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

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: [Hoporkaarorue Moeny MalInHHOTO 00yYeHUs
110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa NHTEIJICKTYaJIbHBIX CHCTEM

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMbI IPOMEXKYTOUHOM arTecTanuu: 1 (ocenuuit) - JluddepeHpoBanHbiii 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 75 gac.
Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocrasuin: P.B. Ucauenko, kanj. ¢us.-Mar. HayK, aCCUCTCHT

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl HHTEIEKTyanbHbIX cucteM 03.04.2024



AHHOTANMA

Lenpro Kypca sBISETCS W3Y4YCHHE (PYHIAMEHTAIBHBIX OCHOB IOCTPOCHHS COBPEMEHHBIX IMOPOXKIAOIINX
MOJIeJIed  MallMHHOTO OOy4YeHHs, COBPEMEHHOTO COCTOSHUSI W TEHACHIWN pa3BUTHS  OONACTH.
PaccmarpuBaroTCs pa3NMUYHBIC ACIEKTHl TAKOTO MOJCTHPOBAHUS, KIAaCCHU(UKAIUS MOIEIeH M pa3IndHbIC
THUIILEI MOJEJIEH.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

- u3ydeHHe (PyHIAMEHTAJIBHBIX OCHOB IIOCTPOCHUS COBPEMEHHBIX MHOPOKIAIOUIMX MoOJenei
MAaIIMHHOTO O0y4eHUs, COBPEMEHHOI'O COCTOSTHUS U TeHJICHIINH Pa3BUTHA 00IacTH.

33]13‘11/[ JAUCHUIIINHBI
- OCBOCHHC CTyACHTaMHU TeOpeTI/I‘IeCKOﬁ MaTeMaTH4YeCKOM 0a3bl TOPOKAAOIICTO MOACTIUPOBAHUA
- HpI/I06p€TCHI/IC MPaKTUICCKUX YMGHI/Iﬁ 1 HAaBBIKOB pcajindalilii paCCMaTpuBacMbIX Mo;[eneﬁ;

- OKa3aHUE KOHCYJbTAUMA W TMOMOIIM CTYJCHTaM B HU3YYEHUU COBPEMEHHBIX HAy4YHBIX CTarew,
HEOOXOUMBIX JIJISl UX COOCTBEHHBIX TEOPETHYECKUX UCCIICTOBAHUA.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HaumMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

[IK-2.1 3naeT OCHOBBI  HAyYHO-HCCIIEIOBATEIbCKOMN
JEATENILHOCTH B 00JacTH WH(OPMAIIMOHHBIX TEXHOJIOTHH,
BJIaJIe€T 3HAHUEM OCHOB (PHIIOCO(OUN U METOJIOIIOTHU HAYKH;
3HAHHEM METOJIOB HAyYHBIX MCCIIEIOBAaHHMI M HABBIKAMH HX
MPOBEICHUS

[1K-2 [TorumaeT 1 cnocobeH NPUMEHUTH B
Hay4HO-UCCJEN0BATEIbCKON U NPUKIaJHON
NEATENBHOCTH OCHOBHBIE 3aKOHBI
€CTECTBO3HAHUS, COBPEMEHHbIH
MaTeMaTHYEeCKUH anmnapar ¥ aJlfOPUTMBI,

[IK-2.2 YMeeT mMpUMEHATH MONyYeHHBIE 3HAHUS B 00JacTh
($yHIaMEeHTaIbHBIX HAYYHBIX OCHOB TEOPUH WH(POpMALUU H
pemarb CTaHIApPTHBIE  3a/auHl B COOCTBEHHOM
HAy4HO-HCCIIEA0BATEILCKOM eI TENbHOCTH

[IK-2.3 Nwmeer MIpaKTU4YECKUN OIIBIT
COBpPEMEHHbIE .

Hay4YHO-MCCIICIOBATENILCKOW  AEATENBHOCTH B 00JacTu
WH(POPMALOHHO-KOMMYHHKAIIOHHbIE .

WH(POPMALOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOT U
TEXHOJIOTUH

[1K-2.4 Bnageer MeTonaMy U alropuTMaMH pelIeHUs 3a7a4y
uupoBoil 00pabOTKM CHUTHAJIOB, WCIOJNB30BAHUS CETH

Wnrepner, AHHOTHPOBAHUS, pedepupoBanus,
OoubnmorpaduyecKoro MOMCKa, OMBIT PabOThl ¢ HAYYHBIMHU
HUCTOYHUKAMU

[IK-3.1 3Haer OCHOBBI BeJEHUS HAYYHAHCKYCCHUU H
(OpMBI YCTHOTO HAYYHOTO BBICKA3bIBAHUS

[1K-3 Bnageet HaBbIKaMU y4acTHs B HAy4HBIX
TMCKYCCHSIX, BBICTYTUICHHUS C COOOILEHUSIMH U
JOKJIaZlaMU YCTHOT'O, IMCbMEHHOI0 U
BHUPTYaJILHOTO (pa3MeleHHIE B
MH(OPMALIMOHHBIX CETAX) XapakTepa,
MPECTABICHHUS MAaTePHaOB COOCTBEHHBIX
HCCIIEeI0BaHUI

[IK-3.2 VYmeer BecTH KOPPEKTHYIO AHUCKYCCHIO B 00JacTu
MHQOPMAIIMOHHBIX TEXHOJIOTFM 3a7aBaTh BOIPOCHl U
OTBEYaThb HA IIOCTABJIEHHBIE BOIIPOCHI IO TEME HAay4YHOHU
paboThI

[IK-3.3 MmMeer mpakTHYECKUH OMBIT Y4YacTHsl B HAy4HBIX
CTyICHYECKUX KOH(PEpPEHIMUSIX, OYHBIX, BUPTYaJIbHbIX,
320UHBIX OOCYXKJIEHUSX Hay4YHbIX MpoOiieM B o001acTu
MH(OPMAIIMOHHBIX TEXHOJIOTHIA

[IK-1.1 3HaeT OpUHOUNBI MOCTPOCHHUS HAYYHOM pPabOTHI,
MeTroasl cOopa W aHamm3a IOJMYYEHHOTO MaTepualia,
CHocoObl apryMEeHTalWu; BiaJleeT HaBbIKAMH HOATOTOBKH
Hay4YHbIX  0030poB,  mNyOnukanmuii,  pedeparoB  u
oubnuorpadguii Mo TEMaTWke MPOBOAMMBIX HCCIICAOBAHHUM
Ha PYyCCKOM U aHIVIMHCKOM SI3bIKE

[TIK-1 T'0TOB K BKJIFOUEHHUIO B
npodeccuoHaIbHOE COOOIIECTBO; CIIOCOOEH




LIPOBOAMTD 110 HAYYHbIM PYKOBOACTBOM
JIOKaJIbHBIC UCCJIEIOBAHUS HA OCHOBE
CYIIECTBYIOIINX METOOB B KOHKPETHOMH
o0mactu mpodeccruoHaIbHON NesTENBHOCTH

[IK-1.2 VYmeer pemars Hay4YHbIE 33Ja4d C TOHUMaHHEM
CYLIECTBYIOIIUX TMOAXOAOB K BEpUPHUKALMKU MOAETEH
IPOrpaMMHOTO O0ecHedeHus B CBA3M C IOCTaBJICHHOM
LENBIO U B COOTBETCTBUH C BRIOPAHHOW METOIUKON

[IK-1.3 Hmeer mnpakTU4EeCKUH ONBIT BBICTYIUIECHUA H
HAyYHOW apryMeHTalUy MpH aHaiu3e OOheKTa HAyYHOH M
npo¢ecCHOHANIBHON eI TeNbHOCTH

3. [lepeyens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCIHILINHE (MOIYJII0)

B pe3ynbrare 0CBOCHUS AUCIMILUTMHBI 00yYatOINecst JOJDKHBI

3HATh:
- TOCTaHOBKY 3aJ[aud IOPOXKAAIOIIET0 MOJCIMPOBAHUS, OCHOBHBIE MAaTeMaTHYECKHE IOIXOIbl K
PELICHUIO 3a/1a9¥ MOJICITMPOBAHMS, METO/BI JIOKA3aTeIbCTBA OCHOBHBIX TEOPEM U YTBEPIKICHUI.

YMETh:
- aHAJTM3UPOBATh COBPEMEHHBIC TEOPETHYECKIE HAYYHBIE CTAThH MO TeMe, YPPEKTUBHO pean30BbIBATh
paccMOTpeHHbBIE MOJICIH € TIOMOIIBIO0 COBPEMEHHBIX OUOIMOTEK MTyOOKOTO 00YUYEHUSI.

BJIQJICT!

- MaTeMaTUu4YCCKUM arrapaTrom MOPOXKAAIOIICTO MOJCIIUPOBAHHUA HaBbIKaMH pcanmzanun
MAaTCMaTUYCCKOTO allrapara Ha IIPaKTUKE.

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

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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 ABTOpPErpecCHOHHOE MOAEINPOBAaHNE 3 3 6
2 BapurannonHslii aBTOKOJUPOBIIUK 3 3 6
3 Mogenn HopMaIU3yIOIKX TOTOKOB 3 3 8
4 JluckpeTHbIE TaHHBIE 3 3 8
5 CBsI3b ITOTOKOB ¥ T€HEPATUBHBIX MOJIENIEH 3 3 8
6 Moasnn COCTS3aTeNIbHBIX T€HEPATUBHBIX ) ) 9
cereit
7 Paccrosnue Baccepiraiina. 3 3 6
8 OneHuBaHuE T€HEPATUBHBIX MOJIENeH 2 2 6
9 JlucKkpeTHbBIE CKPBIThIE MPOCTPAHCTBA 3 3 6
10 Heiiponnsie g depeHuaIbHbIe 3 3 6
ypaBHEHUS
11 Huddy3nonnsie Mmoaenu 2 2 6
Hroro yacos 30 30 75
IToaroTroBka K sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)

1. ABTOpCFpeCCI/IOHHOG MOACIINPOBAHUC




BBenenne B reHepatuBHOe MozenupoBanue. llocraHoBka 3azaun. 3agaya  MUHUMM3ALHAN
JTUBEpreHIuil. ABTOpETrpecCHOHHOE MozenrupoBanue. ABTtoperpeccuonnble monenu (WaveNet,
PixelCNN).

2. BapuanuvoHHBIN aBTOKOAUPOBILIUK

OcHoBBI 0aiiecOBCKOrO BhIBOZAA. MoJenn CKpPBITBIX NEpeMEHHBbIX. BapuannoHHas HUKHSAS OICHKA
(ELBO). EM-anroput™, amMopTH3WpoBaHHBIH BbeiBoI. [pamuentsi ELBO, penapamerpu3zaius.
Bapuanmonnsiii  aBrokomupoBmuk  (VAE). Hemocratrku VAE. Kommaric  anoctepuopHOTO
pacupenenenus VAE. Texauku ocnabnenus nexonepa. Beibopka no 3naunmoctu st ELBO.

3. Mogenu HOpMaTU3YIOIIUX TTOTOKOB

SxobuaH W TeopemMa O 3aMeHEe IMEPEeMEHHBIX. Molend HOPMAIU3YIOIIUX MOTOKOB. Ilpsmas u
obparHast KL nuBepreniuu. Jluneitnsie notoku (Glow). ABToperpeccHoHHBIE TOTOKH (TayCCOBCKHIMA
u oOpaHbIii rayccoBckuii moTok). Cioi cesi3u (RealNVP). Cesizp HopManusyromux notokoB U VAE.

4. JIuCKpETHBIEC TAHHbBIE

JuckpeTHble AaHHbIe, HenpepbiBHAS Moaeib. Auckperuzanus moaeiu (Pixel CNN++). PaBHomepHas
W BapuanyonHas nexkBanTu3anuu (Flow++).

5. CBs13b ITOTOKOB U T€HEPATUBHBIX MOZeNen

Teopema 06 omepanuu Hax ELBO. OntumansHoe anpuopHoe pacmpenenenue B VAE. Tlotoku B
anpuopHoM pacnpeaeneann VAE. [lotoku B anpuopHOM U ariocTepuopHoM pacnpeneieaun VAE.

6. MOI[CJ'II/I COCTA3ATCIbHBIX I'CHCPATUBHBIX ceTen

HesiBHple reHepartuBHBIE MoAenu Oe3 OLEHKM npaBaonofodus. Mogpenb TeHepaTHBHBIX
coctsizatenbHbIx cereil (GAN). Teopema 00 ontumanbHOCTH GAN. IIpobiembr oOyueHuss GAN
Mojelel (3aryxaromue rpaaueHTsl, kojutanc moxa). KL nuBeprenuus vs JS mmuBeprennus. VAE c
HESIBHBIM DHKOJIEPOM.

7. PaccTossHue Baccepuiralina.

Tomonornueckue ocodennoctn o0yduenns GAN moneneii. Paccrosane Baccepmreitna. JlyansHocTh
KantopoBuua-PyOunmreitna. GAN Baccepmreitna (WGAN). Mogens WGAN ¢ rpagueHTHBIM
mrpadpoM. Momenr WGAN co crekTpalbHOW HOpMann3anueil. BapuanuoHHas MUHUMH3AIUS
f-nmuBepreHuuii.

8. OL[CHI/IBaHI/Ie TCHCPATUBHBIX MO,Z[eJ'IefI

OrcHMBaHUE Ka4yecTBa HEABHBIX Mojeneit. OleHMBaHUE KadecTBa HesBHBIX mojeneil (Inception
score, FID, Precision-Recall, truncation trick).

9. JIuckpeTHbIEe CKPBIThIE IPOCTPAHCTBA

VAE ¢ JIucKpeTHBIM CKpBITBIM IPOCTPAHCTBOM. BeKTopHas KBaHTH3allus, CKBO3HOH TpaJHEHT
(VQ-VAE). I'ym6enb-coptmaxce Tprok (DALL-E).

10. Hefiponnsie nuddepeHnnanbHble ypaBHEHHS

Hetiponnsle oObIKHOBeHHBIE auddepeHInanbHble YpaBHEHUs. MeToJl CONPSIKEHHBIX (DyHKITHIA.
HenpepsiBabsie Bo Bpemenu HopmanuzanuonHsie otokd (FFJORD). Hecmemiennas ouenka ciena
MaTpUIIbI.



11. Inddy3nonnsie mogenu

OcHOBBI CTOXAaCTHUYECKUX muddepeHaIbHbIX ypaBHEHHUIl. VYpaBHeHne
KomnmoropoBa-®oxkkepa-Ilnanka u nuHamuka JlamxkeBeHa. MeTonbsl OLEHHWBAHHSA SCOre (DYHKIHH.
Monenu ounenku score ¢pynkiuun (NCSM). ayccoBckuii nuddy3nonsiii npomecc. Juddysnonnas
reHeparuBHas monens (DDPM).

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0XMMO AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIEHHAs! KOMITBIOTEPOM U MYJIBTUMEIMHHBIM 000py10BaHUEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. I'my6okoe obyuenwue / 5. ['yndennoy, U. benmxkuo, A. Kypemis . — Mocksa, JIMK Tlpecc, 2018.—
URL: https://e.lanbook.com/book/107901 (mara obpamenus: 29.01.2021). - [Tonnsrii Texet (Pexxum
nocrymna : u3 cetu MOTHU / VoaneHnslit toctym)
MammnHoe oOydenue (kype neknwmii, K.B.Boponiios)/2009 (B 311eKTpoHHOM BU/IE)(CCHUIKY B
y4eOHO-METOUYECKON TUTEPATypeE).

JlononHuTeNbHAS TUTEPATypa
1. Christopher Bishop, 2006, Pattern Recognition and Machine Learning
2. David Barber, 2014, Bayesian Reasoning and Machine Learning
3. Goodfellow, lan, Yoshua Bengio, and Aaron Courville, 2016, Deep learning.
4. Kevin Murphy, 2022. Probabilistic Machine Learning: Advanced Topics.

MammnHoe oOyuenue (kype neknwmii, H.}O.30m0Th1xX) http://www.machinelearning.ru/wiki/index.php
MammnHoe oOyuenue (kype aekuuid, CIAY, C.JIlucuupin)
http://www.machinelearning.ru/wiki/index.php

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)

http://www.machinelearning.ru/wiki/index.php
BUJICO JICKIIUU
http://shad.yandex.ru/lectures/machine learning.xml

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

He tpebyercs.
9. MeTonnuecKkue yKa3anus 1J1s 00y4al0IIUXCs 10 0CBOSHHIO TUCHMILTHHBI (MOTYJIsT)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIWM IMOHITHHHBIM
anmapaToM, a ¢ JPyTroil CTOPOHBI, JOKEH HAYYHTHCS IPUMEHSITh TEOPETHUSCKUE 3HAHUS Ha MPAKTUKE.

B pesynprare u3ydeHWs IUCHUIUIMHBI CTYACHT JIOJDKEH 3HATh OCHOBHBIC OIPENEICHUs, TOHSATHUSA,
AKCHOMBI, aJITOPUTMBI.

YcnemHOe 0CBOCHHE Kypca TpeOyeT HapsKEHHONW caMOCTOSTEILHOM padoThI CTy/ileHTa. B mporpamme
Kypca TIpUBEJICHO MHUHUMAIBLHO HEOOXomMMoe Bpemsl Juis pabdoThl CTyJeHTa HajJ TEMOM.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHHE U KOHCIIEKTUPOBAHUE PEKOMEHI0BAHHOM JINTEPATYPHI,



— TpopaboTKy ydeOHOro marepuaia (IO KOHCIIEKTaM JICKIHH, y4eOHOH M Hay4dyHOW JuTeparype),
[IOATOTOBKY OTBETOB HA BOIPOCH], IPEJHA3HAYEHHbIX JUISI CaMOCTOATEJIILHOTO  M3Y4EHHS,
JOKa3aTeNbCTBO OTAEIBHBIX YTBEPHKACHHUI, CBOICTB;

— MOATOTOBKY K MU GEpUHIUPOBAHHOMY 3a4ETY.

PykoBOACTBO W KOHTPOJNb 3a CaMOCTOSATENBHOM paboTON CTygeHTa ocymiecTBisieTcst B (opme
HUHAUBUYaJIbHBIX KOHCYJIbTALUM.

BaxxHo 1oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu

3aTPYIHEHUU H3Y4YEeHHS OTIENBbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYJIbTalUAMH K
JIEKTOPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa UHTEIJICKTYaJIbHBIX CHUCTEM

Kypc: 1

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

PaszpatGoTunk: P.B. Hcauenko, kana. ¢u3.-MaT. HayK, aCCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[1K-2 [TorumaeT 1 cnocobeH NPUMEHUTH B
Hay4HO-UCCJEN0BATEIbCKON U NPUKIaJHON
NEATENBHOCTH OCHOBHBIE 3aKOHBI
€CTECTBO3HAHUS, COBPEMEHHbII
MaTeMaTU4YEeCKUI anmnapar U alfOPUTMBI,
COBpPEMEHHbIE
WH(POPMALOHHO-KOMMYHHKAIIOHHbIE
TEXHOJIOTUH

I[IK-2.1 3naeT OCHOBBI  HAy4YHO-HCCIIEOBATEIbCKOM
JEATEIIFHOCTH B 00JacTH WH(OPMAIIMOHHBIX TEXHOJIOTHH,
BJIaJIeET 3HAHUEM OCHOB (PHIIOCO(OUN U METOJIOIIOTHU HAYKH;
3HAHHEM METO/IOB HAyYHBIX MCCIIEOBAaHHMI M HABBIKAMH HX
MPOBEICHUS

[IK-2.2 YMeeT mpUMEHATH MONyYeHHBIE 3HAHUS B 00JacTh
($yHIaMEeHTaIbHBIX HAYYHBIX OCHOB TEOPUH WH(POpMALUU H

pelarhb CTaHJapTHbIE 3a1aun B COOCTBEHHOM
Hay4YHO-UCCIIE0BATEIBCKON AESITETBHOCTH

[IK-2.3 Nwmeer MIpaKTUYECKUN OIIBIT
Hay4YHO-HCCIICIOBATENILCKOW  AEATENIBHOCTH B 00JacTu

I/IHq)OpMaI_II/IOHHO—KOMMYHI/IKaLII/IOHHLIX TCXHOJIOTHI

[1K-2.4 Bnageer MeTonaMy U alropuTMaMH peIIeHus 3a7a4y
uupoBoii 00pabOTKKM CHTHAJIOB, WCIOJNB30BAHUS CETH
Wurepner, aQHHOTUPOBAHUS, pedepupoBanus,
OoubnmorpaduyecKoro MOUCKa, OMBIT PabOThl ¢ HAYYHBIMHU
UCTOYHUKAMHU

[1K-3 Bnageet HaBbIKaMU y4acTHs B HAy4HBIX
TMCKYCCHSIX, BBICTYTUICHHUS C COOOILEHUSIMH U
JOKJIaZlaMU YCTHOI'O, IMCbMEHHOI0 U
BHUPTYaJILHOTO (pa3MellcHHE B
MH(OPMALIMOHHBIX CETAX) XapakTepa,
MPECTABICHHUS MAaTePHaoB COOCTBEHHBIX
HCCIEeI0BaHUI

[IK-3.1 3Haer OCHOBBI BeJEHUS HAYYHAHCKYCCHUU H
(hOpMBI YCTHOTO HAYYHOTO BBICKA3bIBAHUS

[IK-3.2 VYmeer BecTH KOPPEKTHYIO AHUCKYCCHIO B 00JacTu
MH(QOPMAIIMOHHBIX TEXHOJIOTFM 3a7aBaTh BOIPOCH U
OTBEYaTb HA IIOCTABJICHHBIE BOIIPOCHI IO TEME HAay4YHOHU
paboThI

[IK-3.3 NmMeer mpakTHYECKUH OMBIT Y4YacTHsl B HAay4HBIX
CTyICHYECKUX KOH(EpPEHIMUSAX, OYHBIX, BUPTYaJIbHbIX,
320UHBIX OOCYXKJIEHUSX Hay4YHbIX MpoOlieM B o001acTu
MH(POPMAIIMOHHBIX TEXHOJIOTHIA

[TIK-1 T'0TOB K BKJIFOUEHHUIO B
npodeccuoHanbHOE COOOMIECTBO; CIIOCOOEH
MIPOBOIUTH MO/ HAYYHBIM PYKOBOICTBOM
JIOKaJIbHBIE HCCIIEI0BAHUS Ha OCHOBE
CYILECTBYIOIIUX METOJOB B KOHKPETHOU
obnacTy mpoheCcCUOHATBHOH JIeATENLHOCTH

[IK-1.1 3HaeT npUHOUNBI MIOCTPOCHHUS HAYYHOH pPabOTHI,
MeTroasl cOopa W aHamm3a IOJMYYEHHOTO MaTepualia,
CHocoObl apryMEHTalWu; BiaJleeT HaBbIKAMH HOATOTOBKH
Hay4YHbIX  0030poB,  myOnukamuii,  pedeparoB  u
oubnuorpadguii Mo TEMaTWke MPOBOAMMBIX HCCIICAOBAHUM
Ha PyCCKOM U aHIVIMHCKOM SI3bIKE

[IK-1.2 VYMmeer pemars Hay4Hble 3aJadyd C ITOHUMaHHEM
CYIIECTBYIOIIMX IOAXOMOB K BepHdUKaMu Mojenei
MpPOrpaMMHOTO OOECHeYeHHsT B CBA3H C MOCTaBICHHOMN
IEJBI0 U B COOTBETCTBUY C BHIOPAHHONW METOIUKON

[IK-1.3 HMmeer mnpakTU4YEeCKWH OMBIT BBICTYIUICHHM H
HAy4YHOM apryMeHTallH MpH aHaiu3e OOBbEeKTa HAYyYHOH H
npodeccuoHaIbHON 1S TeTbHOCTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YJbTATC HUIYUYCHHUA AUCHHUILIUHBI «Hopom;[aloume MOACIN MAIIMHHOI'O O6yLICHI/I$I)> 06}"{3}0]]_[1/1171051

JOJIKCH:

3HATb:

- IIOCTAHOBKY 3aJa4yu IOPpOXAAMICIo MOACIUPOBAHHA, OCHOBHBIC MATEMATUYCCKUC IIOAXOAblI K
PCHICHHUIO 3aa491 MOACIIMPOBAHUA, MCTOABI JOKA3aTCJILCTBA OCHOBHLIX TCOPEM U YTBep)KHCHI/Iﬁ.

yMeTh:

- aHAJTM3UPOBATh COBPEMEHHBIC TEOPETHYECKHE HAYYHBIE CTAThH MO TeMe, YPPEKTUBHO pean30BbIBATh
paccMOTpeHHbBIE MOJICIH € TIOMOIIBI0 COBPEMEHHBIX OMOIMOTEK MTyOOKOTO 00y4YEHUSI.

BJA€Th:

- MaTeMaTU4ICCKUM arrapaTrom

MOPOXKIAIOIICTO
MaTCMaTUYCCKOTO allrapara Ha IIPaKTUKE.

MOJCIIUPOBAHHUA HaBbIKaMH pcanmzanun




3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJIIO

C menplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJe 3aHATUS WIH B KOHIIE 3aHATHUS 10 IPOUJEHHON TEME.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JJISI IPOBeAEeHHUA NIPOMEKYTOYHOM aTTecTalluu
o0y4yarommxcst

1. BBenenue B reneparuBHoe MojenupoBanue. [loctaHoBKa 3ama4n.

2. 3ajaya MUHMMU3AINH TUBEPTEHIINN. ABTOPETPECCHOHHOE MOJEIMPOBAHHUE.
3. Asroperpeccuonnbie monenu (WaveNet, PixelCNN).

4. OcHOBBI 6aiiecOBCKOTO BbIBO/IAa. MOJIENIN CKPBITHIX EPEMEHHBIX.

5

Bapuammonnas nwxkass ornenka (ELBO). EM-anroputm, aMOpTH3UPOBaHHBIN BBIBOJ. [panueHThI
ELBO, penapamerpu3anus.

6. Bapuaunonssiii  aBrokogupoBmuk (VAE). Hemocrarkm VAE. Kommanc amoctepropHoro
pacnpenenenus VAE.

7. Texuuku ocnabnenus aexoaepa. Beroopka no 3naunmoctu st ELBO.
8. SlkoOuaH u Teopema 0 3aMEHE IIepEeMEHHBIX.

9. Mopnenu HOpMaTU3YIOIINX HOTOKOB.

10. TIpsimast u o6patHas KL quBepreHium.

11. Jluneiinbie motoku (Glow). ABTOperpeccCHOHHbIE TOTOKH (TFayCCOBCKUN M OOpaHBI TrayCCOBCKUN
MIOTOK).

12. Crnoii cBsizu (RealNVP). Cs3p Hopmanuzyomux notokos u VAE.

13. JluckpeTHble TaHHBIE, HENPEPBIBHASI MOAEb.

14. Tuckpernzanmst mogenu (Pixel CNN++).

15. PaBHoMepHast 1 BapuanuoHHas nexkBanTuzanuu (Flow++).

16. CBsI3b IOTOKOB ¥ T€HEPATUBHBIX MOJICIICH.

17. Teopema 06 onepanun Hag ELBO. OntumansHoe anpuopHoe pacipeneneHue B VAE.

18. IToroku B anpuopHOoM pacnpeneneHun VAE.

19. IloToku B anprOpHOM H alloCTEPUOPHOM pactpenencHun VAE.

20. HesiBHBIE reHepaTUBHBIC MOAETH 03 OLIEHKU NPaBAOIOA00HS.

21. Mogens reHepatuBHbIX cocTsazatenbHbIx cetell (GAN). Teopema 06 ontumansHocT GAN.

22. IIpoGnemsr o0ydyenns GAN mozenel (3aTyxaromye rpalueHThl, KOJUIAIC MON).

23. KL nuseprenmus vs JS nuseprennus. VAE ¢ HESIBHBIM 3HKOIEPOM.

24. Tomonoruueckue ocodennoctu ooyueHuss GAN moxeneit.

25. PaccrosiHue Baccepmrelina.

26. lyansHocts KanropoBuua-PyObunmreiina.

27. GAN Baccepureitna (WGAN). Mogens WGAN ¢ rpasgreHTHBIM mTpadoMm.

28. Monenms WGAN co criekTpansHOM HopManu3anuel. BapuanuonHnas MuHUMuU3anus f-1uBepreHium.
29. OnieHUBaHUE TEHEPATUBHBIX MOJICIICH.

30. OuennBanue kauecTBa HesiBHBIX Mozednei (Inception score, FID, Precision-Recall, truncation trick).
31. JIucKpeTHBIE CKPBITHIE IPOCTPAHCTBA.

32. VAE ¢ AMCKPETHBIM CKpBITBIM IPOCTPAaHCTBOM. BekTopHas KBaHTW3alMs, CKBO3HOM TpajHdeHT
(VQ-VAE). I'ym6enb-coprmake Tprok (DALL-E).

33. HeiipoHHble 00BIKHOBEHHBIC U] (epeHIaIbHbIe ypaBHEHHS.

34. MeTon conpsiKeHHBIX (DYHKITHA.

35. HenpepoiBHbIE BO BpeMmeHu HopMmanu3anuonHbie motoku (FFJORD). HecMmemennas onenka ciena
MaTpHIIbI.

36. duddysnonnsie Moaenu.

37. OcHoBBI cTOXacTU4YecKuX AuddepeHnnaIbHbIX ypaBHEHHH.

38. YpaBHenne Konmoroposa-Pokkepa-Ilnanka n auHamuka JlaHxeBeHa.

39. Metonp! onienrBaHus score GpyHKuU. Monenu oueHku score pyHkuuu (NCSM).

40. I'ayccoBckuii nuddysnonstii npouecc. Juddysnonnas reneparusaas moaens (DDPM.



Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEeOHOHM MNpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpPOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNN KOHKPETHBIX 3a]1a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISIETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATh IOIy4YEHHbIC 3HAHUS HA IMPAKTUKE, HO HEIO0CTAaTOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MTOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHMs Ha MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 33a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.
Onenka ynoBieTBOpuTeNnbHO 4 Oaiia - BBICTABISIETCS CTYIACHTY, MOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka yaoOBIETBOpUTENbHO 3 Oajuia - BBICTABISIETCS CTYIACHTY, MOKa3aBleMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronemy omuOku B (GopMynupoBKax 0a30BbIX MOHSTHH,
HapyLIEHUs] JIOTMYECKOH IMOCIEeJ0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH MporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENBLHO 2 Oajuia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbLICH 4acTH
OCHOBHOTO COAEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIMyCKaeT rpyOble OmHOKH B
(hopMyIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYNOBIETBOPUTENbHO 1 0aim - BBICTABISAETCS CTYIEHTY, KOTOPHIH HE 3HAaeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIeJsoNINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

Bo Bpems mpoBeaenus auddepeHUMPOBAHHOIO 3auyeTra OOydaroluecss MOTYT —I10JIb30BaThCs
NpOrpaMMOM JUCLUHUIUIMHBI, a TAaKXE CHOPABOYHOM JIMTEPAaTypOM, BBIYMCIUTEIBHON TEXHUKOMU,
KOHCIIEKTaMH JICKIIHH.

JuddepeHMpoBaHHBINA 3a4€T MPOBOAUTCS IIyTEM OPraHU3alM{ CIIEHUAIBHOTO ONPOCca, MPOBOAUMOTO
B yCTHOM (hopme.



