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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Pabouas mporpamMma qucuIuinHbl (MOays) «O0paboTKa TaHHBIX U Kay3aJbHBIA aHAIH3 B
mammHHOM o0ydyenun (Causal inference)» cocraBieHa B COOTBETCTBUH C (heaepabHBIM
rOCY/IapCTBEHHBIM 00Pa30BaTENbHBIM CTAaHAAPTOM BBICIIETO OOpa30BaHHS — MAarucTparypa mo
Hanpasnenuto 02.04.01 MaremaTika 1 KOMITBIOTEpHBIC HAyKH, poduiib MammHHoe 00y4eHre B
JJIEKTPOHHOW KOMMEPLIMHU, YTBEPKICHHBIH TNpuKazoM MUHHCTEpCTBA HAyKH M BBICIIETO
obpazoBanus Poccuiickoit ®eaepannu Ne 810 ot 23.08.2017 rona.

Nzyuenue nucuuruinnbl (Moayis) «O0paboTKa JaHHBIX U Kay3aJdbHbIA aHATU3 B MAIIMHHOM
obyuenun (Causal inference)» mo3BosisieT mpeo0IeTh OrpaHUYUCHHS TPAIUIIMOHHBIX MOJIEIIEH
MAIIMHHOTO OOy4YeHHs, KOTOPBIC YacTO MYTAIOT KOPPEJSIINI0 C MPUIMHHOCTBIO, TMPUBOAS K
OIIMOOYHBIM BBIBOJIAM U MPEAB3ATOCTSIM B MPUHATUU perieHnid. OCBOCHHE METOJI0B IPHUUHUHHO-
CJIEICTBEHHOTO aHaJIM3a MO3BOJISIET CO3/1aBaTh 00JIee HAJIEKHbIE, MHTEPIIPETUPYEMBIE U ITUYHbBIC
cuctembl W, nHTErpupyromme dKCIEPTHRIE 3HAHUA W (U3NYECKUE MPHHIIUIIBI, 9TO OCOOCHHO
aKTyaJIbHO B 00JacTsX, TaKUX Kak 37paBOOXpaHeHue, GUHAHCHI U TMOJIUTUKA, TJIe MOCIEACTBH
OIIMOOK MOTYT ObITh 3HAYUTEIHHBIMHU.

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

Hacrosimas nucuunianHa (MOyJib) BKJIIOUEHA B y4e€OHBIH IIJ1aH 10 MPOrpaMMe MOJArOTOBKH
maructpatypsl mo HampaBieHutro 02.04.01 MaremaTuka M KOMIBIOTEpPHbIE HAyKH, Mpoduis
MamunaHoe o0y4yeHHe B AJIEKTPOHHOW KOMMEpPLMH M BXOAWUT B BapHaTUBHYIO yacTh bioka 1,
dopMHpyeMyI0 yIacTHHKaMH 00pa30BaTeNIbHBIX OTHOIICHUH KaK AUCIHUILIMHA IO BEIOOPY.

JucnunimHa (MOyIib) TIOCTYIIHA K U3ydeHuto Ha 1 u 2 kypce Bo 2 u 4 cemectpe. JlocTynHa
JUTSL TIPOXOJKACHUS TPH YCIOBUU YCIEITHOTO 3aBEPUICHUs AUCHUILTHH (Moxyneid) «[IpukimamHast
MaTeMaTHKa JijIsl MalllnHHOTO 00y4yeHus» u «MammnaHoe o0yuenue (Machine Learning)».

Henab u3yyeHusi AMCUMILVIMHBI (MOAYJISI): Pa3BUTHE HABBIKOB MPUMEHEHHUS MPUYUHHO-
CJIEICTBEHHOT'O aHalM3a JUIsl CO3JaHUsl MHTEPHPETUPYEMBIX U HAJEKHBIX MOJENEN MAIIMHHOTO
00y4eHUs1, YUUTHIBAIOIMUX (PU3NUECKHE 3aKOHOMEPHOCTH M MUHUMU3HUPYIOIIUX MPEAB3SITOCTU B
JTAHHBIX.

3agaum u3y4yeHUus TUCHUIIMHBI (MOLYJIs):

— OCBOUTBH PA3INYMS MEXKIY KOPPEISIUEeH U MPUIUHHOCTBIO JIsl KOPPEKTHOTO aHAIn3a
3aBUCUMOCTEH B JIAaHHBIX MAIIMHHOTO OOYUEHUS;
— HAYYUTHCS MPUMEHSTH Kay3allMOHHbIE Tpadbl IS BU3yalu3allid U MOACITUPOBAHUS
MIPUYMHHBIX CBSA3EU MEXK1y IEPEMEHHBIMH;
— Pa3BUTh HABBIKU UCITIOIH30BAHUS HHCTPYMEHTOB HHTEPIIPETAIIMHA MOJIEIICH, TAKMUX KaK
SHAP, SAGE u LIME, ans o0bsicHeHMs TIpe/ICKa3aHui;
— MPUOOPECTH YMEHHE BBISBISITh U KOPPEKTUPOBATH MPEAB3SITOCTH B HA0OpAX JaHHBIX
JUTSI TIOBBIILICHUSI KAYECTBA MOJIEIIEH;
— OCBOUTH TEXHUKHU BCTPAUBaHUs (PU3NYECKUX 3aKOHOB B pXUTEKTYPY CTATUCTUYECKHIX
MOJIeJIEH 1 HEHPOHHBIX CETEeH YIS YIIYYIIEHUS UX MPeICcKa3aTeIbHOM CIIOCOOHOCTH.
B pe3yabTare 0CBOCHUSI AUCHHMILINHBI (MOYJIs1) 00YUAIOLIUIICS 10JIKEH::
3Hamp:
— TOHATHUS NPUYUHHOCTHU, KOPPEISALUUA, UHTEPIIPETUPYEMOCTH,
— TOAXO0/bl K MHTEPIPETHPYEMOCTH, Kay3allMOHHBIE Tpadbl, TUIIA B3aUMOJICHUCTBUS
MIPU3HAKOB,
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— cnocoObl yuéra (U3HUECKUX 3aKOHOB BHYTPH CTATUCTHUECKUX MOJIEIEH.

ymembp:
— HCHOJIb30BATh Kay3allMOHHbIE Ipadbl, A1 IOCTPOECHUS MOJEICH;
— WHTEPIPETUPOBATH  PE3yJbTaTbl  NPEACKa3aHUs  CTATUCTHYECKOM  MOJAEIU
pasnmuuabiME criocobamu (SHAP, SAGE, LIME);
— OLIEHMBATh KaueCTBO BXOJAIIMX JTAHHBIX, ONPEAEIATh BOSMOXHbBIE IIPEAB3ATOCTH B
JTAaHHBIX;
— BBOAMTH (PU3NYECKHE 3aKOHBI B APXUTEKTYPY HEUPOHHOM CETH.
6nadems:
— METOJaMH IOCTPOCHMS IIPUUNHHON MOJIENIN HA OCHOBE CTaTUCTUYECKOrO aHAJIN3a,
— crnoco0aMu MHTEpPIIPETAlK CTATUCTUYECKUX MOJIENIEH;
— METOAAMHM MHTErpaluy aHAIMTHYECKUX MOJIEIEH B CTATUCTHUECKHUE.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs
Komnerenmun, dopmupyeMmble B pe3yiabTaTe OCBOCHHS JUCHUIUIMHBI (MOIYJsS) TIpU
MPOBEJICHUH YUCOHBIX 3aHATHI B (hOpME KOHTAKTHOW pabOTHI 00YJAFOIIUXCS C TIEAArOTHICCKUMU

paboTHUKaMU YHHUBEpCUTETA U B (DOPME CaMOCTOSATEIHHON PAOOTHI 00yUYAIOIITIXCS:

Komnerennus

Conep:xaHue KOMIeTeHIIUN

HNuaukarop
KOMIICTCHIIHH

IlepeyeHb MIAHUPYEMBIX
pe3yJbTAaTOB 00y4eHus Mo
AUCUUIINHE (MOIYJIIO0)

VK-6.

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

VK-6.1.

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

VK-6.2.

YMeeT cTaBUTh pealnucTU4HbIe U
JOCTHKUMBIE LIEJIU, OTIPEENATh
IIPUOPUTETHI B CBOEH
JIeSITeNIbHOCTH, a TaK¥Ke
pa3pabatTbIBaTh U BHEAPSTH
TUTaHBI 110 COBEPILIEHCTBOBAHUIO
CBOUX HaBBIKOB M KOMIIETEHLIUH
Ha OCHOBE ITOJIy4YEHHOU
CaMOOLICHKH

YK-6.3.

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

OIIK-2.

Crioco0eH co3aaBarth 1
HCCIIEIOBATh HOBBIC
MaTEMATUYCCKHUEC MO/JICIIU B
€CTECTBCHHBIX HAYKax,
COBCPUICHCTBOBATEL U
pa3pabaThIBaTh KOHIICTIIIUH,
TEOPUU ¥ METOJIBI

OIIK-2.1.

3HaeT COBPEMEHHBIE OJXO0bI K
ITOCTPOCHUIO MATEMATUIECKHUX 1
CTaTUCTUYECKUX MOJCIEH,
MIPUMEHSEMBIX B JIEKTPOHHON
KOMMEPITUH, BKITIOYAsT MOJICTTH
TIOBEJICHUS TI0JIb30BATENECH,
CHUCTEMBI pEKOMEHJAlUH,
MOJISNIH YAEePKaHUS KIIUEHTOB, a
TaKXe METObl aHAJIN3a
HETIOJTHBIX, 3aITyMJIEHHBIX U
BPEMEHHBIX JTAHHBIX

OIIK-2.2.

YmMeer pazpabaTbIBarth,
a/IafITUPOBATh U IPOBEPSITH
MaTeMaTHYECKHE MOJEITH IS
peleHus NpUKIaIHbIX 3a1ad,
OIIEHMBATh UX TOYHOCTH U
YCTONYHBOCTS,
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HHTEPIPETHPOBATH PE3YIbTaThI
C YYETOM 3KOHOMUYECKUX
MOKa3aTelie AeATeIbHOCTH
OpraHu3aluu

OIIK-2.3.

HmeeT npakTU4ECKUN OTBIT
pa3pabOTKH M UCCIICTOBAHMS
MaTeMaTUYeCKUX MoJielieh B
paMKax MPUKJIAIHBIX MPOEKTOB,
BKJIKOYAs IOArOTOBKY JaHHBIX,
HACTPOWKY IapaMeTpoB
MOJEJIEH, IPOBEPKY UX KauecTBa
Ha peasIbHbIX JJAHHBIX U
NpEACTABICHUE PE3YJIBTATOB B
AHATUTHYECKUX OTYETaX

IK-3. Crioco0eH OCyIIeCTBIIATh
aHaJIN3, HHTEPIIPETALUIO U
OLICHKY PE3YJIbTaTOB
IMPUMCHCHUA MCTOJ0B
MAaIlIMHHOTO O0YYEeHHS B
3JIEKTPOHHON KOMMEPLIUU

[K-3.1.

3Haer METOAbI CTATUCTUYCCKOI'O
aHaJn3a, IPUHIIMIIBI
IIOCTPOCHHS 1 OLICHKU KauecTBa
MOJEJICH, ITOAXO0IBI K
IIPOBEACHUIO
OKCIICPUMCHTAJIbHBIX
HCCIIEOBAHUM U IPOBEPKE
CTaTUCTUYECKUX THIIOTE3

[K-3.2.

YMeeT npoBOAUTH aHATU3
JAHHBIX U PE3YIHTaTOB
MOJIEITUPOBAHUS,
UHTEPIPETUPOBATH TIOTyUYEHHEIC
PE3YIIbTaThI C YYETOM IIeTeH U
nokazarenei 3¢ (heKTHBHOCTH
JeSITeIbHOCTH OpPTaHN3aIluu

[K-3.3.

HNmeet npakTUYECKUNA OTIBIT
MPOBEICHUS AHATUTHICCKUX
HUCCIEIOBAHNN U IIOATOTOBKH
000CHOBAHHBIX BBIBOJOB U
PEKOMEHIAIUH JUTsI TPUHSTUS
YIpaBICHUYECKUX PEIICHUI
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3. Temaruueckuii njiax

Ne Tpya0eMKOCTb, akageMHYeCKue Yachl
n/m Ounas ghopma
HaumenoBaHue AynutopHasi paboTa TKY .
pasaesia TUCHUNIHHBI Jlekuun | CeMuHaphI CamocrosnTe (rexymii
(Monyas) (mpaktnyec | Konrpoun JbHAs yc::::eﬂf:;m
KHe padoTa
3aHSATHA)
1 Brenenme u OCHOBBI.
[ToHsATHE Kay3aluy 1 7 7 29 Homarsne
0a30BbIl MAaTEeMaTUYCCKHIHA 3aTaHAS
amnmapar
2 Paz6op anropurMoB Ha 7 7 29 Jomamraue
HpuMepax 3aJaHusd
3auem c OueHKOl 2 IIpoext
Hmozo: 14 14 4 44
O6vem oucyunaunvl (mooynsn) (6 76
ax. 4.)
O6vem Ooucyunnunvt (Modyns) (8 2
3au. eo.)
4. Copep:xkanue TUCHHMILIHHBI (MOLYJIs1)
Nen/m | HaumeHoBaHme pa3iesa TUCHHUILIHHBI Coaep:xanue TUCHUILIUHBI (MOAYJIS1) IO TeMaM

(Moays)

1 Beenenue u ocHoBEI. [loHsTHE Kay3amuu 1 | BBeaeHne, TOHATHE MPUYUHHOCTH U CBSI3b C Kay3alluei.
0a30BbBIN MAaTEMaTUYECKHUI ammmapaT CryteiBanue, napagokc CUMIICOHA, HATIPaBICHHBII
alMKIN4ecKuil rpagd.
Comnocrasienne 1o KoHpayHepaM, OlleHKa TPUIHHHBIX
3¢ dhexToR.
2 Pazb6op anroputMoB Ha mpuMepax MerTon "B3BeIIMBaHUS 0O0OPATHOM BEPOSITHOCTHU JICUCHUS"

(IPTW).

MeTO)j[ HMHCTPYMCHTAJIbHBIX IICPEMCHHBIX.

Kayzamnuonsrtit nec (Causal Forest).
Information Geometric Causal Inference.
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5. YueOHO-MeTOaHYECKOE O0ecIIeUeHue

VYHuBepcUTET  pacnojaraeT IOJHBIM  HA0OpPOM  JIMIEH3HMOHHOTO M CBOOOJHO
pacmpocTpaHseMoro IMpPOrpaMMHOTO oOecreueHus, BKJIIOYash MPOAYKTHI OTEUECTBEHHOTO
IIPOU3BOACTBA.

Kaxnaplii cTyneHT B TeYeHHME BCEro Imepuoja OOY4YEeHHs MONydaeT WHAMBHUIYATbHBIH
HEOTPAHUYEHHBIM  JOCTYH K  DJICKTPOHHO-OMONMOTEYHON CcHCTEeME M 3JICKTPOHHOM
MH()OPMAIIMOHHO-00pa30BaTENFHON Cpelie YHHBEPCUTETa. OJTH CHUCTEMBl IPEIOCTABISIOT
BO3MOXKHOCTbH JIOCTYIIA K pecypcaM 3 JII000i TOYKH, TAe eCTh NOAKIYeHHe K ceTu VHTepHerT,
KaK Ha TEPPUTOPUHU YHUBEPCUTETA, TAK U 32 €r0 IpeIeIIaMH.

Crynentam o0ecriedeH yJaJIeHHBIH JOCTYIl K COBPEMEHHBIM MPO(pEeCcCHOHATBHBIM 0azaM
JAHHBIX ¥ UH()OPMAIIOHHBIM CIIPABOYHBIM CHCTEMaM.

Ocnognas numepamypa:

1. Xantunrron-Kneitn, H. B mnowuckax sddekra. IlnaHupoBaHue >SKCIEpUMEHTOB H
MPUYUHHBINA BBIBO/JI B CTaTUCTHUKE : MIPaKTUYECKOE PYKOBOJCTBO
https://znanium.ru/catalog/document?id=462757.

2. Maymr, /1. [lorpyxeHue B aHaTUTUKY JaHHBIX : IPAaKTUYECKOe PyKOBOACTBO / J[. MayHT.
- Cankrt-IlerepOypr : BXB-IlerepOypr, 2023. - 224 c. - ISBN 978-5-9775-6866-1. - Tekcr :
sanexktpoHHbii. - URL: https://znanium.com/catalog/product/2123377.

3. Jleckoger, FO. Ananu3 601bIMX HAOOPOB IaHHBIX : MpaKTUYecKoe pykoBoacTBo / 1. JIx.
VYaeman, 0. Jleckosen, A. Pamkapaman ; nep. ¢ anria. A. A. CiimHKWHA. - 2-¢ u31. - MockBa :
JMK TIlpecc, 2023. - 500 c. - ISBN 978-5-89818-304-2. - Tekcr : snektponHsri. - URL:
https://znanium.ru/catalog/product/2102592.

/Jlonoanumenshasn numepamypa:

1. PoOuncon, . I'padoBbie 0a3bl naHHBbIX. HOBble BO3MOXHOCTH [Uisi paboThI €O
CBSI3aHHBIMU JIaHHBIMH : TIpaKTH4ecKkoe pykoBojacTBo / S. Pobuncon, /. Bebep, D. Dudpem ;
nep. ¢ anra. P. H. Parumosa. - 3-e u3a. - Mocksa : JIMK Ilpecc, 2023. - 257 c. - ISBN 978-5-
89818-566-4. - Tekcr : anektponusiii. - URL: https://znanium.com/catalog/product/2107921.

2. MpiibHUKOB, JI. A. CTaTUCTHUECKHE METO/Ibl HHTEJUIEKTYAIbHOTO aHaan3a JaHHbIX / JI.
A. MbutbHUKOB. - CankTt-IletepOypr : BXB-IletepOypr, 2021. - 240 c. - ISBN 978-5-9775-6733-
6. - Tekcr : amextponnslii. - URL: https://znanium.ru/catalog/product/2142845.

6. MartepuajibHO-TeXHHYECKOe o0ecreyeHne

YHHUBEpCHUTET pacrojaraerT MaTepUalbHO-TEXHHUYECKOW 0a30i, COOTBETCTBYIOIICH
JEHCTBYIOIIUM ITPOTHBOIIOKAPHBIM TIPABHJIaM M HOPMaM M O00ECIICUNBAIOIIEH MPOBEICHNUE BCEX
BHJIOB JIUCIUIUTMHAPHOW W MEXJIUCIUTUIMHAPHOW ITOJATOTOBKH, IPAKTHYECKOW W HAy4dHO-
HCCJIEI0BATENLCKOM paboT 00yUarOMnUXCsl, TPETYCMOTPEHHBIX YICOHBIM IIJTAHOM.

[Tomerenusi, KOTOpPbIE MPEACTABISIOT COOON yUeOHbIE Ay AUTOPHUH JIJIsl TPOBECHUS 3aHATUI
JEKIMOHHOTO THIA, 3aHATHA CEMUHAPCKOrO (MPAKTUYECKOr0) THIA, TPYIINOBBIX U
WHAWBUAYAIbHBIX KOHCYJIbTAIHMMA, TEKYIIETO KOHTPOJS U MPOMEXKYTOYHON aTTeCTAIluH, a TaKKe
MOMEIIEHUS JUISI CAMOCTOSTETLHOM padOThl M IOMEIICHHS JJIsl XPAHEHUS U MPOPUIAKTHIECKOTO
obcimyxuBaHusl yaeOHOTO 000pynoBaHus. [TomMereHns: yKOMIUIEKTOBaHbI CIICMAT3UPOBAHHON
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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

MeOeNnbl0 U TEXHUYECKHMMHU CpPEACTBAMH OOydYeHUs, CIYKAIlUMHU JUIsl NPEeACTaBiIeHUs y4eOHOU
uHpopManuu OOJIBIION ayTUTOPHH.

N3yueHne qUCUUIUTMHBI (MOAYIISA) 00eCcTIeYrBAETCS B YUEOHBIX ayTUTOPHSIX, OCHAIICHHBIX:

—CTOJIaMU U CTYJIbSIMY;

— KOMIIBIOTEPHOM TEXHUKOW;

— MEXaHUYECKUMHU KaAIbKYJIATOPAMU;

— CIIeLMANM3UPOBAHHBIM 000PYI0BaHUEM, BKIIOUAs JJEMOHCTPALIMOHHOE 000pYI0BaHHE.

[TomernieHus 47151 CAaMOCTOATENBHOM pabOTH 00y4YarOINXCsl, B TOM YUCIIE IPUCTIOCOOTICHHBIE
JUIsL MCTIONBb30BaHMsI MHBAJIUJAMHM M JIMLAMU C OTPAHUYEHHBIMU BO3MOXHOCTSMH 310POBbS,
OCHAILICHBI KOMIIBIOTEPHOM TEXHUKOW C BO3MOKHOCTBIO IOAKIIOYEHUS K cetu «HTepHeT» n
o0ecrieyeHHEM  JIOCTylla B 3JIEKTPOHHYIO  MH(POPMALMOHHO-0OpA30BATENbHYIO  Cpedy
YHuBepcurera.

OOyuaromuMesl MpeaocTaBisieTcs JAOCTyn (B TOM 4HMCIE YHaleHHbI) K pecypcam
UH(POPMALIMOHHO-TEIEKOMMYHUKAIIMOHHON ceTH «VHTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHUCIIE AJIEKTPOHHBIM OHOIMOTEYHBIM CHUCTEMAaM, COBPEMEHHBIM Npo(ecCHOHAIbHBIM 0a3zaM
JAHHBIX 1 UH()OPMAIIMOHHBIM CITPABOYHBIM CUCTEMaM):

Ne HaumenoBanme noprania Cceblika
(u3nanus, Kypca, 10KyMeHTa)
1. | Hayunas snektponnas 6ubmaroreka elibrary.ru https://elibrary.ru/defaultx.asp
oubnoreka
2. | Baza manueix mua | T-cnenuanucTos https://habr.com
3. | Ba3a mannbix ScienceDirect https://www.sciencedirect.com
4. | OdunuanbHeli calT MUHHCTEPCTBA HAYKU https://minobrnauki.gov.ru/

BhICIIIEro oOpa3oBanus Poccutickoit denepariu

5. | ®enepanbhbii mopran «Poccuiickoe odpazosanue” | https://www.edu.ru/

6. | Mudopmannonnas cucrema "Exnnoe okno noctymna | http://window.edu.ru/

K 00pa3oBaTesibHBIM pecypcam”

7. Enunast komnekius udpoBbix 00pa3oBaTebHBIX http://school-collection.edu.ru/

pecypcos
8. | ®enepanbHblii IEHTP HHOOPMALTUOHHO - http://fcior.edu.ru/

00pa3oBaTeIbHbIX PECYPCOB

[lepeuenp WHGOPMAIMOHHBIX TEXHOJIOTUH, MCIOJIB3YEMbIX IIPU  OCYIIECTBICHUH
00pa30oBaTeNLHOTO MpoIiecca M0 TUCHUIIMHE (MOAYII0), B TOM YHCIIE€ KOMIUIEKT JIMIEH3UOHHOTO
IPOrpaMMHOr0  OOecleyeHusl, COBPEMEHHble MpodeccuoHambHble 0a3bl  JaHHBIX U
MH(OpPMaILMOHHBIE CIIPABOYHBIE CHUCTEMBI:

HaumenoBanmne 110 IIponsBoacTBO JInnen3snonnoe / cB000HO
pacnpocTpaHsieMoe

OnepanuoHHbIE CUCTEMBI:
Microsoft Imagine (Windows Client, | 3apy6exHoe JIMLIEH3UOHHOE
Server)
BbpaysepbI:
SAunnexc.bpayzep OTEYECTBEHHOE CcBOOOJTHO pacpoCTpaHsIeMOe
Google Chrome 3apyOexxHOe CBOOOHO pacIpoCTpaHsIEeMOe

Od¢ucHble NPUIOKEHUA:
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http://school-collection.edu.ru/
http://fcior.edu.ru/

Microsoft Imagine (Visio, OneNote) | zapybexHoe JIUIIEH3UOHHOE

TeXstudio 3apyOekHOE CBOOOHO pacIpOCTpaHsIEMOe
Adobe Acrobat Reader 3apy0exHOe CcBOOOIHO PACIIPOCTPAHIEMOE
IIporpammHoe oGecneveHue IJisl IVIAHUPOBAHHUS M YUeTa BPeMeHH:

Toggle app | 3apyOexKHOE ‘ CBOOOHO PaCIpOCTpaHsAEMOE
CucreMbl ynpaBJieHHsI TPOEeKTAMM:

Microsoft Imagine (Project) | sapy6esoe | muuensuonnoe

Cucrembl ynpapjieHus1 6a3aMH JaHHbIX:

Microsoft Imagine (SQL Server) | 3apyOexHoe ‘ JUIEH3UOHHOE

Cucremsl pe3epBHoro konupoanusi (backup):

Acronis Backup Advanced for 3apy0exHOe JIMIEH3HOHHOE

HyperV

CnpaBo4YHO-NIPaBOBbIE CHCTEMbI:

KoncynprantlLitoc: cripaBoyHO- OTCUYECTBEHHOE JIMIICH3HOHHOE

MpaBoBas CUCTEMa

CpeacTBa aHTUBUPYCHOM 321U THI:

Kaspersky Endpoint Security ms OTEYECTBEHHOE JIHLIEH3UOHHOE

ousneca CranmapTHbId Russian

Edition

Cpenbl pa3padoTKu:

Visual Studio Code 3apyOexHOe CBOOO/THO PACIPOCTPAHIEMOE
Bash (Unix shell) 3apy0eKHOe CBOOOJIHO pacrpocTpaHsIeMoe
Anaconda 3apyOexxHOe CBOOOIHO pacIpoCcTpaHsIeMoe
Robotic Operating System 3apyOexHoe CBOOO/THO PACIPOCTPAHIEMOE
CopelliaSim 3apy0eKHOe CBOOOJIHO pacrpocTpaHsIeMoe
Google Colaboratory 3apybexHOe CBOOOJIHO pacrpocTpaHseMoe
IMakeThl MPOrpaMMHBIX CPEICTB H OMOINOTEK:

AutoPsy 3apyOexxHOe CBOOOIHO pacIpocTpaHsieMoe
Interactive Disassembler (IDA) 3apy0eKHOe CBOOOJIHO pacrpocTpaHseMoe

Cucrembl ynpasjieHusi onoanorpaguyeckoii uHpopmanmeii:

Zotero ‘ 3apyOeKHOE CBOOOIHO PaCIPOCTPaHAECMOE

CepBHCBI B CITYXKOBI:

Bind 3apyOeKHOE CBOOOIHO PaCIPOCTPaHAECMOE

Docker 3apyOekHOE CBOOOHO PaCIPOCTPaHAECMOE

7. MeToanueckue 1 OlleHOYHbIE MATEPHAJIbI
MeToanyeckue yKasaHHus I 00y4alOUUXCS 110 OCBOCHUIO TUCHMILIMHBI (MOYJIs1)

B npouiecce nzydennst nucuurinabl (Moayiist) «O0paboTka JaHHBIX U Kay3aldbHBIA aHATU3
B mamuHHOM oO0yuyeHun (Causal inference)» B pamkax TEKyIIEro KOHTPOJS YCIEBAaEMOCTH
UCTIONB3YIOTCSl TaKUE BHJBI y4eOHOUW paOOThl, KaK JIEKIMH, CEMHHApbI, TOMAIIHUE 3aJaHHUs,
MPOEKT, a TaKXKe pPa3jMyYHbIe BUIBI CAMOCTOSITENEHON paboThl OO0y4AIONIMXCS MO 3aJaHHI0
MpPENo/IaBaTelisi, HAMpaBICHHBIE Ha pa3BUTHE HABBIKOB MNPO(ECCHOHATBHON  JICKCHKH,
3aKpETUICHHE MPAKTHIECKUX MPOheCCHOHATHHBIX KOMITETSHIIUH, TTOOIIPEHNUE WHUIIUATHB.

ﬂeKI/;u}Z —  CHUCTEMATHUYCCKOC, IOCICI0BATCIIBHOC, MOHOJIOTHYECKOEC  HU3JIOKCHHUEC
nmpenoaaBaTciiceM yqe6H0ro Marcpuraia, Kak nmpaBuiIo, TCOPETUICCKOr0 XapaKTepa.
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B mporecce nmekuuii peKOMEHIYeTCs BECTH KOHCHEKT JIEKIMI: KpaTKO M CXEMaTUYHO
q)HKCHpOBaTb OCHOBHBIC HJCH, BBIBOABI U O606H.[CHI/I$I JICKIIMH., BbIACIATH BAaXHBIC MBbICIIHU,
KIIFOUCBBIC CJIOBA U TepMI/IHLI. HGOGXOI[I/IMO OTMCTHUTH BOHpOCLI NN MaTepI/IaJIBI, KOTOpLIe
BbBI3BIBAIOT 3any,Z[HeHI/I$I, U IIOIIBITATHCS HElfITI/I OTBCTHI B peKOMeHI[OBaHHOﬁ HI/ITepaType. ECJII/I
pa3obpaThCsi B MaTepuaie HE yaaercs, cleayeT chopMmyiaupoBaTh BOMPOC H 334aTh €ro
MIPETNO0/1aBaTeII0 Ha KOHCYJIbTAIIMU UM BO BPEMsI CEMHUHAPCKOTO (MPaKTHYECKOTO) 3aHSATHS.

Cemunap — 310 Popma yueOHOIl 1eATeIbHOCTH, MPOBOAUMAs B Y4eOHOM 3aBEJCHHUH I10]1
PYKOBOJICTBOM IpemnojaBaTelisi, TI/€ CTYACHTbl AaKTUBHO YYacTBYIOT B OOCYXICHHSIX,
MPAKTUYECKUX 3aJJaHusIX U APYrux popmax B3auMOACHCTBHUS.

Jlig ycrienmHoi noAroToBKU K CEMUHApPY PEKOMEHAYETCS 3apaHee 03HAKOMUTHCS ¢ TEMOM
3aHATUS M OCHOBHBIMH MaTepHajaMH, YTOObI MMETh BO3MOXHOCTh AKTHBHO YYacTBOBATH B
o0cyxnenuu. Taxke MOIE3HO MOATOTOBUTH BOIPOCHI U HJIIEH JJISi OOCYXKICHUS, YTO MOMOXKET
r1y0Ke OHATH MaTepUal U MPOoJIEMOHCTPUPOBATH 3aUHTEPECOBAHHOCTD.

Jlomawnee 3a0anue — HabOP 3a/1a4 1O TEMaM HEJICIIH.

[Ipu pabore Haj AOMAIIHMMH 3aJaHUSMH Ba)XHO BHHUMATCIBHO O3HAKOMHTBCS C
TpeOOBaHUSMHU M CPOKaMU BBITIOJHEHUS. PexoMeHayeTcs pa30uBaTh 3aaHusl Ha ATAllbl, YTOOBI
n30eKaTh TMEPErpy3KH W JIydllle YCBOUTH Marepuai. Mcrmonb30BaTh pa3liMYHbIC HUCTOYHUKH
uH(pOpMaInH, BKITIOYas YIeOHUKH U OHJIAHH-PECyPCHI, I 0oJiee rITyOOKOT0 MOHUMAHHSI TEMBI.

Ilpoexm — wuccinenoBareabckas paboTa MO JUCHMILIMHE (MOIYJII0) M IpPE3CHTAIUs
pE3yabTaTOB.

I[J'ISI YCHGIHHOfI IIOATOTOBKHU K HpOGKTy pCKOMeHIIyeTCSII YCTKO OHpCI[eJII/ITB ICJIn U 3a1a4Yu
IPOEKTa; COCTABHTH IJIaH pabOThI, pa30MB MPOEKT HA JTAlbl C YKA3aHUEM CPOKOB BBIMOJIHEHHSI
KaXJIOTO M3 HUX; UCIIOJIb30BaTh Pa3HOOOpa3HbIe HCTOUHUKU MH(OPMAIMM U HHCTPYMEHTBI JJIs
UCCIICIOBAHMSI TEMBI;, PETYJISIPHO MPOBEPATHh MPOTrPECcC U BHOCHTHh KOPPEKTUBHI B TUIAH, €CIIU ITO
HEOOXOIUMO.

bonycnvie b6annibi — 3TO OIEHKH, KOTOPBIE CTYACHTHI MOTYT MOJYYUTh 3a BBHITIOJHEHHE
JOITOJIHUTECIIbHBIX 33}13HPII>1.

®opmar OOHYCHBIX OaUIOB MO3BOJIIET CTYACHTaM YIYYIIUTh OOIIYI0 OIIEHKY IIO
JTUCHUTIINHE (MOIIYJIIO) ¥ CTUMYJUPYET YIIyOJIeHHOE U3y4eHUe MaTepuara.

Camocmosmenvras paboma — paboTa CTYIEHTOB, HaNpaBJIeHHas Ha YIIyOJIeHHOE
M3YYEHHE OTJIENbHBIX TEM U BOIPOCOB YUYEOHON AUCIMILTUHBI (MOTYIs).

B nporiecce camocTosTenbHOM paboThI CTYACHTHI B3aUMOJICHCTBYIOT C PEKOMEHTOBAaHHBIMHU
MaTepuaIaMy MPu MUHUMAIBHOM yYacTHH MpernoiaBaress. 3aaun CTyIeHTa BKIIIOYAIOT paboTy
C KOHCTIEKTaMH JIeKIni (00paboTKa TeKcTa), MOBTOPHOE N3YUCHHE YUeOHBIX MAaTePUAIIOB TUIAHOB
N TE3UCOB OTBETOB, I/ISY‘IGHI/IG JOITOJIHUTEIIBHBIX TEM, BBIIIOJIHEHHUC y’—Ie6HO-I/ICCJ'Ie)IOBaTeHBCKI/IX
3aJIaHUM U JPYyTOE.
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CucreMa OlleHMBAHUA Pe3yJIbTATOB 00y4YeHUs M0 JUCHHUILUIHHE (MOIYJII0)

Kpurepun nosy4eHusi ypoBHSI M OLleHNBAaHUS c()OPMHUPOBAHHOCTH KOMIIETEHIMI 110

aucuuminae (Moaynaw) «O0padorka MaHHBIX M KAay3aJbHbIi AHAJW3 B MAIIMHHOM
o0yuenun (Causal inference)»

OrneHuBaHUE YpOBHS Y4YEOHBIX JOCTHMIKEHHH OOYdYalOmUXCsl MO AUCHHUIUIHHE (MOIYIIIO)

OCYHIIECTBIACTCA B BUAC TCKYLICT'O KOHTPOJIA YCIIEBAECMOCTHU U HpOMe)I(YTO‘IHOI;'I aTTcCTallu.

IIpome:xyTouHasi arTrecTalusi MO AUCLHUIUIMHE (MOIYJIO) OCYILIECTBIsIETCS B (Qopme

3auema c OuEHKOﬁ, IIpru 3TOM IPOBOJUTCA OLCHKA KOMHCTCHHHﬁ, C(bOpMI/IpOBaHHBIX 10

JIUCLIUILINHE.

1 OouleHMBAHUSA TEKYLIETrO KOHTPOJSA YCIIEBAEMOCTHM M IPOMEXYTOYHOW AaTTECTALlUU
UCTIONB3YyeTCs JecATHOaUIbHAs IIIKaja OIICHWBAHUS, KOTOpas COOTHOCHTCS C TPaTUIIMOHHON

NATUOAJILHOM IIKAJION cienyrouM 00pa3oM, eciu MHOE HE YKa3aHo B CHIIa0yce NUCHUILINHBIL:

JlecaTudaibHan
OlleHKA

IIaTuéannnLHasn
OILICHKA

OO0mas xapakTepUCTHKA pe3yJbTaTa 00y4eHus! 1o
JMCUHMILIMHE (MOLYJIIO)

10

OTiIm4HO

9

OTiIm4HO

8

OT1iInyHO

CTyneHT TIONHOCTBIO BIANEeT 3HAHUAMH, W3JIOKEHHBIMH B
pabodyeit mporpamMme, U DIIYOOKO OCMBICISICT JHUCHUIUIUHY
(Momynp). OH CaMOCTOSATENEHO W JIOTHYECKH TOCIEOBATENHHO
OTBCYACT Ha BCC BOIIPOCHI, aKICHTHPYAd BHHUMAHUC Ha HaI/I6OJ'Iee
BaXHOM. Y MEET aHaJIM3UPOBaTh, CPABHUBATH, KIIACCUDUIIPOBATD,
000011aTh, KOHKPETH3UPOBATh U CHCTEMATU3UPOBATh U3yUEHHBIN
Marepual, BBIACIAA KIHOYEBBIC MOMCHTBI W yCTaHaBJIMBas
MIPUYUHHO-CIIEJICTBEHHBIE CBs3U. UeTko (OpMyITUpyeT OTBETHI,
YBEPEHHO WHTEPIPETUPYET pPE3YJIbTATHl aHAIU30B M JIPYruUx
WCCTICIOBAHMM, a TakKe pemaeT CIOoXHBIe 3amadu. CTyaeHt
XOPOIIIO 3HAKOM C METOJIAMH WCCIICJIOBAHUS, HEOOXOIUMBIMU IS
HpaKTHHeCKOﬁ ACATCIIBHOCTH, U YMCET CBA3BIBATH TCOPCTUUCCKUC

ACIICKThI JUCIIUIIIMHBI (MOI[YJ'IH) C MMPAKTUYICCKUMU 3a1a4YaMHU.

Xoporio

Xoporio

CTy,Z[eHT 06nanaeT SHAHUAMU NIPEAMETA IIOYTH B IIOJTHOM o0BeMe

pabodeii  mporpaMMbl W CaMOCTOSITENIBHO,  JIOTUYECKHU
[IOCJIEZIOBATEIbHO M BCECTOPOHHE OTBEYAeT Ha BCE BOIPOCHI,
aKLEHTUPYs BHUMaHUE Ha HamOolsiee 3HAYMMBIX MoMeHTax. OH
yMeeT  aHaJM3WpOBaTh, CPaBHHBaTh, KJIACCH(DUIIMPOBATS,
0000111aTh, KOHKPETU3UPOBATh U CUCTEMATH3UPOBAThH N3yUCHHBIN
MaTepuai, BBIAENAS €ro KIII0YeBbIE acleKThl M yCTaHaBIIMBas
MIPUYUHHO-CIIEJICTBEHHbIE CBs3U. DOpMyNHpyeT CBOM OTBETHI,
YBEPEHHO HWHTEPIIPETUPYET pE3yJIbTaThl aHAIU30B U JAPYTUX
WCCIIETOBAHNH, a TAKXKE PEIIAeT CI0KHBIE CUTYaIlMOHHBIE 3a/1a4H.
CTymeHT XOpomo 3HakoM C METOJaMM  HCCIEIOBAHUA,
HEOOXOIUMBIMH ISl TIPAKTHYECKOH JESITEeNbHOCTH, U yMEeT
CBSI3BIBATh TEOPETHUECKHE ACHIEKTHI MPEAMETA C MPAKTHUYECKUMHU

3agadyaMu.

YI[OBHCTBOPI/ITGHLHO

YI[OBHCTBOPI/ITGHLHO

Crynent oOnazaer 0a30BBIMH 3HAHMSAMU 10 JAMCHUILIHHE
(MOIymI0), HO HMCTBITHIBAET TPYAHOCTH TPH CAMOCTOSTENBHBIX
OTBETaxX M HCIOJIB3YyeT HETOuHble (opMyaupoBkH. B xoze
OTBETOB OH JIOMYCKaeT OIIMOKH, KacaroIluecs CYyTH BOIPOCOB.
CryJeHT cnocoOeH pemaTh TOJNBKO Camble MPOCThIE 3a7addl |
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HMecaTtudannbuas IlaTudamibHas OO0mas xapakTepUCTHKA pe3yJIbTaTa 00y4eHusl 1o
OLICHKA OLICHKA JUCHMIIMHE (MOXYJIIO)

BJIaJCCT JTMIIIb MUHUMAJIbHBIM Ha60p0M METOO0B MCCJICAOBAHMA.

3 He cnan CTyzneHT He OBNajeN O0s3aTeIbHBIM MHUHHMYMOM 3HAHHWH IO
He cnan IpeIMeTy M HE MOXET OTBETUTh Ha BOIIPOCHL, JaXe eCIH
1 He caan MpernoiaBaTelb 3a/1aeT AOMOJHUTEIbHBIE HABOISIINE BOMPOCHL.

Hucnurmuaa (Moayias) «O0paboTka JaHHBIX U Kay3aJbHbBIN aHAJIN3 B MAIIIMHHOM O0Y4YeHUH
(Causal inference)» omeHuBaeTcs ClIeAyOMMM 00pa3oM:

AKTHBHOCTB Bec | KoumuecTBo Onucanue
Homarnue 3aganus | 70% 5 Habop 3ama4 o TeMaM Henenn
3a4er ¢ OICHKOM 30% 1 IIpoekt — Uccnemopareabckas padoTa 1Mo AUCIUILUIAHE
(MOJYJIr0) M TIPE3CHTAIUS PE3YJIbTATOB

B paMKax NU3yUCHUA JUCHUIIIINHBI (MO,I[y.]'IH) BO3MOJHO IIOJTY4YCHHUC 6OHYCHHX 0asIoB.

®opmyJia pacuéTa HTOrOBOM OLIEHKH MO JUCHUIINHE (MOaYy./110) «O0padoTKa TaHHBIX
U Kay3ajdbHblii aHaimu3 B MamimHHOM oOydyeHum (Causal inference)»: «0,7 x cpennee 3a
noMarrHue 3aaanus + 0,3 X 3a4eT ¢ OIEHKON».

Texkymmii KOHTPOJIb YCIIeBAEeMOCTH 00YYAKOIIHUXCS 10 JMCHHUILINHE (MO1YJIIO0)
IIpumepHbIe JoMALIHUE 3 aHUS
Jlomamnee 3aganue 1.

1. Ilpoananu3upyiite npuMep U3 peasibHOM KU3HU (HAIIpUMeEp, CBSI3b MEX]Yy KYpeHHEM U
PaKoOM JIETKHX), T€ KOppeslus MOXKET ObITh MpHUHATA 32 Kay3aluio, U OOBSCHUTE, MOYEMY
CTaTHUCTUYECKUE MOJIETH 0€3 yueTa IPUUMHHBIX CBSI3€H MOTYT IIPUBECTH K OIIIMOOYHBIM BBIBOJIAM.
[TonroroBeTe KpaTKuil OTYET C 0OOCHOBAHUEM.

2. CpaBHUTE CTaTHCTHYECKYI0 MOJEIh (Hampumep, JIMHEHHYIO pPErpeccruio) H
AHATUTHYECKYIO MOJETH (HalpuMep, MOAETh C Kay3allMOHHBIMU TpadamMu) Ha CHHTETUYECKOM
Habope JaHHbIX, co3naHHoM B Python ¢ ucnons3oBannem oubaroTek Bpoje pandas u scikit-learn.
OnumuTe pa3Iudus B UHTEPIPETHPYEMOCTH PE3YIbTATOB.

3. OnumuTe MOHATHE WHTEPIPETUPYEMOCTH B KOHTEKCTE MAIIMHHOTO OOydYeHHsS W
IpUBEIUTE TPU NIpUMEpa, KOrja HU3Kas HUHTEPHPETUPYEMOCTb MOJIEIM MOXET HPHUBECTH K
TUYECKUM IMPOoOJIeMaM B MPUHITHH pPellleHUH (Harpumep, B KPEAUTHOM CKOPUHTE).

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

5. PaspaboraiiTe cuieHapuii, rie aHaTUTHYECKas MOJAEIb HHTETPUPYET IKCIIEPTHBIC 3HAHUS
JUTSI pelIeHHsI IPOOIEMBI Kay3alliH, ¥ MPEUI0KHUTE IIATH 110 €€ pean3allii Ha OCHOBE H3yUeHHBIX
HOHSITHIA.
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JlomamHee 3aganue 2.

1. TloctpoiiTe Kay3allMOHHBIA Tpad JUId CIEHapHus BIMSHHUA OOpa30BaHHUS Ha JIOXO[,
BKIItoUasi TUIBI cBsizedl (confounder, covariate, mediator). Vcmonp3yiiTe MHCTPYMEHT BpOJE
DAGitty nist BU3yann3auuu v 00bSICHUTE, KaK KaXKAask CBSI3b BIUSCT HA MHTEPIPETALUIO TaHHBIX.

2. Ilpoanamm3upyiite nmpumep ¢ moderator-apdexroM (Hampumep, BIUSHUE BO3pacTa Ha
CBSI3b MEXKIY YINPAKHCHHUSIMH WU 3JI0POBBEM CEpilla) U HAPUCYWTE COOTBETCTBYIOIIUK Tpad,
BBIJICTIUB MYJIbTUIUTUKATUBHBIN dPPEKT TPU3HAKOB.

3. Ha ocHoOBe peanpHOTrO Keiica (Hampumep, BIMSHUE PEKJIaMbl Ha MPOJAXKH MPOIYKTa C
yaetoM confounder-¢hakTopoB, TAKMX KaK CE30HHOCTH ), CO3AaiTe rpad) MPUUUHHOCTH U OOCYAUTE,
KaK y4eT B3aMHOT'O BIUSHUS IPU3HAKOB U3MEHSET BBIBOIBI MOJICIIH.

4. Vcnonws3ys 6ubmmoreky networkx B Python, cmopenupyiite rpad ¢ mediator-cBs3bio
(manpumep, crpecc kak mediator Mex Ty pabOTOM M 3I0POBHEM) M CUMYJIUPYUTE TaHHBIC, YTOOBI
POJIEMOHCTPUPOBATH, KAK HMTHOPHUPOBAHUE 3TOTO TUIIA CBS3H UCKAXKAET PE3YJIbTATHI.

5. CpaBHurte fBa rpada NpUYMHHOCTH I OJHOTO U TOTO K€ Habopa JaHHBIX (HaIpUMep,
BJIIMSTHUE JIUETHI HA BEC), OJJUH C YUETOM BCEX THIIOB CBA3EH, IPYroi yIpoOIIEeHHBIH, U 00BICHUTE
MPEeUMYIIEeCTBA MOJIHOTO rpada s npeacKazaTeIbHON MOJETH.

Jomaminee 3axanue 3.

1. PaccuuTaiiTe JOBEpUTENbHBINA MHTEPBA JUIsl CPEIHEr0 3HAUE€HUs BBIOOpKHM M3 Habopa
JaHHBIX (HampUMep, OLIEHKM KayecTBa BO3JyXa) WU MHTEPHPETUPYHTE €ro B KOHTEKCTE
HOTPEIIHOCTH MOJEIHU, OOBACHUB, KaK 3TO BIMSET HA BBIBOJ O IPUUYMUHHBIX CBA3SX.

2. Ha npumepe TMHEHHOMN perpeccuy Ha CHHTETHYECKUX JAHHBIX BBIBEIUTE COOTHOLICHUE
YHClla UCXOJI0B U aHAJM3UPYEMBIX NPU3HAKOB, UCIIONIb3Yysd METpUKU Bpoje R-kBaapat u MSE, u
o0cynuTe, Kak MOTPEeIIHOCTh PACTET € YBEIMYEHUEM YK CIIa IPU3HAKOB.

3. [Ipoananu3upyiiTe crocoObl pacdyera MOrPenTHOCTH (CTaHaapTHas ommoOKka, bootstrap)
JUIA OLICHKH KOB(i)(i)I/IHI/ICHTOB B Kay3aHHOHHOﬁ MOACIIM WU NMPUBCOAUTEC IMPUMCEP, I'IC BBICOKAs
MOrpCIIHOCThL YKAa3bIBACT Ha H€06XOI[I/IMOCTI: JOMOJHUTCIBbHBIX JAHHBIX HJIKM KOPPCKTUPOBKU
rpada.

4. Vcnonb3ys peanbHbIN JaTaceT (HampuMmep, TaHHbIE O 3apIuiaTax), IOCTPOUTE MOJEIb C
JOBCPUTCIBbHBIMA HWHTCPBAJIaMU  1JIA KOB(i)(i)I/IHI/ICHTOB u 06T)$[CHI/ITC, KaK MHTCPIIpETAalnAg
MOrpCIHOCTU MOMOracT n30exarTh nepeo6yquH51 B KOHTCKCTC IMMPUYUHHOI'O BBIBOJA.

5. BLIBG,I[I/ITC TUIMUIHOC COOTHOMICHUC MECKAY YNUCIIOM UCXOOO0B U IMIPHU3HAKOB IJId MOJCJIN C
HHU3KOH NOrp€IIHOCTbI0, HCIOJB3yd TCOPEMY O PasMCPHOCTH, U MPCATIOXKUTEC CTPATCTHUU I10
CHHIKCHUIO MTOTPCUIHOCTHU B MOJICIIAX C OOJIBLIIIM KOJIMYECTBOM MEPEMECHHBIX.

JlomamHee 3aganue 4.

1. O0OBscHuTE HGO6XOI[I/IMOCTL HHTCPIIPETAllMN JAHHBIX B MOACIIM MAIlIMHHOI'O 06y‘-ICHI/I}I
Ha ODpuUMEpC MpPEACKA3aHUA pUCKaA 336OHCBaHHf/'I, TAC HCUHTCPIIPETUPYCMBIC PC3YJIbTAThl MOT'YT
MMPUBCCTH K HCBECPHBIM MCIUIITUHCKUM PCIICHUSIM.

2. Ilpumenure 1Ba ciocoba untepnperanuu (Hanpumep, SHAP u permutation importance)
K MOJIEJIU CITy4aifHOTo Jieca Ha JaTaceTe Iris M cpaBHMTE, KaKk OHM PacKpbIBalOT BKJIAJ IPU3HAKOB
B IIPEJICKAa3aHUE.
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3. Pazpaboraiite Keiic, Tne UWHTEpPOpETalus pe3ylbTaTOB MOJENH (HampuMmep, ¢
ucnonb3zoBanueM LIME) momoraer BBISIBUTH MPEAB3STOCTh B JaHHBIX O HailMe mepcoHana, u
MPEIIOKUTE KOPPEKTUPYIOLIUE MEPHI.

4. Ha ocHoBe Ha0Oopa AaHHBIX O MPOJAXax, MOCTPOUTE HHTEPIPETHPYEMYIO MOJENb
(HampuMep, JIMHEHHYIO PErpecCHi0) U UCIONIB3YUTE Iiio0anbHbie MeToAbl nHTepnperanuu (PDP
plots), 4TOOBI OOBSICHUTH BIUSHUE IPU3HAKOB HA UCXO/.

5. OGcynuTe clieHapHii, I/1e OTCYTCTBHE UHTEPIPETAI[MU PE3yJIbTaTOB MOJICIH MPUBOIUT K
STUYECKUM JUJIEMMaM B aBTOHOMHBIX CHUCTeMax (Hampumep, B OECHMJIOTHBIX aBTOMOOWIISX), U
MPEJIOKUTE IIATH 110 UHTErPallii UHTEPIIPETUPYEMOCTH B MPOLIECC pa3padOTKH.

HpnMepnoe OIMUCaHUE 3aIaHUA U KPUTEPUHU OLICHUBAHUSA K IIPOCKTY

Leapr mpoexkra: Pazpaborath KOMIUIEKCHBIM aHAIM3 MPUYMHHBIX CBSI3€H B pealbHOM
HaOope JaHHBIX, HHTETPUPYS TEOpPETHUUYECKHUE TOHATUSA Kay3aluu, rpadpl HPUYNHHOCTH,
UHTEPIPETHPYEMOCTh MoOJeIeH ¥ MeToAbl paboTbl ¢ JaHHBIMH. CTYAEHTBHI JIOJKHBI
IIPOIEMOHCTPUPOBATH YMEHUE IPUMEHSTH CTATHCTUYECKUE U aHATTUTHYECKUE MOJICITH, OLICHUBATh
Ka4eCTBO JIaHHBIX, CHIDKATh Pa3MEPHOCTh W OICHWBATh TPAHUIBI MPUMEHHUMOCTH MOJIEICH.
[IpoekT cnocoOCTBYeT pa3BUTHIO HABBIKOB HMHTEPIPETAIMH  PE3yJIbTAaTOB, H30ekKaHUsA
nepeoOydeHus: W OSTUYECKoro wucrosib3oBanus WM B kpuTuueckux o07acTaX, TaKuUX Kak
3/[paBOOXpaHEHHE.

®opmart: UnnuBuayanbHeld WK rpynmnoBoi (2—3 uvenoBeka). Cpok BbIMONHEHUS: 4—6
HEZIelb.

HucTpymentsi: Python (6ubiamorexku: pandas, scikit-learn, networkx, causalml, SHAP,
LIME, statsmodels, torch mis PINNs), Jupyter Notebook, DAGitty uiam aHamoru4HbIC IS
BU3yaJin3aIuu rpados.

JMatacet: PexomeHnayercs UCTOIB30BaTh OTKPHITHIM araceT, Takoi kak Diabetes Dataset
(u3 sklearn) win Framingham Heart Study (c Kaggle), unu cunrernueckuii Habop TaHHBIX,
CO3IaHHBIN CAaMOCTOSTENBHO. JlaTaceT MOMKEeH Colep:KaTh MepeMeHHbIe JIJIs aHaTi3a MPUYUHHBIX
cBsizelt (HanmpuMep, GakTOpbl pUCKA, UCXOBI 30POBBS).

CTpyKTypa npoeKTa u HHTerpanus Tem

IIpoexT paszaeneH Ha JTanbl, KaXAbld M3 KOTOPBIX COOTBETCTBYET OJHOM W3 TEM
JAUCHUITIIINHBI. CTYHGHTBI AOJDKHBI IMTOCJICA0BATCIIBHO BBIMMOJHATE 1Iaru, [I0OKYMCHTHUPYS MPOLCCC
B oTuere (B popmate Jupyter Notebook ¢ koom, BuzyanuzauusiMu 1 00bsicHeHusMH ). UToroBbIit
OTYET JIOJDKEH BKITIOYATh: BBEJICHUE, aHAIIN3, PE3YJIbTaThl, OOCYKICHHUE MTPOOJIEM U BBIBOIBI.

1. Kay3auusi 1 HHTepIPEeTUPYEMOCTH

o 3apauya: Onpenenure npoOiieMy Kay3allMM Ha MpHUMeEpe Jaracera (Hampumep, CBs3b
MEXy YPOBHEM caxapa B KpoBU U nuaderom). IlocTpoiite craTcTHUECKYIO0 MOJIENb (JIMHEHHAs
perpeccusi) ¥ aHATUTUYECKYIO MOJIETh (C UCTIOIb30BaHUEM Kay3allMOHHBIX rpadoB). CpaBHUTE X
UHTEPIPETUPYEMOCTD.

o Iaru: BriGepure nepemeHHble, paccuuTaiiTe Koppensuuu, npumenure SHAP wnm
LIME nns uatepnperanuu. OOBICHUTE, TTOYEMY KOPPEIIALIHS # Kay3allus.

o O:xupaemplii pe3yiabrar: OTYeT C BHU3YyalIM3alUsIMH, CPAaBHEHHEM MOJEIed W
o0ocHOBaHHEM HEOOXOIUMOCTH aHAITUTHYECKHUX ITOIXO0/I0B.
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2. I'pa¢ npuyuHHOCTH

o 3apaua: IlocTpoiite mosnHbli Tpad NPUYMHHOCTU JUISA Aaracera, Bkitoyas confounder
(Hampumep, BO3pacT Kak KOHQPYHIEp A CBSI3M KypeHus W auabera), covariate, mediator
(HampuMep, CTpecc Kak MeIHaTop MeX 1y paboToi u 310poBbeM) 1 moderator (Harpumep, BO3pacT
Kak Mojiepatop 3pdeKra AUETHI).

o Marm: Ucnonws3yiite networkx mmu DAGitty mist cosmanusi rpada. Cumynupyiite
JaHHbIE JUJIS IEMOHCTPAIMK B3aMMHOIO BIMSHUSA U MYJIbTUILIMKATUBHBIX 3 dexToB. Obcyaure,
KaK rpad MeHsieT HHTEPIIPETALIHIO.

o O:xuaaemblii pe3yabTat: Busyanuzanus rpada, aHanus cBsi3el 1 CUMYISLUS TaHHBIX C
00BSICHEHMEM UCKKEHUN 0€3 yueTa TUIIOB CBSI3EH.

3. IloHsiTHE 1OBEPUTEIbHBIX HHTEPBAJIOB U MOTPEIIHOCTH B CTATHCTHYECKOH Mo/1esIn

o 3apaya: OnieHUTE NOrPENIHOCTh MOJEIM Ha JaTaceTe, pPacCUUTaB JOBEPUTEIbHBIC
UHTEPBAIBI s KOA(GUIIMEHTOB (HAaIpuMep, B perpeccuu). BriBeauTe COOTHOIICHHWE YHMCIIa
MCXO0JI0B M IPU3HAKOB, UCIIOJIb3Ys MeTpuku (R-kBaapar, MSE, crannapTHas omuoka).

o IHaru: [Ipumenute bootstrap WM craHAapTHbIE METOJb! JIi OLIEHKU HOIPEIIHOCTH.
OOBbscHUTE, KaK IOIPEIIHOCTh YKa3bIBAET HA PUCK IIEpeoO0yUEeHHUS.

o Oxupaemblii pe3yabrar: Tabmuipl C JOBEpUTENbHBIMU HMHTEpBaJaMM, TIpaduKu
MOTPEIIHOCTH ¥ PEKOMEHAINH 110 COOTHOIICHHIO JAaHHBIX/TIPU3HAKOB.

4. UHTepnipeTHPYeMOCTh Pe3y/JbTaTOB PadoThl MojieJiei

o 3apaua: [loctpoiite Mozens (Hampumep, CIy4alHBIM JieC) W HHTEPHPETHPYHTE ee
pe3yabTathl ¢ nomorbio SHAP, LIME u PDP plots. O0bsicHATE HE00XOAUMOCTh HHTEPIIPETAIIUH
JUI STUYECKUX PEelIeHuH (Hanpumep, NpeicKa3aHue pucka 3aboseBaHuil).

o IHaru: CpaBHUTE JOKaJIbHbIE W TJOOaNbHBIE METOABl HHTepmpeTauuu. OO6cyanuTe
CIIEHapHH, TJi€ HU3Kasi HHTePIPETUPYEMOCTb IPUBOAUT K IpolieMam.

o Oxupaaemblii pe3yabTat: Busyannsanuu MHTEpIpeTaliy, aHaaIu3 BKIaJa MPU3HAKOB U
TUYECKHE BHIBOJIBI.

5. Pabora ¢ kayecTBOM /JaHHBIX, BbICOKOCKOpE/JJIMPOBAHHbIE JAaHHbIEC, MATPHIbI
KOppeJsiluii, yiajgeHue U 00beiNHeHNe IPU3HAKOB

o 3apaua: [Ipoananu3upyiiTe KayecTBO JaHHBIX: BBIIBUTE BBICOKOCKOPEIJIMPOBAHHBIE
NpU3HAKW (MaTpulla KOppensuuii), npoOiemsl (IIPOMYCKH, BBIOpOCHI). VY aanuTe/o0beAUHUTE
NPU3HAKU JJIs1 CHUXKEHUS PUCKa Iepeo0ydeHHUs.

o IHarmu: IToctpoiite heatmap koppemnsumii, npuMmenute meroas! (Hampumep, VIF mns
MYJIbTUKOJNIMHEAPHOCTH). OLEHUTe IOMYCTHUMOE YHCIO TPU3HAKOB IO COOTHOIIEHHUIO C
pa3mMepoM BBIOOPKH.

o Oxugaemplii pe3yjbtar: OTYET ¢ MaTPUIICH KOppENSIii, 000CHOBAaHHEM W3MEHEHUH
B JlaTaceTe M aHaJIN30M pUCKa epeoOydeHHUs.

6. PaGoTa ¢ HAyYHBIMH CTAaThSIMH, HAa MPUMeEpe CTaTell MOCBAIIEHHBIX HeJIHHEHHBIM
MeTo]1aM CHU:KeHus pa3mepHoctH (t-SNE, UMAP)

o 3apava: M3yuute 2-3 Hayunsle cratbu 110 t-SNE u UMAP (Hanpumep, opuruHagbHble
pabotel van der Maaten). [IpumenuTe 3T METOIBI K AaTaceTy AJs CHIXKEHHS pPa3MEpPHOCTH U
BH3YaJIM3aluH KJIaCTEPOB.

o IHaru: O6cyaure npodieMbl HEMUHEHHOTO MoIX0/a (ToTeps IN100ANbHOM CTPYKTYpHI),
KoHTprpumepbl. CpaBHUTE ¢ TuHEHHBIMU MeToamMu (PCA).
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o OKupaeMblii  pe3yjabTaT: AHHOTalUsI  CTAaTeil, KoOJ  TNPUMEHEHUS  METOJOB,
BU3YaIH3aIUU U aHATH3 PEUMYIIECTB/HETOCTATKOB.

7. ®uznvyeckn MHGOPMHUPOBAHHBIEC HEIIPOHHBIE CETH

o 3amaya: OObeMHUTE CTATHCTHUYECKYIO MOJENb (perpeccusi) ¢ anamutudeckor (PINN)
JUTSE yaeTta GU3ndecKuX 3aKOHOB (HaIpuMep, MOAeIMpoBanue U y3UH TIIFOKO3bI B OPTaHU3ME).

o Iarm: Peasmsyiite PINN B PyTorch, cpaBHuUTE mMmItOCE/MHUHYCH (TOYHOCTH VS.
HHTEPIPETHPYEMOCTh). OOBsICHUTE CITOCOOBI 00BeMHEHUS (BCTPauBaHUE YPAaBHEHU ).

o Osxmpaembiii pesyabrar: Konx PINN, cpaBHeHHE C TpaJuLIMOHHBIMU MOJACIISIMU U
00CyXJIeHUE UHTETPALIUH.

8. MeTo/1 OlleHKH Ka4yecTBa IaHHBIX, oNpe/iejeHHe TPAHNL IPUMEHUMOCTH Mojeeii

o 3amaua: OrnieHUTE TPAHUIIBI MPUMEHUMOCTH MOJICIH: TPOAHATH3UPYITE TIepeoOyUIcHIE
(u3-3a yKcIa JaHHBIX/TIPU3HAKOB), HHTEPIPETUPYHTE p-value i rumores.

o Hlaru: IocTpoiite KpuBBIE 0O0y4eHHUs, paccuuTaiite p-value mast KOI(PUIMEHTOB.
O6cyauTte npoOIeMbl BXOISIINX JAHHBIX U PUCKH.

o O:xuaaemplil pe3yibTaT: AHaJIM3 TpaHUll (HapUMep, MHUHUMAIbHBIA pa3Mep
BBIOOPKH), PEKOMEHIAIUH 110 YIYYIICHUIO TaHHBIX.

Kputepuu omeHkn:

e Texnuveckasi koppekTHOCTh (40%): KauecTBo Koa, Mojieseil ¥ BU3yanu3auil.

e TeopeTnueckas riayouna (30%): Uarerpanust Tem, 000CHOBaHHE BBIOOPOB, CCHIIIKM HA
CTaTbhH.

e UnTepnperanus u BbIBOAbI (20%): OObsicHEHHE PE3yabTaTOB, ITUYECKUE ACIIEKTHI,
MPEJIOKEHUS 110 YIyYIICHHIO.

e [Ipesentanus (10%): YeTkocTs 0TYETA, OTCYTCTBUE OIIHOOK.

38}13HI/IH IJIdA l'lpOMC)KyTO‘lHOﬁ aTTeCTalluM 110 JTMCHMIIJIMHE (MO}Iy.]'IlO)

Ne 3ananue OtBeTt Komnerenums

n/n

1. Ha3zoBure ocHOBHYIO po0iieMy, OTJIMYAIOLIYIO KOppeJsiLius He OIIK-2
Kay3aluio OT KOPPEeNALnY B aHAJIN3€E TaHHBIX. 1oJipa3yMeBaeT

HpI/ILII/IHHOCTB/ MNPUYINHHOC
Th HC paBHA KOPpCISALNN

2. VYkaxure criocod myOoIMIHOTO MpeICTaBICHHS Mpe3eHTalus [K-3
PE3yJIBTATOB I10 MOHATHIO Kay3aluH U

UHTEPIPETUPYEMOCTH.
3. HazoBure 00111y10 3aKOHOMEPHOCTH B MAITUHHOM HUHTEPIPETUPYEMOCTh I1K-3
00y4eHHH, CBSI3aHHYIO C HEOOXO0AUMOCTBIO pe3yJIbTaToB

HWHTEPIPETALMU MOJIeNIEH JIJIsl STUUECKUX PEUIEHUM.

4, VYKaKuTe peKOMEH/IAIMIO 110 OLICHKE P-value T1K-3
nepeoOyUYCHHUS U3-3a YNCIIa TPU3HAKOB.

5. VKaxuTe TUI CBSI3U IPU3HAKOB, II€ IEPEMEHHAs confounder/koHdayHep OIIK-2
BJIMSCT Ha 00€ aHATM3UpyeMbIe TIepEMEHHbIE,

HCKaXXas X CBA3b.
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6. Vkaxkute popmar geMoHCTpaiuu rpada JIEMO IK-3
NPUYUHHOCTH ¥ THIIOB CBSI3€H IIPH3HAKOB.

7. VYxaxute TUH 3 PeKTa MPU3HAKOB, TIIE UX MYJIBTUIUIMKATHBHBIN [1K-3
B3aUMOJICHCTBUE YMHOKAET BIMSHUE HA UCXOI. apdexT

8. VKakuTe peKOMEHIAIUIO 110 00bEIUHCHHIO PINN OIlK-2
CTaTUCTUYECKOH 1 aHATUTUYECKOW MOJETICH.

9. HazoBure MeTo pacueTa HOrpeIHOCTH MOJIEIH, bootstrap/OyrcTpan [1K-3
OCHOBaHHBINA Ha ITOBTOPHOM BRIOOPKE TaHHBIX.

10. VYxkaxure GopMaT myOIMIHOTO 00CYKICHHS JICKYCCHS I1K-3
¢u3ryecku HHPOPMUPOBAHHBIX HEHPOHHBIX CETEH.

11. HazoBute mpobrieMy, BOSHHKAIOIIYIO TIPH nepeoOy4eHne I1K-3
HEIOCTATKE JaHHBIX OTHOCHTEJILHO YHCIIA
MPU3HAKOB.

12. YKaxuTe peKOMEHIAIHIO 110 CHIDKEHUIO HEeJIMHEHHOe OIIK-2
pa3MEpHOCTH JaHHBIX ¢ TiomMoIkio t-SNE. 0TOOpaKCHUE

13. VKakuTe HHCTPYMEHT U1 UHTepIpeTalluy BKIaaa LIME [1K-3
NPU3HAKOB B MOJIEINb, HCIIONB3YIOMINI JTOKATbHbIE
00BSICHEHHS.

14, YKaxuTe crioco0 npeacTaBiIeHUs BU3YaTU3alUsI [1K-3
UHTEPIPETUPYEMOCTH PE3yIbTaTOB PadOTHI
MOJEIIEH.

15. YkakuTe HHCTPYMEHT ISl BU3yallu3aliu rpados DAGitty [1K-3
NPUYUHHOCTH.

16. VYkakure peKOMEHIAIHIO M0 PacuETy CTaHJapTHasl OLIHOKa YK-6
MOTPEIIHOCTH B CTATUCTHYECKOIN MOJIEIH.

17. HasoBure npobieMy kadecTBa JaHHBIX, CBA3aHHYIO | MYJIBTHKOJUIMHEAPHOCTh I1K-3
C BBICOKOM KOppeJSILIUEH MEX Iy ITPU3HAKAMMU.

18. Ykaxure popMaT oTueTa 1o paboTe ¢ KaueCTBOM rpaduk [K-3
JIAHHBIX ¥ MaTPUL[AMHU KOPPEJISIHHI.

19. HazoBwute moaxoa K CHIDKEHHUIO pa3MEPHOCTH, PCA OI1IK-2
OCHOBaHHBIH Ha COXpaHEHUH TINT00ALHON
CTPYKTYPBIL.

20. YKaxuTe peKOMEHIAINIO TI0 BBISBICHUIO KOppeJSIUOHHAS YK-6
KOpPPEJSIMY BMECTO Kay3alliu B JAHHBIX. Marpuiia
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