MWUHOBPHAYK POCCUN

®ENEPAITBHOE MOCYAPCTBEHHOE BHODKETHOE OBPA30BATEINBHOE YYPEXOEHUE
BbICLUEIO OBPA3OBAHUA

«BOPOHEXCKWUN rOCYOAPCTBEHHbIA YHUBEPCUTET»
(PreQy BO «Bl'Y»)

TBEPXXJAIO

NMPOrPAMMA BCTYNMUTEJIbHOIO UCIMbITAHUA MNMPU NMPUEME
HA OBYYEHUE MO NPOrPAMMAM MATNCTPATYPbI

02.04.01 MATEMATUKA U KOMIMbIKOTEPHbIE HAYKU

¢a|<yn bTeT KOMNbKTEPHbLIX HAYK

BopoHex
2025



2

Mporpamma paspabotaHa Ha ocHoBe OIOC Bbicwero ob6pa3oBaHusi MO Nporpamme
6akanaspuata 02.03.01 MatemaTuka 1 KOMMNbIOTEPHbIE HAYKU.

AHHOTauMM K nporpaMmmMam no HanpaBneHUo NOAroTOBKKU
02.04.01 «MaTemaTuka U KOMNbIOTEPHbIE Haykn» (o4Hasa popma obyyeHuUs)

|. HanmeHOBaHMe MarucTepckom nNporpaMmbi:
«KoMmnbloTepHoe MogenupoBaHMe U UCKYCCTBEHHbIN UHTENNEKT»

PykoBoauTenb Marmctepckou nporpaMmmbi:
A..-M. H., npod., 3aB. kKadheapon undpoBbix TexHonorun Kypranvd C.1.

KpaTkoe onMcaHue maructepckom nporpaMmmbi:

[Mporpamma HanpaBneHa Ha OCHoOBaTeSflbHOEe U3y4YeHWe COBPEMEHHbIX MEeTOAoB
KOMMbIOTEPHOrO MOAENUPOBAHUS MU MaLUMHHOIO OBOy4YeHNA B COBPEMEHHOM €CTECTBO3HaHUW,
TEXHUKE U creumanbHbIX HaykaX, TeopuuM BbIYMCIIUTENBHOIO JKCNEepUMEHTa, MeTOoO0B
opraHmsaumn paboTbl HA COBPEMEHHON KOMMBbIOTEPHON TEXHUKE N MHCTPYMEHTAsbHbIX CPEACTB
nporpaMmMmmnpoBaHusL.

Mporpamma npegnonaraet M3yvyeHMe MEeTOO0B CMCTEMHOrO aHanmsa U KOMMbITEPHOro
MOAESIMPOBaHUS CIOXHbIX CUCTEM, MHTENNEeKTyanbHOro aHanusa gaHHblX, MaTtemMaTUdecKux
METOA0B Hay4YHOW BU3yanuaawumm, TEXHOMNOrn rnybokoro oby4yeHns, METOAOB aHanu3a AaHHbIX,
npuknagHom CcTaTUCTUKK, (PUHaAHCOBOWM MaTemMaTuku, Teopum BcenneckoB, Grid-TexHomnoruu,
TEOPUN HEYETKUX MHOXECTB B MOAENUPOBAHUN IKOHOMMYECKMX 3aday, TEOPETUKO-YMCIOBbLIX
MEeTOAOB N anropuTMUYECKNX OCHOB KpunTorpadun.

Mporpamma npegycmaTpmMBaeT OCBOEHME HABbLIKOB MCCea0oBaTENbCKON OEATENBHOCTU B
obnacTsx, MCNONb3YKLLMX MaTeMaTUYECKUE METOAbI U KOMMbIOTEPHbLIE TEXHOMNOMN; pa3paboTkn
3(PPEKTUBHBIX anNropuTMOB U NPOrpamMm peLleHns 3agay yrnpaBneHns, eCTECTBO3HAHMUS, TEXHUKU
N SKOHOMMKM; MPOrpaMMHO-MHOPMaLMOHHOrO obecrneyeHnsi HaydHO-UccnegoBaTenbCKON,
NPOEKTHO- KOHCTPYKTOPCKOWM M YNpaBneH4YeCckon AeaTeNbHOCTUN NSt HAaYy4YHO-UCCreaoBaTeNbCKMX
LEeHTPOB, OpraHoB YynpaBfeHUs M MPOMBbILWSIEHHOrO MNPOM3BOACTB, a TaKke npenogaBaHnd
MaTemMaTUYECKMX OUCUUNIIMH U MHopMaTMKM aAna obpa3oBaTenbHbIX YYpPEXOEHUN.

Mporpamma BCTynUTeNbLHOro UCNbITaHUA NO AUCLUNIINHE
«KomnbloTepHble U MaTeMaTM4YeCKue HayKu»

2. CoctaButenu: Kpbinoseukun A.A., oekaH ®KH, bopucos [.H., goueHT, 3aB. kadeapon NC,
Cwupota A.A., npodeccop, 3aB. kacdegpon TOM3UN, MaxopTtos C.[1., npodeccop, 3aB. kacdeapon
MuAT, Kypranuu C.[., npodeccop, 3aB. kacdegpon LT., Cupota E.A., goueHT kacdeagpa UT,
MutpodpaHoBa E.1O., aoueHT kadeapbl TOn3W, samectutene gekaHa ®KH no yyebHon paborTe,
ATtaHoB A.B. goueHT kadenpbl LIT, goueHT, 3amectutens aekaHa ®KH no yuyebHowm pabote

3. OCHOBHbI€e 3HaHUs1, YMEHUS1 U HaBblKW, KOTOPbLIMU AOMKEH 06naaaTh NOCTYNaLWUNA.

J[lofmKeH 3HaTb:

- OCHOBHblE MOHATUS M MeToAbl MaTeMaTM4ecKoro aHanumsa, nMHenHon anrebpel,
3MIEMEHTOB MaTEMATUYECKOW NOMMKK, OUCKPETHOW MaTeMaTukn, Teopun amddepeHumnanbHbIX
YPpaBHEHUN N 3N1eMEHTOB TEOPUN YpaBHEHUN MaTeMaTUYeCKo (OU3NKU, TEOPUN BEPOATHOCTEN U
MaTemMaTU4YeCcKon CTaTUCTUKN, CllydanHbIX MPOLLECCOB, CTaTUCTUYECKOIO OLEHUBAHUSA U MPOBEPKU
rmnoTes, CTaTUCTUYECKNX MeTOA0B 06paboTkM aKCNepUMEHTanbHbIX AaHHbIX, AIEMEHTOB TEOPUU
YHKLUMA KOMMNIIEKCHOTO NepeMEHHOro, TeXHonornmm obpaboTkm nHpopmaumm

- OnepaunoHHbIEe CUCTEMbl, MPUHUMMbLI ynpaeneHuss ceTbto OBM; oaWH 13 S3bIKOB
NPOrpaMMnUpPOBaHUs, CTPYKTYPY NOKarnbHbIX U robanbHbIX BblMUCINTENBHbLIX CETEN; CTPYKTYpPbI
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AaHHbIX, CTPYKTYpY, COCTaB U CBOMCTBA MHEOPMALMOHHbIX MPOLECCOB, CUCTEM M TEXHONOMUN,
6a3oBble M NpuKnagHble MHOPMALMOHHbIE TEXHOMNOMMK, Krnaccudukaumio NHPOPMAaLMOHHbIX
cucTeMm, MpUHUMNBI U 6as3oBble KOHLEMNUMM TEXHONOMMIW MNpPOrpaMMMUPOBaHNsi, OCHOBHbIE
nonoXxeHusi Teopun 6a3 N xpaHUNULW, AaHHbIX, 6a3 3HAHWIA, OCHOBHblE BMAbl U MpOLEAYpbI
06paboTkM MHCpOpMaLMK, TEOPUIO TEXHONOMMI UCKYCCTBEHHOTO MHTENIEKTa, COCTaB U CTPYKTYPY
WHCTPYMEHTanbHbIX CpPeacTB, anropuTMbl MaWMHHOIO OOYYEeHUSI M KNacTepHOro aHanuaa,
MeTO4oNorMm paspaboTkn 1 NPOEKTUPOBAHUSA MHPOPMALIMOHHBLIX CUCTEM.

[lormkeH ymeTb:

- NPUMEHATb MaTemMaTuyeckMe MeTodbl Mpu  pelleHun npodecCcuoHarnbHbIX 3afad
NOBbILLEHHOW CITOXHOCTMU.

[ormKeH MeTb HaBbIKN:

- NOCTPOEHNA MaTeMaTU4eckon Moaenun npodeccuoHarbHbIX 3adady U cogepkaTenbHOW
MHTepnpeTaumn NoNyYeHHbIX pe3yribTaToB.

- paboTaTb B KayecTBe Monb3oBaTensd ¢ nepCoHanbHbIM KOMMbLIOTEPOM U NPOrPaMMHbIMU
cpeactBammn obuiero HasHadeHusi, UCNONb30BaTb A3bIKM U CUCTEMbI NPOrPaMMUPOBAHNA 4115
peweHns npodeccuoHanbHbIX  3agad, paspabaTbiBaTb  MH(OPMALNOHHO-NOMMYECKY!HO,
PYHKUMOHASbHYO U OO BbEKTHO-OPUEHTUPOBAHHYIO MOAENN UHAOPMALMNOHHBLIX CUCTEM, MOAENN
AaHHbIX, WHCTanNnMpoBaTb, TecTMpoBaTb W UCMOMb30BaTb MPOrpaMMHbIE  KOMMOHEHTbI
MHAPOPMALUMNOHHBLIX CUCTEM, MPUMEHATb MHAOPMALMOHHbIE TEXHOMOMMN NPU MPOEKTUPOBaHUU
MH(POPMALNOHHBIX CUCTEM;

- noucka n obmeHa MHpopmMaumen B nokasnbHbIX U roBanbHbIX KOMMBIOTEPHBIX CETAX,
npeacTaBneHnsa N aHanmsa AaHHbIX U 3HaHUK O npegMeTHon obnactn, paboTel ¢ MeTogamMu U
cpencTBaMu aHanuaa n peanusaumm npoekta MH(POPMaLUMOHHON CUCTEMBI, BadeHUs a3blkaMun
npouenypHoro u OBBEKTHO-OPUEHTUPOBAHHOIO MNPOrPAMMUPOBAHUSA, MHCTPYMEHTanbHbIMU
cpegctBamMn  00bpaboTkM  MHOpMaUUKW, WHTENNeKTyanbHOro adHanua3a faHHbIX, BnageHus
WHTENNEeKTyanbHbIMU TEXHOMNOMNSAMWU MOAAEPXKKA NPUHATUS pPeLUeHU, MaTeMaTUyeckoro u
CTPYKTYpHOro B Buae 6nok-cxem onvcaHus anroputMoB 06paboTkn nHpopmaumm n MamHHOro
oby4eHus.

4. TemaTu4eCcKun nnaH.
4.1 MaTtemaTtmnyeckmi aHanua
1 Teopema BenepwTpacca 0 Makcumyme n MUHUMYME HenpepbIiBHON (OYHKLMN.
2 ®opmyna Tennopa ¢ oCTaTOYHbLIM YrleHOM B (hopme JlarpaHxa, ¢ OCTaTOYHbIM YfIEHOM B
dopwme [MeaHo.
3 WHterpan PumaHa ¢ nepemeHHbIM BepxHUM npeaesniom. CyliecTBoBaHMe nepBoobpasHom
HenpepbiBHON yHKUMK. Popmyna HetoToHa-JlenbHnua.
4 YcnoBuve He3aBUCUMOCTM KPUBOSIMHEWHOTO WHTEerpana oT NyTU WHTErpupoBaHUS.
dopmyna NpuHa.
5 OyHKUMM KOMMMEKCHOrO MNEepeMEHHOro: nokasaTesnbHas, CUHYC, KOCWHYC. OCHOBHble
cBOWCTBa.
4.2 OndpdepeHumanbHble ypaBHEHUS
1 VYpaBHeHus C pasgensowmMucs nepemMeHHbIMN.
2 YpaBHeHVd B NOSHbIX AnddepeHuynanax.
3 JlnHenHble  ogHopoAdHble — AudpdepeHumnanbHble  ypaBHEHUSS € MOCTOSHHbIMU
KoahpuumeHTamu.
4 CBoWCTBa peLLUEHUN CUCTEM JIMHENHBIX OOHOPOAHbIX AnddepeHUManbHbIX YpaBHEHUN.
5 CBoK1cCTBa peLLEeHN CUCTEM SIMHENHBIX HEOOHOPOAHbIX AnddepeHLmanbHbIX ypaBHEHUN.
6 JIvHenHble ypaBHEHUS B YaCTHbIX MPOU3BOAHbLIX NEPBOro NOPSaKa.

4.3 Anrebpa n reomeTpus
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1 Cuctembl NUHENHbLIX ypaBHEHUN, paBHocunbHble CI1Y, kputepun cosmecTtHoctn CI1Y,
peweHune CJTY meTogom nocriegoBaTeribHOro UCKMIOYEHNA NnepeMeHHbIX.

2 Onpepgenvtenn, ux CBOWCTBA, pasfoXeHwe onpefenurens no CTpoke wunu cronbéuy,
npasusio Kpamepa.

3 BekTopHble npocTpaHCTBa, WX CBOWCTBA, JIMHEMHAa 3aBUCUMOCTb U JMHEWHas
HEe3aBMCUMOCTb BEKTOPOB, pasrioXeHne BekTopa no 6asucy.

4 JlMHenHble onepaTopbl, CBA3b Mexay MaTpuuamu NMHENHOro onepaTtopa OTHOCUTESNbHO
pasnuuHblx  6asucoB, COOGCTBEHHble  BEKTOPbl W  COOCTBEHHbIE  3HAYEHMS,
XapaKkTepucTmyeckoe ypaBHeEHMeE.

5 Tlpsamas Ha NNocKoCcTU: cnocobbl 3a4aHns U BbIBOA, YPaBHEHWIA.

4.4 MeToabl BblYUCNEHNI
1 WHTtepnonupoBaHune n npuénmxkeHne gyHKUNn. MHTepnonsumoHHbIE MHOTOUSIEHDI
Narparxa, HetoToHa. CnnawHbl. [NocTpoeHne Kybnu4eckoro MHTEPNOALNOHHOMO
cnnanHa.
2 KeapgpaTypHble (oopMyrbl MPAMOYrofibHUKOB, Tpaneunn, CUMMNCoHa, OLEeHKN
norpelwHocTn. KsagpatypHble doopmynbl Maycca. KpaTHble nHTerparnoi.
3 OcHoBHble 3aga4ym nuHenHoun anrebpbl. MeTtoa Maycca, meTtog nporoHkn. Metoa
npocTon ntepauum, metog Maycca-3engens.
4 TpubnuxeHHble meToabl pewwenuns O1Y. Metoa dnnepa. Mogndukaumm metoga
onnepa. Metogbl PyHre-KyTTa.
5 TpnbnmxeHHble MeToabl pelleHnst ypaBHEHUIN B YaCTHbIX MPON3BOAHbIX.
4.5 YpaBHeHNs mMaTeMaTuyeckon oU3snKn
1 ®dusmyeckne 3agauu, npuBogsLme K YypaBHEHNAM B HAaCTHbIX MPON3BOAHbIX.
2 Knaccudgukaumsa ypaBHeEHU B YaCTHbIX MPOU3BOLHbBIX BTOPOro nopsiaka.
3 YpaBHeHusa rmnepbonunyeckoro tnna. Metog ®ypee. Popmyna Janambepa.
4 YpaBHeHUsa napabonunyeckoro Tuna. PyHKUNA NCTOYHUKA AN yPaBHEHUS
TEennonpoBOAHOCTM.
5 Kpaesble 3agaun ansa ypasHeHus Jlannaca.
6 O6Lwue ceBoMCTBa rAPMOHNYECKNX QOYHKLIUNA.
4.6 Teopusi BEpOATHOCTEN N MaTeMaTUYECKasi CTaTUCTUKaA
1 Knaccugukauymns cnydyanHbiX BENUYMH. YMCNoBble XapakTepPUCTUKN CRyHanHbIX BEMNYMH.
2 [lpepenbHas TeopemMa TeoOpun BEPOSATHOCTEN.
3 To4yeuyHble OLEHKM HEM3BECTHbIX MNapaMeTpoB: OnpeaenieHnsi, CBOWCTBA, MeToAbl
HaxoXaeHus.
4  Kputepwuii cornacus y>2.
5 ®opmyna baneca.
6 PacnpegeneHue Naycca.
4.7 nckpeTHaa mateMmaTuka U matemaTmyeckas normka
1 bByneBckue dyHKUMN N cnocobbl X NpeacTaBreHns.
2 T[lonHoTa n HENPOTUBOPEUNBOCTL JTIOMMKM BbICKa3bIBAHWUNA.
3 OrpaHuyeHHble geTepMUHUpoBaHHble yHKuMn (OO P) 1 KOHEYHbIE aBTOMATDI.
4 Heobxoanmble 1 AOCTaTOYHbIE YCIIOBUS OAHO3HAYHOCTU andaBUTHOrO KOANPOBaHUS.
5 PekypcuBHble U BblYUCTIMMBIE (MO ThIOPUHTY) PYHKLMN.
4.8. OCHOBbI NPOrpamMmMmMpoBaHnst
OnepaunoHHbIE CUCTEMBI, HAa3Ha4YeHMe, BbINOSTHAEMbIE PYyHKUMK. [prMHUMNbI yNpaBneHus
ceTbto IBM. TexHonornyeckme npuHUUnbLI co3ganns nporpamm. CUHTaKCUC U CEMaHTUKA S13bIKOB
nporpaMmmupoBaHunsl.  Peanusauusi  OCHOBHbIX  YNPaBRslOWMX  CTPYKTYP B SA3blkax
nporpammupoBaHus [llackane u CW. [llapagurmbl nporpaMmMupoBaHus: npouenypHas,
AeknapartmBHasi, 00 bEKTHO-OPMEHTMPOBAHHAS.
4.9. O6BbEKTHO-OPNEHTUPOBAHHbLIN NOAX0A K pa3paboTke nporpamm
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lMpocTble N cnoXxHbie nporpammHbie cuctembl. Vlepapxus abctpakumin, koHuenumsa OOIT.
HacnepoBaHue, cepa gencrteua metoga, aBTopmsauma 4OCTyna, paclumpseMocTb OOBHEKTOB.
Hacnenyemble ctatuyeckne metoabl. BuptyanbHele meToabl U nonuMmopdusm. nHamuyeckme
06beKTbl. KOHCTPYKTOPbI U OEeCTPYKTOPbI.
4.10. OCHOBHbI€ MOHATUSA CTPYKTYP AAHHbIX

Tpwn ypoBHS ONMCaHUA CTPYKTYP AaHHbIX: (OYHKLUMOHAaNbHasa cneumndukaums, normdeckoe
onucaHue, mamndeckoe npeacrasneHune. KoHuenumsa tuna gaHHblx. Co3gaHune cnucka, npocMoTp
CMMCKa, BKIOMEHWE B CMMCOK W ydaneHue u3 cnucka anemeHToB. [loHATMe cTeka. [laket
npoueayp @YyHKUMOHaNbHOM cneundpukaumn. buHapHble aepeBbs. COpPTUPOBKM U KX
Knaccugukaums.
4.11. TexHonorna nporpaMmmmpoBaHns

OnemMeHTbl TEXHOMNOorMM nporpaMmMmmpoBaHus. CBoncTBa nporpaMmmbl: paboTocnocobHOCTb,
ynTabenbHOCTb, 3(PPEKTUBHOCTb, 3aTpaTbl Ha pas3paboTky, CTOMMOCTb COMPOBOXOEHUS.
YKnsHeHHbI uukn nporpammbl. [poekTbl M cnocobbl Mx npeacTaBneHunsa. Huexogawaa wm
BOCXoAsdLWAa  TexHororms  nporpammuvpoBaHus.  MeTog — BepTUKanbHOrO  CrOEHWUS,
B3aumogencteune crnoes. OnpegeneHne moaynsa, nporpammmpoBaHue moaynen. CTpykTtypHoe
nporpammupoBaHne. OCHOBHblE YynpaBnswowme KoOHCTpykumu. OTnagka u TecTUpoBaHue.
ABTOHOMHOE M KOMMSEKCHOE TECTUPOBaHME. OKCnnyaTauMoHHasa OOKYMEHTaLmMsA: pyKOBOACTBO
nonb3oBaTesnsl, PyKoBOACTBO CUCTEMHOIO NporpaMmMucTa.
4.12. basbl U XpaHuUnuLLa AaHHbIX

MoHaTue 6a3bl 4aHHbIX U cucTeMy yrnpasreHns 6a3on gaHHbIX. OCHOBHbIE MOAENN OaHHbIX:
nepapxuyeckme cetesble, pensaumnoHHble, 00 bEKTHbIE N 06 bEKTHO-OPUEHTUPOBAHHbIE, 0O BEKTHO-
pensunoHHble, Moaenb pfAaHHbiX SQL. Bwuabl knaccudpukaumn 6a3  aaHHbiX. OCHOBBI
pensunoHHon anrebpbl. PensuMoHHas Mogenb AaHHbIX.  [1puHUMNBI  HOpManu3aumu,
HopmaribHble opmbl. ObLme cBeaeHns o a3bike SQL. NoHATME XpaHunuwa AaHHbIX, NPUHLMMbI
opraHusaummn xpaHunuuia.
4.13. N\ICKyCCTBEHHbIN UHTENNEKT

OCHOBHblE MOHATMA WCKYCCTBEHHONO WHTENNeKTa, AaHHble W 3HaHus. HanpaBnenus
NCKYCCTBEHHOIO WHTENNEKTa; 3KCNEepTHble CUCTEMBbI, UHXEHEPUS 3HAHWUWA, HEYETKME CUCTEMBI,
HEMPOHHbIE  CETW, TEeHEeTMYEeCKMe anropuTMbl, MyIbTUareHTHble cucTembl. Mogenu
npeacTaBneHnsa 3HaHWN: NIOrM4eckne MoAenn, OCHOBAHHbIE Ha BUHAPHOW M HEYETKOW NOruKe,
cemMaHTuyeckme cetn, penmbl. MHCTpyMeHTanbHble cucteMsl 06paboTkn 3HaHUI, A3bik [Mponor.
4.14. Teopusa 6a3 gaHHbIX
Mogenb «CyLWHOCTb-CBA3b, NOHATUE, Ha3HAYeHME CYLLIHOCTU, CBOMCTBA, CBA3U, CTENEHb CBSA3M,
06s13aTeNbHOCTL/HEODA3ATENBHOCTL CBA3N.
OrpaHunyeHna uenocTHocT 6a3bl JaHHbIX Ha ypoBHe aTpubyTa, KopTexa, OTHowweHus, 6a3sbl
AaHHbIX. CcCbifOYHas  UENOCTHOCTb, MNOTEHUManbHble, MNEPBUYHbIE, BHELUHWE  KITHOuYMU.
OrpaHnyerHne NOT NULL. Peanusauus orpaHnyeHnn LenoCcTHOCTU 6asbl JaHHbIX NPYU NOMOLLM
TpurrepoB. [leknapaTuBHble OrpaHUYeHns LenoCcTHOCTM B A3blike SQL.
Hopmanusauus oTHoweHun 6a3sbl gaHHbIX. PyHKUMOHANbHast U1 MHOrO3Ha4yHas 3aBUCUMOCTMW.
HopmanbHble dopmbl oTHoweHun B (1HD, 2H®, 3H®, HOBK, 4HD).
CTpyKTypbl XpaHeHust AaHHbIX. MHOekcMpoBaHue AaHHbIX. CTPYKTYpbl MHAEKCOB AaHHbIX.
TpaH3akumn. BocctaHoBnenHue padHbix B npu cbosix. TpaH3akuum W napannenusm.
Cepuanunsaumnsa TpaH3akLumi ¢ NOMOLLbI 6NOKMPOBOK. TYMNUKN.
Onepauun penaunoHHon anrebpbl. [MonHOTa W 3aMKHYTOCTb  pensunmoHHon anrebpbl.
PenauuoHHas anrebpa u s3bik SQL. Onepatop s3bika SQL SELECT. CoeanHeHne OTHOLWEHWI
( JOIN), arperaTHble coyHKUMK, rPYNNUPOBKA AaHHbIX.
4.15 Apxutektypa OBM u cucremuoe NO
doHHeNnMaHOBCKNE NpuHUMNbI peanu3aummn IBM.
dopmat koMaHa 1 MeToabl agpecauuu.
Moacuctema BBoAa/BbiBOAa. Pexmmbl obmeHa uHGopMauvMen C BHELWHMMWU YCTPOWCTBaAMM.
Nepapxusi BBOAa/BbiBOAA B BbIYUCIIMTENBHON CUCTEME.



6

YnpaeneHune namatbio. dusmnyeckasn n BupTyanbHasa namsatb. CTpaHU4Has opraHnsauns namaTu.
ApXUTEKTYPHbIE CNOCOObLI NOBbLILEHNSA NPON3BOANTENBHOCTM OBM.

CocTosiHMe NOTOKOB B MHOro3aZla4yHon cMCTeMe C pasgerieHMeM BpeMEHM.

Cemadpopsbl. VX ncnonb3oBaHne B MHOTOMOTOYHbBIX MPUIIOXKEHNSAX.

Tynukn B MHOro3agia4HblX NPUNOXKEHUNAX.

4.16. TexHonormm obpaboTkm nHcdopmaumm n MmawwmHHoe obydyeHune. Obuwasa cxema npouecca
0bpaboTkn nHdopmaummn. OCHoBHbIE Npoueaypbl 06paboTkm nHpopmaumn.

Knaccudmkaums 6a3oBbix noaxonos k 06paboTke nHdopmaumm. banecosckas Teopust peLLeHni.
Pewwatouiee npaBuno Ha 0OCHOBE MMHMMYMa YCITOBHOMO pucka. Pellatowme npasmna Ha OCHOBe
MaKkCcMMyMa anocTepMOPHON BEPOSATHOCTU U OYHKLMM npaBgonogobus. MNMoHsaTue pasgenstowmnx
dyHkumn. ObobLieHHasa CTpykTypa pewatowero npasuna. OueHka owmnbok. PacnosHaBaHue
0o6pa3oB, ONUCbIBAEMbIX rayCCOBCKMMW BekTopamu. Pacno3HaBaHme o6pa3oB, ONMCbIBaEMbIX
raycCoBCKMMW BeKkTopamu. Pacno3HaBaHue obpasoB, OnMcbiBaeMbIX MPOU3BOSIbHbIMU 3aKOHaMM
pacnpegenexus. PacnosHaBaHve o06pa3oB, ONMUCbIBaEMbIX OMHapPHbIMKM  MpPU3HaKaMMU.
MNapameTpuyeckoe obyyeHne B 3afayax pacnosHaBaHuda. Metogbl MakcuMmymMa npasgononobus
n MakcMMmyma anocTepuopHoOn BEPOATHOCTM. lMoacTaHOBOYHbIE anropuTMbl.
HenapameTpuyeckoe obyyeHne B 3agadax pacno3HaBaHus. Metog [lapseHa. Metog K-
onmxkanwunx cocegen. PacnosHaBaHne o06pas3oB C NOMOLBK (OYHKUWA pacCTosiHUA (Mep
6nnsoctn). MeTon OMOPHbLIX BEKTOPOB. HenuHerHble npeobpasoBaHuMs U cnpaMAadloLmne
npocTpaHcTBa. KOMNO3MUMOHHbIE anropuTMbl, onncaHne n 6asosble noaxoabl. Komnosnumm Ha
ocHoBe OGarrnHra (anroputMm crnydamHbin nec). Komnosuumm Ha ocHoBe OycTuHra (anroputm
adaboost). Knactepusauua obpasoB. Kputepun adpdektusHocTn. Anroputm K-cpegHux.
Knactepusaumsa obpasoB. Kputepumn addpektnBHocTU. Mepapxmyeckne  npouenypbl
rpynnmpoBaHusi. OCHOBbI PErPECCMOHHOIO aHann3a gaHHbIX.

5. Cnucok pekomeHayemMoun nutepartypbl

1. nbuH B. A. MatemaTudeckum aHanms : y4ebHuk : B 2 4. / B.A. nbuH, B.A. CagoBHnuun, b.X.
CeHpos ; Mock. roc. yH-T uMm. M.B. JlomoHocoBa; nog pea. A.H. TuxoHosa .— M. : lNpocnekT :
N3p-Bo Mock. yH-Ta, 2006.

2. TuxoHoB A.H. OuddepeHumnanvHble ypaBHeHus / A.H. TuxoHoB, A.b. BacunbeBa, A.l.
CeewHukoB ; Mock. roc. yH-T uMm. M.B.JlomoHocoBa .— WM3pg. 4-e, ctep. — M. : ®DUSMATIINT,
2005 .— 253 c.

3. Baxsanos H.C. YucneHHble meTtoabl / H. C. Baxsanos, H. 1. >Kugkos, I". M. KobenbkoB ; Mock.
roc. yH-T um. M.B. JlomoHocoBa .— 4-e usg. — M. : BMHOM. Na6. 3HaHunin, 2006 .— 636 c.

4. nbmH B.A. JlnHenHasa anrebpa n aHanutudeckas reometpus / B.A. UnbuH, I'.A. Kum ; Mock.
roc. yH-T um. M.B. JlomoHocoBa .— 3-e u3A., nepepab. n gon. — M. : N3a-Bo Mock. yH-Ta :
MpocnekT, 2007 .— 392 c.

5. TuxoHoB AHgpen Hukonaesud. YpaBHeHuss maTemaTnyeckon pmaumkm / A.H. TuxoHos, A.A.
Camapckun. — 7-e n3g. — M. : U3g-Bo Mock. yH-Ta : Hayka, 2004 .— 798 c.

6. F'mypmaH B.E. Teopus BeposiTHOCTen 1 MmatemaTuyeckas ctatuctuka / B.E. T'mypmaH. — M. :
Bbicw. wk., 2004 .— 478 c.

7. HoBukoB ®.A. [luckpetHas matemaTtuka ansa nporpammuctos / ®.A. HoBukoB .— 3-e 13g. —
CrIé. [n gp.] : Mutep, 2008 .— 383 c.

8. lWymakos I.B. ®apoHos B.B. Delhpi 5. PykoBoactBo paspaboTtymka 6a3 gaHHbix — M.: Honmax,
2000.

9. Pannu [1. A6cTpakuma n cTpykTypbl gaHHbix — M.: MUP, 1993.

10. Byu I'. O6bEKTHO-OPMEHTMPOBAHHbBINA aHaNM3 1 NPOEKTUPOBAHUE C NPUMEPaMMN NPUNOKEHNI
Ha C++/ [ep. c aHrn.- M.: sgatenbctBo bnHom, 1998.

11. TwokaueB H.A., Ceupugos HO.T. Delhpi 5. Co3gaHne mMynbTUMEANNHBIX NPUNOXEHUN. — M.:
Honunpgx, 2000.


http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=%D0%98%D0%BB%D1%8C%D0%B8%D0%BD,%20%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80%20%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%D0%BE%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=%D0%A2%D0%B8%D1%85%D0%BE%D0%BD%D0%BE%D0%B2,%20%D0%90%D0%BD%D0%B4%D1%80%D0%B5%D0%B9%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=%D0%91%D0%B0%D1%85%D0%B2%D0%B0%D0%BB%D0%BE%D0%B2,%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9%20%D0%A1%D0%B5%D1%80%D0%B3%D0%B5%D0%B5%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=%D0%98%D0%BB%D1%8C%D0%B8%D0%BD,%20%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80%20%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%D0%BE%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=%D0%A2%D0%B8%D1%85%D0%BE%D0%BD%D0%BE%D0%B2,%20%D0%90%D0%BD%D0%B4%D1%80%D0%B5%D0%B9%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=%D0%93%D0%BC%D1%83%D1%80%D0%BC%D0%B0%D0%BD,%20%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80%20%D0%95%D1%84%D0%B8%D0%BC%D0%BE%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=%D0%9D%D0%BE%D0%B2%D0%B8%D0%BA%D0%BE%D0%B2,%20%D0%A4%D0%B5%D0%B4%D0%BE%D1%80%20%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B5%D0%B5%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
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12. MatBeeB M.I. Mogenn n metoabl MCKyccTBeHHOro uHtennekta / M.I. Marteees, A.C.
Csupungos, H.A. AnenHnkoBa — M.: duHaHchbl 1 ctatuctuka, 2008.

13. Cupota, AnekcanHap AHaTonbeBud. MeToabl U anropuTMbl aHanusa OaHHbIX U KX
mogenupoBaHue B MATLAB : [yuebHoe nocobue] / A.A. Cnpota .— CaHkT-lNeTepbypr :
EXB-lMeTepbypr, 2016 .— 381 c. : un. — bubnwuorp.: ¢c. 371-374 .— Npeam. ykas.: c. 377-
381 .— ISBN 978-5-9775-3778-0.

6. OGpaseu KOHTPOJIbHO-U3MEepPUTEJSIbHOIro MmaTepuana

1. PelwunTb crieqytoLLyto KpaeByto 3agavy:

-

u —9u =1+2xt+ 5tsin(37ﬂxj, xe[0]],

u(0,t) =t,u (L,t)=t*,
u(x,0) =3x.

2. [atb matemaTunyeckoe onucaHue O anropuTMOB KNacTEepPHOro aHanvaa, a MMEHHO Ans
anroputMa K-means 1 anroputma nepapxmyeckoe rpynmnmpoBKu.

3. HeopueHTtupoBaHHbIM rpad G 3agaH maTpuuen CMEeXHOCTU BeplwuH a: afi, j] = 1, ecnn
BEPLUMHA C HOMEPOM i — CMeXHas (CBsid3aHa) C BEPLUMHOMN j.
Ha nobom a3bike nporpaMMmnpoBaHus peanu3oBatb YHKUUIO, KOTOpasa NpoBepseT, SBnseTcs

nm rpad G cBsA3HbIM. PyHKUMS (MEeToA) OOSPKHA B KayecTBe napamMeTpa NpuHMMaTtb MaTpuly
CMEXHOCTU M BO3BpaLaTb Nlormyeckoe 3HadveHune (true — rpad cBssHbiv, false — He CBA3HbIN).
Mpn HeOBXOAMMOCTM MOXKHO peanun3oBaTb BCnomoraTesnbHble YHKUUN (MeToAabl).

7. BapuaHT oTBeTa Ha KUM

PewweHue 3agaHna Ne1.

UTto0Osl cBecTH BCE K 3aJaye€ C OAHOPOJHBIMU TPAHUYHBIMHU YCIOBUSMH, CII€TaeM 3aMEHy HEH3BECTHOM
dbyHKIMM BUAAQ

u(x,t)=H(x,t) +u(xt),
rne H(X,) - mo6as dysxums, yaosieTsopsiomas HEOMHOPOIHBIM TPAHITHBIM YCIOBHAM, T. €.
HO,t) =t,H_(Lt)=t>.
Bynem uckats H (X,1) 8 Bre
H(x,t) =a(t) + xb(t).

Heonpenenennsie kor¢hHULIMEHTH HAlZIEeM ¢ TOMOIIbIO TPAHUYHBIX YCIOBHI:


https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=4749&TERM=%D0%A1%D0%B8%D1%80%D0%BE%D1%82%D0%B0,%20%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%20%D0%90%D0%BD%D0%B0%D1%82%D0%BE%D0%BB%D1%8C%D0%B5%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
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H(0,t)=af(t) =t,

H (1,t)=b(t) =t
Takum 06pazom, uckomast HyHKIIHS H (X, t) BBITJISIJIAT CJIEAYIOINUM 00pa3oM:

H(x,t) =t + xt*.
BpIToTHMB 3aMEeHY HEM3BECTHON (YHKIIUH
u(x,t) =t + xt> + U (x,t),

IMOJIY4YHM 3a/1a4y C OAHOPOAHBIMU I'PAHUYHBIMUA YCIIOBUAMU
~ - . (37X
u -9, = 5tsm(7), x e[0,],

u(o,t)=0,u, (Lt)=0,
u(x,0) = 3x.

DyHKIHIO U(X,t) MIPEACTAaBUM B BUJIE CYMMBI IBYX KOMIIOHEHT
u(x,t)=V(x,t) +W(x,t),

SABJIIOIUXCA pCIICHUEM CIICAYIOINX 3a/1aq:
. 37

W, —9W_ =5tsinl — |, x€[0,1],

V.~V =0,xe[0], e ( 2 ) clodl
V(0,t)=0,V (Lt) =0, W (0,t)=0,W_(Lt) =0,

V (x,0) =3x. W (x,0) =0.

Haiinem cHavana ¢yHKIu0 V(X,t) s 3TOro moumeMm pemeHus, IPeacTaBUMBbIE B BHJEC

MIPOU3BEACHUS V (X,t) =X (X)T (t) :
XT'—9X"T =0.
[Monenus 510 paBencTBo Ha 9XT | 3aTeM pasnenuB nepeMeHHbIE, TIOTYIUM

T ! X 4
= — =const.
ar X

KoHcTaHTy B paBoii 9acTu uist ynoOcTBa 0003HaYMM Kak — A° . B pe3ynbrare MogyduM CIIeIyrOIHe IBa

YpaBHEHUS:
X"+ 2 X =0,
T’ +922T =0.



Pemmm ypasrerne s X (X) ;
X (x) =C, cos(Ax) + C, sin(Ax).
C yueToM rpaHUYHBIX YCIOBUMI X (0) =0 , X '(1) =0 , TOJTyYHM CJIETYIOIIUI HAOOP PEIICHHIA:
X (x)=C. sin(A x), 4, :%(u 2n),neZ.
Cpenu HaliIeHHbBIX Xn (X) JMHEWHO HE3aBUCHUMBIMH OYIyT QYHKIUU
X (X)=sin(4 x),n=012,... .

Haxoaum BpeMeHHYI0 KOMIIOHEHTY T (t) :

T (t)=Ae "™

yaomaen X, (X) sa T-(t) 1 cromamsmaes:
V(x,t) = zo X (X)T (1) = ZO A e " sin(A x).
Ucrnonmbsyem nauamsise yerosus V (X,0) =3X:
V(x,0) = 2 A sin(4 x) = 3x.

KoadduumenTsr Aq MOYKHO HaWTH, pasnokuB GyHKIU0 3X B psax Oypbe:

A, =2[3xsin(4,x)dx = 63|/1n/1n :
0

2
n

Taxum oOpazoMm, pyHKIUSA V (X,t) BBITJISLTUT CIIEIYIOIUM 00pa3oMm:
= 6SIiNA,

> €
n=0 ﬂ,

n

V(x,t) =

4 sin( A, X).

Tenepp HaiineM QyHKIUIO W (X, t) . s sToro 3anuiem ee B Buje pana Oypowe no 6asucy

X,(%):
W (x,) = SW, (X, () = SW, ©)sin(4, x).
n=0 n=0
[TogcraBuM naHHOE BBIpAKEHUE B YPABHEHUE IS W (X,t) :

SW/(1)sin(A, x) — 93 W, (t)(sin(4, x))" = 5tsin(37”").

ITocne HEKOTOPBIX YHPOIIEHUH MTOIY4YUM CIIEYIOIIEe PAaBEHCTBO:
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n=0

W) + 922W, (1) )sin(A, x) = 5tsin(37ﬂxj.

T
[ToacraBum ﬂn = E (1+ 2n) B 310 coorHOWICHNE:

i(Wn'(t) + %(ﬂ 2n)*W_ (t)jsin(%(ﬂ 2n)x) = 5tsin(37ﬂxj.

n=0

[TpupaBHuBas k03¢ HULHEHTHI TPU OJAMHAKOBBIX CHHYCAX B JIEBOM U IIPABOM YaCTH, MOJIYYHUM CIIETYIOIIHA

Habop ypaBHEHUIL:
' 97 2
W/(t) + T(1+ 2n)°"W_(t) =0,n =1,

81r*

W) + S W(t) =5t.

C yueToM OHOPOJHBIX HaualbHBIX YCIOBUMN Wn (0) =0 , ipu N # 1 nomyunm TosBKO
TPUBHATIBHOC PCIICHUC Wn (t) =0 .
Paccmorpum ciydaii N=1. ®yukiuio W1 (t) OyzeM HCKaThb Kak CyMMY OOLIEro pelieHus

00 YH 00
OJTHOPOJHOTO ypaBHEHHS W1 (t) Y YaCTHOTO PEeIleHUsI HEOJHOPOHOTO W1 (t) OYHKIHIIO W1 (t)

MO>KHO HaWTH C MMOMOIIBIO XaPAKTCPUCTUUCCKOTI'O YPABHCHUS. Ona BBITJIAAUT CJICAYHOIIUM o6pa30M:

8172

"t
00 _ 4
W, (t) =Ce :
YH o o
Oyuximo W, (t) moxHO moMCKaTH MO BHY IPaBOIi YacTH, T. €. 3aMHUCATH KAK JMHEHHYI (YHKIIO ¢
HEOoIpeIeJIEHHBIMU KO3 (PUIIEeHTaMU:
yH _
W (1) = a + .

IloacTanoBka B HCXOQHOE YpaBHCHHEC JacT CJ'IGI[yI-OH_II/Iﬁ pe3yibTar:

u 20 4
W, ™ (t) = P (— P +tj.

Otcrona HaxouM (QYHKIHIO W1 (t) :

st 90 4
W({t)=Ce * + — +1|.
(0 817:2( 81r° )

C yueToM HayaJIbHBIX yCIOBUI VV1 (O) =0, nocnexnss ¢dopmyna mpuobpeTaeT ciaelyromuil BUI:
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20 (4 [ o
W (1) =—— g 4 —1|+t]|
O 8172 | 81x°
OcTanock 3ammcarb OTBET:
= 6SINA. 4z . 20 [ 4 ( &% . (3
u(x,t)=t+xt> +> — e 'sin(A x) + e 4 —1|+t|sin| = |
(x.0) Z;‘ A (4,x) 81r?| 81r? 2

n

rae ﬂn =%(l+ 2n).

PeweHue 3agaHmna Ne2.

|. Anroput™m K — means (ctangapTHas peaiau3aius) 1o 1aram:

1. BoiOupatorcs nHauanbhbie 3Hadenns M uentpos kmacrepos M., i=1,M , B kauectBe KOTOpBIX

HA3HAYAIOTCA MO0 TepBble 00pashl U3 UCXOAHOM BrIOOpKU X " (T.e. (akTHuecku ciydaitno), muoo M
HauOoJIee yAaIeHHBIX IPYT OT JApyra o0pa3oB BEIOOPKH (MAKCUMUHHBINA aITOPUTM).

[[anee B IUKIJIC, OXBATHIBAIOIICM MMOCICAYIONIUEC ITYHKTBI, OCYIICCTBIIAIFOTCA CICAYIONIUC JCUCTBUS.

N N .
2. IlpoBoaures pasouenne Q,, = {X L, XM } MCXOJIHOW BBIOOPKM Ha KIJIACTEPHI, B XOA€ KOTOPOTO
IPUHAUIEKHOCTh KXJO0ro o0pa3a ONpesessieTcsl Ha OCHOBE IOMCKa MUHHMYMa CPEIH PacCTOSHHUM 10

H N
YCTAHOBJICHHBIX paHCC LICHTPOB mi , | :l, M . PaccuutniBaeTcs HaUaIbHOE 3HAUYCHUE EW (X ’QM ) .

3. HpOBO,I[I/ITCH nepepacuyeT HEHTPOB C y4CTOM PE3YJIbTATOB BBIITOJIHEHHOM B 11.2 KiIacTCpu3alnun

1 Ni ki) - .
m="—"33x*Yi=1,M
N, k=1

. N
Y COOTBETCTBYIOIIUHI niepepacueT GyHKIUU E'W (X ,QM ).

o !
4. Ecnu pa3HuIia 3HaYeHU [IEHTPOB Ha COCEHUX IIarax Smax = max\mi —m, ‘ > 80 , TO OCYILIECTBIISIETCS

[} .
nmpucsoerme  M,=M",  1=1LM wu nepexon «k BbHIONHEHMIO CHedyOUWEro mara B
1. 2. MHave — 0cTaHOB.

B n.4. 50 — mopor ans (pUKcauM OCTaHOBAa HWTEPATMBHOIO IIpoliecca IiepecueTa IpU yCIOBHUU

HE3HAYUTEIIbHOCTH U3MEHEHUS IIEHTPOB KJIACTEPOB HA COCETHUX IIarax.
Il. ArnmomepaTuBHBIN aNTOPUTM KIIACTEPU3AIMH (CTaHIAPTHAS peau3allus) Mo maram:

1. Yeranasmsaercst snavenne M =N u dbopMupyeTcsi HauyaJdbHOE pa30HeHHe Ha TPYMIbl (HayalbHas

KJIaCTEepU3aLIHS) Q,l\l , Q; = {Xl,..., xN }, X1 =xW

. K 1
2. B nukie M BBINOJHEHHOM paHee KilacTepu3aluu QN_k L M = N —k+1 C HCIIOJIb30BaHUEM
3aJlaHHOM  (QYHKIIMM pacCTOSHUS TPYyNN  HaxoguTcs Omkaiimias napa TpyIn, HUMeoas

min D(X i, X M),
1)
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Nj+N Ni N Nj K
3. Tlposoaurcst cimsiame Boopanubix rpymn X+ 0 =XV UX ), wsearme X ! w3 Qui ¥

o k
O6pa30BaHI/Ie HOBOHM KJIACTCPU3ALMU QN—k C COOTBCTCTBYIOIIMMH HOBBIMH 0003HaYCHHUSIMU I'pyninr u

MIPUCBOCHUEM M=N-K.
4. Eciu M =1 (MoxxHo M =M , eciu 4uCIIO KJIAaCCOB 3apaHee 3a/1aH0) — OCTaHOB.

[TpuHIMIIATFHOE 3HAYCHHE /IS TIOJJOOHBIX aITOPUTMOB UMEET BBIOOP QYHKITUU PACCTOSHUS IS
onpezaeneHusi OaM30cTU KiactepoB. MCHonb3yloTcs pa3iuyHble BapHUaHThI, K KOTOPBIM OTHOCSTCS

cienyomue ¢ yHKIUH:
. N i . . .
= paccrosnne Mexay Ommkaiimmamu cocenamu D™ (XN, X)) = min d(x%", x&y;
,S

= paccTosHHe MEXITy CaMbIMH ylaJeHHbIMU coceIIMu

D™ (XM, X ™M) =max d (x®?,x¢ D)y ;
] k's 1) 1
= cpexHee paccTosiHue MEKITY o6pazamu KJIaCTEPOB

Dm“m)wW:NL %Eﬂﬂmmm»;

j k=1s=1
. paccTossHUE ~ MEXIy  LEHTpaMH  KJIacTepoB DB (XM, X N )=d 2(mi ,m; ),
N .
. ] .
n L e m = S,
i = v ’
N; k=1 Nj s=1
. paccrosare Yopaa (MHHEMYM COOTBETCTBYET MAaKCHMY MPHUPOCTa CYMMbI KBaJpaTOB

NN, d?(m,,m, ).

OTKJIOHECHUH A0 OCHTPOB KJIACTCPOB IIPH UX O6’LCI[I/IH6HI/II/I DWNI (X Ni ' X NJ ) = —N I
i TN
PeweHue 3apgaHmna Ne3.
// peweHue Ha java, BapuaHm ob6bxoda 6 wupuHy c o4yepeodbh
public static boolean isConnected(int[][] a) {
int n = a.length;
boolean[] visited = new boolean[n];
Queue<Integer> gq = new LinkedList<>();
g.add(9);
visited[@] = true;
while (!q.isEmpty()) {
int i = q.remove();
for (int j = 0; j < n; j++) {
if (a[i][j] > © && !visited[j]) {
q.add(3j);
visited[j] = true;

b
¥
for (int 1 = 9; 1 < n; i++) {
if (lvisited[i]) {
return false;

}
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}

return true;

// peweHune Ha C++, BaApUMaAHT peKypCUMBHOro obxopa B rnybuHy
void visit(vector<vector<int>> &a, vector<int> &v, int i) {
int n = a.size();
v [i] = 1;
for (int j =0; j < n; j++) {
if (a[i][J] && !v [J]) {
visit(a, v, Jj);
}

}

bool is_connected(vector<vector<int>> &a) {
int n = a.size();
vector<int> v(n); // visited
visit(a, v, 0);
return all of(v.begin(), v.end(), [](int i) { return i; });

8. Kpntepumn oueHkKn KayecTBa noctynaroLiero

OKcnepTHas OUeHKa ypOoBHSA 3HaHWM no npegnaraemon nporpamme ot 0 go 100 6annos.
MuHumanbHoe  konmyecTBOo  OannoB,  MNOATBepXAawllee  yCnewHoe  MNPOXOXAeHWe
BCTYNUTENbLHOIO UCNbITaHuA, coctasnseT 40 6annos.

Il. HauMeHOBaHMe MarMcTepcKon NporpamMmbi:
«KoMnbloTepHble HaykKu UM WH(GpOPMAaLMOHHbIE TexHonormm pansa uudpoBomn
3KOHOMMUKU»

PykoBoauTesnb MarMctepckom nporpaMmmbi:
KaHguaat ums.-maT. Hayk, goueHT Cupota E.A.

KpaTkoe onucaHue mMaructepckomn nporpamMmmabi:

Llenb gaHHon obpasoBaTenbHOM NporpaMmbl 3aknovaeTcss B npeaocTtaBneHum
cneunanuctam, bakanaBspam B 06nacTU rymMaHuTapHbIX, COUMarnbHbIX, €CTECTBEHHO-
TEXHWYECKUX  HamnpaBneHurh  3HaHUKW,  YMEHWUR n HaBbIKOB  MPUMEHEHUS
HOBbIX WH(OPMALMOHHbLIX TEXHOMOIMMN B pas3paboTke U BHEAPEHUM NPUKNagHbIX
NpOrpaMMHbIX MNPOAYKTOB. JTO MO3BOMMT  MOAMOTOBUTH CneumanucToB-mMarmcTpos,
CcnocobHbIX 06BbeaANHUTL 6a30Bble 3HAHUS (B €CTECTBEHHbIX, MHXEHEPHbIX, F'YMaHUTapHO-
coumanbHbIX Haykax) ¢ KoMneTeHunamMm B 0611acT MHPOPMaLMOHHbBIX TEXHOMOMUIN, YTO
OyneT cnocobcTBOBaTH MOAEPHM3ALMM U BHEAPEHNE UHHOBAUMOHHLIX UT-TexHonorum B
pas3nunyHbiX cdhepax obliecTsa.

OCHOBHyI-O 4acCTb nporpamMmbl COCTaBIIAKOT KypCbl MO OCHOBHbIM HamnpaBll€HUAM
MHOPMALMNOHHBIX TEXHOMOMMIA (MpOorpaMMupoBaHue, MHPOPMaLMOHHbIE CUCTEMBI U CETU 1 Op.).
Kpome ToOro, nporpamma BKMNtoYaeT psif KYpCoB, B KOTOPbIX pacCcMaTpuBalOTCA MPUNOXEHUS
MHPOPMALMNOHHBIX TEXHOSOrMN B 0611aCTAX NPodeCcCMoHanbHoOM AeAaTeNbHOCTU.
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I'Iporpamma BCTYNUTEJNIbHOIo ncnbiTaHA no
AuncuuniunHe «Komnmeeprle n mateMaTnyeCKknue Haykm»

2. Coctasutenu: Kpbinoseukun A.A., nekaH ®KH, bopucos O.H., goueHT, 3aB. kadeapon NC,
Cupota A.A., npodeccop, 3aB. kadeapon TOn3W, Maxoptos C.[., npodeccop, 3aB. kadenpon
MuAT, Kypranuu C.[0., npodeccop, 3aB. kacdegpon LUT., Cupota E.A., goueHT kaceapa UT,
MutpodpaHoBa E.1O., aoueHT kadeapbl TOn3W, samectutens aekaHa ®KH no yuebHon paborte,
AtaHoB A.B. poueHT kadpegpbl LIT, goueHT, 3amectutene gekaHa ®KH no yuebHon pabote

3. OCHOBHbIe 3HaHUs, yMEeHUs1 U HaBblKU, KOTOPbLIMU AOJMKEH o6naaaTb NOCTYNaLWUNA.

J[lofmKeH 3HaTb:

- OCHOBHble MOHATUS M MeToAbl MaTeMaTM4ecKoro aHanumsa, nuHenHown anrebpsl,
3M1eMEHTOB MaTeMaTU4YEeCKOM NOTMKK, ANUCKPETHOM MaTemMaTuKu, Teopun auddepeHumnanbHbiX
YpaBHEHUN, Teopuun BEPOATHOCTEM U MaTeMaTU4eCcKOM CTaTUCTUKW, CTaTUCTUYECKOro
OLeHUBAHNS U NPOBEPKM rMNoTe3, TEXHONOMN 06paboTkn nHopMaumu.

- OrnepaumoHHble CUCTEMBbI, MPUHUUNBI yrnpaBneHus cetbto OBM; oauvH M3 A3bIKOB
NporpaMmMmnpoBaHns, CTPYKTYPY NOKarbHbIX U roGanbHbIX BbIYUCIIUTENbHbBIX CETEN; CTPYKTYPbI
AaHHbIX, CTPYKTYpPY, COCTaB U CBOUCTBA MH(OPMALMOHHBLIX NPOLECCOB, CUCTEM U TEXHONOMHN,
6asoBble M npuknagHble MHPOPMAUNOHHbBIE TEXHOMOMMU, Krnaccudukaumio NHOPMaLNOHHBLIX
CUCTEM, MNPUHUMMBI N 0asoBble KOHLENUUU TEXHOSIOrM NporpaMMuMpoBaHusl, OCHOBHbIE
nonoXxeHnsa Teopun 6a3 M XpaHUNULL, OaHHbIX, 6a3 3HaHMK, OCHOBHbIE BUAbLI U Npouenypbl
006paboTkn nHopmaumu.

[omkeH ymeThb:

- NPUMEHATb MaTeMaTuyeckne MeToAdbl MNpu  pelleHuM npodyeccuoHanbHbIX 3agad
MOBbLILLUEHHOW CIOXHOCTMW.

[lormkeH NMeTb HaBbIKU:

- NMOCTPOEHUS MaTemaTMyYecKor Moaenu npodeccuoHanbHbiX 3agay 1 copepkaTernbHOm
NHTepnpeTaLun Nony4YeHHbIX pe3ynbTaToB.

- paboTaTb B Ka4yecTBe Morib3oBaTens ¢ NepcoHasribHbIM KOMMbIOTEPOM U MPOrpamMMHbIMU
cpeacTBamu obLLero HasHayYeHusl, NCMONb30BaThb SA3bIKM U CUCTEMbI MPOrpaMMUPOBaHMS ONS
peweHnss npodeccnoHanbHblX  3agad, paspabatbiBaTb  MHOPMALMOHHO-FOrMYECKY!HO,
pyHKUMOHANBHYIO U 06 BEKTHO-OPUEHTUPOBAHHYO MOAEN UHPOPMALIMOHHBIX CUCTEM, MOAENU
AaHHbIX, WHCTanNnNMpoBaTb, TECTMPOBATb W WUCNONb30BaTb MNPOrpaMMHblE  KOMMOHEHTbI
NH(OPMALIMOHHBIX CUCTEM, NMPUMEHATb MHAOPMALMOHHBbIE TEXHOMOMMWU NMPW MPOEKTUPOBAHUN
NHPOPMALNOHHBIX CUCTEM;

- noucka n obmeHa nHopmaumen B nokanbHbIX U rNobanbHbIX KOMMbIOTEPHbIX CETSIX,
NpeacTaBneHns U aHanmsa aHHbIX U 3HaHWK O nNpeameTHon obnacTtun, paboTbl C MeTogamu U
cpeAcTBamMu aHanv3a v peanusaumm npoekTa MHMOPMaLMOHHOW CUCTEMBI, BNaAEHUS A3blkamu
npouefypHOro U OOBLEKTHO-OPUEHTMPOBAHHOIO MPOrPaMMUPOBaHUSA, WHCTPYMEHTanbHbIMM
cpeacTBamu 06paboTkun MHpopMaLWK, UHTENNEKTYaNbHOMO aHanu3a AaHHbIX.

4. TemaTnyeckuu nnaH
4.1 MaTtemaTu4deckun aHanus

1 MHoOXecTBa M 4MCMOBbLIE MOCNeAoBaTENbHOCTU: OCHOBHbIE OMNpedesieHNs U MOHATUS,
OorpaHnYyeHHble MHOXeCTBa " nocnegoBaTeNbHOCTH, npegen YyncnoBou
nocnenoBaTeNbHOCTH.

2 QOYHKUUM OOHOW MEPEMEHHOW: OCHOBHbIE MOHATUS U onpeaeneHus, cnocobbl 3agaHus,
OCHOBHbI€ Krnacchl (PyHKUUIN, NOHATUE HEMPEPbLIBHOCTU, Npeaen oyHKuuu.
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[MpounsBogHas PyHKUUM OOHOM NEepeMeHHOWN, ee reoMeTpu4eckui u Usn4eckun CMbICn,
NPOM3BOAHbIE CTAPLLUMX NOPSAKOB, NPUNOXEHUs aAnddepeHLmManbHOro NCYUCIIEHUS.
[MoHATME onpedeneHHOro uHTerpana, €ero reoMeTpPUYEeCKUn CMbICH, NPUNOXEHNS
onpeneneHHoro nHTerpana.

Uuncnosble psiabl, OCHOBHbIE MOHATUA, CXOAUMOCTb M pacxoamMmocTb. CTeneHHble psabl,
obnacTb CXo4MMOCTM CTENEHHOrO psiaa.

4.2 NnpdepeHumnansbHble ypaBHEHUS

1
2
3

Tunbl gnddepeHuUmarnbHbIX YpaBHEHUN.
OnddepeHumansbHble ypaBHEHUS NePBOro nopsigka.
JInHenHble gudpepeHumnanbHble ypaBHEHUS BTOPOro nopsiaka.

4.3 Anrebpa n reomeTtpus

1
2
3

4
5

MaTpuubl, OCHOBHbIE MOHATUA U onpeaeneHns. BoluncneHne onpegenutenen.
JInHenHblE onepaunn Hag maTpuuamMmu.

BekTopHble npocTpaHCTBa, WX CBOWCTBA, JIMHEWHAs 3aBUCMMOCTb W JMHenHad
He3aBUCMMOCTb BEKTOPOB, pasrioXeHne Bektopa no 6asucy.

Cuctembl NIMHENHbIX yPaBHEHWI: OCHOBHbIE NMOHATUS.

OcHoBHble 3afaynM aHanNUTUYECKOM FreOMETPUM Ha MNIIOCKOCTU, NpsiMasl Ha MNSIOCKOCTH,
KpuBble BTOPOro nopsigka, npsiMasi u NNoCKOCTb B NPOCTPAHCTBE.

4.4 Teopus BEpOATHOCTEN N MaTeMaTUYeCKasi CTaTUCTUKA

OO WNBE
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OCHOBHbIE MOHATUSA TEOPUN BEPOATHOCTEN.

TeopeMbl COXEHUS U YMHOXEHUS BEPOSAITHOCTEN.

Knaccudgumkaumns crnyvyanHbix BeNMYMH. [JuckpeTHasa cnyyvyamnHasa BennymnHa.

HenpepsblBHas criydanHasa BenuynHa.

YuncnoBble XapakTePUCTUKN CITyHaNHbIX BENNYMH.

ToyeyHble OLIEHKM HEU3BECTHbLIX MNapamMeTpoB: onpefeneHnsd, CBOWCTBa, MeTonbl
HaXoXaeHus.

PacnpegneneHune Maycca.

4.5. OcHOBbI NporpamMmmMmMpoBaHns

N -

ooO~NO O1lh W

9

lMoHATME nHopmaumn.

Obuwas xapaktepuctMka npoueccoB cbopa, nepegadn, ob6bpaboTKm WU HaKoMnmeHus
MHdopMaLunu.

TexHn4eckne n nporpaMmMmHble CpeacTea peanusaunmnm MHPOPMaLNOHHBLIX MPOLIECCOB.
TunoBble onepaunoHHbLIE CUCTEMBI.

dannbl n annosasi cuctema, CUCTEMHbIE YTUIUTBI.

JlokanbHble n rnobaneHble cetn. World Wide Web n web-texHonorun.

OneKTpoHHasi NoYTa 1 coumanbHble CETU.

OdoncHoe nporpammHoe obGecneveHne. PaspaboTka TEKCTOBbIX [OOKYMEHTOB WU
3MEKTPOHHbIX Tabnuu.

OnemMeHTbl NporpamMmmupoBaHuns (NF0O6O0N A3bIK): XapaKTEPUCTUKM A3bIKa.

10 CTpykTypa nporpamMmmsbl, MPUHLMMbLI CTPYKTYPHOIO NporpaMmmMmpoBaHnsg. AnroputMbl.

11 Twnbl gaHHbIX. [lepeMeHHble U KOHCTaHTbI.

12 OnucaHue nepemMeHHbIX. MaccuBbl 4aHHbIX.

13 OcHoBHble apudpmeTnyeckue onepaumn. Linknel. YcnoBHble onepaTtopsbl.

14 CtaHgapTHble dyHKUMM BBoda/BbiBoAa. [lepegada napameTpoB Mpu Bbi30BE (DYHKLNA.

Mmo6GanbHble 1 NoKanbHbIe nepemMeHHbIe.

15 Paborta ¢ hannamn.
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5. Cnnucok pekomeHayeMou nuTtepaTypbl

1. WnbuH B. A. MaTtemaTuyeckmin aHanms : y4ebHuk : B 2 4. / B.A. inbuH, B.A. CagoBHuumi, 6.X.
CeHpos ; Mock. roc. yH-T uMm. M.B. JlomoHocoBa; nog pea. A.H. TuxoHoBa .— M. : lNpocnekT :
N3n-8o Mock. yH-Ta, 2006.

2. TuxoHoB A.H. OuddepeHumnancHble ypaBHeHusi / A.H. TuxoHoB, A.B. BacunbeBa, A.l.
CsewHukoB ; Mock. roc. yH-T uMm. M.B.JlomoHocoBa .— WU3a. 4-e, ctep. — M. : DUSMATIINT,
2005 .— 253 c.

3. Baxsanos H.C. YucneHHblie metoabl / H. C. Baxsanos, H. . >Knakos, I'. M. Kobenbkos ; Mock.
roc. yH-T um. M.B. JlomoHocoBa .— 4-e usg. — M. : BMHOM. Nab. 3HaHnin, 2006 .— 636 c.

4. UnbuH B.A. JlnHenHas anrebpa n aHanutudeckasa reometpua / B.A. Unbun, I'.[. Kum ; Mock.
roc. yH-T um. M.B. JlomoHocoBa .— 3-e u3a., nepepab. n gon. — M. : N3a-Bo Mock. yH-Ta :
MpocnekT, 2007 .— 392 c.

5. TuxoHoB A.H. YpaBHeHnsa matemaTtumyeckon pmsnkm / A.H. TuxoHos, A.A. Camapckuin. — 7-e
n3g. — M. : 3g-Bo Mock. yH-Ta : Hayka, 2004 .— 798 c.

6. TmypmaH B.E. Teopus BepossiTHOCTEN 1 MaTtemaTudeckas ctatuctuka / B.E. T'mypmaH. — M. :
Bbicw. wk., 2004 .— 478 c.

7. HoBukoB ®.A. [luckpetHas matemaTuka ansa nporpammuctos / ®.A. HoBnkoB .— 3-e 13g. —
Cre. [v gp.] : Mutep, 2008 .— 383 c.

8. LWymakos I.B. ®apoHos B.B. Delhpi 5. PykoBoactBo paspaboTtymka 6a3 gaHHbix — M.: Honmax,
2000.

9. Pannu [1. A6cTpakumsa n cTpykTypbl gaHHbix — M.: MUP, 1993.

10. byuy I'. O6BLEKTHO-OPNEHTUPOBAHHBIN aHanM3 N NPOEKTUPOBaHUE C NPUMepamMmn NPUNOXKeHUn
Ha C++/ Mep. ¢ aHrn.- M.: spgaTtenbctBo bruHom, 1998.

11. Twokayes H.A., Ceupugos HO.T. Delhpi 5. CosgaHne MynbTUMeONNHBIX NPUNOXeHUn. — M.:
Honungx, 2000.

12. MatBeeB M.. Mogenn u meTtoabl uckyccTBeHHoro uHtennekta / M.I. Marteees, A.C.
Ceupugos, H.A. AnertHmkoBa — M.: ®uHaHcbl 1 ctatuctmka, 2008.

13. Cuporta, A. A. MeToabl 1 anropuTMbl aHanuaa AaHHbiX U x mogenuposaHne B MATLAB :
[yuebHoe nocobue] / A.A. Cupota .— CaHkT-lNeTepbypr : EXB-lNeTepbypr, 2016 .— 381 c.

6. 06pa3eu KOHTPOJTIbHO-U3MepuTenbHOro MmatTepuana

1 [lokasaTb, 4TO MOCMNeaoBaTeNnbHOCTb ABMNAETCA OrpaHNYeHHOI:
(-1)"n+10
Vn? +1
X
2 Haittn HeonpeaeneHHbIi nHTerpan | ’E dx (a > 0)

3 Ha no6om A3blke NporpaMMMpoOBaHNs peann3oBaTtb (PYHKLMIO, KOTopas BbiNOMHAET
COPTUPOBKY MacCuBa YUCMNOBbIX 3HAYEHWIA.

7. BapuaHT oTBeTa Ha KUM


http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=Ильин,%20Владимир%20Александрович%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=Тихонов,%20Андрей%20Николаевич%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=Бахвалов,%20Николай%20Сергеевич%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=Ильин,%20Владимир%20Александрович%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=Гмурман,%20Владимир%20Ефимович%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=Новиков,%20Федор%20Алексеевич%5B1,1004,4,101%5D&LANG=rus
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PeweHune 3agaHna Ne1. [Nockonbky

(=1)'n+10<|(-2)"n

+10=n+10, +/n?+1>n, TO

-1)"'n+10
(0 ‘s”+10:1+9311
n’+1 n n

|Xn|: '

4TO M O3HaYaeT OrpaHNYeHHOCTb {Xn }

PeweHune 3apgaHua Ne2. lNoabiHTerpanbHaa pyHKUMA onpegerieHa Ha npomMmexyTtke 0 <
x < a. CoenaemM 3amMeHy nepemeHHon x = a sin’t, roe 0 < t < g Torpa:

dx = 2asintcostdt
) X
sint = |—
a
o [x
t = arcsin [—
a
X
cost= [1——
a

MpumeHss dopmyny 3aMeHbl nepeMeHHOM

_ (a?sint) 2 . _ 2sin2t ) B
=/ a—@zsmp d(@sint) = J |z 2asintcostdt =

sint
= ZaJ-(COStsintcost)dt= ZaJSinztdt = 2J(1—c052t)dt=

sin 2t _
=2(t— )+c=a(t—smtcost)+c

BosBspaluasce 0T nepeMeHHOM t CHoBa K NepeMEHHON X, Nnony4yaem:

ocarcsin\/g—Z\/E ’1—£+c.
a a a

PeweHue 3apgaHna Ne3.
// peweHue Ha A3bike python

//1 BapuaHT
from random import randint

10
[]

for i in range (countMas) :

countMas

arrayMas

arrayMas.append (randint (1, 99))
print (arrayMas)

i =0
while 1 < countMas - 1:
7 =0

while j < countMas - 1 - 1i:
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if arrayMas([j] > arrayMas[j+1]:
arrayMas[j], arrayMas[j+1] = arrayMas[]j+1], arrayMas[]]
j 4= 1
i+=1

print (arrayMas)

//2 BapuaHT
def sort (mas) :
if len(mas)<=1:

return mas

else:
i=20
while i < countMas - 1:
3 =0
while j < countMas - 1 - 1i:
if arrayMas([j] > arrayMas[j+1]:
arrayMas([]j], arrayMas[]j+1] = arrayMas[j+1l], arrayMas[j]
j +=1
i+=1

return mas

from random import randint
countMas = int (input ('BBemmuTe KOJIMUECTBO BDJIEMEHTOB MaccuBa:'))
arrayMas = []
for i in range (countMas) :
arrayMas.append (randint (1, 99))

print ('McxomHeM Maccub: ',arrayMas)

print ('OTcopTHpoBaHHEM MaccuB: ',sort (arrayMas))

8. Kpntepumn oueHKM KayecTtBa noctynaroLiero
JKcnepTHasi oLeHKa YpOBHS 3HaHMK no npegnaraemon nporpamme ot 0 go 100 6annos.
MuHumanbHoe  KonuyectBOo 6GannoB, NOATBepXAawllee yCrewHoe NPOoXOoXAaeHue
BCTYNUTENbLHOIO UCnbITaHus, coctasnseT 40 6annos.



