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1. Kparkas xapakTepucTHKA JHCHUIIUHBI (MOAYJIs1)

Pabouas mnporpamma aucuuiIMHbl (Moaynsi) «OCHOBBI MATPUYHBIX BBIYUCICHHUI»
COCTaBJIEHA B COOTBETCTBHHM C (hefiepallbHbIM roCy1apCTBEHHBIM 00pa30BaTENbHBIM CTaHIAPTOM
BbICIIEro oOpa3oBaHMsi — OakanmaBpuar 1o cnequanbHocT 02.03.01 Marematuka u
KOMIIbIOTEPHbIE HayKH, Npopuiab MaTemaTuka M KOMIIBIOTEPHbIE HAyKH, YTBEP)KICHHBIN
nprka3oM MHHHCTEpCTBA HayKH M BbIciIero oOpasoBanusi Poccuiickoii @enepanuu Ne 807 ot
23.08.2017 rona.

N3yuenne qucuuiuimibl (Momyns) «OCHOBBI MAaTPHUUYHBIX BBIYMCICHUI» HEOOXOAUMO, TaK
KaKk MaTpU4HbIE OIEpalUU JIEKAT B OCHOBE MHOI'MX QJITOPUTMOB MAIIMHHOIO OOy4YeHHS,
00pabOTKM TAaHHBIX U KOMIBIOTEpHOU rpaduku, odecrieurnBast 3(pPpeKTUBHOE pelIeHUE CIOKHBIX
BBIYUCIIUTENbHBIX 3a/1a4.

OTa JUCHMIUIMHA CIIOCOOCTBYET PAa3BUTHIO IOHMMAHHS YHCICHHBIX METO/JO0B U
ONTUMU3ALMH, YTO KPUTUYHO JUI CHELUAIUCTOB B 0O0JACTH HCKYCCTBEHHOI'O HHTEIICKTA,
aHanmu3a OONBIIMX JAHHBIX M IMPOTPAMMHOTO OOECIIEUYEHHs, MOBBIIIAS UX MPOPECCHOHATBHYIO
KOMIIETEHTHOCTb U BOCTPEOOBAaHHOCTb.

MecTo AMCHUIINHBI (MOYJIS) B CTPYKTYpe 00pa30BaTe/ibHON MPOrpaMmbl

Hacrosimas mucuumuimHa (Moyi1b) BKJIFOYEHA B Y4EOHBIU IIJIaH 110 IPOTrpaMMe OATOTOBKH
OakanmaBpuata no Hampasieruto 02.03.01 MaremaTnka W KOMIBIOTEpHBIE HAyKH, MPOQUIb
MaremaTika 1 KOMITBIOTEpHBIC HAYKH M BXOJHUT B BapUaTHBHYIO YacTh bioka 1, popmupyemyro
YYaCTHUKAMHU 00pa30BaTEIbHBIX OTHOIICHHH.

JucnuninHa (MOAYNb) SIBISETCS BBIOOPHOW M JIOCTYNHA JUIS HM3y4eHUs Ha 4 Kypce
B 7w 8 cemecTpax Ha BBIOOP.

Hear  u3yyeHus: JMCHUIVIMHBI  (Moayhasi):  dopMupoBaHme y  CTYACHTOB
(byHIaMEHTaIbHBIX HAaBBIKOB PA0OTHI C MAaTPULIAMHU U BEKTOPaMH JUIsl peIlIeHus 3a7a4 JIMHEHHON
anreOpbl, HEOOXOAMMBIX B MPUKIIATHONW MaTeMaTHKE U KOMITBIOTEPHBIX TEXHOJIOTHSX.

3agauun u3y4eHust JMCHUILIMHBI (MOIYJIS):

— U3YYUTb OCHOBHBIE OIlEpallid C MaTpULAMH, BKIIOYas CIIOXEHUE, YMHOXXEHUE,
BbIUKCJIEHHE OOpPaTHON MAaTPHIIbl ¥ ONPEIEIIUTENSL, AJIsl IOHUMaHUS UX CBOMCTB U UCIIOJIb30BaHUS
B JIMHEHHBIX CUCTEMAX;

— OCBOMTb YHUCIICHHBIE METO/Jbl PELICHUS MaTPUYHBIX ypaBHEHMH, Takue Kak LU-
pa3ioKEHUE M CHUHTYISPHOE pAa3JIoKEHHWe, JUlId aHalu3a W pelleHHus 3ajad ¢ OoJbIIon
Pa3MEpPHOCTBIO;

— MPOAHAIN3UPOBATH IPAKTHYECKUE NPWIOKEHUS MATPUYHBIX BBIUMCICHUN B
MalIMHHOM 00y4Y€HHMH, KOMIBbIOTEPHOM IpayKe U ONTUMM3ALINH, BKIIOYas paboTy ¢ BEKTOpaMu
Y TEH30paMU B aJIrOpUTMax;

— peaJn30BaTh MAaTPHUYHBIE AITOPUTMBI Ha S3bIKaX IPOTPAMMHUPOBAHUSA, HAIpPHUMEP
Python unu MATLAB, 11t uHTerpanuu TeOpeTUYEeCKUX 3HAHUN B MPOEKTHI IO MaTeMaTUKE U
KOMITBIOTEPHBIM HAYKAM.

B pe3yabTare 0CBOCHUSI AUCHHMILIMHBI (MOAYJIs1) 00y4AIOUIUIACS 10JI2KEH:

3HamMy:

— 0a3oBble OMepanuy, HOpMbl MaTPHIL, CIIEKTPAJIbHbIE CBONCTBA,

— MPHUHLHUIBI MAJIOPAHTOBBIX pubImxennit marpun (SVD, merox Dkxapra-SHra);

— cCBoWicTBa CTpyKTypupoBaHHbIX Marpun (Témnuna, Bannepmonza) m npumeHeHue
osicTporo npeodpazoBanus Oypwe (FFT);

— kiaccuduxanuio, ocHoBHble npsMble (LU, QR) u urepanumonnsie (Axobu, I'aycca-
3eiinens, rpalu€HTHbBIE) METOIBI;

— o0nacTi TPUMEHMMOCTH M KpPUTEPUH BBHIOOpPA METOMOB (TOYHOCTh, CIOXKHOCTbD,
YCTOHYHBOCTB);
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ymemp:

— HaXOJWUTh COOCTBEHHBIC 3HAUCHUS M BEKTOPHI, CHHTYIISIpHBIC pa3noxeHus (SVD);

— (opmMupOBaTh ONTUMAJILHBIE MAJIOPAHTOBBIC AIIMTPOKCUMAIIMK MATPHIL;

— HCIONB30BaTh ObICTpOE MpeodpazoBanue Oypbe A1 yMHOKEHUS CTPYKTYPUPOBAHHBIX
MaTpHIl Ha BEKTOD;

— pewars CJIAY mnpsmeimu (LU-dakropuzanusi) ¥ OpOCTEUIIMMU HTEPALMOHHBIMU
METOIAMH,

— OILICHUBATh CXOJIUMOCTh UTEPALIMOHHBIX MeTOJ0B 1151 CJIAY;

6/1a0embn:

— HaBBIKAMH MPEJICTABICHUS U aHAIH3a 337a4 B MAaTpU4IHOU (hopme;

— TEXHUKOU CHHTYJSPHOTO PA3JIOKEeHHs U ObICTPOro mpeodpazoBanus Dyphe;

— TMPaKTUKOW peaju3alid W TPUMEHEHHs O0a30BbIX MPSAMBIX W HTEPAIMOHHBIX
aJITOPUTMOB,

— yMEHHUEM OIICHUBATH BHIYUCIIUTEIBHYIO CJI0KHOCTh MATPUYHBIX aJITOPUTMOB,

— CIOCOOHOCTHI0 0OOCHOBAHHO BBIOMPATh YUCICHHBINA METO/] 1151 KOHKPETHOH 3a7auHu.
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2. IlepeyeHb MJIAHUPYEMBIX Pe3yJbTATOB 00yUYeHMsI

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IPOBE/ICHUH Y4EOHBIX 3aHATUH B (popMe KOHTAKTHON pabOThl 00YYarOLINXCS € IeJarorndyecKUMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuus Conep:xanue HNupukatop [epeuens njaHNpyeMBbIX
KOMIIeTeHLIMH KOMIIETeHLIMH pe3y/1bTaTOB 00y4eHHs 10
JAMCUHMILIMHE (MOXYJII0)
VK-1. Crioco0eH OCyIIeCTBIISATh VK-1.1. 3HaeT MeTOAbI MOKUCKA U aHaJIN3a
TIOWCK, KPUTHYECKHI aHaJIH3 WHPOPMALIUK B 00JIACTH
U cUHTe3 uHpopmMauuy, HCKYCCTBEHHOT'O MHTEJICKTA,
HIPUMEHSTh CUCTEMHBIH OCHOBHBI€ ITPUHIIHUIIBI KPUTUIECKOM
MOJXOJ TSl peIeHHUs OLIEHKW UCTOYHHUKOB HH(OpMAIUU 1 UX
MOCTaBJICHHBIX 3a/1a4 peNeBaHTHOCTH
YK-1.2. YMeeT KpUTUYIECKH OIICHUBATh
WCTOYHUKHU UH(OpMALUHU U
CHHTE3MPOBATh JaHHBIC U3 Pa3INYHBIX
WCTOYHUKOB ISl PELICHUs 3ajad,
MPUMEHSTh CHCTEMHBIH MOAXO0]] K
aQHAIU3y U PEIICHUIO KOMIIEKCHBIX
mpo0iieM
YK-1.3. Hmeet npakTHUECKHiA OMBIT pabOTHI C
COBPEMEHHBIMU HHCTPYMEHTAMH H
TEXHOJIOTHSIMH JJT1 00pabOTKH
nHpopMaIuu, GOpMyIHPOBAHUH H
CTPYKTYPUPOBAHUH 33124 HA OCHOBE
noJy4eHHol nH(opMamu
YK-2. CriocobeH onpeaensTe Kpyr YK-2.1. 3HaeT ACUCTBYIOIINE IPaBOBBIE
3a1a4d B paMKax HOPMBI, PETYJIMPYIOIINE AEATETbHOCTD
MOCTaBJICHHOH LIeJIN U B 00JIACTH PELICHUS 3a/1a4, OCHOBHBIE
BBIOUPATH ONTUMAITEHBIE METO/BI ¥ IOAXO/IbI K ONPE/ICTICHUIO
CIIOCOOBI MX pEIICHH, Kpyra 3a7a4
UCXOJIS U3 NEUCTBYIOIINX YK-2.2. YMeeT onpenensaTs Kpyr 3aa4 B
MPaBOBBIX HOPM, paMKax IOCTaBJICHHOH 11eJIH, BHIOMPATh
UMEIOIIIUXCS PECYPCOB U ONTUMAJILHBIE CIIOCOOBI PEIICHUS
orpaHUYeHHN 3aj1a4, YYUTHIBAs HMEIOIINECS PECYPCHI
Y OrpaHUYEHHUs
YK-2.3. NmeeT npakTUYECKH OTIBIT
MPUMEHEHUS 3HaHUH O MTPaBOBBIX
HOpPMax M pPecypcax B peajbHbIX
CUTYyalusx, pa3paboTKy U peanu3anuu
peleHnd B COOTBETCTBUH C
YCTaHOBJICHHBIMU OIPaHUYCHUSIMU
OIIK-1. CnocobeH KOHCYTbTHPOBATh OIIK-1.1. 3HaeT OCHOBHBIC KOHIICTIIINH U TEOPHUH
W HCTIOJIh30BaTh B 00JIACTH MaTeMaTHYECKOTO aHAIN3a 1
¢byHaaMeHTaIbHbBIE 3HAHUA B CMEXXHBIX JUCLUUILINH; METOABI U
001acTH MaTeMaTHYECKOTO MIOJXO/IbI, HCIIOJb3yEMbIE B Pa3IMIHBIX
aHam3a, KOMILIEKCHOTO U 00acTsiX MaTeMaTuKu
(GYHKIIMOHAILHOTO aHAaJIH3a OIIK-1.2. YMeeT mpuMeHsITh MaTeMaTHIeCKe

anreOpbl, aHATTUTUIECKOM
TEOMETpPHH,

METOABI AJIS PEIICHUS
npoecCuOHAIBHBIX 3a1a4
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nuddepeHInanbHOR
T€OMETPHUH U TOMOJIOTHUH,
IudQepeHInanTbHbIX
YPaBHEHUH, TUCKPETHON
MaTeMaTHKH U
MaTeMaTHYCCKOM JTOTHKH,
TEOPUHU BEPOATHOCTEM,
MaTeMaTHYECKOU
CTaTHCTUKHU U CITy4alHBIX
MIPOLIECCOB, YHCIECHHBIX
METOJIOB, TEOPETHUECKON
MEXaHUKH B

OIIK-1.3.

NmMeeT nmpakTUUECKUNA OMBIT
pa3pabOTKH U peaTm3aIus
MaTEMaTHYECKUX MOJICIICH B
po(heCcCUOHATBHOMN NCATENbHOCTH

poheCcCUOHANTBHOMN
JEeSITeIbHOCTH
OIIK-4. CnocoOeH HaXOINTh, OIIK-4.1. 3HaeT 6a30BBIe OCHOBBI COBPEMEHHOTO
aHAJIM3UPOBATH, MaTeMaTHYecKOro arnmapara,
peanr30BbIBATH IPOTPAMMHO CBSI3aHHOTO C IPOEKTUPOBAHUEM,
Y UCIIOJIb30BaTh Ha pa3palboTKOi, pealu3aliei U OlEeHKOM
IpPaKTHKE MaTeMaTHIECKHE Ka4ecTBa MPOTPAMMHBIX MTPOIYKTOB
QIITOPUTMBI, B TOM YHCIIE C HpPOrpaMMHBIX KOMIIEKCOB B
MPUMEHEHUEM COBPEMEHHBIX Pa3IUYHBIX 00JIACTSX YeTIOBEUECKOM
BBIYUCIUTEIBHBIX CUCTEM JeSITeTbHOCTH
OIIK-4.2. YMeer Ucronb30BaTh 3TOT
MaTeMaTHYEeCKUH anmapar B
npodeccnoHabHOM A TETbHOCTH
OIIK-4.3. NmeeT npakTU4eCKUN OTBIT
MPUMEHEHHUS] COBPEMEHHOTO
MaTeMaTHYecKOro arnmapara,
CBSI3aHHOTO C TIPOSKTHPOBAHUEM,
pa3palboTKOi, pealn3aliei U OlEeHKOM
Ka4yecTBa MPOrPaMMHBIX MPOAYKTOB U
HPOrpaMMHBIX KOMIUIEKCOB B
Pa3IMYHBIX 00IACTSIX YETOBEUECKOM
JIeSITeTbHOCTH
[K-1. CriocobeH popmynrpoBath IK-1.1. 3HaeT MEeTObI M MOAXOIBI K
3a7a4M C MaTeMaTHYECKOM (bOopMyIHPOBaHUIO 33]1a4, a TAKKE
TOYHOCTBIO, 0OOCHOBHIBATH OCHOBHBIE MTPUHIIUTIBI
YTBEPKICHUS CTPOTO H MaTeMaTHYeCKOTro JI0Ka3aTebCTBa U
aHATM3UPOBATH TIOTyYEHHBIC aHasm3a pe3yabTaToB
pe3yabTaThl B 00J1aCTH IK-1.2. ‘YMeeT KOppEeKTHO CTaBUTh U
MaTeMaTHKH U (bopMyaHpOBaTH MaTEMaTHIECKHE
KOMITBIOTEPHBIX HayK 3a7a4, IPUMEHSATh CTPOTHE METOIbI
JIOKa3aTeNbCTBA U aHAITM3HPOBATh
MOJTyYEeHHBIE PE3yIbTAThI
I1K-1.3. Hmeet onbIT paboThI ¢ 331a4aMU B
001acTH MaTEMaTHKH U
KOMITBIOTEPHBIX HAyK, BKIFOUYAs
MpUMEHEHUE MaTeMaTHUECKIX METOJIOB
JUTS PELICHUS IPaKTHYECKHX 3a1a4
[K-2. CriocoOeH pemarb THIIOBBIE I1K-2.1. 3HaeT OCHOBBI MH)OPMALIMOHHON U

3a1a4yu pohecCuoHaIbHON
NEITENILHOCTH B 00JIacTH
I/ICKYCCTBCHHOFO

Ooubnmorpaduueckont KyabTyphl, a
TaKOKe MPUHIUIBI HHPOPMATHOHHOM
6€301acHOCTH ¥ MPUMEHEHUS
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HHTEIUIEKTA, OMHPAsiCh Ha
HHGOPMAITHOHHYIO H

UH()OPMAITHOHHO-KOMMYHHKAITHOHHBIX
TEXHOJIOTHH B IPOGECCHOHATBHOM

oubnuorpaduveckyro JeSITeIbHOCTH

KyJIbTYpY, UCIIONB3YsI [K-2.2. Ymeet 3 (heKTHBHO HCIIONB30BATh

MHQOPMAIIIOHHO- WHPOPMAITMOHHO-KOMMYHUKAITHOHHBIE

KOMMYHHKAI[HOHHBIE TEXHOJIOTHH JUTS PEIICHHS

TEXHOJIOTHH ¥ YYUTHIBAS CTaH/IAaPTHBIX 3a1a4

OCHOBHBIE TPeOOBaHMUS npodecCHOHAIBHON IeATEHHOCTH,

MHPOPMAaITMOHHOH YUYHUTBIBasi TPEOOBAHUS

Oe3omacHoCTH WH(GOPMAITMOHHON O€301MacHOCTH

IK-2.3. HmeeT onbIT paboOThI ¢
WHPOPMALMOHHBIMH PECypcaMu 1
TEXHOJIOTHSIMU B 00J1aCTH
HCKYCCTBEHHOTO MHTEIJIEKTa, BKITIOYAst
cobimoteHre HOpM HH()OPMATOHHOM
0e30macHOCTH
T1K-3. Crioco0OeH NPUMEHSITh [1K-3.1. 3HaeT OCHOBHEIE METO/IBI

METO/Ibl MATEMaTHYECKOTO U MaTeMaTHYeCKOro 1

ITOPUTMHUYECKOTO ITOPUTMUYECKOTO MOJCITUPOBAHUS, &

MOJETHPOBAHUS IS TaKOKe X MPUMEHEHHUE ISl PeIICHUS

peleHHs KaK TEOPETUYECKUX U MPUKJIAJHBIX 3a/1a4

TEOPETHUUECKUX, TaK U [K-3.2. YMeeT NpUMeHsTh METOIbI

NpPaKTHYECKUX 3a/1a4 B MaTeMaTHYeCKOTo 1

paMKax npogecCHOHaTbHON ANTOPUTMHUYECKOTO MOJICTUPOBAHHUS

JeSITeTbHOCTH JUTSL aHAJIN3a U peIeHHs Pa3THIHbIX
3aja4 B 00J1aCTH MaTEeMaTHKH U
KOMITBIOTEPHBIX HayK

I1K-3.3. HMeet OnBIT HCIIOTIB30BAHUS METOAOB

MaTeMaTHYECKOT0 U
AITOPUTMHYECKOTO MOEITUPOBAHUS
IIPY PELIEHUH TEOPETHUECKUX U
NPUKJIAIHBIX 337a4 B
npodecCHOHAIBHON 1eATEbHOCTH

DNEeKTPOHHBIA JOKYMEHT




3. Temaruueckuii njiax

Nen/ TpynoeMKocTh, akageMH4YecKHe Yachl
n HaumeHoBanue Ounas ghopma TKY
pa3aena THCOUIIITHHBI KonraxkTHas (Tekymui
(Monyas) pabdoTa Komrpos CamocrosiTesb KOHTPOJIb
Jlekuun | Cemunap Hasi paboTa ycmeBaeMocTu)
bl
1 OCHOBBI MATPUIHOTO 2 4 7 Jlomarraee 3amanue
aHauza ITonroroBka k
CEMHUHAPY
2 CuHTysIpHOE pa3noXKeHne 2 4 7 JlomanHee 3agaHue
(SVvD)
3 MajnopaHTOBEIC 2 4 7 Jlomarraee 3amanme
MPUOIKEHUS KonTponbHas
pabora
4 QR-paznoxxenue 2 4 7 Jomaninee 3aganue
Kontponbphas
pabota
5 BricTpoe npeobpazoBanue 2 4 7 JlomarniHee 3amaHue
®ypoe (FFT) [NoxroroBka
CEMHUHApY
6 CTpyKTypHUpOBaHHbBIE 2 4 7 [ToaroroBka k
MaTPHIIBI CeMHHapy
7 [Ipsimble MeTOABI pereHus 2 4 7 Jomaninee 3aganue
CJIAY KonTponphas
pabota
8 Urepanmonnabie METO BT 2 4 7 Jomaninee 3aganue
KontponbsHas
pabota
9 Metoa conpsKEHHBIX 2 4 7 Jlomarinee 3ananue
IpaJiMeHTOR IMoaroroska K
CEMHUHApY
10 | [IpenoOyciaBnuBaHue 2 4 7 [Moxrororka Kk
CEeMHHApy
11 CoOCTBEHHBIE 3HAUYECHUS 2 4 6 Jomarninee 3aganue
Kontponbhas
paboTa
12 MatpuyHast SKCITOHEeHTa 2 4 2 6 Jomarninee 3aganue
Kontponbshas
paboTa
13 | YucneHHas yCTOHYMBOCTD 2 4 6 JlomarHee 3agaHue
IloaroroBka k
CeMHHApy
14 [Ipuknagasie 3amaqu 4 8 6 IToaroroska k
CEMHUHApY
3auem ¢ oyeHKoIl 4
Hmozo: 30 60 6 94
Oovem oucyunaunvt (mooynsn) (6 190
ax. 4.)
Obvem Ooucyunaunvt (mooynsn) (e 5

3au. eo.)
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4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Nen/m | HammeHoBanue pasjiena Conep:xanue TUCHUIUTHHBI (MOYJIs1) IO TeMaM
JMCHMIJIMHBI (MO1YJIs1)
1 OCHOBBI MATPUYHOTO Bekrophbie u MmaTpuuHble HOpMBIL. Oleparuy ¢ MaTpULaMU: CIIOKEHHE,
aHaImM3a YMHOXXEHHE, TpaHcTioHupoBaHue. [IpakTuka: peanuzanus 6a30BbIX
onepauuii B Python (NumPy)
2 CunrynspHoe paznoxenue | Teopust SVD: cunrynsiprabie 3HaueHUs U BeKTOpbl. [Ipumenenue s
(SVvD) aHanm3a JaHHeiX. [Ipaktukym: SVD uis n3o6pakeHuit
3 MajnopaHTOBBIC Teopema Dxkkapra-Sura. CUR-pasnoxenue. [IpakTuka: ckaTue JaHHBIX
OPUOTKEHHST
4 QR-paznoxxeHue Otpaxenns Xaycxonaepa. [Ipumenenne s pemenns CJIAY.
IIpaktuka: peamusanms QR-pazmoxeHus
5 Brictpoe npeobpazosanne | OcHoBbl FFT. YMuoxenne matpun ¢ nomompio FFT. [Ipaktukym:
Dypee (FFT) 00paboTKa CUTHAIOB
6 CTpyKTyprpOBaHHbIE TénnuueBs! ¥ UUPKYIAHTHBIE MAaTPULBl. D()PEeKTUBHBIC aITOPUTMBI
MaTpULIbI ymHOkeHus1. Keiic: huHaHCOBbBIE IPUIOKEHUS
7 [psmeie metoast pemennst | LU-paznoxenue. Meron [aycca. [Ipaktuka: pemenune cuctem B Python
CJIAY
8 HrepanuonHble METOIbI Merton Slkobu. Meton ["aycca-3eiinens. [IpakTukym: cpaBHEeHHE
CXOJIUMOCTH
9 Meroa conpsKEHHBIX OcHoBbl MeTona. [Ipumenenue ayig cumMMeTpudHbIX Matpull. [IpakTuka:
IpaJiueHTOB pelieHue 3a1a4 TernoooMeHa
10 [IpenobycnapnuBanme Wnes npenobycnapnuanus. [IpocTeie mpenoOyciaBiuBaTey.
[IpakTUKyM: YCKOpPEHHE CXOIUMOCTH
11 CoOcTBEeHHBIC 3HAYCHUS CrenenHoii Mmeto. MeToz oOpaTHBIX uTepanuii. [IpakTuka: aHamus
KoseOaHui
12 MartpuuHasi 5KCIIOHEHTa Onpenenenue u cBoiicTBa. Briuucienue uepes psaa Teinopa.
[Tpunoxenus B nuddepeHnanbHpIX ypaBHEHUIX
13 Uucnennas ycroiunBocTh | OOycnoBIeHHOCTH 3a1a4. OmuOku okpyrieHus. [IpakTiukym: aHanms3
YCTOWYMBOCTHU
14 [Ipuknanueie 3anaun O6paboTka nzo0paxenuii. DuHancoBbie Mojienu. PaboTa Haj
MPOCKTaMU
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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.

Ocnosnas numepamypa:

1. ABepuna, T. A. AJTOPUTMBI CTaTUCTHYECKOTO MOJACIHUPOBAHUSA  pEHICHUU
CTOXACTHYCCKUX MU (HEepeHIMATBLHBIX YPABHCHHI H CUCTEM CO CIIYU4allHOUM CTPYKTYpOH : yueOHOe
nocobue / T. A. ABepuna. — Mocksa ; Bonorna : Unadpa-Umxenepus, 2025. - 288 ¢. — ISBN 978-
5-9729-2443-1. - Tekcr : anextponHbiit. - URL: https://znanium.ru/catalog/product/2226612.

2. Kpyrnos, B. M. Cnyuaiiabie mpoueccsl B 2 4. Yacts 1. OcHOBBI 00111€# TEOpUH : yueOHUK

st By30B / B. M. Kpyrnos. — 2-e uzn., nepepad. u non. — Mocksa : U3parensctBo KOpaiiT,
2024. — 276 c¢. — (Bwicmuee obOpazoBanme). — ISBN 978-5-534-01748-9. — Tekct
anekTpoHHbIW  //  OOpaszoBarenpHas  miatdpopma  HOpaiit  [caiit]. —  URL:

https://urait.ru/bcode/536889.

3. Bopomaesa, O. ®@. OCHOBBI YHUCIICHHOTO aHAJN3a JHHAMUYECKAX CHCTEM : YUCOHUK IS
By30B / O. @. BoponaeBa. — Mocksa : M3aarensctBo FOpaiit, 2025. — 164 c. — (Bricuiee
obpazoBanue). — ISBN 978-5-534-18818-9. — Texkct : anmexktpoHHbIN // OOpa3zoBareibHas
wiatgopma tOpaiir [caiit]. — URL: https://urait.ru/bcode/568925.

4. YucneHHble METONBI : Y4eOHUK M TPAKTHKyM IJs BY30B / moj penakuuei Y. I.
[TupymoBa. — 5-e u3zf., nepepad. u non. — Mocksa : U3natensctBo FOpaiit, 2023. — 421 ¢. —
(Beiciee o6pazoBanme). — ISBN 978-5-534-03141-6. — Tekct : 31neKTpOHHBIHA //
O6pasoBarenbHas wiathopma KOpaiit [caiit]. — URL: https://urait.ru/bcode/510769.

Jlononnumensnan numepamypa:

1. HlupsieB, A. H. OcHoBbl cToxacTuueckod (uHaHcoBoil marematuku. T. 1 : DakThl,
mogenu: B 2 1.: CoopHuk HayuHbIxX TpynoB / [llupseB A.H. - Mocksa :MIITHMO, 2016. - 440 c.:
ISBN 978-5-4439-2391-5. - Tekct : AIIEKTPOHHBIH. - URL:
https://znanium.com/catalog/product/970044

2. I'paxem P., Kuyr I, ITaramnuk O. KonkpeTrHas MaremaTtnka. MatemaTndeckie OCHOBBI
uHpopmatuku. — M. : Bunbsmc, 2009. — 784 c.

3. JIyosruna, E. H. Jluneitnas anreopa : yueOnuk juist By3oB / E. H. JlyOosruna, E. M.
BeutomoB. — 2-¢ uza. — Mocksa : UzmatensctBo IOpaiit, 2025. — 150 c. — (Bericmiee
obpazoBanmue). — ISBN 978-5-534-10594-0. — Texct : amekTpoHHBIN // OOpa3zoBareibHAs
miatdopma IOpaiit [caiit]. — URL: https://urait.ru/bcode/565745.

4. Tarapuukos, O. B. JIuneitnas anre6pa : yue6nuk ais By3oB / O. B. Tatapuukos, A. C.
UYyiiko, B. I'. llepmines ; mox obmielt penakuueit O. B. TarapaukoBa. — Mocksa : 3narenscTBo
FOpaiir, 2025. — 273 c¢. — (Boicuiee obpazoBanue). — ISBN 978-5-534-19275-9. — Tekcr :
anekTpoHHbld  //  OOpazoatenpHas  miarpopma  Opaiitr  [caiit]. —  URL:
https://urait.ru/bcode/556226.
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6. MaTepuaabHO-TeXHHYECKOe obecreyeHne

VYHuBepcuTeT pacrnojaraeT MaTepUalbHO-TEXHUYECKOM  0a30i, COOTBETCTBYIOLIEH
JIEMCTBYIOIMM ITPOTUBOIIOKAPHBIM IPaBUIaM U HOpMaM M oOecreuyrBarollel poBeaeHNe Beex
BUJIOB JIMCUUIUIMHAPDHOW W MEXIUCUUIUIMHAPHOW ITOATOTOBKH, HIPAKTHUYECKOM M HAy4HO-
UCCIIEI0BATEIbCKON PaboT 00ydaromuxcs, NpeayCMOTPEHHBIX YU€OHBIM IIJIaHOM.

[TomernieHus1, KOTOPBIE MPEICTABISAIOT COOON yUeOHbBIE ayAUTOPUH ISl IPOBEICHUS 3aHATHIA
JEKIMOHHOTO THUIA, 3aHATUH CEeMMHApCKOro (IpakTU4YeCKOro) THMA, TIPYIIOBBIX H
MHAMBUAYAJIbHBIX KOHCYJIbTALMN, TEKYIIIETO KOHTPOJISI U IPOMEKYTOUHOM aTTECTAallM, a TaKkKe
IIOMEIIEHUS I CAMOCTOATENIbHOM paObOoThl U MOMEIIEHUS I XPaHEHUs U NTPO(UITAKTUYECKOTO
oOciy>)xuBaHus yueOHOro 0o6opynoBanus. Ilomemenns: yKOMIUIEKTOBAaHbI CTICIUATN3UPOBAHHON
MeOeNnbl0 U TEXHUYECKHMMHU CPEICTBAMHM OOyUYEHMsI, CIyXKAallUMH Ui MPEACTaBICHUs y4eOHOH
uHpopManuu O0JIBIION ayTUTOPHH.

N3yueHue qUCUUIUIMHBL (MOAYIIA) oOecTieurBaeTcsl B y4eOHBIX ayIUTOPUSIX, OCHALLICHHBIX:

— CTOJIaMHU U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOW;

— MEXaHWYECKUMU KaJIbKYJIATOpaMHu,

— CIEUMAIU3UPOBAHHBIM 000PYI0BaHUEM, BKIIIOUAs JEMOHCTPALMOHHOE 000pYy10BaHUE.

[TomerieHus 1711 CaMOCTOATENBHOM paboThl 00yUarOIINXCsl, B TOM YUCIIE IPUCIIOCOOICHHBIE
JUISL MCTIOJIb30BaHMsI MHBAJIMJAMH M JIMLAMU C OTPaHMYEHHBIMH BO3MOXHOCTSMH 30POBbS,
OCHAIIIEHbl KOMIIbIOTEPHON TEXHHMKON C BO3MOYKHOCTBIO HOJKIIOUEHHs K ceTH «MHTepHeT» u
o0ecrieueHHEM  JIOCTylla B 3JEKTPOHHYI0  HH(OpMAaNMOHHO-00pa30BaTENbHYIO  Cperly
YHuBepcurera.

OOyyarommMcsl IPeNOCTaBIAETCS JOCTYN (B TOM 4YHMCIE YJIaJl€HHbIM) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHUCIIe AJIEKTPOHHBIM OHOJMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM Npo(ecCHOHaIbHBIM 0a3zaM
JTAHHBIX U UH(OPMALIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HaumeHoBanue nmopraua Ccblaka
(u31aHus, Kypca, IOKYMEHTA)
1. Hayunas snextponnas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OuOIMoTEKA
2. | baza mannseix g I T-crienuaancTos https://habr.com
3. | Baza mannseix ScienceDirect https://www.sciencedirect.com
4. | OdurnmaneHeIi calT MUHHCTEPCTBA HAYKH https://minobrnauki.gov.ru/

BEICIIIETO 0Opa3oBanus Poccuiickoit deneparuun

5. | ®enepanbhsiii moprai «Poccuiickoe oopasosanue" | https://www.edu.ru/

6. | Mudopmanmonnas cucrema "Exannoe okHo noctymna | http://window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"

7. Enunast komekius 1udpoBeix 00pa3oBaTebHbIX http://school-collection.edu.ru/
pecypcoB

8. | denepanpHbIi HeHTP HHPOPMALIMOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB

[lepeuenr MHOPMALIMOHHBIX TEXHOJOTHM, HCIOIB3YEMBIX TIPU  OCYIIECTBICHUH
00pa30BaTeNLHOTO MpOoIEcca MO TUCHUILIMHE (MOJyJIe), B TOM YHCIIe KOMILIEKT JIMIIEH3HOHHOTO
IPOrpaMMHOT0  OOecreyeHus, COBPEMEHHble mpodeccuoHanbHble 0a3bl  JaHHBIX U
UH(POPMALMOHHBIE CIIPABOYHBIE CHCTEMBI:

HaunmenoBanue 110 ITpousBoacTBO JluneH3nonHoe / cBOOOIHO
pacnpocTpaHsieMoe

OnepanuoHHbIe CUCTEMBbI:
Microsoft Imagine (Windows Client, Server) | sapy6exnoe | nuiensnonsoe
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BpaysepsI:

SIunexc.Bpaysep OTEUECTBEHHOE | CBOOOHO PaclpOCTPaHIEMOE
Google Chrome 3apy0exKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
Od¢ucHble NpUIOKEHNS:

Microsoft Imagine (Visio, OneNote) 3apyOexHOoe JMIEH3UOHHOE

TeXstudio 3apyOexkHOE CBOOOIHO pacIpOCTpaHsIeMOe
Adobe Acrobat Reader 3apy0eIKHOE CBOOOJTHO PACIIPOCTPAHIEMOE
IporpamMmHoe oGecnieveHue 15l IVIAHMPOBAHHUS M YY€TAa BPEMEHM:

Toggle app | sapyGesxuoe | cBOGOIHO pacmpocTpaHseMoe
CucTeMbl YHpaBJIeHHsI MPOEKTAMM:

Microsoft Imagine (Project) | sapyGesxHoe | nuuensmonHoe

CucTeMbl ynpaBJjieHus1 0a3aMH JTaHHBIX:

Microsoft Imagine (SQL Server) | sapyGesxHoe | nuuensmonHOE

Cucrtemsbl peseppHOro konuposanus (backup):

Acronis Backup Advanced for HyperV | 3apy6erxHoe | muuensnonHOE
CnpaBoYHO-NIPABOBbIE CHCTEMbI:

KoncynpranTILIroc: cripaBoOYHO-IIpaBOBast OTCYECTBEHHOE | JIMIIEH3UOHHOE

cucTeMa

CpencTBa AaHTHBHPYCHO# 3aIUTHI:

Kaspersky Endpoint Security mis 6usneca OTE€YECTBEHHOE | IHUIIEH3MOHHOE

Crampmaprasni Russian Edition
Cpennbl pa3padoTku:

Visual Studio Code 3apy0exHoe cBOOOJTHO PACIPOCTPAHIEMOE
Bash (Unix shell) 3apyOeKHOE CBOOOIHO pacIpOCTpaHsIEMOe
Anaconda 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Robotic Operating System 3apy0eKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
CopelliaSim 3apyOeKHOe CBOOOJIHO pacrpocTpaHsIeMoe
Google Colaboratory 3apy0exHoe cBOOOJTHO PACIIPOCTPAHIEMOE
IlakeTbl IPOrpaMMHBIX CPeACTB M OMOJINOTEK:

AutoPsy 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Interactive Disassembler (IDA) 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
Cucrtembl ynpapjeHusi onéanorpaguyeckoii HHGopmManueii:

Zotero | 3apy6exHoe | cBOGOHO pacpocTpanseMoe
CepBHCHI B CITYKOBI:

Bind 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Docker 3apyOexKHOE CBOOOIHO PaCIPOCTPaHAECMOE

7. MeToauuyecKHe 1 OlleHOYHbIE MaTepHuaJbl
MeToanuyecKkue YKazaHud AJad 06yqamumxcs1 110 OCBOCHMIO JHCIHUIIJINHBI (MO)ly.]'[ﬂ)

B mnpouecce m3zydenust nucUUIUIMHBL (MOIyisi) «OCHOBBI MAaTPUYHBIX BBIYUCIEHUN» B
paMKax TEKYyILIEro KOHTPOJS yCIEBAeMOCTH HCIIONB3YIOTCS Takhe BHbI yueOHOW paboThl, Kak
JIeKIMs, CEMUHApbl, KOHTPOJIbHbIE paOOThl U JOMalIHHE 3aJaHMsl, a TAKKE pa3IUUHbIE BUIbI
CaMOCTOSITENIbHOW paboThl OOyyaromuXcs MO 3aJaHUI0 TpernojaBaTreis, HalpaBJICHHbIE Ha
pa3BUTHE  HAaBBIKOB  NPO(ECCHOHATBHOW  JIEKCHKH,  3aKpelyieHhe  MPaKTHYEeCKHX
npodeCCHOHATBLHBIX KOMIIETEHIIHH, TOOIPEHNE HHUIHATHB.

Jlekyuss — CHUCTEMAaTHYECKO€, IMOCIEAOBAaTEIbHOE, MOHOJOTHYECKOE H3JIOKECHHUE
npernojiaBaTesaeM yueOHOro Marepuana, Kak IpaBuio, TEOPETUYECKOr0 XapaKkTepa.

B mpomecce neknuii peKOMEHIYeTCS BECTH KOHCHEKT JIEKIUI: KPAaTKO M CXEMaTHYHO
(UKCUpOBaTH OCHOBHBIE WJEW, BHIBOJBI M OOOOIIEHUS JIEKIMHU; BBIIENATH BaXKHBIC MBICIIH,
KJIIOYEBBIE CJIOBa W TepMUHBL. HeoOXOIMMO OTMETHUTH BOMPOCHI HJIM MaTepUaNbl, KOTOpBIC
BBI3BIBAIOT 3aTPYIHEHMS, U MOMNBITATbCS HAMTH OTBETHl B PEKOMEHJOBaHHOU nuTeparype. Ecnu
pa3oOpaTbCsi B Marepuane He yHaercs, cieayeT c(opMyiIupoBaTh BONPOC W 337aTh €ro
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MPernoAaBaTesNio Ha KOHCYJIbTAllUK WM BO BPEMsI CEMUHAPCKOTO (ITPAKTHYECKOI0) 3aHATHSI.

Cemunap — 310 (hopMa y4ueOHOH NeATENTbHOCTH, IPOBOIUMAs B y4eOHOM 3aBEICHUU O]
PYKOBOJCTBOM IIpenojaBaTess, I/€ CTYACHTbl aKTUBHO Y4YacTBYIOT B OOCYXAEHUSX,
NPAaKTUYECKHX 3aIaHUAX U IPYTUX (popMax B3aMMOACHCTBHSL.

Jlng ycremHol NOArOTOBKH K CEMUHAPY PEKOMEHAYETCS 3apaHee O3HAKOMUTHCSA C TEMOU
3aHATUS M OCHOBHBIMH MaTepHajaMH, YTOObI MMETh BO3MOKHOCTh AaKTHBHO y4YacTBOBAaTh B
oOcyxnenun. Taxke MoJe3HO MOATOTOBUTH BOIPOCHI U MJIEH AJI OOCYKIECHHUS, YTO MOMOXKET
[1y0’Ke IIOHATh MaTepUal U MPOIEMOHCTPUPOBATh 3aUHTEPECOBAHHOCTD.

Ayoumopnas paboma — akTUBHas paboTa CTy/IeHTa Ha CEMUHApe, €ro OTBETHI Ha BOIIPOCHI
[pernojaBaTesis U y4acTHe B JUCKYCCHH.

JUis yCcHemHoro y4acTisi B CEMUHape CTy/IeHTaM PEKOMEHIYETCsl 3apaHee 03HAKOMUTBCS C
TEMON OOCYXXAEHHUS, IPOYUTATh HEOOXOJMMBIE MaTepHUalbl U MOATOTOBUTH BOMPOCHL. BaxkHO
aKTUBHO CJIYIIAaTh U BOBJIEKATHCS B IUCKYCCHUIO, BHICKAa3blBas CBOM MHEHMSI U apIyMEHTUPYS UX.
IIpu oTBerax Ha BONPOCHI INPENOJABATENSI CTOUT OBITH YBEPEHHBIM, YETKUM U JIOTUYHBIM,
ONupasich Ha U3y4EHHbIM MaTepuai. Taxke MoJe3HO MOAAEPKHUBATH JUAJIOT C OAHOKYPCHUKAMH,
YTOOBI 000TaTUTH OOCYKICHNUE M PACITUPUTH CBOU 3HAHUS.

Jlomawnee 3a0anue — HabOP 3a/1a4 1O TEMaAM HEJICIIH.

[Ipu pabore Haj MAOMANIHAMH 33JaHUSMH BaXKHO BHUMATCIBHO O3HAKOMHTHCS C
TpeOOBaHUSMHU M CPOKaMU BBITIOJHEHUS. PexoMeHayeTcs pa30uBaTh 3a1aHusl Ha ATAllbl, YTOOBI
n30eXkaTh TEPerpy3kd W Jydlie yCBOUTh Marepuall. Vcroib30BaTh pa3ivdHbIC UCTOYHUKU
UH(pOPMaIIUH, BKIIOYasl YUSOHUKH U OHJIAWH-PECYPCHI, IUIs 00j1ee TITyOO0KOro MOHUMAHHUS TEMBI.

Konmponvnas paboma — nmicbMeHHas paboTa ¢ HaOOpPOM 3a/1a4, KOTOPBIE HY>KHO PEIIHTH 32
OTPaHUYEHHOE BpEMs.

[{enb KOHTPOJIBHOM PabOTHI - MOAYYUTh CHEIUAIbHBIE 3HAHUS 110 OAHON UM HECKOJIbKUM
TeMaM JUCLUIUIMHBI (MOAYJS) ¥ IPOJEMOHCTPUPOBATh HABBIKU UX MPAKTUYECKOTO IPUMEHEHUS.

Camocmosmenvruas paboma — paboTa CTYJEHTOB, HAIpaBlieHHass Ha YIIyOJIEHHOE
M3YYEHHE OTJIENbHBIX TEM U BOMPOCOB YUYEOHON AUCIMILTUHBI (MOTYIs).

B miporiecce caMocTosITENbHOM paboThI CTYIEHTHI B3aUMOJICHCTBYIOT C PEKOMEHJOBAaHHBIMHU
MaTepuaiaMH MPu MUHUMAIILHOM yYacTHH MpenoiaBatess. 3aauu CTyJeHTa BKIIOYA0T padoTy
C KOHCIIEKTaMu JIKIu# (00paboTka TeKCTa), MOBTOPHOE M3yUeHUE YUeOHBIX MaTepPHAJIOB TJIAHOB
U TE3UCOB OTBETOB, M3yUEHHUE JOMOTHUTEIBHBIX TEM, BHIMIOJHEHHE YUeOHO-HUCCIIEeI0BATENbCKUX
3aJJaHUI U IPYTOE.

Cucrema oneHUBaHHA Pe3yJIbTATOB 00y4YeHHS MO0 JUCHHUILIHHE (MOAYJIIO)

Kputepun nmosy4eHusi ypoBHA M OLEHUBAHUS C(POPMUPOBAHHOCTH KOMIETEHUHIi 1O
aucuumiInHe (MoayJe) «OCHOBbI MATPUYHBIX BbIYUCJIEHHII»

OneHnBaHuE ypOBHSI YYE€OHBIX JOCTHKEHHUH, OOyUYaIOMMXCS MO AUCIUIUIHHE (MOIYIIIO),
OCYIIECTBIISIETCS B BUJIE TEKYILIETO KOHTPOJISI YCIIEBAEMOCTH U MPOMEKYTOYHOM aTTECTALlUH.

IIpome:xxyTouHasi arrecTaumsi 1O JUCIUIUIHHE (MOIYJIIO) OCYIIECTBISIETCS B (opme
3auema ¢ OWEHKOU, TPU STOM TIPOBOJUTCSA OICHKA KOMIETEHIMH, CcHOpPMHpPOBAHHBIX IO
JTHCIHAIIIHHE.

Jlnst omeHWBaHMS TEKYIIETO KOHTPOJS YCIEBAEMOCTH M TMPOMEKYTOYHON AaTTecTaruu
UCTIONB3YETCS JIecATUOAIIbHAS IIIKalla OLIEHWBAHUSA, KOTOpask COOTHOCUTCS C TPaAWLIMOHHOU
nATHOATUTPHON MIKAJION CIIETYIOIINM 00pa3oM:
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JlecaTnboanabHas
OIleHKA

IIaTnéananLuasn
OILICHKA

OneHka 3a 3a4yert

OO0mast xapakTepucTHKA pe3yJibTaTa
00yuyeHus 1o JUCHUILIAHE (MOYJII0)

10

OTiInyHO

3auTeHo

9

OTiInyHO

3auTeHo

8

OT1anaHO

3aureHo

CTyZIeHT MOJIHOCTBIO BJaaeeT 3HAHUSAMH,
W3J0KEHHBIMH B paloueil mporpamme, u
rTyOOKO — OCMBICTISIET On
JIOTUYECKH

JUCIIUTUTHAHY.
CaMOCTOSITEIIBHO "
MOCJIEIOBATEIHHO OTBEYAET HAa BCE BOIPOCHI,
aKIEHTUPYs BHMMaHWe Ha  HauOolee
Ba)KHOM. Ymeer aHaJIN3UPOBATh,
CpaBHHBATH, KJIacCU(pUIUPOBATH, 000011aTh,
KOHKPETHU3UPOBATh W CHCTEMATH3HPOBAThH
W3YYEHHbIH MaTepual, BBIICISS KIFOUCBBIC
MOMEHTBI W  YCTAQHABIWBAas MPUYNHHO-
ClleICTBEHHbIC CBsi3H. YeTko (opmymupyer
OTBETHI,

YBEPEHHO HWHTEPIPETUPYET

IpYyrux
HCCJIEJOBAHNMN, a TaKXE pEIIaeT CIOKHBIE
c

pe3ynbTaThl aHaJIN30B u

3agaud. CTyIEHT XOpOIIO 3HAKOM
METOJaMH HCCIIEIOBAHUSA, HEOOXOIMMBIMU
JUTS. TIPAKTUYCCKOU JCATSIBHOCTH, U yMEEeT
CBSI3BIBATH TEOPETUUCCKUC ACIIEKTHI
JTUCIUTUTAHBL  (MOIyJIsl) C TPAaKTHYECKUMHU

3aJadyaMu.

Xopomo

3auTeHo

Xopomo

3auTeHo

CryneHT oOnamaeT 3HAHUSAMHU MpeaMeTa

MOYTH B TIOJHOM o0beMe pabodeid

MPOrPaMMBbI U CAMOCTOSTEIILHO, JIOTHYSCKH
MOCJIEI0BATEIILHO U BCECTOPOHHE OTBEYACT
Ha BCE BOMPOCHI, aKI[CHTUPYST BHUMaHUE Ha
HauOoJiee 3HaYMMbIX MOMeHTaX. OH ymeer
aHAITU3UPOBATH, CPaBHUBATH,
KJIACCU(UIIMPOBATD, 0000111aTh,
KOHKPETH3UPOBaTh M CHUCTEMAaTHU3MPOBATH
BBIIEIAI  €r0

W3y4YeHHBIH  MaTepuad,

KIIIOYCBBIC ACIICKTHI n yCTaHaBJIMBast

MPUYUHHO-CIIEJICTBEHHBIE CBSA3H.
@opMyIHpyeT CBOM OTBETHI, YBEPEHHO
MHTEPIPETUPYET pe3yibTaThl aHAIU30B H
JIIPYTHX MCCIENOBAaHUI, a TaKXKe pelacT
CJIOXKHBIE CUTyallMOHHBIE 3a7adu. CTyIeHT
3HAKOM c

XOpOIIOo METOAaMH

HUCCICA0BaHMs, H€O6XOI[I/IMI>IMI/I JUISL

HpaKTI/I‘ICCKOfI ACATCIIBHOCTH, W YMECT

CBA3bIBATb TCOPECTUICCKUC ACIICKThI

nmpeamMeTa C MPaKTUHICCKUMU 3aJiadyaMu.

Y 10BIETBOPUTENBHO

3auTeHo

Y 10BIETBOPUTENBHO

3auTeHo

Crynent obOmamaer 0a30BBIMU 3HAHUSIMH
0 TUCIUILTHHE (MOJYJTIO), HO HCIIBITHIBACT
TPYJIHOCTH TIPU CAMOCTOSITEIHHBIX OTBETAX
1 UCIIOJIb3yeT HeTOUHbIe (hOpMyIUpoBKH. B
XO0JI¢ OTBETOB OH JIOITyCKAeT OIINOKH,
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JdecatudannpHas IlsaTuéannbHas OO0mast XapaKTepuCTHKA pe3yabTaTa
OLICHKA OLICHKA o0y4eHUs MO TMCHUTUINHE (MOIYJIIO0)

OneHka 3a 3a4yert

Kacaloumecs CyTd BompocoB. CTyaeHT
CIIOCOOCH pelaTh TOJBKO CaMble MPOCTHIC
33744l M BaAeeT JHIIb MHUHUMAIbHBIM
HabOpPOM METOJIOB MCCIIC/IOBAHMSI.

3 He cnan He 3aureno CrymeHT He OBIafen o00sf3aTeTbHBIM
He cnaun He 3auTenO MHUHHAMYMOM 3HAHWUM 110 npeaMeTy M HE
1 He can He 3aureno | MOXET OTBETUTH Ha BONPOCHI, JAXE €CJIH

mnmpernogaBareiib 3adacT JOIMOJTHHUTCEIIBHBIC

HaBOJISIIIIIE BOTIPOCHI.

Jucnunnuna (Moaynb) «OCHOBBI MaTPUYHBIX BBIYMCICHUI» OLIEHUBAETCS CIIEAYIOIIUM

o0pazoM:
AKTHBHOCTH Bec |KoauuectBo Onucanue

Homamrame 3amaans | 20% 13 Hab6op 3amau o TeMaM HeAeH

KonTponbHbie 30% 2 [Mucermennas pabota ¢ HabOpoMm 3aad, KOTOPbIE HYKHO

paboTEhI PELIUTh 3a OTPAaHHUYCHHOE BPEMS

AynutopHas pabora | 15% 1 OTBeTHI Ha BOIIPOCHL, CIMCOK KOTOPBIX U3BECTEH CTYACHTY
3apaHee

3a4er c OICHKOM 35% 1 [MuceMenHas paboTta ¢ HaOOPOM 3a/1a4, KOTOPBIE HYKHO
PELINTH 32 OrPAHUYCHHOE BPEMsI, BO3ZMOKEH
JIOTIOJTHUTENBHBINA YCTHBIN IK3aMeH

®opmyJia pacuéTa HTOrOBOM OLEHKH IO AUCHUILIHHE (MoAyJie) «OCHOBBI MATPUYHBIX
BhIUHMCIeHN»: «0,2% cpenHee 3a qoMantHue 3aaanus + 0,3% cpegHee 3a KOHTPOJIbHBIE paOOTHI +
0,15 x3a aynutopHyto paboty + 0,35 X3a4eT ¢ OLEeHKOM1».

Texkymmii KOHTPOJIb yCIIeBAeMOCTH 00y4AIOMIUXCH MO0 AUCHUIIINHE (MOYyJIe)

IIpumepHbIe BOpoCHI /I CEMHHAPOB

1. OcHoBbI MaTpUYHOro aHaMN3a (BexkTopHbIe 1 MaTPpUYHBIe HOPMBI. Onepanun ¢
MATPHLIIAMH: CJI0KeHHEe, YMHOKeHHe, TpaHcnnoHnpoBanue. Ilpakruka: peanuszanus

wn

P oo~ oA

0.
11.
12.
13.
14.

0a3oBbIx onepanuii B Python (NumPy))

Yro Takoe BEKTOpHAsi HOPMA U KaKHe OCHOBHBIE BUbI HOPM BBl 3HaeTe?

Kak onpenensiercst MaTpuuHas HOpMa ¥ 4€M OHA OTIIMYAETCS OT BEKTOPHOU?
OOBbsicHUTE, KaK BBINOJHACTCA CIOXKEHHWE IBYX MAaTpHll, U KaKue YCJIOBUS JOJDKHBI
BBITIOJIHATHCSA?

Yo Takoe yMHOXKEHHE MAaTPHI] U KAKOBA €0 aCCOLIMATUBHOCTD?

Kak paboTraeT TpaHCIIOHMPOBAaHNE MATPHUILIbI U KaKUE€ CBOWCTBA OHO UMeEeT?
Kak BBIYMCINTD €BKINA0BY HOPMY BEKTOpaA?

Yewm otnuvarorcst HopMbl L1, L2 1 6eckoHeUYHOCTH 171 BEKTOPOB?

Kakue mMaTpuuHble HOPMBI SIBIISIFOTCS. CYOMYJIbTUIUINKATUBHBIMU?

[IpuBenuTe npuUMeEp CI0KEHMS IBYX MATPHI] pa3MEPHOCTH 2X2.

Kak ymHOXUTB 1Be MaTpuibl A u B, eciiu pa3mepst A - 3X2, B - 2x4?

Yto Takoe TpaHCIIOHUpPOBAaHHAs MaTpULa U Kak oHa o00o3HavyaeTcs?

Kak peanusoBars cioxenue marpui] B NumPy?

Hanummwre kox Ha Python st ymHOXeHust AByX mMatpuil ¢ nomoiuiso NumPy.
Kak tpancnionnposars MaTpunty B NumPy u 4to Bo3Bpamaer merog . T?

DNEeKTPOHHBIA JOKYMEHT



15. Kakue ommOku MOTyT BO3HUKHYTH IIPH YMHOKEHUU MaTPULl HEMOAXOSAIINX pa3MepoB?

2. Cunryasipaoe pasioxenne (SVD) (Teopust SVD: cuHry/isipHble 3Ha4eHHs U BEKTOPBI.
IIpumenenue nJjs anajau3a ganHbiX. [Ipakrukym: SVD nuis uzodpakenuii)

Urto Takoe CUHTYJISIpHOE pasiiokeHue marpulsl (SVD)?

Kak onpenensitoTcs CUHTYISIpHBIE 3HAUEHUSI U CUHTYJISIpHBIE BEKTOPBI B SVD?
Kakue cBoiictBa umeer SVD ams mo6oi MmaTpuisi?

Kaxk Beirnsaaut nosnoe SVD B Buze npousseaenus U, £ u VAT?

UYem otiinuaercst SVD 0T cieKTpaabHOrO pa3iokeHUsl CAMMETPUYHON MaTpUIIbI?
Kak npumensercs SVD miist cHukeHUs! pa3MEpHOCTU JTaHHBIX ?

O0bsicuute, kKak SVD ucnonb3yercs B aHanu3e riiaBHbIX KoMroHeHT (PCA).
Kak BpUMCIUTBL paHT MaTpHUIbI ¢ TOMOIIBI0 SVD?

[Tpusenure npumep SVD s npocToit MaTpuLbl 2X2.

0. Kak SVD nomoraet B 00paboTke n300pakeHuii?

11. Hanmmmwre xox Ha Python ans Bemmonnenus SVD ¢ nomomrsio NumPy.

12. Kak ucnons3oBath SVD 11 cxxatust u3odpaxenus (mpumep c grayscale)?

13. Kakue cHHTYIISIpHBIC 3HAUEHUS BaYKHBI JIJIS alIIPOKCUMAIIMHA MATPHUIIBI?

14. Kak unrepnperupoBars Matpuiibl U, X u V B koHTekcTe SVD?

15. Kaxue npumnoxenuss SVD ecTb B peKOMEHJaTENIbHBIX cucTeMax?

Boo~NoO~wWNE

3. Manopanrossie npudanxenust (Teopema Ixkapra-Sara. CUR-pa3iio:xxkenue.
IIpakTuka: cxxkarue JaHHbBIX)

Yro Takoe ManopaHroBoe MpUOINKEHUE MAaTPHULIbI?
B uém cyTp Teopembl Dkkapra-SHra?
Kak BbIuuciisieTcst onTuManbHOE MaJIOpPaHroBoe NpuoInxKeHne ¢ nomoinso SVD?
Uro Takoe CUR-pasnoxenue u ueM oHo otiaudaercs or SVD?
Kak Bri6uparorces crpoku u cton6usl B CUR-paznoxxenun?
Kakue npeumymiecrsa umeer CUR-paznoxenue nepen SVD?
Kak mpumMeHsieTcs MaJlopaHr0BO€ MPUOIMKEHUE JUTSI CKATUS TaHHBIX?
OOBbsicHUTE, KaK U3MepSETCs OLIMOKA B MAJIOPAHIOBOM IPUOIMIKEHUH.
[TpuBeauTe NpuMep MaOPaAHTOBOT'O MPUOIMKEHUS ISl MaTpULBI 3X3.
. Kak CUR-pa3noxxeHne UCroiab3yeTcsl B aHaIu3€ OOJIBIINUX JaHHBIX ?
. Hanummre xox Ha Python nnst manopanrosoro npubiamxkenus ¢ SVD.
. Kak peanuzoBats CUR-pa3znoxeHnue B npakTuke?
. Kakue MeTpuku UCTIOIb3yIOTCS ISl OLIEHKH KauecTBa CyKaTus?
. Kak manopanroBbie npuoanKeHus IOMOTraoT B MallIUHHOM 00y4eHun?
. Kakue orpanndenns ectb y Teopemsl JKkapra-SHra?

CoNoOA~WNE
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4. QR-pa3noxenue (Orpaxkenus XaycxoJaepa. [Ipumenenue s pemenus CJIAY.
IIpakTuka: peanusanus QR-pa3noxenust)

Uro Takoe QR-paznoxkenue mMaTpuibl?

Kak pabGoraetr meton otpaxenuit Xaycxonaepa B QR-paznoxxenun?
Kaxkwue cBolictBa nmeer QR-pasnoxxkenue 1t KBaApaTHbIX MaTpHIL?

Kak npumensiercst QR-pa3noxkeHue A penieHus CUCTEM JIMHEHHBIX ajareOpanydyecKux
ypaBHenuii (CJIAY)?

Yem ornnuaercsa QR-paznoxenue ot LU-paznoxenus?

Kaxk Beruncisercs Q u R B QR-paznoxennn?

Yro takoe Givens-BpallleHUs U Kak OHU cBsi3aHbl ¢ QR?

O0psicauTe, kKak QR ucmoap3yeTcsi B METOIE HAMMEHBIITUX KBAIPaTOB.
[TpuBenure npumep QR-pasnnoxeHus 1uist MaTpULbl 2X2.

10 Kakx QR-pasnoxeHue moMoraeT B BEIYUCICHUN COOCTBEHHBIX 3HAUCHHI?
11. Hannmmwmre koxa Ha Python ans QR-paznoxenus ¢ momorisio NumPy.

12. Kak peanu3oBaTh OTpaKeHUsT Xaycxojjiepa BpyIHy0?

AN

©CoNo O
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13. Kakue uncnennblie npeumytiectBa umeeT QR-paznoxenune?
14. Kak pemmts CJIAY ¢ nomompsto QR-paznoxenus?
15. Kakue omuOKku MOTYT BOSHUKHYTh IIpH BerauciaeHuH QR?

5. Boictpoe npeodpa3zoBanne ®ypwe (FFT) (OcnoBbl FFT. YMHOXkeHNEe MaTpHL €
nomombio FFT. IlpakTukym: 00padoTKa CUTHAJIOB)

UYro Takoe npeodpazoBanue Pypre 1 Kak oHO cBsizaHo ¢ FFT?

B uém nmpuniun 6sicTporo npeodpazosanus Oypee (FFT)?

Kak Beruncnisercs DFT u kak FFT yckopsiet atot npouecc?

Kakwue ocnoBubie anroputmbel FFT Bel 3Haete (Hanpumep, Cooley-Tukey)?
Kak npumensiercs FFT mist ymHOXeHUS! O0JIbIIMX MaTpULl?

Uto Takoe NUPKYJIAHTHAsE CBEPTKA U Kak OHa cBsizaHa ¢ FFT?

O6mwsacuure, kak FFT ncnons3yercst B 00paboTKe CUTHAJIOB.

Kaxk o6patnoe FFT BoccTanaBnuBaeT curan?

[Tpusenure npumep FFT nis npocroro curnana (MaccuB U3 4 3J1EMEHTOB).
0. Kak FFT nomoraet B ananuse 4actoT?

11. Hanmumwure kox Ha Python st FFT ¢ momonisio NumPy.

12. Kak peanu3oBaTh yMHOkeHUE MaTpull uepe3 FFT?

13. Kakue npunoxenus FFT ects B aynmo- u Buaeonpouneccuure?

14. Kak FFT ucnonb3yercs B pemieHuu audQepeHuanbHbIX ypaBHEHUN?

15. Kakue orpannuenust umeet FFT miis HeCTeneHHBIX pa3MepOB MacCUBOB?

BoOoo~NoOR~WNE

6. CrpykrypupoBanHbie MaTpulbl (TénauueBsbl 1 HUPKYJISIHTHbIE MATPUIBL.
dddexTUBHBIE AATOPpUTMbI yMHO:KeHUs. Keiic: (puHaHCOBBIE MPUII0KEHUS)

1. Yro Takoe TémuIieBa MaTpuIla U Kakue e€ cBoicTBa’?

2. Yem oTiMyaeTcsi MUPKYJISHTHAS MAaTpUIA OT TEIUIUIIEBON?

3. Kak Bbruncisiercss yMHOKEHHE HUPKYJISHTHBIX MaTpull ¢ nomoinsio FFT?

4. Kakue >pQeKTHBHBIE ATTOPUTMBI YMHOKEHHS CYIIECTBYIOT UISI CTPYKTYPUPOBAHHBIX
Matpun?

5. Kak npumeHnsiercs HUpKyJIsSHTHas MaTpulia B CBEPTOUHBIX oneparusix?

6. OOBbscHUTE, KaK TEMIUIEBB MATPULIBI HCHIOIB3YIOTCS B (PMHAHCOBOM MOJIEIIMPOBAHHH.

7. UYro Takoe Toeplitz-cuctemsl U Kak UX peniarb?

8. Kak nuupKynsHTHbIE MaTPHUIIbI CBSI3aHbI C TOJTUHOMaMH?

9. IlpuBenute mpuMep MUPKYISTHTHOW MaTpHUIIBI 3X3.

10. Kak FFT yckopsieT onepaiuu ¢ HUpKYJISHTHBIMH MaTpuLiamu?

11. Hanumure kox Ha Python m1st yMHOKeHUS IUPKYISTHTHOW MaTpPUIIBI.

12. Kakue npuiioXeHus: CTpYKTYpUPOBaHHbBIX MaTpHIl €CTh B SKOHOMUKE?

13. Kak pemarp CJIAY ¢ TEmIMIIEBOM MaTpUIICH?

14. Kakue npeumyiecTBa UMEIOT CTPYKTYpUPOBAaHHBIE MATPULIbI B OOJIBIINX cUCTeMax?

15. Kak MonenupoBaTh BpeMEHHBIE Psiibl C IOMOILBIO LIUPKYJISHTHBIX MaTpuLl?

7. Ilpsimbie metoabl pemienusi CJIAY (LU-pasno:xenne. Meroa I'aycca. Ilpakruka:
peuieHue cucrem B Python)

Yro takoe LU-pa3nokeHne U Kak OHO IOJy4aeTcst?

Kaxk pabortaet meton ["aycca mst pemenus CJIAY?

Yem otnmuaerca LU-pasnoxxenne ot merona I'aycca?

Kakwue ycnoBust HykHbI 1151 npuMeHeHus LU-pa3noxenus?
Kak Beruncisrorest Marpuis! L n U B LU-paznoxkenun?
Oo6wbscuure, kak pemars CJIAY ¢ nomoursio LU-paznoxeHust.
Yro Takoe pivoting B MeToje ['aycca u 3aueM OHO HYKHO?
Kax meron INaycca cBsizan ¢ LU?

ITpuBenure npumep LU-pa3znoxeHus nias matpuisl 3x3.

10 Kak omnienuTs cioxuocts Metona ["aycca?

CoNoOAWNE
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11. Hanummre xox Ha Python myis LU-pasnoxxenust c NumPy.

12. Kak pemmts CJIAY metonom "aycca B kozae?

13. Kakue uncnennbie mpo0daeMbl BOZHUKAIOT B MPSAMBIX MeTOaxX?
14. Kax LU ncnonp3yercss B UTEPALlUOHHBIX METO/1axX?

15. Kakwue anbprepHaTuBbl MeTOY ["aycca cymecTByroT?

8. Urepaunonnnie metoanl (Meroa SAkodu. Meroa I'aycca-3eiigens. Ilpaktukym:
CpaBHEHHE CXOJAUMOCTH)

Urto Takoe urepannoHHbie MeToAbl pemeHuss CJIAY u yem OHM OTJIMYAIOTCS OT MPSMBIX?
Kak paboraet meton SAxko6u?

B uém cyts MeTona ["aycca-3eiinens u uem oH otaudaercs ot Sxkobu?
Kakwue yciioBust cXOOMMOCTH AJIs1 UTEPALMOHHBIX METOI0B?

Kak Berumcisercs utepauus B Metoe Skoou?

OO0msicHuTe, Kak MeTon ["aycca-3eiaens yCKopseT CXOIUMOCTb.

Uro Takoe pesakcalys B UTEPALlMOHHBIX METOAAX ?

Kak cpaBHUTE cKOpOCTh cxonumoctu SIkobu u ['aycca-3eitnens?
[TpuBenute npumep npuMeHeHus meroaa SAkoodu k nmpocroit CJIAY.
0. Kak oueHuTh OmmbKy B UTEPallMOHHBIX METO/1axX?

11. Hanmmmre xox Ha Python ans merona Sxo0wu.

12. Kak peanuzoBatb meton ["aycca-3elinens B mpakTuke?

13. Kakue MaTpHIbl MOAXOIAT U ’THX METOI0B?

14. Kak cpaBHHTH CXOJUMOCTh Ha IPAKTUKE (KpUTECPUH)?

15. Kakue He1oCTaTKH UMEIOT UTEPAIIMOHHBIE METOIbI?

BoOoo~NoOR~WNE

9. Metoa conpsizkéHHbIX rpaaneHToB (OcHoBbI MeToaa. [IpuMeHeHHe 111 CHMMeETPHYHBIX
matpuu. [IpakTuka: pemenne 3a1a4 Tenjao000MeHa)

Yro Takoe MeTo]1 conpsikEHHbIX rpaaueHToB (CG)?
Kak pab6oraer CG s pemenns CJIAY ¢ ciMMeTpUYHBIMEA MaTpUIIaMA?
Kakwue cBoiicTBa MaTpullbl Hy>KHBI 17151 ipuMeHeHust CG?
Kak Berumcinstorces Hanpasienus noucka B CG?
O06mbsacHute, kak CG MUHUMU3UPYET KBaAPaTHUHYIO (POPMY.
Kak npumensiercs CG B 3aauax temnooomena?
Yem CG omiinuaeTcs OT METOAA FPAJUEHTHOTO CITycKa?
Kax CG cBsizaH ¢ METOJIOM HAMMEHBIIINX KBAIPATOB?
[Tpuennre npumep CG A IpOCTON CUMMETPUYHON MaTpPHULIBI.
. Kak onenuts cxonumocts CG?
. Hannmwure xon Ha Python nans merona CG.
. Kak mogenupoBats TernooOMen ¢ nomouisio CG?
. Kakune npeumymectsa numeer CG 11 601b1IMX cUCTEM?
. Kak npeno6ycnasnusanue ynyumaer CG?
. Kakue orpannuenns merona CG?

CoNoOARWNE
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10. IIpenodycaaBauBanue (Maest npenodyciaasauBanus. [lpocroie npexodyciaBiauBaTesu.
IIpakTHKyM: yCKOpeHHEe CXOAUMOCTH)

Yro Takoe nmpenoOyciiaBIuBaHue U 3a4€M OHO HY>KHO?

Kak naes npenoOyciaBauBaHus yay4llIaeT CXOJUMOCTh UTEPAMOHHBIX METOI0B?
Kaxkue mpocTthie mpenoOyciaBauBaTeau Bbl 3HaeTe (HapuMep, TuaroHalIbHbIN)?
Yro takoe SAxoOH-1ipeno0yciaBIuBaTeh?

Kak npumensiercs nenonnoe LU-pa3znoxeHue kak nmpenoOyciiaBiuBaTeNb?
OO0mbscHUTE, KaK peao0ycliaBIMBaHNE BIUAET Ha YUCIO 00YCIOBICHHOCTH.

Kak usmeputs 3¢ (hekTuBHOCTH NpeaodyciaBiuBaTens’?

Kakue npenobycnasiuBarenu ucnoib3yrorcs B CG?

[TpuBenuTe mpuMep NPOCTOro NpeaoOycaaBIUBaHUs.

©CoNoR~wWNE
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10. Kak npenobycnaBiuBaHue YCKOPSIET CXOAMMOCTh B TIPAKTUKE?

11. Hanummre ko Ha Python st nuaronansHOTO mpenoOycliaBIuBaHusI.
12. Kak peanuzoBatb ILU-nipenoOycnaBnuBaresns?

13. Kakue npunoxxenus npenoOycnaBiuBanus B pusuxe?

14. Kak cpaBHHTH pa3HbIe MTpeao0ycIaBIuBaTe/n?

15. Kakue BbI30BBI BO3HUKAIOT MIPH BEIOOPE MPeao0ycIaBiuBaTess?

11. CoocTBennblie 3HaUYeHus1 (CTtenenHoit meroa. Meroa odOpaTHbix utepauni. [lpakruka:
aHaJIM3 KoJIeOaHMii)

1. Yro Takoe coOCTBEHHBIEC 3HAUEHUSI 1 COOCTBEHHbBIE BEKTOPHI?

2. Kak pabotaer cTeneHHOW METOJ /I BBIYUCICHHUS JTOMHHHPYIOIIETO COOCTBEHHOTO
3HAYEHHUS?

B 4ém cyTh MeToa 00paTHBIX UTEpauii?

Kak npumensieTcst ciBUr B MeToZax COOCTBEHHBIX 3HAYCHUI?

OO0OBbsicHHUTE, KaK aHATH3UPOBAThH KOJICOAHUS C IIOMOIIBI0 COOCTBEHHBIX 3HAYCHHIA.
Yem otnuyaercsa QR-anroputm oT creneHHoro Meroaa’?

Kak BbIUuCIIATE BCe COOCTBEHHbIC 3HAYCHUS?

[TpuBenuTe mpUMep CTEIEHHOTO METO/AA JUISt MATPHIIBI 2X2.

Kak meton oOpaTHBIX UTEpalii HAXOAUT COOCTBEHHBIE BEKTOPHI?

0. Kak co6cTBeHHBIE 3HAYESHHSI UCIIOJIB3YIOTCS B aHAIHM3E CHCTEM?

11. Hanumwure kox Ha Python 11t crenennoro meroaa.

12. Kak monenupoBath KoliebaHUs ¢ COOCTBEHHBIMU 3HAYCHUSIMU?

13. Kakue uncienHbie mpo01eMbl BOZHUKAIOT B 3TUX METO/1axX?

14. Kak o11leHUTh TOYHOCTh BBIUMCIICHHUSI COOCTBEHHBIX 3HAUYCHUI?

15. Kakue npumnoxeHusi COOCTBEHHbIX 3HAUEHUIN B UHKEHEpUU?

POONO U AW

12. MarpuyHnas 3kcnnoHenTa (Onpeaesenue u cBoiicta. Boruncienue yepes psaa Teitsiopa.
Ipunoxenus B 1udPepeHIHAIBHBIX YPABHEHHUAX)

Yro Takoe MaTpUUYHAas SKCIIOHEHTA U KaK OHA ONpeAeseTcs?
Kakwue cBoiicTBa MMeeT MaTpUyuHasi IKCIIOHEHTa?
Kak BerumcisieTcss MaTpuyHasi 3KCIIOHEHTa uepes pax Teinopa?
Uewm oTiinyaeTcst MaTpU4Hask SKCIIOHEHTA OT CKaJIIpHON?
Kak mpumMeHsieTcss MaTpu4Hasi 3KCIIOHEHTa B pelieHu! TuddepeHInaabHbIX YpaBHEHUN?
Uro Takoe MaTpuuHas jorapudma u Kak OHa CBsi3aHa C SKCIIOHEHTON?
Kaxk Bberuncnuth €"A 1is AuaroHaaIu3upyeMol MaTpuiibl?
OO0bsicHUTE, KaK MaTpUUHas SKCIIOHEHTa Ucnoib3yercs B cuctemax ODE.
ITpuBennTe npuMep BeIYUCIEHUS € A I TPOCTOW MaTPUILIBI.

. Kakue unciennple MeToIbl 17151 MAaTPUYHON SKCITIOHEHTHI?

. Hanmmure xox Ha Python ans MaTpuyHO SKCIIOHEHTHI.

. Kak MatpuuHas sKCIIOHEHTa MOJIEIUPYET JUHAMUKY CUCTEM?

. Kakue cBoiicTBa KOMMYTHUPOBaHHUS BaXXHbI Il SKCIIOHEHTHI?

. Kak onenuts ommoOky B mpubmkenuu psana Teitnopa?

. Kakue npunoxeHnss MaTpUuHOM SKCIIOHEHTHI B KBAHTOBOW MEXaHUKE?

CoNoOARWNE
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13. Yucnennas ycroituuBoctsb (O0ycaoB/IeHHOCTD 3a1a4. OMINOKH OKpPYIJIeHHS.
IIpakTnkym: aHaJIM3 yCTOHYMBOCTH)

Yrto Takoe YMCIIeHHAs] YCTOMYMBOCTh AJITOPUTMA?

Kak onpenensiercss 00ycinoBI€HHOCTh 3a1a4u?

Kakwue Bubl o1rOoK OKpyTiaeH!s] BOSHUKAIOT B BBIYUCICHUSX?
YeMm oTiMyaercs npsimasi OomuoKa oT 00paTHOM?

Kak 00ycioBneHHOCTh BIUSET Ha TOUHOCTh pemieHust CJIAY?
OOBscHHUTE, KaK aHATTM3UPOBATh YCTOWYMBOCTH METO/IA.

Yto Takoe MalIMHHASI TOYHOCTh U KaK OHA CBSI3aHa C OLIMOKamMu?

NoabkowhE
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8. Kak omeHuTh 00yCIOBICHHOCTh MaTPHIIHI?

9. IIpuBenute mpuMep IIOX0 0OYCIOBIEHHONW MaTPHIIBI.

10. Kak omm0ku OKpyrieHus HaKarIMBatoTCs B UTEpaLHsIX ?
11. Hanmmmre xox Ha Python ans ananusa o0ycrnoBIeHHOCTH.
12. Kak yny4muTh yCTOHYMBOCTH aJIrOpUTMa?

13. Kakue MEeTpHKH UCIOIB3YIOTCS ISl OLEHKH YCTOHYNBOCTH?
14. Kak ycTOMYMBOCTH BIHSET Ha BHIOOP MeTOo1a?

15. Kakue npuMepsl HEYCTOMUMBBIX 3a/1a4 Bbl 3HaeTE?

14. Ilpukaaausbie 3aqa4u (O0padoTka n3zodpaxenunii. ®uHancosbie mojaean. Padbora Hajg
NPOEKTaMH)

Kak MaTpu4Hble BEIUMCIIEHUS IPUMEHSAIOTCS B 00paboTKe U300paxeHnit?
Kakue anroputMel HCHIONB3YIOTCS JUISL CKATUS U300payKeHHU ¢ MaTpUIIaMu?
Kak MonennpoBaTh (pMHAHCOBBIE PUCKH C TIOMOIbIO MaTpHLl?
O0wbscHure, kak SVD npuMeHsieTcs B pEKOMEHIaTENbHBIX CUCTEMAX.
Kak MaTpuIibl HCTIONB3YIOTCS B MOJIEIMPOBAHUY NOpThenen?
Kakue npoekTsl MOKHO peajin30BaTh 10 00padOTKE CUTHATIOB?
Kak FFT nomoraer B aHanu3e (MHAHCOBBIX BPEMEHHBIX PSI0B?
OO0BbscHHUTE, KaK penaTh 331a4i ONTHMU3AIUH B (PUHAHCAX C MATPUIIAMH.
[TpuBeauTe npuMep NPOEKTA MO CXKATUIO U300PAKEHUH.

. Kakx MaTpuaHbIe METOABI HCIIONB3YIOTCS B MAIIMHHOM 3PEHUU?

. Hannmwure miian npoekrta no ¢uUHaHCOBOMY MOJIEINPOBAHUIO.

. Kak peannsoBath aHanu3 JaHHBIX B IPOEKTE?

. Kakue nunctpymenTs! (OUOIHOTEKN) HYKHBI AJI1 TPOEKTOB?

. Kak onieHuTH pe3yapTaTsl MPUKIAAHBIX 331347

. Kakune 3Tnyeckue acrekTbl BOZHUKAIOT B IPUKIAHBIX IPOEKTaxX?

CoNoOA~WNE

e e ol
OadhwWNDE O

IIpumepHbIe 3a1aHNS 10 KOHTPOJILHOM padoTe
KonTpoabsnas padora Nel

1. Tema: OCHOBLI MATPHMYHOro aHaNW3a

1 2
BBIMMCAIUTE CNEKTPAMBLHYKD HOPMY MaTpuL 4 = (3 4). OfBACHUTE, YTO TEKOS BEKTOPHBIE HOPMBI 14 KAK OHU

CEA3aHbl C MATPUHHbIMK HOPMar . anBEﬂHTE npyUMep TPEaHCNOHUPORAHHA W YMHOMEHHA MATPUL, BPYyYHYIC.

2. TeMa: CHHIynApHoe paznokeHne (SVD)

0 1
EpYHHYK. Kak CUHIYNAPHBIE 3HaYEHWA ACNONLIYIOTCA ANA aHANKW33 AAHHbIX, HAaNpUMep, B CHUHEHWA pEBMEpHOCTH?

2
NoKasuTe, 4To AnA nioGail MaTpuLe A cywiecTeyer SVD A = UEVT, Bauncnure SVD gnn Matpuupl A = ( D)

3. Tema: ManopaHrosble NpUBAMKEHUA

ChopMynupyiTe Teopemy SkKapTa-AHra. Boqucnute NprinmueHUe paHra 1 Ann Matpulb 4 = (; 2 g) c

nomMowsilo SYD. CpaeHATe CUR-painoxeHie 1 SYD No SdbeKTUBHOCTI ANA COKATHA BOMBLLIWX JAHHBIX.

4. TeMa: QR-paznoMeHue
OnULLIKTe NpoLece QR-PAa3NoKEHWA € UCNONLIOBAHKEM OTPEKEHWA Xaycxanaepa. BononHuTte QR-pasncxeHue Ana

MaTprLbI 4= W 06LACHATE, KK OHO NEUMEHAETCR ANA PELEHWA CHCTEM NAHEAHbIX anreﬁpauuecmx

1 1
1 0
ypasHeHui [(1AY).

5. Tema: BuIcTpoe npectpazosaHue Dypoe (FFT)
OSBLACHUTE NPUHLMN paBoThl FFT 1 2ro NpeumMyLLecTeo Hag, QUCKPETHEIM NpeobpazosaHueM Oypae (DFT). Kak FFT
MCMONB3YETCR N5 YMHOMEHUA GONBILIKX MATPUL? MPHEBEAATE NPUMER YMHOKEHWUA [BYX NONUHOMOE € NOMGLLGLK FFT.
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6. Tema: CTPYKTYPHpPOBAHHLIE MATPHLLL
OnpaaeniTe TENAALEBbI W LIMPKYIAHTHBIE MATPULILL. TTPHUESANTE NPUMER LUPKYIAHTHORA MAaTPHLIb! X4 W 06BACHUTE, KaK
3 HEHTUEHBIE BNFOPUTME! YMHOKEHWS {Ha ocHOBE FFT) paboTaloT A5 HUx. Kak TaKHe MATPULE NPUMEHAIOTCA B
HUHIHCOBDIX NPUNOMEHHAN?

7. Tema: MpaMbie METOALI pelleHnA CIAY
2x+3y=5
PelunTe cHCTamy 4 1 meToaom [aycca € MacTUHHEIM BRIiopon rRagHoro aneMaHTa. BeinonHuTe LU-
r—y=

paznoxeHHe MaTPWLIbl CHCTEMBL W obLACHUTE &ro NpeumMyLecTea.

E. Tema: NTepauoHHEIE METOOLI
CpaBHWTE MeToLb Akobn M Maycca-3eAaens No cKOpocTA CXOAMMOCTA. MprUMeHuTe MeTod Hkobn K cucTeMe
dx+y =0
r+3y=3
METOOE NPEANOMTHTENBHE Mape, NPAMbIMK?

{BEBINCAHKTE 3 UTEPALIMM BRYHHYHO € HAYANBHEIM NpUBnukeHuen xq = 0, 4o = Q). Koraa uTepaumoHHbie

IIpumepHbIe JoOMALIHUE 3aaHUS
Jlomamnee 3aganue 1

-

. Tema: OCHOBb MaTpH4YHOro aHanusa

BbIuMCUTE eBKNMACRY HOPMY BekTopa v = [3, 4, 5]. 3atem peanuzyiite cromenue agyx Matpuy A = (; i) uBb =

5 &
(? 8) & Pythen ¢ ucnonbaoeannem NumPy. HanunTe Kop, M pesynbTar.

2. TeMa: CMHIynApHoe paznoxeHue {(SVD)

1 2
O6bAcHUTE, 4TO Takae CHHIYAAPHDbIE AHAYEHWA W BEKTOPDI B SVD. HPHEE,CI,HT'E nprmMmep VD ona MATPHLLE A= (3 4),

BbIMUCNKE U, Z 1 VAT BpyYHYKD (6es Kopa). Kak SvD APHUMEH ARTEA ANA CHAXKEHUA PAIMEPHOCTH AAHHbIX?

3. TeMa: QR-paznoxeHue

11
BbinonHuTe QR-pasnoxeHue MaTpuls 4 = (1 U) € NOMOLLbIO OTpaXeHWI Xaycxonaepa. HanvwwmTe warn

EbIMWCNeHWA W PesynLTaT. Kak 3m0 PAANMKEHWE UCNONELAYETCA ONA paLlléHAA Cnay?

4. Tema: BuicTpoe npeocSpazosadne Dypee (FFT)
OBbACHUTE NPUHUMA FFT Ha npumepe maccuea [1, 0, 0, 11, Kak FFT MoxeT Gbimb MCNOAb30BAHG ANA YMHOMEHWR [BYX
nonvHoMop? Hanuwute kop, Ha Python Ana esinonHenvs FFT aToro Maccrea c noMollsio NumPy.

5. TeMa: MpAMbie MeTOAM pewweHun CIAY
_J2r+y=5
PeuinTe cUCTamMy ypasHeHUA c—y=1 METOAOM aycca. 3aTeM peanusylite LU-paanakeHue ANA MaTPULB CUCTEMDb

B Python 1 peLuuTe €& ¢ noMoLlbie NUMPY.

6. Tema: MeTon COﬂplllKéHHblx rpagueHTos
OnNULLKUTe OCHOEDBI MaToOna CGI‘Ipﬂ)KEHHbI)( rpagleHToB (CG)ann CHMMETPHYHBEIX MaTpULL I'Ipnmenwre CG AnA palLlaHuA

CHCTEME] (i ;) (:) = (;) (BLINONHUTE 2-3 UTepauMin BpyuHylo). Kak CG MCNonL3yeTch B 3afadax TennoobmeHa?
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JlomaiHee 3aganue 2

3apaHue 2. UTepauMoHHbie MeToaM (TeMa 8)

TeopeTyeckoe OObACHEHWE: ONULLIWTE MeTod Hrkob U MeTO, Faycca—Beﬁ.qensl, CPABHUTE UX CXOQMMOCTD.
4 5

1 3/57\4

Koa B Python: Peanuayidte meton Maycca-3e@Aenn AN TOA e cAcTeMbl € NUMPY U CpaBHATE CXOAUMACTb 33 5 UTepaLMiA.

Pacuérthi: BoinonHure 2 WTEpALAW METOAA AKotu ANA cUCTEM b

3apaHue 3. MeTof con pSI)I(EHHhI)( rpajHeHToB {Tema 9)
TEOPETII*-IECI(OE OGbLACHEHWE: OGLACHUTE OCHOBL METOAA CON pA KEHHbIX rpagWeHToR W ero NpuMeHeHWe AnAa

CHMMETEUMHED. MaTPHLL

Pacyéred: BrinonHuTs 1 MTEPALMI0 METOAE CONPAMEHHLIX MpaWeHTOR AN CACTeMbl W3 3aAaHMA 2.
Koa e Python: HanuiuuTe koa AnA pewenua 3anaqn Tennooctmeda (NpocTan caTka 2x2) METOROM CONPAXEHH bIX MPaguaHTo

€ NumPy.

3aganue 4. Npenobycnasnueanue {Tema 10}

TeopeTHyeckoe o6bACHEHWE: ONULLWTE Waeo NpefciyCNaBnNMBaHUA W NpocThie NpenotycnaBnMeaTand.

Pacuéres: [lna MatprLs (i 2

Koa e Python: Peanuayite npeacBycnaenmeaHue ona yckoperna MeTona Axcbu B NumPy.

3apaHue 5. Co6CTEEHHLIE IHAMeHHWA {TemMa 11)

) NpPHMEHUTE JUATOHANBHBLIA NpefofycnaBAMBaTENE U BBIYACIUTE YNYYILEHHYIO MATRULY.

TeocpeTHyecHoe obLACHeHWE: ONUILUTE CTENEHHON METOL U METOS, DﬁpETHbI)( m'epauun ANA HAXOWOEHWA COBCTBEHHbIX

AHAMEHWIA.
PacuéTie: Halnute AoMMHUpYLOLLee cOBCTREHHOE 3HAYEHHE MATPULLLI (1 2

Kop, B Python: PeanuayiTe cTeneHHOM MeToD AR TOW e MaTpuubl ¢ NumPy.

3agaHue 6. MaTpM4HaA akCcNoHeHTa (Tema 12)

1
33 2 UTepauMu CTeNeHHoro MeToaa.

TEOPETII‘-IECI(OE OGbACHEHWE: OGLACHUTE onpeneneHe MaTpii WHOA 3KCMOHEHTbI M @€ BhiYHUCNEHWe uepes paa TEIFU"IGPB.

Pacuérthi: Boiaucnure METRUHHYIKD SKCNOHEHTY ORA

00 (I'IpHﬁJ"IH)KéHHD Ao 3-ro wneHa panal.

Kom B Python: HanWLwuTe Koa AnA BblHUcneHus METpH‘-IHGﬁ SKCMOHEHTH € NOMOLIbI SCPY AnA TON e MaTpULE.

3apanus AJ1sl MPOMEKYTOYHOM ATTEeCTAIlMM MO JMCUMILINHE (MOLYJIIO0)

Ne ni/m 3ananue OTtBer Komvmnerenmus
1 Brruucnure eBrnmoBy HopMmy BekTopa [1, 2, 3]. 3.741657 VK-1

2 Ha3zoBute MeTos pa3iiokeHusi MaTPULIbl HA OPTOrOHAIIBHBIE U QR-pasioskenie VK-2
BEPXHIOIO TPEYTOJBHYIO YaCTH.

3 VYKaXuTe KOJTUUECTBO CUHTYJISIPHBIX 3HAUCHUM JIJIs1 MATPULIbL 2 OIK-1
pasmepom 3x2.
Ha3zoBute urepalimoHHbIN METOT JIJISl PEILIEHUSI CUCTEM

4 JIMHEHHBIX YpaBHECHUH C HUCIIOJIE30BaAHUEM MPEIIEI 1%0:¢ Meron I'aycca- OIIK-4

YPV PEabIAYIIL 3eiigens

PHOIKEHUH.
YKa)kuTe KOJIMYECTBO UTEPALMI B METOJE CONPSIKEHHBIX

5 CPAJUEHTOB JJII CHMMETPUYHOMN IOJIOKUTEIBHO n [K-1
onpeaenéHHON MaTPULbL PA3MEPOM N X N.

6 HazoBute Teopemy, ONMUCHIBAIOILYIO0 MaJIOPAHT OBbIE Teopema TK-2
pHUOIMKEHUS] MATPHIL. Okkapra-Sura
YKaXHUTE TUT CTPYKTYPUPOBAHHBIX MATPHIIL, TJI€ BCE DJICMCHTBI

7 [JIABHOM TMAroHaju U BCeX MapalIe/bHbIX €M TuaroHanei TérmmueBsl T1K-3
OJMHAKOBEI.

8 HazoBute MeTo 111 HAXOXKACHUS TOMUHUPYIOIIETO CrerneHHou VK-1
COOCTBEHHOT'O 3HAYCHHUSI MATPUIIBL. METO/I

9 VYKaXuTe aroOpuT™, UCTIOIB3YEMBIH IS OBICTPOTO FET VK2
YMHOKCHHUS IUPKYJSTHTHBIX MATPHIL.
Brluuciute MaTpUUHYIO 3KCIIOHEHTY JUIsl JUarOHaJIbHON

10 (0 0] e OIK-1
MAaTPHULBI 01 (PKCIIOHEHTA OT IMarOHAJILHOTO DJIEMEHTa 1).

11 Hazosute npfmome}me MaTpPUYHBIX BEIYHACICHUN B 00padOTKe Dutbrpats OITK-4
M300paKeHH.
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12

Vkaxure METO HpeI[O6YCHaBHI/IBaHI/I$I Il YCKOPCHUS
CXOAUMOCTHU UTCPALTMOHHBIX METO/JIOB.

JnaroHanbHbIN

[K-3
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