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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Pabouas mporpamMma JucHMIUIMHBL (MOAysst) «MeToasl HENpEphIBHOW ONTHUMM3ALUN»
COCTaBJICHA B COOTBETCTBHH C (pe/iepalibHBIM TOCYJapCTBEHHBIM 00pa30BaTEIbHBIM CTAHAAPTOM
BbICILIErO 00pa3zoBaHusi — OakanaBpuar 10 HamnpasiaeHuto noaroroBku 38.03.05 busnec-
uHdopMmaruka, npoduis busHec M aHaNKUTHKA, YTBEPKACHHBIN NMPHKa3oM MHUHUCTEPCTBA HAYKH
u Belcuiero oopasosanus Poccuiickoit denepanuu Ne 838 ot 29.07.2020 roaa.

N3ydyenne aucumumHbl (Moayns) «MeTonsl HENpEephIBHOW ONTUMM3ALMMY IO3BOJISCT
CTyACHTAM MIUPOKO IMPUMCHATH IIOJYYCHHBIC 3HAHWA B PA3JIMYHBIX O6J'IaCT$IX, TaKHuX KakK
HSKOHOMUKA, MH)KECHEpHs M MH(OpMaTHKa, YTO MO3BOJISAET F(PPEKTUBHO peIlaTh MPaKTHYECKHUE
3agaun. Kpome Toro, 3HaHUE 3TUX METOJIOB CIIOCOOCTBYET PA3BUTHIO AHATUTHYECKOTO MBIIIICHHS
Y HaBBIKOB PELICHUS] KOMIUICKCHBIX IPOOIIEM.

MecTo JTUCUMIIIIMHBI (MOXYJIS) B CTPYKTYpe 00pa3oBaTeibHOI MPOrpaMMbl

Hacrosimas nucnumniiHa (MOIyJb) BKIIOYCHA B YISOHBIH IJ1aH 1O MPOTrpaMMe TOITOTOBKU
OakanaBpuarta 1o Hanpasienuro 38.03.05 busznec-undpopmaruka, npodmibs busnec n aHaaTUTHKA
¥ BXOJIUT B YacTh, (DOPMHPYEMYIO yYJaCTHHKaMHU 0Opa3oBaTeNIbHBIX OTHOIICHHH, bioka 1, kak
JTUCLHUILIIMHA TIO BRIOODY.

Jucnunnuza (Moaynb) u3ydaercsa Ha 3 win 4 kypce B 6,7 wiu 8 ceMecTpe Ha BBIOOD,
JIOCTYITHA IIOCJIE YCIIEHIHOTO OCBOEHMS AMCLUIUIMH (Monynei): «MaTemaTuueckuil aHanus» u
«Jluneiinas anreOpa U reoMeTpus» JTUO0 TUCHMILTHHBI (MOIyss) «OCHOBBI MaTeMaTHYECKOTO
aHaJIu3a 1 JMHEHHOW areOpbI».

Henp wu3yyeHMss AUCHUIUIMHBI (MOAYJIS)! 3aKJIIOYAaeTCs B OCBOCHUHM CTYAEHTaMU
OCHOBHBIX TEXHMK W QITOPUTMOB, IO3BOJIIIOIIMMHU HaXOOUTh ONTUMAJIBHBIE DELICHUS B
pa3IMYHBIX 33Ja4aX, CBI3aHHBIX C MAKCUMU3ALUEH NI MUHUMH3AIUEH QYHKIHI.

3agaum u3yyeHHus AMCHUILUINHBI (MOYJIsl) HanpaBlieHbl HA (OPMUPOBAHUE Y CTYACHTOB
CJIEIYIOIIMX 3HAHUI, YMEHU U HABBIKOB.

— (opMUpPOBaHNE YMEHHUS BBIYUCIATH OOPAaTHOE pacIPOCTPAaHEHUE OLIUOKH, ONPENEIATh
3ajJlaHa JIM 3a/1a4a Ha BBITYKJIOM MHOXXECTBE, ONpEAessATh CBOWCTBA (PyHKIMOHAIA, 00001aTh
IPaJueHT BBIMYKIIBIX (DYHKUIMN Ha HErJagKkue QyHKIMH, CTPOUTH IBOMCTBEHHBIE 33a]]a4H, a TAKKe
CTPOUTH ABOWCTBEHHBIE 3a]1a4l Yepe3 CONMPSLKEHHbIE PYHKIUHU, aHATUTUIECKU UCKaTh MUHUMYM
(GyHKIIMOHaNa ¢ OTpaHUYEHUSIMU;

— (¢opMuUpOBaHUE 3HAHUNA O YUCIIEHHBIX METO/aX ONTHUMM3AIMH, U3yYEHHE PA3IUYHBIX
METOJIOB UYMCJICHHOW ONTHMMM3AlMM M M3YyYEHHE MX CXOJUMOCTH, HW3YYEHHE BIUSHUSA
TUIIEpIIapaMEeTPOB Ha METO/IBI,

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

3HaAmMY.

— OCHOBBI MaTPUYHO-BEKTOPHOTO AU PepeHIINPOBAHUS;

— CBOICTBa BBITYKJIBIX MHOKECTB M BBITYKJIBIX (DYHKIUIA;

— MOHATHE CYOrpaJiueHTa;

— CBOICTBa CONPSKEHHBIX (DYHKIINMT;

— OCHOBBI TEOPUH JIBOMCTBEHHOCTH;

— ycnosusa Kapyma—Kyna—Takkepa;

— OCHOBHbBIE€ METO/IbI YHCIIEHHON ONTUMH3AIUY;

— YCJIOBUS CXOJUMOCTH YHCIEHHBIX METOJIOB;

— BIIMSHHE THIIEpIapaMeTpoB Ha 3PGEKTUBHOCTh METO0B ONTHUMM3AIIIH.

ymemp:

— BBINOJHATH MAaTPUYHO-BEKTOpHOE AU epeHnpoBanme;

— OMpEAENATh BBITYKIOCTh MHOKECTBA U (PYHKIIMOHAJA;

— MPUMEHATH CYOrpaJIMeHTHBIN anmnapat K HerJIaAKUM (QyHKIHM;

— CTPOUTH JBOMCTBEHHBIE 3a/1a4H;
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— HAaXOJUTh MUHUMYM (YHKIIMOHAJIA C OTPAaHUYCHHUSIMH;

— MPUMEHATH YACICHHBIE METOIbI ONITUMU3ALINH;

— MPOBOJUTH BEIYUCIUTEIBHBIE IKCIIEPUMEHTHI;

— 1moa0UpaTh THIEpIIapaMeTPhbl YUCICHHBIX METO/IOB.

6/1a0emo.

— HABBIKAMM aHaJM3a 33/1a4 BBITYKJIOW ONTHMU3ALUK;

— HABBIKAMH NIOCTPOECHUS IBOMCTBEHHBIX MOJEIEH;

— HaBbIKamMu npuMeHeHus ycnoBuil Kapyma—Kyna—Takkepa;

— HaBBIKAMH HCHOJIb30BaHMUS YMCIICHHBIX METOJI0B ONTHMH3AINM;

— HAaBBbIKAMH MHTEPIPETALMHU PE3YIHTATOB PEUICHUS ONTUMU3AUMOHHBIX 3a/1a4.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyembie B pe3ylbTaTe OCBOSHHS IUCHUILIMHBI (MOIYJsS) IpH
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

KommnereHuus Conep:xanue HUuauxarop | IMepevyeHn NIaHHpPyeMbIX pe3yJibTaTOB
KOMIIETEHI[U U KOMIIETEHIIUM | 00Yy4eHHs1 M0 JUCHUITHHE (MOAYJIIO)
YK-1. Crioco0eH ocyIIecTBISATh YK-1.1. 3HaeT MeTOo/pl TIOVCKA U aHaJIN3a
MTOMCK, KPUTHICCKUI nH(popMaIu B 001acTH pa3paboTKH,
aHaJIM3 U CUHTE3 OCHOBHBIE MTPUHIIUIIBI KPUTHYECKOM
UH(POPMALIUH, TPUMEHSTH OIIEHKH HCTOYHUKOB HH()OPMAIIUK U UX
CHCTEMHBIH MTOIXOJT IS PEJIEBAHTHOCTH.
pelIeH st TOCTABIECHHBIX YK-1.2. Vmeer KPUTHYECKU OLICHUBATh
3a1a4y UCTOYHUKH uHpopMauu u
CHHTE3UpOBATh JIAHHBIE W3 Pa3NYHBIX
HUCTOYHWKOB  JUIA  pEIICHWS  3ajad,
NPUMEHATh  CUCTEMHBIA  TOAXOJ K
AQHAIM3y ¥ PENIEHHI0 KOMILUIEKCHBIX
po0JIeM.
YK-1.3. HmeeTt npakTHUECKHIA OTBIT pabOTHI €
COBpPEMCHHBIMH MHCTPYMCHTAMU U
TEXHOJIOTHSIMH JJT1 00pabOTKH
nHpopMaIuu, GOpMyIUPOBAHUH H
CTPYKTYPUPOBAHHH 3a/1a4 Ha OCHOBE
HOJTy4E€HHON HH(OPMAIIHH.
OIIK-2. CnocoOeH IpoBOIUTH OIIK-2.1. 3HaeT OCHOBHBIE TEHACHIINH U
MCCJICIOBAHNE U aHAJIN3 XapaKTEPUCTHKU PhIHKA
PBIHKA WH(POPMAIIMOHHBIX CHCTEM U
UH(OPMAITMOHHBIX nH(pOpPMaALIUOHHO-
CHUCTEM U KOMMYHHUKAITMOHHBIX TEXHOJIOTUI
MH(OPMaLMOHHO- OIIK-2.2. | YMeer mpoBOIUTH HCCIIETOBAHUE H
KOMMYHUKaI[MOHHBIX aHaJIM3 PRIHOYHON MH(POPMAIUH [T
TEXHOJIOTH, BRIOUpaTh OIIEHKH MOTpeOHOCTEN ON3Heca U
palMoHaNbHbIEC PEIICHUS BbIOOPA ONTHUMANIBHBIX PEUICHHH
JU1s1 yHpaBJICHU OIIK-2.3. | imeeT nmpaKTHYECKHIA OTIBIT B
Ou3HECOM pa3paboTKe ¥ BHEAPEHUH CTpaTeTuil
ynpaBieHus: OU3HECOM Ha OCHOBE
aHalM3a peIHKa HH()OPMAIIMOHHBIX
TEXHOJIOTHH
[TK-2. CnocoOeH MCoIb30BaTh IK-2.1. 3HaeT OCHOBHBIE MaTEMATHYECKHUE
COOTBETCTBYIOIIHI METO/Ibl U UHCTPYMEHTAJIbHBIE
MaTeMaTU4YeCKun CpenacTBa, MPUMEHSIEMbIE JITIs
amnmapar u 00paboTKU U aHanu3a nHGOpMaIuu
WHCTPYMEHTAJILHBIE [K-2.2. Ymeet 3pPeKTUBHO HCIIOIB30BaTh
cpencTBa s MaTeMaTUYECKHH ammapar Jist
00paboTKu, aHamu3a u CHUCTEMaTU3aluu JaHHBIX U PELICHUs
CHCTeMaTH3aIlni poeCCHOHAIIBHBIX 3a]1a4
uH(pOpMaIINUU TI0 TEME [K-2.3. HmeeT npakTUyecKuil OnbIT paboThI €
WCCJICIOBAHMS TSI WHCTPYMEHTAMHU aHAIH3a
pelIeHus 3aaa4y nH(popManuu B paMKax
npodeCCHOHATbHON MCCJIEI0BATENBCKUX MPOEKTOB
JIeATEIIbHOCTH
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IK-3. Crioco6eH TOTOBUTh IK-3.1. 3HaeT TpeOOBaHUS U CTAaHAAPTHI
HAayYHO-TEXHUYECCKHE odopMIIeHUS] HAYIYHO-TEXHUYECKUX
OTYETHI, IPE3CHTALINH, OTYETOB, MMPE3ECHTAINI U MyOIMKAIUT
Hay4HbIE TyOJIUKAIIIU I1K-3.2. YMeer CTpyKTypupoBaTh U
1o pe3yJbTaTaM MPEJICTABIISITh PE3YJIbTATHI
BBIIOJTHEHHBIX WCCIICIOBAHUM B SICHOM U JOCTYITHOMN
UCCIeI0BaHU I dbopme
I1K-3.3. Nmeer mpakTUUECKU OIBIT
MOJATOTOBKH U MyOJIMKAIIMN HAYYIHBIX
MaTepHasioB, OTPAKAIOIINX
PE3yNIbTAThI BRIIOJTHEHHBIX
HUCCIEeOBaHUN
T1K-8. CrocobeH nox T1K-8.1. 3HaeT NPUHIIUIBI U CTAHIAPTHI
PYKOBOJICTBOM YIpaBJICHUS TPOCKTaMHU
CHeuHaJEHCTa Goree I1K-8.2. YmMmeer pa3zpabaTpiBaTh IJIAHBI U
BBICOKOH KaTeropuu OpPTaHW30BBIBATH MTPOCKTHYIO
OCYIICCTBIIITE JIESITEIIbHOCTh B COOTBETCTBHH C
TTaHUpOBAHHC 1 YCTaHOBJICHHBIMHU CTaHIAPTAMHU
OpraHH3alliio I1K-8.3. HMeeT npakTUYECKUH OIBIT y4acTus
MIPOCKTHOM

JACATCIIBHOCTH Ha
OCHOBC CTaHAApPTOB

YIIPABJICHUS IPOECKTaAMHU

B IIPOEKTHOI padoTe, BKIOYast
IUIAHUPOBAHKUE M KOOPIMHAIUIO 33124
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3. TemaTu4yeckuii mjian

Nen/ HaumenoBanne TpynoeMKocTh, akageMHYecKHe Yachl
n pa3aena AMCHUIIHHBI Ounas ¢popma
(MoayJin) AynutopHasi paboTa TKY
Jlexkmun | CeMuHapPBI CamocTosiTe | (TeKywuii KOHTPOJIb
(mpaktnyec | KonTpoan JIbHas ycneBaeMocTH)
KHe padora
3aHSATHA)
1 bazoBeie nmoHsaTHs U 2 2 10 Jlomaravie 3amanust
mddepeHunpoBanme
2 BrimyknocTs, 14 14 2 58 JloMarlHue 3aaHus,
TNIAJKOCTh U YCIIOBHS KonrtponbHas padota
ONTUMAIBHOCTH
3 [IpoexnmonHsie U 4 4 16 Jomarnrnue 3ananus
reoMeTpUUYECKHe
METOIBI
4 OrpanuyeHHas 6 6 24 Jomarnraue 3ananus
ONTUMU3AIUS U
METOAbl MHOXKUTEICH
5 CroxacTuka u 4 4 2 16 JloMaIrHye 3a0aHus,
pacnpesieiicHHbIC KonTposbHas pabora
METO/IbI
IK3amen 2
Hmozo: 30 30 6 124
Obvem oucuunaunsl (Mooyis) 190
(6 ax. u.)
Obvem oucyuniunsl (Mooynsn) 5
(6 3au. ed.)
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4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Neni/m HaunMeHoBaHue pa3aesia 1M CHUIINHBI Coaep:xanue TUCHUILIHHBI (MOYJIs1) IO TeMaM
(MoayJis)
1 bazoBblie nmoHsATHUS U bazoBbie nmoHsaTHS U QU GepeHITUpOBaHIEC
muddepeHnrpoBanne
2 BrInykin0CTh, TIIaJIKOCTh U YCIOBUS BEImyK10CTh, TaJKOCT B YCIOBUS ONTUMAIEHOCTH
OINTUMAJIBLHOCTH [IpoeknroHHbBIE I TEOMETPUIECKUE METOIBI
OrpanndeHHasi ONTUMH3AINA U METOABI MHOKHUTEICH
CroxacTuka 1 pacnpeae’IcHHbIE METOIbI
YckopeHue u onTuMaabHbIe MeTOAbI. COTpsiKeHHBIS
(byHKIIH
MeToa COnpsKEHHBIX TPaAUEHTOB. [IBOHCTBEHHOCTH 110
Jlarpanxy
Meton HproTOHA 1 KBa3MHBIOTOHOBCKHE METO/IbI. Teopema
Kapyma-Kyna-Takkepa
CyOrpaineHTHBI METOI, aJaNTUBHBIE METOBI.
Kraccucueckre BBl ONTUMH3AIIMOHHBIX 32,129
3 IIpoekIInOHHBIE U TEOMETPUUECKHUE Ipoexuus u anroputm @pank-Bynsda
METO/IbI MerTto[ 3epKabHOTO CITycKa
4 OrpannyeHHas ONTUMHU3aLUSA U MeToabl | Merton mrpadubix Gpynkuuii. ADMM
MHOKUTEIEH MeTto1 BHYTPEHHEN TOUKHU
CenioBble 331241
5 CroxacTuka u pacrpeeieHHbIe METOAbl | METOIbI pEayKIUH JUCTIEPCUH

Pacnipenenennast onTHMHU3AIAS
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VHuBepcuTer  pacnojaraeT  IOJAHBIM ~ HAa0OpOM  JIMIEH3MOHHOIO M CBOOOJHO
pacIpoCTPaHsIeMOro IPOrpaMMHOI0 OOECleYeHMs, BKJIOYas MPOAYKTHl OTEYECTBEHHOIO
IIPOU3BOJICTBA.

Kaxnplii cTyneHT B TedeHue BCEero IMepuoAa OOydeHHUs IOoJdydaeT HHIMBUAYaJIbHBIN
HEOTPAaHWYEHHBIH  JOCTYH K  DJIEKTPOHHO-OMOIMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
MH(POPMALIMOHHO-00pa30BaTENbHOM cpele  yHUBEPCUTETa. OTH CHCTEMBbl IPEJOCTaBIIAIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUHU YHUBEPCUTETA, TAK U 3a €r0 NpEAeIaMHu.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U UH()OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM.

OcHnognas numepamypa:

1. Toxkapes, B. B. Meroas! ontumu3anuu : yaeOHUK 17151 By30B / B. B. TokapeB. — MockBa
: I3marensctBo HOpaiit, 2026. — 440 c. — (Bricmiee obpazoBanue). — ISBN 978-5-534-04712-
7. — Teker : snextponHslii // OOpazoBatenbHas 1uardgopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/585737.

2. Cyxapes, A. I'. Metoasl onTUMH3aluu : Y4eOHUK U MPAKTUKyM A OakanaBpuara u
maructpatypsl / A. I'. Cyxapes, A. B. Tumoxos, B. B. ®enopoB. — 3-¢ u3a., ucnp. 1 J0M. —
Mockga : U3narensctBo FOpaiit, 2022. — 367 ¢. — (bakanaBp u maructp. AKaieMHUYeCKul Kypc).
— ISBN 978-5-9916-3859-3. — Tekcrt : anexTpoHHbIN // O6pazoBaTenbHas miaTdopma FOpait
[caiiT]. — URL.: https://urait.ru/bcode/507818.

3. onuapoB, B. A. Meroasl ontumu3anuu : yaeOHUK ais By3oB / B. A. 'oHuapoB. —
Mockaa : M3parensctBo FOpaiit, 2026. — 191 ¢. — (Briciiee o6pazoBanue). — ISBN 978-5-534-
16112-0. — Texkct : anekTponHb // Obpa3zoBatenbHas iargopma HOpaiit [caiit]. — URL:
https://urait.ru/bcode/582526.

Jononnumensnan numepamypa:

1. CyxapeB, A. I'. Meroapl oNTUMHU3ALUY | YI€OHHK M MPAKTUKYM JUIsi OakaiaBpuara u
maructpatypsl / A. I'. Cyxapes, A. B. Tumoxos, B. B. ®enopos. — 3-e u3a., ucnp. 1 J0M. —
Mocksa : U3gatenbctBo FOpaiit, 2022. — 367 ¢. — (bakanaBp u maructp. AkaieMHUeCKuil Kypc).
— ISBN 978-5-9916-3859-3. — Tekcrt : anekTpoHHbIH // O6pazoBaTtenbHas miatgopma FOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/507818.

2. Tepcenos, A. C. Jlekuuu no nNpukiIagHoOMy (pyHKIMOHAIBHOMY aHAJIM3Y ;| YUEOHUK IS
By30B / A. C. TepcenoB. — Mocksa : UznatensctBo HOpaiit, 2025. — 83 c. — (Beicuee
oOpazoBanue). — ISBN 978-5-534-18812-7. — Tekct : anekTpoHHbIN // OOpa3zoBarenbHas
wiatdopma FOpaiir [caiit]. — URL.: https://urait.ru/bcode/568927.

3. MakcumoBa, O. JI. OcHOBBI MaTeMaTHYECKOTO aHajlu3a: HEPABEHCTBA M OLIEHKU :
yuebHoe nocodue ais By30B / O. JI. MakcumoBa. — Mocksa : U3garensctBo FOpaiit, 2024. —
185 c¢. — (Bwicuiee obpaszoBanue). — ISBN 978-5-534-08224-1. — TekcT : 31EKTPOHHBIN //
O6pasoBarenbHas wiathopma KOpaiit [caiit]. — URL: https://urait.ru/bcode/541118.

6. MartepuajbHO-TeXHHYeCKOe o0ecreyeHne

YHuBepcuTeT pacrnojaraeT MaTepualbHO-TEXHUYECKOM 0a30i, COOTBETCTBYIOLIEH
JEMCTBYIOIMM MTPOTUBOIIOKAPHBIM MPaBUIaM U HOPMaM M 00ecriednBaroIIeii MpoBeIeHUE BCeX
BUJIOB JIUCUUIUIMHAPHOW W MEXIUCUUIUIMHAPHOW TIOATOTOBKH, MPAKTUYECKOW W Hay4dHO-
UCCIIEIOBATEIbCKON PaboT 00ydaromuxcs, NpeayCMOTPEHHBIX YU€OHBIM IIJIAaHOM.

[TomeneHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [Tl TPOBEACHUS 3aHATHI
JEKIMOHHOTO THIA, 3aHATHUM CEMHHApCKOro (MpakTUYECKOro) THMA, T[PYIIOBBIX U
MHAUBUAYaAJIbHBIX KOHCYJIbTAIMH, TEKYIIIETr0 KOHTPOJIS U MPOMEKYTOYHON aTTeCTalluH, a TaKKe
MOMEIIEHUS Il CAMOCTOATENBHOM paboThl M MOMEIIEHUS Il XpaHEHUS U MPO(UIAKTUIECKOTO
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oOciyxuBaHusl yaeOHoro obopynoBanus. [lomenieHrs yKOMITJIEKTOBaHbI CHEIIMATU3UPOBAHHON
MeOENbI0 U TEXHUYECKHUMH CPEJICTBAMHU OOYUYEHUS, CIYXKAIIUMU JJIsl TPEJCTaBlIeHUsT y4eOHOU
nHpopMaIuu OOJIBIION ayAUTOPHUH.

W3ydeHne qUCIHUIUTMHBI (MOTyJIsl) 00ECTICUNBACTCS B YUCOHBIX aAyJAUTOPHIX, OCHAIIICHHBIX

— CTOJIaMH U CTYJIbSIMU;

— KOMITbIOTEPHON TEXHUKOM;

— MEXaHUYECKUMH KaJbKYJIATOPaMU;

— CIEUHMaTU3UPOBAHHBIM 000PYI0BaHHEM, BKIIIOUYasl JEMOHCTPAaLlMOHHOE 000pyI0BaHHUE.

[TomereHust 1J1E CAMOCTOATEIBHOM paOOThHI 00YJAIOIIMXCS, B TOM YHCIIE IPUCIIOCOOICHHBIE
JUISl MCIIOJIb30BAaHMS WHBAIMJAMHM M JIMI[AMU C OIPAHUYEHHBIMU BO3MOYKHOCTSMH 3/10POBbS,
OCHAILEHbl KOMIBIOTEPHON TEXHUKOW C BO3MOKHOCTBIO MOJAKIIOUEHHS K ceTh «HTepHeT» u
oOecriedeHHEeM  JIOCTyNa B  JJEKTPOHHYIO  HH(OPMAalMOHHO-00pa30BaTebHYIO  CpEeay
YHuBepcurera.

OOyyarommMcst MPeIOCTaBIAETCS JAOCTYN (B TOM 4YHCIE YJAlIeHHBIN) K pecypcam
WH(OPMAIIMOHHO-TEIIEKOMMYHUKAITMOHHON ceTH «HTepHET», JIEKTPOHHBIM pecypcaMm (B TOM
Yuclie JJIEKTPOHHBIM OUOIMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM NpodecCHOHaIbHBIM 0a3zaM
JTAHHBIX ¥ UHOOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMAaM):

Ne HaumeHnoBanue nmopraia CcbLika
(u3naHus, Kypca, 10KyMEHTA)
1. | Hayunas snextponHas 6ubmuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OoubImoTeKa
2. Basa gaussix mus | T-cienuanucTos https://habr.com
3. | ba3za mannbIx ScienceDirect https://www.sciencedirect.com
4. | OdunmansHbli cailT MUHHUCTEPCTBA HAYKU https://minobrnauki.gov.ru/

BEICIIIEro oopasoBanus Poccutickoit @eneparmu

5. | ®enepanbheiii moprai «Poccuiickoe oopazosanue” | https://www.edu.ru/

6. | Muadopmannonnas cucrema "Eaunoe okHo noctymna | http://window.edu.ru/
K 00pa3oBaTelbHBIM pecypcam"

7. Enunast komekius 1udpoBeix 00pa3oBaTeIbHbIX http://school-collection.edu.ru/
pecypcoB

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

[lepeuenr WH(OPMAIIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPU  OCYIIECTBICHHUH
00pa3zoBaTeNbHOrO MpoIiecca 1Mo AUCIUTUINHE (MOIYJII0), B TOM YUCJIE KOMIUIEKT JTUIIEH3MOHHOTO
IpPOrpaMMHOTO  OOecleyeHus, COBPEMEHHble mpodeccHoHanbHble 0a3bl  JaHHBIX U
MH(OpPMalLMOHHbBIE CIIPABOYHBIE CHCTEMBI:

HaumenoBanmne 110 IIpousBoacreo JInnensuonnoe / cBOGOIHO
pacnpocTpaHsiemMoe

OnepanHoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapyGesxuoe | nniensuonHOE
bpaysepsbl:
Sunekc.Bpaysep OTEUECTBEHHOE CBOOOJIHO pacrpocTpaHsieMoe
Google Chrome 3apy0ekHOoe cBO0OOJTHO pacpoCTpaHsieMOe
OducHble NPUIIOKEHNS:
Microsoft Imagine (Visio, OneNote) 3apy0exHoe JIMIEH3HOHHOE
TeXstudio 3apyOexHOoe CBOOOHO pacIpoCTpaHseMOe
Adobe Acrobat Reader 3apyOexHoe CBOOOIHO pacIpoCTpaHseMoe
IIporpammHoe o6ecniedeHne 115 IVIAHMPOBAHNUS M YYeTAa BpeMEHH:
Toggle app | 3apyOexHOe | cBOOOJTHO pacIpOCTpaHsIeMOe
CucreMbl ynpaBJjieHHsI TPOEKTAMM:
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Microsoft Imagine (Project) | sapy6exHoe | nuuensuonnoe

CucreMbl ynpapJjeHusi 6a3aMu TaHHBIX:

Microsoft Imagine (SQL Server) | sapyGesxHoe | nuuensnonHoe

Cucrtemsbl peseppHOro konuposanus (backup):

Acronis Backup Advanced for HyperV | 3apy6erxHoe | nurensnonHOE
CnpaBoYHO-IIPAaBOBBIE CHCTEMBI:

KoncynprantlLiioc: cripaBoOuHO-IIpaBOBast OTEUECTBEHHOE JIMIICH3HOHHOE

cucTeMa

CpencrBa aHTMBHPYCHOM 3aIIMTHI:

Kaspersky Endpoint Security amst 6usneca OTEYECTBECHHOE JUIEH3UOHHOE
Crampmaprasii Russian Edition

Cpenpl pa3padoTKkm:

Visual Studio Code 3apy0exHOe CcBOOO/THO PACTIPOCTPAHSIEMOE
Bash (Unix shell) 3apyOexkHOE CBOOOHO pacIpOCTpaHsIeMOe
Anaconda 3apyOexxHOe CBOOOJTHO pacIpocTpaHsIeMoe
Robotic Operating System 3apy0exKHOE CcBOOOJTHO PACIIPOCTPAHSIEMOE
CopelliaSim 3apy0exKHOe CcBOOOJTHO PACIIPOCTPAHIEMOE
Google Colaboratory 3apy0exHoe CcBOOOJTHO PACTIPOCTPAHSIEMOE
IMakeThl MPOrPaAMMHBIX CPEICTB H OHOINOTEK:

AutoPsy 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Interactive Disassembler (IDA) 3apy0eKHOE CBOOOJIHO PACIIPOCTPAHIEMOE
Cucrtembl ynpapjeHusi onéanorpaguyeckoii HHGpopmManueii:

Zotero | 3apy6exHoe | cBOGOIHO pacIpocTpaHseMoe
CepBHCHI B CITYKOBI:

Bind 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
Docker 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMOoe

7. MeroanyecKue v OlleHOYHbIEe MATEPHAJIBI
MeToanyeckue yKazaHHus I 00y4AIOUIUXCH 110 OCBOCHUIO TUCHHILIMHBI (MOYJIs1)

B npouecce nzyuenust 1ucuuIuIMHbL (MOAyssl) «MeTo/ibl HENPEepbIBHOM ONTHMHU3ALNNY B
paMKax TEKYyLIEro KOHTPOJS yCIEBAeMOCTH HMCIIOJB3YIOTCS Takhe BHUbI yueOHOW paboThl, Kak
JIEKI[MU, CEMMHApPBI, JTOMAIHUE 3aJaHHsl U KOHTPOJbHBIE PaOOThl, a TAaKXK€ PA3JIUYHBIE BU]IBI
CaMOCTOSITENIbHOW paboThl 0Oyyaromuxcst MO 3aJaHHI0 TpernojaBaTeNs, HalpaBJCHHbIE Ha

PasBUTHUC HaBBIKOB HpO(i)CCCHOHHJ'IBHOfI JICKCUKH, 3aKpCIUICHUEC MPAKTUYCCKUX
HpO(i)CCCI/IOHaJ'H)HBIX KOMHCTGHHI/Iﬁ, NnoompeHNEC NHUIIUATUB.
ﬂekuuﬂ - CUCTEMATUYCCKOC, OCICa0BAaTCIBHOC, MOHOJIOTHYECKOC MU3JI0KCHUC

nmpenoaaBareneM y4eOHOro MaTepuana, Kak MpaBuio, TEOPETUYECKOTO XapaKTepa.

B mporecce neknuii peKOMEHIyeTCS BECTH KOHCIIGKT JIEKIIMNA: KPaTKO M CXEMaTHIHO
¢dbuKkcupoBaTh OCHOBHBIC HJIEH, BBIBOJBI M OOOOIICHMS JEKIMH, BBIIEISITh Ba)KHBIE MBICIH,
KITIOYEBBIC CJIOBAa M TEPMHHBI. HEoOXOIMMO OTMETHTH BOMPOCHI WM MaTepUaIbI, KOTOPHIC
BBI3BIBAIOT 3aTPYAHECHUS, U TIOMBITATHCSI HAWTH OTBETHI B PEKOMEHJOBAaHHOM nuTeparype. Ecnu
pa3o0parbcsi B Marepuaie He yHaercs, cieayeT chopMyaupoBaTh BOIMPOC W 3a1aTh €ro
MPEToAaBaTeNo Ha KOHCYJIbTAIUU UM BO BPeMsI CEMUHAPCKOTO (MTPAKTUYECKOT0) 3aHSATHS.

Cemunap — 310 (hopma yueOHOH IesATEeTLHOCTH, TPOBOAMMAs B Y4eOHOM 3aBEICHUH TIO]T
PYKOBOACTBOM TMpEMojaBaTesis, TI/A€ CTYACHTHI AaKTUBHO YYacTBYIOT B OOCYXKICHHSIX,
MPAKTUYECKUX 3aJJaHMsIX U APYrux (popmax B3auMOACHCTBHUS.

Jns ycneurHoi moAroToBKM K CEMUHAPY PEKOMEHIYETCS 3apaHee 03HAKOMUTHCS C TEMOU
3aHATUA W OCHOBHBIMH MaT€puajlaMu, YyTOOBI MMETH BO3MOYKHOCTH AKTHBHO y4aCTBOBAaTh B
obOcyxaeHnu. Takxke MOJIE3HO MOATOTOBUTH BOIMPOCHI U WU ISl OOCYKIEHUS, YTO MTOMOKET
rI1y0Ke MOHATh MaTepUal U MPOJIEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTD.
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Jlomawnee 3a0anue — HabOP 3a1a4 1O TEMaM HEJICIIH.

HpI/I pa60Te Had AOoOMalllHUMHU 3aJaHUSIMHW BaXHO BHHUMATCIIBHO O3HAKOMUTLBCI C
TpeOOBAaHUSAMHU U CPOKAaMH BBINOJIHCHHs. PeKoMeHyeTcss pa30MBaTh 3aJaHHs HA 3Tarbl, YTOOBI
n30exarh MEeperpy3kd M JIydille yCBOUTh Marepuai. Mcmonp3oBaTh pa3iuyHble HMCTOYHHKU
uH(pOpMaIKH, BKIOYas YIeOHUKH U OHJIAHH-PECyPChI, I 00Jiee rITyOOKOro MOHUMAHHMSI TEMBI.

Koumponvnas paboma — nuceMeHHasi pabota ¢ HabopoM 3a/1a4, KOTOPbIC HYXKHO PEIIUTh 3a
OrPaHUYCHHOE BPEMSL.

[{enb KOHTPOJIEHOM PabOTHI — MOMYYUTH CHEIHATLHBIC 3HAHUS TT0 OJTHOU MU HECKOJIBKIM
TeMaM TUCHHUIUIMHBI M TIPOJICMOHCTPUPOBATh HABBIKH UX MPAKTHYCCKOTO IPUMCHEHHS.

bonycnvie b6annvl — 3TO OLEHKU, KOTOPHIE CTYACHTHI MOTYT TOJYYHUThH 32 BBIOJHEHHE
JOTIOTHUTEIIBHBIX 3a/1aHUH.

@®opmar OOHYCHBIX OajUIOB TMO3BOJIIET CTYJACHTaM YIYYIIUTh OOMIYI0 OLEHKY IO
TUCIUILIMHE (MOAYIIO) U CTUMYIUPYET YIIIyOJIeHHOE H3YUeHHE MaTepua

Camocmosmenvrnas paboma — padoTa CTYJEHTOB, HANpaBJIEHHAs Ha YINIyOJIEHHOE
M3YYEHHUE OTJIEIbHBIX TEM U BOIIPOCOB YUYECOHON AUCIMILITUHBI (MOTYIS).

B miporiecce caMocTosITeNIbHOM PabOThI CTYIEHTHI B3aUMOACHCTBYIOT C PEKOMEHOBAaHHBIMHU
MaTepuaiaMy MPyU MUHUMAIIBLHOM yYacTHH MpenojiaBaTess. 3aauu CTyJeHTa BKIIOYA0T padoTy
C KOHCIIEKTaMu JIKIui (00paboTka TeKCTa), MOBTOPHOE M3yUEHUE YUeOHBIX MaTepUAJIOB IIAHOB
U TE3UCOB OTBETOB, U3yUEHHUE JOMOJHUTEIBHBIX TEM, BHIMOIHEHHE y4eOHO-HUCCIIETI0BATENbCKUX
3aJJaHUI U IPYTOE.

Cucrema oneHUBaHUs Pe3y/IbTaTOB 00y4YeHHs 10 JUCHUILIMHE (MOAYJII0)

Kputepun nmosryyeHusi ypoBHS M OLlEHHBAHUS C(POPMUPOBAHHOCTH KOMIETEHIHI M0
AUCHUILIMHE (MOaY./110) «MeToAbl HeNpepPbIBHOM ONTHMU3ALUN»

OueHuBaHuEe ypOBHSI YUYEOHBIX JOCTHKEHHUH, OOy4YalOMUXCA MO JUCHUIUIMHE (MOJIYIIIO),
OCYIIIECTBIISIETCS B BUE TEKYIIET0 KOHTPOJISl yCIIEBAEMOCTH U IMTPOMEXKYTOUYHOM aTTeCTaIUH.

IIpomexyTouHasi aTTecTalusi 10 JUCIUIUIMHE (MOJIYJIO) OCYIIECTBISIETCS B (opme
9K3aMeH, IPU STOM MTPOBOJAUTCS OIICHKA KOMIIETEHIIUH, CPOPMHUPOBAHHBIX MO JUCIUILIHHE.

Jlist OolleHWBAHWS TEKYIIETO KOHTPOJS YCIEBAEMOCTH M IMPOMEKYTOYHOH aTTeCTaIrluu
UCIIONB3YETCS IecATUOAIUIbHAS IIKaja OLEHUBAHUS, KOTOpask COOTHOCHUTCS C TPaTUIIMOHHON
nATUOATUTPHON IIKAJION CIEAYIOMMM 00pa3oM, €ClIi HHOE HE YKa3aHO B CHIUTA0yCe NUCIUILIAHBIL:

JecaTubannbuas IlaTudanabuas OO0mas xapakTepuCTHKA pe3yJIbTaTa 00y4eHusl 1Mo
OlleHKAa OLlEHKA AUCUMIIMHE (MOIYJIIO)
10 OTinyHO CTyZIeHT NOJHOCTBIO BIAJEET 3HAHMAMU, HU3JIOKEHHBIMH B
9 OTIUYHO paboueii nmporpaMme, U TIYOOKO OCMBICISIET TUCIHUILTUHY. OH
8 OTIMYHO CaMOCTOSITETIbHO M JIOTUYECKU IIOCIIEIOBATENbHO OTBEYAET Ha

BCE BOIMPOCHI, AKIEHTHPYS BHUMaHWE Ha Hauboliee BaKHOM.
YMmeer aHaMM3UpOBAaTh, CpPAaBHUBATH, KJIacCU(HULIHUPOBATD,
0000maTh,  KOHKPETHU3UPOBAaTH M CHCTEMAaTHU3HPOBATH
W3Y4YEHHBIA MaTEpHUall, BBIAEISS KIKOYEBBIE MOMEHTHl U
YCTaHaBNUBas  NPUYUHHO-CIEJCTBEHHbIE  CBs3U.  UeTko
(bopMyJIIpyeT OTBETHI, YBEPEHHO MHTEPIIPETUPYET PE3YIIbTATHI
AHAJIU30B U APYTUX UCCIENIOBAHUMN, a TAKXKE PEIUAET CIIOXKHbIE
3agauyd. CTyIEHT XOpOIIO 3HAKOM C METOJaMHU HCCIIEA0BaHus,
HEOOXOJUMBIMHU JUIA TPAKTUYECKOW NEATENbHOCTH, U YMEET
CBSI3BIBATH TEOPETHUYECKHE ACTEKTHl JUCLHUIUIMHBI (MOIYJs) C

MMPAKTHUYCCKHUMU 3aJla4aMu.
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JlecaTnoanabHas
OIleHKA

IIaTnéananLuasn
OILICHKA

O0mas XxapakTepUCTHKA Pe3yJIbTaTa 00y4eHusl 1o
AUCUHUIJINHE (MOIYJIIO)

7

Xoporo

6

Xoporo

CryneHT oOnajaeT 3HAHUSAMHU MPEAMETa IOYTH B TOJTHOM
o0beMe pabodeil mporpaMMbl B CaMOCTOSITEIIBHO, JIOTHYECKH
MOCJIe0BAaTENFHO U BCECTOPOHHE OTBEYAET Ha BCE BOMPOCHI,
aKIICHTUPYS BHUMAaHUE Ha HauOoJiee 3HaYMMbIX MOMeHTaX. OH
yMeeT aHallM3UpoBaTh, CPaBHUBATh, KJIACCH(OUIPOBATH,
0000maTh,  KOHKPETH3MPOBATh W  CHCTEMAaTH3UPOBATh
W3yUYCHHBIH MaTepHai, BBIJENsAs €ro KIYeBbIe ACHEKThl U
yCTaHaBIIUBas MPUIMHHO-CJICICTBEHHBIC CBsi3U. DopMynupyeT
CBOM OTBETBI, YBEPEHHO WHTEPIPETUPYET PE3yabTaThl
aHAITM30B M JPYTUX HUCCIIEAOBAHUMN, a TAKXKE PEIIAET CIOXKHbIC
CUTYaIlMOHHBIC 3a1a4i. CTYACHT XOPOIIO 3HAKOM C METOJIaMHU
UCCIICIOBAHUS,  HEOOXOAMMBIMH  JUIi  TPAKTHYECKOU
JIESATEIILHOCTH, U YMEET CBS3bIBATh TCOPETUUYCCKUE ACIICKTHI
mpeaMeTa ¢ IPAaKTHYSCKUMHU 3a1adaMH.

'Y IOBJIIETBOPUTEIBHO

'Y 1OBIETBOPUTENBHO

CryneHt oOnamaeT 0a30BBIMH 3HAHUSAMHU M0 JUCIUILIMHE
(MOJYIT0), HO UCTIBITBIBACT TPYIHOCTH TPH CAaMOCTOSITEIbHBIX
OTBETaxX W HCIONB3YeT HETOYHblE (OpPMYIUPOBKH. B xome
OTBETOB OH JIONMYCKACT OMIMOKH, KaCatOIIUECs CYTH BOIPOCOB.
CtyzeHT criocoOeH pemiath TOJIbKO caMble TPOCThIC 3a1aud U
BJIaJccT JINIIb MHUHHUMAaAJIbBHBIM Ha60pOM METOA0B
UCCIICIOBAHUS.

He cnan

He cnan

He cnan

CryneHT He OBNaJien 00sM3aTeIbHBIM MUHUMYMOM 3HaHUH 110
MpEeAMETY U HE MOXKET OTBETUTh Ha BOIPOCHI, JAXKE €CIIU
MperoAaBare’db  3aJaeT  JOTOJHHUTEIbHBIE  HABOJSIINE
BOITPOCHI.

Jucnunimza (Moaynb) «MeTobpl HenpepbhIBHON ONTUMU3ALINNY OLEHUBAETCS CIEAYIOINM

obpa3zom:

AKTHBHOCTH

Bec

Onucanmne

Homamrnee 3amanue | 20% | Habop 3agad o Temam Henenu

KonTtponbsnas padora | 40% | [lucemenHast paboTa ¢ HabopoM 3a/1a4, KOTOPBIE HYXKHO PELTUTh 3a
OTpaHUYEHHOE BpeMs

DK3aMeH

40% | [TucemenHas unu ycTHasi paboTa Hajl 3aJJaHieM, HaTlpaBJICHHBIM Ha
MIPOBEPKY IOJIyUEHHBIX 3HAHUN U HABBIKOB MO JUCHUIUIMHE (MOIYIIIO)

B pamkax u3yueHus: AUCUUILUIMHBI (MOYJIs1) BO3MOYKHO MOJIy4€HHE OOHYCHBIX 0alioB.

®opmyJia pacyéra MTOIOBOM OLEHKHM 10 JAUCHUILIMHE (MOAYJII0)

«MeToambl

HenpepbIBHOI onTumuzanuu». «0,2 X cpenHee 3a nomamnue 3amganus + 0,4 X cpeagHee 3a
KOHTpOJBbHBIE paboThl + 0,4 X sK3aMen».

Texkymmii KOHTPOJIb yCIIeBAeMOCTH 00y4alOIIUXCS M0 JUCHUILIHHE (MOAYJII0)

IIpumepHbIe JOMaNIHUE 3aIaHUS
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Jlomamnee 3aganue 1.

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.

JlomamHee 3agaHue 2.

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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JlomamHee 3aganue 3.

Ontumusauyusa ana scex! 3agaum Ha gom. Hepgens 4

3ANAYAT 2 6anna

JFOKaxuTe, 4TO 3Ta QyHKUMSA BLINYKNa:
¢ \ 1 3 L n2 L
fle,y,2)= .'_:m:(: I +€ ) +{z=2)"+e7+v

rae gyukuma [ : ¥ — K umeer o6nacts ONPEALNEHIA, ONPEABNEHHYIO KaK:

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,,

[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;).
P =1,k

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) fBnsieTcs jt-CHNBHO BBINYKNOW <= cywecTeyer j: = () Takoe, 4TO GyHKLMA

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

IIpumepHbIe 3a1aHNS 1JIs1 KOHTPOJIbHON PadoThI
KonTtpoabnas padora
3aoanue 1: Memoo conpax;cenHHbIX 2paoueHmos
1. Onwumure aaropuT™M MeToja CONPSDKEHHBIX TPaJMEHTOB. B WeM ero mpeumyiiecTna 1o
CPaBHEHMIO C METOJIOM I'PaJINEHTHOTO CITycKa?
2. KakoBbI ycI0BHS CXOAMMOCTH METO/1a CONPSKEHHBIX I'PaJUEHTOB?
3. TlpuBemute mpuMep 3a1auu, TA€ METO CONPSHKEHHBIX TPATUSHTOB OyIeT A (EeKTHBEH.
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4.

5.

PaccunraiiTe  HECKOJBKO  IArOB  METO/AA  COMPSDKEHHBIX — TPAJUEHTOB  JUIS
dynaxuun f(X)=x?+2y? ¢ HavansHO# 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 padbortaet meto HeroTona. Kakosa ero cxonumocts?

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 yJIy4IIUTh TPOU3BOAUTEILHOCTh 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 GyHKIMU, 151 KOTOPOU CYOTrpaJUeHTHBIA METO OyAeT MOJIe3€H.
KakoBbl OCHOBHBIE IPEUMYILECTBA U HEOCTATKU CYOrpaJueHTHOro MeToa?
PaccuuTaiite 00HOBIICHHE TAPAMETPOB C UCIOIB30BAHNEM CYOTpaJHEHTHOTO METOA JIIS

byuximn f(X)=x|.

3aoanue 4: lpoexyus u anzopumm @pank-Bynvha

6.

7.
8.

9.

Onumure, 4TO TaKoe MPOEKLHsS HA BBITYKIYIO O0OJOYKY M KaK OHa HCIOJIb3yeTCsl 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 anroputma @pank-Bynbsgha B 3aBUCUMOCTH OT pa3MEPHOCTH 33a4uu?
3aoanue 5: Memoo 3epkanbhozo cnycka

1.
2.
3.
4

5.

OObsicHuTe, Kak paboTaeT METOJl 3€PKAIbHOIO CIIyCKa M B KakUX CIy4yasx OH
HIpUMEHSEeTCS.

Kakne mpenmymiecTBa JaeT METO]| 3€pPKaJbHOTO CIYCKa IO CPAaBHEHHIO 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?

PaccunTaiiTe maru MeToa 3epKanbHOro ciycka ans ¢pyaxmun f(x)=05(x—3)? ¢ HauanbHO#
toukoit X0=0.

3aoanue 6: Memoo wimpaguvix gpynkuyuii u ADMM

6.
7.
8.
9.

Yro takoe MeToA TpadHbIX QYHKIMHA U KaKk OH paboTaeT?

O0wsicauTe, Kak padoraer meron ADMM (Alternating Direction Method of Multipliers).
B kakux cinydasx meron ADMM MoxeT ObITh MPeNOYTUTENbHEE IPYTUX METOI0B?
[IpuBenuTe mpumep 3amayu, Te NPUMEHEHHE MeToja MTpagHBIX (QyHKIUN OyneT
YMECTHBIM.

10. KakoBbI OCHOBHBIE IPEUMYIIECTBA M HEIOCTATKH METOJO0B IITpadHBIX (GYHKIUH H

ADMM?

3aoanue 7: Memoo enympenHeil mouku

1.
2.
3.
4.
5.

OnwumuTte, Kak paboTaeT METOJ] BHYTPEHHEH TOUKHU M B KAKHUX CIy4asX OH IPUMEHSETCS.
KaxoBa Cl10)KHOCTh METO/1a BHYTPEHHEN TOUKH JIJIS TMHENHBIX ITporpamm?

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

Kakue npoOiembl MOTYT BOSHUKHYTh IIPU UCIOJIb30BAHUN METOJ1a BHYTPEHHEH TOUKH?
Paccunraiite maru MeTo1a BHYTPEHHEN TOYKH JUUIs IIPOCTOM 3a1a4u ONITHUMU3ALUU.

3aoanue 8: Ceonoevie 3a0auu

6.
7.

OHpCI[CJ'II/ITC, 4TO TAaKOC€ CCAJI0BaAd 3aia4a U MMPUBCAUTE ITPUMCDP.
KaxoBs1 YCIOBUA ONTUMATIBHOCTHU IJIA CEAJIOBBIX 33)13‘1?
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8. OOBsicHUTE, KaK MOXKHO PEIINTh CEIJIOBYIO 33a/lady C IMOMOIIBI0 METOJIa TPATUEHTHOTO

CILyCKa.

9. IlpuBenure npuMep NPUMEHEHUS CEIIOBBIX 337a4 B SKOHOMHUKE WIIM TEOPUU UTP.
10. KakoBbI OCHOBHBIE TPYAHOCTH, BO3HUKAIOIIUE P PEIICHUH CEAJIOBBIX 3a1a4?

33[[31-[1/[9[ IJIA l'[pOMe)KyTO‘lHOﬁ aTTeCTallii 110 JTMCHMUIIJIMHE (MOHYJ'IXO)

Saganue

OTBeT

Komnerenmus

KakoBa ocHoBHas uest metona HerotoHa jist
HAXO0XKJICHUS 3KCTPEMYMOB (PYHKIIUN?

a) Mcronp30Banue TONBKO IEPBOTO MPOU3BOIHOTO
b) Mcnonp30BaHme MTEPBOTO M BTOPOTO MPOU3BOTHBIX
¢) Mcrnonb3oBaHue TOJIBKO BTOPOTO MTPOU3BOJAHOTO

d) Mcnonp30BaHne YUCISHHBIX METOIOB

b

YK-1

Kakoit W3  crmeayromux  METOMOB  SIBJSIETCS
KBa3HMHbIOTOHOBCKUM?

a) MeTtoa rpalieHTHOTO CITyCKa

b) Meron Bpoitnena-daeruepa-T'onadpapoa-Ilanno
(BFGS)

¢) Meron HeroTona

d) Merop cydrpaaneHToB

YK-1

B kakmx ciydasx 1menecooOpa3HO HCIIOIb30BaTh
CyOTpaIueHTHBIN MeTO1?

a) Jlmst rmagkux yHKImit

b) s HeBBITyKIBIX (pyHKITHI

¢) st BBIMYKIIBIX, HO HE TAaIKuX (QyHKIUH

d) dns Bcex TumOB (hyHKITHI

YK-1

KakoBa ocHOBHas 11e71h METO/Ia 3ePKAILHOTO CITyCcKa?
a) Munumu3zanus QyHKIUN 0e3 OrpaHnIeHUH

b) Tlouck ONTUMATBHOTO PENICHUS B BBIMYKIOH
o0oJiouke

¢) TlpeoOpa3oBanue 3aja4n ONTUMH3AIKK B 33]a4y C
OrpaHUYCHUAMUA

d) VYcrpaneHue — HEOOXOJAMMOCTH  BBIYMCICHUS
rpajileHTa

YK-1

Kakoii u3 cieayromux moaxo0B SBIseTCs OCHOBHBIM B
METO/Ie BHYTPEHHEN TOUKHU?

a) Ilomck oskcrpemMymMa Ha rpaHune 00JacTH
JIOITYCTUMBIX PELICHUI

b) IlocrenenHoe mpuUONMKEHHE K TPAHUIE OOJIACTH
JIOITYCTUMBIX PELICHUI

c¢) MHcnonw3oBanume mTpadHbIX GYHKOMHA s
00pabOTKH OrpaHU4EHUH

d) Ipumenenue merona Jlarpamxka Juisi HaXOMXKICHUS
onTUMyMa

OIIK-2

Kakoii METOA OIITUMHU3 a1 OCHOBAaH Ha
HCIIOJIb30BaHMU  MMPOU3BOJAHBIX  JJIA HaXO0XICHUA
JIOKAJIbHbIX MUHUMYMOB U MaKCI/IMYMOB?

Meton Herotona

OIlIK-2
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7. Kak Ha3pIBaeTCS MeETOH, KOTOPBIM HCHONB3yeTCsA il | Pemykuus aucnepcun OIIK-2
YMEHBIICHUS TUCIEPCHH B CTOXAaCTHYECKHX METOJaxX
onTuMH3aIuu?
8. Kakoii  agroputM  ONTUMH3AaLUK  HCHOJIB3YET SGD/ OIIK-2
cilydaifHble TpaJWeHTHl Uil OOHOBJICHHUS TapaMeTpOB Croxacruieckuit
Mozen? TPaAUEHTHBIN CIIYCK
9. Kakoit Merom wucmomp3yercs s HaXOXICHUS Anroputm @paHK- I1K-2
JIOKaJbHOTO MUHMMYMa B OTPaHUYEHHBIX O0JacTAX C Bynsga
HCITOJIb30BAaHUEM TPOCSKITHN?
10. | Kak Ha3pIBaeTCs IMOIXOM, KOTOPHIA codeTacT B cebe Yckopenue [K-2
CTOXAaCTHUYECKYIO ONTHMHU3ALUIO U METOMbl YCKOPEHUS
JUTs IOBBIIIeHUs ) hekTuBHOCTH?
11. Kaxoit kimacc METONOB ONTUMHU3AIMHU HCIONB3yeT | KBa3sMHBIOTOHOBCKHE I1K-2
BTOpBIE TPOU3BOAHBIE IS YIYUIIEHHUS] CXOAUMOCTH? METOABI
12. | Kakoii TepMHH HCHONB3yeTCS IS OMHCAHHS Hucnepcust [K-2
YMEHBIICHUS]  BapHaldd  OLEHOK B  Mpolecce
ONTHUMMU3ALUN?
13. | Kakoift MeTomx HCHONB3yeTCs M  HAXOXKICHHS [Mpoexmus [K-3
ONITUMAJILHOTO PEIICHUS B 3a/la4ax C OrpaHHYCHHSIMH,
OCHOBaHHBII Ha IPaJUEHTHBIX METOAAX?
14. | Vkaxure Ha3BaHHE OCHOBHOIO IOHATHSA B JIMHEHHOM | BekTtop /BekTopHOE IK-3
anre0Ope, CBI3aHHOTO C BEKTOPHBIMU IPOCTPAHCTBAMU U IIPOCTPAHCTBO,
onepanusMH HaJl MATPULIAMH. TIMHEHHOS
MPOCTPAHCTBO
15. | Vkaxurte yciaoBue, MpH KOTOPOM (PYHKIHSI CUHTACTCS I'eccuan [1K-3
BBIMYKJIOW HA MHOYKECTBE. HeoTpHLaTeleH /
MIOJIOKHUTENBHO
[IOJIYOTIPEAETICHHBII
recCHUaH,
HeoTpULAaTeIbHAS
BTOpast MPOM3BOHAS
16. | Ykaxure METOJ ONTUMHU3AIMHU, KOTOPBIH HCIIOIB3YeT CroxacTuieckuii IK-3
CIy4aliHyl0 BBIGOPKY T'pajMeHTOB sl YCKOpeHHs | T'DaJMCHTHBIN CITyCK
00yueHusI. ISGD, .
CTOXACTHUECKHHA
rpajIieHT
17. | Ykaxure anropuT™, KOTOPBIH YCKOPSIET TPAAMEHTHBIA | Y CKOPEHHBIA METO. [1K-8
CITYCK C TOMOII[bIO MOMEHTOB U TIOJIMHOMOB UeObIéRa. Hecreposa / Nesterov
acceleration,
yckopenue Hecteposa
18. | Ykaxkure MeTom, UCIONB3yeMBbId s pemieHus | MeToa CompsKeHHBIX I1K-8
KBaJpaTHUYHBIX 3a/a4 C IIOMOLIbIO COIPSDKEHHBIX IpajNCHTOB / _CG,
HaTpaBIEHHii. conjugate gradients
19. | Vkaxkure moaxox, KOTOPHIi anmpoKCUMHPYET recChHaH BFGS / Broyden— I1K-8
MAaTPHIIBI B KBA3MHBIOTOHOBCKHAX METO/AX. Fletcher—Goldfarb—
Shanno,
KBa3HHbIOTOHOBCKUI
METOJ
20. | Ykaxure MOHSATHE, OMHUCHIBaroliee cyOrpaaueHt kak | CyOomuddepentman / I1K-8
00001IeHIe TpaIueHTa AJIsl HEBBIMTYKIIBIX (QYHKIIUH. cybmuddepenrman,
cyOrpaneHTHOE
MHOXECTBO
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21. | YKaxuTe ajropuT™M, KOTOPBIA MPOCHHUPYET I'PAIHEHT [IpoexuroHHBIH IK-3
Ha OrpaHHMYEHHOE MHOKECTBO JUIi pelleHHs 3ajau | TPAAMCHTHbIN cryck /
ONTHMHU3ALINH. PGD, projected

gradient descent

22. | YkaxuTe  METOJ, WHCIOJB3YIOMUH  3epKajibHOEe | MeToxa 3epKabHOTO I1K-3
OTpakeHHE Uil  OOHOBJEHHS  TICPEMCHHBIX B crycka / mirror
ONTHMHU3ALINH. descent

23. | VkaxuTe anroput™, npuMeHsembii mis permrenus | ADMM [ alternating IK-8
3amad ¢ mrrpadueiMA GyHKIMAMA 1 gepenyrommmucs | direction method of
HATIPABIEHHAMIL multipliers, metox

YepeayoIIuXcs
HarpaBJICHUIA

24. | YKaxuTe YCIOBHE OINTHUMAIBHOCTH, CBS3aHHOE C Ycnosus Kapyma- IK-8

MHOHTesMu Jlarparka s 3aaad ¢ orpanmuennsvy. | KyHa-Takkepa / KKT,
Karush-Kuhn-Tucker

25. | Ykaxure MeTOJ] BHYTPEHHEH TOYKH, HCIOJb3yeMblii | bapbepHsiii meton / OIIK-2

JUTS pelieHus 3a1a4 JHHEeIHOro mporpaMMupoBanns. | barrier method, Meron
OaprepoB

26. | YkaxuTe 3a/jauy ONTUMU3AIINY, TJIe UIIETCSI MUHUMYM CemnoBas 3aaya / OIIK-2

110 OJIHOM TMEPEMEHHON U MAaKCUMYM T10 IPYTOH. saddle point problem,
CeIIoBasi TOUKa

27. | YKaxuTe METOJ, KOTOPbI YMEHBILIACT JUCIICPCHIO B SVRG / stochastic OIIK-2
CTOXaCTHYECKOI ONTHMHU3AIMU MMyTEM HCIIOIb30BAHUS Variaf\ce reduced
TIOJIHOTO IPAIHEHTA. gradient, meton

PEAYKINH AUCTICPCUH
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