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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 HAyKW», Ipo¢ b «MaTeMaTHKa U UICKYCCTBEHHBIM HHTEIUIEKT», YTBEPKACHHBIN
nprka3oM MHHHCTEpCTBa HayKu M BbIciiero oOpasoBanusi Poccuiickoit @enepanuu Ne 807 ot
23.08.2017 rona.

N3yuenne qucuuiuimibl (Momyns) «OCHOBBI MAaTPHUUYHBIX 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 PAa3BUTHIO TOHMMAHHS YHCICHHBIX METOJOB 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
«MaTeMaTuKa 1 HCKYCCTBEHHBIH MHTEIIEKT» U BXOAUT B 00s13aTeNbHYIO YacTh biioka 1.

Jucuumimbaa  (Moaynp)  JocTymHa A u3ydeHuss Ha 3 w4 Kypcee
B 5, 6, 7, 8 cemecTpax Ha BBIOOD.

Heab  w3ydyeHus: JMCHUIUIMHBI  (Moayhasi):  QopMupoBaHue y  CTYACHTOB
(GyHIaMEeHTaJIbHbIX HaBBIKOB pabOThl C MAaTpULIAMHU U BEKTOPAMM JJIsl PEILICHUs 3a/1a4 JIMHEHHOM
ayreOpbl, HEOOXOAMMBIX B MPUKIATHON MaTeMaTUKe U KOMITbIOTEPHBIX TEXHOIOTUAX.

3agauu u3y4eHust AMCHUIIMHBI (MOAYJIA):

— U3Y4YUTb OCHOBHBIE OIlEpallMM C MaTpULAMH, BKJIIOYas CIIOXKEHUE, YMHOXKEHUE,
BBIYHUCIIEHHE 0OpaTHON MaTPHULIbI ¥ OTIPEAETUTENSL, ISl HOHUMaHMsI MX CBOMCTB U UCIIOJIb30BAHUS
B JITUHEHHBIX CHCTEMAaX;

— OCBOMTb YHMCIICHHBIE METOJbl PEIICHHUs MaTPUYHBIX ypaBHEHMH, Takue Kak LU-
pa3joKE€HUE W CHUHTYISIPHOE pAa3JIoKEeHHe, JUIsl aHajlu3a M peuleHusl 3ajgad ¢ OoJIbIIOoN
Pa3MEpPHOCTBIO;

— IMPOAHAIIM3UPOBATH  IPAKTUYECKUE TMPWIOKECHUS MATPUYHBIX BBIUUCICHUH B
MalIMHHOM OOYy4€HUH, KOMIIBIOTEPHOHU IpadKe ¥ ONTUMU3ALINH, BKIIIOYasi paboTy ¢ BEKTOpaMH
Y TEH30paMU B aJIrOpUTMaXx;

— peaJn30BaTh MAaTPHUYHBIC AITOPUTMBI Ha S3bIKaX IPOrPaMMUPOBAHUA, HAIPUMED
Python mnin MATLAB, ans uHTerpanuu TEOPETUYECKUX 3HAHUHN B MPOEKTHI IO MAaTeMaTHKE U
KOMITBIOTEPHBIM HAYKaM.

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

— CBOiicTBa M 00JaCTH TNPUMEHUMOCTH OCHOBHBIX MATPUUHBIX pazioxeHui: SVD
(Bxurouast Teopemy Dkkapra-SAnra-Mupckoro), QR, LU, Xonenkoro, CKeJIeTHOTo pa3ioKeHus;

— YHCJICHHbIE METO/Ibl MOMCKAa COOCTBEHHBIX 3HAUEHUH M BEKTOPOB: CTETIEHHOW METOJ,
oOpaTHBIN cTeneHHOW MeToA, MeTo] casuroB, QR-amroput™m, dopma XeccenbGepra u ux
npuMeHeHue (Harpumep, PageRank);

— IIOCTAHOBKHM 3a/a4 HeoTpuuarenbHo ¢dakropuzamuun (NMF) u  marpuuHoro
JoToNHeHus (matrix completion): mynbTuIInKatuBHble npaBuia Jlu u Conra, ALS, cBs3b ¢
BEPOATHOCTHBIMHU MOJIENISIMH, TPUMEPHI (TEKCThI, PEKOMEHIATENIbHBIE CUCTEMBI);
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— KpBUIOBCKME METOIbl W TrpadoBble TNPHIOKEHUS: HTEpalldl ApPHOJBIAH, METOJ
Jlannoma, GMRES; cniektpansHoe pazOuenue rpada depe3 MaTpHily CMEXHOCTH;

— OIIpEeNEeIeHUs] U CBOMCTBA HOPMAaJbHBIX MAaTpHII, CIIEKTPAIbHBIE TEOPEMBI JUISl HUX;
CBSI3b 4HClIa OOYCIIOBJIEHHOCTH C ycTOWYMBOCTHIO pemieHus CJIAY u perpecCHOoHHBIX 3ajad;

ymemp:

— npumeHaTh SVD uis pemeHuss NPUKIAJHBIX 337ad: BBIYHUCICHUE ICEBI00OPAaTHON
maTtpunbl, pemienue MHK (B Tom wumciie BBIPOKICHHBIX W HEIOOINpPENEIEHHBIX CHUCTEM),
NOHM)KEHUE Pa3MEPHOCTH, BU3YyaJIN3allMsl JTAHHBIX;

— peanu30BBIBaTh W BBIOMpaTh moaxoasmuid meton mus QR-pasmoxkenus (I'pamm-
[Imuar, Xaycxomumep, [WBEHC) B 3aBUCHMOCTH OT TpeOOBaHWMH K YCTOMYMBOCTH U
pa3peKEHHOCTH;

— crpouth MeTo ri1aBHbIX KoMoHEHT (PCA) uepe3 SVD BbIO0pOUHOI KOBapUAITMOHHOM
MaTpUlbl, HWHTEPIPETUPOBATH TIJABHbIE KOMIIOHEHTBHI [UIsl BU3YyaJU3allMM W BBIIEICHUS
IIPU3HAKOB;

— TMPUMEHATh peryispuzanuio  TUXOHOBA ISl  pEIIEHUs IUIOXO OOYCIIOBJIEHHBIX
CJIAY; ucnonbp30Barthb pPaHIOMHU3UPOBAHHBIE METO/IbI (CITy4aitHbIe MIPOEKIUH,
panomMu3upoBaHHblid SVD) i1t 60NbIINX MaTPHIL,

— MOJEJINPOBaTh 3aBUCHUMbIE MHOTOMEPHbIE HOPMAJIbHBIE CIIy4aillHble BEJIMYHHBI C
3a/1aHHOM KOBApUAI[MOHHOM MaTpHIIEH, HCIIOJIB3YS pa3iioKeHHEe XO0JIEKOTI0;

enademp:

— HWHCTPYMEHTApUEM MATPUYHOTO aHalIM3a I JUAarHOCTUKU YCTOMYMBOCTH: OLICHKA
yrcaa OOYCIOBICHHOCTH, BBIOOD pAa3JIOKEHHsI B 3aBUCUMOCTH OT CBOWMCTB MAaTpPHIIBI
(CUMMETPHYHOCTbD, MOJIOKUTETIbHAS OIpPENeIEHHOCTh, Pa3peKEHHOCTh), KOHTPOJIb TOYHOCTH
pe3ynbrara;

— MeTOJaMH HEOTPUIATEIbHOHN (PaKTOpU3AIIMN U MATPUIHOTO JOTIOJTHEHHS [T paOOTHI C
peabHBIMM ~ Pa3peKEHHBIMM  JAHHBIMU  (TE€KCThI, PEKOMEHJAIMH) C HCIOJb30BaHUEM
MYJIbTUILNIMKATUBHBIX IIpaBUII u ALS
KpsuioBckumMu noamnpocrpancTBamu (urepaun ApHonsau, Jlanmoma, GMRES) s pemenus
6onpmux paspexeHHsix CJIAY, rae npsMble METOAbI HEMPUMEHUMBI,

— CHEKTpaJbHBIMH METOJIaMU aHanu3a rpadoB A 33Ja4d CIEKTPAIbHOIO pa30MeHUs
rpada Ha KJacTepbl ¢ HIOHUMaHHEM OTpaHUYEHUH (1yBCTBUTEIBHOCTH K BEIOpOCaM, BEIOOp YncIia
KJIACTEPOB);

— HaBbIKOM BbeIOOpa Mex 1y npsmbeiMu (LU, QR, SVD) u urepanuonnsivu (KpbioBckue)
merogamu pemeHuss CJIAY B 3aBucuMocTH  OT pa3Mepa, pa3peXeHHOCTH, 4YHUCIIa
00yCIIOBIEHHOCTH U TpeOyeMOl TOYHOCTH, C IOHUMaHUEM OIPaHUYEHUN KaX10r0o MOIX0/a.
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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 00YYarOLIMXCS € IeJarornd4ecKUMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuus Copep:xanue HNupukatop Iepeuens njaHNpyeMBbIX
KOMIIeTeHIIMH KOMIIETeHLIMH pe3y/1bTaTOB 00y4eHHs 10
JMcCUHMILIMHE (MOIYJIIO)
VK-1. Crocoben VK-1.1. 3HaeT METOALI IOMCKA U aHAJIN3a
OCYILIECTBIIATDH MOUCK, nHpOpPMAaLUH B 001aCTH
KPUTUYECKUH aHANN3 U HCKYCCTBEHHOT'O MHTEJIIEKTa, OCHOBHBIE
CHHTe3 HH(popMauy, IIPUHIMIIBI KPUTUYECKOH OLIEHKH
HIPUMEHSTh CUCTEMHBIH HUCTOYHUKOB HHGOPMALIUH U UX
MOJXOJ TSl peIIeHHUs PEJIeBaHTHOCTH.
IIOCTAaBJICHHBIX 327124 VK-1.2. YMeeT KpUTHYIECKU OIICHUBATh
HCTOYHUKHU MH(OpMANU U
CHUHTE3UPOBATh AAHHBIC U3 PA3TUYHBIX
WCTOYHUKOB JJIsl peIICHUS 3aa4,
NPUMEHSATh CHCTEMHBIN TOAXO0]] K
aHaJIM3y U PELICHUIO KOMIUIEKCHBIX
pooyeM
YK-1.3. Hmeet npakTHUECKHIA OTIBIT pabOTHI €
COBpPEMEHHBIMH HHCTPYMEHTAMH U
TEXHOJIOTHSAMH U 00pabOTKU
nH(popMaIuu, GOpMyINPOBAHUH H
CTPYKTYpHUPOBAHUH 3a]1a4 HAa OCHOBE
NOJy4eHHOH nHpopMauu
YK-2. CriocobeH onpeiensTh YK-2.1. 3HaeT JeCTBYIONINE PAaBOBBIE HOPMEI,
KPYT 3aJa4 B paMKax PETYIUPYIOLINE ACSTEIbHOCTD B
MOCTaBJICHHOH LIeJIN U 001acTH peuIeHus 3a/1a4, OCHOBHBIE
BBIOUPATH METO/IbI ¥ TIOAXOBI K OTIPEIEIICHUIO
ONTUMAJIBHBIE CIIOCOOBI KpyTa 3aaa4
UX PELICHUs], NCXOIS U3 YK-2.2. YMeer onpeaensaTh Kpyr 3a7ad B paMKax
JeHCTBYIOIINX [IOCTaBJICHHOH LIeJH, BEIOUPATh
MPaBOBBIX HOPM, ONITUMAJIbHBIE CIOCOOBI pelieHHs 3a1a4,
UMEIOIIIUXCS PECYPCOB U YUUTHIBAsI UMEIOIIUECS PECYPCHI H
OTpaHUYEHUI OIpaHUYCHUSA
YK-2.3. NmeeT npakTU4eCKUA OMBIT
MIPUMEHEHUS 3HAHUH O MPaBOBBIX
HOpPMaX U pecypcax B peanbHbIX
CUTYyalusX, pa3pabOTKU U peaan3amnin
pelIeH i B COOTBETCTBUH C
YCTAHOBJIEHHBIMHU OTPaHUYCHUSIMH
OIIK-1. Crioco0eH HaxXOauTh, OIIK-1.1. 3HaeT OCHOBHBIE METOIBI U ITOAXOIBI K
bopMmynupoBaTh U PEIISHHMIO 3aj1a4 TIPUKJIATHON U
pelaTh aKTyalbHbIE U KOMIIBIOTEPHOM MaTeMaTHKH, BKJIIOYast
3HaYMMBbIe TPOOIEMBI ITOPUTMBI, MATEMAaTHYECKOE
MIPUKJIAHON U MOJICIIUPOBAHUE U TEOPHIO
KOMITBIOTEPHON ONITUMH3AIINH, & TAKIKE COBPEMECHHBIC
MaTeMaTHKH WHCTPYMEHTHI U TEXHOJIOTHH,
HCHOJIb3YEMBIE B 3TOH 001aCTH
OIIK-1.2. YMeeT aHanu3upoBarh U
(dhopMynupoBaTh MaTEMaTHICCKHE
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3a1a49H, IPUMEHSATH COOTBETCTBYIOIIHE
METO/IbI M AJITOPUTMBI JUTS UX PEIICHUS,
a TaKkKe HHTePIPETUPOBATh U
MPEACTABIATh PE3yJIbTAThl B TIOHSITHOM U
JOCTYIHOM opme

OIIK-1.3. Hmeet nmpakTHYECKUN OTIBIT pabOTHI HAL
MIPOEKTaMH HJIH UCCIIEIOBAHUSIMU B
001acTH MPUKIaTHON M KOMITBIOTEPHON
MaTeMaTHKH, BKJIIOYasl y4acTHe B
KOHKYpCax, OJMMIINA/IaX WM HAyYHBIX
My OIMKAMsIX, TJe ObUTH pEeIIeHb
aKTyalbHbIC U 3HAYMMBIC 3a1a4H
I1K-1. Crocoben IIK-1.1. 3HaeT MeTOBI U TTOIXOIBI K
(hopMynupoOBaTh 331241 (hopMynpoBaHUIO 337124, a TAKKe
C MaTeMaTH4eCcKOn OCHOBHBIEC PUHIUITE MATEMAaTHYECKOTO
TOYHOCTBIO, JIOKa3aTeNIbCTBA U aHAJIN3a PE3YJIbTaTOB.
000CHOBHIBATH IK-1.2. YMeeT KOppEeKTHO CTaBUTh U
YTBEPKICHUS CTPOTO H (dhopMynHpoBaTh MaTEMaTHYCCKHE
aHAJIM3UPOBATH 3a7a4M, IPUMEHSATH CTPOTHE METO/IBI
HOJTyYeHHBIE JI0Ka3aTeIbCTBA M aHAIM3UPOBATh
pe3ynbTaThl B 00JIaCcTH NOJTY4YCHHBIE Pe3yIbTaTHL.
MaTeMaTUuKU U [1K-1.3. HmeeT onbIT paboTHI ¢ 3371a4aMH B
KOMITBIOTEPHBIX HAayK 00JTacTH MaTeMaTHKH U KOMITBIOTEPHBIX
HayK, BKJIIFOYasi IPUMEHEHUE
MaTeMaTHYECKHX METOJIOB JIJIsl peILICHHs
NPaKTUYECKUX 3a/1a4
[K-2. Crioco0eH pemrats [K-2.1. 3HaeT OCHOBBI HH(OPMAIIOHHON U
TUTIOBBIE 331391 OoubarorpadnIecKoit KyabTypHl, a
npodecCHOHANTEHON TaKXe MPUHIMITEI THPOPMAIIMOHHOH
JIeSITETbHOCTH B 0€30MacHOCTH W IPUMEHEHHSI
obnactu nH()OPMaMOHHO-KOMMYHHKAITMOHHBIX
HCKYCCTBEHHOTO TEXHOJIOTHH B TPO(ECCHOHAIBLHOM
MHTEIUIEKTa, ONHPAsiCh JEATeIILHOCTH
Ha HH(POPMAIIMOHHYIO U IK-2.2. Ymeer 3¢ hekTHBHO UCTIONB30BATH
oubnuorpaduveckyro UHQOPMAITHOHHO-KOMMYHHUKAIIMOHHBIE
KyJIbTYpPY, UCTIONB3Ys TEXHOJIOTHH JUTS PEIICHHS CTaHJaPTHBIX
UH()OpPMALTMOHHO- 3a1a4 npodeccuoHaTbHOM
KOMMYHHKAIIHOHHBIE JeSITEIIbHOCTH, YUYUTHIBas TPeOOBaHUSI
TEXHOJIOTHH U UHQOPMAIMOHHOH 0e30MTaCHOCTH
YUMTHIBAsi OCHOBHBIE I1K-2.3. Wmeer ombIT paboThI €

TpeOoBaHU
MH(QOPMAITIOHHON
Oe3omacHoCcTH

HHPOPMALMOHHBIMU PECypcamu U
TEXHOJIOTHSIMHM B 00JIaCTH
HMCKYCCTBEHHOI'O MHTEJIEKTA, BKITFOYas
co0JIr0IeHre HOPM HH(DOPMAITMOHHOM
0c30IacHOCTH
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3. Temaruueckuii JiaH

Nen/ HauMeHoBaNHe TpynoeMkocTh, akageMH4YeCKHEe YAChI TKY
n Ounas ghopma N
pa3niesa AUCHUILIHHBI (Texymmii
AynutopHasi padoTa Camocrost
(Monyas) KOHTPOJIb
Jlekuyu | Cemunapbl | KonTposan | TejibHas
ycneBaeMoCTH)
padora
1 Beenenue. OcHoBHEIE 2 2 14 JlomariHee 3aganue
TIOHSITHSI U OIPEJICIICHHUS AymutopHas pabota
2 Paznoxenus maTpwin 2 2 14 JlomarnrHee 3amanne
AymutopHas paborta
3 Haxoxnenue 2 4 2 14 JlomariHee 3aganue
COOCTBEHHBIX 3HAUCHUH U AynutopHas pabota
BEKTOPOB KonTposbHas pabora
4 MeTo[1 ri1aBHBIX 4 4 14 JlomariHee 3aganue
KOMITIOHEHT AymutopHas pabota
5 Perynspuzanus 4 4 14 JlomarHee 3aganue
AymuropHas pabota
6 PannomusupoBaHHbIC 4 4 14 Homarinee 3ananue
MaTPUYHBIC METOJIBI AymutopHas paboTta
7 HeotpunarensHas 4 4 14 JlomarHee 3aganue
(hakropuzanus. 3agaua AynurtopHas paboTa
MaTPUYHOTO JOTOJHEHHSI.
8 KpsutoBckue meTombr 4 4 14 JlomarHee 3aganue
AymutopHas paboTta
9 [IpuknamHbie TPUMEPEHI. 0 2 2 8 JlomarHee 3aiaHue
I'padr AynurtopHas paboTa
KontposbHas padota
3auem c oueHKoll 10 Hrorosas pabora
Hmozo: 26 30 14 120
Obvem oucyunaunst (mooynsn) (6 190
ak. u.)
Obvem Ooucyunaunvt (mooyns) (e 5

3au. eo.)
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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 MaTpwiI.
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! n3 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 O0ECHeYeHHs, BKJIIOYas TPOAYKTHl OTEYECTBEHHOT'O
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXKHOCTH JOCTYIIA K pecypcaM U3 000l TOUKH, TIe 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. 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

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

[Tomernienust, KOTOPBIE MPEICTABIISAIOT CO00M yueOHbIE ayAUTOPUH IJIsl TPOBEACHUS 3aHATHHA
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 060opynoBanus. [loMemenus: yKOMIIJIEKTOBaHbI CIIEHUAIN3UPOBAHHON
MeOeNnbl0 U TEXHUYECKHMMHU CPEICTBAMHM OOyUYEHMsI, CIyXKAallUMH Ui MPEACTaBICHUs y4eOHOH
uHpopManuu O0JIBIION ayTUTOPHH.

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

— CTOJIaMHU U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOW;

— MEXaHWYECKUMU KaJIbKyJIATOpaMu,

— CIEUMAIU3UPOBAHHBIM 000PYI0BaHUEM, BKIIIOUAs JEMOHCTPALMOHHOE 000pYy10BaHUE.

[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 3JEKTPOHHYI0  HH(OpMAaNMOHHO-00pa30BaTENbHYIO  Cperly
YHuBepcurera.

OOyyarommMcsl IPeNOCTaBIAETCS JOCTYNl (B TOM 4YHCIE YHAIEHHBIN) 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 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 MHOPMALIMOHHBIX TEXHOJOTHM, HCIOIB3YEMBIX TIPU  OCYIIECTBICHUH
00pa30BaTeNLHOTO MpOoIEcca MO TUCHUILIMHE (MOJyJIe), B TOM YHCIIe KOMILIEKT JIMIIEH3HOHHOTO
IPOrpaMMHOT0  OOecreyeHus, COBPEMEHHble mpodeccuoHanbHble 0a3bl  JaHHBIX U
UH(POPMAIMOHHBIE CIIPABOYHBIE CUCTEMBI:

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 (MOI{yJ’Iﬂ)

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
pasM4YHbIe BHUIBl CAMOCTOSTENBLHONW pabOThl OOYYAIOUMXCA MO 33JaHUI0 IMpernojaBaTes,
HaIpaBJIEHHbIE HA Pa3BUTHE HaBBIKOB PO(ECCHOHATLHON JIEKCUKHU, 3aKPEIICHUE MTPAKTHUYECKUX
npodeCCHOHATBLHBIX KOMIIETEHIIHH, TOOIPEHNE HHUIHATHB.

Jlekyuss — cUCTEMAaTHYeCKOe, MOCIEAOBATEIbHOE, MOHOJOTHYECKOE H3JIOKCHHUE
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 oleHWBaHMS TEKYIIETO KOHTPOJS YCHEBAEMOCTH M IMPOMEKYTOYHON AaTTecTaluu
WCIIONIB3YETCS JIeCATHOATbHAS IKaJIa OIEHWBAHMS, KOTOpas COOTHOCUTCS C TPaJAWIIMOHHOU
MATUOAIUTHPHOM KON CIeNYIOMIM 00pa3oM, €T HHOE He yKa3aHO B CHILTIa0yce NUCIUTIIHHBL
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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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JecarudannpHas IlsaTuéannbHas OO0mast XapaKTepuCTHKA pe3yabTaTa
Ouenka 3a 3a4er
OLICHKA OLICHKA o0y4eHUs MO TMCHUTUINHE (MOIYJIIO0)

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 X cpeanee 3a qomainrHue 3aaanus + 0,3 X cpefiHee 3a KOHTPOJIbHBIE PaOOTHI
+ 0,15 x 3a aymutopHyro padory + 0,35 X 3a4eT ¢ OIEeHKOH».

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-pa3znoxeHus: B KakuX CHTyallMsX KaxJoe M3 HHUX
peanouTuTeNnbpHee?

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

4. OnummuTe, Kak M3 CUHTYJISApHOro pasnoxeHus (SVD) monydaroTcst 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
pemernsa? Kak peryssipuzanusi MEHSET CIIEKTP MaTpUIbl 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. BwinonHute pyuroe QR-pasnoxexune maTpuubl

0
A= 1
1

o T I
=

C nomoLLpbio nonyyeHHbIx Q 1 R HaiguTe pewerne cuctemsl Az = b,raeb = (2,1,1) 7.

2. Ons cCUMMETPUYHOW MaTpuULbl

4 1 2
B=1|1 3 0
2 0 5

a) HalauTe BCce COGCTBEHHbIE 3HAYeHNA N HOPManWM30BaHHbIe COGCTBEHHbIE BEKTOPbI;
6) NpoBEpLTE NX OPTOrOHANbHOCTD.
3. Mano Tpu neymepHbix Habniopenuna (2, 0), (0,2), (3,3).
a) NOCTPObLTE MAaTPULLY OaHHbIX, LEHTPUPYIWTE € 1 HANANTE KOBAPWALIMOHHYIO MaTpULLy;
6) eeinonHuTe SVD 1 3anuLnTe NepBbIe MaBHbLIE KOMIMOHEHThI;
B) NPOELPYATE NCXOAHbIE TOYKIA HA OfHY MAaBHYIO KOMMOHEHTY 1 BIYNCIUTE 0B6BACHEHHYIO JNCNEepCUio.

4. PaccmoTpuTe 3agady MMHeNHON perpeccumn yy = Xwe

X=(1 -1]), y=1(2,03)".

a) HalguTe peweHue 6e3 perynapmnsaunm (MeTon HauMeHbLUWX KBaopaToB);
6) HaliguTe ridge-pewenue npn A = 1;
B) CPAaBHUTE HOPMbI PELLEHWI 1 06bACHUTE BAUAHME A.

5. OueHuTe paHroBy annpoOKCUMALMI0 MATPULbI

= =

4 0
C=1(0 2
01

(o~

npw k = 2 ¢ nomowbio Randomized SVD (onvwmte anroputM, YKaXUTE NCNONb30BaHHbIE CNYyYalHble MaTpULbl U 3anuLLmnTe

Nony4eHHble NPUBNNKEHHBIE CUHTYNAPHBIE 3HAYEHNS).

HpnMepHme 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 10 KiaccaMm. OTEHUTE J00 TUCTIEPCHUH, OOBICHIEMYIO 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 CPEIHEKBAAPATHUHYIO OLTMOKY 00eHX MOJeneil.

5. Peanusyiite ynpoménnsiii Randomized SVD (aByxsTansblii: ciiydyaifHOE MPOEKIIMOHHOE
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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, BRIYMCIIEHHBIMU Yepe3 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 noampoctpancTBa m =5). Pemmte
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). HaiiguTte ero marpuily CMEXHOCTH H JiarjacuaHa,
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 3aBHUCUMOCTH (requirements.txt) u moGaBbre
Jupyter-uHoyTOyKu, 1eMOHCTPUPYIOLIUE KA bl ITYHKT.

3apaHus AJ1s1 MPOMEKYTOYHOM ATTEeCTAIMM MO AMCUMILINHE (MOLYJII0)

Ne 3aganmne OtBer KomMmnerennn
n/n us
1 | Beuucnure eBKIMIOBY HOpMY BekTopa [1, 2, 3]. 3.741657 YK-1
HazoBuTe MeTo 1 pa3ioKeHus MaTpUIIbl Ha
2 AP pHll QR-paznoxxenune YK-1
OpPTOTOHAJIHLHBIE ¥ BEPXHIOIO TPEYTOJIBHYIO YaCTH.
VYKaKuTE KOJIMYECTBO CUHTYISIPHBIX 3HAYCHUN JUIS
3 yp A 2 VK-1

MaTpHulbl pazMepom 3x2.
HasoBuTe nTepannoHHbI METO ISl PELIEHHS CHCTEM

Merton lNaycca-

4 | nTUHENHBIX ypaBHEHHUH C UCTIOIH30BAHUEM Seiinens YK-2
MPeIbTYIINX TPUOIKEHUH.
VYKaxuTe KOIMYECTBO UTEPALIUI B METOIE

5 COTPSKEHHBIX IPaIMeHTOB /A CUMMETPUYHON N VK-2
TMIOJIO’KUTENIBHO OTPEeIEHHON MaTPHUIIBI pa3MEPOM N X
n.

6 HazoBute TeopeMy, ONMMCHIBAIOIIYIO MaJIOPAHT OBBIE Teopema Dxkapra- OIK-1
pUOJIMKEHUS] MATPULL. Snra
YKaxuTe TUI CTPYKTYPHUPOBAHHBIX MAaTpHII, I7I€ BCE

7 3JIEMEHTHI IJIABHOM JMAroHalld U BCEX MapalijIeIbHbIX TénnuueBsl OIIK-1
eil quaro”aneil OqMHAKOBEL.

8 HazoBute MeTon A1 HAXOXKIEHHSI JOMUHUPYIOLIETO CrereHHoi MeTos MK-1
COOCTBEHHOT'O 3HAYEHHUSI MATPHUIIBL.

9 YKaxuTe aaropuTM, UCIOIB3yEeMBIH 7151 OICTPOTO EET MK-1

YMHOXCHUS HUPKYJIIHTHBIX MATPHII.
Brruucnure MATPUYHYIO 3KCIIOHCHTY IS

0 0
10 (0 1) e [1K-2
JIMaroHajIbHON MaTpHUIIbI (’KCcTIOHEeHTA OT

JIMarOHAJILHOTO dJIeMeHTa 1).

HazoBuTe npuiioskeHrne MaTpUUHBIX BBIYUCIICHUH B
00paboTKe M300paKCHHIA.

YKaxkute MeTo Mpeao0yclaBIuBaHUS TSl YCKOPEHUS
CXOJJMMOCTH MTEPALMOHHBIX METOJIOB.

11 OuibTpanys [1K-2

12 JlnaroHanbHbBIN [IK-2
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