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AHHOTANMA

Kypc mnpusBaH yriyOuTh 3HAHMS CTY[JCHTOB MAarucTparypsl B O00JacTH METOAOB ONTHUMM3ALUH B
MPOCTPAaHCTBaX OONBIIMX Pa3MEPHOCTEH, NPUMEHMMBIX KO MHOTMM HOIMYISIPHBIM B NPUIOKEHHUSIX THUIIAM
3a7a4 COBPEMEHHOro aHanu3a JaHHbIX. OcoOblif ymop OyaeT chenaH Ha METOAbI Ul BapUAlMOHHBIX
HEPaBEHCTB, CEMJIOBBIX 3a/a4, a TAaKKE — TCOPETUUYECKUM pe3yapTaraM O METOAax IEpBOro Mopsaka s
BXHEWIIMX 3aJlad HEBBIMYKJIOW (T100anbHON) OnTUMHU3alui. MeToAbl MEpBOr0 MOpsAKa TOMYJSIPHBI B
3aJayax aHajgu3a OOJbIIMX JaHHBIX BBHAY MAaJIOM 3aTPaTHOCTH HWTEpalii M OTCYTCTBHUS B OIICHKAax
CJIOKHOCTHU IIapaMETPOB Pa3MEPHOCTH IIPOCTPAHCTBA.

[lepBas yacTh Kypca HMOCBSIIEHA CHCTEMATU3aI[UH 3HAHWI CTYJICHTOB B OOJIACTH TEOPUHU CIOKHOCTH METOJIOB
MIEPBOTO TOPSJIKA YISl BBITYKJIOW onTHMH3auu. B 0030pHOM mopsake OymyT pacCMOTPEHBI ONTHMAJIbHBIE
METOABl U HUKHUE TPAHULbI CIOKHOCTH JUIS 3334 DIAJKOM M HEIVIaJAKOW BBIMYKIOW onTuMu3auuu. Taxxke
OyIyT OmHcaHbl BapHaIli METOIOB TPAJUEHTHOTO THIIA M OIEHKH CIOXKHOCTH JUTsl BOSHUKIITNX HECKOJIBKO JIET
Ha3aJ] KJIACCOB TaK HA3bIBAEMBIX OTHOCUTEIHHO MIQJKHMX M OTHOCHUTEILHO HETPEPHIBHBIX (JUMIIUIEBBIX)
ONITUMM3AIMOHHEIX 3aJ[ad, MPUMEPHI MPUKIATHBIX 337349 Takux KiaccoB. K mogo0HBIM mpobiieMaM MOXHO
OTHECTH, B YaCTHOCTH, 33J1a4yi D-0NTUMaNBHOTO MJIaHa SKCIIEPUMEHTA U OMHAPHOH Kiaccu(UKAIUH METOJIOM
OTOPHBIX BeKTOPOB (SVM). MIMeroTCst IpUIoKeHHs B paclpeieIEHHON ONTUMU3AIIHH.

Bropas wacte Kypca mocBslieHa METOIaM MEPBOrO MOPSAAKA IS BapHUAI[MOHHBIX HEPABEHCTB M CEIJIOBBIX
3aaa4. bynyT paccMOTpeHBI MOHATHE BapUALMOHHOTO HEPABEHCTBA, PE3Y/IbTATHl O Pa3pEIIMMOCTU U IPUMEPDI
3a/1a4, CBONAIIMXCA K BapHallMOHHBIM HEpaBEHCTBaM (3aJayd AOIMOJHUTENBHOCTH, OTHICKAHUE CEIJIOBBIX
TOYEK C pPa3HBIMU NPWIOKEHUSMH B HWIPOBBIX 33/1a4yax, B ToM uucie k obyuenuto GAN). [lanee Oymyt
OIHMCAaHbl METOMBI JIJISl BAPUAIIMOHHBIX HEPABEHCTB: MPOEKIMOHHBIA U 3KCTparpagueHTHbIN, MPOKCUMAIIbHBII
3€pKaJIbHBIN METOJ U €r0 aJaTUBHBIN BapUaHT, a TAKXKE YCKOPEHHBIE METO/IbI ISl CEJIOBBIX 3a]1ad.

TpeTbst 4acTh Kypca HallelieHa Ha U3JI0KEeHHE HanboJiee N3BECTHBIX MOIXO0JI0B M TEOPETUUYECKUX PE3YyJIBTaTOB
0 METOoJax JUisl 3a/1a4 HEBBIMYKION onTuMu3anuu. HameueHo JeTanbHOE pacCMOTpPEHUE 3aJad ¢ aHAJIoraMu
BBIMYKJIOCTH  (KBa3WBBINYKIOCTh, clabas BBIMYKIOCTh), a TakKKe CHIBHOM BBIMYyKIOCTH (yCIOBHE
TPaJueHTHOTO JIOMHUHHPOBAHUS, KBaJpaTUYHOTO POCTAa W WX AHAJIOTH) W COOTBETCTBYIOIIUE IPUMEPHI
MPUKIAAHBIX 3aja4. Takke OyIyT mpeacTaBiIeHbl HanOoyee N3BECTHBIC IBPUCTUUYECKUE MOIXObI (MMUTAIIHSI
OTXKUTA, TCHETHYECKIE aJITOPUTMEI).

1. leau u 3apauu

eap AUCUMNIMHBI

- O3HAKOMJICHHE CTYICHTOB C HEKOTOPHIMU THUIIAMH ONTHUMHU3ALMOHHBIX 3a/la4, BO3HUKAIOIIUX B
COBPEMEHHOM aHallu3€ [aHHBIX, BOMPOCAMU TEOPWUH AJANTUBHBIX UYHUCIEHHBIX METOAOB IEPBOTO
TOpSIZIKA JIJISL 3a/1a4 MUHWMU3AIUY, BAPUAIIMOHHBIX HEPABEHCTB, CEJIOBBIX 3a/1a4, OCHOBAMHU TEOPUU
METOJIOB JIJISl 337]a4 HEBBIMYKIION ONTUMHU3ALINH.

3agauu AU CHUIIHHBI

- IproOpeTeHne CIyIaTeIsIMA TEOPETUIECKUX 3HAHUI U IPAaKTUYECKUX YMEHUI U HaBBIKOB B 001aCTH
aIanTUBHBIX YHCICHHBIX METOIOB ONTHMHU3ALINH;

- HpI/I06p€TCHI/IC CIIyIaTCJIIMH HABBIKOB BJIAJICHUSA allllapaTOM BBIITYKJIOIO aHAJIN3a,

- OCBOGHHME OOLIETO MOAXO0Ja K PEIICHHI0 IIHPOKOTO Kilacca MPHUKIAJIHBIX ONTHMHU3AIMOHHBIX 3aj1ad,
JOIMYCKAIOINX MaTeMaTH4YecKyto (hopmanu3anuio;

- IOArOTOBKAa CIyIIaTeJled K M3YYEHUI0 CMEXHBIX MaTeMATHYECKHUX IUCLUIUIMH, CBSA3aHHBIX C
aHAJM30M  JAaHHBIX, MAIIMHHBIM OOy4YeHHEM, MOJAEIMPOBAHMEM TPAHCHOPTHBIX  IOTOKOB,
MaTeMaTH4YeCcKOi 3KOHOMHKOH 1 Teopue auddepeHnnanbHbIX (IMHAMUYECKUX) UTP;

- HpI/I06p€TCHI/IC HAaBbBIKOB B INPHUMCHCHHMHU MCTOAOB BAapUAWMOHHOIO aHajlin3a B OPYIUx
C€CTCCTBCHHOHAYYHbIX NUCHUILINHAX.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3 CriocoOeH BbIOUpaTh U (MITH) OIIK-3.4 Bnaneer aHaIUTUYECKUMH U BBIYUCIUTEIbHBIMU
pa3palarbiBaTh MOAXOAbI K PELICHUIO THIOBBIX |METOJAMHU PEIIECHHS, IIOHUMAET U YYUTHIBAECT HA NPAKTHKE
Y HOBBIX 337124 B 001acTH HHQOPMATUKH U T'PaHULIBI IPUMEHUMOCTH IIOJIy9aeMbIX PEIICHUN




BBIYUCIIUTEIIbLHOMN TCXHUKU, YUUTLIBAA
OCOOCHHOCTH U OrpaHU4YCHUA Pa3JIMYHBIX
METOHOB PCIICHUA

OIIK-3.5 CnocobeH aaanTupoBarh 3apy0eKHbIE KOMILICKCHI
o0paboTkn  uHPOpPMALMKM U aBTOMATH3MPOBAHHOTO
MPOEKTUPOBAHUS K HY’K/1aM OT€4E€CTBCHHBIX MPEANPHUATHIH

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

I1K-2.1 3Haer OCHOBBI Hay4HO-UCCJIEeI0BaTEIbCKON
NEeSITETLHOCTH B 007acTH MH()OPMAIIMOHHBIX TEXHOJOTHIA,
BIIaJICET 3HAHUEM OCHOB (PMI0CO(OUN U METOOJIOTHH HAYKH;
3HAHMEM METOJIOB HAayYHBIX HCCJIEOBAaHUI M HaBBIKAMU WX
MPOBEACHUS

[IK-2.2 YMmeeT nmpuUMEHATH MOMyYCHHBIC 3HAHUS B 00JacTu
(byHIaMEeHTaJIBHBIX HAYYHBIX OCHOB TEOPUH MH(POpMALNHU U

peaThb CTaHZapTHBIE  3aJadyd B COOCTBEHHOM
Hay4YHO-UCCIIEI0BATEIBCKON IEATEILHOCTH
[IK-2.3 Nwmeer MIPaKTUYECKUN OTIBIT

HAay4YHO —HCCJ'Ie,Z[OBaTeJ'ILCKOﬁ JACATCIIBHOCTH B o0macTu

MH()OPMALMOHHO-KOMMYHHKAIIHOHHBIX TEXHOJIOTUI

[1K-2.4 Bnageet MeToAaMu U alropuTMaMu pELICHUS 3a/1a4
uppoBoii 00pPabOTKM CHTHAIIOB, WCIOJNB30BAHUS CETU
UnTrepner, AHHOTHPOBAHUS, pedepupoBanus,
oubmmorpaduIecKoro MOWCKa, OMBIT PabOThl ¢ HAYYHBIMU
HUCTOYHUKAMHU

I1IK-3 Bnaneer HaBbIKaMH y4acTHs B HAy4HBIX
TMCKYCCHUSIX, BBICTYIUICHUS C COOOICHUAMH U
JOKJIaJIaMU YCTHOTO, MIUCBMEHHOTO H
BUPTYaJIbHOI'O (pa3MelleHHE B
WH(POPMALIMOHHBIX CETSX) XapakKTepa,
MPE/ICTaBICHNS MaTepHAIOB COOCTBEHHBIX
HCCIeI0BaHUI

[IK-3.1 3HaeT OCHOBBI BEJCHUS HAYYHAHCKYCCUU W
(hOpMBI YCTHOTO HAYYHOTO BBICKA3bIBAHUS

[MK-3.2 Ymeer BecTH KOPpPEKTHYIO JHMCKYCCHIO B 00JacTH
WH(POPMALIMOHHBIX TEXHOJOTWM 3aJaBaTh BOIPOCH U
OTBEYaTh Ha IIOCTABJIIEHHbIE BOIPOCHI M0 TEME HAy4YHOU
pabotbl

[IK-3.3 MMeeT mpakTHYECKUH OMNBIT Y4acTHsl B Hay4HBIX
CTyA€HYECKHX KOH(EpeHUUSAX, OYHBIX, BUPTYAJIbHBIX,
3a0UHBIX OOCYXIEHHUSIX Hay4YHbIX MpoOiieM B o0jactu
MH(OPMAIMOHHBIX TEXHOJIOTHl

IIK-1 I'0TOB K BK/IIOYEHUIO B
npodeccruoHaIbHOE COOOIIECTBO; CIIOCOOCH
MIPOBOJUTH T10J] HAYYHBIM PYKOBOJICTBOM
JIOKQJIBHEIE UCCIIENOBAHUSA HA OCHOBE
CYIIECTBYIOIIUX METOIOB B KOHKPETHOM
obyiacTu Mpo(heCCUOHATBHOM IEATEILHOCTH

[MK-1.1 3HaeT OPUHIUNBI MOCTPOCHHUS HAYYHOH pPabOTHI,
Merogsl cOopa W aHanW3a TIIOJMyYEHHOTO MaTepHalia,
CIOCOOBI apryMEHTalluy; BIIaJECT HABBIKAMH ITOATOTOBKU
Hay4yHbIX  0030poB,  myOinukanuii,  pedepatoB  H
oubnuorpaduil MO TEMaTWKe MPOBOJAMMEBIX HCCIICAOBAHUMA
Ha PYCCKOM M aHIJIMHCKOM SI3BIKE

[IK-1.2 VYmeer pemars Hay4YHbIE 33Ja4d C TOHUMaHHEM
CYLIECTBYIOIIMX TMOAXOAOB K BEpUPHUKALMKU MOAETEH
IPOrpaMMHOTO O0ecHedeHus B CBA3M C IOCTaBJICHHOM
LENBIO U B COOTBETCTBUH C BEIOPAHHOW METOIMKON

[IK-1.3 Hmeer mnpakTU4YEeCKUH ONBIT BBICTYIUIECHUA H
HAyYHOW apryMeHTalUy NP aHaiu3e OOheKTa HAYYHOH U
npo¢ecCHOHANBHON e TeNbHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yJIbTATOB 00yUeHHUs! N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbI

3HATb.

- (I)YH,I[aMeHTaJILHLIe noAXO0Abl K PCHICHUIO 3a1a4 BBIHYKHOﬁ nu HCBLIHYKHOﬁ OIITUMH3AIINH,;
- INOHATHA, AKCHUOMBbI, MCETOAbI AOKA3aTCJIbCTB M JOKa3aTeJIbCTBa OCHOBHBLIX TCOPEM B pasaciax,

BXOJAIIHX B 63,30ByIO 4aCTh IIMKIJIA,

- OCHOBHBIC CBOMCTBA COOTBETCTBYIOIIUX MATECMAaTHICCKUX 06’beKTOB;
- AHAJIMTUYICCKUC U YUCIICHHBIC ITOAXOABI 1 METOABI AJId PCHICHUSA TUIIOBBIX IMPUKJIAAHBIX 3a1a4.

YMETB:




- IOHATH NOCTABJICHHYIO 3a/1a4y,

- HCIIOJIb30BAaTb CBOM 3HAHUA JIsI PCHICHUA (I)YHZ[aMeHTaHBHBIX W IPUKIAJHBIX 3aJa4 BbIHyKHOﬁ "
HeBLIHyKHOﬁ OIITUMH3AINH,;

- OLICHMUBATb KOPPEKTHOCTb NOCTAHOBOK 3a1a4;

- CTpOT'0 JOKAa3bIBATh UJIM OITIPOBECPIraTrb YTBCPKACHUC,

- CAMOCTOATCIIbHO HAXOAUTDH aJITOPUTMBI PCIICHUA 3a4a4, B TOM YHCJIC U HCCTAHAAPTHBIX, U IIPOBOAUTH
HUX aHaJu3;

- CaMOCTOATEJIbHO BUACTD CIICACTBUSA MTOJTYUCHHBIX PE3YyJIbTATOB.

BIIAJIETh:
- HaBbIKAMH OCBOEHHUS O0JIBIIOro 00bemMa HHGOPMALIMK U PEILICHUS 3a/1a4;
- HaBBIKAMH CaMOCTOSITEIbHON pabOThI M OCBOCHUS HOBBIX JANCIMIUINH;
- KyJAbTYpOW TMOCTAHOBKH, aHAJIW3a M PELICHUS MAaTEMAaTHYEeCKHX M NPUKIAIHBIX 3a/1ad, TPeOyommx
JUIsl CBOETO PELICHHUs UCIIOJIb30BaHUsI MaTEMaTHUECKUX ITOJIX0JJ0B U METOJOB BBIIYKJIOH ONITUMHU3ALNY;
- MPEIMETHBIM S3bIKOM M HABbIKAMH TPaMOTHOTO ONKCAHUS PELICHUs 3aJady M MPeICTaBICHUS
[IOJIyYEHHBIX PE3yJIbTaTOB.

4. Coep:xanue TUCUMILIUHBI (MOYJI5), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTh
pabora
BBenenue. 3agaun HEJIMHEUHOM
1 ONITMMM3AIMM. HI)KHHE  OLECHKH | 10 6
ONTUMAJILHBIC aJITOPUTMEI.
AJanTHBHBIE METOJBI TEPBOTO TMOPSAKA
2 JUTS HEKOTOPBIX KJIaCCOB 3aj1aq 5 6

OIITUMMU3AIIUHU.

Bapunaunonnsle HepaBeHCTBA U CEIOBBIC
3 3aaud. YCIOBHUA  pPa3peuIuMOCTH | 5 6
MpUMEPHI IPUKIAIHBIX 3a/a4.

Mertozabl MIEPBOTO TopsiiKa TS

4 BapHALMOHHBIX HEPAaBEHCTB U CEIJIOBBIX 5 6
3ajad.

5 W36pannpile  moaxompl K 3agavyam 5 6
HEBBIMYKJION ONTHMU3AIINH.

Hroro wacos 30 30

ITonroToBka k 3K3aMeHy 30 gac.

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

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

Cemecrtp: 2 (Becennuit)




1. Beenenue. 3amaun HEMMHEWHON ONTUMU3ALIMN: HUKHHIE OIEHKU U ONITUMAJIbHBIE aJITOPUTMBI.

OOmas mocTaHoOBKa 3ajladd HENWHEHHOW ONTHUMH3AIMU. BBITyKias W HEBBIMYKIas ONTHMH3AIINS.
[Ipumepsl ONTUMU3AMOHHBIX 3a/1a4, BO3HUKAIONIUX B aHAIIM3E JIAHHBIX: JTUHEHHAS W HEeIWHEHHas
perpeccuss W OwHapHas Kiaccuukanus. HWKHHE OIEHKM aHAIUTHYECKOW CIIOKHOCTH B
MMPOCTPAHCTBAX OOJBIINX pazMepHOCTEel (0030p): TIaIKie U HETIaKue 3a1a4H.

I'panveHTHBI METOA: HEBBITYKJIBIE, BBITYKIbIE H CHJIBHO BBIMYKJIBIE 33[1aUul. YCKOPEHHBIE METOJBI
JUIsl 3a7a4 BBIIYKJIOM M CHJIBHO BBIIYKJIOW IVIQAKOW ONTHUMHU3ALMU. MeETox TSKENOro Iapuka,
OBICTpBIN TpanueHTHBIH MeToa. TexHuka pectapToB. ONTHMAaNbHBIE YCKOPEHHBIE METOIBI TIIAIKOMN
BBINTYKJIOW MUHUMM3anuH. CyOrpagueHTHbIe METOABI IS 33/1a4 HEIIaKOH onTuMu3aruu (0630p).

2. AnanTUBHBIE METOJIBI IIEPBOTO MOPAJIKA ISl HEKOTOPHIX KJIACCOB 33J]ad ONTHMHU3AIIHH.

A TanTUBHBIN HEYCKOPEHHBIN TPAJUEHTHBIA METOA: BBITYKJIBIA U HEBBIMYKIIBIN CITy4aid. AJanTUBHBIN
METOJ] TMOJOOHBIX TPEYTOJILHUKOB. YHHBEpPCAIbHBIE TI'pagueHTHble MeToabl. OIEHKH CKOpPOCTH
cxomumocTH (0030p).

AJanTuBHBIE CyOTpaIUeHTHBIC METO/BI JUTSI 32124 BHITYKJIOH MHHUMU3aIuu oomero suja. [llar B.T.
[lonska B cyOrpageHTHOM METONE M €ro NPUIOKEHHUS B 3aJadyax PErpeccud, a TaKkKe NIpu
OTBICKaHNU OOIIEH TOUYKU CUCTEMBI MHOXKECTB.

OTHOCHUTENBHAS DIAAKOCTh M OTHOCHUTENIbHAS CHIIbHAS BBHIMYKJIOCTh. [IpuMephl mpuKiIagHbIX 3a4a4:
MaTpU4YHbIE ypaBHEHUS, D-ONTUManIbHBIA TUIaH 3KCHEPUMEHTA. ANANTUBHBIN TpaJueHTHBIA METOX
JUIS. OTHOCHUTENBHO IMIAJAKUX ONTUMH3AIMOHHBIX 3a71a4. O0CyKIeHHEe Pe3yabTaTOB HKCIIEPUMEHTOB.

3ajaun MEHTPATM30BAHHON ONTUMH3AIMYM B TPEATIOIOKECHHH CXOXKECTH CJIaraeMbIX: MOIXOI C
WCIIOJIb30BAaHMEM  OTHOCHTENbHOM TIMAAKOCTH W CHUJIBHOW  BBIMYKJIOCTH. OTHOCHUTENbHAA
HEIPEePBIBHOCTh (JIMIMIIIUIIEBOCTh) B ONTUMU3ANMH. |IpUMephl: TeOMETpUUYECKHE 3a]add, a TaKKe
3ajaya OWHApHOW KiaccH(UKalMU METOJIOM OIOPHBIX BEKTOpOB. CyOrpajMieHTHBIE METOJbI IS
OTHOCHUTENIHLHO JTUMIIHIIEBBIX 3a7a4.

3. BapuanuonHsle HEpaBEHCTBA M CEUIOBBIC 3aJayd. YCJIOBHUS Pa3pelIMMOCTH U MPUMEPHI
MPUKJIAAHBIX 3a/1a4.

[lonsTre BapUaMOHHOTO HEpaBEHCTBA. Pe3yibTaThl 00 YCIOBHSX Pa3pelliMMOCTH BapUAllMOHHBIX
HepaBeHCTB. [lpumepsl 3aia4, NPUBOMAIIMX K BapUAallMOHHBIM HEpPaBEHCTBaM. 3ajada OTBICKAHUS
cemnoBoil Touku. [lpuioxeHMs: NarpaH)XeBbl CEIJIOBBIE 33Ja4H, MATPUYHBIE UIPHI, 3a7ada
COBMECTHOT'O HCIIOJIb30BaHMS PECYPCOB, 00yUeHHE TeHepaTUBHO-cOCTA3aTeNnbHbIX ceTeil (GAN).

4. MCTO,I[BI NEpBOTO NOpsAAAKa I BApUAIUOHHBIX HCPABCHCTB U CCJIOBBIX 3aJ/1av.

HrxHue OIeHKHM CIIOKHOCTM METOJOB IIEPBOrO MOpsAKa Uil BapHAllMOHHBIX HEPABEHCTB.
[IpoexunoHHBIM METON [UIsl BApUALMOHHBIX HEPABEHCTB, OLIEHKA CKOPOCTH CXOIAUMOCTH JJIsl CUJIBHO
MOHOTOHHBIX JIMIIIIMIEBBIX OINEPAaTOPOB. OKCTParpaAMEeHTHBIA METOJ U €ro CpaBHEHHE C
MIPOEKIIMOHHBIM MeToioM. [Ipokcumanbubil 3epkanbHbIl MeTon A.C. HemupoBckoro. AganTuBHBIN
W yHHBEpCAJbHBIH BapHaHThl MPOKCHMMalbHOrO 3epkanbHoro merona A.C. HemumpoBckoro mmst
BapUalLlMOHHBIX HEPAaBEHCTB C MOHOTOHHBIMM oOIleparopaMu. TeopeTHdecKHe OLIEHKH CKOpPOCTU
CXOOUMOCTH METOJOB JUII MOHOTOHHBIX OIIEpaToOpoB: CiIy4daW JIMIIIMIEBA, OTPAaHUYEHHOIO U
OTHOCHUTENIBHO JIMIIIUIEBA oreparopa. Meronsl A BapUallMOHHBIX HEPAaBEHCTB C CHJIBHO
MOHOTOHHBIMHU OIl€paTopaMH. AHaIHU3 pe3yJbTaTOB HEKOTOPBIX BBIYMCIHMTEIBHBIX 3KCIIEPUMEHTOB.
I'panuieHTHBIE METOBI C HETOUHBIM OpPaKyJIOM. YCKOPEHHBIE METO/IbI [UIsl CUJIBHO BBIITYKJIO-BOTHYTBIX
cenyioBbIX 3aaad. CTOXacTUYECKHE METONbl NEePBOTO MOpPsAKa AJsl BapHALMOHHBIX HEPABEHCTB H
CEIJIOBBIX 3a7a4.

5. M30paHHble MOAXO/BI K 33/1a4aM HEBBIMYKIOW ONTUMH3AIIHH.



JlokanbHple W I00abHBIE MUHUMYMBL. |pajveHTHBI METoj AJs TIAAKUX HEBBITYKIBIX 3a1ad,
OLICHKA CKOPOCTH CXOIMMOCTH C HCIIOJIb30BAaHHEM HOPMBI TrpaaueHTa. [Ipobrema HaxoxIeHHS
m100ansHOro MUHUMYMa. OO00IEHHs BBITYKIOCTH, JOIYCKAIOIIUE XOPOIIKE I00aNbHbIE OLIEHKU
CKOPOCTHU CXOIMMOCTH: KBa3UBBIMYKJIOCTb, C1a0ast BBITYKIOCTb. [IprMephl KBa3UBBIMYKIIBIX U cl1a00
BBIMYKJIBIX 3a7a4 aHaju3a AaHHbIX. CyOrpalueHTHbIE METOIBI Il KBa3UBBITYKIBIX 3a1ad (IOAXO.
10.E. Hecreposa), onieHKH CKOpOCTH cxoauMocTH. CyOrpasineHTHbIe METOIbI ATl C1ab0 BBIMYKIIBIX
3aJa4 C OCTPhIM MHHHMMYMOM, TEOPETUYECKHI pPe3ynbTaT O JIMHEHHOHW CKOPOCTH CXOAMMOCTH.
Penaxcanuy cuiabHOM BBITYKJIOCTH: YCJIOBUSI I'PaJUEHTHOIO JOMMHUPOBAaHMS M KBaJpaTHYHOIO
pocTa, TEOPEeTHYECKUH pe3yJbraT O JIMHEHHOM CKOpPOCTHM CcXOAMMOCTH. llpumep: HenuHelHbIE
CUCTEMBI. 3a/laud T€OMETPUYECKOIO NPOrpaMMUPOBaHUs. DBPUCTHUECKUE AJITOPUTMBbI HEBBIITYKIOH
ONITUMH3ALMH: METO UMUTALIMU OTKUTa U TeHETHYECKHUE AIITOPUTMBI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0AMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

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

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JiATEparypa
1. Beenenune B onrumm3anuto [Texcr] / b. T. [onsk - M.JIEHAH/I,2014

2. Beenenue B BoinyKiyto ontumuszanuio [ Teker], [monorpadus]/tO. E. Hectepos , -M., MIIHMO,
2010

JomnonHurenbHas aureparypa

1. I'my6okoe obyuenue / 5. 'yndennoy, . benmxuo, A. Kypsmis . — Mocksa, JIMK Ilpecc, 2018.—
URL: https://e.lanbook.com/book/107901 (mara obpamienus: 29.01.2021). - [Tonusrii Texet (Pesxum
noctyna : u3 cett MOTU / YnaneHHbIi 10CTY)

2. Metonast onrtumm3aruu [ Texct]. Y. 3 : Jlomomautenpabie TiaBsl / XKanan, B. I, ; M-Bo o0pa3oBaHus
u Haykn P®, Mock. ¢us.-texH. uH-T (roc. yH-T) - M.M®TH,2017

7. llepedyenn pecypcoB HH(POPMAMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

www.optimization-online.org

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeIbHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

He tpebyercs.
9. MeTonnueckue yKa3anus 1J1s 00y4al0LIUXCs 110 0CBOSHHIO TUCHMILTHHBI (MOYJIsT)

Crynent, n3yvaromuii kype " OnTUMH3aIMs B aHAINU3€E JaHHBIX: JOMOJHUTEIbHBIC TIaBhl ", TOJIKEH C
OZIHOM CTOPOHBI, OBJIAJETh OOIIMM MOHATHHHBIM aNNapaToM, a ¢ IPYroii CTOPOHBI, JOJDKEH HAyYUThCS
MPUMEHATh TEOPETHUECKUE 3HAHUS HA IPAKTUKE.

B pesynbrate u3ydeHWs IUCLUIUIMHBI CTYAEHT JOJDKEH 3HAaTh OCHOBHBIE OIIPENEIECHMs, MOHATHA,
aKCHOMBI, METO/IbI I0Ka3aTEIIbCTB.

YcnemHoOe 0CBOCHHE Kypca TpeOyeT HaNpsKEHHOW caMOCTOSTEILHOM padoThI CTy/ileHTa. B mporpamme
Kypca TIpUBEJICHO MHUHUMAILHO HEOOXomMMoe Bpemsl Juis paboThl CTyJeHTa HajJ TEMOHU.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— UTCHUC U KOHCIICKTUPOBAHUC peKOMeH,E[OBaHHOI\/’I JINTCPATyphl,



— TpopaboTKy ydeOHOro marepuaia (IO KOHCIIEKTaM JICKIHH, y4eOHOH M Hay4dyHOW JuTeparype),
[IOATOTOBKY OTBETOB HA BOIPOCH], IPEJHA3HAYEHHbIX JUISI CaMOCTOATEJIILHOTO  M3Y4EHHS,
JOKa3aTeNbCTBO OTAEIBHBIX YTBEPHKACHHUI, CBOICTB;

— IOATOTOBKY K DK3aMEHY.

PykoBOACTBO W KOHTPOJNb 3a CaMOCTOSATENBHOM paboTON CTygeHTa ocymiecTBisieTcst B (opme
HUHAUBUYaJIbHBIX KOHCYJIbTALUM.

ITokazaTteneM BiaJieHUs] MaTepUaoM CIYXXHUT YMEHHUE peliarh 3agadd. g dopMupoBaHus yMeHUs
MPUMEHATh TEOPETUUYECCKUE 3HAHMS HA MPAKTHKE CTYACHTY HEOOXOAMMO pellaTh Kak MOXKHO OoJibIIe
3amad. [Ipu pemennu 3a1a4 Kaxaoe qeiicTBHE HEOOXOAMMO apryMEHTHPOBAaTh, CChUIAsICh HA U3BECTHHIC
TEOPETUYECKHE CBEJCHUS.

BaxxHo 100UTHCS MOHMMAHMS HW3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3anoMuHaHus. [lpu
3aTPyJHEHUM M3YYEHHUS OTAEIBbHBIX TEM, BOIIPOCOB, CIEAyeT oOpalaTbcs 3a KOHCYJIbTalUsAMHU K
JIEKTOPY WJIM NIPENOoaBaTeiio, BEAYyIeMy IPaKTUUECKUE 3aHATHSL.

Jlureparypa J1st caMOCTOSTENTLHON paOOTHI:

1) Hecrepo 0. E., DddexTuBHBIE METOABI HEIMHEHHOTO MporpammupoBanus. M.: Pagno wu
cB135,1989 — 301 c.

2) Davis, D. et al. Subgradient Methods for Sharp Weakly Convex Functions. // Journal Optim. Theory
Appl. 2018. Vol. 179, P. 962 — 982.

3) Belkin M. Fit Without Fear: Remarkable Mathematical Phenomena of Deep Learning Through the
Prism of Interpolation. // arXiv:2105.14368, 2021.

4) Karimi H., Nutini J., Schmidt M. Linear Convergence of Gradient and Proximal-Gradient Methods
Under the Polyak-Lojasiewicz Condition.~// Machine Learning and Knowledge Discovery in
Databases. Lecture Notes in Computer Science. Springer, Cham. 2016. Vol. 9851. P. 795 — 811.

5) S. Boyd et al. A tutorial on geometric programming. // Optim. Eng. (2007) 8: 67-127 DOI
10.1007/s11081-007-9001-7.

6) Lu H., Freund R.M., Nesterov Y. Relatively smooth convex optimization by first-order methods, and
applications. // SIAM Journal on Optimization. 2018. Vol. 28, N 1. P. 333 -- 354.

7) Lu H.: Relative Continuity for Non-Lipschitz Nonsmooth Convex OptimizationUsing Stochastic (or
Deterministic) Mirror Descent. // Informs Journal on Optimization. 2019. Vol. 1(4). P. 288 -- 303.

8) O. Devolver, F. Clineur, Yu. Nesterov. First-order methods of smooth convex optimization with
inexact oracle. // Math. Prog. 2014.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa MaTeMaTHUYECKUX OCHOB YIPABJICHUS

Kypc: 1

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

Pa3paborunk: ®.C. CronskuH, -p (pu3.-MaT. HAYK, TOICHT, TOTICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3 CniocobeH BbIOUpaTh u (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 337134 B 001acTH HHQOPMATUKH U
BBIYHMCIIMTEIILHON TEXHUKH, YUUTHIBas
0COOCHHOCTHU M OIPaHUYCHUS PA3TUYHBIX
METOJIOB PEIICHHS

OIIK-3.4 Brnameer aHaIUTUYECKUMU U BBIUUCIUTEILHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
IPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PelICHUN

OIIK-3.5 CnocobeH aganTupoBaTh 3apyOe:KHbIE KOMILIEKCHI
o0paboTkn  WHPOpPMAMM W aBTOMATH3MPOBAHHOTO
MPOEKTUPOBAHUS K HYXK/IaM OT€YECTBCHHBIX MPEATPHATHI

[1K-2 [TorumaeT 1 cnocobeH NPUMEHUTH B
Hay4HO-UCCJIEN0BATEIbCKON U IPUKIaJHON
NEATENBHOCTH OCHOBHBIE 3aKOHBI
€CTECTBO3HAHUSI, COBPEMEHHbII
MaTeMaTHYeCKUI anmnapar U alfOPUTMBI,
COBpPEMEHHbIE
WH(POPMALOHHO-KOMMYHHKAIIOHHbIE
TEXHOJIOTUH

I[IK-2.1 3HaeT OCHOBBI  HAy4YHO-HCCIIEIOBATEIbCKOM
JEATEIIFHOCTH B 00JacTH WH(OPMAIMOHHBIX TEXHOJIOTHH,
BJIaJIe€T 3HAHUEM OCHOB (PHIIOCO(OUN U METOJIOIIOTHU HAYKH;
3HAHHEM METOJIOB HAyYHBIX MCCIIEOBAaHHMI M HABBIKAMH HX
MPOBEICHUS

[IK-2.2 YMeeT NMpUMEHATH MONyYeHHBIE 3HAHUS B 00JacTh
($yHIaMEeHTaIbHBIX HAYYHBIX OCHOB TEOPUHU WH(POpMALUU H

pelarhb CTaHJapTHbIE 3aaun B COOCTBEHHOM
HAay4YHO-UCCIIE0BATEIBCKON AESITETBHOCTH
[IK-2.3 Nwmeer MIpaKTU4YECKUN OIIBIT

HAYYHO-HCCIICZIOBATENILCKON  JICATEIILHOCTH B 00JacTu

I/IHq)OpMaI_II/IOHHO—KOMMYHI/IKaLII/IOHHLIX TCXHOJIOTHI

[1K-2.4 Bnageer MeTonaMy U alropuTMaMH pelIeHus 3a7a4y
uupoBoii 00pabOTKKM CHTHAJIOB, WCIOJNB30BAHUS CETH
Wurepner, aQHHOTUPOBAHUS, pedepupoBanus,
OoubnmorpaduyecKoro MOMCKa, OMBIT PabOThl ¢ HAYYHBIMHU
HCTOYHUKAMHU

[1K-3 Bnageet HaBbIKaMU y4acTHs B HAy4HBIX
TMCKYCCHSIX, BBICTYTUICHHUS C COOOILEHUSIMH U
JOKJIaZlaMU YCTHOT'O, IMCbMEHHOI'0 U
BHUPTYaJILHOTO (pa3MellcHHE B
MH(OPMALIMOHHBIX CETAX) XapakTepa,
MPECTABICHHUS MAaTePHaIOB COOCTBEHHBIX
HCCIIEeI0BaHUI

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

[IK-3.2 VYmeer BecTH KOPPEKTHYIO AHMCKYCCHIO B 00JacTu
MH(QOPMAIMOHHBIX TEXHOJIOTFM 3a7aBaTh BOIPOCHl U
OTBEYaThb HA IIOCTABJIEHHBIE BOIIPOCHI IO TEME HAay4YHOHU
paboThI

[IK-3.3 MmMeer mpakTHYECKUH OMBIT Y4YacTHsl B HAy4HBIX
CTyICHYECKUX KOH(PEpPEHIMUSAX, OYHBIX, BUPTYaJIbHbIX,
320UHBIX OOCYXKJIEHUSX Hay4YHbIX MpoOlieM B o001acTu
MH(POPMAIIMOHHBIX TEXHOJIOTHIA

[TIK-1 T'0TOB K BKJIFOUEHHUIO B
npodeccuoHaIbHOE COOOIIECTBO; CIIOCOOEH
MIPOBOIUTH MO/ HAYYHBIM PYKOBOICTBOM
JIOKaJIbHBIE HCCIIEA0BAHUS Ha OCHOBE
CYILIECTBYIOIIUX METOJOB B KOHKPETHOU
obnacTu mpoheCcCUOHATBHOH JIeATENLHOCTH

[IK-1.1 3HaeT OpUHOUIBI MIOCTPOCHHUS HAYYHOH pPabOTHI,
MeTrogsl cOopa W aHamu3a IOJMYy4YEHHOTO MaTepuala,
CHocoObl apryMEHTalWu; BiaJleeT HaBbIKAMH HOATOTOBKH
Hay4YHbIX  0030poB,  myOnukanmuii,  pedeparoB  u
oubnuorpadguii Mo TEMaTWke MPOBOAMMBIX HCCIICAOBAHUM
Ha PYyCCKOM U aHIVIMHCKOM SI3bIKE

[IK-1.2 VYMmeer pemarp Hay4Hble 3aJadyd C I[TOHUMaHHEM
CYIIECTBYIOIIMX IOAXOMOB K BepHdUKaMU Mojene
MpPOrpaMMHOTO OOECHeyeHuss B CBA3M C MOCTaBICHHOMN
IEJBI0 U B COOTBETCTBUY C BRIOPAHHOW METOIUKON

[IK-1.3 HMmeer mnpakTU4YeCKUH OMBIT BBICTYIUICHHH H
HAy4YHOM apryMeHTAallH IMpH aHalIu3e OOBbEeKTa HAyYHOH H
npodeccuoHaIBHON 1S TeTbHOCTH

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC HU3YUCHUSA OUCHHUILIAHBI ((OHTI/IMI/I3aI_II/I$I B aHaJIM3C JaHHBIX: OOINOJIHHUTCIBHBIC TIJIaBbID»

00yJaromuiics JOKeH:

3HATb:




- (l)yH,I[aMeHTaJ'ILHLIe noAXO0Abl K pCHICHUIO 3a1a4 BBIHYKHOﬁ nu HCBLIHYKHOﬁ OIITUMMH3AIIUH,;

- INOHATHA, AKCUOMBbI, MCETOAbI AOKA3aTCJIbCTB M JO0Ka3aTeJbCTBa OCHOBHBLIX TCOPEM B pasaciax,
BXOJAIINX B 63,30BYIO 4aCTh IMKIJIA,

- OCHOBHBIC CBOMCTBA COOTBETCTBYIOIIUX MATEMAaTHICCKUX O6’b€KTOB;

- AHAJIMTUYICCKUC U YUCIICHHBIC ITOAXOABI 1 METOABI AJId PCHICHUA TUIIOBBIX IMPUKJIAAHBIX 3a1a4.

yMeTh:
- IIOHSTh IIOCTABJICHHYIO 3a/1a4y;
- HCIIONB30BAaTh CBOM 3HAHUS AJISl pelieHHus (PyHIaMEHTaJbHBIX M MPHUKIAIHBIX 3a]ad BBHITYKIOH U
HEBBINYKJION ONTUMM3ALNY;
- OLIEHUBATh KOPPEKTHOCTh TOCTAHOBOK 33]1a4;
- CTPOro JI0Ka3blBaTh UM ONPOBEPIaTh yTBEPAKICHUE;
- CaMOCTOSTENIBHO HAXOAUTh AJITOPUTMBI PEILICHUS 33/]1a4, B TOM YHUCJIE U HECTaHJAPTHBIX, U IPOBOIUTH
UX aHaJIN3;
- CAMOCTOSITENIEHO BUJIETH CJIECTBUSA MTOyYEHHBIX PE3YIIBTAaTOB.

BJIaJIeTh:
- HaBbIKAMH OCBOCHUS OOJIBIIOr0 00beMa HHGOPMAIIUN U PEIICHUS 3a/1a4;
- HaBBIKAMH CaMOCTOSITEIEHON paOOThI M OCBOCHUS HOBBIX JUCIHMIUINH;
- KyJABTYpOW IOCTaHOBKH, aHAJIM3a U PEIICHHs MaTeMaTHYeCKHX M NPUKIAIHBIX 33134, TPEOYIOIHX
ISl CBOETO PEIICHHS UCTIONB30BAaHHUS MaTEMaTHYECKHX ITOIXOI0B U METOIOB BBITYKJIOH ONITUMH3ALINH;
- IpPEIMETHBIM S3BIKOM M HaBBIKAMH TI'DAaMOTHOTO ONKMCAHMsl PEIICHUS 3afad M HpeICTaBICHUS
MOJTYYEHHBIX PE3yJIbTaTOB.

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

Texyluii KOHTPOJIb OCYIIECTBIIIETCS HA OCHOBE BBIITOJIHEHUS CTYACHTAMH COBOKYITHOCTH JOMAIIHHUX
3aJ]aHuil U KOHTPOJIBHBIX pabOT B COOTBETCTBMU C y4eOHBIM IUTaHOM. J[aHHBIE O MOCEUIAEMOCTH U
TEKyLIEH yCIIEBa€MOCTH BHOCSTCS MPENOJABATENIMHU B CIIELUAIbHBIC XKYPHAJIBI.

Texkymuii KOHTPOJIb HA OCHOBE JOMALIHHUX 33JaHUN OCYLIECTBISICTCS B TEUEHUH Y4eOHOTO ceMecTpa B
CPOKH, YCTaHOBJICHHBIE Y4eOHBIM yIPaBICHUEM, B COOTBETCTBUH C YUEOHBIM IIAHOM.

Jns coaum 3amaHus CTyAEHT O0O0s3aH IMPEJOCTaBUTh pEIIeHHE 3aJayd JOMAIIHero 3aJaHus B
MUCBMEHHOHM ()opMe, OTBETHTH Ha BOIMPOCHI IMPENOJABaTelIsi W HaMKUCaTh KOHTPOJBHYIO paboTy Mo
3aJaHUI0, TI0 KOTOPOU MPOBEPSIOTCS 3HAHUE NOHATUN M YTBEPKIAECHUM IO TEMaM CIAaBa€MOIO 3aJIaHMs
Y YMEHHIO peliarh 3aJ1auu.

Bo Bpemsi BbINONHEHUS KOHTPOJNBHOM pPabOTBI HENb3s IOJIb30BaTbCs IOMOIIBIO APYTHX JIUI,
BBIYMCIIMTEIHON TEXHUKU U MOOMIBHBIMU Tele()OHAMH.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM JIJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Hepequb KOHTPOJIbHBIX BOIIPOCOB IJId CAAYM 5K3aMCHaA:

1. TIpuMepsl ONTUMHU3ANOHHBIX 3a]a4, BO3HUKAIOIINX B aHAJIN3€ JaHHBIX: JUHEWHAs W HEJIWHEHHas
perpeccus U OnHapHas KiaccuUKaIus.

2. HmwxHMe OlleHKH aHAIMTHYECKOW CIIOKHOCTH B MPOCTPAHCTBAX OOJBIIUX PA3MEPHOCTEH: IMAJKKIE U
HEITIaIKUE 3a7a4H.

3. I'pagveHTHBIN METOJ: HEBBIIYKJIbIE, BBITYKIIbIE U CHJIBHO BBIIYKJIbIE 3a7jadl. YCKOPEHHbBIE METOIbI
JUIS 3a/1a4 BBITYKJIONW M CHJIBHO BBIMTYKJIOM INIAAKON ONTUMH3ALMN: METOA TSHKEIOro MIapuKa, ObICTPBIN
rpagueHTHBIN METOZ,.

4. AfanTUBHBI HEYCKOPEHHBIN TPaJUEHTHBIA METOJ: BBITYKJIBIA M HEBBITYKIBIH ciydail. OIeHKH
CKOPOCTH CXOTUMOCTH.



5. AnanTUBHBIA MeTOJ MOAOOHBIX TPEYTOJLHUKOB. YHUBEpPCAJIbHBIC I'PAJAMEHTHBIE MeToabl. OueHKn
CKOPOCTH CXOIUMOCTH.

6. lar B.T. Ilonsika B cyOrpagieHTHOM METOJIE U €T0 MPHJIOKEHHUS B 3aJ1a4aX PErpeccuu, a TaKkxKe Ipu
OTBICKaHNU OOIIEH TOUYKU CUCTEMBI MHOXKECTB.

7. OTHOCUTENbHAS [VIAIKOCTh U OTHOCUTEJIbHAS CUJIbHAS BBINYKIOCTh. [IprMeps! NpuKIagHbIX 3a1au:
MaTpUYHbIC ypaBHEHUs, D-oNTUManbHBIN J1aH SKCIIEPUMEHTA.

8. AanTHBHBIN rpaJMeHTHBIA METOJ JJIs1 OTHOCUTENFHO IIaAKUX ONTHUMHU3aLMOHHBIX 3a/1a4.

9. 3amaun UEHTPaNM30BAaHHOW ONTHMHU3ALUUHN B MPEANOIOKECHUH CXOKECTH CIaraeMbIX: MOAXOHA C
UCIIO0JIb30BaHUEM OTHOCUTEIBHON IIIAJKOCTH U CUIIBHOM BBIITYKJIOCTH.

10. OTHOCHTENbHAS HENPEPHIBHOCT (JIMIIIMIIEBOCTh) B ONTUMH3AlMH. [Ipumepsl: reomeTpuueckue
3a/lauM, a TakkKe 3ajada OMHApHOW KIACCU(PUKAIIMM METOJOM OMOPHBIX BeKTOpoB. CyOrpaaueHTHbIC
METO/BI ISl OTHOCUTEIBHO JIMMIIINLEBBIX 3a1a4.

11. IlonaTne BapuallMOHHOTO HEpaBeHCTBA. Pe3ynbraTsl 00 YCIOBUSAX Pa3pelIMMOCTH BapHAllMOHHBIX
HepaBeHCTB. [IpuMeps! NpUKIafHbIX 33134, IPUBOJAIIMX K BAPUALIMOHHBIM HEPABEHCTBAM.

12. 3amaua oThICKaHUS CEeIOBOM TOYKH. [IpuiokeHus: JarpaHkeBbl CEAJIOBBIC 3a/1a4d, MaTPUUYHBIC
UTPBI, 3371a4a COBMECTHOI'O HCIIOJIL30BAaHMSI PECypCcOB, 00yUEeHHE TeHepaTHBHO-COCTA3ATENbHbBIX CETEH
(GAN).

13. HuxHME OLIEHKM CIIOKHOCTH METOJOB IIEPBOIO IOpsAAKa [Uld BapHallMOHHBIX HEPAaBEHCTB.
[IpoexkunoHHbI METON sl BapHALMOHHBIX HEPABEHCTB, OLICHKA CKOPOCTH CXOAMMOCTH Ui CHIIBHO
MOHOTOHHBIX JIMIIIIHIIEBBIX OIIEPATOPOB.

14. DxcTparpaMeHTHBI METOJ W €ro CpPaBHEHHWE C MPOEKIMOHHBIM MeToaoM. [IpokcumanbHbIi
3epkanbHbIid Meton A.C. HemupoBcKkoro. AanTHBHBIA ¥ YHUBEPCAIbHBIA BAPHAHTHI IPOKCUMAIBHOTO
3epkanbHoro Meroga A.C. HemupoBckoro nansi BapUalMOHHBIX HEPaBEHCTB C MOHOTOHHBIMU
OTIepaToOpaMH.

15.TeopeTuyeckue OLEHKA CKOPOCTH CXOOUMOCTH METOAOB Ui MOHOTOHHBIX OIEPAaTOPOB: CIy4yau
JIMIIIULEBA, OTPAHUYEHHOIO ¥ OTHOCUTEIILHO JIMIIIIKIIEBA OIIepaTopa.

16. MeToibl A1 BApUAaLlMOHHBIX HEPABEHCTB C CUJILHO MOHOTOHHBIMU oneparopaMu. 17. I'pagueHTHbIe
METO/Ibl C HETOYHBIM OpAaKyJIOM. YCKOPEHHBIE METOIbl Ul CHJIBHO BBIIYKJIO-BOTHYTBIX CEIUIOBBIX
3aj1ay.

18. CroxacTuiyeckue METOAbI IEPBOTO MOPSIIKA AJIsl BApUALIMOHHBIX HEPABEHCTB M CEAJIOBBIX 3a]a4.

19. JlokanbHble U I00aibHBIe MUHUMYMBI. [ pafiueHTHBI MeToA IS IVIaJKUX HEBBIMYKJIBIX 3a/ad,
OLIEHKA CKOPOCTH CXOJUMOCTH C UCIIOJIb30BAHUEM HOPMBI I'paiueHTa.

20. O6001eHus BBIIYKIOCTH, IOMYCKAIOMIME XOPOIINE I0OANbHbIE OLIEHKH CKOPOCTH CXOAMMOCTH:
KBa3UBBIITYKJIOCTh, c1a0ast BBITYKJIOCTb. [IprMephl KBa3UBBITYKIIBIX M C1a00 BBIMYKJIBIX 3371a4 aHAJIH3a
JAHHBIX.

21. CyOrpagueHTHBIE MeETOABI [UIS KBa3MBBINYKIbIX 3amad (moaxox FO.E. Hecreposa), oueHku
CKOPOCTH CXOJIUMOCTH.

22. CyOrpagveHTHbIe METOABI I ¢1a00 BBIMYKJIBIX 33/1a4 C OCTPHIM MHHUMYMOM, T€OPETHYECKHH
PE3YyNbTaT 0 TMHEHHONW CKOPOCTH CXOJUMOCTH.

23. Penakcauuy CWIIBHOW BBITYKJIOCTH: YCJIOBHS TPaJUCHTHOTO JOMHUHUPOBAHHS M KBaJIpaTHYHOIO
pocTa, TEOPETUUECKUN PE3YJIBTAT O JMHEWHON CKOPOCTH CXOAUMOCTH. IIpumep: HenMHENHbBIE CUCTEMBI.

24. 3aiauy TeOMETPUUYECKOTO TPOTrPAMMHUPOBAHHUSL.

25. DBpUCTHUYECKHWE aJITOPUTMBI HEBBIMYKJIONW ONTHMHU3AIMH: METOI WMHUTAIMHd OTXHUTa U
FEHETUYECKUE aTOPUTMBL.

[Ipumepsl 3K3aMeHAIMOHHBIX OUJIETOB:
burer 1.

1. I'pagveHTHBINA METOI: HEBBIIYKIIbIE, BBITYK/IbIE U CHJIBHO BBIIYKJIBIE 3a7jadl. YCKOPEHHbIE METOIbI
JUIS 3a1a4 BBITYKJIONW W CHJIBHO BBIMTYKJION TNIQAKON ONTUMH3ALMN: METOA TSHKEIOro MIapuKa, ObICTPBIN
rpaeHTHBIN METOZ,.

2. HwkHHE OLIGHKH CIOXHOCTH METOJOB II€PBOrO MOpAAKa A BapHALlMOHHBIX HEPABEHCTB.
IIpoexkunoHHbIM METOX 11 BapUAaLlMOHHBIX HEPABEHCTB, OLIEHKA CKOPOCTH CXOAUMOCTH Ul CHJIBHO
MOHOTOHHBIX JIMIIIHMIIEBBIX OMEPATOPOB.

buier 2.



1. OGo0mieHus! BBIMYKIOCTH, AOMYCKAIOLINE XOPOLIME II00AIbHBIE OLUEHKH CKOPOCTH CXOAMMOCTH:
KBa3UBBIITYKJIOCTh, c1a0ast BBIMYKJIOCTb. [IpiMephl KBa3UBBITYKIIBIX M C1a00 BBIMYKJIBIX 3371a4 aHAJIH3a
JAHHBIX.

2. 3aga4ya OTBICKAaHUsS ceaoBoil Touku. [IpmiiokeHus: JlarpaH)KeBbl CEIUIOBbIE 3aJa4M, MAaTPUYHBIE

HUI'PpBI, 3aa49a COBMCCTHOT'O MCIIOJIb30BaAHUA PECYPCOB, O6y‘leHPIG TCHCPATUBHO-COCTA3ATCIIbHBIX ceTeﬁ
(GAN).

Kpurepun onennBanus
- omenka «omuuHo  (10)»  BeIcTaBisieTCSs  CTYACGHTY, IIOKa3aBIIEMYy  BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
IPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH;
- omeHka  «oraumuHOo  (9)»  BBICTaBIseTCA  CTYOGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, INTyOOKHE 3HAaHHUS yueOHOM MPOrpaMMbl AUCIUITIIMHBL U YMEHUE IPUMEHATh UX
Ha MpaKTHKE MPH PELICHHH KOHKPETHBIX 3ajad, cBOOOJHOE M MpaBWIIbHOE 0OOCHOBAaHUE MPHHATHIX
peLIEHN;
- oueHka  «omm4HO  (8)»  BBICTaBIUsieTCS  CTYACHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE
CHCTeMaTH3UPOBaHHBIE, IITyOOKHE 3HAaHUS yueOHOMH MporpaMMbl AUCIUIIIMHBL U YMEHUE IPUMEHATh UX
Ha MPaKTHKE [IPH PEILICHMH KOHKPETHBIX 3ajiad, U IPaBUIbHOE 000CHOBAHUE MPUHSTHIX PELICHUN;
- OILIEHKa «xopoluo (7)» BbICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, I'paMOTHO M IO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MIOJyYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIM B PELIEHUHU 3a]jad HEKOTOPblE HETOYHOCTH;
- OIICHKA «XOpowIo (6)» BBICTABISETCS CTYAEHTY, €CIIM OH 3HAET Marepuai, IPaMOTHO H IO CYLIECTBY
U3JIaraeT ero, yMeeT IPUMEHSTh IIOJy4YEHHbIE 3HAHUSA Ha IIPAKTUKE, HO JIOIYyCKaeT B OTBETE WJIMU B
peIIeHUH 3a/1a4 HEKOTOPhIE HETOUHOCTH;
- OLIEHKa «XOpowIo (5)» BBICTABIAETCS CTYAEHTY, €CJIM OH 3HAET Marepuas, U IO CYLIECTBY U3Jaraer
€ro, yMeeT MPHUMEHSATH MOMyuYeHHbIC 3HAHWS Ha MPAKTUKE, HO JOIYCKAET B OTBETE WM B PEIICHUH
3a]1a4 HEKOTOpbIE HETOUHOCTH;
- OIIEHKa «Y/IOBJIETBOPUTENbHO (4)» BBICTABISAECTCA CTYAEHTY, IOKa3aBIIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSATHIA,
HapylleHHUs JOrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH BJQJCET OCHOBHBIMU pa3lelaMyd Y4eOHOHM NporpaMMbl, HEOOXOOMUMBIMH JJsl AalbHEHIIETo
00yueHHs 1 MOXET NPUMEHSThH NOJIy4YeHHbIE 3HaHUS 110 00pa3ily B CTAaHJAPTHON CUTYaIUH;
- OLCHKAa «YyIOBIECTBOPUTENHHO (3)» BBICTABISCTCS CTYIOCHTY, IOKa3aBIIEMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH BJajeeT (parMeHTapHO OCHOBHBIMH pa3JelaMHd Y4eOHOW NporpamMMbl, HEOOXOIUMBIMH UL
nanpHeimero o0y4eHHs UM MOXET IPUMEHSTh MOJy4YeHHbIE 3HAaHUS MO o0pas3ly B CTaHAApPTHOU
CUTYyalluy;
- OILIEHKAa «HEYIOBJIETBOPUTEIHHO (2)» BBICTABISETCS CTYAEHTY, KOTOPBHIH HE 3HaeT OoJibIleill yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKAaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATHH AUCIUITIMHBI M HE YMEET UCIOIb30BaTh OTYYESHHBIC 3HAHUS MIPU
pEIIEHUH TUTIOBBIX MPAKTUYECKUX 3a7ad;
- OLICHKA «HEYHOBJIETBOPUTENHHO (1)» BBICTABISIETCS CTYACHTY, KOTOPBIM HE 3HAeT (OPMYIUPOBOK
OCHOBHBIX NOHATHI AUCLUIUINHBL.

5. MeTonuyeckne MaTepuaJbl, onpeaesome NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

Bo Bpems mpoBeneHust 3k3amMeHa 0Oydaroliydecss MOTYT IOJIb30BaThCs MPOrPaMMON AMCLUIUIMHBL, a
TAKXKE CIPABOYHOM JIMTEPATYPOM, BBIUUCIUTEIbHON TEXHUKOU, KOHCIIEKTaMU JICKLIAN.

DK3aMeH IPOBOAUTCS IyTEM OPraHU3aLUM CIEIMATIbHOTO OIpOca, MPOBOAMMOIO B YCTHOH (opme.



