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1 Hesn 1 3a0a4u M3YyYeHHUs TUCHUILIMHBI (MOYJIs1)

1.1 Ilean ocBOEHHS JUCHUILIHHDI

Hean 1ucunnInHbI

— MO3HAKOMUTH CTYICHTOB C OCHOBHBIMH pa3jiefiaMu, KOHUEMUIUSIMH U PUHIUIIAMH
00y4eHHUs C TOJKPEIUIEHUEM, BKITIOYAst KITFOYEBBIE TEPMUHBI, MOJETH U AJITOPUTMBL.;

— ob0ecreunTh ri1y0oKoe NOHMMaHNUE TEOPETUUECKUX OCHOB, TAKMX KaK MapKOBCKUE
nporecchl npuHATUS pemenuii (MDP), GyHKINM IEHHOCTH, TOJTUTHKH U CTPATETHH;

— Hay4UTb CTYJIEHTOB IPUMEHITH METO/IbI O0YyUEHUS C MOJKPEIJIEHUEM Ha NPAKTUKE,
BKJTIOYAs Pa3pabOTKy, pean3alHio U TECTUPOBAHHUE AITOPUTMOB Ha PEANBHBIX M CHHTETUYECKUX
3a/1a4ax.

1.2 3agayu AUCHMIINHBI

— WU3Yy4YUTh OCHOBHBIE 33Jayd, pellaeMble NpU TOMOIIM METOAOB OOyuYeHUs ¢
MOJIKPEIUICHUEM;

— Ppa3BUTbH HABBIKM aHAIN3a U OLEHKU 3(PPEKTUBHOCTH Pa3INYHBIX aJITOPUTMOB 00YUECHHUS
C MIOJKpEIJIEHUEM, a TAaK)KE€ YMEHUE BbIOMpaTh MOAXOIAIINI METO B 3aBUCUMOCTH OT 3aJ1ay;

— U3y4uTh OUONMOTEKH, HEoOXonuMble NpH paboTe C MeToJaMu OOy4YeHHUs C
noakperieareM Ha Python (TF-Agents/ PyTorch RL/ OpenAi Gym)

1.3 MecTo qucuuninHbl (MOayJisl) B CTPYKTYpe 00pa3oBaTe/ibHOM NPOrpaMMbl

Jucuunnuna « MeToipl 00y4eHHs ¢ TOJKPEIJIEHUEM» OTHOCUTCS K 4acTu, GopMUpyeMOit
y4aCTHUKaMH O0pa30BaTeNbHBIX OTHOIIEHUW broka 1 «Jluctumimasl (MOmynH)» ydeOHOTO
wiaHa. JlaHHas JUCHUIUIMHA B KadyeCcTBE IPEPEKBU3UTOB TpeOyeT OCBOEHHUS CIEIYIOIIHNX
JUCHMIUINH: «MareMaTH4eckre MO HEHPOHHBIX ceTel» (OCHOBHBIE alrOPUTMBI 00YUYEHHUS,
(yHKIMH TOTEPH, ONTUMHU3ATOPHI, HAUaJbHbIE 3HAaHUSI 00 HHTEPIIPETUPYEMOCTH MOIeTiel, paboTa
B jupyter notebook u google colab), «I'mybokoe oOydenue» (rinyOoKHe apXHTEKTYPhbl, OCHOBBI
bpeiimBopka pytorch), «MaremaTrueckuii aHaau3» (OCHOBBI AU (HEpEeHIIHATEHOTO0 HCUHCICHHUS,
MHTErpajibHOE UCUUCIICHUE U PAJIbL, Teopus PyHKIMN HECKONBKUX MepeMeHHbIX), «Kypc Teopun
BEPOSITHOCTEM» (MaTOXXKUIaHKe, AUCTIEpCHs], CIydaliHble BEJMYMUHBI U paclpeesieHus], yCIOBHas
BEPOATHOCTh U baiiecOBCKMiA BBIBOMI), «Anredpa ¥ reoMeTpus» (OMepamud ¢ BEKTOpaMU U
MaTpHIlaMH, COOCTBEHHbIC 3HAUCHHS W COOCTBEHHBIC BEKTOphI), «DyHIaMeHTaIbHBIC
JMCKpETHbIE Monenn» (Teopusi rpadoB U Teopus WUrp), «AJITOPUTMBI U CTPYKTYPHI TAHHBIX)»
(ymenue mucath 3pQeKTUBHBIA Koma). I[lOCTPEeKBH3MTOB B paMKax ydeOHOro IJIaHA JaHHAs
JUCHUIUTMHA He uMeeT. CMEeXHBIMU JUCHUILTMHAME, U3y4YaeMbIMU MapaJlIeIbHO WU JIOTHYECKU
ONMU3KO, SIBJSIOTCS IUCHMIUIMHBL MO BBIOOPY «MylbTHAareHTHbIE cUCTeMbl» U «HxeHepus
MHTEJUIEKTyaJIbHBIX areéHTOB» (BHEJIPEHHE HEKOTOPHIX METOJI0B 00YyUEHHUS C MOAKpEIJICHHEM Ha
MIPaKTHKE, B YaCTHOCTU B POOOTOTEXHUKE).

1.4 MpodeccnoHaNbHBIE POJIH B CTPYKTYPe 00pa30BaTeIbHON MPOrpaMMbI

Ponw 1: Data Analyst (Anarumuk danHwlx)
3aoauu:
1. Cmamucmuyeckuil ananus, 8U3yaIu3ayus OAHHbIX, npeosapumenbHas 0opabomka.
2. Coz0anue npocrHo3Hblx Mooerell
3. Ilocmpoenue anarumudeckux mooenei 0Jis1 NOOOEPAHCKU OU3HeC-peuleHU.
Ponv 2: MLOps (Cneyuanucm no sxcnayamayuu MH)
3aoauu:
1. DevOps ona ML.
2. Aemomamusayus, monumopute ML-cucmenm.
3. Onepayuonnoe ynpasnenue dcusHenHvim yukiom ML-moodeneii.
Ponw 3: AI PM (Meneodaicep npoexmog HH)
3aoauu:
1. Ynpasnenue HH-npoexmamu om uoeu 0o 6HeOpeHus



2. Ananusz dusnec-mpebosanuili U NOCMAHOBKA 3a0ay
3. Oyenka s¢pgpexmusnocmu u ROI UH-pewenuii

1.5 IlepeyeHb MUIAaHMPYeMbIX pe3yJbTaTOB O0y4eHHUs] MO JMCHHILIMHE (MOAYJIIO),
COOTHECEHHBIX C IVIAHNPYEMbIMH Pe3yJIbTATAMM OCBOCHHUSI 00pa30BaTe/JbHOH MPOrPaMMbl

N3yuenne

JTAHHOW  y4yeOHOM JIMCUUIUIAHBI

00yYaroImuXcs CIEAYIOMHNX KOMITETCHIINNI:

HalpaBJIEHO Ha

dbopmupoBanue y

Kon, ypoBens n
(¢opMyIMpoBKa KOMIIETEeHI[UH

HNuaukaropsbl

YpoBHU 0cBOCHUA
HHAUKATOPOB KOMIIETEHIIUU

IIK-2

Crnioco0eH y4acTBOBaTh B
HCCIIEIOBAHNH HOBEIX
MaTeMaTH4YeCKUX MoJieiel B
MPUKIIATHBIX 00JACTSIX

[IK-2.1 YMmeer aHanu3upoBaTh U
aJIalITUPOBATh CYLIECTBYIOIINE
MaTeMaTHYECKHE MOJIEITH IS
pelIeHus IPUKIAAHbIX 33724 B
KOHKPETHOH NpeIMETHOU
obJsiactu

Brimonasger ananus u
aJanTaluio CyIIECTBYOIINX
MaTeMaTH4YeCKUX MoJejieil B
3aauax oO0ydeHus ¢
MOJKPETIIEHUEM

[IK-2.2 CriocobeH npejyiarats u
000CHOBBIBaTh HOBBIE
MaTeMaTu4ecKue TOAXO bl JIIs
MOJICTTUPOBAHUS TIPOIECCOB B
MPUKIIATHBIX UCCIIEIOBAHUIX

[Ipennaraer HOBBIE
MaTeMaTu4ecKue MOAXO0 bl JIJIst
MOJICTUPOBAHUSI TIPOIIECCOB B
00y4YeHUH C MOJAKPEIICHHEM

MYJIbTHAr €CHTHBIC aJITOPHUTMBI

3agayax MM Ha  ocHOBe
COIIOCTABIICHUSI C aHAJIOraMU

ML-6 ML-6.1 O6ocHoBeiBaet | (IT)  TIpuMeHsieT — aJrOPUTMbI
Criocoben MIPUMEHATH | CIIOCOOBI " BapHaHTHI | O0YYEeHHs HA OCHOBE BPEMEHHBIX
aJIrOPUTMBI o0yueHus C | IpUMEHEHN AITOPUTMOB | pasHocTed u  Q-00ydeHus;
MOAKPEIUICHUEM o0yueHHusi ¢ MOJAKPEIUICHHEM B | pa3padaThiBaeT MPOLEAYPY
3amadyax MW, Brimoyas UX | IJIJAHUPOBAHMS MOBEJCHUS
npeoOpa3oBaHMe M aAAITAINIO K | areHTa C MOMOIIBIO TIOWCKa I10
crierurke 3a1a9u nepeBy Monte-Kapio.
Anantupyer o/ 3a7a4y
apxutektypel  DQN, DDPG,
A3C, TRPO, PPO u SAC.
Ilouumaer MIPUHLIMITBI
ApPXUTEKTYP AlphAGo,
AlphaZero m MuZero
0-2 0-2.4 OreHuBaeT
(IT) Co3maeT MeTpUKH KadecTBa
Crocobern mpuMeHATh W (WIH) | pe3yIbTaTUBHOCTD TTPHUMEHEHUS
pemienus 3amady UM, B KOTOpbIX
paspabarTbIBaTh MYJIBTHAT€HTHBIX aTOPUTMOB B

YYHATHIBAETCS ekt
CaMOOpPTaHU3aIU1 areHTOB

LLM-4

IMpoekTupyeT, pazpadbareiBacT U
HHTETpUpyeT
WHTEJUICKTYATbHBIX arcHTOB Ha
0a3e TeHepaTUBHBIX MOJEIeH

LLM-4.1 YMeeT mpuMeHATh H
pa3pabaTrIBaTh
MHTEIUICKTYIbHBIX areHTOB

(IT) TIpoeKTUpyeT apXUTEKTYpy
MyJIbTHAareHTHBIX ~ CHCTEM  C
ajanTanue u namsTbio

2. CTpyKTYypa H coiepKaHue TUCUUIIUHBI

2.1 Pacnipeaesienne TPYAOEMKOCTH AUCUMILIMHBI IO BHAaM padoT

O6mas TpyA0EMKOCTh AUCHUILIMHBI COCTaBIsET 2 3a4. e11. (72 4acoB), UX paclpeieieHne
o BUAaM paboT MpeACTaBICHO B TaOIUIIE

CemecTpbl
Bup yueOHoii pa6boThI Beero (4acel)
4acoB
KonTakTHasi pa6oTa, B TOM 4HciIe: 36.2 | 36.2




AyauTopHbIe 3aHATHS (BCEro): 34 34
3aHsATUS JCKIIMOHHOTO TUIIA 18 18
JlaGopaTopHble 3aHATHS 16 16
3aHATHS CEMHHAPCKOTO THIA (CEMUHAPBI,
NPAKTHYCCKHE 3aHSTHSI)
HNnas koHTaKkTHas padoTa: 0.2 0.2
KonTtpons camocrositensHoii padoTsl (KCP) 2 2
[TpomexyTrounas arrectauus (MKP)
CamocrosiTeJibHasi pa00Ta, B TOM YHcJIe: 35.8 | 35.8
Kypcosas pabora - -
[TpopaboTka y4eOHOTro (TEOPETHUYECKOTr0) MaTepuaia
BrinonHeHre MHANBUIYIbHBIX 3aIaHUH (TIOATOTOBKA
cOOOIIEeHMI, TIPe3eHTAIHI)
Pedepar
[ToAroToBKA K TEKYIIEMY KOHTPOJIIO
KoHTtpoJn:
IToaroToBka K 3K3aMeHy - -
yac. 72 72
O01asi TPy10€eMKOCTH B TOM SueiIe 36.2 | 36.2
KOHTaKTHAas padoTa
3a4. el 2 2

2.2 CTpyKTYypa QM CHUILINHBI

Pacrnipenenenne Bu1oB yueOHOM pabOThI U UX TPYIOEMKOCTH O pa3fesiaM AUCHIUIIITNHBIL.
Pa3nensl (TeMbl) TMCHUIUIMHBI, H3y4YaeMble B / CEMEeCTpe

KoanyecTBo yacos
Buea
AUTO
Ne HaumenoBaHue pa3aesoB (TeM) Bcer AyaHTOpHAs };)Han
padora
0 padort
a
JI 3 | JP | CPC
1 2 3 4 5 6 7
1. | Benenue B 00yuenue ¢ noakperuienuem (RL) 11 4 2 5
5 TabmuuHbIe METOIBI OOYYECHHS C 8.8 2 5 4.8
MOJIKPEIUICHUEM
3. | Ilpubnmxkénnpie meTonbl RL 12 4 2 6
4. | [lonuTKO-OpUEHTHPOBAHHOE O0yUCHHE 10 2 2 6
5 Y coBepIieHCTBOBAHHbBIE METOABI O0YUYEHUS C 10 5 2 5
MOJIKPEIUICHUEM
6. | Ilpumenenus rioybokoro RL 14 2 6 6
7. Tpenasl B RL 6 2 4
HNUTOI'O no pa3genam JTUCHUUIIIIMHBI 69,8 18 16 35.8
KonTpons camoctosarensHoi padotsl (KCP) 2
ITpomesxytounas arrectauus (MKP) 0.2
[ToAroToBKa K TEKYIIEMY KOHTPOJIIO
O0mas TpyA0eMKOCTh N0 JTUCHHUILVINHE 72
Hpumeuanue: JI — nexyuu, 113 — npaxmuueckue saumamus/cemunapul, JIP — nabopamopusie sauamus, CPC —

camocmosmesibHas paﬁoma cmydeHma

2.3 Conepixanue pa3aesioB (TeM) THCHUINIHHBI

2.3.1 3auaTuda JeKINOHHOr0 THIIA




®opma

TeKylle
HaumeHoBaHue pa3iena
Ne Conep:xanue pa3jena (TeMbl) ro
(TembI)
KOHTPO
Jasi
1 2 3 4
OcHoBuble nousatus RL: arenT, cpena,
MOJIMTHKA, BO3HArPaXKICHNE, MAPKOBCKasl 1IeTIb
npunatus pewenuit (MDP).
1 BBenenue B o0yueHue ¢ IlonuTUKM areHTOB: KaIHbIE TIOJIUTUKH, JIP
" | mogkperutenuem (RL) €-)KaTHBIE MOJIMTHKH, SOftmax-ToIMTHKH.
Kiaccudukanus 3anay RL: snu3zonanyeckue u
HETpEePBIBHBIC 33/1a41, Pa3PEIKEHHBIC
BO3HArPaXICHHSI
Value iteration u Policy Iteration: onpenenenue
3HAYEHUU COCTOSIHUM U MOJIUTHUK.
Tabnuunbie MeTOABI 00yUeHUs : :
2. Q-learning: o6HoBieHHe Q-dyHKuMY, offline n JIP

C MOJIKPEIICHUEM online o6yuenue.

SARSA: On-policy vs off-policy meTobt
JIvHeiHbIe anpOKCUMAIIMOHHBIE METO/IbI: JIP
MPEJICTABIIEHUE COCTOSAHUIN U ACUCTBUHA,
(yHKIUY PUOITKEHUSI.

I'my6oxoe obyuenue ¢ moakperuienneM (DRL):
BBEJIEHUE B HEMpoHHbIE ceTu Ji1s RL.
Q-networks u Deep Q-Learning (DQN): onbiT
BocrnpousBeseHus, target networks, Double
DON.

REINFORCE: MmakcuMu3anus 0XuaaHui JIP
Harpaj 4epe3 TpaiieHT MOIUTHKY.
[Tonutuko-opueHTHpOBaHHOE | Actor-Critic MeTobl: coueTaHHE OTUTHKH 1
oOyJeHune IICHHOCTH.

Advantage Actor-Critic (A2C/A3C): advantage
function u acuaxpoHHOE 0OyUECHHE.
JlnHamuyeckasi onTUMHU3aIUs TPAeKTOpU JIP
(Trajectory optimization): meromst TRPO u
YcoBepileHCTBOBaHHBIE PPO.

5. | Mmeroapl 00y4YeHUs ¢ O0600mEHHAS IKCTPATTOIIAINS TTOJTUTHK
HOAKPEILICHUEM (Generalized Policy Improvement).
Imitation Learning u Inverse Reinforcement
Learning (IRL).

[Tpumenenus rimy6okoro RL IIpumenenne DRL B urpax (Atari, AlphaGo, JIP
StarCraft).

Robotics 1 aBTOHOMHBIE TPAaHCTIOPTHEIE
CpencTBa.

RL B 3kOHOMHUYECKHX cEiCTeMaX U (MHAHCOBOM
TpeuIMHre.

Tpenasl B RL Multitask u Meta-Reinforcement Learning. T
D¢ dexTnBHOCTS 00yUCHHUS B YCIOBHAX
HEOTIPEIEeNEHHOCTH U YaCTUIHOM
HAOJIFOTAEMOCTH.
ConuanbHO-3KOHOMUYECKHE U STUYECKIE
acriekTsl RL.

IHpumeuanue: JIP — omuem/3auwyuma nabopamopoti pabomsl, KII - svinoanenue Kypcosozo npoexma, KP - Kypcogotl

pabomul, PI3 - pacuemmno-epaghuueckozo 3adanus, P - Hanucaumue pegepama, 3 - scce, K - komroxeuym, T —
mecmuposarue, P3 — pewenue 3a0au.

3. | llpubnuxénnsie metoasl RL




2.3.2 3aHATHA CEMUHAPCKOI'0 THIIA

He npenycmorpensl

Tpumeuanue: JIP — omuem/3auguma nabopamopnoti pabomst, KII - svinonnenue Kypcosozo npoexma, KP - kypcosotl
pabomuwl, PI['3 - pacuemno-epaghuueckozo 3adanus, P - nanucaumue pegepama, 3 - scce, K - xomnoxeuym, T —

mecmuposarue, P3 — pewienue 3adau.

2.3.3 JIabopaTopHbIe 3aHATHS

C MOJKpEIJIEHUEM

®opma
HaumeHoBaHMe pa3iena rekyme
Ne HanmeHoBaHMe 1aG0PaTOPHBIX PadoT ro
(TembI)
KOHTPO
Jast
1 2 3 4
1 Brenenue B 00yueHue ¢ JlabopaTtopnas padorta Nel: «IIpocreiimuit P
" | mogkperutenuem (RL) arext Juig urpbl GridWorld»
) Tabmuunbie MeTob1 00yueHus | Jlaboparopuas padota Ne2: Value Iteration P

u Policy Iteration B cpene Taxi-v3

3. | Ilpubnuxénnsie metoasl RL

JlaboparopHast pabora Ne3: Q-Learning ¢ JIP
auHeHol annpokcumanueit st Cartpole

oOydeHune

[Momutuko-opuentupoBanHoe | Jlabopatopnas padora Ned: REINFORCE | JIP

st MountainCarContinuous

5. | MmeToapl 00y4YeHUs C
MOJIKPEIICHUEM

Y coBepileHCTBOBaHHBIE

Jlaboparopnas pabota Ne5: Trust Region JIP
Policy Optimization (TRPO) na nmpumepe
LunarLander

6 | [Ipumenenus riy6okoro RL

Jlaboparopnas pabora Ne6: AlphaGo-style | JIP
Agent s HactonbHOM Urpsel (Connect
Four)

JlabGopaTtopHas pabota Ne7: YmpasieHue
MamuHoOM ¢ nomouisio RL ¢
UCIOIb30BaHueM pytorch-rl

Ipumeuanue: JIP — omuem/3awuma rabopamopnou padbomsl, KI1 - einonnenue kypcosozo npoexma, KP - kypcosoii
pabomwl, PI'3 - pacuemno-epagpuueckoeo 3adanusa, P - nanucanue pepepama, 3 - scce, K - xomnoxsuym, T —

mecmuposanue, P3 — pewenue 3a0au.

2.3.4 IlpumepHasi TeMaTHKA KYPCOBBIX PadoT (IIPOEKTOB)

He npenycmoTpenst

2.4 IlepeyeHb y4eOHO-METOAMYECKOI0 OOeceyeHusl AJIsl CAMOCTOATEIbHOH pPadoThl
o0yvyaumuxcst Mo AUCHMILINHE (MOIYJIIO)

HepequL y‘IC6HO'MeTO,Z[I/I‘leCKOFO obecrieueHus AU CIHUITIIMHBI

No Bung CPC 10 BBITIOJTHEHUIO CAMOCTOSTEIFHON pabOThI
1 2 3
1 N3yuenue Meroanueckne ykKazaHHUs IO OpraHU3alil CaMOCTOATEIbHOU
TEOPETUUECKOTO paboThl CcTyneHTOB, yTBepxkAeHHble YC®, mportokon Nel or
Marepuana 30.06.2025

2 Permrenue 3agau

Metoauueckue ykKa3aHMs IO OpraHU3aldd CaMOCTOSITEIbHOU
paboTel CTyJIeHTOB, yrBepxkJeHHble YC®, mportokosn Nel ot
30.06.2025




Y4eOHO-METOIMYeCKUEe MaTepHalibl Uil CaMOCTOSTEIbHON pPabOThl O0OydalOMMXCS M3
YHUCJIa UHBAJIUAOB U JIMI C OTPAaHUYEHHBIMHU BO3MOXKHOCTSIMU 3710poBbst (OB3) npenocraBisitorcst
B (hopMmax, alalTUPOBAHHBIX K OTPAaHUYCHHSIM UX 37I0POBbS U BOCHIPUATHS HH()OPMAITIH:

JUist U1 ¢ HApyIICHUSIMH 3PCHHSL:

— B I1e4aTHOM (hopMe yBEIUYSHHBIM HIPUPTOM,

— B OpMeE DIEKTPOHHOTO JTOKYMEHTA,

— B ¢popme ayaunocaiina,

— B meyatHoi (hopme Ha si3bike bpaiis.

JUist U1 ¢ HapyIICHUSIMH CITyXa:

— B TiedaTHou (opme,

— B )OpMeE AIIEKTPOHHOTO JIOKYMEHTA.

JUsist U1 ¢ HapyIICHUSIMH OTIOPHO-/IBUTATEIBHOTO anapara:

— B IIe4aTHOM opme,

— B (hopMe AIIEKTPOHHOTO JOKYMEHTA,

— B (hopMme ayuodaiina.

JlaHHBI TIepeueHb MOXET OBbITh KOHKPETH3UPOBAaH B 3aBHCUMOCTH OT KOHTHHICHTA
o0ydJaronuxcs.

3. O6pa3oBaresibHbIE TEXHOJIOTHHU
B cootBerctBuu ¢ TpeboBanusimu ®I'OC B mporpamMma JUCHMIUIMHBI MIPeIyCcMaTpUBaeT
HCIIOJIb30BaHME B Y4YeOHOM IIpolecce CIEAYIOINUX OoOpa3oBaTelbHble TEXHOJOTHUH: YTEHHE
JEKUMNA C HCIOJIb30BAaHUEM MYJIbTUMEIUNHHBIX TEXHOJIOTHI; METOJ MalblX Ipymnm, pa3oop
MIPAKTUYECKUX 3a/1a4 U KEHCOB.
[Ipu 00yueHNH UCTIONB3YIOTCS CIAEAYIONINe 00pa30BaTENbHbIE TEXHOIOTHU:

— TexHonoruss KOMMYHUKAaTUBHOTO OOy4YeHHMs — HampaBlieHa Ha (opMHUpoBaHHE
KOMMYHHUKAaTUBHOM KOMIIETEHTHOCTH CTYAECHTOB, KOTOpas sBJIsETCS 0a30BOii, HEOOXOIUMOM AJist
a/lafTalliy K COBPEMEHHBIM YCIOBUAM MEXKYJIbTYPHON KOMMYHHUKAIUH.

— Texuonorus pasHoypoBHeBOro (muddepeHInpoBaHHOTO) OO0YUYEHHUs — TMpeAroaractT
OCYIIIECTBJICHUE [103HABATEIbHON NEATENBHOCTH CTYIEHTOB C YYETOM HMX HHIWBUIYaITbHBIX
CIIOCOOHOCTEH, BO3MOXKHOCTEH M WHTEPECOB, IMOOIIPSS WX PEATH30BBIBATH CBOM TBOPYECKUU
noteHnuan. Co3gaHue M HCIOJNB30BAHME JUATHOCTUYECKUX TECTOB SBJIAETCS HEOTHEMIIEMOM
YacThIO IAaHHOM TEXHOJIOTHH.

— TexHonoruss MoAyJabHOrO OOy4YeHHS — TMpeAycMaTpUBaeT JAeJCHHE COJAEpKAHUS
JUCLMIUIMHBI HA IOCTATOYHO aBTOHOMHBIE pa3/ieibl (MOIYJIN), MHTETPUPOBaHHbIE B OOIIUN KypC.
— HWudopmannonHo-kommynukanuonnsie TexHonorun (MKT) - pacmmpsitor pamku

00pa30BaTeNLHOIO MPOIeCcca, IMOBBIMIAS €r0 MPAKTHYECKYH) HAMpPaBICHHOCTh, CIIOCOOCTBYIOT
WHTCHCU(UKALIMK CaMOCTOATEILHONH pabOThl y4alluxcsi W TIOBBIIMICHUIO ITO3HABATEIBHON
aktuBHOCTH. B pamkax KT Beiaensitorcst 2 Buja TEXHOJOT UM

— TexHonoruss HCIOJL30BaHUS KOMIIBIOTCPHLIX IIpOrpaMM — II03BOJISACT 3(1)(1)6KTI/IBHO
AOIIOJIHUTD IIPpOHeCC 06y‘{eHI/I${ A3BIKY Ha BCCX YPOBHIIX.
- I/IHTepHeT-TeXHOHOFI/II/I — HOpCaAOoCTaBAIOT IMHUPOKHUE BO3MOXKHOCTU IJId IIOHMCKa

uHpOpMaIKH, pa3pabOoTKU HAYYHBIX IPOEKTOB, BEICHNS HAYYHBIX UCCIICIOBAHHA.

— TexHonorus HMHAWBUAYaTH3aLUN OOYYEHUS — IIOMOTAeT DPEAM30BHIBATH JMYHOCTHO-
OPUEHTUPOBAHHBI TOAXOJ, YYMTHIBas MHIUBHIyaJbHbIE OCOOEHHOCTH U TOTPEOHOCTH
yUaluxcs.

— IlpoexkTHas TEXHOJOrMsI — OpPUEHTHPOBAHA HA MOJEIMPOBAHUE  COLMAIBLHOIO
B3aMMOJICHCTBHS Y4YaIMXCSl C LEJNbI0 pelIeHHus 3aJaud, KOTopas OIpelenseTcs B paMmKax
npoeccOHaIbHON MOArOTOBKH, BBIJEISASA Ty WM HHYIO IPEIMETHYIO 00JIacTb.

— TexHonoruss oOyueHUs B COTPYIHHYECTBE — pealnu3yeT MJICK0 B3aUMHOro OOy4YeHHH,
OCYILIECTBJISII KaK WHIMBHUIYalbHYIO, TaK M KOJUIEKTHBHYIO OTBETCTBEHHOCTb 3a pEIICHHE
yueOHBIX 3a/1a4.



— HWrpoBasi TeXHOJIOTHSI — TO3BOJISIET PAa3BUBATh HABBIKM PACCMOTPEHHS Psla BO3MOXKHBIX
CIOCO0OB pelIeHus MpoOieM, aKTUBU3UPYS MBIIUICHUE CTYJICHTOB M PAaCKPHIBAsi JTUYHOCTHBIN
MOTEHIMAJ KaKI0T0 y4aIerocs.

— TexHonorust pa3BUTHA KPUTUYECKOTO MBIIIJICHUS — CHOCOOCTBYET (POPMUPOBAHUIO
Pa3HOCTOPOHHEH JMYHOCTH, CHOCOOHOW KPUTHYECKHM OTHOCUTBHCS K HH(POpPMAIUHU, YMEHHUIO
oTOnpaTh HH()OPMAIIHIO ISl PEIICHHS TOCTABICHHON 3a1a4H.

KommiekcHOE MCHOIB30BaHME B YY4EOHOM TMPOIECCE BCEX BBHIMICHA3BAHHBIX TEXHOJIOTHH
CTUMYJIUPYIOT JIMYHOCTHYIO, WHTEJIEKTYalbHYI0 aKTHBHOCTb, pPa3BHBAIOT II03HABATEIILHBIC
MPOIIECCH, CIOCOOCTBYIOT (OPMHPOBAHUIO KOMIETECHIUH, KOTOPBIMU JOJDKEH 00Ja1aTh
OyIyIIuil CIICIIHAITUCT.

OcHOBHBIE BUIbI HHTEPAKTUBHBIX 00Pa30BaTEIbHBIX TEXHOJIOTUI BKITFOUAIOT B CEOSI:

— paboTa B MaJIbIX Tpymax (KOMaH/e) - COBMECTHas ICATEIIbHOCTh CTYICHTOB B TPYIIIIE MO
PYKOBOJICTBOM JIMZIEpa, HAIIpaBJIeHHAsI HA pelIeHre O0IIel 3a/1a4i Iy TEM TBOPYECKOTO CIIOKEHUS
pe3yabTaTOB WHAWBUAYAIBHOW pabOTHl WIEHOB KOMAaHABI C JIEJIGHHEM TOJHOMOYHHA W
OTBETCTBEHHOCTH;

— TIPOEKTHas TEXHOJIOTHS - WHAWBHyaTbHAs WM KOJUIEKTUBHAS JEATEIBHOCTD 110 0TOODY,
pacrpesieieHHIo U CUCTeMaTH3alli MaTepraja Mo ONpeeIeHHONH TeMe, B Pe3yJIbTaTe KOTOPOi
COCTABIISICTCS TIPOCKT;

— aHauM3 KOHKPETHBIX CHUTYAIMid - aHAIHW3 pPEaTbHBIX MPOOJEMHBIX CHUTyaldid, HMEBIINX
MECTO B COOTBETCTBYIOIIEH OONAaCTH MPOPECCHOHANBHON NESTETbHOCTH, W MOWCK BapHaHTOB
JY4IINX PEIICHUN;

— Ppa3BHUTHE KPUTHYECKOTO MBIIUICHUS — 00pa3oBaTeIbHAs JeITEIHHOCTD, HAPaBJICHHAs Ha
pa3BUTHE y CTYJCHTOB Pa3yMHOT0, Pe(hJIEKCHBHOTO MBIIUICHHUS, CIOCOOHOTO BBIABHHYTH HOBEIC
UJIeW U YBUIETH HOBBIE BOZMOYKHOCTH.

IMonxon pa3bopa KOHKPETHBIX 3adad M CUTyallMHd IIMPOKO HCIOJIB3YETCS Kak
npernoaaBaTeseM, Tak M CTyJCHTaMH BO BpEMs JICKIWil, JTaOOpaTOPHBIX 3aHSATUH W aHaIu3a
PE3yNIbTaTOB CaMOCTOSTENFHONH pPaboThl. DTO OOYCIOBIEHO TEM, YTO NPH HCCICAOBAHUU U
pELIeHNH KaXX 101 KOHKPETHOW 3a1a9l UMEETCS, KaK TPABUII0, HECKOJIBKO METOIOB, a 3TO TpeOyeT
pa30opa 1 OIEHKH IIeJI0H COBOKYITHOCTH KOHKPETHBIX CUTYAIIHH.

KOJIH4€CTBO
HcnoJsib3yemMmble HHTEpAKTUBHBbIE 00pa3oBaTe/IbHbIE
Cemectp | Bua zansitus HHTEPAKTHBHBIX
TeXHOJIOTHH
4acoB
[IpakTuyeckue 3aHITUS B pexuMax
7 JIP B3aMMOJICHCTBHUS «IIPEMOJIaBaTelib — CTYISHT» H 12
«CTYJEHT — CTYJACHT»
Hroro 12

Ipumeuanue: JI — nexyuu, 13 — npaxmuyeckue sawsmusi/cemunapwl, JIP — nabopamopuvie 3ansmus, CPC —
camocmoamenvuas paboma cmyoeHma

TeMmsl, 3aaHust U BONPOCH VIl CaMOCTOSITEIbHOW pabOThl MPU3BAHBI CHOPMUPOBATH
HaBBIKM TOMCKAa HMH(MOPMAIMH, YMEHHUS CaMOCTOSTEIBHO DPACIIUPATh W YIIyONSATh 3HAHWS,
MOJTYYEHHBIE B X0/I€ JICKIIMOHHBIX U TPAKTHYECKUX 3aHATHH.

[Moaxon pa3bopa KOHKPETHBIX CUTYalUH IUPOKO UCTIONIB3YETCS KaK MPErno/aBaTesieM, Tak
U CTy/IEHTaMM IIPU NPOBEICHUH aHAIN3a Pe3yIbTaTOB CAMOCTOATEIbHOU PaboTHI.

JUis a1l ¢ OrpaHUYEHHBIMH BO3MOXHOCTSIMU 3/10pOBbsSI IIPEAYCMOTPEHA OpraHU3aIus
KOHCYJIbTAIMI ¢ UCTIOJIb30BAaHUEM AJIEKTPOHHOM MOUTHI.

Jist UL ¢ HapyIIEHUSIMH 3pEHMSL:

— B 11e4aTHOM (hopMe yBeIHUYEHHBIM HIPUPTOM,

— B (pOpMe AIIEKTPOHHOTO JOKYMEHTA.

Jnist U1 ¢ HapyIICHUSIMH CITyXa:

— B re4atHo dopme,



— B (hopMe AIIEKTPOHHOTO IOKYMEHTA.

JList 1AL ¢ HapyLIeHUsIMHU OIIOPHO-BUIaTEIbHOTO arapara:

— B miedaTHou (opme,

— B (hopMe ANIEKTPOHHOTO JIOKYMEHTA.

I[JISI Jiu ¢ OrpaHUYCHHBIMH BO3MOXHOCTAMHU 3J0POBbA MPCAYCMOTPCHA OpraHUu3alusd
KOHCYJIBTAIM ¢ UCITOJIb30BAHUEM DJICKTPOHHOM ITOYTHI.

I[aHHI)II\/JI MNEpCUYCHb MOXKCT OBITH KOHKPETHU3UPOBAH B 3aBHUCHUMOCTH OT KOHTHUHI'CHTA
00yJaronuxcs.

4, OHCHO‘-IH])IC H METOAUYECCKHUE MaTEepHAJIbI
4.1 OueHoyHble cpeAcTBAa IS TeKYHIer0o KOHTPOJS  YCIeBAaeMOCTH M
NMPOMEKYTOUYHOM aTTecTalluu

OneHouHBIE CpeACTBA MpeTHAa3HAueHBl Ui KOHTPOJII M OLEHKH 00pa3oBaTEebHBIX
JTOCTIDKEHUH OOYyYarolmuxcsi, OCBOMBIIMX TIPOrpaMMy Y4YeOHOH IUCHMILIMHBI «MeTompl
00yueHUs C MOJKPETIIEHUEM.

O1neHOYHBIE CpeNICTBA BKIIFOYAET KOHTPOJIBHBIE MaTepHAIIBI JUISl TIPOBEJCHUS TEKYIIEero
KOHTPOJIs B (OpPME TECTOBBIX 3aJIaHHIA, JTA0OPATOPHBIX paObOT U MPOMEKYTOUYHOM aTTeCTAIUH
B (popMe BOIIPOCOB U 3aJIaHUM K 3a4eTy.

OrneHOUHBIE CpeICTBA JUII WHBAIUAOB W JIMI[ C OTPAHUYCHHBIMH BO3MOXKHOCTSIMH

3II0OPOBBSI BEIOMPAIOTCS C YIETOM UX WHAWBUIYAIBHBIX TICHXO()U3NIECKAX OCOOCHHOCTEH.

— IIpH HEOOXOMMOCTH HHBAJIH/IAM | JIUIAM C OTPAaHUYEHHBIMU BO3MOYKHOCTSIMH 37I0POBBS
MIPEIOCTABIISIETCS IOTIOJIHUTEILHOE BPEMSI ISl TIOATOTOBKM OTBETA Ha 3a4eTe;

— MIPH TIPOBENICHUH TPOIIEYPHI OIEHUBAHUS PE3yIbTaTOB OOYYEHUS] WHBAINIIOB H JIUI] C
OTPaHUYCHHBIMH BO3MOXHOCTSIMH 3JI0POBbBSI TPETyCMAaTPUBACTCS UCIIOIBF30BAaHIE TEXHUIECKUX
CpeACTB, HEOOXOIUMBIX UM B CBSI3U C X WHAWBUAYAIbHBIMH OCOOCHHOCTSIMH,

— TP HEOOXOIUMOCTH ISl 00YUArOIIUXCSI ¢ OTPAaHUICHHBIMUA BO3MO)KHOCTSIMU 3JI0OPOBbSI
U UWHBAIMAOB TMpOIEIypa OLUEHUBAHUSA pPE3YyJIbTaTOB OOYYEHHUS TIO JUCHUIUIMHE MOXET
MIPOBOJIUTHCS B HECKOJIBKO ATAIOB.

[Iponienypa oneHuBaHUs PE3yibTaTOB OOyUYSHHs] WHBAIMUIOB W JIUI] C OTPAHUYCHHBIMU
BO3MOKHOCTSIMH 3JIOPOBBSI 110 TUCHHIUIMHE (MOIYJIIO) TIpeIyCMaTpUBAacT MPEIOCTaBICHUE
uHpopMmanuu B (opMax, aganTUPOBAHHBIX K OTPAaHHUYCHHSIM WX 370POBbS W BOCIPHSITHUS
nHpopManuu:

J1J1s1 AT ¢ HApYIICHUSIME 3PCHHSL:

— B Ie4aTHOM (hopMe yBEIMYCHHBIM HIPUPTOM,

— B pOpMeE DIIEKTPOHHOTO JIOKYMEHTA.

Jl1st A1 ¢ HApYIICHUSIMH CITyXa:

— B IIeYaTHOM opme,

— B )OpMeE DIIEKTPOHHOT'O JIOKYMEHTA.

J1J1s1 T C HApYIICHUSIMH OTIOPHO-JIBUTATEIBHOTO amapara:

— B [IeYaTHOM opme,

— B )OpMeE DIIEKTPOHHOT'O JIOKYMEHTA.

JlaHHBII TIEpeYeHb MOXET OBbITh KOHKPETH3MPOBAH B 3aBUCUMOCTH OT KOHTHHI'CHTA
00yJaromuxcs.

CTpyKTypa OLlEHOYHBIX CPEACTB /ISl TeKylleld U MPOMEKYTOYHOM aTTeCTAlUU

Konx HaunmenoBanue
Ne KonTtpompyemsie pa3nesnst (TeMbl) KOHTPOJUPYEMOU OLICHOYHOI'0 CPENCTBA
m/n T CLUTUIAHBI KOMITeTEHIINH (WMIIn Texymmii [IpomexxyTounas
€e 4acTH) KOHTPOITb aTTecTanys




TIK-2.1, T1IK-2.2, O- | Tecmuposanue,
1 BBenenue B o0yueHue ¢ 2.4 (IpOABUHYTHIIN) JlabopamopHas Bonpocur k
noakperuienueM (RL) paboma Nel savemy 1-8
Ta6 6 TIK-2.1, T1K-2.2, | Tecmuposanue, Bonpocwt k
5 AOIMYHBIC METOABI O0YHCHUS |\ o) TlaGopamopnas sauemy 9-15
C MMOJKPEIUICHUEM (MpoABHHY TH) patoma Ne2
T1K-2.1, [TIIK-2.2, | Tecmuposanue, Bonpocwt k
3 | IIpubnmxénnpie MmeToapl RL ML-6.1 Jlabopamopnas saueny 16-20
(mpoIBUHYTHIN) pacoma Ne3
[1K-2.1, [IK-2.2, | Tecmuposanue, Bonpocwt k
4 HOJII/ITI/IKO-OpI/IeHTI/IpOBaHHOG ML-6.1 Jlabopamopuvie sauemy 21-25
00yucHHe (TIpOIBUHY ThIiA) pabomor Ne
VY CoBepIeHCTBOBAHHBIE NIK-2.1,  TIK-2.2, | Tecmuposanue, Bonpocei k
5 6 ML-6.1 Jlabopamopnas sauemy 26-30
METOABI O0y4EHUS C (pompHiy THi) patoma Ne5
HOIKPEIJIEHHEM POABHHY
[Mpumenenwus rimyookoro RL MK-2.1, TIK-2.2, | Tecmuposanue, Bonpocei k
6 ML-6.1 Jlabopamopuoie sauemy 31-34
(TIpOIBUHYTHIN) padomer Neb, 7
Tpenast B RL LLM-4.1 Tecmupoganue Bonpocei k
7 (TTPOIBHHY THIH ), saueny 35-40
0-2.4
(mIpOIBUHYTHIN)

IToka3aTeu, KpUTEPHH M MIKAJIA OLEHKH C(POPMUPOBAHHBIX KOMIIETEH NI

CoOOTBETCTBHUE

IHOoporoBoMy  YPpOBHIO

OCBOCHUA

pe3ynbraTaM O0yYeHHs U KPUTEPHSIM MX OIICHUBAHUS (OLICHKA: 3a4TEHO):

KOMIIETEHITN I

TUIAHUPYEMBIM

Cnocoben yuacmeoeamb 6 UCC/IE008AHUU HOGBIX MAMEMAMUYECKUX MooeTlell 8

Bremonuser ananus u aganTanyvio CyIEeCTBYIOMINX MAaTEMATUUCCKUX Moz[eneﬁ B

Hpez[naraeT HOBBIC MaTEMAaTUYCCKUEC IMOAXOAbI JJI1 MOACITIMPOBAHUSA ITPOLECCOB B

Cnocooen npumenams an2opummol 00y4eHuUs ¢ NOOKpenieHuem

[IpumensieT anropuTMbl 00y4YeHHS Ha OCHOBE BPEMEHHBIX pa3zHocTeil n Q-00ydueHus;
pa3pabaThIBacT MPOIey Py TUIAHUPOBAHHS MOBEJICHUS arCHTA ¢ IOMOIIHIO MTOUCKA TI0

Anantupyer noa 3agady apxutektypel DQN, DDPG, A3C, TRPO, PPO u SAC.
ITornmaet mpuHIHIE! apxXuTekTyp AlphAGo, AlphaZero m MuZero

Cnocoben npumenams u (uau) pazpadamsléams MyibmuazeHmHble aa120pummol
Coszmaer MeTpukH KadecTBa pemieHus 3anad M, B kKoTopbix yuuThiBaeTcs 3G dext

HCHOJ’ILByeT MCTPHUKHU 3(1)(1)CKTI/IBHOCTI/I AJI1 COIIOCTABJICHHUA MYJIBTUAI'CHTHBIX
AJITOpUTMOB C TPaAAUIIUOHHBIMH MCTOJAMU PCHICHUA 3a1a4 514!

ITIK-2
NPUKTTAOHBIX 001ACMAX
3a/1auax o0y4YeHUs C MOJKPEIIEHUEM
00yUYeHUU C MOJKPEIIEHUEM
ML-6
nepeBy MonTe-Kapio.
0-2
CaMOOpTraHu3aI1 areHTOB
LILM-4

Ilpoekmupyem, pazpabamuleaem u unmezpupyem uHmMeN1eKmMyaaibHbIX A2eHMOE
Ha 0a3e zenepamugHbvIX mooeneil
[IpoexTrpyeT apXUTEKTYpy MYIbTHATCHTHBIX CHCTEM C a/IallTallueil ¥ MaMsThIO



TunoBbie KOHTPOJIbHBIC 3aIaHUA WJIN UHBIC MaTE€pHUuaJibl, HQOGXOI[I/IM])Ie JJIsl ONEHKH
3HaHI/lﬁ, yMeHHﬁ, HaBbIKOB H (I/I.]'[I/I) OonbITa ACATECJIBHOCTH, XAPAKTCPUIYIOIIUX I3Tallbl
(l)OpMI/IPOBaHI/IH KOMIIeTEHII Ml B nmpouecce OCBOCHUA 06pa30B3TeJ’ILHO]7[ MporpaMmmbl

Ilpumep mecmuposanusn
1. Yro Takoe areHT B KoHTeKcTe RL?
a) [Iporpamma, nprHUMAFOIIIAst BHEIIIHHE KOMAH/IBL.
b) DnemenHT cpenpl, KOHTPOIMPYIOIIHIA COCTOSHUE MUPA.
C) AropuT™, BEIOMPAIOIINIA ACHCTBUS IS IOCTHDKCHUS 1ICTICH.
o d) BHemHee ycTpoHCTBO BBOIA JaHHBIX.
2. BpiOepuTe MpaBUIIbHOE YTBEPKICHUE OTHOCUTEIIBHO TIOJIUTHKH arcHTa:
o @) [omutuka onpeessieT CTPaTeruio areHTa 1o BeIOOPY ACHCTBHIA.
o b) INonuTrka onmchIBaET CTPYKTYPY OKPYIKECHHS.
o C)Ilomutuka ycTaHaBIMBaET MpaBHiia OCTAHOBKH SIH30/1a.
o d) INonuTrka perymupyer Harpajy arcHra.
3. B xaxom Buje npencrasneHa GpyHKIws Bo3HarpaxaeHust B RL?
o @) TonmbKo YKCITOBOE 3HAUCHHE.
b) Uwcro mimm BEKTOp umce.
C) Bceraa monokuTenbHOE YHCIO.
d) Marpwuiia BEpOSITHOCTEH.
4. Yro Takoe drm3ommyeckas 3anada B RL?
o @) [ToBTopstrorascst mocae0BaTeIbHOCTD SIMU30/I0B C OTMHAKOBBIMH HAYaTbHBIMU
YCIIOBUSIMU.
o Db)3amaua ¢ pukCHPOBAHHBIM YHCIIOM IIIATOB.
o C)3amaya ¢ KOHEYHBIM COCTOSIHHEM 3aBEPILICHUSL.
o d) ITocTostHHAs UKINYECKAS AKTHBHOCTb.
5. UYewm ornmyaercs ykaaHasi IIOJIUTUKA OT £6-9KaHOM?
a) ec-)KaIHas MOJIMTHKA JOITyCKACT CTydaiHbIC JCHCTBHSL.
b) Xaanas nonuTrka UTHOPUPYET OyAyIIHE BO3HATPAXK ICHHUSL.
C) eg-Ka/IHas TIOJIMTUKA FAPAHTHPYET ONTUMAITBHOE MOBE/ICHHE.
d) Her pa3HUIIbI MEXTy HUMH.
6. Yro 3uauunT ¢pasa "value iteration™?
o @) [porecc MOBTOPEHHsE OHOTO U TOTO JKE JICHCTBHSL.
o b) IMocnenoBarenbHOE M3MEHEHHE OIIEHOK CTOMMOCTH COCTOSTHUIA.
o C) Metox MprUCBOEHUSI BECOB ICHCTBHSIM.
o d) IMomy4eHne MOCTOSIHHBIX 3HAYCHHI BO3HAIPAXKICHHSI.
7. Kax Ha3pIBaeTCs cuTyarysi, Koryia 0OHoBIsieTcst Tabimia Q-3HaueHHi HeTTOCPEICTBEHHO BO
BpEMsI B3aUMOJICHCTBUS C OKPY KarOIIeH Cpenoit?

O O O

O O O

O O O

@)

o a) Offline oGyuenwue.
o b) Online o6yuenwe.
o C) Batch obyuenue.
o d) Reinforce obyuenue.
8. Kakoii anroput™ oTHOCHTCs K Kateropuu on-policy?
o a) Q-Learning.
o b) SARSA.
o €) Monte Carlo Control.
o d) TD(M).
9. B uém ocHoBHOE pazimune mexay Q-Learning u SARSA?

o @) Mcnone3yrot pasHble (GyHKIMH BO3HATPAXKICHHSL.

o b) Q-Learning yunteiBaeT nocnemyrommue aericteus, a SARSA — Her.

o C) SARSA BrIOUpaeT ciemyolee IeHCTBHE MO MOTyYeHHO!N MOIUTHKE, TorIa Kak Q-
Learning menaer 3To HE3aBUCHMO.



o d) Q-Learning nomuep:xuBaet xaHy0 NoIUTHKY, a SARSA — nope.

10. UYro Takoe auHeWHas anmpokcumanus B RL?
o @) 3ameHa TaOJHIIBI COCTOSTHUI HAOOPOM YpaBHEHHIA.
o D) Ynpoménnsrit criocod pacuera Q-3HaueHUIA.
o ) IIporiecc nomdopa ko3 HUIMEHTOB, HAKITYUIITUM 00Pa30M OTOOPAKAFOIIHX
3aBUCHMOCTDH MKy BXOJIAMH U BBIXO/IaMHU.
o d) Meroj rpymnimapoOBKY MOXOKHX COCTOSIHHI.
11. Kakum cnioco6om pocturaercst Macitabupyemocts RL ripu yBenmmueHnn yucia
COCTOSIHUI?
o @) YBenuueHueM pa3Mepa Tabmuibl Q-3HaYeHHH.
o b) Jluneiinoii anmpokcumanueit Q-pyHKImu.
o C) Mcnons3oBanueM OOJIBIIEr0 KOJIMYESCTBA JAHHBIX.
o d) CHmKeHHEeM pa3MepoB CETH.
12. Kakyro ocHOBHYIO Ipo0iieMy TIO3BOJISIET peluTh Mexanm3M “"experience replay” 8 DQN?
o a) [IpeomoneBaet KOPPETMPOBAHHOCTH JAHHBIX.
o Db) ITo3BomnsieT coxpaHsITh UCTOPHIO ICHCTBHIA.
o C) [Ipencka3piBaet CIeayIOILYIO MO3UIIUIO areHTa.
o d) Perynupyer pa3mep mamsrH.
13. Yro takoe target network 8 DQN?
o @) D10 ceTh, UCTIONB3yeMast JUTs PEICKa3aHKsl CIICTYIOMIETO COCTOSHUSL.
o b) D10 Komms 0cHOBHOI#T ceTH, KOTOpast MEPUONIECKU OOHOBIISETCSL.
o C) D10 BCioMoraresbHast CeTh It 00yUCHHUS] OCHOBHOTO areHTa.
o d) Dro crienmanbHast CTPyKTypa it cOopa JaHHBIX.
14. B uém rmaBHas ocobennocts Double DQN?
o a) Ucnone3yercs 1Be OTACNbHbIC CETH IS MOBBIIICHHS HAIEKHOCTH.
o D) OrnenbHas ceTh OLCHUBACT IIEHHOCTH OYIyIINX JCHCTBHIA.
o C) [oBblImmaeTcst TOYHOCTD OIIEHKU TEKYIIIEr0 COCTOSHHS.
o d) Ona obyuaetcs BaBoe ObIcTpee.
15. Uro takoe rpaauent noautuku B REINFORCE?
o @) 3HayeHHe ONTUMAITLHOM CTPATEruH arcHTa.
o b) CkopocTts aganTaipu nmapaMeTpoB areHra.
o C) [IpousBomHas cpeHero BOZHATPAKICHHUS 10 apamMmeTpaM MOJTUTHKH.
o d) BeposiTHOCTh BbIOOpa KOHKPETHOT'O JCHCTBUSL
16. B uém 3akimrodaercs moaxo actor-critic?
o @) AKTOp BHIOMpAET ICHUCTBHSI, KPUTUK OLICHUBACT CUTYAIHIO.
o b) O6a komoHeHTa COBMECTHO BBIOMPAIOT JIYUIIIHE ICHCTBHSI.
o C) OmuH KOMIOHEHT (hOPMUPYET ACHCTBHS, APYTOM UX IPOBEPSIET.
o d) Onu paboOTarOT OTAEIBHO APYT OT Apyra.
17. Yem npuniunuanbao otiaudaercs A2C or REINFORCE?
o @) A2C ucronb3yer OTACIbHBINA MOIYIIb ISl OLIEHKH ICHHOCTH COCTOSIHHIA.
o b) REINFORCE o6yuaercst 3Ha4uTelIbHO OBICTpEE.
o C) A2C umeer MEHBIIYIO BApHATUBHOCTD OLICHKH BO3HATPAKICHHSL.
o d) REINFORCE 6ombliie moaxoauT ajist OOJIbIINX 3a/1ad.
18. Uro obo3Hauaer cokparienue TRPO?
o a) Temporal Regularization Policy Optimization.
o Db) Trust Region Policy Optimization.
o C) Task-based Random Policy Optimization.
o d) Time-series Regression Predictor Optimization.
19. B uém npeumymiectBo metona PPO nepen TRPO?

o &) boree crabunbHOE 00yUCHHE.
o b) Menee TpeboBarenbHBIi K pecypcam.
o C) BpicTpas aganraisi K ©3MEHEHHSIM CPEJIbL.



o d) Bo3aMOKHOCTB MapauiebHOro 00y4eHHUsL.
20. Yro Takoe imitation learning?
o @) MozenupoBaHue MOBEICHHS IKCIIEPTOB.
o Db) IIpocroii mepeHoc CyIIecTBYIOMUX CTPaTerUid.
o C) CtpemiieHHE JOCTHYD UICATBLHBIX ICHCTBUIA.
o d) CamocrosrenpHoe (GopMUPOBAHKE CTPATEIHH.

21. B xakoii urpe BriepBbie MPOAEMOHCTPHPOBAJIA CBOIO CriTy TexHomorust DRL?
o a) Pac-Man.
o Db) Chess.
o ¢)Go.
o d) Starcraft.
22. Kakoe npumenenune naxonut DRL B ¢unancoBoii cdepe?

o @) Onrumusarms nopTdesnst akTHBOB.
o b) IIporHos 1ieH akituii.
o C) BeICTpO€ MPUHATHE TOPrOBBIX PEIIEHHIA.
o d) Bce BblenepeyncieHHbIC MYHKTHI.
23. B uém ocobenHoCTh Hcnonb3oBanus RL B poboToTexHuKe?
o @) HeobxomuMocTh pu3ryIecKkoro mpucyTeTBUs poooTa.
o b) Bricokue 3arparsl Ha pa3paboTKy.
o €) CIOKHOCTB BOCTIPHSTHSI BHEIITHEHN CPEJIBL.
o d) TpeboBanme peasbHOrO BPEMEHH PEAKIIUH.
24. Kaxas 3amaga ocodernno cioxkHa it RL B OeCIyIoTHBIX aBTOMOOMIISIX ?
o @) HaxoskieHue mapKoBOYHOrO MECTA.
o b) Opuenrarus B ropojickoii cpeje.
o C) PacnioznaBaHue MEIIEXO/I0B.
o d) Ilepexoa Ha HYKHYIO TOJIOCY JIBHKCHUSL.
25. Kaxwue ocobennoctu ormuaror Meta-Reinforcement Learning?
o @) Perienrie o1HOM KOHKPETHOM 3a/1auH.
o b) IomnepxuBaer ObICTpOE 0OYUCHHE HOBBIM 33/IauaM.
o C) Hcnone3yercs HCKITFOYMTETBHO B UTPOBBIX MPUIOKEHHUSX.
o d) BbICOoKast CIIOKHOCTD PeaTi3alyu.
ITepeuens Komnemenyuit (vacmu KoMnemeHyu), RPOGEPAEMbIX OUECHOUHBIM CPEOCMEOM
ML-6.1

Ilpakmuueckue Keiicol no memamuke 1a60pamopHsvix padom

JlaGopatopnas padorta Nel: ITpocretimuii aredt mst urpsl GridWorld

Ipaxmuuecxuii xetic: Pa3paboTaTh MPOCTOTO areHTa, KOTOPBIA YYHUTCS MEpeMeliaThCs M0
nabupunty GridWorld, uzberas nperpaa v Haxozs BBIXOJl 38 MUHUMAaJIbHOE KOJIMYECTBO IIAroB.
ATEHT MOXET JIBUTaThCs B UYETHIPEX HAIIPABJICHUAX: BBEPX, BHU3, BJIEBO U BNpaBo. B nabupuHTe
paccraBiieHbl Harpajisl (+10 0uKkOB 3a mepexo/1 K BhIXoAy, —1 3a Kak bl clenanHbli mar, —10 3a
CTOJIKHOBEHUE C MPETISITCTBUEM ).

3aoauu:

PeanunzoBath nabupunt GridWorld ¢ mpocTeiMu nipaBuiiaMu (Harpa/ibl, HaKa3aHusl).

OOyunTh areHTa U36eraTh CTEH U IOCTUTaTh BHIXO/A.

[TpoBecTH 3KCIIEPUMEHTHI ¢ pa3HbIMK Mapamerpamu oOydenus (rate, epsilon-greedy, pasmep
CETKH).

JlabopatopHas pabora Ne2: Value Iteration u Policy Iteration B cpene Taxi-v3

Ipaxmuueckuii xetic: Peann3oBaTh TaKCHCTa-areHTa, KOTOPBIN MEPEBO3UT MACCAKUPOB U3 OJHOMN
TOYKH TOpOJa B JIPYT'yIH0, MUHUMH3HPYS KOJHMYECTBO MOE3J0K M MITpadoB 3a HEMPaBUILHOE
nepeMeleHue.



3aoauu:

PeanuzoBath arent Ha ocHoBe Value Iteration u Policy Iteration.

[TpoBectu cpaBHUTENBHOE UcchenoBaHue dpdexkTuBHOCTH Value Iteration u Policy Iteration.
ONEHUTh YCTOWYMBOCTD MOTYYECHHOTO PEIIEHHS U 3aBUCUMOCTh OT HAYaJIbHBIX YCIOBHH.

JlabopatopHas pabora Ne3: Q-Learning ¢ nmuneliHoi anmpokcumanuei as Cartpole
Ilpakmuueckuii ketic: Co3aaTh areHTa, yHpaBisSIONIEro TENEKKOW C Majakod, ucmoyb3ys Q-
Learning c¢ nuHeiHO# annpokcumanueil. [lanka mommkHa ocTaBaThCs CTPOTO BEPTHKAIBHOHU, a
TeJeKKa — JIBUraThCsl TOPU30HTAJIBHO.

3aoauu:

PeammzoBats Q-Learning ¢ nuHeiHO# annpokcumanueil Q-¢yHKIum.

Hactpouts runepnapametpsr (epsilon, learning rate, discount factor).

OneHuTh KauecTBO OaaHca Majku U yCTOWYUBOCTb HallJIECHHON CTpaTETUH.

Jlabopatopnas padota Ne4: REINFORCE st MountainCarContinuous

Ilpakmuueckuii kevc: TlocTpouTh areHTa, KOTOPBIMA YIPaBIsE€T aBTOMOOUIIEM, HAXOSAIIUMCS B
JOJIMHE, C 3ajadyell moabEéMa Ha BEpIIMHY Onnkaiiiel ropel. ABTOMOOWIb OrpaHUYEH HU3KON
MOIIIHOCTBIO JIBUraTelis M JODKEH HAKONUTh JOCTATOYHYH0 KHHETHYECKYH0 SHEpruio s
BOCXOK/ICHUS.

3aoauu:

PeamuzoBath arenra Ha ocHOBe MeToxa REINFORCE.

HccnenoBath BIMsIHUE KOJIMYECTBA IIar0B Ha KAYECTBO OOYUYEHHUS.

CpaBHuth pe3yabTarhl ¢ Q-Learning u apyrumu merogamu RL.

JIaboparopnas padorta Ne5: Trust Region Policy Optimization (TRPO) na npumepe LunarLander
Ilpakmuueckuii xetic: Pa3paboTaTth areHra, OCYIIECTBIISIIONIETO MSTKYIO IMOCAIKy JYHOXO0/a Ha
noBepxHoctu JIyHsl, ucnonb3ys meton Trust Region Policy Optimization (TRPO).

3aoauu:

Peamuzosate TRPO-arenra mis 3agauu mocagku.

MuUHUMU3UPOBATH TOIUTUBHBIE PACXO/IbI M MOBPEKICHHUS MPU TOCATIKE.

HccnenoBaTh 4yBCTBUTEIBHOCTD K ITapaMeTpaM aaropurMa (step-size, trust region radius).

JlaGopatopHas padota Ne6: AlphaGo-style Agent mist HactonbpHOM urpsl (Connect Four)
Ipaxkmuueckuii keiic. Co3aaTh areHTa, CIOCOOHOT0 UTPaTh B HACTONIbHYIO UTPY «Four-in-a-row»
(Connect Four), ucronb3ys noaxo, anagoruunsii AlphaGo.

3aoauu:

PeanuzoBath arenra, komOunupytonmiit RL 1 Monte Carlo Tree Search (MCTS).

OOyuuTh areHTa OOBITPHIBATH CTAHJAPTHBIN Minimax-areHTa ¢ orpaHHYeHHOM TTyOruHOI fepeBa.
[IpoBectu TypHUDP MEXAY pa3HBIMU BEPCUSIMH ar€HTOB, CpaBHHUBASI UX Y(PPEKTUBHOCTb.
JlabopatopHas pabota No7: Ynpapnenue MamuHoi ¢ nomouisio RL ¢ ucnons3oBanuem pytorch-
rl

Ipaxmuueckuii keuc: Co3laTh areHTta, yHpaBISIONIErOCs aBTOMOOHIIEM B paJLTU-CUMYJISITOpPE
(manpumep, B CarRacing-v0), ucnione3ys PyTorch u 6ubnuoreky pytorch-rl.

3anauu:

PeanuzoBath arenta ¢ ucnons3oBanueM RL (PPO, DQN unu npyroro merona).

OueHuTh 2PpPEeKTUBHOCTD Pa3IMUHBIX MOJX0J0B K YIIPABICHHUIO.

JloGUTHCS MaKCUMABHON CpeHEH TUCTAHIIMH, TPOXOAUMON aBTOMOOMIIEM 3a payH TOHKH.

Ilpumep nadopamopnoi pabomaol
Jlabopamopnasa paboma Nel: Ynpaenenue asémomobunem c nomowwto RL ¢ ucnonv3osanuem

pytorch-rl
Lenw:



OcBowuth peanu3zaiuio anroputMmoB reinforcement learning (RL) ¢ ucronp3oBanneM OUOINOTEKH
pytorch-rl qis yrpaBiieHusI BAPTYaJIbHBIM aBTOMOOHIIEM.

Jlist ;IeMOHCTpALMU BO3BMEM Cpely aBTOHOMHOT'O BOXKIEHUs Ha mpuMmepe riatpopmbel CARLA.
Xon paboThI:

1. YVemanoska 3asucumocmeri u 6ubauomex

pip install carla pytorch-rl numpy

import carla

import torch

import torch.nn as nn

import torch.optim as optim

2. 3anyck cepsepa Carla
3amyctute cepBep urpsl Carla nepea Haganom skcriepumenTa:./CarlaUE4.sh

3. Hanucanue ckpunma KiueHma 07ist ROOKIOYEHUs K Cpeoe
CoznaeM mpocToii KIIMEHTCKUN ciieHapuit 1 cBsizu ¢ Carla:
import carlaclient = carla.

Client('localhost’, 2000)

world = client.get_world()

4. Jlobasnsiem asmomoousb u OKpyscenue

CoznnaeM 0OBEKT aBTOMOOWIISI M pa3MEIIaeM €ro B MUPE:
blueprint_library = world.get_blueprint_library()

vehicle_bp = blueprint_library.find(‘'vehicle.tesla.model3")
spawn_point = random.choice(world.get_map().get_spawn_points())
vehicle = world.spawn_actor(vehicle_bp, spawn_point)

5. Aneopumm obyuenus RL
[Tpumensiem ©GaszoByio Bepcuto Deep Q-learning (DQN) mns  oOyueHHs — yIIpaBICHHIO
aBTOMOOWJIEM
import torch
import torch.nn as nn
import torch.optim as optim
class SimpleDQN(nn.Module):
def init(self, input_shape, n_actions):
super(SimpleDQN, self).init()
self.fc = nn.Sequential(
nn.Linear(input_shape, 128),
nn.ReLU(),
nn.Linear(128, n_actions)
)
def forward(self, x):
return self.fc(x)
# IlapameTpbl 00ydeHUs
input_shape = vehicle.get_state().shape
n_actions =3 # BIIEPE, BIIPAaBO, BIIEBO
dgn_model = SimpleDQN(input_shape, n_actions)
optimizer = optim.Adam(dgn_model.parameters(), Ir=0.001)
loss_fn = nn.MSELoss()

6. Tpenuposxa mooenu



HaunnaeM TpeHUPOBOYHBIN IIUKIL:
def train_dqn(episodes=100):
for episode in range(episodes):

state = vehicle.get_state()
action = dgn_model(torch.tensor(state)).argmax(dim=-1)
next_state, reward, done = step(action)
target_g_value = reward + gamma * max(q_values(next_state))
current_qg_value = gq_values(state)[action]
loss = loss_fn(current_q_value, target_q_value)
optimizer.zero_grad()
loss.backward()
optimizer.step()

1. Oyenka pe3ynrbmamos
TectupyeM MOZI€Nb B YCIIOBUSIX peAIbHON JOPOTH:
test_episodes = 10
total _reward =0
for _in range(test_episodes):
state = vehicle.get_state()
while not done:
action = dgqn_model(torch.tensor(state)).argmax(dim=-1)
next_state, reward, done = step(action)
total _reward += reward
average_reward = total reward / test _episodesprint(f"Cpennuii moxom Ha 3Tame TecTa:
{average_reward}")

Tpebosanus k omuemy
1. TUTYNIbHBIN JTUCT
HazBanue pa6otel, ®UO crynenTa, rpynma, aara.

2. BBenenue
Lenpb u 3agaun paboOTHI.
Ornucanue OMOIMOTEK U cpejl O0yUCHHS.

3. Anroput™M oOydeHus ¢ MOJKPEIIEHUEM

[ToaroroBka JaHHBIX.

Onucanue anropurMa o0y4eHus.

Onucanue mapameTpoB 00yueHUs, HEUPOHHOM ceTH U (QYHKIMH MOTEPb.

4. Peanu3zauus
Kog na Python ¢ komMeHTapusMu.
[Tpumepsr 1o/mocie 0OpaboTKH.

5. Pe3ynbrarsl
Mertpuku

6. BeiBobI
[Tpo6nembl, BO3HUKIIME TP 00paboTKe.
[IpetoskeHus Mo yayqIeHHO.

7. lpunoxenus
Wcxonnerii xom.



CrnoBaps cieHra.

Kpurepuu onenku:
o 3aureno: IlonHOE BBINIOJIHEHUE BCEX LIAroB, JEMOHCTpALMs KaUeCTBEHHOI'O ITOHUMAaHUs
IIOBEJICHUS MOJIENIH, aICKBAaTHBIM aHAJIN3 ITI0JyYEHHOTO PE3yJbTaTa.
o He 3aureno: KirroueBble 3Tanbl BBHIITOIHEHUS IIPOIYIIEHBI WIA COAEPKAT KPUTHYECKUE
OILITMOKH.

Iposepsemvble Komnemenyuu Komniekcom npakmuueckux zadanuii: ML-6.1

3a4yeTHO-IK3aMeHAINIMOHHBIE MATEPUAJIBI IJISI POMEKYTOUHON aTTecTaluu (3a4eT)
Bonpocwt ona noozomoexku k 3auemy

1. HazoBuTe OCHOBHbIE KOMMOHEHTHI Mojenu RL u maiiTe ompeneiaeHus: KaxaoMy
AIIEMEHTY.

2. Yro takoe momutuka (policy)? Kakue BUAbI MOMUTHK CYIIECTBYIOT?

3. OxapakTepusydTe pa3uuusi MEXKIy IKAJAHBIMA TOJUTUKAMH W €€-)KaTHBIMU
MTOJINTUKAMH.

4. Jlns gero ucnonbdyercs ¢pyHkus nojeznoctu (reward function) B RL?
B uém paszHuia Mexay 3Mu30AMYECKUMU U HENPEPhIBHBIMU 3a1a4amu B RL?
UTo 03HauUaeT TEPMUH «Pa3peKEHHOE BO3HATPAXKICHUE) (sparse rewards)?
Onpenenure nousitue MapkoBckoii 1enu npunatus pemwenuit (MDP).
B uém cocrouT mpobaema OnTHMAaTbHOTO TNIAHUPOBAHHUS B IPOCTPAHCTBE COCTOSTHUM?
Uto mpencrasnsieT coboit meton value iteration? Korma on nmpumensiercs?

10. Yto Takoe policy iteration u B u€M 3aKIIOYaeTCs €ro MPEUMYIIECTBO Hajn value
iteration?

11. Pacckaxwure o npuHIuIe ooHosienus Q-3nauenuii B8 Q-learning.

12. Yewm otmuuatorcs on-line u off-line peskumsr 00yuenus B Q-learning?

13. B uém npunnmnuanpHoe paznuune Mexay Q-learning mu SARSA?

14. Tlouemy SARSA nasbiBaioT metoaom on-policy, a Q-learning — off-policy?

15. Onummure, KakUM 00pa3oM CTPOUTCS CTpaTerus o0ydeHHUs ¢ MOMOIIbI0 BPEMEHHBIX
pasumui (temporal difference learning).

16. 3adyem UCHoNIB3yIOTCS TMHEHHBIC aMPOKCUMAaIIMOHHBIE MeTOIbI B RL?

17. Kakue npenmyIecTBa UMEIOT (PYHKIIMU IPpUOIKeHHUs (approximation functions)?

18. KakoBa 1enb npeacTaBiieHus: IPOCTPAHCTB COCTOSHUM U IEHCTBUI B MPUOIMKEHHBIX
meronax RL?

19. B uém cyTh MeTona feature engineering npumMeHUTENHHO K RL?

20. OnuiuTe mpouecc anmpoKCUMaluu (YHKIMH MOJE3HOCTH C MOMOIIBIO0 JIMHEHHBIX
MOJIEJIEN.

21. Yo npencraBistoT cobor Q-networks u kakyro nmpoGieMy OHU pemarT?

22. B uém cmbIca BBeneHHs Mexann3Ma experience replay 8 Deep Q-Learning (DQN)?

23. OOwsacuute koHuenmuio target network B DQN u e€ BnusHMe Ha YCTOWYHMBOCTD
o0yueHusl.

24. B uém 3axmouatorcs otauuust oosraHoro DQN ot Double DQN?

25. Kakwue emé MexaHU3Mbl TPUMEHSIOTCS A7 cTabunu3anuu ooydenust B DQN?

26. Kak pab6oraer Mmetoq REINFORCE u 3auem HyXHbI TpaJIMC€HThI TOJTUTUKH?

27. B uém 3axmrouaeTcs uaes actor-critic METOJIOB U KaK OHU yIydIIaroT o0ydeHue?

28. Yro takoe advantage function u xak on ymyumaert training process 8 A2C/A3C?

29. Kakue muitocel 1aét acCHHXpoHHOE oO0yuenue B A3C?

30. B uém ocobenHoCTH trust region ontumuszaiuu B nonutuke (TRPO)?
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31. B uém cnenmduka metoga Proximal Policy Optimization (PPO)?

32. Kak meron imitation learning pemraer npo6iemy niepeHoca SKCIepTHIX 3HaHui B RL?

33. Uro takoe inverse reinforcement learning (IRL) u xak o ucnone3yercs B RL?

34. Yro nmoxpasymenatoT nox generalized policy improvement?

35. I'me mpumensiercs DRL B kommbioTepHbix wurpax (mpumepsl Atari, AlphaGo,
StarCraft)?

36. Kakme 3amaum pemator RL-merompl B pOOOTOTEXHHKE M CaMOYHPAaBIISIEMBIX
TPaHCIOPTHBIX CPENCTBAX?

37. IlpuBenute nmpumMepsl npuMeHeHus: RL B 5koHOMUKE 1 PMHAHCOBBIX PHIHKAX.

38. Kakwue Hanpagienus pasBuBatorcs B multitask 1 meta-reinforcement learning?

39. Kak Bnusier HenoaHas HabII01aeMOCTh cpenbl Ha 3 dekTuBHOCTh 00ydenus RL?

40. Kakue couuManbHO-SKOHOMHUYECKHE M OSTHYECKHE BOIPOCH BO3HUKAIOT MPHU
npumeHennu RL?

Ilepeuens komnemenyuil (vacmu KomMnemeHyuu), NPOBEPAEMbIX OUEHOUHBIM CPEOCINEOM
[1K-2.1, [1K-2.2, ML-6.1, O-2.4, LLM-4.1

Ilpaxkmuueckue 3a0anus K 3auemy

1. Coznanue npocreiimeit cpeast RL.

PazpaboTaiiTe CBOI0O COOCTBEHHYI0O MUHUMAJIbHYIO OKPYXKAIOIIYIO cpeay (environment) ¢
IBYMsI TIEHCTBUSMHU («HAJIIEBO» W «HampaBo»). [lokakmrTe, Kak cO3/aTh HPOCTOTO areHTa ¢
CIIY9aifHOH CTpaTerueil, BEIYUCIIUTh 3HAYCHUE BO3HATPAXKICHUS W 3aBEPIIUTH STU30/I.

2. XKannble u e-)XaiHbIE MOJIUTUKH.

Peanuzyiite nBa THHa areHTOB C Pa3HBIMH MOJUTHUKAMHU: OJHUH JIEUCTBYET COTJIACHO
JKaJIHOMY TMPHUHIMIY, BTOPOM — COIJIACHO ¢g-XagHomy. lIpomemMoHCTpupyiiTe pasHHIy B
MOBEICHUU areHTOB B OJTHOM U TOM € OKPY>KEHUHU.

3. IIpoctpancTBo cocTosiHUi U iepexoapl B Markovian Environment.

Ompenenure TPOCTPAHCTBO COCTOSHUM IS 3aJlaHHON HMIPOBOHM cpenbl (Harpumep,
GridWorld). Paccunraiite BEpOATHOCTH TIepexoia MEXIY COCTOSHUSMHU M CO3/IalTe MaTpHUIlY
MIEPEX0/I0B JJIsl MPOCTHIX IBUXKEHUH (CIeBa HAlpaBo, BBEPX-BHU3).

4. Peanuzanus Value Iteration u Policy Iteration.

s HeGonblIoil kapThl pasmepoMm 4x4 pemmurte 3a7ady MOMCKa IMyTH OT HAYaJIbHOIO
MOJIOXKEHUSI /10 LM C MOMOMIbIO BYX KJIACCHYECKHX TaOIMUHBIX MeToa0B: Value Iteration u
Policy Iteration. CpaBHuTE MOMTy4YeHHBIE PE3YIbTAaThl U OOCYIUTE UX CXOACTBA U PA3IUYMSL.

5. Anroputm Q-Learning.

Pemute 3amauy ontummsanuu wmapmipyta mis GridWorld ¢ momorpio Q-Learning.
Hcnone3yiiTe pa3Hbie BapuanTel 00yuenus (offline u online) u cpaBHuTe UX 3(pPEKTUBHOCTS.

6. On-policy u off-policy obyuenue.

[Tokaxkute pasHUILy MEXIY STUMH JABYMS MIOJX0JIaMU, BBIIIOJIHUB OJHO 33JJaHUE JIBAXKIbI:
cHayama ¢ nomompio SARSA (on-policy), 3arem ¢ momompio Q-Learning (off-policy).
[Ipoananu3upyite pe3yabTaThl U CCIANTE BBIBOIBI.

7. Jluneitnas amnpokcumarus Q-values.

Momudunupyiite Q-Learning Takum o0pa3oMm, 4ToObI 3aMeHHTH TaOmuiy Q-values
byHKIMEH TuHelHoM perpeccun. Pemmre 3agady HaBUTraluy B MIPOU3BOJILHOM cpelie (Hampumep,
JTaOupPUHTE), AEMOHCTPUPYS F3PPEKTUBHOCTh HOBOT'O MOAXO/IA.

8. Feature Engineering B RL.

IIpencraBbre cebs MHXKEHEPOM IO JaHHBIM. Paspaboraiite Habop npusHakoB (features)
JUIA 3a/1a4i 00X0/a MPEnsITCTBUI B ABYMEPHOM MPOCTPAHCTBE M MOKAKUTE, KaK 3TU MPHU3HAKU
MOMOTAIOT YIy4YIIUTh 0OyYEeHUEe areHTa.

9. Real-time urpa ¢ ucnons3zoBanrem DQN.



Bocnonwsyiitecs mnatdopmoit OpenAl Gym u knaccuueckum npumepom CartPole-v1.
Cozpnaiite n HaTpeHUpyiTe areHTa Ha ocHoBe DQN ¢ ucnons3oBanueM target network u replay
memory. Ilokazate TMHAMHUKY 00yUYCHHS.

10. Double DQN npotus crangaptaoro DQN.

[Iponpemonctpupyiite a¢dext asoitnoro DQN (Double DQN) Ha 3agaue u3z OpenAl Gym.
[octpoiite rpaduku kauecTBa OOY4YEHHS W MPOAECMOHCTPHPYWTE yIydIICHHWE TOKa3aTeNs II0
CpaBHEHUIO ¢ 00bIYHBIM DQN.

11. REINFORCE Algorithm.

Peammsyiite anmroputm REINFORCE mns 3amaum Atari Breakout m3 OpenAl Gym.
W3mepbTe cpenHee KOTUYECTBO OYKOB, HAOpAHHBIX areHTOM, M TPOBEIUTE SKCIIEPUMEHTHI C
Pa3IMYHBIMU 3HAUCHHSIMU TTapaMeTpa CKOPOCTH 00YUYCHHUS.

12. Actor-Critic Approach.

Cozpnaiite coOCTBEHHOTO areHTa ¢ apxuTekTypoil Actor-Critic Juis HmpocToi 3anauu
(manpumep, MountainCar-v0) ¥ OIIEHHTE €ro CHOCOOHOCTh JOCTUTaTh LENH ObICTpee, YeM
crangaptHbii DQN.

13. [IpeumymiectBa acuuxponHoro odyuenus (A3C).

[NokaxkuTe, Kak aCHHXPOHHOE 00YUYEHHE YCKOPSET M CTAOMIIM3UPYET IpoIiecc 00y4YeHUs B
CIIOXKHBIX cpefax (Hanpumep, LunarLander-v2). IlocMoTpuTe Ha IMHAMUKY U3MEHEHUS Harpabl
Y COTIOCTaBbTE PE3YJIbTATHI C OOBIYHBIMHE MTOCIIEIOBATEIHHBIMH ITOIXOIAMH.

14. Proximal Policy Optimization (PPO).

Peanusyitte PPO Ha npocroil 3amade (Hampumep, Ant-v2 uz MulJoCo) u cpaBHHTE C
pesyasTaToM A2C. O6CcyuTe TpenMyIecTBa ¥ OrpaHUYEHUS KaXKI0T0 MOAX0/a.
15. Inverse Reinforcement Learning (IRL).

Pemute 3amauy oOydeHHs] ¢ TOMOINIBIO TPUMEPOB 3Kcmepta (expert demonstration).
Bocnonsayiitece meTonom Maximum Entropy Inverse Reinforcement Learning (MaxEnt IRL) u
BOCCO3/IaliTe MOJIMTHKY dKcrepTa Ha HeOobmoM npumepe (GridWorld wim anamoruanom).

Ilepeuensy komnemenyuil (vacmu KomMnemeHyuu), NPOEEPAEMbIX OUECHOUHBIM CPEOCHEOM
[1K-2.1, [1K-2.2, ML-6.1, O-2.4, LLM-4.1

4.2 MeToanueckne MaTepuaJbl, onpee/siioniie Npoueaypbl OLeHUBAHUSI 3HAHMI,
YMeHHiHl, HABbIKOB M (WIH) ONbITA [JAeATEJbHOCTH, XAPAKTEPHU3YIOIIUX ITaNbl
¢dopmupoBaHus KOMIIETEHIHH

Metoauyeckue peKOMEeHAaLMH, ONpee/IsiIolIHe NPouelyphbl OLlCHMBAHUS HA 3a4eTe:

IIpouenypa npoMeKyTOYHOW arTecTaluyu MPOXOIUT B cooTBeTcTBUU C IlomokeHnem o
TEKyILleM KOHTpPOJIEe U MpoMeKyTouHOH arrectanuu odydatomuxcst PI'BOY BO «Ky6I'Y».

Htorosoit ¢opmMoii KOHTpOJIS CHOPMUPOBAHHOCTU KOMIETEHLUI y oOydaromuxcs Io
JTMCLUIUIMHE siBisieTcs 3a4eT. CTyeHThl 00s3aHbl cJaTh 3a4eT B COOTBETCTBUU C PACHIUCAHUEM U
yueOHBIM IJIAHOM.

D®OC npomMeXyTOYHOM aTTECTALlMM COCTOMT W3 BOIPOCOB K 3a4eTy M PE3YJbTaTOB
TEKYIIEr0 KOHTPOJIS.

3a4eT Mo AMCLUILIMHE NpecieayeT Lelb OLEeHUTh padoTy CTyJEeHTa 3a Kypc, MOIy4YeHue
TEOPETUYECKUX 3HAHUH, UX MPOYHOCTb, Pa3BUTHE TBOPUYECKOI'O MBIIICHUS, MPHOOpPETEHUE
HaBBIKOB CAMOCTOSITENIbHOM paboThl, YMEHUE NPUMEHSTH MONy4YEHHbIE 3HAHMS IJIS pelIeHHs
MIPAaKTUYECKUX 3a]1a4.

dopma NpoBeACHUS 3a4€Ta: YCTHO.

Pesynbrar caaum 3a4eTa 3aHOCUTHCS MIPENOAABATENIEM B 3a4ETHYIO BEIOMOCTD U 3aYETHYIO
KHUXKKY.

OneHuBaHue ypOBHSI OCBOCHHUS AMCLMILIMHBI OCHOBBIBAETCSI Ha KAa4€CTBE BBIIIOJHEHUS
CTYJIEHTOM 3aJJaHU{ TEKYILEro KOHTPOJIS U OTBETOB HA BOIIPOCHI 3a4€Ta.



Kpurtepuu onenku:
1. Ouenka 0TBETOB Ha BONPOCH K 3a4eTy (40% UTOroBOIt OLIEHKH)
3auer
[TonmHble, pa3BepHYTHIE OTBETHI C AEMOHCTPALMEH TITyOOKOTO TOHUMAaHUS TEMBIL.
OTBeThI coiepkaT OCHOBHBIE UIeH, HO 0e3 yriIyOJeHHOr0 aHajH3a.
Hcnonb3oBanue npumMepoB, (popmy1, KOPPEKTHBIX TEPMHUHOB.
Bo3MosxHBI HEOOIBIIME OMMOKY B ACTAISAX HITH (POPMYIUPOBKAX.
YMeHue aHanu3upoBaTh U CPaBHUBATh METO/BI.
% BeimonHeHns: 60—100% (momyckaroTcs He3HAYUTENIbHBIE HETOYHOCTH ).
Heszauyer
OTcyTcTBHE TOHUMAHUS KIFOUEBbIX KOHIICTIIIHH.
I'pyObie ommOKH MM HECTIOCOOHOCTH OTBETUTH HA OOJIBIIYIO YaCTh BOIIPOCOB.
% BeImoHeHH: <60%.
2. O1ieHKa BBINIOJIHEHUS PAKTUYECKUX KecoB 1 nabopaTopHbIx padoT (40% UTOroBOM OLIEHKH)
3auer
[TosiHOE BBINIOJIHEHUE BCEX ATANOB Kelica ¢ MHHOBALIMOHHBIMU PEILIEHUSMHU.
Joctuxenue neneBslx MeTpuk (Hanpumep, F1 > 0.9).
UYerkas TOKyMEHTalMs KOJa U aHAJIU3 Pe3yIbTaToB.
% BeimonHeHus: 60—100%.
WA
BrinonHeHbl OCHOBHBIE 337a4H, HO 0€3 IONOJHUTEIbHON ONTUMU3AIIH.
HesnauntenbHble OTKIOHEHHS OT IIETIEBbIX METpUK (Hampumep, F1 = 0.85).
WA
Pemens! 6a3oBbie 3a1aun, HO C KpUTHUECKUMHU OIIMOKaMHU.
Huskoe kauecTBO Ko/ia MJIM OTCYTCTBHE aHAIIN3A.
Heszauer
HeBrpinosHeHNEe KITHOYEBBIX ATAIOB.
Kon nepaGouwnii mim OTCyTCTBYET.
% BoInoNHEHUA: <60%.

3. Ouenka TecToBbIX BOIPOcoB (20% UTOroBOIl OLIEHKH)

3auer
18-25 npasuibabix oTBeTOB (70-100%).
JleMoHCTpalus yBEpEHHOTO BJIAJICHUSI TEPMUHOJIOTUEH U METOIAMHU.

He3auer
Menee 18 npaBuibHbIX 0TBETOB (<70%).
HecrnocoOHOCTh OTIMYHUTE apXUTEKTYPHI (HAIIPUMEDP, MHOTOCJIOHHBIHN MEPCENTPOH OT
CIallKOBOM CETH).

Memoouueckue  pexomenoayuu,  onpeoenarouiue - npoueoypbl - OUEHUBAHUA
aadopamopuwix padom:

[Ipouenypa oneHrBanus 1a0OPATOPHBIX PabOT MPOXOAUT B COOTBETCTBUU ¢ [lonoxkenunem
0 TEKYIL[EM KOHTpOJIE ¥ IPOMEXYTOUHOM aTTectanmuu oOyuatomuxcs PI'bOY BO «KyoI'Y».

ITo xaxxaoit nabopaTopHoit pabote odopmisercss otyeT. OTYEThI CIAIOTCS HAa MPOBEPKY
PYKOBOJUTENO B TEYEHHE Kypca IO MEPE UX BBIIOJHEHUS, M 3aAILULIAIOTCS CTyACHTaMU B
YCTaHOBJICHHOM HOPSJKE.

IIpu 3amuTe oT4yeTa CTyA€HTY MOT'YT OBbITh 33JJaHbl BOIIPOCHI M JIOTIOJIHUTEIIbHBIE 3a/IaHHs
o cyTH JabopaTOpHOIl paboOTHI, B TOM YHCIE U3 CHUCKA KOHTPOJIBHBIX BOIPOCOB K JaHHOU
nabopaTopHoil pabote. [Ipy Hey1OBIETBOPUTEIHHOM OLIEHKE 3HAHUN CTY/IEHTa M0 TeME JAHHOTO
OTYEeTa, CTYJIEHT BO3BPALLAETCSI K IOBTOPHOMY M3yUEHHUIO COOTBETCTBYIOIIUX MAaTEPHAIIOB, [1OCIIE



Yero JOIMYCKAaeTcs K MOBTOPHOW 3amure. HeyoBIETBOPUTENBHO BBINOJIHEHHBIA OTYET TAKKE
BO3Bpalaercs Ha 10paboTKy.

OTueT MOMKEH coAep)KaTh 3aroJioBOK, TeMy J1labopaTOpHO paboThI, LeNb, 3aJaHue,
WHIVBUAYATbHYIO TEMY, ONUCAHHE XOJa BBHIMOJIHEHUS DPAOOTHI, HEOOXOIMMBIC MPUKIIATHBIE
MaTepuanbl (CXEMbl, MaKeThl JOKyMEHTOB H T.II.), B COOTBETCTBHUH C TpPEOOBAHUSIMH K
COJIEPKaHUIO0, U BBIBOJBI 10 padoTe.

OueHouHbIe CpeAcTBa JUISl WHBAJIUAOB W JIMI] C OTPAHUYEHHBIMH BO3MOXKHOCTSMHU
3JI0POBBSI BEIOMPAIOTCS C YISTOM MX WHAUBUIYAIBHBIX ICUXO(QU3HUECKUX 0COOCHHOCTEH.

— MpU HEOOXOJMMOCTH HHBAITUAAM | JIUIIAM C OTPAHUICHHBIMU BO3MOKHOCTSIMH 3I0POBbS
MPEAOCTABIIACTCS JIOMOJHUTEILHOE BpEMs JUIsl IIOATOTOBKHM OTBETA HA 3a4€TE;

— MPU MPOBEICHUU TPOIECTYPhl OIICHUBAHMS PE3yJIbTATOB O0YYCHUS WHBAIHJIOB U JIUIL C
OTPAaHUYEHHBIMH BO3MOYKHOCTSIMU 3/I0POBBSI MPEIYyCMATPUBACTCS UCIOIb30BAHNE TEXHUUYECKUX
CPENCTB, HEOOXOUMBIX UM B CBSI3H C UX UHIAUBUIYATbHBIMUA OCOOCHHOCTSAMH;

— MPU HEOOXOAUMOCTH ISl OOYYAIOIINXCS C OTPAHUYCHHBIMA BO3MOKHOCTSIMHU 3/I0POBbBSI
W WHBAJUIOB TIPOLEAypa OILICHUBAHUS pE3yJbTATOB OOY4YEHHUS MO JAUCIMIUIMHE MOXKET
MIPOBOJIUTHCS B HECKOJIBKO ATATOB.

[Iponienypa olieHHBaHUS pe3yIbTATOB OOYYECHHS MHBAJIUIOB M JIMIl C OTPAHMUYCHHBIMU
BO3MOXKHOCTSIMH 37I0POBBS 10 AUCIIUIUIMHE MPETycMaTpUBAET MpeIoCTaBiIeHuEe HH(popMaIuu B
dhopmax, amanTUPOBAHHBIX K OTPAaHUUYEHUSM UX 3/I0POBbSI M BOCTIPUSATHS HH(POPMAIIHHN:

Jlyist Tin ¢ HapyIIeHUSIMH 3PEHUS:

— B IIeYaTHOU opmMe yBeTHUEHHBIM HIpUPTOM,

— B (hopMe AIIEKTPOHHOTO JOKYMEHTA.

Jyist TIr ¢ HapyIIeHUSIMH CITyXa:

— B IIe4aTHOM opme,

— B (hopMe FIIEKTPOHHOTO JOKYMEHTA.

Jlnst man ¢ HapylIeHUsIMU OTIOPHO-JIBUTaTEIbHOTO annapara:

— B IIe4aTHOM opme,

— B (hopMe FIIEKTPOHHOTO JOKYMEHTA.

JlaHHBIN TepedYeHb MOXET ObITh KOHKPETU3HPOBAaH B 3aBUCHMOCTH OT KOHTHHI'€HTA
oOydJaronuxcs.

4.3. Meroauyeckue YKa3aHus M0 OPraHU3alMi BHIYHCIUTEILHOH HHPPACTPYKTYPbI
YciaoBusi npuMeHeHMsI:
— Kypc paccunrtan Ha cTyaeHTOB 4-T0 roja 0Oy4eHusl.
— Hanmume goctyna k BeIaHCIUTEIBHBIM pecypcaM (Gitlab, Google Colab mnu Yandex
DataSphere, JupyterHub).
— Pa3pabotansl mabopaTopHbie pPabOTHI;
— MHudpacrpykrypa s npuéma 3aaad (gitlab, ClI/CD) cormacoBana ¢ 1abopaTropHbIMH
paboTamu.
Lesn, 3a1a4n 1 0:KN1aeMble pPe3yJabTaThl
[esnm opraHu3anuy BEIYUCIUTEILHOW HHPPACTPYKTYPBHI:
- JaTh mpenacraBiieHue o padote B IT uHbpacTpykType (MpUYyIHTh MOJIB30BATHCS TUTOM,
jupyter-HoyTOykamu).
3amauu nmpenoaBaTenis:
— Opranuzanus peructpaiuu ctyaeHToB B Google Colab u Yandex DataSphere
— Co3zaanue y4eTHbIX 3amiceii cTyieHToB B gitlab By3a;
— Hactpoiixa GitLab Runner ans aBToMaTHueckoro TecTUpoBaHMs KOJa.
— Pa3paboTka mabI0HHOTO Peno3uTOpHsI ISl 1abOPaTOPHBIX paboT ¢
npeaycraHoBieHHbIME 3aBucuMocTsamu (TF-Agents/ PyTorch RL/ OpenAi Gym).
— Hamnucanue aBTOTECTOB /17151 TPOBEPKH KOPPEKTHOCTH BHITIOIHEHUS 3a/1aHUH.
— Busyanmusanus pesynbraToB TecTupoBanus uepe3 HTML-oruers!.
— Tloaroroska uHcTpyKIuii no padore ¢ Git u 06IaUHBIMU PECYpPCAMHU.



O>xunaemMple pe3ysbTaThl CTYIEHTOB!
- HadajpHOE mpencTaBieHue o padbote B IT undpactpykrype (rut, HEHMUHT).
— HaBbiku 3amycka u TeCTHpOBaHUS MOJeNeii 00y4eHus C MOJIKPEIJICHUEM B O0JIaYHbBIX
cpenax.
- Tlonumanue CI/CD-mporieccoB B KOHTEKCTE pa3pabOTKU METOJOB OOYUYCHHUS C
MOJIKPEIIEHUEM.
Iopsinok peanuzanuu
3agaua Nel: Opranusamnus perucrpanuu cryaeHToB B Google Colab u Yandex DataSphere
3amgaua Ne2: Co3nmaHue yueTHBIX 3amuceii cTyeHToB B gitlab Bysa
3agaua Ne3: Hacrpoiika GitLab Runner:
Jisi  aBTOMaTH4eCcKOro  TECTUpOBAaHHMA Kojga  ucmonbdyercs  Docker-obpaz ¢
npeaycraHoBieHHbIME OuOmnorekamu (TF-Agents/ PyTorch RL/ OpenAi Gym).
st Bemonuenus CI/CD naiinaiina 6su1 HacTpoeH GitLab Runner Ha ynanénnoit BUpTyanabHOU
MmamHe ¢ OC Ubuntu 24.04.
[TocnenoBarenbHOCTH HACTPOUKY BKJIFOYAJIA CIIEAYIOIINAE [IAru:
e Hacrpoiika cuctembl — ycTaHOBKa HEOOXOAMMBIX KOMIIOHEHTOB, TaKuX, kKak Docker.
e Vcranoska GitLab Runner no opuunansHoi HHCTPYKIUY.
e Peructpanus Runner ans yactHoro cepsepa GitLab.
3anaua Ned: HH1a0/10HHBIN peno3uToOpuii:
Bxnrogaer:
.gitlab-ci.yml gns CI/CD.
CkpunTsl U1t 00y4deHHs] MoAemeil.
[Tpumeps! xkona ans padotsl ¢ M-arentamu.
3agaua NeS: ABTOoTeCTBI:
[TpoBepst0T KOPPEKTHOCTH MOjIeIel 00YUEHUS C TIOIKPEIIIICHUEM.
3amaya Ne6: Busyanusauusi pe3yjibTaToB:
I'enepanuss HTML-0T4eTOB ¢ pe3ysibTaTaMy TECTUPOBAHUS, BKIIIOYAsi METPUKHU KaueCcTBa
MOJEIIEN.
Ilopsinok npoBepKy KOPPEKTHOCTH:
e Hanmume Git-perno3uTopreB y BceX CTYIECHTOB.
o [ITaGnOHHBIN PENO3UTOPUIA C TTOAKITIOYCHHBIMH aBTOTECTAMH.
e Hucrpyknus o padote ¢ Git u CI/CD B opmate README.md.
Bes ctpykTypa MakcUMallbHO alaiTUPOBaHa JIJIsl KOMMPOBAHUS CTYACHTaMU U MUHUMM3AIUH
[OpoTra BX0/1a MpHY BHIOJHEHUH J1a00paTOPHBIX

4.4. Meronnyeckne YKa3aHus M0 OPraHu3anuu JadopaTOPHbIX padoT
YciaoBusi npuMeHeHMsI:

— Kypc paccunran Ha cTyeHTOB 4-T0 rojia 00yJYeHus.

— Hamuuune noctyna k BerurcauTesbHbIM pecypcam (GitLab) u k GPU/CPU (Kaggle,
JIOKaJIbHBIE CEPBEPBI).

— Paspaborana undpactpykrypa aus npuéma 3agad (Gitlab, CI/CD) u cornacoBana ¢
7a00paTOpHBIMU pabOTaMU W HACTPOEHA Ha BCEX CTYICHTOB 00pa30BaTelIbHOM
pOrpaMMBbl;

— Hcnons30BaHNE OTKPBITHIX JaTACETOB U OMOIHOTEK.

Iesu, 327241 U 0KU/IAeMbIe Pe3yJIbTAThI
[lenu opranu3amuu 1abopaTopHBIX PaboT:
— 3akperyieHne TEOPETUUECKUX 3HAHUH Ha MPAKTHKE.
— Pa3BuTHE HaBBIKOB PabOTHI ¢ METOIaMU O0YUEHHS C TIOJAKPETICHUEM.
— TloaroroBka K pelIeHUIO peabHbIX 3a/au B HHIYCTPUH.
3a1a4n MpenoaBaTens:
— OO0ecne4nTh CTYICHTOB CTPYKTYPHUPOBAHHBIMH JTa00PATOPHBIMU pabOTaAMH.
— TlpemocTaBUTh JOCTYIN K HEOOXOAMMBIM BBIYHUCIUTEIBHBIM PECYPCAM.



— OpranuzoBaThb IIPOBEPKY M 0OPATHYIO CBSI3b 110 BHIIIOJIHEHHBIM padoTaMm.
O>xunaemMple pe3ysbTaThl CTYAEHTOB!
— YMeHHe NpUMEHSATh METO/IbI 00yUEHHs C OJKPEIICHUEM Ha MPAKTHKE.
— Bunagenue oubnunorexkamu u dppeiimpopkamu (TF-Agents/ PyTorch RL/ OpenAi Gym).
— OmnbIT paboTHI C AITOPUTMAMHU O0YUCHHS C MOJKPEIUICHHEM, TakuMu Kak Q-Learning,
SARSA, a Taxke ux momudukanuu u pacmupenssie Bepcun (DQN, A2C, A3C, TRPO,

PPO)

Iopsiiok peasm3anuu
3amaua Nel: [loaroroBka taboparopHsix padboT (B cootBeTcTBHH C 1. 2.3.3 PII]I)
1) Onpenenenuie TeM:
— IIpocrefimmii arent s urpsl GridWorld
— Value Iteration u Policy Iteration B cpeae Taxi-v3
— Q-Learning ¢ nunelinol anmpokcumarnueii aus Cartpole
— REINFORCE nns MountainCarContinuous
— Trust Region Policy Optimization (TRPO) na npumepe LunarLander
— AlphaGo-style Agent niist HacToneHou urps (Connect Four)
— VYmpasieHue MalmHoO# ¢ oMol RL ¢ ucnosb3oBanuem pytorch-rl

HaumeHnoBaHue Pacnpenesenu
JlaGopaTopHoii Copep:xanne JlabopaTopHoii padoThI € 4acoB
padoThl
2 3

[Ipocreitmmit PeanmuzoBats cpeny GridWorld (ceTounas cpena). 3 gaca (2
areHT I Co3znatb 0a30BOT0 areHTa, CoCOOHOTO MepEMENIaThCst vaca JIP, 1
UTPBI 10 CETKE, BEIOMPATH JIOCTYIHBIE ACHCTBUA U Ttostydath | dac CP)
GridWorld BO3HATPaKJICHHE.

[IpuMeHHUTH MPOCTYIO CTPATETUIO TOBEACHMUS

(Hampumep, cydaiHbIN BEIOOD HAITPaBICHUI

JIBUKCHUS ).

N3yunTh OCHOBBI B3aUMOJEICTBUS areHTa ¢

OKpY>KaloIlle Cpeo, MPeICTaBICHUE COCTOSIHUS U

MOJIyuYeHHUE BO3HATPaXKICHUSI.
Value Iteration | HMcmons3oBath BcTpoeHnyto cpeay OpenAl Gym Taxi- | 3 gaca (2
u Policy v3. gaca JIP, 1
Iteration B PeanuzoBath anroputm Value Iteration mis gac CP)
cpene Taxi-v3 | HaxXoXIeHHS ONTHMAIbHOW CTPATETUH MyTEM

MOCIIEI0BATEIHHOIO OOHOBJICHUS 3HAYEHUI COCTOSHUM.

PeanuzoBate anroputm Policy Iteration mis

MOCTENIEHHOT0 YIY4IlIeHHUS CYIECTBYIOIIEH CTPaTeruu

U BBIYUCIICHUS €€ IIEHHOCTH.

[IpoBectu cpaBHEHHE TPOU3BOIUTEIBHOCTH 000UX

MOJIXOJIOB U MPOAHAJIN3UPOBATH NOJYyUEHHBIE PELICHHSL.
Q-Learning ¢ Pa6orta c cpenoit OpenAl Gym Cartpole, nmeromieit 3 yaca (2
JIMTHEWHOMN HETPEPBHIBHBIE TIEPEMEHHBIE COCTOSHUS. yaca JIP, 1
annpokcumanu | Co3gaHue MOJAENH, UCIIONIB3YIOUIEH JIMHEHHYIO gac CP)
el s anmpoKCUMaIInIo 3HaueHus: GyHKIUH Q.
Cartpole OOyueHnue areHra 6aJaHCUPOBATh MATOYKY Ha

TEJNEKKE, MUHUMHU3UPYS MTOTEPU U MAKCUMH3UPYS

MPOJIOJKUTEIBHOCTh 3MHU30/4.

AHanu3 BIAUSHUS TUTIEpIIapaMeTPOB HA KAUYECTBO

00y4YeHUsl U YyCTOMYHUBOCTH MOJICIIH.




c
HCIIO0JIb30BaHU
em pytorch-rl

Peanuzarust riryOOKOHEHMPOHHOM CETH JIJIS1 BOCTIPHSTHS
OKpY>Karolllero MUpa 1 BbI0Opa ONTUMAIbHBIX
YIIPABIISIOLIUX BO3JACHUCTBUM.

Hacrpoiika u 3amyck 3KCIEPUMEHTOB C Pa3InYHbIMHU
KOHGUTYpaLUsIMHU aJTOPUTMOB 00yUEHUs C
MNOJKPEIUICHUEM.

OnTtumu3zanust paboThl areHTa 1 OleHKa HaIEKHOCTH
NOJIYYEHHOM MOJIENH YIIPABJICHUS TPAHCIIOPTOM.

HaumeHnoBaHue Pacnpenesienn
JlaGoparTopHoii Copnep:xanne JlaGopaTopHoii paéoThI € 4acoB
padoThI
2 3
REINFORCE | Hcnons3oBanue cpeast OpenAl Gym 3 yaca (2
TUIs MountainCarContinuous ¢ HeTIpepbIBHBIMH qaca JIP, 1
MountainCarC | neiicTBUAMHU. gac CP)
ontinuous Peanmuzanus anmropurma REINFORCE c nensio
00y4eHHs areHTa YIpaBysiTh aBTOMOOMIIEM TaKHUM
00pa3oMm, 4TOOBI IOCTUYH BEPITUHBI TOPBHI.
OrneHka Ka4ecTBa IMOTYICHHBIX PE3yJIbTATOB H
WHTEPIIPETAINS UTOTOBBIX TPACKTOPHI 00YICHHUS.
Trust Region [Mpumenenne meroga TRPO B cpene OpenAl Gym 3 gaca (2
Policy LunarLander. qaca JIP, 1
Optimization Pa3paboTka arenta, criocooHoro 3GheKTHBHO gac CP)
(TRPO) na MIPU3EMIITHCS HA TOBEPXHOCTH JIyHBI, yUUTBIBas
npuMepe OTPaHWYCHUS PECYPCOB U CIIOKHOCTH YITPABJICHUS.
LunarLander Nzyuenue ocobennocreit meroga TRPO:
JIOBEPUTEIIbHBIE 00JIACTH, OTPAHNICHHE N3MCHCHUS
MOJUTHUKHU, KOHCTaHTa KL-muBeprennuu.
Uccnenoanmne npenmymects TRPO niepen 0ObIaHBIMEU
metonamu Policy Gradients.
AlphaGo-style | Pa3paboTka coOCTBEHHO!H BEpCHU UTPOBOTO JBIIKKA 4 gaca (3
Agent ms w1t Connect Four. yaca JIP, 1
HaCTOJIbHOU Peanuzamus nepesa Monte-Kapio ¢ Beibopom u gac CP)
urpbl (Connect | pacimpeHueM y3JioB, OLEHKOM MOJ0KEHHS U
Four) BO3BpAaTOM pE3yJIbTarTa.
[ToaxmroueHue Tiry0oKoro o0ydeHus (HEHpOHHBIX
ceTel) s MpeACKa3aHus BEPOSITHOCTEH X0/1a U
OLICHKH MO3UIINH.
TmarenbHas HaCTpOilka mapamMeTpoB U TECTUPOBAHUE
00y4eHHOU cUCTeMBbI MPOTUB MPOCTOTO MPOTUBHUKA
WJIM YEJIOBEYECKOT0 UI'POKA.
Ynpasienue Coznanue BUPTyaJIbHOM cpesibl BOKIeHHs aBToMoOms | 4 gaca (3
MAIIIMHOH C (manmpumep, ¢ ucnospzoBanueM Carla wim Unity ML- yaca JIP, 1
nomoinpo RL | Agents). gac CP)

2) Pa3paboTka 3a1aHuii:
— IlomaroBble HHCTPYKIMH.
— Ilpumepsl kona.
KoHTposbHBIE BOIIPOCH.

Jlabopamopnasa paboma NeTl. Ynpaenenue asémomodbunem c nomowwto RL ¢ ucnonvzosanuem

pytorch-rl
Lenw:




OcBouth peanu3aruio anroputMoB reinforcement learning (RL) ¢ ucronp3oBanremM 6UOIHOTEKH
pytorch-rl qis yrpaBiieHusI BAPTYaJIbHBIM aBTOMOOHIIEM.

2. I[lowazosvle uHcmpyKyuu
Jlist IEMOHCTpALMU BO3bMEM Cpey aBTOHOMHOT'O BOXKIEHUs Ha puMmepe riatpopmbel CARLA.
Llaz 1: Ycmanoska 3asucumocmeti
pip install carla pytorch-rl numpy
Hlae 2: 3anyck cepsepa Carla
3amyctute cepep urpsl Carla nepen nauanom skcriepumenta:./CarlaUE4.sh
Hlae 3: Hanucanue ckpunma xnuenma 07151 NOOKOYEHUs. K cpede
Co3znmaem mpocToit KIMSHTCKUH clieHapwii 1uist cBsi3u ¢ Carla:
import carlaclient = carla.
Client('localhost’, 2000)
world = client.get_world()
Llac 4: Jlobasnsiem aemomooub u oxpysiceHue
CoznaeM 0OBEKT aBTOMOOWIIS U Pa3MEIIlaeM €0 B MHUPE:
blueprint_library = world.get_blueprint_library()
vehicle_bp = blueprint_library.find(‘'vehicle.tesla.model3")
spawn_point = random.choice(world.get_map().get_spawn_points())
vehicle = world.spawn_actor(vehicle_bp, spawn_point)
Hlaz 5: Aneopumm ooyuenus RL
[Tpumensiem ©GaszoByio Bepcuto Deep Q-learning (DQN) mns  oOyueHHs  yIpaBICHHIO
aBTOMOOWIIEM
import torch
import torch.nn as nn
import torch.optim as optim
class SimpleDQN(nn.Module):
def init(self, input_shape, n_actions):
super(SimpleDQN, self).init()
self.fc = nn.Sequential(

nn.Linear(input_shape, 128),

nn.ReLU(),

nn.Linear(128, n_actions)

def forward(self, x):
return self.fc(x)
# [1apameTpsl 00yueHUS
input_shape = vehicle.get_state().shape
n_actions = 3 # Bmepen, BIpaBo, BIEBO
dgn_model = SimpleDQN(input_shape, n_actions)
optimizer = optim.Adam(dgn_model.parameters(), 1r=0.001)
loss_fn = nn.MSELo0ss()
Llae 6: Tpenuposka mooenu
Haunnaem TpeHUPOBOUYHBIN UK
def train_dqn(episodes=100):
for episode in range(episodes):
state = vehicle.get_state()
action = dgn_model(torch.tensor(state)).argmax(dim=-1)
next_state, reward, done = step(action)
target_g_value = reward + gamma * max(g_values(next_state))
current_q_value = g_values(state)[action]
loss = loss_fn(current_q_value, target_qg_value)



optimizer.zero_grad()
loss.backward()
optimizer.step()
Llaz 1: Oyenka pezynomamos
TectupyeM MOJZIENb B YCIIOBUSX PEAIbHON JOPOTH:
test_episodes = 10
total _reward =0
for _in range(test_episodes):
state = vehicle.get_state()
while not done:
action = dgn_model(torch.tensor(state)).argmax(dim=-1)
next_state, reward, done = step(action)
total_reward += reward
average_reward = total_reward / test episodesprint(f"Cpennuii moxom Ha JTame TecTa:
{average_reward}")

3. Ilpumepwt xooa na Python

[TonHbIil paboumii CKpUNT AJs 3aIycka O0yUYeHHS U OLIEHKU MOJIEININ:
import carla

import torch

import torch.nn as nn

import torch.optim as optim

# Co3zaeM 3K3eMIUTSIp KIMEHTA U To/IKIrouaeMcs k cepsepy Carla
client = carla.Client('localhost’, 2000)
world = client.get_world()

# T'enepupyem mammmny Tesla Model 3

blueprint_library = world.get_blueprint_library()

vehicle_bp = blueprint_library.find('vehicle.tesla.model3")
spawn_point = random.choice(world.get_map().get_spawn_points())
vehicle = world.spawn_actor(vehicle_bp, spawn_point)

# Apxurektypa DQN-Monenn
class SimpleDQN(nn.Module):
def __init__ (self, input_shape, n_actions):
super(SimpleDQN, self).__init_ ()
self.fc = nn.Sequential(
nn.Linear(input_shape, 128),
nn.ReLU(),
nn.Linear(128, n_actions)

)

def forward(self, x):
return self.fc(x)

# HauanbHast KoHUTypaus

input_shape = vehicle.get_state().shape

n_actions = 3 # Bmepen, BIPaBo, BIECBO

dgn_model = SimpleDQN(input_shape, n_actions)
optimizer = optim.Adam(dgn_model.parameters(), Ir=0.001)
loss_fn = nn.MSELo0ss()



gamma = 0.99

# OyHKUMS 11ara OKpyKEHHs
def step(action):
# JlelicTBUE BBIMIOJHEHO B Cpe/ie
pass # peanuzanus 3aBUCUT OT KOHKPETHOM 3a/1a4uu

# OCHOBHOM ITMKJ 00y4eHHUS

episodes = 100

for episode in range(episodes):
state = vehicle.get_state()
action = dgn_model(torch.tensor(state)).argmax(dim=-1)
next_state, reward, done = step(action)
target_g_value = reward + gamma * max(q_values(next_state))
current_g_value = g_values(state)[action]
loss = loss_fn(current_q_value, target_q_value)
optimizer.zero_grad()
loss.backward()
optimizer.step()

# OuennBaeM paboTy
test_episodes = 10
total _reward =0
for _in range(test_episodes):
state = vehicle.get_state()
while not done:
action = dgn_model(torch.tensor(state)).argmax(dim=-1)
next_state, reward, done = step(action)
total _reward += reward
average_reward = total_reward / test_episodes
print(f"Cpennuii noxoa Ha starne Tecta: {average reward}")

4. KOHTpOJIbHBIE BOIPOCHI
TeopeTrnueckue BONpPoOCHI:
Urto takoe Q-value u mouemy BakHO BHIOpaTh MPABHIIbHYIO MOJIUTHKY (policy)?
Kaxkue (hakTopsl BIUSAIOT HA CKOPOCTh M Ka4ecTBO 00yueHus RL?
YeMm oTiIMYaeTCsI MOIEIBHBIN MOAX0I OT 0eCMOAEILHOTO moaxoaa B RL?
IlpakTH4yeckue BOMPOCHI:
[IpuBeaute nmpumep peanuzanuu Metofa epsilon-greedy mis BeiGopa 1eicTBUI.
Onummmre nporuecc o0yuenuss DQN-mozaens ¢ mpumepamu Ha Python.
AHaJIMTHYECKHE BONPOCHI:
o Ilouemy arent RL wacto cramkuBaercs ¢ mpobiaemMoit cTabuiIbHOCTH 00yUueHuUs?
o OObsicCHUTE NPUHIUI UCHONb30BaHUS ombiTa replay buffer m ero pombp B
yIIy4IlIEHUU O0yUYeHUsI.
o Kaxoii mokazarens sSBISETCSI OCHOBHBIM KpUTepHeM ycrexa areHra RL?

Kputepuu onenku:
o 3auteno: [lomHOE BBIIOJIHEHHE BCEX MIAroB, JEMOHCTPAIMs KaueCTBEHHOT'O TTOHUMAaHUS
MOBEACHUS MOJIEIH, a/ICKBaTHBIN aHaTN3 MOTyUYeHHOTO pe3ybTaTa.
o He3aureno: KnroueBbie ATambl BBIMOJHEHUS MPOMYIICHBI MM COJACPKAT KPUTUUECKUE
OIIMOKH.



3) IloaroTroBKa JaTACETOB:
- Hcnonws3zoBanue oTkpeITHIX JaHHBIX Kaggle, paperswithcode u Hugging Face.
— T'eHepainus CHHTETUYECKUX JaHHBIX TIPH HEOOXOIMMOCTH.

3amaua No2: mocTyn K HEe0OXOAUMBIM BEIYUCIUTENBHBIM pecypcaM (B m.4.3 PII/)
3amaua Ne3: Opranuzanus IpoBEpKH U OOPATHON CBSI3U IO BBIMIOJHEHHBIM padoTaMm.

IMopsiiok MpoBepKH KOPPEKTHOCTH
Uek-1uCT 17151 TPOBEPKU J1ab0PaTOPHBIX PadoT:
1. BeinosnHeHue 3a7aHuii:
Kon 3amyckaercs 6e3 ommoOoK.
JIOCTUTHYTO 1LI€JI€BOE KaUeCTBO MOJEIH.
2. KauectBo xona:
Cob6mronenne PEP-8.
Hanmnune koMMeHTapues.
3. Oruer:
WHCTPYKIHS 1O paboTe C TUTOM C MOJAPOOHBIM ONMCAaHHEM WMEHOBAaHUS METOJIOB
1 KOMMUTOB;
Omnucanne xoma padboTHI.
AHanu3 pe3yJIbTaToB.
4. CBOEBpPEMEHHOCTH:
PaboTta crana B yCTaHOBIIEHHBIHN CPOK.
Kpurepun onenku:
3aumeno: T1onHOE BBHITIOTHEHNE BCEX 3a/IaHUH, KAYECTBEHHBIN KO/ M OTUET.
Hezaumeno: Kputnueckue ommOKY UM HEBBITTOJIHEHUE PaOOTHI.

4.5. Meronuyeckue yKa3aHus M0 OPraHM3alMU NPOEKTHOM esITeJIbHOCTH CTYI€HTOB

YcaoBusi npuMeHeHMsI:

Kypc paccunrtan Ha cTyAeHTOB 4-T0 rojia 00y4deHus,

O6miee Bpemst Ha IPOEKT — He OoJiee 12 yacoB Ha KaXAOTO CTYJCHTA.

HNmeetcsa noctyn K kelicam MHIYCTPUATbHBIX TAPTHEPOB.

Henu, 3a1aun u o:kuIaeMble pe3yJibTaThl

esin opranu3anmum BLIYUCIUTEIbHON HHPPACTPYKTYPHI:

JlaTh Ha4yaJIbHOE MPEACTaBIEHUE O PeajbHBIX 3a7ayaX, PEelIaeMbIX C MOMOIIBIO METOJOB
o0yueHus C MOJKPEIIEHHEM U BO3HUKAIOUIUX MTPobieMax.

3anayu npenojgaBaTeisi:

— c0op KelCOB MH]IyCTPUAIBbHBIX TAPTHEPOB;

— c0Oop KelcoB mpenoiaBaTeneil MPakTUKOB U 1a00paTopuii B By3e;

— (dopmupoBanue T3 Ha 3aueTHBINA MPOEKT HA OCHOBE KEICOB;

— pa3paboTKa cUCTeMbI YU€Ta pe3yJIbTaTOB MPOEKTa B HTOrOBOM OLIEHKE 3aueTa

O:xuaemMble pe3yJbTaThl CTY/AEHTOB:

HayalbHOE TMPEJACTaBICHUE O pEaJbHBIX 3a7ayaX, PEIIaeMbIX C TOMOIIBIO METOJOB
o0yueHus C MOJKPEINIEHHEM U BO3HUKAIOLIUX MTPoOIeMax.

ITopsimok peanuzanuu

3aoaua Nel: cbop reticos undycmpuanibHuiX napmHepos

1. Onmumusayus KpeOumHo2o ckOpuHaa ¢ UCNONL308AHUEM 0OVUeHUsL C NOOKpenieHUueM

Onucanne: CoepOaHK aKTUBHO Pa3BUBAET KPEAUTHBIE MPOAYKTHI U CTPEMHUTCS YIYUIIUTh
MIPOLIECC OLIEHKH KPEAUTOCTIOCOOHOCTH KIIMEHTOB. 3a/1aua — pa3paboTaTh MOJIENb, KOTopas OyeT
aHAJIM3UPOBATh HMIMPOKUIN CIEKTP JaHHBIX ((PUHAHCOBBIE MOKa3aTeNld, MOBEJACHYECKUE TaHHbIE,
COlLIMaJbHBIC CETH U T.J.) AJsl O0Jee TOUHOM OIEHKU pHCKa.

Hens: Co3math MoJenb, KOTOpas CMOXKET TMpeACcKa3blBaTh BEPOSATHOCTH nedonta ¢
BBICOKOM TOUYHOCTBIO, UCTIONB3YS Pa3INUYHbIC TUIIbI TAHHBIX.



Oxupaemblii pesynbraT: Heiiponnas cerb, cmocoOHass oOpabaThIBaTh pa3zHOPOIHBIE
JAHHBIC U BBIJABATh TOYHBIE IPOTHO3BI 110 KPEUTOCTIOCOOHOCTH KIIMEHTOB.

2. MynbmumoOansHulil aeenm 05l GHAIU3A CIPOUMENbHBIX NIOUWAOOK

Omnucanue: OO0 «ABA JIABb» pa3pabareiBaeT cucTeMy Uit MOHUTOPUHTA CTPOUTEIIBHBIX
0o0bekToB. Tpebyercst co3maTh NPOTOTHN MyJbTuMojansHoro MM-arenra, cnocoOHOTO
AHATM3UPOBATH H300PAKEHUS CO CTPOUIUIOMAAKY (BHIC0/POTO), a TAKIKE MPUHUMATH T'OJIOCOBEIS
Y TEKCTOBBIC 3aIIPOCHI (HAIpUMeEp, «IIPOBEPb MOHTAXK MEPEKPHITHS HA 5 TAXKE» ).

Henb: OObeqMHUTH BO3MOMXKHOCTH KOMIIBIOTEPHOI'O 3peHHUs (paclio3HaBaHUE CTaJuu
CTPOMTENBCTBA, TEXHUKHU, HapymieHuid) u HJIII (monumanue 3anpocos, oT4ETOB).

Osxunaemslil pe3ynbraT: IHTepakTUBHBIN areHT, KOTOPBIM Ha 3apocC CHEUATUCTa MOXKET
MOKa3aTh HY>KHBI Y4aCTOK, MPOKOMMEHTHUPOBATH MPOrpecc, 3apuKCHpoBaTh HAPYIICHUS.

3aoaua Ne 2: xketicos npenooasamereii npaKkmukos u 1a00opamoputl 8 gy3e.

1. Ilpocmeiiwuii acenm onsa uepvr GridWorld

ITocranoBka 3amgaun: Pa3paboTars mpocToro areHra, KOTOPBIH YUUTCS TepeMemaThes 1o
nabupunty GridWorld, uzberast npensiTCTBUN U JOCTUTAs TIETH 32 MUHUMAJIBHOE YHCIIO [IaroB.
3amaua COCTOUT B TOM, YTOOBI HAYYUTh areHTa HAXOAUTh ONTUMAIBHBIN Iy Th OT HA4YaIbHOW TOUKH
710 BBIXOJIa, CIEIys TPaBUIaM UTPHI.

TpeboBanus:

— Cosznanue cpeast GridWorld: peannzoBaTh 1aOUpUHT ¢ GUKCHPOBAHHBIMU pa3Mepamu,
MPENSATCTBUAMU M Harpajamu (3a momaaanue B 1eib +10 oukoB, mTpad 3a Kakasii xoa —1 odko,
yaap o npensitcteue —10 04KkoB).

— Aunroput™m o0ydeHUs: pa3paboTaTh areHTa, WCHOJIB3YIOMIETO CIydailHOe TOBEACHUE
WIK TPOCTOE MpaBWJIO BbIOOpa neicTBuiM (Hampumep, ee-greedy). AreHT OJDKEH Y4HUThCS
n30eraTh CTEHBI M OBICTPEE TOXOAUTH A0 BBIXO/A.

— DKcrnepuMeHTalbHasl MPOBEpKa: MPOBECTU CEPUIO0 IKCIEPUMEHTOB C BApbUPYEMBIMU
napamerpamMu o0yueHus (TeMibl o0ydeHus (oo), KodhGumueHT xKaagHOCTH (€€) U pa3MePhl CETKH
nabupuHTa). He00X0IMMO OIEHUTH BIUSHUE TAPaMETPOB Ha CKOPOCTh O0yUEHHUS U CTA0OMITHLHOCTD
HalICHHOTO MapIIpyTa.

2. Value Iteration u Policy lteration 6 cpede Taxi-v3

[TocranoBka 3amaun: Peann3oBaTh areHTa-TakCcucTa, 3a/laya KOTOPOTO 3aKIIIOUAeTCsl B
3¢ deKTUBHON JOCTaBKe Maccakupa U3 OAHON TOUYKH ropoja B APYyryto. BaxkHO MUHUMH3UPOBAThH
o0111ee KOJIMYECTBO I1aroB, HEOOXOUMBIX [T IEPEBO3KH, U H30exaTh mTpada 3a HelpaBUIIbHbBIE
MepeMeleHusl.

TpebGoBanus:

— MUcnonb3oBanue cpensl Taxi-v3: co3maTh areHTa Ha OCHOBE CTaHAAPTHOW Cpelbl
OpenAl Gym Taxi-v3. Dra cpena mpeacTaBisieT CO00H CHMYJISIUIO TaKCH, KOTOPOE JOJDKHO
JOCTaBJIATh MACCAXKUPOB, COONIO/Ias TPaBUIIa IBUKCHHUS.

— IIpumenenune Value Iteration u Policy Iteration: cpaBHUTH nIBa (yHIaMEHTAIBHBIX
Moaxoja B TuHaMu4eckoM nporpammupoBanun (Value Iteration u Policy Iteration). O6a meTona
HampaBJIeHbl HA (POPMHUPOBAHUE ONTHUMAIILHOTO MyTH AJS JOCTHKEHUS Lele ¢ MUHUMAIbHBIM
KOJIMYECTBOM OILINOOK.

— AHanu3 pe3ysibTaToB: MCCIENOBATh PA3IMYMS B CKOPOCTH CXOIMMOCTH U KauecTBe
HaWJCHHBIX pPElIeHUuN MeXIy AByMs MeTogamu. Omnpenenuts Hanbolee MOAXOAAIUN MOAX0d B
3aBHCUMOCTH OT pa3Mepa MpOCTPAHCTBA COCTOSTHUM U YPOBHS CJIO’KHOCTH 3a/1a4H.

3aoaua Ne3: popmuposanue T3 na 3auemmnbiii npoekm Ha 0OCHO8e Kelicos

1. Inverse Reinforcement Learning (IRL).

Pemmre 3amauy oOyueHHs ¢ MOMOIIBIO MPHMEPOB 3KcmepTa (expert demonstration).
Bocnons3yiitech meronom Maximum Entropy Inverse Reinforcement Learning (MaxEnt IRL) u
BOCCO3/IaliTe MOJIUTUKY dKcnepTa Ha HebonbioM npumepe (GridWorld uinmn ananorugaom).

IIpoekT BbImonHsAeTCsS B KOMaHaax oT 1 10 3 denoBek. OrieHnBaeTcs BCsl KOMaH1a OJIHOM
OLICHKOM.



WNupuBuayanbHOE 33JaHUE COCTOUT B aHAIM3€ KauecTBa pazpaboTaHHBIX Mojeneil. Jlns
BBIIIOJIHEHUS 337jaHHsI HEOOXOIUMO BBIIIOJIHUTH HECKOJIBKO 3a7au:
— TOATOTOBUTH HAOOP AAHHBIX JUIS MPOBEACHUS TECTHPOBAHUS;
— TPOTECTHPOBATH pazpaboTaHHBIC MOJEIH,
— IIOCYUTATh METPUKHU
— cjaenarh BbIBOJIbI O KAUE€CTBE MOJAEIU
B 3aBucumocTu OT KauecTBa TEOPETHMUECKOTO OTBETAa M KOJIMYECTBA PEaTM30BAHHOIO
CaMOCTOSITENILHO KOJ1a IIPEI01aBaTe b BbICTABIISAET 3a4TEHO WJIM HE3AUTEHO.
Kpurtepuu onenku:
3aumeno: IlomHOE BBINOJIHEHHE BCEX IIArOB, AHAJIU3 IOJYUYEHHBIX pE3yJIbTAaTOB C
MocTpoeHHeM (QYHKIMU MOTePh W HEOOXOAWMBIX METPUK, OTBETHJ MpPAKTUYECKH Ha BCE
TEOPETUYECKHE BOIIPOCHI.
Hezaumeno: HeBpinonHeHNe KI04YEBBIX 3TanoB. He oTBeTHI Ha TeOpeTHUECKrEe BOIPOCHI.
OneHKky MOXHO TMOBBICUTh, pealn30BaB TpeOyeMblil (YHKIMOHAI WM OTBETUB
JIOTIOJIHUTEIBHO WJIM 3aHOBO Ha HEOOXOIUMBbIE BOIPOCHI.
TpebGoBaHus 1151 TOBBIIIEHUS OLIEHKH U UTOTOBYIO OLIEHKY (POPMHUPYET NMPENOo1aBaTENb.
3aoaua Ned: pazpabomka cucmembl yuéma pe3yibmamos NPoeKma 6 Umo2060t OmmenKe
3a 3auem
Beimonneno B PITJI, m 4.2
Ilopsinok npoBepKky KOPPEKTHOCTH
Yex-n1ucm ons nposepku 1ab6opamopHuix pabom.:
HaGop kelicoB WHAYCTPHAILHBIX MAPTHEPOB — 13 mIT;
Habop keiicoB npemnogaBaresneii mpakTUKOB U Jadopatopuit BY3a — 7 mT;
Ha6op T3 B xonuuectse 15 mTyk.

5. IlepeyeHb OCHOBHOW M JONOJHUTEJILHOW Y4eOHOI JHUTepaTypbl,

HE00XO0IUMOI1 1151 OCBOEHM S TN CIIUIIMHBI (MOIYJIs1)
5.1 OcHoBHas JiUuTEpaTypa:

1. beccemeptnbiii, M. A. VckyccTBeHHBI WHTEIUIEKT. BBeaeHHME B MHOTOareHTHbBIC
cucTteMsbl : yueOHuk juis By3oB / M. A. beccmeptHbiii. — Mocksa : M3aarensctBo FOpaiit, 2025.
— 148 c. — (Bricmiee obpazoBanme). — ISBN 978-5-534-20348-6. — TekcT : aMeKTpOHHBIN //
O6pazoBarenpHas 1maatdopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/569279 (nmara
obpamenus: 12.08.2025).

2. XnuBHeHKo, JI. B. IIpakTrika HEMpOCETEBOrO MOJICTMPOBAHHKS | Y4EOHOE TIOCOOHE ISt
By30B / JI. B. XnmuBHenko, ®. A. [IstakoBud. — 4-¢ u3g., crep. — Cankr-IletepOypr : Jlans, 2024.
— 200 c¢. — ISBN 978-5-507-47590-2. — Texkcr : 3nexkTpoHHbIH / JIaHh : 3JIEKTPOHHO-
oubnmuoreunas cucrtema. — URL: https://e.lanbook.com/book/393482 (mata oOpameHus:
21.07.2025). — Pexxum focTyma: Uit aBTOPU3. MOJIb30BATEIICH.

3. Murtskos, E. C. UckyccTBeHHBIN HHTEIEKT U MAllIMHHOE 00y4YeHue : yueOHoe mocodue
s By30B / E. C. Mutsikos, A. I'. llImenesa, A. U. Jlagsinun. — Cankr-IlerepOypr : Jlans, 2025.
— 252 ¢. — ISBN 978-5-507-51465-6. — Texkcr : anexkTpoHHbIH / JIaHh : 3JIEKTPOHHO-
o6ubmuoreuynas cucrema. — URL: https://e.lanbook.com/book/450827 (nata oOparieHus:
21.07.2025). — Pexxum focTyma: Uit aBTOPU3. MOJIb30BATEIEH.

4. PocroBieB, B. C. VckyccTBeHHble HelipoHHbIe ceTH : yueOHuk Juig By3oB / B. C.
PocroBueB. — 5-e u3a., crep. — Cankr-IlerepOypr : Jlanp, 2025. — 216 c. — ISBN 978-5-507-
50568-5. — Tekcr : anekTpoHHbIN / JlaHb : 37eKTpoHHO-OMONMMOTeyHass cuctema. — URL:
https://e.lanbook.com/book/447392 (nata obOpamenus: 21.07.2025). — Pexum poctyma: ans
aBTOPH3. MOJIb30BATENCH.
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anekTpoHHbIN // OOpa3oBarensHas miatdopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/545036 (mara obpamienus: 19.07.2025).

11.  EmmceeB A. 1., Munus 1O. B. Pa3paboTka nporpaMmmHbIX HHTEphEHCcOB BeO-
MIPUJIOKEHUH ¢ ucnosib3oBanueM (perimBopka FastAPI : yueOnoe nmocodue. Tambos: TI'TY,
2024. 81 c. https://e.lanbook.com/book/472310 (nara oopamenus: 19.07.2025).

12.  Yepnsimes, C. A. OcHOBBI nporpamMMmupoBanus Ha Python : yaebHoe mocobue ms
By30B / C. A. UepnsimeB. — MockBa : MUznatenscTBo FOpaiiT, 2022. — 286 c. — (Bpicmiee
obpazoBanne). — ISBN 978-5-534-14350-8. — Texkcr : anexktponHbiii // OOpa3oBarenbHas

mwiargopma FOpaiitr [caiit]. — URL: https://urait.ru/bcode/496893. (mata oOpatieHus:
19.07.2025).
13. 3natononbekuil JI. M. OcHOBBI mporpaMMupoBaHus Ha s3bike Python. 2-e usm.

Mockaa: JIMK Ilpecc, 2018.

5.3. llepuoguyeckue u3aaHus:
1. Bassel gauasix komnannu «Mct Beroy http://dlib.eastview.com
2. DnextponHas 6ubnmmoreka GREBENNIKON.RU https://grebennikon.ru/
Kondepenuun A*:
https://openreview.net/forum?id=FMMF1a9ifL
https://openreview.net/forum?id=EIUrNM9U8c#discussion
https://openreview.net/forum?id=JoO6mtCLHD
https://aclanthology.org/2024.findings-emnlp.760/
https://aclanthology.org/2020.coling-main.588/
https://link.springer.com/chapter/10.1007/978-3-030-72113-8_30
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https://doi.org/10.3390/appliedmath5010010
https://e.lanbook.com/book/472310
http://dlib.eastview.com/
https://grebennikon.ru/

7. https://link.springer.com/chapter/10.1007/978-3-031-42448-9_10
8. https://aclanthology.org/2024.findings-naacl.288/

5.4. UnTepHeT-pecypchl, B TOM YHCJIe COBPpeMeHHbIe MPo(ecCHOHAIbHBIE 0a3bl
JAHHBIX ¥ HHPOPMAIIMOHHBIE CIPABOYHbIE CHCTEMBI
Onexmponno-oubnuomeynvle cucmemot (I5C):
1. DBC «FOPAWT» https://urait.ru/
2. DBC «YHUBEPCUTETCKA I BUBJIMOTEKA OHJIAMH» http://www.biblioclub.ru/
3. DBC «BOOK.ru» https://www.book.ru
4. B3BC «ZNANIUM.COM» www.znanium.com
5. OBC «JIAHb» https://e.lanbook.com
IIpogheccuonanvnvie 6azvl OanHHbIX
1. Scopus http://www.scopus.com/
2. ScienceDirect https://www.sciencedirect.com/
3. XKypnanst m3natenncta Wiley https://onlinelibrary.wiley.com/
4,
5.

Hayunas snekrponnas oubnuorexa (HOb) http://www.elibrary.ru/
[TonHOTEKCTOBBIE ApXUBBI BEAYIIUX 3aIllaJHBIX HAy4YHBIX )KypHaIOB Ha Poccuiickoi
mnatdopme HayuHbIx )xypHaioB HOWUKOH http://archive.neicon.ru
6. HamuonanpHast dJeKTpoHHas  OMOMMOTEKa (IOCTYN K DJIEKTPOHHOW  OmOIMoTeKe
nmucceptanuii Poccuiickoit rocynapersennoit oubmuorexu (PI'b) https://rusneb.ru/
7. Ilpesunentckas oubnmorexa um. b.H. Enpriuna https://www.prlib.ru/
8.  baza mannbix CSD KemOpumkckoro nenTpa kpucrauiorpadpudeckux nanabix (CCDC)
https://www.ccdc.cam.ac.uk/structures/
9. Springer Journals: https://link.springer.com/
10.  Springer Journals Archive: https:/link.springer.com/
11.  Nature Journals: https://www.nature.com/
12.  Springer Nature Protocols and Methods:
https://experiments.springernature.com/sources/springer-protocols
13.  Springer Materials: http://materials.springer.com/
14.  Nano Database: https://nano.nature.com/
15.  Springer eBooks (i.e. 2020 eBook collections): https://link.springer.com/
16. "Jlexktopuym TB" http://www.lektorium.tv/
17. VauBepcutetrckas nHpopmanronHas cucrema POCCUS http://uisrussia.msu.ru

Becnaamnvie obpasosamenvhvle pecypcol
1. Jupyter Notebook — nHTepakTHBHBIC BHIYHUCIICHUS
2. Visual Studio Code — pegakrop koma ¢ momaepxkoii Python
3. Google Scholar/arXiv — goctym K Hay4HBIM Ty OJIMKALIAAM

Pecypcvl c60600H020 0ocmyna

OdunmansHas gokymenrtanus o TensorFlow https://www.tensorflow.org/?hl=ru

OdurnansHas gokymenrarus mo pyTorch https://docs.pytorch.org/docs/stable/index.html

KubepJlenunka http://cyberleninka.ru/;

AMepuKaHCKasi maTeHTHast 0a3a JaHHbBIX hitp://www.uspto.gov/patft/

MuHMCTEPCTBO HAayKH U BhIciIero oOpa3oBanus Poccuiickoit denepannn
https://www.minobrnauki.gov.ru/;

6. denepanpHblil mopTan "Poccuiickoe oOpazoBanue” http://www.edu.ru/;

7. MudopmanuonHas cucrema "EnuHoe okHO JocTyma K 00pazoBaTenbHbIM pecypcam”
http://window.edu.ru/;

8. Enunas komnexuus undpoBeIX 00pa3zoBaTeabHBIX pecypcoB http://school-collection.edu.ru/ .
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9. Ilpoext I'ocyrapcTBEHHOrO HHCTUTYTa pycckoro si3bika uMeHu A.C. ITymknna
"O6pa3oBanue Ha pycckom" https://pushkininstitute.ru/;

10. CmpaBouHo-uH(popManMoOHHbIH opTan "Pycckuii a3s1k" http:/gramota.ru/;

11. Cnyx0a TeMaTH4eCKUX TOJKOBBIX cJIOBapei http://www.glossary.ru/;

12. Cnoapu u sHIMKIONEUU http://dic.academic.ru/;

13. OGpa3oBarenbHblii opran "Yueda" http://www.ucheba.com/;

14. 3axonompoekt "O0 obpa3zoBanuu B Poccuiickoii @enepaunn". Bonpocs! u orBeTHI hittp://xn--
273--84d1f.xn--plai/voprosy_i_otvety

Cobcmeennvie d1eKmpoHHbie 00pazosamenvHule U UHopmayuonuvle pecypcol Kyol'y

=

OnexTpoHHBIN Katanor Hayunoii 6ubnuorexu KyO6I'Y http://megapro.kubsu.ru/MegaPro/Web

2. DnekTpoHHas O6ubnuoreka TpyaoB yueHbix Kyol'yY
http://megapro.kubsu.ru/MegaPro/UserEntry? Action=ToDb&idb=6

Cpena MoyibHOTO AMHAMUYECKOTO 00y4ueHus http://moodle.kubsu.ru

baza yueOHBIX M1aHOB, y4eOHO-METOAMUECKUX KOMIUIEKCOB, MyOIHMKaIiil U KoHdepeHIHi
http://infoneeds.kubsu.ru/

5. bubnuoreka nHGOPMALMOHHBIX PECypcoB Kadenpbl HH(POPMALMOHHBIX 00pa30BaTEIbHBIX
TexHoaoru http://mschool.kubsu.ru;

6. OnexTpoHHBINH apxuB qokymeHToB KyOI'Y http://docspace.kubsu.ru/

7. DnexkTpoHHBIE 00pa3oBaTeNbHBIE pecypchl Kadeapsl HHPOPMAIIMOHHBIX CHCTEM U TEXHOJIOTHI
B oOpasoBanun KyOI'Y wu mnayuno-meroamueckoro sxypHana "IIIKOJIBHBIE TOJIbI"
http://icdau.kubsu.ru/

w

s

6. Meroanueckue YKa3aHUsl QA OOyYAWIIMXCH IO OCBOCHHMIO

AMCUMIIVIMHBI (MOIYJIS1)

[Mo mucrumnune «MeTtoasl 00ydeHus: C MOAKPEIUIEHHEM» MPEAYCMOTPEHO IPOBEICHHE
JIEKIMOHHBIX 3aHATHH, HA KOTOPBIX NAETCsl CUCTEMaTHU3MPOBAHHOE MPEJCTABICHHE O METO/ax
oOyueHusi ¢ MOJAKpEIUIeHHEeM, UX Kilaccupukaluu U TpeHAax. B xoxe nexkuuil CTyIEHTHI
3HAKOMSTCS C OCHOBHBIMU KOHUENIUSMH U MeToAaMH OOydeHuss C MOJKpEIUIEHHEM
(Reinforcement Learning, RL). OcHOBHOE BHHUMaHHWE YICNISICTCS TOHUMAHWIO TPUHIUIIOB
B3aMMOJICHCTBUSl areHTa C OKpY»Karouleil cpenoil, (popMUPOBaHUS ONTUMAIbHONW MOJUTHKU
MOBEJICHUA, a TaKXKe METOJIOB, MO3BOJSIONINX HAXOIUTh 3G (EKTUBHBIEC CTPATErUH ACHCTBUI B
JUHAMHYECKUX CUTyanusx. M3ydarorcs kinaccuyeckue alropuTtMbl 00yUeHUs ¢ MOJIKPEIUICHUEM,
takue kak Q-Learning, SARSA, a taxkxe nux moaudukaruu u paciumperasie Bepcuu (DQN, A2C,
A3C, TRPO, PPO). Ocoboec BHUMaHKE YICIACTCS CICAYIOMIMM BaKHBIM BOIIPOCAM: Pa3IMUHIM
mexay greedy-, e-greedy- u softmax-monuTHKaMu, BO3MOXKHOCTSAM MPSAMOrO OOyUYCHHsS 10
MOBEJICHNI0 JKcrepToB (imitation learning) w oOpaTHON WHIYKIUM TOJUTHKH (inverse
reinforcement learning), ocobGeHHOCTSIM pabOTBI ¢ HECTAl[HOHAPHBIMH K YaCTHYHO
HaOmoJaeMbIMU  cpeiaMu. JIeMOHCTpUPYIOTCS akTyajbHble MHpuiiokeHus RL B pa3iauuHbIX
obmactax, Bkimrouas urposbie cpeabl (AlphaGo, Atari games), aBTOHOMHBIE TpPaHCIOPTHBIE
CUCTEMBbI, POOOTOTEXHHUKY U yIPABICHHE SKOHOMUYECKUMU CUCTEMAMHU.

JlaGopaTopHble 3aHATHS HAMpaBICHbl HAa Pa3BUTHE MPAKTUYECKHX HABBIKOB Pa0OTHI C
COBpEMEHHBIMH HHCTpyMeHTamMu U MojensmMud RL. CryaeHThl BBINOJHSAIOT —TMPOEKTHI,
BKJTIOUAIONIUE CO3IaHNE COOCTBEHHBIX areHToB 715 00ydenus B cpene OpenAl Gym, npuMmeHeHue
nonyssapHbIXx anroputMoB (DQN, A2C, PPO) nng 3amay, CBS3aHHBIX C UTPaMM, YIpaBICHHUEM
TPAHCIIOPTHBIMU CpEJCTBaMU W paboToil ¢ poboToTexHUKOH. [loMHMO 3TOro, OCBamBarOTCs
TEXHUKU 00pabOTKHM CUTHAJIOB U JAHHBIX JUISA 33/1a4 CUHTE3a TeKCTa U paclo3HABaHUS PEUH.

CamocTosiTenbHas paboTa mpeanoiaraeT u3yueHue JOMOJTHUTEIbHON TUTEPATyPhl, CTaTel
U IOKyMEHTaluu OMOINOTEK, YTOOBI IIy0ke pa3o0paThCcs B TEOPUSAX U HOBEHIIHNX MpakTukax RL.
Cpenu 00s3aTeNbHBIX HABBIKOB — YMEHHE NOAOUpaTh MNoaxoasmuid amroput™ RL  ams
KOHKPETHOM 3a/1a4¥, MIOHUMATh HIOAHCHI MX HACTPONKHU U 00yUeHHs, a TAK)KEe HHTEPIPETUPOBATH
PEe3yNbTaThl U BEIOUPATH MOAXOAAIINE KPUTEPUU OIIEHKH KadecTBa pabOThl MOETEH.
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Baxueiimmii atamn 00y4eHHss — CaMOCTOSITEIbHAS POCKTHAsI paboTa, B paMKax KOTOPO
CTYAEHTBI CAMOCTOATEIBHO KOHCTPYHPYIOT CUCTEMY Ha OCHOBE BhIOpaHHBIX MeToauK RL. Takue
IIPOEKTHI MOT'YT BKJIFOYATh, HAIIPUMEP, IIOCTPOECHUE UHTEIUIEKTYaIbHOI'O areHTa JUlsl HaCTOJIbHON
UTPBI, pa3pabOTKy aBTOMUIOTHPYEMBIX CUCTEM JUIsl aBTOMOOMIIEH M POOOTOB, MPOSKTUPOBAHHE
cucTeM (PMHAHCOBOTO aHAIM3a WM MOJICPKKHU MPUHATHS PELICHUH. JTOT BUJ JEATEILHOCTH
[I03BOJISIET HHTETPUPOBATh U3YUEHHYIO TEOPHUIO U IPUOOPECTH YBEPEHHbIE HABBIKU ITPAKTUUECKON
peayinzanuy pereHuil B o0actu 00ydeHus ¢ IOJKPEIIIEHUEM.

JUis  CTYyIEeHTOB C OrpPaHUYEHHBIMH BO3MOYKHOCTSMM 3[0POBBSl IPETYyCMOTPEHBI
WHIUBUAyalbHbIE KOHCYJIbTAlMM U aJalTHUpOBaHHbIE MaTepuanbl. lIpenonaBarens momoraer
ocBamBaTh WHTEpQeich B3aumoeicTBus ¢ MU, 00BsICHSIET KIIFOUEBBIC MOHSTHS B JAOCTYITHON
dopme, TmpemocTaBIseT HMHCTPYKIMH C  albTepHATUBHBIM  (opmatupoBanuem. [lpu
HEOOXOIMMOCTH HCIONIB3YIOTCS TOJIOCOBBIE HMHTEp(EHCH, YBEIMYEHHBIH MacmTald SKpaHa,
COIIPOBOYKJIEHHE MPHU BBINOJHEHUM 3aJaHui. MHAMBUAYyanbHbINA MOAX0] oOecrieunBaeT paBHbIE
YCIIOBHUS y4acTHsl B 00pa30BaTeIbHOM MpoLiecce U JOCTHKEHUS 3aIUIAaHUPOBAHHBIX PE3YJIbTAaTOB
oOy4eHus.

Keiicsl ITAO «COepbank»

1. MyabTHUMOJAIbHBIN ACCHCTEHT IS 0AaHKOBCKHUX OT/IeJIeHUH

Onucanme: @usnueckue otneneHus COepOaHka  BHEAPSIIOT ~ MHTEPAKTUBHBIX
KOHCYJIbTaHTOB. IIpenmonaraercs co3manne MynbTUMOJanbHOro MMHM-accucreHTa, KOTOPBIM
BOCIIPUHMMAET peYb U BHU3yaJlbHO OPHEHTHUPYETCS B MPOCTPAHCTBE (pacro3HAET KIMEHTa,
JOKYMEHTBI, 0aHKOMATBHI), a TAK)KEe OTBEYAET I'OJIOCOM.

Heab: Paszpaborate 0a30BbI  NPOTOTUN, HMUTHUPYIOIUH  (QYHKIHMOHAIHLHOCTH
MTOMOIITHMKA: OTBETHI Ha TUIIOBBIE 3aIIPOCHI, BU3YyalbHbIE MOJICKA3KH, HABUTALIMS 10 OTAETICHUIO.

O:xunaemplii pesyabtar: MHTepakTuBHAsE Mojenb, 00BEAUHSIOMIAs TOJIOCOBOW BBOJ,
3putenbHOe Bocnpusatue (Hampumep, QR-kox macmopTa), TEKCTOBBI BBIBOJ U JKECTOBYIO
peaKLuIo.

2. AHaJu3 noBeleHHs MOJIb30BaTeN el B AkocucTeMe HudppoBoro pyoJisi

Onucanue: COepOaHK y4aCTBYET B MUJIOTHBIX IMPOEKTaX MO BHEAPECHUIO IU(GPOBOTO
pyOmns. MHTepec mpencTaBisieT MccleA0BaHUE MOJIb30BATEIbCKUX MATTEPHOB: KaK M3MEHSIOTCS
MOJIeTIM TOTpeOJIeHHs, CKOPOCTH OIepanui, YPOBEHb [OBEpHUs, CPaBHEHHE C KIIACCHUYECKUM
Oe3HaJIoM.

Heas: [locTponuTs MOJIENbs aHAM3a MOBEACHUS KIMEHTOB, YYaCTBYIOIUX B TPAH3aKIUAX
¢ HU(POBLIM pyOIeM: YaCTOTa, CPEIHHI YeK, KOHTEKCTHI.

Oxunaemplii  pesyabtar: OTuér u ML-moxmens, kimaccudumupyromas THITBI
I0JIb30BaTeNECil M BBISABIAIONIAS KIIOUEBBIE PA3Nuus B MPEANOYTCHUSIX U Oapbepax 1u(poBoii
BAJTFOTBHI.

3. OnTumMu3anusi KPeJUTHOIO0 CKOPHHIA ¢ MCHOJIb30BaHHEM OOy4YeHHUSI C
NOJAKpenJieHueM

Onucanne: CoepbaHK aKTUBHO Pa3BUBACT KPEIUTHBIC IPOAYKTHI U CTPEMUTCS YIYUIIUTh
MIPOLIECC OLIEHKHU KPEAUTOCIIOCOOHOCTH KIIMEHTOB. 3a/1aua — pa3paboTaTh MOJIENb, KOTopas OyneT
aHAJIM3UPOBATh HMIMPOKUIN CIEKTP JaHHBIX ((PUHAHCOBBIE MOKA3aTeNd, MMOBEJACHYECKUE TaHHbIE,
COLIMaJIbHBIEC CEeTH U T.J.) AJsl O0Jee TOUHOM OIEHKU pHCKa.

Heab: Co3nmath MoJenb, KOTOpash CMOXET MpeAcKa3blBaTh BEPOSTHOCTH JedonTa C
BBICOKOM TOYHOCTBIO, UCIIONb3YS PA3INUYHbIC TUIIbI TAHHBIX.

O:xupaemblii pesyabtar: HelipoHHast ceTb, crocoOHas oOpabaThiBaTh pa3HOPOIHBIE
JIAHHBIE U BBIJABaTh TOYHBIE IPOTHO3bI [0 KPEAUTOCIOCOOHOCTH KIMEHTOB.

4. TIlporHo3upoBaHMe OTTOKAa KJIMEHTOB ¢ HCIOJb30BaHMeM OO0y4YeHHS] €
NOJAKPeIIeHUueM

Onucanne: COepOaHK CTpEMHUTCS MUHUMHM3UPOBATh OTTOK KJIMEHTOB, Ipesiaras UM
NEePCOHAIM3UPOBAHHbIE YCIYTW U MPOAYKTHL. 3ajgada — pa3paboTaTb MOJEIb, KOoTopas Oyler
IIPE/ICKa3bIBATh BEPOSTHOCTh yXOJa KIMEHTA HAa OCHOBE €ro TMOBEACHMS M HCTOpUHU
B3aMMO/ICHCTBHS ¢ OAHKOM.



Heas: Co3nath MoJenb, KOTOPasi CMOXKET MPEACKa3bIBaTh OTTOK KIMEHTOB 32 HECKOJIBKO
MecsIeB 10 (PaKTHYECKOTO YX0/1a, YTO MO3BOJIUT OAHKY MPEANPUHATH MPEBEHTUBHBIC MEPBIL.

O:xuaeMplii pe3yabTar: Mojens, cCriocoOHast aHATU3UPOBATh BPEMEHHBIC PSIIbI JAHHBIX
Y TIPEJICKa3bIBATh OTTOK KJIUEHTOB C BHICOKOH TOYHOCTHIO.

5. OnTumMu3anus padoTbl 4aT-00Ta C UCNOJIL30BAHUEM 00YUYEHUS C MOAKPeIIeHneM

Onucanue: CoepOaHK UCIOB3YET YaT-00THI /17151 0OCITYKUBaHUs KJIMEHTOB U 00pabOTKU
3ampocoB. 3ajada — pa3paboTaTh MOJeNb, KOTOpas OyJeT ONTUMHU3UpPOBATh padOTy 4ar-00Ta,
yIIydIlas ero CocOOHOCTh MTOHUMATh 3aIIPOCHI KIIMEHTOB U JaBaTh TOYHBIC OTBETHI.

Heab: Co3ngare Monenb, KOTOpash CMOXKET 00ydyaTbCsi Ha OCHOBE OOpaTHOM CBS3H OT
KITMEHTOB H yJIYYIIIaTh CBOU OTBETHI C TCUCHHEM BPEMCHH.

O:xupaemblii pe3yabTar: Yar-060T, ciocoOHBIN AaBaTh Oojiee TOYHBIC U PEICBAHTHBIC
OTBETHI, YTO MOBBICUT yIOBJICTBOPCHHOCTH KIIMCHTOB.

6. OnTuMH3aIHsA MAapHIPYTOB [OCTABKHM ¢ HMCHOJb30BAHHEM OOy4YeHHS C
NOJAKperieHueM

Onucanme: COepOaHK NPENOCTaBISET YCIYIM IO JOCTaBKE JOKYMEHTOB M JPYIHX
MaTepuasioB. 3amadya — pa3paboTaTh MOJENb, KOTOpas OyJIeT ONTHMH3UPOBATH MapIIPYTHI
JOCTaBKH, YYUTHIBAas Pa3IMYHBbIC (PAKTOPHI, TAKWE KaK BPEMs, PACCTOSIHHEC W 3arpyEHHOCTh
JIOpOT.

Heab: Co3gate Mojenb, KOTOpas CMOXET HAXOIWTh ONTHMAJIbHBIC MapIIPYThI JUIS
JOCTaBKH, YTO COKPATUT BPEMS H 3aTpPaThl Ha JIOTUCTHKY.

Oxungaemplii  pesyabtar: Cuctema, CrnocoOHass aBTOMATHYECKH ONTHMH3UPOBATh
MapIIpyTHl IOCTABKH, YTO IMOBBICHT Y3(PPEKTUBHOCTH JIOTUCTUKH.

7. OnTuMu3zanus padoThl KOMJI-IEHTPA ¢ HCHOJb30BAHHEM OO0y4YeHHHA C
NoJAKperieHueM

Onucanue: CoepObaHK MMEET OOTBIION KOJUI-IIEHTP, KOTOPBIM 00pabaThiBaeT MHOXKECTBO
3BOHKOB OT KJIMEHTOB. 3a7ada — pa3paboTaTh MOJIEb, KOTOpas OyJeT ONTUMHU3HPOBATh PaboTy
KOJUI-IIEHTpa, YJIy4lllas pacnpe/esieHue 3BOHKOB U COKpalllas BpeMs OKUIaHUSI KIIMEHTOB.

Heab: Co3gate Mojenb, KOTOpas CMOXKET 00ydaThCcsi Ha OCHOBE JIaHHBIX O 3BOHKAax U
yIIy4IlaTh pacrpeaeseHre 3BOHKOB MKy OllepaTopamHu.

O:xunaemplii pedyabrar: Cuctema, criocoOHass ONTUMHU3UPOBATh PabOTy KOJUI-IIEHTPA,
YTO MOBBICUT YJIOBJIETBOPEHHOCTH KJIIMEHTOB M CHU3UT Harpy3Ky Ha OIepaTopoB.

Keiicol ot <ABAJIAB»
1. MyabTHUMOJAJbHBIN areHT AJs aHAJM3a CTPOUTEIbHBIX IJIOIIA/I0K
Onucanue: OOO «ABA JIAb» pa3pabarbiBaeT cucTeMy JUisi MOHHTOPHHTA
CTPOUTENbHBIX 00BbEeKTOB. Tpelyercs co3maTh NPOTOTUN MysbTUMoAanbHoro WMH-arenra,
CIIOCOOHOTO aHAJU3UPOBATh HW300PKEHMUsI CO CTpOMIIIOmMAnku (BHIeo/(oTo), a Takke
MIPUHUMAThH TOJOCOBBIE M TEKCTOBBIE 3aMPOCHI (HAIIPUMED, KIIPOBEPh MOHTAX MEPEKPHITHS HA 5
ATaXKEY).
Heab: OO0beAMHUTH BO3MOXXHOCTH KOMIIBIOTEPHOTO 3peHusi (pacro3HaBaHHE CTaJuu
CTpOMUTENbCTBA, TeXHUKH, HapymeHuit) u HJIII (monumanue 3anpocos, oT4€TOB).
O:xunaemMplil pe3yabrar: VHTEpaKTUBHBIN areHT, KOTOPBIM Ha 3ampoc CrenuaIncTa
MO>KET MOKa3aTh HYXKHBINA y4acTOK, IPOKOMMEHTHUPOBATH MPOTpecc, 3aPUKCUPOBATH HAPYILICHUSI.
2. Mojgeib NPOrHO3MPOBAHHMS CPOKOB ¢/Aa4M O0OBEKTOB HA OCHOBE TEKCTOBBIX M
BU3YaJIbHBIX JaHHBIX
Onucanme: JleBenonepckass KOMIIAHUS BEAET AHATUTHUYECKUH apXWB IO CpPOKaM
crpoutenbeTBa. C HOMOIIBI0 MYJIbTUMOIAIBHBIX MOJIENIeH (TEKCTOBbIE OTUETHI + (HOTO CTPOUKH)
MO’KHO ITPOTHO3UPOBATh BEPOSTHOCTh OTKJIIOHEHHUS OT rpaduka caaym.
Heasn: Pa3paboTate MOJeh, KOTOPast O TEKYyILIEMY cTaTycy oobekTa (hoto, oTuér CMP)
OLICHUBAET PUCKH 3aJEPIKEK.



O:xupnaemplil pe3yabTat: [IpoToTHI, KOTOPBIN T0OKA3bIBAET BEPOSITHOCTh OTKJIOHEHUH U
Na€T TEKCTOBBIE MOSCHEHUS (OCHOBAHHBIE HA PACIO3HAHHBIX IPU3HAKAX — «HE 3aBEPLUEHBI
(dacamHbie pabOThD», KMOHTAXK UHKCHEPUU HE HAYAT).

3. Ontumu3auus padorsl ¢ kiauentamu B CRM-cucreme

Onucanme: ABa JlaG  pazpabarbiBaer  CRM-cucremy  uii  ynpaBieHUs
B3aMMOOTHOIIEHUSAMH C KJIMEHTaMHU. 3agada — pa3paboTaTh Mojzedb, KoTopas Oyaer
ONTUMU3UPOBATH padOTy C KIIMEHTAMH, YJIydlllasi UX ONbIT U YAOBIECTBOPEHHOCTb.

Heanb: Co3nate MoaeNb, KOTOpas CMOXKET 00y4aTbCs Ha OCHOBE JIAaHHBIX O MOBEICHUU
knueHToB B CRM-cucreMe u yimydniaTh UX B3aUMOJIEHCTBUE C KOMIIAHUEH.

O:xugaemslii pe3yiabtat: Cucrema, CriocoOHasi ONTUMHU3UPOBATH PaOOTy C KIMEHTAMH B
CRM-cucreme, 4TO MOBBICUT UX YAOBJICTBOPEHHOCTH U JIOSUIBHOCTb.

4. OnTuMu3anus IIAHUPOBAHMS CTPOUTEJILHBIX POEKTOB

Onucanue: CtpoutenpHas KOMIIAHUS CTAIKUBAETCS ¢ HEOOXOAUMOCTBIO A3(PPEKTUBHOTO
IUTAHUPOBAHUS CTPOUTEIBHBIX MPOEKTOB, YUUTHIBasi MHOXKECTBO (DaKTOPOB, TaKUX KakK CPOKH,
pecypcbl u Owmker. 3amada — pas3paboTarh MOAENb, KoTopas OylIeT ONTHUMH3UPOBATh
IJIAaHUPOBAHUE MPOEKTOB, YJIy4lllas UX BHINOJIHEHNE U COKpallasl 3aTpaThl.

Heanb: Co3nate MOJENb, KOTOPas CMOXKET 00y4aThCsl Ha OCHOBE JAHHBIX O MPEAbIIYIINX
MPOEKTax M yJIy4lllaTh IUIAHWPOBAHHUE OYyLIUX ITPOEKTOB.

O:xupaemsplii  pesdyabrar: Cucrema, CcHocoOHas ONTUMHU3HUPOBATh IUIAHWPOBAHUE
CTPOMUTENbHBIX TPOEKTOB, UTO MOBBICUT 3((HEKTUBHOCTh PaOOThI KOMITAHUU U CHU3UT 3aTPaThl.

5. OnTuMu3anms ynpasJjieHUsl pecypcaMu Ha CTpPoiiIuiomaake

Onucanme: CrpouTenbHas KOMIAHUS  YIpaBlISeT MHOXECTBOM PECYpPCOB  Ha
CTpoOMIUIONIaIKe, BKIIIOYAas MaTepuaibl, 00OpyJoBaHHE U NEepcoHall. 3agadya — pa3padoTarh
MOjiefib, KOTOpas Oy/leT ONTUMHU3UPOBAThH YIIPaBJI€HUE pecypcaMu, yiIydlllas UX UCIOJIb30BaHNE
U COKpalasi IpoCTOH.

Heasn: Co3nate MOJENb, KOTOpas CMOXKET 00y4aTbCsi HA OCHOBE JIAHHBIX O pecypcax U
yJIydlIaTh UX PACHpeeIeHUE U UCII0JIb30BaHME.

O:xunaemplii pe3yibrar: CucreMa, CliocoOHasi ONTUMU3UPOBATH YIIPABIICHUE pecypcamMmu
Ha CTPOMIUIONIAKE, YTO MOBBICUT 3 (PEKTUBHOCTh PAOOTHI KOMITAHUM U CHU3MT 3aTPaThl.

6. OnTumMu3anus padoThl ¢ KJIMEHTAMH B CHCTeMe YIIPaBJIeHHUs IPOeKTaAMHU

Onmucanne: CrpouTenbHasi KOMIIAHUS UCIOIB3YET CUCTEMY YIPABJICHUS POEKTaMH AJIs
KOOpJAMHAIMK pab0Thl KOMaH/Ibl U BBIIIOJHEHUA 3aa4. 3ajaya — pa3paboTaTh MOJENb, KOTOpast
OyzeT ONTUMHU3UPOBaTh paboTy C KIMEHTaMHU B CUCTEME YNPaBJICHUS MPOEKTaMU, yiydllas UX
OIIBIT U YJIOBJIETBOPEHHOCTb.

Heasn: Co3nate Mojenb, KOTOpasi CMOXKET 00y4aThCsi Ha OCHOBE JAHHBIX O IOBEJECHUU
KJIMEHTOB B CUCTEME YNpaBJICHUS IPOEKTaMU U yIydllaTh UX B3aUMOJAEHCTBUE C KOMITAHUEH.

Osxupaemblii pesyabtat: Cucrema, CiocoOHas ONITUMU3UPOBATh PaObOTy ¢ KJIMEHTaMH B
cHCTEME YIPaBICHUS IPOEKTAMHU, YTO HOBBICUT UX YJIOBIETBOPEHHOCTD U JIOSJIBHOCTb.

7. IlepeyeHb HHGPOPMANHMOHHBIX TEXHOJOIHH, HCIOJb3yeMbIX IIPH
OCylIeCTBJIEHUH 00PAa30BATEIBLHOIO MPOLEcca MO JUCHUIINHE (MOIYJII0)

7.1 llepevyeHb HHPOPMALMOHHO-KOMMYHMKANMOHHBIX T€XHOJIOT M

1. O6naunble TIATHOPMBI U CEPBUCHI

Google Colab — ob6maunas cpena s BeimoaHeHust Koaa Ha Python ¢ GPU/TPU
cloud.ru,YandexCloud, AWS/GCP/Azure— o0naynble BEIYUCIIEHUS

Kaggle — matdopma it paboThl ¢ JaTaceTaMu B COpEeBHOBaHHiA 110 ML
Hugging Face Spaces — passepteiBanne CV-Moerneit B BUIe 1eMO

2. CucteMsbl ynpaBJIeHHs BEPCUSAMH U KOJTabopanuu
Git/GitHub/GitLab — xoHTponbs Bepcuii Koia 1 COBMECTHas pa3paboTka
Notion/Trello — opranu3zanus npoeKTHOH NEATEILHOCTH



3. UucTpyMeHTHI AJis pabOTHI C TaHHBIMH
DVC (Data Version Control) — ynpaBneHue BepcusiMu JaHHBIX
Apache Spark — 06paboTka 0OJIBIIMX TEKCTOBBIX KOPITYCOB

4. Cucrema ympaBieHHUs 00y4CHHEM
Moodle — caaya pabdot

7.2 TlepeyeHb JHMIIEH3MOHHOTO0 W CBOOOJHO PACHPOCTPAHSEMOr0 INPOrPAMMHOIO
ob0ecneyeHust

1. Jlunenzuonnoe I10

VSCode — IDE ans Python (cBoGomHOpacnpocTpansemMoe)

LibreOffice— opopmaenne otyeToB (cBOOOIHOPACTIPOCTPAHSIEMOE)

2. Coboanoe I1O (Open Source)
Hugging Face Optimum — onTuMu3aiius 1 pa3BEPThIBAHUE MOJICIICH

Cpenst s RL:
PyTorch-RL/TF-agents/ OpenAi Gym — o0y4eHue ¢ moAKpeIruieHueM
WHCTpyMEHTHI U1 BU3YyaIU3alUu:

Streamlit/Gradio — co3ganue Be6-uHTEpdEHCOB I MOIeIEiH
Matplotlib/Seaborn — rpaduku u ananmu3 gaHHBIX

CVB/I:

SQL.ite/PostgreSQL — xpaHeHHe CTPYKTYpHUPOBAHHBIX JaHHBIX
FAISS/ANNOY — BeKTOPHBII MTOUCK

8. MarepuajbHO-TeXHUYECKOe oOecnevyeHne o JUCUMIInHe (MO1yJ10)

Bupryanensie Mammabl U pecypesl GPU B o0niake mpenoctaBisieTcsi HHAYCTPUATBHBIM
naptHepoM [TAO «CoepOank»:

Koi-Bo En.

No [Iponyxr [TapameTpbl MpoayKTa Kosn-Bo xombETypama  mM.

1 Bupryanenas Bupryanenas mammza 10%

wammma  VCPU 2 vCPU 4 RAM L 00 Hir
OC Ubuntu 22.04 1 It
CucreMusblit guck SSD 1 It
10 I'6
Apenna my6nuuHoro IP 1 T
BupryasbHas Bupryanpnas mammza ¢ GPU
2 Mamna ¢ GPU NVIDIA® Tesla® V100 2 GPU 1 1 116,
8 vCPU 128 I'b RAM
OC Ubuntu_24.04 1 It

CucreMusblii auck SSD 1 JRNGy



4

2000 o
Huck SSD 1 T
4096 o
Huck SSD 1 T
4096 I'o
Apenna myonmanoro IP 1 116,
K8S Master node 8 vCPU 16 RAM 1 1 It
Worker node 10% nosst 4 vCPU 5 101
32 RAM .
Worker node SSD-NVME 64 I'o
Apenna myomuusaoro [P 1 116,
ML Inference
Instance Type Bpewms paGoTsl B MecsiI] 40 1 |
GPU
Hucranc § x NVIDIA® H100
NVLink PCle 160 vCPU 1520 1 T
GB RAM
Konunuectso 3anpocos k ML- 1 Mun.
MOJIEIISIM JRNGy
Ko ML-mopeneit 160 I'o
. Mun.
LLM Tokensr GigaChat 2 Max 50 It
. MiH.
Tokensr Embeddings 400 T

JlononHUTENbHBIE O0IaYHBIE PECYPCHI IPEJOCTABISIOTCS TEXHOJIOTMUECKUM apTHepoM Y andex

Cloud.
No Bt pabor HaunMeHoBaHHe y4eOHOMN ayIUTOPHUH, €€ OCHAIIICHHOCTD
000pYyIOBaHUEM M TEXHHYCCKHUMH CPEJICTBAMH O0YUYCHUS
1. JleKImoHHEbIE 3aHATHS Aynuropus, YKOMILJICKTOBaHHAs CHCIMATM3UPOBAHHOM
MeOEeJIbI0 U TEXHHYECKUMU CPEJICTBAMHU O0yUYCHUS
2. JlaGopaTopHbIe 3aHATHS | AYJIUTOPHUS, YKOMILJICKTOBaHHAs CHCIMATM3UPOBAHHOM
MeOEIbI0 M TEXHHYCCKMMH  CPEICTBAMU  OOydYCHUS,
KOMIIBIOTEPAMH, IIPOCKTOPOM, IIPOrPaMMHBIM 00eCIICUeHUEM
3. [IpakTuyeckue 3aHATUS | AyITUTOpHS, YKOMIUIEKTOBaHHAs CICIMATM3UPOBAHHOM
MeOENbI0 U TEXHUYECKUMU CPEIICTBAMH O0yUYCHHSI
4, I'pymnmoBsie AymaTopus, YKOMIUIEKTOBaHHAs CICIMATM3UPOBAHHOM
(MHIMBHTyalIbHBIC) MeOENnpl0 M TEXHHYECKUMH  CpeICTBaMu  OOydeHus,
KOHCYJIbTaI[U! KOMIIBIOTEPAMHM, TPOrPAMMHBIM 00€CIICUCHUEM
5. Tekymmii  KOHTpOJb, | Ayauropus, YKOMIUIEKTOBaHHAs CICIMATM3UPOBAHHOM
MIPOMEXYTOYHAS MeOeNnpl0 M TeXHHYECKUMH  CpeICTBaMU  OOydeHus,
aTTecTalus KOMIBIOTEPAMH, TPOTPAMMHBIM O0eCTIeYeHUEM
6. CaMocrosTenbHas Kabuner st caMocTOsTENbHONW pabOThI, OCHAIICHHBIN
pabota KOMIBIOTEPHONH TEXHHKOW C BO3MOXHOCTHIO TOJKIIOUEHUS K

cetn «MHTEpHET», NPOrpaMMoOll HSKPaHHOI'O YBEIWYEHUS U
00€CTIeYeHHBIH JOCTYNIOM B 3JEKTPOHHYI HH(OpMAIMOHHO-
00pa3oBaTeNbHYIO Cpely YHUBEPCUTETA.

[Ipumeuanune: Konkperusanus ayqutopuil ¥ ux ocHamenue onpeaensercs OIIOIL.




