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AHHOTANMA

Kypc mpusBan yrmiyOWTh 3HaHMSA CTYIEHTOB MAarkcTparypbl B 0OJIaCTH METOIOB ONTHMHU3AIMU B
NPOCTPAHCTBAX OOJIBIINX Pa3MEPHOCTEH, NPUMEHHUMBIX KO MHOTUM TONYJISIPHBIM B TIPHJIOKEHHSX THIIAM
3a71a4 COBPEMEHHOI0 aHaJn3a JaHHBIX. B 0030pHOM mopsiike OynyT pacCMOTPEHbl ONTHMAJIbHBIC METOABI U
HIDKHHE TPAHMIBI CIIOKHOCTH JUIS 3a/1ad IIaJKOH M HEeIaJKOW BBINYKIOHW onTHMHU3amuu. Taroke OymyT
OIMCaHbl BapUaIM{ METOAOB IPAJUEHTHOTO THIIA M OLIEHKU CJIOKHOCTH JJIsl BO3HUKILINX HECKOJIBKO JIET Ha3a.l
B ONTUMH3AIMU KJIACCOB TaK HAa3bIBAEMBIX OTHOCHTEIBHO TJIAJKUX M OTHOCHTEIBHO HEMpPEPhIBHBIX
(JIMMIIMIEBBIX) ONTUMHU3ALMOHHBIX 3a7ad4, NMPUMEPhl NPUKIAIHBIX 3aj1ad Takux kiaccoB. K Takoro tuma
npo0ieMaM MOYXHO OTHOCHTh, B YaCTHOCTH, 33/1aud D-ONTHManbHOTO IIaHA IKCIIEPUMEHTAa W OMHApHOU
KJIacCH(PHUKAIIMK METOAOM OMOPHBIX BEeKTOpoB (SVM). OcoObblii yrop Oyaer cienaH Ha U3II0KEHHE Hanboee
M3BECTHBIX TIOIXOJOB M TEOPETUYECKUX PE3yJAbTAaTOB O METOAAX Ui 3ajad HEBBITYKIOH ONTHMH3ALUU.
HameueHo neranbHOE pacCMOTpEHHE TEOPETHUECKHX pPE3yJbTaToB Ul 3aJad C aHAJOraMH BBITYKJIOCTH
(KBa3HBBIITYKJIOCTh, cia0as BBINYKIOCTh), a TaKKe CHJIBHOM BBIMYKIOCTH (YCIIOBHE TPaJHEHTHOTO
JOMHMHHUPOBAHUS, KBaPAaTUYHOTO POCTa M MX AHAJIOTHM) U COOTBETCTBYIOIIME NPUMEPH! MPUKIATHBIX 3a]ad.
Taxke TUIAaHHpYeTCS H3YyYUTh HanOOJiee W3BECTHHIC OJBPUCTUYECKUE MOAXONBI (MMHUTAIMS OTXKHIA,
T€HETUYECKHE aJITOPUTMBI).

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

OcBoeHHE TEOpHUHU CIOXKHOCTH METOAOB JISl 3a]ad HerIaJKoW W HeBBIMyKinoi ontummzauuud (MO) B
MPOCTPAHCTBAX OOJIBIIMX Pa3MEpPHOCTEH, a TakkKe OCOOCHHOCTEH HMX IMPAaKTHUECKOH peanu3aluu C
MOMOILBIO s3bIKa nporpammupoBanus (Python).

3agauu AUCUMIIHHBI
*  OCBOCHHE CTyleHTamMH O0a30BBIX 3HaHWW (NOHATHI, KOHLEMUIUH u MeTonoB) B obmactu MO;

*  mpuoOpeTeHHE TEOPETHYECKHX 3HAHWH W TPAKTUYECKMX YMEHWH W HaBBIKOB B obmactu MO
*  OKa3aHHWE KOHCYNbTAllMii M IOMOIIM CTyIEHTaM B NPOBEICHHH COOCTBEHHBIX TEOPETHUECKHX
uccienoBanuii B oonmactu MO

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHUS KOMIIETEHIINH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
WH(POPMATUKU U BBIYMCIUTEIBHON TEXHUKU M CIIOCOOCH UX
OPUMEHATh TPU  pEHIeHHH 3a1ad  npodeccrHoHambHOM

OIIK-1 Bnaneer cuctemolt pyHIaMeHTATBLHBIX
HAy4HBIX 3HAaHUH B 00J1aCTH HH(OPMATUKU U
BBIYMCIIUTEIHON TEXHUKU

JesITeTbHOCTH
OIIK-2 Nmeer npeacrasienne o6 akryansHbix |OIIK-2.1 MMeeT npencraBieHne 0 COBPEMEHHOM COCTOSIHUT
npoOiemMax HayKH U TEXHUKH B 001acTi WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoel
WH(POPMATUKHU U BHIYHUCIUTENBHON TEXHUKH, npo¢ecCHOHANBHON e TeNbHOCTH

croco0OeH Ha HayYHOM SI3bIKe (DOPMYITHPOBAThH
npodeccuoHaIbHBIE 3a/1a9H

I1K-2.1 3HaeTr OCHOBBI Hay4HO-UCCJIEeI0BaTEIbCKON
NEeSITETLHOCTH B 00JacTH WHQOPMAIMOHHBIX TEXHOJIOTHUH,
BIIAJICET 3HAHUEM OCHOB (huocopuu U METOIOJIOTUN HAYKH;
3HAHMEM METOJIOB HAayYHBIX HCCJIEOBAaHUI M HABBIKAMH WX
MPOBEACHUS

[1K-2 [MorumMaeT 1 criocobeH MPUMEHUTH B
HAy4HO-HCCIICAOBATEILCKON U PUKIIATHON
JEATEIbHOCTH OCHOBHbIE 3aKOHBI
€CTECTBO3HAHUS, COBPEMEHHBIN
MaTeMaTHYEeCKHi anmapar U aJropuTMBbl,
COBpPEMEHHBIE
MH()OPMALMOHHO-KOMMYHHUKAI[HOHHBIE

TAYHNTTNTIATA

[IK-2.2 YMmeeT nmpuUMEHATH MOJyYeHHbIE 3HAHUS B OOJIACTH
(byHIaMEHTaNbHBIX HayYHBIX OCHOB TEOPHH MH(OPMALH H
pemarb CTaHJapTHBIE 3a1a4n B COOCTBEHHOM
Hay4HO-UCCJIEA0BATEIbCKOM NesTEIbHOCTH

[K-2.3 Nwmeer MIPaKTUYECKUI OTIBIT
HAy4YHO-HCCIIECIOBATENIbCKON  JICATENIbHOCTH B 00JacTu
MH()OPMALMOHHO-KOMMYHHKAIIHOHHBIX TEXHOJIOTUI




LvAIvUVIUL Xaxa

[1K-2.4 Bnageer MeTonaMy U alropuTMaMH pelIeHUs 3a1a4y
uupoBoii  00pabOTKH CHUTHAJIOB,

HNurepHer, AHHOTUPOBAHUS,

HCTOYHHUKaAMU

UCTIONIb30BaHMS  CETH
pedepupoBaHus,
OnbaHorpau4eckoro MOMCKa, OMBIT pabOThl ¢ HAyYHBIMHU

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! 0 JUCHMILINHE (MOLYJII0)

B pe3ynbrare ocBoeHUS JUCIUIUTHHBI 00y4YaroNInecs JOKHBI

3HATb:

O (yHIaMeHTalbHbIE TOHSATHS, YHUCIEHHBIE AJITOPUTMBI HemepblBHOW ontumuzanun (MO) wu

pe3ysbTaThl 00 UX CIOKHOCTH;

[ COBpPCMCHHBIC HpO6J'IeMBI COOTBCTCTBYIOLIUX pPa3aACIIOB MO,
0 MOHATHA, TCOPEMbI, METOAbl JOKAa3aTCJIbCTB M JOKAa3aTCJIbCTBA OCHOBHBLIX TCOPEM B pasjciiax,

BXOZSIIUX B 0a30BYy10 9acTh 1ukia MO;

[J OCHOBHbIE YnCIIeHHbIC AITOpUTMBI MO ¢ 000CHOBaHMEM OIIEHOK MX CKOPOCTH CXOJUMOCTH;

[l OoCHOBHBIC CBOMCTBaA HCMOJIb3YyCMbIX B U3YHYAdCMbBIX MCTOAAX MATCMATUYCCKUX O6T:€KTOB;

0 AHAJIUTUYCCKUE W YHMCJICHHBIC MMOAXOJAbl U METOABI JIA PCHICHHS THUIIOBBIX IMPUKIIAAHBIX 3a1a4

Hel"JIa):[KOﬁ n HeBLIHYKJIOﬁ OIITUMMH3AlluH,

YMETB:
MIOHATH MOCTABJIECHHYIO 3a7a4y;

[

[J cTporo moKa3bIBaTh UM OIPOBEPraTh YTBEPKACHUE;
[J caMOCTOATeNIbHO MoAOUpaTh HanboJee MpUEMIIEMbIE AITOPUTMBI PELICHUS 33/1a4 ONTHMM3ALNY,

000CHOBBIBAsI BEIOOp aHATM30M BO3MOXKHBIX TIOAXO/IOB;
[] CcaMOCTOATENILHO BUCThH CIICJCTBHS MOJYUYCHHBIX PE3YJbTATOB;

BO3HHUKAIOMIUX B COBPCMCHHOM AaHAJIM3C HOAHHBIX.

HCIIOJIB30BATb CBOU 3HAHUSA JI PCIICHUS (bYHI[aMeHTaHBHBIX 1 MIPUKIIAJHBIX 3aJa4 OIITUMH3AlUH,
OLCHUBATh KOPPCKTHOCTb MOCTAHOBOK 3a/1a4 ONITUMU3ALIUUN,;

[l peann30BBIBAThH KIIOYEBHIC M3Y4aeMble AJITOPUTMBI C IIOMOIIBIO sbIKA Iporpammuposanus (Python

wm C++);

[J  TOYHO MpPEJACTaBUTh MareMarndyeckue 3HaHusg B obmacti MO B yCTHOW M MHUCBMEHHOH Qopme

BJIAJIETh:

[J  HaBBIKaMU OCBOEHHUS Oonbmioro odbema nHpopmanuu U pemeHus 3agad MO ( B ToM yucie,

CJIOXKHBIX);

[J HaBBIKAMH CAMOCTOSITEIILHON paOOThl M OCBOCHHS HOBBIX JUCLUIUINH;
[l KynabTypo# IOCTaHOBKH, aHAJIM3a U PELICHUs] MaTeMaTHYeCKUX M NMPHUKIAJHBIX 3a/1a4, TpeOyIomux
JUISL CBOETO PELICHHUS UCIIOJIb30BaHHsI MAaTEMAaTHYECKUX MOAX0A0B U MeTog0B MO;
[J  npeamerHbIM si361koM MO U HaBbIKAMM I'PaMOTHOI'O ONMCAHUS PEILEHUs 3a4ad U [PEICTABICHUS

MOJIYYCHHBIX PC3YJIbTATOB,

0 HaBbIKAMM AaHaJM3a pPE3yJBTAaTOB IpakTHdeckod peamn3amuu MO ¢ moMompio  A3bIKa

nporpammuposanus (Python nmm C++).

4. Conep:xanue TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIiInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

Ne Tema (pa3znein) AMCUUTUIMHBL

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Jlexnm

CeMuHapsI

JlaGopar. paboTsl

CaMocT.
pabora




Bsenenmue. 3amaun  HEJIMHEHHOM

1 ONTUMHU3ALMU. HM)KHHUE OLGHKU U 6 3 12
ONTUMAJIbHBIE aJITOPUTMBI.
AJTanTUBHBIE METOIBI TEPBOTO MOPSIKA

2 TUIS HEKOTOpPhIX  KJIACCOB 3amaq 6 3 12
ONTHUMH3AIUH.

3 JlomoNHUTENbHBIE  IJIaBBl  HETJIaJgKOM 6 3 12
ONTHMH3AIUN
N36panHble KiTacChl 3a/lad HEBBITYKION

4 ONTUMM3AINHN: TEOPETUYECKUE OICHKU 6 3 12
CIIOKHOCTH
CroxacTuueckne ©  JBpPUCTHYECKHE

5 METObI s 3aja4 HEBBIITYKJION 6 3 12
OIITUMHM3AIAHN

Hroro gacos 30 15 60

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.ex.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. BBegenue. 3anaun HEMMHEWHOW ONTUMU3ALUN: HUKHHUE OLIEHKU ¥ ONTHMAJIbHBIE aJlTOPUTMBI.

[IpumMepsl ONTUMU3ALMOHHBIX 3a/1a4, BO3HUKAIOIIMX B aHAJHM3€ JAHHBIX: JIMHEHHAs W HETUHEHHas
perpeccust u OuHapHas kinaccuukanus. HipkHHE OLIGHKM aHAJIUTHYECKOH CIOKHOCTH B
MpocTpaHcTBax OoNbIIMX pa3MepHocTed (0030p): MIaAKUMe W Hemagkue 3anadu. [pagueHTHBINR
METO/I: HEBBINYKJbIE, BBIIYKIbIE U CHJIBHO BBIIYKJbIE 3aJaud. YCKOPEHHbIE METOXbl Ul 3azad
BBIMYKJIOW W CHIJIBHO BBIMYKJIOH INMAAKOM onTuMu3auuyd. Meron TsDKENOro mapuka, OBICTPBIHA
rpagueHTHBIA MeTon. TexHuka pectapToB. ONTHUMaNbHBIE YCKOPEHHBIE METOMABI TIIAJIKOM BBIMYKIION
vuHuMm3anun.  CyOrpaJueHTHbIe METOABl IS  33aJlad  HEeDIaJkoW onTuMmusanuu  (0030p).

2. ApanTuBHBIE METOABI TMEPBOTO TOPSAAKA JUIsI HEKOTOPBIX KIACCOB 3aJlad ONTHMHU3ALWU.

AJTanTUBHBIA HEYCKOPEHHBIN TPAAUEHTHBIN METO/: BBITYKJIBIA U HEBBITYKIIBIN CIIydail. ATanTHBHBIN
METOZ TOAOOHBIX TPEYrodbHUKOB. OIEHKH CKOPOCTH cxoauMocTH (0030p) OtTHOcCHTENIbHAS
IVIaJIKOCTh M OTHOCHUTENbHAs CHJIbHAsl BBINYKIOCTh. [IpuMepsl NpuUKIagHBIX 3ajad: MaTpUYHbIE
ypaBHeHUs, D-onTUManbHBIA TIJIaH OKCIEPUMEHTA. AJANTUBHBIA TPaJWEHTHBIA METOX s
OTHOCHUTENIBHO IIAJKUX ONTHUMM3ALMOHHBIX 3a7ad. 3aJayd LEHTPajJM30BaHHOW ONTUMM3ALUU B
MPEIONIOKEHNH CXOKECTH ClIaraeMbIX: MOAXOJ C HCIOJIb30BAHUEM OTHOCHTEIBHOM IVIaJIKOCTH U
CUJIbHOM BBIYKJIOCTH.

3. JlomoaHUTENbHBIC T1aBhl HEMIAAKON ONTUMH3ALMHT

OnrtumanbHble OLEHKH CIOXKHOCTH JUIS 3a/ad HENIAJAKOW ONTHMH3AIMU: yMEpPEHHass M Oonblias
pasMepHOCTb. MeTonbl CeKyllell TIMIepIUIOCKOCTH. YHUBEPCANbHBIE T'PAJUCHTHBIE METOMBI.
AnanTuBHBIE CyOrpajiMeHTHBIE METOABI Ul 3a7ad BBITYKJIOTO IPOrpaMMHPOBaHMS OOILEro BHAA.
[Ipsimo-nBoiicTBeHHOCTH cyOrpaaneHTHOro Meroga. OcTpblii MUHUMYM H CyOrpaHeHTHBIE METOJBI
CO CKOpPOCTBIO cXoAuMocTH Treomerpuueckor mporpeccuu. llar B.T. Tlomska B cyOrpamueHTHOM
METO/IC ¥ €T0 NMPUJIOKEHHS K 3a/1auaM PErpeccHy, a TaKKe NPU OTHICKAHUH OOLIEH TOYKH CHCTEMBI
MHOXkecTB. OTHOCUTENbHAs HENPEpbIBHOCTh (JIMIIIMIEBOCTh) B onrtumusauuu. Ilpumepsr:
reOMETPUUECKHE 3aJaul, a TakXe 3a/1adya OMHApHOH KiacCU(pUKAIIMA METOAOM ONOPHBIX BEKTOPOB.
CyOrpaareHTHbIe METOABI U1l OTHOCUTEIBHO JIMIIINIEBBIX 3a/1a4.



4. V30paHHbIe Kacchl 3a/1a4 HEBBITYKIIOW ONTUMHU3AIUH: TEOPETHUECKUE OLIEHKH CIIOXKHOCTH

JlokanbHble W O0aJbHBIE MUHUMYMBL. |pagMeHTHBIA MeTOn A DIAAKUX HEBBITYKIBIX 3ajad,
OLICHKA CKOPOCTH CXOJMMOCTH C HCIIOJIb30BaHHMEM HOpPMBI TpagueHTa. Ilpobrmema HaxokaeHUs
m100anpHOro MUHUMYMa. OGOOIIEHUS! BBITYKIIOCTH, JOIYCKAIOIIME XOPOLINE MIOOaJbHbIE OLEHKH
CKOPOCTHU CXOAMMOCTH: KBa3UBBIIYKJIOCTb, cia0asi BBITYKIOCTh. [IpuMepbl KBa3UBBIMYKIIBIX U c1a00
BBIMYKJIBIX 3a7a4 aHain3a AaHHbIX. CyOrpaineHTHbIE METOIbI I KBAa3WUBBIMYKIBIX 33434 (MOAXOA
10.E. Hecreposa), onieHKH CKOpOCTH cXoauMocTH. CyOrpaiueHTHbIE METO/BI ATl C1a00 BBITYKIIBIX
3aJa4 C OCTPhIM MHHMMYMOM, TCOPETHYECKMH pe3ynbTar O JIMHEHHOW CKOPOCTH CXOAMMOCTH.
Penaxcanuy cuiabHOM BBITYKJIOCTH: YCJIOBMSI I'PaJMEHTHOIO JOMMHUPOBaHMUS U KBaJpaTUYHOIO
pocTa, TEOpPEeTHYECKUH pe3yJlbTaT O JHMHEHHOW CKopocTH cxomumoctu. Ilpumep: HenuHelHbIe
CUCTEMBI. 3ajaull FeOMETPUYECKOr0 IPOrpaMMHUPOBAHUS.

5. CroxacTHuecKHe 1 SBPUCTHUECKUE METOMBI 7S 337]a4 HEBBIMYKIION ONTHMH3AIIUU

CroxacTHuecKkue MCTOAbI JId 3aJad HCBBIHyKJIOfI OIITHUMH3aIUH. :‘)BpI/ICTH‘IeCKI/Ie AJITOPUTMbL
HeBLIHyKJ'IOﬁ ONTUMU3AINUU: MCTOA UMUTALIUN OTKHUT'd U TCHCTUYCCKUC aJITOPUTMBIL.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VuebHas ayquTopHsi, OCHAIlEHHAs! KOMITBIOTEPOM U MYJIBTUMEIMHHBIM 000py10BaHHEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI
OcHoBHas JuTeparypa

JomonanTtenyHas ureparypa
1. Beenenue B Bemykiyto ontumm3aiiuio [ Texct], [mororpadus]/tO. E. Hectepos , -M., MITHMO,
2010

2. I'myGoxoe obyuenue / 5. I'yndennoy, Y. benmxuno, A. Kypswis . — Mocksa, IMK Ilpecc, 2018.—
URL: https://e.lanbook.com/book/107901 (mara obpamienus: 29.01.2021). - [Tonusrii Texet (Pesxum
noctyna : u3 cett MOTU / YnaneHHbIid 10CTYy)

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

http://dm.fizteh.ru -M. Danilova at all. Recent Theoretical Advances in Non-Convex Optimization.
// https://arxiv.org/pdf/2012.06188.pdf - CoBpeMeHHbIC YHCIEHHBIE METOABI ONTUMH3AINN. MeTos
YHHUBEPCAIBHOTO rpagueHTHoro ciycka / A. B. ['acaukoB .— M. : MIITHMO, 2021 .— 272 c.
https://arxiv.org/pdf/1712.07897 .pdf - Non-convex Optimization for Machine
Learning/ Prateek Jain and Purushottam Kar.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AMMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

y4eOHast ayTuTOpusi, 3KpaH U IPOEKTOP.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)
1. PexoMmeHnayeTcs YCIEIIHO COaBaTh IOMAIHUE 3aJlaHHusl HA CEMHHapaX, TaK KaK 3TO YIPOIIAET
WTOTOBYIO aTTECTAIIMIO TI0 TIPEIMETY.

2. JInsg MOATOTOBKM K WTOTOBOM aTTECTAI[MH MO MPEAMETY JIydIlle BCETO MOJIb30BaTbCcid MaTepHalaMu
JIEKIUI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH: TexHOIOrn4ecKoe IUAEpPCTBO
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa TMCKPETHOM MaTeMaTHKH

Kypc: 1

KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

Pa3paborunk: ®.C. CronsaxuH, 1-p (Hu3.-MaT. HayK, IOIEHT, podeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
WH(POPMATUKU U BBIYMCIUTENBHON TEXHUKU M CIIOCOOCH UX
NPUMEHATh TPU  pEHIeHHH 3a1ad  npodeccHoHambHOM

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
HAy4HBIX 3HAaHUH B 00J1aCTH HH(OPMATUKU U
BBIYMCIIUTEIEHON TEXHUKU

NesITeTbHOCTH
OIIK-2 Nmeer npeacrasienne o6 akryansHbix |OIIK-2.1 MMeeT npencraBieHre 0 COBPEMEHHOM COCTOSIHUT
mpo0OiemMax HayKH U TEXHUKH B 001acTi WCCIIC/IOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
WH(POPMATUKHU U BHIYHUCIUTEIBHON TEXHUKHY, npo¢ecCHOHANBHON eI TeNbHOCTH

crocoOeH Ha HayYHOM SI3bIKe (DOPMYITHPOBATH
npodeccuoHabHBIE 3a/1a9H

I1K-2.1 3Haer OCHOBBI Hay4HO-UCCJEeI0BaTEIbCKON
JeSITETLHOCTH B 00JacTH WHQOPMAIMOHHBIX TEXHOJIOTHUH,
BIIAJICET 3HAHWEM OCHOB (huocopuu U METOI0JIOTUN HAYKH;
3HAHMEM METOJIOB HAayYHBIX HCCJIEOBAaHUI M HABBIKAMH WX
MPOBEACHUS

[1K-2 [NorumMaeT 1 criocobeH MPUMEHUTH B
HAy4HO-HCCIICAOBATEILCKON U PUKIIATHON
JEATEIIbHOCTH OCHOBHbIE 3aKOHBI
€CTECTBO3HAHUS, COBPEMEHHBIN
MaTeMaTHYEeCKHi anmapar U aJropuTMBbl,

[IK-2.2 YMmeeT nmpuUMEHATH MOJyYeHHbIE 3HAHUSI B OOJIACTH
(byHIaMEHTaIBHBIX HAyYHBIX OCHOB TEOPHH MH(MOPMALUH H
pemarb CTaHJapTHBIE 3a1a4n B COOCTBEHHOM
Hay4HO-UCCJIEA0BATEIbCKOM NesTEIbHOCTH

[IK-2.3 Nmeer MIPaKTUYECKUI OTIBIT
COBpPEMEHHBIE .

HAy4YHO-HCCIICOBATENIbCKON  JICATENIbHOCTH B 00JacTu
MH()OPMALMOHHO-KOMMYHHUKAI[HOHHBIE .

MH()OPMALMOHHO-KOMMYHHKAIIHOHHBIX TEXHOJIOTUI
TEXHOJIOTHUH

[1K-2.4 Bnageet MeToAaMu U alropuTMaMu pELICHUS 3a1a4
nuppoBoii 00pPabOTKM CHTHAJIOB, HWCIONB30BAHUS CETH

Wureprer, AQHHOTUPOBAHUS, pedepupoBaHus,
oubnmorpaduyecKoro MoucKa, OMBIT PabOTHI C HAyYHBIMU
MCTOYHUKAMH

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare u3ydeHus aucuMIUIMHBL «30paHHBIC BONPOCH HEMNIAAKOW W HEBBITYKIOH ONTUMH3ALUN
00yJaromuiics JOKeH:

3HATh:
O (yHIaMeHTalbHbIE TOHSTHS, YHUCIEHHBIE AJITOPUTMBI HemepblBHOW ontumuzanun (MO) wu
pe3ysbTaThl 00 UX CIOKHOCTH;
[J coBpeMeHHBIEC IPOOIEMbI COOTBETCTBYIOIIUX pa3neinoB MO;
[J  DIOHATHUS, TEOPEMBbl, METOABI J0KA3aTeJbCTB U JO0KA3aTe/bCTBA OCHOBHBIX TEOPEM B paszjenax,
BxoIAIMX B 0a30ByIo yacTs nukia MO;
[l oCHOBHBIE YHCJIEHHBIE aNTOpUTMBl MO ¢ 000CHOBaHHEM OLIEHOK X CKOPOCTH CXOIAUMOCTH;
[J OCHOBHBIE CBOMCTBA UCHOJIB3YEMBIX B H3Yy4aeMbIX METO/IaX MaTeMaTH4eCKuX 00bEKTOB;
[J  aHaJUTHYECKHE U UYUCIICHHBIEC IIOAXOIbl U METOXbl Ul PELICHMs] TUIIOBBIX IPUKIAAHBIX 3aiad
HEITIaJIKOl M HEBBINYKJIOH ONTUMH3AlMM, BO3HHMKAIOIIMX B COBPEMEHHOM aHAIM3€ JIaHHBIX.

yMeTh:



[/ MOHATH MOCTABJICHHYIO 3a/1a4y;

[] WCMOJIb30BaTh CBOU 3HAHUS JUTsl penicHus QyHIaMEHTATBHBIX U MPUKIIAIHBIX 3a/1a4 ONTHMH3AI[HH;
[l OIIeHUBATh KOPPEKTHOCTh MOCTAHOBOK 337184 ONTHMHU3AIHH;

[] CTpOro JAOKa3bIBaTh WU OMPOBEPraTh YTBEPIKACHNUE;

[l caMOCTOSTEJIbHO TONOHMpaTh HaHOOJIee MPUEMIIEMbIC AIITOPUTMbI PEIICHHS 3a/ad ONTUMM3AIIUH,
000CHOBBIBasI BEIOOP aHATU30M BO3MOXHBIX TIOAXOJIOB;

[l caMOCTOSITEIbHO BUICTh CJCICTBUS TTOJNYUYCHHBIX PE3YJIbTATOB,;

[] pealM30BBIBATh KIHOUCBBIC M3YYaeMbIC aJITOPUTMBI C MIOMOIIIBIO SIBIKA mMporpamMmmupoBanus (Python
nin C++);

[J  TOYHO MPEACTABUTH MareMaTH4yecKue 3HaHusg B oOmactd MO B yCTHOW M MHUCBMEHHOH (opme

BJIA/IETh:
[J  HaBBIKAMH OCBOEHHUs Oonbiioro odbema nHpopmanuu u pemeHus 3agad MO ( B ToMm yucie,
CJIOKHBIX);
[l HaBBIKAMH CaMOCTOSTEIbHON pabOThI U OCBOCHUS HOBBIX JANCIMIUINH;
[]  KynbpTypoH IOCTaHOBKH, aHAJIM3a U PEHICHUs] MaTeMaTHYeCKHUX M MPHKIAJHBIX 3a/1a4, TPEOYIOmunX
JUISL CBOETO PeIIeHHs UCTIONb30BAaHU MaTeMaTHYECKHX MOAX010B U MeTonoB MO;
[l mpeaMeTHBIM s36IKoM MO M HaBBIKaMH TPAMOTHOTO ONMCAHMS PEIICHHs 3a7ad M IPEICTABICHUS
MOJTy4EHHBIX Pe3yNIbTaToOB;
0 HaBBIKAMH aHAJHM3a pPE3yJbTaToB TNpakTHYeckoi peammszamuun MO ¢ MOMOLIBIO  S3bIKa
nporpammupoanus (Python nmm C++).

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

IIpumeps! 3ananuit

1. TIlokaxwurte, KaKk BBOJUTCA KBaJApaTU4HAsT HHTEPIOSALUS C HMCKYCCTBEHHON HETOUHOCTBIO ISt
HENTaJKAX 3a7a4.

2. Cpenaiite pedepar mTo MerogaMm JUIsd 33734 [EHTPAIM30BAaHHOH W JICHIEHTPAIM30BaHHON
pacnpenenéHHON ONTHMHU3ALHH.

3. Hpe):[noxcHTe HOpMY U HpOKC—q)YHKLII/IIO I 3ala4i OTNITUMHU3AIMU Ha HOPAMOM MNPOU3BCACHUU
CHUMIIIICKCOB.

Kontpons u onienku
OueHka 3a ceMecTp CKJIabIBaeTCs U3:

1. CamocTtosiTensHast pabota CTyJeHTOB - MpoeKT. [IporpammupoBanue Ha Python mnmn C++ ¢ nenbro
cpaBHeHUS () (HEKTUBHOCTH U3yYaeMbIX METOIOB ONTUMH3ALINH.

2. Teoperuyeckass KOHTpoJibHas pabora B Mae. B Bompocax KOHTPOJBHOH MOTYT MPHUCYTCTBOBATH
3aJaHusl Hamucarb (OPMYJIMPOBKU ONPEACICHUH WM TEOpeM, a TakkKe 3a/Jadd TEOPETUYECKOTO
Xapakrepa.

Bonee Tounble Gamibl 3a ykazaHHbIE MyHKTHI U GopMyia Ui TOTYYCHUsT OIIEHKH OyIyT OOBSIBICHBI B
KOHIIE CeMecCTpa.

HpI/IMepHBIe TCMbI JUI IMPOCKTOB (C aAMOCTOATCIIbHAA pa60Ta CTy,I[CHTOB) .

1. YckopeHHBIE METOABI AJIS 33]1a4 HEBBIITYKIION ONTUMHU3ALINH.

N

. MeTozel epBoOro nopsiika st KBa3UBBITYKIIBIX 3aa4 OONBIION pa3MEepHOCTH.
3. Meron 3epKajdbHOTO CITyCKa: HEBBIMYKIbIM, BBIMTYKIBIH W CHJIBHO BBIMYKJIBIH CIIy4ail.

N

. rpa):[I/ICHTHBIG MCTOABbI JIA OTHOCHUTCJIBHO IJNIAAKHUX W OTHOCUTCIIbBHO CHJIBHO BBIITYKJIBIX 3aJad.

5. Meronsl nepBOro NOpsIKa IS 33124 KOMIIO3UTHOW ONITUMH3ALUU.

7. YCKOpEHHBIE CTOXaCTUUECKHUE I'PaJIUEHTHBIE METObl B HEBBIIIYKJIOM CIIydae.
8. Metonp! pacnipeieI€HHON ONTUMU3AIIHH.

9. Merozp! a5l BApUallMOHHBIX HEPABEHCTB.

10. OBpucTHYECKHE METOMABI AJIS 3374 HEBBIMYKIION ONTUMH3ALINH.

11. YckopeHHBIE CTOXaCTUYECKHUE TPATUECHTHBIE METOBI.



4. lepeyens TUNOBBIX (MPUMEPHBIX) BONPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. BLIHYKJ'IaSI 1 HCBBIITYKJIad OIITUMU3AlU. HpI/IMepBI IMPUKJIAAHBIX 3a1a4 HGBBIHYKHOﬁ OIITUMH3AlIUH.

2. JlokanpHble W TIIOOATbHBIE MUHUMYMBL. [pagueHTHBIH METON IS TIIAJKUX HEBBIMYKIBIX 3ajlad,
OIICHKa CKOPOCTH CXOJUMOCTH C UCIIOJIb30BAHUEM HOPMBI TPaAUCHTA.

3. I'pagveHTHBIN METOJ: HEBBIYKJIbIE, BBIIYKJIbIE M CUIBHO BBIIYKIbIE 33/1a4l. YCKOPEHHbIE METOAbBI
JUIS 3a/1a4 BBIIYKJIOW U CMJIBHO BBIITYKJION TJIaJKOH ONTUMHU3ALMK: METOJ TSDKEIOro IapHKa, ObICTPBIi
rpagueHTHBIN METOZ,.

4. OTHOCUTEIIbHAS IaAKOCTb U OTHOCUTCJIbHAA CUJIbHASA BBIITYKJIOCTD. HpI/IMepr IMPUKJIaJHbIX 3a1a4:
MaTpUYIHbIC YPABHCHUA, D-ontumanbsHEIN M1aH OKCIICPUMCHTA.

5. A,Z[aHTI/IBHBIﬁ Fpa,[[HeHTHBIﬁ METOA A OTHOCHUTCIBHO TITIAAKHX OINTHMHU3AllMOHHBIX 3aaad.

6. 3amauu LEHTPAJIM30BAHHON ONTHMH3AIMU B TMPEANOIOKEHUH CXOXKECTH CJIaraeMBbIX: IOAXOMA C
KCTIOIb30BAHUEM OTHOCUTEIBHOM IaJAKOCTH U CUJIBHOW BBITYKIJIOCTH.

7. CyOrpasiueHTHbIe METOIBI ISl HETIaIKUX 3a1ad. HimKHIEe OLIEHKH CIIOKHOCTH. MeTo/1 3epKaIbHOTO
CITyCKa.

8. ar B.T. ITonsika B cyOrpajiu€HTHOM METOJIE M €TO MPUIIOKEHUS B 3aj]a4aX PErpecChu, a TaKKe TpU
OTBICKaHUU OOILEH TOYKU CHCTEMbI MHOXKECTB.

9. OTHOCHUTENbHAs HENPEepHIBHOCTh (JIMMIIUIEBOCTH) B onTUMHU3anuu. llpumepsl: reomerpuieckne
3aJauM, a TakkKe 3ajada OMHApHOW KiIacCU(pHUKAIMM METOAOM OMOPHBIX BEKTOpoB. CyOrpaaueHTHBIC
METO/IbI JUIsl OTHOCUTEIIBHO JIMIIIIHULEBBIX 3aa4.

10. O6001meHus BBIMYKIOCTH, JOMYCKAIOIINE XOPOIIKE II0OANbHBIE OLIEHKA CKOPOCTH CXOAMMOCTH:
KBa3UBBIITYKJIOCTh, ciabast BHITYKIOCTb. [IpuMepsl KBa3UBBIMYKIIBIX U C1a00 BBIMYKIIBIX 33/1a4 aHAJIHM3a
JAHHBIX.

11. CyOrpamueHTHBIE METOABI JUIS KBa3WBHIMYKIBIX 3amad (moaxox FO.E. Hecreposa), oneHku
CKOPOCTH CXOJIMMOCTH.

12. CyOrpagueHTHbIe METOABI /Ui c1a00 BBIMYKIBIX 337a4 C OCTPHIM MUHHMYMOM, TE€OPETHYECKUI
pe3yapTar 0 JMHEHHOW CKOPOCTH CXOAUMOCTH.

13. Penakcanuu CWJIBHOW BBIIYKJIOCTH: YCJIOBUS T'PaJUEHTHOIO IOMUHUPOBaHMA M KBaJpaTHYHOI'O
pOCTa, TEOPETHYECKHUN PE3YIBTAT O JIMHEHHOW CKOPOCTH CXOOUMOCTH. [Ipumep: HEMUHENHBIE CUCTEMBI.

14. 3agaun TeOMETPUYECKOTO MTPOrPAMMHUPOBAHHUSL.

15. DOBpucTudeckue anropuTMbl HEBBIMYKIOH ONTHMHU3AIMM: METOI WMHUTAIUH OTXUTa U
FEHETUYECKUE aITOPUTMBI.

[Tpumepsl OuIETOB:
buner 1:

1. I'pagieHTHBIN METOJ: HEBBITYKJIbIE, BBITYKJIbIE M CHIBHO BBIIYKIbIE 33/1a4l. YCKOPEHHbIE METOAbI
JUIS 3a/1a4 BBIIYKJIOW U CHJIBHO BBIITYKJION TJIaJKOH ONTUMHU3ALMK: METOJ TSDKENIOro IapHKa, ObICTPBIi
rpaeHTHBIN METOZ,.

2. 3agayn reOMEeTPUIECKOT0 MPOTPaMMHUPOBAHHUS.
buner 2:

1. OGo0uIeHus1 BBIMYKIOCTH, AOMYCKAIOIINE XOPOLIME INOOANbHbIE OLEHKHM CKOPOCTH CXOAMMOCTH:
KBa3UBBIITYKJIOCTh, ciabast BHITYKIOCTb. [IpuMeps! KBa3UBBIMYKIIBIX U C1a00 BBIMYKIIBIX 33/1a4 aHAJIHU3a
JAHHBIX.

2. 3az[aq1/1 I_[eHTpaJ'II/BOBaHHOI\/’I ONTUMHU3AalU B IPCANOJIOXKCHUN CXOXCCTU ClIaraCMbIX: MOAXod C
HCIIOJIb30BAaHNEM OTHOCHUTEIHLHOM IJIaJIKOCTH U CUJIBHOM BBIITYKJIOCTH.

14. Kozapl Ha IByHOIBHBIX 3KcMaHepax. X koqupoBaHue U 1eKOIUPOBaHNE.
15. HanexxHnoe xpaHeHHe JaHHBIX B HEHAJICKHBIX stuciikax. HaexkHble OyneBbl CXEMBI.

Kpurepun onennBanus



- omenka «omm4HO  (10)»  BBICTaBNSieTCSl  CTYAGHTY,  IOKa3aBIIEeMy  BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUI

- omeHka  «oraumuHOo  (9)»  BBICTaBUsIeTCA  CTYOGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, INTYOOKHE 3HAaHHS yuyeOHON MpOorpaMMbl JUCLIUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha TpPaKTHKE MPH PEIICHUH KOHKPETHBIX 3a]ad, CBOOOIHOE M MpPaBUIbBHOE OOOCHOBAHUE MPUHSATHIX
peleHnin

- omeHKa  «oTaumyHO  (8)»  BBICTABIsAETCS  CTYIACHTY,  IIOKAa3aBIIEMy  BCECTOPOHHHE
CHCTEMaTH3UPOBaHHBIC, INTyOOKHE 3HAHUS Y4eOHOM MPOrpaMMbl AUCHUIUIMHBL 1 YMEHHE TPUMEHSTh UX
Ha TPAKTHKE INPU PEIICHUM KOHKPETHBIX 3a/ad, M MPaBHIbHOC OOOCHOBAaHHE NPHHATHIX pEIICHHN

- olLleHKa «xopouio (7)» BBICTAaBISAETCSA CTYIEHTY, €CIM OH TBEPAO 3HAET MaTepuai, 'PaMOTHO M IO
CYILLECTBY M3JIaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HA MIPAKTHKE, HO JOIYCKAET B OTBETE
WIM B PELIEHUHU 3a]jad HEKOTOPblE HETOYHOCTH;

- OIICHKA «XOpowIO (6)» BBICTABISETCS CTYACHTY, €CIIM OH 3HAET Marepuai, IPaMOTHO H IO CYLIECTBY
U3JIaraeT €ro, yMeeT IPHUMEHSTh I0JyuyeHHbIC 3HaHMs Ha MPaKTHKE, HO JOIyCKAaeT B OTBETE WIM B
PEIIEHNH 3a/1a4 HEKOTOPHIE HETOUHOCTH;

- OIIEHKa «XOpoImIo (5)» BBICTABIAETCS CTYJACHTY, €CIIM OH 3HAET MaTepHaj, U MO CYIIECTBY M3JIaraet
€ro, yMEeT NMPUMEHATh NOIYYEHHBIC 3HAHUS Ha NMPAKTHKE, HO JOIYCKAET B OTBETE WM B PELICHUU
3aJ1a4 HEKOTOPbIE HETOUHOCTH;

- OLCHKAa «YyIOBIECTBOPUTENHHO (4)» BBICTABISETCS CTYICHTY, MOKa3aBIIEeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJLOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapylLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH BIAZICET OCHOBHBIMHU paslefaMyd y4eOHOH NporpaMmbl, HEOOXOIUMBIMH [UIS JajJbHEHIIEro
Oo0y4eHHsI W MOXET MPHUMEHATh IOIYyYEeHHBIE 3HAaHUS MO 00pasny B CTaHIAPTHOH CHUTYyalluu;

- OLCHKAa «YyIOBIECTBOPUTENBHO (3)» BBICTABISETCS CTYICHTY, IOKa3aBIIEeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHH,
HapylLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH BIajeeT (parMeHTapHO OCHOBHBIMH pa3felaMH Y4eOHOH NporpaMmbl, HEOOXOAMMBIMH IS
JaypHeimero o0y4eHuss U MOXKET MPHUMEHSTH IOJIyuYeHHbIE 3HaHWA 1O 00pasly B CTaHAAPTHOM
CUTYyalluy;

- OILIEHKa «HEYJOBJICTBOPUTEIHHO (2)» BBICTABIAETCS CTYIACHTY, KOTOPBII HE 3HaeT Ooiblneil yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JOMYCKaeT rpyOble OMMOKH B
(opMyIHPOBKaX OCHOBHBIX MOHATHI TUCHUIUINHBI U HE yMEET UCIIOJIb30BaTh MOTy4YEHHbIE 3HAaHUS [IPU
PEIIEHUH TUTIOBBIX MPAaKTUYECKHUX 3a1a4

- OLIEHKa «HEyHOBJIETBOPUTENIBHO (1)» BBICTaBIISETCS CTYIEHTY, KOTOPBIH HE 3HaeT (HOPMYIHPOBOK
OCHOBHBIX NOHATHI AUCLUIUINHBL.

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu mpoBeneHMH YCTHOTO 3K3aMeHa oOywaromemycst npepoctasisercss 30 MUHYT Ha IHOATOTOBKY.
Onpoc ofydaromerocss 1Mo OwjeTy Ha YCTHOM 5K3aMEHE HE JOJDKCH IMPEBBIIAaTh OAHOTO
aCTPOHOMMUYECKOI'0 yaca.



