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AHHOTANMA

Kypc "TexHomormu MammmHHOTO OOyYeHHs M HWCKYCCTBEHHOTO HMHTEIUIEKTa Ui aHaln3a CHEKTPOB H
n300pakeHUI" TpemycMaTpuBaeT  MPHOOpETeHHME (YHAaMEHTAIBLHBIX 3HAaHWA B OONACTH TEXHOJOTHU
MAIIMHHOTO OOYyYeHUsI, M3yuYeHHE OCHOBHBIX METOIOB 00OpabOTKM MHOTOMEpPHBIX JaHHBIX (pU3n4eckoro u
XUMHYECKOTO aHaJIn3a.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

Llenbio Kypca siBisieTcs npuodpeTeHne GpyHIaMeHTaIbHBIX 3HAHUH B 00JIACTH TEXHOJIIOTHH MAITHHHOTO
oOy4eHHUsi, HM3y4YCHHE OCHOBHBIX METOJIOB 00pabOTKM MHOTOMEPHBIX JaHHBIX (HU3UYECKOrO |
XHMHUYECKOTO aHAJIM3a.

33]13‘[1/[ JAUCHUIIINHBI

q)OpMI/IPOBaHI/Ie 0a30BBLIX 3HAHUI B O6HaCTI/I, I/IHTerI/Ip}/IOH_Ieﬁ MareMaTu4eCKOC MOACIMPOBAHUC,
AHaJIM3 IaHHbIX U JIAHUPOBAHUC (1)I/I3I/IKO-XI/IMI/I‘IGCKI/IX OKCIICPUMEHTOB.

O6yquHe CTYACHTOB OCHOBaM IIPOCKUMOHHBIX METOAOB daHaJM3a MHOIOMEPHBIX OaHHBIX U
MNPUMCHCHUS UX B (1)I/I3I/IKO—XI/IMI/I‘IGCKOM OKCIICPUMCHTC,

q)OpMI/IPOBaHI/Ie IoAXO040B K BBI60py 3(1)(1)CKTI/IBHBIX MaAaTeMaTH4YCCKUX MCTOJ0B AJi1 pelICHUA
MMPpaKTU4YCCKUX 3aaa4.

2. llepevyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

IIK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHHN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BblABUrarb  THIIOTE3BI, CTPOUTH
pemIarh 3a/1a4u, B TOM YUCIIe pa3pabaTbiBaTh U |MaTeMaTHUeCKUe MOJENH Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTEMaTHYECKUE MOJIEIH SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
M3y4aeMbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAyYHBIC MPOOIEMBL, 101y4arh ([IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H (WIH)

HOBBIC HayIHBIC PE3YIIbTaThI 9KCIEPUMEHTAJIBHBIE METOABI UCCIEI0BaHNM K KOHKPETHON
Hay4yHOM 3ajau€ W HHTEPIPETUPOBATH  IOJIYUYECHHBIE
pE3yIbTaThl
[IK-3.1 Ilonumaer mnpuHOUIBI PabOTHl HCIOJIB3YEMOTO

T1K-3 CriocoGeH npoeccnoHanbHo paboTars ¢ |000pyI0BaHHs (criennanu3upOBaHHBIX 11aKEeTOB

HMCCJIEeA0BaTEIbCKUM 1 UCIIBITATSILHBIM HPHKJIAJJHBIX IPOrPaMM)

obopynoBanueM (npubopamu u ycranopkamu, |[1K-3.2 Criocoben MIPOBOJTUTH IKCTICPUMEHT

CHeUHaIu3UPOBAHHBIMY NTAKETaMU NPUKIAAHBIX | (MOAETMPOBAHKE) C HCIIOIB30BAHUEM HCCIEI0BATEIHCKOIO

IporpaMm) B 00JaCTH MaTepUaIoBECHUS U o0opynoBaHus (ITaKeTOB MPUKJIATHBIX IPOTPAMM)

TCXHOJIOTMH MaTepHUajloB [IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX

SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI
3HAThb!

(byHI1aMeHTaNIbHbIE OCHOBBI IPOECKIIMOHHBIX METO/IOB.

YMETh:
(dbopMyMpoBarTh 3aJa4Ml aHANIHM3a JAHHBIX, COOMpaTh W MOATOTABIWBATH HAOOpHI JAaHHBIX, BHIOHPAThH
3 deKTuBHBIE METOAbl 00pabOTKH, HCIOIB30BaTh MNPOTPaMMbl MOJCIHMPOBAHUS U CIIPABOYHYIO

JUTEparypy.
BJIaJIETh:




HaBBIKAMM TIOCTPOCHUSI M BAJIWAALMHM MOJeNed, 00OCHOBAaHMEM W HHTEpIpeTaluel IMOIydeHHBIX
pe3yabTaToB.

4. Coep:xanue TUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
BBenenne W OCHOBHBIE  IOHATHS
1 MaTeMaTUYeCKON CTaTUCTUKH U 4 4
MaTpUYHOU anreops
Merton r1aBHBIX KOMIIOHEHT 4 4
3 Perpeccus: MJIP, PTK, IIJIC, npumepsr 4 4
4 Knaccuduranus. OcHOBHBIE TOHATHS, ) )
0030p METOIIOB
[Ipoexkunonnsie METO/IBI
5 TUCKPUMHUHAIIH — 2 2
«IJIC-muckpuMuHaITII)
[IpoekMOHHBIA METOI OIHOKJIACCOBOM
6 2 2
knaccuuxanuu « SIMCA»
7 BBenenne B MeroApl  pa3pelICHUs ) )
MHOTOMEepHBIX KpuBbiX (PMK)
Pa30op peanbHBIX MPHUMEPOB pEIICHUS
] 3a1a4 KoJeOaTeIbHOM CHEKTPOCKOMUHN C ) )
UCII0JIb30BaHUEM IIPOEKIUOHHBIX
METO/I0B
9 N-way 3aga4u, 0030p METOJIOB PEIICHUS 2 2
10 MHoOromMepHbIli aHaNU3 HM300paXeHUH u 6 6
TUIEPCIEKTPAJIbHBIX TaHHBIX
Nroro yacos 30 30
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIIS), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)
Cemecrtp: 2 (Becennuit)
1. BBenieHrne 1 OCHOBHBIE IOHATHS MAaTEMAaTHYE€CKONH CTaTUCTUKH U MAaTPUYHOM anreOpbl

WHTennexryanabHBId aHATU3 TaHHBIX, MAIIMHHOE OOy4YeHWe, ITyOOoKoe O0ydeHHE, MCKYCCTBEHHBIN
uHTemiekt (data mining, machine learning, deep learning, artificial intellegence). OOmme
OIIPEACIICHUS, CBA3b MEXKIy OHSITHAMH, 00BEKTHl K METO/Ibl HCCIICAOBAHUS, TPUMEPHI.
[Iporpammubie  cpeicTBa Juisi  O0OpaOOTKM  JAHHBIX, KOMMEpYECKHWE TMaKEeThl, CBOOOJHO
pacrpocTpaHseMble IPOTPaMMBbI JUIs PEILICHHs CIICIIMATBHBIX 3ajad, MPpWIoKeHus B cpene Matlab u
R.

Hancrpoiika Chemoemtics add-in, pykoBOACTBO MO ycCTaHOBKe (IIpUMeEpbl B JEKIHsIX 3-9
aHanu3upyroTcs ¢ nomomusio Chemometrics add-in U compoBOXAAIONINX IA0IOHOB).



VYCTpolCTBO JIaHHBIX, pa3MEpHOCTH 3agad. Marpuunas anreOpa. [lpocteiimue omnepanuu ¢
MaTpulaMu

Cnen, ompenenurtenb, paHr Marpuisl. Hopma BekTopa, yrom MexIy BEKTOpaMu, JIHHEHHas
3aBHCUMOCTh BEKTOpoB. OOparHas u mceBno-oOpatHas wmarpuilbl. COOCTBEHHBIE BEKTOPHI U
COOCTBEHHBIEC 3HAUCHUS, PA3IOKEHUE 110 CUHTYISIPHBIM 3Ha4eHUsM. [loAmpocTpancTBO U MPOEKIUs
Ha IOAIIPOCTPAHCTBO.

Maremarudeckass cratuctuka. OCHOBHBIE IOHSTHS: MaT. OKUAAHUE, AUCIEPCHUs, KOBapualus U
koppessinus. OCHOBHBIE pacipeesieHus: OMHOMHAIIbHOE, PABHOMEPHOE, HOPMAJIbHOE, XH-KBapaT
Onenka napaMeTpoB U CBOMCTBA OLIEHOK.

JInneitnas perpeccus.

2. MeTon ri1aBHBIX KOMIIOHEHT

Beenenue B npoekiimonHble MeTolbl. [IoHATHE CKPBITHIX NEpeMEHHBIX. 1[pOEKIMOHHBIN TOAXON IS
pelieHusl 3aJad MHOTOMEPHOTO aHaju3a JaHHbIX. [IpuMepsl, WUTIOCTPUPYIOLIME MHOTOMEPHBIN
nojxoA. JIBa mojxona K aHaJIM3y JaHHBIX, COIepKaTeNbHbIN ((pr3uKo-XxuMHUeCKUi) U HOpMaTTbHBIN.
ITpoexunonnsle MeToabl. Vaen, 3anokeHHbIE B IPOSKIIMOHHOM Toaxoze (1) mo3BossioT paborars ¢
OOJIBIIMMH MacCHBaMH JAaHHBIX; (2) CyIIECTBEHHO MOHIKAIOT Pa3MEPHOCTb M3y4aeMOW CHCTEMBI;
(3) anHanu3MpyOT W TMO3BOJSIOT BBIIEIUTH JIATEHTHBIE CTPYKTYpHl B JaHHBIX; (4) Ilo3Bomsior
OTAETATH COAEPKATEIBHYIO YaCTh OT IIyMa.

Krnaccsl perraembix 3aga4: (1)aHanu3 CTpyKTypbl JaHHBIX, TOJIBKO X-MaTpuua; (2) Perpeccuonusie.

MCTO,Z[ IJIaBHBIX KOMIIOHCHT, OCHOBHBIC ITOHATHUSA l"pa(i)I/IKI/I CUCTOB, l"pa(l)I/IKI/I Harpysok, OIINOKH
MOJC/IMPOBAHHUA

Pabora ¢ mabmonamu anst Chemometrics add-in, paz6op nmpuMepoB it METO/IA IIIABHBIX KOMIIOHEHT
3. Perpeccus: MJIP, PT'K, ITJIC, npumepst

KanubpoBka — wmHCTpyMeHT Nel KONMYECTBEHHOTO aHAM3a JaHHBIX, OONACTH MPAKTHYECKOTO
MpPUMEHEHHSI KaTHOPOBOK.

PerpeccronHbIll aHANK3: OT MPOCTOrO K CIOKHOMY, OHOMEpHast (univariate) kamuOpoBka u MJIP,
Hepoctarku MJIP, xonmnmuaeapHocTh. @akropHoe npoctpancTBo u PT'K, kannbOpoBka B mpocTpaHCTBE
rmaBHBIX KOMITOHEHT, PI'K kak opykuie NpOTHUB KOJUIMHEAPHOCTH, APyrHe MPEUMYIIECTBA. [ TaBHBIN
Hegocrarok PI'K — mpoctpanctBo PC He yunThiBaeT nepeMeHHOH Y, UTO MOXKET CHHUXKAaTh KaueCTBO
perpeccuonnoi moapenu. IIJIC perpeccus — mouHas ansrepaarisa PI'K.

ocaoBHas ujes [1JIC: pakropHOEe IPOCTPaHCTBO CTpoUTCs OoNTUMaNbHO ¢ ydetoM X u Y; [IJIC] u
[IJIC2, anropuT™Mbl, 4YHCIO KOMIIOHEHT, Banmumanus Momenw, uHTeprpetanus [LJIC momenw,
MpencKa3aHue.

OCHOBHBIE NIPHHIUITBI TIOCTPOCHUS «TPAMOTHOI» KannOpoBku. BeiOop MeTona KalmmOpoBKY, AU3aiiH
JKCTIIepUMEHTa, 0TOOp Tpod, mpeaBapuTenbHas o0padoTka JaHHBIX (pretreatment), IIKaTHMpOBaHUE
(scaling).

[Mpumepsr 1. «MneanbHble maHHBIC». MoOIENbHBIC JaHHBIE CIEKTPOB JUII CMECH HECKOJIBKUX
KOMIIOHEHTOB B YCJOBUSX, OJIM3KHUX K MICaTbHBIM (CHUTHANI + HOpMasbHBIN mIym). Llens: ocBoeHne
KaJIMOPOBOYHBIX HHCTPYMEHTOB, CPABHEHHE PA3IMYHBIX METONOB, BHIPA0OTKA HABBIKOB MOCTPOCHHUS
U MHTEPIIPETAH PErPeCCHOHHON MOAEH JUISl CIIEKTPOCKOIMMYECKUX JaHHBIX M €€ MCIIOIb30BaHMS.
IIpumep 2. PeanbHble TaHHBIE

4. Kimaccuduxaryss. OCHOBHBIE TIOHSATHS, 0030p METOIOB

UYro Takoe KiraccHUKAIMs, KaK ONPEHCTUTh MPHHAIICKHOCTh K KIAcCy B 3aBUCHMOCTU OT
alpUOPHBIX 3HaHMH 00 MCXOAHBIX JIAHHBIX. PasuuHble aaropuTMbl Kiaccuukanuu ¢ oOyueHHem
(supervised) wm 0e3 (unsupervised). PacmosnaBanme o00pa3oB — OCHOBHas MpoIeaypa
Kkiaccupukanuy. Pa3nmuuue neneil M MOAXOAOB NPH PELICHHU 3aJad JUCKPHUMHUHAIMU M 3a]1a4
OIHOKJIaCCOBH Kiaccudukarmuu. OnpeneneHne MpUHAUICKHOCTH o0pas3lia K HalWJAeHHBIM Kiaccam,
ONpeJeNICHne NPUHAIICKHOCTH 00pas3lia K HaiJCHHBIM KJIacCaM C BO3MOXKHOCTBIO HAXOXKACHHS
BBIOPOCOB, ONpE/eICHNE MPUHAUICKHOCTH O0Opaslla K HaWJACHHBIM KJIacCaM C HCIIOJIb30BAaHHEM
nepeMeHHoN oTkiuka. Ouenka 3pdekTuBHOCTH Kiaccuuranuu. CBs3b MEXITy OITHOKaMU TIEPBOTO
¥ BTOPOTO POJia M TIOKA3aTeISIMU YyBCTBUTEIBHOCTH, CIENU(UIHOCTH U 3)(HEKTHBHOCTH.



5. Ilpoexmmonnbie MeTonbl tuckpuMuHauu — «I1JIC-nmuckpuMuHaum

bunapnas w MHOTOKIJIaccoBasi JUCKpUMHHAIWS, onHo3HauHas (hard) u HeomHo3HauHast (soft)
JUCKpUMUHALIMA. DTallbl OCTPOSHUS MOZEICH: OLIEHKA CIOKHOCTH, BaJMAaLusl, CIOCOOBI OLIEHKU
KadecTBa JJUCKPUMUHAIIMY B CiTydasi OMHapHOH M MHOTOKIIaccoBol 3aaa4. [TJIC-muckpuMuHanys Kak
MeToz 0TOOpa MepeMeHHBIX

6. [IpoeximoHHbII MeTo OHOKIIaccOBOM Kinaccudukarmm « SIMCA»

OCHOBHBIC TIOHATHS: TpaUK PACCTOSHUMA, 00NACTh MPUHSITUS pPEHICHHH, TpaduK dSKCTpeMaIbHBIX
00pa3uoB. Drarmbl MOCTPOCHUSI MOJEJEH: MOUCK BBHIOPOCOB, OLCHKA CIOKHOCTH MOJIENH, OLCHKa
YyBCTBUTEIBHOCTH W CHEUU(PUYHOCTH. Paznuyms MeXIy IUCKPUMUHALMEH W OJHOKIACCOBH
Kiaccuukanyen.

7. BBezieHne B METO/IbI pa3pelieHus MHOTOMEpHBIX KpuBbIX (PMK)

OCHOBHBIE NOHATUS, YCTPOMCTBO NaHHBIX, 3aJaud KOTOPbIE MOJKHO pEIlaTh C OMOILBI0 METOIOB
PMK

[locTanoBka 3amauun, CHEKTpajbHBIC U KOHICHTPALMOHHBIE OKHA, YCJIOBHUS pa3pellicHUs], BBEACHUE
OrpaHMYEHUil, BpallaTeabHas 1 MacITaOHas HEOIPEICIEHHOCTH.

Paznuunbie anroputmel ans pewenue 3agad PMK. IIpokpycToBo mpeodpa3zoBanue. DBOIOLUOHHBIN
(EFA) u oxonnwiii (WFA) ¢akropasiii ananu3. lMrepanMoHHBIE METObI, YepELyIOIIUECs
Haumenbme kBaaparsl (MCR-ALS). [Ipumenenne MCR-ALS nist pemenus 3amad kanuOpoBKU

8. Pa30op peanbHBIX IPUMEPOB PEIICHHS 3a/1a4 KoJIeOaTeIhbHONW CIEKTPOCKOIHH ¢ UCTIOIh30BaHUEM
MIPOEKITMOHHBIX METOJIOB

3ajaun MCCIIE0BATENbCKOTO aHAIN3a, KaJMOPOBKHM M KIACCH(MUKALMK, aHAIH3 MPOMEKYTOYHBIX
pEe3yIBTaTOB, BRISBICHUE IPUYHMH HEYIAYHBIX PEIICHHI 1 CIOCOOBI MCTIPABICHUS CUTYAIINH.
[TopraTuBHBIE TIPUOOPHI, MPUMEHEHHE MPOSKIMOHHBIX METOJO0B Ul PACIIMPEHUs BO3MOXHOCTEH
npuOOpoB

9. N-way 3a1aun, 0030p METOJIOB PEIICHUS

YerpoticTBo nanHbix. Guznyeckue/ XuMUYECKHE DKCIIEPUMEHTBI, IPUBOJAIINE K N-way 3a1adam.

Mertonsl pemeHus Takux 3anad, AoctouHcTBa W Hemoctatku: Unfolding (pasBepTka DaHHBIX),
monenu Tucker 3, mapamienbubiii gakropubii aHanmus (PARAFAC), meron xanmOpoBku - N-way
TJIC

10. MHOTOMEpHBIH aHAJIN3 N300pasKeHU U TUIIEPCIIEKTPaIbHBIX JaHHBIX

Opranuzanusi JaHHBIX, Pa3HUIA MEXTYy NPOCTPAHCTBCHHBIMH W CHEKTPAILHBIMH IEPEMEHHBIMH.
OCHOBHBIC IIBETOBBIE MPOCTPAHCTBA. PeXXMMBI  NpenCTaBICHHS HW300paKeHHs, pPacTpoBas U
BekTopHas rpaduka. OcHOBHbIe BHIBI IM(POBOro mpenacraBieHus wnzoOpaxeHus. IlepBuuHas
00paboTka n300pakeHni, NMpUMEHEeHHnEe OCHOBHBIX (yHKIMU Matlab u3 Image processing toolbox .
[Mocnoitnas 1 Mopdonorndeckas 00padoTka n300paKeHUH, UCIIOIH30BAHHE MACKH.

Paznuuusa MexIy THHEepCleKTpaIbHbBIM M MHOTOMEPHBIM aHAJIN30M H300pakeHMH. Busyamuzaums
JAHHBIX, CBA3b MEXKIy MUKCEIIMUA Ha U300PAKEHUH M CIEKTPaJbHBIMU JaHHBIMH; MEXIY IJTMHAMH
BOJIH CIIEKTpa W MUKCEISIMU Ha TUIOCKOCTH M300pakeHus. [IpenBapurenbHas oOpaboTKa JaHHBIX B
MPOCTPAHCTBEHHOM M B CIEKTpadbHOW Momax. CBS3p MEXIy IpeACTaBICHHUEM pe3YyJIbTaToB B
MPOCTPAHCTBE IIABHBIX KOMIIOHEHT M MCXOJHOM HHKCEIbHOM mpocTpaHcTBe. O030p OCHOBHBIX
MHOTOMEPHBIX METOJJOB aHAJIN3a THIIEPCIIEKTPAIbHBIX H300paKeHUH.

Ucnons3oBanue nnpopmaunu (BUK, UK, KP u np. mHCTpyMEHTanbHBIX METONOB) IPU H3YUYCHUU
OOBEKTOB KyJIBTYPHOTO HACIEAMs METOAAMH MHOTOMEPHOTO M THMIIEPCHEKTPAILHOIO aHalu3a.
Bripenenne u u3ydeHue OTIeNbHBIX (parMeHTOB N300pakeHs. AHAIN3 COCTaBa MOMEPEYHOTO cpe3a
CJIOsI Kpacku. AHaiu3 u kiaccudukanus ces3yromux. [lociaoiHbIi aHamn3 n300paxeHusl.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueGHast aynuTopus, CHaOKEHHAasI JOCKOH, IKPaHOM, IPOEKTOPOM.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI
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7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

https://mipt.ru/science/labs/radiophotonics/obuchenie/lazery.php
8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0

npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

He npexycmorpeHo.



9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHCHUIIJINHBI (MO)_IyJ'lﬂ)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIWM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrate M3ydeHus TUCHUIUIMHBI CTYAEHT IOJDKEH 3HAaTh OCHOBHBIC ONPEIECICHMS AMCLIMIINHBL,
YMETb IPUMEHSTH [10JIyUEHHbIE 3HAHUSA JJIs1 PELICHUS Pa3JIM4HbIX 3a/ady.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSTEIEHOM PaboThI CTY/IEHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, peAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— HOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.

[lokazarenem BiaJeHHUs MaTEpUaIOM CIY>KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMaHHS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CIEAyeT OOpamiarbesi 3a KOHCYIbTalUAMH K
MIpenoAaBaTelto.

Bo3MoxeH nmpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHMS 33a4 B COOTBETCTBUU C
TEMaTUKOW 3aHATUH.
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BblABUrarb  THIIOTE3BI, CTPOUTH
pemarh 3a/1a4u, B TOM YUCIIe pa3pabaTbiBaTh U |MaTeMaTHUeCKUe MOJENH Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAyYHBIC MPOOIEMBL, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H (W)

HOBBIC HayIHBIC PE3YIIbTaThI 9KCIEPUMEHTAJIBHBIE METOABI UCCIEI0BaHUN K KOHKPETHON
Hay4yHOM 3ajau€ W HHTEPIPETUPOBATh  IOJIYUYEHHBIE
PE3yIbTaThI
[IK-3.1 IloHumaer mnpuHOHUIBI PabOTHl HCIOJIB3YEMOTO
T1K-3 CriocoGeH npoeccnoHanbHo paboTars ¢ |000pyI0BaHHsI (crienmanu3upOBaHHBIX 11aKEeTOB
HUCCIIEIOBATENBCKUM U UCTIBITATEIbHBIM TPHKIIA/IHBIX [IPOrpamMM)
obopynoBanueM (npubopamu u ycranopkamu, |[1K-3.2 Criocoben MIPOBOJTUTH IKCTICPUMEHT
CHelHaIu3UPOBAHHBIMH NAKETAMU NPUKIAAHBIX | (MOAETMPOBAHKE) C HCIIOIB30BAHUEM HCCIEI0BATEIHCKOIO
IporpaMM) B 00JaCTH MaTepUaIOBECHUS U 00opynoBaHus (ITAKeTOB MPUKJIATHBIX IPOTPAMM)
TCXHOJIOTMH MaTCepHUajoB [IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX

AKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaTOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pe3ynpTare U3yd€HUusA AUCHUIIIAMHBI «TexHoa0ruu MaIruHHOIO O6y‘-IeHI/IFI U UCKYCCTBCHHOI'O MHTCJIJICKTA
IJId aHaJIn3a CIICKTPOB U 1/1306pa>1<eHH171» 06yqa101u1/1171051 JOJIKCH:

3HAThb:
(bYHZ[aMeHTaHLHLIG OCHOBBI IPOCKIIMOHHBIX MCTOA0B.

yMeThb:

(dopMynHpoOBaTh 3324l aHalM3a JaHHBIX, COOMPATh W TOATrOTABIMBATH HAOOPHI JaHHBIX, BHIOMPATh
3G PEeKTUBHBIE METOIbI O00pa0OTKH, HWCIONB30BaTh MPOTPAMMbl MOJAETHPOBAHUS M CIIPABOYHYIO

JIUTEPATYPY.
BJIaJeTh:

HaBBIKAMH TIOCTPOCHUS U BaJWAALMU Mojeneld, 0OOCHOBaHMEM W HMHTEpPIIPETalueil IMOJyYEHHBIX
pE3YyNbTaTOoB.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C menplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJje 3aHATUS 110 TeME IPOIUIOHN JIEKIIMH WM B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

Bomnpocs! k 3k3aMeHy:

1. 1. OCOOCHHOCTH TPOCKIIMOHHBIX METOMIOB, IOHSTHE CKPBITHIX IEPEMEHHBIX, CIOCOOBI
MPEICTABICHHS JaHHBIX.

2. MeTO):[ TJIaBHBIX KOMIIOHCHT, OCHOBHBLIC CBOfICTBa, PasSMCPHOCTL CUCTCMEI, 3(1)(beKTHBHLIﬁ n
MaTeMaTu4eCKUi paHr CUCTCMBI.

3. TlpencrasieHnne NaHHBIX B TPOCTPAHCTBE MIABHBIX KOMIIOHEHT, TPa(MKK CYETOB U HATPY30K.
4. CriocoOblI OLICHKH YKCJIa TTIaBHBIX KOMIIOHEHT.

5.  PerpeccroHHble 3alaud, CpPaBHECHUE MHOXXECTBEHHOH pErpecCHH, PErpecCUd Ha IVIaBHBIE
KOMITOHEHTBI U PETPECCUH HA JIaTEHTHBIE IEPEMEHHBIC.




6. OCHOBHBIE CBOWCTBa MPOCKIMOHHBIX PErPECCHOHHBIX METOAOB, CIIOCOOBI OIEHKH YHCIIa
KOMIIOHEHT.

7. BBIOPOCHI U 3KCTpeMajbHbIE 00pa3Lbl, YUET, HOUCK yAaJeHHE.

8. OcHOBHBIE IPUHLHUITEI TOCTPOCHHUS «KTPAMOTHOI» KAJIMOPOBKH.

9. Paznuunble c1ocOOBI BANUAMK PETPECCUOHHBIX MOAETICH, X IPEUMYIIECTBA U HEAOCTATKH.

10. Knaccuduxauus, 1enp, Kiaccupuranus ¢ o0yueHuem u 6e3 o0yueHus.

11. OcHOBHblE pa3auyusi MEXIY IOUCKPUMUHAHTHBIM aHAIM30M M 3a/JadaMd  OAHOKJIACCOBOMN
KIaccu(UKalnm, CTporas U HecTporasi KIIacCU(pUKaIIHS.

12. Merog SIMCA- ocCHOBHBIE IIIard, XapakTEPUCTHKA O0pPa3lloB B MPOCKIIMOHHOM IPOCTPAHCTBE,
001acTh IPUHATHS PEIICHUM, BRIOPOCHL.

13. Meron SIMCA- crmocoObl OIEHKH CIOKHOCTA MOJIENH, W IOKa3aTeild KadecTBa MOCTPOCHHON
MOJIEIH.

14. PLS-DA — mocTpoeHne TUCKPUMWHAHTHOW MOJENM Tpu OWMHApPHON Kiaccu(UKaluu, crocod
BHIOOpA YHCIIA JIATCHTHBIX IEPEMEHHBIX, OLIEHKA KaueCTBa MOJICIINPOBAHUSI.

15. JIuckpruMUHHATHBIC MOJISIH ITPU HATMYUH 3-X U 00Jiee KIIacCOB. MeTOIbI TOCTPOCHUS MOJIEICH.

16. N-way 3amauu, yCTpOWCTBO JaHHBIX, (HH3MUECKUE/ XUMHUYECKHUE DKCIIEPUMEHTHI, TIPUBOASIINE K
N-way 3agauam.

17. N-way 3a7a4u, 0030p METOJIOB PEIICHUS TAKHUX 3a/1a4.

18. MHoromepHble METOABl DPA3PEIIECHUS KPHUBBIX, I[IOCTAHOBKA 3aJa4yH, CIEKTPAIbHBIE H
KOHUEHTPALMOHHBIE OKHA, YCIIOBUS Pa3pPEILICHUS.

19. MHoOroMepHble METONbI pPa3pelieHUsT KpUBBI, BBEJACHUE OrPAHUYCHHM, BpallareabHas |
MacITaOHast HEONPEIeIEHHOCTb.

20. MHOTrOMEpHBIE METO/IBI pa3penieHus KPUBBIX, 0030p OCHOBHBIX METO/IOB.

21. Meton uepenyromuecs: HauMmeHbInme kaaparsl (MCR-ALS).

22. Anamu3 wu300pakeHWH. YCTpOMCTBO MJAaHHBIX, pAa3HHULIA MEXAY IPOCTPAHCTBEHHBIMH U
CIIEKTPaJbHBIMU IepeMeHHbIMH. (OCHOBHBIE I[BETOBBIE IIPOCTPAHCTBA, IepBHUYHAs 0OpaboTka
H300pakeHUH.

23. BI/I3yaJ'II/ISaLII/I$I JAaHHbIX, CBA3b MCKAY HNHUKCCIIMH HA I/I306pa)l(eHI/II/I " CIICKTpaJIbHBIMU NAHHBIMU,
MCXKAY AJTMHAMHU BOJIH CIICKTPa U MMUKCEIJIAMU Ha IIJIOCKOCTHU I/I306pa)I(eHI/I}I.

24. CBsa3p MEXIy IPEICTABICHUEM DPE3yJbIaTOB B IPOCTPAHCTBE IVIABHBIX KOMIIOHEHT U HCXOAHOM
MUKCEIBHOM ITPOCTPAHCTBE.

[IpumMepsl 3K3aMEHALMOHHBIX OUJIETOB.

IIpumep 1.

1. BBIOpOCHI U 3KCTpeMalbHbIE 00pa3Libl, yUET, IOUCK yaalleHHUE.
2. OCHOBHBIE PUHIMIIBI IOCTPOCHHSI «TPAMOTHOI» KaTHOPOBKH.

[Ipumep 2.
1. Paznuunbie ciocoObl BaJuAaUN PErPECCHOHHBIX MOJIEIEH, UX MPEUMYILECTBA U HETOCTATKH.
2. Knaccudukanusi, uenb, kiaccupukanus ¢ o0ydeHreM u 6e3 o0ydeHusl.

Kpurepun oneHuBaHus

Onenka ommmuno 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAaHUS Y4eOHOW MNporpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUECKH
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIECHU.

Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPaKTHKE MPU PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.



Ouenka ommuyHO 8§ OawioB - BBICTABIISICTCSl  CTY/AGHTY, IIOKa3aBIIEMYy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE MPU PEIICHUH KOHKPETHBIX 33714, NPaBHIbHOE 00OCHOBAHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BEICTABISIETCS CTYICHTY, €CJIM OH TBEP/O 3HACT MaTepHall, IPaMOTHO U MO
CYIIECTBY H3JIaraeT €ro, yMeeT NPUMEHSTHh IOJy4YCHHbIC 3HAHUS Ha IPAKTHKE, HO HEIO0CTAaTOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoto 6 0ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYLIECTBY M3JIaraeT ero, yMeeT NpUMEHSTh HOJIyYeHHbIC 3HaHHs Ha TPAKTHKE, HO JOIyCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

Ouenka Xxopomo 5 6auioB - BEICTABISIETCS CTYJCHTY, €CJIM OH B OCHOBHOM 3HA€T Marepuall, IpaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHSTh NONTyYeHHbIC 3HAaHHs Ha TMPAKTHKE, HO JIOIYyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yaoOBIETBOPHUTENbHO 4 Oajula - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IpPAaBWIbHBIE (OPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapYILCHUS JIOTHYECKON MOCIIEI0BATEeIbHOCTH B U3JI0KEHHU [IPOrPAaMMHOIO MaTrepuaa, HO IPH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Zeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul JAJIbHEWIIEro OOyYeHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBIETBOPUTEIBHO 3 Oajiia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HaHHiA, JOIyCKAIOUIeMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS abHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 0ajia - BHICTABISICTCS CTY/ICHTY, KOTOPBI HE 3HAeT OOJIbIIEH YyacTH
OCHOBHOTO cOAep)XaHUsI y4eOHOW MporpaMMbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHpPOBKaxX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYIOBIETBOPUTENHEHO | 0ajm - BBICTABISETCS CTYIEHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

HpI/I OPpOBCACHUHN YCTHOI'O 5K3aMCHA o6yqafou_[eMyc;1 OpeaoCTaBIIACTCA 1 gac Ha IOATrOTOBKY. OHpOC
06yqa}0meroc>1 Ha 3K3aMCHEC HC JOJDKCH MPEBLIIIATh OAHOI'0O aCTPOHOMUYCCKOTO Jaca.



