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: Mertozbl MaIMHHOTO 00y4YeHus B acTpodusnke
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenapa GpyHIaMEHTAIbHBIX B3aUMOIEHCTBUI 1 KOCMOJIOTHH

Kypc: 1
KBaJIMpUKALS: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 2 (BeceHHUN) - nddepeHunpoBaHHblil 3a4eT

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

CamocrostensHas padora: 15 gac.

Bcero gacos: 45, Bcero 3au. ef.: 1

[Iporpammy cocrtaBui: O.E. Kanames, 1-p ¢us.-Mar. HayK

[Iporpamma obcyxneHa Ha 3aceannu Kadenpbl PyHIaMEeHTAIBHBIX B3auMoiecTBUi 1 kocMomnoruu 04.06.2021



AHHOTANMA
Kypc nocsiieH coBpeMeHHBIM METOaM MAIIMHHOTO O0y4YCHHMS ¥ allTOPUTMaM aHallu3a JaHHBIX B Iapagurme
Big Data. Ha npumepe akTyanbHbIX 3a/ad (U3MKH YacTHIl B acTpo(U3uKu OyIyT pacCMOTPEHBI BCE JTaIlbl
00pabOTKM JaHHBIX OT MOCTAHOBKM BOIPOCA JO KOHCTPYHMPOBAHUS BBIYUCIUTEIBHOTO anroputMma. bymyT
JIETaIbHO PAaCCMOTPEHBl TNPHHLMUIBI TMOCTPOCHHS M MEXaHH3Mbl pPaboThl HeWpoHHBIX cereil. Kype
CONPOBOXKAACTCSI CEMHHAPAMH, TIPOXOSIIMMU B (popmare MacTep-Kiacca 1o aHajIu3y JaHHbIX.

1. leau u 3apauu

Meap AUCUMNIMHBI

I/I3y‘{CHI/Ie MECTOA0B MAallIMHHOT'O O6y‘-IeHI/I$I JUIA aHaJIn3a JaHHBbIX B 3aJa4ax aCTpO(bI/ISI/IKI/I.

33]13‘[1/[ JAUCHUIIINHBI

° 3HAKOMCTBO C aHAJIHU30M JaHHBIX MCTOJaMHU MAaIlWnHHOI'O O6yLICHI/I$I, IIOCTAaHOBKa 3aJa4 H

UHTEpIpETaLysl pe3ybTaToB

* OcBoeHUe METOZ0B MAIIMHHOTO 00yUeHUs “‘c yuutenem” JUis 3aa4 KIACCU(QHUKAIIUU U PETPECCHU

* OcBocHHE METOJOB MAalIMHHOTO OOydYeHUs “‘0e3 yuurtesss” A 3ajad CTPYKTYpU3allid JaHHBIX U

IOMCKa aHOMAaJIUH

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO HA (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMH

I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYalluil HA OCHOBE
CHCTEMHOTO TI0JIX0/1a, BEIpAa0aThIBATh
CTpaTeruro AeUCTBUI

YK-1.3 Pa3pabarsiBaeT CTpaTeruto JOCTHKEHUS
[IOCTABJICHHON 1eIM Kak I10CJIE0BaTeIbHOCTh I11aroB,
NpEeNBUIA PE3YNbTaT KaXIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE HAa  BHEIIHEE  OKPY)XEHHE  IUIaHUpyeMOM
JEATEIBHOCTH M Ha B3aUMOOTHOIIEHUS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

YK-2 CriocoGeH ynpaBisaTh IPOEKTOM Ha BCEX
JTanax ero peajan3anuu

YK-2.2 Crnocoben MIPOrHO3UPOBAThH pe3ynbTar
AEATEIBHOCTH M IUIAHUPOBATh IOCIIEA0BATEIBHOCTD ILIAroB
I JAOCTIDKCHUS JaHHOTrO  pesynbrara. Dopmupyer

IWIaH-rpadyK peanu3aluy IMpOoeKTa B LEJIOM U IUIaH
KOHTPOJIA €T0 BBIIOITHEHHS

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

OIIK-1.1 3HaeT W cHocoOGH  MCIONbL30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKH ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 NpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON IeSTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NmeeT npeacTaBIeHAE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEHHOCTH

OIIK-3 CniocoOeH BRIOMpATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.2 ChoocobOeH HCIIOIb30BAaTh HCCIIENOBATEILCKUE
METO/bl TNPU PEIICHUH HOBBIX 3a]a4, IPUMEHSsS 3HAHWS B
pa3IuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-3.1 CrocobeH aHamu3upoBarTh 3ajady, MJIAHUPOBAThH
MyTH PELeHHs, Ipeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIHTEIHLHBIMHU
METOJJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHUKE
CPaHUIbl MPUMEHUMOCTH MOJYyYaeMbIX PEIICHUN




OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAThH CIIOCOO
pelIeHne MOCTAaBICHHOH 3a/1a4H, TIPOBECTH MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

aHaJM3 pe3yabTara U MPeACTaBUTh BHIBOIbI,
NPUMEHSISI 3HAHUS ¥ HAaBBIKU B 00JIaCTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH()OPMAIIMOHHO-KOMMYHHUKAITHOHHBIX
TEXHOJIOTUHI

[IK-3 Cnocoben npodeccuonansao padorars ¢ |[IK-3.3 CpnocobeH oOLeHHBATH TOYHOCTh MOJXYYEHHBIX
HCCIIeJ0BATEIbCKUM U UCTIBITATEIbHBIM 9KCTIEPUMEHTAIBHBIX (UHNCIICHHBIX) PE3YIbTAaTOB
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLUATN3UPOBAHHBIMU MTAKETAMU TPUKIIATHBIX
MporpaMm) B U30paHHON MIPEIMETHOM 00IacTH

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI

3HATh!
METOJbl MAIIMHHOTO OOyUYCHHs «C y4YUTEIeM», W «0e3 YUHTeNs» W HPUMEpbl UX NPUMCHEHHS B
acTpoQu3mKe.

YMETb:
NOPUMEHSTh METOJbl MAIIMHHOTO OOY4eHHs JUIS pealibHbIX 3aJad pEerpeccud, KiacCUpHKaUUd U
KJIaCTepU3aIMU B aCTPOPH3HKE.

BIIAJICTh!

HUHCTPYMCHTApHUECM UIA pCIICHUA 3a1a4 C IIOMOIIBIO ITPOrpaMMHUPOBAaHNA HA A3BIKE pythOl’l.

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

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

TpynoeMKOCTb 110 BUAAM Y4eOHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 Brenenue B MmammaHOE 00yUYeHUE. 2 1
2 Brenenuve B ananu3 nansbix Ha Python. 2 1
3 Jluneiinple  Monmenw — perpeccun W 2 1
Kiaccu(uKanmu.
4 I[epeBbf[ pelIeHN 1 MeToJ| ONMKanIImx ) |
cocenei.
5 [lpumep 3amaum KiaccupuKauud M3 ) 1
acCTpOQU3UKH.
6 Ancamb6reBble MeTOBI 1. 2 1
7 AncaM0ieBble METOBI 2. 2 1
] HeiiponHbie ceTu IPSAMOTO ) |
pacnpocTpaHeHHS.
9 OnTuMu3anusi HBUPOHHBIX ceTel 2 1
10 |CBeprouHble HEHPOHHBIE CETH 2 1
1 Hpmi/[eHeHHe CBEPTOYHBIX HEHPOHHBIX ) 1
ceTen
12 Monudukanuu CBEpPTOYHBIX HEWPOHHBIX ) |
CETeM, UCII0JIb3yeMbIe B aCTPO(pHU3UKE.
13 PexyppeHTHBIE HEHPOHHBIE CETH 2 1
14 [IpumeHeHne peKyppeHTHBIX HEHPOHHBIX ) 1
ceTeil B acTpopu3uKe




15 |Knacrepuzarmus. 2 1
Hroro wacos 30 15
[TonroToBka K 3K3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2.

Coneprxanue UCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 2 (Becennuit)

1. BBesieHre B MallTMHHOE O0yUYEHHE.

[lonsarue ‘big data’, 3agaun 06pabOTKK NaHHBIX: perpeccus, Kiaccuukanus, KIacTepusanus, IOUCK
aHOMaJIMi, oOydeHHe IMpPEACTaBICHHUSM, yMEHbIICHHE pa3MepHOCTH AaHHbIX. [Ipumep anroputma
MAaITMHHOTO 00YUYeHUS — METO| OFKAUIINX COCEACH.

2. Brenenue B aHanu3 gaHHbX Ha Python.

OcHOBHBIE 3JIeMEHTHI W KOHCTpyKiuHM si3bika Python. Cpema paspabotkum jupyter notebook,
JOKYMEHTHPOBAHUE KOAA M MPE/ICTABICHNUE PE3YJIbTaTOB YHCICHHBIX PACUueTOB B BOCIIPOM3BOANMOM
BHJIe. AHAJIN3 JAHHBIX U HHCTPYMEHTHI BU3yanu3anuu. bubnuorexn numpy, pandas matplotlib.

3. JIuneiiHble MOJICIH PETPECCUU U KIIACCU(HKAIINH.

Jluneitnas perpeccus. MeToa HauMeHbIIUX KBaapaToB. O1ieHKa TOYHOCTH Mozend. OyHKIHS LIeHbI
W METOJ TPAIUEHTHOrO CITycKa. JIoructuueckas perpeccus.

4. JlepeBns pelieHui 1 MEeTOJT OMMKAUIITUX COCEICH.

Kak crpoutcs nepeBo pewmenmit. Durpomnusi Lllennona. Ilpumep u3 Ombmmoreku scikit-learn.
Buzyanuzanus nepesa pelieHui.

5. llpumep 3aga4un KaccuQUKAIUU U3 aCTPO(DU3HKH.

[MogroroBka nanHbIX. MeTpuku KadectBa kiaccudukaropa. MuTepnperanus pesyasratoB. Beibop
apamMeTpOB MOJENH U KPOCC-BATUIALIMS.

6. AHcamOieBbIe METOEI 1.
Komnosuuus anropurmoB. bytcrpan-arperuposanue. CiyyaiiHblii Jiec.
7. AHCamOI1eBbIE METOEI 2.

I'paguenturiii Oyctunr. IloctanoBka 3amaun. DOYyHKIMOHAIBHBIA TPAJUCHTHBIA CIyCK. AJTOPHTM
®punmana. [Tomarossiii ipumMep padOTHI.

8. HeiltpoHHbIEe ceTH IPSIMOTO PACTIPOCTPAHEHHUS.

Buonornveckue Heiiponneie cetu. [lepcentpoH. MHorocnoiiHblii mepcentpoH. OOyueHHe
HEHPOHHBIX CETel. AJITOPUTM OOPaTHOTO PACTIPOCTPAHEHUS OLTHOKH.

9. OnTuMu3anusi HEUPOHHBIX ceTeit

[TpoGiiema nepeoOydeHHsT W METOABI peryispusanuu. [iyOokue HEHpOHHBIE CceTH, mpodiema
OOHYJICHUS TPAJIUEHTOB B CIIOCOOBI OOPLOBI C HEH.



10. CBepTOoUHbBIE HEHPOHHBIE CETH

Ananmuz wu3oOpaxennid. Omnepanyi CBEpTKH M MacIITaOWpoBaHMs. APXUTEKTYpa CBEPTOUHBIX
HEHPOHHBIX CeTel.

11. IlpumeHeHnE CBEPTOYHBIX HEMPOHHBIX CETEH

[Ipumepsl 3amad perpeccud U KiaccuUKAUH H300paKeHWH W3 aCTPOHOMUM M acTPOPHU3IUKU
YyacTull.

12. Moaudukanum cBepTOUYHBIX HEUPOHHBIX CETEH, UCIIONIb3yeMbIe B acTPO(U3HKE.

Omnepanuu CBEpTKH Ha HEMPSIMOYTOJIBHBIX pemnieTkax. CBepTouHble HEHpOHHBIE CETH Ha cdepe.
AHanm3 HanpaBJIEHUH IPUXO0AA KOCMUYECKUX JTydel CBEPXBBICOKUX SHEPTUH.

13. PexyppeHTHbIE HEHPOHHBIE CETU

Perpeccust Ha BpeMeHHBIX psinax. PekyppeHTHble HelipoHHbIE ceTH; apxutektypa Long Short-Term
Memory (LSTM), napaaurma seq2seq

14. TIpumeHeHue peKyppeHTHBIX HEHPOHHBIX CETEH B aCTPOPH3UKE

Herekrop rpaBuraiuoHHbix BonH LIGO. McnonszoBanne LSTM s mporHo3upoBaHuss QoHa U
BBIJICJICHUSI CUTHAJIA O TPaB. BOJIH

15. Knacrepuzanus.
[locranoBka 3amgaun. MeToapl KiacTepu3alui. 3a/1a4a IOUCKa aHOMAJIHH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopusi, 10CKa, MEIUAIIPOEKTOP, IKPaH.
6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas 1uTeparypa
1. OtkpsIThIH Kype MammHHOTO 00y4deHus. Open Data Science Ha habr
2. Michael A. Nielsen, "Neural Networks and Deep Learning", Determination Press, 2015
3. K. B. Bopon1ioB, JIekiuu o anaropuTMam KJiacTepu3alud U MHOTOMEPHOTO IIKaJIUPOBaHHUSI.

JomnonHurenbsHas auTeparypa

1. D. Ivanov et al, “Using deep learning to enhance event geometry reconstruction for the telescope
array surface detector”, Machine Learning: Science and Technology 2020,
http://iopscience.iop.org/10.1088/2632-2153/abac74

2. 0. Kalashev et al, “Identifying nearby sources of ultra-high-energy cosmic rays with deep learning”,
JCAP 2020, e-Print: 1912.00625

3. Tri Nguyen et al. “Extending the reach of gravitational-wave detectors with machine learning”,
LIGO Document P1800129-v1

4. N. Krachmalnicoff et al. “Convolutional neural networks on the HEALPix sphere: a pixel-based
algorithm and its application to CMB data analysis”, A&A Vol 628, August 2019 e-Print: 1902.04083
5. Idan Shilon et al., “Application of Deep Learning methods to analysis of Imaging Atmospheric
Cherenkov Telescopes data.”, Astropart.Phys. 105 (2019) 44-53, e-Print: 1803.10698

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



1. Kypc neknuii. MammnHoe oOy4yenne u ananu3 nanabsix. MOTU, Sunexc.
https://www.coursera.org/specializations/machine-learning-data-analysis

2. Kypc nekuunit. Python misa ananuza ganneix, MOTH, ®POO, Mail.ru Group
https://www.coursera.org/learn/python-for-data-science

3. Kypc nexuuii. Hefiponnsie cetu. MHCcTUTYT OMonHpopmaruku. https://stepik.org/course/401/promo
4. bazoBsIii Kypc neurohive.io https://neurohive.io/ru/osnovy-data-science/

5. Machine Learning Yearning, Andrew Ng https://www.deeplearning.ai/

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00pa30BaTeJIbHOIO
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedeHunst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

* Python
* jupyter notebook
» google colab

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

CryneHT, W3ydarouuil TUCIUIUINHY, AOJKEH, C OAHOW CTOPOHBI, OBIAJETHh OOIIMM MOHITHIHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYYUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrare m3ydeHHs NUCHUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIE OMpEACNEHUS W TOHATHUA,
YMETh IPUMEHSATH MOy9ICHHBIC 3HAHUS JIJISl PEIICHUS Pa3IMYHBIX 33714,

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HaMPsDKEHHOMW CaMOCTOATEIHLHOU PabOTHI CTYICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

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

— peleHue 3aad, MpeaaraéMpIx CTyJAeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MMOHMMAaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYNHCHWN W3Y4YEHHUS OTIEIbHBIX TEM, BOIPOCOB, CIEAyeT oOpamiarhCs 3a KOHCYJIbTAIHSIMHU
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIN KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBHH 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
kadeapa QpyHIaMEHTATbHBIX B3aUMOACHCTBUIA U KOCMOJIOTHH
Kypc: 1
kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT

PaszpatGoTunk: O.E. Kanames, 1-p ¢us.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS
VK-1 CriocoGeH ocynecTBIATh KpUTUYECKUH  |[TOCTABICHHOM [eNM Kak IOCJIeA0BATeIbHOCTh IIAroB,
aHaJn3 NpOOJIEeMHBIX CUTyalluii HA OCHOBE HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
CHCTEMHOTO TTOJIX0/1a, BEIPAaOaThIBATh BIMSIHUE HAa  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOi
CTpPAaTETHIO ICHCTBUIH JEATEIIbHOCTH U Ha B3aMMOOTHOIICHUS YYAaCTHMKOB JTOM

JesITeIbHOCTH

YK-2.2 Crniocoben MIPOTHO3UPOBATh pe3yabTar

JEATENBHOCTH M TJIAHUPOBATh IMOCIEN0BATEIBHOCTh [IArOB
JUId  JOCTWXKEHMsI JaHHoro pesyisrara. @dopmupyer
IUIaH-TpaduK peayin3alud MpoeKTa B ILeJOM H  IUIaH
KOHTPOJISI €TI0 BBIIIOJIHEHUS

YK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW  NIeATEeNhbHOCTH  (PyHIaMEHTaIbHBIC

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.3 [TonnMaeT MeXANCIUILIMHAPHBIC CBS3U B O0OJIACTH
MareMaTHuK ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHnn 3a/1a4 NpoQecCHOHATBHON AEATENbHOCTH

OIIK-2 Nmeet npeacrasnenne o6 akryanbHbix |OITK-2.1 UMeeT npencraBieHne 0 COBPEMEHHOM COCTOSIHUT
npoOiieMax HayKd M TEXHUKU B OOJIaCTH CBOGH |MCCIEOBaHMI B paMKaX TEMaTW4ecKol o00JacTH CBOeH
poeCCUOHANTBHON eI TENFHOCTH, CIIOCOOCH  |TTpOo(heCcCHOHATBHOM JIeATENLHOCTH

Ha HayYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJ1a4u

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METO/BI TIPU PEIICHUM HOBBIX 3a]iau, MPUMEHSS 3HAHHS B
OIIK-3 Crioco6eH BeIOGHpaTh 1 (MIH) pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

paspabatbiBaTh moaxosl K pemreHuio TumoBeix |OITK-3.1 CrmocobeH anHanmm3upoBaTh 3ajady, IUIAHHPOBATh
Y HOBBIX 337134 B 00acTH npoecCHOHaNbHON |IyTH pelIeHUs], TMpeiarath U KOMOHHHPOBATh CIIOCOOBI
JEATeIIbHOCTH, YYUTBIBAsI OCOOCHHOCTH 1 peneHus

OTpaHNYEHNA Pa3INIHBIX METOAOB PEIICHNA OIIK-3.3 Bnageer aHaqTUTHYECKUMHU U BBIUYHUCIUTEIbHBIMHU
METO/IaMH PEIICHUS, TOHUMACT U YYHUTHIBACT HA MPAKTHKE
IPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PelICHUN

OIIK-4 CriocoOeH ycItentHo peanan30BbIBaTh OIIK-4.3 CnocoGeH apryMEeHTHPOBAHO BBHIOMPATH CIIOCOO
pelIeHne MOCTaBICHHON 3a]]aqu, IPOBECTH MIPOBEJICHUS HAYYHOTO HCCIET0BaHMUS

aHaJIHU3 pe3ylibTara U MPEJICTABUTh BEIBOJIBI,
MPUMEHSISl 3HAHVSI ¥ HABBIKH B 00JIACTH
(hM3UKO-MaTeMaTHYECKUX HAYK U
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTUI

[K-3 Cnocoben mpodeccuonanbuo padortars ¢ |[IK-3.3 CnocobeH olleHMBAaTH TOYHOCTh TOJTYYEHHBIX
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM IKCTIEPUMEHTAIBHBIX (UUCIICHHBIX) PE3YJIbTATOB
obopynoBanreM (MpruOOpaMH U yCTaHOBKAMH,
CIIeATN3NPOBAaHHBIMH TAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare n3ydyeHus AMCLUIUIMHBI «MeETOIbl MAaIIMHHOTO OOy4eHHs B acTpOpH3HKe» OO0ydaromuics
JOJKEH:

3HATh:
METOJbl MAIIMHHOTO OOyUYCHHs «C y4YUTEIeM», W «0e3 YUHTeNs» W HPUMEpbl UX NPUMCHEHHS B
acTpoQu3uKe.

yMeThb:
HOPUMEHSTh METOJbl MAlIMHHOTO OOY4eHHs JUIS pealibHbIX 3aJad PEerpeccud, KiIacCUpHKAUUd U
KJIaCTepU3aIMU B aCTPOPH3HKE.



BJIaJeTh:
MHCTPYMEHTapHeM JJIs pelIeHNns 3a/1a4 ¢ IOMOIIBIO IIPOrpaMMUPOBaHUs Ha s3bIke python.

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

1. C momomuipo JIMHEHHOHN perpeccuu anmpoKCUuMupoBath GpyHKuuto sin(x) + 0.1& , rae & - cinyvyaiHbIi
IIyM C HOPMAaJbHBIM paclpeieseHueM, IOJMHOMOM IITO creneHu B uHTepBaie or 0 mo pi/2. .
BusyanuzupoBarh pe3yInbTar.

2. C nomomIpio aepeBa pewenuii ¢ myounoit ot 1 no 10 annpokcumupoBars pyaknuio sin(x) + 0.1,
rme & - choy4yaliHBI IIyM ¢ HOpPMaJbHBIM pacrpeleieHueM, B uHTepBaie or 0 mo pi/2.
BusyanusupoBare pesynsrar. CpaBHUTh yCTOWYMBOCTH JI€PEBBEB PA3HOM IIIYOMHBI K CIlydallHBIM
BBIOpOCAM B JIaHHBIX.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

[lepeueHb KOHTPOJIIBHBIX BOIIPOCOB.

1. Yro takoe mepeoOyueHue. Kak ¢ HUM OOpOThCS Ha mpuMepe HEHPOHHBIX CeTel W JIEPEBHEB
pELIEHUI.

2. [Ipu onTuMH3anMU MeTanapaMeTpoB aJITOPUTMOB KJIacCH(UKAIMK, HAIPUMEp IIyOUHBI iepeBa UK
qrciia HEMPOHOB B MPOMEXKYTOUHOM CJIO€ CETH MCIOJb3YyeTCs OTJIOXKEHHAs! BHIOOpPKa, MO KOTOPOil He
npoucxoaut obydeHue. YUTo MPOU30MIET, €CiiM B MpUMepax OTIOKEHHOW BBHIOOPKH OyneT aucOanaHc
knaccoB. Kakum 00pazoM MOXHO € 3TUM OOpOTHCSL.

3. B TecroBoii BeIOOpKE 00pasioB Juis 3agadd OWHapHOU Kiaccupukanuu umeercss N IpUMEpoB
kiacca A u M npumepoB kiacca B. O0ydennsiii kinaccudukaTop umeeT To4HOCTH (accuracy) 90%. Kax
HOHSATH MHOT'O 9TO WJIM Majio?

4. MO>XHO 1 JTIOOYIO CBEPTOUHYIO CETh MPE/ICTABUTH KAK MHOTOCIIOMHBIN MEpCenTpoH?

5. MOXHO 711 MHOTOCJIOWHBII MEepCenTpPOH MPEACTaBUTh KaK CBEPTOUHYIO CETh?

6. B uem ocHoBHOe mpeumytiectBo OiokoB Long Short-Term Memory (LSTM) niepen npocTedmmmu
PEKYPPEHTHBIMH HEHPOHHBIMH CETSMH.

[Ipumeps! KOHTPOIBHBIX 3aJaHUM

1. B tabnuuHoM ¢aiinie npuBeneHsl HaOMOAaeMble PU3HAKKA U THI (aKTUBHBIC SiIpa TaJlAKTHUK HIITH
mynbcapbl) 0O0bekToB, HaOmomaembix TeneckoroM FERMI  LAT. OOyuuth kiaccudukarop,
OCHOBAHHBII Ha JCPEBBSIX PELICHUN U OLEHHUTh €T0 TOYHOCTh. ONpeaenuTh TUIIBI 00BEKTOB MPU3HAKH
KOTOPBIX NMPHUBEACHBI BO BTOpoM (aiine. Kakue u3 npu3HakoB — caMble BasKHbIE?

2. B rabnuunoM (haiine mpuBeneHbl HaONIOMaeMble TIPU3HAKA M THIN (aKTHBHBIC SiZjpa TAIAKTUK WA
mynbcapbl) 0o0bekToB, HaOmomaembix TeneckorioM FERMI  LAT. OOyuuts kiaccudukarop,
OCHOBaHHBII Ha MHOTOCJIOWHOM NEPCENTPOHE U OLEHUTh €ro TOYHOCTh. ONpenenuTh TUIBI 00bEKTOB
MPU3HAKU KOTOPBIX IIPUBECHBI BO BTOPOM (aiiie.

3. Ha caiitre KoponeBckoit oOcepBaropun bembrum http://www.sidc.be/silso/datafiles pasmemniens
UCTOPHUYECKHUE JTaHHBIC

o yucne nsaTed Ha Conuue ¢ 1 suBaps 1818 roma mo Hacrosimee Bpems. V3BecTHO, 4TO COJTHEUHAS
aKTHBHOCTB IIMKIJIMYHA C TeprojoM okoio 11 ier. Kpome Toro, B COTHEYHOH aKTUBHOCTH CYLIECTBYIOT
3aKOHOMEPHOCTH Ha OONBIIMX M MEHBIIMX BPEMEHHBIX Macmitabax. TakuM oOpa3oM mpejckazaHue
YHCIIa MATEH Ha CICAYIOIIUI JIeHh MOJKET ONUPAThCS Ha JIaHHBIC 32 22 MPOUICANINX rojia, TO €CTh Ha
6oiee, uem 8000 n3BecTHBIX 3HaYCHUN. [10CTPOUTH HEHPOHHYIO CETh, PEHIAOIIYO JAHHYIO 3a71aqy.



4. Okcrniepument Telescope Array peructpupyeT HIHPOKHE arMOoc(EepHbIC JIMBHU, BBI3BaHHBIC
KOCMHUYECKUMH JIy9aMH YIBTPaBBICOKMX dHepruii. [Ipeamonaraercs, 4To NEpBUYHBIC YACTUIBI -
MPOTOHBI WX SApa XUMHYECKHX 3J1€MEHTOB. [l KakAOro COOBITHS B pe3ylbTaTe PEKOHCTPYKLIUHU
omnpeaessirorcss 16 HaOMOTaeMBIX MapaMeTpoB (omucaHue (PU3UYECKOTO CMBICIA MAapaMEeTPOB CM. B
pabore https://arxiv.org/abs/1808.03680. 1o anpecy ftp://cluster.inr.ac.ru/pub/ML/TASD/ pa3zmemnieHbt
pesynsrarbl Monte-Kapino monenupoBanus skcnepumenTa it LIIAJI, BBI3BaHHBIX HEPBUYHBIMH
npotoHamu (p.dat), ssmpamu renus (he.dat), azora (n.dat) u xenesa (fe.dat). Kpome Toro, pazmemnieHst
TpH Heu3BecTHBIX cMecu (unknownl.dat), (unknown2.dat), (unknown3.dat). 3BectHo, 4TO B niepBOM
HEHM3BECTHOM HabOpe MPHUCYTCTBYIOT TOJIBKO IIPOTOHBI M XKEJIE30.

Omnpenenuts COCTaB MEPBUYHBIX YaCTHUI] B KAKIOM U3 TPEX HEU3BECTHBIX HAOOPOB.

5. B akcniepumente Telescope Array TpoBOAMTCS MOWCK T'aMMa-KBaHTOB YIBTPABBICOKUX DHEPTU
E>100 D3B. [na kaxxgoro coObITHS B pe3yJbTraTe PEKOHCTPYKIHMH ONpeAessitoTcs 16 HabmonaeMbIx
napaMeTpoB (omucanme ($u3nIEeCcKOTO CMBICITa napamMeTpoB cM. B pabote
http://arxiv.org/abs/arXiv:1811.03920. Ilo aapecy ftp://cluster.inr.ac.ru/pub/ML/TASD/ pa3merieHb
pesynsrarel MonTe-Kapno monenupoBanust skcnepuMmenta juis IIAJI, BBI3BaHHBIX IHEpBUYHBIMH
npotoHamu, taskS p.dat u ramma-kBaHTamu, taskS\ gamma.dat. Kpome toro, pazmenieH HeM3BeCTHBIN
Habop task5 unknown.dat, B KOTOpOM TPHUCYTCTBYET HECKOIBKO COOBITHMH, BBI3BAaHHBIX
raMma-kBaHTamMu. OIIEHUTh YHCIIO TaMMa-KBaHTOB B HEU3BECTHOM Halope.

Kputepun onennBanus

Onenka ommuno 10 OGamnoB - BBICTABJISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYECCKH
INPUMEHATh UX Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka omM4YHO 9 Oa/uioB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka Xopo1o 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHa, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.

OHGHKa XOpouIo 6 0aJI0B - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CyHI€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA IMPAKTUKE, HO OOITYCKACcT B OTBETEC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, IpaMOTHO
U IO CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJyYEHHbIC 3HAHMS Ha IMPAKTHKE, HO JIOMYCKAeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.

OueHka ynoBIETBOPUTEIbHO 4 Oamia - BBICTABISIETCS CTYIACHTY, MOKa3zaBIIeMY (parMeHTapHBIH,
pPa3po3HEHHBIA XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylLeHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOIO0 Marepuajla, HO IIPU 3TOM
OH OCBOWJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OueHka ynoOBIETBOPUTEIbHO 3 Oamia - BBICTABISIETCS CTYIACHTY, MOKa3zaBIIEMY (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWMW, JOMycKaloulemMy OomHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLIEHUs] JIOTHYECKOM IOCIEeOBAaTEIbHOCTH B M3JIOKEHHUM IPOrPaMMHOIO MaTepuania, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYZIOM IIPUMEHSET [10JIyUYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.

OueHka HEyIOBJIECTBOPUTENHHO 2 Oajula - BHICTABIAETCS CTYAEHTY, KOTOPBIA HE 3HAaeT OOJIbIIeH 4acTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JOMYCKaeT rpyOble OMMOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCII0JIb30BaTh IOJyYeHHbIE 3HAHHS NPH PEIICHUN
TUTIOBBIX 3a]a4.



OueHka HEYNOBIETBOPUTENbHO | 0ayl - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a/1ad.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

HuddepenuupoBanHpiii  3a4éT npoBogsTcst B yctHoW  ¢dopme. Ilpm  mposeneHun
muddepeHmpoBaHHOrO 3a4éra obywaromemycs npenocrasigercss 30 MUHYT Ha MoAroToBKy. Ompoc
00y4aromerocst He JOJDKEH MPEBHIIATh OTHOTO ACTPOHOMHYECKOT0 yaca.



