degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: W30panHbie BONPOCH! HETIAAKOW U HEBBIMYKIIOW ONITUMHU3ALIH
110 HANIPABJICHUIO: [Ipuxnagnas MmareMaruka U HH(oOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kadeapa TMCKPETHOM MaTeMaTHKH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

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

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

KonnuecTBo KOHTPONBHBIX PadoT, 3a1aHuil: 2

[Iporpammy cocraBui: @.C. CronskvH, a-p pu3.-Mar. HayK, JOIEHT, podeccop

[Iporpamma obcyxneHa Ha 3aceqannu kKadenpsl auckpetnoit marematuku 01.03.2024



AHHOTANMA

Kypc mnpusBaH yriyOuTh 3HAHMS CTY[JCHTOB MAarucTparypsl B O00JacTH METOAOB ONTHUMM3ALUH B
MPOCTPAHCTBAX OOJNIBIINX pPa3MEPHOCTEH, NPUMEHUMBIX KO MHOTHUM TOMYJSPHBIM B NPHJIOKEHHAX THIIAM
3a71a4 COBPEMEHHOI0 aHaJn3a JaHHBIX. B 0030pHOM mopsiike OynyT pacCMOTPEHbl ONTHMAJIbHBIC METOABI U
HIDKHHE TPAHUIBl CIOKHOCTU IS 3a1ad IVIaJKOM M HErIaJKoi BBITYKJIOH onTUMH3auuH. Takxke OymyT
OIMCaHbl BapUaIM{ METOAOB IPAJMEHTHOTO THIIA M OLIEHKHU CIOKHOCTH JUIS BO3HUKIINX HECKOJIBKO JIET Ha3a[
B ONTUMH3ALIMU KJIACCOB TaK HA3bIBAEMBIX OTHOCHTEIFHO TIJIAJKUX W OTHOCHUTEIBHO HENPEPBIBHBIX
(JIMMIIMIEBBIX) ONTHMH3ALMOHHBIX 33/a4, MPUMEpHl MPHUKIAAHBIX 3a7ad Takux KiaccoB. K Takoro tumna
npo0ieMaM MOXXHO OTHOCHTh, B YaCTHOCTH, 3a/adyll D-ONTHUMajbHOTO IUIaHA DKCIIEPUMEHTa M OWHApHON
KJIacCH(PHUKAIMU METOAOM OMOPHBIX BEeKTOpoB (SVM). OcoOklii yrop OyneT cienaH Ha U3JI0KEHHUE Hanbosee
M3BECTHBIX TIOIXOA0B M TEOPETHUSCKUX PE3yIbTaTOB O METOHaX JUIS 3aJa4 HEBBINYKJIOH ONTHMH3AIINU.
HameueHo neranbHOE PAacCMOTPEHHME TEOPETHUYECKHX PEe3yNbTaToOB AJIs 3a/ad C aHAJIOTraMH BBITYKIOCTH
(KBa3HBBIIIYKJIOCTh, Cia0das BBINYKIOCTh), @ TakKXKe CHWIBHOW BBIMYKIOCTH (yCIOBHE TPaJUCHTHOTO
JOMHMHHUPOBAHUS, KBaPAaTUYHOTO POCTa M MX AHAJIOTHM) U COOTBETCTBYIOIIME NPUMEPH! MPUKIATHBIX 3a]ad.
Taxke TIUTAaHHpYeTCS H3YyYUTh HaWOOJIee W3BECTHBIC OBPUCTUYECKUE TMMOAXONBI (MMHUTALUS OTXKHIa,
T€HETUYECKHE aJITOPUTMBI).

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

OcBoeHue TEOpUHU CIOKHOCTH METONOB JJIS 337a4 HEMMaJKoW M HeBbIMyKJIoW ontumuzauun (MO) B
IPOCTPAHCTBAaX OOJIBIINX Pa3MEPHOCTEH, a Takke OCOOCHHOCTEH MX NPAKTUYECKOM peaIu3aluu C
MOMOILBIO s3bIKa nporpammupoBanus (Python).

3amaum JUCHUILINHBI
- OCBOCHHE CTyJeHTaMU 0a30BBIX 3HAHWKA (IMOHATWH, KOHIENIUA W METONOB) B obmactu MO;

- MPHOOpETeHHE TEOPETUYECKUX 3HAHUM M MPAKTHUYECKUX YMEHWH M HaBBIKOB B oOmactu MO
- OKa3aHWe KOHCYJAbTAMH W TOMOIIM CTYOCHTaM B MPOBEACHUH 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-1.1 3HaeT W cmocoOeH — HCIOIL30BaTh B
mpoeCCHOHANFHOW ~ JIeATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS ¥ HOBBIC HAyYHBIC MPUHIMITEI U METOJbI
WCCIeOBaHUN B 007acTH TMPUKIAAHOW MaTeMAaTUKH H
nHPOpPMATUKN

OIIK-1 Cnocob6en pemars aktyanbhbie 3aqaun  |OITK-1.2 CrocobeH 0600mark ¥ KpUTHYECKH OIICHUBATh
(byHIaMEHTAIBHON M MPUKJIAJHON MAaTeMaTHKH |OMBIT M pPEe3yIbTaThl HAay4YHBIX HCCICNOBaHUA B 00IaCTH
npo(heCCHOHATBHOM ESTENbHOCTH

OIIK-1.3 IlonnMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTh
MPHUKIIAIHON MaTeMaTHKH W MH(QOPMATHKH W CIIOCOOCH WX
OPUMEHATh MpPHU PpElIeHWH 3agad  [po¢eCCHOHANBHOM
JeSITeIbHOCTU

[IK-3.1 3Haer OCHOBBI BeJEHUS HAYYHAHCKYCCHUU H
I1K-3 BnajeeT HaBbIKAMH y4acTus B Hay4HbIX | (POPMBI yCTHOTO HayYHOTIO BbICKA3bIBAHMUSL

TMCKYCCHSIX, BBICTYIUIeHUS ¢ cooOmeHusimu 1 |[IK-3.2 YMmeeT BecTH KOPPEKTHYIO AMCKYCCHIO B OOJacTH
JIOKJIalaMH, YCTHOT'O, IUCbMEHHOIO U MH(POPMAMOHHO-KOMMYHUKAIIMOHHBIX ~ TEXHOJIOIMU U
BHUPTYaJILHOTO (pa3MelecHHE B WH(POPMALIMOHHBIX CHUCTEM, 3aJaBaTh BOIPOCHI U OTBEYAThH
MH(OPMALIMOHHBIX CETAX) XapakTepa, Ha [T0CTaBJIEHHbIE BONIPOCHI II0 TEME HAy4YHOU pabOoThI




IPE/ICTABICHUS] MATCPUAIIOB COOCTBEHHbIX [IK-3.3 MmMeeT npakTUUECKUUOIBIT y4yacTHs B Hay4HBIX
HUCCIICIOBAHNH, TIPOBCACHUS KOPPEKTYPHI, CTYOCHUYECKUX KOH(EpEeHUMSIX, OYHBIX, BHUPTyaJbHBIX,
peakTHPOBaHUsL, pedepUpOBaHKs pabOT 3a04YHBIX OOCYKICHHUSX HaydyHbIX IpobneM B oOmactu

WH(POPMALIMOHHBIX TEXHOJIOTHH

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

YMETb:

- (yHIaMEHTalbHbIC IIOHATHS, YHUCICHHBIE AaITOPUTMBI HempepblBHOW ontuMusaimu (MO) u
PE3yNbTaThl 00 UX CIMKHOCTH;

- COBpEeMEHHbIE MTPOOIeMBI COOTBETCTBYIOIIUX paszenoB MO;

- TOHATHUS, TEOPEMBI, METOIBl JOKa3aTebCTB M JI0KA3aTENbCTBA OCHOBHBIX TEOPEM B paszzenax,
BXOJSIIMX B 0a30BYI0 4acTh Iukiia MO;

- OCHOBHbIE YHCIICHHbIE anropuT™Mbl MO ¢ 000CHOBaHHEM OLICHOK UX CKOPOCTH CXOIUMOCTH;

- OCHOBHBIE CBOHCTBA HCIIOIb3YEMbIX B H3yYaeMbIX METO/IaX MAaTEMaTHIECKUX OObEKTOB;

- QHaJUTUYECKUE M UWCIICHHBIC MOAXOABI M METOABl Ul PEIICHHUs] THUIIOBBIX NPHUKIATHBIX 33434
HEeIIaJKO! U HEBBIITYKJION ONTUMM3ALUU, BOSHUKAOLIUX B COBPEMEHHOM aHAJIN3€ JAHHBIX.

- HCTIOJIb30BATh CBOU 3HAHHUS JJIS PEIICHUs (QYHIAMEHTAIBHBIX U MPUKIATHBIX 33/1a4 ONTHMH3AIINY;

- OLICHMBATh KOPPEKTHOCTD MIOCTAHOBOK 337124 ONTHMHU3AIHH;

- CTPOTO JIOKa3bIBATh UJIM OTMPOBEPraTh YTBEPKICHUE;,

- CaMOCTOSITEJIbHO MOAOMpaTh Haubosee MPHEMIIEMbIC AJTOPHUTMbI PEIICHUS 3a1ad ONTHMH3AIINH,
000CHOBBIBasI BEIOOP aHATM30M BO3MOXKHBIX TIOAXOJIOB;

- CAaMOCTOSITEIIBHO BUJIETh CJICJCTBHUS MOJYUCHHBIX PE3YJIbTATOB;

- peaNM30BbIBATh KIFOYCBBIC U3ydYacMbIe aJlTOPUTMBI C TIOMOIIBIO s3bIKa MporpammupoBanus (Python
nin C++);

- TOYHO TIPEICTABUTh MaTEMaTHUECKKE 3HAHUS B 001acTi MO B yCTHOW U MUCbMEHHOH (opme.

BJIAJIETh:

- HaBBIKAMU OCBOCHHUS Oonbmioro obbema uHpopManuu W pemieHust 3aaad MO (B ToM 4wmcIe,
CJIOKHBIX);

- HaBBIKAMH CaMOCTOSITEIbHON pabOThl M OCBOCHUS HOBBIX JANCIMIUINH;

- KYJIBTypOW TOCTAHOBKH, aHAJIN3a W PEIICHHS MaTeMaTUYeCKUX M MPUKIAIHBIX 3a]a4, TPeOyIomux
JUISL CBOETO PEIIeHHs UCTIONb30BaHMsI MAaTEMAaTHYECKUX MOIX0A0B U MeTon0B MO;

- TpeAMETHBIM 536IKoM MO M HaBBIKAMH TPaMOTHOTO OIMCAHMS PEIICHHS 33/1ad M MpPEACTaBICHHS
MOJTy4EHHBIX Pe3y/IbTaToOB;

- HaBbIKAMHU aHaJHM3a pe3yJbTaToOB IpakTHdeckod peamm3anud MO ¢ TOMOIIBIO  S3bIKa
nporpammupoanus (Python nmm C++).

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

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yU€OHBIX 3aHATHH

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

Ne Tema (pa3znein) AMCUUTUIMHBL
CamocrT.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
Bsenenue. 3agau  HENMHEHHOM
1 ONTUMHU3AIINN: HIDKHHUE  OIIEHKH U 6 6
ONITUMAIILHBIC AJITOPUTMBI.




AJanTuBHBIE METOMBI MEPBOIO MOPSIKA

2 JUTS HEKOTOPBIX KJIaCCOB 3aj1ad 6 6
ONITUMU3AIHH.

3 JomonauTeTbHBIE  TNABBl  HETJIAJKOU 6 6
ONITUMU3AIIH
N36panHbie Kiacchl 3ajiad HEBBITYKIOH

4 ONTUMU3AIUU: TEOPETUUYECKUE OLECHKHU 6 6
CIIO)KHOCTHU
CroxacTHueckne ©  JBPUCTHYCCKUE

5 METOABl  JUIS  3aJad  HEBBIIYKJIOH 6 6
ONITUMH3AIUU

Hroro wacos 30 30

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. Beenenue. 3amauu HeMMHEHHOW ONTUMHU3ALMN: HIDKHHUE OIIEHKU U ONITUMAJIbHbIE aJTOPUTMBI.

[IpumMeps! ONTUMHU3ALMOHHBIX 3a/lad, BO3HUKAIOIIKMX B aHAJIM3€ JAHHBIX: JIMHEWHas U HeJIuHeHHas
perpeccuss u OuHapHas kiaccupukauua. HKHUE OLEHKM aHAJIUTHYECKOW CIIOXKHOCTH B
MPOCTpaHCTBaX OONbIIMX pa3MepHOcTed (0030p): mMajKWe W HenIajkue 3aiadd. [ paareHTHBIN
METOJI: HEBBIMYKJIbIE, BBINYKIbIE M CHJIBHO BBITYKJIbIE 3ala4d. YCKOPEHHBIE METOABI JUIS 3ajad
BBIMYKJIOW W CHIILHO BBIMYKIOW IJIaJIKOW ONTUMHU3AIUU. MeTon TSDKENOro Iapuka, OBICTpHIHA
rpagueHTHBIA MeTon. TexHuka pectaproB. ONTUMaIbHBIE YCKOPEHHBIE METOABI TIIAAKON BBITYKIIOH
muHuMu3anuu. CyOrpaaMeHTHble METOABl Ul 3aJad  HeIaAkod onrtumusanuu  (0630p).

2. AI[aHTI/IBHI:Ie MCTOJbI IICPBOIO MHOpdAKa MJIAd HCKOTOPBIX KIJIACCOB 3aJa4 OINTHUMHU3AIUU.

A TanTUBHBIN HEYCKOPEHHBIN T'PAJUEHTHBIA METOA: BBITYKJIBIA W HEBBIMYKIIBIN CITy4aid. AJanTUBHBIN
METO/I TOMOOHBIX TPEYrodbHUKOB. OTEHKH CKOPOCTH cxoauMocTH (0030p) OTHOCUTENTbHAS
[JIaJIKOCTh M OTHOCHUTENIbHASl CHJIbHAS BBIMTYKJIOCThb. llpMMepbl NMPUKIAAHBIX 3a/4ad: MaTpU4YHbIE
ypaBHeHHs, D-onTUManpHBIM IJIaH SKCIEpUMEHTa. AJANTUBHBIA TPAAMEHTHBIM METON s
OTHOCHUTEJBHO IAaJKUX ONTHUMHU3ALMOHHBIX 3aJay. 3ajadd LEHTPAIM30BAaHHOMW ONTHMH3ALUU B
[IPEIIION0KEHUN CXOKECTH CllaraeéMbIX: IOAXOJ C MCIOJIb30BAHUEM OTHOCHUTEIBHOM IVIaJIKOCTU U
CHJIBHOM BBIITYKJIOCTH.

3. I[OHOJ'IHI/ITGJ'IBHBIC TJIaBbl HeFJ'IaI[KOﬁ OIITUMH3AlIH

OnTuManbHbIe OICHKH CIOKHOCTH JJIS 3a/ad HerIaJKOoW ONTHUMH3AlMM: YMEpPEHHas M Ooiblias
pa3MepHOCTb. MeTonpl CeKylled TIUIEepIUVIOCKOCTH. YHHUBEPCAJIbHBIE I'PAJUEHTHBIE METOJBI.
AnantuBHbBIE CyOrpasieHTHBIE METOABI Ui 3a4ad BBIIYKJIOTO MPOrpaMMHUpPOBaHHS OOIIETO BHIA.
[TpsiMo-ABOMCTBEHHOCTH CyOrpagueHTHOro Meroaa. OcTpblii MUHUMYM U CyOrpaJiueHTHBIE METO/BI
CO CKOpPOCTBbIO cxoguMocTH Treomerpuueckoi nporpeccun. llar B.T. Ilonska B cyOrpagueHTHOM
METOJIE U €r0 MPUIOKEHUS K 3a/ladaM PErpeccuy, a TakKe IPU OTHICKAHUM OOIIEH TOUYKM CHCTEMBI
MHOXecTB. OTHOCUTENbHAs HENPEPHIBHOCTh (JUMNIIMIECBOCTh) B ONTUMH3AlMU. l[Ipumepsr:
reOMEeTpUYECKUE 3a/1a4ul, a TaKkXKe 3ajJa4a OMHApHON KiIacCH(UKAIIMM METOJOM OMOPHBIX BEKTOPOB.
CyOrpanveHTHbIE METOABI 7151 OTHOCUTENBHO JIMIIIUIIEBBIX 3a/ad.

4. I/I36paHHBIe KJIaCChI 3aaa4 HCBBIHYKJ'IOI\/’I ONTUMU3AUU: TCOPCTUUCCKUC OLICHKU CJIOKHOCTU



JlokanbHple W 00abHBIE MUHUMYMBL. |pajveHTHBI MeToj AJs TIAAKUX HEBBITYKIBIX 3a1ad,
OLICHKA CKOPOCTH CXOIMMOCTH C HCIIOJIb30BAaHMEM HOPMBI TIpaaueHTa. [Ipobrema HaxoxXIeHHS
m100anpHOro MUHUMYMa. OO00IIEHHs BBIMYKIOCTH, JOIYCKAIOIIUE XOPOIIKE I00aNbHbIE OLIEHKU
CKOPOCTHU CXOIMMOCTH: KBa3UBBIMYKJIOCTb, C1a0ast BBITYKIOCTb. [IprMephl KBa3UBBITYKIIBIX U Cl1a00
BBIMYKJIBIX 3a7a4 aHaju3a AaHHbIX. CyOrpalueHTHbIE METOIbI Ul KBa3UBBITYKIBIX 3a1a4d (IIOAXO.
10.E. Hecreposa), onieHKH CKOpOCTH cxoauMocTH. CyOrpasineHTHbIe METOIbI ATl C1ab0 BBITYKIIBIX
3aJa4 C OCTPhIM MHHHMMYMOM, TEOPETUYECKHI pe3ylbTaT O JIMHEHHOHW CKOPOCTH CXOAMMOCTH.
Penaxcanuy cuiabHOM BBITYKJIOCTH: YCJIOBUSI I'PaJUEHTHOIO JOMMHUPOBAaHMS MU KBaJpaTHYHOIO
pocTa, TEOPEeTHYECKUH pe3yJbraT O JIMHEHHOM CKOpPOCTHM CcXOAMMOCTH. llpumep: HenuHelHbIE
CUCTEMBI. 3aJjaull FeOMETPUUECKOr0 IPOrpaMMHUPOBaHUS.

5. CroxacTHuecKHe 1 SBPUCTHUECKUE METOMBI 7S 3371a4 HEBBITYKIION ONTUMH3AIIUU

CroxacTuecKkre METOAbl ISl 3a/a4 HEBBIMYKJIONW ONTUMHU3AIMH. ODBPUCTUYECKHE aITOPUTMBI
HEBBITTYKJION ONITUMU3AIINH: METOJl UMUTAIIUN OTKHUTA U TCHETUYECKUE aITOPUTMBI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0AMMO AJIsl OCYIIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VuebHas ayquTopHsi, OCHAIEHHAs! KOMITBIOTEPOM U MYJIBTUMEIUHHBIM 000py10BaHHEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI
OcHoBHas JuTeparypa

JomnonHurenbpHas auTeparypa
1. Begenue B Boiykiyto ontumusanuio [ Texct], [monorpagus)/tO. E. Hecrepos , -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 cetd MOTU / YnaneHHbIid 10CTYy)

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST 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 TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

y4eOHast ayTuTOpusi, 3KpaH U IPOEKTOP.
9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

s mOAroTOBKM K WTOTOBOM arTecTalMy MO MPEAMETY Jy4llle BCEro IMOJIb30BaThCA MaTepUaiamMu
JIEKINH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa TMCKPETHOM MaTeMaTHKH

Kypc: 1

KBaJIH(UKALUS: 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 CriocobGeH pemiarh akTyallbHbIC 3aa49H
($yHIaMEHTaIbHOHN U NPUKIIAJAHON MaTeMaTHKH

OIIK-1.1 3gaeT W cmocoOeH — HCIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS ¥ HOBBIC HAy4YHBIC MPUHIMITEI U METOJbI
WCCIIEeOBaHUN B 007acTH TPUKIAAHOW MaTeMAaTUKH W
nH(POPMATUKN

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 IlonnMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MPHUKIAIHON MaTeMaTHKH W MH(QOPMATHKH W CIIOCOOCH WX
OPUMEHATh MpPU PpEHIeHWH 3agad  [po¢eCCHOHANBHOM
JEeSITeIbHOCTU

[1K-3 Bnageet HaBbIKaMU y4acTHs B HAy4HBIX
TMCKYCCHSIX, BBICTYTUICHHUS C COOOILEHUSIMH U
JOKJIaJaMH1, YCTHOTO, TUCbMEHHOTO U
BHUPTYaJILHOTO (pa3MelcHHE B
MH(OPMALIMOHHBIX CETAX) Xapakrepa,
MPEICTABICHHUS MAaTePHaOB COOCTBEHHBIX
HCCIIeJOBAaHUN, TIPOBEACHUS KOPPEKTYPHI,
penaktupoBanus, peepupoBanus padoT

[IK-3.1 3Haer OCHOBBI BeJEHUS HAYYHAHCKYCCHUU H
(hOpMBI YCTHOTO HAYYHOTO BBICKA3bIBAHUS

[IK-3.2 VYmeer BecTH KOPPEKTHYIO AHUCKYCCHIO B 00JacTu
MH(POPMAMOHHO-KOMMYHUKAIIUOHHBIX ~ TEXHOJIOIMU U
WH(POPMALIMOHHBIX CHUCTEM, 3aJaBaTh BOIPOCHI U OTBEYAThH
Ha [TOCTaBJIEHHbIE BONIPOCHI II0 TEME HAy4YHOU paboThI

[IK-3.3 NmMeer mpakTHUYECKHUOMBIT y4acTHUs B HAayYHBIX
CTyICHYECKUX KOH(PEPEHIMUSAX, OYHBIX, BUPTYaJIbHbIX,
320UHBIX OOCYXKJIEHUSX Hay4YHbIX MpoOlieM B o001acTu
MH(OPMAIIMOHHBIX TEXHOJIOTUH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIbTATC HU3YUCHUSA AUCHUIIIAHBI <(I/I36paHHBIe BOIIPOCHI Hel"J'Ia,Z[KOI\/’I n HGBBIHYKHOﬁ OIITUMH3 AN

00yJaronuiics JOmKeH:

3HATb:

- (yHOaMeHTaJbHBIC TOHITHSA, YWCICHHBIC alTOPUTMBI HenpepeiBHOH onrtumusaunu (MO) u

pe3yasTaThl 00 MX CI0KHOCTH;

- COBpCMCHHBIC HpO6J'I€MBI COOTBCTCTBYIOLIUX pPAa3aCIIOB MO,
- NOHATHA, TCOPEMbI, METOAbl AO0KAa3aTCJILCTB MW A0KA3aTCJIbCTBA OCHOBHBIX TEOPEM B pasjciiax,

BXOZSIIUX B 0a30By10 yacTh 1ukia MO;

- OCHOBHBIC YHCJICHHBIC aJITOPUTMbI MO ¢ o6ocHOBaHUEM OILICHOK UX CKOPOCTHU CXOOUMOCTHU;

- OCHOBHBIC CBOICTBA HCMOJIB3YCMbIX B U3y4dCMbIX MCTOJaX MATCMATUICCKUX O6’LeKTOB;

- AHAJMTUYCCKUC N YHCJICHHBIC MOAXOAblI WM MCETOABI IJId PCHICHHSA TUIIOBBIX MPUKIIAAHBIX 3aJayd
Hel"J'Ia):[KOfI n HeBLIHYKHOﬁ ONITUMU3AlNU, BO3HUKAIOIHUX B COBPCMCHHOM aHAJIN3C JaHHBIX.

yMeTh:

- UCTIOJIb30BaTh CBOM 3HAHUS VIS pelieHus QyHIaMEHTaIbHbBIX U MPUKIIAHBIX 3a/1a4 ONTHMH3AIINY;

- OIICHUBATh KOPPEKTHOCTh MOCTAHOBOK 3a]1a4 ONTHMU3AIIHY;

- CTPOTO JI0Ka3bIBAThH MJIH ONPOBEPIaTh yTBEPIKIACHHE;

- CaMOCTOSITENLHO MOAOMpaTh Haubojee MPUEMJICMBIC AITOPUTMBI PEHICHHS 3a]lad ONTHMH3AIVH,
000CHOBBIBasI BEIOOp aHATM30M BO3MOXKHBIX TIOAXO/IOB;

- CaMOCTOSITCIILHO BUJICTh CIIC/ICTBUS TOJYUYCHHBIX PE3yJIBTaTOR;

- peanr30BbIBaTh KIHOUYCBBIC M3ydacMble aJTOPUTMbI C TIOMOIIBIO si3bIKa mporpammupoBanus (Python

wm C++);

- TOYHO TIPE/ICTAaBUTh MaTeMaTHYeCKHe 3HaHUs B 00actu MO B ycTHOW M MUCbMEHHOHN opme.

BJA€Th:




- HaBBHIKAMH OCBOEHHUsS OoibIioro oobemMa wmH(popMmammu u pemeHus 3amgad MO (B ToMm ducie,
CJIOXKHBIX);

- HaBBIKAMH CaMOCTOATEIHLHOU PabOThI U OCBOCHHS HOBBIX JUCIIUILINH;

- KyJAbTYpOW TOCTAHOBKH, aHANIM3a M PEHICHUs MAaTEMAaTHYEeCKMX M MPUKIAJHBIX 3aj]iad, TPeOyromux
JUTSL CBOETO PEIISHUS UCTIOIh30BaHUS MaTEMaTHIEeCKUX MOIX0M0B U MeTonoB MO;

- mpeaMeTHBIM s3bIkoM MO W HaBBIKAMH TPaMOTHOTO OMHCAHUS PEIICHUS 3a/1ad U MPEICTaBICHUS
MTOJTy9E€HHBIX Pe3yIbTaToOB;

- HaBBIKAMU aHaNM3a peE3yJbTaToB IMpakTHYeckod peanuzaiui MO ¢ TOMOIIBIO  sI3bIKA
nporpammuposanus (Python nmm C++).

3. IlepeyeHb THNOBBIX (IPUMMEPHBIX) BOIIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

[Ipumeps! 3ananuit

1. TIlokaxure, KaKk BBOAMUTCS KBagpaTHU4Has WHTEPHOJALMS C HCKYCCTBEHHOW HETOYHOCTBIO MJIA
HENTaJKAX 3a70a4.

2. Cnpenaiite pedepar mo MeromaMm s 3agad  [EHTPAJIM30BAHHOW W JICEHTPAIM30BaHHON
pacnpenenéHHON ONTHMHU3ALHH.

3. Hpe):[J'IO)KI/ITC HOpMY H HpOKC—(i)yHKLII/IIO I 3a/lavui OIITUMU3AlMKU Ha MPSIMOM IMPOU3BCACHHUN
CHUMIIIICKCOB.

Kontpons u onienku
OueHka 3a ceMecTp CKJIabIBaeTCs U3:

1. CamocrositensHas pabora cTyJIeHTOB - ipoekT. [IporpammupoBanne Ha Python mimm C++ ¢ nenbro
cpaBHeHUS () (HEKTUBHOCTH U3y4aeMbIX METOI0B ONTUMH3ALINH.

2. Teoperndeckas KOHTpoJbHas paboTa B Mae. B Bompocax KOHTPOJILHOW MOTYT MPUCYTCTBOBAThH
3aJaHusl Hamucarth (OPMYIUPOBKU OIPEOENICHUH WM TEOpeM, a TaKKe 3aaud TeOPETUUYECKOTO
Xapakrepa.

Bonee Tounble 6amibl 32 yKazaHHbBIE MyHKTHI B (HOpMYyIIa Jiisl OyYeHUS! OLCHKH OyIyT OOBSIBICHBI B
KOHIIE CeMecCTpa.

HpI/IMepHBIe TCMBbI JUIA ITPOCKTOB (CaMOCTOfITeJ’IBHaH paGOTa CTy,E[eHTOB)Z

1. YckopeHHbIE METOBI 171 3a/1a4 HEBBITYKJION ONTUMU3aLUY.
2. MeTozpl IEpBOTO MOPS/IKA TSl KBa3UBBITYKIIBIX 3aa4 OOJIBIION pa3MEepHOCTH.
3. Meron 3epkanbHOTO CIIyCKa: HEBBIMTYKJIBIA, BBIMYKJIbI M CHUJIBHO BBIMYKJIBIA CIIy4ail.

4. rpaILI/IGHTHBIG MCTOAbI JIA OTHOCHUTCIBHO INIAAKHUX W OTHOCHUTCIBHO CWJIBHO BBIITYKJIBIX 3a/a4v.

5. Meronsl nepBOro NOpsIKa IS 3a/1a4 KOMIIO3UTHOW ONITUMH3ALUU.

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

9. Merozp! a5l BApHallMOHHBIX HEPABEHCTB.

10. OBpucCTHYECKHE METOABI AJIS 337]a4 HEBBITYKIION ONTUMH3ALIMH.

11. YckopeHHBIE CTOXaCTUYECKHUE TPATUECHTHBIE METOBI.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. BBIHYKIIaH Y HCBBIITYKJIad OIITUMH3ALU. HpI/IMepBI MOPUKIIAAHBIX 3a1a4 HGBLIHYKHOﬁ OIITUMH3ALIUH.

2. JlokanpHble W TNOOANBHBIE MHUHAMYMBI. [pajiMeHTHBIN METON JUIsl TVIaJKUX HEBBIMYKIBIX 3ajad,
OIICHKA CKOPOCTH CXOJUMOCTH C UCIIOJIb30BAHUEM HOPMBI TPaAUCHTA.



3. I'paiveHTHBIA METOJ: HEBBIMYKIIbIE, BHITYKIBIE U CHJIBHO BBITYKJIBIE 3a/1a4l. YCKOPEHHBIE METOABI
JUTS 3a]1a4 BBIMTYKJIONW W CHJIBHO BBIMYKJIOHN TIIAJAKON ONTUMH3AIMN: METO TSHKENOTO MapuKa, OBICTPBIN
IpaJuEeHTHBIA METO/.

4. OTHOCUTENbHAS MIAJAKOCTh U OTHOCUTENIbHAS CUJIbHASI BBIMYKJIOCTh. [IpuMepsl MpUKIaAHBIX 3a7a4:
MaTpU4HbIe ypaBHEHMs!, D-onTUManbHbIN IJ1aH SKCIEPUMEHTA.

5. ApanTuBHBI TIpaJUEHTHBIH METOJ JUIsl OTHOCHUTEIbHO IIAJAKUX ONTHUMM3ALMOHHBIX 3a7ad.

6. 3amaun UEHTPAIM30BAaHHOW ONTHMHU3ALUUN B MPEANOIOKECHUH CXOXKECTH CIaraeMbIX: MOAXOHA C
UCTIONIb30BaHMEM OTHOCHTEIBbHON TNIAJIKOCTH U CHIIbHOM BBIITYyKJIOCTH.

7. CyOrpasueHTHbIC METOABI ATl HEIaAKUX 3a7a4. HikHue oneHKH CIokHOCTH. MeTos 3epKanbHOro
CIIyCKa.

8. ar B.T. ITonsika B cyOrpagineHTHOM METOJE U €r0 NPUIOKEHHUS B 3aJadax PErpecCuu, a TakKe Mpu
OTBICKaHNH OOIIEH TOUYKU CHCTEMBI MHOXKECTB.

9. OtHOCHUTENBbHAS HENPEPHIBHOCTH (JIMILIMLIEBOCTh) B ONTHMHU3auUuU. [IpuMepsl: reomerpuieckue
3a/lauM, a TakKe 3ajada OMHApHOW KIIACCU(PUKAIIMM METOJOM OMOPHBIX BeKTOpoB. CyOrpaaueHTHBIC
METO/BI ISl OTHOCUTEIBHO JIMMIIIMLEBBIX 3a1a4.

10. O600IIEeHNs BBIMYKIOCTH, JIOMYCKAIOIINE XOPOIINE IO0OANbHBIE OIIEHKA CKOPOCTH CXOAMMOCTH:
KBa3UBBIITYKIIOCTh, c1a0ast BBITYKJIOCTb. [IprMepbl KBa3UBBITYKIIBIX M CI1a00 BBITYKJIBIX 3334 aHaIH3a
TAHHBIX.

11. CyOrpamueHTHbIE METONBI JJsl KBa3UBBIMYKIbIX 3amad (momaxon HO.E. Hecreposa), ormenku
CKOPOCTHU CXOJUMOCTHU.

12. CyOrpaaueHTHble METOAbl AJisl c1ab0 BBIIYKIIBIX 3a/a4 C OCTPHIM MHUHHUMYMOM, T€OPETHUYECKUI
PE3YJIBTAT O JINHEWHOW CKOPOCTH CXOAUMOCTH.

13. Penakcanuu CHJIBHOW BBIMYKJIOCTH: YCJOBUS TPaJUEHTHOIO IOMHUHUPOBAHHMS M KBaJIpaTHYHOTO
pocTa, TEOPETUUECKUN PE3YJIBTAT O JMHEWHON CKOPOCTH CXOAUMOCTU. IIpumep: HeNnMHENHbBIE CUCTEMBI.

14. 3apaun TeOMETPUYECKOTO MPOrPaMMHUPOBAHUS.
15. DBpucTuueckre aJropuTMbl HEBBINIYKION ONTUMHU3ALMH: METOA HWMHUTALMU OTXWra U
IEHETUYECKUE AITOPUTMBI.

[Mpumeps! OUIETOB:

buner 1:

1. I'paiveHTHBI METO: HEBBIMYKJIbIE, BBITYKIBIE U CHIIBHO BBITYKJIBIE 3a/1a4H. YCKOPEHHBIE METOABI
JUTS 3a]1a4 BBIMYKJIOW W CHJIBHO BBIMYKJIOHN TIAJAKON ONTUMH3AIMN: METO TSHKENOTO MapuKa, OBICTPBIN
IpaJueHTHBIA METO/.

2. 3a1auu TeOMETPUIECKOTO MTPOrpaMMHUPOBAHUSL.

buner 2:

1. O600mmeHus BBITYKIOCTH, JOMYCKAIOIIUE XOPOIIUe I00aJbHbIE OLEHKH CKOPOCTH CXOAMMOCTH:
KBa3HUBBITYKIJIOCTb, CJ1a0asi BBIMTYKJIOCTb. [IprMepsl KBa3UBBIMYKJIIBIX M C1a00 BBITYKJIBIX 33/1a4 aHAJIN3a
JAHHBIX.

2. 3ajauy LEHTPAIU30BAHHOM ONTHUMU3ALUKU B IPEANOJIOKEHUU CXOXKECTH CJIaraeéMbIX: IIOAXOH C
HCITOJIb30BaHNEM OTHOCHUTENIBHOMN MIaJKOCTH U CUIIBHOMN BBIMYKJIOCTH.

Kpurepun oneHuBanus

- omerka «ommmuHo  (10)»  BeICTaBhsieTCS  CTYAEHTY, IIOKa3aBLIEMYy  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
NPUHATHIX PELICHUI

- omeHka  «omimuHO  (9)»  BBICTABISIETCS  CTYACHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHUCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HaHUS Y4eOHOW MPOTrpaMMbl TUCLUILIMHBI 1 YMEHUE IPUMEHSTD UX
Ha IMPAKTHKE NPU PEIICHUH KOHKPETHBIX 3a]ad, CBOOOIHOE M MpPaBWIIbHOE 00OCHOBaHME NPHHATHIX
peleHui

- oueHka  «omm4HO  (8)»  BBICTaBIsieTCS  CTYACHTY,  IIOKa3aBIIEMY  BCECTOPOHHHUE
CHCTeMaTH3UPOBaHHBIE, INTyOOKHE 3HAaHHUS yueOHOMH NMPOrpaMMbl AUCIUIIIMHEL U YMEHUE IPUMEHATh UX
Ha MpaKTUKE NMPH PEUICHUH KOHKPETHBIX 3ajad, ¥ MpaBUIbHOE O0OCHOBAaHHE HPUHSTHIX pPELICHUN



- OLIEHKa «xopoiuo (7)» BBICTABISIETCS CTYACHTY, €CIIM OH TBEpAO 3HAET Marepuai, TPaMOTHO H MO
CYILECTBY M3JIaraeT ero, yMeeT NMPUMEHSTh MOMyUYCHHbIC 3HAaHHUS Ha MIPAKTUKE, HO JIOIyCKAeT B OTBETE
WIH B PELICHUH 3a7]ad HEKOTOPbIE HETOYHOCTH;

- OIIEHKa «XOpolIo (6)» BBICTABISAETCS CTYIEHTY, €CJIM OH 3HAET MaTepHall, TPaMOTHO U IO CYIIECTBY
U3JIaraeT ero, yMeeT HPUMEHSTh MOJy4YeHHbIE 3HAHUS Ha MPAaKTHKE, HO JIOMYCKaeT B OTBETE WJIHU B
peLIeHNH 3a/1a4 HEKOTOPbIe HETOYHOCTH;

- OLIEHKa «XopowIo (5)» BBICTABISETCS CTYACHTY, €CIIM OH 3HAET Marepuaj, U MO CyLIECTBY H3jaraer
ero, yMeeT HMPUMEHATh MOJTy4YEHHbIC 3HAHWA Ha MPAKTHKE, HO JOIYCKAeT B OTBETE WM B PELICHUU
3a[a4 HEKOTOPbIE HETOUHOCTH;

- OIIEHKa «Y/IOBJIETBOPUTENHbHO (4)» BBICTABISETCA CTYAEHTY, IOKa3aBIIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapyLIEHUs JOTHYECKON MOCIeI0BaTeIbHOCTH B U3JIOKEHNH IIPOrPaMMHOI0 Marepuasa, HO MPHU 3TOM
OH BJQJICET OCHOBHBIMU pa3lelaMd Y4eOHOHM NporpaMMbl, HEOOXOOMMBIMH JJsl AalbHEHIIETo
oOyueHHs ¥ MOXET IPUMEHATh IOJIy4YEHHbIC 3HaHUS IO 00pas3lly B CTaHIAPTHOW CHUTYaIlUH;

- OIIEHKa «YJIOBJIETBOPUTENHbHO (3)» BBICTABISAETCA CTYAEHTY, IOKa3aBUIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHHH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHUsl JOrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH BiajeeT (parMeHTAPHO OCHOBHBIMH pa3lielaMd Y4eOHOW NpOrpaMMbl, HEOOXOOUMBIMHU JUIS
JanbHENIIero oOyueHHs M MOXKET NPUMEHSATHh IOJNyYeHHbIE 3HAHUS MO 00paslly B CTaHAApTHOMN
CUTYalluu;

- OLICHKAa «HEYIOBJIECTBOPUTENILHO (2)» BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HaeT OOJbIIeld 4acTu
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT TrpyOble OmHOKH B
(hopMyIIMPOBKaX OCHOBHBIX MOHATHI JUCUUIUIMHBI K HE YMEET UCIIOJIb30BaTh NOJIYYCHHBIC 3HAHUS IPU
pEILIEHUH TUIIOBBIX IPAKTUYECKUX 3a1a4

- OIICHKA «HEYIOBJIETBOPUTENHHO (1)» BBICTABISETCS CTYIACHTY, KOTOPBHIH HE 3HAaeT (hopMyTHpOBOK
OCHOBHBIX MOHITHN AUCIUILINHBL.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(Wy1M) oNbITA AESITEJILHOCTH

[Ipu mpoBeneHUH yCTHOro 3K3aMeHa oOydamomiemycs npeaoctasisiercsi 30 MUHYT Ha MOATOTOBKY.
Ompoc ofyuatomerocs 1o OwileTy Ha YCTHOM OJK3aMEHE HE JO/DKEH IPEBbIIIaTh OIHOTIO
aACTPOHOMMYECKOTO 4Yaca.



