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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Pabouas mporpamma QUCHMIUIMHBI (MOIyJsl) «MeToIbl HENpPEepHIBHOW ONTUMHU3AIHN»
COCTaBJIEHA B COOTBETCTBHHM C (hefiepallbHbIM roCy1apCTBEHHBIM 00pa30BaTENbHBIM CTaHIAPTOM
BbICIIEro oOpa3oBaHusi — OakanaBpuar 1o HampasieHuto 02.03.01 «Marematuka u
KOMIIbIOTEPHBIE HAyKW», Npodpmib «MaremaTuka U KOMIBIOTEpHbIE HAayKH», YTBEP’KACHHBIN
nprka3oM MHHHCTEpCTBA HayKu U BbIciIero oOpasoBanusi Poccuiickoit @enepannu Ne 807 ot
23.08.2017 rona.

N3yuenne nucuumiuHbl (MOAynst) «MeToabl HENpEephbIBHOH ONTUMHU3AIMHMY MO3BOJISET
CTYACHTaM IIUPOKO IPUMEHSTH IIOJIyYCHHbIE 3HAHMA B PaA3IMUYHBIX O0JACTSIX, TAKMX Kak
HKOHOMHKA, WH)KEHEpUs: U MHPOPMATUKA, YTO MO3BOJISIET 3(PPEeKTUBHO pemarh NpakTUYECKHe
3agaun. Kpome TOro, 3HaHue 3TUX METOJIOB CIIOCOOCTBYET PA3BUTHUIO aHAIMTHUECKOTO MBIIIICHUS
Y HaBBIKOB PEIICHHS] KOMIUIEKCHBIX MPOOJIEM.

MecTo AMCHUILINHBI (MOYJIS) B CTPYKTYpe 00pa30oBaTe/ibHON MPOrpaMmbl

Hacrosmas nucuuniania (MOayJib) BKJIOYEHA B y4€OHBIH I1aH 10 MPOorpaMMe MOArOTOBKH
OakanmaBpuata o HampasieHuio 02.03.01 «MaremaTnka U KOMIBIOTEPHBIE HAYKH», MPOQPHIH
«MaTemMaTuka M KOMITBIOTEpPHbIE HAyKW» W BXOIUT B 00s3aTenbHyl0 4YacTh bioka 1, kak
JUCLUIUIMHA 110 BBIOODY.

Huctunnuna (Moaynb) u3ydaercs Ha 2 win 3 Kypce B 3,4 wim 5 cemecTtpe Ha BBIOOD,
JIOCTYIIHA I0CJ€ YCIENUIHOTO OCBOEHMS JAUCLMIUIMH (Moaylneil): «MaTeMaTHuecKuid aHaliu3» |
«Jlunelinas anreOpa U reoMeTpus» JUO0 TUCHMILIMHBI (MOIyssl) «OCHOBBI MAaT€MaTHYECKOIO
aHaJIM3a ¥ JUHEHHOH anreOpb».

Heab wn3ydeHus: JMCHUILUIMHBI (MOZYJISI). 3aKJIIOYAeTCs B OCBOEHUHM CTYACHTaMH
OCHOBHBIX TEXHHK W QJITOPUTMOB, ITO3BOJISIONIMMH HAaXOAWTh ONTHUMAlbHBIC pEIICHUS B
pa3IMYHbIX 3ajjayax, CBA3aHHBIX C MAKCUMU3aLUEeH WM MUHUMU3aUUend GyHKLINH.

3agauu n3yyeHus: AMCUUILIMHBI (MOAYJISI) HAIIpaBJIeHbl HA (POPMUPOBAHUE Y CTYICHTOB
CJIEIYIOIUX 3HAHWH, YMEHUH U HaBBIKOB!

— (opMupoBaHre yMEHUS BBIYUCIATH OOpATHOE paclpoCTpaHEeHHe OIUOKH, ONPEAETIATh
3a/laHa JIM 3ajjaya Ha BBIIYKJIOM MHOXECTBE, ONPENENATh CBOMCTBa (pyHKIHMOHAIA, 0000UIaTh
I'PaJAMEHT BBINYKIIBIX (PYHKIMI Ha HerNaakue (PyHKIMU, CTPOUTH IBOMCTBEHHBIE 3a/1a4H1, a TAKXKe
CTPOWTH ABOWCTBEHHBIE 3a/1a4l Yepe3 COMpPsHKEHHBIE PYHKIINHN, aHATUTUIECKA NCKaTh MUHUMYM
(GyHKLMOHAA C OTpAaHUYEHUSIMH;

— (opMupoBaHue 3HAHUN O YMCIEHHBIX METO/aX ONTHUMH3ALNU, U3YYEHHE pa3IMYHBIX
METO/I0B YHCJICHHOW ONTHMHU3AIMM W U3y4YeHHE UX CXOAMMOCTH, HU3yY€HHE BIUSHH
TUIeprapamMeTpoB Ha METO/IbI,

B pe3yabTare 0CBOCHUSI AUCHHMILIMHBI (MOAYJIs1) 00Y4AIOUIUIICS 10JI2KEH

3Hamy:

— OCHOBBI MAaTPUYHO-BEKTOPHOTO AU(PHEepeHIINPOBaHMS;

— CBOWCTBa BBITYKIIBIX MHOYKECTB ¥ BBITYKJIBIX (DYHKITHIA;

— TIOHSTHE CyOrpaanueHTa;

— CBOWCTBA COMPSKEHHBIX (PYHKINI;

— OCHOBBI TEOPUH JIBOMCTBEHHOCTH;

— ycnoBusa Kapyma—Kyna—Takkepa;

— OCHOBHBIE METO/Ibl YHCIICHHOIN ONTHMU3AINH;

— YCIIOBHS CXOAMMOCTH YHUCIEHHBIX METOJIOB;

— BIUSHHUE TUIIEPIapaMeTpoB HA 3PPEKTUBHOCTh METOIOB ONTUMHU3AIUH.

ymemby:

— BBINIOJIHATH MAaTPUUHO-BEKTOPHOE MU PepeHIpoBaHue;

— OIpeNeNsITh BBITYKIOCTh MHOXKECTBA U (DyHKIIMOHAIIA;

— TPHUMEHSTH CYOrpaJIMeHTHBIN anmapaT K HeTJIAAKUM (DYHKIIHSIM;
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— CTpPOUTH JIBOMCTBEHHBIE 33]1a4H;

— HaXOJUTh MUHUMYM (YHKIMOHAJIA C OTPAaHUYECHUSIMU;

— IPUMEHSATH YUCICHHBIE METOAbl ONTUMHU3ALINH;

— IPOBOJUTH BBIYMCIUTENIbHBIE YKCIIEPUMEHTHI;

— noadupaTh rurneprnapamMeTpbl YUCICHHBIX METO/IOB.

énademy:.

— HaBBIKAMHM aHAJIM3a 3314 BBITYKJION ONTUMU3ALINY;

— HAaBBIKAMH NIOCTPOCHUS IBOMCTBEHHBIX MOJEIEH;

— HaBbIKamMu puMeHeHus ycinouid Kapyma—Kyna—Takkepa;

— HaBBIKAMM HMCIOJb30BaHUs YHCIECHHBIX METOJOB ONITUMHU3ALINY;
— HaBBIKAMM MHTEPIIPETALMU PE3YJIbTATOB PEIICHUS ONTUMHU3aLMOHHBIX 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:

Komnerenuus

Conep:xkanue KOMIEeTEHIIUH

Nuauxkarop
KOMIIETeHIIN U

IlepeyeHpb MIAHMPYEMBIX
pe3yJbTaTOB 00y4eHus Mo
JucHMIIMHE (MOTYJIIO)

YK-1.

Crioco0eH oCyIIeCTBIIATh
MIOUCK, KPUTHYECKHI aHATH3 U
cHHTe3 HH(pOopMaITuHy,
MPUMEHSITh CHCTEMHBIH
TIOJTXOJT JIJISl pEeIICHHUS
MIOCTaBJICHHBIX 33124

YK-1.1.

3HaEeT METO/IbI MOMCKA U aHAJIN3a
nH(popMaIuu B 001aCTH pa3padOTKH,
OCHOBHBI€ TTPUHIIUIIEI KPUTHYECKOH
OIICHKH MCTOYHUKOB MH()OPMAIIUU U
WX PEJIEBAaHTHOCTH.

YK-1.2.

YMeeT KpUTHYECKN OLICHUBATH
WUCTOYHUKHU HH(OpMALINHU U
CHUHTE3UpPOBATh JIaHHBIE U3
Pa3IYHBIX HICTOYHUKOB IS
pelIeHns 3aad, IpUMEHSTh
CHUCTEMHBIH MOAX0] K aHATIN3y U
PELICHHUIO KOMIIEKCHBIX MPO0JIeM

YK-1.3.

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

YK-2.

CriocobeH onpeaensiTe Kpyr
3a/1a4 B paMKax MOCTaBJIECHHOM
LENI 1 BEIOUPATh
ONITUMAJIbHBIE CIOCOOBI MX
peLIeHUs, HCXOAS U3
JEHCTBYIONINX MPaBOBBIX
HOPM, UMEIOLIUXCSI PECYPCOB
Y OrpaHUYECHHI

YK-2.1.

3HaeT NeUCTBYIONINE TPABOBHIC
HOPMBI, PETYTHPYIOIINE
JIEATSIILHOCTD B 00J1aCTU PELICHHUS
3a7a4, OCHOBHBIE METO/LI M TIOIXOIbI
K OMpPEJICICHHUIO KpyTa 33134

YK-2.2.

YMeeT onpenensaTs Kpyr 3a1a4 B
pamMKax IMoCTaBJIEHHOM 1INy,
BBIOMPATH ONTUMAITBHBIE CIIOCOOBI
pelIeHns 3a1a4, YU ThIBast
MMEIOIINECS PECYPCHI U
OTpaHHYEHU

YK-2.3.

Nwmeer mpakTuyecKuid OnbIT
MIPUMEHEHUS 3HAHWUI O TPaBOBBIX
HOpMax U pecypcax B peaIbHBIX
CUTYyalusxX, pa3paboTKu U
peanu3anuu perieHnii B
COOTBETCTBHUH C YCTAHOBJICHHBIMU
OTpaHUYCHUSIMU

OIIK-1.

Cnoco0eH HaXOIUTh,
(GopMyIHMpoBaTh U permarb
aKTyaJibHbIC ¥ 3HAYUMBbIC
MPOOIJIEMBI TPUKIATHON U
KOMITBIOTEPHON MaTeMaTUKH

OIIK-1.1.

3HaeT OCHOBHBIE METOIbI U IOAXOABI
K PEIICHUIO 3a/1a4 MPUKIATHON U
KOMHLIOTepHOfI MaTC€MaTHKH,
BKJTFOYast alTOPUTMEI,
MaTeMaTHYECKOe MOJICTTUPOBAHKE U
TeOpI/IIO OIITUMU3AIINH, a TaKKEC
COBpeMeHHLIe I/IHCprMeHTBI nu
TEXHOJIOTHH, UCIIOJIb3yEeMbIE B 3TOM
obiact

OIIK-1.2.

YMeer aHanu3upoBaTh U
(dhopMyIUpOBaTh MaTEMaTHUECKUE
3aJ1a4M, IPUMEHSATh
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COOTBETCTBYIOIIUE METOJIBI U
ANTOPUTMBI JIJISI UX PEUICHUS, a
TaK)Ke UHTePIPETUPOBATH U
MPEJICTABIATh PE3YJIbTATHI B
MTOHSITHOM M AOCTYIHOH hopme

OIIK-1.3. Nmeet mpakTHYECKUH OTBIT PabOTHI
HaJl IPOEKTaMH WIH
UCCIIEIOBAaHUSAME B 001aCTH
MPUKJIAHON U KOMIIBIOTEPHOU
MaTEMAaTHKH, BKJIIOYas ydacTHe B
KOHKYpCax, OMMMITHAAaX WIN
HAyYHBIX MMyOJTUKAIUIX, T1e ObUH
peLIeHBI aKTyalbHbIC U 3HAYNMBbIC
3a1auu
[K-1. Criocoben popmynrpoBath IK-1.1. 3HaeT METOBI ¥ MOAXOIBI K
3a7a4M C MaTeMaTHYECKOM (bopMyIHpOBaHUIO 3a7a, a TAKKE
TOYHOCTBIO, 00OCHOBEHIBATH OCHOBHBIE MTPUHIIUTIBI
YTBEPKICHUS CTPOTO H MaTeMaTHYECKOTO JI0Ka3aTenbCTBa H
aHAIN3UPOBATH MOJTYYCHHBIE aHaJIM3a Pe3yIbTaToB.
pe3ynbTaThl B 001aCTH [K-1.2. ‘YMeeT KOppPEKTHO CTaBUTh U
MaTeMaTHKH U (opMynupoBaTh MaTeMaTHYECKHE
KOMITBIOTEPHBIX HaYK 3aJauu, IPUMEHSTh CTPOTHE METOJIBI
JIOKa3aTeIbCTBA ¥ AaHATM3UPOBATH
HOJTyYSHHBIC PE3YJIBTATHI.
IK-1.3. Hmeer ombIT paboThI ¢ 331a4aMU B
001acTH MaTeMaTHKH U
KOMITBIOTEPHBIX HayK, BKIIIOYAst
MPUMEHEHUE MaTeMaTHUECKIX
METOOB JIJIsl PELICHUS
PaKTHYECKUX 3a/1a4
[K-2. CriocoOeH pemath THIIOBbIE I1K-2.1. 3HaeT OCHOBBI HH)OPMALIMOHHON U
3a71a4¥ MpoeCcCUOHATBHON oubnuorpaduveckon KyabTypsbl, a
JeSITeIbHOCTH B 00JIaCTH TaKXe MPUHIUITB HHPOPMAITHOHHOH
pa3pabOTKH, ONHpPasch HA 0€30MacHOCTH U TPUMEHEHUS
WHQOPMAITMOHHYIO 1 UHPOPMAITMOHHO-
oubrorpaduIecKyro KOMMYHHUKAIIMOHHBIX TEXHOJIOTUN B
KyJIbTYpPY, UCTIONIB3Ys npodeccHOHAIBHOM AeSTEIbHOCTH
MH()OPMAIIIOHHO- [K-2.2. Ymeer 3¢)(heKTUBHO HCIIONIB30BAThH
KOMMYHHKAIIHOHHBIE UHPOPMAIMOHHO-
TEXHOJIOTHH U YUUTHIBAS KOMMYHHKAIIMOHHBIE TEXHOJIOTUH
OCHOBHBIE TPEOOBAHUS JUISL pEILICHUsI CTaHAaPTHBIX 3a1a4
UHQOPMAaITMOHHOH npodecCHOHAILHON IeATEHHOCTH,
Oe3omacHocTH YUUTBIBas TPeOOBaHUSI
nHGOPMAITMOHHON 0€301MacCHOCTH
[K-2.3. NmeeT onbIT paboThI €

WHPOPMAITMOHHBIMH PECypcaMu 1
TEXHOJIOTHSIMH B 001acTH
pa3paboTKH, BKIIOYask COOI0AEHUE
HOPM MH(POPMAITMOHHON
Oe3onacHocTH
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3. TemaTu4yeckuii mjian

Nen/ HanmenoBanue Tpya0eMKOCTh, aKaAeMHUYECKHE 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 padora
METO/IbI
IK3amen 2
Hmozo: 30 30 6 124
O6vem oucyuniunst (Mooys) 190
(6 ax. u.)
O6vem Oucyuniunvt (MoOyasn) 5
(6 3au. eo.)
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4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Neni/m HaunmeHoBaHue pa3jeJia I CHUILIHHBI Coaep:xanue TUCHUILTHHBI (MOYJIsl) IO TeMaM
(MoayJis)
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 MHOXKHUTEIEH
CroxacTuka 1 pacnpeae’IcHHbIE METOIbI
YckopeHue u onTuMaabHbIe MeTOAbI. COTpsiKeHHBIS
(byHKIIH
MeToa COnpsKEHHBIX TPaAUEHTOB. [IBOHCTBEHHOCTH 110
Jlarpanxy
Meton HproTOHA M KBa3MHBIOTOHOBCKHME METOIbI. Teopema
Kapyma-Kyna-Takkepa
CyOrpaaueHTHBII METOI, aIalITHBHBIC METO/IBI.
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
S CroxacTuka u pacrpeeieHHbIe METOAbl | METOIbI pEayKIUH JUCTIEPCUH

Pacnipenenennast onTHMHU3AIAS
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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 JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

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-e u3a., ucmp. ¥ J0M. —
Mockga : U3narensctBo FOpaiit, 2022. — 367 ¢. — (bakanaBp u maructp. AKaieMHUueCKu Kypc).
— ISBN 978-5-9916-3859-3. — Tekcrt : anexTpoHHbIN // OOpazoBaTensHas miaTdopma FOpaiit
[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. Cyxapes, A. I'. Meronpl oNTUMHU3ALNY : YUEOHUK U IMPAKTHKYM Juisd OakajaBpuara u
maructpatypsl / A. I'. Cyxapes, A. B. Tumoxos, B. B. ®enopoB. — 3-e u3a., ucmp. 1 J0M. —
Mocksa : U3gatenbctBo FOpaiit, 2022. — 367 ¢. — (bakanaBp u maructp. AkaieMHUUeCcKuil Kypc).
— ISBN 978-5-9916-3859-3. — Tekcrt : anexkTpoHHbIH // 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. — Texkct : 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 //
O6pasosarenbHas iathopma KOpaiir [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 JIUCUUIUIMHAPDHOW W MEXIUCUUIUIMHAPHOW TOATOTOBKH, MPAKTHYECKOW U Hay4YHO-
UCCIIEIOBATEIbCKON PaboT 00yHaromuxcs, NPeayCMOTPEHHBIX YU€OHbBIM IIJIAHOM.

[TomeneHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [Tl TPOBEACHUS 3aHATHI
JEKIMOHHOTO THIA, 3aHATHUM CEMHHApCKOro (MpakTUYECKOro) THMA, T[PYIIOBBIX U
WHAUBUAYaAJIbHBIX KOHCYJIbTAIMH, TEKYIIETr0 KOHTPOJISI U MPOMEKYTOYHOM aTTeCcTalluy, 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 TPEJCTaBICHUS y4eOHOU
nHpopMaIuu OOJIBIION ayAUTOPHUH.

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

— CTOJIaMH U CTYJIbSIMU;

— KOMITbIOTEPHON TEXHUKOM;

— MEXaHUYECKUMH KaJbKYJIATOPaMU;

— CIEUHMaTU3UPOBAHHBIM 000PYI0BaHHEM, BKIIIOUasl JEMOHCTPAallMOHHOE 000pyAOBaHNUE.

[TomereHust 1J1E CAMOCTOATEIBHOM paOOThHI 00YJAIOIIMXCS, B TOM YHCIIE IPUCIIOCOOICHHBIE
JUISl WCIIOJIb30BAaHMS WHBAIMJAMHM M JIMI[AMU C OIPAHUYEHHBIMU BO3MOYKHOCTSMH 3/10POBbS,
OCHAILEHbl KOMIBIOTEPHON TEXHUKOW C BO3MOKHOCTBIO MOJAKIIOUEHHS K ceTh «HTepHeT» u
oOecriedeHHEM  JIOCTyNa B  JJIEKTPOHHYIO  HH(OPMALMOHHO-00pa30BaTEebHYIO  CpEeay
YHuBepcurera.

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

Ne HaumeHnoBanue nmopraia Cceblika
(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. | ®enepanbhsiii moprai «Poccuiickoe oopazosanue" | https://www.edu.ru/

6. | Muadopmannonnas cucrema "Exaunoe okHo qoctymna | http://window.edu.ru/
K 00pa3oBarenbHBIM pecypcam”

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

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

[lepeuenr WHQDOPMAIIMOHHBIX TEXHOJOTHH, WCHOIB3YEMbIX TMPH  OCYIIECTBICHUU
00pa3zoBaTeNbHOIO MpoIiecca 1Mo AUCIUTUINHE (MOIYJI0), B TOM YUCIIE KOMIUIEKT JTUIIEH3MOHHOTO
MpPOrpaMMHOTO  OOecleyeHus, COBPEMEHHble mpodeccHoHanbHble 0a3bl  JaHHBIX U
MH(OpPMalLMOHHbBIE CIIPABOYHBIE CHCTEMBI:

HaumenoBanmne 110 IIpousBoacreo JInnensuonnoe / cBOGOIHO
pacnpocTpaHsiemMoe

OnepanMoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapyGexuoe | nnnensuonHOe
bpaysepsi:
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) | sapyGexHoe | 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 3apy0eKHOE CBOOOIHO PACIIPOCTPAHIEMOE
CopelliaSim 3apy0eKHOE CcBOOOJIHO 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

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

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 - CHUCTEMATUYCCKOC, OCICI0BATCIIBHOC, MOHOJIOTHYECKOC H3JI0KCHUEC

npernojiaBaTesaeM yueOHOro Marepuana, Kak IpaBuilo, TEOPETUYECKOTI0 XapaKTepa.

B mporecce neknmii peKOMEHIYeTCsl BECTH KOHCHEKT JISKIUI: KpPaTKO M CXEMaTHYHO
(GUKCUpOBaTh OCHOBHBIE WIEH, BHIBOJBI M OOOOIIEHUS JIEKIMHU; BBIIENATH BaXXHBIC MBICIIH,
KJIFOYEBBIE CJIOBa W TepMUHBL. HeoOXOIMMO OTMETHUTH BOMPOCHI HJIM MaTepUaNbl, KOTOPBIC
BBI3BIBAIOT 3aTPYIHEHMS, U MOMBITATbCS HATH OTBETHl B PEKOMEH0BaHHON nuTeparype. Eciu
pa3o0paThCsi B MaTepuaie He YHaeTcs, CleAyeT CPOpPMYIHpPOBAaThH BONPOC M 3a1aTh €ro
IPErno/IaBaTeso Ha KOHCYJIbTAI[MH UM BO BPEMsI CEMUHAPCKOTO (PAaKTUYECKOT0) 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, BKIIOYas 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
W3YYEHHUE OTJIEIbHBIX TEM U BOIIPOCOB YUYEOHON AUCIMILTUHBI (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, U3yU€HHUE JOMOJHUTEIBHBIX TEM, BHIMOIHEHHE y4eOHO-UCCIIEeI0BATENbCKUX
3aJJaHUI U IPYTOE.

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

Kputepun nosyyenusi ypoBHsi M OlleHUBaHUA CPOPMHUPOBAHHOCTH KOMIIETEHUMH 1O
AUCHUILIMHE (MOaY./110) «MeToAbl HeNpepPbIBHOM ONTHMU3ALUN»

OnieHrBaHUE YPOBHSI YYE€OHBIX JTOCTHKEHHUH, OOy4YaIOMUXCSA MO JUCHUTUIMHE (MOJIYIIIO),
OCYLIECTBIISIETCS B BUJI€ TEKYILIETO KOHTPOJIS YCIIEBAEMOCTH U MPOMEKYTOYHOU aTTECTALIUH.

IIpome:xxyTouHasi arrecTaumMsi 1O JUCIHUIUIMHE (MOJIYJIIO) OCYIIECTBISIETCS B (opme
9K3aMeH, IPU STOM MTPOBOJAUTCS OIICHKA KOMIIETEHIIUH, CPOPMUPOBAHHBIX MO JUCIUILINHE.

1 OueHMBaAHUSA TEKYLIETO KOHTPOJSA YCIEBAEMOCTH M IPOMEXKYTOYHOM aTTECTALUU
UCIIONIb3YETCS JIecATUOAIUIbHAS 1IKajla OLEHUBAHUSA, KOTOpask COOTHOCUTCS C TpPaIULMOHHOMN
NATHOAIIBHOM IIKAIO0H CIelyIoIuM 00pa3oMm:

JecaTubannbuas IlaTudanabuas OO0mas xapakTepuCTHKA pe3yJabTaTa 00y4eHus! 1o
OILICHKA OIICHKA AUCHHILUINHE (MOYJIIO)
10 OTnnyHO CTyZIeHT NOJHOCTBIO BIAJEET 3HAHMAMU, HU3JIOKEHHBIMH B
9 OTIHYHO paboueil mporpamme, U rIyOOKO OCMBICISeT AucUUIUTUHY. OH
8 OTIMYHO CaMOCTOSITEJIbHO U JIOTUYECKU I10CJICI0BATENbHO OTBEYAET Ha

BCE BONPOCHI, aKLIEHTHPYS BHUMaHHWE Ha Haubojiee BaKHOM.
YMeeT aHaMM3MpOBaTh, CpPAaBHWUBATh, KIACCHU(HUIINPOBATH,
0000maTh,  KOHKPETHU3UPOBAaTH M CHCTEMAaTHU3HPOBATH
W3YYEHHBIH MaTepHual, BBIAEHAS KIIOYEBBIE MOMEHTHI U
yCTaHaBJIMBas IMPUYHNHHO-CJICACTBCHHBIC CBA3H. YeTko
(dbopMynupyeT OTBETHI, YBEPEHHO HHTEPIIPETUPYET PE3YIbTaThI
AHAJIM30B U JIPYTUX UCCIIEJOBAHUMN, a TAKXKE PEIACT CIOXKHbIE
3agaun. CTyJIE€HT XOPOILO 3HAKOM C METOAaMU MCCIICAOBaHMUS,
HEOOXOIUMBIMH JUISI TPAaKTHYECKOH AEATENbHOCTH, U YMEET

CBA3bIBATH TCOPECTUUYCCKUE ACIICKTBI JUCHUIIIIMHBI (MO)Iy.]'ISI) C
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JlecaTnoanabHas
OIleHKA

IIaTnéananLuasn
OILICHKA

O0mas XxapakTepUCTHKA Pe3yJIbTaTa 00yYeHHusl 1o
AUCUHUIJINHE (MOIYJIIO)

MPAKTUYCCKHUMU 3ala4aMu.

Xoporo

Xoporiio

CryneHT oOnajaeT 3HAHUSAMHU MPEAMETa IMOYTH B IOJTHOM
o0beMe pabodeil mporpaMMbl B CaMOCTOSITEIIBHO, JIOTHYECKH
MOCJIEe0BAaTEIFHO U BCECTOPOHHE OTBEYAET Ha BCE BOMPOCHI,
aKIEeHTUPYS] BHUMaHUE Ha HanOoJee 3HaYUMbIX MOMeHTaX. OH
yMeeT aHallM3UpoBaTh, CPaBHUBATh, KJIACCH(OUIPOBATE,
0000maTh,  KOHKPETH3MPOBATh W  CHCTEMaTH3UPOBATh
W3yUYCHHBIH MaTepHai, BBIENsAs €ro KIYeBbIe ACHEKThl U
yCTaHaBIIUBAs MPUYUHHO-CJICICTBEHHBIC CBsi3U. DopMynupyeT
CBOM OTBETHI, YBEPEHHO WHTEPIPETUPYET PE3yIbTATHI
aHAITM30B M JPYTUX HUCCIIEIOBAHNHN, a TAKXKE PEIIACT CIOXKHbIC
CUTYaIlMOHHBIC 3a1a4i. CTYZACHT XOPOIIO 3HAKOM C METOJIaMHU
UCCIICIOBAHUS,  HEOOXOAMMBIMH  JUIi  TPAKTHUCCKOU
ACATCIIBHOCTHU, U YMCCT CBA3LBIBATHL TCOPCTHUUCCKHC ACIICKThI
mpeaMeTa ¢ IPAaKTHYSCKUMHU 3a/1adaMH.

'Y 1OBIETBOPUTENBHO

'Y 1OBJIETBOPUTENBHO

Crynent oOnamaer 0a30BBIMH 3HAaHUSMHU MO JUCITUILINHE
(MOZyJIr0), HO UCTIBITHIBAET TPYAHOCTH IPU CAMOCTOSITEITHHBIX
OTBETaxX W HCIONB3YeT HETOYHblEe (OpPMYIUpOBKH. B xome
OTBETOB OH JIOMYCKAET OIMOKH, KACAIOIINECsS CYTH BOIIPOCOB.
CryneHT crnocoOeH pemaTh TOJIBKO caMble TPOCThIE 3a/1aud U
BIaJiceT  JIMIIb  MHHAMAIBHBIM  Ha0OpOM  METOJOB
WCCIIEIOBAHUSI.

He cnan

He cnan

He cnan

CryneHT He OBJajiel 00s13aTeIbHBIM MUHUMYMOM 3HAaHUH 110
MpeIMETy U HE MOXKET OTBETUTh Ha BOIPOCHI, JNAXKE €CIU
npenojaBareib  3aJacT  JOMOJHUTEIbHBIC  HABOJSIINE
BOTIPOCHI.

I[I/ICI_II/IHJ'II/IHB. (MO,Z[y.]'IB) «MeTtoabl HerepBIBHOﬁ OIITUMHU3AIUN» OLCHUBACTCA CICAYIOIIHUM

obpazoM:

AKTHBHOCTH

Bec

Onucaunmne

Homamnnee 3amanue | 20% | Habop 3a7au 1o Temam Hepenu

Kontponbsnas padora | 40% | [lucemenHast paboTa ¢ HabopoMm 3a/1a4, KOTOPBIE HYXKHO PEITUTh 3a
OTpaHUYEHHOE BpeMs

DK3aMeH

40% | [TucbMeHHas WM ycTHas paboTa HaJl 3aJaHUeM, HallPaBJICHHBIM Ha
MIPOBEPKY ITOJIYYEHHBIX 3HAHWI U HABBIKOB IO JUCIUATUINHE (MOIYIIIO)

B pamkax u3ydeHus TUCHUIUIMHBI (MOAYJISI) BOZMOXKHO MOJTydyeHHuEe OOHYCHBIX OalljIoB.

®opmyJia pacyéra MTOIOBOM OLEHKHM 10 JAUCHUILIMHE (MOAYJII0)

«MeToambl

HenpepbIBHOIT onTumuzanuu»: «0,2 X cpenHee 3a nomamnue 3amaanus + 0,4 X cpeagHee 3a
KOHTpOJBbHBIE paboThl + 0,4 X sK3aMen».

Texkymmii KOHTPOJIb yCIIeBAeMOCTH 00y4aOIIUXCS M0 JUCHUILIHHE (MOAYJII0)

IIpumepHbIe JOMaNIHUE 3aIaHUS
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JlomamHee 3aganue 1.

Knaccbl MHOXeCTB

JABAUAT 26annn
o R0 T 180

S'—{_rl:R" I L2rp € ';rlr,,},
l JANAMA 2 2 Ganna
TGS, Kt TR0 i MHORECT 80

Sefre®i(ny-nfv(ry-107<1)

S‘:l!f—R“ !Iil‘.'; r;-t‘.,.r.*l,
I JA0ANA 2 2 Gannn
Ayerw 5 © R w ||| — npovasomesan vopma va R, fina o = 0 :aganm miowectso

Sy ={ r: dist(2.5) € u }, rge dhetiz, S) = nf |5 — |l
]

180 5, P A S, Ooxasn, w10 acnw S
B0, T S, TaKxE IHyRN0.

| SAJAYAS 26annn

MNyes 5 C By || {l -—npommmpmnﬂ".wnu 2 U 3aganmm MuosecTso
Sa={r:Bizo)CS}],

e UL ) == OTRpa I W MeasecTRO S, HIIMRGATOR CymBsMM HA | OTHOCH-
Tenemo 5. [oxamn, ST0 ecnd S Sunyrno, 10 S TaKNS Sunykng,

IARANA G 26anna
Myers X C R ws' £ X. Dokaw, uto miawectno

l\'(.\'.x"] = { vERY ' P2y svVre XN }

FRASATCRA STy Iindss HDHYCOM

JlomamHee 3aganue 2.

Cy6auddeperuman n cybrpagneHt
INLAHA Y 2,8 6anna
Hafaw cyGandoepaniman dypeosm (R - B
J(x) = max{-z.r, £}
JADANA 2 2,5 6anna
Hafom cyGgmdeopenyman dyreaum (- B — R
Ho)=|r=2 4|z 4+ +|x =1 ++*
IAJLAGA D 2.5 Ganna
Hasz Cydamndoepanisan dpraaym [ - B — B
“_,) = 54:(! & ':un)_
I IATAYA & 2.5 6annn
Haim cytamdecpeiman dyeapm - B 5 R
flr) = (mux (0, { Az, x) + (bx) + )"
3necs A8 beR cER
JADANA & 2,5 Ganna
Hoim CySandoepaniman yrapm [« B - R

4 2
f{x) = (Zumx(ll,r,l)

[}
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JlomamHee 3aganue 3.

OnTumuszauus ana scex! 3agaum Ha gom. Hepena 4

3JANAYATY 2 6anna

A , 4TO 3713

flz.y,2) = :luz»g(;? -.f) +(z =2 +e70
rae pywkuma [ BS — B umeet o6nacts onpegenesing, onpeaenéumylo Kax:

dom [ = {(#.4.2) ER® 1 4 y > 0,20}

3ANAYA 2 16ann

LieHTp Macc Tena ABNAETCA BaXHbIM NOHATUEM B dranke (Mexanuke), inn cucTems: ma-
TEPUANBHBIX TOYEK C MACCAMI 172; U KOOPAWHATAMA T, LIBHTP MACC ONPERENASTCA KaK:
-
i i
'y ’

S0

Lain)

my

LIeHTP MaCC TeNna He BCEra NeXHT BHYTPH Tena, Hanpumep, ueHTp mace Gy Haxo~
[WTCA B 0r0 OTBEPCTUK. [lOKAXM, HTO LBHTP MACC CHCTEMB MATEPHANbHBIX TONEK NEXHT
B BNYKI0/ 0BONOYKE MHOXECTBA 3TUX TOYeK,

JANAYA 3 16ann

T
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IIpumepHbIe 3a1aHNS 1JIs1 KOHTPOJIbHON PadoThI
KonTtpoabnas padora
3aoanue 1: Memoo conpsai;ceHHbIX 2PAOUEHNO08
1. Onwumure aaropuT™M MeToja CONPSDKEHHBIX TPaJMEHTOB. B WeM ero mpeumyiiecTna 1o
CPaBHEHMIO C METOJIOM I'PaJINEHTHOTO CITycKa?
2. KakoBbI ycoBUSI CXOIUMOCTH METOa CONPSKEHHBIX TPAAHUEHTOB?
3. TlpuBenute mpuMep 3a1auu, TIe METO] COMPSKEHHBIX TPaTUeHTOB OyneT 2 (heKTHBEH.

OJEeKTPOHHBIN JIOKYMEHT



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 TOJHBIM M HETIOJHBIM METOIOM COIPSKEHHBIX MPaTUCHTOB?

3aoanue 2: Memoo Hvromona u K6a3uHblomoH06CKUe Memoobl

6.
7.
8.

9.

OO0msicHuTe, Kak pabotaeT meto HeroTona. KakoBa ero cxonumocts?

Kakue nmpo6aemMpl MOTYT BOSHHKHYTh IIPH UCIIOJIb30BaHUU MeToa HproToHa?

OnumuTe, Kak paboTaloT KBa3WHBIOTOHOBCKHUE METO/IbI, U MPUBEAUTE MPUMEP OJHOTO U3
HUX.

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

10. Kak MOXHO yJIy4IIUTh TPOU3BOAUTEILHOCTh MeTo1a HptoToHA?
3aoanue 3: Cyozpadouenmmuslit Memoo u a0anmueHvle Memoovl

1.

2
3.
4.
5

Omnpexnenure, 4TO TaKOE CyOTpaMEHTHBII METO M B KAKUX CIy4asX OH IMPUMEHSETCS.
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 MTAPAMETPOB C UCIOIB30BAHNEM CYOTPaJUEHTHOTO METOA JIIS

byuxmn 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? [Ipuseanre 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 CIyCKa M B KakUX CIy4yasx OH
IpUMEHSEeTCS.

Kakne mpenmymiecTBa JaeT METO]| 3€pPKaJbHOTO CIYCKa IO CPAaBHEHHIO C OOBIYHBIMHU
METO/IaMU TPaIUEHTHOTO CIycKa?

[IpuBenuTe mpuMep 3aaauu, TI€ METOJ 3€PKATLHOTO CIycKa 0yeT 3¢ (HEeKTUBEH.

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

PaccunTaiiTe maru MeTo1a 3epKaabHOro ciycka ans pyskmun f(x)=05(x—3)? ¢ HauanbpHO#
toukoit X0=0.

3aoanue 6: Memoo wimpaguvix gpynkuyuii u ADMM

6.
7.
8.
9.

Yro takoe MeToA TpadHbIX QYHKIMHA 1 Kak OH paboraeT?

O0wsicauTe, Kak padoraer meron ADMM (Alternating Direction Method of Multipliers).
B kakux ciaydasx merorq ADMM MoxeT ObITh MPeNOUYTUTENbHEE IPYTUX METO0B?
[IpuBenuTe mpumep 3amayu, Te NPUMEHEHHE MeToja MTpagHBIX (QyHKIUN OyneT
YMECTHBIM.

10. KakoBbI OCHOBHBIE IPEHMYIIECTBA W HEJOCTATKH METOJOB IITpaHBIX (YHKIHUH 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 mpuMep 3a7auu, I71€ METO/l BHYTPEHHEH TOUKH OyAeT 23 PeKTHBEH.

Kakue npoOiemMbl MOTYT BOBHUKHYTh IPU UCIOJIB30BaHUU METOJ[a BHYTPEHHEN TOUKU?
Paccunraiite maru MeTo1a BHYTPEHHEN TOYKH JUUIs IIPOCTOM 3a1a4u ONITHUMU3ALUU.

3aoanue 8: Ceonoevie 3a0auu

6.
7.

OHpCI[CJ'II/ITC, YTO TAKOC CCAJI0BAA 3aia4a U MPUBCAUTEC ITPUMCDP.
KaxoBs1 YCIOBUA ONTUMATIBHOCTHU IJIA CEAJIOBBIX 33)13‘1?

DNEeKTPOHHBIA JOKYMEHT



8. OOBsicHUTE, KaK MOYKHO PEIINTh CEJIOBYIO 33/layy C IMOMOIIBI0 METOJIa TPATHUEHTHOTO

CILyCKa.

9. IlpuBenure npuMep NPUMEHEHUS CEIIOBBIX 337a4 B SKOHOMHUKE WIIM TEOPUU UTP.
10. KakoBbI OCHOBHBIE TPYJHOCTH, BO3HUKAIOIINE TIPU PEIICHUH CEAJIOBBIX 3a1au?

33[[31-[1/[9[ IJIA l'[pOMe)KyTO‘lHOﬁ aTTeCTallii 110 JTMCHMUIIJIMHE (MO}IyJ’IlO)

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) Ucnonp3oBaHue YHCICHHBIX METOJIOB

b

OIIK-1

Kaxoit u3 CIIEIYIOLIUX METOJI0B SIBJISICTCS
KBa3HMHbIOTOHOBCKUM?

a) MeTtoa rpalieHTHOTO CITyCKa

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

¢) Meron HeroTona

d) Merop cydrpaaneHToB

OIIK-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 TMNIOB (QyHKITHIA

OIIK-1

KakoBa ocHOBHas 11e7Th METO/Ia 3€PKATLHOTO CITyCKa?
a) Munumu3zanus GyHKIUN 0e3 orpaHnYeHui

b) Tlouck ONTUMATBHOTO PENICHUS B BBIMYKIOH
o0oJiouke

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

d) VYcrpaneHue — HEOOXOAUMOCTH  BBIYHMCICHHS
rpajileHTa

OIIK-1

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

a) Ilomck oskcrpemMymMa Ha rpaHune 00JacTH
JIOITYCTUMBIX PELICHUI

b) IlocrenenHoe mpuOIMKEHHE K TpaHULE 00JacTh
JIOITYCTUMBIX PELICHUI

c¢) Hcnonw3oBanume mTpadHbIX ~(QYyHKIMHA s
00pabOTKH OrpaHU4EHUH

d) Ipumenenue merona Jlarpamxka Juisi HaXOMXKICHUS
onTUMyMa

IK-1

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

Meton Herotona

OIlK-1

DNEeKTPOHHBIA JOKYMEHT




7. Kak Ha3piBaeTCS MeTOA, KOTOPBIM HCHONB3yeTCs Iia | Pemykuus aucnepcuu OIlK-1
YMEHBIICHUS TUCIEPCHH B CTOXAaCTHYECKHX METOJaxX
onTuMH3aIuu?
8. Kakoii  agroputM  ONTUMH3AaLUK  HCHOJIB3YET SGD/ OIIK-1
cilydaifHble TpaJWeHTHl Uil OOHOBJICHHUS TapaMeTpOB CTOX&CTH‘ISCKHIZ
Mozen? TPaAUEHTHBIN CIIYCK
9. Kakoit Merom wucmomb3yercs s  HaXOXKICHHS Anropurm @paHk- [K-1
JIOKaJbHOTO MUHMMYMa B OTPaHUYEHHBIX O0JacTAX C Bynsga
HCITOJIb30BAaHUEM TIPOCKITHN?
10. | Kak Ha3pIBaeTCs IMOIXOM, KOTOPHIA codeTacT B cebe Yckopenue IK-1
CTOXAaCTHUYECKYIO ONTHMHU3ALUIO U METOMbl YCKOPEHUS
JUTs IOBBIIIeHUs ) hekTuBHOCTH?
11. Kaxoit kimacc METONOB ONTUMHU3AIMHU HCIONB3yeT | KBa3sMHBIOTOHOBCKHE I1K-1
BTOpBIE ITPOU3BOAHBIE JIJIS YIIYUIIEHHUS] CXOTUMOCTH? METOAbI
12. | Kakoii TepMHH HCHONB3yeTCS IS OMHCAHHS Hucnepcust IK-1
YMEHBIICHUS]  BapHaldd  OLEHOK B  Mpolecce
ONTHUMMU3ALUN?
13. | Kakoit MeTom wuWcCHONb3yeTcs M HaXOXJICHHS [Mpoexmus IK-1
ONITUMAJILHOTO PEIICHUS B 3a/la4ax C OrpaHHYCHHSIMH,
OCHOBaHHBII Ha IPAJUEHTHBIX METOAAX?
14. | Vkaxure Ha3BaHHE OCHOBHOIO IOHATHSA B JIMHEHHOM | BekTtop /BekTopHOE YK-1
anre0Ope, CBI3aHHOTO C BEKTOPHBIMU IPOCTPAHCTBAMU U IIPOCTPAHCTBO,
onepanusMH HaJl MATPULIAMH. TIMHEHHOS
MPOCTPAHCTBO
15. | Vkaxurte ycnoBue, Mpu KOTOPOM (DYHKIUS CUUTACTCS I'eccuan YK-1
BBIMYKJIOW HA MHOYKECTBE. HeoTpHLaTeleH /
MIOJIOKHUTENBHO
MOJIyONpe/IeTI€HHbI
recCHUaH,
HeoTpULAaTeIbHAS
BTOpast MPOM3BOHAS
16. | Ykaxute MeToJ ONTUMHU3AIMU, KOTOPBIH HCHONB3YeT CroxacTuieckuii YK-1
CIIydaliHyl0 BHIGOPKY T'pajMeHTOB sl YCKOpeHHs | T'PaJMCHTHBIN CIIyCK
00yueHusI. ISGD, .
CTOXACTHUECKHHA
rpajIieHT
17. | Ykaxure anropuT™, KOTOPBIH YCKOPSIET TPAAMEHTHBIA | Y CKOPEHHBIA METO. YK-2
CITYCK C TOMOII[bIO MOMEHTOB U TIOJIMHOMOB UeObIéRa. Hecreposa / Nesterov
acceleration,
yckopenue Hecteposa
18. | Vkaxure MeTOA, UCIONB3yeMBbId Jsi  pemieHus | MeToa CompsKeHHBIX YK-2
KBaJpaTU4YHBIX 3a7a4 C IIOMOIIBIO CONPSDKEHHBIX FPa_JIHGHTOB / QG,
HATPaBICHHIA. conjugate gradlents
19. | Vkaxkure moaxox, KOTOPHIi anmpoKCUMHPYET recChHaH BFGS / Broyden— YK-2
MAaTPHIIBI B KBA3MHBIOTOHOBCKHAX METO/AX. Fletcher—Goldfarb—
Shanno,
KBa3MHbIOTOHOBCKUI
METO/T
20. | Ykaxure MOHATHE, OMHUCHIBaroliee cyOrpaaueHt kak | CyOomuddepeniman / [1K-2
00001IeHIe TpaIueHTa AJIsl HEBBIMTYKIIBIX (QYHKIIUH. cybmuddepenrman,
cyOrpaneHTHOE
MHOXECTBO

DNEeKTPOHHBIA JOKYMEHT




21. | YKaxuTe ajropuT™M, KOTOPBIA MPOCHHUPYET I'PAIHEHT [IpoexuroHHBIH [K-2
HA OrpaHHYEHHOE MHOKECTBO Ui pelleHHs 3ajau | TPAAMCHTHbIN cryck /
ONTHMHU3ALINH. PGD, projected

gradient descent

22. | YkaxuTe  METOJ, WHCIOJB3YIOUIMH  3epKajibHOEC | MeTox 3epKalbHOTO [1K-2
OTpakeHHE Uil  OOHOBJEHHS  TICPEMCHHBIX B crycka / mirror
ONTHMHU3ALINH. descent

23. | VkaxuTe anroput™, UpuMeHsemblii s perrenus | ADMM [ alternating YK-1
3amad ¢ mrrpadueiMA GyHKIMAMA 1 gepenyrommmucs | direction method of
HATIPABIEHHAMIL multipliers, meTox

YepeayoIIuXcs
HarpaBJICHUIA

24. | YKaxuTe YCIOBHE OINTHUMAIBHOCTH, CBS3aHHOE C Ycnosus Kapyma- YK-1

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

25. | Ykaxure MeTOJ] BHYTPEHHEH TOYKH, HCIOJb3yeMblii | bapbepHsiii meton / YK-1

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

26. | YkaxuTe 3a/1a9y ONTUMH3AIINH, T UIIETCS MUHUMYM CemnoBas 3aaya / YK-2

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

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

PEAYKINH AUCTICPCUH

DNEeKTPOHHBIA JOKYMEHT
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