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1. [lesu 0cBOEHUSA TMCIUTIINHBI

Henbro nzyuenust nucuurinibl b1.B.06 «CucteMbl HCKYCCTBEHHOTO MHTEIIJIEKTa SIBIISETCA
dbopMHpOBaHNE KOMIETCHIIMHN B 00JIACTH IPUMEHEHHS WHTEIUICKTYaTbHBIX HHPOPMAIIMOHHBIX
CUCTEM JUJIsl pelieHus MpodeccnoHaNbHBIX 3a/1ad.

3amaun OTUCIUILIAHEL:

= O3BHAKOMUTBH C COBPCMCHHBIMU obacTsaMu HCCJICAOBAaHUS MO0 UCKYCCTBCHHOMY HHTCIIJICKTY

1 chepaMu IPUITOKEHHUS IKCTIEPTHBIX CUCTEM;
- TO3HAKOMUTb C KOHUEILHIMHU,
HMCKYCCTBEHHOTO MHTEIICKTA;

-  W3J0KUTh TEXHUYECKHE IIOCTAHOBKH OCHOBHBIX
HMCKYCCTBEHHOTO MHTEIICKTA;

3aaa4, peuIacMbIX

COCTAaBJIAIOIIIMMU  OCHOBY COBPCMCHHBIX CHUCTCM

CUCTEMAaMM

- IO3HAKOMHUTH C OCOOCHHOCTSIMU MPAKTHUYCCKOI'0 HCIHOJb30BAHUS HMHTCIUICKTYAJIbHBIX

MH(OPMALIMOHHBIX CUCTEM B 001acT MH(OPMALIMOHHON OE30MaCHOCTH.

2. Mecro pucuuminnsl B ctpykrype OITIOII 6akanaspuara
[{uki, k koTopoMmy oTHOcHTCs nucnuruinHa: b1.B.16 «CrucreMbl HCKYCCTBEHHOTO HHTEIUIEKTa

3. Pe3yabTarbl OCBOCHUSl AUCHHUILIUHBI «Cucrempl

(MoayJin)

HCKYCCTBEHHOI'O

HHTECJICKTA»

[Ipouiecc u3yuyeHUs] TUCHUIUIMHBI HampaBiieH Ha (OPMUPOBAHUE 3JIEMEHTOB CIEIYIOIIUX

koMmriereHnit B cootBercTBUM ¢ PI'OC BO 1o nanHOMy HamnpaBiIeHHIO:

Kon HaunmeHoBanue Kon, HanMeHOBaHHE MHIAMKATOPA JOCTHIKEHUS
npodeccuo npogpeccHOHATbHOMI npodeccuoHATbHON KOMIIeTeHIHH
HAJIbHO KOMIIETEHIIHI
KOMIIETEHI
uu
Criocoben K- 9.1. [Touumaer 3Harb: Metomsl
UCIOJIb30BATH MIPUHITUTIBI TIOCTPOCHUS 1 paspaboTku
K-
9 SHAHUC OCHOBHBIX OCHOBHBIE METOJIbI CHCTEM OpHUTHHATBHBIX
METO/IOB
MICKYCCTBEHHOTO MHTeITeKkTa | HTOPHTMOB 1
HEKyCCTREIONO Y IPUMECHSIET UX JIJIS TPOTPAMMITBIX
WHTEJUICKTa B ) pelieHHii ¢
i IICHUS 33124
nocnenyromen p . UCIIOJIb30BAaHUEM
i} HMOHAJIBHOM
npodeccroHanbHON pocdeccuo 0 COBPCMCHHBIX
eSTEeJILHOCTH B : y
it JIeSATEIbHOCTH; S —
Ka4eCcTBE HayYHBIX
K- 9.2. Uccnenyer | Ymern: CTaBUTH
COTPYHHUKOB, y
. 3a1a9u u
nperioaasareneii HalpaBJICHAA  [IPUMCHCHHUS a;a[HTI/IpOBaTL
06pPa30BATENBHEIX CHCTEM HUCKYCCTBCHHOTO o i
= WHTEJUICKTA
opraHmusanuu AJITOPUTMEL
BEICIIIETO TSt pasiMaHBIX | oo
0bpazoBaHus, NPEMETHBIX 00J1acTeH; N —
WHXXEHEPOB, IIK-9.3. BriOupaer Baagers:
TEXHOJIOTOB. KOMIUIEKCHI METOIOB I MOCTAHOBKOM 3a/1a4
MHCTPYMEHTAJIbHBIX cpejicTp | 1O AaTTaLlIH Ml
COBEPLICHCTBOBAHH
UCKYCCTBEHHOTO MHTEIIJICKTA
10 METOJIOB U
JUTSL PELICHUS
aJTOPUTMOB ISl




npoecCHOHANBHBIX 337]a4 B | PEIIEHU KOMILIEKCa
3aBHUCUMOCTH OT 3aJa4 IPEIMETHOM

0COOCHHOCTEH MpeaMEeTHON obmactu

o0JacTu.

4. CTpykTypa H coJep:KaHue IMCHMIUIMHBI (Moayhas)) CHucTeMbl HMCKYCCTBEHHOIO
HHTEJJIEKTA
4.1. CTpykTypa aucuuniudbl (Mmoayas) CHcTeMbl HCKYCCTBEHHOI0 HHTELIEKTA

OO61mast TpyA0€MKOCTh TUCIMILIMHBI COCTABIISIET 2 3aU€THBIX €IMHUII, 72 4acoB.

Ne Buabl yueOHo# padoThl, BKIOYAsA DopMBI TEKYLIET0
n/n CaMOCTOSITEILHYIO PA0OTY CTYAEHTOB M| KOHTPOJISI yCIIeBaeMOCTH
TPYA0EMKOCTb (B 4acax) (no nedenam cemecmpa)
K C DopmMa IPOMEKYTOYHOM
OHTZKTHaﬂ aMOCToﬁﬂTeﬂbHa aTTecTaIuH (1o
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MCTOAbBI MAIIMHHOI'O
00ydeHus 7151 pabOTHI ¢
~
Cucremsl TIIyOOKOTO REIK 7
o0yueHus
OO0yueHmue ¢ alala 3
[MOAKPCIIJICHUCM
Bcero 18 | 18 | 18 18
Kypcosas paboma
(npoexm)
Iloozomosxka k sx3ameny
OO6mmas TpyI0eMKOCTh, B 72 IpomexyTouHas
Jacax dopma
18 | 18 | 18 18
3auer *
3adeT ¢ OLEHKOH




I O I B T

4.2. Cozlepma}me AUCIUITINHBI (MOIly.]'Iﬂ) CucTreMbl HCKYCCTBEHHOI'0 MHTELIEKTA

HamMmeHOoBaHue Moayna, copaep>XxaHue

Yachl

«BBepeHue B MCKyCCTBeHHbIﬁ MHTENNEKT U OCHOBHbIEe
MeToa bl MALUUHHOIO OGV"IEHVIH ana paGOTbI C
TaONUYHBLIMU JAaHHBIMU»

JleKuum
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1.1-1.5

[OnmmmonanbHO: MaTEMAaTUYECKUN JTUKOE3 10 AIeMEHTaM
MaTeMaTU4eCKOW CTaTUCTUKH, TIMHEHHOHN anreOpbl 1 MaTEMaTHYECKOTO
aHajm3a. |

OCHOBHBIE 337Ja41 CUCTEM MCKYCCTBEHHOT'O MHTEJIEKTA.
Knaccudukanus, knacrepusanus, perpeccus. THITBI MaIIMHHOTO
oOydeHusi: ¢ yuutenem, 0e3 yuurensi, ¢ YaCTUYHBIM MPUBJICYCHUEM
yauTensi, 00y4eHrne ¢ OKPETUICHUEM.

Knaccudukanus va npumepe anropurma k-ommkaiimux coceneit (KNN)
[OnmmonansHO: BeIcTpEIil mouck Ommkaimmx coceneit.|. Metpuku
OIICHKH KJIaccu(ukanuu: mojaHota, Tounocts, FI, ROC, AUC.
Banunannonnas u rectoBasi BeiOopka. Kpocc-Bammmanus. Pabora ¢
KaTeropraJibHbIMU MIPU3HAKAMU.

Perpeccus. Merpuku onenku perpeccun: MSE, MAE, R2 -
koa¢dumeHT nerepMuHanuu. JInHeitHas perpeccusi, HOJIMHOMUATbHAS
perpeccus. [lepeoOyuenue u perynspusaiys, rpeOHeBasi perpeccus,
LASSO, ElasticNet.

JluneiiHble Moaeny A Knaccudukanuu. [lepruenTpoH, TorucTHIecKas
perpeccusi, OJIHOCBSI3HbIE HEUPOHHBIE CETH, CTOXaCTUYECKUI
TPaNEeHTHBIN CITyCK U 00paTHOE paclpoCTPaHEHUE TPAIUCHTA.
Perynsapuzanust TuHEHHBIX MOJCIICH KIIaCCU(PUKAITMHH.
Knacrepuzanus, k-means, k-means++, DBSCAN, arnomeparuBHas
KJ1IacTepu3anus. MeTpuKH OLEHKH KJIacTepU3aluu.

ANTOPUTMBI, OCHOBAHHBIE Ha MPUMEHEHUH PEIAOIINX IEPEBbEB.
Kpurepun paznenenus y3na: nHQOPMaIMOHHBIN BBIMTPHIII, KPUTEPHI
JxuHE. AHCaMOJIM pelIaoNuX AepeBheB: CIyYalHbli Jec,
IpaJUeHTHbII OyCTHHT.

Merton onopHbIX BeKTOpOB. IIpsimast u oOpatHas 3anava. OnpeneneHue
OTNIOPHBIX BEKTOPOB. S IEpHBIN TPIOK.

HaugHnslii OaiiecoBckuil kinaccudukarop. MeTo bl OLIEHKH

pacripeneneHus mpu3HakoB. EM-anroputM Ha mpuMepe CMeCH rayCccHaH.

MeTtobt 6e3rpaqueHTHON ONTUMU3ALINN: CTy4YaiHbIi Touck, hillclimb,
OTIKUT, TCHETUICCKUI aJITOPUTM.
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JlaGopaTopHbie padoThl

JIP1.1

Mertoap! paboTsl ¢ Tabuiamu B Python. Arperamus u Bu3yanusamus
naHHbIX. [IpoBeicHNE IEPBUYHOTO aHAIN3A JIAHHBIX.




JIP1.2 | crosib30BaHME U CpaBHEHUE anropuTMoB kinaccupukanun: kNN, 2
pelIaronye epeBbest U MX aHCaMOJIH, JJOTHCTHYECKAsl PErPECCHS.
JIP1.3 | Ucnonw3oBaHue u OIleHKA aarOpuTMOB perpeccuu. [lonbop 2
ONITUMAITBHBIX
apaMeTpOB PErpeccuu
JIP1.4 | Ontumu3anuoHHbIE 3a1a4d U uX pemeHus. [lonbop runepnapamerpos 2
ITOPUTMA C IOMOIIBIO METOI0B ONITUMM3ALINH.
IIpakTnka 10
IMP1.1 | [IporpaMMHO-aJITOPUTMHYECKOE OCBOCHHE MaTepHaja 10
CamocrosiTeibHas pabora 8
CP1.1 | I[IpopaboTka yuyeOHOro MaTepHuasa JEKIHui 2
CP1.2 | [loaroroBka K 1a0OpaTOpHBIM paboTaM 4
CP1.3 | [loaroroBka K pyOeKHOMY KOHTPOJIIO 1
CP1.4 | JIpyrue BUIbI CAMOCTOSITENILHON paOOTHI 1
2 Jleknuu 4
2.1- | Heiiponnsie cetn. @yHKIMH OMMOKA HEHPOHHBIX ceTel U 00yUeHHE C 4
2.3 TTOMOIIIBIO0 00PATHOTO pacnpocTpaneHus rpaaueHTa. [lonstue 63T4a u
ATIOXH.
Pabora ¢ n300pakeHUSMH C TIOMOIIBIO HEHPOHHBIX ceTell. CBepTOUHBIE
HeliponHsle cetn. Onepanuu cBepTok, max-pooling. [lomynsapHsie
apXHUTEKTYphl CBEPTOUHBIX HEHpoHHBIX ceTeil: AlexNet, VGG, Inception
(GoogLeNet), ResNet. Tpancdepnoe o0yueHue.
O6paboTtka TekcToB. PaboTa ¢ €cTECTBEHHBIM S3bIKOM C TIOMOUIBIO
HepoHHBIX ceTeil. BekTopHble mpeacTaBieHus A1 Tekcra: word2vec,
skipgram,
CBOW, fasttext. Pexyppentnsie Heiiponnsie ceti, LSTM, GRU.
Tpanchopmepsr, BERT, GPT.
JlaGopaTopHble padoThI 6
JIP2.1 | Knaccuduxkanus nzo0paxxeHuil u TpanchepHoe o0OydeHue. 3
JIP2.2 | Pabora c TeKCTaMU U MX BEKTOPHBIMU NPEICTABICHUSIMHU TEKCTOB. 3
IIpakTuka 4
P [IporpaMMHO-aNTOPpUTMHYECKOE OCBOCHHE MaTepHana 4
2.1
CamocrosiTejibHasi padoTa 7
CP2.1 | [IpopaboTka yueOHOro MaTepuaia JeKIui 1
CP2.2 | [loaroroBka K 1a60OpaTOpHBIM paboTaM 4
CP2.3 | [loaroroBka K pyOeKxHOMY KOHTPOJIIO 1
CP2.4 | [Ipyrue BUJbl CaMOCTOSITENILHOM pabOTHI 1
«OO0yueHue ¢ MOAKPETIICHUEM)
3 Jlekuuu 4
3.1- ITonsiTust areHTa, cpeabl, COCTOSIHUSA, NEUCTBUN U Harpaabl. DyHKIHs
3.2 ueHHoctu coctosiHus (Valuefunction) u pyHKIMS KayecTBa 1eHCTBUS
(Qfuntion).
OnTuMu3anyst CTpaTeruy ¢ MOMOIIBI0O MAKCUMH3AIMH ()yHKIHNA 4
LIEHHOCTH U KayecTBa. Q-o0y4eHue.
I'my6okoe o0yuenue ¢ nmoakperieaneM. Deep Q-Networks, Actor-critic.
Jlna yposns sxcneptHelii: REINFORCE, A2C, PPO, DDPG.
JlaGopaTopHbie padoThI 4
JIP3.1 | Ilpumenenue Q-Networks m1st penieHns mpocThIX OKPYKEHUH. 4
IIpakTuka 4
1P [IporpaMMHO-aJIrOPUTMHYECKOE OCBOEHUE MaTepraia 4
3.1
CaMocTosiTenbHas paboTa 3




CP3.1 | [IpopaboTka yueOHOTO MaTepHraia JEeKIHMA 1
CP3.2 | [loaroroBka K 1ab0OpaTopHbIM paboTaMm 1
CP3.3 | [loaroroBka Kk pyOexHOMY KOHTPOJIIO 0,5
CP3.4 | Jlpyrue Buabl CaMOCTOSITEIBHONW PaOOTHI 0,5

5. Obpa3oBaTe/ibHbI€ TEXHOJIOTHHI
B mponecce npenogaBanus Moayisi MCHONB3YIOTCS CIEOYIOLIHME METOJbl, CpPEACTBA U
00OHOBIIsIEMOE TTPH HEOOXOAMMOCTH IPOTpaMMHOE oOecTieueHre NHPOPMAIIMOHHBIX TEXHOIOTHHA:
- e-mail mpenogaBaTens;
- DJIEKTPOHHBIE YYEOHO-METOIUYECKHE MaTepuallbl il 00ecHeueHHsl CaMOCTOSTENFHON
paboThI CTYIEHTOB;
- CIHUCOK caiiToB B cetu «MHTEepHET» I MOWCKa HAYYHO-TEXHWYECKOH HH(pOpMAIHMH TI0
paszenaM JUCLUIUINHBL;
- MaKeTHl MPUKJIAJHBIX TPOTpaMM, Harpumep, pytorch.

6. YueOHO-MeTOAUYeCKOe oOOecredyeHHEe CaMOCTOSITEJbHOH PadoThl  CTYAEHTOB.
OueHoyHble cpeacTBa [JIsl TeKYIIEro KOHTPOJS  yCHEeBaeMOCTHU,IIPOMEKYTOYHOM
ATTECTALMHU 10 HTOraM OCBOCHHS JUCIUILIMHDI.

Ana obecnevyeHns camocTosATesIbHOW paboThl CTyAeHTOB rno Mogynio
C(hOpMUPOBaAH MeTOAMNYECKUA KOMIMJIEKC, BKJTHOYAOLLNA

B cebsa cnepyouime yyebHo-meToan4eckmne MmaTepuanbi:

1. Mporpamma Kypca.

2. Y4ebHunkn n yyebHole nocobus.

3. Cnucok agpecosB CanToB B UHPOPMALIMOHHO-TEIEKOMMYHUKALMOHHON CeTn
«NHTepHeT» (nanee

- ceTb «/IHTepHeT»), coaepKallnx akTyasbHYO nHpopMauuto no 6iokam
Moayns.

bubnmnorpaguyeckme CCbiIKN Ha y4ebHble n3gaHns, BXxoasuwme B METOONYECKNN
KOMMJEKC, MpuBeaeHbl B NepevyHe OCHOBHOW U AOMNOJIHUTENbHON y4ebHon
nuTepaTypbl, Heobxoanumonm gna ocsoeHns Moayns (pasgen 7).

K BonoNHUTEeNbHLIM MaTepuasiaM TakXe OTHOCUTCSA nepevyeHb pecypcoB ceTu
«MIHTepHeT», peKOMeHAYEMbIX A1 CAMOCTOATEeNbHON paboThl NPy OCBOEHUN
Moayns (pasgen 7). CTyaeHTbl NOAy4aloT AOCTYMN K YKa3aHHbIM MaTepuasaM Ha
rnepsoM 3aHATUKM no Moaynio.

7. YueOHO-MeTOAUYECKOE " MaTepuaJIbHO-TEXHUYECKOe odecrevyeHue
AMCUHMILINHBI(MO/YJIS)

7.1. YueOHas quTeparypa:

OcHoBHas TUTEPaTYpa 10 MOAYJIIO

1. MammunHoe o0yuyenue. Hayka u MCKycCTBO MOCTPOEHHUS aJTOPUTMOB, KOTOPbIE
M3BJIEKaroT 3HaHus u3 naHHbIX. [lerep @nax. JIMK Ilpecc. 2015.

2. T'myGokoe oOyuenwue. [lorpyxenue B Mup HelipoHHBIX ceTeit Hukonenko Cepreit
Uropesuu, Kanypun A. A. | Hukonenko Cepreit Uropesuu, Kamgypun A. A.

3. OGyuenue ¢ nogkperienuem / Carron Puaapn C, bapto Duapro I'., IMK Ilpecc, 2020.

JlonoTHUTEIbHbIE y4eOHbIe MATEPHAJIBI

1. OcHOBBI HCKYCCTBEHHOT'O HHTEIIEKTA : yueOHoe nmocodue / E.B.boposckas, H. A. /laBbioBa.
4-e uzn.,pnextpoH. M.: Jlaboparopus 3uanuii, 2020. 130 c.

2. MHckyccrBeHHblil nHTEIUIEKT ¢ mpuMepamu Ha Python. [bxomml Ipatuk. Bunmssme. 2019.

3. lpuxnagnoe wmammHHOE 0O0ydenue c momouipio Scikit-Learn, Keras u TensorFlow:



KOHICIIINUHU, WHCTPYMCHTBI W TCXHUKU I CO3MAHUA HUHTCIUICKTYaJIbHBIX CHUCTEM , 2-¢

nznanue. XKeponOpenbeH. Jlnanexktuka-Bunbsame. 2020.

4. Xenpuk bpunk, Jxo3zed Puuapne, Mapk desepond «MarmmnHoe ooyuenue», [Tutep 2017.

e

Jlexyn. Ansniuna PRO. 2021.

Kak yunrcst mammnHa: PeBomronust B 007acTH HEMPOHHBIX ceTel U riryOokoro oOy4yenus. SIH

6. I'pokaem rirybokoe oOyuenue. Duapro Tpack. [Tutep. 2019.
7. O6yuenue ¢ noakperienueM Ha PyTorch. COopuuk penento. FOcu Jlro. IMK Ilpecc.

2020.
8. https://spinningup.openai.com/en/latest/

\

7.2. UnTepHeT-pecypehbl

HasBanmue pecypca

Ccepuika/noctyn

OnekTpoHHass OmOnmMoTeka onHiaiH «EawmHOE OKHO K
00pa30BaTeILHBIM PECypcam»

http://window.edu.ru

«O6pazoBatenbHblil pecypc Poccuny»

http://school-collection.edu.ru

denepalbHbI 00pa30BaTENBHBIA MOPTAT: YUPEKACHUS,
nporpammel, crannaptsl, BY3b1, Tectol EI'D, THA

http://www.edu.ru

denepanbHbIA HEHTP uHpopMannoHHo- | http://fcior.edu.ru
oOpazoBarenbHbIX pecypcoB (PIIMOP)
Pycckas BupTyanpHas Oubimoreka http://rvb.ru

KabuneT pycckoro si3plka U JINTepaTypbl

http://ruslit.ioso.ru

HannoHnanbsHbIM KOPITYC pPyCCKOTO SI3bIKa

http://ruscorpora.ru

Hayunas anekTponHas 6ubnmoreka «e-Libraryy

http://elibrary.ru/defaultx.asp

OnexkTpoHHO-61OMMoTeuHast cuctema [IPRbooks

http://www.iprbookshop.ru

OnexkTpoHHO-OnbHoTeyHas cuctema Uarl'yY

https://lib.inggu.ru/

WNnpopmannonno-npasoBas cuctema «["apanm»

CereBas BEpCuA, JOCTyIIHA CO BCEX

KOMIIBIOTEPOB B  KOPIIOPATUBHOM
cetu Uarl'y

7.3. IIporpammHoe obecnevyenue:

YHuBepcurer obecrieyeH CIEAYIOMHUM KOMIUIEKTOM JIMIEH3MOHHOTO MPOrpaMMHOTO

obecrieueHus.



https://lib.inggu.ru/

1. JIuueH3noHHOE IporpaMMHOe obecrieueHue, ucroibzyemoe B MHrl'y:

1.1. Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
1.2. Microsoft Windows server 2003, 2008, 2012, 2016
1.3. Microsoft Office 2007, 2010, 2016

1.4. IIporpammusiit kommieke MMUC “Busyansnas Ctynus TectupoBanus”
1.5. IIporpammusiii kommieke MMUC "ITIJTAHBI"
1.6. ITporpammusiii kommiekc MMUC "2JIEKTPOHHBIE BEJJOMOCTHN"
1.7. TIporpamMmuslii komrieke MMHMC "BEJJOMOCTHU OHJIAMH"
1.8. TIporpammusiii komruzekc MMUC «PITJ] OHJIAMH»
1.9. YHuBepcanbHblil cratuctuueckuil naker STADIA
1.10. AatuBupycnoe I10 Kaspersky endpoint security
1.11. CnpaBouHo-nipaBoBas cucreMa “I'apant”
2. INTERNET-uenTp cBOOOIHOTO JOCTYyIIA IIPH YUTATHLHOM 3ajie OMOINOTEKH.

7.4. MaTrepuajibHO-TeXHHYECKOe o0ecreyeHue
Onucanne MaTepualbHO-TEXHUYECKOH 0a3bl, HEOOXOAMMONIJISI H3yYeHUS] MOTYJIA

[lepeuenb MaTepHaATLHO-TEXHIUUECKOTO obecrieueHust Mo tyst

Ne ri/m | Bug 3ansituit

Bun u HaumeHoBaHue 000py10BaHUS

1 JlekninoHHbBIE
3aHATUA

AyauTopuu ¢ MyJIbTUMEIUHHBIMU CPEACTBAMH, CPEICTBAMH
3BYKOBOCIIPOU3BEACHUS U UMEIOIINE BBIXOJI B ceTh «HTEpHETY.
[Tomermenust 11t MpoOBEIEHUS ay AUTOPHBIX 3aHATHI, 000py0BaHHBIC

~ (%) o

2 |JlabGoparopHsI
€ paboThI

KoMmproTepHslii K1acc ¢ KOMIUIEKCOM ITPOIPaMMHBIX CPEJICTB,
MIO3BOJISIIOIINX KaXIOMY CTYICHTY pa3padaThiBaTh MPOTPaMMHBIE
peanu3alyy MPakTUYECKUX 3a/1a4 B XOJI€ BBIIIOJIHEHUS JJAOOPaTOPHBIX

nalRam

3 |CamocTOATEIbH
as pabora

bubnuoTeka, nmeromas paboune Mecrta Uil CTYACHTOB. AYJIUTOPUH,
OCHAIIIEHHbIE KOMITBIOTEPAMH C JIOCTYTIOM K ceTu « UHTepHeT»

4  |IIpakTtuka

KoMIproTepHsIi K1acc ¢ KOMIUIEKCOM ITPOIPaMMHBIX CPEJCTB,
TIO3BOJISIFOIINX KaXIOMY CTYIEHTY pa3padarhiBaTh MPOrPaMMHBIE
peanu3alyy MPakTUYECKHUX 3a/1a4 B XOJI€ BBITIOJIHEHUS JJAOOPaTOPHBIX

nolRam




®OHJA OHEHOYHBLIX CPEACTB JJIsA ITPOBEAEHUSA TEKYIIEI'O KOHTPOJIA
YCHIEBAEMOCTHU U TIPOMEXXYTOUYHOMN ATTECTAIIUHA OBYUYAIOIINXCS
IO MOAYJIIO « CUCTEMbI HCKYCCTBEHHOI'O HUHTEJIVIEKTA»



OHI/ICAHI/IEMHOKAI}ATEJIEI‘/JI N KPUTEPUEB OHIEHUBAHUA
KOMIIETEHIIUU HA PA3JIMYHBIX 3TAITAX UX ®POPMUPOBAHUA,
OINMCAHUME HIKAJI OHEHUBAHUA

®onn oneHounbIx cpeacts (POC) npegycMaTpuBaeT cleayolee:

OITMCaHNe KOMIUIEKCa MoKa3aTeJiell — JECKPUIITOPOB OCBOCHHSI KOMIIETEHIIUH B BH/IE
Pe3yabTaTOB 0OYUEHUS, KOTOPBIE CTYACHT MOXKET MPOJIEMOHCTPUPOBATH (

(tabmmna 1). st KOHTPOJIS TOCTIKEHHST KQK0T0 U3 HUX TPETyCMOTPEHBI OI[CHOYHBIE
CpE/CTBa B BUJIE BOIPOCOB, 331aHUH U T.1.;

0003HauCHNE KPUTEPUEB — MIPABWJI MIPUHSATHS PEIICHHS 1O OI[EHKE JOCTUTHYTHIX
pe3yabTaToB 00y4eHUs ¥ C(HOPMUPOBAHHOCTH KOMITETEHIIUH.

Hampumep, B kadecTBe MIKaJIbl OleHWBaHMs puHUMaeTcs 100-0anbpHas cucteMa ¢ BhIJICICHUEM
(rpamanueit) OLEHOK:

PeiTuHT Onenka Ha 3ayere
85-100
71-84 3auger
60-70
0-59 Hezauer

TUIMOBBIE KOHTPOJILHBIE 3AIAHUS NJIA WHBIE MATEPUAJIBI,
HEOBXO/JIMMBIE JJ151 ONEHKH 3HAHMI, YMEHUI U (MWJIN) ONBITA
NEATEJBbHOCTH, XAPAKTEPA3YIOIIME DTATIILI ®OPMUPOBAHUSA
KOMIETEHLIU B IPOLIECCE OCBOEHHUSI OBPA3OBATEJIBHOI
ITPOTPAMMBI

BrinmyckHuk, oOcBOMBIIMN 00pa3oBarelbHYH0 MpOrpaMMmy, JODKEH o001anath

HpO(beCCI/IOHaJ'IBHBIMI/I KOMIICTCHIUAMU 110 TCMATHYCCKHUM MOJAYJISIM ITPOI'PAMMBIL

Kon HanmenoBanue Pesynbrarel o0ydeHmst

TEMATHYECKOI'0
MOYJIst




BBenenue B 3HaHuA:

HCKYCCTBEHHBII - TEOpeTHYECKUE OCHOBBI aHAJIN3a JAHHBIX U MAIIMHHOTO
MHTEIJIEKT U 00y4eHus;

OCHOBHBIC METO/IbI - cnenuduka paboThI AITOPUTMOB MAIITMHHOTO O0YYCHHS.
MAILIMHHOTO OOYUYeHHsI YMeHus:

JUTst paboThI © - NpUMEHEHHE METOJIOB MAIIMHHOTO 00Y4YeHHUs, TOArOTOBKa
TaOJIMIHBIMU JAHHBIX U UHTEPIPETAIHs PE3yITaTOB.

JIaHHBIMH HaBbikH (ONBIT J1€ATEJIbHOCTH):

- HHTepecyeTcsl HOBBIMHU TPEHJAMH B CBOEH
poeCCHOHATBLHON OTPACIIH, PACCMATPHBAET UX C TOUKU
3peHHUs] IPUMEHEHHS B CBOEH JEATENbHOCTH;

- OIICHWBAaeT MPUMEHUMOCTh aJITOPUTMOB,
BO3MOXHBICPUCKH U TIOCIEICTBUS OLIMOOK, HAXOAUT
ONITHMAJTbHBICPEIICHHUS 151 pad0vHX 3a/1a4

CucteMsI ITyOOKOTO 3HaHus:

o0y4deHus - NpUHLIMIBI 00YyYEHHUS ¥ IPUMEHEHNSI HEUPOHHBIX CETEH.

- apXHUTEKTYpbI NTyOOKUX HEUPOHHBIX CeTel, MPUMEHIEMbIX
B PELLIEHUH MPAKTUYECKUX 3a/1a4
CBSI3aHHBIX C aHATM30M M300paKeHUH U TEKCTOB;

Ymenus:

- HacTpolKa HEOOXOJIMMOTO OKPYKEHHUs /Uit paboThI C
HEUPOHHBIMH CETSIMHU.

- TpUMEHEHHE U JOOOYyUYeHHETPeT00yUECHHBIX
HEHPOHHBIX ceTel U3 JOCTYMHBIX OMOINOTEK

HaBbiku (ONBIT 1€ATEJIbHOCTH):

- BJIaJI€ET HaBBIKOM IPOBEACHMS MTOJHOTO UK
BBIYHMCIIUTEIBHOTO SKCIIEPUMEHTA, OTPAXKEHUS X012
BBITIOJIHEHMSI IPOEKTA U MOJyYEHUs Pe3yJIbTaTOB B
OTUYeTax M JIOKYMEHTAllNH;

- BJIaJICET HABBIKOM HCIOJIb30BAHUS CYLIECTBYIOIINX
IPOrpaMMHBIX OMOIHOTEK U MOJIENEH, CO3/1aHus
IPOTPaMMHBIX pealn3aliil rTyOOKUX HEHPOHHBIX ceTei




OO0yuenue ¢
HOAKPEIUICHHEM

3HaHuA:

TEOPETHUYECKHE OCHOBBI U AJITOPUTMbI O0yUEHUS C
MOJIKPETICHUEM;

npUMeHeHne 00y4eHus ¢ TOJKPEIIEHuEM st
MPAaKTHYECKUX 3a/a4.

YMmenuns:

BBIOOp U peau3anys alropuTMOB 00YUYEHUS C
HOAKPEIUICHNEM C YIeTOM CIIeIM(UKH 3a/1a9u
aJIanTanys U HaCTPOiKa aaropuTMOB O0yUYEHHUS C
HOAKPETIIEHUEM T10]T OIPE/ICIICHHYIO CPey.

HaBbiky (ONBIT 1€ATEJILHOCTH):

HUHTEPECYETCS HOBBIMH TPEHIAMHU B CBOCH
po(heCcCHOHATLHON OTPACIH, PACCMATPUBACT MX C TOUKH
3peHHsI IPUMEHEHUS B CBOCH JCSITEIIBHOCTH;

BJIaACCT HABBIKOM HCIIOJIb30BaAHUS CYH_[CCTByIOH_[I/IX
MIPOTPaAaMMHBIX OMOJIMOTEK U MOJIENIEH, CO3/TaHuUs
HpOFpaMMHBIX peanmaunﬁ Ha OCHOBC aJ'II‘OpI/ITMOB
00y4YeHUs C TIOKPETUICHUEM

CpencTBa A5l OLIEHKU Pa3IMYHbIX YPOBHEH (HOpMHUpPOBaHUS KOMIETEHIUI IO KaTeropusm
«3HATh», YMETbY», «BIAJCTh» OOCCIICUUBAIOT PEATH3AIMI0 OCHOBHBIX MPUHITUIIOB KOHTPOJIA,
TaKUX Kak 00BEKTUBHOCTD u HE3aBHCUMOCTb, MPAKTUKO-OPUEHTUPOBAHHOCTb,
MEXIUCIUTUIMHAPHOCTb.

C yd4eTroM 3TOro KOHTPOJBHBIE BOMPOCHI (3amaHus, 3amadu), Bxoasmue B POC, mius

pa3IMYHBIX KATETOPUN U YPOBHEW OCBOEHUSI KOMIIETEHIIMI MOTYT UMETh CJIEYIOLIUN BUL.

3HATDH
IIpumepsr:

N —

HUHTCJIJICKTA.

Twuner 3aJa4 MallIMHHOT'O O6y‘leHI/I$I " KJI1aCChI aAJITOPUTMOB, K HUM IIPUMCHACMBIC.
OcHOBHBIC HaIlpaBJICHUA pa3BUTUA HCCIIeIOBaHUM B 00J1aCTH CUCTEM HCKYCCTBCHHOTI'O

3. Teoperuueckue OCHOBBI AITOPUTMOB MAIIMHHOTO O0yUYEHHUSI.




YMETD Ilpumepsr:
[ToaroToBUTH TaHHBIE K UCIOIB30BAHUIO AITOPUTMA MAIIMHHOTO O0Y4EHUSI.
OneHuBaTh Ka4eCTBO PEUIEHUH CUCTEM MAIIMHHOTO 00YyYEHUSI.
3. ApmanTupoBaTh aJrOPUTMbI MAIIMHHOTO OOYYEHHs K PELLIEHNIO MPAKTHUECKUX 3a/1a4.
BJIAJIETD IIpumepsr:
Mertoposnorust pa3paboTKH peleHHH MaIllnHHOTO 00yYeHHUS.
. IIpumepsl NpaKTUYECKOTrO MIPUMEHEHUS APXUTEKTYP UCKYCCTBEHHOIO MHTEIIEKTA.
3. Mertoabl OHJIaliH TECTUPOBAHUS PEIIEHUI MAITMHHOTO 00y4YeHHUs.

N —

N —

METOAUYECKHE MATEPUAJIbL, OHPEAEJIAIOIIHUE ITPOUHEAYPBI
OLIEHUBAHMUSA 3HAHUU, YMEHUU U (MJIN) OIIBITA JEATEJBHOCTU,
XAPAKTEPU3YIOUIUE 3TAIIbI ®OPMUPOBAHUS KOMIETEHIIUIA

[Tpumepbl (MakeTbl) METOAMYECKHX MAaTEpUAJIOB, OIPENCNISIONINX MPOLEAYpPbl OLCHUBAHUS 3HAHUH,
YMEHHH U (WIK) OTIbITA JeSTEIbHOCTH

HanmenoBanue Kparkas xapakrepucTuka IIpencraBienue
OLICHOYHOI'0 OLICHOYHOI'0 CPeACTBA OLICHOYHOI'0 CPeJCTBa
cpeacTBa B (hoHz1e
Texymuii KOHTPOJIb CpencTBo npoBEpKH OCBOEHUS KommnekTs! Onieros
yCIEBAEMOCTH YPOBHEN «3HATH), KYMETH (3amaHuii)

KommuiekT OujieToB (MpUMepHbIii)
buner 1.
1.1 BaiiecoBckuii kinaccudukatop. Onenka npuznakoB (Gaussian, Bernoulli, Multinomial). EM
QJITOPUTM.
1.2 Knactepuzamus. kMeans, kMeans++, MeanShift, DBSCAN.

buner 2.
2.1 Ancam6mu. Soft and Hard Voting. Bagging. Cryuaiinbiii jiec.
2.2 Metpuyeckuii kiaccuduraTopbl. KNN. WKNN.

buer 3.

3.1 Jlunetinas perpeccusi. LASSO, LARS. CART.

3.2 JlepeBbs pemenuii. UHpopMannoHHbIi BRIMTpshIl. Ommoka kiiaccuuKaIuy, SHTPOIH,
kpurepuil Jxunau. [IpyHuHr.

buner 4.

4.1 T'moGanbubii mouck. Coyuainbeiii mouck. Gridsearch. CryuaiiHoe
omyxxnanue.baiiecoBckasi onTUMU3AITHS.

4.2 Jluneitnas perpeccus. [lonmHOMManbHas perpeccus. ['peOHeBas perpeccusi.

buner 5.
5.1 AdaBoost. ['panueHTHBIN OYCTHHT PELIAIONINX JIEPEBHEB.
5.2 Knacrepuzanus. AgglomerativeClustering. MeTpuku KiiacTepu3aliiu.

buner 6.

6.1. Ouenka knaccupukanuu. IpdexruBHocTh 10 [Tapeto. Precision-Recall 1 ROC kpusbie.

AUC.

6.2 Helipounsie cetu. IlepuentponPo3entnarra. OOpaTHOe pacmpocTpaHEHHE TpaJUCHTA.
OyHKIIMY akTUBaIUU. Softmax.

buner 7.



7.1 Jloxaneubrii momck. HillClimb wu ero pasHoBumnoctu. Omxur. [eHermueckuit
AJITOPUTM.
7.2 MeTtoa onopHBIX BEKTOPOB. Sapa.

Ilepeuenn J1abopaTopHbIX padoT (MpUMMePHbIii)

O0mue pekoMeHAaIUNU K J1a00PATOPHBIM padoTaM: /Ji Pa3HbIX YPOBHEH MOJITOTOBKU
CTYZIEHTOB MO>KHO MCIIOJIb30BaTh Pa3HyIo INTyOHHy peanu3auuu pemenus. Tak, 11 cTyAeHTOB
HETEXHUYECKUX CIIEIUAIBHOCTEH 3a/1aHe MOKET 3aKII0YaThCsl B IPUMEHEHUH TOTOBBIX METOJIOB U3
OMOJIMOTEK WIIU 3all0JIHEHUEM IPOITYCKOB B IMporpammax, rac 0obIIas 4acTh IOATrOTOBJICHA
npernojaaBareneM. J{Jis CTyIeHTOB TEXHUUYECKUX CIeIMabHOCTEeH 3aaHne OyIeT 3aKII04aThCs B
peanu3aluu aaropuTMOB 0€3 UCIIOJIb30BAHUS TOTOBBIX PEIICHUH.

JIP1.1 Metoasl pabotsl ¢ Tabmuuamu B Python. Arperanmss u Bu3yanu3amus JaHHBIX.
ITpoBeeHue NEpBUYHOIO aHATIN3a TaHHbIX.

Lemu: u3zyueHne MeToZ0B paboThl ¢ JaHHBIMH B Python m mpoBeneHue NmepBUYHOTO aHaIHM3a
JAHHBIX.

3amanue: 3arpys3ute garaceT B pandaspatadpeiiMm. BeiBequre OCHOBHbBIE MapaMeTphl JaTaceTa.
Omnpenenure, CKOJIBKO B JaTaceTe Cly4yaeB OTCYTCTBHUS NMpHU3HAKOB. OIpenennTe, CKOJIBKO MPU3HAKOB
SBJISIFOTCS.  KaTETOPUAJIBHBIMU.  Busyanusupylre  paclpeieiieHHe  IpPU3HAKOB IO  Kjaccam.
Busyanuzupyiite 3aBUCUMOCTh MEXAY MPU3HAKAMH.

JIP1.2 Wcnonp3oBaHne U cpaBHEHHE alropuTMoB kiaccudukamuu: KNN, penraromnue 1epeBbs U
UX aHCaMOJIY, JIOTUCTUYECKAs! PErpeccusl.

[lenu: npuMeHeHUE U OLIEHKa aJITOPUTMOB KJIaCCH(UKALINU.

3ananue:

Paznenute natacer Ha oOyvaromuii W BalMJAlMOHHBIM C COXpaHEHHWEM HPOMOPLHUH KIIAcCOB.
Knaccupumupyiite Toukum w3 gatacera ¢ momoulpio anroputMoB kNN, mormctudeckoil perpeccu,
CART, cnyuaiiHoro uneca, CatBoost. IlogOepure myumme mnapaMeTpbl aJrOpUTMOB CIOMOILBIO
BaIMJAIIMOHHON BBIOOpKH. CpaBHUTE BpeMsi pabOTHI aJrOPUTMOB M 3aBHCUMOCTBH OT INPenoOpadoTKu
JAHHBIX.

JIP1.3 Mcnonb3oBaHWe U OLIEHKA alropuTMoB perpeccuu. Ionbop onTumanbHBIX MapaMeTpoB
perpeccum.

[{enu: n3ydyeHne anropuTMOB PErpECCU.

3anganue:

[IpumenuTe MeTOT IMHEHHOW perpeccuu JUisl pelieHns 3a/1auu Ha fgaracere. JlobaBbTe B JaTacer
MOJIMHOMUAJIbHBIE NpU3HaKu. [lo6aBisiiTe MpU3HAKK 1TOKa HE YBUIUTE NepeoOyueHre Ha
BanuaanonnomaaTacere. [Ipumenute rpedneByto perpeccuto 1 LASSO, utoOb1 n30aBUTHCS OT
nepeoOyveHHS.

JIP1.4 OnTtuMu3alMoOHHBIC 33Ja4¥l W WX penieHus. [lombop rumepmapamMeTpoB alroputMa ¢
MOMOIIIBIO METO0B ONITUMH3AIINN

[lenu: u3yyeHne airOPUTMOB PEIICHHSI ONTHUMHU3AIMOHHBIX 3a]1a4.

3agaHue:

1. OnTUMU3UPYITE ITUHY MapIIpyTa B 3a7a4e¢ KOMHBOsDKEpa ¢ TOMOIIBI0 anropuT™MoB hillclimb,

OTXKHTa U TeHETHYECKOTO aIropuT™Ma. BrIBEeMTE MOMYYHBIINICS TYTh U €T0 JITHHY.

2. OntuMu3MpyHTe TUIEepHIapaMeTpbl aaropuTMa MAIIUHHOTO 0OyueHHs (Ha BBIOOP) C TIOMOIIbIO

CIly4aifHOTO TOHMCKa, MOKUCKa Mo pemerke, anropurMa hillclimb, renernyeckoro anropurma.

JIP2.1 Knaccudukanms n3o0pakeHuit U TpaHcPepHOe 00yUeHHE.
Llenu: n3yyeHne METOI0B TIIYOOKOTO 00YYEHUs /ISl pabOThI C N300paKEHHUSIMH.
3ananue:



3arpy3uTe gataceT W CO3JalTe WTEpaTop Ui MOJeNu TiyObokoro oOydeHHs. 3arpys3ure
npenodydennyro Ha ImageNetcBeprounyto cethb (AlexNet, VGG umu ResNet) u nobaBbre K
backbonenonHoCBs3HBIH cI0# st 00ydeHus. OOydnTe HEUPOHHYIO CETh Ha, BU3YyaM3UPOBAB TpaduK
¢GyHKIMM TOTeph Ha oOydyaromed W BalMIalMOHHON BbIOOpKe. Peanmusyiite Momyns NpUMEHEHHUS
HEHPOHHOH CEeTH K TaHHBIM, IPOBEPHTE Ka4eCTBO O0YUYEHHUSI Ha TECTOBOM BBIOOPKE.

JIP2.2 Pabota ¢ TeKkcTaMu M UX BEKTOPHBIMU MpeAcTaBieHusMu. Llenu:
U3y4eHHEe MOJieJiel BEKTOPHOTO MPEJICTaBIeHUs TEKCTOB. 3aJaHHe:
Ckauaiite ipetoOydeHHbIe BeKTopa Ayis ciioBaps. C TOMOIIBIO JTF000T0 Kiaccudukaropa
mamuHHOro ooyuenus (KNN, SVM, CatBoost) kinaccuduuupyiite TeKCThI U3 AaTacera o CyMMe
BEKTOPOB cioB. Knaccuduuupyiire tekctsl ¢ nomouipio LSTM cern.

JIP3. 1 Ilpumenenne Q-Networks /uist pereHust MPOCTHIX OKPYKEHUH.

Llenu: n3ydyeHue npuMeHeHus! 00yUYeHHUs ¢ TIOAKPEIUIEHUEM JUTs peIieHNH 3aa4 KOHTPOJIS.

3amanue:

OOyuuTe MpOCTYIO NOTHOCBA3HYI0Q-ceTh ISl peleHus okpyxenust LunarLander.

[Iponienypsl oOlCeHWBAaHUS 3HAHWW, yMEHWH, (QOPMBI W OpraHM3alus TEKYIIETO KOHTPOJISA
yCIIEBAEMOCTH M IIPOMEKYTOUHOM aTTecTalMi 00yUYaronXCst

Texkymuil KOHTPOJIb YCIEBAEMOCTM M IPOMEKYTOYHAsl aTTeCTallMsl CTYJIEHTOB BeEIETCA B
cooTBeTCTBUM ¢ [loj0XKEeHHEM O TEKyIleM KOHTpOJIE YCIIEBAEMOCTH U IPOMEKYTOYHON aTTECTAlUH
00pa3zoBaTeTbHON OpTaHU3AINH

Texymmii KOHTPOJIb yCIIEBAEMOCTH

Monyne nenmutcs Ha aBa Omoka. Kaxkaprii OnOK BKIO4aeT B ce0si M3y4EHHE 3aKOHYEHHOTO
pazznena, yactu Moayis.

Texymuii KOHTPOIIb T0 MOMYIII0 OCYIIECTBIISIETCS 10 KaJleHIapHOMY ydeOHOMY rpaduky. Cpoku
KOHTpOJbHBIX MeponpusaThii (KM) u cpoku nmosBesieHns: HTOroB 1o Moyiito 0ToOpakatoTcsi B paboumnx
y4eOHbIX IIaHax Ha cemecTp. CTyHeHT MJODKEH BBIOJHUTH BCE KOHTPOJIBHBIE MEPOIPUSATHS,
npeaycMOTpeHHble MolylieM K yKa3aHHOMY CpPOKY, IOCJIE Yero IpenojaBareib NpOCTaBiIsieT OaibHbIe
OLICHKH, HaOpaHHbIE CTYAEHTOM I10 pe3yjbTaTaM TEKYIIEro KOHTPOJIsl ycrneBaeMocTu no Moayiito.

KoHTponbHOE MEPONPUATHE CYUTAETCS BBITIOJIHEHHBIM, €CIIU 32 HETO CTYJEHT MOIY4YHJI OLICHKY B
Oamlax He HW)KE MUHHMAaJIbHOM OILIEHKH, YCTaHOBJIEHHOW MPOrpaMMON MOIYJS TIO JaHHOMY
MEPOIPUITHIO.

CryneHThl, HE CHaBIIME KOHTPOJIbHOE MEPOIPHUSTHE B YCTAaHOBJIEHHBIH CpPOK, MPOJOJIKAIOT
pa0oTaTh HaJl HUM B COOTBETCTBHE C MOPSIKOM, IPUHATHIM 00pa30oBaTeIbHON OpraHu3anuei.

IIpomeskyTouHas aTrecTanus

DopMOi MPOMEKYTOUHOM aTTeCTallMK 0 MO0 SBIIETCS 3a4erT.

OnenuBanne Moaynst Benercss B cooTBeTcTBUM ¢ IlonmoskeHmeM o TeKylieM KOHTpOJIe
yCIIEBAEMOCTH U ITPOMEKYTOUHOM aTTeCTallMM CTYJEHTOB 00pa30BaTelbHOI OpraHu3aluu.

Hanpumep, MeTOAMKA OLIEHKH 110 PEHTHHTY

CTyIeHT, BBINOJIHMBIIMKM BCE MPEAyCMOTPEHHBbIE Y4E€OHBIM IUIAHOM 3a/laHUSl U CIaBIIUI Bce
KOHTPOJIBHBIE MEPOIIPUATHSA, ITOIYYaeT UTOTOBYIO OLIEHKY IO MOJyYJIIO 3a CEMECTp B COOTBETCTBHM CO
CHEAYIOLIEN IKAJION:

PeiiTunr Onenka Ha 3ayeTe
85-100
71-84 3aueTr
60-70
0-59 Hezauger

Pelitunr crynenta no Mosyiio 3a ceMecTp onpezensercs Kak cymma 0ajuioB, MOJTYyYEHHBIX UM 3a BCE
610k Mopys, u 6aJIoB 3a MPOMEKYTOUHYIO aTTeCTallui0. MakcuMallbHOE KOJIMYECTBO OalioB 3a
Monaynb B ceMecTpe ycTaHaBiauBaeTcss paBHbIM 100



