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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Pabouass mporpamma mucrurumabl (Moayisi) «Causal inference (OOpaGoTka MaHHBIX U
Kay3aluss B MalIMHHOM OOy4YeHHH)» COCTaBJI€Ha B COOTBETCTBUU C (heaepaabHbIM
rOCyJapCTBEHHBIM 00pa30BaTeIbHBIM CTaHIAPTOM BBICHIETO O0pa30OBaHMs — Marucrparypa Io
crenpansHocTH 02.04.01 Maremarrka 1 KOMIbIOTEPHBIC HAYKH, MpoduiaIs MammaHoe 00ydeHue,
YTBEP)KICHHBII IMpHKa3oM MMHUCTEpCTBA HAyKW U BbICIIEro oOpa3zoBaHus Poccuiickoii
Oenepannu Ne 810 ot 23.08.2017 rona.

Wzyuenne mucuumruinabl (Moayns) «Causal inference (OOpaboTka NaHHBIX W Kay3alus B
MaIlIMHHOM OOYy4YeHHH)» TO3BOJSET MPEOJI0JIETh OrPaHUYEHUS TPAAUIMOHHBIX MOJeNen
MAIIMHHOTO OOy4YeHUs, KOTOPBIE YacTO MYTAIOT KOPPEJSAIUI0 C MPUYMHHOCTBIO, TPUBOAS K
OIIMOOYHBIM BBIBOJIAM U MPEAB3ATOCTSIM B MPUHATUU perieHnil. OCBOeHHE METOJ0B IPUUYHUHHO-
CJICZICTBEHHOTO aHAJIM3a MO3BOJISIET CO3/1aBaTh OoJiee HAe)KHBIE, HHTEPIIPETUPYEMbIE U STHYHBIC
cuctembl W, uHTerpupyromme sKCrepTHbe 3HAaHUA U (U3NYECKUE MPUHIUIBI, YTO OCOOEHHO
aKTyaJbHO B OOJIACTSX, TAKMX KaK 37paBOOXpaHEHUE, (PUHAHCHI M TOJUTHKA, TAE MOCIESICTBUSL
OIIMOOK MOTYT ObITh 3HAYUTEIHHBIMHU.

MecTo AMCHUIINHBI (MOYJIS) B CTPYKTYpe 00pa30BaTe/ibHON MPOrpaMmbl

Hacrosimas muciurinHa (MOIyJib) BKJIFOUEHA B YUE€OHBIH IIaH 110 MPOTrpaMMe MOITOTOBKH
Mmaructparypsl 1o HamparieHuro 02.04.01 MaremaTnka W KOMIBIOTEPHBIC HAyKH, MpOoduib
MamHHOe 00y4YeHre U BXOJMUT B BapHaTUBHYIO 4YacTh bioka 1, popMupyemyro ydacTHHKaMH
00pa3oBaTeNbHBIX OTHOMICHUH, KaK TUCIUILIMHA 110 BBIOODY.

JucuurumHa (MOyIib) U3ydaercs Ha 2 Kypce B 4 ceMecTpe, IOCTYITHA JUIs TPOXOKACHUS TIPU
YCJIOBHM YCICHIHOTO 3aBEpIICHHs IUCHUIUIMH (Momyneii) «OcHoBbI cratuctuku», «Machine
Learning (MammnHoe oOyuenue)», «Maremaruka B DS».

Henab u3yyeHusi AMCUMILVIMHBI (MOAYJISI): Pa3BUTHE HABBIKOB NMPUMEHEHUsI MPUUYHUHHO-
CJICICTBEHHOTO aHAJIM3a JUIsl CO3JaHUsI MHTEPIPETUPYEMBIX U HAJEKHBIX MOJENIed MAaITMHHOTO
o0ydeHusl, YIUTHIBAIOIUX (PHU3HUECKHUE 3aKOHOMEPHOCTH M MUHUMHU3HUPYIOIIUX MPEAB3SATOCTH B
JTAHHBIX.

3agaun n3y4yeHus: IMCHUILIHHBI (MOAYJISA):

— OCBOUTBH PA3JINYMS MEKIY KOPPEISIUEN U IPUUUHHOCTBIO JIsl KOPPEKTHOTO aHAJIN3a
3aBHCHUMOCTEH B TAaHHBIX MAIIMHHOTO O0yYEeHHUS;
— HAyUYUThCS IPUMEHSTH Kay3allMOHHBIE Tpadbl UId BU3yaTU3allii U MOJICTHUPOBAHUS
MIPUYMHHBIX CBS3EH MEXKITY EPEMEHHBIMH;
— Pa3BUTH HABBIKU UCTIOIH30BAHUS HHCTPYMEHTOB HHTEPIIPETAIIMH MOJIEIICH, TAKUX KaK
SHAP, SAGE u LIME, ans o0bsicHeHUs TIpe/IcKa3aHui;
— MPUOOPECTH YMEHHE BBISBISITh U KOPPEKTUPOBATH MPEIB3SITOCTA B HAOOpAX JaHHBIX
JUTSI TIOBBIIICHUST KAY€CTBA MOJICIICH;
— OCBOUWTH TEXHUKH BCTparBaHUS (DU3MUECKUX 3aKOHOB B ApXUTEKTYPY CTATUCTUYECKUX
MoJIeNiel 1 HEHPOHHBIX CeTel sl YIyUIIeHus UX MpecKa3aTeIbHON CIIOCOOHOCTH.
B pe3yabTare 0cBOCHUS IUCHUILIAHBI (MOYJIfA) 00YYAKOIMIACS TOJIKEH:
3HamMy:
— TOHATHUS TPUUUHHOCTHU, KOPPEISALUUA, UHTEPIIPETUPYEMOCTH;
— MOAXOABl K MHTEPIPETUPYEMOCTH, Kay3allMOHHbIE Tpadbl, TUNIA B3aUMOJICHCTBUS
MIPU3HAKOB,
— cnocoO0bI yuéTa GU3HIECKUX 3aKOHOB BHYTPH CTATUCTHYECKUX MOJIEIICH.
ymembv:
— HCIONb30BaTh Kay3allMOHHBIE Tpadbl, U TOCTPOCHUS MOJETEH;

— HHTEPIPETUPOBATh  pPE3yNbTaThl  MPEACKA3aHUS  CTATHCTHYECKOM  MOJICITH
paznuunabiME criocodbamu (SHAP, SAGE, LIME);
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— OLICHUBATh KaY€CTBO BXOMSIIMX JAHHBIX, ONPEIEIIATh BO3MOKHBIE IIPEAB3SITOCTH B
JIAHHBIX;
— BBOAMTH (PU3NYECKUE 3aKOHBI B APXUTEKTYPY HEHPOHHOM CETH.
enaoemp:
— METOAAMH ITOCTPOCHMSI IPUYMHHON MOJENIN HA OCHOBE CTaTUCTUYECKOIO aHAJIN3a,
— crnoco0aMu MHTEpIIpEeTalul CTATUCTUYECKUX MOJIENIEH;
— METOAAMHM MHTErpalyy aHAIMTHYECKUX MOJIEIEH B CTATUCTHUECKHUE.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyembie B pe3ylbTaTe OCBOSHHS IUCHUILIMHBI (MOIYJsS) IpH
IPOBE/ICHUH Y4EOHBIX 3aHATUH B (popMe KOHTAKTHON pabOThl 00YYarOLINXCS € IeJarorndyecKUMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Kommnerenuus | Coaep:kaHue KOMIETEHIIUH HNuaukartop IMepeyeHb NIAHUPYEMBIX
KOMIETEeHIIN T pPe3yJbTaTOB 00y4YeHHs MO
JAMCHUIJIMHE (MOTYJIIO)
VK-6. CriocoOeH omnpeaeaTh 1 VK-6.1. 3HaeT OCHOBHBIE METOIbI
peaIM30BLIBATH TPHUOPUTETHI CaMOOLICHKH U aHaJH3a CBOeH
COOCTBEHHOM JIEATETHHOCTH U JIESITEITBHOCTH, & TaK¥Ke
CIOCO0bI e MIPHUHIUITGI YTIPABICHHS
COBEpILICHCTBOBAHUS HA OCHOBE BPEMEHEM U IISJICTIOIaraHus
CaMOOIECHKHU YK-6.2. YMeeT cTaBUTh peanucTU4HbIE U

JOCTHKUMBIE LIEJIU, OTPEENATh
MIPUOPUTETHI B CBOEH
JESITETBHOCTH, a TaKXKe
pa3pabaTbIBaTh U BHEAPSTH
IUTaHBI IO COBEPLICHCTBOBAHHIO
CBOHUX HABBIKOB 1N KOMHCTGHHI/Iﬁ
Ha OCHOBE ITOJIyYEHHOU
CaMOOLICHKH

YVK-6.3. NwmeeT mpakTuvecKkuii OMbIT
IMPUMCHCHUA MCTOI0B
CaMOOIIEHKH B CBOEH
npoeccnoHambHON
JACATCIIBHOCTH, BKJIFOYasd
Y4aCTHUC B TPCHUHTIaX,
CeMMHapax U MPOEeKTax,
HallpaBJICHHBIX Ha pa3BUTUEC
TaHOH 3 (HEKTUBHOCTH U
podecCHOHAIBHOIO POCTa

[1K-1. Crioco0eH omnpeiensTs ooIme TIK-1.1. 3HaeT OCHOBHBIE TEOPETUUECKUE
(hOpMBbI ¥ 3aKOHOMEPHOCTH KOHIIETIIINH U TPUHITHUITHI,
00J1acTH MAIIMHHOTO 00YYeHUs OTHOCSIIIUECS K 00JIaCTH

MAaIlITHHOTO O0YYEeHHS, a TAKKE
KJTIOYCBBIC 3aKOHOMEPHOCTH U
MOJIEJIH, KOTOPBIE IIOMOTal0T B
aHAIIM3€ U MHTEPIpETaIIH
JTAHHBIX

MK-1.2. YMeeT npoBOAUTH
CHUCTEMaTUYECKUH aHaIu3
o0jacTu pa3pabOTKH, BHISBISATh
1 hopMyJIUpOBaTh 00IIHE
3aKOHOMEPHOCTHU U TCHICHIINHY,
a TaKKe MPUMEHSTh METObI
WCCIIeIOBAHUS JJISI IOy YCHHS
HOBBIX 3HAHHMHA W IOHUMaHHMSI
MK-1.3. HNMeeTt npakTHYECKUNA ONBIT
paboThI B 00J1aCTH MAIMHHOTO
o0yueHus1, BKIIIOYasl y4yacTHE B
Hay4YHBIX MMPOEKTaX,
WCCIICIOBAHMSX WIIN
MIPAKTUYECKUX 3a/IaHUSX, T]Ie
OBLIH BBISIBJIICHBI U OTIHCAHBI
obmmue GopmMel U
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3aKOHOMCPHOCTH

[1K-4.

Crioco6eH myOamaHo
IPE/ICTABIATH COOCTBEHHBIC U
W3BECTHBIC HAYYHBIC
pe3yIbTaThl

[1IK-4.1.

3HaeT OCHOBHbBIC IPUHITUITBI
3¢ (HeKTUBHOTO ITyOIUIHOTO
BBICTYIUICHUS, METOIbI
BU3YyaJIU3alMU JTaHHBIX U
OCHOBHBIC TPeOOBaHUS K
Hay4YHBIM MIPE3CHTAIUM,
BKJIFOYAsl CTPYKTYPY U
coJiepyKaHue

I1K-4.2.

VYMeeT 4eTKO M JJOTHYHO
(hopMyTMpOBaTH CBOU HayYHBIC
pe3yIbTaThl, AMANTHPYS UX IS
Pa3IMYHBIX aAyAUTOPUH, a TAaKXKe
HCIIONb30BaTh BU3YaJIbHBIC
CcpeacTBa I YIIy4IICHUS
BOCHpUATHUS HHPOpMAIHH

[1K-4.3.

HNmeet npakTUYECKUNA OTIBIT
y4acCTHs B HAYUHBIX
KOH(EPEHIIUAX, CEMUHAPAX WUITH
JIPYTHX MEPONIPUATHSIX, TOE
YCIIEIIHO IIPECTABIIsLI CBOU U
N3BCCTHLIC HAYYHBIC
Ppe3yabTaThl, MoyTy4yasi 00paTHyIO
CBSI3b U B3aUMOJCHCTBYS C
ayJIUTOpUEN

[K-5.

CriocobeH nepenaBath
pe3yNbTaT PeIIeHHBIX
MIPUKJIATHBIX 33]1a4 B BUJIE
KOHKPETHBIX PEKOMEHAALMM,
BBIP2XCHHBIX B TEPMUHAX
o0nacTu MalIMHHOTO 0OyYeHUs

[K-5.1.

3HaeT OCHOBHbBIE METO/IBI 1
ITOAXOJIBI K (DOPMYIIMPOBAaHUIO
pEeKOMEHIaliii Ha OCHOBE
Pe3yJIbTaTOB PEIICHUS
MIPUKJIATHBIX 33714, a TaKKe
TEPMHHBI U KOHIIETIIINH,
cneruduuHbIe 1JIs 00J1aCTH
MAaIIMHHOTO O0YYeHHSI

[K-5.2.

YMeeT aHaIM3UPOBATh
pe3yJIbTaThl PEIICHHBIX 33/1a4 U
(dhopMynHupoBaTh YETKHE,
KOHKPETHBIC PEKOMEH/IAIINH,
amanTupys UX K TpeOOBaHHUAM U
OXHJIAHUSIM IIeJICBOM ayIUTOPHH

[K-5.3.

HMeet npakTHUECKHUH OIIBIT B
pa3paboTKe U NpeACTaBICHUN
peKOMEHIaliii Ha OCHOBE
aHaJIM3a MPUKJIATHBIX 3a/1a4,
BKJIIOYAsl y4acTHE B MPOEKTaX,
I pe3yJbTaThl ObUIN YCIIELTHO
IIPUMEHEHBI U OIICHEHHI B
KOHTEKCTE 00J1acTH MAIIMHHOTO
o0yueHus
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3. TemaTu4yeckuii mjian

Ne TpynoeMKocThb, aKajeMHUYeCcKUe Yachl

m/m HaumeHoBanue Qunas dopua TKY
AynuTopHasi padoTa .
pasaesia TUCHUIINHBI Camoct (Texyunmii
(Moxyas) Jlekuun | Cemunapsi | Koncya OSITEE KOHTPOJTH

(mpaktnyec | branuu | KoHTpoas ast yenenaeMocTH)
KHe
padora
3aHATHA)

1 BBenenue u OCHOBBI. 6 6 1 35 Jlomarrame
[TonsiTue xKay3auuu u 3a/IaHUs
0a30BbIi
MaTeMaTUYECKUN
amnmnapar

2 Paz6op anropurmMoB Ha 8 8 1 45 Homarraue
prMepax 3aTaHMS
3auem ¢ OyeHKOU 4 TIpoekT

Hmoczo: 14 14 2 4 80

Ob6vem oucyunaunovt (Mooyns) 114

(¢ ax. u.)

O6vem Oucyuniunvt (MoOyan) 3

(6 3au. eo.)

4. CopepxaHue JMCUUILTHHBI (MO1YJIs)
Neni/m | HaumeHoBaHMe pa3jesia IMCUMILIMHBI Conep:xanue TUCHUILTHHBI (MOYJs1) IO TeMaM
(MoayJs)
1 Beenenue u ocHoBbl. [loHATHE Kay3auu U | BBejeHue, NOHATHE NPUUYUHHOCTH U CBSI3b C Kay3aluen.
0a30BbBIN MAaTEMaTUYECKHU ammmapaT CryteiBanue, napagokc CUMIICOHA, HATIPaBICHHBII

alMKIINIecKuil rpad.
CormocraBienue 1o KoHdayHiepam, OlleHKa IPHYUHHBIX
3¢ dhekToB.

2 Pazbop anroputMoB Ha puMeEpax Merto "B3BemIMBaHUs 0OPATHOW BEPOATHOCTH JICUeHHS"

(IPTW).

MeTo1 MHCTPYMEHTAJILHBIX MIEPEMEHHBIX.
Kayzammonsrtit nec (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.

Ocnognasa numepamypa:

1. Maynr, . [TorpyxeHue B aHATUTUKY JaHHBIX : MPAKTHYECKOE PYKOBOJACTBO / . MayHT.
- Canxkr-IlerepOypr : BXB-IlerepOypr, 2023. - 224 c. - ISBN 978-5-9775-6866-1. - Tekcr :
snexkTpoHHbiid. - URL: https://znanium.com/catalog/product/2123377.

2. Jleckoser, FO. Ananu3 6ospmx HAOOPOB TaHHBIX : TpaKTHYecKoe pykoBoAcTBo / 1. JIxk.
VYaeman, 0. Jleckosen, A. Pamkapaman ; niep. ¢ anria. A. A. CiimHKWHA. - 2-¢ u31. - MockBa :
JMK Tlpecc, 2023. - 500 c. - ISBN 978-5-89818-304-2. - Tekcr : snekrponHsri. - URL:
https://znanium.ru/catalog/product/2102592.

Jononnumensnan numepamypa:

1. PoOuncon, . I'padoBbie 0a3bl naHHbIX. HoOBble BO3MOXHOCTH [UIsi paboOTHI €O
CBSI3aHHBIMU JIaHHBIMH : IIPAKTHYECKOe pykoBojacTBO / 5. Pobuncon, J[x. Bebep, O. Dudpewm ;
nep. ¢ anri. P. H. Parumoga. - 3-e uzn. - Mocksa : JIMK Ilpecc, 2023. - 257 c. - ISBN 978-5-
89818-566-4. - Tekcr : anektponusiii. - URL: https://znanium.com/catalog/product/2107921.

2. MbuibHuKOB, JI. A. CraTHcTHYECKHE METO/bI MHTEJJIEKTYAIbHOTO aHanu3a JaHHbIX / JI.
A. MputeHuKOB. - CaskTt-IletepOypr : BXB-IletepOypr, 2021. - 240 c. - ISBN 978-5-9775-6733-
6. - Tekcr : amextponnslii. - URL: https://znanium.ru/catalog/product/2142845.

6. MartepuajibHO-TeXHHYECKOe o0ecrevyeHne

VYHUBEpCUTET pacmojaraeT MaTepHallbHO-TEXHUYECKOH 0a30if, COOTBETCTBYOLICH
JEHCTBYIOIMM MPOTUBOIIOKAPHBIM IIPaBUJIaM U HOpMaM U 0OecreunBarolell MpoBeIeHNEe BCeX
BHUJIOB JUCUUIIMHAPDHOM M MEXAUCHUIUIMHAPHON MOATOTOBKH, MPAKTUYECKOW M HAY4YHO-
HCCJIEI0BATENLCKOM paboT 00yUaIoMUXCsl, TPETYCMOTPEHHBIX YIECOHBIM IIJIAHOM.

[TomerieHusi, KOTOpbIE MPEACTABIAIOT COO0M yueOHbIE ayJUTOPUH ISl TPOBEACHUS 3aHATHH
JEKUMOHHOTO THWMA, 3aHATHM CEMHHApCKOro (MPakTUYECKOro) THIA, TPYHIOBBIX H
WHJUBUIyaJIbHBIX KOHCYJbTALUN, TEKYIIETO KOHTPOJIA U MPOMEKYTOUHOM aTTECTAllMH, a TaKkKe
MOMEILEHUS JUIsl CAMOCTOSTEbHOM pabOThl M TOMEUIEHUS JAJI1 XpaHEHUS U MPOPUIaKTHYECKOTO
oOciy>xuBaHus yueOHOro obopynoBanus. IlomeneHns: yKOMIUIEKTOBAHbI CIIEUATN3UPOBAHHON
MeOeNbI0 U TEXHUYECKHUMH CPEJICTBAMHU OOY4YEHHS, CIyXallUMU JJsl MpeACTaBleHusl ydeOHoM
uHpopManuu OOJIBIION ayTUTOPUH.

N3yuenne aucumInHbl (MOIyIs) 00eCieYMBaeTCs B YICOHBIX ayTUTOPUSIX, OCHAIIICHHBIX

— CTOJIaMU U CTYJIbSIMH;

— KOMIIBFOTEPHOM TEXHUKOW;

— MEXaHUYECKUMHU KaJbKYJIATOPaMU;

— CHeUaIN3UPOBAaHHBIM 000pY/I0BaHUEM, BKIIOYAsl IEMOHCTPAIIMOHHOE 000PY/IOBaHHE.

[TomereHus U1 caMOCTOATENBHOM pabOTh 00YyUYaAIOIIKXCsI, B TOM YHCIIE TPUCTIOCOOTICHHBIE
JUISL MCTIONBb30BaHMs MHBAJIUIAMH M JIMLIAMU C OTPAHUYEHHBIMU BO3MOXKHOCTSMH 3J0POBBS,
OCHAILEHbl KOMIBIOTEPHON TEXHUKOW C BO3MOKHOCTBIO MOJAKIIOUEHHS K ceTh «HTepHeT» u
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https://znanium.com/catalog/product/2123377
https://znanium.ru/catalog/product/2102592
https://znanium.com/catalog/product/2107921
https://znanium.ru/catalog/product/2142845

obecrieueHreM  JOCTyNa B JJICKTPOHHYIO  HH(POPMAIIMOHHO-00pa30BaTEeIbHYI0  Cpeay
YHuBepcurera.

OOyyaromMmMcst MPeNOCTaBIAETCS JOCTYN (B TOM 4YHCIE YJAlICHHBIN) K pecypcam
UH(POPMALMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JIeKTPOHHBIM pecypcaM (B TOM
YyHClie AJNEKTPOHHBIM OHOTMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM Mpo(eCcCHOHAIbHBIM 0a3zaM
JAHHBIX ¥ UH(OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HanmeHoBaHue mopTaja Ccbuika
(u3nanms, Kypca, 10KyMeHTa)
1. | Hayunas snektponHas 6ubmaroreka elibrary.ru https://elibrary.ru/defaultx.asp
oubimoTexa
2. | basza mamubix mis | T-coenuanucTos https://habr.com
3. | baza mannbix ScienceDirect https://www.sciencedirect.com
4. | OdunmansHeli calT MUHUCTEPCTBA HAYKH https://minobrnauki.gov.ru/

BBICIIIEro oOpa3oBanus Poccutickoit denepariu
5. | ®enepanbusiii mopran «Poccuiickoe oopazoBanue” | https://www.edu.ru/

6. | Mudopmannonnas cucrema "Exnnoe okHo noctymna | http://window.edu.ru/
K 00pa3oBaTenbHBIM pecypcam”
7. Enunas xosiekuus mudpoBeIx 00pa3oBaTeIbHBIX http://school-collection.edu.ru/
pecypcos
8. | ®enepanbHblii IEHTP HHOOPMAITHOHHO - http://fcior.edu.ru/
00pa3oBaTesbHBIX PECYPCOB

[lepeuens WHGOPMAIMOHHBIX TEXHOJIOTUH, WCIOJIB3YEMbIX IPH  OCYHIECTBICHUU
00pa30BaTeILHOrO Mpoliecca 10 JUCHUIIMHE (MOAYII0), B TOM YHCIIE€ KOMIUIEKT JIMIEH3MOHHOTO
IPOrpaMMHOr0  OOecleyeHusl, COBPEMEHHble MpodeccuoHanbHble 0a3bl  JaHHBIX U
UH(POPMALIMOHHbIE CIPABOYHBIE CUCTEMBI:

HaumenoBanmne 110 IIpoussoacreo JInuen3nonHoe / cB00OIHO
pacnpocTpaHsieMoe
OnepanyoHHbIe CHCTEMBbI:
Microsoft Imagine (Windows Client, | 3apy6exHoe JIMILEH3UOHHOE
Server)
Bpay3zepsbI:
Aunnexc.bpaysep OTEYECTBEHHOE cBOOOJTHO PacIpOCTpaHsIieMOe
Google Chrome 3apy0exHOoe CBOOOJIHO pacrpocTpaHsIeMoe
OdmcHble NPUIIOKEHHST:
Microsoft Imagine (Visio, OneNote) | 3apybextoe JIMIIEH3HOHHOE
TeXstudio 3apyOexkHOe CBOOOHO pacIpoCTpaHsIeMOe
Adobe Acrobat Reader 3apyOekHOe CBOOOIHO pacIpoCTpaHsIeMOe
IIporpamMmmHoe obecneueHne Ajisl IVIAHUPOBAHMS U yieTa BPeMeHH:
Toggle app | 3apy0ekHOe | CBOOOIHO PaCIPOCTPaHAECMOE
Cucrembl ynpasJieHUsI IPOEKTAMM:
Microsoft Imagine (Project) | sapy6exHoe | muuensnonnoe
Cucremsbl ynpapieHusi 6a3aMHi JaHHbIX:
Microsoft Imagine (SQL Server) | sapyGesxHoe | nuuensmonHoe
Cucrembl pe3epBHoro konuposanus (backup):
Acronis Backup Advanced for 3apyOexHoe JIMLIEH3UOHHOE
HyperV
CnpaBo4HO-TIPABOBBIE CHCTEMBI:
Koncynprantlntoc: cnpaBodHO- OTEYECTBEHHOE JIUIIEH3UOHHOE
paBoBasi CUCTEMa

CpencrBa aHTMBMPYCHOM 3aIMTHI:
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Cpensbl pa3padoTKHu:

Visual Studio Code 3apy0exHOe CcBOOOJTHO PACTIPOCTPAHSIEMOE
Bash (Unix shell) 3apy0exHOe CcBOOOJIHO PACIIPOCTPAHIEMOE
Anaconda 3apy0eKHOe CBOOOJTHO pacIpocTpaHsIeMoe
Robotic Operating System 3apy0exHOe CcBOOOJTHO PACTIPOCTPAHSIEMOE
CopelliaSim 3apyOexHOe CBOOOJIHO pacrpocTpaHsIeMoe
Google Colaboratory 3apy0exKHOe cBOOOJTHO PACIPOCTPAHIEMOE
ITakeThbl MPOrPpaMMHBIX CPEICTB U OMOJTHOTEK:

AutoPsy 3apy0eKHOe CBOOOJTHO pacIpocTpaHsIeMoe
Interactive Disassembler (IDA) 3apyOexHoe cBOOOJTHO pacIpOCTpaHsIeMOe
Cucremsbl ynpaieHusi onéanorpaguyeckoil HHpopManmeii:

Zotero | 3apyOekHOe | CcBOOOIHO pacIpocTpaHsieMoe
CepBHCBHI U CJIYKOBI:

Bind 3apy0exHOe CcBOOOJIHO PACIIPOCTPAHIEMOE
Docker 3apyOeKHOE CBOOOIHO PacCIpOCTPaHsIEMOe

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

B mpouecce m3ydenns nucnumiuabl (Moaynst) «Causal inference (O6paboTka NaHHBIX H
Kay3alys B MalIMHHOM OOyYEeHHUH )» B paMKax TEKYIIEro KOHTPOJIS YCIIEBAEMOCTH HCIIOIb3YIOTCS
Takue BUIBI y4eOHOH pabOThI, KaK JIGKIWH, CEMHHAPHI, KOHCYJIbTAI[MH, JOMAIIHHE 3aJaHUs,
IPOEKT, a TaKKe pa3IMyHble BHUJbl CAMOCTOSTEIbHON pabOThl OOy4aromMXCs MO 3a/JaHUI0
npernojiaBaTelsi, HaNpaBJICHHbIE Ha pa3BUTHE HABBIKOB TNPO(ECCHOHANBHOW  JIEKCHKH,
3aKpeIuIeHUe MPaKTUYECKUX MPOoQecCHOHATBHBIX KOMIIETCHIIUH), TOOLIPEHHE HHUIUATHB.

Jlexyus ~— cHCTEMAaTH4YeCKOe, TMOCJIENOBATEIbHOE, MOHOJIOTHYECKOE  M3JI0KECHUE
npenoaaBareneM y4eOHOro MaTepuana, Kak MpaBuio, TEOPETUUECKOTO XapaKTepa.

B mpomecce neknuii peKOMEHIyeTCs BECTH KOHCIEKT JICKIUH: KPaTKO W CXEMaTHYHO
¢dbuKcUpoBaTh OCHOBHBIC HJIEH, BBIBOJBI M OOOOIICHHS JEKIMH, BBIIETSITh Ba)KHBIE MBICIH,
KITIOYEBBIC CJIOBA W TePMHHBI. HeoOXOIMMO OTMETHTHh BOMPOCH WM MaTepUaNbl, KOTOPHIC
BBI3BIBAIOT 3aTPYAHEHHUS, U TIOMBITAThCS HAWTH OTBETHI B PEKOMEHJI0BAaHHOW nmuTepatype. Eciu
pa3o0parbcsi B Marepuaie He yJaercs, cieayeT chopMyaupoBaTh BOIMPOC W 3a1aTh €ro
MpernoAaBaTeNo Ha KOHCYIbTAllUH UM BO BPEMsI CEMUHAPCKOTO (MTPAKTUYECKOT0) 3aHSATHS.

Cemunap — 310 (hopma y4eOHOU NeATeTbHOCTH, MPOBOANMAs B y4eOHOM 3aBEJICHHUH IO
PYKOBOACTBOM IIp€noJaBatrciid, rA€ CTYACHTbBI AKTUBHO Y4YaCTBYIOT B O6CY)KI[6HI/ISIX,
MPAKTUYECKUX 3aJaHMsIX U APYruX (HopMax B3aMMOACHCTBHUS.

Jlnst ycrentHo# MOJATOTOBKH K CEMUHAPY PEKOMEHYETCS 3apaHee 03HAKOMHUTBCS C TEMOU
3aHATHSI U OCHOBHBIMH MaTepuajaMH, 4TOObI MMETh BO3MOXKHOCTH AaKTHMBHO Y4acTBOBaTh B
obcyxaeHnu. Takke MoJIe3HO MOATOTOBUTH BOIPOCHI M UIEH NJIsi OOCYKICHUSI, YTO TIOMOXKET
r1y0Ke TIOHATH MaTepUal U MPOIEMOHCTPUPOBATH 3aHHTEPECOBAHHOCTb.

Koncynemayuu —  CTpYKTypUpOBaHHBIE BCTPEYM, Ha KOTOPBIX IPENoJaBaTeln
MPEIOCTABISIOT WHANBUAYAIBHYIO WM TPYNIOBYIO MIOMOIIb B OCBOEHUHU Y4eOHOTO MarepHana,
00CYXIEHUH BOIIPOCOB U PEIICHUH MPOOJIEM, BOZHUKAIOIIHX B IpoIiecce 00yueHUsI.

KOHCY.HBTaI_II/II/I MOT'YT BKJIKOYUATh PA3bACHCHUC CJIOKHLBIX TCM, ITIOATOTOBKY K 59K3aMCHAaM U
MTOMOIIIb B BBIMIOJTHEHUHU TTPOCKTHBIX PabOT, UTO CLIOCOOCTBYET OoJiee ri1y00KOMY MTOHUMAaHHUIO
peaMeTa U YIYYIIEHUIO aKaJeMIIeCKON yCIIeBaeMOCTH.
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Jlomawnee 3a0anue — HabOPp 3a/1a4 1O TEMaM HEJICIIH.

HpI/I pa60Te Had AOoOMallHUMHU 3aJaHUSIMHW BaKHO BHHMATCIIBHO O3HAKOMUTLBCI C
TpeOOBAaHUSAMHU U CPOKAaMH BBINOJIHCHHs. PeKoMeHyeTcss pa30MBaTh 3aJaHHs HA 3Tarbl, YTOOBI
n30exaTh TMEeperpy3kd W JIydille yCBOUTH Marepuai. Mcmonab30BaTh pa3iuyHble MCTOUHHKU
uH(pOpMaIKH, BKIIOYas YIeOHUKH U OHJIAHH-PECyPChI, I 00Jiee rITyOOKOro MOHUMAaHHMSI TEMBI.

Ilpoexm — wuccnenoBaTenbckas paboTa MO MUCHMIUIMHE (MOIYJII0) M Tpe3eHTalus
pEe3yJbTATOB.

Jl1g ycnemHoi NoAr0TOBKU K MPOEKTY PEKOMEHIYETCSI: YETKO ONPEAEINUTD LIEIU U 3a7a4n
IPOEKTA; COCTAaBUTh IIAH Pa0bOThI, pa30MB MPOEKT HA ATAIlbl C YKa3aHUEM CPOKOB BBIIIOJIHEHUS
KaX/IOTO U3 HUX; UCIIOJIb30BaTh pa3HOOOpa3Hble HCTOUHUKU MH(DOPMAIMM U HMHCTPYMEHTHI IS
UCCJICIOBAaHMSI TEMBI; PETYJISIPHO NMPOBEPSTh NPOrpecc U BHOCUTh KOPPEKTUBBI B IUIAH, €CJIN 3TO
HE00X0IUMO.

bonycnvie b6annbt — 3TO OLIEHKH, KOTOpPBIE CTYAECHTHI MOTYT MOJYYHUTh 32 BBIIOJHEHHE
JOITOJIHUTECIIbHBIX 3aﬂaHHﬁ.

®opmar OOHYCHBIX Oa/UIOB I03BOJIAET CTYJCHTaM YIYYIIUTh OOIIYI0 OLEHKY IO
JUCLUILIMHE (MOAYJII0) U CTUMYJIMPYET YIIIyOJIEHHOE U3yYeHHE MaTepuara.

Camocmosmenvnaa paboma — paboTa CTYJEHTOB, HaIpaBICHHAs Ha YIIIyOJEHHOE
U3y4eHHE OTICIBHBIX TEM M BOIPOCOB YIeOHOW JUCIUTUIMHBI (MOIYIIS).

B nporuecce camoctosTenbsHON paboThI CTYAECHTHI B3aUMOJIEHCTBYIOT C PEKOMEHI0BAHHBIMU
MaTepHrajaMH P MUHUMAJIbHOM y4acTHUHU MpenoaBaTesis. 3aaul CTyIeHTa BKIIOYAIOT paboTy
C KOHCIEKTaMH JIeKIui (00paboTka TeKCTa), MIOBTOPHOE U3yYeHUE YUEOHBIX MAaTEepUAIOB IJIAHOB
¥ TE3MCOB OTBETOB, U3YUEHHUE JOMOJHUTEIBHBIX TEM, BHIIIOJHEHNE YI€OHO-UCCIIETOBATEIBCKUX
3aIaHUI U IpYyToe€.

Cucrema OLlCHUBAHUS PE3YJILTATOB Oﬁy‘leﬂl/lﬂ mo JTMCHMIIJINHE (MOI[y.]'lIO)

Kpurtepuun nosiyuyeHusi ypoBHsl 1 OLlCHMBAHHS C(POPMHUPOBAHHOCTH KOMIETEeHUMI 10
aucuunanne (moay/mo) «Causal inference (O0padoTka JaHHBIX U Kay3allusi B MAIIMHHOM
o0y4yeHun)»

OneHuBaHue YpOBHS Y4YEOHBIX JOCTHKEHHM OOydaroluxcsl MO AUCHUUIUIMHE (MOIYJIIO)
OCYILIECTBIISICTCS B BUJIE TEKYILEr0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHON aTTECTalHH.

IIpomMe:kyTouHasi aTTecTalMs MO JUCHUIUIMHE (MOIYIIO) OCYIIECTBISIETCS B (opme
3auema ¢ OWEHKOU, TPU HTOM TPOBOJUTCA OIIEHKA KOMIETEHLUH, cHOpPMUPOBAHHBIX I10
JVICIIATUTHHE.

Jlnst olleHWBaHMS TEKYIIETO KOHTPOJS YCIEBAEMOCTH M IMPOMEKYTOYHON AaTTecTaluu
UCTIONB3YETCS IeCATUOAIUTbHAS IIKala OLEHUBAHUS, KOTOPask COOTHOCHUTCS C TPaTUIIMOHHON
nATUOATUTPHON TITKAJION CIIEAYIOIINM 00pa3oMm:

Jecarubannbuas IlarubamnbHas Onenka 3a OO0mas xapakTepucTHKA pe3yJibTaTa
OlleHKA OllEHKA 3a4yeT 00yuYeHHusI Mo JUCHUITUHE (MOTYJIIO)

10 OTanaHO 3auTeHo CTyoeHT TOJMHOCTBIO BJIAJCET 3HAHUSIMH,

9 OTIM4HO 3a4yTeHo W3JIOKEHHBIMU B paboueil mporpamme, H

8 OTIM4EO 3a9TeHo rIyOOKO OCMBICISIET AMCUUIUIAHY (MOIYTb).

On CaMOCTOSITEIBHO u JIOTHYECKH

MOCJIE0BAaTEIFHO OTBEYAET Ha BCE BOIPOCHI,
aKICHTHPYS BHUMaHUE Ha HanboJee BaKHOM.
Ymeer aHAIN3UPOBATh, CpaBHUBATH,
KJ1accu(UIMPOBATH, 0000111aTh,
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JlecaTnboanabHas
OIleHKA

IIaTnéananLuasn
OILICHKA

Onenka 3a
3a4yer

OO0mast xapakTepucTHKA pe3yJibTaTa
00y4YeHusi Mo JUCHUILTUHE (MOIYJIIO)

KOHKPETH3UPOBaTh M  CHUCTEMAaTH3HPOBATH
W3yUYCHHBI MaTepuall, BBIIENSAS KIIOYCBBIC
MOMEHTBI W  YCTaHaBIMBas  MPUYHHHO-
CIENCTBEHHBIE CBs3U. YeTko ¢opMyaupyer
OTBETHI, YBEPEHHO HHTEPIPETUPYET
pe3yIbTaThI aHaJIN30B u JIPYTHX
HCCIICIOBAHNN, a TaKKe peIIaeT CIIOKHBIC
3agaun. CTyJICHT XOPOIIO 3HAKOM C METOJaMHU
HCCIICIOBaHMS, HEOOXOIUMBIMHU TS
MPaKTUYECKOW  JESITENbHOCTH, W yMeeT
CBSI3BIBATH TEOPETUUCCKUC aCIIEKTEI
MUCIUIUTAHBL  (MOAYJSA) C TPAKTHYECKUMHU
3a1a4aMH.

Xopomo

3auTeHo

Xopowo

3ayTeHo

CryneHT oOnajaeT 3HAHUAMHU [IpeaMeTa
MOYTH B TMOJHOM o0ObeMe  paboueit
HpOrpaMMBl M CaMOCTOSITENIBHO, JIOTHYECKH
MOCJIEeI0BAaTeIbHO M BCECTOPOHHE OTBEYaeT
Ha BCE BOIPOCHI, aKIEHTUPYsl BHHUMaHHE Ha
HaunboJiee 3HAUYMMBIX MOMeHTax. OH ymeeT
aHATM3UPOBATH, CpaBHHBATH,
KJIACCU(HUIIPOBATD, 0000maTH,
KOHKPETH3UPOBATh W CHUCTEMaTH3HPOBAThH
W3y4YEHHBI  Marepuan, BBIIENSAS  €ro
KIIFOUEBbIC ACIICKTHI u yCTaHaBJIMBast
MIPUYINHHO-CJICACTBCHHBIC CBA3H.
dopmynupyeT CBOM OTBETH, YBEPEHHO
HHTEPIIPETUPYET PE3YJIbTaThl aHAIU30B U
JOPYTHX WCCIEJOBaHUM, a TaKkKe peraer
CIIO)KHBIE CHTyallHOHHBIE 3amaud. CTyZeHT
XOPOIIIO 3HAKOM C METOJIaMH UCCIIeIOBaHUS,
HEOOXO0TMMBIMU JUIst MPaKTHYECKON
JACATCIIBHOCTH, )41 yMEET CBA3BIBATH
TEOPETHYECKUE  acCIeKThl  IpeaMera ¢
NPaKTHYECKUMH 3aJ1a9aMH.

Y 10BIETBOPUTENBHO

3auyTeHo

Y 10BIETBOPUTENBHO

3auyTeHo

CryneHnT obnamaer 6a30BBIMH 3HAHUSIMU TI0
MUACHUILINHE (MOJIYINI0), HO HCIBITHIBACT
TPYIHOCTH IPU CAMOCTOSITENIbHBIX OTBETAX U
WCIIONIB3yeT HETO4YHbIe (QopmynupoBku. B
XO0JI¢ OTBETOB OH JIOIIyCKaeT OIIUOKH,
Kacarouiecss cyTd BompocoB. CryaeHT
CIocCO0EH pemraTh TOJIBKO CaMble IPOCTHIC
3aJa4d W BIAACCT JHMIIb MHUHUMAIBHBIM
Ha0OPOM METO/I0B UCCIICAOBAHUS.

He cnaun

He 3aureno

He cnan

He 3auteno

He cnan

He 3auteno

CrygenT He oBIagel  o0sA3aTeIbHBIM
MUHUMYMOM 3HaHHUA TIO TPEIMETy W He
MOXKET OTBETHTHb Ha BOIPOCHI, JaXKE CCIH
MpernojaBarenb 3ajaeT JIOTOJHUTEIbHBIC
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JecarudannpHas IlsaTuéannbHas Ouenka 3a OO0mast XapaKTepuCTHKA pe3yabTaTa
OLICHKA OLICHKA 3a4ger 00y4eHHUs N0 JUCHUTUINHE (MOIYJII0)

HaBOJISIIIINE BOTIPOCHI.

Hucnurnmuna (Monynb) «Causal inference (OO0pa®oTka MaHHBIX M Kay3allds B MAlIMHHOM
00y4€HHUN)» OLIEHUBAETCS CIEAYIOLIUM 00pa3oM:

AKTHBHOCTH Bec Onucanmne

Homamnue 3aganus | 70% | HaGop 3amau mo Temam HeAenu

3a4er c OLEHKOM 30% | 3amuTa npoekTa

B pamkax u3ydeHus AMCUUIUIMHBI (MOIYJISl) BO3MOXKHO MOJIydeHHEe OOHYCHBIX OaioB.

dopmyaa pacuéra UTOroBoii omeHkH mo aucuummHe (Moaynw) «Causal inference
(O0padoTka JaHHBIX M Kay3alls B MAIIMHHOM o0ydeHum)»: «0,7 X cpenHee 3a JoMallHUE
3amanus + 0,3 X 3a4eT ¢ OLEHKOY.

Texkymmii KOHTPOJIb YCIIeBAEeMOCTH 00YYAOIIHUXCS 10 JMCHHUILINHE (MO1YJIIO0)
IIpumepHbIe JoOMAlLIHUE 3aJaHUS
Jlomamnee 3aganue 1.

1. Ilpoananu3upyiite npuMep U3 peajibHOM KU3HU (HAIIPUMED, CBSI3b MEX]Yy KYpEHUEM U
pPaKoOM JIETKUX), TJ€ KOppesilus MOKeT ObITh MPHUHATA 3a Kay3allHio, U OObSICHUTE, MOYEMY
CTaTHUCTUYECKUE MOJIETH 0€3 yueTa IPUUMHHBIX CBSI3€H MOTYT IIPUBECTH K OIIMOOYHBIM BBIBOJIAM.
[ToaroToBeTe KpaTKuit OTYET ¢ 000OCHOBAHHUEM.

2. CpaBHHUTE CTAaTUCTUYECKYIO MOJieNb (Hampumep, JIMHEHHYI0 perpeccuro) u
AHATUTHYECKYIO MOJETH (HalpuMep, MOAETh C Kay3allMOHHBIMU TpadamMu) Ha CHHTETUYECKOM
Habope JaHHbIX, co3aaHHOM B Python ¢ ucnosnp3oBanuem 6ubnnoTek Bpoae pandas u scikit-learn.
OnumuTe pa3indus B UHTEPIPETHPYEMOCTH PE3YIbTATOB.

3. OnumuTe MOHATHE WMHTEPIPETUPYEMOCTH B KOHTEKCTE MAIIMHHOTO OOydYeHHsS W
IPUBEINTE TPU IPHUMEpa, KOrJa HU3Kas WHTEPIPETUPYEMOCTb MOJEIM MOXKET NPHUBECTH K
ATUYECKUM IMIpoOJIeMaM B MIPUHATHU PelIeHUH (Harpumep, B KPEAUTHOM CKOPUHTE).

4. Ucnonb3ys mpoctoil Habop AaHHbIX (Hanpumep, Boston Housing), nmpumenuTe nBa
crocoba uHTepnperanuu cratuctudeckoit moaenu (SHAP u LIME) u cpaBHHTE UX pe3yabTaThl,
00BSICHUB, KaK OHU ITIOMOTAIOT BBISIBUTH Kay3allMOHHBIE CBS3H.

5. PaspaboraiiTe cuieHapuii, rie aHaJIuTHYecKas MOJENIb HHTETPUPYET SKCIIEPTHBIE 3HAHUS
JUIS pellieHHst MPOOJIeMbl Kay3alluu, ¥ MPEAJIOAKHUTE [Iard 10 €€ pealn3aluy Ha OCHOBE M3yYeHHBIX
TTOHSTHH.

JlomamHee 3aganue 2.

1. TlocTpoiiTe Kay3allMOHHBIN Tpad s CleHapHUs BIHUSHUS OOpa30BaHUS HA JOXOI,
BKJIFOYas TUTBI cBs3ed (confounder, covariate, mediator). Mcmonp3yiiTe WHCTPYMEHT BpOJIE
DAGitty myist Bu3yanu3anuu u 00bsICHUTE, KaK KayKAasi CBSA3b BIUSET Ha HHTEPIPETAIUIO TaHHBIX.

2. Ilpoananu3upyiite npumep ¢ moderator-apdexrom (Hampumep, BIUSHHE BO3pacTa Ha
CBS3b MEXKIY YNPaXHEHUSMH U 3JI0POBBEM Cepilla) U HapUCyWTe COOTBETCTBYIOLIUN Tpad,
BBIJICJIUB MYJIbTUIIIIMKATUBHBIA 3 PEKT MPU3HAKOB.

3. Ha ocHoBe peanpHOro Keiica (Hampumep, BIUSHHUE PEKIaMbl HA MPOJAXKHU MPOIYKTA C
yaetoM confounder-¢hakTopoB, TAKMX KaK CE30HHOCTH ), CO37aiTe rpad) MPUUMHHOCTH U OOCYAUTE,
KaK y4€T B3aUMHOT'O BJIUSHUS NPHU3HAKOB U3MCHACT BBIBOABI MO/JICJIN.
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4. Vcnone3ys 6muOmmoreky networkx B Python, cMomemupyiite rpad ¢ mediator-cBs3nio
(mammpumep, ctpecc kak mediator MeXIy paboTO U 310POBBEM) U CUMYITUPYUTE NaHHBIC, YTOOBI
MPOJIEMOHCTPUPOBATH, KAK HMTHOPHUPOBAHUE 3TOTO THIIA CBS3H UCKAXKAET PE3YIbTATHI.

5. CpaBHurte fBa rpada NpUYMHHOCTH I OJHOTO U TOTO K€ Habopa JaHHBIX (HarpUMep,
BIIMSIHME JIUETHI HA BEC), OJIUH C YUYETOM BCEX THUIIOB CBS3€H, APYroi ynpoIIEHHBIN, U O0BSICHUTE
MPEUMYIIEeCTBA MOJIHOTO rpada I npeacKazaTeIbHOW MOIEIH.

JlomamHee 3aganue 3.

1. PaccuuraiiTe MOBEpUTENBHBIA MHTEPBAT JJISi CPETHETr0 3HAUYEHUsS BHIOOpKM M3 Habopa
JAHHBIX (HampuMep, OLIEHKM KauyecTBa BO3JyXa) M MHTEPIPETUPYHTE €ro B KOHTEKCTE
MOTPEIIHOCTH MOJIEINHN, OOBSCHHUB, KaK 3TO BIMSET HA BBIBOJ O IPUYUHHBIX CBA3SX.

2. Ha npumepe TUHEHHOHN perpeccun Ha CHHTETHYECKUX JAHHBIX BBIBEIUTE COOTHOLICHUE
4ucila NCXOJ0B U aHAJIM3UPYEMBIX ITPU3HAKOB, HCIOJB3Ysl METpUKHU Bpoae R-kBanpar u MSE, u
o0cynuTe, Kak MOTPEeIIHOCTh PACTET € YBEIMYEHUEM YK CIIa IPU3HAKOB.

3. [Ipoananm3upyiiTe CrocoObl pacdyera MOrPenrHOCTH (CTaHAapTHas ommoOKa, bootstrap)
JUIL OLICHKH KOX(QUIMEHTOB B Kay3allMOHHOW MOJEIN M TPUBEAMTE MPHUMEpP, TIE BBICOKAsS
MOTPEITHOCTh YKa3bIBAaCT Ha HEOOXOJUMOCTH JIOTIOJHHUTEIBHBIX JAHHBIX WM KOPPEKTHPOBKHU
rpada.

4. Vcrionb3ys pealibHBIA qaTaceT (HalpuMep, JaHHbIC O 3apIuiaTax), IOCTPOUTE MOJIEIb C
JIOBEPUTEIPHBIMU HHTEpBAJIAaMU JUISI KOA(P(OUIIMEHTOB M OOBSCHUTE, KaK HWHTEPIPETALHs
MOTPEIIHOCTHA TOMOTAET N30eKaTh MePeOOyICHUS B KOHTEKCTE MPUYMHHOTO BBIBOJIA.

5. BLIBG,I[I/ITC TUIMUYIHOC COOTHOMICHUC MECKAY YUCIIOM UCXOOO0B U IIPU3HAKOB IJII MOJECIN C
HU3KOH IMOrpCIHOCTbIO, HUCIIOJB3Yyd TECOPEMY O PasMCPHOCTHU, U MNPCAIOKHUTC CTPATCTUH I10
CHUIKXCHUIO TTOTPCHIHOCTU B MOJCIIAX C OOJIBIIIMM KOJIHYSCTBOM NEPpCMCHHBIX.

Jlomamnee 3aganue 4.

1. O6pacHUTE HEOOXOAUMOCTh UHTEPIPETALMN JaHHBIX B MOJEIN MAIIMHHOTO 00Y4YEeHMUsI
Ha TpuMepe MpecKa3zaHus pucka 3a00JeBaHUM, Iie HEMHTEPIPETUPYEMbIE pe3yabTaThl MOT'YT
MPUBECTU K HEBEPHBIM MEAUIIMHCKUM PEIICHUSIM.

2. Ilpumennre nBa ciocoba naTepnperanyn (Hanpumep, SHAP u permutation importance)
K MOJIEJIU CITy4ailHOTo Jieca Ha JjaTaceTe Iris M cpaBHMTE, KaKk OHM PacKpbIBalOT BKJIAJ IPU3HAKOB
B TIpeJICKa3aHue.

3. Pa3paboraiiTe Kkeiic, TOe WHTEpHpeTanys pe3yabTaTOB MoJenu (Hampumep, C
ucnonb3zoBanueM LIME) momoraeTr BBISIBUTH NMPEAB3STOCTh B JaHHBIX O HailMe NepcoHana, u
MPENT0XKUTE KOPPEKTUPYIOILIUE MEPEI.

4. Ha ocHOBe Habopa JaHHBIX O MPOAAXaX, MOCTPOHTE HHTEPIPETHPYEMYIO MOJIENb
(HampuMep, JIMHEHHYIO PErpecCri0) U UCIONIB3YUTe rio0anbHbie MeToAbl nHTepnperanuu (PDP
plots), 4TOOBI OOBSICHUTH BIUSHUE TPU3HAKOB HA UCXO/.

5. OOcynuTe crieHapHii, T1€ OTCYTCTBUE HHTEPIPETALUH PE3YIbTATOB MOAETHU MPUBOJIUT K
ATUYECKUM JUJIEMMaM B aBTOHOMHBIX CHCTeMax (Harpumep, B OECIHIOTHBIX aBTOMOOWIISX), U
NPEUIOKUTE 1Iaru M0 MHTErpalluyi UHTEPIPETUPYEMOCTH B MPOLIECC Pa3pabOTKH.

IIpumepHoOe onMcaHue 3a1aHUS U KPUTEPHH OLCHUBAHUS K NMPOCKTY

Heas mpoexkTa: PazpaboTaTh KOMIUIEKCHBIM aHalW3 NPUUYMHHBIX CBSA3€d B pealbHOM
Habope JaHHBIX, WHTErpuUpys TEOpEeTHUYECKHe TOHATHUA Kay3aluuu, rpadsl HPUYNHHOCTH,
UHTEPIPETHPYEMOCTh MoOjeIeH M MeToAbl padoTbl ¢ JaHHBIMH. CTYAEHTBHI JIOJIKHBI
IIPOJIEMOHCTPUPOBATH YMEHHUE IPUMEHATH CTATUCTUYECKHUE U aHATUTUYECKUE MOJEIH, OLICHUBATh
KAaueCTBO [AHHBIX, CHW)KATb PA3MEPHOCTb W OLICHUBATh T'PaHULbl IPUMEHUMOCTH MOJEIEH.
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[IpoekT cnocoOCTBYeT pa3BUTHIO HABBHIKOB HMHTEPHPETALMU  PE3yNbTaToOB, M30€KaHUS
nepeoOydYeHs W STUYECKOro HucIoyib3oBanus WM B kpuTHYeckwx 00JacTSX, TaKuUX Kak
3JIpaBOOXpaHEHHE.

®opmat: MHauBuayanbHbI WM rpynnoBod (2—3 uenoBeka). Cpok BbImonHEHHs: 46
HEZIeb.

Hucrpymentsi: Python (6ubimorexku: pandas, scikit-learn, networkx, causalml, SHAP,
LIME, statsmodels, torch mns PINNs), Jupyter Notebook, DAGitty wiam aHamoruvasie s
BU3YaIH3aIuu rpados.

Hatacet: PexomeHayercs UCIOIb30BaTh OTKPHITHIA JaraceT, Takold kak Diabetes Dataset
(u3 sklearn) wim Framingham Heart Study (c Kaggle), unu cunrernueckuii Habop TaHHBIX,
CO3/IaHHBIN CaMOCTOSTENBHO. JlaTaceT TOJKEH CoIep KaTh epeMeHHbIe JIJIs aHaI13a IPUYUHHBIX
cBsi3e (Hampumep, PaKTOPbI PUCKA, HCXOIBI 3JI0POBbS).

CTpyKTypa npoeKTa U HHTerpauus TeM

IIpoekT pasnmeneH Ha JTanbl, KaXAbld M3 KOTOPBIX COOTBETCTBYET OJHOM W3 TEM
JucIUIIMHBL. CTyIEHTHI JOJDKHBI TOCIEA0BATEIbHO BBINOIHITH Iard, JOKYMEHTUPYS Mpoliecc
B otuete (B popmare Jupyter Notebook ¢ komom, BU3yanu3anusiMu U 00bsICHSHHUSIME ). FITOTOBBIN
OTYET JO0JDKEH BKIIFOYATh: BBEJICHHE, aHAIM3, PE3YJIbTAaThl, 00CYKICHHE TPOOJIEM U BBIBOIBI.

1. Kay3auusi 4 MHTepPNPETUPYEMOCTh

o 3amaua: Onpenenure mpobieMy Kay3allud Ha MpUMeEpe jAaracera (Hampumep, CBS3b
MEXy YPOBHEM caxapa B KpoBH U nauaberom). [locTpolTe CTaTUCTHYECKYIO MOJIEb (JTMHEHHAs
perpeccusi) 1 aHAIUTUYECKYIO MOJIETh (C UCIIOJIb30BAHUEM Kay3allMOHHBIX rpadoB). CpaBHUTE UX
UHTEPIPETUPYEMOCTbD.

o Haru: BeiGepure mnepeMeHHbIe, paccuuTaiTe Koppensiuu, npumenute SHAP wnm
LIME nns uatepnperannu. OObACHUTE, TTOYEMY KOPPEIIALIHS # Kay3allus.

o Owxugaemplii pesyabtar: OTYET ¢ BU3YyaIU3aLMIMHU, CpPAaBHEHHEM MOJENEH U
000CHOBaHMEM HEOOXOINMOCTH aHAJIMTUYECKUX ITOIXOI0B.

2. I'pa¢ npuYMHHOCTH

o 3apaua: [loctpoiiTe mMoOMHBIN rpad MPUUMHHOCTH IS Jaracera, BKiIrodas confounder
(HampuMep, BoO3pacT Kak KOH(QYHIep Ul CBS3M KypeHus M aumabera), covariate, mediator
(Hampumep, cTpecc Kak MeIuaTop Mex 1y paboTol 1 310poBbeM) U moderator (Harnpumep, BO3pacT
Kak Mojiepatop 3¢ dexra aueTsl).

o IMarm: Ucnons3yiite networkx wmm DAGitty nns cozmanus rpada. Cumynupyiite
JTaHHbIE JJIs1 IEMOHCTpAllMK B3aUMHOI'O BIMSHUSA M MYJIbTUIUIMKATUBHBIX 3¢ ¢exroB. OOcyaure,
KaK rpad MeHsIeT HHTEpIIPETALHIO.

o Oxupaemblii pe3yabtar: Buszyanuzanus rpada, aHaau3 cBI3ei U CUMYIISIINS JTaHHBIX C
00BsICHEHHEM HCKa)KEHUN 0e3 ydyeTa TUIIOB CBSI3EH.

3. IloHsiTHe 1OBEPUTEIbHBIX HHTEPBAJIOB 1 MOTPEIIHOCTH B CTATHCTHYECKOH Mo/ieIn

o 3apaya: OueHUTEe NOIrPEIIHOCTh MOJIENM Ha JaraceTe, pacCUuTaB JIOBEPUTEIbHBIE
UHTEpBaJIbl 1 KO3 (UIMEHTOB (HampuMep, B perpeccuu). BriBequTe COOTHOLIECHHE YHMCIIA
MCXOJIOB U IPU3HAKOB, UCTONIBb3Yys MeTpukH (R-kBaapat, MSE, ctannapTtHas ommoka).

o IHaru: [Tpumenute bootstrap WM cTaHAApPTHBIE METOJBI Uil OLIEHKH MOTPEIIHOCTH.
OO®bsicHUTE, KaK MTOTPEIIHOCTh YKa3bIBa€T Ha PUCK MEPEOOYUCHHUS.

o Oxupaemblii pe3yabrar: TabmuIpl C JTOBEpUTENbHBIMH HHTEpBaJaMH, TpaduKu
MOTPEIIHOCTH U PEKOMEHIAINH 110 COOTHOIIEHUIO TAHHBIX/TIPU3HAKOB.

4. UHTepnpeTHpPyeMOCTh Pe3yJbTaTOB PadoThl MoeIei

o 3anpaua: [loctpoiiTe Mojaenb (HampuMmep, CIyYalHBIA JieC) W WHTEPIPETHPYHTE ee
pe3ynabratel ¢ momoinbio SHAP, LIME u PDP plots. O6bsicHuTe HE00X0AUMOCTh HHTEPIIPETAILIH
JUTSI STHYECKUX pEelIeHu# (HampuMep, Ipeicka3zaHue pucka 3a00JIeBaHUM ).
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o Hlarm: CpaBHuTe JOKaIbHBIE W TJIOOANBHBIE METOABI HHTeprpetanuu. OO6cyauTe
CIICHApHH, TJI€ HU3Kasi HHTEPIPETUPYEMOCTb TPUBOAUT K IpoOIeMaM.

o O:xuaaemplii pe3yabTar: Buzyanuszanuu UHTEpIpeTaliy, aHaIu3 BKJIa1a IPU3HAKOB U
9THUYCCKHUC BBIBOBI.

5. PaGoTra ¢ Ka4ecTBOM JaHHBIX, BBICOKOCKOPE/IJIHPOBAHHbIC JaHHbIE, MATPHIIbI
KOppeJIsiluii, yiajeHne 1 o0benHeHue NPU3HAKOB

o 3apaua: [Ipoananu3upyiTe KauecTBO JAHHBIX: BBIIBUTE BbICOKOCKOPEJUIMPOBAHHBIE
NpU3HAKH (MaTpula KOppensiuii), mpobiembl (IPOMYCKH, BBIOPOCHI). Y nanure/00beIuHUTE
IPU3HAKU JJIs1 CHUXKEHUS PUCKA IIepeo0yUyeHHU .

o Iaru: IToctpoiite heatmap xoppemsumii, npuMmenute metroasl (Hampumep, VIF mns
MYJIbTUKOJNIMHEApHOCTH). OLEHUTe IOMYCTMMOE 4YMCIO MPU3HAKOB IO COOTHOILEHHIO C
pa3mMepoM BBIOOPKH.

o O:xuaaemplii pe3yabtar: OTYET ¢ MAaTPUIICH KOppesiuii, 000CHOBaHUEM H3MEHEHHIA
B JlaTaceTe U aHaJIU30M pUCKA IEPEOOyUEeHHUS.

6. PaboTa ¢ HAy4YHBIMH CTATHSIMH, HA NIPUMeEpe cTaTell MOCBAIMEHHBIX HEJINHEHHBIM
MeToaM CHI:KeHusi pa3mepHocTH (t-SNE, UMAP)

o 3apaua: M3yuute 2-3 nayunsie cratbu 1o t-SNE u UMAP (nanpumep, opuruHalibHbIE
pabotel van der Maaten). [IpumenuTe 3Tu METOABI K JaTaceTy JUlsl CHM)KEHUS pa3MEPHOCTU U
BU3YaIH3aIiH KJIaCTEPOB.

o Iarm: OOcynuTe nmpobsieMbl HEIMHEHHOTO NOAX0a (MOTepst rI00anbHON CTPYKTYPBI),
KoHTprpuMepbl. CpaBHuTe ¢ nuHeHbIMU MeToamMu (PCA).

o Owxugaemplii  pe3yabrar: AHHOTAlMS ~ CTaTed, KOJ  TNPUMEHEHHUS  METOJIOB,
BU3YaIM3aIMU U aHAIHU3 PEUMYIIECTB/HEAOCTATKOB.

7. ®uznvyeckn MHGOPMHUPOBAHHBbIE HEIIPOHHbIE CETH

o 3apava: OObeIMHUTE CTATUCTHUYECKYIO MoJieNb (perpeccust) ¢ aHanutudeckoil (PINN)
JUIsL yueTa pU3NYeCcKUX 3aKOHOB (HallpuMep, MOAEINpPOBaHNuEe TU(PPY3UH TIIFOKO3bI B OPIaHU3ME).

o IHarmu: Peanusyiite PINN B PyTorch, cpaBHuUTE MIIOCE/MUHYCBl (TOYHOCThH VS.
UHTEPIPETUPYEMOCTH). OOBSICHUTE CITOCOOBI 00BEAMHEHUS (BCTpaUBaHUE YPABHEHUI).

o Osxupaemsbiii pesyabtat: Kox PINN, cpaBHeHHe C TpaJuLMOHHBIMH MOJAEISAMHU H
00CyXJIeHUE UHTETPALINH.

8. MeTo/ O1lleHKH Ka4yecTBa IaHHBIX, oNpe/ejeHHe TPAHNL IPUMEHUMOCTH MojeJeii

o 3apava: OneHuTe TpaHULbl IPUMEHUMOCTH MOJENIN: pOoaHAIM3UpYyHTe epeodydeHne
(13-3a yKca JaHHBIX/TIPU3HAKOB), HHTEpIpPETUpYHTe p-value uid runores.

o IMarm: ITocTpoiiTe kpuBble 00OydeHHus, paccuuTaiite p-value ans ko’hULIHEHTOB.
O6c¢cynuTe nMpo6sIeMbl BXOASIIUX JAHHBIX U PUCKH.

o O:xuaaemblil pe3yibTaT: AHAIN3 TpaHUll (HAIpUMEp, MUHUMAIbHBIN pa3Mmep
BBIOOPKH), PEKOMEH/IALIUH 110 YJIYUIICHUIO JaHHBIX.

Kpurepun onenkmn:

o Texnuyeckasi koppekTHocTh (40%): KayecTBo K0oa, Mojieseil ¥ BU3yanu3aiuii.

e Teopernueckas riayouna (30%): Murerpanus TeM, 000CHOBaHHE BBIOOPOB, CCHUIKU Ha
CTaTbhH.

o Untepnperanusi u BbIBOABI (20%): OObsicHeHHEe pe3ybTaTOB, 3TUYECKHE ACIEKTHI,
MPEJIOKEHUS 110 YIyUIICHHIO.

o IIpezentanus (10%): YeTkocTh 0T4YETa, OTCYTCTBHE OLIHOOK.
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3amanus 1J151 NPOMEKYTOYHOM aTTeCTANMM M0 JUCHHUILIMHE (MOXYJII0)

Ne 3aganue OtBer Komnerenuus

n/n

1. HazoBure ocHOBHYIO Ipo0iieMy, OTJIMYAIOLIYIO KOppeJsus He YK-6
Kay3aluio OT KOPPEALNY B aHATIN3€ JaHHBIX. moJipa3symMeBaeT

MIPUYMHHOCTE/IPUINHHOC
Th HE PaBHA KOPPEISILUU

2. YkaxuTe crrocod myOIuIHOTO MPEICTABICHAS Mpe3eHTalUA [K-4
PE3yIbTATOB MO TOHATHUIO Kay3alluH U
MHTEPIPETUPYEMOCTH.

3. Ha3zoBure 0011yt0 3aKOHOMEPHOCTH B MallIMHHOM HUHTEPIPETUPYEMOCTD [K-1
00y4eHUH, CBSI3aHHYIO C HEOOXOIUMOCTHIO pe3yabTaTOB
UMHTEpHpETaluy MOAEEH ISl ATUYECKUX PEILICHUMN.

4, YKaxuTe peKOMEH/IAIHIO 10 OIICHKE P-value [K-5
nepeoOydYeHus H3-3a YMCIia TPU3HAKOB.

5. YKaXuTe THT CBS3H NPU3HAKOB, TJIC TEPEMEHHAS confounder/kondayHnep YK-6
BJIMAET Ha 00€ aHATU3UPyEMble IIEpEMEHHbIE,
UCKaXKasi MX CBSI3b.

6. Ykaxute popmar geMoHCTparuu rpada JeMO [1K-4
NPUYUHHOCTH U TUTIOB CBSI3€H MPU3HAKOB.

7. VYxaxure Tun 3¢ pexTa Npru3HaKOB, T UX MYJIbTUIUINKATUBHBIH [K-1
B3aMMO/JICHCTBUE YMHOKAET BIUSHUE HA UCXO/I. s¢pdexr

8. VYKaKuTe peKOMEHIAINIO 10 00hETUHEHHIO PINN [1K-5
CTaTUCTUYECKON U aHATUTHYECKOU MOJIEIIEH.

9. HazoBute MeToJ1 pacyeTa NOrpeuIHOCTH MOJAETH, bootstrap/OyrcTpan YK-6
OCHOBaHHBIH Ha IOBTOPHOI BEIOOPKE 1aHHBIX.

10. Yxaxure GopMaT myOIUIHOro 00CyKICHHS TUCKyCCHUS [K-4
¢du3nuecku HHPOPMHUPOBAHHBIX HEUPOHHBIX CETEH.

11. HazoBute nmpobieMy, BOSHUKAIOIIYO PH nepeoOy4yeHne [K-1
HEIOCTAaTKe JaHHBIX OTHOCHTEJIBHO YHCIIa
MIPU3HAKOB.

12. YKaxute peKOMEHIAIUI0 0 CHUKEHUIO HEJIMHENHOEe T1IK-5
pasMepHOCTH AaHHBIX ¢ oMok t-SNE. oToOpaxeHHe

13. VYKakuTe HHCTPYMEHT I MHTepIPETaIllui BKIaaa LIME YK-6
NPU3HAKOB B MOJIEJIb, HCIONB3YIOMINHN JIOKaJIbHbIE
0O0BSACHEHHS.

14. VYkaxure criocod npeIcTaBIeHus BU3YyaJIH3alHs [1K-4
MHTEPIPETUPYEMOCTH PE3yJIbTaTOB PabOTHI
MOJETEH.

15. VYKaXuTe HHCTPYMEHT AJIsl BU3yalu3aluy rpados DAGitty [K-1
NPUYUHHOCTH.

16. YKaXuTe peKOMEHJIAIHIO 110 PacyETy CTaHJapTHas OIOKa [1K-5
MOTPEIIHOCTH B CTATUCTUYECKOI MOJIEIH.

17. HazoBute npobiemy kauecTBa JaHHBIX, CBSI3aHHYIO | MYJIBTHKOJUIMHEAPHOCTD YK-6
C BBICOKOM KOppeJsILUEed MEX Ay TPU3HAKaAMHU.

18. VYxaxute popmar otyera o pabore ¢ Ka4eCTBOM rpaduk [1K-4

JIAHHBIX 1 MaTPHUIIAMH KOPPEIISIIHH.
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19. HazoBuTe moaxoa K CHIKEHUIO Pa3MEPHOCTH, PCA IK-1
OCHOBaHHBIH Ha COXpaHEHUH INT00AIEHON
CTPYKTYPBHI.

20. Ykakute peKOMEHIAIHIO 10 BBISBICHUIO KOppeJsILMOHHAS I1K-5
KOppEJISILIUYA BMECTO Kay3alllU B JaHHBIX. Marpuna
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