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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Pabouast mporpamma nucruruimabl (Moaynsi) «Production ML (MamunHOe 00ydeHHE B
MNPOJAKIICHE)»  COCTaBJI€Ha B  COOTBETCTBUM C  (elepajbHbIM  TOCYAapCTBEHHBIM
o0pa3oBaTeNbHBIM CTaHJIAPTOM BBICIIEr0 O0Opa3oBaHUS — OakajgaBpuaT IO CHENHATbHOCTU
38.03.05 bwusnec-uapopmaruka, npoduabr buszHec-aHamUTHKA, YTBEPKIACHHBIM MPHUKA30M
MunucTepcTBa HayKH U BbIcIIero oopasoanus Poccuiickoit deneparmu Ne 838 ot 29.07.2020
roja.

Nzydenue nucrumuiaabl (Moayis) «Production ML (MamuHHOE 00y4YeHHE B TPOIAKIIICHE )»
MO3BOJIIET CTYJEHTaM TOJYyYUTh NPAKTHUECKUE HABBIKM, HEOOXOJUMbIE Ui YCHEIIHOM
MHTETPALlUN MAITTHHOTO 00y4YeHHUs B ON3HEC-TIPOLIECCHI, YTO KPUTHUECKU BAYKHO IS JOCTHKEHHS
KOHKYPEHTHBIX NpenumyniectB. KpoMe Toro, oHO criocoOCTBYeT MOHUMaHHIO BEI30BOB U PEILICHUH,
CBSI3aHHBIX C MacUITAOMPOBAHUEM M NOJAECPKKOI ML-Mozeneil B ycI0BUAX peaTbHOTO BPEMEHH.

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

Hacrosmas nucunumninnaa (MOAyiib) BKIIOUYEHA B YU€OHBII TUIaH MO TPOrpaMMe MOATOTOBKU
OakanmaBpuata o Hampasieruto 38.03.05 busnec-undopmaruka, npoduns busnec-ananuTuka
U BXOJUT B BapUaTHBHYIO 4YacTh bioka 1, ¢opmMupyemyr ydacTHHKaMu 0Opa30oBaTEIIbHBIX
OTHONICHU KaK JWCIUIUIMHA MO BBIOOPY.

Juctummaa (MoxyIib) u3yvaeTcs Ha 3 v 4 kypce B 5 mim 7 cemectpe Ha BeIOop. JlocTymHa
K H3y4YEHHUIO TMOCJE YCIEIIHOIO OCBOSHHMs AucHuIuiMH (Momyneit): «Machine Learning
(MammnHoe 00yueHue)»,» OCHOBbI IPOMBIIIIIEHHON pa3paboTKu».

Heap u3yveHusi JMCHMIIMHBI (MOJYJIsI): OCBOECHUE CTYIEHTAaMU METO/OB M IPAKTHK
BHE/IPEHMs, DPA3BEPTHIBAHUS M MOAJCPKKU MOJENeH MAaIIMHHOTO OOy4eHHUS B pealbHbIX
IIPOM3BOJICTBEHHBIX CHCTEMAX.

3agauu n3y4eHusi JMCHUILIHHBI (MOAYJISA):

—o0ecreyeHne BOCHPOM3BOJMMOCTH B MAalIMHHOM OOy4YeHMHM 4epe3 (pHKCaluio
[IapaMeTpOB U JOKYMEHTAIUIO, YIIPABJICHUE )KU3HEHHBIM IIUKIIOM MOJIETIEH;

—noarotoBka ML-mozenelt k MacIITabupoBaHuio;

— BHEJIPEHHUs U MOAJEPKKHU paboTsl ML Mozeneil B mpoaakieHe.

B pe3ysabrate ocBOeHHSsI AMCHUILIUHBI (MOAYJIs1) 00YUYaIOIIMIiCA JOJIZKEH::

3Hamb:

— Kak 00ecreynTh BOCIIPOU3BOAMMOCTb B MAIIMHHOM O0Y4€HUH;

— OCHOBHBIE 2Tallbl )KU3HEHHOTO LIMKJIa MOJIETIEH;

—KaK yCTPOEH IpOLecC YNpaBIeHUS NaHHBIMHU JUId OOydyeHMsl, BKIOYas UX JEHOJIUHT,
BEPCHOHUPOBAHNE U 00ECIIEUeHUE KaueCTBa;

—oTanyre Mexay oddiaiiH ¥ OHJAMH MOJENSIMU M KakK IUIAHWPOBATh 3a/aydl AJs UX
00y4eHUsI U BHEIPCHUS,

ymembp:

—noArotoBuTh ML Mostenu k MaciiTabupoBaHUIo,

— OpraHU30BBIBATH TPEKUHT KOJA U PE3YIbTATOB IKCIIEPUMEHTOB;

—paboTath ¢ nainiaiHaMu 00pabOTKH JaHHBIX U 00Y4YeHUs! MOJETIeH;

— JIETUIONTh MOJEIIN,;

— aBTOMaTHU3MPOBATh MPOLIECC OOYUECHHUS U JICTUIOS] MOJICINH;

— pa3pabaThIBaTh TECTHI AJIs IPOBEPKHU KadecTBa MOJIeIel U HACTpauBaTh MOHUTOPHHT IS
KOHTPOJISl UX paboThI,

enademp:

— HaBBIKOM BHEAPEHHUS U MOACPKKH paboTel ML Mozeneli B mpoaakiieHe,;

— HaBBIKOM paboThl ¢ MLOps nHCTpyMEeHTaMHU.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
MIPOBEJCHNH YUeOHBIX 3aHATHI B (hopMe KOHTAKTHOU pabOThI 00YYAIOIIUXCS C IEAArOTHYECKUMU
paboTHUKaMU YHUBEpCUTETA U B (POpME CaMOCTOATENLHONU PabOThI 00YyUYarOIIUXCS:

Komnerenuusi | Conep:kanne KOMIeTeHIHH Nuauxkarop IlepeyeHpb MIAHMPYEMBIX
KOMIeTEeHIIH U pe3yJbTaTOB 00y4YeHHs 10
JUcHUIIMHE (MOTYJIIO)
VK-1. Crioco0eH oCyIIeCTBIIATh VK-1.1. 3HaeT MeTOAbI IOKUCKA U aHaJIN3a
MTOMCK, KPUTHICCKUI aHAIH3 U nH(pOopMaIuu B 001aCTH
cuHTe3 nH(popManuy, aQHAUTHUKHA, OCHOBHBIE TIPUHITHITHI
MPUMEHSTH CHCTEMHBIH KPUTUYECKOHN OLIEHKH HCTOYHHUKOB
MOJIXOJT IS pEIIeHNUs nHGOPMAITUH U UX PENIEBAHTHOCTH.
MOCTaBJICHHBIX 33729 VK-1.2. YMeeT KpUTHYIECKH OIICHUBATh
WUCTOYHUKHU HH(OpMALINHU U
CHUHTE3UPOBATh JaHHBIC U3
Pa3IMYHBIX HCTOYHUKOB JIJIS
pelIeHus 3a1a4, IpUMEHSTh
CUCTEMHBIH MOIXO/ K aHAJIM3Y H
PEIICHHI0 KOMIUIEKCHBIX IPo0IeM
YVK-1.3. NmeeT npakTudeckuii ombIT paboThI
C COBPEMEHHBIMU MHCTPYMEHTaMHU
Y TEXHOJIOTUSIMH IJ1s1 00paboTKU
nH(popMaIuu, GOpMyIUPOBAHUH H
CTPYKTypUPOBAaHHUHY 3a/1a4 Ha
OCHOBE TMOJTY4YeHHOH MH(OopMauu
OIIK-2. Crioco0OeH NMpOBOANUTH OIIK-2.1. 3HaeT OCHOBHBIE TEHAEHIINHA U
WCCIIeIOBAaHNE U aHAIH3 XapaKTEePUCTUKH PHIHKA
pBIHKA HHPOPMAIIMOHHBIX WHPOPMAITMOHHBIX CHCTEM U
CUCTEM B UHPOPMAIIIOHHO- UHPOPMAITHOHHO-
KOMMYHUKAIIMOHHBIX KOMMYHUKAIIMOHHBIX TEXHOJIOTUH
TEXHOJIOTHiA, BEIOUPAThH OIIK-2.2. YMeeTr mpoBOJUTE UCCIIEIOBAHUE U
panroHa bHbIC PEIICHUS JUIs aHaJu3 PEIHOYHOU MH(pOpMAIIUU
yHpaBiIeHUs OM3HECOM JUTSL OLIEHKH MOTpeOHOCTel On3Heca
1 BBIOOpA ONTUMAIIGHBIX pEHICHUN
OIIK-2.3. NmeeT npakTUYECKHI OTIBIT B
pa3paboTKe U BHEIPEHUHU
CTpaTeruii yrnpasieHus ON3HECOM
Ha OCHOBE aHaJM3a PhIHKA
WHPOPMAITMOHHBIX TEXHOJIOTUH
IK-2. Cnocob6eH HCIonh30BaTh IK-2.1. 3HaeT OCHOBHBIE MATEMAaTHUUCCKHE
COOTBETCTBYIOIINI METOABI U HHCTPYMEHTAJIbHbIE
MaTeMaTHYECKHH anmapar v CpeICTBa, IPUMEHSIEMbIE IS
MHCTPYMEHTAJIbHBIE CPEACTBA 00paboOTKH ¥ aHaK3a HHPOPMAIUH
I 00pabOTKH, aHaIM3a U IK-2.2. Ymeer 3pPeKTUBHO UCTIONH30BATh
cUCcTeMaTH3aluyi HHPOPMALTUH MaTEeMaTHYECKUH armapar Jjis
M0 TeMe UCCIIeIOBaHUS JUIs CUCTEMaTH3alluK JJAHHBIX U
peleHus 3a1aq pemenus npodeccroHamIbHBIX
npodeccuoHaNbHON 3aga4y
JEATCIIBHOCTH [1K-2.3. HmeeTt npakTHUECKHUHA OTBIT pabOTHI
C MHCTPYMEHTAaMH aHaJN3a
nH(pOpMAITIHU B paMKax
MCCIIEIOBATENBCKUX MTPOEKTOB
[K-3. Crioco0eH roToBUTh Hay4YHO- IK-3.1. 3HaeT TpeOOBaHMS U CTAHAAPTHI

TCXHUYCCKHUEC OTYCTHI,

odopMIIeHUSI HAYYHO-TEXHIUUECKHAX
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MIPE3EHTALINH, HAyYHbIE
MyOJIMKaIMK IO Pe3ysibTaTaM

OTYETOB, IPE3CHTAIIUH U
TyOJTUK AT

BBITIOJIHEHHBIX UCCIICTOBAHUN I1K-3.2. YMeeT CTpyKTypUpOBaTh U
MPEACTABIATH Pe3yIbTaThI
HCCIIEOBAHNN B AICHOU U
JIOCTYITHO# hopMme
[K-3.3. NmeeT npakTU4ecKuit OTBIT
MOJTrOTOBKU M MyOIUKAIMN
HAYYHBIX MaTEPUAJIOB,
OTPaKAIOIINX PE3YIbTATHI
BBIMOJIHEHHBIX MCCIEAOBAHUN
[1K-8 CriocobeH o pyKOBOJICTBOM IK-8.1. 3HaeT NPUHIUIBI U CTAHAAPTHI
CICIUAINCTA OOJIee BRICOKOM yIpaBJIcHHs TPOSKTAMHU
KaTeropuu OCYIIECTBISATh I1K-8.2. Ywmeer pa3pabaTsIBaTh IIAHBI U
TUTaHUPOBAHUE U OpraHU30BBIBATh MIPOCKTHYIO
OpraHU3aIHI0 IPOCKTHON JIESITETIbHOCTh B COOTBETCTBUU C
JIeSITETIbHOCTH Ha OCHOBE YCTaHOBJICHHBIMHU CTaHIaPTaMH
CTaH[IAPTOB YIIPaBJICHUS I1K-8.3. Nmeet mpakTUYECKUN OTIBIT

MPOCKTaMH

yuacTusi B MPOEKTHOH pabore,
BKJIIOYAs! [UIAHUPOBAHUE
KOOPJIMHAIIMIO 33/1a4
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3. TemaTu4yeckuii mjian

Nen/ TpynoeMkocTh, akageMH4YeCKHe YAChI
HaumenoBanue TKY
1 pa3aena IMCUUIITTHHBI OQunas dopua (Texymui
KonrakTHas padora CamocrosiTe
(Mozya1st) Jlekuuu | CemuHap Konrtpoian JIbHAsA HOMIpO-Th
ycIeBaeMOoCTH)
padora
1 ML B unIyCTpHH. 4 4 18 Jomamraue
bazoBbie HHCTPYMEHTHI 3a/IaHus
ML unxeHepa
2 Pabota ¢ maHHBIMH B 4 4 18 Jomaraue
ML u tpexuar ML 3aTaHAS
SKCIIEPUMEHTOB
3 IToarorosxa ML 4 4 18 JoMmaraue
MOJIENIEN K JICTIO0 3aaHus
4 TectupoBanue n 4 4 18 Jomamrane
MOHHUTOPHHT 3aJlaHus
5 ABTOMaTH3a1UA 4 4 18 JloMaraue
oOyueHus u nermios ML 3aJlaHUA
Mozenen
6 LLMOps 4 4 20 Jomarraue
3aJlaHus
Crpecc-tect
7 Konreitnepuzarust ML- 4 4 20 Jomamrane
MIPUII0KEHU 3aJaHus
3auem c oyenkoiu 4 [Ipoekt
Hmozo: 28 28 4 130
Obvem oucyunaunovt (Mooyns) 190
(6 ak. u.)
Obvem Ooucyunaunvt (Mooyns) 5
(6 3au. ed.)

4. CopepxxaHue TUCHUILIMHBI (MOTYJI5)

Nen/m | HaumeHnoBaHmue pa3aesia Conep:xanue JTUCHUIUIHHBI (MOYJIs1) IO TeMaM
AUCHUIIMHBI (MOYJIs1)

1 ML B unnyctpun. basoseie | Beenenne. Muctpymentsl paspabotkd (dacte 1). MHCTpyMeHTHI
HHCTPYMEHTHl ML pa3paboTku (4acTth 2)
WHXXeHepa

2 Pabora ¢ nanueivu B ML | Pabora ¢ pgamHeiMu B ML. Tpexkunr ML-3kcriepuMeHTOB
TpekuHr ML BOCIIPOU3BOJAUMOCTD
JKCIIEPUMEHTOB

3 IToaroroBka ML moneneit k | Jlemnoit ML-moneneit
JETIO0

4 TectupoBanue u TectupoBanne u Bamuganus Koga. MOHHUTOpUHT (4acTb 1):
MOHUTOPUHT CTaHJapTHbIE HHCTPYMEHTbl. MonuTopuHr (4Wacts 2): ML-

crerpUIHbIe HHCTPYMEHTHI

5 Apromatuszauus oOyuenus u | UcnonezoBanne CI/CD  mis ML mpoekroB. ABTOMaTH3alMs
neros ML monenei nanriaitna o0ydeHus MOJIeIIeH

6 LLMOps LLMOps

7 Konrelinepuzanus ML- Konrelinepuzannsa ML-npunoxxenuii
MPHIIOKEHU I
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

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

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIa K pecypcaM M3 JI000# TOUYKH, Tlie eCTh NOAKII0oUeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

aumepamypa:

1. Jlakmmanan, B. MammuHoe oOydenue. IlaTTepHBI MpOEKTHPOBaHUS : MPAKTHUECKOE
nocobue / B. Jlakmmanan, C. Poduncon, M. MynH. - Cankt-IletepOypr : BXB-IletepOypr, 2022.
- 448 c¢. - ISBN 978-5-9775-6797-8. - Tekcr : oanekrtponHsmi. - URL:
https://znanium.ru/catalog/product/2140204.

2. I'puropseB, A. Mammnnoe o0y4enue. [Toprdonno peaqbHBIX IPOSKTOB : MPAKTHIECKOE
pykoBozcTBo / A. I'puropses. - Cankt-IlerepOypr : [Tutep, 2023. - 496 c. - (Cepust «bubdbnmoreka
nporpammuctay). - |ISBN 978-5-4461-1978-3. - Tekctr : osaekrponnwid. - URL:
https://znanium.com/catalog/product/2123375.

3. KamoB, M. MammnHoe oOydeHue i OW3HeCa M MapKETHHTa : IPAKTUYECKOe
pykoBoactBo / M. Kanos. - Cankr-IlerepOypr : [Tutep, 2019. - 512 c. - (Cepus «IT mis Ouznecay).
- ISBN 978-5-4461-0926-5. - Tekcr : 3JICKTPOHHBIN. - URL:
https://znanium.com/catalog/product/1783938.

4. I'mpr, H. Ilparmatnuneiii M. MammaHOe 0o0ydyeHue M OONayHbIE TEXHOJIOTUHU :
npaktudyeckoe pykoBoAcTBo / H. I'udt. - Canxr-IletepOypr : [Tutep, 2019. - 304 c. - (Cepust «Jlns
npodeccuonanony). - ISBN 978-5-4461-1061-2. - Tekcr : omekrponssii. - URL:
https://znanium.com/catalog/product/1760806.

/Jlonoanumenshasn numepamypa:

1. IpsixonoB, A.I'. MamunHoe oOyuenue u aHanu3 AaHHbiX / A.I'. JIpsikonoB. — URL:
https://github.com/Dyakonov/MLDM_BOOK/blob/main/README.md.

2. CrpyxkuH, H. I1. ba3bl nansbix: npoektupoBanue. [IpakTukym : yueOHMK 1711 BY30B /
H. II. Ctpyxxkun, B. B. 'oqun. — Mocksa : U3narensctBo FOpaiit, 2025. — 291 ¢. — (Bricuee
oOpaszoBanue). — ISBN 978-5-534-00739-8. — Texkct : anexkTpoHHbIN // OOpa3zoBarenbHas
wiatdopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/561215.

6. MartepuajbHO-TeXHHYeCKOe o0ecreyeHne

YHuBepcuTeT pacrnojaraeT MaTepualbHO-TEXHUYECKOM 0a30i, COOTBETCTBYIOLIEH
JEMCTBYIOIMM MTPOTUBOIIOKAPHBIM MPaBUIaM U HOPMaM M 00ecrieunBaroNIeii MpoBeIeHUE BCeX
BUJIOB JIUCUUIUIMHAPDHOW W MEXJIHWCUUIUIMHAPHOW MOATOTOBKU, MNPAKTHUYECKOH M HAy4YHO-
UCCIIEIOBATEIbCKON PaboT 00yJaronuXcs, MPeAyCMOTPEHHBIX YU€OHbBIM IIJIAHOM.

[TomeneHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [Tl IPOBEACHUS 3aHATHI
JEKIIMOHHOTO THUMA, 3aHATUH CEeMMHAapCKOro (IpakTUYEeCKOro) THIA, TPYNIOBBIX U
WHAUBUAYaAJIbHBIX KOHCYJIbTAIMM, TEKYIIIETr0 KOHTPOJIS U MPOMEKYTOYHON aTTeCTalluH, a TaKKe
MOMEIIEHUS Il CAMOCTOATENBHOM paboThl M MOMEIIEHUS Il XpaHEHUS U NMPO(UIAKTUIECKOTO
o0city’)kuBaHUs yueOHOro obopynoBaHus. IlomeneHnss yKOMIUIEKTOBaHb! ClIEUaIN3UPOBAHHOM
MeOenbl0 U TEXHUYECKHMMHU CPEICTBAMH OOYUYEHHs, CIY>KAIlUMH JUIs TPEACTaBICHUS ydeOHOU
nHpopMaIuu OOJBIION ayAUTOPHUH.

Wzydenune qucuuiiinHbl (MOIyst) oOecrieuuBaeTcs B y4eOHBIX ayIUTOPHSX, OCHAIICHHBIX:
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— CTOJIaMH U CTYJIbSIMU;

— KOMITbIOTEPHOU TEXHUKOM;

—  MEXaHWYECKUMHU KaJbKYyJIATOPaAMH;

— CIenUaTM3UPOBAHHBIM 000PYI0BAaHUEM, BKIIFOYAs IEMOHCTPAIIMOHHOE 000pYI0BaHHE.

[TomereHust y1st CAMOCTOSITENILHOM pabOTHI 00yUJaAIOIIUXCS, B TOM YUCJIE IPUCTIOCOOTICHHBIS
JUI. UCHOJIb30BaHUS WHBAJIWJAMH W JIMIIAMU C OTPAHUYECHHBIMH BO3MOXHOCTSMH 3J0pPOBbS,
OCHAILEHbl KOMIBIOTEPHON TEXHUKOW C BO3MOKHOCTBIO MOJAKIIOUEHHS K ceTh «HTepHeT» u
obecrieueHHeM  JOCTyNa B JJICKTPOHHYIO  HH(GOPMAIIMOHHO-00pa30BaTEIbHYI0  Cpeay
YHuBepcurera.

OOyyarmumMcs MPeaoCTaBIsgeTCss JOCTyn (B TOM 4YHCIE YAAJICHHBIH) K pecypcam
WH(OPMAIIMOHHO-TEIIEKOMMYHUKAITMOHHON ceTH «HTepHeT», JIeKTPOHHBIM pecypcaMm (B TOM
YUCJIE JJIGKTPOHHBIM OMOJMOTEYHBIM CHCTEMaM, COBPEMEHHBIM NPO(ECCHOHAIBLHBIM 0Oa3zaM
JAHHBIX ¥ UHOOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMAaM):

HaunmenoBanue nopraia Ccblika
(u3naHus, Kypca, 10KyMEHTA)
1. | Hayunas snextponHas 6ubmuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OoubmoTeKa
2. Basa gausbix mus | T-cienuanucTos https://habr.com
3. | ba3a mannbIx ScienceDirect https://www.sciencedirect.com
4. | OdunmaneHbli calT MUHUCTEPCTBA HAYKU https://minobrnauki.gov.ru/

BEICIIIEro oopasoBanus Poccutickoit @eneparuu

5. | ®enepanbhsiii moprai «Poccuiickoe oopazosanue” | https://www.edu.ru/

6. | Muadopmanmonnas cucrema "Exaunoe okHo noctymna | http://window.edu.ru/
K 00pa3oBaTelbHEIM pecypcam"

7. Enunast komekius 1udpoBeix 00pa3oBaTeIbHBIX http://school-collection.edu.ru/
pecypcoB

8. | ®enepanbHblii IEHTP HHPOPMAIIMOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB

[lepeuenr WHDOPMAIIMOHHBIX TEXHOJOTHH, MCHOIB3YEMBIX TMPH  OCYIIECTBICHUU
00pa3zoBaTeNbHOIO MpoIiecca Mo AUCIUTUINHE (MOIYJII0), B TOM YUCIIE KOMIUIEKT JUIIEH3MOHHOTO
MpPOrpaMMHOTO  OOecleyeHus, COBPEMEHHble mpodeccuoHanbHble 0a3bl  JaHHBIX U
MH(OpPMalLMOHHBIE CIIPABOYHBIE CHUCTEMBI:

HaumenoBanmne 110 IIpousBoacreo JInnensuonnoe / cBOGOIHO
pacnpocTpaHsiemMoe

OnepanMoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapyGexuoe | nnnensuonHOE
bpaysepsi:
Sunekc.Bpaysep OTEUECTBEHHOE CBOOOJIHO pacrpocTpaHsieMoe
Google Chrome 3apy0ekHOoe cBOOOJTHO pacpoCTpaHsIeMOe
OducHble NPUIIOKEHNS:
Microsoft Imagine (Visio, OneNote) 3apy0exHOe JIIEH3HOHHOE
TeXstudio 3apyOexHoe CBOOOHO pacIpoCTpaHsIeMOe
Adobe Acrobat Reader 3apyOexHoe CBOOOHO pacIpoCTpaHsieMOe
IIporpammHoe o6ecniedeHne 115 IVIAHMPOBAHNUS M Y4eTa BPeMEHH:
Toggle app | 3apyOexHOe | cBOOOJTHO pacpOCTpaHsIeMOe
CucreMbl ynpapJjieHHsI TPOEKTAMM:
Microsoft Imagine (Project) | sapy6exnoe | nuuensuonnoe
Cucrtembl ynpapjaeHHusi 0a3aMHi JaHHBIX:
Microsoft Imagine (SQL Server) | sapyGesxHoe | nmuuensnonHoe
Cucrtembl pe3epBHoro konuposanus (backup):
Acronis Backup Advanced for HyperV | sapy6exHoe | nniensuonHOE
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https://elibrary.ru/defaultx.asp
https://habr.com/
https://www.sciencedirect.com/
https://minobrnauki.gov.ru/
https://www.edu.ru/
http://window.edu.ru/
http://school-collection.edu.ru/
http://fcior.edu.ru/

CHpaBO‘IHO-HpaBOBBIe CHUCTEMBI:

Koncynprantllimoc: cipaBogyHO-TIpaBOBast OTEYECTBEHHOE JMLECH3HOHHOE
cucTeMa

CpencrBa aHTUBHPYCHOM 3aIIMTHI:

Kaspersky Endpoint Security amst 6usneca OTEYECTBECHHOE JUIEH3UOHHOE

Crampmaprasii Russian Edition

Cpenbl pa3padoTKm:

Visual Studio Code 3apy0exHoe CcBOOO/THO PACTIPOCTPAHSIEMOE
Bash (Unix shell) 3apyOexkHOE CBOOOIHO pacIpOCTpaHsIEMOe
Anaconda 3apyOexkHOE CBOOOHO pacIpoCTpaHsIeMOe
Robotic Operating System 3apy0exKHOE CcBOOOJTHO PACIIPOCTPAHSIEMOE
CopelliaSim 3apy0exKHOE CcBOOOJTHO PACIIPOCTPAHSIEMOE
Google Colaboratory 3apy0exHoe cBOOO/THO PACTIPOCTPAHSIEMOE
IlakeThl MPOrpaMMHBIX CPeICTB M OHOJIHOTEK:

AutoPsy 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Interactive Disassembler (IDA) 3apy0eKHOE CBOOOIHO PACIIPOCTPAHIEMOE
Cucrtembl ynpaJjieHust ouoanorpaduyeckoii uHgopmanmeii:

Zotero | 3apyOeKHOE | CBOOOIHO PaCIpPOCTPaHsIEMOe
CepBHCHI B CITYKOBI:

Bind 3apy0OexHOe CBOOOJIHO pacrpocTpaHsIeMoe
Docker 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMoe

7. MeroanyecKue v OlleHOYHbIe MATEPHAJIBI
MeToanyeckue yKazaHHus I 00y4AOUIUXCS 110 OCBOCHUIO TUCHHMILIMHBI (MOYJIs1)

B npouecce u3yuenus aquciruinabl (Moayisi) «Production ML (MammaHOe 00yueHHe B
IPO/IaKILIEHE)» B paMKaxX TEKYIIEro KOHTPOJISl yCIIeBa€MOCTH UCTIONb3YIOTCS TaKHe BUIbl y4eOHON
paboThl, KaK JIEKIIUK, CEMUHAPBI, JOMAIIHUE 3aJaHHsl, CTPECC-TECT, IPOEKT, a TAKXKE pa3IuUYHbIE
BUJIbI CAMOCTOSTENIBHOM paboThl 00YUaIOIIMXCS MO 3a/IaHUI0 MIPEIo1aBaTelisl, HalpaBIeHHbIE Ha
pa3BUTHE  HAaBBIKOB  NPO(ECCHOHANBHOM  JIEKCHKH,  3aKpelyieHWe  MPaKTHYEeCKHX
npodeCCHOHATBHBIX KOMIIETEHIIMH, TOOIPEHNE HHUIATHB.

Jlekyusi — CcUCTEMAaTHYECKO€, IMOCIEAO0BAaTEIbHOE, MOHOJOTHYECKOE  M3JIOKEHUE
npernojiaBaTesaeM yueOHOro Marepuana, Kak IpaBuio, TEOPETUYECKOTO XapaKTepa.

B mpormecce neknmii peKOMEHIYeTCsl BECTH KOHCHIEKT JICKIUI: KpPaTKO M CXEMaTHYHO
(GUKCUpOBaTh OCHOBHBIE WIEH, BHIBOJBI M OOOOIIEHUS JIEKIMHU; BBIIENATH BaXKHBIC MBICIH,
KJIFOYEBBIE CJIOBa W TepMUHBL. HeoO0XOAWMO OTMETHUTH BONPOCHI HMIIM MaTepHaibl, KOTOpPHIE
BBI3BIBAIOT 3aTPYIHEHMS, U MOMBITATbCS HAMTU OTBETHI B pEKOMEHJ0BaHHOU nuTepatype. Ecimu
pa3oOpaTbCsi B Marepuane He yHaercs, cieayeT chopMyiIupoBaTh BONPOC W 337aTh €ro
IPEMNo/IaBaTeso Ha KOHCYJIbTAI[MH WM BO BPEMsI CEMHUHAPCKOTO (IIPAaKTUYECKOT0) 3aHATHSL.

Yuacmue 6 cemunape (npaxmuueckom sanamuu) — akTUBHasI paboTa CTy/I€HTa Ha CEMUHApE,
€ro OTBEThI Ha BOMPOCHI MPENOAABATENS U YYaCTHE B JUCKYCCHUHU.

Jlis ycnemHoro yyacTusi B CEMMHApe CTYJAEHTaM PEKOMEHIYETCs 3apaHee 03HaKOMUTHCS C
TEMOU OOCYXKIEeHHs, MPOYUTAaTh HEOOXOAUMBbIE MaTepuabl U MOATOTOBHUTH BOMPOCHL. BaxxHO
aKTHBHO CITYIIaTh U BOBJIEKATHCS B IUCKYCCHIO, BHICKA3bIBasi CBOM MHEHUS U apTYMEHTUPYS UX.
[Ipu oTBeTax Ha BOMPOCHI MPENOJABATENSI CTOUT OBITH YBEPEHHBIM, YETKUM U JIOTUYHBIM,
OTMUPAsICh HA M3YYEHHBIN MaTeprall. Takke MOJe3HO MOACPKUBATH JUAIOT C OJTHOKYPCHUKAMH,
9TOOBI 000TaTUTh OOCYXKICHHUE U PACITUPUTH CBOU 3HAHMUSI.

Jlomawmnee 3a0anue — HabOPp 3a/1a4 1O TEMaM HEJICIIH.
HpI/I pa60Te Had AOoOMalllHUMHU 3aJaHUsSIMHW BaXHO BHHUMATCIIBHO O3HAKOMUTLBCI C
TpeOOBAaHUSAMHU U CPOKAMH BBINOJTHEHHs. PeKoMeHyeTcsl pa30MBaTh 3aJaHus Ha JTaIlbl, YTOOBI
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n30exarb MEperpy3kd U Jydlle yCBOUTh Marepuas. lcrmonb3oBaTh pa3nuyHble HUCTOYHHKHU
uH(OpMaLKK, BKIIIOYasl YUeOHUKH U OHJIAWH-PECYpCHl, Ui 0osee Tiy00KOro MOHUMAHUS TEMBI.

Tecm — ocobas ¢opma mpoBepku 3HaHHH. [IpoBomWTCS mMOCie OCBOGHHS OJIHOM WM
HECKOJIBKMX TEM M CBMJETEIbCTBYET O KAaYECTBE IOHMMAaHUS OCHOBHBIX IOHSATUN H3y4aeMOIO
Marepuana. TecToBble 3aaHUsl COCTABJIEHBI K KIIIOUYEBBIM IOHSATHUSM, OCHOBHBIM pa3zeiiaM,
BaXHBIM TEPMUHOJIOTMYECKUM KaTErOpUsAM U3y4aeMOU TUCHUIUIMHBI (MOAYIIS).

Jl71s MOATOTOBKH K TeCTy HEOOXOAMMO 3HATh TEPMUHOJIOTUYECKUH amnmapaT AUCLUILIMHBI
(MOmyJIs), TOHUMATh CMBICI HAYYHBIX KATETOPUNA U YMETh UX UCIIOJIb30BaTh B MPO(HECCHOHAILHON
JneKkcuke. BrnageHue NMOHATUHHBIM anmapaToM, BKIIOUYEHHBIM B TECTOBBIE 3aJaHUs, MO3BOJISIET
OpenosiaBaTeNl0o  ObICTPO  HPOBEPUTH  YPOBEHb  MOHMUMAHUS  CTYACHTAMH  BaXKHBIX
METO/I0JIOTUYECKUX KaTerOpHil.

Ilpoexm — uccrnenoBarenbckas padboTa 110 Kypey U Mpe3eHTalusl pe3yJibTaToB.

Jns ycnemHod MOATOTOBKM K MPOEKTY: YETKO OMpENeUTe LEAH M 33Jayd MPOeKTa,
pacmpenenure pojid U O0S3aHHOCTH MEXKJY YYacTHUKaMH, a TaKKe YCTaHOBUTE CpPOKH
BBITIOJTHEHUSI KaXKI0W 4acTH paboThl. PerynspHo mpoBoauTe BCTpeun AJis O0CYKACHHS Tporpecca
Y PEIICHHs] BO3HUKAIOUIUX BOIPOCOB.

Cmpecc-mecm — 3T0 c11oco0 MPOBEPKU CUCTEMBI, Kak OHa BEJET ce0sl B SKCTPEMaJIbHBIX
YCIIOBUSIX, KOTOpPbIE 3HAUUTEIbHO IPEBBIIIAIOT OOBIYHYIO HArpy3Ky HWJIHM BBIXOAST 3a paMKu
00yy4aroIux CLieHapueB.

Jlis NOJArOTOBKM K CTPECC-TECTY HAUHUTE C ONPE/CIICHUS CLIEHAPUEB TECTUPOBAHUS,
BKJIIOYas KpaliHUE cilydau (Hampumep, LIyMHbIE JaHHbIE, eperpy3ku win adversarial ataku), u
co0epuTe COOTBETCTBYIOILIME TECTOBbIE HAOOPHI JaHHBIX. PazpaboTaiite METPUKN OLIEHKH, TaKue
KaK TOYHOCTb, BPEeMs OTKJIMKA M YCTOWYMBOCTh K OLIMOKaM, U HacTpoiTe MHPacTpyKTypy A
CUMYJISIIUU YCIIOBHH cTpecca, UCTIonb3ys MHCTpYyMeHTHI Bpoe TensorFlow Model Analysis nnu
PyTorch. IlpoBenute npeaBapuTeNbHbIE TECTHl HAa MEHBIIMX MaciuTabax, JOKyMEHTHpPYWHTe
pe3ynbTaThl W UTEPATHUBHO yiydllaiiTe MoJAenb, 4YTOObl MHHUMHU3HUPOBATH PHUCKH TEpeEs
IIOJIHOLICHHBIM pa3BepThiBaHMEeM. HakoHel, opraHu3yiiTe KOMaHy Ul aHajau3a pe3yJbTaToB U
IUTAaHUPOBAHMS  yIy4IIeHUH, oOecreunBasi COOTBETCTBUE JTHUECKUM U  PErYISITOPHBIM
CTaHIapTaM.

Camocmosmenvruas paboma — padoTa CTYJEHTOB, HAIpaBlieHHAass Ha YINIyOJIEHHOE
W3YYEHHE OTJIENbHBIX TEM U BOIPOCOB YUYEOHON AUCIMILTUHBI (MOTYIs).

B miporiecce caMocTosITENbHOM PabOThI CTYIEHTHI B3aUMOCHCTBYIOT C PEKOMEHIOBAaHHBIMHU
MaTepuaiaMy MPu MUHUMAIIBLHOM yYacTHH MpenoiaBaTess. 3a1auu CTyJeHTa BKIIOYa0T padoTy
C KOHCITeKTaMu JIEKITH (00paboTka TeKCTa), MOBTOPHOE M3yUeHUE YUeOHBIX MaTepHaJIOB TIAHOB
U TE3UCOB OTBETOB, M3YUCHHUE JOMOIHUTEIBHBIX TEM, BHIMOJIHEHHE YUeOHO-UCCIIeI0BATENbCKIX
3aJIaHUM U IPYyToe€.

Cucrema oneHUBAHHA Pe3yJIbTATOB 00y4YeHHs M0 JUCHHUIIIHHE (MOAYJIIO)

Kpurtepun nosyyeHusi ypoBHsl M OLleHUBAaHUAA CPOPMHPOBAHHOCTH KOMIIETCHUHMH 110
aucuumnanue (Moay.aw0) «Production ML (MammnHHoe o0yyeHue B IpPoJaKiIeHe)»

OueHuBaHue ypoBHS Yy4€OHBIX JOCTH)KEHUH, OOy4aromMXcs MO TUCIUIUIMHE (MOIYIIO),
OCYILIECTBIISIETCS B BUJE TEKYLIETO KOHTPOJIS YCIIEBAEMOCTH U TPOMEXYTOYHOMN aTTECTaIUH.

IIpome:xxyTouHasi arrecTaumsi 1O JUCIUIUIHHE (MOIYJIIO) OCYIIECTBISIETCS B (opme
3auema ¢ OWEHKOU, TPU HTOM TPOBOJUTCA OIIEHKA KOMIETEHUUH, CHOPMUPOBAHHBIX I10
JUCLHUTIIINHE.

s OouLeHMBAHUSA TEKYLIETO KOHTPOJSA YCIIEBAEMOCTHM M IIPOMEXYTOYHOM AaTTECTALUU
UCTIONB3YyeTCs JecATUOaUIbHAs IIIKaja OLICHWBAHUS, KOTOpas COOTHOCHTCS C TPaTUIIMOHHOMN
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NATHOATUTPHON MITKAJION CIICTYIOIIMM 00pa3oM:

JlecaTnoanabHas
OIleHKA

IIaTndéananuasn
OIICHKA

Onenka 3a
3a4yer

O01mas xapakTepuCTHKA pe3yJbTaTa
00yueHusl 1Mo JUCHUILIUHE (MOYJII0)

10

OTiInyHO

3auTeHo

9

OTInuHO

3auTeHo

8

OTiInyHO

3auTeHo

CTyleHT TOJHOCTBIO BIIAJCCT 3HAHUSMH,
U3JI0KEHHBIMA B paboucit mporpamme, M
rIy0OKO  ocMbIchsieT  auciumuiuHy.  OH
CaMOCTOSITEIILHO u JIOTHYECKH
[IOCJICA0BATEIILHO OTBEYACT HA BCE BOIMPOCHI,
aKIICHTUPYS BHUMaHHUE Ha HAauOOJIee BAXKHOM.
Vmeer aHAJIM3UPOBATH, CPaBHHBATb,
KJIacCH(pUIMPOBATH, 000011aTh,
KOHKPETH3UPOBaTh M  CHUCTEMAaTH3HPOBATh
W3yUYCHHBIH MaTepuall, BBIIENSAS KIIOYCBBIC
MOMEHTBI M  YCTaHaBJHMBas MPUYMHHO-
CJICICTBEHHBIEC CBs3M. YeTko (opMyaupyer
OTBETHI, YBEPEHHO HHTEPIPETUPYET
pe3yJIbTaThl aHaJIN30B u JIPYTHX
WCCIICIOBAHNHN, a TaKKe pelacT CIOXHBIC
3agaun. CTyJICHT XOPOIIO 3HAKOM C METOJaMH
HCCIICOBAHUA, HEOOXOIUMBIMH JUISE
MPAaKTUYECKOW  JESTENbHOCTH, W yMeeT
CBSI3BIBATH TEOPETUUCCKUC aCIeKThI
MUCIUIUTAHBL  (MOAYJSA) C TPAKTHYECKUMHU
3a/1a4aMH.

Xopomo

3auTeHo

Xopomo

3ayTeHo

CryneHT o0JiajaeT 3HAHUSMH IpeaMera
Mo4YTH B TIOMHOM 00Beme  paboueit
MPOTrPaMMbl M CAMOCTOSITEIBHO, JIOTHUECKH
MOCJICZ0OBATEIbHO U BCECTOPOHHE OTBEUYACT
Ha BCE BOMPOCHI, aKIEHTUPYS] BHUMAHUE HA
HauOosiee 3HAYMMbIX MOMeHTaxXx. OH yMmeeT
aHaJM3UPOBATh, CpaBHMBATb,
KJIACCU(UIMPOBATD, 0000111aTh,
KOHKPETH3UPOBaTh W CHCTEMAaTH3UPOBATh
W3yUYCHHBIH  MaTepual, BBIJACHSAS  €ro
KJIIOYEBBIE  aCMEKThl W yCTaHABJIMBas
MPUYUHHO-CJICJICTBCHHBIC CBSI3H.
®dopMynUpyeT CBOM OTBETHI, YBEPEHHO
HHTEPIPETUPYET PE3yJbTaThl aHAIHU30B M
JNIPYTHX HWCCICIOBaHWA, a TaKXKe pemaeT
CJIOXHBIE CUTYyaIlMOHHBIC 3amauu. CTyneHT
XOPOIIO 3HAKOM C METOJaMHU MCCIICIOBaHUS,
HEO0OXOIMMBIMHU IS MIPAKTHYECKOM
NEATSIIBHOCTH, U YMEET  CBS3BIBATh
TEOPETUYECKHE  acCMeKThl  IpeaMeTa C
MPAKTUYECKUMU 3a1a9aMH.

Y 10BIIETBOPUTEIIHHO

3adreHo

Y 10BIIETBOPUTEIIHHO

3adreHo

CryneHnT oOnamaer 6a30BBIMH 3HAHUSMU 10
JUCIIMTUIMHE, HO HCTIBITHIBAET TPYAHOCTH IPH
CaMOCTOSITENILHBIX OTBETaX U HCIOJB3YET
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JecarudannpHas IlsaTuéannbHas Ouenka 3a OO0wmas xapakTepucTHKA pe3yJibTaTa
OLICHKA OLICHKA 3a4ger 0o0y4eHuUs IO TMCHUTUINHE (MOLYJIIO0)

HETOYHBIC (POPMYJIHPOBKU. B Xome OTBETOB
OH JIOMyCKaeT OMIMOKH, Kacalollhecs CYTH
BonpocoB. CTymeHT crnocoOeH pemath
TOJBKO CaMmble MPOCTHIE 3a/layd U BIIAJEET
JUIIbF MHAHUMANbHBIM HAa0OpOM METOIIOB

HCCJIEIOBAHNS.
3 He cnan He 3auteno | CrymeHT He oBmagen  o0s3aTelbHBIM
He cnoan He 3aureno MHUHUMYMOM 3HAaHUH 10 npeaMeTy U HE
1 He caan He 3aureno | MOXET OTBETUTh HA BOIIPOCHI, JAXKE €ECIH

npernogaBarciib  3a1a€T  JOIMOJTHUTCIBHBIC

HABOJSAIINE BOMIPOCHL.

Hucummumna (moxyns) «Production ML (MamuHHOe oO0y4deHHE B MPOJAKIIECHE)»
OLICHUBACTCS CIIEAYIOIIIM 00pa3oM:

AKTHBHOCTBH Bec Onucanmne

Jomanrawe 3amanns | 60% | Habop 3amad mo TemMaM Heaemu

[Ipoekt 30% | UccnenoBatenbekast paboTa 1Mo TUCIUILTHHE (MOIYITIO) M IPE3eCHTAIHS
pe3yIbpTaTOB
Crpecc-Tect 10% | HaGop 3amanuii o TeMe Ha IpOBEPKY 3HAHUI

®opmyJia pacyéra MTOroBOii OleHKH Mo aucuumuimHe (Moayar) «Production ML
(MamuHHOe 00yuyeHHe B IpoaakieHe)»: «0,6X cpexnee 3a nomantaue 3axanus + 0,3 X cpenanee
3a npoekTsl + 0,20 X 3a cTpecc-TecT.

B paMKax U3yUCHUA JUCHUIIIINHBI (MO,I[y.]'IfI) BO3MOJXHO ITOJTYYCHHUC 6OHYCHHX 0aJIoB.

Texyumii KOHTPOJIb ycIeBAeMOCTH 00y4aKOIIUXCs M0 JMCHUIIHHE (MOAYJII0)

IIpumepHbIe TOMaLIHKUE 32 IAHUS

Jomamnee 3axanne: ML B unaycrpuu. 3agaun u uHctpyMeHThl ML nHkeHepa

1. Onumure TpU OCHOBHBIE 0OJACTH MPUMEHEHUSI MAIIMHHOTO 00Y4YE€HHsI B COBPEMEHHOM
WHAYCTPUHU U IPUBEIUTE MO OJHOMY IPUMEPY JUIS KaXKIOM.

2. PacckaxxuTe O KIIOYEBBIX pPOISIX U 00s3aHHOCTAX ML wuHXKEeHepa B MpPOEKTE IO
paszpabotke ML-cuctemsi.

3. CocrtaBbTe CIUCOK M3 MSATH NOMYJISIPHBIX WHCTPYMEHTOB T OMOIHOTEK, HCITOJIb3YEMbIX
ML unxeHepamu, U KPaTKO ONUIINTE Ha3HAYEHHUE KaKI0TO.

4. HaiinuTe U mpoaHaTU3UpPyHTe CTaThi0 WM Keiic o BHeapeHun ML B OGu3Hec-mporecc:
KAaKUe 33/1a4¥ Pelajnuch, U Kakyroo poib urpai ML naxenep?

5. OnumwMre, Kakue HaBBIKM M 3HaHUS HeoOxoaumbl ML uHxenepy s 3ppexkTuBHOM
paboThI ¢ OONBIIMMHU JAHHBIMU M pa3BEPTHIBAHUEM MOJIEICH.

Jlomamnee 3aganue: Padora ¢ 1anubiMmu B ML

1. CoGepute HeOONBIION maTaceT (HAMpUMEp, ¢ OTKPBHITHIX WMCTOYHHUKOB) W OIMIINTE
mponeccC €ro OYUCTKU: KAKHUEC HIarvu Bbl MIPCANTPHUHSAIIN U TIOUCMY.
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2. IlpoBeauTe 0a30BbI aHANIM3 JAHHBIX: pACCYMTANWTE OCHOBHBIC CTAaTUCTHUKHU (CpelHee,
MCnaHy, CTaHAaPTHOC OTKJIOHCHI/IG) JJIS BBI6paHHbIX YU CJIOBBIX IIPHU3HAKOB.

3. IMocTpoiiTe BHU3yanm3aluu JaHHBIX (THCTOrpaMMbl, scatter plot, boxplot) u cremaiite
BBIBOJIBI O PACIPE/ICIICHIH U B3aUMOCBSA3SAX MTPU3HAKOB.

4. Onummre MeToabl 00pabOTKM MPOMYIIEHHBIX 3HAYEHHH M BBIOPOCOB, KOTOPHIE BBI
MPUMEHUIIN K CBOEMY JIaTaCeTy.

5. HOI[I‘OTOBBT@ JaHHBIC OJId O6y‘-ICHI/I$I MOZCJIM: BBIIOJHHUTC HOPMAJIM3alWIl0 WU
CTaHAApTU3AHUIO IIPU3HAKOB U 00BACHUTE BBI60p MeToaa.

JomamHee 3a1anue: [loctanoBka u TpekuHr ML 3kcniepuMeHTOB M MOATO0TOBKA
MoJeJeH K 1ernJioo

1. Chopmynupyiite runote3y ayis ML skcreprMeHTa Ha OCHOBE BBHIOPAaHHOIO JaraceTa u
ONMILUTE KPUTEPUH YCIIEXA MOJIETIH.

2. OnumuTe, Kak MOXKHO HCIIOJIb30BaTh CHCTEMY TPEKUHTA DKCIEPUMEHTOB (HAIpPHMeED,
MLflow nnu Weights & Biases) nms ynpaBieHus SKCIEpUMEHTaMH.

3. [IpoBenuTe »SKCIEPUMEHT 1O OOYYEHUIO MOJEIU C Pa3HbIMU MapaMeTpaMu H
3aUKCUpPYHTE pe3yabTaThl (METpUKH KauecTBa). CrenaiTe BBIBOJBI O BIUSHUU MApaMETPOB Ha
Ka4yeCTBO.

4. OnuummMTe OCHOBHBIE IIAard MO ONTHMM3AIMK MOJENH JIs MpOoJaKileHa (Harpumep,
YMEHBIICHHE pa3Mepa, yCKopeHue napepeHca).

5. Cosnatite pocroit REST API (manpumep, ¢ ucnonszoBanuem Flask wimm FastAPI) ms
pa3BepTHIBAHUS O0YUCHHOM MOJICIIH U OIUIIIUTE MPOIecC €€ BhI30BA.

IIpumepHbIe 3a1aHNs VIS CTPECC-TeCTa

3ananue a7 crpecc-tecta no teme: "lloaroroska ML Moaesieii k gemioro.
Jennoit ML-moaeneii"

Hean 3aganus: pa3paboTath W MPOBECTH CTPECC-TECT JJII MOJECIH MAIIWHHOTO OOYy4YeHUs
(Hampumep, IPOCTON KIacCU(PUKATOP, TAKOW KaK JJOTUCTHYECKAs Perpeccust Uil HEUPOHHAs CETh
JUTSE 3a]1a4 Kiaccuukanuy n300paxeHuit), 4T00bI OLIEHUTH €€ TOTOBHOCTh K MacIITa0upyeMoMy
JIETUI00 B mpojakmieHe. CTpecc-TecT JOJKEH CUMYIMPOBATh SKCTPEMANIbHBIE YCIOBHS, BBISIBUTH
YSI3BUMOCTH M TIOJITOTOBUTH MOJIENh K YCTOMYMBOM padoTe.

[IIary BpINOJIHEHUS:

1. BbiOepuTte Moje/ib U MOATOTOBbLTE JaHHbIE: Bo3bMUTE TOTOBYIO MOCIB (HATIPUMED, U3
scikit-learn unu TensorFlow) u tectoBsiii natacer (Hanpumep, MNIST win CIFAR-10).
[TonroroBpTe malmiuaiiH mnpenoOpabOTKU AAHHBIX, BKJIIOYAas HOPMalIM3alUI0 U
ayrMeHTalHIo, 1 o0y4nTe Mojienb Ha baseline-Habope TaHHBIX.

2. Omnpeneante cueHapuu crpecc-tecra: Co3nmaiiTe HaOOp CTpecc-CIICHAPUEB, TAKUX KaK:

— Ileperpyska: OOpabotka Oonbmioro o0Owema 3ampocoB (Hampumep, 10x
yBeJIMUYEHHUE Harpy3Ku) ¢ u3mepenuem latency u throughput.

— AHOManpHbIe JaHHbIE: TecTupoBaHWE Ha 3alIYMJICHHBIX, WCKKEHHBIX WU
adversarial mpumepax (Hampumep, mA00aBbTE IIYM K HW300pPKECHUSIM WITH
ucnonb3yiite FGSM-atakn).

— CoOou wuHppacTpykTypsl: CHUMYISIUS TOTEPH COCAUHEHUS, OTPAHUYCHUI
namati/CPU uii BHE3aITHOTO YBEJIMUCHHUS pa3Mepa BXOAHBIX JaHHBIX.
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3. HacrpoiiTe HHCTPyMeHTHI AJsi TecTupoBaHus: Vcnonb3yiite (peliMBOpKH Bpoje
Locust ans Harpy3ouHoro tectupoBanusi, TensorFlow Model Analysis (TFMA) unu
PyTorch mmsi amanu3a merpuk (TouHoCTh, recall, latency). MHTerpupyiite monens B
koHTeitHep (Docker) ams M30JIMPOBAHHOTO TECTUPOBAHMS.

4. TIpoBeauTe TeCT U MPOAHAIUZMPYIiTE Pe3yabTaThl: 3alyCTUTE CTPECC-TECT, cOOEepHUTE
METPHUKHU (HampuMep, BpeMsi OTKIIUKA, OMIMOKH, pECypcHOE MOTpeOIeHrne) U CPAaBHUTE C
baseline. BrisBuTe cimabbie Mecta (Hampumep, IepeoOydeHHE Ha aHOMAIMIX) U
NPEUIOKUTE YIy4IICHUs, TaKWe KaK ONTHUMM3aunus Mojenu wiu nodasnenue fallback-
MEXaHU3MOB.

5. JlokyMeHTHpYiiTe U NpeaI0KuTe IUIaH Aenjosi: OnuIuTe pe3yabTaThl TECTa, PUCKU U
PEKOMEHIAMN 110 MacIITaOMpOBaHUIO (HampuMep, Hcroiab3oBanue Kubernetes mis
opkectparun). [1oaroroBsTe MOMENB K JACIUIOIO C YI€TOM CTPECC-TECTa, HalpuMep, 4epes3
A/B-TecTHpoBaHUE WU canary-pesin3bl.

Kpurtepuu ouenku: 3aiaHue CUNTACTCS BHIIOJTHEHHBIM, €CIIH CTPECC-TECT OXBATHIBACT HE MEHEE
3 cueHapueB, METPUKH H3MEpPEHBl OOBEKTUBHO, a BBIBOJBI BKIIOYAIOT IPAKTUYECKHUE
PEKOMEHAANNU 0 YIYYIICHHIO MOJENH ISl MpojAakmieHa. Bpems Ha BBINOIHEHHE: 2 Taphl.
Pexomenayembie nnctpymentsl: Python, Docker, Kubernetes (onmmonanbsHo).

IIpumepHoe onncaHue K MPOEKTY

3ananue qis npoekra: "I[loaublii nuka pazpadorku ML mogenu"
Onucanue 3a0anus
B pamMkax maHHOTO IpOEKTa BaM MPEICTOUT MPONTH TOJHBIN MUK pa3padboTku ML monenw,
Ha4yuHas ¢ pabOThI C TaHHBIMU U 3aKaHUMBAsl JIETVIOEM U aBTOMarTu3aiuei mpoieccoB. [Ipoekt
BKJIIOUAET B c€0S HECKOJIBKO ITAIOB, KAK/BINA U3 KOTOPHIX OY/AET OLIEHUBATHCS MO ONPEIeTICHHBIM
KPUTEPUSIM.

Omanvl n0020Mo6KU npoekma

1. Coop u ouncTKa JaHHBIX

— Coop paunbix: Haiimute u cobepure HaOOp MaHHBIX, TOAXOMAIIANA JJIs Baliei
3a/a4n (HampUMep, U3 OTKPBITHIX UCTOYHHUKOB, Takux kak Kaggle, UCI Machine
Learning Repository u T.1.).

— Ouncrka pannbix: OOpaboraiiTe nponylieHHbIE 3HAUEHUsS, BBIOPOCHI U
}IY6J'II/Ipy}OHH/IeC$I 3anucu. Omummre MCTOABI, KOTOPBIC BbI UCITOJIB30BaJIN.

— Joxymentanus: [loaroroBsTe oTYET O MpoLecce coopa U OUUCTKU JTaHHBIX.

2. AHAJIN3 M BU3YAJIU3alMs JTAHHBIX

— Amnauu3 nannbix: [Iposeaute pazpenounsiii ananus qanubeix (EDA). Paccuunraiite
OCHOBHBIE CTATHCTUKH U BBISIBUTE B3aUMOCBSI3M MEXYy MPU3HAKAMH.

— Busyaamsaunus: [loctpoiite rpaduku v AuarpaMMsbl ISl BU3yalu3aliy JaHHBIX U
uX pacrpeneneHui (ructorpammsl, boxplot, scatter plot u T.1.).

— I[OKyMeHTaI[I/IﬂZ C03HaﬁTe OTYCT C BU3yaJIM3allUsAIMU U BbIBOJAMU.

3. MocranoBka u TpekuHr ML 3KkcnepuMeHTOB

— ®opmyaupoBanue rumnote3. Onpenenure TUNoTe3bl M 3aJadyd, KOTOPHIE BbI
XOTHUTE MPOBEPUTH C TOMOIIBIO MOJIEIH.

DNEeKTPOHHBIA JOKYMEHT



— TpexuHr 3xcnepuMeHTOB: Vcrionp3yiiTe cucreMy Tpekunra (Hanpumep, MLflow
wimm Weights & Biases) s ympaBieHHS SKCIEPUMEHTAMH W XPaHEHUS
pe3yJIbTaTOB.

— JlokymenTanusi: IloarotoBpTe OTYET O BalIMX THUIOTE3aX M PE3YJIbTATAX
AKCIIEPUMEHTOB.

4. TloaroroBka ML moae/iell K JeIJIOK0

— Onrumusanus Mmojaesieii: O0yduTe HeCKOJIBKO MOJICTIEH U ONITUMHU3UPYNUTE UX JIJIS
MpoJIaKkilieHa (HampuMmep, C MCHOJIb30BAaHUEM METOAOB pETYJSIpU3aluy WU
YMEHBIIECHUS PAa3MEPHOCTH ).

— Coxpanenue u pa3BepTbiBanne: CoXpaHUTE MOJICIH B IMOAXOIAIINX (hopmaTax
(mampumep, pickle, ONNX) wu mnoxaroroBeTe APl nmns wmx pasBepThIBaHUS
(manpumep, ¢ ucnosibzoBanueM Flask nmu FastAPI).

— Joxymentanus: Co3iaiite 0OTYET O MPOIECCE MOATOTOBKH MOEIEH.

5. ABTomatu3anusi o0yyenus u gemnoss ML mopeneii

— CI/CD: Hactpoiite CI/CD ans aBTOMaTH3aluy MPOLECCOB OOYYCHHS M JETLION
Mojenelt (Hanpumep, ¢ ucnons3oanueM GitHub Actions nin Jenkins).

— ¥Ynpasienue BepcusaMu: OpranusyiTe CUCTEMY yIIPaBIEHUS BEPCUSIMU MoJieleit
U 1aHHbIX (Hanpumep, DVC).

— JlokymenTanus: [ToaroroBsre (PMHATBHBINA OTYET O MPOIECCE ABTOMATH3ALIUH.

3awuma npoexma

o ®opmar 3ammThl: [Ipesenrauus npoekra (15-20 MuHYyT) ¢ neMoHcTpanueil paboThl
mozenu u APL

o CrpyKTypa npe3eHTanuu:

— BBenenue u uenu npoekra.

— TIlporecc c6opa v OUUCTKH JaHHBIX.

— Pe3ynbTaTel aHanu3a U BU3yalIn3aluu JaHHbIX.
— l'unoressl 1 pe3yabTaThl SKCIIEPUMEHTOB.

— IloaroroBka u onTUMU3aLUs MOJEIIEH.

— JemoHnctpanus API u nporiecca aBToMaTu3anmm.

— 3akiouyeHue 1 BBIBOJbI.

Kpumepuu oyenusanus

1. KauvectrBo nanHubIx (20%): [lonHOTa M KOPPEKTHOCTh COOpPaHHBIX JTAHHBIX, KAYECTBO
OYHCTKHU.

2. Anamu3 u Busyaausanus (20%): [ myOuHa aHanu3a, Ka4ecTBO BU3yaau3alluii U BBIBOJOB.

3. IlocranoBka »3kcnepumMeHTOB (20%): UerkocTh  (GOPMYTUPOBKH  THUIOTE3,
WCITOJI30BAHNE CUCTEMBI TPEKHHTA.

4. TloaroroBka moneneii (20%): Ontumuzanust mMojeneit, kauectBo API, mpaBuiIbHOCTH
dbopMaToB COXpaHEHHUS.
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5. Atomatu3zanusi npoueccoB (20%): DpdextuBnocts CI/CD, ynpaBieHue BepCUSMU,

JIOKYMEHTaIHA.

3amanus AJ151 NPOMEKYTOUYHOM ATTECTANUM 10 JUCHMILIMHE (MOTYJII0)

Ne 3ananne OTtBer Komnerenuus

n/n

1 Ykakute OCHOBHOH HHCTPYMEHT 15l Tpekunra ML- MLflow / miflow YK-1
JKCIepuMeHTOB B Kypce "Production ML".

2 Vkaxknre MeTOH KOHTeiHepu3anuu ML-TIpHIIOKEHIA, Docker / docker YK-1
n3y4yaemslii B kypce "Production ML".

3 Ykakure CTaHIapTHBIM HHCTPYMEHT AJSl MOHHUTOPWHTA Prometheus / VK-1
ML-npunosxenuii B kypce "Production ML". prometheus

4 Vkaxute moaxox K aBromartmsanuum nemtos ML- | CI/CD/ CI/CD, ci/cd VK-1
MoJenel, paccmarpuBaeMblil B kypee "Production ML".

5 YKaxuTe OCHOBHYIO TEHICHLIUIO B PBIHKE HHCTPYMEHTOB Asromarusarus / OIIK-2
Iuist paboTel ¢ maHHBIMA B ML, m3ydaemyro B Kypce aBTOMaTHU3ALIHS
"Production ML".

6 VKakurte HWHCTPYMEHT [UIS HCCIIEAOBAaHHMS  PBIHKA Pandas / pandas OIlK-2
WH(POPMAITMOHHBIX cucTeM B ML, ymomuHaeMslii B Kypce
"Production ML".

7 Ykaxute XapaKTePUCTUKY pBIHKa LLMOps, | MacumrabupyemocTb OIIK-2
paccmaTpuBaeMyo B Kypce "Production ML". [ macmrabupyemMocTh

8 VkaxuTe panmoHaidbHOe perneHue s BeiOopa | Grafana/ grafana OIIK-2
MHCTPYMEHTOB MOHUTOpUHra B ML-nipoekTrax u3 Kypca
"Production ML".

9 VYKakuTe KOJIMYeCTBO OCHOBHBIX 3TAIlOB B CTAHIAPTHOM 5/ nate I1K-2
ML-maiirnaiiee, n3ydaemoM B Kypce "Production ML".

10 VYKkaxxuTe MaTeMaTHUYECKUHA METOJ I CHCTEMATH3AIUNA Knacrepuzarust / [1K-2
naHHbIX B ML, paccMmatpuBaemsblil B Kypce "Production Kl1acTepu3anus
ML".

11 YKaXuTe HHCTPYMEHTAJIbHBIA CPEACTBO AJsl 00paboTKH NumPy / numpy [K-2
naHHbIX B ML-nipoekrax u3 kypca "Production ML".

12 Vkaxure MaTeMaTHYEeCKU ammapaT Juisl aHaiausa Cratuctuka / I1K-2
nHpopMaIuK B Tpekuare ML-3kcriepuMeHToB U3 Kypca CTaTUCTHKA
"Production ML".

13 Vkaxute ¢GopmMar MNOArOTOBKM HayvHO-TexHHueckux | Jupyter Notebook / IK-3
ordetoB 1o pesyiabratam ML-mccaenoanuii B kypce | Jupyter notebook
"Production ML".

14 VYxkaxute craHaapT opopmieHus npeseHtaumid B ML- Markdown / IK-3
MPOEKTax, u3ydaemMeli B kypce "Production ML". markdown

15 Ykaxure crmocod CTPYKTYpUPOBAHUS PE3yNILTATOB Oruer / oTuer I1K-3
uccienosannii B ML, paccMaTpuBaeMblii B Kypce
"Production ML".

16 VKaXUTe WHCTPYMEHT I IyOJIMKAlMU —Hay4YHBIX GitHub / github IK-3
matepuaioB o ML B kypce "Production ML".

17 VKaKuTe NPUHIMUI YIpaBleHUs MpoekramMmd B ML, Agile / agile IK-8

u3yvaemblii B Kypce "Production ML".
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18 VkaxkuTe cTaHmapT IS IUTaHUpoBaHUs ML-poekTos, PMBOK / pmbok IK-8
paccmaTpuBaeMslii B Kypce "Production ML".

19 VKaKUTe MHCTPYMEHT Il aBTOMATH3AlWK MaruiaitHa Airflow / airflow K-8
o0yuenust mozerneii B kypce "Production ML".

20 VYKaKUTe 3Tarn OpraHu3aluy MPOSKTHOM eI TeILHOCTH B Koopnunanwus / [1K-8

nerutoe ML-mopeneit 3 xkypca "Production ML".

KOOPIUHALIUS
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