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AHHOTANMA
B kypce paccmarpuBaroTcs KIIIOYEBBIE MOHATUS M METOABI OOy4eHHUS C MOAKpersieHueM. B oriuume ot
KIIACCHYECKOTO MAIIMHHOTO 00ydeHusi, B oOydeHun c mnonkperieHuem (Ocll) Ha BXoj He mocTymaer
oOyuJaromiasi BBIOOpDKa MpPELEJeHTOB. TeM He MEHee, COBPEMEHHBbIC AJITOPUTMBI DIIyOOKOro oOydeHHs c
MOJIKPETIJICHHEM CIIOCOOHBI peliaTh 3aja4d HMCKYCCTBEHHOTO WHTEIUIEKTa METOAOM Npo0d W omubok 0Oe3
UCTIONIb30BaHMsI KaKUX-JIMOO ampUOPHBIX 3HAHWI O pemiaeMoi 3aaade. B mpemnaraeMoMm Kypce H3ydaroTcs
HMPUHIMIBI PAaOOTHI OCHOBHBIX anropuTMoB Ocll, mo3BoNMBIINX JOCTHYB MPOPHIBHBIX PE3yIbTaTOB BO MHOTHX
3aJayax: OT UTPOBOTO MCKYCCTBEHHOT'O HMHTEIUIEKTa A0 poOOTOTEXHUKU. Bece HeoOxommmble TeopeTHYecKue
pe3yabTaTbl MPHUBOIATCS C JOKA3aTebCTBAMH, MWCIHOJIB3YIONMMU €IUHBIN TOAXO0A, YHU(PHIUPOBAHHBIC
0003HaYCHUS U ONPEACTCHHUS.
OcHoBHas 3ajaya Kypca — HE TOJBKO IPEIOCTaBUTh aKTyaJlbHYI0 HH(opManuio o 3amadax oOyueHHs C
MOAKPEIUICHHEM U aITOPUTMax MX PELICHHUS, HO M Pa3bsiCHHUTH PA3HHILy MEXIy aJTOPUTMAMH Pa3THYHOTO
BU/Ia ¥ IPUYMHBI UX MPEICTABICHUS B KOHKPETHBIX (hopMax.
Kypc conepxur kak o0cyxaeHne 6a30BbIX BOIIPOCOB 00yueHHsI ¢ MOAKPEIUIEHHUEeM, TaK 1 pa3bdop 3amad. s
YCIICIIHOTO OCBOCHHMS Kypca CIIyIIaTes0 HeOOXOAUMO BIIaZeTh OCHOBAMHU TEOPUHU BEPOATHOCTEH, YMCIEHHBIX
METO/I0B ONTUMH3ALIHH.

1. leau u 3apauu

eap AUCUMNIMHBI
N3ydenre 0CHOBHBIX IOHATUN U METOIOB O0yUEHUS C TIOAKPETUICHUEM.

33)13‘11/[ JAUCHUIIINHBI
¢ OCBOCHHUC CTyACHTaAMU 0a30BEIX 3HAHUI B 00ACTH MAIIHHHOTO 06yquH$[;
° HpI/IO6peTeHI/I6 TCOPCTUICCKUX 3HAHMI B 00IacTU 06y‘leHI/I$I C IMOAKPCIIJICHUCM

* OKa3aHWE KOHCYJBTAIIMK U MOMOIIU CTYICHTaM B PEUICHHU TCOPETHUYCCKUX M MPAKTHUCCKUX 3a7adu
Ocll.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kon 1 HaniMeHOBaHME KOMIIETEHITUH WNuaukaTopbl TOCTYKEHHSI KOMITETEHITUN
OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
OIIK-2 Cnoco6eH HCIO0Ib30BaTh COBPEMEHHBIC |BBIUMCIUTENBLHYIO TEXHHKY M CepBUCHI ceTu MHTepHer B
UH()OPMAIIMOHHBIC TEXHOJIOTUH obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

HNPOTPaMMHBIC CPEACTBA IIPH PCIICHUH 3a1a4 OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
po(heCCHOHATIEHON JEATENBHOCTH, COOMIONAs | MaTeMaTH4eCKUe METOAbl U TPUKIAJHOE MPOrPAMMHOE
TpeOoBaHUA MHPOPMALIMOHHON O€30MIaCHOCTH  |obecreueHne IS pELIEHHMs  HAydHBIX  3a1ad B
npodeccuoHaIbHON 00nacTu

OIIK-4.1 Brmageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WHGOpMalH{ MpH PEIICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop U 9
3aj1a4 MpodeCcCHOHANBHOM JeATeIbHOCTH

00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON HH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M IPUKJIAJHbIX 33134

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETAMU C LIEJIbIO NOJyUEHUs], XpaHEHUS U
00pabOTKM Hay4yHOW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun

OIIK-5 Cnocob6en yuactBoBarb B ipoBeieHun  |OIIK-5.1 CrnocoOeH pemiaTh TOCTaBICHHBIE 3a/1a4d B
(yHIaMEHTANbHBIX U MIPUKIATHBIX o0nacTu TEOPETHUECKUX u 9KCIIEPUMEHTAJILHBIX
HCCIIeOBAaHUN M pa3pabOTOK, CAMOCTOATENIFHO |MCCIeJOBAaHUN U pa3paboTOK

OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,

MaTeMaTH4ecKue METObl UCCIEOBAHUM U OIIK-5.3 CnocobeH k mpodecCHOHANBHON JKCIUTyaTaIuu
paborars Ha COBPEMEHHOH 3KCIIEPUMEHTAIbHON |COBPEMEHHOM 9KCIIEPUMEHTAILHON
HAay4HO-UCCIIEI0BaTEIbCKOM, HAay4HO-UCCIEI0BATEIbCKON

WU3MEPHUTENBHO-aHATUTUYECKOHN 1 (M3MEpUTENBHO-aHATUTHYECKOH M TEXHOJOTUYECKOM)

TEXHOJIOTUYECKOH armaparype) anmaparypsl




IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
[MK-1 CriocobeH cTaBuTh, GOpMaNTU30BLIBATE M |MAaTCMAaTHYCCKUE MOJCIM  JUI  ONHUCAHHUS  M3y4acMbIX
pelnars 3a1a41, B TOM YUCJIe pa3padaTbiBarth U |ABIEHUH U IIPOLIECCOB, OLIEHUBATH Ka4eCTBO Pa3pabOTaHHOM
HCCJICA0BATh MATEMAaTHYECKUE MOICIIU MOACIn

U3y4aeMbIX ABJICHUN U TIPOLECCOB, CUCTEMHO  |[TK-1.3 CmocoOeH NpPUMEHSATh TeOpeTHuecKue U (WIIH)
aHAJIM3UPOBATh HAYYHBIE IIPOOJIEMBI, MOJYHYaTh |9KCIIEPHMEHTAIBHBIE METO/IbI MCCIIEI0BAHUN K KOHKPETHOM

HOBBIE HAYYHBIE Pe3yIbTaThI HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

[MK-2 CriocobeH caMOCTOsTENFHO WK B [MK-2.1 3HaeT NOPUHIMUIBI TOCTPOSHUS HAyYHOHW PadOTHI,

KadecTBe 4iieHa (PyKOBOAMUTEIS) MaJIOTO MeTonbl cOopa M aHajW3a I[OJIyY€HHOrO Marepualia,

KOJIJIEKTHBA OPraHU30BbIBATh U MPOBOIANTH CIIOCOOBI apryMEHTALH

HAY4YHBIC UCCIICAOBAHUA U UX anp06auI/Ho

3. IlepeyeHb IUIAHUPYEMBIX Pe3yJbTATOB 00y4eHHs 10 JUCHHUIINHE (MOXYJII0)
B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATB!
] ¢pyHnamMeHTaIbHbIE TIOHATHUS, 3aKOHBI, 1 MeTozb! Ocll;
[l MOHATHS, aKCMOMBI, METOABI JOKAa3aTelIbCTB M JOKA3aTeIbCTBA OCHOBHBIX TEOPEM B paszenax,
BXOJISIIIMX B 0a30BYIO YaCTh IIUKJIA;
[J OCHOBHBIE CBOMCTBA COOTBETCTBYIOIINX MaTeMaTHUYECKUX OOBEKTOB;
[J aHaJIUTUYECKUE U YUCIIEHHBIE IIOAXObI U METO/IbI JUIsl PELIEHNs TUIIOBBIX NpuKiIaaHbIX 3anad Ocll.

YMETh:
[J HOHATH MOCTABJICHHYIO 3aa4y;
[J MCIOJIB30BATh CBOM 3HAHUS ISl pelIeHus] PyHAaMEHTANBHBIX ¥ MpUKIaaHbIX 3a1a4 Ocll;
[J olleHUBaTh KOPPEKTHOCTDH MOCTAHOBOK 3a]1a4;
[ cTporo JoKa3bIBaTh UM OMPOBEPraTh yTBEPKIACHHE;
[J caMOCTOATENbHO HaXOIWUTh AITOPUTMbl PEIICHUS 3a7ady, B TOM 4YHUCJIC U HECTAHAAPTHBIX, U
MIPOBOANTD UX aHAIIU3;
[J caMOCTOSITENIbHO BUIETh CIIECTBUS NOTYUYECHHBIX PE3YIbTATOB.

BIIAJICTh!
[J HaBBIKAMH OCBOEHUS O60IbIIOro 00bemMa nHpopmanuu u pemenus 3anad Ocll;
] HaBBIKAMH CAMOCTOSATEIILHON pabOThl M OCBOCHHS HOBBIX TUCLUILINH;
] KynbTypoO#l MOCTAHOBKH, aHAJIN3a M PELICHHS MAaTeMaTHYECKMX M MPUKIIAIHBIX 33/1a4, TPEOyIOmnX
ISl CBOETO PEIICHHS UCTIONB30BaHMSI MAaTEMAaTHYECKHUX MOaX010B 1 MeTomoB Ocll;
[l NpeAMETHBIM SI3IKOM ¥ HaBBIKAMH T'PAaMOTHOTO OIMCaHMs pEUICHHs 3a1ad ¥ MPeICTaBICHUS
MOJTYYEHHBIX PE3yJIbTaTOB.

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

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

TpyaoeMKoCTh 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTsr pabora




Beenenue B kypc. IlocranoBka 3amaum
1 o0ydeHus ¢ noakperuieHueM. TabauuHbie 10 4 11
METO/Ibl 00yUYECHHUS C HOAKPEIIICHUEM.

DeMEeHTBl TEOPUH MIPUHATHUS PEIICHUN U
2 CllydallHBIX TIporieccoB. Q-oOydeHue u 5 4 10
€ro BapHaluu.

Policy gradient-monxon ¢ HaTypalbHBIM

3 N 5 3 12
IPAJMECHTOM M CXEMbI «aKTEP-KPUTHKY.

4 3amaun  HEMPEepPhIBHOTO YIPABICHUS U 10 4 12
WMUTAIIMOHHOE O0y4eHHE.

Hroro wacos 30 15 45

IMoaroroBka K dK3aMeHy 0 gac.

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

4.2. CopaepxaHue AUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 8 (Becennuit)

1. Beenenne B kypc. [locraHoBka 3ajmadm OOydeHHMS] C TMOAKpEIUIEHHWEM. TaOIWYHBIE METOJbI
00y4eHHS C MOIKPETIICHUEM.

Kpocc-aurponuiinsiit Mmeron (CEM).

Hunamuueckoe nporpammupoBanue. Value Iteration, Policy Iteration.

Bbubnmuorexa OpenAl gym. Peanu3zamus TabnuaHOro Kpocc-3HTPOIIMHHOTO METOIA.
Merton 3epKajbHOIO CIycKa B 00yYEHHH C OAKPEIICHUEM.

2. DJIeMEeHTBI TEOPHH MPUHATHUS PELICHUH U CIy4allHBIX mporeccoB. Q-00ydeHue U ero BapHaluu.

MapkoBCKHii Tporiecc MpHHATHA pemeHni. OntuMusanuoHHas (opmanusanus. J[BOWCTBEHHOCTh
denxens-Pokadennapa.

Deep Q-Network (DQN) u ero MoguduKamuy.
Distributional RL. Categorical DQN (c51), Quantile Regression DQN (QR-DQN).
AHanm3 cIOKHOCTH anroputMa Q-o0yueHws.

3. Policy gradient-nosixox ¢ HaTypaJbHBIM TPAJUEHTOM H CXEMBbI «aKTEP-KPUTHK.

BHyTpeHHsIs1 MOTHBALIUS JIJIS1 KCCIIEIOBAHUS CPEJIbI.

[Monxon Advantage Actor-Critic (A2C).

OnenuBanue no metoqy REINFORCE.

Trust-Region Policy Optimization (TRPO).

Generalized Advantage Estimation (GAE). Proximal Policy Optimization (PPO).

Mertonet Buzma Natural Policy Gradient ¢ sHTponwifHOW perynspuzanued, uX I00anbHas
CXOZUMOCTb.

4. 3a/:[aq1/1 HCMPCPBIBHOI'O YIIPABJICHUA U UMUTAIITUOHHOC O6y‘ICHI/I€.

HenpepsiBHOE ynpaBiieHue.

HUmurannonnoe obyuenue. O6paTHoe 00ydeHue ¢ NOAKPEIICHUEM.
Monte Carlo Tree Search. AlphaZero, MuZero.

Linear Quadratic Regulator (LQR). Model-based RL.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIEeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)




VuebHas ayquTopHsi, OCHAIEHHAs! KOMITBIOTEPOM U MYJIBTUMEIMHHBIM 000py10BaHHEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Python nnst cnoxXHBIX 3aj1a4: HayKa O JaHHBIX ¥ MalimHHoe oOy4yenue, Python data science
handbook. Essential tools for working with data, Dnexrponnast Bepcus nedarHor myOauKanuu / . —
Canxkr-IlerepOypr, I[Tutep, 2018

JomnonHurensHas aureparypa

1. I'my6okoe obyuenue / 5. 'yndennoy, . benmxuo, A. Kypsmis . — Mocksa, JIMK Ilpecc, 2018.—
URL: https://e.lanbook.com/book/107901 (mara obpamienus: 29.01.2021). - [Tonusrii Texet (Pesxum
noctyna : u3 cetd MOTU / YnaneHHbIid 10CTY)

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

http://www.machinelearning.ru — npodeccroHanbHbIi HHPOPMALNOHHO-aHATUTHIECKUH pecypc,
MOCBAIIEHHBII MAaIIMHHOMY OOY4€HHIO, PACIIO3HABAHNIO 00Pa30B ¥ MHTEIUICKTYaIbHOMY aHAJIN3Y
JaHHBIX.

http://shad.yandex.ru — caiiT mxossl aHaIM3a JaHHBIX SHAEKCA.

https://openai.com/blog/

https://lilianweng.github.io/posts/

https://distill.pub/

https://hackernoon.com/

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOIYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

http://www.machinelearning.ru — npodeccruoHanbHbIH HHPOPMALNOHHO-aHATUTUIECKUH pecypc,
MOCBAIIEHHBII MAIIMHHOMY OOY4€HHIO, PACIIO3HABAHNIO 00Pa30B ¥ MHTEIUICKTYaIbHOMY aHAJIN3Y
JaHHBIX.

http://shad.yandex.ru — caift mxosnsl aHaIM3a JaHHBIX SHAEKCA.

https://openai.com/blog/

https://lilianweng.github.io/posts/

https://distill.pub/

https://hackernoon.com/

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

Crynent, usyuatonmid kypc "OOydeHue ¢ ToAKperuieHneM'", NOJKeH C OJHOW CTOPOHBI, OBIAJETh
OOIIMM MOHATUHHBIM ANIapaToM, a C APYroil CTOPOHBI, TOJKEH HAYUUTHCS IPUMEHSTh TEOPETHUECKUE
3HAHMA Ha MIPAKTHKE.

B pesynbrare m3ydeHus AWCHMIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIC OIPEIETICHUs, MOHSATHS,
AKCHOMBI, METOJIbI I0KA3aTEIIbCTB.

VYeneniHoe 0CcBOeHUE Kypca TpeOyeT HapshKEHHON caMOCTOATENBHOM paOboThl cTyeHTa. B mporpamme
Kypca TPpUBEACHO MHMHUMAJIBbHO HeoOXoguMoe BpeMsi s paboThl CTyOeHTa Haja TEMOHU.
CamocrosiTenpbHas paboTa BKIIOUAET B CE0s:

— YTEHHE U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAHHOMN JINTEPATYPBI,

— TpopaboTKy yueOHOro marepuaia (10 KOHCIIEKTaM JIeKIHUH, y4eOHOW M Hay4yHOW JHUTeparype),
[IOATOTOBKY OTBETOB Ha BOIPOCHL, IPEIHA3HAUEHHBIX M CaMOCTOSTEIbHOIO H3yuYeHMs,
J0Ka3aTeNbCTBO OTAEIBHBIX YTBEPKACHH, CBOICTB;

— MOATOTOBKY K TU(PEpEHINPOBAHHOMY 3a4ETYy.



PykoBOJACTBO W KOHTPOJIb 32 CaMOCTOATENBHOM pabOTOH CTyJeHTa OCYIIECTBIsAEeTCS B Qopme
WHIUBUAYaIbHBIX KOHCYIBTAllHN.

[loka3zarenem BiaieHUs] MaTepUANOM CIYXHT yMEHHUE pemiarh 3aaadd. Jias popMupoBaHUS yMEHHS
INPUMEHATh TEOPETHUYECKHE 3HAHUS Ha MPAKTHUKE CTYIEHTY HEOOXOIMMO PEelIaTh KaK MOXKHO OoJblie
3agay. [Ipu pemenun 3a1a4 Kaxaoe IeHCTBIE HEOOXOAUMO apryMEHTUPOBATh, CChUIAsACh HA U3BECTHHIC
TEOPETUUECKUE CBEJICHMUS.

BaxxHo 10OWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOIPOCOB, ClexyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
JIEKTOPY WJIU MPENOIaBaTeIN0, BEAYIIEMY NPAKTUIECKHUE 3aHATHS.

Jluteparypa 1151 caMOCTOSTENTBHON paOOTHI:

1. Ivanov S. Reinforcement Learning Textbook //arXiv preprint arXiv:2201.09746. — 2022.
2. Gasnikov A. et al. Lecture Notes on Stochastic Processes //arXiv preprint arXiv:1907.01060. — 2019.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH: Maremarnueckoe MOAETUPOBAHNE U KOMIIBIOTEPHBIE TEXHOJIOTUN
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa MaTeMaTHUYECKUX OCHOB YIPABJICHUS

Kypc: 4

KBAJM(PUKAIMA: OaxanaBp

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

Pa3zpaGoTunk: H.E. Onun, accucteHt



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2 CriocobeH ucrnonb30BaTh COBPEMEHHBIE
UH(OPMAIIMOHHBIE TEXHOJIOTUH U

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIEHYIO TEXHHKY M CEpBUCHI ceTH MHTepHET B
obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

NPOTPpaMMHBIC CPEACTBA IIPH PCIICHUH 3a7a4 OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
po(heCCHOHATIEHON JEATENBHOCTH, COOMIONAs | MaTeMaTHYECKUe METOAbl U TPUKIAJHOE MPOrPAMMHOE
TpeOoBaHUA MH(POPMALIMOHHON O€30MIaCHOCTH  |obecneueHne  Jjis  pELIEHHMs  HAydHbIX  3a1ad B
npodeccuoHaIbHON 00nacTu
OIIK-4.1 Brnageer weTromaMu Hay4HOTO IIOMCKa |

OIIK-4 CriocoOeH oCcyIIecTBIATE COOp U
00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJIHBIX 33129

MHTEJUICKTYaJbHOTO aHaln3a MH(OpPMALMH IPH PEUICHUU
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETAMU C LIEJbIO NIOJIyUEHUsI, XpaHEHUs U

00pabOTKM Hay4yHOU (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun
OIIK-5 Cnocob6en yuactBoBarb B ipoBeieHnn  |OIIK-5.1 CrnocoOeH pemiaTh TOCTaBICHHBIE 3a/1a4d B
(byHIaMEHTAIBHBIX U TIPUKJIATHBIX o0JnacTu TEOPETHUECKUX u SKCIIEPUMEHTAJILHBIX

HCCIIeJOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIC TEOPETUUECKHUE, B TOM YHUCIIE,
MaTeMaTHYEeCKHE METObI UCCIICIOBAHUN 1

UCCIIeJOBaHUN U pa3paboTOK

OIIK-5.3 CnocobeH k mpodeCCHOHANBHOW JKCIUTyaTalluu

paboTaTh Ha COBPEMEHHOM IKCIIEPUMEHTAIBHOMU | COBPEMEHHOMI 9KCIIEpPUMEHTAIBHON
HAay4HO-UCCIIEI0BaTEIbCKOM, HAay4HO-UCCJIEI0BATEIbCKON
HU3MEPHUTENBHO-aHAUTHYECKON U (M3MEepUTENbHO-aHAIUTUYECKOH U TEXHOJIOTHUYECKOM)
TEXHOJIOTMYECKOM anmaparype) anmnaparypsl

IIK-1.2 CnocobeH BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
[MK-1 CriocobeH cTtaBuTh, GOpMaNU30BLIBATE M |MAaTCMAaTHYCCKUE MOJCIM  JUI  OMUCAHHUS  M3y4acMbIX

pelaTh 3a1a4u, B TOM YUCIie pa3pabaTbiBaTh U
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH
M3y4aeMBIX SBJIICHUN U MPOIECCOB, CHCTEMHO
aHaJM3UPOBATh HAy4YHbIE MPOOJIEMBbI, OITyYaTh
HOBBIE HAYYHBIE PE3yIbTaThI

SIBIICHUI | MPOLIECCOB, OIICHUBATh KAUeCTBO pa3paboTaHHON
MOZEIHN

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHUeckue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo

[MK-2.1 3HaeT NOPUHIMUIBI TOCTPOSHUS HAyYHOHW PadOTH,
MeTonpl cOopa M aHaju3a I[OJIyY€HHOrO Marepualia,
CIOCOOBI apryMeHTaINH

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pe3YIbTATC N3YUYCHUA JUCIIUITIIMHBL <(O6yLICHI/Ie C IMOAKPCILIICHUC M) O6y‘laIOH_II/II>'IC$[ JOJIKCH:

3HAThb:

[ dyHnameHTanbHble MOHATHS, 3aKOHBI, U MeTobl Ocll;
[J mOHATHS, aKCHOMBI, METOHBI JI0Ka3aTe€IbCTB M JOKA3aTEIbCTBA OCHOBHBIX TEOPEM B pa3Aeiax,

BXOJISIIMX B 0A30BYIO YaCTh IHKJIIA;

[] OCHOBHBIE CBOHCTBA COOTBETCTBYIOIUX MaTEMaTHYECKUX O0BEKTOB;
[] aHamMUTHYECKUE U YMCICHHBIE TIOAXOBI U METOABI AJIS PEIICHUS TUIOBBIX MPUKIaAHbIX 3a1a4 Ocll.

yMeThb:




[J HOHATH MOCTABJICHHYIO 3aa4y;

[J MCIIOJIB30BaTh CBOM 3HAHUS ISl pelIeHus] GyHAaMEHTANBHBIX U MpUKIaIHbIX 3a1a4 Ocll;

[J olleHUBaTh KOPPEKTHOCTH MOCTAHOBOK 3a]1a4;

[ cTporo JoKa3bIBaTh UM OMPOBEPraTh yTBEPKIACHHE;

[J caMOCTOATENbHO HaxXOIWUTh AJITOPUTMbl PEIICHUS 3a7ad, B TOM YHUCJIC U HECTAHAAPTHBIX, U
MIPOBOANTD UX aHAIIU3;

[J caMOCTOSITENIbHO BUIETh CIIECTBUS OTYUYECHHBIX PE3YIbTaTOB.

BJaJeTh:

[J HaBBIKAMH OCBOEHUS O0IbIIOr0 00bemMa nHpopMmanuu u pemenus 3anad Ocll;

] HaBBIKAMH CAMOCTOSATEIILHON pabOThl M OCBOSHHS HOBBIX TUCLUILINH;

] Ky/nbTypoO#l MOCTAHOBKH, aHAJIN3a M PELICHHs MAaTeMaTHYECKMX M NPUKIIAIHBIX 33/1a4, TPEOyIOmunX
ISl CBOETO PEIICHHS UCTIONB30BaHMSI MAaTEMAaTHYECKHUX MOaX010B 1 MeTomoB Ocll;

[l NpeAMETHBIM SI3IKOM ¥ HaBBIKAMH T'PAaMOTHOTO OIMCaHMs pEUICHHs 3a1ad ¥ MPeICTABICHUS
MOJTYYEHHBIX PE3yJIbTaTOB.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C HCJIBIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_[I/IMI/IC$I yqe6H0ro Marcepurajia npoOBOAUTCH YCTHBII\/’I OorpocC B
HavaJi€ 3aHATUA 110 TCMC ITPOULJIOTO 3aHATUA.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

1. Kpocc-sHTponuiiHEI MeTo B 001IeM Bue. Ero mpuMeHeHue Juist penieHus 3a/1a9 ONTUMHU3AINN U
3a71a4 00yYEHUS C TIOJKPEIIIICHUEM.

2. VYpauenwus bermnmana juist pyaknmii neHHoctH. Anroputmel Policy/Value Iteration.
3. Tabauunsie metoasl: MonTe-Kapno, Q-learning, Sarsa.

4. Anropurm DQN u ero momudukanuu: Double DQN, npuoputezupoBaHHblii Oydep, maydnbHas
apXUTEKTypa, HIIyMHBIC CETH, MHOTOmAaroBeiii DQN, nmamsrs.

5. Distributional-nogxox B RL. Anropurmer ¢51 1 QR-DQN.

6. Ilomxon Policy gradient. Anropurmel Reinforce u A2C.

7. Meron Trust-Region Policy Optimization (TRPO), ero Teopernueckoe o60ocHOBaHuE.

8. Bias-variance trade-off B o0yuenunn ¢ nmonkperienuem. Onenka GAE. Anroputm Proximal Policy
Optimization (PPO).

9. JerepmuaupoBaHHBIA TpamueHT mo noiutuke. Off-policy anroputmel juis 3ajad HENPEPHIBHOTO
ynpasienus: DDPG, Twin Delayed DDPG (TD3).

10. OOyueHue c MOAKpEIJIeHHEM ¢ JoOaBieHueM sHTponuu. Anroputm Soft Actor-Critic.

I1. Umurtanmonnoe obyueHue u obparHoe oOyueHue ¢ moxkperuieHueMm. Cxema Guided Cost
Learning. ['eHepatuBHO-cOCTs3aTeIbHOE UMUTAIIMOHHOE 00y4eHue (GAIL).

12. 3anaua mHOTOpykHMX OannutoB, UCB-0anauThl. BHYTpeHHSSS MOTHBAIMSA: JAUCTUILIISIIHS
ciydaiiHoli cetn (RND) u BHyTpenHuit monyis modomnsirctea (ICM).

13. Monte Carlo Tree Search B o6mem Buge. Metoast AlphaZero u MuZero.
14.  JluHelHO-KBagpaTHUUHBIA PETYIATOP U ero ureparuHas Bepcusa. O0mas cxema Model-based RL.

[Tpumeps! SK3aMEHAIIMOHHBIX OMIICTOB

buner Nel

1. Kpocc-suTpomnuitablii MeTox B odmieM Buze. Ero nmpuMeHeHue uist peieHns 3a1a4 ONTHMHU3AIHNN U
3a7a4 00y4eHHS C TOJKPEIUICHUEM.

2. JluHeltHO-KBaipaTHIHBIN PETYAATOP U ero uTeparuBHas Bepcusi. O6mas cxema Model-based RL.
buner Ne2



1. Ausroputm DQN u ero momudukanmu: Double DQN, npuopuresupoBanHblii Oydep, ITydnbpHAs
apXUTEKTypa, IIyMHBIC CETH, MHOTOmAaroBeiii DQN, nmamsTs.

2. OOyueHwue ¢ MoIKpeIuieHueM ¢ gobapieHneM >HTponuu. Aiaroputm Soft Actor-Critic.

Kpurepun oneHnBanus
- omenka «omm4HO  (10)»  BBICTaBNSieTCS  CTYAEHTY, IIOKa3aBLIEMy  BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, ITYOOKHE 3HAHHWA Y4eOHOW MpPOTrpaMMbl JUCIUIUIMHBI U YMEHHE YBEPEHHO
MIPUMEHSATH UX Ha MIPAKTUKE MIPH PEIICHUH KOHKPETHBIX 3aj1a4, CBOOOTHOE U MPAaBHILHOE 000CHOBAHUE
MPUHATHIX PEIIEHUN;
- omeHka «oraumuHo  (9)»  BBICTaBIsIETCS  CTYJCGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CUCTeMaTU3UPOBaHHbBIC, TIIYOOKHE 3HAHKS YIEOHO! MPOrpaMMBbl TUCITUTUTHHBI U YMEHUE IPUMEHSTh UX
Ha TIPaKTHKE NP PEIICHUH KOHKPETHBIX 33Jlad, CBOOOIHOE W TPaBUIBHOE O00OCHOBAHWE MPUHSTHIX
PpELICHMUI;
- omeHka  «omM4YHO  (8)»  BBICTABIIETCS  CTYIACHTY,  IIOKa3aBIIEMy  BCECTOPOHHHE
CUCTeMaTU3UPOBaHHbBIC, TIIYOOKHE 3HAHKS YIEOHON MPOrpaMMBbl TUCITUTUTHHBI U YMEHUE IPUMEHSTh UX
Ha MPaKTHUKE MIPH PEIICHUH KOHKPETHBIX 3aj1a4, U TPaBUIBHOE 000CHOBaHUE MPUHSTHIX PEHICHUN;
- OLIEHKa «XopoIo (7)» BBICTABISETCS CTYACHTY, €CIIM OH TBEpAO 3HACT Marepuaj, IpaMOTHO H IO
CYIIIECTBY M3JIaraeT ero, yMeeT MPUMEHATh MOJTy4YeHHbIe 3HAHUS Ha MPAKTHKE, HO JOMYCKAeT B OTBETE
WIH B PELICHUH 3a]ad HEKOTOPbIE HETOYHOCTH;
- OlIEHKa «XOpolIo (6)» BBICTABISAETCS CTYIEHTY, €CJIM OH 3HAET MaTepHall, TPaMOTHO U IO CYIIECTBY
M3JlaraeT ero, yMeeT NMPHUMEHSTHh IMOJYYCHHBIE 3HAHWS HA TPAKTHKE, HO JIOIYCKAeT B OTBETE WM B
peIIeHnH 3a/1a4 HEKOTOPhIE HETOUHOCTH;
- OLIEHKA «XOpomo (5)» BBICTABIISCTCS CTYACHTY, €CIIM OH 3HAeT MaTepHuall, U IO CYIIECTBY M3Jlaraet
€ro, yMeeT NMPUMEHSTh MOIy4YeHHbIE 3HAHWS Ha MPAKTHKE, HO JOMYyCKaeT B OTBETE HIIM B PEIICHUU
3a[a4 HEKOTOPbIE HETOUHOCTH;
- OIIGHKAa «YJOBIETBOPUTEIHHO (4)» BBICTABISIETCS CTYIEHTY, ITOKa3aBmieMy (hparMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HAHWH, HEJOCTAaTOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSTHIA,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH BIQJeeT OCHOBHBIMH pazieiiaMu Y4eOHOW mporpaMMbl, HEOOXOAMMBIMH ISl JallbHEHIIEro
0o0y4YeHUs: ¥ MOXKET MIPUMEHSTH MOTYYSHHBIC 3HAHUS 10 00pa3Ily B CTAaHAAPTHOU CUTYaIlNU;
- OIEHKA «YJIOBJIECTBOPUTENHHO (3)» BBICTABISETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIN,
pPa3pO3HEHHBIA XapakTep 3HAHWH, HEIOCTATOYHO NPABHUILHBIE (HOPMYIUPOBKH Oa30BBIX MOHSTHIA,
HapyUIeHHs JIOTUYECKON MOCIEeN0BATEILHOCTH B M3JIOKEHUH MPOTPaMMHOTO MaTrepuaia, HO MPU 3TOM
OH BIajzeeT (parMeHTapHO OCHOBHBIMU pa3jiellaMu Y4YeOHOW NpOrpaMMbl, HEOOXOMUMBIMH IS
JalbHeiIero oO0yueHuss U MOXXET IMPHUMEHSTh IONyYeHHbIe 3HaHWS 10 00pasily B CTaHJIAPTHOH
CUTYyaIluH;
- OLCHKAa «HEYJOBJIETBOPUTEIBHO (2)» BBICTABIAETCS CTYACHTY, KOTOPBIH HE 3HAeT OOJbIIed 4YacTH
OCHOBHOTO COJICP)KaHUSl Yy4eOHOW TpOrpaMMbl JUCIHIUIMHBI, JOMYCKaeT TrpyOble OIMUOKH B
(hopMynmupOBKaxX OCHOBHBIX IMOHSATUH AUCIHUILIUHBI U HE YMEET UCIIOIB30BaTh MOTYYSHHBIC 3HAHUS [IPU
pEIIeHNH TUTIOBBIX MPAaKTUYECKHUX 3a]1a4;
- OIIEHKa «HEYJOBJIETBOPUTENHHO (1)» BBICTABISETCS CTYIEHTY, KOTOPBIH HE 3HaeT (HOPMYITHPOBOK
OCHOBHBIX TOHSTUHN TUCIUTIINHBL.

5. MeTonuueckne MaTepuasbl, onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

Bo Bpems mnpoBenenus anddepeHUIHpPOBaHHOTO 3adeTra OOydYalolIecsi MOrYT IOJb30BaThCS
NpOrpaMMOM JUCLHUIUIMHBI, a TakXe CIPaBOYHOM JMTEPATYPON, BBIYMCIMUTEIBHON TEXHUKOM,
KOHCIIEKTaMH JICKIIHH.

JuddepeHurpoBaHHBINA 3a4€T MPOBOJUTCS MYyTEM OpPraHU3alMH CHEUHUAIBHOTO ONpoca, IPOBOAMMOTO
B yCTHOM (hopme.



