degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: CoBpemMeHnHbIe 3(p(PEeKTHBHBIE METOABI BBITYKIIONW ONTUMHU3ALIH
110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa MaTeMaTHUYECKUX OCHOB YIPABICHUS

Kypc: 1
KBAJM(PUKAIMA: MarucTp

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

AynuTOpPHBIX YacoB: 45 BCero, B TOM YHCIIE:
nexuuu: 15 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 60 gac.
[ToaroroBka x sk3ameny: 30 yac.
Bcero gacos: 135, Bcero 3au. en.: 3

KonmnuecTBo KOHTPONBHBIX padoT, 3ananuil: 1

[Iporpammy cocraBui: A.B. T'acHukos, A-p ¢u3.-Mar. HayK, npodeccop, 3aBenyromui kapenapoi

[Iporpamma obcyxeHa Ha 3aceqannu Kadenpsl MaTeMaTuieckux ocHOB ynpasienus 20.01.2025



AHHOTANMA
B kxypce m3nararoTcs OCHOBHBIE MJAE€H TEOPHM CIIOKHOCTH JJIA BBITYKIOW onTtuMu3anuu. IIpexne 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/I€ CIIymaTeJIsiM TCOPECTUICCKUX 3HAHUH U MPaKTUICCKUX yMCHI/Iﬁ ¥ HaBBIKOB B 00JIaCTH
HETJIaJKOro aHajinsa,

- Hpno6peTeHHe CJIyIIaTeJIsIMA HaBbIKOB BJIaJICHHUS allllapaTOM BBIITYKJIOI'O aHaJIn3a,

- BIIaJIeHUe OOLIMM MOJXOAO0M K PEIICHUIO MMUPOKOTO Kllacca MPUKIAIHBIX ONTUMHU3AIMOHHBIX 3a]1ad,
JIOITYCKAOIUX MaTEMaTHIECKYIO (DOpPMaTU3aIno.

- IIOATOTOBKA CIIyIATeNed K M3YYEHHIO CMEKHBIX MaTeMaTHMYeCKUX MAMCLUUIUINH, CBS3aHHBIX C
MaTeMaTH4eCKOM TEOpHEeW ONTUMAJIbHOIO YIPABICHHUS, METONAaMH ONTHMH3AIMM, MAaTeMaTHYeCKON
9KOHOMMKOH U Teopueil nuddepeHnaabHbIX (IMHAMHYECKHX) UTP.

- 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-1.1 3maer w® cHocoOGH  HCIONB30BaTh B
npoeCCUOHANBHON  JesITeNbHOCTH  (yHIAaMeHTallbHbIC
HAyYHbIC 3HAHUS ¥ HOBBIC HAyYHBIC MPUHIMITBI U METOJbI
WCCIIeZIOBAHUM B 001acTH MHPOPMATHKH M BEIYMCITUTEIBHOM
TEXHUKHU

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
HAyYHBIX 3HAHWH B 00JIaCTH HH()OPMATHKU U

BBIYMCIIUTEIEHON TEXHUKU
OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLEHUBATH

OIBIT M PE3ylbTaThl HAYYHBIX HCCIEIOBaHUH B 001aCTH
npo¢ecCHOHANIBHON eI TeNbHOCTH

I[IK-2.1 3naeT OCHOBBI  HAy4YHO-HCCIIEIOBATEIHCKOM
JEATEIIFHOCTH B 00JacTH WH(OPMAIIMOHHBIX TEXHOJIOTHH,
BJIaJIeET 3HAHUEM OCHOB (PHIIOCO(OUN U METOJIOIIOTHU HAYKH;

[1K-2 [ToHuMaeT U cnocobeH MPUMEHHUTD B 3HAHMEM METOJIOB HAyYHBIX HCCIEIOBAaHUI M HaBBIKAMH WX
HAay4YHO-HCCIIEI0BATEIbCKON U PHUKIIATHON IPOBCACHNUS

JESITEIbHOCTU OCHOBHBIE 3aKOHBI [1K-2.2 YmeeT npuMeHATh MOJyYCHHBbIE 3HAHHUS B 00JacTH
€CTECTBO3HAHUS, COBPEMEHHBIN ($yHIaMEeHTaIbHBIX HAYYHBIX OCHOB TEOPUHU WH(POpMALUU H
MaTeMaTUYECKUH almapar U alropuTMBl, pelarhb CTaHJapTHbIE 3a1aun B COOCTBEHHOM

COBpPCMCHHBIC Hay‘lHO—HCCHeZ[OBaTeHLCKOﬁ ACATCIbHOCTH




I/IH(1)OpMaI_II/IOHHO—KOMMYHI/IKaLII/IOHHLIe
TEXHOJIOTUHN

[1K-2.4 Bnageer MeTonaMy U alropuTMaMH pelIeHUs 3a1a4y
uupoBoil 00pabOTKM CHUTHAJIOB, WCIOJNB30BAHUS CETH
Wurepner, aQHHOTUPOBAHUS, pedepupoBanus,
OoubnmorpaduyecKoro MOUCKa, OMBIT PabOThl ¢ HAYYHBIMHU
UCTOYHUKAMHU

[TIK-1 T'0TOB K BKJIFOUEHHUIO B
npodeccuoHanbHOE COOOMIECTBO; CIIOCOOEH
MPOBOIUTH MO/ HAYYHBIM PYKOBOICTBOM
JIOKaJIbHBIE HCCIIEOBAHUS Ha OCHOBE
CYILECTBYIOIIUX METOJOB B KOHKPETHOU
obnacTu mpoheCcCUOHATBHOH JIeATENLHOCTH

[MK-1.1 3HaeT OPUHIUNBI MOCTPOCHHUS HAYYHOH pPabOTHI,
Merogsl cOopa W aHamM3a TIOJMyYSHHOTO MaTepHalia,
CIOCOOBI apryMEHTAlluy; BIIAJECT HABBIKAMH IIOATOTOBKU
Hay4yHbIX  0030poB,  myOinukanuii,  pedepatoB  H
oubnuorpaduil MO TEMaTWKe MPOBOJAMMEBIX HCCIICAOBAHHIMA
Ha PYCCKOM M aHIJIMHCKOM SI3BIKE

[IK-1.2 Ymeer pemarp Hay4YHbIE 33Ja4d C TOHUMaHHEM
CYLIECTBYIOIIUX TMOAXOAOB K BEpUPHUKALMKU MOAETEH
HIPOrpaMMHOTO O0ecHnedeHus B CBA3M C IOCTaBJICHHOM
LENBIO U B COOTBETCTBUH C BRIOPAHHOW METOIMKON

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

- (I)YH,I[aMeHTaJ'ILHLIe IIOHATHA, 3aKOHBI, © MCTOJBbI BBIHYKHOﬁ OIITUMMH3ALIH,
- INOHATHA, AKCHUOMBbI, METOAbI AOKA3aTCJIbCTB M JOKa3aTeJbCTBa OCHOBHBLIX TCOPEM B pasaciax,

BXOJAIIHMX B 63,30ByIO 4aCTh IUKIJIA,

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

YMETB:
- IOHATH NOCTABJICHHYIO 33/1a4y;

- HCIIOJIB30BaTb CBOU 3HAHUA IJIA PCHICHUSA (bYHZ[aMeHTaHBHBIX U TMPUKIAAHBIX 3aaa4d BbIHyKHOfI

OIITUMH3ALlH,

- OLICHMUBATb KOPPEKTHOCTHb NOCTAHOBOK 3a4a4;
- CTpOT'0 JOKAa3bIBATh UJIM OIIPOBECPIraTrb YTBCPKACHUC,
- CAMOCTOATCIIbHO HAXOAUTDH aJITOPUTMBI PCIICHUA 3a4a4, B TOM YHCJIC U HECCTAHAAPTHBIX, U IIPOBOAUTH

HnX aHaJlu3;

- CaMOCTOATEJIbHO BUACTD CIICACTBUSA MTOJTYUCHHBIX PE3YyJIbTATOB.

BJIAJIETD:

- HaBBIKAMH OCBOCHMUS OOJIBIIIOr0 00heMa I/IH(I)OpMaL[I/II/I " PpCIICHUA 3a1a4,

- HaBBIKAMH CaMOCTOSITEIIbHOM pa6OTLI N OCBOCHUS HOBBIX JUCIUIIINWH,

- KyanypOﬁ MMOCTAaHOBKH, aHaJin3a W PCHICHUA MATCMATHUYCCKHUX W NPHUKIAAHBIX 3a1a4, TpGGYIOH_[I/IX
JJIA CBOCTO PCIICHU MCIIOJIBb30BaHUA MATEMATUYCCKUX ITOAX0A0B U METOAOB BI)IHyKJ'IOI\/'I OIITUMHU3aIIuH,
- NOPpCAMCTHBIM SA3BIKOM W HABBIKAMU TPAMOTHOIO OIMMCAHUA PCHICHUA 3a4da4 W IMPCACTABICHUA

IIOJIyYEHHBIX PE3yJIbTaTOB.

4. Conep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

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

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 OOmiast HenmMHEWHass ONTUMU3AIUsS U ee ) 5 10
CJIOKHOCTb.
) OnTtuManbHBIE METOABl JJS  TIAJKHX ) 5 10
BBIMYKJIBIX 3a/1a4.




Meronpl OTCEKarolEed TIUIEPIUIOCKOCTH
JUIA 3a7a4 BBIMYKIOH KOHEYHOMEPHON ) 5 10
MHUHUMH3AIHN. CrpyKTypHas
ONITUMH3ALIHSL.
CrpykrypHas ontuMmmzauusa. [nagkas 3 5 10
MHUHUMU3ALUS A7 HeMIaAKUX QYHKIUI.
[IpsAMO-IBONCTBEHHBIE METOABI PELICHUS
HENTaIKnX 3a7a4. MuanMu3anus 3 5 10
COCTaBHBIX (DYHKIIWH.
MerTonpl OKOOPAWHATHOTO CIycKa U
CyOrpaJIueHTHBIE METO/IBI PEIICHUS 3314 3 5 10
CBEPXOO0JIBILION Pa3MEPHOCTH.
Nroro gacos 15 30 60
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

Coneprxanue UCIUIUIAHBI (MOAYIIS), CTPYKTYPUPOBAHHOE TIO TeMaM (paszieiam)

Cemecrtp: 2 (Becennuit)

1. OOwas HenMMHENHAA ONTUMHU3ALNS U €€ CI0KHOCTD.

OO11as HeauHENHAA ONTUMHU3ALMA U €€ CIIOKHOCTbD.

ITocranoBka 3amaun. Konuenuus gepHoro smmka. [lonstue 3pekTHBHOCTH YMCIEHHBIX METONOB.
[Ipumep: meton paBHOMepHOTO Tiepedopa. Kinaccudukanys 3a1a4y HEMTUHEHHON ONTUMHU3ALUH.

Hixane OLICHKH CJIOXXHOCTH JIA INIAAKHUX 3a1a4.

Boemykisie hynkunn u ux cBoiictsa. Ilpumeps! Beimykiibix ¢GyHkunid. HeoOxomumbie U 10CTaTOYHbBIE
YCIIOBHUS TIEPBOTO ¥ BTOPOT'O MOPSIIKA JUIS BBITYKIIBIX (DYHKIIUH.

Brimykiieie GyHKIIUM ¢ JTUMIIITUICBHIM TPAJUCHTOM M UX CBOWCTBA. HIDKHSSL OIICHKA CIIOKHOCTH IS
KJIacCa BBIMYKIIBIX (DYHKITUH C JIUTIIIUIIEBBIM TPaTUCHTOM.

CUIJIBHO BBIMTYKITBIE PYHKIIUU ¥ BX CBOMCTBA. [IpriMeps! CHIIbHO BBHIMYKIIBIX (yHKIUNA. HeoOoxomumbie
W JIOCTAaTOYHbIE yCJIOBHS IEPBOTO M BTOPOTO MOPSAAKA Ul CHIBHO BBIMYKIbIX (yHKUui. HiokHssa
OLICHKA CJIOHOCTH JJIs KJIacCa CUIIBHO BBIMYKIIBIX (PYHKIMH C JIMHIIUIEBBIM I'PAJIUCHTOM.

HpI/IHI_II/IH peiakCaiun " arnmnpoKCUMaluu. rpa,[[HeHTHLIﬁ METOA. OHGHKI/I CKOpPOCTHU CXOAUMOCTHU
rpagJuCHTHOIO METOJa Ha KJIaCCaX BBIITYKIBIX W CHJIIBHO BBIITYKJIBIX (byHKI_II/II\/'I C JIMIIIHUIECBbIM
rpaiuCHTOM.

2. OnrTuManbsHbIe MCTOAbI IS ITIAAKUX BBITYKIIbIX 3aa4.

OnTtuMainbHbIe MCTOABI JIA TTIAAKHUX BBIITYKJIBIX 3a1a4.

OnenuBaronue nocienoBaTenbHOCTH. OOmas cxemMa MeToma OBICTPHIX TPagUeHTOB. BapuaHTHI
MeTO/1a OBICTPBIX TPAIMEHTOB M UX OIICHKH CKOPOCTH CXOJAUMOCTH.

Brimykiieie MHOKECTBA M UX CBOHCTBA. [locTaHOBKA 3a/1a4n yCIIOBHOW onTHMu3anuu. Heobxomumoe
U JOCTAaTOYHOE YCIOBUE ONITHMAJILHOCTH.

[TonsiTHE TPagUEHTHOTO OTOOpPAXKEHHSI M €r0 CBOMCTBA. AHAIIOT TPaJMEHTHOTO METO/Aa W METO/a
OBICTPBIX TPAIMEHTOB JIJIs 33/1a4 YCIOBHOW MUHUMU3AIMH. OIIEHKH X CKOPOCTH CXOIUMOCTH.

CyOrpaareHTHBIH METOA AJIS 3a]1a4 BHIMYKJIOH MUHUMHU3ALUU OOIIEro BUA.

[locranoBka 3amauu BBINYKJIOW MuUHUMH3aluu oduiero Bupa. [Ipumepsl. Ilonstue cyOrpaauenrta.
ITpumeps! BhluMcieHust cyorpaaueHToB. CBoiicTBa cyOrpaaueHta. HeoOxommmoe M A0OCTaTodHOE
ycinoBHe onTUMabHOCTH. Teopema Kyna-Takkepa.

HwxHas rpaHuna coXKHOCTU Ui KJIAcCa BBIMYKJIBIX M JUMIIMIEBBIX (YHKUMH Ha OrpaHUYEHHOM
MHOXECTBE.

CyOrpaaueHTHBIH METOA Ha MPOCTHIX MHOXKecTBaX. OLeHKa €ro CXOIUMOCTH.

CyOrpagveHTHBIH METOA Ha MHOXKECTBE C (DYHKIMOHAJIbHBIMM OTPAaHMYECHUSIMH U €ro OIeHKa
cxoauMocTH. ONTHUMAaIBHOCTH CyOrpalMEHTHOTO METO/Ia Ha IaHHOM Kjlacce 3azad.




3. Mertonpl OTCEKaroIIe TUIIEPIUIOCKOCTH U 3a7a4 BBIMYKIONW KOHEYHOMEPHOW MUHUMH3ALWU.
CTpyKTypHas ONITUMHU3ALIHSL.

MeTtoibl OTCEKAIOIIEH TUIIEPIVIOCKOCTH AJIS 3a4a4 BBIMTYKIONM KOHEYHOMEPHONH MUHUMU3ALIUH.
[TocranoBka 3aga4uu pazpemiuMoCTH. HIKHSS OLEHKA CIIOKHOCTH JIJIsl JAHHOTO KJlacca 3a/1ad.
[TpuHLIMO TOKaTU3aIuy PEIICHMUS.

MeTozp! oTcekaroniei runepriockoctd. OO00IEHHBIN METO/ OTCEKAIOIIEH THIEPIIOCKOCTH.
MeTon 3JUIHIICOUIO0B.

Crpykrypras ontumu3saius. CaMmocoriiacoBaHHbIC (DyHKITUH.

CamocormnacoBannass ¢yHkuus. [Ipumepsl u cBoiicTBa camocoriacoBaHHON (yHkuuu. OCHOBHBIE
HEepaBeHCTBAa. MUHUMHU3AIHsI CAaMOCOIVIACOBAHHBIX (DYHKIIUH.

4. CrpykrypHast onTuMu3zanus. [ajgkas MUHUMU3AIUS TSl HEDTaKuX QyHKIHHA.

CrpykrypHas ontumu3zanus. CamMmocoriacoBaHHbIE Oapbephl.

[NocTanoBka 3a1a4un. YpaBHEHHE IIEHTpaIbHOU TpackTopuu. CamocoriacoBaHHbI Oapbep. [Ipumepst
1 CBOHCTBA CaMOCOIVIACOBAHHOTO Oapbepa.

AHaIUTUYECKUM LICHTP MHOXKECTBA.
Merton OTCIEKUBAHUS TPACKTOPUU U OLIEHKU €r0 CKOPOCTH CXOAUMOCTH.
I'magkas MUHUMUA3ANAS IS HETIAAKUAX (QYHKIUN: TTPOPBIB 32 MPEAEITHl BO3MOXKHOTO.

[locranoBka 3agaun. OyHKIUM C SIBHO 3aJaHHON CTPyKTypoil. IloHsTHE compsiKeHHOU (IyanbHOI)
3a1auM.

[Mpokc-pynkius. TexHuka crnaxuBaHus. ONTUMalbHAsS cxema Ui PelmieHHs 3a/ad  TIIajKoi
ONTHUMH3ALUH.

[lpumeHeHre NaHHOTO TOAXOJAa K MaTPUYHBIM WrpaM, 3amade llIteiiHepa, BapuallMOHHBIM
HEPaBEHCTBAM.

5. IlpssMo-BOMCTBEHHBIE METO/Ibl PEIICHUS HETIAIKHUX 3a/1a4. MUHUMU3AIMS COCTABHBIX (DYHKIIHIA.

[Ipsimo-nBOIICTBEHHBIE METOABI PEIIEHUS HETIIAIKUX 3a7ad.

Hwxasas nuHelHas anmpokcuManusi (Mofelib) UCXOAHOHM meneBoit ¢ynkumu. CunbHoe U ciaboe
pelieHne Hernaakoi 3agaun. @yHKIUS 3a30pa U €€ CBOICTBA.

OO0mas cxeMa JBOHCTBEHHOTO yCpeAHEHHs. MeTom mpocToro JABOMCTBEHHOTO yCpemHeHUs. Meron
B3BEIIEHHOTO JABOMCTBEHHOTO ycpeaHeHus. OLIEHKH CKOPOCTH UX CXOIUMOCTH.

[lpumenenne MeToma  JBOMCTBEHHOTO  YCpeJHEHHMs K  oOmIel 3ajade  MUHUMH3AIVH,
NpsSIMO-ABOMCTBEHHOM 3a/1a4e, MUHUMAKCHOU 3a7a4e, CEAJIOBOM 3a/1aue.

DKOHOMHMYECKasi HHTEPIIPETAlXsl METOIA ABONCTBEHHOIO ycpenHeHHs (Mofenb cOaJaHCHPOBaHHOTO
pa3BUTHSA).

MuHuMH3anys cocTaBHBIX GyHKIUH. [eHepanus pa3peKeHHbIX pelIeHU .
[MocranoBka 3amaun. [ToHsATHE TPaJMEHTHOTO KOMIIO3UTHOTO OTOOPaKEHHUS M €T0 CBOHCTRA.

[Ipsimoit rpanuenTHbIN MeTol. OLIEHKH €0 CKOPOCTH CXOAMMOCTH B BBIITYKJIOM M CHJIBHO BBIILYKJIOM
ciydJae.

JIBOMCTBEHHBIN FPAIMECHTHBIMA METO U €T0 OLIEHKU CKOPOCTU CXOAUMOCTH.
JIBOMCTBEHHBIN FPAAUCHTHBIA METO/ C YCKOPEHUEM U €TI0 OLICHKU CKOPOCTH CXOAUMOCTH.

[IpumeHeHNe AAaHHBIX METOAOB K PEIICHUIO 33Jadd Pa3pe’KEHHBIX HAWMEHBIIMX KBaJpaToB.
OOcyxaeHne YUCICHHBIX PEe3YIbTaTOB.

6. MeTopl MOKOOPAMHATHOTO CIIyCKa M CyOrpaJveHTHBIE METOIbl PEIICHUS 3a/ad CBEPXOOJIBIION
Pa3MEpHOCTH.

MeTopl TOKOOPIAMHATHOTO CITyCKa PEIICHHs 3a1a4 CBEPX00JIbIIOi pa3MepHOCTH.

Crienduka 3a1a4 cCBepXO0IbIIONH Pa3MEPHOCTH.

Merton ciy4allHOTO MOKOOPAMHATHOTO CIYCKa Ui PELICHHs] BBIMYKIBIX 3ajgad 0e3yCclOBHOMN
MHUHHUMH3AIHN U €r0 OLIEHKH CKOPOCTH CXOIXUMOCTH.

Mertoa ciy4aifHOTO MMOKOOPAMHATHOTO CIYCKa IS PEIICHUS CUIIBHO BBIMYKJIBIX 3a/1a4 0e3yCIIOBHOM
MUHUMH3ALHUN U €TO OLIEHKU CKOPOCTH CXOJUMOCTH.



Merton cilydallHOIO IIOKOOPJMHATHOIO CITyCKa JJsl pELIeHUs BBIIYKJIbIX 3alad YCJIOBHOM
MHHHMH3ALMH U €T0 OLIEHKH CKOPOCTH CXOAUMOCTH.

Meton ciy4aifHOro MOKOOPAMHATHOIO CIyCKa C YCKOPEHHMEM il PEIICHHs BBITYKIBIX 3aaad
0e3yCcI0BHON MUHMMHU3AIMH U €T0 OLIEHKU CKOPOCTH CXOAUMOCTH.

OOcyxaeHne YUCICHHBIX PE3yIbTaTOB PadOTHI TaHHBIX METOIOB.

CyOrpaaneHTHbIe METOABI PELICHNUS 3a/1a4 CBEPXOOIIBIION pa3sMepHOCTH.

O deKkTUBHBIN TepecueT MaTPUYHO-BEKTOPHOTO TPOM3BENCHUS B pa3pekeHHOM ciydae. beicTpbiit
nepecyeT 3HaUCHUs] CAMMETPUYHON (PYHKIIMH C TIOMOIIbI0 OMHAPHOTO JepeBa.

Cy6rpanuentnbiii meroy b. [lonska mis pemeHust 3a1ad 0€3yCIOBHONW ONTHMU3AIUN H OIICHKA €ro
ckopoctu cxogumoctu. CyOrpaguentHeiii meron H.lllopa pnst pemeHust 3amad  yCIOBHOM
ONITMU3ALMH U OLIEHKA €r0 CKOPOCTH CXOIUMOCTH.

[IpuMeHeHre TaHHOW TEXHUKHU TepecdeTa K 3a/lauaM CBEpXOONbIION Pa3MEpHOCTH C Pa3peKeHHOU
CTPYKTYpOIL.

MeTtop ciny4ailHOrO MOKOOPAMHATHOIO CITyCKa JJIsl pEIIeHMs] HErIaJKOM 3a1aud MUHHMH3ALUU C
pa3peXeHHbIM CyOrpaaneHToM. [IpuMeHeHne TeXHUKH IepecueTa K JaHHOMY METOJY.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaATEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

Heo0xonnmoe 0b6opynoBaHue 1Jisl 3aHATHI: KOMITBIOTEP U MyJbTUMEAUHHOE 000pynoBaHue (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi JTUTEPATYPbI

OcHoBHas 1uTeparypa
1. MeTonp! onTHMU3AIMK. YCIOBUS ONTHMAILHOCTH B OKCTpeMaNIbHBIX 3amadax [Tekcer] : yueO.
nocobwue 1ist By30oB / A. I. Buptokos ; M-Bo o0pa3zoBanust u Hayku Poc. @enepannu, Mock. Gu3z.-TexH.
uH-T (toc. yH-T .— M. : MOTH, 2010 .— 225 c.
2. Uucnennsie MeToel onTumu3aiuu [ Texct] : [yueb.mocobue st By30B] / A.D.M3maiinos,
M.B.Cononos .— M. : ®usmaniut, 2003, 2005 .— 304 c.
3. Beegenue B Boinykiyto ontummzanuto [Texct], [MoHorpadwus]/tO. E. Hecrepos , -M., MITHMO,
2010

JomonanTtenyHas uTeparypa
1. Beenenune B onrummzanuio [ Tekct] : [yde6. mocodue mst By30B] / b. T. Ilonsk .— M. : Hayka, 1983
— 384 c.

2. Kypc metonoB ontummsanuu [ Tekcer] : yue6. mocobue mis By3oB / A. I. Cyxapes, A. B. Tumoxos, B.
B. ®enopos ; [Mock. roc. yu-T uM. M. B. JlomonocoBa] .— 2-e uza. — M. : @usmarmiut, 2005, 2008
— 367 c.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

www.optimization-online.org

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBJICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedeHunst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

He npexycmorpeHo.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

Crynent, m3ydatonuii kypce "CoBpeMeHHbIe 3QPEeKTUBHbIC METOBI BHITYKION ONTUMH3AIHMN", TOTKEH
C OIOHOH CTOPOHBI, OBJAAETh OOMIMM MOHATUHHBIM ammIaparoM, a ¢ APYrod CTOPOHBI, JOJKEH
HAy4YHUTHCS IPUMEHSITh TEOPETUUECKHIE 3HAHNS Ha TIPAKTHKE.



B pe3ynpTare MU3y4CHUA AUCHUIIIMHBI CTYACHT MOOJDKCH 3HAaTb OCHOBHBIC OIIPCACIICHHA, ITOHATUA,
AKCHUOMBI, MCTObI 1OKAa3aTCJILCTB.

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHON caMOCTOsATENbHOM paboThl cTyJeHTa. B nporpamme
Kypca TPUBEACHO MHUHUMAIbHO HEOOXomuMoe Bpemsl [uis paldoThl CTyleHTa HaJ TEMOH.
CamocrosiTenbHas padoTa BKIIIOUAET B Ce0s:

— YTEHHME U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAHHOMU JINTEPATYPBI,

— mpopaboTKy ydeOHoro marepuaina ( y4eOHOH M HAy4HOH JHUTEparype), HOATOTOBKY OTBETOB Ha
BOIIPOCHI, IPEIHA3HAUEHHBIX [UI1 CaMOCTOSITEIbHOIO M3YyHEHHUsS, Jl0Ka3aTelIbCTBO OTHAEIbHBIX
YTBEp>KJICHUH, CBOWCTB;

— IOATOTOBKY K DK3aMEHY.

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

ITokazaTteneM BiaJieHUs] MaTepUaJIOM CIYXKHUT YMEHHUE pelarh 3agadd. g dbopMupoBaHus yMeHUs
MPUMEHATh TEOPETUUYECCKUE 3HAHMS HA MPAKTHKE CTYACHTY HEOOXOAMMO pellaTh Kak MOXKHO OoJibIIe
3amad. [Ipu pemennu 3a1a4 Kaxaoe qeicTBHE HEOOXOAMMO apryMEHTHPOBATh, CChUIAsICh HA U3BECTHBIC
TEOPETUYECKUE CBEICHMUS.

BaxHo 100UTbCA MOHMMAHUS HW3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3anoMuHaHus. [Ipu
3aTPyJHEHUM M3YYEHHUS OTAEIBbHBIX TEM, BOIIPOCOB, CIEAyeT oOpalaTbcs 3a KOHCYJIbTalUsAMHU K
JIEKTODY.

Jlureparypa J1st caMOCTOSTENTbHON 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 aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

Pa3paborunk: A .B. I'acHukoB, n-p ¢us.-mart. Hayk, mpodeccop, 3aBeayrommii kademapoin



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTaTBLHBIX
HAy4HBIX 3HAHUH B 00J1aCTH HH(OPMATUKU U
BBIYMCIIUTEIHON TEXHUKU

OIIK-1.1 3gaeT W cmocoOeH — HCIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS ¥ HOBBIC HAy4YHBIC MPUHIMITEI U METOJbI
rccienoBaHuil B 00macTi MHGOOPMATHKY U BEIYUCITUTEIIEHON
TEXHUKH

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

[1K-2 [TorumaeT 1 cnocobeH NPUMEHUTH B
Hay4HO-UCCJEN0BATEIbCKON U NPUKIaJHON
NEATENBHOCTH OCHOBHBIE 3aKOHBI
€CTECTBO3HAHUSI, COBPEMEHHbII
MaTeMaTHYECKUH anmnapar U aJlfOPUTMBI,
COBpPEMEHHbIE
WH(POPMALOHHO-KOMMYHHKAIIOHHbIE
TEXHOJIOTUH

I1K-2.1 3Haer OCHOBBI Hay4YHO-UCCJIEeI0BaTEIbCKON
NEeSITETLHOCTH B 0071acTH MH()OPMAIIMOHHBIX TEXHOJOTHIA,
BIIAJICET 3HAHUEM OCHOB (PMI0CO(OUU U METOOJIOTHH HAYKH;
3HAHMEM METOJIOB HAayYHBIX HCCJEOBAaHUI M HaBBIKAMU WX
MPOBEACHUS

[IK-2.2 YMmeeT nmpuUMEHATH MOMyYCHHBIC 3HAHUS B 00JacTu
(byHIaMEHTaJIBHBIX HAYYHBIX OCHOB TEOPUH MH(pOpMALNHU U
pemarb CTaHJapTHBIE 3a1a4n B COOCTBEHHOM
Hay4HO-UCCJIEA0BATEIbCKOM NesTEIbHOCTH

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

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

[MK-1.1 3HaeT OpUHIUNBI MMOCTPOCHHUS HAYYHOH pPabOTHI,
Merogsl cOopa W aHamM3a TIOJMyYEHHOTO MaTepHalia,
CIOCOOBI apryMEHTAlluy; BIIaJE€CT HABBIKAMH IIOATOTOBKU
Hay4YHbIX  0030poB,  myOnukanuii,  pedepatoB  H
oubnuorpaduil MO TEMaTWKe MPOBOJAMMEBIX HCCIICAOBAHUIMA
Ha PYCCKOM M aHIJIMICKOM SI3BIKE

[IK-1.2 YMmeer pemarp Hay4YHbIE 33Ja4d C TOHUMaHHEM
CYLIECTBYIOIIUX TMOAXOAOB K BEpUPHUKALMKU MOAETEH
HIPOrpaMMHOTO O0ecHedeHus B CBA3UM C IIOCTaBJICHHOM
LENBIO U B COOTBETCTBUH C BRIOPAHHOW METOIMKON

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC HU3YUCHUSA AUCHUIIIAMHBI «COBpeMeHHLIC 3(1)(1)6KTI/IBHBIG METOAbBI BBIHYKHOfI OIITUMH3 AN

00yJaromuiics JOKeH:

3HATb:

- q)YHZ[aMeHTaHLHLIC TIOHATHSA, 3aKOHbI, 1 MCTOIbI BBIHyKJ'IOﬁ OIITUMMU3AILINHU,;
- MNOHATHUA, AKCHOMBI, MCTOJbl AOKA3aTCIILCTB M O0Ka3aTCJIibCTBa OCHOBHBIX TCOPEM B pa3aciax,

BXOISIIMX B 0A30BYIO YaCTh IUKJIIA;

- OCHOBHBIC CBOICTBA COOTBCTCTBYHOIIUX MATCMATHYCCKUX 06’LGKTOB;
- AHAJIMTUYCCKHUE U YUCICHHBIC TOAXO0AbI 1 MCTOAbI AJIsI PCIICHUA TUTIOBBIX ITPUKJIAAHBIX 3a1a4.

yMeThb:
- IOHATH [TOCTABJICHHYIO 3a/1a4y;

- HUCIOJb30BaThb CBOU 3HAHUA MU PCHICHUA (I)yHI[aMGHTaHBHLIX " TMPUKIAIHBIX 3a1a4 BBIHYKHOﬁ

OIITUMMU3AILINHU,

- OLIEHUBATh KOPPEKTHOCTh MOCTAHOBOK 33]1a4;
- CTPOro JI0Ka3blBaTh UM ONPOBEPIaTh yTBEPAKICHUE;
- CAaMOCTOSITENIEHO HAXOAUTh AJITOPUTMBI PEIICHUS 33/1a4, B TOM YHUCJIE U HECTaHJAPTHBIX, U IPOBOIUTH

WX aHaJIu3;

- CaMOCTOATCIIBHO BUJICTH CIICACTBUS MOJYUCHHBIX PC3YJIbTATOB.

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

1. OOmas HenmuHeWHass ONTHUMH3AMA M €€ CIOKHOCTh. [loctaHoBKa 3amaun. KoHmemniusi yepHOTO
squka. [lonsitue 3¢ddexkTuBHOCTH ynCieHHBIX MeTonoB. [Ipumep: MeTox paBHOMEpHOTo mepebopa.
Knaccuduxkanus 3a1a4 HelMMHEHHON ONTUMU3AIIHH.

2. HwxHYe OUEHKHU CIIOKHOCTH JUIS TMaJKHX 3ajad. Beimykible GyHKIIMM U UX cBoiictBa. [Ipumepsl
BBINYKJIBIX (yHKuuid. HeoOxoaumble W OCTAaTOYHBIE YCJIOBHSA IEPBOTO M BTOPOro MOpsAKa IJis
BBIMYKJIBIX (YHKIMHA. BpImyknble QyHKIMM ¢ JIMNIIKAIEBBIM T'PAJIUEHTOM U UX cBoicTBa. HukHaAs
OLIEHKA CIIOKHOCTH IS Kilacca BBIMYKIBIX (DYHKUMN € JTUMIIUIECBBIM IpagueHTOM. CHUIIBHO BBITYKIIbIE
¢byHKIMKM W UX cBoHcTBa. [lpuMepbl CHUIIBHO BBIMYKIBIX (yHKIMA. HeoOxomumple W JOCTaTOYHBIE
YCIJIOBHSI TIEPBOTO M BTOPOTO MOPSIIKA IJIsi CHIIBHO BBIMYKJIBIX (pyHKOMHA. HIDKHSAS OoLieHKa CIIOXKHOCTH
IUIs KJacca CHUJIBHO BBIMYKJIBIX (YHKIMH C JIMIIKNEBBIM rpagueHToM. IlpuHumn pemakcauum u
annpoxkcuMmanuu. ['pagueHTHeId MeToa. OLEHKHM CKOPOCTH CXOAMMOCTH TPaJUeHTHOTO METoAa Ha
KJIaccax BBIMYKIIBIX U CHJIBHO BBITYKJIBIX (DyHKIMII C JIMIIINIIEBBIM TPaIUECHTOM.

3. OnrtumanbHble METOABI ISl TIAJKHX BBINYKIBIX 3ana4. OLEeHMBaIOLIME MOCIIEA0BATCIbHOCTH.
OOmas cxema Metofa OBICTPBIX TPaJHMECHTOB. BapmaHTel MeToa OBICTPHIX I'PAJMEHTOB U UX OLIEHKU
CKOPOCTH CXOOUMOCTH. BBINyKible MHOXKECTBa M HX cBoHcTBa. [locTaHOBKa 3adadu yCIOBHOM
ontuMu3anuu. Heobxopnmoe W A0OCTaToduHOE YyCIOBHE ONTHMaJbHOCTH. [IOHATHE TIpaaMeHTHOTO
OTOOpaXEHHUsI U €ro CBOMCTBA. AHAJOI IPaJUEHTHOTO METOAA U MeToAa OBICTPBIX I'PaJHEHTOB IS
3aJa4 yCJIOBHOW MUHUMHU3AaLUU. OLIEHKU UX CKOPOCTH CXOJUMOCTH.

4. CyOrpanueHTHBI MeTOx AJs 3a/ad BBIITYKION MUHMMHM3auuu obmero Buaa. IloctaHoBKa 3ajaqu
BBIMYKJIOW MuHUMH3aIu obmero Buaa. [Ipumepsl. [lonstue cyorpaauenta. [Ipumepsl BeIYHCICHUS
cyorpaguentoB. CoiicTBa cyOrpaguenra. HeoOxoaummoe M JOCTaToOYHOE YCIOBHUE ONTHMAJIBHOCTH.
Teopema Kyhna-Takkepa. HukHss rpaHuna CIIOKHOCTH JUIsd KJIacca BBIIYKJIBIX M JIMIIIMIEBBIX
($yHKUMA Ha orpaHMYeHHOM MHoOxecTBe. CyOrpasneHTHBII METOJ Ha MPOCTBIX MHOXecTBax. OLeHKa
ero cxoxumocTH. CyOrpaJueHTHbIH METO Ha MHOXKECTBE ¢ (DYHKIIMOHAJIbHBIMU OTPAaHUYCHUSMH U €T0
oLIeHKa cxoauMOoCcTH. ONTUMANBHOCTD CyOrpaJIlEHTHOTO METOa HA ITaHHOM Kilacce 3aad.

5. Meronpl oOTceKaroleld TUNEPIUIOCKOCTH ISl 3aAad BBIMYKIOM KOHEYHOMEPHON MUHUMU3AIUU.
[TocTranoBka 3amaum paspemuMocTH. HuKHSIS OLeHKa CIOKHOCTH MJi1 JaHHOTO Kjacca 3ajaad.
[Ipuanun yokanu3anuu pemeHus. MeTonbl oTcekaromiei rumnepruiockoctu. OOOOIMICHHBIH METOoN
OTCEKAOIIEH TUIIEPITIOCKOCTH. MeToz 3JUIMIICOUIOB.

6. CrpyxrypHas ontummzanua. CamocornacoBanHble (¢yHKUuMu. CamocornacoBaHHas (YHKLHS.
[Mpumepsl u cBolicTBa camocornacoBaHHOW (yHknmuu. OCHOBHBIE HEPaBEHCTBA. MUHUMH3AIHS
CaMOCOTJIACOBAHHBIX (PYHKIHIH.

7. CrpykrypHas ontummszanus. CamocornacoBaHHble Oapwepbl. llocTaHOBKa 3amaun. YpaBHEHHE
HEHTpanbHOH TpaekTopun. CamocoriiacoBaHHbIl O6apbep. [Ipumepsl U CBOKCTBA caMOCOITIACOBAHHOTO
Oapbepa. AHAJIUTUYECKUI LIEHTP MHOXECTBA. METOA OTCICKMBAHHUS TPACKTOPUU M OLEHKH €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-pynkmus. Texnuka craxuBanus. OnTuManbHas cxema JUIS pelieHHs 3ajad  [JIaJIKon
onTuMM3anuu. IIpruMeHeHWe JaHHOrO TMOAXOAAa K MaTpUYHBIM 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.

[Mpumeps! OmiteTOB:

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.
ITocraHoBKa 3a/1a4K Pa3peIIMMOCTH.

2. CyOrpagueHTHbIE METOABI PELICHHS 33/a4 CBEPXOONbIION pa3MepHOCTH. D (eKTUBHBIN MepecyeT
MaTpUYHO-BEKTOPHOTO MPOM3BEACHUS B pPa3pe)KeHHOM ciydae. DbBBICTpBI mepecueT 3HA4YeHUS
CUMMETPHUYHON ()YHKIHH C TIOMOIIBbIO OMHAPHOTO JIepeBa.

Kputepun onennBanus
Onenka
onmyHo 10 oumenka «ormiuuHo (10)» BBICTaBISETCS CTYOCHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
NPUHATHIX PELICHUI
OTINYHO 9 olleHKa «omIMYHO (9)» BBICTABISIETCS CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHUE,
CHUCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HaHUS Y4eOHOW MPOTrpaMMbl TUCLUILIMHBI 1 YMEHUE IPUMEHSTD UX
Ha IMPAKTHKE NPU PEIICHUH KOHKPETHBIX 3aJad, CBOOOIHOE M HpPaBWIIbHOE 00OCHOBaHME NMPHHATHIX
peleHui
OTIIMYHO & OlleHKa «OTINHYHO (8)» BBICTABISCTCS CTY/ACHTY, IIOKa3aBIIEeMy BCECTOPOHHHUE
CHUCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HaHUS Y4eOHOW MPOTrpaMMbl TUCLUILIMHBI 1 YMEHUE IPUMEHSTD UX
Ha [IPAaKTUKE PU PEIICHUN KOHKPETHBIX 3aJ1a4, ¥ MPaBUIbHOE 000CHOBAHNE NPUHSTHIX PEIICHUI



xopomo 7  oueHka «xopomo (7)» BBICTaBISETCS CTYACHTY, €CIIM OH TBEpAO 3HAET Marepual,
IPaMOTHO U IO CYIIECTBY M3JIaraeT €ro, yMeeT IPUMEHATh IOJIY4YEHHbIE 3HAHHUS HA IIPAKTUKE, HO
JOITYCKaeT B OTBETE WIIM B PEIICHHUH 33]1a4 HEKOTOPBIE HETOYHOCTH;

Xopomo 6  oleHKa «XopolIo (6)» BBICTABIAETCS CTYIEHTY, €CJIM OH 3HAeT Marepuall, TpaMOTHO H 110
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PEILICHNH 3a]1a4 HEKOTOPble HETOYHOCTH;

XOopo1Io 5 OIICHKA «XOpOouIOo (5))) BBICTABJIACTCA CTYACHTY, €CJIM OH 3HACT MATCpHall, U 11O CYHICCTBY
n3jaracTt €ro, yMeCT NpPHUMCHATH IMOJYUYCHHBIC 3HAHUA Ha IMPAKTUKE, HO JOMYCKACT B OTBECTC HJIKN B
pelICHNHU 3aa49 HCKOTOPBIC HCTOYHOCTH,

YAOBJICTBOPUTENIBHO 4  OLIEHKA «YyIOBJICTBOPUTEIBHO (4)» BBICTABISACTCS CTYICHTY, [TOKa3aBLIEMY
(¢parMeHTapHbIl, pa3pO3HEHHBIH XapakTep 3HaHUH, HEJOCTATOYHO MPABWIbHBIE (QOPMYIUPOBKU
0a30BBIX TMOHATUH, HAPYIIEHHWsS JIOTUYECKOH MOCJIEIOBaTeJIbHOCTH B M3JI0KEHHHM IPOrPaMMHOTO
Marepuaia, HO [PHU 3TOM OH BIIAZICeT OCHOBHBIMH pa3ieiiaMH Yy4eOHOW MporpaMMbl, HEOOXOIUMBIMU
IUIS TanbHENIIero o0y4eHuss 1 MOKET HPUMEHATh MOTyYeHHbIE 3HaHUSA 10 00pasily B CTaHIapTHOU
CUTYalluu;

YAOBJICTBOPUTENIBHO 3 OLIEHKA «YyIOBICTBOPUTEIHHO (3)» BBICTABISACTCS CTYICHTY, [TOKa3aBLIEMY
(parMeHTapHbIl, pa3pO3HEHHBIH XapakTep 3HaHUUM, HEJOCTATOYHO MPABWIbHBIE (QOPMYIHUPOBKU
0a30BBIX TMOHATUH, HAPYIIEHHWS JIOTHYECKOH MOCJIEIOBaTeJIbHOCTH B M3JI0KEHHHM MPOrPaMMHOTO
Marepuaga, HO MPHU 3TOM OH BiajeeT (hparMeHTapHO OCHOBHBIMH pa3ieiiaMH yueOHOH Mporpammel,
HEOOXOAMMBIMU ISl JaJIbHENIIEro o0y4eHHsl 1 MOKET IPUMEHATh HOITy4eHHbIE 3HaHUS 10 00pas3ily B
CTaHJAPTHOU CUTYyalluu;

HEYJIOBJICTBOPHUTEIBHO 2  OLIEHKA «HEYIOBIIETBOPUTEIHHO (2)» BBICTABISETCS CTYNEHTY, KOTOPBIA HE
3HaeT OoNbLIeH YacTH OCHOBHOTO COJEpPKaHUs Y4eOHOM MporpaMMbl JUCLHUIUIHHBL, JOMYCKaeT rpyoble
om0k B (OPMYTUPOBKAX OCHOBHBIX MOHATUN IUCIHUILIMHBI U HE YMEET UCIOJIb30BATh MOTyUYCHHBIE
3HaHUA IPU PELICHUH TUIIOBBIX IIPAKTUYECKUX 3a]a4

HEYIOBJICTBOPUTENIBHO 1 OIEHKA «HEYJOBIETBOPUTENBHO (1)» BBICTABIAETCS CTYACHTY, KOTOPBII He
3HAaeT OCHOBHOTO COZEP)KaHUsS y4eOHOW MporpamMmbl AMCHUILUIMHBI, AONMYCKaeT rpyoeiimmre ommoKy B
¢dopMynupoBkax 0a30BBIX MOHATHH TUCLUIUIMHBI U BOOOINE HE MMEET HAaBBIKOB PEIICHMS THUIIOBBIX
MPAaKTUYECKUX 3ajad.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(Wy1M) oNbITA AESITEJILHOCTH

Bo Bpemst mpoBeseHust 3k3aMeHa 00ydaroliuecss MOTYT TOJIb30BaThCsl MPOTPaMMON JUCUIUIUIAHEL, a
TAKXE CIPABOYHOM JIUTEPATYPOM, BEIUUCIUTEIbHON TEXHUKOU, KOHCIIEKTaMU JICKLIUM.

DK3aMeH OPpOBOAUTCH IYTEM OpraHu3aliu ClICuaJIbHOIO OIpoca, IpoOBOAUMOIO B YCTHOI>'I (bopMe.



