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1. Kparkasi XapakTepuCcTHKA JUCHUINJIMHBI (MOILYJIs1)

Pabouas mporpamma aucuHUIUIMHBL (MOAYNsl) «MeToAbl BBITYKIOW ONTHUMM3ALUN
COCTaBJIEHA B COOTBETCTBHHM C (hefiepallbHbIM roCy1apCTBEHHBIM 00pa30BaTENbHBIM CTaHIAPTOM
BbICIIEro oOpa3oBaHusi — Marucrtpatypa no crneuuanbHoctd 02.04.01 Marematuka u
KOMIIbIOTEPHbIE  HaykH, mpo¢wib MamuHHoe 00ydeHue, YTBEpP)KICHHbI IMpHKa3oM
MunucTepcTBa HayKH U BbIciIero oopasosanust Poccuiickoit @enepannu Ne 8§10 ot 23.08.2017
roja.

N3yuenne nucuumiuHbl (MOAYns) «MeTolbl BBITYKIIOW ONTUMH3AIMW» O0ecreuyuBaeT
(GyHIaMEHTAIbHYIO MaTeMaTHYeCKyl0 OCHOBY JJs pa3pabOTKM M aHajau3a alropuTMOB
MAaIIMHHOTO 00y4YeHHUs, 00paOOTKH TaHHBIX, SKOHOMUKH U HMH)KEHEPHBIX CUCTEM.

MecTo AUCHMILINHBI (MOYJIs1) B CTPYKTYype 00pa30BaTe/JibHOM NPOrpaMMbl

Hacrosmas nucuumninnaa (MOAysb) BKIIIOUYEHA B Y4€OHBIIH TUIaH IO IPOrpaMMe MOArOTOBKU
Maructparypsl mo HampasieHuto 02.04.01 Marematnka ¥ KOMIBIOTEPHBIE HAYKH, MPOdUIIb
MamnnHoe oOyueHue u BXOIUT B yacTh bioka 1, popmupyemyro yuacTHHKaMu 00pa30oBaTebHbBIX
OTHOIIICHUH, KaK AUCITUIUIMHA 110 BHIOOPY.

Hucnurnuna (MOAyJb) U3yvaeTcs Ha 2 Kypce B 4 cemecTpe, JOCTYIHA JIJIs POXOKICHUS IIPH
YCJIOBHH YCICIIHOTO 3aBepIICHHs TUCIMIUINH (Moyeit) «OcHoBbl Python», «Marematrka B DS».

Heab wu3yyeHHsi AUCHUIVIMHBI (MoAayJsi): (opMuUpOBaHHE CHUCTEMHOIO HOHUMAaHMS
TEOPUU U METOJOB BBITYKJION ONTUMHU3ALMH, a TAKKE MPAKTUYECKUX HABBIKOB (pOpMasIU3alUH,
aHaJIM3a U YUCIIEHHOI'O PEIICHUS IPUKIAIHBIX ONITUMU3ALIMOHHBIX 3aa4.

3agauu n3yyeHus: AMCHUIIHHBI (MOAYJIfA):

— M3YYMTh KJIACCU(PUKALIMIO 33/1a4 MATEMaTHYECKON ONTUMU3ALIMU U OCBOUTH aIllapar
BBIITYKJIOI'O aHaJIM3a, BKIIOYasi CBOMCTBA BBITYKJIBIX MHOXKECTB U (DYHKIINH, a TaKKe
YCIIOBHSl ONITUMAJIBHOCTH,

— OCBOMTB OCHOBBI TEOPHHU JJBOMCTBEHHOCTH (JIarpaHKeBOW N KOHWYECKOW) M HAYUUTHCS
INPUMEHSATH €€ JUIsl aHAJIM3a U UHTEPIIPETA[MK PEIICHUI ONTUMU3AMOHHBIX 3a/1a4;

— HAyUYUThCSI KOPPEKTHO (OpMaM30BBIBATh NPUKIAAHBIE 3aJaud B BHJE 3ajau
BBIITYKJIOW ONTUMHU3AIMU U ONPEAETATh X KJIace AJsl BEIOOpa aleKBaTHOTO METOJa
pelieHus;

— OCBOUTBH YHCIICHHBIE METObl PELICHMs 3a/7a4 BBITYKIOH ONTHMHU3ALUM, BKIIOYAs
METOABI NIEPBOTO U BTOPOT'O MOPAAKA, TPOKCUMAIbHBIE METOJBI U METO/BI PELLICHUS
3aja4 ¢ orpaHnyeHusIMU (tpadubie GyHKIMH, MHOXUTENN Jlarpanka, ADMM);

— c(opMUpOoBaTh TNPAKTUUECKUE HABBIKU peau3allii aJIrOpUTMOB ONTUMH3AIMH,
UCIOJIb30BaHUS COBPEMEHHBIX COJIBEPOB, JWArHOCTHKM CXOJUMOCTH M aHalIMu3a
MTOJIyYE€HHBIX PEIIECHUM.

B pe3yabTare 0CBOCHUSI AUCHHMILIMHBI (MOAYJIs1) 00y4AIOUIUIACS 10JI2KEH:

3HAMb:
— KiaccuuKanuioo 3a7ad  MaTeMaTH4YeCKOW ONTHUMM3AlMM M KPUTEPUH  HX
BBIITYKJIOCTH;
— anmapart BBITYKJIOTr0 aHaji3a: CBOMCTBA BBITYKIIBIX MHOXKECTB M (DYHKIIMH, YCIIOBUS
ONTUMAaJIbHOCTH;

— OCHOBBI TEOPHUH JIBOMCTBEHHOCTH (JIarpaHkeBa U KOHUYeCKas);

— MPUHIUNB paboOThl U OONACTH TPUMEHEHUS OCHOBHBIX CEMEHCTB YHCIIEHHBIX
METOJIOB.

ymembs:

— (opmanu3oBaTh NPUKIATHBIE TPOOJIEMbl B BHAE KOPPEKTHOH IMOCTaHOBKHU
ONTHUMH3AIMOHHON 3a1a4X,

— aQHAJIM3UPOBATh M WIACHTU(UIIMPOBATH KJIACC 3aJa4d i 0OOCHOBAHHOTO BBIOOpA
METO/Ia peIICHUS,
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— MPHUMEHATh COBPEMEHHbBIC MPOrPaMMHbBIC pPeIIaTeNid (CONBEPHI) IS BBIMYKIBIX U
HEJIMHENHEBIX 3aJ1a4,

— UCIOJIb30BaTh METOJIbI MEPBOTO MOpPsAKa (BKIIOYAs CTOXACTHYECKHE) U1 3ajad
MaITuHHOTO OOYYCHHUS.

6/1a0embn:

— HaBBIKOM peau3aiu 0a30BbIX aJITOPUTMOB: TPAAUCHTHBIN CIIycK, MeToa HproToHa,
MPOKCUMAJIbHbIE METO/IbI,

— HAaBBbIKAMHM JIMArHOCTUKH CXOAUMOCTH HWTEPAlMOHHBIX METOJOB U HACTPOMKHU MX
napameTpoB;

— HaBBIKOM PEHICHHS 3a/lad C OTPAaHUYCHHSIMH METOJaMHU IITPadoB, MHOKHUTEICH
Jlarpanxa u ADMM;

— HAaBBIKAMM aHaJM3a MOJYYEHHBIX PEIICHUI U MPOBEPKHU YCIOBUH ONTUMAIBHOCTH.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuusi | Conaep:kaHue KOMIeTeHIIHH Nuauxarop IlepeyeHb MJIAHUPYEMBIX
KOMIeTeHIH U pe3yJbTaTOB 00y4eHus Mo
AUCHMIJIMHE (MOTYJIIO)
YK-6. Crioco0eH omnpeaenaTs u YK-6.1. 3HaeT OCHOBHBIE METOJIBI
pean30BBIBATh TPHOPUTETHI CaMOOIICHKH M aHAJIN3a CBOEH
cOOCTBEHHOM EATEIHHOCTH U JIESITEIbHOCTH, a TaK¥Ke
CHOCO0bI ee MIPUHIIUIIBL YIIPaBICHHUS
COBEPIIICHCTBOBAHUS Ha OCHOBE BpEMEHEM M I[eJIeNoIar aHus
CaMOOIICHKH VK-6.2. YMeeT CTaBUTh pealuCTUYHBIE U

JOCTUKUMBIE 11U, OTPEAETATH
IIPUOPUTETHI B CBOEH
JESITENbHOCTH, a TAKXKE
pa3pabatTbiBaTh U BHEAPSTH
TUTaHbI 110 COBEPILIEHCTBOBAHHUIO
CBOUX HaBBIKOB M KOMIIETEHLIUH
Ha OCHOBE MOJIYYEHHOU
CaMOOLIEHKH

YK-6.3. Hmeer npakTHUECKHUIA OTIBIT
MIPUMEHEHHUST METO/IOB
CaMOOIIEHKH B CBOEH
poheCCUOHATBHOMN
JeATeILHOCTH, BKIIIOYAst
y4JacTHe B TPEHHHTaX,
CeMHHapaXx U MPOeKTax,
HalpaBJICHHBIX Ha Pa3BUTHE
TUYHOU 3 (HEKTUBHOCTH U
npodecCHOHAILHOTO pOCTa

T1K-1. Crioco0eH onpeensTh o0Iue TIK-1.1. 3HaeT OCHOBHBIE TCOPETUUCCKHE
(hOpMBI 1 3aKOHOMEPHOCTH KOHIEMNINH Y TPUHITUIIHI,
o0nacTu MalIMHHOTO 0OYYeHUS OTHOCHIIMECS K 00J1aCTH

MAaIIMHHOTO 00yUYeHHs, a TAKKe
KJFOYEBbIC 3aKOHOMEPHOCTH U
MOJIEIIH, KOTOpPBIE IIOMOTAIOT B
aHaJ3e U UHTEPIIPETaIiN
JIAHHBIX

TIK-1.2. YMeeT npoBoaUTh
CUCTEeMAaTUYECKUI aHAIIN3
0b6acTu pa3pabOTKH, BEISIBISITH
1 hopMyJIUPOBaTh 00IIHE
3aKOHOMEPHOCTHU U TCHJICHIINHY,
a TaKKe MPUMEHSTh METObI
HCCIIeIOBAHUS JJIs IOy YCHHS
HOBBIX 3HAHWIA U TOHUMaHHSI

[K-1.3. NmeeT npakTU4eCcKUi OMBIT
paboThl B 00JaCTH MAIIMHHOTO
o0y4eHus1, BKIIIOYAsl y4acThe B
Hay4YHBIX IIPOCKTAX,
HCCIICI0OBAHUAX WIIN
MPAaKTHYECKUX 3a/IaHUSX, T71e
OBUTH BBISIBIICHBI M ONTHCAHBI
obmmue GopMel 1
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3aKOHOMCPHOCTH

[1K-4.

Crioco6eH myOamaHo
IPE/ICTABIATH COOCTBEHHBIC U
W3BECTHBIC HAYYHBIC
pe3yIbTaThl

[1IK-4.1.

3HaeT OCHOBHbBIC IPUHITUITBI
3¢ (HeKTUBHOTO ITyOIUIHOTO
BBICTYIUICHUS, METOIbI
BU3YyaJIU3alMU JTaHHBIX U
OCHOBHBIC TPeOOBaHUS K
Hay4YHBIM MIPE3CHTAIUM,
BKJIFOYAsl CTPYKTYPY U
coJiepyKaHue

I1K-4.2.

VYMeeT 4eTKO M JJOTHIHO
(hopMyTMpOBaTH CBOU HayYHBIC
pe3yIbTaThl, AMANTHPYS UX IS
Pa3IMYHBIX aAyAUTOPUH, a TAaKXKe
HCIIONb30BaTh BU3YaJIbHBIC
CcpeacTBa I YIIy4IICHUS
BOCHpUATHUS HHPOpMAIHH

[1K-4.3.

HNmeet npakTUYECKUNA OTIBIT
y4acCTHs B HAYUHBIX
KOH(EPEHIIUAX, CEMUHAPAX WUITH
JPYTHX MEPONIPUATHSIX, TOE
YCIIEIIHO IIPECTABIIsLI CBOU U
N3BCCTHLIC HAYYHBIC
Ppe3yabTaThl, MoyTy4yasi 00paTHyIO
CBSI3b U B3aUMOJCHCTBYS C
ayJIUTOpUEN

[K-5.

CriocobeH nepenaBath
pe3yNbTaT PeIIeHHBIX
MIPUKJIATHBIX 33]1a4 B BUJIE
KOHKPETHBIX PEKOMEHAALMM,
BBIP2XCHHBIX B TEPMUHAX
o0nacTu MalIMHHOTO 0OYYeHUS

[K-5.1.

3HaeT OCHOBHbBIE METOIbI 1
ITOAXOJIBI K (DOPMYIIMPOBAaHUIO
pEeKOMEHIaliii Ha OCHOBE
Pe3yJIbTaTOB PEIICHUS
MIPUKJIATHBIX 33714, a TaKKe
TEPMHHBI U KOHIIETIIINH,
cneruduuHbIe 1JIs 00J1aCTH
MAaIIMHHOTO O0YYeHHSI

[K-5.2.

YMeeT aHaIM3UPOBATh
pe3yJIbTaThl PEIICHHBIX 33/1a4 U
(dhopMynHupoBaTh YETKHE,
KOHKPETHBIC PEKOMEH/IAIINH,
amanTupys UX K TpeOOBaHHUAM U
OXHJIAHUSIM IIeJICBOM ayIUTOPHH

[K-5.3.

HMeet npakTHUECKHUH OIIBIT B
pa3paboTKe U NpeACTaBICHUN
peKOMEHIaliii Ha OCHOBE
aHaJIM3a MPUKJIATHBIX 3a/1a4,
BKJIIOYAsl y4acTHE B IPOEKTaX,
I pe3yJbTaThl ObUIN YCIIELTHO
IIPUMEHEHBI U OIICHEHHI B
KOHTEKCTE 00J1acTH MAIIMHHOTO
o0yueHus
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3. Temaruueckuii njiax

Ne TpynoeMKocTh, akageMHYeCKHE YACHI
m/m HaumeHnoBanue Qunas dopua TKY
pa3aena TMCUUIIIMHBI AyauTopnas pabora (Tekyumi
Jexuun CeMuHapsbl CamocrosnTe
(MmonyJis) KOHTPOJIb
(mpaktnyec | Konrpoun JbHAs ycnenaemocrH)
KHe padora
3aHSATHA)

1 OCHOBEI BBIITyKJIOTO 14 14 54 Jomamrane
aHaym3a Jis 3aJlaHus
MTOCTPOCHUS METO/IOB
ONITUMU3AITUHI

2 YUucneHHbIE METOBI 16 16 72 Jomaraue
OIITUMMU3AITUN IJI51 3aaHuA
pelIeHNs MPUKIIaTHBIX
3amaq
Ik3zamen 4 [Ipoekt

Hmozo: 30 30 4 126
O6vem oucyuniunst (M00ys) 190
(6 ak. u.)
Obvem Ooucyunaunvt (Mooyns) 5
(6 3au. eo.)
4. CopepxxaHue TUCHUILIMHBI (MOTYJI5)
Nenr/m HaumenoBanue pazjeJia Coneprxanue TUCHUILIUHBI (MOYJIA) IO TeMaM
JAMCHMILJIMHBI (MOYJIs1)
1 OCHOBBI BBIITYKJIOTO aHAJIN3a JIJIs Benenue B MeTobl onTHMU3anuu. [I[puMephl MOCTaHOBOK 3a/1a4.

IMOCTPOCHHA METOAOB ONITUMU3AITUN

Belnykisie MH

0XKECTBA.

Brimykiibie GyHKIMN B CIOCOOBI X TIOCTPOSHHS.
[TocTaHOBKM 3a/1a4 BHITYKJIOH ONTUMU3AIINH.

Vcnosus ontu

MaJIbHOCTH.

BBeneHue B TeopHio JBONCTBEHHOCTH.

Konnueckas 1BONMCTBEHHOCTb.

YucieHHble METOAbI OIITUMU3 AN
JJ1d pEeIICHUA IMPUKIIAIHBIX 3a1a4

BBGILQHI/IG B UHUCJICHHBIC MCTOJIbI U TUIIN3AIUs COJIBEPOB IJIA
peUICHUA ONITUMHU3AallMOHHBIX 3a/1a4.

I'panueHTHBII

CITyCK.

Y ckopeHHBIE METOABI IEPBOTO MOPSIKA.
Meton HproTOHa 1 KBa3MHBIOTOHOBCKUE METOBI.
CroxacTudeckne METO bl IEPBOTO MOPsIIKA U 00yUeHHE

HeHpoceTe.

HpOKCI/IMaJ'IBHLIC MCTOOBI.

Mertonast mrpadgoB 1 ADMM.

MCTOHBI OINTUMHU3AIVH U IMapaJIJICJIbHbIC BBIYNCIICHUSA.
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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 JOCTYIl K COBPEMEHHBIM MpOo(pecCHOHATBHBIM 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. Tepcenos, A. C. Jlekuuu mo npukiIagHOMy QYHKIIMOHATHPHOMY aHAIN3Y : YICOHHUK IS
By30B / A. C. TepcenoB. — Mocksa : HznatensctBo HOpaiit, 2025. — 83 c. — (Bricuiee
obpazoBanue). — ISBN 978-5-534-18812-7. — Texkct : anmexkTpoHHBIN // OOpa3zoBareibHAas
wiatdopma Opaiir [caiit]. — URL: https://urait.ru/bcode/568927.

3. Cyxapes, A. I'. MeToapl onTuMu3aluu : y4eOHUK U MPAKTUKyM s OakanaBpuara u
maructpatypsl / A. I'. Cyxapes, A. B. Tumoxos, B. B. ®enopoB. — 3-¢ u3., ucnp. 1 J0M. —
Mockga : U3narensctBo FOpaiit, 2022. — 367 ¢. — (bakanaBp u maructp. AKaieMHUYeCKui Kypc).
— ISBN 978-5-9916-3859-3. — Tekcrt : anexkTpoHHbIH // OOpazoBarenbHas miatgopma FOpaiit
[caiit]. — URL.: https://urait.ru/bcode/507818.

Jlononnumensnaa numepamypa:

1. Makcumona, O. JI. OCHOBBI MaTeMaTHYECKOTO aHajiM3a: HEPABEHCTBA M OICHKU :
yuebHoe nocobue i By30B / O. JI. MakcumoBa. — MockBa : M3narensctBo FOpaiit, 2024. —
185 c. — (Bseicmee obpazoBanme). — ISBN 978-5-534-08224-1. — TexcT : 37MeKTPOHHBIHA //
OopazoBarenpHas miatdopma FOpaiir [caiiT]. — URL: https://urait.ru/bcode/541118.

2. Koueryposa, E. A. Teopuss u MeTonsl onTUMH3aUWK : y4eOHHMK It By30B / E. A.
KouerypoBa. — Mocksa : U3narensctBo IOpaiit, 2025. — 133 ¢. — (Bricmiee oOpazoBanue). —
ISBN 978-5-534-10090-7. — Texkcrt : anmektponHblil // Obpa3oBatenbHas riardgopma FOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/561181.

6. MaTepuaabHO-TEXHHYECKOE 00ecTeyeHne

YHHUBEPCHUTET pacrojaraer MaTepUaTbHO-TEXHUYECKOW 0a30i, COOTBETCTBYIOIICH
JEMCTBYIOIMM MTPOTHUBOIIOKAPHBIM MPaBUIaM U HOPMaM M 00ecrieunBaroNIeii MpoBeIeHUE BCeX
BUOB JHUCIUIUIMHAPHOW ¥ MEXIWCIUILUIMHAPHON TTOATOTOBKH, IMPAKTHYECKOW M HAy4YHO-
UCCIIEIOBATEIbCKON PabOT 00YUarOUMXCsl, MPETYCMOTPEHHBIX YU€OHBIM IIJIAHOM.

[TomeneHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [Tl TPOBEACHUS 3aHATHI
JEKIMOHHOTO THIA, 3aHATHH CEMUHAPCKOrO (MPaKTUYECKOro) THMA, TPYIIOBBIX U
MHAUBUAYaAJIbHBIX KOHCYJIbTAIMNA, TEKYIIIETO KOHTPOJISI U MPOMEKYTOUHOM aTTeCTalllH, a TaKkKe
MOMEIIEHUS Il CAMOCTOSATENBHOM paboThl U MOMEIIEHUS Il XpaHEHUS U MPO(UITAKTUIECKOTO
obcmykuBaHusl yaeOHOTO 000pynoBaHus. [ToMereHns: yKOMIUIEKTOBaHbI CIICIMAT3UPOBAHHON
MeOeIbl0 U TEXHUYECKHMHU CPEICTBAMH OOYUYEHHsI, CIYXKAIlUMH Ui MPEACTaBICHUS y4eOHOH
nHpopMaIu 6OJIBIION ayAUTOPHUH.

N3yueHne qUCUUIUTMHBI (MOAYIA) 0OecTieYMBaETCs B YUEOHBIX ayTUTOPHSX, OCHALICHHBIX:

DNEeKTPOHHBIA JOKYMEHT


https://urait.ru/bcode/568662
https://urait.ru/bcode/568927
https://urait.ru/bcode/507818
https://urait.ru/bcode/541118
https://urait.ru/bcode/561181

— CTOJIAMH U CTYJIbSIMH;

— KOMITBIOTEPHOU TEXHUKOMH;

— MEXaHUYECKUMH KaJIbKYJISITOPAMU;

— CIIeMAITM3UPOBAHHBIM 000PYI0BAaHUEM, BKJIIOUAs JEMOHCTPAIIMOHHOE 000pYI0BaHUE.

[TomereHust y1st CAMOCTOSITENILHOM pabOTHI 00yUJaAIOIIUXCS, B TOM YUCJIE IPUCTIOCOOTICHHBIS
JUI. UCHOJIb30BaHUS WHBAJIWJAMH W JIMIIAMU C OTPAHUYECHHBIMH BO3MOXHOCTSMH 3J0pPOBbS,
OCHAILEHbl KOMIBIOTEPHON TEXHUKOW C BO3MOKHOCTBIO MOJAKIIOUEHHS K ceTh «HTepHeT» u
obecrieueHHEeM  JOCTyNa B JJCKTPOHHYH  HHGOPMAIIMOHHO-0Opa30BaTEIbHYIO  Cpeay
YHuBepcurera.

OOyyarmumMcs MPeaoCTaBIsgeTCss JOCTyn (B TOM 4YHCIE YAAJICHHBIH) K pecypcam
WH(OPMAIIMOHHO-TEIIEKOMMYHUKAITMOHHON ceTH «HTepHeT», JIeKTPOHHBIM pecypcaMm (B TOM
YHUCJIE JJICKTPOHHBIM OMOJMOTEYHBIM CHCTEMaM, COBPEMEHHBIM NpPO(ecCHOHAIBLHBIM 0Oa3zam
JAHHBIX ¥ UHOOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMAaM):

Ne HaumenoBanme nopraja CcepLika
(u3naHus, Kypca, 10KyMeHTa)
1. | Hayunas snektponnas 6ubmaroreka elibrary.ru https://elibrary.ru/defaultx.asp
Oubnroreka
2. | basa mannbix s IT-crenuanucTos https://habr.com
3. | ba3a manusix ScienceDirect https://www.sciencedirect.com
4. | OdunmaneHbli calT MUHUCTEPCTBA HAYKH https://minobrnauki.gov.ru/

BEICIIIEro oOpasoBaHus Poccutickoit @enepariim
5. | ®enepanbusiii moptan «Poccuiickoe oopazoBanue” | https://www.edu.ru/

6. | Mudopmannonnas cucrema "Exnnoe okHo noctymna | http://window.edu.ru/
K 00pa30BaTeIbHEIM pecypcam”
7. Enunast komnekiys udpoBbix 00pa3oBaTeIbHBIX http://school-collection.edu.ru/
pecypcoB
8. | ®enepanbHblii IEHTP HHYOPMALTUOHHO - http://fcior.edu.ru/
00pa3oBaTesbHBIX PECYPCOB

[lepeueHr MH(DOPMAIIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPU  OCYIIECTBICHHUH
00pa3zoBaTeNbHOIO MpoIiecca 1Mo AUCIUTUINHE (MOIYJI0), B TOM YUCIIE KOMIUIEKT JTUIIEH3MOHHOTO
MpPOrpaMMHOTO  OOecleyeHus, COBPEMEHHble mpodeccuoHanbHble 0a3bl  JaHHBIX U
MH(OpPMalLMOHHBIE CIIPABOYHBIE CHUCTEMBI:

HaumenoBanmne 110 IIpousBoacreo JInnen3nonnoe / cB000IHO
pacnpocTpansieMoe

OnepaimoHHbIe CHCTEMbI:
Microsoft Imagine (Windows Client, | 3apy6exHoe JIMIIEH3HOHHOE
Server)
BpaysepsI:
Sunekc.Bpaysep OTEUECTBEHHOE CBOOOJIHO pacrpocTpaHsieMoe
Google Chrome 3apyOeKHOe CBOOOJIHO pacrpocTpaHsIeMoe
OducHble NPUTOKEHHUS:
Microsoft Imagine (Visio, OneNote) | 3apyOexxHOe JIMIIEH3MOHHOE
TeXstudio 3apyOexHoe CBOOOHO pacIpOCTpaHsIeMOe
Adobe Acrobat Reader 3apyOeKHOe CBOOOJIHO pacrpocTpaHsIeMoe
IporpammHoe o0ecnedeHne 1Jisl IIAHHPOBAHUS H YYeTa BPeMEHH:
Toggle app | 3apyOeKHOE | CBOOOIHO PaCIPOCTPAHAECMOE
CucTeMBbl YHpaBJIeHHsI MPOEKTAMM:
Microsoft Imagine (Project) | sapy6esxHoe | muuensnonHoe
CucTeMBbl ynpasJieHusi 6a3aMH IaHHBIX:
Microsoft Imagine (SQL Server) | sapyGexHoe | nunensuonHOE

Cucrtemsbl peseppHOro konuposanus (backup):
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Acronis Backup Advanced for 3apyOexHoe JULEH3UOHHOE

HyperV

CnpaBoYHO-IIPABOBbIE CHCTEMbI:

Koncynerantllnroc: cipaBoyHo- OTEUECTBEHHOE JMLCH3UOHHOE

npaBoOBasi CUCTEMa

Cpe/cTBa AHTHBMPYCHO# 3aIUTHI:

Kaspersky Endpoint Security mrs OTEYECTBEHHOE JIMIEH3UOHHOE

ousneca CranmaptHblid Russian

Edition

Cpenbl pa3padoTkm:

Visual Studio Code 3apy0exKHOe CcBOOOJIHO PACIIPOCTPAHSIEMOE
Bash (Unix shell) 3apyOexHoe cBOOOJTHO pacIpOCTpaHsIeMOe
Anaconda 3apyOexkHOE CBOOOHO pacIpOCTpaHsIEMOe
Robotic Operating System 3apyOeIKHOE CBOOOJTHO PACIIPOCTPAHIEMOE
CopelliaSim 3apy0eKHOEe CBOOOJIHO PACIIPOCTPAHIEMOE
Google Colaboratory 3apy0exKHOe CBOOOJIHO PACIIPOCTPAHIEMOE
IMakeThl MPOrPaAMMHBIX CPEICTB H OHOINOTEK:

AutoPsy 3apyOeKHOE CBOOOIHO pacIpOCTpaHsIEMOe
Interactive Disassembler (IDA) 3apy0OexHOe CBOOOJIHO pacrpocTpaHsIeMoe
Cucrtembl ynpaJjieHust ouoanorpaduyeckoii uHgopmanmeii:

Zotero | 3apyOexKHOE | CBOOOIHO pacIpOCTpaHsIEMOe
CepBHCHI B CITYKOBI:

Bind 3apyOexKHOE CBOOOIHO pacIpOCTpaHsIEeMOe
Docker 3apyOexHOe CcBOOOIHO pacIpocTpaHsieMoe

7. MetoanyecKue v OlleHOYHbIE MATEPHAJIBI
MeToauyeckue yKazaHus s 00y4aIOUIUXCS 0 OCBOEHUIO TUCIHUNIMHBI (MOIYJIA)

B mpouiecce u3ydeHus OUCHUIUIMHBI (MOAYJs) «METOIbl BBIMYKIONW ONTUMH3AIUU» B
paMKax TEKYIIEro KOHTPOJISI YCIIEBAEMOCTH HCTOIB3YIOTCS TaKHe BHJBI Y4EeOHOU paOOThI, Kak
JEKIMH, CEMUHApbI, JOMAIIHUE 3aJaHusl, IPOEKT, a TaKKE Pa3IMyYHbIe BUAbl CAMOCTOSTEIbHOM
paboThl O0y4arImMXCcs MO 3aJaHUI0 TPENoJaBaTelisd, HalpaBJICHHBIE HA DPA3BUTHE HABHIKOB
npohecCHOHANBHOM JIEKCUKH, 3aKpEIIeHne MPAaKTUYeCKUuX MPOo(hecCHOHATBHBIX KOMIETEHIINH,
MOONIIPEHUE NHULIUATHB.

Jlexyus — cuUCTEeMaTHYecKoe, IMOCJIEN0BATEIbHOE, MOHOJOTHUYECKOE  H3JI0KEHUE
nperno/iaBaTeseM yueOHOTo MaTepraa, Kak MpaBuiio, TEOPETUYECKOTO XapaKTepa.

B mpornecce neknuii pekoMeHayeTcss BECTH KOHCHEKT JIEKIHUi: KpaTKO M CXEMaTHYHO
(UKCUPOBATH OCHOBHBIC WICH, BHIBOJBI M OOOOIIEHUS JIEKIWHW; BBIIEIATH Ba)KHBIE MBICIIH,
KJIIOYEBbIE CJIOBa W TepMUHBL. HeoO0X0IMMO OTMETUTH BONPOCHI MM MaTepUalbl, KOTOpHIE
BBI3BIBAIOT 3aTPYIHEHHS, U TOTBITATECS HAWTH OTBETHI B PEKOMEHIOBaHHOU ynTepatype. Ecimu
pa3oOpaThCsi B MaTepuane He YAaercs, ClieAyeT cOpMYIMpPOBaTh BONPOC M 3a7aTh €ro
MPETOo/IaBaTeI0 Ha KOHCYJIBTAIIMH WA BO BPEMSI CEMUHAPCKOTO (TIPAaKTUYECKOTO) 3aHSTHSI.

Cemunap — 310 (hopMa yueOHOM NeATeNbHOCTH, IPOBOIUMAs B y4eOHOM 3aBEJICHUU O]
PYKOBOJICTBOM IpemojaBaTelisi, TI/A€ CTYAEHTbl AaKTUBHO YYacTBYIOT B OOCYXICHHSX,
MPAKTUYECKHX 3aJaHMsIX U APYTruX (popmax B3aMMOACHCTBHUS.

Jlns ycrenrHoi moAroToBKU K CEMUHApPY PEKOMEHAYETCS 3apaHee 03HAKOMUTHCS C TEMOM
3aHATHSI ¥ OCHOBHBIMH MaTepuajaMH, 4TOObI MMETh BO3MOXKHOCTH AaKTHMBHO Y4acTBOBaTh B
oOcyxaeHuu. Takxe MoJe3HO MOATOTOBUTH BOIPOCHI U HUJEH Uil OOCYKICHHS, YTO TTOMOXKET
ri1y0Ke MOHATh MaTepHuaj U MPOJAEMOHCTPUPOBATH 3aHHTEPECOBAHHOCTb.

Jlomawnee 3a0anue — HabOPp 3a/1a4 1O TEMaM HEJICIIH.
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[Ipu pabGore Hax JOMAIIHUMHM 33JaHUSIMM  BaXKHO BHUMATEIbHO O3HAKOMHUTBCS C
TpeOOBaHUSAMHU M CPOKaMHU BBIIOTHEHHS. PexomeHayeTcs pa3douBaTh 3aJaHHs HA 3TaIlbl, YTOOBI
n30exaTh HEperpy3ku U Jydllle yCBOMTh Marepuain. lMcrosb30BaTh pa3iuyHble MCTOYHUKHU
uH(OpMaLKK, BKIIIOYas YUeOHUKH U OHJIAWH-PECYpCHl, Ui 0osee Iiy00KOro MOHUMAHUS TEMBI.

Ilpoexkm — wuccnemoBaTelnbckas paboTa MO JUCHUIUIMHE (MOAYIIO) W IPE3CHTAIUs
pE3yJIbTaTOB.

JIJ1s yCHEeHON MOATOTOBKU K MPOCKTY PEKOMEHIYETCS: YETKO ONPEICIIUTD LIEIU U 3a1a9n
MPOEKTAa; COCTABUTH IUTAH PabOTHI, pa30MB MPOEKT HA 3TaIlbl C YKa3aHUEM CPOKOB BBITTOJIHEHUS
KQKJ0I0 U3 HUX; MCIIOJIb30BaTh Pa3HOOOPa3HbIC UCTOYHUKU HH(MOPMAIMK U UHCTPYMEHTHI JIJIS
WCCJICIOBAHMSI TEMBI; PETYJISIPHO MPOBEPATH MPOTPECC M BHOCUTH KOPPEKTUBHI B TUIAH, €CITH TO
HE00X0aUMO.

bonycnvie 6annbi — 3TO OLEHKH, KOTOPbIE CTYAEHTHI MOTYT IOJYYUTh 3a BBIIIOJHEHHE
JIOTIOJIHUTEIIbHBIX 3aJaHUH.

@opmar OOHYCHBIX OaUIOB TIO3BOJIIET CTYACHTaM YIYYIIUTh OONIYI0 OLEHKY IO
JUCLHUIUIMHE (MOYJII0) U CTUMYJIUPYET YIiayOJIeHHOE U3yYeHHEe MaTepHuaa.

Camocmosmenvruas paboma — padoTa CTYJEHTOB, HAIpaBlE€HHAs Ha YINIYOJEHHOE
U3YYEHUE OTJIEIbHBIX TEM U BONPOCOB yUYECOHON AUCHIUILIUHBI (MOYIs).

B miporiecce caMocTosITeNIbHOM pabOThI CTYIEHTHI B3aUMOACHCTBYIOT C PEKOMEHI0BAaHHBIMHU
MaTepuaiaMy Mpu MUHUMAIILHOM yYacCTHH MpenoiaBatess. 3a1auu CTyJeHTa BKIIOYA0T padoTy
C KOHCIIeKTaMu JIeKIu# (00paboTka TeKCTa), MOBTOPHOE N3YyUEHUE YUEOHBIX MaTEPUAJIOB IJIAHOB
U TE3UCOB OTBETOB, U3yU€HHUE JOMOJHUTEIbHBIX TEM, BHIMOIHEHHE y4eOHO-UCCIIEeI0BATENbCKUX
3aJJaHUI U IPYTOE.

Cucrema oneHUBaHHA Pe3yJIbTATOB 00yYeHHS MO JUCHHUILIHHE (MOAYJIIO)

Kpurepun nosyvyeHusi ypoBHAl ¥ OLleHHBAHUS c()OPMHUPOBAHHOCTH KOMIIETEHIMIi 110
AUCHHUILINHE (MOAy/10) «MeToabl BBINMYKJI0H ONTHMHU3aLUH>»

OneHuBaHue YpOBHS Y4Y€OHBIX JOCTHKEHHH 0OydaroluXcsl M0 JUCHUIUIMHE (MOIYIIO)
OCYILIECTBIISIETCS B BUAE TEKYLIETO KOHTPOJIS YCIIEBAEMOCTH U ITPOMEXYTOYHOHN aTTECTalUH.

IIpome:xyTouHasi arrecTalusi 1O AMCHUIUIMHE (MOZYJIO) OCYLIECTBISETCS B (opme
9K3ameHa, IpU 3TOM IPOBOJUTCA OLIEHKA KOMIIETEHIIMH, C(POPMUPOBAHHBIX MO JUCLUIUIMHE.

JIns OoueHMBaHUSA TEKYLIETO KOHTPOJS YCIEBAEMOCTH M IPOMEXYTOYHOM AaTTECTALUU
UCIIONIB3YETCS JIECATHOAIIbHAS IIIKaJla OIEHUBAHMS, KOTOpas COOTHOCUTCS C TPaJAUIIMOHHOU
MATUOATIPHON MIKAIOHN CIEAYIONUM 00pa3oM:

[ecatudannbuas IlarudanabHas OO0mas xapakTepUCTHKA pe3yJIbTaTa 00y4eHusl 1Mo
OLICHKA OLICHKA JUCHMIIMHE (MOXYJIIO)
10 OTtnuaHO CTyIeHT MOJIHOCTBIO BiaJieeT 3HAHUSAMH, M3JI0KEHHBIMU B
9 OTIUYHO paboueil mporpamme, ¥ TIyOOKO OCMBICHSET AWCLMIUIMHY
) OTIMYHO (MoTyIB). On CaMOCTOSTEITEHO u JIOTHIECKU

MOCIIEZIOBATEIEHO OTBEYAET HA BCE BOIMPOCHI, AKIECHTHPYS
BHAMaHHE Ha Hamboiee BaXHOM. YMeeT aHaJM3UpOBaTh,
CpaBHUBATb, KJIACCU(UIPOBATD, 000011aTh,
KOHKPETH3UPOBaTh W  CHUCTEMAaTU3UPOBaTh  HM3yUYCHHBIN
MaTepuaj, BBIACIAS KIHOYEBbIE MOMEHTBI W yCTaHABIMBAs
MIPUYUHHO-CIICJICTBEHHBIE  CBs3u. Uerko  dopmymupyeT
OTBETBI, YBEPCHHO HHTECPIPETUPYET PE3YJIbTAThl aHAIM30B H

ApyTrux I/ICCJ'IC)IOB&HHI?I, a TAKXKC pCIIACT CJIOXKHBIC 3aavu.
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JlecaTnOAILHAA
OIlEHKA

IIaTnoannnLHas
OLICHKA

O0mas XxapakTepUCTHKA Pe3yJIbTaTa 00y4eHusl 1o
JucHMIInHe (MOIYJII0)

CTygeHT XOpolo 3HAaKOM C METOJaMHU HCCJIEeI0BaHUA,
HEOOXOTUMBIMHU JIJISI TIPAKTUYECKON JEATEIbHOCTH, U YMEET
CBSI3BIBATh TEOPETUUECKUE ACTIEKThI JUCIUIUIHHBI (MOAYIIS) C
MPaKTUYECKUMHU 33/1a4aMU.

Xoporiio

Xoporiio

Crynent obnajgaer 3HAHHSAMHU TpPEAMETa MOYTH B MOITHOM
o0beMe paboueii mporpaMMBI M CAMOCTOSTEIHHO, TOTHICCKH
MOCJIeI0BAaTENIbHO U BCECTOPOHHE OTBEYAET Ha BCE BOMPOCHI,
aKIEHTUPYS] BHUMAaHUE Ha HanOoJee 3HAYMMBIX MOMEHTaX.
OH yMeeT aHaIM3UPOBaTh, CPABHUBATH, KJIaCCU(DUIIUPOBATH,
000011aTh, KOHKPETH3UPOBATh MW  CHCTEMAaTH3HPOBATH
W3YUYCHHBIH MaTepHan, BBIACTSS €ro KIYEBhIC acleKThl U
yCTaHaBJIMBas MNPUYINHHO-CJICACTBCHHEBIC CBA3U.
dopMynUpyeT CBOM OTBETHI, YBEPCHHO HWHTEPIPETUPYET
pe3yJIbTaThl aHAJIW30B W JIPYTHX MCCIEAOBaHUN, a TaKkKe
pelIaeT CIOKHBIC CUTYAIMOHHBIC 33a4n. CTyIEeHT XOPOIIOo
3HAKOM C METOJaMH HCCIICIOBaHUS, HEOOXOIUMBIMH JUIS
HpaKTI/I‘-IGCKOI\/'I JCATCIBHOCTH, u

yYMEET CBA3bIBATH

TCOPETUUCCKUE AaCHEKTbl MNpeaAMETa C MNPAKTUYCCKUMU

3agadyaMu.

Y 10BIETBOPUTENBHO

Y 10BIETBOPUTENBHO

CryneHT oOyiafaer 0a30BBIMH 3HAHHUSAMHU 10 JHUCIHUIUIMHE
(Momysro),
CaMOCTOSITEITbHBIX

HO UCTIBITHIBAET TPYAHOCTH npu

OTBETaX W HCIOJB3YE€T HETOYHBIE
dhopmynupoBkr. B X07e OTBETOB OH JONMYyCKAaeT OLIMOKH,
Kacaromuecs: cyTH BorpocoB. CTYIEHT CIOCOOCH pemaTh
TOJBKO CaMbleé TMPOCTbIE

3aJadyu Hu  BJIAACCT  JIMIIb

MUHUMAaJIbHBIM Ha0OPOM METOI0B UCCIICOBAHUS.

He cnaun

He cnaun

He cnaun

CTy,Z[eHT HC OBJIAZCII 00s13aTeNbHBIM MHUHUMYMOM 3HAHUH 10
npeaAMEeTy U HE MOXKCT OTBCTUTb Ha BOIIPOCHI, JAKE CCIIN

npenoagaBaTeiib 3a41acT JOIIOJIHUTCIIBHBIC HaBOJAIIHUEC

BOIIPOCHL.

Hucturnnuna (Moaynb) «MeToasl BBITYKIOW ONTHMHU3AIUN» OIEHUBACTCS CIIEIYIOIINM

obpazom:
AKTHBHOCTH Bec |KoaunuectBo Onucanne
Homarmraue 3amanus | 50% 6 HaGop 3amad o remam Henenu
OKx3aMeH 50% 1 IIpoekT — nccnemoBarenbekas padoTa Mo AUCLHUILITHHE
(MOzyII0) M TIpE3EHTALMSI PE3YJIbTATOB

B paMKax U3yuUCHUA JUCHUIIIINHBI (MOI[}/'JBI) BO3MOJHO ITOJTYYCHHUC 60HYCHBIX 0aJios.

®opmyJa pacyéra UTOroBOI OLEHKH MO AUCHHUIIMHE (MOAYJ/110) «MeToabl BHINMYKJIOM
ontumuzanumn»: «0,5 X cpeqHee 3a fomarHue 3a1aHus + 0,5 X sk3aMen».
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Texkyuuii KOHTPOJIb YCIIEBAEMOCTH 00y4al0IIMXCH M0 IUCHUIIMHE (MOLYJII0)

3A0AYAN

3A0AYA 2

| 3A0AYA 3

| 3A0A4YA 4

| 3ALAUA 5

3A0AYA G

IIpumepHbIe fOMALLIHUE 3aJaHUS
Jdomaminee 3ananmue 1.
2 6anna

[okaxuTe, uto 3Ta QyHKLMA BhINyKNa:
z ¥ 9 1
flx,y,z) = zlog (e: + ff.:) + (2 — 2)" + e=Hv
rae dyHkums f - R? — R umeet o6nacTs onpeaeneHns, onpeaenéHHyio Kak:
dom f = {(z,y,2) € R:x4+y>02> 0}.

16ann

LleHTp macc Tena ABNAETCS BaXXHbIM NOHATMEM B OU3MKe (MexaHuke). [na cucteMbl Ma-
TepuanbHbIX TOYEeK C Maccamm 111; U KOOpAMHATaMu T;, LEHTP Macc onpegensaeTcs Kak:

A‘

LleHTp Macc Tena He BCeraa NexuT BHYTpW Tena. Hanpumep, LeHTp Macc 6y6nnKka Haxo-

Te =

OUTCA B ero oTBepcTun. [JoKaxu, UTo LeHTP Macc CUCTeMbl MaTepUuanbHbIX TOUEK NeXUT
B BbIMyKM0Oi 060M0YKE MHOXECTBa 3TUX TOYEK.
16ann

Dokaxw, ytoconv{zrz' :x € R" ||z =1} = {A € S? :tr(A) = 1}.

16ann

[okaxu, 4To MHoxecTBo {z € R2 | €1 < 22} aBnaeTca BbINYKNLIM.

16ann

Paccmotpum dyHkumio f(x) = % roe r € R... 3anonxn CneayoLyro Tabnuuy + unm -.
O61bsACcHM cBOM OTBETHI (C AOKa3aTenbcTBamMm).

d Boinyknas  BorWyTas  CTporo BbiNyknas  ji-CWMALHO BbINyKNas
—2,rxeR, .
—lL,reR,,
0
0.5

€ (1;2)
> 2

16ann
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Jokaxu, uTo GYHKUMA IHTPONUK, onpeaenérHHas Kak

n

fla) == wilog(ws),

1=1

cdom(f) ={x € R%, : Y ", x; = 1}, aBnaeTca cTPOro BOrHyTOM.

3A0AYA 7 2 6anna

[lokau, 4To MakcUMyM BbiMyKiion GyHKumK [ Hag MHororpadHukom P = conv{vy, ..., vk}
AOCTUraeTcsa B OQHOM U3 Ero BEPLUKH, T. €.

sup f(x) = max f(v;).
TP i=1,...k

bonee cunbHoe yTBEPXAEHUE: MAKCMMYM BbINYKNON QYHKUMM Hag 3aMKHYTbIM OrpaHu-
YEHHbIM BbIMYK/TbIM MHOXECTBOM AOCTUIAETCA B KPAaWHEN TOUKE, T. €. TOUKE B MHOXECTBE,
KOTOpas He ABNAETCA BbiMyKNon KoMBMHaUMeN Nioboi apyrol ToUku B MHOXecCTBe (Tebe
He HY>XHO ero fokasbiBaTtb). [logckaska: MNpegnonoxmu, YTo yTBEPXAEHME HEBEPHO, N UC-
nonb3yit HepaBeHcTBo MeHceHa.

3AJAYA 8 16ann

[okaxwu, 4To aBa onpegeneHus [(-CUNbHO BbINYKNbIX ¢iYHKL|,HF1 SKBWBANEHTHbI:

1. f(x) sBnAeTca p-cuAbHO BbINYKNOA <=> Ans mobbix r1,22 € S M 0< A< 1
Ana HekoToporo j > (:

Fxey + (1= Nzz) < M(@1) + (L= N f(az) = SML = Vlfer = 22l

2. f(x) sBnaeTcs pi-cwibHO BbINYKMOW <= cywecTayeT i > () Takoe, UTo dyHKUMA

r)— E xr 2 ABNAETCA BbII'IYK.HOIFI.
2
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Jdomamninee 3axanmue 2.

3A0AYA1 16ann

MpocTou npumep

3 .
r° + 1 — min
reR

st.(r—2)(x—4)<0

1. Hamgure SOonNyCTUMOE MHOXECTBO, ONTUMasbHOE 3HauYeHUe U ONTUMasbHOE peLleHue.
2. TMocTpoitte rpaduk dyHKummn =2 + 1 B 3aBUCUMOCTM OT . Ha ToM Xe rpaduke noka-
XUTE JOMYCTUMOE MHOXECTBO, ONTUMAsbHYH TOUYKY U 3HaUEeHUE, a TakKe MoCTpounTe
rpaduk narparxuana L(x,/1) B 3aBUCUMOCTM OT & A1 HECKOMBKUX MOMOXUTENbHbIX
3HaueHui /1. MpoBepbTe CBONCTBO HUXHeN rpanuubl (p* > inf, L(x, ) ana p = 0).
3. Myctb p*(u) o6o3HayaeT onNTUManbHOE 3HaYyeHue Criedytolen 3a4aumn Kak GyHKLMK
napametpa u:
2% 41 min
rzeEKR
st.(x—2)(z—4) < u
1p*(0) .

¢
Moctpoitte p*(u). NMposepbTe, YTO Pl_ = —u*.
du

3A0AYA 2 2 6anna

HaihauTte ABHOE pelueHne CrneayoLen 3aaadm IMHENHOro NPorpaMMMpOBaHIs:

¢’z — min
TeR"
st.1 z=1,

=0

OTa 3agava MOXET BbiTb PaCCMOTPEHa KaK CamMblii NPOCTOM NPUMEp 3a4a4un onTUMU3aLmm
noptdens.

3A0AYA 3 2 6anna

MokaxuTe, YTO CREAyIOWan 3aaaya UMeeT eAHCTBEHHOE PelleHne 1 HallauTe ero:
(C71,X) — logdet X — min
TERN*N

st (Xa,a) <1,

roe C € ST, ,a € R™ # (. OTBeT He pomkeH BKMo4aTh o6patleHre maTpuupl C.

3A0AYA 4 2 6anna
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Hangute ssHoe peweHune cnenylomeﬁ 3aauu KBagpaTtu4yHOro nporpamMmmMmmpoBaHns:

¢'z — min
TeR™

ciK

st.(z—z) Az —z) <1,

rae AeSt, ,c#0,z. e R"™.

3A0AYA S 2 6anna

PaccmoTpuM 3agady HaMMEeHbLUMX KBaAPATOB C OrPaHUYeHUsIMI PaBeHCTBa:
| Az — b||3 = min
z€R™
stCx=d,

rae A € R™*" ¢ rankA = n, u C' € R¥*" ¢ rankC = k. 3anuwure ycnosust KKT v
BbIBEANTE BbIPAXEHNA AN1A peLueHns 1.

3A0AYA 6 16ann

UuTtepnpetauus ycnoeuit KKT B TepMuHax onopHoOM runepnaiocKocTu

PaccMoTpuM BbinyKIyto 3agady 6e3 orpaHUYeHWi paBeHCTBa:

) — min
jb( ) rER?

st fi(z) <0, i=[1m]

Mpegnonoxum, uto 3z* € R™, u* € R™ yposnetsopstoT ycnosuam KKT:

m

VoL(z* p*) = Vfo(z") + Y_uiVfi(z*) =0
i=1

pu; 20, i=[1,m]
pi fi(z®) =0, i=[1m)]
fi(z*) <0, i=[1,m]

Mokaxwte, yto V fo(x* )T (x — x*) = 0 pna scex gonycTuMbIX . MIHbIMM CioBamu, ycno-
Bua KKT nogpasymesaioT nNpocToit kputepui ontumansHoctv unn V fo (™) onpegenser

OMOPHYHK r’MNepniIoCKOCTb K A0NYCTUMOMY MHOXECTBY B TOYKE g
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Jdomaminee 3aganue 3.

1. CXOOUMOCTb rPAAVUEHTHOIO CMYCKA B HEBbINYK/IOM MAOKOM CNYYAE [3
BANNA]

Mbl He 6yaem AenaTb HUKaKMX MPeAnonoXeHWin 0 BoINyKNocT GyHKUMKM f. Mbl MOKaXeM, YTO rpagueHTHbIN Cryck
[OCTUraeT £-CTaluMoHapHoM Touku ., Takoi, uto ||V f(z)|[2 < <, 3a 0(1/32) uTepauuin. BaxHoe s3aMmeyaHue: Bel
MOXETe UCMOMNb30BaTh 31eCh NUNLINLIEBY NapaboNUUYEcKyo BEPXHIOK OLIEHKY

F&) < () + V1@ (g~ 7) + oy — =3 ammscex,y. 7

Moacrasete y = zF+1 = 2k — oV f(2*), 2 = 2* B ypasrenve (1), uTo6sl NokasaTs, uto

7 < @) — (1 2ol V)3

= Wcnonbayitte o < 1/ L v npeobpasyitTe npeabiayLLMi pesynbTaT, YTobbl Mony4YMTb

197518 < = (£ - 7).

MpocyMMUpyitTe NpeabiAyLmWii pe3ynsTaT no BceM uTepaumuaMm ot 1, .. ., k + 1, uToBbl NONY4YHTL

D|m

(f(i‘”) - )

Zuv'f I3 <-

« [laiiTe HUXHIOK OLLEHKY CYMMe B MpeapblaylieM pesynbTaTte, YTo6bl MofyuuTh

1—

. 2
1};1111 IV£f(z")]2 < \/m(f(l‘o) — f*),

4TO yCTaHaBNMBaeT xenaemyto ckopocts O(1/2) ans QOCTUXEHUS =-CTaLMOHaPHOCTU.

2. KAK CXOAUTCATPAAUEHTHbLIA CMYCK B 3ABUCUMOCTMU OT YUC/IA OBYCOB-
NEHHOCTW 1 PABMEPHOCTW [7 BANNOB]

WcecnenymTe, Kak KONMYECTBO UTepaLWi, Heo6XoaMMoe ANA CXOAMMOCTM rpagueHTHOro CrycKa, 3aBUCHUT OT cne-
AYIOLWMX ABYX NapaMeTpos: Yucia 06YCNOBAEHHOCTH £ == 1 QYHKLUMKM, KOTOPYH Mbl ONMTUMMW3UPYEM, 1 pasMep-
HOCTMW 1 NPOCTPaHCTBa NepeMeHHBIX, N0 KOTOPbIM Mbl ONTUMU3UPYEM.

[ns aToro npu 3agaHHbIX NapameTpax 711 U K CNyYaiHo CreHepupynTe KBaapaTUYHyIo 3ajadvy pasMmepa 7 ¢ Yic-
nom oBYCNOBNEHHOCTU K W 3anyCTUTE Ha HEW rPafIMeHTHBIN CMyCK C 3apaHee 3afaHHON GUKCUPOBAHHOW TOY-
HocTbto. Mi3MepbTe uncno utepaumit T'(n.k), KoTopoe NoTpe6oBanocs MeTody AN CXOAMMOCTU (yCreLuHoro
3aBepLUEHUs N0 KPUTEPUIO OCTaHOBA).
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PekomeHgaums: camblit NPOCTOM cNoco6 creHepupoBaTh CNy4YaiHyro KBagpaTuyHylo 3agady pasmepa 7l C 3a-
[aHHbIM YMCIIOM 06YCNIOBNEHHOCTM K Creayrowmii. YA06HO B3sTb AuaroHanbHyto matpuuy A € ST B Bu-
pe A = Diag(a), rae avaroHasnbHble 3NEMEHTbI CITy4aiHO BbIGUPaKOTCA U3 MHTEpBana |1, k| u yaoBneTsopsioT
min(a) = 1, max(a) = k. B kauectse BekTopa b € R™ MOXHO B3sITb BEKTOP CO C/lyYalHbIMU KOMMOHEHTaMMU.
[OwnaroHanbHble MaTpuULbl YO06HbI /19 paCCMOTPEHUS], MOCKOMNbKY MX MOXHO 3G(OEeKTMBHO 06pabaTbiBaTh Aaxe
NpU BOMbLUXX 3HAYEHUNAX 7.

3aduKcupyiTe onpeaenéHHoe 3HauYeHWe pasMepHOCTM n. UTepupyiTe No pasfuyHbIM YUCamM 0BYCNOBNeHHO-
CTW K Ha ceTKe U nocTpoiite 3aBucuMocTb 1'(n.k) oT k. MNockonbky KBagpaTUYHasa 3agaqa KaXxabli pas reHepu-
pyeTca cny4aiHo, MOBTOPUTE STOT SKCMEPUMEHT HECKONbKO pas. B pesynbTate Ana GUKCUPOBAHHOTO 3HaYeHUA
71 Bbl JOMXKHbI MOMYYMTh CEMENCTBO KPUBLIX, MOKasblBalowWwmx sasucumocTs 1'(n, /) oT K. MsobpasuTe BCe aTH
KpUWBble B OAHOM LBETe ANA ACHOCTH (HanpuMep, B KPacHoOM).

YBenuubTe 3HaueHUe 1 M NOBTOPUTE 3KCMEPUMEHT. Bbl A0NXHbI NONYUUTb HOBOE cemeicTeo Kpusbix 1'(n’ k) ot
k. Mi306pasuTe BCe 3T KPUBbIE B OOHOM LIBETE, HO OT/IMYAIOLLEMCS OT npeasigyiiero (Hanpumep, B cUHeM).

MoBsTOpKTe 3Ty NpoLesypYy HECKONEKO pa3 AnA APYrMX 3HadeHuit 1. B uTore Bbl 4OMXHbI NONYYUTh HECKONBKO
pazHbIX CEMENCTE KPMBbIX — HEKOTOpbIE KpacHble (COOTBETCTBYOLME OAHOMY 3HAYEHMIO 11), HEKOTOPbIE CHHKE
(cooTBeTCTBYIOLWME APYTOMY 3HAYEHMIO 11), HEKOTOpPbIE 3eNEHbIe U Tak aanee.

O6paTuTe BHUMaHKE, UTO UMEET CMLICN NepebupaTb 3HaueHUa PasMepHOCTM 72 Mo norapudMUUeckoi cet-

ke (Hanpumep, n = 10, n = 100, n = 1000 u Tak ganee). icnonbayiTe Creaytolmnin KpUTEPHUIA OCTAHOBKM:
b ’ 2 _E .

IV f (@) |3 < e[|V f(x0)]|3 npu e = 107, B kauecTee HauansHoi Toukn sozsmute 7 = (1,...,1)7.

Kakune BbIBOAbI MOXHO cAaenath U3 nony4yeHHoOro pHC)’HKa?

I[IpumepHoe onucanue 3a1aHUs U KPUTEPHHU OLeHUBAHUS K MPOEKTY
Onucanue 3a1aHNA .

HeoGxoauMo BbIOpaTh NPHUKIAJHYH 3a7ady (M3 MAIIMHHOTO OOy4YeHMs, SKOHOMHKH,
JIOTUCTHKHU, 00pa0OTKH CUTHAJIOB, (DMHAHCOB WJIM JIPYrod 00JacTH) U BHIIOJHUTH €€ MOJHBIN
AQHAJIN3 U PEIICHUE C UCIIOJIb30BAHUEM METOJIOB BBIITYKJIONH ONTHUMU3ALHH.

HpOCKT JOJDKCH BKIIFOYATh IBC B3aMMOCBA3aHHBIC YaCTU:
Yactp 1. Teoperuueckunii anajau3 3agaum

1. ®opmanu3anus 3a1a4u
o KoppekTHas MaTeMaTHdecKas MOCTAHOBKA 33JIa4H ONITHMH3AINH.
e OmnpeneneHre NepeMeHHBIX, 1eIeBON (PYHKIIMH U OTPAaHUYEHUH.
2. AHAJH3 BBIMYKJIOCTH
o Jloka3aTenbCTBO BBHIMYKJIOCTH (WM YCIOBUW, MPU KOTOPBIX 3adada SBISETCS
BBIITYKJIOH).
e Onpenenenue tuna 3agayu (LP, QP, SOCP, SDP, unconstrained convex u 1.11.).
3. YcjaoBusi ONTUMAIBHOCTH
e BbIBOJI HEOOXOIUMBIX W/ AOCTATOYHBIX YCIOBUN OMTUMAIbHOCTH.
o 3anuck ycnosuit KKT (ecnu npuMeHnMo).
4. JIBolicTBeHHasi 3a1a4a
o [locTpoenue narpanxeBor (QyHKIIHH.
o BpIBOJ ABONCTBEHHOM 3aa4H.
e HuTepnperanusi ABONCTBEHHBIX IEPEMEHHBIX.
e AHanu3 cuIbHOW/caboi TBOWCTBEHHOCTH.
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Yacrs 2. UnciieHHOE pellieHne U aHAJIN3

1. BriOop YHMCJIEHHOT0 MeTo1a
o (OOocHoBaHME BbIOOpa MeTO/1a (TPAJUEHTHBIN CIYCK, YCKOpEHHBIE MeTO1bl, HBIOTOH,
CTOXAaCTHUYECKHE METO/IbI, MPOKCUMalIbHBIE MeTo1pl, ADMM u ap.).
e AHanu3 BBIYUCIUTENBHOMN CII0)KHOCTH.
2. Peanu3aumsi pemeHust
o Peanmuzanus Kak MUHIMYM OJTHOTO METOJIa BpYy4HYIO (0€3 MCIOIb30BaHUsI TOTOBOTO
CoJIBepa Kak «UEPHOTO SIINKAY).
o Pemenne 3a7auu ¢ MOMOIIBIO COBpeMeHHOTO coiBepa (Hanpumep, CVXPy, MOSEK,
Gurobi u ap.) A1 cpaBHEHUS.
3. DKcnepuMeHTAIbHBIH aHATU3
e HccrnenoBanue cXoquMOCTH METO/IA.
e AHanu3 BIUSHUA FHIEpHIapaMeTpoB (11ar o0yueHus, peryspusanus 1 T.4.).
e (CpaBHEHHUE METO/OB IO CKOPOCTU CXOJUMOCTU M YCTOWYMBOCTH.
4. PacmimpeHnue 3aga4uu
o JloGaBiieHre OrpaHUYEHUI WK PETyIIspU3aIiH.
o Pemenne pacmmpenHoi 3anaun MmetogoM mrpados uian ADMM (ecnu mpuMEHNMO).
5. BeIBOABI
o MHTeprperanust MoJy4eHHOTO PELICHHUS.
o [IpoBepka BBINOIHEHUS YCIOBUIN ONTUMAIBHOCTH.
o [IpakTHueckas uHTEpHIpeTaLys pe3yyibrara.

®opmar caaum:

Otuér (10-20 cTpaHuil) c MaTeMaTUHYECKIMH BBIKIIAIKAMHU
Konx ¢ komMeHTapusimMu

[Ipe3enTanus ass 3aIUThHI

JlemoHCTpanust paboThl alropuTMa

KpnTepnu OIICHMBAHUA NMPOEKTA:

o KoppekTHOCTB M CTPOrocTh MATEMATUYECKOM IIOCTAHOBKH 3a1a4K

e OOOCHOBaHHOCTH aHAJIN3a BBITYKJIOCTH U KJIACCU(PHUKALIMU 3a7a4u

o [IpaBHIBHOCTB BBIBOJA YCIOBUM ONTHUMAJIBHOCTH U JBOMCTBEHHOH 3a/1a4l
e ApryMeHTHPOBaHHOCTb BHIOOpPA UHCIEHHOTO METOa

o KoppekTHOCTh 1 CaMOCTOATENBHOCTD PEAIN3ALUU AIITOPUTMOB

o ['myOuHa aHanM3a CXOJUMOCTH U 3KCIIEPUMEHTAIILHBIX PE3yIbTaTOB
o (CpaBHEHHE METOJIOB U HHTEPIPETALUS PAZTUIAN

o [IpoBepka BBIIIOJIHEHNS YCIOBUN ONTUMAIBHOCTH

o KauecTBo K0J]a 1 BOCIIPOU3BOIUMOCTD PE3YJIBTATOB

e Jlorn4HOCTB, CTPYKTYpPUPOBAHHOCTD U SICHOCTb U3JI0KEHHUS

o KauecTBo 3a1uThl IPOEKTA U OTBETHI HA BOIIPOCHI

3apanus AJ1s1 MPOMEKYTOYHOM ATTeCTAIlUM MO JMCUMUILINHE (MOTYJIIO0)

Ne 3apanue OTtBer KomnereHnmus
n/n
1. Kakoii MmeTo momoraeT 3¢)(heKTHBHO MeTton nomuzaopa / YK-6
YIPaBISTh BpEMEHEM IIPH PELICHUH CII0KHBIX Pomodoro Technique /
3a/1a4 ONTHMM3AIIN? TEXHUKA MOMHI0pa / METOT
Pomodoro / Pomodoro-
METO / TEXHHUKA YIIPaBICHHS
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BpemeHeM Pomodoro / meTon
TanM-MeHeKMeHTa
Pomodoro / Pomodoro-

IMPAKTUKAM B OITUMHU3ALIUH.

TEXHHKA

2. Yxaxute obmryto Gpopmy Momenu s KonsekcHocTh IK-1
BBINYKIIOCTH (DYHKITHH.

3. YkaxuTe METOo]| MyOJIMYHOTO pazdopa Keiic-ctamn IK-4
I'PaJUCHTHOrO CITyCKa.

4, YkaxxuTe OCHOBHYIO 3aKOHOMEPHOCTD B ATIpoKcHMaIus IIK-1
CyOrpaiMeHTHBIX METO/IaX.

5. YKkaxuTe peKOMEHIAIMIO 110 BEIOOPY METOa 30510TOC CEUCHUE IK-5
JUISL OJTHOMEPHOM ONTHMHU3AIINH.

6. YKaxuTe pEKOMEHAAIMIO TI0 TPUMEHEHHUIO Nesterov momentum IIK-5
YCKOPEXKEHHBIX TPAANCHTHBIX METO/IOB.

7. YKaxuTe 3aKOHOMEPHOCTh B METOAaX UrepatuBHOE OOHOBJIEHUE IK-1
I'PaJUCHTHOrO CITyCKa.

8. Ykaxute crmocod myOInaHOTO MPEICTABICHUS [Ipe3enTanus [IK-4
PE3yIBTaTOB IO YCIOBUSIM ONTHMAIFHOCTH.

9. Kaxkoit MeTo 0THOMEPHON ONTUMHU3ALUU I'paauenTHBIN ciiycK YK-6
WCIIONB3YET MPOU3BOAHYIO JJIS TIONCKA
MuHEMyMa GyHKun? JlaliTe OTBET OAHUM
CJIOBOCOYETAHUEM.

10. | YkaxuTe KIIOYEBOU DIIEMEHT B METOIaX Munu-6aTt4 [K-1
CHIDKEHUS UCIISPCHH.

11. | YkaxuTe peKOMEHIAIHIO IO UCIIOIb30BAHUIO IIpoexnronHas TIK-5
Frank-Wolfe. OIITHUMU3ALHS

12. | Yxaxwure crioco0 mpeacTaBIeHUs Busyanmzarnus T[1K-4
MTPOKCHMAIBHBIX METOJIOB.

13. | Ha3oBwute yciioBre ONTUMATBHOCTH JIJIS 38724 Ycenosus Kapyma-Kyna- YK-6
C OrpaHUYECHUSAMMU, BKIFOYArOIICe MHOKUTEIN Takkepa
Jlarpanka. JlaiiTe OTBET OJTHUM
CJIOBOCOYETAHUEM.

14. | Ykaxute peKOMEHIAIHIO IO OI[CHKE CyOrpaiueHTHBIH CITyCK T1IK-5
HEernaakuX QyHKIHA.

15. | Ykaxwure popMaT OTUETa IO CTOXACTHYECKUM I'padux [IK-4
METOJIaM.

16. | Kako#i TvI ONTUMHU3ALUN IPUMEHSICTCS JJIs JInneitHoe VK-6
JUHENHBIX 33J1a4 ¢ orpanndeHusMu? Jlaiite HpOrpaMMHUpPOBAHIE
OTBET OJTHUM CIIOBOCOYETAHHUEM.

17. | YkaxuTre peKOMEHAALHUIO 110 MPUMEHEHUIO Adam [K-5
aJIANTUBHBIX ONITUMHU3aTOPOB.

18. | Ykaxure hopMaT myOJUIHOTO OOCYKICHUS Huckyccns I1K-4
COBPEMEHHBIX MMPAKTUK ONTUMH3AIIH.

19. | YkaxuTe peKOMEHIAINIO 10 TEKYIIUM Perynspuzanus TIK-5
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