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naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
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[Iporpammy cocrtaBui: O.E. Poanonosa, 1-p ¢u3.-Mart. HayK

[Iporpamma obcyxneHa Ha 3acefjanu Kadenpsl xumudeckon ¢pusuku 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

XUMHYCCKOI'o 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

XHUMHUYCCKOI'O aHajim3a.

33]13‘[1/[ JAUCHUIIINHBI

®dopmupoBanue 0a30BBIX 3HAHWN B 00macTH,

I/IHTerI/Ip}IIOH_[eﬁ MareMaTu4eCKOC MOACINPOBAHUC,

AHaJIM3 IaHHbIX U JIAHUPOBAHUC q)HSPIKO-XI/IMI/I‘IeCKI/IX OKCIICPUMEHTOB.

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

dopMupoBaHUE MOAXOAOB K BHIOOPY 3(PQEKTHBHBIX MaTeMaTUYeCKHUX METOJ0B

MMPpaKTU4YCCKUX 3aaa4.

2. llepevyens popmMupyemMbIX KOMIETeHUMH

JJI1 PCLICHUA

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

YK-1 CriocoGeH ocynecTBIsATh KpUTHUECKUN
aHaJn3 NpOOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TIO/IX0/1a, BhIpabaThIBaTh
CTpaTeruro AecTBui

YK-1.1 Ananu3upyet npoOIEMHYIO CUTYAIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEXKIY HUMH

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemiarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
EITENLHOCTH

IIK-1.2 CnocobeH BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MareMaTH4ecKue MOAEIH ISl ONUCAHUA H3y4aeMBIX
SIBIICHUI | MPOLIECCOB, OIICHUBATh KAUeCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)

B pe3ynbrare ocBOeHUS TUCIUIUTHHBI 00y4YaronInecs JOKHBI

3HATb.

q)YHI[aMeHTaHLHLIe OCHOBBI TPOCKIMOHHBIX METOJOB.

YMETB:

(dbopMynpoBarTh 3aaudl aHajdu3a JAHHBIX, COOMpaTh W TMOATOTABIMBATHL HAOOPHI JaHHBIX, BHIOMPATh
a3 deKkTuBHBIE METOAbl 00pabOTKM, WCIIONB30BaTh IMPOrPAMMBI MOJCIHPOBAHHUS M CIIPABOYHYIO

JUTEparypy.
BJIaJIETh:

HaBbIKaMH TIOCTPOCHHA W BaJMJalliU Moneneﬁ, 000CHOBaHUEM U HHTepHpeTaHHEﬁ IMOJIYYCHHBIX

pe3yabTaToB.




4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKOCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
BBenenne ©W OCHOBHBIE — IOHATUS
1 MaTeMaTH4YeCKOU CTaTUCTUKU u 4 4
MaTpUYHOU anreOpsl
MeTo raBHBIX KOMIIOHEHT 4 4
3 Perpeccus: MJIP, PI'K, TIJIC, npumepst 4 4
4 Knaccuukamms. OCHOBHBIE TIOHSTHS, ) )
0030p METOJIOB
[IpoexunonHsle METO/IbI
5 JACKPUMUHALNU — 2 2
«IJIC-guckpuMuHaITII
[IpoekunoHHBI METOJ OJHOKIACCOBOM
6 2 2
knaccuduranun «SIMCA»
7 Beenenne B Meronsl  paspelIeHUs ) )
MHOTOMepHBIX KpuBbIX (PMK)
Pa30op peasbHBIX MPUMEPOB PpEILICHUS
] 3a7a4 KoyueOaTeIbHOM CHEKTPOCKOIUH C ) )
HCIOJIb30BaHUEM MIPOEKLMOHHBIX
METO/I0B
9 N-way 3aja4u, 0030p METOJIOB PEIICHUS 2 2
10 MHOroMepHBI aHaNU3 H300paXKeHU u 6 6
TUIEPCIIEKTPAIbHBIX TaHHBIX
Hroro yacos 30 30
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. BBenieHre 1 OCHOBHBIE MTOHITHS MATEMAaTUIECKOM CTATUCTUKU M MATPUYHOM anreOpsl

WHTennexTyanabHBI aHATU3 aHHBIX, MAlIMHHOE OOy4yeHue, IIyOoKoe O0yueHHe, MCKYCCTBEHHBIN
uHTeluiekt (data mining, machine learning, deep learning, artificial intellegence). OOmme
OIIPEAEIICHUS, CBI3b MEXKy HOHATHAMH, 00BbEKTHl K METO/Ibl HCCIIEAOBAHUS, IPUMEPHI.
[Iporpammubie  cpeactBa aist  oOpaOOTKM — JaHHBIX, KOMMEpPYECKHE IaKeThl, CBOOOIHO
pacrpocTpaHseMble TPOTPaMMBbI JUIS PEIICHHs CIeUaabHbIX 3a/1a4, IpwIokKeHus B cpene Matlab u
R.

Hapncrpoiika Chemoemtics add-in, pykoBOACTBO MO YyCTaHOBKE (MpUMeEpHl B JIEKUUSAX 3-9
aHanM3upyroTcs ¢ noMomsio Chemometrics add-in U cOMPOBOXKAAIONINX MIA0IOHOB).

VYCTpolCTBO JIaHHBIX, pa3MEpHOCTH 3ajgad. Marpuunas anreOpa. [lpocteifmue omneparuu ¢
MaTpHULIaMH



Cnen, ompenenurens, paHr Marpuupl. Hopma Bekropa, yronm Mexay BeKTOpaMu, JIMHEHHas
3aBHCUMOCTb BeKTOpoB. OOparHass u mnceBio-oOpatHas wmarpuillbl. COOCTBEHHBIE BEKTOPHI U
COOCTBEHHBIE 3HAYCHUS, PA3JIOKEHUE MO0 CHHTYISIPHBIM 3Ha4eHUsM. IlonmpocTpaHncTBO M MPOESKIH
Ha OJIPOCTPAHCTBO.

Maremarndeckasi cratucTuka. OCHOBHBIC MOHSTHS: MaT. OXHJAHHE, TUCIIEPCHs, KOBapHALMi H
koppensaus. OCHOBHBIE pacrpeeNieHHs: ONHOMHAIbHOE, PABHOMEPHOE, HOPMAJIbHOE, XU-KBaApaT
Onenka napaMeTpoB U CBOMCTBA OLIEHOK.

JIuneiinas perpeccus.

2. Meto/ riaBHBIX KOMIIOHEHT

Beenenue B mpoekunonHble MeToAbl. [IoHSITHE CKPBITHIX MepeMeHHBIX. [IpOeKIMOHHBINA MOIX0 IS
pemieHnsl 3aJad MHOTOMEpPHOTO aHaju3a JAaHHbIX. [Ipumepsl, WILIIOCTpHUPYIOIIME MHOTOMEpPHBIN
noaxoa. J{Ba moaxoaa K aHAJIM3Y JAaHHBIX, COAEPKATeNbHBIN ((PU3HKO-XUMHUYECKUI) U HOPMATTBbHBIN.
[Ipoexkunonnsie Metoasl. Mueu, 3ajgokeHHbIE B IPOEKIMOHHOM noaxoze (1) mo3BoisiioT paboTars ¢
OONMBIIMMHM MAacCHUBaMHU JIAHHBIX; (2) CyIIECTBEHHO MOHMKAIOT Pa3sMEPHOCTb M3Y4aeMON CHUCTEMBI;
(3) aHanNM3MpYIOT W TMO3BOJISIIOT BBIACIUTH JIATEHTHBIE CTPYKTYphl B AaHHBIX; (4) Ilo3Bomstor
OTZIEJIATH COAEPIKATENbHYIO YacTh OT IIyMa.

Knaccel pemiaembix 3aad: (1)ananu3 cTpyKTyphl JaHHBIX, TOIbKO X-MaTpua; (2) Perpeccronnsie.

Merton mIaBHBIX KOMIIOHEHT, OCHOBHBIE MOHSTHS TpaUKU CUETOB, IpaMKU HArpy30K, OLIMOKU
MOJIEITPOBaHUS

Pabora ¢ mabnonamu ans Chemometrics add-in, pa36op nmpuMepoB AJisi METO/IA [IIABHBIX KOMIIOHEHT
3. Perpeccusa: MJIP, PT'K, TUIC, npumepst

KamnOpoBka — wuHCTpyMeHT Nel KONMYECTBEHHOTO aHalIM3a JAaHHBIX, OOJIACTH MPAKTHYECKOTO
MPUMEHEHHSI KaTHOPOBOK.

PerpeccronHbIil aHANMM3: OT MPOCTOTO K CIOXKHOMY, OJHOMEpHas (univariate) kanuOposka u MIJIP,
Henoctarku MJIP, konnuHeapHocTh. @akropHoe npoctpaHcTBo U PI'K, kannOpoBka B mpocTpaHcTBe
m1aBHBIX KoMroHeHT, PI'K kak opy)kue mMpoTHB KOJUTMHEApHOCTH, IPyTHe MpeuMyIecTBa. | TaBHBbIM
Henoctarok PI'K — npoctpanctBo PC He yunThiBaeT nepeMeHHON Y, 4TO MOXKET CHUXKAaTh KadyeCTBO
perpeccuonHoi monenu. [1JIC perpeccust — Mmomnas ansrepHaruBa PI'K.

ocHoBHas uzes [IJIC: pakropHoe mpocTpaHCTBO cTpouTcs onTUMansHO ¢ ydetoM X u Y; [IJIC] u
I[IUIC2, anropuTMbl, HYHCIO KOMIIOHEHT, Banupanus mopenu, uHtepnperauus [1JIC wmomenn,
MIpeCcKa3aHue.

OCHOBHBIE PUHIIHITBI TOCTPOCHUST «TPAMOTHOI» KaIMOpoBKH. BbIOOp MeToa KanuOpoBKH, qU3aiiH
SKCIIEpUMEHTa, 0TOOp Npol, mpeaBapuTelbHas o0padoTka JaHHBIX (pretreatment), IIKaJIMpOBaHUE
(scaling).

ITpumepsr 1. «MneanbHble maHHBIE». MoOnENbHBIE JaHHBIE CIEKTPOB [UII CMECH HECKOJIBKHX
KOMITOHCHTOB B YCJIOBUSX, OJM3KHUX K HICATbHBIM (CHUTHAN + HOpMasbHBIN 1mIyMm). Llens: ocBoeHne
KaJIMOPOBOYHBIX MHCTPYMEHTOB, CPAaBHEHHE PA3IMYHBIX METO/IOB, BBIPAOOTKA HABBIKOB ITOCTPOCHHS
U MHTEPIIPETALUN PErPECCHOHHON MOJIENHN AJIsl CIEKTPOCKOIIMYECKUX TaHHBIX U €€ HCIIOIb30BaHMUA.
[Ipumep 2. PeanbHble naHHbIC

4. Knaccudukarusi. OCHOBHBIE OHSTHS, 0030p METOIOB

UYro Takoe KiacCUpUKALMA, KAaK ONPEAEIUTh IPUHAUISKHOCTh K KJIAcCy B 3aBUCHMOCTH OT
arpHOPHBIX 3HAHUN 00 MCXOIHBIX JAHHBIX. Pa3nuuHbIe anropuTMbl KiacCU(pUKAIUU C 00ydeHHEM
(supervised) u ©6e3 (unsupervised). PacmoznaBanwe 00pa3oB — OCHOBHas TpoIeaypa
KiIaccupukanuu. Pasnmuuue neneil M MOIXOAOB NPH PEUICHWH 3aja4 JUCKPUMUHALMU M 3a71ad
OIHOKJIacCOBH Kiaccudukanuu. OnpeneneHne MpUHAIEKHOCTH o0pasla K HalIEHHBIM Kiaccam,
oTIpeJielIeHue MPHUHAUICKHOCTH 00pas3lia K HailIeHHBIM KjaccaM C BO3MOXKHOCTBIO HAXOXICHUS
BBIOPOCOB, ONpe/eNeHNe MPUHAUIEKHOCTH o0paslia K HaWICHHBIM KJaccaM C HCIIOJIb30BaHHEM
nepeMeHHoON oTkiuka. OueHka s¢pexkTuBHOCTH Kiaccupukanuu. CBsi3b MEXIY OIIMOKaMH IIEPBOTO
Y BTOPOT'O POJia U IIOKA3aTeIIMU YyBCTBUTEIBHOCTH, CHENN(UIHOCTH U 3()(HEKTUBHOCTH.

5. Ilpoexmmonnbie MeTonbl nuckpuMuHanuu — «I1JIC-nmuckpuMuHaum



bunapnas u MHOTOKNaccoBas JWcKpuMUHanus, opHo3HauHas (hard) w HeomHo3HauHas (soft)
JUCKpUMUHALMA. DTallbl OCTPOSHUS MOZEICH: OLleHKa CIOKHOCTH, BaJMAaLusl, CIOCOObI OLIEHKU
KadecTBa JUCKPUMUHAILIMY B CiTydasi OMHapHOH M MHOTOKIIaccoBol 3aaa4. [TJIC-muckpuMuHaIys Kak
MeTo 0TOOpa MepeMEeHHBIX

6. [IpoeximoHHbII MeTo O HOKIIacCOBOM Kinaccudurarmm « SIMCA»

OCHOBHBIC TIOHATHS: TpadUK PAaCCTOSHHMA, 00NACTh NMPUHSITHS PEHICHHH, TpaduK dSKCTpeMaIbHBIX
00pa3uoB. Drarmbl MOCTPOCHUSI MOJEJEH: MOUCK BBHIOPOCOB, OLICHKA CIOKHOCTH MOJIENH, OLCHKa
YYBCTBUTEIFHOCTH M CHENU(PUYHOCTH. Paznmuuumst MexIy ITUCKpUMHHAIMEH M OIHOKIACCOBH
Kiaccuukanyen.

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

OCHOBHBIE NOHATUS, YCTPOICTBO JaHHBIX, 3alaud KOTOPbIE MOXKHO pEIlaTh C [IOMOILBIO METOI0B
PMK

[locTanoBka 3amauu, CHEKTpajbHbIE U KOHLEHTPAIIMOHHBIC OKHA, YCIOBHS Pa3pelICHUs, BBEICHHE
OrpaHMYEHUil, BpalaTeabHas 1 MacIITaOHas HEONPEICIIEHHOCTH.

Paznuunbie anroputmel ans pewenue 3agad PMK. [IpokpycToBo mpeobpa3zoBanue. DBOIOLNOHHBIN
(EFA) u oxonnwiii (WFA) ¢akropasiii ananu3. lMrepanMoHHBIE METObI, YepELyIOIUECs
Haumenble kBaaparsl (MCR-ALS). [Ipumenenne MCR-ALS nist pemenus 3amad kanuOpoBKU

8. Paz0op peaslbHBIX MPUMEPOB PEHICHUs 3a7a4d KOIeOaTeIbHOM CIIEKTPOCKOINH C MCTIOIh30BAaHUEM
MIPOEKITMOHHBIX METOJOB

3ajaun MCCIIEA0BATEIbCKOTO aHANN3a, KAIMOPOBKH M KiacCH(UKALUK, aHAIU3 IPOMEXKYTOYHBIX
pEe3yJBTaTOB, BRISBICHUE IPUYHMH HEYIAYHBIX PEIICHHI 1 CIOCOOBI MCIIPABICHUS CUTYAIIUH.
[TopraTuBHBIE TIPUOOPHI, MPUMEHEHUE NMPOCKIUOHHBIX METOIOB JUIS PACIIMPEHUS BO3MOXKHOCTEH
nmpuOOpoB

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

YerpoticTBo nanHbiX. Ouznyeckne/ XuMUYECKHE YKCIIEPUMEHTBI, IPUBOJIINE K N-way 3a1adam.

Mertonsl pemieHus Takux 3afad, AgoctouHcTBa M Henocrarku: Unfolding (pasBepTka OaHHBIX),
monenu Tucker 3, mapamnensHbiét dakTopublii anann3 (PARAFAC), meron kamuOpoBku - N-way
TJIC

10. MHOTOMEpHBIH aHAIN3 N300paKeHUI U TUIIEPCIIEKTPaIbHBIX JaHHBIX

Opranuzanusi JaHHBIX, Pa3HUIA MEXTYy NPOCTPAHCTBCHHBIMH W CHEKTPAILHBIMH IIEPEMEHHBIMH.
OCHOBHBIC IIBETOBBIE MPOCTPAHCTBA. PeXXMMBI  NpeNCTaBICHMS HW300paXKeHHs, pPacTpoBas U
BekTopHas rpaduka. OcHOBHbIE BHIBI IM(POBOro mpenacraBieHus wnzoOpaxeHus. IlepBuuHas
00paboTka n300pakeHni, NpUMeHeHHe OCHOBHBIX (pyHkimu Matlab u3 Image processing toolbox .
[Mocnoitnas 1 Mopdonorndeckas 00padoTka n300paeHu, NCIIOIH30BAHHE MACKH.

Paznuuusa MeXIy T'MNepcrneKTpaJbHbBIM U MHOTOMEpPHBIM aHAIM30M H300paxkeHHi. Busyanmzarus
JAHHBIX, CBA3b MEXY MMUKCEIIMU Ha N300paKEHUH U CIIEKTPaJbHBIMU JTaHHBIMU; MEXAY JUTMHAMU
BOJIH CIEKTpa M MUKCEISIMU Ha IIOCKOCTU M3o0pakeHus. IlpenBapurenbHas o0pabOTKa JaHHBIX B
MPOCTPAHCTBEHHON M B CHEKTpaibHOW Monax. CBs3b MEXAy NPEACTABICHUEM pE3yJbTaToB 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 H3YUCHUHU
OOBEKTOB KyJIBTYPHOTO HAcJeIWs METOAaMH MHOTOMEPHOTO M THIEPCHEKTPAIBHOTO aHaJIn3a.
Brigenenne u u3yueHue OTAeNIbHBIX (ParMeHTOB U300pakeHUsl. AHAIM3 COCTaBa MONEPEYHOr0 cpe3a
CJIOsI Kpacku. AHaiu3 u kKiaccudukanus cesi3yromux. [lociaoiHbIi aHamn3 n300paxeHusl.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueGHast aynuTopus, CHaOKEHHAasI JOCKOH, IKPaHOM, IPOEKTOPOM.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Jx. l'ony0, Y. Ban Jloy. Marpuunsie Berarcnenust. [lep.c anmi. M.: Mup, 1999 r. -548 c.
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penakuus GU3MKO-MaTeMaTuiecKoi Tureparypsl uzaarensctsa "Hayka» 1984 - 472 c.

3. C.A. AiiBazsiH, B.M. Byxmra6ep, U.C. Entokos , JI.JI. Memankun [Ipuknannas craTucTHKA!
Kjaccuukanus U CHUKeHue pazmepHocTd. M.: @unanckl u craructuka 1989 — 608 c.

4. H. Hpeitnep, [.Cmur I. [Ipuxnannoii perpeccnoHHbIN aHanmu3 B 2-X kHUrax. Ilep. ¢ anm. M.:
duHaHCH U cTaTucTuKa, 1986 — 366 c.

5. K. DcbeHcen AHann3 MHOTOMEpHBIX JaHHBIX. 1130pannbie masel. [lep. ¢ anmi. UepHoronoBka:
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8. N.Navas, J. Romero_Pastro, E. Manzano, C. Cardell, Benefits of applying combined diffuse
reflectance FTIR spectroscopy and principal component analysis for the study of blue tempera
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9. S.Laureti, H. Malekmohammadi, M.K. Rizwan, P. Burrascano, S. Sfarra, M. Mostacci, M. Ricci,
Looking through paintings by combining hyper-spectral image and pulse-compression thermograpty,
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7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

https://mipt.ru/science/labs/radiophotonics/obuchenie/lazery.php
8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMBbIX NPH OCYLeCTBICHUH 00pPa30BaTeJIbHOI0

npouecca o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHunst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

He npexycmorpeHo.

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)



CTyneHT, W3ydYaroNmMi JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynerate M3ydeHUs NUCHUIUIMHBI CTYAEHT JOJDKEH 3HATHh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
YMETb IPUMEHSTH [10JIyUEHHbIE 3HAHUA 111 PELICHUs Pa3IM4HbIX 3a/ady.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

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

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSTEIEHOM PaboThI CTYy/IEHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4ueOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX [UIs
CaMOCTOSTENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAaaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.

[lokazarenem BiajgeHHs MaTepHUajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JUCLIAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHMYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOINPOCOB, ClEIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTesto.

Bo3MOXeH npoMeXyTOUHBINH KOHTPOJIb 3HAHUM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMAaTUKON 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadeapa XuMuueckor GU3NKU

Kypc: 1

KBau(pukanus: MarucTp

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

Pa3zpatGoTunk: O.E. PoguonoBa, a-p ¢pu3.-mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CACTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MareMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)

SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HaydyHOH 3ajjad€ W MHTEPIPETHPOBATh  IOIYUYEHHBIC
PpE3yNbTaThI

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 JAaHHBIX, BHIOMPATH
ddeKTUBHBIE METOABI 00pabOTKH, HCHOJIB30BaTh MPOrPaAaMMbl MOJCIMPOBAHUS W  CIPABOYHYIO

JIUTEPATYPY.
BJIaJeTh:

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

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

C 1enplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Y4eOHOro MaTepuaina MpOBOAUTCS YCTHBIH ONpoC B
HayaJje 3aHATUSA 110 TeME IPOIUIOHN JIEKIIMH WU B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA ITPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

Bomnpocs! k 3k3aMeHy:

1. 1. OCOOCHHOCTH TPOCKIIMOHHBIX METOMOB, TOHITHE CKPBITHIX TEPEMEHHBIX, CIIOCOOBI
MPEICTABICHHS JaHHBIX.

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

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

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

6. OCHOBHBIE CBOWCTBA MPOCKIOMUOHHBIX PErp€CCUOHHBIX METOHOB, CIIOCOOBI OLICHKHM 4YHuCJia
KOMIIOHCHT.

7. BBIOpOCHI U 3KCTpeMalbHbIE 00pa3Ilbl, YUET, IOUCK yIaJeHHE.




8. OCHOBHbIE IPUHIIMITBI TOCTPOCHUS «TPAMOTHONY KaINOPOBKH.

9. Paznnunble criocoOBI BaTUIAIMN PETPECCUOHHBIX MOZIENIEH, X MPEUMYIIECTBA U HEIOCTATKH.

10. Knaccudukanus, 11emp, Kiaccupukamnus ¢ o0ydeHueM u 6e3 o0yueHus.

11. OcHOBHBlE pa3auuus MEXIy JIUCKPUMHUHAHTHBIM aHAJIU30M U 33JayaMHM  OJHOKJIacCOBOM
KJ1accu(puKalum, CTporas u HecTporasi KilacCu(pUKaius.

12. Meron SIMCA- ocHOBHBIE HIard, XapakTepHCTUKa OOpa3loB B MPOEKLHOHHOM NPOCTPAHCTBE,
00JIaCTh IPUHSATHUS PEIICHNUH, BHIOPOCHI.

13. Meton SIMCA- crnocoObl OLEHKH CIOXHOCTH MOJIENIM, W TIOKa3aTelld KadecTBa TMOCTPOCHHOU
MOJIEIIH.

14. PLS-DA — mocrtpoeHue AWCKPUMHHAHTHOW MOJENIM INpH OWHApHOH Kiaccu(UKALUH, CIIOCO0
BBIOOpA YKCIIA JIATEHTHBIX IEPEMEHHBIX, OLIEHKA KaueCTBa MOJCINPOBAHUS.

15. JIuckpuMUHHATHBIC MO TIPH HAJIWYUH 3-X 1 0oJiee KIIaccoB. METOIbI MOCTPOCHHS MOJIEIICH.

16. N-way 3amaum, yCTpOHCTBO JaHHBIX, (HU3MUECKUE/ XMMUYECKHE SKCIEPHUMEHTHI, IPUBOISIIINE K
N-way 3agauam.

17. N-way 3amadu, 0030p METOJIOB PEIICHHS TAKUX 3a]1ad.

18. MHoromepHbsle METOABI pa3pelICHHs] KpPUBBIX, IIOCTAHOBKA 3allauyd, CIEKTpalbHble U
KOHLIEHTPAllMOHHBIE OKHA, YCJIOBUS pa3pelleHus..

19. MHoromepHble METOIbl pa3pelleHHs KpPUBbI, BBEACHUE OIpaHUYEHUM, BpalarenbHas U
MaciuTaOHas HeONPeaeIEHHOCTb.

20. MHOrOMEpHBIE METO/IBI pa3pelieHus KPUBBIX, 0030p OCHOBHBIX METO/IOB.

21. Meroxn uepenyromuecs: HauMeHbire kBaaparsl (MCR-ALS).

22. Anamu3 u300pakeHHWi. YCTPOWCTBO JaHHBIX, PAa3HHUIA MEXAYy MPOCTPAHCTBEHHBIMH U
CHEKTpalIbHBIMH TlepeMeHHbIMH. (OCHOBHBIC LIBETOBBIC IPOCTPAHCTBA, NEpBUYHAI 0O0pabOTKa
M300pakeHUH.

23. Buzyanuzanusi JaHHBIX, CBSI3b M@Ky IHUKCEISIMU Ha M300paKeHUU M CIEKTPAJIbHBIMU JaHHBIMU;
MEXly JUIMHAMH BOJIH CIIEKTPa M MUKCEJIIMU Ha IJI0CKOCTU U300paKeHHUS.

24. CBs3b MEXIY NPEICTABICHUEM pPE3YJbTarToB B MPOCTPAHCTBE IVIABHBIX KOMIIOHEHT M HCXOIHOM
MTUKCEIbHOM IIPOCTPAHCTBE.

[Tpumeps! 3K3aMEHAIMOHHBIX OMIIETOB.

[Ipumep 1.

1. BBIOpOCHI U 3KCTpeMalbHbIe 00pasiibl, yUET, TOUCK yIalleHHE.
2. OCHOBHBIE IPUHIMIIBI TOCTPOSHUS «PAMOTHOW» KaTHOPOBKH.

[Ipumep 2.
1. Pa3nuunbie criocoObl BaIWAAUK PErPECCHOHHBIX MOJEIICH, MX MPEUMYIIeCTBA U HEJJOCTATKU.
2. Knaccudukanus, nenb, kiaccupukanus ¢ o0ydeHreM u 6e3 o0ydeHusl.

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHO § OamioB - BBICTAaBJIIETCS CTYHCHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbHOE 00OCHOBAHME MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.



OHGHKa XOpouIo 7 0alI0B - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, yMeCcT NPUMCHATH IIOJIYUCHHBIC 3HAHWA Ha IMPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOpo1Io 5 0aIoB - BEICTABISAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MaTCpuall, rpaMOTHO
" IO CYHICCTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IIPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

Onenka ynoBIEeTBOpUTENbHO 4 Oamja - BBICTABISACTCS CTYHCHTY, IOKa3aBlIeMy (parMeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieiibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEeHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

OreHka yHIOBIECTBOPUTENBHO 3 Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B M3JIOKEHUH IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMmbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1rieHKa HEYIOBIECTBOPUTENBHO 2 0aluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(bOpMyITHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THIIOBBIX 33]1a4.

OreHKa HEYJIOBJIETBOPUTENILHO | 0ajul - BBICTABIISICTCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITupoBKax
0a30BBIX HOHATHH JUCLHUILIMHBI U BOOOIIE HE MMECT HAaBBIKOB PEIICHHS THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

ITpu mpoBexeHNH yCTHOTO 3K3aMeHa oOydaromieMycs mpeaocTasisiercss 1 yac Ha moarotoBky. Ompoc
oOyuaroIerocs Ha SK3aMeHe He JI0JDKEH MPEBhIIaTh OHOTO aCTPOHOMUYECKOTO Yaca.



