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1. HEJIb OCBOEHUA AU CHUITJINHBI

Hucnunnuna «JInHeiHas anreOpay BXOIUT B mporpammy OakanaBpuaTa «lVICKycCTBEHHBIN
WHTEJUIEKT: pa3padoTka U 00y4eHHE MHTEIUICKTYallbHBIX CUCTEM) MO HAIPABICHUSM MOATOTOBKH
02.03.02 dynnamentanbHass wuHMopMmaTHka u uHPopmarmoHHsle TexHomoruu u  09.03.03
[Tpuknagnas uHpopmaruka, U uszydaercs B 1, 2 cemectpax 1 kypca. JucuumiuHy peanusyer
Kadenpa npuxiranHoro MCKycCTBEHHOTO MHTEIUICKTA. J[MCIUIIIMHA COCTOUT M3 6 pa3uenoB u 77
TEM W HamlpaplicHa Ha W3y4YeHHE (YHIAMEHTAIBHBIX MOHATHA U METOJIOB JIMHEHHOUW anreOpbl —
MATpHIl, CUCTEM JIMHEWHBIX YPAaBHEHUM, ONMpPEACIHUTENEH, BEKTOPHBIX MPOCTPAHCTB, JIMHEHHBIX
0TOOpaXCHHIA, €BKIUIOBBIX M YHUTAPHBIX MPOCTPAHCTB, COOCTBEHHBIX 3HAUYCHUN M MATPUUHBIX
pa3iokKEeHUl — C aKIEHTOM Ha UX POJib B 3aJjauax MalIMHHOTO 00ydeHusi, 00pabOTKU JaHHBIX U
HCKYCCTBEHHOT'O MHTEJJIEKTa

[lenpto OCBOEHUS AMCHUIUIMHBI SBISETCS (POPMHUPOBAHUE Y CTYJIEHTOB CHCTEMHOTO
BJIQJICHHS ammapaTtoM JUHEHHON anreOpbl Kak MaTeMaTH4eckoro ¢yHaameHnta mozeneit MU:
Mpe/ICTaBICHHs JaHHBIX B BUJE MaTPUIl U TEH30POB, JTUHEHHBIX MOJENeH MAaIIUHHOTO O0y4eHus,
METOJIOB MOHWXEHUSI pa3MEPHOCTH, MATPUYHBIX PA3JIOKEHUH I CKATHUs HEHPOHHBIX CETed U
yCKOpeHusi uH(pepeHca, a TakXKe pa3BUTHE HABBIKOB KPUTHYECKOTO aHajin3a U CHCTEMHOIO
MI0/IX0/1a K PELIEHUI0 MaTEMATUYECKUX 3a/1a4

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHUA U CHUIIVIMHBI

OcBoenne aucuuIUIMHBl «JIMHeWHass anrebpa» HampaBleHO Ha (QOPMHUPOBAHUE Y
00yJaronuxcs CIeTyIONUX KOMIETEHIIUN (YaCTH KOMIIETEHITUH ):

Tabnuya 2.1. Ilepeuenv xomnemenyuil, Gopmupyemvix y o00YyHaOwuxcs npu 0C80eHuU
QUCYUNIUHBL (Pe3VIbMAambl 0C80EHU OUCYUNTUHDL)

I/IH[IHKZITOPBI JAOCTHIKCHHUS KOMIICTCHIIMU

HIudp Komnerenuust N
(B paMKax JaHHOM NUCITUTUIMHEI)
Crioco06eH oCyIIeCTBIATh TIOHCK,
KPUTUYECKUI aHaTU3 U CUHTE3 VK-1.1 3naet npuHIHIe cbopa, oTdopa u 0000IIeHHUS
YK-1 nHPOPMALNH, IPUMEHSITH MHPOPMALINH, METOINKHI CHCTEMHOTO TOX0/1a IS PeIICHHS

CHCTEMHBIN TOAXO TSI PeIIeHUs |PO(eCcCHOHANBHBIX 3a/1aY;
MTOCTABJICHHBIX 337124

Crioco0OeH NPUMEHSThH
(byHnaMeHTalbHbIC 3HAHNUS, OIIK-1.1 3HaeT OCHOBHbIC HOHSTHUS U METO/IbI JIMHEHHOM anreopsl,
MOJTy4EHHBIE B 001aCTH MaTEeMaTHYECKOTO aHalN3a, JUCKPETHONH MaTeMaTUKH, TEOPUU
MaTEMaTHYECKUX U €CTECTBEHHBIX |BEPOSTHOCTEN U MAaTEMaTHUECKOW CTATUCTUKH,

HayK, METO/Ibl MaTeMaThuueckoro |nuddepeHnnansHbIX ypaBHEHHH M IPUMEHSIET UX JUIs

OIIK-1 aHaM3a U MOJEITUPOBAHUS, dbopmanmuzanuu 3a1a4 B obnactu MU,
TEOPETUIECKOTO U OI1K-1.2 YMmeeT cTponuTh MaTeMaTHIECKHE MOJIEITH ITPOIIECCOB U
IKCTIEPUMEHTAIBLHOTO SIBJICHUIA, IPUMEHSATh METO/bI YHCIICHHOTO aHajn3a 1
HCCIIeIOBAHUS B ONTHMU3AIIMH VISl PEILICHUS 3a/1a4 MAIIIMHHOTO O0YYEHHS U
npodeccuoHaTLHOM 00paboOTKH JaHHBIX;
JIeSITENIbHOCTH

Crioco6eH pOBOANTH MEPEIOBBIC

FC-1.1 Pa3pabatbiBaer QyHIaMeHTaNbHBIE OCHOBEI U HOBBIE
HCCIIeI0BaHMs B 00JIaCTH

FC-1 APXHTCKTYD. AATODHTMOB MO ITOPUTMBI MaLlIMHHOTO 00yYeHUS;
P P, P ’ FC-1.3 Pa3BuBaeT MeTObl YCKOPEHUsI 00YUCHUS;
ONTUMU3AIMY U MATEMATUKU
Crioco0OeH NPUMEHSThH
COBPEMEHHYI0 TEOPETUYECKYIO
MaTEMaTI/IKy s I; 5 a6OTK§ MF-1.1 O6ocHOBBIBaeT cIOCOOBI ¥ BAPHAHTHI IPUMEHEHHS
MF-1 Y pasp METOJOB 1 MOJieNel B 3ala4axX UCKyCCTBEHHOTO UHTEIIICKTa,

HOBBIX AJITOPUTMOB U
hopMmyHpoBaHUS
nepcreKkTuBHbIX 3aaa4y U1

BKJTIOUast UX MOAM(DUKAIIUIO U aTalTAIlNI0 K CIICIU(pUKE 3a1a4H;




3. MECTO JUCIMIIJIMHBI B CTPYKTYPE OII BO

JuctunnmuHa «JIuHeliHass anreOpa» OTHOCHUTCS K oOs3aTenbHOM yactu Omoka 1
«Iucuumnimael (MOIysH)» 00pa30BaTEIbHOM MPOrpaMMBbI BBICIIIETO 00pa30BaHMS.

B pamkax o0pa3zoBaTeNbHON MpPOTrpamMMbl BBICIIETO OOpa30BaHUS OOYYAIOIIMECS TaKXKe
OCBaWMBAIOT JIPYI'He€ JWCHUIUIMHBI ~W/WIA  TPAKTUKH, CIIOCOOCTBYIOIIHE  JIOCTHKCHHIO

3aIUTAaHMPOBAHHBIX PE3YJIbTATOB OCBOCHUS TUCIMILIMHEI «JInHeitHas anreOpay.

Tabnuya 3.1. Ilepeuenv komnonenmos OI1 BO, cnocobcmeyrowux O00CMUICEHUIO

3ANIAHUPOBAHHbLX pe3)l1bmamoe OC60E€HUA ()uCL;uI’lJZqul

IlpenmecTByromue Mocaenyrwmmue
Mudp Haumenosanue Hﬂcﬁl/lzllIJIﬂHbl}/MO];yﬂﬂ, uﬂcunnnﬂf{il/;lonyﬂﬂ,
KOMIIeTeHIHH . .
NMPAKTHKHU NMPAKTHKHU
Teopust BeposiTHOCTEHN 1
Crioco0eH OCyIIeCTBISAT MareMaTHIecKas CTaTUCTHKA;
TIOWCK, KPUTHYECKUI aHAIIN3 CraTucTH4ecKkrne MeTOIBI U
VK-1 U CHHTE3 HH)OPMAIIHH, MIEPBUYHBII aHAIN3 JaHHBIX;
MPUMEHSITH CUCTEMHBIN OwnToorus u rpadbl 3HAHUM;
TIOJIXOJT JJISl PEIICHUS Beenenune B 0a3bl TaHHBIX;
MOCTABJIEHHBIX 3aa4 Hadoop, SPARK;
[peuIuioMHast IPaKTUKA;
Teopus BeposTHOCTEN U
CriocoGeH IpUMEHSATh MareMaTHJecKas CTaTUCTHKA;
(hyHmaMeHTabHBIE 3HAHUS, Jnbdepennmansabie
MOJIyYCHHBIE B O0JIACTH YpaBHEHHS;
MaTeMaTHYEeCKUX 1 Yucnennas nuHeHas
€CTECTBCHHBIX HaYK, anrebpa;
OIK-1 METOIBI MAaTEMaTHIECKOTO MeToabl MalIMHHOTO
aHau3a U MOJICIIMPOBAHHS, 00y4eHus;
TEOPETUICCKOTO U OnTuMu3anust MOaemeH
JKCICPUMECHTAIEHOTO MAaIIMHHOTO O0YYCHNS;
UCCIICIOBaHHS B OCHOBEHI TyOOKOTO 00yUYCHHS;
npoQeCcCUOHATBHOM CraTHCTHYECKHE METOIBI U
JICSITEBbHOCTH MIEPBUYHBII aHAIN3 JaHHBIX;
Heiiponnsie cety;
MeToapl MAIIIMHHOTO
00yJeHHS;
CriocoGeH IpUMEHSATh Hetiponnsie cetu;
COBpPEMEHHYIO Teopust BeposiTHOCTEHN 1
TEOPETHIECKYIO0 MATEMaTHKY MaTeMaTHYecKasi CTATUCTHKA;
MF-1 JUTSL pa3pabOTKH HOBBIX CTraTUCTHYECKUE METOIBI K
AITOPUTMOB U MIEPBUYHBII aHAIN3 JaHHBIX;
dhopmynupoBaHus OCHOBEHI NTy0OOKOTO 00yUYCHHS;
MEePCICKTUBHBIX 3aaa4 U AHanu3z gpemennbix psoog**;
DKCIUTyaTallMOHHAS PAKTUKA
(yueOHast);
DKCIUTyaTallMOHHAS PAKTUKA
(yueOHnas);
[IpenumioMHast MpaKkTUKa;
CriocobGeH poBOIUTh TexHonoruueckast (MpOESKTHO-
NepeoBbIe UCCIIEIOBAHNS B TEXHOJIOTHYECKAs) MPAKTHKA
FC-1 00nacT apxXUTEKTYD, (Ipon3BOACTBEHHAS);
anroputMoB MO, Teopust BeposiTHOCTEHN 1
ONTUMU3AIMA U MaTeMAaTHUYCCKasl CTATUCTUKA;
MaTeMaTHKH MeToabl MalIMHHOTO
00y4eHwus;
OnruMu3zanus Mojienei
MAIIMHHOTO 00YYCHHS;




IIpenqmecTBYIOIITE IMocaexywomme
HIngp HanvenoBanue III/ICIP;I/Il:IJIMHLI?,MOI:IIyJII/I HHCHHHHM?[iI/ﬁIOHyJIH
9 9
KoMmeTenim NpaKTHKH* NpAKTHKH*

Heliponnsie cetu;
[IpakTHuveckas MOArOTOBKA Ha
MPOEKTAaX OTPACIEBBIX
WHTyCTPUAIBHBIX TAPTHEPOB;
OCHOBBI TTyOOKOTO 00yYEHHS;
UucneHHas JIMHEHHas
anrebpa;

[TapannenbHoe u
pacripeieiecHHOe
IIPOTPaMMHPOBAHHE;
MaccoBo-napajieabHbIe
BBIYMCIICHUSI B MAIIMHHOM
o0yuenuu (GPU);

* - 3aI0JIHSIETCS] B COOTBETCTBUM ¢ Marpuueil komnerenimid u CYII OIT BO
** - 3JIEKTHBHBIC TUCUUIUIMHBI /IPAKTHKH




4. OFBEM JJUCIHUIIJIMHBI U BUAbI YYEBHOMN PABOTHI

OO0mas TpyA0eMKOCTh TUCIUIUTHHBI «JIMHeHast anreOpa» coCcTaBisieT «7» 3a4eTHBIX SMHUII.
Tabauya 4.1. Buowvl yuebHot pabomvi no nepuooam 0cC80eHUs 00pa308amenbHOU NPOcPAMMbL 8blCUlec0 00pa3z08anusi OJisi OYHOU (Hopmbl
00yueHus.

Bun yueOHoi paboThI BCEI'O, ak.u. I Cemectp(-kl) 2
Koumaxmmnas paboma, ax.u. 153 68 85
Jlekuuu (JIK) 68 34 34
Jlaboparopusie pabotsl (JIP) 0 0 0
[TpakTnueckue/cemunapckue 3ansrus (C3) 85 34 51
Camocmosmenvras paboma oby4arwuxcs, aK.u. 45 13 32
Koumponw (sx3amen/3auem c oyenkoil), ax.u. 54 27 27
Oo0masi TpyA0eMKOCTh ¥ CHMIIJIMHbBI aK.4. 252 108 144
3a4.e/l. 7 3 4




5. COAEP)KAHUE JUCIIAITJIMHbI

Tabnuya 5. 1. Coodeporcarue oucyuniunsl (Mo0yis) no eudam y4ebHou pabomol

Bug | ®opmup
Homep | HammenoBaHme pa3geina y4eOHOli | yembIe
HaumeHoBaHHE TeMBbI Copep:xaHue TeMbI
pa3nea JHCIMIIIMHBI padoThl | HHAUKA
* TOPBI
Onpenenenne MaTpunbl. THITBI MaTpHIl (KBaIpaTHEIE,
JIUaroHaNbHbIE, eIMHIYHBIC, HyJIEBBIC, TPEYTOIBHEIE).
11 MaTpHIbI: OCHOBHBIC TOHATHS H OTICpALIHN Onepanuu HaJ MaTPUIIAMHE: CIIOKEHUE, YMHOKEHHUE Ha CKAIIP, IK YK-1.1,
TpaHCIIOHUPOBaHKE. MaTpHIla Kak Crioco0 MpeacTaBIeHUs OIIK-1.1
JAHHBIX B 3a1a4ax MU (Tabmuia npusHaKoB, H300paKeHUE KaKk
MaTpHIIA THKCEIEH)
Onpenenenune npousseaeHust Matpui. CoiicTsa:
ACCOIMATUBHOCTD, TUCTPHUOYTUBHOCTh, HEKOMMYTATUBHOCTb. OTIK-
12 | Vmuoxense marpui u ero croiictsa Bnounoe YMHO3KCHHE. WuTepnperarys YMHOKCHHS! MaTpHLL: K 11,
KOMIIO3UIIHSI THHEUHBIX npe06p51303aH14un, npsiMoe OIK-1.2
pacrpocTpaHeHue CUrHajla B HEHPOHHOMN CETH Kak
MIOCJIEI0BATENEHOCTh MATPUYHBIX YMHOKEHHIH
OnHoponabie U HeogHopoaubie CJIAY. MarpuiHas 3anuch
. .. CHCTEMBI. DJIeMeHTapHEIe Ipeodpa3oBaHus CTPOK. MeTox OIIK-
1.3 CHCTeMbI IMHCHHBIX ypaBHCHHii: T'aycca u 'aycca-XKopnana. CtyneHuaras ¥ nmpuBeaEHHAS JIK 1.1, MF-
rnocraHoBka u MmetoJ1 ['aycca o . .
Paszen 1 ManUI/II_IBI " CI/ICTCMLIv crynendatast popmel. Cesizb CJIAY ¢ 3amadeit muHeitHON 1.1
JUHEWHBIX YpaBHEHHH perpeccu: MoNCK MapaMeTpOB MOJIEIH
Teopema Kponekepa-Kanemnu. Panr marpuiis! (BBeneHuUE).
1.4 COBMECTHOCTD U CTPYKTypa perIeHui KonmdaecTBo pemnenwnii: eTMHCTBEHHOE, 06CKOHETHO MHOTO, TIK YK-1.1,
' CJIAY orcyrcTBue. [lapameTpuueckoe onucaHue MHOXKECTBA OIIK-1.1
pewennii. CBsi3b ¢ 3a7jauell HaMMEHbIIUX KBaapaToB B MO
OmnpeneneHne U €TUHCTBEHHOCTh OOPAaTHOW MaTpHIIBI.
Kpurepuii cymecrBoBanusi. Haxoxnenne o6paTHOM MaTpHILbI OIIK-
1.5 |OOparHas MaTpuna meronoM ["aycca-XKopnana. CoiictBa: oOpartHas JIK 1.1, FC-
NpOU3BeACHHs, 00paTHast TpaHCIIOHUPOBaHHOM. OOpaTUMOCTh U 1.1
YCTOHYMBOCTB PEIICHHUS] CHCTEMBI
Omnpenenenne paHra yepes crynendaryio gopmy. Teopema o YK-1.1,
16 PaHr MaTpuis! U GyHIaMEHTATbHbBIE panre. Sapo u 006pa3 Matpuisl (BBeAeHHE). YeThIpe TIK OIIK-
’ MTOIITPOCTPAHCTBA (byHmaMeHTaIbHBIX MOAMpPOCcTpaHcTBa (00630p). CBsA3b paHTa 1.1, MF-
MaTpHIIBI JaHHBIX ¢ HH)OPMATHBHOCTHIO IPU3HAKOB 1.1
1.7  |TIpakTUKyM: Omepanyy HajJ MaTPUIIAMH BrinomHeHue onepanuii CHOKEHH, YMHOKEHHS, C3 OIIK-1.1

TpaHcrioHupoBaHusi Matpuil. [IpoBepka cBoicTB. Boruncnenus




Bupg | ®opmup
Homep | HamMmeHoBaHme pa3aesia yuyeOHOIi | yeMble
HanmeHoBaHue TeMBI Coaep:xanue TeMbl
pa3nena JTHCIUTIIHHBI padéoThl | HHAHKA
* TOPbI
BPYUHYIO ¥ Bepuukanus ¢ nomomsio NumPy
Pemenne CJIAY meronom I'aycca u I'aycca-JKopnana. OIIK-
1.8  |IIpaktuxym: meron I'aycca IIpuBeneHue k CTyneH4YaToil U NpUBEAEHHON CTyIEeHUaTON C3 1.1, VK-
¢dopmam. [Tapamerpuueckoe onucanue perieHun 1.1
Haxosxnenne ooparHoit matpuusl. Pemenne CJIAY uepes
[IpakTukyMm: oOpaTHas MaTpHIA U
1.9 oOparHyro MaTpuily. MccinejoBaHue COBMECTHOCTH CUCTEM C C3 OIIK-1.1
COBMECTHOCTb CUCTEM
nomonipio Teopembl Kponekepa-Kanemm
Brrunciienye panra METOI0M dJIEMEHTAPHBIX TIPeoOpa3oBaHui. OIIK-
1.10 |TIpakTHKyM: paHT MaTPHIIBI Omnpenenenne KOJIMUECTBA pelIeHNH cucTeMbl. Haxoxnenne C3 1.1, VK-
0a3uca CTPOYHOTO M CTOJIOIIOBOTO POCTPAHCTB 1.1
dopMynHpoBKa 3a1a49u JIHHEHHOU perpeccun kak CJIAY. OIIK
o MeTo HaMMEHBIINX KBaIPaTOB: HOPMaJIbHBIC YPaBHEHHS. -
1.11  |TIpaktuxym: CJIAY u nuHeWHas perpeccust 7P HOP yp C3 1.2, MF-
Pemenne 3amaun nogdopa mpsMoi ¥ mapabosl Ha IpUMepax. 11
Peanmmzanus za Python (NumPy) )
[IpencraBnenne gatacera Kak MaTPHIBI IPH3HAKOB.
112 [IpakTUKyM: MAaTPHIIBI JAHHBIX B 3a1a4ax | LleHTpupoBaHue U HOpMaIM3alKys JaHHBIX Yepe3 MaTPUYHBIC 3 MF-1.1,
' 4041 onepauuu. KoBapuaiuonHas MaTpuia u e€ cBOicTBa. OIIK-1.2
Boruncnenue B NumPy, Busyanusanus
[epectanoBky 1 ux 4€THOCTH. OMpeeseHue onpeaeauTels
21 Omnpenenuresns MaTpuLpl: ONpesieliecHne U |depe3 pas3iiokeHue. CBONHCTBA: MyJIbTHIMHEHHOCTD, K |OmK-1.1
' CBOliCTBa KOCOCHMMETPUYHOCTb, ONPEACIUTENb CANHUYHON MaTpULbI. ’
I'eomeTpuueckuii cMbICI: 00BEM MapajulenenuIesia
Omnpenenurens TPEyrojabHOM MaTpuIbl. PasinoxxeHne no ctpoke
. cTOJIOITY). AnrebpardecKue JOMOTHEHNS M MUHOPHI.
2.2 Brrancnenue onpenenurenci ( uy) P p JIK OIIK-1.1
Omnpenenurens npousBeneHus. ®opmyna Kpamepa. Csizb
OTIPENICIIHUTEIIS C 0OPATUMOCTHIO MaTPHIIBL
OnpenenuTens U JIeMEHTHI
Paznen 2 N Apudpmernaeckoe IpocTpancTBo R, Onepamnuu: CIoKeHHe,
AHATNTHYECKON TeOMETpHN )
YMHOXEHHUE Ha cKaisip. ['eoMeTpudeckas uHTepripeTanus B R* u OIIK-
2.3 |BexTopsl B R™: omepaiuu ¥ reOMeTpust R3. JIunetinas KoMOWHAITUS, JIMHEHHAS 3aBUCUMOCTD U JIK 1.1, MF-
HE3aBUCUMOCTb. J[aHHbIE KaK TOUKH/BEKTOPHI B IPOCTPAHCTBE 1.1
MPHU3HAKOB
CkansipHoe npou3BeieHHe B R™: onpesiesieHue 1 CBOMCTBA. OIK
EBxmunosa Hopma. HepaBenctso Kommu-bynsikoBckoro-
2.4 |CkanspHOe NpOU3BEACHUE U HOPMa BEKTOPa JIK 1.1, MF-

[Bapua. Yron mexay Bekropamu. KocunycHas mepa cxoicTsa
KaK METpUKa OJIM30CTH TeKCTOB M dMOemuHros B 1N

1.1




Bupg | ®opmup
Homep | HamMmeHoBaHme pa3aesia yuyeOHOIi | yeMble
HanmeHoBaHue TeMBI Coaep:xanue TeMbl
pa3nena JTHCIUTIIHHBI padéoThl | HHAHKA
* TOPbI
OpToroHanbHble U OPTOHOPMUPOBAHHBIE CUCTEMBI BEKTOPOB. OIK
IIpoexius BekTopa Ha MoANpoCTpaHcTBO. OpTOroHaNBHOE )
2.5 |OpTOroHaJbHOCTb U MPOEKIUU poex P APOCTp p JIK 1.1,
nononHenue. [Tpoekuust kak HawtydIiee MpUOJIMKEHUE: CBA3b C OIK-1.2
METOZIOM HAUMCHBIITNX KBAJIPaTOB )
BexkTopHoe npousBenenue B R3: onpeneneHue, CBONCTBA,
reoMeTpudecKuii cMbici. CMEIIaHHOE POU3BEICHUE U 00BEM. OIIK-
BekTopHOe U cMeITaHHOe TTPOU3BEICHHS. .
2.6 VYpaBHeHUS TPSMOH ¥ IMIIOCKOCTH. PaccTosiHue OT TOYKA 70 JIK 1.1, MF-
IIpsamMblie ¥ IIOCKOCTH
IJIOCKOCTH. ['uneprockoct B R™: paznesnstomas 1.1
TUNEPIIOCKOCTh B SVM
Brrauciienue onpenenuteneit 2x2, 3x3, 4x4 MaTpuil
2.7  |IIpakTUKyM: BBIYUCIICHUE OTIPEICIUTEICH |pa3IMYHBIMU METOJaMHU. Pa3ioskeHue 1o CTpoKe/CToOIy. C3 OIIK-1.1
IIpumeHeHne CBOMCTB JUIsl YIIPOIICHUS
Pemenue CJIAY dhopmynoii Kpamepa. Haxoxnenue o6patHoit OIIK-
[Ipaktukym: hopmyia Kpamepa u odpatHas "
2.8 MaTpHIa MaTpHULIbI Yepe3 NpucoeInHEHHYI0 MaTpully. CpaBHEHHE C3 1.1, VK-
P 3¢ ($EeKTUBHOCTH METOI0B 1.1
N IIpoBepka cucteM BEKTOPOB Ha JTMHEHHYIO 3aBUCUMOCTb. OIIK-
[IpakTukyM: TUHEWHAs 3aBUCHMOCTh U . . .
2.9 Gasuc Haxoxnenre MakcuMalbHOM JTMHEHHO HE3aBUCUMOI C3 1.1, VK-
nozacucteMsl. Paznoskenne Bekropa no 6asucy 1.1
Boruncnenue ckaasipHbIX IPOU3BEICHUN, HOPM, YTTIOB MEXIY OIIK-
IIpakTuKyM: cCKansipHOE MPOU3BEACHUE U
2.10 BekTopamu. KocuHycHas Mepa cX0CTBa Ha IpUMepe C3 1.1, MF-
HOPMBI
TekcToBbIX 3MOeuuroB (TF-IDF). Peanusaius Ha Python 1.1
Haxoxnenue npoekuy BEKTOpa Ha MOAIPOCTPAHCTBO. OIIK-
2.11 |IIpakTHKyM: OPTOTOHATHHBIE TIPOEKIINH IIponecc oproronammzanuu I'pama-IlImuara. CBs3s ¢ 3apaueit C3 1.1,
HAaUMEHBIIINX KBaJIPaToOB OIIK-1.2
Busyanuzanus qaHHbIX Kak Todek B R? u R3. Pazgensromas
212 IIpakTrkym: reoMeTpusi MPOCTPAHCTBA TUTIEPIUIOCKOCTh: T€OMETPUYECKAsi HHTEPIPETalUs JIMHEHHOTO 3 MF-1.1,
’ MIPU3HAKOB KiaccudukaTopa. Beraucienne paccToOSHUN B OTCTYIIOB. OIIK-1.2
Peanmuzanus Ha Python (Matplotlib)
AKCHOMBI BEKTOPHOTO MpocTpaHcTBa. [Ipumepsr: R»,
MIPOCTPAHCTBO MATPUL, IPOCTPAHCTBO MTOJIMHOMOB YK-1.1
3.1 |OmpeneneHure BEKTOPHOIO IPOCTPAHCTBA pOCTP TPHLL, TPOCTD ’ JIK ’
npoctpancTBo GyHKIMH. [ToHsTHE a0CTPaKTHOTO MTPOCTPAaHCTBA OIIK-1.1
Pasnen 3 |BekropHble MpoCTpaHCTBA KaK OCHOBa JyIsi 00001EHHOTO NpeicTaBiIeHust fanHbIx B MU
Onpeznenenue noanpocTpancTsa. Kpurepuii noanpocTpaHcTBa. OIIK-
3.2 |IlommpocrtpaHctBa. JInHeiHas 00o04Ka Jluneiinast 000s104Ka cuCTEMBI BeKTOpoB. [lepeceuenue n JIK 1.1, VK-

CyMMa noanpocTpaHcTs. PopmMya pa3MepHOCTEH.

1.1




Bupg | ®opmup
Homep | HamMmeHoBaHme pa3aesia yuyeOHOIi | yeMble
HanmeHoBaHue TeMBI Coaep:xanue TeMbl
pa3nena JAVCHUTIIHHBI padéoThl | HHAHKA
* TOPbI
[oanpocTpaHcTBa Kak reoMeTpudeckue 00bEeKTHI B
IPOCTPAHCTBE JaHHBIX
JluneiiHast HE3aBUCHUMOCTbH B IPOU3BOJIBHOM IPOCTPAHCTBE.
Basuc u pasmeprocts. Teopema o 6asuce. KoopauHaTs OIIK-
3.3 |ba3uc u pazmMepHOCTb BekTopa. Marpuna nepexoaa. IIpocTpaHCTBO NPU3HAKOB Kak JIK 1.1, MF-
KOHEYHOMEPHOE NPOCTPAHCTBO: Pa3MEPHOCTh = YHUCIIO 1.1
MIPHU3HAKOB
SAnpo (null space), obpa3s (column space), ctpouanoe OIIK
34 ®DyHIaMeHTaIbHBIE TIOATPOCTPAHCTBA MPOCTPAHCTBO (TOW space), leBoe Aapo. CBA3b pa3sMEepHOCTEH: TIK 11 FC
’ MaTpPHIIBI TeopeMa o paHre u nedekre. Smapo MaTPHIIEl TaHHBIX: ’ 1’ 1
JIMHEWHbIE 3aBUCUMOCTH MEXIY NMPU3HAKAMHU )
IIpsimast cymma moanpoctpancTB. M3oMopdu3M BEKTOPHBIX
npocrpanctB. KoopaunatHelil usomopdusMm. Bee n-mepHble YK-1.1
3.5 |[Ipsmas cymma 1 u30Mop(hU3M MMPOCTPAHCTB pocTp P pg p JIK ’
BEILECTBEHHBIE IIPOCTPAHCTBA N30MOPQHEI R™. 3HaueHune s OIIK-1.1
yHU(DHKAUY NPEICTABICHUIA JTAHHBIX
[IpoBepka BBINOIHEHHS aKCHOM BEKTOPHOTO IIPOCTPAHCTBA IS
IIpaxkTuKyM: IpOBEpKa aKCHOM U POBEp P pocTh o VYK-1.1,
3.6 HEeCTaHAAPTHBIX NpuMepoB. [IpoBepka, sABIISETCS I MHOXKECTBO C3
HOAIIPOCTPAHCTB N OIIK-1.1
nonpocTpancTBoM. Haxoxxaenue muHeHHOH 000J104KH
[IpoBepka cucteM BEKTOPOB Ha cBOWCTBO Oa3uca. HaxoxneHue
3.7 |Ilpaktukym: 6a3ucC U KOOPAUHATHI koopauHat Bektopa. [Toctpoenue matpuusl nepexona. Ilepexon C3 OIIK-1.1
MEXIY 0asucaMu
Haxoxnenue 6a3ucos simpa u o0pasa matpuisl. [IpoBepka OIIK-
[IpaxTukym: pyHIaMEHTaIbHEIE ! AP P TPHH POBED
3.8 TeopeMsbl 0 paHre. IHTeprpeTanus: IHHEHHbIC 3aBUCHMOCTH B C3 1.1, FC-
MTOIIPOCTPAHCTBA
MaTpHIIC JAHHBIX 1.1
OmnpeneneHne panra MaTPHUIbI TaHHBIX. BrIsABICHNE THHEHHO
[IpakTrKyM™M: pa3MEepHOCTb U PaHT B P P P A MF-1.1,
3.9 3aBUCUMBIX MPU3HAKOB. [ToHMKEHNE pa3MEepHOCTH Yepes C3
KOHTEKCTE JTaHHBIX OIIK-1.2
oTOpachlBaHNE 3aBUCHMBIX CTOJIONOB. Peanm3anus va Python
YK-1.1,
[MucermenHas KOHTpoNIbHAS paboTa, BKIIOYAIOIAs 3aJa9d Ha OIIK
3.10 |KonrponpHas paboTa mo pazgenam 1-3 CJIAY, onpenenuTemny, BEKTOPHBIE IPOCTPAHCTBA U HX C3 1. MF
MpUMEHEHHE B KOHTeKCTe 3aaau U ) i 1
Omnpenenenne JMHEHHOTO OTOOpaXkeHHUs (OmepaTopa). OIIK
N Jluneiinbie oToOpaXkeHus: onpenenenne 1 | [IpuMepsl: IpoeKIys, IIOBOPOT, OTPAKEHHE -
Paznen 4 |JIuneliHble 0TOOpaKEHHS 4.1 P e PHMEDBI: MPOCKLIA, poT, OTP ’ JIK 1.1, MF-

HIpUMEpbI

muddepenunposanue, nuTerpuposanue. Ciioll HEHPOHHOH ceTH
Kak JIMHeliHoe oToOpaxeHue: y = Wx +b

1.1




Bupg | ®opmup
Homep | HamMmeHoBaHme pa3aesia yuyeOHOIi | yeMble
HanmeHoBaHue TeMBI Coaep:xanue TeMbl
pa3nena JAVCHUTIIHHBI padoTHI | HHAMKA
* TOPbI
Snpo 1 00pa3 Kak NoANpocTpancTa. Teopema 0 pa3MEpPHOCTSIX OIK
. snpa u obpasza. IHbeKTUBHOCTD, CIOPBEKTHBHOCTD
4.2 |Sapo u 00pa3 JIMHEHHOTO 0TOOpaKEHHsI AP p > C1OP ’ JIK 1.1, FC-
OuexTrBHOCTB. CBsI3b ¢ 0OpaTUMOCTHIO. [lepeoOyuenue u L1
HeJ1000y4YeHHEe: TeOMETpUUEeCKasi HHTEPIPETalys Yepe3 paHr )
[TocTpoeHue MaTpuUIbl JIMHEHHOTO OllepaTopa B 331aHHOM OIK
o 6azuce. CBsI3p MEX/y ONepaTopoM U Marpuiei. Fiamenenue -
4.3  |Marpuma THHEHHOTO 0TOOpaKCHHS Ly oriepatop Thuit JIK 1.1, MF-
MAaTpHIIbI PU 3aMeHe 6azuca: Gpopmyina nogodus. Marpura 11
BECOB HEMPOHHOT'O CJI0sI KaK MATPHUIIA JJUHEHHOTO OTOOpaKEHUS )
CyMmMa u mpousBezicHue onepatopoB. OOpaTHBIN onepaTop. OIIK
. IIpoctpancTBO NMHENHHBIX onepaTopoB. Komnosunus cioés _
4.4 | AnreOpa TUHEHHBIX ONEPATOPOB poCTpane parop o ! JIK 1.1, FC-
HEHPOHHOM CeTH KaK MPOM3BeICHUE TMHEHHBIX OTIEPaTOpPOB. 11
[Ipob6iema riryOMHBI ¥ SKCIPECCHBHOCTH )
IHomobue matputr. IHBapraHTH IOHOOHS: CIIE, OTIPEIEITUTENb,
paHr, XxapakTepiucTHUeCKUi MHOTOWIeH. [ eoMeTpruueckuii VK-1.1
4.5 |IlogoOHble MAaTPULIBI 1 MHBAPUAHTHI cMbIca onoous. Kanonuueckue Gpopmsl (0030p). JIK OIK 1 ’l
VHBapraHTHOCTb apXUTEKTYPbl HEHPOHHOM CETH K BBIOOPY '
Oazuca
Jluneiinble GpyHKUMOHAIBL. [IBOHCTBEHHOE IPOCTPAHCTBO OIIK-
N JBOMCTBEHHBIN Oa3uc. buinHeiHbIe GOpMBIL: OlpeaeeHue, 1.1,
JIBOMCTBEHHOE IPOCTPAHCTBO U N
4.6 N Mmarpuua, cBoiictBa. KBagparuunsie hopmbl (BBeICHHUE). JIK OIIK-
OownmHeHBIe (HOPMBI NI
DyHKIHUS TIOTEPh KaK KBagpaTHyHas GopMa B JIMHESHHOM 1.2, FC-
perpeccun 1.1
N IIpoBepka nuHEHHOCTH 0TOOpakeHUi. Haxoxxnenue snpa u OIIK-
[IpakTuKyM: TUHEHHBIE OTOOPAXKEHHS U HX
4.7 o obpasza. OnpeneneHre MHbEKTUBHOCTH M CEOPBEKTHBHOCTH. C3 1.1, VK-
CBOICTBa
ITpumeps! 3 reometpun U MU 1.1
TlocTpoenune MaTpuIlbl TMHEHHOTO ONEpaTopa B pa3InYHbIX
[IpakTUKyM: TOCTPOEHNE MaTPHUIIBI
4.8 Oa3ucax. Berancnenre o0pa3oB BEKTOPOB Yepe3 MATPHILY. C3 OIIK-1.1
omeparopa
Bepuguxauus ¢ NumPy
IToctpoenue matpurs! nepexona. Ilepecuér maTpuisl OIIK-
4.9 |IIpakTukyMm: 3ameHa Oa3uca 1 nogooue orepaTopa B HOBOM 0asuce 1o ¢opmyiie nogoous. [Iposepka C3 1.1, VK-
WMHBAPUAHTHOCTH CJIE/Ia M OLIPEAEIIHUTENS 1.1
Brruncnenue cyMmbl, IPOU3BEIEHUSI, 00OpaTHOTO oniepaTropa
4.10 |IIpakTHkyM: anrebpa onepaTopoB Y 1P ® » 00P paTop C3 OIIK-1.1
yepe3 MaTpuubl. [IpoBepka cBoicTB. 3a1a41 Ha KOMIIO3UIIHIO
IIpuBeaenue kBaapaTUUHBIX HOPM K KAHOHUUECKOMY BUY. OIIK-
4.11 |IIpakTUKyM: KBapaTHYHbIE (POPMEI PHBEA AP op Y Buity C3

3axoH unepuuu CunbsBectpa. Kputepuii Cunssectpa uis

1.1,
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Bupg | ®opmup
Homep | HamMmeHoBaHme pa3aesia yuyeOHOIi | yeMble
HanmeHoBaHue TeMBI Coaep:xanue TeMbl
pasaena JUCHUNTHHBI padéoThl | HHAHKA
* TOPbI
HOJIOXKUTEIbHOM onpenenéHHoCTU. CBs3b C BBITYKIOCTBIO OIIK-1.2
(YHKIMH TOTEPb
Peanuzanus nmuHeiHOTO ci1ost y = WX + b Ha Python.
412 IIpaxkTukyM: TUHEHHBIN CIIOM HEHPOHHON Buzyanuzanus tpancdopmanuy npocTpaHCTBa MPU3HAKOB. 3 MF-1.1,
' ceTu Komno3uius HeckoJIbKUX cI0EB. DPPeKT riryOuHbI 0e3 FC-1.1
HEJMHEHHOCTH
Brieon popmynsr MHK kak opTOroHambHOMN MPOEKINH.
N A OIIK-
413 [IpakTuky™m: MeTO HAaMMEHbIUX KBaapaToB | Hopmansabie ypaBaenus: X T X B = X T y. YcnoBus 3 1.2 MF
) yepes MPOoeKIUn eJIMHCTBEHHOCTH pernenns. Peanm3arus Ha Python, cpaBHeHue ’ i 1
c sklearn )
. A OIIK-
I'pebreBas perpeccus (Ridge): nobasnenne Al k X T X.
[IpakTukym: perynspusanus Kak 1.2, MF-
4.14 o T'eomeTpudeckas natepnperanus. Biusane Ha C3
Moau(HUKaIsI KBapaTHIHONW (OPMBI 1.1, FC-
o0ycnoBneHHOCTs MaTpuubl. Peanmnzamnus va Python L1
Cucremaruzauus: nuneitnas perpeccust, Ridge, LASSO kax
415 [MpakTukym: 00001EeHNE — JINHEHHBIC 3aJa4yu JIMHEWHOH anreOpbl. MaTpuuHble (hOPMYIUPOBKH. 3 MF-1.1,
' Mozenu B MO I'panuiia npUMEHNMOCTH JIMHEHHBIX Mojeeld. O0cykaeHne VK-1.1
HEOOXOIMMOCTH HEIMHEHHBIX PACIIMPCHUN
CkassipHO€ MPOU3BEICHNE HA MPOU3BOJILHOM BEIIECTBEHHOM OIK
51 EBKIIMI0BO pOCTpaHCTBO: ompeaeneHue U |mpocrpancTse. Akcuombl. Hopma u paccrosinue. HepaBencrsa TIK 1.1. MF
' cBOlcTBa Komu-IIBapua u TpeyrompHuka. MeTpuky B IPOCTPAHCTBE ' i 1
aMOeuHTOB: L2, KOCUHYCHAas )
IIpomnecc oproronammzanuu I'pama-IlImuara. CymecTBoBaHuE OIK
59 OpToroHajbHBIE © OPTOHOPMHPOBAaHHEIE opToHOpMHUpOBaHHOTO Oa3uca. QR-pa3nokenue: onpenenaeHne TIK 11 FC
’ 0a3uchl u anroput™. QR-pasnoxxenue s pemeHus 3a1aqu ’ 1’ 3
HAMMEHBIINX KBA/IPATOB: YHCICHHAS YCTOWIMBOCTD )
EBKIMIOBHI TPOCTPaHCTBA. > >
Paznmen 5 Omnpenenenne opToroHANBHON MaTpuIlsl. CBOHCTBA!
OproromasHoCTs, COXpaHEHHE HOPMBI M CKAIAPHOTO TIPOM3BeIeHI. MaTpHIbl OTIK-
5.3  |OpToroHanabHBIC MATPHUIILI H TTOBOPOTHI P p p p - Viatp JIK 1.1, FC-
MOBOPOTAa U OTpaxkeHus. OpTOroHaNbHEBIC IPEOOpPa30OBaHUs B L1
3agayax UW: nHBapMaHTHOCTh HEMPOHHBIX CETEH K MOBOPOTaM )
OpToroHajabHEIH OpoeKTOp Kak MaTtpuna: P = A(ANT A)M-1 OIIK-
Y P P p
54 OpToroHanabHble IPOEKTOPHI U A”T. CBoiicTBa: HAEMIIOTEHTHOCTh, CHAMMETPUYHOCTb. TeopeMa TIK 1.2, MF-
) annpokcuMarus 0 HaWjIy4lIeu annpokcuMauuu. OpToroHajibHas MPOEKLUHS KaK 1.1, FC-
OCHOBa JIMHEWHOH perpeccuu U PCA 1.1
5.5 YHuTapHble NPOCTPAHCTBA DPMHUTOBO CKaJSIPHOE IIPOU3BEACHNE. Y HUTapHbIE MATPHIIHI. JIK OIIK-
p pocTp P p p p p
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Bupg | ®opmup
Homep | HammeHoBaHue pa3sgesa yueOHoOIi | yemble
HanmeHoBaHue TeMBI Coaep:xanue TeMbl
pa3nena JAVCHUTIIHHBI padoTHI | HHAMKA
* TOPbI
CBs3b BELIECTBEHHOT'O ¥ KOMIUIEKCHOTO cityuasi. CrieKTpaibHast 1.1, FC-
TeopeMa Il HOpMaJIbHBIX ONEepaTopoB ((hOpPMYIHUPOBKA). 1.1
[Ipumenenne: 06pabOTKa CUTHAJIOB M CIIEKTPAIbHBIC METOIbI
Martpuna I'pama: onpenenenue, CBOMCTBA, MOJIOKUTEIbHAS OIIK-
nonyomnpenenéHHocTh. CBsi3b ¢ saepHbiMU MeTogamu (kernel 1.1, MF-
5.6 Martpuua ['pama u siiepHbIe METOIBI yorpea N Acp & ( JIK ’
methods): siIepHBII TPIOK Kak 3aMeHa CKaJIsIPHOTO 1.1, FC-
npomssenenus. Anepusiii PCA (0630p) 1.1
Brrunciienue cKagsIpHBIX IPOU3BEACHAN M HOPM TSI BEKTOPOB
[IpakTUKyM: CKaJIsipHOE TIPOM3BEACHUE H
5.7 n3 Re, marpur (Hopma @podenuyca), momHoMOB. [IpoBepka C3 OIIK-1.1
HOPMBI B pa3IMIHBIX ITPOCTPAHCTBAX
AKCHOM
Brinonnenue nponecca I'pama-IlIMuara Bpyunyto. Iloctpoenue OIIK-
IIpaktukym: oproronanuzanus ['pama- port p /ITa BPYHHY P
5.8 QR-paznoxenus. Pemenue CJIAY gepe3 QR. Peanuzanus Ha C3 1.1, FC-
muara u QR-paznoxenne .
Python, cpaBHeHue ¢ numpy.linalg.qr 1.3
IIpoBepka oproronansHocTy Marpull. [loctpoenue MaTpu
[IpakTUKyM: OpTOTOHATEHBIE MAaTPHUIIEI H popepia op Tpr ' Tputt
59 MOBOPOTA U OTpaxkeHus. Busyanuzauus aelcTBus C3 OIIK-1.1
npeoOpa3oBaHus N
OPTOTOHAIBHBIX NpeoOpazoBanuii Ha 2D-naHHbIe
HaxoxeHre opToroHaabHON NPOEKLUU Ha IOAIPOCTPAHCTBO. OIIK-
[TpakTHKyM: OpTOrOHAIBHBIE TPOSKINH U
5.10 MHK IToctpoenue npoekropa. Pemienue 3a1a4u HAMMEHbBLITUX C3 1.2, MF-
KBaJpaToB yepe3 npoekuuto. ['eomeTpudeckas BU3yanu3anus 1.1
QR-paznoxenue nus pemenuss MHK: cpaBHeHue ¢ OIIK
511 IIpaxtukym: uuciaoBoit QR 1 ycTOHYMBOCTh |HOPMaldbHBIMH ypaBHEHUSMU 10 ycToitunBoctu. [1noxo 3 12. FC
' o0ycioBieHHbIE MaTpHLBL. YKcio 00yCI0BICHHOCTH U €r0 ’ 1’ 3
BIIMSTHUE HAa TOYHOCTh. Peanm3arus Ha Python )
Brrauciienne matpuirst ['pama a1 Habopa TEKCTOBBIX
512 [Tpaktukym: maTtpunia 'pama u KocuHycHast |aMOennuHroB. KocuHycHas Mepa CXOICTBa Kak 3 MF-1.1,
’ 0JIM30CTh HOpMAaJIM30BaHHOE CKaJISIPHOE TpOou3BecHue. Bu3yanuzamus OIIK-1.2
TEIJIOBOM KapThl cxojcTBa. Peanm3amnus Ha Python
CriexrpanpHas, GpoOeHIycoBa, siaepHas HOPpMBI MaTpuil. Yucio OIIK-
[IpakTUKyM: HOPMBI MaTPHII U p > &p Y » AACP p pum
5.13 00YCIIOBJICHHOCTH: OTpeieNieHre u nHTeprpeTanus. CBs3b ¢ C3 1.1, FC-
00yCIIOBIICHHOCTh N N
yCTOWYMBOCTBIO 00y4eHust Mojieneid. Berancnenne B NumPy 1.3
SInepHbIi TPIOK: BBIYHUCIICHHE CKAJSIPHOTO ITPOU3BECHUS B MF-1.1
5.14 |IIpakTHKyM: saepHble METObI (BBEACHHE) |IIPOCTPAHCTBE BHICOKOW pazMepHOCTH Oe3 SIBHOTO Tepexoa. C3 FC 1' 1’
[onuunomuansaoe u RBF-sapa. Peanmmzanus na Python )
Y CTHBI# OIPOC IO TEOPUH JIMHEHHBIX OTOOPaKCHUI YK-1.1
5.15 |Komnoksuym 1o pasaenam 4—5 P P p ’ C3 ’
€BKJIJIOBBIX IPOCTPAHCTB U OPTOTOHAJIBHOCTH C aKLICHTOM Ha OIIK-
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Bupg | ®opmup
Homep | HamMmeHoBaHme pa3aesia yuyeOHOIi | yeMble
HanmeHoBaHue TeMBI Coaep:xanue TeMbl
pa3nena JTHCIUTIIHHBI padéoThl | HHAHKA
* TOPbI
cBs3b C 3amayamu M1 1.1, MF-
1.1
OnpeneneHre COOCTBEHHOTO 3HAYCHUSI U COOCTBEHHOTO OTIK-
61 CoOcTBeHHbIEC 3HAYCHUSI U COOCTBEHHBIC BEKTOpa. XapaKkTepuCcTHIeCKuii MHOTOUIeH. CIIeKTp MaTpHILIbL. K 1.1. FC-
' BEKTOPBI CoOcTBeHHbIe oanpocTpaHcTBa. ['eomeTpuueckas ' 1’ 1
WMHTEPIPCTALNS . HHBAPHAHTHBIC HAITPABJICHHS IPe0Opa30BaHuUs )
Kpurepwnii nuaronanmszyemoctn. [Tomobue auaronamsHOM OIIK-
6.2 |/maronanmsanms matpun Matpuiie. AJIropuTM nuaroHaau3anuu. CIeKTpaabHOe TIK 1.1, MF-
pasnoxxenue. CTeIeHn MaTPHIIBI Yepe3 TUaroHaIH3aIHIo. 1.1, FC-
JnaroHaymzanus KoBapuanmoHHo# Marpuiisl = PCA 1.1
BemecTBeHHOCT COOCTBEHHBIX 3HAYCHUH CUMMETPUIHOMN OIK-
MaTtpuibl. OpTOTOHATLHOCTh COOCTBEHHBIX BEKTOPOB.
CriekTpanbHas TeopeMa Jisi CHMMETPUIHBIX e R 1.1, MF-
6.3 N— CrektpanpHoe paznoxenne: A = QAQAT. [lonoxuTenpHas JIK 11 FC-
onpenenénHoctb. CriekTpaibHas TeopeMa kak ocHoBa PCA u ’ 1’ 1
CIEKTPAJIEHOTO KJIaCTepUHTa
Omnpenenenne SVD: A = UXV/T. CyuiectBoBanue u OIIK-
CIMHCTBCHHOCTh. CBSA3b C COOCTBCHHBIMY 3HAYCHUSIMH MAaTPHI] 1.1, FC-
6.4 | Cumrynspuoe pasnoxenne (SVD) A"T A nu AA"T. Currynspasle uncia. SVD kak 0606HI€HTI/II; JIK 1.1, FC-
CoOCTBeHHbIEC 3HAUCHHUS U
Paznen 6 A — CIEKTPAJIBHOIO Pa3JIOKECHUs 1.3
Yceuénnoe SVD (truncated SVD) u HU3KOpaHrosas
Tpumencrus SVD B HCKYCCTBEHHOM annpoxcuManus. Teopema DkkapTa-SHra o HamTyuIen MF-1.1,
6.5 HHTEILICKTE armpokcumanuu. [Ipumenenus: PCA gepe3 SVD, LSA B NLP, JIK FC-1.1,
cXKaTHe N300paKeHW, HU3KOPAHTOBAs allpOKCUMAITUS FC-1.3
Matpuibl BecoB HeripoceTn (LoRA)
Haxoxxnenane coOCTBEHHBIX 3HAUYCHUH M COOCTBEHHBIX BEKTOPOB
6.6 [IpakTukyM: COOCTBEHHBIC 3HAYEHUS 1 Matpuil 2x2 u 3%3. [ToctpoeHne XapakTepUCTUIECKOTO 3 OIK-1.1
’ BEKTOPHI MHorousieHa. [IpoBepka pe3ybTaToB uepes onpejaesienue Av = ’
Av
IIpoepka auaronanuzyemocty. [loctpoeHne MaTpuibl OIIK-
6.7 |IIpakTuKyM: AMArOHAIU3ALMS nepexoja. Berdnciaenue creneneil MaTpuLbl yepes C3 1.1, VK-
JMaroHaJIM3aluio. 3a/1a41 Ha MaTPUYHBIE I10CIIE0BATEIbHOCTH 1.1
Haxoxnenue cnexrpanpHoro pasnoxenus A = QAQAT. OIK-
6.8 [TpakTHKyM: CHEKTpaJIbHOE PA3JIOKEHUE [IpoBepka OpTOroHaNEHOCTH COOCTBEHHBIX BEKTOPOB. 3 1.1 FC-
. 1,

CUMMCTPUYHBIX MaTpHI]

OHpeZICJ'ICHI/IC 3HaKO0Hp€ZI€J'IéHHOCTI/I qepes COOCTBEHHBIE
3HAYCHUA
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Bupg | ®opmup
Homep | HamMmeHoBaHme pa3aesia yuyeOHOIi | yeMble
HanmeHoBaHue TeMBI Coaep:xanue TeMbl
pasnesa JHUCIUIIIHHBI padoThI | HHAUKA
* TOPbI
Haxoxnenune SVD g maTpui Manoil pasMepHOCTH BPYUYHYIO: OIIK-
6.9 |IIpaktuxym: SVD — BhIUMCIEHUE Beruucnenne AT A u AANT, UX CHEKTpanbHBIX pa3aoKeHUN. C3 1.1, FC-
Bepuguxauus ¢ nomomsio numpy.linalg.svd 1.3
Peanuzauus PCA: uentpupoBaHue JaHHBIX, BluucieHue SVD, MF-1.1,
6.10 |Tpaxtuxym: PCA uepes SVD BBIOOD 4MCIIa KOMIIOHEHT 110 Jlo1le 00BSCHEHHOH UCTIEPCHU. 3 OIIK-
Busyanuzanus npoekuuii Ha NepBble INIaBHbIE KOMIOHEHTHI. 1.2, FC-
Cpasnuenue ¢ sklearn.decomposition.PCA 1.1
Yceeu€nnoe SVD mist coxathst n300paxeHuit: BIOOP paHra kK,
6.11 IIpakTrKy™m: HU3KOpaHTOBast BH3YyaJIM3aIisl KauecTBa MpH pasnudHbIX k. OmeHka omuoku 3 MF-1.1,
’ aInmpoKCHMAIINS U C)KaThe armpokcuManuy (Hopma @pobennyca). Csizb ¢ LoRA: FC-1.3
anmpoKCUMaIus MaTpuibl BecoB AW =~ AB
JlaTeHTHO-CEeMaHTUYECKHUI aHAIN3: TTIOCTPOECHNUE MaTPHULIbI
«TOKYMEHT-TEPMHHY», pUMEHeHHe yceu€HHoro SVD s MF-1.1,
6.12  |IIpaktuxym: LSA nist 0OpaOOTKM TEKCTOB | M3BJICYEHHMS CKPBITHIX TeM. CpaBHEHHE TOKYMEHTOB B C3 FC-1.1,
IPOCTPAHCTBE MOHIKEHHOH pazmepHocTU. Peannzanus Ha OIIK-1.2
Python
Cucrtemarusanys CBs3el JIMHEHHOM anreOpsl ¢ 3amauamu U, VK-1.1,
6.13 Hrorosoe 3ansTue: nuHeiHas anredpa kak | Kapra koHuenuuii: JaHHble — MaTpHUIB — JIMHEHHbIC MOJEIH 3 MF-1.1,
' ¢ynnament MU — ONTHMHU3ALUS — Pa3NlokeHuss — cxkaTtue. I[logroroska FC-1.1,
9K3aMEHY FC-1.3

* - 3anmonasetcs Toiapko o QUHOUW dopme oOyuenus: JIK — nexkyuu; JIP — nabopamopuvie pabomot, C3 — npaxmuueckue/ceMunapcKue 3ansamusi.
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6. MATEPUAJIbHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHBI

Tabnuya 6.1. Mamepuanvho-mexnuyeckoe obecneverue OUCYUNIUHbL

CrneuunajJn3upoBaHHOe
yueOHOe/1adopaTopHoe
obopynosanue, I[1O u
MAaTepHAaJIbI 1JI51 0CBOCHHS
AUCHUILTUHBI
(mpu He0OXOAUMOCTH)

Tun aynuropum OcHamenue ayauropuu

Aynutopus U1 TPOBEICHUS 3aHATUN
JIEKIIMOHHOT'O THIIa, OCHAIIICHHAS
JlekmonHas KOMILIEKTOM CIICIIHAIM3UPOBAHHON MeOeIH;
JIOCKOH (3KpaHOM) U TEXHUYECKUMU
CpeJICTBAaMU MYJIbTUMEINA MMPE3CHTAIIHI.

Aypautopust Isl IPOBEICHUS 3aHATUN
CEMHHAPCKOT'0 THUIA, TPYIIOBBIX U
WHANBUAYATBHBIX KOHCYJIBTAIIUH, TEKYIIETO
AMBEAY YDTALMH, TERYIH [TepconanbHbIC
KOHTPOJISI U TPOMEKYTOYHOM aTTeCcTalu,
CemuHapckas KOMIIBIOTEPHI,
OCHAIIIEHHAs] KOMIUIEKTOM

. HeoOxoaumoe [10
CHeIHaTN3UPOBAaHHON MeOeH U’
TEXHUYECKUMH CPEICTBAMU MYJIbTUMENA

MpE3EHTAaIH.

AynuTopHst Ui CaMOCTOSTEIIbHOW PaboThI
oOydJaroruxcs (MOXKET UCIIOIb30BaThCS IS

Hns o IlepconanbHbie
.. | TPOBEIECHUS CEMHHAPCKUX 3aHSATHH U
CaMOCTOSTCIIBHOU o KOMHLIOTGpBI,
KOHCYJIbTAIIUH ), OCHAIIEHHAs KOMILIEKTOM
paboThl "eoboxoaumoe I10

CHeIMATM3UPOBAHHON MeOeH
KomnbroTepamMu ¢ goctynom B DMOC.

* - ayauTopHs Ul CAMOCTOATEIbHON paboThl oOydatonuxcs ykaspiBaeTcst OBSA3ATEJBHO!

7.  YYEBHO-METOJUYECKOE 1 HH®OPMAIMOHHOE OBECIIEYEHHME
JUCIHHUIIVIMHBI

OcHoeuas rumepamypa:

1. Kpemep, H. IlI. JIuneitHas anre6pa : ydeOHHMK U TpakTUKyM Ji1st By30B / H. 111.
Kpewmep, M. H. ®punman, 1. M. Tpumus ; nox penakuuei H. I1I. Kpemepa. — 3-e uzn., ucnp. u
nor. — Mocksa : 3marensctBo FOpaiit, 2024. — 422 ¢. — (Bricmee o6pa3oBanue). — ISBN
978-5-534-08547-1. — Texkct : anekrponHslii // OOpa3oBatenpHas miatdopma FOpait [caiit].
— URL: https://urait.ru/bcode/535848

2. buprokosa, JI. I'. Jluneiinas anrebpa u 1MHENHHOE MporpaMMupoBanue. [IpakTukym :
yueonuk / JI. I'. buprokosa, P. B. Carutos ; mox obmieit penakiueit O. B. TatapankoBa. —
Mocksa : U3natensctBo FOpaiit, 2026. — 44 ¢. — (IIpodeccronanpHoe 0Opa3oBaHue). —
ISBN 978-5-534-21743-8. — Tekcr : anextpoHHslid / ObpazoBarenbHas miatdopma FOpait
[caiiT]. — URL: https://urait.ru/bcode/585221
Jlononnumenvnas numepamypa:

1. Haitzenpot, M. I1., ®eiizan, A. A., On, Y. C. MaremaTika B MallIHHHOM OOy4Y€HUU =
Mathematics for machine learning : moxonatics mo cytu / M. I1. Jlaiizenpor, A. A. ®eiizan, Y. C.
Omn; nep. ¢ anarn. C. Yepaukosa. — CII6. : [Tutep, 2024. — 507 c. : wir. — ([ns
npodeccuonanon). — ISBN 978-5-4461-1788-8
Pecypcwi ungopmayuonno-menexomMmyHuKayuoHHou cemu « Mnmepunemy»:

1. ObC PYJIH u croponnue 9bC, Kk KOTOPbIM CTYJE€HTbl YHUBEPCUTETA UMEIOT JOCTYT
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Ha OCHOBaHWH 3aKJIFOUYEHHBIX JJOTOBOPOB

- DnekrpoHHO-6ubHOoTeuHas cuctema PY/IH — ObC PYITH
https://mega.rudn.ru/MegaPro/Web

- OBC «YHuBepcuterckas 6ubnuoreka onnaita» http://www.biblioclub.ru

- OBC «}Opaii» http://www.biblio-online.ru

- OBC «KoncynbranT crynentay www.studentlibrary.ru

- OBC «3nannym» https://znanium.ru/

2. ba3bl JaHHBIX U TOMCKOBBIE CHCTEMBI

- Sage https://journals.sagepub.com/

- Springer Nature Link https://link.springer.com/

- Wiley Journal Database https://onlinelibrary.wiley.com/

- HaykomeTpuueckas 6a3a nanueix Lens.org https://www.lens.org
Yuebno-memoouueckue mamepuanvt 051 CamMoCmosmenbHo pabomol 00YUAIOWUXCSA NPU
0CB80EHUU OUCYUNTUHBL/ MO0V ™!

1. Kypc nexkuuii no aucuuruimae «JIuHeiHas anredpay.

* - Bce y4eOHO-METOAMYECKHUE MaTepUaibl JIJII CAMOCTOSITEIIBHOM pabOThl 00YUYaIOMUXCS
pa3MelarTCsl B COOTBETCTBUM C JEHCTBYIOIUM NOPSAAKOM Ha cTpaHule aucuuminssl B TYUC!
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