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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 oOpa3oBaHusi — OakanaBpuar 1o HampasineHuto 02.03.01 «Marematuka u
KOMIIbIOTEPHBIE HayKu», npoduis «lIpukinagiHoil HCKyCCTBEHHBIN MHTEIIEKT», YTBEPKICHHBIN
nprka3oM MHHHCTEpCTBa HayKu M BbIciiero oOpasoBanusi Poccuiickoit @enepanuu Ne 807 ot
23.08.2017 rona.

N3yuenne qucuuiuimibl (Momyns) «OCHOBBI MAaTPHYHBIX BBIYMCICHUI» HEOOXOAUMO, TaK
KaKk MaTpU4HbIE OIEpaLUHU JIeKAT B OCHOBE MHOIMX QJITOPUTMOB MAIIMHHOIO OOy4YeHHH,
00pabOTKM TAaHHBIX U KOMIBIOTEpHOU rpaduku, odecrieurnBast 3(pPpeKTUBHOE pelIeHUE CIOKHBIX
BBIYUCIIUTENbHBIX 3a/1a4.

Orta JUCHMIUIMHA CIIOCOOCTBYET pPAa3BUTHIO TOHMMAHHS YHCICHHBIX METONOB H
ONTUMU3ALMH, YTO KPUTUYHO JUIsl CHELMAIMCTOB B O0JIACTM HCKYCCTBEHHOI'O MHTEIJIEKTA,
aHanmu3a OONBIIMX JAHHBIX M IMPOTPAMMHOTO OOECIIEUYEHHs, MOBBIIIAS UX MPOPECCHOHATBHYIO
KOMIIETEHTHOCTb U BOCTPEOOBAaHHOCTb.

MecTto tucUIIMHBI (MOAYJISA) B CTPYKTYpe 00pa3oBaTe/IbHOM MPOrpaMMbl

Hacrosimas nucuunianHa (MOyJib) BKJIOUEHA B y4€OHBIH IIJ1aH 10 MPOorpaMMe MOArOTOBKH
OakanmaBpuata o HampasieHuo 02.03.01 «MaremaTnka U KOMIBIOTEPHBIE HAYKH», MPOQPHIH
«IIpukagHOM MCKYCCTBEHHBI MHTEUIEKT» M BXOIUT B BapHaTUBHYK 4acTh bioka 1
bopMupyeMyr0 y4aCTHUKaMHU 00pa30BaTEIbHbIX OTHOIIEHUH KaK JUCLMILINHA 110 BBIOODY.

JucuunnrHa (MOyib) sBIsETCS BBIOOPHOM M JAOCTYMHA AJIs U3y4eHHus Ha 3 win 4 Kypce
B 6, 7, 8 cemecTpax Ha BBIOOp IIOCJE€ YCIHENIHOTO OCBOCHUSA IJUCHUIUIMH (MOIyJiei):
«Maremarnueckuii anamm3. Yacte 1», «Maremarnueckuii a"amm3. Yacts 2» M «JIuHeliHas
anreOpa u reomerpusa. Yacte 1», «Jluneitnas amrebpa u reomerpus. Yacte 2» wim
«Marematnueckuid anHanu3. lIpoaBunyThlii ypoBeHb. Yacth 1», «MaremaTH4yecKuil aHaIM3.
[TponBunyTHIiA ypoBeHb. YacTs 2» u «Jlunelinas anredpa u reomerpusi. [IpoaBUHYTHIA YpOBEHb.
Yacts 1», «JIuneitnas anredpa u reomerpus. [IpoaBuHyThIi ypoBeHb. HacTb 2».

Heab  w3yyeHus: JMCHUIUIMHBI  (Moayhast):  QopMupoBaHMe y  CTYACHTOB
(GbyHIaMEeHTaJIbHBIX HaBBIKOB paOOThI C MAaTpULIAMHU U BEKTOpPAMHM JJIsl pEeIlIeHus 3a/1a4 JIMHEHHOM
anreOpbl, HEOOXOAMMBIX B MPUKIATHON MaTeMaTUKe U KOMITbIOTEPHBIX TEXHOIOTHUAX.

3agauu u3yyeHusi AMCUUILIMHBI (MOAYJIA):

— U3Y4YUTb OCHOBHBIE OIlEpalMM C MaTpULAMH, BKJIIOYas CIIOXKEHUE, YMHOXKEHUE,
BbIUHUCIIEHHE 0OpaTHON MaTPULIbI ¥ OTIPEAETUTENSL, ISl HOHUMaHMsI UX CBOMCTB U UCIOJIb30BAHUS
B JITUHEHHBIX CHCTEMAaX;

— OCBOMTb 4YHMCIICHHBIE METOJbl PEIICHHUsS MaTPUYHBIX ypaBHEHMH, Takue Kak LU-
pa3joKEHUE W CHUHTYISIPHOE pa3JIoKEHHe, Uil aHalu3a M pelleHus 3afad ¢ OoJbLIOn
Pa3MEpPHOCTBIO;

— IMPOAHAIM3UPOBATH  IPAKTUYECKUE TNPWIOKECHUS MATPUYHBIX BBIUMCICHUN B
MalIMHHOM OOYy4eHUH, KOMIIBIOTEPHOU Irpaduke U ONTUMHU3ALINHU, BKIIIOYas paboTy ¢ BEKTOpaMu
Y TEH30paMU B aJrOpUTMaXx;

— peaJn30BaTh MAaTPUYHBIC AITOPUTMBI Ha S3bIKaX IPOrPaMMUPOBAHUA, HAIPUMED
Python nnu MATLAB, nns unTerpanuy T€OpeTUYECKUX 3HAHUM B MPOEKTHI M0 MaTEMaTHKE U
KOMITBIOTEPHBIM HAYKaM.

B pesyabTare 0CBOCHUSI TUCHMILIMHBI (MOAYJIs1) 00y4AIOLIUIICH 10JIKEeH
3Hamy:

— CBoOiicTBa W 00JacTH TPUMEHHUMOCTH OCHOBHBIX MATPHUHBIX pasnoxkeHuit: SVD
(BxuTrouas reopemy Dkkapra-SAHra-Mupckoro), QR, LU, Xoenkoro, CKeIeTHOTO pa3IoKeHNUS,

DNEeKTPOHHBIA JOKYMEHT



— YHCJICHHbIE METOJbI MOMCKAa COOCTBEHHBIX 3HAYEHUH M BEKTOPOB: CTETIEHHOW METOJ,
oOpaTHBI CTENEeHHOM Meron, MeToi caBuros, QR-aaroputm, ¢opma XeccenOepra U ux
npumeHenue (Hanpumep, PageRank);

— TIOCTAaHOBKM 3aja4y HeoTpuuareabHol (akropuzammu (NMF) wu  matpudHoro
nononHeHus (matrix completion): mynbruruinkatuBHble npaBuia Jlu u Conra, ALS, cBs3b ¢
BEPOSTHOCTHBIMH MOJIEJISIMU, IPUMEPHI (TEKCThI, PEKOMEHIaTeNIbHbIE CUCTEMBI);

— KpBUIOBCKME METOIbl W rpadoBble MNPHIOKEHUS: HUTepaluuu ApPHOJBIAH, METOJ
Jlannoma, GMRES; cniektpansHOe pazouenue rpada gepe3 MaTpHily CMEXHOCTH;

— OIIpEeNeIeHUs] U CBOMCTBA HOPMAaJbHBIX MAaTpHILl, CIIEKTPAJIbHBIE TEOPEMBI JUISl HUX;
CBSI3b 4HClIa OOYCIIOBJIEHHOCTH C ycTOW4YuBOCTHIO pemieHus CJIAY u perpecCHOHHBIX 3ajad;

ymemb:

— npumMeHaTs SVD i pemeHus MPUKIAAHBIX 3aad: BBIYMCICHUE ICEBIO0OPATHOM
matpuisl, pemienne MHK (B ToM uwMcie BBIPOXKAEHHBIX U HENOOINPEACIEHHBIX CHCTEM),
MOHM)KEHUE Pa3MEPHOCTH, BU3YyaJIN3allMsl JTaHHBIX;

— peaJM30BBIBaTh W BBIOMpaTh mnojaxonamuid meron mis QR-pasnoxenus (I'pamm-
HImuar, Xaycxosngep, I['MBeHC) B 3aBUCMMOCTM OT TpeOOBaHUM K YCTOMUMBOCTH U
Ppa3peKEHHOCTH;

— cTpouTh MeTo[ IN1aBHbIX KOMIIOHEHT (PCA) uepe3 SVD Bb100pOYHOI KOBapUallmOHHON
MaTpULIbl, WHTEPIPETUPOBATh TIJaBHbIE KOMIIOHEHTHl JUIs BHU3yalM3alUd U BbLACICHUS
IPU3HAKOB;

— IpPHUMEHATh peErysipu3anuio  THUXOHOBA sl PEUICHUs IJI0XO OOYCIIOBJICHHBIX
CJIAY; ucnonb3oBaTh PaHIOMHU3HPOBAHHBIE METO/IbI (Ci1y4aiiHble IIPOCKIMH,
pangomMu3upoBaHHbiil SVD) i G0bIINX MaTPULL;

— MOJIEIUPOBATh 3aBHCHMblE MHOTOMEpPHBbIE HOPMAJIbHBIE Clly4dailHble BEIMYUHBI C
3a/laHHOM KOBApUAIIMOHHOM MaTpHIIEH, HCIIOJIB3YS pa3iioKeHHEe XO0JIEIKOT0;

enademp:

— HHCTPYMEHTapueM MaTpUYHOI'0 aHaiM3a Ui JUArHOCTUKHU YCTOWYMBOCTH: OLIEHKA
yhciia O00YCIOBIEHHOCTH, BBIOOpP pAa3loXKEHUs B 3aBUCUMOCTH OT CBOWCTB MAaTpPHIIbI
(CUMMETPUYHOCTb, TMOJIOKUTENbHAS ONPENeNEHHOCTb, Pa3peKEHHOCTh), KOHTPOJIb TOYHOCTH
pe3ynbrara;

— MeTOoJaMH HEOTPULATEeNbHOM (paKTOpU3aluu U MATPUYHOTO JOMOJIHEHUS JJ1s padOThI €
peaJbHBIMH  Pa3pEKEHHBIMU  JTaHHBIMM  (TE€KCTBI, PEKOMEHJAIMH) C HCIOJIb30BaHHEM
MYJIbTUILNIMKATUBHBIX IIpaBUII u ALS
KpbutoBckumMu noamnpocrpancTBamu (urepaun ApHonsau, Jlanmoma, GMRES) mis pemenus
Oonpmux pazpexeHHbix CJIAY, riae npsMble METOAbI HEPUMEHUMBI;

— CHEKTpaJbHBIMU METOJaMU aHanu3a TpadoB A 3aJa4M CIEKTPaIbHOro pazOueHUs
rpada Ha KJacTepbl ¢ HIOHUMaHHEM OTpaHUYEHUH (1yBCTBUTEIBHOCTH K BEIOpOCaM, BEIOOp YncIia
KJIACTEPOB);

— HaBbIKOM BbeIOOpa Mex 1y npsmbeiMu (LU, QR, SVD) u urepanmonnsivu (KpbutoBckue)
merogamu pemeHuss CJIAY B 3aBucumMocTH  OT pa3Mepa, pa3peXeHHOCTH, 4YHCia
00yCIIOBIEHHOCTH U TpeOyeMOi TOYHOCTH, C TOHUMaHUEM OIpaHUYECHUN KaXI0ro MOIX0/a.
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2. IlepeyeHb MJIAHUPYEMBIX Pe3yJbTATOB 00yUYeHMsI

Komnerennyu, ¢opmupyembie B pe3ysibTaTe OCBOSHHUS JUCHUILIUHBI (MOIYJS) IPH
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Kox u conep:xxanue
KOMIEeTeHIH U

HNHaMKaTop KOMIETeHIUH U NepedyeHb IVIAHUPYeMbIX
pe3yJIbTAaTOB 00y4YeHMs [0 JMCUMILIMHE (MOAYJII0)

VYK-1. Criocoben
OCYIIIECTBIISIT TIOKCK,
KPUTHYECKHI aHAJIN3 U CHHTE3
HHPOPMAITUH, TIPUMEHSTE
CUCTEMHBIN MOAXO0M IS
pelleHNs TIOCTABIEHHBIX 33124

VYK-1.1. 3HaeT MeTo bl TOMCKA U aHANKM3a UHpOpMaIMK B 006JIacTu
pa3pabOTKH, OCHOBHbIE NPUHIMIIBI KPUTUUYECKON OLIEHKH
MCTOYHUKOB HH(OPMALIUH U UX PEIIEBAHTHOCTH.

VK-1.2. YMeeT KpUTHUECKH OLICHUBATh HCTOYHUKH HH(OPMALUU H
CHHTE3UPOBATh AAHHBIC U3 PA3JIUYHBIX HCTOYHUKOB VISl PEIICHUS
3a[1a4, IPUMEHATh CUCTEMHBIH [TOJIX0 K aHAJIU3Y U PELICHUIO
KOMILJIEKCHBIX TIPOOJIEM.

YK-1.3. IMeeT nmpakTU4ecKuii OMbIT pabOThI C COBPEMEHHBIMHU
WHCTPYMEHTaMU M TEXHOJOTUAMU AJIs1 00paboTKH WH(GOPMAITIH,
(bopMyNIHMpOBaHHUU U CTPYKTYPUPOBAHUY 3a/1a4 HA OCHOBE
MOJTy4YeHHOH MH(OpMAaIHH.

YK-2. Criocoben onpenensts
KpYT 3aJa4 B paMKax
[IOCTaBJICHHOW LIEIH U
BI)I6I/IpaTI) OIITUMAJIBHBIC
CHOCOOBI MX PEIICHUS, HCXOAS
13 AEUCTBYIOIIMX MIPABOBBIX
HOPM, UMEIOIIUXCS PECYPCOB U
OTrpaHUYCHUI

VK-2.1. 3HaeT nelcTBYIOLIME IPABOBBIE HOPMBI, PETYJIUPYIOLLINE
JeSITeIbHOCT B 00JIaCTH peIeHHs 3a7a4, OCHOBHbBIE METOABI U
HOJXO0/Ibl K ONPEESICHHUIO KPyra 3a1ay.

VK-2.2. YMeet onpenesaTs KpyT 3a7a4 B paMKax MOCTaBICHHOM
[EJTH, BEIOUPATh ONTUMANILHBIE CITOCOOBI PEIICHUS 32144, YIUTHIBAS
HUMEIOIIUECS PECYPChl H OTPaHHYCHHS.

VK-2.3. IMeeT npakTUYECKUA ONBIT MPUMEHEHUS 3HAHUH O
MPaBOBBIX HOPMAX U PECypcax B PEATbHBIX CUTYAIHAX, Pa3paboTKu
U peanu3alyy PELIeHUH B COOTBETCTBUH C YCTAaHOBICHHBIMU
OTpaHHYEHUSIMHU.

OIIK-1. Criocoben
KOHCYJBTHPOBATh U
HCIIOJIE30BaTh
(yHIaMeHTalIbHbIC 3HAHUS B
00JIaCTH MaTeMaTHYECKOTO
aHaIM3a, KOMIUIEKCHOTO U
(YHKIIMOHABHOTO aHaN3a
anreOpol, aHATUTUIECKOH
TeOMETpPHH,
muddhepeHnnanbHON
F€OMETPHUHU U TOIOJIOTHH,
UG hepeHIInaTbHBIX
YpaBHEHUH, TUCKPETHON
MaTeMaTHKHU U
MaTeMaTU4YeCKON JIOTUKH,
TEOPUHU BEPOSTHOCTEH,
MaTEeMaTHYECKOW CTATUCTUKU
U CIy4YalHbIX IPOLECCOB,
YHCIICHHBIX METOJIOB,
TEOPETUIECKON MEXaHHKH B
npodeccuoHaIbHON
JESITEIbHOCTH

OIIK-1.1. 3HaeT OCHOBHBIE TIOHATHS, METO/IBI M PE3YIBTATHI
MaTeMaTHYECKOTr0 aHaJIN3a, KOMIUIEKCHOTO U ()YHKLIIMOHAIBHOTO
aHanm3a, anreOpel, aHATUTHYECKON 1 AuddepeHanTpHON
T€OMETPHH, TOTIOJIOTHH, TU(PepeHIIHATEHBIX YPaBHEHUH,
JIUCKPETHOM MaTeMaTUKX U MaTEMaTUYECKON JIOTUKH, TEOPUU
BEPOSITHOCTEH, MAaTEMAaTHYECKON CTATUCTUKH U CIIyJalHBIX
MPOIIECCOB, YUCICHHBIX METOJIOB U TEOPETHIECKON MEXaHHKH.

OIIK-1.2. Ymeer npuMeHsTh HyHIaMEHTaIbHBIE MaTEMaTHYECKHE
3HAHUS ¥ METOJIBI JJIS1 aHAJIN3a U PEeIeHNs TPO(heCCHOHATIBHBIX
3ajau.

OIIK-1.3. meeT npakTU4eCKH OMBIT BEIOOPA, pa3pabOTKU U
pean3anyuy MaTeMaTH4eCKUX MOJeNiell 1 METO/IOB MPH PEIICHUH
3a1a4 npodeccHoHaTbHON AesITeIbHOCTH.

OIIK-6. Criocoben
pa3pabaTbiBaTh ATOPUTMBI U
KOMIIBIOTEPHBIE IIPOrPAMMBI,
MPUTOHBIC IS

OIIK-6.1. 3HaeT NpUHLIMIBI AITOPUTMH3ALMH, OCHOBHBIE CTPYKTYPBI
JaHHBIX, IAPaAUTMbl IPOrPAMMHUPOBAHMS, METO/IBI Pa3padOTKH,
TECTUPOBAHHS U OTIAIKH KOMIIBIOTEPHBIX MPOTPaMM.

OIIK-6.2. YMmeeT pa3zpabaTsiBaTh, JOKyMEHTUPOBATh, TECTHPOBATH U
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MPAKTUYCCKOTO MPUMCHCHU

OTJQKUBATH AITOPUTMBI M KOMITBIOTEPHBIC TIPOTPAMMBI, TPUTOIHBIC
JUTS IPAKTHYECKOTO IPUMEHEHHUSI, C HCTIOIh30BAaHUEM COBPEMEHHBIX
SI3BIKOB U Cpejl pa3pabOTKH.

OIIK-6.3. meeT npakTHUECKHUl OMBIT pa3paboTKu U
CONPOBO’KACHHS KOMIBIOTEPHBIX IIPOrPAMM U TIPOT PAMMHBIX
KOMIUIEKCOB JUIS PEIICHNUS MPUKIIAIHBIX 33/1a4.
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3. Temaruueckuii njiax

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YAChI
f HaunmeHoBaHue Qunas dopua TKY
AyaurtopHas .
pa3nesa AUCHUILIHHBI paGora (Tekymumii
(MoayJis) CamocrosiTen KOHTPOJIb
Jleknun | [IpakTunuy | Kontpouas
bHaf padora ycneBaeMoCTH)
ecKHe
3aHATHS
1 Bsenenne. OCHOBHEIE 2 2 14 JlomarHee 3aganue
TIOHSITHSL U OIIPEJICIICHUS AynurtopHas paboTa
2 Paznoxenust matpuil 2 2 14 JlomariHee 3aganue
AymutopHas paboTa
3 Haxoxnenune 4 4 2 14 JlomarHee 3aganue
COOCTBEHHBIX 3HAUYCHHUH U AymutopHas pabota
BEKTOPOB KontponbHas pabora
4 MerTo/1 ri1aBHBIX 4 4 14 JlomarHee 3aganue
KOMITOHEHT AynuTtopHas paboTa
5 Perynapuzanus 4 4 14 Homarinee 3ananue
AymutopHas paboTta
6 PannomusupoBanHbIe 4 4 14 JlomarHee 3aganue
MaTPUYHBIC METObI AynuTtopHas paboTa
7 Heotpunarensnas 4 4 14 JlomamrHee 3a1aHue
(hakropuzanus. 3agada AynuropHas paboTa
MaTPUYHOTO JIOTIOJHEHHSI.
8 KpbutoBckue MeTO B 4 4 14 Homarinee 3ananue
AymuropHas pabota
9 [Ipuxmamabie IpUMEpHI. 2 2 2 4 JomarmtHee 3amanue
I'pader AynutopHas paboTa
KontponbHas paborta
3auem c oyenkoil 10 Wrorosas pabora
Hmozo: 30 30 14 116
Obvem oucyunaunot (mooyns) (6 190
ak. 4.)
Oobvem Oucyunaunvt (Mooyns) (6 5

3au. eo.)

DNEeKTPOHHBIA JOKYMEHT




4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Nen/m | HammeHoBanue pasjiena
JMCHMIJIMHBI (MO1YJIs1)

Conep:xanue TUCHUIUTHHBI (MOYJIs1) IO TeMaM

1 Baenenne. OcHOBHEIE
MTOHSITHS U OIIPEICICHHUS

Jluneitnas 3aBucuMocTb. Panr, simpo, 06pas. Hopmel MaTpwir.
CoOcTBeHHBIC 3HAYCHHSI H COOCTBEHHBIC BEKTOPHI.
Hopmanbnbie matpuiibl. CeKTpaibHbIE TEOpEeMbl. UHCIIO
00yCIIOBIIEHHOCTH.

2 PasnosxeHus MaTpui

Cunrymsiproe paznoxenne (SVD). Teopema Dxkapra-Aara-Mupckoro.
CkeneTHOE pa3ioKEHHE.

Cunrynspaoe paznoxenue (SVD). ['eomerpuueckuii cMbICIT.
[IceBnoobpaTHas MaTpuIla ¥ METOJT HAMMEHBIIINX KBaJPaTOB.
QR-pasznoxxenue. [Ipouecc 'pamma-IImuara. OrpaskeHus
Xaycxonaepa. Bpamenus ['uBenca. [lpumenenue 8 MHK.
LU-paznoxenne. Pemenune CJIAY ¢ momompro LU-pa3inokeHus.
CuMMeTpUYHBIE TIOJOKHUTETHHO ONpeIeEHHbIe MaTpuIlbl. Pasmoxkenne
Xoneukoro. KBaapatHbeie kopHH. MoaenrpoBaHie 3aBUCHMBIX
CIy4ailHbIX BEJIMYHMH.

3 Haxoxnenne

COOCTBEHHBIX 3HAYEHUN U

CreneHHON MeTOA, OOpPaTHBIN CTENEHHON METO/I, METO/I CIABUTOB.
[Ipumenenne x PageRank. KortponpsHas pabora 1

BEKTOPOB QR-anroputm. ®opma Xeccendepra. QR-aJropuT™ co CABHTaMH.
4 Merton ri1aBHbIX MI'K uepe3 SVD-paznoxkenue. Beioopounas koBapualoHHasi MaTPHIIA.
KOMITOHEHT Busyanusanysi, BEIIEICHUE TPU3HAKOB.
5 Perynsapuzanus [Ipo6memsr ycroitunBocTr. Yncno obyciaorneHHocTH CJIAY.
Perynspuszanus TuxoHosa.
6 PannomusnpoBaHHble Merton cnyuaitHbIx npoekunii. PannomusupoBanusiit SVD.

MaTpPUYHBIE MCTO/bL

PanmoMu3npoBaHHBIC HTEPAITHOHHBIC METOTBI.

7 HeotpunarensHas

(akropuzanus. 3agaua
MaTPUYHOTO JIOTIOJIHEHHS.

[TocranoBku 3ana4. [Ipumeps! U3 aHamM3a TEKCTOB, PEKOMEHIATEIbHBIX
cucreM. MyJIbTUIUIMKATHBHEIE TipaBuiia ooHoBineHus JIu u Conra. ALS.
CBs13b C BEpOATHOCTHOM MOJIEJIBIO CKPBITHIX (PAKTOPOB.

(o]

KpLIJ'IOBCKI/IC MCETObI

Wrepanuu Apaonsau u meroa Jlannoma. GMRES.

9 [Ipuxmnanubie IpUMepsI.

['pads

I'padoBbie MeTonBl. MaTpuIa cMEXHOCTH Ipada, CIIEKTPaTbHOEe
pa3ouenue rpada. Konrponbhas padora 2
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTpaHsIeMOro IMPOTPaMMHOTO O0ECHEeYeHHs, BKJIIOYas TMPOJYKTHl OTEYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENIFHON Cpelie YHUBEPCUTETa. OTH CHCTEMBI IPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

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

Ocnosnas numepamypa:

1. Kpemep, H. I11. Jluneiinas anre0pa : yueOHUK 1 nnpakTukym s By3oB / H. 1. Kpemep,
M. H. ®puaman, U. M. Tpumms ; nox penakuueii H. 111, Kpemepa. — 3-e u3a., ucnp. u qom. —
Mockaa : M3parensctBo FOpaiit, 2026. — 422 ¢. — (Briciiee o6pazoBanue). — ISBN 978-5-534-
08547-1. — Texkcr : snmexktpoHHbI // OOpa3oBarensHas miatdpopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/582873

2. Boponos, M. B. BrruuciurenpHas MmaremMatnka : yaeOHHK 1iis By30B / M. B. BopoHos.
— 2-e u3A., nepepad. u gon. — MockBa : U3natensctBo FOpaiit, 2026. — 80 c. — (Bsicmiee
obpazoBanue). — ISBN 978-5-534-18512-6. — Tekct : anmexkTpoHHBIN // OOpa3zoBareibHAs
wiatgopma tOpaiit [caiit]. — URL: https://urait.ru/bcode/589133

3. lenos, I'. C. Yucnennple METOIbI JTMHEHHON anreOpsl : yueOHoe mocodue / . C.
[leBmog, O. I'. Kprokosa, b. 1. Me13ankoBa. — 3-¢ uzn. — Mocksa : UTH®PA-M, 2026. — 528
c. - ISBN 978-5-16-016796-1. - Teker DIIEKTPOHHBIH. - URL:
https://znanium.ru/catalog/product/2211865

Jlonoanumensnasn numepamypa:

1. ITanteneeB, A. B. Uucnennsie meronsl. I[lpaktukym : ydeObHoe mocobue / A. B.
[TanTtenees, . A. KympsBueBa. — MockBa : UHOPA-M, 2023. — 512 c. — (Bricuiee
obpazoBanme). - ISBN 978-5-16-018445-6. - Tekcr : onektponnsid. - URL:
https://znanium.com/catalog/product/2002583
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6. MaTepuajJbHO-TeXHHYECKOE 0O0ecneuyeHue

VYHuBepcuTeT pacrnojaraeT MaTepUalbHO-TEXHUYECKOM  0a30i, COOTBETCTBYIOLIEH
JIEMCTBYIOIMM ITPOTHBOIIOKAPHBIM IPAaBUJIaM U HOPMaM U 00eclieunBaroIeii IpoBeieHUE BCeX
BUJIOB JIMCUUIUIMHAPDHOW W MEXIUCUUIUIMHAPHOW ITOATOTOBKH, HIPAKTHUYECKOM M HAy4HO-
UCCIIEI0BATEIbCKON PaboT 00yJaromuXxcs, NPeAyCMOTPEHHBIX YU€OHBIM IIJIAHOM.

[Tomernienust, KOTOPBIE MPEICTABIISAIOT CO00M yueOHbIE ayAUTOPUH IJIsl TPOBEACHUS 3aHATHHA
JEKIMOHHOTO THUIA, 3aHATUH CEeMMHApCKOro (IpakTU4YeCKOro) THMA, TIPYIIOBBIX H
MHJMBUAYaAJIbHBIX KOHCYJIbTALMM, TEKYIIETO KOHTPOJIS U MPOMEKYTOUHON aTTECTALlUH, a TAKXKe
IIOMEIIEHUS I CAMOCTOATENIbHOM paObOoThl U MOMEIIEHUS I XPaHEHUs U NTPO(UITAKTUYECKOTO
oOciy>xuBaHus yueOHOro 060opynoBanus. IlomemeHns: yKOMIUIEKTOBAaHbI CIICIUATIN3UPOBAHHON
MeOeNnbl0 U TEXHUYECKHMMHU CpEICTBAMH OOydYeHHs, CIy>KalllUMH JUls MpeACTaBIeHUs yd4eOHOU
uHpopManuu O0JIBIION ayTUTOPHH.

N3yueHue qucuuIuIMHbL (MOAYIs) o0ecreunBaeTcs B y4eOHbIX ayIMTOPHX, OCHAILICHHBIX:

— CTOJIaMHU U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOW;

— MEXaHWYECKUMU KaJIbKYJIATOpaMHu,

—  CHENHUaIN3UPOBAHHBIM 000pYI0OBaHUEM, BKIIIOYAs IEMOHCTPAIIMOHHOE 000py/JOBaHHE.

[TomerieHus 1711 CaMOCTOATENBHOM paboThl 00yUarOIINXCsl, B TOM YUCIIE IPUCIIOCOOICHHBIE
JUIsL MCTIONb30BaHMsI MHBAJIWJAMH M JIMIAMU C OTPAHUYEHHBIMU BO3MOXHOCTSMH 310POBbS,
OCHAIIIEHbl KOMIIbIOTEPHON TEXHHMKON C BO3MOYKHOCTBIO HOJKIIOUEHHs K ceTH «MHTepHeT» u
o0ecrieueHHEM  JIOCTylla B JJEKTPOHHYI0  HH(OpMANMOHHO-00pa30BaTENbHYIO  Cperly
YHuBepcurera.

OOyyarommMcsl IPeNOCTaBIAETCS JOCTYNl (B TOM 4YHCIE YHAIEHHBIN) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
Yyciie 3JCKTPOHHBIM OHOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM MPO(EeCCHOHAIBHBIM 0Oa3am
JTAHHBIX U UH(OPMALIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HaumeHnoBanue moprasia 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 MH(OPMALIMOHHBIX TEXHOJOTHM, MCHOIB3YEMBIX IPH  OCYIIECTBICHUU
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

Cucrtembl pe3eppHOro 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, CEMUHApBhI, ayIUTOpHAass paboTa, KOHTPOJIbHbIE padOThl U JOMAITHUE 33/1aHUS, a TaKXKe
pasI4YHbIe BHUIBl CAMOCTOSTENHHONH paboOThl O0YYaIOUIMXCSA IO 33JaHUI0 TpernojaBaTes,
HaIpaBJIEHHbIE HA Pa3BUTHE HABBIKOB MPO(ECCUOHATILHON JIEKCUKH, 3aKPEIICHUE MTPAKTHUECKUX
npodeCCHOHATBLHBIX KOMIIETEHIIHH, TOOIPEHNE HHUIHATHB.

Jlekyuss — cUCTEMAaTHYECKO€, IMOCIEOBAaTEIbHOE, MOHOJOTHYECKOE H3JIOKECHHUE
npernojiaBaTeseM yueOHOro Marepuana, Kak IpaBuiIo, TEOPETUYECKOTO XapaKTepa.

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 CHEUATIBHBIE 3HAHUS 110 OJHON WM HECKOJIBKUM
TeMaM JUCLUIUIMHBI (MOAYJS) ¥ IPOJEMOHCTPUPOBATh HABBIKU UX MPAKTUYECKOTO IPUMEHEHUS.

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

B miporiecce caMocTosITeNbHOM PabOThI CTYIEHTHI B3aUMOCHCTBYIOT C PEKOMEHIOBAaHHBIMHU
MaTepuaiaMH MPu MUHUMAIILHOM yYacTHH MpenoiaBatess. 3aauu CTyJeHTa BKIIOYA0T padoTy
C KOHCIIEKTaMu JIeKIu# (00paboTKa TeKCTa), MOBTOPHOE M3yUeHUE YUeOHBIX MaTepHaJIOB IJIAHOB
U TE3UCOB OTBETOB, U3yU€HHUE JOMOTHUTEIBHBIX TEM, BHIMOIHEHHE yU4eOHO-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 TPOBOJIUTCS OIICHKA KOMIETCHIMHA, CHOPMHUPOBAHHBIX TIO
JTHCIHAIIIHHE.

Jlnst oleHWBaHMS TEKYIIETO KOHTPOJS YCHEBAEMOCTH M IMPOMEKYTOYHON AaTTecTaluu
WCIIONIB3YETCS JICCATHOAITbHAS IIIKaJIa OIEHWBAHMS, KOTOpas COOTHOCHUTCS C TPAJAUIIMOHHON
MATUOATUTHPHOM KON CIeIYIOIM 00pa3oM, eCiIi HHOE He YKa3aHO B CHILIA0yce TUCIUTUTHHEL:
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JlecaTnboanabHas
OIleHKA

IIaTnéananLuasn
OILICHKA

OneHka 3a 3a4yert

OO0mast xapakTepucTHKA pe3yJibTaTa
00yueHus 1o JUCHUILIHHE (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,

DNEeKTPOHHBIA JOKYMEHT




JecarudannpHas IlsaTuéannbHas OO0mast XapaKTepuCTHKA pe3yabTaTa
Ouenka 3a 3a4er
OLICHKA OLICHKA o0y4eHUs MO TMCHUTUINHE (MOIYJII0)

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.

Jucnumumna (Moxynb) «OCHOBBI MAaTPHUYHBIX BBIYMCIICHUI OICHHBACTCS CIEIYIOUIHIM
o0pazoM:

AKTHBHOCTb Bec |KoauuectBo Onucanue

Homamrane 3amaans | 25% 10 Hab6op 3amau o TeMaM HeAeH

KonTponbHbie 25% 2 [Mucermennas pabota ¢ HabOpoMm 3aad, KOTOPbIE HYKHO

paboTEhI PELIUTh 3a OTPAaHHUYCHHOE BPEMS

AynutopHas pabora | 15% 15 AKTuBHas paboTa CTyJJeHTa Ha CEMUHAPE WJIH JICKIIUH, Ero
OTBETHI Ha BOMPOCHI IPENIOAABATENS M yUacTUE B
JUCKYCCHH

3auer ¢ oleHKOn 35% 1 Urorosast paboTa - mrucbMeHHas paboTa ¢ HAOOpOM 337124,
KOTOpbIE HY)KHO PEIIUTh 32 OTPaHHYCHHOE BpeMs,
BO3MOYEH JOIOJIHUTEIbHBIA YCTHBIN DK3aMEH

®opmyJa pacyéTa UTOrOBOM OLEHKH MO JUCHUILIHHE (MoayJie) «OCHOBBI MATPUYHBIX
BbIYHCJIeHUI»: «0,2% cpenHee 3a qomairHue 3a1anus + 0,3% cpeHee 3a KOHTPOJIbHBIE paOOTHI +
0,15 x3a aymutopayro padory + 0,35 X3a4eT ¢ OIeHKON».

Texyumii KOHTPOJIb yceBAeMOCTH 00y4AKOUIUXCH M0 AUCHUIINHE (MO/yJIe)
IIpumepHBIe BOPOCHI 118 CECMHHAPOB

1. O6mwsicaute uaero QR-paznoxenus u cBoiicTBa noydatonuxcst matpuil Q u R.

2. CpaBaute QR- wu LU-paznoxeHus: B KakuX CHTyalMsX KaxJaoe M3 HHUX
peanouTuTeNnbpHee?

3. Ilouemy y cuMMeTpUYHON MaTpHIIbl BCe COOCTBEHHbIE 3HAUCHMs BelecTBeHHbI? Kak u3
ATOTO CJIETYET OPTOTOHAITBHOCTh COOCTBEHHBIX BEKTOPOB?

4. OnummuTe, Kak M3 CUHTYISpHOro pasnoxeHus (SVD) mnonydarorcs COOCTBEHHBIE
BEKTOPHI KOBapualMOHHON MaTpullbl. Kakue cBoliCcTBa JaHHBIX COXPAHSIOTCS MPHU MPOEKIMH Ha
nepBble K r1aBHBIX KOMITOHEHT?

5. B uém paznmuuue Lo- (ridge) u Li- (lasso) perynspuzanuii ¢ TOYKU 3pEeHUSI TEOMETPUH
pemennsa? Kak peryssipusanust MEHSET CIIEKTP MaTPULIbl CUCTEMBI AX = b?

6. IlpuBenure mpumep, korma Randomized SVD naér cymecTBeHHOE YCKOpEHHE TII0
CpaBHEHHUIO ¢ KiaccuueckuM SVD. Kakue rapaHTiy TOUHOCTH CYIIECTBYIOT JUJIsl TAKOTO MeToa?

7. Ilouemy TpeOyeMOCTh HEOTPHUIATEIBHOCTU JesaeT (PaKTOPHU3ALUI0 HEOJIHO3HAYHOM?
Kak MynbTUIITHKATUBHBIE OOHOBIIEHHS 00€CIIEUNBAIOT COXPAaHEHNE HEOTPULIATEIBHOCTH?

8. Kakue ycioBusi Ha paHr UCXOIHOW MATPHUIIBI TAPAHTUPYIOT €IUHCTBEHHOCTh PEIICHUS
3a/1a4M TOTNOJIHEHUS?

9. Cpasuute Metoasl CG 1 GMRES: kakue THITBI CHCTEM OHU PEIaloT, KaKHUe CBOKWCTBA Y
UX UTEPALlMOHHBIX IPOCTPAHCTB?
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10. Kak u3 mMaTpuipl CMEKHOCTH TONYYHTh CIIEKTPAIBbHYIO KiacTepusanuio rpada?
UeMm oTiIMUaeTCs UCIIOJIb30BAHKE JalIaCHaHa OT MATPHUIBI CMEKHOCTH TPU aHAIIN3€E CBSI3HOCTH?

IpumepHbIe 3a1aHMsI 10 KOHTPOJILHOI padoTe

1. Buinonuute pysHoe QR-paznoxeHne maTtpuiis!

1L 1.0

A=11 0 1
0 1 1
C nomolbia nonydenHbix Q v R Haiavre pewenve cucteme Az = b, rae b= (2,1,1)7.
2. [Ina CHMMETPUMHON MaTPWLLBI
4 1 2
B=1[|1 3 0
2 0 5

a) nahauTe sce COOCTBOHHbLIE IHAYEHUA Y HOPMANN30BaHHbie CODCTEEHHBIE BEKTOPL!;
6) NPOBAPLETE X OPTOrOHANBHOCT.
3. Oaxo Tpu geymepubix vabniogenuwa (2. 0), (0.2), (3.3).
a) NOCTPOLTE MATPULY A8HHLIX, UEHTPUPYATE 288 U HANQWUTE KOBAPUALMOHHYIO MaATPULY,
B) suinonuuTe SVD v 3anuiunTe NepBse MaBHble KOMNOHEeHTD,
8) NPOEUMPYIATE UCXOAHBIE TOUKW Ha OHY IMaBHYI0 KOMIOHEHTY W BbIMUCAKTE ODBACHEHHYIO fNnCHepcuio.

4. PaccmorpwTe 3apavy nuHenron perpeccm y = Xwec

1
X=11 =1], y=1(2,0,3)

2

a) Hvangure pewenne 5ea perynapuaayumn (MeTo HansmeH blnx KBanparTos),
6) Haipure ridge-pewenne npu A = 1;
B) CPEBHATE HOPMbI pelleHui  0BbACHWTE BnAHKE A.

5. OueHUTe PAHTORYIO ANNPOKCHUMALKIO MaTPMLLk!

npy k = 2 ¢ nomowsio Randomized SVD (onniunTe anropuM, YKAXKUTE UCNONLA0BAHHBIE CAYNANHBIE MATPULLI U 3anuisnTe

NONYHEHHLIE NPUENNXEHHBIE CUHIYIIPHBIE 3HAYEHUA).

l'[pnMeprle AOMAIIHUE 3a1aHUA

1. Hamummre ¢pynkunuto lu_decompose(A) 6e3 mowncka mo ¢rooiy; mpoBepbTe ¢€ padboTy
Ha CiTy4aifHo# Matpuie 5 X 5 u cpaBHHTe pe3ynbrat ¢ Scipy.linalg.lu.

2. CreHepupyiTe CHMMETPHYHYIO TIOJIOKHUTEIHHO-OMPEICIEHHYIO MATPHILY 6 X 6, HAWIUTE
e€ ciektp (numpy.linalg.eig) ¥ mocTpobTe rUCTOrpaMMy pacnpeieieHnss COOCTBEHHBIX 3HAUCHHH.

3. Barpysutre Habop manHbix Wine wu3 scikit-learn, BBIIOJIHHUTE CTaHIAPTHU3AIMIO,
npoBenute PCA u moctpobTe IByMEpHBIN IpaduK NepBbIX ABYX ITTaBHBIX KOMIIOHEHT, PACKPACUB
TOYKH 1O Kiaccam. OIEHUTE JOI0 JTUCTIEPCHUH, OOBSCHIEMYIO TIEPBOI KOMITOHEHTOIA.

4. Ha wabGope Boston housing oOy4unte OOBIUHYIO JIMHEHHYIO pErpeccuio |
ridge-perpeccuto mpu pasubix A (ot 10—4 mo 102). C moMormpo S-KpaTHOH KPOCC-BaTUIAIIUH
HalIuTe ONTUMAIBHOE A M CPABHUTE CPETHEKBAAPATHUHYIO OLTMOKY 00eHX MOJeneil.

5. Peaymsyiite ynpoménnbiii Randomized SVD (nByxaTamHsiif: ciydaifHOE TPOCKITMOHHOE
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cxkatue + oObuHBIM SVD Ha HeOomwimoi wmatpuile). Ilporectupyiite Ha pa3pexkEHHOU
matputie 1000 x 1000 (5 % HeHyneBbIX 3JEMEHTOB) M CPAaBHUTE IOJIYYEHHBIE CUHIYJISIPHBIE
3HAYEHHUs C TOYHBIMH, BRIYUCIIEHHBIMU Yepes3 Scipy.sparse.linalg.svds.

6. Peanusyiite anropurm multiplicative updates nyiss NMF. [IpumenuTte ero k HeOOIbIIOMY
Habopy n3o0paskeHui (Hampumep, 8 X §-MUKCENbHbIE MATTEPHBI), BU3YATU3UPYNUTE MOTYUCHHbBIE
0a3uCHbIC KOMITOHEHTHI.

7. Crenepupyiite matpuily panra2 paszmepom 30 x 30, ynanute 40 % e€ s1eMeHTOB
(3amenuTte Ha NaN). BoccranoBure e€ ¢ momompto Alternating Least Squares (ALS) u Beranciure
CpEeIHEKBAIPATUYHYIO OLUTMOKY BOCCTAHOBJICHHUS.

8. Peanmusyiite npoctoii GMRES c¢ pecraprom (pazmep noampocrpancTsa m =5). Pemmre
HEIUMHEHHYI0 cucteMy AX=D ¢ IpOM3BOJILHONW HECCMMMETPUYHON MaTpuIleii 8 X 8, mOCTpobTe
rpaduK HOPMBI pe3uyaia OT YHCIIa UTEPALHA.

9. Crenepupyiite CIIyYalHBII HEOPHUEHTUPOBAHHBIIN rpad (Hanpumep,
gnp_random_graph(20,0.15) B networkx). Haiigure ero marpuily CMEXHOCTH H JalljlacuaHa,
BBIUMCIIUTE HECKOJIBKO HAUMEHBIINX COOCTBEHHBIX 3HAUEHUH JlallachaHa ¥ BU3yaIU3upyHTe HUX.
Omnwucarp, Kak MOJy4eHHBIE CIIEKTPBI MOTYT UCIIOIB30BAThCS JJISl KIIACTEPU3aIliH BEPIIUH.

10. Cobepute Bce peanu3oBaHHble (QyHKIMU B penosutopuit GitHub, moarorosbte
README ¢ uWHCTpyKIMSIMH, YKOKUTE 3aBHCUMOCTH (requirements.txt) u moGaBbTe
Jupyter-uHoyTOyKu, 1eMOHCTPUPYIOLIUE KA bl ITYHKT.

3apaHus AJ1s1 MPOMEKYTOYHOM ATTEeCTAIMM MO AMCUMILINHE (MOLYJII0)

Ne 3aganne OTtBer Komnerenuust | Uuaukartop

n/n

1. YkaxuTe onpeeieHne paHra MaTpUIlbI MaxkcumanbHOe YK-1 YK-1.1
(depe3 JIMHEHHYI0 HE3aBUCUMOCTB ). YHUCJIO JTHHEHHO

HE3aBUCHMBIX CTPOK
WA CTOJIOIIOB

2. HazoBute meton pas3noxeHus: KBaapaTHOU QR-pasznoxenue OIlK-1 OIIK-1.1
MaTpHULBI B TPOU3BEICHUE OPTOTOHAIIBHON
Y BEpXHEU TPEYroJIbHON MaTpHULIbI.

3. YKaXuTe KOJIUYECTBO HEHYJIEBBIX 3 (MUHUMYM U3 OIIK-1 OIlK-1.2
CHUHTYJISIPHBIX YUCEN 111 MaTPUIIbI PasMEpoOB IIpu
pasmepom 5x3 panra 3. TOJTHOM paHTe)

4. 3anuiunTe GOopMyITy KBaIpaTUIHON (POPMEI xTAX = Zjj aijXiX; OIlK-1 OIIK-1.1
xTAX, TIe A — cUMMeTpUYHasT MaTPHIIA.

5. HazoBwute anroputm HaxoXKIeHUS CreneHnoi metoy / OIIK-1 OIlK-1.2
JIOMUHHPYIOIIET0 COOCTBEHHOTO 3HAYCHUS Power Iteration

MaTpHUILbl €3 IPUBEJEHUS K TPEYTOIHbHOMY

BUY.
6. VKaXHTe yCI0BHE OPTOTrOHATBHOCTH (vi,vi) =0 ipm i#j / OIIK-1 OIIK-1.1
COOCTBEHHBIX BEKTOPOB CHMMETPHUYHON OproroHanbHOCTh
MaTpHLBL. COOCTBEHHBIX
BEKTOPOB
7. 3anuiute GOpMYITy BHIUNCICHHS ¥ = (1/(n- OIlK-1 OIlK-1.2
BBIOOPOYHOM KOBapHAIIMOHHON MaTPHIIbI D) (XWX
Juts Habopa BEKTOpOB X.
8. HazoBuTte cBsI3p MeTOA TIIABHBIX PCA uepe3 SVD: OIIK-1 OIIK-1.2
kommoHeHT (PCA) ¢ cuHTryIsIpHBIM [JIaBHBIC
PasoKEHUEM. KOMIOHCHTBI =
cToOIEI V 13
SVD(X)
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9. VkakuTe BUI peryJIsipu3aluu, npu L2-perynspusarust / OIlK-1 OIlK-1.1
KOTOPOH K (DYHKIIHHU TTOTEPh T0O0ABISIOT Ridge-perpeccus /
A lwlh2. Perynsapuzanus
TuxoHoBa
10. | HazoBuTe METOJI pEIICHUS] HEYCTOWYHBBIX Meton Tuxonosa / OIlK-1 OIlK-1.2
JIMHEMHBIX CUCTEM C TIOMOIIBIO Perynapusanus
TICEBI000PATHOM MATPHUIIBL. Tuxonosa
11. | VkaxuTe paHIOMU3UPOBAHHBIN aJITOPUTM Randomized SVD / OIIK-6 OIIK-6.1
JUTs TpUOMIKEHHOTO Bhruucnenus SVD Cryqaiineie
OOJBIITUX MATPHIL. MPOCKIIUU
12. | Ha3zoBuTE TEXHHKY yCKOPEHUS Random Projection / OIIK-6 OIIK-6.2
BBIUMCIICHAN Yepe3 MPOU3BEICHIE Sketching
MaTpULbl Ha CITy4ailHbIA BEKTOP.
13. | YkaxuTe NpUHIUI HEOTPHLIATEIEHON W=>0,H>0/06e OIIK-1 OIIK-1.1
MaTpudHOH ¢akropuzanun (NMF): A = MaTpHULBI
WH. HEOTpUIaTEIbHbIC
14. | HazoBure anroputm st NMF, Anroput™ JIn n OIIK-6 OIIK-6.2
OCHOBAaHHBIA HAa MYJIbTUIJINKATUBHBIX Conra /
OGHOBIICHISX. Multiplicative
Update
15. | VkaxuTe 3ama4y BoccraHoBieHus mojroi | Matrix Completion / OIIK-1 OIIK-1.2
MAaTpHLbl U3 YACTHU €€ DIIEMEHTOB IIpU Marpuunoe
HU3KOM PaHTe. AOTIOIHCHHE
16. | HazoBure meton KpbiioBckoro Meton OIlK-1 OIIK-1.2
MOANPOCTPAHCTBA ISl CAMMETPUYHBIX CONPSKEHHBIX
TIOJIOXKUTETBHO ONPEIETEHHBIX CUCTEM rpazuentos / CG
Ax=h.
17. | Ykaxure anroput™m U3 ceMeiicTaa GMRES / OIIK-1 OIIK-1.2
KpBIIOBCKUX METOJOB IS OOLIMX OO6006MmEHHBII METO
(HECMMMETPHYHBIX ) CHCTEM. MHHUMATBHBIX
HEBSI30K
18. | HazoBure mMaTpuily, ONMCHIBAIOILYIO CBSI3U Matpuna YK-2 YK-2.2
MEXJTy BepIIHHaMU Tpada. CMEXHOCTH /
Adjacency Matrix
19. | Ykaxwure METOJ] CIIEKTPATBHOTO Pa30UCHNUS CrnekrpanbHas OIlK-1 OIlK-1.2
rpaga uepe3 COOCTBEHHbIE BEKTOPbI KJIacTepusaus /
matpuip Jlaraca. Fiedler vector
20. | Ha3zoBuTe npuMeHEeHHE MaTPHUHBIX Matrix Factorization YK-2 YK-2.2
BBIYHCIIEHUH B PEKOMEHIATETBHBIX /NMF / SVD nms
CHCTEMAX. KOJU1a0OpaTUBHOM
bubTpanyn
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