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1. Mecto pucyuninHsbl B cTpyktype OITIOII

Mucuynuaa 51.B.[1IB.07.06 MaremaTtuueckuie MeToZibl 6MOMHMOPMaTUKH OTHOCHTCS K YaCTH,
dbopmMHpyeMOl yuacTHUKaMU 00pa30BaTe/TbHBIX OTHOIIIEHUH 00pa3oBaTe/IbHOM MTPOTrpaMMBI.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

dopmupyemsbie IlnaHupyeMbie pe3yabTaThl 00yUeHHs M0 AUCHUILUIMHe | HanMeHOBaHHe OLeHOYHOTO CPe/ICTBA
KOMIIeTeHI\MH (Mofgyn0), B  COOTBETCTBMM C€  HHAUKATOPOM
(xof, comep)kaHue | JOCTH)KeHHS KOMIIeTeHIIMH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHI{M U N0 AMCLHMILIMHE KOHTPOJIs MPOMEe)XyTOUHOMH
(xog, coZlep>KaHue ycrieBaeMoCTH arrecTanum
VHAWKATOpa)
IIK-3: CnocobeH TIK-3.1: 3naem memoobl IIK-3.1: CobecedosaHue
co30aeamo u aHanu3a u uccae008aHus 3uaem IIpakmuueckoe 3quém:
uccnedoeamb Hoeble | yiamemamuueckux Modenell 6 | 6azoebie MAmMemamuyeckue 3adaHue KOHMDObHbLE
Mamemamuueckue - P
obaacmu ¢pyHoameHmanbHoill | MemoObl UCC1ed08aHUS ON1s
Modenu & 80npochbl
uHpopmamuku u peuleHust npuKAaoHbIx 3a0au
ecmecmeeHHbIX
HayKax, UH(pOPMAYUOHHBIX 6uouHgopmamuxu
npoMblLLAeHHOCTU mexHonoauil 3Haem oCcHoBHble KAacchbl 3a0au
u 6usnece, c yuemom | IIK-3.2: Ymeem onpedensimb  |u OCHOBHblE A120PUMMb]
803ModICHOCMell K/aKouesble cgolicmea u Kaaccugukayuu u pezpeccuu.
COBPEMEHHDIX 02paHuyeHust cucmembl
UH(POPMAYUOHHBIX
mexHoo2uil u [IK-3.2:
NpoepammuposaHus u Ymeem onpedensms u
npogeccuoHabHO
KOMNBIOMepHOU peanu3oebleamb He0bX0O0uUMble
MmexHUKU 01 peweHus NPUKAAOHbIX 3a0ay
6buouHgopmamuxu
Mamemamuyeckue Memoobl
3. CTpyKTypa U cojep)KaHHe AUCIUILIUHbI
3.1 TpyA0eMKOCTb AUCLUII/IUHBI
oyHasi
OO011as TPy/J0EMKOCTBD, 3.€. 3
Yacos 1o yueGHOMY I/IaHY 108
B TOM UMCJIe
ay/JUTOpPHBIE 3aHATHSA (KOHTaKTHas1 padoTa):
- 3aHATHS JIeKLIUOHHOI0 THUNA 24
- 3aHATHA CEMHHAPCKOI0 TUMA (MPaKTHYeCKUe 3aHATHsA / TabopaTopHbIe paboThi) 0
- KCP 1
caMocTosTe/IbHasA padoTa 83
ITpomexyTouHas arrecTanysa 0




3auéTt

3.2. CozepxaHWe JUCIUIIIMHbI
(cmpykmypupoeaHHoe no memam (paszoenam) C YKA3aHUem OmMeeO0eHHO020 HA HUX Ko/auyecmeda

akademMuyecKux uacos u 8uobl yuebHbIx 3aHamull)

HaumeHoBaHMe pa3[iernoB U TeM JUCLIMTUIMHbBI Bcero B TOM 4uC/Ie
(acer) KonTakTHas pabora (paboTa Bo
B3aUMO/IeHCTBHH C NIperofjaBaTesem),
Yachl U3 HUX
3aHATHS CamocTosTenbHas
CeMHHapCKOro paGora
3aHATUA THUIa o6yuarowerocs,
JIEKIIMOHHOTO | (TpakTHUeckhe | Bcero Hacel
TUMa 3aHsATHs/1abopa
TOpHBIE
paboTsI), yack

0 0 0 0 0

i) ¢ i) i) i)

0 0 0 0 0
Tema 1. OCHOBBI IPUK/IAJHOM MaTeMaTHUECKOM CTaTUCTHUKH. 14 4 0 4 10
Tema 2. Cratuctuveckuii aHanus B cpefie R 4 4 4
2.1. O630p ¢yHKLHOHAMA IPOrPAMMHOTrO NakeTa R 19 4 0 4 15
2.2. PerpeccroHHBIH aHam3 B cpefie R 22 4 0 4 18
Tema 3. OCHOBbI MallIMHHOTO 00yYeHwst 24 4 0 4 20
Tema 4. AHany3 TPaHCKPUIITOMHBIX JaHHBIX 24 4 0 4 20
Arrecrarus 0
KCP 1 1
HUroro 108 24 0 25 83

Copiep>kaHue pa3/e/ioB U TeM [JUCIUILTUHBI

1. OCHOBBI NIPUK/IaJHON MaTeMaTHueckoi CTaTUCTUKU. — OnucaTe/ibHble CTaTUCTUKU. CilyuyaiiHble BeIMYUHbI U
Yx pacrpepeneHys. OCHOBHbIe JUCKPeTHbIe U HellpephIBHbIE pacmpezeseHus. KoppensaiyoHHbIN aHaaus.

[TpoBepka cratucTUueckux runoTes. [lornpaBka Ha MHOKeCTBeHHbIe cpaBHeHHs1. OCHOBBI MTPUK/IaJHON

cratuctuky B Python. [Toctpoenre fuarpaMm pasmaxa, TuCTOorpamm, (GyHKLMM TJIOTHOCTH BEPOSITHOCTH,

T/IaHOK IOTPelIHOCTel, ArarpaMM paccesiHusl, TeIJIOBBIX KapT.
2. Cratuctryeckuii aHanus B cpefie R.
2.1. O630p ¢yHKIMOHa/MA TPOrPaMMHOT0 NakeTa R: ycTtaHOBKa R, mperMyliiecTBa U HeJOCTAaTKH s3bIKa R,

opraHu3alys JaHHbIX, BU3yalu3alys JaHHbIX.
2.2. PerpeccroHHBIN aHanu3 B cpefie R: Teopus u npumepsl. Tect ANOVA B cpefie R: Teopust ¥ IpUMepsl.

Jloructrueckas perpeccus B cpefie R: Teopust ¥ ipyuMepsl.
3. OcHOBBI MalIMHHOTO 00yueHusi. — OCHOBHBIE K/IaCChI 33/[a4 MALlIMHHOTO 00y4YeHHs. AHa/IN3 U

npeaBapuTe/ibHasd 06pa60TKa JaHHBIX. OcHOBHBIE aJ/ITOPUTMBI K]'[aCCI/I('bI/IKaL[I/II/I " perpeccruu: MeToz k

O/mpKalIINX cocefiel, TOrMCTHUeCKasi perpeccusi, MalliHa OTIOPHBIX BEKTOPOB, /lePeBbsl PeIleHni U UX

aHcam0/11, HeHpoHHBIe ceTH. JIuHeliHas perpeccus. OlieHKa KauecTBa 00yueHHs.. MeTOIbl CHYKEHHUS

pa3MepHOCTH ¥ 0TOOpa Tpr3HaKoB. MeTo/ibl 60pL0ObI ¢ IepeoOyueHreM. HeKOTOpbIe aliropyuTMbI

Kactepu3saium: Metos k-cpequux, DBSCAN, nepapxudeckast Kiactepu3saiusi. [loctpoenve mogesneit
MatMHHOTO 00yuenus B Python.
4. Ananu3 TPaHCKPUIITOMHBIX JdHHBIX. CeKBE‘HI/IpOBaHI/Ie HOBOTI'O ITOKOJIEHHU . SKCHEPI/IMEHTaJ'IBHbIe moAxoabI.

BrIpaBHMBaHUS U TICEB/IOBBIPABHUBaHYSA. AHan3 AuddepeHraapHON IKCnpeccud. AHanm3 (GyHKIMOHATBHOTO




obOoraitenusi. Busyanu3saiysi JaHHBIX ceKBeHUpoBaHusi. OOpaboTKa v aHa/M3 JaHHBIX CeKBEeHUPOBaHUs Ha
Pythonu R.

4. YueDHO-MeTOANUYECKOE 00ecrieueHrne CaMOCTOATEe/TbHON PaboThl 00yJaOIUXCA

CamocrosTenbHasi paboTa o0ydaroLU[UXCsi BK/IOUaeT B Cebsi MOATOTOBKY K KOHTPOJIbHBIM BOIIPOCAM U
3a[jaHUsAM ZIJIsl TeKYIero KOHTPOJISi U TIPOMEKYTOUHOW aTTeCTalluyd T0 UTOraM OCBOEHWS JUCLIATITUHEI
MPUBEIEHHBIM B TI. 5.

CamocrosiTenbHasi paboTta 00yuaronuxcsi BK/It0UYaeT B ce0si MOArOTOBKY K KOHTPOJIBHBIM BOTIPOCaM U
3a[jaHUSAM JI/Is1 TEKYILLero KOHTPOJISL U IIPOMEXXYTOUYHOM aTTecTalldy 110 UTOraM OCBOEHUS AUCLIUTIINHBI
MPUBEJEeHHBIM B II. 5.

1. Makkunnu Y. Python u ananus ganseix. — M.: [IMK Ilpecc, 2015. — 481 c.

2. Mrosiep A., I'suzio C. Beesenue B MammHHOe 00yueHre ¢ momoineio Python. PykoBozacTBo
JUTsL CTIELIATUCTOB 110 paboTe ¢ JaHHbIMU. — VI3-Bo Busbsmc, 2017. — 480 c.

3. Korpelainen E., Tuimala J., Somervuo P., Huss M., Wong G. RNA-seq Data Analysis: A
Practical Approach. — Chapman and Hall/CRC, 2014. — 322 p.

4. ITnac 1x.B. Python asist cnoXHBIX 3a/jau: HayKa O ZAHHBIX U MalIMHHOe 00yueHue. - CIT6.:
[Turep, 2018. — 576 c.: ui.

5. @OHJ OLEHOUHBIX CPEeACTB /I TeKYIlero KOHTPOJ/is YyCleBaeMOCTH U TPOMEeXYyTOUHOM
aTTeCcTalyy Mo JUCIUIIMHE (MOY/II0)

5.1 TunoBble 3afiaHusA, He00X0JUMBbIe [JIsi OLEHKH pe3y/IbTaTOB 00y4YeHHUsI MPU MPOBeJeHUH
TeKyIlero KOHTPOJisl yCIieBaeMOCTH C yKa3aHHeM KpHuTepHeB MX OLleHUBaHHUSA:

5.1.1 TunoBble 3asaHusi (oueHouHoe cpeactBo - CoOecefoBaHHe) /I OLEHKH
copmupoBaHHocTH Komnerennuu ITK-3:

—_

Kakwue cyli1jecTBYIOT OCHOBHBIE OMHCaTe/IbHbIe CTATUCTUKNA?

Kakue 3HaeTe npeumyliiiecTBa U HeJJOCTaTKH si3blka R?

Opranusanus JaHHbIX B R.

Kakue cyiectBytoT yHKIMM [/ BBIUKMCIEHHS OTACaTe/NbHBIX CTaTUCTUK B R?

Yro npezcrassisieT coboii AuarpaMmMa pa3maxa («sIyK ¢ ycamu», boxplot)?

Yro Takoe TUCTOrpaMMa U (yHKLIWS TVIOTHOCTHA BEPOSITHOCTH?

YTo Takoe KOppesALUs U KaKhe TUTIbl KOPPEJIAL[UA ObIBAIOT?

B uém 3akmrouaeTcs pasHuia Mexay Ko3dduimentamu koppensuu [Tupcora u CriipmeHa?
Kakue KpuTepun HopMaabHOCTH Bam M3BeCTHBI?

Lo N R~ WD

10.B uém 3aksroYaeTcsi CyTh AUCIIEPCUOHHOTO aHamm3a (ANOVA)?

11.910 Takoe FDR-koppekius?

12.B uém 3aK/ouaeTcsl CyTh METO/a IepeKPECTHOTO KOHTPOJIS?

13.B uém 3akstouaeTcs CyTb MeTozia k 6mkalimumx cocepieii?

14.B uéMm 3aK/IouaeTcsi CyTh JIOTUCTUUECKOM perpeccun?

15.B uém 3ak/rouaeTcs CyTh MallUHbI OIIOPHBIX BEKTOPOB?

16.B uém 3ak/iouaeTcs CyTh JlepeBa pelleHui?

17.Kakue cyIiecTByIOT criocoObl 00be/JUHEHUS [IEPEBLEB pellleHni B aHCaMOJTb?



18.4YTo0 Takoe HelipoHHasl CeThb?

19.470 Takoe riybokoe obyueHue?

20.B uéwm 3aksoyaetcs cyTb MeToza k cpeHux?

21.YTo Takoe vepapxuueckasi KjlacTepusarus?

22.Kakue Cy1ecTBYIOT SKCIIepUMeHTa/IbHbIe MO4X0AbI CEKBEHUPOBaHUSI HOBOTO TTIOKOJIEHUSA?

23.Kakue Cy11eCTBYIOT MHCTPYMEHTHI [IJI1 BEIDABHUBAHUSA U TICEBJ0BbIDABHUBAHUS ?

24.B uém 3aK/Ir04aeTcs CyTh aHaau3a AuddepeHiaabHOM 3KCnpeccun?

25.Kakure UHCTPYMEHThbI MOKHO MCIT0/Ib30BaTh [/ aHaIM3a (yHKIIMOHAMBHOr0 oborairieHus: Habopa
reHOB?

KpuTepuu oueHnBaHus (oueHoYHoe cpeAcTBO - CodecejoBaHme)

OreHka KpuTtepuu orjeHuBaHUs

3auTeHO CTyzieHT /ia/1 pa3BepHYTHIM OTBET Ha BCe BOMPOCHI O3 CyIieCTBeHHBIX OMHOOK.

He 3a4UTeHO HPI/I OTBeTe CTYAEHT AOITyCKaeT FPY6BIE OILLIMOKK B OCHOBHOM MaTepuase.

5.1.2 TumoBble 3ajaHus (oueHOYHOe cpeAcTBO - IIpakTHYeckoe 3ajaHue) AJIA OLIEHKH
chopmupoBanHocTa KommereHnuu ITK-3:

ITpakTHueckoe 3asanue 1. PerpeccrioHHbIl aHamu3 B cpejie R.
Hano: ®alin JaHHBIX C JBYMs KOJIOHKaMU 3HaueHUH.

TpebyeTtcs: [TocunTaiiTe MTMHENHHYIO PErPeCCHI0 TTepeMeHHON Y KakK (YHKLIMU OT repeMeHHo X, U HalauTe 1Ba
Ko3(duiiieHTa perpeccuu: a u b, rie b — 3T0 HaK/IOH MpsiMOM. BeruriciuTe Takke p-3HaueHue A7t KosddurpenTa “b”.

IIpakTHUueckoe 3asanue 2.
Hano: ®aiin gaHHBIX C ABYMS KOJIOHKaMU 3HaUeHUI.

Tpebyertcsi: [TocunTaiiTe TUHEHHYIO pErpeccuio repeMeHHON X Kak (QYHKIMU OT MepeMeHHOM Y, U HalijuTe 1Ba
Ko3(urmeHTa perpeccuu: a v b, rae b — 370 Hak/IOH MPSIMON. BerumciuTe Takxke p-3HaueHue st Kodddurmenta “b”.

IIpakTHueckoe 3afanue 3.
Tectr ANOVA B cpege R.
[ano: ¢aiin JaHHBIX € JBYMS KOJIOHKaMH 3HaueHHH.

Tpebyercs: Ucrionb3yst Tect ANOVA, nipoTecTrpyiiTe B3anuMo/ielicTBre iepeMeHHON Y 1 X. CoOTBeTCTBylOIIee p-
3HaueHue HaluiIuTe CIipaBa.

ITpakTHueckoe 3agaHue 4. 3arpy3uTe u3 ¢aiina heart.csv JaHHbIe O cep/leuHbIX 3a00/ieBaHUsIX. BhimomHuTe Cieyrompe
3amaHus (Ha si3pike porpamMmupoBanust Python B Jupyter Notebook):

1. BblunciuTe onMcaTebHble CTATUCTUKY [I1s1 KOJTMUeCTBEHHBIX TIPU3HAKOB (Cpe/iHee 3HaueHue, MeJiaHa, MOJa,
pasmax, JUCIepCHsi, CpeiHeKBaZipaTUUHOe OTKI0OHeHue, 111/211/31 KBapTH/IU, Me)KKBapTU/IbHBIM pa3Max).

2. TloctpotiiTe rrucTOrpaMMBI AJIst IPU3HAKOB age, trestbps, chol, thalach, oldpeak.
[TocTpoiiTe ArarpaMmbl pa3maxa /ijist MpHU3HaKoB age, trestbps, chol, thalach, oldpeak.



4. TloctpotiTe Ha ogHOM rpaduke /e KpuBble PDF (probability density function) gns npusnaka chol. Ogna PDF s
MY>KUMH, Ipyrast — [isl )KeHIL[{H.
5. [lyis1 MpU3HAKOB, KOTOPbIe He ObIIM yKa3aHbI B 11.2-3, TIOCTPOWTE TTOJIMTOHbI YacToT.
6. CrpynmupyiiTe JaHHBIE I10 TIOTY U BBIYHC/IUTE /7T KaKZ0HM TPYIITIBI CPe/iHee 3HaueHHe MpU3HaKa
chol, npumenuB ¢yHkiMio arperaiuy. VisobpasuTe pe3ysibTaThbl B BUjle CTON0UYATON AUarpaMMel, Ije CTOJIOLb]
JOJDKHBI COOTBETCTBOBATH T10J1y, @ BLICOTA CTO/IOLIOB - COOTBETCTBYIOIUM CPeJHUM 3HaUeHUsIM Ipu3HakKa chol.
[HobaBbTe K Ka)K[OMy CTO/IOLY TIJIAHKY MTOTPELTHOCTH, OTPaXKAKOLIYI0 CpeJHeKBa/[paTHUHOE OTKJIOHEHHe.
7. TlocTpoiiTe cieayrolye AarpaMMbl pacCesTHUsI:
a. trestbps ot age
b. chol ot age
c. thalach ot age
d. oldpeak ot age

8. M300pa3uTe TOUKM Ha ;MarpaMMax pa3HbIMH L[[BETAMH B 3aBUCUMOCTH OT noJa. [Torpobyiite
BH3yasIbHO OIpe/le/ITh, KOPPeIUPYIOT JIU pacCMaTprBaeMble IiepeMeHHble ¢ Bo3pacToM. [IpoBepbTe cBoU
TIPe/ITI0/IOKeHHs], BBIUMC/IUB K03(duLieHTh! Koppesisiiyy CrvpMeHa.

[TpoBepbTe npu3HaKu age, trestbps, chol, thalach, oldpeak Ha HopmameHOCTE € ToMoIEIO KpuTepus Illanpo-Yunka.
IIpakTHUeckoe 3asanue 5.

JlorucTtruveckasi perpeccus B cpefie R.

[JaHo: daiin faHHBIX € TpeMs KoloHKaMH, X, A (miepeMeHHble) U Y (pe3y/bTaT).

Tpebyetcsi: VICronb3ysi IOTUCTHUECKYIO PErPECCHI0, HalZWTe OTHOLIEHHE [IIaHCOB /ISl TOTO, YTOObI pe3y/bTaT Y Obil
paBeH 1, TIpH yC/IOBUH, UTO TiepeMeHHast X HaXO[UTCsl B CBOEM IMATOM KBaHTH/Ie. OTKOPPEKTUPYITEe pe3y/ibTaT, YUUThIBast
nepeMeHHY0 A. Bblunc/inTe ueTbipe BEJTMUMHBI: OTHOIIIEHKE 111aHCOB, /IB€ TPaHMI{bl JI0BEPUTETLHOTO UHTEpPBasa [ijist
OTHOILIEHUSI IIAHCOB U P-3HAUEHHE.

IIpakTnueckoe 3asaHue 6.

3arpys3uTte u3 (haiisa rnaseq.csv JaHHble SKCIIPECCHY FeHOB. BBIMOIHUTE C/ieyIOIHe 3a/jaHusI (Ha A3bIKe
nporpammupoBanus Python B Jupyter Notebook):

1. BBINONHKUTE HOPMAJIM3ALMIO IPU3HAKOB.
2. Pa30eiiTe aHHbIe Ha 0OYUArOIIYI0 U TECTOBYHO BBIOODKY.

IIpakTHueckoe 3asanue 7.

1. Ob6yuure Metof k Omkadmx — cocemeit.  IlocTpoiite TpadyKd 3aBUCMMOCTH  OILMOKH
K1accuduKaruy Ha 00yJarolieif ¥ TeCTOBOM BbIOOPKax OT K.

2. BoimonnuTe mipoijeypy nepekpectHoro koutpos (5-fold, 10-fold, LOO) ¢ obyuatoriieii BeI6OpKo#i. [TocTpotite
rpaduku 3aBucuMocTi CV-0IMOKY OT UKC/Ia UCTI0/b3YeMBIX Cocefielt k. BbiOepuTe HauIyuIlyo MOJie/b 1
TIPOBEphTE ee KaueCTBO Ha TECTOBOM BLIOOPKE.

IIpakTnueckoe 3asaHue 8.

1. TIpumeHHTe K pacCMaTPUBAEMbIM JIAHHBIM METO/| [IaBHBIX KOMITOHEHT [Ijisi COKpAIl[eH!sI pa3MepHOCTH
MPOCTPAHCTBA NpU3HaKOB. CIpoeLpyiTe JaHHbIe B HOBOE MPOCTPAHCTBO.

2. O6yunre MeToz k G/IMKalIIMX cocefieli Ha CIIPOEI[MPOBAHHBIX JAHHBIX, BBIYUC/IUTE OMIMOKK KnacCU(UKALMK Ha
oOyuarolieli ¥ TeCTOBOW BbIOOPKaxX B 3aBUCUMOCTH OT K.

Kpurtepuu ouenuBanus (oreHoYHoe cpeAcTBO - IIpakTHueckoe 3ajaHue)

OneHka Kpurepuu orjeHrBaHUs

BrimonHeHsI Bce MpaKTUYeCKHE 3aJaHns U 00/IbIIast 4aCTh ITAIIOB BHAaHI/Iﬁ BBITIOJ/IHEHA C

3a4TeHO
He3HaUuTe/IbHbIMU HeJ0UeTaMu. Pe3y1'H:TaTI)I pa6OT])I npeAcCTaB/IeHbI MTPErogaBaTe/it0 B CPOK.




OueHka Kputepuu orieHuBaHUs

BrinonHeHsI He BCe MpakKTU4YeCKre 3da/iaHrs WK BBITIOJIHEHBI HE B ITOJTHOM obneme (HpE/:LCTaBJIEHO
He

He II0J/IHOe OITMCaHKe 3TAllOB BBITIO/IHEHMSA 3a,an1/1171, rmoJiyueH HEBeprIﬁ OTBEeT, Pe3yJ/IbTaThIl
3a4UTeHO

paboThI He TIpe/ICTaB/IeHbI ITPeIo/aBaTeo).

5.2. OnucaHue MIKa/I OLeHUBAHUsI Pe3y/IbTaToB 00yueHHs M0 JUCLIHILIHHE MPU MPOMEe)XXYTOUHOMN
arrecTanyuu

HIxana OIl€HMBAaHUA C(l)OpMI/IPOBaHHOCTI/I KOMHETEHHHﬁ

YpoBen
b
chopmu Hey/l0BJIETBOP | YAOBJ/ETBO O04YeHb
TJIOXO0 XOpOLIO OT/IMYHO NPEBOCX0/{HO
POBaHH HTe/IbHO pUTe/ILHO X0pOII0
oCTH
KoMIer
eHIHI
(uHpUK
aropa
AOCTHXK He 3a4TeHO0 3a4TeHo
eHust
KoMIeT
eHIHii)
YpoBeHb
OtcyTcTBUE YpoBeHb poset
o o 3HaHUH B
3HaHUU MuHuManeH | 3HaHWM B obBeMe YpoBeHb
TEOPeTHUECKOTO o obneme, ’ 3HaHWH B
YpoBeHb COOTBETCTBY YpoBeHb
MarepHara. N JOMYCTUMBI | COOTBETCTBY obbeme, N
3HaHUI HIDKe o 0IL[EM 3HAHWUY B
HeB03MO>KHOCTB 1 ypoBeHb 011eM COOTBETCTB
MMHHUMa/bHBIX - rporpamMme obneme,
3HaHUS | OL|EHUTb MOJIHOTY o 3HaHUH. rporpamme yiolem
N TpeboBaHHMIA. TIOJITOTOBKH TIpeBBIIIAOIIe
3HaHUH HonyieHo TIO/IrOTOBKH nporpamMme
Vmenu mecto . HormymieHo M [IpOrpamMMy
BCJIE[ICTBHE MHOT0 . Jony1eHo TMO/ITOTOBK
rpy0Oble omubKU HECKOJIbKO TO/ITOTOBKH.
oTKasza HerpyObIx HECKOJIbKO u. Oumbok
HecylecTBe
obyuarorierocs ot omboK HerpyobIx HHEIX HeT.
oTBeTa OInb0oK
ombok
IIpogemoHc
TPUPOBAHBI
IIpogemoHC Pup
IIpogemoHc | Bce
ITposeMOHC | TPHUpPOBaHBI
TPUPOBaHbI | OCHOBHBIE
TPUPOBaHbl | BCe
BCE yMeHUSI. ITpozieMOHCTp
OCHOBHBIE OCHOBHBIe
OrcyTcTBHE OCHOBHBbIe PeliieHsl HPOBaHbI BCe
ITpu perennu yYMeHUSI. YMeHUSI.
MHMHHMMaJIbHBIX YMeHMUsI. BCe OCHOBHbIE
N CTaH/|apTHBIX PemieHs! PerrieHs! Bce
YMeHHH. PelileHbl Bce | OCHOBHbIE YMeHUsl.
3a7iau He THITOBBIE OCHOBHBIE
HeBo3mMo0XHOCTE OCHOBHBIE 3a/iauu C PetiieHs1 Bce
TIPOAEMOHCTPHP | 3ajauu C 3a/iauu C
OLIeHUTDb Hajnuue 3a7launl. OTAeNbHBIM | OCHOBHEIE
YMenus N OBaHb! HerpyObIMH | HerpyObIMU
yMeHHU BemonHens! | u 3ajiaunl.
OCHOBHbBIE omMbKaMH. | OLIMOKaMHU.
BCJIe/ICTBUE BCe 33/laHUsI | HecyllecTB | BoIrnosiHeHbI
yMenus. imenu | BeimonHeHsl | BoimonHeHbl
OTKaza B IOJIHOM €HHBIMU BCe 3a/]aHus, B
MecTo rpyObie BCE BCe 3afIaHus
obyuatolerocs ot obbeme, HO | HezjoueTaM | IMOJIHOM
OIINOKH 3aflaHus, HO | B TIOJTHOM
oTBeTa HEKOTOpble U, obneMe 6e3
He B o6beme, HO
d BBITIOJIHEH HeJloueToB
TIOJTHOM HEeKOTOpble
HeJjoueTaMH | bl BCe
obbeme c
3aflaHyis B
HeJjoueTaMu
TIOTHOM
obbeme
HaBbiku | OtcyTcTBHE [Ipu pelenun Nwmeetcsa ITpogemonc | IIpogemonc | IIpogemonc | IlposemoHcTp
0a30BbIX CTaHZapTHBIX MMHMMaJIbH | TPUPOBaHbl | TPUPOBaHbl | TPUPOBaHBI | WPOBaH
HaBbIKOB. 3aau He bIii Habop 6a3oBble 6a3oBble HaBbIKU TBOPYECKUI
HeB03MO>XXHOCTb TIPOZ€MOHCTPUP | HABBIKOB HaBBIKW IIPY | HAaBBIKW [IPH | TIPH TOZIXO[, K
OL|eHWUTh HalMuKe | OBaHbI Oa3oBble | VIS pelIeHnn peleHnn perIeHn’ perIeHNIo
HaBBLIKOB HaBBIKW. VIMenu | pelieHUst CTaH[apTHB! | CTAHJAPTHBI | HeCTaH[ApT | HeCTaHJApTHEI
BCJIe/ICTBUE MecTo rpy0Obie CTaH/JapTHBI | X 3371y C x 3amau 6e3 | HBIX 337a4 | X 3a7jau
OTKasza oumbKu X 3a7lau C HEKOTOPBIM | OLIMOOK U 6e3
oOyuarolerocsi ot HEKOTOPbIM | U HeJJoueToB ommboK 1




OTBeTa

u

HeJjoueTaMu HeJI0YeTOB
HeJloueTaMu

Ixana OLl€eHUBAHUA ITPU HPOME)KYTOHHOﬁ aTTeCTalunu

OneHka YpoBeHb NOJrOTOBKH
TPEBOCX0/{HO Bce KommeTeHIMM (YacTW KOMITETeHLMH), Ha ()OpMHpOBaHHe KOTOPHIX HarpaBieHa
JUCLIMIUINHA, COpPMHPOBAaHBI Ha YpPOBHe He HIDKe «IIPeBOCXOAHO», IMPOJeMOHCTPHUPOBAHbI
3HaHUS, YMeHWs, B/afieHus1 [0 COOTBETCTBYIOLMM KOMIIETEHL[USSM Ha YPOBHe BBbIllIe
TIpe/iyCMOTPEeHHOT0 TIPOrpaMMoi
OT/INYHO Bce xkommeTeHIMM (YacTd KOMITETeHIMH), Ha (OpMHUpOBaHWe KOTODLIX HarpaBjeHa

AUCLIWIVIWHA, CCl)OpMI/IPOBaHLI Ha YPOBHE He HI)Xe «OT/IMUHO».

04YeHb Xopouio

Bce xommnereHUMM (Y4acTM KOMIIeTeHLMH), Ha (OpPMUpPOBaHME KOTOPBIX HarpaB/eHa

3auTeHo
JUCLIIUINHA, COPMHUPOBAHBI HAa YPOBHE He HIDKE «0UeHb XOPOLIO»
XOpOoI1110 Bce xkommeTeHIMM (YacTd KOMITETeHIMH), Ha (OpMHUpOBaHMe KOTODLIX HarpaBjeHa
JMCLUIVIMHA, COPMHUPOBaHbI HA YPOBHE HE HIDKE «XOPOLLO».
yJoB/IeTBOpUTENb | Bce kommereHIy (W4acTé KOMIIeTeHLM), Ha ¢OpMHMPOBaHHe KOTODBIX HarpaB/ieHa
HO [IUCLIMIUINHA, C)OPMUPOBaHbI HA YPOBHE He HIDKE «Y/IOBJI€TBOPUTEILHO», MPU 3TOM XOTsS ObI
O/iHa KoMIleTeHIMs1 COPMHUPOBaHa Ha YPOBHE «YOB/I€TBOPUTEILHO»
HeyjoB/eTBopure | XoTs Obl 07Ha KOMIIeTeHLMs CHOPMHUPOBaHA Ha YPOBHE «HEY/[OBIETBOPUTEIBHOY.
JIBHO
He 3aYTeHO
TJI0X0 Xots 66 0ZjHa KOMITEeTeHL{UsI CHOPMHUPOBaHa Ha YPOBHE «ITJIOXO»

5.3 Tumnosblie KOHTPOJ/IbHbIE€ 3dJdHHA HWJ/IH HHbI€ MaTepHd/ibl, H606X0}I[I/IMBIE AJIsA OLl€éHKH
pPe3y/bTdTOB 06y‘—IEHI/Iﬂ Had HpOME)KyTO‘—IHOﬁ dTTeCTallUl C YKd3dHUE€EM KPpUTEpPpHEB HX

OIl€eHUBAHUA:

5.3.1 TunoBble 3afanusa (omeHOUHOoe CpPeACTBO - KOHTpPO/IbHBIE BOMPOCHI) /A OLIEHKH

copmupoBanHocTH KomneTeHuu [1K-3

1.

© O ND U A WN

OnucaTenbHble CTaTUCTUKU. [TocTpoeHMe ArarpaMM pasmMaxa, FucTorpamm, GyHKLUMH IJIOTHOCTU
BePOSITHOCTH, TIJIaHOK TorperiHocTel Ha Python.

CnyuaiiHble BeJTMUMHBI U UX pacripefienienrs. OCHOBHbIe AUCKPeTHBIE M HellpephIBHbIE pacTipe/iesieHusl.
KoppendunoHHsIi aHanms.

ITpoBepka craTuctrueckux rurnote3. FDR-Koppekius.

JIuneiiHas perpeccusi. MeToz HaUMeHbILMX KBaZlpaToB.

ITpoBepka cTaTUCTHUECKOW 3HaUMMOCTU MoZe. KoadhdunueHT jerepMrHanyy.

AnropuT™m nipesjBapuTe/iIbHOM 00pabOTKY JaHHBIX /71 3a/la4 MAIIMHHOTO 00yJeHusl.
AnroputMm k 6mmkaiinmx cocepieit.

. Jloructnueckas perpeccus. Jloructuueckasi QyHKLus, GyHKLMS softmax.
10.MaiiiiHa OTOpHBIX BEKTOPOB. S1/ipa U cripsiMysiiorye rpoctpancTia. Cayyaid ¢ 6osee ueM ByMs Kace

dMH.

11.JepeBbs pemienuit. Anroputm CAR.
12. Ancam6su pemaromyx npasul. barrunr. CiydaliHbIl jiec. DKCTpeMabHO CyJaiiHble [epeBbs.

13. AHcam6su pematommyx nipaBui. Byctunr. AdaBoost. I'paziieHTHBIN OYCTUHT ZiepeBbeB PellleHuH.




14.HetipoHnsle ceTH. [TepcentpoH Po3eH6saTTa. ANropuT™M 00paTHOTO PacIpOCTPaHEHUs OIIUOKU.

15.3kcnepuMeHTabHAs OLleHKA KauecTBa 00yueHus 1 BbIOOp rapameTpoB Mozenu. Obyyarorasi,
MIPOBepOYHasi U TeCcToBasi BLIOOPKU. MeTos TiepeKpecTHOTO (CKOMb3SIILero) KOHTPOJIs. MeTpuKu
KayecTBa a/lrTOPUTMOB MAIIMHHOTO 00yueHU

16.Meto/, COKpaljeHHs pa3MepHOCTH: MeTO/, TJIaBHbIX KOMITOHEHT.

17.Metoppl 0TOOpa NPH3HAKOB: METOABI (PUILTPALIMH, BCTPOEHHBIE METOZBI, METOALI OOEPTKH.

18.MeTozb1 60pEOEI € TIepeobyueHHeM.

19.3amaua knacrepusauuy. Metog k cpeguux. Metog DBSCAN. ANropUTMBI HepapXU4ecKoi
KJ/laCcTepH3aL[iu.

20.CekBeHMpOBaHNe HOBOT'O MOKO/IEHHUS. DKCIIepUMeHTa/IbHbIe TTOAXO0AbI.

21.AnropuTMbl BbIpaBHUBAHUS U TICEBAOBbIpaBHUBaHMSI.

22.Anami3 guddepeHLaabEHOM SKCIIPeCCU TeHOB.

23.AnHanu3 (pyHKI[MOHABHOTO o0oraileHuss Habopa reHoB.

Kputepuu oneHuBaHus (o1jeHOYHOe cpe/cTBO - KOHTPO/IbHBIE BONPOCHI)

OneHka Kputepun orjeHMBaHUA

3a4TeHOo CTYAEHT OTBEeTHJI Ha 6OJ'II)H_IYI-O YaCTb BOTIPOCOB BO3MOXXHO C HE3HAUYUTE/JIbHBIMU HEA0UYETAMMU.

I[pu oTBeTe CTYJeHT JOMyCKaeT rpyOble OLIMOKM B OCHOBHOM MaTepHase v pPellieHu!
He 3auTeHo
CTaH/APTHBIX 3aau.

6. YueOHO-MeTOfMUeCcKOe U HH(pOopMaoHHOe o0ecrieyeHne JUCHHUIIIHHBI (MO/y/151)

OcHOBHasi uTeparypa:

1. Kpemep Haywm IlleBesieBru. Teopusi BepOSITHOCTEH M MaTeMaTHuecKast CTaTUCTHKA : yueOHUK 1
npakTuKyMm A5 By30B / H. III. Kpemep. - 5-e u3g. - Mocksa : FOpaiit, 2025. - 538 c. - (Bbiciiee
obpa3zoBanue). - ISBN 978-5-534-10004-4. - Tekcr : anekrpoHHsbiit // OBC "FOpaut"., https://e-
lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=925847&idb=0.

2. AHanu3 JaHHBIX : yuebHUK 715 By30B / B. C. MxurapsiH [u Ap.] ; nox pepakiueii B. C. MxurapsiHa. -
Mockga : FOpaiir, 2025. - 448 c. - (Briciiee obpa3oBanue). - ISBN 978-5-534-19964-2. - TekcT :
snekTpoHHbIM // OBC "FOpait"., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=922172&idb=0.

3. bpoekuH A.A. [IporpammupoBanue Ha si3bike Python. Cpeabl pa3pabotku PyCharm u Jupyter
Notebook : yuebHoe mocobuie / BpoBkuH A.A., JlanteB H.A., ITeiibkuH A.H. - Mockea : ['opsiuast TUHUS -
Tenekom, 2023. - 144 c. - ISBN 978-5-9912-1001-0., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=935851&idb=0.

4. TanunoBckuii H. I'. BBegeHue B iporpammupoBaHue Ha sisbike R / T'anuHoBckuii H. I'. - T'omens : ITTY
umMenu ®. CkopuHbl, 2022. - 222 c. - PeKoMeH/10BaHO Y 4eOHO-MeTOAUUECKUM 00beIUHEHHUEM TI0
eCTeCTBeHHO-HayuHOMY 00pa30BaHMIO B KaUeCTBe MOCOOUS [jisi MarkuCTPaHTOB, 00YJarOIUXCS T10
crietanbHOCTH «bruonorus». - Knura ns konnekuuu I'TY nmenu ®. Ckopunsl - Hpopmaruka. - ISBN
978-985-577-826-5., https://e-lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=863330&idb=0.

5. Kotensbhrkos E. B. BeesieHne B MamyHHOe 00yueHre U aHaMn3 JaHHbBIX : yued. mocobue /
Korenbnukos E. B.,KorenbHukoBa A. B. - Kupos : Batl'y, 2023. - 68 c. - Knura u3 kosuiekuuu Barl'y -



WNudopmaruka., https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=894096&idb=0.
[ononHuTenbHas 1uTeparypa:

1. I'pumuna B. A. MeTtoabsl 06pabOTKM AAHHBIX U MO/IeTUPOBaHKe Ha si3biKe R : yueGHO-MeToAMuecKoe
nocobue / I'pumuH B. A., Tuxos M. C. - Hwkauit Hosropog : HHI'Y um. H. Y. Jlo6aueBckoro, 2019. -
54 c. - PekomenzoBaHo O0beIMHEHHOW MeTOAMUECKON KoMUCcHel IHCTUTYTa OTKPBITOrO 0Opa30BaHUs
U umanoB yHUBepcUTeTa Jjist CTyAeHTOB (rmanos HHI'Y, oOyyaroruxcs 1o HarpaBIeHHIO
nogarotoBku 09.03.03 «IIpuknagHast uHGOPMAaTHKa». - BUOMOTP.: JOCTYITHA B KAPTOUKE KHHUTH, Ha CaiTe
9bC JlaHb. - Kaura u3 kosnekiuu HHI'Y um. H. U. JlobaueBckoro - MHdopmaruka., https://e-
lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=709331&idb=0.

2. [IporpaMMHbIe CUCTeMbl CTaTUCTUUYECKOTO aHa3a. O6HapyKeHre 3aKOHOMEepPHOCTeH B JaHHBIX C
HCIob30BaHueM cucteMbl R u s3bika Python / BonkoBa B.M., Cem&#1105;H0Ba M.A., UeTBepTakoBa
E.C., Boxos C.C. - Mocksa : HI'TY, 2017., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=654313&idb=0.

[TporpammHoe obecrieueHrie 1 VIHTepHeT-peCcypChl (B COOTBETCTBHUU C CO/IePKaHUEM IMCIUTUIAHBI):

1. Anaconda3 (guctpubytus Python): https://www.anaconda.com/download.
2. [TporpamMmHBIii rakeT R: http://cran.r-project.org/.

7. MaTepua/ibHO-TEXHHYeCKoe ofecrneyeHre AUCHUIUIUHBI (MO/YJIs1)

YueOHble ayAUTOPUU [IIsI TIPOBeZIEHUs] YueOHBIX 3aHATHUM, IMpeAyCMOTPeHHBIX 00Opa3oBaTe/bHOM
MPOrpaMMOM, OCHAIeHbl MYJbTUMEAUMHBIM 000pyZoBaHUeM (TTPOEKTOP, 3KpaH), TeXHUUYeCKUMHU
cpefcTBaMH 00yueHUs, KOMITbIOTepaMH.

[TomertieHusi A1 CaMOCTOSITeNTbHOM paboThl 00yYarOLMXCsl OCHAIlleHbl KOMIbIOTEPHON TEeXHUKOHN C
BO3MOJKHOCTBIO TMOAK/IOUeHUss K cetd "VHTepHeTr" u obecrieueHbl [OCTYIIOM B 3/I€KTPOHHYIO
MH(pOpMaLMOHHO-00pa3oBaTe/IbHYI0 Cpefy.

IIporpaMmma cocTtaBieHa B cooTBeTcTBUM C TpeboBanusimu OC HHI'Y 1o HampaB/ieHHIO
noaroToBku/cneranbHoct  02.03.02 - dyHpameHTanbHasi WHGOpPMaTMKAa M WH(POpPMalMOHHbLIE
TeXHOJIOTUH.

ABTop(b1): Bepmmnuna Onbra CepreeBHa, KaHAuAaT GU3UKO-MaTeMaTUUeCKHUX HayK
I'pe3una Anekcanzipa BUKTOpOBHa, KaHANUJAT PU3UKO-MaTeMaTUUeCKUX HayK, JAOLeHT.

3aBeayroumii Kaeapoii: ViBaHueHko Muxaun BacunbeBuy, JOKTOp (DM3MKO-MaTeMaTHYeCKUX HaykK.

ITporpamMma ozo6peHa Ha 3ace/jJaHUM MeTOANUECKOM Komuccuu ot 17.12.2025, mpoTokos Ne IpOTOKOJ
Neb6.
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