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1. Kparkas xapakTepucTHKa JHCHUIINHBI (MOAYJIs1)

Paboyas nporpamma quctuImInHbl (Moayis) «O0paboTKa TaHHBIX U Kay3aJbHbIM aHAIN3 B
MAIIMHHOM OOYYeHHH» COCTaBJI€Ha B COOTBETCTBUU C (heJepaibHbIM TOCYAapCTBEHHBIM
00pa3oBaTeNbHBIM CTAaHAAPTOM BBICHIETO OOpa30BaHHUs — MAarucTpatrypa IO HaIpaBICHUIO
02.04.01 MaTtemaTuka 1 KOMITBIOTEPHBIC HAYKH, PO METOIbI UCCIIeIOBAHUI B MAITMHHOM
0oOy4eHHHU, YTBEP)KIEHHBIM IMPHKa30M MMHHHCTEPCTBA HAayKd M BBICHIEr0 00pa3oBaHUs
Poccutickoit ®eneparuu Ne 810 ot 23.08.2017 rona.

Uzyuenue nucuuruinnbl (Moayis) «O0paboTKa JaHHBIX U Kay3aJdbHbI aHATU3 B MAIIMHHOM
0o0y4eHHUN» TI03BOJISIET IPEOJOJIETh OrPAHUYEHHUS TPAAULMOHHBIX MOJENEH MAIIMHHOIO
00y4YeHHsI, KOTOPHIE YacTO IMYTAIOT KOPPEJIHIO C MPUYMHHOCTBIO, MPUBOJS K OIIMOOYHBIM
BBIBOJIaM U MPEAB3STOCTSAM B IPUHATUU perieHnid. OCBOEHUE METO10B IPUUYUHHO-CIIEICTBEHHOTI'O
aHaJM3a MO3BOJISIET CO3AaBaTh OoJiee HAAEKHBIC, MHTEPIPETUPYEMbIE U dTHUHBIE cucTemMbl MU,
UHTETPUPYIOUINE SKCIEPTHbIE 3HAHUA U (PU3UYECKHUE MPHUHIMIIBI, YTO OCOOEHHO aKTyalbHO B
00JacTsX, TaKuX Kak 3/[paBOOXpaHeHHE, (PUHAHCHI U MOJHUTHKA, I/I€ TOCIEACTBHUS OLITHOOK MOTYT
OBITH 3HAYUTEIbHBIMH.

MecTo AMCHMILIMHBI (MOAYJIs1) B CTPYKTYype 00pa30BaTe/IbHOM NPOrpaMMbl

Hacrosmas nucunurninnaa (MOAyib) BKIIOUYEHA B YU€OHBII TUIaH IO POrpaMMe MOATOTOBKU
maructparypsl 1o HamparieHuro 02.04.01 MaremaTnka W KOMIBIOTEPHBIC HAyKH, MPOQHIib
MeTtoapl MCClieIOBaHU B MAalIMHHOM OOYYeHHWH W BXOAWT B BapUaTHBHYIO 4acTb bioka 1,
dopMupyeMyr0 ydacTHHKaMHu 00pa30BaTEbHBIX OTHOIICHWH KaK AUCHUILIMHA 110 BEIOODY.

JucuumimHa (Moysb) JOCTyIHA K M3ydeHUIo Ha 1 u 2 Kypce BO 2 uinu 4 cemecTtpe Ha
BBIOOD.

Henab u3yyeHusi AMCUMILVIMHBI (MOAYJIsI): Pa3BUTHE HABBIKOB MPUMEHEHHUs MPUYUHHO-
CJIEICTBEHHOT'O aHalIM3a JUIsl CO3JaHUsl MHTEPHPETUPYEMBIX U HAJEKHBIX MOJENEH MallMHHOTO
00y4eHUs1, YUUTHIBAIOIMUX (PU3NUECKHE 3aKOHOMEPHOCTH M MUHUMU3HUPYIOIIUX MPEAB3SITOCTU B
JTAHHBIX.

3agaum u3y4yeHus TUCHUILIMHBI (MOLYJIs):

— OCBOUTBH PA3INYMS MEXKIY KOPPEISIUEeH U MPUIUHHOCTBIO JIsl KOPPEKTHOTO aHAIn3a
3aBUCUMOCTEH B JIAaHHBIX MAIIMHHOTO OOYUEHUS;
— HAYYUTHCS MPUMEHSTH Kay3allMOHHbIE Tpadbl IS BU3yalu3allid U MOACITUPOBAHUS
MIPUYMHHBIX CBSA3EU MEXK1y IEPEMEHHBIMH;
— Pa3BUTh HABBIKU UCITIOIH30BAHUS HHCTPYMEHTOB HHTEPIIPETAIIMHA MOJIEIICH, TAKMUX KaK
SHAP, SAGE u LIME, ans o0bscHeHUs TIpe/IcKa3aHui;
— MPUOOPECTH YMEHHE BBISBISITh U KOPPEKTUPOBATH MPEAB3SITOCTH B HAOOpax JaHHBIX
JUTSI TIOBBIILICHUSI KAYECTBA MOJIEIIEH;
— OCBOUTH TEXHUKHU BCTPAUBaHUs (PU3NYECKUX 3aKOHOB B pXUTEKTYPY CTATUCTUYECKHIX
MOJIeJIEH 1 HEHPOHHBIX CETEeH YIS YIIYYIIEHUS UX MPeICcKa3aTeIbHOM CIIOCOOHOCTH.
B pe3yabTare 0CBOCHUSI AUCHMILIMHBI (MOYJIs1) 00y4AIOUIUIACS 10JIKEH
3Hamp:
— TOHATHUS NPUUYUHHOCTHU, KOPPEISALUUA, UHTEPIIPETUPYEMOCTH;
— TOAXO0/bl K MHTEPIPETHPYEMOCTH, Kay3allMOHHBIE Tpadbl, TUIIA B3aUMOJICHUCTBUS
MIPU3HAKOB,
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— cnocoObl yuéra (U3HUECKUX 3aKOHOB BHYTPH CTATUCTHUECKUX MOJIEIEH.

ymembp:
— HCHOJb30BATh Kay3allMOHHbIE Ipadbl, A1 IOCTPOECHUS MOJEICH;
— WHTEPIPETUPOBATH  PE3yJbTaTbl  NPEACKa3aHUs  CTATUCTHYECKOM  MOJAEIU
pasnmuuabiME criocobamu (SHAP, SAGE, LIME);
— OLIEHMBATh KaueCTBO BXOJAIIMX JTAHHBIX, ONPEAEIATh BOSMOXHbBIE IIPEAB3ATOCTH B
JTaHHBIX;
— BBOAMTH (PU3NYECKHE 3aKOHBI B APXUTEKTYPY HEUPOHHOM CETH.
6nadems:
— METOJaMH IOCTPOCHMS IIPUUNHHON MOJIENIN HA OCHOBE CTaTUCTUYECKOrO aHAJIN3a,
— crnoco0aMu MHTEpPIIPETAlK CTATUCTUYECKUX MOJIENIEH;
— METOAAMHM MHTErpaluy aHAIMTHYECKUX MOJIEIEH B CTATUCTHYECKHUE.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs
Komnerenmnun, Qopmupyembie B pe3yiabTaTe OCBOCHHS JUCHUIUIMHBI (MOIYJsS) TIpU
MPOBEJICHUH YUCOHBIX 3aHATHI B (hOpME KOHTAKTHOW pabOTHI 00YJAFOIIUXCS C TIEAArOTHICCKUMU

paboTHUKaMU YHHUBEpCUTETA U B (DOPME CaMOCTOSATEIHHON PAOOTHI 00yUYAIOIITIXCS:

Komnerennus

Conep:xaHue KOMIeTeHIIUN

Nupukarop
KOMIIeTCHLIM U

IlepeyeHb MIAHUPYEMBIX
pe3yJbTAaTOB 00y4eHus Mo
AUCUUIINHE (MOIYJIIO0)

VK-6.

Crioco0eH omnpeaeaTs u
pean30BbIBATH IPHOPUTETHI
COOCTBEHHOM IEATETBHOCTH U
CITOCOOHI e¢
COBEpIIECHCTBOBAHUS Ha OCHOBE
CaMOOIIECHKH

VK-6.1.

3HaeT OCHOBHBIC METO/IbI
CaMOOIIEHKH M aHajn3a CBOeH
JIESITEIIBHOCTH, a TAKKe
MIPUHIIATIBI YIPABICHHUS
BpEMEHEM H IIeJIeTIoIaraHus

VK-6.2.

YMeeT cTaBUTh pealnucTU4HbIE U
JOCTHKUMBIE LIEJIU, OTIPEENATh
IIPUOPUTETHI B CBOEH
JIeSITeNIbHOCTH, a TaK¥Ke
pa3pabatTbIBaTh U BHEAPSTH
TUTaHBI 110 COBEPILIEHCTBOBAHUIO
CBOUX HaBBIKOB M KOMIIETEHLIUH
Ha OCHOBE ITOJIy4YEHHOU
CaMOOLICHKH

YK-6.3.

HNmeet npakTUYECKUNA OTIBIT
NPUMEHEHUS] METOJI0B
CaMOOILICHKH B CBOEH
npoeccnoHambHON
JeSITeIbHOCTH, BKITIOYAst
ydJacTve B TPEHUHIax,
CeMHHapaXx U MPOeKTax,
HalpaBJICHHBIX Ha Pa3BUTHE
TUYHOU 3 (HEKTUBHOCTH U
npoheccnoHaIbHOrO pocTa

OIIK-1.

Crioco0eH HaxOoUTh,
(hopMyITUpPOBaTh U pemaTh
aKTyaJIbHbIE Y 3HAYMMBbIE
MPOOJIEMBI TTPUKIIATHON U
KOMIIBIOTEPHOU MaTEMaTUKHU

OIIK-1.1.

3HaeT OCHOBHBIE METOBI U
ITOAXO/IBI K PELICHUIO 3a/1a4
IIPUKJIAHON U KOMIIBIOTEPHOU
MaTeMaTHKH, BKIIFOUas
aNrOPUTMBI, MATEMaTHUECKOE
MOJCINPOBAHUE U TEOPHIO
ONTHMU3ALNY, a TAKXKe
COBpEMEHHBIE HHCTPYMEHTHI U
TEXHOJIOTHH, UCTIOJIb3yEMBIE B
3TOH 0bsacTu

OIIK-1.2.

YMeeT aHanu3upoBaTh U
(dhopMynupoBaTh
MaTeMaTHYeCKHe 3aa4H,
MPUMEHSTH COOTBETCTBYIOIIHE
METOJIbl M AJITOPUTMBI JUISL HX
peILICHUs, a TAKKe
MHTEPIPETUPOBATH U
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MIPEICTaBIISATh PE3YyIIbTATHI B
MIOHSITHOM M JOCTYITHOM (hopme

OIIK-1.3.

HMmeeT npakTUUECKUNA OIBIT
paboTHI HA MPOCKTAMH HITH
HCCIICAOBAHMIMH B 00IaCTH
MPUKJIATHON U KOMITBIOTEPHOU
MAaTE€MAaTHUKH, BKIKOYasl y4acTHE
B KOHKYpCaXx, OJUMIIHAAaX WIH
Hay4YHBIX ITyOJIUKALUAX, T/Ie
OBUIM PEIlICHBI aKTyaTbHBIC U
3HAYNMBIE 3a0a491

I1K-3.

CrnocobeH permaTh 3a1a9u
npoheCcCUOHANTBHOMN
JeSITeIIbHOCTH, GOPMYITHPOBATH
pe3ynbTar, yBUAETh CIEACTBUS
MOJY4YEeHHOT'O pe3ybTara

IK-3.1.

3HaeT OCHOBHBIC IIPUHIUIIBI K
METOJIbI PEIICHUS 3a/1a4

PO eCCHOHATTEHOM
JIEITENBHOCTH, a TAKXKE CIIOCOOBI
¢dhopMynupoBaHUS U
MPECTABIICHUS PE3yIbTATOB,
BKJIIOYasl aHAIU3 TOCIEACTBUHN 1
MX 3HAYUMOCTH B KOHTEKCTE
MPOEKTA

[K-3.2.

YMeeT NpUMEHsTh
MaTeMaTU4ecKue 1
KOMITbIOTEPHBIE METOIBI JJISI
pelieHusT KOHKPETHBIX 3a]1a4,
(hopMynpoBaTh YeTKHE U
000CHOBaHHbBIE PE3yJIbTATHI, a
TaK)Ke aHaJIU3UPOBaTh UX
IOCJIEACTBUS JUIA JaJIbHENUIITNX
JICUCTBUI U pEUIEHUN

[K-3.3.

HNmeet npakTUueCKUil OIBIT B
pelIeHUU IPOQPEeCCUOHATIBHBIX
3a/1a4, BKIIIOYas y4yacTue B
MIPOEKTax, T/ie OBLIH TOTyYeHBI
pe3yabTaThl U
MIPOaHAM3UPOBAHBI KX
CIIEACTBHUSI, YTO CITOCOOCTBOBAIIO
MIPUHATHIO 000CHOBAHHBIX
peuieHuit
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3. Temaruueckuii njiax

Ne Tpya0eMKOCTb, akageMHYeCKue Yachl
n/m Ounas ¢popma
HaumenoBaHue AynutopHasi paboTa TKY .
pa3zeja AUCUUILIHHbI Jlexuuu | Cemunapsbl CamocrosiTe (rexymmi
(Monyas) (mpaktnyec | Konrpoun JbHAs yc::::eﬂf:;m
KHe padoTa
3aHSATHA)
1 BBenenue u OCHOBHI.
[ToHsATHE Kay3aluy 1 7 7 80 Homarsne
0a30BbIll MaTeMaTHYECKUN 3aJaHus
anmapar
2 Paz6op anropurMoB Ha 7 7 5 78 Jomamraue
HpuMmepax 3aJaHus
3auem c OueHKOl 2 IIpoext
Hmozo: 14 14 4 158
Obvem oucyunaunsl (mooynsn) (6 190
ax. u.)
Obvem oucyunaunvt (mMooyns) (e 5
3au. eo.)
4. Copep:xkanue TUCHHMILIHHBI (MOLYJIs1)
Nen/m | HaumeHoBaHme pa3iesa TUCHHUIIHHBI Coaep:xanue TUCHUILIUHBI (MOAYJIS1) IO TeMaM

(Moays)

1 Beenenue u ocHoBbI. [loHsaTHE Kay3anuu u | BeeneHue, NOHATHE NIPUYMHHOCTY U CBA3b C Kay3allUuei.
0a30BbBIil MATEMAaTHYECKHU ammmapaT CoyteiBanue, napagokc CUMIICOHA, HAPaBJIECHHBIN
alMKIINIecKuil rpad.
Comnocrasienue 1o KoH}payHepam, OlleHKa IPUYUHHBIX
3¢ dexTos.
2 Pazb6op anroputMoB Ha mpuMepax MerTon "B3BeIIMBaHUS O0OPATHOM BEPOSATHOCTHU JICUCHUS"

(IPTW).

MCTO,Z[ HHCTPYMCHTAJIbHBIX IICPEMCHHBIX.
Kay3anuonsrii siec (Causal Forest).
Information Geometric Causal Inference.
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacnojaraeT IOJHBIM  HA0OpPOM  JIMIEH3HMOHHOTO M CBOOOJHO
pacIpoCTpaHseMOro MPOrpaMMHOTO OOECIEUeHHs, BKJIIOYAs MPOAYKTHI OTEUECTBEHHOTO
IIPOU3BOACTBA.

Kaxnplii CcTyqeHT B TEYEHHWE BCEro IepHoAa OOydeHHUs NOJIy4aeT HHIWBUAYaTbHBINA
HEOTPAHUYEHHBIM  JOCTYN K  DJICKTPOHHO-OMONMOTEYHON  cHCTEeME M 3JICKTPOHHOM
UH()OPMAIIMOHHO-00Pa30BaTENIFHON Cpelie YHUBEPCUTETa. OTH CHCTEMBI IPEIOCTAaBISIOT
BO3MOXKHOCTbH JIOCTYIIA K pecypcaM 3 JII000i TOYKH, TAe eCTh NOAKIYeHHe K ceTu VHTepHerT,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

Crynentam o0ecriedeH yJaJIeHHBIH JOCTYIl K COBPEMEHHBIM MPO(pEeCcCHOHATBHBIM 0azaM
JAHHBIX 1 UH()OPMAIIMOHHBIM CITPABOYHBIM CUCTEMaM.

Ocnosnasa tumepamypa:

1. Xantunrron-Kneiitn, H. B momckax sddexra. [lnaHupoBaHue SKCIIEPUMEHTOB U
MIPUYMHHBIN BBIBO/I B CTaTUCTHUKE : MPAKTUYECKOE PYKOBOJICTBO
https://znanium.ru/catalog/document?id=462757.

2. Meckuta, M. Cratuctuka 6e3 mojaBoxa: MeToapl KPUTHYECKOTO aHAJIM3a JAHHBIX H

NPUYMHHOTO BBIBOJIA : HAYYHO-TIONY sipHOE u3aanue / . Meckura ; iep. ¢ anri. B. C. Sluenkosa.
- Mockaa : JIMK IlIpecc, 2023. - 455 c. - ISBN 978-5-93700-240-2. - TekcT : 2JICKTPOHHBIN. -

URL: https://znanium.ru/catalog/product/2204261.
ﬂonozmumeﬂbmm ﬂumepamypa:

1. Ilmaronos, A. B. MammunHoe o0y4enwue : yueOHHK i By30B / A. B. [lmatoHoB. — 2-¢
u3n. — MockBa : M3zmarensctBo IOpaiit, 2026. — 78 c.— (Bricmee oOpa3oBaHue). —
ISBN 978-5-534-22200-5. — Tekcr : anekrponusiid // OOpa3zoBarensHas miardopma FOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/600893.

6. MartepuajibHO-TeXHHYECKOE o0ecrevyeHne

VYHUBEpCUTET pacmojaraeT MaTepHallbHO-TEXHHYECKOH 0a30if, COOTBETCTBYIOLICH
JIeMCTBYIOIMM MTPOTHUBOIIOKAPHBIM MPaBUJIaM U HOPMaM U 00eclieurBaroIeil MpoBeieHHe BCeX
BUJOB JHUCUUIUIMHAPDHOW W MEXIUCLUUIUIMHAPDHOW IIOATOTOBKH, IPAKTUYECKOW W Hay4dHO-
UCCIIEI0BATEIbCKON PaboT 00ydaromuxcs, NpeayCMOTPEHHBIX YU€OHBIM IIJIaHOM.

[TomenieHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [Tl IPOBEACHUS 3aHATHI
JEKIMOHHOTO THWMA, 3aHATHM CEMHHApCKOro (MPaKkTUYECKOro) THUMA, TPYHIOBBIX H
VMHAUBUAYaAJIbHBIX KOHCYJIbTALIMN, TEKYIIIETO KOHTPOJISI U MPOMEKYTOUHON aTTECTalllH, a TaKkKe
MOMEILEHUS JUIsl CAMOCTOSTEIbHOM pabOThl M IOMEUIEHUS JAJI XpaHEHUS U MPOPUIaKTUYECKOTO
oOciy>)xuBaHus yueOHOro obopynoBanus. IlomeneHns: yKOMIUIEKTOBaHbI CIIEUATIN3UPOBAHHON
MeOenbl0 U TEXHUYECKHMMHU CPEICTBAMH OOYUYEHHs, CIYXKAIlUMH JUIs MPEACTaBICHUS yueOHOH
uHpopManuu OOJIBIION ayTUTOPUH.

N3yueHne qUCUUIUIMHBI (MOAYIA) oOecTiedrBaeTcsl B yUeOHBIX ayTUTOPHSX, OCHAIICHHBIX:

— CTOJIaMH U CTYJIbSIMH;

— KOMIIBIOTEPHOMN TEXHUKOW;

— MEXaHUYECKUMHU KaJIbKYJISITOPAMU;

— CIeLUAIM3UPOBAHHBIM 000PYAOBaHUEM, BKIIKOYasl JEMOHCTPALIMOHHOE 000pyI0BaHHUE.
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https://znanium.ru/catalog/document?id=462757
https://znanium.ru/catalog/product/2204261
https://urait.ru/bcode/600893

[TomereHust 151 CAMOCTOSITEIIBHON pabOThl 00YJaIONMINUXCsl, B TOM YKCIIE TPUCTIOCOOTICHHBIC
JUIS UCTIOJIb30BAaHUS HMHBAIMAAMHM M JIMI[AMU C OTPAaHUYEHHBIMU BO3MOXKHOCTSMH 3]10POBbS,
OCHAIEHbl KOMIBIOTEPHON TEXHUKOW C BO3MOKHOCTBHIO MOJAKIIOUEHHS K ceTh «HTepHeT» u
oOecriedeHHEeM  JIOCTyNa B JJIEKTPOHHYIO  WH(OPMAIMOHHO-00pa30BATEIBHYIO  CPEIy
YHusepcurera.

OOyyaromMmMcst TPENOCTaBIAETCS JOOCTYN (B TOM 4YHCIE YJAlICHHBIN) K pecypcam
MH(}OPMaLIMOHHO-TEIIEKOMM YHUKAIIMOHHOM ceTH «MHTepHeT», NeKTPOHHBIM pecypcam (B TOM
YHClie AJEKTPOHHBIM OHOIMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM Mpo(decCHOHAIbHBIM 0a3zaM
JAHHBIX U UH(OOPMALIMOHHBIM CIIPABOYHBIM CHCTEMAaM):

Ne HaumeHoBanme mopraia Ccbliaka
(u3nanms, Kypca, 10KyMeHTa)
1. | Hayunas snektponHas 6ubmuoreka elibrary.ru https://elibrary.ru/defaultx.asp
oubimoTeka
2. | basa maunbx mis I T-cnenuanicTo https://habr.com
3. | Ba3a mannbix ScienceDirect https://www.sciencedirect.com
4. | OdunuanbHelll calT MUHHCTEPCTBA HAYKU https://minobrnauki.gov.ru/

BEICIIIEro oOpasoBanus Poccuiickoit @eneparim

5. | ®enepanbubiii moptan «Poccuiickoe obpazoBanue» | https://www.edu.ru/
6. | Mudopmannonnas cucrema «Exunoe okno nocrymna | http://window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam»

7. Enunas xosiekuus nudpoBeix 00pa3oBaTeIbHBIX http://school-collection.edu.ru/
pecypcoB
8. | ®enepanbHblii IEHTP HHOOPMAITHOHHO - http://fcior.edu.ru/
00pa3oBaTebHBIX PECYPCOB

HepequL I/IH(I)OpMaL[I/IOHHBIX TeXHOHOFHﬁ, HCIIOJIB3YEMbIX IIpU  OCYHICCTBJIICHUU
O6paBOBaTeJ'IBHOI‘O mnmponecca no JUCHUIIINHE (MO)I}/'J'IIO), B TOM 4YHUCJIC KOMIIJICKT JIMIICH3MOHHOT'O
nporpaMMHOTO O6CCHC‘-ICHI/IH, COBpPCMCHHBIC HpO(beCCI/IOHaJ'ILHLIe 0a3bl JaHHBIX 151
I/IH(l)OpMaI_II/IOHHBIe CIIpaBOYHBIC CUCTCMBI:

HaumenoBanmne 110 IIponsBoacTeo JInnen3nonHoe / cB000IHO
pacnpocTpansiemoe

OnepanoHHbIe CHCTEMBbI:
Microsoft Imagine (Windows Client, | 3apy6exHoe JIMIICH3UOHHOE
Server)
Bpay3zepsbI:
SIupexc.bpaysep OTEYECTBEHHOE CBOOO/IHO pacIipoCTpaHsIeMoe
Google Chrome 3apyOexHoe CBOOO/THO PACTIPOCTPAHSIEMOE
O¢ucHbIe MPUITOKEHHUS:
Microsoft Imagine (Visio, OneNote) | 3apyOexHoe JIMLIEH3UOHHOE
TeXstudio 3apy0exHOoe CBOOOJTHO PACIIPOCTPAHIEMOE
Adobe Acrobat Reader 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe

IIporpamMmmHoe obecnieyeHne VI IVIAHNPOBAHMSA M YUeTa BpeMEHM:

Toggle app ‘ 3apyOexHoe ‘ CcBOOOJTHO pacpoCTpaHsIeMOe
CucTeMbl YIPaBJIeHHS MPOEKTAMM:
Microsoft Imagine (Project) | sapy6exnoe | nuuensnonnoe

Cucremsbl ynpapieHusi 0a3aMH JaHHbBIX:
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https://elibrary.ru/defaultx.asp
https://habr.com/
https://www.sciencedirect.com/
https://minobrnauki.gov.ru/
https://www.edu.ru/
http://window.edu.ru/
http://school-collection.edu.ru/
http://fcior.edu.ru/

Microsoft Imagine (SQL Server) \ 3apy0exHOe JIUIIEH3UOHHOE

Cucremsbl peepBHoro konuposanmns (backup):

Acronis Backup Advanced for 3apy0exHOe JIMIEH3HOHHOE

HyperV

CnpaBo4YHO-NIPAaBOBBIE CHCTEMBI:

Koncynprantllmtoc: cipaBo4HO- OTEUYECTBEHHOE JIMLIEH3UOHHOE

MpaBoBasi CUCTEMa

CpencrBa aHTHBHPYCHOIi 3aLIUTHI:

Kaspersky Endpoint Security ms OTEYECTBEHHOE JIMIEH3HOHHOE

ousneca CrammapTHelid Russian

Edition

Cpenbl pa3padoTKu:

Visual Studio Code 3apy0exHOe CcBOOOIHO PACIIPOCTPAHIEMOE
Bash (Unix shell) 3apyOexHoe cBOOOJTHO pacpoCTpaHsIeMOoe
Anaconda 3apyOexxHOe CBOOOJIHO pacIpoCTpaHsIeMoe
Robotic Operating System 3apy0eKHOe CBOOOIHO pacrpocTpaHsIeMoe
CopelliaSim 3apy0exHOoe CBOOO/THO PACIPOCTPAHSIEMOE
Google Colaboratory 3apyOexHOe CBOOO/THO PACIPOCTPAHIEMOE
ITakeThbl NPOrpaMMHBIX CPeICTB U OMOJIHOTEK:

AutoPsy 3apyOekHOE CBOOOHO PaCIpOCTPaHAEMOE
Interactive Disassembler (IDA) 3apyOexHOe CBOOO/THO PACIPOCTPAHIEMOE
Cucremsl ynpasJieHus1 0udaunorpadguyeckoii uHpopmanmei:

Zotero ‘ 3apyOexxHOe CBOOOIHO pacIpoCcTpaHsIeMoe
CepBHCHI U CITYXKOBI:

Bind 3apy0eKHOe CBOOOJIHO pacrpocTpaHsIeMoe
Docker 3apyOexxHOe CBOOOIHO pacIpocTpaHsIeMoe

7. MeToau4yecKue M OIleHOYHbIE MaTepuaJjbl
MeToanyecKkue YKazaHud AJad oﬁyqammnxcs[ 110 OCBOCHMIO JHCHUIIJINHBI (MO)Iy.]'[fl)

B npouecce n3ydenust aucuurianasl (Moayiis) «O0paboTka TaHHBIX U Kay3aJbHbIA aHATU3
B MalIMHHOM OOy4Y€HUM» B paMKaxX TEKYIIEro KOHTPOJS YCHEBAEMOCTH HCIOJB3YIOTCS TaKue
BUJIbI yueOHOUM paOOThI, KaK JIEKIIMH, CEMUHAPHI, TOMAIIHUE 3aJJaHus, IPOEKT, OOHYCHBIE OaJIIIBI,
a TaKkyKe pa3JIM4HbIE BUJIbI CAMOCTOSTENIbHOM paboThl 00yUaroMXcs M0 331aHUI0 ITpernoaaBarTers,
HaIpaBJIEHHBIE HA Pa3BUTHE HaBBIKOB IPO(ECCUOHATIBHON JIEKCUKHU, 3aKPEIVICHUE TPAKTHUYECKUX
npodeCCHOHATBHBIX KOMIIETEHIIMH, TOOIPEHNE UHUIMATHB.

Jlexyuss — CHCTEMAaTHYeCKOE, TOCJICIOBATEIBHOE, MOHOJIOTHYECKOEC H3JI0KCHUE
npernoiaBaTesieM yueOHOTo MaTepuaa, Kak paBuiio, TCOPETUYECKOTO XapaKTepa.

B mporecce nekmuii peKOMEHAYEeTCs BECTH KOHCIEKT JISKIUi: KPAaTKO M CXEMAaTHYHO
q)HKCI/IpOBaTI) OCHOBHBIC HJIE€HU, BBIBOABI U O606H.[eHI/I$I JICKIIMH, BBIACIIATH BAXHBIC MBICIIH,
KJIIFOYCBBIC CJIOBA W TCPMUHBEI. HeO6XO}II/IMO OTMCTUTH BOIIPOCHI HJIM MaTCpHajbl, KOTOPLIC
BBI3BIBAIOT 3aTPYAHCHUS, U IOIBITATHCA HalTH OTBETHI B peKOMeH]IOBaHHOﬁ JuTeparype. Ecmu
pa3oOpaTbCsi B Marepuayne He yaaeTrcs, cielayeT chopMyiaupoBaTh BONPOC U 331aTh €ro
NPEIo/IaBaTelI0 Ha KOHCYJIBTAI[UH UM BO BPEMSI CEMUHAPCKOTO (IPAKTUYECKOT0) 3aHSTHSI.

Cemunap — 310 Gopma y4eOHOI IesATeTbHOCTH, IPOBOUMAs B Y4eOHOM 3aBEJACHHUH I0]I
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PYKOBOJCTBOM IIpenojaBaTess, I/€ CTYACHTbl aKTUBHO Y4YacTBYIOT B OOCYXAEHUSX,
NPAaKTUYECKUX 3alaHUAX U Ipyrux opMax B3auMOIEHCTBHSL.

Jlig ycrienmHol noAroToBKU K CEMUHAPY PEKOMEHAYETCS 3apaHee 03HAKOMUTHCS C TEMOU
3aHATUS M OCHOBHBIMH MaTepHajaMH, YTOObI MMETh BO3MOXHOCTh AKTHBHO YYacTBOBATH B
o0cyxnenuu. Takke MOJE3HO MOATOTOBUTH BOIPOCHI U MU JJISi OOCYXKICHHUS, YTO MOMOXKET
ri1y0xe NOHATh MaTepuaj U IPOAEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTb.

Homawmnee 3a0anue — HabOp 3a1a4 O TEMAM HEJIENH.

[Ipu pabGore Hax JOMAIIHUMHM 33JaHUSIMM BaXKHO BHUMATEIbHO O3HAKOMHUTBCS C
TpeOOBaHUSAMHU U CPOKaMU BBIIOJHEHUs. PexoMeHayeTcs pa30uBaTh 3aJaHus Ha 3Talbl, YTOObI
n30exarb NEperpy3kd W Jydlle yCBOUTh Marepuasl. lcronb3oBaTh pasiUyHblE HUCTOYHHMKHU
uH(OpMaLKK, BKIIIOYasl YUeOHUKH U OHJIAWH-PECYpCHl, Ui 0osee Ty00KOro MOHUMAHUS TEMBI.

Ilpoexm — wuccnenoBaTenbCckas paboTa MO MUCHMIUIMHE (MOIYJII0) M Tpe3eHTalus
pe3yIbTATOB.

JUis ycnenHoi noAroToBKY K NPOEKTY PEKOMEHJIYETCs: YETKO ONpPENeNIUTh LEeNIU U 3a1a4u
IPOEKTa; COCTAaBUTh IIaH Pa0bOThI, pa30MB MPOEKT HA ATAIlbl C YKa3aHUEM CPOKOB BBIIOJIHEHUS
KaX/I0T0 U3 HUX; UCIIOJIb30BaTh pa3HOOOpa3Hble UCTOUHUKU MH(OPMAMM U MHCTPYMEHTHI JJIs
UCCIICIOBaHMSI TEMBI; PETYJISIPHO MPOBEPSTh NPOrpecc U BHOCUTh KOPPEKTUBBI B IUIAH, €CJIU 3TO
HE00X0IUMO.

bonycnvie 6annbi — 3TO OLEHKH, KOTOPbIE CTYAEHTHI MOTYT IIOJYYUTh 3a BBIIOJHEHHE
JIOTIOTHUTEIIbHBIX 3a/1aHUH.

@opmar OOHYCHBIX OajUIOB TIO3BOJIIET CTYJACHTaM YIYYIIUTh OONIYI0 OLEHKY IO
JUCLHUIUIMHE (MOYJII0) U CTUMYJIHUPYET YIiyOJIeHHOE U3yYeHHEe MaTepHaa.

Camocmosmenvnaa paboma — paboTa CTYJEHTOB, HAIpaBICHHAs Ha YIIIyOJEHHOE
U3y4eHHE OTJENIbHBIX TEM M BOIPOCOB Y4eOHON JUCHUIUIMHBI (MOIYIIS).

B nporecce camoctosTensHON paboThI CTYAECHTHI B3aUMOJICHCTBYIOT C PEKOMEH/I0BaHHBIMU
MaTepHajaMM NP MUHUMAaJIbHOM YYacTHUHU MperoiaBaTess. 3a1aun CTyIeHTa BKIIOYaoT paboTy
C KOHCIIEKTaMu JIKIuH (00paboTka TeKCTa), MOBTOPHOE M3yUeHUE YUeOHBIX MaTepHAJIOB TJIAHOB
¥ TE3MCOB OTBETOB, U3YUEHHUE JIOMOJHUTEIBHBIX TEM, BBHITIOJHEHNE YIeOHO-NCCIIET0BATEIBCKUX
3aJJaHUI U IPYTOE.

Cucrema OLlCHUBAHUSA PE3YyJbTATOB oﬁyqemm Mo JTUCHMIIJINHE (MOI[y.]'lIO)

Kpurtepuun nosiyuyeHusi ypoBHsl 1 OLlCHMBAHHS C(POPMHUPOBAHHOCTH KOMIETEeHUMI 10
aucouiuinae (Moaynaw) «O0padoTka NAHHBIX M Kay3ajdbHbI AaHAJIM3 B MAIIHHHOM
00yueHUun»

OrneHuBaHue YpOBHsI y4EOHBIX JOCTHKEHUH OOYYalOMIMXCS MO JUCHUIUIMHE (MOJYJIIO)
OCYIIECTBIISIETCS B BUE TEKYIIEr0 KOHTPOJISl YCIIEBAEMOCTH U IMTPOMEXYTOUYHOM aTTeCTaIiH.

IIpome:xxyTouHasi arrecTaumsi 1O JUCIUIUIMHE (MOIYJIO) OCYIIECTBISETCS B (opme
3auema ¢ OWEHKOU, TIPU STOM TPOBOJUTCS OIEHKA KOMIETEHIMH, CcHOPMHUPOBAHHBIX IIO
JUCHUITIINHE.

I[J'I}I OLICHUBAHUA TCKYHICI'O KOHTPOJISI YCIICBACMOCTU U HpOMCXCYTOQHOﬁ aTTeCTalnn
HCIIOJIB3YCTCA ILGCSITI/I63.J'IJIBH3JI KajJla OLCHHUBAHUA, KOTOpasd COOTHOCUTCA C Tpa,Z[I/ILIHOHHOﬁ
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nATUOATUTPHON IIIKAJION CIEAYIOIIMM 00pa3oM, €Clii HHOE He YKa3aHO B CUIIIa0yce AUCIUTUTHHBI:

O0mas xapakTepuCTHKA pe3yJIbTaTa 00y4eHusl o
JucHunInHe (MOIYJII0)

CTyZlIeHT TOJIHOCTBIO BJAJEET 3HAHUSAMHU, U3JIOKECHHBIMU B
pabodeit mporpamMme, W TIIYOOKO OCMBICISIET JUCHUIUIAHY
(Momynp). OH CaMOCTOSATENIBHO W JIOTHYECKH TOCIETOBATEIHHO
OTBEUYACT Ha BCE BOIPOCHI, aKIICHTUPYsS BHUMaHHE Ha HauOoiee
Ba)KHOM. YMeeT aHAITM3UPOBATh, CPABHUBATH, KIIACCH(DUITUPOBATS,
000011aTh, KOHKPETH3UPOBATh U CUCTEMATU3UPOBATh U3yUCHHBIN
MaTepuall, BBIICISS KITIOYEBHIE MOMEHTHI W YCTAHABJIMBAsS
MPUIMHHO-CIICICTBEHHBIC CBs3K. UeTko (HhOpMyIHpYeT OTBETHI,
YBEPECHHO WHTEPIPETUPYET pPe3yJbTaThl aHATU30B U JIPYTUX
HCCIIC/IOBAHNH, a TakkKe pemiaer ciaokHble 3amadd. CTyaeHT
XOPOIIIO 3HAKOM C METOJIaMH UCCIICJIOBaHUS, HEOOXOUMBIMU IS
HpaKTI/I‘-IGCKOI\/'I ACATCIIBHOCTH, U YMCET CBA3BIBATH TCOPCTUUCCKUC
ACTEKThI JUCIUTLTUHBI (MOYJIS) C MPAKTUYCCKUMHE 33 Ja4aMH.

CryneHT obnazaeT 3HaHUSAMH IPEAMETa IIOUTH B IIOJIHOM 00BbeMe

paboueii  mporpaMMel M CaMOCTOSITENIBHO,  JIOTHUYECKU
[IOCJIEZIOBATEIbHO M BCECTOPOHHE OTBEYA€T HA BCE BOIPOCHI,
aKLEHTUPYs BHUMaHUE Ha HauOoJjiee 3HAUMMBIX MoOMeHTax. OH
yMeeT  aHaJU3UpOBaTh, CpPaBHUBATh, KJIACCU(PHULUPOBATH,
0000111aTh, KOHKPETU3UPOBATh U CUCTEMATH3UPOBATh N3yUCHHBIH
MaTepuai, BBLAENAS ero KIIIYeBble acleKThl M yCTaHaBJIMBas
MIPUYUHHO-CIICCTBEHHbIE CBs3H. (DOpMyIHpyeT CBOM OTBETHI,
YBEPEHHO WHTEPIIPETUPYET pe3yabTaThl aHAJU30B U JAPYTUX
HCCIIEIOBAHUH, a TAKXKe PEeIIaeT CI0XKHbIEe CUTYaIllMOHHBIE 3a/1a4H.
CTymeHT XOpomo 3HaKOM C METOJaMM  HCCIEOBAHHA,
HEOOXOIUMBIMH ISl TIPAKTHYECKOH JESITeNbHOCTH, U YMEEeT
CBS3BIBATh TEOPETUUECKUE ACIEKTHI MPEAMETA C MPAKTHUYECKUMHU
3aJlavaMu.

CryneHT oOsazaeT 0a30BbBIMM 3HAHUSAMHU 110 JIUCIUILIMHE
(MOJIyJT10), HO HCIIBITHIBAET TPYIHOCTH IPH CaMOCTOSITEIbHBIX
OTBETaX W HKCIOJb3yeT HETOYHbIe (OpPMYyIHpPOBKH. B xome
OTBETOB OH JIOMYCKAaeT OIIMOKM, KACAIOIIHECs CYTH BOIPOCOB.
CtyaeHT cnocoOeH pelaTh TOJNBKO CaMble MPOCThIE 3a7add U
BJIaACCT JIUIIIb MUHUMAJIbHBIM Ha60pOM METOA0B UCCJIICIOBAHUS.

JecaTuoanabuas IlaTudanabHast

OIlEHKA OIlEHKA
10 Ot1nuyHO
9 OTau4HO
8 OTiau4HO
7 Xoporro
6 Xopormio

) Y 10BIETBOPUTENHHO

4 Y 10BIETBOPUTENBHO
3 He cnan
He cnan
He cnan

CryneHT HE OBjiaaeN 00sA3aTeNbHBIM MHUHHUMYMOM 3HAaHUU TIO
MpEIMETY M HE MOXET OTBETUTHh HA BONPOCHI, NAXKE €CIIU
MPETOJABATENb 3a4a€T JOIOJHUTEIBHBIE HABOISIINE BOIIPOCHL.

Hucuumnuba (Moayns) «OO0paboTKa MAaHHBIX W Kay3aldbHBIH aHATU3 B MAaIIMHHOM

00y4YeHHM» OLIEHUBACTCS CIEIYIOIIUM 00pa3oM:

AKTHBHOCTH Bec | KouauuectBo Onucanue
Jomamnue 3aganus | 70% 5 HaGop 3anad o remam Henenn
3ader ¢ OLEHKOH 30% 1 IIpoext — UccnenoBarenbckas paboTa MO AUCLUILIIHHE
(MOITyJTFO) ¥ TIpe3eHTAITUS PE3YIHTATOB
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B pamMkax n3ydeHus TUCIUTUIAHBI (MOYJIsI) BO3MOYKHO TOJTydeHHEe OOHYCHBIX OaJIIOB.

®opmyJa pacyéra UTOroBOI OLIEHKHU MO JUCHUILUIHHE (MOaYJI10) «O0padoTKa JaHHBIX
U Kay3aJbHbIH aHAJIU3 B MAIIUHHOM 00yuyeHnnmw»: «0,7 x cpennee 3a qoManinue 3aaanus + 0,3
X 3a4eT C OLEHKOI.

Texkymuii KOHTPOJIb YCII€BAEMOCTH 00YUYAKOIIHUXCSH M0 IUCUUILINHE (MOTYJIIO0)
IIpumepHbIe JoOMALIHUE 3aJaHUS
Jlomamnee 3aganue 1.

1. Ilpoananu3upyiite npUuMep U3 peasibHOM KU3HU (HAIIpUMEp, CBSI3b MEXIY KYpEeHHEM U
pPaKoM JIETKUX), /i€ KOPPEJSALUs MOKET ObITh MPHUHSATA 3a Kay3aluio, U OOBSICHUTE, MOYEMY
CTaTHUCTUYECKUE MOJIeTTH 0€3 yueTa IPUUMHHBIX CBSI3el MOTYT IPUBECTH K OIIMOOYHBIM BBIBOJIAM.
[ToaroroBbTe KpaTKuii OTYET C 0OOCHOBAHUEM.

2. CpaBHUTE CTaTHCTHYECKYI0 MOJETh (HampuMep, JIMHCWHYI0 PETPECCHI0) W
AHATUTHYECKYIO MOJEIb (HalpuMep, MOJCTh C Kay3allMOHHBIMU TpadamMu) Ha CHHTETUYECKOM
Habope JaHHbIX, co3maHHoM B Python ¢ ucnons3oBannem 6ubaroTek Bpoe pandas u scikit-learn.
Onummre pa3nuyusi B UHTEPIPETUPYEMOCTH PE3YJIbTATOB.

3. OnumuTe MOHATHE HHTEPIPETUPYEMOCTH B KOHTEKCTE MAIIMHHOTO OOydYeHHsS H
NpPUBEIUTE TPU IpUMEpa, KOIJAa HU3KAs HHTEPIPETUPYEMOCTh MOJEIH MOKET HPUBECTH K
STUYECKHUM MpoOJeMaM B IPUHATHH pEIeHUi (HampuMep, B KpeTUTHOM CKOPHHTE).

4. Wcnonb3ys mpocToil Habop naHHbIX (Hampumep, Boston Housing), mpumenute aBa
cnocoba unrepnperanuu cratucruueckoit mogenu (SHAP u LIME) u cpaBHMTE UX pe3yabTaThl,
00BSICHUB, KaK OHU TIOMOTAIOT BBISIBUTH Kay3al[MIOHHBIE CBSI3H.

5. PazpaboraiiTe crieHapuii, rie aHaJIUTU4YecKast MOJIeTb HHTETPUPYET SKCIIEPTHHIC 3HAHUS
JUTSL pelIeHHs] IpoOIeMBbl Kay3aliu, U MPeUI0KHUTE IIaTH 110 €€ pean3allii Ha OCHOBE U3yUEHHBIX
TTOHSTHH.

JlomamHee 3aganue 2.

1. TloctpoiiTe Kay3allMOHHBIH Tpad JUId ClIEeHapus BIMSHHUA OOpa30BaHUS Ha JIOXO[,
BKJIIOYas Tumbl cBs3ed (confounder, covariate, mediator). Mcronp3yiiTe MHCTPYMEHT BpOJie
DAGitty s Bu3yanu3anuu 1 oObsICHUTE, KaK KaXKAast CBA3b BIUSET Ha MHTEPIPETALIUIO TaHHBIX.

2. Ilpoananu3upyiite npumep ¢ moderator-apdexrom (Hampumep, BIUSHHE BO3pacTa Ha
CBSI3b MEXIY YINPAXKHEHHUSIMU M 3JI0POBbEM CEpAlla) M HApUCYHTEe COOTBETCTBYIOIIUHM rpad,
BBIJICJIUB MYJIbTHIIMKATABHBIA 3(PEKT MPHU3HAKOB.

3. Ha ocHoBe peanpHOro Keiica (Hampumep, BIHUSHHUE PEKJIaMbl HAa MPOAAXHU MPOIYKTA C
yuerom confounder-hakTopoB, TAKMX KaK CE30HHOCTH ), CO3/IaiiTe rpad MPUUUHHOCTH U OOCYTUTE,
KaK y4eT B3aMHOT'O BIUSHUS PU3HAKOB U3MEHSET BBIBOIBI MOJIEIIH.

4. Ucnonb3ys 6ubmmoreky networkx B Python, cmomenupyiite rpad ¢ mediator-cBs3pio
(mampumep, ctpecc kak mediator Mexxay paboTOM U 3M0POBHEM) U CUMYTUPYITE TaHHBIE, YTOOBI
MPOJIEMOHCTPHUPOBATH, KAK UTHOPUPOBAHKE STOTO TUIIA CBS3H MCKAXKAET PE3YNIbTATHI.

5. CpaBHuTe aBa rpada NpUYUHHOCTH JJISl OJTHOTO U TOTO e Habopa aHHBIX (HampuMmep,
BJIMSIHAE JMETHI Ha BEC), OJMH C yYETOM BCEX THIIOB CBs3€, Ipyroil ynpoueHHbI, 1 00bsICHUTE
IperuMylIecTBa MOJIHOTo rpada s npeacka3areaIbHON MOACIH.
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JlomamHee 3aganue 3.

1. PaccuuraiiTe MOBEpUTENBHBIA MHTEPBAN JJISi CPETHETr0 3HAUYEHUs BbIOOpKM M3 Habopa
JaHHBIX (HampUMep, OLIEHKM KayecTBa BO3JyXa) WU MHTEPHPETUPYHTE €ro B KOHTEKCTE
MOTPEIIHOCTH MOJIENN, OOBSCHHUB, KaK 3TO BIMIET HA BBIBOJ O IIPUYUHHBIX CBA3SX.

2. Ha npumepe JTuHEHHOM perpeccun Ha CHHTETMYECKUX JAHHBIX BBIBEIUTE COOTHOLIEHHE
quCJla NCXOJ0B U aHAJIM3UPYEMBIX IIPU3HAKOB, UCIOJIB3Ysl METpUKHU Bpojae R-kBanpar u MSE, u
o0cynuTe, Kak MOTPEIIHOCTb PACTET € YBEINYEHUEM YK CIIa IPU3HAKOB.

3. Ilpoananu3upyite crocoObl pacyeTa MOrPeITHOCTH (CTaHAapTHAs OImMoOKa, bootstrap)
JUIL OLEHKH KOX(QUIMEHTOB B Kay3allMOHHOW MOJEIN M TPUBEAHUTE MPHUMEpP, TIIE BBICOKAs
MOTPEIIHOCTh YKAa3bIBaCT Ha HEOOXOJUMOCTH JOTIOJHHUTEIBHBIX JAHHBIX WM KOPPEKTHPOBKHU
rpada.

4. Vcrionb3ysl pealibHBIN qaTaceT (HarpuMep, JaHHbIEe O 3apIuiaTax), IOCTPOUTE MOJIEIb C
JIOBEPHUTEIBHBIMA HMHTEpBaJaMU Ui KOA(DOUIIMEHTOB W OOBSICHUTE, KaK WHTEPIpETAIns
MOTPEITHOCTH ITOMOTaeT N30ekaTh Mepeo0ydeHUs] B KOHTCKCTE PUIHMHHOTO BBIBOJIA.

5. BriBeguTe THIIMYHOE COOTHOILICHHUE MECKAY YUCIIOM UCXOOO0B U IMIPHU3HAKOB IJId MOJECIN C
HHU3KOH INOIrpCIIHOCTBIO, HUCIOJIB3Yysd TEOpPEMY O PasMCPHOCTHU, U MPEMIOKHUTC CTPATCTUU IIO
CHHUIKCHUIO IMOTPCITHOCTHU B MOACIIAX C OOJIBIINM KOJIMYECTBOM IICPCMCHHBIX.

Jlomamnee 3apanue 4.

1. O0pacHUTE HEOOXOAUMOCTh UHTEPIPETALMHN JaHHBIX B MOJEIN MAIIMHHOIO 00Y4YEeHMUSI
Ha TIpuMepe NpeJcKa3zaHusl pucKa 3a00JeBaHUM, Iie HEMHTEPIPETUPYEMbIE Pe3yJIbTaThl MOT'YT
IPUBECTH K HEBEPHBIM MEAULIMHCKUM PEILIECHUSIM.

2. Ilpumennre nBa ciocoba nuntepnperanuu (Hanpumep, SHAP u permutation importance)
K MOJIEJIH CITy4ailHOTO Jieca Ha jaracete Iris M cpaBHUTE, KaK OHM PACKPBIBAIOT BKJIA]] IPU3HAKOB
B TpeJICKa3aHHue.

3. Pa3paboraiiTe Kkeiic, TOe UWHTEpHpeTanysl pe3yabTaTOB MoJenu (Hampumep, C
ucnons3oBanueM LIME) momoraer BBISBUTH NMpeAB3ATOCTh B JIaHHBIX O HaliMe IepcoHala, U
MPEMIOKUTE KOPPEKTUPYIOIUE MEPBI.

4. Ha ocHoBe Ha0Oopa JaHHBIX O MpPOJaXax, MOCTPOMTE HHTEPIPETUPYEMYIO MOJENb
(HampuMep, JIMHEHHYIO PErpecCcuio) U UCIMONb3yUTe riodanbHbie MeToAbl nHTepnperanuu (PDP
plots), 4TOOBI OOBACHUTH BIMSIHUE TPU3HAKOB HA UCXO/I.

5. O6cynuTte cueHapuii, rie OTCYTCTBHE UHTEPIPETAllUU pPe3yabTaTOB MOJIENU PUBOIUT K
TUYECKUM JIMIEMMaM B aBTOHOMHBIX CHCTEMax (Harpumep, B OECIMIOTHBIX aBTOMOOWIIAX), U
MPEJIOKUTE 1IATrH 110 UHTErPallii UHTEPIIPETUPYEMOCTH B IPOLIECC Pa3pabOTKH.

IIpumepHoe onMcaHue 3a1aHUS U KPUTEPHH OLCHUBAHNUS K NMPOEKTY

Leapr npoexkra: Pazpaborath KOMIUIEKCHBIM aHAJINW3 MPUYMHHBIX CBSI3€H B pealbHOM
HaOope JaHHBIX, WHTErpuUpys TEOpPEeTHUYECKHEe TOHATHUSA Kay3aluuu, rpadsl HPUYNHHOCTH,
UHTEPIPETUPYEMOCTh MoOJeNell M MeTonbl paboTel ¢ JaHHBIMH. CTyIeHThl JOJKHBI
IIPOJIEMOHCTPUPOBATH YMEHUE NPUMEHATh CTATHCTUYECKHUE U aHATUTUIECKHUE MOJIEIH, OLICHUBATh
KAaueCTBO [AHHBIX, CHW)KAThb PAa3MEPHOCTb U OLICHUBATh T'PaHULbl IPUMEHUMOCTH MOJEIEH.
[TpoekT cnocoOCTBYeT pa3BUTHIO HAaBBIKOB MHTEPIIPETALMM  PE3yJIbTaTOB, H30ekKaHUsA
nepeoOy4eHuss W 3TUYECKOro wucmonb3oBanus MU B kpuTHueckux oO0NacTsIX, TaKUX Kak
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3paBOOXpaHEHHUE.

®opmat: MHauBuayanbHbI UM rpynnoBod (2—3 uenoBeka). Cpok BbIMoNHEHHs: 46
HEZelb.

HucTpymentsi: Python (6ubimorexku: pandas, scikit-learn, networkx, causalml, SHAP,
LIME, statsmodels, torch mms PINNs), Jupyter Notebook, DAGitty uiam aHamorudHble s
BU3yalu3aluu rpagos.

Jatacet: PexomeHayercs UCIOIb30BaTh OTKPHITHIA JaraceT, Takold kak Diabetes Dataset
(u3 sklearn) mmu Framingham Heart Study (¢ Kaggle), unu cunTeTHueckuii HaboOp MaHHBIX,
CO3JIaHHBIN CaMOCTOATENBHO. JlaTaceT NOoKeH coliepKaTh IEpEMEHHBIE [T aHAIN3a IPUYUHHBIX
cBsi3e (Hampumep, PaKTOPbI PUCKA, HCXOJIBI 3JI0POBbS).

CTpyKTypa NpoeKTa U MHHTEerpamus TemM

[Ipoext pa3nesneH Ha JTambl, KaXAblii M3 KOTOPBIX COOTBETCTBYET OJHOM W3 TEM
JuciUIUInHbl. CTyIEHTBI TOJKHBI TOCIEA0BATENbHO BBIITOJIHATD I1ark, JOKYMEHTUPYS MpOLecC
B oTuere (B hopmate Jupyter Notebook ¢ koom, Bu3yanu3anusiMu U 00bsiCHEHUAMH ). ITOToBBIH
OTYeT JOJKEH BKIIIOYaTh: BBEJICHHUE, aHAIN3, PE3YJIbTaThl, 00CYXkKIEHHE IPOOJIEM U BBIBOIbI.

1. Kay3anusi ¥ MHTepIpeTHPYeMOCTh

3apaua: Onpenenute npodiaeMy Kay3aluu Ha IpUMepe AaraceTa (HalpuMep, CBA3b MEXIY
YpOBHEM caxapa B KpoBH H nuaberoMm). llocTpoiiTe CTaTHCTHYECKYI0 MOJAETh (JIMHEHHas
perpeccusi) ¥ aHATUTHYECKYIO MOJIENb (C MCTI0Ih30BaHNEM Kay3allMOHHBIX TpadoB). CpaBHUTE UX
UHTEPIPETUPYEMOCTD.

Ilaru: Bribepure nepemenHsle, paccunrtaiite koppensuuu, npumenure SHAP unu LIME
i uHTepnperaunu. OObSICHUTE, TOYEMY KOPPEALMS # Kay3alus.

OsxupaeMsblii  pesyabtar: OTUET C  BHU3YyaJM3alUsMHM, CpaBHEHHEM Mojenedl u
000CHOBaHHEM HEOOXOIMMOCTH aHAIMTHYECKUX MOIXO0/10B.

2. I'pa¢ npuyuHHOCTH

3anaua: [loctpoiite monHbll rpad HDpUYMHHOCTH Ui JaTtacera, BkiIwodas confounder
(Hampumep, BO3pacT Kak KOHQYHIEp A CBSI3M KypeHus W auabera), covariate, mediator
(Hampumep, cTpecc Kak MeIuaTop Mex 1y paboTol 1 310poBbeM) U moderator (Harnpumep, BO3pacT
Kak mMoziepatop 3p¢deKra JUeThl).

IMaru: Mcnons3yiite networkx ninn DAGitty nist co3nanus rpada. Cumynupyiite JaHHbIE
JUIsL IEMOHCTPALIMU B3aUMHOT'O BIMSHUS U MYJIbTUIUIMKATUBHBIX 3 dekroB. Obcynute, kak rpag
MEHSET MHTEPIPETALUIO.

OsxupaeMslii pe3yabraTt: Buszyanuzanus rpada, aHanu3 cBA3eld U CUMYJISIMS JTAaHHBIX C
00BSICHEHUEM HCKaXEeHUI 0e3 yueTa THUIOB CBsI3eH.

3. IoHsiTHE 1OBEPUTEIBLHBIX HHTEPBAJIOB M MOTPEMIHOCTH B CTATHCTHYECKOH MoIe N

3agaya: OneHuTe NOrpelIHOCTh MOJIENM Ha JlaTaceTe, pacCUuTaB JOBEPUTEIbHbBIE
MHTEpBaNbl A1 KOA(PGUIUEHTOB (HAampuMmep, B perpeccuu). BreiBenure cOOTHOILIEHUE YHUCIa
MCXOJIOB U IPU3HAKOB, UCTIONIBb3Yys MeTpukH (R-kBaapat, MSE, ctannaptHas ommoka).

Ilaru: [Ipumenure bootstrap wiM cTaHJapTHBIE METOMABI Ul OLIEHKU MOTPEIIHOCTH.
OOBscHHUTE, KaK OTPEIIHOCTh YKa3bIBAET HA PUCK NIEPEOO0yUEHHUSI.

OskupaeMblii  pedyabtar: TaObaumbl ¢ JOBEpUTENBHBIMH  HMHTEpBalaMu, Tpaduku
MOTPEIIHOCTY U PEKOMEHAINU 110 COOTHOIIEHHUIO JaHHBIX/TIPU3HAKOB.

4. UHTepnipeTHPYeMOCTh Pe3y/JbTaTOB PadoThl MojieJieil

3agaua: [loctpoiite Monenb (Hampumep, CiaydyalHBIM Jiec) U HMHTEPIPETUPYHTE ee
pe3ynbraThl ¢ nomoiuisio SHAP, LIME u PDP plots. O0bsicHuTe He00X0IMMOCTh HHTEPIIPETALIUN
JUTSL STUYECKUX pellleHui (Harpumep, NpecKa3aHrue pucka 3a001eBaHHmil).
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Ilaru: CpaBHUTE JOK&IbHBIE H TJ00albHBIE METOABl HHTeprpeTanuu. OO0cynuTe
CIICHApHH, TJ€ HU3Kasi HHTEPIPETUPYEMOCTb IPUBOAUT K IpolIeMam.

Osxupaemplil pesyabrar: Busyanusanuu MHTEpHpeTanuy, aHadu3 BKJIaja MPU3HAKOB U
TUYECKUE BBIBOJIBI.

5. Pabora ¢ kayecTBOM /JaHHBIX, BbICOKOCKOPE/JIMPOBAHHbIE JAaHHbIC, MATPHIIbI
KOppeJsiuuii, yaajieHue U 00beluHeHUue IPU3HAKOB

3anaua: [Ipoananusupyiite KayecTBO JAHHBIX: BBIIBUTE BBICOKOCKOPEIUIMPOBAHHBIE
MPU3HAKU (MaTpulla KOPpEeJAInid), MmpoOsieMbl (MPOMYCKH, BBIOPOCH). VY nanuTe/00beTuHNuTe
NPU3HAKU JJIs1 CHUYKEHUS PUCKA IIepeo0yUyeHHU .

Ilaru: [Toctpoiite heatmap koppemsuuii, npumenutre Metonsl (Hampumep, VIF mns
MYJBTUKOJUIMHEAPHOCTH). OLIEHUTE JAONMYCTHUMOE 4YHUCIO MPU3HAKOB 110 COOTHOLIEHHIO C
pa3mMepoM BBIOOPKH.

O:xkupaemslii pesyabrat: OTUeT ¢ MaTpuleil Koppemsiiuuidi, 000CHOBaHWEM MU3MEHEHUH B
JlaTaceTe U aHaJIM30M PUCKa IIepeo0yUyeHHU .

6. PaboTa ¢ HAy4YHBIMH CTATHSIMH, HA IPUMepe cTaTell MOCBAIMEHHBIX HeJINHEHHBIM
MeToaaM cHumkeHus pasmepHoctu (t-SNE, UMAP)

3agauya: M3yunure 2-3 nayunsie ctathil 1o t-SNE u UMAP (Hanmpumep, opuruHaibHbIE
pabotel van der Maaten). [IpumenuTe 3TH METOABI K JaTaceTy JUIsl CHM)KEHUS pa3MEpPHOCTU U
BU3YaIM3al[1H KJIaCTEPOB.

IMaru: OOcynute npoOiemMbl HEITMHEHMHOro mojxoaa (moTeps riao0anbHON CTPYKTYpHI),
KoHTpripumepbl. CpaBHUTE ¢ TuHEHHbIMU MeToamu (PCA).

OskupaeMblii pe3yabTaT: AHHOTAIMS CTaTel, KO IPUMEHEHUS METOJI0B, BU3YyaIU3alluu U
aHaJIU3 IPEUMYIIECTB/HET0CTATKOB.

7. ®usnveckn HHGpOPMHUPOBAHHBbIE HEHPOHHbIE CETH

3agaua: O0beUHUTE CTATUCTHUECKYIO MoJienb (perpeccusi) ¢ ananutuyeckoit (PINN) ms
yuyeTa pU3MYECKUX 3aKOHOB (HalpuMep, MoJenupoBaHue AU QPpy3nuu riIroKo3bl B OpraHu3Me).

IMaru: Peanuzyiitte PINN B PyTorch, cpaBHUTE IUIIOCBI/MHUHYCHI (TOYHOCTH VS.
UHTEPIPETUPYEMOCTH). OOBSICHUTE CITOCOOBI 00BEANHEHNS (BCTPaUBaHUE YPABHEHUN).

O:xupaemsbiii pesyabrar: Kog PINN, cpaBHeHHe C TpaauIMOHHBIMM MOJAECISIMU U
00CyXJIeHUE UHTETPALINH.

8. MeTo/1 OlleHKH Ka4yecTBa IaHHBIX, oNpe/ejeHHe TPAHNL IPUMEHUMOCTH MojeJeii

3apaua: OneHure rpaHUIb IPUMEHUMOCTH MOJIENH: POAHAIN3UPYITE TepeodyueHue (13-
3a yKcia JaHHBIX/TIPU3HAKOB), HHTEpIpETUpYyHTe p-value uid runores.

Ilaru: [TocTpoiite kpuBble oOyueHMs, paccuuTaiiTe p-value I K03 UINEHTOB.
OO0cynute npobIeMbl BXOISANIINX JAHHBIX U PUCKH.

O:xuaaemblii pe3yabTar: AHauu3 rpaHull (HarpuMep, MUHUMAabHBIN pa3Mep BHIOOPKH),
PEKOMEHIALINH 110 YIIYUILIEHUIO JaHHbIX.

Kpurtepun oueHku:

Texnunueckass KOppeKTHOCTH (40%): KauecTBO KOJ1a, MOJIeNIEH U BU3YyaIu3allHil.

Teopernueckas rayouna (30%): uarerpauus TeM, 0OOCHOBaHUE BBIOOPOB, CCBUIKM Ha
CTaTbH.

HNuTepnperanmsa u BbIBOAbI (20%): 00BsICHEHUE pE3yNbTaTOB, 3TUYECKHE ACIEKTHI,
MPEJIOKEHUS 110 YIyUIICHHIO.

IIpe3entanus (10%): 4eTKOCTh OTYETA, OTCYTCTBHE OITHOOK.

3ananus AJ1sl MPOMEKYTOYHOM ATTeCTAIUM MO JUCHUILIHHE (MOAYJII0)
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No 3ananue Otser Komnerenuus
n/n
1. | Kak mareMaTH4ecKH pa3InIuTh Kay3aIuio U MareMaTH4aecKoe pa3Indne OIIK-1
KOPPEJSLHUIO B aHATHU3E JaHHBIX? MPUYUHHOCTH U KOPPEJISLUH
2. | Kak npencTaBuTh pe3yabTaThl aHATH3a [IpesenTanus xax Gpopma [1K-3
Kay3alny 3aMHTEPECOBAaHHBIM CTOPOHAM? MPEICTABICHUS PE3YIbTaTOB
3. | Kak obecrieunTs STHYECKHE PELICHUs Yepe3 HuTepnpeTupyeMocTb Kak [1K-3
WHTEPIPETUPYEMOCTD B TIPOEKTE? MeTOJ 00eCTICUeHUS
3TUYHOCTH
4. | Kak mareMaTH4ecKu OLIEHUTh PUCK P-value kak Mmatemaruueckas OIIK-1
nepeo0ydeHns1 OTHOCUTEIBHO YHCIIA OLIEHKA 3HAYUMOCTH
MIPU3HAKOB?
5. | Kak cMonenupoBaTh BiausHue KOHpayHaepa Ha Kondaynnep xak OIIK-1
CBSI3b IIEPEMEHHBIX? MaTeMaTHYecKast
nepeMEeHHAsT MOJICIH
6. Kak nponemMoHCcTprpoBaTh rpad NPUINHHOCTH B Hemo kak popmar [1K-3
npodeccuoHanbHOU cpene? JIEMOHCTPALIMN PE3yJIbTaTOB
7. | Kak y4ecTb MynbTHIUTHKATUBHBIN AP HEKT MynbTUIITUKaTUBHOE OIlK-1
MIPU3HAKOB B MaTEMaTHYECKOW MOIENH? B3aMMOJEHCTBHE KaK
MaTEeMaTHUYECKUN WICH
8. Kak npumenuts PINN 1 00beinHeHUs PINN kak MeTox OIIK-1
(M3MYIECKON U CTATUCTHYECKOM MOIEH? MAaTEeMaTHYECKOIrO
MO/JICJIMPOBAHHUS
9. | Kak paccuurars morpeurHocTs MOAEIH METOAO0M ByrcTpan xak OIlK-1
OyrcTpan? MaTeMAaTHYECKHI METO
OIIGHKU OUIMOKHU
10. | Kak opranmzoBatb o0cyxaenue PINN B pamkax Juckyccus kak ¢popmar [K-3
npo¢ecCHOHAIBHOTO IPOeKTa? npodeccuoHanbHON
KOMMYHHKAIINU
11. | Kak npuopure3upoBath pucku nepeoOydenus B | Ilman mitigation puckoB Kak YK-6
COOCTBEHHOM ILJIaHE PAOOTHI? 3JIEMEHT CaMOOPTaHU3aLUH
12. | Kak npumenuTts t-SNE ni1s1t HenuHeitHOTO t-SNE kax anroputm OIlK-1
CHIDKCHHS Pa3MEPHOCTHU? HEJIMHEWHOTO OTOOPaKEHUS
13. | Kak ucnone3oBats LIME st 00bscHeHMS LIME xak WHCTpyMEHT [K-3
MpeJICKa3aHui MOJIENTN 3aKa3uuKy? npogeccHoHaNbHON
HHTEPIpETALUH
14. | Kak BU3yanu3upoBaTh HHTEPIPETUPYEMOCTD Buzyanuzauus kak crnoco0 [1K-3
JUTSE oTueTa? (bopMynupoBaHUS
pesyibTaTa
15. | Kak ucnons3oBats DAGitty nist Busyanuzanuu DAGitty kaK HHCTPYMEHT [1K-3
NPUYUHHOCTH B TIPOEKTE? npo¢eCcCHOHATBEHOTO
aHanm3a
16. | Kak cmaHupoBath BpeMs Ha pacyer [InannpoBanue BpeMEHH Kak YK-6
CTaHIApTHOM OMMUOKY B paboTe? AIIEMEHT CaMOOPTaHNU3AIIHH
17. | Kak pemwnts npobiaemMy MyJIbTHKOITMHEAPHOCTH Pemenue nmpobiaemMsl [1K-3

B JJAHHBIX TIPOEKTa?

KadyeCTBa JaHHBIX KaK
npoeccuonanpHast 3a1a4a
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KOppensiue 1 Kay3alnuei B THIHOM
HCcIIeqOBaHnN?

SJICMCHT IMMPUOPUTHU3AITUN
JACATCIIBHOCTHU

18. | Kak 10KyMEHTHPOBATh aHAJIU3 KaueCTBa I'padux/Otyer kak Gopma IK-3
JIAHHBIX JUTST KOMaHbI? npodecCHOHANTBHON
JIOKYMEHTAIH
19. | Kak npumenuts PCA m1st coxpaHeHus PCA xak maTemMaTHIeCKHit OIIK-1
rI00ANTBHON CTPYKTYPHI TAHHBIX ? METO/I CHIDKCHUS
pasMepHOCTH
20. | Kak onpeaenuTh MPUOPUTETHI MEKTY ITnan uccaeq0BaHus Kak YK-6
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