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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Pabouas mporpamma AucHHMIUIMHBEL (MOAY/s) «PoOoToTexHHKa U (DU3UYECKOe MAITUHHOE
oOydeHue» cocTaBjleHa B COOTBETCTBUU C (hefiepaibHbIM rOCyAapCTBEHHBIM 00pa30BaTEIbHBIM
CTaH/JIapTOM BBICIIETO OOpa3oBanms — OakanmaBpuar mo HampasieHuto 02.03.01 «Maremaruka u
KOMIIBIOTEpPHBIE HAayKu», mpoduns «MaTemaruka U KOMIBIOTEPHBIE HAYKW», YTBEP)KICHHBIN
nprka3oM MHHHCTEpCTBa HayKu U BbIciiero oOpasoBanusi Poccuiickoit @enepaunu Ne 807 ot
23.08.2017 rona.

N3yuenne aucuuiuimabl (Monyisi) «PoboTorexHuka u (pu3ndeckoe MalIMHHOE 00y4YEeHHEe»
dbopMupyeT KIIIOYEBBIE KOMIIETEHLUUH Ui pa3pabOTKU aBTOHOMHBIX CHCTEM, CIHOCOOHBIX
BOCIIPHHUMATh Cpeay, NMPUHUMATh PEHICHUS M BBIIOJIHATH CIOXKHBIE (PU3MUECKUE 3a/1auH.
[TosryueHHble 3HAHUS U HABBIKU MO3BOJISIIOT 3PPEKTUBHO UHTETPUPOBATH COBPEMEHHBIE METObI
UCKYCCTBEHHOTO WHTEJUIEKTA B pealibHble POOOTOTEXHUYECKHE IIAT(POPMBI, YTO KPUTHYECKU
BaYXHO U1 Pa3BUTUS UHAYCTPUH, JIOTUCTUKH, MEAUIIMHBI U aBTOHOMHOI'O TPAHCIIOPTA.

MecTo AMCHMILIMHBI (MOAYJIs1) B CTPYKTYpe 00pa30BaTe/IbHOM NPOrpaMMbl

Hacrosias nucuumnianHa (Moayiib) BKIOYEHA B Y4EOHBIH IJ1aH 110 POrpaMMe MOArOTOBKU
OakanmaBpuata no HampasieHuo 02.03.01 «MaremaTnka U KOMIIBIOTEPHBIE HAYKH», MPOQPHITH
«MareMaTuka 1 KOMIBIOTEPHbBIE HAYKU» U BXOJUT B BApUATUBHYIO YacTh bioka 1 popmupyemyro
Y4aCTHUKaMH 06pa30BaTCJII)HI)IX OTHOIIIEHUH KaK JUCHUIIIIMHA I10 BI)I60py.

Juctunnuna (Moayib) usydaercs Ha 3 wiu 4 kypce B 7 wiu 8 cemectpe Ha BeiOop. JlocTynHa
K M3YYCHHIO T[IOCIE YCIEHIHOTO OCBOCHHMS AUCHUIUIMH  (Momaynei): «OOydeHue ¢
noJIKpervieHneM», «Teopus yrnpaBieHUs».

Heab wu3y4yeHMs IMCHMILUIMHBI (MOAY.JsA). chOPMHUPOBATh KOMIUIEKCHOE ITOHMMaHHE
APXUTEKTYphl POOOTOTEXHHUYECKUX CHCTEM U DPAa3BUTh INPAKTHUYECKUE HABBIKM HWHTETPAIUH
(GU3MUEeCKOro MOJEIUPOBAHUS, BOCIPHATHSA, IJAHUPOBAHUS W MALIMHHOTO OOYYeHMs MJIs
CO3/aHUSI aBBTOHOMHBIX POOOTOB.

3agaum n3y4eHus AUCHUILIMHBI (MOYJIs1):

— U3YYUThb AapXUTEKTypy pOOOTOTEXHHMUECKMX CHCTEM, MAaTEeMaTHYeCKHe MOJENN
KWHEMAaTHKH U TMHAMHUKY, a TaKKe MPUHLUIBI pa00Thl CEHCOPOB M aKTyaTOPOB;

— OCBOMTb METO/IbI BOCIIPUSATHS U OLIEHKH COCTOSTHMS, BKITIOYasi CJI9M, GUIIBTPHI KaIMaHa U
COBPEMEHHBIE TIOAX0/Ibl KOMIIBIOTEPHOTO 3PEHUS JUIS JIOKAJIM3AUHU U KapTorpa@upOBaHHUS;

— HAYYHTHCSI MPUMEHATh KIACCHYECKHE M COMIUTMPOBAHHBIC aJTOPUTMBI TUIAHUPOBAHHUSI
MYTH U TPAEKTOPHIA C yU€TOM (PU3NYECKUX OrpaHUYEeHU poboTa;

— H3Y4YUTb CTPATETMU YIpPaBICHHUS, a Takke (popMann3M oOydeHUs C MOJAKPEIICHUEM U
apXUTEKTYpHI II1yOoKoro 1l;

— OCBOWTH METO/BI TIEPEHOCa MOJIENICH C CHMYJSIMKA Ha pealbHble POOOTHI, BKIIOYAs
PaHIOMM3ALIMIO IOMEHA U MCIOJIb30BaHUE (PYH/IaMEHTAIbHBIX MOZIEIeH B KOHTYpaX yIpaBICHUS.

B pe3ysabrate ocBOeHHSsI AMCHUILIUHBI (MOYJIs1) 00YUYAIOIIMIICH J0JIZKeH::

3Hamy:

— apXUTEKTYpy POOOTOTEXHMYECKHX CHUCTEM, MaTeMaTHYeCKHe MOJENN KUHEMaTHKU U
TMHAMUKH, TIPUHIIAITEL PA0OTHI CEHCOPOB M aKTYaTOPOB;

— METOJBI BOCHPHUATHUS M OLIEHKU COCTOSHUS: slam, QUIBTPHI KaJMaHa, COBPEMEHHBIC
MOJIX0/1b1 KOMIIBIOTEPHOTO 3peHUs 1J1s1 pOOOTOB;

— KJACCMYECKHME€ W OCHOBAHHbIE Ha BBIOOpPKE (COMIUIUPOBAHHMM)  aJTOPUTMBI
TUTAHUPOBAHMS ITYTH U TPAEKTOPUH;

— 0OasoBble cTpareruu ynpasieHus (pid, computed torque, mpc);

— ¢dopmanmu3m oOydeHuss ¢ moakperuienuem (mdp, q learning, policy gradient) u
apxXuTeKTyphl riyodokoro rl (sac, a3c);
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— CyTb IIpO0OJIEMBI TIEpEHOCA ¢ CUMYIISAIIMN Ha PealbHBI poOOT (Sim to real) U OCHOBHEBIE
crocoObl e€ pemenus (papgomusanus nomeHa (domain randomization), HAECHTH(PUKAIUS
CHUCTEMBI).

ymembp:

— MOJeNIHUPOBaTh poOoTa B (DPU3MUECKOM CHMYJISATOPE, PelIaTh MPSMYI0O U OOpaTHYIO
KMHEMAaTUKY, 3a/1aBaTh JUHAMHYECKUE CIICHBL;

— CTpOWUTHb KOHBEHep BOCHPUATHUS C HCIOJIb30BaHMEM rgb Kamep W JUAAPOB,
peaTr30BBIBATh JOKAIU3AIMIO U KapTorpagupoBaHue;

— MPOrpaMMHPOBATH AITOPUTMBI TUTAHUPOBAHUS MyTH (a*, rrt) U TpaekTopuil ¢ yuéTom
OTpaHUYCHUMH;

— o00yYaTh MOJUTHKH TIIyOOKOro oOydyeHusi ¢ mnoakperuieHuem (deep rl) mis 3amau
pPOOOTOTEXHUYECKOTO YIPaBICHUS B CHMYJATOpaxX, HPUMEHITh MNPUEMBI YCKOPEHHS U
cTabMIM3anuu 00yJIeHUS;

— TMepeHOCUTh OO0y4YeHHbIE MOJUTUKH C CHUMYJSIUM Ha peajbHOoe O0O0pyIOBaHUE,
UCTIONB3YS TEXHUKHU PAaHIOMH3AIIAN JIOMEHA;

— WCMOJB30BaTh COBPEMEHHBIN CTEK WHCTPYMEHTOB: pytorch/tensorflow, stable
baselines3, gym/mujoco, ros/ros2;

— TPOEKTUPOBATH U IEMOHCTPUPOBATH CKBO3HBIE CHCTEMBI «BOCIPHUSATHE — ITTAHUPOBAHHE
— JIeiCTBHE» C AIIEMEHTAMU MAIIMHHOTO O0y4YEeHHUS.

enademu:

— HaBbIKaMH palbOTBI B 10S/r0s2: MyOJIMKAIMS/TIONNUCKA HAa TONHMKH, padorta c tf,
UHTETpaIs CECHCOPOB U KOHTPOJLIEPOB;

— HHCTpyMEHTapueM (GU3NYECKUX CHUMYISITOPOB (mujoco, isaac gym, gazebo) s
00y4eHHUs U OTJIAa/IKHU aJITOPUTMOB;

— TEXHUKAMHU peaju3alyy U HACTPOUKH (TIOHUHIA) aJTOPUTMOB IIIyOOKOro oOyudeHus C
MOJIKpEeIUICHUEM C HCToiIb30BaHueM pytorch u stable baselines3;

— MeToAuKaMu cOopa W pa3METKU JEMOHCTPAIMOHHBIX JAaHHBIX IS UMUTAI[MOHHOTO
00y4eHus;

— mnpuéMaMu aHaiM3a paspbiBa (sim to real 3a30pa) ¥ IPaKTUUECKUMHU NMPOTOKOJIIAMHU €T0
COKpAIIICHUS;

— OIIBITOM MHTErpalMu MpenoOydeHHbIX (yHAaMeHTanbHbIX Mojenel (foundation
mozeneit: vl mozeneii, llm) B KoHTypHI yripaBiieHUs: poOOTOM.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyembie B pe3ylbTaTe OCBOSHHS IUCHUILIMHBI (MOIYJsS) IpH
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHON PabOThI 00yUYarOIIUXCA .

Komnerenuus

Conep:xkanue KOMIEeTEHIIUH

Nuauxkarop
KOMIIETeHIIN U

IlepeyeHpb MIAHMPYEMBIX
pe3yJbTaTOB 00y4eHus Mo
JucHMIIMHE (MOTYJIIO)

YK-1.

Crioco0eH oCyIIeCTBIIATh
MIOUCK, KPUTHYECKHI aHATH3 U
cHHTe3 HH(pOopMaITuHy,
MPUMEHSITh CHCTEMHBIH
TIOJTXOJT JIJISl pEeIICHHUS
MOCTABJICHHBIX 33124

YK-1.1.

3HaEeT METO/IbI MOMCKA U aHAJIN3a
nH(popMaIuu B 001aCTH pa3padOTKH,
OCHOBHBI€ TTPUHIIUIIEI KPUTHYECKOH
OIICHKH MCTOYHUKOB MH()OPMAIIUU U
WX PEJIEBAaHTHOCTH.

YK-1.2.

YMeeT KpUTHYECKN OLICHUBATH
WUCTOYHUKHU HH(OpMALINHU U
CHUHTE3UpPOBATh JIaHHBIE U3
Pa3IMYHBIX NICTOYHUKOB IS
pelIeHns 3aad, IpUMEHSTh
CHUCTEMHBIH MOAX0] K aHATIN3y U
PELICHHUIO KOMIIIEKCHBIX PO0JIeM

YK-1.3.

NmeeT npakTudeckuii ombIT paboThI
C COBPEMEHHBIMU MHCTPYMEHTaMH H
TEXHOJIOTHSIMU /17151 00pabOTKH
nHpopMaIuu, GOpMyINPOBAHUH H
CTPYKTYPUPOBAaHHH 3a/1a4 Ha OCHOBE
noJy4eHHoH nH(opMamu

YK-2.

CriocobeH onpeaensiTe Kpyr
3a/1a4 B paMKax MNOCTaBJIECHHOU
LENI 1 BEIOUPATh
ONITUMAJIbHBIE CIOCOOBI MX
peLIeHUs, HCXOAS U3
JEHCTBYIONINX MPaBOBBIX
HOPM, UMEIOLIUXCSI PECYPCOB
Y OrpaHUYECHHI

YK-2.1.

3HaeT NeUCTBYIONINE TPABOBHIC
HOPMBI, PETYITHPYIOIINE
JIEATSIILHOCTD B 00J1aCTU PELICHHUS
3a7a4, OCHOBHBIE METO/LI M TIOIXOIbI
K OMPEJICIICHHIO KpyTa 33134

YK-2.2.

YMeeT onpenensaTs Kpyr 3a1a4 B
pamMKax IMoCTaBJIEHHOM 1INy,
BBIOMPATH ONTUMAITBHBIE CIIOCOOBI
pelIeHns 3a1a4, YU ThIBast
MMEIOIINECS PECYPCHI U
OTpaHHYEHU

YK-2.3.

Nwmeer mpakTuyecKuid OnbIT
MIPUMEHEHUS 3HAHWUI O TPaBOBBIX
HOpMax U pecypcax B pealbHbIX
CUTYyalusxX, pa3paboTKu U
peanu3anuu perieHnii B
COOTBETCTBHUH C YCTAHOBJICHHBIMU
OTpaHUYCHUSIMU

OIIK-1.

Cnoco0eH HaXOIUTh,
(GopMyIHMpoBaTh U permarb
aKTyaJibHbIC ¥ 3HAYUMBbIC
MPOOIJIEMBI TPUKIATHON U
KOMITBIOTEPHON MaTeMaTUKH

OIIK-1.1.

3HaeT OCHOBHBIE METOIbI U IOAXOABI
K PEIICHUIO 3a/1a4 MPUKIATHON U
KOMHLIOTepHOfI MaTC€MaTHKH,
BKJTFOYast alTOPUTMEI,
MaTeMaTHYECKOe MOJICTTUPOBAHKE U
TeOpI/IIO OIITUMU3AIINH, a TaKKEC
COBpeMeHHLIe I/IHCprMeHTBI nu
TEXHOJIOTHH, UCITOJIB3yEeMbIC B 3TOMN
obiact

OIIK-1.2.

YMeer aHanu3upoBaTh U
(dhopMyIUpOBaTh MaTEMaTHUECKUE
3aJ1a4M, IPUMEHSATh

DNEeKTPOHHBIA JOKYMEHT




COOTBETCTBYIOIIUE METOJIBI U
ANTOPUTMBI JIJISI UX PEUICHUS, a
TaK)Ke UHTePIPETUPOBATH U
MPEJICTABIATh PE3YJIbTATHI B
MTOHSITHOM M AOCTYIHOH hopme

OIIK-1.3. Nmeet mpakTHYECKUH OTBIT PabOTHI
HaJl IPOEKTaMH WIH
UCCIIEIOBAaHUSAME B 001aCTH
MPUKJIAHON U KOMIIBIOTEPHOU
MaTEMAaTHKH, BKJIIOYas ydacTHe B
KOHKYpCax, OMMMITHAAaX WIN
HAyYHBIX MMyOJTUKAIUIX, T1e ObUH
peLIeHBI aKTyalbHbIC U 3HAYNMBbIC
3a1auu
[K-1. Criocoben popmynrpoBath IK-1.1. 3HaeT METOBI ¥ MOAXOIBI K
3a7a4M C MaTeMaTHYECKOM (bopMyIHpOBaHUIO 3a7a, a TAKKE
TOYHOCTBIO, 00OCHOBEHIBATH OCHOBHBIE MTPUHIIUTIBI
YTBEPKICHUS CTPOTO H MaTeMaTHYEeCKOT0 JI0Ka3aTesIbCTBA U
aHAIN3UPOBATH MOJTYYCHHBIE aHaJIM3a Pe3yIbTaToB.
pe3ynbTaThl B 001aCTH [K-1.2. ‘YMeeT KOppPEeKTHO CTaBUTh U
MaTeMaTHKH U (opMynupoBaTh MaTeMaTHYECKHE
KOMITBIOTEPHBIX HaYK 3aJauu, IPUMEHSTh CTPOTHE METOJIBI
JIOKa3aTeIbCTBA ¥ AaHATM3UPOBATH
HOJTyYSHHBIC PE3YJIBTATHI.
IK-1.3. Hmeer ombIT paboThI ¢ 331a4aMU B
001acTH MaTeMaTHKH U
KOMITBIOTEPHBIX HAayK, BKITIOYAsI
MPUMEHEHUE MaTeMaTHUECKIX
METOOB JIJIsl PELICHUS
PaKTHYECKUX 3a/1a4
[K-2. CriocoOeH pemath THIIOBbIE I1K-2.1. 3HaeT OCHOBBI HH)OPMALIMOHHON U
3a71a4¥ MpoeCcCUOHATBHON oubnuorpaduveckon KyabTypsbl, a
JeSITeIbHOCTH B 00JIaCTH TaKXe MPUHIUITB HHPOPMAITHOHHOH
pa3pabOTKH, ONHpPasch HA 0€30MacHOCTH U TPUMEHEHUS
WHQOPMAITMOHHYIO 1 UHPOPMAITMOHHO-
oubrorpaduIecKyro KOMMYHHUKAIIMOHHBIX TEXHOJIOTUN B
KyJIbTYpPY, UCTIONIB3Ys npodeccHOHANIBHOM AeSTeIbHOCTH
MH()OPMAIIIOHHO- [K-2.2. Ymeer 3¢ (heKTUBHO HCIIONB30BAThH
KOMMYHHKAIIMOHHBIC UHPOPMAIMOHHO-
TEXHOJIOTHH U YUUTHIBAS KOMMYHHKAIIMOHHBIE TEXHOJIOTUH
OCHOBHBIE TPEOOBAHUS JUISL pEILICHUsI CTaHAaPTHBIX 3a1a4
UHQOPMAaITMOHHOH npodecCHOHAILHON IeATEHHOCTH,
Oe3omacHocTH YUUTBIBas TPeOOBaHUSI
nHGOPMAITMOHHON 0€301MacCHOCTH
[K-2.3. NmeeT onbIT paboThI €

WHPOPMAITMOHHBIMH PECypcaMu 1
TEXHOJIOTHSIMH B 001acTH
pa3paboTKH, BKIIOYask COOI0AEHUE
HOPM MH(POPMAITMOHHON
Oe3onacHocTH
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3. Temaruueckuii njiax

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YaChl
n Ounas gpopma
AyaurtopHas
HaumeHnoBanue padora
pa3jaena IMCHUIIHHBI T}( M
= (Tekymuii KOHTPOJIb
(MoayJin) = 2 K CamocTosiTeIbHAs cleBaeMocTH)

§ § OHTPOJIb paGora y

= 5}
@)

1 Bsenenmne B 6 26 JlomarrHee 3amanne
POOOTOTEXHUKY H KonTect
¢dusnueckoe
MOJICIINPOBAHHE

2 Bocnpusarue u orienka 8 8 34 JlomamHee 3amaHue
COCTOSIHUS B KonTtect
pOOOTOTEXHUKE

3 [InaaupoBanue 6 6 26 JlomamHee 3amaHue
IBIDKECHUS U Konrect
yIpaBJICHUE

4 OOyueHue ¢ 10 10 42 JlomamHee 3aaHue
MOJIKPETIICHUEM TSt KonTtect
¢duznueckux poboToB
3auém c oyenkoii 2 [IpoekT

Hmozo: 30 30 2 128
O6vem oucyuniunst (M00ys) 190
(6 ak. u.)
Obvem Ooucyunaunvt (Mooyns) 5
(6 3au. ed.)
4. CopepxxaHue TUCHUILIMHBI (MOTYJI5)
Neni/m HaumenoBanue paziesa Coaep:xanue TUCHUILIMHBI (MOAYJIS) IO TeMaM
AUCHUIIMHBI (MOYJIs1)
1 BBenenue B poOOTOTEXHUKY U ApxuTeKkTypa pPOOOTOTEXHHUECKUX CHCTEM: CEHCOPBI, AaKTyaTOopBHl,

¢du3ngeckoe MOJETMPOBaHUE

BBIUUCIHUTENbHbIE  matdopmbl.  CremeHu  cBoOOabI,  pabouee
MPOCTPAHCTBO, KIIIOYEBBIE TPUMEPHI COBPEMEHHBIX POOOTOB.

Ilpsmass u oOparHas KuWHEMaTHKa: TpexacTasieHue JleHaBuTa—
XapreHbepra, TeOMETpUIECKUE METOIbI, SKOOUAH MaHUITYJISTOPA.
Jnnamuka pob6otoB: ypaBuenus Jlarpamka u HproTona—Diinepa.
OcHOBBI (Qu3HUYecKOro MojaenupoBaHusi B cumyinstopax (MuJoCo,
PyBullet). UnenTudukarius napameTpoB AUHAMHYECKON CUCTEMBI

BOCHpI/IHTI/Ie " OII€HKA COCTOSAHUA
B pOOOTOTEXHHUKE

CencopHoe BocmpusTue: Kamepsl, Jumapsl, RGB-D ceHcopsl.
KamubpoBka, cuHxpoHmsanus. bas3oBple omepanuun  00pabOTKH
n300paKeHUH U BhIJENICHHE TIPU3HAKOB.

Jloxamuzammss u  kaprorpadupoBanme (SLAM): EKF-SLAM,
FastSLAM, SLAM, ocHoBaHHbI# Ha rpadax. Busyansueiii SLAM.
Onenka cocrostHus: ¢wisTp Kanmana (JMHEHHBIH, paclIMpPEeHHBIN).
BaiiecoBckue GUIBTPHI U1 OTCIICKUBAHUS OOBEKTOB.

KommbproTreproe 3peHue st poOOTOB: JETEKIMS W CETMEHTAITUS
oobekToB (YOLO, Mask R-CNN), omenka 6D-1mo3bl, 31eMEHTHI
3D-peKoHCTpYKIMU
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[TnanupoBanue ABMKEHUS H
yIpaBJeHHe

[TnanupoBanue myTu: anropuTMsl Ha rpadax (A*, Jeiikctpa), RRT,
PRM. Vuér npensTcTBUA U KHHEMATUYECKUX OTPaHUYEHUM.
[InanupoBaHue TPaeKTOPHH: CIUTAWHBI, ONTUMH3ALUOHHBIC TOIXO/BI
(CHOMP, TrajOpt). Yuér quHaMUYECKUX OTPaHUYCHUN.

Yupasnenue JIBIDKCHUEM PID-perynaropst. Beenenue B
MOJIeTHHO-TIpOTHO3UpYIoIIee ynpasieHue (MPC) mis MaHnAITyIaTOpOB
1 MOOWJIBHBIX MIaThOopM

OO0Oy4eHHe ¢ TOIKPEIUICHUEM IS
(br3uIecKuX poOOTOB

I'my6okoe RL B HempepbIBHBIX mpocTpancTBax: DQN, AKTOp-KpUTHK
(A3C, SAC). OcobeHHOCTH TPHMEHEHHS B pPOOOTOTEXHHYECKHX
3a/1avax.

O6yuenne B cumyssinuu: cpenbl OpenAl Gym, MuJoCo, Isaac Gym.
[NapamnensHOE 00yUYeHHE, aCHHXPOHHOE B3aHUMO/ICHCTBHE.

[Ipobiiema mepeHOCa CHMYINANWW B PEANBbHBI MHP: CTOXACTHYECKOEe
BapbUpOBaHWe mnpenMerHoW oOmactu  (domain  randomization),
ajanTanus THpeaMeTHoi obnactu (domain adaptation), pacmumpenue
MAaHHBIX  (ayrMeHTanws). VIHBapWMaHTHbIE  IPEACTaBICHHA U
UACHTU(DUKALIUSA CUMYJIISTOPA.

bezonacnoe RL u oOyuenme Ha peanbHOM poOOTE: OTpaHUYCHUS,
METOJIbI, OCHOBaHHBIE Ha MOJISIIH MUPa
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJIHO
pPacHpoCTPaHsIEMOro IMPOTPAMMHOTO O0ECHEeYeHHs, BKJIIOYAs MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJIEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

Ocnosnas numepamypa:

1. NBanos, A. A. OCHOBBI POOOTOTEXHUKH : ydeOHOe rmocodue / A.A. IBaHOB. — 2-¢ m31.,
ucnp. — Mocksa : UTHOPA-M, 2026. — 223 ¢. — (Cpennee npodeccruoHaabHoe 00pa3oBaHuE).
- ISBN 978-5-16-014622-5. - Tekcr : 3JICKTPOHHBIH. - URL:
https://znanium.ru/catalog/product/2213291.

2. Kucene, M. M. PobGoTtoTexHrKka B mpuMepax W 3amadax : ydeOHoe mocoowe / M. M.
Kucenes. - 2-e u3z., ucnpasnensoe. - Mocksa : COJIOH-ITPECC, 2022. - 132 c. - ISBN 978-5-
91359-326-9. - Tekcrt : anekTponHbIit. - URL: https://znanium.ru/catalog/product/2185099.

Jlononnumensnasn ntumepamypa:

1. MexaTtponuka u poOoToTeXHHUKA : yueOHoe nmocodue / U. A. HecmusiHos, A. I'. FIBaHoB,
A. C. Marsees, H. C. BopobbeBa. - Bonrorpan : ®T'50Y BO Bonrorpaackuii rocyaapcTBeHHBbIH
arpapHblil yauBepcuteT, 2024. - 88 c. - ISBN 978-5-4479-0475-3. - Tekct : anekrponsnsIil. - URL:
https://znanium.ru/catalog/product/2228672.

6. MartepuajbHO-TeXHHYECKOe o0ecrevyeHne

VYHuBepcuTeT pacrnojaraeT MaTepualbHO-TEXHUYECKOM 0a30i, COOTBETCTBYIOLIEH
JIeMCTBYIOIMM MTPOTUBOIIOKAPHBIM MPaBUJIaM U HOPMaM U 00ecleurBaroeil MpoBeieHHe BCexX
BUJIOB JIUCHUUIUIMHAPDHOW W MEXIUCUUIUIMHAPHOW IOATOTOBKH, HPAKTHUYECKOH M HAy4HO-
UCCIIEI0BATEIbCKON PaboT 00yJaromuXxcs, NPeayCMOTPEHHBIX YU€OHbBIM IIJIaHOM.

[TomenieHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [T IPOBEACHUS 3aHATHI
JEKIIMOHHOTO THUMA, 3aHATUH CEeMMHAapCKOro (IpakTUYeCKOro) THIA, TPYNIOBBIX U
VHAUBUAYaAJIbHBIX KOHCYJIbTALIMN, TEKYIIIETO KOHTPOJISI U MPOMEKYTOYHOM aTTECTalllH, a TaKkKe
MOMEIIEHUS Il CAMOCTOATENBbHOM pabOThl U MOMEIIEHUS I XpaHEHUs U MPO(UIAKTUYECKOTO
obcimyxuBaHusl yueOHOTO 000pynoBaHus. [ToMereHns: yKOMIUIEKTOBaHbI CIICIUMAT3UPOBAHHON
MeOenbl0 U TEXHUYECKHMMHU CPEICTBAMHM OOyUYEHHMsI, CIyXKAIlUMH Ui MpeACTaBIeHUs yueOHOH
uH(popMaluu 00JbILION ayIUTOPUH.

N3yuenne qUCUUIUIMHBI (MOAYIA) o0ecTieunBaeTcsl B y4eOHBIX ayIUTOPHSIX, OCHAIICHHBIX:

— CTOJIaMH U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOU;

— MEXaHWYECKUMHU KaJIbKYJIATOpaMH;

—  CHENHMAIU3UPOBaHHBIM 000pYyI0BaHUEM, BKIIIOYAs IEMOHCTPAIIMOHHOE 000pYI0BaHHE.

[TomMerieHus 17151 CaMOCTOATENBHOM pabOTh 00yUYaIOIIUXCs, B TOM YHCIIE TPUCIIOCOOICHHbIE
JUISL MCTIONBb30BaHMsS MHBAJUIAMH M JIMLIAMU C OTPAHUYEHHBIMU BO3MOXXHOCTSMH 3J0POBBS,
OCHAILIEHBI KOMIIBIOTEPHON TEXHUKOM C BO3MOXHOCTBIO MOAKIIOYEHHs K ceTu «MHTepHeT» M
oOecriedeHHEeM  JIOCTyNa B JJEKTPOHHYIO  HH(OPMAalMOHHO-00pa30BaTEeNIbHYI0  Cpeay
YHuBepcurera.
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OO0yyarmumMcsl TPeaoCTaBIsSeTCs JOCTyn (B TOM 4HCIE YAAJICHHBIH) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHCIIe 3JICKTPOHHBIM OHOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM MpPOGECCHOHAIBHBIM 0a3am

JAHHBIX 1 UH(OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HaumeHoBaHue nopraiia CcbLika
(u3naHus, Kypca, 10KyMEHTAa)
1. | Hayunas snextponHas 6ubmuoreka elibrary.ru https://elibrary.ru/defaultx.asp
onbnmoTeka
2. | ba3za mannbix s | T-crienuanvcTos https://habr.com
3. | ba3a nanneix ScienceDirect https://www.sciencedirect.com
4. | OdunmansHbii cailT MUHUCTEPCTBA HAYKU https://minobrnauki.gov.ru/
BEICIIIEro oOpazoBanus Poccutickoit ®eaeparuu
5. | ®enepanbhbiii mopran «Poccuiickoe odbpasosanue” | https://www.edu.ru/
6. | Uudopmarmonnas cuctema "Equnoe okno qoctyma | http://window.edu.ru/
K 00pa3oBaTenbHBIM pecypcam”
7. | EnunHas xomekims nudpoBsix obpasoBatenbubix | http://school-collection.edu.ru/
pecypcoB
8. | ®enepanbHblii IEHTP HHPOPMAITHOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB
[lepeuenr WHDOPMAIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPH  OCYIIECTBICHHH
00pa30BaTeNbHOTO MpoIiecca Mo JUCIUILIMHE (MOIYIIIO0), B TOM YHCIIEe KOMIUIEKT JTUIIEH3MOHHOTO
MPOrPaMMHOTO  OOCCIICYCHHS, COBPEMEHHBIE TpPO(ecCHOHANbHBIC 0a3bl  JaHHBIX U
MH(OPMaIMOHHBIE CIIPABOYHBIE CHUCTEMBI:
HaunmenoBanue I1O IIpousBoacTBoO JluneH3nonHoe / cBOOOIHO
pacnpocTpaHsieMoe
OnepanuoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapy6exmnoe | muuensmonHoe
bpaysepsbl:
Slupexc.bpaysep OTEUYECTBEHHOE | CBOOOJHO PacIpoCTpaHsIeMoe
Google Chrome 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Od¢ucHble NpUIOKEHHUS
Microsoft Imagine (Visio, OneNote) 3apy0exHoe JIUIEH3HOHHOE
TeXstudio 3apy0exHoe cBOOOJTHO PACIPOCTPAHSIEMOE
Adobe Acrobat Reader 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
IIporpammHoe o0ecneyeHne Uisl IVIAHUPOBAHHUSI M YYeTa BPeMEHH:
Toggle app | 3apyOexHoe | CcBOOOIHO pacIpocTpaHsieMoe
CucreMbl ynpapJjieHHsI TPOEKTAMM:
Microsoft Imagine (Project) | sapyGexHoe | nuuensuonnoe
Cucrtembl ynpapjieHHs1 0a3aMHi JaHHBIX:
Microsoft Imagine (SQL Server) | sapy6exnoe | nurensnonnoe
Cucrtembl pesepBHOro konuposanus (backup):
Acronis Backup Advanced for HyperV | 3apy6exHoe | muuensnonHOe
CnpaBoYHO-NIPAaBOBBIE CHCTEMBI:
Koncynprantllimtoc: cipaBoyHO-TIpaBOBast OTEUECTBEHHOE | JIMIICH3UOHHOE
cucTeMa
CpeicTBa AHTHBUPYCHO#i 3aIUTHI:
Kaspersky Endpoint Security asst 6usneca OTEUECTBEHHOE | JIMIIEH3UOHHOE
Cranpmapraeiid Russian Edition
Cpeabl pa3padoTkm:
Visual Studio Code 3apy0exHoe CcBOOOJTHO PACIIPOCTPAHSIEMOE
Bash (Unix shell) 3apyOeKHOE CBOOOIHO PaCIPOCTPaHIEMOE

DNEeKTPOHHBIA JOKYMEHT



https://elibrary.ru/defaultx.asp
https://habr.com/
https://www.sciencedirect.com/
https://minobrnauki.gov.ru/
https://www.edu.ru/
http://window.edu.ru/
http://school-collection.edu.ru/
http://fcior.edu.ru/

Anaconda 3apyOexkHOE CBOOOHO pacIpoCTpaHsIeMOe
Robotic Operating System 3apy0exHOe CcBOOOJTHO PACIIPOCTPAHIEMOE
CopelliaSim 3apy0exKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
Google Colaboratory 3apy0exHOe CcBOOO/THO PACTIPOCTPAHSIEMOE
IlakeThbl MPOrpaMMHBIX CPeICTB M OHOJIHOTEK:

AutoPsy 3apyOexkHOE CBOOOIHO pacIpOCTpaHsIeMOe
Interactive Disassembler (IDA) 3apy0eIKHOE CBOOOJTHO PACIIPOCTPAHIEMOE
CucTteMbl ynpasjieHHs1 0ubanorpapudeckoii nugopMmanueii:

Zotero | 3apyOexKHOE | CBOOOHO pacIpOCTpaHsIeMOe
CepBHCHI B CITYKOBI:

Bind 3apy0eIKHOE CBOOOJTHO PACIIPOCTPAHIEMOE
Docker 3apyOeKHOE CBOOOJTHO pacIpoCTpaHsIeMoe

7. MeToanyecKue v OlleHOYHbIe MATEPHAJIbI
MeToauyeckne yKazaHus il 00y4alOUIUXCS 10 OCBOEHUIO TUCIHILIMHBI (MOYJIs1)

B npouecce nzyueHuss qucHUIIMHel (Moaymsi) «PoboroTexHuka u pu3nyecKoe MalIMHHOE
0o0ydyeHHe» B paMKax TEKYIIEro KOHTPOJS YCIEBAEMOCTH MCIIOIB3YIOTCA TaKWe BUABI Y4eOHOU
paboThl, KaK JEKIUU, CEMUHAPHI, TOMAIIHKE 33/1aHus, KOHTECTHI, IPOEKT, a TAKXKE pa3IHyuHbIe
BUJIbI CAMOCTOSTEIBFHOU pa0O0Thl 00yYaIOIIUXCsl TI0 3aJJaHHIO0 MTPETIoaBaTells, HallPaBJICHHBIC Ha
pa3BUTHE HaBBIKOB poQeCCHOHAIBHON JIEKCUKH, 3aKpEIUICHUE MPAKTUYECKHUX
npoecCHOHANBHBIX KOMIETEHIIUN, TOOIIPEHNUE MHULIUATHB.

Jlexyus — cHUCTEMAaTHYEeCKOe, IOCIEIOBATEIBHOE, MOHOJOTHYECKOE  H3JI0KEHUE
npernoiaBaTesieM yueOHOT0 MaTepuaia, Kak IMpaBuiio, TCOPETUYECKOTO XapaKTepa.

B mpomecce neknmii peKOMEHIYETCS BECTH KOHCHEKT JIEKIUH: KPAaTKO M CXEMaTHYHO
(UKCUPOBATh OCHOBHBIC HJCH, BBIBOJBI W OOOOIICHUS JICKIIMW; BBIICIATH BaXKHBIC MBICIIH,
KJIIOYEBBIE CJIOBa W TepMUHBL. HeoO0XOIMMO OTMETHUTH BONPOCHI WMJIM MaTepUaNbl, KOTOpBIC
BBI3BIBAIOT 3aTPYIHEHMs, U MOMBITATbCS HANTH OTBETHl B PEKOMEHJ0BaHHOW nuTeparype. Eciu
pa3o0parbcsi B Marepuaie He yaaercs, cieayeT chopMyIupoBaTh BOIMPOC W 3a1aTh €ro
IPENo/IaBaTeso Ha KOHCYJIbTAI[MH WM BO BpEMsI CEMUHAPCKOTO (IPAaKTUYECKOT0) 3aHATHSL.

Cemunap — 310 (hopma yueOHOM IesATeTbHOCTH, TPOBOAMMAs B Y4eOHOM 3aBEICHUM TI0]T
PYKOBOACTBOM TMpemNojaBaTess, TI/A€ CTYACHTbl AaKTUBHO YYacTBYIOT B OOCYXICHHSIX,
MPAKTUYECKUX 3aJJaHUsIX U APYrux (popmax B3aMMOAECHCTBHUS.

Jlns ycrenrHoi moAroTOBKA K CEMUHAPY PEKOMEHAYETCS 3apaHee 03HAKOMUTHCS C TeMOM
3aHATHA WU OCHOBHBIMU MaTCpUAJIaMHU, YTOOBI MMETH BO3MOYKHOCTH AKTHBHO y4aCTBOBAaTh B
oOcyxaeHuu. Takxke MOJNEe3HO MOATOTOBUTH BOIMPOCHI U HUJIEU ISl OOCYKIEHUS, YTO MOMOKET
rI1y0’Ke OHATh MaTepUal U MPOJIEMOHCTPUPOBATH 3aUHTEPECOBAHHOCTD.

Homawmnee 3a0anue — HabOp 3a7a4 IO TeMaM HeJleTH.

[Ipm pabore Haj JAOMANIHHMH 3aJaHUSMH BaKHO BHUMATEIIEHO O3HAKOMHTHCS C
TpeOOBaHUSIMU U CPOKaMU BBIMOIHEHHs. PekoMeHyeTcss pa30ouBaTh 3aaHUs Ha JTarbl, 9YTOObI
n30exkarh TEperpy3kd W JIydlle yCBOWUTh MarepHasl. VICIonp30BaTh pa3iMyHbIC HCTOYHHKHU
uH(pOopMaIH, BKII0Yas Y4eOHUKH U OHJIAH-PeCypChI, AJis OoJee rTyOOKOro MOHUMAHHS TEMBI.

Konmecm — wHTepakTuUBHas miaTdopMa C 3aJaHUSMHU PA3HOTO YPOBHS CIOKHOCTH H
ABTOMATHYECKON ITPOBEPKOM pe3yIbTaTOB.

KonTecT mo3BosiseT onepaTuBHO OIEHUBATh YCBOCHUE MaTepHalia M BHISBISATH MPOOEIHI B
3HAHUSAX dYepe3 TECThl M MpaKTUYeCKHWe 3aaadd. Takoil (opmaT CIocoOCTBYET pEryJsIpHON
CaMONPOBEPKE U MOBBIIIAET MOTUBALMIO K U3YYEHUIO JUCIUTIINHBL.

HpoeKm — HCCICA0BATCIILCKasa pa60Ta 10 JUCHUIIIIMHEC (MO,[[yJ'IIO) U TPpC3CHTAIUA
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PE3yJIbTATOB.

[l ycriemHoM MOATOTOBKH K IIPOEKTY PEKOMEHAYETCS: YETKO ONPEACIIUTD LIEIH U 3a1a4U
IIPOEKTA; COCTABUTH IUTaH PabOTHI, pa30MB MPOEKT Ha JTAIbl C YKa3aHUEM CPOKOB BBITIOJHEHUS
KaXJIOTO M3 HUX; UCIIOJIb30BaTh pa3HO0Opa3Hble HCTOUYHUKU MH(OPMAIIMA U UHCTPYMEHTHI JIJIs
HCCJICJIOBAHMSI TEMBI; PETYJISIPHO MPOBEPATH MPOTPECC U BHOCUTh KOPPEKTUBHI B TUIAH, €CJIH ATO
HEOOXO0INMO.

Camocmosmenvhas paboma — padoTa CTYIESHTOB, HaIpaBJICHHAs Ha YIIyOJICHHOE
W3YYCHHUE OTJICIBHBIX TEM U BOIIPOCOB YUYCOHON AUCIUILTUHBI (MOTYIs).

B nponiecce camocTosTenbHON pabOThI CTYJEHTHI B3aUMOICHCTBYIOT C pEKOMEHJOBAaHHBIMHU
MaTepuajiaMu TPy MUHUMAJIbLHOM yYaCTUU MPENoaaBaTesis. 3aauu CTyIeHTa BKIIOYAI0T padoTy
C KOHCITeKTaMHu JICKITuH (00paboTka TeKCTa), MOBTOPHOE M3yUEHUE YUeOHBIX MaTepHaJIOB TIAHOB
U TE3UCOB OTBETOB, U3YUCHHUE JIOMOJHUTEILHBIX TEM, BHIMIOTHCHHE yU4eOHO-UCCIIEIOBATEIbCKIX
3aJlaHUl U Ipyroe.

Cucrema OLlCHUBAHUSA PE3YyJbTATOB oﬁyqe}mﬂ o JTUCHUIIJINHE (MOI[y.TIlO)

Kpurtepun nosyyeHusi ypoBHsi M OLleHUBAaHUA CPOPMHUPOBAHHOCTH KOMIIETEHUMH 11O
aucuunianue (MoayJo) «Podororexnuka u pusnueckoe MalIMHHOE 00yYeHH e»

OueHuBaHue ypoBHSA Y4€OHBIX JOCTIXKEHUH, OOYYaroMIMXCs MO TUCIUIUIMHE (MOIYIIIO),
OCYILIECTBJISICTCS B BUJIE TEKYLIETO0 KOHTPOJISI YCIIEBAEMOCTH M TPOMEKYTOUHOM aTTECTAlMH.

IIpome:xyTouHasi arrecTamusi MO AUCUUIUIMHE (MOZIYJIO) OCYIIECTBIsSeTCS B (opme
3auéma ¢ OYeHKOoU, TPU STOM TIPOBOJUTCSA OICHKA KOMIICTCHIMH, C(HOPMHPOBAHHBIX IIO
JUCLHUILIINHE.

I[JISI OLCHUBAHWA TCKYWICIO KOHTPOJIA YCIICBACMOCTU H HpOMG)I(}ITO‘IHOﬁ arTeCramuu
HCIIOJIB3YCTCA )IGCSITI/I68.JIJ'IBH8.H [KaJIa OHCHHMBAHHA, KOTOpas COOTHOCHUTCA C TpaﬂHHHOHHOﬁ
OATHOAJILHOM KoM CJICAYIOIUM 06p2130M, €CJIM UHOC HC YKAa3aHO B cnnna6yce JUCLUITIJINHBI.

JecaTubannbuas IlaTudanabuas O0mas xapakTepuCTHKA pe3yJIbTaTa 00y4eHusl 1Mo
OILICHKA OIICHKA AUCHHILUINHE (MOYJIIO)
10 OTnnyHO CTyZIeHT NOJHOCTBIO BIAJEET 3HAHMUAMU, HU3JIOKEHHBIMH B
9 OTIUYHO paboueil nmporpamme, U IIIyOOKO OCMBICHSET IUCHUIUIMHY. OH
OTIMYHO CaMOCTOSITENIbHO U JIOTUYECKU I10CJIE0BATENbHO OTBEYAET Ha

BCE BOINPOCHI, AKLEHTHPYS BHUMaHHWE Ha Haubojiee BaKHOM.
YMeer aHaIM3MpOBaTh, CpPaBHUBATH, KIAcCU(PHUIMPOBATH,
0000maTh,  KOHKPETHU3UPOBAaTH M CHCTEMaTHU3HPOBATH
W3yYeHHBIH MaTepuall, BBIACTSS KIIOYEBBIE MOMEHTHl H
yCTaHaBNUBas  NPUYUHHO-CIEJICTBEHHBIE  CBs3U.  YeTko
(bopMynupyeT OTBETHI, YBEPEHHO UHTEPIIPETUPYET PE3YIbTAThI
AHAJIM30B U JIPYTUX UCCIIENOBAHUMN, a TAKKE PEILACT CIIOXKHBIE
3agaud. CTyJI€HT XOPOILIO 3HAKOM C METOAaMU MCCIIECAOBaHMUS,
HEOOXOIUMBIMH JUISI TPaKTHYECKOH IESITEIbHOCTH, U YMEET
CBA3BIBATh TEOPETHUYECKUE ACTIEKThl IUCIUIUINHBI (MOIYJIS) C
MPaKTUYECKUMHU 3aJa4uaMH.

XOpOH.IO CTy,Z[GHT 06J1azxaeT SHaHUAMU NOpeAMETa MOYTHU B IIOJHOM

6 Xopomo obbeMe pabodeil mporpaMMbl U CaMOCTOSITEIIBHO, JIOTHYECKH
MOCIIEIOBATEILHO U BCECTOPOHHE OTBEYAET Ha BCE BOIMPOCHI,
aKIIEHTUPYS BHUMAaHUE Ha HauboJiee 3HaYNMMbIX MOMeHTaX. OH
yMeeT aHAlM3UpOBaTh, CpPaBHUBATh, KIACCU(UIMPOBATH,
0000maTh, KOHKPETH3WPOBATH W  CHCTEMAaTH3UPOBATh
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decaTubannbuas Ilarudanasuas O0mas xapakTepuCTHKA pe3yJIbTaTa 00y4eHusl 1o
OLICHKA OLICHKA AUCUHUIJINHE (MOIYJIIO)

V3YYCHHBI MaTepuaj, BBIICTSAS €ro KIIYEBBIC ACIEKTHl U
yCTaHaBIUBAs PUIMHHO-CIIEICTBEHHBIE CBsI3U. DopmynupyeT
CBOM OTBETHl, YBEPECHHO HHTEPIPETUPYET PE3YyIbTAThI
aHAJN30B U JIPYTUX UCCIEIOBAHUMN, & TAKXKE PEIIACT CIOKHBIC
CUTyalMoHHbIE 3a1a4i. CTYACHT XOPOIIO 3HAKOM C METOJIaMHU
HCCIICIOBAHUS, HEOOXOIUMBIMU JUISE MIPaKTUYECKOM
JIEeSTEIbHOCTH, U YMEET CBI3BIBATh TEOPETUYECKHE ACIIEKTHI
MpeaAMETa ¢ MPAKTUYECKUMU 3a1a4aMHu.

5 Y noenetBoputensHo| CTyaeHT o0iagaeT 0a30BBIMU 3HAHHUSIMU 110 JUCIUTUIMHE

4 y,E[OBHeTBOpI/ITCHI)HO (MO,Z[y.TIIO), HO HCIBITBIBACT TPYAHOCTU ITPU CaMOCTOATECIIbHBIX
OTBETaX M MCIIOJB3YET HCTOYHBIC (l)OpMYJ'H/IPOBKI/I. B xonme
OTBETOB OH OOITYyCKAcT OIHI/I6KI/I, Kacaromuecs CyTUu BOIIPOCOB.
CTy,Z[CHT CII0CcOOcH peuraTte TOJBKO CaMBIC IIPOCTBIC 3a1a4r U
BJIaacecT JIMIIb MHHUMAJIbHBIM HaGOpOM METOO0B

UCCIICI0BAHUS.
3 He cnan CryneHT He OBNaIeN 00sM3aTeIbHBIM MUHUMYMOM 3HaHUH 110
He cnan IpeaMeTy U He MOXKET OTBETUTh Ha BONPOCHI, AAXE €CIIU

He caan MpenoaBaTenb  3aJaeT  JONOJHUTENIBHBIC  HABOSIIHE

BOIIPOCHIL.

Jucuummna (Moxyib) «PoOoTOTeXHHKA U (PU3UUECKOE MAIIMHHOE 00yUYEeHUE»
OLIEHUBAETCS CIEAYIOIIUM 00pa3oM:

AKTHBHOCTD Bec |KoanuecTBO Onucanue
Jomamnwue 3aganns | 40% 15 Habop 3amad o remam Heenu
Kontect 40% 15 WHTepakTUBHBIE 3a/IlaHUS PA3HOTO YPOBHS CIIOKHOCTH C

ABTOMATHYECKOH NPOBEPKOH PE3yJIbTATOB

3a4éT ¢ OLEHKOHU 20% 1 IIpoekr - UccnemoBarenbckas padoTa 10 AUCIUTUTHHE
(MOJTyITI0) U TIpe3eHTAIUs PE3YIBTATOB

®opmyJia pacyéra UTOrOBOI OLIEHKH MO AUCHUILIMHE (Moay.0) «PoGoToTrexHuka H
(pusuyeckoe MmamuHHOe o0yueHue»: «0,4 X cpennee 3a nomamraue 3aaanus + 0,4 X cpenHee 3a
koHTecT + 0,2 X 3a4éT C OLIEHKOMN».

Texkyumii KOHTPOJIb ycreBAeMOCTH 00y4aKOIIUXCs M0 JAUCHUIIIHHE (MOAYJII0)
IIpumepHbIe TOMaLIHAE 32aHUS
JlomamHee 3aganue 1.

1. OOGbsicHUTe, W3  KAaKUX  OCHOBHBIX  KOMIIOHEHTOB  COCTOMT  apXHMTEKTypa
POOOTOTEXHUYECKOM CUCTEMBI M KaK B3aUMOJEHCTBYIOT CEHCOPBI, AKTYaTOPbI U BEIUUCIUTENbHAS
iatdopma;

2. OmumuTe, 9TO Takoe CTENeHW CBOOOIBI M paboyee MPOCTPAHCTBO MAHHUITYISATOPA, U
NPUBEIUTE IPUMEPHI U1 IPOMBIIIJIEHHOTO po00Ta 1 MOOMIIBHOM M1aT(hOpMBI;

3. Peammzyiite nmpsiMyro KWHEMATUKY JUIS IBYX3BEHHOTO MaHUITYJIATOPA C UCIIOIb30BaHUEM
npezcrasieHus JlenaButa—XapreHOepra v BEIYUCIUTE MOJI0KEHHE KOHEUHOT0 3P PeKTopa;

4. Pemute 3amady oOpaTHON KMHEMAaTUKH ISl MPOCTOTO MAaHUMYJISATOpPa B JBYMEPHOMH
IUIOCKOCTH M OOBSICHUTE, ITIOUYEMY OHA MOXKET UMETh HECKOJIBKO PELICHMIA;
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5. Onuinute, Kak ypaBHeHHs Jlarpamka MPUMEHSFOTCS JJIsI MOJCIMPOBAHUS JTUHAMUKA
poboTa, U OOBSICHUTE POJIH OOOOIIEHHBIX KOOPUHAT U CHUII.

JlomamHee 3aganue 2.

1. Onummre npunmnel padots! aunapoB, RGB-kamep u RGB-D cencopos, a Takxe ux
IPEeUMYLIECTBA U OTPaHUYEHUS B 3a7ja4aX BOCIIPUSATHUSA;

2. O0bsicHHTE, 3a4eM HEOOXOoAMMa KaluOpOBKA H CHHXPOHH3AIUs CEHCOPOB B
POOOTOTEXHUYECKON CUCTEME U KaK OHA BJIMSAET HAa KaYeCTBO BOCIIPHUATHS;

3. Cpasuure moaxoasl EKF-SLAM wu rpag-6asupoBanHoro SLAM: B 4éM pa3HMLA B
CTPYKTYpe€ npezcTaBieHus U 3(pPpeKTHBHOCTH NPU MAaCIITaAOMPOBAHNY;

4. O6bsacuuTe, Kak paboraer pacumpeHHsli ¢uabTp Kanmana (EKF) mpu orenke
HIOJIOXKEHUS poOOTa B HEJIMHEHHOI cpene;

5. Omummre, kak amroputMel Bpoxe YOLO u Mask R-CNN wucnomns3yiorcs B
pPOOOTOTEXHUKE JUIsl NeTEKIMH U CErMEHTAllM OObEKTOB, U MPUBEAUTE IPUMEP UX IPUMEHEHUS
B 33/1a4e MaHUITYJIALINY.

JlomamHee 3aganue 3.

1. Peanusyiite anroputM A* Ha rpade, mpencTaBIAIONEM KapTy MOMEIICHHs, U HaliauTe
KpaTyalIiuii myTh OT HA4aJbHOM J0 LEJIEBON TOUKH C YUETOM MPENATCTBHIA;

2. Onummwre, kak anroput™ RRT cTpout gepeBo BO3MOKHBIX TPACKTOPHIA B IPOCTPAHCTBE
KOH(UTYpalMii ¥ KaK YYUTHIBAET KHHEMATHUECKHUE OTPaHUYEHUs poOOTa;

3. O0pscHuTe, B UéM 3aKIIOYaeTCd pa3HHUIA MEXKAy IUIAHUPOBAHWEM TYTH U
IUTAHUPOBAHUEM TPACKTOPHUH, U ITOUEMY BTOpOE TpeOyeT yuéTa TMHAMUYECKUX OIPaHUYCHU;

4. Peanu3yiiTe WM ONHIIUTE CXEMYy TE€HEPAllMM TPACKTOPUHU C TIOMOIIBI0 KYOMUYECKHX
CIUTaiHOB, 00ECTIEUNBAIOIINX HEMIPEPHIBHOCT CKOPOCTH U YCKOPEHUS;

5. Onumure, kak PID-perynstop ucnosb3yercs JUisl yIpaBiIeHUs JABH)KEHHEM po0oTa, U
00BICHUTE, KaK MOAOUPAOTC KOAPGUIIMESHTHI 1)1 CTA0OUILHON pabOTHI.

IIpumepHbIe 3a1aHUA 1JIs1 KOHTECTA
Konrecr 1.

1. Onpenenure KOIMYECTBO CTENEHEH CBOOONBI y IMPOMBIIIJIEHHOTO MaHHUMIYJISATOpa ¢
[IECThIO BpAIaTeNbHBIMH COSAMHEHUSAMHU U OOBSCHUTE, KaK ATO CBA3AHO C BO3MO>KHOCTHIO
MO3UIIMOHUPOBAHUS U OPUEHTAIIMM KOHEUHOTO 3 PexTopa;

2. Peamu3yiite ¢yHkiuio Ha Python, xoTopas mo 3ajaHHBIM yIiiaM COYJIEHEHUH U
napamerpaMm JleHaButa—XapTeHOepra BBIYMCISET IMOJIOKEHHE KOHEUHOro sddekropa aus
JIBYX3BE€HHOI'O MAHUMYJISTOPA B INIOCKOCTH;

3. Pemmte 3amauy oOpaTHON KWHEMATHUKU JUIS JIBYX3BEHHOTO MaHUMYIATOpPA C JUIMHAMH
3BeHbeB L1 = 1 m, L2 = 0.8 M, ecnu nieneBast Touka umeeT koopauHatel (1.2, 0.5); BeiBenuTe 00a
BO3MOJXKHBIX PEIICHUS ISl YTJIOB;

4. Boruncnute sskoOuaH Manumynaropa 2R B 3agaHHO# kKoHUTypaluu U 00BSICHUTE, KaK
OH CBSI3bIBAE€T CKOPOCTH COWIEHEHUH CO CKOPOCThIO KOHEYHOTO 3P deKTopa;

5. B cumymnsatope MuJoCo 3anaiiTe mapaMmeTpbl MacChl U MHEPIIMH 3BEHA poOOTa TaK, YTOOBI
npu CBOOOJHOM MAJACHUHM OHO JOCTHTajo 3emyid 3a 1.5 cekyHIbl; mpoBepbTe pPE3yJbTaT C
MOMOIIIbIO CUMYJISILIMA U BBEAUTE 3HAYEHUE MACCHI.

Konrecr 2.

1. Beiunciute KOOPAMHATH TOYKHU B INIOOATBLHON CUCTEMe, ecliu auaap 3aduKkcupoBan eé
Ha paccTosiHUU 3 M moj yriom 45°, a poOoT pacmoyioxkeH B Touke (2, 1) ¢ opuenrammeit 30°;
BBEJIUTE OTBET C TOYHOCTBIO J0 ABYX 3HAKOB;

2. Peamu3yiite ¢pyHkuuto Ha Python, koTopas mpuHHMaeT qBa M300pa)KeHUsI C KaMephl U
BBIYHCIISIET ONTHUYECKHI MOTOK MEXJIy HUMHU C HcCmojb3oBaHueM wmetona Jlykaca—Kanane;
BEPHUTE CPEHEE CMEIICHUE TT0 X U Y
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3. B 3amaue EKF-SLAM 00HOBHUTE OLIEHKY MOJIOKEHUS poO0Ta, €CIIM U3MEPEHUE C JIUaapa
MoKa3ajio paccTosHue a0 mapkepa 4.2 M, yron 25°, a mpensiaymas onenka Obuta (3.8, 0.5),
opueHrtanus 20°; BBeauTe 0OHOBIEHHBIE KOOPIUHATHI,

4. Wcnonb3ys mpenoOyuenHyio mozaenb YOLOVS, ompenenurte KOJIMYECTBO OOBEKTOB
Kjacca "damka" Ha M300paXEHUHU U KOOPAMHATHI UX LEHTPOB; BBEIUTE YHCIO OOBEKTOB U
CcpeaH X-KOOpIUHATY;

5. Ha ocnoBe RGB-D wu300paxxeHuss mocTpoiTe 00laKo TOYEK B Mpenesiax 3adaHHOTO
JMarasoHa IiyOHHbI M HaliIuTe HEHTP Macc BBIJEIEHHOTO 00BEKTa; BBEUTE KOOPIMHATHI IICHTPA
C TOYHOCTBIO JI0 TPEX 3HAKOB.

KonTrecr 3.

1. Peanusyiite anroputM A* Ha 3amaHHO#N ceTouHoil KapTe 10x10 ¢ mpensATCTBUAMY;
Haiaure JuiMHy Kpardaiimero mytu ot (0,0) 1o (9,9) u BBenurte 4ucio NpoWIEHHBIX SUEEK;

2. CrenepupyiTe TPaeKTOPHIO C MOMOIIBI0 KyOMYECKOro CIijlaiiHa MEeXIy TBYMSI TOUKaAMU
C 33JaHHBIMU HauyaJbHOW M KOHEYHOH CKOpPOCTSMH; BBIYUCIUTE YCKOPEHHE B CEpEIUHE
TPACKTOPUH U BBEIUTE 3HAUCHUE;

3. Hammmmre QyHKIUIO, KOTOpas IJs 33JaHHON KOH(QHUrypanuu poOOTa W MPEmsTCTBUMA
MIPOBEPSIET, ABIACTCS M KOH(PUTypalusi AOMycTUMOH (0e3 KOJUIM3HIiA); MPOTECTUPYHTE HA TPEX
BXOJIHBIX JIAHHBIX U BBEJUTE PE3yJbTaThl KaK MOCe10BaTeIbHOCTD O U 1;

4. Hactpoiite PID-perynarop ansg craOuiu3anuyl IOJIOKEHUS MaHUIYJISATOpa B
BEPTHKAIBHOM TIOJIOXKEHUH; ITPpH 3a1anHoi ommnoOke 0.1 panx u mapamerpax Kp=2, Ki=0.5, Kd=0.1
BBIUKCIIUTE YIPABISIOLIEe BO3ICHCTBHE HA BTOPOM IIare Ipu HyJIeBOM HaualbHOW CKOPOCTH;

5. B cumynsmum 3aaiiTe 1ENeBYI0 TPASKTOPUIO T MOOMIJIBHOTO po0OTa M peau3yiTe
MPOCTOM KOHTPOJUIEP, OTCIACKUBAIOIINKA €€ ¢ MOMOIILI0 MPOMOPIUOHATILHOTO YIIPABICHHS IO
OTKJIOHEHHIO; BBEUTE 3HaU€HUE OOKOBOTO OTKJIOHEHHUS B KOHIIE IBH)KEHUS.

IIpumepHoOe onMcaHue 3a1aHNS 1 KPUTEPUHU OLICHUBAHMSA K IPOEKTY

Hean npoekTa: pa3paboTaTh U MPOTECTUPOBATH CKBO3HYIO POOOTOTEXHUYECKYIO CHCTEMY
B (M3UYECKOM CUMYIALNHU, OOBEINHSIONIYI0 BOCIPUSATHE, OLEHKY COCTOSHUS, IFITAHUPOBAHUE U
yIpaBjI€HUE C HCIOJB30BAHUEM METOJOB MAIIMHHOIO OOy4YeHMs, BKJIouYas OO0y4yeHHe ¢
MOJIKPEIIIICHUEM.

3agauu npoekra:

— BBIOpaTh WU PEATM30BaTh MOJIETIh poO0Ta (MAHUITYJISITOP UM MOOMIIBHAS TIaThopMa)
B cumynsatope (Hanpumep, MuJoCo, PyBullet, Isaac Gym) u onucare €€ apXuTeKTypy: CTeleHU
CBOOO/IbI, CECHCOPBI, aKTyaTOPHI U paboyee MpOCTPaHCTRO;

—peanu3oBaTh MOJYJb BOCHPUATHS: MOAKIIOUNTH BUPTyalbHbIE KaMepbl W/WIK JHjAap,
o0paboTaTh JJaHHBIE C TIOMOIIbIO METOJOB KOMIIBIOTEPHOTO 3pEHHUs (Hampumep, IeTeKIUs
00BEKTOB, MOCTPOEHHE O0JIaka TOYEK) M HCIOIb30BaTh MX Ul JIOKAIU3alUK pobOoTa WU
UCHTU(UKALNY 1IeNel;

—peanu30BaTh ANTOPUTM IUIAHUPOBAHMSI JBM)KEHHSA: NOCTPOUTH IMYTh OT HAYAJIBHOM IO
1eJIeBOM TOUKHU ¢ yu€ToM npenstcTBuil ¢ momoibio A*, RRT nnmu PRM, a 3atem crenepupoBath
[JIaJIKYI0 TPAeKTOPHIO C UCIIOJIb30BAHUEM CIUTAHOB WJIM ONTUMU3AIIMOHHOTO MOIX0/1a;

—peanu3oBaTh CHCTEMY YIIPABICHHs: HAcTpouTb PID-perynsatop wiam MoOJEIbHO-
nporuosupyouiee ynpasienue (MPC) s oTciexxuBaHus Tpa€KTOPUH, TM00 00yUUTh MOTUTUKY
C TIOMOIIBI0 TIIyOoKoro obOydenus ¢ moakperuiennem (Hanpumep, SAC unu A3C) B cpene ¢
HENPEPBIBHBIMU JIEUCTBUAMH;

—POBECTU IKCIEPUMEHTHI MO OOYYEHHIO U TECTHPOBAHUIO CHUCTEMBI B CHUMYJISALMH,
NPUMEHUTh TeXHUKM domain randomization A TOBBIIIEHUS YCTOWYMBOCTH TOJUTHKU U
IPOaHAJIN3UPOBATh BO3MOXKHOCTh IEPEHOCA Ha peallbHbINA po0oT;

— IIOATOTOBUTH OTYET U MPE3EHTALNIO, BKIIOYAIOIINE APXUTEKTYPY PELIEHMS, PE3YJIbTAThI
HKCIIEPUMEHTOB, BU3YyaJIH3allUI0 TPAEKTOpU, rpadUuKu Harpaj U OOCYXJAEHHE OrpaHUYCHUH U
IIyTEH yIydlIEeHUs.

Kpurepun oneHuBaHus npoekra:
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— KOPPEKTHOCTh pean3anuu (GU3ndecKoi MoJiesu poboTa 1 ero KWHEMaTHKH/ TTHAMIKY B
BBEIOpAaHHOM CUMYIISITOPE;

—KaueCTBO MOMYJS BOCHPHUATHSA: TOYHOCTH OOpaOOTKM CEHCOPHBIX JAHHBIX |
UCTIOJIb30BaHUE HH(GOPMAIIMH IS JIOKAIN3AIUHU WK UICHTU(DUKAIIUN OO BEKTOB;

— 3(QPEKTUBHOCTh AITOPUTMOB TUTAHUPOBAHUS W YIPABJICHUS: YYET OrpaHUYCHHIH,
TUTABHOCTh TPAEKTOPHUH, OTCYTCTBHE KOJUIH3HIA,

— 000CHOBAaHHOCTH BBIOOpA U YCIEIIHOCTh MPUMEHEHUS METOJIOB MAIIMHHOTO OOYYCHUSI,
BKJTI0Yasi HACTPOUKY M CXOJAMMOCTb O0YUYCHHS C TIOAKPEIIIICHUEM;

— TIOJTHOTA aHaJIM3a Pe3yJbTaTOB, BU3yallu3alus Ipoiecca 1 000CHOBAHHOCTh BBIBOJIOB O

NPUMEHUMOCTH PEIICHNS B PEATbHBIX YCIOBUSX, BKIIIOYask OLIEHKY sim-to-real 3a3opa.

3aganus AJ151 NPOMEKYTOUYHOM aTTeCTANUM 10 JUCHUILIMHE (MOTYJII0)

3apanne

OTBeT

Komnerenuus

Ha3o0BuTe 0OCHOBHBIE KOMIIOHEHTBI ApXUTEKTYPBI
POOOTOTEXHUYECKOW CHCTEMBI M UX Ha3HAYCHUE

CeHcopsl,
aKTyaTopHl,
BBIYUCITUTEIIbHAS
wiatdopma, 110
JUISL TIPaBJICHUS U
BOCIIPHSTHS

YK-1

OOBSICHHTE, YTO TAKOE CTEIIEHH CBOOO/IBI U KaK OHU
BIIUSIIOT Ha pabodee mpoCcTpaHCTBO poOOTa

KommaectBo
HE3aBUCHMBIX
JIBUKCHUH,
ONpPENEISIOLIUX
IMOJIBUYKHOCTD U
BO3MOJKHOCTH
MO3ULHOHUPOBAHU
s

YK-1

VYkaxkure, 1JIs 4ET0 UCIIONb3YETCs IIpeiCTaBICHUE
JenaBura—XaprenOepra B KWHEMaTHKE POOOTOB

s
CHUCTEMAaTHYECKOT0
OITHCaHUS
COWJICHEHUH U
BBIUHCIICHUSA
npsMOi
KHHEMaTUKH

YK-1

HazoBure meTo 1, MO3BOJISIFOIINNA BBIYUCIUTh CKOPOCTh
KOHEYHOTr0 3(heKTopa 1o CKOPOCTSIM COWICHEHHUH

SIkoOuan
MaHUIYJSITOPA

YK-1

OO0BscHUTE, 3aueM HeoOXouMa HIISHTHU(UKAITHS
napamMeTpoB JMHAMHYECKON CHCTEMBbI MTPH
MOJIJIMPOBaHUU poOOTa

Jli1st TogHOTO
BOCTIPOU3BEACHUS
TTOBEICHUS B
CUMYJISTOPE U
YIIpaBJICHUS B
peaTbHBIX
YCIIOBHSIX

YK-1

HazoBute IMPUHIMUII, nemamnﬁ B OCHOBEC pa6OTBI Jaapa
KaK CCHCOpa NUCTAHIIMOHHOT'O 30HAUPOBAHNA

W3mepenue
BpPEMEHH BO3BpaTa
Ja3epHOTO
umnynsca / ToF

VK-2

VYxkaxure, 3a4eM He0OXoanMa KaTHOPOBKa MEXKITY
KaMepoil 1 TNAapoM B POOOTOTEXHHUECKON CHCTEME

Jlns oObequHEHUS
JNAHHBIX B €IUHOU
CHCTEME
KoopauHar /
MIPOCTPAHCTBEHHAS
CHHXPOHHU3ALIUS

VK-2
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8 | O0Opsgcuure, B uéM 3axiarouaercs 3agada SLAM u kakue OnHoBpeMeHHAast VK-2
OCHOBHBIE KOMIIOHEHTHI B HEE€ BXOJISAT JIOKaN3anus U
KapTorpagupoBaHu
€: IIOCTpOeHHE
KapThl U
OTIpe/ieTICHHe
TIOJIOXKEHUs poOoTa
9 HazoBute QriibTp, UCTIONB3YEMBIi )T OLICHKH Pacmmpennsiit VK-2
COCTOSIHHSI B HEJTMHEWHBIX CHCTEMaX C IITyMHBIMHU ¢unsTp Kanmana /
H3MEPCHISIMHU EKF
10 | Vkaxwure, kak anroput™m YOLO ucnomns3yercs B Hns nerekuuun YK-2
poboToTexHuKe st 00pabOTKH BU3YyaIbHOM 00BEKTOB B
nH(pOpMaITuu pearlbHOM BpEMEHH
C Kamepbl
11 | Ha3oBuTe anropuT™ NMoucka myTH Ha rpade, A* OIIK-1
WCTIONB3YIOMINN IBPUCTUKY TSI YCKOPEHUS TIOUCKA
12 | OO®bscuHute, kak anroput™ RRT yuutsiBaer I'enepupyer OIlK-1
KHHEMAaTHYeCKHe OTPaHUYCHHS POOOTa TIPY TTOCTPOSHHH CITyJaifHbIe
TPaeKTOPUHI KOH(UTYpanuu B
POCTPAHCTBE
COCTOSIHUM U
IIpOBEPSIET
JIOITYCTUMOCTD
13 | Vkaxure, 3a4eM UCMOJIB3YIOTCS CIUTAWHBI ITPH st obecrieueHust OIlK-1
TJIAHUPOBAHUYN TPAEKTOPUHU poboTa IJIAaBHOCTH,
HEMPEePHIBHOCTH
CKOpPOCTH H
YCKOpEHUS
14 | Ha3oBuTe KOMIOHEHTY, OTBEYAIOIIYIO 33 OTCIICKUBAHIE Cucrema OIlK-1
3aJJaHHOW TPACKTOPHU C MUHUMAJIbHOW OLIHOKOM yrpasieHus /
KOHTpOJLIEp
15 | OO®bscHuTe, B 4éM 3aKiIrouaercs npeumyinecrso MPC VY4ér orpannueHU OIIK-1
repe]t KJIaCCHYECKUMHE PETyIsTOPaMu Y ONITUMU3AIHS Ha
CKOJTB3SIIIIEM
TOPH30HTE
16 | Ha3oBuTe airOpuT™ riry0OKOro 00yYeHHUS ¢ Soft Actor-Critic / IK-1
MTOJIKPETUICHUEM, TTOIXOISAIIHN I HETPEPBIBHBIX SAC
MPOCTPAHCTB JICUCTBUI
17 | Vkaxure, Kakas cpejia UCIOJIb3yeTCs i 00yueHus MuJoCo / Isaac IIK-1
poOOTOB B (hM3NYIECKON CUMYIISIIIUA C TTOAISPIKKON Gym
I'paIMCHTOB
18 | OOwscHuTe, 3a4eM npumMensieTcss domain randomization Jst moBBITIICHUS IIK-1
pu 0OYYEHUU B CUMYIISILIUN YCTOHYHUBOCTH
MTOJINTUKY TIPU
nepeHoce Ha
peanbHbII podoT
19 | HazoBwute moaxo, MO3BOJISIONINI 00y4aTh areHTa ¢ besomacHoe [1K-2
y4E€TOM OTpaHUYEeHUI 0€30MaCHOCTH oOyueHue ¢
MOJIKPETIICHUEM /
Safe RL
20 | HazoBute MeTon, HCTIONB3YeMBbIi U1 iepeHoca 3Hanuid | Domain adaptation [K-2

W3 CUMYJISIIMU B peaJIbHBIA MUP YEPE3 aJIanTaI|io
MPU3HAKOB

/ Ananrauus
MPEAMETHOU
obiact
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