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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: [IpumeHeHne METOA0B MAIIMHHOTO 00y4eHHs JJIs aHAJIN3a SKCIEPUMEHTAIbHbBIX
JIAHHBIX

M0 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona GU3NKUA U ucciaeaoBanuil uM. Jlanaay
kageapa MEKTPOAUHAMUKY CIIOKHBIX CUCTEM U HAHO(OTOHUKU

Kypc: 1
KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JInddhepeHimpoBaHHbIi 3a4eT
2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

AynutopHbIx yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsbie 3ansaTus: 0 Jac.

CamocrositensHas pabora: 30 gac.

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

[Iporpammy cocraBui: 3.M. 11Iu63yxo0B, n-p ¢Hu3.-MarT. HayK, JOICHT

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl SJIEKTPOAUHAMUKH CIOXKHBIX cucTteM U HaHodororuku 01.04.2024



AHHOTANMA

Kypc npeanasHaueH [y OCBOEHHSI METOIOB M ajIrOPUTMOB MAIIMHHOTO OOy4YEHHs] M aHalW3a JaHHBIX
(MOAJ), opueHTHpOBaHHBIX Ha pelIeHHe MPHUKIaIHbIX 3a7a4. OH HalpaBieH Ha JOCTI)KEHUE NMOHUMAaHUS
OCHOBHBIX JABIKYIIUX HICH M 3BPUCTHK, OCBOCHHE OCHOBHBIX NMPHUKIATHBIX MaTeMaTHYeCKHMX METOAOB U
anroputMoB MOA/I, ocBoeHre 0a30BBIX MPAKTHYECKUX HABBIKOB PEIICHHS MPUKIATHBIX 337a4 C HOMOIIbBIO
metonoB MOA/I Ha 6a3e Python u ero okpyxeHus.

Kpr BKJIIOUAaeT B cels JICKIHNH, I/I3J'Ial"aIOH_[I/II71 TeOpeTI/I‘IeCKI/Iﬁ Marcpual u HpaKTI/I‘{CCKI/IG/J'IaGOpaTOpHLIe

3aHATH.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

- OCBOCHHE TEOPETHYECKHUX 3HAHUN M TPAKTHMYECKHX HABBIKOB NpuMeHeHus aiaroputmMoB MOA]I,
JNOCTH)KEHUE MTOHMMAHMSI OCHOBHBIX JBHXKYIIMX WAEH M 3BPUCTUK JJISI OCO3HAHHOIO NMPUMEHEHHS Ha
MPaKTUKE U cocoOHOCTH K afanTtanuu anroputMoB MOAJ] B ciydae nmpakTHYECKOH HEOOXOUMOCTH.
Kypc HanpaBieH Ha ocBoeHHE MaTepuaia Mo MPUHLHUILY «OT MPOCTOro K OoJiee CIOKHOMY» C YUETOM
JIOTUKU HUCTOPUYECKOTO PA3BUTHUSA U YCIOKHEHUs MeTonoB U anroputMoB MOAJI. Kypc Brxirouaer B

cebs KJIacCUYECKHE H COBpPCMCHHBIC MCTOIbI

peuicHrud 3ajJa4d perpeccuu, KJ'IaCCI/I(i)I/IKaL[I/II/I,

KJIacTepHu3aIuy, IeKoMrno3uuud. OH OXBaThbIBaeT INUPOKHM pAN MOJENei, HauWHas OT MPOCTHIX
JIMHEUHBIX J0 CJIOKHBIX MHOTOCJIOMHBIX HEMPOHHBIX CETEH U KOMITIO3UIUN aIrOpPUTMOB.

33]13‘[1/[ JAUCHUIIINHBI

- MO3HAKOMUTHL CTYACHTOB C MCTOAAaMM H 3aJla4yaMM MAlIWMHHOTO 06y‘leHI/I$I 1 aHalln3a AJaHHBIX H
HAy4YUTb HPUMCHATH IOJTYUCHHBIC 3HAHHWS B 6y,Zly1]_II/IX IIPUKJIAJHBIX UCCIICAOBAHUAX.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-1 CriocobeH ocyecTBIsTh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE
CHUCTEMHOTO TIO/IX0/1a, BBIpabaThIBaTh
CTpaTeruro AeucTBui

VYK-1.2  OcymecTBisieT TOHUCK BapHaHTOB
MOCTAaBJICHHOH  NpoOJIEMHOW  CHUTyallud  Ha
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

pelieHus
OCHOBE

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3HaeT W cHocoOEGH  HCIONb30BaTh B
npoeCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIacCTH CBOCH
poeCCUOHATBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HAyYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIa4u

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
W3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHambLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUUHBIX METOJIOB PEIICHHUS

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIHTEIHHBIMHU
METOJJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOIYyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrocobeH TpUMEHSTh 3HaHWS B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYITHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen craBuTh, hOpMann30BHIBATh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJICIH

[IK-1.2 CnocoGeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAUECTBO pa3padoTaHHOU
MOJENN




N3y4aeMbIX SIBIICHUU U npoueccoB, CUCTCMHO
AHAJIM3UPOBATh HAYYHBIC HpO6J'ICMI>I, noJIy4darb

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON

HOBbIE HAYYHbIE PE3ysIbTaThl Hay4yHOM 3ajade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yabpTarhl
[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHOIB3YEMOIO
[IK.3 C 5 6 00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
-3 Cnocob6eH npodeccrnoHanbHo paboTaTh ¢ MPHKTA/HBIX TIPOrPaMM)
HCCIE0BAaTENbCKUM U UCIIBITATENbHBIM
[K-3.2 Criocoben MIPOBOJINUTH SKCIIEPUMEHT

o0opynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3UPOBAHHBIMH TAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBAaTH TOYHOCTh IOJyYEHHBIX
AKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaToOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMUILINHE (MOLYJII0)
B pesynbTrare 0cBOGHHS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbBI

3HATb.

- KIIIOYCBBIC IIOHATHA, LCIM W 3aJadd HCIIOJIb30BaHUA MAIlMHHOTO 06yqel-m;1 W aHajliu3a IJaHHBIX;
MCTOAOJIOTNMYCCKUC OCHOBBI IPUMCHCHUA aJITOPUTMOB MAIIIMHHOTO O6yLIGHI/I$I.

YMETB:

- CaMOCTOATEJIFHO BBIOMpATh METOJ MAIIMHHOTO OOYYEHHS M aHalIu3a JaHHBIX, COOTBETCTBYIOIIMN
UCCIIEA0BATENbCKOM 3a/1aue, HHTEPIIPETUPOBATh NI0JIYYEHHbIE PE3YJIBTATHL.
BJIAJIETh:

- HaBbIKaMHM CaMOCTOATCIBHOI'O OGy‘IeHI/IH, YTCHHUA MW aHaJIu3a aKa,I[CMI/I‘IGCKOﬁ JIATCPATypbl 110
MNPUMEHCHHUIO METOJ0B MAalIMHHOI'O O6y‘ICHI/I5[ 1 aHaJin3a OJAaHHBIX, IMOCTPOCHHUS U OLUCHKHU Ka4€CTBa

MOJIEIEN.

4. Coep:xanue TUCUMILIUHBI (MOYJI5), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora

1 Hctopuueckuii SKCKYpC ¥ OCHOBHBIC ) 1 1
MOHATHS

2 JIuneitnas perpeccust 4 4 4

3 JIuneitHoe pa3geneHue KiIaccoB 4 4 4

4 MeTovzl IVIaBHBIX KOMIIOHEHT M TIOJHAs ) ’ )
JUHEWHAs perpeccus

5 Knacrepuzanust Ha OCHOBe IIOMCKa ) 5 )
LIEHTPOB KJIACTEPOB

6 MerTpudeckue aaropuTMbl PErpeccuu u 1 ’ )
KJaccupuKanuu

7 Jlorndeckue METOABI U IEPEBBS PEILICHUI 2 2 2

] Onenka o00o0ImaroIell CcrocoOHOCTH U ) ) )
apaMeTpoB aJITOPUTMOB OOyUEHHS

9 HeijeﬁHLIe MOACIIM U  IPOCTHIE ) ’ )
HEHpPOHHBIE CETU

10 Curma-nu HEHpPOHHBIE ceTH u ) 5 )
KOHCTPYKTHBHOE 00y4eHHE

11 MHorocnoiiHbie HEHPOHHBIE CETH 4 4 4

12 |Metonsl OycTrHTa 1 6arruHra 3 3 3




Wtoro wacos

30

30

30

HO,I[FOTOBKa K 3K3aMCHY

0 gac.

OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.em.

4.2. CopaepxaHue TUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)

1. UcTopuyeckuii 3KCKypC ¥ OCHOBHBIE TIOHSATHUS

Uctopuueckuii sxckypc. OcHoBHble mHOHATHS. OOydeHHE MO KOHEYHBIM HabopaM MpeLeiCHTOB.
Monenu anropuTMoB M Meroabl oOyueHHs. OIleHKa KayecTBa alIropuTMa M MeTofga OOyuYeHHS.
[Ipobnema nepeoOydenus. Arperupyromue GyHKIUN U QYHKIHOHAIBI KaueCTBa.

2. JIuneitHas perpeccus

JIunennas perpeccus. IIpuMeHeHre TPUHIMIIA MUHUMHU3ALANA SMIIMPUYECKOTO prcka. [Ipumenenue
IpPUHLUIA PEryIsSpU3aluy Ui HOBBIILIEHUS] YCTOMUMBOCTU. AJTOPUTMBI OOyUeHUsl Ul JINHEHHOMN
perpeccun. PobGacTHble BapuaHThl JIMHEHHON perpeccun. llpuMeHeHMe MeTona HWTEPaTUBHOTO
[IE€PEB3BEILNBAHMSL.

3. JluneitHOe pa3ieneHue KIaccoB

Jluneitnoe paznenenue kiaccoB. [IpruMeHeHre MPUHIMIIA MAaKCUMU3AIMHN OTCTYIa U MUHUMHU3AINH
SMIIUPUYECKOTro pucka. [IpuMeHeHue NpUHLMOA PETryNspU3alyy AJIS MOBBIIICHUS YCTONYUBOCTH.
AJNTOPUTMBI JIMHEHHOTO pa3JiesieHus] KiaccoB. PoOacTHble BapuaHTHI JIMHEHHOTO pa3JieeHust
kinaccoB. [IpuMeHeHne METoa UTEPATUBHOTO EPEB3BEIIMBAHUS.

4. MCTO,I[ [JIABHBIX KOMIIOHCHT M IIOJIHAS JIMHEIHAS perpeccuna

IlocTaHoBka 3agauM W QJITOPUTM IIOMCKA IJABHBIX KOMIIOHEHT. lIpuMmeHeHMe aJ11 IOHMKEHUS
pa3MepHOCTH. AJTOPUTM IOKMCKA IOJIHOM JIMHEHHOH perpeccun. Bapuantel 0000menuii. PobactHeie
BAPUAHTHI METOJIA ITIABHBIX KOMIIOHEHT U IIOJIHOM JIMHEHHOMN pErpeCCHH.

5. Kitactepuzanust Ha OCHOBE ITOHMCKA IIEHTPOB KJIACTEPOB

Krnaccuueckuii BapuaHT MeToza MOKUCKA LIEHTPOB KiacTepoB. AJroput™ k-means ¥ ero BapHaHTHI.
Ucnonb3oBanue pacctosiHusi MaxanaHoOuca. PobGacTHple BapuaHTBl MeTO/a IOWCKAa IIEHTPOB
KJacTepoB. Mozaenu cmecel AJ1 MOMCKa KIacTepoB.

6. MeTpuueckue alrOpuTMbl PErpeccruu U KiIacCH(PHUKaUn

MeTO)I CKOJIB3AIICTO KOHTPOJIAA U €TI0 BAPUAHTEIL. ITouck napamMeTpoB aJIrOPUTMOB 06y‘leHI/I$[.

Cemecrtp: 2 (Becennuit)

7. Jlornueckue METONbI M IEPEBBS pEIICHUI

Jlormueckne pemaromme mnpaswna. I[loctpoenne W-MJIM nepeBps pemenuii. Jleca nepeBbeB
pELIEHUI.

8. Otenka 00o01IaroIIel CIOCOOHOCTH U ApaMETPOB allTOPUTMOB 00yUICHUS

Merton K Onmkaiiiix cocenelt Juist pelieHus 3aja4d perpeccuu u kinaccudukanuu. SnepHbiii METOx.
LOWESS.



9. Henuneitaple Moaenu U MpOCThle HEUPOHHBIE CETH

Kazununeiinpie HelpoHbl M uX oOydyenue. JIuHeWHble W KBasWJIMHEHWHBIE KOMOWHAIIMHM IMPOCTBIX
HEHpOHOB H ux oOyueHue. PobacTHbie BapuaHThl O0Y4YEHHUS IPOCTHIX HEHPOHHBIX CETEH.

10. Curma-niu HEWPOHHBIE CETH U KOHCTPYKTUBHOE 00yUeHHE

Curma-nu HeHpoHBI M UX BapuaHThl. KoHCTpykTHBHOE 0OyueHme curma-nu Heiiponos. OOyuenue
aHcamOIieli U3 curma-nu HeiipoHoB. KoppekTHble omepannu A HOCTPOEHUsT aHcaMOliel curma-mu
HEWPOHOB.

11. MHorocnoiiHble HEUPOHHBIE CETH

MHuorocnolineie cetTrn U3 HelpoHoB. OOmmMii MeTox oOpaTHOTO pacmpocTpaHeHus. PoOacTHbie
BapHaHThl MeToJa o0paTHOro  pacmpocTpaHeHus. [IpUMeHeHHWE MeTola  HMTEPaTUBHOIO
MEePEB3BEILIMBAHMSL.

12. Meronb! OycTrHTa 1 OarruHra

MeTtoapl rpamueHTHOro OyCcTWHTA JUIS 3ajad perpeccuu u kinaccuduranuu. MeTonbl Oarrusra.
MeTo/1bI IOBBITIIEHUS] pOOACTHOCTH METOJIOB TPAJMEHTHOTO OyCTHHTA.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

st mpoBeneHust 1ab0paTOPHBIX 3aHATHIH HEOOXOIUM KOMIIBIOTEPHBIH Kitacc. HeoOxoauMo nMeTh
YCTaHOBJICGHHBIN BapuaHT dKocucTeMbl Python Ha koMIbIOTEpax.

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas JuTeparypa
®onp 6a30BOM Kadeapo:
1. Hastie T., Tibshirani R., Friedman J. The Elements of Statistical Learning. Springer, 2014. — 739 p.
2. Bishop C.M. Pattern Recognition and Machine Learning. — Springer, 2006. — 738 p.
3. MepkoB A.b. PacniosnaBanue o0pa3oB. Beenenne B MeTopl cTaTucTrueckoro ooyuenus. 2011. 256
C.
4. MepxkoB A.B. PacrioznaBanune o0pazoB. [locTpoenne u o0yueHre BeposTHOCTHBIX Mojeneid. 2014.
238 c.

JomnonHutensHas auTeparypa
®onp 6a30BOM Kadeapo:
1. Kooanwo JLII., Puuapt B. [TocTpoeHue cucrem mammHHOTO 00y4deHus Ha sizbike Python. 2016. 302 c.
2. @mnax I1. Mammnaoe obydenue. Hayka v MCKycCTBO IMOCTPOCHHS aITOPUTMOB, KOTOPBIE U3BJICKAIOT
3HaHMs U3 naHHbIX. 2023. 401 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. Kypc nexuuit Boponnosa K.B. https://bit.ly/ML-Vorontsov
2. Kypc nekunit 3omoteix H.1O. http://www.uic.unn.ru/~zny/ml/

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)



I'paduueckuii IuIaHIIET I UCHIONB30BAHUS B KAUECTBE «JOCKW», google meet i TpaHCISLNY B
uHTepHeTe, google collab ans naboparopHoit paboTHl B 00Ja4HOM (opmaTe.

9. MeToauyeckue yKazaHusi AJis1 00y4arOLIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJETh OOIIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare MU3y4YCHUsA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3a1a4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUIAHOM T10 AUCIHILTHHE;

— BeJICHNS KOHCITCKTa 3aHATHH;

— HaNPsDKEHHOW CaMOCTOATEIHLHOU PabOTHI CTYICHTA.

CamocrosTenbHast paboTa BKIIFOUAET B CeOs:

— YTEHHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro MarepHuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMpIx CTyJAeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIIIOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

[Tokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MOHMMaHUS W3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYNHCHUW W3Y4YEHHUS OTIEIbHBIX TEM, BOIPOCOB, CIEAyeT oOpamiarhCsi 3a KOHCYJIbTAIMSIMHU
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKON 3aHSATHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kageapa MEKTPOAUHAMUKY CIIOKHBIX CUCTEM U HAHO(OTOHUKU
Kypc: 1
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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-1.2  OcymiecTBisieT TOHUCK BapHaHTOB
MOCTAaBJICHHOH  NpoOJIEMHOW  CHUTyalluu Ha
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

pelieHus
OCHOBE

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbBIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 3HaeT W cHocoOEGH  HCIONb30BaTh B
npo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-2 Nmeer nipeacraBicHrne 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIacCTH CBOCH
poeCCUOHATBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HAyYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIa4u

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHTEIHLHBIMHU
METOJJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOIYyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJpTara v IIPeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrocobeH TpuUMEHSTh 3HaHWST B 0O0NacTH
(U3UKO-MaTEMAaTHYECKUX HAYK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYITHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen craBuTh, HhOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBaTh HAy4HbIE TPOOIEMBI, [TOy4aTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAUECTBO pa3paboTaHHON
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBaHueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3UPOBAHHBIMH TAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIacTH

Hay4yHOM 3amade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yapTarhl

[IK-3.1 Ilonumaer npuHOUNBI pPabOThl HCHOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TIPOTPaMM)

[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIIOIB30BAHUEM HCCIEI0BATEILCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
AKCIEPUMEHTANIbHBIX (YMCIEHHBIX) PE3yIbTaToOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEH U

B pesynbrare wusydenus auciumuinHel «lIpuMeHeHHMEe METOIOB MAIIMHHOTO OOydYeHHMs [JIs aHajau3a
9KCIIEPUMEHTAIILHBIX JAHHBIX» 00y4YalOMIUNCS TOJIKEH:

3HAThb:

- KIIIOYECBBIC IIOHATHA, LCIWM KW 3aJa4d HCIIOJIb30BaHHA MAIIWMHHOI'O O6y‘leHI/I$I 1 aHajln3a OaHHBbIX;
METOHOJIOTNYCCKHUE OCHOBBI IPUMEHCHUSA aJITOPUTMOB MAIlIMHHOTO 06yquI/15[.

yMeThb:

- CaMOCTOATCIBbHO BLI6I/IpaTL MCTOA MAIIMHHOIO O6y‘-IeHI/IH MU aHaJln3a JaHHBIX, COOTBeTCTBYIOH_[I/Iﬁ
I/ICCJIG,I[OBaTGHBCKOfl 3a1a4C, MHTCPIIPCTUPOBATL MTOJYUCHHBIC PC3YJIbTATHI.

BJIaJd€Th:




- HaBBHIKAMH CaMOCTOSTEIILHOTO OOydYeHWs, YTEHUS ¥ aHaiu3a aKaJeMHYeCKOW JIHUTepaTrypsl IO
MPUMEHEHUIO METOJIOB MAIIMHHOTO OOYyYeHHWs M aHaju3a JIaHHBIX, IOCTPOCHUS M OICHKH KayecTBa
MOJIEIEN.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C HCJIBbIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_[I/IMI/IC$I yqe6H0ro Marcepuraja InpoBOAUTCH YCTHBII\/’I OorpocC B
HavaJi€ 3aHsATUA TI0 TCMC ITPOULIOTO 3aHATUA.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

IlepeueHp KOHTPOIBHBIX BOIPOCOB 1 ceMecTp
1. IlocranoBka 3aaun 00y4eHUS 10 KOHEYHOMY HabOpy MPeLeeHTOB.

2. MeTton HaWMEHBUIMX KBAJPAaTOB W €r0 PEryIIpH30BaHHBIC BEPCHH ISl MMOCTPOCHUS JHHEHHOM
perpeccuu.

3. Metoapl MOBBINIEHUSI POOACTHOCTH METO/la HAMMEHBIINX KBAJPATOB ISl MOCTPOCHUS JTMHEHHOM
perpeccuu.

4. TlpuMeHeHHWE TPHUHIMIA MUHUMHU3AIMA OSMIHPUYSCKOTO TIMCKA JUI PEIICHHs 3a/add
Kiaccu(ukanmu.

5. Meton CKONb34IIEro KOHTPOJIS U €ro IPUMEHEHHE.

6. Mero rmaBHbIX KOMIIOHEHT.

7. Anroputm k-means Ju1s IOMCKa IIEHTPOB KJIACTEPOB.

8. MeTozp! OBBIIEHHUS POOACTHOCTH JIMHEHHOTO pa3/iesieHHs KIacCoB.

9. KoHCTpYKTUBHBIHN aIrOpUTM [UIsl KacCH(UKau 1o OyJIeBbIM IPU3HAKAM.
10. Monens cMmeceit sl ToMCKa KJIacTepoB.

11. Mertox oOpaTHOrO pacnpocTpaHEHHUs JJIsl PEIICHUs 3aJa4ll PErpecCHd MPH MOMOIIU HEHPOHHOMN
CETH C OTHUM CKPBITBIM CJIOEM.

[Tpumep Omnera nst nudd. 3adera B 1 cemectpe:

burer 1.

1. IlocranoBka 3azaun 00y4eHUS 10 KOHEYHOMY HabOpy MPeLeeHTOB.
2. Anroputm k-means a7 moucka LHEHTPOB KIIaCTEPOB.

[Tpumeps! KOHTPOJIBHBIX BOTIPOCOB 2 CEMECTP

1. I[MocTpouTh NMHEHHYIO perpeccHro Juis Habopa JaHHBIX animals, WaeHTH(UIMPOBATH BHIOPOCHI,
HEPECTPOUTH JTMHEHHYIO PETPECCHIO 110 JaHHBIM, HE COAEPKAIUM BBIOPOCHL.

2. Pa3nenuTh 1Ba Kiacca U3 Habopa JaHHBIX iris MPH MOMOIIM JIMHEHHON runepruiockoctu. OEeHnTb
KaueCTBO pa3/ieiICHHU.

3. Ouenutb 0000UIAIOITYIO CIIOCOOHOCTD JTMHEWHOTO Pa3eeHus AByX KJIACCOB Ul 3aJaHHOTO METOJa
o0yd4eHusI.

4. HaiiTi rmaBHbIE KOMIIOHEHTBI M COKPAaTUTh Pa3MEpPHOCTb JAHHBIX W3 HaOopa iris M pemuTh 3aaady
JIMHEWHOTO Pa3leJIeHuUs IBYyX KJIacCOB.

5. llocTpouTh HEHNHHEHHYIO TIOBEPXHOCTh (HEHpPOHHAasi CETb C ONHUM CKpPBITBIM CIIOEM),
pas3ensIoNnIyIo Kiacchl Iyt Habopa iris.

6. ITocTpouth JMHElHYIO perpeccuro Ais Habopa maHHBIX starsCYG, uAeHTH(UIUPOBATH BEIOPOCHI,
MEPEeCTPOUTH JIMHEHHYIO PErPECCHIO 10 IaHHBIM, HE COAEPIKALIUM BBHIOPOCHI.

7. Pa3nenuth /Ba Ki1acca U3 HaOOpa JaHHBIX Wine MPH MTOMOIIY JIMHEWHOU THIIEPIUIOCKOCTH. OLIeHUTh
KaueCTBO pa3/esICHHS.

8. OueHnTh 0600IIAIONTYI0 CIIOCOOHOCTD JIMHEHHOTO pa3esieHHs ABYyX KJIacCOB IS 3alaHHOTO METoa
oOyueHwusl.

9. Haiitn riaBHBIE KOMIIOHEHTBI U COKPAaTUTh Pa3MEpHOCTh JaHHBIX M3 HA0Opa Wine W peIIuTh 3a/1ady
JMHEHHOTO Pa3JeNIeHNs IBYX KIIaCCOB.

10. IlocTpouTh HEWIMHEHHYIO IOBEPXHOCTh (HEWpPOHHAasA CETh C OJHHUM CKPBITBIM CIIOEM),
pas3zessIonyo Kiaccsl 1 Habopa wine,



[Mpumep Omitera mist mudd. 3adera Bo 2 ceMecTpe:

buner 1.

1. Pa3nenuth aBa Kinacca n3 HaOopa AAaHHBIX iris MU MOMOIIM JUHEHHOH runepriockoctd. OueHuTsh
KaueCTBO pa3/ieiICHHU.

2 .IlocTpouTh HEWIMHEHHYIO TOBEPXHOCTh (HEHpPOHHAsi CETh C OAHUM CKPBITBIM CJIOEM),
pas3ensIoNnIyIo Kiacchl Iyt Habopa iris.

Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBaHHE
HPUHATHIX PELLICHAMN.
Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PEIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka oOmIMYHO § Oa/uIOB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMYy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPaKTHKE MPU PEHICHNH KOHKPETHBIX 3a]ad4, MPaBMIbHOE 000CHOBAaHHME MPUHSTHIX
peleHni, ¢ HeKOTOPbIMU HEZ0UeTaMu.
Onenka xoporio 7 0aioB - BBICTABIISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, IPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS Ha NPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOTY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka Xopomo 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELLICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka ymoBIETBOPUTENbHO 4 Oanya - BBICTABISIETCS CTYIEHTY, IMOKa3aBIIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO MpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHHUs JIOTHYECKON MOCIIeIOBATEIIbHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jienibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.
OneHka ymoBIETBOPUTENbHO 3 Oaiya - BBICTABISIETCS CTYAEHTY, IMOKa3aBIIeMy (parMEeHTapHBII,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbBHOCTH B H3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalbo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHO! porpaMmbl, HEOOXOAUMBIMHE JUTS JaJIbHEHIIEro o0ydeHus U
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPbI HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHOH IporpaMMbl JUCHMIUIMHBI, JOMyCKaeT rpyOble OmMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MPUHIHUIIOB M HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPHU PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO | 0ajml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiiimne omuOKy B (GOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeneasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

JuddepennmpoBannpiii 3a4€T NPOBOAUTCS B YCTHOH Qopme mo Owneram. B kaxmom Ouere
NpPE/ICTaBICHO JBa TEOpPETHYECKWX Bompoca. [lpum mpoBemeHmm 3au€ra  oOydaromeMmycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromierocss He JOJDKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



