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"CTaTucTU4eCKUil aHaIu3 U IPOTHO3UPOBAHNE PUCKOB"
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"YucneHHble METOJBI U MATEMATUUECKOE MOJEINPOBaHKE"

YpoBeHb MOJITOTOBKU: MarucTparypa
Kpanmupukanus seimyckauka: MATUCTP

dopma 00ydeHUS: OUHAS
Mocksa 2018 1.



1. HammeHoBaHme: ['ocynapcTBeHHas UTOIOBAasl aTTECTALIMS

2. YpoBeHBb BbICHIEro 00pa3oBaHHsA: Marucrparypa

3. Hanpagiaenne noarorosku: 01.04.02 [IpuknagHas MmaTeMaTika 1 ”HpOpMAaTHUKa
HanpaJ/jieHHOCTb (MArucTepPCKUe MPOrPamMMbl):
B pamkax HarpasieHus noarotoBku 01.04.02 ITpuknagHas MmaTeMaTuka U HHGOPMATHKA
peanu3yercs Iis CIEAYIONMX HAIPaBICHHOCTEH (MAaruCTEPCKUX MPOTrpaMm):

e "BpluuciauTenbHble TEXHOJIOTHH U MOJCIHpOBaHue"

e "JlMCKpETHBIE CTPYKTYPbI U aJIrOPUTMBI"

e "JluckpeTHbIE YIPaBISAIONINE CUCTEMbI U UX MPUITIOKECHUS"

e "lHTenmnekTyanbHbIE CUCTEMBI"

e "UHrennexTyalbHbIA aHATU3 OONBIINUX JAHHBIX"

e "UndopmarmonHas 6€30MacHOCTh KOMITBIOTEPHBIX CHCTEM"

e "HccnenoBanue onepanuii U akTyapHasi MaTeMaruka'

e "KsanrtoBas nadopmaruka"

e "KomnuwigtopHsle TexHOJIOTUNM"

e "KommberorepHoe 3peHue, rpaduka u 00padboTka nzoOpaxeHui"

e "KomnblOTEepHBIE METOAbI B MaTeMaTHUeCKOM (Qu3uKe, OOpaTHBIX 3amadyax U 00padoTKe
n3o0paxeHui"

e "Jlornueckne u KOMOMHATOPHBIC METO/IbI AHAJIN3A JIAHHBIX "

e "Maremaruueckue METOAbl MOJEIUPOBAHUS M METOAbl ONTHMU3AIUU  YIIPABISEMBIX
npoieccoB”

e "MaremaTuuecKre METOJIbI CHCTEMHOTO aHAJIN3a, IMHAMUKA U YIIPaBICHUS"

e "PacnpeneneHHsle cucTeMbl U KOMIIBIOTEPHBIE CETH"

e "CoBpeMeHHBIE METObl MATEMATUUYECKOTO MOJICTUPOBAHUS "

e "CnekrtpanbHas Teopus nud@epeHIralbHbIX ONepaTOpOB U YNpPaBICHUE pacHpeIeIeHHBIMU
cucremamu”

e "CraTUCTMYECKHH aHAINU3 U IPOTHO3UPOBAHUE PUCKOB"

e "CynepKOMIIBIOTEPHBIE CUCTEMBI U MPUIIOKEHUS "

e "Teopust HEMUHEWHBIX TMHAMHUYECKUX CUCTEM: aHAJIN3, CHHTE3 U yIpaBiieHue"

e "TexHosoruu nporpaMMupoBaHus”

e "YuclieHHbIE METO/Ibl U MaTEMATUYECKOE MOIeNIMpOBaHue"

4. Mecto aucuuminubl B ctpykrype OOIl: 6a3oBas yacts OIIOIL, 650k 4 «["ocynapcTBeHHas
UTOrOBas arrecraius, 4 cemectp (ouHas popma oOyyeHUs).

5. IlepeueHb KOMIETEHIUi, KOTOPHIMHU J0JK€H OBJAJeTh O0ydalolluiica B pe3yJibTaTe
OCBOEHHs 00pPa30BaTeIbHOI MPOrpaMMBbl:

BbInycKHHMK, OCBOMBIIMK MporpaMMy MarucTpaTrypbl JOJDKEH 00jafaTh CleIyHIIMMU
YHHUBEPCAJbLHBIMU KOMIETEHI[USIMU:

. CnocobHOCTh  (OPMYTHUPOBATH HAYYHO OOOCHOBAaHHBIE THIIOTE3bI, CO37aBaTh
TEOPETUYECKHE MOJETH SBJICHUM U MPOIECCOB, TPUMEHATh METOJIOJIOTHIO HAYYHOTO TIO3HAHMSI B
npodeccronansHoi aestensHocta (YK-1).

. ['oTOBHOCT, K CaMOpa3BHUTHIO, CaMOpEATH3aINH, HCIOJIB30BAHUI0 TBOPUYECKOTO
noreniuana (YK-2).



. CrocoOHOCTh  OCYHIECTBIATh NHCBMEHHYI0O M YCTHYIO KOMMYHHUKALMIO Ha
WHOCTPAHHOM SI3bIKE (MHOCTPAHHBIX SI3BIKAX) B MPOIECCE MEKKYJIBTYPHOTO B3aMMOIECHCTBHUS B
aKaJIeMMYeCKOM M TpodecCHOHANbHONW c(epaX Ha OCHOBE COBPEMECHHBIX KOMMYHHKATHBHBIX
texnosoruii (YK-3).

® T'oroBHOCTE I[eﬁCTBOBaTB B HCCTAHIAAPTHBIX CUTYyalHAX, HCCTU COLIUAIBHYIO H
ATUYECKYIO OTBETCTBEHHOCTH 3a NpUHATHIE pemenus (YK-4).

BbIycKHUK, OCBOMBIIMN NpOrpaMMy MarucTparypbl AOJDKEH o0najgaTh CIEAYIOLIMMU
o0menpodeccnoHaNTbHBIMM KOMIIETCHIUSIMH:
. CriocoOHOCTh ~ COBEpILIEHCTBOBAaTh M PEATM30BBIBATH HOBbIE MaTeMaTHYECKUE M
KOMIIBIOTEPHBIE METOJbl PpEIHICHUS AaKTyaJlbHBIX 3agad B o00nacTu (QyHAAMEHTAIbHOU W
INPUKIAJAHOM MaTeMaTUKH, B TOM YHCJIE PYKOBOJIUTh KOJUIEKTUBOM B cdepe cBoei
npoeCCUOHATIBHON  JIESTETILHOCTH, TOJIEPAHTHO BOCHPUHUMASI COLMAIbHBIC, OSTHHYECKUE,
KOH(ECCHOHATBHBIC B KyIbTypHbIC pasinuus (OITK-1).
. CriocoOHOCTh €O3/1aBaTh M aHAIM3UPOBATh MATEMATUYECKHE MOJEIN MPOQecCHOHATBHBIX
3a/a4, YYMTHIBaTh OIPAHUYECHHUS M TPaHULBl INPUMEHUMOCTH MOJEIEH, HHTEPIPETUPOBATH
noJy4eHHble MaremMarudeckue pe3ynbrarsl (OI1K-2).
. CrocoOHOCTh € Y4eTOM OCHOBHBIX TpeOOBaHMH HMH(POPMALMOHHONW O€30MacHOCTH
KOMOWHHUPOBATh W aJalTHPOBAaTh COBPEMEHHbIC WH(MOPMAIMOHHBIE TEXHOJOTHH MJISi pPEIICHUS
3ajad4 B 00JacTH NPUKIATHOW MaTeMaTWKM U WH(GOPMATHKH, a TaKXKe A pacIIUpeHus U
yrIyOJIeHUs] CBOMX 3HAHHI B CMEXHBIX chepax aestenbHoctu (OITK-3).
. CrocoOHOCTh ~ OCYIIECTBJIATh ~ NHUCBMEHHYHD M YCTHYIO  KOMMYHHUKAaIlMIl0  Ha
rocyJapcTBeHHOM si3bike Poccuiickoit ®enepanmu B mporecce MpO(ECCHOHATBHOTO |
aKaJIeMHUYECKOT0 B3aUMOJEHCTBUS, CBA3aHHOTO C MPO(GECCUOHATBLHON EATEIbHOCTBIO, C YU€TOM
KYyJIbTYPHOI'O KOHTEKCTa OOILEHHS HAa OCHOBE COBPEMEHHBIX KOMMYHMKATHUBHBIX TEXHOJOIMH
(OIIK-4).
. CrocoOHOCTh MCHOJB30BaTh YIIIyOJEHHBIE 3HAHUS TPABOBBIX M ITUYECKUX HOPM MpHU
OLIEHKE TOCJIEACTBUH cBOell mMpodecCHOHANBbHOW  JAEATeNbHOCTH, TMpH  pa3paboTke U
OCYIIECTBIICHHHU COIMAIbHO 3HaUNMbIX TIpoekToB (OITK-5).
IIpodeccnonanbHbIe KOMIIETEHIIUH BBIITYCKHUKA, OCBOMBIIETO MPOrpaMMy MarucTpaTypsl
. CnocoOHOCTh CaMOCTOSITENIBHO M B COCTaBE HAyYHOIO KOJUIEKTHBA MPOBOJUTH Hay4dHbIE
UCCIIEIOBAaHUsI W TOJydYaTh HOBBIE HAaydHble pe3yJbTaTbl Ha OCHOBE OOIaJaHMs
(yHlaMEHTaIIbHBIMU 3HAHUSMHU, NOHMMAaHHUS AaKTYyaJIbHBIX KOHILENUWN, MPUHLUIIOB U TEOPHH,
CBSI3aHHBIX C MPUKJIHON MaTeMaTtukoi u uHpopmarukoi (ITK-1).

. CnocoOHOCTh MOHUMAaTh, COBEPIIEHCTBOBATh U MPUMEHATh B HAYYHO-UCCIIEI0BATENIbCKON
AeATEIbHOCTH COBpEeMEHHBIN MaTemartiueckuii anmapat (ITK-2).
. CrocoOHOCTh  CaMOCTOATENIBHO M B COCTaB€ IIPOU3BOJACTBEHHOIO  KOJUIEKTHBA

pa3pabarbiBaTh U NPUMEHSATH AKTyaJbHbIC AJTOPUTMBI KOMIIBIOTEPHON MaTeMaTHKH, a TaKxkKe
pean30BbIBATh X B COBPEMEHHBIX MPOrpaMMHbIX kKomiuiekcax (ITK-3).

. Crioco6HOCTh KOMOMHHMpOBATH M aJaNTHPOBaTh s Lened npodeccHoHANbHOM
NeSITEIbBHOCTH COBPEMEHHBIE CpEeACTBAa Pa3padOTKH MPOrpaMMHOr0 00ecredyeHHUs M METO]IbI
napajieIbHO 00pabOTKM JaHHBIX, pa3pabaThiBaTh CHCTEMHOE M MPUKIAJAHOE MPOTPaMMHOE
obecrieueHne, CUCTeMbl 00pabOTKU M aHaIKM3a JaHHbIX, ceTeBbie TexHomoruu (I1K-4).

. CrocoOHOCTh  CTPYKTYpPHpOBAaTh OOIIYyI0 CXEMy peUIeHHs MPUKIAAHOM 3amaud B
COOTBETCTBUM C €€ CIHeUu(pUKOH, a TakkKe OINpPeJesIuTh COBOKYIIHOCTb M OCOOCHHOCTH
IIPUMEHEHHUSI MAaTeMAaTUYECKUX METOJOB M IPOrPaMMHBIX PEIIEHHH NI KaKIOrOo M3 JTaloB
nosiy4deHHoit cxemsl (ITK-5).

. CriocoOHOCTh TPOTHO3MPOBATH MOCIEACTBUS CBOEH NMPO(ecCHOHAIBHON AEATENIEHOCTH C
YUYETOM COLUATBHBIX, MPOPECCUOHATBHBIX U dTHYecKkuX no3uiuii (TTK-6).

6. O0beM B 3adYeTHBIX C¢IMHULIIAX C¢ YKasaHUEM KOJHIECTBA aAKAJCMHUYECCKHUX WM
ACTPOHOMHMYECKHX YAacCOB, COOTHECEHHbIe € IJIAHMPYeMbIMH pe3yJbTATAMH OCBOEHUS
00pa3oBaTeJIbLHON NPOrPAMMBI:



O0BeM TOCYAapCTBEHHOW HMTOTOBOM aTTECTAIlMM COCTaBJISICT 9 3a4eTHHIX CAWHHI, B TOM
yucie 6 3a4eTHBIC SUHUIIBI - MMOJATOTOBKA U 3aIllMTa BHIMYCKHON KBATU(DUKAITMOHHOW padoTHI, 3
3a4YCTHBIC CANMHUIEBI - TIOAT'OTOBKA U Caa4ya FOCYILapCTBeHHOFO OK3aMCHa.

7. BxoaHble TpeGoBaHNs IS IPOXOKIEHNSI HTOTOBOI rocy1apCTBEeHHOM aTTecTaluu:

K TOCYIapCTBEHHOH WTOTOBOM aTTECTAllMM JOMYCKAeTCs OOYyYaroIIuiics, HE HMEIONINN
aKaJIeMU4eCKOl 3aJ0JDKEHHOCTH U B IIOJHOM OOBbEME BBINOJHMBIINMN Yy4eOHBINH IUIaH WM
MH/MBUYaJIbHBIA y4eOHBIH IJIaH 110 COOTBETCTBYIOIIEH 00pa30BaTeNbHON IMPOrpaMMe BBICLIETO
oOpa3oBaHus.

8. Coep:xaHue rocy1apcTBeHHOI HTOrOBOI aTTeCcTaAlMu:
rOCYJapCTBEHHAss WTOrOBas aTTECTAllMs OOYYaOLIMXCS OpTraHU3alMii MPOBOAUTCS B (opme:
rOCYZapCTBEHHOI0 MEXIMCLUIUIMHAPHOIO HJK3aMEHa II0 MAarucTepCKOM IIporpamme, a TaKxke
3alIUTHI BEITYCKHOM KBaJTM(UKAIIMOHHON paboTHI.

A. IlporpaMmma rocyJapcTBEHHOI0 MEe;KIUCHUININHAPHOIO JK3aMeHa:

['ocynapCTBEHHBI  MEXAMCLMIIMHAPHBIM  DK3aMEH HOCUT KOMIUIEKCHBIM — Xapakrep,
IPOBOJUTCS 1O OJHOM MM HECKOJBKMM JUCLUIUIMHAMHM (WIM) MOAYJISAM 00pa3oBaTesIbHOM
IIPOrPaMMBbl, pPE3yJbTaTbl OCBOCHMSI KOTOPBIX MMEIOT ONPEACIAIONIEe 3HAUYEHUE UL
poheCCHOHATILHOMN IEATETEHOCTH BHIITYCKHUKOB.

b. lIporpamMma BbINYCKHON KBAIH(HUKALMOHHOMH padoThI:

Brimycknas kBanmpuKanuonHas padoTa MpeacTaBiIseT co0O0i BHIMOJHEHHYIO 00YJYarOIuMCs
[IMCBMEHHYI0O paboTy, JAEMOHCTPUPYIOLIYI0 YpPOBEHb IOJITOTOBJIEHHOCTH BBIYCKHUKA K
CaMOCTOSITENIbHOH NPO(EeCCHOHATIBHOM JEATEIbHOCTH. 3allluTa BBIITYCKHOM KBaIM(UKALMOHHON
paboThl mpenacTaBisgeT COOOH BBICTYIUIEHHE OOYYalOLIErocs € YCTHBIM JOKJIAAOM Iepen
rOCYJJapCTBEHHOH HK3aMEHAllMOHHON KoMHccuell, 00 OCHOBHBIX pe3yJbTaTax IOJrOTOBICHHOM
BBIITYCKHON KBaTM(PUKALIMOHHON pabOTHI.

9. YueOHo-MeTOoANYECKHE MATEPHAJIBI JJ CAMOCTOATEIbHOI PadoThl 00ydarouerocs K
MOAr0TOBKE K rOCYAapCTBEHHOM HTOIOBOM aTTEeCTAllUM:

A. IloaAroroBKa K rocyapcTBeHHOMY MEKAUCHMILINHAPHOMY IK3aMEHY:

['ocynapcTBEHHBIN MEXAUCHUIIMHAPHBIM 3K3aMeH NpOBOJIUTCS B ycTHOHM (opme. B xone

TOCYJapCTBEHHOTO MEXIUCLUUIUIMHAPHOTO 53K3aMeHa OOydarolmuiics JODKEH OTBETUTh Ha
MIOCTaBJIEHHBIE B SK3aMEHAI[MOHHOM OMJIeTe BOIPOCHI, pa3pabOTaHHbIE B COOTBETCTBUU C
[IpOrpaMMOl  IPOBEACHUSA  TOCYJAapCTBEHHOIO  MEXIHMCLUMIUIMHAPDHOIO  JK3aMe€Ha 10
COOTBETCTBYIOLIEH Marucrepckoil nporpamme (cm. [punoxenue).

b. IloaroroBka BbINYCKHOM-KBAIM(PUKALMOHHON padoThl (MarucrepcKou

AMCCEPTALMH):

TpedoBanust K 0opMIIEHHIO BBINIYCKHOM KBAJIM(PHUKAIMOHHON padoThI:

Pe3ynbraroM  Hay4yHO-HMCCIENOBATENIbCKOW  JEATENBHOCTH  OOy4arolerocss  sBISETCS

BBIMTYCKHAsl KBaJM(UKAIMOHHAs paboTa, BBHINOJHEHHAs B COOTBETCTBUM C TpPeOOBaHUSIMHU
«ITonmoxxenust o Mmaructepckoit auccepranuu ¢paxyiabrera BMK MI'Y umenn M.B. JlomonocoBa»
(yrBepxneHo Ha 3acenanuu YdeHoro coera BMK MI'Y umenu M.B. JlomonocoBa 30 HOs0ps
2016 r.).

Tunosbie BONPOCHI K 3alIUTE BHINYCKHONH KBATH(PUKANMOHHON PadoThI:
- O06ocHYylTe aKTyaJTbHOCTh TEMBI BBITYCKHOW KBaTU(UKAITMOHHONW PaOOTHI.
- B 4em cocTonT npakTHYecKas 3HAYMMOCTb, BBITIOJTHEHHOHN BBIITYCKHOM
KBaTM(UKAITMOHHONU PabOThI?



- B ueM HOBU3HA pe3yabTaTOB PabOTHI?
- ChopmynupyiTe 11eH 1 33291 BBITYCKHON KBATH(UKAIIMOHHON PaOOTHI.

10. ®oHA OLEHOYHBIX CPEACTB roCy1apCTBEHHOI UTOrOBOI aTTeCTALMM:
Kputepun m mnpoueaypbl OLeHHBAHHMS O00y4aloLIerocsi Ha rocyJapCTBeHHON HTOrOBOM
aTTrecTalyu:

A. Kputepum oueHHBaHHMS HA TOCYAAPCTBEHHOM MEKIMCUMIIMHAPHOM 3K3aMeHe:

J171s OLleHKHM TOTOBHOCTH BBIITYCKHUKA K BUAAM NPOGECCHOHATBHON NEATENbHOCTH U CTETICHU
c(OpPMUPOBAHHOCTH KOMIETEHIIMN TOCYAapCTBEHHAs SK3aMEHAIMOHHAs KOMMCCHS 3aCiIylIMBaeT
YCTHBII OTBET 00yYaroUIerocsi Ha BOIPOCHI, IPE/ICTABICHHbIE B 9K3aMEHAIIMOHHOM OUJIeTe.

OneHka «OTIMYHO» CTABUTCS €CJIH:

- OTBETHI HA MTOCTABJICHHBIE BOIPOCH B OMJIETE U3JIaraloTCs JJOTMYHO, MTOCIEI0BATEIbHO U HE
TpeOYIOT TOTOTHUTENIBHBIX MOSCHEHUH. J{enatorcsi 000CHOBaHHBIE BHIBOJIBI,

- JIEMOHCTPUPYIOTCS TIyOOKHE 3HaHUSA B 00JacTH (yH/IaMEHTAJIbHBIX OCHOB IPHUKIIAIHOMN
MaTeMaTHKU U HHPOPMATHKH,

- OTBET (POPMYITUPYETCS PA3BEPHYTO U YBEPEHHO, COACPKUT  4YeTKHe (OPMYIUPOBKU
ONpEIEICHUN U TEOPEM.

OneHka «Xxopomuo» CTaBUTCH, €CJIN:

- OTBETHI Ha MIOCTaBJICHHBIE BOIIPOCHI U3JIaral0TCsl CUCTEMAaTU3UPOBAHO U MOCIIEI0BATENbHO;

- MaTepuaj U3J1araeTcsi yBepeHHo;

- DK3aMEHYEMbI1 00HapY’KMBAeT TBEP/IOE 3HAHUE IPOrPAMMHOI0 MaTepuaa,;

- OTBET JEMOHCTPHUPYET CIOCOOHOCTh MaruCTpaHTa MPUMEHATh 3HAHWE TEOPUHU K PELICHUIO
3a/1a4 NpoQecCUOHANBHOIO XapakTepa.

Onenka «yA0BJICTBOPHTEIBLHO» CTABHUTCS, €CJIN:

-JIOMYCKAIOTCS HAPYILIEHUS B MIOCIIEN0BATEIBHOCTH U3JI0KECHMUS,

-IEMOHCTPHUPYETCSI IOBEPXHOCTHOE 3HAHUE BOIIPOCA;

-MMEIOTCsl 3aTPYIHEHUS C BBIBOJAMU;

OneHka «Hey10BJ1eTBOPUTEIbHO)» CTABUTCSH, €CJIM:

MaTepuan H3JlaraeTcs HeNoCJIe10BaTeNlbHO, COMBUMBO, HE MPEACTABISAET OIpeIeIeHHON
CHUCTEMBI 3HAHUM;

oOyJaromuiicss He MOHUMAET CYIIHOCTH MPOIIECCOB U SIBIECHUH.

b. Kpurepun oneHuBaHusA BbINYCKHOM KBAIN(UKALMOHHON PadoThI:

J1s OLIeHKM TOTOBHOCTH BBIIYCKHUKA K BHJIaM PO(ECCHOHATBHOMN 1eATEbHOCTH U CTENIEHH
c(OPMHPOBAHHOCTU KOMIIETEHLIUH, rOCYyJapCTBEHHAs YK3aMEHAIlMOHHAs KOMUCCHS 3acCIylIMBaeT
BBICTYIIJICHHE 00YyYaroIerocs O MoAroTOBIEHHON BRITYCKHON KBaNU(UKALMOHHON padoTe.

OIICHKA «OTJINYHO» BBICTABIISIETCS 3a MNIYOOKOE PACKPHITHE TEMbI, KAUECTBEHHOE 0OpPMIIEHHE
paboThl, COAEPKATEIBHOCTH JI0KJIa/1a U IPE3eHTallu;

OILICHKA «XOPOILI0» BHICTABIISETCS MPU COOTBETCTBUU BBILIENEPEUNCIEHHBIM KPUTEPUAM, HO
IpU HaJIMYUU B cojepkaHUM paboThl M €€ odopmiieHHH HEOONbIINX HEAOYETOB WU
HEJ0CTaTKOB B MPECTABICHNHN PE3YyIbTATOB K 3alLIUTE;

OILICHKAa «yJOBJIETBOPUTEIBHO» BBICTABISAETCS 3a HEMOJIHOE PAaCKpPBITHE TEMBI, BBIBOAOB U
NPEUIOKEHUH, HOCSIMX OOIMil XapakTep, OTCYTCTBHE HArJIAJHOTO IPEACTaBICHUS
paboThI U 3aTPyIHEHHS IIPH OTBETAX Ha BOIIPOCHI;

OIICHKA «HEYIOBJIETBOPUTEIHHO» BBICTABIAETCSA 3a c1ab0€ W HEMOJHOE PACKPHITHE TEMBI,
HECaMOCTOSITENIbHOCTh U3JI0KEHUS MaTepuasa, BbIBOABI U MPEAJIOKEHUS, HOCSIIUE OOIIHiA
XapakTep, OTCYTCTBUE HATJISAHOTO MPe/ICTaBlIeHNUs paboThl U OTBETOB Ha BOIIPOCHI.

OueHo4YHbIE CPeICTBA IrOCYAAPCTBEHHOI MTOrOBOM aTTeCTAIIMHU



[Toka3arenn HOCTHKEHHs pe3ylbTaTOB OOydYeHHMs MpPHU MPOXOKICHHU TOCYAapCTBEHHOM
UTOrOBOM aTTecTalyy, O0ECleYMBAIOLINE OINPENEICHNe COOTBETCTBHUSA (MM HECOOTBETCTBUSA)
MHIUBUAYAIBHBIX PE3YJIBTaTOB OCYJapCTBEHHON UTOIOBOM aTTECTAllMH CTYACHTA [TOCTaBJIEHHBIM
LelsiM M 3a7adaM (OCHOBHBIM IIOKA3aTeNsIM OLEHKHM pe3yJbTaTOB MTOrOBOM arTecTaluu) U
KOMIIETEHIIMSIM, IPUBEACHBI B TaOJIHIIE.

CdopmupoBaHHbIE KOMIETEHIINH U
[MOKa3aTeJIM OLEHKH Pe3yIbTaTOB
Kon HauMeHoBaHNEe KOMIIETEHIINU —
["ocynapcrBennsbiii |[logroroBka u
DK3aMEH 3ammura BKP
YK-1 CrniocoOGHOCTE (hOpMYIIUPOBATH HAYIHO
000CHOBaHHbIE THIIOTE3bI, CO3/1aBaTh
TEOPETUUECKHIE MOJIENH SIBJIEHUI U IIPOLIECCOB, [ToaroroBka u
[IPUMEHSATh METOOJIOTHIO HAYYHOTO TIO3HAHKS B 3ammTa BKP,
MPoeCCUOHATTHHOM JICATEITILHOCTH pa3nen B BKP
YK-2 ['0TOBHOCTB K CAMOPa3BUTHIO, CAMOPEATTM3ALINH, [loaroroBka u
HCITOJIb30BAHUIO TBOPUECKOTO MTOTEHIHAIA 3ammra BKP,
pazzaen B BKP
VYK-3 | CtocoGHOCTB OCYIIECTBIISATH IUCBMEHHYIO U
YCTHYIO KOMMYHHUKALIMIO HA THOCTPAHHOM SI3bIKE
(MHOCTpAHHBIX S3BIKAX) B TIPOIIECCE
MEKKYJIBTYPHOIO B3aUMOJICHCTBHS B
aKaJIeMUYECKOM 1 MPoheCCHOHATRHOM chepax [ToaroroBka u
Ha OCHOBE COBPEMEHHBIX KOMMYHUKATHBHBIX 3amura BKP,
TEXHOJIOTUN paznen B BKP
YK-4 I'0TOBHOCTB AEMCTBOBATH B HECTAHIAPTHBIX IloaroroBka u
CUTYalIVSIX, HECTU COLIMATBHYIO U STHUECKYEO 3ammTa BKP,
OTBETCTBEHHOCTb 34 NPUHATHIE PELLIEHUA paznen B BKP
OIIK-1 | CriocoOHOCTB COBEpIIIEHCTBOBATD U
[PEeATM30BBIBATH HOBBIE MATEMaTUIECKUE U
KOMITHEOTEPHBIE METO/IbI PEILICHHUS aKTyalTbHBIX
3aj1a4 B 0071aCTH (hyHIAMEHTATEHON 1
[PUKJIATHOM MAaTEMATHUKH, B TOM YHCIIE
[PYKOBOJIMTH KOJUIEKTHBOM B c(hepe cBoei
MpoheCCHOHAITHLHOM JIEITENFHOCTH, TOJIEPAHTHO [ToaroroBka u
BOCIPUHAMAS COLIMAIIbHBIE, STHUUECKUE, Dk3aMeHaoHHb! [3amura BKP,
KOH(pecCHOHabHbIE U KYJIbTYpHbIC pa3inuust i Ouser paznen B BKP
OIIK-2 | CriocOOHOCTh CO3/1aBaTh M aHATM3UPOBATH
MaTeMaTH9IecKUe MOJIENH MPO(eCCHOHATBHBIX
3314, YUUTHIBATh OTPAHUYUCHUSI ¥ TPAHUIIBI [ToaroroBka u
MIPUMEHUMOCTH MOJIEIIEN, HIHTEPIPETUPOBaTh | JK3aMeHalMoHHbI [3amuTa BKP,
[MOJTYYCHHBIE MATEMATUIECKUE PE3YIIHTATHI i1 Omiet pazaen B BKP
OIIK-3 | CriocoGHOCTB € y4ETOM OCHOBHBIX TPEOOBAHUIA
nH(OPMAILOHHON 6E30MacHOCTH
KOMOWHHUPOBATH U a/IAIITUPOBATH COBPEMEHHBIS
MH()OPMAIOHHBIE TEXHOJIOTHH ISl PELICHUS
3a/1a4 B 00J1aCTH MPUKIIATHON MATEMATHKU U
MH(DOPMATHKH, a TAKKE IS paCIIUPEHNs U [ToaroroBka u
YIITyOJIeHHUsI CBOMX 3HAHUI B CMEXHBIX chepax 3amuTa BKP,
TIEITEILHOCTH pazzaen B BKP
OIIK-4 | CrtocoOHOCTB OCYIIIECTBIISITh IMCBMEHHYIO M (DK3aMeHaImoHHb! |[loaroroBka u




YCTHYIO KOMMYHHUKALIMIO HAa TOCYIAPCTBEHHOM
s3bIKe Poccuiickoin Denepatuy B poLEcce
poheCCHOHATTBHOTO 1 aKaJIeMUYECKOTO
B3aMOJICHCTBHS, CBSI3aHHOIO C
poheCCUOHATTHHOM JIEATEILHOCTBIO, C YUETOM
KyJIBTYPHOT'O KOHTEKCTa OOIIEHHsI HAa OCHOBE
COBPEMEHHBIX KOMMYHHUKATUBHBIX TEXHOJIOTHI

i ouner

3amura BKP,
pasnen B BKP

OIIK-5 | CrtocoOHOCTB UCIIONIB30BATh YIITyOJICHHBIE
3HAHUSI IPABOBBIX M 3TUYECKUX HOPM IIpU
OIICHKE TIOCIICAICTBUI CBOCH MPOQeCCHOHATEHOM [ToaroroBka u
NEeATEILHOCTH, TIPU pa3pabOTKe 1 3amurta BKP,
OCYIIECTBJICHUH COLMATBHO 3HAYMMBbIX IIPOEKTOB paszzaen B BKP
[1K-1 CnocoOHOCTH CaMOCTOSATENBHO U B COCTaBE
HAy4YHOT'O KOJUICKTHBA IPOBOIUTH HAYUHbIE
MICCIICIOBAHMS U TI0JTy4aTh HOBBIC HAYYHBIC ToAroTosKa u
pe3yNIbTaThl HA OCHOBE OOJIaaHus
(byHIaMEHTaTBHBIMU 3HAHUSIMU, TIOHUMAHUS samuta BKP,
N . paznen B BKP
aKTyaJIbHBIX KOHLISTIHIA, IPUHIIUIIOB U TEOPUIA,
CBSI3AHHBIX C MPHUKJIATHON MATEMATHUKON 1 DK3aMEeHAIIMOHHBI
nH()OPMATHKON i1 Ouner
[1K-2 CrnocoOHOCTh IOHMMATh, COBEPIICHCTBOBATH U
[PUMEHSTH B HAy4IHO-MCCIIEI0BATEbCKOM [ToaroroBka u
NEeSTEILHOCTH COBPEMEHHBIN MaTeMaTH4Yeckuii | Jk3aMeHalnoHHbl [3amura BKP,
anmnapar i Owter pazzaen B BKP
[1K-3 CrocoGHOCTH CaMOCTOSATENBHO U B COCTaBE
MPOM3BOJICTBEHHOTO KOJUIGKTHBA pa3padaThiBaTh
Y IPUMEHSITh aKTYaJIbHBIC &JTTOPUTMBI
KOMITBFOTEPHON MATEMATHKH, a TAKAKE [ToaroroBka u
PEATM30BbIBATH UX B COBPEMEHHBIX Dk3ameHaIrmonHsl 3amurta BKP,
MPOrPAMMHBIX KOMILJIEKCAX i1 Omiet paznen B8 BKP
[IK-4 | CnocobHOCTH KOMOMHHUPOBATH U aAIITHPOBATH
TUTS T1eTel POheCCHOHATTBHOM IESITENTEHOCTH
COBPEMEHHBIE CPE/ICTBA Pa3pabOTKU
[POrPaAMMHOTO 00ECTIEUEHHS M METOJIbI
napasuIebHOM 00pabOTKY TaHHBIX,
pazpalaTbIBaTh CHCTEMHOE 1 NPHUKIIATHOE
POrpaMMHOE 0O€CTIeueHNE, CUCTEMbI [ToaroroBka u
00paboTKX 1 aHATM3a TAHHBIX, CETEBBIE Dk3aMeHarMoHHb! [3amura BKP,
TEXHOJIOTUH it Ouser paznen B BKP
[1K-5 CriocoOHOCTB CTPYKTYPHUPOBATh OOIIYIO CXEMY
[pELIEHYS [TPUKIIATHOM 33]a4i B COOTBETCTBHH C
ee CrelM(UKOiL, a TaKKe OMpeeUTh [ToaroroBka u
COBOKYITHOCTb M OCOOGHHOCTH TIPUMEHEHHUS 3amurta BKP,
MAaTEMaTHUECKIX METOJIOB M TIPOTPAMMHBIX pazzaen B BKP
pELIEHHI JJTs KYK/IOTO U3 3TAIlOB MOMYYEHHOM | DK3aMeHalMOHHBI
CXEMBI i1 Ouiet
[1K-6 CrnocoOGHOCT TPOTHOZUPOBATH MOCIIEICTBHS

CcBOEH MpohecCHOHATBEHOM AESITENLHOCTH C

[loaroroska n

Y4ETOM COLIMATBHBIX, TPO(ECCHOHATBHBIX 1 Ok3ameHalMoHHsl 3amurta BKP,
ITUYECKUX MTO3ULIMI i ouer paznen B BKP
MNPUJIOKEHUE
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29.

IHPOI'PAMMA INPOBEJEHUSA TOCYIJAPCTBEHHOI'O
MEKINCHUIIVIMHAPHOI'O 39K3AMEHA 11O MAT'HCTEPCKUM
INPOI'PAMMAM

Marucrepckasi nporpamMmma
"BpIYMCJAUTEIbHbIE TEXHOJOTHN M MOJleIMpOBaHue"

O01mas yacrhb
O0o061eHHOE perreHne 3aaaun JJupuxiie JUis ypaBHEHUs BTOPOTO MOPsAKA SJUTMIITHYSCKOTO THIIA.

Mertox Putia npuOnmXeHHOTo peleH st SUTUITHYECKOTO YPaBHEHHS BTOPOTO MOPSIKA.
BapuanmoHnHas NocTaHOBKA 33/1a4M HA COOCTBEHHBIE 3HAUEHUS] CHMMETPUYHOTO MOJIOKUTEIBHOIO
OIIEPAaTOPHOI'0 YPaBHEHHUS.

Mertoa Putia B mpo6ieme BbIUMCIIEHUs] COOCTBEHHBIX 3HaYeHUH 3aaaun upuxiie.

MeToa KOHEUHBIX 3JI€MEHTOB I OOBIKHOBEHHOTO TU(PEpEeHIINaTLHOTO YPAaBHEHUSI.

MeTtoa KOHEUHBIX 3JI€MEHTOB Ui 3a7auu 00 n3rude ynpyroro opyca.

Martpuna »KeCTKOCTH M MaTPULIA MACCHI JIMHEMHOTO KOHEYHOT'O 2JIEMEHTA.

Teopema 0 CXOAMMOCTH METO/1a KOHEYHBIX 3JIEMEHTOB Ha JINHEHHBIX TPEYTOJIbHUKAX B CIIydae
ypaBHeHus [lyaccona.

BeiBon ypasaenus Kopresera-nge ®@pusa.

['pynmoBoii ananu3 0OBIKHOBEHHBIX MU (epeHIInaTBFHBIX YPaBHEHHH IEPBOTO U BTOPOTO
HOpsJKA.

I'pynnoBoit anayu3 11 ypaBHEHUs TEIJIOIPOBOJHOCTH.

VYpasuenue broprepca u ero mHeapusanus.

Meroa KyCOYHO-IIOCTOSIHHBIX alllIPOKCUMALIMK PELICHUSI HHTErPaJIbHbIX ypaBHEeHUN Ppenroibma
2-To poja.

MeTo1 KOHEUHBIX AJIEMEHTOB pPEIICHUs HHTErpalIbHbIX ypaBHeHUN Ppearonbma 2-ro poaa.
Mertopa peleHHs CHHTYISPHOTO UHTETPaIbHOTO YpaBHEHUs ¢ aapoM ['uipbepTa Ha OCHOBE
KBaJIpaTypHbIX (OPMYJ HHTEPIOJIALUOHHOTO THIIA.

YucneHHoe pelieHne NMHTErpaIbHbIX ypaBHEHUM dpenroapma 2-ro poja B cirydae
HEOJAHO3HAYHON Pa3pelIMMOCTH COOTBETCTBYIOLIErO OJHOPOJIHOIO YPABHEHUS.

Meroas! opranusanuy napaulesIbHbIX BBIYACICHUN IIPU CYIIEPKOMITBIOTEPHOM PELICHUU
CETOYHBIX 3a7a4.

CnenmnanbHasi 4acTh

ConpsikeHHbIe, CHMMETPUYHBIE U CAMOCOMPSKEHHbIE ONepaTopsl (Cliyyail HEOrpaHUYEHHBIX
OTIePaTOPOB)

Tunel pa3pemIuMOCTH OIEPAaTOPHBIX YPAaBHEHUN. Y CIIOBUS OJHO3HAYHOM U IUNIOTHOM
pa3pemmMOCTH.

MeTo1pl TEOpUHN IKCTPEMANIBHBIX 3a/1a4.

Meroasl TeOpUHM HEKOPPEKTHBIX 3a/ad.

Mertoab! 00111e# TEOPHH NTEPALIMOHHBIX MTPOLIECCOB.

OyHKIMOHAIbHBIE 3aBUCUMOCTH, KOTOPBIE MOTYT OBITh IIPEIOAKEHBI JJIs1 ONMCAHUS ITpolecca
YBEITUYEHUS YUCIEHHOCTH OMOJIOTMYECKUX MOMYJTSIIHHA.

KoMmnapTMmeHTHbIE MOIENT B OMOJIOTHH, OTIPEIEIIEHUS U IPUMEPBI.

I'eneTnueckue alropuTMbl MOJIETMPOBAHUS.

Kputepuu Bb160Opa oNTUMAIBEHON MOAETH U3 HEKOTOPOI'O CEMEICTBA MPHU ONKMCAHUH 33JaHHOTO
MHOYKECTBA JJAHHBIX HAOJIIOICHHUH.

[Ipocreitmme monmenu Ha ocHoBe OJIY m muddepeHnranbHBIX YpaBHEHUN C 3aria3IblBalOIINM
apryMeHTOM, KOTOPbIE UMEIOT OCLMJUIAPYIOIINE PELICHUS.

[TomynarpanxeB MeTOZA Ul 4YHMCIECHHOTO PEIIEHUS OJHOMEPHOTO YpPaBHEHHUS IIEpEHOCA -
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37.
38.
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CYLIHOCTh, KPUTEPUN YCTOWYMBOCTH, JOCTOMHCTBA W HEAOCTATKU. [IpUHIMIBI MOCTpPOEHUS

BApUAHTA MOJIyJIarpaHkeBa METOAA, COXPAHSIOLIEr0 MacCy NEPEHOCHMOIO BEIIECTBA.

JIuHeliHbIE MOHOTOHHBIE CXEeMbl JJsl TrunepOoinueckux ypaBHeHuid. Teopema I'omyHoBa.

[Ipumepbl TMHEMHBIX MOHOTOHHBIX CXEM.

HenuneliHple MOHOTOHHBIE CXEMBI JJIs THIEPOOIMYECKUX YypaBHeHHM. [IpuMep MmoCTpocHWs.

Cxema Jlakca-Benapodda.

Henunelinas w#eycroitunBocth. (YpaBHenue broprepca) Ilpumep HeycTOMYMBOM CXEMBI.

[TocTpoeHue ycTOHYMBOM pa3HOCTHOM CXEMBI JUIsl ITOTO YPaBHEHHS.

[TocranoBka 3ajmau aHajM3a OAHHBIX: 3a7addl perpeccud, kiaccudukanuu. OCHOBHBIC THIIBI

naHHbIX. O0yueHue ¢ yuureneM, ooydeHue 06e3 yuuTens.

JIuneiiHasg perpeccusi, JIOTMUECTHYECKAsl PErpeccus, METOJl OINOPHBIX BEKTOPOB, pPEILAOLINE

nepeBbs. HeliponHsie ceTu (onpeeneHue)

[TonsiTne mepeoOydeHHss B MAIIMHHOM OOyYEHWH, CMEIICHHWE W Jucrepcus. Pa3mepHOCTb

Bannuka-UepBonenckuca. Teopema Bannuka (6e3 1okazareinbcTBa) U CIEICTBUS U3 HEe.

MeTo1 UMKINYECKON PEIYKIIMU KaK JBYXCETOYHBIN METO/.

Meto/ BIIOKEHHBIX PACCEYEHU.

BapuanTsl MeTO1a CEKyIUX; METO AHIEpCOHA.

Cnncoxk peKOMeH/10BAHHOM JINTePaTypbl

Muxmua C.I'. BapuanuoHnHbsie METOIbI B MaTeMaTuieckoi ¢pusuke. M.Hayka, 1970.

AnpnpeeB B.b. Jleknuu no merony koneunbix anemeHToB. M.MAKC Ilpecc ,2015.

No6parumo H.X. Tlpaktuueckuit kypc nudpdepeHIualbHbIX YpaBHEHHH M MaTeMaTHYECKOTO

MojaenupoBanus. M. @uzmatiut, 2012.

Ceryxa A.B. YucneHHble METOAbl B MHTETPAJIbHBIX YPAaBHEHHMSIX U HX MPUIIOKCHHUS.

M.APITAMAK-MEJINA, 2014.

Boesoaun B.B., Boeoaun Bi.B. Ilapannensasie Beruucienus - CI16. BXB-IletepOypr, 2002.

lonoBusnun B.M., 3aiiueB M.A., Kapabacos C.A., Koporkun W.A.HoBble anropuTmsl

BBIYUCIIUTEIILHON TUIPOJIUHAMUKH JIJII MHOTOTIPOIIECCOPHBIX BBIYMCIUTEIBHBIX KOMILIEKCOB. M.:

W3narenscTBO MockoBckoro ynusepcurera, 2013.

@®neruep K. BeruncnurenbHble METOIBI B AMHAMUKE )KuakocTen. Ilep. ¢ anrn. M.: Mup,
1991r.,B2T.

Bishop C. M. Pattern. Recognition and Machine Learning. — Springer, 2006. — 738 p.

Hastie T., Tibshirani R., Friedman J. The Elements of Statistical Learning. Springer, 2014. — 739

p.

George, J. W.-H. Liu. Computer Solution of Large Sparse Positive Definite Systems. Prentice-

Hall, New Jersey, 1981. --- 324pp.

S. Schaffer. A semicoarsening multigrid method for elliptic partial differential equations with

highly discontinuous and anisotropic coefficients. SIAM J. Sci. Comput. 20(1): 228-242, 1998.

H.-R. Fang, Y. Saad. Two classes of multisecant methods for nonlinear acceleration. Numer.

Lin. Alg. Appl. 16(3): 197--221, 2009. doi:10.1002/nla.617.

Marucrepckas nporpamma
"JIncKkpeTHbIE CTPYKTYPHI H AJITOPUTMbI"

3amMKHYTHIE KiIacchl anreOpsl oruku. Teopema Ilocta 0 3aMKHYTBHIX Kilaccax ayreOpbl JIOTHKH.
Crpykrypa mokazarenbcTtBa TeopeMbl [locta. KoHeuHas mopokaaeMoCTh 3aMKHYTBIX KIIACCOB.
Perretka 3aMKkHYTHIX KiaccoB. [1] (ctp. 47-65)

Anroput™m pacro3HaBaHus OJTHOTHI B K-3HauHO# toruke. [2] (cTp. 51-53)

Teopema Ky3nerosa o pyHKIMOHATIBHOM TIOTHOTE. [2] (cTp. 53-56)

3amada 00001eHHON BRIMOIHUMOCTH. C1a00 MoyIoKUTeNbHbIe, cl1ab0 OTpUIaTeIbHbIE,
OMIOHKTUBHBIE U MyJabTHAGGUHHBIE QYHKINU, UX KPUTEPUHU U MPUBEICHHbIE MPEICTABICHUS.
[TonmmHOMUANBHBIC CITy4YaH 3a1a4u 0000IIeHHON BeITOTHUMOCTH. [3] (cTp. 28-30), [4] (cTp. 2433)
Teopema Illedepa o crokHOCTHOM KiaccuUKauy 3aAaqu 00OOIIEHHON BBITOJTHUMOCTH (0€3
JI0Ka3aTeIbCTBA BCIIOMOTraTeIbHbBIX JeMM). [3] (cTp. 52-53), [4] (ctp. 37-39)



10.

11.

12.

13.

14.
15.
16.

17.

18.

19.

20.

21.

22,

Packpacku BepuuH rpadoB, xpomaruiueckoe yncio rpada. Kputepuii nsynserHoctu rpada.
Teopema bpykca o BepxHeit olieHKe XpoMaTrHieckoro uncia rpada. [5] (ctp. 235-243), [6] (cTp.
359-361)

Packpacku pedep rpadoB, xpomarrdeckuit mHACKC rpada. XpoMaTHIECKUN WHIEKC IBYAOIBHOTO
rpada. Teopema Busunra o BepxHeii OI[CHKE XpOMaTHUECKOTo uHekca rpada. [5] (ctp. 248-252),
[6] (cTp. 451-457)

Yuca Pamces. TeopeMbl 0 BepxHel 1 HUKHEH orieHkax uncen Pamcest. [6] (cTp. 308-313)
AnroputMmsl Ha rpadax, MOUCK B INTyOMHY U B HIMPUHY. AJITOPUTM MOUCKA BYCBSI3HOMN
KOMIIOHEHTHI rpada. AITOpUTM MoOKMCcKa (pyHIaMEHTaIbHOTO MHOKECTBA LUKJIIOB rpada. [5] (cTp.
323-334), [7] (cTp. 88-94, 98-105)

OcHOBHBIE METOBI TOCTPOCHHUS HOBBIX KOJIOB U3 U3BECTHBIX: BHIKAIBIBAHUE, PACIIUPEHUE,
yKOpauuBaHHe, IpsMbIe CyMMBI, (u[u+v)-koHcTpykiwms. [8] (cTp. 13-19)

Konbr Xammunra, ['omnes, Puna-Masuiepa u ux coiictsa. [8] (ctp. 29-36)

BepositHocTHBIE aIrOpuTMBL. BEpOATHOCTHBIE alITOPUTMBI TPOBEPKU TOXKIAECTB JUIsI MATPHUIL U JIJIS
MHOTOWIeHOB. O1ieHKa BeposaTHOCTH ommOku. [9] (cTp. 161-165, 184-188), [10] (cTp. 129132,
149-154)

KBanTtoBeie Berauciienus. OnpezerieHue KBaHTOBOTO KOMITBIOTEpa, KBAHTOBOM CXEMBI H
KBaHTOBBIX BbiuncieHui. KBanToBbIi anroputm ['poBepa i 3a1a4u MOUCKA, €ro0 CI0KHOCTb.
[11] (cTp. 48-54, 66-71, 54-56)

Heiiponnsie cetu. ITpeacTaBuUMOCTh COOBITHIA B HEHPOHHBIX ceTsax. [12] (ctp. 9-21)

Mojenu caMOBOCIIPOM3BEACHHUS Ha OJTHOPOIHBIX CTPYKTYypax, Teopema Mypa. [12] (ctp. 3041)
Certu Iletpu. MoaenupoBanue KOHKYpUPYIOIIUX MapaiedbHbIX MpolieccoB ceTsmu [letpu.
Ocnognble cBoiicTBa cetelt [lerpu. [TokpeiBaromiee nepeso cetu Iletpu. Paspemmmocts mpobiaem
OTrpaHUYEHHOCTH, O€30MIaCHOCTH U MOKPBITUS /ISl OOBIKHOBEHHBIX cetel [leTpu.
HepazpemmmocTts po0ieMbl 3KBUBAJICHTHOCTH JUTsl OOBIKHOBEHHBIX ceteid [lerpu. [13] (cTp. 14-
32)

Crangaprabie cxembl nporpamm. [Ipobiema GpyHKIIMOHAITBHON SKBUBATICHTHOCTH IS
CTaHJIAPTHBIX CXeM mporpamm. Hepazpemumocts mpoOieMbl PyHKIIMOHATBHON
SKBHBAJICHTHOCTHU. JIOTHKO-TepMasbHas SKBUBAJICHTHOCTh CTAHAPTHBIX CXEM ITPOTPAMM.
Pa3permocTts Tpo61eMbl TOTHKO-TEPMATBHON 3KBUBAJICHTHOCTH CTAHIAPTHBIX CXEM MTPOTPaMM.
[14] (cTp. 67-83, 92-101)

[TokoneHus: apXUTEKTyp KOMIIBIOTEPOB U MapaAUTMbl IPOTPAMMUPOBAHUS. APXUTEKTYpPHBIE
0COOEHHOCTH COBPEMEHHBIX MUKpOMpoIieccopoB. [IporpaMMHo-anmapaTHas apXUTeKTypa
cynepkommbioTepoB Jlomonocor u Blue Gene/P.

[TocnenoBarensHas 1 napavielbHas CJI0KHOCTh AITOPUTMOB, HH(POPMAIIMOHHBIHN Tpad U pecypc
napauieiu3mMa alropuTMOB.

MeTo/161 OpraHu3aIys napauieIbHBIX BEIYUCICHUN TIPH CYTIEPKOMITBIOTEPHOM PEIICHUN
CETOYHBIX 3a/1a4.

ApPXUTEKTYpHBIE 0COOEHHOCTH TpapUyecKuX MpOoIeccCOpPOB, HANIPaBIECHHbBIE HA MACCUBHO-
napajuieNbHbIC BHIYUCICHUS.

MeTtos! 3¢ hekTUBHON OpraHU3aliK MapajljIesIbHbIX BBIUMCICHUH Ha TpaduyecKuX Mpoleccopax.

Cnncoxk peKoMeHI0BAHHOM JUTEPATYPhI

1.
2.
3.

~No

MapuenkoB C.C. OcHoBbl Teopuu OyneBbix GpyHkumii. M.: ®uzmaraut, 2014,

S16nouckuit C.B. BBenenue B AUCKpeTHYI0O MateMaTtuky. M.: Beicias mkomna, 2001.

Creignou N., Khanna S., Sudan M. Complexity classifications of Boolean constraint satisfaction
problems. 2001.

I'opmkos C.I1., Tapaco A.B. CnoxxHOCTB penieHus cuctem 0yneBbix ypaBHeHuit. M.: Kypc,
2017.

Emenuuer B.A., MenpaukoB O.U., CapBanoB B.U., TeimkeBuu P.U. Jlekuuu mo Teopuun rpados.
M.: Hayxka, 1990.

Bondy J.A., Murty U.S.R. Graph theory. Springer, 2008.

Jlunickuit B. KomOunaropuka juist mporpammuctos. M.: Mup, 1988.

Huffman W. C., Pless V. Fundamentals of error-correcting codes. Cambridge University Press,
2003.
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11.

12.

13.
14.

10.

11.
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Marucrepckasi mporpaMmma
" IucKpeTHBbIE YIPABJISIONIHE CHCTEMbI U UX NPUWIOKeHHus "

3amauya CHHTE3a CXEeM JIJISl MPOU3BOJIBHBIX M CIEHUaNbHBIX QyHKIMHA anreopsl soruku (DAJID),
CBSI3aHHBIE C HEW MOHATUA. MOIIHOCTHOM METOJ M IOJYYEHHE C €ro MOMOIIbI0 HUXKHUX
ACUMITOTUYECKUX OIICHOK BbICOKOW creneHu To4yHOCTH (AOBCT) ¢ynkumii Illennona amns
CITIO’KHOCTH CXEM M3 OCHOBHBIX KitaccoB. [1,§1-2]
YuuBepcanpHbie cuctembl (MHOXkecTBa) DAJl U cBSI3aHHBIE C HUMH Pa3JI0KEHUS MPOU3BOIBHBIX
®AJL. Tloctpoenue yHupepcanbHbix cucteM ©OAJI Ha OCHOBE CEIEKTOPHBIX pa3OMeHMI
MEPEMEHHBIX U OLICHKHU UX CJIOXKHOCTH. [1,§3]
CuHTe3 cXeM ¢ OMOIIBI0 MeToAa YHUuBepcanbHbIX cucteM PAJl, 0cOOEHHOCTH €ro MpPUMEHEHUS
B Ppa3NUYHBIX MOJENSAX JUCKpPETHBIX ympanisiommx cucreM. Bepxune AOBCT  ¢ynkumii
[lleHHOHA IS CIIOKHOCTH CXEM M3 HEKOTOPBIX Kiaccos. [1,§4-6]
3amava cUHTE3a JIETKOTECTUPYEMBIX cxeM. Teopema Peanu o eIMHUYHBIX TMPOBEPSIONIMX TECTax
Ui cxeM u3 (YHKIMOHAIBHBIX SJEMEHTOB B 0Oa3uce JKeramkuHa mnpu KOHCTAHTHBIX
HEHCIPABHOCTSIX Ha BbIX0jax ayeMeHToB. [2] (ctp. 101-102, 110-111, 113-116).
[TocnenoBarenpHble cxeMbl. 3aménku ©u Tpurrepsl. RS-tpurrep, D-3amenka, D-tpurrep.
[IpoexTrpoBanne koHeyHoro aBromarta. [3] (ctp. 109-114, 123-129) unm [4] (cTp. 270-284, 307-
320)
OcHoBbl s3bika Verilog: mMomynu, 3K3eMIUIApbl (MHCTaHIMAIMK) MOJYJICH, TUIMbBI e U Wire,
HEIpepbIBHOE MpHCBanBaHue, 0ok always, OJokupyroliee U HEOMOKUpYIOIIee MPUCBAUBAHUS,
omnepatopsl If 1 Case, BeIpakeHHs A3bIKa, 3HaUeHUs X U Z. [5] (cTp. 16-48, 84-87, 93-99)
Monens KOMOMHAIIMOHHBIX JIOTHYECKHX CETe M OCHOBHBIE CTPYKTYpHBIC OMEpallUy HaJl HUMH:
VIIPOIIICHHE BEPIIMH, IEKOMITO3UIHS U MOJICTAHOBKA BepIInH. Oneparysi eJIeHUsS U COBOKYITHOE
aapo aenuteneid. OCHOBHBIE CHOCOOBI HAaXOXJEHHUS OOIIMX JeNUTeNel M MPUMEHEHUE MX IS
ONITUMH3AIMA KOMOMHAIIMOHHBIX JIOTHYECKUX ceTeil. [6] (cTp. 422-432, 456-459) umu [7] (cTp.
343379)
[TocTaHOBKa 3a/1a4M IPUBS3KH JIOTHIECKOM CXeMBI K ONOJIMOTEKE M OCHOBHEBIE ATAITBI €€ PEIICHHS:
NpUBEJCHUE U pa30MEHUE CXEMBI, TOMCK COOTBETCTBUH M ONTUMAIBHOTO MOKPBITHS. AJNTOPUTM
MIPUBSI3KH JIOTHYECKOHN CXEMBI K OMOJIMOTEKE Ha OCHOBE JJMHAMUYECKOTO IMPOTPaMMHUPOBaHUs. [6]
(ctp. 505-513) wim [7] (ctp. 504-529)
CUHXpOHHBIC JIOTHYECKHE CXEMbl M HX CBSI3b CO CXeMaMHU U3 (DYHKIIMOHAIBHBIX 3JIEMEHTOB U
AJIEMEHTOB 3aJEPKKH. AJITOPUTMBI BPEMEHHON ONTHUMH3AIMM CHUHXPOHHBIX JIOTMUECKUX CETeH
(Retiming). [7] (ctp. 458-474)
OcHOBHBIE 1LIeMM pa3OMEHMsT MHTErPAIbHOM CXEMBbl, OIIEHKAa KauyecTBa pa30MeHus U CBs3b C
Teopuelt rpadoB. AIroput™sl pazoueHus rpados u runeprpados: anroput™m Kepuurana-Jluna u
ero pacmupenus, anroputm Oenyuun-Marreyca (Fiduccia-Mattheyses). [8] (ctp. 33-46)
3amada TI00ANBHOTO pa3MEIICHUs] DIIEMEHTOB HWHTETPATbHON CXEMBl W OCHOBHBIE METPHKH
OLIEHKU KauyecTBa pa3merneHusi. OCHOBHBIE MOIXO/AbI K Pa3MEIIEHUIO: TeOMETPUUECKUE METOIBI U
MOJIXO/bI, OCHOBaHHBIE Ha AekoMmo3ummu (Min-cut placement), aHanWTHYECKHE ITOAXOIBI
(pa3MereHre Kak 3ajada KBaJpaTUYHOTO MPOrPAMMHUPOBAHUS), CTOXACTUYECKHE IOIXOJIbI
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12.

13.

14.

15.

16.

17.

18.

19.

20.
21.
22,

23.

(MonmenupoBanue omkura). [8] (ctp. 95-119)

3amaua TpaccupoBKH coeanHeHHi. Kiaccudukarus anroputmoB TpaccupoBku. [IpenacraBieHue
obmacteil TpaccupoBku. 3amaya riobambHON TpaccupoBku. MST u  SMT  nepeBss.
[TocnemoBarenbHbIN anropuT™ moctpoeHus aepesa Illreiinepa. [8] (ctp. 131-154)

Cranuu BeimonHenus uHctpykuuu MIPS. Konseliep. OcoO€HHOCTH MPOEKTUPOBAHUS HHCTPYKIIHHA
mpoueccopa il KoHBelepHOro BbIoNHEeHUsA. KoH(IUKTHI B KOHBeHepe: CTPYKTYpHbIE, IO
JAHHBIM, TI0 yripaBieHu0. [IponsBoauTebHOCTL KOHBeEHepa. [9] (ctp. 370-384)

OcCHOBBI yCTpOMCTBA KAIIIA: ACCOLUATUBHOCTD, T€TH, OUT aKTyaJbHOCTH, IPOMaxM M MOMaJdaHMUs,
YTEHHUE W 3aIHUCh, pasMep Koma. Ko MHCTpYKUME M K3 AaHHBIX. OpraHu3anus HaMsaTd C
komreM. [9] (ctp. 473-491)

OOmme mnpUHOMIBI JeAyKTUBHONH Bepudukanmm mnporpamMMm. OmepalioHHas CceMaHTHKa
UMIIEpaTUBHBIX MporpamMM. dopmanpHas MocTaHOBKA 3ajayd Bepudukanuu mporpamm. Jloruka
Xoapa: rmpaBuJia BbIBOJIA U CBOMCTBA. ABTOMAaTH3alMs IPOBEPKU MPABUIBLHOCTH IIporpamm. [12, c.
47-70]

Temmnopanbnas soruka aepeBbeB BolunciaeHuid CTL. Cunrtakcuc u cemantuka CTL. ITpumepst
cnenudukanuit mogeneit B repmunax ¢opmyn CTL. TemnopanbHas J0ruKa JUHEHHOTO BPEMEHH
PLTL. Cunrakcuc u cemantuka PLTL. CsoiictBa xuBoct u Oe3omacHocTH. OrpaHUueHUs
cripaBeyTMBOCTH. 3a1aua Bepudukanuu moaeneit (model-checking). [10, ¢. 55-63]

Tabnuunerii  anroputm Bepudukanuu moxaened st CTL. OOocHOBaHWE KOPPEKTHOCTH H
CIIO)KHOCTH TaOIWYHOro anroputMma Bepudukamuu Mmoxeneil. Ilpobrema “kKoMOMHATOPHOTO
B3pbeiBa”. CHUMBOJIBHBIE CPEICTBA OMHUCAHUS MOJENEH M WX NPUMEHEHHE I IPEeOoJI0JICHUS
s dekra “komOnHaTOpHOrO B3phIBa~. [IporpaMMHO-UHCTPYMEHTAIBHOE CPEICTBO BEpU(PHUKAIIUU
Mmoereit mporpamm NU-SMV. [10, c. 64-70, 83-90, 95-105]

Tabnuunas Bepudukamms moxenedd st PLTL. ABromarbl broxu: mx cBoCTBa W 000OIICHUSI.
Tpancmsimust popmyn PLTL B aBTomater broxu. CBeneHue 3ajadul MPOBEPKH BBITOJIHUMOCTH
dopmyn PLTL k mpoGneme mycToThl s aBToMaToB broxu. [IporpaMMHO-MHCTpyMEHTaIbHOE
cpencTBo Bepudukanuun mojaenei nporpamm SPIN. [10, 172-192]

3aMKHYTHIE KJacchl anreOpsl Joruku. Teopema [locta o 3aMKHYTHIX Kilaccax anreOpbl JOTHKU.
Crpykrypa nokaszarenbctBa TeopeMbl [locta. KoHeuHas mopoaaeMoOCTh 3aMKHYTBIX KJIacCOB.
Pemerka 3aMKHYTHIX KiaccoB. [12] (ctp. 47-65)

Anroput™m pacro3HaBaHus OTHOTHI B K-3HauHOi# joruke. [15] (ctp. 51-53)

Teopema Kysnerosa o pyHKIMOHATIBHOM ToTHOTE. [15] (cTp. 53-56)

Ceru Ilerpu. MoaenupoBaHne KOHKYPHPYIOIIUX TMapauieIbHbIX MPOIECCOB ceTsmu l[letpu.
OcHouble cBoiicTBa ceteil [lerpu. IlokpriBatomee nepeso cetu Ilerpu. Paspemmmocts npoGiem
OTPaHUYEHHOCTH, 0€30MacHOCTH W  TOKPBITUS sl OOBIKHOBEHHBIX  cereil  Ilerpm.
Hepazpemmmocts mpo6ieMbl SKBUBAJIEHTHOCTHU 711 0OBIKHOBEHHBIX cereid [letpu. [13] (cTp. 14-
32)

Crangaptaeie  cxeMbl mporpamm. [IpoGnema  ¢yHKIIMOHAIBHOW OSKBUBAJIEHTHOCTH IS
CTaHJAPTHBIX  CXE€M  IPOTPaMM. HepazpemmumocTts IpOOIEeMBI byHKIMOHATBHOM
OKBHUBAJIIEHTHOCTU. JlormkoTepManbHas HSKBHUBAICHTHOCTh CTAHIAPTHBIX CXEM IIPOTrpamM.
PaspemmmocTs po0IeMbl TIOTHKOTEPMATIHHON IKBUBAICHTHOCTH CTAHIAPTHBIX CXEM IPOTPAMM.

[14] (cTp. 67-83, 92-101)
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Marucrepckas nporpamma ""HTe/UIeKTyaIbHbIE CHCTEMBbI'"'

[Tonste mapagurMel (ctuisi) nmporpamMmupoBaHus. OCHOBHbIE OCOOEHHOCTH HMMIIEPATUBHOTO,
(YHKLIMOHAIBHOI'O, JIOTHYECKOTO U 00BEKTHO-OPUEHTUPOBAHHOTO TPOrPaMMUPOBAHUS.
CooTHOolIeHHEe MEXIy MapagurMaMH OPOTPAMMHUPOBAHUS W BO3MOXKHOCTSMH  SI3BIKA
nporpammupoBanus. [TpumMepsl A3bIKOB, HaBA3BIBAIOIIUX, MTOAJEPKUBAIOIIUX WM 3alpelaronX
IIPUMEHEHHE TON WIA HHOM NapaJurMbl.

OCo6EeHHOCTH ¥ OCHOBHBIE BO3MOXKHOCTH MO/JIEJIN JIECHUBBIX BBIYUCICHUH.

[TokoneHuss apXWUTEKTyp KOMIIBIOTEPOB M MAapaWrMbl MPOTPaMMHUPOBAHHA. APXUTEKTYpHBIC
0COOEHHOCTH COBPEMEHHBIX MHUKpoIlpoleccopoB. IIporpaMmHo-annapaTHas apXUTEKTypa
cynepkommbioTepoB Jlomonocos u Blue Gene/P.

ITocnenoBarenbHas U mapajuieibHasi CI0XKHOCTb aIrOPUTMOB, MH(OPMAIIMOHHBIN rpad u pecypc
napajuiesin3mMa alropuTMOB.

Jlornueckast MOJieNb MPeICTaBICHUs 3HAHUN: TPUMEHEHUE JIOTUKU MPEUKATOB IEPBOrO MOpsAKa.
DTarnbl IpeICTaBlIeHNs 3HAHWH, OCHOBHBIE CII0KHOCTH. baza 3HaHuil u 6a3a JaHHBIX.

Jlornuyeckast MOAENb NPEACTABICHUS 3HAHUM: JECKPUNTHBHBIE JOrMKH. KoHuentsl u poiw,
COOTHOIIEHHE C JJOTUKOM MpeauKaToB. TepMUHOIOTHHN U peliaeMble 17151 HUX 33Ja4H.

CereBast MoJenb npeacTaBieHus 3HaHuH. CeMaHTHUYeCKHe CeTH U uX ocoOeHHOCTH. DpeiiMbl, nx
BUJBI U CTpPYKTypa. MexdpeiiMoBble cBsizu, ceTu ¢peiimoB. IlpencraBieHue 3HaueHUN 110
YMOJTYaHUIO, TOHATHE HEMOHOTOHHOI'O BBIBOJIA.

[loHATHE OHTONOTMM B MHXXCHEPUH 3HAHUI: COCTaB OHTOJIOTHH, THITBI OTHOIICHWIH KOHIIETITOB.
Knaccudukanus ontonoruid, npumepsl. OcoOEHHOCTH TUHTBUCTHUECKUX OHTOJIOTHA.
[IponykiyoHHas MOJENb MpPEACTaBICHMs] 3HAHUI: CTPYKTypa M LUKI pabOThl MPOAYKIIMOHHOM
cucreMbl. HeueTkue 3HaHus ¥ X 00paboTKa B MPOAYKIIMOHHBIX SKCIIEPTHBIX CUCTEMAX.

MeToabl BPHCTUYECKOTO IOWCKA B TPOCTPAHCTBE COCTOSHUHM W HMX ONTHMHU3AIMS: aITOPUTM
BocxoxkaeHus k Beprmne (Hill Climbing), nyueBoit mouck (Beam Search), A*-anroputMm, MeTos
BetBelt u rpanuil (Branch and Bound). Cokpariienne mpocTpaHcTBa COCTOSHH.

Knaccrudeckas nuHeitHast MOJIeNTb perpeccuu: ONMCaHNuEe MOJIENIH, OCHOBHBIE OIpaHUYEHUS, METO/
HAaMMEHBIINX KBA/IPATOB.

JIMCKpUMHHAHTHBIN aHAIN3: TIOCTAHOBKA 3a/1a4M U €€ PEIICHUE B CIydae U3BECTHBIX [TapaMETPOB.
Mopenu mporHO3UPOBAaHUSI HA OCHOBE JIEPEBHEB NMPHUHSITHS PEIICHUH. AJTOPUTMBI ITOCTPOCHUS
nepesa ID3 u C4.5: kputepuu noucka pazdoueHuii, OCHOBHbIE OCOOCHHOCTH.

Heiiponnbsie cetu mpsimoro pacrpoctpaneHus. Apxutektypa MLP: crtpykTypa cetu, BuIbI
GyHKIMH aKTHBalWMK, OOyue€HHE METOJOM OOpaTHOrO PacHpOCTPaHEHUs OIIMOKH, Mpobdiema
nepeoOyYeHHsI U JIOKATbHBIX MHHUMYMOB.

MammuHHoe obyueHue: oOyueHue ¢ yuutenem. Meron Ommkailiiux coceleil U METOJ ONMOPHBIX
BEKTOPOB: 00111ast XapaKTePUCTUKA, 00JIACTH TPUMEHEHHUS, CITOCOOBI OIICHKU PEIICHUM.
MamunHoe oOyuenue: oOyuyenne ©Oe3 yuurens. Merox kimacrepusanun  K-cpenHux.
Hepapxuueckas knacrepuszanus. OneHka KadyecTBa Kiactepuszanuu. Kiacrepuzanusi TEKCTOBOU
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18.

19.

20.

21.

22.

23.

24,

KOJUIEKLIUU: PU3HAKOBAsE MOJEIIb TEKCTA U €€ MPUMEHEHHUE.

YPOBHHU sI3bIKa U OCHOBHBIE 3TAlbl U MOAYJIM aHANU3a TEKCTA JIMHIBUCTHYECKUM IPOILIECCOPOM.
[Mogxonpl K pelIeHUI0 TMPUKIAIHBIX 3a/ad KOMIIbIOTEPHOW JIMHIBUCTUKU: OCHOBAaHHBIN Ha
MpaBWJIax U OCHOBAHHBIN Ha MAaIIMHHOM OOYUYEHUHU.

Cratuctudeckast s3bIKOBasi MOJIENb: YHUTpamMMHBIe M N-rpaMMHBIE MOJAENTH, OONACTH UX
MpUMEHEHUs B 3a1adax oOpaboTku TexctoB. CriaxkuBanue monenu. [lepruiekcust u crnocob ee
MIOJICYETA.

l'eneparust Tekcra: MeTOAbl W NPUIOKEHHS. MaIIMHHBI NEpeBOJ: OCHOBHBIE MOAXOIbI U
CcTpaTernd. ABTOMaTHuYecKoe pedepupoBaHne W aHHOTHPOBAHHWE JIOKYMEHTOB: 0a30BBIC
TEXHOJIOTUH.

N3Bneuenne nHpOpMaLUK U3 TEKCTOB: OCOOCHHOCTH HAIPABIICHUS, BUIBI U3BICKACMbBIX JaHHBIX,
npuMeHsieMble moaxo/bl. [loHsATHe AMHTBUCTHYECKOTO I1a0ioHa. 3aqavya U3BJICUYCHUS MHEHUN U
aHaJIM3a TOHAJIbHOCTU TEKCTOB.

JIuHrBucTHYEeCKUE pecypchl M UX HazHaueHue. CloBapH, Te3aypychl, KOJUJIEKIIMM U KOpITyca
TEKCTOB. XapaKTEPUCTHUKU KOPITYCOB, BUJbI pa3MeTKU TEKCTOB. CeMaHTUYECKHE OTHOUICHUS B
Te3aypycax.

[IpomieccHasi mMonenp yHpaBJICHHWs] MPOEKTOM: OCHOBHBIE IPOIECCHl M WX B3aWMOJICHCTBUE.
OcoOeHHOCTH yIpaBJiIeHHs IPOTPAMMHBIM MPOEKTOM.

CereBoe 1utaHMpoBaHue TpoekTa. [IpuMepsl co3maHus CeTeBbIX TpaduKOB M HA3HAUYCHUS
pPECYpCOB.
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Marucrepckasi nporpamMmma
"UHTEJIEKTYAJIbHbIH AaHAJIU3 00JIbIINX JaAHHBIX "

1. JIuneliHas perpeccMoHHas Mojeib. MeToJ HauMeHbIINUX KBajapaToB. OCHOBHBIE CBOMCTBA
OLIEHOK METO/J]a HAMMEHbIINX KBaJpaTOB.

2. IIpoBepka IMHENHBIX TUIIOTE3 B PAMKAX KJIACCUYECKON MOJIEIIN PETPECCUM.

3. JIUCKpUMHMHAHTHBIA aHAJIN3: NOCTAaHOBKA 33Jayd U €€ pelIeHUE B Cllyyae H3BECTHBIX
[1apaMeTpoB.

4. KnactepHblif aHa/In3: MOCTaHOBKA 3aJJaudl U OCHOBHBIE IIOHATHSL.

o. CrnexTpaibHBI aHaIM3 BpEeMEHHBIX psaaoB. llepuogorpamma BeiOOpouHas. CBoiicTBa
nepuoorpaMmsl. CriaxeHHasi IepuoAorpamMma.

6. Jluneitnass ARMA(p,q) Moxenb BpeMmeHHbIX psiioB. CTalMOHAPHOCTh, OOPATHMOCTb.
ABTOKOppEJIILIMOHHAs M YacTHas aBTOKOppEsLMOHHas (yHKuuu. OLEHMBAaHUE IapaMEeTpOB.
[Iporuo3uposanue.

7. OO0mue MPUHIKITBI BEIOOPA CTPaxOBbIX TaApU(OB U TApU(PHBIX CTABOK.

8. Acumnrornyeckass (¢opmyna Ui CTPaxoBBIX Tapu(oB B CTATHYECKOH MOJCIH
CTpaxOBaHMs: CPABHEHUE KJIACCUYECKON U (PAaKTOPU3aLMOHHON MOJIEIH.

9. [apanTUpoBaHHBIE OIIGHKH CTPaxOBBIX TapuPoB s (HAKTOPU3AMUOHHOW MOMIEIH

CTpaxoBaHMs IIPU IIyaCCOHOBCKOM 00beMe nmopTders.

10. IIpeoGpa3zoBanue Pypne u ero cBoiicTBa. JIuneitnsie puiabTpel. Teopema o cBepTKe.

11. KparHomacmtaOHbIH aHAIN3. AJITOPUTMBI PA3JI0KEHHUS U PEKOHCTPYKLIMU.

12. TloporoBas oOpaboTka K03 (HUIIMEHTOB BEHBIIET-pa3ioKeHuss. MeToapl BEIOOpa mopora.
13. Mogens Berunciacauii MapReduce. Tlpumep peanmuszanuu (Google MapReduce mu6o
Hadoop MapReduce). Ctaauu BBIYMCICHHUI, OCHOBHBIC KOMIIOHEHTBI, MOHSATHE JIOKATbHOCTU
TaHHBIX.

14.  Mogens obpabotku manubsix B Apache Spark. IToustue resilient distributed dataset (RDD),
npuMepsl npeodpasoanuii u aeicteuil Hag RDD. I'pad Berumcienuii.

15. Pacnpenenennas ¢aiinoBas cucrema. Ilpumep pacnpeneneHHoit (aiiaoBoil cucTeMbl
(Google File System nu6o HDFS). KoMmoHEHTbI, OCHOBHBIE OIEpAlli, CICHAPHH YTCHUS U
3aIMUCH JJAaHHBIX, MEXaHU3MbI OTKA30yCTOHYHUBOCTH.

16. CnocoObl 00BEKTHO-PEISIIIMOHHOTO OTOOPaKEHHUs JIJISl KJIACCOB M aTprOyTOB, OMHAPHBIX U
N-apHBIX accolMalyii, KIacCoB accoLMalMii, uepapxuil HacienoBaHus. [Ipumepsl npuMeHEHUs
ATHX CIOCOO0B. Mo/enMpoBaHUE CXEMBI PENIIIMOHHONW 0a3bl NaHHBIX C IOMOUIBIO JTHATrPAMMBI
KJIaCCOB.

17. OGpa3upl (maTTepHbl) MIPOSKTUPOBAHUS, UX KIacCUpUKaLuUs U crocod onucanus. [lpumepst
00pa3loB: CTPYKTYPHOTO, TOBEAECHYECKOTO U MOPOKIAIOILETO.

18. Mopenu mporHo3upoBaHHUs Ha OCHOBE nepeBbeB pemieHuit. Anroputmel CHAID, CART,
C4.5: kpurepuu noucka pazoMeHuil, mapaMeTpsl OrpaHUYEHUs pocTa U 00pyOaHus JAepeBa.

19. HeiipoHnnsie cetn mpsiMoro pacrpocTpaHenus. Apxurekrypel MLP u RBF: ctpykTypa
ceredf, BUAbl (DYHKIMHA AaKTUBALUH, alrOpUTMbl 00yudeHHs, Oopbba c mepeoOydeHHEM U C
POOIEMOH JIOKATbHBIX MUHUMYMOB.

20. Tlomck acconmaTHBHBIX mpaBwil. AnroputMmbl Apriori u FP-tree: moctpoenme uacThix
SMHU30/I0B C OTPaHUYECHUEM II0 TOMJEPKKE M (OPMHPOBAHWE TPABHII C OTPAaHUUYEHHEM IO
JOCTOBEPHOCTH.

21. BexkTopHas monenb uH(popmarnonHoro noucka. [lokaszarenu tf u idf. Berurcienue 6nm3zoctu
MeXy 3anpocoM u qokymeHToM. [Ipumenenne metona "Haunbiit baitec" mist aBTomaTuueckoit
KJIacCU(PUKAIIMH TEKCTOB.

22. AnropuTMm CccbUlOYHOTO pamkupoBaHus PageRank: cmoco® BeYHCIEHUS, pPOJIb B
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MH(POPMAIIMOHHOM TTOHMCKE.

23. Illar obpabotku manubix (data step) B s3eike mporpamMupoBanus SAS Base. OGras cxema
¢byHnkunonupoBanus, nousarue PDV, onuuu u orpanndenust HAOOPOB JaHHBIX

(where, keep, drop, rename, end). Mcmonb3oBanue bDy-rpynnupoBku u retain mepeMeHHBIX ISt
pacdera arperamui.

24. Tlpumenenune mpoueaypsl SAS/STAT GLM st pemieHuss 3ama4  JUCIEPCHOHHOIO |
PETrPEeCCHOHHOTO  aHalM3a: CHHTAaKCUC, OCHOBHBIE mapameTpel. OTOOp H  TpyNmHpOBKa
KaTeropualibHbIX MPEeAUKTOpOB. IHTepIperalys pe3yapTaToB: OCHOBHbBIE CTATUCTUKH U Ipa(UKH.
25. Ipumenenune mnpouenypsl SAS/STAT LOGISTIC mist pemienus 3agad  OWHApHOUW |
MHOTOKJIACCOBOM KJIacCU(PUKAIIMU: CUHTAKCUC, OCHOBHBIEC MapaMmeTphl. [lomiaroBbie anropuTMsl
orOopa nepeMeHHbIX. IHTEprpeTanus pe3yabTaToB: OCHOBHBIE CTATUCTHKHU U TPapUKH.

26. IlpeobOpazoBanue M300pakeHUs HA OCHOBE SKBAIM3AIMHI TUCTOTPAMMBI SIPKOCTH.

27. Cséptka ¢pynkumid. OmgHOMEpHas U AByMepHas CBEPTKA U e€ cBoicTBa. J{uCKpeTHas CBEpTKa
n3o0pakeHuit. O6paboTKa Kpasi n300pakeHHS TIPU CBEPTKE.

28. IlocnenoBarenbHas W MapauiesibHAs CIOXKHOCTh ITOPUTMOB, MH(OPMAIMOHHBIN rpad u
pecypc mapauienu3mMa alropuTMOB.

29. ApXUTEKTYpHBbIE OCOOEHHOCTH TpaHUeCKUX IPOLECCOPOB, HAINPABICHHbIE HAa MAaCCHBHO-
napauieNbHbIe BHIYUCICHUS.

Cnucok peKoOMeHI0BAHHOM JTUTepPaTyphbl

1. Amnnepcon T. Beenenue B MHOTOMEpHBIiA CTaTUCTUUYECKUN aHau3. - M.: Hayka, 1963.

2. edde I'. Jucnepcronnsrii ananmms. - M.: Hayxka, 1980.

3. Hardle W., Simar L. Applied Multivariate Statistical Analysis. - Springer-Verlag, 2003.

4. Johnson R.A. and Winchern D.W. Applied Multivariate Statistical Analysis. - Pearson
Prentice Hall, 2007.

5. ®akTOopHBIH, AMCKPUMHUHAHTHBIA U KJIACTEPHbIN aHamu3bl. - M.: OUHAHCBHI U CTAaTUCTHKA,
1989.

6. Ce6ep k. Jlunelinslii perpeccuoHHbIi ananmu3. M.: Mup, 1980.

7. Dxenkunc I'. Barrc /. CnektpanibHblil aHaIM3 U ero npuwioxkeHus. M. Mup, 1972.

8. bBoxkc JIx., [xenkunc ['. AHanmm3 BpeMEHHBIX PsIOB MMPOTHO3 U ypasienne. M. Mup,

1974.

9. Bb.B. Tmegenko, D.A JlammensH, b.H. Humwurpor, I'.Il. Kmumor, B.®. Marsees,
ITpuoputetHble cucteMsl o0ctyxuBanus. M3natenscTBo MOCKOBCKOTO YHUBEPCUTETA,

1973.

10. B.®. MatseeB, B.I'. VYmakoB Cucrempl MaccoBoro oOcnyxuBanus. IM3garenbcTBo
MockoBckoro ynusepcurera, 1984.

11. 3axaposa T.B., IllecrakoB O.B. BeiiBner-ananu3s u ero npuioxeHus. 2-e uzfl., nepepad. u
norm. Yue6Hoe nocobue. M.: UHOPA-M. 2012.

12.  Yax JI»m. Hadoop B aeiictBuu. - M: JIMK Tlpecc. - 2012, 424c.

13.  X. Kapay, 3. Konsuncku, [1.Bennemn, M. 3axapus. M3y4daem Spark. MoiHueHOCHBIH
ananu3 naHHbixX. - M: JIMK Ipecc. - 2015, 304c.

14.  Pamb6o /Ix., braxa M. UML 2.0. O6beKTHO-OpHEHTHPOBAHHOE MOJICITMPOBAHUE U
paszpabortka. - CII6.: [Tutep. - 2007. I'nassl 3 u 19.

15. Tamma D. u ap. IlpueMbl 00bEKTHO-OPUEHTUPOBAHHOTO NMPOoeKTHpOoBaHUs. [laTTepHbI
npoektupoBanus.: Ilep. ¢ anri. - CIIG.: ITutep, 2016.

16. Toncanec P., Bync P. lludposas o6padboTka nzodpaxenwii.: [lep. ¢ anri. - M.:
Texnocgepa, 2006. - 1070 c.

17. amumpo JI., Crokman [Jx. Komneroteproe 3penue: Ilep. ¢ anrn. - M.: BUHOM.
JIaGoparopus 3Hanuii, 2006. - 752 c.

18. Hastie, Tibshirani and Friedman. The Elements of Statistical Learning. - Springer- Verlag,
2009. - 763 pages. http://statweb.stanford.edu/~tibs/ElemStatLearn/

19. Caiimon XaitkuH. Helipornsie cetn. [Tomasnii kype. 2-e usn., uctp.: [lep. ¢ anriL. - M.:
000 «M. 1. Buassamcy, 2006. - 1104 c.

20. Lora D. Delwiche, Susan J. Slaughter. The Little SAS® Book: A Primer, Fifth Edition. -
SAS Institute, 2012. - 331 pages.
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21. SAS/STAT User's Guide. http://support.sas.com/documentation/onlinedoc/stat/index.html
22. Mannunr K., Parxapan I1., [llrotue X. Beenenue B undopmMaimoHHbIN MOUCK. — BuibsaMc,
2011.

23. Jlykameuu H.B. Te3aypycsl B 3agauax nHGOPMAIIMOHHOTO TIOUCKa. - M.: M31-BO
MockoBckoro ynusepcurera, 2011

24.  Wurepcomn I'., Mopton T. O6paboTka HeCTpYKTypHUpOBaHHBIX TeKCTOB. [Touck,
opranusanus u Manunynauposanue. JIMK-IIpecc, 2015.

Marucrepckasi nporpamma

"UndopmannoHHasi 0€30MaCHOCTh KOMIIBIOTEPHBIX cUcTeM"'

1.  Opsocroponnue ¢yHkimu. CuinbHO W ciabo ogHOCTOpoHHHME (yHKIMHU, Teopema o o
CBSI3U MEXIy HUMH. JIUCKpeTHas SKCIOHEHTa KaK MpUMEp T'MIIOTETUYECKOM OJHOCTOPOHHEH
GyHKIHN.
2.  Kpunrorpaduueckn CTOHKHMI Te€HEpaTop ICEBAOCIyYalHBIX IOCea0BaTebHOCTEH. J[Ba
ONpPEIETICHUSI CTOMKOCTH IICEBIOCIYYalHBIX TI'€HEPATOPOB M HUX JKBHUBAJICHTHOCTb. TpPYIHBIN
npeaukar ¢yHkuuu. Teopema Ionbapaiixa - JleBuna (0e3 nokasarenbctBa). IlocTpoenue
TICEB/IOCITYYafHOTO TeHepaTopa U3 OJTHOCTOPOHHEH MEePECTAaHOBKH.
3. JlokazaTenbCTBa C HYJEBBIM pasrjaiieHueM. VHTepakTuBHas mapa MaiiuH TbrOpuHra.
[IpoTOKON MHTEPAKTHBHOTO J0Ka3aTelNbCTBA. 1pHU THIIA HYIEBOTO pasriameHus. Teopema o
CYIIECTBOBAaHUH JI0KA3aTeIbCTB C HYJIEBBIM pasIJIallleHueM i BeexX sA3bIkoB M3 Kiacca NP (uaes
JTIOKa3aTeIbCTBA).
4.,  Meronpl aHanu3a 0J109HBIX MG PoB. [ToHATHS TMHEHHOTO U MU PEepeHIIMATEHOTO aHATN3a.
5. T-byskumu. OnpernencHue, OCHOBHBIE CBOiCTBAa. T-(QyHKIMM KaK JETEPMUHUPOBAHHBIC
(GYHKIIUM aBTOMATOB C OMHAPHBIM BXOJOM/BBIXOAOM (C J0Ka3aTeabCTBOM). T-GyHKIUU Kak 1-
JUIIIAIEBH! (YHKIIUN HA TIPOCTPAHCTBE LEJBIX 2-aJUUYECKUX YHCeN (C T0Ka3aTeILCTBOM).
6. T-dbynkuuu, coxpassroliye Mepy: KpUTEPUH U JOCTAaTOUHbIe yciaoBus ais T-(pyHKUMH, B
TOM YHCJI€ W MHOTHUX TEPEMEHHBIX (s paBHOMEpHO nupdepeHIupyeMbix (QyHKIHH - ¢
JI0Ka3aTelbCTBOM; B TEPMHHAX psJoB Manepa M KOOPAMHATHBIX (YHKIMH - TOJIBKO
dbopmynupoBku). JlaTuHCkHe KBaapaThl Ha OcHOBe T-QyHKIuN (C TOKa3aTeNbCTBOM) M HUX
IIPUMEHEHHE B TICEBJIOCTYYalHBIX TeHepaToOpax.
7. Oprogunueckue T-pyHKIMU: KPUTEPUH U MPU3HAKU 3progudHocTH T-QyHK1Mi (B TEpMUHAX
psanoB Manepa - (GopMynupoBKa; ais paBHOMepHO auddepenuupyemsix T-¢yHkuuih - ¢
JTIOKa3aTeIbCTBOM).
8.  Kpunrocucrema Pabuna: anroputM renepanuu kirodei, GyHkuus mudpoBanus U GyHKIUSA
pactmdpoBanus. OOOCHOBaHWE  KOPPEKTHOCTH  anroputMma  pacmuppoBanus.  Casi3b
KpunrocucremMsl PabrHa 1 3agaun pakToOpU3alyy HEeIbIX YUCed.
9.  Kpunrocucrema RSA. Onnocroponnsis ¢pynkuus RSA n ogHocTopoHH:s s QyHKImsS RSA c
cekperoM. Teopema O cBA3M ogHOCTOpOoHHeH ¢yHkuumu RSA u 3amaum akropuzanuu 1enbIx
gucen. [Ipodmema RSA.
10. Amnamu3 kpuntocucremMbl RSA. DkBuBajieHTHbIe Kioud. Teopema 00 omMcaHMM Kiacca
SKBUBAJICHTHOCTH CEKPETHOTO Kitova. Vteparust mporecca mudpoBanus. OneHKa CI0KHOCTH.
11. OcHoBHblE TOHATHS TEOPUU JMHEWHBIX KOJOB: JIMHEHHBIH KOJ, TMOpOXKJAroImas Hu
MpOBEpOYHAsi MAaTpHIla, JUIMHA, Pa3MEpHOCTh, KOAOBOE paccTosiHue. ['panmma XoMMUHTA.
I'panuna BapmamoBa-I'mis6epra. 'panuna Cunriarona.
12. uxmuueckue kogel. [{ukmuaaocTs ko1oB Xommuara. Komer BUX. I'pannna BUX.
13. Kozsl Puga-Conomona. [lexomupoBanue koaoB Puga—Coa0MOHa ¢ MOMOIIBIO alrOpuTMa
bepnexamma-Mbaccn.
14. 3apmaya KOAMPOBAaHUS JUCKPETHOTO HCTOYHMKA 0€3 NaMATH pPaBHOMEPHBIMHM KOJIAaMHU.
[Ipsimast Teopema sl PaBHOMEPHOTO KOJMPOBAHHS IHCKPETHOTO HCTOYHHMKA O€3 TaMATH.
OO6parHas Teopema JUIsi paBHOMEPHOTO KOAMPOBAHUS IUCKPETHOTO HCTOYHUKA O€3 MaMsTH.
15. HepaBHOMEepHOE KOIUPOBAaHHWE JAUCKPETHBIX CTAI[MOHAPHBIX WMCTOYHHUKOB: TIOCTAHOBKA
3aJjaud, CKOpPOCTh CO3AaHus, (HOPMYIHpPOBKA MpsIMOH W OOpaTHOM TeopeM KOJUPOBAHMUSA,
ONTUMAJbHBIA KOJA, TEOpeMa O CYHIECTBOBAaHMM ONTHUManbHOro D-uuHOro koma Juis
OJTHOMECTHOTO aHcamOJ1s1, MeToa XappmeHa ¢ 000CHOBAHUEM.
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16. Mopnenu ananusa BbisiBisieMocTd LSB merona. Ilpomycknas crmocobnocts LSB metona.
CriocoObl YHUUTOXKEHUST CKPBITHIX KaHAJIOB, OCHOBaHHBIX Ha LSB Mertoe.

17. ApxuTekTypHble OCOOCHHOCTH COBPEMEHHBIX MHKpormpoueccopoB. IlocienoBarenbHas u
napajuiefibHasi CJIOKHOCTh aJITOPUTMOB, HH(POPMAIMOHHBIM Tpad u pecypc mapaiienn3ma
aJIropuTM™Ma.
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Marucrepckasi nporpaMmma
"HccaenoBanne onepanuii M akTyapHas MaTeMaTuka'

1. ®opmynupoBka 3a7a4l ONTUMU3ALMH IOMCKA PAaBHOBECHBIX 0OBEMOB U IIEH B CETEBOM
ayKIIMOHE TIOCTaBIIMKOB U MOTpeOuTeNel 0IHOTO TOBapa ¢ OrpaHUYEHUsIMHU Ha Mepeaavy.

2. OmnpezeneHre paBHOBECHBIX IIEH B CETEBOM ayKI[HOHE.

3. DuHaAHCOBBIN OaJaHC B CETEBOM ayKIIMOHE C OTPaHUYCHUSMH Ha TIepeiavy.

4. ®opMynupoBKa 33/1a4H BEIOOpA COCTaBa BKIFOYEHHOTO T€HEPUPYIOLIET0 000PYA0BaHHUS.
Hapymenue ycrnoBuii MHINBUIYadIbHOM PallMOHATBHOCTH B 337a4e ¢ OMHAPHBIMU MEPEMEHHBIMU,
MOJICJIUPYIOIIMMHU COCTOSIHUE 000PYIOBaHHE.

5. Marepuansubie 1 puHaAHCOBBIC OanaHChl. ONMHUCAaHUE OJJHOTO U3 SKOHOMHUYECKUX areHTOB
(Mpou3BOACTBO, JOMAIIIHUE XO3SHCTBA, TOCYAapCTBO, KOMMEPYECKH OaHK) B OJJHOIIPOAYKTOBOM
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MOJIETIH.

6. JluHamMuyeckue MexxoTpacieBble Mojienu. [IoHATHS TpaeKTOpUH, CTAlMOHAPHOM TPACKTOPHH,
JUHAMHYECKOTO PaBHOBECHSI.

7. Monens Banspaca. Moaens TMHAMHUYECKOTO PAaBHOBECHS BAJIbPACOBCKOTO THUIIA,
CYLIECTBOBAHHE PAaBHOBECHBIX TPACKTOPHI.

8. Omnucanue monenu Pamces. MarucrpaibHoe CBOHCTBO cOalaHCHPOBAHHOIO POCTA.

9. CymecTBoBaHHe paBHOBecHs B Mojenu Heiimana

10. Monens mapHO# JMHEHHOM perpeccun. MeToa HauMeHbITUX KBaapaTtoB. Teopema ["aycca-
Mapkosa.

11. Monens MHOKECTBEHHOM perpeccuu. MeTo HaMMeHbINX KBaapaToB. Teopema ["aycca-
Mapxkosa.

12. Tlonsitue BpemeHHoro psifa. [ToHsTHE CTPOro CTAIIMOHAPHOTO BPEMEHHOIO psiia. Y CIIOBUS CTa-
LIMOHAPHOCTH BPEMEHHOI'O Psi/ia B IMPOKOM CMBICIIE.

13. HecTanronapHslii mpoliecc aBTOPETrPeCcCUr - HHTETPUPOBAHHOTO CKOJIB3SIIIETO CPETHErO
ARIMA(p,d,q).

14.Tlonxon bokca-/xenkunrca mocrpoenus mojenu tuna ARIMA (p,d,q) mo peanuzanuu
BPEMEHHOTIO psia

15. Cratuctuyeckue CBOMCTBA OLIEHOK IO METOIy HAUMEHBIINX KBaJIPaToB IMapaMeTpOB MapHOM
JIMHEHHOM PEerpeccu.

16. IIpoBepka runote3bl. JloBepuTenbHble HHTEPBAIbI A1 KOAPHUIIUEHTOB PETPECCHUH.
KoasippunmenT nerepmuHanum.

17. Cratuctuyeckue CBOMCTBA OLIEHOK IO METO/Iy HAaUMEHBIINX KBaJIPaTOB MapaMeTPOB MHOXKECT-
BeHHOH perpeccun. Koadduiment gerepMuHaiy U CKOPPEKTUPOBAHHBIN KO PUIIMEHT
JeTepMUHAIIH.

18.IIpoBepka rumoTe3sl O JIMHEHHOM OTPaHUYCHUU OOILEro BHA.

19. Moaenu nmporeccoB aBTOPErpecCHu M cKoub3siero cpeanero: AR(p), MA(q) u ARMA(p,q).
VYcnoBus CTalIMOHAPHOCTHU 3TUX MPOLIECCOB.

20. Hanimmmre ypaBHeHue JlarpaHika /i1t MaCCUBHOT'O CTEPIKHS JAJIMHBI L 1 Maccsl m ¢
3aKperIEHHBIM KOHIIOM, KOJIEOIIOMIErocs B BEPTUKAIbHON MIIOCKOCTH, U OLIEHUTE YaCTOTY €ro
KOJIeOaHUH.

21. Hanmmure ¢yakumio Jlarpanxa i1 3aMKHYTOW CUCTEMBI U3 N B3aUMOJICHCTBYIOIINX
MaTepHabHBIX TOUEK U BHIBEANUTE 3aKOH COXPAaHEHHsI SHEPTHH U3 TUIIOTE3bI 00 0THOPOIHOCTH
BpPEMEHH.

22. Chopmynupyiite HEOOXOIUMBIE M JOCTATOUYHBIE YCIOBUS MPOAYKTUBHOCTH HEOTPHUILIATEIbHOM,
HEpas3JI0oKUMON MaTpHULbl B Mozienu JIEOHThEBA U TOKAXXUTE, UYTO MaTpULA SIBJISETCS
IIPOJYKTUBHOW WJIM HE SIBJISIETCS] TAKOBOM.

23. OnummmTe MaTeMaTHIeCKyI0 MOIelh KoyuiekTuBHOTO oBeaeHus [1.C. KpacHomékoBa u pac-
CMOTPUTE CIy4aid, KOTJa y BCeX WIEHOB KOJJIEKTHBA KOA(PPHUIMEHTH UHIUBUAYATU3MA PABHBI
(cramo).

24. Tlonynsumonnsle urpsl. PaBHoBecue Homa u ctporoe paBHoBecHe.

25. Mojens TMHAMUKH PETUTHKATOPOB.

26. TeopeMsl 0 cBs3M paBHOBecHi Hala 1 cTporux paBHOBECHH ¢ yCTOWYMBBIMU TOUKAMU
MOJIENN IMHAMUKH PETINKATOPOB.

27.Mopens B3aUMOJICHCTBUS POJCTBEHHUKOB. Y TBEpPKIEHHE O JOMUHHUPYIOIIEH cTpaTeruu. Pac-
MPOCTPAHEHUE ANbTPYHU3Ma U KOOTIepaIiu.

28. MHOroypoBHEBasi MOJIeNIb HAJIOTOBOM MHCIIEKIIUH.

29. OnTuManbHas CTpaTeTus MPOBEPOK MpH (PMKCUPOBAHHBIX 3aTpaTax Ha MPOBEPKH U mTpadax.
30. [TokosneHus: apXUTEKTyp KOMITBIOTEPOB M MApaJUrMbl IPOrPAMMHUPOBAHHUSL.

31. ApXHTEKTYpHBIE 0OCOOCHHOCTH COBPEMEHHBIX MUKPOIIPOIIECCOPOB.
32.TIporpamMHoO-anmapaTHas apXuTeKTypa cynepkomimbiotepos JlomoHocos u Blue Gene/P.
33.TlocenoBarenbHas M MapalieIbHAS CJIOKHOCTD aJITOPUTMOB.

34. UudopmannoHHbIH rpad 1 pecypc napajiean3mMa ajaropuTMOB.

35. MeTo1bl Opranu3aiys napauieabHbIX BEIYUCICHUN TP CYIEPKOMIBIOTEPHOM PELICHUU
CETOYHBIX 3a/1a4.
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36. CynepKkoMIbIOTEPHOE MOICTTMPOBAHUE TYPOYICHTHBIX TCUCHUH.

37. Ucnonp30BaHKe CyepKOMIBIOTEPOB ISl PEIICHHUS 33]1a4 MOJIEKYJISIPHOTO MOJICTTMPOBAHHUSI.
38. ApxutekTypHble 0COOEHHOCTH Irpa)uIeCcKUX MPOLIECCOPOB, HAIIPABICHHBIE HA MACCUBHO-
napasuiesbHbIe BHIYUCICHUS.

39. Metoab! 3¢ (heKTUBHON OpraHU3aIMH APAJIICIbHBIX BHIYUCICHUN HAa TpaMuecKuX MpoLecco-
pax.

Cnncok peKoOMeH/10BAHHOM JINTEePaTypbl

Marnyc 4.P., Karsimes I1.K., ITepecenkuii A.A. Dxonomerpuka. Hauanbnsliii kypc. M.: Jleno,
2001. - 400 c.

Hocko B.I1. Oxonomerpuka. Kuura 1, M.: Jleno, 2012, 672 c.

KanTtoposuu I'.I". Ananu3 BpeMEeHHBIX psAA0B // DKOHOMHYECKUH sKypHal BeIciiei mKosbl
sxonomukH, 2002, T.7, Nel, ¢. 85 - 115.

KanTtoposuy I'.I'. AHain3 BpeMEHHBIX PSAA0B // DKOHOMHUYECKUH KypHaI Briciien mKob
sxoHoMuky, 2002, T.7, N2, ¢. 251 - 273.

Camapckuit A.A., Muxaiinos A.Il. Marematuueckoe monenupoBanue. M., @usmarnut, 2001.
Kpacnomiekos I1.C., [TerpoB A.A. IIpunuunsl noctpoenust moaeneit. M.: MI'Y, 1983.

Bacun A.A., Kpacunomekos I1.C., Mopo3os B.B. UccnenoBanue onepauumii. [Ipukinannas ma-
Tematuka u uHpopmatuka. M.: U3n. nentp Axanemus, 2008. 464c.

AmmanoB C.A. Beenenue B MareMatnueckyro 3koHoMuKy. M.: Hayka, 1984

[Tocnenos W.I'. MonenupoBanue 3kOHOMHUECKUX CTPYKTyp. M: @azuc, 2003

[Tocnenosa N.M. Ilunamuueckue Mmoaenu MmakpodkoHoMuku. M.: MI'Y, 2006

Bacun A.A. HekooneparuHblie urpsl B mpupojie u oomectse. M.: MAKC Ilpecc, 2005.

Marucrepckas nporpamma ""KanroBast ungpopmaruka'

Kiaccuueckoe 1 KBaHTOBOE IPOCTPAHCTBO COCTOSIHUM. BuJibl 3BOMIOIMK: YHUTApHAS U
u3Mepenue. Ypasuenue llpenunrepa u pemenue 3anaun Komu 171 Hero B o01ieM ciayydae.
[TpaBuno bopna. Jluckpern3anus IpoCTPAHCTBA COCTOSHUM.

dusnueckue BeIMUUHBI Kak orneparopbl. CoOCTBEHHBIE COCTOSIHUSI U COOCTBEHHBIE 3HAUEHUS.
Oneparopbl KOOPAMHATHL, UMITYJIbCa, SHEPTUU U MOMeHTa. VIX cOOCTBEHHbIE COCTOSIHUS U
coOcTBeHHbIe 3HaueHus1. OJJHOBpEMEHHOE U3MepeHue (PU3NUECKUX BEIUYMH U KOMMYTaIUsS
onepatopos. [Ipunuun Heonpenenennoctu bopa-I'eitzendepra.

KoMIo3uTHBIE CUCTEMBI M YaCTUYHBIE MATPUILIBI INIOTHOCTH. CMEIIaHHBIE COCTOSHUA. Y PaBHEHHE
HIpenvHrepa Ha MaTPUILy IJIOTHOCTH.

WuTerpans! @eliHMaHa 10 MyTSIM U UX SKBUBAJIEHTHOCTh ypaBHeHHUIO [lpeaunrepa.

Omneparop 000011IEHHOTO MOMEHTA U €r0 OTINYHUE OT MOMEHTA UMITYJIbCA.

OkcnepumenT LltepHa-I'epnaxa u ero uarepnperaius. BoaMo)xHble COOCTBEHHbIE 3HAUEHUS
KBaJipaTa MOMEHTA U €ro MPOEKIIUU Ha OJHY U3 oceil. CIIMH 3JIeKTpOoHa U €ro B3aUMOJECTBHE ¢
MarHuTHbHIM nojeM. CiMH JBYX-3JIEKTPOHHON CHCTEMBI.

CUHIJIETHBIE U TPUILJIETHBIE COCTOSIHUS. Pa3nnyHble 6a3uchl B CUCTEME JBYX CIIMHOB.
KBaHTOBBIE reiiTH M KBAaHTOBBIA KoMIbloTEp. KBaHTOBOE ycKkopeHue. Anoputm ['posepa.
KBanroBblil kpunrorpapudeckuii nporokon BB84 u ero npenmyiecTsa 1no cpaBHEHHUIO €
KJIACCUYECKUMHU KPUNTOTpahuyecKMMU MPOTOKOJIAMHU.

KoneunomepHas Mozienp KBaHTOBOM aneKkTpoanHamMuky /xeitHca-KammuHrea-

Xabb6apaa u TaBuca-Kammunrca. [Ipubnimkenue Bpamiarorieiicas BOJIHBIL.

Cratuctnueckue ancamonu. Pacnpenenenue 'n66ca. CtaTuctuueckas cymma v SHTPOIUS.
Mertoab! pacniapajuieIMBaHus 3aja4 JIMHEHHOH anreOpel. CynepKoMITbIOTEPHOE MOJICIIMPOBAaHUE
KBaHTOBOH MHAMUKU CUCTEMBI 3apsKEHHBIX YaCTH U OJTHOMOJIOBOTO IMOJIS

Marucrepckas nporpamma " KoMnuisitropsblie TexHosorun"
OcHOBHBIE IOHATHS JeAyKTUBHOHN BepupUKai. MeTobl J0Ka3aTenbCcTBa KOPPEKTHOCTH
IIPOrPaAMM.
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OcHOBHbBIE OHATHS ISAYKTUBHON BepupUKaIui. MeTo1bl JOKa3aTeabCTBa 3aBEPIIMMOCTH
MIPOrpaMM.

OcHoBHEbIe cBefieHUs1 00 00bekTHOM si3bike orpanndeHuit (OCL): cocra OCL-BeIpakeHwus,
HaBUTAIIM 110 aCCOLMAIMAM, BU/IbI KOJUIEKIUH, ONepallii ¢ KOJUICKIUAMH, YUET HACIIEOBAHUS B
BBIpO)XEHUSX U HacienoBanue orpanudeHuil. [Tpumepsr ncnons3zoBanus OCL.

CriocoOb1 00bEKTHO-PEISIIMOHHOTO OTOOPaYKEHHUS SISl KJIACCOB M aTpuOyTOB, OMHApHBIX U N-
apHBIX acCoLMAalUi, KJIaCCOB aCCOLMALIMM, HepapXuil HacienoBanus. [Ipumepsl npuMeHeHus 3TuX
croco6oB. MoenupoBaHue CXeMbl PEISIIUOHHON 0a3bl JAHHBIX C TOMOUIBIO AUArPAMMBbI
KJIaCCOB.

OO6pa3iel (MaTTepHbl) MPOSKTUPOBAHUS, MX KiIacCHUPUKaLMs U crocod onucanus. [Ipumepsr
00pa3uoB: CTPYKTYPHOTO, TIOBEACHYECKOTO M MOPOKAAIOIIETO.

OcHoBHbIE MOHATHS 0€30MaCHOCTH UH(OPMALIUU: KOH(DUICHIIMATEHOCTD, IIEJIOCTHOCTD,
JOCTYIMHOCTh. Bubl 3amutel naGopmaru. Monaens bemna-Jlanagynsl. [lorstre ommokwy,
ySI3BUMOCTH B IIPOTPaMMHOM 00€CIIeYeHUH, TPUMEPBHI.

Ommbka Tuna «mepenonnenue Oydepa». BoinoaHeHne MPOU3BOIBHOTO KOJa HA HCIIOTHUMOM
cteke. [IpoTuBo/eiicTBIE BHITIOIHEHUIO KOa Ha CTeKe: «kaHapeika», DEP. Boimonnenue
MPOM3BOJILHOIO KOJIa HA HEMCIIOJTHUMOM cTeke. Return-to-libc, return-oriented programming
(ROP).

CraTHyecKuil aHaJIM3 UCXOIHOTO KO/ C IEJBIO0 MOKCcKa OmnO0K. Turibl 00HApyKUBAEMBIX
omm6ok. ITyTh pacnpocTpaneHus omuOKy: SOUrce, propagation, sink. ITorokoBast U KOHTEKCTHast
qyBCTBUTEIbHOCTH. KauecTBO pe3ybrara ananusa: false/true positive/negative. Mutepnperanus
PE3yNbTAaTOB aHATU3A.

[TpumeHeHne oTaaIKu Al OLEHKH BO3MOXKHOCTH SKCIUTyaTalluy ysa3BUMOCTel. TexHonoruu
otnaaku. OTiajKa moiab30BaTenbCcKoro kojaa. [lomHocucreMHas oTnaaka B BUPTYaJIbHOM MalluHe.
Cratnueckoe ¥ TUHAMHYEeCKOe HHCTpyMeHTupoBanue. ®a33unr. PasnoBuanocTu daz3unra:
YEePHBIN AIUK, OCINbIH AIUK, CEPhIH SIIUK.

CuMBOJIEHOE BBITIOJTHEHHE: OCHOBHBIE MOHATHSA. CXeMa paboThl CHCTEMBI CHMBOJIBHOTO
BbInosnHeHus. [Ipenukar mytu, npeaukar 6e3onacHocTu. [IpobieMa 3KCIIOHEHIIMAIBHOTO B3phIBa,
CTpaTeruu BEIOOpA CIEAYIOMIETO COCTOSHUSI.

Mertoa HyMepaluu 3HaueHHi B mpeaenax 6a3oBoro 0J10Ka U B Ipejiesax npoueaypsl. Peanuzamnus
METOa MyTeM IOCTPOCHHUSI OPHEHTUPOBAHHBIX AIIMKINIECKUX IPpadOB M UCTIOIH30BAHUS XEIII-
GbyHKIHi.

HckiroueHne 4acTHIHO-U30bITOUHBIX BRIPAKEHUH METOIOM aHAIIN3a MTOTOKA TAHHBIX.

I'pad 3aBucHMOCTEl pOrpaMMBl: OIpeIesIeHUE, TOCTPOSHHE, TIPUMEHEHHE.

[TpoGnemMbl CTaTHUECKOTO aHanM3a OOBEKTHO-OPHEHTHPOBaHHBIX s3bikoB (C++, Java). IloTtok
yIIpaBJIEHUs] B IPUCYTCTBUU UCKIIOUEHUH. AHAIN3 KOHCTPYKTOPOB M JI€CTPYKTOPOB. BBI30BHI 110
yKa3aTelo ¥ X aHaiu3. JleBupTyanu3amusi.

HHCcTpyMeHTHpOBaHKE NPU TUHAMUYECKOM aHaJIN3€: MHCTPYMEHTHUPOBAHHUE UCXOIHOTO KO/1a
MpOTrpamMM NP KOMITHJISIINH, TUHAMHYECKAs IBOMYHAS TPAHCIISIIHSL.

ApPXUTEKTYpHBIE 0COOEHHOCTH Ipa)UIeCcKHUX MPOLIECCOPOB, HAMIPABIECHHBIE HA MACCUBHO-
napajuieIbHbIC BEIYUCICHHS.

Mertonb! 3¢ (heKTHBHOM OpraHU3aNK apaIeIbHBIX BHIYMCICHUN Ha TpadUuecKuX Mporeccopax.

Cnmcoxk peKOMeH/10BAHHOM JINTepPaTypbl

1.  By3zoanos, Kopnvixun, Ilanghépos, [lempenko, Xopowunos. Ilpaxmuxym no 0e0yKmuerou
sepughuxayuu npoepamm. yueono-wemo/luueckoe nocooue. -M.: MAKC-IIpecc, 2014.

2.  b.Meiiep. Ob6vexmno-opuenmuposannoe KOHCMpYUposanue npocpammusix cucmem - M.:
Pyccraa Pellakyus,2005.

3. Apnoy /I, Heriwuma/lm A. UML 2 u ynugpuyuposanmsiii npoyecc. llpaxmuueckuii 00ekmuo-
OPUESHMUPOBAHHBIU aHAu3 u npoekmuposarue. - CI16.: Cumeon-ILitoc.- 2008. [nasa 25.

4.  Pambo [Jxc., Bnaxa M. UML 2.0. Obvexmno-opuenmuposanroe mo/lenuposanue u
paspabomka. - CI16.: [Tumep. - 2007. I'nagor 3 u 19.

5. T'amma 3. u [lp. llpuemvl 06veKkmHo-0pueHmupo8anHo2o npoekmuposanus.llammepHul
npoexmuposarnus.: Ilep. c anen. - CI16.: Ilumep, 2016.

6.  Brian Chess, Jacob West. Secure Programming with Static Analysis / Addison-Wesley
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Professional, 2007.Aleph One. Smashing the Stack for Fun and Profit

7. Edward J. Schwartz, Thanassis Avgerinos, and David Brumley. Q: Exploit Hardening Made

Easy.

8. Al Bessey, Ken Block, Ben Chelf, Andy Chou, Bryan Fulton, Seth Hallem, Charles Henri-

Gros, Asya Kamsky,Scott McPeak, Dawson Engler. A Few Billion Lines of Code Later:
Using Static Analysis to Find Bugs in the Real World.

9. William R. Bush, Jonathan D. Pincus, David J. Sielaff. A Static Analyzer for Finding
Dynamic Programming Errors.

10. Eli Bendersky. Cepusi cmameii “How debuggers work”.

11. Chow J., Garfinkel T., Chen P. M. Decoupling dynamic program analysis from execution in
virtual environments // USEN1X2008 Annual Technical Conference on Annual Technical
Conference. - 2008. - C. 114

12. Nethercote N., Seward J. Valgrind: a framework for heavyweight dynamic binary
instrumentation // ACM Sigplan notices. - ACM, 2007. - T. 42. - Ne. 6. - C. 89-100.

13.  Amunu I1., Cammon M., I'pun A. FUzZzing: ucciredosanue yszeumocmei memooom epyootl
cunvl. — Cumeonllnoc, 2009.

14. Edward J. Schwartz, Thanassis Avgerinos, David Brumley. All You Ever Wanted to Know
about Dynamic Taint Analysis and Forward Symbolic Execution (but might have been
afraid to ask), 2010

15. C. Cadar, D. Dunbar, D. Engler. KLEE: Unassisted and Automatic Generation of High -
Coverage Tests for Complex Systems Programs, 2008.

16. Anvgppeo B. Axo, Monuxa C. Jlam, Pasu Cemu, /[oicepppu /. Ynoman. Komnunamopew:
NPUHYUNDL, MEXHOI02UU U UHCmpyMenmaputl. Bmopoe uzdanue. Mocksa, Bunvsamc, 2008.

17. Boesooun B.B., Boesooun Bn.B. lapannensusie Beruucienus. - CI16.: bXB-Ilemepbype,
2002. - 608 c.

18. Tonosusnun B.M., 3aiiyes M.A., Kapabacos C.A., Kopomkun H.A.

19.  Hosvle ancopummel ebiuuciumenvuou eu/lpo/unamuxu /s MHO2ONpoyeccopHvix
gbluUCIUmMENbHbIX KoMniekcos./M.: Uz/lamenvcmeo Mockoeckozo ynusepcumema, 2013,
472 c.

20. Axob6oseckuii M.B. Beellenue 6 napannenvhvie memo/lvl pewienus 3a/lau: Yuebnoe nocobue .
- M.: U3/lamenvbcmeo Mockosckozo ynusepcumema, 2012. - 328 c.

21.  Anmonos A.C. Texnonoeuu napannenvrozo npoepammuposarus MP1 u OpenMP: Vueb.
nocooue. - M.: U3/lamenvcmeo Mockosckozo ynusepcumema, 2012.-344 c.-(Cepus
"Cynepxomnviomeproe oopazosanue”). ISBN 978-5-211-06343

22. A. B. bopeckos u [lp. Ilapannenvuvie goruucaenus ha GPU. Apxumexmypa u npoepammmuas
mo/lens CUDA: Vuebnoe nocobue. -U3z/lamenvcmeo Mockosckozo ynusepcumema, 2012,
336 cmp.

23.  Humepnem pecypcoi: http://parallel.ru, http://AlgoWiki-Project.org , www.theochem.ruhr-
uni-bochum.de/research/marx/marx.pdf

Marucrepckas nporpamMmma

"KomnbloTepHoe 3peHue, rpaguka u o0padorka nzodpakeHuii”
Ob6yuenue ¢ yuuteneM. [IpuHnun MuHUMHU3auu sMnupudeckoro pucka. [lepeodyuenue u 6opboa
c nepeodyuenueM. OrieHKa KauecTBa KJIacCUu(hUKaToOpoB.
3aaya CHIKEHUS pa3MepHOCTH. MeTo/ riaBHbBIX KOMIOHEHT. OlleHKa KauecTBa anmpoKCUMAaIiH.
WTepaTuBHBIN alrOPUTM ITOCTPOECHHUSI.
Jluneiinas knaccudukanus u perpeccus. Metoasl 00yueHus TMHEHHBIX KJIacCU(PUKATOPOB,
¢byHkuu noteps. Jlorucruyueckas perpeccus.
Bbyctunr. Anropurm AdaBoost, meton XxgBoost.
[TpobnemMbl TOCTPOCHUST METPUKHU CpaBHEHUs M300paxkeHnii. Merpuka SSIM.
ITonnast Bapuanus nzo0paxeHuid. Ee cBsA3b ¢ XapakTepUCTUKaMH N300paskeHUi.
MeTozb! NOBBILIEHUS Pa3peIIeH s U300paKEHUH U METOJ, CyNeppa3peleHHMs..
@unbtpel ['abopa. [Ipumeps! X MpUMEHEHHS. .
Anroputm KanHu 17151 IeTEKTUPOBAHUS KOHTYPOB H300paKeHUH.
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http://valgrind.org/docs/valgrind2007.pdf%23_blank
https://parallel.ru/news/bhv_parallelcomputing.html
http://parallel.ru/
http://parallel.ru/
http://www.theochem.ruhr-uni-bochum.de/research/marx/marx.pdf
http://www.theochem.ruhr-uni-bochum.de/research/marx/marx.pdf

10. duddy3nonnas GuiabTparius n300pakeHuil.

11. JloxanpHbIE 0OCOOCHHOCTH U300pAKEHUHN M UX JIECKPUIITOPHI.

12. OcHOBHBIE apXUTEKTYPHI CBEPTOUHBIX HEpoceTel 11 Kiaccuukanuy n300pakeHui.

13. HeiipoceTeBble MOJIeNH BbIJENIEHUSI 00BEKTOB Ha N300payKEHUH U OlIEHKa KayecTBa J€TEKTOPOB.

14. HelipoceTeBble apXUTEKTYPHI ISl CeTel mpeoOpa3zoBaHus N300paKEHUI U CErMEHTAIIHH.

15. Monenu u ommOKu 00ydeHUs: METOJIOB CTUIIN3AIUU U TeHepallii N300paKeHUN.

16. TpéxmepHas peKOHCTPYKIIHS - UTEPATUBHAA cXxeMa "CTPYKTypa U3 ABMXKEHUA'", IEKOMIO3ULIUS Ha
M0J133]1a4H, SIUIOJISIPHAsI TEOMETPHSI.

17. Cnoco6s1 Busyanu3anuu HDR u anroputmel TOHAIBHOM KOMIPECCHUH: KTacCH(pUKAIIHS,
JOCTOWHCTBA U HEJJOCTATKH, UACH aJITOPUTMOB.

18. Busl cTpyKTyp npoctpancTBeHHOro pazouenus: Kd-ngepesbs. BVH nepesns. Surface Area
Heuristic.

19. Monte-Kapio tpaccupoBka nmyreit. O0bikHOBeHHBIH MoHTe Kapino u Monrte-Kapiio o cxeme

Mapxkosckux nerneit (Markov Chain Monte Carlo, MCMC). Metropolis Light Transport.

20. MapReduce u Hadoop MapReduce. KommnoneHTsl, HX GYHKIHH 1 B3aUMOJICHCTBHE, KITFOUCBBIC
noustus. Craguu MapReduce.

21. Apxutekrypa rpapuueckux (GPU) u nenrpanpubix (CPU) mpoiieccopoB: Mojiesib MACCHBHO-
MapajuIeIbHOTO BBIMOJIHEHUS; KaK YCTPaHAIOTCs 3aBUCUMOCTH 1o fanHbiM Ha CPU u GPU?
CKOJIBKO TPUOTU3UTENFHO BPEMEHH (B TaKTax MPOIeCcCopa) 3aHMMAET JIOCTYII B TAMSTh Ha
coBpeMeHHBIX DBM 1 kak pemraercst mpobiema JiareHTHoro nocryna k mamsta Ha CPU u GPU? B
4EéM OTIIMYUE MEXaHW3Ma K3mmpoBanus nanueix st CPU u GPU?

22. OcHOBHBIEC PUMHUTHUBBI TapaslieIbHOro MporpamMmupoBanust Ha GPU: pexykuus, npeduxcHas
CyMMa, COPTHPOBKa (ITPUBECTH MUHUMYM 2 aITOPUTMA), aTOMapHbIE ONepauu. YKa3arh U
OOBSICHUTH CIIOKHOCTh KaXKJIOTO U3 allTOPUTMOB/MEXaHU3MOB U3 pacyéra B onepanusix Ha 1
MOTOK.

Cnmcoxk peKOMeH/I0BAHHOM JINTePaTypbl

1. Huxonenko C., Kanypun A., Apxanrensckas E. ['mybokoe o0yuenue. [lorpyxenne B Mup
HeiponHbIx cerelt. - CII6.:ITutep, 2018, -480 c.

2. Uomya benmxno, An l'yabdemioy, Aapon Kypsusuis. ['mybokoe o6yuenue.: [lep. ¢ anrmi. -M.:
JAMK
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Marucrepckasi nporpaMmma
"KoMnbHOTEpHbIe METOAbI B MaTeMaTH4YeCKOil pusnke, 00paTHBIX 3a1a4aX U
o0padoTke u300paxkeHui"

=

O6061eHHoe penieHue 3agaun J{upuxiie Juis ypaBHEHUS BTOPOT0 MOPSAKa SJUTMIITUYECKOTO THIIA.
2. Metox Putia npuOIMKEHHOTO peIIeH s SJUTMITUYECKOTO YPaBHEHUSI BTOPOT'O MOPSIIKA.

23


https://www.ozon.ru/person/71079511/
https://www.ozon.ru/person/71079511/
https://www.ozon.ru/person/71079509/
http://statweb.stanford.edu/~tibs/ElemStatLearn/

o No A

10.

11.
12.
13.

14.
15.

16.

17.

18.
19.
20.
21.
22,
23.
24,
25.

26.
27.
28.
29.
30.
31.

32.
33.
34.
35.
36.
37.
38.
39.
40.

BapuanmonHast IocTaHOBKA 3314l Ha COOCTBEHHBIE 3HAUEHUSI CHMMETPUYHOTO MOJIOKUTEITHHOTO
OIIEpaTOPHOTrO YPAaBHEHHUSI.

Meton Putia B nmpoGieme BeIYHCICHUS COOCTBEHHBIX 3HAUCHUN 3a1aun [lupuxiie.

MeToa KOHEUHBIX 3JIEMEHTOB JJ1s1 OOBIKHOBEHHOTO TU((GEPEHIINATBHOIO YPABHEHUS.

MeTo/1 KOHEUHBIX JIEMEHTOB JIJIs 3a7a4n 00 u3rude ymnpyroro opyca.

Matpuna KeCTKOCTH U MaTpHLla MacChl TMHEHHOIO KOHEYHOIO DJIEMEHTA.

TeopeMa 0 CXOOUMOCTH METO/1a KOHEYHBIX JIEMEHTOB Ha JINHEWHBIX TPEYTOJIbHUKAX B CIIy4ae
ypasHeHus [lyaccona.

BriBoa ypaBHenus Kopresera-ne @pusa.

I'pynnoBoii aHanu3 0ObIKHOBEHHBIX AU (epeHInalIbHBIX YPaBHEHHH IEPBOr0 U BTOPOTO
HOPSAKA.

I'pynnoBoit aHanu3 11 ypaBHEHUS TEIUIONPOBOJAHOCTH.

VYpaBHenue broprepca u ero JimHeapuzanus.

MeTto KyCOYHO-IIOCTOSIHHBIX allPOKCUMAaLUil pEIICHNs HHTErpalIbHbIX ypaBHeHU Ppearonbpma
2-T0 poja.

MeTo1 KOHEUHBIX JIEMEHTOB PEIICHUs NHTErpaJIbHbIX ypaBHeHU Ppearonsma 2-ro poaa.
MeTtoJ pelieHusi CHHTYJISpHOI'O HHTETPaJIbHOTO ypaBHEHUS C a/1poM [ uinpbepra Ha OCHOBE
KBaJpaTypHbIX (POPMYJT HHTEPIOIALMOHHOTO THUIIA.

YucneHHoe pellieHne UHTErpaibHbIX ypaBHeHUM dpenroabma 2-ro poja B ciyyae
HEOJIHO3HAYHOM Pa3pelIMMOCTH COOTBETCTBYIOLIETO OJHOPOIHOTO YPABHEHMS.

MeTto1p1 OpraHu3aluy napauielbHbIX BBIYUCIEHUN IPU CYIIEPKOMIIBIOTEPHOM PELICHUH
CETOYHBIX 3a/1a4.

CynepKoMITbIOTEpPHOE MOJIETUPOBAHUE TYPOYIEHTHBIX TEUECHUH.

Hcnonp30BaHne CyepKOMIIBIOTEPOB Il PEIIECHNUS 331a4 MOJIEKYJIIPHOIO MOJIEIMPOBaHUS.
Metonb! 5 (heKTUBHOI OpTaHU3aINH MAPAIICIBHBIX BRIYUCICHUN Ha TPaUUeCcKUX MPOIEccopax.
Matlab. Matpuup!: ciocoOsl 3a1aHus, MATPUYHBIC ONepalyi. Busyanusais peieHuii.
Matlab. O6paboTka u300pakeHuH.

Maple. CumBonbHbIe Beraucienus. JudepeHnpoBanie 1 HHTETPUPOBAHHUE.

Pemenne cucteM 0OBIKHOBEHHBIX UG GEepeHIMATBPHBIX YPaBHEHUH ¢ TOMOIIBIO si3bika Python.
Pemienue 3a1a4u /i ypaBHEHUI MaTeMaTHYeCKON (PU3UKH METO/I0M KOHEUHBIX 3JIEMEHTOB C
MOMOIIIBIO s3bIKa Python.

@unbTpel ['abopa, npuMepsl UX MPUMEHEHHS.

[Tonnas Bapuarus nzo0paxkennii. Ee cBsI3b ¢ XapakTepUCTHKAMU W300paKeHHI.

JIuHeltHbIe METO bl MOBBIIIEHUS pa3peleHHs H300pakeHHH.

[IpeobpazoBanne Xada aJis HAXO0XKACHUS PIMBIX JIMHUA HA U300paKCHUSX.

Juddysznonnas puiibTpanus H300paxeHni.

MatemaTtuueckre MOoJIeNH aBTOBOJIHOBBIX IporieccoB. Knaccugukaiiys aBTOBOJHOBBIX
IIPOLIECCOB.

Konebanus B OMOJOrMUECKUX CUCTEMAX M CUCTEMaX XUMMUYECKUX PEaKIIU.

Bounel B cucremax ¢ nud¢ysuei. YpasHenue Konmmoroposa - @uinepa.

Beryiue BoHBI B MO/IETISX TEIJIONPOBOJHOCTH M COPOIIUU.

PerynspHble 1 CUHTYISIpHbIE BO3MYIIECHUS JU(PepeHIIMaTbHBIX YPaBHEHUH.

3ajada MpoIOJKEHHSI IOTEHIIMAIIBHOTO MTOJISL.

OO6parHas 3a1a4a rpaBUMETPUH.

OrnpeneneHre NCTOYHMKA TEIUIAa B HAYAJIBHOM 3a/1a4e Ha MPSMOM.

OOparHas 3a1a4a IeKTPOPa3BEAKH.

OOparHast KHHeMaTHYecKas 3a1a4a CeHCMUKH.
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10. HenucoB A.M. Beenenue B Teoputo o0patHbix 3a1a4. M.M3n-so MI'Y, 1994,

11.  KabGanuxun C.U. OGpaTHble 1 HeKOppeKTHbIe 3agaun. HoBocubupck. Cubupckoe HaydHOE
n3a-so. 2009.
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CII6. BXB-IIerepoypr, 2005

Marucrepckasi nporpaMmma
"Jlornyeckue 1 KOMOMHATOPHBIE METO/IbI AHAJIN3A JTAHHBIX"

13. Metoasl rpamueHTHOTO crycka W HproToHa 1isi 06€3yCIIOBHOW TJIAJIKOW ONTHUMHU3AIINH.
Crpareruu BeiOOpa uinHbI mara. CKOpocTH CXOAUMOCTH METOJIOB.
14. Venosus Kapyma-Kyna-Takkepa ms 3agad4 yCIIOBHOM oOnTUMHU3anUu. J[BOWCTBEHHAas

3aJauya ONTHMM3AIUU. METOJbl pEIICHUs] BBIMYKIBIX YCIOBHBIX 3a/lad C IOMOIIBK METoJa
HeroTtona u Merosa norapudmudeckux 6apbepoB.

15. [Tonstue cyOrpagumenta u cyoauddepenuuana, cydauddepeHInanIbHOe HCUYHUCICHHE.
CyOrpaIueHTHBIA METOJ /ISl PEIICHUS HEeTJIAIKUX 3a/1a4 BBIMYKIIOW onTuMu3anuu. Ero ckopocthb
CXOJIUMOCTH.

16. [IpokcuManpHBI TPaAMEHTHBIM METOJ JUIi MHUHUMM3ALUM KOMIO3UTHBIX () YHKLHH.
Be16op amunb! mara. CkopocTs cX0auMocTH MeToa. [IpruMepsl npuMeHeHusI.

17. CroxacTuyeckuil T'paJMEHTHBIM  CIIyCK, €ro CKOpPOCTb CXOOUMOCTU. MeTosl
CTOXaCTHYECKOM ONTUMU3ALNU C IMHENHON CKOpOCThIO cxogumoctu: SAG u SVRG.

18. @yHKIMOHAIBI KayecTBa U (PYHKIMU OIIMOKH B 337ja4ax MAIIMHHOTO 00y4YeHus (IpuMepsl,
Croco0bl MUHMMHU3ALUH, ONITUMAJIbHBIE PEIIEHUS B KJIacCe KOHCTAHT)

19.  OcHOBBI TeopHH HEYETKUX MHOXKECTB (OINpENEeNCHUs, Oomnepanuu, T-HOPMBI, BBITYKIIbIC
MHOYKECTBA, OLEHKA HEYETKOCTH, HEUETKUE OTHOIICHUS, TPUHLIUI 00001IEeHHS)

20.  Ananm3 conMaibHBIX ceTed (Oe3MacimTabHbIe CEeTH, MOJIENb MAJIIOTO MUpPa, KOdPPHUIMEHT

KJIaCTepU3allii, BaXXKHOCTh-IICHTPAIBHOCTh BepiiuHbl, PageRank, ompenenenue BepoATHOCTH
MOSIBJIEHUS pedpa, HaX0XK/IeHWE COOOIIECTB B Trpade)

21.  CnyuvaifHble jeca W OYCTMHI HaJ J€peBbIMHU (ONMMCAHUE AalrOPUTMOB, COBPEMEHHBIE
peayn3anuu, HacTpoiika mapaMeTpoB, KPUTEPUU PACIIETIIICHUS)
22. Jlemma bépHucaiina. LlukinoBoii MHACKC NENUCTBUS IpylIbl HA MHOXecTBE. Teopema Ilonia

(6e3 mokaszatenbcTBa). [lprMeHeHne NUMKIOBOro HHIeKkca W Teopembl llodia mpu perieHun
KOMOWHATOPHBIX 33/1a4.

23.  CTpyKTypHBI TOAXOJ B pAaclO3HABAaHWH OOpa30B: COCTABIIIONINE W OCOOCHHOCTH
nojxonaa. JIeBeHIITeHHOBCKass alMpOKCHUMALUs MPOU3BOJIBLHOIO CJIOBA CIIOBOM U3 PETYJISIPHOTO
s3bIKa. JIemMMa o mopsiiKe peTakTOPCKUX OTIepaITHid.

24, OcHoBHBIE TIPOIIEAYPHI TOTOCOBaHUS. AKCHOMBI Dppoy, TeopeMa (mapagokc) Ippoy (6e3
JTIOKa3aTelIbCTBA).

25.  Monens Dpaéma-Pensu cnyqaitnbix rpagos. Habmonenus bapabamu-Ans0ept. Mozaens
uHTepHeTra bomnobanra-Pruopaana.

26.  Bekrtopuble mpexacraBieHus cioB. Moxenu Skip-gram u CBOW. Mx monudukanum,
OCHOBAHHBIE Ha HEPAPXUIECKOM MITKOM MaKCHMyMe ¥ HETaTUBHOM CEMILUIMPOBAHUH.

27. 3amaga pasMmeTku mocienoBaTenbHOCTH (sequence labeling). Momens linear-CRF.

OOy4yeHne Mojenn W HAXOXKICHHWE ONTHMAIBHOHN IOCIeqoBaTeIbHOCTH MeTOK. COBMECTHOE
ucnonb3oBanue linear-CRF u HelipoceTeBBIX apXUTEKTYP.
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28. 3amava mepenoca oOyueHus (transfer learning). OCHOBHBIE MOJENU TEpeHOCa OOY4YCHHUS
urst TekeToBRIX maHHbIX: ELMO, ULMFIT u BERT.

29. Tematnueckoe moaenupoanue. Monens PLSA. BoiBog pemenust uepe3 EM-anropurm.
30.  AnropuTmuueckas paHIOMH3alUs, 3a/Jada BbIUMCICHHUS] TOPSAIKOBBIX CTAaTUCTHK U
ME/IUaHbI.

31.  Auroputm ObicTporo mpeoOpazoBanus Dypwe, mpuinoxeHue kK IudpoBoi oOpabOTKe
CHTHAJIOB.

32. O(n log n) anropuT™M BBIYUCICHUS TEPECECYCHUH KOHEYHOTO MHOXKECTBAa OTPE3KOB Ha
TUIOCKOCTH.

33.  JluHamuyeckoe NPOrpaMMHUpPOBAaHUE, aAITOPUTM  BbIACNIEHUS HauOoJbIIeH oOmIei
MOJINOCIIEI0BATEIBHOCTH /IS IBYX TOCJIEJOBATEIBHOCTEH.

34. [[IndpoBanmre ¢ OTKPHITHIM KIIFOYOM, ITU(DpOBas MOAMUCH, MPOTOKOJI RSA.

35. CéprouHble HelipoHHbIE ceTH. OCHOBHBIE UCIIOJB3YEMBIE apXUTEKTYphl. Pelienue 3anau
CEMaHTUYECKOI cerMeHTallK U300paKEHUI U TETEKIIUN 00bEKTOB Ha H300paKEHUSX.

36.  PekyppeHTHBIE HEHpPOHHBIE CETH, OCHOBHBIC apXWUTEKTyphbl. IIpoOiema 3aryxaromux H

B3PbIBAOIIUXCA I'PAAUCHTOB, METO/IbI 60pB6I>I ¢ Hell. MexaHn3M BHMMAaHHS U €TI0 MCHOJb30BaHHUE
IIpH pCHICHUM 3aJa4Y1 MAIMHHOI'O IIEPEBO/IA.

37.  EM-amroput™ s o0y4eHHs BEPOATHOCTHBIX MOJENEH CO CKPBITHIMH IE€PEMEHHBIMHU.
Mojiesb BapHaMOHHOTO aBTOKOAMPOBIIKKA. TPIOK perapamMeTpru3alim.

38.  OOyyenue ¢ moakperuicHueM. [IpuMepbl MpakTHYeckux 3amad. Q-oOydenue. Momenb
DQN.

39.  OcnoBnas teopema Policy gradient. Anroputmsr Reinforce, A2C, DDPG.

40.  OOyueHwue C MOAKpEIUICHUEM ¢ o0aBIeHreM suTponuu. Merox Soft Actor-Critic.
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"MaTtemMaTH4YecKHe MeTOAbI MOJAeJTUPOBAHUS U METO/IbI ONITUMH3ALMHI
yIpasJisieMbIX IPOLeccoB'

1.O06patHble  3ajauyd, CBSI3aHHbIE C  JAUHAMMYECKUMU  CUCTEMaMH,  OMNHCHIBAEMBbIMU
OOBIKHOBEHHBIMU (D (DepeHINATLHBIME ypaBHEHUSAMU. MeTon JTUHAMUYECKOW perysspu3aiim
JUIS 3aJaud BOCCTAHOBJICHHS] XapaKTEPUCTHK CHCTEM OOBIKHOBEHHBIX UG (depeHIInaTbHbIX
YpaBHEHUH.

2. OOpatHble 3aj]auu, CBA3aHHbIC C JUHAMHUYECKUMHU CHCTEMaMHU, ONMChIBAEMbIMU YPAaBHEHUSMU C
YaCTHBIMHM TPOU3BOAHBIMU. METOJ AMHAMUYECKON pEryisipu3aluu JUIsS 3a/ad BOCCTAHOBJICHUS
XapaKTepUCTHK NMapabdOoINuYecKUX ypaBHEHHI.

3. ObparHble 3a1auu, CBSI3aHHbIE C IMHAMHYECKUMH CUCTEMaMH, OIIMCHIBAEMbIMH YPAaBHEHHUSMU C
YaCTHBIMHM TPOU3BOAHBIMU. METOJ NMHAMUYECKOW PErysspu3aliy Ul 3a7ad BOCCTAHOBIICHMS
XapaKTEPUCTUK TUIIEPOOIMUECKUX YPABHEHUM.

4. OgHomepHas Mozenb Pamcest Ha OECKOHEUHOM FOPH30HTE TUIAHUPOBAHUS C TIPOM3BOJICTBECHHOM
¢dbynkuueir B popme KoOGb6a - Jlyrmaca. 3amaua 0 HaWIy4IIMX MPOMOPLHUSIX MPOU3BOJCTBA U
norpebienus. OcoOrblii pexuM. KadecTBeHHBIN XapakTep perieHusI

5. JIBymepHas 3ajada pacipeleleHHs] PECYpcoB B JIBYXCEKTOPHOM 3KOHOMMYECKON MOJENIU C
npousBoJicTBeHHONW (yHkuueir Kob6b6a - Jlyrmaca Ha KOHEYHOM OTpe3Ke BpPEMEHU C
MaKCUMU3aIel BTOpoi a3oBOM KOOPAMHATHI B KOHEYHBIM MOMEHT BpeMeHU. OCOObI pexuM.
KauecTBeHHBIN XapakTep pelIeHHUs.

6. [Mpunun makcumyma IloHTpsirMHA U1 33724 Ha OECKOHEYHOM HMHTEpBajie BpeMeHH (0OImid
ciyyait). OCHOBHBIE COOTHOIICHHS TPUHIMIIA MAaKCHMyMa. YCIOBHS TPaHCBEPCAIBHOCTH Ha
OECKOHEUYHOCTH.

7.M6TOI[ JAUHAMHYCCKOI0 IIPOrpaMMHUpPOBAHUA bennmana u NIpUHOUII MaKCUMYyMa HOHTpHFI/IHa
1 3aJa4  Ha 0OECKOHEUYHOM HHTCPBAJIC BPCMCHHU. TeKyHme COMMPS’KCHHBIC TICPEMCHHEIC.
OKOHOMUYECKHI CMBICIT COOTHOIIICHMI I[MpUHIKUIIa MAKCUMYMaA.

8.]_—[0CT8.TO‘IHBIG YCIOBUA OITUMAJIBHOCTH JIA 3aa4 Ha OCCKOHEYHOM HHTCPBAJIC BpCMCHHU.

9.BBesieHHE B T€OMETPHYECKYIO TEOPHUIO YIPABICHUS: TIIAJIKHE MHOTOOOpa3usi, OOBIKHOBCHHBIE
muddepeHanbHbIe ypaBHEHHsI, BEKTOPHBIE MOJIsL, KOMMYTATOpHI, anredpa JIu BEKTOpHBIX MOJIEH.
VYcnoBre ckoO0YHON MOPOKIAEMOCTH JJISl CUCTEM JIMHEHHBIX 110 YIIPABIICHUIO.

10.ITonsTHE COHpSDKCHHOﬁ TOYKH. Z[OCTO"IHBIC yCJoBuUs c1aboro MUHHUMYMa B KJIaCCHYECKOM
3aaa4€ BapUaAllMOHHOI'O UCUHUCIICHUA.

11.0co0sle TpackTOprH. MeTo1 NOCTPOSHUS 0COOBIX YIPAaBICHHMN.

12.IloctaHoBKa 3ama4 TPAaHUYHOTO YIPABICHUS W HAOIIOACHUS JJS BOJHOBOTO YypPaBHEHUS.
BeiGop ¢yHKUMOHAMBHBIX MpocTpaHcTB. JIBoWicTBeHHOCTh. (CBOIiCcTBa YHpaBIsieMOCTH U
Ha0JII0/1a€MOCTH U UX CBA3b C KPUTUYECKUM MOMEHTOM BPEMEHH.

13.HepaBeHcTBO HaONI0OaeMOCTH Kak KpUTEpUH  yNpaBIIeMOCTH U HaOIOJaeMOCTH.
HcTokonpeacTaBUMOCTh HOPMAJIBHBIX PELICHUH 3a7a4 YIpaBlIeHUs U HaOMI0AeHUS TPpU HAJIMYUH
HepaBeHCTBa HabOmogaemMoctd. OmnucaHWe BapHAallMOHHOTO METOJa pelIeHHs JMHEWHBIX
OTIepaTOPHBIX YPABHEHMI: YCIOBUS TPUMEHUMOCTH, aJITOPUTM, CXOJAUMOCTb.

14.BbiBoji HepaBeHCTBa HAOMIOAEMOCTH JUIsl POCTEHIIEro ypaBHEHUsT KOleOaHU OJHOPOIHON
CTpyHbl. Peanuzanuss BapHalMOHHOIO METOJNA: KOHCTPYKIIMM KOHEYHOMEDPHBIX B3aUMHO
CONPSDKEHHBIX TNPHUOMIDKEHUM K orepatopaM yYIOpaBiIeHUsS M HAOJIOJEHHS, CXeMa pEeLIeHUs
KOHEYHOMEPHOMU 3a/1a4M KBaJAPAaTUYHON MUHUMU3ALIMH.

15.0600mennas mpousBoanas o Cobosey. [IpocrpanctBa CobosieBa. Teopembl BIOKEHUS.

16.ITocTanoBka 3aaun 006 onTUMaIbHOM HarpeBe cTepKHs. CylecTBOBaHHE U €IUHCTBEHHOCTh
00001eHHOT0 pelieHns KpaeBoit 3anaun. Teopema Beiiepiurpaca.
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17. I'paguent neneBoro pyHKIMOHANA B 33/1a4e O HarpeBe cTepkHsA. Kpurepuit onTUManbHOCTH.
Perynsapr3oBaHHBIN METOJ IPOEKIUU TPATUEHTA.

18.YcnoBus cymiecTBOBaHUS U SBHBIM BUJ CUTYyalluu paBHOBecus 1o Hamy B iuddepennnanbroii
JIMHEWHO-KBaIpaTUIHON MU PepeHIMaIBHON UTPe TPEX JIHII.

19. VcnoBus cymecTBoBaHWS M SABHBIM BHJ CHTyalldd paBHOBecuss 1o bepxy B
nuddepeHManbHON JTUHEHHO-KBAIPATUYHOM WIpe JBYX JIMI[ C MalbIM BIUSHHEM OJHOIO M3
UTPOKOB Ha CKOPOCTh U3MEHEHHS (Da30BOT0 BEKTOpA.

20.Makcumywm 1o [TapeTo B IByXKpUTEpHATHHOM JTUHEHHO-KBAAPATUYHON THHAMHYECKOM 3a1a4e.
21 . Heo0Xxoaumbie U TIOCTATOYHBIE YCIOBUS CYIIIECTBOBAHUS CTPATETHIA C HYJICBBIM PHCKOM.

22. T'apantupoBanHoe 1o [lapeTo paBHOBecHe B MHOIrOLIArOBOM BapuaHTe ayornoninu Kypho ¢
Y4E€TOM UMIIOPTA.

23.I'apanTHpOBaHHOE IO BBIMTPHILIAM M PUCKAaM PaBHOBECHE B JIMHEWHO-KBAIPATUYHON UTpe
JBYX JIUII.

24. MaTemMaTU4YeCKHEe MOJIEIH TEXHUYECKOro Mporpecca (3K30T€HHBII U SHIOTEHHBIA MPOrpecc).
3ajaun ONTUMHU3AIMH U TIOJX0/IbI K PEIICHHUIO.

25. MaremMaTudeckue MOACIIN OINTHUMAaJIbHON I[O6LI‘II/I HEBO300HOBIIIEMBIX pPeCypcCOB.
3ax[atm OIITUMHU3AIMHU U ITOAXOAbI K PCHICHUTO.

26. HTEerpupOBaHHbIC MOJIEIN KiInMata u 3koHoMuKH. Mozens DICE. 3agaun ontumm3anuu u
MOAXObI K PEHICHUIO.

27. Heantaronuctuuyeckue auddepeniuanbabie Urpsl. PaBHoBecue mo Hamry B mporpaMMHbBIX U
MO3UIIMOHHBIX CTPATETHIX.

28. Muddepennuansupie UTPbl ¢ OECKOHEYHON MPOIOJDKUTENBHOCTHIO. PaBHOBecue mo Hamry B
MIPOTPAMMHBIX U MO3UIIMOHHBIX CTPATETHSIX.

29.Mopenb KOHKYPEHTHOM peKiIaMbl ¢ ABYMSI y4aCTHUKAMHU.

Cnmcox pekoMeHI10BaHHOM quTepaTypbl OcHOBHas
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TeOpHs ONTUMANIBHBIX npoueccoB. M. Hayka. 1961. 392 c.
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perynspusauun. — M.: U3a-Bo Mock. yausepcurera, 1999. — 237 c.
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7. MAKC Ilpecc, 2009.

8. 7.Seierstad A. and Syds”ter K, Optimal Control Theory with Economic Applications,

9. North-Holland, 1987.
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Mockga, 2004.

11. ArpaueB A.A., CaukoB FO.JI. ['eomerpuueckas Teopust ynpasienus. M.: Hayka. 2005.
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14. AmmanoB C.A. MareMaTudeckue MOJIEIU U MeToAbI B dKoHOMUKe. M. MI'Y. 1980. 190 c.
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15. Kucenes IO.H. Meronq auHamMH4YecKoro MporpaMMHpPOBAaHUS JUIsl  HENPEPBIBHBIX
yrnpasisgeMbix cuctem. booksee.org/book/46840 (33 ¢.)

16.  Kyxosckuit B.M.,Yuxpuii A.A. JluneitHo-kBagpaTHuHble AupQepeHInanbHble UTPHI.
Kues: HaykoBa J{ymka, 1994 r.

17. Kyxosckuii B.HW., Kynpssues K.H., Cmupnoa JI.B. ['apanTtupoBaHHBIE pELICHUS
koH(uMKTOB 1 uX npuinoxenus. M.:YPCC,KPACAH/I,2013.
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M.:YVPCC, JIEHAH/L,2012.

JlomosHuTeEABHAS

1. TuxonoB A.H., Apcenun B.SI. MeToasl peniennss HEKOppeKTHBIX 3a1a4d. — M.: Hayka, 1986.
2. Kommoropos A.H. ®omun C.B. DnemenTsl Teopun QyHKIUH ¥ QYHKIIMOHAIBHOTO aHAJIH3A.
— M.: Hayka, 1976.

3. AunekceeB B.M., Tuxomupo B.M., ®omun C.B. Ontumansnoe ynpasnenue. — M.: Hayka,
1979.

4. WMsopannsie Tpyaa B.A.Mnpuna. T. 2. M.: MAKC IlIpecc, 2008.

5. Lions J.L. Exact controllability, stabilization and perturbations for distributed systems // SIAM
Rev. 1988. V. 30. No. 1. P. 1 - 68.

6. Xyxosckuit B.W.,/lonueB /I.T. BekTopHas ontummu3aius JMHAMHUYECKUX cucTeM. bomrapus,
Pyce: BTY um.A.Kbinues,1981.

7. XKyxockuit B.W., TemsackuitH.T. PaBHOBecHbIC yIpaBieHHUs MHOTOKPUTEPHAIBHBIX
IuHamMudeckux cucteM. M.:MI'Y,1984.

8. boarsuckuii B.I'. OntumanbHOe yrnpaBiieHHe TUCKpeTHbIMU cuctemamu. M.: Hayka,1973.
[Tpomnoii A.W. DiieMeHTHI TEOpUU ONTUMAIBHBIX JUCKPETHBIX MpoieccoB. M.: Hayka,1973.

9. Hritonenko N., Yatsenko Yu. Mathematical Modeling in Economics, Ecology and the
Environment, Springer (2013)

10. Barro R.J., Sala-i-Martin X. Economic Growth. The MIT Press, Cambridge, MA (2003)
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Marucrepckasi nporpaMmma

"MaremaTu4ecKre MeTOAbl CHCTEMHOT0 AHAJIN3A, IMHAMUKHU U ynpaBJjeHus"
3ajaya cuHTE3a YIpaBlIeHMH ¢ KpurepueM Maiiepa-bonbua. BeIBOI COOTBETCTBYIOLIETO
ypaBHeHus ["amunbrona-Akoou-bemnmana.

JInHelHO-KBaipaTUYHBIC 3a1a41 YIIPABJICHNS U OLICHUBAHUSA HA KOHEYHOM MHTEpBAJIE.
3anavya JOCTHXKUMOCTH JJIs IMHEHHO-BBINYKIION cucTeMbl yrnpaBieHus. [Ipsimvble u nonsTHbIe
obnact noctixuMoctu. CHHTE3 yIpaBieHHUH.

3ajaya ONTHMAJIBHOTO YIOPABIEHUS TPU OrPaHWYEHUSIX Ha (a30Bble KOOPIUHATHI.
Hoctrmxumocts. CUHTE3 yIIpaBICHUHN.

[Tpunnnn makcumyma JI.C. TloHTpsirnHa. JIMHEWHbBIE CUCTEMBI.

[Tpuanun makcumyma JI.C. IlonTpsaruna. HenvHelHble cCTEMBI.

3ajaya KOPPEKUMU JBHKEHHM TNpU HeoNnpeAeNEéHHOCTU. AJbTEpPHUPOBAHHBIM HHTErpaj
[TonTpsiruna.

CuHTe3 yHOpaBlIIEHWM TNpH HEONPEAECNEHHOCTH [UISl JIMHEHMHBIX CHCTEM. YPaBHEHHE
I'amunbrona-Sko6u-bennmana-Aiizexca 1t cucteM oOIIero BUa.

[Tpunumn cpaBHeHus a7 ypaBHeHus [ amunbroHa-Ako6u-bennmana obuiero Buaa.

10. 321,[[3.‘{3. HUMITYJIbCHOTO YIPAaBJICHUA B JIMHENHBIX CHCTEMAaX. TeopeMa 0 4YHCJIC HUMITYJILCOB.

CHHTE3 UMITYJIBCHBIX YIIPABICHUM.

11. 3apgaua cuHTe3a ympaBleHUM MO pe3yibTaTaM HAOMIOACHUN B JIMHEHHBIX CHCTEMax, Ha

KOHCYHOM HMHTCPBAJIC.

12.  Teopemsl 0 MUHUMAKCE U O AU PepeHIUPOBaHUH (PYHKIIMH MAaKCUMyMa.
13.  OrmeanMoCTh BBITYKJIBIX MHOKECTB B KOHEUHOMEPHBIX IPOCTPAHCTBAX.
14. Beimykible MHOKECTBAa B KOHEUHOMEPHBIX IPOCTpaHCTBaX. Brlimykias 06onouka U Teopema
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Kapateonopu. OTHOCHTENbHAS BHYTPEHHOCTh BBIMTYKIIBIX MHOKECTB.

15. Maremarnueckue MOJECIH “‘XUITHUK - JkepTtBa” (mpuHIMn BombTeppa) u  MOIENlb

KOHKYpUPYIOIIMX BUAOB. MOA€EIb MUILIEBON LEIH.

16. budypkamus AugpoHosa-Xomnda poxAcHUS IUKIA. Bo3HUKHOBEHHE MPENETHLHOTO IMKIA B

MoeNu “XUIHUK - )xeptBa” I'. Tayse.

17. BeiBog ypaBHeHus @umiepa - Konmoroposa. Ero BoiHOBBIC penieHuMs.

18. Teopema bpayspa u HepaBencTBo ®anb L35I

19. KonkypeHTHOe paBHOBecMe B Mojenu Oppoy-Jedpe. Teopema DOppoy-lebpe o

CYIIECTBOBAaHUN KOHKYPEHTHOTO paBHOBecHs. IlepBas Teopema Teopuu 0:1arocoCTOSIHUSA.

20. Teopwus MaxOpU3aIHH.

21. OnTuManbHBIA MOMEHTBHl OCTAHOBKM Ui 33Ja4ll C KOHEYHBIM TOPU30HTOM, YpPaBHEHUS

bennmana u kpurtepuii ontTumansHocTH. [IprMeHeHne k 11eHo00pa30BaHUIO U XEHKUPOBAHHUIO

OIIIMOHOB AMEPHUKAHCKOT'0 TUIIA JIJIsl MOJIEIH MTOJTHOTO PhIHKA.

22. TapanTupoBaHHBIH MOAXOJ K LIEHOOOPAa30BAaHUIO U  XEDKUPOBAHUIO  OIIMOHOB
aMEepUKaHCKOro THUMa, ypaBHeHUs bemMana-Aiizekca. IrpoBoe paBHOBeCcHE, UHTEPIPETALUS
PUCK-HEHTpaIbHON BEPOSATHOCTH.

23. Crabunu3anys JIMHEHHBIX CTalMOHApHBIX cucTeM. CTaOmim3anus MO COCTOSHHUIO U IO

pe3ylbTaTaM U3MEpPEeHHIA.

24. 3ajgada ONTHMAIBHOW CTa0WwIM3alMd B OOIIEM, HEIMHEWHOM cCilydae. YpPaBHCHHE IS

¢dbynkun JlsanyHoa (GyHKIIUY LIEHBI), €ro PelIeHUE B cy4yae JIMHEHHO-KBaAPaTUIHON 3aJauH.

25.  VYpauenue armocdepHor audy3uu B OJHOMEPHOM cliydae. BBIBOI CONPSIKEHHOTO

yYpaBHEHUS U IPUMEPHI €r0 MPUMEHEHUSI.

26.  HabxromaeMocCTh CHCTEM C pachpelleICHHBIMU rmapamerpamMu. Ha0irro1aeMocTh CUCTEMBI C

JIBUKYIIUMCS] TOYEYHBIM CEHCOPOM Ha MPSIMOH.

27.  TlocranoBka 3amgauu perymspusanuu. Meron kBaznoOpamenus Jlmonca-Jlarreca.

28.  IlocnenoBatenbHas W MapajulesibHas CJI0XKHOCTh aJITOPUTMOB, HH(POPMAIIMOHHBINA rpad u
pecypc napajuiean3Ma aaropuTMOB.

29.  Meronbl OpraHu3aliy NapajieNbHbIX BBIUMCIEHUN NpPU CYNEPKOMIIBIOTEPHOM pPELICHUU
CETOYHBIX 3a/1a4.

30.  CynepkoMIIbIOTEPHOE MOJIEIMPOBAHNE TYPOYIEHTHBIX TEUECHUH.

31. Hcnomp3oBaHME  CYNEpKOMIBIOTEPOB  JUIS  pEIICHHS  3aJad  MOJICKYJISIPHOTO
MO/JICJINPOBAHMUSL.
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13. Kpacosckuit H. H. HexoTtopsle 3aaun Teopun yCTOMUNBOCTH JBUXKeHUS. M.: dusmarrus,
1959.

14.  Ksakepnaak X., CuBan P. JIluHeliHble onTHMaibHbBIE CHUCTEMBI ymnpasieHus. M.: Mup,
1977.

15. Kamman P., ®an6 II., Ap6udé M. Ouepku mo MareMaTHu4ecKod TEOpPHH CcHCTeM. M.:
Enuropuan YPCC, 2010.

16. TuxonoB A. H., Apcenun B. SI. MeTonb! pelieHust HEKOppEKTHBIX 3a1a4. - M., Hayka,
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17. JlaTtTec P., JInonc XK.-JI. MeTton kBazuoOpaiienus u ero npuiioxxkenus. - M., Mup, 1970r.

Marucrepckasi nporpamMmma
"PacnpeaesieHHbIE CHCTEMbI U KOMIIbIOTEPHBIE ceTH"

1. [TocnenoBarenpHas U MapajuielibHAs CIOKHOCTH alTOPUTMOB, HH(POPMAIIMOHHBINA Tpad U
pecypc napajieu3Ma alropuTMOB.
2. ApPXHUTEKTYpHBIE 0COOCHHOCTH T'pa)UUECKUX MPOIIECCOPOB, HAMPABICHHBIC HA MACCHBHO-

napaJuiebHble BBIYMCICHHUS. MeToabl d3QEeKTUBHON OpraHu3alyy MapayieIbHbIX BBIYUCICHUN
Ha rpadUIecKuX MPOoLEeccopax.

3. OcHOBHbIE TPUHIUIBI OPraHU3AIMHU ONTUYECKUX U OECHpPOBOAHBIX CHUCTEM IMEpeladyu
JAHHBIX.

4. CeTu XpaHEHUS TaHHBIX - ADXUTEKTYPa U OCHOBHBIE CEPBUCHI.

S. [TpuHIUTIIBI OpraHU3aMK ¥ OCHOBHBIE JocToMHCTBa MPLS TexHnonoruu.

6. [IporpamMmuo-kondurypupyemsie cetd (SDN). OcHOBHbIE NPUHIMIBI, APXUTEKTypa U

npeumymiectBa. [Iporokon OpenFlow. Crpykrypa OpenFlow kouTpomiepa u KoMMyTaropa.
[Ipumepsl npuMeHEHUS.

1. Bupryanuzanus cereBbix cepBucoB (NFV). OcHOBHblE NpuHIMIBL, 3Tamnbl pa3BUTHUSA,
apXUTEKTypa, npeumyiecTsa. [Ipumepsl npuMeHeHusl.

8. KauecTBO cepBHCca B KOMIIBIOTEPHBIX CETSAX: MOJEIM PACIpPEAETICHUS] PECYPCOB CETH M
MeTObI OOpBOBI C Meperpy3KaMu.

9. OcHOBHbIE MOAXOABI MAaT€MaTUYECKOTO MOJEIUPOBAHUSA KOMIIBIOTEPHBIX  CETEH.
[IporoTunupoBaHWe KOMIBIOTEPHBIX CETEM: NPEUMYILECTBA, HENOCTAaTKH, OrPaHUYCHMUS
MPUMEHUMOCTH.

10.  JIunamumueckoe rumanupoBanue 3a1a4 B MY C PB. Cxewmsl manupoBanust Rate Monotonic
(puxcuposannsie npuoputetsl) U Earliest Deadline First (munamudeckue npuopureTsl). OneHka
BpEeMEHH OTKJIMKa 3a1a4 11t cxembl Rate Monotonic.

11.  TlonsTre Hamxyxamiero BpemeHu BoinoiaHeHus nporpammbl (WCET). @akTopsl, Biustonye
Ha WCET. ®a3b1 ananuza WCET. Hcnonb3oBanue abCTpakTHOM MHTEPIPETALUU AJIS BBISBICHUS
HEONYCTUMBIX IyTeH. AHANNU3 BIUSHUS KOHBEWEpa Ha BPEMsI BBIITOJIHEHUS TPOTPaMMBI.

12. ApXUTEeKTypa HHTErpUpoBaHHOW MoxaynbHOW aBuoHMKH (MIMA), e€ ocHOBHbIE
MpeuMyliecTBa, npuMmepsl TunoB wmoxayiet (mmHa VME). Crartuko-nmuHamuueckas cxema
IUIAHUPOBAHMS BbIUMCIIEHUH B cucteMax IMA.

13.  V-oOpaznsiit xu3Hensbnid mmkin (OKL[) mporpammHoro obecniedeHusi. OCHOBHBIC BHIIBI
MHCTpYMEHTaNbHBIX cpeacTtB moanepkku JKL[, umx ortHecenme k ¢azam XKL Crpykrypa
KOMIUIEKCa cTeHAO0B A nodranHod uHTerpauuu 110 n anmaparyper UYC PB Ha Bocxopnsmiei
daze KII.

14.  Cpemnue u SMIUpPUYECKHE OINEPALMOHHBIE XapAKTEPUCTUKU CTpPATEerHil pacro3HaBaHUs
(kmaccuduxaTopoB, perpeccuii). [Ipodmema nmepeoOyuenus. [Ipobiema yCTOWYUBOCTH pEIICHUH.
Ponp oOyuaromieif, BaTUAAIMOHHON U KOHTPOJBHON BBIOOPOK MPHU MOCTPOSHHM PACHO3HAIOLICH
cucteMmbl. CKONB3SIMUNA KOHTPOJIb (Kpocc-Banuaanus). Perymspuzanus Ha npumepe JHMHEHHOM
perpeccumu.

15. Amncambim kimaccudukaropoB. OCHOBHbIE ATambl pabOThl  THUIIUYHOTO  0Aa30BOTO
Kiaccu(ukaropa, BO3MOXHOCTh KOPPEKIIMM Ha pa3HBIX JTamax. bBAITMHr W cioydaiiHble
noanpocTpancTBa. byctuHr. Ciy4daiHbId JieC KaK KOMIO3WIMS OCHOBHBIX TOAXOJ0B K

32



MMOCTPOCHUIO aHCAMOJISL.

16. 3amauva kmactepusanuu Kak (yHIaMEHTAJIbHAs 3ajlada WHTEIUICKTYaIbHOTO aHajIn3a
JAHHBIX, COTOCTABJICHHE C OTepaluedl rpynmupoBaHus U 3a1adeil kinaccupukanuu. Paznuunbie
MOCTAHOBKM: pa30ueHue, CToXacTHUYecKas, Hedye€rkas, Hepapxudeckas, YHIOpsSIOYMBAHUE,
oJHOKJIacTepHas (mocienoBaTenbHasi). Ilpumepel MeTOAOB KiacTepu3aluu Ul pa3HbIX
MIOCTaHOBOK.

17.  Jluckpeuuonsnsie ymnpasienue aocrynom. Monenmun HRU u Take-Grant. 3agaua npoBepku
Oe3omacHoCcTH cucteMbl 3auThl or HC/I.

18. Meronsl ayrentrdukanuu B cetu. [Iporokon ayrentudukanuu Kerberos.

19.  IlacuBHBIC U aKTHBHBIC ceTeBbIe aTaku (cHUGUHT, criybunr, MITM, nmnepconarus).

20.  KomMMyHHKanMOHHBIE MPOTOKOJbI. OMMOKH, BO3HUKAIOLIME NpPU Iepeaade COOOIICHHIA.
3amaya HamexHoro oOMeHa cooOmeHusMU. CHUMMETpUYHBIE MPOTOKOJI  CKOJB3SIIEro
(pa3IBMIKHOTO) OKHA: YCTPOHCTBO MPOTOKOJIAa M OOOCHOBaHHME €ro KOppekTHocTu. I[Iporoxon
anpTepHupyroiero oura.[1, ctp. 83-94]

21.  3apgaua mapmpyruzanuu. AnroputMm ®Omnoliga-Yopiiamia MOCTPOSHUS KpaTYalInX MyTeu
B rpade. ANTopuT™M MapupyTuzauumd Tysra: OMNHCaHHE alropuTMa, OOOCHOBaHHE €ro
KOPPEKTHOCTHH OIICHKA CIIOHOCTH 10 YKCITy 0OMEHOB coobmienusmi.| 1, ctp. 113-128]

22.  OOume NpUHIUNBI ACTyKTUBHOW Bepudukanuu mporpamM. OmepanmoHHAs CEMaHTHKa
MMIEepaTHBHBIX MporpamMMm. DopmanbHasi MOCTAaHOBKA 3a7add BepUQHKanmu mporpamm. Jloruka
Xoapa: mpaBuiia BbIBOJIA M CBOMCTBA. ABTOMAaTH3alUs IPOBEPKHU MPABUIBLHOCTH Mporpamm. (4, C.
4770]

23.  TemmopaibHas noruka aepeBbeB BbluncieHuii CTL. Cunrtakcuc m cemantuka CTL.
[Tpumeps! cienmdukanmii moaenei B repmuHax Gopmyn CTL. TemnopansHast IOTHKa JTMHEHHOTO
Bpemenn PLTL. Cunrtakcuc u cemantuka PLTL. CBoiicTBa >XMBOCTM H 0€30HacHOCTH.
OrpannyeHus crpaBeTMBOCTH. 3amada Bepuukaiuu moaeiei (model-checking).[2, c. 55-63]
24.  BpeMmeHHble aBTOMaThl Kak (OpMalIbHbIE MOJENIU PACIPENEICHHBIX CHUCTEM PEealTbHOTO
BpeMeHH. BeIarciieHus BpeMEHHBIX aBTOMATOB. [IprMephI HCITOIb30BaHHS BPEMEHHBIX aBTOMATOB
JUISE MOJICTUPOBAHMS BCTPOEHHBIX CHUCTEM. 3€HOHOBCKHUE BbuMcieHHs. CHUHTAKCUC M CEMaHTHUKA
Timed CTL. 3amaua BepuduKaiuu MOJCICH MPOrpaMM peajbHOro BpeMeHH. [IporpamMmHO-
MHCTPYMEHTAJIbHOE CPEACTBO Bepu(uUKaluy Mojeneil nporpamm peansHoro Bpemenn UPPAAL.
[2, 344-353]

25. Huckpernbie nenn MapkoBa. MeTox BIIOXKEHHBIX Liernie MapkoBa mpH HUCCIEAOBAaHUU
CHCTEM MacCOBOI'0 00CTYKUBaHUS.

26.  Ilpomecchl rubenu u poxaeHus. MccrnegoBaHue MapKOBCKHX CHCTEM OOCITYKHBaHHS C
MTOMOIIIBIO0 TEOPHH MIPOIIECCOB THOCTH U POKICHHUS.

27. lloHATMe aHTarOHUCTHYECKON Wurphl. BepxHee W HWKHee 3HAYCHHS] KOHEUHBIX U
0eCKOHEUHBIX aHTaroHucTuaeckux urp. CemroBas Touka. HeoOXonuMbIe U JOCTATOUHBIE YCIOBHUS
CYyILIECTBOBaHUs cemsloBor TOUkU. Teopema @oH HelimaHa O CyleCTBOBAHUU CEIJIOBOM TOYKH Y
BOTHYTO-BBITYKIIBIX ()YHKITUH

28. llonsatue moOTOKa B CETU. 3ajJaya O MaKCHUMalbHOM TOoTOKe. Anroputmbl Doppa-
Qankepcona n Kaps3anoBa. Teopema 0 MakCHMaqbHOM NIOTOKE M MHMHUMAaJIbHOM pa3pese.
CBenmenue 3agaud  COCTABJICHUS  JIOMYCTUMOTO  pPACIUCaHUS C  MPEpPHIBAaHUSAMH s
MHOTOITPOIIECCOPHOW CHCTEMBl TPH 3aJaHHBIX IUPEKTUBHBIX WHTEPBAIAX K 3aJade o
MaKCHMaJbHOM MOTOKE B CETH.

29.  TlceBIOMOIMHOMHAILHBIC AITOPUTMBI PEIICHUS 3a1ad: pa30MeHHE, PIOK3aK, pacIUCaHHE
JUIs1 MHOTOIIPOIIECCOPHON CHCTEMBI (YUCIIO MTPOLECCOPOB (PUKCHPOBAHO).
30. Meron BeTBeM M TpaHUIl Ha IpUMEpEe MHHHMMAKCHOM 3aJadyd TEOPHHM pPACTIMCAHUI

[Mpubnkennsie anroputMbl perreHuss NP-TpyIHBIX 3amad: ynakoBKa B KOHTEHHEPHI, PIOK3aK,
KOMMHBOSDKEp, PACIIHCAHKE JIJISI MHOTOIPOIIECCOPHON CHCTEMBI, BEPIIMHHOE MOKpbITHE. OIEHKH
UX CIIO)KHOCTU M TIOTPEITHOCTH.
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Marucrepckasi nporpaMmma

"CoBpeMeHHbIe METOAbl MATEMATHYECKOI0 MOIeTMpOBaHus "
[TokoneHust apXUTEKTyp KOMIBIOTEPOB U MapagurMbl IPOrpaMMHUPOBAHHUSL.
ApPXUTEKTYpHBIE 0COOEHHOCTH COBPEMEHHBIX MUKPOIIPOIIECCOPOB.
[TporpammHoO-anmapatHas apxUTeKTypa cyrnepkoMmbioTepoB Jlomonocos u Blue Gene/P.
ITocnenoBarenbHas U napajuieiabHas CI0XKHOCTh AITOPUTMOB, HH(OPMAIIMOHHBIH rpad U pecype
napajuiesIn3mMa alropuTMOB.
MaremaTtnueckas MOJIENb ICHEXKHBIX HAKOIUIEHUH B MOCTaHOBKE cToxactudeckoro O/Y
MeTtob1 opranu3anus napauieabHbIX BEIYUCIEHUN IPU CYTIEPKOMIIBIOTEPHOM PELICHUH
CeTOUHbIX 3aaa4. [Ipumepsl.
[TocTaHOBKAa OCHOBHBIX 33/1a4 ISl YpaBHEHUS INIOTHOCTH LIEHHBIX Oymar (aKiui).
VYpaBaenne KoamoropoBa MapkoBCKHX ClIydaiiHBIX ITpoueccoB. [locTaHOBKa onpenenstommux
3aja4 it ypaBHeHust Konmoroposa
Mertoa Putiia mpuOImMXeHHOTo peleH sl SJUTUITHYECKOTO YPaBHEHHUSI BTOPOT'O MOPSIKA.
BapuarnonHas nocraHoBKa 3aJjaud Ha COOCTBEHHbIE 3HAYEHUSI CUMMETPUYHOTO MOJI0KUTEIBHOTO
OIIEpaTOPHOIO YPaBHEHHUSI.
AHnanutnueckoe pemienue 3agaun Koy MoaensHoro ypaBHeHusI mapaboanyeckoro Thmia
JTUHAMHKH TUIOTHOCTH IIEHHBIX OyMar (aKIuii).
Bapuarnmonnas nocTaHoBKa 3a/1aqd Ha COOCTBEHHBIE 3HAYEHUS JIJIS1 YUCIICHHOTO PEeIIeHuUs
cTanroHapHoro ypaBHeHus lIpenunrepa. 3aBUCUMOCTD CI0XKHOCTU BBIUMCIEHUH OT YMCIIa
0a3UCHBIX (PYHKIIHH.
ITpouzBoacTBeHHble QyHKIMH. [TprMepbl MaTeMaTHYECKUX MOJAETIeH MaKpOIKOHOMHUECKOM
JTUHAMUKH.
3anauu 1Sl HEMTMHENHBIX YPAaBHEHUM, METO/Ibl YUCIIEHHOTO PEIICHHUS.
OnHOMEpHBI MApPKOBCKUI CITyHYailHBIN MPOIIECC. Y CJIOBUS CHIIbHON HENPEPHIBHOCTH
MapKOBCKOT'0 CJIy4alfHOr0 Mpoliecca.
MeTo1 KOHEUHBIX JIEMEHTOB PEIICHUSI MHTETpajibHbIX ypaBHEeHU Dpenronsma 2-ro poja.
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[TpouzBoxacTBennsie GyHkIMu. [IpruMepsl Moenel MaKpOAIKOHOMHYECKON TUHAMUKH.

MeTton pelieHus] CHHTYISPHOTO HHTETPaJIbHOTO ypaBHEHUS ¢ a1poM [ uinpbepra Ha OCHOBE
KBaJpaTypHBIX (HOPMYIT HHTEPIIOIALMOHHOTO THIIA.

MeTton MOJEKYIAPHON TUHAMUKH.

Pa3BuTHe K0JJ0OB KBaHTOBON MOJIEKYJIIPHOM TUHAMMKH AJI1 MOJEIMPOBAHUS IKCIIEPUMEHTAIbHbBIX
3¢ dexToB B 00J1aCTH HAHOTEXHOJIOTHUH.

CynepKOMITBIOTEPHBIE KO/l KBAHTOBOW MOJICKYJISIPHOM JMHAMUKHU B 00JIaCTH OHOJIOTHH.
MopenupoBaHue CTPYKTYpPbI IPOTEUHOB.

MacmTabupyeMocTb KOJ0B KBaHTOBOI MOJIEKYJISIPHOIN TMHAMUKH HAa OCHOBE TEOPUHU
(GyHKIIMOHAJA INIOTHOCTH B 3aBUCUMOCTH OT KOJIMUYECTBA aTOMOB.

MaremaTrueckasi MOAEIb TMHAMHUKH IUIOTHOCTH [IEHHBIX Oymar (akuuii) B IPOCTPAHCTBE IIEH.
MareMarnueckoe MOACIIMPOBAHNE JUHAMUKH COCYILIECTBOBAHUS Pa3JIUYHBIX I'PYII HACEICHUS B
paMKax HEJIMHEHHON IIPOCTPAHCTBEHHON Y3KOHOMUKHU.

ApXUTEKTypHbIE 0COOEHHOCTHU IpaUyECKUX MPOLIECCOPOB, HATIPABICHHBIE HA MACCUBHO-
IapajuleIbHbIE BHIYUCICHUS

MareMatuueckre MOJEIH 3alUThl ATOMHBIX PEAKTOPOB Ha OCHOBE MeT010B MoHTe-Kapio.
Mertoab! 3¢ (heKTUBHOI OpraHU3aINH APAIIEIBHBIX BRIYUCICHUN HAa TpadUUeCcKUX MPOIeccopax
Hcnons3zoBanne merona Monrte-Kapiio a1 MareMaTuueckoro MOJAEIMPOBAHMS IIPOLECCOB B
IJ1a3Me.

ApXUTEKTYypHbIE 0COOEHHOCTHU LEHTPATHHOTO U TPapUIeCcKOro MpoLecCOopOB.

Maremaruueckre MOJEIN TeOpuu noTpedieHus. Y papaenue Ciaynkoro.

JlocTukeHre MakCUMaIbHOM MPOU3BOIUTENIBHOCTH IpaduecKoro mporeccopa.
CynepKoMITbIOTEpPHOE MOJIETUPOBAHUE TYPOYIEHTHBIX TEUECHUH.

MareMatuueckre MOJEIN TPAHCIIOPTHBIX TOTOKOB B METarnoiaucax.

Monenu paBHOBECHS IUIa3MbI, OCHOBaHHBIE Ha ypaBHeHuu [ pana-1lladpanosa.

MopenupoBaHre CTOXaCTUUECKUX LIUKJIOB U PABHOBECUM B MOJIEIN SKOHOMHYECKOU TMHAMHUKHU
I'ynBuna.

YucreHHble aITOPUTMBI pEeLlIeHNUs ypaBHEHUs paBHOBecHs u1a3Mbl ['paga-1llappanosa.
[Ipocreitmas MmaremMaTrudeckas MOIeNIb TeOpHuH nmoTpedsieHus. Y paBuenue Ciyiikoro. 3agaHue
JIOTIOJTHUTEBHBIX HAauaJIbHO-KPAEBBIX YCIOBUM 111 ypaBHEeHUs1 CIyIIKOTO TEOPHH MOTPEOIEeHUs 1
UX UHTEpIpeTarusl.

[Tonsarue onmuona. OCHOBHBIE BU/IbI ONIIMOHOB. MaTemMaTudeckre MoJeNn IIeHO00pa30BaHMs Ha
(GoH0BBIX pbIHKaX. Mozens nieHooOpa3oBaHus oniuoHoB biska-Iloynsa.

OCHOBHBIE MOJEJIN TPAHCIIOPTHBIX TOTOKOB: THIPOJUHAMUYECKHE MOJIENIN, CTOXACTUYECKUE
MOJIETN, MUKPOCKOIIMYECKHE MOJIETH. TpaHCIIOPTHBIE 3aTOPBHI.
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Marucrepckasi nporpamMmma
"CnekrpajbHas Teopusi AM(PPepeHINATBLHBIX ONIEPATOPOB U YIIPABJICHHUE

pacnpeaejJeHHbIMHA cucTeMaMu''
OO0mas yactb
O06o001eHHOoe peneHue 3a1auu Jupuxiie A1 ypaBHEHUs! BTOPOTO MOPSAIKa SJUIMITUYECKOrO THUIIA.
Meton Putiia npubIuKeHHOTO PEIIeHUS JUTMIITUYECKOTO YPAaBHEHHS BTOPOTO TIOPSIKA.
BapuanmoHnHas mocTaHOBKA 33/1a4M HA COOCTBEHHBIE 3HAUEHUS] CHMMETPUYHOTO MOJIOKUTEIBHOIO
OIIEPaTOPHOrO ypaBHEHUSI.
Mertoa Putiia B mpo6ieme BbIuUCIIeHUs] COOCTBEHHBIX 3HaUeHUH 3a1aun Jlupuxie.
MeToa KOHEUHBIX 3JIEMEHTOB I OOBIKHOBEHHOTO TU(PEpEeHIINATLHOTO YPAaBHEHUSI.
MeTtosa KOHEUHBIX 3JE€MEHTOB Ui 3a7auu 00 n3rude ynpyroro opyca.
Martpuna »KeCTKOCTH M MaTPULa MACCHI JIMHEMHOTO KOHEYHOT'O 3JIEMEHTA.
Teopema 0 CXOAMMOCTH METO/1a KOHEYHBIX 3JIEMEHTOB Ha JINHEHHBIX TPEYrOJbHUKAX B CIIydae
ypaBHeHus [lyaccona.
BeiBon ypasaenus Kopresera-nge ®@pusa.

10. I'pymnimoBoi#i aHanu3 0OBIKHOBEHHBIX MU ((epeHIInaTBFHBIX YPaBHEHHHA IEPBOTO U BTOPOTO

IopsaKa.

11. I'pynnoBoii aHanu3 Jyisl ypaBHEHUsI TEILJIONPOBOJHOCTH.
12. YpaBuenue broprepca u ero auHeapusanus.
13. MeToab! opranu3alnyy napaiieabHbIX BEIUUCICHUHN PH CYTIEPKOMIIBIOTEPHOM PELICHUH

CCTOYHBIX 3aaa4.

14. CynepkoMnblOTEpHOE MOJIETIMPOBAHNE TYPOYIEHTHBIX TEUCHUH.
15. Mcnionb30BaHue CynepKOMIIBIOTEPOB JUIsl pEIICHUS 3a/1a4 MOJIEKYJIIPHOIO MOJIETHUPOBAHUS.
16. Metoab! 3¢ (peKTHBHOM OpraHu3aliuy MapaielbHbIX BEIYUCICHUN Ha rpa)uuecKuX MpoLeccopax

1.
2.
3.

o o

N

CnMcok peKoOMeHI0BAHHOM JTUTepPaTyphbl
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N3parensctBo MockoBckoro ynusepcutera, 2013. CnenuanbHas 4acTh

dopMyna cpeHEro 3HaueHUs JJis pelIeHnil ypaBHeHus [ eapMromsla.

Orenka madku coOCTBEHHBIX QYHKIIUN omeparopa Jlammaca.

CaoiicTBa hyHIaMEHTAIBHON cHCTeMbI PYHKIIMIA oiepaTopa Jlamiaca u mocine10BaTeNbHOCTH
COOCTBEHHBIX 3HAUECHMIA.

BapuarmoHHbIi npuHIMI COOCTBEHHBIX 3HAUEHUI 1 cOOCTBEHHBIX (hyHKIMH. HepaBeHCTBO
Opuapuxca, TOYHOE 3HAUEHHE TOCTOSTHHOM.

CamoconpsikeHHOCTh onepatopa [lpéaunrepa. [Ipumepsl CyliecTBEHHO caMOCONPSKEHHBIX
ONepaTopoB.

Paznoxenne ¢pynkuuii u3 knacca Cobosena 1enoro nopsaaka B psg @ypbe no codCTBEHHBIM
¢dbyakumsm oneparopa Jlamnaca.

O6ocHOBaHME MPUMEHUMOCTH MeToAa Dypbe s pelieHni CMEIIaHHBIX KPAeBbIX 3a1a4 s
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10.
11.
12.

13.
14.

15.
16.

runepOoIMYecKrX ypaBHEHH B mpocTpancTBe CobomeBa.

Kpaesbie 3amaun Tpukomu, @pankis u ['emnnepcrenra g ypasuenus JlaBpentbeBa-buiianse.
CrniekTpanbHblil METO pelieHns 3a1auu Tpukomu Uit ypaBHeHus JlaBpeHTheBa-bunanze.
Wuterpan tuna Ko, popmynsr Coxorkoro-ITnemens.

®Da30B0-4aCTOTHOE IIPE/ICTABICHUE CUTHATIA.

BeiiBieTs! 1 pazdueHne mpocTpaHCTB, OPTOrOHANILHBIN BeliBiieT-0a3uc. [IpoekTuBHOE
pasiioKeHHeE.

TOYHOCTB M TTIAJKOCTh BEUBIIET-IIPEACTABICHUS. AJITOPUTM NTUpaMuibl Masnara.

3amaun TPaHUYHOTO YIPABICHUS IJIs1 KOJIEOATEIbHBIX CUCTEM: IOCTAHOBKH 3a/1a4 U METO/IbI
peuieHusl.

KpuBas B mpocTpaHncTBe (KpUBU3HA, KPYUEHHUE).

[ToBepxHOCTH B MpocTpaHCcTBE (MepBas KBaJpaTU4Has (popma, u3MepeHus Ha MOBEPXHOCTH,
XapaKTEPUCTUKU KPUBU3HBI).
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Marucrepckasi nporpaMmma
"CraTuCTHYECKHI AHAJIN3 U IPOTHO3MPOBAHNE PHCKOB''

JIuHeitHast perpeccMoHHas Mojieb. MeTo HauMeHbIINX KBaapaToB. OCHOBHBIE CBOIMCTBA OLIEHOK
METO/a HANMEHBIINX KBA/IPaTOB.

ITpoBepka IMHENHHBIX THUIOTE3 B paMKaX KJIacCUYEeCKOM MOJIEIN PEerpeccHH.

JluckpeTHbie MO BBIOOPA.

JIMCKpUMHHAHTHBIN aHAIN3: TOCTAaHOBKA 3a/1a4M U €€ PElIeHHE B ClIyyae U3BECTHBIX MapaMeTpOB.
KitacrepHslil aHan3: NOCTaHOBKA 3314l M OCHOBHBIE TIOHSTHS.

DyHKIUS MOJIE3HOCTH U €€ CBOMCTBA.

MHoromMepHOe HOpMAITFHOE pacTpee]IiCHHe U €T0 OCHOBHBIE CBOICTBA.

OO111e MPUHIUIBI BBIOOpa CTPAaXOBbIX TAPU(POB U TAPU(PHBIX CTABOK.

Acumnrorndeckast GopMyiia Uit CTPaxOBBIX TapU(POB B CTATUIECKON MOJIETH CTPaXOBaHUSI:
CpaBHEHHE KJIaCCHYECKON U (PaKTOPU3AIMOHHONW MOJIEIH.

. l'apanTrpoBaHHbIE OLIEHKH CTPaxOBBIX Tapu(oB AJs GaKTOPU3ALMOHHON MOJIETHN CTPaXxOBaHUs

IIPU ITyaCCOHOBCKOM 00beMe MopThes.

. CnektpanbHbli aHaNU3 BpeMeHHbIX psAaoB. [lepuogorpamma Bei6opouHas. CBoiicTBa

nepuogorpaMmMsl. CriaakeHHas epHoAorpaMMma.

. JIuneitnas ARMA(p,() Moieb BpeMEeHHBIX psiaoB. CTallMOHAPHOCTH, 00PaTUMOCTb.

ABTOKOPPEISIIIMOHHAS U YaCTHAs aBTOKOppesuonHas GpyHKiuu. O1eHrBaHue mapaMmeTpoB.
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IIporuosuposanue.

13. Hepasencta beppu-Occeena, Ocumnosa u Kara-Ilerposa.

14. IlyaccoHOBCKuUE CilydaliHble CyMMBI: OIIPEEIIEHNE, CBOWCTBA, ACUMIITOTHYECKAsi HOPMAJIbHOCTb,
aHaJjor HepaBeHcTBa beppu-Occeena

15. I'eomeTpuyeckre U OTpULATETbHbIE ONHOMUAIIBHBIC CITyYaiiHbIE CYMMBI: OIIpe/IeNICHHE,
IIpeJesIbHbIE TEOPEMBI U OLICHKH CKOPOCTH CXOAUMOCTH.

16. IIpeobpazoBanue Dypre u ero cBoicTBa. JIuneitHble GuIbTphl. Teopema o CBepTKe.

17. KparHomaciuTaOGHbIi aHanu3. AITOPUTMBI Pa3ioKeHUs! U PEKOHCTPYKIIMH.

18. IloporoBast 06paboTKa K03 (HUIIMEHTOB BeBIET-pa3nokeHusi. MeTo sl BBIOOpa mopora.

19. Mopenu nporHo3upoBaHus Ha ocHOBe nepeBbeB pereHuii. Anroputmsl CHAID, CART, C4.5:
KPUTEPHUH ITOUCKA Pa30MEeHHMIA, TapaMeTpsl OrpaHUYEHUs pocTa 1 00pyOaHus aepeBa.

20. Hetiponnsle ceTu npsmoro pacrnpoctpanenus. Apxutektypsl MLP u RBF: cTpykrypa cerei,
BUJIBI (PYHKLMI aKTUBALIMH, aJITOPUTMBI 00ydeHus1, 0oprda ¢ mepeodydeHrneM u ¢ mpo0iIeMoit
JIOKAJIbHBIX MUHHMYMOB.

21. Tlouck accolMaTHBHBIX MpaBwi. AnroputMbl Apriori u FP-tree: mocTpoeHue 4acThIx 3M1U3010B €
OrpaHUYEHHUEM I10 MOAJIePKKe U (OPMHUPOBAHKE MPABUII C OTPAHUUYEHUEM IO JOCTOBEPHOCTH.

22. Illar odpaboTku nanubix (data step) B si3pike nporpammupoBanust SAS Base. O0mias cxema
byukironupoBanus, moustue PDV, onuu u orpanndenust Habopos ganubix (Where, keep, drop,
rename, end). Mcnonbs3oBanue by-rpynmnupoBku u retain nepeMeHHbIX Ui pacyeTa arperaruii.

23. Tlpumenenue nporenypbl SAS/STAT GLM ass penienus 3amaq AUCIIEPCUOHHOTO U
PErpecCUOHHOI0 aHalu3a: CUHTAKCUC, OCHOBHbIE MapamMeTpbl. OTOOp U rpylIupoBKa
KaTeropualbHbIX NpeAUKTOpoB. HTepnpeTanus pe3ynbTaToB: OCHOBHbIE CTATUCTUKU U IPA(UKH.

24. Tlpumenenue npouenypbl SAS/STAT LOGISTIC ans pemienus 3a1a4 OMHApHOH U
MHOT'OKJIACCOBOM KJIacCU(IMKALMU: CHHTaKCHC, OCHOBHBIE ITapaMeTpsl. [loniaroBsie aaropuTMbl
orOopa nepeMeHHbIX. IHTeprpeTanus pe3yabTaToB: OCHOBHBIE CTATUCTHKHU U TPAQUKH.

25. IlocnenoBarenbHas U napajuieibHas CII0KHOCTh AJITOPUTMOB, HH(POPMALIMOHHBIN Ipad U pecypc
napajuiesin3mMa alropuTMOB.

26. ApXUTEKTypHbIe 0COOEHHOCTH Irpa)UYecKUX MPOLECCOPOB, HAIIPABIECHHBIE HA MACCUBHO-

napasuiesbHbIe BHIYUCICHUS.
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Marucrepckasi nporpaMmma

"CynepKoOMIbIOTEPHbIEC CHCTEMbI M NPUJIOKeHUs "

ITokoseHus apXUTEKTyp KOMIIBIOTEPOB M MAapagurMbl IPOrPAMMUPOBAHMSL.
ApPXUTEKTYpHBIE 0COOEHHOCTH COBPEMEHHBIX MUKpOIporieccopoB. [Iporpammuo-anmnaparHas
apxXuTeKTypa cynepkommnbioTepoB JlIomonocos u Blue Gene/P.
[TocnenoBarenbHas ¥ MapajuiedbHAs CI0KHOCTh AJITOPUTMOB,MH(OPMAIIMOHHBIHN rpad u pecype
napaiesin3Ma alrOpuTMOB.
Mertoabl oprauu3anys napajjieabHbIX BBIYUCIECHUHN IPH CYIEPKOMIIBIOTEPHOM PELLICHUH
CETOYHBIX 3a/1a4.
ApPXUTEKTYpHBIE 0COOEHHOCTH Irpa)UYECKUX MPOLIECCOPOB, HAIIPABICHHbIE HA MACCUBHO-
IapajuleIbHbIE BBIYUCICHUS.
Mertoab! 3¢ heKTHBHON OpraHu3aluy apauieNbHbIX BEIYMCICHUN Ha rpa)uuecKux
poleccopax.
Mertoabl cTaTHUECKON U TMHAMUUYECKON OaJaHCUPOBKHU 3arpy3KH MPOLIECCOPOB: CIBaUBaHMUS,
re€OMETPUUYECKOT0 Mapaiean3Ma, KOJUIEKTUBHOTO pEelIeHNs, KOHBEHEPHOI 0 apasuiean3ma,
b dy3HOM 0anaHCUPOBKY 3arpy3KH.
JIeKOMIIO3U1IMSI PACUETHBIX CETOK: KPUTEPUU U METO/IBI.
[TapannenbHble aITOPUTMBI COPTUPOBKH JTAaHHBIX.
AAropUTMBI B3aMMHOT'O UCKIIFOUEHUS B PACIIPENIEICHHBIX cUCcTeMaX (QJIrOPUTMbI HA OCHOBE
COOOIIEHNH, MapKEPHBIE AITOPUTMBI).
AnropuTMEI BEIOOpA JIHJEpa B pACTIPEICIICHHBIX CHCTEMAX (QITOPUTM IPOMMIIBI, MAPKEPHOE
KOJIBLI0, BEIOOPBI JIH/JIEpa B CEHCOPHBIX CETSIX)
Bbnokueitn — apxuTekTypa, IPUHIUIBI ()YHKIIMOHUPOBAHUS Y3JI0B (TIOJHBIH y3€I1, JISTKHH y3ell,
MaiHep).
KiieTounble aBTOMaThI: onpeeneHue,3JeMEHTapHbIE KJIIETOUHbIE aBTOMAThI, Kilaccupukanus
Bonbdpama, nBymepHbIe KJI€TOUHBIE aBTOMAThI, TUIIBI OKpeCcTHOCTEH, urpa "’Kuzup",
napajuiesibHas peaanu3alus.
Certu Iletpu: onpenenenue, mpuMepbl, BapHaluu (CETH ¢ IPUOPUTETAMH, HHTHOUTOPHBIE
CETH, LIBETHBIE CETH), MOIETTUPOBAaHNE NapaJlIEIbHBIX MPOIECCOB.
I'eHeTHUECKHE aTOPUTMBI: ONEPATOPBI TEHETHUECKUX AITOPUTMOB, OCOOEHHOCTH KOJIUPOBAHUS
(1BOMYHOE, 11ETIOUNCIIEHHOE, HETTPEPHIBHOE, IEPECTAHOBKAMH ), CXOUMOCTh T€HETUYECKUX
JITOPUTMOB (TEOPUS CXEM), OCTPOBHASI MOJEIIb, KJIETOYHbIE T€HETUYECKHUE AITOPUTMBI.
Mertoas! po€BOM ONTUMHU3ALMH: TOHATHE POEBBIX AITOPUTMOB, IPUHIUIBI PeliHomnaca, MeTo post
YaCTHLl, AITOPUTM OAKTEPHATILHOTO TIOUCKA, MYETUHBIE aJITOPUTMBI.
CrniocoOrl opranu3anuu ycTaHoBKH U 3arpy3ku OC y3710B BBIUHCIUTENBHOTO KiIacTepa.
Cucremsl ynpaBieHus 3a7ja4aMu JJIs CylIEPKOMIIBIOTEPOB.
VYnpasiieHue 3arpy304HbIMH 00pa3aMHy y3J10B CYIIEpKOMIIBIOTEPA, CHHXPOHHU3AIMS YUETHBIX
3anucei.
CrniocoOrl opranu3anuy yIal€HHOTo 10CTya, KBOTUPOBaHHUE JOCTYIA U PECYPCOB.
OO6pa31bl (MaTTepHbl) MPOSKTUPOBAHMS, UX KIaccuuKaus U cnocod onucanus. Ilpumepsr
00pa31oB: CTPYKTYPHOTO, OBEIEHYECKOTO U MOPOKIAOIIETO.
[IceBnononMHOMMANIbHBIE AITOPUTMBI pEIICHUs 3ajad: pa3OHeHue, PIOK3aK, pacluCaHue st
MHOTOIIPOIIECCOPHON CUCTEMBI (YUCIIO TIPOIIECCOPOB (PUKCHUPOBAHO).
Meton BeTBEH ¥ IpaHULl HA IPUMEPE MUHUMAKCHOM 3a7jaul TEOPUU PaCIUCaHUM
[Tpubnmxennsle anroputmsbl pemieHus NP-TpynHbIX 3amay: yrmakoBka B KOHTEHHEpPHI, PIOK3aK,
KOMMUBOSIKEP, paCIUCaHUE IS MHOTOIIPOLIECCOPHOM CUCTEMBI, BEPIIMHHOE MOKpbITHE. OLIEHKH
UX CIIOKHOCTH U IOTPELIHOCTH.
CpenHue M SMIHMPUYECKHE OIEPALMOHHBIE XapaKTEPUCTUKU CTpPaTETMH  PaclO3HABAHMS
(xnaccuuxartopoB, perpeccuit). Ilpobmema HemooOyuenuss u mnepeoOyueHus. [IpoGnema
yCTOMYMBOCTH pemieHuid. Ponb oOydaromeil, BaJMAallMOHHOM M KOHTPOJBHOM BBIOOPOK IpH
MMOCTPOCHUM  pacro3Haromieil  cucreMbl.  CKONB3AMUNA  KOHTPOJIb  (KPOCC-BaJIMIAIINS).
Perynapusanus Ha npuMepe TUHEHHON PErpeccuu, €€ poilb.
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25.

26.

[Ipobnema cmemeHus-aucnepcud. AncamOiau kiaccupukaropoB. OCHOBHBIE 3Tambl pabOTHI
TUIIMYHOTO 0a30BOro KJIacCHU(PUKATOpa, BO3MOXKHOCTh KOPPEKLMH Ha Pa3HbIX 3Tamax. barrusr.
Canyuaitnsle nognpocTpancTBa. bycrunr. CiydaiiHbIN jec Kak KOMITIO3ULIMS OCHOBHBIX MOJIXOZ0B
K TIOCTPOCHUIO aHCaAMOJISI.

3ajaun  KJIacTepU3alMd, COIOCTABIEHUE C ONepalued TIpyNNUPOBaHMUS U 3aJadel
kinaccuukanmu.  PasnuuHbple  MOCTaHOBKU:  pa3OMeHMe, — croXacTUyecKas,  HeuéTkas,
uepapxuueckas, yrnopsao4uBaHUeE, OJHOKJIAcTEpHas (IlociiefioBaTebHasi). 3ajada U Ipoueaypa
K-cpeanux. Metoz HeueTkol kiactepuzanuu C-cpeqHux. ArioMepaTuBHas KjlacTepU3anus.
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Marucrepckasi nporpamma

"Teopnﬂ HeJIMHEHHbIX ANHAMHAYCCKHUX CUCTEM: aHAJIN3, CHHTE3 " praBJICHI/Ie"

IToctpoeHue aJropuTMOB YHPABICHUS HEIUHEWHbBIMU a(p@GUHHBIMM CUCTEMaMH METOJOM

o0paTHOM 3a7auul TUHAMUKH.

Crabunmszanus HenUHEWHOW ap@PUHHON CHUCTEMBI 2-TO TMOpPSAIKa PEryIsiTOPOM IEPEeMEHHOM

CTPYKTYpBHI.

[Momxox k cTabunM3anuy HETMHEWHBIX CUCTEM Ha OCHOBE MeTona ¢pyHKuuid JIsmyHoBa.

CriyuaiiHble TIPOLIECCHI C HE3aBUCUMBIMU MPUPAILEHUSAMH, CTAlMOHAPHBIE U HOPMAJIBHBIE, BBIBOJ

cToxacTuueckux uHrerpanos Mro u CtpaToHoBuya.

@opMyIupOBKa HEOOXOJUMBIX  YCIOBUH  CyLIECTBOBaHHMS OOOOIIEHHOTO  ONTHUMAaJbHOIO

yIIpaBJIeHUs 1 OOBSCHEHNE YCIOBUI UX pean3alliyl B IPUKIITHBIX 331a4ax

[IpyHUIMO KOMIEHCAlMM CIy4YalHBIX BO3MYLIEHMH C IIOMOIIbIO CHHTE3a OO0OOLIEHHOrO

ONTUMAJILHOTO YIIPABICHHUS.

Kpurepun nadbmogaemoctu (Kanmana u Po3enOpoka).

Kanonnueckue hopMbl HabII01a€MOCTH.

ANropUTMBI IOCTPOEHUS HAOJII0JaTeNeH OJTHOTO ¥ MOHUKEHHOT'O IOPSIKA.

OO0mas MOCTaHOBKA 3a/laydl a/IallTUBHOTO yIpaBieHMs. TUIbl aJanTHUBHBIX cUcTeM. OCHOBHbIE

9Tanbl HOCTPOCHNUS AITOPUTMOB aJalITUBHOI'O YIIPABJICHUS.

[lepeximoyaeMble JTMHEHHBIE CHUCTEMBI. Y CTOMYUBOCTH IIEPEKIIOYAEMBIX JIMHEWHBIX CHCTEM.

Heo6xoanmoe ycinoBue ycToWduBOCTH. JlOCTaTOUHBIE YCIOBUS YCTOHYHUBOCTH.

Crabwinzanys NepeKIIoyaeMbIX JUHEWHBIX CUCTEM C UCIIOJIb30BAaHMEM METOAO0B OJIHOBPEMEHHOM

CTabWIN3aLuy.

OO6mas cxema BKJIFOUEHHUSI KOMIIEHCATOpa HAKOILJICHU s, TpeoOpa3oBaHusl pa3IudHbIX cxeM. Cxema

IIPOTHBOHAKOIIJICHUS Ha OCHOBE HabuoiaTens. besynapHoe nepexitoueHue.

Mpmuoroo6pasue. Ilpumepsl. Bektop, KacarenbHOe€ NPOCTPAHCTBO, BEKTOpPHOE  MOJeE,

pacnpenenenue. ['mankoe orobpaxenue, auddepeHinan oToOpaKeHus.

I'pynner  mpeoOpazoBanuii, rpynmbel Jlu. Omneparopbl caBura, JIEBOMHBApUAHTHBIE W

IIPaBOMHBApUAHTHBIHE BEKTOpHBIE NoJsl. Anredpa JIu rpynmel JIu. PanroBoe ycrnoBue u ero cBs3b

C YIIPaBIIIEMOCTBIO.

Kunemarnueckass Mojenb MaHHUMYJIATOpa: OOpaTHble M MpsIMble 3aJjaud KUHEMAaTUKH s

MO3ULUH, CKOPOCTU U YCHIIHSL.

3amava yrpaBlieHUs JBHXEHHEM MaHumyisTopa. [IpuMeHeHne MeTosa TuHeapu3auu oOpaTHOM

CBSI3bIO B 3ajlaue yIpaBJeHUs IBHKEHUEM (0011as cxema).

PobacTHOe ynpaBieHne MaHUIYASATOpOM: MeTo1 pyHKuui JIamyHoBa.

VYpaBHEHUSI C COCPEOTOUEHHBIMY 3aMa3/IbIBAHUAMU U UX Kiaccuukanys. OCHOBHbIE OTINYUS OT

OOBIKHOBEHHBIX AU PepeHInanbHbIX YpaBHEHU.

CBolicTBa CIEKTpa XapaKTEPUCTUYECKUX KBa3UMHOIOUJIEHOB. J{narpaMmel pacipeaesieHus.

Anrebpanueckoe TMpEACTaBICHUE CUCTEM C COM3MEPUMBIMHU 3ama3/blBaHusMU. HopmanbHas

dhopma Cmura.

[Iponienypa mocTpoeHUs oOmepaTopa, COOTBETCTBYIOLIETO IPHCBAUBAEMOMY COOCTBEHHOMY

3HAYEHHIO, B 3aJaue MPUCBOCHUS CIIEKTpa CTaTHUECKOM 0OpaTHOM cBsA3bt0. OOOCHOBAaHHE TOTO,

YTO SIPO IaHHOTO OTIEPaTOpa COAEPIKUT COOCTBEHHBIE BEKTOPA MAaTPHUIIbl 3aMKHYTOH CUCTEMBI.

Uucno o0ycIOBIEHHOCTH U JKellaTeJIbHbIE TapaMeTphl 3aMKHYTON CUCTEMBI B 3aJ1au€ MPUCBOCHHUS

CIeKTpa CTaTU4ecKoil oOpaTHOW cBs3plo. Teopema bayspa-daiika. Teopembl o0 uwmcie

00yCIIOBJIEGHHOCTH MaTpHUIbl COOCTBEHHBIX BEKTOPOB JI1 HOPMbI MATPHUIIbl OOPATHON CBSI3U U JUIS

BEKTOpA COCTOSIHUS.

Yucno o0yclIOBIEHHOCTH U yCTOWYMBOCTh 3aMKHYTOM CHCTEMBI 110 OTHOIIEHHUIO K ONEpaTOPHBIM

BO3MYUIICHUSM B 3ajJadye NpPUCBOEHUs crekTpa. OOparHas NpONOpLUOHAIbHAS CBSI3b YHCIA
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25.
26.

217.
28.

29.

30.

OOYyCJIOBJIEHHOCTH U paJuyca OIEpaTOPHbIX BO3MYIICHHHA, COXpPAHSIOMMUX YCTOHYHMBOCTD
3aMKHYTOW CHCTEMBI.
HyneBast tTuHaMyKa U OTHOCUTEIIBHBIN MOPAIOK VISl CKAISAPHBIX CUCTEM.
[TocTanoBka 3amaun obOpamieHus. AJIrOpuT™M OOpalleHus ¢ UCIOJIb30BAaHUEM TITyOOKOW 00paTHOM
CBSI3U.
[TocranoBka 3aaun oOpareHus. AIropuT™M o0palleHus ¢ Pa3pbIBHON 00paTHOMN CBA3BIO.
VYcroitunBbie 0coOble TOYKM aBTOHOMHBIX CHCTEM OOBIKHOBEHHBIX Jau((depeHInalIbHbIX
ypaBHEHUH U UX Oudypramum.
OpOuTaIbHO YCTONYMBBIC LIUKIIBI ABTOHOMHBIX CHCTEM
OOBIKHOBEHHBIX

QG epeHIMaIbHbIX YPaBHEHUN U UX OU(ypKaIHH.
Cuenapuu mnepexofa K Xaocy B aBTOHOMHBIX CHCTEMaX OOBIKHOBEHHBIX AU(QepeHInanbHbIX
YpaBHEHUH.
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Marucrepckasi nporpamma "'"TexHosioruu nporpaMmMupoBanus'

OcHOBHbIE OHATHS JeAYKTUBHOHN BepupHUKaIMU. MeTo bl J0Ka3aTenbcTBa KOPPEKTHOCTH

IPOTpamMM.

OcHOBHbBIE OHATHS €TyKTUBHOHN BepupHUKaIi. MeTo bl J0Ka3aTelbCTBA 3aBEPIIMMOCTH

IPOTpamMM.

OcHoBHbI€ cBesleHUs 00 00beKTHOM si3bIke orpannyeHuit (OCL): cocra OCL-BbIpaxkeHus,

HaBUTAIUS 110 ACCOIMAITUAM, BUBI KOJUIEKIINH, ONIEpaIliH ¢ KOJUICKIIUAMH, YIET HACIeJOBaHUS B

BBIpQ)XEHUSX U HacienoBaHue orpannueHuil. [Ipumepsr ncnons3oanus OCL.

CrniocoObl 00bEKTHO-PENSIIMOHHOTO OTOOpaXKeHUs 1)1 KJIACCOB U aTpuOyTOB, OMHApHBIX U N-

apHBIX acCOLMAIUi, KJIACCOB accolMaluii, nepapxuil HacnenoBanus. [IpuMepsl NpUMEHEHUs 3TUX

croco0oB. MoienmupoBaHue CXeMbI PENIAIIMOHHON 0a3bl TaHHBIX C IIOMOIIBIO TUATPAMMBbI

KJIACCOB.

OO6pa31el (MaTTepHbl) MPOSKTUPOBAHUS, MX KIIacCH(PUKAIHS U c1oco0 onucanus. [Ipumepsr

00pa31oB: CTPYKTYPHOTO, TIOBEAEHYECKOTO M MOPOKIAAIOIIETO.

OcHoBHbIE MOHATHUS 0€30MaCHOCTH UH(OPMALIUU: KOH(UICHIIMATBHOCTD, [IEJIOCTHOCTD,

JIOCTYIHOCTh. Bujpl 3ammtel nHpopmanuu. Monens bemna-Jlananynel. I[lonstue ommoxwy,

YSI3BUMOCTH B IPOTPAMMHOM 00€CTIeYeHUH, TPHUMEPHI.

Omnbka Tuna «mepenonHenue Oydepa». BoinoaHeHne Mpou3BOIBHOIO KOJa Ha HCIIOTHUMOM

cteke. [IpoTuBoeiicTBIE BHIIOJHEHUIO KOJIa Ha CTeKe: «kaHapeiika», DEP. Boimonnenue

MIPOU3BOJILHOTO KOJIa Ha HEeUCIoIHUMOM cTeke. Return-to-libc, return-oriented programming

(ROP).

CraTuuecKkuil aHaIu3 UCXOIHOTO KO/ C LEJIbI0 MoKcKa omuOoK. Turel 0O0HapyKUBAaEMBIX

omrbok. ITyTh pacmpocTpaneHus omuOKm: SOUrce, propagation, sink. ITorokoBast ¥ KOHTEKCTHAs

4yBCTBUTENBHOCTh. KauecTBo pesynbrara ananusa: false/true positive/negative. Murepnperanus
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10.

11.

12.

13.

14.

15.

pe3yabTaTOB aHAJIN3a.
[IpuMeHeHne OTIaKu AJ11 OLEHKH BO3MOXKHOCTH JKCIUTyaTalluu yA3BUMOCTEN. TeXHOIOrnu
otnagku. OTiaaKa Moiab30BaTeNbCKOro koja. [loHocucTeMHas oTiiaika B BUPTyalbHON MalInHE.
Crarnueckoe U JUHAMHUYECKOE MHCTpYMeHTHpoBaHue. Pa33unr. PaznoBuaHocTr (ha33uHra:
YEPHBIN AWK, OCIBIA SIUK, CEPhIN SIITUK.

CHUMBOJIbHOE BBINOJIHEHHE: OCHOBHBIE MOHATUSA. Cxema paboThl CUCTEMbI CUMBOJILHOTO
BemonHeHus. [Ipeaukar myrtu, npenukar 6e3omacHocTH. [Ipobiema SKCIIOHEHIIMATLHOTO B3PHIBA,
CTpaTeruu BHIOOPA CIENYIOUIET0 COCTOSHHUS.

Kputepun monHoTs! TecTUpoBanus. JloMeHHbIC, (DYHKIIMOHATBHBIC, CTPYKTYPHBIC U IPOOJIEMHBIC
KpUTEpUU NMOJIHOTHI. Mcnonb3oBanue rpadoB, rpaMMaTHK U JIOTUYECKUX BBIPAXKCHHUH [
MMOCTPOCHUS KPUTEPUEB MOTHOTHI TECTUPOBAHUS. TUIIOBBIE KPUTEPUH TOKPHITUS KOJIa

Mertoap! koHTpoJis kauectBa [10. Bepudukanus n Banmuaanus. Bunbsl Bepudukammu. JKcrnepTusa.
Cratudeckuii u quHaMuUecKuid aHanu3. @opManbHbIe METOIBI Bepudukanuu. [Iposepka
MOJIEIIEN.

Creuundukanus 1 BepupuKaIuys napauieabHeix nporpamM. CHHXpPOHHAS U ACHHXPOHHAs
napauieabHOCTh. CIipaBeUIMBOCTD INIAHUPOBUIMKA. TeMIopalibHast JIOTHKA JIMHEHHOTO BPEMEHU
(LTL). ITpobiiema B3aMMHOTO MCKJIFOYCHUS MIPOIIECCOB.

ApXUTEKTypHBbIE 0COOEHHOCTHU TpaUUECKUX MPOLIECCOPOB, HATIPABICHHBIE HA MACCUBHO-
napajuieIbHbIC BRIYUCICHUSI.

MeTtost 3¢ HeKTHBHON OpraHU3aINK MapalljIeIbHbIX BEIYUCICHHUH Ha TpaduYecKuX MpoIeccopax.
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Marucrepckasi nporpaMmma
"YucJieHHbIEe METOAbI U MaTeMaTHYEeCKOe MoAeJupoBanue’

OO0mIast yacTb

O06o00uieHHoe penieHue 3a1auu Jupuxiie a1 ypaBHEHUs! BTOPOTO MOPSAIKa SJUTMITUYECKOrO THIIA.
Meton Putiia npubanKeHHOro peleHus JUIMITHYECKOT0 YPaBHEHHsI BTOPOTO OPSIKA.
BapuanmonHas mocTaHOBKa 3314l Ha COOCTBEHHbBIE 3HAUEHUS] CHMMETPUYHOTO MOJIOKUTEILHOTO
ONEPaTOPHOTO YPaBHEHHUS.

Merton Putiia B mpo6ieme BbIUMCIIEHUs] COOCTBEHHBIX 3HaYeHUH 3a1aun Jlupuxie.

MeTo1 KOHEUHBIX AJIEMEHTOB ISl OOBIKHOBEHHOTO (D PepeHInaIbHOr0 ypaBHEHUS.

MeToa KOHEUHBIX 3J€MEHTOB IS 3a7auu 00 n3rude ynpyroro opyca.

Martpuna »KeCTKOCTH M MaTPHUIIA MACCHI JIMHEMHOTO KOHEYHOT'O 2JIEMEHTA.

TeopeMa 0 CXOOUMOCTH METOJ1a KOHEYHBIX JIEMEHTOB Ha JINHEWHBIX TPEYTrOJIbHUKAX B CIy4ae
ypaBHeHus [lyaccona.

BriBon ypasaenusa Kopresera-nge ®@pusa.

I'pynnoBoii anann3 oObIKHOBEHHBIX U ((epeHnalIbHbIX YPaBHEHUH IEPBOTO U BTOPOTO

MOps KA.

['pynnoBoit anau3 A1 ypaBHEHUS TEIJIONPOBOJHOCTH.

VYpasHeHue broprepca u ero aMHeapusanus.

Metoa KyCOYHO-ITIOCTOSIHHBIX alllPOKCUMALIMN PEIIEHUS] HMHTErPaJbHbIX ypaBHEHUN Ppenroibma
2-T0 poja.

Metoa KOHEUHBIX 3JIEMEHTOB PELICHHS MHTETPAIbHBIX ypaBHEHUN Dpearoabpma 2-ro poja.
Mertopa pelieHus CHHTYISIPHOTO MHTETPaIbHOTO ypaBHEHUs ¢ aapoM ['unpbepTa Ha OCHOBE
KBaJIpaTypHBIX (OPMYJ HHTEPIOJIALUOHHOTO THIIA.

UucneHHoe pellieHne NUHTErpaIbHbIX ypaBHEHUM Ppenroapma 2-ro poja B cirydae
HEOJAHO3HAYHOW Pa3pelIMMOCTH COOTBETCTBYIOIIETO OJHOPOAHOTO YPaBHEHH .

MeTtopl OpraHu3aluy NapajuielbHbIX BHIYUCIEHUHN IPU CYIIEPKOMIIBIOTEPHOM PELIEHUH
CETOYHBIX 3a7a4.

CynepKoMITbIOTEPHOE MOJICTMPOBAHUE TYPOYICHTHBIX TEUCHUH.

Hcnonp30BaHne CyNepKOMIIBIOTEPOB I PEIIEHUS 3a7a4 MOJIEKYJISIPHOTO MOJIEIUPOBaHUS.
Mertoab! 3¢ (heKTHBHOI OpraHU3aIuy MapaIeIbHBIX BRIYUCICHUN Ha rpa)MuecKUX MMPOLEccopax
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CrnenmnanbHas 4acThb

Pa3zHOCTHBIE CXEMBI 111 OJHOMEPHOT'O YpaBHEHMs KOHBEKTUBHOU nnu¢dysun. Cxema ¢
HaIlpaBJICHHBIMU PAa3HOCTSIMU, MOHOTOHHBIE CXEMBI IIEPBOT'O U BTOPOT'O MOPsIKA TOYHOCTH.
CxemHas 1udy3un U gucnepcuu. AHaJIN3 JUCCUIIATUBHBIX M JUCIIEPCUOHHBIX CBOMCTB CXEM C
HaIIpaBJICHHBIMU U LICHTPAJIbHBIMU PA3HOCTSIMHU.

[Ipumenenue metoaa rapmoHuk (Dypbe, Helimana) 1u1s MicciieIoBaHUS CBOMCTB pa3HOCTHBIX
cXeM. AHaJIU3 YCTOWYMBOCTH, AUCCUIIATUBHBIX U JUCIIEPCUOHHBIX CBOMCTB Pa3HOCTHBIX CXEM C
BeCaMM [yl ypaBHEHUs KOHBEKTUBHOHN UG Gy3uH METOA0M TrapMOHHUK.

PaszHocTHas cxema il ypaBHEHHUs TETIONPOBOIHOCTH C PA3PhIBHBIMH KOA(PPHUIIMEHTAMH.
AnmpokcuManys rpaHuYHbIX YCIIOBUM BTOPOTO pOJia AJIs ypaBHEHUS TEIUIONPOBOIHOCTH. AHAIN3
TEIUIOBOTO OajaHca B JUCKPETHOM MOJIENH.

PasnocTHbIe cxembl 115 ypaBHeHU HaBbe-CTOKCa B €CTECTBEHHBIX IEPEMEHHBIX. Pa3HeceHHbIe
Pa3HOCTHBIE CETKU U ceTouHble PyHKIMU. Anmpokcumanus oneparopos DIV u GRAD.
AnmpokcuMmanys KOHBEKTHBHBIX YWICHOB B ypaBHeHUsAX HaBbe-CTOKCa B €CTECTBEHHBIX
IIepEMEHHBIX. bajlaHC KUHETUYECKOM SHEPIUU B AUCKPETHOM cilydae. BbIlloHEeHUE yCaoBus
HEC)KMMAEMOCTH.

Tpeyronbuble ceTku. Tpuanrymsnus Jlenone. bapunieHTpuyeckue KOOpAnHaThl. JInHEeWHbIe
KOHEYHBIE 3JIEMEHTBHI.

[lepBas kpaeBast 3a1aua JJs JUIMITUYECKOTO ypaBHeHUs. buinnelinas ¢popma. [ naBHble KpaeBbie
yCIIOBUSL.

Bropas kpaeast 3a7a4a 1715 2JUTMIITUYECKOTO ypaBHeHUs1. bununeiinas popma. EctecTBeHHbIE
KpaeBbI€ YCIOBUS.

Marpuna nquddysun u Mmatpuna macc. CBOWCTBa 3TUX MaTPHI] (CHMMETpPHS, TIOJIO0KHUTEITBHOCTD,
pa3pexeHHOCTb, 00YCIOBIECHHOCTD)

3amada Ha COOCTBEHHBIE 3HAYCHHS IS DJUTAIITHYECKOTro oreparopa 1 MKD. Metox oOpaTHbIX
HATEPAIH.

MKD 551 ypaBHEHMS! TETJIONPOBOIHOCTU U YPaBHEHUS KOJIEOAHUM.

Merosl pemerus cerounbix ypasueruit MKD (Xomerkoro, CG, GMRES). IToustue o
noanpocrpancTBax Kppulosa.

ITonsaTtue o BekropHom MKD3 Ha npumepe 3a1auu 0 IUIIEKTPUUECKOM paccenBarere.

[Tonsite 0 MKD 114 nHTErpasibHbIX YpaBHEHUN TEOPUH MOTEHIIMANIA.

MaremaTHueckasi MOIEIb TMHAMHUKH CBOOOHOTO MHOKECTBA B3aUMOJICHCTBYIOIINX
MaTepUalbHBIX TOYEK.

I'moGanbHble cBOMCTBA pemeHuit 3ajaun Komm u1si raMUIbTOHOBBIX ypaBHEHHUH.

3asaya o IBM)KEHUU JABYX B3aMMOJECHCTBYIOIIMX MaTepUaIbHBIX TOUEK U CBOICTBA €€ PEILICHUSI.
Meron Bepiie u ero cBoiicTsa.

CHUMMeTpUYHO-CUMITTIEKTHYECKHE MeTo1bl PyHre-KyTThI.

CoxpaHenue TMHEHHON U KBaJpaTUYHON GopM MeTogamu PyHre-KyTTol.

Cnucok peKoOMeHI0BAHHOM JTUTepPaTyphbl

Muxiun C.I'. Bapuanmonssie MeTo/1bl B MaTeMaTHueckoi ¢pusuke. M.Hayka, 1970.

AngnpeeB B.b. Jlekiiuu o metoay koneunbix snemenToB. M.MAKC IIpecc ,2015.

No6parumo H.X. Ilpaktuueckuit kypc anpdepeHUUaNbHBIX YpaBHEHMH M MaTeMaTH4eCKOTro
MoaenupoBanus. M. @uzmatiut, 2012.

.CCTYXa A.B. YucnenHsle MCTOAblI B MHUHTCIPAJIBbHBIX YPABHCHUAX W HUX JIPUIIOKCHUA.

M.API'AMAK-MEJIMA, 2014.

Boesoaun B.B., Boesonun Bn.B. Ilapannensasie Beruncienus - CI16. BXB-IlerepOypr, 2002.
lonousnun B.M., 3aitueB M.A., KapabacoB C.A., Koporkun W.A.HoBble anroputmsl
BBIYHCIUTENBHON THIPOJUHAMUKY ISl MHOTOIIPOLIECCOPHBIX BBIUMCIUTEIBHBIX KOMIUIEKCOB. M.:
N3parensctBo MoCKkoBCcKOro ynuepcurera, 2013.

A.A.Camapckuil. BBeneHue B 4MCIE€HHBIE METOIBI.

M.B.Ab6akymoB, A.B.I'ynuH. JIeKIuu 1o 4ucaeHHbIM METOJaM MaTeMaTH4ecKo (pU3uKu.
A.A.Camapckuii, }O.I1.IIonos. PazHocTHBIE METOIBI pELIEHU 3a/1a4 ra30BOi quHamMuku. 13- Bo
«Hayxkay, 1992, c¢.422

K. ®neruep. Yucnennsie MeToabl B fuHaMuke xuakoctu. T.1, T.2, Mocksa, Mup, 1991

46



11.
12.
13.
14.

15.
16.

17.

18.

19.

B.b. Annpees, «Jlekunn no MeToy KOHEUHBIX AJIeMeHTOB», M. 2010

B.b. Annpees, «Hucnennsie MeTonib», M. 2013

M.YO. banannun, 3.11. lllypuna, “BektopHslii MeTO] KOHEUHBIX 351eMeHToB”, H. 2001

A.B. Cksopuos, H.C. Mup3a, «AIrOpuT™Mbl MOCTPOEHUS] M aHaiu3a TPUAHTYIALUN», TOMCK,
2006.

2. B. . ApHonbpa. Marematuueckue METO/bI Kiaaccuueckoi Mmexanuku. M.: Hayka, 1979, 431.

3. E. Xaiipep, C. II. Hepcerr, I'. Baunep. Pemenune oObIKHOBEHHBIX auddepeHInanbHbIX
ypaBuenuii |. Hexxectkue 3amaun. M.: Mup, 1990, 511 c.

4. E. Hairer, C. Lubich, G Wanner. Geometric Numerical Integration (2nd ed.) Springer, Berlin,
2006, 644 p.

I'. I'. Enenun, I1. 1. Hnsaxos. ['eomeTpuyeckas CTpyKTypa IpOCTPAHCTBA [TAPAMETPOB
CUMILICKTUYECKUX MeToJI0B PyHre-Kyrtel. Marematuueckoe moaenupoBanue, T. 23, Ne 5, c. 16-
34. 2011.

I'.T'. Enenun, T. I'. Enennna. O6 0THOM OHOIIApaMETPHUIECKOM CEMENHCTBE PA3HOCTHBIX CXEM
JUTS 9UCIIeHHOTOo pernenus 3anadun Kerepa. JKBMuM®, 1. 55, Ne §, ¢. 1292-1298, 2015.

47



