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1. Heau u 3apa4m U3yYeHH s JUCHUIIIMHBI (MOTYJIA)

1.1 Ieas ocBoenusi aucuumiaunbl «Data-Centric Machine Learning » sBisercs
dopMupoBaHUE y CTYIEHTOB CHCTEMATH3UPOBAHHBIX 3HAHUI, MPAKTUYECKUX YMECHUI U HaBBIKOB
NPUMEHEHHUS COBPEMEHHBIX METOJOB HCKYCCTBEHHOTO HHTEJUIEKTA, MAIIMHHOTO OOYYeHUs s
peuieHus 3aja4 IMOATOTOBKM JAaHHBIX JUIS  JAIbHEHINEro NMPUMEHEHHUS MOJENAX  Pa3IHYHBIX
NPEIMETHBIX 00JIACTEH.

JluciurnianHa — HampaBleHa ~HA  pa3BUTHE  CIIOCOOHOCTH  coOupaTh, pa3MedarTh,
npenoOpabaTeiBaTh JaHHBIE M OLIEHUBATh KAYECTBO MMOATOTOBICHHBIX JAHHBIX.

1.2 3agaun AUCHUILIHHEI

1. Kpome MeTOI0B pelIeHus] TUIIOBBIX 3aja4y IMOATOTOBKH JAHHBIX: 00pa0OTKa MPOMYIICHHBIX
3HAYCHUH, KOJUPOBAHME KATETOPHAIBHBIX IPH3HAKOB, MAcCIITAOMPOBAaHHE W HOPMAIH3ALUs
YHCJIOBBIX JJAHHBIX U METOAO0B 00pabOTKHM BHIOPOCOB (aHOMaJWii) B JIaHHBIX, U3YYCHHBIX paHee B
nucuurunHe «MHOTOMEPHBIH CTaTUCTUYECKHUIA aHAIIN3 U MAIIMHHOE 00y4eHHe», YCBOUTh TPHHIIUTIBI
u Mmeronsl feature engineering (co3maHusi ¥ mpeoOpa3oBaHUS MPU3HAKOB) MJIs TMOBBIIICHUS
3¢ (HEeKTHBHOCTH MOJIENICH MAIIIMHHOTO O0yJeHUSI.

2. [TpuMeHsATh Ha IPAKTUKE METO/IbI pabOTHI C HECOATAHCUPOBAHHBIMU JIAHHBIMU U TIOAXOJIBI K
pasMerke naHHbIX (labeling).

3. [IpuMeHATh HA TPAKTUKE KPUTCPUM M METPHKHU ISl OICHKH KAuyecTBa MOATOTOBJICHHBIX
JAHHBIX ¥ UX MPUTOTHOCTH IS PEIICHUS KOHKPETHON 3a/1a4H.

4. TlproOpecTy MpaKTUYECKUN HABBIK IIPUMEHEHUSI METOJIOB MIPE00pa0O0TKHU TaHHBIX: OUYUCTKA
OT mymMa, 00paboTKa MPOITyCKOB, KOAMPOBAHNE KATETOPUAIBHBIX MTEPEMEHHBIX, MAacCIITAOUPOBaHUE
npu3HakoB. ChopMupoBaTh yMeHHE co3/1aBaTh HOBbIe mpu3Haku (Feature Engineering) Ha ocHOBe
CYIIECTBYIOIIUX JUTsl YIYYIICHUs MpPEICKa3aTebHOW CHOCOOHOCTH Mozesei. OCBOUTH METOMbI
cenexuuu npuszHakoB (Feature Selection) ans or6opa HanbGonee MHGOPMATHUBHBIX MEPEMEHHBIX U
YMEHBIICHUS Pa3MEPHOCTH JJAHHBIX.

5. IIpuobpectu ymeHue OleHHBAaTh KayeCTBO MOATOTOBIEHHOIO0 HAOOpa JAHHBIX C MOMOUIBIO
BU3YJTU3aIlMH U CTATUCTHYECKUX METPHK Tepe]l Tiepeiayeii ero Ha 3Tar MOZJCITNPOBAHMSL.

1.3 MecTo AucuuiuinHbl (MOyJs) B CTPYKTYpe 00pa3oBaTeIbHOI NPOrpaMMbl

Huctunnuaa «Data-Centric Machine Learning» oTHocuTcss K dYacTt, (opmupyemon
y4acTHUKaMU 00pa3oBaTelbHBIX OTHOIIeHNH brioka "Jlucuunnuael (MOAyNH) 10 BEIOOPY" yueOHOTO
mana (b1.B.JIB).

JucuumnnuHa u3ydaeTcst B 6-M cemectpe. [ ycrenrHoro ocBoeHus HeoOX0IMMbI 3HAHMSI,
MOJTYYCHHBIC B JUCIUIIIMHAX: «Anre0pa v BBEJICHUE B TEH30PHBIN aHAM3», « Teopust BEposITHOCTEH
U MaTeMaTU4ecKas CTaTUCTKa», «MHOrOMEpHBIH CTAaTUCTUYECKUW aHamu3», U «MamnHHoe
oOyuenuey, «IIporpammupoBaHue».

[IpenogaBanue BeAeTcss B BHUAE JIEKIHMA M J1a00OpaTOPHBIX 3aHATHH C HCIOJIB30BaHHUEM
WHTEPAKTUBHBIX METO/M0B. JlabopaTopHple pabOTHI HaAmpaBiCHBl HAa MPAKTHYECKOE OCBOCHUE
METOJIOB ¥ HHCTPYMEHTOB KJIacCH(DUKAIINK HA PEaTbHBIX JTaHHBIX.

Huctunnmuaa (GOpMHUpPYET KOMIIETCHIIMH, HEOOXOIWMBIE IS BBIMOJHEHHUS BBITYCKHON
KBTM(DUKAIIMOHHOW PabOThl M MPOo(decCHOHATBLHON NESTENIBHOCTH B 00JaCTH BBIUMCIHTEIBHBIX
TEXHOJIOTHIA.



Pois 1:

1. 4. IIpodeccuoHasibHbIE POJIH B CTPYKTYpPe 00pa30BaTeIbHON MPOrPAMMBbI

Data Engineer (MHkeHep 1o JaHHBIM)

3agaun:

I

POJ‘IB 2:

[IpoexktupoBanue u nocrpoenne ETL-npoueccon

Co3nanue ¥ ONTUMHU3AIMS XPAHWINLL TAHHBIX

ObecrnieueHne kauecTBa U JOCTYITHOCTH JaHHBIX

Hactpoiika nappacTpyKTyps! 1151 00pabOTKH OOJIBIINX JaHHBIX

WuTerpaius pa3po3HEHHBIX HCTOYHUKOB JTAHHBIX

Pabora ¢ gaHHBIMU B 00JIACTH TPUPOIOIONIE30BAHMS, MEIUIIUHBI, CBA3H U TEJICKOMMYHUKALIUH

ML Engineer (Un:xenep MO)

3agaun:

ol ol ol i

Pois 3:

Peanmusanus ML-moneneit B IpOyKTUBHBIX CUCTEMAX
OnTumMuzanus NpoU3BOAUTEIBHOCTH U MAaCIITAOUPOBaHUE MOIEIeH
Pa3zpaborka ML-naiinnaiiHOB 1 aBTOMaTH3aIMs IPOLIECCOB
MOHHTOpPHHT KauecTBa MOJIEIEH B IPOYKTUBE

WnTerpanus ML-pemenuii ¢ 6u3Hec-puIoKeHUsIMU

MLOps (Cnennanuct no 3xcniryaranuu UH)

3agaun:

1

PR PEePE

ABTOMAaTH3aIMA POIIECCOB O0YUEHUS U PAa3BEPTHIBAHUS MOJIEICH
MonuTOpuHT npou3BoAuTeIbHOCTA ML-cructem

VYnpasneHue BEpCUIMHA MOJIEIIEN U TaHHBIX

O6ecneuyenue CI/CD ans ML-tipoekToB

OntuMu3anys BEIYUCITUTEIBHBIX PECYPCOB

1.5 IlepeyeHb NJIaHHpPYeMBIX pe3yJbTATOB O0Y4YeHHMs IO JMCUHHILIMHE (MOAYJIIO),

COOTHECCHHBIX C INIAHUPYEMBbIMH Pe3y/JIbTATAMH OCBOCHHS 00pa30BaTeJbHOH NPOrPaMMBbI

N3yuenne naHHOM y4eOHOM MUCHUIIMHBI HAMpaBiIeHO Ha (popMUpOBaHUE y 00YyJaIOMUXCS

CIICAYIOIUX KOMIIETCHITUH:

BD-1

BD-1.1

Cnoco0eH ocymiecTBJISITh NMOUCK, cOOp, OYMCTKY M NpeABAPUTEJbHBIH aHAJIN3
aanHbIx (IT)

OO60CHOBBIBaE€T CMOCOOBI M BApUAHTHl MPUMEHEHHS METOJOB TMPEIBAPUTEIHLHOTO
aHanM3a JaHHBIX B 3ajadax MU, Bkirouas X mMareMaTH4ecKoe (aaropuTMHYECKOE)
npeoOpa3oBaHue U aIanTaIUIo K CIeU(pUKe 3aJa49H.

3HaeTr: Meroabl aHanw3a pacrnpeielieHuil TaHHBIX, TOMCKAa aHOMAIUN U BBIOPOCOB,
CTaTUCTUYECKHWE TECThl JIJII  OIEHKH KadecTBa JaHHBIX (HOPMaJIbHOCTD,
CTAIlMOHAPHOCTH), MIPUHIIUITBI aHATN3a MYJITUMOIATHHBIX U HECTPYKTYPUPOBAHHBIX
JTQaHHEBIX.

VYmeet: BbiOUpaTh MeTonbl EDA B 3aBUCMMOCTH OT THIA JAaHHBIX W 3amadn ML,
WHTEPIPETUPOBATh PE3yJbTAThl aHAIN3a NI (OPMYIUPOBAHUS THUIIOTE3 O KAYECTBE
JTaHHBIX, aJanTHPOBATh CTaHJAPTHHIE METOMABl aHANIM3a TOJ| CHeHU(HUKY TOMEHHOMN
o0acTH.



D-1.2

BD-1.3

BD-1.4

BD-2

BD-2.1

BD-2.2

Brnaneer oOubnuorexkamm: pandas-profiling, sweetviz, dataprep, ymeer CTpOUTh
WHTEPAKTHBHBIC AAMIOOPABI Ui aHAIW3a JaHHBIX. ABTOMATHU3HPYET MaNTIIaiHbI
MpeIBAPUTENILHOTO aHAN3a.

[Ipumensier MeTOIpl aHANIM3a JaHHBIX JUIS MPOBEPKU PA3BEAOYHBIX THIIOTE3 U
MOATOTOBKU JJAHHBIX K MPUMEHEHHUIO COBpeMeHHbIX MeToa0B UN.

3naet: Meronbl GOpMUPOBAHUS U MPOBEPKH CTATUCTUYECKHUX THIOTE3, MPHHIIMIIBI
A/B TectupoBaHus U1 OLIEHKH KayecTBa JaHHbBIX, METPUKU KauecTBa NaHHbIX 17151 ML
(class imbalance, label noise, feature quality).

YMmeer:  @opMynHpoBaTh THUIOTE3bl O MpobjemMax B JaHHBIX Ha ocHOBe EDA,
IUTAHUPOBATh AKCIEPUMEHTHI 1O OIEHKE BIUSHUS KauecTBa IaHHBIX Ha MOJIENb,
BaJIMIUPOBATh TUIIOTE3bI O CMEIIEHUX B JaHHBIX (bias detection).

Brnaneer: scipy.stats, statsmodels s cTaTMCTUYECKOro TECTUPOBAHMSI, MPOBOIUT
power analysis 17151 5KCIIEPUMEHTOB C JaHHBIMU, ABTOMATU3UPYET MPOBEPKY TUIIOTE3 O
KaueCTBE JIaHHBIX.

[TpumMeHsieT MeToAbl MOHMKEHHS Pa3MEPHOCTH ISl MEPBHYHONW HMHTEPIIPETAIUN U
BU3YaJIM3allil MHOTOMEPHBIX JaHHBIX

3HaeT: aNropuTMBI IMHEHHOTO U HeNMMHeHoro cHikeHus pazmepHoct (PCA, t-SNE,
UMAP), meToapl 0TOOpa NpPU3HAKOB HA OCHOBE BAXKHOCTH U KOPPEJSILIMMA, METPUKU
OLIEHKY Ka4eCTBa CHUIKCHHUS Pa3MEPHOCTH

VYmeer: BeiOupaTh METOJ] CHU)KEHUSI pa3MEPHOCTH B 3aBUCUMOCTH OT 33Ja4d U THIIA
JAHHBIX, HHTEPIPETUPOBATH PE3YNIbTAThl BU3YAJIN3ALIUH JJIS1 BBISBICHHS KJIACTEPOB U
aHOMAaJINi, OIICHNBATh HH(POPMATHBHOCTH TIPU3HAKOB ITOCIIC TPEOOPA30BAHHUS.
Bnaneer:  sklearn.decomposition, umap-learn, seaborn, ymeer co3maBaTh
WHTEPAKTHBHBIE BU3yanm3amuu c plotly, onTuMusmpyer mnapamerpsl CHIKEHUS
Pa3MEepHOCTH ISl HHTEPIPETUPYEMOCTH.

3HaeT U yMeeT NPUMEHUTH METObI 0TOOpa MPU3HAKOB.

Bnaneer ciocOOHOCTBHIO MPUMEHSATH METO/IBI OTOOPA MPU3HAKOB JAHHBIX, 3HAYUMBIX
JUIS UCCIIeTIOBaHUSI.

YMeer oTOMpaTh NMPU3HAKU JAHHBIX, 3HAUUMBIE JUISI HCCIIEIOBAHUS,

Baaneer sklearn.feature selection, rfpimp, SHAP, ymeer npoBoauTh peKypcHUBHOE
UCKIIIOYEHHE TMPHU3HAKOB, CTPOUT MATPHUIBI KOPPENSlIMA W  aHaJIU3UPYeT
MYJIbTUKOJIIMHEAPHOCTD.

CnocoOen omnpeaeisitb TpeOGOBaHMA K HA0OpaM JAHHBIX JJIsl pelleHHs 3a7a4
MAIIMHHOIO OOy4YeHHsl, NMPOBOAUTH Pa3MeTKy H AaHAJIW3 HA00pPOB [IaHHBIX,
OLIEHMBATHh KA4eCTBO /IAHHBIX, 00ecneYuMBATh HENMPEPbLIBHYI0 HMHTErpamuio
JAaHHBIX

Ompenenser TpeOoBaHWs K HaOOpaM W KadyeCTBY JaHHBIX JUIsI PEIICHUs 3a1ad
MaITUHHOTO 00YYEeHHUSI.

3HaeT, kak chopmupoBaTh TpeOoBaHUA sl HAOOpa MaHHBIX. Biiageer ymeHus MU 1Mo
dbopmupoBanuio TpeOOBaHWN K HabOpaM M Ka4eCTBY JAHHBIX ISl pEIICHUsS 3a71ad
MalIMHHOTO 00y4YeHUs

PaboTaeT ¢ qaHHBIMH, B TOM YHCIIe COOMPAET TAHHBIE U3 Pa3pPO3HEHHBIX HCTOYHUKOB,
MIPOBEPSIET IaHHBIE HA KOPPEKTHOCTD.

3HaeT: METOAbl HWHTETPAIlMUd JaHHBIX W3 Pa3HOPOJHBIX HCTOYHHKOB, MPUHITUATIBI
BAJIMAIIMN U BepU(UKAITIU JAHHBIX, TEXHUKH 00pabOTKH MPOMYIIEHHBIX 3HAYCHUHN 1
AHOMAJIMH.



LLM-2

LLM-2.1

LLM-2.2

MF-4

MF-4.1

VYwmeer: IlpoexktupoBate ETL/ELT mporeccer mist cOopa naHHBIX, pa3padaThiBaTh
MpaBWiIa Banuaanuu JaHHBIX (data contracts), BBISBISTH M YCTPaHSATh MPOOIIEMBI
COTJIACOBAaHHOCTH JIAHHBIX.

Brnaneer: pandas, pyarrow, dask mist o00paboTku OONBIIMX JaHHBIX,yMEET paboTaTh C
API, 06a3amu [aHHBIX, OOJAUYHBIMU XPAaHWIMIIAMH, ABTOMATH3UPYET IPOBEPKHU
Ka4yeCTBA JJAHHBIX B MaWIUIalHAX.

CrnocobeH 1000y4aTh, A1aNTHPOBATH U ONTUHMHU3MPOBATH F'€HEPATHBHbIE MO/IeJIH
noj cnenuduyeckue 3a1a41 U yCJIOBHUS NPUMeHEHU

Ionumaer npunuunsl fine-tune

3HaeT: ApXUTEKTYphl U MPUHIUIIBI PA0OTH cOBpeMeHHbIX LLM, MeToab! ajantanuu
mogeneii: full fine-tuning, LORA, QLORA, P-tuning, 0cOOEHHOCTH IOATOTOBKH
JTAHHBIX JUIS TOOOy4YEHUS TeHEPATUBHBIX MOJICIICH.

Ymeer: BriOupath cTpareruro 1000ydeHUsI B 3aBUCHUMOCTH OT 3aJ7[a4d U PEeCypCOB,
OLICHUBATh PHCKU KaTacTpOPUUECKOro 3a0bIBaHHMSI U CHOCOOBI €ro CMsTr4YeHws,
TUTAHAPOBATH SKCIIEPUMEHTHI IO OIICHKE 3(PPEKTUBHOCTH JOOOYICHHUS.

[TonnmaeTt TexHUYECKHE OTPAaHHUEHUS pa3HbIX METOAOB fine-tuning, ymeeT OoleHUBaTh
BBIUUCIIUTEIIbHBIC TPeOOBaHMs Ul aJanTalMd Mojenei, aHamusupyer trade-offs
MEX1y Ka4eCTBOM U CTOUMOCTBIO I000y4YEHUSI.

Co3naér odyuyaromme Ha0oOpbI JaAHHBIX.

3naet: TpeboBanus K JaHHBIM s fine-tune: peleBaHTHOCTh, 00BEM, pa3HOOOpasue,
KauyecTBO pa3MeTKku. Popmarsl JaHHBIX JJIs pa3HbIX MeToA0B 1000yueHus (SFT, DPO,
RLHF), npuHiunel nmocTpoeHus AUATOTOBBIX CHCTEM M HHCTPYKTUBHBIX JAHHBIX,
METO/Ibl AyTMEHTALIUU U CUHTEe3a NaHHBIX Uig NLP, mpoekTupoBaTh CXeMbl pa3MEeTKH
i 3a1a4 1oooyyenuss LLM.

Ymeet: popmupoBaThs cOamaHCHPOBAHHBIC U pa3HOOOpa3HbIe 00yYaroIIe BEHIOOPKU
OrneHnBaTh KaueCTBO U PEMPE3EHTATUBHOCTH CO3JJAHHBIX JaTaCeTOB. Y MEET CO3aBaTh
CHHTETHYECKHE JaHHBIC ¢ ToMomso LLM

Brnageer mHcTpymMeHTamu uis pa3MeTKu TekcToBbix naHHBIX (Label Studio, etc.),
MeTtoaamu obecrieueHUs penpe3eHTATUBHOCTH U cOaIaHCUPOBAHHOCTH CO3/1aBa€MOTO
HaOopa naHHbIX. TeXHOJOrusIMU CO3JaHMs CHHTETUYECKUX JNaHHBIX A 3a/1ad, TIe
peaNbHBIX TaHHBIX HeAOCTaTOYHO. [10IHBIM HUKIOM MTOATOTOBKH JIaHHBIX: OT cOopa
CBIPBIX JaHHBIX 70 (hOpMUPOBaHMS TOTOBOTO sl oOyueHus: oowrekta (DatalLoader,
Dataset).

Cnoco0eH TNPUMEHSITH CTATHCTHYECKHME METOAbI [IJisi AaHAJAM3a IaHHBIX,
BAJIMAANMHA MoOJieJieil MAIIMHHOTO 00y4YeHHsI W MPOBeIEHHUS IKCIEPUMEHTOB B
obsaactu U

[TpuMeHsIeT CTaTUCTUIECKIE METObI aHAIM3a U MAIIMHHOTO OOYYEHUS JUTsl PeIICHUS
3aJ1a4 aHaJIM3a JAHHBIX U IPOBEJCHHS SKCIICPUMEHTOB Ha JaHHBIX.

3HaeT: JCCKPUNTHBHYIO CTaTHCTHKY MW METOABl aHallM3a paclpeiaeiicHui,
CTAaTHCTUYECKUE TECThI JUIS CPABHCHHS TPYIIT W BBISBICHUS PA3JINIU, METOJIBI
aHaJIN3a BPEMEHHBIX PSJIOB M ITOCIICIOBATEIILHOCTEH.

YMeeT: BBIOMpPATh CTAaTHCTHYCCKHE METOJBI B 3aBHCHMOCTH OT THIIA JIAHHBIX |
TUMOTE3, UHTEPIPETUPOBATh PE3yAbTAThl CTATUCTHUYECKOTO aHANM3a JJIs MPUHSATHS
penieHuid. GopMyTUPOBaTh BHIBOIBI HA OCHOBE CTATHCTUYECKUX JIOKA3aTEIbCTB.
Brnaneer: scipy.stats, statsmodels, pingouin, ymeeT NpoBOAWTH aHAIM3 MOIIHOCTH
(power analysis), BU3yaJIU3UPYET PEe3yJIbTAThl CTATHCTUYECKOTO aHAIIN3A.



MF-4.2 CnocoOeH MPUMEHSTh CTATUCTHYECKUE METOJIBI JIJIsi TOCTPOSHUS MPEACKA3aTeIIbHBIX
MoOJeJIel, BKIItoUass METOJIbI JUIsl aHAJIN3a U IMPOTHO3MPOBAHUSI BPEMEHHBIX PSIOB, a
TaK)K€ MOJICJIMPOBAHUS HECTAIIMOHAPHBIX CIyYalHBIX MPOIECCOB.
3HaeT: TEOPETMUECKHE OCHOBbI U MPEIIOJIOKEHUS JMHEWHONM M JIOTUCTHYECKOMN
perpeccun. IloHsTHE CTAlMOHAPHOCTU BPEMEHHOrO psifa, MeTolbl mpoBepku (ADF
test) ¥ MpUBEACHUS K CTallMOHApHOMY BUAY (IU(epeHIIpoBaHne, TeKOMIO3HUIINSA).
Knaccuueckue monenu nmporHo3upoBaHusi BpeMeHHBIX psanoB (ARIMA, SARIMA,
ETS).Ymeer ¢opmanu30oBeiBaTh W HOPUMEHSITh  CTaTUCTUYCCKHE  METO[IBI
UICHTH(PHUKAIIMN PETPECCUOHHBIX W KIACCU(PUKANMOHHBIX MOJICICH, MMOHUMAET
OCHOBBI 0a30BBIX BEPOSITHOCTHBIX MOJCNEH JUIsi BPEMEHHBIX PSJAOB Ha OCHOBE
aBTOPETPECCUOHHBIX 3aBUCUMOCTEH.. Bulageer mnpuemMamMu TMOCTPOCHUS MOJETU
JTUHAMHAYECKHUX CUCTEM JUIsl MHOTOMEPHBIX BPEMEHHBIX PSIOB M IOJICH.

MF-4.3 CriocoOeH MPUMEHSITh CTAaTUCTHYECKUE METOIbI JIJIsl OIICHKU KauecTBa Mozenei U,
BKJIFOYAsi METPUKH M KPUTEPUU I PETPECCUU, KITACCH(UKAIIMKM U KJIACTepU3AINH, a
TaKOKe JIJIs1 IPOBEICHHS CTATUCTHYECKUX TECTOB ISl CPABHEHHS MOJICIICH.
3HaeT METPUKH U MEphI KauecTBa Mojieliel perpeccuu (B T.4. HA BPEMEHHBIX psjax),
KJIaCCU(PUKAIIMH, KIIaCTEpU3ALIIIH.

YMeer oreHnBaTh KauectBo Mozaeieit MO.

Bnaneer yMeHueM NpPUMEHSTh CTATUCTHYECKHE METONbI Ui OLIGHKH KauyecTBa
mozeneir MU, BkiIO4ass METPUKH M KPUTEPUHU I PETPECCUU, KIacCHU(pUKAIUU M
KJIACTePHU3AIMK, a TAKXKe JJIs MPOBEACHUS CTATUCTHYCCKUX TECTOB JJII CPABHECHHS
MOJIEJIEN.

ML-2 Cnoco0en nmpuMeHATH QyHIaMeHTAJbHbIe NPUHUMIILI M METOAbl MAIIMHHOIO
o0y4eHHUs1 BKJIIOYAs NMOATOTOBKY JaHHBIX OLlEHKY KadyecTBa MojeJeil u padory ¢
NPU3HAKAMHU

ML-2.1  Pa3nmuaer OCHOBHBIE THIIBI 33/1a4 MAIIMHHOTO OOYYEHHUS M MPUMEHSET Ha MPAKTHKE
MPUHLIMIIBI UX PELICHUS.
3HaeT M pa3aMyaeT OCHOBHBIE THIIBI 3a/lad MAUIMHHOIO OOy4yeHHUs (0OyueHHEM C
yuuTeneM, 0e3 yUuTess U ¢ IOJKPEIUIeHHEeM). YMeeT MPUMEHUTb TUIIOBBIE MOJIXObI
K pelIeHHIo 0a30BbIX 337a4 C UCIOJIb30BaHNEM T'OTOBBIX HHCTPYMEHTOB U OMOIMOTEK
(ScikitLearn) (b)

YMeer 000CHOBaHHO MPHUMEHSATH METOJbI PELIEHHS 3a/1a4 MAIIMHHOTO OOyuYEHUs C
y4ETOM XapaKTEePUCTHK JaHHBIX U OM3HEC-KOHTEKCTa, HACTpauBaeT 6a30Bble MOJETH U
npoBoAuT ux oueHky (I1)

Banapeer npruemMamMu 1 MHCTPYMEHTaMU NIPOEKTUPOBAHUS U peaU3allii KOMIUIEKCHBIX
pelIeHnii MalMHHOIO OOYy4eHHs JUIsl HECTaHJAPTHBIX 3a/ad, BKJIHOYas pa3paboTKy
nainuaifHoB, ONTUMHU3ALMIO MOJIENIEH U MHTEPIPETALNIO Pe3yIbTaToB (J)

Pe3ynbrarel 00ydeHus 1Mo AUCHMILIMHE JOCTUTAIOTCS B paMKaX OCYILIECTBICHHS BCEX BHIOB
KOHTAKTHOM M caMOCTOATEIbHOM pabOThl 00YUaAIOIIMXCS B COOTBETCTBUH C YTBEPKACHHBIM YU€OHBIM
IUTAHOM.

WHaukaTopel JOCTHKEHNUS KOMITETEHIIMH CUYMTAIOTCS chOPMUPOBAHHBIMH NIPU JTIOCTUIKEHUHU
COOTBETCTBYIOIIUX UM PE3YJIbTaTOB O0yUYECHHUSI.



2. CTpyKTYypAa U copep:KaHue TUCIUTIHHBI

2.1 Pacnpenesienne TPYA0EMKOCTH TUCHUILJIMHBI IO BUIaM padoT
OO6mast Tpyno€MKOCTh IUCHUIUIMHBI COCTaBJICT 2 3aueTHBIX enuHul] (72 daca), HX
pacnpeziesieHue Mo BujgaM paboT NPeCTaBICHO B TAOIHIIE

Bcer
Bunst padot 0 Popma
o0y4yeHHs OuHas
4acoB
6 cemectp
(gacer)

KoHTakTHasi paboTa, B TOM 4HcJe: 34,2 34,2
AyauTopHbIE 3aHATHS (BCET0): 34,2 34,2
3aHATHS JIEKIIMOHHOTO THIIA 16 16
nabopaTOpHBIE 3aHATH 16 16
MPaKTHICCKUE 3aHSITUS - -
CEeMUHAPCKHE 3aHSTHSI - -
HWuas koHTaKkTHas pa6oTa: 2,2 2,2
KonTtpons camocrosrensHoi padotsl (KCP) 2 2
IIpomexxyrounas arrecranus (MKP) 0,2 0,2
CamocTosiTeJIbHasi padoTa, B TOM YHcJI€: 37,8 37,8
Kypcogas pabora/mpoext (KP/KII) (moaroroBka) - -
KonrponbHast pabora - -
PacuérHo-rpadmueckas padora (PI'P) (moarotoska) 14 14
BelnonHeHHe WHIUBHUYAIbHBIX 33JaHU [0 TIOATOTOBKE pedepaTos, coOOOIICHHH, 8 8
npe3eHTaImi
CamocrosiTensHas npopaboTKa U MaTepHraia y4eOHUKOB U y4eOHBIX TOCOOUH, 98 98
MOJITOTOBKA K JIAOOPATOPHBIM 3aHITUSAM ' '
[ToaroToBka K TeKynieMy KOHTPOJIIO 6 6
Kontpoab:
[ToaroroBka K 3K3aMeHy - -
Oouasn yac. 72 72
TPYI0E€MKOCTH B TOM 4K cJie KOHTAKTHasi padora 34,2 34,2

3a4. efl 2 2

2.2 Coaepaxanue JUCHHMIIIHHBI
Pacnpenenenne BuoB ya4eOHON pabOTHI M HX TPYJOEMKOCTH TI0 pa3JieaM JAACIUTLTAHBIL.
Paznenbl/TeMbl JUCHUIUIMHEL, U3ydaeMble B 6 cemecTpe 3 Kypca ouHOU (opMbl 00ydeHHUs



KonunuecTBo yacoB
Ne HaumenoBanue pazzienos (Tem) Bcer Aymuropuas [BHeayIHTOpH
o pabora ast pabora
JI |13 |JIP CPC
Beenenwue B Data-Centric Machine Learning. ITpomecc
1. pasmetku nanHbIX (Data Labeling) 8 | 2 2 4
5 Crpareruu pa3mMeTku JaHHbIX. COTIIaCOBAaHHOCTD 8 | 2 5 4
" |pa3MeTku W pazpenieHre KOH(INKTOB
3. (llouck n ounctka ot myma B nanubix (Data Cleaning). | g | 2 ) 4
OoOorarienue TaHHBIX: AyrMeHTaIus u padora ¢
4. |mec6anancupoBannbiMu ganusvE (Class Imbalance) 8 | 2 2 4
['myOuHHBI aHaTM3 OMMOOK U cpe3oB JaHHBIX (Error
5. |& Slice Analysis) 8 | 2 2 4
6. |CHHTETHYECKHE NaHHBIE U YIPABJIEHHUE JAHHBIMU 9 | 2 2 5
7. Data-Centric monxoas! mig NLP u CV 88| 2 2 4.8
g. |HndpacTpykrypa, MOHUTOPHHT H OTHKA 11 | 2 ) 7
UTOI O no pazoenam oucyuniunvl 69,8| 16 16 37,8
KonTpons camoctostensHoi padbotsl (KCP) 2
[Ipomexyrounas arrectauus (MKP) 0,2
[TonroToBKa K TEKyIneMy KOHTPOJIO -
OO611ast TpyA0EMKOCTh MO AUCIHUILTHHE 72

IHpumeuanue: JI1 — nexyuu, 113 — npaxmuueckue 3anamus / cemunapwl, JIP — nabopamopnvie sausmus, CPC —
camocmosmenvras paboma cmyoenma

2.3 Conepxanue pa3iesioB (TeM) IMCHUILINHBI

2.3.1. 3aHATHA JEeKIUOHHOI0 THIIA

HanmeHnoBanue Popma

Ne Conep:xanue pa3aesia (TeMbl) TEKyLIero

paszaena (TemMbl) oS-

1 2 3 4

Beenenwne B Data-Centric | [Touemy maHHBIC BaKHEE MOJIEICH? JIP
Machine Learning. [TpotuBonocrasienne Model-Centric vs. Data-
IIpowuecc pa3MeTKH Centric.

1. nauubix (Data Labeling) Kirouesbie Tembl: JKU3HEHHBIN HUKI JaHHBIX B ML,
UHCTpyKUMHU A pasmeTuynkoB (Labeling Guidelines),
yIpaBlieHNE Ka4eCTBOM Pa3METKU, METPUKHU
cornacoBanHoctH (Inter-Annotator Agreement).

Crtpateruu pa3mMeTKu Kak pa3meuaTs MeHbIIIe, HO JIyYIIIE. JIP
JTAHHBIX. Karwuesbie Tembl: Ctpateruu Active Learning

2. CoriacoBaHHOCTEL (Uncertainty Samphng) Weak Supervision: CO3aHUC
pasMeTKH 1 paspelneHue | TPCHHPOBOYHBIX JAHHBIX C TOMOIIBIO SBPUCTHK I
KOH(ITHKTOB npasui (Snorkel).
ITouck u ouncTKa OT Jluarnoctrka u jaedcHue "OOJbHBIX" JaHHBIX. JIP

3. | mryma B mannbix (Data KiroueBbie Tembl: Tumel mryma (B features u labels).

Cleaning). MeTtoabe1 00HapYKEHUST BLIOPOCOB U MPOOTIEMHBIX




HaumenoBanme Popma
Ne Coaep:xanue pa3zena (TeMbl) TeKyLIero
pasnesa (TemMbl) KOETPOIS
1 2 3 4
MeTok. [IpakTuyeckoe ucrosib30BaHue OMOINOTEKH
cleanlab.
OO0oraiieHue 1aHHbIX: Kak ynyummrs ganHble, He COOMpasi HOBBIE. JIP
Ayrmenranus u padora ¢ | Kirouesble Tembl: MeToBI ayrMEHTaLUK ISt
4. | HecGalaHCHPOBAHHBIMH n3o0paxenuii (albumentations) u Tekcra (nlpaug).
nanabivu (Class Texuuku 00pbpOBI ¢ HECOAIAHCHPOBAHHOCTBIO
Imbalance) kinaccoB (SMOTE, B3BemBaHue KJ1accoB).
['myOuHHBIM aHAN3 [lonumanue Toro, rae u NoYeMy MOJI€Ib OLIMOAETCs. JIP
OMOOK U CPe30B KitoueBbie Temsl: [TocTpoeHre TaKCOHOMHUH OIIUOOK.
S. | namubIX (Error & Slice Cpesonsrii ananu3 (Slice-Based Analysis) mis
Analysis) BBISIBJICHHSI CITA0BIX MECT MOJIETH B KOHKPETHBIX
MOJIrpyImnax JaHHBIX.
Cunrernueckue nanupie | Co3gaHue JaHHBIX U YIIPABICHHUE WX KU3HEHHBIM JIP
U yIIpaBJICHUE JAHHBIMU | LIHKJIOM.
6 KitoueBbie Tembl: Kora v 3auem HCmonb30BaTh
' cuarernaeckue nanubie (GANs, Diffusion).
BepcuonupoBanue nanHbix 1 moaenei ¢ DVC.
[Tonsarue o npeiide gannpix (Data Drift)
Data-Centric momgxomst OcobeHHOCTH PaObOTHI C TEKCTOM M M300payKEHUSIMH. JIP
g NLP u CV Kitouesbie Tembr: Cnieriuduka pazmetka NER u
7. JETEKIIUU 00BEKTOB. AKTUBHOE OOyUEHUE U
ayrMEHTAIHs [T Pa3HBIX MOJALHOCTEH.
HucrpymenTsi (Label Studio, Doccano, CVAT).
HNudpactpykTypa, ®oxkyc: Data-Centric Al B npoaaxiiene. JIP
MOHHUTOPHHT M STHKA KiroueBsie Temsbr: [1naTdopmsl 11t pasMeTKH,
8 MoHuTOpHUHT AaHHbIX (Evidently Al), monsTue o
' cmenienusix (Data Bias) u Metogax obecrieueHus
crpaseuBocTH (Fairness).
2.3.2. 3aHATHA CEMHUHAPCKOIO THUIIA
3aHATHS] CEMUHAPCKOTO TUTIA HE MPEAYCMOTPEHBI y4eOHBIM TUIAHOM.
2.3.3. JIaGopaTopHbie padoThI
No HaunmenoBanue pasnena TemaTHKa 1aGOPaTOPHBIX PaboT ®dopma TEeKyIIEero
(Tembl) KOHTPOJIA
1. |Beenenwue B Data-Centric |JIa6 1: Model-Centric vs. Data-Centric ma |Omnpoc mo
Machine Learning. NpaKTHKe TEOPETUIECKOMY
[Tpouecc pazmeTku Heasn: [IpouyBcTBOBATH pa3HUILY. martepuany. OTaer
nansbix (Data Labeling) |3amanme: McnopTuTh 4yacTh METOK B 110 1aGOPaTOPHON

natacere (CIFAR-10/IMDb). Crauana
IBITAThCS YAYYIIUTh MOJAEIH, MEHSSA
rurnepnapaMeTpel. 3aTeM yJIyqIInTh
Ka4ecTBO, UCIIPAaBUB MeTKH. CpaBHUTH
PE3YNIBTATHI.

pabore.




Crpareruu pasmeTku
JTAHHBIX.
CornacoBaHHOCTb
pasMETKH U pa3pelieHue
KOH(JINKTOB

JIad 2: AKTMBHOEe 00y4eHue /s
KJIACCH(PUKAIMH TEKCTa

Heas: Hayuntsest 3¢ dexTuBHO

BBIOUpATh TaHHBIE JUIS PA3METKHU.
3aganue: Peann3oBarh nuki Active
Learning (ctpaterus Uncertainty Sampling)
JUTSI TEKCTOBOTO KJ1accudukaropa.
BusyanusupoBarh, Kak pacTeT TOYHOCTD C
KOJIMYECTBOM 3aIPOIICHHBIX METOK.

Ormpoc no
TEOPETHYECKOMY
matepuainy. Otuer
10 J1a00PaTOPHOIA
pabore.

[Touck u ouncTka or
nryma B gaHHbIx (Data
Cleaning).

JIao 3: OuncrKka garacera ¢ HOMOIILIO
cleanlab
Hean: Halitu 1 ucnpaBuTh OMUOKH B
pa3MeTke.
3ananme: HamMepeHHO 3alIyMIIUTh METKU B
natacere. OOy4uTh MOJICIIb, UCIIOIH30BAThH
cleanlab 1 morcka nmoTeHIMAIBEHO
HEBEPHBIX METOK. [IpoBepHTH WX, UCIIPABUTH
U 1IepeoOyduTh Moiesb. 3adUKCUPOBATh
MIPUPOCT KauecTBa.

Onpoc o
TEOPETUUECKOMY
Marepuainy. Otuer
10 JIa0OpaTOPHOM
pabore.

OO6oraieHue 1aHHBIX:
AyrMeHTanus u pabora ¢
HecOalaHCUPOBaHHBIMU
nanubivu (Class
Imbalance)

JIad 4: Ayrmentanus u 6opnoda c
AucOaTaHCOM
Hean: YBennunth pa3HoOOpa3ue JaHHBIX
U peluTh npodiemMy aucOanaHca.
3amanmne:
Jlyist 300paXKeHMIt: HCIIOTh30BATh
albumentations 1 co3maHus ManJiaiiHa
ayrMEeHTalHi.
Jlnst TekcTa: ucnonp30Bath nlpaug ans
ayrMEHTAIHH.
ITpumennts SMOTE ninu B3BelIMBaHue
KJIACCOB K HeCOAIAaHCHPOBAHHOMY JIaTaceTy.
OILICHUTH BIMSHHE Ha KAYECTBO MOJICIIH.

KonTponbnas
pabota No2
IIpoBepka
BBITIOJTHEHUS
JIOMAIITHKX PadoT.

['myOuHHBIN aHanu3
OLIMOOK M CPEe30B JJAHHBIX
(Error & Slice Analysis)

JIab 5: Anann3 omiM0OK U cpe30B JAHHBIX
Hean: HayunTbcs 1MarHocTUpOBATh
ci1a0ble MecTa MOJIENH.

3aganue: HatpeHupoBate MOzENb U

IIPOBECTH JETaJIbHBIA aHAIN3 €€ OIINOOK.

[Toctpouts Confusion Matrix. Onpenenuts

2-3 cpe3a JaHHBIX (HanmpuMmep, "KOpOTKHe

TeKCThl", "M300pakeHUsI C TEMHBIM

dboHOM"), HA KOTOPBIX MOJIENIh pabOTaET

XYKC, U IPCAJIOKHUTDH TUIIOTE3EI, ITIOUCMY.

Ormpoc mo
TEOPETUIECKOMY
matepuainy. OTuer
1o JabopatopHoit
pabore.

CHHTETHYECKHE JaHHBIC U
YIpaBJICHUC JaHHBIMU

JIa6 6: Data-Centric naitniaiin ais NLP
(NER)
Heab: [IpuMEHUTH KITFOUEBBIC TEXHUKU
K TeKCTOBBIM JIaHHBIM.
3aganue: Hactpouts npoekt B Label
Studio/Doccano st pasmetrku NER.
[TpoBecTH pa3MeTKy, MPUMEHHUTH
ayrMEHTaIMIO TEKCTa, 00yYUTh MOZEIb
(manpumep, spaCy) ¥ IpOBECTU aHATIU3
OLINOOK.

Onpoc o
TEOPETUIECKOMY
Marepuany. Otyer
1o 1abopaTopHOn
pabore.




7. |Data-Centric moaxoIbI JIa6 7: CunreTrnyeckue nanubie 1 Weak |Omnpoc no

it NLP u CV Supervision TEOPETUYCCKOMY
Heab: OcBOUTH METO/IBI TEHEPALIUU U marepuany. OTuer
"OIyMHOI" pa3METKU JaHHBIX. 110 J1abOPaTOPHOIL
3aganue: paGore.

L. CunrTernka: CreHepupoBaTh
CUHTETHYECKUE U300paKECHHUS C
nomoInpio npenodydennoin GAN u
N00aBUTh UX B TPEHUPOBOYHBII HAOOD.

Weak Supervision: Mcmonb3oBath Snorkel

i co3nanus Labeling Functions u

TeHEPAlMU TPEHUPOBOYHBIX JTaHHBIX LIS

TEKCTOBOH Ki1accu(ukanmu 6e3 pyqHoi

pa3MeTKH.

8.  |Mudpactpykrypa, JIa6 8: ®dunanbHblii npoekT: CkBO3HOI  |Onpoc 1o
MOHMTOPHHI ¥ OTHKA. Data-Centric naiinaiin TEOPETUIECKOMY
NToroBe1ii mpoexT. Iean: MHTErprpOBaTh BCE U3YUYEHHBIE matepuany. Otuer

MCTOBI. 110 J1a00paTOpHOM

3aganue: BoiOpaTh naracer.
Peanu3oBaTes nanmiai, BKIIFOYAIOIIHN:
1. HaganpHyto pa3MeTKy/aKTUBHOE
oOydeHue.
2. Ouuctky nanHbIxX (cleanlab).
3. AyrMeHTaIuIo.
AHanm3 omuOOK U LeJICHANPaBICHHOE
yIy4llIeHue caadbIX CPe30B.
[IpencraBuTh OTYET C METPUKAMH JIO U
10CJIe KaX/10To 1ara.

pabore.

2.3.4 llpumepHasi TeMaTHKa KYPCOBBIX pa0doT (IIPOEKTOB)

KprOBaH pa60Ta HE IpEAyCMOTpPCHA. B kauecTtBe KYpCOBOTI'O ITPOCKTA CTYACHTHI 3allIUIIIA0OT
AaTallCHTPUUCCKHUE METO/AbI 06pa60TI(I/I JaHHBIX JJI1 JaTace€Ta IO 3aJdHUI0 OT MHAYCTpPUAJIBHOT'O
napTHepa.

2.4 IlepeyeHb y4eOHO-METOAUYECKOr0 oOecredeHHsl JAJIsl CAMOCTOATENbHOH PadoThI
o0yyarommxcs M0 JMCHHUIIHHE (MOYJII0)

[enbto camocTOATENBHOM PabOTHI CTYJEHTA ABIISETCS:

- yriiyOJieHre 3HaHUH, OJYyYeHHBIX B pe3yJbTaTe ayJJUTOPHBIX 3aHSATHI;

- Pa3BUTHUEC HABLIKOB CaMOCTOSITEIIbHOMN pa6OTBI;

- 3aKpeIUIEHUE OMbITa U 3HAHHH, TTOJTYYEHHBIX BO BPeMs JIAOOPATOPHBIX 3aHIATUH.

Ne Bux CPC [Tepeuenp yueOHO-METOAMUECKOTO 00ECTIeYeHHS JUCIIUTUIUHBI
3 10 BBIMIOJIHEHUIO CAMOCTOSITENIbHOM pabOThI

1 2 3

[TpopaboTka 1 moBTOpeHue |MeToauuecKrue YKa3aHus MO BBITOJHEHUIO CAMOCTOATENIbHOM
JEKIIMOHHOTO MaTepuana, (paboThl, yTBEPKICHHBIC Ha 3aceJaHnN Kadeapsl

1 |marepuana yuebHoil u BBIUMCIIUTENILHBIX TEXHOJIOTUH (aKyIbTeTa KOMIIbIOTEPHBIX
Hay4HOU JIUTEPATYPBHIL, TEXHOJIOTrHH U npukiagHoi Mmatematuku ®I'6OY BO
nojrotoBka K cemuHapckum [«Kyo6I'Y», mporokon Ne7 ot 07.05.2025 T.




3aHATUAM

MeTtoauueckre yKa3aHus 10 BBIIOJIHEHUIO CAMOCTOSTEIbHON
paboThI, yTBEPKICHHBIC HA 3aceAaHUH Kaeaphl
BBIYHUCIUTENbHBIX TEXHOJIIOTUN (DaKyIbTeTa KOMIIBIOTEPHBIX
TEXHOJIOrui 1 npuknagHoi Mmatematuku ®I'6OY BO
«KyoI'Y», nmpotokos Ne7 ot 07.05.2025 r.

IToaroroBka k
n1abopaTOPHBIM 3aHATUSIM

Mertoanueckue yKazaHus 10 BBITOJIHEHUIO CAMOCTOSITENIbHOM
paboThl, yTBEp)KJICHHBIC HA 3aceqaHuu Kadeapbl
BBIYHUCITUTEILHBIX TEXHOJIOTHIA (DaKyIhbTeTa KOMIBIOTEPHBIX
TEXHOJOTUM U npukiagHor Marematuku @I'bOY BO
«Ky0I'Y», nporokos Ne7 ot 07.05.2025 1.

[ToaroroBka K pemieHuO
3aJa4 U TECTOB

Mertoanyeckue ykazaHHs [0 BBIIOJIHEHUIO CAMOCTOSITEIbHON
paboThI, yTBEPKICHHBIC HA 3aceIaHUH Kaeaphl
BBIUMCIINTENIbHBIX TEXHOJIOTUH (paKyIbTeTa KOMIBIOTEPHBIX
TeXHOJIO0rui 1 npuknagHoi Mmatematuku ®I'6OY BO
«Ky6I'Y», nporokon Ne7 ot 07.05.2025 r.

[ToaroroBka Kk TeKymemy
KOHTPOJIIO

Y4eOHO-MEeTOIUYECKUE MaTEePHUAIIbl ATl CAaMOCTOSATEIbHON pabOThl 00yUYaIOUIUXCA U3 YUCIIa
WHBAJIHMJIOB U JIUI] C OTPaHHYECHHBIMHA BO3MOXKHOCTSIMH 3710poBhs (OB3) mpenocraBisiroTcs B popmax,
aJaNTUPOBAHHBIX K OTPAaHUYCHUSIM UX 370POBbsI U BOCHPUATHS WH(OPMALIUU:

JUia au1 ¢ HapyIIEHUSIMU 3PEHUSL:

— B MieyaTHOM popme yBeTHMUeHHBIM HIpUQTOM,

— B (popMe 3JIEKTPOHHOT'0 IOKYMEHTA,

— B ¢popme ayamno-gaiiia,

— B 1e4aTHoi (hopme Ha si3bIke bpaits.

J1ig U1 ¢ HApYIICHUSMHU CIIyXa:

— B mieyaTHOU hopme,

— B (hopMe 2IIEKTPOHHOTO IOKYMEHTA.

JIjig au1 ¢ HapyIIeHUsIMA OIIOPHO-JBUTaTEIBHOTO amnmnapara:

— B I1e4aTHOM (opme,

— B (popMe JIEKTPOHHOTO IOKYMEHTA,

— B (popme ayamo-daiina.

JlaHHBII TIEpEYeHb MOXET OBITh KOHKPETU3UPOBAaH B 3aBHCHUMOCTH OT KOHTHHTEHTA
oOyJaromuxcs.

3. OoOpa3oBare/ibHble TEXHOJOTMH, NPHMEHsieMble IPH OCBOCHMH JUCHUILINHBI
(Mmoxy.ns)

B cootBerctBun ¢ tpeboBanusmMu ®PI'OC B mporpaMma JIUCHUIUIMHBI IPENTyCMAaTPUBAET
UCIIOJIb30BaHUE B yUEOHOM IIpoIECcCe CAEAYIOIMNUX 00pa30BaTeIbHbIE TEXHOIOTUU: YTCHHE JIEKIUH ¢
HCIIOJIb30BaHUEM MYJIbTUMEINIHBIX TEXHOJIOTUI; METO MAJIbIX TPYIII, pa30op MpaKTUUECKHUX 3a/1a4
U KENCOB.

HpI/I O6y‘-ICHI/II/I HCIOJIB3YIOTCS CIICAYIOIINC O6pa30BaTCHBHBIC TCXHOJIOTHH:

1. TexHomoruss  KOMMYHHKAaTHBHOTO  OOy4YeHHss —  HampaBjieHa Ha  (GOpMHUpPOBAHUE
KOMMYHHUKATHBHOW KOMITETEHTHOCTH CTYIEHTOB, KOTOpas SIBISETCS 0a30BOM, HEOOXOAMMOM st
aJlanTaIuy K COBPEMEHHBIM YCIOBUSM MEKKYJIbTYPHOW KOMMYHUKAITUH.

2. Texnomorusi paszHoypoBHeBOro (muddepeHIpoBaHHOTO0) OO0y4YeHUS — TpeArnoiaraet
OCYIIIECTBJICHWE TO3HABATEIHLHON JIEATEIbHOCTH CTYACHTOB C Y4YETOM WX WHAWBUIYaTbHBIX
CIIOCOOHOCTEH, BO3MOXKHOCTEH W HWHTEPECOB, TOOMIPSii WX PEaTH30BBIBATH CBOM TBOPYECKUU
noteHman. Co31aHne U UCTIOIb30BaHUE TUArHOCTUYECKUX TECTOB SBISIETCS HEOTHEMIIEMOM YacCThIO
JTAHHOM TEXHOJOTHUHU.



3. TexHoyorust MOyJIbHOIO O0Y4EHHUs — IPEyCMaTPUBAET JEJICHUE COACPKAHNUS AUCIUILIMHBI Ha
JOCTAaTOYHO aBTOHOMHBIE pa3zesibl (MOAYINIHN), HHTETPUPOBAaHHBIE B OO KypC.

4. WHpopmanMoHHO-KOMMYHHMKallMoHHble — TexHojorun  (MKT) -  pacmumpsitor  pamku
00pa30BaTeNLHOTO MPOIECcCa, MOBBIMIAS €ro MPAKTHYECKYI0 HAIMpPaBICHHOCTh, CIHOCOOCTBYIOT
UHTCHCU(UKALIMM  CAMOCTOATENbHOM paboThl ydaluMXcs U IOBBIILEHUIO I103HABaTEIbHOM
aktuBHOCTH. B pamkax VKT BbiensatoTcs 2 Buaa TEXHOIOTHI:

5. TexHOoJOTHs UCIONb30BaHMUS KOMIIBIOTEPHBIX POrpaMM — M03BOJIsIET 3()(HEKTUBHO AOMOIHUTh
nporecc 00y4eHHUs A3bIKY Ha BCEX YPOBHSIX.

6. VHTepHEeT-TEeXHOJOrMH — MPEJOCTABISIIOT IUPOKUE BO3MOXKHOCTH JJIsl TIOMCKA MH(pOpMalLuy,
pa3pabOTKN Hay4YHBIX IPOEKTOB, BECHUS HAYYHBIX MCCIIEIOBAHUN.

7. TexHomoruss WHAMBHIyalnM3allMd OOY4YEeHUS — IIOMOTaeT pealu30BbIBATh JMYHOCTHO-
OpPUEHTHPOBAHHBIHN IOIXO0J], YYUTHIBAS HHIUBUAYATbHbIE OCOOCHHOCTH U TOTPEOHOCTH yYaIIUXCA.

8. IlpoekTHasi TEXHOJIOTUS — OPUEHTUPOBAHA HA MOJCIMPOBAHHE COLMATBHOIO B3aMMOACHCTBUS
yUYaIIUXCsl C IeNBI0 PEUICHUs 3a7add, KOTopas ONpeaessieTcs B paMKax Mpo(hecCHOHAIbHON
HOJArOTOBKH, BBIJEIASA TY WM UHYIO IPEIMETHYIO 00JIaCTh.

9. Texuomorust OOy4YeHHSI B COTPYIOHHYECTBE — peEaTM3yeT HJACI0 B3aMMHOTO OO0YydYeHUs,
OCYILECTBIISAS KaK MHIUBUAYAIBHYIO, TaK U KOJJIEKTUBHYIO OTBETCTBEHHOCTD 3 PELIEHHE Y4eOHBIX
3aj1a4.

10. UrpoBasi TeXHOJIOTHs — MO3BOJSET Pa3BUBAaTh HABBIKM PACCMOTPEHUsS psjia BO3MOXKHBIX
CIOCOO0B pelieHHs MpoOeM, aKTUBU3HUPYS MBILIUIEHUE CTYJEHTOB M PACKPbIBAs JMYHOCTHBIN
HOTEHIMAJ KaXKJJ0r0 yJalerocs.

11. TexHONOTHSI PAa3BUTUS KPUTHYECKOTO MBIIDICHUS — CIOCOOCTBYeT (OPMHUPOBAHUIO
Pa3sHOCTOPOHHEH JINYHOCTH, CHOCOOHOM KPUTHUYECKU OTHOCUTHCS K MH(OpMAIMK, YMEHUIO OTOUPATh
MH(pOPMaLIMIO JUIsl pEIIEHUs [TOCTABIEHHON 3a/1a4H.

12. KommiekcHOe HCIONb30BAaHHE B Y4EOHOM IIpOLlecce BCEX BbIIIEHA3BAaHHBIX TEXHOJOIMH
CTUMYJHUPYIOT JIMYHOCTHYIO, MHTEJUIEKTYalbHYI0 aKTUBHOCTb, pa3BUBAIOT I103HABATEIbHbBIC
IPOLIECCHI, CIIOCOOCTBYIOT (POPMHUPOBAHUIO KOMIIETEHLIUH, KOTOPBIMU JIOJDKEH 00J1afaTh OyayIui
CHEIHAJINCT.

OcHOBHbBIE BU/Ibl HHTEPAKTUBHBIX 00pa30BaTEIbHBIX TEXHOJIOIUN BKIIOYAIOT B CEO0SI:

13. paboTa B ManbIX rpymmax (KOMaHE) - COBMECTHAsI IEATEIbHOCTh CTYJICHTOB B TPYIIIE MO/
PYKOBOJICTBOM JIWJiepa, HAalpaBJeHHas Ha peleHre olmiel 3a1au MyTéM TBOPUYECKOTO CIOXKEHHUS
pe3yNbTaTOB MHAMBHUAYaJIbHOM pabOThl YJIEHOB KOMAaHJbl C JEJIEHHWEM IOJIHOMOYHMHI H
OTBETCTBEHHOCTH,

14. mpoekTHasl TEXHOJOTHUS - MHIAUBUAYAIbHAsl WM KOJIJIEKTUBHAS JAEATEIbHOCTH IO OTOODY,
paclpeesIeHuI0 U CHUCTEMaTH3allud MaTepuaja IO ONpPEIEICHHON TeEME, B Pe3yJbTaTe KOTOPOU
COCTaBJIIETCS IPOEKT;

15. aHanmM3 KOHKPETHBIX CUTYallUH - aHAJIN3 peaJIbHBIX MPOOJIEMHBIX CUTYyallul, UMEBIIMX MECTO
B COOTBETCTBYIOILIEH 00nacTu NpoheCCHOHATBHOU AESITEIbHOCTH, M MOMCK BapUAHTOB JYYIIHUX
peLIeHu;

16. pa3BUTHE KPUTHYECKOTO MBIIUICHUS — O00pa3oBaTellbHAs JCSTEIbHOCTh, HAIIPaBICHHAS HA
pasBUTHE y CTYIEHTOB Pa3yMHOTo, pPe(IEeKCMBHOIO MBIIUIEHUS, CIIOCOOHOTO BBIABHUHYTh HOBBIE
WU U YBUJIETh HOBbIE BOZMOXKHOCTH.

[Toaxon pa3dopa KOHKPETHBIX 3ajay M CUTYAIMH [IIMPOKO UCIIONIB3YeTCsl KaK MperoiaBaTesieM, Tak
U CTyJIEHTaMHU BO BpeMs JIEKIIHMi, JJaOOpaTOPHBIX 3aHATUN U aHAJIN3a PE3YJIbTaTOB
CaMOCTOSITENIbHON PabOoThl. TO 00YCIOBICHO TE€M, UTO IIPU UCCIETOBAHUU U PEIICHUH KaXKA0H
KOHKPETHOM 33714l UMeeTCs, Kak MPaBUII0, HECKOJIBKO METO/I0B, a 3TO TpedyeT pa3dopa U OLIEHKU
LIEJI0M COBOKYITHOCTH KOHKPETHBIX CUTYaLlUH.

[Ipu npoBeneHnn 1a00PaTOPHBIX 3aHATUN YYACTHUKHU 3aKPEIUISIOT MPOMIEHHBIN MaTepHral
nyTeM OOCYXKIEHHs BOIIPOCOB, TPEOYIOIIMX OCOOOr0 BHHMMAaHHMS W TIOHUMAaHHS, OTBEYAlOT Ha
BOITPOCHI IPEMOJABATENSA U APYTUX CIIyLIaTeNIed, OCYIIECTBISAIOT PEIIEHUS! TECTOB, HAIIPABIECHHBIX
Ha IOBTOPEHUE JIEKIIMOHHOIO0 MaTepHualla ¥ HOPMATUBHBIX JOKYMEHTOB 110 U3Yy4acMOW TEMaTHKE,



BBITIOJHSIOT PeLIeHHUE 3a/1a4, KOTOPbIE CIIOCOOCTBYIOT PAa3BUTHIO MPAKTUYECKUX HABBIKOB B 00JaCTH
M3y4aeMOW TUCIUILINHBIL.

B uncno BuioB paboThl, BRITOIHIEMOHN CIYIIATEISIMA CAMOCTOSITENBHO, BXOST:

1) nouck u U3ydeHue JUTEpaTypsl 10 pacCMaTpUBAEMOM TeMe;

2) MOWCK M aHAJIW3 HAyYHBIX cTaTeld, MOHOrpaduil 1o pacCMaTpuBaeMoOl TeMe.

WuTepakTuBHBIE 00pa30BaTEeNIbHBIE TEXHOJIOTHH, UCHOIB3yEMbIE B ayJUTOPHBIX 3aHITHAX:
OpU peaju3alii pPa3IU4YHBIX BUJOB y4eOHOM paboThl (JEKUUH U MPAKTHUYECKUX 3aHSITHI)
UCIOJB3YIOTCS  ClleAyloliue  oOpa3oBaTelbHbIE  TEXHOJOIMHM:  JUCKYCCHM, IPE3EHTAlUH,
KoH(pepeHMu. B coyeranuu ¢ BHeayAUTOPHON pabOTON OHHM CO3/aIOT JIOMOJIHUTEIbHBIE YCIOBUS
dopMHpOBaHUS W PA3BUTHUA TPEOYEeMbIX KOMIIETCHIMH OOYYaIOLIMXCS, MOCKOJBKY IO3BOJISIOT
o0ecreunTh aKTUBHOE B3aMMOJICHCTBHE BCEX YUaCTHUKOB. DTH METObI CIOCOOCTBYIOT JTUYHOCTHO-
OpPUEHTUPOBAHHOMY IOJXOY.

Bce nepeunicnennbie Buabl U GopMbl yueOHON pabOThI M TEKYILIET0 KOHTPOJIS HAlpaBJIeHbI HA
dopmupoBaHue y oOydarommxcss Npo(ecCHOHAIBHBIX KOMIIETCHUUH, MPEIYyCMOTPEHHBIX IPH
IUTAHUPOBAHUM PE3yJbTATOB OOyUYEHHUs MO JAMCUUIUIMHE U COOTHECEHHBIX C IUIAaHUPYEMbIMHU
pe3ysibTaTaMu OCBOEHUSI 00pa30BaTEIbHOM MPOrpaMMBl.

JInsg aun ¢ OrpaHMYEHHBIMU BO3MOXKHOCTSMM 3/I0pPOBbSl MPEAYCMOTPEHA OpraHu3alus
KOHCYJIbTallUl C HCIIOJIb30BAHUEM D3JIEKTPOHHOM MOYTHI M YCTAHABIMBAETCS OCOOBIM MOPSAIOK
OCBOGHHUSI YKa3aHHOH JMCUUIUIMHBL. B 00pa3zoBaTenbHOM MpoOlEcce HCHOIb3YIOTCS COLUAIbHO-
AKTUBHBIC U peQIIEKCUBHBIC METO/IbI 00YUEHUS, TEXHOJIOTHH COLMATIBHO-KYJIBTYPHOH peadrInTanuu
C LENbI0 OKa3aHusi MOMOILIM B YCTAaHOBJIEHUHM IOJHOLEHHBIX MEXIMYHOCTHBIX OTHOILIEHHHA C
JOPYTUMH CTYJIEHTaMH, CO3JaHUM KOM(OPTHOTO ICUXOJIIOTHYECKOTO KJIMMaTa B CTYACHYECKOH
rpyIIe.

Briieo3HaueHHbple  00pa3oBaTeNbHBIC TEXHOJIOTMH Jal0T HambOonee A(p(eKTUBHBIC
pe3ynbTaThl OCBOEHUS JUCUUIUIMHBI C MO3ULUI aKTyaJld3aluyd COACPKAHUA TEMbl 3aHSITHS,
BBIPAOOTKH MPOAYKTUBHOTO MBIIUICHUS, TEPMUHOJIOTHYECKON TPAMOTHOCTH M KOMIIETEHTHOCTH
00y4aeMoro B acleKkTe COLUaIbHO HAMpaBICHHOW MO3UIMH Oyayiiero 0akanaBpa, 1 MOTUBALIUU K
VMHUIMaTUBHOMY U TBOPYECKOMY OCBOEHHUIO y4eOHOr0o Marepuara.

4. OueHo4YHbIC CpeACTBA UISl TEKYyILIero KOHTPOJSA YCHEBAEMOCTH M
NMPOMEKYTOUYHOM aTTeCTANUN

OIIGHO‘-IHBIG cpeacrtBa MNpEAHA3HAYCHBI JJIsI KOHTPOJISA W OLCHKHU 06pa3OBaTeJ'II>HI>IX
JOCTHXKEHU I 00yJaroIInXCcsi, OCBOMBIIHX MPOrpamMmy yueOHo# aucuumnasl «Data-Centric Machine
Learning ».

OcBoenne AUCHUIUIMHBL TPEAIojIaract ABE OCHOBHBIC (I)OpMLI KOHTPOJII — TEKYIIass "
MMPOMEIKYTOUHAd aTTeCTalus.

TeKyumﬁ KOHTPOJIb YCIIEBAEMOCTH OCYHICCTBIACTCA B TEUCHUE CEMECTpa, B XOAC
MOBCE/IHEBHOM yueOHON paboThl U MpeArnoaraeT OBJIAJCHUE MaTepuallaMy JIEKLUH, JTUTEepaTyphl,
mporpamMmesl, pa60Ty CTYACHTOB B XOAC IMPOBCACHUA MPAKTUYCCKUX 3aHHTHﬁ, a TakKXxe
CHUCTEMATHUYECKOC BBIIIOJTHEHUE TECTOBBIX pa60T, PEIICHUEC MPAKTUYCCKUX 3aa4d U MHBIX SaHaHI/II‘/II
JUIL CaMOCTOSITENIbHOW pPabOThl CTYACHTOB. JlaHHBIM BHJ KOHTPOJIS CTUMYJIUPYET y CTYICHTOB
CTpEeMJICHHE K CHCTEMaTH4YEeCKOW CaMOCTOSITENbHOM padoTe MO H3y4EHUIO IUCHUIUIMHBL. OH
npeaHa3HauyCH i1 OLCHKHU CaMOCTOSITEIbHOM pa60TH cnymaTeJleﬁ no pCuiCcHU 3a1ady,
BBITIOJTHCHHUIO ITPAKTUYCCKHUX SaJIaHHﬁ, MOABCACHUA HUTOI'OB TECTUPOBAHMA. OHeHI/IBaeTCSI TaK¥XKeE
AKTUBHOCTH U Ka4YCCTBO PE3YyJIbTATOB HpaKTHqCCKOﬁ paGOTBI Ha 3aHATHUAX, Y4aCTUC B JUCKYCCHUAX,
06cy)K,HeHI/I$IX U T.II. I/IHJII/IBI/I,ZIyaJ'IBHBIe W I'PYHIIOBBIC CAMOCTOSATCIIBHBIC, AYATUTOPHBIC, KOHTPOJIbHBIC
pa6OTLI Imo BCEM TEMaM IUCHUIIJIMHBI OPraHU30BaHbI CI[I/IHOO6p8.3HBIM 06pa30M. I[J'ISI KOHTPOJIA
OCBOCHHA COACPKAHUA MTUCHUILIIMHBI UCIIOJB3YIOTCA OLCHOYHBLIC CPCACTBA. Onu HaIpaBJICHBI Ha
orpeziesieHue CTeneHr c()OPMHUPOBAHHOCTH KOMITETEHIUH.



IIpoMeskyTOUHast aTTeCTALMA CTYIEHTOB OCYIIECTBIISIETCS B paMKaXx 3aBEPIICHUS U3Y4EHUS
JUCLUTUTMHBI ¥ TIO3BOJISIET ONPEACIUTh KaueCTBO YCBOCHUS M3YUYEHHOTO MaTepHasa, Mpearnoiaraet
KOHTPOJIb U yIIPaBJIEHUE IPOLIECCOM NMPUOOPETEHUS CTYIeHTaMU HEOOXOAUMBbIX 3HAHUHN, YMEHUS U
HaBbIKOB, onpenensieMblx Mo @I'OC BO mo cOOTBETCTBYIOIIEMY HalpaBiICHUIO NOJITOTOBKU B
Ka4yeCTBE Pe3yJIbTaTOB OCBOCHUS y4eOHOM JUCLIUIUIMHBI.

OrneHOUHBIE CpEeICTBA Uil MHBAJIHMIOB U JIMI] C OTPAaHUYEHHBIMU BO3MOXKHOCTSIMH 3/I0POBbS
BBIOMPAIOTCS C yUETOM MX UHIMBUAYAJIBHBIX ICUXO(PU3NYECKUX OCOOCHHOCTEH:

— MPH HEOOXOAMMOCTH MHBAJHMIAM M JIULAM C OTPAaHUYEHHBIMU BO3MOXKHOCTSIMU 370POBBS
IPEOCTABIIACTCS JOIIOJHUTEIBHOE BPEMS /sl TIOATOTOBKU OTBETA Ha SK3aMEHE;

— MPH MPOBEJCHUU TPOLEAYPHI OICHUBAHUS PE3yJbTaTOB OOY4YCHHS WHBAIUAOB M JIHIl C
OrPaHUYEHHBIMU BO3MOXKHOCTSIMHU 3/10POBBS IIPElyCMaTPUBAETCSl HCIOJIb30BaHME TEXHUUYECKUX
CpeACTB, HEOOXOIMMBIX UM B CBSI3U C UX WHAWBUIYAIBHBIMUA OCOOCHHOCTSIMH;

— IIPY HEOOXOIUMOCTH Il 00YYaIOLIUXCSl C ONPaHUYEHHBIMU BO3MOKHOCTSIMH 3]I0POBbsI U
MHBAJIKOB MPOIelypa OLEHUBAHUS PE3yIbTaTOB O0YUECHHUS MO TUCIUIIMHE MOXET IMPOBOJIUTHCS B
HECKOJIbKO JTAIoB.

[Iponienypa OuEHWBaHUS PE3YNbTATOB OOYYECHHs WHBAJIHMIOB W JIMI C OrPaHUYCHHBIMHU
BO3MOXKHOCTSIMM  3/I0pPOBbsl 10 JUCLMIUIMHE (MOZYJIIO) IpeaycMaTpUBaeT IpeloCTaBICHUE
uHpopManuu B (¢opMmax, aJanTUPOBAHHBIX K OTPAHMUYCHHUSIM WX 30POBBbS W BOCHPHUSATHS
uHpopMmanuu:

JUig au1 ¢ HapyIIEHUSIMU 3PEHUS:

— B 11e4aTHOM (hopMe yBEITMUYEHHBIM HIPUPTOM,
— B popMe PIIEKTPOHHOTO TOKYMEHTA.
JUst a1 ¢ HapyLIeHUsIMU CITyXa:
— B miedaTHoi opme,
— B (popMe 3IIEKTPOHHOI'O IOKYMEHTA.
JUig au1 ¢ HapyLIeHUs MU OIIOPHO-JBUTaTEIBbHOTO anmnapara:
— B [IeYaTHOM (opme,
— B (hopMe JIEKTPOHHOT'O IOKYMEHTA.

JlaHHBIA TEepeYeHb MOXET OBbITh KOHKPETH3HUPOBAaH B 3aBUCUMOCTH OT KOHTHMHIEHTa

o0ydJaronuxcs.

4.1 OnleHOYHbIE CPEACTBA JJIsl TEKYIEr0 KOHTPOJISI YCIIeBAeMOCTH

4.1.1. Bompocbl KOHTPOJILHOIO ONpPOCa B PpaMKax 3aHATHH JIEKUMOHHOIO WU
CEMHUHAPCKOI'o TUIIA

OIIGHO‘-IHBIG cpeacrBa MNpCAHA3HAYCHBI JJIsI KOHTPOJIA W OLCHKHU o6pa3013aTeanmx
JOCTH)KEHUI 00yJaroIuXcsi, OCBOMBIIUX Tporpammy yueOHOW mucuummHbl «Data-Centric
Machine Learning ».

OI_[eHOLIHLIe Cp€aCcTBa BKIIOYAE€T KOHTPOJIBHBIC MaTE€pHalibl JJId IPOBEACHUSA TEKYIIEIro
KOHTPOJIA B (GopMe TECTOBBIX 3a/laHui, KEMCOB M NMPOMEKYTOYHOl aTTecTauMm B (opme
BOIIPOCOB U SaI[aHI/Iﬁ K 9K3aMEHY.

OHeHO'-IHBIe Cp€acTBa Ayl MHBAJIMAOB U JIMI] C OTPAHUYCHHBIMH BO3MOKHOCTAMU 3J0POBbBA

BLI6I/IpaIOTC}I C YUCTOM UX MHIAWUBUAYAJIbHBIX HCI/IXO(l)I/ISI/I‘{eCKI/IX 0COOEHHOCTEM.

— IIpHu HeO6XOJII/IMOCTI/I HHBaJIMAaM W JIMaM C OIrpaHUYCHHBIMH BO3MOXHOCTAMU 3J0POBbBA
MpeaoCTaBIACTCA JOITOJIHUTCIBHOC BpEM JIAA TIOATOTOBKHU OTBETA HA 3K3aMCHEC;

— MpU TOPOBEJCHUM MPOLETYpPhl OLEHUBAHUS PE3YyNbTaTOB OOyUEHHUS WHBAIMJIIOB M JIUI C
OrpaHUYCHHBIMHA BO3MOKHOCTAMU 3J0POBbA IMPEAYCMATPUBACTCA HCIIOJIB30BAHUC TCXHUYCCKUX
CpEacTB, H606X0,ZII/IMBIX M B CBA3H C UX UHANBUAYAJIbHBIMU OCO6eHHOCT$IMI/I;

— IIpH HCOGXOI[I/IMOCTI/I JUIA 06y‘{aIOH_II/IXC$I C OI'paHUYCHHBIMU BO3MOKHOCTAMMU 300POBBIA U
HHBAJIMAOB IMpoucaypa OuCHUBAHUA PE3YJIbLTATOB 06yqu1/1$1 MO0 JUCHUITIIMHE MOXKCET ITPOBOJUTHCA B
HECKOJIBKO 5TaIlOB.



[Ipouenypa oneHuBaHUS pe3yabTaTOB OOyYEHHUsS HHBAIWIOB W JIMI[ C OrPAaHUYCHHBIMU

BO3MOXHOCTSIMH  3/I0pPOBbsSI 110 JUCHHIUIMHE (MOAYNIO) NpPEIyCMAaTPUBACT IPEJIOCTAaBICHHE
uHpopmauuu B (¢opMmax, aJalTUPOBAHHBIX K OIPAaHMUYCHHMSM MX 310pOBbS U BOCHPUSATHS
uHpOpMaLUu:
Jlist 11 ¢ HapyIEHUsIMU 3pEHMSL:

— B I1€4aTHOW (hopMe YBEIUYECHHBIM HIPUPTOM,
— B (hopMe 3JIEKTPOHHOT'O IOKYMEHTA.

JIyist JiL ¢ HapyIIeHUsAMHU CIIyXa:

— B IIe4aTHOM (opme,

— B ()OpMe AIIEKTPOHHOTO IOKYMEHTA.
JInst UL ¢ HapyHIISHUSIMH OTTIOPHO-/IBUTATEIILHOTO amIapara:

— B mieyaTHo opme,

— B (hopMe 3JICKTPOHHOTO JIOKYMEHTA.
JlaHHBI TIepeYeHh MOXKET OBITh KOHKPETH3HUPOBAaH B 3aBHUCHMOCTH OT KOHTHHTCHTA
oOyJaronuxcs.

CTpyKTypa OLEHOYHBIX CPEACTB AJIs TeKylIeil U MPOMEeKYTOYHOH aTTecTallui

Ne Konx HanmeHnoBaHue
H; KonTponupyemsbie pazensl | KOHTPOJIHPYEeMOH OILIGHOYHOT'O CPE/ICTBA
I (TeMBbI) TUCIUTLTUHBI* KOMIIETCHLIUU Texymmun IIpomexxyrounas
(unu ee yacTH) KOHTPOJTb aTTecranus
Bgenenne B Data-Centric BD-1, BD-2, Jlabopamopnas
1 Machine Learning. ITporecc LLM-2, MF-4, | paboma Nel Bonpocwi k
pa3MeTku naHHbIX (Data ML-2 3auemy
Labeling)
Crpareruu pa3MeTku BD-1, BD-2, Jlabopamopnas | Bonpocwi k
2 nmaHHbIX. COrlnacoBaHHOCTD LLM-2, MF-4, paboma No2 3auemy
Pa3METKHU U pa3perieHne ML-2
KOH(JIMKTOB
[Touck u ounictka ot myma B | BD-1, BD-2, ML- | Jlabopamopnas | Bonpocw k
3 | nannpix (Data Cleaning). 2 paboma Ne3 3auemy
Oo0orailieHre JaHHBIX: BD-1, BD-2, Jlabopamopnas | Bonpocul k
4 AyrMeHTamus 1 padbora ¢ LLM-2, MF-4, | paboma No4 3auemy
HecOanaHCUPOBaHHBIMU ML-2
nanHbiMu (Class Imbalance)
I'myOuHHBIN aHAIN3 OMIUOOK BD-1, BD-2, Jlabopamopnas | Bonpocul k
5 u cpe3oB gaHHbIX (Error & LLM-2, MF-4, paboma Ne5 3auemy
Slice Analysis) ML-2
CuHTeTHYECKHUE TaHHBIC U BD-1, BD-2, Jlabopamopnas | Bonpocwi k
6 yIpaBJICHUE TaHHBIMU LLM-2, MF-4, paboma No6 3auemy
ML-2
Data-Centric moaxomas! ams LLM-2, MF-4, Jlabopamopnas | Bonpocwi k
7 NLP u CV ML-2 pa60ma Ne7 3auemy
Nudpactpykrypa, LLM-2, MF-4, Jlabopamopnas | Bonpocwi k
8 MOHHUTOPHHT U 3THKA. ML-2 paboma No§ 3auemy
WTOroBslii MPOEKT.

IToxkazaTenu, KpUTEPHHU H IIKAJIA OLEHKH C(POPMHUPOBAHHBIX KOMIIETEHIIUI




CooTBeTcTBHE NPOJABHMHYTOMY _YPOBHK  OCBOCHHUSI KOMIIETCHLIMM IJIAHUPYEMbIM
pe3ysibTataM 0OydCHHUsI M KPUTEPUSAM HX OLICHHMBAHUS (OLICHKA: 3aYTEHO):

BD-1 "
Crnoco0eH ocymecTBJSITh NMOUCK, cOOpP, OYMCTKY M INpeABApPUTEJbHbII aHaIN3

nanHbIx (IT)

BD-1.1 OOGOCHOBBIBaE€T CHOCOOBI M BapUaHTHI MPUMEHEHHUS METOJIOB IPEIBAPUTEIHLHOTO
aHanM3a JaHHbIX B 3amadax MU, Bkioyas MX mMareMaTrudeckoe (IropuTMUYECKOE)
peoOpa3oBaHue U aIaNTAINI0 K CHICIU(PUKE 3aJa4H.
3Haer: Meronbl aHanM3a pacnpeeNieHH JaHHBIX, TTOMCKAa aHOMAJIUKA U BBIOPOCOB,
CTaTHUCTUYECKUE TECThl JUIS OLEHKM KadyecTBa JaHHBIX (HOPMAaJIbHOCTD,
CTallMOHAPHOCTH), MPUHIIUIIBI aHAJIN3a MYJIbTUMOJAIBHBIX U HECTPYKTYPHUPOBAHHBIX
JAHHbBIX.

Ymeer: BeIOHpaTh MeTonbl EDA B 3aBUCHMOCTH OT THIIA JAaHHBIX H 3amaud ML,
UHTEPIPETUPOBATh PE3YIbTAThl aHANMM3A A (POPMYIMPOBAHUS TUIIOTE3 O KayecTBe
JAHHBIX, aJalTHPOBaTh CTAHAAPTHBIC METOBl aHAIM3a MOJ CHEHH(HUKY JOMEHHOM
o0nacTu.

Brnaneer Oubmuorexamm: pandas-profiling, sweetviz, dataprep, ymeer cTpouTh
WHTEPAaKTUBHbIC AAlIOOPABI JJIs aHalIM3a JaHHBIX. ABTOMATHU3HPYET MaWTIIaiHbI
MPEBAPUTEIILHOTO aHATTN3A.

D-1.2 [Ipumensier MeTOABl aHaANM3a JAHHBIX [UIsI MPOBEPKU Pa3BEAOYHBIX THIOTE3 U
MOATOTOBKU JJAHHBIX K MPUMEHEHHUIO COBpeMeHHBIX MeToaoB UN.
3naer: MeTtoasl (OPMUPOBAHUS U MPOBEPKHU CTATUCTHUECKUX TUIOTE3, MPUHLIHUIIBI
A/B TectupoBaH#us /U1 OLIEHKH KayecTBa JaHHBIX, METPUKU KauecTBa NaHHbIX 171 ML
(class imbalance, label noise, feature quality).

Ymeer:  @opmynupoBaTh THIOTE3bl O MpoOieMax B JaHHBIX Ha ocHOBe EDA,
TJTAHUPOBATh AKCIEPUMEHTHI 1O OIEHKE BIUSHUS KauecTBa IaHHBIX Ha MOJIENb,
BaJIMIMPOBATh TUTIOTE3BI O CMENICHUX B AaHHBIX (bias detection).

Brnaneer: scipy.stats, statsmodels 1 cTaTHCTHYECKOTO TECTUPOBAHMS, MPOBOJIUT
power analysis JUIsl SJKCIEPUMEHTOB C JaHHBIMH, aBTOMAaTU3HPYET IPOBEPKY TUIIOTE3 O
Ka4eCTBE IaHHBIX.

BD-1.3  IlpumeHsieT MeTOABl TOHIKEHUS Pa3MEPHOCTH ISl MEPBUYHONW WHTEPIPETAIUU H
BU3YaJIM3aIlliil MHOTOMEPHBIX JaHHBIX
3HaeT: aNropuTMBI IMHEHHOTO U HeNTMHeHoro cHibkeHus pazmepHoct (PCA, t-SNE,
UMAP), meToapl 0TOOpa NpU3HAKOB Ha OCHOBE BAaXKHOCTU U KOPPEISILHUM, METPUKU
OLIEHKY Ka4eCTBa CHUIKCHHUS Pa3MEPHOCTH
VYmeer: BeiOupaTh METOJ] CHIDKEHUSI Pa3MEPHOCTH B 3aBUCHMOCTH OT 33/1a4H M THUTIA
JAHHBIX, HTHTEPIPETUPOBATH PE3YIIbTAThl BU3YAIN3ALUH ISl BBISIBIICHUS KIIACTEPOB U
aHOMaJTNH, OIICHNBATh HH(POPMATHBHOCTH MMPU3HAKOB MOCTIE TPEOOPA30OBAHMS.
Brnaneer:  sklearn.decomposition, umap-learn, seaborn, ymeer co3aaBaTh
WHTEpaKTHBHBIC BH3yanu3anuu c plotly, onTUMH3UpyeT HapaMeTpbl CHUXEHHS
Pa3sMEepHOCTH JUIsl UHTEPIIPETUPYEMOCTH.

BD-1.4  3maer u ymeeT NIPUMEHUTH METO/IbI OTOOpa MPU3HAKOB.

Buiageer criocoOHOCTBIO MPUMEHSATh METO/IbI OTOOpPA NMPU3HAKOB JAHHBIX, 3HAUUMBIX
U1 UCCTIeIOBAHUS.

YMeer oTOMpPATh MPU3HAKU JAHHBIX, 3HAYUMBIC JJIs UCCIICIOBAHMS,

Baaneer sklearn.feature_selection, rfpimp, SHAP, ymeer npoBoauTh peKypcUBHOE
UCKIIOYEHHE TMPHU3HAKOB, CTPOUT MATPHUIBI KOPPENSIMA U  aHaJIU3UPYeT
MYJIbTUKOJIMHEAPHOCTD.



BD-2

BD-2.1

BD-2.2

LLM-2

LLM-2.1

LLM-2.2

Cnocoben omnpeneiasitb TpeOGOBaHMS K HA0OpaM JaHHBIX AJsl pelleHHMs 3aaa4
MANIMHHOTO O0OyYeHHsl, NMPOBOAUTH Pa3MeTKy H AaHAJIW3 HA0OpPOB [IaHHBIX,
OLIEHNBATHh KAa4eCTBO JIAHHBIX, 00ecHeYnMBATh HENPEPbLIBHYI0 HMHTErpamuio
AaHHBIX

Omnpenensier TpeOboBaHus K HaboOpaM M KadyeCcTBY MAAHHBIX IS PELIEHUS 3a1ad
MaIIMHHOTO 00yUeHUSI.

3Haer, kak chopMupoBaTh TpeOOBaHUs s HAOOpa JaHHBIX. Briajgeer yMeHHUsIMH 10
dbopMupoBaHuio TpeboBaHUN K HAOOpaM W KAa4eCTBY JAHHBIX JJISl PEIICHUS 3a]ad
MAIIMHHOTO O0yYEeHHS

PaGoraer ¢ JaHHBIMH, B TOM YHCIIe COOMpAET TaHHBIC U3 PAa3pPO3HEHHBIX UCTOYHUKOB,
MIPOBEPSIET IaHHBIE HA KOPPEKTHOCTb.

3HaeT: METOAbl HMHTErPallM{ JaHHBIX W3 PA3HOPOAHBIX HMCTOYHUKOB, MPHHIIUIIBI
BaJIMIALUU U BepUPUKAIIMH TaHHBIX, TEXHUKU 00paOOTKH MPOMYIICHHBIX 3HAYEHUN 1
AHOMAaJIUM.

VYmeer: IIpoextupoBats ETL/ELT mpoueccsl mis coopa JaHHBIX, pa3padaThiBaTh
MpaBWiia Bajduaalud JaHHbIX (data contracts), BBISBISATH M YCTPaHSATh MPOOJIEMBI
COrJJaCOBAaHHOCTH JIAHHBIX.

Bnaneer: pandas, pyarrow, dask mis o0paboTku GONBIINX JaHHBIX,yMEeT paboTaTth C
API, 06a3zamu [aHHBIX, OONAYHBIMU XPAHWUIUIIAMH, aBTOMATH3UPYET MPOBEPKH
Ka4yeCTBa JJaHHBIX B MaWILIalHAX.

CnocodeH 1000y4aThb, a1aNITHPOBATH H ONITUMHU3MPOBATH F'eHEPATHBHbIC MO EIH
noj cnenuduyeckue 3a1a41 U yCJIOBHUS NPUMeEHEHUS

IMonumaet npunuunsl fine-tune

3HaeT: ApXUTEKTYPHI U MPUHIMITEI Pa0OThI cOBpeMeHHBIX LLM, MeToapl agantanuu
mogeneii: full fine-tuning, LORA, QLORA, P-tuning, 0COOEHHOCTH TMOATOTOBKH
JTAHHBIX TSl TOOOYUYEHUSI TeHEPATUBHBIX MOJICIICH.

VYmeer: BpiOupath cTpaTeruio 1000y4eHuUs: B 3aBUCUMOCTH OT 33/1a4d M PECypCOB,
OLIEHUBATh PHUCKM KaTacTpo(UUYECKOro 3aObIBaHHS M CIOCOOBI €ro CMArdeHus,
TJIAHUPOBATH DKCIIEPUMEHTHI 1O OIIeHKE A (PEKTUBHOCTH JOOOYUEHUS.

IToHnMaeT TeXHUYECKUE OTPAaHUYEHUS pa3HbIX MeTO10B fine-tuning, ymeeT OlleHUBATh
BBIUUCIIUTENIbHBIC TpeOOBaHMs JUIs ajanTtalud Mojeineit, anamusupyer trade-offs
MEX]y Ka4eCTBOM U CTOUMOCTBIO 1000yUEHHUS.

Co3naér odyuyaroiue Ha0OpPbI JAHHBIX.

3naet: TpeOoBaHus Kk naHHBIM 1715 fine-tUnNe: peneBaHTHOCTH, 00bEM, pa3HOOOpa3ue,
KauyecTBO pa3MeTku. DopmaTthl JaHHBIX JJIs pa3HbIX MeT010B 1o00yuenus (SFT, DPO,
RLHF), npunuunel noctpoeHus AWATOTOBBIX CHUCTEM M MHCTPYKTUBHBIX JJaHHBIX,
METO/]Ibl ayTMEHTALIUU U CUHTEe3a NaHHBIX uid NLP, npoekTupoBaTh cXeMbl pa3MEeTKH
i 3a1a4 1oo0yyenuss LLM.

Ymeet: popmupoBaTh coOamaHCHpOBaHHBIE U pa3HOOOpa3HbIe 00yYaroIIe BEIOOPKU
OneHnBaTh KaueCTBO U PENPE3EHTATHBHOCTh CO3JAHHBIX JaTaceTOB. Y MEET CO3AaBaTh
CHUHTETHUYECKHE JaHHbIE ¢ ToMomso LLM

Brnaneer mHcTpyMeHTamMu A pa3MeTKH TekcToBbIX aaHHbBIX (Label Studio, etc.),
MeToaamu o0GecrieyeHHs penpe3eHTaTUBHOCTH U cOaTaHCUPOBAHHOCTH CO3/IaBA€MOTO
Habopa AaHHBIX. TeXHOJOrMAMHU CO3aHUs CUHTETHUECKUX JIAHHBIX JUIA 3ajad, TJe
peanbHBIX TaHHBIX HEAOCTaTOUHO. II0JIHBIM HUKJIOM MOATOTOBKU JAHHBIX: OT cOOpa
CBIPBIX JAHHBIX 10 (popMupoBaHHs roTroBoro ais odoydeHus oovekra (Dataloader,
Dataset).



MF-4

MF-4.1

MF-4.2

MF-4.3

ML-2

ML-2.1

Cnoco0eH TPUMEHATh CTAaTUCTHYECKHMEe MeTOAbl /Jisi AHAJAM3Aa JAaHHBIX,
BAJIMIAIIMM MoOjieJieil MAIIMHHOTO 00y4YeHHs] U MPOBeIeHHS IKCIEPUMEHTOB B
odsactu U

[TpuMeHsieT cTaTUCTUYECKIE METOIbl aHAIM3a U MAIIMHHOTO OOYUEHUS JUTSl PEIICHIS
3aJla4 aHaJIu3a JaHHbBIX U TPOBEACHUS SKCIICPUMEHTOB Ha JIAHHBIX.

3HaeT: JCCKPUIITUBHYIO CTAaTHUCTHUKY M  METOJbl aHaiu3a pacnpeeicHul,
CTaTHUCTUYECKUE TECThI I CPABHCHUS TPYIMI W BBISBICHUS PA3IAYU, METOIBI
aHaJIM3a BPEMEHHBIX PSIJIOB M IMOCIIEI0BATEILHOCTEH.

YMeeT: BBIOMpPATh CTAaTUCTUYCCKUE METOJBI B 3aBHCHMOCTH OT THIIA JIaHHBIX U
TUIOTE3, WHTEPIPETUPOBATh PE3yIbTaThl CTATHCTHYECKOTO aHAIM3a JJIsS MPUHSATHS
penieHuid. GopMyTUPOBATh BEIBOJIBI HA OCHOBE CTAaTHCTUYECKUX JIOKA3aTEIbCTB.
Bnaneer: scipy.stats, statsmodels, pingouin, ymMeeT MpOBOAWTH aHAIU3 MOIIHOCTH
(power analysis), BU3yalM3UpyeT Pe3yJIbTaThl CTATUCTUYECKOTIO aHAIIN3A.

Crnioco0OeH NMpUMEHSITh CTaTUCTUUYECKHE METOJIbI JJIsl IOCTPOCHHUS MpeAcKa3aTeIbHbBIX
MojieJiel, BKIII0Yasi METOJbI ISl aHAIM3a U MPOTHO3UPOBAHUS BPEMEHHBIX PSJIOB, a
TaK)Xe MOJICTMPOBAHUS HECTAIIMOHAPHBIX CIIy4alHBIX MPOIIECCOB.

3HaeT: TEOpPETHUECKHE OCHOBBI U MPEIINOJIOKEHUS JIMHEWHONM M JIOTUCTHYECKOM
perpeccun. [loHsTHE CTalMOHAPHOCTU BPEMEHHOTO psiaa, MeTojbl mpoBepku (ADF
test) 1 mpUBeACHUS K CTAllMOHApHOMY BHY (AuddepeHInpoBaHNe, J€KOMITO3UIHA).
Knaccuueckne monenu mporso3upoBaHusi BpeMeHHBIX psigoB (ARIMA, SARIMA,
ETS).Ymeer ¢opmanu3oBeiBaTh W HOPUMEHATh  CTATHCTUYECKHE  METOJBI
UICHTU(QUKAIIMN PETPECCUOHHBIX U KIACCU(PUKALMOHHBIX MOJIENeH, MOHUMAET
OCHOBBI 0a30BBIX BEPOSTHOCTHBIX MOJENICH JUISI BPEMEHHBIX pPSAIOB Ha OCHOBE
aBTOPETPECCHOHHBIX 3aBHCHMOCTEH.. Biiajeer mnpueMamMu IOCTPOCHUS MOMAECIH
JTUHAMHYECKHUX CHCTEM JJII MHOTOMEPHBIX BPEMEHHBIX PSOB U TIOJICH.

CriocoOeH MPUMEHSITh CTATUCTHYECKUE METOJIBI JIJIsl OIICHKU KadecTBa Mojuenei MU,
BKJIFOYAsT METPUKH U KPUTEPHH TSI PETPECCHH, KIIACCU(PUKAIIMA U KIIACTEPU3AINH, &
TaKKe JJI TPOBEJICHUS CTATUCTUICCKUX TECTOB I CPABHCHHSI MOJICIICH.

3HaeT METPUKU U MEpbI KayecTBa MOJIeNIel perpeccuu (B T.4. HA BPEMEHHBIX pslax),
KJIacCU(UKALIUU, KJIacTepr3aluu.

¥YmMmeer onieHuBaTh kKauecTBo Mozeneit MO.

Bnaneer yMeHuWeM NPUMEHSTh CTATUCTHYCCKHE METOIBI IS OIEHKH KadecTBa
mozeneit MU, BkiItoYass METPUKU M KPUTEPUU TS PErpeccuu, KiacCUpUKAUUA U
KJIaCTepU3alliM, a TaKXkKe IS MPOBEACHUS CTATUCTHYECKUX TECTOB JUIS CpPaBHEHHS
MOJCIIEH.

CnocodeH nmpuMeHsATh (yHIaMeHTAJbHbIe MPUHUUIBI M MeTOAbl MAIIMHHOIO
0o0y4eHMsl BKJIIOYasl MOATOTOBKY JaHHBIX OLEHKY KauecTBa MojeJiell u padoTty ¢
NpPHU3HAKAMH

Paznuuaer OCHOBHBIE TUIIBI 337a4 MAIIMHHOTO OOYYEHHs U NMPUMEHSET Ha MPaKTHKE
MPUHIUIBI UX PEIICHUS.

3HaeT W pa3nMyaeT OCHOBHBIE THIBI 3ajjady MAIIMHHOTO oOy4deHHs (0OyueHHeM C
yauTeneM, 0e3 yIUTeNs ¥ ¢ OJKPEIICHHEM). Y MeeT IIPUMEHUTH THUITOBBIE TTOIX 0TI
K peleHnio 0a30BbIX 33a4 C UCIOJIb30BaHUEM T'OTOBBIX HHCTPYMEHTOB U OMOIMOTEK
(ScikitLearn) (Bb)

YMeer 000CHOBaHHO MPUMEHSATh METOBl PEIICHHs 33aJjau MAlIMHHOTO OOy4YEeHHS C
y4€TOM XapaKTEPUCTUK TAaHHBIX  OM3HEC-KOHTEKCTa, HACTpanBaeT 0a30BbIe MOJIEIH U
npoBOUT uX oneHky (I1)



Bnapeer npueMamMu ¥ HHCTPYMEHTaMU MPOSKTUPOBAHUS U pean3aliii KOMIUIEKCHBIX
pelIieHni MalMHHOTO OOYYeHHMs 7S HECTaHIAPTHBIX 3a/ay, BKIOYas pa3padoTKy
MaWIIaiHOB, ONITHMH3ALIMIO MOJICTICH M MHTEPIPETAIIUIO pe3yabTaToB ()

TunoBble KOHTPOJIbLHBIE 32/IaHUSI WM UHbIE MaTePHUAJIbl, HEOOXOAUMBIE /IJIsl OLl€eHKH
3HAHUI, YMEHHWiIl, HABBIKOB M (HJIH) ONbITA JAeSTEJbHOCTH, XAPAKTEPU3YIOIIHUX ITaNbl
(opMupoBaHUA KOMIIETEHLIMI B MpoLiecce 0OCBOeHHUs 00pa30BaTeIbHOM MPOrpaMMBbl

4.2. Tlpumepbl 1a00PATOPHBIX PAa0OT U KOHTPOJIbHBIX 3aaHUi MO pa3ienaM y4yeOHOI
AUCHMILTHHBI

Ilpumepwl nadopamopuvix padom

Jlabopamopnasn pavoma 1: Cpasnenue Model-Centric vs Data-Centric nooxooos

Heanb: Ha npakTrke ONIyTUTH PA3HHUILY MEKITY ITOIX01aMU
CootserctByet: BD-1.1, BD-1.2, ML-2.1, ML-2.3

Haracet: CIFAR-10 (Canadian Institute For Advanced Research) - oaus U3 cambIX MOMYJISIPHBIX
OeHYMApPKOB JUISI KOMITBIOTEPHOTO 3PCHUS.
OCHOBHBIE TTApaMETPHI:

e Pa3zmep: 60,000 uBeTHbIX H300paxkeHnit 32%32 nukcens
e Kiaccer: 10 kateropuit, mo 6,000 n300pa>keHU KaXkIbIit
e Paznenenue: 50,000 TperupoBouHbIx + 10,000 TeCTOBBIX
e IIBer: RGB (3 kanaina)

3aganue:
1. Model-Centric ¢a3a:

- Bospmute natacer CIFAR-10 ¢ 30% 3amymiieHHBIMH METKaMU;
- OOyunure 3 pasusie apxutektypsl (Simple CNN, ResNet-18, EfficientNet-B0);
- Jlna xaxnoit nmpoOyiite pa3Hble runeprnapamerpsl (learning rate, ONTUMHU3aTOPHI);

- 3aduxcupyiiTe Ty4muil pe3yabTar.
2. Data-Centric ¢a3a:

- Hcnonas3yiite Ty e Simple CNN
- Ilpumenure cleanlab myst moucka npo6IEMHBIX METOK
- Bpyunyto nposeprte u uctipaspTe 100 cambIx "HIyMHBIX" IpUMeEpOB

- Jlo6aBbTe 6a30BYyI0 AyrMEHTALIUIO TAHHBIX
2. CpaBHeHHE:

- IloctpoiiTe Tabnuily pe3yabTaToB.

- CpaBHHTE 3aTpau€HHOE BpPEMs U yJIyUlIEHHE accuracy.
Brixoanslie apredakTh:

- Jupyter notebook ¢ momHBIM MaNTUTAHOM;
- Tabnuua cpaBHEHHS] METPUK;

- Amnanus; kakue METOABI JaJIn HaHOOJIbIINH IMpUPOCT.



Jlabopamopnan pavoma 2: Akmuenoe odyuenue 0na mekcmogou Kiaccugukauyuu

Iens: OcBouth cTpaTerun 3PGEeKTUBHON pa3sMETKH JaHHBIX
CootserctByet: BD-2.1, BD-2.2, LLM-2.2
3ananue:

1. Hactpoiika OKpYyKEHUS:

- Ycranosute Label Studio;

- IloarortoBwTe maracet oT361BOB IMDDb (10x HEMapKupOBaHHBIX PUMEPORB).
2. Peanmu3zanusi akTUBHOT'O OOYUYEHUS:

python

from modAL.models import Activelearner

from sklearn.ensemble import RandomForestClassifier

# HavanbHast BeIOOpKA - 100 cirydaifHBIX TPUMEPOB

learner = ActiveLearner(
estimator=RandomForestClassifier(),
X_training=X_initial, y_training=y_initial )

# Crparerus 3ampoca - uncertainty sampling

for idx in range(10): # 10 ureparuii
query_idx, query_inst = learner.query(X_pool, n_instances=20)
# PazmeTtuTh BeIOpanHbie npumepsl B Label Studio
learner.teach(X_pool[query_idx], y_new_labels)

3. CpaBHEHHE CTpaTEruii:

- Uncertainty Sampling (entropy)
- Diversity Sampling

- Random Sampling (baseline)

BeixonHble apTedaKTh:
- Learning curves /Ui pa3HbIX CTPAaTErHil.
- DKCHIOpTUpOBaHHbIN pazmeueHHbIH naTaceT u3 Label Studio.

- AHanu3 S5KOHOMHUU Ha pa3METKE.

Jlabopamopuasa paooma 3: I'nyounnwlii ananuz ouwudoK u cpe3oe 0aHHbIX

Heab: HayunThcs auarHoctupoBath ciadble MecTa MOJIEH
CootserctByet: BD-1.1, BD-1.2, MF-4.3, ML-2.3
3amanmue:

1. bazoBoe oOydeHwue:

- OOyuute ResNet-50 Ha maracere xuBoTHBIX (10 Ki1accoB)

- Ilomyuure baseline accuracy = 85%
2. Awnanu3s omuooK:
python
# IlocTpoeHne TaKCOHOMHUU OIHOOK
error_categories = {
'similar_classes': ['cat’, 'lynx’, 'tiger1],
‘low_quality": ['blurry’, 'occluded’, ‘dark’],
‘background_confusion'’: ['animal vs background']

¥



# Ananus cpe3oB

from sliceline import slicefinder

slices = slicefinder.find_slices(model, X_test, y_test)
3. lleneBoe yny4iieHue:

Jlnst xyamrero cpesa ("TeMHbIe n300pakeHus Komek'):
- Jlo6aBpre ayrmenTanuto (brightness adjustment)
- CobepuTte JONOTHUTEIBHBIC TPUMEPHI

- IlepeoOyuute Monenb
BrixonHbie apTeaKThL:

- Confusion Matrix ¢ aHHOTAIHSIMH.
- Dashboard c Buzyanuzanuei cpe3os.

- Otyer no yay4dneHuo NpoOIeMHBIX KaTETOPUM.

Jlabopamopuasa paboma 4: Data-Centric naiinaaiin onsa NLP
[ens: ITocTponTh MOMHBIN MAWTIIAWH IS TEKCTOBBIX JaHHBIX
CootserctByet: BD-1.4, LLM-2.1, LLM-2.2, ML-2.2
3ananue:
1. Pasmerka NER:
- Hactpoiite Doccano 1uist pa3sMeTkr HMEHOBaHHBIX CYLIHOCTEHN
- PasmerpTe 200 nprMepoB U3 JOMEHHOM 001acTH (MEAUIMHA/FOPUCTIPYICHIIHS )
2. Weak Supervision:

python
from snorkel.labeling import labeling_function

@labeling_function()
def medical_terms(x):
med_terms = ['patient’, 'diagnosis’, 'treatment’, 'symptoms']
return MEDICAL if any(term in x.text.lower() for term in med_terms) else ABSTAIN

# IIpuMeHeHue npaBui
from snorkel.labeling import PandasLFApplier
Ifs = [medical_terms, drug_mentions, ...]
applier = PandasLFApplier(lfs)
L_train = applier.apply(df _train)
3. JlooOyuenue monaemnu:
- Fine-tune BERT Ha pa3Me4YeHHBIX JaHHBIX

- CpaBaute kavecTBoO ¢ baseline
Brixongusie aptedakTs:

- Pasmeuennsnrit matacet B Doccano;
- Mogenp ¢ yny4lIeHHbIMA METPUKAMU HA 1IEJIEBOM JOMEHE;

- Ananus ¢ ¢extuBHOCTH Weak supervision.

Jlabopamopnaa paboma 5: Paboma c necoanancupoganuvimMu OQGHHbIMU

[ens: OcBouTh METOABI OOPHOBI C THCOATAHCOM KJIacCOB
CootserctByeT: ML-2.3, BD-1.2, MF-4.1



3aganue:
1. Awnanus gucOajaHca;

- BospmuTte paracer Mmomennnyeckux Tpan3akmnui (Fraud Detection)

- IIpoananusupyiite pacnpenenenue kiaaccoB (99.5% vs 0.5%)
2. IlpumeHeHnune MeTOMOB:

python

# SMOTE

from imblearn.over_sampling import SMOTE

smote = SMOTE(random_state=42)

X_resampled, y_resampled = smote.fit_resample(X_train, y_train)

# B3BemmBanue Ki1accoB

from sklearn.utils.class_weight import compute_class_weight

class_weights = compute_class_weight('balanced’, classes=np.unique(y_train), y=y_train)
3. Omuenka 3¢ ekTuBHOCTH:

- Cpasuure metpuku: Accuracy, Precision, Recall, F1, PR-AUC

- IIpoananusupyiite 6usHec-impact pa3HbIX MOIXOA0B
Brixoanslie apTedakTs:

- CpaBHUTENbHAS TAOIHIIA METPHK

- ROC u Precision-Recall kpuBbie

- Pexomennanuu no BeIOOpY MeTO/A JUIsl KOHKPETHOTO Kekca

Jlabopamopnan paooma 6: Ilouck u ucnpaenenue ouuook ¢ oannwvix c cleanlab

[{enb: OcBOMTH aBTOMATU3UPOBAHHBIC METOIBI KOHTPOJISI KAYeCTBA JAHHBIX
CootserctByet: BD-1.1, BD-2.2, MF-4.1
3aganue:

1. Co3znaHue 3alIyMJICHHOTO JIaTaceTa:

- Bospmute uncteiii garacer (MNIST)

- Hamepenno ncnoprure 20% meTok
2. OOHapyxeHHe OMHOOK:
python
import cleanlab
from cleanlab.classification import CleanLearning

# Haxonum npoOGieMHbIe TPUMEPDI

label_issues = cleanlab.filter.find_label issues(
labels=y_train_noisy,
pred_probs=pred_probs, # npenckazanus Mmoaenu
return_indices_ranked_by="self_confidence'

)

# BI/I3yaJ'II/I3aI_II/ISI CaMbIX Hp06HeMHBIX
worst_issues = label_issues[:50]
3. HcnpaBnenue u nepeodydeHue:

- Bpyunyto nposepsTe TOM-50 MpoOIEMHBIX IPUMEPOB;
- HcnpaBbTe METKH U miepeoOyunuTe MOJIENb;

- V3mepbTe mpUpOCT KauecTna.
Brixonnbie apTedakTh:



- Busyanuzauus ucrpaBieHHbBIX IPUMEPOB;
- I'padux ynydmenus accuracy 1mocie ucrpaBieHHiH;

- CKpI/IHT JJI1 aBTOMAaTHYCCKOI'O ITOUCKa OIIHOOK.

Jlabopamopnan paooma 7: Cunmemuyeckue OaHHblEe U AY2MEHMAYUUA

[enb: OcBOUTH METO/IBI TEHEPAIIUU M 00OTAIEHHUS JAHHBIX
CootserctByet: BD-2.1, LLM-2.2, ML-2.2
3ananue:

1. AyrmeHTanusi n300paXKeHUM:

python
import albumentations as A

transform = A.Compose([
A Rotate(limit=30, p=0.5),
A.RandomBrightnessContrast(p=0.2),
A.Cutout(num_holes=8, max_h_size=8, max_w_size=8, p=0.3),

D

# IlpuMeHeHue K 1araceTy

augmented_images = [transform(image=img)['image"] for img in original_images]
2. FeHepauHﬂ CHUHTCTUYCCKUX NTaHHBIX:
- Hcnons3yiite npenoOyuennyto GAN (StyleGAN) i renepanuu jui;

- Crenepupyiite 1000 cuHTeTHYECKMX N300paKEHUH JUIsi MUHOPUTAPHOIO KJlacca.
3. CuHTETHYECKHE TEKCTOBBIE JAHHBIC:

- Hcnons3yiite GPT as renepaiy TEKCTOBBIX IPUMEPOB;

- IIpumenute back-translation s ayrMeHTanuu.
Boixogusie apredaxTs:

- YBenuueHHBIN AaTaceT C CMHTCTUYCCKUMU ITPUMEPAMHU;
- CpaBHeHI/IC KadyeCTBa MO}IGJ’IGI\/’I Ha OPUTMHAJIBHBIX U O6OF3HI€HHI>IX JaHHBIX,

- Ananus diversity CHHTETHUECKUX JaHHBIX.

Jlabopamopuasa paooma 8: Ckeosnoiut Data-Centric naunnaitn

Ienb: MHTErpupOBaTh BCE U3YyUYEHHBIE METO/IBI B €IMHBIN NANILIalH
CootserctByeT: Bece komnerenum

3amanmue:

Peanuzylite monHBINA MaNIIaiH 11 peadbHOM 3a1aun (Ha BEIOOD):

- Knaccuduxanms MeTuuHCKUX H300paskeHui
- Jlerekmus cnmama B email

- IIporno3upoBaHue OTTOKA KIMEHTOB
DTarmr:
1. Amnanu3 u pa3MeTka:

- Active Learning nyist Ha4aIbHOW pPa3METKH;

- Weak Supervision mis macmtabupoBaHusl.
2. Ouncrka u oboraieHue:

- cleanlab mis moucka ommboK
- AyrMmeHTanus U CHHTCTHYCCKHUE JIAHHBIC,

- BaﬂaHCI/IpOBKa KJ1aCCOB.



3. AHaiM3 U ylydllICHHE:
- Error Analysis u Slice Analysis
- lleneBoe ymyd4mieHne MpoOIEMHBIX CPE30B;

- Cratucrtuueckas Bajauaaluus yaydlIeHU.
BeixonHble apTedakTh:

- Tlonnsrit Jupyter notebook ¢ mairuraitHOM;
- Jlambopa ¢ METpUKaMH Ha KaKIOM JTalle;

- OuHAIBLHBIA OTUET C AHAJIU30M BIMAHUA Kaxaoro Data-Centric MeToaa Ha UTOTOBOE
KA4YeCTBO.

Kaxnas pabora BKJItOUaeT:
- YeTkue KpUTEPHUH OLICHKH;
- IIpumepsl Kona i cTapra;
- 1ITa0GOHBI M1 OTYETHOCTH;

- CchbUIKM Ha J1aTaceThl U MHCTPYMEHTHI.
OTO0 NMO3BOJISET CTYAEHTAaM CUCTEMHO ocBauBaTh Data-Centric moaxo/ Ha IpaKkTHKe.

Kpurepun oueHuBanusi JJ1adopaTopHbIX padoT:

«HeyoosiemeopumenbHo» — 1-2 Ganna — UCIBITHIBAET TPYAHOCTH IPUMEHEHUS TEOPETHUUECKUX
3HAHWHA K PEIICHHUIO MPAKTUYCCKUX 3aad; JOMyCKAaeT MPUHIUITHAIBHBIC OIIUOKHA B BBITOJIHEHUU
3aJlaHul;

«yooeremsopumenvioy — 2—3 OaNIOB — MPUMEHSICT TEOPETUYCCKHUE 3HAHUS K PEHICHHIO
3aJlaHUM B KOHTPOJILHOM 3ajiaye; CIPABIISETCA C BBIIIOJIHEHUEM THIIOBBIX MPAKTUYECKUX 3a]1ay IO
W3BECTHBIM QJITOPUTMAaM, IPABUIIAM, METOJIaM;

«xopouto» — 4 6amna — NpaBUIILHO TPUMEHSET TEOPETHUECKHE 3HAHUS K PEIICHUIO 3aJaHUI B
KOHTPOJILHOM 3a]1a4€; BBITOJIHSAET TUITOBBIE MPAKTUYECKUE 3a/JaHKsI HA OCHOBE a/ICKBATHBIX METOJIOB,
Croco00OB, TPHUEMOB, pellaeT 3aJlaHusl TOBBIIICHHON CII0KHOCTH, JOMYCKaeT HE3HAUYUTEIbHBIC
OTKJIOHCHHSI,

«omauyHo» — 5 OanmoB — TBOPYECKU MPHUMEHSIET 3HAHUS TEOPUHU K PELICHUIO 3a/laHuil B
KOHTPOJILHOM 33J1a4€, HaXOJIUT ONTUMAJIbHBIE PEIICHUS JJIsI BHIMOJHEHHS MPAKTUYECKOTO 3a1aHUS;
CBOOOHO BBITOTHSIET TUMIOBBIE TPAKTHUECKHUE 3aJaHUSI HA OCHOBE aJIeKBaTHBIX METOJIOB, CITIOCOOOB,
MPUEMOB; pEHIaeT 3aJaHus MOBBIIMIEHHON CJIOKHOCTH, HAXOJWT HECTAaHJAPTHBIE pPEUICHUS B
MPOOJIEMHBIX CUTYaIUsX.

4.3. IIpumepbl KOHMPONLHBIX 3A0AHUI O RPOMEICYMOUHOU AMMECMAUUU U HA 3aYem

IpakTuyecknii 010k (HA KOMIILIOTEPE)

3aganue 1: AHaau3 u ouncTka ganubix (BD-1.2, BD-2.2)

python

# Jlan 3amrymnennsbrit garacetr CIFAR-10 ¢ 25% ommbok B MeTKax

# Bamm 3agauu:

1. ITpoenute EDA: pacnipenenenue KiaccoB, BU3yalln3alus IPUMEPOB;
2. Ucnons3yiite cleanlab myist moncka moTeHIIMATBHO HEBEPHBIX METOK;
3. Ucnpasbre Ton-50 caMbIX IpOOJIEMHBIX IPUMEPOB;

4. O0yunTe MOZETH JI0 U TIOCJIE OYUCTKH, CPAaBHUTE ac;curacy;

5. [Ipoananu3upyire, Kakue TUIBI OITMOOK OBUTH MCTIPABIICHBI.



Kpurepum ouenku:

v KauectBo EDA u Busyanu3zaiuu (2 6aia)
v KoppekTHoe ncnonb3oBanue cleanlab (2 6asmia)

v CpaBuwuresbHbIi ananmu3 (1 6amwr)
Makc: 5 6a/10B

3ananue 1: AkruBHoe o0yuenue (BD-2.1, LLM-2.2)

python

# JlaH HEeMapKUPOBAHHBIN JaTaceT TEKCTOBBIX 0T3bIBOB (10,000 mprmepoB)
# M3HavanpHO pazMedeHo Toabko 100 ciydaiiHbIX IPUMEPOB

# Bamu 3agauu:

1. Peanu3yiiTe cTpaTeruio akTUBHOTO 00yueHus ¢ uncertainty sampling;

2. [IpoBeaute 5 urepanuid, 3anpammuas 1o 20 METOK 3a UTEPALIHUIO;

3. ITocrpotite learning curve (ka4ecTBO OT 00bEMa Pa3MEUYCHHBIX JTAaHHBIX );
4. Cpasuure ¢ random sampling baseline;

5. Ilpoananusupyiite, Kakue npuMepbl BBIOUPATTUCH ISl Pa3METKH.
Kpurepum ouenku:

v Pabouas peanusanus AL (2 6aa)
v KoppekTHbie dKcriepuMeHTsI (2 Oasia)

v Ananus pesynbtatoB (1 Oam)
Makc: 5 6a/10B

3auemmnvie 3a0anus (umozoevie)
KomnuiekcHbIN TeopeTHYeCKUi IK3aMeH
bunaer Nel

1. Onumure noaHeli naiimuiaiiy Data-Centric moaxoaa st 3a1a4i MEIUIIMHCKON
JTUArHOCTUKY TI0 U300pakKeHUsIM, HaUrHAasi OT cOOpa TAHHBIX 10 MOHUTOPUHTA B MPOJaKIIEHE.
2. Kakue sTrueckne puckv BO3HUKAIOT MPU paboTe ¢ MEIUITMHCKUMU JaHHBIMU U KaK
ux mitigate ¢ momonisio Data-Centric MeTo10B?
3. [IpemyioxuTe CTpAaTETHio Pa3METKH, YUUTHIBAsE HEOOXOUMOCTh TIPUBJICUCHUSI SKCIIEPTOB-Bpayuei

Buaer No2

1. O6bsicuute, Kak Merobl Weak Supervision MOTyT yCKOPUTB Pa3METKY JaHHBIX

1t 3agaud NER B ropuanyeckux gokymeHnrax. I[Ipusenure KoHKpeTHbIE ipuMeps! LE.
2. Kak oLeHuTh Ka4ecTBO CJ1ad0pa3MEeUeHHBIX TaHHBIX M KOT/Ia UX UCIOJIb30BaHUE ONPABIAHO?
3. Onummre npouecc uurerpaunn Weak Supervision B npomblnuieHHbIH ML-nainaii.

3ayeTHO-3K3aMeHAMOHHbIE MATEPHUAJIbI IJIsl IPOMEKYTOYHOM aTTecTaunm (3a4er)

Teopemuuecxue 60RPOCobL

1. OcnoBuble konnenuun Data-Centric Al
1. B ugem mpunnunuansHoe otaudue Model-Centric u Data-Centric moaxogoB B MalliHHOM
oOyueHun?
2. Hazosure 3 xmoueBbix npeumyniectsa Data-Centric moaxoa u npuBeaAUTE IPUMEPHI.
3. UYro Takoe "rumoreza HempusTtHoro 3akoHa" (Unpleasant Law) B KOHTeKcTe KauyecTBa
JAHHBIX ?



4. OnumuTe XKU3HEHHBIN UK JaHHBIX B ML-tipoekTe ¢ Data-Centric Touku 3peHusI.
2. PazmeTKka 1 Ka4eCTBO JaHHBIX
5. Kakue crtparerun aktuBHOrO 00yuyeHusi (Active Learning) Bel 3HaeTe? B kakux cimydasx
IPUMEHSIETCS KaKaas?
6. Kak oneHutpb cormacoBaHHOCTh pazMeTyrkoB? Onummute metpuku Cohen's Kappa u Fleiss'
Kappa.
7. Uro Takoe Weak Supervision? [IpuBeauTe nmpuMepbl UCIIOJIb30BaHUS B PEATBHBIX 3aa4ax.
8. Kakwue TpeboBaHMs K KaueCTBY JaHHBIX HEOOXOAMMO (HOpMYyIHpOBaTh mepen Hadaaom ML-
npoekTa?
3. MeToanbl paGoThI ¢ JAHHBIMHU
9. OnwumuTe METOABI OOHAPYKCHHS U OYMCTKH JAaHHBIX OT IIyMa B MPU3HAKAX U METKaX.
10. Kakue MeToapl ayrMeHTallK JaHHBIX HauOosee 3 PeKTUBHBI 7151 U300pa>keHui 1 Tekcra’?
11. Kak 60poTbcs ¢ HecOamaHCHPOBAaHHOCTHIO TaHHBIX? CpaBHUTE METO/IbI HA YPOBHE NAaHHBIX U
aJITOPUTMOB.
12. Yto Takoe cuHTEeTHYECKHE NaHHble? Korna ux ucroib30BaHue ONpaBaaHo, a KOTAa - HET?
4. AHAJIU3 1 MOHUTOPUHT
13. Kak mpoBoauTh rnyOuHHBINA aHanu3 ommOoK (Error Analysis)? UTo Takoe TakCOHOMHS
OmrO0oK?
14. Yro Ttakoe cpe3oBbiii aHanu3 (Slice Analysis) u 11 4ero oH npuMeHseTcs?
15. OnuiuTe MeToIbl OOHAPYKEHHS U MOHUTOpHHTA Jpeiida nanubix (Data Drift).
16. Kakue cratuctuueckre MeTo ibl HanOoJee MOoJIe3HbI s aHaIN3a KayecTBa JaHHBIX ?

Ilpakmuueckue eonpocul
5. UHCTpYMEHTBI M peajin3auuu
17. Kak Obl BbI OpraHu30oBaid Impouecc pasMmeTku i 3axaun NER ¢ ucnonszoBanmem Label
Studio?
18. OnummmTe MalTuIaifH UCIONIb30BaHus Onbmmoreku cleanlab ayis morcka mpoOIEMHBIX METOK.
19. Kak nactpouts DVC 1151 BEpCHOHMPOBAHMS TAHHBIX U MOJIEJIEH B IPOEKTE?
20. Kakue WHCTpYMEHTHI BBl OBl HCIOJB30BAIM JII MOHUTOPWHIA KauyecTBa [aHHBIX B
MpoJIaKIIeHe?
6. Perienne npodJsiem
21. Bama Mmozenb okasbiBaeT 95% accuracy, Ho Tioxo paboTtaet B ripojakiieHe. C yero HauHeTe
uccienoBanue?
22. Kak ObI BBI YIYUIITHIN KAYECTBO MOJIEIH, €CJIM HET BO3MOXKHOCTH COOMpPATh HOBBIEC TAHHBIE?
23. O6HapyxeHo, uto 30% MeTOK B TPEHHPOBOYHOM Habope cojeprkaT omuoOku. Bam miaxn
nercTBUIA?
24. Mopenps xopoliio paboTaeT Ha OONBIIMHCTBE JAHHBIX, HO MOJHOCTHIO MPOBAIMBAETCS Ha
ompeneneHHoi noarpynmne. Yro nenats?
7. KeiicoBbie BOPOCHI
25. OnumuTte, kKak mpuMeHuTh Data-Centric moIxo/ s 3aa4i MEAUIIMHCKONW TUArHOCTHKH 110
HU300paKCHUSIM.
26. Kaxk ObI BbI MOCTPOMIIN MANTUIAHH Pa3METKH AJIs MyJIbTHSA3BIYHOTO YaT-00Ta?
27. llpennoxkute cTpaTeruro pabOTHl C JTAaHHBIMU IS 3a7a4d OOHAPYKEHHS MOIIEHHUYECKHX
onepauuii (1% MmonoKuTenbHBIX KJIACCOB).
28. Kak oOecnieunts cripaBeAIuBOCTH (fairness) Mojieau npu HATMYUKM CMEIICHUH B TaHHBIX?

Bonpocv na npumenenue 3nanui

8. ApxuTeKTypHbIe U NIPOLECCHbIE BONPOCHI
29. Kak unterpupoBats Data-Centric npakTuku B cymiecTByroumii ML-naiimiaiin koMnaHuu?
30. Kakne meTpuku KauecTBa JAHHBIX CIENYET OTCIEKHUBATh HA IOCTOSIHHOM OCHOBE?
31. Kak opranu3oBath Mpolecc HeMpepbIBHOTO YIYUIIEHHsI JaHHBIX B MPOAAKIIH-CUCTEME?
32. OnumuTe poiu U oTBeTCTBeHHOCTH B Data-Centric komaHe.



9. JKOHOMMKA U MEHETKMEHT
33. Kak 0o60ocHOBaTh OM3HECY MHBECTHUIINH B YITYYIlIEHUE Ka4ecTBa JaHHBIX?
34. Kak onennth ROI ot BHenpenus Data-Centric moaxomoB?
35. Kakue pucku nmpoeKkTa MOKHO CHH3HUTH ¢ momotibio Data-Centric meTo1oB?
36. Kak ruranupoBath OI0KET HA pa3METKY M YJIyUIlIeHUE JaHHbIX?

4.4 MeToauuyecKue PCKOMEHIANH K CAaAY€ 32a49€Ta U KPUTECPUHU OLICHKU 0TBETA

[TpomexyTouHasi aTTecTalysl TPAJAUIIMOHHO CIYXaT OCHOBHBIM CPEICTBOM OOecreueHHs B
y4eOHOM Tporiecce «0OpaTHOM CBA3M» MEXKY IPeroiaBaTesieM U 00 yJarouMcsi, He0OX0IMMON st
CTUMYJIMPOBAHMS pabOThI 00YYaIOMINXCS U COBEPIICHCTBOBAHUS METOIUKH MIPENOAaBaHMs yIeOHBIX
JucuuIuMH. MTtoroBoit popMoit KOHTpOJIsE CPOPMUPOBAHHOCTH KOMIETEHIUH, 00yJaromuxcs 1o
mucrurinee «MareMaTHuecKre MOJIET HEHPOHHBIX ceTel» siBisercs 3adeT. CTyleHThl 00s3aHbl
C/IaTh 3a4€T B COOTBETCTBHH C PACITUCAHNEM U YI€OHBIM IUTAHOM. 3a4€T 110 JUCHUTUIMHE MTPECIeyeT
IeTb OLCHUTHh paboTy CTYAEHTa 3a KypC, IOJY4YeHHE TEOPETHUECKHX 3HAHWH, UX MPOYHOCTD,
pa3BUTHE TBOPYECKOTO MBIIUICHUS, MPHOOPETCHNE HABBIKOB CaMOCTOSTEIBHOW paboThI, YyMEHHE
HNPUMEHSATH MOJTyYCHHBIC 3HAHUS ISl PEILICHNs] MPAKTHYECKHUX 3a/1a4 U SBIsIeTCS (HPOPMOI KOHTPOIIS
YCBOGHHSI CTYIEHTOM Yy4eOHOH TpOrpaMMbl IO JAWUCHHUIUIMHE, BBHIMOJHEHUS TMPAKTHYECKUX,
KOHTPOJIbHBIX, pedepaTnBHbIX padoT. @opma mpoBeeHus 3a4era: ycTHO. Pe3ynpraT cinaun 3adera
10 TIPOCITYIIAHHOMY KYPCY JIOJDKEH OLIEHUBATHhCS KaK UTOT JESTEIHLHOCTH CTYACHTA B CEMECTpe, a
UMEHHO — II0 MOCEIAeMOCTH JICKIIMH, pe3yJbTaraM padOThl Ha JICKIIMOHHBIX W IPAKTUYECKUX
3aHATHUSX, MPOXOKICHHUS TECTOBBIX 33/JaHUH, PEHICHUS! pacyeTHO-TpaUUECKUX 3alaHui W 3a/ad,
BBINOJIHEHUS] KOHTPOJIUPYEMOH camocToATenbHOM pa®oThl. CTyneHTbI, MPOIIEIIINE BCE BUABI
UCTIBITAHUH, MTPETyCMOTPEHHBIX OLIEHOYHBIMH CPEJCTBAMU IOJIOKUTENIBHO (T.€. IO KAKAOMY BUIY
OLICHOYHBIX CPEJICTB OBUTH MOJYYSHBI OLEHKH «yJOBJICTBOPHTEIBHOY», H(UIIN) «XOPOLIO», W(HIIH)
«OTJIMYHOY) BBICTABIISIETCA «3auTeHO». [Ipu 3TOM HOmycKaeTcst Ha 09HOM hopme 00ydeHus MPOoITycK
He Oonee 20% 3aHATHI, ¢ 00sS3aTeNbHOM OTPAaOOTKONW MPOMYIIEHHBIX ceMHHApoB. CTYIEeHTHI, y
KOTOPBIX KOJIMYECTBO MPOIMYCKOB, MPEBBIIIAET YCTAHOBICHHYIO HOPMY, HE BBHITIOJHHUBIIUE BCE BUIBI
paboT M HEYAOBJIETBOPUTENBHO padOTaBIIME B TEUYEHUE CEMECTpa, MPOXOIAT coleceoBaHuE ¢
Iperno/iaBaTesieM, B BHJIE YCTHOTO OTBETa Ha OJWH TEOPETUYECKHU BOMPOC M PEIICHUS OTHOTO
pacueTHO-rpaduyeckoro 3ananus. IlpenogaBarento mpenocTaBiseTcsl MpaBo 3a/aBaTh CTYJICHTaM
JIOTIOJTHUTEIIFHBIE BOTIPOCH TI0 BCeH yueOHOH mporpaMMe TUCHHILIMHEBL. Pe3ynbrar cmaum 3adera
3aHOCHUTCS MpenojaBaTeieM B BeIOMOCTh M 3aUETHYIO KHIKKY.

Kpurtepuu onenku 3auyera. OlieHKa «32a4TEHO0» BBICTABIISIETCS CTYICHTY, €CIIH JIaH MTOJTHBIN
pa3BEPHYTHIM OTBET Ha TEOPETUYECKUH BOMNPOC, JOTMUYECKH NPaBWIIBHO M3JI0KEHBI OTBETHl Ha
JIOTIOJTHUTEIILHBIE BOTIPOCHL; CTYICHT TIOKa3aJl yMEHHE CBOOOTHO BBITIOIHSTH pacueTHO-TpadguuecKoe
3aJjaHue, NMPelyCMOTPEHHOE JUCHUIUIMHON, CaMOCTOSTENbHOCTh PELICHUS 3alaHUs U TPUBOJUMBIX
CYXJIEHUH; BCE pacyeThl CIeNaHbl TPABWIBHO;, BBIBOJBI BBITEKAIOT M3 COACP)KAHUS 3a/JaHus,
IpeUI0KeHUs] 000CHOBaHbI, B M3JI0)KEHUH OTBETOB HET CYIIECTBEHHBIX HEIOCTAaTKOB. B TO *ke Bpems
B OTBETE MOT'YT IIPUCYTCTBOBATh HE3HAUYNTEIbHBIC (DAaKTUIECKHE OIMMNOKH B M3JI0KEHUH MaTepraa.
OreHKa «He 3a4TeHO0» BBICTABIIETCS NPU HECOOTBETCTBUU OTBETA 33JJaHHOMY BOIIPOCY, HAJMUYUU
rpyOBIX OIIMOOK, WCIOJB30BAHWM IIPH OTBETE HEHAJUICKANINX HCTOYHHKOB, CTYACHT ITOKa3al
npo0ensl B 3HAHUSAX OCHOBHOIO Y4eOHOro Marepuana, 3HAuuTeNbHbIe MPOOENbl B 3HAHMIX
TEOPETUYECKNX KOMITOHEHTOB IMPOTPaMMbI; HEYMEHHE OPHEHTHPOBATHCS B OCHOBHBIX HAyYHBIX
TEOPHSIX U KOHLEMIMAX, CBA3aHHBIX C OCBAaMBAaEMOI TUCIUIIMHON, HETOYHOE UX OINUcaHue; ciaboe
BJIaJICHNEC HAayJYHOW TEPMHUHOJOTHEH W MNPO(EeCCHOHAIFHBIM WHCTPYMEHTApUEM; JIOITYCTHII
NPUHIUINHAIbHBIE OIIMOKM B BBIOJHEHUU NPEAYCMOTPEHHON AMCUUIUIMHONW MPaKTUYECKOTO
3aJlaHus, U3JI0KEHNE OTBETA HAa BOMPOCHI C CYIIECTBEHHBIMH JIMHTBHCTHUYECKUMH ¥ JIOTHIECKUMHU
omrOKaMu.

O1eHOYHBIE CpeNICTBA JUISI HHBAJHMIOB U JIMI] C OTPAaHUYEHHBIMH BO3MOKHOCTSIMH 3JI0OPOBBSI
BBIOMPAIOTCS C YUETOM MX MHIMBUAYAIBHBIX MCUXO(PU3NIECKUX OCOOCHHOCTEH.



— IIpy He0OXOAMMOCTH MHBAINAAM M JII[AM C OTPAaHMYCHHBIMU BO3MOXXHOCTSIMH 3/J0OPOBBSI
IPEOCTABIISCTCS JOTIOJHUTENFHOE BPEeMS JJIs IIOATOTOBKM OTBETA HA 3K3aMEHE;

— IIPY TPOBEACHUM NPOLEAYPHI OLECHWBAHHUS PE3YJIbTaTOB OOYYEHUS WHBAIHIOB U JIHII C
OTPaHUYEHHBIMH BO3MOXKHOCTSIMH 3/I0POBBSI TIPEyCMAaTPUBACTCS HCIOIB30BAHUE TEXHUYECKHUX
CpPE/CTB, HEOOXOMMBIX UM B CBS3U C X MHIUBHIYAILHBIMI OCOOCHHOCTSIMU;

— MpH HEOOXOIUMOCTH ISl OOYYAIOLINXCSl C OTPaHUYEHHBIMU BO3MOXKHOCTSIMH 3JI0POBbSI U
MHBAJIM/IOB MIPOLIEYpa OLICHUBAHKS PE3YJIbTAaTOB O0YYEHHS M0 JUCLIUILIMHE MOXKET IIPOBOIUTHCS B
HECKOJIBKO 3TaIloB.

[Tpouenypa oueHHBAaHUS pPE3yAbTATOB OOYUCHHMS WHBAIWAOB M JIMI C OTPaHUYCHHBIMU
BO3MOXKHOCTSIMH ~ 3/I0pPOBbSI 10 JUCHUIUIMHE (MOIYJIO) MpeayCMaTpUBaeT MPeIOCTaBICHUE
uHpopmanmu B QopMmax, aATaNTHPOBAHHBIX K OTPAHUYEHHUSM HX 370pOBbS M BOCHPHUSTHS
uHpOpMaLUu:

JList L ¢ HapyIeHUs MU 3pEHUS:

— B IIeYaTHOM (hOpMe YBEIMICHHBIM HIPUPTOM,
— B (hopMe DIICKTPOHHOTO TOKYMEHTA.

JIoist LT ¢ HAPYIICHUSAMHE CITyXa:

— B TieyaTHOU hopme,

— B (hopMe IEKTPOHHOTO JOKYMEHTA.

J1J1s1 JIUI C HApYIICHUSIMH OTIOPHO-JIBUTATEIBHOTO arapara:

— B mieyaTHoOU hopme,

— B (hpopMe 3IIEKTPOHHOTO IOKYMEHTA.

JlaHHBIA TIepeYeHb MOXKET OBITh KOHKPETH3UPOBAaH B 3aBUCHMOCTH OT KOHTHHTCHTA
oOyJaronuxcs.

4.5. MeTonnyecKue yKa3aHUsl 10 OPraHN3aluH BbIYUCIUTEIbHOH HHPPACTPYKTYPHI
TpeOoBanus Kk annmapaTHOMY U NPOrPaAMMHOMY 00eCIIe4YeHHI0 padouYnX MecCT

AnnapatHble TpeOOBaHHUS.

J171g BBITIOJIHEHUS TAOOPATOPHBIX Pa0boOT MO U3YYCHHIO JaTa-IIEHTPUYHOTO aHallu3a JaHHBIX
METOJJaMH MAILIMHHOTO OOy4YeHUs CTyAEHTaM W IMpernojaBaTeNll0 HeoOXOIUM CTallMOHApHbBIN
KOMITBIOTEP MJIM HOYTOYK C COBpeMEHHOM KOH(urypaunueil. PekomeHryeTcss MHOTOIpOLeCCOPHBII
CPU, nanpumep Intel Core 13/i15/i7 He Huxke 4-TO mokosieHust Wi aHanoruyHeii AMD Ryzen, ¢
MOJJIEP)KKONH MHOTOMOTOYHOCTH U ornepaTuBHOW mamsthio He MeHee 8 I'b. Jlna paboter ¢ GPU-
BbruncieHusiMu tpedyercsa Bugeokapta NVIDIA gnst CUDA unu coBmectumas ¢ OpenCL/ROCm.
KommnbroTep 1071K€H UMETh CTa0MIIbHOE MOJIKII0UEeHUE K ceTH MHTepHET co CKOPOCThIO HE HUXKE 5—
10 M6wut/c mist ckaunBanus SDK, Ou0aroTex u 0OHOBJICHUHN TPOrPaMMHOTO 00ECTICUEHUSI.

IIporpammHubie TpeOGOBaHUS.

Ha pabounx craHuusx JOKHA OBITh YCTaHOBJIEHA COBPEMEHHAsl ONEepallMOHHAsl CUCTEMA,
Bkitoyags Windows 10 unu 11, aktyansnbsie Bepcun macOS wnu nuctpudytusl GNU/Linux, npu
9TOM CHUCTEMbI JOJDKHBI DPEryJspHO OOHOBIAThCA JJIsl MOAJEpKaHUS O0€30MacHOCTH U
COBMECTHMOCTH C MHCTpyMEHTaMH Kypca. i pa3paboTku Heo0X0AUMbI OUOINOTEKH, YKa3aHHBIE B
paznene «MHCTpyMEHTHI U OUOITHOTEKI.

CTyneHThI TakKe JO0JDKHBI UMETh JIOCTYI K CUCTeMe KOHTpOoJIs Bepcuit Git, ”HTeprnpeTaTopy
Python Bepcuu 3.10 u BbIIIE ¢ MEHEHKEPOM MaKeTOB pip WM conda Juis aHAM3a Pe3ylbTaTOB U
MOCTPOEHHU IpadUKOB, IpHU HEOOXOIUMOCTH ¢ ycTaHoBKo# Jupyter Notebook/Lab. [{ns nokansHOTO
TECTUPOBAaHUS M OTJIAJKU NPOrpaMM MOXKeT ucmoib3zoBatbes Docker, mpu stom Ha Windows
tpedyercs Docker Desktop ¢ WSL2, a ma Linux 1 macOS mnatdopma moaaepKuBaeTcsi HanpsiMyro.
Bce mporpammuoe obecrieyeHne JOHKHO ObITh HACTPOCHO TaK, YTOOBI CTYAEHTHI UMENHU JOCTYII KO
BCEM HHCTPYMEHTaM BO BpeMsl J1abopaTOpHBIX paboT, a mpenojaBaTrelb MOTr YIPaBIATh
UHPPACTPYKTYPOI U KOHTPOJIUPOBATH PE3yIbTaThl, BKIt0Uas penosuropun, CI/CD u TectupoBanue.



Heobxomumo obecnieunTs pazpemienne ucxoasamux noaxaoueHuit mo HTTPS, otkpsiteie mopTer 80
U 443, a TakKe HaIUYKME IPaB Ha YCTAHOBKY MPOTPAaMMHOI0 00ECIeYeHHUsI UM B3aUMOJICHCTBHE C
CHUCTEMHBIM aJIMUHUCTPATOPOM JIJIsI UX YCTAaHOBKH.

HNHCcTpyMeHTHI 1 OMOJIHOTEKH:

Kareropus

Python

R

OcHoBHBIE ML

O6paboTka TaHHBIX
Busyanuzanus

Ancam0au

Byctunr

HepeBbs penieHuii

Heitpocetn

SVM

JInHeliHBIE MOIEIN
HNuTepnperanus moeneit
Onrtumu3anys runeprnapaMmeTpoB
HecGanancupoBanHbie JaHHbBIE
PabGoTa ¢ TekcToM
Bepudukanus moaenei
ITadraifHe!

JlaTel 1 Bpems

Crpoku

DKCIIEPUMEHTHI

scikit-learn

pandas, numpy

matplotlib, seaborn, plotly
xgboost, lightgbm, catboost
xgboost, lightgbm, catboost
scikit-learn

tensorflow, keras, pytorch
scikit-learn

scikit-learn, statsmodels
shap, eli5, lime

optuna, scikit-optimize
imbalanced-learn

nltk, spaCy

scikit-learn

scikit-learn

pandas

pandas

mlflow

caret, tidymodels
dplyr, data.table
ggplot2, plotly
randomForest, xgboost, gbm
xgboost, gbm

rpart

nnet, keras

el1071

glm, Im

DALEX, iml
mirMBO, tune
ROSE, smotefamily
tm, tidytext

ROCR, mlbench
recipes

lubridate

stringr

MLflow

HCXO}IHLIE JaHHbIE: TOTOBBIC 1aTaCCThl, JaHHBIC C06paHHBI€ B XO/J€ BBITIOJITHCHUA pa60T.

5. IlepeyeHb OCHOBHOI M IONOJHUTEJIbHON y4eOHOM JIUTEPATYPbl, HHPOPMAIIMOHHBIX
pecypcoB U TeXHOJIOTHH He0OX0AMMBIX JIS1 0CBOCHH S M CIHMIIIMHbI

5.1 OcHoBHasi IuTEpaTypa

(B TOM uncie myoaukanuu KoHdepeHuit A*)

1. Murskos, E. C. UckyccTBeHHBINM UHTEIUICKT U MAIIMHHOE 00y4YeHue : yaeOHOe TTocooue s
By30B / E. C. Mutskos, A. I'. [lImenesa, A. U. Jlagpiaun. — 2-¢ u3., ctep. — CaHKT-
[MerepOypr : Jlaub, 2026. — 252 ¢. — ISBN 978-5-507-51198-3. — TekcT : 3neKTpoHHBbI# //
Jlans : anexTpoHHO-OMOMMOTeyHas cuctema. — URL: https://e.lanbook.com/book/507451
(mata obpamenus: 24.10.2025). — Pexum goctyna: Jyisi aBTOpU3. MOJTB30BaTEIIECH.

2. bananos, A. H. MamunHOe 00y4eHHe U UCKYCCTBEHHBIN MHTEIIEKT : yueOHOe rmocodue ais
By30B / A. H. bananoB. — 2-e u3., crep. — Cankr-IlerepOypr : Jlans, 2025. — 172 ¢. —
ISBN 978-5-507-52891-2. — TekcT : 3neKTpoHHbIH // JIaHb : 31eKTpOHHO-O1OIHOTeYHAs
cucrtema. — URL: https://e.lanbook.com/book/462248 (nata obpamenus: 24.10.2025). —
Pexum noctyna: st aBTOpU3. MOIb30BATENEH.

3. MamunHoe oO0yuenue : yueOnuk : [16+] / E. FO. Byteipckuii, B. B. [lexanoBckwid,

H. A. XXyxoBa [u 1p.]. — Mocksa : lupekr-Meaua, 2023. — 368 c. : ui., Tabm., cxem., rpad. —



10.

11.

12.

Pexxum nocryna: mo moamucke. — URL: https://biblioclub.ru/index.php?page=book&id=701807
(mata obpamenus: 24.10.2025). — bubnuorp. B ku. — ISBN 978-5-4499-3778-0. — DOI
10.23681/701807. — TeKcT : 31IEKTPOHHBIIA.

buomeMIMHCKIE CUTHAITBI U U300paKeHHS B IIH(PPOBOM 3IPAaBOOXPAHCHUH : XPAaHCHHE,
00paboTka u aHanu3 : yueoHoe mocooue / A. I1. Hemupko, JI. A. Manwmo, A. 0. Jlonranos [u
ap.] ; mox obmr. pen. B. C. Ky6manosa ; Ypanbckuii ¢peaepanbHbIii YHUBEPCUTET UM. TIEPBOTO
IIpesunenta Poccuu b. H. Enpriuna. — ExkarepunOypr : M3narenscTBo Y paibeKoro
yauBepceuteta, 2020. — 243 c. : cxem., Tabn. — Pexxum nocryna: mo noanucke. — URL:
https://biblioclub.ru/index.php?page=book&id=698902 (xara obparuenus: 24.10.2025). —
bubmuorp. B kH. — ISBN 978-5-7996-2990-8. — TekcT : 311eKTpOHHBIH.

enwix, A. H. [IlpumeHeHre BpeMEHHBIX PAAOB JIJIs aHAIM3a OOJIBIINX JIaHHBIX : ydeOHOe
nocobue 1o Kypcy «MareMaTHuecKue METO/Ibl aHaIi3a OOJBIINX TaHHBIX) : [16+] /

A. H. Lensix, B. C. Bacunbes, 3. M. Kotos ; FOxHbI# GeaepanbHblii yHUBepcUTeT. — POCTOB-
Ha-Jlony ; Taraupor : FOxHbI# Qenepanbhblil yauBepcuret, 2021. — 86 c. : ui. — Pexxum
nocryna: mo noamucke. — URL: https://biblioclub.ru/index.php?page=book&id=691448 (xara
obpammenust: 24.10.2025). — bubimorp. B k1. — ISBN 978-5-9275-3983-3. — Tekcr :
3JIEKTPOHHBIMN.

[enbix, A. H. CoBpemeHHbIE METO/IbI IPUKIAIHON HUH(POPMATHUKH B 33/1a4aX aHAIM3a JIaHHBIX :
yuebHoe 1ocodue 1o Kypcy «MeTobl MHTEIIEKTyallbHOTO aHaIu3a JaHHbIX) : [16+] /

A. H. Uensbix, A. A. Lensix, 3. M. Kotos ; FOxHb1i1 Ppenepanbublii yauBepcurer. — PocTos-Ha-
Hony ; Taranpor : FOxwuslii henepanbubiii yauusepeuteT, 2021. — 130 c. : un., Tadi., cxem. —
Pexxum noctyna: o nmoanucke. — URL: https://biblioclub.ru/index.php?page=book&id=683920
(mara obpamenus: 24.10.2025). — bubnuorp. B kH. — ISBN 978-5-9275-3783-9. — Tekcr :
AIEKTPOHHBIN.

Sun, X, Li, J., Kovalenko, A.V., Feng, W., Ou, Y. Integrating Reinforcement Learning and
Learning From Demonstrations to Learn Nonprehensile Manipulation //IEEE Transactions on
Automation Science and Engineering, 2023, 20(3), 1735-1744, DOI:
10.1109/TASE.2022.3185071, Q1

Petukhova, A.V.; Kovalenko, A.V.; Ovsyannikova, A.V. Algorithm for Optimization of
Inverse Problem Modeling in Fuzzy Cognitive Maps. Mathematics 2022, 10, 3452. DOI:
10.3390/math10193452, Q1

Kadurin, Artur, et al. "The cornucopia of meaningful leads: Applying deep adversarial
autoencoders for new molecule development in oncology.” Oncotarget 8.7 (2016): 10883.
Kadurin, Artur, et al. "druGAN: an advanced generative adversarial autoencoder model for de
novo generation of new molecules with desired molecular properties in silico." Molecular
pharmaceutics 14.9 (2017): 3098-3104.

Polykovskiy, Daniil, et al. "Molecular sets (MOSES): a benchmarking platform for molecular
generation models."” Frontiers in pharmacology 11 (2020): 565644.

Khrabrov, Kuzma, et al. "$\nabla” 2$ DFT: A Universal Quantum Chemistry Dataset of Drug-
Like Molecules and a Benchmark for Neural Network Potentials.” Advances in Neural
Information Processing Systems 37 (2024): 36869-36889.

Haoran Xu, Philipp Koehn, and Kenton Murray. 2022. The Importance of Being Parameters:
An Intra-Distillation Method for Serious Gains. In Proceedings of the 2022 Conference on
Empirical Methods in Natural Language Processing, pages 170-183, Abu Dhabi, United Arab
Emirates. Association for Computational Linguistics.

Wai Ching Leung, Shira Wein, and Nathan Schneider. 2022. Semantic Similarity as a Window
into Vector- and Graph-Based Metrics. In Proceedings of the Second Workshop on Natural
Language Generation, Evaluation, and Metrics (GEM), pages 106-115, Abu Dhabi, United
Arab Emirates (Hybrid). Association for Computational Linguistics.

Anna Lorincz, David Graus, Dor Lavi, and Joao Lebre Magalhaes Pereira. 2022. Transfer
learning for multilingual vacancy text generation. In Proceedings of the Second Workshop on


https://biblioclub.ru/index.php?page=book&id=701807
https://biblioclub.ru/index.php?page=book&id=698902
https://biblioclub.ru/index.php?page=book&id=691448
https://biblioclub.ru/index.php?page=book&id=683920
https://aclanthology.org/2022.emnlp-main.13/
https://aclanthology.org/2022.emnlp-main.13/
https://aclanthology.org/2022.gem-1.8/
https://aclanthology.org/2022.gem-1.8/
https://aclanthology.org/2022.gem-1.18/
https://aclanthology.org/2022.gem-1.18/

Natural Language Generation, Evaluation, and Metrics (GEM), pages 207-222, Abu Dhabi,
United Arab Emirates (Hybrid). Association for Computational Linguistics

5.2. lonoJtHUTEILHAS JIUTEPaTypa:

1. Pa3meTka JaHHBIX B MAIIMHHOM OOYUYEHUH: TPOIIECC, PA3HOBHIHOCTH U
pekoMenaanuu [ DaekTponHsIi pecype]. - URL: https://habr.com/ru/articles/678524/. -
([ara obpamienus: 10.10.2025).

2. HecTtpykTypupoBaHHbIE JaHHbIC: IPUMEPHI, UHCTPYMEHTBI, METOJIMKU U
pekoMenpaiuu [ DnekTponHslid pecypce]. - URL: https://habr.com/ru/articles/756454/. -([lara
obpamenus: 10.10.2025).

3. Structured vs. Unstructured Data: What’s the Difference? [OnexTponHbIii pecypce]. -

URL.: https://www.coursera.org/articles/structured-vs-unstructured-data. - (/Iara
obpamenus: 10.10.2025).

4. What is unstructured data? [9nexrponnsiii pecypc]. - URL:
https://www.elastic.co/what-is/unstructured-data. - (/Iara oopamenus: 10.10.2025).
Kovriguina, L., Shilin, I., Putintseva, A., Shipilo, A. Multilevel Annotation in the

5. Corpus for Parsing Russian Spontaneous Speech. In: Karpov, A., Jokisch, O., Potapova, R. (eds)
Speech and Computer. SPECOM 2018. Lecture Notes in Computer Science(), vol 11096.
Springer, 2018 - 311-320 p.

6. Anthony S. Training Data for Machine Learning. O'Reilly Media, 2023. - 332 p. books on Data
Annotation [Dnextponnsiit pecypc]. - URL: https://www.aistartups.org/books/data_annotation/. -
(Mara obparmrenus: 01.10.2025).

7. 3axapos B., bornanosa C. KoprycHas TMHTBUCTHKA: YUEOHUK JIJIsl CTY/ICHTOB
HanpaBneHus «JIMHrBucTukay». 2-e usf., nepepad. u gonoins., — CI16.: CII6I'Y. PHUO.
Ounonornueckuii pakynsret, 2013. — 148 c.

5.3. UuTepHeT-pecypchbl, B TOM 4HCJIe COBPeMeHHbIe NPodecCHOHATbHBIE 0a3bl
AAHHBbIX, HHGOPMALMOHHBbIE CIIPABOYHbIEC CUCTEMbI U KOH(epeHI un

Kongpepenyuu A*:

https://openreview.net/forum?id=FMMF1a9ifL
https://openreview.net/forum?id=EIUrNM9U8c#discussion
https://openreview.net/forum?id=JoO6mtCLHD
https://aclanthology.org/2024.findings-emnlp.760/
https://aclanthology.org/2020.coling-main.588/
https://link.springer.com/chapter/10.1007/978-3-030-72113-8 30
https://link.springer.com/chapter/10.1007/978-3-031-42448-9 10
https://aclanthology.org/2024.findings-naacl.288/

Nk~ wWNE

Inekmponno-ouonuomeunsvte cucmemut (I5C):

DBC «FOPAWT» https://urait.ru/

ABC « YHUBEPCUTETCKA S BUBJIMOTEKA OHJIAWH» http://www.biblioclub.ru/
OBC «BOOK.ru» https://www.book.ru

9BC «ZNANIUM.COM» www.znanium.com

OBC «JIAHb» https://e.lanbook.com

agbrwbnE
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https://e.lanbook.com/

Ilpogpeccuonanvuvie dazovt Oannvlx

arONE

7.
8.

9

10.
11.
12.

13.
14.
15.
16.
17.

Scopus http://www.scopus.com/

ScienceDirect https://www.sciencedirect.com/

Kypuanst uznarenscrea Wiley https://onlinelibrary.wiley.com/

Hayunas snexrponnas 6ubanoreka (HIB) http://www.elibrary.ru/
[TomHOTEKCTOBBIE ApXUBBI BEAYIIMX 3allaJHBIX HAYYHBIX KypHaiIoB Ha Poccuiickoii miardopme
Hay4HbIX xypHanoB HOUKOH http://archive.neicon.ru

HanmonanbeHas 2yieKTpoHHas OMOIMoTeKa (0CTy K DJICKTPOHHOM OMOIHOTeKe
nuccepraiuii Poccuiickoit rocymapcersennoi oubnmoreku (PI'B) https://rusneb.ru/
[pesunentckast 6udaroreka uM. b.H. Enbriuna https://www.prlib.ru/

baza manabeix CSD KemOpumkckoro nienTpa kpuctaimorpadpudeckux nanueix (CCDC)
https://www.ccdc.cam.ac.uk/structures/

Springer Journals: https://link.springer.com/

Springer Journals Archive: https://link.springer.com/

Nature Journals: https://www.nature.com/

Springer Nature Protocols and Methods:
https://experiments.springernature.com/sources/springer-protocols

Springer Materials: http://materials.springer.com/

Nano Database: https://nano.nature.com/

Springer eBooks (i.e. 2020 eBook collections): https://link.springer.com/
"Jlekropuym TB" http://www.lektorium.tv/

YuuBepcuterckas nHpopmanronnas cucrema POCCHUS http://uisrussia.msu.ru

Hm[mpmauuouuble CRpABOYHbIE CUCHIEMDbL

1.

KoncyabTanT I[L110C - cripaBovHasi mpaBoBasi cucTeMa (JIOCTYII 10 JIOKAJIBHOM CeTH C
KOMITBIOTEPOB OMOITMOTEKH )

Pecypcol c60600n020 0ocmyna

1.
2.
3.

10.
11.
12.

KubepJlenunka http://cyberleninka.ru/;

AMepuKaHCcKas TaTeHTHas 0a3a maHHbIX hitp://www.uspto.gov/patft/

MuHucTepcTBO HayKH U Bbiciiero oopasosanus Poccuiickoit denepannu
https://www.minobrnauki.gov.ru/;

Ddenepanbublii nopran "Poccuiickoe odpazoBanue” http://www.edu.ru/;

Nudopmannonnas cucrema "ExnHoe 0kHO 10CTYyMa K 00pa3oBaTeIbHBIM pecypcam”
http://window.edu.ru/;

Enunas xomrexiust mudpoBeIx 0Opa3oBaTenbHbIX pecypcoB http://school-collection.edu.ruf/;
[Ipoekt ['ocynapcTBeHHOr0 HHCTUTYTA pycckoro s3bika uMeHH A.C. [Tymkuna "OOpa3oBaHue
Ha pycckom" https://pushkininstitute.ru/;

CrpaBouyHO-HH(pOpMaIMOHHBIH opTan "Pycckuii s3p1k" http://gramota.ru/;

Cnyx0a TeMaTHYECKUX TOJIKOBBIX ciioBapei http://www.glossary.ru/;

Cnosapu u sunmkiaoneaunu http://dic.academic.ru/;

Oo6pazoBarenbHbIi opTan "Yueba" http://www.ucheba.com/;

3akonomnpoekT "O0 obpa3oBanuu B Poccuiickoit Meneparuu”. Bornpocs! u otBeTHI hitp://xn--
273--84d1f.xn--plai/voprosy i_otvety.

Coocmeennbvie 31eKmponHble 00pazosamenvHble U uHgopmayuonnsle pecypcovl Kyol'Y

1. DnextpoHHbIi Katanor Hayunoii onbmuorexu KyoI'Y http://megapro.kubsu.ru/MegaPro/\Web

2. DnexTpoHHas 6ubnroreka TpynoB yueHslx Kyol'y
http://megapro.kubsu.ru/MegaPro/UserEntry? Action=ToDb&idb=6

3. Cpena MoayJIbHOTO JUHAMUYecKoro ooyuenus http://moodle.kubsu.ru
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http://gramota.ru/
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http://www.ucheba.com/
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http://moodle.kubsu.ru/

4. ba3a y4eOHBIX IJIaHOB, y4€OHO-METOINYECKUX KOMILJIEKCOB, IMTyOJIUKAIIUK U KOH(EepEHITUN
http://infoneeds.kubsu.ru/

5. bubnuoreka nHMOPMaLIMOHHBIX PECYpPCcOB Kadeapsl HHYOPMALIMOHHBIX 00pa30BaTEIbHBIX
TexHozoruit http://mschool.kubsu.ru;

6. DaekTpoHHBIH apxuB qokyMeHToB KyoI'Y http://docspace.kubsu.ru/

7. DneKTpoHHBIE 00pa3oBaTeNbHbBIE pecypchl Kadenpsl HHPOPMAIIMOHHBIX CUCTEM U TEXHOJIOTHIA B
obpazoBannu Kyol'Y u Hayuno-metonuueckoro xxyprana "[IIKOJIbHBIE I'OJ1bI"
http://icdau.kubsu.ru/

5.4 Ilyosmmkanun koHgepeHunii A*

1. Farzana Ahamed Bhuiyan and Akond Rahman. 2021. Characterizing co-located insecure coding
patterns in infrastructure as code scripts. In Proceedings of the 35th IEEE/ACM International
Conference on Automated Software Engineering (ASE '20). Association for Computing
Machinery, New York, NY, USA, 27-32. https://doi.org/10.1145/3417113.3422154

2. Michael Hilton, Timothy Tunnell, Kai Huang, Darko Marinov, and Danny Dig. 2016. Usage,
costs, and benefits of continuous integration in open-source projects. In Proceedings of the 31st
IEEE/ACM International Conference on Automated Software Engineering (ASE '16).
Association  for Computing  Machinery, New York, NY, USA, 426-437.
https://doi.org/10.1145/2970276.2970358

3. Big Data Research (Elsevier) — myGiukaruu rmo aHaiu3y, yrpaBiCHUIO U BU3yaIU3al[H JAaHHBIX.
4. Data Science Journal (CODATA) — MeKIMCUUIUIMHAPHBIE UCCIICIOBAHMS JAHHBIX.
5. ACM Transactions on Knowledge Discovery from Data (TKDD) — meTobl n3BJ€4YCHUS 3HAHHIA

13 OOJIBIITNX JaHHBbIX.
6. https://openreview.net/forum?id=FMMF1a9ifL
7. https://openreview.net/forum?id=EIUrNM9U8c#discussion
8. https://openreview.net/forum?id=JoO6mtCLHD
9. https://aclanthology.org/2024.findings-emnlp.760/
10. https://aclanthology.org/2020.coling-main.588/
11. https://link.springer.com/chapter/10.1007/978-3-030-72113-8 30
12. https://link.springer.com/chapter/10.1007/978-3-031-42448-9 10
13. https://aclanthology.org/2024.findings-naacl.288/

6. Metoguyeckue ykazaHus AJ1s 00y4aroluxXcs M0 OCBOCHUIO TUCHUTIINHBI
6.1 PexoMenianuu 1o opranu3anuu o0y4eHus

OcBoenne mucuuruinabl «Data-Centric Machine Learning » tpeGyeT cuCTeMHOro 1Moaxoaa u
AKTUBHOW CaMOCTOSATENBbHOM paboThl. [1o Kypcy mpeaycMOTpeHO MPOBEICHUE JICKIIMOHHBIX 3aHITHH,
Ha KOTOPBIX JAeTCS CHCTEMAaTU3MPOBAaHHBIA MaTepwaj 10 JAWCHUIUIMHE. B Xxome Jekuui
paccMaTpUBAIOTCS KJIFOUEBbIe KOHIENIMU. [locie KakIoW JEKIMH PEKOMEHYETCS BBITOJHCHHE
NPAaKTUYCCKUX 3aJaHUi I 3aKPEIUICHUsS KITFOUEBBIX TMOHATUH M METOJOB M CaMOCTOSITEIIbHAsI
paboTa C IOTOJIHUTEIILHBIM MaTEPUATIOM H JIUTEPATYPOH.

JlabopaTopHble 3aHATHS Kypca TIOCBAIICHBI TMPAKTHUYECKOMY OCBOCHHUIO METOJIOB
mucnuuirabl «Data-Centric Machine Learning». Ha 3aHsSTHsIX CTYAEHTBI pealM3yroT 3a7a4du coopa
U MPEIBAPUTENbHBINA MOATOTOBKM JaHHBIX, finetuning u 0agaHCHPOBKY JaHHBIX, B TOM YHCIE B
00TaYHBIX Cpeaax, MPeI0CTaBICHHBIX TapTHEPAMH.

[Ipn camocTosiTenbHOH paboOTe CTyIeHTaM HEOOXOAMMO U3ydaTh PEKOMEHJOBAHHYIO
JAUTEpaTypy B BHUAE ODUIHAIBLHOW JOKYMEHTAIMH K HCIOIB3YEMBIM OTKPBITBIM MPOTPAMMHBIM
POAYKTaM, 00JauHbIM MIaTGopMam.
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https://doi.org/10.1145/2970276.2970358

6.2 CTtparernu BbINOJHEHUS JJA00OPATOPHBIX padoT

[Tocne n3yuenus 6a30BBIX KOHIICTILIUNA PEKOMEHYETCs BBIMOJIHEHHE Ja00paTOpHBIX paboT 1o
CXeMe:

[ToaroroBka qaHHBIX (HOpMaIH3aIUs, KOJIMPOBaHNE, 00padOTKa MPOMYCKOB U BEIOPOCOB).
Feature Engineering (co3aaHue HOBBIX IPU3HAKOB, OTOOP MPU3HAKOB).

BanancupoBka qaHHBIX ¥ ayrMeHTaIus (71 1300pakeHUN U TEKCTOB).

[TocTpoenune manrIaiiHOB IPe10OPaOOTKH.

DKCTIEPUMEHTBI C MOJICIISIMH Ha MTOATOTOBJICHHBIX JTaHHBIX.

AHaiu3 pe3ynbTaTOB U MHTEPIPETALIUS MOJICIICH.

ok wnE

Cmpamecusn 1: Iloomannoe oceoenue memooos
[Tpunium: "OT NpocToro K cioKHOMY"
[1naH BBINOJHEHUS:

1. ToaroroBurenbHbli 3Tan (30 MUHYT)

- M3yuuTh onMcaHue 3ajaun U TEOPETUUYECKYIO CIPABKY
- ITloaroroButh OKpyskeHUe (YCTAaHOBUTH OMOIMOTEKH, 3arPy3UTh JaTaceT)

- Brimonnuts 0a3oBeiit EDA
2. bazosas peanuzanus (1 gac)

- PeanusoBats TpeOyemble METO/IbI IO 11A0JIOHY/TIpUMEPY

- TlomyuuTh mepBEIC PE3yIHTATHI
3. DkcrnepuMeHTanbHbIN dTar (1 yac)

- MoaudunuposaTts napaMeTpbl METOI0B
- CpaBHUTH pa3HbIE MOJXO/bI

- 3adukcupoBaTh HAOTIOACHUS
4. Ananutudeckuit atan (30 MUHyT)

- Ilpoananu3upoBaTh pe3yIbTaThI
- CdopmynupoBath BHIBOJIBI

- IloaroroButs oTUET

Cmpamecusn 2: Komanounas paboma c ponamu
Ponesast Mozenb B komaH e 3-4 yenoBeka:
Data Analyst (AHQJIUTUK TaHHBIX):

- IIpoBonut EDA u aHanu3 kauecTBa JaHHBIX
- @opMynMpyeT runoTe3bl AJIsl yIAyqIIeHUs

- Busyanmsupyer pe3ysnbTarsl
Data Engineer (MHxeHep JaHHBIX):

- Hacrpausaet naiinnaitasl 00paboTku
- Peanmnsyer MeToabl OUNCTKU U ayrMEHTaLlUU

- OO6ecrieunBaeT BOCIPOU3BOIUMOCTh
ML Engineer (ML-unxenep):

- OOy4aer M OIleHHBAET MOJEIH
- IIpoBoaHT 3KCIEPUMEHTHI

- Ananusupyer METpUKH KauecTBa



[Tpumep workflow st KOMaH b

text

Hepema 1: Analyst — EDA — I'unoTe3s3sl
!

Hezeasa 2: Engineer — Peanusanua — ML Engineer — DkxcnepuMeHTHI
!

Hepmemns 3: Bce BMecTe — AHaJu3 pe3yabTaToB — IIoATOTOBKA OTUeTa

Cmpamecusn 3: Research-opuenmuposannulit nooxoo
JI1sl IPOABUHYTBIX CTY/1€HTOB
[Tpunuumn: "He npocto caenatk, a uccienoBars”
MeTtonomorus:

1. Problem Framing (¢popmymnupoBka mpodaemsl)

- Kakyto npobiieMy aHHBIX periaem?

- Kakwue ecTh rUMOTE3HI 10 YIIYYIICHUIO?
2. Experimental Design (au3aiin 3kcriepuMeHTa)

- Kakue metonpl cpaBHUBaeM?
- Kakue meTpuku ucronb3yem?

- Kak obecnieunBaem 10CTOBEpHOCTH?
3. Iterative Improvement (uTepaTHBHOE YITy4dIICHHE)

- BazoBmIM YypOBeHb — Meroxm 1 — MeTox 2 —» KoM6buHaIuAa

- Ilocne kaxa0il UTEpalu: aHAIU3, BBIBOJIbI, CAEAYOIIUN 11ar
4. Generalization Analysis (aHanu3 060011a€MOCTH )

- Ha xakux maHHBIX MeTOJI paboTaeT XOpoIIo?
- B kakux ycioBusIX Jaer yxyaueHue?

- IlpakTHueckue peKOMEeH1aluu

[Tpumep nns JIP 3 (AHanu3 ommooK):
python
# BMecTo mpoCTOro BHIITOJIHEHUS - UCCIEN0BATENbCKUN MOAXO;
research_questions = [

"Kakwue Tumsl omubok npeodiagaroT B Hameilt mogenu?",

"CBs13aHbI JI1 OLIMOKH C ONPEeIEHHBIMU XapaKTepUCTUKAMU JaHHbIX?",

"Kakoii MeToJ1 ynyuIieHus TaHHBIX Harboee 23pGEeKTUBEH I HAlINX OmuO0K?" |

6.3. Pekomenaauum s crygeHros ¢ OB3

— Marepuainbl npeoCTaBisSIOTCS B aJallTUPOBAHHBIX (hopmartax: ayaunodopmar, 3JIeKTPOHHbIE
JOKYMEHTBI C YBEIMYCHHBIM MIPUPTOM.

— KoHcynbTamum npoBoasSTCs MHANBUTYAbHO (BKIIIOYAst OHJIaiH-(hopmar).

— JlaGopaTopHble pPabOTBI MOTYT OBITh CKOPPEKTUPOBAHBI (YHPOIIECHHBIE J1aTaCETHhl,
paciiipeHHbIe CPOKU CAAYN).

[Togxon, onpenenstomuii yctaHoBiaeHUue cootBeTcTBUA KericoB UIT u YI'T (5-7), mo3Bossier
YETKO COOTHOCHUTD ITANbl PA3BUTHS TEXHOJIOTUH C BOBJIEUEHHOCThIO APTHEPA U CHUXKATh PUCKU MTPU
nepexo/ie OT Ja0OPATOPHBIX UCTIBITAHUN K MPOMBIIIJIEHHOMY BHEIPEHUIO.



Keiicol [TIAO «Coepoank»

1. FeHepaTHBHbIﬁ HUMN njass aBTOMATHYECKOI0 COCTABJIEHHUSI HHBECTUIIMOHHBIX 0630p0B

Onucanne:

Ananmutuku Coepa e:KeTHEBHO COCTABIISIOT JECATKH aHATUTUYECKUX U MHBECTUIIMOHHBIX 0030POB
110 pIHKAaM, KOMIIAaHUSM, MAaKpOIKOHOMHUKE. 3a/1auya — uccaeaoBaTh npuMenenue LLM mis
reHepaIy KPaTKUX CBOJAOK M AaHAIUTUYECKHX OTYETOB Ha OCHOBE BXOJHBIX JAHHBIX: OUPIKEBBIC
KOTUPOBKH, MAaKPOIKOHOMHUYECKHE MTOKA3aTEIH, PHIHOYHBIC COOBITHS.

Henn:
Pa3zpaborars HHCTPYMEHT, CIOCOOHBIN IO CTPYKTYPHUPOBAHHBIM JIAHHBIM U KPATKOMY OITHCAHUIO
(dbopMUPOBATH HHBECTUIIMOHHBIN 0030p B JIETIOBOM CTHIIC.

Oxunaemblil pe3yJibTaT:
Monenb, reHepupytoias aHanutudeckue Tekctsl auuHon 500—-1000 cnoB ¢ pazaenamu «o030p
COOBITUI», «PEKOMEHAIINNY, «ITPOTHO3bI», 0OpMIICHHBIE B (hopMmaTe OaHKa.

2. HJIII-anauu3 xaJjiod KJIHMEeHTOB B CBOOOIHOM (hopme

Onucanue:

B pamkax knmenTckoro cepruca Coepbank oOpadaThiBaeT 0OpaIieHUs U3 YaTOB, MOOMIIEHOTO
NPUIOKECHHUS U Kao0HOM hopMmbl. TpedyeTcs HOCTPOUTHh MOJIENIb CEMAHTUYECKOTO aHAIN3a,
BBIJICJISIONLYIO CYTh OOPAICHHUs, ONPEICIISIONIYI0 TOHAIBHOCT U MOTCHIUAIBHYIO CEPhEZHOCTD
UHIUJICHTA.

Hean:
ABTOMaTH3UPOBAThH KJIACCH(PUKAIIMIO 00OpalleHni Al yCKOPEHHsI MAPIIPYTH3AIUH U BBISIBJICHUS
MOBTOPSIFOIITUXCST O0JIEBBIX TOUYEK B MPOJYKTAX U MpOIeccax.

O:xupaemMbli pe3yJibTar:
[IporoTumn Mozenn, aBBTOMaTUYECKH BBIJEISIONIEH TEMBI 3kaio0 (Harmpumep, «omuoKa B
NPUIIOKEHUNY, «IBOWHOE CIIMCAHUEY), UX SMOLIMOHAIBHYIO OKPACKY U KPUTUYHOCTb.

3. I'enepanusi cueHapueB (PUIINHIOBBIX MK CEM JJIsl 00y4eHHS COTPYAHUKOB

Onucanue:

bank npoBoauT kubepyueHus, BKIOYasi paCChUIKY TECTOBBIX (DPUIIMHIOBBIX MHCEM COTPYIHUKAM
JUISI TIOBBIILIEHUS! UX YCTOMYMBOCTH K COLIMAJIbHBIM aTakaM. [IpoekT npeznonaaraer UCoIb30BaHUE
TreHepaTUBHOM MOJENH AJISl CO3/1aHUs PEATMCTUYHBIX (DUITMHTOBBIX ITHMCEM Pa3IMYHbIX TUIIOB
(mognensHbIE cuera, HR-3anpockr, UT-nogaepxka).

Hean:
Co3znaTh TeHeparop, CiocOOHBIN Ha OCHOBE 3a/IaHHBIX MapaMeTPOB (TeMa, CTHIIb, YPOBEHB YTPO3bI)
CO3/1aBaTh TEKCTHI (PUIIUHTA JIJIsI TPEHUPOBOK.

O:xupaemblil pe3yJbTar:
Hab6op paznoobpa3Hbix npuMepoB (pHUIIUHTA U OIIEHKA WX 3(P(HEKTUBHOCTH MO PEAKIINH
COTPYJIHUKOB, a TAK)Ke KJIacCU(pUKALIUI MOJIETIeH yrpo3.

4. My1bTUMOJAJIBHBIN ACCHCTEHT 11 0AHKOBCKMX OT/IeJIeHU I

Onucanue:
Ouznueckue oraenenus CoepOaHKa BHEAPAIOT UHTEPAKTUBHBIX KOHCYNIBTAHTOB. [Ipeanonaraercs
co3aHue MyJbTUMOIanbHOro MM -accucrenTa, KOTOpbI BOCOPUHUMAET PEYb U BU3YAJIbHO



OpPUEHTHUPYETCS B IPOCTPAHCTBE (PACIIO3HAET KIMEHTA, JOKYMEHThI, 0AHKOMATHI), a TAKXKe
OTBEYAET roJIOCOM.

Henn:
PaspaboTars 6a30BbIi IPOTOTHI, UMUTUPYIOIINN (PYHKIIMOHATHLHOCTH MOMOIIHUKA: OTBETHI HA
THIIOBBIE 3aMPOCHI, BU3yaJIbHBIC TTOICKA3KH, HABUTAITUS 110 OTICICHHUIO.

Oxunaemblil pe3yJibTaT:
HuTepakTuBHAs MOJEIb, 00bEeINHAIOIIAs TOJI0COBOW BBOJI, 3pUTEIBHOE BOCTIPUSITUE (HAIIPUMED,
QR-kox macropra), TEKCTOBBIN BBIBOJI U )KECTOBYIO PEAKIIHUIO.

5. O0bACHUMOCTH U KOHTPOJIb T'eHepaTUBHBIX MoJeJiell B 0ankoBckom MU

Omnucanue:

bank aktuBHO ucmoas3yeT LLM u NLP-cepBucs (B yaT-60Tax, renepaiuu mabdbjioHOB OTBETOB,
aBTOOTBETaxX Ha e-mail), 0JJHaKO BCTaeT BOMPOC: KaK OOBACHATH U KOHTPOIUPOBATH MOBE/ICHUE
TaKUX MOJIENel, 0COOCHHO B IOPUINYECKU 3HAUMMbBIX KOMMYHHUKAIUSIX?

Henan:
HccnenoBaTh moaxosl K TpaccupoBke pemennid LLM (Hanpumep, uepes JTOTHpOBaHKE reasoning
chain, mocT-QmIbTpaIyio OTBETOB, BCTPOCHHEIC IPABUIIA).

O:xunaemblil pe3yJbTar:
Konnenmus cucremsl explainability + compliance-momyssi, 06ecredynBaroniero COOTBETCTBHE
reHepaluy CTaHaapTaM OaHKa U peryysropa.

6. 'enepanus no/1b30BaTeIbCKUX CLleHApHeB padoThl B MOOMJIBLHOM NPUJIOKEHU U

Onucanne:

bank xoueT ucnoabp30BaTh reHepaTuBHbIN M 11t OpICTpON CUMYISIIUU TOJIB30BATENbCKIX
CIIEHapyeB — HAIpUMeEp, KaK KIUEHT 0OpMIISIET BKIAl, IEPEBOJAUT CPEICTBA, MOTYYaeT
YBEJOMIIEHHE O PUCKE MOIIIEHHUYECTBA.

Henn:
Pa3paboTtarh reHepaTop MoImaroBIX ClieHApHEB TOIb30BATEIBCKOTO MMOBEICHUS C BAPUATUBHOCTHIO
(MO010¥ KJIMEHT, neHcuonep, UII).

OsxkupaemMblil pe3yJibTar:
Ha6op aBTromaTnuecku creHeprupoBaHHbIX UX-crieHapueB, 0pOpMIIEHHBIX B BUE CLIEHAPHEB IS
QA nmu UX-uccrienoBaHuii, ¢ JOTUKOW JEHCTBUIA U TUITHYHBIMHU OIIMOKAMH ITOJIh30BaTEIIs.

7. 'enepanus synthetic data nuis 6ankoBcKkHX Mojeeit

Onucanue:

Monenu B Coepe TpeOyroT 601b110r0 00bEMa TPAaH3aKLIIMOHHBIX U KIIMEHTCKUX JaHHBIX, KOTOpPBIE
HEJb3sI UCTI0JIb30BaTh HANPAMYIO U3-3a TpeboBanuii LIb u ®@3-152. 3agaua — pa3paboTaTh METO
reHepaluy CHHTETHYECKUX OAHKOBCKUX JaHHBIX, MAKCUMAJIbHO OJIM3KHX K peaIbHbIM IO
pacupeneneHusM U IOBEICHUIO.

Henn:
Coznath 6e3omacHsli pipeline renepannu JaHHBIX (HapUMeEp, TpaH3aKIUH, Tpoduiei KINEeHTOB,
mabJIOHOB PACX0/I0B) JUTsl OOyUEeHUSI MOJIEICH.



Oxupaemblil pe3yJabTaT:
CuHTEeTHYeCKHIi JaTaceT U OTYET O MeTpuKax npudimxénnoctu K peanbnomy (TSNE, K-L
divergence u ap.), C OLICHKON MPUTOAHOCTH JJIsl O0y4EHUS] CKOPHHTOBBIX WIIM aHTH()POI-MOAETCH.

8. Mojaeab aHAJIN3a HHBECTUIMOHHOM NMPUBJCKATECJIBbHOCTH MAJIOT0 OM3Heca

Onucanue:

baHK aKTMBHO pa3BHBAET KPEAUTOBAaHUE U HHBECTULIMOHHBIE HHCTPYMEHTBI I MaJOro U CPEHETO
npeanpunumarensctBa (MCII). Tpebyetcs co3aaTe MoJielb, KOTOpas HA OCHOBE OTKPBITHIX U
0AaHKOBCKUX JaHHBIX (BBIPYUYKa, PACXOMAbI, TUI IEATEIbHOCTH, OT3bIBbI, OHJIAWH-aKTUBHOCTH )
OLICHMBAET MHBECTULIMOHHYIO NpuBieKaTenbHocTs MCIT.

Henn:
Pazpaborarts cuctemMmy pedTHHTOBOM OLIEHKH KOMITAHUI Malloro Ou3Heca ¢ BO3MOKHOCTBIO
BU3yalIu3aluu GaKToOpoB U JUHAMHUKH MOKa3aTeeH.

O:xunaemMblii pe3yJbTar:
Mopuenb, mpucBanBaroiias KOMIIAaHUA HUHBECTUITMOHHBIA peUTHHT (Harpumep, A—E), oObscHsromas
KJIFOUEBBIC TTapaMEeTPhI U Jarolas peKOMEHIAIUH IS HHBECTOPA.

9. MuauBUaya/IbHAS OLEHKA KPeIUTOCIOCOOHOCTH KJIMEHTA HA OCHOBE MOBeIeHYeCKUX
JAHHBIX

Onucanue:

CoBpeMEeHHBIN KPEIUTHBIM CKOPUHT BBIXOJ/IHT 32 PAMKH (PMHAHCOBBIX JaHHBIX. HeoOxommmo
HCCJICIOBATh, KaK TIOBEJICHYCCKHE U ITU(POBBIE CII/BI (4acTOTa BX0/1a B MOOMIIHHBIN OaHK,
CII0COOBI OIIaTh, reorpadus, BpeMs OTKJIMKA) BIUSAIOT HA TICPCOHATLHYIO OLIEHKY PHCKA.

Hean:
Pa3paborate ML-Mo/1€71h, OIIEHUBAIOIIYIO0 BEPOSITHOCTH Ae(OTa 10 HECTaHAAPTHBIM
MOBEICHYECKUM TpU3HaKaM (BO3MOXKHO — ¢ explainable Al).

O:xupaemMbli pe3yJbTar:
[TpoToTun cKOpUHroBON MOJIENH, KOTOpas, HOMUMO CTaHAAPTHBIX JAHHBIX, YYUTHIBAET IU(PPOBOI
npoduib kueHTa u oobsicuser pemenus (SHAP, LIME u np.).

10. [IpeanKkTHBHASI AHAJIUTHKA BO3BPATa MHBECTHULMI 110 HHPPACTPYKTYPHBIM NPOEKTaAM

Onucanue:

B psne cinyqaeB CoepOaHK BbICTYNAET Y4aCTHUKOM/UHBECTOPOM B PErMOHAIBHBIX
UHPPACTPYKTYPHBIX IPOEKTAX (MKHJIbIE MAaCCUBBI, JOPOTH, TEXHOMAPKH). 3a7a4a — OLIEHUTh
IPOTHO3UPYEMYIO 3(h(HEKTUBHOCTD BIOKEHUH ¢ yu€TOM JieMorpaduu, MUTPAIIUH, SKOHOMHYECKON
AKTUBHOCTH.

Hean:
PazpabotaTts Mozaens, mporaosupyroiryto ROI Ha ropuzonTe 3—5 set, uCmosb3ysi BHEITHUE
ncrouHuku nanubix: Poccrar, EI'PIOJI, kagacTp, coumenna.

O:xupaemMbli pe3yJbTar:
AHanuTHYecKasi MOZIEIb C BO3MOYKHOCTBIO T€0BU3YaJIN3alliU M CLIEHAPHOTO aHaju3a (pocT/cra,
rOCHpOrpaMMbl, CMeHa TpaduKa u T.11.).



11. AHanu3 noBeaeHus MOJIb30BaTe el B IkocucTeMe HMGppoBoro pyoJis

Onucanne:

COepbaHK ydacTByeT B MUJIOTHBIX MTPOEKTaX MO BHEAPEHHIO LM poBoro pyoss. MuTepec
NPEJCTABIISIET UCCIIE0BAaHHUE MTOJIb30BATEIBCKUX MATTEPHOB: KaK U3MEHSIOTCS MOJICITN
NOTpeOIIeHNUS, CKOPOCTH OTIEpaINid, YPOBEHb JIOBEPHSI, CPABHEHHE C KIIACCHUECKHM OE3HAJIOM.

Henan:
[TocTpouTh MOJIENh aHANIM3A MIOBEICHHS KJIMEHTOB, YYaCTBYIOIIUX B TPAH3AKIHUAX ¢ IU(PPOBHIM
pyOeM: 9acToTa, CpeTHHUI Y€K, KOHTEKCTHI.

OsxupaemMblii pe3yJibTar:
Otuét u ML-Mopenb, KacCupUIUPYIOLIast TUIBI 0JIb30BATENEH 1 BBISBIIIONIAs KIIIOUEBbIC
pa3nn4Ms B MPEANOYTEHUSIX U Oapbepax Mu(pPOBOIl BATIOTHI.

12. CpaBHenue text2video / text2img monesei

Onucanue:

COepbank 3anHTEpecOBaH B cpaBHeHHH text2video / text2img Mozeneil (OTKphIThIE MOJIEINH,
0COOEHHO KUTalcKue). 3aaaya TpedyeT NpuMeHeHus: 00JauHbIX PECYpCOB apTHEpa JUIs
MaIMHHOro o0yuyeHus. OT CTyIeHTOB TpeOyeTCsl HaBbIK 3aIlyCKa OTKPBITBIX MOJIENEH,
IUTAHUPOBAHMS, CTPYKTYPUPOBAHUS M JJOTHPOBAHUS SKCIIEPUMEHTOB, COBMECTHOM paboThl. 3amaua
MOYET OBITh pacrapauiesieHa IJisi CPaBHEHHS MHOYKECTBA MO/JIENICH HE3aBHCHUMO B TPYIIIE
CTYJICHTOB.

Henan:
ITpoBecTr cpaBHEHHE PabOTHI aKTYaIbHBIX OTKPBITHIX Mojenel text2video / text2img.

O:xupaemMbli pe3yJibTar:

Tabnuna c pe3yapraTaMy 3KCIEPUMEHTOB MOJEIb / perno3uTopuil / pyHkuuroHan / TpeboBaHus /
OLIEHKa MPOU3BOAUTENBHOCTH / X MpUMEPOB reHepanuii (0bi10/crano), human eval no npunnuny
apeHsbl (Kakas JIy4lle)

Keiicol ot «<KABAJIAB»
1. LLM u RAG pas Bl-cucremsl Fastboard

Onucanue:

Jns pa3zpabateiBaemoii komnanueit BI-cuctemsl Fastboard tpebyercs paspaborats untepdeliic Ha
€CTECTBEHHOM SI3bIKE JJI IOCTPOEHHUS OTUETOB Ha 6oibIuX MaccuBax AaHHbIX B ClickHouse. C
nomoinbio LLM Heo6xoauMo KiaccuUIMpoBaTh 3apockl MOIb30BaTeIel Ha €CTECTBEHHOM
A3bIKE U U3BJIEKATh (PAKTHUECKHE MapaMeTphl JAJIs JaJIbHEHIIEro BbI30Ba Be0-CepBHUCa OTYETOB.

Hean:

PazpaboTars npoMnTel JUIs KiIaccupUKau U 00paboTKH 3anpocoB nosb3oBateneit LLM u
npeoOpa30BaHus X K BI30BAM TUIIOBBIX OTYETOB C (DAaKTHUYECKUMHU ITapaMeTpaMHu, U3BJIEKaeMbIMU
U3 3a1poca.

O:xupaemMbli pe3yJbTar:
HNHcTtpymeHT Ha ocHOBe LLM, nmo3Bosisironui 3arpammBaTh JaHHBIE O IPOJaXxax.

2. AHaim3 oOpamennii kianeHToB 1 CRM-nepenucku



Onucanue:

B ciy»x0e KIMEHTCKOTO cepBUca 3aCTpOMIINKa eKeAHEBHO 00pabaThIBAIOTCS IECATKU 0OpaIeHui
(e-mail, 3BoHKH, MecceHKephI). TpeOyercs pealn30BaTh CUCTEMY CEMAaHTHUYECKOTO aHAIN3a U
kiaccu¢ukanuy NLU: BBISBIATH CyTh OOpaIleHuil, ypOBEHb yIOBIETBOPEHHOCTH, OTCIICKHBATH
MOBTOPSIOLINECS 3aPOCHI.

Henan:
ABTOMaTH3UPOBATH MEPBUYHBIN pa300p U MAPIIPYTHU3ALMIO 3aIIPOCOB 10 TeMAaTHKE (caada
00beKTa, OTIENKA, JOKYMEHTHI, )Kajloba u T.11.).

O:xkupaeMblii pe3yJbTar:
[TpoToTHII, KOTOPBIH BBLICISET CYTh OOpaleHuil u GopMHUpyeT AaIOOpA MO TEKYIIUM «O0JIsIM»
KJIMEHTOB.

3. I'enepatuBnblii UU 1151 co3naHust NPOEKTHOM JoKyMeHTAuM mo T3

Onucanue:

B pamkax npoekTtupoBaHusl 0OBEKTOB JIE€BEIONEPCKON KOMITAHUM aPXUTEKTOPbI U HH)KEHEPHI
TPATAT 3HAUUTEIHLHOE BPEMS Ha MOJrOTOBKY TEKCTOBOW MPOEKTHOM JIOKyMeHTaluu (000CHOBaHHE
pelIeHNH, TOSICHUTEIbHbBIE 3aIIUCKY, OTIMCAHUS MH)KEHEPHBIX CUCTEM). 3a/1aya — UCCIIEI0BATh
BO3MOKHOCTB ucnosb3oBanus LLM miisd resepanuy 4epHOBUKOB IPOEKTHOM JOKYMEHTALUU Ha
OCHOBE MCXOJHBIX JaHHBIX: TaXKHOCTh, MATEpUAIbl, KIIMMAT, HA3HAYECHHUE, HOPMBI.

Hean:
Pa3zpaboTaTh mpOTOTUI TEKCTOBOTO T€HEPATOPA, KOTOPBIM ITOMOTAET CIICIHATIMCTaM ObICTpee
dbopMUpOBaTH JOKYMEHTAIMIO B COOTBETCTBHUH C IIa0JOHAMU U HOPMATHBAMH.

O:xupaemblii pe3yJbTar:
HNHucTtpymeHnT Ha ocHOBe LLM, co3maroniuil JIOrn4ecky CTPOMHBIA 1 HOPMAaTUBHO IPAMOTHBIN TEKCT,
MOITAFOIIHICS OBICTPON PEAaKType UHKEHEPOM.

4. MyJIbTI/IMOI[aJII)HLIﬁ AreHT IJId aHaJIM3a CTPOUTEC/IbHBIX IJIOIIAA0K

Onucanne:

00O «ABA JIAB» pa3pabatbIBaeT cucTeMy AJIi MOHUTOPHHIA CTPOUTEIBHBIX 00BEKTOB.
Tpebyetcs co3naTh NpOTOTUI MyIbTUMOAIbHOTO M -areHTa, cnocoOHOro aHaau3upoBaTh
n300pakeHust co cTpoitmonanku (B1aeo/GpoTo), a Takke NPUHUMATh T'OJIOCOBBIE U TEKCTOBBIE
3anpocsl (HarpuMep, «IIpoBEpb MOHTAX MEPEKPBITUS HA 5 ITAXKEN).

Henn:
OO0BeAMHUTH BO3MOXXHOCTH KOMIIBIOTEPHOTO 3peHus (pacro3HaBaHHe CTaIuUd CTPOUTEILCTBA,
TeXHUKH, Hapymenuit) u HJIIT (mornManue 3anpocoB, OTYETOB).

Osxupaemblil pe3yJibTar:
MHTEepakTUBHBIN areHT, KOTOPBIM Ha 3alpoC CIIEHUAINCTa MOKET II0Ka3aTh HYKHBIN y4acTOK,
IPOKOMMEHTHPOBATh IPOrpecc, 3apUKCUPOBATH HAPYILICHHUS.

4. 'eHepanusi peKJIAMHOI0 KOHTEHTA VISl JKMJIBIX KOMILJIEKCOB

Onucanne:

«ABA I'PVIIII» perymnsipHO 3amyckaeT MapKETUHTOBbIE KAMITAHUU ISl KUJIBIX KOMIIJIEKCOB.
Heo6xoaumo uccnenoBath Hcnoib3oBaHue AU (Py3nOHHBIX MOETEH Ui TeHepalui U300pakeHui
(BM3yanu3aluu HHTEPbEPOB, OKPECTHOCTEH, BUJIOB U3 OKOH) 1 LLM — i1t onrcanuii KBapTup,
IPEeUMYIIECTB pailoHa, HMHPPACTPYKTYPHI.



Henn:
Co31aTh HHCTPYMEHTHI [T OBICTPOI T€HEPALUMH MPOJAIOIIUX MAaTEePUAIIOB 0€3 TPUBJICUCHUS
JU3aiHEPOB U KOIIUPAUTEPOB HA IIEPBbIX 3TAIAX.

Osxupaemblii pe3yJibTar:
Habop creHepupoBaHHbBIX KapTOYEK OOBEKTOB € TEKCTOM, H300paKEHUEM U JIOTUKOH «GKUBOT0»
PEKJIAaMHOI'0 COOOIIEHUS.

6. 'eHepanusi JOKyMEHTAIIMU U IIA0JIOHOB 10TOBOPOB

Onucanne:

IOpuaunueckuii jenapTaMeHT peryisipHO padoTaeT ¢ JOroOBOpaMH JI0JIEBOIO y4acTHsl, aKTaMU
npuéma-nepenayu u Apyrumu gjokyMeHTamu. Menons3oBanue LLM MOXeT 3HaYUTEIBHO
COKpaTUThb BpeMs Ha IIOATOTOBKY YEPHOBUKOB — JIOCTaTOYHO BBECTH IAPAMETPHI CIEIKH.

Henan:
Coznath cucteMy, KOTopas TeHEpUPYET alaiTUPOBAHHBIE TEKCTHI IOKYMEHTOB MO BBOJHBIM
JTaHHBIM (THII 00BEKTa, 3Tax, momanas, DO, cpoku u mp.).

O:xupaemMbli pe3yJbTar:
I'eneparop noxkymeHnToB B (hopmare Word wim PDF ¢ aBTromMaTtnueckoil moacTaHOBKOH TapaMeTpoB
U COOJIOZICHUEM FOPUIMYECKOTO CTHIIS.

7. Mojeib NPOrHO3UPOBAHUS CPOKOB €/1a4H 00beKTOB HA OCHOBE TEKCTOBBIX U BU3YaAJIbHBIX
JAHHBIX

Onucanmue:

JeBenonepckasi KOMITaHUS BEAET AHATUTUYECKHUI apXUB [0 CPOKaM CTPOUTENHCTBA. C MOMOIIBIO
MYJIbTHUMOIATBHBIX MOJIENEH (TEKCTOBBIE OTYETHI + (POTO CTPOUKH) MOKHO IPOTHO3UPOBATH
BEPOSITHOCTh OTKJIOHEHUs OT rpaduka CIauu.

Hean:
Pa3paboTtaTs MOzEb, KOTOPas MO TEKYILIEMY cTaTycy oobekTa ((hoTo, oTuéT CMP) onleHuBaer
PHCKH 3aJIepiKeK.

O:xupaemMbli pe3yJibTar:

HpOTOTI/IH, KOTOpI)II\/'I IMMOKa3bIBACT BEPOATHOCTDH OTKJIOHEHHH 1 I[aéT TEKCTOBBIC ITOACHCHU A
(OCHOBaHHBIe Ha PAaCIIO3HAHHBIX NPHU3HAKaX — «HC 3aBCPUICHBI (bacaJ:[HHe pa60T51», «MOHTaX
WH)XEHEpUU HE Hayar»).

8. O0parTnasn renepanus — UM -noMomHNK AJ151 NOKYNAaTeJIeil KBAPTHP

Onucanue:

Bynynme nmokymnarenu 4acTo 3aatl0T TUOBBIE BOIIPOCKHI O KBAPTUPAX, IIJIAHUPOBKAX, UTTOTEKE,
akmusx, cpokax. Bmecto call-tienTpa npepmaraercs peam3oBats LLM-060Ta, KOoTOpHIit
00pabaThIBacT TEKCTOBBIE M TOJIOCOBBIE 3aITPOCHI, TTOKA3bIBAET IJIAHUPOBKHU, cchitaeTcs Ha PDF-
JIOKYMEHTBI 1 MOXET «OO0BICHATH» HHHOPMAITHIO TTPOCTHIM SI3BIKOM.

Hean:
YIpocTUTh KOMMYHUKAIIMIO ¢ KITMEHTAMH Ha dTare BEIOOpa KBAPTUPHI U TTOBBICUTH KAY€CTBO
MEPBUYHOTO KOHTAKTA.

O2xupaemblii pe3yJibTar:
JleM0-00T, crOCOOHBIM OTBEYaTh Ha BOMPOCHI O KHJIOM KOMIUIEKCE, OPUEHTUPYSICh B €ro
XapaKTEPUCTUKAX U MAPKETUHIOBBIX JOKYMEHTAX.



KEHMCBI JIUIS1 000 «Cesi3bPecype-Kyoanb»
Onucanue:

Kommanus OOO "CesizpPecypc-Kybanp" okaspiBaeT yciyru cBs3u. Pabora ¢ kiaumeHTaMu
aBToMaTu3upoBana Ha 6aze CRM burpuxc 24. JIns KOMIAaHWU aKTyaJdbHBI BOIPOCH Pa3pabOTKU
IIEPBOHAYAJIBHBIX BEPCUN JOKYMEHTOB ¢ nomompio LLM u B mnepcrnekTuBe aBTOMaTH3aLUU
reHepanuu O0JIBIIOT0 KOJINYECTBA TOKYMEHTOB 10 mabnonam ¢ momoiibio LLM u RAG cucrtemsl ¢
uHTerpanueit ¢ butpukc 24. 3a1aun BKIIFOYAIOT B ceOsI:

1. Pa3paboTka 61M0IMOTEKH IPOMIITOB AJIsl FeHEPALUU PErJaMEeHTOB ONUCAHUsl OU3HEC-TIPOLIECCOB
burpuxkc 24.

2. PazpaboTka OMOIMOTEKM MPOMITOB JUIsl T€HEpallMM TeX3aJaHUil Ha OCHOBE MapaMeTpOB
OKa3aHUs yCiyr.

3. Pa3zpaboTka OMOIMOTEKH MPOMITOB JJIsi T€HEPALUA KOMMEPUYECKUX MPEATIOKEHUN Ha OCHOBE
[IapaMeTPOB OKA3aHUS YCIIYT.

4. Pa3paborka OMOIMOTEKM TMPOMIITOB JJsi TEHEPalUd CKPUOTOB pPAaOOTHl TEXHUYECKOU
MOIJIEPIKKHU.
5. PazpaboTka 6MOIMOTEKH TPOMIITOB JIJIsl TEHEPAllMU CKPUIITOB pabOThI OT/IeNa MPOJAK.
6. Anpobanys ¥ CpaBHEHHUE PA3JIMUHBIX SI3bIKOBBIX MOJIECJICH JIJIsl pellIeHUs 3a1au.
easn:

ABTOMAaTU3UPOBATh PA0OTY COTPYIHUKOB 110 COCTABJICHHUIO TUIIOBBIX TOKYMEHTOB.
OuaeMslil pe3yabTar:

bubnroTeka mpoOMITTOB ¥ pEKOMEH/IAIUH 110 HCIIONIb30BaHui0 LLM /iis pemeHust mocTaBIeHHBIX
3azay.

7. MaTrepuajibHO-TeXHUYECKOe o0ecredeHne 1o JUCHUILIHHE (MOAYJII0)

1. O6naunble IATGOPMBI U CEPBUCHI
cloud.ru,YandexCloud, AWS/GCP/Azure— o0ia4nble BEIYUCICHUS
2. CucteMsbl ynpaBiieHUs! BEPCUSIMH U KOJTabopaiuu
Git/GitHub/GitLab — koHTpob Bepcuii Koia U COBMeCTHas pa3paboTka
2. Cob6oanoe 1O (Open Source)
GitLab, GIT, MLFlow, Docker, Kubernetes, Terraform.

Bupryanensle Mammnbbl, kinactep Managed Kubernetes u pecypcst GPU B obnake
npenocTaBiseTcss uHAycTpuaibHbIM apTHepoM [TAO «Coepbank»:

Ne IIponykr [TapameTpsl mpoaykTa Kon-Bo KOH(I;;:}_’EZHHIZ 1/1153];\(4
Buptyanenas |Buprtyansnas mammaa 10%
L] ammma VCPU 2vCPU 4 RAM 1 60 i
OC Ubuntu 22.04 1 T
CucremHusIit 1uck SSD 1 it
10 I'o
Apenna nmy6iuyHoro [P 1 [T
Bupryanbias Bupryanbnas mammnaa ¢ GPU
2 vammia ¢ GPU NVIDIA® Tesla® V100 2 GPU 1 1 It
8 vCPU 128 I'b RAM
OC Ubuntu_24.04 1 It
Cucremublii nuck SSD 1 T




2000 o
Huck SSD 1 It
4096 I'o
Huck SSD 1 It
4096 o
Apenna nyoauaroro [P 1 T
3 K8S Master node 8 vCPU 16 RAM 1 1 It
Worker node 10% moxnst 4 vCPU 5 Il
32 RAM
Worker node SSD-NVME 64 I'c
Apenna nyoauaroro [P 1 T
ML Inference
4 | Instance Type |Bpems paGoThl B MeCSIII 40 1 |
GPU
Nucranc 8§ x NVIDIA® H100
NVLink PCle 160 vCPU 1520 1 T
GB RAM
KonuuectBo 3anpocoB k ML- 1 Muh.
MOJEIIM It
Kom ML-moneneit 160 o
5 LLM Tokensl GigaChat 2 Max 50 l\fﬁli
Tokensl Embeddings 400 M.
T

JlononHuTenbHBIE 00TaUHBIE PECYPCHI IPEJOCTABIAIOTCA TEXHOJIOIMUYECKUM apTHEpOM Y andex

Cloud.
N B 6 HaumenoBanue yueOHON ayJUTOpUH, €€ OCHAILIEHHOCTh
° uj padbor
P 000pyIOBaHUEM U TEXHUYECKUMH CPEJICTBAMH O0yUEHHS
1 JlexuroHHBIE 3aHATHS AyauTopusi, yKOMIUIEKTOBAaHHAs CIIEMAIN3UPOBAHHON
Me0eIbI0 U TEXHUYECKUMU CPEJCTBAMH 00yUEHUS
2 JlaGopaTopHble 3aHATUS | AyTUTOPUS, YKOMIUIEKTOBaHHAs CIIELUAIN3UPOBAHHON
MeOeNblo U TEXHUYECKUMU Cpe/IcCTBaMH 00yueHus,
KOMIIBIOTEpaMHU, IPOEKTOPOM, IPOTPaMMHBIM 00ecCrieueHHEM
3 IIpakTrueckue 3aHATHS | AyAUTOpHS, YKOMIUIEKTOBAHHAS CIIELMAIIN3UPOBAHHON
Me0OeIbI0 U TEXHUYECKUMU CPEJICTBAMH 00yUEHUS
4 I'pymnnioBeie Aynuropus, yKOMIIJIEKTOBaHHAs! CIIELIUAIN3UPOBAHHON
(MHIMBHyaJIbHBIE) MeOeNblo U TEXHUYECKUMH Cpe/ICTBaMH 00yueHUs,
KOHCYJIbTallUH KOMIIbIOTEpaMHU, IPOrPaMMHBIM 00€CTIeYeHUEM




Texkymuii  KOHTpOJIb,

Aynuropus, yKOMIIJIEKTOBaHHAs! CIIELIUAIN3UPOBAHHOMN

MIPOMEKYTOUHAS MeOeIbI0 U TEXHHYECKUMU CPEICTBAMHU 00yUeHUS,
aTTecTanus KOMITBIOTEPaMH, TPOTrPAMMHEIM 00€CTIEYeHUEM
CamocTosTenpHas KabuneTt nist caMocTosTeIbHON paboThI, OCHAIIICHHBII
pabora KOMITHIOTEPHOM TEXHUKOM C BO3MOKHOCTBIO IMOIKIIOUCHHUS K

cetu «HTepHET», IPOrpaMMOil SKpaHHOTO YBEIHUEHUS U
00ecredeHHbIH TOCTYIIOM B 3JIE€KTPOHHYIO HHPOPMAIIOHHO-
00pa3oBaTeNbHyI0 Cpely YHUBEPCUTETA.

[Ipumeuanue: Konkperusanus ayauropuil u ux ocHauenue onpeaensercs OIIOIL.
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