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)

N0 TUCHMILJIMHE: Teopust onTUMHU3ALMN
10 HANPABJIEHUIO: [Ipuxnagnas MmareMaruka U HH(oOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: ATI360: ITepenoBsle METOABI HCKYCCTBEHHOTO MHTEIIEKTA

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

Kypc: 2
KBAJM(PUKAIMA: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 3 (OCeHHUH) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3
KonmnuecTBo KOHTpONBHBIX padoT, 3ananuil: 4

[IporpamMmy cocraBunu:

A.I'. buprokos, kanz. ¢u3.-Mar. HayK, JOLEHT
B.I. XKanan, o-p ¢us.-mar. Hayk, npodeccop

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl MaTeMaTH4ecKiX OCHOB yrnpasienus 12.02.2024



AHHOTANMA
Uznoxenune wmarepuana JOCTaTOYHO TPAAUIMOHHOE JJIi MHOTHX COBPEMEHHBIX KYpCOB METOIOB
KOHEYHOMEPHON onTUMU3aluu. BHadale NOPUBOASITCS HEKOTOPBHIE CBEACHUS U3 BBIMYKIOIO aHalu3a,
HEoOX0oUMBbIE st GOPMYITUPOBKU TMOCIEAYIOMUX pe3yabratoB. [locie aToro paccMaTprBaroTcsi cOOCTBEHHO
3a7]a4d ONTHMM3ALKUU B PA3IUYHBIX [MOCTAHOBKAX, BKJIKOYAS 3aJa4d C HECKOJIBKUMM KpUTepuaMH. st HUX
(bopMyIUpYIOTCST  HEOOXOJMMBIE ¥ JIOCTATOYHBIE YCJIOBUSI  ONTUMAIBLHOCTH, U3J1araercs Teopus
JIBOUCTBEHHOCTH.

1. leau u 3apauun

eap AUCUMNIMHBI
N3ydyeHre OCHOB BBITYKJIOTO aHAIM3a, TCOPUHA U METOMOB PEIICHUS Pa3IMYHBIX ONTUMHU3AIMOHHBIX
3aJ1a4 B KOHEYHOMEPHBIX MMPOCTPAHCTBAX.

3agaum AUCHUILIMHBI
- OBJIAJICHHE CTY/ICHTaMH Ha4yalbHBIX CBEICHUI IO TEOPUH BBHIMYKJIBIX MHOXECTB M BBIMYKIBIX
(hyHKIUH;
- mpuoOpeTeHre TEOPETUYECKUX 3HAHWN IO YCIOBHAM ONTHUMAJIBHOCTH JUIi 334ad Oe3yclOBHOH U
YCIIOBHOW ONTHMU3AIMHU, TMHEHHOTO U BBITYKJIOTO IPOTrPaMMHPOBAHHUS;
- O3HAKOMJICHHE CTYIEHTOB C OCHOBHBIMH COBPEMEHHBIMH METOJAMU PEIICHHS KOHEYHOMEPHBIX
ONITUMH3ALMOHHBIX 3a]1a4;

- OKa3aHHuC KOHCYJ'H:TaI_II/Iﬁ U TIOMOIIU CTYACHTaM B IPOBCIACHHUU COOCTBEHHBIX TCOPECTUUCCKUX H
OKCIICPUMCHTAJIbHBIX I/ICCJ'IG,I[OBaHI/Iﬁ B o0nacTu peIICHUA NPAKTUUCCKUX ONTUMHU3AIIMOHHBIX 3aj/1a4, B
TOM YHCJIC C TPUBJICUCHHUEM IMAKETOB ONITUMHU3AlIHUU.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kon 1 HauMeHOBaHHE KOMIIETEHIIUH NHIuKaTOpbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-2 Cnocoben ucnonb3oBarh coBpemeHnbie |OIMTK-2.1 CrocobeH  TPUMEHSITH  COBPEMEHHBIC
WH(POPMALIMOHHBIE TEXHOJIOTHH U BBIUMCIIUTENBHYI0 TEXHUKY M CEpPBHUCHI ceTh VHTepHeT B

MPOrpaMMHBIE CPEJICTBA MPH PellicHUH 33ja4  |o0nactu (cdepe) mpodeccHoHaANBHOM NesITeThHOCTH
npodecCHOHAIBHON IS TeTBHOCTH, COOITIOas
TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

IMK-2 CriocobeH caMOCTOsTENHHO WK B [MK-2.1 3HaeT TpUHIUNBI MMOCTPOCHHS HAYYHQPAOOTHI,
KadecTBe 4JieHa (PyKOBOAMUTEIS) MaJIOTO MeTonbl cOopa M aHajM3a TMOJNyYEHHOTO Marepuana,
KOJIJIEKTHBA OPraHU30BbIBATh U MPOBOIANTH CIIOCOOBI apryMEHTALH

HAaY4YHBIC UCCIICAOBAHUA U UX anp06auI/Ho

3. Ilepeyens MJIaHUPYEMBbIX pPe3yJIbTATOB 00y4eHHs 110 AMCHHUILINHE (MOAY.TI0)

B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI

3HATB!
- (yHAaMEHTAIbHbIC IOHATHA U OCHOBHBIE TEOPETHUECKUE PE3YJIBTaThl B 00JIACTH TEOPUU U METOJOB
ONTUMU3ALMY B KOHEYUHOMEPHBIX IIPOCTPAHCTBAX;
- COBPEMEHHbIE MPOOJEMBI COOTBETCTBYIOLIMX pa3[esiOB YHUCIECHHBIX METOAOB pELICHHUS
ONTUMU3ALOHHBIX 3a]1ay;
- TIOHATHUS, aKCHOMBI, METOMBI JTOKA3aTeJIbCTB M JI0KA3aTENbCTBA OCHOBHBIX TEOPEM B pasieiax,
BXOJISIIIMX B 0a30BYIO 4acTh LUKJIA « METOIbI ONITUMH3ALIUIN;
- OCHOBHBIE CBOMCTBA COOTBETCTBYIOIIUX MaTeMarndecKux 00bEKTOB;
- AHWINTUYECKUE M 4YHUCICHHBIE IIOAXOAbl M METOAbl I PELICHUS TUIIOBBIX IPUKIAAHBIX
ONTHMH3AIMOHHBIX 33]1a4.

YMETB:




- TIOHATH IMOCTABJICHHYIO ONTHMHU3AIMOHHYIO 33]]a9y 1 POBECTH e¢ (PopMalTU3aIIHIO;

- WCIIOJNB30BaTh CBOM 3HAHMS JUIS PEIICHHS (yHIAMEHTAIBHBIX M MPUKIAJHBIX ONTUMH3ALHOHHBIX
3ajad;

- OLICHMBATh KOPPEKTHOCTH IIOCTAHOBOK 3a/1a4;

- CTPOTO J0Ka3bIBaTh WM ONPOBEPTaTh YTBEPKACHUS,

- CaMOCTOSATENbHO HAXOIUTh AJITOPUTMBI PELICHUS ONTHMHU3AIMOHHBIX 3314, B TOM 4YHCIE U
HECTAaHAAPTHBIX, ¥ IPOBOAUTH UX aHAJIH3;

- CaMOCTOSITEIIBHO BHJETh CJICACTBHS ITOJIYYCHHBIX PE3yJIbTaTOB;

- TOYHO NPEACTABIATh MaTeMaTW4eCKHWe 3HaHHWS B OOJIACTH METOIOB ONTHMHU3AIMU B YCTHOH H
MUCHLMEHHOM (hopMe.

BJIAJIETD:

HaBbIKaMU PCHICHUSA ONITUMHU3AIIMOHHBIX 3a1a4 (B TOM YHCIIC, CJ'IO)KHBIX);

HaBBIKAMH CaMOCTOSITEIIbHOM pa60TBI 1 OCBOCHUSA HOBBIX pa3acioB METOAOB OIITUMHU3ALINHU,
KyanypOfI NMOCTAaHOBKH, aHaJIn3a U PCHICHUA MATCMATHYCCKUX W IMPUKIAAHBIX 3a/4a4, Tpe6yI—OH_II/IX
JJIA CBOCTO PCIICHU S MCIIOJIb30BAHUA MATEMATHUICCKUX MTOAXO0A0B U METOAOB TCOPUUN OIITUMU3 AN,

- MNPCAMCTHBIM A3bIKOM TCOPUHU U MCTOAOB ONITUMUN3AlINHU, HABBIKAMU I'PAMOTHOT'O OIMMCAHUSA PCILICHUA
COOTBCTCTBYIOIIMX 3a4a4 U NMMPECACTABIICHUS IMOJYYCHHBIX PE3YJIbTATOB.

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

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

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 [TocTaHOBKM 3a3/a4 ONTHMHU3AIMUA U HX ) ’ 6
KJIacCU(hUKAIIHS.
) Brimykisie MHOXKECTBA M UX OCHOBHBIC 7 7 6
CBOMCTBA.
3 Beinyxisible  QyHKIMM ¥ HUX OCHOBHBIC 4 4 6
CBOICTBA.
4 VYcnoBust ONTHUMAaIbHOCTH AL 3ajady 4 4 6
0e3yCcI0BHON MUHHUMHU3AIHH.
5 VYeaoBust ONTUMATIBHOCTH JUIS BBITYKIIBIX 4 4 6
3aj1ay.
VYcnoBust ONTHUMaNBHOCTH Ui OOLIMX
6 3a1a4y MaTeMaTHYeCKOIo 4 4 6
MPOrpaMMHPOBAHUSI.
7 Teoprss ABOMCTBEHHOCTH I 33134 5 5 9
MaTeMaTH4YeCKOro MPOrpaMMHUPOBAHHUS.
Hroro yacos 30 30 45
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.
4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 3 (Ocennuii)

1. IlocTaHoBKH 3aaa4 OIITUMH3allM1 U UX K.]'IaCCI/I(bI/IKaI_H/ISI.




ITocranoBka 3amady ONTUMU3ALUU JlokanbHBI U TOOANBHBIA 3KcTpemMyMbl. Kitaccudukarys
9KCTpEMAIBHBIX 3a/1ad. [[puMephsl ONTUMU3aMOHHBIX 3a/1a4.

2. BeInykJible MHOXECTBA U UX OCHOBHBIE CBOICTBA.

OmnpeneneHne BHITYKIBIX MHOKECTB U HX OCHOBHBIC YaCTHBIC CITydaH.

Brimykiieie MHOXKeCTBa. [lepeceuenue u TnHeHas KOMOMHAIHS BBIITYKJIBIX MHOXKECTB, MX CBOMCTBA.
Konyc, BwIMykiblid KoHyc. AQQUHHOE MHOXKECTBO, JaBe QopMbl TpexacrasicHus adduaHOTO
MHOXKECTBa. Brimykiias, HeorpuuarenbHas 1 apuHHas koMOMHAIMs TOYEK. Bhimykiias, KoHHIecKast
u appuHHAST 000TOUYKH MHOXKECTB. X CBS3b ¢ KOMOWHAIIMSIMHA TOYEK.

Tononoruveckue CBOMCTBA BBITYKJIBIX MHOKECTB.

BHyTpeHHOCTb, OTHOCHTENIbHAasE BHYTPEHHOCTh W  3aMbIKAHWE  BBIIYKJIOIO  MHOXECTBA.
OtHocuTenpHas TrpaHuna MHokecTBa. CBOICTBA OTHOCHTEIBHOM BHYTPEHHOCTH BBIITYKJIOTO
MHOXKECTBA.

OTIenMMOCTb BBITYKIIBIX MHOKECTB U TIPOCKTUPOBAHHE.

OtnenuMocTb MHOXKeCTB. CBOHCTBA OTACIMMOCTH BBITYKJIBIX MHOKECTB. OMOpHAsi THIEPIUIOCKOCTb.
Cy1iecTBOBaHKE OMOPHON TUIEPIUIOCKOCTH. [Ipoekiinsa Toukn Ha MHOKeCTBO. CBOKCTBA ITPOEKIIHIA.
[lonsiTue cOnpsyKEHHOTO MHOXECTBA.

ComnpsikeHHOE MHOXKECTBO. BTOpoe corpsikeHHOe MHOXecTBO. VX cBoticTBa. ConpsKeHHBIN KOHYC U
COTIPSDKEHHOE JIMHEWHOe MOoAnpocTpaHcTBO. KoHyC, NBONMCTBEHHBIH K CyMMe KOHYCOB, U KOHYC,
COMPSKEHHBIN K ITEPECEUYECHUIO KOHYCOB.

MHororpaHHble MHOXECTBA U CHCTEMBI JINHEHHBIX PAaBEHCTB U HEPABEHCTB.

MHororpaHHble MHOXKECTBA, NOJIU3APBI. MHOXKECTBO, CONPSKEHHOE K MHOI'OTPAHHOMY MHOKECTBY.
CucrtemMbl JMHEWHBIX PaBEHCTB M HepaBeHCTB. Teopembl 00 anprepHaruBax. Jlemma dapkamia.
JInHeliHbIe MaTpUYHBIE HEPABEHCTBA.

3. BeimykJibie GyHKITUM U UX OCHOBHBIE CBOWMCTBA.

OmnpeneneHne 1 OCHOBHbBIE CBOMCTBA BBIMYKJIBIX (DYHKITHIA.

Beinyxiible, CTpOTO BBITYKJIBIE U CHIIBHO BBIMYKJIbIe (PYyHKIMU. MHOXECTBO IOIYPOBHS BBITYKJIONH U
CHJIBHO BBINYKIOW QyHKuu. Onurpad GyHKOMM, cBoiicTBa snurpada BBIMYKIOH (YHKUHU.
HenpepbiBHOCTE ¥ guddepeHIMpyeMOCTh [0 HAMPABICHHUIO  BBIMYKIOW  (QYyHKIUH.
HuddepeHumanbaple KpUTEPUU BBIMYKIOH (cuibHO BbImykiIon) ¢ysknoun. CyOomuddepenuman
BBIMYKJIOW (DYHKIIWH.

CormnpspKeHHBIE W HOJISAPHbIE QYHKIUH.

ConpsbkeHHbIE W TONsIpHBIEe  (yHKIWMM, uX cBoiictBa. HepaBenctBa HOnHra—®enxens wu
MunxkoBckoro—Manepa. MaankaTopHas 1 onopHasi (pyHKIHSI BBITYKIOTO MHOXKECTBA.

4. YciioBusa ONTHUMAJIBHOCTH JUIA 3aaa4 663yc.]10BHOﬁ MHWHHUMMHU3AIIUH.

Teopema BeilepmTpacca W €€ clencTBHA. YCIOBUS ONTUMAJIbHOCTH JUIS BBINYKIBIX 3ajad
MHUHMMH3AIMU B TepMUHaX cyoauddepenimanon. KacarenbHoe HampasieHue, KacaTelbHbII KOHYC.
Konyc Bo3moxHBIX HampaBieHuil. Mx cBoiictBa. Teopema 0 HEOOXOIMMOM YCIOBHH SKCTPEMyMa B
TEepMHHAX MPOM3BOIHBIX MO KacaTeJIbHOMY HampasieHHI0. HeoOxommmoe M 10CTaTOYHOE YCIIOBHE
SKCTpEMyMa JJIsl BHITYKIION 3a/1a4i B TEPMUHAX TPOU3BOIHBIX 110 HAIIPABJICHHUIO.

5. YcnoBus onTUMaIbHOCTH JJId BBITYKJIBIX 3a/a4.

HeoOxonmuMoe u gocrarouyHoe yclnoBus dKcTpeMyMa nuddepeHnupyeMoil GpyHKIMH Ha BBITYKIOM
MHOXKECTBE. BapuanmonHoe HepaBeHCTBO. HeoOX0oaMMbIe M JOCTATOYHBIC YCIOBUS SKCTPEMyMa JIIs
3a1auu 6€3yCIOBHOW MUHHMU3ALIUH.

6. YcII0BUYSs ONITUMANILHOCTH JJIsL OOIIKX 3a]1a4 MaTeMaTHIeCKOTO MPOTPaMMHPOBaHUSL.



HeobxoguMbple W JOCTaro4yHble YCIOBHS ONTUMAJIBHOCTH JUId 3aJad  MaTeMaTH4eCcKOro
nporpammupoBanus. YcinoBus Kapyma—Kyna—Takkepa. [locTarounble ycrmoBUs BTOPOTO MOPAJKA.
VYenoBust peryasipHocTH orpaHnyeHnii. HeoOXxoanmble n JOCTaTOYHBIE YCIOBUS ONTUMAIbHOCTH UL
BBIMYKJIOW 3aJjadd MaTeMaTHYeCKOro NporpaMMupoBaHus. PerymsipHas u HeperyiaspHas 3afadu
MaTeMaTUYEeCKOIo IPOrpaMMUPOBAHHU.

7. Teopust IBOMCTBEHHOCTH ISl 33a4 MaTEMAaTUYECKOTO IIPOrPAMMUPOBAHUSL.

CemoBast Touka ¢yHkiuu Jlarpanxka. Teopust JBOWCTBEHHOCTH Jisi 3a/ad MaTeMaTHYECKOTO
MPOrpaMMHpPOBaHUs. 3aada JMHEHHOTO MPOTpaMMHUPOBaHUS U ABOMCTBEHHAs! K Hel. COOCTBEHHBIE
U HECOOCTBEHHBIE 3aJauyll MaTeMaTH4YeCcKOro IpOrpaMMHUpOBaHMs. JIBOHCTBEHHOCTH  AJIS
HecOOCTBEHHBIX 3ajad JIMHEHHOTO IPOTPaMMHUPOBAHUSI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

HeobxonumMoe obopynoBaHue Jis JISKIUNA: KOMIIBIOTEP B MYJIBTUMEIUITHOE 000pyI0BaHue (ITPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

Mertonst ontumu3zanuu [Tekcet]. U. 1 : BBenenue B BBIMYKIIbINA aHATN3 ¥ TEOPUIO ONTHMH3AIINY : Y4eO.

nocobue st By3oB / B. I. XKangan ; M-Bo o6pazoBanus u Hayku PO, Mock. ¢u3.-TexH. uH-T (roc. yH-T)
— M. : MOTH, 2014 .— 271 c.

Metoast onrtummzariuu [ Tekcr]. Y. 2 : UucneHHbIe aropuTMBI : yued. mocodue i By30B / XKaman, B.

I'. ; M-Bo ob6pa3zoBanus u Hayku PD, Mock. ¢us.-texH. uH-T (Toc. yH-T) .— M. : MOTH, 2015 .— 320

C.

JomnonHurensHas auTeparypa

Mertozbl onTUMH3ALUH. YCIOBHS ONTUMAJIbHOCTH B SKCTPEMaJIbHbIX 3a1a4dax [Tekct] : yueb. mocobue
s By30B / A. I. buprokos ; M-Bo o0pa3oBanus u Hayku Poc. ®enepaunu, Mock. pus.-TexH. HH-T
(roc. yu-T — M. : MOTH, 2010 .— 225 c.

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

http://www.mou.mipt.ru
http://life-prog/ru/optimization/php
http://www. optimization —on line. org/
http:// simplemax/net/

http://www. convexoptimization. com/
http://www.mou.mipt.ru

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha nexuusx ucronb3yeTcs KOMIBIOTEP U MYJIBTUMEINIHOE 000pya0BaHKe (IIPOEKTOP, 3ByKOBas
cucTeMa),

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

CryneHT, M3yyaromuid IUCUUIUIMHY, JOKEH C OIHOW CTOPOHBI, OBJIAACTh OOIIMM TMOHSITHHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

YeneniHoe 0cBOeHHE JUCIUTUIMHBL TPEOYeET:
- IOCEIIEHUS CTYJIEHTOM BCEX BHUIOB ayTUTOPHBIX 3aHATHUI;



- BEJICHUsI KOHCIIEKTa B XOJI€ JIEKLIMOHHBIX 3aHATUH;

- KQUeCTBEHHOH CaMOCTOSTEIbHOM MOATOTOBKY K ITPAKTUUECKUM 3aHATHAM, aKTUBHOH pabOTHl HAa HUX;
- aKTUBHOW CaMOCTOSTENBHOMN U ayJJUTOPHOU PabOTHI CTY/ICHTA;

- CBOEBPEMEHHOM C/1auu MpernoaBaTesio 3aJaHni 110 ayJUTOPHBIM BUaM paloT.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: ATI360: ITepenoBsle METOABI HCKYCCTBEHHOTO MHTEIIEKTA
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa MaTeMaTHUYECKUX OCHOB YIPABJICHUS

Kypc: 2

KBaJIH(UKALUS: OakanaBp
Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 3 (OCeHHUH) - DK3aMeH

PaspaGorunkm:

A.T". Buptrokos, kauz. (hU3.-MaT. HayK, JOICHT
B.I". XKanan, n1-p ¢pus.-mar. Hayk, npodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2 CnocobeH ucronb30BaTh COBPEMEHHbBIE
MH(OPMAIMOHHBIE TEXHOJIOTHU H
IPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IS TeIBHOCTH, COOTIoas
TpeboBaHus WHPOPMAIIMOHHON 0€30MacHOCTH

OIIK-2.1 CrocobeH  TMPUMEHSITH  COBPEMEHHBIC
BBIYHCIIMTEIFHYIO TEXHUKY W CEpBHCHI ceTu VIHTepHeT B
obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE uieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[MK-2.1 3HaeT OpUHIUNBI MMOCTPOCHHS HAYYHQPAOOTHI,
MeToabl cOopa M aHajM3a TMOJNyYEHHOTO Marepuana,
CHOCOOBI apryMeHTaINH

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI <(TeOpI/I$I OIITUMU3AIIU) o6yqafoumﬁc;1 JOJIKCH:

3HAThb:

- (bYHZ[aMCHTaJ'ILHBIC IMOHATHUA U OCHOBHBIC TCOPCTUUCCKUC PCIYJIbTATHI B obmactu TCOpHUU U MCTOAOB
ONITUMU3ALINU B KOHCUHOMCPHBIX IIPOCTPAHCTBAX;
- COBpPCMCHHBIC HpO6J'IeMI>I COOTBCTCTBYIOIIIUX PA3ACIOB YHCJICHHBIX MCTOHAOB PCIICHUA

OIITUMHU3AIIMOHHBIX 3aJ1a4,

- TIOHSTHUS, aKCMOMBI, METONbI JI0KA3aTEeJIbCTB M JI0KA3aTEeJIbCTBA OCHOBHBIX TEOPEM B pazieiax,
BXOISIIHMX B 0A30BYIO 4aCTh IMHUKJIA « METObI ONTUMHU3AITII»;

- OCHOBHBIE CBOWCTBA COOTBETCTBYIOIINX MAaTEMaTUIECKUX OOBEKTOB;

- aHAJUTHUYECKHUE M YHCIEHHBIE IOIXONbl M METOAbl JIA PEIIEHUS THUIOBBIX TNPUKIAJTHBIX

ONITUMH3AIMOHHBIX 3a]a4.
yMeTh:

- TIOHATH NOCTABJICHHYIO ONTHMU3AIMOHHYIO 33aJa4y U IPOBECTH e¢ (popMan3alHnIo;
- HCIOJIb30BaTh CBOM 3HAHMA JUIA pelieHUs] (GyHAAMEHTAIbHBIX M NPUKIAJAHBIX ONTUMHU3ALMOHHBIX

3a7a4;

- OIICHMBAaTh KOPPEKTHOCTH NMMOCTAHOBOK 3a7ay;
- CTPOro A0Ka3bIBAaTh WU OIIPOBEPraTh YTBEPKICHUS;
- CaMOCTOSITENIBHO HAXOAWTH AJITOPUTMBI PEHICHUS ONTUMH3ALMOHHBIX 33]a4, B TOM YHCIE W

HECTAaHAAaPTHBIX, U TPOBOAUTH UX aHAJIU3,

- CaMOCTOATCIIBHO BUJACTH CJICACTBUA IMOJYUYCHHBIX PC3YJIbTATOB,
- TOYHO MNPEACTABJIATH MATCMATHYCCKHUC 3HAHUA B obmactu MCTOIAOB OIITHMH3AIlMHU B yCTHOﬁ )41

MMCEMEHHOU (opme.
BJIAJIETh:

- HaBBIKaMH PELIeHUS ONTUMHU3AIMOHHBIX 33/1a4 (B TOM YHCIIE, CIIOKHBIX);

- HaBBIKAMH CAMOCTOSTEILHON paOOThl M OCBOCHHS HOBBIX Pa3/IElIOB METOJ0B ONTHMHU3ALINY;

- KyJbTYpOH NMOCTAaHOBKH, aHAJIN3a U PEIICHUS MAaTEeMaTHYEeCKUX U NMPHUKIAJHBIX 3aja4, TpeOyomux
JUISL CBOETO PELIEHUS UCTIOIb30BaHUS MaTEMaTHUYECKUX MTOIX0I0B U METOIOB TEOPUH ONITUMHU3ALNH;

- IPEIMETHBIM SA3bIKOM TEOPUU U METOJOB ONTUMU3ALlMHU, HABBIKAMH I'PAMOTHOIO ONUCAHUsI PEIIEHUS
COOTBETCTBYIOIIMX 334a4 U NPEACTABICHUS OTYYEHHBIX PE3YJIbTaTOB.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

1. OHpe,[[eJ'IeHI/ISI JIOKQJILHOT'O U INI00AJIBEHOTO MHUHUMYMaA. Touku CTPOroro 1 0CTporo MMHMUMymMma.

2. Knaccel akcTpeManbpHBIX 3aad M UX NMpUMeEphl. 3ajgada Oe3yclIoBHOM M yCIOBHONH MUHHMH3AINU.

3amaun  TUHEHHOTO M BBIITYKIJIOTO
MaTeMaTUYECKOIo IPOrpaMMUPOBAHHU.

OporpaMMUupOBaHUA. Knaccuueckas wu O6H_Ia$[ 3aga4u

3. latp ompenesieHUe BBITYKIOr0 MHOXecTBa. [lokas3are, 4To mepeceueHne U JMHeHas KOMOMHALUS
BBIITYKJIBIX MHOXKECTB €CTh TaK)Ke BBIIYKIO€ MHOXeCTBO. [IpuBecTn mpruMepb! TMHEHHBIX KOMOMHALIUI

MHOXCCTB.

4. Jlate ompeneieHHE BBHINYKIOro KoHyca u adduHHOro MHOkecTBa. Kakme paBa cmocoba
npencrasiaeHus ahGUHHOTO MHOXKECTBA U3BECTHBI?



5. Beimykias, koHnueckas v adpuHHast 000JI0YKH MHOXKeCTB. X CBSI3b ¢ KOMOMHAIUSIMH TOYEK. UTo
yTBepkaaeT TeopeMa Kapareonopy 0 MUHIMaIEHOM KOJMYECTBE TOYCK B UX BBITYKIIOW KOMOMHAIIH?
6. Uro Takoe BHYTPEHHHE W OTHOCHTEIHHO BHYTPEHHHE TOYKH MHOXecTB? Bcerma mm cymecTByer
BHYTPEHHOCTb ¥ OTHOCHUTENIbHAS BHYyTPEHHOCTD Y BBIITYKJIOI'O MHOXKECTBA?

7. Kak cBs3aHBI OTHOCHUTENbHbIE BHYTPEHHOCTH U a)(pUHHBIE 000I0UYKH BBIITYKIOIO MHOXECTBA U €T0
3aMbIKaHUS?

8. JlaTb onpenieneHre MPOSKIIMHA TOYKK Ha MHOXecTBO. [1oKka3aTh, 4TO MPOEKIMs TOYKH Ha 3aMKHYTOE
BBIITYKJIOE MHOJKECTBO BCET/A CYIECTBYET M €INHCTBEHHA.

9. IlpuBecTH OCHOBHBIC HEPABEHCTBA, CBSA3BIBAIOUINE IPOEKLUIO TOYKH HA BBITYKJIOE MHOXECTBO C
OCTaJIbHBIMHU TOYKaMH 3TOT'0 MHOXKECTBA.

10. [late ompezneneHus] MOHATUH OTIEIUMOCTH JIByX MHOXECTB (IIPOCTO OTAEIMMOCTH, COOCTBEHHOMN
OTZIEIMMOCTH, CTPOTOI OTAEIMMOCTH M CHJIBHOH oTaenuMoctu). [lpuBecTH KpuTepuu CHIBHOH U
COOCTBEHHOM OTIENNMOCTH JBYX BBIITYKIIBIX MHOKECTB.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

1. CdopmynupoBarh yCIIOBHs OTAEIMMOCTH, a TaKK€ CTPOrOM M CHJIBHOW OTHACIMMOCTH TOYKH OT
BBIITKJIOTO MHOXECTBA.

2. Jlatp ompeneneHre OMOPHON M cOOCTBEHHOW OMOpHOW rumnepruiockoctd. llokaszars, yTo B M000#
IPAaHUYHOM (OTHOCHTENBHO T'PAaHWYHOM) TOUYKE BBIMYKJIOTO MHOXKECTBA BCErJa CYIIECTBYET ONOpHAs
(coOGCcTBEHHO OTIOpPHAs) THIIEPILIOCKOCTb.

3. Jlatb ompenesieHHE COIPSIKEHHOTO M BTOPOTO CONPSDKEHHOTO MHOXKECTBA K IPOU3BOJIBHOMY
MHOXecTBY. [IpuBecTn ux OcHOBHBIE cBOMCTBA. IloKa3are, YTO BTOpOE COMNPSIKEHHOE MHOXECTBO K
BBIITYKJIOMY 3aMKHYTOMY MHOXECTBY, COJIeprKallleMy Ha4yajao KOOPJHHAT, COBMAJaeT C HUM CaMHM.

4. Jlatp ompenerneHue CONPSHKEHHOTO KOHyca. UeMy paBHSIOTCS CONPSDKEHHBIE KOHYCHI K CyMMe
BBIITYKJIBIX KOHYCOB U MX nepecedeHno? Kakoil Bua umeer conpsiKeHHbIH KOHYC K BBIITYKJIOMY KOHYCY,
MOPOXKACHHOMY CTOJIOLAMH MaTPULBI?

5. Yro Takoe MHOTOrpaHHOE M MOJIU3ApaNbHOE MHOXKecTBO? Bcernma i conpspkeHHOE MHOXKECTBO K
MHOTOTPaHHOMY MHOXECTBY SIBIISICTCS TIOJIM3APATILHBIM U HA000pOT?

6. Cucrembl JTUHEWHBIX PAaBEHCTB M HepaBEHCTB. UTO Takoe alibTepHATUBHAs CHCTEMa K 3aJaHHON
cucteme? YMETh TNOCTPOUTH aJbTEPHATHUBHYIO CHCTEMY K 3aJaHHOW HEOJHOPOJHOM CHCTEME C
MOMOILBIO COTIPSDKEHHBIX KOHYCOB. B ueM 3akitouaeTcs yTBepikaeHue JeMmbl Dapkama?

7. Uto Takoe TMHEMHOE MaTPUYHOE HEPABEHCTBO?

8. Harp ompexaeneHUs BBIMYKIBIX, CTPOTrO BBIMYKIBIX W CHJIBHO BBIMYKJIBIX (yHKuuid. IlpuBectn
HepaBeHcTBO Mencena. ITokasaTh, 4To  (yHKIHS BHIMYKIA TOTAA U TOIBKO, KOTA €€ dIUrpad ecTh
BBINYKJIO€ MHOXeCTBO. [loKa3are, 4To y BBINYKIIOW ()YHKLIHMH BCE MHOXKECTBA MOAYPOBHS (MHOXKECTBA
JleGera) BBIMYKJIBI, IPUYEM Yy CHJIBHO BBITYKIBIX (PyHKIMH OHM OrpaHnueHbl. Bcernma nmm BbIMyKia
({YHKUUS, Y KOTOPOH BCe MHOXECTBA MOAYPOBHS BHITYKJIbI?

9. 3Hathb, 4TO BBIMYKIasd (YHKINS HENPEPHIBHA HA OTHOCUTEIHLHON BHYTPEHHOCTH CBOEH 3((heKTUBHON
obnactu. Yto Takoe 3pdekrnBHas obnacts GyHKIMN?

10. IIpuBectn pe3ynbTar O CyIIECTBOBAHUM MPOM3BOAHBIX 10 HANPABJICHUIO Y BBINYKIBIX (QyHKIMA. B
ciydae, korna QyHkius quddepeHnupyeMa  Win ABakAbl auddepernupyema, npuBecTH KPUTEPUH e
BBIYKJIOCTH.

11. Yro takoe cyOauddepenunan Beimyknoil ¢pynkuun. Beerna mm cymectByer cyOauddepenunan y
BeIyKJIoW GyHKIMU? Uemy paBeH cyoanddepeHninan cyMMbl BBITYKIBIX (QYHKIAN?

12. Yro Takoe WMHAMKATOpHass W ONOpHas (YHKLUWW BBINYKJIOro MHOecTBa? Kakol Bua mmeer
cyomuddepeniyian nHauKkaropaoi ¢GyHknun? Yemy paBeH yCIOBHBIA cyOnuddepeHIran BhITyKION
(YHKUIMHU Ha BBITYKJIOM MHOXKECTBE?

13. B uem 3akiiodaeTcsl TMOHSATHE COMPSDKEHHOW (YHKIIMM W BTOPOHM CONpsDKCHHOW (QyHKIMH?
[lokaszarp, 4T0o BTOpas cCompsbKEHHast (PyHKUHUS K MPOU3BOJILHONW (DYHKIIMM COBHANACT C €€ BBITYKIION
obonoukoii. [TpuBectn HepaBeHcTBO FOHra-denxens ¥ NPUBECTH MPUMEPHI CONMPSHKEHHBIX (QYHKIINH.
14. B yem 3akiouaercst moHsTHE NofsipHoi GyHkimu? [IpuBectn HepaBeHcTBO MUHKOBCKOTO-Masnepa
U TIPUBECTH NMPUMEPHI NOSIPHBIX QYyHKIHIH.

15. Teopema Beiiepiirpacca 1y HENPEPHIBHBIX U NOJTYHENPEPHIBHBIX CHU3Y (DYHKIIHIA, €€ CISACTBHS.

HpI/IMep OK3aMCIIMOHHBIX OUJICTOB:



buner Nel

1. Uto takoe cyomuddepeniman peinykinoi ¢pyHkuuu. Beerna nm cymectyer cyonuddepennuan y
BbIMyKJION GyHKuMuU? Yemy paBeH cyOanddepeHnnan cyMMbl BBITYKIBIX QYHKIANA?

2. Jlatb ompeneneHue CONPSHKEHHOTO KOHyca. UYeMmy paBHSIOTCS CONPSDKEHHBIE KOHYCHI K CyMMe
BBIITYKJIBIX KOHYCOB 1 HX nepecedeHro? Kakoil Bua nMeeT CONpsiKEeHHBIH KOHYC K BBIITYKJIOMY KOHYCY,
HOPOXKIACHHOMY CTOJIOIAMU MaTpPUIIbI?

buner Ne2

1. Jatp ompezeneHusl BBIMYKJIBIX, CTPOTO BBITYKIBIX M CHIBHO BBIMYKJIbIX (yHkuumil. [IpuBectu
HepaBeHCTBO Mencena. [Tokasath, uTo  (ByHKIMS BBIMYKJIA TOLNA U TOIBKO, KOIA €€ SIUrpad) ecTh
BBIITYKJIOE MHOXeCTBO. [IoKka3ark, 4T0 y BBIMYKIOH (DYHKIIMM BCE MHOXKECTBA IOTYPOBHS (MHOXKECTBA
JleGera) BBIMYKJIBI, IPUYEM y CHJIBHO BBINYKIBIX (DYHKUMHA OHM OTpaHMYeHbl. Bcerma nu BBITyKIIa
(byHKIMS, Y KOTOPOH BCe MHOMKECTBA ITOLyPOBHS BBITYKIIbI?

2. Jlatb ompeneneHrne OMOPHON M cOOCTBEHHOW OMOpHOW rumnepruiockoctd. llokaszars, yTo B M1000#
IPAaHUYHOM (OTHOCHTENBHO T'PAaHWYHOM) TOUYKE BBIMYKJIOTO MHOXKECTBA BCErJa CYIIECTBYET ONOpHAs
(coOGCcTBEHHO OTIOpPHAS) THIIEPILIOCKOCTb.

Kputepun onennBanus

Onenka "Ommuno" (10) - MOTHOCTBEIO W BOBpEeMs pEHICHBI Bce 3ajadn  0e3  OIMMOOK.
[TponeMoOHCTpHUPOBaH IPAaMOTHBIH MOAXO K PEIICHUIO 3314, PeaTn30BaHbl ONITUMAIILHBIC aJTOPHTMBI,
Ko7l 0()OpMIICH B €JTTHOM YJJ000YHTAEMOM CTHIIE.

Onenka "Otaumuno" (9) - TONHOCTBIO M BOBpPEMS pEIICHBI Bce 3adayd  0e3  OIIHOOK.
[IponeMoHCTpUpPOBaH TPAaMOTHBIH MOIXO/ K PEHICHUIO 33134, Peajru30BaHbl ONITUMAIIBHBIE AITOPUTMBL.

Onenka "Otaumuno" (8) - MONHOCTBIO M BOBpPEMsl pELIEHbI BCcEe 3adaud  0e3 OIIMOOK.
[IponeMOHCTpHUPOBAH I'PaMOTHBIN NOAXO/ K PELICHHUIO 3a]1a4.

Onenka "Xopomio" (7) - MOTHOCTBIO PellieHbl Bce 3a1auu. JlomyeHbl HecylieCTBEHHbIE ONTHOKH.

Onenka "Xopoio" (6) -NIOTHOCTHIO PENIeHO OOJIBIIMHCTBO 33a7a4. B HEKOTOPBIX 3a/1a4ax JOMYIICHBI U
He HCTIpaBiieHbl OIIMOKH, JINOO HEKOTOPBIE 3a/1a4d PELICHBI YACTUYHO.

Ornenka "Xopormio" (5) - MONHOCTRIO PEIIeHO JIBE TPETH 3a/1ad. B HEKOTOPHIX 3a7a4ax JOMYIIEHBI U HE
MCTIPABJICHBI OMHOKH, TMOO0 HEKOTOPBIC 33/]a41 PEIICHbI YaCTUYHO.

Onenka "VYiosiaeTBopuTenbHO" (4) - MONHOCTBIO penieHo Ooliee TONOBUHBI 3a1ad. B ocTambHBIX
3aJayax JOMYLICHBI U HE HUCIIPABICHBl OMIMOKM, THO0 HEKOTOPBIE 3aa4H PEIICHBI YACTHYHO.

Onenka "YnosneTBopuTeNnbHO" (3) - MOTHOCTHIO PEIICHO OOJIee ITOJIOBUHBI 3a/1a4.
Onenka "HeynoeneTBoputenpHO" (2) - pemieHo MEHee TTOJIOBIUHBI 3a]1ad.
Onenka "HeynoenerBopurensHo" (1) - He pelieHO HU OHOU 3a]1auu.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

DK3aMeH MOXET IMPOBOAMTHCS MO UTOraM TEKyLIeH yCIIeBaeMOCTU M CHIaudl 3aJaHuil U JPYruX BUIOB
paboT, MPEeAyCMOTPEHHBIX MPOrPaMMON TUCHUIUIMHBI U (WJIM) IyTEM OpPraHU3alid CHEeIHATbHOTO
OTpoca, IPOBOAUMOTO B yCTHOW U (WJIM) TUCbMEHHOHU (opMme.

[Ipu mpoBeneHUH yCTHOro 3K3aMeHa oOydamomiemycs npeaoctasisiercsi 30 MUHYT Ha IOATOTOBKY.
Omnpoc obyuaromierocs o OueTy He A0JHKEH MPEBBIIIATh OHOTO aCTPOHOMHUYECKOI0 Jaca.

Bo Bpems mpoBeneHus 3k3aMeHa 0OydaroIInMecss MOTYT IHOJIb30BaThCS MPOrPaMMON JUCHMIUINHBI, a
TaK)Ke CIIPABOYHOM JIUTEPaTypOl, KOHCIIEKTaMH JICKIUH WK IPYTHMU MaTepHuaJaMH.



