dedepansHoe 20cydapcmberHoe 6rodotcemHoe o6pasobamensHoe yupescoeHue
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Hayunas crenuanbHOCTD: 1.5.5. PU3MOTIOrHUs YesioBeKa U KMBOTHDIX
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Pabouas mporpamMma AMCHUIUIMHBI «MaremMaTu4yecKue U CTAaTUCTHYECKHe MEeTOIbI
06paboTKK Hay4HBIX UCCIIENOBAHUI» COCTABIeHa B COOTBETCTBUM C DesiepabHBIMU
rOCyJlapCTBEHHbIMU TPeOOBaHUSIMU K CTPYKType MPOTrPaMM ITOJTOTOBKM HayYHbIX U
Hay4HO-TIe[IarOTHYeCKUX KaJpoB B acCIIMPAHType, YCIOBHUSM HMX pealr3alyy, CPOKaM
OCBOEHHMsI 3TUX IIPOIPAMM C YIeTOM pasiiM4YHbIX GopM 00ydenus, 00pa3oBaTesbHbIX
TeXHOJIOTUHA U 0COOEHHOCTEeM OTIe/IbHbIX KaTerOpUi aclMpaHTOB, YTBEPXKIeHHbIMU
TIpYKa3oM MUHMCTepCTBa HAayKu W BbICuIero obpasoBanus Poccurickod Peneparmu
ot 20 oktsa6pst 2021 . Ne 951.

PABPABOTYUK(N):

TIPOPEKTOP 1 (0] Hay4YHOH %4

MeXTyHapOJTHOM NesiTellbHOCTH, JOKTOP /%’ BB Rabmmitos
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[TpoTtokon 3acemanus Ne { oT «JO» 04 2022 r.

3aB. kadenpoit H.H. KouHes

HOHHHC£

- Ha 3acelaHnK Y 4eOHO-METOIMYECKOTr0 COBeTa OMOI0r0-TeXHOJIOTHYECKOT0
bakynbTeTa

ITpoTokoin 3acenanus Noe + ot « L% Q¢ 2022r.

[Ipencenarens KOMUCCHHU L
[Tpodeccop kad., a-p 6KOI. HAYK, TOLEHT ~ 772227 M.JL. Kounepa

MOoANHUChH




1. Ilepeyenb COKpallleHMii, HCIIOIb3YeMBIX B TeKCTe pabo4eii
MPOrpaMMbI THCHHUILIMHEBI

- 3.e. — 3a4eTHasl eJUHUIIA

- ®I'T- denepanbHble roCyJapCTBeHHbIE TPeOOBaHUS
- ®OC — poHA O11EHOUHBIX CPE/ICTB

- [Ip — nmpakTu4eckoe 3aHATHE

- JIab — nabopaTtopHoe 3aHATHe

- Jlex — nexkiuu

- CP - camocrosiTenbHas pabora

2. llens u3yueHus JUCIHMIIIMHbBI

JlaTh obydaromumcs yryOieHHble 3HaHUS 110 JUCIUIIIMHe «Maremaruyeckue
M CTAaTUCTHYeCKMe MeTONbl Hay4yHbIX HCCIIeOBaHUM», BHIPabOTaTh yMeHHS
TIepPBUYHON 06PabOTKH MCXOMHBIX JIAHHBIX HeoOXonuMble Uit 060CHOBAHUS BBIBOJIOB
Yl TIPUHSITUS pelleHu .

3. TpeGoBaHus K pe3yJIbTaTaM 0CBOEHHS NUCIUILIMHBI

3HaTh:

-MeTO/IMKY COBPEMEHHBIX CTATHCTUYECKUX MeTO/I0B 06pabOoTKH MeTO/10B
cpeJie mporpaMMypoBanus R

-aKTyaJlbHble CTaTUCTHIECKHe METOMIbI PellleHHs 3a/1a4 B COOTBETCTBYIONIEH
npodecCHoHaIBLHOM 00/1aCTH

Ymersn:

-HCII0/Ib30BaTh TOTOBLIE OUOIMOTEKH U ITMCaTh COOCTBEHHBIN KO 1S
pelleHu s UCCIIeIOBAaTeNIbCKUX M IIPAKTUYECKUX 33/1a4, B TOM YHCIIe B
MEXXIUCIUTUIMHAPHBIX 0071aCTIX

-HCII0JIb30BaTh T'OTOBLIE GUOIMOTEKU U ITHUCATh COOCTBEHHbIM KOJI JITIs
pelleH st KCCIIe[0BaTeIbCKUX M IIPAaKTHYeCKHX 33/1a4, B TOM 4MCTIe B
MEXXIUCIUTUIMHAPHBIX 0671aCTAX

Bnaners:

-IpUEMaMK ¥ MeTollaM1 06paboTKK JAHHBIX C UCIIOIb30BaHHUEM A3bIKa
IporpaMMupoBaHus R

-HaBbIKAMH IIPUKJIQJHOTO IPOrPaMMHUPOBAHUSL JIIsL PeIlleH!s aHaTUTHIeCKHUX
3a7a4

4. O0beM TUCIHHILIMHBI

4.1 OBuiast TPYI0eMKOCTh TUCIMIUIMHBI cocTapiseT: 3 3.e. /108 1.
(13 HUX 27 4. — caMoCTosITe/IbHast paboTa 00yJaoNuXCs).

4.?2. KonTakrHast paboTa BKJIIOYaeT:
- Iekuu: 26 4.
- IIpaKTUYeCKYe 3aHsATH: 28 4.




- MEPOIIPUATHS IPOMEXYTOYHON aTrTecTaluu 27 4.

4.3. ®opma KOHTPOJIS — 3a4eT, SK3aMeH:
- DK3aMeH TPOBOAMTCS - B 6 cemecTpe 3 Kypca.

5. ConepxaHue JUCIHUILIHHBI
5.1. Temaruyeckue paszessl Kypca

Tabmuma 2 — Temaruueckwid maH kypca «Maremarnyeckie W CTaTUCTHYeCKHe
MeTofbl 00pabOTKU Hay4YHBIX UCCIIEOBAHMI»

KonugecTBo 4acoB
KonTakTHas
Ne - pa6oTa Bcero o
n/n 00yJaromuxcs ¢ CP | remam
npemnopaBareyiemM
Jlek [Ip | KP
1 2 3 4 o 6 7
1 Pasnoobpa3ue  mpusHaka. OnucarenbHas 3 2 2 9 9
CTaTHUCTUKA
2 | Bugel pacnipefesneHui a 2 2 2 9
3 OmeHka J[IOCTOBEPHOCTH Pa3IM4YMi Mexny 3 9 9 9 9
BbIOOpKaMu
4 | OneHka B3aMMOCBSI3U MeX]ly ITpU3HaKaMU K] 2 4 2 9
5 | MeTopp! OIIeHKH Ka4eCTBEeHHBIX IIPU3HAKOB ] 2 2 Z o)
6 | 3mayumMocTs rpynnupyomiero paxkropa 3 2 2 2 9
7 | IToHsiTHE O perpeCCUOHHBIX MOZeNISAX 4 2 2 2 10
8 JIuHeMHbIe CMelllaHHbIe MOJIeN TN 4 4 4 4 16
9 | Begenue B s13bIK TpOrpaMMUpoBaHusi R - P 2 2 6
10 | Pa6ora ¢ matrix u data.frame - 4 3 3 10
11 | O6bexTsl ki1acca list - 2 P & 6
12 | Busyanuzauusi JaHHBIX - . 2 2 6
HTOI'O 26 28 27 &l 108
dopMa KOHTPOJISA OK3aMeH

5.2. ConepskaHue JIEKIHOHHOT0 Kypca, TPaKTUYeCKUX 3aHATHH

5.2.1. JIeKIIMOHHBII KypC

Tema 1. PasHoobpa3sue npudHaka. OnucamenbHas Cmamucmukda.

[pynmmpoBKa JaHHbIX. [loKasaTeid OIMCATeNbHOM CTarMCTHKH. Hepapxus
CPeIHMX 3HA4eHMH TpPM XapaKTepPUCTHKe BHIGOPOYHOHM COBOKYIIHOCTH. YCeueHue
IaHHBIX, BEIGpoCHI, MeToy| Thioku. OlleHKa TapaMeTpOB reHepajbHOHM COBOKYIHOCTH
110 ITapaMeTpaM BbIOOPOYHOM COBOKYITHOCTH.

Tema 2. Budsl pacnpedeneHul.
HopmanbHoe (rayccoBckoe) pacrpesiesienve. BuHOMHHAIBPHOE pacrperiesieHne

u pacripefiesienye ITyaccona. DKCIIOHEHIMaIbHOe pacrpesiesieHre. Kpurepun OlleHKH
HOPMAJIbHOCTH pacrpefiesienust (xu-kBajpat, Kommoroposa-CmupHosa, Ilammpo-




Yuinka, AHnepcoHa-/lapiusra).

Tema 3. OueHka docmoBepHocmu paznuyuil mexcdy Bbibopkamu.

Hynesas rumnotesa. [lapameTrpuyeckve M HellapamMeTpuUdecKue KpPUTEPHUH.
Kputepun cparenus (Crbrosienta, ManHa-YutHH, Konmoroposa-CMHpPHOBA, XH-
kBajgpar Ilupcona). IlompaBka Boudeponu. CpaBHeHHMe [BYyX BBIOOPOYHBIX
coBoKymnHoCTed. CpaBHeHHe 0XXHJaeMbIX U SMIMPUYECKUX PAacIpe/iesieHUH U JIByX
OMITUPUYECKUX pacIpeleleHUM.

Tema 4. Memodbt oueHKu KauecmBeHHbIX NPpUu3HaKoo.

[Ipu3Hak¥ C aJbTEPHAaTUBHOM HM3MEHYMBOCTBIO. Bapualus KaiecTBeHHOTO
npusHaka (p, Sp). Kpurepuii Xu-KBajfpaT i IIPU3HAKOB C AaJIbTEPHATHBHON
M3MeHYHBOCTHIO. [TompaBka Herca.

Tema 5. OueHka 63aumocBs3u medcdy Npu3HAKamu.

COnpspKBHHOCTL ~ YaCTOT — AHAJM3UPYeMbIX — IIPU3HAKOB,  KOIGPUIIHEHT
koppessiuu  [Tupcona. Herapamerpudeckde MeTOIbl, KO3(QHUIIMEHT KOppesIsiiH
®exnepa. Koppensius panros, koagpdurmenTtsl Ciupmena u Kenpana.

Tema 6. 3Hauumocmb 2pynnupyrouie2o pakmopd.

JIMCIIepCHOHHBIM aHalu3. BHYTPUIPYIIIIOBAs, MeXIPyIIoBas W obuias
mucniepcuu. OlleHKa pasHOCTH JIMCIepCHy, KpuTepuu baprierra u KoxpeHa.
Kpurepuit Kpackesa-Yomuca.

Tema 7. IloHsimue 0 pe2pecCUOHHbIX MOJENsX.

Bujpl perpeccHMOHHBIX Mojeniedl. [IoCcTpoeHHe ypaBHeHHs MPSIMOJMHEHHOH
perpeccuu. Metozibl 0T60pa IepeMeHHbBIX B PerpecCHOHHbIe MOJIeNIN: MeTO/L IIPAMOT0
or6opa (Forward selection), metos obparHoro uckmodenus (Backward Elimination)
U MeToj nocjefoBarenbHoro orbopa (Stepwise). CpaBHeHMe Mojiesied, KpHTepUn
Axavike u [IIBapna.

Tema 8. JIuHeliHble cMew aHHble Modenu.

Ompenenenve M CTpykTypa Mmonead. Pakropel M KopapuaHTbl Ilon6op
npenukTopo. BLUP, HaciencTBeHHas KoBapHalMOHHas marpuia. Omepanuu c
MaTpUIlaMH. MeTofbl pelleHds CHCTeMbl JIMHeMHBIH ypaBHeHni: meron Iaycca,
Kpamepa ¥ MaTpuuHBIA MeTof. IIpuUMep pellleHMs CHCTeMbl YPaBHEHMH C
MCIIOJIb30BAHMEM OMOIOTHYeCKHX JaHHbIX. PellleHre CHCTeM JIMHeMHBIX ypaBHEHHH C
IIOMOIIBIO CITeIIMAJIbHBIX KOMITBIOTEPHBIX IIPOTPaMM.

5.2.2. [IepeyeHb NPAaKTHYECKHUX 3aHATHI

Tema 1. B6edeHue 6 a3bik npoepammupobarus R.

Kiaccol 06bexToB. Tumnbl gaHHbIX. PyHKIMU. [lakeTel. YCIOBHBIE OlepaTophI.
CopTHpOBKa, paHIOMH3aIysl, IOUCK y6/IMKaTOB 3arucedl B 00beKTax Kiacca vector.

Tema 2. Paboma ¢ matrix u data.frame.

OcoBeHHOCTH COPTHPOBKM M ajpecanuu B matrix u dataframe. VIMnopr u
OKCIOPT JaHHBIX.

Tema 3. O6wekmbt knacca list

OcobeHHocmu adpecayuu. Hpeo6pa3o6aHue 6 obwsekmbl Kaacca vector u
data.frame.

Tema 4. Busyanuzayust OaHHbIX.

BasoBble MHCTPyMeHTH Busyammsanuu: hist, plot, barplot, qgplot, boxplot.
IIponBuHYyTas BU3yanu3aiys, rpadpudeckue Gubnrorexu ggplot2 u car




Tema 5. Pacuém onucamenvHoli cmamucmuku 6 s3bike npoepammupobaqus R.
JlocmoBeprocmb paznuyuti medxcdy Gblbopkamu.

dyHKIMM pacyera MOKa3aTejieil OMKCATelbHOM CTaTUCTUKM, summary. [Taker
psych, ¢ynkuus describe. Kputepuu nocroseprHocr. Ilaker dplyr.

Tema 6. AHanu3 pacnpedeneHust NpU3HAKd.

@ynkrmuu  pacnpenenenus. CpaBHeHHe (GaKTHYECKOIO pacrpejielieHue  C
HopMaJsbHBIM. [lakeT nortest.

Tema 7. OueHka c6s3u Mmedxcdy -npusHakamu. BausHue epynnupyrowe2o
¢axmopa.

®ymnxkius cor, cor.test, corrsign. @yukuuu aov, kruskal-test.

Tema 8. JIuHeliHble u HenuHeliHble modenu 6 R.

Crpykrypa monenu. OneHka KadecTBa mMozend. IIonck onruMabHON MOJIeNH,
kputeprn Akauvke u I1IBapiia, MeToz anova.

Tema 9. PeweHue cucmem auHeliHbIX ypabHeHull.

Omeparui ¢ MaTpUIiaMu. MeTozibl pellleHHs CUCTeMbI JIMHeMHbIM ypaBHeHUH:
meton [aycca, Kpamepa u ™arpuunbli Metof. IIpvmep pelieHHss CHCTEMBI
ypaBHEHHIA C KCITOJIb30BaHHEeM OHOJIOTMYeCKHUX JaHHbIX. Perlenre cucTeM JIMHEHHBIX
ypaBHEHHUH C IOMOIIIBIO CIIeIMaIbHbIX KOMIIbIOTEPHBIX IIPOIPaMM.

6. PecypcHoe obecrieyeHue.

Kadenpa BeTepuHapHON I'eHETHKM M OMOTEXHOJIOIMM pacIiojiaraeT KaJIpOBbIMU
pecypcamu, TapaHTHPYIOMIMMH KayeCTBO IIOAIOTOBKM acCIMpaHTa IO JHCHHUIUIMHE
«Maremarudeckye ¥ CTaTUCTHYECKHE MeToJbl 00pabOTKU HayYHBIX HCCIIeI0BaHHI»
B coorBeTcTBHH C PI'T.

7. MarepuaJIbHO-TEXHUYECKoe o0ecriedeHre QUCIIHILTHHBI
,HJISI BBeleHUA 3aHATUU 110 JUCLUAIINHE «MaremaTuueckye ¥ CTaTUCTAYeCKHe
MeTO/IbI 06pa6OTKI/I Hay9HbIX HCCHEHOB&HHP'I)) HUCIIOJIb3YKOTC PpasjIndHble BHJIbI
o6pa3013aTeanbe TEXHOJIOFHfl, KOTOpbIe InpegyCcMaTpyBarOT HCIIOJIb30BAHHKE
MaTepHaJIbHO-TeXHUYeCKOI'o o6opy11013aHm[. HpI/I 3TOM MaTepHaJIbHO-TeXHHWYIeCKOoe
obecrieyeHue OUCILIUIUINHBI BKJIFO4YAeT.

Tao6nuua 3

HauMenoBaHue crenjiaJbHbIX

Ne 2 = OcHaNEeHHOCTh ClelHaJIbHbIX IOMeIlleHUH U
= IOMeIIeHHH U IIOMeIlleHUH I

MIOMellleHHH VISl CaMOCTOSITeTbHOM paboThl

n/m CaMOCTOSITeIbHOM paboThI
KoMIIbIoTepHbI# KJ1acC: ayAuToOpHsl 71 JJabopaToOpHBIX,
3aHATHS JIEKIIMOHHOTO THUIIa ¥ B
u NPaKTHYeCKUX 3aHSATHH, CAMOCTOSATEeNIbHOM PaboTEL,
Ls MIPOBOJISATCS B JIEKITMOHHON

JUIUIOMHOTO M KypcoBoro npoektupoBanus [10

ByAuoprt M HiK 502 (BBITIOJTHEHHMSI KYPCOBBIX pabor)

KoMIbIoTepHbIi K1acc: ayAuTOpus s 1Tab0paTOpHBIX,
TIPaKTUYeCKUX 3aHSTHI, CAMOCTOSTeIbHOM PaboThl,
JMIIOMHOTO ¥ KypcoBoro npoektrpoBanus 110
(BBINIOJIHEHMS] KYPCOBBIX paboT)

[TpakTHUyeckue 3aHATUS
% nposoasTcs B aynutopun Ne HK
302




KommbroTepHbIi K1acc: ayAUuTOpHs [yisl 1abOpaTOPHBbIX,
MPAKTUYECKHUX 3aHSATHUM, CAMOCTOSATEIIbHON paboThl,
JIMIUIOMHOTO ¥ KypcoBoro npoektupoBanus 110
(BBITIOJTHEHHSsI KYPCOBBIX paboT)

[Tomermenue ams
3. | camocrositenbHOM paborel Ne HK
302

8. [IlepeyeHbr OCHOBHOH ¥ /JONOJIHUTeJIbHOH  Yy4eOHOM
JINTePaTyphl, HEOOXOMMMOH /Isi OCBOEHHMSI JAUCHUILIMHBI: «2.1.5
MareMaTru4eCcKHe W CTAaTHCTHYeCKHe MeToObl 00pPa0d0TKH HAy4YHBIX
HCCJIeIOBAHHI»

8.1. Crincox 0CHOBHOM JIMTepaTypHhl

1. ®enotonra, E. JI. UHdopMaiMoHHbIe TeXHOJIOTUA B HayKe U 0Opa30BaHUH :
YuebHoe mocobue / E.JI. ®emorosa, A.A. PemoroB. — MockBa : ®POPYM :
HUH®PA-M, 2021. — 335 c. — (Briciree o6pasoBanue). - ISBN 978-5-8199-0884-6.
Texcr : anexrponssIit. - URL: https://znanium.com/catalog/product/1588599

/2. Kamangunos, E.B. Mertoabsl 06paboTKy SKCIIepUMeHTANIbHbIX [JaHHBIX H
MaTeMaTUIeCcKOTo MOJIeJIMpOBaHMs IPOLeCCOB: y4eOHOe mocobue, 3-e u3f., HIOIL/
coct.: E.B. Kamanguuos, C.I. Kynukosa, M.JI. Kounesa; HOI}Q@H@NEOC arpap. yH-T.
— HoBocubupck, 2021. — 158 c. [3nexTpoHHBIN pecypc OF 'j,r].o CDI‘BOY BO
«HTAY»] A

V1. AbpamsH, M.D. HUHCTpyMeHTH U \paz aneKTpOHHbIX
06pa3oBaTe/IbHBIX PECYpPCOB IO KOMITHIOTEPHKIM HayKaM:. 2. Qiior‘pad)m LM
AbpamsH ; FOxHbIN denepanbHbIA YHUBEPCUTET. — PocToB- HH‘ﬂOHy Taranpor :
UsnarenscrBo KOxHoro dpegepansHoro yuuBepcutera, 2018. — 260 c.- ISBN 978-5-
9275-2785-4. - Tekct : onekrpounbii. - URL: https:/znanium.com/catalog/
product/1039686

2, Memankux, B. II. OcHoBbl MHpOpPMaTH3allM¥d M MaTeMaTH4ecKoro
MOJIe/IMPOBaHMs SKOJIOTHYECKUX CHUCTeM : yuebHoe 1mocobue / B. I1. Memankun, O.
B. Byrycos, A. I. T'mayk. — Mocksa : UH®PA-M, 2020. — 357 c. — (Briciiee
obpasoBanue). - ISBN 978-5-16-009747-3. - Tekcr : amexrponsbid. - URL:
https://znanium.com/catalog/product/1111403

J 4 Hanss, 3. I. Merongsl, MOJEIH, CpeJCTBA XpaHeHUs W 00paboTKu
naHHbIX ; yaebuuk / O.I. dansH, FO.A. 3enenkoB. — Mocksa : By3oBckuii y4eOHHK :
UH®PA-M, 2018. — 168 c. - ISBN 978-5-9558-0490-3. - Tekcr : 3jIeKTPOHHBIH. -

URL: https://znanium.comv/catalog/product/1834412

9. IlepeueHn pecypcoB UH$OpPMaIIOHHO-
TeJIeKOMMYHHKAI[HOHHON CeTH «HHTepHeT», He00XOMMMBIX ISt
0CBOEHUS TUCITUILIHHBI )

Ta6mura 4 — Ilepeyenb MHPOPMALIMOHHBIX PECYPCOB

Ne | HaumeHoBaHue Anpec
n/n
- | Kamanguuos E.B. Ucnons3oBanue R | http://www.rbiostats.blogspot.ru




JUIs 06pabOTKM 3KCIIepUMeHTaJIbHbIX
IAHHBIX

The R Development Core Team. The
R Journal

project.org/doc/Rnews/bib/Rnewsbib.html

['padryeckuil MeToz pellleHHs 3a1a4
JIMHEHHOT0 ITPOrpaMMHUPOBaHHUS

http://ru.wikipedia.org/wiki/I"'paduueckuii _MeTos,

peleHus 3aJa4dy JIMHEeMHOTO NpPOrpaMMHPOBaHU
q

Bsanwili M.H. JIuHeliHble HepaBeHcmBa
U KOMbUHAMOPUKA.

Ettp://www.mccme.ru/dubna/2001 /material/vyalyi.

pdf

Meton Cumriiexc.

http://ru.wikipedia.org/wiki/Cumriiiekc-MeTos

10. ITepeyens TUIEH3HOHHOTO IIPOrPAaMMHOI0 00eCIedeHus:
Tabnuma 5 — [TepeveHnb JUIEH3MOHHOTO IPOTPAMMHOI0 06eCedeHus

Ne HaumeHoBaHue Tun MuIeH3un Wi HoMep
n/n JIMLEH3UU

1 Bpaysep MozillaFireFox CB0OOHO-pacpocTpaHsemMas
2 Rstudio CBob60o1HO-pacrpocTpaHsieMast
X R forWindows CBobO0IHO-pacnpocTpaHsemast
4 Zotero CBobOoHO-pacnpocTpaHsemast
5 Mendeley CBobogHO-pacnpocTpaHsemast
9 LibreOffice CBobOOIHO-pacnpocTpaHsemas
10 | OpenOffice CBobOoOHO-pacpocTpaHsiemas

11. OrenouHsbIe cpencTBa

O1neHOYHBIE CPeJICTBA MpeficTaBieHbl B [Ipunoxenwue 1.




