pennylane). 3ammyctuts npumep «Hello World» (cxema ¢ onaum reiitom Anamapa 1 U3MEpeHUEM)
Ha CUMYJISTOPE.

e Pe3yabTaT: CKpHHIIOT pabOTAOIIETro0 KOJa U THCTOTPaMMBbI PE3YJIbTaTOB U3MEPECHUH.

o Kpurepmii: PaboTocriocoOHOCTh OKpY)KEHHsI, TOTOBHOCTD K JIA0OPATOPHBIM padoTaMm.

3ananue 4. Ananus 6azosoro aaropurma (Theory Review)

e lean: M3yueHne 6a30BbIX KBAHTOBBIX aJIFTOPUTMOB.

« 3amaua: [Ipountars omucanue anroput™a Joitua — Moxu. OTBETHTH Ha BOIPOCHL: B UeM
IIPEUMYIIECTBO NEPE]] KIACCUYECKUM aHaJIOTOM, CKOJIBKO 3alIPOCOB K OpaKyiy Tpedyercs?

e PesyabTaT: Kpatkuit koncnexT (1 cTpaHulia) ¢ OTBETaMU Ha BOIPOCHI.

o Kpurepuii: Ilonnmanue npuHImMna KBaHTOBOIO Napajuiean3ma.

HpI/IMeprle 3alaHuiA 1JIsd MUHHU-TIPOCKTOB

IIpoexT 1. Peasmmzanms aaropurma I'posepa (Grover's Implementation)

e llean: YMeHune pean3oBbIBaTh B KO/I€ 0a30BbI€ KBAHTOBBIE aJITOPUTMBI.

e 3amavya: Hanucate koJ /Ui MOMCKa 3J€MEHTa B HEYNOPSI0YSHHOH 0a3e JaHHBIX U3 4
aneMeHTOB menggunakan anroput™ ['poBepa. BusyanusupoBarh aMIIuTybl BEPOSITHOCTEN Ha
KaKIOW UTEPALINN.

e PesyabTat: Jupyter Notebook ¢ koj1oM, KOMMeHTapusIMH U TpadUKaMH.

o Kpurepnii: KoppekTHOCTh paO0ThI aJITOpUTMA, IPAaBUIIbHAS HHTEPIPETAIHS pe3yIbTaTOB
U3MEpEHHUS.

IIpoekr 2. /lekomno3unusi KBaHTOBOro npeodpaszoBanus Pypne (QFT Decomposition)

e lean: HaBbik packiiagpiBaHusl aITOPUTMOB Ha 3JIEMEHTAPHBIE OllEpaluu.

e 3agaya: PeanuzoBath kBaHTOBOE npeoOpazoBanue dypbe 111 3 KyOMTOB, MCIONB3YA
Tonbko 6a3oBbiit Habop reiitoB (H, CNOT, Phase). CpaBHUTH TONy4EeHHYIO CXEMY C TOTOBOM
O1OIMOTEKOM.

e PesyapraTr: Cxema KBaHTOBOM LIEMH U OTUET O KOJIMUYECTBE MCIIOIb30BAaHHBIX TEHTOB.

e Kpurepmii: InyObuna  JeKkoMHO3MIIMM, COOTBETCTBHE  YHUTApHOM  MaTpHlle
npeoOpa3oBaHusl.

IpoexT 3. KBanToBas Tenenopramus cocrossuus (Quantum Teleportation)

e llean: [Tonnmanue 3amyTaHHOCTH U U3MEPEHUN.

e 3agaua: CMoenMpoBaTh MPOTOKOJ KBAaHTOBOM TelernopTanuu KyouTta ot Anmucel k boOy.
[TpoBepuTH COXpaHEHUE COCTOSHHUSI ITOCIIE Tepelavn KIacCHIeCKUX OUTOB.

e PesyabTaT: Ko cumynsiiuu u JOKa3aTeIbCTBO COBIIAJCHUS HAYAJIBHOTO U KOHEYHOTO

ONEeKTPOHHBIA JOKYMEHT



COCTOSIHHS (depe3 ToMorpadrio COCTOSTHUA).
o Kpurepuii: YcnemHas nepenada COCTOSHUS, TOHUMAaHUE POJIM KJIACCUYECKOTO KaHaia
CBSI3H.

IIpoexT 4. KBanToBO-KIaccnueckoe cpapuenune (Hybrid Comparison)

e lean: [IpuMeHeHnEe KOHLIENIMI KBAHTOBBIX BBIUUCIICHUHN B KIIACCUYECKUX 3a/1a4ax.

e 3agaya: Pemuts 3a71auy ontumuzanuu (Hanpumep, MaxCut) KJ1acCHUeCKUM aIrOPUTMOM
U KBAHTOBbIM mpuOmmkeHHbIM anroputMoM (QAOA) Ha cumynsarope. CpaBHUTH Bpems
BBIIIOJIHEHHS U TOYHOCTb.

e PesynbTaTr: CpaBHUTENBHBIN OTYET C rpagiKaMu 3aBUCUMOCTH TOYHOCTH OT KOJIMYECTBA
WTepaLuii.

o Kpurepnii: ['myOuna aHanm3a npeuMyIiecTB 1 OrpaHHYCHH KBAHTOBOT'O IMOAX0/1a.

HpHMeprle 3aJaHus JJIs 3aIHUThI KeCoB

Keiic 1. Kpunrorpagu4eckas yrpo3a (Shor's Algorithm Impact)

e Curyauus: IlosiBieHrne KBaHTOBOrO KOMIBIOTEPA AOCTATOYHOW MOLIHOCTHU JJISl 3aIlyCKa
anroputma Illopa.

e 3agaya: OueHuTh pucku A8 Tekymmx crasgaproB mmugposanus (RSA, ECC).
[IpennoXuTh MJIaH MUTPAIMM HAa [IOCTKBAHTOBYIO KpUNTOTrpaduio M THIIOTETHYECKON
KOMIIaHUH.

e Bonipocsl st 3amuthl: CKOIBKO KyOUTOB MoTpedyeTcs ans B3noma? Kakue aaroputMmel
yCTONYMBBI?

o Komnerennusi: ['0TOBHOCTh K NPUMEHEHUIO KOHUEMUUNA B pealbHBIX CLEHAPUIX
0€30MacHOCTH.

Keiic 2. OnTumuzauus jgoructuku (Quantum Optimization)

e Curyanus: TpaHcnopTHas KOMIAHUS XOUET MCIOJIb30BaTh KBAHTOBBIE BEIYUCICHUS AJIs
ONTUMU3ALMU MapIIpyTOB (3a1a4ya KOMMHUBOSIKEPA).

 3anaua: [Ipoananu3upoBars 11e71€c000pa3HOCTh UCIOJIb30BaHM KBAHTOBOI'O OT)KUTA WIIH
BapualnnoHHbIX anroputMoB (VQE/QAOA) it faHHOM 3a/1auu TEKYIIETO pa3Mepa.

e Bonpocwl muis 3amurthl: EcTh 11 kBaHTOBOE yckopeHHe? KakoBbl OrpaHHYEHHUs IIyMa
(NISQ era)?

o Komnerenuusi: AHamu3 NpUMEHUMOCTH KBAaHTOBBIX aTOPUTMOB K OM3HEC-3aauaMm.

Keiic 3. Ommoku n xoppexuusi (Error Correction Challenge)

e Curyaums: [lpu 3amycke anroputMa Ha pealbHOM JKE€JIE3€ pe3ysbTaThl HCKaKEHBI
LIYMOM.

e 3agava: Ilpemnoxurs crpareruto cmsirdyenust ommbok (Error Mitigation) unu cxemy
koppekuuu omubok (Surface Code) s KOHKPETHOTO allrOPUTMA.

e Bonpochl past 3ammthl: Kakoil mopor ommOok pomyctuM? CKOJIBKO (U3NYECKUX
KyOUTOB HY>KHO JJISl OJJTHOTO JIOTHYECKOT0?

e Komnerennusi: IloHMMmanue OrpaHMYEeHUH MOJENM YHHMBEPCAIBHBIX KBAaHTOBBIX
BBIYMCIICHHM.

Keiic 4. KanToBoe Broxnoenue (Quantum-Inspired Classical)

e Curyauusi: KBanToBOoe 000pyJIOBaHHE HEIOCTYITHO, HO HY)XHO YCKOPHUTBH 3ajady
MAIIMHHOTO O0y4YeHUSI.

e 3anava: [IperoXNUTh KIIACCHYECKUI AJITOPUTM, UCHOJIB3YIOIIMI TEH30PHBIE CETH WIIN
MPUHIUITBI KBAHTOBOM MEXaHUKH (KBAHTOBO-BIOXHOBJIEHHBIN allTOPUTM).

e Bonipocwl 1J1s1 3amuThi: B 4emM cX0CTBO C KBaHTOBBIM aHajorom? I e mpumensiercs?

o Komnerennusi: [lpuMeHeHHe KOHILIETIMI KBAHTOBBIX BBIYMCICHUN B KIACCHUYECKHUX
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aIropuTMax.

3amanus AJ151 NPOMEKYTOUYHOM ATTECTANUM 10 JUCHMILIMHE (MOTYJII0)

Ne n/m 3ananue OtBer Kommnerenuus
1 UYro sABIIsIETCSA OCHOBOM MAaTEMAaTUYECKOIO amnmapara JIunennas YK-1
KBaHTOBBIX BBIYUCIICHU? anrebdpa /
I'me0epToBEI
IPOCTPAHCTBA
2 Uro npencraBisieT coboit 0azoBas enununa uapopmanuu? | Kyour / TIK-1
KBanToBsIii OUT
3 Urto BKIIFOYAaET MOJIENTb YHUBEPCATbHBIX KBAHTOBBIX Ieiiter / OIIK-1
BBIYUCIICHUNA? Wzmepenust /
Cxembl
4 Kaxoii anroputwm pemaeT 3a1ady IoucKa B Anroput™ IIK-1
HEYIOPSIOYCeHHOHN 6a3e? I'poBepa
5 Kakoii anroputm ucnonb3yercs i GakTOpU3aluy Yucen? | AJITOpuUTM [K-1
[lopa
6 Uro obecrieynBaeT KBAaHTOBBIN MapauieTu3m? Cymneprio3urust YK-1
COCTOSIHUI
7 UTo mo3BOJISIET KOPPEIUPOBATH COCTOSIHUSI KyOUTOB? KsanroBas OIlK-1
3aIyTaHHOCTh
8 Ha yT0 packnaapIBaroTCsi KBAHTOBbIE AITOPUTMBI? DJIeMEHTapHbIE [K-1
OTIepaLIUH
9 Urto BXOAUT B 3JIEMEHTAapHbIE ONepannn’? [Ipurorosienue IK-1
COCTOSIHUI /
Ieiiter /
M3mepenus
10 Kakoe cocrosiHue sBIsieTcst CTaHAapPTHBIM HaYallbHBIM? Hynesoe IK-1
COCTOSIHUE
11 B dem peanusyercs Ko anroputMoB? SDK (Qiskit, VK-1
Cirq) / Kox
12 Uro nosiyvaercs B pe3yibTare U3MepeHus? BepositHocTHOE [K-1
pacnpeeseHIe
13 [Tpumep refiTa U3 yHUBEpCcaIbHOTO Habopa? Hadamard / OIIK-1
CNOT / Phase
14 K uemy roToB cTyaeHT 1o uroram Kypca? Pazpaborka [K-1
COOCTBEHHBIX
ITOPUTMOB
15 ['1e mpuMEeHSIOTCSI KOHIICTIIINH KBAHTOBBIX BHIYHCIICHUH? Kmaccnueckne T1IK-1
AJITOPUTMBI /
Onrumusanus
16 KakumMm cBoiicTBOM 00J1a1af0T KBAHTOBBIE TE€UTHI? YHuutapHocTh / VK-1
O0paTUMOCTh
17 Uro BiMseT Ha HAJISKHOCTH BBIUMCICHNUN? Hlym / OIIK-1
JekorepeHuus
18 Jiist uero ucnosb3yeTcs KBaHTOBasi HHTepdepeHms? VYcunenne [K-1
amIuTy /
YckopeHue
19 Uro xapakTepHO Aj1sl THOPUAHBIX cHCTEM? Css13b [K-1
KJIACCUYECKOTO
Y KBaHTOBOTO
20 UTo noATBEpXKAaeT YCICIIHOE OCBOCHUE JIUCIIUIUIUHBI? Peanuzanus TIK-1
0a30BBIX
ITOPUTMOB
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