degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: TexHOIOTMY MAaIIMHHOTO OOY4YEHHS U HCKYCCTBEHHOTO MHTEIUICKTA ISl aHAJIN3a
CIIEKTPOB M N300pakeHUH

10 HANPABJIEHHIO: MarepuanoBeseHie U TEXHOJIOTUH MaTepHUaIoB

Npo(uJIb MOATOTOBKH: [TepciekTiBHBIE (DYHKIIMOHAIBHBIE MaTEPUAIIBI

®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadeapa XumMudeckor GU3NKU

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin: O.E. PonnonoBa, 1-p ¢pu3.-MaT. Hayk

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl xumuueckon dusuxu 27.05.2021



AHHOTANMA

Kypc "TexHomormu MammHHOTO OOYYEHHS W HMCKYCCTBCHHOTO WHTEJUICKTAa /ISl aHalu3a CIEKTPOB H
n300pakeHNI" mpemycMaTpuBaeT — MpHOOpeTeHHE (YHIAMEHTAIBHBIX 3HAHWH B OONACTH TEXHOJOTHH
MAIIMHHOTO OOYyYeHUs, M3y4YeHHE OCHOBHBIX METOIOB OOpaOOTKH MHOTOMEPHBIX JaHHBIX (PU3MYECKOTO H
XUMHYECKOTO aHaJIn3a.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

Llenmbio Kypca siBisieTcst mpruoOpeTeHne pyHIaMEeHTAIBHBIX 3HAHUK B 00JIACTH TEXHOJIOTUU MAalIMHHOTO
oOydeHHUsi, M3yYCHHE OCHOBHBIX METOJOB O0OpabOTKM MHOTOMEPHBIX JaHHBIX (U3WYECKOTO U
XHMHUYECKOTO aHAJIM3a.

33]13‘[1/[ JAUCHUIIINHBI

q)OpMI/IPOBaHI/Ie 0a30BBIX 3HAHUN B OGJ’IaCTI/I, I/IHTel"pI/Ip}IIOH_Ieﬁ MareMaTu4eCKOC MOACINPOBAHUC,
AHaJIM3 IaHHbIX U JIAHUPOBAHUC (1)I/I3I/IKO-XI/IMI/I‘IGCKI/IX OKCIICPUMEHTOB.

O6yquHe CTYACHTOB OCHOBaM IIPOCKUOHWOHHBIX METOAOB dHaJM3a MHOTIOMEPHBIX JOaHHBbIX H
MNPUMCHCHUS UX B (1)I/I3I/IKO—XI/IMI/I‘IGCKOM OKCIICPUMCHTC,

q)OpMI/IPOBaHI/Ie IIoAXO040B K BBI60py 3(1)(1)6KTI/IBHBIX MAareéMaTH4CCKUX MCTOJ0B JJI1 PCLICHUA
MMPpaKTU4YCCKUX 3aaa4.

2. llepevyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHHN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BbIABUraTb  THIOTE3BI, CTPOUTH
pemarh 3a/1a4u, B TOM YUCIIC pa3pabaThiBaTh U |MaTeMaTHUeCKUe MOAEIM Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTEMaTHYECKUE MOJIEIH SIBIICHUH U TPOLIECCOB, OLIEHUBATH KAU€CTBO pa3padoTaHHON
M3y4aeMbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAYYHBIC MPOOIEMBL, 0Iy4ath [[IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue u  (WIH)

HOBBIC HayIHBIC PE3YIIbTaThI 9KCIIEPUMEHTANIBHBIE METOABI UCCIEN0BAaHUI K KOHKPETHOU
Hay4yHOM 3ajade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pE3yIbTaThl
[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHOIB3YEMOIO

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

HMCCJIEeA0BaTEIbCKUM 1 UCIIBITATSILHBIM HPHKJIAJJHBIX IPOrPaMM)

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

CHelHaIu3UPOBAHHBIMH MTAKETaMU MPUKIIAAHBIX | (MOAETUPOBAHKE) C HCIIOJIB30BAaHHEM HCCIIEI0BATEIbCKOTO

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

TCXHOJIOTMH MaTepHUajloB [IK-3.3 CnocobeH OIeHUBaTh TOYHOCTh TOJTYUYEHHBIX

SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

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

(byHI1aMeHTaNIbHbIE OCHOBBI IPOECKIIMOHHBIX METO/IOB.

YMETh:
(dbopMynMpoBarTh 3aJaudl aHajdu3a JAHHBIX, COOMpaTh W TMOATOTABIMBATH HAOOPHI JaHHBIX, BHIOMpATh
a3 deKkTuBHBIE METOAbl 00pabOTKM, WCIIONB30BaTh IMPOrPAMMBI MOJCIHPOBAHHUS M CIIPABOYHYIO

JUTEparypy.
BJIaJIETh:




HaBBIKAMM TIOCTPOCHUS W BaJMJAllMU Mojeiel, 00OCHOBaHMEM M WHTEpIpeTaluell MOIydeHHBIX
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 — NOHATHUS
1 MaTeMaTUYeCKON CTaTUCTUKHU 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 Meronsl  paspelIeHUs ) )
MHOTOMEepHBIX KpuBbiX (PMK)
Pa36op peaspHBIX NPUMEPOB pPEIICHUS
] 3a1a4 KoJieOaTeIbHOM CHEKTPOCKOMUH 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 OOy4YeHHE, ITyOOKoe OOydYeHHE, MCKYCCTBEHHBIN
uHTemiekt (data mining, machine learning, deep learning, artificial intellegence). OOmme
OIIPEACIICHUS, CBA3b MEXKIy OHSITHAMH, 00BEKTHl K METO/Ibl HCCIICAOBAHUS, TPUMEPHI.
[Iporpammubie  cpeiactBa aias  oOpaOOTKH — JaHHBIX, KOMMEpYECKHE TaKeThl, CBOOOJIHO
pacrpocTpaHseMble MPOTPaMMBI JUTS PEIICHHs CIIeNUaTbHBIX 3a/1a4d, IPWIOKeHus B cpene Matlab u
R.

Hancrpoiika Chemoemtics add-in, pykoBOACTBO MO YyCTaHOBKE (TMpUMeEphI B JEKIUAX 3-9
aHanu3upyroTcs ¢ nomomusio Chemometrics add-in U compoBOXAAIONINX IA0IOHOB).



VYCTpoliCTBO JIaHHBIX, pa3MEpHOCTH 3ajgad. Marpuunas anreOpa. [lpocteifmue omeparuu ¢
MaTpulaMu

Cnen, ompenenurtenb, paHr wMartpulsl. Hopma Bekropa, yrom MeXAy BEKTOpaMH, JHHEHHas
3aBHCUMOCTBh BeKTOpoB. OOparHass W r1ceBho-oOpaTHas wmarpuilbl. COOCTBEHHBIE BEKTOPHI U
COOCTBEHHBIEC 3HAUYCHUS, PA3IOKEHUE 110 CUHTYJSIPHBIM 3Ha4eHUsM. [loAmpoCcTpaHCTBO U MPOESKIUS
Ha IOAIIPOCTPAHCTBO.

Maremarudeckast crarucTuka. OCHOBHbIE MOHATHS: MaTl. OXHJAHHUE, JUCIEpPCHs, KOBapHalusi U
koppessinus. OCHOBHBIE pacipeesieHus: OMHOMHAIIbHOE, PABHOMEPHOE, HOPMAJIbHOE, XH-KBapaT
Onenka napaMeTpoB U CBOMCTBA OLIEHOK.

JInneitnas perpeccus.

2. MeTon ri1aBHBIX KOMIIOHEHT

Beenenue B npoekimoHHble MeToabl. [IoHATHE CKPBITHIX NIEpEMEHHBIX. [[pOEKIIMOHHBIN OAXON AJIs
peleHus] 3aJad MHOTOMEPHOTO aHajiu3a JIaHHBIX. lIpuMmepbl, WIUIIOCTPUPYIOIINE MHOTOMEPHBIH
nojxoA. JIBa mojxona K aHaJIM3y JaHHBIX, COIepKaTeNbHbIN ((pr3uKo-XxuMHUeCKUi) U HOpMaTTbHBIN.
[Ipoeknmonnkie MeTobl. Mieun, 3aj0keHHbIE B IPOSKIIMOHHOM 1ojixojie (1) mo3BoisitoT paboTarh ¢
OOJNIBLIIMMH MAacCHBaMH JIaHHBIX; (2) CYIIECTBEHHO MOHMXKAIOT Pa3MEPHOCTh M3Y4aeMOW CHCTEMBI;
(3) aHaNM3UPYIOT W TO3BOJISIOT BBIJCIUTH JIATEHTHBIE CTPYKTYphl B AaHHBIX; (4) Ilo3Bomstor
OTAETATH COAEPKATEIBHYIO YaCTh OT IIyMa.

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

MCTO,Z[ INIaBHBIX KOMIIOHCHT, OCHOBHBIC ITIOHATHA Fpa(bHKH CYCTOB, Fpa(bI/IKI/I Harpysok, OIINOKHU
MOJC/IMPOBAHHUA

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

KanmnbpoBka — wHCTpyMeHT Nel KONMYECTBEHHOTO aHaju3a JAaHHBIX, OOJNACTH MPAKTHYECKOTO
MpPUMEHEHHSI KaTHOPOBOK.

PerpeccroHHbBIi aHAIK3: OT MPOCTOTO K CIOXKHOMY, OAHOMEpHas (univariate) xanubposka u MIJIP,
Henoctarku MJIP, konnmuHeapHocts. @akropHoe npoctpancTBo U PI'K, kanubpoBka B mpocTpaHcTBe
rmaBHBIX KOMITOHEHT, PI'K kak opy)kue MpOTHUB KOJUIMHEAPHOCTH, APyTHe MPEUMYLIECTBA. [ 1aBHBIN
Hegocrarok PI'K — mpoctpanctBo PC He yunThiBaeT nmepeMeHHON Y, YTO MOXKET CHM)KAaTh KaueCTBO
perpeccuonnoi moapenu. IIJIC perpeccus — mouHas ansrepaarisa PI'K.

ocaoBHas ujes [1JIC: pakropHOEe MPOCTPAHCTBO CTpOUTCS OoNTUMaNbHO ¢ yderoMm X u Y; [TJIC1 u
I[IJIC2, anropuT™Mbl, 4YHCIIO KOMIIOHEHT, Banujanus wmoxaenu, wuHTepnperanus [1JIC wmonemnw,
MpencKa3aHue.

OCHOBHBIE NPHHIUITBI TIOCTPOCHUS «TPaMOTHOI» KanuOpoBKH. BriOop MeTona KamOpoOBKHU, AU3aliH
JKCTIIepUMEHTa, 0TOOp Tpod, mpeaBapuTenbHas o0padoTka JaHHBIX (pretreatment), IIKaTHMpOBaHUE
(scaling).

[Mpumepsr 1. «MneanbHble aaHHBIC». MoONENbHBIC TaHHBIE CIIEKTPOB JUII CMECH HECKOJIBKUX
KOMIIOHEHTOB B YCJOBUSX, OJIM3KHUX K MICaTbHBIM (CHUTHANI + HOpMasbHBIN mIym). Llens: ocBoeHne
KaJIMOPOBOYHBIX HHCTPYMEHTOB, CPABHEHHE Pa3IMYHBIX METOIOB, BHIPAOOTKA HABBIKOB IMOCTPOCHHS
U MHTEPIIPETAH PEerPeCCUOHHON MOIEIH AJIsl CHEKTPOCKONMYECKUX JaHHBIX U €€ MCIOJIb30BAHUS.
IIpumep 2. PeanbHble TaHHBIE

4. Kimaccuduxaryss. OCHOBHBIE TIOHSATHS, 0030p METOIOB

UYro Takoe KiIacCUPHKALMS, KaK ONpPEACIUTh NPUHAICKHOCTh K KIACCy B 3aBUCHMOCTH OT
arpUOPHBIX 3HaHMH 00 MCXOIHBIX JAHHBIX. Pa3nuuHble anropuTMel KiaccuduKanuu ¢ 00ydeHHeM
(supervised) wm 06e3 (unsupervised). Pacmo3HaBanme o00pa3oB — OCHOBHas THpoOIEAypa
Kiaccupukanuy. Pa3nmuuue meneil M MOAXOMOB INPU PELICHHM 3a1a4 AUCKPUMUHALMHM M 337134
OIHOKJIaCCOBH Kiaccudukanuu. OrnpeneneHne MpUHAICKHOCTH o0pasia K HalJICHHBIM Kilaccam,
ONpeJIeNICHNEe NPUHAIICKHOCTH 00paslia K HAHJCHHBIM KJIacCaM C BO3MOXKHOCTBIO HAXOXKACHHS
BBIOPOCOB, ONpE/eICHNE MPUHAUICKHOCTH O0Opaslla K HaWJACHHBIM KJIacCaM C HCIIOJIb30BAaHHEM
nepeMeHHoN oTkiuka. OrteHka d3¢pdeKkTUBHOCTH Kiaccupukanuu. CBsi3b MEXy ONMIMOKaMH IEPBOTO
¥ BTOPOTO POJia M TIOKA3aTeISIMU YyBCTBUTEIBHOCTH, CIENU(UIHOCTH U 3)(HEKTHBHOCTH.



5. Ilpoexmmonnbie MeTonbl tuckpuMuHauu — «I1JIC-nmuckpuMuHaum

bunapnas u MHOTOKNaccoBas JWCKpuMUHanus, opHo3HauHas (hard) w HeomHo3HauHas (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
YyBCTBUTEIFHOCTH M CHENU(PUYHOCTH. Paznmuuumst MexIy ITUCKpUMHHAIMEH ¥ OIHOKIACCOBM
Kiaccuukanyen.

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

OCHOBHBIE NOHATUS, YCTPOICTBO JaHHBIX, 3a]laud KOTOPbIE MOXKHO pEIlaTh C [IOMOILBIO METOI0B
PMK

[locTanoBka 3amauu, CHEKTpajbHbIE U KOHLIEHTPALIMOHHBIE OKHA, YCIOBHS Pa3pelICHUs, BBEICHHE
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. Paz0op peaslbHBIX MPUMEPOB PEHICHUs 3a7a4d KOIeOaTeIbHOM CIIEKTPOCKOINH C MCTIOIh30BAaHUEM
MIPOEKITMOHHBIX METOJIOB

3ajaun MCCIIEA0BATEIbCKOTO aHANN3a, KAIMOPOBKH M KiacCH(UKALWK, aHAIU3 IPOMEXKYTOUYHBIX
pEe3yIBTaTOB, BRISBICHUE IPUYHMH HEYIAYHBIX PEIICHHI 1 CIOCOOBI MCTIPABICHUS CUTYAIINH.
[TopraTuBHBIE TIPUOOPHI, MPUMEHEHUE NMPOCKIUOHHBIX METOIOB JUIS PACIIMPEHUS BO3MOXKHOCTEH
npuOOpoB

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

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

Mertonel pemieHus Takux 3afad, AgoctouHcTBa M Henocratku: Unfolding (pasBepTka OaHHBIX),
monenu Tucker 3, mapamnensHbidl dakTopubiii anann3 (PARAFAC), meron kamubpoBku - 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, NpUMeHeHHe OCHOBHBIX (pyHkmu Matlab u3 Image processing toolbox .
[Mocnoitnas 1 Mopdonorndeckas 00padoTka n300paKeHUH, UCIIOIH30BAHHE MACKH.

Paznuuusa MeXIy T'MNepcreKTpajJbHbBIM W MHOTOMEPHBIM aHAIM30M H300paxkeHHi. Busyanmzarus
JAHHBIX, CBA3b MEXY MUKCEIIMU Ha N300paKEHUH U CIIEKTPaJbHBIMU JTaHHBIMHU; MEXAY JUIMHAMU
BOJIH CIIEKTpa W MUKCEISIMU Ha IIOCKOCTU n3o0paxkeHus. IlpenBapurenbHas o0pabOTKa JaHHBIX B
MPOCTPAHCTBEHHONM M B CHEKTpaibHOW Momax. CBs3b MEXAy NPEACTABICHUEM pE3yJabTaToB B
MPOCTPAHCTBE IIABHBIX KOMIIOHEHT M HMCXOIHOM ITHMKCEIbHOM IpocTpaHcTBe. O030p OCHOBHBIX
MHOTOMEPHBIX METOJJOB aHAJIN3a THIIEPCIIEKTPAIbHBIX H300paKeHUH.

Ucnons3oBanue nnpopmaunu (BUK, UK, KP u ap. uHCTpyMEHTaNbHBIX METOAOB) MPU H3YUYCHUHU
OOBEKTOB KyJIBTYPHOTO HAcJeIWs METOAaMH MHOTOMEPHOTO M THIEPCHEKTPAIBHOTO aHaJIn3a.
Brienenne u u3yueHue oTAeNIbHBIX (ParMeHTOB U300pakeHUs. AHAIM3 COCTaBa MONEPEYHOr0 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

OcHoBHas JuTeparypa
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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, W3ydYaromMi JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynerate M3ydeHUs NUCLHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
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 y4eOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, peAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— HOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.

[lokazarenem BiajgeHHs MaTepHajoM CIYXXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TeMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YCHHS OTICIBHBIX TEM, BOINPOCOB, ClEXyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTelto.

Bo3MOXeH NpoMeXyTOUHBINH KOHTPOJIb 3HAHUHM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMaTUKOW 3aHATUH.
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BbIABUraTb  THIIOTE3BI, CTPOUTH
pelIarh 3a/1a4u, B TOM YUCIIC pa3pabaThiBaTh U |MareMaTHUeCKUe MOAETM Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH U MPOLIECCOB, OLEHUBATh KAYECTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAYYHBIC MPOOIEMBL, MoIy4arh [[IK-1.3 CrocobeH NpUMEHATh TeopeTHueckue u  (WIH)

HOBBIC HayIHBIC PE3YIIbTaThI 9KCIIEPUMEHTANIBHBIE METOABI UCCIEN0BAaHUI K KOHKPETHOU
Hay4yHOM 3ajade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
PE3yIbTaThI
[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO
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 NTAKETaMU MPUKJIAAHBIX | (MOAETUPOBAHKE) C HCIIOJIB30BAaHHEM HCCIIEI0BATEIbCKOTO
IporpaMM) B 00JaCTH MaTepUaIOBECHUS U 00opynoBaHus (ITAKeTOB MPUKJIATHBIX IPOTPAMM)
TCXHOJIOTMH MaTCepHUajoB [IK-3.3 CnocobeH OIeHUBaTh TOYHOCTh TOJTYUYEHHBIX

AKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaTOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B Ppe3YyIbTaTC U3Yy4YCHUS OUCHUIIIMHBI «TexHOoI0ruY MaIIMHHOTO O6yLICHI/I}I U UCKYCCTBCHHOI'O MHTCIIJICKTA
IJId aHaJIn3a CIICKTPOB U 1/1306pa>1<eHH171» 06yqa101u1/1171051 JOJIKCH:

3HAThb:
(bYHZ[aMeHTaHLHLIG OCHOBBI IPOCKIIMOHHBIX MCTOA0B.

yMeThb:

(dopMynHpoBaTh 3a/a4Ml aHAlM3a JTAHHBIX, COOMpaTh M MOATOTABIMBAaTH HAOOPHI JaHHBIX, BHIOMPATH
ddeKTUBHBIE METOABI 00pabOTKH, HCHOJIB30BaTh MPOrPaAaMMbl MOJCIMPOBAHUS W  CIPABOYHYIO

JIUTEPATYPY.
BJIaJeTh:

HaBBIKAMH TIOCTPOCHUS M BalWJAllMd MOAeJed, 00OCHOBaHMEM M HWHTEpIpeTaluedl MOTydYeHHBIX
pE3YyNbTaTOoB.

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

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MPOBOAUTCS YCTHBIH ONpoC 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, TOHITHE CKPBITHIX TEPEMEHHBIX, CIIOCOOBI
MPEICTABICHHS JaHHBIX.

2. MeTO):[ TJIaBHBIX KOMIIOHCHT, OCHOBHBIC CBOfICTBa, PasSMCPHOCTL CUCTCMBI, 3(b(1)eKTHBHLIﬁ u
MaTeMaTu4eCKUi paHr CUCTCMBI.

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

5.  PerpeccuoHHble 3alaud, CpPaBHEHUE MHOXECTBEHHOH pETPECCHM, PErpecCMd Ha IVIaBHbIE
KOMITOHEHTBI U PETPECCUH HA JIaTEHTHBIE IEPEMEHHBIC.




6. OCHOBHBIC CBOWCTBa MPOEKIIMOHHBIX PETPECCHOHHBIX METOJOB, CIOCOOBI OIICHKH 4YHcia
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. OcHOBHBIE pazIUuUUsl MEXIy [IWCKPUMHUHAHTHBIM aHAIU30M H 3aJadyaMH  OJHOKJIACCOBOM
KIaccu(UKalnm, CTporas U HecTporasi KIIacCU(pUKaIIHS.

12. Meron SIMCA- ocHOBHbIE MIard, XapakTePHCTHKa OOpas3loB B MPOEKIIMOHHOM MPOCTPAHCTBE,
00JIaCTb MPUHATHUS PELICHUH, BBIOPOCHI.

13. Meron SIMCA- cmocoObl OLEHKH CIOXHOCTH MOJIENH, W TOKa3aTelu KadyeCTBa TOCTPOCHHOU
MOJIEIH.

14. PLS-DA - mocrtpoeHHe AUCKPUMHHAHTHOW MOJENW IMpH OWHAPHOH KiaccH(UKAIUK, CIIOCO0
BHIOOpA YHCIIA JIATCHTHBIX IEPEMEHHBIX, OLIEHKA KaueCTBa MOJICIINPOBAHUSI.

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

16. N-way 3amadd, yCTpOMCTBO JaHHBIX, (PUINYECKHE/ XUMHUYECKUE IKCIICPUMEHTHI, PUBOJIAIINE K
N-way 3agauam.

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

18. MHoromepHble METOMBI pa3pelleHrs KPUBBIX, T[OCTAaHOBKA 3aJlaud, CIEKTpalbHbIE U
KOHUEHTPALMOHHBIE OKHA, YCIIOBUS Pa3pPEILICHUS.

19. MHoroMepHble METONBl pa3pelICHUs KPUBBI, BBEJICHUE OrpaHUYCHUM, BpaulaTelbHas U
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[BETOBBIC NPOCTPAHCTBA, IE€pBHYHAS 00paboOTKa
H300pakeHUH.

23. anyanmaul/m JAaHHBIX, CBA3b MCKAY MHUKCCIIAMHU Ha I/I306pa)KeHI/II/I " CIICKTpAJIbHBIMU JAHHBIMMU,
MCXKAY AJTMHAMHU BOJIH CIICKTPa U MMUKCEIJIAMU Ha IIJIOCKOCTHU I/I306pa)I(eHI/I}I.

24. CBs3p MeXIy IpEICTaBICHUEM PE3YJIbTaTOB B IPOCTPAHCTBE IVIABHBIX KOMIIOHEHT U HUCXOAHOM
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 ommuno 10 OGamnoB - BBICTABIISIETCSL  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCLUIIIMHBL, TPOSBIISIOIIEMY
HWHTEpeC K JaHHOW MpPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYECCKHU
INPUMEHATh X Ha NPAaKTHKE NPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELIECHU.

Onenka omM4YHO 9 Oa/uioB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbLHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.



Ouenka ommyHO 8§ 0OamioB - BBICTABIISICTCS  CTYACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TTyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PELICHHH KOHKPETHBIX 3aj]ad4, IPaBUIbHOE 000CHOBAaHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BHICTABISETCS CTYJCHTY, €CJIM OH TBEPAO 3HAET Marepuaj, IPaMOTHO H IO
CYIIECTBY H3JIaraeT €ro, ymMeeT NPUMEHSATh IOJYYCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoio 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYLIECTBY M3JIaraeT e€ro, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka XopoIo 5 6ajuIoB - BBICTABISCTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yIOBICTBOPHTENbHO 4 Oamga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapYILECHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO MPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeiibl y4eOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NalbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOW MpOorpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIEeH YacTH
OCHOBHOTO COJCpKaHUsl y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS ITPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYIOBJICTBOPUTENBHO | Oayunr - BBICTABIACTCS CTYICHTY, KOTOPBHIH HE 3HA€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

HpI/I MMPOBCACHNHN YCTHOI'O 5K3aMCHA O6y‘-IaIOH_ICMYC$I npeaoCTaBIIACTCA 1 gac Ha OOATrOTOBKY. OHpOC
06yqa}0meroc>1 Ha 3K3aMCHEC HC JOJDKCH MPEBLIIIATh OAHOI'0O aCTPOHOMUYCCKOTO Jaca.



