MWUHOBPHAYKW POCCUN

®ENEPAJIBHOE MrOCYOAPCTBEHHOE BIO[PKETHOE OBPA3BOBATENIBHOE YYPEXKOEHUE
BbICLLUEIO OBPA3OBAHUA

«BOPOHEXCKWUW rOCYOAPCTBEHHbLIA YHUBEPCUTET»
(Preoy BO «BlY»)

Bpwuo pekTopa

E.E. YynaHguHa

17.01.2025 r.

NMPOrPAMMA BCTYMNMUTEINBbHOIO UCIMbITAHUA NMPU MPUEME
HA OBYYEHMUE MO NMPOrPAMMAM MATUCTPATYPbI

09.04.02 UH®POPMALIMOHHbLIE CUCTEMbI U TEXHOJIOI A

BopoHex
2025



Mporpamma paspaboTtaHa Ha ocHoBe ®I'OC Bbicwero obpasoBaHusa No nporpamme

6akanaspuata 09.03.02 NHhbopMaLNOHHbLIE CUCTEMbI U TEXHOMOMK

AHHOTaUMM K nporpaMmmMmam No HanpaBNeHUo NOAroTOBKKU
UHcopmMaLmMoHHbIe cucTeMbl U TeXHorormm (o4Hasa coopma obyyeHus)

|. HaumeHOBaHWe MarmcTepckoun nporpamMmbli:
«AHanus n cnHTe3 NHopMaLMOHHbIX CUCTEM»

PykoBoautenb maructepckon nporpamMmmbi:
3aBegyowmn kadeapon NHPOPMALUMOHHLIX CUCTEM, KaHAuaaT ous.-maT. Hayk,
poueHT bopucos [.H.

KpaTkoe onucaHue marmctepckoun nporpamMmmbi:

Maructepckas nporpamma npeacTtaBnseTr cobown Komnrekc obpasoBaTefibHbIX
KYpCOB, CEMUHAPCKMUX 3aHATUA KU nabopaTopHbiXx paboT Mo mMeTodam, TEXHOMNOrnAM u
NpakTuke pas3paboTkm mMaTtemaTuyeckoro u nporpammHoro obecneyeHuss B obnactu
aHanu3a M cuHTe3a MHEPOPMAUUOHHBLIX U MHAOPMALNOHHO-U3MEPUTENBHBLIX CUCTEM,
METOA0B 1 cpeacTB 06paboTkmn curHanoB 1 M3o06paxxeHnin B UHPOPMAaLMOHHbIX CUCTEMAX.
HaHHas obnactb, Hapsgy CO 3HaHMSMWM UM HaBblkamu paboTel B obnactu
NHOPMAaUMOHHBIX TEXHOMNOMMIK, TpebyeT OT nccnegosaTenen N paspaboTynKkoB yMEHUNA
B CKaTble CPOKM aHanuM3mpoBaTb, TBOpPYECKN nepepabaTbiBaTh M co3gaBaTbh 4OCTAaTOYHO
CNOXHble anropuTMbl K MporpamMmHble pelweHus. B pamkax nporpammbl paroTtcs
A0CTaTOYHble OCHOBbI ANS YCNewHon ganbHenwen aeatenbHoCT B obnactn obpaboTkm
N aHanu3a MynbTUMeaUNnHOW WHdopMaumm, a Takke uHpopmauun, gobbiBaemon B
NH(POPMALMOHHO-U3MEPUTENBbHBIX  CUCTEMAX PasfiMYHOro  HasHavyeHust (Cuctemsbl
a3pPOKOCMUNYECKOr0 N pagnOMOHUTOPUHIA, CUCTEMbI KOHTPONS U 3alUTbl TEXHUYECKNX
KaHanoB yTe4ykn MH(opMauumn, CUCTEMbl BbICOKOTOYHOW KOOPAMHATOMETPUKN, CUCTEMBI
BrMomeTprnyecKon MaeHTUPMKaUNN INYHOCTU 1 Np.).

BbINyCKHUK AOMmKeH BbITb NOArOTOBMNEH K A4eATENbHOCTU, TpebytoLen yrnybneHHon
dyHOaMeHTansHOU 1 npodeccruoHanbHOW NoaroToBK1, B TOM YUCNE K aHanMTU4YeCKowu,
Hay4HO-MUCCrneaoBaTenbCKon AeATenbHOCTU 1 pa3paboTke no npobrnemaTnke cUHTE3a n
aHanusa WHMOPMaLMOHHO-U3MEPUTENBbHbBIX CUCTEM C MNPUMEHEHWEM COBPEMEHHbIX
NHPOPMALMOHHBIX TEXHOMOMMW B  Hay4YHO-UCCHeaoBaTeNbCKUX, KOHCTPYKTOPCKMX,
obpasoBaTesibHbIX YYpPEXOEHUSAX N KOMMEPYECKUX CTPYKTypax. MarucTp OomKeH Takxke
ObITb FOTOB K NpenogaBaHuio LMKNa AUCUMNAWH (CUCTEMHBIN aHanuns, MOAenupoBaHue
CUCTEM, MPOEKTMPOBaHME MHOPMALUNOHHBLIX cucteMm, umdposas obpaboTka curHanos,
obpaboTka n3obpaxxeHuin, pacno3HaBaHne obpas3os 1 Ap.) HanpasBrieHNS.

Il. HamMeHOBaHWe MarucTepcKom NporpaMmmbi:
«CuncremMbl NPUKNAAHOrO UCKYCCTBEHHOIO MHTENMEeKTa»

PykoBoauTenb MaructepcKown nporpamMmmbi:
3aBefyowmin kagegpon TexHonormm obpadboTkm n 3awnTbl MHOPMaLIUKN, OOKTOP
TEXHUYeCKux Hayk, npodeccop CupoTta A.A.



KpaTkoe onucaHue marmctepckon nporpamMmmbi:

Maructepckas nporpamma npeacTtaBnseTr cobown kKomnnekc obpasoBaTefibHbIX
KYpCOB, CEMUHAPCKMUX 3aHATUA KU nabopaTopHbiXx paboT No mMeTodam, TEXHOMOrNAM U
npakTuke B 06racT MawMHHOrO OBy4YeHUss U COBPEMEHHbLIX TEXHOMOMMN MPUKIaaHOro
MCKYCCTBEHHOIO MHTESNNEKTa.

Bnok cneynanbHbIX AUCUUNIIMH BKNOYAET NEKUMOHHbIE U NPaKTUYECKNE 3aHATUS B
obnactm HeNpoHHbIX ceTen u rnyboKoro oby4eHusi, NPUMEHEHUS HENPOCETEBbLIX
TEXHOMNOMMN ANsl aHanmM3a AaHHbIX M NPOLLEeCCOB, MaTeMaTMYECKUX M KOMMbIOTEPHbIX
meTofoB 06paboTkn nsobpaxerHnn, aHanmnsa BIG DATA, pa3paboTkm cuctem npuHATUSA
peLIEHNN, KOMMNbIOTEPHOW NIMHIBUCTUKN.

Oby4arowmecs NpoxoasT NPakTUKy Ha NpeanpuaTUsSX N BeayLmnX KOMMbITEePHbIX
dupmax ropoga, ydacteylT B BbiNoriHeHUM HWNOKP u MHHOBAUMOHHBIX MpOEKTax.
BbinyckHUK  gormkeH OblTb  MOArOTOBNEH K  NpPOdecCUoHanbHOM  OeSATEeNbHOCTH,
Tpebytowwen yrnybneHHon pyHaameHTanbHoOn 1 npodeccnoHanbHOM NOAroTOBKN, B TOM
4yucrie K aHanmMTMYeckomn, Hay4dHO-UccrneaoBaTeNnbCKkon AeaATenbHOCTN U pa3paboTke no
npobnematnke COBPEMEHHbIX MHAOPMALMOHHBIX TEXHOMOMn B 06nactM MallMHHOIO
o0y4yeHUss U COBPEMEHHbIX TEXHOSOrMM MNPUKNAgHOrO WCKYCCTBEHHOIO WHTENMeKTa.
NMpepnonaraemble 00BbEKTHI AeATeNbHOCTH: Hay4HO-MccnegoBaTerbckue,
KOHCTPYKTOPCKMEe, obpasoBaTesfibHble yUpEeXaeHUs 1 KoMMepyeckue CTpykTypbl. Maructp
AOJTKEH Takke ObITb FOTOB K NpenogaBaHuio Lkna gucumnnuH (obpaboTtka nHdopmaumn,
MallMHHOE 0O0y4eHne, HEWpoHHble ceTun, obpaboTka M306paxeHun, pacno3HaBaHue
o6pa3oB 1 Ap.) C y4eToM crneumdmrKn HanpaBieHHOCTN NPOorpamMmmbl.

lll. HauMmeHOBaHWe MarncTepckom NporpamMmbi:
«MHdOopMaLMOHHbIE TEXHONOMMU B MEHEMKMEHTE»

PykoBoauTenb Maructepckou nporpamMmbi:
3aBegyowmn  Kagpeapon MHAPOPMALMOHHLIX TEXHOMOrMM ynpasneHud, LOKTOp
TeXHU4YeCKMX Hayk, npodeccop Mateees M.I".

KpaTkoe onucaHue maructepckou nporpamMmmbi:

Llenb nporpammebl - NnpuBneyYeHne NnepcnekTuBHbIX CTyaeHToB B IT BM3Hec 3a cuet
CO3[aHNA CUCTEMbI LieneBor NpodeccMoHanbHOW NOATrOTOBKM BbIMYCKHUKOB BY30B MO
Hanbonee BocTpeboBaHHbIM MHHOBALMOHHBIM IT cneunansHocTaM. Kypc npegHasHadeH
Ans NOAroTOBKW creumanucToB ynpaeneHus |IT npoueccamv M OpUEHTMPOBAH Ha
AanbHenwee TpyaoyCTPONCTBO B NPOU3BOACTBEHHbIE U KOHCANTUHIOBbLIE KOMMaHUMW.

[Mporpamma HanpasneHa Ha NOArOTOBKY CreunanuMcToB CNOCOOHbLIX co3daBaTth U
aKkcnnyaTMpoBatb WMHOPMAUMOHHbIE CUCTEMbI  ynpasrieHns BusHec-npoueccamm
NpeanpuATUA, pellaTtb aHanuMTMyeckme 3agayu ynpasneHmsi OU3HecomM B COOTBETCTBUM C
TpeboBaHMAMU npoeccrnoHanbHbIX cTaHaapToB no HanpaBneHuto —
«MHpopMaUnOHHbIE CUCTEMbI yNpaBrieHNa NpeanpuaTnemM».

[Mporpamma BKNOYaeT ABa OCHOBHbIX LKA gucuunimH obecneymBatonx 3HaHns
N KOMNETEHUUN B 0651aCTU MHPOPMALIMOHHBIX TEXHOSOMMA N AKOHOMUKN U yNpaBreHns
npeanpusaTuem.

V. HaumeHOBaHMe MarucTepcKom NporpaMmmsbi:
«MoGunbHbIe NPUNOXEHUSI U KOMNbIOTEPHbIE UTPbI»



PykoBoautenb maructepckon nporpamMmmbi:
3aBefylolmMn Kapegpon nNporpamMMmMpoBaHUA U MHOPMALMOHHBLIX TEXHOSOMMHN,
AOKTOp dom3.-maT. Hayk, npodeccop MaxopTtos C.[.

KpaTkoe onncaHme maructepckom nporpaMmmbil:

«MoOunbHbIE NPUNOXEHUST U KOMMbIOTEPHbIE WIPbl» — HOBasi Marncrtepckas
nporpamma, otkpbiTasa Ha ®PKH BI'Y ¢ 2020 roga B xo4e BbINOMHEHNA MeXOYyHapO4HOro
npoekta MAGNnUS (Master's Program in Mobile Application Development and Game
Design, https://magnus2020.org/).

PaspaboTaHHasa nporpamma obecnevnBaeT COOTBETCTBYIOLLYIO MUPOBOMY YPOBHIO
NOAroTOBKY BbICOKOMPOMECCUOHAaNbHbIX CNeLManmcToB B OTHOCUTENBHO HOBOM M BECbMa
NepcnekTMBHOM 061acT KOMNbIOTEPHbIX HaYK.

Y4yebHbI NnaH BKMOYaeT YHUKanbHbIM HAbOp OMCUMMNNH, OXBaTbiBaKOLWNA BCE
CTagun >KU3HEHHOMO LMKNa MOOUIBbHBLIX MNPUMAOKEHUA U  KOMMbIOTEPHbIX WUrp, OT
TEOpPEeTMYECKMX OCHOB A0 pa3paboTku, NOAAEPXKKN N NPOABMKEHMS (MOHETU3ALMN).

B nporpamme, Kpome OCHOBHOro npodeccuoHanbHoOro 65i0ka AUCUUMIINH,
NpeaycMoTpeEH crieunarnbHbIi Kype No npeanpuHMMaTenbCTBY, BKNHOYAKOLWNA TakKNe TEMBbI
Kak pa3paboTka 6usHec-nnaHa, MapkeTuHr, NPON3BOACTBO U NPOAaXK, TBOPYECTBO.

[MpenogaBatenu nporpammbl NPOXOAAT WUHTEHCMBHbIE CEMUHApPbl U TPEHUHIN B
€BPOnNencKnx yHMBepcuTeTax-napTHepax, YNTarT Tam NPobHbIe NEKLMN Ha aHrNMUACKOM
A3bIKe, U3y4aloT MEXAYHAPOAHYIO NPaKTUKY OpraHu3aumm y4ebHoro npotecca.



BCTyI'IVITeanoe ncnbiTaHne no auncumniimHe ((KOMI'Ibl-OTeprIe n
MaTeMaTndeCckme Haykm»
CDopma BCTYNNTENbHOINO UCNbITAaHUA: NMUCbMEHHbIN 3K3aMEH.

Mporpamma BCTyNUTENbLHOro UCNbITAHUA NO
AncumnnuHe «KoMmnbloTepHble U MaTeMaTUYECKME HAYKU»

2. CocrtaButenu: Kpbinoseukun A.A., gekaH ®PKH, Bbopucos [.H., goueHT, 3aB.
kadpegpon UNC, Cupota A.A., npodeccop, 3aB. kadegpon TOu3WN, Maxoptos C.[.,
npodoeccop, 3aB. kadegpon MuAT, Kypranud C.[., npodeccop, 3aB. kadenpon LIT.,
Cupota E.A., poueHT kadegpa LT, MutpodaHoBa E.HO., goueHT kadegpbl TOn3N,
3amectuteno gekaHa ®KH no yyebHom pabote, AtaHoB A.B. goueHT kadeapsl UT,
AoueHT, 3amectutens gekaHa ®KH no yyebHon pabote

3. OCHOBHbIe 3HaHUSA, YMEHUA N HaBblKK, KOTOPbIMW AOKEeH obnaaaTb
NOCTynaroLWm1n.

[lomkeH 3HaTb:

- OCHOBHbI€ MOHATUA U MeTOAbl MaTeMaTU4YecKoro aHanmsa, NuHenHown anrebpbl,
9NIeMEHTOB  MaTeMaTUyecKoW  NOruKW,  AUCKPETHOW mMaTeMaTukM,  Teopuu
andpdepeHumnanbHbiX YpaBHEHUA N 3NIEMEHTOB TEOPUN YpPaBHEHUN MaTemMaTUyYeCKOom
M3UNKKN, TEOPUN BEPOSATHOCTEN N MaTeEMATUYECKOM CTAaTUCTUKN, CryYanHbIX NPOLEeCccoB,
CTaTUCTUYECKOrO OLEHMBAHMS W NPOBEPKU rMNoTe3, TexHornormin obpaboTku
NHOpMaLMK, 3NEMEHTOB TEOPUM (PYHKLMA KOMMIEKCHOIO NepeMeHHOoro.

- onepaumnoHHbIe CUCTEMbI, MPUHUUMBI ynpaBreHna cetbto IBM; oauH n3 s3bikoB
NPOrpaMMMpPOBaHUs, CTPYKTYPY JOKamnbHbIX W rNoBanbHbIX BbIMUCIIUTENBHLIX CETew;
CTPYKTYPbl OaHHbIX, CTPYKTYpYy, COCTaB M CBOWCTBA WH(OPMAaLMOHHBLIX MNPOLECCOB,
cuctemM u  TexHonorun, 6asoBble M NpUKNagHble WHAOPMAUMOHHbLIE TEXHOMOruM,
Knaccuukaumo MHMOPMALMOHHBLIX CUCTEM, MpuUHUMNLI U 6Gas3oBble KOHLENUUu
TEXHOMNOMMN NPOrpaMMMpPOBaHUs, OCHOBHbIE MOSIOXEHUA Teopun 6a3 M XpaHunuuy,
AaHHbIX, 6a3 3HaHWUN, OCHOBHbIE BMAbI U Npouenypbl 06paboTkn HopmaLmmn, Teoputo
TEXHOSOMMN  UCKYCCTBEHHOIO WHTENSeKTa, anroputMbl  MALIWMHHOIO OBy4YeHus U
KnacTepHOro aHanusa, CoCcTaB U CTPYKTYPY MHCTPYMEHTanNbHbIX CPeaAcTB, MEeTO40MN0Mm
pa3paboTkn 1 NPOEKTUPOBAHUS UHAPOPMALIMOHHBIX CUCTEM.

HormkeH ymeTb:

- NPUMEHATb MaTeMaTudeckne MeToabl Npy pelleHun npodeccnoHanbHblX 3agay
NOBbILLEHHOW CIOXHOCTH.

[ormKeH UMeTb HaBbIKK:

- MNOCTpPOEHMs MaTemMaTMyeckon Moenn npodeccuoHanbHbIX 3agady W
copepxaTeribHON UHTepnpeTauumn NosfyvyeHHbIX pe3yrbTaToB.

- paboTtaTb B KadecTBe MOMb3oBaTesnis C MNepcoHasribHbIM KOMMbLIOTEPOM U
nporpamMMHbIMU cpeacTBamMu obLlero HasHayeHus, UCNoNb30BaTh SA3bIKM U CUCTEMBI
NporpaMMuMpoOBaHus  Ons  pelweHns npodeccnoHanbHblX 3ajad, paspabaTtbiBaTb
NHPOPMALMOHHO-NIOMMYECKYI0,  OYHKUMOHANbHYKO U OBBHEKTHO-OPUEHTUPOBAHHYIO
MOAENN MHPOPMALMOHHBIX CUCTEM, MOAENN OaHHbIX, UHCTaNMpoBaTb, TECTUPOBaTbL U
MCNonb30BaTb MPOrPaMMHbIE KOMMOHEHTbl MH(OPMAUNOHHBIX CUCTEM, MNPUMEHATb
NHOPMaLVOHHbIE TEXHOMNOIMMM NPU NPOEKTUPOBAHNN NHAPOPMALIMOHHBIX CUCTEM,;



- noucka u obmeHa WHopMauuen B foKamnbHbIX M rnobanbHbIX KOMMbIOTEPHbIX
ceTsiX, NpeaCTaBNeHns 1 aHanu3a AaHHbIX U 3HaHUKW O NpeaMeTHon obnacTtu, paboTbl C
mMeTodamu U cpeacTBamMu aHanvaa U peanusauum npoekta MHPOPMaLMOHHON CUCTEMBI,
BNageHus si3blkaMy NpoLeaypHoro 1 06beKTHO-OPMEHTUPOBAHHOIO NPOrPaMMUPOBaHMS,
MHCTPYMEHTanbHbIMKM cpeacTBamMu 00paboTkm WMHoOpMaUMN, WHTENNEKTyanbHOro
aHanu3a OaHHbIX, BNageHUss UHTenneKkTyanbHbIMU TEXHOOIMSIMU NOAOEPXKKN NPUHATUS
peLLeHnn, MaTeMaTUYECKOro U CTPYKTYPHOrO B BMAE OMOK-CXEM OMMcaHusi anropuTMoB
006paboTku MHopMaLUn U MaIMHHOIO 0By4YeHus.

4. TemaTnyeckum nnaH

4.1 MaTemaTndeckum aHanms
1 Teopema Benepwtpacca o MakCMmMyme U MUHUMYME HenpepbIBHON PYHKLNN.
2 ®opmyna Tennopa € oCTaToOYHbIM 4YrieHOM B bopMe JlarpaHxa, ¢ OCTaTO4YHbIM
4yfieHom B oopme [leaHo.
3 WHTterpan PumaHa ¢ nepemeHHbIM BepxHMM npegenom. CyulectBoBaHue
nepBoobpasHon HenpepbiBHOM hyHKUMN. Popmyna HetoToHa-JlenbHuua.
4 YcnoBue HE3aBUCMMOCTU KPUBOMMHEWHOTO MHTErpana oT NyTU MHTEerpMpoBaHus.
dopwmyna MNpuHa.
5 O®OyHKUMM KOMMMEKCHOrO0 MNEepeMEHHOro: rnokasaTefbHas, CUHYC, KOCUHYC.
OCHOBHblE CBOWCTBA.
4.2 QnddepeHumanbHble ypaBHEHNSA
1 YpaBHeHUs C pa3gensowmmMmca nepeMeHHbIMN.
2 YpaBHeHVA B NOMHbIX guddepeHuymanax.
3 JluHenHble opHopoaHble AnddepeHunanbHble YypaBHEHUA C  MOCTOAHHbLIMU

KoadhpuumeHTamm.

4 CBoMCTBa peleHUn CUCTEM JMHEWHbIX OAHOPOAHbLIX AuddepeHLmanbHbIX
ypaBHEHUMN.

5 CaoncTBa peleHUn CUCTEM JIMHEWHbIX HEeOOHOPOAHbIX AudddepeHunanbHbIX
ypaBHEHUMN.

6 JIMHenHble ypaBHEHNS B YaCTHbIX NPOU3BOAHbLIX NEPBOro nopsaaka.
4.3 Anrebpa n reomeTpus

1 Cuctembl NUHEWHbIX yYpaBHEHUN, paBHOcUrbHble CJTY, KpuTepuin COBMECTHOCTU
Chny, peweHne CJTY meTogom nocnegoBaTefibHOrO UCKITIOYEHUSI MEPEMEHHbIX.

2 Onpegenutenu, nx CBOMCTBA, pasfioXeHne onpeaennutens no CTpoke nunu ctonouy,
npasuso Kpamepa.

3 BeKTOpHble MPOCTpaHCTBa, UX CBOWCTBA, fIMHEWHAA 3aBUCMMOCTb W JNIMHEWHas
HEe3aBMCUMOCTb BEKTOPOB, pasnoxeHue BekTopa no 6asucy.

4 JlMHeWHble onepaTopbl, CBA3b Mexay MaTpuuamMmn JFIMHEWHOro onepartopa
OTHOCUTENBHO pas3nuyHbiX 6a3ncoB, COBCTBEHHblE BEKTOPbl U COBCTBEHHbIE
3HaYeHUs1, XxapakTepPUCTUYECKOE YpaBHEHME.

5 TpsaAmas Ha NoCKOCTU: cnocobbl 3a4aHnsA U BbIBOL YPaBHEHWIA.

4.4 MeToabl BblHUCNEHUN

1 WHTepnonupoBaHue n npubnmkeHne yHKunin. MHTepnonsumoHHbIE MHOMOYSEHDI
NarpaHxa, HetoToHa. CnnanHbl. NocTpoeHne Kybnieckoro MHTEPRONALNOHHOMO
cnnavHa.

2 KeagpaTypHble hopMyrbl NPAMOYrofibHUKOB, Tpaneumn, CUMMNCOHa, OLLEHKN
norpewHocTn. KsagpaTypHble popmynbl Maycca. KpaTHble nHTerparnoi.



3 OcHoBHble 3agauun nnuHenHon anredpbl. MeToa Maycca, metoa nporoHkn. MeTtop,
npocToun ntepauunun, metopg raycca-3engens.
4 [MpubnuxeHHble meToabl pewerHuns OY. Meton Annepa. Mogndukaunm metoaa
onnepa. Metoabl PyHre-KyTTa.
5 TpubnuxeHHble MeToabl peLleHNsa ypaBHEHUIN B YACTHbIX NPOU3BOOHbIX.
4.5 YpaBHeHUs maTteMaTndeckon usnkm
dusmyeckme 3agayu, npuBogsALLNE K ypaBHEHUAM B YACTHbIX NPOU3BOOHbIX.
Knaccungukaums ypaBHEHUI B YaCTHbIX MPOU3BOLHbLIX BTOPOro nopsagka.
YpaBHeHua runepbonuyeckoro tuna. Metog dypoe. ®opmyna Janambepa.
YpaBHeHusa napabonmyeckoro tuna. PyHKUNS UCTOUHMKA AN YpaBHEHUS
TEennonpoBO4HOCTH.
KpaeBble 3agayun onsa ypasHeHus Jlannaca.
OOwwme cBoncTBa rapMOHMYECKMUX (PYHKLINA.
4.6 Teopuna BEPOATHOCTEN N MaTeMaTUYecKasi CTaTUCTMKA
1 Knaccudpukaumsa criydamHbIX BennYmMH. YucnoBble XapaKTePUCTUKWU CryYanHbIX
BENMUYNH.
MpenenbHaa Teopema Teopun BEPOATHOCTEN.
3 To4eyHble OLEHKM HEM3BECTHbIX NapaMeTpoB: onpeaerieHnsi, CBOMCTBa, MeToabl
HaxoXaeHn4.
Kputepuii cornacus 12,
dopmyna bawneca.
Pacnpenenenue Naycca.
4.7 [InckpeTHaa mateMaTnka n matemaTnyeckas formka
bynesckue yHKLMM 1 CNOcobbl X NPeaCTaBNEHUS.
lMonHoTa n HeENPOTUBOPEYMBOCTb JTIOMMKN BbICKa3blBaHUMN.
OrpaHun4eHHble geTepMUHUpoBaHHble PyHKUMK (OP) 1 KOHeYHble aBTOMAaThI.
Heobxogumble UM [OCTaTOYHble  YCNOBUA  OAHO3HAYHOCTW  andaBUTHOIO
KOANPOBaAHUS.
5 PeKypcuBHbIE U BblYUCNMbIE (MO ThIOPUHIY) PyHKLMN.
4.8. OCHOBbI NpOrpaMmMMpoBaHnS
OnepaunoHHble CUCTEMbl, Ha3HadeHwe, BbiNorHaeMble dyHKUMKU. [puHUMNbI
ynpasneHus ceTbto IBM. TexHonormyeckme npuHUmMnbl cosganHunsa nporpamm. CMHTaKcuc
N CEeMaHTMKa S$3bIKOB MNpPOrpaMMuMpoBaHus. Peanu3auma OCHOBHbIX YrpaBnsaoLmnX
CTPYKTYp B AA3blkax nporpammmnpoBaHus NMackans n CU. Mapagnrmbl nporpamMmmMmnpoBaHust:
npouenypHasi, AeknapatneHasi, 06 beKTHO-OpUEeHTUPOBaHHAS.
4.9. O6BEKTHO-OPUEHTUPOBAHHLIM NOAX0A K pa3paboTke nporpamMmm
[MpocTble N CnoXxHble NporpamMmmMmHble cuctembl. Mepapxma abecTpakumn, KoHLenumns
OOrll. HacnepoBaHue, cdepa pOencteMss MeToga, aBTopu3auus  AOOCTyna,
pacwmpsaemMocTb 06beKkToB. Hacnenyemble ctatudeckne metoabl. BupTyanbHble MeToabl
n nonimmopdunsm. AnHammyeckme ob6bekTbl. KOHCTPYKTOPbI U ECTPYKTOPSI.
4.10. OCHOBHbIE MOHATUS CTPYKTYP AaHHbIX
Tpy ypoOBHS oONUCaHUA CTPYKTYP QJaHHbIX: (PyHKUMOHaNbHas creundgukaums,
noruyeckoe onucaHue, duandeckoe npeactasneHne. KoHuenuus Tuna LaHHbIX.
CosgaHne cnucka, NPOCMOTP CnUCKa, BKMKOYEHME B CMUCOK W yaarneHue u3 chnmcka
anemeHToB. [loHATMe cTeka. [lakeT npouenyp QYHKUMOHaANLHOW cneundukauum.
BuHapHblie aepeBbsa. COpTUPOBKM U NX Knaccugukaums.
4.11. TexHonorus nporpaMmMmmpoBaHuns
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ONEeMeHTbI TEXHONOormmn nporpaMmmMmMpoBaHuS. CsoncrtBa nporpaMmmbi:
paboToCnoCoObHOCTb, 4MTabenbHOCTb, 3P EKTUBHOCTL, 3aTpaTbl Ha pas3paboTky,
CTOMMOCTb conpoBOXAeHUS. XXU3HEHHbIN UMKN nporpaMmmbl. MpoekTbl 1 crnocodbbl nx
npencraeneHns. Hucxogsiasa n Bocxoasilas TeXHOMornsa nporpammupoBaHnda. Metoa
BEepTUKaNbHOro  CrnoeHusl, B3aumogencteme cnoes. OnpegeneHne  moayns,
nporpammupoBaHMe  moaynen.  CTpykTypHoe  nporpammupoBaHuMe.  OCHOBHbIE
ynpasnsawowme KoHcTpykumn. OTnagka u tectupoBaHne. ABTOHOMHOE M KOMIIEKCHOE
TeCcTupoBaHue. OKcrnyaTaunoHHas [OOKYMEHTauus: pPyKOBOACTBO MOfb30oBaTens,
PYKOBOACTBO CMCTEMHOrO NporpaMmmucTa.

4.12. basbl 1 XxpaHunuuwa gaHHbIX

[MoHAaTne 6a3bl AaHHbLIX U cUCTEMY ynpaBneHust 6ason gaHHbIX. OCHOBHbLIE MOAEeNn
OAHHbIX:  Mepapxuyeckue ceTeBble, pPensauUMOHHble, OObEeKTHble U  OOBLEKTHO-
OPVUEHTUPOBAHHbLIE,  OOBLEKTHO-PENsAUMOHHbIE, MOAEeNb  AaHHbiXx SQL. Bwugbl
knaccndukaunm 6a3 gaHHbix. OCHOBbI pensunoHHon anrebpbl. PenaumoHHas moaenb
AaHHbIX. [pyvHUMNBI HopManusaumm, HopmarnbHble dopmbl. OOWmMe cBeaeHns O A3blke
SQL. lNMoHATME XpaHunuwia gaHHbIX, MPUHLKUMLI OpraHmM3aummn XxpaHmnuiia.

4.13. A\CKYyCCTBEHHbIN UHTENNEKT

OCHOBHbIE MOHATUSA UCKYCCTBEHHOIO MHTENNEKTA, AaHHbIE U 3HAaHUSA. HanpaBneHus
NCKYCCTBEHHOIO WHTESNNEeKTa; 3KCMepTHble CUCTEMbI, WHXEHEPUS 3HAHWW, He4veTKune
CUCTEMbI, HEWPOHHbIE CETWU, reHeTU4eckue asnropuTMbl, MyJibTUAreHTHblE CUCTEMBbI.
Mogenu npeacTaBfeHUs 3HAHUKW: NOrMYEcKMe MOLENN, OCHOBAHHble Ha GUHapHON ©
HEeYeTKOW 5lornmke, cemaHTuyeckne ceTun, penmbl. MHCTpyMeHTanbHble CUCTEMBI
00paboTkn 3HaHWI, A3bIK Mposor.

4.14. Teopus 6a3 gaHHbIX

Mogenb «CyLHOCTb-CBA3b, NOHATME, HA3HAYEHME CYLLHOCTWN, CBOWCTBA, CBSA3U, CTENEHb
CBsA3N, 00A3aTeNbHOCTL/HEODA3aTENBHOCTL CBA3N.

OrpaHn4eHns LenocTHOCTN Basbl JaHHbIX Ha YpoBHe aTpubyTa, KopTexa, OTHOLIEHUS,
6a3bl gaHHbIX. CCbiNoYHasa LENOCTHOCTb, NOTEHUNANbHbLIE, NEPBUYHbIE, BHELLHNE KIHOYMN.
OrpaHundeHne NOT NULL. Peanusauus orpaHnyeHnn LenocTtHOCTM 6asbl AaHHbIX Npu
nomoLm Tpurrepos. [leknapaTtnBHble OrpaHUYeHuUs LLeSTOCTHOCTU B A3blke SQL.
Hopmanuaauma oOTHoweHun 6a3bl gaHHbIX. PyHKUMOHaNbHass W MHOrO3HadHas
3aBucumocTtu. HopmansHble doopmbl oTHoweHun B (1H®, 2H®, 3H®, HOBK, 4H®).
CTpyKTYypbl XpaHeHns gaHHbIX. MHoekcnpoBaHue gaHHbIX. CTPYKTYpbl MHAEKCOB JaHHbIX.
TpaH3akumn. BocctaHoBneHne gaHHbix B npu cbosix. TpaH3akuum v napannennsm.
Cepuanunsaumsi TpaH3akumuim ¢ NOMOLLbIO 61OKMPOBOK. Tynuku.

Onepauuun pendunoHHon anredpbl. [MoONHOTA M 3aMKHYTOCTb PENSALMOHHON anrebpbl.
PensunoHHas anrebpa n saselik SQL. Onepatop a3bika SQL SELECT. CoeauHeHue
oTHoweHun ( JOIN), arperaTHble OyHKLUK, TPYNNUPOBKa AaHHbIX.

4.15 Apxntektypa 3BM u cuctemnoe MO

PoHHENMaHOBCKME MPUHUUNLI peanu3aumnn SBM.

dopmaT KoMaHA4 1 MeToAbl agpecaunu.

Mogcuctema BBoga/BbiBoga. Pexunmbl obmeHa uHgopmaumen ¢ BHELHUMMU
ycTponcTBamu. Mlepapxusa BBoga/BbiBofa B BblYUCIIUTENBHOW CUCTEME.

YnpasneHue namatblo. dusndeckas u BupTyanbHas namsatb. CTpaHM4yHasi opraHmsaums
namaTu.

ApXUTEKTYpHble cnocobbl MOBbILLEHNSA Npon3BoANTENLHOCTM OBM.

CocTosiHMe NOTOKOB B MHOro3aga4yHom cucTteMe C pasgeneHnemM BpeMeHN.

Cemadpopsbl. Ix ncnonb3oBaHne B MHOFONOTOYHbIX MPUNOXEHUSX.



Tynukn B MHOro3aga4HbiX NPUNOXeHUsX.

4.16. TexHonormn o6paboTknm MHoOpMaumm M MawunHHoe obydveHme. ObBias cxema
npouecca 06paboTkm nHpopmaummn. OCHOBHbIE Npouenypbl 06paboTkn MHGopMaLmn.
Knaccudukauma 6a3oBbix noaxoaoB kK obpaboTtke mHpopmaumn. banecosckasa teopus
peweHnn. Pewatowee npaBumno Ha OCHOBE MUHMMYMa YCFOBHOro pucka. Pewatowmne
npaBufia Ha OCHOBE MakCMMyMa arnoCTepUOPHOW BEPOSITHOCTM U PYHKUUK
npasgonogobus. [MoHaTne pasgenswowmx  dyHkumn.  O6obuieHHaa  CcTpykTypa
pewatowero npasuna. OueHka owunbok. Pacno3HaBaHume o006pa3oB, OMMCbIBAEMbIX
rayCCoBCKMMM BekTOopamun.PacnosHaBaHMe o006pa3oB, OMNUCbIBAEMbIX [ayCCOBCKUMU
BekTopamn. PacnosHaBaHue 06pasoB, OMUCbIBAEMbIX MNPOU3BOSIbHLIMKU  3aKOHaMM
pacnpegeneHnsa. Pacno3HaBaHve o0pa3oB, OnNMCbiBaeMblX OMHapHbIMU MpPU3HaKaMMW.
MapameTpuyeckoe obyyeHMe B 3agadax pacno3HaBaHus. MeTtogbl Makcumyma
npaBgonogobus M MakcMMymMa anocTepUMOpHOM BeposiTHOCTWU. [loacTaHOBOYHbIE
anroputMmbl. HenapameTpudeckoe obyyeHve B 3agjadyax pacnosHaBaHuda. MeTtopq
Map3eHa. MeTog K-6nmxkanwmx cocegen. PacnosHasaHme 06pas3os ¢ NOMOLLbIO (OYHKLNIA
paccTosiHus (Mep 6nmsoctn). MeTon OnopHbIX BEKTOPOB. HenuHenHble Npeobpa3oBaHus
N cnpamMnsowme npocTpaHcTea. KOMNO3NUWOHHbIE anropuTMbl, onvcaHne n 6asosble
nogxoabl. Komnoamunn Ha ocHoBe BarrmHra (anroputm criydamHbin nec). Komnoamumm Ha
ocHoBe 6OyctuHra (anroputm adaboost). Knactepmsaums obpasos. Kputepuu
adpdpekTnBHocTN.  Anroput™m  K-cpegHux. Knactepusaumsa obpasoB. Kputepumn
adpdpekTnBHOCTUN. Mepapxnyeckue npouenypbl rpynnupoaHmsa. OCHOBbI PEFPECCUOHHOIO
aHanusa gaHHbIX.

5. Cnucok pekomeHayeMmoun nutepartypbl

1. Wnbun B. A. Martematnyeckmn aHanm3 : yy4ebHuk : B 2 4. / B.A. VnbuH, B.A.
CapoBHuumi, B.X. CeHgoB ; Mock. roc. yH-T um. M.B. JlomoHocoBa; nog pea. A.H.
TuxoHoBa .— M. : [pocnekT : N3a-80 Mock. yH-Ta, 2006.

2. TuxoHoB A.H. [indbpepeHumansHble ypasHeHus / A.H. TuxoHos, A.b. Bacunbea, A.l.
CeewHnkoB ; Mock. roc. yH-T um. M.B.JlomoHocoBa .— W3g. 4-e, ctep. — M. :
PUBMATIINT, 2005 .— 253 c.

3. baxsanos H.C. YucneHHuble meToabl / H. C. Baxsanos, H. I'. >Knakos., I'. M. KobenbkoB
; Mock. roc. yH-T um. M.B. JlomoHocoBa .— 4-e u3g. — M. : BUHOM. J1a6. 3HaHuin, 2006
.— 636 c.

4. UnbwH B.A. JlnHenHas anrebpa v aHanutnyeckasa reometpus / B.A. Inbun, I'.[0. Kum ;
Mock. roc. yH-T uMm. M.B. JlomoHocoBa .— 3-e u3a., nepepab. n gon. — M. : I3g-8o Mock.
yH-Ta : Npocnekt, 2007 .— 392 c.

5. TuxoHoB AHapen HukonaeBud. YpaBHeHMs maTematuyeckon omsmkm / A.H. TUXOHOB,
A.A. Camapcknin. — 7-e usg. — M. : N3g-Bo Mock. yH-Ta : Hayka, 2004 .— 798 c.

6. T'MypmaH B.E. Teopusa BepoaTHOCTEN N MaTemMaTmnyeckasa ctatuctuka / B.E. T'mypmaH.
— M. : Bbicw. wk., 2004 .— 478 c.

7. HoBukoB ®.A. [nckpeTHasa matemaTuka anst nporpammmctos / ®.A. HoBukos .— 3-e
nsg. — CMe. v gp.] : Mutep, 2008 .— 383 c.

8. lymakos IN.B. ®apoHos B.B. Delhpi 5. PykoBoacteso paspabotumka 6a3 gaHHbIX — M.:
Honungx, 2000.

9. Pannu [1. A6CcTpakuma n cTpykTypbl gaHHblx — M.: MUP, 1993.



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=Тихонов,%20Андрей%20Николаевич%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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10. byy I OOBEKTHO-OPUEHTUPOBAHHBIA aHanM3 W MPOEKTUPOBAHME C NpuMepamu
npunoxeHun Ha C++/ [ep. ¢ aHrn.- M.: UspgaTtensctBo buHom, 1998.

11. TwokaueB H.A., Ceupungos HO.T. Delhpi 5. CosgaHne MynbTUMEANNHBLIX NPUIOXEHWIA.
— M.: Honngx, 2000.

12. MaTtBeeB M.I". Mogenu n metoabl ckyccteeHHoro nHtennekra / M.I'. MaTeees, A.C.
Csupungos, H.A. AnenHukoBa — M.: ®nHaHcbl U cTatuctmka, 2008.

13. CupoTa, AnekcaHgp AHaTtonbeBmy. Metoabl M anroputMbl aHanu3a OaHHbIX N KX
mogenuposaHne B MATLAB : [yuebHoe nocobue] / A.A. Cupota .— CaHkT-lNeTepbypr :
BEXB-lMeTepbypr, 2016 .— 381 c.

6. OOpas3eu KOHTPOJIbHO-U3MEPUTESNILHOIo MaTepuana

1. PewnTb cnenytoLLyto KpaeByto 3agavy:

-

u —9u, =1+2xt+ 5tsin(37ﬂxj, x€[0]],

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

2. ,D,aTb MaTemMaTn4eckoe onncaHne and arroputMoB KiiaCTepHOro aHasnum3a, a MMeHHO
Ana anropntma K-means un anropuTMa nepapxmyeckoe rpynnmpoBKn.

3. HeopueHTupoBaHHbIv rpadp G 3agaH maTpuyuen CMEXHOCTM BEPLUWH a: ali, j] = 1, ecnu
BEPLLUMHA C HOMEPOM i — CMEXHas (CBA3aHa) C BEPLUMHOM j.
Ha nobom A3bike nporpaMmmupoBaHus peannsoBaTb (QYHKUMIO, KOTopasi NpoBepseT,

ansetca nu rpad G cBA3HbIM. PyHKUMA (MeTod) OOMMKHa B KadecTBe napameTpa
NPUHUMATb MaTpuLy CMEXHOCTM M BO3BpallaTb fornyeckoe 3HadeHue (true — rpad
cBa3Hbl, false — He cBA3HbIN). [lpn HeobXxoaMMOCTM MOXHO peanusoBaTtb
BCNomMoraTernbHble OyHKUMK (MeToabl).

7. BapnaHTt otBeTa Ha KUM

PeweHue 3agaHunsa Ne1.

YTto0OBI cBECTH BCE K 3aJJauc C OAHOPOAHBIMH I'PAHUYHBIMU YCIIOBUAMHU, CACIACM 3aMCHY

HEW3BECTHOUW (PYHKITUU BUJIA
u(x,t)=H(xt) +u(xt),
rne H (X, t) — mo0ast GyHKIHSI, yIOBIETBOPSIONIAS HEOJHOPOHBIM TPAHUYHBIM yCIIOBUSM,

T. €.
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H(0,t)=t,H (Lt)=t".
Byznem uckats H (X,1) B BHAE
H(x,t)=a(t) + xb(t).
Heonpenenennsie K03(PUIUEHTH HARIEM C TOMOMIBIO TPAHUYHBIX YCIOBHIA:

H(0,t) =a(t) =t,
H (Lt)=b(t) =t

Taxum o6pazom, uckomast pyuxrms H (X,t) BBITJISIIUT CJICAYIOIIUM 00pa3oMm:
H(x,t) =t + xt*.
BrImoTHUB 3aMeHy HEM3BECTHOU (DYHKIIMU
u(x,t) =t + xt> + U (x,t),

IIOJIYUYHM 3aJa4y C OAHOPOAHBIMUA I'PAHUYHBIMHU YCIOBHUAMU

e

090 = 5tsin(37ﬂx} x €[0.],

1G(0,t) =0, (Lt) =0,
u(x,0) =3x.

O yHKIUIO U(X,t) MIPEICTaBUM B BUJI€ CYMMBI JIBYX KOMIIOHEHT
u(x,t)=V(x,t) +W(x,t),

ABIOIUXCS PCIICHUCM CICAYIOIIUX 3a/1a4:
( . (3nx
W —9W_=5tsinj — |, x€[0,1],
V. —9V_ =0,xe[0], T ( 2 ) clod]
V(0,t)=0,V, (1,t) =0, W (0,t)=0,W (1,t) =0,
V (x,0) = 3x. W (x,0) =0.

Haiinem cuagana gynxuuro V (X,1). Jlns storo noumenm pewenst, npeacraBumsie B
Brje npousseaeHust V (X,t) =X (X)T (t) :

XT'—9X"T =0.

[Tonenus 310 paBeHCTBO HA 9XT | 3aTeM pa3/iesIuB IIEPEMEHHBIE, OJIYYUM
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T ! X "
= — =const.
ar X

KoHcTaHTy B mpaBoi yacTH il y1o0cTBa 0003HaUMM Kak — A°. B pe3ynpTaTe nosydnm

CJIE/IyIOIINE 1BA YPABHECHHUS:
X"+ XX =0,
T'+94°T =0.
Peunm ypasHenne uist X (X):
X (x) =C, cos(Ax) + C, sin(Ax).
C yuerom rpanmunsix yenosuii X(0)=0, X'(1))=0, nomyunm crexyioumii HaGop
pEeLICHNN:

X (X)=C, sin(4.x), 4, =%(1+ 2n),neZ.

Cpenu Haiinennex X (X) muHeitHO He3aBHCHMBIME OyIyT (yHKIIHH
X (X)=sin(4 x),n=012,... .
HaxoxumM BpeMeHHY0 KoMmoseHty 1 (L)

T,()= A",

VmuoxaeMm X, (X) va T (t) u cxnagsiBaem:
V(x,t) = z X (T (t) = z A e sin(4, ).
Vcrons3yeM HadalbHbIe yeaoBus V (X,O) =3X:
V(x,0) = f{;Aj sin(2 x) = 3x.

Koopdurmentsr A MoxkHO HaiiTH, pasnoxkus GyHKIHIO 3X B pan Pypee:

63|n2,

A = 2j3xsm(/1 X)dX =

n

Taxum o6pazom, Gpyukmus V (X,t) BBITJISJIAT CIICAYIONIUM 00pa3oM:

V(x,t) = i“ﬁf e sin(A, x).

n
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Tenepp Haiinem QyHKIUIO W (X,t). Jlns aToro 3anuiuem ee B Buae psana Oypse 1o

6asucy X, (X):
W(x,t) =S W, 0)X, (x) = YW, (t)sin(4, x).

[ToxcraBum naHHOE BBIPAXKEHUE B YPABHEHUE IS W (X,t) :

S W/ (t)sin(A, %) — 93 W, (£)(sin(2,X))" = 5tsin(37ﬂx).
n=0 n=0
[Tociie HEKOTOPBIX YIPOIICHUH MTOTYIUM CIICIYIOIIEE PaBEHCTBO:

(W () + 9A2W, () )sin(4, X) = 5tsin(37ﬂxj.

n=0

T
[MoncraBum A, = 2 (1+ 2n) B 5TO COOTHOLIEHUE:

o0

Z(Wn'(t) +

n=0

97’
A

(L+2n)°W. (t)jsin(%(u 2n)xj = 5tsin(37ﬂxj.

[IpupaBuuBas ko>(OPUIIMEHTH TPU OJMHAKOBBIX CHHYCAaX B JIEBOW W MPaBOM YaCTH,
MOJIYYUM CJIETYIOIINM HAaOOp ypaBHEHUI:

97

2
4 (L+2n)’W_(t)=0,n =1,

W/(t) +

817
;W) =5t

Wi(t) +

C yuerom ogHopoaubix HauanbHbx yenosuit W (0) =0, mpu n =1 momyaum tonsko
tpusnansHoe pemrenne W (t) =0.
PaccmotpuM ciydait n=1. ®ynxmmo W, (I) 6ymem uckats kak cymmy o6miero
00 YH
pemenus ogHopoxanoro ypasaenus W, (t) u wactaoro pemenus neomxnopoguoro W, (t).

00 V)
®ynkuuro W, () MoxHO HalfTy ¢ NOMOIIBIO XapaKTepUCTUYECKOro ypaBHeHMs. OHa

BBHﬂﬂHHTCHeﬂYKHHHNI06p330M:

8172

W2 (t)=Ce * .
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YH ) o
®ynkuuro W, (t) MoxHO monckars 1o BHIy MpaBoi 4acTy, T. €. 3aIIUCaTh KaK JTMHEHHYIO
(GYHKIUIO C HEOMPEIETICHHBIMU KO3 PHUITHEHTaMU:

YH
W7 () =a+ At

HOI[CT&HOBK& B HCXOAHOC YPABHCHHUC OACT CJ]G,ZIYI-OHII/Iﬁ pPE3yJIbTaT:

R

81z’ 8lr’

Orcrona HaxomuM ¢ynkumo W, (t):

81,
W, (t)=Ce * + 202(— 42+tj.
8lz°\ 8lx

C yuerom HauanbHbix yciaosuit W, (0) =0, nocnenuss dopmyna nprobperaet ciemyrommii

20 4 _81;:2t
W, (1) = e * —=1|+t]

Ocranocsk 3anucarh OTBET:

L 6sind, /1 - 20 ( 4 ( - . (3
u(x,t) =t + xt? e sin(A X) + e 4 —1|+t|sin| — |

n

BHUA:

rae A, =%(1+ 2n).

PeweHune 3apaHns Ne2.

|. Anroput™m K — means (ctangapTHasi peaau3aiusi) 1o Iaram:

1. BeiGupatorcs HavyanbHble 3HaueHuss M 1eHTpoB kimactepoB M.,i=1,M , B kauecTBe

KOTOPBIX Ha3HAYaIOTCS MO0 TepBbie 00pa3bl U3 UCXOAHON BBIOOPKHU X M (T.€. (paKTUUECKH
ciydaiiHo), Jmboo M Hambosee yIaleHHBIX JApPyr OT Jpyra o0pa3oB BBIOOPKH
(MaKCHUMHMHHBIN aTOPUTM).

Jlaiee B IIMKIIC, OXBATHIBAIOIIEM ITOCIICIYIONIUE MYHKTBI, OCYIICCTBISIOTCS CJCAYIOIINE
JICUCTBHUSL.

N N o
2. [IpoBoautcs pa3zduenue Q,, = {X Lo, XM } WCXOJTHOM BBEIOOPKHM Ha KJIACTEPHI, B XOJIC
KOTOPOT0 MPHUHAICKHOCTh Ka)kI0ro odpasza omnpeeiseTcsi Ha OCHOBE MOMCKAa MUHUMYyMa

CpEAM pACCTOSIHUM 1O YCTAHOBJIEHHBIX paHee LeHTpoB M, I=1,M . PaccuurtsiBaercs

HavanpHoe 3Havenne E, (X",Q,,).
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3. IlpoBoauTcsi mepepacyeT LEHTPOB C YUYETOM pe3yJIbTaTOB BBIMOJHEHHOM B 1.2
KJIacTepU3aluu

1 Nj v
m=—Yx*i=1M

1 COOTBETCTBYIOMMIA Iepepacuer pynxmmu E', (X",Q,,).

4. Ecimn pa3sHHUIa 3HAYECHUM LEHTPOB HA COCEIHMUX IIarax Smax = max\mi —m{ >80, TO

R —
ocymectBisieTcs: mpucBoenne M=M., 1=1,M wu nepexoa K BHITOJHEHHUIO CJIECAYIOIIETO
mmrara B 1. 2. FlHaue — ocTaHOB.

B n.4. 0, — mopor s (UKCAIUM OCTAHOBA MTEPATUBHOIO MpolLiecca HepecdeTa MpH
YCIIOBHM HE3HAYUTEIBHOCTH U3MEHEHUS LIEHTPOB KJIACTEPOB HA COCEIHUX IlIarax.

Il. ArnoMepaTuBHBIN aNrOPUTM KiacTepu3aluu (CTaHIapTHAs pean3aliys) 1Mo maram:

1. Ycranasmusaercs 3Hadueane M =N u dpopmupyercs HauansHOe pazOueHye Ha TPYIIIBI
1 1 1 N j j
(navanpHas kiacrepusanust) Qy, Qy = {X ey X }, X1 =xW,

o k 7
2. B uukne [y BHINONHEHHOM panee kmactepusamuu Q) ,u M =N -k+1 ¢
UCIIOJIb30BaHUEM 3a/IaHHOM (DYHKUMU pacCTOSHUS TPYII HAXOAWUTCsA Orpkaiiuas mapa

rpymm, uMetomas min D(X M, X Ui ).
1]

Nj+Nj Ni Nj Nj k
3. Tlposoautcs ciusiaue Beidpanubix rpynn X 0 =X UX ), uzbsatue X ! us Qnokaa

. k
U oOpazoBaHume HOBOM Kiacrtepu3anmuu Qg , C COOTBETCTBYIOIIMMH HOBBIMH

~

o6o3naueHmsiMu rpymm u nprucsoennem M =N —K |
4. Ecmt M =1 (MOXKHO M =M , €CIIM YHCJIO KJIACCOB 3apaHee 3aaH0) — OCTAHOB.

[TpuHLMNIHATBHOE 3HAUYEHUE ISl TOJOOHBIX aJrOPUTMOB UMEET BBHIOOP (DYHKIUU
PAcCTOSIHUS JIJIS ONIpeiesiIeHUs OJIM30CTH KIacTepOB. MICMONb3yrOTCS pa3iuyHble BAPUAHTHI,
K KOTOPBIM OTHOCSITCS ClIEyIOIINe (QyHKIUU:

. paccrosiHue MEXIy OIMKaNIIIMMU coceaIMu
D™ (XM, X ™) =mind (x*?,x®7);

" pacCToAHNC MCKOY CaMbIMH YAaJICHHBIMHA COCCasIMU
D™ (X", X ™) = maxd (x*?,x®P);

. CpCaHEC pPaCcCTOAHUC MCIKOY O6paSaMI/I KJIaCTCPOB

BG (v Ni v N LNl ki) o)
D (X I’X J):N—ZZd(X ’ 1X ’J);

i k=1s=1
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"  paccTOsiHHE MEeXAy LeHTpamMH KiactepoB DB (XM X")=d 2(mi ,m; ),

1Y i 1
m=—Yx®) m ==
| Nikzzl TN

®  paccrossHMEe Yopaa (MUHUMYM COOTBETCTBYET MAaKCUMy MPHUPOCTa CYMMBbI

Nj )
ZX(S]I) .
j s=1 ’

KBaaApaToB OTKJIOHCHUH J0 LOCHTPOB KJIaCTCPOB IIpu 1%0,¢ 06’[)6,HI/IH€HI/II/I

D"™ (X “i,x”U:ﬂdz(mi,mj).
N; +N;
PeweHue 3agaHmna Ne3.
// peweHue Ha java, BapuaHm obxoda 6 wupuHy c o4epeodbio
public static boolean isConnected(int[][] a) {
int n = a.length;
boolean[] visited = new boolean[n];
Queue<Integer> q = new LinkedList<>();
g.add(9);
visited[@] = true;
while (!q.isEmpty()) {
int i = g.remove();
for (int j = 0; j < n; j++) {
if (a[i][j] > © && !visited[]]) {
q.add(J);
visited[j] = true;

}
}
for (int i = 9; 1 < n; i++) {
if (!visited[i]) {
return false;
}
}

return true;

}

// peweHne Ha C++, BapuaHT peKypCUBHOro 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, j);
}

}

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

8. Kputepum oueHkn KayecTtBa nocTynawLlero
JKcnepTHada oueHKa YpPoBHS 3HaHM No npegnaraemon nporpamme ot 0 go 100
6annoB. MnHumansHoe konn4yecTeo 6annos, NnoaTeBepXxgatoLiee ycneLwHoe
NpoXoXaeHne BCTYNUTENbHOIO UCNbITaHus, coctaensaeT 40 6annos.

V. HammeHoBaHMe MarMcTepcKkom nporpamMmmbil:
«MHdOopMaLUMOHHbIE TeXHONMOrMM U KOMMNbIOTEPHbIe Hayku Ana uudpoBown
3KOHOMMKN»

PykoBoautenb Mmaructepckon nporpamMmmbi:
KaHgouaaT duns.-mat. Hayk, goueHT CunpoTta E.A.

KpaTkoe onucaHue marmctepckou nporpamMmmbi:

«HOpMaLMNOHHbIE TEXHONIOTMU U KOMMNLIOTEPHbIE HayKu Ans uudpoBomn
3KOHOMMKN» — HOBas Marmcrepckasa nporpamma, otkpbitad Ha PKH BI'Y ¢ 2022 roga.

Llenb gaHHon obpasoBaTeribHOM MNporpaMmbl 3aknovaeTcss B npefocTtaBneHumn
cneunanuctam, bakanaBspam B 06nacTU rymMaHuTapHbIX, COUMarnbHbIX, €CTECTBEHHO-
TEXHUYECKMX  HanpasfeHW  3HaHUW,  YMEHWUW n HaBbIKOB  MPUMEHEHUSA
HOBbIX MH(OPMALUMNOHHbIX TEXHOMOrMM B pas3paboTke M BHeOPEeHUU NpUKNagHbIX
NpOrpaMMHbIX MPOLYKTOB. JTO MNO3BONUT  NOLrOTOBUTH CheumnanmcToB-MarmcTpos,
CnocoBHbIX 06beaANHNTL 6a30Bble 3HAHUS (B €CTECTBEHHbIX, MHXEHEPHbIX, F'YMaHUTapHO-
coumanbHbIX Haykax) C KOMNeTeHUnaMM B 0611aCTn MHPOPMALMOHHBIX TEXHOSOIMMI, YTO
Oypet cnocobcTBOBaTbL MOAEPHM3ALMU U BHEAPEHNE UHHOBAUMOHHBLIX VT-TexHonorum B
pasfnyHbIX cdhepax obuiecTsa.

OCHOBHYI0 YacTb NporpamMMbl COCTaBASAT KypCbl MO OCHOBHbIM HamnpaBieHUAM
NH(POPMALMOHHBLIX TEXHONOrMM (NporpaMmMmpoBaHne, UHMPOPMAaLMOHHbIE CUCTEMbI U
cetTm  u ap.). Kpome TOro, nporpamma BKMOYaeT psag KypcoB, B KOTOPbIX
paccMaTpmBaloTCA  NPUMOXKEHUS  MHAOPMAUMOHHBIX  TexHonormm B obnacTsax
npodeccnoHanbHON OEeATENbHOCTN.

BCTynMTeanoe ncnbiTaHue no auncumniinHe «Komnmeeprle n
MaTeMaTndeCckme Haykmn»
dJopma BCTYNUTENbHOINo UCNbITaHUA: NMUCbMEHHbIN 3K3aMEH.

Mporpamma BCTyNUTENbLHOro UCNbITAHUA NO
AvcuunnuHe «KomnbloTepHble U MaTeMaTU4YeCKUe HayKuy

2. CoctaButenu: Kpbiuioseukun A.A., gekaH PKH, Bopucos [.H., goueHT, 3aB.
kadpegpon UNC, Cupota A.A., npodeccop, 3aB. kadeapon TOu3WN, Maxoptos C.A.,
npodoeccop, 3aB. kadengpon MuAT, Kypranud C.[., npodeccop, 3aB. kadeapon LT.,
Cupota E.A., poueHT kadegpa LT, Mutpocanosa E.FO., goueHT kadeapbl TOu3N,
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3amectuteno gekaHa ®KH no yyebHom pabote, AtaHoB A.B. goueHT kadeapbl LT,
AoueHT, 3amectutens gekaHa ®KH no yyebHon pabote

3. OCHOBHbIe 3HaHUSA, YMEHUA U HaBblKU, KOTOPbIMU AOMKEeH o6napaTb
NOCTynarLmn.

[lonmkeH 3HaTb:

- OCHOBHbIE€ MOHATUA U MEeToAbl MaTeMaTU4EeCKOro aHanuaa, NMHenHon anrebpsl,
9NIEMEHTOB  MaTeMaTU4yecKoW  NOrMKW,  AUCKPETHOWN MaTeMaTukM,  Teopuu
AndpepeHUnanbHbIX YpaBHEHUN, TEOPUM BEPOSATHOCTEN N MAaTEMATUYECKON CTaTUCTUKM,
CTaTUCTUYECKOINO OUEHMBAHWA W MPOBEPKA  TMMNOTE3, TexXHonormm obpaboTku
NHopMaLnN.

- OMnepauUnoHHbIE CUCTEMbI, NPUHLMMbLI YyNpaBrneHnsa cetbto OBM; oauH 13 A3bIKoB
NPOrpamMMMpPOBaHUs, CTPYKTYPY JIOKamnbHbIX U rNoGanbHbIX BbIMUCIUTENBHbLIX CETEW;
CTPYKTYpPbl AaHHbIX, CTPYKTYpy, COCTaB M CBOWCTBA WH(OPMAaLMOHHbLIX MNPOLECCOB,
cucTeM u  TexHonorun, 6asoBble M NpuknagHble WH(OPMALMOHHBIE TEXHONOrnu,
Knaccndukaumo MHGOPMALMOHHBLIX CUCTEM, MNpPUHUMMALI W 6Gas3oBble  KOHLENUMn
TEXHOMOIMMN NPOrpamMMMpPOBaHUS, OCHOBHbIE MOMOXEHUA Teopun 6a3 U XpaHUNULL
AaHHbIX, 6a3 3HaHWN, OCHOBHbIE BUAbI M npouenypbl 00paboTkn nHopmaunu.

[omkeH ymeTb:

- NMPUMEHATb MaTeMaTu4yeckne MeTodbl NPW pelleHnn NpodeccMoHanbHbIX 3agad
MOBbLILLUEHHOW CITIOXXHOCTMU.

[omkeH nmeTb HaBbIKK:

- MNOCTPOEHUA MaTteMaTU4eckon Moaenu npodeccuMoHanbHbIX 3adad  wu
cogepxaTenbHOM MHTepnpeTaLmmn Nony4yeHHbIX pe3ynbTaTos.

- paboTaTb B Ka4yecTBe MoOfb3oBaTend C MNepcoHanbHbIM KOMMbLIOTEPOM W
nporpaMMHbIMK cpeacTBamMu OBLLero HasHadeHus, UCMOMb30BaTb A3bIKM U CUCTEMBI
NporpaMMmpoBaHns ANs  pelleHns npodeccuoHanbHbiX 3adad, paspabaTbiBaTtb
NHOPMALIMOHHO-NIOTNYECKYH0,  (PYHKUMOHAmNbHYIO U OOBHEKTHO-OPUEHTUPOBAHHYIO
Mogenu UHPOPMAaLMOHHBIX CUCTEM, MOAENU AaHHbIX, UHCTaNNMpoBaTb, TECTUPOBATL U
MCMNOnb30BaTb MNPOrPaMMHbIE KOMMOHEHTbl MH(OPMALMOHHBIX CUCTEM, MPUMEHATb
MHPOPMALIMOHHbIE TEXHOMNOMMM NPY NPOEKTUPOBaHUM UH(POPMALMOHHBIX CUCTEM;

- noucka u obmeHa WHMoOpMaunen B fNoKamnbHbIX U rnobanbHbIX KOMMbIOTEPHbIX
ceTsaX, NpeACcTaBneHns U aHannsa AaHHbIX U 3HaHUM O NpeaMeTHon obnacTtu, paboThl C
MeTo4aMu 1 cpeacTBaMu aHanusa u peanusaumm npoekta MHPOPMaLMOHHON CUCTEMBI,
BnageHus s3blkaMu NpoueaypHOro 1 06bEKTHO-OPUEHTUPOBAHHOIO NPOrpaMMUPOBaHMS,
MHCTPYMEHTanbHbiMM  cpeacTBamu 06paboTknm  mMHOpMaUnMW, UHTENNeKTyanbHOro
aHanmsa gaHHbIX.

4. TemaTuyeckuu nnaH
4.1 MaTtemaTndeckmum aHanms
6 MHOXecTBa W 4MCNOBble MOCNedoBaTENbHOCTU: OCHOBHbIE OnpeadeneHnss wu

NOHATUA, OrpaHN4YEeHHblE MHOXXECTBa W MnocreaoBaTenbHOCTU, npeaern 4YMCOBOW
nocriegoBaTesibHOCTU.
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@OYHKUMM OOHOM MNEPEMEHHOWN: OCHOBHbIE MOHATUA W onpefeneHus, cnocobbl
3aJaHnda, OCHOBHble Knaccbl QYHKUMKW, MNOHATUE HENpepbIBHOCTU, npenen
yHKLMN.

MpounsBogHaa OyHKUMM OOHOW NEPEeMEHHON, ee reoMeTpUYeCcKUn U On3nyYecKnm
CMbICI1, MPOU3BOAHbIE CTapLUMX MOPSAKOB, npunoxeHna auddepeHunanbHOro
NCYMNCIIEHUS.

lMoHATME onpedeneHHoro MHTerpana, ero reoMeTpUYECKUn CMbICH, NPUNOXKEHUS
onpeaesieHHoro nHTerpana.

10 Yucnosblie pAObl, OCHOBHbIE MOHATUA, CXOOUMOCTb N PAaCXOOUMOCTb. CTteneHHble

psiabl, 06nacTb CXOAMMOCTM CTEMNEHHOrO psAaa.

4.2 NndpdepeHumanbHble ypaBHEHNSA

7
8
9

Tunbl gudppepeHumanbHbIX ypaBHEHUN.
OvdpepeHumanbHble ypaBHEHUS NepBOro nopsiaka.
JlnHenHble onddepeHunanbHblie ypaBHEHUS BTOPOro nopsigka.

4.3 Anrebpa n reomeTpus

6
7
8

9

MaTpuubl, OCHOBHbIE MOHATUA U onpeaeneHnd. Beluncnenme onpegenutenen.
JInHenHbIE onepauun Hag maTpuuamu.

BekTopHble NpocTpaHCTBa, UX CBOWCTBA, JIMHEMHAs 3aBUCUMOCTb W JFIMHEWNHas
HEe3aBMCUMOCTb BEKTOPOB, pasnoxeHue BekTopa no 6asucy.

Cuctembl NIMHENHbIX YpPaBHEHWNN: OCHOBHbIE NMOHATUS.

10 OcHOBHblE 3aJayn aHanMTUYEeCKOM TFeOMEeTPUM Ha MMOCKOCTU, npsiMas Ha

MIOCKOCTW, KPUBbLIE BTOPOro nopsiaka, npsimasi U NiocKoCTb B NMPOCTPaHCTBE.

4.4 TeOpI/I‘/'-I BepOFITHOCTeVI N MatTemMaTn4eckasd CTaTuCTtmuka

7
8
9

OCHOBHbIE NOHATUS TEOPUN BEPOSITHOCTEMN.
TeopeMbl CNOXEHNA N YMHOXEHNA BEPOSATHOCTEN.
Knaccudumkauma cnyvyamHbix BenMUnH. [lnckpeTHaa cnyvyanHasi BenmymHa.

10 HenpepbiBHada cnyvyanHasi BenuymHa.
11 Yucnosble xapakTepPUCTUKN CRYyYaNHbIX BENYNH.
12 To4eyHble OLEHKM HEM3BECTHbIX NapamMeTpoB: onpeneneHusi, CBOMCTBaA, MeToAbl

HaxoxXxaeHuA.

13 PacnpegeneHue ["aycca.
4.5. OcHOBbI NPOrpamMMmMpoBaHNS

1
2

~N o o1 b~

MoHaTMe nHdopmaumn.

Obuwas xapakTepucTuka npoueccoB cbopa, nepegaym, od6paboTKn U HaKOMNIEHUS
MHJOpMaUUN.

TexHndeckme n nporpamMMmHble cpefcTBa peanusauun  MHPOPMaUVOHHBIX
NpoLEeCcCcoB.

TunoBble onepaunoHHbIE CUCTEMBI.

dannsbl 1 pannosas cuctema, CUCTEMHbIE YTUMAUTLI.

INNokanbHble n rnobaneHbie cetn. World Wide Web 1 web-texHonoruum.
OrEeKTPOHHasa no4vTa u couymnarnbHble CETMW.
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8 OdwmcHoe nporpammHoe obecrneyeHue. PaspaboTka TEKCTOBbIX OOKYMEHTOB U
3MEKTPOHHbIX Tabnuu.

9 OnemeHTbl NporpaMmMMpoBaHnNSA (NOOON A3bIK): XapakTEPUCTUKKN A3bliKa.

10 CTpykTypa  nporpammbl,  NPUHUWUMNBLI  CTPYKTYPHOrO  NpOrpamMMupoBaHUs.
Anroputmsl.

11 Twvnbl gaHHbIX. [lepeMeHHble U KOHCTaHTLI.

12 OnuncaHune nepeMeHHbIX. MaccmBbl AaHHbIX.

13 OcHoBHble apudmeTnyeckune onepauunn. Linknel. YCnoBHbIE onepaTopsl.

14 CtaHpapTHble dyHKUuMM BBoAa/BbiBoAa. [lepegada napamMeTpoB nNpu BbI30BE
GyHKUMN. nobanbHble N NoKanbHbIEe NEPEMEHHbIE.

15 Pabora c hannamu.

5. CNMCOK peKkoMeHAyeMoun nurtepaTypbl

1. nbuH B. A. Matematmnyecknin aHanms : y4ebHuk : B 2 4. / B.A. InbuH, B.A.
CapoBHuumi, b6.X. CeHpgos ; Mock. roc. yH-T um. M.B. JlomoHocoBa; nog pea. A.H.
TuxoHoBa .— M. : [pocnekT : N3a-80 Mock. yH-Ta, 2006.

2. TuxoHoB A.H. dnddepeHunanevHble ypaBHeHust / A.H. TuxoHos, A.b. Bacunbesa,
A.l'. CBewwHukKoB ; Mock. roc. yH-T um. M.B.JTomoHocoBa .— WN3a. 4-e, ctep. — M. :
PUNBMATIINT, 2005 .— 253 c.

3. baxeanos H.C. Yncnenuble metogbl / H. C. baxsanos, H. . >Kugkos, . M.
KobenbkoB ; Mock. roc. yH-T um. M.B. JlomoHocoBa .— 4-e nsg. — M. : BUHOM. J1a0.
3HaHun, 2006 .— 636 c.

4. nbuH B.A. JluHenHaa anrebpa n aHanutnyeckada reometpus / B.A. UnbuH, I.[0. Knm
; Mock. roc. yH-T um. M.B. JlomoHocoBa .— 3-e u3g., nepepab. n gon. — M. : N3a-Bo
Mock. yH-Ta : lNpocnekT, 2007 .— 392 c.

5. TuxoHoB A.H. YpaBHeHua matematndeckon gusmkm / A.H. TuxoHos, A.A. CamapcCkui.
— 7-e n3g. — M. : U3g-Bo Mock. yH-Ta : Hayka, 2004 .— 798 c.

6. T'mypmaH B.E. Teopus BeposTHOCTEN U MaTemMaTuyeckas ctatuctuka / B.E.
MMypmaH. — M. : Bbicw. wk., 2004 .— 478 c.

7. HoBukoB ®.A. luckpeTHast maTemaTuka ansa nporpammmctos / ®.A. HoBnkoB .— 3-e
nsg. — CIMo. v gp.] : Mutep, 2008 .— 383 c.

8. lymakos IN.B. ®apoHos B.B. Delhpi 5. PykoBoacTteo pa3paboTtyumnka 6a3 gaHHbIX — M.:
Honungx, 2000.

9. Pannu 1. A6CcTpakuma n cTpykTypbl gaHHbix — M.: MUP, 1993.

10. bByu I'. O6BEKTHO-OPUEHTUPOBAHHbLIN aHanNn3 U NPOEKTUPOBaHUE C NpUMepamMm
npunoxeHun Ha C++/ lMep. ¢ aHrmn.- M.: sgatenbctBo brHom, 1998.

11. Twokauyes H.A., Ceupugos HO.T. Delhpi 5. Co3zgaHne MynbTUMeaNNHbIX NPUITOXKEHUMN.
— M.: Honngx, 2000.

12. MatBeeB M.I'. Mogenn n metogbl nckyccteeHHoro nHtennekra / M.I'. Matsees, A.C.
Ceupungos, H.A. AnenHukoBa — M.: ®nHaHcbl 1 ctatuctmka, 2008.

13. CupoTa, A. A. MeToab!l 1 anropuTMbl aHanmsa AaHHbIX U X MOAeNnpoBaHue B
MATLAB : [yuebHoe nocobue] / A.A. Cupota .— CaHkT-lNeTepbypr : EXB-lNeTepbypr,
2016 .— 381 c.


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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6. ObpaseL KOHTPOJNIbHO-U3MEPUTENIbHOrO MaTepuana

1 JokasaTb, 4TO NocneaoBaTenbHOCTb ABMNAETCH OrpaHNYeHHOMN:
(-1)"'n+10
Vn?+1
< - X
2 Haintn HeonpegeneHHbIn uHTerpan [ /ﬂ dx (a > 0)

3 Ha nwobom 43bike nporpaMmmpoBaHnsa peann3oBaTb QYHKLMIO, KOTOpas
BbIMOSIHAET COPTUPOBKY MacCcMBa YMUCITOBbIX 3HAYEHUM.

7. BapnaHTt otBeTa Ha KUM
PeweHune 3agaHma Ne1. [Nockonbky

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

+10=n+10, +vn*+1>n, TO

_1\'n+10
(-2) ‘Snﬂﬂﬂﬁggﬂ
vn?+1 n n

[xi| = ,

4TO 1 O3HaYaeT OrpaHN4YEeHHOCTb {Xn }

PeweHue 3apaHua Ne2. NoablHTerpanbHasa oyHKUNA onpegeneHa Ha npoMexyTke
0 < x < a. Coenaem 3ameHy nepeMeHHom x = a sin’t, rae 0 <t < g Torpa:

dx = 2asintcostdt

. X
sint = |—
a

) X

t = arcsin |—

a
X
cost= [1——
a

[MpumeHsas popmyny 3aMmeHbl nepeMeHHON

2 o in?
=f (a?sint) d(a?sint) :f LttZasintcostdt=

a—(a?sint) a—2sin?

sint
= 2af<costsintcost>dt= Zafsinztdt = Zf(l—COSZt)dtZ

sin 2t
_2(i-

5 >+c=a(t—sintcost)+c

BosBpalyasicb OT nepeMeHHoM t CHOBa K NepeMeHHON X, Nony4vyaem:
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ammeE—aFf1—£+a
a a a

PeweHue 3apgaHunsa Ne3.
// peuweHue Ha A3bike python

//1 BapuaHT
from random import randint

countMas = 10

arrayMas = []

for i in range (countMas) :
arrayMas.append (randint (1, 99))

print (arrayMas)

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

print (arrayMas)

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

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

return mas

from random import randint
countMas = int (input ('BBemuTe KOJIMUECTBO BJIEMEHTOB MaccuBa:'))
arrayMas = []
for i in range (countMas) :
arrayMas.append (randint (1, 99))
print ('McxomHeM Maccub: ',arrayMas)

print ('OTcopTupoBaHHEM MaccuB: ',sort (arrayMas))
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8. Kputepum oueHkn KayecTtBa nocTynawLlero
OKcnepTHasa OueHKa YpOBHS 3HaHWin No npegnaraemon nporpamme ot 0 go 100
6annoB. MwuHuMmanbHOe KonmyecTBO 6GannoB, noATBepxdawuwee ycnewHoe
NpoXoXaeHne BCTYNUTENbHOIO UCNbITaHus, coctaenseT 40 6annos.



