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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

XUMHYCCKOI'o 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 |

XHUMHUYCCKOI'O aHajim3a.

33]13‘[1/[ JAUCHUIIINHBI

dopmupoBanue 0a30BBIX 3HAHWI B 00JACTH,

I/IHTel"pI/Ipy}OH_Ieﬁ MareMaTu4eCKOC MOACIMPOBAHUC,

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

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

dopMupoBaHUE MMOAXOAOB K BHIOOPY AI(PQPEKTHBHBIX MaTEMaTHUYECKUX METOIOB

MMPpaKTU4YCCKUX 3aaa4.

2. llepevyens popmMupyemMbIX KOMIETeHUMH

AJi1 pelICHUA

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

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYaIHIO KaK CUCTEMY,
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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTHUeCKOW 00NacTH cBoell mpodeccrnoHambHON
EITENLHOCTH

IIK-1.2 CnocobeH  BbIBHTaTb THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KA4eCTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue | (WiIn)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl

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

B pe3ynbrare ocBOeHUS TUCIUIUTHHBI 00y4YaronInecs JOKHBI

3HATb.

q)YHI[aMeHTaHLHLIe OCHOBBI TPOCKIMOHHBIX METOJOB.

YMETB:

(dbopMyIMpoBarTh 3aJa4Ml aHANIHM3a JAHHBIX, COOMpaTh W MOATOTAaBIWBATH HAOOpHI JAHHBIX, BHIOHPAThH
3 deKTuBHBIE METOAbl 00pabOTKH, HCIOIB30BaTh MNPOTPaMMbl MOJCIHMPOBAHUS U CIIPABOYHYIO

JUTEparypy.
BJIaJIETh:

HaBbIKaMH TIIOCTPOCHHSA W BalluAallun Moz[eneﬁ, 000CHOBaHUEM U HHTepnpeTauHeﬁ TMOJIYYCHHBIX

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 u OCHOBHBIE — IIOHATHS
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 Meronpl  paspelleHUs ) )
MHOTOMepHBIX KpuBbIX (PMK)
Pa30op peasbHBIX MPUMEPOB pELICHUS
] 3a7a4 KoyieOaTeIbHOM CIEKTPOCKOIHMH 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 aHAIN3 JaHHBIX, MAlIMHHOE O0y4yeHue, 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 uisi  OOpaOOTKM — JAHHBIX, KOMMEPYECKHME MAaKEeThl, CBOOOIHO
pacIpocTpaHseMble IIPOrpaMMBbl [yl PEIICHNs CIICIMANbHBIX 3a7ad, MpUIokKeHus B cpene Matlab u
R.

Hapncrpoiika Chemoemtics add-in, pykoBOACTBO 1O yCTaHOBKe (IpUMEpPHl B JeKOUsIX 3-9
aHanM3upyroTcs ¢ noMomsio Chemometrics add-in U cOMPOBOXKAAIONINX MIA0IOHOB).

VYCTpoliCTBO JIaHHBIX, pa3MEpHOCTH 3anad. Marpuunas anreOpa. [lpocteiimue omnepanuu ¢
MaTpHULIaMH



Cnen, ompenenurens, paHr Marpuibl. Hopma BekTOpa, yroa MexIy BEKTOpaMH, JIMHEHHas
3aBHCUMOCTh BEeKTOpoB. OOparHas u mceBno-oOpatHas wmarpuibl. COOCTBEHHBIE BEKTOPHI U
COOCTBEHHBIE 3HAYCHUS, PA3JIOKEHHE MO CHHTYSPHBIM 3HaueHUSIM. [IoanpoCcTpaHCcTBO M MPOEKIHs
Ha OJIPOCTPAHCTBO.

Maremarndeckasi cratuctuka. OCHOBHBIE IMOHSTHSA: MaT. OXXUIAHWE, AWUCIEPCHUS, KOBapuanus U
koppensaus. OCHOBHBIE pacrpeeNieHHs: ONHOMHAIbHOE, PABHOMEPHOE, HOPMAJIbHOE, XU-KBaApaT
Onenka napaMeTpoB U CBOMCTBA OLIEHOK.

JIuneiinas perpeccus.

2. Meto/ riaBHBIX KOMIIOHEHT

Beenenue B mpoekunoHHble MeTOAbI. [IoHATHE CKPBITHIX NepeMeHHbIX. [IpoeKIMOHHbBIN oAX0A AT
pelieHnsl 3aja4 MHOTOMEPHOTO aHalW3a JaHHBIX. [IpuMepbl, WIUTIOCTPUPYIONIME MHOTOMEPHBIN
noaxoa. J{Ba moaxoaa K aHAJIM3Y JAaHHBIX, COAEPKATeNbHBIN ((PU3HKO-XUMHUYECKUI) U HOPMATTBbHBIN.
[Ipoexkunonnsie MeTonsl. Mieu, 3ai0keHHbIE B TPOEKIMOHHOM moaxoze (1) mo3Bomsror paboTats ¢
OONBIIMMHM MAaCCHUBAMHU JAHHBIX; (2) CYIIECTBEHHO MOHIDKAIOT Pa3MEPHOCTh M3y4aeMOW CHCTEMBI;
(3) aHaNM3UPYIOT W MO3BOJISIOT BBIACIUTH JIATEHTHBIE CTPYKTYphl B agaHHbIX; (4) Ilo3Bomstor
OTZIEJIATH COAEPIKATENbHYIO YacTh OT IIyMa.

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

Merton 1IaBHBIX KOMIIOHEHT, OCHOBHBIE NOHSATHUS TpaUKH CYETOB, rpaMKH HArpy30K, OMINOKH
MOJIEITPOBaHUS

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

KamnOpoBka — wuHCTpyMeHT Nel KOJMYECTBEHHOTO aHaln3a JaHHBIX, O0JACTH TNPAKTUYECKOTO
MPUMEHEHHSI KaTHOPOBOK.

PerpeccronHbIl aHaNM3: OT MPOCTOTO K CIOKHOMY, OJIHOMEpHasi (univariate) kanuOpoBka u MJIP,
Henoctarku MJIP, komnmuneapHocts. @axkropHoe npoctpanctBo u PI'K, kannbpoBka B mpocTpaHCTBE
m1aBHBIX KoMmoHeHT, PI'K kak opy)kue MpoTHUB KOJUTMHEAPHOCTH, IPYyTrHe MperuMyIecTBa. | TaBHBbIM
Henoctarok PI'K — npoctpanctBo PC He yuuThiBaeT nepeMeHHOR Y, UTO MOXKET CHH)KaTh KaueCTBO
perpeccuonHoi monenu. [1JIC perpeccust — Mmomnas ansrepHaruBa PI'K.

ocHoBHas uzes [IJIC: paxropHoe mpocTpaHCTBO cTpoutcs onTUMainbHO ¢ ydetoM X u Y; IIJIC] u
[UIC2, anropuT™Mbl, YHCIO KOMIIOHEHT, Baimuaauus Monenu, uHTepnpetanus [IJIC monenw,
MIpeCcKa3aHue.

OCHOBHBIE NIPUHIUIIBI TIOCTPOCHUS «TPAMOTHOI» KannOpoBku. BeiOop MeTona kanuOpoBKy, AW3aiH
SKCIIEpUMEHTa, 0TOOp Npol, mpeaBapuTelbHas o0padoTka JaHHBIX (pretreatment), IIKaJIMpOBaHUE
(scaling).

ITpumepst 1. «MneanbHble naHHBIE». MoJeNbHBIC JaHHBIE CIEKTPOB IJISI CMECH HECKOJIBKUX
KOMITOHCHTOB B YCJIOBUSX, OJM3KHUX K HICATbHBIM (CHUTHAN + HOpMasbHBIN 1mIyMm). Llens: ocBoeHne
KaJIMOPOBOYHBIX MHCTPYMEHTOB, CPABHEHHE PA3IMYHBIX METOIOB, BHIPAOOTKA HABBIKOB MOCTPOCHUS
U MHTEPIIPETALUU PETPECCUOHHON MOJEINHN JUIsl CHEKTPOCKOMMYECKUX JAaHHBIX U €€ MCIOIb30BaHUsI.
[Ipumep 2. PeanbHble naHHbIC

4. Knaccudukarusi. OCHOBHBIE OHSTHS, 0030p METOIOB

UYro Takoe KiaccHU(UKaAIMs, KaK ONPENeNuTh MPHUHAMIEKHOCTh K KJIAacCy B 3aBUCHMOCTH OT
arnpHOPHBIX 3HAHUI 00 MCXOMHBIX JAHHBIX. Pa3MyHbIC alropuTMbl KIACCU(PHUKAMH C 00y4eHHEM
(supervised) u 06e3 (unsupervised). Pacmo3naBanme o00pa3oB — OCHOBHasl MpoIEaypa
KiIaccupukanuu. Pasnmuuue meneil W MoaxoAoB NMpH PEHICHWH 3ahad JAUCKPUMHUHALMHM W 3a1ad
OfHOKJIaCCOBH Kiaccudukaruu. OnpeneneHne MpUHAUIEKHOCTH o0pas3la K HalJAEHHBIM Kiaccam,
OTIpeJielIeHuEe MPUHAUIEKHOCTH 00pa3lia K HalJEeHHBIM KjlaccaM C BO3MOXKHOCTBIO HaXOXKICHUS
BBIOPOCOB, ONpe/eNeHNe MPUHAUIEKHOCTH o0paslia K HaWICHHBIM KJaccaM C HCIIOJIb30BaHHEM
nepeMeHHoOU oTkiuKa. OueHka 3pdexruBHOCTH Kiaccupuranuu. CBA3b MEXAY OLIMOKaMu EPBOTO
Y BTOPOT'O POJia U IIOKA3aTeIIMU YyBCTBUTEIBHOCTH, CHENN(UIHOCTH U 3()(HEKTUBHOCTH.

5. Ilpoexmmonnbie MeTonbl nuckpuMuHanuu — «I1JIC-nmuckpuMuHaum



bunapnas w MHOTOKIJIaccoBasi JUCKpUMHHAIUS, onHo3HauHas (hard) u HeomHo3HauHast (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
YyBCTBUTEIBHOCTH M CHEUU(PUYHOCTH. Paznuyms MeXIy IMCKPUMUHALMEH W OJHOKIACCOBH
Kiaccuukanyen.

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

OCHOBHBIE IOHATUS, YCTPOMCTBO NaHHBIX, 3aJaud KOTOPbIE MOJKHO pEIlaTh C IIOMOILBIO METOIOB
PMK

[locranoBka 3amauun, CHEKTpajbHBIC U KOHICHTPALMOHHBIE OKHA, YCJIOBHUS pa3pellicHHs], BBEACHUE
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. Pa30op peanbHBIX IPUMEPOB PEIICHHS 3a/1a4 KoJIeOaTehbHONW CIEKTPOCKOIHH ¢ UCTIOIb30BaHUEM
MIPOEKITMOHHBIX METOJOB

3ajaun MCCIIE0BATENbCKOTO aHAIN3a, KaJMOPOBKM M KIACCH(UKALMK, aHAIH3 MPOMEKYTOYHBIX
pEe3yJBTaTOB, BRISBICHUE IPUYHMH HEYIAYHBIX PEIICHHI 1 CIOCOOBI MCIIPABICHUS CUTYAIIUH.
[TopraTuBHBIE TIPUOOPHI, TPUMEHEHHE MPOSKIIMOHHBIX METOJO0B Ul PACIIMPEHUs BO3MOKHOCTEH
nmpuOOpoB

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

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

Mertonsl pemeHus Takux 3afad, AgoctouHcTBa W Hemoctatku: Unfolding (pasBepTka IaHHBIX),
monenu Tucker 3, mapamienbubiii gakropueiii aHanmus (PARAFAC), meron xanmOpoBku - N-way
TJIC

10. MHOTOMEpHBIH aHAIN3 N300paKeHUI U TUIIEPCIIEKTPaIbHBIX JaHHBIX

Opranuzanus AaHHBIX, pasHULA MEXIY NPOCTPAHCTBEHHBIMU M CHEKTPaJbHBIMHU IIE€PEMEHHBIMHU.
OCHOBHBIE 1IBETOBBIE IPOCTPAHCTBA. PeXMMBI  NpeaCcTaBIEeHUs H300pakeHHs, pacTpoBas M
BekTopHast rpaduka. OcHOBHBIE BUABI HU(POBOTO MpeiacTaBicHUs H300paxkeHus. I[lepBuunas
00paboTka n300pakeHni, NMpUMEHEeHHnEe OCHOBHBIX (yHKIMU Matlab u3 Image processing toolbox .
[Tocnoitnas u mopdonornyeckas 06padoTka n300paskeHH, UCTIOIB30BAaHHE MACKH.

Paznuuusa MeXIy THHEepCHeKTpaIbHBIM M MHOTOMEPHBIM aHAJIN30M H300pakeHHH. Busyamuzaums
JAHHBIX, CBA3b MEXKIy MUKCEIIIMUA Ha N300PAKEHUH M CIEKTPaJbHBIMU JaHHBIMH;, MEXIY IJTMHAMH
BOJIH CIIEKTpa W MUKCEJISIMU Ha TUIOCKOCTH M300pakeHus. [IpenBapurenbHas oOpaboTKa JaHHBIX B
MPOCTPAHCTBEHHOM M B CIEKTpadbHOH Momax. CBS3p MEXIy IpeACTaBICHHUEM pPe3YyJIbTaToB 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 THMIIEPCHEKTPAIbHOIO aHalu3a.
Brigenenne u u3yueHue OTIeNbHBIX (parMeHTOB N300paskeHs. AHAIN3 COCTaBa MOMEPEYHOTO 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
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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.
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7. G. Sciutto, P. Oliveri, S. Prati, E. Catteli, I. Bonacini. R Mazzeo, “A multivariate methodology
workflow for the analysis of FTIR chemical mapping applied on historical paint stratigraphies, Int. J.
Anal.Chem, ID 4938145 (2017).
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
historical painting, Anal.Chim.Acta, 603, 141-143 (2008).
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,
Sensors, 19, 4335 (2019)..

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)



CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIMM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrate M3ydeHus TUCHUIUIMHBI CTYAEHT IOJDKEH 3HAaTh OCHOBHBIC ONPEIECICHMS AMCLIMIINHBL,
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 y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAaaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.

[lokazarenem BiajeHHUs MaTEpUaIOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLIAIUIMHBIL.

BaxxHo 1oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYIbTalUAMH K
MIpenoAaBaTesto.

Bo3MoxeH nmpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHMS 33a4 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 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
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

IIK-1.1 CrocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHI B
pamMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

I[IK-1.2 CnocobeH BbIBHTaTh  THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pe3ynbpTare U3yd€HUsaA 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:

(dbopMynHpoBaTh 3a/a4M aHaTW3a JaHHBIX, COOMPATh W TOArOTABIMBATH HAOOPHI JaHHBIX, BHIOMPATh
3G PEeKTUBHBIE METOIbI O00pa0OTKH, HWCIONB30BaTh MPOTPAMMbl MOJAETHPOBAHUS M CIIPABOYHYIO

JIUTEPATYPY.
BJIaJeTh:

HaBbIKaMU IIOCTPOCHHUA U BaJIWAallUN MO,I[CJIeﬁ, 000CHOBaHUEM U I/IHTepHpeTaL[I/IeI\/’I MOJTYYCHHBIX

pE3YyNbTaTOoB.

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

C 1nenplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC 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.
MIPENCTABICHUS JAHHBIX.

OCOOEHHOCTH NPOEKLIMOHHBIX METOJO0B, IOHATHE CKPBITHIX IEPEMEHHBIX, CHOCOOBI

2. MeTO):[ TJIaBHBIX KOMIIOHCHT, OCHOBHBLIC CBOﬁCTBa, PasSMCPHOCTL CUCTCMEI, 3(1)(beKTHBHLIﬁ n

MaTeMaTu4eCKUi paHr CUCTCMBI.

3. IIpeacraBieHue AaHHBIX B IPOCTPAHCTBE IIABHBIX KOMIIOHEHT, TPa(hUKU CIETOB U HATPY30K.

4. CriocoOblI OLICHKH YKCJIa TTIaBHBIX KOMIIOHEHT.

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

6. OCHOBHBIC CBOICTBa MPOCKIHUOHHBIX PErpeCCUOHHBIX MCTOHOB, CIIOCOOBI OLICHKHM 4YucCjia

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 pa3iauuusi MEXIY JUCKPUMUHAHTHBIM aHaJIM30M M 3aJadaMyd  OAHOKJIAcCOBOM
KJ1accu(puKalum, CTporas u HecTporasi KilacCu(pUKaius.

12. Merong SIMCA- ocHOBHbIE IIard, XapakTepUCTHKa O0pPa3loB B MPOCKIMOHHOM IPOCTPAHCTBE,
00JIaCTh IPUHSATHUS PEIICHNUH, BHIOPOCHI.

13. Meton SIMCA- crocoObl OIEHKH CIIOKHOCTH MOJIENIM, W TIOKa3aTelld KadecTBa MOCTPOCHHON
MOJIEIIH.

14. PLS-DA — mnocTtpoeHne OUCKPUMUHAHTHOM MOAeNM Npu OMHApHON Kiaccu(UKaluH, Crocod
BBIOOpA YKCIIA JIATEHTHBIX IEPEMEHHBIX, OLIEHKA KaueCTBa MOJCINPOBAHUS.

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

16. N-way 3amauy, ycTpoHCTBO AaHHBIX, (pU3NUecKHe/ XUMHUYECKHE IKCIIEPUMEHTHI, IPUBOISAIINE K
N-way 3agauam.

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

18. MHoromepHble METOABI pa3pelIeHUs] KPUBBIX, IIOCTAHOBKA 3aJayH, CIEKTPAJIbHBIE H
KOHLIEHTPAllMOHHBIE OKHA, YCJIOBUS pa3pelleHus..

19. MHoromepHbple METOIbl pPa3pelIeHUss KpUBbI, BBEJCHME OrpaHWYEHUI, BpallaTeabHas 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
CHEKTpalbHBIMH TiepeMeHHbIMH. (OCHOBHBIE LIBETOBbIE IPOCTPAaHCTBA, MEpBUYHAs 00paboTka
M300pakeHUH.

23. Busyanuzanus JaHHBIX, CBSI3b MEXIY MUKCENIIMH Ha N300pa)KEHUH M CHEKTPAIbHBIMH JaHHBIMH;
MEXly JUIMHAMH BOJIH CIIEKTPa M MUKCEJIIMU Ha IJI0CKOCTU U300paKeHHUS.

24. CBsi3p MEXIYy MPEICTAaBICHHEM DPE3YJbTaTOB B NPOCTPAHCTBE IVIABHBIX KOMIIOHEHT M MCXOAHOM
[IUKCEJIbHOM 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 ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEeOHOHM MpOorpaMMbl AMCHUIUIMHBI, MPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
IPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IOKa3aBLUIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPHU PEIICHUH KOHKPETHBIX 33734, IPaBUIbHOE O0OOCHOBAHHUE MPUHSATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.



OHGHKa XOpouro 7 0aaoB - BEICTABIISCTCS CTYACHTY, €CJIM OH TBCPAO 3HACT MATCPUAJI, TPAMOTHO U I10
CylIeCTBY H3JIara€t €ro, yMecT MNPUMCHATH IIOJYYCHHBIC 3HAHHSA Ha MNPAKTHUKE, HO HCAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Ouenka xopoio 6 6ajIoB - BBICTABISAETCS CTYACHTY, €CIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYILECTBY M3JaraeT ero, yMeeT MPUMEHATh MTOJyYeHHbIE 3HAHNS Ha MPAKTHKE, HO JOIYCKAEeT B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOopouro 5 0aaoB - BEICTABIISACTCS CTYACHTY, €CJIM OH B OCHOBHOM 3HACT MAarcpuraj, rpaMOTHO
1 M0 CYHECTBY H3JIara€T €ro, yMeCT IMPUMCEHATL MOJYUYCHHBIC 3HAHUS HaA IIPAKTHUKE, HO JOIYCKAC€T B
OTBCTC WJIM B PCUICHUHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OreHka yHIOBICTBOPUTENHHO 4 Oayuia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMY (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKTep 3HaHWIl, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKON MMOCIIENOBATEIbHOCTH B U3JIOKEHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IPOrpaMMbl, HEOOXOAUMBIE Ul JajbHEHIIero o0y4eHus, 1
MOKET MMPUMEHSTH TIOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIHH.

OreHKka yHIOBIETBOPUTENBHO 3 Oajia - BBICTABISCTCS CTYACHTY, MOKa3aBIIeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (GopMynupoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPAMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHO porpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBICTBOPUTEIHHO 2 0ajia - BBICTABISCTCS CTYICHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTh
OCHOBHOTO COZAEP)KaHUsl Y4eOHOW NpOrpaMMbl JHUCHMIUIMHBL, JONYCKAaeT TIpyOble OMMOKH B
(OopMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh MOTYYCHHbBIC 3HAHUS TP PEIICHHN
THIIOBBIX 33]1a4.

OreHKa HEYJOBICTBOPUTENBLHO | Oaiia - BBICTAaBISAETCS CTYICHTY, KOTOPBI HE 3HA€T OCHOBHOTO
cozepKaHusi yd4eOHOW MPOrpaMMBbl TUCHUILIUHEL, JIOMyCcKaeT rpydeiiniie ommoku B (GOPMYIHPOBKAX
0a30BBIX TMOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

5. MeTonuueckne MaTepuaIbl, ONpPeIesONINe MPoueIyPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1K) oNbITA AESITEILHOCTH

ITpu mpoBeneHNH yCTHOTO 9K3aMeHa oOydarolieMycs mpegocrasisiercs | yac Ha nmoarotoBky. Ompoc
oOyuaroIerocs Ha SK3aMeHe He JI0JDKEH MPEBhIIaTh OHOTO aCTPOHOMUYECKOTO Yaca.



