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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Nzydenue nucrumuimabl (Moayist) «Production ML (MamuHHOE 00y4YeHHE B TPOJIAKIICHE )
IO3BOJISIET CIIyIIATENsIM IOJIYYUTh INPAKTHYECKUE HABbIKM, HEOOXOAMMBIE MJs YCIEUIHON
MHTETPALlUN MAITMTHHOTO 00Y4YeHHUs B ON3HEC-TIPOLIECCHI, YTO KPUTHUECKU BAYKHO JJIS JOCTHKEHHS
KOHKYPEHTHBIX ITpenmyuiecTB. Kpome Toro, 0HO criocoO0cTBYeT IOHMMAHUIO BEI30BOB U PEILICHUH,
CBSI3aHHBIX C MacUITAOMPOBAHUEM H MOJEPKKOH ML-Mozeneil B ycI0BUAX peaTbHOTO BPEMEHH.

Heab n3yvyeHuss TUCHMILIMHBI (MOAYJISA): OCBOCHHUE CIYIIATEISIMU METOJIOB M MPAKTUK
BHEJPEHHUS, DPa3BEPTbIBAHUSA U MOAJEPKKH MOJENeld MaIIMHHOTO OOY4YeHHsS B pPEajbHBIX
MIPOU3BOJICTBEHHBIX CUCTEMAX.

3amayu u3y4eHusi JUCUMILIMHBI (MOXYJIs):

— (¢opMupoBaHUE 3HAHUIA, KaK 00€CIIeYUTh BOCIPOU3BOIUMOCTH B MATUHHOM 00Y4YEeHHH;

— (¢opMupoBaHUEe 3HAHUN OCHOBHBIX ATAINOB KU3HEHHOTO LIUKJIA MOJIEIICH;

— (¢opMupoBaHUE 3HAHUH, KaK YCTPOEH MPOLECC YIpaBJIeHUs JAaHHBIMU AJIsl 00y4YeHUs,
BKJII0YAas UX JICHOIMHT, BEPCHOHUPOBAHUE U 00ECIIEYCHHE KaueCTBa,

— (opmupoBanue 3HaHMIA, B 4eM OTIHYNE MEXTy oddaiiH u oHIAHH MOJEIAMHU U KaK
TUTAHUPOBATH 33/1a4M JIJIs X O0OyUeHUsSI U BHEAPEHUS,

— ¢opmMupoBaHUe 3HaHUH, KaK MOATOTOBUTH, ML Mozenu Kk MaciTabupoBaHHIo;

— ¢opMupoBaHHE YMEHHUS OPraHU30BBIBaTH TPEKUHI KOJAa U  PE3yJIbTaToB
9KCIIEPUMEHTOB;

— ¢opmupoBaHue ymMeHUs paboTaTh C MalmiaaiiHaMu OOpaOOTKHM JAHHBIX M OOYYCHHS
MOJICIIEN,

— (opMUpOBaHHE YMEHHUS JEIIONTh MOJEIIH,;

— (opMUpOBaHHE YMEHHUS aBTOMAaTU3UPOBATh IIPOLIECC 00YUEHMSI U JIETI0SN MOJEIIH;

— (¢opMupoBaHUE YMEHMs pa3padaThiBaTh TECThl JJISl MPOBEPKU KauecTBa MoAENECH U
HACTPanBaTh MOHUTOPHHT JJIsi KOHTPOJIS UX paOOTHI;

— ¢opMupoBaHUE HaBbIKAa BHEAPEHUS U MOAIEPKKH paboThl ML MoJieneil B mpoakiieHe;

— ¢opmupoBanue HaBbika paboTel ¢ MLOps nuHcTpyMeHTaMu.
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2. Temaruueckmii njian

Ne TpynoeMKocTh, akageMH4YeCKHE YACHI
w/m HaumeHnoBanue Qunas dopua TKY
pa3aena IMCUHUIIINHBI AyauTopnas pabora (Tekyumi
Jexuun CeMuHapbl CamocrosnTe
(MmonyJis) KOHTPOJIb
(mpaktnyec | Konrpoun JbHAs ycnenaemocrH)
KHe padora
3aHSATHA)
1 ML B uHIyCTpHUH. 1 4 21 Jlomarinue
3aaun U UHCTPYMEHTHI 3aJlaHus
ML unxeHepa
2 Pabota ¢ JaHHBEIMH B 1 4 21 Jomariame
ML 3aIaHus
3 [TocTanoBKa U TPEKUHT 1 4 21 Homaraue
ML sKCriepuMeHTOB 3a7aHus
4 IMoarorosxka ML 1 4 21 Jlomarirare
MOJIENIEN K JICTIOI0 3aaHus
5 ABTOMaTH3aINA 1 4 21 JoMaraue
oOyuenus u nerioss ML 3a1aHUs
Mozenen
6 TecTupoBanue u 2 4 21 Homarrane
MOHHUTOPUHT 3aJIaHus
Tect
7 [Ipe3eHTanus mpoeKToB 2 5 22 Jomamrane
Y UTOTH Kypca 3aJIaHus
3auem c oyenkoi 4 [Ipoekt
Hmoczo: 9 29 4 148
Obvem oucyuniunsl (Mooyisn) 190
(6 ax. u.)
3. Copepxanue TUCUUILIMHBI (MOTYJIS)
Nen/m HanmenoBanue pasgea ConepxxaHue TUCHUNIMHBI (MO1YJIs1) 0 TEMaM

JMCHMNJIMHBI (MO1YJIs1)

1 ML B ungycTpuu. 3a1auu u
UHCTpYMeHThl ML nHxxeHepa

OcHoBHBIE 00JaCTH NMPUMEHEHHUS MAaIIWHHOrO O0y4deHHs B Ou3Hece.
Pomu u oOs3anHocTM ML umxeHepa. O030p HMHCTPYMEHTOB H
TEXHOJIOTHH Jiyisl pa3paboTku ML pemennii

2 Pabora ¢ manueiMu B ML COop W OYHCTKA JaHHBIX. AHaJIM3 W BU3yaJdW3alUs JIaHHBIX.
[lonroToBKa JaHHBIX 7151 O0OYYSHHS MOJIEIeH
3 IlocranoBka u TpexkuHr ML ®dopmynupoBaHHe THIOTe3 ©  3a7ad I OKCIEPUMEHTOB.
9KCTIEPUMEHTOB Hcnonp3oBanue CUCTEM TPEKUHTA JIJISL YIIPABIEHUS dKCIIEPUMEHTaMHU.
OreHKa pe3yaIpTaTOB M METPUK MOIeeH
4 IToarorosxka ML monenein k OntuMuzanus Mojeneil s npoaakimieHa. dopMarbl COXpaHEHUS U
JETIIION pazBeptbiBanusa Mogened. Cozpanue APl nns B3aumoneucTBus c
MOJIEJISIMA
5 ABTomaTH3anus 00ydeHus: u UcnonezoBanne CI/CD gns ML mpoektoB. WHCTpyMEHTHI JUIst

nemnosa ML Mmonenen

ABTOMAaTUu3aluun NporeccoB O6yLICHI/I5L ynpaBJ’[eHI/IC BCpCHUAMU MO,Z[@JICﬁ
1 JaHHBIMHU

6 TecTtupoBaHre U MOHUTOPUHT Meronpl TECTUPOBAHUS ML MOJIEIIEH. MonuTOopUHT
MIPOM3BOJAUTENBHOCTH M KauecTBa MoJielieil B mpoaakmeHe. O6paboTka
c0O0EB M yIIpaBJIeHUE PUCKAMHU

7 [pesenranus npoektoB u utorn | [loaroroBka u cTpykrypa (uHaneHOW mpe3eHTanuu. OOCyxkIeHue

Kypca pe3yibTaTOB M BBIBOJOB MpoekTa. OneHka W oOparHas CBS3b 110

IMPOCKTAaM Yy4YaCTHHUKOB KypcCa
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4, YyeOHO-MeTOaUYECKOE O0ecImeyeHne

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

Kaxnplii crmymarens B TeYEHHE BCErO IEpuoja OOYyYeHHs IOJIydaeT WHAWBUAYAIbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMOIMOTEYHOH  CHUCTeME W 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIa K pecypcaM M3 JI000i TOUYKH, Tlie eCTh NOAKII0OUeHHe K ceTu VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

CnymarensM obecriedeH yJalleHHBIH JOCTYIl K COBPEMEHHBIM MPO(heCcCHOHAIBHBIM 0a3aM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

Ocnosnas numepamypa:

1. Crpyxxkun, H. I1. ba3bl nanubix: npoekrupoBanue. [IpakTukyM : yueOHUK ISl BY30B /
H. I1. Ctpyxkun, B. B. 'oqun. — Mocksa : M3natenscto FOpaiit, 2025. — 291 c. — (Bsiciiee
obpazoBanue). — ISBN 978-5-534-00739-8. — Texkcr : anekTponHblii // OOpa3oBareiabHas
wiatdopma tOpaiir [caiit]. — URL: https://urait.ru/bcode/561215.

Jlonoanumensnasn numepamypa:
1. HesikonoB, A.I'. Mammnanoe oOydenune u aHanu3 naHubix / A.I'. JIpsikonoB. — URL:
https://github.com/Dyakonov/MLDM_BOOK/blob/main/README.md.

5. MarepuaabHO-TeXHHYECKOe 00ecreyeHune

VYHUBEpCUTET pacnojaraeT MaTepHalIbHO-TEXHHYECKOH 0a30if, COOTBETCTBYIOLICH
JEHCTBYIOIMM MPOTUBOIIOKAPHBIM IIPaBUJIaM U HOpMaM U 0OECIeunBarollell MpoBEIEHNUE BCEX
BUJOB JUCUUIUIMHAPHOW M MEXAUCUUIUIMHAPHONW TIOATOTOBKM, IPAKTHUUECKOW U Hay4yHO-
HCCJIEI0BATENIBCKOM paboT 00yyarouxcsi, IPeayCMOTPEHHBIX Y4EOHBIM I1JIAHOM.

[TomerieHus1, KOTOpPBIE PECTABIIAIOT CO00M yueOHbIE ayAUTOPUH JJIs IPOBEICHUS 3aHATHH
JEeKIIMOHHOTO THUMA, 3aHATUH CEeMMHAapCKOro (IpakTUYeCKOro) THIA, TPYNIOBBIX U
MHAUBUAYaAJIbHBIX KOHCYJIbTAIMM, TEKYIIIET0 KOHTPOJIS U MPOMEKYTOUHON aTTeCTalluH, a TaKKe
MOMEIIEHUS Il CAMOCTOATENIBHOM paboThl U MOMEIIEHUS Il XpaHEHUS U MPO(UITAKTUYECKOTO
obcimyxuBaHusl yueOHOTO 000pynoBaHus. [TomMereHns: yKOMIUIEKTOBaHbI CIICIUAT3UPOBAHHON
MeOenbl0 U TEXHUYECKHMMHU CpEICTBAMH OOyuYeHHs, CIy>KalllMMH JUIs MpeACTaBIeHUs ydeOHOoU
uH(popMalu 00JbILION ayIUTOPUH.

N3yueHne qUCUUIUIMHBI (MOAYIsA) o0ecrieunBaeTcs B y4eOHbIX ayIUTOPHX, OCHAILIEHHBIX:

— CTOJIaMU U CTYJIbSIMH;

— KOMIIBIOTEPHOM TEXHUKOW;

— MEXaHUYECKUMHU KaJIbKYJISATOPAMH;

— CHeUAIN3UPOBAHHBIM 000pYI0BaHUEM, BKIIOYAs IEMOHCTPAILMOHHOE 000pYyI0BAaHUE.

[TomerieHus 1711 CaMOCTOATENBHOM paboThl 00yUarOIUXCsl, B TOM YHCIIE IPUCIIOCOOICHHbIE
JUISL MCTIONBb30BaHMsI MHBAJIMIAMH M JIMLIAMU C OTPAaHUYEHHBIMU BO3MOXXHOCTSMH 30POBbS,
OCHAILIEHbI KOMIIBIOTEPHON TEXHUKOM C BO3MOXKHOCTBIO MOAKIIOYEHHs K ceTu «MHTepHeT» M
obecrieueHneM JOCTyla K B DJJIGKTPOHHYIO HWH(OPMAIMOHHO-00pa30BaTEIbHYIO Cpeay
YHuBepcurera.

OOyyarommMcesi MpeNoCTaBIsAeTCs JOOCTYN (B TOM 4YHCIE YJAlIeHHBIN) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YyHClie AJNEKTPOHHBIM OHOIMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM NpodecCHOHaIbHBIM 0Oa3zaM
JTAHHBIX U UH(OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM):
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https://urait.ru/bcode/561215
https://github.com/Dyakonov/MLDM_BOOK/blob/main/README.md

Ne HanMeHoBaHue noprana Ccbuika
(u31aHMs, Kypca, 10KyMeHTa)

1. Hayunas snextponnas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
oubimoTexa

2. | basa mannbix s IT-ciienuanucToB https://habr.com

3. | basa nannbix ScienceDirect https://www.sciencedirect.com

4. | OdunmansHbli caiT MUHUCTEPCTBA HAYKH U https://minobrnauki.gov.ru/
BBICIIIEro oOpa3oBanus Poccutickoit denepariu

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

6. | Uadopmarmonnas cuctema "Eannoe okno qoctyna | http://window.edu.ru/
K 00pa3oBaTensHBIM pecypcam”

7. | Enunas xomteknus mupoBEIX 00pa30BaTeIbHBIX http://school-collection.edu.ru/
pecypcos

8. | ®enepanbHbIi HEHTP MHPOPMALIHOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB

[lepeuenr WHDOPMAINMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX IIPH  OCYIICCTBICHUU
00pa30BaTeNbHOTO MpoIiecca Mo JUCIUILIMHE (MOAYII0), B TOM YHCIIE KOMIUIEKT JTUIIEH3NOHHOTO
MpOrpaMMHOTO  OO€cClieueHus, COBpEMEHHble mpodeccuoHaabHble 0a3bl  JaHHBIX U
MH(OPMaIIMOHHBIE CIIPABOYHBIE CHUCTEMBI:

HaumenoBanmne 110 IIpoussoacreo JInuen3nonnoe / cB060HO

pacnpocTpansiemMoe

OnepanmoHHbIe CUCTEMBbI:
Microsoft Imagine (Windows Client, | 3apy6exHoe JMLIEH3HOHHOE
Server)
Bpay3sepbI:
SIupexc.bpaysep OTEYECTBEHHOE CBOOO/THO PacIpoCTpaHsIeMoe
Google Chrome 3apy0exHOe CcBOOOTHO PACIIPOCTPAHIEMOE
OducHble NPUITOKEHUS:
Microsoft Imagine (Visio, OneNote) | 3apyOexHoe JIMLICH3UOHHOE
TeXstudio 3apyOekHOe CcBOOOIHO pacIpocTpaHsieMoe
Adobe Acrobat Reader 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe

HpOFpaMMHOC odecrneuyenue IJIS IJTAHUPOBAHUS U YI€TAa BPEMCHU:

Toggle app | 3apy6exnoe | cBOGOIHO pacpocTpanseMoe
CucreMbl ynpapJieHHsI TPOEKTAMM:

Microsoft Imagine (Project) | sapyGeskHoe | nuuensnonHOE

Cucremsbl ynipapjeHusi 0a3aMH J1aHHbIX:

Microsoft Imagine (SQL Server) | sapyGesxHoe | muuensmonHoe

Cucrembl pe3epBHoro konuposanus (backup):

Acronis Backup Advanced for 3apybesxHOe JIMIICH3UOHHOE

HyperV

CnpaBo4YHO-NIPaBOBbIE CHCTEMBI:

KoncynbrantlLitoc: cripaBouHO- OTEUECTBEHHOE JIMILEH3UOHHOE

IpaBoOBasi CUCTEMa

Cpencrpa aHTMBMPYCHOM 3aILMTHI:

Kaspersky Endpoint Security s OTEYECTBEHHOE JIMLIEH3UOHHOE

ousneca Cranmaptabiii Russian

Edition

Cpensl pazpadoTku:

Visual Studio Code 3apy0exHOe CcBOOOJTHO PACIIPOCTPAHSIEMOE
Bash (Unix shell) 3apyOexHoe cBOOOJTHO pacIpOCTpaHsIeMOe
Anaconda 3apyOekHOe CBOOOIHO PaCIPOCTPaHAECMOE
Robotic Operating System 3apyOekHOE CBOOOHO pacIpoCTpaHseMOe
CopelliaSim 3apyOexHoe cBOOOJTHO pacpoCTpaHsIeMOe
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Google Colaboratory | sapy6exHoe | cBOGOIHO pacnpocTpaHsieMoe
IMakeThl NPOrpaMMHBIX CPEJACTB H OHOJIHOTEK:

AutoPsy 3apyOekHOe CBOOOJTHO pacIpocTpaHsIeMoe
Interactive Disassembler (IDA) 3apyOekHOE CBOOOHO pacIpOCTpaHsIEeMOe
Cucremsbl ynpaieHusi onéanorpaguyeckoil HHpopManmeii:

Zotero | 3apyOekHOE | CBOOOIHO pacIpoCTpaHsIeMOe
CepBHuCHI U CIYKOBI:

Bind 3apy0exHOe CcBOOOJIHO PACIIPOCTPAHIEMOE
Docker 3apyOeKHOE CBOOOHO pacIpOCTpaHsIEMOe

6. MeToanueckne M OIeHOYHbIE MATEPHAJIBI
MeToan4yeckne yKkazaHus JJ1s1 00yYAIOIMXCS M0 OCBOEHHUIO TUCIHUILUIMHBI (MO1YJIA)

B npouecce uzydyenus auctmumabl (Moayisi) «Production ML (MammHHOE 00y4eHue B
IPO/IAKILIEHE)» B paMKaxX TEKYIIEro KOHTPOJIS yCIIEBa€MOCTH UCIIONIBb3YIOTCS TaKHE BUIbl y4eOHON
paboThl, Kak JIEKLHUH, MPAKTUYECKHE 3aHATUS, JOMAIIHUE 3aJaHUs, TECT, MPOEKT, a TaKkKe
pasn4yHble BHUJBl CAMOCTOSITENILHOW paboThl OO0ydaroIuXcs IO 33JaHUI0 MperojaBaTens,
HaIpaBJIEHHbIE HA Pa3BUTHE HaBBIKOB IPO(ECCUOHATIBHON JIEKCUKHU, 3aKPEIVIEHUE TPAKTHUYECKUX
npo¢eCCHOHATBHBIX KOMIIETEHIIMH, TOOIPEHNE UHUIMATHB.

Jlexyus — cHUCTEMaTWYEeCKOe, IIOCIEIOBATEIbHOE, MOHOJOTHUECKOE  H3JI0KEHHUE
npernoiaBaTesieM yueOHOTo MaTepuaa, Kak IpaBuiio, TEOPETHYECKOTO XapaKTepa.

B mpormecce neknmii peKOMEHIYETCS BECTH KOHCHEKT JIEKIUH: KPAaTKO M CXEMaTHYHO
(UKCUPOBATh OCHOBHBIC WJCH, BBIBOJBI W OOOOIICHUS JICKIIMU; BBIICIATH BaXKHBIC MBICIIH,
KJIIOYEBBIE CJIOBa W TepMUHBL. HeoO0XO0AMMO OTMETHUTH BOMPOCHI MM MaTepUaibl, KOTOpPHIE
BBI3BIBAIOT 3aTPYIHCHHS, U MOMBITATECS HAWTH OTBETHI B PEKOMEHI0BaHHOU JiuTepatype. Eciu
pa3o0parbcsi B Marepuaje HE yHaercs, cieayeT chopMyIupoBaTh BOIPOC W 3a1aTh €ro
NPEIoIaBaTeI0 Ha KOHCYJIBTAI[MH WM BO BPEMSI CEMUHAPCKOTO (TIPAKTUYECKOTO) 3aHSATHS.

Yuacmue 6 cemunape (npaxmuwecxom 3aHﬂmuu) — AaKTHBHas pa60Ta cIymareiid Ha
CCMHUHApPEC, €TI0 OTBCTHI HA BOIIPOCHI NPCIIOAABATCIIA U YIACTUC B TUCKYCCHUH.

,Z[J'ISI YCIICHIHOTO YYaCTHA B CCMHUHAPEC CIYIIATCIIIM PEKOMCHAYCTCA 3apaHCC O3HAKOMUTLCA
C TeMoH O6CY)KI[€HI/I${, IpoYnTaTh HCO6XOI[I/IMBIG MaTepHraJibl U NMMOATOTOBUTH BOIIPOCHI. Baxno
AKTUBHO CJIYHIAaTb U BOBJICKATHECA B JUCKYCCHUIO, BBICKA3biBasd CBOW MHCHHUA U apIr'yMCHTHPYS UX.
HpI/I OTBCTAX Ha BOIIPOCHI IIperiogaBaTeyid CTOUT OBITh YBEPCHHbBIM, YCTKHM U JIOTUYHbIM,
onupasicChb Ha I/I3y‘~IeHHBII\/'I Marcpuall. Taxokxe moae3Ho MOAACPKMUBATE JUAJIOT C OAHOKYPCHHUKAMU,
4TOOBI 00OraTHTh O6Cy>KI[eHI/Ie " paClIUPpUTL CBOW 3HAHUA.

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

[Ipu pabGore Hax JOMAIIHUMHM 33/aHUSIMM  BaXHO BHUMATEIbHO O3HAKOMHUTBCS C
TpeOOBaHUSIMU U CPOKaMH BBINOIHEHUs. PekoMeHyeTcss pa30uBaTh 3aaHMsl Ha STalbl, YTOObI
n30exaTh MEperpy3ku U Jydllle yCBOUTh Marepuai. Mcrosb30BaTh pa3iuyHble MCTOUYHUKHU
uH(popMalny, BKIOYasi yaeOHUKU U OHJIAaH-peCcypcChl, AJis 0ojee rIyOOKOro MOHMMaHUSI TEMBI.

Tecm — ocobast ¢opma mpoBepkHu 3HaHMU. [IpoBoauTCS MOCIe OCBOEHHMS OJHOM WM
HECKOJIBKMX TEM M CBHJIETEIBCTBYET O KAYECTBE NMOHMMAaHUS OCHOBHBIX IMOHSATUN H3y4aeMOTO
Marepuana. TecTtoBble 3aaHUsl COCTaBIEHBl K KJIIOYEBBIM IIOHATHUAM, OCHOBHBIM pa3zeciiaM,
BaXHBIM TEPMUHOJIOTMYECKUM KaTErOpUsAM U3y4aeMOU TUCHUIUIMHBI (MOIYIIS).

Jli1 HOATOTOBKM K TECTy HEOOXOAMMO 3HATh TEPMUHOJIOIMUYECKHM anmapaT JUCIUILTMHbI
(MomyJIs), TOHUMATh CMBICI HAYYHBIX KATETOPUN U YMETh UX UCII0JIb30BaTh B MPO(HeCCHOHATILHON
JIeKcuke. BrageHue MOHATUHHBIM anmapaToM, BKIIOYEHHBIM B TECTOBBIE 3aJlaHUs, MO3BOJISIET
IpenosiaBaTesto  ObICTPO  MPOBEPUTh  YPOBEHb  IMOHHMMAHHS  CIYIIATENSIMH  BaXKHBIX
METO/I0JIOTUYECKUX KaTETOPHil.
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Ilpoekm — wuccaenoBarenbckas paboTa MO IUCHUIUIMHE (MOIYJI0) W TpE3eHTAIus
pE3yIbTaTOB.

Jlist yCIIeNIHOM TOATOTOBKU K TPOEKTY: YETKO OINpENeIuTe IENd W 3aJa4d IMPOEKTa,
pacmpenenuTe PO W OO0SM3aHHOCTH MEXKIY YYaCTHHKAMH, a TaKXKe YCTAaHOBUTE CpPOKHU
BBITTOJIHEHUS K10 4acTH paboThl. PeryssipHo mpoBoauTe BCTpEUH JUIst 00OCYKIEHUS Iporpecca
Y PEUICHUS BOSHUKAIOIINX BOIPOCOB.

Camocmosmenvuas paboma — paboTa CIylmaTteiei, HampaBlICHHAs Ha YIIIyOJEeHHOE
W3YYCHHUE OTJICTHHBIX TEM U BOIPOCOB YUCOHON AUCIUILTUHBI (MOTYIs).

B  mpomecce camocTosTeNnpHOW ~— pa0OThI  CIIYIIATENIM  B3aUMOJICHCTBYIOT ¢
PEKOMEHIOBAaHHBIMA MaTepuajaMi [PU MHUHUMAIBLHOM YYacTUU TNperojaBarels. 3ajadu
CITyIIaTeNs BKIOYAl0T paboTy ¢ KOHCIIEKTaMU JICKITUH (00paboTKa TEKCTa), TOBTOPHOE U3yUEHHUE
y4eOHBIX MAaTEPUAIIOB TUIAHOB M TE3MCOB OTBETOB, H3yUCHHE JTOTIOTHUTEIBHBIX TEM, BBIOJTHCHHE
y4eOHO-HUCCIIEIOBATEIbCKUX 3aIaHUH U IPYTOE.

Cucrema OLCHUBAHUSA PE3YyJbTATOB Oﬁy'leHl/lﬂ o JMCIUIIJINHE (MO}IyJ’[]O)

OneHuBaHue ypOBHS Y4YEOHBIX JOCTHKEHHH OOydYarolmuXcs MO AUCHUIUIMHE (MOIYJIIIO)
OCYIIECTBIISIETCS B BUJIE TEKYILIETO KOHTPOJIS YCIIEBAEMOCTH U MPOMEKYTOYHOM aTTECTALIUH.

I[Ipome:xyTouHasi aTTrecTalusi MO AUCHUIUIMHE (MOIYJIO) OCYIIECTBIsIETcS B (Qopme
3auema c OYeHKoIl.

JIns OLIEHMBAHHUS TEKYIIEro KOHTPOJIS YCIIEBAEMOCTH M IPOMEKYTOYHON aTTEeCTALUH
UCTIONB3YETCs JeCATHOA/UIbHAS IIIKaja OIICHWBAHUS, KOTOpas COOTHOCHTCS C TPaTUIIMOHHOMN
MATHOALIHPHON MIKAIOHN CIIEAYIONUM 00pa3oM:

Hecsitrubannbuas IarudajnbHas Ounenka 3a Oo0masi xapakTepucTuKa pe3yJibTaTa
OLIEHKA OLIEHKA 3a4er 00yuyeHusi 10 JUCHUILIHHE (MOYJIIO)

10 OTtnuaHO 3a4teHo Chaymatens MOTHOCTBIO BIAJCET 3HAHMSIMU,

9 OTan4HO 3a4TeHo W3JI0)KEHHBIMH B paboyell mporpaMme, H

8 OTIN9HO 3449TEHO rIIyOOKO OCMBICISET JUCHUIUINHY (MOIYJIb).

On CaMOCTOSTEIIBHO u JIOTHYECKH
MOCIIEIOBATENIEHO OTBEYAET HA BCE BOIIPOCHI,
aKIICHTUPYS BHUMaHUE Ha HAuOOJIee BAXKHOM.
VmMmeer aHaIIM3UPOBATh, CpaBHUBATb,
KJIACCU(UIMPOBATD, 0000111aTh,
KOHKPETH3UPOBaTh M  CHUCTEMAaTH3MPOBATh
W3YYEHHBI MaTepHhall, BBIACISAS KIIOUEBbIC
MOMEHTBl W  YCTaHaBIMBas MPUIHHHO-
CJICIICTBEHHBIE CBs3M. YeTko (opmyaupyer
OTBETHI, YBEPEHHO WHTEPIIPETUPYET
pe3yiIbTaThl aHaJIN30B u JIPYTHX
WCCIICJIOBAHNN, a TaKKe peIlaeT CIIOXKHBIC
3amaun. ClymaTtenb XOpOIIO 3HAKOM C
METOJAMH HCCIIEJOBaHUS, HEOOXOIUMBIMHU
JUTSL TIPAKTUYECKON JESTeThHOCTH, U YMEET
CBSI3BIBATH TEOPETUUECKUE aCIEKThI
MUACHUIUINHBL  (MOIYJIS) C TPaKTHICCKUMH

3a7a4aMu.
7 Xoporro 3auTeHOo Cnymarens 00iajaeT 3HaHUSAMHU IpPEeIMETa
6 Xopomo 3auTeHo Mo4YTH B TIONHOM 00BeMme  pabodeid
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JecarudannpHas IlsaTuéannbHas Ouenka 3a OO0mast XapaKTepuCTHKA pe3yJbTaTa
OLICHKA OLICHKA 3ayer 00y4eHHUs N0 JUCHUTILVINHE (MOIY.TI0)

MPOTPaMMBI M CaMOCTOSITEIBHO, JIOTHUSCKH
MOCJIEeIOBATENIFHO M BCECTOPOHHE OTBEYACT
Ha BCE BOMPOCHI, aKIEHTUPYS BHUMAHHE Ha
HanboJiee 3HAUYUMBIX MOMeHTax. OH yMmeeT
aHAITM3UPOBATH, CpaBHUBATH,
KJIACCU(PUIIMPOBATD, 00001IaTh,
KOHKPETH3HUPOBATh W CHUCTEMATH3HPOBATH
W3YyYCHHBIH  MaTepual, BBIACIAS  €ro
KIIOYEBbIC  aCMeKThl W yCTaHaBIHBAs
MPUIHHHO-CIIC/ICTBCHHBIC CBSI3H.
®dopMyTUpyeT CBOM OTBETHI, YBEPEHHO
WHTEPIPETUPYET pE3yIbTAThl AHAIU30B U
JIPYTUX WCCICAOBAHHMMA, a TakkKe perraeT
CJIOXKHBIC CUTyallUOHHBIC 3aJa4u.
Chymiatens XOpOIIO 3HAKOM C METOJaMU
HCCIICOBAHUA, HEOOXOIUMBIMU JUIS
MPAaKTUYCCKOW  NIEATETBbHOCTH, U  yMeeT

CBSI3BIBATH TEOPETUUCCKHUE ACTICKTHI
mpeaMeTa ¢ IPAKTHYSCKUMHU 3a1a4aMH.

5 VY I0BACTBOPUTEIBHO|  3aYTEHO Crnymarens o0sagaer 0a30BbIMA 3HAHUSIMHU

4 V 10BIETBOPHUTEIHHO 3a4yTeHo M0 JAVCHIHIUINHE (MOMIYIIO), HO HUCIBITHIBAET

TPYAHOCTH TIPH CAMOCTOSTENLHBIX OTBETaX U
UCTIOJIb3YeT HeTOouHble (OpMYyIUpOBKH. B
XOl€ OTBETOB OH JIONMYCKaeT OIIMOKH,
Kacaroluecst cyTH BorpocoB. CiymaTenb
CHoco0eH pelarb TOJBKO CaMble IMPOCThIE
3aJaud M BIAACeT JUIIb MHHUMAaJIbHBIM
HaOOpOM METOJIOB HCCIIEIOBAHUSI.

3 He cnan He 3auteno | Cnymatens He OBJaje]l 00SA3aTENbHBIM
He cnaun He 3auTeno MHUHHUMYMOM 3HAHUM 110 INpeaMeTy U HE
1 He claH He 3auTeHo MOXET OTBCTUTbL Ha BOIIPOCHI, AAXKEC CCJIH

MPENOJABATENb  3a4acT  JIOIOJHUTEIbHBIE
HaBOJSIIIIUE BOIIPOCHI.

Huctunnuna (Moxayns) «Production ML (MamubaHoe oOydeHHE B MPOJAKIICHE)»
OILIEHUBAETCS CIEAYIOMIMM 00pa3oM:

AKTHBHOCTH Bec Onucaunmne

Homamnnue 3aganus | 50% | HabGop 3a7a4 1o Temam Hepenu

[IpoexTsl 30% | UccnenoBarenbekas padoTa Mo AUCIUILTHHE (MOJYIIIO) U TIPE3CHTAIHSI
pe3yJIbTaToB
Tecr 20% | Habop 3aianmii Mo TeMe Ha TIPOBEPKY 3HAHWI

®opmyaa pacuéra MTOroBOi OleHKH Mo aucuumiaune (moxyso) «Production ML
(MamuHHOe 00y4yeHue B mpoaakiene)»: «0,5 X cpeanee 3a fomarnue 3aganus + 0,3 X cpeinee
3a IpoeKTHI + 0,2 X TecT».
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Texkyuuii KOHTPOJIb YCIIEBAEMOCTH 00y4al0IIMXCH M0 IUCHUIIMHE (MOLYJII0)

IIpumepHbIe TOMaLIHUE 32/ TAHUS

Jdomamnee 3ananue: ML B unaycrpuun. 3agauu u MuHCTpyMeHThl ML MH:KeHepa

1. Onumure Tpu OCHOBHBIE 00JIACTH NPUMEHEHHS MALIMHHOTO 00y4eHMsI B COBPEMEHHOM
WHJYCTPUU U IIPUBEIUTE 110 OJHOMY IIPUMEPY UL KaXKIOMU.

2. PacckaxuTe O KIIOYEBBIX pPOJSIX U 00s3aHHOCTAX ML uHXEHepa B TMPOCKTE IO
paszpabotke ML-cuctemsi.

3. CocraBbTe CIUCOK U3 MIATH HOMYJISPHBIX HHCTPYMEHTOB HJIM OMOIMOTEK, UCIIOJIb3YEMbIX
ML unxkeHepamu, U KpaTKO ONMIINTE HA3HAYECHUE KaKI0TO.

4. HaiinmuTte U mpoaHATU3UPYHTE CTaThiO WM Keiic 0 BHeapeHuu ML B OGu3Hec-mporecc:
KakHe 3aJladyd pelagnuch, U Kakyro pojb urpain ML unxenep?

5. Onummnre, Kakue HaBBIKM M 3HaHUS HeoOxoaumbl ML umxenepy s 3pQexkTuBHOIM
paboThI ¢ OOIBIIMMHU JAaHHBIMU U PAa3BEPTHIBAHUEM MOJIEIEH.

Jlomamnee 3aganue: Padora ¢ janupiMmu B ML

1. CoGepute HeOOJNBIION maraceT (HAMpUMEp, C OTKPBITHIX HWCTOYHMKOB) W OIMIIUTE
MIPOIIECC €T0 OYMCTKH: KaKWe IIard Bl IPEIITPUHSITA U TIOYEMY.

2. IlpoBenuTe 06a30BBIN aHAIHM3 JAHHBIX: PACCUYMTANUTE OCHOBHBIC CTATUCTHKHU (CpeaHee,
Me/lnaHy, CTaHAapTHOE OTKJIOHEHKE) JUIsl BBIOPAHHBIX YHCIIOBBIX TPU3HAKOB.

3. Ioctpoiite BU3yanu3auuu JaHHBIX (THCTOrpaMMbl, scatter plot, boxplot) u caenaiite
BBIBOJIBI O PACIIPEICIICHIH U B3aMMOCBSI3SIX MTPH3HAKOB.

4. Onummre Meroabl oOpaOOTKM MPONYLIEHHBIX 3HAYEHHM W BBIOPOCOB, KOTOpPHIE BBI
IPUMEHHWIU K CBOEMY J1aTacerTy.

5. [logroroBeTe naHHbIE Ui OOY4YEHMsS MOJIEJIU: BBINOJHUTE HOPMAIU3ALUI0 WM
CTaHIapTU3aLUIO IPU3HAKOB U 00BSICHUTE BEIOOP METO/1a.

I[OMalIIHee 3aganue: IloctanoBka n TPEKHUHI ML IKCMMEPUMEHTOB U MOAT0OTOBKA
Mojeeil K 1enjiom

1. Chopmynupyiite runote3y s ML skcrepuMeHTa Ha OCHOBE BBHIOpAaHHOTO JaraceTa U
ONMILIUTE KPUTEPUH YCIIEXa MOJIETH.

2. OnmmmuTe, KaKk MOKHO HCIOJIB30BATh CHCTEMY TPEKHMHTa SKCIIEPHUMEHTOB (HampuMep,
ML flow nnn Weights & Biases) s ynpaBieHHs 5KCIEpUMEHTaMHU.

3. [IpoBenuTe »SKCIEPUMEHT MO OOYYEHUI0 MOJENU C Pa3HBIMU TMapaMeTpaMud H
3aUKCUPYHTE pe3yabTaThl (METPUKH KadecTBa). CaenaiTe BBIBOABI O BIUSHUH IMapaMeTPOB HA
KauecTBO.

4. OnummMTe OCHOBHBIE IIATd MO ONTHUMH3AIMM MOJENHU s MpOJaKileHa (Harpumep,
YMEHBIIIEHUE pa3Mepa, yCKopeHue nadepenca).

5. Coznainite mpocroit REST API (nanpumep, ¢ ucnonszoBanueM Flask wnu FastAPI) nns
pa3BepTHIBAHUS O0YUEHHOM MOJIEM U OIUIIUTE MPOoIecC €€ BHI30BA.

IIpuMmepHbIe 3aaHus 1JIs1 TECTA
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Tect mo MeTogam TectupoBanusi ML monesnei

1. Kakoii u3 cjeayommx MeTOI0B UCIOJIb3yeTCs VISl OLleHKH NPOU3BOINTEIbHOCTH
ML moaeau?

A) A/B TectupoBanue

B) Kpocc-Banunarus

C) lN'unepniapameTprueckasi ONTHMHU3ALINS
D) Bce BrlenepedncieHHbIe

2. Yro Takoe "drift" B koHTekcTe MOHUTOPUHTa ML Moneeii?

A) 3meHeHune CTPYKTYphI IaHHBIX

B) Usmenenue pacnpenesneHrs BXOAHBIX JaHHBIX
C) IMapenue npoU3BOIUTENTLHOCTH MOJIETTH

D) Bce BrlIEnEpEUNCIIEHHBIE

3. Kakoii u3 cjiefyomux MeTpHUK He SIBJIsIeTCS METPUKOIi KauecTBa IS
KJIaccH(PUKAIMOHHBIX MOjesIel?

A) Tounocts (Accuracy)

B) ITonnora (Recall)

C) CpennexBaapatuunas omubdka (MSE)
D) F1-mepsi

4. Kakoii moaxoa ucnosb3yercsi VI MOHUTOPHHIA NIPOU3BOANTEIbLHOCTH MO/IeJIH B
peajibHOM BpeMeHHu?

A) JlorupoBanue

B) Cratuctuueckuii KOHTpOIb
C) A/B tectupoBaHue

D) Bce BrIIenepeuncieHHbIe

5. UYro Takoe "o0padoTka cooeB'" B ML?

A) Ycrpanenue ommOOK B KOji€

B) Peakuus Ha cOou B paboTe Mozienu
C) Ontumu3anusi MOJIEIH

D) Coznanue pe3epBHOMN KOMUU TaHHBIX

6. Kakoii HHCTPYMEHT 4acTO UCNOJIb3yeTcs AJ1si MouuTopuHra ML moaeneii B
npoaaxKueHe?

A) TensorBoard

B) Jupyter Notebook
C) Microsoft Excel
D) PowerPoint

7. Kaxkoii MeTo/ M03B0JIsIeT OL[EHUTH BJIUSHAC U3MEHEeHU B MOJAe/IM HA ee
NPOU3BOIUTEIbHOCTD?

A) A/B TectupoBaHue

B) Kpocc-Banunarus
C) Bootstrap
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D) Monre-Kapio

8. Kakoii U3 ci1e1ylOIUX BApDHAHTOB ABJISETCS IPUMEPOM PHCKA, CBsi3aHHOT0 ¢ ML
MoaeasamMu?

A) Ilanenue npon3BOAUTEILHOCTU

B) HenpaBunpHas HHTEpIpeTanus pe3yabTaToB
C) U3menenune BXOAHBIX TaHHBIX

D) Bce BrlenepedncieHHbIe

9. Kakoii MeTO MOKET UCIOJIb30BATHCS /IJIs1 ABTOMATHYECKOT0 00HAPYKEHUS
"npudra' B 1aHHBIX?

A) Ynpolenue Moaenu

B) Craructuueckuii Tect

C) YBenuueHne ooObeMa JaHHBIX
D) CHuxeHue CI0KHOCTH MOJIEIH

10. Yto Takoe "peakuus Ha coon" B koHTekcTe ML?

A) IpenoTrBparienue omudOK B KOJIie

B) ABroMaTrueckas KOPPEKTUPOBKA MOJICIIH ITPpU COOSX
C) BoccranoBienue Mozenu mnocie c6os

D) Bce BrilIEnepeunciieHHbIe

IIpumepHoe oncaHue K IPOEKTY

3ananue s npoekra: "[loanblii uuka pazpadorkn ML moaenn"
Onucanue 3a0anusi
B pamkax naHHOro npoekra BaM NpEJCTOUT HPONTH MOJIHBIM LUK pa3padorku ML mopenu,
HauuHas ¢ paboThl C JAaHHBIMU U 3aKaHUMBas JEIUIOEM M aBTOMaTH3aluel nporueccos. IIpoekT
BKJIIOUYAET B c€0sl HECKOJIBKO 3TAIOB, KK/l U3 KOTOPBIX OY/AET OLIEHUBATHCS MO ONPEIEICHHBIM
KPUTEPHUSM.

Omansl N0020MOBKU Npoekma

1. CoOop u ouncTKa JaHHBIX
o Coop manubix: Haitnure u coGepute HaOOp AAaHHBIX, MOIXOSAIIUN JIJIs BaIIeH
3aa4yn (HampuMep, U3 OTKPBITHIX UCTOYHHUKOB, Takux kak Kaggle, UCI Machine
Learning Repository u T.1.).

o Ouucrka panubix: OOpaloTaiiTe MNpOMyIIEHHbIE 3HAYEHMs, BBIOPOCHI U
nyonupytomuecs 3anucy. ONMUIINTE METO/IbI, KOTOPBIE BBl HCIIOJIb30BAIIH.

o I[OKyMeHTaIlI/IﬂI IloaroroBsTE OTYET O mnmponecce c60pa 1 OYHUCTKHU JaHHBIX.

2. AHAJW3 M BU3yaJu3anus JaHHbBIX
o Aunamm3 nannbix: [IpoBenute pa3Benounslii ananu3 naHHbiX (EDA). Paccuuraiite
OCHOBHBIE CTaTUCTHUKY U BBISIBUTE B3aUMOCBSI3H MEX/1y IPU3HAKAMM.

o Bwusyanuszauus: [loctpoiite rpaduky u 1uarpaMMsl Ui BU3yalu3aluy JaHHBIX U
uX pacrpeneneHui (ructorpammsl, boxplot, scatter plot u T.1.).

o I[OKyMeHTaIII/IﬂZ Cos;[aﬁTe OTYCT C BU3yaAJIM3allUsAMU U BBIBOJAMU.

3. MocranoBka u TpekuHr ML 3KkcnepuMeHTOB
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(e]

®opmyaupoBanue runore3: OmnpenenuTe TMIOTE3bl W 33JaYd, KOTOPHIE BBI
XOTHUTE MPOBEPUTH C TOMOLIBIO MOJIEIH.

TpexuHr 3xcniepuMeHTOB: Vcnonb3yiite cuctemy Tpekunra (Hanpumep, MLflow
nmn Weights & Biases) s ynpaBieHUs SKCHEpPUMEHTAMH W XpaHEHUS
pE3yJIbTaTOB.

JoxkymenTanusi: I[loaroroBpTe OTUET O BalllUX THUIIOTE3aX M pe3yibTaTax
SKCIIEPUMEHTOB.

4. TloaroroBka ML moxgeseii K 1enJio0

(¢]

OnTumuszanus Mojesieii: O0yunTe HeCKOJIBKO MOJICTIEH U ONITUMHU3UPYNUTE UX JIJIS
MpoJIaKkilieHa (HampuMmep, C HCHOJIb30BAaHUEM METOAOB PETYJIsSpU3alUd WA
YMEHBIIECHUS PAa3MEPHOCTH ).

Coxpanenne u pa3eptbiBaHue: COXpaHUTE MOJICIIU B MOIXOMSIIUX (popMaTax
(mampumep, pickle, ONNX) wu mnoxaroroBeTe APl nmns wmx pasBepThIBaHUS
(manpumep, ¢ ucnosibzoBanueM Flask nnu FastAPI).

Joxymentanusi: Co3iaiiTe OT4ET O Mpoliecce NoAr0TOBKYA MOJIETICH.

5. Aptomaruszanusi o0ydenus u aemnoss ML mopesneit

O

CI/CD: Hacrpoiite CI/CD ajst aBTOMaTH3alUU MPOIECCOB OO0YUCHHS U JCTIION
Mmopenelt (Hanpumep, ¢ ucnoip3zoBanneM GitHub Actions unm Jenkins).

Yupasienue Bepcusimu: OpranuszyiTe CUCTEMY YIPaBICHUS BEPCUIMU MOJIEeH
u 1aHHbIX (Hanpumep, DVC).

I[OKyMeHTaI[I/IﬂZ IToarorosnte (1)I/IH3.J'IBHBII‘/‘I OTYECT O IIPOLECCCC aBTOMATU3AlIUU.

3awuma npoexma

®opmart 3amuthl: [Ipezentanus npoekrta (15-20 MHHYT) ¢ AeMOHCTpauued pabdOThI
monenu u APL

CTpyKTypa npe3eHTanum:

Beenenue u nenu npoekra.

[Iporecc cOopa 1 OYUCTKU JAHHBIX.

Pe3ynbpTaThl aHaM3a U BU3yalnn3aluU JaHHBIX.
['unoTe3sl U pe3yabTaThl SKCIIEPUMEHTOB.
IToaroroBka ¥ OIITUMU3AIUA MOJIENIEIH.
Hemonctpauus API u nponecca aBromaTu3amu.

3aKIrOYEeHNE U BBIBOJIBI.

Kpumepuu oyenusanusa

1.

KauectBo manubix (20%): [lonHOTa M KOPPEKTHOCTH COOpPAHHBIX JAHHBIX, KayeCTBO
OUYHUCTKH.

Ananu3 u Busyanuszanus (20%): I'myOvna ananm3a, KauecTBO BU3YAIH3allUid i BEIBOJIOB.

IlocranoBka »3kcnepumeHToB  (20%): UYerkocTts  QOPMYIHUPOBKH  THUIIOTE3,
HCIIOJIb30BAaHNUE CUCTEMBI TPEKUHTA.

IoaroroBka monesei (20%0): OnTumuzaius mojese, kauectBo API, mpaBUIBHOCTD
dhopMaToB COXpaHEHHS.

ABtomatu3anusi npoueccoB (20%): Odpdextunocts CI/CD, ynpaBneHue BepcUSMH,
JIOKYMEHTAIHSL.
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