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Mporpamma paspaboTtaHa Ha ocHoBe P OC BbicLLEr0 0Opa3oBaHUs No nNporpamme
b6akanaspuata 09.03.02 'HbopMaLNOHHbIE CUCTEMbI U TEXHOMNOMM

1. AHHOTaUMM K NporpaMmmam No HanpaBfIeHUIO NOATOTOBKMU
UHcopmMaLmnmoHHbIe cucTeMbl U TeXHornormm (o4Hasa coopma obyyeHus)

1. «</AHanu3 n cuHTEe3 UHPOPMALIMOHHBLIX CUCTEM»

PykoBoantenb marmctepckon nporpaMmmbl — 3aBeyowmmn kapenpon MHPOPMaLMOHHbIX
cucTeM, OOKTOp (hus.-maT. Hayk, npodeccop AnrasnHos 3.K.

KpaTkoe onucaHue Maructepckou nporpamMmmbi:

Marunctepckass nporpamma npeactaBnsieT cobon Komnnekc obpasoBaTenbHbIX
KYpCOB, CEMUHAPCKMUX 3aHATUA KU nabopaTopHbiXx paboT Mo mMeTodam, TEXHOMOrMAM u
NpakTuke pas3paboTkn MaTeMaTU4ecKkoro M nporpaMmHoro obecneyeHus B obnactu
aHanu3a M CcuHTe3a MHEPOPMALUMOHHBIX U MHAOPMALNOHHO-U3MEPUTENBHBLIX CUCTEM,
MEeTOOOB U cpeacTB 06paboTkm cMrHanoB 1 n3obpakeHmn B UHOPMAaLIMOHHbBIX CUCTEMAX.
HaHHas obnactb, Hapsgy CO 3HaHMSAMWM UM HaBblkamu paboTbl B obnactu
NHPOPMAaLMOHHLIX TeXHOMOMMN, TpebyeT OT uccnegoBartenen U paspaboTUNKOB YMEHNS
B CKaTble CPOKM aHanM3nMpoBaTb, TBOPYECKN nepepabaTbiBaTh M co3gaBaTbh 4OCTATOYHO
CNOXHble anropuTMbl K MporpamMMHble peleHns. B pamkax nporpammbl paroTtcs
AO0CTaTOYHbIE OCHOBbI ANS YyCNELHOW ganbHenwen gesaTenbHoCcTn B obnactn o6paboTkm
N aHanmMsa MynbTUMEeAUNHOW MHGOpMauuK, a Takke WHgopmaumm, fobbiBaeMon B
NH(POPMALMOHHO-U3MEPUTENBbHBIX  CUCTEMAX PasfiMYHOro  HasHavyeHust (Cuctemsbl
a9pPOKOCMMYECKOTO U PagUOMOHUTOPUHIA, CUCTEMbI KOHTPOMNSA U 3alUUTbl TEXHUYECKUX
KaHanoB yTeyku UHGOPMaLnnN, CUCTEMbI BbICOKOTOYHON KOOPAWHATOMETPUN, CUCTEMBI
BruomeTpunyeckon ngeHTuduKaunum IMYHOCTH 1 Np.).

BbINyCkHUK fommkeH 6bITb MOArOTOBMEH K AeATENbHOCTU, TpebytoLwwen yrinyoneHHon
dyHAaMeHTanbHON M NPOdEeCCUOHANbHON NOLIOTOBKN, B TOM YMCE K aHaNUTUYECKON,
Hay4HO-MCCneaoBaTeNbCKON AeATENbHOCTU N pa3paboTke no npobrnemaTnke cuHTe3a m
aHanusa WHMOPMaLMOHHO-U3MEPUTENBbHbBIX CUCTEM C MNPUMEHEHMEM COBPEMEHHbIX
NH(POPMALMOHHBLIX TEXHOSIOMMM B HAY4YHO-UCCeOoBaTENbCKUX, KOHCTPYKTOPCKMX,
o6pasoBaTeNbHbIX YYPEXAEHNAX N KOMMEPYECKMUX CTPYKTYpax. Marmctp gomkeH Takxke
ObITb FOTOB K NMpenodaBaHuMio LMKNa AUCUMNNWH (CUCTEMHBLIN aHanun3, MOAenNupoBaHue
CUCTEM, MPOEKTMPOBaHME MHOPMALUNOHHBLIX cucteMm, umdposas obpaboTka curHanos,
obpaboTka n3obpaxxeHnin, pacnosHasaHne obpas3os 1 Ap.) HanpasrieHNS.

2. «CuctemMbl NpUKNagHOro MCKYCCTBEHHOIroO UHTESNIeKTa»

PykoBoanTtenb Marnmctepckon nporpamMmbl — 3aBeaylowmun kKadeapon TexHOMNorum
00paboTKM 1 3aWmTbl MHPOPMaLUUK, AOKTOP TEXHUYECKMX HayK, npodeccop Cupota A.A.
KpaTkoe onucaHue Maructepckou nporpamMmmbi:

Mporpamma HanpaBneHa Ha noAroToBky obydvarowmxcs B 0b6nactv MalMHHOMO
00y4YeHunsi 1 COBPEMEHHbIX TEXHOMNOMIN NPUKNALHOr0 MCKYCCTBEHHOIO MHTEMEKTa.

Brok cneunanbHbIX ANCUNNIIMH BKITKOYAET NEKUNOHHbIE U NPaKTUYECKME 3aHATUS B
obnactm HeNpoHHbIX ceTen u rnybokoro oOy4YeHusi, NPUMEHEHUA HenpoceTeBbIX
TEXHONMOMMN AN aHanuMsa gaHHbIX U NpoueccoB, MaTeMaTUYECKUX U KOMIMbKOTEPHbIX
mMeTofoB 06paboTkn nsobpaxeHnn, aHanmnsa BIG DATA, pa3paboTkm cucteM npuHATUSA
pELLUEHNI, KOMMNbIOTEPHON NNHIBUCTUKMN.

Obyuatomecs NpoxoaaT NPakTUKy Ha NpeanpuaTUSX U B BeOyLLMX KOMMbIOTEPHbIX
dompmax ropoga, y4actByroT B BbinofiHeHn HNOKP 1 MHHOBaLMOHHbBIX MPOeKTax.



3. «MHhbopmMmaTUKa KaK BTOpasa KOMNEeTeHUUA»

PykoBoauTenb Mmarmctepckon nporpaMmmbl — OOLEHT Kadenpbl TeEXHONOrMm obpaboTkm n
3awmTbl MHOpMaLUMK, K. TeXH. H., gou. MNapwmnHa B.B.

KpaTkoe onucaHme marmctepckom nporpaMmmbi:

Maructepckass nporpamMmma OpUEHTUPOBaHa Ha Nuu, OKOHYMBLUMX Oakanaspwuar,
cneunanuTeT UM marucTpaTypy no HanpasnieHUsM, He CBA3aHHbIM C MHAPOPMAaLMOHHbBIM
TexHonormamn. Llenb gaHHOWM Marnctepckon nporpammbl — OpMUpPOBaHNE Y
oOyvarowmxcss 6as3oBbIX KOMMETEHUMA B 00ONacTm  KOMMNbIOTEPHbLIX HayK WU
NHAPOPMALMOHHBIX TEXHOMOMMN, C TeéM 4YTOObl OHM MOrAM UX UCMOMb30BaTb B TOW
npegMeTHon obnacTtu, NO KOTOPOW Nonyvunu npegbigywee obpasoBaHme. Kpome Toro,
BbIMYCKHWKM OaHHOW Marmctpatypbl CMOryt paboTtatb cneuuanuctamm B obnactm
KOMMbIOTEPHBIX M WMHAOPMAUMOHHBLIX  TexHomnormi. B npouecce  obyyeHus
npegycmaTpmBaeTca MNONyvYeHne cregyowmnx npodeccnoHanbHbiX KOMMNETEHUMA MO
cnegylowmMm pasgenam KOMMbITEPHbIX HayK: TEOpeTUYEeCKUEe OCHOBbI MHGOPMAaTUKM,
onepaumoHHble CUCTEMbI, CETU U CeTeBble TEXHOMNorMm, 6asbl JaHHbIX, anropuTMbl K
CTPYKTYpPbl faHHbIX, 0ObEKTHO-OpPUEHTMPOBAHHOE NporpammupoBaHue, Web-texHonoruu,
Data Mining, nporpaMmmHas nHxeHepusa

4. «TexHONnorusa pas3paboTkn MHHPOPMaLMOHHLIX CUCTEMY

PykoBoauTenb Marmctepckom nporpamMmmbl — 3aBeyoLWwmnmn kadeapor nporpamMmmMmpoBaHuns
N NHPOPMALMOHHbBIX TEXHOMNOMMIN, AOKTOP dn3.-MaT. HayK, npodeccop MaxopTtos C.[.
KpaTkoe onucaHme maructepckon nporpaMmmbi:

Mporpamma noceBsiLleHa WU3YYEHUKD  OCHOBHbLIX — KaTeropuarnbHbIX  MOHATUN
CUCTEMHOro, MO3HaBaTENIbHOMO UM KOHCTPYKTMBHOIO MOAXOO0B, €CTEeCTBEHHbIX W
NCKYCCTBEHHbIX (TEXHUYECKMX) CUCTEM, NOHATUSA aHanM3a 1 CMHTEe3a CUCTEMbI, NPOBNeMbI
AEKOMMO3nuuK,  MNOHATUS  OpraHM3auMOHHOW U (PYHKUMOHANbHOW  CTPYKTYpbI
NHPOPMALMOHHON CUCTEMbI, 3TarnoB MakpO UM MMUKPO MNPOEKTUPOBAHUA U UX
XapaKTePUCTUKM, Kputepun 9P PEKTUBHOCTH, Moaenen npeacTaBneHns
WH(POPMALMOHHBLIX ~ CUCTEM, METOAMKA  KOHCTPYMPOBAHWS  MoAeNnierd  OaHHbIX,
CYyOBLEKTMBHOM  MPOU3BOAUTESNIBHOCTU  MHGOPMAaUMOHHOM  cuctembl. OBbekTamu
npogeccrnoHanbHON OeATENbHOCTU MarncTpa ABnATCA MHPOPMALMOHHbIE CUCTEMBI U
ceTu, X MatemaTudeckoe, MHpopmaLMoHHOE 1 NporpaMmMHoe obecneyeHne, cnocodbl 1
MeTOAbl MPOEKTUPOBaHUSA, OTNagKu, MPOM3BOACTBA WM IKCMfyaTauunm TEXHUYECKUX W
NpOrpaMMHbIX CPeACTB MHPOPMALMOHHBIX CUCTEM B pasnnyHbix obnactax. CUCTeMHbIN
aHanuTKK OCyLLeCcTBNSET aHanua 3agay o6paboTku AaHHbIX M NOArOTaBNMBaET UCXOOHbIE
mMaTepuanbl Ons  Npoekta UHPOPMALMOHHOW CUCTEMbI W peKkoMeHgauum no
NCMNONb30BaHNIO B CUCTEME UMEIOLLMXCSH MPOEKTHBIX PeLLUEHNA.

5. «besonacHoCTb MHPOPMALMOHHLIX CUCTEM»
PykoBoanTtenb Marmctepckonm nporpamMmbl — 3aBeaylowmun Kadeapon TexXHOMorum
00paboTKM 1 3aMTbl MHPOPMAaLUK, AOKTOP TEXHUYECKMUX HaYK, Npodeccop CupoTta A.A.
KpaTkoe onucaHme maructepckom nporpaMmmbi:

Mporpamma npegHasHavyeHa AnNg NoAroToBKM MarucTpoB B oOnactu 3awuThbl
NHpopMaLMM B KOMMNbIOTEPHBIX cucTemax. lNporpamma obyyeHns oxsaTbiBaeT Hanbornee
aKTyanbHble HanpaeneHus B obnactn obecneyeHns MHPopMaLMOHHON Be3onacHOCTU
KOMMNbIOTEPHBIX CUCTEM, NPU 3TOM AeNaeTcsa akLeHT Ha NpakTU4Yeckue acnekTbl U3y4YeHus
N nccnegosaHna yrpo3 6esonacHoCcTM U MeToaoB 3awmTbl MHGopMaunn. OCHOBHbIMU



pasgenaMmm nporpammbl  ABRSKOTCA: Mogenu yrpo3 6e3onacHOCTM  UHGOpMaumu;
TEOpEeTUYECKME OCHOBbLI KOMMbIOTEPHOM 6e3onacHocTn; KpunTtorpadumyeckne wu
annapaTtHO-fNporpaMMHble MeToAbl M cpeacTtBa 3awuTbl MHGOPMaUUKW, MeToabl U
cpencTBa 3almnTbl KOMMAbOTEPHBIX CUCTEM OT BPEAOHOCHbLIX MPOrpamMmm.

lMporpamma HanpaBneHa Ha dQopMupoBaHMe yHAAMEHTaNbHbIX Hay4HO-
METOANYECKMX OCHOB B obnactu aHanmsa yrpo3 6e3onacHocTM WHGOpMauMn B
KOMMNbIOTEPHBIX CUCTEMAxX W OAHOBPEMEHHO BKMOYAET CcheyuanbHy MNoAroTOBKY
MarucTpoBs, obrnagalwmx 3HAHUAMW U MNPaAKTUYECKMMUN HaBblkaMW UCMOMb30BaHUSA
COBPEMEHHbIX METOA0B U CPEeACTB 3awmTbl UHOpMaLmn. B pamkax nporpammbl gatoTca
A0CTaTO4YHblE OCHOBbI N4 AanbHeunwen NpodeccnoHanibHON OeATENTbHOCTU BbIMyCKHUKA
B 06nacTtax HaydHbIX uccnefoBaHuin dyHAaAMeEHTanbHbIX W NPUKNagHbIX npobnem
obecneyeHnss umHpopmMaunoHHon 6e30MacHOCTN, MNPOEKTUPOBAHUSA  3aLUMLLEHHbIX
NHPOPMALMOHHBIX CUCTEM, a Takke opraHum3auum paboT MO COBEPLUEHCTBOBAHMUIO
cucTtem, cpeacTB M TexHonornm obecneyveHnsa nHopmMmaumMoHHON 6e30nacHOCTH.

6. «MH(popMaLMOHHbIE TEXHONOIMU B MEHEOXKMEHTE»

PykoBoantenb marmctepckon nporpaMmmbl — 3aBeyowmmn kapenpon MHPOPMaLMOHHbIX
TEXHONOIrMN ynpasreHus, OKTOP TEXHMYECKMX HayK, npodeccop MaTteees M.T.
KpaTkoe onucaHme maructepckom nporpaMmmbil:

Llenb nporpammebl - npMBnevYeHne nepcnekTUBHbIX CTyaeHToB B IT BM3Hec 3a cyeT
CO34aHNA CUCTEMbI LieneBor npodeccMoHanbHOM MOArOTOBKM BbIMYCKHUKOB BY30B MO
Hanbonee BocTpeboBaHHbIM MHHOBALMOHHBLIM IT cneumaneHocTaM. Kypc npegHasHaveH
Ans NOAroTOBKW creumanucToB ynpaeneHus |IT npoueccamv M OpUEHTMPOBaAH Ha
AarnbHenwee TpyaoyCTPOMCTBO B NPOU3BOACTBEHHbLIE Y KOHCANTUHIOBbLIE KOMMAHWUN.

lMporpamma HanpasneHa Ha NOAroTOBKY CReunanucToB CNocOoOHbIX co3gaBaTth U
aKcnnyatMpoBaTb UHOPMAaUMOHHbIE CUCTEMbl  ynpaBreHus ©BusHec-npoueccamm
NpeanpusaTuin, pewaTb aHanMTu4eckue 3agadn yrnpasneHns 6MsHeCcoM B COOTBETCTBUM C
TpeboBaHMAMU npoeccrnoHanbHbIX cTaHgapToB no HanpaBneHunto —
«HOpMaLUNOHHbIE CUCTEMBI YNpaBieHUs NpeanpusTuemM».

[Mporpamma BKMOYAET ABa OCHOBHbIX LUMKIa AUCUMNnH, obecrneymBatoLmx 3HaHUA
N KoMneTeHuun B obnactn MHPOPMaLMOHHbBIX TEXHOSTOMMA, SKOHOMUKU WU yrpaBreHus
npeanpuaTnem.

7. «<MoGuUnbHbIE NPUNOXEHUA U KOMNbIOTEPHbIE UTPbI»

PykoBoanTenb Mmarmctepckon nporpaMmmbl — 3aBeyHoLLnN Kadpeapon nporpaMmmmpoBaHms
N MHPOPMALMOHHbBIX TEXHONOMIN, AOKTOP dM3.-MaT. Hayk, npodeccop MaxopTtos C.[.
KpaTkoe onucaHue Maructepckou nporpamMmmbi:

«MobunbHble MNPUNOXEHUS U KOMMNbIOTEPHbIE UIPbl» — HOBas Marumctepckas
nporpamma, oTkpbiTas Ha ®PKH BI'Y ¢ 2020 roga B xo4e BbINOMHEHNA MeXOYHapPO4HOro
npoekta MAGnUS (Master's Program in Mobile Application Development and Game
Design, https://magnus2020.org/).

PaspaboTaHHasa nporpamma obecneynBaeT COOTBETCTBYOLLYIO MUPOBOMY YPOBHIO
NOAroTOBKY BbICOKOMPOMEeCcCUoHarnbHbIX CneumanmcToB B OTHOCUTENBHO HOBOM M BECbMa
NepcneKkTMBHOM 06NacT KOMMbITEPHbIX HaYK.

Y4ebHbI NnaH BKNOYAET yHUKaNbHbIM HAbOPp OMCUUNIMH, OXBaTbiBalOLWUN BCE CTagum
XM3HEHHOrO LMKIa MOOUIMBbHBIX NPUMOXEHUA U KOMMNbIOTEPHbBIX UrP, OT TEOPETUYECKMX
OCHOB 10 pa3paboTkn, NoAOEPXKKM U NPOABMXEHNS (MOHETU3aLNN).



B nporpamme, KpoMe OCHOBHOro npocdeccnoHanbHoOro 6noka AUCUUNIVH,
NpeaycMOTpeH creuunanbHbli Kypc No NpeanpuHUMaTeNbCTBY, BKIOYAOLWWA Takne TeMbI
kak pa3paboTka busHec-nnaHa, MapkeTUHr, NPOM3BOACTBO U NPOAAXM, TBOPYECTBO.

MNpenogaBaTeny NporpaMmmbl MPOXOAAT MHTEHCUBHbIE CEMUHAPblI U TPEHUHIU B
€BPOMNENCKUX YHUBEepCUTETax-NnapTHepax, YATarT Tam NPobHbIe NEKLUUN Ha aHTNNACKOM
A3blKe, M3y4aloT MeXayHapoaHY NpaKTMKy opraHu3aumm y4ebHoro npouecca.

BCTynMTeanoe ncnbitTaHue no auncuuninunHe «KOMI'IbI-OTeprIe n
MaTemMaTnyeCKkmne Haykm»
CDopma BCTYNMUTENbHOINO UCNbITaHUA. NMUCbMEHHbIN 3K3aMeEH.

Mporpamma BCTyNUTENbLHOro UCNbITAHUA NO
AncumnnuHe «KoMmnbloTepHble U MaTeMaTUYEeCKUE HayKN»

2. CoctaButenu: AnrasuHos 3.K., npodeccop, 3aB. kapegpon NC, Cupota A.A.,
npodreccop, 3aB. kadegpon TOn3N, Maxoptoe C.[., npodeccop, 3aB. kKadeapon
MuAT, Kypranun C.[., npodeccop, 3aB. kadpegpon UT, Kpbinoseukun A.A., OOLEHT,
AoueHT kadenpbl LIT.

3. OCHOBHbIe 3HaHUSA, YMEHUA U HaBblKU, KOTOPbIMU AOJIKEeH obnaaaTb
NOCTynarLWm1HK.

[lOofKeH 3HaTh:

- OCHOBHbI€ MOHATUA U MeToAbl MaTeMaTU4ecKoro aHanusa, NMHenHown anrebpsl,
3fIEMEHTOB  MaTtemMaTU4yecKom  NOruMKWM,  OUCKPETHOM MatemaTukM,  Teopumu
AndpepeHUnanbHbIX YpaBHEHUN N 3NIEMEHTOB TEOPUU YpaBHEHUW MaTeMaTU4eCKOM
M3UNKKN, TEOPUN BEPOSATHOCTEN U MaTEMATUYECKOM CTAaTUCTUKN, CrydanHbIX NPOLLECCOB,
CTaTUCTUYECKOro OLEHMBAHNA U NPOBEPKM rMNoTe3, CTaTUCTUYECKUX MEeTOA0B 00paboTku
3KCNepUMEHTanbHbIX JaHHbIX, ANIEMEHTOB TEOPUN PYHKLIMIA KOMMIIEKCHOrO NepeMEHHOrO.

- OonepaunoHHbIE CUCTEMbI, NPUHLMMbLI yNpaBneHna cetbio OBM; 0auH 13 A3bIKOB
NporpaMMMpoOBaHnNA, CTPYKTYpPY noKamnbHbIX W MNoBanbHbIX BbIMUCAUTENBbHBLIX CETeN;
CTPYKTYpPbl AaHHbIX, CTPYKTypy, COCTaB M CBOWCTBA WH(OPMALMOHHbLIX MNPOLEeCcCoB,
cucteM U TexHosnorumn, 6asoBble M npukriagHble MHMOPMAUMOHHbBIE TEXHOSornu,
Knaccuukaumo MHMPOPMALMOHHBLIX CUCTEM, MpuUHUMNLI U 6Gas3oBble KOHLENuuu
TEXHOMOMMN NPOrpaMMMpPOBaHUS, OCHOBHbIE MOSIOXKEHUS Teopun BGas n XpaHunuuy,
AaHHbIX, 6a3 3HaHMN, OCHOBHbIE BMAbI U npoueaypbl 06paboTkn MHGopmaLnmn, TeopULo
TEXHOMOMMM WUCKYCCTBEHHOIO WHTENNeKTa, COCTaB W CTPYKTYPY WHCTPYMEHTalbHbIX
cpencTs, MeToaonornn paspaboTkn M NPOEKTUPOBAHUA MHPOPMALNOHHBLIX CUCTEM.

HormkeH ymeTb:

- NPUMEHATb MaTeMaTudeckne MeToabl Npu pelleHun npodeccnoHanbHbiX 3agay
NOBbILLEHHOW CIOXHOCTH.

[lormKeH MeTb HaBbIKK:

- MNOCTPOEHUS MaTtemMaTUyeckon Mmoaenu npodpeccuMoHasrbHbIX 3ajady WU
cogepxaTesibHOM NHTepnpeTaunm NonyyYeHHbIX pe3ynbTaToBs.

- paboTtaTb B KadecTBe MOMb3oBaTesNis C MNepcoHasribHbIM KOMMbIOTEPOM U
nporpaMMHbIMU cpeacTBaMu obLlero HasHayeHus, UCNoNb30BaTh SA3bIKM U CUCTEMBI
NporpaMMuMpOBaHns  Ons  pelweHnsa npodeccnoHanbHblX 3adadv, paspabatbiBaTb
NHPOPMALMOHHO-NIOMMYECKYI0,  DYHKUMOHANbHYKO U OBBHEKTHO-OPUEHTUPOBAHHYIO



MOAENN MH(POPMALMOHHBIX CUCTEM, MOAENN OaHHbIX, UHCTANMpoBaTb, TECTUPOBATL U
MCNoNb3oBaTbh MNPOrpaMMHblE KOMMOHEHTbl MHMOPMAUMOHHBIX CUCTEM, MPUMEHSTb
NHPOPMALMOHHbBIE TEXHOMNOMMM MPU NPOEKTUPOBAHUN NHAPOPMALMOHHbBIX CUCTEM;

- noucka n obmMeHa MHGopMaumen B FoKanbHbIX U rnobanbHbIX KOMMbOTEPHbIX
ceTdx, NpeacTaBlEHNa U aHann3a AaHHbIX U 3HaHMI O NpegMeTHoM obnactn, paboTbl ¢
MeTogamMu U cpeacTBaMu aHanusa u peanusaumm npoekta MHPOPMaLUNOHHON CUCTEMBI,
BnageHnsa a3blkamu npoueaypHoro n 06 EKTHO-OPUEHTUPOBAHHOIO NPOrpPaMMMpPOBaHKS,
WHCTPYMEHTanbHbIMW cpeacTBaMn 00paboTkM UHAOPMAUUKN, WHTENNEKTyanbHOro
aHanusa gaHHblX, BNageHUs UHTeNNeKTyarnbHbIMU TEXHONOMMSAMU NOALAEPXKKM MPUHATUA
peLIeHnn.

4. TemaTuyeckuu nnaH

4.1 MaTtemaTtnyeckun aHanms
¢ Teopema Beneplutpacca 0 MakCMumMyme U MUHUMYME HeNnpepbIBHON PYHKUMN.
¢ @opmyna Tennopa ¢ OCTaTOYHbLIM 4YfieHOM B dpopme JlarpaHxa, ¢ OCTaTOYHbIM
4yrieHoM B popme leaHo.
¢ WHterpan PwumaHa C nepemeHHbIM BepxHUM npegenom. CyuiecTBoBaHUe
nepBoobpasHon HenpepblBHOM pyHKUMN. Popmyna HetoToHa-JlenbHuua.
¢ Ycrnosue He3aBUCUMOCTU KPUBOJSIMHEMHOrO UHTerpasna oT NyTU UHTEerpupoBaHUs.
dopwmyna MNpuHa.
¢ OYHKUMM  KOMMIIEKCHONO MEepeMEHHOro: nokasaTeflbHas, CUHYC, KOCUHYC.
OCHOBHblE CBOWCTBA.
4.2 NndpdepeHumanbHble ypaBHEHNSA
1. YpaBHeHUs C pa3gensowmmMmmca nepeMeHHbIMN.
2. YpaBHeHus B NONHbIX AndpdepeHumanax.
3. JlnHenHble opHopoaHble AnddepeHunanbHble YypaBHEHUA C  MOCTOAHHbLIMU

KoahpuumeHTamum.

4. CBOMCTBa peLeHUN CUCTEM JIMHEWHbIX OAHOPOAHbLIX AuddepeHLmanbHbIX
ypaBHEHUMN.

5. ConcTBa peLeHUNn CUCTEM JIMHEWMHbIX HEOOHOPOAHbIX AuddepeHunanbHbIX
ypaBHEHUM.

6. JIMHenHble ypaBHEHUS B HaCTHbIX NPOU3BOAHbLIX NEPBOro nopsaaka.
4.3 Anrebpa n reomeTpus

1. CucTeMbl NMHENHbIX ypaBHEHUN, paBHocunbHble CITY, KpuTepun COBMECTHOCTU
Cny, peweHne CITY meTooom nocnegoBaTefibHOrO UCKITIOYEHUSI MEPEMEHHbIX.

2. Onpegenutenu, nx CBOMCTBA, pasfioXeHne onpeaennutens no CTpoke nnu ctonbuy,
npasuno Kpamepa.

3. BeKTOpHble NpOCTpaHCTBa, WX CBOMCTBA, FIMHENHAasl 3aBUCMMOCTb U JIMHEWHas
HEe3aBUCMMOCTb BEKTOPOB, pasrfoXeHne BeKTopa no 6asucy.

4. JlnHenHble onepaTopbl, CBA3b MeXay MaTpuuamu JIMHENMHOro oriepartopa
OTHOCUTENBbHO pasnuU4YHbiX 0a3ncoB, COOCTBEHHbIE BEKTOPbl M COBCTBEHHbIE
3HaYeHUs1, XxapakTePUCTUYECKOE YpaBHEHME.

5. lMNpsamas Ha NNoCcKOCTU: cnocobbl 3aA4aHns 1 BbIBOL YPaBHEHWIA.

4.4 MeToabl BbIMUCITIEHUNI

1. WHTepnonupoBaHue n npudnmkeHne pyHKunin. MHTepnonsumoHHbIE MHOMOYSEHDI
Narpanxa, HetoToHa. CnnanHbl. NMocTpoeHne Kybn4yeckoro MHTEPNOSIILMOHHOIO
cnnavHa.



2. KBagpatypHble oopMyribl NPSAMOYrofibHUKOB, Tpaneuuin, CUMNCOHa, OLLEHKN
norpewHocTn. KsagpatypHble popmyrnbl Maycca. KpaTHble nHTerparsoi.
3. OcHoBHble 3agauun nuHenHon anredpbl. MeToa Maycca, metoa nporoHku. MeTtop,
npocTon ntepaumn, metopg Maycca-3engens.
4. TMpunbnmxeHHble meToabl pewenna OY. Metog Sunepa. Moandukaummn metoga
onnepa. Metoabl PyHre-KyTTa.
5. MNpubnuxeHHble MeToabl peLleHNa ypaBHEHUN B YACTHbIX NPOU3BOOHbIX.
4.5 YpaBHeHUs maTteMaTndeckon usnkm
dusnyeckune 3agaydn, NPUBOAALLNE K YPABHEHUAM B YACTHbIX MPON3BOOHbIX.
Knaccudumkauma ypaBHEHU B YaCTHbIX NPOM3BOLHbBIX BTOPOro nopsiaka.
YpaBHeHua runepbonuyeckoro tnuna. Metog dypoe. ®opmyna Janambepa.
YpaBHeHunsa napabonmyeckoro tuna. PyHKUNSA NCTOUHMKA ANS YpaBHEHUS
TennonpoBO4HOCTMU.
Kpaesble 3agauum anga ypaBsHeHuda Jlannaca.
OOwwme cBoncTBa rapMOHMYECKMUX (PYHKLINA.
4.6 Teopvm BEPOATHOCTEN U MaTeMaTuyeckasi CTaTUCcTuKa
1. Knaccndukauus criydamHbiX BenuYuH. YuCnoBble XapakTEPUCTUKM CrlydaurHbIX
BENNYMH.
lMpenenbHaga Teopema Teopun BEPOATHOCTEN.
3. ToyYye4Hble OLEHKM HEM3BECTHbIX NapamMeTpoB: onpeneneHunsi, CBOMCTBa, MeToAb!
HaXOXAEeHWS.
Kputepuii cornacus 12,
dopmyna bawneca.
Pacnpenenenue Naycca.
4.7 ,D,VICerTHaﬂ MaTteMaTuka n maTemaTmyeckas norvka
bynesckue oyHKUMM N cnocobbl X NpeacTaBneHns.
[MonHoTa N HeNPOTMBOPEYMBOCTL JTIOMMKM BblCKa3bIBaHWUN.
OrpaHn4eHHble geTepMUHUpoBaHHble yHKUMK (O0P) 1 KOHEYHbIE aBTOMATbI.
Heobxogumble UM JoCTaTOYHble  YCMOBUA  OAHO3HAYHOCTW  andaBUTHOrO
KOOWPOBaHUS.
5. PeKypcuBHbIE U BblYUCNMbBIE (MO ThIOPUHIY) PyHKUNN.
4.8. OcHOBbI NpOrpaMmMMpoBaHNS
OnepaunoHHble CUCTEMbl, Ha3HayYeHue, BbINOMHAEMble YHKUMW. [TpUHUMNbI
ynpasneHus cetbio IBM. TexHonormyeckne npuHUMnbl co3gaHusa nporpamm. CUHTakcuc
N CemMaHTMKa A3blkOB MporpammMmpoBaHus. Peanusauusi OCHOBHbIX YNpaBASOLMX
CTPYKTYp B AA3blkax nporpammmnpoBaHus Nackans n CU. Mapagnrmbl nporpamMmmMmnpoBaHust:
npoueaypHas, geknapatnBHas, o0 beKTHO-OPUEHTUPOBaHHAS.
4.9. O6bEKTHO-OPMEHTUPOBAHHbIM NOAX04 K pa3paboTke nporpamm
[MpocThble N CNoXHble NporpamMmMHble cucTembl. lepapxma abecTpakumin, KoHUenuus
OOrll. HacneposaHue, cdepa penctesuss MeToda, aBTopusauus  AocTyna,
pacmpsieMocTb 06beKTOB. Hacnegyemble ctatndeckme meTtoabl. BupTyanbHble MeToab!
n nonmmopdunam. AnHammnyeckne o6bekTbl. KOHCTPYKTOPBLI 1 4ECTPYKTOPDI.
4.10. OCHOBHbIE MOHATUS CTPYKTYP AaHHbIX
Tpyn ypoOBHS ONUCAHUA CTPYKTYP QAaHHbIX: (PyHKUMOHANbHas crneundgukaums,
noruyeckoe onucaHuwe, duandeckoe npeactasneHve. KoHuenuus Tuna OaHHbLIX.
CosgaHne cnucka, NPOCMOTP CrNUCKa, BKMKOYEHMEe B CMWCOK UM yaareHue U3 cruvcka
anemeHToB. [loHATMe cTeka. [lakeT npouenyp @YHKUMOHaANbLHOW cheuudukaunn.
BuHapHble aepeBbsa. COpTUPOBKM U NX Knaccugukaumsi.
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4.11. TexHonornsa nporpaMmMmnMpoBaHmA

OIieMEHThI TexHosnornm nporpaMmMupoBaHus. CsouctBa nporpamMmbi:
paboToCNOCOBHOCTb, 4YMTabenbHOCTb, 3MPPEKTUBHOCTL, 3aTpaTbl Ha paspaboTky,
CTOMMOCTb conpoBOXAeHUsi. XKN3HEeHHbIN UMK nporpammbl. MpoekTbl 1 cnocobbl nx
npeactaBneHnsa. Hiuexogdawas n Bocxogsiias TEXHOMOrMsA nporpammupoBaHus. Metoq
BEPTUKANbLHOrO  CrioeHnd, B3aumopgencTsme crnoeB. OnpepeneHne  moayns,
nporpammupoBaHne  moaynen.  CTpykTypHoe  nporpammumpoBaHue.  OCHOBHblE
ynpasnsawwme KOHCTpykumn. OTnagka n TectupoBaHMe. ABTOHOMHOE M KOMMJSIEKCHOE
TeCcTMpoBaHMe. JKcnnyaTaumMoHHas OOKYMeHTauuda: pPyKOBOACTBO Mofib3oBaTend,
PYKOBOACTBO CUCTEMHOIO NporpaMmmucTa.
4.12. basbl 1 XxpaHunuuwa gaHHbIX

[MoHATMe 6a3bl AaHHbLIX U cUCTEMY yrpaBneHus 6a3on gaHHbIX. OCHOBHbIE MOAENN
AAHHbLIX. Mepapxuyeckme ceTeBble, PEensuUNOHHbIE, OObEKTHble U  OOBEKTHO-
OPUEHTMPOBaAHHbIE,  OOBLEKTHO-pensiUMOHHbIe, MoAenb  AdaHHbix SQL. Bwuabl
knaccudukaumn 6a3 gaHHbix. OCHOBbI pensumoHHon anrebpbl. PendunoHHas mogenb
AaHHbIX. [NpuHUKMNBI HOpManusaumn, HopmarnbHble opmbl. Obwme cBedeHUst 0 A3blke
SQL. lNMoHATMEe XpaHunuwia gaHHbIX, MPUHLKUMNLI OpraHM3aLmMm XpaHunuuia.
4.13. A\CKYyCCTBEHHbIN UHTENNEKT

OCHOBHbIE MOHATUA UCKYCCTBEHHOIO UHTENNEKTa, AaHHble U 3HaHUsA. HanpaBneHus
NCKYCCTBEHHOIO WHTENNEeKTa; 3KCMEepPTHble CUCTEMbl, WHXEHEepus 3HaHUW, HedeTKue
CUCTEMbI, HEWPOHHbLIE CETWU, TFeHeTUYEeCKne arnropuTMbl, MyrbTUAreHTHble CUCTEMBDI.
Mogenun npeactaBneHns 3HaHWW: NOrMYeckne Mopesniv, OCHOBaHHble Ha OMHaApPHOW W
HEeYeTKOW 5ornuke, cemaHTuyeckme cetun, penmbl. MHCTpyMeHTanbHble CUCTEMBI
006paboTkn 3HaHWI, A3bIK NMporor.
4.14. Teopus 6a3 gaHHbIX
Mogenb «CyLHOCTb-CBA3b, NOHATME, HA3HaYeHMe CYLLIHOCTU, CBOMNCTBA, CBA3W, CTEMNEHb
CBsA3N, 00A3aTeNbHOCTL/HEODA3ATENBHOCTL CBA3N.
OrpaHn4eHns LenocTHoOCTN Ba3sbl AaHHbIX Ha YPOBHE aTpubyTa, KOpTexa, OTHOLUEHUS,
0asbl gaHHbIX. CCblfIoYHas LEeNoOCTHOCTb, NOTEHUMAanNbHbIE, NEPBUYHbBIE, BHELLIHUE KITHOUN.
OrpaHundeHne NOT NULL. Peanusauusi orpaHnyeHnin LenocTtHoCcTn 6asbl JaHHbIX Npu
nomoLm Tpurrepos. [leknapaTtnBHbIE OrpaHUYEHMUs LLENTOCTHOCTH B A3blke SQL.
Hopmanusauma oOTHoweHun 6a3bl gaHHbiX. ®PyHKUMOHaNbHas W MHOro3HadHas
3aBucnumocTn. HopmanbeHble popmbl oTHoweHun B (1TH®, 2H®, 3H®, HOBK, 4HO).
CTpyKTYypbl XpaHeHnsa gaHHbIX. MHaekcnpoBaHue gaHHbiX. CTPYKTYpbl MHAEKCOB JaHHbIX.
TpaH3akumn. BocctaHoBneHne gaHHbix B npu cbosix. TpaH3akumm 1 napannenmsm.
Cepuanusaumsi TpaH3akumim ¢ NOMOLLbIO BOKMPOBOK. Tynuku.
Onepauuun pendunoHHon anredpbl. [MoNHOTa M 3aMKHYTOCTb PENSAUMOHHON anrebpsbl.
PenaunoHHas anrebpa n a3blk SQL. Onepatop sa3bika SQL SELECT. CoeawnHeHwne
oTHoweHun (JOIN), arperaTHble yHKUUK, rPyNNMpoBKa OaHHbIX.
4.15 Apxutektypa 3BM u cuctemuoe MO
doHHenmMaHoBCKMe NpMHUMNbLI peanu3aunn 3BM.
dopmaT KOMaHA U MeTOabl agpecaunu.
Moaocuctema BBoAa/BbiBOAa. Pexumbl obmeHa uMH@oOpmaunen ¢ BHELHUMMU
ycTponcTBamu. Mlepapxus BBoga/BbiBofa B BblYUCIIUTENBHON CUCTEME.
YnpasneHne namaTtblo. dusmyeckas n BupTyanbHada namatb. CTpaHMyHaa opraHnsaums
namaTu.
ApPXUTEKTYpPHbIE CNOCOBbLI NOBbLILWEHUS NPOM3BOANTENBHOCTM OBM.
CocTosiHMEe NOTOKOB B MHOro3aga4yHom CUCTeMeE C pa3fgefieHNeEM BPEMEHN.



CeMa(bOpr. Mx ncnonbsoBaHme B MHOIOMOTOYHbIX NPUITIOXEHUNAX.
TyI'IVIKI/I B MHOro3aga4HbiX NMPUnoXxXeHnsx.

5. Cnucok pekomeHayemoun nutepartypbl

1. nbuH B. A. Matematnyecknin aHanms : y4ebHuk : B 2 4. / B.A. UnbuH, B.A.
CapoBHuumn, b.X. CeHpgos ; Mock. roc. yH-T um. M.B. JTomoHocoBa; nog pea. A.H.
TuxoHoBa .— M. : [pocnekT : N3a-80 Mock. yH-Ta, 2006.

2. TuxoHoB A.H. OnddepeHunansHble 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. . XKngkos, . M.
KobenbkoB ; Mock. roc. yH-T uM. M.B. JlomoHocoBa .— 4-e nsg. — M. : BUUHOM. J1a0.
3HaHun, 2006 .— 636 c.

4. nbuH B.A. JlnHenHaa anrebpa n aHanutuyeckada reometpus / B.A. VinbuH, 4. 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 AHapen Hukonaesud. YpaBHeHUss maTemaTmnyeckon puamkm / A.H. TnuxoHos,
A.A. Camapcknin. — 7-e usg. — M. : 3g-Bo Mock. yH-Ta : Hayka, 2004 .— 798 c.

6. TMypmaH B.E. Teopus BeposaTHOCTEN N MatemaTtmnyeckasa ctatuctmka / B.E.
'mMypmaH. — M. : Beicw. wk., 2004 .— 478 c.

7. HoBukoB ®.A. lnckpeTHas matemaTuka ansa nporpammmctos / ©.A. HoBukos .— 3-e
nsg. — CI6. [m gp.] : Mutep, 2008 .— 383 c.

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

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

10. bByu I'. O6BEKTHO-OPUEHTUPOBAHHbLIN aHanNn3 1 NPOEKTUPOBAHNE C NpUMepamMm
npunoxeHun Ha C++/ ep. ¢ aHrn.- M.: sgatenbctBo buHom, 1998.

11. Twokauyes H.A., Ceupugos HO.T. Delhpi 5. Co3gaHne MynbTUMeannHbIX NPUITOXKEHUMN.
— M.: Honngx, 2000.

12. MaTtBeeB M.I". Mogenu n metoabl UCKyccTBeHHOro nHtennekra / M.I'. MatBees, A.C.
Ceupungos, H.A. AnenHukoBa — M.: ®nHaHcbl U ctaTtuctmka, 2008.

6. O6pa3eu. KOHTPOJNNIbHO-U3MepUTeJsiIbHOro Mmatepuarna
1. PewnTb cnegyoLyo KpaeByo 3agavy:
u —9u, =1+2xt+ 5tsin(37ﬂx), x e[0,],

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

2. [laTb maTemaTuyeckoe onncaHve ans aJiropuTMoB KnactepHoro aHanmaa, a MMeHHO
ana anropntma K-means un anropuTtMma nepapxmyeckoe rpynnmpoBKn.


http://www.lib.vsu.ru/cgi-bin/zgate?ACTION=follow&SESSION_ID=27332&TERM=Ильин,%20Владимир%20Александрович%5B1,1004,4,101%5D&LANG=rus
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3. HeopueHTupoBaHHbIv rpad G 3agaH maTpuyuen CMEXHOCTM BepLUMH a: ali, j] = 1,
€Cnu BepLlMHa C HOMEPOM i — CMexHas (CBsi3aHa) C BEPLUMHOWN |.
Ha ntobom s3blke nporpaMmmupoBaHna peanm3oBaTb (PyHKLMIO, KOTopasi NpoBepseT,

asnseTca nu rpad G cBA3HbIM. PyHKUKNA (MeTOA) OOMMKHA B KaYecTBe NapamMeTpa
NpYHMMaTb MaTpULy CMEXHOCTM 1M BO3BpaLLaTh flormyeckoe 3HadvyeHue (true — rpad
CBA3HbIN, false — He cBA3HbIN). [1pn HEOBXOAMMOCTU MOXHO peanu3oBaTb
BCrMOMoraTeribHble PyHKUMM (MeToAbl).

7. BapnaHTt otBeTa Ha KUM

PeweHune 3anaHuns Nei.
YtoObl CBECTH BCE K 3a7aue C OJHOPOJHBIMH IPAHUYHBIMU YCIOBUSIMH, CIIETAEM 3aMEHY
HEU3BECTHOU (PYHKIIMH BUJA
u(x,t)=H(x,t) +u(xt),
rae H(X,t) —mobas GpyHKIHS, yIOBIETBOPSIONIAs HEOAHOPOIHBIM TPAHHYHBIM YCIIOBUSIM,
T. €.
H(O,t)=t,H (Lt)=t°
bynem uckare H(X,t) B Buze
H (x,t) =a(t) + xb(t).
Heonpenenenusie k03P GUIIMEHTHI HalIeM C TTOMOIIBIO TPAHUYHBIX YCIOBUM:
H(O,t)=a(t) =t,
H, (Lt)=b(t)=t".

Takum ob6pazom, uckomas pyHkius H(X,t) BeIISAUT ciieayrommM o0pa3om:
H(x,t) =t + xt’.
BrImoTHUB 3aMeHy HEM3BECTHOU (DYHKIIMH
u(x,t) =t +xt* + u(x,t),

IMOJIY4YHM 3aaa49y C OAHOPOAHBIMU I'PAaHUYHBIMU YCIIOBUSAMUA
~ A~ . (37X
u—-9u = 5tsm(7), xe[0,],

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




®ynukiuio U(X,t) mpencTaBuM B BHIE CYMMBI IBYX KOMIIOHCHT
u(x,t) =V (x,t) +W(x,t),
SIBJISFOIINXCS PEIICHUEM CIICIYIOIINX 3a/1a4:
Vo —oxeoy M9 :5tsin(37ﬂx),XE[O,l],
V(0,t)=0,V (Lt) =0, W (0,t)=0,W, (1,t)=0,
V (x,0) = 3x. W (x,0) =0.

Haiinem cHauana ¢pyakmuro V(X,t). s 3Toro noumieM pemieHusl, MpecTaBuMbIC B

Buje npousBeneHus V (X, t) = X (X)T (t):

XT"'-9X"T =0.
[Tonenus 310 paBeHcTBO Ha 9XT , 3aTeM pa3Je/uB IEPEMEHHBIE, TOIYYUM
T ! X 4
— = = const.
a1 X

KoHCTaHTy B npaBoif yacTu i ynoOcTBa 0603HauuM kak — A°. B pesynbTaTe HOMyduM
CJIEIyIOIME JBA YPABHECHMUS:
X"+ A X =0,
T'+94°T =0.
Pemmm ypaBHenue g X (X):
X (x) = C, cos(Ax) + C, sin(Ax).
C yuerom rpammunbix ycioBuid X(0)=0, X'(1)=0, momyunm cremyromuii HabOp

pELICHUN:
X (X)=C.sin(A x),A = %(1+ 2n),neZ.
Cpenu HalineHHBIX X (X) JTHMHEHHO HE3aBUCHUMBIMU Oy1yT GYHKIUH
X, (x)=sin(4,x),n=012,... .
Haxonum BpeMeHHy 0 KoMToHeHTy T (t) :

T.() =A™

Ymuoxaem X, (X) Ha T (t) u cknaneiBaem:



Vxt) =3 X, ()T, @) =3 Ae*sin(1, x).
n=0 n=0
Hcnons3zyem HavansHble yenoBus V (X,0) =3X:
V(x,0) =3 A sin(4 x) =3x
n=0

Koapduurentst A MOXKHO HaiTH, paznoxuB GyHKIUO 3X B psix Dypsbe:

6S|n/1

A = 2j3xsm(/1 X)dx =

n

Taxum oOpazom, pyHkmus V (X,1) BBITJSIIAT CIEAYIOIIAM 00pa3oM:

e 63|n/1n oY g

VX=X

sin(4 Xx).

n

Teneps Haitnem dynkmuto W (X,t). s aToro 3amuiem ee B Buze psina Oypwe 1mo

6azucy X, (X):
W (x,t) = zw X (X) = zvv (®)sin(A x).
[ToncraBum nanHoe BeIpakeHue B ypaBHeHue st W (X, t):
zvv (t)sin(4.x) 9zw (t)(sin(4, x))”—5t3|n£37zzx)
ITociie HEKOTOPBIX YNPOLICHUH MTOJTYYUM CIIEIYIOIIEE PABEHCTBO:

S W/(t) + 94, (1) )sin(2, X) = 5tsin(37ﬂx).

n=0

T
IloncraBum A, = 2 (1+2n) B 3TO COOTHOIICHHUE:!

i(w;(t) 9;’2 ZWn(t)jsin(%(l+2n)x) 5tsm(3;zx)

n=0

[IpupaBuuBas kodOPUIIMEHTH TIPU OJMHAKOBHIX CHHYCAaX B JIEBOW W MPaBOW YAaCTH,

MOJIYYUM CJIEIYIOUUI HAaOOp YpaBHEHMIA:

W, ()

*W_(t)=0,n =1,

817
L WL=5t

WD) +



C ydyerom oaHOpoaHbIX HayanbHbIX ycsnoBuil W (0) =0, npu N #1 noayyum TOJIBKO
TpuBHaibHoe pemenue W (1) =0.

Paccmotpum ciywait n=1. ®ynkuuto W, (t) Oyaem uckaTh Kak CyMMy OOIIEro
pemenus ognopoanoro ypasaenus W, (t) u wactaoro pemenus neogropoanoro W, (t).
®dynaxuro W, (1) MOXHO HalWTH ¢ NOMOIIBK) XapaKTEPUCTHYECKOro ypasHeHms. OHa

BBITJISIAUT CJEAYIOIINM 00pa3oMm:

8172

W (@t)=Ce * .
®dynxuo W,™ (t) MOKHO MOMCKATh 10 BHy IIPABOii 4acTH, T. €. 3aIUCaTh KaK JMHEHHYIO
(YHKLHIO C HEONIPEACIEHHBIMU KO3 PHUIIIEHTaMu:

W™ (t) =a + ft.
IlogcTaHOBKA B UCXOHOE YPAaBHEHHE JAET CIECAYIOIUN PE3YIIbTAT:

un 20 4
W™ (1) = Py (— Py +t).

Orcroga Haxomum ¢ynHkuuio W, (t) :

W (t)=Ce * '+ 20[ 4 +tj.

817’ 81r?

C yuetom HauanbHbIX ycnaoBuid W, (0) =0, mocnenusst popmyna npruodpeTaeT cieayonuii

_81z?,
wt=-22| 4 e e 1)4t]
81z | 81x

OcTayioch 3anucaTh OTBET:

= 6SINA  op . 20 (4 [ = . (37x
u(x,t)=t+xt* +> ———"e""sin(4,x) + ( [e 4 —1j+thm(7j,

BUA:

o A 81r* | 81r°

n

rne A :%(1—1— 2n).

PeweHue 3apaHusa Ne2.

|. Anroput™m K — means (ctanmapTHas peanu3anus) 1o maram:



1. BeiOupatorcst HauanbHble 3HadeHus M 1ieHTpoB kiaactepoB M., i=1,M , B kauecTBe

KOTOPBIX HA3HAYAIOTCS OO MepBhle 00pa3hl U3 UCXOMHOH BEIGOPKH X ' (T.€. (haKTHUeCKH
ciydaiino), 1u6o M HamnOoliee yJaneHHbBIX JPYT OT Apyra 00pa3oB BEIOOPKHU
(MaKCHMHHHBIN aITOPHUTM).

Jlanee B MKIIE, OXBATHIBAIOIIEM MOCIEAYIOMINE MTYHKTHI, OCYIIECTBISIIOTCS CIEAYIOIINE
JICHCTBUS.

2. IIpoBonuTcs pazduenue Q,, = {X ML XM } MCXO/THOU BBIOOPKH Ha KJIACTEPHI, B XOJI€
KOTOPOTO NMPUHAIJICKHOCTH KAXKIOTO 00pa3a ompeaesieTcss Ha OCHOBE IMTOMCKa MUHIUMYMa

CpeaH pacCTOSIHUM 10 YCTAaHOBJIEHHBIX paHee HeHTpoB M., i =1,M . PaccuntsiBaercs

HavaneHoe 3Hauenne E,(X",Q,,).

3. IIpoBoguTCs mepepacyeT HEHTPOB C YUETOM PE3YJIbTATOB BBIITOJHEHHOM B I1.2
KJIaCTEpU3aLUU

1 Nj i) s _
m =—>x*i=1M

k=1
¥ COOTBETCTBYFOIMIt nepepacuer Gpyrkmun E', (X",Q,,).

4. Eciul pasHHMIIa 3HAYCHHH LIGHTPOB HA COCEIHMX Iuarax § . =max|m, —m/|>3,, To
OCYIIECTBJISIETCS TIpHCBOEHHE M.=M’,, i =1, M ¥ mepexo/| K BHIIONHEHHIO CIIETYIONIErO
mara B 1. 2. FiHaue — ocTaHoB.

B n.4. 80 — IIOpor ajida (IJI/IKCEHJ;I/II/I OCTaHOBA UTCPATUBHOI'O IIPOLICCCA IICPCCUCTA IIPU
YCIIOBUH HE3HAYUTCIbHOCTHU U3MCHCHUS ICHTPOB KJIACTCPOB HA COCCAHUX IIarax.

Il. ArnoMepaTuBHBIN aNrOPUTM KiIacTepu3aliu (CTaHIapTHAs pean3aliys) 1o maram:

1. YcranaBnuaercs 3Hauenne M =N u popmupyerca HauaabHOE pa30UEeHHUE Ha TPYIIIbI
(nauanbHas kiactepusanus) Qf, Qf = {Xl,..., XN }, X1 =x,

2. B nuksie a7is BHIMONHEHHOM panee kiactepusanun Qf , .1 M =N -k+1c¢
UCIIOJIb30BAHNEM 33JaHHOU (DYHKLIUU PACCTOSHUS IPYII HAXOAUTCS ONnKaiiias mapa

rpymm, umetomast min D(X M, X M) .
]

Nj+N j N N N i

3. IlpoBoauTcs cnustane BeiOpanusix rpymm X ' ! =X U X !, uzbstne X ! us3
k ] k

Qn_k,1 ¥ 00pa3oBaHKe HOBOM Kiactepu3anuu Qg , € COOTBETCTBYIOLUIMMH HOBBIMU

0003HaueHHUsIMH TPyII U niprucBoeHreM M =N —K.

4. Ecnu M =1 (MmoxxHo M =M , ecii uncio KJ1iaccoB 3apaHee 3a/1aH0) — OCTAHOB.

[TpuHIIMTIMATBEHOE 3HAYECHHE JIJIS1 TTOJT0OHBIX AITOPUTMOB UMEET BHIOOP (DYHKIIMH
PACCTOSIHUS JJI OTIpeieNIeHUsT OJIM30CTH KiIacTepoB. MICrob3yroTCsl pa3IndHbIe
BapUAHTHI, K KOTOPBIM OTHOCSITCS Clenytonue QyHKIIUN:



- pacCTodAHNC MCKOY OMmmKalIMMu coccaiamMu
D™ (XM, X ") =mind (x*?,x®P);

. pacCToOAHUC MCKOY CaMbIMH YAaJICHHBIMHA COCCAsAMU
D™ (X", X ™) = maxd (x*?,x®P);

- CpCaHCC PaCCTOAHUC MCIKIOY O6paSaMI/I KJIACTCPOB

1 NiNj . ,
ZZd(X(k"),X(S’J));

Ni Nj k=1s=1

DBG(XNi1XNj):

BC Nj Njy _ A2
"  pacCcTOsHME MEXay IeHTpamu KiactepoB D™ (X, X )—d(mme’

1N 1N
m=—3>x" m=—3x";
N, k=1 N. st

J
®  pacctosiHMEe Yopaa (MUHUMYM COOTBETCTBYET MAaKCHUMy MPHUPOCTa CYMMBbI

KBaaApaToB OTKJIOHCHUH J0 LOCHTPOB KJIaCTCPOB IIpu Hnx 06’I:GI[I/IH€HI/II/I

D" (x M, X"y = N d?(m;,m, ).
N; + N, .
PeweHune 3apaHns 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(9);
visited[@] = true;
while (!q.isEmpty()) {
int i = g.remove();
for (int j = 0; j < n; j++) {
if (a[i]l[j] > o && !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 = 9; 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; });

8. Kputepum oueHkM KayecTBa NocTynawoLlero
JKcnepTHasa oueHKa YpPoBHS 3HaHM No npeanaraemon nporpamme ot 0 go 100
b6annoB. MnHumansHoe KonnyecTso Bannos, NnoaTeepxaatoLiee ycneLwHoe
NpoXoXaeHne BCTYNUTENbHOIO UCNbITaHus, coctaenseT 40 6annos.



