degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay

A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: BBenenue B MammHHOe 00yueHne
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa pyHIaMeHTAILHBIX B3aUMOICHCTBUIN U GU3HUKU DIIEMEHTAPHBIX YaCTHUI]

Kypc: 1
KBaJIMpUKALS: MarucTp

Cemectp, hopMbl IpOMEXKYTOUHOH arTecTauuu: 1 (ocennuil) - JuddepennupoBannslii 3a4eT

AynuTOpHBIX 4acoB: 45 BCETO, B TOM YHCIIE:
nexuun: 30 gac.
ceMuHapsl: 15 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: ®.J]. PaTHuKOB, KaH/. (pu3.-MaT. HAyK

[Iporpamma obcyxneHa Ha 3acefanuu kadenpa QyHIaMeHTaIbHBIX B3aUMOJICHCTBHI U (PU3UKHU IIEMEHTAPHBIX YACTHII
28.03.2025



AHHOTANMA

Mertonpl MamMHHOTO OOYYEeHHsT TPOYHO BONLIM B HAOOp HMHCTPYMEHTOB COBPEMEHHOTO (HU3UUECKOTO
uccienoBanus. Kiaccupukanuym THUIIOB HCCIENyeMbIX OOBEKTOB, MHOTOMEPHAs perpeccus, OBICTpoe
000011IeHne TeHEPaTUBHBIX MOJICJICH, MOHUTOPHUHT KadecTBa JAHHBIX, OUCK (QU3MUYECKUX M TEXHUYECKHX
AHOMAJUil - HETNOJHBIA TEPEeYCHb MPWIOKECHUN ITHX METOAOB I MONydYeHUs (U3MUECKUX pPE3YIIETATOB
BBICOYalIIero KadecTBa. B Kypce OyAyT paccMOTpeHBbl Oa3WCHbIE NPUHIUIBI M METOAWKHA MAIlUHHOTO
oOyueHus: 00001IeHHBIE MOIeN. THITOBEIE 3a1auu: KJIACCUUKAIIUS, PETPECCHUs, TTIONCK aHOMAJINi B JaHHBIX,
TPEHUPOBKA TCHEPATUBHBIX MOJIENEH, aHATN3 N300paKEHHUH, TIOUCK ONITUMAIILHOTO YIIpaBiIeHUs U Ap. OymyT
PaccMOTpEHBI Ha MTPUMEPax KOHKPETHBIX IPUMEHEHUN B sIepHON (pr3MKe M (PU3KKE BRICOKUX dHEpruid. byayT
MIPENCTaBIEHBI MOIXOAbI K PELIEHUIO 3a/ad C HWCIOJIb30BaHHWEM JACTEPMUHUCTHUECKHX WU BEPOSATHOCTHBIX
METOJIOB, C HCIIOJIb30BAHHEM PENIAIINX JCPEBbEB, aHcaMOel, HeHpPOHHBIX ceTel. B xome ceMmHapcKux
3aHATUH W BBIIOJHEHUS CaMOCTOSITENILHBIX PabOT CTYJACHTHI HE TOJBKO H3ydaT MPHUMEPhl MPUMEHEHUS
METOJIOB MAIIIMHHOTO OOYYEeHHS K KOHKPETHBIM 3a/adaM (PU3UYECKUX HWCCIENOBaHWN, HO W HAy4aThCs
CO3HATENILHO BHIOWpAaTh HaumbOoJiee MOAXOAALIMKA TOJ 3a7ady IOAXOJ, IONydYaTr MPAKTHUYECKUH HaBBIK
HacTpauBaHUSl U ONTUMHU3ALUU MOJEIIEH, a TAKXKE KOJTUYECTBEHHBIX OLICHOK BIUSHHUS UCIOJIb3YEMbBIX METOJIOB
Ha TOYHOCTh MOTYYaeMbIX (PU3UUECKHUX PE3yIbTATOB.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

00€CIIeYNTh BBCACHUC cnymaTeneﬁ B MPpEAMCT MAaTCMATUYCCKOTO MOACIUPOBAHUA C HUCIIOJIB30BAHUCM
MCTOA0B MAalIWMHHOI'O O6y‘IeHI/I5[, IMOJIYUYCHUC UMU NPAKTUUCCKUX HABLIKOB B 00J1aCTH HCIIOIb30BAHMS
METOA0OB MAIlIMHHOTO 06yquH${ JJI1 pCHICHUA pa3JIMYHbIX 3a4a4v.

33]13‘11/[ JAUCHUIIINHBI
* (O3HakoOMJICHHE C OCHOBAMU COBPCMCHHBIX IMOAXOA0B MAIlIMHHOTO 06yquH$[
° HOJ'IyLIeHI/Iﬂ TCOPCTUYUCCKUX U MPAKTUYCCKUX HABBIKOB PCUICHUA TUIIMYHBIX 3a1a4

° I/IBy‘ICHI/IC CHeI_II/I(l)I/I‘leCKI/IX ACIICKTOB HMCIIOJIB30BAHWSA MAIIWMHHOI'O O6y‘-I€HI/I$I B HAyYHBIX
HUCCICOOBaHUAX

* [lony4eHre HABHIKOB MPAKTHYECKOM PabOThI C MPOrpaMMHBIMU OUOIMOTEKAMU CPEICTB MAIIMHHOTO
oOyueHus

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($9174:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1.1 Ananuzupyet npoOIeMHYI0 CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

YK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CHUTyallud Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(POPMALHH

aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-1.3 Pa3pabarsiBaeT CTpaTEeruo JOCTHKEHUS
[IOCTABJICHHON 1€ Kak I10CJIEA0BaTeIbHOCTh I1aroB,
NpEeNBHUIA PE3YNbTaT KakIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)XKEHHE  IUIAHUPYEMOM
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

YK-2.2 Criocoben MPOTHO3UPOBAThH pe3ynbTar
JEATEIbHOCTH U IUIAHHPOBATh IOCIJIEI0BATEILHOCTD IIAr0B
s AOCTIDKCHUS JaHHOro  pesynbrarta. Dopmupyer
VK-2 CriocoGeH ynpasiisiTh IPOSKTOM Ha BceX |IUIaH-TPAQUK peanu3aluu IPOEKTa B LEJIOM W IUIaH
dTamnax ero peajn3aluu KOHTPOJISI €T0 BBITTOTHEHUS

VYK-2.3 CnocobeH opranu3oBaTh ¥ KOOPAUHUPOBATH paboTy
YYaCTHUKOB MpOEKTa, oOecreynBarh paboTy KOMaH[bI
HEOOXOAMMBIMHU pECYpCaMH

OIIK-1 Bnaneer cucremoit pynnamenransabix | OIMK-1.3 [TornMaeT MexXAUCIUILTHHAPHBIC CBSI3U B 00JacTH
Hay4HBIX 3HAHUN B 00JIACTH MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPHUMEHSTh NpU
(bU3MKO-MaTeMaTHUECKUX HAYK peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH




OIIK-3 Cnioco6en BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PELeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peneHuns

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METObl NPH PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HAHWS B
pa3nuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-3.3 Brnazeer aHaIUTUYECKUMUA U BBIYUCIUTEIBLHBIMA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
TpaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeICHUN

[IK-1 CnocoGen craBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3UPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBaHueM (MpruOOpaMH U yCTaHOBKAMH,
CIIeATN3NPOBAaHHBIMH TTAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl MCIOJIB3YEMOTO

00opynoBaHUs (crierManu3upOBaHHBIX MIAKETOB
MPUKIIAAHBIX TPOTPaMM)
[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaTOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HATb:

coziepKaHue npeamera Kypea «Beaenue B MammmHHOE 00y4eHHE», COOTBETCTBYIOLIYIO TEPMUHOIOTHIO
W TOHATHHHBIA ammapar. [loHMMare JIOTHKY pa3JUYHBIX MOAXOJOB MANIMHHOTO OOydYeHHs B
NPUMEHEHHH K DPa3IM4YHbIM THUIAM 3a/1ad. VIMeTh mpencTaBieHue O CHIIBHBIX M CIa0BIX CTOpOHAX
Pa3IMYHBIX MTOAXOIOB, TPAHUIIBI IPUMEHUMOCTH.

YMETB:

NEPEBOAUTL IIPAKTUYCCKHUE 3aJaid HAy4YHOr'0 HCCJICAOBAHHA Ha CTaHHapTHLIfI SA3BIK MallMHHOI'O
06y‘leHI/I$I, NEpCBOANUTL IIOJTYYCHHBIC PC3YJIbTAThI O6paTHO B (1)PI3I/I‘I€CKHﬁ KOHTCKCT M OLICHHBATH

TOYHOCTH MOIYYaEMBIX PE3yJIbTaTOB.
BIIaJICTh:

crocobaMu pelIeHus] TUIUYHBIX 3a]1a4d

CPEJICTB U Cpejl MAITUHHOTO 00yYEHUSI.

C HCIIOJIB30BAHHUEM CTAaHAAPTHBIX IIPOrpaMMHBIX ITaKETOB

4. Conep:xanue TUCUMILTUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAM Y4eOHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 MammnHoe ~ oOydeHHe,  CTaTHCTHKA, 6 3 9
JIMHEHHbIE METOIBI PETPECCUH
JluneriHbie MeTONBI  KiacCHU(UKAIUH,
2 Ocobennoctu paboOTBl € peallbHBIMU 6 3 9
naHHbIMH, PaboTa ¢ npu3zHakamu
3 Pemarormmue JIEpEBBA, Kommo3umun 6 3 9
aJITOPUTMOB




Hevponnsle certn OOyuenue 0Oe3

4 p ’ Y 8 4 12
YUHUTES

5 IIponBHHYTHIC METOJMKH: FCHEPATUBHBIC 4 ) 6
MOJIEJIHN, ITOMCKA aHOMAJIMH B JaHHBIX

Wtoro wacos 30 15 45

IMoaroroBka K SK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue IUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 1 (Ocennwii)
1. MamunHHOe 00ydeHue, CTaTUCTUKA, JINHEHHBIE METO/IBI PErpeccun

Henens 1. Mcropus ananuza naHHbiX. [locTaHOBKH 3a7a4 B MAIIMHHOM OOy4YeHHH: KiaccuuKaius,
perpeccusi, paHXUpOBaHUE, KiacTepu3alus, JaTeHTHble Monenu. [Ipumeps! 3aaa4. Buabl JaHHBIX.
[IpuzHaku.

Henens 2. MeTton MakcHMallbHOTO TPaBIONOA00MsS U ero cB@aBa. CTaTUCTUYECKUE THIIOTE3bI H
CTaTHCTHYECKUE KPUTEPUH.

Jlemma Hermana-ITupcona. Kpurepurt oTHOIIEHUS PaBaonoo0us. AHATUTHYECKOE U YUCIEHHOE
pewenue 3agauu MHK.

Henensa 3. ['paarieHTHBIN CITyCK, METOABI OLIEHUBAaHUS rpaarnenTa. OyHKIuH notepb. Perynapuzanus.
Metoasl orleHMBaHUS 00O0OIMIAIOIIERITIOCOOHOCTH, KpOcCC-Banuaanus. METpUKH KavdecTBa
perpeccuy.

2. Jlunevble Metonnl Kinaccupukanuy, OcoOCHHOCTH PabOThl C peallbHBIMH JaHHBIMU, Pabora c
NpU3HAKaMU

HGI[CJ'ISI 4. AHHpOKCI/IMaL{I/IH OMITUPUYICCKOI'0O prUCKa. HepCCHTpOH. MeTO,I[ OIIOPHBIX BECKTOPOB.

Henens 5. 3amada onieHnBaHUs BEPOSATHOCTEN JIOTHCTUYECKass perpeccus. O000ndHbIC THHEHHBIS
MoJIeNi. MeTprKH KauecTBa B 3a/1auax Kiaccu(pukanmu.

Henenst 6. Iponycku B gansbixX. [IpenoOpaboTtka npusHakoB. UncTka nanHbix. KarteropuanbHbie
MpU3HaKH. Pa3pexeHHbIe TPU3HAKY.

MCTO,I[LI 0T60pa IMPU3HAKOB. MCTO,I[ TJIaBHBIX KOMIIOHCHT.
3. Pemafonme ACPCBbA, KOMHO3I/II_II/II/I aAJITOpUTMOB

Henens 7. OOmmitanroput™M NOCTPOEHUS, KpUTEpUU HMHPOPMAaTHBHOCTH. KOHKpETHBIE KpUTEpHUU
IUIS KJTacCU(DMKAIMU U PETPECCH.

Henenss 8. ToHkocTHM pemaromux JAepeBbeB: 00pabOTKa TMPOMYIICHHBIX 3HAUSHWKKA,
peryssipuzanusi.

Henens 9. O6was nnes bias-variance decomposition. barrusnr, Oyctunr. I'pagueHTHBIM OyCTUHT HaJ
peLIaoNMHU 1ePEBbAMH.

4. Heuponnsle cetu, O0yuenue 6e3 yuutens

Henens 10. Crpykrypa H@uHOW cetn. OOpaTHOe pacnpocTpaHeHue omuOku. [loimHOCBS3HBIC
HEHPOHHBIE CETH.

Henens 11. Metonp! perynsipuzanun. [IpuMeps! apXxutekTyp Kak Ha0OpoB KyOUKOB.
Henens 12. Céprounsle ceT. PexyppeHTHEIE ceTu.
Hepnens 13. 3agaua knactepuzanuu. K-Means, spectral clustering. ABTOKOIUPOBIIUKH.

5. HpO,I[BI/IHYTBIG MCTOAUKU: TCHCPATUBHLIC MOACIIN, ITIOUCKA aHOMaJIhi B JaHHBIX




Henena 14. IlpuHummnel moCTpoeHUs] T€HEPATUBHBIX Mojeieil. BapuaTuBHBIE aBTOKOIWPOBIIWKH,
COCTSI3aTeNIbHbIE TEHEPATUBHBIE CETH, HOPMAJIU3YIOIINE TIOTOKH.

Henens 15. IlocTaHOBKA M ITOIXOABI K 3a/1ade ITOMCKA aHOMAaJINi B JJaHHBIX.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOXMMO AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

CeMuHaphbl: cTyneHTaM HeOOXOANMbI BEIYHMCIUTEIbHbBIE CPECTBA C IPEAYyCTAHOBICHHBIM
MPOrpaMMHBIM 00ecTIedeHNEM

* Python — gacTh ycTanoBku Anaconda

* Jupyter - yacTb ycTaHOBKH Anaconda

* Scikit-learn - yacTe ycTanoBku Anaconda

* Pytorch

» Tensorflow

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Deep learning, Goodfellow, 1., Bengio, Y., ISBN: 9780262035613, 2016
2. Pattern recognition and machine learning, Bishop, C. M., ISBN: 9780387310732, 2006

JomnonHurensHas aureparypa

1. An introduction to statistical learning : with applications in R, James G., Witten D., ISBN:
978-1-461-47137-0, 2013

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

* https://www.deeplearningbook.org/ - Deep learning, Goodfellow, 1., Bengio

http://users.isr.ist.utl.pt/~wurmd/Livros/school/Bishop%20-%20Pattern%20Recognition%20And%20
Machine%?20Learning%20-%20Springer%20%202006.pdf - Pattern recognition and machine learning,
Bishop, C. M.

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o JMCuMILIMHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha neximoHHbBIX ¥ CEMUHAPCKUX 3aHATHIX UCTIONB3YIOTCS MYIBTUMEANITHBIE TEXHOIOTUH, BKITIOUAs
JIEMOHCTPALUIO MPE3CHTALIUM.

» Python — gacth ycTanoBku Anaconda

» Jupyter - yacTh ycTaHOBKM Anaconda

* Scikit-learn - yacTe ycTaHoBku Anaconda
* Pytorch

» Tensorflow

9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAeTh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT HOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCIICHUS PA3JIMYHBIX 3a1a4.

VYenenrHoe ocBoeHue Kypca Tpedyer:

— MOCEIICHHUS BCEX 3aHATHH, IPEAYCMOTPEHHBIX YYeOHBIM TJIAHOM 10 AUCLUILINHE;
— BeJICHHsI KOHCIIEKTA 3aHITHI;

— HanpspKEHHON CaMOCTOSATENILHONW PaOOTHI CTY/ICHTA.



CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:
— YTEHHE PEKOMEHI0BaHHOM JINTEPATYPBbI;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEIHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— MOJITOTOBKY YTOYHSIIOIIKUX BOIIPOCOB MO U3YUYEHHOMY Marepuainy;
— pelIeHUE 3a]a4 U 3aJaHUH, OpejIaracMbIX CTyACHTaM Ha 3aHSITUSX;

— MOJITOTOBKY K BBIMOJIHEHUIO 3aJJaHUM TPOMEKYTOUYHOM aTTeCTallUU.

[Tokazarenem BiIaJicHUs MaTepUaIoOM CITY>KAT YyMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TeMaM
JTUCITUIUIMHBI ¥ PEeIIaTh TUITHYHbIE 331a4H.

BaxxHO m0OWTHCS TMOHMMaHUS M3y4aeMOro Marepuaia, a He MEXaHHYEeCKOTrO ero 3amoMuHaHus. [lpum
3aTPYJHCHUH HM3YYCHHUS OTACIBHBIX TEM, BOIIPOCOB, CIEAyeT oOpamiarbcs 3a KOHCYIbTAUAMH K
MPEIoIaBaTeIIIo.

Bo3MoxxeH npoMeKyTOYHBIM KOHTPOJIb 3HAHUN CTYJEHTOB B BHUJE PEIICHUS 33a/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kadeapa QpyHnaMeHTAIBHBIX B3aUMOACHCTBUHN U (U3NKU IIEMEHTAPHBIX YaCTHUI]
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

PaszpatGoTunk: @./1. PatHukoB, kaHj. Gu3.-Mar. HaAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA

MOCTABICHHON IIEIM KaK ITOCJIEIOBAaTeILHOCTE IIIaros,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHHE HA  BHEIIHEE  OKPYXEHUE  IUIAHUPYEMOU
JESATENbHOCTH W Ha B3aMMOOTHOLIEHHUS YYaCTHUKOB 3TOM
JIeATCIbHOCTH

VYK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

YK-2.2 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITeIbHOCTH U IUIAHUPOBATh IMOCIICAOBATEIbHOCTh LIAroB
0 JAOCTWXKEGHUS  JaHHOro  pesynerara. ®Dopmupyer

HJ'IaH—l"pa(l)I/IK pcanM3annu IMpPOCKTa B LCJIOM W IIJIaH
KOHTPOJIA €ro BBIIIOJIHCHUSA

VYK-2.3 CriocobeH opranu30Barh ¥ KOOPAUHUPOBATH paboTy
YYaCTHUKOB IPOEKTa, olecneynBars paboTy KOMaHIbl
HEOOXOIMMBIMHU pecypcamMu

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuku ¥ (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHun 3a1a4 NpoQeccCuOHaNbHON AEATENbHOCTH

OIIK-3 Cniocoben BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrPaHUYCHUS PA3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peneHns

OIIK-3.2 CnocobOeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METObl NP PEIICHUH HOBBIX 3ajad, NIPUMEHSsS 3HaHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binazeer aHaIUTUYECKUMUA U BBIUYUCIUTEILHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeIICHUN

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAyYHbIE TPOOIEMBI, [TOTyYaTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

[IK-1.2 CnocoGeH  BbABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM Ul ONMCAHUS H3y4aeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKUM M UCTIBITATEIIbHBIM
obopynoBaHueM (MprubOpaMH U yCTaHOBKAMH,
CIIeATN3NPOBAaHHBIMH TAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl HCIOJIB3YEMOTO

00opynoBaHUs (crierManu3upOBaHHBIX MIAKETOB
MPUKIIAAHBIX TPOTPaMM)
[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
IKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynbrare u3ydeHus AUCIUTUIMHBL « BBeeHre B MalmHHOE 00y4YeHHE) 00yUYaromuics IO KeH:

3HATb:

coziepaHue npeamera Kypcea «Beeaenue B MammmHHOE 00y4eHHE», COOTBETCTBYIOLIYIO TEPMUHOIOTHIO
W TOHATHHHBIA ammapar. [loHMMare JOTHKY pa3JUYHBIX MOAXOJOB MANIMHHOTO OOyYeHHs B
NPUMEHEHUH K Pa3IM4YHbIM THUIAM 3aj1ad. VIMeTh mpencTaBiIeHHe O CHIIBHBIX M CIa0BIX CTOpOHAX
Pa3IMYHBIX MTOAXO/I0B, TPAHUIIBI IPUMEHUMOCTH.




yMeThb:

MIEPEBOAUTh NPAKTHMUECKHE 3aJauyd HAy4YHOIO HCCIEIOBaHWS Ha CTAaHAAPTHBIA SA3BIK MAIIMHHOTO
o0yueHHs, MEepeBOAUTH IIOJNyYCHHBIE pEe3yJbTaThl 0OpaTHO B (hU3MYECKHUNT KOHTEKCT M OLICHHMBAaTh

TOYHOCTD IOJYYAaCMbIX PC3YJILTATOB.

BJIaJeTh:
crioco0aMu pelieHus] TUMWYHBIX 33734 C HMCIOJIh30BAaHMEM CTaHJAPTHBIX IPOrPaMMHEIX ITAKETOB

CPEICTB U CpeJl MAIMHHOTO 00y4eHUs.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0

He npenycmorpeno.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /IJ1 IPOBeJAeHHs POME:KYTOUHO aTTecTaluu

o0yuarumuxcst

[IpumepHBI IEpeueHb BOIIPOCOB:
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Maremarnyeckue MOAEIH

CgoiicTBa

Tunst

Buner mjanHBIX

[IpaBronomobre moaenu

MeTon MakcHUMaIbHOTO MPAaBIOIIOAO0US U €r0 CBOM CTBA.
CrarucTudecKue TMIIOTE3bl U CTATUCTUYECKUE KPUTEPHUH.
Kputepun oTHOIIEHUS TpaBIOnOno0Ous.

Jlemma Herimana-IIupcona (6e3 moka3aTenbCcTsa).
MeTon HaMMEHBIINX KBaIPaToB

AHanuTtndeckoe pemenue 3agadan MHK.

EM anroputm

[Ipumep 1u1st Cynepno3uiuy rayCCuaHoB

Ob6o6maromnias cnocoOHOCTb MOJIENN

MeTonbl MPOBEPKH

[TocTanoBka GpopmManbHOH 331341 MAIIMHHOTO 00y4YEHUs
ATNnpoKcUManus SMIUPUIECKOTO PHCKa

JIuneitnas perpeccus

O0001IEHHBIE JIMHEWHBIE MOIEIN

MeToabl YUCIEHHON ONITHUMU3AIAU

Onenka KauecTBa MOAEIH

ROC, ROC AUC

OTt60p npusHakoB. MeTo[ I1aBHBIX KOMIIOHEHT.
Jlunelinas knaccupuKanus

MeTon ONOpHBIX BEKTOPOB

3a/:[aqa OLICHUBAHU BepOHTHOCTeI/I: JIOTUCTUYCCKA pEerpeCCuid

MeTpI/IKI/I Kady€CTBa B 3aJa4ax KJ'IaCCI/I(i)I/IKaLII/II/I.

OT60p " JCKOJUICHUApU3alud IMpUu3HaKoB. MCTOI[ TJIaBHBIX KOMITIOHCHT

CrpyKTypa HEUPOHHOHU CETH.
OO0parHOoe pacpOoCTpaHCHHE OIIHOKH.
[TonHOCBSI3HBIE HEUPOHHBIE CETU
[IpenoOpaboTka qaHHBIX
Hopmanuzanus

Jexoppensauus

Batch normalization

MeTozs! peryaspu3auu
BIIPHICKUBAHUE IITyMa

L1,L2, ...

connection dropping



o dropout
CéprouHble CETH

ApxuTtexrypa
padding, strides, pooling
penoO0yvYeHHbIC CETH

© © O

ABTOKOUPOBIIUKHI

o

MIPUMCHCHUS

OOmuy anropuT™ MOCTPOEHHS PELIAIONINX JEPEBHEB
KpUTEpUU UH(POPMATUBHOCTH
KoHnkpeTtHble kpuTepun I KJIacCU(PHUKALUIKN U PETPEeCcCUH

© © O

00paboTKa MPOMYIIEHHBIX 3HAYCHUH,

Viydienne 00001aroIei CiocOOHOCTH PEIIAIONINX JICPEBHCB
CTpHIKKa

© O

peryasipuzanus

Ancamb6iu Mozenei
Barrunr, Oyctuar
AdaBoost
CIy4aiHbII Jec

© © O

I'panyieHTHBIN OyCTHHT HaJ PEIIAIONIMMH JCPEBbIMU
[Mpumeps! OUIETOB:

buner 1.
* Ot60p ¥ neKoUICHUApHU3aLUs TPU3HAKOB. MeTo ITTaBHBIX KOMIIOHEHT.
* CrpyKTypa HEHPOHHOHU CETH.

buner 2.
e MeToapl YUCICHHON ONMTUMM3AIIHNH.
* OreHKa Ka4yeCcTBa MOIEIIH.

Kpurepun onennBanus

Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEOHOHM MNpOrpaMMbl AMCHUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPaKTHKE MPU PEILICHUH KOHKPETHBIX 3a]a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/ad4, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMHU.

Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHSTH II0JyuYCHHbIC 3HaHMsS HA IPAKTUKE, HO HEJOCTATOYHO
IrpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIE PE3YIIBTATHI.

Ouenka xopo1o 6 6aIoB - BBICTABISAECTCS CTYACHTY, €CIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPblE HETOYHOCTH.

Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U IO CyLIECTBY W3JIaraeT €ro, yMeeT INPUMEHSThH I10JyYCHHbIC 3HaHUs Ha IIPAKTHKE, HO JOIyCKAaeT B
OTBETE WM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.



OueHka yIOBIETBOPHUTENbHO 4 Oajula - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHWIbHBIE (POPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapYyILEHUS JIOTHYECKON MOCIIEI0BATEeIbHOCTH B U3JI0KEHHU [IPOrPAaMMHOIO Marepuasa, HO IpH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul MAJbHEWIIEro OOydeHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBIETBOPUTEIBHO 3 Oajiia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ciaabo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS abHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEyIOBIETBOPUTEIBHO 2 0ajia - BHICTABISICTCS CTY/ICHTY, KOTOPBI HE 3HAeT OOJIbIICH YacTH
OCHOBHOTO cOAepXaHUsI y4eOHOH MporpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmHMOKH B
(bOpMyIHPOBKaX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0aym - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiie omuoK B GOpMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesioIe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

JuddepenumupoBanuplii 3a4€T MPOBOAUTCS B ycTHOW ¢dopme 1o Owieram. B kaxmom Owiete
NpPE/ACTaBICHO JBa TEOpPEeTHYeCKHMX Bompoca. I[lpm mpoBerneHuu 3auéra  oOydaromiemycs
npenoctasisiercss 30 MUHYT Ha TOATOTOBKY.



