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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Pabouas mporpamma mucummimabl (Moxyns) «Causal inference (OOpaboTka NaHHBIX H
Kay3alus B MAlIMHHOM OOydYeHHH)» COCTaBJIeCHAa B COOTBETCTBUUM C (enepasbHbIM
rOCyJapCTBEHHBIM 00pa30BaTeIbHBIM CTaHIAPTOM BBICHIETO O0pa30OBaHMs — Marucrparypa Io
crnenuansHoctd 02.04.01 Marematnika M KOMIbIOTEpHBIE Hayku, Tpodwmib [IpoayKToBBIid
MEHE/DKMEHT, YTBEPXKICHHBIM MpHKa3oM MUHHCTEPCTBA HAyKM W BBICIIETO 0Opa3oBaHUS
Poccutickoit ®eneparuu Ne 810 ot 23.08.2017 roxa.

Wzyuenne mucuumruinabl (Moayns) «Causal inference (OOpaboTka NaHHBIX W Kay3alus B
MAIIUHHOM OOYYEHHUH)» TMO3BOJISICT IMPEOJOJIETh OTPAHMYCHHS TPAJAUIMOHHBIX MOJEICH
MAIIMHHOTO OOy4YeHUs, KOTOPBIE YacTO MYTAIOT KOPPEJSIHUI0 C MPUIMHHOCTBIO, TMPUBOAS K
OMIMOOYHBIM BBIBOJIAM U IMPEIB3STOCTSM B IPUHATHH perieHuii. OCBOSHHE METOI0B IPUIHHHO-
CJICZICTBEHHOTO aHAJIM3a MO3BOJISIET CO3/1aBaTh OoJiee HAe)KHBIE, HHTEPIIPETUPYEMbIE U STHYHBIC
cuctembl W, uHTErpUpyIONIKHe SKCIEPTHBIC 3HAHUS U (DU3UYCCKUE TPUHIIMIIBI, YTO OCOOCHHO
aKTyaJIbHO B 00JIacTsIX, TAaKUX KakK 37ApaBOOXpaHEHUE, (PMHAHCHI U TMOJIUTUKA, TJIC MOCICACTBHS
OMIMOOK MOTYT OBITh 3HAYUTEIbHBIMH.

MecTo TMCHUNJIMHBI (MOIYJIfA) B CTPYKTYpPe 00pa3oBaTe/IbHOI MPOrpaMMbl

Hacrosimas muciurinHa (MOIyJib) BKJIFOUEHA B YUE€OHBIH IIaH 110 MPOTrpaMMe MOITOTOBKH
Mmaructparypsl 1o HamparieHuro 02.04.01 MaremaTnka W KOMIBIOTEPHBIC HAyKH, MpOoduib
[TpoayKTOBBI MEHEIKMEHT M BXOIUT B BapuUaTHBHYI dacTh bioka 1, dopmupyemyro
y4acTHUKaMH 00pa30BaTeIIbHBIX OTHONICHH, KaK TUCIUTUIHHA IO BEIOODY.

JucuuruimHa (MOYIb) U3ydaeTcsi Ha 2 Kypce B 3 ceMecTpe, IOCTYITHA JUIs TPOXOKACHUS TIPU
YCJAOBUHM YCICIIHOTO 3aBEpIICHUs TUCHUIUIMH (Moayinei) «OcHOBBI cratucTukm», «Machine

Learning (MammHHOe oOy4eHue)» u 0OLIeyHUBEpCUTETCKOro (akynbpTatuBa «MaremaTuka B
DS».

Heanb u3yyeHusi AMCUMILVIMHBI (MOAYJIsI). Pa3BUTHE HABBIKOB NMPUMEHEHHUS MPUYUHHO-
CJIEICTBEHHOT'O aHalIM3a JUisl CO3JaHUsl MHTEPIPETUPYEMBIX U HAJEKHBIX MOJENIed MAIIMHHOIO
00y4eHUs1, YUUTHIBAIOMUX (PU3NUECKHE 3aKOHOMEPHOCTH M MUHUMU3HUPYIOIIUX MPEAB3SITOCTU B
JTAHHBIX.

3agaum u3y4yeHus TUCHUILIMHBI (MOILYJIs):

— OCBOUTBH PA3NINYMS MEXKIY KOPPEISIUEeH U TPUIUHHOCTBIO JIsl KOPPEKTHOTO aHAIn3a
3aBUCUMOCTEH B JIaHHBIX MAIIMHHOTO OOYUEHUS;
— HAYYUTHCS NMPUMEHSTH Kay3allMOHHbIE Tpadbl IS BU3yalu3allid U MOJACITUPOBAHUS
MPUYMHHBIX CBSA3EU MEXKIY IEPEMEHHBIMH;
— Pa3BUTh HABBIKU MCMOJIb30BAaHUS HHCTPYMEHTOB MHTEPIIPETALIMHA MOJIENIEH, TAKUX KaK
SHAP, SAGE u LIME, ayis 00bsicHeHUS TIPEICKa3aHUIA;
— TPHOOPECTH YMEHHE BBISBIIATH U KOPPEKTUPOBATH MPEAB3ATOCTA B HAOOpax JaHHBIX
JUTSI TIOBBIILICHUSI KAYECTBA MOJIEIIEH;
— OCBOUTH TEXHUKHU BCTPaUBaHUs (PU3NUIECKUX 3aKOHOB B pXUTEKTYPY CTATUCTHYECKHIX
MOJIeJIEH 1 HEHPOHHBIX CETeH IS YIIYYIICHUS UX MTPEeICcKa3aTeIbHOM CIIOCOOHOCTH.
B pe3yabTare 0CBOCHUSI AUCHHMILIMHBI (MOAYJIs1) 00y4AIOUIUIICS 10JI2KEH
3Hamb:
— TIOHSTHUS IPUYMHHOCTH, KOPPEISALUNA, HHTEPIIPETUPYEMOCTH,
— TOAXO0/bl K MHTEPIPETHPYEMOCTH, Kay3allMOHHBIE Tpadbl, TUIIA B3aUMOJICHUCTBUS
MIPU3HAKOB,
— cnocoObl yuéra (U3HUECKUX 3aKOHOB BHYTPH CTATUCTHUYECKHUX MOJIEICH.
ymembp:
— HWCIOB30BaTh Kay3allMOHHBIC Tpadbl, VIS TOCTPOCHUS MOJIETIEH,;
— UHTEpPOpPETUPOBATH  PE3YNbTaThl  MPEACKa3aHUsi  CTAaTUCTUYECKOW  MOJENH
pasnuunbiMu ciocobamu (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 MOJEIIN HA OCHOBE CTATUCTUYECKOTO aHAJIN3a,
— crnoco0aMu MHTEpPIIPETAlK CTATUCTUUYECKUX MOJIENIEH;
— METOAAMHM MHTErpalyy aHAIMTHYECKUX MOJIEIEH B CTATUCTHUECKHUE.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerenmun, ¢opmupyeMbie B pe3ylbTaTe OCBOCHUS AUCHUILUIMHBL (MOAYIS) TIpU
MIPOBEJICHNH YUeOHBIX 3aHATHI B (hOpMe KOHTAKTHOU pabOThl 00YYarOIIMUXCS C EAArOTHYECKUMU

paboTHUKaMU YHHUBEpCUTETA U B (DOPME CaMOCTOSATETHHON PAOOTHI 00yYAIOIITIXCS:

Komnerennus

Conep:xaHue KOMIETEHIIUN

HNuauxkarop
KOMIIETEHIIM U

IlepeyeHb MJIAHUPYEMBIX
pe3yabTaToB 00yUYeHus 1o
JAMCHUIJIMHE (MOTYJIIO)

YK-6.

Crocob6eH ompenemsaTh U
peaIM30BLIBATH TPHUOPUTETHI
COOCTBEHHOM JIEATETHHOCTH U
CITOCOOHI e¢
COBEPIIICHCTBOBAHUS Ha OCHOBE
CaMOOIICHKHU

VK-6.1.

3HaeT OCHOBHBIE METOIBI
CaMOOLICHKHU U aHaJIh3a CBOeH
NEITENBHOCTH, a TAKKE
TIPUHIIMITEI YIIPABICHUS
BPEMEHEM U IIeJIeTIoIaraHusl

VK-6.2.

YMeeT CTaBUTh PEAIUCTUYHbBIE
U IOCTHXKHMBIE LIENH,
OIpeNeNIATh IPHOPUTETHI B
CBOEH IEeATENbHOCTH, a TAKXKe
pa3pabaTeIBaTh ¥ BHEAPSTH
IUTaHBI TI0 COBEPIICHCTBOBAHUIO
CBOMX HaBBIKOB M KOMITETEHITHH
Ha OCHOBE MOJy4YEHHOU
CaMOOLICHKH

YK-6.3.

Nmeet mpakTryecKuid ONbIT
IMPUMCHCHUSA MCTOI0B
CaMOOLICHKH B CBOEH
npohecCuoHaIbHON
JACATCIIBHOCTH, BKIIXOYAs
y4aCTuC B TPCHUHIaX,
CEeMMHApax U MPOEKTaXx,
HaIllpaBJICHHBIX HAa Pa3BUTUC
TaHOH ) HEeKTUBHOCTH U
npodecCHOHAIBHOTO pocTa

OIIK-2.

Crioco0eH co3aaBarh 1
UCCIIEIOBATh HOBBIC
MaTEMATUYCCKUEC MO/JICIIU B
€CTECTBCHHBIX HAyKax,
COBCPUICHCTBOBATEL U
pa3pabaThIBaTh KOHIICTIIIUH,
TEOPHUH U METOJIBI

OIIK-2.1.

3HaeT OCHOBHbIE
MaTeMaTHYeCKHe MOJICITH 1
METO/IbI, UCTIOJIb3YEMEBIC B
€CTECTBEHHBIX HayKaX, BKIFOYast
CTaTHCTHYECKOE
MOJIETTMPOBAHUE,
nmuddepeHnranbHble YPaBHEHUS
Y YUCIICHHBIE METO/IB, a TAKXKE
COBpPEMEHHBIE MOIXOBI K
UCCIIEIOBAHUIO U aHATIU3Y
JIAHHBIX

OIIK-2.2.

Ywmeer pazpabateiBath U
aalTupoBaTb MaT€MaTUYCCKUEC
MOJEIHU JUIsl pEIICHUS
KOHKPETHBIX MTPOo0IIeM B
C€CTCCTBCHHBIX HayKax,
MPOBOJUTH UX aHAJU3 U
BEPU(PHUKAIUIO, & TAKXKE
HHTEPIIPETUPOBATE ITOJIyYEHHBIE
PE3YIbTATBI B KOHTCKCTE
Hay4HBIX HCCIEIOBAHUI

OIIK-2.3.

Nwmeet mpakTUyecKUi OMBIT
CO3[IaHUs U UCCIIEIOBAHUS
MaTeMaTUYECKUX MOJEIIEN B
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paMKax HayYHBIX IIPOCKTOB WIJIH
HCCIIeJOBAHNM, BKITFOUas
y4acTHUe B IMyOTUKAIUAX,
KOH(EPEHIUAX UK
KoJuTabopanwusix, re ObIIN
pa3paboTaHbI ¥ aIpOOUPOBAHEI
HOBBIC KOHIICTIIIUU U METOIbI

[K-3.

Crioco0eH periath 3a1a4u
podeCCHOHATTEHOM
JIEeSITEIbHOCTH B 00JIacTH
MPOAYKTOBOTO MEHE/PKMEHTA,
(bopMyIIUPOBATh PE3yNITATHI
aHalin3a " BBISABITH
MOCIICICTBUS TIOJTYYCHHBIX
JaHHBIX IJIA IPUHATUA
000CHOBaHHBIX PEIICHUN 1
OINITUMH3AalIUU IIPOAYKTOB

[K-3.1.

3HaeT METOJbl U THCTPYMCHTEI
IMPOAYKTOBOI'O MEHCIPKMCHTA

[1K-3.2.

YMeeT npuMeHsITh
aHATUTHYECKUE HHCTPYMEHTHI 1
MIporpaMMHOE 00eCTICUCHHE IS
00paboTKH ¥ BU3yaTH3aIiH
JAHHBIX, a TAKKE
(hopMynHupoBaTh BEIBOJBI HA
OCHOBE IPOBEJICHHOTO aHAIH3a

I1K-3.3.

Nmeet onbIT paboOTH HAZT
pCaJIbHBIMU IPOCKTAMU B
001aCTH MIPOAYKTOBOTO
MEHE/DKMEHTA, BKIIFOUasi aHAJIN3
M0JIb30BATENILCKOTO OBEACHUS
1 OIITUMHU3ALWIO ITPOJYKTOB Ha
OCHOBE ITOJTYYEHHBIX JTAHHBIX

[1K-4.

Crioco6eH myOamaHO
MIPEJICTABJIATh COOCTBECHHBIC U
W3BECTHBIC HAYYHBIC
pe3yIbTaThI

[1IK-4.1.

3HaeT OCHOBHBIC MTPHUHIIHITHI
3¢ (HEKTUBHOTO IMyOJIUIHOTO
BBICTYIUICHUS], METOBI
BU3YyaTH3alliy TaHHBIX U
OCHOBHBIE TPeOOBAHHS K
HAYYHBIM TIPE3CHTAIIUSM,
BKITIOYAsl CTPYKTYPY U
COJICpKaHUE

[1K-4.2.

YMeeT 4eTKO U JJOTUYHO
($hopMyJIUPOBATh CBOU HAY4YHbBIE
pe3yibTaThl, MANTUPYS UX IS
Pa3IMIHBIX ayAUTOPHH, a TAKIKE
MCIIONIb30BaTh BU3YaIbHBIE
CpeICTBa ISl YIIyUIICHUS
BOCTIPHUATHUS HHGOPMALIUU

[1K-4.3.

NMeer mpakTHYECKUN ONBIT
Y4acTHsI B HAYYHBIX
KOH(EpEeHLIUIX, CEMUHAPaX HIIH
JIPYTHX MEPOTPUATHSIX, T
YCIEIIHO MPEACTAaBIIsI CBOU U
W3BECTHBIC HAYyYHBIE
pe3yibTaThl, Moyyast 00paTHyIO
CBSI3b U B3aUMOJEHCTBYS C
ayIMTOpUen
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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 67 Jlomarrname
[TonsiTue xKay3auuu u 3a/IaHUs
0a30BBII
MaTeMaTUYeCKui
amnmnapar

2 Pa3bop anropurMoB Ha 8 8 1 89 JlomarHue
prMepax 3aTaHMS
3auem 4 IIpoekT

Hmozo: 14 14 2 4 156

O6vem oucyuniunsvt (Mo0y/s) 190

(¢ ax. u.)

O6vem Oucyuniunvt (MoOyan) 5

(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 KoHayHJiepam, 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.

Kaxnplii cTyqeHT B TedeHHE BCEro Inepuoja OOydYeHMs NOJIydaeT WHIWBUIYaTbHBIH
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-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 TEpPPUTOPUHU YHUBEPCUTETA, TAK U 32 €r0 IpeJIelIaMH.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYIl K COBPEMEHHBIM MpOo(pecCHOHATBHBIM 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-
MCCJIEI0BATENLCKOM padoT 00yUaIOIIUXCsl, TPETYCMOTPEHHBIX YUEOHBIM TJIAHOM.

[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
n30exarh MEeperpy3kd M JIydille yCBOUTh Marepuai. Mcmonp3oBaTh pa3iuyHble HMCTOYHHKU
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 YKAa3aHUEM 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, IpU TOM MPOBOAUTCS OLIEHKA KOMIETEHIUH, C(HOPMUPOBAHHBIX MO AUCLUIUINHE.

21.]'[5[ OLCHUBAaHWA TCKYHICTO KOHTPOJIA YCIIEBACMOCTU H HpOMC)KyTO‘IHOI\/II aTTecTalluu
WCIIONIB3YETCS JIeCATHOATbHAS IIKaJIa OIEHWBAHMS, KOTOpas COOTHOCUTCS C TPaJAWIIMOHHOU
MATHOATIIFHON MIKAJION CIEAYIONUM 00pa3oM:

HdecaTubannbHas IlaTtudannbHas Ouenka 3a OO0mas xapakTepucTHKa pe3yJibTaTa
OLIEHKA OLICHKA 3ayer 00y4eHHs 10 JUCHUTIUINHE (MOLYJTI0)

10 OTtnuaHO 3auTeHo CTyOeHT TOJIHOCTBIO BIIAJCET 3HAHUSIMU,

9 OTIINYHO 3a4YTeHo M3IIOKCHHBIMA B pabodell TmporpamMme, u

8 ODINYHO 3auTeHo TIYOOKO OCMBICIISICT AUCIUIUINHY (MOIYTIh).

On CaMOCTOSITETILHO " JIOTHYECKU

MOCJIeIOBAaTeIFHO OTBEYAaeT Ha BCE BOIPOCHI,
aKIICHTUPYS BHUMaHHUE Ha HAauOOJIee BAXKHOM.
Ymeer aHAJIM3UPOBATH, CPaBHHBATB,
KJTacCu(pUImMpoBaTh, 0060011aTh,
KOHKPETH3UPOBaTh M  CHUCTEMAaTH3HPOBATH
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JlecaTnboanabHas
OIleHKA

IIaTnéananLuasn
OILICHKA

Onenka 3a
3a4yer

OO0mast xapakTepucTHKA pe3yJibTaTa
00y4YeHusi Mo JUCHUILTUHE (MOIYJIIO)

M3YYEHHBIH MarepHuall, BBIACHAS KIIOUEBbIE
MOMEHTBl M  YCTaHaBIMBas MPUYUHHO-
clefcTBEeHHbIE CBs3U. YeTko ¢opmymnupyer
OTBETHI, YBEPEHHO HUHTEPIIPETUPYET
pe3yabTaThl AHAJIM30B u IpyTuX
WCCIIEIOBAHNN, a TaKKe€ pellaeT CII0XKHBIE
3agaud. CTyJEHT XOPOLIO 3HAKOM C METOJIaMH
UCCIIEI0BAHNA, HEOOXOTUMBIMH JUIS
MPAKTUYECKON  JEATENbHOCTH, M  YMEeT
CBSI3bIBATH TEOPETUYECKUE ACTIEKTHI
JUCIHUIUIMHBL (MOAYJA) C MPAKTHUECKUMHU
3a7ayaMH.

Xoporo

3auTeHo

Xoporo

3auTeHo

CryneHT o0najaeT 3HAHWAMHU MpeaMeTa
MOYTH B TMOJHOM o0ObeMe  paboueii
nmporpaMmMbl U CaMOCTOATCIIBHO, JIOTUYCCKH
MOCJIEeIOBATEILHO M BCECTOPOHHE OTBEYACT
Ha BCE BOIIPOCHI, aKIEHTUPYsl BHUMAHUE Ha
Haunboliee 3HAUYUMBIX MOMeHTax. OH ymeeT
AHATU3UPOBATH, CPaBHHUBATH,
KJIACCU(PHUIMPOBATD, 000011aTh,
KOHKPETH3HUPOBATh W CHUCTEMAaTH3HPOBAThH
W3y4EHHBIA  Marepuasl,  BBLACIAS  €ro
KIIOYEBbIC  aCMEeKThl W yCTaHaBIHBAs
MIPUYINHHO-CJICACTBCHHBIC CBA3H.
DOopMyIUpyET CBOM OTBETHI, YBEPEHHO
WHTEPNPETUPYET Pe3yabTAThl AHAIU30B U
JIpyTUX HCCIIEIOBAHUMN, a TaKKe pelaer
CJIOKHBIC CUTyalMOHHbIC 3ajauu. CTyaeHT
XOPOIIIO 3HAKOM C METOJaMH HCCIICIOBAHMS,
HEOOXOIUMBIMHU hing MPaKTUYECKOU
JEeSITebHOCTH, W yYMEET  CBA3bIBATh
TEOPETUYECKHE  aCMEKThl  MpeaMera ¢
MPAKTUYCCKUMH 33]JauaMH.

YI[OBHCTBOPI/ITGHLHO

3auTeHo

YI[OBHCTBOPI/ITGHLHO

3auTeHo

CryneHT oOiiajaet 6a30BBIMU 3HAHUSIMH 110
MUACHUILINHE (MOJIYINI0), HO HCIBITHIBACT
TPYJAHOCTH TIPH CAMOCTOSITEIbHBIX OTBETaX U
WCIIONIb3yeT HETOuYHble (hopMynupoBkH. B
X0Jle OTBETOB OH JIOIyCKaeT OIIHOKH,
Kacaromuecss CyTtd BompocoB. CTyneHT
CIOCOOCH peIlaTh TOJBKO CaMbIe MPOCTHIC
3a7a4i W BIIAJEET JIMIIb MHUHAMAIbHBIM
Ha0OPOM METOIOB UCCIICAOBAHUS.

He cnan

He 3auteno

He cnan

He 3auteno

He cnan

He 3auteno

CrymeHT He oBIaaen  00s3aTelIbHBIM
MHUHUMYMOM 3HAaHHHA II0 MpEeIMETy W He
MOXKET OTBETHTH Ha BOIPOCH], JaXKE €CIH
MperoAaBareidb 3a7aeT  JIOTOJHUTEIBHEIC
HABOJSIIHE BOIIPOCHL.
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Hucnurnmuna (Monynb) «Causal inference (OO0pa®oTka MaHHBIX M Kay3allds B MAIIMHHOM
00y4€HHUN)» OLIEHUBAETCS CIEAYIOLIUM 00pa3oM:

AKTHBHOCTBH Bec Onucanmne

Homamnnue 3aganus | 70% | Habop 3aga4 o Temam Heaeau

3auer 30% | 3amrura mpoeKTa

B pamkax u3ydeHus IUCHUIUIMHBI (MOAYJIS ) BOBMOXKHO MOJTydeHHEe OOHYCHBIX OalljIoB.

®opmysa pacuéra UTOroBOii omeHkH mo aucnumamHe (Moayiaw) «Causal inference
(O0pabdoTka TaHHBIX M Kay3alMs B MAIIMHHOM 00y4deHuH)»: «0,7 X cpeaHee 3a JOMaIIHUE
3amanusa + 0,3 X 3auer».

Texkymmii KOHTPOJIb YCII€BAEMOCTH 00YUYAIOIIHUXCSH M0 JUCUUILINHE (MOTYJIIO0)
IIpumepHbIe foMAIIHUE 3 aHUS
Jlomamnee 3aganue 1.

1. Ilpoananusupyiite IpUuMep U3 pealibHOM KU3HU (HAIIPUMED, CBSI3b MEXIY KYpEeHHEM U
paKOM JIGI‘KI/IX), rac KOppCHﬂHI/Iﬂ MOXET 6I)ITI~) HpI/IHﬂTa 3a Kay3aumo, u O6"I>$ICHI/IT€, HO‘IGMy
CTaTHCTUYECKUE MOJIeTH 0€3 yueTa IPUUMHHBIX CBSI3eH MOTYT IPUBECTH K OIIMOOYHBIM BBIBOJIAM.
[ToAroToBETE KPaTKUil OTYET C 0OOCHOBAHUEM.

2. CpaBHUTE CTaTHCTHYECKYI0 MOJETh (HampuMep, JIMHCWHYIO PETPECCHI0) W
AQHAJIMTUYECKYI0 MOJIENb (HalpuMmep, MOJENb C Kay3allMOHHBIMU TpadaMi) Ha CHHTETHYECKOM
Habope JaHHbIX, co3naHHoM B Python ¢ ucnons3oBanuem oubaroTek Bpoje pandas u scikit-learn.
OnumuTe pa3inyus B UHTEPIPETUPYEMOCTH PE3yIbTaTOB.

3. OnumuTe MOHATHE HHTEPIPETUPYEMOCTH B KOHTEKCT€ MAIIMHHOTO OOydYeHHs H
IpUBEIUTE TPU TIpUMEpa, KOrja HU3Kas HUHTEPHPETUPYEMOCTb MOJIEIM MOXET HPHUBECTH K
TUYECKUM IIpobJieMaM B IPUHATHH pelIeHUH (HarpuMep, B KPEAUTHOM CKOPUHTE).

4. Wcnonb3ys mpocToil Habop naHHbIX (Hampumep, Boston Housing), mpumenure asa
cnocoba unrepnperanuu cratucruyeckoilt mogenu (SHAP u LIME) u cpaBHuTE UX pe3yabTaThl,
00BSICHUB, KaK OHU TIOMOTAIOT BBISIBUTH Kay3al[MIOHHBIE CBSI3H.

5. Pazpaboraiite crieHapuii, Te aHaATUTUUECKAsi MOJIENIb UHTETPUPYET IKCIEPTHHIE 3HAHUS
JUTSL pEIIeHHsI TPOOJIEMBI Kay3alluy, ¥ IPEIJIOKUTE IIary 10 €€ peaan3aiui Ha OCHOBE U3YYEHHBIX
HOHSTHI.

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 (HampuMmep, BIUSHHUE PEKJIaMbl Ha MPOJAAXHU MPOIYKTa C
yaetoM confounder-¢hakTopoB, TAKMX KaK CE30HHOCTH ), CO37aiTe rpad) MPUUUHHOCTH U OOCYAUTE,
KaK y4eT B3aMHOT'O BIUSHUS TPU3HAKOB U3MEHSET BBIBOIBI MOJIEIIH.

4. Ucnonb3ys 6ubmmoreky networkx B Python, cmomenupyiite rpad ¢ mediator-cBsi3pio
(manmpumep, ctpecc kak mediator MexTy pabOTOM M 3I0POBHEM) M CUMYJIUPYUTE TaHHBIC, YTOOBI
MPOJIEMOHCTPHUPOBATH, KAK UITHOPHPOBAHKE STOTO TUIIA CBS3H UCKAXKAET PE3YNIbTATHI.
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5. CpaBuauTte nBa rpada MpUUUHHOCTH JUIsl OTHOTO M TOTO e Habopa NaHHBIX (Hampumep,
BIIMSIHME JIUETHI HA BEC), OJIUH C YYETOM BCEX THUIIOB CBS3€H, APYroi ynpoUIeHHBIN, U O0BSICHUTE
peuMYyIIeCcTBa MOJTHOTO rpada s mpeIcKa3aTeIbHONH MOJICIH.

JlomamHee 3aganue 3.

1. PaccuuraiiTe MOBEpUTENBHBIA MHTEPBAT JJISi CPETHET0 3HAUYEHUs BHIOOpKM M3 Habopa
JAHHBIX (HampuMep, OLIEHKM KauyecTBa BO3JyXa) M MHTEPIPETUPYHTE €ro B KOHTEKCTE
MOTPEIIHOCTH MOJIEINN, OOBSCHHUB, KaK 3TO BIMSET HA BBIBOJ O IPUYUHHBIX CBA3SX.

2. Ha npumepe TUHEHHOMN perpeccun Ha CHHTETHYECKUX JAHHBIX BBIBEIUTE COOTHOLICHUE
YHCJIa UCXOI0B U AHAJIM3UPYEMBIX NIPU3HAKOB, HCIIONIB3Yysd METpUKH Bpoe R-kBaapar u MSE, u
o0cynuTe, Kak MOTPEIIHOCTh PACTET € YBEINYEHUEM YHMCIIa IPU3HAKOB.

3. Ilpoananu3upyiite crocoObl pacyera MOTPemHOCTH (CTaHAapTHAs ommoOKa, bootstrap)
JUISL OIIGHKH KOX((UIIMEHTOB B Kay3alMIOHHON MOJETH M HPUBEIUTE NPHMEp, I/I€ BBICOKAs
HOrPEIIHOCTh YKa3bIBaCT Ha HEOOXOJUMOCTH JOTOJHUTEIBHBIX JaHHBIX WM KOPPEKTUPOBKH
rpada.

4. Vicnonb3ysl peanbHBIl JaTaceT (HarnpuMep, JaHHBIE O 3apIUIaTax), MOCTPOUTE MOAENIb C
JIOBEPUTEIbHBIMA HWHTEpBANIaMH Ui KOX(P(HUIIMEHTOB W OOBSICHHUTE, KAaK HHTEPIPETALMS
HOTPEITHOCTH TIOMOTaeT n30ekKaTh NepeoOydeHnsl B KOHTEKCTE IPUINHHOTO BBIBO/IA.

5. BLIBG,I[I/ITC TUIMUYIHOC COOTHOMICHUC MEKAY YUCIIOM HCXOJ0B U ITPU3HAKOB IJIsI MOJCIIN C
HHU3KOH MMOrpCIHOCTbIO, HCIIOJB3Yyd TCOPEMY O PasMCPHOCTHU, U MNPCAIOKHUTC CTPATCTUH II0
CHHUIKCHUIO IMOTPCITHOCTH B MOACIIAX C OOJIBIIINM KOJIMYECTBOM IICPCMCHHBIX.

Jlomamnee 3aganue 4.

1. O6pacHUTE HEOOXOAUMOCTh UHTEPIPETAIMM JAaHHBIX B MOJIETIN MAIIMHHOIO OOyYeHHUs
Ha TIpuMepe MpeJcKa3zaHus pucka 3a00JeBaHUM, I7ie HEMHTEPIPETUPYEMbIE pe3yIbTaThl MOT'YT
IPUBECTU K HEBEPHBIM MEAUIIMHCKUM PEIICHUSIM.

2. Ilpumennre nBa ciocoba nnTepnperanun (Hanpumep, SHAP u permutation importance)
K MOJIEJIU CITy4aifHOTo Jieca Ha JlaTaceTe Iris 1 cpaBHMTE, KaKk OHU PacKpbIBAlOT BKJIAJ IPU3HAKOB
B TIpeJICKa3aHue.

3. Pa3paboraiiTe Kkeiic, TOe WHTEpHpeTanys pe3yabTaTOB MoJenu (Hampumep, C
ucnonb3zoBanueM LIME) momoraeTr BBISIBUTH NPEAB3SATOCTh B JaHHBIX O HailMe mepcoHaa, u
MPENT0XKUTE KOPPEKTUPYIOILIUE MEPEI.

4. Ha ocHoBe Ha0opa JaHHBIX O MpPOJAXax, MOCTPOMTE HHTEPIPETHPYEMYIO MOJIENb
(HampuMep, JIMHEHHYI0 Perpeccuio) U UCIOob3yiTe r1obaabHble MeTo bl nHTepnperanuu (PDP
plots), 4TOOBI OOBSACHUTH BIMSAHNUE IPU3HAKOB HA UCXO/I.

5. O6cyauTe cueHapuid, Tie OTCYTCTBHE HHTEPIIPETAIMH PE3YIbTATOB MOAEIU PUBOIUT K
ATUYECKUM JIMIEMMaM B aBTOHOMHBIX CHCTeMax (Harpumep, B OECIHIOTHBIX aBTOMOOWIISX), U
IPEUIOKUTE 1Iaru M0 MHTErpallui HHTEPIPETUPYEMOCTH B MPOLIECC Pa3pabOTKH.

IIpumepHoe onMcaHue 3aIaHNS 1 KPUTEPUHU OLICHUBAHMS K IMPOEKTY

Heas mpoexkta: PazpaboTaTh KOMIUIEKCHBIM aHalU3 NPUUYMHHBIX CBA3€H B peallbHOM
Habope JaHHBIX, WHTErpuUpys TEOpEeTHUYECKHe TOHATHUA Kay3aluuu, rpadsl HPUYNHHOCTH,
UHTEPIPETUPYEMOCTh MoOjeAeH M MeToAbl padoTbl ¢ JaHHBIMH. CTYAEHTBHI JIOJIKHBI
MIPOJEMOHCTPUPOBATh YMEHHE IPUMEHSITH CTATUCTUYECKUE U AaHATUTUYECKUE MOJIEITH, OLIEHUBATh
KaueCTBO JIaHHBIX, CHI)KAaTh Pa3MEpPHOCTh W OLICHMBATh T'PaHMIIBI IPUMEHHUMOCTH MOJEIIEH.
[TpoekT cnocoOCTBYeT pa3BUTHIO HAaBBIKOB MHTEPIPETAlMM  PE3yJIbTAaTOB, H30€XKaHUsA
nepeoOy4yeHuss W 3TUYECKOro Hucmonb3oBanus MU B KpuTHUeCKMX OONACTSIX, TAaKUX Kak
3JpaBOOXPaHEHHUE.

®opmat: MHauBuayanbHbI UM TpynnoBod (2—3 uenoBeka). Cpok BbIMONHEHHS: 4—6
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HeZelb.

HucTpymentsi: Python (6ubimorexku: pandas, scikit-learn, networkx, causalml, SHAP,
LIME, statsmodels, torch mms PINNs), Jupyter Notebook, DAGitty unm aHanoruyssie s
BU3YaIH3aIuu rpados.

Jatacet: PexomeHayeTcs UCIOIb30BaTh OTKPBITHIM JaraceT, Takold kak Diabetes Dataset
(u3 sklearn) wim Framingham Heart Study (c Kaggle), unu cunrernueckuii Habop TaHHBIX,
CO3/IaHHBIN CaMOCTOATENBHO. JlaTaceT JOMKEeH CoJIepKaTh epEeMEHHbIE ISl aHAIM3a TPUYUHHBIX
cBsizelt (HampuMep, GaKkTOPbl pUCKA, UCXOBI 3T0POBBS).

CTpyKTypa NpoeKTa H HHTErpamus TeM

IIpoexT pasnmeneH Ha JTanbl, KaXAbld M3 KOTOPBIX COOTBETCTBYET OIHOM W3 TEM
TUCIUATUTHHBL. CTYACHTHI TOJDKHBI TTOCIICIOBATEIBHO BBIMOJHATH IIard, JOKYMEHTHPYS MPOIIecc
B otuete (B hopmare Jupyter Notebook ¢ komom, BU3yanu3zanusMu U 00bsICHEHUSIME ). FITOTOBBIN
OTYET JOJDKEH BKIIIOYATh: BBEJICHHE, aHAJIN3, PE3YJIbTAaThl, 00CYKICHUE TPOOJIEM U BBIBOJIbI.

1. Kay3auusi 4 MHTepPNPETUPYEMOCTh

o 3amaua: Onpenenure mpobiemMy Kay3alldd Ha MpUMepe jaaraceTa (Hampumep, CBs3b
MEXy YpPOBHEM caxapa B KpoBH U auaberom). [locTpolTe CTaTUCTHYECKYIO MOJIeb (JIMHEHHas
perpeccusi) 1 aHAIUTUYECKYIO MOJIETh (C UCIIOJIb30BAHUEM Kay3allMOHHBIX rpadoB). CpaBHUTE UX
UHTEPIPETUPYEMOCTbD.

o Iaru: BeiGepure nepemeHHbIe, paccuuTaiiTe Koppeisuuu, npumenute SHAP wiu
LIME nns uatepnperaunu. OObACHUTE, TOYEMY KOPPEIIALIMS # Kay3allus.

o Owxugaemplii pesyabtar: OTYET € BU3YyaIU3aLMsIMHU, CpPAaBHEHHMEM MOJEIEH U
000CHOBaHHEM HEOOXOUMOCTH aHAIUTUYECKUX MTOJIXOJI0B.

2. I'pa¢ npuYMHHOCTH

o 3apaua: [loctpoiiTe MomHBIN rpad MPUUMHHOCTH IS Jaracera, BKiIrodas confounder
(HampuMmep, BO3pacT Kak KoH(YHAep Ui CBsI3M KypeHus W jauabera), covariate, mediator
(Hampumep, cTpecc Kak MeIuaTop Mex1y paboTol 1 310poBbeM) U moderator (Harnpumep, BO3pacT
Kak Mojzieparop 3(pdexra AueTsl).

o IMarm: Ucnons3yiite networkx wmum DAGitty nns cozmanus rpada. Cumynupyiite
JTAaHHbIE JJIS1 IEMOHCTpAllMK B3aUMHOI'O BIMSHUS M MYJIbTHINTUKATUBHBIX 3(dexroB. ObcynuTe,
KaK rpad MeHsieT HHTEpIIPETAIHIO.

o Omxupaemblii pe3yabtat: Buszyanuzanus rpada, aHamu3 cBsi3ei U CUMYJISIIMS JaHHBIX C
00BsICHEHHEM MCKa)KEHUI 0e3 yueTa TUIIOB CBSI3EH.

3. IloHsiTHE 1OBEPUTEIbHBIX HHTEPBAJIOB U NMOTPEIIHOCTH B CTATHCTHYECKOI MoJe/IH

o 3apaya: OueHUTEe NOIrPEIIHOCTh MOJIENM Ha JaraceTe, pacCUMTaB JIOBEPUTEIbHBIE
UHTEpBAJIbl s KO3((UIMEHTOB (HampuMep, B perpeccuu). BpiBeauTe COOTHOIIEHHE YHCIIA
MCXOJIOB U IPU3HAKOB, UCTIONIBb3Yys MeTpukH (R-kBaapat, MSE, ctannapTtHas ommoka).

o IHaru: [Tpumenute bootstrap WM cTaHAAPTHBIE METOJBI Ui OLIEHKU MOTPEHIHOCTH.
OOBbsicHUTE, KaK MTOTPEIIHOCTh YKa3bIBa€T Ha PUCK MEPEOOYUECHHUS.

o Oxupaemblii pe3yabrar: Tabmuipl C JOBEpUTENbHBIMH HHTEpBaJaMH, TpaduKu
MOTPEIIHOCTH U PEKOMEHAINH 110 COOTHOIIEHUIO TaHHBIX/IIPU3HAKOB.

4. uTepnpeTnpyeMocThb pe3yJIbTaToB padoThl Moaeeil

o 3apaua: [locTpoiiTe Monenb (Hampumep, CIydyalHbIM JieC) U HHTEpHpETHpPYyHTEe ee
pe3ynabratel ¢ nomoinbio SHAP, LIME u PDP plots. O6bsicHuTe HE00X0AUMOCTh MHTEPITPETALIIH
JUTSL STUYECKUX pellleHui (Harpumep, NpecKa3anrue pucka 3a001eBaHHmil).

o IHaru: CpaBHUTE JOKaJIbHBIE W TJOOaTbHBIE METOABl HHTeprpeTauuu. OO6cyaute
CLIEHapHH, TJI€ HU3Kasi UHTEPIPETUPYEMOCTb IPUBOAUT K IpolIeMam.

o Osxkupaemblil pe3yabTar: Buzyanusanuu UHTEpIpETalMM, aHAIU3 BKJIa/la IPU3HAKOB U
JTUYECKHUE BBIBOJIBI.
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5. PaGora ¢ Ka4ecTBOM [AaHHBIX, BbICOKOCKOPE/IMPOBAaHHbIC JaHHbIC, MATPHIbI
KOppeJIsiluii, yiajieHne 1 o0benHeHUue NPHU3HAKOB

o 3apaua: [Ipoananu3upyiiTe KauecTBO [AHHBIX: BBISIBUTE BBICOKOCKOPEIUIMPOBAHHbBIE
NpU3HAKH (MaTpula KOpPpeNsuii), mpobiembl (IPOMYCKH, BBIOPOCHI). Y nanure/00beIuHUTE
IPU3HAKU JJI1 CHUYKEHUS PUCKA epeoOyUueHMs..

o Iaru: IToctpoiite heatmap xoppemsumii, npuMmenute metoasl (Hampumep, VIF mns
MYJIbTUKOJNIMHEAPHOCTH). OLEHUTE [IOIMYCTHUMOE YHCIO IPU3HAKOB II0 COOTHOLICHHIO C
pa3mMepoM BBIOOPKH.

o Oxugaemplii pe3yjbTar: OTYET ¢ MaTPUIICH KOppeNsIuii, 000CHOBaHHEM W3MEHEHUI
B JIaTaceTe M aHAIM30M PUCKa MepeoOydeHusl.

6. PaGoTa ¢ HAYyYHBIMH CTATBHSIMH, HA MIPUMeEpPe cTaTell MOCBAIIEHHBIX HeJHHEeHHbIM
MeTo1aM 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 3T METOABI K AAaTaceTy JUIsl CHUXKEHUSI pa3MEPHOCTU U
BU3YaIH3aIH KJIaCTEPOB.

o Iarm: OOcynuTe nmpobsieMbl HEIMHEHHOT0 NOAX0a (MoTeps r100aIbHON CTPYKTYpPHI),
KoHTprpuMepbl. CpaBHuTe ¢ nuHeHbIMU MeToamMu (PCA).

o Owxugaemplii  pe3yabrar: AHHOTAlMs  CTaTed, KOJ  INPUMEHEHHUS  METOJIOB,
BU3YaIHM3aI[MU U aHAIHU3 PEUMYIIECTB/HEAOCTATKOB.

7. ®u3nvyeckn MHGOPMHUPOBAHHBbIE HElIPOHHBIE CETH

o 3agaya: OObeMHHUTE CTATUCTUUYECKYIO MOJeNb (perpeccusi) ¢ ananutuueckoi (PINN)
JUIs ydeTa pU3NYecKuX 3aKOHOB (HarpuMep, MoaenupoBanue 1uddy3un rIIoKo36l B OpraHu3Me).

o Iaru: Peanuzyiite PINN B PyTorch, cpaBHuTe mmtocbl/MUHyChl (TOYHOCTH VS.
UHTEPIPETUPYEMOCTH). OOBSICHUTE ClTOCOOBI 00BEINHEHNS (BCTpauBaHNUE YPaBHEHUN).

o Osxupaemsbiii pesyabtar: Kox PINN, cpaBHeHHe C TpaJuLMOHHBIMH MOJEISAMHU H
00CyXJIeHUE UHTETPALINH.

8. MeTo/ OlIeHKH Ka4yecTBa JAaHHBIX, ONpeejieHHe TPAHUL IPMMEHUMOCTH MojeJeii

o 3apaua: OneHuTe TpaHUIbl IPUMEHUMOCTH MOJENIN: IpOaHAIM3UPYHTE epeoOydeHne
(13-3a yKca JaHHBIX/TIPU3HAKOB), HHTEpIpPETUpYHTe p-value uid runores.

o IMarm: IlocTpoiiTe KpuBble 00ydeHHUs, paccuuTaiite p-value mns ko3¢pULIKEHTOB.
O6c¢cynuTe Mpo6sIeMbl BXOASIIUX JAHHBIX U PUCKH.

o Oxuaaemblii pe3yibTaT: AHaIU3 TpaHULl (HApUMep, MUHUMAIbHBIA pa3Mmep
BBIOOPKH), PEKOMEH/IALIUH 110 YJIYUIIEHHIO JaHHBIX.

Kpurepun onenkmn:

o Texnuveckasi koppekTHocTh (40%): KayecTBo Koa, Moieseil v BU3yanu3aiuii.

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

o Untepnperanusi u BbIBOABI (20%): OObsicHeHHEe pe3yJbTaTOB, 3TUYECKHE ACIEKTHI,
MPEJIOKEHUS 110 YIyUIICHHIO.

o IIpezentanus (10%): YeTkocTh 0T4YETa, OTCYTCTBHE OLIHOOK.

3amanus 1J151 NPOMEKYTOYHOM ATTECTANUM 0 JUCHMUILIMHE (MOTYJII0)

Ne 3apanne OtBer Komnerenmus
n/n
1. HazoBuTe 0CHOBHYIO IPOOIEMY, OTIIHYAIOIIYIO KOppeJsLus He VK-6
Kay3aluio OT KOPPEJSLKUY B aHAIU3E JaHHbBIX. NoApa3syMeBaeT
MPUYUHHOCTE/TIPUYHUHHO
CTh HE paBHA
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KOppeNALuU

2. YKaxuTe crioco0 BBISBICHHS KOPPEJISLUOHHBINA OIlK-2
BBICOKOCKOPEJUTUPOBAHHBIX TaHHBIX B MaTPULIE aHalm3/MaTpuua
KOpPpETIALHA. KOppessAuui

3. HazoBute HHCTpYMEHT U1 MyOJIMYHOTO pazdopa Jupyter [1K-4
KeiCOB CHIKEHHS Pa3MEPHOCTH. Notebook/Bueo-

KOH(epeHLust

4. HazoBure cnenctere npuMeHeHHs GU3NICCKU [IOBBIILIEHHE TOYHOCTH I1K-3
MHQOPMUPOBAHHBIX HEHPOHHBIX CETEH B aHAJIM3E MOJCIIH
3I10POBBA.

5. VYKakuTe TUN CBSI3U MPU3HAKOB, TJI€ IEpeMEHHAs confounder/koHdayHaep YK-6
BJIMACT Ha 00€ aHATU3UPyEeMbIe TIepEMEHHbIE,
UCKaXKasl UX CBSI3b.

6. VKaXuTe KOHLEIIHIO, OTIIMYAOIYI0 Kay3allii0 OT NPUYMHHOCTH/Kay3albH OIIK-2
KOPPEIALNH B CTATUCTUYECKUX MOJEIIAX. OCTb

7. YKkaXute METO/| MPE3CHTAINU TPAHUIL KeHc-CTaIu/BUICO [1K-4
NPUMEHHMOCTH MOJIeNei Ha ocHOBe p-value.

8. YKaXuTe THI MOJIENHU, OOBEIUHSIONIEH CTATUCTHKY PINN [1K-3
¥ QU3MKY A7 IPOrHO3UPOBAHUSL.

9. HazoBute MeToJ1 pacyeTa NOrpeuIHOCTH MOJETIH, bootstrap/OyrcTpan YK-6
OCHOBaHHBIN Ha MOBTOPHOH BBIOOPKE JaHHBIX.

10. HazoBute THI CBSI3M MPU3HAKOB B rpade confounding/koHpyHam OIlIK-2
MPUYUHHOCTH, MPEICTABIIOMUN KoHyHACP. HT

11. HazoBure cmoco0d myOIMYHOTO AEMOHCTPAIHH ot4et/namoopa [1K-4
BBISIBJICHHBIX MPOOJIEM C KaYE€CTBOM JIaHHBIX.

12. HazoBute pe3ynbTaT IpUMEHEHHUs TOBEPUTEIBHBIX OLIEHKA ITOTPELIHOCTH I1K-3
WHTEPBAJIOB B OLICHKE MOJIETIH. K03 PULHEHTOB

13. VYKakuTe HHCTPYMEHT I MHTepIPETaIllui BKIaaa LIME YK-6
MPU3HAKOB B MO/IEIb, UCIIONB3YIONINH JIOKAJTbHBIE
0O0BSCHEHMS.

14. HazoBuTe HETUMHEHHBIA METO CHUKEHUS t-SNE/UMAP OIIK-2
PasMEpHOCTH U3 HAYYHBIX CTaTeH.

15. Ykaxute GpopMar myOIMIHOTO TIPEACTABICHUS Npe3eHTAHs/TIOCTEP [1K-4
WHTEPIIPETAIH PE3YJILTATOB pabOThI MOJIENIEH.

16. Yxkaxure npodieMy, peraeMyro yialeHueM CHIDKEHHE prCKa IK-3
BBICOKOCKOPEIUIMPOBAHHBIX IIPU3HAKOB. TepeodyYeHHs

17. HazoBute nmpoOiemy kauecTBa TaHHBIX, CBSI3aHHYIO C | MYJIbTHKOJUIMHEAPHOCTh YK-6
BBICOKOW KOppeNALUeH MEX Iy TPU3HAKAMH.

18. VYxkaxure criocod 00beTMHEHUS CTATUCTHYECKON U (duznueckas OIlK-2
AHAJIUTUYECKOW MOJIEIIN B HEHPOHHBIX CETSIX. unpopmatiBHOCTE/PIN

N

19. VYKaxuTe crnoco0 BU3yallM3alliy Pe3yJIbTaToOB B JarpaMMbl/Tpaduku [K-4
aHal3e MYyJbTHIDTHKATUBHOTO 3((deKTa MPU3HAKOB.

20. HazoBuTte cnepcTBre HrHOpUpPOBaHUS KOH(PYHIEPOB HCKaXECHUE I1K-3

B rpadax MpUYMHHOCTH.

VHTEPIPETALNN CBsI3eH
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