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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
2IPOKOCMHYECKUX TEXHOJIOTHIi

C.C. HeroasieB

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: OCHOBBI MaIIMHHOTO 00Yy4EHUS

10 HANPABJICHHUIO: CucteMHbII aHANU3 U yTIPAaBICHUE

NpoduJIb MOATOTOBKH: CucteMHbII aHATU3 U yIIPABICHUE B TEXHUYECKHUX, SKOHOMUYIECKHUX U COLIMATIbHBIX
crcTeMax

dusTex-urkona A3pokocMuueckux TexHomoruit
kadempa TOTUCTUIECKUX CUCTEM U TEXHOJIOTUI

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 60 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

KonnuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2

[Iporpammy cocraBui: A.B. IlymikapeBa

[Iporpamma obcyxieHa Ha 3aceflanni KadeIpbl JIOTUCTHYECKUX cucTeM U TexHonoruii 04.06.2020



AHHOTANMA

B kypce paccmarpuBaroTCs OCHOBBI MAIIMHHOTO OOYYCHUS U aHaJIM3a JAaHHBIX, BKIFOYasl TUCKPUMHHAHTHBIH,
KJIACTepHBIH W  PErPEeCCHOHHBIM  aHalM3, OCBOEHHE TEXHOJOTMH u3BjlIedYeHHs HHpopmanuu U3
HECTPYKTYPHUPOBAaHHBIX WJIHM CIa0OCTPYKTYpUPOBAaHHBIX CHCTeM. B mpomecce 00y4eHUS CTYICHTHI
OBJIaJICBAIOT HABBIKAMM IIPAKTUYECKOTO PpEIIeHMs 3a1ad HHTEJJICKTYaJbHOTO aHajlW3a JaHHBIX, a TaKXke
OCBaMBaIOT METOABI 00PaOOTKHM JaHHBIX, MOAXOJ0B, METOIOB W MOJIENEH M3BICYCHUSI HH(OPMAIMH C LIEIbI0
aHaJM3a JUHAMHKH IIPOLECCOB PAa3lIWYHOW MPUPOIBI U TOBBIIICHUS TOYHOCTH MOCTPOCHHS HPOTHO30B. Y
oOyuaromuxcsi (OPMUPYIOTCS HABBIKM 110 HHTEPHPETAMU TONYYSHHBIX PE3yJbTaToB JUIsl ONTHMHU3AIHMU
Mojieiel 1 00BSICHEH!ST BOSHUKAIONIUX B MakpocucTeMax d(¢eKToB.

Kypc HOCHT npuKiIagHOI XapakTep U OpUEHTHPOBAH Ha MIPAKTHUECKYI0 IPOpabOTKy CTYJeHTaMH HOTy4EHHbIX
3HAHHUU ¥ HaBBIKOB.

1. leau u 3apauu

eap AUCUMNIMHBI

* HU3y4YE€HHE OCHOB MAIIMHHOTO OOyYeHHMs M aHaju3a JaHHbIX, BKJIIOYas JAWCKPUMHHAHTHBIM,
KJIACTEPHBIH M PErpecCHOHHBI aHalIu3, OCBOCHHWE TEXHOJOTUH M3BICUCHUS HHPOpPMALUU U3
HECTPYKTYPHUPOBAHHBIX WIH CIa00CTPYKTYPUPOBAHHBIX CUCTEM;

* OBJIaZICHHUC HABBIKAMHU IIPAKTUYCCKOTO PEIICHUS 3aJa4 HHTCIJICKTYAJIbHOI'O aHaJIn3a JaHHbIX.

3agauu AUCHUILIHHBI

* OCBOGHHE CTyJICHTaMH 00pa0OTKH JaHHBIX, MTOAXOI0B, METOJIOB ¥ MOJIEIICH M3BICYCHUS HH()OPMALTUH
C IeNbI0 aHAJHM3a JAWHAMUKHU IIPOIECCOB PA3IMYHON MPUPOABI U MOBBIIIEHUS TOYHOCTH MOCTPOCHHUS
MIPOTHO30B;

* MPUOOPETeHHE B YCJIOBHSIX CJIA00W CTPYKTYpUPOBAHHOCTH JI@HHBIX TPAKTUYECKUX HABBIKOB
HM3BJICUCHUS 3HAHMI;

* (hopMHpOBaHNE HABBIKOB I10 HHTEPIPETAIMH MOTYUYEHHbBIX PE3yIbTaTOB AJIsl ONTUMH3ALNN MOJEeH 1
00BSCHEHMS BOBHUKAIOLINX B MakpocucTeMax 3QQeKToB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronux KOMHGTGHL[I/Iﬁi

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

VYK-1.1 Ananusupyet 3aaady, BeIIEIASA 3TANbl €€ PEIICHHUS,
JIEHCTBUS IO PELIEHUIO 331a41

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3HPYET U BhIOUpaeT
nHpopMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! MOCTaBICHHON

YK-1 CriocobOeH oCyIecTBISTh ITOUCK, -

KPUTHUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManny,
MPUMEHATh CUCTEMHBIN MOAXO ISl pELICHUS
[IOCTABJICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pas3iHyHBIE BapUaHTHl PELICHUS
3a[1auM, OLICHUBAET UX NIPEUMYILECTBA U HEOCTaTKU

YK-1.4 I'pamortHoO, JIOTUYHO, apryMeHTHpPOBaHHO
(hopmupyeT cOOCTBEHHBIE CY>KICHHS U OLIEHKU

VYK-1.5 OnmnpenensieT ©  OLEHUBACT  NPAKTUYECKHUE
MOCJIECTBUS BOZMOXKHBIX BApUAHTOB PELICHUS 3a1a4H

OIIK-1.1 OcymecTBisieT JIEKOMITO3HUIIHIO 3a/1aun
OIIK-1 CriocobeH aHATM3UPOBATh 331241 yIpaBJeHUs, BbIIEsAET 0a30BbIE COCTABIISIOIINE 33/1a91
YIpaBiI€HUs B TEXHUYECKUX CUCTEMAX HA OIIK-1.2 PaccMmatpuBaeT BO3MOXKHBIE BapUaHTHI PELLICHUS
OCHOBE IIPUOOPETEHHBIX 3HAHUM 3aJaud YIpaBleHUs] B TEXHHUUECKHUX CHCTEMaX, OLIEHUBAET

X JOCTOMHCTBA U HEAOCTATKHU

OIIK-7 CriocobeH npuHUMaTh HayqyHO OIIK-7.2 CnocobeH 000CHOBAaTh MPUYMHHO-CJIC/ICTBCHHEIC
000CHOBaHHBIC PEIICHUs B 00JIaCTH CHCTEMHOTO | OTHOIICHHS UCTIONB3YEMbIX TIOHITUI U MOJesei

aHaJIN3a U aBTOMAaTUYECKOTO YIPABJICHHS Ha
OCHOBE MaTeMaTHYECKHUX U
€CTECTBEHHO-HAYYHBIX AUCIUILIHH

OIIK-7.3 VYmeer HaxoAWTh KIIOUEBHIE IapaMeTphl,
OIIPEAEIISIONINE U3YYaeMbli ITpoIece

I1IK-1.1 Bnameer  gyHIaMeHTanbHBIMH  TIOHSTHIMH,
3aKOHAMU ¥ TEOPHUSIMH CHCTEMHOTO aHan3a

[IK-1 CniocoGeH npoBOIUTH UCCIIEAOBAHUE [IK-1.2 Hmeer ryOokoe 3HaHME W MOHMMaHUE O0a30BBIX
CUCTEM YIIPABJIEHUSI U UX KOMIIOHEHT MaTeMaTHYEeCKUX JUCLUILUIMH




[1IK-1.3 Bnageer KyapTypoi MOCTAaHOBKH HAay4YHOM 3aJlaud U
MOJEJINPOBaHUS OOBEKTOB M CUCTEM

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynberare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATh:
* 0a30BbIC MOJXONbI, METOJbI M MOICIM NPEACTABICHUS W OINUCAHUS TEXHOJOTMHA MAIIMHHOTO
oOyueHus;
* COBPEMEHHOE COCTOSIHUE UCCIICIOBAaHHI B 00IACTH MAITMHHOTO O0YYCHUSI.

YMETh:

* IPOBOJIUTh AHAJIN3 NIPESAMETHON 001acTy;

* OINpEeIeTATh Ha3HAuYCHHWE, BBHIOMpPATh METOABI M CPEINCTBA JUIsl MOCTPOSHHS MOJENEH MAaIlMHHOTO

00y4eHust;

* CTPOUTH MOJIEITM MAIIMHHOTO O0yUCeHHS;

* UHTEPIPETUPOBATH PE3YJIBTATHI IS JalbHEHIIeH ONTUMU3AIMY U UCIIOJIb30BaHUS PE3YJIbTaTOB.
BJIQJICT!

* TEOPETUUECKHUM aIapaToM 0a30BOr0 MHTEIUICKTYaJIbHOTO aHAIN3a TAaHHBIX;

* METOJJAMU peaJIN3aIX AITOPUTMOB MAITMHHOTO O0yUYCHHUS;

* HABBIKAMH CAMOCTOSITEIILHOM PaboThI;

* IPAKTHKOW MCCIICIOBAaHMS M PELICHUS MIPHUKIIAJHBIX 33/1a4 MHTEIUICKTYaJ IbHOTO aHaIN3a JaHHbIX.

4. Coep:xanue TUCUMILIUHBI (MOIYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 OcCHOBHBIE  TOHATUSL W IPUMEPHI 6 3
HPUKIIATHBIX 3a]a4
2 MeTtpuieckrie METO/IbI KIIACCU(PUKAIINN 8 3
3 Jlornueckue MeTobl Kiaccu(puKanum 8 4
4 JluneliHble METOMBI KIIACCU(PUKAIINN 4 2
5 MeTtoz onopHBIX BEKTOPOB 4 2
6 Perpeccruonnsit ananus 4 2
7 [Iporno3upoBanre BpeMEHHBIX PSAIOB 4 2
] Kpurepun BbpIOOpa Mozeneil M MeTomIbl 4 )
0TOOpa MPU3HAKOB
9 Knacrepuszanus u vactuanoe oOyueHue 4 2
10 |He#ipoHHsle cetn 4 2
11 JIuneliapie koMIo3unuu, OyCTHHT 4 2
12 9BpI/ICT£I‘leCKI/Ie, CTOXaCTHUYECKUE, 4 2
HEJIMHEIHbIE KOMIIO3ULIUH
13 |OOy4eHue ¢ mogKperieHHEeM 2 2
Nroro gacos 60 30
[loaroroBka k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)




Cemecrtp: 8 (Becennuit)
1. OcHOBHbIE TIOHSTHUS M IPUMEPHI MPUKJIAIHBIX 33129

[locranoBka 3amau oOyueHus: mo npeueaeHTam. OOBEKTHl W NpPU3HAKW. THIBI MIKaJl: OWHApPHBIE,
HOMHHAJIbHBIE, TIOPAJKOBBIC, KOJMYECTBEHHbIC. THIBI 3ajgad: KiaccHu(UKalMs, perpeccus,
MPOrHO3UPOBaHKE, paHxupoBaHue. OCHOBHBIC MOHSATHS: MOJAEIHL AJTOPUTMOB, METOHN OOy4YeHHS,
¢byHKIMA ToTeph M (PYHKIMOHAJI KayecTBa, NPHUHIUI MHHMMHU3AIMU SMIHPUYECKOIO PHCKA,
o0oO0miaromas  CrocoOHOCTb,  CKOJB3SMIMKA  KOHTPONb. JIMHEHHBIE MOIENM perpeccud u
knaccuukanuu. MeToj HaWMEHBIIUX KBajaparoB. [lommHoMuanbHas perpeccus. [Ipumepst
NPUKIaJHbIX 3a1ad. MeTonrKa SKCIEPUMEHTAIBHOTO MCCIEN0BAHUSA M CPABHEHHS aJITOPUTMOB Ha
MOZEIBbHBIX U PeabHbIX AaHHbIX. KOHKypChI 0 aHanmu3y AaHHbIX kaggle.com. [Tonauron anropurmos
knaccuukanuu. CRISP-DM — mexoTpacieBoii cTaHAapT BEACHUS MPOEKTOB MHTEIICKTYalbHOTO
aHaJln3a JaHHBIX.

2. Metpudeckue METOJIbI KilacCH(PHUKAIINN

I'mnoTte3bl KOMIAKTHOCTH M HempepblBHOCTH. OO00MIEHHBIN MeTpuueckuid kitaccudukarop. Merox
ommkaimmx coceneii KNN u ero 00o0mienus. Ilogbop umcna k 1Mo KpHUTEpHIO CKOJB3SIIETO
KOHTposid. Meron okHa Ilap3eHa ¢ MOCTOSHHOM M TIEpEMEHHON MIMPHHON OKHa. Meton
MOTEHIATBHBIX (DYHKIUH U €ro CBsI3b ¢ JMHEWHOW MOoJeNnbio Kiaccupukanuu. Hemapamerpuyeckas
perpeccust. JIokaibHO B3BELICHHBI METOI HAUMEHBIINX KBaJpaToB. SaepHoe crmaxuBanue. OneHKa
Hanapas-Barcona ¢ MOCTOSIHHOM ¥ TepeMEHHOW IMUpWHOW OKHA. BwiGop ¢yHkuuu sapa. 3amada
orceBa BbIOpocoB. PobacTHas Hemapamerpuueckas perpeccusi. Anroputm LOWESS.

3. Jlormueckue MeTONbI KitaccupuKaImm

ITonarue Jormueckoil 3akoHOMEpHOCTH. IlapameTpuueckue cemMelucTBa 3aKOHOMEPHOCTEH:
KOHBIOHKLMHU TIOPOTOBBIX MpPaBWUJI, CHHAPOMHBIC MpaBWiIa, IIApbl, THIEPIIIOcKOCTH. llepebopHbie
QJITOPUTMBI CHHTE3a KOHBIOHKILUI: CTOXaCTHYECKUH JIOKAJIbHBIM MOMCK, CTAaOMIM3ALUs, PeLyKIHs.
JIByXKpuTepuanbHblii 0TOOpP WHGOPMATUBHBIX 3aKOHOMEPHOCTEH, MapeTo-ONTUMAalbHBIH (QPOHT B
(p,n)-ipoctpancTBe. Pemraromee nepeBo. JKagHas HUCXOAAIIAS CTPATErHsl «pPa3leisiii U BIACTBYH».
Amropurm ID3. Hepmocratku skamHOW cTparerud MW CrmocoObl ux ycrpaHeHus. IIpobmema
nepeoOyuenns. BwiBom kputepreB BeTBieHHs. Mepa HeuncToThl (impurity) pacmpeseneHus.
OHTpONUMHBIA KpuTepuil, kpurepuid JxuHn. Penykums pemaromux AepeBbEB: MpenpenyKuus U
nocrpeaykius. Anroputm C4.5. JlepeBbst perpeccun. AnroputM CART. HeOpexxHble perrarorue
nepeBbs (oblivious decision tree). Pemraromuit iec. Ciryqaiinstii iec (Random Forest).

4. Jluneitapie METOABI KIIACCUPUKAITUN

Jluneiinwnii  knaccudukarop, monens MakKamnoka-Ilurrca, HenpepbiBHBIE —amnmpoOKCUMAanuu
nmoporoBoit pyHKIMH moTtepb. MeTon croxacThdeckoro rpajueHta SG. MeToa CTOXacTHYeCcKOro
cpeanero rpaaveHTa SAG. DBpUCTHKHM: MHALUAINA3ALUS BECOB, MOPAJOK MPEIBSIBICHUS 00BEKTOB,
BBIOOp BEIMYMHBI TPAJUEHTHOTO IIara, «BBHIOMBaHME» W3 JIOKAIBHBIX MHMHUMYMOB. I[IpoGiema
MYJIBTUKOJJIMHEAPHOCTH M TMEepeoOyueHUs], peryisapu3anus Wid penykius BecoB (weight decay).
BeposiTHOocTHast mocTaHOBKa 3ajaud Kiaccupukanuu. [IpMHIMI MakCMMyMa IPaBROIONOOMS.
BeposiTHOCTHas MHTEpHpeTanys peryisapu3alid, COBMECTHOE MPABIAONOAO0HE NAaHHBIX W MOAEIH.
[IpyHIMD ~ MakcMMyMa — allOCTEpPUOPHOM  BEPOATHOCTH.  ['ayCCOBCKMH M JIAIUIACOBCKHM
perymsipuzatopbl.  Jloructuueckass perpeccus. llpuHImMm MakcuMyMa —[paBIONoOmoOUs |
norapupmMuieckas (GyHKIUS MOTepb. METOA CTOXacCTHYECKOTO TpajiMeHTa i Jorapru(MUIecKOHr
¢yHKUMM TOTeph. MHOTOKIIacCcOBast JIOTUCTHYECKAsl perpeccus. PeryispuzoBaHHas JOTUCTHYECKAs
perpeccust. Kannbposka Ilnarra.

5. Meron onopHbBIX BEKTOPOB



OnTuManbHas paselnsionas THIePIIIocKoCcTh. [loHsATHe 3a30pa Mexay kiaccamu (margin). Crnyyan
JMHEHHON pa3feNMMOCTH M OTCYTCTBHSI JIMHEHHOH pasgenuMoctu. CBsi3b C MHUHUMH3AIMEH
PETyJIIpU30BaHHOTO 3MIHMPHUYECKOro pucka. KycouHo-nuHeiiHas ¢yHKIus moTepb. 3agada
KBaJPaTUYHOTO TPOTPAMMHUPOBAHUS W JIBOWCTBEHHas 3ajga4a. I[lOHATHE OIOPHBIX BEKTOPOB.
Pexomennamuu mo BbIOOpy koHcTanthl C. @ynkius sapa (kernel functions), cnpsmisoniee
POCTPaHCTBO, TeopeMa Mepcepa. CrocoObl KOHCTPYKTUBHOTO MOCTpOeHUs siep. [Ipumepst siaep.
SVM-perpeccusi. Perynsipuzanuu st oroopa npusHakoB: LASSO SVM, Elastic Net SVM, SFM,
RFM.

6. PerpeccroHHbIN aHATU3

3amaua perpeccud, MHOTOMEpHasi JIMHEWHas perpeccus. MeToj HauMMEHBIIMX KBagpaToOB, €ro
BEPOSITHOCTHBIH CMBICT W TreoMeTpuueckuii cmbici. CHHTynspHOe pasiokeHue. [Ipobnemsr
MYJIBTHKOJUIMHEApHOCTH H  nepeoOydenus. Perymapuzamus. [pebueBas perpeccust uepes
CHHTYJISIpHOE pasiokeHue. Mertojpl orbopa npuzHakoB: Jlacco Tubmmpanu, Elastic Net, cpaBHenne
c TpeOHeBOil perpeccueil. MeTon TINMaBHBIX KOMIIOHEHT M JAEKOppenHpyomee npeoOpa3oBaHue
Kapynena-Jlo3Ba, ero cBs3b C CHUHIYJSPHBIM pasjioxkeHueM. CIEKTpalbHBIH MOAXOH K PELICHHIO
3aJa4ydl HaWMEHBIINX KBAaJApaToB. 3ajadd W METOIbl HU3KOPAHTOBBIX MAaTPUYHBIX Pa3JIOKECHUH.
Henunelinas perpeccus.

7. IIporao3upoBaHue BPEMEHHBIX PSAJIOB

3ajaua IPOTHO3MPOBAHMS BPEMEHHBIX psnoB. [lpumepsl mnpuiaoxeHud. OKCIOHEHLHAIbHOE
ckonp3simiee cpeanee. Mopens Xonbra. Mogens Teitna-Beitpka. Mopens XomnbTa- YuHTepca.
AJanTuBHAs aBTOpETrpeccCHOHHas Mojenb. Crneasimuii KOHTPOIbHBIA curHai. Moaens Tpurra-Jlnua.
ApnanTrBHas celleKTUBHAsI MOJIENb. ATanTHBHAS KOMIIO3UIMA Mojierniel. JlokanbHas aganTanus BECOB
C peryJsipu3anuen.

8. Kpurepuu BeIOOpa Moienelt 1 MeTo/bl 0TOOpa PU3HAKOB

Kputepun kadectBa kiacCUUKAINU: YYBCTBUTENHHOCTh U crniennduaaocth, ROC-kpuBas u AUC,
toyHocts W monHota, AUC-PR. BuyTpeHHue u BHEIIHHE KpUTEpUH. OMIHUPUYECKHE U
aHanuTHYecKue Kpurepud. CKONb3SILUUN KOHTPOJb, PA3HOBUIAHOCTH 3SMIMPUYECKHX OLEHOK
CKOJB3SIILEro KOHTpoist. Kpurepuii HenpoTuBOpednBOCTH. Pa3HOBUIHOCTH aHATUTHYECKUX OLICHOK.
Perynspuzanus. Kpurtepuii Axamke (AIC). BaitecoBckuii unpopmanmonnsiii kputepuit (BIC).
Onenka Bannuka-YepBoHeHKHca. ArperupoBaHHbIE W MHOTOCTyIEHUYaTble Kputepuu. CIOXKHOCTh
3aaun 0TOOpa npusHakoB. [lomHbI epe6op. MeTox 100aBNeHHS U ylIaleHHs, aroBas perpeccusi.
Ilonck B m1yOMHY, METOX BETBEH W TpaHML. YCEUYEHHBIA MOUCK B IIUPHHY, MHOTOPSIHBIN
urepanroHHbI anroput™M MI'YA. I'eHeTnyeckuii anropurm, ero cxonctso ¢ MI'VA.

9. Knacrepuzanus 1 yacTuaHOE 00y4eHHE

[TocraHoBKka 3amaym KiacTepu3anuu. [Ipumepsl NMpHUKIaIHBIX 331ad. THITBI KIACTEPHBIX CTPYKTYP.
IMocranoBka 3amaun Semisupervised Learning, npumepsl mnpuiaokeHWH. ONTUMH3AIUOHHEBIE
MOCTAHOBKY 3aJa4 KJIacTepU3allMi U YaCTUYHOTO o0ydeHus. Anroputm k-cpenaux u EM-anropurm
IUISL pa3[eNieHnsl TayCCOBCKOM cMmecu. I'padoBbie anropuTMbl KiacTepu3alnu. BolaeneHne CBSI3HBIX
koMroHeHT. Kpardaiimmii HezamMkHyThIl myTh. Anroputm DPOPIJI.  Amroputm DBSCAN.
ArnomeparuBHas Kiactepusanus, Anroput™ Jlanca-BuiibsiMca M ero 4acTHbIe ciydau. AJNTOpUTM
NoCTpoeHUs1 JAeHaAporpaMMel. OrmpeneneHue yuciaa KiaactepoB. CBOWCTBAa CHKATHS/PacTSHKCHUS,
MOHOTOHHOCTH M pEeIyKTUBHOCTH. IIpocTble 3BpHCTHYECKHE METOIbl YaCTUYHOTO OOyYeHHS:
self-training, co-training, co-learning. TpaHCOYKTUBHBIH METOJ OIOPHBIX BeKTOpoB TSVM.
Anroputm  Expectation-Regularization Ha 0OCHOBE MHOTOKIIACCOBOW  PETYJSPU3UPOBAHHON
JIOTUCTUYECKON pEerpeccuu.

10. HeiiponHsle cetu



Bbuonornueckuii Heitpon, moxens MakKamnoka-IIlutrca kak nuneiHbId Kiaccudukarop. OyHKUUN
aktuBanuu. [Ipobiema momHOTHL. 3ajada WCKIodaromero wid. [lodHOTa JBYXCIOWHBIX ceTed B
npocTpaHcTBe OyieBbIX (YHKUHMH. AJNTOPUTM OOpPATHOro pacrnpocTpaHeHus omuOoK. bBwicTpbie
MeTO/bI cToxactudyeckoro rpaauenta: Ilomsika, HecrepoBa, AdaGrad, RMSProp, AdaDelta, Adam,
Nadam, auaronansnelii Metox JleBenOepra-Mapksapara. [Ipo6iema B3pbiBa rpagueHTa U SBPUCTUKA
gradient clipping. MeTon ciy4aiiHbeix oTKiIroueHui HelipoHoB (Dropout). MHTepnperaninu Dropout.
Obparnbiii Dropout u L2-perynspuzaunsa. @ynkuum aktuBauuu ReLU wm PReLU. IlpoGnema
«rmapanuyia» CeTH. IBPUCTUKU s GOpMUPOBAHHS HaYalLHOTO MpHOMmKeHUs. MeToa mociIonHoN
HacTpoiiku cetu. [1ogdop cTPyKTYphl CeTH: METONbI TOCTENIEHHOTO YCIOKHEHHSI CETH, ONITUMAIIBHOE
MpOpeKUBaHNE HEMPOHHBIX ceTel (optimal brain damage).

Heiiponnsie cetu rirybokoro o0yuenus. Ceéprounsie HeiiponHbie ceTd (CNN). CBEPTOUHBIH HEHPOH.
Pooling netipon. Bribopka paszmeueHHbix m3o00paxkenuii ImageNet. Unest o6o6menuss CNN Ha
moOble CTPYKTypUpOBaHHble JaHHble. PexyppentHsie Heiponnele cetd (RNN). OOGyuenue
pexyppeHTHbIX ceteii: Backpropagation Through Time (BPTT). Ceru monroii KpaTKOBpEeMEHHOM
namsita (Long short-term memory, LSTM). ABTOKOAMpOBIIMKH. BeKTOpHBIE NpeAcTaBICHUS
JMCKPETHBIX TAHHBIX.

11. JIuneliHbIe KOMITO3UITUH, OYCTHHT

OcHoBHbIE TOHATHS: 0a30BBI  AJrOPUTM (WITOPUTMUYECKUH OINEpaTop), KOPPEKTHPYIOIIas
orepanus.

B3Bemennoe ronocoBanue. AnroputM AdaBoost. DkcrioHeHIMATbHAS AMPOKCUMAIIAS TTOPOTOBOH
¢ynkuun moteps. [lponecc mnocienoBarenbHOro oO0yueHHss 0a30BBIX airoputmoB. Teopema o
cxomuMocT Oycruara. O6oOmaromas crmocoOHocTh OycTuHra. ba3oBbie anropuTMmbl B OyCTHHTE.
Pemaronme nHu. [pagmentnsiii Oyctunr. CroxacTuueckuid rpaameHTHBIH Oyctunr. [Ipocrtoe
rojocoBanue (komuter OombmmHCTBA). AnroputM ComBoost. Vaentudukanus HETHIHYHBIX
00bekTOB (BbIOpOCOB). IIpeoOpazoBanue MpocTOro rojlocoBaHUsl BO B3BemleHHoe. O000meHne Ha
0O0JIBIIIOE YHCIIO KIIACCOB.

12. OBpuCTHYECKHUE, CTOXaCTHUECKUE, HETMHEITHBIE KOMITO3UIIUN

CroxacTuueckue METoJbl: O3TTHHT U METO CIy4aiHbIX moanpocTpancTs. CiryuyaiiHelii nec. AHanu3
CMEIeHUs] W Bapualud MJisi T[POCTOro ronocoBanus. CMech alropuTMOB (KBa3WIMHEHHAs
KOMITO3HUIIMA), 00JIaCTh KOMIIETEHTHOCTH, IPUMEPHI (PyHKINI KOMIETEHTHOCTH. BoIimykiible GyHKINH
notepb. MeToJpl MOCTPOEHUS CMECEH: MOcIeNoBaTeNbHbIN U nepapxuueckuid. Ilocrpoenune cMmecn
AITOPUTMOB ¢ TToMOIILI0 EM-1107100HOTO anroputma.

13. O0y4eHue ¢ MoJKpenIeHHeM

3amaua o mHOropykom Oanaurte. JKamHble W sncuion-xagHble crpareruud. Merog UCB (upper
confidence bound). Crparerust Softmax. Cpena Juisi 9KCIIiEpUMEHTOB. AJaNTHBHBIE CTPATETMH Ha
OCHOBE CKOJB3SIIMX CpeaHuX. MeTonq cpaBHEHHMS € IMOAKpEIUIEHHeM. MeTox mpecieJoBaHusl.
[TocTanoBKa 3a7auu B ciIy4ae, KOTAa areHT BIUsAET Ha cpeny. LleHHocTh coctostaus cpenpl. LleHHoCTh
neiictBus. JKagHble cTpaTerud MakCUMH3AalMHM LEHHOCTH. YpaBHEHMS ONTHMAIbHOCTH bemnmana.
Merton BpeMeHHBIX pasHocTtedd TD. Merox Q-oOydenus. ['pajveHTHas ONTHMU3AIUS CTPATETHU
(policy gradient). CBsi3b ¢ Makcumu3zanuei log-mpaBronogo6us. IlocTanoBka 3aa4u Ipyu HATUIAH
nHpoOpMaIUK O Cpefie B ciydae BbIOOpa JieiicTBus. KoHTEKCTHBIN MHOTOpYKWE OaHauT. JInHeiHas
perpeccuoHHas Mojellb ¢ BepxHed poBeputenbHON oneHkod LinUCB. OuenuBanme HOBOW
CTpaTeTuH 1Mo OOJBIINM UCTOPUICCKUM JJAHHBIM.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYIIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

yueOHasi KOMITBIOTEpHAs ayAUTOPHS, IEPCOHATBHBIE KOMIIBIOTEPHI, MyJbTUMEAUHHOE 000pyIOBaHHE
(mpoexTop, 3KpaH, HTEPAKTUBHAS 10CKa).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa



1. Aiiazsu C. A., Entokos U. C., Memankun JI. JI. Ilpuknannas craTuCTHKa: OCHOBBI MOJEINPOBAHUS
W TIepBUYHAsT 00paboTKa JaHHBIX. — M.: OUHAHCHI U cTaTUCTHKA, 1983

2. AuBazsH C. A., EntokoB U. C., Memankus J1. []. [IpukiagHas ctaTucTUKa: UCCIIEIOBaHIE
3aBucUMOcCTe. — M.: duHaHCHI U cTaTHCTHKA, 1985

3. AiBazsa C. A., byxmrabep B. M., Earoxos U. C., Memankus JI. [I. [IpuknagHas craTucTuka:
KiaccuuKanus U CHUXKEeHHE pasMepHocTH. — M.: @uHAHCH U cTaTrcThka, 1989

4. Bannuk B. H., UepBonenkuc A. 5. Teopus pacnioznaBanust o6pa3os. — M.: Hayka, 1974

5. Bamuuk B. H. BoccranoBnenue 3aBucuMocTeit o SMIupuieckuM nanubiM. — M.: Hayka, 1979
6. XKypasnes 0. U., Ps3anos B. B., Censko O. B. «Pacrno3naBanne». MaremaTnaecKie METOIbI.
[Iporpammuas cucrema. [lpakrnueckue npumenenus. — M.: @azuc, 2006. ISBN 5-7036-0108-8

7. 3aropyiiko, H. I. KorHuTuBHBIN aHanu3 JaHHBIX. — HoBocuOUpCK: AKaJIleMUYeCKOe U3/IaTelIbCTBO
«I'EO», 2012. ISBN 978-5-906284-04-4

8. 3aropyiiko H. I'. [Ipuknaanbpie MeToabl aHanu3a JaHHBIX U 3HaHu. — HoBocubupck: UM

CO PAH, 1999. ISBN 5-86134-060-9

9. Mepxkos, A. b. PacrioznaBanne o0pa3oB. BBezieHre B METOIBI CTATUCTHYECKOTO OOYICHHS. —
Mocksa: Equropuan YPCC, 2011. ISBN 978-5-354-01337-1

10. Jiawei Han, Micheline Kamber, Jian Pei Data Mining: Concepts and Techniques, Third Edition.
—Morgan Kaufmann Publishers, 2012. ISBN 978-0123814791

11. Hastie, T., Tibshirani, R., Friedman, J. The Elements of Statistical Learning, 2nd edition. —
Springer, 2009. ISBN 978-0387848570

12. Bishop, C.M. Pattern Recognition and Machine Learning. — Springer, 2006. ISBN
978-0-387-31073-2

JlononHuTenbHAs TUTEpaTypa
1. Ine3unrep M., ['maBau B. [lecsats nekuunii Mo cTaTUCTUYECKOMY U CTPYKTYPHOMY PacliO3HABaHUIO.
— Kues: HayxoBa nymka, 2004. ISBN 966-00-0341 -2
2. Hastie T., Tibshirani R., Friedman J. The Elements of Statistical Learning. — Springer, 2001. ISBN
0-387-95284-5
3. MacKay D. On-line book: Information Theory, Inference, and Learning Algorithms. — 2005
4. Mitchell T. Machine Learning. — McGraw-Hill Science/Engineering/Math, 1997. ISBN
0-07-042807-7
5. IIne3unrep M., I'maBau B. [lecsTh eKuuid 10 CTAaTUCTUYECKOMY U CTPYKTYPHOMY PacliO3HaBaHUIO.
— Kues: HaykoBa nymka, 2004. ISBN 966-00-0341 -2
Scholkopf B., Smola A.J. Learning with Kernels. Support Vector Machines, Regularization,
Optimization, and Beyond. — MIT Press, Cambridge, MA, 2002 ISBN 13-978-0-262-19475-4 [2]
6. Vapnik V.N. Statistical learning theory. — N.Y.: John Wiley & Sons, Inc., 1998
7. Witten L.H., Frank E. Data Mining: Practical Machine Learning Tools and Techniques (Second
Edition). — Morgan Kaufmann, 2005 ISBN 0-12-088407-0

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

1. ®enepanbhsiii nopran «Poccuiickoe oOpasoBanue»: http://www.edu.ru
2. bubnmoteka no ecTecTBeHHBIM HaykaMm Poccutickoii akamemun Hayk: http://benran.ru

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJII0OYasi epeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

B mporecce npakTruecknx 3aHATHH HCIIONB3YeTCsl MPOrpaMMHBI nakeT Anaconda ¢
MpenyCcTaHOBICHHBIM nakeToM Python 2.7, 3.6 min 6onee no3auel Bepcueit

B mponecce 00yueHust MOTYT IPUMEHSTHCS TEXHOJIOTUH TUCTAHLIMOHHOTO TECTUPOBAHUS B paMKax
cucTeMbl JuctanimonHoro ooyuenuss MOTH http://moodle.physiech.edu/

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

VYenemnoe ocBoeHue Kypca «OCHOBBI MAaIIMHHOTO OOydeHUs» TpeOyeT OOJNBIION CaMOCTOSATEIbHON
paboTsl cTyaeHTa. B mporpamMme Kypca mpuBeleHO MHHHMAIbHO HEOOXOAMMOE BpeMs A paboThl
CTYZIEHTa HaJ TEMOI.



CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:
— YTEHHE U KOHCIIEKTHPOBAHUE PEKOMEHIOBAaHHOM JIMTEPATYPBI;
— npopaboTKy yueOHOro Marepuana (1o KOHCIIEKTaM CEMUHAPOB, YYeOHON 1 HAyYHOU JUTEparype).



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: CuCTeMHEI aHAIIN3 U yHpaBJICHUC
IIpO(l)I(lJIb MnoATrOTOBKMU: CucTeMHEI aHAIIN3 U YHOpaBJICHUC B TCXHUYCCKUX, SdKOHOMHUYCCKUX U COITUAJIIBHBIX
CUCTCMax

®usrex-mrkoiaa A3poKocMUYecKux TeXHONOr it
kadeapa JIOTHCTHUECKUX CHCTEM U TeXHOJIOTUi

Kypc: 4
KBaJIMpUKALUS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 8 (BeceHHul) - nuddhepeHunpoBaHHbIi 3a4eT

Pa3zpatGoTunk: A.B. Ilymxkapesa



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, saaan

KPUTUYECKUAN aHAIN3 U CHHTE3 HH(POPMAITHIH,
MIPUMEHSTh CUCTEMHBIN TOAXO ISl peLIeHUs
OCTaBJIICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 OcymecTBiseT JIEKOMITO3HITHIO 3a1a91
OIIK-1 CriocobeH aHaM3UpOBaTh 3a/1a4u yIpaBJeHUs, BBIIENsET 0a30BbIE COCTABIISIIONINE 3a/1a91
YIIPABIICHUS B TEXHHYECKMX CUCTEMAxX Ha OIIK-1.2 PaccmarpuBaeT BO3MOXKHBIE BapHAHTHI PEIICHHS
OCHOBE IIPHOOPETEHHBIX 3HAHUHN 3a7a4d YIIPABJICHUS B TEXHUYECKHUX CUCTEMaX, OLECHHBACT

X IO0CTOMHCTBA U HCJOCTATKKU

OIIK-7 CriocoOeH npuHUMATh HAYYHO OIIK-7.2 Cnocober 000CHOBaTh MPUYUHHO-CIIEICTBEHHBIE
00OCHOBaHHBIE PEIICHUS B 00JaCTH CHCTEMHOTO | OTHOIICHHSI CTIOb3YEMBIX MOHITHI U MOJIeNen

aHaJIM3a ¥ aBTOMATUYECKOTO YIPABICHUS HA
OCHOBE MaTEeMaTHYECKHX U
€CTEeCTBEHHO-HAYYHBIX JUCIATLINH

OIIK-7.3 VYmeer HaxoAuTh KIIIOYEBBIE MapaMeTpPHI,
OTIpeICNIAIONINE U3ydaeMblii TIpoLIecC

[IK-1.1  Buageer  ¢yHAaMEHTANbHBIMH  MOHATHUSIMH,
3aKOHAMU M TEOPUSIMH CUCTEMHOTO aHAJIN3a

IMK-1 CriocobeH MpoBOUTh UCCIIEI0BAHUE [MK-1.2 HMmeer rnyOokoe 3HaHWE W TMOHHMaHUE 0a30BBIX
CHCTEM YTIPABJICHUS U MX KOMIIOHEHT MaTeMaTHYECKUX JAUCIUIUINH

[IK-1.3 Brageer KyapTypoi IOCTAaHOBKM HAyYHOW 3aJ1aud U
MOZEIMPOBaHUS OOBEKTOB U CHCTEM

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEH U

B pesynbrare n3yueHus AUCIMIUIMHBI «OCHOBBI MAIIMHHOTO 00Y4EHHs» 00yUaroNMiCs TOIDKEH:

3HATH:
* 0a30BbIC MOAXONIBI, METOJABI M MOIEIM NPEACTABICHUS W ONUCAHUS TEXHOJOTMH MAIIMHHOTO
00y4eHust;
* COBPEMEHHOE COCTOSIHUE UCCIIEOBAaHHI B 0OIACTH MAITMHHOTO O0yYEHUSI.

YMeThb:

* IPOBOJUTH aHAJIU3 MTPEIMETHOM 001aCTH;

* ONpE/CITh Ha3HAuUCHHE, BBHIOMPATh METOIbI M CPEICTBA JJIsl MOCTPOCHHS MOJENICH MAIlIWHHOTO

oOyueHus;

* CTPOUTH MOJICITH MAIIMHHOTO O0yUYCHHS;

* HHTEPIPETUPOBATh PE3YJBTATHI JJIs NaTbHCUIIICH ONTUMU3AIUY U UCTIOJIb30BaHUSI PE3yIIbTaTOB.
BJIAJIETh:

* TCOPETHYCCKUM arapaTtoM 0a30BOr0 HHTEIUICKTYATbHOTO aHAIN3a JaHHBIX;

* METOJIAMHU peaJIn3aIlii AITOPUTMOB MAIIUHHOTO O0yUYCHHUS;

* HaBBIKAMH CaMOCTOSTEIIBHOMN padoThI;

* IPAKTHKOW UCCIICIOBAHUS M PELICHUS MPHUKIIAJHBIX 3324 HHTEIUICKTYaJ IbHOTO aHaJIM3a JaHHbIX.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

Texkymuii KOHTponb Mo gucuMIUIMHE «OCHOBBI MAIIMHHOTO OOYYEHHUS» OCYIIECTBISIETCS B BHIE
BBINTOJTHEHUSI KOHTPOJIBHON paboThI 10 OTAENbHBIM pas3zesaM H B (opMme 3aliuThl CaMOCTOSTEIbHO
BBITIOJIHEHHON PaOOTHI.




[IprMepHBII EpeYeHb TEM:

* 0030p METOJJOB MaIIMHHOTO O0Y4EHUSI;
* MeToAbl 0TOOpa NPU3HAKOB;
» airoput™ back propagation;

MuHuManbHBIE 00beM pabOTHl cOCTaBIsACT 15 cTpaHmil, 00s3aTENILHO HAIWYHME 3aKIIOUCHHS U
BBIBOJIOB.

CamocrosTeNbHas pa60Ta OICHUBACTCA IO CICAYIOIIUM KPUTCPUSAM:

ABTOpCKaH IIO3HUIHA
- AKTYaJIbHOCTb HpOGJ’IeMBI 1 TCMBI;

- HOBHM3Ha M CaMOCTOSITEILHOCTh B ITOCTAHOBKE MPOOJEMbI, B (HOPMYJIHPOBAHHHM HOBOTO acIeKTa
BBIOpaHHOM TSI aHAIH3a TTPOOIIEMBI;

- HAJIMYKE aBTOPCKOM MO3ULMU, CAMOCTOSTENBHOCTD CYKICHUM.

CreneHp pacKpbITUS CYIIHOCTH IPOOIEMbI
- COOTBETCTBHUE IUIaHA TeME PabOoThI;
- COOTBETCTBHUE COZICPKAHMS TEME U IUIaHy paboThl;
- IOJIHOTA ¥ TITyOMHA PACKPBITHSI OCHOBHBIX IIOHATHH POOJIEMBI;
- 000CHOBaHHOCTB CIIOCOOOB ¥ METOIOB Pa0OTHI C MATEPHAIIOM;
- yMeHHUe paboTarh C JIMTEePaTypoil, CHCTEMAaTH3UPOBATh U CTPYKTYPHUPOBATh MaTepual;
- HaJIMYMeE 3aKIFOYCHHS ¥ BBIBOJIOB;

- yMeHHe 0000mIaTh, COMOCTABIATh PA3NIWYHBIE TOYKU 3PEHHS IO PacCMaTPHUBAEMOMY BOIIPOCY,
apryMeHTHpPOBAaTh OCHOBHBIC MTOJIOKEHUS U BBIBOJIBI.

O060CcHOBaHHOCTH BEIOOpA ICTOUHUKOB
- KPYT, IIOJTHOTA UCIIOIB30BaHMS JIUTEPATyPHBIX HCTOYHUKOB T10 IIPOOIEME;

- TMPUBJICYCHUE HOBEHIIHMX paboT mo mpobineMe (KypHalbHbIC MyONHWKalWU, MaTepuanbl COOPHUKOB
Hay4HbIX TPYAOB U T.1.).

Cobmronenne TpeboBaHU K 0(OPMIICHUIO
- IpaBWJIbHOE O(OPMIICHUE CCBUIOK Ha HCIOJIB3YEMYIO JINTEPATYPY;
- TPAMOTHOCTb M KYJIBTYPa H3JIOKCHUS,
- BJIQJICHUE TEPMHUHOJIOTHEH U MOHSATHIHHBIM aIlapaToM IpooIeMsbl;
- cobOmrofieHne TpeboBaHMid K 00beMy paboThI;
- KyJsTypa o(hOpMIICHUS: BBIJICIICHUE a03alleB.

I'pamoTHOCTB
- oTcyTcTBHE OpdorpadUIecKuX U CHHTAKCHYIECKUX OMIMOOK, CTHIIMCTHYECKUX MTOTPEITHOCTEH;
- OTCYTCTBHE OIIEYaTOK, COKPAIIEHUH CJIOB, KpOME OOICTIPHUHATHIX;
- JINTEPATYpPHBIA CTUIIb.

Kpurepun onienuBanus paboThl:

9-10 6amioB BBICTABISETCS, €CIM BBINOIHEHBI BCEe TPeOOBAaHMS K HANMCAHUIO W 3alIuTe paloThI:
o0o3HavyeHa mpolbiiemMa U 000CHOBaHA €€ aKTYalbHOCTH, CAEIaH KPATKUH aHAIM3 Pa3InYHBIX TOUYEK
3peHnsi Ha paccMarpuBaeMylo0 IpoOieMy ¥ JIOTHYHO U3JIOKeHa COOCTBEHHAs IO3MLUS,
c(hopMyIIHpOBaHBI BBIBOJBI, TEMa PACKPBITA MOJHOCTHIO, BBIAEPKAH 00BEM, COOMIONEHBI TPeOOBAHUS K
BHEIIHEMY O(OPMIICHHIO, JaHbI IPABUIIbHBIE OTBETHI HA JIOMOIHUTEILHBIE BOIIPOCHL.

7-8 OanyoB BBICTABISETCS, €CIIM OCHOBHBIE TPeOOBaHMS K pabOTe M €ro 3aIluTe BBHIOIHEHBI, HO MPH
9TOM JOMYLIEHBI HENOYETHI; B YACTHOCTH, HMEIOTCA HETOYHOCTH B W3JIOXKEHUM MaTepuana;
OTCYTCTBYET JIOTHYeCKasi II0CJIeI0BATEILHOCTh B CY’KACHUSX; HE BbIACPKaH 00bEM pabOThI; UMEIOTCS
yoyuieHus B opopMIICHHH; Ha JOMIOJHUTEIbHBIC BOIIPOCHI IIPU 3allUTE AaHbI HEMIOJIHbBIE OTBETHI.



4-6 OannoB  BBICTABISETCA, €CIM MMEIOTCS CYIIECTBEHHBIC OTCTYIUICHHMS OT TpeOoBaHUH K
pedeprupoBaHmIo; B YACTHOCTU: TEMa OCBELICHA JIMIIb YaCTUYHO; JOIYIIECHB (PaKTHYECKUE OLIMOKH B
coziepKaHuu pabOoThl WM NIPU OTBETE HA JOIMOJHUTEIbHBIE BOIPOCHI; BO BPEMsI 3aLIUTHl OTCYTCTBYET
BBIBO/I.

1-3 Ganya BBICTABISICTCS, €CJIM TeMa PadOTHI HE PacKpBITA, BHISIBICHO CYIIECTBEHHOE HEITIOHHMAaHUE
MPOOJIEeMBI WITH JKe paboTa He TIPE/ICTABIICH BOBCE.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
oOyuaroumuxcst

IIpumepHEBI IepeueHb KOHTPOJIBHBIX BOIIPOCOB:

1) UYro takoe 000OMIEHHBIA AITOPUTM Kinaccupukanuu (Hago noMHUTH Gopmyny)? Kakue Bbl 3HaeTe
YacTHbBIE CiTydan?

2) Mertoa k Ommxaiimux coceneit. [IpenmyinecTBa u HemoCcTaTku
3) Yto Takoe OKHO MEPEMEHHOI MINPUHBI, B KAKUX CIIy4asX €ro CTOMT UCIIOJIb30BaTh?
4) Yto Takoe MeTOoJ] MOTEHIMALHBIX QYyHKIMI? Ves anroputMa HaCTPOUKH.

5) IlpuBenute npuMep METPUUECKOTO AJIITOPUTMA KIACCU(PHUKAIINH, KOTOPHIH OTHOBPEMEHHO SBIISETCS
JIMHEHHBIM KJIACCH(PHUKATOPOM.

6) Hemnapamerpuueckas perpeccus. @opmyna Hanapas-Barcona.
7) Kak Brnusier BbIOOD si7pa ¥ IIMPUHBI OKHA CIMAKUBAHUSA Ha PE3YyNbTaT allpOKCUMAIH?

8) Urto Takoe normueckas 3akoHOMepHOCTh? IlpuBenuTe mpuMepbl 3aKOHOMEPHOCTEH B 3aaade
KpPEIUTHOI'O CKOPUHTa.

9) YacTo ucnonap3yeMble THIIBI JJOTHUECKUX 3aKOHOMEPHOCTEH.

10) [aiite onpeeseHue CTaTHCTUIECKOW 3aKOHOMEPHOCTH (IIOMHUTEH ()OPMYJIBI).

11) CpaBHHTE O0IACTH CTATUCTHYECKUX U JIOTHYECKUX 3aKOHOMEPHOCTEH B (P,N)-TUIOCKOCTH.
12) Yto Takoe pemaromniee AepeBo? JJoCTOMHCTBA M HETOCTATKU PEIIAONIUX JEPEBHEB.
13) XKanHbiii MeTo1 00yYEHHs PENIaroIIEero JepeBa.

14) 3auem nenaeTcs penyKIus pemaronux aepesbeB? Kakum o6pazom ee caenarb?
15) Yto Takoe cimyuyaiHblit gec?

16) Uro takoe moaens MakKainoka-ITurrca (Hago noMHUTE Gopmyity)?

17) Meton cToxacTudeckoro rpaguenta. Onucarh alropuTM.

18) Henocrarku Metona SG 1 Kak ¢ HUMH OOPOThCS?

19) YUro Takoe mpaBuio X3006a?

20) YUto Takoe nuHEHHBIN aganTuBHEIN 31eMeHT ADALINE?

21) Yto Takoe «COKpalieHue BeCOB»?

22) Tlpuanun Makcumyma mpasaonogoous. Jlorapudm mpasmomonoOust asnist ciydas 2-X KI1acCOB.
CBs13b MPaBIONIOA00NS U AIIIPOKCHUMAIIMN SMITUPHYECKOTO PUCKA.

23) OnrumaineHas paszensionias runepruiockocts. [lonstue 3a30pa Mexay kiaccamu (margin).

24) Cnyyan JMHEHHOW pa3geIMMOCTH M OTCYTCTBUSL JIMHEWHOH pasmenumoctH. CBs3p C
MHUHHUMH3AIKEH Peryisipu30BaHHOTO SMIIMPUYECKOTr0 pucka. KycouHo-nuHeitHas GyHKIMSA TOTepb.

25) 3agava KBaIpaTHYHOTO MIPOrPAMMHUPOBAHMS U IBOWCTBEHHAS 3a7a4a. [[oHATHE OMOPHBIX BEKTOPOB.
26) CriocoObl KOHCTPYKTUBHOTO TIOCTpoeHus siiep. [Ipumepst siep.

27) SVM-perpeccusi.

28) Perymspuzanuu st oroopa npuznakoB: LASSO SVM, Elastic Net SVM, SFM, RFM.
29) 3anmaua perpeccum, MHOTOMepHas JUHEHas perpeccus.

30) MeTox HaMMEHBIIMX KBAJPATOB, €T0 BEPOSATHOCTHBINM CMBICT U T€OMETPHUYECKUI CMBICIT.
31) CunrynapHoe pa3ioxeHHe.

32) [Ipobnembl MyJIBTHKOJUTMHEAPHOCTH U TIepeoOyICHUSI.

33) Perynspuzanus. [peOGHeBas perpeccusi uepe3 CUHTYISPHOE pa3ioKeHHE.

34) Elastic Net, cpaBHeHUE ¢ TpeOHEBOI perpeccuei.

35) 3agauu 1 METOIbl HU3KOPAHTOBBIX MAaTPUYHBIX Pa3IOKEHUH.

36) Meton Heiotona-Padcona, meron Herorona-I'aycca.

37) DOxcrnoHeHIMaNIbHOE CKoyb3siiee cpeaHee. Momens Xonbra. Mopens Teitna-Belmxa. Monens
XomnbTa-YuHTepca.



38) AnanTuBHasg aBTOPErpecCHOHHAasi MOZECITb.

39) Cnensauuii KOHTPOIBHBIN curHai. Monens Tpurra-Jluya.

40) AnmanTuBHAas CEJICKTUBHAS MOMEIb. ATaITHBHASI KOMITO3HITHS MOJICTICH.

41) JlokanpHas afanTaius BECOB C PEryIspU3aluen.

42) Uto Takoe TOYHOCTh, MOTHOTA, YYBCTBUTENLHOCTD, CIIEU(UIHOCTH? 3a4eM OHH HYKHBI?
43) Yto takoe ROC-kpuBas, kak oHa orpeneiseTcs?

44) B uém omnuuMs BHYTPEHHUX W BHEIIHHX KpuTepueB? Kakue ecTh KpPHUTEpUU CKONB3AIIETO
KOHTpOJIsA?

45) OcHoBHas uaes oTOOpa MPU3HAKOB METOAOM IOJHOTO mnepedopa. [leficTBUTENbHO I 3TO MOJNHBIN
nepedop?

46) OcHoBHas uziest 0TOOpa MPU3HAKOB METOIOM JI00ABIICHHI U HCKITIOUCHUH.

47) Yto takoe MI'YA?

48) OcHoBHas ujiest 0TOOpa MPU3HAKOB C MIOMOMIBIO TEHETUYECKOTO aITOPUTMA.

49) B uém oTin4ms ciy4ailHOTO MOUCKA OT CIIyYaifHOTO TIOHUCKa ¢ afanTtamnuen?

50) IlocranoBka 3amaun kiactepusanuu. [IpuMeps! TpUKIaIHbIX 3aa4d. THIBI KIACTEPHBIX CTPYKTYD.
51) [HocranoBka 3aaaun Semisupervised Learning, mpuMepbl NPUITIOKEHHH.

52) TIpadoBble anropuTMbl KIacTepu3aluu. BoljeneHre CBSI3HBIX KOMIOHEHT. Kparuaitmumit
HE3aMKHYTBIH Iy Tb.

53) Anroputm DBSCAN.

54) Aaroput™ nocTpoeHus AeHAporpaMMbl. OnpeaeneHne Yrucia KIacTepoB.

55) [IpocTeie 3BpUCTHUECKHE METOIBI YaCTHUHOTo 00y4eHus: self-training, co-training, co-learning.
56) TpaHCIyKTUBHBIN METOJT OTIOPHBIX BEKTOPOB TSVM.

57) llpuBenuTe ipuMep BEIOOPKH, KOTOPYIO HEBO3MOXKHO KJIacCH(PHUIIMPOBATH O€3 OMIMOOK C IIOMOIILI0
JTUHEHHOTO anropurMa knaccudukanuu. KakoBa MUHUMaIbHAS JITTMHA BEIOOPKH, 00anaroIas JaHHbIM
cBoiictBoM? Kakue cymiecTByroT crocoObl MOAU(UIIMPOBATH JIMHEWHBIN alTOPUTM TaK, YTOOBI JTaHHAS
BBIOOpKa CTalla JIMHEHHO pa3enuMon?

58) [Nouemy mrobas OyineBa GyHKIUS TpeacTaBuMa B BuJie HepoHHOU ceTn? CKOJBKO B HEl CIIOER?

59) Meton obparHoro pacnpoctpanenus omuook. OcHoBHas uaes. OCHOBHbIE HEAOCTATKH M CIIOCOOBI
UX yCTpaHCHHSI.

60) ®ynkunu aktuBaunu ReLU u PReLU. [Ipobaema «mapanuuay» cetu.

61) Ceéprounsie Heiiponnbie cetd (CNN).

62) Pexyppentnsie Heiiponnbie cetd (RNN).

63) O6yuenue pekyppeHTHbIX cereil: Backpropagation Through Time (BPTT).
64) B3semenHoe ronocosanue. Anroputm AdaBoost.

65) [Ipouecc nmocnenoBaTenbHOr0 00ydeHus: 0a30BBIX aJTOPUTMOB.

66) bazoBble anropurmsl B Oyctunre. Pematoniie nau. ['paguenTHeiid OycTHHT.
67) CroxacTH4ecKHil rpaAMeHTHBINA OyCTHHT.

68) [Ipocroe romocoBanue (KOMUTET OOJIBLIMHCTBA).

69) Unentndukanusi HETUIUYHBIX 0OBEKTOB (BBIOPOCOB).

70) BarruHr U MeTon ciy4ailHBIX MOAIPOCTPAHCTB.

71) Ananu3 cMelIeHus ¥ Bapualuy A7l IPOCTOTO TOJIOCOBAHMS.

72) Cmech anropuTMoB (KBa3WIMHEHHAs] KOMIIO3ULIUS), 00JaCTh KOMIIETEHTHOCTH, IPUMEPHI PyHKIUIHA
KOMIIETCHTHOCTH.

73) MeTo/ibl MOCTPOCHUS CMECE: TOCIeI0BaTEebHbIN U HepapXUIeCKUH.

74) 3agaya o MHOTOpykoM OanjuTe. JKamHbie W sncwioH-xaaHeie crparerud. Meroq UCB (upper
confidence bound). Ctparerus Softmax.

75) AnanTuBHBIE CTpaTerMd HA OCHOBE CKOJIB3SIIMX CpelHUX. METol CpaBHEHHUS C MOAKPEIUICHUEM.
Meron npecnenoBanusl.

76) IlocraHoBka 3ajauu MpH HaIMYuM WHPOpPMAMK O cpeAe B cioydyae BbIOOpa JEHCTBUSL
KonrekcTHbIil MHOTOpYKHI OaHIUT.

77) OueHnBaHrE HOBOH CTPATETUH MO OOJBIIMM UCTOPUIECKUM JTAHHBIM.
[Tpumeps! OuseroB Ha AuddepeHurpoBaHHOM 3aUETe:

burer 1.
1) ITouemy mnrobas OyineBa GyHKUMS OpeACTaBUMA B BUIe HEUPOHHOW ceTn? CKOJBKO B HEW CIIOEB?



2) B uéMm oTnuuMs BHYTPEHHHX M BHEIIHHUX KputepueB? Kakue ecTh KPUTEpUU CKOIB3ALIETO
KOHTpOJIsA?

burer 2.
1) B uém omuuus cirydaifHOro MOMCKa OT CIIy4aiiHOTO IIOMCKA C ajanTanuein?
2) XKagnsrit MeTo 00yueHHsI PEeIAIOIIETo IepPeBa.

Kputepun onennBanus

OIIEHKA «OTJINYHO (10)» BBICTABIISIETCS CTYNEHTY, MOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, ITyOOKHE 3HAHUS Y4eOHOM MpOrpaMMbl AMCLUMIUIMHBI IPU OTBETE OWiieTa U
OTBETE Ha BOIIPOCHI 110 IPOTrpaMMe JUCLUILINHEL,

oLeHKa «OoTIHYHO (9)» BBICTABISIETCS CTYACHTY, IOKa3aBILIEMY CHUCTEMAaTH3HPOBAHHBIE, TIIyOOKHE
3HaHMA y4eOHOH MporpamMMbl JUCLUIUIMHBI IIPU OTBETE OMiIeTa M OTBETE Ha BOMPOCHI IO MPOTrpaMme
JVCLUUTUIHHBL,

OLICHKA «OTAMYHO (8)» BBICTABISIETCS CTYAEHTY, IOKa3aBIIEMYy CHCTEMAaTH3HMPOBAaHHbIC, 3HAHMA
y4eOHOH mporpaMMbl AMCUUIUIMHBI IPU OTBETe OWjIeTa M OTBETE Ha BOIPOCH IO TMPOrpamme
JUCLUIUIMHBL,

oLeHKa «xopomo (7)» BbICTABISIETCA CTYIACHTY, €CIIM OH TBEpAO 3HAET Marepuai Ouiiera, rpaMOTHO U
[I0 CYILIECTBY H3JaraeT €ro, yMeeT NPUMEHATh IOJIY4YEHHbIE 3HAHUS Ha IPAKTUKE, HO JIOIYCKaeT B
OTBETE HEKOTOPBIE HETOUHOCTH;

OlleHKa «Xopomio (6)» BBICTABISIETCS CTYACHTY, €CIM OH 3HAaeT Marepual Ouiiera, 10 CYyIECTBY
U3JIaraeT ero, yMeeT NPUMEHSTH MOJy4YCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOIMYCKaeT B OTBETE MHOTO
HETOYHOCTEH;

OLICHKA «XOpOIIO (5)» BBICTaBISAETCS CTYIEHTY, €CIM OH 3HAeT MaTepuai Ouiera, U3J1araeT ero, yMeer
MPUMEHSTH MTOJIyYeHHbIC 3HAHUS HA MPAKTHKE, HE JIOMYCKAaeT B OTBETE rPyObIX OMIMOOK;

OLICHKA «Y/IOBJICTBOPUTEIHHO (4)» BBHICTABISACTCS CTYACHTY €CJIH BO BpeMs OTBETa OmiieTa OH IOKa3all
(parMeHTapHBbI|, XapakTep 3HAaHWUMH, HEJOCTATOYHO NPABUIIbHBIC (POPMYIMPOBKU 0A30BBIX MOHITHUI, HO
Opd 5TOM OH BIIQJCET OCHOBHBIMH pa3leiaMd y4eOHOW TpOrpamMMbl, HEOOXOIUMBIMH IS
JalbHEHIIero ooyueHus;

OLICHKA «YIOBJIETBOPUTEIHHO (3)» BBICTABISAECTCS CTYACHTY, €CJIM BO BpeMs OTBETa OMiIeTa OH MOKa3all
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylleHUe JOrMYECKON IOCIEeI0BATEIbHOCTH B U3JIOKEHUH IIPOrPaMMHOIO Marepuajia, HO IIPU 3TOM
OH BIaJEET OCHOBHBIMH pa3ieiamMu Y4eOHOW mporpaMMbl, HEOOXOAMMBIMH JJisl AalibHEHIIero
00yueHHs 1 MOXET NPUMEHSThH NOJIyUYeHHbIE 3HaHUS 110 00pas3ily B CTAaHJAPTHON CUTYaIUH;

OLICHKA «HEYJIOBJIETBOPHUTENHHO (2-1)» BBICTaBISAETCSA CTYACHTY, €CIM BO BpeMs OTBeTa OmiieTa, OH
MOKa3aJl 4To He 3HaeT OOJblled YacTh OCHOBHOTO COAECpX aHMUA Yy4eOHOW IMporpamMMbl TUCLMILIMHEI,
JOIycKaeT rpyOble ommOKd B (HOPMYIMPOBKAX OCHOBHBIX IOHSATHH IUCHUIUIMHBI M HE YMEeT
HCIOJIB30BaTh MOyYEHHBIC 3HAHUS MIPU PELICHUH THUIIOBBIX MPAKTHUECKUX 3a/1a4.

5. MeTonuueckune MaTepuasbl, onpeneasionie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

Texymuii KOHTPOJIb OCYILECTBISCTCS B BHJIE BBINOJHEHUS KOHTPOJIBHOW pabOThl MO OTAEIBHBIM
paszenaM U BBINOJHEHHS CAMOCTOSITEIbHON paboThl. [y mpOXOXKACHHST KOHTPOJISI CTYIEHT JOJDKEH
[IPOIEMOHCTPUPOBATh 3HAHUS OCHOBHBIX OIPENEIEeHUMN; yMEHUE pelarh CTaHAAPTHbIE 337a4H,
pa3o0paHHbIe HA CEMUHAPCKUX 3aHITHAX.

Texymuii KOHTPOJIb BKIIOYAeT | MUCbMEHHYIO KOHTPOJIBHYIO paboTy B TEUECHHE CEMECTpPa, COCTOSIILYIO
W3 HECKOJIBKMX BONPOCOB M 33Jad IO MPOWIEHHOMY MAaTepHally, a TaKXe BBIIOJHEHHUE
CaMOCTOSATEJILHON paboThI AJIs IPEACTABICHHS NOTy4YEHHbIX 3HAHUM.

ArtTecrarysi IpoBOaUTCs B GopMe YCTHOTO MU depeHITUPOBAHHOTO 3a4ETa.



OneHka 3a MPOMEXKYTOUHBIH KOHTPOJIb YYUTHIBAET OoLieHKY OK/p 32 MMCBMEHHYIO KOHTPOJIBHYIO padoTy
u omneHky Opn/3 camocCTOsTenbHOH paboThl CTYAEHTOB IO TEKYIIMM TeMaM JAWCIMIUIMHBI; OHa
paccUMThIBaCTCA CIEAYIOUIMM 00pa3oM:

Onpomexytounbiii=0,5*Ox/p+0,5*0n/3 u okpymIsieTcs 10 UEeNOTo Yucia apuPpMETHIECKUM CIIOCOOOM.
HToropasi OLleHKA yYUTHIBAET OLEHKY 3a MPOMEKYTOUHBIH KOHTPOIb ONpOMEXYTOYHBIH U OLEHKY 3a
pabory HenocpencTtBeHHO Ha auddepenurpoBaHHoM 3adére Onu@3ad€T W PacCUUTHIBACTCS IO
dbopmyre:

OwuroroBas=0,5*Onudzauét+0,5* OnpomMeKy TOUHBIH.



