degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
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CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2
KonnuecTBo KOHTPONBHBIX PadoT, 3a1aHuil: 2

[IporpamMmy cocraBunu:

C.B. lInupko, kaux. ¢pus.-Mat. HayK
I0.E. Hecrepos, n-p ¢pus.-mart. Hayk

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl MareMaTnieckux ocHOB ynpasieaus 03.04.2024



AHHOTANMA
B kypce u3nararoTcs OCHOBHBIE HJE€H TEOPUHU CIOKHOCTH JUIsl BBIMYKJIOW onTtuMu3anuu. Ilpexne Bcero
paccMaTpUBalOTCsl ONTUMAJIbHbIE METOAbl U HIJKHUE TPaHMLbl CIOXKHOCTH A DIAJKOM U HeNIaaKou
BBIYKJIOW onTuMHU3anuu. BBomsrcss 0a3oBasi TEPMUHOJOTHS W TIOHSATHS OpaKyja, YEepHOrO SINUKA,
ONTHUMU3AIIMOHHON MOZIENH, CJIO)KHOCTH UTEPAaTUBHBIX CXEM OOILEro BU/A.
Jnst 3apa4 6e3yCIIOBHOW IIAJKOW BBHIMYKJIOH ONTHUMH3AINN YCTAHABIUBAIOTCS HIKHUE TPAHUIIBI CIIOXKHOCTH,
paccMaTpuBaeTCsl TPaJUeHTHBI METOA, OOCYKIAIOTCS ONTHUMajbHble METOAbl. JlJIs 3a7ad MUHHUMH3ALHUU C
IOPOCTHIMHA  OTPAaHWYEHUSIMHM  OIPEACISIETCS TOHATHE TIPAJMCHTHOTO OTOOpaXEHWs W MPHUBOIATCS
ONTHMAJIBHBIE CXEMBl MUHUMHU3aLINH.
JUis  3agad  HEDIagkoW BBINYKIOW ONTHUMU3ALMM YCTaHABIMBAIOTCS HIDKHHME TPAaHMIBI CIOXHOCTH,
npeasaraercs: o0masi cxemMa aHajln3a CIOKHOCTH COOTBETCTBYIOIIMX MeToA0B. OOCYKAal0TCsl ONTHMAbHbIE
METO/bl HETJIaJKOW BBINYKIOW ONTHMM3ALMHM, BKJIIOYash KOHEYHOMEPHBIM ciyyail: cyOrpagueHTHBIC, METO.
LEHTPA TAKECTH U METOJ JIUIICOUIOB.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- O3HAaKOMJICHHE CTYJIEHTOB C OCHOBaMHU TEOPHU SKCTPEMAJIbHBIX 3aJau, COAEPKAIIMX HeIaJKHhe
BBIMYKJIble (DYHKIHMU Ha BBITYKJIBIX MHOKECTBAaX B FMJIBOCPTOBBIX U OaHAXOBBIX MPOCTPAHCTBAX, B TOM
yucie oOpaTHTh BHUMAaHWE HAa HAJIW4YHe JIBOWCTBEHHOCTH B 3aJaHUM BBIMYKIBIX MHOXECTB WM
BBITYKJIBIX (DyHKIHHA.

33]13‘[1/[ JAUCHUIIINHBI

- HpI/IO6peTeHI/IC CIIymaTeJIsiM TCOPECTUICCKUX 3HAHUH U MPaKTUICCKUX YMCHI/Iﬁ ¥ HaBBIKOB B 00JIaCTH
HETJIaJKOro aHajin3a,

- HpI/IO6peTeHI/Ie CJIyIIaTeJIsIMA HaBbIKOB BJIaJICHHUS alllIapaTOM BBIITYKJIOI'O aHAJIn3a,

- BIIaJIeHUe OOLIMM MOJXOAO0M K PEIICHUIO MMUPOKOTO Kllacca MPUKIAIHBIX ONTUMHU3AIMOHHBIX 3a]1ad,
JIOITYCKAOIIUX MaTeMaTHIECKyI0 (popMan3aimro;

- IIOATOTOBKA CIIyIATeNed K M3YYEHHIO CMEKHBIX MaTeMaTHMYeCKUX MAMCLUUIUINH, CBS3aHHBIX C
MaTeMaTH4eCKOM TEOpHEeW ONTUMAJIbHOIO YIPABICHHUS, METONAaMH ONTHMH3AIMM, MAaTeMaTHYeCKON
HKOHOMUKOH M Teopueil nuddepeHmanbHbIX (IMHAMUYECKHX ) UTD;

- npuoOpeTeHne HAaBBHIKOB B NPUMEHEHHH METOJOB BBINYKJIOTO M HEMIAJKOTO aHalu3a B JAPYIHUX
€CTECTBEHHOHAYYHbIX JUCLUIUINHAX.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,

NPUMEHCHUSI IPUKJIATHBIX IPOTPAMMHBIX IPOITYKTOB
OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh OIIK-4 .2

pelIeHne MOCTaBICHHON 3a]]aqu, IPOBECTH
aHaJIM3 pe3yNibTaTa U MPEeACTaBUTh BHIBOAbI,
MPUMEHSISl 3HAHWSI ¥ HABBIKA B 00NIacTh
MAaTE€MAaTUKH, €CTECTBEHHBIX HAYK U
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTHH

Crnocoben MPUMEHSTh 3HaHUE
MH(POPMAIIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHH  JUIS
pelIeHHs IOCTaBICHHON 3a1a4u, (POPMYIIMPOBAHNUS BEIBOJIOB
Y OIICHKH TIOJTyYCHHBIX PE3YJIbTaTOB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBEICHUS HAYYHOTO MCCIIECO0BAHUS

OIlIK-4.4 CrnocobeH aHamu3upoBaTh MNPOPECCHOHAIBHYIO
MH(OpPMAINIO, BBICIATh B HEH TNIaBHOE, CTPYKTypHpPOBATh,
ohOpMIIATH M TPEICTABIATH B BHAC AHAIUTHYECKUX
0030pOB ¢ 000CHOBaHHBIMH BHIBOJIJAMH ¥ PEKOMEHIAIIHSIMHU

[IK-1.1 3HaeT ONpUHOUNBI MOCTPOCHHUS HAYYHOH pPabOTHI,
MeTroasl cOopa W aHamm3a IOJMYYEHHOTO MaTepualia,
CHocoObl apryMEHTalru; BiaJleeT HaBBIKAMH HOATOTOBKH
Hay4YHbIX  0030poB,  mNyOnukanmuii,  pedeparoB  u
oubnuorpadguii Mo TEMaTWke MPOBOAMMBIX HCCIICAOBAHUM
Ha PYyCCKOM U aHIVIMHCKOM SI3bIKE

[TIK-1 T'0TOB K BKJIFOUEHHUIO B
npodeccuoHanbHOE COOOIIECTBO; CIIOCOOEH




LIPOBOAMTD 110 HAYYHbIM PYKOBOACTBOM
JIOKaJIbHBIC UCCJIEIOBAHUS HA OCHOBE
CYIIECTBYIOIINX METOOB B KOHKPETHOMH
o0mactu mpodeccruoHaIbHON NesTENBHOCTH

[IK-1.2 VYmeer pemars Hay4YHbIE 33Ja4d C TOHUMaHHEM
CYLIECTBYIOIIUX TMOAXOAOB K BEpUPHUKALMKU MOAETEH
IPOrpaMMHOTO O0ecHedeHus B CBA3M C IOCTaBJICHHOM
LENBIO U B COOTBETCTBUH C BRIOPAHHOW METOIUKON

[IK-1.3 Hmeer mnpakTU4EeCKUH ONBIT BBICTYIUIECHUA H
HAyYHOW apryMeHTalUy MpH aHaiu3e OOheKTa HAyYHOH M
npo¢ecCHOHANIBHON eI TeNbHOCTH

3. IlepedeHb NJIAHUPYEMBIX Pe3yJIbTATOB 00yU€eHHsI O JUCHUILINHE (MOTYJII0)

B pe3ynbrare 0CBOCHHS AUCIUILTHHBI 00YyYaIOIINECs TOIKHBI

3HATh:
- (hyHIaMeHTaJIbHBIC TIOHSTHS, 3aKOHBI, © METO/IbI BBITYKJIOH ONTHMH3AIINH;
- TIOHATHS, AKCHOMBI, METOJbI JIOKAa3aTeJIbCTB W JIOKA3aTeNbCTBA OCHOBHBIX TEOPEM B pa3Jienax,
BXOJISIIMX B 0A30BYIO 4aCTh IIUKJIA;
- OCHOBHBIC CBOMCTBA COOTBETCTBYIOIIMX MAaTEMATHUCCKUX O0BEKTOB;
- QHAJTUTUYCCKUE M YUCIICHHBIC MOAXO/bI M METO/IBI JIJIsl PELICHHUS TUIIOBBIX MPUKJIAIHBIX 3371a4.

YMETh:
- IOHSATH MTOCTABJICHHYIO 3a/1a4Yy;
- WCIIOJIb30BAaTh CBOM 3HAHUS JUIA PEHICHHUS (QYHIAMEHTAIBHBIX W TPUKIAIHBIX 33734 BBITYKIIOH
ONITHMHU3AIIH;
- OIICHUBATh KOPPEKTHOCTh MOCTAHOBOK 3a/1a4;
- CTPOTO JI0Ka3bIBATh MJIH ONPOBEPIaTh yTBEPIKIACHHE;
- CAMOCTOSITEJILHO HAXOAWTh AJTOPUTMBI PEILICHUS 3a/1a4, B TOM YHUCIIC ¥ HECTAHAAPTHBIX, H MPOBOIUTH
UX aHaJIM3;
- CaMOCTOSITeIILHO BUJICTh CIICACTBHUS MONTYUYCHHBIX PE3yJIBTATOR.

BJIAJICTh:
- HaBbIKAMH OCBOCHHUS OOJIBIIIOr0 00beMa HHGOPMAIIUN U PEIICHUS 3a/1a4;
- HaBBIKAMH CaMOCTOSTEIIBHOMN pabOThl M OCBOCHHUS HOBBIX JHUCIUILINH;
- KyJIbTypOW MOCTAHOBKH, aHAJIM3a U PCIICHHUS MaTeMaTHYeCKUX M MPUKIAIHBIX 3a1a4, TPeOyIOIInX
JUTSL CBOETO PEIICHHUS UCTIOIb30BAaHMS MATEMAaTHUECKUX MTOIX0/I0B M METOJIOB BBIMYKJIOW ONTUMH3AIHH;
- MpPEJAMETHBIM SI3bIKOM W HaBBIKAMH TPAMOTHOTO OIMCAHHS PEUICHUS 3a1ad M MpPEACTaBICHUS
MOJTYYCHHBIX PE3yJIbTaTOB.

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

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM YY€OHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| OOmas HenmuHEWHass ONTUMH3ALUSA U ee 4 5
CIIO)KHOCTS.
) OnTtuManbHBIE METOABl Ml TIAAKHX 6 5
BBIITYKJIBIX 3a/1au.
Meronpl OTCEKarolEed TIUIEPIUIOCKOCTH
3 JUIA 3a7a4 BBIMYKIOH KOHEYHOMEPHON 5 5
MUHUMU3ALUH. CrpykrypHas
ONITUMH3ALIHSL.
4 CrpykrypHas ontummzanusa. [nagkas 5 5
MHUHUMU3ALUS A7 HeMIaAKUX QYHKIUI.
[IpsAMO-IBONCTBEHHBIE METOABI PELICHUS
5 HerIagKux 3a71a4. MuanMu3anus 5 5
COCTaBHBIX (DYHKIIWH.




MeToapl MMOKOOPIMHATHOTO CITyCKa H
6 CyOrpaJIMeHTHBIC METO/BI PEIICHHUS 33139 5 5
CBEPXOOJIBINON Pa3MEPHOCTH.

Hroro yacos 30 30
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)
1. Ob6uas HenMHEHHAS ONTUMM3ALNS U €€ CIOKHOCTb.

06]]_[35{ HEJIMHEHHAs OIITUMH3AUA U €€ CIIOKHOCTD.

[locranoBka 3agaun. Konuemnuus yepHoro simuka. [lonsarue 3Gp¢GeKTUBHOCTH YHMCICHHBIX METOMOB.
[Mpumep: meTox paBHOMepHOTO Tiepebopa. Kinaccudukaryst 3a/1a4 HETUHEHHOW ONTUMHU3AIUH.

Huxuue oLeHKH CIIOKHOCTH IS TIaJKUX 3a1ad4.

Bemykisie hyHKIMY 1 ux cBoiictBa. [Ipumepbl BRIMYKIbIX (yHKIUNA. HeoOxomumble U 10CTaTOYHbIE
YCIJIOBHSI IEPBOTO M BTOPOTO MOPSIIKA IS BBITYKIIBIX (DYHKLUH.

Brimykiisie GyHKIUM C JTUNIIUIEBBIM IPAJUEHTOM M UX CBOMCTBA. HMKHSS OIIEHKA CIIOKHOCTH IS
KJ1acca BBIMYKJIBIX (DYHKIMH C JIMIIINIEBBIM IPaJUCHTOM.

CuibHO BBINTYKIIbIE (PYHKUIUHU U UX cBoHCTBA. [IprMeps! cuiibHO BBIMyKIIbIX (yHKUuNA. Heobxonumeie
U JIOCTaTOYHBIE YCJIOBHS IEPBOTO M BTOPOTO IOPSAKA Ul CHIBHO BBIMYKIBIX (GyHKIMHA. HyokHsIsA
OLIEHKA CJIOKHOCTH JIJIsl KJIACCA CUIILHO BBITYKIBIX (DYHKUMHN C JTUMIIULECBBIM TPaIUCHTOM.

[Ipunnun penakcanuu W anmpokcuManud. I'pagueHTHbI MeTonl. OLIEHKH CKOPOCTH CXOAMMOCTHU
TPaJueHTHOTO METO/la Ha KJIAcCaX BBIMYKIBIX W CHJIBHO BBIMYKIBIX (PYHKIUN C JIHIIITUIEBBIM
rpagueHTOM.

2. OnTrManbHBIe METOJBI JUIS TIAJAKUX BBITTYKIIBIX 33/1a4.

OnTtuMainbHbIe MCETOAbI AJIs ITTaAKUX BBIIMYKJIbIX 3a1a4.

OnenuBaronyie mocieaoBarelbHOCTH. OO0mas cxema Merofa OBICTPBIX T'paJMeHTOB. BapwaHThI
MeToj1a OBICTPBIX TPAIUEHTOB U UX OIEHKH CKOPOCTH CXOIUMOCTH.

BBIHYKIIBIG MHOXECTBA M UX cBoiicTBa. IlocTaHoBka 3aga4dun yc.]'[OBHOﬁ OIITUMH3ALIUH. H€06XO,Z[I/IMOG
1 JOCTAaTOYHOC YCJIOBHUE ONITUMAJIbHOCTH.

[lonsTHE TPaJMEHTHOTO OTOOPaXXCHUSI W €ro CBOWCTBA. AHAJOI TPaJIWEHTHOTO METOJa M METoJa
OBICTPBIX TPAJIMECHTOB IS 33]71a49 YCIOBHOW MUHUMU3AHMHA. OTEHKH WX CKOPOCTH CXOJUMOCTH.

CyOrpamueHTHBIA METO 7S 33724 BRITYKIION MUHUMH3AIMH 00IIero BUa.

[MocTaHoBka 3aja4um BBITYKIOW MUHUMH3amu obuiero Buaa. [Ipumepsl. [loHsTue cyOrpajueHrTa.
[Ipumeps! BeruucieHust cyOrpaauentoB. CBoiicTBa cyOrpaguenta. Heobxomumoe M 10CTaTodHOE
ycioBue onTuManbHOCTH. Teopema Kyna-Takkepa.

HyoxHss TpaHuIa CIOKHOCTH JUIS KJIacca BBIMYKJIBIX M JIMMIIMIEBBIX (YHKIMH Ha OrpaHUYEHHOM
MHOYECTBE.

CY6I‘pa,HHCHTHLIﬁ MCTO/J Ha IMPOCTHIX MHOXCCTBAX. OHGHKa €ro CXOANMMOCTH.

CyOrpaaueHTHBId METOJ] Ha MHOXECTBE C (PYHKIMOHAIBHBIMH OTPAHHYEHUSMU W €r0o OICHKa
cxopuMocT. ONTHMAaIBHOCThH CyOrpaJMEeHTHOTO METOo/Ia Ha JIAHHOM Kilacce 3ajad.

3. Meronpl OTCEKAroIIeW TUIIEPIUIOCKOCTH U 3a7a4 BBIMTYKIOW KOHEYHOMEPHOW MUHUMH3ALIWU.
CTpyKTypHas ONITUMHU3ALIHSL.

MCTOZ[LI OTCCKaIOH.[eﬁ TUNICPIITIOCKOCTU IJId 3a1a4 BLIHyKJ'IOﬁ KOHC‘iHOMCpHOfI MHWHHMU3AIINHN.
ITocranoBka 3a/lauu pa3pCuInMOCTH. Hixasas OLICHKA CJIOKHOCTH AJIA JaHHOI'O Kjacca 3aaa4.
HpI/IHI_II/IH JIOKaJIM3aluun pCHICHUS.

MCTOZ[LI OTCCKaIOH.[eﬁ THUIICPIITIOCKOCTH. O606H_[€HHBII\/’I METOL OTCGKaIOI]_[eﬁ THUIICPIITIOCKOCTH.




MeTon dJUITUICONIOB.
CrpykrypHas ontumu3zanus. CaMmocornacoBaHHbIE QYHKIHH.

CamocornacoBanHas ¢yHkius. [IpuMepsl u cBolicTBa caMocoriacoBaHHON (yHkmuu. OCHOBHBIE
HepaBeHCTBa. MUHMMHU3ALUS CAaMOCOTIIACOBAHHBIX (DYHKITHIA.

4. CtpykrypHas ontuMusanus. [1agkas MUHUMUA3AIAS TSl HETIAAKUX (pyHKIAH.

CTPYKTypHaH OIITUMM3AllHA. CaMocornIacoBaHHbBIE 6apLepLL

[locranoBka 3agaun. YpaBHEHHE LEHTpaIbHON TpackTopun. CamocornacoBanHblid 6aprsep. [Ipumepst
U CBOMCTBA CaMOCOITIaCOBAHHOTO Oaphepa.

AHaTUTHYECKUI IIEHTP MHOXECTBA.
MeTtoz OTCEKUBaHUS TPACKTOPHH U OIIEHKH €T0 CKOPOCTH CXOJUMOCTH.
IMmaakast MUHUMU3AIMS U HETIAAKUX (DYHKIWN: TIPOPBIB 32 MPEJIeNibl BO3ZMOKHOTO.

[TocranoBka 3amaun. OyHKIKK € SIBHO 3aaHHON CTPyKTypoH. [loHsATHE compshkeHHOU (IyasibHOM)
3a/1a4u.

HpOKC—(i)yHKL[I/ISI. Texnuka croraxuBanus. OnTUManbHAs cxeMma AJid peIICHHUA 3a1a4d FJ'Ia,Z[KOfI
OIITUMMU3AIIUHU.

[IppuMeneHne HMaHHOrO NOAXOAA K MATPUYHBIM HWrpaMm, 3agade lllteliHepa, BapUaUUMOHHBIM
HEpaBEHCTBAM.

5. HpHMO—)_IBOI\/’ICTBeHHBIG MCTOJbl PCHICHUA HCIIIAAKUX 3a1a4. MI/IHI/IMI/I3aLII/I$I COCTaBHBIX (1)yHKLIHI>'I

HpﬂMO—,Z[BOﬁCTBeHHBIe MCTO/bI PCHICHUA HCTJTIAAKUX 3a/a4.

Hwxnsas nuneiiHas anmpoxcumManusi (MoAesib) MCXOAHOHM weneBoil ¢ynkumu. CuibHoe U ciaboe
peleHre Heraakou 3anaun. OyHKIHS 3a30pa U €€ CBOMCTBA.

OOmas cxema JBOWCTBEHHOTO ycpenHeHHs. MeToJ| MpOoCTOro JBOMCTBEHHOTO ycpeaHeHus. Meton
B3BEILIEHHOTO IBOMCTBEHHOTO ycpeagHeHusa. OLeHKH CKOPOCTH X CXOAUMOCTH.

[IpumeHnenne Meroma  JTBOMCTBEHHOTO  yCpeAHEHHMS K  oOmiedl 3amaye  MUHUMU3AINH,
[psSIMO-JBOMCTBEHHOM 3a/1a4€, MUHUMAKCHOU 3a7a4e, CEAJIOBOM 3a1a4e.

DKOHOMHUECKas MHTEPIIPETalus METOa JBONCTBEHHOTO yCpeAHEHUs (MOJeb cOalaHCUPOBaHHOTO
pas3BUTUS).

MunumMu3anys coctaBHbIX GyHKUUH. [eHepanns pa3peKeHHbIX pelIeHuH.
[TocranoBka 3amaun. IloHsATHE IPaAMEHTHOTO KOMIIO3UTHOTO OTOOPaKEHHUS M €0 CBOMCTBA.

[psimoii rpamueHTHBIN MeToA. OIEHKN €ro CKOPOCTH CXOAMMOCTH B BBIITYKIIOM M CHJIBHO BBIITYKJIOM
clyJae.

J/IBOMICTBEHHBIN IPAJMEHTHBIA METOA U €TI0 OLIEHKU CKOPOCTH CXOAUMOCTH.
JIBOMICTBEHHBIN IPAJMEHTHBIA METO/ C YCKOPEHUEM U €TI0 OLICHKH CKOPOCTH CXOAUMOCTHU.

[IpuMeHeHHe JaHHBIX METOAOB K PEIICHHIO 3aJa4d Pa3peKCHHBIX HAUMEHBIIMX KBaJPaToB.
OO6cy>kaeHre YUCICHHBIX Pe3yIbTaToB.

6. MeToapl MOKOOPAMHATHOTO CITyCKa M CyOrpaJveHTHBIC METOIbl PEIICHUS 3a/ad CBEPXOOIIBIION
pa3sMepHOCTH.

MeTo/pI TOKOOPIMHATHOTO CITyCKa PELICHUS 33/1a4 CBEPXOOJIbIION Pa3MEPHOCTH.
Crienuduika 3a/1a4 CBepXO0IbIION pa3MEPHOCTH.

Metox ciydaiiHOr0o HOKOOPAMHATHOTO CITyCKa JJIsl PEIICHMs BBIMYKIBIX 3agad  0e3yCIIOBHOM
MHHHMH3ALMH U €r0 OLIEHKH CKOPOCTH CXOAUMOCTH.

MGTO,I[ CJ'Iy‘IafIHOFO MMOKOOPAWHATHOTO CITYCKa [JId PCHICHHA CUJIbHO BBIITYKJIBIX 3a1a4 663}’CHOBHOI\/’I
MUHUMH3AIUHU U €T0 OLICHKHU CKOPOCTU CXOOAUMOCTHU.

Merton cilydallHOIO IIOKOOPJMHATHOIO CIIyCKa JJsl pEILIeHUs BBIIYKJIBIX 3alad YCJIOBHOM
MHHHMH3AIMH U €T0 OLIEHKH CKOPOCTH CXOAUMOCTH.

Meron ciiy4yallHOTO MOKOOPAUMHATHOTO CIyCKAa C YCKOPEHUEM JJisi PEIICHUS BBIMYKIBIX 33434
0e3yCIIOBHOW MUHHMH3AIIUU H €r0 OIICHKH CKOPOCTH CXOAUMOCTH.

OOcy:xaeHne YUCICHHBIX PEe3yIbTaToOB PadOTHI JaHHBIX METO/IOB.
CyOrpaaneHTHbIE METOBI PELICHNUS 3a/1a4 CBEPXOOIBIION pa3MepHOCTH.

O deKkTUBHBIN TepecueT MaTPUYHO-BEKTOPHOTO TPOM3BENCHHS B pa3pekeHHOM ciydae. BeicTpbiit
nepecyeT 3HaUCHUs] CAMMETPUYHON (PYHKIIMH C TIOMOIIbI0 OMHAPHOTO JepeBa.



Cy6rpanuentssiii meron b. Ilonsaka misa pemeHust 3amad 0€3yClIOBHOW ONTUMU3AIUHN U OLICHKA €TI0
ckopoctu cxomumoctu. CyOrpaguwentHsiii meron H.lllopa pns pemeHus 3amad  yCIOBHOWM
ONTMM3ALMH U OLIEHKA €70 CKOPOCTU CXOJUMOCTH.

[IpumeHeHne TaHHOW TEXHUKHU IepecdeTa K 3a/adyaM CBepXOONbLION Pa3MEpHOCTU C Pa3peKeHHON
CTPYKTYpOil.

Merton ciay4aliHOrO MOKOOPAMHATHOIO CIIyCKa JUls pELICHUs HEIIAaJKOM 3alaud MUHMMM3ALUU C
paspekeHHbIM cyOrpaanenToM. [IpuMenenne TeXHUKY nepecuera K JaHHOMY METOY.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

HeobxonnmMoe obopynoBaHue Jist 3aHATHI: KOMITLIOTEP U MyJIBTUMEINHHOE 000pynoBanue (IPOeKTop,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. MeTtojipl ONTUMH3AIHH. YCIOBHUS ONTUMAILHOCTH B OKCTpeMalbHbBIX 33/a4ax [Tekcr] : yueO.
nocobue s By30B / A. I. buprokos ; M-Bo o6pa3zoBanus u Hayku Poc. @enepaunu, Mock. ¢u3z.-TexH.
uH-T (Toc. yH-T .— M. : MOTU, 2010 .— 225 c.
2. Yucnennsie MeTonbl ontuMuzaiuu [ Teker] : [yue6.nmocodue ans By3oB] / A.D.M3maiinos,
M.B.Conogos .— M. : ®usmatiurt, 2003, 2005 .— 304 c.
3. Beenenue B Bemykiryto onrumm3aiyio [ Texct], [monorpadus]/tO. E. Hectepos , -M., MITHMO,
2010

JlomonHuTenpHas IUTEparypa
1. Beeaenue B ontummzanuio [Tekct] : [yue6. mocobue mis By3oB] / b. T. [Tonsik .— M. : Hayka, 1983
— 384 c.
2. Kypc metonoB ontummzanuu [ Texcr] : yue6. mocodue mis By3oB / A. I. Cyxapes, A. B. Tumoxos, B.
B. ®enopos ; [Mock. roc. ya-T uM. M. B. JlomonocoBa] .— 2-e uzn. — M. : @usmarmiut, 2005, 2008

— 367 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

www.optimization-online.org

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

He npenycmorpeno.
9. MeTonuyeckne yKkazaHusl JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO AU CIUILIHHBI (MOXYJIs)

Crynent, m3ydaromuii Kypc "CoBpemeHHble 3(PQEKTHBHBIE METOIBl BBIMTYKJIOH ONTUMH3AIMH",
JOJIKEH, C OJJHOM CTOPOHBI, OBJIA/IeTh OOIMM HOHATUIHHBIM alIapaToM, a ¢ JIpyroil CTOPOHBI, T0JDKEH
HAy4UTHCS IPUMEHATH TEOPETUUECKHIE 3HAHUS Ha MIPAKTUKE.

B pesynbrate u3ydeHWs IUCLHUIUIMHBI CTYAEHT JOJDKEH 3HAaTh OCHOBHBIE OIPENEIEHMs, MOHATHA,
aKCHOMBI, METO/IbI I0KA3aTEIIbCTB.

YcnemHoOe 0CBOCHHE Kypca TpeOyeT HaNpsKEHHONW caMOCTOSTEILHOM padoThI CTy/leHTa. B mporpamme
Kypca TIpUBEJICHO MHUHUMAILHO HEOOXomMMoe Bpemsl Juis pabdoThl CTyleHTa HajJ TEMOHU.
CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YTEHHE U KOHCIIEKTHPOBAHUE PEKOMEHI0BAHHOM JINTEPATYPHI,



— 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
3aTPyOHEHUN HW3YYCHHS OTHCJIBHBIX TEM, BOIPOCOB CJEOyeT OO0pamarbCsi 3a KOHCYJIbTALUSMHU K
JIEKTODY.

Jlureparypa J1st caMOCTOSTENTLHON paOOTHI:

1) Nesterov Yu. Smooth minimization of non-smooth functions. // Mathematical Programming, 2005,
v.103 (1), p.127-152. http://dcam.mipt.ru/science/seminars/a_Sgclte/SmoothMin-arphawgi384.PDF

2) Nesterov Yu. Primal-dual subgradient methods for convex problems. // Mathematical programming.
2009. V.120 (1). http://dcam.mipt.ru/science/seminars/a_5gclte/PDGradRev2a-arph1xlfhjp.pdf

3) Nesterov, Yurii. Gradient methods for minimizing composite functions. In: Mathematical
Programming, Vol. Online first (2012). http://www.ecore.be/DPs/dp 1191313936.pdf

4) Nesterov, Yurii. Efficiency of coordinate-descent methods on huge-scale optimization problems. In:
SIAM Journal on Optimization, Vol. 22, no.2, p. 341-362
(2012).http://www.optimization-online.org/DB_FILE/2010/01/2527.pdf

5) Nesterov, Yurii. Subgradient methods for huge-scale optimization problems. In: Mathematical
Programming, (May 2013). http://www.ecore.be/DPs/dp 1329823186.pdf



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 arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaspaGorunkm:

C.B. lInupko, kaua. Gpus.-Mat. HayK
1O.E. Hecrepos, n1-p ¢u3.-mMart. Hayk



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIlK-4.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI IS TIOMCKA M U3YYEHUS] HAyYHOU JIUTEPaTypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOTYKTOB

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh OIIK-4 2
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJM3 pe3yabTara U MPeACTaBUTh BHIBOIbI,
MPUMEHSISl 3HAHUSI U HABBIKKA B 00JacTu

Crnocoben MPUMEHSTh 3HaHUE
MH()OPMAIIMOHHO-KOMMYHUKAIMOHHBIX ~ TEXHOJIOTHH  JIJIs
pelIeHus TOCTAaBICHHOH 3a1auk, (POPMYITHPOBAHHUS BHIBOIOB
U OLICHKH TIOJIy4EeHHBIX PE3yJIbTaTOB

MaTeMaTHUKH, €CTECTBEHHBIX HayK U
MH()OPMAITMOHHO-KOMMYHUKAITHOHHBIX
TEeXHOJIOTHH

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS] HAYYHOTO HCCIICIOBAHUS

OIIK-4.4 CrnocobeH aHamu3upoBaTh NPOQPECCHOHAIBHYIO
MH(OpPMALNIO, BBACIATh B HEH INIaBHOE, CTPYKTypHpPOBATh,
oopMIISITH W TPEACTaBIATH B BHAC AHAIUTHYSCKHX
0030poB ¢ 000CHOBaHHBIMU BBIBOJIAMH U PEKOMEHIAIIUSAMHU

[MK-1.1 3HaeT OPUHIUNBI MMOCTPOCHHUS HAYYHOH pPabOTHI,
Merogsl cOopa W aHamu3a TIOJMyYSHHOTO MaTepHalia,
CIIOCOOBI apryMEHTAlluy; BIIaJE€CT HABBIKAMH IIOATOTOBKU
Hay4YHbIX  0030poB,  myOinukanuii,  pedepatoB  H
oubnuorpadguil MO TEMaTWKe MPOBOJAMMEBIX HCCIICAOBAHUIMA
Ha PYCCKOM M aHIJIMICKOM SI3BIKE

IIK-1 I'oTOB K BKIIIOUEHHIO B
npodeccruoHaabHOE COOOIIECTBO; CIIOCOOCH

MIPOBOAMTH IOJT HAYYHBIM PYKOBOACTBOM
JIOKaJIbHBIC UCCJIEIOBaHUS HA OCHOBE
CYIIECTBYIOIINX METOOB B KOHKPETHOM
o0mactu mpoeccruoHaIbHOM NesTENBHOCTH

[IK-1.2 VYmeer pemars Hay4dHbIE 33Ja4d C TOHUMaHHEM
CYLIECTBYIOIIUX TMOAXOAOB K BEpUPHUKALMKU MOAETEH
IPOrpaMMHOTO O0OecHedeHus B CBA3M C IOCTaBJICHHOM
LEJBIO U B COOTBETCTBUH C BEIOPAHHOW METOIUKON

[IK-1.3 Hmeer mnpakTU4YEeCKUH ONBIT BBICTYIUIECHUA H
HAyYHOW apryMeHTalUy NP aHajiu3e OOheKTa HAYyYHOU M
npo¢ecCHOHANBHON e TeNbHOCTH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynabrare usydenusi mucuuiuinHbl «CoBpeMeHHbIE 3()(EKTHBHBICE METOIbl BBIMTYKIOH ONTHMH3AIIHI
00yJarouics JTOIDKEH:

3HAThb:

- (pyHIaMeHTaIbHBIE TOHATHS, 3aKOHBI, 1 METO/IbI BBIITYKJIOH ONTHMHU3ALINY;
- IIOHATHUS, AKCHUOMBI, METOJbl JI0Ka3aTeibCTB U [OKA3aTeJIbCTBA OCHOBHBIX TEOPEM B pasenax,
BXOIAIIMX B 0A30BYIO 4aCTh LIUKJIA;
- OCHOBHBIE CBOHCTBA COOTBETCTBYIOIINX MaTeMaTHIECKUX OOBEKTOB;
- aHAIUTUYECKHUE U YHUCIICHHBIC IOAXOAbI U METO/IBI [T PELICHHUS TUIIOBBIX MPUKJIAIHBIX 3a/1a4.
yMeTh:
- MIOHATH NOCTABJICHHYIO 33]1a4y;
- WCIOJIb30BAaTh CBOM 3HAHUS Ul PELICHUS (QyHIAMEHTAIbHBIX W MPHUKIAIAHBIX 3a/ad BBIMYKIION
ONITUMU3ALNH;
- OLICHUBaTbh KOPPEKTHOCTb IOCTAHOBOK 3a/1a4;
- CTPOrO JOKa3bIBaTh WM ONPOBEPIaTh YTBEPKACHHUE;
- CaMOCTOSTEIbHO HaXOAUTh AJITOPUTMBI PELLICHHs 3a/1a4, B TOM YHUCJI€ M HECTaHAAPTHBIX, U IPOBOJIUTD
UX aHaJIN3;
- CaMOCTOSITEIbHO BUETh CJIEACTBUS IIOIY4YEHHBIX PE3y/IbTaToB.
BJIaJeTh:




- HaBbIKAMH OCBOEHUS O0JIBIIOro 00bemMa HHGOPMALIMK U PEILICHUS 3a/1a4;

- HaBBIKAMH CaMOCTOSITEIbHON pabOThl M OCBOCHUS HOBBIX JANCIMIUINH;

- KyJAbTYpOW NOCTAHOBKH, aHAJIU3a M PELICHUS MAaTEMAaTHUYECKHX M NPUKJIAIHBIX 3a/ad, TPeOyoLmx
JUIsl CBOETO PELIEHHUs UCII0JIb30BaHUsI MaTEMaTHUECKUX ITOJIX0JJ0B U METOJOB BBIIIYKJIOH ONITUMHU3ALNY;
- MPEIMETHBIM S3bIKOM M HAaBbIKAMH TPaMOTHOTO ONHCAHUS PELICHUS 3aJady M MPeICTaBICHUS
[IOJIyYEHHBIX PE3yJIbTaTOB.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yLIC6HOl"O Marcpuajia MmpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHATUA 110 TCMC ITPOULJIOTO 3aHATUA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

Hepequb KOHTPOJIbHBIX BOIIPOCOB IJId CAAYM 5K3aMCHa:

1. OOmas HenmwHeWHass ONTHUMH3AIMA M €€ CIOKHOCTh. [loctaHoBKa 3amaum. KoHmemniusi yepHOTO
squka. [lonsitue 3¢ddexkTuBHOCTH uynCieHHBIX MeTonoB. [Ipumep: MeTox paBHOMEpHOTo mepedopa.
Knaccuduxkanus 3a1a4 HelMMHEHHON ONTUMU3AIHH.

2. HwxHYe OUEHKHU CIIOKHOCTH JUIS TMAaJKHX 3ajad. Beimykiblie GyHKIIMM U UX cBoiicTBa. [Ipumepsl
BBINYKJIBIX (yHKuuid. HeoOxoaumble M OCTAaTOYHBIE YCJIOBHSA IEPBOTO M BTOPOro MOpSAKa IJis
BBIMYKJIBIX (YHKIMHA. BbImyknble QyHKIMM ¢ JIUINIIMAIEBBIM T'PAJUEHTOM M UX cBoicTBa. HukHaAs
OLIEHKA CIIOKHOCTH ISl Kilacca BBIMYKIBIX (DYHKUMN € JTUMIIUIECBBIM IpagueHTOM. CHUIIBHO BBIITYKIIbIE
¢byHKIMM W UX cBoHWcTBa. [IpuMepbl CHUIIBHO BBIMYKIBIX (yHKIMA. HeoOxomumple W JOCTaTOYHBIE
YCIJIOBHSI TIEPBOTO M BTOPOTO MOPsIIKA AJIsi CHJIBHO BBIMYKJIBIX (pyHKIMA. HIDKHSAS OoLieHKa CIIOXKHOCTH
IUI KJ1acca CHUJIBHO BBIMYKJIBIX (YHKIMH C JIMIINNEBBIM rpaaueHToM. IlpuHumn pemakcauum u
annpoxkcuMmanuu. ['pagueHTHeId MeToa. OLEHKHM CKOPOCTH CXOAMMOCTH TPaJUeHTHOTO METoAa Ha
KJIaccax BBIMYKIIBIX U CHJIBHO BBITYKJIBIX (DyHKIHMIT C JIMIIINIIEBBIM TPaTUECHTOM.

3. OnrtumanbHble METOABI ISl TIAJKHX BBINYKIBIX 3ana4. OLEeHMBaIOLIME MOCIIEA0BATECIbHOCTH.
OOmas cxema Metofa OBICTPBHIX TPaJUEeHTOB. BapnaHTel MeToa OBICTPHIX I'PAJMEHTOB U UX OLIEHKU
CKOPOCTH CXOOUMOCTH. BBINyKible MHOXKECTBa M HX cBoicTBa. I[locTaHOBKa 3adadu yCIOBHOM
ontuMu3anuu. Heobxopnmoe W A0CTaToduHOE YyCIOBHE ONTHMalbHOCTH. [IOHATHE TIpaaMeHTHOTO
OTOOpaXeHHUsI U ero CBOMCTBA. AHAJOI IPaJUEHTHOTO METOAA M MeToAa OBICTPBIX I'PaJUEHTOB IS
3aJa4 yCJI0BHOW MUHUMHU3AaLUU. OLIEHKU UX CKOPOCTH CXOJUMOCTH.

4. CyOrpanueHTHBI MeTOx AJs 3alad BBIITYKION MUHMMH3auuu obmero Buaa. IloctaHoBKa 3ajaqu
BBIMYKJIOW MUHUME3aIu obmero Buaa. [Ipumepst. [lonstue cyorpaauenta. [Ipumepsl BeIYHCICHUS
cyorpaguentoB. CoiicTBa cyOrpaguenra. HeoOxoaummoe M JOCTaToO4HOE YCIOBHUE ONTHMAIBHOCTH.
Teopema Kyhna-Takkepa. HuwkHss rpaHuna CIIOKHOCTH JUlsd KJIacca BBIIYKJIBIX M JIMIIIMIEBBIX
($yHKUMH Ha orpaHMYeHHOM MHOXecTBe. CyOrpasneHTHBII METOJ Ha MPOCTBIX MHOXecTBax. OLeHKa
ero cxoxumocTH. CyOrpaJueHTHbIH METO Ha MHOXKECTBE ¢ (DYHKIIMOHAJIBHBIMU OTPAaHUYCHUSAMH U €T0
oLIeHKa cxoauMOoCcTH. ONTUMANBHOCTD CyOrpaJIlEHTHOTO METOa Ha JTaHHOM Kilacce 3aad.

5. Meronbl OTceKaroleld TUNEPIUIOCKOCTH JUIsl 3aAad BBIMYKIOM KOHEYHOMEPHON MUHUMU3AIUU.
[TocTanoBka 3amaum paspemmuMocTH. HuKHSS OLeHKa CIOKHOCTH MJi1 JaHHOTO Kjacca 3ajaad.
[Ipuanun sokanu3anuu pemeHus. MeTonbl oTcekaromiei rumnepruiockoctu.  OOOOUICHHBIA METON
OTCEKAIOIIEH TUIIEPITIOCKOCTH. MeToz 3JUIMIICOUIOB.

6. CrpyxrypHas ontummzanua. CamocoriacoBanHble (¢yHKUuu. CaMocornacoBaHHas (YHKLHS.
[Mpumepsl u cBolicTBa camocornacoBaHHOW (yHknmuu. OCHOBHBIE HEPaBEHCTBA. MUHUMH3AIHS
CaMOCOTJIACOBAHHBIX (PYHKIMH.

7. CrpykrypHas ontummszanus. CamocornacoBaHHble Oapwepbl. IlocTaHOBKa 3amaun. YpaBHEHHE
HEHTpalnbHOH TpaekTopun. CamocoriiacoBaHHbIl O6apbep. [IpuMepsl U CBOKCTBA caMOCOITIACOBAHHOTO
Oapbepa. AHAJIUTUYECKUI LIEHTP MHOXKECTBA. METOA OTCICKMBAHHUS TPACKTOPUU M OLEHKHU €ro
CKOPOCTH CXOJIMMOCTH.

8. I'magkast MUHUMM3aLUs A HeIagkuX (pyHKUuil: mpopbIB 3a mpeaeis! Bo3MoxHoro. ITocraHoBka
3agaun. DyHKUMM C SBHO 3aJaHHOM CTpykTypoil. [loHATme compspkeHHOW (IyainbHOW) 3agay.
[pokc-pynkius. Texnuka crnaxuBanus. OnTUMalbHas cXema JUIS pelieHHs 3ajad  [JIaJIkon
onTuMM3anu. IIpruMeHeHWe JaHHOrO TMOAXOAA K MaTpU4YHBIM urpam, 3agade lllrelinepa,
BapHaLlMOHHBIM HEPABEHCTBAM.



9. IIpsAMO-IBOMCTBEHHBIE METOJBI PEIICHHUA HEMAAKUX 3aaad. HWkHsAA nuHEiHas annpoKcUMarius
(Monenb) ucxomHol neneBod ¢yHknuu. CuinbHOEe M crnaboe perieHue Hernaakou 3amadu. DyHKIys
3a30pa u ee cBorcTBa. OOmIas cxema JBOMCTBEHHOTO ycpenHeHHs. MeToa MpocToro ABOMCTBEHHOTO
ycpeaHeHusi. MeTon B3BELIEHHOIO JBOWCTBEHHOIO ycpeAHeHUs. OLIEHKU CKOPOCTH HUX CXOIUMOCTH.
[Ipumenenne MeToma  [IBOMCTBEHHOIO  YCpEOHEHHUS K  oOmeidl  3agaye  MUHUMH3AIWH,
MpSMO-BOMCTBEHHONW  3ajlaue, MHHUMAKCHOM 3ajade, CeVIOBOM  3amade. OKOHOMHYECKas
WHTEpIpEeTalys METoAa JBOUCTBEHHOTO YCPEAHEHUS (MOeb COaTaHCUPOBAHHOTO PA3BHUTHS).

10. Munumuzanusi coctaBHbIX (QyHKIMA. [eHepanus paspekeHHBbIX perieHuil. [locTaHoBka 3agaqm.
[lonATHe TPagMEHTHOTO KOMIIO3UTHOTO OTOOpaKeHUsI U ero cBoucTBa. [IpsiMol rpagMeHTHBIA METOM.
OLEeHKM €ro CKOPOCTH CXOIMMOCTU B BBIIYKIOM M CWJIBHO BBIIYKJIOM ciydae. J[BOHCTBEHHBIH
TPaJUEHTHBIH METOX M €r0 OLIEHKH CKOPOCTH CXOOUMOCTH. JIBOMCTBEHHBIH TpaAMEHTHBIA METOH C
YCKOPEHUEM U €r0 OLIEHKH CKOPOCTH CXOAMMOCTH. [IpuMeHeHue JaHHbIX METOAOB K PELICHUIO 3aJadu
pa3peKeHHbIX HAMMEHBIINX KBaApaToB. OOCyXIeHHE YHCICHHBIX PE3yJIbTaTOB.

11. MeToasl MOKOOPAMHATHOTO CIIyCKa peLIeHUsl 3afad cBepxOonbiioi pasmepHocTH. Crenuduka
3aja4 cBepXOONbIION pa3mMepHOCTH. MeTon Ciy4aiiHOTO MOKOOPAMHATHOTO CIYCKa JUIsl PelleHUs
BBIMYKJIBIX 3a1ad 0e3yCJIOBHOM MHUHHMMH3ALMKW M €ro OLEHKH CKOPOCTH CXOAMMOCTH. MeTox
CIIly4aHOTO TIOKOOPJMHATHOTO CITyCKa JJsl PELICHUS CHIBHO BBINYKIBIX 3agad 0e3yClIOBHON
MHHHMH3AIMH U €r0 OLEHKH CKOPOCTH CXOAUMOCTH. MeTon ciny4ailHOro HOKOOPAMHATHOTO CITyCKa IS
pelleHus BBITYKIbIX 3a/ad yCJIOBHOH MHHMMHU3ALMM U €r0 OLEHKH CKOPOCTH cXoxumocTu. Meron
CIIy4aifHOTO MOKOOPAMHATHOIO CIIYCKa C YCKOPEHHMEM Il PELICHHS BBINYKIBIX 3a7a4 O0e3yCIOBHOM
MHUHHUMH3AIHUN U €T0 OLIEHKH CKOPOCTH CXOAMMOCTH. OOCyXeHHE YMCICHHBIX PE3yJbTaToB paboThI
JAHHBIX METO/IOB.

12. CyOrpaagreHTHBIE METOABI PEIICHHS 3a7ad CBEPXO00MbIION pasMepHOCTH. D) (HEKTUBHBIN mepecueT
MaTpUYHO-BEKTOPHOIO IIPOU3BEIECHUA B PAa3pekKEHHOM ciyuyae. DbBpICTpbIl nepecdyeT 3HadeHUs
CUMMETPUYHON (YHKUMU C MOMOIIbI0 OmHapHoro nepesa. CyOrpamuentHeiii metox b. Ilomska mis
pemieHns 3a1a4 O0e3yCIOBHOM ONTHMH3ALUU U OLIEHKA €ro CKOpocTH cxoaumocTu. CyOrpaaueHTHbIH
Meron H.Ilopa nns pemeHus 3agad yCIOBHOW ONTMH3ALMU M OLEHKA €r0 CKOPOCTH CXOIUMOCTH.
[MpumMeHeHre NaHHOW TEXHUKHW Tepecdera K 3ajadaM CBEpXOOJBIION pa3sMEPHOCTH C pa3pesKeHHOU
CTPYKTypoil. Meron ciayyallHOTO TOKOOPIWHATHOIO CITyCKa JUId pelIeHWs HEDIAAKoW 3agadu
MHUHHUMU3AINH C Pa3peKeHHBIM cyOrpanuenTom. [IpumeHenne TeXHUKN Iiepecyera K JaHHOMY METOLY.

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner Nel

1. OOmas HenmuHeWHas oNTUMH3aUMA M ee CIOKHOCTh. [loctaHoBka 3amaun. Konuenuusi yepHoro
smuka. [lousitue 3¢dekTnBHOCTH YUCIIEHHBIX MeTonoB. [IpuMep: MeTox paBHOMEpHOTO Tepebopa.
Kiaccudukanms 3ama4 HeTMHEWHON ONITUMU3AIIHH.

2. IlpsiMo-1BOMICTBEHHBIE METOBI PEIICHHUS HETIaJAKHUX 3a/1a4.

bunmerNe2

1. Metoapl OTCEKAOWIEH THIEPIIIOCKOCTH AJS 3alad BBIIYKJIOW KOHEYHOMEPHOW MHHHMMHU3ALWH.
[locTanoBka 3aa4u pa3peIUMOCTH.

2. CyOrpagueHTHbIE METOABI PELICHHS 33/a4 CBEPXOONbIION pa3MepHOCTH. D (eKTUBHBIN MepecyeT
MaTpUYHO-BEKTOPHOIO IIPOU3BEICHUA B PAa3pekKEHHOM ciyuyae. DbpICTpbIl mepecdyeT 3HadeHUs
CUMMETPHUYHON ()YHKIHH C TIOMOIIBbIO OMHAPHOTO JIepeBa.

Kpurepun oneHuBanus
Onenka «OTJINYHO (10)» BBICTaBIISIETCS CTYZICHTY, [IOKa3aBIIEMy  BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
NPUHATHIX PELICHUI
OLIEHKA «OTIUYHO (9)» BBICTABISETCS CTYACHTY, [IOKa3aBIIEMy BCECTOPOHHHE, CUCTEMAaTHU3UPOBAHHBIE,
n1yOokue 3HaHUS y4eOHOM HporpaMMbl JUCHUIUIMHBI M YMEHHE NMPUMEHATh UX Ha NPAKTUKE IPU
pelIeHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIIbHOE 0O0CHOBAaHUE MPUHSTHIX PELICHUN
OLIEHKA «OTIMYHO (8)» BBICTABIAETCS CTYIEHTY, [10Ka3aBIIEMy BCECTOPOHHUE CUCTEMATU3UPOBAHHBIE,
DIyOOKHe 3HaHMS y4eOHOW MpOrpaMMbl AUCHUUIUIMHBL M yMEHHE NPUMEHSITh MX Ha NPAKTUKE IPH
pelLIeHnN KOHKPETHBIX 3a/1a4, ¥ IPaBUIbHOE 000CHOBAaHHUE MPUHSATHIX PEIICHNI
olieHKa «xopouo (7)» BBICTaBIAETCS CTYIEHTY, €CJIM OH TBEPAO 3HAET Marepuaj, TPaMOTHO U MO
CYLIECTBY U3J1araer ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PELIEHUH 3a/1a49 HEKOTOPHIE HETOUHOCTH;



OLICHKA «XOpOoIIO (6)» BBICTABISETCS CTYACHTY, €CIIM OH 3HAeT MarepHaj, rPaMOTHO M 1O CYIIECTBY
U3JIaraeT ero, yMeeT NPUMEHSThH MOJTyYCHHBIC 3HAHMS Ha NMPAKTHUKE, HO JOIyCKAaeT B OTBETE WM B
pEIIeHNH 3a/1a4 HEKOTOPbIe HETOYHOCTH;

OLICHKA «XOpowIOo (5)» BBICTABIISICTCS CTYICHTY, €CIIH OH 3HAET MaTepHall, U M0 CyIECTBY H3JIaraeT ero,
yMeeT NMPHUMEHSTH MOJTy4YEeHHbIC 3HAHUS Ha MPAKTHKE, HO JIOIyCKAeT B OTBETE WM B PEIICHHU 33134
HEKOTOpbIEC HETOYHOCTH;

OLICHKA «YIOBICTBOPHUTENIBHO (4)» BBICTABISCTCS CTYIACHTY, IIOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHWIbHBIE (OPMYIUPOBKH 0a30BBIX TOHSITHH,
HapYILECHUS JIOTHYECKON MOCIIEI0BATEIbHOCTH B U3JI0KEHHU MIPOrPAaMMHOIO Marepuaia, HO IPH 3TOM
OH BIIQJCET OCHOBHBIMH pa3ieiaMd Y4eOHOH mporpamMMbl, HEOOXOAMMBIMHU JUIS JaJIbHEHWIIEro
00y4YeHUsI U MOKET IPUMEHSITH ITOJTyUYSHHBIC 3HAHUS 110 00pas3ily B CTaHIAPTHON CUTYaIHH;

OLICHKA «YIOBJICTBOPUTENBHO (3)» BBICTABISCTCS CTYIACHTY, IIOKa3aBImieMy (parMeHTapHbIH,
Pa3pO3HEHHBIH XapaKkTep 3HAHWI, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKON MOCIIENOBATEIbHOCTH B U3JIOKECHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH BiajaeeT (parMeHTapHO OCHOBHBIMH pa3JeiaMd Y4eOHOW IporpamMMbl, HEOOXOJMMBIMH JUIS
JTambHEUIIero OOyYeHHs M MOXKET NPUMEHSTHh IONyYeHHbIE 3HAHUS TO 00pasily B CTaHAapTHON
CHUTYaLlUH;

OLICHKA «HEYIOBIICTBOPUTEILHO (2)» BBICTABISACTCS CTYJACHTY, KOTOPBI HE 3HAET OOJbIIeH YacTH
OCHOBHOTO CcOAepKaHUs y4eOHOW MporpaMMbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHPOBKaX OCHOBHBIX MOHSTHH AUCIUIUIMHBI M HE YMEET UCIIOIb30BATh MOIYyYCHHBIC 3HAHUS [IPU
PELICHNH TUTIOBBIX MPAKTUYECKUX 3a/1a4;

OLICHKA «HEYJOBJIETBOPHUTEIHLHO (1)» BBICTABISACTCS CTYIACHTY, KOTOPBI HE 3HAaeT OCHOBHOIO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiue omuoK B GOPMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

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

Bo BpeMms mpoBeneHust 3k3amMeHa 00ydaroliuecss MOTYT IOJIb30BaThCsl MPOrPaMMON AMCLMUIUIMHBL, a
TAKXE CIPABOYHOM JIMTEPATYPOM, BBIUUCIUTEIbHON TEXHUKOU, KOHCIIEKTaMU JIEKLIAN.

DK3aMeH NPOBOIUTCA IIyTeM OPTaHU3aLUH CHENHUAIBHOTO OMPOCca, IPOBOAMMOTO B YCTHOH opMme.



