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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

PaGouas mporpamMma qucuIUIMHbL (MOAyIsi) «O0paboTKa NaHHBIX U Kay3aJbHBINA aHATH3 B
MamuHHOM 00ydeHuu (Causal inference)» cocrtaBieHa B COOTBETCTBHHM C (eaepaibHbIM
rOCyJapCTBEHHBIM 00pa30BaTeIbHBIM CTaHIAPTOM BBICHIETO O0pa30BaHMs — Marucrparypa Io
HarpaBiaeHuto 02.04.01 MaremaTka W KOMIIbIOTEpHBIC Hayku, npodwmib IIpomykroBas
AQHAINTHKA, YTBEPKICHHBIA TpUKa3oM MUHHCTEPCTBA HAyKH M BBICHIETO 0Opa3oBaHUS
Poccutickoit ®eneparuu Ne 810 ot 23.08.2017 roxa.

W3ydenue nucuruiHbl (Moyns) «O0paboTKa MaHHBIX U Kay3adbHbI aHATTU3 B MAIIIMHHOM
obyuenun (Causal inference)» mo3BosisieT mpeo0IeTh OrpaHUYuCHHS TPAIUIIMOHHBIX MOJIEIICH
MAIIMHHOTO OOydYeHHs, KOTOPBIC YacTO MYTAIOT KOPPEJSIIUI0 C MPUINHHOCTBIO, TMPUBOAS K
OIIMOOYHBIM BBIBOJIAM U MPEAB3ATOCTSIM B MPUHATUU perieHnil. OCBOeHHE METOJ0B TPUUHUHHO-
CJICZICTBEHHOTO aHAJIM3a MO3BOJISIET CO3/1aBaTh OoJiee HAJI)KHBIE, HHTEPIIPETUPYEMBIE M STHUHBIC
cuctembl UM, nnTerpupyromue sKCrepTHhIE 3HAHUA U (U3NYECKUE MPUHIIUIIBI, YTO OCOOCHHO
aKTyaJIbHO B 00JaCTsIX, TAKUX KakK 37ApaBOOXpaHEHUE, (UHAHCHI U TOJIUTUKA, TJIe MOCIEACTBHS
OIIMOOK MOT'YT ObITh 3HAUUTEIHHBIMHU.

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

Hacrosiias nucuunianHa (MoayJib) BKIOYEHA B Y4EOHBIH IJ1aH 110 POrpaMMe HOArOTOBKU
maructpatypsl mo HampaBienutro 02.04.01 MaremaTuka M KOMIBIOTEpPHbIE HAyKH, MpOoduin
[TpomykTOBast aHATMUTHKA ¥ BXOJUT B BapUaTHUBHYIO YacTh bioka 1, popmMupyeMyro yuacTHUKaMu
00pa3oBaTeNbHbIX OTHOIICHUN KaK TUCIUIUIMHA 10 BEIOODY.

Jucnumimza (Moynp) nsydaercs Ha 2 Kypcee B 4 cemectpe. [locTynHa a1 MpoX0XKIeHUs
IpU YCIOBUM YCIEIIHOTO 3aBepLIeHUs] AUCHUIUINH (Moaynei) «[IpukiamHas mareMaTuka AJis
MalmHHOTO 00y4YeHus» u «MamuHHoe o0ydenue (Machine Learning)».

Heanb u3yyeHusi AMCUMILVIMHBI (MOAYJIsI): Pa3BUTHE HABBIKOB NMPUMEHEHHUS MPUYHUHHO-
CJIEICTBEHHOI'0 aHalIM3a JUIsl CO3JAaHUsl MHTEPHPETUPYEMBIX U HAJEKHBIX MOJENICH MAIIMHHOIO
00y4eHUs1, YUUTHIBAIOIMUX (PU3MUECKHE 3aKOHOMEPHOCTH U MUHUMU3HPYIOUIUX MPEAB3SATOCTH B
JTAHHBIX.

3agaum u3y4yeHUus TUCHUIIMHBI (MOLYJIs):

— OCBOUTBH PA3INYMS MEXKIY KOPPEISIUEeH U MPUIUHHOCTBIO JIsl KOPPEKTHOTO aHAIn3a
3aBHCHUMOCTEH B TAaHHBIX MAIIMHHOTO O0yYEeHHUS;
— HAyUYUThCS IPUMEHSTH Kay3allMOHHBIE Tpadbl I BU3yaTU3allii U MOJACIHPOBAHUS
MIPUYMHHBIX CBS3E€H MEXKITY EPEMEHHBIMH;
— Pa3BUTh HABBIKU UCTIOIH30BAHUS HHCTPYMEHTOB HHTEPIIPETAIIMHA MOJIEIICH, TAKMUX KaK
SHAP, SAGE u LIME, ans o0bscHeHUs TIpeIcKa3aHui;
— MPUOOPECTH YMEHHE BBISBISITh U KOPPEKTUPOBATH MPENIB3ATOCTH B HA0OpaX JaHHBIX
JUTSI TIOBBIILIEHUSI KAYECTBA MOJIEIIEH;
— OCBOUTH TEXHUKHU BCTPaUBaHUS (PU3NYECKUX 3aKOHOB B pXUTEKTYPY CTATUCTUYECKHUX
MoJiesiel U HeHPOHHBIX ceTel ISl yIIydllleHHs UX pecKa3aTeIbHON CIIOCOOHOCTH.
B pe3yabTare 0CBOCHUSI AUCHHMILIMHBI (MOAYJIs1) 00y4AIOUIUIACS 10JI2KEH:
3Hamb:
— TIOHSTHUS IPUYMHHOCTH, KOPPEISALUNA, HHTEPIIPETUPYEMOCTH,
— TOAXO0/bl K MHTEPIPETHPYEMOCTH, Kay3allMOHHBIE Tpadbl, TUIIA B3aUMOJICHUCTBUS
MIPU3HAKOB,
— cnocoObl yuéra (U3HUECKUX 3aKOHOB BHYTPH CTATUCTHUYECKHUX MOJIEICH.
ymembv:
— HCIIONb30BaTh Kay3allMOHHBIE Ipadbl, ISl IOCTPOSHUS MOJEIEH;
— HMHTEPIPETUPOBATH  PE3yJibTaThl  MpEACKa3aHHUs  CTATUCTUYECKOM  Mojaenu
pasnuunbiMu criocobamu (SHAP, SAGE, LIME);
— OILICHMBATh KAYECTBO BXOJSIIMUX JAHHBIX, ONPEEISITh BO3MOKHbIE MPEAB3SITOCTH B
JTAHHBIX;
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— BBOAMTH (PU3NYECKUE 3aKOHBI B APXUTEKTYPY HEUPOHHOM CETH.
61a0ems:
— METOJaMH IOCTPOCHMS IIPUUMHHON MOJIENIN HA OCHOBE CTaTUCTUYECKOIO aHAJIN3a,
— cnoco0aMu UHTEPIIPETALUU CTATUCTUYECKUX MOJETIEH;
— METOJAaMM MHTETpaLUU aHAJTUTUYECKUX MOJIEIIEH B CTATUCTUYECKUE.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs
Kowmmerenmuun, Qopmupyembie B pe3yabTaTe OCBOCHHS JAUCHUIUIMHBI (MOIYJsS) TIpU
MIPOBEJCHNH YUeOHBIX 3aHATHI B (hopMe KOHTAKTHOU pabOThI 00YJaIOIIUXCS C IEAArOTHYECKUMU

paboTHUKaMU YHHUBEpCUTETA U B (DOPME CaMOCTOSATETHHON PAOOTHI 00yUYAIOIIIXCS:

Komnerennus

Conep:xaHue KOMIETeHIIUN

HNuaukarop
KOMIICTCHLIHH

IlepeyeHnb MIAHNPYEMBIX
pe3yJbTaTOB 00y4eHus Mo
AUCUUIINHE (MOIYJIIO0)

YK-6.

Criocob6eH ompenemsaTh 1
pean30BbIBATH IPHOPUTETHI
COOCTBEHHOM JICATEIBHOCTH U
CITOCOOHI e¢
COBEPIIICHCTBOBAHUS Ha OCHOBE
CaMOOIICHKHU

YK-6.1.

3HaeT OCHOBHBIC METOIBI
CaMOOIIEHKH M aHajn3a CBOEH
JIEITENHHOCTH, a TAKKE
MIPUHIIATIBI YIPABICHHUS
BpPEMEHEM U IIeJICTIOIar aHus

VK-6.2.

YMeeT cTaBUTh pealnuCTU4HbIE U
JOCTHKUMBIE LIEJIU, OTPEENATh
IIPUOPUTETHI B CBOEH
JESITENbHOCTH, a TAKXKE
pa3pabatbIBaTh U BHEAPSTH
TUTaHbI 110 COBEPILIEHCTBOBAHHUIO
CBOUX HaBBIKOB M KOMIICTEHLIUH
Ha OCHOBE ITOJIyYEHHOU
CaMOOLICHKH

YK-6.3.

HNmeet npakTUYECKUNA OTIBIT
NPUMEHEHUS] METOJI0B
CaMOOIIEHKH B CBOEH
npoeccnoHambHON
JeSTeIbHOCTH, BKITIOYas
y4JacTve B TPEHUHIax,
CEMHUHAapaXx U MPOEKTax,
HaIpaBJICHHBIX Ha Pa3BUTHE
TUYHOM () (HEKTUBHOCTH U
npoheccuoHaIbHOrO pocTa

OIIK-1.

Crioco0eH HaxoUTh,
(hopMySIUpOBaTh U pPelIaTh
aKTyaJbHBIC U 3HAYUMEIE
MPOOJIEMBI TTPUKIIATHON U
KOMIIBIOTEPHOU MaTEMaTUKHU

OIIK-1.1.

3HaeT OCHOBHBIE METOBI U
IIOIXO/IbI K PELICHHUIO 33134
IIPUKJIAJHON U KOMIIBIOTEPHOU
MaTeMaTHKH, BKJIFOYas
aNrOPUTMBI, MATEMaTHUECKOE
MOJIETTUPOBaHNE U TEOPHIO
ONTHMU3ALNY, a TAKXKE
COBpEMEHHBIE HHCTPYMEHTHI U
TEXHOJIOTHH, UCTIOJIb3yEMBIE B
3TOH 0bsacTu

OIIK-1.2.

YMeeT aHanu3upoBaTh U
(dhopMynupoBaTh
MaTeMaTHYeCKHe 3aa4H,
MPUMEHSTH COOTBETCTBYIOIIHE
METOJIbI M AJITOPUTMBI JUTS KX
peILICHUs, a TAKKe
MHTEPIPETUPOBATH U
MPEICTABISITh PE3YJIbTAThI B
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MTOHATHOM M JOCTYIHOM hopme

OIIK-1.3.

HNmeet npakTUYECKUA OTIBIT
paboTHI HA MPOCKTAMU HITH
HCCIIEIOBAHUSIMH B 00J1aCTH
MPUKJIaAHON ¥ KOMITBIOTEPHOU
MAaTE€MAaTHUKH, BKIKOYasl y4acTHE
B KOHKYpCaXx, OJTUMIIHAAaX WIH
Hay4YHBIX ITyOIUKALUAX, T/Ie
OBLIH pelieHbl aKTyaJbHbIE H
3HAYKMMBIC 3a0a4n

[K-1.

CrocobeH omnpenemnsaTh o0ITe
(hOpMBI M 3aKOHOMEPHOCTH B
JTAHHBIX POTYKTOBOM
AHATUTUKA

[K-1.1.

3HaeT OCHOBHbBIE TEOPETUUECKUE
KOHIICTII[H U TIPUHIUIIEI,
OTHOCSIINECS K 0071acTH
NPOAYKTOBOI aHAJIUTHKH, a
TaK)Ke KITI0UeBbIe
3aKOHOMEPHOCTH U MOJEIH,
KOTOpBIE IOMOTAIOT B aHAJH3E U
HHTCPHPECTAlIUN JaHHBIX

[IK-1.2.

YMeer npoBoIUTh
CUCTEMAaTUYECKUI aHAIIN3
IIPOIyKTOBOM aHAJIUTUKH,
BBISIBIISITH U ()OPMYJINPOBATh
o01ye 3aKOHOMEPHOCTH U
TEHACHILINN, a TAKXKe IPUMEHATD
METO/Ibl UCCIIEOBAHUS IS
MOJTyYEHUs] HOBBIX 3HAHUH U
[TOHWMAaHUS

MK-1.3.

HMmeeT npakTUUECKUNA OIBIT
paboThI B 00J1aCTH TIPOTYKTOBOM
aHAJIMTHKH, BKJIIOYAs y4acTue B
HAYYHBIX MPOEKTAX,
HCCIIEI0BAHUAX WIIN
NPaKTUYECKUX 33JaHUSX, T1e
OBUIN BBISIBIICHBI U OTICAHBI
o0mrre GopMel 1
3aKOHOMEPHOCTH

IK-3.

CriocoOeH pemarp 3a1a4u
npodecCHOHANTEHON
JIeSITENIBHOCTH B 00J1acTH
MPOYKTOBOW aHAMTHKH,
(GhopMySIUPOBaTh PE3YJIbTATHI
aHaJIn3a U BbISIBJIATH
MOCJECTBUS TOTYUYSHHBIX
JOAHHBIX 1JIA HpI/IHSITI/ISI
000CHOBaHHBIX PELICHUHN U
OIITUMU3AIINN HpOZ[yKTOB

[K-3.1.

3HaeT METObl U MHCTPYMEHTHI
MIPOAYKTOBOM aHATMTUKU

[K-3.2.

YMeeT NpuMeHsTh
AHAJIMTUYECKUE HHCTPYMEHTHI U
MIporpaMMHOE OOecIieueHue Jis
00pabOTKH ¥ BU3yaIH3aIuu
JAHHBIX, a TAKXKE
(hopMyTHpOBaTH BBIBOJIBI HA
OCHOBE IIPOBEICHHOTO aHAN3a

[K-3.3.

Nmeet onbiT paboThI HAL
peanbHBIMH MPOCKTAMH B
00JacT MPOAYKTOBOH
AHAIINTHKH, BKJIIOYAs aHAJIU3
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TIOJIB30BATCIIBCKOI'O ITIOBCACHHA
" ONTUMHU3ALUIO ITPOAYKTOB Ha
OCHOBE€ ITOJTYYCHHBIX JaHHBIX

[K-6.

CrniocoOeH pa3pabaThiBaTh
MPOrpaMMHOE O0ECTICUECHHUE IS
pelIeHust IPUKIAJIHBIX 3a/1a9 B
chepe MPOAYKTOBOI aHATUTUKA

[K-6.1.

3HaeT OCHOBHBIE S3bIKU
MIPOrPaMMHUPOBAHUS, METOIbI
pa3pabOTKH MPOTPAMMHOTO
o0ecrieueHus, a TaKxKe
MIPUHIINTIBL TPOSKTUPOBAHUS U
APXUTEKTYPHI IPOTPAMMHBIX
CUCTEM, IPUMCHSICMBIX B
MPOIYKTOBOM aHAJIUTHKE

[1K-6.2.

YMeeTr aHanu3upoBaTh
MIPUKIIaIHBIE 3a]auH,
pa3pabaTeIBaTh aJIrOPUTMBI U
PCAIN30BLIBATh UX B BUIC
IIPOrpaMMHOTO 0OecTeueHus,
HCHOJb3YSl COBPEMEHHBIE
HWHCTPYMCHTBI U TEXHOJIOTUH, a
TaKXXe IPOBOJAUTH TECTUPOBAHHUE
Y OTJIAJIKY CO3JaHHBIX PELIECHUN

[1K-6.3.

HMeeTt NpakTUYECKUNA OIBIT
pa3paboTKu MPOTrpaMMHOTO
oOecrieyeHus B paMKax
peanbHBIX IPOEKTOB, BKIIIOYas
ydacTve B KOMaHJaX, rae ObUIH
YCIIEIIHO peaIu30BaHbl
peleHus 1711 KOHKPETHBIX
NPUKIIaTHBIX 3a]1a4
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3. TemaTu4yeckuii mjian

Ne TpynoeMKOCTb, aKaJleMHYeCKHE YAChI
n/m Ounas ghopma
HaumenoBaHue AynuTtopHasi padoTa TKY .
(Tekymui
pasaesia TUCHUTTHHBI Jlekuun | CeMuHaphI CamocrosiTe KOHTPOTH
(MoayJis) (mpaktudec | Konrpoanb JbHas ycneBaemocT)
KHe padora
3aHATHSA)
1 Brenenme u OCHOBBI.
[TonsTHe Kay3auuu u 7 7 22 Homaminue
0a30BbIi MATEMATHYCCKHI 3a7aHus
amnmapar
2 Paz6op anropurMoB Ha 7 7 9 29 Jomamaue
HpuMepax 3aJIaHUA
3auem c OUeHKOl 2 [IpoekT
Hmozo: 14 14 4 44
O6vem oucyunaunvt (modynsn) (6 76
ak. 4.)
O6vem Ooucyunnunvt (Modyns) (8 2
3au. eo.)
4. Coaep:kanue JTUCHHILTHHBI (MOLYJIsI)
Nen/m | HaumeHoBaHue pa3jiesia IMCUMILIMHBI Coaep:xanue TUCHUILIMHBI (MOAYJIS1) IO TeMaM

(MoayJis)

Beenenue u ocHoBelL. [loHsATHE Kay3auuu U
0a30BbIil MAaTEMATUIECKUH arnapaT

BBenenue, moHsATHE TPUYUHHOCTH U CBS3h C Kay3allHe.
CnyteiBanue, mapagokc CUMIICOHA, HAPABICHHBIH
alMKIINIecKuil rpad.

Comnocrasienne 1o KoHdpayHepaM, OlleHKa PUIUHHBIX
3¢ hekToR.

Pa30op anroputMoB Ha puMepax

Merton "B3BelIMBaHUsI OOPATHOM BEPOSTHOCTH JIeUeHHs"
(IPTW).
MeTo HTHCTPYMEHTAILHBIX IEPEMEHHBIX.
Kay3anuonsrii iec (Causal Forest).
Information Geometric Causal Inference.
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTPaHsIEMOro IMPOTPAMMHOTO O0ECHEeYeHHs, BKJIIOYAs MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJIEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUHU YHUBEPCUTETA, TAK U 32 €r0 MpeaesaMHy.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(GOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMAaM.

OcHnognas numepamypa:
1. Xantunrron-Kneitn, H. B mowuckax »s¢ddekra. [lmanupoBanue >5KCHEPUMEHTOB U
MIPUYMHHBIN BBIBO/I B CTaTUCTHUKE : MPAKTUYECKOE PYKOBOJACTBO

https://znanium.ru/catalog/document?id=462757.

2. Maymr, /1. [lorpyxeHue B aHaIUTUKY JAHHBIX : IPAaKTUYECKOe PyKOBOACTBO / J[. MayHT.
- Cankr-IlerepOypr : BXB-IletepOypr, 2023. - 224 c¢. - ISBN 978-5-9775-6866-1. - Tekcr :
anekTpoHHbIA. - URL: https://znanium.com/catalog/product/2123377.

3. Jleckoger, FO. Ananu3 601bIIMX HAOOPOB IaHHBIX : IpakTUYecKoe pykoBoacTBo / 1. JIx.
VYaeman, 1O. JleckoBen, A. Pamkapaman ; mep. ¢ aari. A. A. CiuHkuHA. - 2-¢ U3/, - MOCKBa :
JMK TIIpecc, 2023. - 500 c. - ISBN 978-5-89818-304-2. - Tekcr : anmektponHbii. - URL:
https://znanium.ru/catalog/product/2102592.

/Jlonoanumensvhasn numepamypa:

1. Pobuncon, S. I'padoBeie 0a3pl gaHHBIX. HoOBBIE BO3MOXXHOCTH JJIsi PabOTHI CO
CBSI3aHHBIMU JIaHHBIMH : MIPaKTH4ecKoe pykoBojacTBo / S. Pobuncon, /. Bebep, D. Dudpem ;
nep. ¢ anri. P. H. Parumosa. - 3-e uzn. - Mocksa : JIMK Ilpecc, 2023. - 257 c. - ISBN 978-5-
89818-566-4. - Tekcr : anektponukiii. - URL: https://znanium.com/catalog/product/2107921.

2. MbutbHUKOB, JI. A. CTaTUCTHYECKHE METO IbI MHTEIUICKTYaIbHOTO aHaIu3a JaHHbIX / J1.
A. MbutbHUKOB. - CankTt-IletepOypr : BXB-IletepOypr, 2021. - 240 c. - ISBN 978-5-9775-6733-
6. - Tekct : anexTponnsIit. - URL: https://znanium.ru/catalog/product/2142845.

6. MartepuajbHO-TeXHHYeCKOe o0ecreyeHne

YHUBEpCUTET pacrojaraerT MaTepUabHO-TEXHUYECKOW 0a30l, COOTBETCTBYIOIICH
JIeMCTBYIOIMM MTPOTUBOIIOKAPHBIM MPaBUIaM MU HOPMaM UM 00ecrieunBaroleil mpoBeieHue Beex
BUJIOB JIUCUMIUIMHAPHOW W MEXIUCUUIUIMHAPHON TIOATOTOBKH, MPAKTHYECKOW U Hay4yHO-
UCCIIEI0BATEIbCKON PaboT 00ydaromuxcs, NpeayCMOTPEHHBIX YU€OHBIM IIJIaHOM.

[Tomemienusi, KOTOpble MPEACTABIAIOT COOON yueOHbIE AyAUTOPUHU /TSl TPOBECHUS 3aHATUI
JEKIMOHHOTO THUMNA, 3aHATUA CEMUHApPCKOro (IPakTUYECKOro) THUMA, TPYIINOBBIX U
WHAUBUAYAJIbHBIX KOHCYJIbTAIMM, TEKYIIETO KOHTPOJIS U MPOMEKYTOYHON aTTeCTal[H, a TaKKe
MOMEIIEHUS Il CAMOCTOSATENBHOM paboThl U MOMEIIEHUS Il XpaHEHUS U MPO(UITAKTUIECKOTO
obcmykuBaHusl yaeOHOTO 000pynoBaHus. [TomMereHns: yKOMIUIEKTOBaHbI CIICHMAT3UPOBAHHON
MeOenbl0 U TEXHUYECKHMMHU CPEICTBAMH OOYUEHUs, CIYKAIUMHU Ul TPEeACTaBICHUs Yy4eOHOH
uH(popMaluu 60JbIION ayIUTOPUH.

Nzydenune qucuuriinabl (MOyIst) oOecrieynBaeTcs B y4eOHBIX ayIUTOPHUIX, OCHAIIEHHBIX:

— CTOJIaMH U CTYJIbSIMU;

— KOMITBIOTEPHOU TEXHUKOM;

— MEXaHUYECKUMU KaJIbKYJISTOPAMU;

— CMEeLUANN3UPOBAHHBIM 000PY0BaHUEM, BKIIIOYAs JIEeMOHCTPAIMOHHOE 000pyI0BaHHE.
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https://znanium.ru/catalog/document?id=462757
https://znanium.com/catalog/product/2123377
https://znanium.ru/catalog/product/2102592
https://znanium.com/catalog/product/2107921
https://znanium.ru/catalog/product/2142845

[TomereHust 151 CAMOCTOSITEIIBHON pabOThl 00YJaIONMINUXCsl, B TOM YKCIIE TPUCTIOCOOTICHHBIC
JUI WCHOJB30BAHUS WHBAJTUAAMHU M JUIAMHU C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMH 310POBBS,
OCHAIIIEHbl KOMIBIOTEPHONH TEXHUKOH C BO3MOXKHOCTHIO MOAKIIOUEHUS K ceTu «MHTepHeT» u
o0ecrieyeHHEeM  JIOCTyNa B  JJEKTPOHHYIO  MH(POPMALMOHHO-OOpPA30BATEIBHYIO  CPEdy
YHuBepcurera.

OOyyaromMcsl IPeNOCTaBIAETCA JOCTYIl (B TOM 4YHCIE YIAIEHHBIN) K pecypcam
MH(}OPMaLIMOHHO-TEIEKOMM YHUKAIIMOHHOM ceTH «VHTepHeT», AJIeKTPOHHBIM pecypcaM (B TOM
YHCII€ ANEKTPOHHBIM OMOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM NpOQecCHOHATIBHBIM 0azam
JaHHBIX U UH(OOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMAaM):

Ne HanmeHoBaHue mopTaja Cceblika
(u3panms, Kypca, 10KyMeHTa)
1. Hayunas snextponnas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OuOIMOTEKA
2. | Basza manneix s | T-crenuanucTos https://habr.com
3. | Basa mamneix ScienceDirect https://www.sciencedirect.com
4. | OdunuansHbli calT MUHUCTEPCTBA HAYKU H https://minobrnauki.gov.ru/

BEICIIIEro oOpasoBanus Poccutickoit @enepariim
5. | ®enepanbubiii moptan «Poccuiickoe odbpazosanue” | https://www.edu.ru/

6. | Mudopmanunonnas cucrema "Exannoe okHo noctymna | http://window.edu.ru/
K 00pa3oBaTenbHBIM pecypcam”
7. | Enunas xosmnekuus nudpoBsix odpaszoBatenbhbix | http://school-collection.edu.ru/
pecypcoB
8. | ®enepanbHblii IEHTP HHYOPMALTUOHHO - http://fcior.edu.ru/
00pazoBaTeILHBIX PECYPCOB

[lepeueHbr WHGOPMAIIMOHHBIX TEXHOJIOTUH, WCIOJNB3YEMbIX IPH  OCYHICCTBICHUU
00pa3oBaTeNbHOIO MpoIiecca 1Mo AUCIUIUIMHE (MOYJI0), B TOM YUCJIE KOMIUIEKT JUIIEH3MOHHOTO
MpPOrpaMMHOTO  OOecleyeHus, COBPEMEHHble MpodeccuoHanbHble 0a3bl  JaHHBIX U
MH(OpPMaLMOHHBIE CIIPABOYHbIE CUCTEMBI:

HaumenoBanmne 110 IIponsBoacTeo JInnen3nonHnoe / cB000HO
pacnpocTpansieMoe

OnepanHoHHbIE CHCTEMbI:
Microsoft Imagine (Windows Client, | 3apy6exHoe JIMIICH3UOHHOE
Server)
bpaysepsbI:
Sunekc.Bpaysep OTEUECTBEHHOE CBOOO/IHO pacIpoCcTpaHseMoe
Google Chrome 3apyOekHOe CcBOOOIHO pacIpocTpaHsieMoe
Od¢ucHbIe IPUIOKEHHUS:
Microsoft Imagine (Visio, OneNote) | 3apyOexHoe JIMIICH3UOHHOE
TeXstudio 3apy0exHoe CcBOOOJTHO PACTIPOCTPAHSIEMOE
Adobe Acrobat Reader 3apy0exHOoe CBODOOJIHO pacrpocTpaHsIeMoe
IIporpammHoe o6ecneveHue 1Jisl INIAHNPOBAHUS M YYeTa BpeMeHH:
Toggle app | sapy6exHoe | cBOGOHO pacipocTpansieMoe
CucreMbl ynpapJjieHHsI TPOEKTAMM:
Microsoft Imagine (Project) | sapyGesxHoe | mnuensmonHoe
CucreMbl ynpapJjieHusi 6a3aMu JaHHBIX:
Microsoft Imagine (SQL Server) [ sapy6exuoe | muuensnonnoe
Cucremsbl pesepsHoro konuposanms (backup):
Acronis Backup Advanced for 3apy0exHoe JIMIIEH3HOHHOE
HyperV

CIIpﬁBO'—IHO-HpaBOBLIe CHCTEMBI:
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https://elibrary.ru/defaultx.asp
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Koncynbrantllintoc: cipaBouHoO- OTEUECTBEHHOE JMLEH3UOHHOE

paBoBasi CHCTEMa

CpencTBa aHTHBHPYCHOI#H 31U THI:

Kaspersky Endpoint Security mst OTCUYECTBCHHOE JIUTICH3UOHHOE

ousneca CranmaptHbiii Russian

Edition

Cpenbl pa3padoTKu:

Visual Studio Code 3apy0exHOe CcBOOO/THO PACTIPOCTPAHSIEMOE
Bash (Unix shell) 3apyOexHoe cBOOOJTHO pacIpOCTpaHsIeMOe
Anaconda 3apyOekHOe CBOOOJTHO pacIpocTpaHsIeMoe
Robotic Operating System 3apy0exHOe CcBOOOJTHO PACIIPOCTPAHSIEMOE
CopelliaSim 3apy0exHOoe CBOOOJIHO pacrpocTpaHsIeMoe
Google Colaboratory 3apy0exKHOe cBOOOJTHO PACTIPOCTPAHSIEMOE
IlakeThl NPOrpaMMHBIX CPeICTB M OHOJTHOTEK:

AutoPsy 3apyOekHOe CBOOOJIHO pacIpocTpaHsIeMoe
Interactive Disassembler (IDA) 3apy0exHOe CcBOOOJIHO PACIIPOCTPAHIEMOE
Cucrembl ynpapjeHusi onéanorpaguyeckoi uHpopmManmeii:

Zotero | 3apy6exHoe | cBOGOHO pacpocTpanseMoe
CepBHCHI B CJIYXKOBI:

Bind 3apy0exHOe CcBOOOJIHO PACIIPOCTPAHIEMOE
Docker 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMOoe

7. MeroanyecKue v OlleHOYHbIe MATEPHAJIbI
MeToanyeckue yKazaHHus I 00y4AOUIUXCS 110 OCBOCHUIO TUCHHILIMHBI (MOYJIs1)

B mpornecce nzydenus aucuuruinabl (Moaynst) «O0paboTka JaHHBIX U Kay3aJIbHBIA aHAIN3
B mamuHHOM oO0yuyeHun (Causal inference)» B pamkax TEKYyIIEro KOHTPOJS YCIEBAaeMOCTH
UCTIONB3YIOTCSl TaKue BHJBI y4eOHOW pabOThl, KaK JIEKIMH, CEMHHApPHI, JOMAIIHUE 3aJaHMUs,
IPOEKT, a TaKKe pa3jIMyHble BHUJbl CAMOCTOSTEIbHONH paboThl OOy4yaromMXCs MO 3a/JaHUI0
IpernojiaBaTelisi, HaNpaBJICHHbIE Ha pa3BUTHE HABBIKOB TMPO(ECCHOHANBHOW  JIEKCHKH,
3aKpeIuIeHUe MPaKTUYECKUX MPOo(ecCHOHANTBHBIX KOMIIETCHIIUH), TOOLIPEHHE HHUIUATHB.

Jlexyus — cHCTEMAaTHYeCKOe, TMOCJIEIOBATEIbHOE, MOHOJIOTHYECKOE  M3JI0KECHUE
nmpenoAaBareneM y4eOHOro MaTepuaa, Kak MpaBuio, TEOPETUUECKOTO XapaKTepa.

B mpomecce neknuii peKOMEHIyeTCs BECTH KOHCIEKT JICKIIUH: KPaTKO W CXEMaTHYHO
¢dbuKcUpoBaTh OCHOBHBIC HJIEH, BBIBOJBI M OOOOIICHHS JEKIMH, BBIIETSITh Ba)KHBIE MBICIH,
KITIOYEBBIC CJIOBA W TepPMHHBI. HeoOXOIMMO OTMETHTH BOMPOCH WM MaTepUaNbl, KOTOPHIC
BBI3BIBAIOT 3aTPYAHEHHUS, U TIOMBITAThCS HAWTH OTBETHI B PEKOMEHJI0BAaHHOW nmuTepatype. Eciau
pa3o0parbcsi B Marepuaie He yaaercs, cieayeT chopMyIupoBaTh BOIMPOC W 3a1aTh €ro
MPernoAaBaTeNio Ha KOHCYIbTAIIMH UK BO BPEMsI CEMUHAPCKOTO (ITPAKTUYECKOT0) 3aHSATHS.

Cemunap — 310 (hopma y4eOHOU NeATeTbHOCTH, MPOBOANMAs B y4eOHOM 3aBEJICHHUH TIOT
PYKOBOACTBOM TMpEMoJaBaTesisi, TI/A€ CTYACHThHl AaKTUBHO YYacTBYIOT B OOCYXKICHHSIX,
MPAKTUYECKHX 3aJaHMsIX U IPYruxX (opMax B3aMMOACHCTBHUS.

Jns ycneurHoi moAroToBKM K CEMUHAPY PEKOMEHIYETCS 3apaHee 03HAKOMUTHCS C TEMOM
3aHATUA W OCHOBHBIMH MaTCpHalaMHu, 4T00Bl MMETH BO3MOKHOCTH AKTHBHO y4aCTBOBAaTh B
obcyxaeHuu. Takxke MOJIE3HO MOATOTOBUTH BOIMPOCHI U WU ISl OOCYKIEHUS, YTO MOMOKET
rI1y0’Ke MOHATHh MaTepHal U MPOJIEMOHCTPUPOBATH 3aUHTEPECOBAHHOCTb.

Homawmnee 3a0anue — HaboOp 3a/1a4 O TEMaM HEJIEH.

[Ipu pabore Ham OOMaNTHUMHU 3aJaHUSIMA Ba)XXHO BHUMATEIHLHO O3HAKOMHTHCS C
TpeOOBaHUSMHU U CPOKaMH BBIMOJTHEHHs. PekoMeHyeTcss pa30ouBaTh 3aaHUs HA JTarbl, 9YTOObI
n30exaTh TEeperpy3kd W JIydille YCBOUTH Matepuai. Mcmonp30BaTh pa3iuyHbIE WCTOYHHKHU
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nH(opMaIuu, BKIIIOYasi Y4eOHUKHA U OHJIAWH-PECYPCHI, IJis1 00Jiee TIIyOOKOTO TOHUMaHHS TEMBI.

Ilpoexm — wuccnenoBaTenbCckas paboTa MO MUCHMIUIMHE (MOIYJIIO) M Tpe3eHTalus
pEe3yJbTATOB.

Jl1g ycnemHoi NoAr0TOBKU K MPOEKTY PEKOMEHIYETCSI: YETKO ONPEAEINUTD LIEIU U 3a7a4n
IPOEKTa; COCTAaBUTh IIAH Pa0OThl, pa30MB MPOEKT HA ATAIbl C YKa3aHUEM CPOKOB BBIIIOJHEHHUS
KaX/IOT0 U3 HUX; UCIIOJIb30BaTh pa3HOOOpa3Hble HCTOUHUKN MH(DOPMAIMM U HMHCTPYMEHTHI IS
UCCJICIOBaHMSI TEMBI; PETYJISIPHO NMPOBEPSITh NPOrpecc U BHOCUTh KOPPEKTUBBI B IUIAH, €CJIU 3TO
HE00X0IUMO.

bonycnvie bannbl — 3TO OLIEHKH, KOTOpPbIE CTYAECHTHI MOTYT IOJYYHUTh 32 BBIIIOJHEHHE
JOITIOJIHUTCIIbHBIX SaﬂaHHﬁ.

®opmar OOHYCHBIX Oa/UIOB I03BOJIAET CTYNEHTaM YIYYIUIUTh OOLIYI0 OLEHKY IO
JUCHUTUTMHE (MOYJII0) M CTUMYJIHUPYET YIayOJIeHHOE U3yYeHHEe MaTepHaa.

Camocmosmenvnaa paboma — paboTa CTYJEHTOB, HAIpaBICHHAs Ha YIIIyOJEeHHOE
U3y4eHHE OTICIBHBIX TEM M BOIPOCOB YIeOHOW JUCIUTUTMHBI (MOIYIIS).

B nporuecce camoctosTensHON paboThI CTYAECHTHI B3aUMOJIEHCTBYIOT C PEKOMEHI0BAHHBIMU
MaTepHuajaMH P MUHUMAJIFHOM yYaCTHUHU MPEToiaBaTess. 3a1aun CTyIeHTa BKIIOYAIOT PadoTy
C KOHCIEKTaMH JIeKuii (06paboTka TeKCTa), MIOBTOPHOE U3yYeHUE YUeOHBIX MAaTEepUaIOB IJIAHOB
U TE3MCOB OTBETOB, U3YUEHHUE JOMOJHUTEIBHBIX TEM, BHIIIOJHEHNE YI€OHO-UCCIIEAOBATEIBCKUX
3alaHUM U Ipyroe.

Cucrema OLlCHUBAHUSA PE3YyJbTATOB oﬁyqe}mﬂ mo JMCIMIIJINHEe (MO}IyJIlO)

Kpurtepuun nosiyuyeHusi ypoBHsl 1 OLleHMBAHHS C(POPMHPOBAHHOCTH KOMIeTeHUMIi 110
aucuumianue (Moaynaw) «O0padoTka MaHHBIX M KAay3aJbHbIi AHAJW3 B MAIIMHHOM
o0y4enun (Causal inference)»

OneHuBaHue ypOBHS Y4YEOHBIX JOCTHKEHHM OOydaroluxcsl MO AUCHUIUIMHE (MOIYJIIO)
OCYILIECTBIISIETCS B BUJE TEKYLIETO KOHTPOJIS YCIIEBAEMOCTH U ITPOMEXYTOUYHOHN aTTECTalUH.

IIpome:xyTouHasi arrecTalusi 1O AMCHUIUIMHE (MOZYJIO) OCYIIECTBISIETCS B (Qopme
3auema ¢ OWEHKOU, TIPU HTOM TPOBOJUTCA OIIEHKA KOMIETEHLUH, cHOpPMUPOBAHHBIX 10
JTUCIUIINHE.

I[J'IH OLICHUBAHUA TCKYHICI'O KOHTPOJISI YCIIEBACMOCTU U HpOMe)KYTOqHOﬁ aTTeCTallun
HCIIOJIB3YCTCA I[GC?ITI/I63J'IJ'II)HEI$I Kajla OLUCHHMBAaHHUA, KOTOpasd COOTHOCUTCA C Tpa)IHHI/IOHHOfI
MATHOAIIBHOM IIKAJI0M CJICAYIOIUM 06pa30M, €CJIM UHOC HC YKa3aHO B cmma6yce JUCHUIIIIMHBI.

JecatubamnbHas IIsaTudauibHas OO0mas xapakTepHCTHKA pe3yJIbTaTa 00y4eHus! 1o
OIICHKA OILICHKA AUCHHILIAHE (MOXYJIIO)

10 OTan4HO CTyneHT TMONHOCTHIO BIIAJCET 3HAHUSMHU, W3JIOKECHHBIMH B

9 OTIUYHO paboueii nporpamme, Hu TIYOOKO OCMBICIACT JUCLHUIUIUHY

8

OT1immyHO

(Momynp). OH CaMOCTOSITEIBHO M JIOTMYECKH IOCIIEI0BATEIBHO
OTBEYAeT Ha BCE BONIPOCHI, aKIEHTHPYS BHUMaHHE Ha HambOoiee
Ba)XHOM. YMeeT aHAITM3UPOBATh, CPABHUBATH, KIIACCH(DUITUPOBATS,
0000111aTh, KOHKPETH3UPOBAaTh U CUCTEMATU3UPOBATh U3yUECHHBIN
MaTepual, BbIAEIsAS KIIOYEBBIE MOMEHTbl U YCTaHAaBIIMBas
MPUYUHHO-CIIC/ICTBEHHBIE CBsI3M. UeTko (opMysiHMpyeT OTBETHI,
YBEPEHHO HWHTEPIPETUPYET PE3yJbTAaThl aHAIU30B U JPYIUX
WCCIEIOBAaHUN, a TakXKe pemaeT ciaokHbele 3afgaud. CTyneHt
XOpPOIIO 3HAKOM C METOJIaMH MCCIIEJIOBAHNSA, HEOOXOIMMBIMHU IS
MIPaKTHUYECKOH AESTENbHOCTH, U YMEET CBA3BIBATH TEOPETUUECKHE
ACTIEKTHI JUCUUILTUHBI (MOIYIA) C MPAKTUYECKUMH 3aJauaMH.

Xopor1io

CTy,Z[CHT 06J'Ia}_IaGT SHAHUAMU NPEAMETA ITIOYTH B ITIOJTHOM o0BeEME
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JecatubamnbHas IlarudaibHas OO0mas xapakTepHCTHKA pe3yJIbTaTa 00y4eHus! 1o
OLICHKA OLICHKA AUCHHILINHE (MOLYJII0)

6 Xoporiio paboueif  mporpaMMBI M CaMOCTOSATEILHO,  JIOTHYECKH
[TOCIIEZIOBATEIbHO M BCECTOPOHHE OTBEYAeT HA BCE BOIPOCHI,
AKIICHTUPYs BHUMaHUE Ha HawOoliee 3HAUYMMBIX MOMeHTax. OH
yMeeT aHaM3WpOBaTh, CpaBHUBATh, KJIACCH(HUITUPOBATH,
000011aTh, KOHKPETU3UPOBATH M CHCTEMATH3UPOBATH U3yUEeHHBIN
MaTepuai, BBIACIAS €ro KIIOYEBBIC ACIEeKThl M YCTaHABIUBAs
NPUYNHHO-CIICICTBEHHBIE CBsI3U. DOpMyIHUPYyeT CBOM OTBETHI,
YBEPEHHO HWHTEPIPETHPYET PE3yNbTAaThl AHAIW30B W JPYTUX
HCCIICAOBAHUM, a TAKXKE PEIIACT CJIOKHBIC CUTYaIIMOHHBIC 3a]JaUH.
CTrygeHT XOpoumio 3HAaKOM C METOAaMU  HCCIEIOBaHUS,
HEOOXOMUMBIMU JIJISl TIPAKTUYECKOW NEATENBHOCTH, M YMEeT
CBSI3BIBATh TEOPETHUECKHE ACTIEKTHI MPEAMETA C MPAKTHUYECKUMHU

3alayaMu.
5 YnoenerBoputenbHo| CTyaeHT oOnagaeT 0a30BBIMU  3HAHMSIMU TI0 JAHCIUTUIMHE
4 V 10BIETBOPUTENHHO (MomyII0), HO HCIBITBIBACT TPYAHOCTH TPH CAMOCTOATEIBHBIX

OTBETaX M HCIONB3yeT HeTouHble (opMynIMpoBKH. B xoze
OTBETOB OH JIONyCKAET OMIMOKH, KAacaloUIMecsi CYTH BOIPOCOB.
CTyIeHT cnocoOeH pemaTh TOJNBKO caMble MPOCThIE 3aJa4d H
BJIaJI€eT JIUIIb MUHUMAIBHBIM HA0OPOM METOJOB HCCIIECIOBAHUSL.

3 He cnan CryneHT He OBIaAeN 00s3aTeNbHBIM MHUHHMYMOM 3HAaHHWH 10
2 He cnan peaMeTy M HEe MOXET OTBETUTh Ha BOIPOCHI, HaXKE €CIHU
1 He caan IIpenoaBaTenb 3aJaeT JONOJHUTENbHbIE HABOASIINE BOIIPOCHI.

Hucnurnnuna (Moayis) «O6paboTka JaHHBIX U Kay3aJbHbIN aHaIu3 B MAIIMHHOM O0Y4eHUH
(Causal inference)» oreHuBaeTcst CIeAYIOMINAM 00pa3oM:

AKTHBHOCTH Bec | KouaudecTBo Onucanue
Homamuwme 3aganus | 70% 5 Habop 3amad o remam Henenu
3aueT ¢ OIeHKOH 30% 1 [Ipoekt — UccnenoBarenbckas paboTa 10 IUCIUTLIAHE
(MOJTyITI0) U TIpe3eHTAIUs PE3YIbTATOB

B pamkax u3yueHus: AUCUUIUIMHBI (MOYJIs1) BOBMOXKHO MOJydeHUuEe OOHYCHBIX OalljIoB.

@opmyJia pacuéTa HTOrOBOM OLIEHKH MO JUCHUNINHE (MOaYy./110) «O0padoTKa TaHHBIX
U Kay3aibHblii aHaiM3 B MamiMHHOM oOydeHum (Causal inference)»: «0,7 x cpennee 3a
nomairgue 3aganug + 0,3 X 3a4eT ¢ OLEHKOW.

Texymmii KOHTPOJIb yCIIEBAEMOCTH 00y4aKOIIUXCS MO0 JUCHUILIHHE (MOAYJII0)
IIpumepHbIe TOMaLIHUE 32IaHUS
JlomamHee 3aganue 1.

1. Ilpoananu3upyiite npuMep U3 peasibHOM KU3HU (HAIIpUMED, CBSI3b MEX]Y KypeHHEM U
paKoM JIETKUX), TJIe KOPPEeTSAIUs MOKET ObITh MPHHSITA 3a Kay3aluio, U OOBSICHHUTE, MOYEeMYy
CTAaTHCTHYECKUE MOJICTTH 0e3 yueTa MPUIHHHBIX CBS3el MOTYT IIPUBECTH K OIITHOOYHBIM BBIBOJIAM.
[ToaroToBbTE KpaTKuii OTYET C 0OOCHOBAHUEM.

2. CpaBHUTE CTaTHCTUYECKYI0 MOJeNbh (Hampumep, JIMHEHHYI0 pPErpeccuro) H
AHATATUYCCKYIO MOJIeTh (HampHUMep, MOJIENb ¢ Kay3allHOHHBIMH TpadaMu) Ha CHHTCTHUECKOM
HaOope TaHHbBIX, CO3JaHHOM B Python ¢ ncnosb3oBanuem 6udaroTek Bpoje pandas u scikit-learn.
OnumrTe pa3Indus B UHTEPIPETUPYEMOCTH PE3YIIBTATOR.
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3. OnuummMTe MOHSATHE HMHTEPIPETUPYEMOCTH B KOHTEKCTE MAIIMHHOTO OOY4YeHHsS W
NpUBEIUTE TPU TMpUMEpa, KOrJa HU3Kas HHTEPIPETUPYEMOCTh MOJEIH MOKET MPUBECTH K
STUYECKHUM Mpo0jeMaM B IPUHATHH pElICHU (HanmpuMep, B KpeTUTHOM CKOPHHTIE).

4. Vcnone3ys mpocToir Habop maHHBIX (Hampumep, Boston Housing), mpumenurte nBa
cnoco6a unrepnperanuu cratucruueckoil mongenu (SHAP u LIME) u cpaBHMTE UX pe3yabTaThl,
00BSICHUB, KaK OHU IIOMOTAIOT BBISIBUTH Kay3allHOHHBIE CBS3H.

5. Pazpaboraiite clieHapuid, I/ie aHATUTUYECKAsi MOJIENIb MHTETPUPYET IKCIIEPTHBIC 3HAHUS
JUTSI pEIICHHSI TIPOOJIEMBI Kay3alliy, ¥ TPEUIOKHUTE IIATH 110 €€ Pealli3allii Ha OCHOBE M3yUEHHBIX
IOHATHH.

JlomamHee 3aganue 2.

1. IloctpoiiTe Kay3allMOHHBIA Tpad JUId CIEHapHus BIMSHHUA OOpa30BaHHUS Ha JIOXO[,
BKJIFOYas TUMBI cBs3ed (confounder, covariate, mediator). Mcronp3yiiTe WHCTPYMEHT BpOJIC
DAGitty nist BU3yann3auuu v 00bSICHUTE, KaK KaXKAask CBSI3b BIUSCT HA MHTEPIPETALUIO TaHHBIX.

2. Ilpoanammsupyiite nmpumep ¢ moderator-apdexrom (Hampumep, BIMSHHE BO3pacTa Ha
CBSI3b MEXIY YIPAXKHEHHUSIMU M 3]I0pOBbEM CEpAlla) M HApUCYHTEe COOTBETCTBYIOILUH rpad,
BbIJIEJIUB MYJIbTUIUIMKATUBHBIN 3PPEKT IPU3HAKOB.

3. Ha ocHoBe peanpHOTO Keiica (Hampumep, BIMSHUE PEKJIaMbl Ha MPOJAXH MPOIYKTa C
yuerom confounder-hakTopoB, TAKMX KaK CE30HHOCTH ), CO3/aiTe rpad MPUUUNHHOCTU U OOCYIUTE,
KaK y4eT B3aMMHOTO BIIUSHHSI IPU3HAKOB U3MEHSET BBIBOIBI MOICIIH.

4. Ucnonb3ys 6ubmmoreky networkx B Python, cmonmenupyiite rpad ¢ mediator-cBs3pio
(mampumep, ctpecc kak mediator Mexxay paboTOi U 3T0POBbEM) U CUMYIUPYITE NaHHBIE, YTOOBI
MIPOJIEMOHCTPHPOBATH, KAK UITHOPHPOBAHKE ITOTO TUIIA CBSI3H MCKAKACT PE3YIIbTATHI.

5. CpaBuurte aBa rpada NpuUUHHOCTH ISl OJHOTO M TOTO e Habopa JaHHBIX (Hampumep,
BJIMSIHME JAMETHI Ha BEC), OJMH C YYETOM BCEX THUIIOB CBs3€l, Ipyroil ynpoueHHbli, 1 00bsICHUTE
IIPEUMYNLIECTBA IIOJIHOT0 rpada A NpeacKa3aTeIbHON MOAETH.

Jomaminee 3axanue 3.

1. PaccuuraiiTe MOBEpUTENBHBIA MHTEpBAN AJIS CPEJHEro 3HAaueHUs BBIOOpKH M3 Habopa
JaHHBIX (HampUMep, OLIEHKM KayecTBa BO3JyXa) WU MHTEPHPETUPYHTE €ro B KOHTEKCTE
HOTPEIIHOCTH MOJIEINH, OOBSACHUB, KaK 3TO BIMSET HA BBIBOJ O IPUUYMHHBIX CBA3SX.

2. Ha npumepe NTuHEHHOM perpeccun Ha CHHTETMYECKUX JJAHHBIX BBIBEIUTE COOTHOLIEHHE
YHClla UCXOJI0B U aHAJM3UPYEMBIX NPU3HAKOB, UCIIOJIb3Yyd METpUKU Bpoje R-kBaapat u MSE, u
o0cyauTe, Kak MOrPeIIHOCTh PACTET ¢ YBEIMUYSHUEM YUCIIa IPU3HAKOB.

3. Ilpoananusupyiite crnocoObl pacyera MOrpelHOCTH (CTaHAapTHas omMOKa, bootstrap)
JUIE OLEHKH KOX((UIMEHTOB B Kay3allMOHHOW MOJENM W TPUBEAHWTE NPUMEpP, TN BBICOKAS
MOTPEIIHOCTh YKa3bIBaeT HAa HEOOXOIMMOCTH JOTIOJHUTENFHBIX JAHHBIX WM KOPPEKTHPOBKH
rpada.

4. Vcnionb3ys peanbHbIN JaTaceT (HapuMep, JaHHbIE O 3apIUiaTax), IOCTPOUTE MOJIEINb C
JOBEPHUTEIBHBIMA HMHTEpBaJaMHA UIT KOI(QOUIIMEHTOB W OOBSICHUTE, KaK WHTEpPIpETAIHs
HOTPEIIHOCTH TOMOTAET N30eKaTh MepeoOyUYeHUs B KOHTEKCTE IPUYMHHOTO BBIBOJIA.

5. BLIBCI[I/ITC TUIMUYIHOC COOTHOMICHUC MCKAY YUCIIOM UCXOJ0B U ITPU3HAKOB IJId MOJCIIN C
HU3KOH IOrp€IIHOCTBI0, HCIOJB3Yyd TCOPEMY O PasMCPHOCTH, U MPECATIOXKUTE CTPATCTHUU II0
CHUIXCHUIO TOTPCHIHOCTU B MOJCIIAX C OOJIBIIIMM KOJIHYCCTBOM NEpCMCHHBIX.

JlomamHee 3aganue 4.

1. O6pacHuTE HEOOXOAUMOCTh UHTEPIPETAIIMH JAaHHBIX B MOJIETN MAIIMHHOTO OOyYeHHUS
Ha TpuMepe MpeJcKa3zaHus pucKa 3a00JeBaHUM, Iie HEMHTEPIPETUPYEMbIE pe3yabTaThl MOTYT
MIPUBECTU K HEBEPHBIM MEAUIIMHCKUM PEIICHUSIM.
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2. Ilpumenute nBa crioco6a naTepnperauu (Hanpumep, SHAP u permutation importance)
K MOJIETIU CITy4aifHOTO Jieca Ha faracere Iris u cpaBHUTE, KaKk OHU PACKPBIBAIOT BKJIA MPU3HAKOB
B IIpe/ICKa3aHue.

3. Pazpaboraiite keilc, Tae uUHTepHpeTanus pe3yabTaTOB MoOJenu (Hampumep, C
ucnonb3zoBanueM LIME) momoraer BBISIBUTH MPEAB3STOCTh B JaHHBIX O HailMe mepcoHana, u
MPEMIOKUTE KOPPEKTUPYIOLIUE MEPBI.

4. Ha ocHoBe Ha0opa AaHHBIX O MPOJAXax, MOCTPOUTE HHTEPIPETHPYEMYIO MOJIENb
(Hampumep, TMHEHHYIO PETPECCHI0) U MCIONB3yiTe TI00anbHbIe MeTOAbI nHTEepnperanuu (PDP
plots), 9TOOBI OOBSICHUTH BIUSHUE MPU3HAKOB HA UCXO.

5. Ob6cyauTe crieHapuid, i€ OTCYTCTBUE HHTEPIPETALUNA PE3YJIBTATOB MOJIEITH IPUBOINUT K
ATUYECKUM JIUJIEMMaM B aBTOHOMHBIX CHCTEeMax (Hampumep, B OCCIHIIOTHBIX aBTOMOOWISIX), U
MIPEVIOKUTE IIark 10 UHTETPAIIMH HHTEPIPETUPYEMOCTH B MPOIIECC pa3pabOTKH.

[IpumepHoe onMcaHue 3a1aHNS U KPUTEPHHU OLeHUBAHUS K MPOEKTY

Leap mnpoexkra: Pazpaborath KOMIUIEKCHBIM aHAJIW3 MPUYUHHBIX CBSI3eM B pealbHOM
HAOOpe JaHHBIX, WHTETPUPYS TECOPCTHUYSCKHUE TIOHATHS Kay3aluu, rpadpl TPUIUHHOCTH,
UHTEPIPETUPYEMOCTh MoOJeNneid U MeToabl paboTel ¢ JaHHBIMH. CTyIEHThl JOJKHBI
IIPOIEMOHCTPUPOBATH YMEHUE IPUMEHSTh CTATHCTUYECKUE U aHATUTHYECKUE MOJIEITH, OLICHHBATh
KaueCTBO JIaHHBIX, CHIDKATh Pa3MEpPHOCTh W OIIEHMBATh TPAHMIIBI MPUMEHHUMOCTH MOJEIIEH.
[TpoekT cnocoOCTBYeT pa3BUTHIO HABBIKOB HMHTEPIPETAIMH  PE3YJIbTAaTOB, H30ekKaHUsA
nepeoOydeHus: W STUYECKoro wucrosib3oBanus WM B kpuTuueckux o0JacTaX, TaKuUX Kak
3/IpaBOOXpaHEHHE.

®opmart: UnnuBuayanbHeld win rpynmnoBoi (2—3 uyenoBeka). Cpok BbIMONHEHUS: 4—6
HEJIeNb.

Hucrpymentsi: Python (6ubnmoreku: pandas, scikit-learn, networkx, causalml, SHAP,
LIME, statsmodels, torch mis PINNs), Jupyter Notebook, DAGitty uiau aHamoru4HbIC IS
BU3YalIHU3aIuu rpagos.

JMatacet: PexomeHnayercs UCTOIB30BaTh OTKPBITHIN JataceT, Takod kak Diabetes Dataset
(u3 sklearn) win Framingham Heart Study (c Kaggle), unu cunretnueckuii Habop TaHHBIX,
CO3JIaHHBIN CAaMOCTOSATENBHO. JlaTaceT NomKeH colepKaTh IepEMEHHBIE [T aHATN3a TPHYUHHBIX
cBs3ell (Hampumep, PaKkTOPbl PUCKA, UCXOIbI 3I0POBbS).

CTpyKTypa NpoeKTa H HHTerpanus TeM

[IpoekT pasneneH Ha dTambl, KaXAbI M3 KOTOPBIX COOTBETCTBYET OJIHOM H3 TeM
JUCIUTUIAHBL. CTYIEHTHI JIOJDKHBI TTOCIIE0BATEIHFHO BBIMOJIHATH IIIArH, JOKYMEHTHPYSI TTPOIIECC
B otueTe (B popmare Jupyter Notebook ¢ komom, Bu3yanuzanusamMu u o0bsicHeHUSIME ). FITOTOBBIN
OTYET JIOJDKEH BKITIOYATh: BBEJICHHE, aHAIIN3, PE3YJIbTaThl, 00CYKICHHE MTPOOJIEM U BBIBOIBI.

1. Kay3auusi 1 HHTepIPeTUPYEMOCTD

o 3apauya: Onpenenure npoOieMy Kays3allMM Ha IpHUMepe jaaracera (HampuMmep, CBS3b
MEXy YPOBHEM caxapa B KpoBH U nauaberom). [locTpoiiTe craTucTHUecKyr0 MOJENb (JTMHEHHAs
perpeccusi) ¥ aHATUTUYECKYIO MOJIETh (C UCTIOIb30BaHMEM Kay3allMOHHBIX rpadoB). CpaBHUTE HX
UHTEPIPETUPYEMOCTD.

o Illaru: Bribepute nepemeHHble, paccuuTaiiTe Koppensauuu, npumenute SHAP wmm
LIME nnst uatepnperanuu. OOBICHUTE, TTOYEMY KOPPEIIALHS # Kay3allus.

o Osxupaemplii pesyabrar: OTYET C BHU3yalIM3alUsIMH, CPAaBHEHMEM MOJEIEH H
o0ocHOBaHHEM HEOOXOIUMOCTH aHAITUTHYECKHUX ITOIXO0/I0B.

2. I'pa¢ npuYMHHOCTH
o 3anpaua: [loctpoiiTe momHBIN rpad MPUUUHHOCTH IS Jaracera, BKiIrodas confounder
(HampuMep, BoO3pacT Kak KOH(YHIep IUls CBA3M KypeHus M jauabera), covariate, mediator
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(HampuMep, CTpeCcC KaK MEIUaTOp MEXIy padoTol 1 310pOBbeM) 1 moderator (HarmpuMep, BO3pacT
Kak Mozeparop 3¢pdexra aueTsr).

o Harm: Ucnonw3yiite networkx wmmu DAGitty mmst cosmanusi rpada. Cumynupyite
JAHHBIE JJIS1 IEMOHCTPAIlMK B3aUMHOTO BIUSHHUA M MYJIbTHILTUKATHBHBIX 3(dekroB. ObcynuTe,
KaK rpad) MeHsieT HHTEPIIPETALIHIO.

o Oxuaaemblii pe3ysbtat: Busyanuzanus rpada, aHamu3 CBSI3ei U CUMYIISIIAS JaHHBIX C
00BsICHEHHEM HCKaKEHUN 0e3 ydeTa TUIIOB CBSI3EH.

3. IloHsiTHE 1OBEPUTEIbHBIX HHTEPBAJIOB U NMOTPEIIHOCTH B CTATHCTHYECKOI MoJeIH

o 3apava: OneHUTE NOrPENIHOCTh MOJENM Ha JaTaceTe, pPacCUUTaB JOBEPHUTEIbHBIC
UHTEPBAIBI 11 KOA(P(UIIMEHTOB (HampuMep, B perpeccuu). BpiBeauTe COOTHONICHHE YHCIIA
MCXOJI0B U IPU3HAKOB, UCTONIB3Yys MeTpukH (R-kBaapat, MSE, ctannapTtHas ommoka).

o Iaru: [Ipumenute bootstrap WM cTaHAAPTHBIE METOIBI Ui OLIEHKHA MOTPEIIHOCTH.
OObsicHUTE, KaK MMOTPEIIHOCTh YKa3bIBa€T Ha PUCK MEPEOOYUCHHUS.

o Oxupaemblii pe3yabrar: Tabmumpl C JOBEpUTEIBHBIMH HHTEPBaJaMH, TpaduKu
MOTPEIIHOCTH U PEKOMEHAINH 110 COOTHOIICHUIO TaHHBIX/TIPU3HAKOB.

4. UHTepnpeTHPYeMOCTh Pe3yJIbTaTOB PadoThI MojieIei

o 3apaua: [locTpoiiTe Monenb (Hampumep, CIydyalHBIM JileC) U HHTEPHpPETHUPYHTE ee
pe3yabTathl ¢ nomorbio SHAP, LIME u PDP plots. O0bsicHuTE HEOOX0AUMOCTh HHTEPITPETAIIIH
JUI STUYECKHUX PEeLIeHuH (Hanpumep, NpeicKa3aHue pucka 3aboseBaHuil).

o Iaru: CpaBHUTE JOKaJbHBIE W TJIOOAIBHBIE METOABI HHTEprpeTanuu. OOcyauTe
CLIEHapHH, TJI€ HU3Kasi HHTEePIPETUPYEMOCTb IPUBOAUT K IpolieMam.

o OmxugaemMplil pe3yabTar: Buzyanusannyu HHTEpIpEeTALMK, AaHAJIN3 BKJIAAA IPU3HAKOB U
3TUYECKHE BBIBOJIBI.

5. Pabora ¢ kayecTBOM /JaHHBIX, BBICOKOCKOpPE/JMPOBAHHbIE JAaHHbIC, MATPHIIbI
KOppeJsiliiii, yiajdeHne U 00beIuHeHNe NPU3HAKOB

o 3apaua: [Ipoananu3upyiiTe KauecTBO JaHHBIX: BBIIBUTE BBICOKOCKOPEIJIMPOBAHHBIE
OpU3HAKU (MaTpula KOppemsiuii), mpobiemsl (IpOMyCKH, BBIOPOCHI). Y nanute/00beIuHHUTE
MPU3HAKU JJIs1 CHYDKEHUS pUCKa epeo0ydeHusl.

o IHarmu: IToctpoiite heatmap xoppemnsumii, npuMmenute meroas! (Hampumep, VIF mns
MYJbTUKOJNIMHEApPHOCTH). OLleHUTE MAOMYCTUMOE YHUCJIO TPU3HAKOB IO COOTHOILEHUIO C
pa3MepoM BBIOOPKH.

o Oxugaemplii pe3yjabtar: OTYET ¢ MaTPUIICH KOppENsIii, 000CHOBAaHHEM W3MEHEHUM
B JlaTaceTe M aHAJIN30M pUCKa Mepeo0ydeHusl.

6. PaGoTa ¢ HAyYHBIMH CTAThSIMH, HA MPUMepe cTaTeill MOCBANEHHBIX HeJITUHEeHbIM
MeTo/1aM cHIzKeHus1 pa3mepHocTH (t-SNE, UMAP)

o 3apava: M3yuute 2-3 Hayunsie ctathu 1o t-SNE u UMAP (Hanpumep, opuruHaabHble
pabotsl van der Maaten). IlpumenuTe 3T METOABI K JaTaceTy Ui CHU)KEHHUS Pa3MEPHOCTH U
BU3YyaIN3aIH KJIaCTEPOB.

o IHaru: O6cyaure nmpodieMbl HEIMHEHHOrO Moaxo0Aa (MoTeps r100aNbHOM CTPYKTYpPHI),
KoHTpripumepbl. CpaBHUTE ¢ TuHEHHBIMU MeToamu (PCA).

o OxupaeMblii  pe3yabTar: AHHOTAlMs  CcTared, KoOJ TNPUMEHEHHs  METOOB,
BU3YITU3aIIH U aHAJIN3 PEHMYIIECTB/HETOCTATKOB.

7. ®u3nyecku HHPOPMHUPOBAHHbIE HEHPOHHBIE CeTH

o 3agauya: OObeMHNUTE CTATUCTUUYECKYIO MoJenb (perpeccust) ¢ aHanutuueckoi (PINN)
JUIs ydeTa pU3UYeCcKUuX 3aKOHOB (HarpuMep, MoJienupoBanue A1 Qy3uu riioko3sl B OpraHu3Me).

o IMarm: Peanuzyiite PINN B PyTorch, cpaBHuTe mtocbl/MUHYChl (TOYHOCTH VS.
UHTEpHpeTHpyeMocTh). O0bACHUTE crIocOObI 00beIMHEHHS (BCTpaUBaHUE YPABHEHU ).
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o Owxupaembiii pesyabrar: Kon PINN, cpaBHeHHE C TpaJULMOHHBIMU MOJACISIMUA U
00CyX/IeHUe UHTETPaLUu.

8. MeTo/ OlleHKH KayecTBA JaHHBIX, OoNpe/ie/ieHue TPAHUI] IPUMEHNMOCTH Mo/ieJIei

o 3amgauya: OueHuTe TPaHUIBl TPUMEHUMOCTH MOJICIH: MTPOAHATH3UPYITE IepeoOydcHIe
(u3-3a yncIa NaHHBIX/TIPU3HAKOB), MHTEPIPETUPYITE p-value s rumores.
o Hlaru: IocTpoiite KpuBbIE 0O0y4eHHUs, paccuuTaiite p-value st Kod(pPUIHMEHTOB.
O6cyauTe poOIeMbl BXOJSAIMIMX JAHHBIX U PUCKH.

o OskuaaeMblii pe3yJbTaT: AHAIW3 TpaHul] (Hampumep,

BBIOOPKH), PEKOMEHIAIUH 110 YIYYIICHUIO TaHHBIX.

Kpurepum ouenkmn:

 TexHnueckas KoppekTHOCTh: KauecTBo KoJa, MozieNiel M BU3yalIu3aLui.
e Teoperuueckas rinyouna: Mnrerpamus TeMm, 000CHOBaHHE BEIOOPOB, CCHIJIKM Ha CTAThHU.

MHUHUMAJIbHBIA ~ pa3mep

e UnTepriperaniust W BeIBOABL: OOBSICHEHHE  PE3yNbTaTOB, OTHUYECKHE  ACIEKTHI,
NPEIIOKEHUS IO YIYUYLIEHUIO.
e [Ipesentanus : YeTkoCTh OTUYETA, OTCYTCTBHE OIIUOOK.
3apanus AJs1 MPOMEKYTOYHOM aTTeCTAIUM MO JUCHUILIHHE (MOAYJII0)
Ne 3aganue OtBeTt Komnerenuus
n/n
1. B yeMm pyHmaMeHTanbHOE Pa3TUune MEXKIY HanpasnenHocTts OIlK-1
KOppeJsiuen u Kay3amuen? BIIMSIHUSA
2. Kak HazpiBaeTcs 23 QeKkT n3MeHEeHUs] HalpaBJICHUS [Tapanoxc Cumncona [1K-3
CBSI3U IIPH arperany JaHHbIX?
3. Uro mpeacraBisieT coOoi HampaBIIeHHBII Mopenb MPUIHHHBIX OIIK-1
AIUKIMYeCKui rpad? 3aBUCUMOCTEH
4. Kak Ha3bIBaeTCs mepemMeHHas, BIUAomas Ha Kondaynnep [K-1
JICUCHHUE M HCXO0J1 OJHOBPEMEHHO?
5. Kak 3anuceiBaercst popMyna cpeHero NpUUIHHHOTO ATE = E[Y(1) - Y(0)] OIlK-1
a¢hdekra?
6. Uro oleHUBAET propensity score B Kay3aabHOM BeposiTHOCTB MoJTyueHust IK-3
BbIBOZIE? JICUCHUS
7. Kaxk paccunthiBaetcs Bec st metoaa [IPTW? w = T/e(X) + (1-T)/(1- I1K-6
e(X))
8. Kakoe ycnoBre HE0OX0AUMO TSl BAITUTHOCTH OTCyTCTBHE CBSI3H C OIIK-1
MHCTPYMEHTAJIbHOM MepEeMEHHO? OIIHNOKOM
9. Kak Ha3biBaetcs orieHka 3pdexra uepes Wald ouenimk IK-6
MHCTPYMEHTAIbHYIO IEpEMEHHYI0?
10. st gero ucnons3yetcs anroputM Causal Forest? O1neHka reTeporeHHbIX [1K-3
a¢dexToB
11. Ha xaxom npunnmne ocaoBad meron IGCI? Wndopmarnmonnas OIlK-1
reoMeTpHs
12. Kakoii kputepuii mo3BosisieT OJIOKMPOBATH JIOKHBIE Backdoor kpurepuit [K-1
yTH B rpade?
13. Kako# aTnyeckuii puck BO3HUKAET MPH JIOKHBIX Bpennsie YK-6
NPUYUHHBIX BBIBOJAX? yIpaBlieHUECKUE
peleHus
14. KTo HeceT OTBETCTBEHHOCTh 32 HHTEPIPETALIUIO HUccnenoBarenb gaHHBIX YK-6
Kay3aibHbIX 3(PEKTOR?
15. UYUTO NPUBOAUT K CMELEHUIO ITPU HAIMYUU Hapyuenune YK-6
CKPBITBIX KOH(DayHIepoB? HEKOH(ayHIUPOBAHHOCTH
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16. Yewm otimmyaercss SATT ot ATE o nienesoit Tonpko NeyeHHEIE OIIK-1
rpytie? € IMHUIIBI

17. Kak 3ammceiBaeTcs oreHIMK Bansaa s \beta_{IV} =Cov(Z,Y)/ I1K-6
MHCTPYMEHTAJIbHBIX IEPEMEHHBIX? Cov(Z,X)

18. UTo rapaHTUPYET YCIOBUE MTEPEKPHITHSI B Hanuuue cpaBHUMBIX I1K-3
propensity score? rpymi

19. Kaxoe npeanonoskenue KpUTUIHO TSI METOa Habmroaemocth IK-1
COTIOCTaBIICHUSA? KOH(ayHIEpOB

20. Kakoii prck HeceT MoJIMTHKA OCHOBAaHHAs Ha Headdextusnoe YK-6
KOppemsiusx? pacripesiefieHie pecypcoB
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