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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

PaGouas mnporpamma aucuuruiMHbl (Moaynsi) «MeToAbl BBITYKIOW ONTUMH3ALUAN»
COCTaBJIEHA B COOTBETCTBHHM C (hefiepallbHbIM roCy1apCTBEHHBIM 00pa30BaTENbHBIM CTaHIAPTOM
BbICIIEro oOpa3oBaHMsi — OakanmaBpuar 1o cnequanbHocT 02.03.01 Marematuka u
KOMIIbIOTEPHbIE HAayKH, Tpopuib PazpaboTka, yTBepkKIeHHBIN IpUKa30M MUHUCTEPCTBA HAYKHU U
BeIciero oOpasoBanust Poccuiickoit deneparu Ne 807 ot 23.08.2017 roxa.

N3yuenne pucuMIiuiMHel (Moayisi) «MeTonabl BBIIYKJIOW ONTHMHU3ALUUY) IO3BOJSET
CTYACHTaM IIUPOKO IPUMEHSTH IOJyYCHHbIC 3HAHHUA B PA3JIMYHBIX O0JACTAX, TAKUX Kak
9KOHOMHKA, MH)XXEHEpUs M MH(POpMATHKA, YTO MO3BOJSAET YPPEKTUBHO peIlaTh MPAKTHUUYECKHUE
3agaun. Kpome Toro, 3HaHUE 3TUX METOJIOB CIIOCOOCTBYET PA3BUTHIO AHATUTHYECKOTO MBIIIICHHS
Y HAaBBIKOB PEILIECHHs] KOMIUIEKCHBIX IPOOJIEM.

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

Hacrosimas nucuunianHa (Moayiib) BKIOYEHA B Y4EOHBIH J1aH 110 POrpaMMe HOArOTOBKU
OakanaBpuata no HampasieHuto 02.03.01 MartemaTtuka U KOMIIBIOTEpHBIE HAYKU, MPOQPHIIH
Pazpabotka u BxXoauT B Yacte broka 1, dopmupyemyro ydacTHMKaMu 0Opa30BaTEIbHBIX
OTHOLIEHHUM.

Jucnunnuza (Moaynb) u3ydaerca Ha 3 wiu 4 Kypce B 5, 6 wnm 7 cemecTpe Ha BBIOOD,
JIOCTYITHA IIOCJIE YCIIEHIHOTO OCBOEHMS AMCLUIUIMH (Monynei): «MaTemaTuueckuil aHanus» u
«Jluneiinas anreOpa» MO0 AUCHUIUIMHBI (MOIy’si) «OCHOBBI MaTeMaTHUECKOrO aHalu3a u
JMHEHHOH anreOphI».

Henp wu3yyeHMss AUCHUIUIMHBI (MOAYJIS)! 3aKJIIOYAaeTCs B OCBOCHUHM CTYAEHTaMU
OCHOBHBIX TEXHHUK W QJITOPUTMOB, IO3BOJIIOLIMMHM HAaXOAWUTh ONTUMAaJbHbIE pELICHUS B
Pa3IUYHBIX 3a/la4ax, CBA3aHHBIX C MAKCUMU3aLMEN WM MUHUMU3aluend QyHKIHM.

3agaum u3yyeHHus AUCHUILIMHBI (MOAYJIsl) HalpaBlieHb! HA (OPMUPOBAHUE Y CTYJCHTOB
CIENYIOIINX 3HAHUM, YMEHHUI 1 HABBIKOB!

— (opMUpOBaHNE YMEHHUS BBIYUCIATH OOpPaTHOE pacIpOCTPaHEHUE OIIUOKH, ONPENEsATh
3aJaHa JIM 3aj7a4a Ha BBIIYKJIOM MHOXKECTBE, ONpEeAENsATh CBOMCTBA (PyHKIMOHANA, 00001aTh
IpaJueHT BBINTYKIIbIX (QYHKUINN Ha HerJlagkue QyHKIUHU, CTPOUTH IBOMCTBEHHBIE 33]]a4H, a TAK)Ke
CTPOUTH ABOWCTBEHHBIE 3a]1a4l Yepe3 CONMPSLKEHHbIE PYHKIUHU, aHATUTUIECKU UCKaTh MUHUMYM
(GyHKIIMOHaNa ¢ OTpaHUYEHUSIMU;

— (¢opMuUpOBaHNE 3HAHUNA O YUCIIEHHBIX METO/aX ONTHUMM3AIMH, U3yYEHHE PA3IUYHBIX
METOJIOB YMUCICHHOW ONTHUMM3AIMM M M3yYEeHHE MX CXOJUMOCTH, HW3Y4YEHHME BIUSHUS
TUIIEpIIapaMEeTPOB Ha METO/IBI,

B pe3yabTare 0cBOCHUS IUCHUILIMHBI (MOYJIfA) 00YYAKOIUMIACS TOJI5KEH:

3HaAmMY.

— MAaTpUYHO-BEKTOpHOE TU(PepeHIINPOBAHNE;

—  BBIIYKJIbIE MHOXKECTBA,

— BBINYKJIbIE QYHKIIUY;

— cyOrpaaueHr;

— CcompshKEeHHBbIE PYHKIINY;

— JIBOHCTBEHHOCTb;

— ycnosus Kapyma-Kyna-Takkepa;

ymembp:

— BBIUUCIIATH 00OPAaTHOE PaCHpPOCTPAHEHUE OIINOKHY;

— OIpenenaTh 33JaHa JIM 3a/laya Ha BBIITYKJIOM MHOXECTBE;

— OMNpeAesATh CBOMCTBA (PYHKIMOHANA,

— 00001aTh TPaAMEHT BBHIMYKJIBIX (PYHKINI Ha HernagKue QpyHKINY;

— CTpPOMTH [IBOMCTBEHHBIE 3aJauyM, a TaK)K€ CTPOUTH IBOMCTBEHHBIE 3aJaud 4Yepes3
COIPsDKEHHBIE (PYHKITNH;
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— AHAINTUYECKU UCKaTh MUHUMYM (DYHKIIMOHAJIA C OTPAaHUYCHUSIMU;

6/1a0emo.

—— HAaBBIKOM HpI/IMCHCHI/ISI paBJII/I‘-IHBIX MECTOI0B LII/ICJ'IE':HHOI\/‘I OIITUMHU3AlINU U H3yquHe nux
CXOJMMOCTH;

— HaBBIKOM ITPOBEHHUS IKCIIEPUMECHTOB;

— HaBBIKOM I10,100pa TUIIEPIIApaMETPOB B METOAX;

— HaBBIKOM ITOMCKa MHHUMYM (YHKIIMOHAJIa Ha HEPEPHIBHOM MHOKECTRBE.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyembie B pe3ylbTaTe OCBOSHHS IUCHUILIMHBI (MOIYJsS) IpH
IIPOBE/ICHUH Y4EOHBIX 3aHATHH B (pOpMe KOHTAKTHON paboThl 00YYaIOLIMXCS € IeJarorn4eCKUMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

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(OpMALIUU U
WX PEJIEBAaHTHOCTH.

YK-1.2.

YMeeT KpUTHYECKH OLICHUBATh
WUCTOYHUKHU HH(OpMAILINHU U
CHUHTE3UpPOBATh JAHHbIE U3
Pa3IYHBIX HICTOYHUKOB IS
pelIeHns 3aad, IpUMEHSTh
CHUCTEMHBIN NOAXO/ K aHAINU3Y U
PELICHHUIO KOMIIIEKCHBIX PO0JIeM

YK-1.3.

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

YK-2.

CriocobeH onpeiensiTe Kpyr
3a1a4 B paMKax IOCTaBJICHHON
[ENI ¥ BHIOUPATh
ONITUMAJIbHBIE CIIOCOOBI UX
peLIeHUs, HCXOAS U3
JEHCTBYIONINX MPaBOBBIX
HOPM, UMEIOLIUXCSI PECYPCOB
Y OrpaHUYECHHI

YK-2.1.

3HaeT NeUCTBYIONINE TPABOBHIC
HOPMBI, PETYIHPYIOIINE
JIEATSIILHOCTD B 00J1aCTH 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
CUTYyaIUsX, pa3paboTKu U
peanu3anuu peleHui B
COOTBETCTBUH C YCTAaHOBJICHHBIMHU
OTpaHHYCHHUSIMH

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, UCIOJIB3yEMBIC B OTOM
obnact

OIIK-1.2.

YMeeT aHanu3upoBaTh U
(hopMyTHUpOBaTH MaTEMaTHYECKHE
3a/1a4u, IPUMECHSITh
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COOTBETCTBYIOIIUE METOJIBI U
ANTOPUTMBI JIJISI UX PELICHUS, 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, BKJIIOYasi y9acTHe B
KOHKYpCax, OMMMITHAAaX WIN
HAyYHBIX MMyOJTUKAIUIX, T1e ObUH
peLIeHBI aKTyalbHbIC U 3HAYNMBbIC
3a1auu
IK-1. CriocobeH popmynrpoBath IK-1.1. 3HaeT MEeTObI M MOAXOIBI K
3a7a4M C MaTeMaTHYECKOM (bopMyIHpOBaHUIO 33a7a4, a TAKKE
TOYHOCTBIO, 00OCHOBEHIBATH OCHOBHBIE MTPUHIIUTIBI
YTBEPKICHUS CTPOTO H MaTeMaTHYECKOTO JI0Ka3aTenbCTBa H
aHAIN3UPOBATH MOJTYYCHHBIE aHaJIM3a Pe3yIbTaToB.
pe3ynbTaThl B 001aCTH [K-1.2. ‘YMeeT KOppPEeKTHO CTaBUTh U
MaTeMaTHKH U (opMynupoBaTh MaTeMaTHYECKHE
KOMITBIOTEPHBIX HaYK 3aJ]auu, IPUMEHSATh CTPOTHE METOIbI
JIOKa3aTeIbCTBA ¥ AaHATM3UPOBATH
HOJTyYSHHBIC PE3YJIBTATHI.
IK-1.3. Hmeer ombIT paboThI ¢ 331a4aMU B
001acTH MaTeMaTHKH U
KOMITBIOTEPHBIX HayK, BKIIIOYAst
MPUMEHEHUE MaTeMaTHUECKIX
METOOB JIJIsl peLICHNUS
NPaKTHYECKUX 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 npodeccHOHAIBHOM AeSTEIbHOCTH
MH()OPMAIIIOHHO- [K-2.2. Ymeer 3¢ (heKTUBHO HCIIONB30BAThH
KOMMYHHKAIIHOHHBIE UHPOPMAIMOHHO-
TEXHOJIOTHH U YUUTHIBAS KOMMYHHKAIIMOHHBIE TEXHOJIOTUH
OCHOBHBIE TPeOOBaHMUS JUTS PELIeHUs CTaHIapTHBIX 3a7a4
UHPOPMAITMOHHOH npodecCHOHAILHON JIeATENHHOCTH,
Oe3omacHocTH YYUTHIBast TPEOOBAHUS
MH(POPMALMOHHON 0€30MaCHOCTH
[K-2.3. NmeeT onbIT paboThI €

WHPOPMAITMOHHBIMH PECypcaMu 1
TEXHOJIOTHSIMH B 001acTH
pa3paboTKH, BKIIOYask COOII0AEHUE
HOPM MH(POPMAITMOHHON
Oe3onacHocTH
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3. TemaTu4yeckuii mjian

Nen/ . TpynoeMKocTh, akageMu4ecKue Yachl
OcHosHoll yposens
n Ounas ghopma
HaumeHnoBanue KonTakTHas pabdora TKY
pasgena nucuMiUIMHbL | Jlekuuu | CeMHHapbI CamocTosiTe | (TeKyumuii KOHTPOJIb
(MonyJis) (npaktuyec | KonTpoan JbHAs ycreBaeMocCTH)
KHe padora
3aHSATHA)
1 OCHOBHBIC TTOHATUS 1 1 8 JloMaIllrHue 3a0aHus
2 Brinykiocs u 1 1 8 JloMarlHue 3aaHus,
TJIJKOCTb. Y CJIOBUS KOHTPOJIbHAsS paboTa
ONTUMAIBHOCTH
3 I'pamuenTHBIHN cITycK 1 1 8 Jomarnaue 3amanus
4 CroxacTthueckas 1 1 8 JloMaIlrHye 3a0aHus,
ontumu3zanusa. SGD KOHTpOJIbHAs paboTa
5 YckopeHue u 1 1 8 Jlomamaue 3amanus
ONITHMAJIbHBIC METOJIbI
6 MeTo/1 cOnpsKEHHBIX 1 1 8 Jomamnrane 3amanus
IPaUCHTOR
7 Meton HeroToHna u 1 1 8 JloMaIlHue 3agaHus
KBa3MHBIOTOHOBCKHE
METOIbI
8 CyOrpaaueHTHBIN 1 1 8 Jomarnraue 3ananus
METO/I, aJJalITUBHBIC
METOIbI
9 [Ipoeknus u anroputm 1 1 8 JloMallHve 3a0aHus
@pank-Bynbsha
10 | MeToj 3epKajibHOTO 1 1 8 Jlomamaue 3amanus
crycka BonycHble 3a1anus
11 Merton mtpadHbIX 1 1 8 JloMallHve 3a0aHus
¢dynkuii. ADMM
12 | Meroj BHyTpeHHEH 1 1 8 Jomamraue 3amianus
TOYKH BonycHble 3a1aHus
13 CennoBble 3a0a4u 1 1 8 JloMalliHve 3a0aHus
14 CroxacTudaeckas 1 1 10 JloMaiiiHue 3ajjaHus
OTITUMHU3AITHSL.
Penykuus nucnepcun
15 | Pacmpenenennas 1 1 10 Jlomarnravie 3amanus
ONTUMU3AIUS BonycHsbie 3aanus
3auem c oueHkoul 6
Hmozo: 30 30 6 124
Nen/ Ilpoosurymutii Tpya0eMKOCTh, aKaAieMHYeCKHE YAChI
n YPOGeHb Ounas ¢popma
HanmenoBanue KonrakTHas padoTa TKY
pasaena qucuuiuIdHbl | Jlekunu | CeMuHapbl CamocTosiTe (Tekyuuii KOHTPOJIb
(Moxyast) (mpaktnyec | KonTpoan JbHAast ycrneBaeMocTH)
KHe pabora
3aHATHSA)
1 Bcnomunaem 1 1 8 JloMaliHue 3aaHus

JTMHEHHYIO anreopy.
CKOpOCThb CXOIUMOCTH
MOCIICIOBATENBHOCTEH
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2 Marpuunoe 1 1 8 Jlomaninue 3amaHus,
mudepeHIIpoBaHUE U KOHTpOJIbHAs paboTa
OJTHOMEpHas
ONTHMHM3AIUA

3 ABTOMaTHYECKOE 1 1 8 Jlomaravie 3amanust
mudepeHnrpoBanue

4 BrinyknocTs u cuibHas 1 1 8 JloMariHue 3a1aHus,
BBIYKJIOCTh KOHTpOJIbHAs paboTa

5 VYcnosus 1 1 8 Jlomaravie 3amanust
ontuMaiibHOCTH ¥ KKT

6 Jluneitnoe 1 1 8 Jomarnrnue 3ananus
MPOrpaMMHUPOBaHUC U
CHUMILIEKC-aJITOPUTM

7 I'pagwenTHBINA CIyCK U 1 1 8 Jomamnrane 3amanus
aHaJIN3 CXOAUMOCTH

8 Yckopenue 1 1 8 Jlomamaue 3amanus
I'PaJMECHTHOrO CIyCKa

9 MeTo/1 cOnpsKEHHBIX 1 1 8 Jomamrame 3amanus
IPaUCHTOR

10 Meton HerotoHna u 1 1 8 JloMaIlHue 3a7aHus
kBa3u-HproTOHOBCKHE BonycHsbie 3ananus
METO/IbI

11 [IpoekimonHbIC 1 1 8 JloMaIlHue 3a7aHus
metons!l U Frank-Wolfe

12 | CybOrpanueHTs U 1 1 8 Jomamnrame 3amanus
MPOKCUMAJIHHBIC BonycHble 3ananus
METO/IBI

13 | CroxacTuyeckuii 1 1 8 Jomarnrave 3amanus
IPaJIMCHTHBIN CITYCK

14 MeTo/1bl yMEHBIIEHUS 1 1 10 Jlomaraue 3a1aHus
JUCTIEPCUU

15 CoBpEMEHHBIE METO/IBI 1 1 10 JloMaIlHve 3a0aHus
U TIPAKTHKH BonycHble 3ananus
ONTHMHM3AIUU
3auem c ouenkoii 6

Hmozo: 30 30 6 124
Obvem oucyunaunovt (Mooyns) 190
(6 ax. u.)
Obvem Ooucyunaunvt (MoOoyns) 5
(6 3au. eo.)
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4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Neni/m HaunmeHoBaHue pa3jeJia I CHUILIHHBI Coaep:xanue TUCHUILTHHBI (MOYJIsl) IO TeMaM
(MoayJis)
OCHOBHOI1 YPOBEHb
1 OCHOBHBIE TOHATHUS BBejnenue B uHAT
2 BrImykiioch 1 TAaaKkocTs. Y clloBHS MartpuuHo-BekTopHOE AuddhepeHIpoBaHUE
ONTUMAJIbHOCTH
3 I'pagmentHsIif crryck Croxactudaeckas ontumu3zanusi. SGD. CroxacTiuueckas
ontumm3auus. Pegykius qucnepcuu
4 Croxactuueckas ontumuzanus. SGD Yckopenue u onTuMaibHble MeToabl. Meton HetoToHa
KBa3MHBIOTOHOBCKHE METOJIbI
5 YckopeHue U onTUMaJIbHbIE METOIBI Brimykible MHOXeCTBa
6 MeToa COnpsKEHHBIX IPAaAUEHTOB Brinykisle GpyHKIMK
7 Meroa HptoToHa U KBa3UHBIOTOHOBCKHUE Cybomuddepenuuan u cyorpajaueHt
METOBI
8 CyOrpaaueHTHBII METO/I, aJaITHBHBIE ConpspxeHHBIE PYHKITHA
METOABI
9 [poexknus u anroputm @pank-Bynbsha JBoiicTBeHHOCTH 110 Jlarpanxy
10 MeTo 3epKalibHOTO CITyCKa
11 Meton mrpadubix dyakmwii. ADMM KKT
12 Merona BHYTpeHHEH TOUKH
13 CennoBble 3a1a4n ComnpsikeHHBIE KOHYCBI
14 Croxactuueckas ontuMuzanus. Penykuus Ot LP go SDP
JHCTIEPCUU
15 Pacmipenenennast onTHUMHU3AIAS Cvxpy u Scipy
IIpoaBMHYTHI YPOBEHB
1 Bcenomunaem nunelinyto anre6py. Ckopocts | MaTtpuunble BeranciaeHus, Hopmsl, LORA, ananus
CXOJIMMOCTH TOCIIEJI0BaTeIbHOCTEN CXOJIMMOCTH
2 Martpuunoe nuddepeHnupoBanme u I'pagnentsr MaTpuuHbIX QyHKINH, line search MmeTomsl,
OJTHOMEpHAs ONTHMH3AIIHS Brent method
3 ABToMaTHyeckoe TU(PepeHITUPOBAHIE Forward/reverse mode AD, gradient checkpointing,
ynpaxsaenus Ha AD
4 BrImyKi10CTh U cHiIbHAS BBITYKIOCTD JlokazaTenbCTBa BRIITYKJIOCTH NMPAKTHYECKUX 3a1ad ML
(nuueiiHas/moructuueckas perpeccusi, SVM), Yciosue
ITonsika - JIosicueBnya. /fokaszarenbcTBa HEBBITYKIOCTH
NpaKkTUYeCKuX 3agau ML
5 Ycnosus ontumansHOocTH U KKT Muoxurenu Jlarpanxa, KKT ycinosus, adversarial attacks
6 JIuneiiHoe nnporpammupoBanue U cuMinieke- | [lmaHupoBaHue Npou3BOACTBA, TPAHCIIOPTHAA 3a/1a4a, max-
ITOPUTM flow min-cut, npumenenus JITT
7 ['pagreHTHBINA cycK U aHanu3 cxoauMocT | Teopernyeckuii ananms, BEIOOp pa3mepa mara, PL-yciioBue
8 YckopeHue rpaJieHTHOrO CIIycKa Mertona Tspkenoro mapuka, Y ckopenue Hecreposa.
Y CKOpEHHBIN MeTO 13 TOJTMHOMOB UeOnIéRa
9 MeTo/1 cOonpsixKEHHBIX TPAJIMEHTOB CG m1s KBaipaTHYHBIX 3a/1a4, HenmnHeWHbIi CG,
MATOJIOTUYECKUE PUMEPHL
10 Meton HerotoHa u xBa3u-HproTOHOBCKHE Newton method, BFGS, L-BFGS, cubic-regularized Newton
METOJIBI
11 Ipoexkrmonnsie metoanl u Frank-Wolfe [Ipoekius Ha CUMILICKC, ApyTrue Bubl MHOXecTB, PGD,
Frank-Wolfe algorithm
12 CyOrpaiueHTbl U IPOKCUMAIIbHBIE METOIbI Cy6muddepenumanst, ISTA/FISTA, image denoising, L1-
perysipu3ans
13 CroxacTHUECKU TPaIUEHTHBIN CITYCK SGD vs GD, aganrtusnbie MeToas! (Adam, AdaGrad,
RMSProp, AdamW)
14 MeTo 16l YMEHBUIEHUSI JUCTIEPCUHI SVRG, SAG/SAGA, sKkciepiMeHTBI ¢ HeHpoceTsIMU
15 CoBpeMeHHBIE METO/IBI U MPAKTHKH SAM, mode connectivity, grokking, Muon optimizer,

ONTHUMH3AIINNA

distributed training

DNEeKTPOHHBIA JOKYMEHT




5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
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 TEPPUTOPUHU YHUBEPCUTETA, TAK U 32 €r0 MpeaesaMHy.

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

Ocnognasa numepamypa:

1. Beimyknas ontumu3anus : yaeOHuk g By3oB / M. A. T'opckuii, 1. FO. Beirogunkosa,
. A. Makcumos, M. A. XanukoB. — Mocksa : U3gatenbctBo FOpaidt, 2025. — 82 ¢. — (Bricmiee
oOpazoBanue). — ISBN 978-5-534-17782-4. — Tekcr : anektponnsiii / OOpa3oBarenbHas
wiatdopma Opaiit [caiit]. — URL: https://urait.ru/bcode/568662.

2. Cyxapes, A. I'. Metoasl onTuMHu3anuy : y4eOHUK U MPAKTHUKyM JAJisi OakajnaBpuara u
maructpatypsl / A. I'. Cyxapes, A. B. Tumoxos, B. B. ®enopoB. — 3-¢ u3a., ucnp. 1 J0M. —
Mockga : U3narensctBo FOpaiit, 2022. — 367 ¢. — (bakanaBp u maructp. AKaieMHUueCKu Kypc).
— ISBN 978-5-9916-3859-3. — Tekcrt : anexTpoHHbIH // OO0pazoBatenbHas miaTgopma FOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/507818.

3. Tokapes, B. B. MeTo/bI BEITYKIION onTHMH3AIMH : yaeOHHK [ By30B / B. B. Tokapes.
— Mocksa : U3natenbcrBo FOpaiit, 2025. — 440 c. — (Briciee o6pa3oBanue). — ISBN 978-5-
534-04712-7. — Tekct : anexTpoHHbIi // O6pa3oBarensHas uiardgopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/563479.

4. Metonbl ONTUMM3ALMN : YUeOHUK M MpakTUKyM Juisd By30B / @. II. Bacunse, M. M.

[Toranos, b. A. Bbynak, JI. A. AprembeBa ; non penakuueir @. I1. BacunbeBa. — Mocksa :
WznatenbctBo FOpaiit, 2025. — 375 c¢. — (Boicmiee oOpazoBanue). — ISBN 978-5-9916-6157-7.
— Tekcr : onexktponHbli // OOpaszoBatenbHas mnatdopma HOpaiit [caitit]. — URL:

https://urait.ru/bcode/560070.

Jononnumensnan numepamypa:

1. Cyxapes, A. I'. Meronbpl onTUMHU3aLUKU : yYeOHUK M MPAKTUKYM AJis OakajaBpuara u
maructpatypsl / A. I'. Cyxapes, A. B. Tumoxos, B. B. ®enopoB. — 3-e u3a., ucnp. 1 J0M. —
Mocksa : U3gatenbctBo HOpaiit, 2022. — 367 ¢. — (bakanaBp u maructp. AkaeMHUIecKuil Kypc).
— ISBN 978-5-9916-3859-3. — TekcrT : anexTpoHHbIH // O6pazoBaTtenbHas miatgopma FOpaitt
[caiiT]. — URL.: https://urait.ru/bcode/507818.

2. Tepcenos, A. C. Jlekuuu 1o nNpuKiIagHOMy (pYHKIMOHATBHOMY aHAIM3Y : YU€OHUK IS
By30B / A. C. TepcenoB. — Mocksa : UznatensctBo HOpaiit, 2025. — 83 c. — (Bricuee
oOpazoBanue). — ISBN 978-5-534-18812-7. — Texkct : anekTpoHHBIN // OOpa3zoBarenbHas
wiatdopma FOpaiir [caiit]. — URL.: https://urait.ru/bcode/568927.

3. MakcumoBa, O. JI. OCHOBBI MaTeMaTHYECKOTO aHajh3a: HEPAaBEHCTBA M OLIEHKU :
yuebHoe nocodue ais By30B / O. JI. MakcumoBa. — Mocksa : U3garensctBo FOpaiit, 2024. —
185 ¢. — (Bwicuiee obpazoBanue). — ISBN 978-5-534-08224-1. — TekcT : 3MEKTPOHHBIN //
O6pasosarenbHas iathopma KOpaiir [caiit]. — URL: https://urait.ru/bcode/541118.

6. MartepuajbHO-TeXHHYeCKOe o0ecreyeHne

YHHUBEpCHUTET pacrojaraeT MaTepUabHO-TEXHUYECKOW 0a30l, COOTBETCTBYIOIICH
JEMCTBYIOIMM MTPOTHUBOIIOKAPHBIM MPaBUIaM U HOPMaM M 00eCTIeUMBaIONIeii TPOBEICHUE BCEX
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BUOB JHUCIUIUIMHAPHOW W MEXJAUCIUIUIMHAPHOW TIOATOTOBKH, INPAKTHYECKOW W HAaydHO-
UCCIIEIOBATEIBCKON PabOT 00yJaromuXcs, MPeAyCMOTPEHHBIX YU€OHBIM IIIIaHOM.

[TomMernieHus1, KOTOPBIE MPEICTABIISIOT CO00M yUeOHbBIE ayUTOPUH IJIsl TPOBEICHUS 3aHSATHIA
JEKIIMOHHOTO THUMA, 3aHATHH CEeMHMHAapCKOro (IMpakTUYEeCKOro) THIA, TPYNIOBBIX H
WH/IMBUYAJIbHBIX KOHCYJIBTAIUI, TEKYIIEro KOHTPOJIS U MPOMEXYTOYHON aTTECTaI|H, a TAKKE
MOMEIICHUS Il CAMOCTOSATENBHOM pabOThl M OMEIIEHUS Il XpaHEHUS U NMPO(UITAKTUIECKOTO
o0CITy>)xuBaHus yueOHOTO 000pynoBanus. [loMeleHns] YKOMIUIEKTOBaHbI CIICIIUATN3UPOBAHHON
MeOeIbI0 U TEXHUYECKHUMHU CPEICTBAMH OOYUYEHHsI, CIYXKAIIUMH Ui TPEACTaBICHUS y4eOHOH
nHpopMaIuu OOJIBIION ayAUTOPHH.

N3yuenne qUCUUTUTMHBI (MOZYIA) 00ECTIeYMBAETCS B YIEOHBIX ayIUTOPHSIX, OCHAIICHHBIX:

— CTOJIaMHU U CTYJIBSIMHU;

— KOMITbIOTEPHOU TEXHUKOM;

— MEXaHWYECKHMHU KaIbKYJISITOPAMHU;

—  CHEIHUATU3UPOBAHHBIM 000pYyI0OBaHHUEM, BKIIFOYAs! IEMOHCTPAIIMOHHOE 000PYI0BaHHE.

[TomernieHust 151 CaMOCTOSITENIBHON pabOThl 00YYaIOIIUXCsl, B TOM YKCIIE TPUCTIOCOOICHHBIE
JUI WCTIOJIb30BaHUSI WHBAIUIAMHU M JIUI[AMH C OTPAaHUYCHHBIMH BO3MOXXHOCTSIMH 3I0POBBS,
OCHAIIIEHBI KOMITBIOTEPHON TEXHHKON C BO3MOYKHOCTBIO MOJKIIOUEHHs K ceTn «MHTepHeT» U
oOecrieyeHHEM  JIOCTyNa B O3JCKTPOHHYK)  WH(POPMAIMOHHO-00pA30BATEIbHYIO  CPEIy
YHuBepcurera.

OOyuJaronmMest TPEIOCTAaBIsIeTCS JOCTYN (B TOM 4YHCIIE YIAleHHBIH) K pecypcam
UH(POPMALMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHCJIC AJIGKTPOHHBIM OHUOJIMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM MPOQECCHOHAIBHBIM 0a3zam
JTAHHBIX ¥ UHOOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMaM):

Ne HaumeHnoBanue mopraa Ccblika
(u3maHusl, Kypca, 1I0KyMeHTAa)
1. | Hayunas snektponHas 6ubiroreka elibrary.ru https://elibrary.ru/defaultx.asp
oubnmoreka
2. Bbasza mausbix g | T-cnenquanucros https://habr.com
3. Basza gannaeix ScienceDirect https://www.sciencedirect.com
4. | OdunmanbHbli caiT MUHUCTEPCTBA HAYKH U https://minobrnauki.gov.ru/

BEICIIIEro oopazoBanus Poccutickoit deneparuu

5. | ®enepanbubiii mopran «Poccuiickoe oopasoBanue" | https://www.edu.ru/

6. HNudopmarmonnas cucrema "Enunoe okHO noctyna | http://window.edu.ru/
K 00pa3oBarenbHBIM pecypcam”

7. | Enunas xomnexiums nudpoBsix odpazoBatenbubix | http://school-collection.edu.ru/
pecypcoB

8. | ®enepanbHblii IEHTP HHPOPMAITUOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB

[lepeueHr WHDOPMAIIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPU  OCYIIECTBICHHUH
00pa3zoBaTenbHOTO MpoIiecca Mo AUCIUTUIINHE (MOYJI0), B TOM YHCIIE KOMIUIEKT JTUIIEH3MOHHOTO
MpPOrpaMMHOTO  OOeclieueHus, COBPEMEHHble mpodeccHoHanbHble 0a3bl  JaHHBIX U
MH(OpPMaILMOHHbBIE CIIPABOYHbBIE CUCTEMBI:

HaumenoBanmne 110 IIpousBoacTeo JInnensuonnoe / cBOGOIHO
pacnpocTpaHsieMoe
OnepanMoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapyGexuoe | nnnensuonHOE
BpaysepsI:
Sunekc.Bpaysep OTEUECTBEHHOE CBOOOJIHO pacrpocTpaHsIeMoe
Google Chrome 3apyOexHoe cBOOOJTHO pacIpOCTpaHsIeMOe

OducHble NPUITOKEHUS:
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Microsoft Imagine (Visio, OneNote) 3apyOexHoe JIMLEH3UOHHOE

TeXstudio 3apy0eIKHOE CcBOOOJTHO PACIIPOCTPAHIEMOE
Adobe Acrobat Reader 3apy0exKHOE CcBOOOJIHO PACIIPOCTPAHSIEMOE
IlporpammHoe o0ecneveHne IJisl IVIAHUPOBAHHUSI U YYeTa BPeMEHH:

Toggle app | 3apy6erxHoe | cBOBOIHO pacIpocTpaHseMoe
CucreMbl ynpaBjieHHsI TPOEKTAMM:

Microsoft Imagine (Project) | sapyGesxHoe | nmuuensnonHoe

CucTeMbl ynpaBJjieHus1 0a3aMH JTaHHBIX:

Microsoft Imagine (SQL Server) | sapy6Gesxuoe | nuuensnonnoe

Cucrtemsbl peseppHOro konuposanus (backup):

Acronis Backup Advanced for HyperV | sapyGesxHoe | nmuuensnonHoe
CnpaBoYHO-IIPABOBbIE CHCTEMbI:

KoncynprantlLmioc: cripaBouHO-IIpaBOBast OTEUECTBEHHOE JIMIICH3HOHHOE

cucTemMa

CpencTBa aHTUBHPYCHO# 3alIIHTHI:

Kaspersky Endpoint Security mis 6usneca OTEYECTBEHHOE JIHLIEH3HOHHOE

Crampmaprasni Russian Edition

Cpennbl pa3padoTku:

Visual Studio Code 3apy0exHoe cBOOOJTHO PACIPOCTPAHIEMOE
Bash (Unix shell) 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
Anaconda 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMOe
Robotic Operating System 3apy0exHoe CcBOOO/THO PACTIPOCTPAHSIEMOE
CopelliaSim 3apyOeIKHOe CBOOOJIHO pacmpocTpaHsIeMoe
Google Colaboratory 3apy0exHoe cBOOOJTHO PACIPOCTPAHIEMOE
IlakeTbl IPOrpaMMHBIX CPEeACTB M OMOJINOTEK:

AutoPsy 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMOoe
Interactive Disassembler (IDA) 3apy0exHoe CcBOOO/THO PACTIPOCTPAHSIEMOE

Cucrtembl ynpapjeHusi 0néanorpaguyeckoii HHGpopManueii:

Zotero | 3apyOexHoe | CcBOOOIHO pacIpoCcTpaHsieMoe
CepBHCHI H CIIYKOBI:

Bind 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Docker 3apyOexKHOE CBOOOIHO PaCIPOCTPaHAECMOE

7. MeToauuyecKHe 1 OlleHOYHbIE MaTepHuaJbl
MeToanyecKkue YKazaHud AJad 06yqamumxcs1 110 OCBOCHMIO JHCIHUIIJINHBI (MO)ly.]'[ﬂ)

B mpouecce m3zydeHust nuCHUIUIMHBL (MOIyisi) «MeTo/bl BBIMYKJIOW ONTHMHU3ALUKUY» B
paMKax TEKYyILIEro KOHTPOJS yCIEBAeMOCTH HMCIOJB3YIOTCS Takhe BHUbI yueOHOW paboThl, Kak
JIEKIIMU, CEMUHAPBI, JOMAIIHHE 33/1aHHs U KOHTPOJIbHBIE pabOoThl, OOHYCHBIEC 3a/laHus, a TaKXKe
pa3M4YHbIe BHUIBl CAMOCTOSTENBHOW pabOThl OOydYamoImuXcs MO 33JaHUI0 MpernojaBarels,
HaIpaBJIEHHbIE HA Pa3BUTHE HaBBIKOB MPO(ECCHOHATLHON JIEKCUKHU, 3aKPEIVICHUE MTPAKTHUYECKUX
npodeCCHOHATBHBIX KOMIIETEHIIHA, TOOIPEHNE HHUIMATHB.

ﬂeKI/;u}Z —  CHUCTEMATHUYCCKOC, OCICI0BATCIIBHOC, MOHOJIOTHYECKOC H3JI0KCHUE
npenoaaBaTeiicM yqe6H0r0 Marepuaia, Kak nmpaBujIo, TCOPECTHUICCKOI'O XapaKTepa.

B mpouecce nekuuil peKOMEHIyeTcsi BECTM KOHCHEKT JIEKIUH: KpaTKO M CXEMaTH4HO
¢dbuKcUpoBaTh OCHOBHBIC HJIEH, BBIBOJBI M OOOOIICHHS JIEKIMH, BBIICISITh Ba)KHBIE MBICIH,
KIIIOYEBBIE CJIOBa M TepMHUHBI. HeoOXoauMO OTMETHTHh BOMPOCHI WM MaTepuaibl, KOTOphIE
BBI3BIBAIOT 3aTPY/IHEHUSI, U MOMBITATHCS HAWTU OTBETHl B PEKOMEHJIOBAaHHOW nuTeparype. Ecnu
pa3zoOpaThCcsi B MaTepuaie He yAaercs, cieayeT chopMmyiaupoBaTh BOINPOC M 3a4aTh €ro
MPENo/IaBaTeli0 Ha KOHCYIbTAlMU UM BO BPEMsI CEMUHAPCKOTO (IIPAKTUYECKOT0) 3aHIATHS

CeMuHapCKoe 3aHAmMue — akKTuBHOC BSaHMOHeﬁCTBHe CTYACHTOB C IIpE€ogaBaTcjieM U IPpyr
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C IpyroM, HaIIPAaBJIEHHOE HAa IPUMEHEHNE TCOPETUUECKUX 3HAHUM HA IIPAKTHKE.

3aHsATHE BKJIIOYAET BBHIMOJIHEHHE KOHKPETHBIX 3a/JaHUil, J1aOOpaTOpHBIX pabOT WM
IPOEKTOB, YTO CIIOCOOCTBYET IIyOOKOMY IMOHMMaHMI0 MaTepuaya. CTyAEHThl JOJKHBI 3apaHee
O3HAKOMUTHCS C TEMOM 3aHATHUS U MOJATOTOBUTH HEOOXOIMMBIE MaTepHalibl. B mporecce paboTbl
Ba)XHO AaKTUBHO Yy4YacTBOBaTb B OOCYXJEHUSX, 3a/laBaThb BOIPOCHI U JI€IUTHCS MHEHHSIMH.
[IpenoaBaTens mpeocTaBisgeT OOpPAaTHYIO CBSI3b W HANpPAaBISET CTYACHTOB, YTO IO3BOJISIET
YIYUIIATh UX HABBIKU U YTIIYOUTh 3HAHMUSL.

Homawmnee 3a0anue — HaOOP 3a1a4 IO TEMaM HEJICIIH.

[Ipu pabGore Hax JOMAIIHUMHM 33JaHUSIMM  BaXKHO BHUMATEIbHO O3HAKOMHUTBCS C
TpeOOBaHUSAMHU M CPOKaMH BBIIOJHEHHS. PexomMeHayeTcs pa30ouBarTh 3afaHus Ha 3Tambl, YTOOBI
n30exaTh HEperpy3ku U Jydllle yCBOMTh Marepuain. Mcrosb30BaTh pa3inyHble MCTOYHUKHU
uH(OpMaLKK, BKIIIOYasl YUeOHUKH U OHJIAWH-PECYpCHl, Ui 0osee Tiy00KOro MOHUMAHHUS TEMBI.

EOHyCHO€ sadanue — 3aJlaHuC Ha OOMOJHUTCIIbHYIO OLCHKY, JOCTYIIHOC IJIA BBIIIOJIHCHUS
I10 KCJIAHUIO CTYACHTOB.

Breinmonnenue 6OHYCHOFO AOMAIIHET0 3a1aHUA MO3BOJIACT CTYACHTAaM HE TOJIBKO er'IY6I/ITI>
CBOM 3HAHWA, HO M Pa3BUTh HNPAKTHUYCCKHUEC HABBIKU pa6OTI>I C JaHHBIMH, a TAKXKXC YIYy4YIIHUTb
HAKOIIUTCIIbHYIO OLICHKY.

Camocmosmenvruas paboma — padoTa CTYJEHTOB, HAIpaBlE€HHAs Ha YINIYOJEHHOE
U3YYEHHUE OTJIEIbHBIX TEM U BOIIPOCOB YUYECOHON AUCIMILTUHBI (MOTYIS).

B miporiecce caMocTosITeNIbHOM PabOThI CTYIEHTHI B3aUMOACHCTBYIOT C PEKOMEHOBAaHHBIMHU
MaTepuaiamMy Mpyu MUHUMAJIBHOM yYacTHH MpernoiaBates. 3aaun CTyIeHTa BKIIIOYAloT paboTy
C KOHCIIEKTaMu JIeKIu# (00paboTka TeKCTa), MOBTOPHOE M3yUEHUE YUeOHBIX MaTEpPUAJIOB IIAHOB
U TE3UCOB OTBETOB, U3yUEHHUE JOMOTHUTEIBHBIX TEM, BHIMOIHEHHE yU4eOHO-UCCIIEeI0BATENbCKUX
3aJJaHUI U IPYTOE.

Cucrema oueHNBaHHUA Pe3yJIbTATOB 00y4YeHHS M0 JUCHUILIHHE (MOAYJII0)

Kpurepun nosy4yeHusi ypoBHSl ¥ OLleHHBAHUS c()OPMHUPOBAHHOCTH KOMIIETEHIMI 110
AUCHUILINHE (MOAYJ/I10) «MeToabl BBINTYKJI0H ONTHMHU3aLUH>»

OneHuBaHue YpoBHS Y4€OHBIX JOCTH)KEHUH, OOy4aromMXcs MO JUCHUIUIMHE (MOIYJIIO),
OCYILIECTBIISIETCS B BUAE TEKYLIETO KOHTPOJIS yCIIEBAEMOCTH U ITPOMEXYTOYHOHN aTTECTalUH.

IIpome:xyTouHasi arrecTalusi 1O AMCHUIUIMHE (MOZYJIO) OCYIIECTBISIETCS B (Qopme
3auema ¢ OWEHKOU, TIPU HTOM TPOBOJUTCA OIIEHKA KOMIETEHLUH, CcHOPMUPOBAHHBIX I10
JTUCIUIINHE.

Jlnst olleHWBaHMS TEKYIIETO KOHTPOJS YCIEBAEMOCTH M TMPOMEKYTOUHOW AaTTecTaluu
UCTIONB3YETCS IeCATUOAIUTbHAS IIKala OLEHUBAHUS, KOTOPask COOTHOCHUTCS C TPaTUIIMOHHON
nATUOATUTPHON TITKAJION CIIEAYIOIINM 00pa3oMm:

Onenka 3a 3a4er OO0mas xapakTepucTHKA

JdecaTudoanabHas IlaTudananbHas
pe3yabTaTa 00yueHus mo

OlleHKA OlleHKA
AUcCHUIJIMHE (MOIYJIIO0)
10 OTnnyHO 3auTeHo CTyleHT  TOJHOCTBIO  BIajAEeT
9 OTIUYHO 3ayTeHo 3HaHUAMMU, U3JI0OKCHHBIMHA B pa6oqe171
) OTIHYHO 3auTeHo mporpamMme, M TIIyOOKO OCMBICISIET

JAUCHUIUINHY. OH caMOCTOSATCILHO U
JIOTHYCCKH IIoCJICa0BaTCIBbHO
OTBCYACT Ha BCC BOIIPOCHI,
AKIICHTUPYS BHUMAHHC Ha Haunboee
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JlecaTnboanabHas
OlleHKA

IIaTnéananLuasn
OLICHKA

OneHka 3a 3a4uert

OO0masi xapakTepucTHKa
pe3yjabTaTa 00yueHus mno
AUCUMILIMHE (MOAYJIIO)

BAXHOM. YMEET aHaJIu3UpOBaTh,
CpaBHHBATB, KJIaccu(UIMPOBaTH,
0000mmaTh, KOHKPETH3HPOBaThb U
CUCTEMaTH3UPOBAThH W3yYCHHBIN
Marepual,  BBIICISIS — KIFOYCBBIC
MOMEHTBI " yCTaHaBIINBas
NPUYUHHO-CIICICTBEHHBIC CBSI3H.
Yetko bopmynupyer OTBETHI,
YBEPEHHO HHTEPIPETUPYET
pe3yNibTaThl aHAIU30B M APYIUX
WCCICAOBAHUM, a TaKXKe pelaeT
cioxHble 3agaud. CTyAEeHT XOpoIIo
3HAKOM C METOJaMH HCCIEeIOBaHUs,
HEOOXOMUMBIMH JUIS MPAKTUYECKOM
ACATCIIBHOCTH, U YMECT CBA3LIBATH
TEOPETUICCKUE ACTICKTHI
TUCIIUILTHHEI (Momyst) C
MPAKTHUYCCKHUMU 3aJla4aMu.

Xopowo

3auTeHo

Xoporo

3auTeHo

CrymeHT  o0OJiajaeT  3HaHUAMHU
npeaMera MoYTH B TOJHOM O0beMe
paboueii MPOTPaMMBI u
CaMOCTOSITEIIBHO, JIOTHYECKH
MOCJICIOBATEILBHO M BCECTOPOHHE
OTBEUaeT HA  BCE  BOIPOCHI,
aKIEHTUPYS] BHUMaHKUE Ha Hanbolee
3HAYMMBIX MoMeHTax. OH ymeer
aHAITU3UPOBATH, CPaBHUBATH,
KJIACCU(UIPOBATD, 0000111aTh,
KOHKPETH3UPOBATH 15§
CUCTEMAaTH3UPOBATh W3yYCHHBIN
MaTepHas, BBIIENSS €ro KIIOYEeBBIE
ACTICKTBI u yCTaHaBIIMBas
MPUYMHHO-CIICJICTBCHHBIC  CBSI3H.
dopmymupyer cBOM OTBETHI,
YBEPEHHO HHTEPIPETUPYET
pe3yiIbTaThl  aHAM30B MW JIPYTHX
WCCIICIOBAHNN, a TaKkKe pelaeT
CJIOKHBIC CHUTYallMOHHBIC 3ajauu.
CTymeHT  XOpomio  3HaKOM C
METOaMHU HCCIIeTOBAHUS,
HEOOXOIUMBIMH JIJISI TPAKTHUIECKOM
JEATETBHOCTH, U YMEET CBSI3BIBATH
TEOPETUUECKUE ACTICKTHI IPEIMETA C
MPaKTUYCCKUMH 3a[a4aMH.

Y 10BIIETBOPUTEIIHHO

3aureHo

Y 10BIIETBOPUTEIIHHO

3aureHo

Crynentr  oOmamaeT  0a30BBIMHU
3HAHUSAMU o JUCITUTLTAHE
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Onenka 3a 3a4yeTt OO0masi xapakTepucTHKa
JecarnoanabHas IIaTudannbHas
pe3yjabTaTa 00yueHus mno
OIleHKA OlleHKA

AUCUMILIMHE (MOAYJIIO)

(Moxymro), HO HCIBITHIBACT
TPYAHOCTH TP CAMOCTOSITEIBHBIX
OTBETaX M UCIOJB3YEeT HETOYHBIE
¢dopmynupoBku. B xone oTBETOB OH
JIOMTyCKaeT OIIMOKM, Kacaroluecs
cytd BompocoB. CTyIEHT criocoOeH
pemarb TOJIBKO CaMble MPOCTHIE
3a7auu u BJIaseeT T
MUHHMAITBHBIM HaOOpOM METOJIOB
UCCIIETOBAHUSI.

3 He cnan He 3auteno CTyneHT He OBJIaieN 003aTeIbHBIM

He cnan He 3auTeno MHUHUMYMOM 3HAHHUH I10 IpeaMeTy U

1 He crnan He 3a4Teno HE MOXET OTBETUTh Ha BOIIPOCHI,
JIaXXe €clId TIpernojaBaTeNlb 3aaaeT
JIOITOJTHUTEILHEIC HaBOISIIIHE
BOIIPOCHI.

Huctunnuua (Moayns) «MeToabl BBINYKJIOH ONTHUMH3AIMU» Ui 000MX YpOBHEU
OIICHUBACTCS CIICIYIOIIUM 00pa3oM:

AKTHBHOCTH Bec Onucanmne

Homamnnue 3amanus | 25% | Habop 3a7au 1o Temam Hepenu

KonTtponbHbie 40% | [TucbmenHast pabora ¢ HabOpPOM 3a/1a4, KOTOPBIE HY)KHO PELIUTH 32
paboThI OTpaHUYEHHOE BpeMs

Bonycuble 6ambt 32 | 10% | OuieHKH, KOTOPBIE CTYACHTHI MOTYT MOJYYHTH 32 BBITOJHEHHE
OOHYCHBIC 3aJlaHUS JOTIOJTHUTEIIBHBIX 3aJJaHUI

3a4er c OLCHKOM 25% | [TucbmeHHas win ycTHas paboTa HaJl 3alaHHEM, HAallPABJICHHBIM Ha

IIPOBCPKY MOJITYYCHHBIX 3HAHUH 1 HABBIKOB 110 JUCHUIIIINHE (MO,I[YJ'IIO)

®opmyJia pacuéTa UTOrOBOM OLIEHKH MO JMCHHUILINHE (MOAYI10) «MeToabl BBITYKJIOM
ontumm3anun». «0,25 x cpennee 3a nomamHue 3amanums + 0,4 X cpemHee 3a KOHTPOJBHBIC
pabotsl +0,1xcpennee 3a 6oHycHbIe Oaimbi+ 0,25 X 3a4eT ¢ OLIEHKOW».

Texkymmii KOHTPOJIb yCIIeBAEMOCTH 00y4aKOIIUXCS MO0 JUCHUILIHHE (MOAYJII0)
IIpumepHbIe JOMaNIHUE 3aIaHUS

Jdomamnee 3aganue: BoIyKJIOCTb U IVIAAKOCTh. Y CJI0BHA ONITUMAJIBHOCTH

1. Onpenenure, 4TO Takoe BhIMyKJIas GYHKIUSA U IPUBEIUTE IPUMED.

2. OOBsicHUTE, YTO TAKOE TJIAAKOCTh (DYHKIIMU M KaK OHa CBA3aHa C MIPOU3BOAHBIMH.

3. @opMmynupyiiTe yCcIOBHS ONTUMAILHOCTH MEPBOTO M BTOPOTO MOPSAKA JUIS BBITYKJIBIX
(byHKIUH.

4. Ilpueaute npumep GYHKIUHU, KOTOpPas SBISETCS BBITYKION, HO HE TJIAJKOM.

5. KakoBbl reoMeTpuyeckre HHTepIpPETaMy YCIOBUN ONTUMAIBHOCTH?
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JlomalHee 3aganue

Knaccbl MHOXeCTB

3AO0AYAN

3A0AYA 2

3ALAMA 3

3ALAYA 4

3ANAYAS

3ANAYA 6

26anna

Mposeps, BbIMYKNO ¥ MHOXKECTBO
8= { re R?- 7 = 2we -0 Lodry }
26anna

lpoBeps, BLINYKNO K MHOXECTEO

2

S={xeR* (11— mP+(@m-17<1}.

26anna
lNpoBepb, BbIMYKIO N MHOXECTBO
S*{-J:ERz: a'fg.::gs.z'| +4 }
26anna
Mycts S C R u || | — NPOU3BONbHEA HOPME Ha R Ins a = (0 3agagumM MHOXECTED

Sa={w: dist(x,5) < a }.rne dist(x,S) = inf |o—y|.
yES

MHOXECTBO S, Ha3LIBAETCA PACLUIMPEHHBIM Ha (L OTHOCUTENBHO S. [lokaxu, 4To ecnn S
BLINYKIO, TO S, TAKKE BLINYKO.

26anna

Mycte S C Ry || | — NPOU3BONLHEA HOPME Ha B Ona a = () 3apagum MHOXKeCTEO
S_a={x:Blz.a)CS},

rae I3(x,a) — OTKpBITHIA Wap. MHOXeCTBO S_, HA3bIBAETCA CYXEHHBIM Ha (. OTHOCH-
TenbHo S. [LoKaxH, 4TO ecnn S BeINYKNO, TO S_, TakKe BLIMyKNo.

26anna

Mycte X € B u " € X. flokaxku, 470 MHOXECTB0
K(X,a") = { yeR:y "2y v e X }

FABNASTCA BbINYKNbIM KOHYCOM.

JIOMaIIIHee 3aJaHue

Cy6anddepeHunan v cybrpagueHTt

3A0AYAN

3ANAYA 2

3A0AYA 3

3ALAYA 4

3A0AYA S

2,5 6anna
Hanpu cybpnbdeperuman dymkumn [ R — R:
,’(r) = max {—‘l‘. z.x’ }
2,56anna
Hangu cybanddepenuman dynxkuun [ R — R:
flx)=lo =2+ |z +2[ + |z — 1| + 2%
2,5 6anna

Haiign cy6anddeperuman dyrxumn [ : RS — R
flx) = log(l + el® ’).
2,5 6anna
Haiau cy6pubbeperuman dynkuan [ - RY 5 R
f(z) = (max (0, {Azx,x) + (bz) + r')):‘.
3pece A € S“: LbeERYL ceR.

2,5 6anna

Haitgu cyGauddeperuman dyrxumm [ RE — [R:

2

d :
f(‘) — (chlx(()..!'i)) .

i=1
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JlomalHee 3aganue

Ontumusauyusa ana scex! 3agaum Ha gom. Hepgens 4

3ANAYAT 2 6anna

JOKaxuTe, UTO 3Ta QyHKUMS BLINYKNa:
. \ ; X "2
fle,y,2)= .‘_hu:(l Tt ) +{(2—2)"+e v

rae pynkuma [ 0 B 5 B umeer 06nacTb onpesenexing, onpeaeninmyio kax:

dom f = ((x.y.2) ER*: 2 4 y >0,z >0}.

JANAYA 2 16ann

LIeHTp MacC Tena ABNSETCA BAXHBIM NOHATUEM B duskke (Mexahuie), [ina cucTems ma-
TEPUANbHBIX TOUEK C MACCAMM 171; ¥ KOOPAMHATAMM 1';, UBHTP MBCC ONPEABNAETCA KaK:

¥ oin g My

)_,‘ 1

LlenTp Macc Tena He BCeraa Nexwr BHyTPH Tena. Hanpumep, UeHTp mMace By6nuKa Haxo-
QMTCA B 610 OTBEPCTHK, [lOKAXM, HTO LUBHTP MACC CHCTOMDI MATePUANbHBIX TONEK NEXHT
B BoNyxN0k 0BONOHKE MHOXECTBA 3TUX TOYEK.

3ANAYA 3 16ann

Roxaxw, wto conv{zr' 1 x € R |z =1} = {A €8 :tr(A) =1},
3ANAYA 4 16ann
Doxaxu, 4o muoxectso {r € R? | %1 < o} Aennerca soinyknsm.
IANAUAS 16ann
Paccmotpum dyrkumo [(r) = 1, rae & € R 3anonHu cneaylowyio Tabnuly + um -.

OBuAcHK cBOM OTBETH (C AoxasaTenscTeamu).

d Buinyknas Borwyran Crporo sunyknas 1-CANBHO BEINYKNAA
2,re Ry
-lLreR,,
0
0.5

[lokasku, UTO GYHKLMA SHTPONWK, ONPeASNEHHaR Kak

i

fla) = —Z.r', log(x;),

i=1

cdom(f) = {r € R : 3" | 2; = 1}, ABnAeTCA CTPOr0 BOFHYTOMA.
3A0AYA 7 26anna
oK@k, 4TO MaKCUMyM BBIMYKNON GyHKWAK f Han MHororpaHHikom 2 = conv{oy, ... v}

[OCTUr3eTCA B OLHON W3 Br0 BEPLIVH, T. €.

sup f(z) = max f(v;).
reP =1k
Bonee cunbHoe yTEEPXKAGHUE: MaKCHMYM BuiNyKNOA GYHKLUM Hag 3aMKHYTBIM CrpaHi-
HEHHbLIM BbIMYKNbIM MHOXECTBOM AOCTUIaeTCA B Kpﬂl:iHEl;l TOYKE, T. €. TONKE B MHOXECTBE,
KOTOpas He ABNABTCH BbINYKNOW KOMGWHALMER NIG0RA OPYrom TOYKM B MHOXecTBe (Te6e
HE HYXXHO ero QoKa3biBaTh). [Togckaska: MpeanonoXM, YT YTBEPXKAEHHE HEBEPHO, W UC-
nonb3yi HepaseHcTao VenceHa.

3AMIAYA B 16ann

[okaxu, 4T A8a ONpeeneHns {i-CUIBHC BbINYK/bIX GYHKLUWA 3KBUBENEHTHLI

1. f(x) senseTcAa f-CMbHO BLINYKNOA <= ANA MoGbIX T, 22 € S M 0< A< 1
[LnA HekoTopora g > (:

FOrL+ (1= A)aa) < Af() + (1 — A) Fla) — %AU = Nl — a2?

2. f(r) ABnseTcs j1-cUNsHO BBINYKNOW <= cywecTayet ;¢ > () Takoe, 4TO dyHKUMA

i ‘Tj - b T 2 ABNAGTCA BbINYKMNOMN.
1= 5 y

IIpumepHbIe 3a1aHis 10 KOHTPOJIbHOI padoTe
KonTtpoabnas padora
3aoanue 1: Memoo conpax;cenHbIX 2PAOUEHM 08
1. Onummre anropuT™M METOJa COMPSHKEHHBIX TPAJHEHTOB. B ueM ero mpeumyinecTBa Mo
CPaBHEHHIO C METOJIOM I'PaINEHTHOTO CITycKa?
KaxoBbI ycToBHUSI CXOAUMOCTH METO/1a COTIPSIKEHHBIX TPaIUEHTOB?
3. IlpuBemute mpumep 3aaa4u, TI€ METOJ CONPSDKEHHBIX TPaUeHTOB OyeT A3 peKTuBeH.

N
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4.

5.

PaccunraiiTe  HECKOJBKO  IArOB  METO/Aa  COMPSDKEHHBIX  TPATMEHTOB  JUIS
dynaxuun f(X)=x?+2y? ¢ HavanpHO# TouKOH (X0, Yo)=(1,1).
B uem pa3HuIila MEXy MOJHBIM M HETIOJHBIM METOIOM COMPSKEHHBIX IPaUCHTOB?

3aoanue 2: Memoo Hvromona u K6a3uHblomoH06CKUe Memoobl

6.
7.
8.

9.

OO0msicHuTe, Kak padboTtaeT meto HeroTona. KakoBa ero cxomumoctsb?

Kakue nmpo6aemMpl MOTYT BOSHHKHYTh IIPH UCIIOJIb30BaHUU MeToa HproToHa?

OnumuTe, Kak paboTaroT KBa3WHBIOTOHOBCKUE METO/IbI, U PUBEIUTE MMPUMEP OJTHOTO U3
HUX.

Paccunraiite maru merona HeroToHa mis dynxmmn f(X)=x>—4x+4.

10. Kak MOXHO yJIy4IITUTh POU3BOAUTEIHLHOCTh MeTo1a HhtoTOHA?
3aoanue 3: Cyozpadouenmmuslit Memoo u a0anmueHvle Memoovl

1.

2
3.
4.
5

Omnpexnenure, 4TO TaKOE CyOTpaJlMEHTHBIN METO/] U B KaKUX CIy4asx OH MPUMEHSETCS.
OOBbscHUTE, KaK padoTaeT aAaTUBHBIA METO/ I'PaJIMEHTHOTO CITyCKa.

[TpuBeauTe npumep GyHKIMHU, 7151 KOTOPOU CyOTpaTMeHTHBIH METO ] OyeT MoJie3€eH.
KakoBbl OCHOBHBIE IPEUMYILECTBA U HEOCTATKU CYOrpaueHTHOro MeToa?
PaccuuTaiite 00HOBIIEHHE TAPAMETPOB C UCIOIB30BAHUEM CYOIpaJUEHTHOIO METOAA JUIs

byuxmn f(X)=(x|.

3aoanue 4: lpoexyus u anzopumm @pank-Bynvha

6.

7.
8.

9.

Onumure, 4TO TaKoe MPOEKLHs Ha BBINYKIYI0 OOOJOYKY M KaK OHa HCIIOJIb3YeTCsl B
ONTUMU3ALHH.

Kak paboraer anroputm ®@pank-Bynepa? [Ipuseante ero marm.

B kakux ciydasx anroputMm @pank-Bynbha MoxkeT ObITh NpeanouTHTEIbHEE APYTUX
METOA0B?

[TpuBenure npumep 3agauu, rae aiaroput™ Ppank-Bynbda moxer ObITH ycHemHo
IPUMEHEH.

10. KakoBa cinoxHOCTh ainroputMa @pank-Bynbga B 3aBUCHMOCTH OT pa3MEPHOCTH 331auu?
3aoanue 5: Memoo 3epkanbhozo cnycka

1.
2.
3.
4

5.

OObsicHuTe, Kak paboTaeT METOJl 3€PKAIbHOIO CIyCKa M B KakUX CIy4yasx OH
PUMEHSIETCS.

Kakne mpenmymiecTBa JaeT METOJ 3€PKAJILHOTO CITyCKa IO CPABHEHHIO C OOBIYHBIMHU
METO/IaMU TPaIUEHTHOTO CIycKa?

[IpuBenuTe mpuMep 3aaa4uu, T/I€ METOJ 3€PKATLHOTO CIycKka 0yneT 3¢ ()EeKTUBEH.

KakoBa c10’HOCTh METO/1a 3epKaJIbHOIO criycka?

PaccunrTaiiTe maru MeToa 3epKanbHOro ciycka ans pyakmun f(x)=05(x—3)? ¢ HauanbHOI
toukoit X0=0.

3aoanue 6: Memoo wimpaguvix gpynkuyuii u ADMM

6.
7.
8.
9.

Yro takoe MeToA TpadHbIX QYHKIMHA U KaKk OH paboTaeT?

O0mwsicauTe, Kak padoraer meronm ADMM (Alternating Direction Method of Multipliers).
B kakux cimyyasx meroq ADMM MoxeT ObITh MPEANIOUTUTENbHEE JPYTUX METOA0B?
[IpuBenure mpumep 3agauu, I7A€ MNPUMEHEHHE MeToaa MTpadHbIX (QyHKUUNA Oyner
YMECTHBIM.

10. KakoBbI OCHOBHBIE TPEUMYIIECTBA W HEIOCTATKH METOJOB IITpadHBIX (GYHKIWH H

ADMM?

3aoanue 7: Memoo enympenHeil mouku

1.
2.
3.
4.
S.

Onwumute, Kak paboTaeT METO/] BHYTPEHHEH TOYKM U B KAKUX CITy4yasiX OH IPUMEHSETCS.
KaxoBa Cl10)KHOCTh METO/1a BHYTPEHHEN TOUKH JIJIS TMHENHBIX ITporpamm?

[TpuBeauTe mpuMmep 3a7auu, I7ie METO/l BHYTpEHHEH TOUKH OyaeT 3P PeKTHBEH.

Kakue npoOiemMbl MOTYT BOBHUKHYTh IPU UCIOJIB30BaHUU METOJ[a BHYTPEHHEN TOUKU?
Paccunraiite maru MeTo1a BHyTPEHHEN TOUYKH JUIS IIPOCTOM 3aa4i ONITUMU3ALUN.

3aoanue 8: Ceonoevie 3a0auu

6.
7.

Ornpenenure, 4TO TaKOE CEIOBAst 3ajja4a U MPUBEIUTE IPUMED.
KakoBbI yC10BUS ONTUMATBHOCTH JIJIS1 CEJIJIOBBIX 3a7a4?
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8. OOBsicHUTE, KaK MOYKHO PEIIMTh CEJIOBYIO 33Jlady C MOMOIIBI0 METOJa TPaTuEHTHOTO
CITyCKa.

9. IlpuBeauTe mpuMep MPUMEHEHHUS CEIJIOBBIX 3a/1a4 B YKOHOMHUKE MJIM TEOPUHU UTD.

10. KakoBBI OCHOBHBIC TPYJHOCTH, BO3HUKAIOIIUE TIPU PEIICHUH CEIOBBIX 3a1a4?

IIpumepHble 3a1aHusA 1t OOHYCHBIX 02JJ1I0B
CroxacTuyeckasi ONTUMH3ANMS

Bomnpoc 1

Uro Takoe croxacTuueckasi ONTUMU3aLUsA?

a) OnTUMH3aLUs C UCHIOIb30BAHNUEM JIETEPMUHUPOBAHHBIX AJITOPUTMOB
b) OnTuMu3anus, yauThIBaOLIast CIIy4aliHbIe YJIEMEHTHI B MOJICIH

¢) OnTuMHM3anus, OCHOBaHHAs Ha JIMHEHHBIX YPaBHEHUAX

d) Onrumu3zanus ¢ GUKCHPOBAHHBIMH MTapaMeTPaMu

Bomnpoc 2

Kaxoit u3 ciemyromux METo10B ABIISIETCS CTOXaCTUYECKUM?
a) Meron rpalieHTHOTO CIycKa

b) Merox HeroTona

¢) 'eneTnueckue anropuTMsl

d) Meton Jlarpanxa

Bomnpoc 3

B uewm 3akiiouaeTcst OCHOBHOE IIPEUMYIIECTBO CTOXACTUYECKUX METOIOB ONITUMHU3AIHH?
a) Bricokas TouHOCTH

b) BeicTpas cxoaumMocTh

¢) CriocoOHOCTh HAXOAUTH TTI00ATBHBIA MUHUMYM B CIIOXKHBIX JaHAmadTax

d) [IpocTora peanuszanuu

Bonpoc 4

Uto Takoe cToXxacTHUeCKui TrpaaueHTHIN cimyck (SGD)?

a) Mero/1, HCTIONB3YIOMIMIA BeCh HA0OP TaHHBIX AJIsl BEIUMCICHUSI TPaIUeHTa

b) MeTton, HCTIONB3YIOMMKN CITy9aiiHbIA TOAHAOO0P JAHHBIX JJI BHIYUCIICHHS TPaUEHTa
¢) Meto/1, oOCHOBaHHBIN HA BTOPOM MIPOU3BOIHOM

d) Meron, He TpeOyrOImMiA rpaueHTa

Bompoc S

Kakoe u3 cienyromux yTBepkKIeHUN BEPHO AJIsi CTOXAaCTHUECKOT0 TPaJIMEHTHOTO CITycKa?
a) OH Bcer/ia HaXoAUT II100aIbHBII MUHUMYM

b) OH MOXeT ObITh MEHEE YCTONYHMBBIM, YeM OOBIYHBIN IPaIuEHTHBINA CITYCK

¢) OH TpeOyeT 60blie BHIYUCIUTENBHBIX PECYPCOB

d) OH He MOXET IPUMEHSTHCS K OOIBIINM JTaHHBIM

Bomnpoc 6

Kaxkoii MeTo/1 4acTO UCMOIB3yeTCsl B CTOXaCTUYECKOM ONTUMM3ALNK JJIsI PEIICHUS 3a/1a4 ¢
OOJBIIMM KOJTMYECTBOM MEPEMEHHBIX ?

a) MeToj rpaaueHTHOTO CITyCKa

b) DBOIIIOLIMOHHBIE ANTOPUTMBI

¢) Meron BHyTpeHHEH TOUKU

d) Meron Jlarpamxa

Bomnpoc 7
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B yewm 3akitogyaercs npuHIMI pabOThl TEHETUYECKUX aITOPUTMOB?
a) Micnonp3oBanue rpaJueHToB JUIsl TOMCKA ONITUMyMa

b) MoaenrpoBaHne eCTeCTBEHHOTO 0TOOpa U ABOIOIIUN

¢) JIuneiinas anmpokcumanus GyHKIUN

d) OnTumu3anus ¢ UCIONIb30BAaHHEM MAaTPUUHBIX OINEpalHii

Bomnpoc 8

Kakoii 13 cienyromux MeToI0B SBJISCTCS IPUMEPOM CTOXACTUYECKON ONTUMU3AIUH?
a) Meron HeroTona

b) Anroput™m MypaBbUHON KOJIOHHH

¢) MeToj rpaqueHTHOTO CITycKa

d) Meroa cxoaumocTH

Bonpoc 9

Yro Takoe "myM" B KOHTEKCTE CTOXAaCTHUYECKOM ONTUMH3ALUN?
a) [lorpemHocTy B U3MEPEHUSIX

b) Ciyuaiinble konebaHus B JaHHBIX

¢) AHOMaJIUU B AITOPUTME

d) Bce BhImenepeyncieHHOe

Bonpoc 10

Kaxk croxactudeckast ONTUMH3aLUs MOKET OBITh UCIIOJIBb30BaHA B MAIIUHHOM O0y4YeHUM?
a) Jlnst yMeHbIIEHUS pa3MeEpOB JTaHHBIX

b) [y ynydiieHus: TOYHOCTH MOJIEIH

¢) st HaxOXKACHUS ONTHMAJIBHBIX THIIEPIIapaMeTPOB

d) Bce BolenepedrcieHHOE

I'panneHTHBIN CIyCK

Bonpoc 1

Uro Takoe rpaueHTHBIN CIyCcK?

a) Metoa HaXx0XJIeHUs] MAaKCUMyMa (yHKLIUU

b) Meton Mmunumu3anuu GyHKIIUH, OCHOBAHHBINH Ha TPaIHCHTE
¢) Metoza, UCTIONB3YIOMIMKA TOIBKO 3HAYEHUS (PYHKLIUU

d) Meton, ocHOBaHHBIN Ha CIy4YailHbIX 3HAUEHUAX

Bonpoc 2

KakoBa ocHOBHas wiesi TpafUeHTHOTO CITycKa?

a) [lepemernienue B CTOpOHY HaUOOJIBIIETO I'PAAUEHTA
b) I[lepemenienre B CTOPOHY HAWMEHBIIIETO TPATUCHTA
c) [lepememienue no pUKCUPOBaHHON TPACKTOPHH

d) [lepemenienue cayyaitHpIM 00pazom

Bomnpoc 3

Kaxkoii U3 cleayronumx napaMmeTpoB sBISETCS KPUTHUYESCKU BOKHBIM ISl TPAJUEHTHOTO
crycka?

a) Paszmep mara (learning rate)

b) KonuaectBo ureparmii

c) Pa3zmep BbIOOpKH

d) KonmuuecTBo nepeMeHHBIX

Bomnpoc 4
YTo NpoucxXoauT, €CIIU pa3Mep 1l1ara CIUIIKOM BEJIUK B IPaJUEHTHOM CIIyCKe?
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a) Aroputm coraeTcst ObicTpee

b) AIropuT™M MOXET HE CONTHCH U "TIepenPHITHYTh" MUHUMYM
¢) AJIropuTM BCeTJIa HAaWJET ONITUMYM

d) Anroput™m Oyzaer paboTaTh MEIJICHHO

Bomnpoc 5

Kakoii BapuaHT rpaiu€HTHOTO CITyCKa UCIOIb3yeT BeCh HA0OP JAHHBIX JUIS BEIYMCIICHUS
rpagueHTta’?

a) CTOXacTHUUECKUN I'PaJJUEHTHBIH CITYCK

b) I[lakeTHBII TPaIUEHTHBIN CITYCK

¢) MuHu-6aty rpaiu€HTHBINA CIIyCK

d) AnanTUBHBIN TPAIUEHTHBIN CITYCK

Bomnpoc 6

Kakoii u3 cienyromux METoI0B SBISIETCS BADUAHTOM IPAJMEHTHOTO CIycKa?
a) Meron Hecrepoa

b) Meron bpoiinena

¢) Meton Jlarpanxa

d) Merox Herorona

Bomnpoc 7

Yro Takoe "maneHue" B KOHTEKCTE TPAJUEHTHOTO CIycKa?
a) [Ipouecc yBenuyeHus PyHKIIMHA

b) [Ipouiecc ymeHbIIeHUS PYHKIIHH

¢) IIpouiecc BeIYMCIICHHS TPaUEHTA

d) IIpouecc reneparuu cirydaifHbIX 3HAUCHUN

Bomnpoc 8

Kakoii u3 cienyronmx MeTo10B MOXKET IOMOYb H30eXkaTh POoOJIeMbl 3aCTpEBaHUs B
JIOKAJIBHBIX MI/IHI/IMyMaX?

a) YBeln4eHue pazMepa mara

b) Ucnonb30BaHne MOMEHTyMa

¢) YMeHblIeHHE KOJIMYeCTBA UTepaluit

d) Ucnonp3oBanue GUKCUPOBAHHOTO IIara

Bonpoc 9

Kaxkoii n3 CJICAYIOIINUX AJITOPUTMOB ABJIACTCA aAallTUBHBIM MCTOJOM I'PaAVCHTHOT' O cnycxa?
a) Adam

b) SGD

¢) RMSprop

d) Bce BblenepeuncieHHoe

Bonpoc 10

Kak MOXHO yImy4IIUTh CXOUMOCTH TPAJMEHTHOTO CITyCKa?

a) YMeHbIlIeHne pa3Mepa BEIOOPKH

b) Ucnonb30BaHue pa3nMyHbIX CTpAaTErnii K3BMEHEHUs pa3Mepa Iiara
¢) YBenn4YeHrne KOJU4ecTBa MepeMEeHHBIX

d) YBenuuenue cioxxHOCTH QYHKIINU

DNEeKTPOHHBIA JOKYMEHT



3amanus 1J151 NPOMEKYTOYHOM aTTeCTANMM M0 JUCHHUILIMHE (MOXYJII0)

Ne 3ananue OTBeT Komnerenumus
n/n
1. KakoBa ocuoBHag unes merona Horotona ais b OIlK-1

HAXO0KIEHUS SKCTPEMYMOB (PYHKIIAN?

a) Mcnonb3oBanue TONBKO MEPBOTO MPOU3BOJAHOTO
b) Hcnonb3oBanue mepBoro ¥ BTOPOT0 MPOU3BOAHBIX
c¢) HUcronp30Banue TOIBKO BTOPOTO POU3BOHOTO

d) Mcnonp30BaHre YMCIIEHHBIX METO/IOB

2. Kakoii w3  crieayommx — METOJOB  SIBISIETCS b OIIK-1
KBa3UHBIOTOHOBCKUM?

a) MeTox rpalueHTHOTO CITyCKa

b) Merox Bpoitnena-Dueruepa-T'onabapda-Ilanno
(BFGS)

€) Meton Herotona

d) Mertox cyOrpaareHToB

3. B kakux caydasx Iielecoo0pa3HO HCIOIb30BaTh c OIIK-1
CyOrpaJieHTHBIA METO?

a) [ns rmagkux GyHKIUA

b) st HEBBITYKIIBIX (pYyHKIHN

¢) Jmst BRIMYKITBIX, HO HE TNIAAKUX (DyHKITHI
d) Jdmst Bcex THoB GpyHKIMH

4. KakoBa ocHOBHas 11e]Tb METO/Ia 3ePKATBHOTO CITycKa? b OIIK-1
a) Muanmu3zaus QyHknuu 6e3 orpaHIYeHU

b) TloMck ONTUMAaNbHOTO PEUICHUS B BBIMYKIOH
00oIt04uKe

c¢) IIpeobpazoBanue 3agayMl ONTUMHU3AIMHU B 33/1a4y C
OTpaHUYEHUSIMU

d) VYcrpaneHne  HEOOXOAMMOCTH  BBIYMCICHHUS
rpajneHTa

5. Kaxoii u3 ciie1yronmx 1moaxo/10B sBIsieTCst OCHOBHBIM B b IK-1
METO/I€ BHYTPEHHEN TOUKU?

a) [lomck okcrpeMymMa Ha TrpaHUIle 00JacTH
JIOIYCTUMBIX PEIICHUH

b) Tlocremennoe mnpubOMMKEHWE K TpaHWIE OOIACTH
JOITyCTUMBIX PEIICHUH

c) MHcnonw3oBanme mTpadHbIX (GYyHKUMH A7
00pabOTKH OrpaHUYEHUI

d) Ilpumenenue merona Jlarpamka il HaXOXKACHUS
ONTUMYyMa

6. Kakoit METOI OINTUMH3ALINHI OCHOBaH Ha Meton Herotona OIIK-1
WCTIONb30BaHUK  MPOU3BOJHBIX  JUIS  HAXOXKICHHS
JIOKQJIbHBIX MUHUMYMOB U MaKCUMYMOB?

7. Kak nazpiBaeTcsi MeTOA, KOTOPBIM HCHOJB3yeTCs Ui | Penykuus aucnepcun OIIK-1
YMEHBITICHUSI TUCTIEPCHH B CTOXACTUYECKUX METOMAX
onTUMH3ALUN?

8. Kakoii ~ anroputM  ONTUMH3AaLMH  HCIOJB3YET SGD/ OIIK-1
CIy4yaliHbIC TPAAWCHTHI i1 OOHOBJICHHS ITapaMeTPOB CTOX&CTH‘IE?CKHIZ
MOZIEITH? TPaaueHTHBIN CITyCK
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9. Kakoit mertonm wucnonb3yercd Il HAXOXJICHUS Anroputm ®paHk- [IK-1
JIOKaJbHOTO MUHMMYMa B OTPaHHUYEHHBIX O0JacTAX C Bynsga
HCITOJIb30BAaHUEM TIPOCKITHN?
10. Kak Ha3bIBaeTCs TOJXOM, KOTOpPBIM coueTaeT B celde Yckopenue I1K-1
CTOXAaCTHUYECKYIO ONTHMHU3ALUIO U METOIbl YCKOPEHUS
JUTs IoBbIIeHUs ) hekTuBHOCTH?
11. | Kakoif klacc METOJOB ONTHUMH3AIMU UCIONb3yeT | KBa3MHBIOTOHOBCKHE IK-1
BTOpBIE TPOU3BOAHBIE IS YIYUIIEHHUS] CXOAUMOCTH? METOABI
12. | Kakoifi TepMHH WCIONB3yeTCS  JJIsi  OMKCAHUS Hucnepcus IK-1
YMEHBIIEHUS] ~ BapHallud  OLEHOK B  TpOLecce
onTUMH3ALUNA?
13. | Kakoifi MeTox HCHONB3yeTcs JIs  HAXOXKICHHS [Mpoexmus IK-1
ONITUMAJILHOTO PEIICHUS B 3a/la4ax C OrpaHHMYCHHSIMH,
OCHOBaHHBIN Ha TPaIUCHTHBIX METOAaX?
14. | Vkaxure Ha3zBaHME OCHOBHOIO IIOHATHS B JMHEHHON | BekTtop /BekTopHOE YK-1
anreOpe, CBI3aHHOTO C BEKTOPHBIMU IPOCTPAHCTBAMU U HPOCTPaHCTBO,
oIepanusIMH HaJl MAaTPULIAMH. TIMHEHHOS
IPOCTPAHCTBO
15. | Vkaxurte ycnoBue, Mpu KOTOPOM (DYHKITUSI CUUTACTCSI I'eccuan YK-1
BBIITYKJIOH HA MHOKECTBE. HeoTpuuaTesneH /
MIOJIOKHUTENBHO
MOJIyONpeIeTIEHHbBI N
reccua,
HeoTpULATeIbHAS
BTOpast MPOU3BOAHAS
16. | Vkaxute MeTOI ONTHMHU3AIMH, KOTOPHIA HCIONB3YeT CroxacTuieckuii YK-1
Cly4aiiHyI0 BBIOOPKY TpajHeHTOB JUIs YyCKOpeHus | TPAJUCHTHBIN CIIyCK
00yueHHsI. /SGD, )
CTOXaCTHYECKHA
rpajIieHT
17. | Ykaxure anropuT™, KOTOPBIH YCKOPSIET TPAAMEHTHBIA | Y CKOPEHHBIA METO. YK-2
CITCK C ITIOMOIIBIO MOMEHTOB i oHOMoB Yebrimésa. | Hecteposa / Nesterov
acceleration,
yckopenue Hecreposa
18. | Ykaxkure wMeTom, UCHONB3yeMBbId s pemieHus | MeToa COmpsKeHHBIX YK-2
KBaJIpaTUYHBIX 3a7a4 C MOMOINBIO CONPSDKECHHBIX Fpa_IlI/IeHTOB / _CG,
HATTPABJICHHL. conjugate gradients
19. | VkaxkuTte moaxox, KOTOPHIi anmpoKCUMHPYET recCHaH BFGS / Broyden— YK-2
MAaTPHUIIbl B KBA3WHBIOTOHOBCKUX METOIaX. Fletcher—Goldfarb—
Shanno,
KBa3MHbIOTOHOBCKUI
METO/T
20. | Ykaxure MOHATHE, OMHUCHIBaroliee cyOrpaaueHt kak | CyOomuddepentman / [1K-2
00001IeHIe TPaIMEHTA JIJISl HEBBIMTYKITBIX (DYHKIIHH. cybmuddepenman,
cyOrpaneHTHOe
MHOXECTBO
21. | YKaxuTe anropuT™M, KOTOPBIA MPOCHUPYET TPajHeHT [IpoekunoHHbIN [1K-2

Ha OIpaHUYCHHOC MHOXCCTBO I PCHICHUA 3adayd
OIITUMU3AIIUH.

IpaJeHTHBIN CIyCK /
PGD, projected
gradient descent
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22. | YKaxuTe  METOH,  MCIOJB3YIOUMA  3epkajgbHOe | MeToj 3epKaabHOro [K-2
OTpakeHHE Uil  OOHOBJCHHS  TIEPEMCHHBIX B crycka / mirror
ONTHMHU3ALINH. descent
23. | Ykaxure anropuT™, mpuMeHsiemblii s pemenus | ADMM / alternating VK-1
3amad ¢ mrrpadueiMA GyHKIMAMA 1 gepenyrommmucs | direction method of
HATIPABIEHHAMIL multipliers, meTox
YepeayoIIuXcs
HaIpaBJICHUI
24. | YkaxuTe YCIOBHE OINTHUMAIBHOCTH, CBS3aHHOE C Ycnosus Kapymia- YK-1
MHOHTesMu Jlarparka s 3aad ¢ orpanmuennsvy. | KyHa-Takkepa / KKT,
Karush-Kuhn-Tucker
25. | Ykaxure METOJ] BHYTPEHHEH TOYKH, WCMOJb3yeMblii | bapbepHsiii meton / YK-1
JUTS pelieHus 3a1a4 JTHHEeIHOro mporpaMMupoBanns. | barrier method, Meron
O0apbepoB
26. | YkaxuTe 3a/1a9y ONTUMH3AIINH, T UIIETCS MUHUMYM CemnoBas 3aaya / YK-2
110 OJIHOM TMEPEMEHHON U MAaKCUMYM TI0 IPYTOH. saddle point problem,
CeUIOBast TOUKa
27. | YKaxKuTe METOJ, KOTOPbI YMEHBILIACT JUCIIECPCHIO B SVRG / stochastic YK-2
CTOXaCTHYECKOI ONTHMHU3AIMU MyTEM HCIIOIb30BAHUS Variaf\ce reduced
TIOJHOTO TPAJUEHTA. gradient, meron
PEIAYKIUH AUCTICPCUH
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