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1. COAEPX)KAHUE TEOPETUYECKHUX PA3JIEJIOB

1.1 AHAJIN3 JAHHBIX

BBenienre B aHanM3 JaHHBIX: OCHOBHBIE IOHATHS aHAN3a JAHHBIX, 3a1a4M aHATH3a
JaHHBIX. JTaHHBIC U MX XapaKTEPUCTUKHU: THIIBI JAHHBIX, CTPYKTYPa JAHHbIX, HCTOYHUKH
AaHHBIX. Meronbl u cragum Data Mining: moaroroBka maHHBIX, aHAIM3 JIQHHBIX,
MHTCPIPETalMs PEe3yNbTaTOB U OTYETHOCTh. 3amaun Data Mining: xmaccuduxamus,
OCHOBHBIE aJITOPUTMBI, JIOI'MCTUYECKas perpeccus, AepeBa perrenuii, SVM, orenka
Ka4ecTBa, TOYHOCTh, MONHOTa, F-mepa, kmacrepusamus, K-cpemnume, uepapxmueckas
knacrepusanust, DBSCAN, onenka kauecTsa KJIacTepH3aLiH, CHILySTHBIH K03hdHIHeHT,
uHzieke Jlspuca—bonnuna. Jlepesbs pemreHmii: mpuHUUIBI paGoOTHl IepeBHEB peLIeHUH,
NIOCTPOCHUE ¥ MHTEPIPETAlUs NEPEBbEB PELICHUH, yCTOHYMBOCTD K IEpeoOyUeHHIO U
METOMIBI PEryyisipu3aliyi. ACCOLUATUBHBIE NMPABUIIA: IOHITHE ACCOMMATHBHBIX MPABHUIL,
AIrOPUTMBI, METPHUKH. IIpOTHO3MPOBaHKE: METOIBI IPOTHO3MPOBAHMUS, OLIEHKA KAYecTBa
nporHo3oB, MAE, RMSE, MAPE, Bpemennsie psasl, ARIMA, skcnoHEeHIHATbHOE
CriaXuBaHue. MeTObI KIACTEPHOro aHaiu3a: OCHOBHBIE MOIXO/BI K KIIACTEPU3AIUH,
CpaBHEHHE METOJOB KJIACTECPH3AIUH, IPUMEHEHHNE KIIACTEPHOTO aHaIN3a B OW3HECEe U Ha
npaktuke. IIpakTHyeckoe NpUMEHEHHE W MPOEKTHI: paboTa ¢ pealbHBEIMH HaGopamu
AQHHBIX, WCTIOJIb30BAHNE MHCTPYMEHTOB, IIPOEKTUPOBAHUE U peau3alys MPOEKTOB IO
aHaIu3y JaHHBIX.

OxoHomeTpuka.  OCHOBHAsT ~ 9KOHOMETPHMYECKAs  MOJETh:  OOBICHSAIONINE
(HesaBucuMble) M OOBSACHAGMBIC  (3aBUCHMBIE)  IEpEMEHHBIE, BO3MYIIICHUS.
Perpeccronnas monens. BeIOOpOUHEbIe JaHHbIE: TIPOCTPAHCTBEHHAS BBIOOpKA, BpEMEHHOMH
psn. Mogens mnapHOR JMHEWHOH perpeccud. MeTon HAMMEHBIINX KBaJIpaToB.
Koapuument xoppensiuu.  Knaccudeckass HOpMaibHAas —perpecCHOHHAS MOJENb.
VHTepBallbHOE OlEHMBAHME 3HA4YeHHH KO3((UIMEHTOB perpeccuy, CpPEIHEro u
MHJIMBU/lYalIbHOTO 3HAYEHUS! (QYHKIUM PErpecCUM, JMCIEPCHU BO3MYINEHHMl. AHanu3
kagectBa Mozenu. Koopduuumenr nerepmunainmu. [IpoBepka THIOTe3 O 3HAYUMOCTH
mozienu napHoi perpeccud. Kputepuii ®umepa. Kputepuit Creiomenra. ITposepka
TUIIOTE3 O 3HAYUMOCTH KO3 GHUIIMEHTOB perpeccuu. Moienb MHOKeCTBEHHOM JINHEHHOH
perpeccun. I[IpuMeHEHHME METOJOB HAWMEHBIINX KBAJPATOB M MAaKCHMAJIbHOIO

MPABJONOAOOHS Ul  OLUEHWBaHMA (YHKUMH perpeccud. CTaHIApTH3HPOBAHHEIE



koo punuents perpeccun. Kosddurments snacruynoct. MHTepBansHOE ONCHUBAHNE
3HaYCHUH KO3(P(HHUIUEHTOB PErPECCUH, CPETHETO ¥ HHANBHIYAIbHOIO 3HAYeHHs (YHKIIUH
perpeccuu, AUCIEPCHU BO3MYILEHHH. AHanu3 KadecTBa Mojesid. CKOPPeKTUPOBAaHHBIA
Koop¢uunent jerepmuHanuy. OLEHKa 3HAYUMOCTH yPaBHEHHS pPErpeccHd |
KO3((QHUINEHTOB PErPEeCCHH.

Cocrapnsionye BpEMEHHOTO psifia: TPEH/I, HHTEPBEHIUS, [IUKIINYecKasi, Ce30HHAs,
Cily4aiiHasi KOMIIOHEHTBI. AJINTHBHAS U MYJIBIUIMKATUBHAS MOJIENM BPEMEHHOIO Dsijia.
Oranbl U METONbl aHalu3a BPEeMEHHBIX psfoB. Koaduiment aBToKOppensIyuun
BpeMeHHOro psja. CranuoHapHBle BpEMEHHBIE psiIbl. MeToasl BHIPABHUBAHHS
(crnaxuBaHus) BpeMEHHOTO psjia. Beibop Monenu tperna. KavecTso oneHok TpeHzaa mo
METONy HauMMEHBIINX KBaApaToB. MeTOoIbl BBIJIEICHHUS LMKIMYECKON COCTaBISIONIEH
psifa. AHaIU3 CTPYKTYPHBIX M3MEHEHHH psna: NpOBepKa 3HAYUMOCTH HMHTEPBEHIMH H
CE30HHBIX M3MeHeHHW. CHCTEMBbI OIHOBPEMEHHBIX YPABHEHUH KaK 3KOHOMETpUYECKas
MOJIeNb. DK30T€HHBIE U SHAOTCHHBIE IIEpEMEHHBIE.

OcHoBbl MammMHHOrO o0ydeHus. OmnpezeneHue MAIIWHHOrO o6yueHMs. THIIBI
MaIrHHOro o0y4enus. Iloaroroska AaHHBIX: cOOp JaHHBIX, MPenOOPabOTKA JAHHEIX.
OcHOBBI KnaccHUKALMU: 3a/a4 KIACCU(DUKAIMH, BUJBI KIACCU(PUKAIMU, KIACCHl U
OOBEKTBI B KOHTEKCTe KlaccupuKkaruu. MeTpUKH KavecTBa  KiacCH(pUKAIH.
Omnpenenenus Metpuk: Accuracy, Precision, Recall, Fl-score, Specificity, mons BepHO
NpeNCKa3aHHbIX OTPHUIATENBHBIX O0BEKTOB K O0IIEMY YHCITy pealbHBIX OTPHLATENbHBIX
00beKTOB. OCHOBBI pabOTEI C MaTpHI[AMK cMeleHui. [loHrManre MaTpulsl omu6ox, TP
(uctuHHO  monoxurenbHele), TN  (uctmHHO — orpuuarensHbie), FP  (JI0XHO
nojyoxuTensHbie), FN (J10)XHO oTpunaTensHble). AJTOPUTMBI MAIIMHHOTO 00y4YeHHs JUIs
knaccudukanuy. Jlorucrtudeckas perpeccusi. JlepeBbs perienuii. MeTtons! aHCcaMOIIeBOit
Kiaccupuranuu. [punimne: paboTe! 1 Henonb3oBanue. OrieHka 1 BeI6op Mozenu. Kpocc-

Bajnuaanus. Hactpolika runepnapaMeTpos.

1.2 IPOEKTUPOBAHUE MW PA3ZPABOTKA WH®OPMAIIMOHHBIX
CUCTEM

ITponecc cosmanmst MIC. Crparerum koHctpyuposanus 110, B uwactHoctu HC:

OI_[HOKpaTHI)IC/ BOOOIIagHBIC CTpaTeruu (KHaCCI/I‘{CCKa}I KaCKaaHas MO,ZICJII)),



UHKPEMEHTHbIE CTpaTerMy (MHKpeMeHTHass Mozenb, RAD), 3BOJIOLMOHHBIE CTpATETHH
(mporoTUnUpoBaHWe, CcHOHpalibHas MOJENb, 3KCTpEeMajlbHOE IPOrpaMMHPOBAHUE,
SCRUM), cmemannbie noaxoast (RUP).

CrocoObl  BbIsIBIIEHUS] TpeOoOBaHMM U MX aHanmu3a. J(OKyMEHTHpOBaHHE U
opraHusanys TpeOoBaHUH. VYIpaBiieHHe TpeOOBaHUAMHU (TIOJMUTHKA YIIPaBICHHS
U3MEHECHUSIMH, IPAYUHBl HU3MEHEHUH, 00paboTka M3MeHeHWH TpeOOBaHWM, KOHTPOJb
BEPCUSIMU U COCTOSIHUSIMH  TpeOOBaHWM, IPOCIEKUBAEMOCTh  TpPeOOBAHMIA).
MogenupoBaHue NPOrpaMMHBIX CHUCTEM C UCHOJb30BaHUeM si3bika UML. JluarpaMMer
BapUaHTOB UCIOJIb30BAHUS, NEATEIBHOCTH, [TOCIEA0BATEIbHOCTH, COCTOSHHM.

ITonsatue BJ[. OcHoBHbIe cBolicTBa coBpeMeHHbIx CYB/I. Pensinonnas anredpa.
Onepanuu  pensnuoHHON anreOpsl. CBOMCTBa pensUOHHON anreOpel. Ormnepanus
«/lexapTroBoe mnpoussBeneHue» COBMECTUMOCTh OTHOLIEHHUW K OIEpaldd. YpPOBHH
abctpakiun bJI. Pensaunonnas CYB/l. JlomeH, kopTex, oTHOmeHus. Onepaiys s3bKka
SQL, knaccudukarnus onepanui, onepanasl U pesynbrat SQL-3ampocos. Konctpykius
SQL-3anpoca. Paznensl 3anpoca 1 UX Ha3HAYEHHE.

Jlornueckast cxema  bJI. Ilowarue  cymHocTh.  ATpuOyTel.  CBs3m.
@dyHnaMeHTalbHbIE CBOMCTBa OTHOUIeHUU. Pusnyeckas cxema. CBS3b C JIOTHYECKOH
cxeMoil. CooTBeTCTBUE MOHATUH JIOTHYECKON U (usudeckoir cxeM. [IpoekTrpoBanue ¢
UCIIOJIb30BaHNEM HopMaiu3auuu. JlekomMmno3uuust OTHOIIeHHWH. TaOJuIlbl, OCHOBHBIE
XapakTepucTUKu Tabmun. MaeHtupunupyronme U He UACHTUQUIUPYIOIIHE CBS3H.
[IpaBuna orpannyenus nenoctHocTu. [lepBuuHsIi Kiltou. Murparys nepBUYHBIX KITFOUEH.
Ilonarue BHemHero kimro4ya. CrocoObl OpraHu3alMM CBsI3¢ MHOTHE KO MHOTHM.
[enoctHocts bBJI. Buner 1nenoctHoctu. IlpuMepsl HapylleHHS I€JIOCTHOCTH.
N3onmpoBanHOCTE nojabp3oBaTeneld. [lonsarue TpaHzakuuu. YTpaBiieHHE TPaH3aKIIHSIMH.
HNunexcupoBanue B b/I. Tunel nHnekcos.

Pa3BruTHE TEXHOJIOTMHM NPOrPaMMHMPOBAaHUS M IOCTpoeHUs apxuTektypsl I1O.
MamuHHBIH s136IK. AccemOuiep. S3bIKKU MpOorpaMMHUPOBAHUs BEICOKOTO ypoBHs. [ToHsTHE
nojnporpaMmsel. CTpyKTypHOe IIporpaMMHpoBaHue. [[puHIUNIBI CTPYKTypHOTO MOAX0/1a
K paspabotke [10. ITponenypnas nexkomnosuius. ba3oBeie anropuTMu4ecKue CTPYKTYPBI.

MonynpHOE mporpaMMUpOBaHHE. XapaKTepUCTHKH MOAyJs. CBS3HOCTh M CIEIUIEHHE



Moayiiel. OOBEKTHO-OPHEHTUPOBAHHOE IPOrpaMMHUpoBaHue. KOMIIOHEHTHBIN IMOAXO.
KomnonenTHas mozenb 00bekToB. CASE-TeXHOIOTHH.

OO6BEKTHO-OPHEHTHPOBAHHOE IIPOEKTUPOBAaHWE WM MpOrpaMMHUpoBaHue. IloHaTHE
obnekra. CBOMCTBA, COCTOSIHUE, TIOBEICHUE, HICHTHYHOCTh 00beKkTa. OTHOLIEHUS MEXTY
obovekramu. Ilomarue xmacca. MuTepdeiic u peamusanus. Metomsl ¥ aTpUOYTHL
OtHomenne Mexny KinaccaMH. Bunel kimaccoB. B3amMOCBSA3b KJIacCOB U OOBEKTOB.
Ocuosuple mpunimnel OOIL  AGcrparuposanue. Wukancyssinus. MoaudukaTops
nocryna. Hacnemosanue. Ilomumopdusm. Otmmumst OOIl ot mpouemypHoro u

¢byHKuHOHANBHOTO NporpamMmupoBanust. [Tpuanumner SOLID.

1.3 MATEMATHUYECKOE U UMUTAIIMOHHOE MOAEJIUPOBAHHUE

ITonstue Momenu. Merojonorudeckass OCHOBa MojenupoBaHus. TpeGoBaHus,
npenbsaBisieMble K MozeinsaM. OcHOBHble oOsactu npuMeHeHuss Mopeneii.  OOGimee
TI0JIOXXEHUE JIeN B 00JIaCTH MOJIEIMPOBaHUS DKOHOMUYECKHUX mporeccoB. Knaccubukanus
Mmogneneil. OcCHOBHBIE IIaruM Ipouecca MozenupoBaHus. Kiaccubukaius MeTOHOB
MozenupoBaHus.  OCHOBHbIE  NPUHIMIIBI  MOJETUPOBaHHUS.  MaTeMaTHYECKOe
MozenupoBanue. [ paHuIbl BOSMOXHOCTEH MaTEMAaTUYECKUX METO/I0OB MOJIETHPOBAHUSI.

HNmuranumonnoe Moxenuposanue. [Tonxonpl B UMUTAIIMOHHOM MOJETHPOBAHUH.
JlocroMHCTBa M HENOCTAaTKM HMHUTALMOHHOTO MOJEIUPOBaHUs. THIOBBIE 3a7ayM
AMHTALMOHHOIO MozenupoBanus. OCHOBHBIE 3Tallbl Ipolecca UMHUTaIuU. PaspaboTka
MOJIENI ¥ OIlleHKa e€ ajekBaTHOCTH. IImaHupoBaHue M opraHu3amus 3KCIIEPHMEHTOB C
UMHTAMOHHON MoJenbio. IloHaTne MonensHoro BpeMeHu. MeXaHu3Mbl MPOBHIKEHHS
MoOZieTIbHOr0 BpeMeHH. O6paboTKa 1 aHaIu3 pe3yIbTaTOB MOETHPOBAHHS.

IlonaTne MeToma CTaTUCTUYECKUX HchbITaHui. CiydaliHble W ICEBHOCTyYaiHbIe
gyucna. llomsarue wmeroma Monte-Kapimo. Otanel mMetoma Monte-Kapio. OO6mue
IpesicTaBiIeHus 00 OLEHKE TOYHOCTH pe3yJIbTaToOB, NOMYy4YeHHBIX MeTo1oM MonTe-Kapio.
IIpumep 3amayy, peraemMoi ¢ moMoIbs Metona MounTe-Kapio.

ITonsATHE cilydaiiHOM BenUYUHBL. YUCIIOBBIE XapaKTEPUCTHKH CITyYalHBIX BEIMIHH.
MopnenupoBanue  ciydaiiHbIX — cOOBITHH. MopenupoBaHue NPOCTOr0  COOBITHS.
MopnenupoBaHue IOJHOW TIPYNIBl HECOBMECTUMBIX COOBITHH. MoJeupoBaHue

IMCKPETHOW CIlydyailHOM BeJWYMHBL. MoOJenupoBaHUE HENpPEphIBHBIX CITyYaidHBIX



BEIMYMH. 3aKOHbI PaClpe/eNIeHHs] CIIy9alHbIX BeJIWYHH. MOJEIUpOBaHKe CITydailHBIX
BEIIMYMH C 3a/laHHBIM PacCIpe/ieIeHHeM: [I0Ka3aTelbHbIM, PABHOMEPHBIM, HOPMAJIBHBIM,
YCEUE€HHBIM HOPMaJIbHBIM, IIPOU3BOJIBHEIM. MeTo 00paTHOM (yHKIUH.

Cuctembl maccoBoro obcimyxuBanus (CMO). Kiaccupuxamus CMO. ITonstue
MapKOBCKOTO CliyqaiiHOTO mporecca. IIoToku cOOBITHIA, XapaKTEpPUCTUKHA M BHUJIBL
Ypasuenne Konmoroposa. IlpeznensHele BeposiTHOCTH coctosiauit. Ilponece rubenu u
pasmHoXeHHs. OpHokaHaimbHass W MHorokaHajmpHas CMO ¢ ortkazamu. CMO ¢
oxunanueM (ouepennro). @opmyia Iomnayeka-XuHyuHa.

CTpyKTYpHBIM aHalu3 IPOLECCOB HAa OOBEKTe HSKOHOMHKH. DyHKIMOHAIBHAS
MOJiellb M €€ IUarpaMMbl. YPOBHH J€TaNU3alMy (DYyHKIMOHAIBEHON MOJend (UPMEL.
Cosnanne MHOrOCIOHHBIX Mojeseil. OCHOBHbIE OOBEKTHI MOZIENH (GHPMEI C YYETOM ee
B3aWMOJIECTBUMI: C PBIHKOM, C OaHKaMH, ¢ OIO/DKETOM, C MOCTaBUIMKAMHU, ¢ HAeMHBIM
TpynoM. MMurannonHas mMojenb raodansHoi cucteMsl. KoHuenus «metns o6paTHOM
CBSI3U», OCHOBHBIE IETIH «OOPATHBIX CBA3€» M OCHOBHBIC IIEPEMEHHLIE B MHPOBOM
mozenmu. CTpyKTypa MOZIENd MEPOBOH chcTeMbl. OCHOBHBIE pe3yJsibTaThl SKCIIEPUMEHTOB
Ha MOJEJIA MUPOBOM CUCTEMEI.

WHCTpyMeHTalbHbIE CPEICTBA HMMHTALIOHHOTO MOJENMPOBaHus. S3BIKU H
CHCTEMbl UMUTAMOHHOTO MOJEIMPOBAHUS JIUCKPETHBIX MPOLIECCOB U WX IPUMEHEHHUE
AJISL MOJIGITUPOBAHHS CTPYKTYP U QITOPUTMOB pabOTBI CUCTEM MacCOBOI0 00CITYKUBAHHUSI.
CocraB u cpencrsa s3blka M cucteMbl MojenupoBanusi GPSS. IToctpoenme GPSS-
Mozeniel TUIOBBIX CTpyKTyp CMO u cucreM ynpaBieHus IPOU3BOACTBEHHBIMU

IIPOLIECCaMHU.
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