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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 MarmcTepckom nporpamMmbi:
«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 paspaboTkm mMaTtemaTMyecKkoro u nporpammHoro obecneyeHuss B obnactu
aHanusa M CcuHTe3a MHEPOPMAUUOHHBLIX U MHAOPMALMOHHO-U3MEPUTENBHbLIX CUCTEM,
METOA0B 1 cpeacTB 06paboTkmn curHanoB 1 M3o06paxxeHnin B UHPOPMAaLMOHHbIX CUCTEMAX.
HaHHas obnactb, Hapsgy CO 3HaHMSMWM UM HaBblkamu paboTel B obnactu
NHPOPMaLMOHHBIX TEXHOMNOMMIK, TpebyeT OT nccnegosaTenen N paspaboTynKoB YyMEHUSA
B CKaTble CPOKM aHanuM3mpoBaTb, TBOpPYECKN nepepabaTbiBaTh 1 co3haBaTb 4OCTAaTOYHO
CNOXHble anropuTMbl K MporpamMmHble pelweHus. B pamkax nporpammbl paroTtcs
A0CTaToO4Hble OCHOBbLI NS YCNewHoW ganbHenwen aeatenbHoCcT B obnactn obpaboTkm
N aHanu3a MynbTUMEeAUNHOW WMHGOopMauMKM, a Takke uHdopmauun, gobbiBaemon B
NH(POPMALMOHHO-U3MEPUTENBbHBIX  CUCTEMAX PasfiMYHOro  HasHavyeHust (Cuctemsbl
a3pPOKOCMUNYECKOr0 N pagnOMOHUTOPUHIA, CUCTEMbI KOHTPONS U 3alUTbl TEXHUYECKNX
KaHanoB yTe4ykn MHopMauum, CUCTEMbl BbICOKOTOYHOW KOOPAMHATOMETPUU, CUCTEMBI
BrMomeTprnYecKon naeHTUMKaLUUN JIMYHOCTU 1 Np.).

BbINyCKHUK AOMmKeH BbITb NOArOTOBMNEH K A4eATENbHOCTU, TpebytoLen yrnybneHHon
dyHOaMeHTansHOU 1 npodeccruoHanbHOW NoAroToBKM, B TOM YUCME K aHanNmMTU4eCcKoun,
Hay4HO-MUCCreaoBaTenbCkon AeATeNnbHOCTU 1 pa3paboTke no npobrnemaTnke cuHTesa u
aHanusa WHMOPMaLMOHHO-U3MEPUTENBbHbBIX CUCTEM C MNPUMEHEHWEM COBPEMEHHbIX
NHPOPMALMOHHBIX TEXHOMOMMW B  Hay4YHO-UCCHeaoBaTeNbCKUX, KOHCTPYKTOPCKMX,
obpasoBaTesibHbIX YyYpeXOEeHUSX N KOMMEpPYECKNX CTpyKTypax. Marnctp AoSmKeH Takke
ObITb FOTOB K NpenojaBaHuMio LMKNa OUCUUNAUH (CUCTEMHBLIN aHanus, MOAenNupoBaHue
CUCTEM, MPOEKTMPOBaHME MHOPMALUNOHHBLIX cucteMm, umdposas obpaboTka curHanos,
obpaboTka n3obpaxxeHuin, pacno3HaBaHne obpas3os 1 Ap.) HanpasBrieHNS.

Il. HamMeHOBaHWe MarucTepcKom NporpaMmmbi:
«CuncrtemMbl NPUKNAAHOIO UCKYCCTBEHHOIO MHTENSIEeKTa»

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



KpaTkoe onucaHve maructepckon 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
NCKYCCTBEHHOIO MHTESNNEKTA.

Bnok cneuunanbHbIX AUCUUNIIMH BKNOYAET NEKUMOHHbBIE U NPaKTUYECKNE 3aHATUS B
obnactm HeNpoHHbIX ceTen u rnyboKoro oby4eHusi, NPUMEHEHUS HENPOCETEBbLIX
TEXHOMNOMMN ANsl aHanmM3a AaHHbIX M NPOLLEeCCOB, MaTeMaTMYECKUX M KOMMbIOTEPHbIX
meTofoB 06paboTkn nsobpaxerHnin, aHannsa 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  NOAroTOBNEH K MpodeccuMoHanbHOM LesATenbHOCTH,
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 TEXHOMOMMN MPUKNAQHOMO WMCKYCCTBEHHOrO WHTENseKTa.
NMpepnonaraemble 00BbEKTHI AeATeNbHOCTH: Hay4HO-MccnegoBaTerbckue,
KOHCTPYKTOPCKMEe, obpasoBaTesfibHble yUpEeXaeHUs 1 KoMMepyeckue CTpykTypbl. Maructp
AOJTKEH Takke ObITb FOTOB K NpenogaBaHuio Lkna gucumnnivH (obpaboTtka nHgopmaumn,
MallMHHOE 0O0y4eHne, HEWpoHHble ceTun, obpaboTka M306paxeHun, pacno3HaBaHue
o6pa3oB 1 Ap.) C y4eToM crneumdmrKn HanpaBieHHOCTN NPOorpamMmmbl.

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

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

KpaTkoe onucaHue maructepckou nporpamMmmbi:

Llenb nporpammebl - NnpuBneyYeHne nepcnekTnBHbIX CTyAeHTOB B IT Bu3Hec 3a cyeT
CO34aHNA CUCTEMbI LleneBor nNpodeccMoHanbHOM MOArOTOBKM BbIMYCKHUMKOB BY30B MO
Hanbonee BocTpeboBaHHbIM MHHOBALMOHHBIM IT cneunansHocTaM. Kypc npegHasHadeH
Ans NOAroTOBKW creumanucToB ynpaeneHus |IT npoueccamv M OpUEHTMPOBAH Ha
AanbHewnwee TpyaoyCTPONCTBO B NPOU3BOACTBEHHbLIE U KOHCANTUHIOBbLIE KOMMAaHUMN.

[Mporpamma HanpasneHa Ha NOArOTOBKY CreunanuMcToB CNOCOOHbLIX co3daBaTth U
aKkcnnyaTMpoBatb WMHOPMAUMOHHbIE CUCTEMbI  ynpasrieHns BusHec-npoueccamm
NpeanpuATUA, pellaTtb aHanuTuyeckue 3agayu ynpasneHmst GU3HeCOM B COOTBETCTBUM C
TpeboBaHMAMU npoeccmoHanbHbIX cTaHgapToB no HanpaBneHunto —
«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 MarucTepcKkom NporpaMmmbi:
«MoGunbHbIe NPUNOXEHUSI U KOMNbIOTEPHbIE UTPbI»



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

KpaTkoe onncaHme marmctepckom nporpaMmmbi:

«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 AMCUMNNWH, 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,
NpeaycMoTpeH crneuunanbHbii Kypc No NpeanpuHMMaTenbCTBY, BKITHOYAOLWNA TakKne TEMbI
Kak pa3paboTka 6usHec-nnaHa, MapkeTuHr, NPON3BOACTBO U NPOAaXK, TBOPYECTBO.

[MpenogaBatenu nporpammbl NPOXOAAT WUHTEHCMBHbIE CEMUHApPbl U TPEHUHIN B
€BPOnNencKnx yHMBepcuTeTax-naptTHepax, YNTarT Tam NPpobHbIe NEKUMN Ha aHMNIMNCKOM
A3bIKe, U3y4aloT MEXAYHAPOAHYIO NPaKTUKY OpraHu3aumm y4ebHoro npotecca.



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

Mporpamma BCTYyNUTENbLHOrO UCMbITAHUA 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. kadegpon LT.,
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 U HaBblKK, KOTOPbIMU AOJKEeH obnapaaTb
NOCTynaroLWm1n.

[lomkeH 3HaTb:

- OCHOBHbI€ MOHATUA U MeTOAbl MaTeMaTU4YecKoro aHanmsa, NuHenHown anrebpbl,
9NIeMEHTOB  MaTeMaTUyecKoW  NOruKW,  AUCKPETHOW mMaTeMaTukM,  Teopuu
andpdepeHunanbHbiX YPaBHEHUN U 9NEMEHTOB TEOPUWN YPaBHEHUW MaTemMaTuUyeCKon
PU3UNKKN, TEOPUN BEPOSATHOCTEN U MaTEMATUYECKOM CTAaTUCTUKMN, CrydanHbIX NPOLLECCOB,
CTaTUCTUYECKOrO OLEHMBAHMS W NPOBEPKU rMNoTe3, TexHornormin obpaboTku
NHOpMaLMK, 3NEMEHTOB TEOPUM (PYHKLMA KOMMIEKCHOIO NepeMeHHOoro.

- onepaumnoHHbIe CUCTEMbI, MPUHUUMBI ynpaBreHnsa cetbto OBM; oanH 13 A3bIKOB
NPOrpaMMMpPOBaHuNs, CTPYKTYPY JIOKamnbHbIX U rNoBanbHbIX BbIMUCIIUTENBHLIX CEeTew;
CTPYKTYPbl OaHHbIX, CTPYKTYpYy, COCTaB M CBOWCTBA WH(OPMAaLMOHHBLIX MNPOLECCOB,
cuctemM u  TexHonorun, 6asoBble M NpUKNagHble WHAOPMAUMOHHbLIE TEXHOMOruM,
Knaccuukaumo MHGPOPMALMOHHBLIX CUCTEM, MpUHUMMALI U 6Gas3oBble KOHLUENuuu
TEXHOMNOMMN NPOrpaMMMpPOBaHUs, OCHOBHbIE MOSIOXEHUs Teopun 6as M XpaHunuuy
AaHHbIX, 6a3 3HaHWUN, OCHOBHbIE BMAbI U Npouenypbl 06paboTkn HopmaLmmn, Teoputo
TEXHOIMOMMN  UCKYCCTBEHHOIO WHTENSeKTa, anroputMbl MalMHHOIO 00yyeHus u
KnacTepHOro aHanusa, CoCTaB U CTPYKTYPY MHCTPYMEHTalnbHbIX CPeaCTB, MeTo40Mn0rmm
pa3paboTkn 1 NPOEKTUPOBAHUS UHAPOPMALIMOHHBIX CUCTEM.

HormkeH ymeTb:

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

[ormKeH MeTb HaBbIKW:

- MOCTPOEHUs MaTemMaTuyeckon Mogenu npodeccuoHanbHbiX 3agad U
copepxaTeribHON UHTepnpeTauumn NosfyvyeHHbIX pe3yrbTaToB.

- paboTtaTb B KadecTBe MOMb3oBaTesnis C MNepcoHasribHbIM KOMMbLIOTEPOM U
nporpamMMHbIMKU cpeacTBaMy obLero HasHayeHusi, UCNosib3oBaTh A3blkM U CUCTEMDI
NporpaMMMpOBaHua Ons  pelleHns npodeccnoHanbHblXx 3adad, paspabaTbiBaTb
NHPOPMALMOHHO-NIOMMYECKYI0,  OYHKUMOHANbHYKO U OBBHEKTHO-OPUEHTUPOBAHHYIO
MOAENN MHPOPMALMOHHBIX CUCTEM, MOAENN OaHHbIX, UHCTaNMpoBaTb, TECTUPOBaTbL U
MCNonb30BaTb MPOrpaMMHbIE KOMMOHEHTbl MH(OPMAUVOHHbBIX CUCTEM, MPUMEHATb
NHOPMaLVOHHbIE TEXHOMNOIMMU MPU NPOEKTUPOBAHUN NHPOPMALMOHHBIX CUCTEM,;



- noucka u obmeHa WHopMauuen B foKamnbHbIX M rnobanbHbIX KOMMbIOTEPHbIX
ceTsiX, NpeaCTaBNeHns 1 aHanu3a AaHHbIX U 3HaHUKW O NpeaMeTHon obnacTtu, paboTbl C
mMeTodamu U cpeacTBaMu aHanmaa u peanusauumn npoekta MHOopMaLUMOHHOW CUCTEMBI,
BNageHus si3blkaMy NpoLeaypHoro 1 06beKTHO-OPMEHTUPOBAHHOIO NPOrPaMMUPOBaHMS,
MHCTPYMEHTanbHbIMKM cpeacTBamMu 00paboTkm WMHoOpMaUMN, WHTENNEKTyanbHOro
aHanua3a OaHHbIX, BNageHUs UHTennekTyanbHbIMU TEXHOMNOMMAMUN NOAOEPXKKN NPUHATUS
peLLeHnn, maTeMaTUYECKOro U CTPYKTYPHOro B BUAE GNOK-CXEM OnMcaHuUsi anropuTMoB
006paboTku MHopMaLUn U MaIMHHOIO 0By4YeHus.

4. TemaTnyeckum nnaH

4.1 MaTemaTndeckum aHanms
1 Teopema Benepwtpacca o MakCMMymMe U MUHUMYME HenpepbiBHON OYHKLNN.
2 ®opmyna Tewnnopa ¢ oCTaTouHbIM 4YfieHOM B ¢oopme JlarpaHxa, ¢ OCTaTOYHbIM
4yfieHom B oopme [leaHo.
3 WHTterpan PumaHa ¢ nepemeHHbIM BepxHMM npegenom. CyulectBoBaHue
nepBoobpasHon HenpepbiBHOM hyHKUMN. Popmyna HetoToHa-JlenbHuua.
4 YcnoBue HeE3aBUCMMOCTU KPUBOSMHENHOrO MHTErpana oT NyTu UHTErpupoBaHuS.
dopwmyna MNpuHa.
5 ®OyHKUMM KOMMMEKCHOrO0 MNEepeMEHHOro: rnokasaTefbHas, CUHYC, KOCMUHYC.
OCHOBHblE CBOWCTBA.
4.2 QnddepeHumanbHble ypaBHEHNSA
1 YpaBHeHUs C pa3gensowmmMmca nepeMeHHbIMN.
2 YpaBHeHVA B NOMHbIX guddepeHuymanax.
3 JluHenHble opHopoaHble AnddepeHunanbHble YpaBHEHUA C  MOCTOAHHbLIMU

KoadhpuumeHTamm.

4 CBoMCTBa peleHUn CUCTEM JMHEWHbIX OAHOPOAHbLIX AuddepeHLmanbHbIX
ypaBHEHUMN.

5 CaoncTBa peleHUn CUCTEM JIMHEWHbIX HEeOOHOPOAHbIX AudddepeHunanbHbIX
ypaBHEHUMN.

6 JIMHenHble ypaBHEHUS B YaCTHbIX NPOU3BOAHbLIX NEPBOro nopsaka.
4.3 Anrebpa n reomeTpus

1 Cuctembl NUHENHbIX yYpaBHEHUW, paBHOcumbHble CJTY, KpuTepuin COBMECTHOCTU
Chny, peweHne CJTY meTogom nocnegoBaTefibHOrO UCKITIOYEHUSI MEPEMEHHbIX.

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

3 BeKTOpHble NpOCTpaHCTBa, WX CBOMCTBA, FIMHENHAsl 3aBUCMMOCTb U JIMHEWHas
HEe3aBMCUMOCTb BEKTOPOB, pasnoxeHue BekTopa no 6asucy.

4 JlMHeWHble onepaTopbl, CBA3b Mexay MaTpuuamMmn JFIMHEWHOro onepartopa
OTHOCUTENBHO pas3nuyHbiX 6a3ncoB, COBCTBEHHblE BEKTOPbl U COBCTBEHHbIE
3HaYeHus1, XxapakTepUCTUYECKOE YpaBHEHME.

5 TlpsaAmas Ha NNoCKOCTU: cnocobbl 3aA4aHNs 1 BbIBOL YPaBHEHWIA.

4.4 MeToabl BblHUCNEHUN

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

2 KeagpaTypHble hopMyribl NPAMOYrofbHUKOB, Tpaneuuin, CUMMNCOHa, OLIEHKN
norpewHocTn. KsagpaTypHble popmynbl Maycca. KpaTHble nHTerparnoi.



3 OcHoBHble 3agauun nnuHenHon anredpbl. MeToa Maycca, metoa nporoHkn. MeTtop,
npocToun ntepauunun, metopg raycca-3engens.
4 [MpubnuxeHHble meToabl peweHuns OY. Metog 3Snnepa. Mogudukaummn metoaa
onnepa. Metoabl PyHre-KyTTa.
5 TpubnuxeHHble MeToabl peLleHNsa ypaBHEHUIN B YACTHbIX NPOU3BOOHbIX.
4.5 YpaBHeHUs maTteMaTndeckon usnkm
dusmyeckme 3agayu, npmBogaLLME K YpaBHEHUAM B YACTHbIX MPOU3BOLHbIX.
Knaccungukaums ypaBHEHUI B YaCTHbIX MPON3BOAHbLIX BTOPOro nopsiaka.
YpaBHeHua runepbonuyeckoro tuna. Metog dypoe. ®opmyna Janambepa.
YpaBHeHusa napabonmyeckoro tuna. PyHKUNS UCTOUHMKA AN YpaBHEHUS
TEennonpoBO4HOCTH.
KpaeBble 3agayun onsa ypasHeHus Jlannaca.
OOwwme cBoncTBa rapMOHMYECKMX (DYHKLINA.
4.6 Teopuna BEPOATHOCTEN U MaTeMaTU4ecKasi cTaTUCTUKa
1 Knaccudpukaumsa criydamHbIX BennYmMH. YucnoBble XapaKTePUCTUKWU CryYanHbIX
BENMUYNH.
MpenenbHaa Teopema Teopun BEPOATHOCTEN.
3 To4eyHble OLEHKM HEM3BECTHbIX NapaMeTpoB: onpederieHnsi, 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 (OPD) 1 KOHeYHble aBTOMATHI.
Heobxogumble UM OOCTaTOYHble  YCMNOBUA  OAHO3HAYHOCTW  andaBUTHOrO
KOANPOBaAHUS.
5 PeKypcuBHbIE U BblYUCNMbIE (MO ThIOPUHIY) PyHKLMN.
4.8. OCHOBbI NpOrpaMmMMpoBaHnS
OnepaunoHHble CUCTEMbl, Ha3HadeHwe, BbiNorHaeMble dyHKUMKU. [puHUMNbI
ynpaBneHus ceTbto OBM. TexHonormyeckme npuHumnbl co3gaHusa nporpamm. CUHTaKcUc
N CEeMaHTMKa S$3bIKOB MNpPOrpaMMuMpoBaHus. Peanu3auma OCHOBHbIX YrpaBnsaoLmnX
CTPYKTYp B AA3blkax nporpammmnpoBaHus Nackans n CU. MNapagurmbel nporpaMmMmmnpoBaHus:
npouenypHasi, AeknapatneHasi, 06 beKTHO-OpUEeHTUPOBaHHAS.
4.9. OObEKTHO-OPNEHTUPOBAHHBIM NOAX04 K pa3paboTke nporpamm
[MpocTble N CnoXxHble NporpamMmmMmHble cuctembl. Mepapxma abecTpakumn, KoHLenumns
OOrll. HacnepoaHue, cdepa pOencrtesMss MeToda, asTopusauusi  AOCTyna,
pacwmpsaemMocTb 06beKkToB. Hacnenyemble ctatudeckne metoabl. BupTyanbHble MeToabl
n nonimmopdunsm. AnHammyeckne o6bekTbl. KOHCTPYKTOPBI N ECTPYKTOPbI.
4.10. OCHOBHbIE MOHATUS CTPYKTYP AaHHbIX
Tpu ypoOBHS oONUCAHUA CTPYKTYP [JaHHbIX: (YHKUMOHANbHas cneundukaums,
noruyeckoe onucaHue, duandeckoe npeactasneHne. KoHuenuus Tuna LaHHbIX.
CosgaHne cnucka, NPOCMOTP CNUCKa, BKMNKOYEHME B CMUCOK M yaareHue U3 cruvcka
anemeHToB. [loHATMe cTeka. [lakeT npouenyp QYHKUMOHaANLHOW cneundukauum.
BuHapHbie aepeBbsa. COpTUPOBKM 1 X KNaccudukaums.
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
npencrasneHns. Hucxoaswasa n Bocxogswas TEXHONorns nporpammupoBaHmsa. Metoa
BEepTUKaNbHOro  CrnoeHusl, B3aumogencteme cnoes. OnpegeneHne  moayns,
nporpammupoBaHMe  moaynen.  CTpykTypHoe  nporpammupoBaHuMe.  OCHOBHbIE
ynpasnswowme KoHcTpykumn. OTnagka u tectupoBaHne. ABTOHOMHOE M KOMIMSEKCHOEe
TeCcTupoBaHue. OKcrniyaTaunoHHas [OOKYMeHTauus: pPYyKOBOACTBO MOfb3oBaTens,
PYKOBOACTBO CMCTEMHOrO NporpaMmmucTa.

4.12. basbl 1 XxpaHunuuwa gaHHbIX

[MoHAaTne 6a3bl AaHHbLIX U cUCTEMY ynpaBneHust 6ason gaHHbIX. OCHOBHbLIE MOAEeNn
OAHHbIX:  Mepapxuyeckne ceTeBble, pPensuUNOHHble, OObEKTHble U  O0O0BLEKTHO-
OPVMEHTUPOBAHHbLIE, OOBLEKTHO-PENnsAUMOHHbIE, MOAEeNb  AaHHbiX SQL. Bwugbl
knaccndukaunm 6a3 gaHHbix. OCHOBbI pensunoHHon anrebpbl. PenaumoHHas moaenb
AaHHbIX. [pyvHUMNBI HopManusaumm, HopmarnbHble dopmbl. OOWmMe cBeaeHns O A3blke
SQL. lNMoHATME XpaHunuwia gaHHbIX, MPUHLKUMBLI OpraHmM3aummn XpaHmnuuia.

4.13. A\CKYyCCTBEHHbIN UHTENNEKT

OCHOBHbIE MOHATUSA UCKYCCTBEHHOIO MHTENNEKTA, AaHHbIE U 3HAaHUSA. HanpaBneHus
NCKYCCTBEHHOIO WHTESNNEeKTa; 3KCMepTHble CUCTEMbI, WHXEHEPUS 3HAHWW, He4veTKune
CUCTEMbI, HEWPOHHbIE CETWU, FeHeTU4ecKue arnropuTMbl, MyJibTUAreHTHble CUCTEMBbI.
Mogenu npencTaBreHUa 3HAHUKW: NOrMYEecKMe MOLENN, OCHOBAHHble Ha GUHapHON n
HEeYeTKOW 5lornmke, cemaHTuyeckne ceTun, penmbl. MHCTpyMeHTanbHble CUCTEMBI
00paboTkn 3HaHWI, A3bIK Mposor.

4.14. Teopus 6a3 gaHHbIX

Mogenb «CyLHOCTb-CBSA3b, NOHATME, HA3HAYEHME CYLLIHOCTU, CBONCTBA, CBA3WN, CTEMNEHDb
CBsA3N, 00A3aTeNbHOCTL/HEODA3aTENBHOCTL CBA3N.

OrpaHn4eHns LenocTHOCTN Basbl JaHHbIX Ha YpoBHe aTpubyTa, KopTexa, OTHOLIEHUS,
6a3bl gaHHbIX. CChiNoYHasa LENOCTHOCTb, NOTEHUNANbHBLIE, NEPBUYHbIE, BHELLIHNE KITHOUMN.
OrpaHundeHne NOT NULL. Peanusaumsi orpaHnyeHnin LenocTtHoCcTU 6asbl JaHHbIX Npwu
nomoLm Tpurrepos. [leknapaTtnBHble OrpaHUYeHuUs LLeSTOCTHOCTU B A3blke SQL.
Hopmanuaauma oOTHoweHun 6a3bl gaHHbIX. PyHKUMOHaNbHass W MHOrO3HadHas
3aBucmmocTu. HopmansHble oopmbl oTHoweHun B (1TH®, 2H®, 3H®, HOBK, 4HOD).
CTpyKTYpbl XpaHeHnsa gaHHbIX. MHoekcnpoBaHue gaHHbIX. CTPYKTYpbl MHAEKCOB JaHHbIX.
TpaH3akumn. BocctaHoBneHne gaHHbix B npu cbosix. TpaH3akuum v napannennsm.
Cepuanunsaumsi TpaH3akumuim ¢ NOMOLLbIO 61OKMPOBOK. Tynuku.

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

4.15 Apxntektypa 3BM u cuctemnoe MO

POoHHENMaAHOBCKME MPUHUUNLI peanu3aunn SBM.

dopmaT KoMaHA4 1 MeToAbl agpecaunu.

Mogcuctema BBOAa/BbiBoga. Pexumbl obmeHa WHopmauMen ¢ BHELHUMMMU
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. TexHonorun o6paboTkm MHPoOpMauum M MawunHHoe obydeHme. Obwasa cxema
npouecca 06paboTkm nHpopmaumm. OCHOBHbIE npouenypbl 06paboTkn Hdopmaumn.
Knaccudukauma 6a3oBbix noaxoaoB kK obpaboTtke mHpopmaumn. banecosckasa teopus
peweHnn. Pewatowee npaBumno Ha OCHOBE MUHMMYMa YCFOBHOro pucka. Pewatowmne
npaBuna Ha OCHOBE MaKCMMyMa anoCTEPUOPHOM BEPOSATHOCTM U (PYHKUUMK
npasgonogobus. [MoHaTne pasgenswowmx  dyHkumn.  O6obuieHHaa  CcTpykTypa
pewatowero npasuna. OueHka owunbok. Pacno3HaBaHume o006pa3oB, OMMCbIBAEMbIX
rayCCoBCKMMM BekTopamun.PacnosHaBaHve o00pa3oB, OMNUCbIBAEMbIX [ayCCOBCKMMMU
BekTopamn. PacnosHaBaHue 06pasoB, OMUCbIBAEMbIX MPOM3BOSIbHBIMM  3aKOHaMU
pacnpegeneHnsa. Pacno3HaBaHve o0pa3oB, OnNMCbiBaeMblX OMHapHbIMU MpPU3HaKaMMW.
MapameTpuyeckoe obyyeHMe B 3agadax pacno3HaBaHus. MeTtogbl Makcumyma
npaBgonogobuss M MakcMMymMa anocTepuopHOM BepOSiTHOCTWU. [loacTaHOBOYHbIE
anroputMmbl. HenapameTpudeckoe obyyeHne B 3agjayax pacnosHaBaHuda. MeTtoq
Map3eHa. MeTog K-6nmxkanwmx cocegen. PacnosHasaHme 06pas3os ¢ NOMOLLbIO (OYHKLNIA
paccTosiHus (Mep 6nmsoctn). MeTon OnopHbIX BEKTOPOB. HenuHenHble Npeobpa3oBaHus
N cnpamMngowme npocTpaHcTea. KOMNO3NUWOHHbIE anropuTMbl, onvcaHne n 6asosble
nogxoabl. Komnoamunn Ha ocHoBe BarrmHra (anroputm criydamHbin nec). Komnoamumm Ha
ocHoBe 6OyctuHra (anroputm adaboost). Knactepmsaums obpasos. Kputepuu
apdpekTnBHocTn.  AnroputMm  K-cpegHux. Knactepusaums obpasoB. Kputepum
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.
CapoBHuumin, B.X. CeHgoB ; Mock. roc. yH-T um. M.B. JlomoHocoBa; nog pea. A.H.
TuxoHoBa .— M. : [pocnekT : N3a-8o Mock. yH-Ta, 2006.

2. TuxoHoB A.H. [iIndbdpepeHumansHble ypasHeHus / A.H. TuxoHos, A.b. BacunbeBa, 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. XXuakos, I'. M. Kobenbkos
; 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. YpaBHeHus maTematmyeckon 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 BepoAaTHOCTEN N MaTemMaTnyeckasa ctatuctuka / B.E. T'mypmaH.
— M. : Bbicw. wk., 2004 .— 478 c.

7. HoBukoB ®.A. [nckpetTHasa matemaTuka anst nporpammmctos / ®.A. HoBukoB .— 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. A6cTpakuma n cTpykTypbl gaHHbIx — 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 U MPOEKTUPOBaHME C MNpumMepamu
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. MatBeeB M.I'. Mogenu n metoabl nckyccteeHHoro 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
mogenunposaHne B MATLAB : [ydebHoe nocobue] / A.A. Cupota .— CaHkT-INeTepbypr :
BEXB-lMeTepbypr, 2016 .— 381 c.

6. OOpas3eu KOHTPOJIbHO-U3MEPUTESNILHOIo MaTepuana
1. PewnTb cnenytoLLyto KpaeByto 3agavy:
u —9u_ =1+ 2xt+ 5tsin(37ﬂx), xe[0],

u(0,t) =t,u (1,t)=t*,
u(x,0) = 3x.

2. [laTb MaTeMaTuyeckoe onucaHue Ans anfropuTMOB KIlacTePHOro aHanusa, a UMeHHO
Anst anroputMa K-means n anroputma nepapxmyeckoe rpynnupoBKy.

3. HeopueHTupoBaHHbIv rpadp G 3agaH maTpuyuen CMEXHOCTM BEPLUMH a: ali, j] = 1, ecnu
BEpLUMHA C HOMEPOM i — CMeXxHas (CBA3aHa) C BEPLUMHOM j.
Ha nwobom fA3blke nporpamMmMupoBaHus peanu3oBaTb (YHKLUWUIO, KOTOpasi npoBepsieT,

ansetca nu rpad G cBA3HbIM. PyHKUMS (MeToa) OO/MKHA B KayecTBe napametpa
NpYHMMaTb MaTpuULy CMEXHOCTM M BO3BpallaTb forndyeckoe 3HadeHue (true — rpad
cBa3Hbl, false — He cBA3HbIN). [lpn HeobxoaMMOCTM MOXHO peanusoBaTtb
BCnomMoraTesibHble OyHKUMK (MeToAbl).

7. BapnaHTt otBeTa Ha KUM

PeweHune 3apaHns Ne1.

Y100BI CBECTH BCE K 3a1a4c C OJHOPOAHBIMH I'PAHUYHBIMHU YCIIOBUSAMH, CACIIACM 3aMCHY
HEU3BECTHON PYHKIIMHU BUJIA

u(x,t) = H(x,t) +u(x,t),
rae H(X,t) —mo0ast GhyHKIMS, yIOBICTBOPSIONIAs HEOAHOPOIHBIM I'PAaHUYHBIM YCIIOBHUSM,

T. €.
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H(,t)=t,H (1t) =t
bynem nckare H(X,t) B Buze
H(x,t) =a(t) + xb(t).
Heomnpenenennsie k03hGUIIMECHTH HAAEM C TIOMOIILI0 TPAHUYHBIX YCIOBHIA:
H(0,t) = a(t) =t,
H, (Lt)=b(t) =t

Takum oOpa3om, uickoMast pyHkius H (X,t) BRITISAAUT CIIEAYIONMM 00pa3oM:
H(x,t) =t + xt*.
BrinmonHuB 3aMeHy HEM3BECTHOUN (hYHKITUU
u(x,t) =t + xt® + U (xt),
IMOJY4YHM 3aaa49y C OJHOPOAHBIMU I'PAHWUYHBIMU YCIIOBUSMHA
u —9u, = 5tsin(37ﬂx), x e[0],

7(0,t) =0, (Lt) =0,
u(x,0) =3x.

\

DO YHKIUIO G(X,t) IPEACTABUM B BUJE CYMMBI JIByX KOMIIOHEHT
u(x,t)=V(x,t) +W(x,t),
ABIAOIUXCS PCIICHUCM CICAYIOINX 3a/1a4:
Vv —oxe[od Wt—9WXX:5tsin£37ﬂX}XE[O,1],
V(0,t)=0,V, (Lt)=0, W (0,t) =0,W, (Lt) =0,
V (x,0) =3x. W (x,0) =0.

Haiinem caavana pynkmuto V (X,t). s 3Toro mouiieM perieHus, mpeIcTaBuMbIC B
Buje npousseacHus V (X, t) = X (X)T(t):
XT"'-9X"T =0.
IMogenu 510 paBeHcTBo Ha 9XT | 3areM pasjeauB epeMEHHBIE, TOTYIHM

T ! X 4
= — =const.
ar X
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KoHCTaHTy B mpaBoii 9acTH I yao06cTBa 0603HauMM Kak — A°. B pesymbrare momyuum
CIICAYIONIHE JIBA YPABHECHUSI:
X"+ 1*X =0,
T'+92°T =0.
Pemum ypaBuenue s X (X) :
X (x) = C, cos(Ax) + C, sin(Ax).
C yuerom rpanmusbix ycioBuit X (0)=0, X'(1)=0, momyunmm cneayromuidi HaOOp

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

Cpenu HaiineHHBIX X (X) JIMHEWHO HE3aBUCUMBIMH OYAyT QyHKIUU
X, (x)=sin(4,x),n=012,... .

Haxonum BpeMeHHYI0 KoMmnoHeHTY T (1) :
T (t)=Ae"".
Ymuoxkaem X, (X) Ha T (t) u ckiagbiBaeM:
Vxt)=> X ()T, (1) = Ae**sin(4, ).
n=0 n=0

Hcnons3yem HauaabHbIe yeiaoBus V (X,0) =3X:

V(x,0) =Y A sin(4, x) = 3x

Kosddunmentsr A MOKHO HAWTH, pa3noxuB QyHKIHIO 3X B psx Dypee:

A = 2j3xsm(i x)dx = Gsml

n

Takum ob6pazom, ¢pyHkImsa V (X,t) BBITTIAIUT CICAYIONIM 00pa30M:

V(x,t) = iGSi;ﬁn 4t gin( A x).

n

Teneps Havigem pyukiuio W (X,t). s atoro 3anuiiem ee B Buje psaga Oypee 1o

6azucy X, (x):
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W (x,t) = YW (£)X, () = SW. (t)sin(4,x).
n=0 n=0
[ToncraBum nanHOE BhIpaxeHue B ypaBaenue st W (X,t):

37X

SW/(1)sin(4,x) — 93 W, (t)(sin(4,x))" = StSi”(T}
n=0 n=0
ITocne HCKOTOPBIX yr[pOHIeHI/Iﬁ IIOJIYYHM CIICAYIOICC PABECHCTBO.

i(Wn’(t) +92°W. (t) )sin(4,x) = 5tsin(37”"j.

n=0

T
[MoacraBum A = > (1+ 2n) B 3TO COOTHOIIEHHE:

o0

Z(W;(t) +

n=0

Or
4

37X

: (L+2n)*W, (t)jsin(% 1+ 2n)xj = 5tsin(7j.

[IpupaBuuBas kod(hPUIIMEHTH TPU OJMHAKOBBIX CHHYCAaX B JIEBOM M MPaBOM YaCTH,

MOJIYYUM CJIETYIOUMI HAaOOp YpaBHEHHIA:

Or

2
1 (L+2n)*W (t)=0,n =1,

W/(t) +

2
W(t) + %wl (t) = 5t.

C yueTom 0HOPOIHBIX HadanbHbIX yernoBuit W (0) =0, mpu N #1 nomyuum TobKo
TpuBHaibHoe pemenue W (1) =0.

Paccmotpum ciydaii N=1. ®ynkumio W, (t) Oymem uckaTh Kak CymMMy OOLIEro
pemmenus ognopoxuoro ypasaenus W,” (t) u wactroro pemenus zeoguopoasoro W, ™ (t).

00 o
®Oyukmuoo W™ (1) MOXHO HalTH ¢ TMOMOLIBIO XapaKTEPHCTHYECKOro ypaBHeHus. OHa

BBITJISIUT CJIEAYIOINM 00pa3oMm:

8172

W2 (@t)=Ce * .
dynxrmuro W, (t) MoxkHO monckats mo BUIY IpaBoii YyacTy, T. €. 3aMUCATh KaK IMHEHHYIO
(GyHKLHIO C HEOIpeAeIeHHbIMU KO3 pUuiiieHTamMmu:

W™ (t)=a+ ft.

[ToacTaHOBKa B MCXOJTHOE YPAaBHEHUE JAET CIEAYIOLIUN Pe3yIbTarT:
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uh 20 4
W, ™ (t) = Py (— L +t).

Ortcrona Haxoaum pynkiuo W, (t) :

81z’ 20 4
W (t)=Ce * + - +1t|.
) 817:2( 81r? ]

C yuetoM HauanbHbIX yciaoBuid W, (0) =0, nocnenusist popmyna npruoOpeTaeT cieayonui

20 (4 [ B
W,(t)=—— e * —1|+t|

OcTajioch 3anmmucaTth OTBET:

= BSINA oo . 20 ( 4 ( & (3
u(x,t) =t +xt? +> — e sin(A x) + e 4 —1|+t|sin| = |
i 2 (4% 817#(81”2[ } J (2)

n

BHUA:

rae A, =§(1+ 2n).

PeweHune 3apaHnsa Ne2.

|. Anroput™m K — means (ctangapTHas peaau3alius) Mo Iaram:

1. Beibupatorcs HaganpHble 3HaueHus M 1meHtpoB kmactepoB M.,i=1,M, B kauecTBe

KOTOPEIX HA3HAYAIOTCA IGO0 MepBhle 00passl N3 HCXOAHOM BEIGOPKH X " (T.e. (haKTHUEeCKH
ciydaiiHo), 6o M Hambonee ymaneHHBIX Jpyr OT Jpyra o00pa3oB BBIOOPKH
(MaKCHUMHMHHBIN aITOPUTM).

Jlasiee B 1MKJIE, OXBATHIBAIOIIEM IMOCJIEAYIONIME MYHKTHI, OCYIIECTBIIOTCSA CIECAYIOIINE
JICHCTBUS.

N N o
2. IlpoBoaurcs pa3duenue Q,, = {X Loy X'™ } UCXOJHOM BBIOOPKH Ha KJIACTEPHI, B XOJIC
KOTOPOI'0 MPHUHAIICKHOCTD KaKI0ro o0pasa omnpeaessieTcsi Ha OCHOBE IMMOMCKa MHHHMYyMa

Cpea pPacCTOSHUN 1O YCTaHOBJEHHBIX paHee IEeHTpoB M., i=1M . PaccuuthiBaercs

HavanpHoe 3Havenne E, (X",Q,,).

3. IlpoBoauTtcsi mepepacyeT LEHTPOB C Y4YE€TOM pe3yJIbTAaTOB BBINOJHEHHOW B 1.2
KJIaCTepH3aIlUuU

1 Nj i) -
m=—Yx*i=1,M
. k=1

¥ COOTBETCTBYIOIMiA mepepacuer ¢pynkmun E', (XN, Q,,).
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4. Ecnu pa3sHWIa 3HAYEHWH IIGHTPOB HA COCENHMX Imarax o, :max\mi —m{|>3J,, 10

ocylecTBisiercst mpucBoeHne M.=m’;, i=1,M wu mepexox K BBINOJIHEHUIO CIIEAYIOIIETO

miara B 11. 2. IHadye — 0CTaHOB.

B n4. 5, — mopor mis ¢uKcanuM OCTaHOBAa WTEPATUBHOIO Ipoliecca Nepecdera IMpU
YCIIOBUM HE3HAUNUTEIBHOCTH U3MEHEHMSI LIEHTPOB KJIACTEPOB HA COCEAHMX Il1arax.

Il. ArnoMepaTuBHBIN aNrOPUTM KJacTepu3aliy (CTaHJapTHAs peau3allys) 1o miaram:

1. Ycranasnusaercs 3Hauenre M =N u GpopMupyercs HaualbHOE pa3OUeHUe Ha TPYIIIILI
1 1 1 N j j
(navyanpHas kiaacrepusarms) Qy , Qy = {X ey X }, X1 =x,

9 k U
2. B muxie Ui BBIONHEHHOH panee kimactepm3ammu Qy ,.,u M=N-k+1 c
UCTOJIb30BAHUEM 3aJaHHON (YHKIIMM PAcCTOSHUS TpYII HaxoAuTcs Ommkailiuas mapa
. . N ;
rpymmn, umetomas min D(X M, X 1)
]

Nj+N j Ni N NG K
3. TIpoBourcs ciusinve BoIOpanubiX rpynm X 0 =X ' UX ) usearue X ) u3 Qg 4
y K
¥ obpasoBanve HOBOW kiactepuzammu Qy_, C COOTBETCTBYIONIUMU HOBBIMH

~

o0o3HavueHUsAMH Tpynm u pucBoeHneM M =N —K.

4. Eciu M =1 (moxxno M =M , ecnu yncio KJ1accoB 3apaHee 3a/1aH0) — OCTAHOB.

[TpuHLMNIHATBHOE 3HAUYEHUE JUIsl IOJJOOHBIX aNTOPUTMOB MMEET BBIOOP (QYHKLIUHU
pacCTOSHUA IS OIPEAENIeHNs OJM30CTH KIacTepoB. MCIoIb3yI0TCs pa3InyHbIe BAPUAHTHI,
K KOTOPBIM OTHOCSITCS CIIEYIOIINE (QYyHKIUU:

" pacCTOSIHHE MEXITY OMKaNIIMMU coceIsIMU
. N - - . -
D™ (XM, X)) = min d(x®Y, xe0y;
,S
m pacCToAHNC MCKOY caMbIMHN YAaJICHHBIMHA coceaamMmun
. N . .
D™N(XM, X )= max d(x®Y, xeDy;
,S

" cpenHee paccrosiHAe MEXTY obpazamu KJIaCTEPOB

BG /v Ni v Nj 1 Nillj ki) (D) -
D™ (XM, X ’)=N—ZZd(X oxEY);

. k=1s=1
j S

BC Nj Njy _ 2
"  pacCTOsHME MexAy IleHTpamu kiacrepoB D™ (X, X 1)=d (mi,mj),

m. :iNZEX(kJ) m __Ex(s,i) -
I N k=1 ' ] N . s=1 '

! ]
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®  paccrosiHMEe Yopaa (MUHUMYM COOTBETCTBYET MAaKCUMy MPHUPOCTa CYMMBbI

KBaaApaToB OTKJIOHCHUH a0 LHCHTPOB KJIaCTCpOB IIpu nx 06’I>CILHH€HI/II/I

D™ (XM, X M) =N d?(m;,,m, ).
N; + N, :
PeweHwne 3agaHnsa Ne3.
// peweHue Ha java, BapuaHm o6xoda 6 wupuHy c o4epedbh
public static boolean isConnected(int[][] a) {
int n = a.length;
boolean[] visited = new boolean[n];
Queue<Integer> q = new LinkedList<>();
g.add(90);
visited[@0] = true;
while (!q.isEmpty()) {
int i = g.remove();
for (int j = 0; j < n; j++) {
if (a[i][j] > © && !visited[]j]) {
q.add(j);
visited[j] = true;

}
}
for (int i = 0; i < 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][]] && !v [J]) {
visit(a, v, j);
}

}

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; });
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8. Kputepum oueHkM KayecTBa nocTynarLlero
JKcnepTHada oL EeHKa YPOBHS 3HaHMM No npegnaraemon nporpamme ot 0 go 100
6annoB. MnHumMmansHoe Konn4ecTBo Bannos, NnoaTeBepXxaatoLliee ycneLwwHoe
NpoOXoXaeHne BCTYNUTENbHOIO UCNbITaHus, coctaBnseT 40 6annos.

V. HammeHoBaHMe maructTepckomn nporpamMmmbil:
«MHdOopMaLUMOHHbIE TeXHONONrMMU U KOMMNbIOTEPHbIe Hayku Ana uudpoBown
3KOHOMMKMN»

PykoBoautenb maructepckon nporpamMmmbi:
KaHangat dus.-maT. Hayk, goueHT Cupota E.A.

KpaTkoe onncaHme marmctepckon nporpammbi:

«UAHOpMaLNOHHbIE TEXHOSIONMU U KOMMNbIOTEPHbIe Hayku Ana umdposBown
3KOHOMMKN» — HOBasi Marncrepckas nporpamma, otkpbitad Ha ®KH BI'Y ¢ 2022 ropa.

Llenb gaHHon obpasoBaTenibHOM MNporpaMmbl 3aknovaeTcss B npeaocTtaBneHum
cneumanuctam, b6akanaBpam B 06nactM rymaHuTapHbIX, CouMarnbHbIX, €CTeCTBEHHO-
TEXHUYECKMX  HanpasfeHWW  3HaHWW, YMEHUA U HaBbIKOB  MNPUMEHEHUS
HOBbIX WH(OPMALMOHHbLIX TEXHONMOrMM B paspaboTke WM BHeAPEeHUU MpuKnagHbIxX
NPOrpaMMHbIX MPOAYKTOB. 3TO MNO3BOMUT  MNOArOTOBUTH CneuuanuMcToB-mMarncTpos,
CnocoBHbIX 06BbeaANHNTL 6a30Bble 3HAHUS (B €CTECTBEHHbIX, MHXEHEPHbIX, F'YMaHUTapHO-
coumnanbHbIX Haykax) ¢ KoMneTeHUunamMm B 0651acTU MHPOPMALMOHHBIX TEXHOMOMNK, YTO
OygeT cnocobcTBOBaTbL MOAEPHU3ALMM N BHEOPEHME NHHOBAUMOHHBIX NT-TexHonorum B
pasnnyHbIX cdepax obuiecTBa.

OCHOBHYI YacTb MporpaMmbl COCTaBASAKT KypCbl MO OCHOBHbLIM HanpasfieHUAM
NHPOPMALMOHHBIX TEXHOMOormn (nNporpamMmmMmpoBaHue, MHGOPMaUMOHHbIE CUCTEMbI U
cetT  n ap.). Kpome TOro, nporpamma BKNOYaeT psg KypcoB, B KOTOPbIX
paccMaTpmBaloTCA  NPUMOXKEHUS  MHAOPMAUMOHHBIX  TexHonormm B obnacTsax
npodeccrnoHanbHON AeATENbHOCTN.

BCTyI'IVITeanoe ncnbiTaHne no auncuuninunHe «KOMI'II:IOTeprIe n
MaTeMaTndeCkmne Haykm»
d)opma BCTYNNTEeNbHONo NCNbiTaHUA. NMUCbMEHHbIN 3K3aMEH.

ﬂporpamma BCTYNMUTENIbHOIO UCNbITaHUA NO
auncuuniunHe «Komnmeeprle n matemMaTnieckme HaykKm»

2. CoctaButenu: Kpbinoseukun A.A., gekaH ®PKH, Bopucos [.H., goueHT, 3aB.
kadegponn UC, Cupota A.A., npodeccop, 3aB. kadegpon TOu3WN, Maxoptos C.L4.,
npodeccop, 3aB. kadegpon MNMuAUT, Kypranud C.[., npodeccop, 3aB. kacdenpon UT.,
Cupota E.A., poueHT kadegpa LT, Mutpocanosa E.FO., goueHT kadeapbl TOu3N,
3amecTtuteno gekaHa ®KH no yyeGHon pabote, AtaHoB A.B. poueHT kadpegpsl LT,
AoueHT, 3amecTtutens gekaHa ®KH no y4ebHon pabote

3. OCHOBHbI€ 3HaHUS, YMEHUSA U HaBbIKWU, KOTOPbIMU AOJKEH obnapaTb
NOCTynarLM1K.
[lormKkeH 3HaThb:



18

- OCHOBHbIE€ MOHATUA U MeTOAbl MaTeMaTU4YecKoro aHanmsa, NuHenHown anrebpebl,
9NIEMEHTOB  MaTeMaTU4yecKoW  NOruKW,  AUCKPETHOWN MaTeMaTukM,  Teopuu
AndpepeHUnanbHbIX YypaBHEHUN, TEOPUM BEPOSATHOCTEN N MAaTEMATUYECKON CTaTUCTUKM,
CTaTUCTUYECKOrO  OLEHMBAHMA W NPOBEPKM runoTes, TexHonormn obpaboTku
NHopMauuK.

- OMnepauUnoHHbIE CUCTEMbI, NPUHLMMbLI YNpaBrneHnsa cetbto OBM; oauH 13 A3bIKoB
NPOrpaMMMpPOBaHUs, CTPYKTYPY JIOKalbHbIX U rNoBanbHbIX BbIMUCIIUTENBHbLIX CEeTew;
CTPYKTYPbl LaHHbIX, CTPYKTYpYy, COCTaB M CBOWCTBA WH(OPMAaLUMOHHbLIX MNPOLECCOB,
cMcTeM M TexHonorumn, 6asoBble M NpuknagHble WH(OPMALMOHHBIE TEXHONOrnu,
Knaccuukaumo MHMPOPMAUMOHHBLIX CUCTEM, MpuUHUMMBLI K 6Gas3oBble KOHLUENUUu
TEXHOMNOMMN NPOrpaMMMpPOBaHUs, OCHOBHbIE MOMOXeHUa Teopun 6as  nN XpaHUnuL
AaHHbIX, 6a3 3HaHUN, OCHOBHbIE BUAbI U Npoueaypbl 06paboTkn MHopMauun.

HormkeH ymeTb:

- MPUMEHATb MaTemMaTnyeckne MeTobl Npu peleHun npodeccnoHanbHbIX 3agav
NOBbILLEHHOW CIOXHOCTH.

[ormkeH MeTb HaBbIKW:

- MOCTPOEHMs MaTemMaTuMyeckom Mogenn npodeccuoHanbHbiX 3agady U
cogepxxaTesibHOM NHTepnpeTaunm NofyyYeHHbIX pe3ynbTaToB.

- paboTtatb B KadecTBe nMOMb3oBaTesNidi C MNepcoHasibHbIM KOMMbLIOTEPOM U
nporpamMMHbIMKU cpeacTBaMu obLero HasHayeHus, UCNoNb30BaTbh SA3bIKM U CUCTEMBI
nporpaMmMuMpoBaHna AOns  peweHna npodeccuoHanbHblX 3agad, paspabaTbiBaTb
NHPOPMALMOHHO-NIOMMYECKYI0,  DYHKUMOHAmNbHYKO U OOBHEKTHO-OPUEHTUPOBAHHYHO
mMoLenn MHPOPMaLMOHHBIX CUCTEM, MOAENN OaHHbIX, MHCTANIMpPoOBaTb, TECTMPOBATb U
MCNOMb30BaTh MPOrpaMMHbIE KOMMOHEHTbl MHMOPMAUMOHHbLIX CUCTEM, MNPUMEHSATb
NHPOPMALMOHHbBIE TEXHOMNOIMMMU MPU NPOEKTUPOBAHUN MHAPOPMALMOHHbBIX CUCTEM,;

- noucka n obmeHa MHGopmaumen B JIOKasnbHbIX U rNobanbHbIX KOMMbOTEPHbIX
ceTsX, NpeACTaBNeHnsa 1 aHanuaa AaHHbIX U 3HaHUW O npegMeTHon obnacTtu, paboTbl C
MeTod4aMn U cpeacTBamMu aHanmsa U peanusaumm npoekta MHPoOpMaLnoHHON CUCTEMBI,
BnageHnsa asblkamu npoueaypHoro n 06 bEeKTHO-OPUEHTUPOBAHHOIO NPOrpaMMMpPoOBaHNS,
NHCTPYMEHTalNbHbIMK  cpeacTBaMn  00paboTkM  MHOpMaUnMN, UHTENNEKTyanbHOro
aHanusa gaHHbIX.

4. TemaTnyeckum nnaH
4.1 MaTemaTnyeckum aHanms

6 MHOXecTBa M 4uUCnoOBble MNOCNeLOBaTENbLHOCTU: OCHOBHblEe onpeaeneHus u
MOHATUS, OrpaHNYEeHHbIE MHOXECTBa W MocreaoBaTenbHOCTU, npeaen YncroBom
nocrnenoBaTenbHOCTH.

7 ®YHKUMM OOHON NepeMeHHOW: OCHOBHblE MOHATUS U onpefesieHusi, Cnocobbl
3alaHnsl, OCHOBHbIE Knaccbl YHKUMA, MNOHATME HENpepbIBHOCTU, npeaen
yHKUMN.

8 [lpousBogHas pyHKUMM OOHOW NEepeMeHHON, ee reoMeTpuUdeckuin U PusnyecKni
CMbICI1, MPOU3BOAHbIE CTapLUMX MOPSAKOB, MPUNOXEHUs auddpepeHunansHoro
NCUYUCIEHWSI.
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9 TlloHaATMe onpedeneHHOro uHTerpana, ero reoMeTpu4ecKknin CMbICH, MPUNOXKEeHUs
onpeaesieHHoro uHTerpana.
10 Yucnosble psnbl, OCHOBHbIE NMOHATUA, CXOAUMOCTb U PacxoanMocTb. CTeneHHble
psiabl, 06nacTb CX0OMMOCTM CTEMNEHHOrO psaa.
4.2 OndpdepeHumanbHble ypaBHEHNA

7 Twvnbl guddepeHymanbHbiX ypaBHEHUN.
8 HuddepeHunanbHble ypaBHEHUS NEPBOro nopsaka.
9 JlvHenHble gndpepeHUmnanbHble ypaBHEHUS BTOPOro nopsaka.

4.3 Anrebpa 1 reomeTpusa

6 MaTpuubl, OCHOBHbIE NMOHATUSA U onpefeneHuns. BelumcneHne onpegenurenen.

7 JlMHeWHble onepaunn Hag maTpuuamMu.

8 DBekTopHble NpocTpaHCTBa, UX CBOWMCTBA, JIMHEWHAs 3aBUCUMOCTb W JFIMHEWNHas
He3aBUCMMOCTb BEKTOPOB, pa3noXeHue BekTopa no basucy.

9 CucteMmbl NMMHENHbIX YPaBHEHWUN: OCHOBHbIE NMOHATUS.

10 OcHOBHblE 3afayM aHanUTUYECKOW reoOMeTPUM Ha NNOCKOCTM, npsiMas Ha
MMOCKOCTU, KPpMBbIE BTOPOro nopsigka, npsmas U nNiocKOCTb B MPOCTPAHCTBE.

4.4 Teopna BepOATHOCTEN N MaTeMaTMyecKasi CTaTUCTUKA

7 OCHOBHbIE MOHATUA TEOPUM BEPOATHOCTEN.
8 TeopeMbl CrOXeHNA N YMHOXEHUS BEPOATHOCTEN.
9 Knaccudumkauma cnyvyamHbix BeSIMYnH. [InckpeTHaa cnyvyanHas BenmymHa.
10 HenpepbiBHas criydanHasa senmymHa.
11 Yucnosble XxapakTepPUCTUKN CRYyYalHbIX BEMNYMH.
12 To4veyHble OLEeHKM HEM3BECTHbIX NapameTpoB: onpeneneHus, CBOMCTBA, MeToAbl
HaxoXaeHus.
13 PacnpegeneHue ["aycca.
4.5. OcHOBbI NPOrpamMmMmMpoBaHNS

1 TlloHaTne nHdopmauuu.

2 OO0wasn xapaktepucTtuka npoueccos cbopa, nepegayun, o6paboTkm n HakonneHmns
NHGOpMaLUN.

3 TexHudeckme W nMporpaMMHble CpeacTBa peanusauum  UHAOPMALMOHHBIX

NpoLeCcCcoB.

TunoBble onepaunoHHbIE CUCTEMBI.

dannbl n gannosasa cuctema, CUCTEMHbIE YTUMNTLI.

JTokanbHble u rnobanesHble ceTn. World Wide Web n web-texHonorunu.

OrEeKTPOHHasa no4vTa u coymnarnbHble CETMW.

OdmcHoe nporpammHoe obecneuveHne. PaspaboTka TEKCTOBLIX AOKYMEHTOB U

3MEKTPOHHbIX Tabnuu,.

9 OnemeHTbl NporpaMmMMpoBaHnNSA (OO A3bIK): XapakTEPUCTUKKN A3blKa.

10 CTpyKkTypa nporpammbl,  NPUHUMMBI  CTPYKTYPHOro  nporpaMmmMuMpoBaHuA.
Anroputmsl.

11 Twvnbl AaHHbIX. [lepeMeHHble U KOHCTaHTbI.

12 OnucaHune nepemeHHbIX. MaccmBbl JaHHBbIX.

oo ~NO 01 b~
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13 OcHoBHble apudmeTnyeckme onepaumn. Limknbl. YCnoBHbIE onepaTopsbl.

14 CtaHpapTHble dyHKUMM BBoAa/BbiBoAa. [lepegada napamMeTpoB nNpu BbI30BE
dyHKUMI. nobanbHble N NoKanbHbIE NEPEMEHHbIE.

15 Pabora c hannamu.

5. CNMCOK pekoMeHAayeMoun nurtepaTypbl

1. InbuH B. A. Matematnyecknin aHanms : y4ebHuk : B 2 4. / B.A. InbuH, B.A.
CapoBHuumin, b6.X. CeHgos ; 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. dnddepeHunanvHble ypaBHeHus / A.H. TuxoHos, A.b. Bacunbesa,
A.l'. CBelwwHukKoB ; Mock. roc. yH-T um. M.B.JTomoHocoBa .— WN3a. 4-e, ctep. — M. :
PUNSMATIINT, 2005 .— 253 c.

3. baxeanoB H.C. Yncnenuble metogbl / H. C. baxsanos, H. . >Kugkos, . M.
KobenbkoB ; Mock. roc. yH-T um. M.B. JlomoHocoBa .— 4-e nsg. — M. : BUUHOM. J1a0.
3HaHuK1, 2006 .— 636 c.

4. nbuH B.A. JluHenHaa anrebpa n aHanutuyeckada reometpus / B.A. UnbuH, I.[0. Knm
; Mock. roc. yH-T um. M.B. JlomoHocoBa .— 3-e u3a., nepepab. n gon. — M. : N3a-Bo
Mock. yH-Ta : [pocnekt, 2007 .— 392 c.

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

6. 'mypmaH B.E. Teopus BepossiTHOCTEN N MaTemaTtmnyeckasa ctatuctuka / B.E.
'mMypmaH. — M. : Bbicw. wk., 2004 .— 478 c.

7. HoBukoB ®.A. lnckpeTHast 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 pa3paboTtyunka 6a3 gaHHbIX — M.:
Honungx, 2000.

9. Pannu 1. A6cTpakuma 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.: Honugx, 2000.

12. MaTtBeeB M.I". Mogenu n metoabl UCKyccTBEHHOro nHtennekra / M.I'. MaTsees, A.C.
Ceupungos, H.A. AnenHukoBa — M.: ®unHaHckl U ctatuctmka, 2008.

13. CnpoTa, A. A. MeToabl 1 anropuTMbl aHanmsa JaHHbIX U UX MOAennpoBaHue B
MATLAB : [yuebHoe nocobue] / A.A. Cupota .— CaHkT-lNeTepbypr : EXB-IMNeTepbypr,
2016 .— 381 c.

6. 06pa3eu, KOHTPOJIbHO-U3MEepUTenbHOro Mmatepuana

1 [lokasaTb, YTO nocnegoBaTenbHOCTb ABNAETCS orpaqueHHoM:


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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2 Hailtu HeonpegeneHHbin uHTerpan [ /ﬁ dx (a > 0)

3 Ha nobom £3blke nporpamMmMupoBaHMst peannioBaTb YHKUMIO, KOoTopas
BbINOMNHSAET COPTUPOBKY MacCuBa YNCIOBbIX 3HAYEHUNA.

7. BapunaHTt oTBeTta Ha KUM

PeweHune 3agaHnsa Ne1. [ockonbky

(-1'n+10 <[(-1'n[+10=n+10, Vn’+1>n, To

-1)"'n+10
|x|:K ) ‘sn+10=1+1931L

n
n®+1 n n

4YTO WU O3HA4YaeT OrpaHNYEeHHOCTb {xn}.
PeweHue 3apaHua Ne2. NoablHTerpanbHasa oyHKUNA onpeneneHa Ha NpoMexyTke
0 < x < a. Coenaem 3ameHy nepeMeHHon 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

— (a?sint) 2 _ 2sin? ¢t . _
=J a—(a?sint) Sint)d(a sint) = [ —a_ZSintha sintcostdt =

sint
= 2a](costsintcost>dt= 2ajsin2tdt = 2](1—c052t)dt=

sin 2t
:2(t— > >+c=a(t—sintcost)+c

BosBpalyasch oT nepeMeHHoM t CHOBa K nNepeMeHHON X, Nony4vyaem:

aarcsin\/g—z\[£ f1—£+c.
a a a

PelweHune 3anaHnsa Ne3.
// peweHue Ha A3eike python

//1 BapuaHT
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from random import randint

10
[]

for i in range (countMas) :

countMas

arrayMas

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+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 4= 1
i+=1

return mas

from random import randint
countMas = int (input ('BBemmuTe KOJIMUECTBO BJIEMEHTOB MaccuBa:'))

[]

for i in range (countMas) :

arrayMas

arrayMas.append (randint (1, 99))
print ('McxomHeM Maccub: ',arrayMas)

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

8. Kputepum oueHkun kayecTBa noctynaroLwero
OKCrnepTHasa OueHKa YypOBHSA 3HaHWW no npegnaraemon nporpamme ot 0 go 100
6annoB. MuHumanbHoe konuyecTBO 6Gannos, noATBepxaawwee YycnewHoe
NPOXOXAEHNE BCTYNUTENBbHOIO UCMbITaHus, cocTaBnseT 40 6annos.



