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1. MecTo u meau TucHMILUIMHBI B cTpykType OITOIT

Juctuminna «HaydHnoe mporpaMMHupoBaHHe» OTHOCHTCS K 00s3aTenbHOl yactu bioka 1
OOII o nanpasienuto noarorosku 30.05.03 "MeauuuHckas KuOepHETHKA.
CTyneHThl IMEIOT HaBBIKU Pa3pabOTKH MPOTPaMM M IMIPOTPAMMHBIX MOJYJICH Ha S3bIKE MPO-
rpamMupoBanus Python, a Takke HaBBIKM IPUMEHEHUSI METO/I0B MaTeMaTHYEeCKONW CTATUCTHKHU B
Pa3IUYHBIX OMOJIOTUYECKUX HCCICTIOBAHUSX.
Lenssmu ocBoeHus aucuIuinabl «HayuHoe mporpaMMupoBaHue» siBisitores: GopmMupoBanue
TEOPETHUYECKUX 3HAHUH N0 HAyYHOMY IPOrPaMMHUPOBAHUIO M OCHOBAM MaIIMHHOTO 00y4e-
HUs Ha s3bIke Python

2. H.TIaHI/IpyeMbIe pe3yJabTaThbl Oﬁy‘{eHI/Iﬂ o JUCHUIIJIMHE, COOTHECEHHDBIE C IIVIAHUPYEMBIMHU

pe3yJbTaTaMM 0CBOeHHsI 00Pa30BaTeJIbHOM NMPOrpaMMbl (KOMIIETEHUUSIMM BHIITYCKHUKOB)

Ilnannpyemsble pe3yabTaThbl 00y4eHHs M0 JUCHUILIMHE (MO- Haumeno-
dopmMupyembie AYJII0), B COOTBETCTBHHU C HHIAUKATOPOM JOCTHKEHHUS KOMIIe- | BaHHe olle-
KOMIIETeHI[HHU TEHU MU HOYHOI'0
(xon, conepkaHue HNHaukaTop 10CTHKEHUA Pe3yabTarbl 00yueHust cpeacrsa
KOMITETEHITHH ) KOMIIETEHI MU o JMCUMIIJIMHE

(xon, coaepKaHUE UHIUKA-

TOpA)
OIIK-6. Criocob6en | OIIK-6.1. 3naer 6monHbpop- 3HaTh OCHOBHBIE CITOCOOHI Bu3yanu- | KoHTponbHbIe

obecmieunBath UHPOP-
MalMOHHO-

MAaIOHHBIE TEXHOJIOTHH
OIIK-6.2. YMeeT NpUMEHATh

34l HAYYHBIX JAaHHBIX; OCHOBBI Ma-
TEeMaTHUYECKOM CTaTUCTHUKH, CIICIIHU-

TEXHOJIOTHYECKYIO nHGOPMALMOHHBIE TEXHOJIO- (uKy MalIMHHOTO 00Y4YEHHS; OCHOB-
MOJ/ICP’KKY B 00JIacTH | TMH B O0JIACTH 3[paBOOXpaHe- | HbIC THITHI 33724 B MAIIMHHOM 00y4e-
3/IpaBOOXPAHEHUS; HUS, B IpodecCHoHATEHOR HUH.

NPUMEHATh CPEACTBA | AESTEIBHOCTH. YMeTb 00pabaTeIBaTh, BU3YaIHU3UPO-
MH(POPMAaLHLOHHO- OIIK-6.3. Bnaneet tpeboBa- BaTh HAy4YHbIE JAHHBIC; IPUMEHATD Ha
KOMMYHHKAIIMOHHBIX | HUSIMA WHPOPMAIMOHHOHN 0€3- | MpaKTHUKE TEXHOJIOTUH Numpy,
TEXHOJIOTHI W Pecyp- | OMacHOCTH. Pandas, Matplotlib, Scipy, scikit-learn
cel OnomHpOpMaTUKU U1 pa3pabOTKU IpOrpamMm Jyis pe-

B mpodecCHOHATbHOMN LIEHHUS 33]]a4 HAyYHOMU JIEATEeIbHOCTH.
JeSITeITbHOCTH; BbI- Brnazers HaBbIKaMU pelieHus 3a1a4 ¢
HOJHATH TpeOOBaHUs [ToMomipIo s13bIKa TPOrPaMMHUPOBAHUS
UHPOPMAITUOHHON Python.

Oe3onacHocTU

IIK-12 Cnocobnocts | [1K-12.1. ®opmynupyer B ObnanaTe 3HaHUSIMU B 00J1aCTH HO-

IUTAHUPOBaTh U OCY-
MIECTBISITh  TPUKIIA-
HbIE W TIPAKTUICCKUE
MPOEKThl C HUCHOJIB30-
BaHHUEM IT-
TEXHOJIOTHM B 00/1aCTH
MEJIUIMHCKAX HCCIIe-
JIOBaHUH

pamMKax MpakTHIEeCKOTO MPO-
€KTa U HHOTO MEPOTIPHSITHS
COBOKYITHOCTH B3aMOCBSI3aH-
HBIX 33729 ¥ METOJO0B MCIIOJIb-
3oBauns [T-rexHosoruii B 00-
JIACTH MEAULMHCKHUX HCCIIEI0-
BaHUH

[1K-12.2. PemaeT KOHKpETHbIE
3a/1a91 MPAKTUIECKOTO TMTPOCK-
Ta U UHOTO MEPOIPUSITHS C
HcIoJib3oBanueM IT-
TEXHOJIOTHH.

MK-12.3. [Ty6anuHo mipe-
CTaBIISICT pPe3yJIbTAThI pelle-
HHUSI IPAKTUYECKOTO IIPOCKTa
Y WHOT'O MEPOTIPUATHS C UC-
nonb3oBanueM IT-
TEXHOJIOTUH B 00JIaCTU MEIH-
IMUHCKHAX MCCICTOBAaHUN

BBIX METOJIaX KIIMHUYECKHX Jabopa-
TOPHBIX UCCIIC/IOBAHUI U METUIINH-
CKOT'0 000pyI0BaHUS

Ymetb 060cHOBATH 3 (HEKTUBHOCTD
HOBBIX METOJIOB KITMHHUYECKUX J1a00-
PaTOPHBIX UCCIIEIOBAHUN H METUIIHH-
CKOro 000pyZOBaHUsI, IpeHa3HAUCH-
HOTO JJI5l UX BBITIOJHEHUS

BrnazeTs HOBBIMH METO/IaMH KITHHU-
YEeCKHX J1a00paTOPHBIX UCCIIEIOBAHUI
Y MEIMIIMHCKOTO 000pYI0BaHUS,
MIpeTHa3HAYCHHOTO JIJISl UX BBIMOJIHE-
HUSI

BOTIPOCHI, T€-
CTHI




3. CTpyKTypa U coaep:kaHue TUCHUTITUHBI

3.1 TpynoeMKoOCTb AMCUMIJIMHBI

o4yHas GopMa 0O0yUueHUs
OO0m1ast TpyJA0€MKOCTh 73ET

YacoB 1o yueOHOMY IIJIaHy 252

B TOM YHUCJIC

ayJIUTOPHBIC 3aHATHS (KOHTaKTHAs

pabota): 144
- 3aHATHS JIEKLUOHHOTO TUIIA 64
- 3aHATHUS IPAKTHYECKOTO THUMA 80
CaMOCTOSTENIbHAs paboTa 69
KCP 3
[TpomexyTouHas aTTecTalus —3a4ueT, IK3aMeH 36

3.2. Coneprxkanue QM CIUANINHbBI

HaunMeHoBaHue U KpaTKoe coep:kaHue pasgeaoB u | Becero B ToM uncne
TeM JUCIHUILIHHBI, (uachl) KonrakTHas padora %
¢opma npoMeKyTOUHOI aTTeCTAIUM MO JUCHUILIUHE (pa6ora BO B3anMo- %
JIefiCTBUH € Mpenojaa- i
BaTeJeM), 4Yachl S
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Baenenne 10 2 2 4 6
PaznuynbIe crIOcOOBI BU3yalIn3aliy HayYHBIX JaHHBIX ¢ | 18 6 6 12 6
ncrnonp3oBanreM Matplotlib.
OnwucaTenbHbIE CTATUCTHKH 20 6 8 14 6
[ocTpoeHue muarpamm pazmaxa 20 6 8 14 6
[TocTpoeHue ructorpamMmm 20 6 8 14 6
@DYHKINHU IUVIOTHOCTH BEPOSATHOCTH 20 6 8 14 6
[TocTpoeHure MIIaHOK MOTrPEIHOCTEN 20 6 8 14 6
KoppensiinoHHbIi aHaan3 20 6 8 14 6
[IpoBepka CTATUCTUYECKUX THITOTES. 20 6 8 14 6
Pemenune nud¢eprHenmnanbHbIX ypaBHeHUH ¢ momomisio | 20 6 8 14 6
oubsmorek SciPy u NumPy.
Pentenne cucreM NMHEWHBIX ypaBHEHHH ¢ TMoMompio | 15 6 4 10 5
oudsmorek SciPy u NumPy.
Metoasl Monre-Kapno. Uuciennoe monenuposanue | 10 2 4 6 4
JUHAMMKH npouiecca  MopaHa HENTpaibHOTO Jpei-
dba.
B 1.u. KCP 3 3
Hroro 252 64 80 147 69

[TpakTyeckas MOAroTOBKA HaNpaBjieHa Ha HGOPMUPOBAHHE U PAa3BUTHE:
IIpakTHYecKHX HABBIKOB B COOTBETCTBUU C 001acThio 3HaHus OIl:
BrinonHenue HayyHO-UCCIEI0BATEIbCKUX 3a7a4 MPO(ECCHOHANBHOMN eI TeIbHOCTH:
e yyacTue B IUIAHUPOBAHWU U NPOBEJCHUU MEPONPHUATHH IO OXpaHE 370POBbS, YIyHIIEHHIO
3/10pOBbsl HACEJICHUS;



e OpraHu3alus U NPOBEJACHHUE HAYYHOTO MCCIIEI0BaHUs M0 aKTyalbHON pobiieme;
® [IOATOTOBKA M MyOJUYHOE MPEACTABICHUE PE3yIbTATOB HAYYHBIX UCCICIOBAHUN
Komnerenuuii
OIIK-6. CnocobeH obecneunBaTh HHPOPMAIIMOHHO-TEXHOJOTUUYECKYIO TOJIEPKKY B 00JIa-
CTH 3/IpaBOOXPaHEHUS; MPUMEHSATh CPEACTBA HHPOPMAITMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTHI
U pecypcbl OMonHGOPMaTUKU B MPO(ecCHOHAIBHON 1eATeIbHOCTH; BBIIOIHATh TPEOOBAHUS HH-
(dhopMaImoHHON 6€30MacHOCTH
[1K-12 CriocoGHOCTh MIaHUPOBATh U OCYIIECTBIISATH MPUKIAIHBIE U MPAKTUUYECKUE MPOCKTHI
¢ ucroiib3oBanueM [ T-TexHOIOrHI B 00JIaCTA MEIULIMHCKUX UCCIIEIOBAHUN
Tekymui KOHTPOJIb YyCIIEBAEMOCTH PEaIU3yeTCsl B paMKax MPAaKTUYECKUX 3aHATUH U B BUJE
MIPOBEACHUS YCTHBIX OMPOCOB. IIpOMEKYyTOUHBIN KOHTPOJIb OCYIIECTBIIAECTCS IPU MPOBEACHUU K-
3aMeHa.

4. YueOHO-MeTOANYECKOEe O0ecTieYeHre CAMOCTOSITeIbHOI PadoThl 00y4aromuxcs
Buowi camocmosmenvnoii pabomsi cmyoenmos 6 pamkax 0c80eHUst OUCYUNTIUHDL .
- U3y4YEeHHE MOHATUITHOrO anmnapara ¥ NpopadoTKa TeM AUCLUILIUHBL
- paboTa C OCHOBHOI1 1 IOTIOJIHUTENBHON JINTEPATYPOi IoMa U B OMOIHOTEKE;
- UI3YUYCHUC CalTOB II0 TEMaM JUCHUIIIINHBI B CETU I/IHTepHeT
- IOJITOTOBKA K YCTHOMY OIPOCY Ha CEMHHAPCKUX 3aHATHUSAX;
- IOATOTOBKA K TECTaM,
- IIOJITOTOBKA K 3a4€Ty U IK3aMEHY.

MeTtoauyeckue yKa3aHusi 10 OATOTOBKe CTYACHTOB K TeKYILIeMY M IIPOMEKYTOYHOMY KOHTPO-
J10 o aucuumnnHe «Hayynoe nporpammupoBanue»
Iloozomogka K ycmuomy onpocy, mecmuposanuo

Bce mnepeuncieHHble BUABI CaMOCTOATENBHON pabOTHI NMPENCTABIAIOT COOON cHCTeMy 3afa-
HU, MO3BOJISIONIMX OLEHUTh YPOBEHb 3HAHHH MO OCHOBHBIM pazjiesiaM, TeMaMm, IpodiieMaM TUCIIH-
IUTMHBI, a TAK)KE€ YMEHUN 00y4arolerocsi CAHTE3UpOBaTh MaTepual MpeAIEeCTBYOMNX IUCHUTUINH.
IIpu moAroTOBKE K HUM CTYJEHTY HEOOXOUMO:

1) 03HaKOMUTBCS C COOTBETCTBYIOIIEH TEMOM MPOrpaMMbl M3y4aeMOW JTUCIUIINHBL,

2) U3y4uTh PEKOMEHAOBAHHYIO yU4eOHO-METOJMUECKYIO TUTEpaTypy 10 TaHHOH TeME;

3) TIaTenbHO U3YUYUTH JEKIIMOHHBIN MaTepHuall;

4) NOBTOPUTH MaTepUabl MPEIIECTBYOMUX JUCIUIUINH.

Iloozomogka K 3auemy u IK3ameHny

HpOMC)KYTOIIHaH arreécranuus 1mo uToraM OCBOCHUA JUCHHUIIIIMHBI IPOXOAHWT B @opMe 3agyeTra u
sk3aMeHa. [ToaroToBka K 3a4eTy M 3K3aMEHY SIBJSIETCS KOHIEHTPUPOBAHHOM cHcTeMaTh3alueil Bcex
MOJYYEHHBIX 3HAHUN MO qucHuIuinHe « Hayuynoe mporpaMMupoBaHUE».

B nauane cemecTtpa pekoMeHAyeTCs BHHUMATEIbHO U3YyYUTh NEpeuyeHb BOIMPOCOB K 3a4eTy U
9K3aMeHy IO JIaHHOM JMCIUIUIMHE, a TaKXKe HCIOIb30BaTh B IIpoLecce 00yUeHUsl IPOrpaMMy, Ipyrue
METOAMYECKHE MaTepHaibl, pa3paboTaHHble Kadeapod Mo JaHHOM AMCHUILIUHE. DTO IMO3BOJIUT B
nporecce u3yueHus: TeM chopMupoBath 0oJiee MpaBUIbHOE U 0000IIEHHOE BUACHHUE CTYJIEHTOM CY-
IIECTBA TOTO UJIM UHOTO BOMPOCA 32 CUET:

a) YTOYHSIOIIUX BOTIPOCOB MIPEMO1aBaTEIIO;

0) OJATrOTOBKHU JOKJIAJIOB 10 OT/EIbHBIM TEMaM;

B) CaMOCTOATCIIBHOI'O YTOUHCHH A BOIIPOCOB HA CMCKHBIX JUCHUITIIIMHAX,

I') yrIIyOJI€HHOTO U3YUYEeHHUsI BOIPOCOB TEMBbI IO y4eOHBIM OCOOUSIM.

5. @DoH/T OLIEHOYHBIX CPEICTB /IJIsl IPOMEKYTOUYHOMH aATTeCTAIHH 1O JUCHUTINHE (MOAYJII0),
BKJIIOYAIOIIIHN:

Onucanne mKaj OLICHUBAHHUA PE3YJALTATOB Oﬁy‘IEHI/Iﬂ Mo TMCHUIIJIMHE

YpoBeHb IkaJja oueHHBaHHs cPOPMHPOBAHHOCTH KOMIIETEHIM I

copmupo- TJI0XO0 | meynosae- | ymosiero- | Xopoiio | ouens xopomo | oramumo | mpesocxommo




BAHHOCTH | TBOpHTEaBHO PUTEIBHO
KOMMeTeHI Ui He 324TeHO 3a4TeHO
(uHaUKaTOpaA
JOCTHKEHUS
KOMIIETeHMii)
OtcytcTBHE YpoBeHb 3Ha- | MuHUManbHO | YpOBEHb 3Ha- | YpOBEHB 3Ha- VYpoBeHb 3Ha- | YpPOBCHb 3Ha-
3HAHMH TCO- HHUI HIDKE JIOTTYCTHUMBIH HUIi B 00beMe, | HUil B 00BEME, HUIi B 00bEME, | HHUI B 00BEME,
PETHYECKOTO MHHUMAIb- YpOBEHb 3Ha- | COOTBETCTBY- COOTBETCTBYIO- | COOTBETCTBY- | IPEBBIIIAIO-
MarepHana. HBIX TpeOoBa- | Hui. [lomy- IOIIeM IIpO- IIeM Iporpam- IOIIeM TIpo- IIeM IIpo-
Hepozmox- Huil. Umenn LIEHO MHOT'O rpaMme noj- M€ NOJArOTOBKH. | TpamMMe MOoJ- rpaMmmy noj-
HOCTb OlIe- MecTo rpyOpie | HerpyObIx rotoBku. [lo- JomymieHo TOTOBKH, 0e3 TOTOBKH.
3uamug HUTD HOJHOTY | OLIMOKH. OmNOKH. MYLICHO He- HECKOJIBKO He- omuooK.
3HaHUH CKOJIBKO He- CYIIECTBEHHBIX
BCJICZICTBHE rpyOBIX OIIH- omnboK
0TKa3a 00y- 00K
YaloIerocs
OT OTBETa
OtcyTcTBHE IIpu pemennu | IIponemon- IIponemon- IIponemon- IIponemon- [Iponemon-
MHHHUMAaJTb- CTaHJApPTHBIX | CTPHPOBAHEI CTPUPOBAHBI CTPUPOBAHBI BCE | CTPHUPOBAHEI CTPUPOBAHBI
HBIX YMEGHHH. | 3a7ad He IPO- | OCHOBHBIC BCE OCHOBHBIC | OCHOBHBIC yMe- | BCE OCHOBHBIE | BCE OCHOBHBIE
HeBo3mox- JEMOHCTpH- ymeHus. Pe- ymeHus. Pe- HUA. Periensr YMEHHs, pe- YMeHHs, pe-
HOCTb OIIe- POBaHEI OC- IIEHBI THIIO- IIEHBI BCE BCE OCHOBHBIE HICHBI BCE IIEHBI BCE
HHUTh HAJINIKME | HOBHBIC yMe- | BBI€ 33Ja4M C | OCHOBHBIC 3amadn. Ber- OCHOBHBIE OCHOBHBIE
YMEHUI Hus. Umenu HEeTpyObIMHU 3a/1a4 C He- MIOJIHEHBI BCE 3a/1a4i C OT- 3a1a4u. Bel-
BCIIEJICTBHE MecTo TpyOble | omnOKaMu. TpyOBIMH 3aJaHus, B ION- | JEIBHBIMH MIOJTHEHBI BCE
Ymenus 0TKa3a 00y- OIIMOKH. BrinoHeHBI OLIMOKaMU. HOM 00BeMe, HO | Hecylle- 3aJaHus, B
YaloIerocs BCE 33/1aHNS, BemonHeHs! HEKOTOpBIE C CTBEHHBIM IOJTHOM 00b-
OT OTBeTa HO HE B IOJI- BCE 33/IaHUS, B | HEJOYETaMH. HEJI04YeTaMH, eme 6e3 HeJlo-
HOM o0BbeMe. MIOJTHOM 00B- BBITIOJTHEHBI 4EeTOB
eMe, HO HeKO- BCE 33/IaHUS B
TOpBIE C HEZO- MIOJTHOM 00~
JEeTaMH. eMe.
OtcyTcTBHE IIpu pemennu | Mmeercs Mu- ITponemon- ITponemon- IIponemon- [Iponemon-
BIIQ/ICHUS CTaHJApPTHBIX | HUMAJIBHBIN CTPUPOBAHBI CTPUPOBAHBI CTPUPOBAHBI CTPUPOBaH
MaTepHaIoM. | 3amad He Mpo- | HabOop HaBBI- 6a3oBble 6a30BbIC HaBBI- | HABBIKH IPH TBOPUYECKHUH
HeBo3mox- JEMOHCTpH- KOB JJIA pe- HaBBIKH TIPH KU TIPHU pere- peteHnn MOAXOM K
Hasbici HOCTB OIIe- pOBaHEI 06a30- | IIEHUS CTaH- pemreHnn HHUH CTaHAApT- HECTaH/AapT- PpeTIeHHI0
— HHUTH HAJIMIHE | BBIC HABBIKM. JapTHBIX 3a- CTaHIApTHBIX | HBIX 3a7a4 0e3 HBIX 3a7a4 0e3 | HecTaHmapT-
HaBBIKOB Vmenun MecTo | a4 ¢ HEKOTO- | 3ajady C HEKO- | OIIHOOK M OLIMOOK U HBIX 32724
BCIIEJICTBHE rpyobie PBIMH HEJI0- TOPBIMHU HEJIO- | HEIOYETOB. HEJI0YETOB.
0TKa3a 00y- OIIHOKH. yeTaMu yeTaMu
YaIoLIErocs
OT OTBETa
IlIka/1a OLEeHKH NPU NPOMEKYTOYHOM aTTEeCTALUH
Ouenka YpoBeHb NOATOTOBKH
NPEeBOCXOHO Bce komnereHuu (4acTu KOMIIETEHIIMH), Ha (OPMUPOBAHUE KOTO-
PBIX HaIpaBlieHa JUCHUILINHA, CHOPMUPOBAHBI HA YPOBHE HE HUXKE
«IPEBOCXOAHO», IPOACMOHCTPUPOBAHBI 3HAHU, YMCHUA, BIIAACHUA
MO0 COOTBCTCTBYIOIIMM KOMIICTCHLUAM Ha YPOBHC, BBIIIC IMPCAY-
CMOTPEHHOTO MPOrPaMMOK
OTJIMYHO Bce koMmmerennum (4acTy KOMIETEHIIHI ), HAa GopMUpOBaHUE KOTO-
PBIX HallpaBlieHa AUCIUILINHA, C(hOPMUPOBAHBI HA YPOBHE HE HIKE
3AUTEHO «OTJINYHOY, TPH 3TOM XOTs OBl OJIHA KOMIMETEeHLUs chOpMUPOBaHA

Ha YPOBHC «KOTJIIMYHO»

OYeHb XOPOIIIOo

Bce koMmereHum (4acTy KOMIETEHIIHI ), Ha GOopMUpPOBaHUE KOTO-
PBIX HANpaBlieHAa JUCIHUILINHA, CHOPMUPOBAHEI HA YPOBHE HE HUXKE
«OYEHb XOPOILIOY», TPU 3TOM XOTs OBl OJIHA KOMIETEHLIHS CHOPMHU-
pOBaHa Ha YPOBHE « OYEHBb XOPOILIO»

X0po1Io

Bce koMmereHnum (4acTy KOMIETEHITH), Ha (OPMUPOBAHUE KOTO-
pBIX HaIlpaBlieHa AUCIUILINHA, C(hOPMUPOBAHBI HA YPOBHE HE HIKE
«XOPOIIO», TP ITOM XOTsI ObI OJIHAa KOMIIETEHIHsI chopMUpoBaHa




Ha YPOBHE «XOPOIIO)»

YOBJIETBOPH- Bce xomnerennuu (4acTu KOMIETEHIIN), HA (OPMUPOBAHUE KOTO-
TeJIbHO PBIX HallpaBlieHa AUCIUILINHA, c(hOPMUPOBAHBI HA YPOBHE HE HUKE
«YIOBIIETBOPUTEIBHO», MPU ITOM XOTS Obl OJHA KOMIETCHIIMS
chopMHpOBaHa HA YPOBHE «YAOBIECTBOPUTEIHLHOY»

Hey10BJIeTBOPH- | XOTs OBl OJlHA KOMIETCHIHs CPOPMHUPOBAaHA HA YPOBHE «HEYJIO-

TeJIbHO BJIETBOPUTEIIEHO», HU OJIHA U3 KOMIIETCHIIMH He chopMupoBaHa Ha
He 324TeH( YPOBHE «ILJIOXO0»
IJIOXO Xots Obl 0JJHa KOMIETEHIHs cHOPMUPOBAHA HA YPOBHE «ILIOXO0X»

5.2. TunoBble KOHTPOJILHbIE 3a/IaHNSI HJIH MHBbIE MaTePHAJIbI, HE00X0IUMbIEe

IS OLIEHKH Pe3yJIbTATOB 00y4eHMsI.

5.2.1.

ROoo~Nooa~wdE

WWWWNNPNDNDNNDNDNDNDNNDNRPRPRPRRPERPRPRPERRRE
WP OOWOO~NOUIRARWNPFPOOO~NOOOITAAWNEO

IIpuMepsI BONPOCOB K YCTHBIM ONIPOCaM LISl OlleHKH 3HaHuii kommneTenuuun OITK-6,
IIK-12

Kakue ocHOBHbIE TUIIBI TPA(QUKOB UCIIOIB3YIOTCS JUIsl BU3YAIU3aLUU HAYYHBIX TaHHBIX?
Kakue Tumbl nepeMeHHbIX BCTPEYAIOTCS IPU aHAJIM3€ HAyYHBIX JAHHBIX?

Kakast BbIOOpKa Ha3bIBACTCS PETIPE3CHTATUBHON ?

Yro Takoe CTaTUCTUYECKUE BBIOPOCHI?

Kakmue cyiecTByl0T OCHOBHBIE OIIUCATEIbHBIE CTATUCTHKU?

UYro npezacTasisgeT co0oil quarpamma pasmaxa («IIuK ¢ ycamu», boxplot)?

Yro Takoe rucrorpaMMa 1 (pyHKIHs MJIOTHOCTH BEPOSATHOCTHU?

Jliist gvero Ha rpaduKax CTPOSATCS TUTAHKH MTOTPEIIHOCTEH (error bar)?

Urto Takoe KOoppemnsuus U KaKue TUIIbl KOppessnnun ObIBatoT?

. Kakoii rpa¢uk ncronb3yercs ais rpaduyeckoro npeacTaBieHus] KOPPEIIIUOHHON CBA3U?

. Uto Takoe koBapuanus?

. B uém 3akmrodaercs pasHuna Mexay koadduunenramu koppesnsiuu [Tupcona u Criupmena?

. Kakue kpurepun HOpMaabHOCTH BaM U3BECTHBI?

. B uém 3aksrodaeTcs CyTh AucriepcnoHHoro ananmsa (ANOVA)?

. Uro takoe FDR-koppexuns?

. Kakue 3a1aun MammHHOrO 00yUYeHUS SBISAIOTCS 3ajauaMi 00y4eHUs C yuuTesnem?

. UTo Takoe HopMaH3alys JaHHBIX?

. Uto Takoe nepeobyuyenue?

. B uém 3axmrouaercst cyth MeToja k Onmmxaimmx coceneit?

. JIJ1s 4ero Ucronb3yrTcst 00yJarone U TeCTOBbIE BEIOOPKU?

. B 4ém 3axnrodaercs CyTh MeTO/1a NEPEKPECTHOTO KOHTPOIIA?

. B uém 3axnrouaercs CyTh MeTO/1a TJIaBHBIX KOMIIOHEHT?

. Kakue cy1iecTBy1oT 3BprucTHYECKHE TOAXO/BI 17151 BBIOOpA KOJIMYECTBA IIaBHBIX KOMIIOHEHT?
. Jls1s 4ero ucrnosp3yercs METO, HaMMEHbBILINX KBAApaTOB?

. Uto Takoe ko3P GUIMEHT qeTepMUHAIIIN?

. Kakue cymecTByoT npuunHbl epeodydeHusl B 3a/1a4€ BOCCTaHOBJIEHUS perpeccun?

. Kakue npeanonoxenus 3a1ar01cs B IMHEMHOM AUCKPUMHUHAHTHOM aHaIu3e?

. UTO Takoe JorucThu4ecKas perpeccus?

. UTo Takoe onTuManbHasl pa3aeiromas rMnepIiocKOCTb?

. B 4ém 3akirodaercs CyTh UCIIOJIB30BAHUS IEpEBa PEILICHUI?

. Kakue cymecTByrOT alirOpUTMBI IOCTPOEHUS JEPEBBEB PEMICHUM U B UEM UX OTINYHUE?

. Uro Takoe sHTpONHMS?

. B uém 3akmrouaercs cyTh Oarrunra?

34.
35.
36.
37.
38.
39.

UeM oTIM4aroTcst 3KCTPEMAIbHO CIIyYalHbIE IEPEBBS OT CIIyYaillHOTO Jjieca?
B uém 3akmovaercs cyTh OyctuHra?

Yro Takoe HEHPOHHAs CETh?

Yrto Takoe MeToa 0OpaTHOTO pacIpoCTPaHECHUSI OITUOKU?

Yro Takoe rirybokoe o0yueHue?

Kakas 3agaua sBisiercst 3a1aueit o0yueHus 6e3 yaurens?




40. B yém 3axitoyaercsi CyTh METO/1a IICHTPOB TSKECTH?
41. Yem MeTOa MEAOUIOB OTJIMYAETCS OT METOJA IIEHTPOB TSHKECTU?
42. Yto Takoe uepapxudeckas Kiacrepusanus’?

5.2.2.
1.

2.

10.
11.
12.
13.

14.
15.

16.
17.
18.
19.

20.
21.

22.

5.2.3.

IIpuMepbI BONPOCOB K IK3aMEHY
CniocoObl BH3yaliM3alMi HAay4HBIX JAHHBIX C HCMojb3oBaHueM Matplotlib. Mepapxuueckas
CTpYKTypa pucyHka B Matplotlib. OcHoBHBIE 21eMeHTHI Ipaduka. OCHOBHBIE THITBI TPA(UKOB.
OcHoBrl cTatuctuku B Python. Onucarenpabie cratuctuku. [loctpoeHne quarpaMm pa3maxa,
TUCTOTpaMM, QYHKIUH TNIOTHOCTH BEPOSTHOCTH, IIAHOK IMOTPEITHOCTEH.
OcHoBrl cratucTuku B Python. Koppensuronnsiii ananus. [IpoBepka cTaTHCTHUECKUX THITO-
te3. FDR-koppeknus.
YucnenHoe pemenue nuddepeHmaibHbIX ypaBHEHUH, pelIeHHe CUCTEM JIMHEHHBIX YpaBHe-
HUH ¢ momoIpio 6ubamorek SciPy u NumPy. Meroast MonTe-Kapiio.
[TocTaHoBKa 3a7ja4u MaITMHHOTO 00y4eHusi. OCHOBHBIE KJIACChI 3a/1a4 B MAIIMHHOM 00yye-
Huu. [Ipumepsl mpakTUYECKUX 3a1ad.
BepostHOCTHas TOcTaHOBKA 3a/1aun 00y4ueHus ¢ yunurenem. OyHkius notepb. CpeTHUN PUCK.
OMIUPUYECKUN PUCK.
DKcrepuMeHTalbHas OLIEHKa KauecTBa 00y4YeHHs M BBIOOp mapaMeTpoB Moxaenu. OOyuarormasi,
IIPOBEPOYHAsi U TECTOBasi BHIOOPKU. Merosa nepekpecTHoro (Ckoiib3siiero) koHrpois. Ilepe-
o0y4yeHne U HeJooOydeHHe.
HauBHblii GaiiecoBckuii kinaccugukarop. Crnaxusanue Jlamnaca. Omubku 1-ro u 2-ro ponaa.
UyBCTBUTEIBHOCTh, CHENU(PUUHOCTH, TOYHOCTh, NodHOTAa. ROC-kpuBas. Hcmonb3oBaHue
HAaUBHOTO 0aliecOBCKOT0 KiaccudukaTopa Jjisi KOJTUYeCTBEHHBIX TPU3HAKOB.
Merton k Gmmxaifmmx cocesieit B 3a1a4ax KIacCU(UKAIMHA U BOCCTAHOBJICHHUS PETPECCHHU.
MeTtos! Tpe1oOopaboTKH JaHHBIX. MeTO bl MOHWKEHUS Pa3MEPHOCTH. MeTo T TJIaBHBIX KOM-
noHeHT. CHHTYJISIPHOE pa3lio’KeHue.
JIuneiinas perpeccus. Metoa HaMMeHbIINX KBaApaToB. [IpoBepka CTaTUCTUUECKON 3HAYUMO-
ctu Mmoenu. Koo duiment nerepMuHaIum.
Mertoast 60pb0BI ¢ TepeodydeHrEM B 3a/1aue BOCCTAHOBJICHUS perpeccuu. OTOOp MpU3HAKOB.
Perynspusanus.
JIuHeNHbI TMCKPUMUHAHTHBIN aHanu3. KBagpaTUuHbIi JUCKPUMUHAHTHBIN aHAJIN3.
Jloructuueckas perpeccus. Jloructuueckas GyHkius u softmax.
MarmHa onopHbIX BEKTOpOB. ONTUMalbHAS pa3essonias TunepiiockocTb. ONopHbIE BEKTO-
pbl. Cnyyan JMHEWHO-pa3eNMMbIX U HEpa3JelIMMbIX KIAcCOB. flipa U CHOpSIMIISIFOLIUE IPO-
CTpaHCTBa.
Hepesbs pemennii. Anroputm CART.
AHcamb6mu pematormux npasui. barrunr. CiydaiiHblil jec. DKCTpeManbHO CIy4aiHbIe Jiepe-
BBSI.
Ancamb6nu pematonux npasui. byctunr. AdaBoost. 'panneHTHbIN OYyCTHHT JepeBbeB pellie-
HHU.
Hetiponnsie cetu. [lepcentpon Pozenbnarra. CeTu mpsaMoro pacnpocTpaHeHus. AJITOpUTM 00-
paTHOTO PacTpOCTPaHEHHUS OITHOKH.
I'my6oxoe o0yuenne. CBepTOUHBIE HEUPOHHBIE CETH.
OOyuenne 0e3 yuutens. 3aiada Kiactepu3anui. MeTo1 IEHTPOB TsHKECTH. MeTo1 MeTOUI0B.
AnroputMmsl knacrepusanuu: EM-anroputy™, anroputm DBSCAN. AnroputMmel nepapxude-
CKOM KJIacTepHU3allHH.

IIpuMepbI NpaAaKTHYECKUX 3aJaHUH

3arpysute u3 (aiina heart.csv (https://www.kaggle.com/ronitf/heart-disease-uci?select=heart.csv)
JAaHHBIC O CEPACUHBIX 3a0oiieBanusx. Brimonaure CICOAYIOUC 3a1aHNA:

1) Ckosnbko 00pa3ioB (00BEKTOB) COJEPKHUT JaHHBIN qaTaceT?

2) CkoabKo aTpuOyTOB (IIPU3HAKOB) COMEPKHUT HaHHbIH qataceT? [ToapoOHO onuimuTe
3HaYEHHUE KaXKJI0TO MpPU3HAKA.

3) Omnumre THIT KaXI0T0 MPH3HaKa (YMCI0BOM / AUCKPETHBIN / HEMPEPHIBHBIN / KaTEro-
pHUaIbHBIN / HOMMHAJIbHBIN / OMHAPHBIN / OpIMHATIBHBIN )?

4) Beraucnute, CKOJIBKO MY>KYWH/)KEHILUH B 1aTaceTe?


https://www.kaggle.com/ronitf/heart-disease-uci?select=heart.csv
https://www.kaggle.com/ronitf/heart-disease-uci?select=heart.csv

5) BbluuciuTe OMUCATENbHBIC CTATHCTHKH JJIsl KOJHMUYSCTBEHHBIX IMPU3HAKOB (CpeaHee
3Ha4YeHHEe, MEIuaHa, MojJa, pa3Max, AHUCIEpCUs, CPEAHEKBAIPATUYHOE OTKJIOHEHHUE,
1i4/211/31 KBapTUIM, MEKKBAPTUIILHBIN pa3Max).
6) IloctpoiiTe rucTOrpaMMbI JJis IPU3HAKOB age, trestbps, chol, thalach, oldpeak.
Pacnonoxwure rucTorpaMmbl Ha OTHOM Tpaduke B oAHY JuHHIO. [TonnumuTe ocu Kax 1o
TUCTOIPAMMBI.
7) TToctpoiitTe tuarpaMMbl pa3maxa JjIs PU3HAKOB age, trestbps, chol, thalach, oldpeak.
8) IMocrpoiite Ha oxHoM rpaduke ase kpubbie PDF (probability density function) mist mpu-
3Haka chol. Onna PDF miis myxuuH, apyras - 1 sxeHmuH. [logmummTe ocu, 100aBbTe Jie-
TeH]y.
9) Jlnst mpu3HAKOB, KOTOPBIE HE ObLIM yKa3aHBI B I1.6-7, TOCTPOMTE MOJIUTOHBI YACTOT
(moarpacduku pacmoyokKUTE B HECKOIBKHX CTPOKax u cTonbuax). [loanummure ocu.
10) CrpynmnupyiiTe TaHHBIC IO TIOJIY U BBIYHCIIUTE VIS KQXKO0H TPYIIIbI CPEAHEE 3HAYCHUE
npusHaka chol, mpumeHuB GyHKIMIO arperanuu. M300pa3ute pe3ynbTaThl B BUJIE CTOJI0YA-
TOI AMarpaMMel, TJe CTOJIOLBI JOKHBI COOTBETCTBOBATH IOy, @ BBICOTa CTOJIOIIOB - COOT-
BETCTBYIOIINM CPEIHUM 3HAUeHUsIM mpu3Haka chol. JIo6aBbTe K KaxaoMy CTONOIY TUIaHKY
MOTPEIIHOCTH, OTPAKAIOIIYIO CPETHEKBAIPATUYHOE OTKIOHEHHE.
11) TTocTpoiite caeayronme TuarpaMMbl PacCesTHHUS:

* trestbps or age

» chol ot age

» thalach ot age

* oldpeak ot age
N300pa3ute TOUKHM HA qUarpaMMax pa3HbIMHU [[BETAMH B 3aBUCHMOCTH OT mosa. [Toxmumm-
Te ocu u J100aBbTe Nerenny. [lompoOyiite BU3yanbHO OMPENEIUTh, KOPPEIUPYIOT JIU pac-
cMaTpHBaeMble MepeMeHHbIe ¢ Bo3pacToM. [IpoBepbTe CBOM NPEANONIOKEHUS, BHIYUCIHB
koa¢dunments! koppemnsiuuu Crnupmena. Caenaiite BIBOJBI.
12) TIposepbTe mpu3HaKu age, trestbps, chol, thalach, oldpeak Ha HOpManbHOCTH € TIOMO-
mpto kpurepus lanupo-Yunka.

3arpysure natacet ISOLET (https://archive.ics.uci.edu/ml/datasets/ISOLET). Boimonuute cne-
JYIOLIHE 3aJaHHsL:

1) Omwummre paccMaTpUBaeMBbIii 1aTacerT.

2) BeinomHUTE HOPMATH3AIINIO TIPH3HAKOB.

3) Pas0eiiTe qaHHBIC HA 0OYYAIOIIYIO U TECTOBYIO BBIOODKY.

4) BszoBute MeTon Ommkaimux cocesei. ITocTpoiite rpaduKu 3aBUCHMOCTH OLITHOKH
3TOro MeToJ1a Ha o0yuaromiel ¥ TecToBOi BeIOOpKax oT . Chenaiite BBIBOJ.

5) BeimonHuTte npoueaypy nepekpectHoro koutpois (5-fold, 10-fold, LOO) ¢ o0yuaro-
et BeiOopkoi. [locTpoiite rpaduku 3aBucumoctu CV-0mMOKK OT YUCIIa UCIIONIb3Ye-
MBIX COCeiell B MeToJie OmmKanmux coceieil. BeiOepuTe HaMITydIIy0 MOJENb U TIPO-
BEphTE €€ KaYeCTBO HAa TECTOBOW BHIOOPKE.

6) IlpumeHHTE K paccMaTpPUBACMBIM JIaHHBIM

* JIuHEWHBIN JUCKPUMUHAHTHBIA aHAJIU3

* KBaapaTnuHbIil THCKPUMUHAHTHBIN aHAIN3

*  JIOTMCTHYECKYIO PETPECCUIO
JUnist KaXKJ10T0 METO/A BBIUMCIINTE OMIMOKM Ha 00yyaromei 1 TeCTOBOM BbIOOpKax.

7) Ha paccmarpuBaeMbIX JaHHBIX OOYYHTE CIEAYIOIINE KIAaCCUPHKATOPHI:

* Random Forest

» Extremely Random Trees
IToctpoiiTe rpaduky 3aBUCUMOCTH OIIMOKH Ha 00y4Jaroliei u TeCTOBOM BBIOOPKE OT
KOJINYECTBA HCIIOJIb3YEMBIX JIEPEBhEB.

8) Harpenupyiite Ha paccMaTpUBacMbIX AaHHBIX HEHPOHHYIO CETh C OJHUM CKPBITHIM
cioem ("vanilla") ¢ 200 neiiponamu B Hem (hidden_layer sizes = (200,)). B kauecTBe
(YHKIMK aKTUBAIlMM HMCIIONB3YHTE MOJIOKUTEIbHYIO cpe3Ky (activation = 'relu'). ITo-
cTpoiiTe rpaduku 3aBUCUMOCTH OMIMOKK Ha oOyuaromiel ¥ TecTOBOI BHIOOpKE OT ma-
pametpa alpha (weight decay).

6. MeToanueckne MaTepHuaJibl, oNpe/iesolINe MPOLeAYPbl OlleHUBAHUS



[Tonoxxenne «O MpoOBeNEHUU TEKYIIErOo KOHTPOJS YCIIEBAEMOCTH U MPOMEXKYTOUHOM arTecTaluu
obyuaromuxcsa B HHI'V», yrBepxkaénnoe npukazom pekropa HHI'Y ot 13.02.2014 r. Ne55-O/1.
[Tonoxxenue o GoHIE OMIEHOYHBIX CPEACTB, YTBEPXKIACHHOE prKa3zoMm pekropa HHI'Y ot 10.06.2015
Ne247-O/.

6.1. YueOHo-MeTOqMYecKoe U HHPOPMALIMOHHOE 00ecniedeHUe TUCHUTIMHBI (MOTYJ151)

a) OCHOBHAs JTUTepaTypa:

1.

2.

3.

Langtangen H.P. A Primer on Scientific Programming with Python. - Springer, 2009. —
ISBN: 978-3-642-02474-0.

Tosi S. Matplotlib for Python Developers. — Packt Publishing, 2009. — ISBN: 978-1-
847197-90-0.

Johansson R. Numerical Python: Scientific Computing and Data Science Applications
with Numpy, SciPy and Matplotlib. — Apress, 2018. - ISBN: 9781484242469.

MxwuTtapsin B.C. AHanu3 qaHHBIX: y4eOHUK IS aKaJIeMUYecKoro OakanaBpuara. — M.:
FOpaiiT, 2018. — 490 c. — ISBN: 978-5-534-00616-2.

Maxkunanu Y. Python u ananu3 ganseix. — M.: JIMK Ilpecc, 2015. - 481 c. — ISBN: 978-5-
9706031-5-4.

Mromnep A., I'Buno C. Beenenue B MammHHOe oOyueHue ¢ nomoinsio Python. PykoBon-
CTBO JUIsl CIIEMAIMCTOB 10 paboTe ¢ JaHHbIMU. — M3-Bo Bunbsamc, 2017. - 480 c.

- ISBN: 978-5-9908910-8-1.

0) IOTIOTHUTENNbHAS JINTEpaTypa:

1.

2.

3.

Hoycon M. IIporpammupyem Ha Python. — 3-¢ u3a. — CI16: ITutep, 2014. — 416 c. —
ISBN 978-1435455009.

[Tnac Ix.B. Python s cinokHbIX 3a1a4: HayKa 0 JaHHBIX U MAalIMHHOE O0y4YeHue. -
CII6.: ITutep, 2018. — 576 c.: un. — ISBN: 978-5-496-03068-7.

Henenbko B.M. OCHOBBI CTaTUCTUYECKUX METOJI0B MAIIMHHOTO 00y4yeHus. - HoBocu-
oupck: Uzn-so HI'TY, 2010. — 72 c. - ISBN 978-5-7782-1385-2.

B) MHTEpHET pecypchl

1.

2.

3.

4.

[Tpodeccuonanbublii HHHOPMAITMOHHO-AHATTUTUYECKUN PECYPC, TTOCBAIICHHBIA MaIlMHHO-
My 00yueHHIO, paclio3HaBaHUIO 00pa30B U MHTEUIEKTYaJbHOMY aHAIU3y JaHHbBIX. Pexxum
nocrtyma: http://www.machinelearning.ru.

JlokyMeHTaIus OubIMOTeKN Matplotlib. Pexum JOCTyTA:
https://matplotlib.org/stable/index.html.

JlokyMeHTamus A1 OCHOBHBIX IpoeKToB Oubimmoteku SciPy. Pexxum gocrymna:
https://scipy.org/docs.html.

Jloxymenrarust oubnmorexu scikit-learn. Pexxum goctyma: http://scikit-
learn.org/stable/user_guide.html.

I') IporpaMMHoOe o0ecreueHue

1.
2.

7.

Anaconda3 (quctpubytus Python)
Jupyter Notebook (nuTepakTuBHast o60souka Python)

MarepuajibHO-TeXHHUYECKOe o0ecreyeHue TUCIUTIUHBI (MO1YJIA)

VYyeOHble ayAUTOPUH JUIS MPOBEACHUS 3aHATUN JIGKIIMOHHOTO U MPAKTUYECKOTO TUIIA, UHIM-
BUIYAJIbHBIX M TPYINOBBIX KOHCYJNbTAIMH, TEKYIIEr0 KOHTPOJIA W MPOMEXYTOYHOW aTTEeCTalllH,
YKOMIUIEKTOBaHbI y4eOHOI Mebenbro. [l mpoBeneHus 3aHATHI MMeeTcsl JeMOHCTPAallMOHHOE 000-
pynoBaHue (ocka, MyJIbTUMEAMHHOE 00OpyAOBaHHE (MIPOEKTOp, 3kpaH)). [IpakTHueckue 3aHATHS
MIPOBOJIATCS] B ayAUTOPUH, 000PYIOBAaHHOI MEPCOHATLHBIMU KOMITBIOTEPAMHU C YCTAHOBJIEHHBIM JIH-
IIEH3UOHHBIM TPOTPaMMHBIM oO0ecrieueHueM: omeparnuoHHas cucremMa Windows 10, auctpulyTus
s3bika Python — Anaconda3, untepakTuBHas obonouka Python — Jupyter Notebook.


http://www.machinelearning.ru/
https://matplotlib.org/stable/index.html
https://scipy.org/docs.html
http://scikit-learn.org/stable/user_guide.html
http://scikit-learn.org/stable/user_guide.html
http://scikit-learn.org/stable/user_guide.html

[TomerieHust UIsi CaMOCTOATENBHOM PabOThl 00yYarOIMXCS OCHAIIEHBl KOMITBIOTEPHOM TeX-
HUKOM C BO3MOXKHOCTBIO TOAKIIOUEHUST K ceTh "MHTepHeT" M oOecneyeHrneM J0CTyIa B AJICKTPOH-
HYI0 MTHPOPMAITMOHHO-00Pa30BaTEIbHYIO CPETy OPTaHU3AIIHH.

[Tporpamma cocraBieHa B cooTBeTcTBrH ¢ TpeboBanussmu OC HHI'Y.

ABTOpP(BI) M.H.C., O.C. Bepumnuna

Hupexrop UbBM 1.0.H., nou. M.B. Benynosa

[Iporpamma ono6peHa Ha 3aceganuu MeToanueckoir komuccuu MHCTUTYTa OHostoruu 1 6uome-
nuuuHbl oT 06.12.2021 rona, npoTokoi Ne3.



