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: CoBpeMeHHbIE METOBI BHITYKJION ONTUMH3ALNN
110 HANIPABJICHUIO: [Ipuxnagnas MmareMaruka U HH(oOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: Kombunaropuka u qudpoBas 5KOHOMUKA

HEHTP JONOJHUTEIBHOTO, TOMOIHUTEIHLHOTO PO(eCcCHOHATBEHOTO U
oHnaitH-oopazosanus "Ilyck"

Kadeapa TUCKPETHON MaTeMaTHKH
Kypc: 2
KBaJIMpUKALS: MarucTp

CemecTp, (hopMbI POMEKYTOUHOM arTecTanuu: 4 (BECCHHHI) - DK3aMEH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au4. ex.: 3
KonnuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2
[Iporpammy cocraBuin:

C.B. lInupko, kaua. Gpus.-Mart. HayK
FO.E. Hecrepos, kanj. ¢us.-mar. Hayk
A.B. T'acHukoB, A-p pu3.-Mar. HayK, JOLIEHT

[Iporpamma obcyxieHa Ha 3acefanuu Kadeapsl JuckpeTHoi matematiku 06.03.2023



AHHOTANMA

HaHHBIﬁ KypC HaIIpaBJICH HAa U3YyUYCHUC U OCBOCHHUC MCTOAOB MATCMATUYCCKOI'O IMPOrpaMMHUPOBaHU. Ocoboe

BHUMaHHMeE yjessieTcs 3aa4aM OOoJIbIIOW Pa3MepHOCTH, BOSHUKAIOIINM B COBPEMEHHBIX TPUIIOKEHHSIX.
1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- O3HAKOMJICHME CTYIEHTOB C OCHOBAMU TEOPUM HKCTPEMAJIbHBIX 3ajlad, COAEPKAllUX HelIaJKHhe
BBIMYKJIbIe ()YHKLIMHN Ha BBITYKIIBIX MHOXKECTBAX B TMJIBOCPTOBBIX M 0aHAXOBBIX MPOCTPAHCTBAX, B TOM
yucie oOpaTUTh BHUMAaHME HAa HajlW4Yue JABOMCTBEHHOCTH B 3a/laHMM BBIIYKJIBIX MHOXECTB WIIH
BBIYKJIBIX (DyHKITHA.

33]13‘[1/[ JAUCHUIIINHBI

- IPUOOPETEHHE CITyIIATEeNSIMU TEOPETUUECKUX 3HAHUM U MPAKTUYECKUX YMEHUI 1 HaBBIKOB B 00JIACTH
HEIIaJIKOIo aHajIu3a,

- IpuoOpeTeHne CITyIaTeIsIMU HaBbIKOB BIIAJICHUS allllapaToM BBITYKJIOTO aHAJIH3a,

- BIIajiecHue OOIIMM IOJXOOM K PEIISHHIO IHMPOKOro Kiacca MPUKIaJIHBIX ONTHMU3AIMOHHBIX 3a/1ad,
JOITYCKAIOIIUX MaTeMaTH4ecKyto (hopManu3auuio.

- IOATOTOBKA CllyllIaTeNedl K H3YyYCHHIO CMEXKHBIX MaTeMaTUYECKMX IUCLMIUIMH, CBS3aHHBIX C
MaTeMaTH4eCKOW TEOpHeW ONTUMAJIbHOIO YIPABIEHUSA, METOAaMH ONTHMH3AIMH, MaTeMaTHYeCKON
9KOHOMMKOH U Teopueil nuddepeHraabHbIX (IMHAMUYECKHX) UTP.

- npuoOpeTeHne HAaBBHIKOB B NPUMEHEHHHM METOJOB BBIYKJIOTO M HEMIAJKOTO aHalu3a B JAPYIUX

CCTCCTBCHHOHAYYHBIX JUCHUIIJIMHAX.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie CIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYalluil HA OCHOBE
CHCTEMHOTO TI0JIX0/1a, BEIpa0aThIBATh
CTpaTeruro AeUCTBUI

VYK-1.2 OcymecTBisier MOWCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE
JOCTYTHBIX KICTOYHUKOB HH(pOpMaH

OIIK-2 CriocoOeH coBepIICHCTBOBATh U
pean30BbIBaTh HOBBIC MaTEMaTHYECKHE
METO/IbI PEIICHHUS TPUKIIAIHBIX 33/1a4

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
W3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-2.1 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
MaTeMaTHYECKNX HCCICIOBaHMA B paMKaX TEMaTHYECKOM
o0JacTu cBoei mpodeccuoHaIbHOM JIeATENbHOCTH

OIIK-2.2  Cmoco0eH  OHEHHTh  AKTYalbHOCTb  H
[IPAKTUYECKYIO 3HAYMMOCTb MPHUKIATHBIX MaTeMaTHUECKUX
HCCIICAOBAaHUM B CBOEH Mpo¢eCcCHOHANBHOM 001acTn

OIIK-3 CniocobeH pa3pabaTbiBaTh
MaTeMaTHueCKHe MOJICIH U IPOBOAUTH UX
aHaJIM3 MPU PEIICHUH 33/1a9 B 00IaCTH
npo(heCCHOHATBHOM ESTENbHOCTH

OIIK-3.1 Ymeer aHanu3upoBaTh 3aAady, INIAHUPOBAThH MMyTH
peleHus, mpegiararb 1 KOMOMHHPOBATH CIIOCOOBI PELICHHUS

OIIK-3.2 Bnazmeer wuccieqoBarebCKUMU METOAAMH U
CHocoOeH WCIONIb30BaTh WX TPHU PEIICHWW HOBBIX 3ajiad,
MpUMEHSsT 3HaHUS W3 pPa3iMdHbIX o0llacTell  HayKu
(TeXHHUKN)

OIIK-3.3 Bunameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJJaMHU pEIICHHUs, 3aJlad, MOHMMAeT W YYUTHhIBaeT Ha
MPAKTHUKE TPAHMIIBI IPUMEHUMOCTH TIOTY4aeMbIX pElICHUH

OIIK-3.4 CmocobeH  caMOCTOATENBHO  MPHOOpETaTh,
pa3BHMBaTh M TIPUMEHATh MAaTeMaTHYECKUE 3HAHUS IS
pelIeHns] HeCTaHJAPTHBIX 3a]a4d, B TOM YUCIIC B HOBOW WU
HE3HAKOMOM CpeJie U B MeXIUCLUIUIMHAPHOM KOHTEKCTE

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)




B pe3ynbrare 0CBOCHHS AUCIUILTMHBI 00yYaIOIINECs TOIKHBI

3HATh:
- (hyHIaMeHTaJIbHBIC TIOHSTHS, 3aKOHBI, © METO/IbI BBITYKJIOH ONTHMH3AIINH;
- TIOHATHS, AKCHOMbBI, METOJBI JIOKA3aTeIhCTB W JIOKA3aTelbCTBA OCHOBHBIX TEOpPEM B paszjenax,
BXOJISIIIMX B 0A30BYIO 4aCTh IIUKJIA;
- OCHOBHBIC CBOMCTBA COOTBETCTBYIOIIMX MaTEMATHUCCKUX OOBEKTOB;
- QHAJTUTUYECKUE M YUCIICHHBIC MOAXO/IbI K METO/IBI JIJIsl PELICHHUS TUIOBBIX MPUKJIAIHBIX 3371a4.

YMETh:
- IOHSATH MTOCTABJICHHYIO 3a/1a4Yy;
- WCIOJIb30BaTh CBOM 3HAHMS JUIS pEIIeHUs (YHIAMCHTANIBHBIX W MPHUKIAIHBIX 3a]1ad BBIMYKION
ONITHMU3AIIH;
- OIICHUBATh KOPPEKTHOCTh MOCTAHOBOK 3a/1a4;
- CTPOTO JI0Ka3bIBAThH WJIH ONPOBEPIaTh yTBEPIKIACHHE;
- CAMOCTOSITEJILHO HAXOWTh AJITOPUTMBI PEIICHUS 3a/1a4, B TOM YHCIIC U HECTAHIAPTHBIX, U IPOBONTH
UX aHaJIM3;
- CaMOCTOSITeIILHO BUJIETh CIICACTBHUS MONTYUYCHHBIX PE3yJIBTATOR.

BJIAJICTh:
- HaBbIKAMH OCBOCHHUS OOJBIIOr0 00beMa HHGOPMAIIUN U PEIICHUS 3a/1a4;
- HaBBIKAMH CaMOCTOSTEIBHON pabOThl M OCBOCHHUS HOBBIX JHUCIUILINH;
- KyJIBTypOW MOCTAHOBKH, aHAJIM3a U PEIICHHUsS MaTeMaTH4YeCKUX M MPUKIAIHBIX 3a1ad, TPEOYIOIInX
JUTSL CBOETO PEIICHHUS UCTIOb30BAaHUS MATEMAaTHUECKUX MOIX0/I0B U METOJIOB BBIMYKJIOW ONTUMH3AIHH;
- MPEIMETHBIM SI3bIKOM M HaBBIKAMH T'PAMOTHOTO OIMCAHHUS peIleHHs 3a7a4 W IPEICTaBICHUS
MOJTYYCHHBIX PE3YJIBTaTOB.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJ€HHOI'0 HA HMX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

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

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKIIIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 OOmas HenuHEWHass ONTHMHU3ALMA U €€ 4 4 3
CJIO’KHOCTb.
) OnTtuManbHbBIE METOABl Ml TIAAKHX 6 6 7
BBIITYKJIBIX 3a]1a4.
Meronpl OTCEKALIEH TUIIEPIIIOCKOCTH
3 JUId 3a7a4  BBIMYKJIOW KOHEYHOMEPHOM 5 5 7
MHUHUMH3AIHN. CrpykTypHas
ONITUMH3ALIHSL.
4 CrpykrypHas ontuMmmzauusa. [nagkas 5 5 3

MUHUMM3AIHS JJIS1 HeTIAAKUX (QYHKIWH.

[IpsAMO-IBONCTBEHHBIE METOABI PELLIECHHUS
5 HENTaJKnX 3a7a4. MuanMu3anus 5 5 7
COCTaBHBIX (YHKIIUH.

MCTOI[LI MONOKOOPAWHATHOTO CIIyCKa U

6 CyOrpaJIueHTHbIC METO/Ibl PEIICHHS 3a/1a4 5 5 8
CBEPXOO0JIBILION Pa3MEPHOCTH.

Nroro yacos 30 30 45

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.




4.2. CopaepxaHue IUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 4 (Becennuit)
1. Ob6mas HenMHEHHAS ONTHUMH3AIINS U €€ CIOKHOCTb.

OO11as HeauHENHAA ONTUMHU3ALMA U €€ CIIOKHOCTbD.

ITocranoBka 3amaun. Konuenuus yepHoro smmka. Ilonstne 3pekTHBHOCTH YMCIEHHBIX METONOB.
[Ipumep: meton paBHOMepHOTO Niepedopa. Kinaccudukanys 3a1au HeMTUHEHHON ONTUMU3ALUH.

Hixane OLICHKH CIOXHOCTH JIA INIAAKUX 3a1a4.

Boemykisie hyHkuuu u ux cBoiictsa. [Ipumeps! Beimykiabix QyHkuii. HeoOXoaumMelie u 1ocTaTovuHbIe
YCIIOBHS TIEPBOTO ¥ BTOPOT'O MOPSIIKA JUIS BBITYKIIBIX (DYHKIIUH.

Boimykiieie GyHKIIUM ¢ JTUMIIUICBBIM TPATUSHTOM M UX CBOWCTBA. HIDKHSSL OlEHKA CIIOXKHOCTH JIJIsS
KJIacCa BBIMYKIIBIX (DYHKITUH C JIUTIIIUIICBBIM TPaTUCHTOM.

CuibHO BBIMYKIIbIE (DYHKIIMU U X CBOWCTBA. [IpuMephl cHIIbHO BRIMYKIBIX QyHKIUH. Heobxoaumele
U JIOCTaTOYHBIE YCIIOBHSI MEPBOrO W BTOPOro MOPSAKA AJISi CHIBHO BBIMYKIBIX (QyHKUWH. HukHssS
OLICHKA CJIOHOCTH JJIs KJIacCa CHIIBHO BBIMYKIIBIX (PYHKIMH C JIMIIIUIEBBIM I'PaJIUCHTOM.

HpI/IHI_II/IH peiIakCan MU anmpoKCUMaluu. FpaI[HeHTHBIﬁ METOA. OI_IGHKI/I CKOpPOCTH CXOAUMOCTH
rpaJu€HTHOIO METOJa Ha KJacCaxX BBIIYKJIBIX W CHJIIBHO BBIITYKJIBIX (pyHKI_II/Iﬁ C JIMIIIHUIECBbIM
rpaiuCHTOM.

2. OnrTuManbsHbIe MCTOAbI IS ITIAAKUX BBITYKIIBIX 3a/a4.

OnTtuMainbHbIe MCTOABI JIA TTIAAKHUX BBIITYKJIIBIX 3a1a4.

OnenuBaronue nocneaoBarenbHOCcTH. OOmas cxemMa MeTofa OBICTPHIX TpagueHTOB. BapuaHTHI
MeTO/1a OBICTPBIX TPAIMEHTOB M UX OIICHKH CKOPOCTH CXOJAUMOCTH.

Brimykiieie MHOXKECTBA M UX CBOHCTBA. [locTaHOBKA 3a/1aun yCJIOBHOW onTuMu3anuu. Heobxomumoe
U JOCTAaTOYHOE yCIOBUE ONITHMAJIbHOCTH.

[TonsiTHE TPaTUEHTHOTO OTOOpPaXEHWS W €r0 CBOMCTBA. AHAJOT TPaJUSHTHOTO METOJAa W METOoJa
OBICTPBIX TPAIMEHTOB JIJIs 33/1a4 YCIOBHOW MUHUMM3AHH. OIIEHKH X CKOPOCTH CXOIUMOCTH.

CyOrpasveHTHBII METO [T 33124 BHITYKIIOH MUHUMH3AIMK 00IIEero BU/IA.

[locTanoBka 3ajga4uu BBIMYKJION MuHUMHU3anuu obOmero Buzaa. [lpumepsl. Ilonstue cyGrpanuenta.
[Tpumeps! Berumcinenust cyorpaguentoB. CpoiicTBa cyOrpaauenta. Heobxomumoe m 1ocTaTouyHOe
ycnoBHe onTUMabHOCTH. Teopema Kyna-Takkepa.

Hixass TpaHulla CJIOXKXKHOCTHU JIS1 KJIaCCa BBIIMYKJIBIX W JIMIIIIUICBBIX (bYHKI_II/Iﬁ Ha OrpaHNMYCHHOM
MHO>XKCCTBC.

CyOrpaveHTHBII METO/I Ha POCTHIX MHOXKecTBaX. OIEHKA ero CXOJUMOCTH.

CyOrpagveHTHBIi METOA Ha MHOXKECTBE C (DyHKIMOHAJIBHBIMH OTPAaHHMYCHHMSMH M €ro OIeHKa
cxoguMocTH. ONTHUMAaIBHOCTH CyOrpalMEHTHOTO METO/Ia Ha IaHHOM Kjlacce 3azad.

3. Mertonbl OTCEKaroUlel TMIEPIIOCKOCTH IS 3a/1ad BBIMYKJIONM KOHEYHOMEPHOW MUHHMM3ALUU.
CrpyKTypHas ONTUMHU3ALMSL.

Mertoibl OTCEKAOLIEH TUITEPIVIOCKOCTH IS 3a1a4 BbITYKIOW KOHEYHOMEPHONH MUHUMU3ALIHAH.
IlocTanoBka 3anaun paspemtuMocT. HIDKHSS OLleHKa CII0AKHOCTH ISl JaHHOI'O KJlacca 3a/au.
[TpuHLMD JOKaNIU3aLUK PEILIEHUS.

MerTo/ibl OTCeKaromel rumepriockoctd. OO00IIEHHBIN METO/ OTCEKAOIIEH THIIEPIUIOCKOCTH.
Mertoz dIIUIICOUIOB.

CrpykrypHas ontuMu3zaiusa. CaMocornacoBaHHbIE (QYHKIHH.

CamocornacoBanHas ¢yHkuus. [Ipumepsl U cBoiicTBa camocornacoBaHHOH (QyHKIuH. OCHOBHBIC

HCpPAaBCHCTBA. MI/IHI/IMI/ISaLII/IH CaMOCOITIaCOBaAHHBIX (bYHKI_II/II\/'I

4. CtpykrypHas ontuMusanus. [1agkas MUHUMU3AMAS TSl HETIAAKUX (PyHKIAH.

CTPYKTypHaH OIITUMM3alHA. CaMocornacoBaHHbBIE 6apLepLL



[MocTanoBka 3aja4yn. YpaBHEHUE IEHTpalbHON TpaekTopuu. CamocornacoBaHHbIN O0apbep. [Ipumepst
1 CBOHCTBA CaMOCOIVIACOBAaHHOTO Oapbepa.

AHaIUTUYECKUM LICHTP MHOXECTBA.
Merton OTCIEKUBAHUS TPACKTOPUU U OLIEHKU €r0 CKOPOCTH CXOAUMOCTH.
I'magkas MUHUMUA3ANAS TS HETIAAKUAX (QYHKIIUN: TTPOPBIB 32 MPEAEITHl BO3MOXKHOTO.

[locranoBka 3amaun. OyHKIUM C SIBHO 3aJaHHON CTPyKTypoil. [loHsATHE CconpshKeHHOU (IyaibHOIN)
3aJauM.

[Mpokc-pynkius. TexHuka crnaxuBanus. OnTUMalbHAs cxema JUisd PEIIeHHs 3a1ad  TIagKon
ONTHUMH3ALUH.

[lpumMeHeHre [OaHHOTO TOAXOJAa K MAaTpUYHBIM urpam, 3amade llITeliHepa, BapHaIMOHHBIM
HEpPaBEHCTBAM.

5. IlpssMO-BOMCTBEHHBIE METO/IbI PEIICHUS HETIAIKHUX 3a/1a4. MUHUMU3AIMS COCTABHBIX (DYHKITHIA.

[Ipsimo-nBoOIiCTBEHHBIE METOABI PELICHUS HETJIAJKUX 3aad.

Hwxasas nuHelHas anmpoxcuMarus (Mojiesib) MCXOAHOHU meneBod ¢yHkruu. CuinbHOE U ciaboe
peleHne Heraakon 3a1aun. OyHKIMS 3a30pa U ee CBOMCTBA.

OO0mas cxeMa JBOWCTBEHHOTO ycpeAaHeHms. MeToa MpocTOro JBOMCTBEHHOTO YCpemHEHUs. MeTon
B3BEIIEHHOTO IBOMCTBEHHOTO ycpeaHeHus. OLIEHKH CKOPOCTH UX CXOIUMOCTH.

[lpumenenne Meroa  JBOWCTBEHHOTO  yCcpemHEHHWss K  oOmed 3ajgadye  MUHHMH3AIINH,
NpsSIMO-ABOMCTBEHHOM 3a/1a4e, MUHUMAKCHOU 3a7a4e, CeAJIOBOM 3a/1aue.

DKOHOMHYECKasi HHTEPIIPETALMs METOa ABOMCTBEHHOTO ycpenHeHHs (MoJelb cOanaHCUPOBaHHOTO
pa3BUTHSA).

MuHuMH3anys cocTaBHBIX GyHKIUH. [eHepanus pa3peKeHHbIX pelIeHu .
[MocranoBka 3amaun. [ToHsATHE IPaJMEHTHOTO KOMIIO3UTHOTO OTOOPaKEHHUS M €T0 CBOHCTRBA.

[Ipsimoit rpaanenTHBIN MeToll. OLIEHKH €ro CKOPOCTU CXOJUMOCTH B BBIITYKJIOM U CHJIBHO BBIITYKJIOM
ciydJae.

JIBOMCTBEHHBIN FPAIMECHTHBIA METO/ U €T0 OLIEHKU CKOPOCTU CXOAUMOCTH.
JIBOMCTBEHHBIN FPAJAMECHTHBIA METO/ C YCKOPEHUEM U €TI0 OLICHKU CKOPOCTH CXOAUMOCTH.

[IppumMeHeHEe AAHHBIX METOAOB K PEIICHUIO 337adyd Pa3peKEHHBIX HAaWMEHBIIMX KBaJpaToB.
OOcyxaeHne YUCICHHBIX PEe3yIbTaToB.

6. MeToapl MOKOOPAMHATHOTO CIIyCKa M CyOrpaJueHTHBIC METOIbl PEIICHMS 3a/ad CBEPXOOJIBIIONH
Pa3MEpHOCTH.

MeTopl TOKOOPIMHATHOTO CITYCKa PEIICHUs 3a1a4 CBEPX00JIbIIOi pa3MepHOCTH.
Criennduka 3a1a4 cCBepXO0IbIIONH Pa3MEPHOCTH.

MeTO)I CJ'Iy‘iafIHOFO MOKOOPAUWHATHOI'O0 CITYCKa J[JI1 PCHICHUSA BbIIMYKIIBIX 3aJa4 663y0J’IOBHOﬁ
MHUHUMH3AIUHU U €T0 OLICHKH CKOPOCTU CXOAUMOCTHU.

Mertoa city4aiiHOTO NMOKOOPAMHATHOTO CIIYCKa Ul PEIeHHs CHIBHO BBIMYKJIBIX 3a7a4 0e3yCIOBHON
MHHHMH3ALMH U €r0 OLIEHKH CKOPOCTH CXOAUMOCTH.

MeTO):[ cnyqaﬁHoro MONOKOOPAWHATHOTO CIIyCKa JJisI PpPCHICHHA BBINYKIBIX 3ada4 YCHOBHOﬁ
MHUHUMH3AIUHU U €T0 OLICHKHU CKOPOCTU CXOOAUMOCTHU.

Merton ciy4aliHOTO IOKOOPIMHATHOIO CIIyCKa C YCKOPEHHEM JJIsi pPELIeHHs BBIIYKIBIX 3aiad
0e3yCII0BHOH MUHUMHU3ALUHU U €r0 OLICHKH CKOPOCTU CXOAUMOCTH.

OO6cy>KaeHre YUCICHHBIX Pe3yIbTaToB paOOThI JaHHBIX METOZOB.

CyOrpanveHTHbIE METOBI PELICHHUS 3a7a4 CBEPXOO0JBIION pa3MEpHOCTH.

O dhekTuBHBINA TepecueT MaTPUYHO-BEKTOPHOTO MPOM3BENEHHUS B Pa3pekeHHOM ciiydyae. BeicTphiit
HepecyeT 3HAYCHNSI CHUMMETPUYHOHN (PyHKIIMH ¢ TTOMOIIBI0 OMHAPHOTO AepeBa.

Cy6rpanuentssiii Metox b. Ilomska ans pemienus 3a1a4 6€3yCIOBHOM ONTHMHU3ALUHU U OLEHKA €ro
ckopoctu cxomumoctu. CyOrpaguentasid meron H.lllopa — mist pemieHust 3ajad  yCIOBHOM
ONTMM3ALMH U OLIEHKA €70 CKOPOCTU CXOJUMOCTH.

[IpuMeHeHne NaHHOW TEXHUKHM MepecyeTa K 3ajadaM CBEpXOOJBIION Pa3sMEpPHOCTH C pa3peskeHHON
CTPYKTYpOil.

Merton ciay4aHOTO IOKOOPJAMHATHOIO CIyCKa JUIsl PELeHMs HeMIaJAKoM 3aaud MHHHUMU3ALUU C
paspekeHHbIM cyOrpaanenToM. [IpuMenenne TeXHUKY nepecuera K JaHHOMY METOY.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

HeoOxonrmoe ob6opynoBaHue 1Jis 3aHATHI: KOMITBIOTEP U MYJIBTU-MEIUIHOE 000pya0BaHue (ITPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
1. MeTonp! onTHMU3AIMK. YCIOBUS ONTHMAILHOCTH B OKCTpeMaNIbHBIX 3amadax [Tekcer] : yueO.
nocobwue 1ist By3oB / A. I. Buptokos ; M-Bo o0pa3zoBanust u Hayku Poc. @enepanuu, Mock. Gu3.-TexH.
uH-T (toc. yH-T .— M. : MOTH, 2010 .— 225 c.
2. Uucnennsie MeTo el onTumu3aiuu [ Texct] : [yueb.mocobue mist By30B] / A.D.M3maiinos,
M.B.Cononos .— M. : ®usmaniut, 2003, 2005 .— 304 c.
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yue6. mocobue i By3oB / B. I. XKanan ; M-Bo oOpa3oBanus u Hayku P®, Mock. ¢us.-texH. uH-T (TOC.
yH-T) .— M. : MOTH, 2014 .— 271 c. + pdf-Bepcus. - bubauorp.: c. 267-270. - 300 sx3. - ISBN
978-5-7417-0514-8. — Ilonnsii Texct (Hoctyn u3 cetu MOTN).
4. Metonpt ontumu3anyu [ Texct]. Y. 2. UnciaeHHbIe anropuT™el : yued. mocobue ais By30B / B. I
XKanan ; M-Bo o6pazoBanus u Hayku PO, Mock. ¢u3.-rexs. ua-T (roc. yH-1) .— M. : MOTU, 2015 .—
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JlononHuTeNbHAS TUTEPATypa
1. Kypc metonoB ontummzanuu [ Teker] : yue6. mocobue s 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.
2. Beenenue B Boinykiyto ontumusanuio [ Tekcer] : [monorpadwus] / 0. E. Hecrepos ; pen.: b. T.
[Monsk, C. A. Hasun .— [Hayunoe u3n.] .— M. : MIITHMO, 2010 .— 280 c. - bubmuorp.: c. 275-276. -
[penm. yxas.: c. 277-279. - 400 sk3. - ISBN 978-5-94057-623-5 (B niep.) .— Ilonnsiii Texct (JocTyn
u3 cett MOTU / Ynanennslii qocrty).

7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

www.optimization-online.org

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO0
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NporpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIIOB3YIOTCS MYJIBTHUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIAIO
MpEe3EHTAlUN.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CryneHT, M3ydalolUMii Kypc aiaredpbl JOTMKH, KOMOMHATOpHKA, TEOpHs rpadoB, HOMKEH ¢ OOHOM
CTOpPOHBI, OBIAJETh OOIIUM IOHATUHHBIM amapaToM, a C JPyrod CTOPOHBI, JODKEH HAYYHTHCS
MPUMEHATh TEOPETHUECKUE 3HAHUS HA IPAKTUKE.

B pesynbrare u3ydeHWs IUCLHUIUIMHBI CTYAEHT JOJDKEH 3HAaTh OCHOBHBIE OIPENEIECHMs, MOHATHA,
aKCHOMBI, METO/IbI JI0Ka3aTEIIbCTB.

YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpsHKEHHOW caMOCTOsTENLHOM padoTHl cTyneHTa. B mporpamme
Kypca TpUBEJACHO MHHHUMAIBHO He0oOXoAMMOE BpeMs s pabOThl CTYyJAeHTa HajJ TEMOHU.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

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



— TpopaboTKy yueOHOro marepuaia (10 KOHCIIEKTaM JIeKIHUH, y4eOHOW M HaydyHOW JHuTeparype),
[IOJTOTOBKY OTBETOB Ha BOIPOCHL, IPEIHA3HAUEHHBIX JJIS CaMOCTOSTEIbHOIO H3y4YeHMs,
JOKa3aTeNbCTBO OTAEIBHBIX YTBEPHKACHHUI, CBOICTB;

— IOATOTOBKY K DK3aMEHY.

PykoBOACTBO M KOHTPOJIb 32 CaMOCTOATENBHOM paboTOM CTyIeHTa ocylecTBisercs B Qopme
HUHAUBUYaJIbHBIX KOHCYJIbTALUM.

ITokazareneM BiQAEHUS MaTepUaoOM CIYXKHUT YMEHHE pemars 3aaadu. Jns GpopMUpOBaHHS yMEHHS
MPUMEHATh TEOPETUYECKUE 3HAHUS Ha NPAKTUKE CTYACHTY HEOOXOIMMO peliaTh KaKk MOXKHO OoJbIie
3amad. [pu pemenny 3a1a4y Kakaoe JeiicTBHE HEOOX0MMO apryMEHTHPOBATh, CChUIASICh HA U3BECTHBIC
TEOPETUYECKHE CBEJCHUS.

BaxxHo noOuThca MOHMMaHMS M3y4aeMOTo MaTepHaja, a He MEXaHHYECKOTo ero 3amoMuHaHus. [Ipu
3aTPyOHCHUN H3YYCHHUS OTACIBHBIX TEM, BOIPOCOB, CIEAyeT OOpamaTrhCsi 3a KOHCYJIBTAUSMH K
JIEKTOPY WJIM NIPENOoaBaTeiio, BEAYyIeMy IPaKTUUECKUE 3aHATHSL.

Jlureparypa J1st caMOCTOSTENTLHON paOOTHI:
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3) 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

4) Nesterov, Yurii. Gradient methods for minimizing composite functions. In: Mathematical
Programming, Vol. Online first (2012). http://www.ecore.be/DPs/dp 1191313936.pdf
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH
VYK-1 Cnocob6en ocymectBnsaTh kputnueckud  |YK-1.2  OcyniecTBisieT MOMCK  BapUaHTOB  PEIICHHUS
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyallud Ha  OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

CTpaTeruro AecTBUi

OIIK-2.3 Brnageer mnpodeccMOHaNbHONW TEPMUHOIOTHEH,
HCIIONB3YEMOM B  COBPEMEHHONW  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0i1agaeT HaBBIKAMU YCTHOTO M MUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayYHOW JESTEIbHOCTH B paMKax

OIIK-2 CriocoOeH COBEpIICHCTBOBATh npo¢eccHOHAIbHO KOMMYHUKAIIMH
peaIn30BBIBaTH HOBBIE MATEMATHUYECKUE OIIK-2.1 Umeet npencraBiaeHue 0 COBPEMEHHOM COCTOSTHUH
METO/IbI PEeIICHUs IPUKIATHBIX 3324 MaTeMaTHYeCKUX HCCIEeOBaHUH B paMKaX TEMaTHYECKOH

oOmactu cBoeit mpodecCHOHAIBHON NeITeTbHOCTH

OIlIK-2.2  CnocobeH  ONEHHTh  aKTYalbHOCTh  H
MPAaKTUYECKYI0 3HAYMMOCTb MPHUKIATHBIX MaTeMaTHUYECKUX
WCCIICZIOBAHM B CBOCH MPOo(eCCHOHANBHOM 001acTn

OIIK-3.1 Ymeer aHanu3upoBaTh 3a/ady, INIAHUPOBATH ITyTH
peleHus, mpeiarath 1 KOMOMHHPOBATh CITOCOOBI pEIICHUS

OIIK-3.2 Bnazmeer wuccieqoBaTelIbLCKUMH METOAAMH U
CIOCOOEH WCHOIh30BaTh WX IPU PEIISHUU HOBBIX 3aJad,
NpUMEHSIST 3HAHWS W3 PasNUYHBIX oOnacTel  Hayku

OIIK-3 CriocobeH pa3pabaTbiBaTh
(TexHUKH)

MaTeMaTH4eCKHe MOJIEIH U TPOBOANUTD UX
aHaJIu3 TIPY PENICHUH 3a/1a4 B 00JIaCTH
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIMTEIHLHBIMHU
METOJaMHU pEIIEHHUs, 3aJlad, MOHMMAaeT M YYUTHIBaeT Ha
MPAKTUKE TPAHULIBI IPUMEHUMOCTH MOIYYaEMbIX PEIICHUM

OIIK-3.4 CmocobeH  caMOCTOATENBHO  MPHOOpETATH,
pa3BHBaTh W TPUMEHATh MaTEMAaTHYECKUE 3HAHHS JUIS
pelIeHHsT HeCTaHAaPTHBIX 33j1a4, B TOM YHCIIEe B HOBOM WU
HE3HAKOMOM CpeJie ¥ B MEKANUCIIMIUIMHAPHOM KOHTEKCTE

2. Iloka3arein OLleHUBAHUS KOMIIEeTeHITHH

B pE3YIbTATC H3YUYCHUSA IOUCHHUILIMHBI <(COBpeMeHHLI€ MCTOABI BLIHYKHOﬁ OIITUMH3 AN 06yqafom1/1ﬁc51
JOJIKCH:

3HATb:

- (hyHIaMEHTaIbHBIE TIOHATHUS, 3aKOHBI, 1 METO/IbI BBITYKJIOH ONTUMH3ALIUHY;
- TIOHATHUS, aKCMOMBI, METOIbl JIOKa3aTeJbCTB W JIOKAa3aTelIbCTBA OCHOBHBIX TEOpPEM B paszzaesax,
BXOJISIIIMX B 0a30BYIO YaCTh IIUKJIA;
- OCHOBHBIE CBOMCTBA COOTBETCTBYIOIIMX MaTeMAaTHUYECKUX OOBEKTOB;
- aHAJIMTUYECKHUE U YHUCIIEHHBIE IIOAX0/bI U METO/IbI [Vl PELIEHUS TUIIOBBIX IPUKJIaJHBIX 3a/1a4.
YMeThb:
- IIOHSThH IIOCTABJICHHYIO 3a/1a4y;
- HCIIONB30BaTh CBOM 3HAHMA U pelieHus (yHIAMEHTAIbHBIX W MPHUKIAAHBIX 3a/ad BBITYKION
ONTUMU3ALNUY;
- OLICHMBAaTbh KOPPEKTHOCTH MIOCTAHOBOK 33/1a4;
- CTPOro J10Ka3blBaTh UM ONPOBEPIaTh yTBEPAKICHUE;
- CaMOCTOSITENIbHO HAXOAUTh AJITOPUTMBbI PEIICHUS 33134, B TOM YHCIIE€ U HECTaHJAPTHBIX, U IPOBOAMUTH
UX aHaJIN3;
- CaMOCTOSITEIIbHO BU/IETH CJICACTBUS MOITYYECHHBIX PE3yIbTaTOB.
BJa/IeTh:



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

- HaBBIKAMH CaMOCTOSITEIbHON pabOThl M OCBOCHUS HOBBIX JANCIMIUINH;

- KyJABTYpOW TIOCTAHOBKH, aHalW3a M PEUICHUS MaTeMaTH4YeCKHX M MPUKIAAHBIX 33/ad, TPeOyromux
JUIsl CBOETO PELIEHHUs UCII0JIb30BaHUsI MaTEMaTHUECKUX ITOJIX0JJ0B U METOJOB BBIIIYKJIOH ONITUMHU3ALNY;
- NPEIMETHBIM S3bIKOM M HaBBIKAMH T'PAMOTHOTO ONKMCAHUS PELICHHs 3aJad W MPEICTaBICHUS
[IOJIyYEHHBIX PE3yJIbTaTOB.

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

[Ipumeps! 3ananmii:
1. TlokaxuTe HEONTUMAIBHOCTH METO/Ia HAUCKOPEHIIIETO CITycKa Ha Kiacce (PyHKIMIA C JIMMIIULEBBIM
IpaueHTOM.

2. Ilpemnmoxwure cnocoObl pemIeHHWsl 3afad BBIMTYKJIOW (HO HE 00s3aTeNIbHO CHIIBHO BBIITYKIIOH)
OJTHOMEpPHOW MUHUMH3AIMH Ha oTpe3ke JUIMHBI A 3a Bpemst O(log(A/g)), e € — TOYHOCTh PEIICHHS
3aj1a4u 10 apryMeHTy. Bo3MOXHO 1T Takoe B JByMEPHOM cirydac?

3. Tlpemnoxkure HOpMY U TPOKC-(QDYHKIUIO IS 3aJa4d ONTHMHU3AIMK HA IMPSIMOM IPOU3BEICHHU
CHMILJICKCOB.

4. TlompoOyiiTe 0000IUTL pe3yabTaThl, MONYYEHHBIC I METOMOB 1ro TOpsAKa C MOMOIIBIO
IPaIMeHTHOTO OTOOPaKEHUS.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA ITPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

1. OOmast HenWHEHHAas ONTUMH3ALMA U ee cIoKHOCTh. [locranoBka 3amaun. KoHuenuus depHOro
suka. Tlonsitue 3QQEeKTHBHOCTH YHCIEHHBIX MeTomoB. [Ipumep: meron paBHOMepHOTro mepebopa.
Kiaccudukanms 3ama4 HeTMHEWHON ONITUMU3AIIHH.

2. HwxHHMe OLEHKH CIOXKHOCTH JUISl TIAAKUX 3a1ad. Beimykible GyHKuMu u ux cBoiicta. Ilpumepsr
BBIMYKJIBIX (yHKIMH. HeoOxomumble M AOCTaTOYHBIE YCIOBHS IE€PBOTO M BTOPOTO MOpPSIKA JUIs
BBINYKJIBIX (yHKUMHA. Bplnykible (yHKUMU € JUOIIMLEBBIM TPaJdeHTOM M WX cBoicTBa. HinkHss
OLICHKA CJIOKHOCTH JJIS KJ1acca BBIMYKIIBIX (QYHKIUH C JIUIIIUIEBBIM IpagieHToM. CUIBHO BBITYKIIbIC
¢yHKkuMM u ux cBoiicTBa. [lpuMepsl cuiabHO BBIMYKIBIX (GyHKUME. HeoOXomnMmeie M OOCTAaTOYHBIC
YCIIOBHUS TIEPBOTO U BTOPOTO MOPSAAKA IJISi CUJIBHO BBIMYKIBIX (yHKIMN. HIOKHSS OIEHKA CIIOXKHOCTH
JUIA KJIacCa CWJIBHO BBIMYKJIBIX (PYHKIMHA C JIMOMIALEBBIM TpagueHToM. [IpUHIMI penakcaluu u
annpoxcumanuu. ['pagueHtHeli Meron. OLIEHKH CKOPOCTH CXOOUMMOCTH I'paJMEHTHOIO METona Ha
KJIaccax BBITYKJIBIX U CUJIBHO BBIMTYKIJIBIX ()YHKLUUH C JUMIINIEBBIM IPATUCHTOM.

3. OnTtumanbHble METOAbl A DIAAKUX BBIIYKIbIX 3a1ad. OLiEHUBAIOIIME II0CIIE0BATEIBHOCTH.
OObmas cxema merofa ObICTPBIX TpaaneHTOB. BapuanTel MeToma OBICTPBIX TPAIUEHTOB U UX OLECHKHU
CKOPOCTH CXOAMMOCTH. BpImykible MHOXeCTBa M HUX cBoWcrBa. [locTaHOBKa 3amauu  yCIOBHOM
ontummuzanuu. HeoOxoguMoe W J0OCTAaTOUYHOE YCIOBHE ONTUMalbHOCTU. [loHATHE TpagMeHTHOTrO
OTOOpakeHMsI M €ro CBOMCTBA. AHAJOI I'PAJAMEHTHOTO METOAa M METOHa OBICTPBHIX TPAJUEHTOB I
3a1a4 yCIOBHOW MUHMUMHU3AaUUU. OLEHKH UX CKOPOCTH CXOJUMOCTH.

4. CyOrpaaneHTHBI METOX Ul 3a/ad BBIMYKJIOH MUHHMMH3anuu oOmero Buaa. I[locraHoBka 3amaun
BBINYKJIOW MUHUMHU3anuu oOmiero Buga. Ilpumepst. Ilonstue cyorpaguenta. [Ipumepsl BeIYHCICHUS
cyorpanuenroB. CBoiicTBa cyOrpaauenta. HeoOxomumoe M 0CTaTOYHOE YCIOBHE ONTUMAILHOCTH.
Teopema Kyna-Takkepa. HwxkHsas rpaHudna CIOXHOCTH JUIsl Kjacca BBINYKIBIX W JIMIIIHIIEBBIX
¢byHKIMI Ha OrpaHMYeHHOM MHOXecTBe. CyOrpaJueHTHBII METO Ha MPOCTHIX MHOXecTBax. OIeHKa
ero cxonumoctu. CyOrpaineHTHBIN METO HA MHOXKECTBE C ()YHKLIHMOHATIBHBIMI OTPAaHUYEHUSIMH U €T0
OLIeHKa cxoxuMocTH. ONTUMAaIbHOCTD CYyOrpaIneHTHOTO METO/Ia Ha IaHHOM KJlacce 3a/1ad.

5. Meronpl OTCEKarolled TMNEPIUIOCKOCTH JUIsl 3aad BBIITYKJIOH KOHEYHOMEPHOW MUHHMM3ALIHAH.
ITocTranoBka 3amaum paspemMMOCcTH. HWoKHSS OLEHKa CIOKHOCTH A JAHHOTO Kiacca 3ajaad.
[MpuHIMD JTOKaNM3aluu penieHrs. MeTobl OTCEKAaIoNe TUIepIuiockocTH. (OO00O0IIeHHBIH MeTOoN
OTCEKaroIe THIEPIIIOCKOCTA. MeTo IIIUIICOUIOB.

6. CrpykrypHas ontummsanus. CamocornmacoBanHbie ¢yHKnuu. CamocornacoBaHHas (yHKIIHSL.
IIpumepsl u cBoiicTBa camocoriacoBaHHOW (yHKuH. OCHOBHBIE HepaBeHCTBa. MUHMMH3ALUS
CaMOCOITIACOBAaHHBIX (PyHKIINH.



7. CrpykrypHas ontumuzanus. CamocorniacoBaHHbie Oapbepbl. [locTaHoBka 3amaun. YpaBHEHHE
LHeHTpalbHOH TpaekTopuu. CamocoriacoBaHHbIld Oaprep. IIpumepsl u cBoCTBa CaMOCOIIIaCOBAHHOTO
Oapbepa. AHAJINTHYECKHH IIGHTP MHOXecTBa. MeToi OTCIeXKHMBAaHHMS TPACKTOPHUH U OLEHKU €ro
CKOPOCTH CXOTUMOCTH.

8. I'magkast MUHMMHK3aLUs UIA HerIaakux (QYHKUMN: MPOPBIB 3a HpeAesl Bo3MoxHoro. IloctanoBka
3amaun. DYHKIMU ¢ SBHO 3aJaHHON CTpyKTypol. [loHsATHE compshkeHHOW (JyanbHOH) 3aadu.
[Ipokc-pynkuus. Texnuka crmaxuBanusi. OnNTHManbHas cxemMa /s pPEUIeHHA 3ajad  [IaJkon
ontumusanuu. [IpuMeHeHue [OaHHOrO MOAXONAa K MarpUyHbIM urpaMm, 3agade lllreliHepa,
BapHallMOHHBIM HEPABEHCTBAM.

9. IIpsiMO-IBOMICTBEHHBIE METOJBI PEIICHUS HETMAAKUX 3aaad. HikHsAa muHeiHas anmpoKCHUMAIlus
(Mozenb) ucxoaHol meneBoi pynknuu. CuibHOE W ciaboe pelieHHe Heraakon 3agaun. DyHKIHS
3a30pa u ee cpoiicTBa. OOIIasi cxema JBOMCTBEHHOTO yCpeaHEHUs. MeToJ] mpOCTOro JABOWCTBEHHOTO
ycpeaHeHusi. MeTon B3BELIEHHOTO JBOWCTBEHHOTO ycpeaHeHusl. OLEHKH CKOPOCTH HX CXOTUMOCTH.
[lpumenenre  MeToma  JBOMCTBEHHOTO  yCpeqHeHHMs K oOmield  3ajade  MUHHMH3AINH,
MpsIMO-IBOMCTBEHHOW  3ajjade, MUHHMAaKCHOW 3ajgade, CeAJOBOM 3ajade. OKOHOMHYECKAs
MHTEpPIIPETAIs METOa ABOHCTBEHHOTO YCpeaHEeHHs (MO/IeNb cOaIaHCHPOBAHHOTO Pa3BUTHA).

10. Munumm3zanust coctaBHbIX (QyHKIMA. [eHepauus paspexeHHbIX pemieHuid. [loctaHoBKa 3amauu.
[MonsTHE TPaIMEHTHOTO KOMITO3UTHOTO OTOOpa)KeHHUsI U ero cBoicTBa. [IpsMoii rpaJueHTHBIA METOI.
OLeHKH €ero CKOpPOCTH CXOIMMOCTH B BBIIYKJIOM M CHJIBHO BBIIYKJIOM ciiydae. [IBoWicTBEHHBIN
CPaJMEHTHBIA METOX U €ro OLICHKH CKOPOCTH CXOAMMOCTH. JIBOMCTBEHHBIM IPaJUEHTHBIA METOH C
YCKOPEHHUEM H €T0 OLICHKH CKOPOCTH CXOAMMOCTH. [IpuMeHeHne JaHHBIX METOJ0B K PEIICHUIO 3aauu
pa3pekeHHbIX HAMMEHBIINX KBaapaToB. OOCYXeHNE YHCICHHBIX PE3yIbTaToB.

11. Metoapl MOKOOPJIWHATHOTO CITyCKa pelIeHUs 3aqad cBepXxOosbliol pasmepHocTH. Crenmnguka
3amay cBepxOonpIION pasMepHOCTH. MeTon Ciay4aHOrO MOKOOPAMHATHOTO CIYCKa JJISl PEIeHHS
BBITYKJIBIX 3a7a4 Oe3yCIOBHOM MHHHMMH3AIlMM W €ro OLEHKM CKOPOCTH CXOAUMOCTH. Mertox
CIIy4ailHOTO TIOKOOPJMHATHOTO CIIyCKa JJisl PELICHHS CHJIBHO BBINYKIBIX 3a7a4 0e3yCJIOBHOM
MUHUMM3ALMU U €T0 OLIEHKU CKOPOCTH CXOIMMOCTU. MeToz City4aifHOro NOKOOPAMHATHOIO CITyCKa JUIs
peIIeHNs BBIMYKIBIX 33Aa4d yCIOBHOM MHUHHMH3ALMU W €r0 OLEHKH CKOPOCTH CXOAMMOCTH. Meton
CIIy4alHOTO TOKOOPIMHATHOIO CITyCKa C YCKOPEHHEM JUIsS PELICHUs BBITYKJIbIX 3a1ad 0e3yCclIOoBHON
MUHUMH3AIHUA U €r0 OLIEHKH CKOPOCTH CXOOUMOCTH. OOCYKIEHHE YMCICHHBIX PE3YyJIbTaroB pabOThI
JAHHBIX METOJIOB.

12. CybrpaareHTHBIE METOBI PEIICHUS 3a/lad CBEpXOONbIION pazMepHoCTH. DPPEKTUBHBIN MepecyeT
MaTpPUYHO-BEKTOPHOIO MPOMU3BEIACHUS B pPa3peKEHHOM Ciy4ae. DBICTpBI IepecdueTr 3Ha4eHHd
CUMMETpUYHONW (DYyHKIMU ¢ TOMOIIbio0 OuHapHoro AepeBa. CyOrpaamentHbli Meton b. [lomska s
peleHus 3aaa4 0e3yCiIOBHOM ONTHMHU3ALUU U OLEHKA €ro CKOpocTH cxonumocTu. CyOrpalueHTHBIHN
meron H.Ilopa nns pemieHus 3anad yCIOBHOW ONTMH3ALUMK U OLEHKA €r0 CKOPOCTH CXOOUMOCTH.
[IpumeHeHne naHHOW TEXHUKU MepecdeTa K 3afadaM CBEpPXOOJBIION Pa3sMEPHOCTH C Pa3peKeHHOU
CTPYKTypoil. MeTon ciy4ailHOro IOKOOPAMHATHOIO CIyCcKa Uil PEUIEHUS HENIAJKOM 3ajadu
MUHUMH3ALHN C pa3peKeHHBIM cyOrpaaueHToM. [IpuMeHeHne TeXHUKY niepecieTa K JaHHOMY METOY.

[Tpumeps! OuIETOB:

Buiet Nel

1. OOmiasi HenmWHEHHAss ONTHUMH3AIMS U €€ CIOKHOCTh. [locraHoBka 3amaun. KoHuenmus 4epHOro
squka. [lonsitue 3@ekTuBHOCTH YMcIeHHBIX MeTonoB. Ilpumep: meron paBHOMepHOro mepedopa.
Knaccuduxkanus 3a1a4 HelMMHEHHON ONTUMU3AIIHH.

2. IIpsiMo-IBOMCTBEHHBIE METOJBI PEIIEHUS HETNIaIKUX 3a7ay.

BunetNe2

1. MeTonpl oOTcekarollel TUMEepPINIOCKOCTH Ui 3aJlad BBIMYKIONM KOHEYHOMEPHOW MHHUMU3ALIUU.
ITocTaHoBKa 3aa4¥ pa3peIIMMOCTH.

2. CyOrpagueHTHbIe METObI PEICHHSI 3a/1a4 CBEpXOONbIION pazMepHOCTH. D(H(HEKTUBHBIN MepecyeT
MaTpUYHO-BEKTOPHOTO MPOM3BEIACHUS B Pa3peKEHHOM Ciydae. DBBICTpBI mepecyer 3Ha4YeHHS
CUMMETPHUYHON (DYHKIIMHU C TIOMOIIBIO OMHAPHOTO JIepeBa.

Kpurepun onennBanus
Onenka



onmyHo 10 omenka «ornuuHO (10)» BBICTABISIETCS CTYIACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUI

OTIIMYHO 9 oueHka «omMYHO (9)» BBICTABISIETCS CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, INTYOOKHE 3HAaHHS yuyeOHON MpOorpaMMbl JUCLIUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha TpPaKTHKE MPH PEIICHUH KOHKPETHBIX 3a]ad, CBOOOIHOE M MpPaBUIbBHOE OOOCHOBAHUE MPUHSATHIX
peleHnin

OTIIMYHO & OLICHKa «OTAM4YHO (8)» BBICTABISIETCS CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE
CHCTeMaTH3UPOBaHHBIE, IITYOOKHE 3HAaHHS yuyeOHON MpOrpaMMbl JUCLIUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha MPaKTHKE [IPHU PEILICHUH KOHKPETHBIX 3ajia4, U IPaBUIbHOE 000CHOBAaHUE MPUHSTHIX PELICHUN
xopomo 7 omeHKa «xopomo (7)» BbICTaBIsAETCS CTYIACHTY, €CIM OH TBEpAO 3HAET MaTepual,
rPaMOTHO M MO CYIIECTBY M3JIaracT €ro, ymMeeT NMPUMEHATH IMOJIyYCHHBIE 3HAHMS Ha IMPaKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 33a4 HEKOTOPbIE HETOYHOCTH;

xopomo 6 omeHkKa «xopoulo (6)» BBICTAaBISIETCS CTYACHTY, €CIIM OH 3HAET Marepuas, IpaMOTHO U 10
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHTh II0JTy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIYCKaeT B OTBETE
WJIM B PELIEHUH 3a/1a4 HEKOTOPHIE HETOUHOCTH;

XOpOIIO 5 OIIeHKa «XOpoIo (5)» BBICTABISAETCS CTYACHTY, €CJIM OH 3HAE€T Marepuall, U MO CyIIECTBY
M3JIaraeT €ro, yMeeT NPHUMEHSTh MOJIyYeHHBIE 3HAHUS HA NPAKTHKE, HO JOIMYCKAeT B OTBETE WM B
pelIeHNH 3a/1au HEKOTOPble HETOUHOCTH;

VIOOBJIETBOPUTENBHO 4  OLIEHKAa «YIOBJIETBOPHUTENBHO (4)» BBICTABISIETCS CTYACHTY, ITOKa3aBIIEMY
(dparMeHTapHbBIi, pa3pO3HEHHBIH XapakTep 3HAaHWUH, HEJOCTATOYHO IPaBWIbHBIE (QOPMYIUPOBKU
0a30BbIX MOHATHHA, HApPYLICHHUS JIOTMYECKOH IOCIICAOBATEIbHOCTH B HM3JIOKEHUH TPOrPAMMHOIO
Marepuaia, HO IpHd 3TOM OH BJaJeeT OCHOBHBIMM pa3/esiaMH y4eOHOM mporpamMMbl, HEOOXOIUMBIMU
JUI IajJbHEHIero oOy4eHUsI ¥ MOXET NPUMEHSTH HOJTYy4YEeHHBbIE 3HAHHs MO 0o0pas3ly B CTaHAAPTHOU
CUTYyalluy;

VIOOBJIETBOPUTENBHO 3 OLEHKA «YIOBJIETBOPHUTEIBHO (3)» BBICTABISIETCS CTYACHTY, [TOKa3aBIIEMY
(dparMeHTapHbBIi, pa3pO3HEHHBIH XapakTep 3HAaHWUH, HEJOCTATOYHO IPaBWIbHBIE (QOPMYIUPOBKU
0a30BbIX MOHATHHA, HApPYLICHHUS JIOTMYECKOH IOCIICAOBATEIbHOCTH B HM3JIOKEHUH TPOrPAMMHOIO
Marepuaia, HO TPH 3TOM OH BJajeeT (parMeHTapHO OCHOBHBIMHU paslesiaMH y4eOHOH MPOrpaMMBbl,
HEOOXOAMMBIMHU JJIs1 JaJIbHEHIIEro 00y4eHHUsI 1 MOKET IPUMEHSTh MOJTYYCHHbIC 3HAHUS 10 00pa3ily B
CTaHJAPTHOU CUTyaluu;

HEYIOBJICTBOPUTEIBHO 2  OIIEHKA «HEYJOBJIETBOPUTENIHHO (2)» BBICTABISIETCS CTY/IEHTY, KOTOPBIA HE
3HaeT OOJbIIEH YaCTH OCHOBHOTO COAEP)KaHUS yueOHOH MporpaMMbl IUCHUILTMHBL, OMYCKaeT Ipyobie
oMOKY B GOPMYIHUPOBKAX OCHOBHBIX HMOHSATHUN JUCLUIUIMHBI U HE YMEET UCIIOIb30BaTh MOJIyYCHHBIE
3HaHUS IPU PELICHNUH TUIIOBBIX MIPAKTUYECKUX 3aa4

HCYOOBJICTBOPUTCIBHO 1.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

Bo Bpems mpoBeneHust dK3aMeHa OOydaroluecs MOTYT IOJb30BAaThCS MPOTPAMMOM JUCIUILTUHBI, a
TAKXE CIPABOYHOM JIUTEPATYPOM, BEIUUCIUTEIbHON TEXHUKOU, KOHCIIEKTaMU JICKLIUM.

DK3aMeH OPpOBOAUTCH IYTEM OpraHu3aliu ClICuaJIbHOIO OImpoca, IpOBOAUMOIO B YCTHOI>'I (bopMe.



