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Pabouas nporpamma auciuIuinHbl «CHCTEMBI HICKYCCTBEHHOTO MHTEIIEKTa» COCTABIICHA
B cooTBeTcTBUH ¢ TpeboBanusiMu @I'OC BO no Hanpasienuto noarotosku 45.03.01 duno-
aorus, npoguits «3apyOexHas GUIOIOTHs. aHIIIMUCKUN SI3bIK U JIUTEPATypay, YTBEPHKAECHHOTO
nprKa3oM MUHHUCTEPCTBA HAYKU U BBICIIEro oOpazoBanus Poccuiickoit @enepanuu ot «12»
asrycra 2020 r. Ne 986

[TporpamMmmy cocTaBui:

K.IL.H., cTapui npenogasarensb kKadenpsl «MCuTy Illayxagosa Pasusg AjayauHoBHA

[Iporpamma onoOpena Ha 3acenanuu kadeapol «1CuT»
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[Iporpamma ooOpena YueOHO-METOMUECKUM COBETOM (QHIIONOTHYECKOTO0 (haKynbTeTa
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1. Ilean ocBOEHHSA THCIUAIIINHBI

Llenbro nzyuenns auctmiuinHbl 51.B.06 «CrcTeMbl HCKYCCTBEHHOTO MHTEIICKTa) SBIISETCS
(dopMHpOBaHNE KOMITETCHIIMU B 00JIACTH PUMEHEHHUSI HHTEIUIEKTYaIbHBIX HHPOPMAIIMOHHBIX
CHCTEeM ISl pelieHns MPO(ECCHOHANBHBIX 33/1a4.
3aauu TUCHUIUIMHBIL:
— O3HAaKOMHTBH C COBPEMEHHBIMH OOJIACTSIMH MCCIICIOBAHUS 110 HCKYCCTBEHHOMY WHTEIUICK-
Ty U chepamMu PUII0KEHHUS IKCTIEPTHBIX CUCTEM;
— TO3HAKOMUTH C KOHIICTIIUSMH, COCTaBJISIFOIIMMH OCHOBY COBPEMEHHBIX CHUCTEM HCKYC-
CTBEHHOT'O MHTEJICKTA;
— M3JIOKUTh TEXHUYECKHE TMOCTAHOBKM OCHOBHBIX 3ajlad, pPEIIaeMbIX CHUCTEMaMH HCKYC-
CTBEHHOTO WHTEJUICKTA;
— TIO3HAKOMHUTh C OCOOCHHOCTSIMH MPAKTHYECKOTO HCIOJIb30BAHHUS HWHTEIJICKTYaJIbHBIX
MH(POPMALMOHHBIX CHCTEM B 00J1aCTH MH(POPMALIMOHHOM O€30MacHOCTH.

2. Mecto aucuuniaunsbl B crpykrype OIIOII 6akanaBpuara
Huki, xk koTopoMy oTHOCcHUTCs AucuuiuHa: b1.B.16 «CucreMbl HCKYyCCTBEHHOTO MHTEIIEKTa»

3. Pe3yabTaThl 0CBOEHUS] IMCUMILIUHBI (MOAYJIs) «CHCTeMbl HCKYCCTBEHHOTO MHTEJ-
JEKTa»

[Mpomiecc W3yueHUs MUCHUIUIMHBI HANpaBlieH HAa (OPMUPOBAHUE DJIEMEHTOB CIICTYFOIIUX
koMmrieteHni B coorBercTBUM ¢ PI'OC BO no naHHOMY HanpaBlIEeHUIO:

Kox npogec-| HammenoBanue npo- Kon, HauMeHOBaHNEe HHIMKATOPA T0CTHKEHUS NPO-
CHOHAJILHOM deccuonanbHoOM ¢eccnoHAIBLHON KOMIIETEHIIUT
KOMIIeTeH LN KOMIETCHINHU
Cnoco6en ucnone3o- | HK-9.1. [Torumaer npunnumns 3HaTh: MeTos!
BaTh 3HAHUC OCHOBHBIX | rocTpOeHUS] B OCHOBHBIC pa3spaboTku
IIK- -
9 MCTOIO0B UCKYCCTBCH METOJIBI CUCTEM OpPUTMHAJIBHBIX
HOTO MHTEJJIEKTA B TO-
N HCKYCCTBEHHOTO MHTeIIeKTa u [T OPHTIMOB 1
crepyroeii npogeccu- [POrpaMMHBIX
OHAIBHON fesTenpHo- | NPAMEHACT UX JUIs PEICHUs I—
- | 3amad npodeccuoHaIbHOM
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npenoaaBaTeneii oopa- .
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IIK-9.3. BriGupaer Bianers:
KOMIIIEKCHI METOIOB U TOCTaHOBKOM 3a7a4 I10

HHCTPYMEHTATBHBIX CpeCcTB A AlTALH I

HCKYCCTBCHHOI'O MHTCIIJICKTA
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COBEPILICHCTBOBAHUIO
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npohecCHOHANBHBIX 33734 B
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[peIMETHON 00J1acTH

peIMETHOM 00TIacTH.




4. CTpyKTypa U cojep:KaHue TUCHMILUIMHBI (MoayJsi) CHcTeMbl HCKYCCTBEHHOTO MH-
TeJlaeKTa
4.1. CTpykrypa aucuuniuHbl (Mmoayas) CHucTeMbl HCKYCCTBEHHOI0 HHTELIEKTA

OO01mast TpyA0eMKOCTh TUCIUTUTHHBI COCTABIISIET 2 3a4ETHRIX €UHMII, 72 9acoB.

No Buabl yueOHo# padoThl, BKIIOYAs CAMO+ DopMBI TEKYLIET0
n/n CTOSITEJIbHYIO pa00Ty CTY/JIEHTOB M TPY-| KOHTPOJISI yCIEeBAEMOCTH
JI0eMKOCTh (B 4acax) (no nedenam cemecmpa)
K C DopmMa IPOMeEKYTOYHOM
OHTgKTHaﬂ aMOCTOgTeJ]b- aTrecTanuu (l’l0 cemecm-
aboTa Hasi pa6oTa
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4.2. Copep:xanme JTUCUMILIMHBI (Moay 1) CHCTEMbI MCKYCCTBEHHOI0 HHTEJJIEKTA

Ne n/n

HanmeHoBaHMe MoAyns, cogepXkaHume

Yacsl

«BBeaeHune B MCKyCCTBEHHbIVI NHTEeNN1eKT N OCHOBHbIE MeTO-
Abl MALUMHHOTIO O6y‘-IEHI/IFI Ansa pa6OTbI C TabNINYHbIMM AaH-
HbIMW»

Nekuunn

10

1.1-1.5

[OnmmonanbHO: MaTeMaTHYECKHAH JIMKOE3 110 3JICMEHTaM MaTeMaTHde-
CKOH CTaTUCTHUKH, JINHEHHOU anredpbl 1 MaTeMaTHUYECKOIO aHAIN3A. |
OcHoBHbBIE 337]a41 CUCTEM UCKYCCTBEHHOTO nHTeekTa. Kinaccuduka-
1K, KJIacTepu3alus, perpeccus. TUmbl MaTMHHOTO OOYYEHHUS: C YUH-
TerneM, 6e3 yuuTens, ¢ YaCTUYHBIM MPUBJICYCHUEM yuuTesi, 00y4eHue ¢
MOAKPETUICHUEM.

Knaccudukanms Ha nmpumepe anropurma k-ommkaimumx coceneit (KNN)
[OnmmonansHO: BBICTpEI MOMCK OmmKkalmx cocezeit.|. MeTpuku
OIICHKH KJaccuukanuu: moiaHoTa, Tounocts, FI, ROC, AUC. Banuna-
[IMOHHAS U TecToBas BeIOOpKa. Kpocc-Banmmamnus. PaboTa ¢ kareropu-
QJIbHBIMH TPU3HAKAMH.

Perpeccus. Merpuku ouenku perpeccun: MSE, MAE, R2 - koa¢dduru-
eHT JleTepMuHaluu. JInneitHas perpeccusi, MOJMHOMUATbHASI pErpecCusl.
[lepeoOyuenue u peryssipusanusi, rpednesas perpeccusi, LASSO, Elastic-
Net.

JluneiHbIe MOJIeNH 1T Kiaccudukanuu. [leprenTpoH, TorucTHaecKast
perpeccusi, NOJTHOCBS3HbIE HEMPOHHBIE CETH, CTOXaCTHYECKUH TpaIueHT-
HBIH CITyCK U 00paTHOE pacIpoCTpaHEeHHEe rpaiueHTa. Perynspusamus Jiu-
HEWHBIX MOJICJICH KTacCHU(PUKAITIIH.

Knacrepuzanus, k-means, k-means++, DBSCAN, arinoMmepaTtuBHast Kjia-
cTepuzanusa. MeTpuKH OIIeHKHU KIacTepU3aliu.

ANTOPUTMBI, OCHOBaHHBIC Ha IPUMEHEHUH PEIIaoNuX AepeBbeB. Kpure-
pHUH pazfeneHus y3ia: UH(QpOPMaIlMOHHBINA BBIMTPHILI, KpuTepuii [kunu.
AHcaMOII1 pemaronux JepeBbeB: CIydalHbIi Jec, TPaJUCHTHEIH Oy-
CTHHT.

Mertox onopHbIX BeKTOpOB. [Ipsimas u oOpartHas 3ama4a. OnpeneneHue
OTIOPHBIX BEKTOPOB. S IepHBIN TPIOK.

HawuBHbr1ii OaliecoBckuii kimaccudukarop. MeTo bl OIICHKH paciipeiene-
HUS Ipu3HaKkoB. EM-anropuTm Ha mpuMepe cMecH rayccua.

MeTo/pl 6e3rpaTueHTHON ONITUMU3AINN: CITyJaiHbIi Touck, hillclimb,
OT)KUT, TCHETUYECKUI aJITOPUTM.

10

JlaGopaTopHbIe padoThI

JIP1.1

Mertoab! paboThl ¢ Tabaunamu B Python. Arperanus u Bu3yanu3anus
naHHbIX. [IpoBeieHne NepBUYHOrO aHAIN3a JaHHBIX.

JIP1.2

CIOJIb30BaHUE U CPaBHEHHE aIrOpuTMOB Kinaccupukarmu: KNN,
pelIaroIue 1epeBbes U UX aHCaMOJIH, JJOTHUCTHYECKasi perpeccHsl.

JIP1.3

Hcnonb3oBaHue U olleHKa anroputMoB perpeccuu. [logbop ontumans-
HBIX
napaMeTpoOB PErPeCcCcHu

JIP1.4

OnTuMHU3aMOHHBIE 33/1a4u U ux peuienus. [londop runepnapamerpos
QJITOPUTMa C MOMOIIBI0 METOJI0OB ONTUMHU3ALINH.

IIpakTuka

10




IMP1.1 | [IporpaMMHO-aITOPUTMHYECKOE OCBOCHHE MaTepurasa 10
CamocrosiTebHas padora 8
CP1.1 | IIpopaboTka yueOHOTO MaTepHaa JSKIUH 2
CP1.2 | [loxroroBka K Ja00paTOpHBIM paboTam 4
CP1.3 | [loaroroBka Kk pyOe:KHOMY KOHTPOJIIO 1
CP1.4 | Ipyrue BUIbI CAMOCTOSTENILHON paObOTHI 1
2 Jleknuu 4
2.1- | Heiiponnsie cetn. @yHKIIUM OIMOKN HEHPOHHBIX ceTel U 00ydeHue ¢ 4
23 MOMOILBI0 O0OPATHOTO pacipocTpaHeHus rpaguenta. [lonstue 63t4a u
SMOXH.
PaGora ¢ n300pakeHUsAMHU ¢ TOMOIIbIO HEMPOHHBIX ceTeil. CBEepTOUHbIE
HelpoHHble ceTu. Onepaliuu cBepTok, max-pooling. [lomynspusie apxu-
TEKTYPBI CBEpTOYHBIX HEHpOHHBIX ceTeit: AlexNet, VGG, Inception
(GooglLeNet), ResNet. Tpancheproe oOyueHwue.
O6paboTka TekcToB. PaboTa ¢ €CTECTBEHHBIM SI3BIKOM C ITOMOIIBIO HEH-
POHHBIX ceTeil. BekTopHbIe peacTaBieHus ais Tekcra: word2vec,
skipgram,
CBOW, fasttext. Pexyppentnsie neiiponnsie ceti, LSTM, GRU.
Tpancdopmepst, BERT, GPT.
JlaGopaTopHbIe padoThI 6
JIP2.1 | Knaccudukanus n3o0paxeHuii 1 Tpancheproe oOyueHue. 3
JIP2.2 | PaboTa ¢ TeKCTaMu M UX BEKTOPHBIMU IPEACTABICHUAMHI TEKCTOB. 3
IIpakTuka 4
1P [IporpaMMHO-aJITOPUTMHUYECKOE OCBOEHUE MaTepHaia 4
2.1
CamocrosiTesibHas pabora 7
CP2.1 | [IpopaboTka yueOHOro MaTepuasa JeKIun 1
CP2.2 | IloaroroBka K 1abopaTOpHBIM paboTam 4
CP2.3 | [loaroroBka kK py0e:xHOMY KOHTPOIIO 1
CP2.4 | Jlpyrue BUABI CAMOCTOSITEIIBHON PabOThI 1
«OO0yueHune ¢ MoAKPETIICHUEM»
3 Jlekuuu 4
3.1- [TonsiTus arenta, cpefibl, COCTOSIHUSA, NEUCTBUIN 1 Harpaabl. DyHKIHs
3.2 ueHHoctu coctosiHus (Valuefunction) u pyHKIMs KauecTBa 1eHCTBUS
(Qfuntion).
OnTuMu3aIys CTpaTeruy ¢ MOMOIIBIO MAaKCUMHU3AIMH (DYHKIIHIA IIEHHO- 4
CTH ¥ KauecTBa. Q-oOyuecHuHe.
I'myGokoe ob0y4enue ¢ nmonkperieHueM. Deep Q-Networks, Actor-critic.
Jlnsa yposns skcneptHbiii: REINFORCE, A2C, PPO, DDPG.
JlaGopaTopHble padoThI 4
JIP3.1 | ITpumenenue Q-Networks Juist perieHHsI IPOCTBIX OKPY>KEHUH. 4
IIpakTuka 4
P [IporpaMMHO-aNTOPUTMHYECKOE OCBOCHHE MaTepHaa 4
3.1
CamocrositenbHas pabora 3
CP3.1 | [IpopaboTka yueOHOro MaTepuaa JEeKIui 1
CP3.2 | [loaroToBka k 1a00paTopHBIM paboTam 1
CP3.3 | [loaroroBka K pyOeKHOMY KOHTPOJIIO 0,5
CP3.4 | [Ipyrue BUIbI CAMOCTOSITEIBHON pabOThI 0,5




5. Obpa3oBaTe/ibHbIE TEXHOJIOTHH
B npouecce npenonaBanust Moayist HCIIOJIB3YIOTCS CIIEAYIOLIME METOJIbl, CPeiCTBA U 00-
HOBJISIEeMO€E MPH HEOOXOAMMOCTH IIPOTpaMMHOE o0ecrieueHre HHPOPMALIMOHHBIX TEXHOIOTHUH:
— e-mail npenogaBaTens;
— DJIEKTPOHHBIE y4eOHO-METOAMYECKUE MaTepHallbl Uil 00ECIIeYeHUs] CaMOCTOSITEILHON pa-
OOTBI CTY/IEHTOB;
— CIMCOK caiiTtoB B cetn «MHTEepHET» Ui MOMCKAa HAYYHO-TEXHHUYECKOW HH(popMamuu mo
pazzenaM JUCLUILINHBL
—  TaKeThl IPUKIAJHBIX IPOTPaMM, Hapumep, pytorch.

6. YueOHO-MeTOAUYECKOEe O0ecreyeHHe CaMOCTOSITeJIbHOM PpadoThl cTyaeHToB. Oue-
HOYHBbIE CPEACTBA ISl TEKYLIEr0 KOHTPOJISI YCIIEeBAeMOCTH,IIPOMEKYTOUYHOM aTTEeCTALMHU 110
UTOr'aM OCBOCHUSA IUCIHUIIJIUHBI.

Ana obecneyeHnsa caMoCcToATeNIbHOM paboThbl CTyAeHTOB No Moaynto chopmMmpoBaH
MeTOANYECKNI KOMIMIEKC, BKAHOUAOLLNN

B Cebs cnepyrouime yyebHO-MeToAMUeckme MaTepuansl:

1. lMporpamma Kypca.

2. Y4ebHunKN n yuebHble nocobus.

3. Cnuncok agpecos canToB B MHGOPMAaLMOHHO-TeNeKOMMYHUKALMOHHOW ceTu
«HTepHeT» (panee

- ceTb «/IHTepHeT»), cogep>KaLymx akTyanbHy nHdopmMaumio no 6aokam Mogyns.
Bubnuorpadpuyeckme cCbiIKM Ha yuyebHble N34aHuns, BXOAsLME B MeTOANYEeCKNIA
KOMMeKC, NpuBeAeHbl B NepeyHe OCHOBHOW U AOMONHUTENIbHON yYebHOW
nnTepaTypbl, HEO6X0ANMON Ana ocBoeHUs Moaynsa (pasgen 7).

K fonoNHUTeNbHBIM MaTepranam Takxke OTHOCUTCS nepeyeHb pecypcoB ceTn
«MIHTepHeT», peKoMeHAyeMbIX A1 CAMOCTOATEIbHOW paboThbl Npy ocBoeHUn Mogayns
(pasaen 7). CTyaeHTbl NONYYakOT A4OCTYM K YKa3aHHbIM MaTepurasam Ha nepsom
3aHATUM No Mogaynto.

7. Y4eOHo-MeTOaMYECKOE " MaTepHaJIbHO-TeXHHYeCKoe olecrieyeHue
AUCHMILINHBI(MOYJIS)

7.1. Y4eOnas quTeparypa:

OcHoBHas 1UTEpaTypa 10 MOAYJII0

1. Mammnanoe oOyuenne. Hayka u MICKyCCTBO IMOCTPOEHUS alTOPUTMOB, KOTOPBIE H3BJIe-
KaroT 3HaHuA u3 naHHbIX. [lerep @nax. IMK Ilpecc. 2015.

2. I'myb6okoe oOyuenue. [lorpyxenue B Mup HelipoHHBIX ceTeil Hukonenko Cepreit Urope-
Bu4, Kagypun A. A. | Hukonenko Cepreit Uropesuu, Kagypun A. A.

3. O6yuenue c nogkperuiearem / Catton Puuapn C, bapro Duapro I'., JIMK Ilpecc, 2020.

JlonmoiHUTE/IbHBIE Y4eOHbIe MATEPHUAJIbI

1. OcHOBBI HCKYCCTBEHHOTO MHTEIUIEKTa : yueOHoe nocobue / E.B.boposckas, H. A. [laBbiioBa.
4-e m3x.,onexkTpoH. M.: Jlabopatopus 3Hanuit, 2020. 130 c.

2. MW ckyccTBeHHbIH nHTEIUIEKT ¢ ipuMepamu Ha Python. JlxommlIpatuk. Bunbsme. 2019.

3. IlpuknagHoe wmammHHOEe oOydeHwe c momombio Scikit-Learn, Keras u TensorFlow:
KOHIICTILUY, UHCTPYMEHTBI U TEXHUKH JJIS1 CO3aHUSI MHTEIUIEKTYaJIbHBIX CUCTEM , 2-€ U3/a-
Hue. XKeponOpenbeH. J{nanexkruka-Bunbsame. 2020.

4. Xenpuk bpunk, [o3ed Puuapne, Mapk ®@esepond «MarmmnHoe 00yuenue», [Tutep 2017.



5. Kak yuurcs mammHa: PeBomonust B 001acTH HEMPOHHBIX ceTel U riryOokoro oOyueHus. SIH

Jlexyn. Ansniuaa PRO. 2021.

6. I'pokaem riybokoe oOyuenue. Duapio Tpack. [Tutep. 2019.
7. Obyuenue ¢ moakperuienueM Ha PyTorch. Coopuuk pernientoB. HOcu Jlro. IMK Ilpecc.

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

\

7.2. UnTepHeT-pecypchl

Ha3Banue pecypca

Ccbuika/noctyn

DnekTpoHHass Oubnmoreka oHIaiH «EauHOE OKHO K
00pa30BaTEeNBHBIM PECYPCAM)

http://window.edu.ru

«O0pazoBarenbHblii pecypc Poccun»

http://school-collection.edu.ru

@denepalbHbI 00pa30BaTENbHBIM MOPTAN: YUPEKACHUS,
nporpammsl, ctanaapTel, BY3s1, Tectel EI'D, A

http:/www.edu.ru

@denepanbHblii UEHTp HHPOpPMAIMOHHO-00pa3zoBaTenb- | http://fcior.edu.ru
HbIX pecypcoB (PIIMOP)
Pycckas BuptyanbHas Oubanoreka http://rvb.ru

KaGunet pycckoro si3bika U TUTEPaTyphl

http://ruslit.ioso.ru

HanmonanbsHbIN KOPITyC pyCCKOTO SI3bIKA

http://ruscorpora.ru

Hayunas snekrponnast 6ubnuoreka «e-Library»

http://elibrary.ru/defaultx.asp

DnexTpoHHO-OMbIoreuHas cucrema [PRbooks

http://www.iprbookshop.ru

OnexkTpoHHO-01OMMoTeyHast cuctema Uurl'y

https://lib.inggu.ru/

WNudopmannonHo-mpaBoBas cucrema «l apant»

CereBas BepcHsi, JOCTYIIHA CO BCEX
KOMIIBIOTEPOB B  KOPIIOPATUBHOM
cetu Uarl'y

1.

7.3. IlporpammHoe obecnevenne:

yHI/IBepCI/ITeT 06€cnequ CJICILYIOH_[I/IM KOMIIJICKTOM JIMIICH3UOHHOT'O HpOFpaMMHOFO
obecreueHus.

I.1.
1.2.

JInueH3noHHOE MTpOrpaMMHOE obecrieueHue, ucroibpzyemoe B Uarl'y:

Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
Microsoft Windows server 2003, 2008, 2012, 2016



https://lib.inggu.ru/

1.3. Microsoft Office 2007, 2010, 2016

1.4. IIporpammuslii kommuieke MMUC “Busyansnas Ctynus TectupoBanus’
1.5. IIporpammuslii kommiekc MMUC "ITJIAHBI"
1.6. ITporpammusiit kommieke MMUC "2JIEKTPOHHBIE BEJIOMOCTHN"
1.7. TIporpammusiii komreke MMHC "BEJJOMOCTU OHJIAMH"
1.8. ITporpammusiit kommiexc MMUC «PITJ] OHJIAVTH»
1.9. YuuBepcanbubiii cratuctuyeckuii naket STADIA
1.10. AatuBupycuoe I10 Kaspersky endpoint security
1.11. CnpaBouno-npaBoBas cuctema “I'apant”
2. INTERNET-uentp cBOOOIHOTO AOCTYIA IPH YATATIHLHOM 3ajie OMOIHOTEKH.

7.4. MaTepuajbHO-TeXHHYECKOEe o0ecneueHue
Onucanue MaTePUAILHO-TEXHUYECKOM 0a3bl, HEOOXOAMMOMIJISI U3yYeHUsT MOLYJIsI

Hepequb MaTCpruaJIbHO-TCXHUYCCKOI'O obOecIieueHus MOIIYJ'I}I

Ne /i1 | Bup 3ausgTuit

Bun u HanMeHoBaHWE 000pyIOBaHUS

1 JlekimoHHbBIE
3aHITHS

Ayauropun ¢ MyJbTUMEIUWHBIMU CPEACTBAMHU, CPEJICTBAMU 3BY-
KOBOCIIPOM3BEICHUS U UMEIOIINE BBIXOA B ceTh «MHTEepHEeT. [ToMe-
IICHUS 7S POBEJICHUS Ay TUTOPHBIX 3aHATHH, 000pyAOBaHHBIE y4eO-

v

2 |Jlaboparop-
HbIE pabOThI

KomnbroTepHslit Kj1acc ¢ KOMIUIEKCOM MTPOIPaMMHBIX CPEJICTB, TI03BO-
JSIFOIUX KaXKIOMY CTYJICHTY pa3palOaThIBaTh MPOrpaMMHBIE pean3a-
LMY NPAKTUYECKUX 3a/1a4 B XO0/1€ BBIIIOJHEHUS J1JaOOpaTOPHBIX padboT

3 |CamocToATENb-
Hasi paboTa

bubnuoTeka, umeroras paboure Mecrta JUIsl CTYJEHTOB. AYJIUTOPHH,
OCHAIIIEHHBIE KOMITBIOTEPAMH C JIOCTYTOM K ceTh « UHTepHeT»

4  |IIpakTuka

KomnbroTepHslil Kilacc ¢ KOMIUIEKCOM IPOTPaMMHBIX CPE/ICTB, M03BO-
JSIFOIUX KaXKIOMY CTYJICHTY pa3paldaThIBaTh MPOrpaMMHBIE pean3a-
LIUM [TPAKTUYECKHX 33124 B XOJI€ BBIIIOJIHEHUS JJaOOPaTOPHBIX padoT




POH/J ONEHOYHBIX CPEACTB JJIA ITIPOBEJEHUA TEKYIIEI'O KOHTPOJIA
YCHEBAEMOCTH U TIPOMEKYTOUYHOM ATTECTAIIAN OBYUAIOIINUXCS
1O MOAYJIIO « CUCTEMbBI HCKYCCTBEHHOTI'O UHTEJIJIEKTA»



OHHCAHHEuHOKA3ATEJIEﬁ N KPUTEPUEB ONEHUBAHUSA
KOMIIETEHIIUU HA PA3JIMYHBIX OTAITAX UX ®OPMUPOBAHUAA,
OIMMCAHHME HIKAJI OHEHUBAHUA

®onp oteHouHbIX cpeactB (POC) mpemxycMaTpuBaeT clieayronee:

ONHMCaHNE KOMIUIEKCA MOKa3aTes el — IECKPUIITOPOB OCBOCHHSI KOMIIETEHIUI B BUJIE
pe3yJIbTaTOB 00yUYEHUs], KOTOPbIE CTYACHT MOKET MPOJAEMOHCTPUPOBATS (

(tabnuma 1). s KOHTPOIS JOCTHKEHHS KaXI0TO M3 HUX MPETyCMOTPEHBI OLIEHOUHBIE
CpEJCTBa B BUJE BOIIPOCOB, 3a/laHui U T.11.;

0003HaUYCHNE KPUTEPHEB — IIPABIII IPUHSITUS PEILIECHUS IO OIL[EHKE JTOCTUTHYTHIX Pe3yJibTa-
TOB 00yuYeHUs U CHOPMHUPOBAHHOCTU KOMITETCHIINH.

Hanpumep, B kauecTBe mIKaibl olleHnBaHus npuHuMaercs 100-6anbHas cuctema ¢ BbIACTIEHUEM
(rpamanmeit) OIlCHOK:

PeliTHHT Onenka Ha 3a4yeTe
85-100
71-84 3auer
60-70
0-59 Hesauger

TUMOBBIE KOHTPOJILHBIE 3AIAHMSI NJIM UHBIE MATEPHAJIBI,
HEOBXOJNMBIE JIUISI OEHKY 3HAHWI, YMEHWI M (MJIN) ONBITA
JNESTEJIBHOCTH, XAPAKTEPU3YIOIIUE DTATIBI ®OPMUPOBAHUS
KOMIMETEHLIU B IPOLIECCE OCBOEHUSI OBPA3OBATEJIBHOI
MMPOTPAMMBI

BbimyckHMK, OCBOMBIIMI 00pa3oBaTeNbHYIO Iporpammy, JOJDKeH o0najgarh

HpO(beCCI/IOHaJ'II)HBIMI/I KOMIICTCHIHUAMM ITO TCMATHYCCKUM MOOYJISIM IPOTpaMMBI:

Konx

HanmenoBanue PesynbraTel 00ydeHus
TEMaTHYECKOT O

MOYJIst




Beenenue B uckyc-
CTBEHHBIN MHTEIIJIEKT
¥ OCHOBHBIC METO/IBI
MAITIMHHOTO O0YYeHUSI
JU1s1 paboTHI € Ta0-
JUYHBIMH TAaHHBIMU

3Hanun:

— TEOpeTUYECKHUEe OCHOBHI aHAJIM3a JAHHBIX U MAITHHHOTO
o0Oy4eHus;

— cnenuduka padoThl AITOPUTMOB MAIIIMHHOTO O0YYCHUSI.

Ymvmenusn:

- TpPUMEHEHHE METOJ0B MAIIMHHOTO O0YYEeHHUS, TIOJrOTOBKA
JAHHBIX U MHTEPIPETAIUs Pe3yJIbTaTOB.

HaBbIku (ONBIT JeSITEJIbHOCTH):

- HMHTEpecyeTcs HOBBIMHU TPEHIaMH B CBOeH mpodeccro-
HaJIBHOW OTpacIiv, paCCMaTPUBAET UX C TOYKU 3PCHUS
MIPUMEHEHUS B CBOCH JICITEIIBHOCTH,

- OLIEHWBAET MPUMEHUMOCTb AITOPUTMOB, BOSMOXKHBIEPHC-
KH ¥ TIOCJICACTBHS OIMTUOOK, HAXOWT ONTUMAJIbHBICPEIIIe-
HUs A1 pabouux 3aaa4

CucteMsl IITyOOKOTO
o0yueHus

3HaHuA:

- NpPUHLIMIBI O0yYEHHUs U IPUMEHEHNS] HEUPOHHBIX CETEN.

- apXUTEKTYyphl ITyOOKHUX HEHPOHHBIX ceTel, MPUMEHSIEMbIX
B PELLIEHUH MPAKTUYECKUX 3a/1a4
CBSI3aHHBIX C aHAJIN30M N300paKEHUIN U TEKCTOB,;

Ymenus:

- HacTpoika He0OXOAUMOTro OKPY>KEHUS JIIsl pabOoThI ¢ HeMl-
POHHBIMH CETAMHU.

- IpUMEHEHHE U 1000ydYeHnenpeao0ydeHHbIX
HEHPOHHBIX ceTel U3 JOCTYNHbBIX OMOINOTEK

HaBbiku (ONBIT 1eATEJIbHOCTH):

- BJIaJICET HABBIKOM IPOBEACHMS TOJHOTO LUK
BBIUNCIIUTEIBLHOTO SKCIIEPUMEHTA, OTPAXKEHHS XO/1a BbI-
HIOJIHEHUS IPOEKTA U MOJIyYEeHHs PE3yJIbTaTOB B OTUYETAX
U IOKyMEHTALIWH;

- BJIJICET HABBIKOM HCIOJIb30BAHUS CYLIECTBYIOIINX
IPOrpaMMHBIX OMOIMOTEK U MOJIETIEeH, CO3TaHMs
NPOTPaMMHBIX peayn3aluii rTyOOKuX HEHPOHHBIX ceTei




OO0yuenue ¢ 3HaHuA:

MOJIKPETIIICHHEM - TEOpEeTHYECKHE OCHOBBI U aJITOPUTMBI OOYUICHUS C MOJI-
KpEIUICHHUEM;

- npuMeHeHHe 00yUYeHHUs C TIOAKPEIUICHUEM JUTS TPAKTHIe-
CKHUX 3a7a4.

Ymenus:

- BBIOOp U peanu3aiys aaropuTMOB 00yUYEHHUS C MO/~
KPEIUICHHEM C YYeTOM CHenn(UKA 3a1a9u

- ajanTaius ¥ HacTpOHKa alroOpuTMOB OOyUYEHUS C TOA-
KPETJICHUEM T10]T OTIPEICIICHHYIO CPEy.

HaBpiku (OnbIT JeATEJIbHOCTH):

- HHTepecyeTCsl HOBBIMHU TPEHIAMH B CBOCH TIpodeccro-
HAJIBHOHN OTpaciiv, pacCMaTPUBAET UX C TOUYKH 3PECHUS
NPUMEHEHUS B CBOCH JIATEILHOCTH;

- BJIaJICET HABBIKOM UCTOJIH30BAHUS CYIIECTBYIOIINX
MIPOTPaMMHBIX OMOJIMOTEK U MOJIENIEH, CO3/TaHUS
MPOrPaMMHBIX peaau3aluii Ha OCHOBE aJrOpUTMOB
00y4YeHHS C TIOAKPEIUICHUEM

Cpenctsa 1151 OLEHKH pa3In4HbIX YpOBHEH (POPMHPOBAHMS KOMIETEHIIUH IO KaTETOPUAM
«3HATBY», «YMETb», «BIAAETH» OOECIEUMBAIOT PEATU3AIUI0 OCHOBHBIX NPHHIIUIIOB KOHTPOJI,
TaKUX KaK OOBEKTUBHOCTb M HE3aBUCHUMOCTb, IPAKTUKO-OPUEHTHPOBAHHOCTb, MEXKAUCLUILIN-
HapHOCTb.

C yueTom 3TOT0 KOHTPOJIBHBIE BOMPOCH (3a1aHus, 3aaaun), Bxoasmume B ®OC, mis pa3-
JIMYHBIX KaTETOPUH U YPOBHEU OCBOEHHUS KOMIIETCHIIUN MOTYT UMETh CJICIYIOLUN BUL.

3HATD Ilpu-

Mepbl:
Tunsl 3a1a4 MalIMHHOTO OOYYEHHS U KJIACChl AJITOPUTMOB, K HUM IIPHUMEHSEMBIE.
OcCHOBHBIE HaNpaBJICHUS Pa3BUTHS UCCIIEJOBAHUI B 00JaCTH CHCTEM MCKYCCTBEHHOTO
WHTEIIJICKTA.
3. Teoperuueckue OCHOBBI AJITOPUTMOB MAIIUHHOTO O0yUEHHS.

N —



YMETD Ilpumepsr:
[ToaroToBUTH TaHHBIE K MCIIOIB30BAaHUIO AJITOPUTMA MAIIMHHOTO O0YYEHHSI.
OneHuBaTh Ka4eCTBO PELICHUH CUCTEM MAIIMHHOTO 00Y4YEeHUS.
3. AnmanTupoBaTh aJrOPUTMbI MAIIMHHOTO OOYYEHUS K PEILICHHUIO TPAKTUYECKUX 3aj1ay.
BJIAJIETD IIpumepsbr:
Mertoposnorus pa3paboTKH peleH!i MallInHHOTO 00yYEeHHUS.
. IIpumepsl IpaKTUYECKOro MPUMEHEHHUS ApXUTEKTYP UCKYCCTBEHHOIO MHTEIUIEKTA.
3. Meroabl oHJIaliH TECTUPOBAHUS PEIIEHUI MAIIMHHOTO O0yUYEeHHMS.

N —

N —

METOAUYECKHE MATEPUAJIbL, OHPEIEJAIOIIHUE ITPOLENLYPbI
OLEHUBAHMSA 3HAHUH, YMEHUU 1 (WJIH) ONIBITA JESITEJIBHOCTH,
XAPAKTEPU3YIOIIUE 3TAIIBI ®OPMHUPOBAHUA KOMIIETEHIIUA

[Tpumepbl (MakeTbl) METOAWYECKMX MaTepUalIOB, OIPEENAIOUINX IMPOLEAYpPbl OLIEHUBAaHUS 3HAHUH,
YMEHHH U (WJIK) OIbITA JESTEIbHOCTH

HanmenoBanue Kparkas xapakTepucTuKa OlleHOY- IIpencraBienue
OLICHOYHOI 0 HOI'0 Cpe/ICTBA OLICHOYHOI'0 CPeJCTBa
cpeacTBa B (poHz1e
Texkymnii KOHTPOJIb CpencTBo npoBEpKU OCBOEHUS KommnekTs! Onieros
yCIEBAEMOCTH YPOBHEH «3HATh)», KYMETh» KOMIIE- (3amaHnit)

KommiekT 0uj1eTOB (MpUMeEpPHbIii)
buner 1.
1.1  BaiiecoBckuii knaccudukartop. Onenka npuzHakoB (Gaussian, Bernoulli, Multinomial). EM
QJITOPUTM.
1.2 Knactepuzanus. kMeans, kMeans++, MeanShift, DBSCAN.

buner 2.
2.1 Aacam6mu. Soft and Hard Voting. Bagging. Cryuaiinbiii jiec.
2.2 Metpuyeckuii kinaccuguraTopsl. KNN. WKNN.

buer 3.

3.1 Jluneiinas perpeccusi. LASSO, LARS. CART.

3.2 JlepeBss pemennii. UHpopManmoHHblil BeArpsim. Ommodka kiaccuuKauy, SHTPOIH,
kpurepuil Jxunau. [IpyHuHr.

burner 4.

4.1 T'moGanbubiii mouck. Coyuaiinbiii mouck. Gridsearch. Cnyuwaiinoe Omyxnanue.baiiecos-
CKasl ONITUMHU3AIIHS.

4.2 Jluneninas perpeccus. [lonmmHOoMHanbHas perpeccus. [ pebHeBas perpeccusi.

buner 5.
5.1 AdaBoost. I'pagneHTHBII OYCTHHT PELIAIONINX AEPEBHEB.
5.2 Knacrepuzamus. AgglomerativeClustering. MeTpuku KiiacTepu3aliu.

buner 6.

6.1. Ouenka xnaccupukamuu. IpdextuBHocth 10 [Tapeto. Precision-Recall 1 ROC kpusbie.

AUC.

6.2 Hetipounsie cetu. IlepuentponPo3enbnarra. OOpaTHOe paclpoCTpaHEHHE TpaJveHTA.
OyHKIIMK akTHBAIMU. Softmax.

buner 7.



7.1 Jloxaneubiii momck. HillClimb wu ero pasHoBumnoctn. Omxur. [eHeTnyeckuid
AJITOPUTM.
7.2 MeTtona onopHBIX BEKTOPOB. Sapa.

Ilepeuens 1abopaTopHbIX padoT (MpUMepPHBIii)

O0mue pekoMeHAAIMYU K J1a00PATOPHBIM padoTaM: JIJis Pa3HbIX YPOBHEH MOJATOTOBKH CTY/ICH-
TOB MOKHO HCITOJIb30BaTh Pa3HYIO MIyOHHY peanu3aiiu pereHus. Tak, A CTYICHTOB HETEXHHUECKUX
CHEIHATbHOCTEN 3aJaHUe MOXKET 3aKII04aThCs B TPUMEHEHUU TOTOBBIX METOAOB U3 OMOTMOTEK UITH 3a-
MIOJIHEHUEM TIPOITYCKOB B MpOTrpaMMax, rje 0oJblnas 4acTh MOJrOTOBJICHA npernoaaBareneM. s cTy-
JICHTOB TEXHUYECKHX CIEeNaIbHOCTEH 3a1aHue OyIeT 3aKITI0YaThCsl B peann3aliy aaropuTMoB 6e3 Hc-
MOJIb30BAHUS TOTOBBIX PEIICHUH.

JIP1.1 Metonst pabotsl ¢ Tabnumamu B Python. Arperanwust u Bu3yanu3sanus n1anHbix. [IpoBene-
HUE TIEPBUYHOTO aHAJIHM3a IaHHBIX.

[enw: u3yuenne MeTo10B paboThI ¢ TaHHBIME B Python u ipoBeicHIE TEPBUYHOTO aHAITM3A JIaH-
HBIX.

3amanue: 3arpy3urte naraceT B pandasparadpeiim. BoiBenute OCHOBHBIE MapaMeTphl JaTaceTa.
Omnpenenure, CKOJIBKO B JaTaceTe clydyaeB OTCYTCTBHUSA NMpuU3HAKoB. OMpenenuTe, CKOJbKO MPU3HAKOB
SIBIISTFOTCSL KATETOPHANILHBIMU. Busyanm3upyiite pacrpeiercHue Mpu3HakoB Mo KiraccaM. Buzyanusupyii-
T€ 3aBUCUMOCTh MEXKYy MPU3HAKAMHU.

JIP1.2 Ucnonb30BaHue U CpaBHEHHE aITOPUTMOB Kiaccudukanuu: KNN, pemiaromue nepeBbs U
UX aHCaMOJIH, IOTUCTUYECKAst perpeccusi.

L{enu: mpuMEeHEHHE U OLIEHKA aJTOPUTMOB KJIaCCH(PHKAIIH.

3ananue:

Paznenute nmaracer Ha oOydaromui W BaTWIAIMOHHBIA C COXpaHEHHWEM MPOIMOPLHUN KIIacCOB.
Knaccudummpyiite Touku u3 maracera ¢ momouipio anroputMoB kNN, jmoructudeckoi perpeccuu,
CART, cnyuaitnoro neca, CatBoost. [logbepute myurire napameTpsl alrOPUTMOB CIIOMOIIBIO Baua-
IMMOHHOH BBIOOpKH. CpaBHUTE BpeMsi paOOThI aJITOPUTMOB M 3aBUCUMOCTh OT MPeI00pabOTKH JaHHBIX.

JIP1.3 Mcnonb3oBaHKWe W OLIEHKA alropuTMoB perpeccuu. [1on0op onTUMaNbHBIX MapaMeTpoB
perpeccuu.

Llenu: n3ydyeHune aaropuTMOB pErpeccuu.

3ananue:

[TpumenuTe METOT IMHEHHOM perpeccuu Il pelieHus 3a1a4u Ha fgaracere. JJo6aBbTe B JaTacer
MOJTMHOMHANIbHBIE TpU3HaKu. [l00aBisiiiTe MPU3HAKK ITOKA HE YBUIUTE NepeoOyUdeHHe Ha BaJTMIAI[OH-
Homatacere. [Ipumenurte rpedueByto perpeccuto u LASSO, 4ToObI H130aBUTHCS OT NEpeoOyUeHUsI.

JIP1.4 OnrumMu3alMoOHHbBIE 337a9u U X penieHus. [logdop rumepmnapaMeTpoB aaropuTma ¢ momMo-
IIbI0O METOJIOB ONITUMH3AIHH

[lenu: u3yyeHrne aIrOPUTMOB PEIICHUS] ONTHMHU3AIMOHHBIX 3a/1a4.

3anaHue:

1. OnTUMU3MpYITE NTUHY MapIIpyTa B 3a7a4e¢ KOMHBOSDKEpa ¢ TOMOIIBIO aroputMoB hillclimb,

OTXKHTa U TeHETHUECKOTO alNropuT™Ma. BrIBeMTE MOMYYHBIINIICS TyTh U €T0 JITHHY.

2. OntuMHu3UpyiTe TUIepHapaMeTpbl aJropuTMa MAIIUHHOTO OOydeHUs (Ha BBIOOP) C TIOMOIIBIO

CIly4aifHOTO TOMCKa, MOKUCKa Mo pemierke, anropurMa hillclimb, renerndyeckoro anropurma.

JIP2.1 Knaccudukamus nzo0paxkeHuil U TpanchepHoe o0yueHue.

Lleny: n3ydeHne METOI0B TITyOOKOT0 00yueHHs 1Sl paboThI C N300paKEHUSIMH.

3anaHue:

3arpy3uTe JaraceT M CO3JalTe UTepaTop I MOJENU IIyOoKoro oOydeHus. 3arpy3urte Mpeno-
Oyuennyro Ha ImageNetceprounyro cetb (AlexNet, VGG unu ResNet) u 1o6aBpte k backbonemnonno-
CBSI3HBIN cJ10i1 1 00y4yeHusi. O0yunTe HEHPOHHYIO CETh Ha, BU3yaJIH3UPOBaB rpaduk GyHKIUH TOTEPh



Ha oOyuJaromniell ¥ BaIMAAMOHHON BbIOOpKE. Peannsyiite MOIyb NMprUMeHEHHS HEHPOHHOM CeTH K JaH-
HBIM, [TPOBEPHTE KaYeCTBO 0OyUEHHsI HAa TECTOBOW BBIOOPKE.

JIP2.2 PaGota ¢ TekcTaMu M UX BEKTOPHBIMU MpeAcTaBneHusMu. Lemn:
U3y4eHHUE MOJieNiel BEKTOPHOIO MPEICTABIEHUS! TEKCTOB. 3aaHKe:
CkauaiiTe npenoOy4yeHHble BeKTOpa AJ1st cioBapst. C moMolibo Jr000ro Kiaccu(ukaTopa MaliuH-
Horo ooyuenus (kNN, SVM, CatBoost) kmaccupuiupyiTe TEKCThI U3 JaTaceTa o CyMMe BEKTOPOB
cnoB. Knaccudunupyiire Texctsl ¢ nomomsio LSTM cern.

JIP3. 1 IIpumenenue Q-Networks 1is perieHus IpOCThIX OKPYKEHUH.

[enu: u3ydyenue npuMeHeHUs o0yUYeHHUs C MOJKPEIJICHUEM ISl PELIeHUH 3a/1a4 KOHTPOJIS.

3ananue:

OOyuuTe MPOCTYIO MOTHOCBI3HYI0Q-ceTh s pemeHus okpykenns LunarLander.

[Ipouenypsl olleHUBaHUs 3HAHHM, YMEHUH, (JOPMBI U OpraHu3alus TeKyIIero KOHTPOJIsI ycreBa-
€MOCTHU U MPOMEKYTOYHON aTTeCTallui 00yYaroIUXCsl

Tekyuuii KOHTPOJIb YCIIEBAEMOCTH U MPOMEKYTOUYHAsI aTTECTALUSI CTYIECHTOB BEIETCS B COOT-
BercTBUU C [lonokeHneM o TeKylleM KOHTpPOJIE YCIIEBAEMOCTH U MPOMEKYTOYHON aTTecTaluu 00pa3o-
BaTEJIbHOM OpraHU3alNU

Texkymmii KOHTPOJIb YCIIEBAEMOCTH

Monyne nenutcs Ha ABa 6moka. Kaxkapiii 010K BKITIOYaeT B ce0sl U3yueHUe 3aKOHYEHHOTO pasfe-
na, yactu Mojyns.

Texymmii KOHTPOIb 0 MOAYTIO OCYIIECTBIISIETCS M0 KajleHaapHoMy yueOHomy rpaduky. Cpoku
KOHTpOJIbHBIX Mepornpusituil (KM) u cpoku nonsenenust uToros mo Moaymnto oToOpaxkarorcs B pabodnx
y4eOHBIX MIaHaxX Ha cemecTp. CTyAEHT JOJDKEH BBIMOIHUTH BCE KOHTPOJIbHBIE MEPOMPHUSITHS, TPELIy -
CMOTpeHHbIe MoylieM K yKa3aHHOMY CPOKY, TTOCJI€ YeTO MPEeroiaBaTellb MPOCTaBIseT OaJTbHbBIE OICH -
KU, HaOpaHHBIE CTYJIEHTOM IO PE3yJIbTaTaM TeKYIIEro KOHTPOJIA ycreBaeMocTu o Moyto.

KoHTposibHOE MeponpHATHE CUUTAETCS BBIITOIHEHHBIM, €CIIM 32 HETO CTYJEHT IOJIy4YHJI OLIEHKY B
0a/miax He HIKe MUHHUMAJIbHON OIEHKH, YCTAHOBICHHON MPOTrpaMMON MOAYJIS MO JAHHOMY MEpPOIpHUs-
THIO.

CryaeHTsl, HE CIaBIIME KOHTPOJIBHOE MEPOIPHUATUE B YCTAHOBJIEHHBIN CPOK, MPOAOKAIOT pa-
00TaTh HaJl HUIM B COOTBETCTBHUE C TIOPSIKOM, IPHHATHIM 00pa30BaTeIbHONW OpTaHU3aIHEH.

IIpomeskyTouHas aTrecTanus

DopMOi1 MPOMEKYTOUHOM aTTeCTALMU 110 MOIyJTIO ABJIETCA 3a4eT.

OuenuBanne Moaynsi BeAeTcsl B COOTBETCTBUM ¢ [loyokeHueM O TeKylleM KOHTpOJie ycIeBa-
€MOCTHU U MPOMEKYTOUHON aTTECTALUU CTYJIEHTOB 00pa30BaTEIbHON OpraHn3allH.

Hanpumep, MeToaAMKA OLIEHKH 110 PEHTHHTY

CryneHT, BBIIOJHUBLIMKM BCE NMPEAyCMOTpPEHHbIE YUYEOHBIM IUIaHOM 3aJaHUA M CHAaBIIMHA Bce
KOHTPOJIBHBIE MEPOIIPUATHS, MOTYYaET UTOTOBYIO OIIEHKY 10 MOJyJito 3a ceMecTp B COOTBETCTBUM CO
CHEAYIOLIEN IIKAIOM:

PeiiTunr OneHka Ha 3a4ere
85-100
71-84 3auer
60-70
0-59 Hezauer

Peiitunr crynenta no MoJysiro 3a ceMecTp omnpeenseTcst Kak cyMmma 0ajuioB, MOJyUYeHHBIX UM 3a BCe
65oxu Mozyns, v 6aioB 3a MPOMEKYTOUHYIO aTTecTaluio. MakcuManbHOE KOJIMYeCTBO 0aslioB 3a
Monynb B cemecTpe ycTaHaBiauBaeTcsi paBHbIM 100



