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PABOYASA NPOrPAMMA YYEEHOW OAUCLUMUNINHbBI

51.B.[1B.01.02 NMporpaMmmupoBaHue Ha a3bike R

1. Koa u» HaumeHoBaHue HanpaBneHus noarotoBku: 01.04.04 MNMpuknagHas maTemaTuka

2. I'Ipoctwmb noaAroToBKU: anMeHeHI/Ie MaTeMaTn4eCKnxX MeTooB K peLleHUN NHXEeHEePHbIX
N 3KOHOMUNYECKNX 3agau

3. KBanudwmkauumsa BbinyckHuka: MarmucTp

4. dopma o6y4eHus: OyHas

5. Kacheppa, oTBevarLwasn 3a peanmsaumo QUCLUNIIUHBI:

Kadhenopa matemaTmyeckoro mogenmpoBaHuma

6. CocTaBuTenb nporpammsbl: Cyxoyesa Jliogmuna MiBaHoBHA, K.dp.-M.H., CT.H.C.

7. PekomeHpoBaHa: Hay4HO-MeTOAMYECKMM COBETOM MartemaTtmdeckoro dakynbTeTa,
npoTtokon Ne 0500-06 ot 25.05.2023

8. YuebOHbIn roa: 2023/2024 CemecTp: 2



9.lenun n 3apgayum y4e6HON ANCLUNIIUHDbI

Llensmu oceoeHusi yuebHOU QucyurniuHbl 18115H0MCH:

- (bopmmpoBaHme cncTtemaTU3NpPOBaHHbIX 3HAHUIN YMEHWIA U HaBbIKOB B 06nacTu
nporpaMmMmMpoBaHus;

- O3HAKOMIEHME C NPUHUMNaMKN paboTbl COBPEMEHHbIX A3bIKOB MPOrpaMMmMpoBaHns Ha
npumepe 4a3blka R, co cdepamn NpUMEHEHUs), C XapaKTepHbIMM OCOBEHHOCTAMU U
BO3MOXXHOCTSAMMW.

3adayu y4ebHoU OucyunuHbI:

- JaTb OCHOBbI fA3blka R: M3y4nTb CUHTaAKCUC S3blka, HAOOp KOMaHA, BO3MOXXHOCTM
BM3yanu3aunnm, WHTEpPgENCbl U WHTEPAKTUBHbIE WHCTPYMEHTbI HaBurauuu, onumm ang
MaLUMHHOro oby4veHuns n rmybokoro aHanmaa bonbwmnx [aHHbIX;

- NokasaTb npeumMyLlecTBa A3blka R B obnactn o6paboTkm n aHanmnsa ctaTMCTUYECKNX
[AaHHbIX N MPOrHO3MPOBaHUSA BPEMEHHbIX PAOOB;

- MPOBECTN CpaBHUTENbHbLIA aHanu3 c APYrMMU MHCTPyMeHTamu Ans paboTel C
AaHHbIMW;

- pa3BMBaTb anropUTMNYECKOE MbILLSIEHNE.

10. MecTo y4yebHOM AncuMNNUHbLI B cTpyKType OMOI:

YyebHas gucuunnuHa b1.B.[B.01.02[MporpammunpoBaHne Ha A3blke R OTHOCUTCA K
yactn obpasoBaTenbHOW MnporpammMbl, QOPMUPYEMON y4dacTHMKaMM obpasoBaTeSibHbIX
OTHOLLEHUI N aBNFeTCa gucumnnmHon no Belbopy bnoka 1.

Mpn  u3ydeHnn gucumnauMHbl  obyvawwmecs  OOSMKHbI  BriageTb  OCHOBaMu
nNporpaMMnpoOBaHUs, 3HaTb OCHOBHbIE MOSIOXEHUS TEOPUN BEPOSATHOCTEN, UMETb HaBbIKM
00paboTkn CTaTUCTUYECKUX [aHHbIX, B TOM 4uCfe, MNPUMEHEHUS PErPECCUOHHOIO W
ANCNEePCUOHHOIo aHanusa.

MpuobpeTeHHble B pesynbTaTe U3yyYeHUs OUCUMUNAWHBI 3HAHUS, YMEHUS U HaBbIKN
MOryT 6bITb MUCMONb30BaHbl NPU NPOLOIMKEHMM 0Opas3oBaHWA M B JarnbHeunwen TpyaoBOw
AEeATENbHOCTU BbIMYyCKHUKOB.

11. MnaHupyemble pe3ynbTaTbl 00y4YeHUA NOo gucuMnInHe/Mmoaynio (3HaHWUA, YyMeHuUs,
HaBbIKW), COOTHECEHHbIe c nnaHupyemMbiMm pe3ynbTtatamu OCBOEHMA
obpa3oBaTesibHOM NporpamMmmbl (KOMNETEHUUAMMU) U UHAUKATOPaAMMN UX JOCTUKEHUSA .

Kog HassaHue Koa(bl) WHamnkaTtop(bl) MnaHnpyemble pesynbTaThbl
KOMMeTeHL MK 06yyeHus

MK-2 | CnocobeH MK-2.1 | 3HaeT meToabl U cpeacTea | 3HaTh: MeToabl 7] cpencTtea
pYyKOBOAMUTb pa3paboTku pa3paboTku nporpaMMHoro
npoeKkTamm no nporpamMmmHoro obecneyeHus;
co3faHuio n obecneyeHus YMeTb: NpUHMMaTh ynpaBreH4Yeckue
aKcnryaTauum MK-2.3 | Bnageet MeTodamu | peleHns  U“  oueHmBaTb  PUCKU
nporpaMmMHoro peLueHuns npuknagHblX | MPOEKTOB;
obecnevyeHns ans 3agay, ucnonb3ys | Bnapetb:  HaBbikamMu  pelleHus
peLueHus COBpeMeHHoe npuknagHbIX  3aja4y,  UCnonb3y4d
WHXEHEePHbIX n nporpaMmHoe COBPEMEHHOe npuknagHoe
npvKnNagHbIX 3agad obecneyeHne nporpamMmmHoe obecnedeHue.

12. O6bemM AMcUMNUHbI B 3a4eTHbIX eAuHULAx/4acax B COOTBETCTBUU C YYEOHbIM
nnaHom — 2/72.

dopma NpomMeXyTO4YHOMW aTTecTauum - 3a4eT
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13. TpyaoeMkocTb No BMaAam y4yebHon paboTbl

TpyaoemMKocTb
Bug yyebHor paboTbl Bcero [o cemecTpam
2 cemecTp

AyOUTOpHbIE 3aHATUS 28 28

nekumn 14 14
B TOM 4mChe: npakTnyeckme - -
naboparopHble 14 14

CamocTonaTensHas pabora 44 44
B TOM 4mncne: kypcosasi pabota (npoekT) - -
dopma NpomexXyTo4YHOWN aTTecTauumn 3auem - -

WToro: 72 72

13.1. CopgepxaHue gUCUMNIINHDbI

n/n Peanusauus
pasgena
HanmeHoBaHune pasgena ANCUUNITINHBI C
AMCLIANIAHL CopepxaHve pasgena AMCUnninHbI MOMOLLIBHO
OHMawnH-Kypca,
JYMK *
1. Nlekuum

11 UcTopua asbika R. WcTopusa asblka R 1 ero mecto cpeaum apyrux -
KoHuenumsa pabotel ¢ R. | cpeacTte obecneveHnst npakTuyeckom

aeatenbHocTn. Cepbl NPUMEHEHNS,
XapakTtepHble ocobeHHOCTU. R Kak cpefa
nNporpaMMMpoOBaHns ANsi aHanu3a AaHHbIX.

1.2 BeegeHue u O60no4kM 1 cpeabl NporpamMmmMmMpoBaHMs, -
npegBapuTesnbHble nogaepxusatowwme R. MNMaketbl (komaHaa
3ameyaHus library),R- Studio. KomaHgbl R, yueT perucrtpa,

MOBTOP W KOPPEKLUMSA NpeablayLLMX KOMaHg,
COXpaHeHue OaHHbIX U yaaneHne o6bLEKTOB.
Onepatop npucBamBaHusa «c()».

1.3 CTpyKTypa AaHHbIX. Onepaunn Ha BeKkTopax: apudmeTnyeckmne -
Yucna v BeKTopbl. onepartopbl:+, -, *, / n*); apncdmeTnyeckne
BekTopHaga apudpmeTuka. | dpyHkumm:log, exp, sin, cos, tan, sgrtmaxumin,

range, length, sum, prod;ctatuctnyeckue
dyHKUMK: mean u var, se(q — reHepaums
nocnegoBaTenbHOCTEN.

Jlornyeckue BekTopbl. BekTOpbl CUMBOIIOB.
BekTopbl MHAEKCOB.

1.4 OBbeKTbl X PEXUMbI U MonsaTne obbekTa (list), PYHKUMM N BblpaXeHUS. -
aTpmnbyTbl. MaccuBbl 1 lMony4yeHue n yctaHoBKa aTpmbyTOB.

MaTpuubl. Maccusbl (array). PyHkuua array().ApucdmeTturka
Cnuncku n cpenmbl Maccusa. NpaBuno peuunpkynaumm. MaTpudHble
AaHHbIX. NHCTPYMEHTBI.

CospgaHuve 1 paboTbl ¢ permamMun JaHHbIX.

1.5 R, kak psg WccnepoBaHne pacnpegeneHna Habopa gaHHbIX. -
cTaTucTudeckmx Tabnuy. | MNerorpamma, PYyHKUNS pacnpegenenus,
Mpadunyeckue CpaBHeHWe C HopMaribHbIM pacnpegeneHnem.
npouenypobl. ®dyHkumsa  plot(). OTobpaxeHne MHOrOMepHbIX

OaHHbIX. BekTopHble WpndTHI XepLum
WHTepakTMBHaga rpaduka. pacpnueckme
anemeHTbl.Ocn 1 meTku. Nonsg pucyHka.
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1.6 CraTtuctumyeckune mogenu | OnpegeneHue CTaTUCTUYECKNX Mogenen, -
B R. MakeTbl Ans dopmynbl. JIMHeNHble Mogenu. OucnepcUoHHbLIN
aHanmsa BpPeMEHHbIX aHanu3 un cpaBHeHue moaenun. Tadnuusl ANOVA.
pPSO0B. HenvHenHble HaMMeHbLUWe KBagpaTbl U MoAenu

HanbonbLUero npasgonogobus. OnucaHne
nakeToB, NCNONb3yeMblX 15 aHanu3a BpeMeHHbIX
pagoB. HenuHenHbIn aHanm3 BpeMeHHbIX PSAoB.

17 O630p Bo3moxHoCcTEN R | BoamMoxHOCTM R B nmoucke u aHanuade 60nbLumx -
B obnactn obyyeHns 06bemMoB MHOPMaLMK, HEKNACCUYeCcKne MeToabl
HenpoceTen, MalMHHOIO | ONTUMKU3aunm, oby4eHne HerlpoceTen.
o0yyeHunst n aHanusa
Bonbwnx [JaHHbIX.

2. JllabopaTopHble 3aHATUSA

11 BeeneHue u 3arpyska 6asoBou BEpCUM A3blKa -
npeaBapuTenbHble nporpaMmMmupoBaHns R 1 WMHCTpykuMmM no ee
3amMeyaHusi. YCTaHoBKa ycTaHoBke, Harpumep ¢ CRAN — Comprehensive
©as3oBou Bepcum R, R Archive Network a Takke RStudio wu
RStudio. BCMomoraTtenbHblx  naketoB(>  library(boot)).

[Nony4eHne cnpaBkm N0 PYHKUMSAM 1 cpedam.

1.2 OcHoBbl HanucaHua Onepatop npuceanBaHus. MpocTble -
kogos B R. CTpykTypa MaHunynauun. Peanmsauma Ha R BEKTOPHbIX
OaHHbIX. BekTopHas ornepauun.
apumeTmka.

1.3 O6bekTbl. MaccuBbl 1 O6bekThi(list) B R. Pabora ¢ matpuuamum wn -
MaTpuubl. MaccuBamu. PelleHune nMHenHbIX ypaBHEHWHN,

Cnucku n dopenmbi >solve(A,b), HaxoxgeHne COBCTBEHHbIX 3HAYEHUI
OaHHbIX. N  COBCTBEHHbIX BEKTOPOB  (dhyHKUMsieigen).
CospgaHue 1 pabota ¢ (pperimamu gaHHbIX.

14 R, kak psg Habop ctatucTnyeckmx tabnuu,. -
cratucTudeckmnx Tabnuu. | PyHkuma plot().icnonb3oBaHne KomaHg
"padburueckme pucoBaHus 'padmyecknin BbiBog Mcnonb3oBaHue
npouenypobl. napameTpoB 41151 BbICOKOYPOBHEBbLIX

rpagomyecknx yHKLUM U HU3KOYPOBHEBLIX
KOmaHpg pucoBaHus Peanunsaunsa MHTEpakTUBHON
rpacpmkm

15 Cratuctnyeckne mogenu | NogroHka CTaTMCTUYECKUX MOAENEN.

BR Onepatop ~. ®yHkumm Im() n summary().
lMocTpoeHne napHOWN SIMHENHON PErpPecCUOHHON
MOZENW NO 3a4aHHbIM BEKTOPaM BbIOOPOYHbIX
OaHHbIX. lNpoBepka ee kavyecTBa, aHanu3
pacnpegeneHnsa octaTkoB. [locTpoeHmne
rpadomKoB.

1.6 Cratuctnyeckne mogenn | Mogenb MHOXECTBEHHOWN NIMHENHOW perpeccum
BR MeTog HaumeHbLINX KBaapaToB [ocTpoeHne

NMHENHON MOAENN MHOXECTBEHHOW perpeccum no
3agaHHbIM BEKTOPaM BbIGOPOUYHbLIX JAHHbIX.
lMpoBepka ee kayecTBa, aHaNU3 pacnpegeneHus
ocTaTkoB. [locTpoeHune rpadmKoB.
1.7 KoHTponbHasa paboTa BbinonHeHne nHameuayanbHbIX 3a4aHUNn.
13.2. Tembl (pasgenbl) AUCLUMNNUHBI U BUAbI 3aHATUN
Bugbl 3aHaTU (KONTM4ECTBO YacoB)
Ne HanmeHoBaHue Tembl (pasgena) ANCUUNInHGI Mpaktn | Jlabopa- Camocros-
n/n JNekuyumn TenbHas Bcero
-4eCKne | TopHble
paboTta
1.1 | Nctopus asbika R. KoHuenums paboTbl ¢ R. 2 - - 2 4



http://cran.r-project.org/

1.2 | BeegeHve v npegBapuyTernbHble 3aMeyaHus. 2 - 2 6 10

1.3 | CTpyKkTypa AaHHbIX. Ynucna n BekTopsl.
BekTopHag apudpmeTuka.

1.4 | O6beKTbl X pexnmbl 1 aTpnbyTbl. MaccuBbl
N MaTpuubl. 2 - 2 6 10
Cnnckn n penmbl JaHHbIX.

1.5 | R, KaK psiA cTaTUCTUYECKUX TabnuL,.

2 - 2 6 10

['padomyeckne npoueanypobl.

1.6 | Ctatuctmndeckne mopgenu B R. MakeTbl anga 5 i 4 8 14
aHanmsa BpeMEHHbIX psaoB.
O630p Bo3MOXHOCTEN R B obnactu

1.7 | oby4yeHuns HerpoceTeN, MaLLNHHOIO 2 - - 6 8
00y4yeHunst n aHanmsa bonblwimx JaHHbIX.

1.8 | KoHTponbHas paboTta - - 2 4 6
Ntoro 14 - 14 44 72

14. MeToan4yeckue ykasaHus ansa oby4yaroLwmxcsi N0 0OCBOEHUIO AUCLIUMNIIUHDbI

YyebHaga ancuunnunHa MNporpammmnpoBaHmne Ha s3blke RBKNOYaeT B ceba KOMMMIEKCHYHO
MEeTOLO0MOrM CTaTUCTMYECKOTO aHanMsa, MogenmpoBaHnsa u nporpammmupoBaHms. OgHon us
ocobeHHoCTeN y4ebHOM ANCUNNINHBI SBRSETCS WMpokas npeamMmeTHas ob6r1acTb 0XBa4eHHOMo
mMaTepuana CcoO CBf3bl0 M3naraemblx pasgenoB Mexagy cobon. Otctoga BbiTekaet
HeobXo4MMOCTb pPerynsipHoOro NOCeLLeHUs ayauTOPHbIX 3aHATUIN 1 CaMOCTOATENBHOM paboThl.

AyouTtopHaa paboTa npegycmaTpuBaeT neKuuMnM MO KAYeBbIM M NPOGREMHbIM
BOMpoOCcaM OUCUMMAWHBI U NpoBedeHne nabopaTopHbIX 3aHATUM C LEeNbl 3akpenneHus
TeopeTudecknx 3HaHun. CamocToaTenbHas paboTa obyyawowmxcsa HanpasnieHa Ha
(POpMMpPOBaHNE HaBbLIKOB MPOrpaMMUPOBaHUS U WUX WUCNOMb30BaHMA AONS  pelleHus
aKkTyanbHbIX NPUKNagHbiXx 3agady. MopgenbHble nNpuMepbl, UNMACTPUPYIOWNE NPUMEHEHNE
OCHOBHbIX KOHUENUWin nNporpamMmMHbIX cpeacts R, obecneuynsaloT popmmpoBaHMe HaBbLIKOB
nporpaMmMupoBaHMsi Ha R 1 SABMASKOTCA OCHOBOW [Af1I1 CaMOCTOSTENbHOrO BbINONIHEHNS
nabopaTtopHbIX paboT.

[na ycnewHoro OCBOEHUSI AUCLMMNIIMHbI PEKOMEHAYETCA BHUMATENbHOE W3yyYeHue
KOHCNEKTOB JeKuuin, maTepuanoB nabopaTopHbIX 3aHATUW, paboTa C OCHOBHOM W
AONONHUTENbHON  NuTepatypoi. [lonHOUEHHOe  BOCNPUATME  OCHOBHbBIX  KOHLENUUN
AUCUMNNUHBI  npegnonaraet Hanuume 6as3oBblX 3HAHWA  TeopuuM BEPOSATHOCTEN U
MaTeMaTU4YeCKON CTaTUCTUKN.

Bonpocbkl NeKUMoHHbIX 1 NabopaTopHbIX 3aHATUI 0BCYXXOAlTCA Ha 3aHATUSX B BUAE
YCTHOro ornpoca — uHaMBMAyanbHOro n poHTanbHoro. MNMpu NOAroTOBKE K NEKUMOHHbLIM U
nabopaTtopHbIM 3aHATMSM O00y4YalLWMMCA BaXHO MOMHWUTb, YTO UX 3adaya, oTBevyasd Ha
OCHOBHbIE BOMPOCHI NnaHa 3aHATUS 1 LONONHUTENbHbIE BOMPOCHI NpenofaBaTens, nokasaTb
CBOW 3HAHWUS U KPYro3op, YMeHWEe formMyeckn NocTpouTb OTBET, BrageHue MatemMaTnyeckum
annapatoMm W  WHble  KOMMYHMKaATUBHblE  HaBblkM, YMEHWe OTCTamBaTb  CBOIO
npodeccuoHanbHyo nosuumio. B xoge ycTHOro onpoca BbISBNAKOTCA AeTanu, KoTopble Mo
KakMM-TO NpUYMHamMm okasanmncb He4OCTAaTOYHO OCMbICIIEHHBIMU CTYAEHTaMn B XoAe y4eOHbIX
3aHATM. TeM cambiM OMNpPOC BbLINOMHAET BaXHenwune obyyaroLllyo, pasBUBAIOLLYD U
KOPPEKTUPYHLLY byHKUMN, NO3BONSIET CTyAEeHTaM y4eCTb HegopaboTkm 1 n3bexaTtb Ux npu
NOAroTOBKE K MPOMEXYTOYHbIM aTTecTaumsim.

Bce BbinonHsaemble CTyAeHTaMn CaMoCTOATENBHO 3a4aHNs (BbINONTHEHWE KOHTPOSbHbIX
n nabopatopHbIx paboT) nognexart nocneayoLlen Nnposepke npenogasartenemM. PesynbTaTthl
TEeKyWMX aTTecTtaumi y4uTbiBalOTCA npenogaBaTenemM npu npoBeAeHMUM NPOMEXYTOYHON
aTTectauumu.
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15. lNepeyeHb OCHOBHOM W [AOONOJSIHUTENILHOW INUTepaTypbl, PEeCypCOB MWHTEpPHeT,
HeoOXOAUMbLIX AN OCBOEHUA AUCUUNINWHbI  (Crucok numepamypsl  OopMisemcs 6
coomeemcmeuu ¢ mpebosaHusmu [TOCT u ucnionb3yemcsi obwasi CKeo3Has Hymepauusi Onsi ecex
8UA08UCMOYHUKOS)

a) oCHOBHas nuTepartypa:

Nen/n McTouHUMK

lnomHukoe A. H. SnemeHmapHasi meopus aHasu3a u cmamucmu4yeckKoe
MoOeriupogaHue spemMeHHbIX pssdos. YyebHoe nocobue. — Cl16.:M130amernbcmeo
1. «JlaHby, 2015. — 224 c.: un. — (Y4ebHuku 0ns sy308. CrieyuarnbHas
numepamypa)

Pexum goctyna: http://e.lanbook.com/view/book/65051/

CeewHukos A. A. lNpuknadHblie MemoObl meopuu eeposimHocmeu: Y4ebHukK /
100 ped. O. U. 3atua. — CIl16.: Us0amenbcmeo «JlaHb», 2012. — 480 c.: un. —
(YuebHuku 0ns 8y3os.CrieyuarnbHas iumepamypa)

Pexum goctyna: http://e.lanbook.com/view/book/3184/

The R Project for Statistical Computing [Cadm] //URL.: http://www.r-

project.org/

0) pononHuTenbHas nuTeparTypa:

Nen/n McTouHUK

byxoseu, A.I. Cmamucmuyeckul aHanu3 0aHHbIX 8 cucmeme R: YuebHoe
nocobue / A.I". byxoeeu, I.B. Mockanes, boezamosa, T.5., buptoyuHckas; 100
ped. A.l". byxoseu. —BopoHex: BIAY, 2010. — 124 c. Pexxum docmyna:
https://gis-lab.info/docs/books/moskalev2010_statistical analysis with_r.pdf

B) MHPOpPMaLMOHHbIE INIeKTPOHHO-00pa3oBaTesibHbIe pecypchl (ouumanbHble pecypcbl UHTEPHET)*:
Nen/n Pecypc
3AnekmpoHHbIU kamasoe HayuyHou 6ubnuomeku BopoHexckoeo

4 2ocydapcmeeHHo20 yHugsepcumema. — (http // www.lib.vsu.ru/)
5 AnekmpoHHO-bubniuomeyHas cucmema «M3damenbcmea JlaHb». —
" | (https://e.lanbook.com/)
6 AnekmpoHHo-bubnuomeyHas cucmema "KoHcynbmaHm cmydeHma". —

(http://www.studentlibrary.ru/
7. | OgpuyuansHbIl catim mexmama MI'Y http://www.math.msu.ru

16. MNepeyeHb y4yeOHO-meTOAMYECKOrO obecneyeHMa AnNsi CaMOCTOATENbLHOU pPaboThbl
(y4ebHo-memodudeckue pexkomeHOayuu, nocobus, 3adadyHuku, MemoluqecKue yKa3aHusi MO 6bIMOTHEHUI
npakmu4eckux (KOHMPOIbHbIX), Kypcosbix pabom u 0p.)

Nen/n N CTOYHMK

Cupoma A.A., MumpogpaHosa E.1O., [proyeHko M.A. Npakmukym ro Kypcy
"ModenuposaHue cucmem" y4ebHo-memodu4yeckoe rocobue Ons ey3oe Y.
1,2/ A.A. Cupoma, E.KO. MumpocgpaHosa , M.A. [prouyeHko.— BopoHex:UTlL|
Blr'y, 2013 [3nekmpoHHbIl pecypc] .

17. OOpasoBaTenbHble TEeXHONIOrMKU, UCNoONb3yeMblie MpPU peanusauum y4ebHOMN
OUCLUMNINHBLI, BKIOYaA [AOUCTaAaHUUOHHble obpa3soBaTesnibHble TexHonoruu (AOT),
3neKTpoHHoe obyyeHue (D0), cmewaHHoOe obGy4eHune):

OCHOBHbIMM hopMamMKn ayAMTOPHbIX 3aHSATUA NPU U3YYEeHUUM OUCLMMIUHBI SBNSATCA
nekumm n nabopaTtopHble 3aHATUS. B ocHOBY mMeToaonornv obydeHus AaHHOW AMCUMNnHe
LilenecoobpasHo NonoXuTb, 0bpasoBaTenbHble TEXHONOMN, NpegycMaTpmBatoLne akTUBHOE


http://www.lib.vsu.ru/)
https://e.lanbook.com/
http://www.studentlibrary.ru/
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yyactne obydawowmxca B cbope M aHanuse martepumanoB MNo AUCUUNIIMHE M B3aMMHOE
oboralleHne nony4eHHon nHdopMaLumen.

Mpn peanunsauum gUCUUNIIMHBLI MOTYT NPOBOAMTLCA Pa3nnyHble TUMbl NeKUMi (BBogHaS,
o630pHasn, npobnemHas, u T.4.). CoaepXaHuve neKkuun OOSMKHO OTBeYaTb CriegytoLwmm
ANOAKTUYECKUM TpeboBaHUAM:

— M3MoXeHne maTepuana oT NPOCTOro K CIIOXXHOMY, OT N3BECTHOIO K HEM3BECTHOMY;

— JOMMYHOCTb, YETKOCTb U ICHOCTb B U3IOXEHUN MaTepuana;

— BO3MOXHOCTb MPOBNEMHOro U3NoXeHWs, OUCKYCCUK, anarora C Lenbio akTuemnsaumm
AeATenbHOCTM 0ByYatoLmnXCs;

— onopa CMbICIIOBOW 4acTW NeKuuMnM Ha NOANUHHbIE hakTbl, COObITUSA, ABNEHUS,
CTaTUCTUYECKME AAHHbIE;

— TeCHasi CBsI3b TEOPETUYECKUX MOSIOXKEHWUA N BbIBOAOB C NpakTUKOM u Byayuwien
npodeccnoHanbHoOM AeATENbHOCTLIO 0By4YatoLLNXCS.

18. MaTepumanbHO-TEXHUYECKOE obecneyeHne AUCLUUNIUHDI:

KoMnbloTEpPHBIM  KNacc:  crneunanuaumpoBaHHast Mebenb, MapkepHasi [ocka,
nepcoHanbHble€ KOMMNbIOTEPHI.

lMepeyveHb Heobxoammoro nporpammHoro obecneveHna: Ubuntu (6ecnnatHoe w/unu
csobogHoe [0, nuueHsus:https://ubuntu.com/download/desktop); VisualStudioCommunity
(6ecnnatHoe n/vnn cBobogHoe Mno, nuueHs3ns
https://visualstudio.microsoft.com/ru/vs/community/); LibreOffice
(GNULesserGeneralPublicLicense (LGPL), 6ecnnatHoe u/vnun csoboaHoe [10O, nuueHsus:
https://ru.libreoffice.org/about-us/license/); R (6becnnaTtHoe n/vnn ceobogHoe MO, nuueHsns:
https://www.r-project.org/Licenses/).

19. OueHou4HbIe cpeacTBa AN NPOBeAEeHUA TEKYLIEeN U NPOMEXYTOYHOM aTTecTauumn

MopsifoK OLEHKN OCBOEHMS 00y4YatoLmMmMmcst y4ebHOro maTepuana onpegensietcs
cofepXXaHeM criefyoLmx pasaenos AUCLUMNNHDI:

Nen/ | HaumeHoBaHue pasgena gncumnnuHel | KomneteH M;&ﬁ';ﬁgﬁ&;') OueHouYHbIE CpeacTaa
n (moayns) Lwsi(v) KOMNeTeHLmMmn
WcTopus asbika R. KoHuenuus paboTbl ¢ MepeyeHb BONPOCOB,
1. R MK-2 MK-2.1, MK-2.3 noknag,
5 BeeneHve n npeaBapuTenbHble AK-2 MK-2.1, MK-2.3 lMepeyeHb BOMPOCOB,
3amevaHus npakTu4eckme 3agaHuns
3 CprKTypa JaHHbIX. Yncna un BEKTOpPbI. MK-2 MK-2.1, MK-2.3 ﬂepequb BOMNPOCOB,
BekTopHas apudpmeTmka. nHaMBMAyarnbHble 3a4aHus
O6bekTbl WX pexumbl U aTpubyThbl. MepeyeHb BONPOCOB,
4. | MaccuBbl 1 maTpuubl. Cnuckn nm MK-2 MK-2.1, MNMK-2.3 nHOMBMAYyarnbHble
dpelriMbl JaHHbIX. npakTuyeckne 3agaHusa
R, kak psg cratuctudeckux Ttabnuu,. MepeyeHb BONPOCOB,
5. Mpaduyeckure npoLeaypsi. MK-2 MK-2.1, NMK-2.3 nHanBMOyarnbHble
npakTu4eckme 3agaHus
Cratuctnyeckme mopenu B R. lNakeTsl [MepeyeHb BONPOCOB,
6. AN aHanusa BpeMeHHbIX psaoB. MK-2 Mk-2.1, TIK-2.3 nHaMBMAYyarnbHble 3a4aHus
O630p BO3MOXHOCTEM R B o06nactu
7 | obyyeHuss HempoceTel, MaLUMHHOIO MK-2 MK-2.1, MNK-2.3 [MepeyeHb BONpoOCOB
00y4yeHunsa n aHanusa bonbLlimx [JaHHbIX.
[MpomexyTovHasa aTTectauns lMepeyeHb BOMPOCOB K
dopma KOHTpong - 3a4eT 3ayety
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20 TuvnoBble oLEHO4YHble cpeACTBa M MeTOAMYECKMe MaTepuanbl, onpegensiowue
npoueaypbl oLueHUBaHUs

20.1 TeKywWwmnM KOHTPONb yCNeBaeMoCTH

KoHTponb ycneeaeMocT Nno gUCUMNIHE OCYLLECTBMNSIETCA C MOMOLLBIO CNEeAYHLLIMX
OLEHOYHbIX CPEeACTB:

1. MpumepHbIN NepeyYeHb BONPOCOB
1.06paboTka nHdopmaumn.
. UcTopusa asbika R.
. Cdhepbl NnpnMeHeHUs1, xapakTepHble 0COBEHHOCTH R.
. KomaHgbl R.
. CoxpaHeHune gaHHbIX U yaaneHne o0beKToB.
. Onepatop npucBamBaHns «c()».
. Yncna n BekTopbl.
. BektopHas apudpmeTuka.
9. Jlornyeckne BekTOopbl. BekTOpbl CMBOMOB. BEKTOPLI MHOEKCOB.

10. OBGBLEKTBI N UX PEXUMBI.
11. MaccuBbl U MaTpuLbl.
12. MaTpuyHbl€ NHCTPYMEHTHI.

13. Cnuckm n doperimbl aHHbIX.
14. N'pacbnyeckune npouenypbl. DyHkuma plot().
15.Mpadpuyeckme anemeHTbl. Ocn n MeTku. Nonga pucyHka.

16. BbigeneHue TpeHaa.

17 NHTepakTuBHas rpaduka.

18. Ctatuctnyeckmne mogenu B R.

19. IncnepcmoHHbIi aHanua n cpaBHeHne mogenen. Tabnuusl ANOVA.
20. HennHenHbIn aHanM3 BpeMeHHbIX PSAOoB.

0o ~NOoO OV WODN

2. NMpumepHbIN NepevyeHb AOKNa[oB
1. Uctopus asbika R.

2.0cobeHHOoCTN nporpammmpoBaHns Ha R.

3. CpaBHUTENbHLIN aHanu3 ¢ ApYrMMu MHCTPYMeHTaMn Ansa paboTbl C AaHHbIMU.
4. MawwnHHoe oby4veHune 1 aHanusa bonblwux JaHHbIX.

5. CoBmecTHble BO3MOXHOCTU R 1 LaTEX-a.

3. MpuMepHbIN NepevyeHb MHAUBUAYarbHbIX 3ajaHUN, BbINOSTHAEMbIX Ha KOMMNbIOTEpEe

1. HanuwwuTte nporpammy Ha R onpegeneHns pasHoCcTy Mexay Tpex3HauYHbIM YMCIOM
M YNCNOM, COCTaBIIEHHbIM U3 TEX e LUMUdpP, HO B3ATbIX B 06paTHOM Nopsiake.

2. Hantn koopauHaTthl BekTopa a(l, -2 ,3, -4) B 6asuce x(1,2,3,4), y(4,3,2,1),
z(1,3,4,2) c nomowbio R.

3. Haiitu npounsBeaeHne aByx NpoM3BOSibHbIX MaTpuUL cpeacTsamum R.
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4 HaHbl BbIGOpKM (pakTopoB X M Vi [lo 3aTum BbiGOpkam HaWTU ypaBHeHWEe

nHenHon perpeccun. Hantn koadpduumMeHT napHon koppensumn. [NpoBepuTb Ha ypOBHE
3HaummocTyn 0,5 @ =005 perpeccnoHHyto Moaens Ha afekBaTHOCTb.

3HauyeHusa dakTopa Xi (0gMHaKoBoe 4151 BCEX BapMaHTOB)

0 1 2 3 4 5 6 7 8 9
Bapu- 3HauyeHus dakTopa yi (No BapnaHTam)
aHT

1. -3,7 -3,1 -4,4 -6,5 -4,6 -4,4 -8,4 -4,1 -5,5 -7,5
2. 12,1 12,1 10,7 12,1 9,6 11,2 12,8 12,5 10,0 16,6
3. -2,3 -2,7 -2,9 -2,8 -2,1 3,0 2,2 4,7 4,5 3,2
4, 3,8 3,0 3,5 3,1 1,0 -0,6 0,1 -2,5 2,6 -1,2
5. 6,7 6,3 4.4 9,5 5,2 4,3 7,7 71 71 7,9
6. 11,3 7,4 10,7 9,0 7,4 6,2 3,9 5,8 13,4 9,1
7. 3,2 31 3,7 1,4 3,5 4,3 0,6 -3,5 -2,4 -2,3
8. 15,1 11,0 12,3 10,3 9,6 6,2 8,0 10,6 8,3 6,4
9. 0,0 -0,8 1,9 3,5 2,4 54 8,7 11,2 10,8 12,7
10. 1,9 54/ 10,0 9,1 125 16,6 13,9 17,0 21,0/ 20,2
11. 0,0 3,7 4,6 3,0 0,2 5,3 5,0 6,2 9,2 14,5
12. 10,3 11,0 10,6 12,0 11,3 13,7 12,7 14,7 16,5 14,2
13. 2,1 0,1 1,2 0,8 2,8 1,5 2,7 1,8 0,0 -2,5
14. 0,3 -2,1 0,6 -2,8 -1,0 -3,4 0,0 -5,3 -1,0 -3,1
15. 13,6 13,9 13,1 10,5 13,9 14,7 12,2 17,7 17,5 19,0

5. AHanusupyeTcsl 3aBMCUMMOCTb obbema npou3BoAcTBa Y (B OEHEXHbIX eauHuuax,

MIH. py6. B HEAENHO) OT YMCINEHHOCTUN 3aHATbIX pabounx X (TbiC. 4en.) Ha 35 npeanpuaTusax
pervoHa. [lpu 3TOM, NpM NOCTPOEHUN PErPEeCCUOHHON MOAENN KenaTenbHO Y4ecTb
NPUHAANEXHOCTb NPeanpusaTMS K O4HOM M3 Tpex oTpacrien: MalWMHOCTPOEHUSs, Jerkom
NPOMBILUSIEHHOCTU, NMULLEBON NPOMBbILLNIEHHOCTMW.

MaunHOCTpOEHHUE:

X 14 |11 |2 |7 |05 |6]|5 11 |9 |10 |13 |2

Y |9 |3 |4 |13 |2 1|11 (20 |1 |19 |25 |4
2 8

Jlerkas IMPOMBIIIJICHHOCTB!

X |6 2 1 0,5 |5 9 3 6 4 2

Y |23 |11 |9 5 18 |24 11 |19 16 |9

HI/H_HCBaﬂ IPOMBINIIICHHOCTG!

X

3 (7 |6 |9 |4 |17]13|11|12|9 |10 |7 |6

Y

11118 15|20 |12 |35|30 |24 |27 |21 |25 |20 |16

MocTpouTb ypaBHEHME MHOXECTBEHHONM perpeccum c y4eToM daktopa — oTpacnu

(UKTMBHOM NEepeMeHHON - Z) N NpOBEPUTbL €€ Ka4eCTBO.

4. NMpumepHoe 3afaHNe KOHTPOJNIbHOW paboThbl
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B cootBetcTBUM C MeTOOOM HaMMEHbLUMX KBagpaTOB MO ONbITHbIM AaHHbLIM
cpenctBaMn R nNOCTpouUTb ypaBHEHUE NIMHEWHOW perpeccuun. [poBepuTb BbINOMHEHME BCEX
npegnocbinok  MHK  (ycrnosun [aycca-Mapkosa). [lpoBecTn npoBepKYy 3HAYUMMOCTMU
NOCTPOEHHOWN MOLENM.

Bapu- 3HaueHus pakTopa Xi , (0IMHAKOBOE IJIS1 BCEX BAPUAHTOB)
auT 4 | 5 | e | 7 | 8 | 9 | 10 | 11 | 12 | 13
3Ha4YeHUS pe3yNbTHPYIOWIETO MPH3HaKa Vi, (II0 BapHaHTaM)

1. 12,3 16,3 16,4 16,0 18,5 17,3 20,0 19,5 19,0 19,7
2. 39,5 40,3 40,7 40,8 43,1 42,7 45,3 46,2 47,4 49,5
3. 32,4 32,4 34,8 37,1 38,0 38,7 38,6 39,9 43,8 43,5
4, 21,0 23,0 23,7 23,8 25,8 27,6 28,4 29,7 31,7 31,6
5. 27,6 28,8 29,6 31,1 30,9 31,3 33,1 34,6 35,1 37,2
6. 30,6 32,8 32,1 33,7 35,1 39,2 37,4 39,7 42,3 43,4
7. 18,5 19,5 20,1 23,7 23,6 24,0 26,2 26,5 28,3 28,1
8. 13,3 12,2 13,1 11,5 15,7 13,7 16,8 13,9 16,9 16,8

9. 14,2 16,3 16,6 18,9 19,4 20,4 23,3 24,2 27,1 27,4
10. 34,4 34,8 36,1 37,7 37,3 37,5 37,5 39,6 40,9 43,6
11. 20,6 20,2 19,6 21,3 23,2 23,9 23,2 23,0 24,1 25,2
12. 17,4 18,6 18,0 21,3 21,3 24,4 24,1 27,2 27,0 28,7
13. 38,3 39,3 40,1 43,9 429 42,1 45,2 44,3 47,9 47,8
14. 38,0 40,9 39,1 39,7 39,3 38,4 41,4 42,9 41,3 42,7
15. 36,7 36,5 37,2 38,0 38,3 39,5 41,7 39,9 42,0 41,8

TeKkyLnn KOHTPOSb YCNeBaeMOCTU NPOBOANTCS perynspHo B (popMe YCTHbIX ONpPOCOB,
BbICTYNMEHNA C Aoknagamu, B oOpMe NPOBEPKN BbIMOMHEHUA WUHOMBUAYANbHbLIX 3agaHUMN.
Kaxxgoe uHauBmayanbHoe 3ajaHve pacCyMTaHO Ha 2 akageMumyeckux vaca nabopatopHbIX
3aHaTuMh. [lo pesynbTaTaM BbINOSIHEHMS OByYalOWMACA O0SDKEH NpeacTtaBUTb aHanua
NONYyYEHHOro peLUeHnsi, UHTepnpeTaumio pesynbTaToB, BbIBOAbI U 3aKITOYEHNSA MO 3aJaHuto.
3agaHue cuynTaeTcs caaHHbIM Mpy NpaBUSIbHOM UCMOMb30BaHUM anropuTtma, NporpamMMHbIX
CPeACcTB M BEpPHOW uMHTepnpeTauumn pesynbTaTa. Llenbio TeKywero KOHTpons sBnseTcs
obecnevyeHne onepaTMBHOIO KOHTPOMSA 3a XO4OM OCBOEHUSA AUCLMMNNHBI, NpuobpeTeHnem u
pa3BMTMEM HaBbIKOB CaMOCTOATENbHOM PaboTbl 0byvatoLmxcs.

20.2 NpomexyTo4Has aTTecTtauums

MpomexyToyHas aTTecTauusi No AUCUMNINHE NpoBOAUTCS B (hOpMe 3ayeTa C MOMOLLbO
crnenyoLWwmnx NPUMepPHbIX OLIEHOYHbIX CPEACTB:

3apaHue Ne 1

HekoTopas dupma, npousBogsiiasi ToBap, XO4YeT npoBepuTb, 3(PPEKTUBHOCTL
peknambl 3Toro Toapa. [ina atoro B 10 perMoHax, 4O 3TOro MMeKLMX OgNHaKOBbIe cpeaHue
KONnu4yecTBa Npogax, crana NnpoBoAUTLCS pasHasa peknamMHasi NosiMTMKa U Ha peknamy Hayarno
BbIOAENATLCA X; [LEHEXHbIX cpeactB. [lpy 3ToM  OMKCUMPOBANOChb YUCAO Npogax Vi
Mpegnonaras, 4YTo Ans AaHHOro CryyYasl KofM4yecTBO NPoLaX NPOonopuMOHanbHbl pacxogam
Ha peknamy, HeobxogMmMo B COOTBETCTBUM C METOAOM HaMMEHbLUMX KBagpaTOB HaWTU
ypaBHeHWe nuHenHon perpeccun. Hanmtn koadpdpuumeHT nuHenHonm koppensumn. C
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nosepuTensHoii BeposTHocTn 0,95 2 =095 npoeputb Mogenb Ha agekBaTHocTb. Hanucatb
nporpammy Ha R.

Pacxogbl Ha peknamy Xi, MITH. p.
0 |o5] 1 ]15] 2 [25] 3 [35] 4 |45
KonunyectBa npogax yi, TbiC. ef.
12,3/16,3| 16,4/ 16,0/ 18,5/ 17,3/ 20,0/ 19,5/ 19,0 19,7

3apaHue Ne 2

ToproBass opraHusaumss npodaeT CaHTEXHWKY B pasHbiX panueHTpax obnacTu.
MapKkeTuHroBbIi OTAEN CNpaBeanMBO CYUTAET, YTO 06beMbl Npoaax (dakTop y, ThiC. WT. B
MecCsL) NIMHENHO 3aBUCAT OT KONUYECTBA XUTeNen B panoHHOM LeHTpe (dakTop X, TbIC. Yes.)
MmetoTca amnupuyeckme faHHble O CpedHeMEeCHAYHbIX KONMMyecTBax Npodax B pasfuyHbIX
pernoHax obnactu. Heobxoanmo B COOTBETCTBUM C METOAOM HAaUMEHbLUMX KBagpaToOB HaAUTU
ypaBHEHWE JIMHEMHOW perpeccun, HanuTn KOIPPUUMEHT JIMHEMHOW KOppensauuu, C
aoBeputenbHon BeposaTHocTbio 0,95 npoBepuTb MoAenb Ha agekBaTHOCTb. Kakos Oyper
TOYEYHbIN NPOrHO3 06BLEMOB NpoAaX NpPU KONMYECTBE XuTenen panueHTpa 40 TbiC. YENOBEK.

O6bembl npogax (dakrop y, TbiC. WIT. B MeECsL)
22,3]54,8|42,1]52,2|41,1]22,9|31,4]25,3]40,1|33,1
KonnyecTBo xutenen panueHTpa (aktop X, TbiC. Yes.)

15,8[33,2]27,5/31,9/28,6[11,9/19,6]16,8| 25,5/ 19,9

3apaHue Ne 3
Mccnegyetca 3aBMCMMOCTb MECSYHOrO pacxoja CeMbW Ha MNpoAayKTbl NMUTAHWUA Zi. ,
TbIC.p. OT MECAYHOro A0X04a Ha OLHOro YNeHa CeMbM Xi ThIC.p. U OT pa3mepa CEMbIO Yi , Yern.
Heobxognmo B COOTBETCTBUMM C METOAOM HaMMEHbLUMX KBagpaTOB HaWTU ypaBHEHue
NUHenHon perpeccun. Hantm koaUUMEHT MHOXECTBEHHOW KOPPENSALMN N C BEPOSITHOCTbLIO
0,95 npoBepuTb MOAeNb HA aleKBaTHOCTb CpeACcTBaMM s3blka R.

N
N

N

w|w
w|bd
w|o
MW
I

Niol
N
oW
(2R

Yi 1
zi |2,1/2,6/2,5(2,9/3,1/3,3|3,9/4,5/4,9/4,6/5,1/5,7/5,0/5,4|5,6

Ana oueHuBaHua pes3ynbTaTtoB O0Oy4YeHWA Ha 3a4€Te UCMOonb3ylTCcs creaylwme

nokasartenu:

3HaHue:
npuknagHbix obnacten, B KOTOPbIX MNPUMEHSAETCA A3blkR, OCHOBHbIX MeToabl 06paboTku
WHopMauuK, MEeTOOOB MaTeMaTUKO-CTaTUCTUYECKOrO aHanuia, MOAEennpoBaHuMs WU
NpPorpamMMHbIX CPeACTB NS peleHnss ModenbHbIX 3adad.

YMeHue:
MaTemaTUYeCKM ONMCbiBaTb NpeaMeTHbIE 06nacTu, pelwaTtb TUNOBbIE U NPUKNaAHbIE 3a4a4un
aHanmsa faHHbIX, UCNOoMb3Yysi BO3MOXHOCTU NPOrpaMMMpoBaHus Ha s3bike R.

Bnapenwue:
METOOONOrMeNn U MNPaKTUYECKMMU HaBbIKAMW WCMNONb30BaHNA SA3blka NPOrpaMMUMpoOBaHus R u
conpsiraemblX C HUM MPOrpaMMHbIX CPeACTB ONSA peLleHUs UMHXKXEHEPHbIX U 9KOHOMUYECKUX
3agau.
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MpoBepka MPUOBPETEHHbLIX 3HAHWW, YMEHUA N HaBbIKOB, OCBOEHHbLIX KOMMETEHLMI
NPOBOANTCA HA OCHOBE BbIMOSIHEHMS NPaKTUYECKNX 3a4aHnin NporpaMMHbIMK cpeacTBamu R.

Ob6y4atowmica OofmKeH HanucaTb NporpaMMHbIA KOA, peanv3oBaTh pelleHne Ha

KOMIMbOTEPE, NpeaoCrtaBuUTb WHTEprpeTaunto pe3yrnbTaToB, BbIBOAbI

N 3aKrnwyeHuna no

3aJaHuto.
YpoBeHb
. Lkana
Kputepun oueHnBaHns KOMNeTeHunm cchopmMmnpoBaHHOCTH OLIEHOK
KOMMNETEHLUN
JlocTtaTto4yHoe BnageHue mMarepuarnom: npaBunbHOE .
MoporoBbi ypoBEHb
NUCNonb3oBaHWE anropyMtma W nNporpamMMHbIX CPeacTB U
u/vnu Bblle 3a4yteHo
BEpHas UHTepnpeTauun pesynbrarta, Npu 3TOM JONYyCKaTCA HODOIOBOMG
He3HaYnTernbHbIE HETOYHOCTMU. P
lMnoxoe BnageHMe Martepuanom: He 3HaHuWe anropuTma,
Hwxe noporosoro
owmnbkn B nporpamme, OTCYTCTBYIOT BbIBOAbI, JIMGO OHWU He He 3auyteHo

BEPHbI, OTCYTCTBME OPUEHTALMN B NpeAMETE.

YPOBHS




