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l. Hean 1 32024 TUCHUTLTHHBI

Henp: M3y4nTh OCHOBBI U METOIBI MATEMATUYECKOTO MOJCIIMPOBAHNS U MATEMATHCKOTO
OTMMCAHMSI PA3JIMYHBIX OMOJIOTHUECKUX MPOIECCOB M CHUCTEM ISl MPAKTHUYECKOTO MPUMEHEHUS
HOJIy4EeHHBIX 3HAaHUH U HABBIKOB IS PELICHUs IPOpeCcCHOHATbHBIX 3aay.

3amaun:
e l3yunuTh OCHOBBI s3blKa NPOrpaMMHUpPOBaHHMA R Kak HMHCTpyMEHTa Ul pa3iIMyHbIX

KOMIUIEKCHBIX MATEMaTU4YE€CKUX BBIYACICHUM.

® U3YYUTh CIEKTP MaTeMaTH4YecKuX (QYHKIMA W HMX CBOMCTB, NPUMEHSIEMbIHA I

MOJICIIMPOBAHMS U OTIMCAHHSI OMOJIOTUYECKUX CHCTEM U OMOJIOTHYECKUX MPOIIECCOB.

® OCBOUTb 3JIEMEHTbl BEKTOPHOW anreOpbl, NMPUMEHSEMBbIE JUIsl ONUCAHMs, CPAaBHEHUS U
KJIacTepU3aLuu ONOJIOTUYECKUX OOBEKTOB U OMOJIOTHYECKUX CUCTEM;

® U3Y4WTb METOJbl TEOPUM BEPOSTHOCTEH M MATEMATHYECKOM CTATUCTUKH, IPUMEHHUMBbIE
IpY aHaJIM3€e OMONIOTMYECKUX JIaHHBIX PEAIN30BaHHbIC B KAUECTBE MAKETOB QYHKLHUS JUIs
A3bIKa porpaMmupoBanus R.

® O03HAKOMHTBHCSA C PANIMYHBIMHU THIIOBBIMU METOJAMU, NIPUMEHSAEMBIMU JJISl YUCICHHOTO
UHTETPUPOBAHUS M YUCIEHHOI'O HCCieoBaHUs AU(QepeHInanbHbIX ypaBHEHUH IpU
ONMCAHUU OMOJOTMYECKUX IPOLIECCOB;

1. MECTO JUCHUIIJIMHBI B CTPYKTYPE OITIOII BO

2.1. YueOnasa mucrumummaa 51.0.25 «CnenuajabHble IJIaBbI MATEMATHKHY» OTHOCUTCS K
00s3aTenpHON YacTh 00pa30BaTeIbHON IPOrPAMMBI.

2.2. Jlng w3ydeHHs] NAHHOM y4eOHOM TUCHUIUIMHBI HEOOXOAMMBI 3HAHUS, YMEHHUS H
HaBBIKH, (OopMHUpyeMbIe TPEIIICCTBYIONIMMH TUCIUIUIMHAMU: «MaremaTtukay, «Dusnkay,
«Uudopmarukay, «THOCTpaHHBIH A3bIKY», «COBpEMEHHOE €CTECTBO3HAHHUEN.

2.3. Ilepedyenp mocnenyromux y4eOHBIX AUCHUIUINH, JUII KOTOPBIX HEOOXOIMMBI 3HAHWUS,
YMEHHsSI U HaBbIKH, (QOpMHUpyeMble JaHHON y4eOHOW TUCHUIUIMHON: «buoMH(pOpPMATHKAY,
«Matemarudeckass 00paboTKa pe3yabTaToB MCCIEAOBAHUIT, «ANTOPUTMBI OMOMH(DOPMATHKIY,
«MopaenupoBanue OHOJIOTMYECKHUX IIPOLIECCOBY, «buoduzukay, «MonexkynspHas
¢dunorenerukay, «I ' eHOMHBIN U METar€HOMHBIN aHAIN3», BeinojlHeHue BKP.

I1l.  TPEBOBAHMUS K PE3YJIBbTATAM OCBOEHUS JMCHUIIJIMHBI

IIporiecc OCBOEHHS AUCHUIUIMHBI HampaBieH Ha (HOpPMUPOBAHHE KOMIIETEHIMHA B
coorBerctBu ¢ ®I'OC BO u OIl BO mo nanmHomy HampasieHuro moxaroroBku 06.05.01
«buonorusy», npopmis «bruonHxenepus u OuonHpopMaTUKa.
OIIK-2: Cnoco0OeH MCHoIbh30BaTh CIEMUAIN3UPOBAHHBIE 3HAHUS (YHIaMEHTAIBHBIX Pa3/IeoB
MaTeMaTHKH, (GU3MKHA, XUMUM W OWOJOTMM JUIsl TpPOBEIEHUS HCCIeAOBaHMM B o0jacTtu
OnonHXkeHepur, ONOMHPOPMATUKU U CMEXKHBIX IUCHUIUIMH (MOyJIel)
OIIK-3: CriocobeH MpoBOANTE IKCIEPUMEHTAIBbHYIO pabOTy ¢ OpraHu3MaMH U KIETKaMH,
UCTIOIB30BaTh (PH3UKO-XMMHUYECKHE METOBI HCCIIEIOBAHUS MAKPOMOJIEKYJI, MAaTEMaTHIECKHE
METO/1bI 00pabOTKH pe3yIbTaTOB OMOIIOTHUECKUX UCCIIEI0BAHUIMI



Hepeqenb IJIAHUHPYEMBIX PE3yJbTAaTOB Oﬁy‘lEHI/IH o AMCHMIIJIMHE, COOTHECCHHBIX C
HHAUKATOPaAMH JOCTUKCHUA KOMIIeTeH il

KoMmnerenuus HNuauxaropsl Pe3yabTaThl 00yyeHus
KOMIIETCHIIUH
OIIK-2 HJIK OIIK-2.1 3HaTh: JUTEPATYpPY IO TEME, BIaJCTh
Cnocoben ucnonb3oBath | [lemoHcTpupyer HABUBKAaMH, aHA/IM3a HHPOPMALIUU CCTH
CIICLUATH3UPOBAHHbIC CIICLUATH3UPOBAHHbIC «UHTEPHET» JUTs TOMCKA U OCBOCHHS HOBBIX
SHAHMUS 3HAHMS B O6IACTH METO/IOB aHATN3A TAHHEIX 1 HUH(POPMAIIHOHHBIX
byHIaMEHTATBHBIX byHIaMEeHTaIBHBIX TexHoznoruh.

VMeTh: BBIOMPATh ONTUMAIBHBIC METOIbI 1
paszenoB MaTeMaTHKH, | Pa3/1eJI0B MaTEMaTUKH, HIPOrPAMMBI LA peleHHs 3124 B 06NACTH
pusnxn, XUMHH u | Gusnku, XumuH, aHajan3a OMOJOTHIECKON HH(POPMAITUHN TI0
Guonorun JUIsl | OMOJIOTHH U NEPCTIEKTHBEI pa3HbBIM pa3zesnaM OHONOrHYECKUX AUCLMILIMH.
IIPOBEICHNA MCEKINCIUILUTHHAPHBIX BrazeTs: MeTojaMu OCTPOCHHE aHAIN3a
UCCIEJOBaHUNH B 00JIaCTH | MCCIIEN0BaHUMN OMOJIOTHYECKHUX CHUCTEM C IPUMEHEHUEM
OMOUHKEHEpUH, METOJIOB aHai3a (PyHKIHIA, BEKTOPHOM
OMonH(POPMATHKHN u anreOpbl, YUCICHHBIX METOJIOB.

CMEKHBIX mucuurume | MK OIIK-2.2 3HaTh: 6a30BbBIC ATOPUTMBI B S3bIKA

(Moyneit) VYMeeT ucnons308aTh TPOrpaMMHPOBanKs R TIpOrpaMMHpOBaHHS,
HABBIKH [POBEICHHUS npouexypsl U GyHKIuM 00paboTKu U
JCCIICOBAHMI B 06acTy | BU3YAIM3ALMH CTATUCTHYECKHX JAHHBIX H
GHOMHKCHEPHT, PE3yIBTATOB MOJIEITUPOBAHMS, PeaTU3aliu
GHOMH(OPMATHKH C III/ICJIC}?HI)IX METOJI0B.

YMeTh: AHAJIM3UPOBATH BXO/JHBIC U BBIXOAHBIC

yaeTom JIaHHBIE aJITOPUTMOB U MOJIEIICH OTHCAHHS
CHeHnaIn3NpOBaHHbIX GHONOTHYECKHX CHCTEM, 00pabaThiBaTh 1
(byHIaMEHTATBHBIX BU3YaJIU3UPOBATh CTATHCTHYCCKUE TaHHbBIC U
3HaHUN pe3yabTaTel MOACIUPOBAHUA C IIOMOIIBIO

0a30BBIX CPEJICTB SA3bIKa MPOTPaMMUPOBaHUs R.

BHaHeTB: HaBbIKaMH aHaJIM3a CJIOKHBIX JaHHBIX

B pas3IMYHbIX OTpACIAX 6I/IOHOFI/II/I )41

OronHGOPMATHKH.

HJIK OIIK-2.3 3HaTh: KJIacCU(UKALINIO OCHOBHBIX TUIIOB
Bnaneer metonamu MaTEMAaTUYECKUX MOJENIEN U

XUMUHU, GU3UKU U MaTeMaTHYeCKUX (QYHKIUH 17151 ONUCaHUS U
MaTEMaTHYECKOT O UCCIeI0BaHUs OMOJIOTMYECKUX CUCTEM U
MOJCIIUPOBAHUS JUISt OMOJIOTNYECKUX TTPOLIECCOB.

IIPOBECHUS YMeTh: OCyIIECTBIATh HHTEPIPETALIUIO
UCCIICIOBAaHUM B O0JIaCTH | pe3yJIbTaTOB MaTeMaTHUECKOTO
OMOMHKEHEepuH, MOJIETTUPOBAHUS U MaTEeMaTUYECKUX
OononHpopMaTHKU pacueTos.

Bnaners: MeToaMu aHanM3a KOMILIEKCHBIX

OMOJIOTMYECKUX JTAHHBIX C HUCIIOJIb30BaHUEM

Pa3IUYHbBIX BHIYUCIUTENBHBIX U YUCICHHBIX

METOJI0B
OIIK-3 HJIK OIIK-3.1 3HaTh: OCHOBHBIC MATEMAaTHUYCCKUEC TTOHITHUS
Cnoco0eH npoBOIUTH [TpoBoaut Y METOJIbl, TPUMEHHUMBIE JIJIsl aHATTN3a
JKCIIEPUMEHTAIBLHYIO AKCIEPUMEHTAIbHYIO OMOJIOTMYECKUX MAaKPOMOJIEKYJT.

paboTy c OpraHu3MaMH
KIJIETKaMH, HCIIOJIh30BaTh
(U3UKO-XUMHYECKUE
METO/Ibl UCCIIE0OBAHUS
MaKpOMOJIEKYJI,

paboTy C OpraHU3MaMHu U
KJIETKaMU C
WCIIOJTh30BaHNEM (PU3UKO-
XUMHYECKUX METOJIOB
MCCJIETOBAHMUSI

YMeTh: aiekBaTHO BHIOpATh
MaTeMaTHYECKHUH METO/ TIOBEJICHUS
OMOJIOTMYECKUX CHUCTEM Ha MOJICKYJISIPHOM
YpOBHE.

Brianets: OCHOBHBIMH PUHITUTIAMHU




MaTeMaTHYECKHUE METOIbI
00pabOTKH PE3yIbTaTOB
OHOJIOTMYECKHX
HCCJIeIOBaHUM

MaKpPOMOJIEKYJT (hopManu3aIum CI0KHBIX OHOJIOTUICCKUX
CHUCTEM B BUJIC MAaTEMATUYCCKUX MOI[GJIQI\/JI
KJICTOYHBIX ¥ OMOXMMUYECKHX MPOIIECCOB

HJIK OIIK-3.2 3HaTh: 1eJ1b, OCHOBHBIE 3a7a4u U 00J1acTU

JeMoHCTpHpYET NPUMEHEHUSI MAaTEeMaTHYKHA METO/IOB B

MPAKTUYCCKHUEC HABBIKU
MaTeMaTHYECKUX METOJIOB
00paboTKH pe3yabTaTOB
IKCIIEPUMEHTATBHBIX
HCCIIEIOBAHU I

paMKax HaIllpaBJICHUA ITOATOTOBKHU.

YmMmeTh: hopManu3oBaTh UCCIETYEMYIO
OMOJIOTUYECKYIO CHCTEMY M OMOJIOTHYECKUI
IPOLIECC B BHJIE MAaTEMaTHUECKON MOJIEIH,
WCIOJIb30BATh OMOJIOTUYECKUE TaHHBIC JITIsS
IIPOBEPKU U TECTUPOBAHUS MAaTEMaTHUKH
MOJEJIEH, KJIIACTEPU3ALNU U
CUCTEMAaTH3allH1 OMOJIOTUYECKUX JaHHbIX.
Brnaners: Meronamu ananusa u
UCCIIeJIOBaHUS pa3paboTaHHBIX
MaTEMATHYCCKHUX MOI[CJICﬁ JJIA OIIMCaHUs
Pa3IMYHBIX OMOJOTHYECKUX MPOIECCOB U
OuocucTeM, KiacTepusalu 1
CUCTeMAaTH3allKi OMOJOTHYECKIX 0OBEKTOB.

HJIK OI1K-3.3

Bnageet onbiToM
MIPUMEHCHHUS METOJIOB JIJIS
HCCIICIOBAHUS
MaKpPOMOJICKYI,
00paboTKH pe3yabTaToOB
OMOJIOTHYECKUX
HCCIICIOBaHUM,
MIPOTHO3HPOBAHUS
MIePCIEKTUB U
COIMATLHBIX ITOCIICACTBUM
cBOei nmpodeccruoHaIbHON
JIEITENLHOCTH.

3HaTh: 0COOEHHOCTH U OCHOBHBIE CBOMCTBA
OMOJIOTMYECKUX CUCTEM, OIMMCHIBAEMBIX C
IIOMOIIIBI0 MATEMATHYECKUX METOIOB,
METOJIOB KJIACTEPHU3AIUU M CHCTEMAaTH3aIluN
OMOJIOTHYECKUX 00OBEKTOB.

YMeTb: BRIOUpaTh aJeKBaTHBIC METOIbI JJIS
aHaan3a OMOJIOTMYECKUX JaHHBIX
CHUCTEMAaTH3allMK U KJIaCTepU3aLun
OMOJIOTHYECKUX O0OHEKTOB.

BnaseTb: HaBbIKAMU COBEPIIICHCTBOBAHHUS
CBOMX MPO(ECCUOHATILHBIX Ka4eCTB B
00J1acTH MOCTPOCHUSI MaTEMaTHIECKHIX
MOJIETIeH U aHAJIN3a U CHCTEMATHU3aIMH
OMOJIOTUYECKHX JTaHHBIX.




IV. COILEPXAHHUE U CTPYKTYPA JUCIIUIIJINHBI

O0BneM TUCIHMILIMHEI cocTaBJgeT 5 3a4eTHBIX equHUNbI, 180 yacos.
N3 HUX peanu3yeTcs C UCTIOIb30BaHUEM JICKTPOHHOTO OOYUYCHHS U AUCTAHIITMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTHI 28 4acoB.

®opMa NIPOMEKYTOUYHOM aTTECTAIUNU . 3a4ET.

4.1 CopeprxaHue TUCHHUILINHBI, CTPYKTYPHMPOBAHHOE 110 TeMaM, C YKa3aHHeM BH/A0B YUYeOHbIX 3aHSITHIl M OTBEIEHHOI0 HA HUX
KOJIMYeCTBA aKA/IeMHYECKUX YAaCOB

Neo Pa3nes qucuumiinHel/Tema g Bunsl yaeOHOM paboTHI, ®opMa TeKylIero
n/H $ | BKIIOYAs CAMOCTOSTE/IBHYIO PabOTy 00yJarOmUXCsl , | KOHTPOJISI
= E IPAaKTUYECKYIO OATOTOBKY U TPYIOEMKOCTb ycneBaemocTu/
2 2 (B yacax) dopma
o = IPOMEKYTOUHOI
- KonTakTHas pabora npenogasaress ¢ -
= e o aTTrecTanuu
=3 o0y4armuMucs =
& 2w ) (mo cemecTpam)
= & =
(31 = ]«
2 s = 8 S =
5| 7 ; £ Jlexnus | Cemunap/ KoncyabTanus 58
g 2 == IpakTHyecKoe, g s
GEJ 3 20 '§ JabopaTopHoe ‘-'23 o
®
O~ =~ = 3aHsiTHe/ O =
1 2 3 4 5 6 7 8 9 10
1 Tema 1. Beenenue B A3bIK NPOrpaMMHUPOBAHUS KCP
R kxak yHuBepcanbHOE CPeICTBO A 3| 16 4 4 8 4
MaTEeMaTHYECKUX BBIYHCICHUI
2 Tema 2. ba3zoBsle anropuT™Msel (BETBICHMS, KCP
IIUKJIBI) U TIOJIh30BATENIbCKHAE (PYHKINU B si3bIke | 3 | 25 4 6 12 1 6
nporpammupoBanus R.
3 Tema 3. [TonsTre GyHKIUS METOJIBI 33 TaHUS
(byHKUIMH, 271eMeHTapHble (PYHKIIUU, METO/IbI 3| 18 4 4 8 5 KCP
uccieoBaHus PYHKIUN ¢ TPUMEHEHUEM
CpPEACTB si3bIKa MporpaMMupoBanus R
4 Tema 4. DieMeHTBI TEOPUU BEPOSTHOCTU 3| 24 4 6 12 6 KCP




peanuzanus pacu€ToB B 001aCTH TEOPUU
BEPOSATHOCTEN C TOMOUIBIO SA3bIKA
nporpamMMupoBanus R.
5 Tema 5. 3aKoHbI pacripeieIeHUs CIydyalHbIX KCP
YUCel, SMIIMPUIECKHE U TEOPETHICCKUE 16 8 4
3aKOHBI PacIpeIeIeHUs
6 Tema 6. DieMeHTHI BEKTOPHOMN areOpsl KCP
peanu3alys aropuTMOB BEKTOPHOI anreOpsl B
SI3BIKE TTPOrpaMMUpOBaHus R, BeKTopHas 16 8 4
asnredpa /115 aHaJIM3a CXOJCTBA U pa3Inyuus
MEXJ1y 00beKTaMH B MHOTOMEPHOMN CTaTUCTHUKE.
7 Tema 7. aHanu3a CXOACTBA U PA3IUYUSI MEXKTY KCP
00BEKTaMU B MHOTOMEPHOM CTAaTUCTHKE C 18 8 5
ITOMOLIBIO0 METOJIa MHOTOMEPHOTO
IIKAJTHPOBAHUSL.
8 Tema 8. MeToas! U anropuTMBbl TEOpUU TpadoB, KCP
Y UX peaju3anus B S3bIKE MPOTPAMMUPOBAHUS 18 8 6
R.
4.2 TInaH BHeaAyIUTOPHOI CAMOCTOATEIbHOI PAaG0THI 00YYAIOLIUXCS N0 THCIUIIIHHE
CamocrosTenpHas pa60Ta 06yan01uchsI y‘le6H0-M6TOI[I/I‘IeCKO€
Cewmectp | HazBanue paznena, TeMbl . Cpoku  |TpymoeMKOCTh Ouerounoe obecneucrue .
BI/I,Z[ CaMOCTOATCIIbHOU paGOTLI CpeACTBO CaMOCTOATCIIbHOU
BBITIOJTHEHUS (uac.)
paboTHI
Tema 1. Beegenue B
SI3BIK 1. Pa360p TeMbl JIEKIIUK 1 TPAKTUYECKOTO 3aHSITHSI.
nporpammupoBanus R (2. IIoaroroska o KOHTPOJIBHBIM BOIIPOCAM.
3 KaK yHuBepcajabHoe |3. Pemenue noMamiHux 3agaHue o TemMe pa3padoTka 1 4 KCP Paznen 5 a-B

MaTEMATUUYECKUX R.
BBIYHUCIIEHUN

CpCACTBO IJIA JIMHCHBIX aJITOPUTMOB IJIA A3bIKa IPOTpaMMHUPOBAHUA




CamocrosTenpHas padoTa 00yJaromumxcs

Y4eOHO-METOINIECKOE

OrieHoyHOE obecneyenue
Cemectp | Ha3Banwue paszena, TeMbl . Cpoku  |TpymoemkocTh .
BI/II[ CaAMOCTOATCIbHOU pa6OTI>I Cp€aAcCTBO CaMOCTOATCIBHOU
BBITIOJTHEHUS (uac.)
paboThI
Tema 2. ba3oBrie
1. Pa36op TEMBbI JICKIIUHN U MTPAKTHUYCCKOT' O 3aHATUSA.
AITOPUTMBI (BETBJICHUS,
2. [ToaroToBKa 1Mo KOHTPOIBHBIM BOIIPOCAM.
IIUKJIBI) |
3 3. Pemmienne momaniHux 3aanue 1mo pa3padoTke 2 6 KCP - «-
M10JIb30BaTEILCKHUE
BETBSIINXCS U IUKJIMYECKUX AJITOPUTMOB JIJIST SI3bIKA
(YHKIIUH B SI3bIKE
nporpamMmmupoBaHus R.
nporpamMmmupoBanus R.
Tema 3. [TousiTue
(GYHKIUS METOBI
3aJaHUsA KU
! ymcumi, 1. Pa36op TeMbl JIEKIMK U MPAKTUYECKOTO 3aHSITHSI.
AJIEeMEHTapHbIC
2. IToaroToBKa 1o KOHTPOJIBHBIM BOTIPOCAM.
3 (GYHKIIUH, METO/IbI 4 6 KCP - «-
.|3. Pertenre goMarinux 3agaHue Mo UCCIeI0BAHUIO
uccieoBaus (QyHKIMHA .
GbyHKIUI cpeAcTBaMHu S3bIKa porpaMmupoBanus R.
C IpUMEHEHUEM
CPEJICTB SI3bIKa
nporpaMmmupoBaHus R
Tema 4. Di1eMeHTHI
TeOpI/II/I BepOHTHOCTI/I 1. Pa36op TEMBbI JICKIIUHN U MPAKTHUYCCKOTO 3aHATUA.
peanu3ariust pacu€ToB B |2. [IoAroToBKa M0 KOHTPOJIBHBIM BOIIPOCAM.
3 00J1acTH TeoOpun 3. Pemienne moMaiiHux 3aJaHue 10 aHaIu3a 5 6 KCP - «-
BEPOSITHOCTEM C CTaTHUCTUYECKUX JAHHBIX CPEACTBAMH SI3bIKA
ITOMOIIBIO S3bIKa nporpamMmmupoBaHus R.
nporpamMmmupoBanus R.
Tema 5. 3aK0oHBI
1. Pa36op TEMBbI JICKIIUHN U MPAKTHUYCCKOTO 3aHATHUA.
pacripeesieHus
- 2. IToaroToBka 1o KOHTPOIBHBIM BOIPOCAM.
CITy4aifHBIX YHUCEIL,
3 3. Pemienne noMamHuX 3aJjaHue MO AaHAIU3Y Pa3InYHbIX 8 4 KCP -«

OMITUPUYICCKHUEC U
TCOPCTUICCKHUEC 3aKOHBI

TUTIOB paclpeiesIeHud CpeCTBaMU sI3bIKa
nporpamMmmMupoBaHus R.

pacrnpesieseHusl.




CamocrosTenpHas padoTa 00yJaromumxcs

Y4eOHO-METOINIECKOE

peaji3anus B A3bIKE

aHanu3y rpad)oB ¢ IPUMEHEHHUEM CPECTB SI3bIKA

nporpaMMupoBanus R

nporpaMmupoBanus R.

Onenovynoe obecrniedeHne
Cemectp | Ha3Banue paszaena, TeMbl . Cpokn | TpymoeMKOCTH .
Bun camocTosiTennbHOM paboTh CpeaCTBO CaMOCTOSITETbHOM
BBITIOJTHEHUS (uac.)
paboThI
Tema 6. DnemeHTHI
BEKTOPHOU aJireOpbl
peanu3anus
AJITOPUTMOB BEKTOPHOU
1. Pa3bop TeMBI JIEKITUN U TIPAKTHIECKOTO 3aHATHS.
anreOpsl B SA3BbIKES
2. ITonroToBka 1o KOHTPOJIBHBIM BOIIPOCAM.
nporpamMMmupoBanus R,
3 3. Pemienue nomaniHux 3aaHue 1Mo aHajau3y CXOJICTBA U 10 4 KCP - «-
BEKTOpHas anredpa s
pasnuyuusg Mexay 0OObeKTaMH B MHOTOMEPHO
aHajn3a CXOJICTBA U o
MaTeMaTUYeCKOM CTaTUCTUKE.
pazIuuus MexXay
00BEKTaMH B
MHOTOMEPHOU
CTaTUCTHUKE.
Tema 7. Ananuza
CXOJICTBA U Pa3INyus
1. Pa3bop TeMbl IeKINHU ¥ TPAKTHIECKOTO 3aHSTHS.
MEXy OObEKTaMH B
. 2. [ToaroToBKa 1Mo KOHTPOIBHBIM BOTIPOCAM.
3 MHOTOMEPHOI 12 6 KCP - «-
3. Pemienne nomManiHux 3aiaHue Mo aHajJu3y JaHHBIM
CTaTUCTUKE C MOMOIIbIO
MEeTOJaMi MHOTOMEPHOTO IIKATUPOBAHMUSI.
MeTO/ia MHOTOMEPHOTO
HIKAJIMPOBAHUSL.
Tema 8. Meroasl 1 |1. Pa30op TeMbI JIEKIIUH U TPAKTHYECKOTO 3aHSTHSL.
anropuT™bl Teopur  |2. IIoAroTOBKa 10 KOHTPOIBHBIM BOIIPOCAM.
3 rpadoB, U UX 3. Pemenune qoManiHux 3aJaHye 10 MOCTPOEHHIO U 14 6 KCP - «-

OO6muit 00beM CaMOCTOATENHHOM PabOThI O AUCHUIUINHE (Yac) — 42

N3 Hux o0BEM CaMOCTOSTENbHOM paboThI
JIMCTAHIIMOHHBIX 00pa30BaTeNIbHBIX TexHonoruii 304acos.

C HCIOJB30BAaHUEM DIIEKTPOHHOIO OOY4YeHUS H




4.3 ConepixaHue y4ueOHOTro MaTepuaa

Tema 1. BBenenue B fI3bIK NPOrpaMMHpPOBaHMs R Kak yHHBepcajibHOe CPeICTBO
AJISl MATEeMAaTHYeCKUX BbIYMCIeHMIA.

Jannas Tema mpeAHa3HayeHa Ui OOY4YEHHs CTYJICHTOB HAaBBIKAM C CHCTEMOM
pa3pabOTKM CKpPUNTOB M KOHBEHEpOB MO aHalu3a JaHHBIX C IIOMOMIbIO  SI3bIKA
nporpammupoBanusi R. PaccmarpuBarbes mnpuéMbl  pabOTBI ¢ KOMaHAHOH — CTPOKOHU
uHTepnperaropa R u rpaduyeckoit cpennl pazpaborku RStudio. M3ygaercss Bompoc yCTaHOBKH
JIOTIOJTHUTEIIBHBIX TAKETOB, PEANM3YIOIINX pa3IMYHbINA Ha00p QyHKIHI 0 00paboTKe JaHHBIX.

Tema 2. ba3zoBble aJropurMsl (BeTBJIeHHs, IMKJIbI) H N0Jb30BaTeJbCKHE QYHKIIUH
B fI3bIKe NporpaMmmMupoBanus R.

B pamkax Tembl paccMaTpuBaeTCsl 0a30BbI CHHTAKCUC fA3bIKa IporpammupoBaHus R —
QITOPUTMBI BETBJICHUS, IUKINYECKHE allTOPUTMbI, COCTaBHbIE onepaTopsl. M3yuyaeTcs mporecc
CO3/IaHUsl  TOJIb30BATEIbCKUX (QYHKIMS M JJIEMEHTHl OOBEKTHOE OPHUEHTHPOBAHHOTO
pOrpaMMUpPOBaHUA Ha si3bIKe R.

Tema 3. [lonsaTne PpyHKHUs MeTOAbI 3aJaHUs (PYHKIUI, d1eMeHTaApPHbIe QyHKIMH,
MeTO/AbI HccieN0BaHUA (YHKUMIA ¢ MPUMEHEHHEM CPeICTB A3bIKa MporpaMmMupoBanus R.

JlaHHass Tema MOCBAIIEHA BOMNPOCY PACCMOTPEHHUS PA3IUYHbIX 3JIEMEHTapHbIX U
CJIOKHBIX Q)YHKHI/Iﬁ HpI/IMeHﬂeMI)IX IJIsT OIMIMCAHUS pa3JII/I‘-IHI)IX 61/IOJIOFI/I‘~IGCKI/IX HpOIICCCOB.
PaccmaTpuBaroTcst BONpOCHl YHCIEHHOTO UCCIIeOoBaHus (PYHKIMI — HAX0XKIEHUE MAaKCUMYMOB,
MUHUMYMOB, TOUYEK IIEpernda ¢ IOMOIIbIO CPECTB SI3bIKa MpOrpaMMHupoBaHus R.

Tema 4. D1eMeHTHI TEOPUM BEPOATHOCTH peain3aius pacyéToB B 00/1aCTH TEOPUU
BEPOSAAITHOCTEI ¢ MOMOIIBLIO A3bIKA NporpaMmMupoBanus R.

B pamkax TeMbl paccMaTpuBaTbCs pPa3iIWYHbBIE TUIIBI PACHPENCICHUNA CIy4alHbIX
BEJIMYMH, BCTPEYAIOIIMXCS MPU OMHCAHUU OMOJOTHYECKHX IaHHbIX. Pa3duparorcs pasnuyHbie
3a7la4M Ha OCHOBHBIE TEOPEMBI TEOPUU BEPOSTHOCTEW. PazMapuBaroTCsi METOIbI ONUCATEIBHOMN
CTaTHCTKH, MPUMEHUTENBHO K OMOJOTHYECKUM JaHHBIM, peajlu30BaHHbIE C MOMOIIBIO CPEICTB
sI3bIKa TTporpaMmMupoBanus R.

Tema 5. 3akoHbl pacnpeneseHusi CJAy4YailHBIX 4YMces, DJMIUpPHYECKHEe H
TeOpeTHYeCKHe 3aKOHbI pacnpeae/IeHus .

B paMKax TEMbI pacCMaTpuBacTCd BOIPOCHI, CBA3AaHHBIC C TCOPCTHKAMU OCHOBaAMHU
pa3IMYHBIX 3aKOHOB PaclpeAeiICHUs CIy4alHbIX BEJIMYMH B TEOPUM BeposiTHOCTeH. M3yuarecs
CIIEJICTBUSL U3 LEHTPAJbHOW MpeneabHOW TEOpPEMBl, CBSI3aHHBIE C 3aKOHAMM paclpeiesieHusl.
PaccmarpuBarbcsi MeTOABI sI3bIKa IMporpaMMupoBaHusi R, cBsi3aHHble ¢ BbIOOpOM U
BI/I3yaHI/I3aHI/IeI71 PAa3JIMYHBIX 3aKOHOB PACHpPCACIICHUA OJI OKCIICPUMCHTAJIIBHBIX OHMOJIOTMYECKHUX
JTAaHHBIX.

Tema 6. DJjieMeHTHI BEKTOPHOH ajired0pbl peajau3anusi ajJropuTMOB BEKTOPHOMH
aare0psl B f3bIKe NMPOrpaMMHUpoBaHusi R, BekTopHasi ajaredpa AJs aHAJIW3a CXOACTBA M
pa3IM4us MexK1y 00beKTaMH B MHOTOMEPHOM CTATHCTHKE.

B pamkax Tembl paccMaTpuBaeTCs TMOHSATHE BEKTOpa alreOpandeckoro BEKTOpa H
CKAJIIPHOTO TPOU3BEAEHUE BEKTOpPOB. [IpMBOAsCH IIpUMEPBI HCIIOJIB30BAaHUS BEKTOPHOM
anreOpbl A1 OXapaKTepPU30BaHUS OMOJIOTMYECKUX OOBEKTOB C OOJBIINM KOJUYECTBOM
nmapamMeETpoOB. PaCCManI/IBaeTCH BOITPOCHKI CBA3AHHBIC C MPUMCHCHUCM CKAJIAPHOI'O IIPOU3BCACHUA
BEKTOPOB JUIsl CPaBHEHHS U COIOCTABJICHHS MHOTOMEPHBIX OHOJOrMYECKHMX OOBEKTOB U
MHOTOMEPHBIX OMOJOTMYECKUX JaHHbIX. M3yuaTbcs GyHKIUM s3pIKa MporpaMMmupoBaHus R,
pUMeHseMble B BEKTOPHOU aire0pe U aHaIu3e MHOTOMEPHBIX JJaHHBIX.
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Tema 7. AHanm3a CXOACTBAa W Pa3IuYUs Mexk1y O0bEKTaAaMH B MHOIOMEPHOM
CTATHCTHKE C IOMOLIBI0 MET0a MHOIOMEPHOI0 IIKAJTHPOBAHUA.

B pamkax Tembl paccMarpuBaeTCs paslIMYHbIE BapHallMd METOJ0B MHOIOMEPHOIO
LHIKQJIMPOBAHMs JJI aHalW3a W BHU3YalIM3alMM MHOTOMEPHBIX CTaTUCTHYECKUX JIaHHBIX.
N3ydaTbcs BO3MOXHOCTU IAKeTa «Vegan» ais s3blka IporpamMmupoBaHus R, peanusyroliero
JITOPUTM MHOTOMEPHOI'O LIKAJIMPOBAaHUS C PA3IUYHBIMU BapMaHTAMH IOCTPOCHUS JUCTAHLIUAN
MEXIY MHOTOMEPHBIMU OOBeKTaMu. [IpOBOIUTCS 3HAKOMCTBO OOYYAIOIIMXCS C BapHUaHTAMU
BU3YyalIM3aluil pe3yJIbTaTOB MHOTOMEPHOT'O HIKAaIUPOBAaHUS.

Tema 8. Metoabl U aJropuTMbl Teopuu rpadgoB, U HUX peanu3anus B S3bIKe
nporpamMmmupoBaHus R.

B pamkax TeMbl paccMaTpuBaTHCS TEOPETHUECKHE OCHOBBI T€OpUU TpadoB, U3ydaTbCs
pa3iu4HbIe BapuaHTHl TpaoB W WX NPUMEHEHHUS IS ONUCAHMS CIOXHBIX OMOJOTHYECKUX
cucteM. PaccMmarpuBaThCcsi BOIPOCHI, CBsI3aHHBIE C MNpUMEHEHHEeM TIpadoB Uid aHanIu3a
Ouonornyeckux «rekcroB» (3amucu uHpopmammu B JIHK). WM3ywarbcs BO3MOXKHOCTD
oubnmmoreku «igraph» mis s3pika mporpammupoBanus R copepskaimmii Habop (GYHKIUA UIs
MOCTPOCHHS U aHAIHM3a Pa3InYHBIX BAPUAHTOB IpadoB.

Tema 1. BBenenne. SA3biku nporpammupoBanus. Kinaccudpukanus si3bikoB

4.3.1. IlepeyeHb CeMHUHAPCKHUX, MPAKTHYECKHUX 3aHITHH 1 JJAa0OPATOPHBIX padoT

HaumenoBanue prn((:g\sl;()ﬂb DopMuUpyeMbI
Ne N ceMumapo, N3 Hux OuneHounbIe ¢
pa3agena | NPaKTHYECKUX U KOMIIETeHI[U U
n/H Bcero | mpakTuvecka cpeacTsa
H TeMbI J1a00paTOPHBIX (MHAUKATOPBI
aGoT yacoB | )
P NMOATr0TOBKA
1 2 3 4 5 6 7
OIlK-2
N3yuenue paboThI B HAJIK OIIK-2.1
concom HJIK OIIK-2.2
UHTEPIIPETaTOpa HJIK OIIK-2.3
SI3bIKA
1 | Temal IIPOrpaMMHUPOBAHHUS 8 8 KCP OIIK-3
R u Bu3yansHOI HJIK OIIK-3.1
cpene pa3pe_160TKH HJIK OTIK-3.2
RStudio HJIK OTIK-3.3
OIlK-2
Peanuzaiuun HJIK OlIK-2.1
0a30BBIX HJIK OIIK-2.2
AJICOPUTMOB C HJIK OIIK-2.3
2 | Tema 2 HCIIOJTb30BAHUEM 12 12 KCP
SI3bIKA OIIK-3
HpOrpaMMHUPOBaHHS HJIK OTIK-3.1
R HJIK OIIK-3.2
HJIK OIIK-3.3
Pemenune 3anau OIK-2
3 | Tema 3 HCC:J;I:ZZI:;;ZM 8 8 KCP HJIK OTIK-2.1
F O — HJIK OIIK-2.2
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PUMCHECHUECM HJIK OIIK-2.3
OMOIHOTEK S3bIKA
pOrpaMMHUPOBAHHS OIIK-3
R. HJIK OIIK-3.1
HJIK OIIK-3.2
HJIK OIIK-3.3
Pemenue 3anau
CBSI3aHHBIX C OIIK-2
[IPUMEHEHUEM HJIK OTIK-2.1
METOJIOB HHK OHK'ZZ
OIKCATEBHO HJIK OIIK-2.3
Tema 4 CTaTUCTHUKH 12 12 KCP
GyHkIms ¢ OIIK-3
NpUMEHEHUEM HJIK OIIK-3.1
OMOIHOTEK SI3bIKA HJIK OIIK-3.2
HpOFpaMl\éI/IpOBaHI/IH HJIK OTIK-3.3
Perenue 3a1a4 mo OTIK-2
aHaTu3y H HJIK OIIK-2.1
BU3yaJIU3aIAU HJIK OlIK-2.2
Pa3JIMYHBIX THIIOB HJIK OIIK-2.3
Tema 5 pacnpeneneHui ¢ 8 8 KCP
MTOMOIIIBIO OIIK-3
OMOIMOTEK SA3bIKA HJIK OIIK-3.1
pOrpaMMHUPOBAHHS HJTK OTIK-3.2
R. HJIK OTIK-3.3
Pewenue 3amay no
HAXO0XKICHUE OIIK-2
MaTpul] 3HaYEHUI HJK OIIK-2.1
Pa3IHYHBIX THIIOB HJIK OlIK-2.2
CKaJIIPHOTO HJIK OIIK-2.3
Tema 6 IPOU3BENEHHS 8 8 KCP
BEKTOPOB C OIIK-3
pUMEHEHHEM HJIK OTIK-3.1
OUOJIMOTEK SI3bIKA HJIK OTIK-3.2
HpOFpaMl\éI/IPOBaHI/ISI HJIK OTIK-3.3
Peuenue 3amau no
aHaJIM3y OIIK-2
MHOTOMEPHBIX AJJK OIIK-2.1
JIaHHBIX C HJIK OIIK-2.2
PUMECHEHHEM HJIK OIIK-2.3
Tema 7 MHOTOMEPHOT'O 8 8 KCP
IIKAJIMPOBAHUS Ha OIIK-3
OCHOBE TMaKeTa MJIK OTIK-3.1
«vegany 1 si3bIKa HJIK OTIK-3.2
nporpaMhénpOBaHns{ HJIK OTIK-3.3
Pemenwne 3amau mmo OIIK-2
MNOCTPOCHHUIO U HﬂK OHK'21
BU3YyaJIN3aIiU
Tema 8 rpa)oB B makeTa 8 8 KCP Zﬁg 8%%3(23
«igraphy si3pika '
pOrpaMMHPOBAHHS
pOPRVERTP® OIIK-3
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HJIK OTIK-3.1
HJIK OTIK-3.2
HJIK OTIK-3.3

4.3.2. IlepeueHb TeM (BONPOCOB), BBIHOCHMBIX Ha CaMOCTOSITEJIbHOE W3y4YeHHe
CTYJA€HTaMH B PAaMKaX caMoCToATebHOi padotsl (CPC)

Ne n/mm Tema 3aganue dopmupyemasn nAK
KOMIIeTeH U
1. Tema 3. Ilonstue QyHKITHSA CaMocCTOSITeNbHOE H3YUCHHE OIIK-2 NAK OINK-2.1
METOZBI 3a1aHMs ()YHKITHIA, TEMBI — OMOIHOTEKA MJIK OIIK-2.2
JJIEMEHTapHbIEe (QYHKIHH, «ggplot2» mus si3pika K OIIK-2.3
METOJIbl HCCIIEIOBAHUS nporpamMmmupoBanus R u ee
(GYHKIMH C IPUMEHEHHEM MIPUMEHEHHE JUTS
CPE/CTB sI3bIKa BU3yaJIN3alM1 CJI0XKHBIX
nporpamMmupoBanus R. (YHKIIMOHAIBHBIX
3aBUCUMOCTEH. Brinonnenue
MOCMEHHOTO CaMOCTOSITEIIEHO
3aJaHus C IPEAOCTABICHHEM
OT4YeTa.

4.4. MeTonnyecKue yKa3aHUs 10 OPraHU3ALMHN CAMOCTOSITeIbHOMH padoThl CTY/ICHTOB

CaMmocrosiTenbHasi padoTa CTYACHTOB SIBISIETCSI COCTAaBHOM 4acThio Y4eOHOro mporecca u
UMeEeT LEeNbI0 3aKpelyIeHue M YIiayOJieHHWe TIOJIY4YEeHHBIX 3HAHUM M HAaBBIKOB, IOMCK U
npuoOpeTeHne HOBBIX 3HAHWHM, a TaKKe BBHIMOJHEHHE Y4YEOHBIX 3aJaHWM, IMOJITOTOBKY K
IIPEJCTOSALINM 3aHATUAM, U DK3aMEHY 110 NIPEAMETY.

Jlnst  opraHu3anmil  CaMOCTOSITEIbHOH  paboTel 1o  jgucuuiimHe  «OCHOBBI
IPOTrpaMMHUPOBAHUS» UCIIONB3YIOTCS CeyroIue (GOopMbl CAMOCTOSITEIbHON Y4eOHOH pabOThI:

- PaboTa 1o u3y4eHune TeMbl ¢ UCIOJIb30BAaHUEM MAaTEPHAIOB MTPAKTHYECKOTO 3aHATHSL.

- [lon6op, nzyueHue, aHaIN3 PEKOMEHI0OBAHHOW JIUTEPATYPBHI.

- MI3ydeHus Tem 3aHATHI, BHIHECEHHBIX Ha CAMOCTOSITEIbHOE U3yUYEHHE.

- CaMoCTOATENbHOE M3YyYEHUE CHUHTAKCUYECKMX KOHCTPYKIMM U  JTOMOJHUTEIBHBIX
O6ubImoTeK IS s 3bIKa porpaMMupoBanus R.

- CaMocTosTenbHOE peIIeHUs JOMAllHMX 33Jad 10 pa3paboTKe ajIropuTMOB U
MaTeMaTUYeCKUX METOOB 10 U3y4YaeMbIM TEMaM.

- [ToaroroBKa NMCHMEHHBIX OTYETOB 10 PEUICHUIO CAMOCTOSTEIbHBIX 3aJaHAN 3a1a4.

- [ToaroroBka k 3K3ameHy.

Iucvmennvii omuem no pewieHuro OOMAWIHUX 3A0AHUNl — 3TO OTYET O BBINOJIHEHUU
JIOMEIIEHHOTO 3a/IaHus IO TeMaM JIUCUUIUINHBI, COAEpKAIIUN CIEeyIOIYI0 HH(OPMALIUIO:

- ®.11.0. HOMep IpynIbl MarucTPaHTa;

- HOMEp 3aJIaHus;

- (hopMyIIMPOBKA 3a/1aHUS;

- OIIMCaHME pe3yJIbTaT PEUIeHUs 3aJaHMsl ¢ MpUBeAeHuEM (DaioB aNrOpuTMOB U UX OJIOK-
CXEM B COOTBETCTBHMHU C (POPMYJIMPOBKOM 3a/1aHUSI.

Kpurepuii onieHKH 0TYETa IO PELIEHUIO IOMAITHETO 33/1aHUS

- OLieHKa «3auTeHO». 3a/laHie BBHIIIOJIHEHO MPABMWIIBHO U B TIOJHOM 00bEME, BCE allTOPUTMBI
U rpaduKy corinacHo GopMyIUPOBKE 3a/1aHUS MTPEIOCTABICHBI B OTYETE.

- OneHka «He 3a4Te€HO». 3a/laHue BBIMOJIHEHO HE IMPaBWJIBHO WJIM HE B MOJHOM 00BEME,
BONPOIIAETCS Ha MEepPEeAeNIKY U I0paboTKYy.

[TonroroBka Kk 53K3aMeHy B BHUAE TecTHpoBaHMs. K »K3aMeHy B BHIE TECTUPOBAHUSA
JIOTTYCKAOTCS CTY/IEHTHI, IOJYYUBIINE 3a4€ThI [10 BCEM CAMOCTOSITEIILHBIM 3a/IaHUSIM.

4.5. IllpuMepHasi TeMaTHKa KyPCOBBIX padoT (MPOEKTOB): HE MPEAYCMOTPEHBI YUeOHBIM
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IIJTaHOM.

V. YYEBHO-METOAUYECKOE U THOOPMAIIMOHHOE OBECIIEYEHUE
JUCHHUIIJINHBI
a) mepevyeHb JUTEPATYPHI

1. Marnee B.J., Ilanuenko JILA., Pusamuenko I.}O., Tepexun A.T. Teopus
BEPOSITHOCTE M MaTeMaTHYecKas CTaTUCTUKA. MaTemMaTH4ecKue MOMACNU. W3/.:
Axkanemusi, 2009 r. 315 c. (YHuBepcUTEeTCKMI yuyeOHUK. Bricimas maremaTuka U ee
npuioxxenue B ouonorun) ISBN 978-5-7695-4704-1.+

2. Jamemex JL.IO. Bwicmas maremaruka [Tekct]: ydeOHOe mocoOue mjisi OHOJIOTOB.
"Upkyrckuii roc. yH-1". - Upkyrck : M3a-Bo UT'Y, 2012. - 213 c.: un., tadn.; 21 cm.;
ISBN 978-5-9624-0637-4+

3. IumaueB B.C. Briciias matematuka. ba3zoBbiii kype [Tekcr] : yue6. mocooue / B. C.
[umaues ; pen. A. H. TuxoHos. - 8-¢ u3a., nepepad. u gom. - M. : U3n-Bo IOpaiir,
2011. - 447 c. - ISBN 978-5-9916-0822-0. — ISBN 978-5-9692-0970-1 (10 »k3.)+

4, Bnamgumupckuii b. M. Maremaruka. OOmuii Kypc [DneKTpoHHBIH pecypc] : yueO.
/B.M. Bnagumupckuii. — M. : Jlanb, 2008. — 960 c. — (YueOHHKHU IS BY30B.
CrneuunanbHast nu-teparypa). — Pexxum nocryma: OBC "UzpmatenbctBo "Jlawp". —
Heorpanwnu. nocrym. — ISBN 978-5-8114-0445-2.

0) 10MOJIHUTE/ILHASA JIUTEpaTypa

1. IMunynoB A. b., bangun E. M., BonkoBa Il.A., u ap. Harnsanas cratuctuka.
Ucnonszyem R! UznmatensctBo: MK Ilpecc, 2014 — 300 c. Kuura gocrynmHa B
CcBOOOIHOM JIOCTYTIE 3 (0) CCBUIKE:
http://ashipunov.info/shipunov/school/books/rbook.pdf

2. Mactuukuii C.3., [llutukoB B.K. Ctatuctuueckuii aHanu3 v BU3yajin3anus JaHHBIX C
nomonipio R. M3narenscTBo: Xaiaensoepr —Jlongon —TombstTH, 2104 — 401 c. Kaura
JOCTYITHA B CBOOOIHOM JOCTyIIE 3 (0) CCBUIKE:
https://raw.githubusercontent.com/ranalytics/r-
tutorials/master/Edition_2014/Book/Mastitsky and_Shitikov 2014 R_tutorials.pdf

3. KoOGzapp A.U. «llpuknagHas maTeMaTHYeCKas CTATUCTUKA», JJII HWHXXEHEPOB H
Hay4yHbIX paOoTHHKOB. M3narensctBo MockBa: @PU3MATIINUT, 2006 — 816 c. Kuura
nocTymHa 1o ceeiike: http://www.phd4s.ru/books/book _mat/statistika/kobzar.rar

0) nepuoaMYecKHe U3TAHUS
1. https://www.matbio.org/ - caiir kypHama «MaremaTuueckas ~OHOJIOTHS U
onoundopmatukay. Comepxut Oonbiioe konnuectso crateit B pdf — gpopmare.
2. https://journal.r-project.org/ - caiit *xypHaia Mo CTaTUCTUYECKUM MeToaaM Ha R, «The
R Journal».

B) 6a3bI TaHHBIX, HH(POPMALNOHHO-CIIPABOYHBIE H MOHCKOBbIE CHCTEMbI

1. http://dmb.biophys.msu.ru - Nudopmanmonnas cucrema «luHaMHYECKHE MOJCTH B
OuonmoruM», paccUuUTaHHAas Ha IIMPOKHHA KPYr TIOJIb30BATENCH, BKIIOYAaeT B cels
THIIEPTEKCTOBbIE JOKYMEHTHI W PEJSIIMOHHBIE 0a3bl JaHHBIX W o0ecrevnBacTt
YHU(HUIMPOBAHHBIA JTOCTYN K pa3sHOOOpa3HOW MHGpOpPMaluHM MO JaHHOH MpeaMEeTHOM

00J1aCTH.

2. http://www.jcbi.ru/ - caiiT 0OBEAMHEHHOTO IEHTPA BBIYUCIUTEIBLHOW OHOJOTHU U
O6ronHpOpMaTUKH

3. http://mathmod.aspu.ru/ -  Caiir  coBmectHoii  nabGoparopuu  MHcTHTyTa

MaTeMaThdeckux mpobiem Owmomoruu Poccuiickoil akajgeMun Hayk U ACTpaxaHCKOTO
TrOCYIapCTBEHHOI'O YHUBEPCUTETA
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http://ashipunov.info/shipunov/school/books/rbook.pdf
https://raw.githubusercontent.com/ranalytics/r-tutorials/master/Edition_2014/Book/Mastitsky_and_Shitikov_2014_R_tutorials.pdf
https://raw.githubusercontent.com/ranalytics/r-tutorials/master/Edition_2014/Book/Mastitsky_and_Shitikov_2014_R_tutorials.pdf
http://www.ph4s.ru/books/book_mat/statistika/kobzar.rar
https://www.matbio.org/
https://journal.r-project.org/
http://dmb.biophys.msu.ru/
http://www.jcbi.ru/
http://mathmod.aspu.ru/

4.  http://www.exponenta.ru/ - oOpa3oBarebHbIi MATEMAaTHUYCCKUN CAUT
5. http://www.library.biophys.msu.ru/MathMod/BM.HTML - kuwura I'.JO. PusanueHko
((EI/IOJIOI‘I/ISI MaTcMaTHu4dYCCKasI»

6. http://nature.web.ru/db/msg.htmI?mid=1156624&uri=index.htm - bBeiimn H..
Maremaruka B Ouonoruu u meaunuae. — M.: Mup, 1970.

7. http://www.biometrica.tomsk.ru/ - osmekTpoHHBIi KypHan «buomerpukay A
MEJNKOB U OWOJIOrOB — CTOPOHHUKOB JOKa3aTenbHOW OmoMeauiuHbl. COIaepKUT

OO0JIBIIIOE KOJIMYECTBO CTATeH W HMHBIX MAaTepHaliOB, MOCBSIICHHBIX MaTEeMaTHUCCKHM
MOJIEJISIM B OMOJIOTHUH.

8. http://www.library.biophys.msu.ru/FominBerk/main.htm - ®omun C.B., bepkuuoaut
M.B. Marematudeckue npoOiemMsl B buonoruu. - M.: I'ayka, 1973. - 200 c.

9. https://www.elibrary.ru — snekrponHas GUOIHOTEKA HAyYHBIX CTaTel, MOHOrpabuu U
MaTepuaaoB KOH(EPEHIH, BRIMYIICHHBIX POCCUICKUMH YUCHBIMH.

10. https://pubmed.ncbi.nim.nih.gov/ - mexxayHapoaHas 6a3a JaHHBIX HAYYHBIX CTaTed U
MOHOTpadHii, IMOCBSIICHHAs PA3JIHYHBIM BOIIPOCAM OMOJIOTHH.

11. https://apps.webofknowledge.com — mexxayHapoaHas 06a3a JaHHBIX, HHICKCHPYOIIAs
Hay4YHbIE MyOIMKAI[MK B BEICOKOPEHTHHIOBBIX M3IAHHSIX

VI. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYEHUE JUCHUIIJIMHBI

6.1. YueOHoO-1200paTOopHOE 060py10BaHUE:

- Ayaurtopust A1 IpOBeAEHMs 3aHATHM JaboparopHoro tuma. KommnbloTepHbIN Kiacce
(yueOHast ayautopusi). AynuTopus o0opyaoBaHa: CreUualIn3upoBaHHON (yueOHOIi) MeOenbio Ha
20 mocaovYHbIX MECT, JOCKOH MENIOBOH; 000py/lIOBaHa TEXHUYECKUMHU CPEICTBAMU OOYUEHUSI:
Cucremnsiii 610k PentiumG850, Monutop BenQ G252HDA-1 rt.; Cuctemusiii 6;10kAthlon 2
X2 250, Mouutop BenQ G252HDA — 8 mir.; Cucremusiii 610k PentiumD 3.0GHz, MouuTtop
Samsung 740N — 3 mr.; Mono6nok IRU T2105P — 2 mr.; Cucremusiii 610k Pentium G3250,
MouuTtop BenQG955 — 1 mit.; Cucremusiit 6ok Pentium G3250, Monutop BenQ GL2250 — 1
wit.; Cuctemusiit 6110k Pentium G3250, MouuTtop Samsung T200 HD — 1 mrt.; CuctemHblIi 610K
Pentium G3250, Mounutop Samsung T190N — 1 mr.; Cucremusii 610k Pentium G3250,
Mounutop Samsung 740N — 1 wr.; IIpoekrop BenQ MX503; skpan ScreenVtdiaEcot. C
HEOTpaHMYEHHBIM JOCTYIIOM K ceTh VMHTepHeT W obecriedeHHueM AO0CTyna B DIIEKTPOHHYIO
UH(POPMALIMOHHO-00pa30BaTENbHYIO Cpely OpraHu3aluy, y4eOHO-HarsIHBIMH HOCOOUsMH,
00eCTIeYNBAOIIMMH  TEMaTHYECKUEe WIUTFOCTpAlMA 1o JucnuiuimHe «MoJenupoBaHue u
IporpaMMHpPOBaHUE OHOIPOIECCOB» B KOJMUYECTBE 8 IUT., MPE3CHTAllMM IO KaxI0i Teme
IPOTPaMMBI.

- KomneroTepHsblii knacc (yueOHas ayquToOpus) A TPYNIOBBIX U WHAWBUIYAIbHBIX
KOHCYNIbTAIlMi, TEKYIIEro KOHTPOJS W MPOMEKYTOYHOW  AaTTeCTallid, OpTaHU3aIiH
CaMOCTOSITENIbHOW  paboThl. AyauTopusi OOOpyAOBaHA: CIEHUATU3UPOBAHHON (yueOHOIN)
mebenpro Ha 20 mocagouHBIX MECT, TOCKOH MEJIOBO; 000pYyI0BaHA TEXHUYECKUMHU CPEICTBAMU
obyuenusi: Cuctemusbiii 0ok PentiumG850, Monutop BenQ G252HDA-1 wt.; CucreMHblit
omokAthlon 2 X2 250, Monutop BenQ G252HDA - 8 mir.; Cucremusiii 610k PentiumD
3.0GHz, Monutop Samsung 740N — 3 mit.; Mono6nok IRU T2105P — 2 mit.; CuctemHsbIit 610K
Pentium G3250, Mouutop BenQG955 — 1 mit.; Cuctemusiii 610k Pentium G3250, MouuTtop
BenQ GL2250 — 1 mt.; Cucremusiii 6sok Pentium G3250, Mouutop Samsung T200 HD - 1
wit.; Cuctemusiii 6ok Pentium G3250, Mounutop Samsung T190N — 1 mr.; CucteMHbIi GJ10K
tium G3250, Monutop Samsung 740N — 1 mT.; ¢ HEOrpaHHMYEHHBIM JOCTYIIOM K CETH
Uurepnert; [Ipoextop BenQ MX503; sxkpan ScreenVidiaEcot. Hoyr6yk Lenovo G580 — 1 mt. C
HEOTpaHMYEHHBIM JIOCTYIOM K ceTu HTepHeT.

- Ilomemenus mms XpaHeHUST M MPOMUIAKTHYECKOTO OOCIY)KHBAaHUS Y4eOHOTO
o0opynoBanusi. Ayauropus o00pyoBaHa: CIeHUANIN3UpOoBaHHOW MeOenbio Ha 11 mocagouHbIX
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http://www.exponenta.ru/
http://www.library.biophys.msu.ru/MathMod/BM.HTML%20-%20книга%20Г.Ю
http://nature.web.ru/db/msg.html?mid=1156624&uri=index.htm
http://www.biometrica.tomsk.ru/
http://www.library.biophys.msu.ru/FominBerk/main.htm
https://www.elibrary.ru/
https://pubmed.ncbi.nlm.nih.gov/
https://apps.webofknowledge.com/

mect; Ikad nns gokymenTos - 3 mr.; Cerip — 1 mt ; Hlkad-kyme - 2 mr. ; [IpuaTtep us.Canon
LBR-5050 Laser Printer; ITpuatep Canon LBP-3010; Hoyroyk Lenovo G580 — 1 mir.

6.2. IlporpammHoe obecnieyeHue:

DreamSpark Premium Electronic Software Delivery (3 years) Renewal (Windows 10
Education 32/64-bit (Russian) - Microsoft Imagine, Windows 7 Professional with Service Pack 1
32/64-bit (English) - Microsoft Imagine, Windows Server 2008 Enterprise and Standard without
Hyper-V with SP2 32/64-bit (English) - Microsoft Imagine, Access 2016 32/64-bit (Russian) -
Microsoft Imagine, Access 2010 32/64-bit (Russian) - Microsoft Imagine). Torosop Ne03-016-
14 ot 30.10.2014r.

Kaspersky Endpoint Security mis 6usneca - Cranmapthbiid Russian Edition. 250-499.
®opyc Kontpakt Ne04-114-16 ot 14nos0ps 2016r KES. Cuer NePCI[3-000147 u AKT or
23n0510ps 20161 JIu.Ne1B08161103014721370444.

Microsoft Office Enterprise 2007 Russian Academic OPEN No Level. Homep Jlunensuu
Microsoft 43364238.

Microsoft Windows XP Professional Russian Upgrade Academic OPEN No Level.
Howmep Jlunensun Microsoft 41059241,

Office 365 mpodeccuonanbhbiii itoc s ydamuxcs. Homep 3akasa: 36dde53d-7cdb-4cad-
a87f-29b2a19c463e.

6.3. Texunyeckue M 3JIeKTPOHHbIE CPeICTBA:
[IpeseHTanuu 1o BceM TeMaM Kypca.

VIil. OBPA3OBATEJ/IBHBIE TEXHOJIOT U
[Ipu peanu3zanuu pa3IHMYHBIX BHJIOB Y4eOHOW pabOThI NUCIUIUIMHBI HCIIOJIB3YIOTCS Kak
CTaHJAPTHBIC METOJIbI O0YUYCHHSI, TAK ¥ MHTEPAKTUBHBIC OPMBI IPOBEIICHUS 3aHSATHIA.
Cmanoapmuvie Memoobl 00yYeHUsL:

1. HWnadopmarmoHHas JICKIH.

2. llpaxTtuyeckue 3aHATHS, MPEIHA3HAUYCHHBIC I OCBOCHUS CTYIACHTaMH 0a30BBIX
METO/IOB aHAJIM3a JIAaHHBIX M HCIIOJIb30BAHHIO MATEMATHYECKUX METOJIOB C MOMOIIBIO
METO/I0B MaTeMaTHYECKOTO aHAIIN3a

3. CamocrosiTenbHas paboTa CTYAEHTOB (BBIMIOJHEHUE AOMAIIHHUX 3aJlaHUM, BBIMOJTHEHUS
JOMAITHUX 3aJaHWid 10 TeMa JUIT CaMOCTOSATEIBHOTO W3y4eHHs, TOJrOTOBKAa K
HK3aMEHAIIMOHHOMY TECTY).

4. KoHCYIbTaIMH MTPETIOaBaTEelIs.

Jlucmanyuornnoie obpazosamenvbHble MexXHON02UU. IToxg JTUCTAaHIIMOHHBIMHA
0o0pa3oBaTeNbHBIMH  TEXHOJIOTUSAMU  TMOHUMAIOTCS  00pa3oBaTENbHBIE  TEXHOJIOTHH,
peanuzyeMble B OCHOBHOM C TNPUMEHEHHEM WH(OOPMAIMOHHO-TEIEKOMMYHUKAITMOHHBIX
ceTeil - MHTEpPHET-TEXHOJOTHS — 3aJelicTBOBaHME oOpas3oBarenpHoro moprama UI'Y -
educa.isu.ru i1t IpeI0CTaBIECHUS MUChbMEHHBIX OTUYETOB IO JIOMAITHUM paboTaM.

HanmeHnoBaHue TeM 3aHATHH ¢ HCMOJIb30BAHNEM TMCTAHIMOHHBIX
o0pa3oBaTe/IbHBIX TEXHOJIOIHIA:

dopma / Meto b Kor-Eo
Tema 3anaTusa Bun 3agatusa AHTEPAKTUBHOTO
Ne JacoB
00y4deHus
Tema 1. Beenenue B S3EIK CaMOCTOSATENbH
A 3arpy3ka 3agaHust 1Jis 3
as paboTta
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nmporpaMmmupoBaHus R kak
YHHUBEPCAIBHOE CPENCTBO A
MaTeMaTHYECKUX BBIYHACICHUI

KOHTpOJISI Ha
00pa3oBaTeNbHbII
noptan UI'Y
educa.isu.ru

Tema 2. ba3zoBble aaroOpUTMbI
(BeTBIEHUS, IIUKIIBI) U

3arpy3ka 3agaHus 1Jis
KOHTpOJIA Ha

CaMOCTOATCIIbH o
MOJIH30BaTEIbCKHE (PYHKITUU B a5 pabora 00pasoBaTenbHbBIN 4
A3bIKe NporpaMmupoBanus R. noprai UI'Y
educa.isu.ru
Tema 3. [Tousitue KIS
(ymxn . 3arpy3ka 3agaHus 1Jis
METO/IbI 3a/1aHus QYHKIUH,
KOHTpOJIA Ha
DJIEMEHTapHbIE PYHKIIHH, CaMOCTOSITEbH .
METO/Ibl UCCIICIOBAHMS (QYHKITUN ast paboTta 06pa3soBATEIL LI 4
y noprai UI'Y
C IPUMEHEHUEM CPEJICTB SI3bIKA -
educa.isu.ru
nporpamMmMupoBanus R.
Tema 4. D11eMEeHTHI TEOpUU 3arpy3ka 3agaHus AJis
BEPOSITHOCTH peaIu3alus KOHTpOJI Ha
. CaMOCTOSATCIIbH o
pacy€ToB B 00JaCTH TEOPUHU as pabota 00pazoBaTenbHbIN 4
BEPOSATHOCTEM C IIOMOILBIO nopran UI'Y
s13bIKa [porpaMmmupoBanus R. educa.isu.ru
3arpy3ka 3agaHus i
Tema 5 3akoHsbl pacnpeneneHus py A s
. KOHTpOJISI Ha
CIIy4alHbIX YHUCEll, CaMOCTOSITEIIbH .
00pasoBaTebHBIN 3
SMIIUPUYECKUE U TEOPETUUECKHE ast pabora
nopran UI'Y
3aKOHBI pacIpeIeIeHHUS. -
educa.isu.ru
Tema 6. DrieMEeHTHI BEKTOPHOIA
anredpsl peanu3arus
. 3arpy3ka 3agaHus 1Jis
QITOPUTMOB BEKTOPHOM anreOpsl
KOHTPOJIA Ha
B sI3bIKE MporpaMMupoBanus R, | camocrosrensn .
BEKTOpPHAs ajredpa JJis aHaiu3a as pabora 00pasoBaTeIL LI 4
p P noprai UI'Y
CXO/JICTBA U Pa3IUYUs MEXKIY -
Ny educa.isu.ru
00BEKTaMu B MHOTOMEPHOM
CTaTUCTHUKE.
Tema 7. AHanu3za cXoAcTBa U 3arpys3ka 3aaHus IS
pa3anurs MeXay OObeKTaMH B KOHTpOJIA Ha
o CaMOCTOATCIIbH o
MHOTOMEPHOM CTAaTHUCTHUKE C 00pazoBaTenbHbBIN 4
ast pabora
IIOMOIIBIO METOAA noprain UI'Y
MHOTOMEPHOTO MIKAJTHMPOBAHHSI. educa.isu.ru
3arpy3ka 3agaHus AJis
Tema 8. MeTo/IbI U aNTOPUTMBI pYy & A
KOHTPOJIS Ha
Teopuu rpadoB, U UX CaMOCTOATENIbH "
o0pa3oBaTeNbHbII 4
peanu3anus B sI3bIKE ast pabora
noprai UI'Y
nporpamMmmupoBanus R. .
educa.isu.ru
Wroro yacos 30

VIIl. OHEHOYHBIE MATEPHUAJIBI VIS TEKYIHIEI'O KOHTPOJIA U

MPOMEXXYTOYHOM ATTECTALIUA

BX0oaHOro KOHTpPOJIS OLIEHKH YPOBHSI 3HAHUMN CTY/IEHTOB JIJISl JAHHOW JUCLUILIIMHBI HE
IIPEyCMOTPEHO.
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Oueuounble mamepuaiibl meKyuieco KonmpaoJin

OrneHOYHBIE MaTepHAIbl TEKYIIETO KOHTPOJS (GOpMHUPYIOTCS B cooTBeTcTBUU ¢ JIHA
YHHUBEPCUTETA.
B pamkax gucuuminunbl «CrienuanbHble TJIaBbl MaTeMaTUKW» UCHOIB3YIOTCS CIEAYIOIIHe

(GbOpMBI TEKYIIETO KOHTPOJIS:

- NHUCbMEHHas paboTa IO PEIIEHUIO0 CaMOCTOSATENBHBIX 3afaHuil (Bce (OPMYIUPOBKH
3aJaHUii  JUIS  CaMOCTOATENBHOTO  PpEIIeHUS C HEOOXOJUMBIMH  COMPOBOIUTEIHHBIMU
MaTepHajaMM BbUIOKEHBI Ha oOpa3zoBaTenbHOM noprane UI'Y B Ttemax kypca «CneuuanbHble
IJIaBbl MATEMATUKK»);

IlepeyeHb MOCMEHHBIX PA0OT /ISl CAMOCTOSITEILHOTO BBINOJIHEHHUS N0 pa3jesaM — TeMaM
AUCHUILINHBI.

3amanue mo teme 1:

3amanue mo Teme 2:

3amanue mo Teme 3:

3aganue no Teme 3. Pa3gen 1j1s1 caMOCTOATEILHOIO H3y4YCHUH.

3amanne mo teme 4:

3aganue mo Teme 5:

3aganue mo reme 6:

3aganue mo teme 7:

3aganue mo teme 8:

Ouenounvie cpeocmea 0 NPOMENHCYmoOUHOU ammecmayuu
Ipomedicymounas ammecmayus poxoaut B Gopme sk3ameHa (3 cemectp), K KOTOPOMY
JIOTIYCKAlOTCA  CTYJEHTHI, BBIIOJIHUBIIME B IIOJIHOM O0bEME ayJUTOPHYIO Harpysky,
camMocCTosTeNbHYI0 paboTy. CTyAeHTh, UMEIONUE 3a/0JKEeHHOCTh, JOJDKHBI BBIOJHUTH BCE
00s13aTeNbHbIE BUJIBI ESTEIILHOCTH.
@OH/[1 OLIEHOYHBIX CPEJICTB AJIs IPOMEKYTOUHOM aTTECTallMM BKIIIOYAET:
- TECTOBBIE 3aJ[aHUs JIJISl DK3aMeHa.
HaznaueHue OIleHOYHBIX CPEACTB: BBIABUTH copmupoBaHHOCTh KomnereHuuid OITK-2, OTIK-3
(em. . I11).
TecroBoe 3amaHue BKIOYaeT JBa BapuaHTta no 20 BompocoB mo BceM TemaM Kypca. K Tecty
JIOIIYCKAIOTCA CTYJAEHTHI, 3aJaBIIME BCE JAOMALIHME 3aJaHui M MOIYYMBIIHE IO KaKIOMY
3a/1aHUIO 3a4eT.
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Kputepuii oneHnBaHMs TECTOBOI0 IK3aMEHAIIMOHHOT0 32/IaHUSA

Ne Tun 3aganus Kputepun onenkn PesyabTar
OLICHHBAaHMA

1 3aganame 3akppiToro THma Ha | CumTtaercss BepHBIM, ecin | [lomHOe coBmazeHHe C

YCTaHOBJIGHUE COOTBETCTBHSA MPaBWIBHO  YCTAHOBJICHBI | BEPHBIM OTBeTOM — 1
BCE COOTBETCTBUA | Oas1
(mo3unmm oxHOTrO CTOJOIA | Bee ocTampHBIE citydan
BepHO  cooTHeceHbl ¢ | — 0 OamioB
MO3ULIUSIMH Jpyroro
CTOJIOIA)

2 3amanue 3akpbiToro Tuma Ha | Cumrtaerca BepHbIM, eciu | [lomHoe coBmanenue c
yCTaHOBJICHUE MpaBWIBHO yKa3aHa BCS | BEPHBIM OTBeToM — 1
MTOCIIEIOBATEIHHOCTH TIOCIIeI0BaTeILHOCTD IHp | Oamn

Bce ocranbhble ciydan
— 0 6anoB

3 3amanne komMOMHUpoBaHHOTO Tuna | CunraeTcs BepHbIM, eciu | [lomHoe coBmaneHue c
C BEIOOPOM OJHOTO BEPHOTO OTBETA | MPABIJIBHO YKa3zaHa IMQpa | BEpHEIM OTBeTOM — 1
W3  YeThIpeX NpPEeUIOKEHHBIX | | (OykBa) MPaBIIILHOTO | Oay
000CHOBaHUEM BBIOOpPA OoTBETa W  MpuBEACHH | Bce ocranbHbie ciydan

KOPPEKTHbIE  aprymeHThl, | — 0 OamioB
HCIONb3yeMble NIPHU BbIOOpE
OTBETa

4 3amanne koMOMHHMpoBaHHOro Tuma | CuuraeTcst BepHbiM, eciu | [lomHOE coBmameHue ¢
C BBIOOPOM HECKOJIBKHX BEPHBIX | IPABHIIBHO yKa3aHbl | BEpHBIM OTBETOM — 1
OTBETOB u3 4yeThIpex | mudps (OyxBbI) | Gamn
NPpCAJIOKCHHBIX U O6OCHOBaHI/ICM MMpaBUIBHOT'O OTBETAa u | Bce ocranpHbie cj1ydau
BEIOOpA MpUBEeNEeHB  KoppekTHbe | — 0 OamnoB

apryMEHTBI, UCIONb3yeMble
pH BBIOOpE OTBETA

5 3aganme  oTkpeiToro Tuma ¢ | Cumrtaercs BepHbIM, eciu | [lomHOEe COOTBETCTBHE
Pa3BEepHYTHIM OTBETOM OTBET COBIIAJAET C | sTasloOHHOMY OTBeTy — 1

STaJIOHHBIM ~OTBETOM IO | GaJt
COJIep)KaHUIO M TIOJTHOTE Bce ocranbHble cnydan
— 0 GamoB

Cucrema MOoJIy4YeHHUs 0aJL10B 32 TECTUPOBAHUE

Ouenka KpuUTepui
OTJINYHO 18 u 6onee 6aIoB
XOpOoIIO 16 — 17 6amioB
YJIOBJIETBOPUTEIHHO 15 — 13 6amioB
HEYJIOBJIETBOPUTEIBHO 12 GannoB u MeHee
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OueHoYHbIE MATEPHUAJIbI 1JISl IPOMEKYTOYHOM aTTecTanun (IK3aMeHa)

TecrupoBanue (Bapuanr 1).

HUnaexc u
colep:KaHme HNuauxaTopbl .
. . TecToBble 3aaHUs JUISI TPOMEKYTOYHOI aTTeCTAIIMI

¢bopmupyemoii KOMIIeTeHIH

KOMIIETeHIHH
OIIK-2 HJK OIIK-2.1 3aganne KOMOMHHMPOBAHHOIO THIIA ¢ BLIOOPOM OTHOT0 MJIM HECKOJIBLKHX BEPHBIX OTBETOB M3
Croco6en nononesosats | JleMOHCTpHpYET YeThIpex NpeIoKeHHBIX ¢ apryMeHTalueil BoiGopa
CHICUAIU3UPOBAHHBIC CIICHHUAJIU3UPOBAHHBIC
3HAHUSA 3HaHUA B 06JacTu Bonpoc 1.
(dyHIaMeHTaITbHBIX (hyHIaMEeHTAIBHBIX

pasaesoB MaTeMaTHKH,
($u3NKN, XUMHAA U
OHOJIOTAN IS
HPOBENICHUS
uccie0BaHui B 00nacTu
OUOWHKEHEPUH,
OuonH(pOpMaTUKHN U
CMEXKHBIX THCIUILTHH
(Momyneit)

pa3ieioB MaTeMaTHKH,
(hU3KKH, XUMHAH,
OHMOJIOT MU U TIEPCIICKTHBBI
MEKAUCIUILUTHUHAPHBIX
HCCJIeI0BaHUI

HJIK OIIK-2.2

YMeeT ucnonan30B8aTh
HaBBIKU TPOBEICHHS
HCCIIEIOBAHMM B 001aCTU
OMOMHKEHEPHH,
OMOMH(pOPMAaTHKH C
y9eTOM
CHETHATH3UPOBAHHBIX
(hyHIaMEeHTAITBHBIX
3HAaHUHA

HJIK OIIK-2.3
Brageer meTonamMu
XUMHWH, PU3UKHA H

Kaxkoii u3 cnepyronux cnoco0oB siBisieTcsi Hanbosiee peKoMeHyeMbIM ai1st yeranoBku nakera dplyr u3 CRAN B R?

a) source("http://cran.r-project.org/package=dplyr") 6) install.packages("dplyr") B) library("dplyr") r)

update.packages("dplyr™)

Bribepure oguH BEepHBIN OTBET U 00OCHYWUTE CBOI BEIOOD:

[IpaBUiBHEIH OTBET: 0)

ObocHOBaHUE:

e  a) source() MCTOJIB3YETCS AJISI BBIMOJIHEHHU R-CKpUNTOB, a HE ISl yCTAaHOBKH MTAKETOB.

e 0)install.packages("dplyr") - aTo crangapTHBIN ¥ peKOMeEHIyeMbIi criocob ycranoBku maketoB u3 CRAN. Ox
CKauMBaeT M yCTaHaBJIMBaeT naket dplyr u Bce He0OXOJMMbIE 3aBHCUMOCTH.

o ) library("dplyr") - sarpyxaet yctaHOBJICHHBII MTAKET B TEKYIIIYO ceccuio R, a He ycranaBnuBaert ero. [laker
JIOJDKEH OBITh YCTaHOBJIEH /10 MCMOJIb30BaHus library().

e 1) update.packages("dplyr") - oGHOBASIET yiKe yCTaHOBJIEHHBIHM MakeT dplyr 10 mocneaHel Bepcuu.

Bonpoc 2.

Kakoii pparment kona ¢ nukiaoM while B R koppekTHO BBIBOAUT yucia OT 1 10 5 (BKIFOUHUTENBHO)?

a) i <-1; while (i <=5) { print(i); i<-i+ 1} 6) i <- 1; while (i <5) { print(i); i <- i+ 1} B) i <- 1; while (i <= 5) { print(i)
} ) i <-1; while (TRUE) { print(i); i <- i+ 1; if (i > 5) break }

Bribepure oauH BEepHBIN OTBET H 0OOCHYHTE CBOH BEIOOD:

[IpaBUIBHBIN OTBET: @) U T)

MaTEeMaTHYECKOTO
ObocHOBaHME:

MOJICITUPOBAHMS JJIS . o . o

HpOBE/IEHHs e a) Oto BepHsIii koj. Lluka while (i <= 5) OyzneT BBITOIHATHCS, TTOKA 1 MEHBILIE WX PaBHO 5. BHyTpn nukna print(i)

R T— BBIBOJMT TEKYyIllee 3HaUeHue 1, a 1 <- 1+ | yBennunBaeT i Ha 1.

GHOMHIKEHEPUH e ) DTOT KOJ BBIBOJUT YUCJIA TOJBKO 10 4, TOCKOJIBKY YCIOBHE 1 < 5 03HAYaeT, 4TO UK OCTAHOBUTCS, KOT/a 1

bl

6HOMHDOPMATHKH JIOCTUTHET 3HAUEHUS 5.
OIIK-3 HJIK OTIK-3.1 e  B) DTOT KOJ co3/1aeT OCCKOHEYHBII IUKJI, TAK KaK 3HAUCHHE 1 HUKOT/Ia He U3MEHSIETCs, M yCIoBUe 1 <= 5 Bcerna
Crnoco6eH POBONTE IIpoBout OyaeT HCTHHHBIM.
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9KCTIEPUMEHTAIILHYIO
paboTy ¢ opraHu3Mamu u
KJIETKaMH, HCIOJIb30BATh
(U3NKO-XMMHUIECKHE
METO/IbI HCCIIEOBAHUS
MaKpOMOJIEKYII,
MaTeMaTHYECKHE METOIbI
00pabOTKH Pe3ynbTaToOB
OHMOIOTHIECKUX
HCCIIEeI0BaHUI

IKCMIEPHUMEHTAIBHYIO
paboTy ¢ OpraHu3MamMu u
KJICTKaMH C
HCIIONIB30BaHUEM (DHU3UKO-
XUMHYECKHX METOIOB
HCCIIeIOBAHUS
MaKpOMOJIEKYI

HJIK OIIK-3.2
HemoncTpupyet
MPaKTUIEeCKUE HABBIKU
MaTE€MaTHYCCKUX MCTOJ0B
00paboTKU pe3yIbTaTOB
OKCIICPUMECHTAJIbHBIX
nccae0BaHut

HJIK OIIK-3.3

Bnaneet onbiTom
MPUMEHEHHUST METOJIOB JIJIst
UCCIICIOBaHHS
MaKpOMOJIEKY,
00paboTKU pe3yIbTaToOB
OMOJIOTHIECKUX
HCCJIETIOBAHUM,
MPOTHO3UPOBAHUS
MEPCICKTHB U
COLIMANIBHBIX MOCIIEACTBUM
cBOEH PodecCHOHATBHOM
JIESITETIBHOCTH.

e 1) DTO TOXE BEpHBIH KOJI. 3/1ech ucnoab3yercs 6eckoneunslit ki while (TRUE), Ho BHyTpH IIHKIIa €CTh IpOBepKa
if (1 > 5) break. Korza i cranoBurcs 6osblre 5, oneparop break nmpepbIBaeT BBINOIHEHUE [UKIIA.

Bonpoc 3.

Bormpoc: Yto memaet oneparop break saytpu rukia B R?

a) [IpeprIiBaeT TEKYyIIyI0 UTEPAIHIO IHUKJIA U TIEPEXOIUT K CIEeAyIomei. 0) 3aBepiacT BEITOTHEHHUE BCETO IIUKIA. B)

BosBpamaer 3Havenue u3 mukia. ) [lepexoauT k Hadamy TeKyliei uTepanni IuKia.

Bribepute oanH BepHBIN OTBET U 0OOCHYHTE CBOH BEIOOP:

[IpaBUiBHEIH OTBET: 0)

O6ocHOBaHME:

e a) Oro onmcanue orneparopa Next (cM. cieayromuii Bompoc), a ue break.

e () Do BepHOe omucanue oneparopa break. break moaHOCTBIO 3aBepiIaeT BHIMOJHEHUE MK, HE3aBUCHMO OT TOTO,
CKOJIBKO UTEPALMH €111e OCTAJIOCh.

e B) Omepatop break He Bo3Bparaet 3HaUCHHE.

e 1) DTO TakXKe OIHCAaHHUe orepaTopa Next

Bonpoc 4.

Yrto npon3oNaeT, eci BBl HOMBITAETECH CO3/1aTh BEKTOP B R, 00beANHIB YNCIIOBBIC M CHMBOJIBHBIC 3HAUEHUS (Hanpumep,

c(1,"a", 2,"b"))?

a) byner cozgana ommbka, Tak Kak BEKTOP HE MOXKET COJEPIKaTh JIEMEHTHI Pa3HBIX TUIOB. 0) Byner co3nan uncnoBoit

BEKTOP, B KOTOPOM CHMBOJIbHBIE 3HAUSHHsI OyIyT aBTOMATHUECKH MpeoOpa3oBanbl B uncia (NA). B) byzaer co3nan

CHMBOJIbHBIH BEKTOP, B KOTOPOM BCE YMCIIOBbIE 3HaYEHUsI Oy/1yT peoOpa3oBaHbl B CHMBOJIbHBIE CTPOKH. T) ByneT co3nan

CIIMCOK, COJIEPIKAIINN KaK YHCIIOBBIE, TAK U CUMBOJIbHBIE 3HAUCHMSI.

Bribepute oauH BepHBIN OTBET U 00OCHYHTE CBOH BHIOOD:

[IpaBUIBHBIN OTBET: B)

Ob6ocHoBaHME:!

e a) OmmOka He BO3HUKHET. R aBTroMaTH4ecku npeoOpasyeT 3JIeMEeHTHI K 00IIeMy THITY.

e 0) [IpeoOpa3oBanne B NA HE IPOU3OUICT.

e B) DTO BepHOE yTBepKaeHHe. BekTopsl B R MOTyT coepath TOIBKO 3J€MEHTHI 0JJHOTO THITa. Korya BbI IbITaeTech
00BEANHUTH YUCIIOBBIC U CUMBOJIbHBIC 3HAYECHUsI, R IPHBONT BCE JIEMEHTHI K Hanbosee o01eMy THITY - B JaHHOM
ciry4yae, cMMBOJIEHOMY (character).

e 1) Co3nacTcsi CHMBOJIBHBIN BEKTOD, @ HE CIIHCOK.

Bonpoc 5.

Kakoii u3 cieayronmx CHHTaKCHCOB KOPPEKTHO OTpeienseT GyHKIUIO B R, KoTopas mpuHUMAeT /1Ba apryMeHTa X 'y, U
BO3BpaIIaeT ux cymMmmy?

a) sum_function(x, y) { return(x + y) } 6) sum_function <- function(x, y) { X + y } 8) function sum_function(x, y) { return
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X +y}r)sum_function = x,y -> {return(x +vy) }

BriGepure oiMH BepHBII OTBET M 00OCHYHTE CBOM BBIOOD:

[TpaBuIbHBINA OTBET: 0)

ObocHoBaHME:!

e a) OrcyTcTBYeT OmepaTop MPHUCBAUBAHUA <- FIIH =. ITO co3/1aeT (QYHKIIMIO, HO OHA HUKY/a HE COXPAHACTCA.

e 0) Dro BepHbI cuHTakcHc. sum_function <- function(x, y) { X +y } mpaBuibHO ompenensieT GyHKIUIO C IMEHEM
sum_function, MPUHIMAOITYIO APTYMEHTHI X M Y, U BO3BPAIIAIONIYI0 UX CyMMY (TIOCIIeHEE BRIpaKCHHE B OJI0Ke
Koja GyHKINU aBTOMAaTHYeCKH Bo3Bparmaercs). B R return() He Bcerma o0s3aTeneH.

e ) function sum_function(x, y) - HenpaBunbHbIil MOPSIOK CIOB M OTCYTCTBHE OMEpaTOpa MpUCBAaUBaHUs. return X + y
TaKKe HE MCHOJIB3YET CKOOKH, UTO HE SIBJISIETCS] PACHIPOCTPAHEHHOM MPAKTHKOM.

e 1)sum_function = x, y -> { return(x +y) } - D10 cuHTaKCHUC, TOXOKHIA HA JIAMOIa-DYHKIUH B IPYTHX SI3bIKAX
nporpammupoBanust (Hanpumep, Python wmu JavaScript), HO OH He SIBIISIETCS KOPPEKTHBIM CHHTAKCUCOM ISt
omnpezesnenus GpyHkuuii B R.

Bompoc 6.

Kakwue n3 mepeuncieHHbIX GyHKINN B R HCTIOMB3YIOTCS IS BEIYHCIICHUST OCHOBHBIX ITOKAa3aTelNeH omrcaTebHON

CTaTUCTHKY JUTS YHCIOBBIX TaHHBIX? (BriOepuTe Bce BepHBIC OTBETHI)

a) mean() 0) median() B) mode() r) sd()

Bribepute Bce BepHBIC OTBETHI U 0OOCHYHTE CBOM BHIOOD:

[IpaBUiBHEIA OTBET: a), 0), T)

ObocHOBaHME:

e a) mean() - Oro BepHast pyHKIwst. OHa BRIUUCISACT CpeaHee apu(hMETHUCCKOE 3HAUCHUE BEKTOPA YUCIIOBBIX JaHHBIX.

e 0) median() - 3o BepHas QpyHkus. OHa BRIUHCISICT MEAUAHY BEKTOPA YHCIOBBIX TAHHBIX.

e B) mode() - Ora ¢pyHkuus B R ompeensiet THIT TaHHBIX epeMeHHO# (Hanmpumep, "numeric”, "character", "logical"), a
He Moay (HamOoJiee YacTo BCTpEUaromieecst 3SHaAUCHNUE).

e 1)sd() - D10 BepHas GpyHkiums. OHa BBIYHUCIISET CTAHAAPTHOE OTKIIOHEHHUE BEKTOPA YUCIOBBIX JITAHHBIX.

Bonpoc 7.

Kaxas ¢pyHkuus B R ucnons3yercst 1uist CO3AaHMs THCTOrPaMMBI?

a) plot() 6) hist() B) boxplot() r) density()

Bribepute oauH BepHBIN OTBET M 000CHYITE CBOM BHIOOD:

[TpaBuiBHEIN OTBET: 0)

O0bocHoBaHME:!

e a)plot() - plot() - aro yruBepcanbHas GpyHKIUS LI TIOCTPOEHHUS rPpaUKOB, HO OHA HE MMPEHA3HAYEHA CIIEIMATbLHO
Juisi TUcTOrpamMM. E€ MOKHO MCIOIIb30BaTh, HO MOTPEOYIOTCS JIOTIOIHUTEIbHBIC ITAPAMETPHI.

e  0) hist() - D10 BepHbIii OTBET. hist(X) CO34aCT rHCTOrpaMMy JijIsl YHCIIOBOTO BEKTOPA X.

e B) boxplot() - boxplot() ucronp3yercs ais cO3IaHUsI SIUKOB C ycaMHu (JIHarpaMM pa3maxa), 8 He THCTOrPaMM.
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e 1) density() - density() olleHUBaET IIIOTHOCTH BEPOSITHOCTH, HO cama 1o cede He CTPOUT ructorpamMmy. OObIYHO
ucnoib3yercs ¢ plot() Uit BU3yalu3alnny OLEHKH IUIOTHOCTH.

Bonpoc 8.

Kaxkast ¢pynknus B R ucnonb3yercst Uit BBIYUCICHNS MATPHUIIBI PACCTOSIHAN MEXIY CTPOKAMH B TaONUIIEC JaHHBIX?

a) dist() 6) distance() B) cor() r) scale()

Bribepute oaiH BEpHBIH 0OTBET  000CHYHTE CBOI BHIOOD:

[IpaBUIBHEIN OTBET: a)

ObocHoBaHME:!

e a) D10 BepHbIiid oTBeT. dist() - GpyHKIUA B R, npeqHazHauCHHAS JIs1 BBIYMCIICHUS MATPHIIBI PACCTOSIHUI.

e 0)distance() - Taxoii pyakuuu B 6a30BoM R HeT. OHa MOXKET OBITh JOCTYIHA B KAKUX-JTHOO MMaKeTax, HO HE
SIBJISIETCS] CTAHJAPTHOM.

e B) cor() - Berumcsier MaTpHILy KOPPENAIHM, a He PACCTOSHHUM.

e 1) scale() - CranmapTu3upyeT JaHHbIC (BBIYMUTACT CPEIHEE U JACIUT Ha CTAHAAPTHOE OTKJIOHEHHE), HO HE BHIUUCIISCT
paccTostHuSI.

Bonpoc 9.

Kakwue THIter paccTOsTHHI MOJKHO BBEIYHCIUTH ¢ ToMomrsio GpyHKImH dist() B R? (Beibepure Bce BepHBIC OTBETHI)

a) EBximnoBo paccrostaue (Euclidean distance) 6) MauxatreHckoe paccrosaue (Manhattan distance) B) KocuaycHoe

paccrostane (Cosine distance) T) Paccrostane Ueosmmena (Chebyshev distance)

Bribepure Bce BepHBIE OTBETHI M 00OCHYHTE CBOM BHIOOP:

[TpaBuibHEI OTBET: a), 0), I)

ObocHOBaHME:

e 2a) OTO BepHBIN OTBET. EBKIM0BO pacCTOSIHUE SIBISCTCS CTAHIAPTHONW METPHUKOH, HCIOIB3yEeMOM MO YMOIYAHUIO
dynaknueit dist().

e  0) Ot1o BepHBI 0TBET. MaHXITTEHCKOE PACCTOSIHUE (TAaKXKE M3BECTHOE KAK PACCTOSIHUE TOPOJICKHX KBAPTAJIOB)
MOKHO BBIYUCIIATE ¢ ToMoInbio dist(method = "manhattan").

e B) KocnHycHoe paccTosiHue HE MoJIepKUBaeTCsl HerocpeacTBeHHO GyHKimeit dist(). st BEIMUCIeH!s KOCHHYCHOTO
paccTosiHUS TOTPEOYIOTCS qpyrue GpYHKIIUH WIH aKeThl (Hanmpumep, [sa wim Hanmucanue cOOCTBEHHON (YHKITNH).

e 1) DT0 BepHbIi oTBeT. PaccTrostHne UeOpIeBa MOYKHO BRIYUCIHUTE ¢ momotibio dist(method = "maximum"). Meron
"maximum" COOTBETCTBYET pacCTOsTHUIO YeOblena.

Bonpoc 10.

Kakwne u3 mepeuncieHHbIX aITOPUTMOB KIIACTEPHU3AIIMH TOCTYIHBI B 6a30BoM R (6€3 He00X0AMMOCTH YCTaHOBKHI
JIOTIOTHUTEIBHBIX TTakeToB)? (BriOepuTe Bce BepHBIE OTBETHI)

a) K-cpennnx (K-means) 6) Mepapxudeckas knacrepusanus (Hierarchical clustering) 8) DBSCAN r) Gaussian Mixture
Models (GMM)
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BriGepure Bce BepHbIE OTBETHI K 000CHYITE CBO# BBIOOD:
[IpaBuibHEI OTBET: a), 0)
O6ocHoBaHUeE:

e a) D10 BepHBIH oTBeT. Anroput™m K-cpenanx peann3osad B ¢pyHknnn kmeans() B 6azoBoMm R.

e 0) Dro BepHEI 0TBeT. Mepapxudeckas KiacTepuzanus peannzoBana B ¢yHkuuu helust() B 6azoBom R.

e B) DBSCAN (Density-Based Spatial Clustering of Applications with Noise) ue moctymen B 6azoBom R. O 00b19HO
peanu3yeTcs ¢ IOMOIIBIO TTAKETOB, TaKuX Kak dbscan.

r) Gaussian Mixture Models (GMM) ue moctymHb! B 6a30B0M R. OHE 00BIYHO PEaTM3yIOTCSI C TOMOIIBIO TTAKETOB,
Takux kak melust

Bonpoc 11.

KakoBo 0CHOBHOE Ha3HAYCHHE MHOTOMEPHOTO MiKanupoBanus (MDS)?

a) YMEHbIIICHUE Pa3MEPHOCTH JaHHBIX, COXPaHsis IPH ATOM HanboJiee BaXKHbIE TepeMeHHble. 0) Busyanuszanus cxoxectn
(MM HECXO0KECTH) MEKIY 00bEKTaMH B HU3KOpa3MEPHOM MpocTpaHcTBe. B) Kiacrepusanus 00beKTOB Ha OCHOBE UX
cxojcTBa. T) [Ipormo3upoBanue 3HaAYEHUH OJJHOH MTepEeMEHHOI Ha OCHOBE 3HAYCHUH APYTUX MEPEMEHHBIX.

Bribepute oiH BEpHBI OTBET 1 000CHYWTE CBOI BBIOOD:

[IpaBUiBHEIH OTBET: 0)

ObocHOBaHUE:

e a) YMeHbIICHHE Pa3MEPHOCTH JAHHBIX - DTO (PyHKIUS MHOTHX METOJIOB, BKItouasi PCA, HO He ABISETCS OCHOBHOU

nensio MDS. MDS MoeT yMeHbIaTh pa3MepHOCTh, HO B IIEPBYIO ouepeab (POKYCHPYeTCs Ha BU3YaTU3aIIH

CXO0XKECTH.

6) Oto BepHsIit 0TBeT. MDS cTpeMuTCs npencTaBUTh 00BbEKTHI B HU3KOPAa3MEPHOM MPOCTpaHcTBe (00b1uHO 2D mmn

3D) takuM 00pa3oM, YTOOBI PACCTOSTHUSI MEXKTYy 00BbEKTaMU B TOM MPOCTPAHCTBE MAKCUMAIIbHO COOTBETCTBOBAIIH

HX UCXOIHBIM MepaM HecxokecTd (dissimilarity).

e B) Kiactepuzanust 00beKTOB - DT0 (DYHKIHS KIIACTEPHOTO aHAIN3a, XOTs pe3ybTaTtel MDS MoryT ObITh
WCIIOIb30BAHbI [UISl KJIACTEPU3AIMHY, 9TO HE OCHOBHOE Ha3HaueHne MDS.

e 1) [IporHo3upoBaHne 3HAYCHUI OTHON TIEPEMEHHOM - DTO 3a/1a4a perpeccud, a He MDS.

Bonpoc 12.

UYro Takoe audpepeHnnanbHoe ypaBHeHHE?

a) AnreOpandeckoe ypaBHEHHE, COJIeprKalllee HEN3BECTHBIE ITepeMeHHbIe U Kod(duieHTsl. 6) YpaBHeHue,
cBsi3bIBatolee (PYHKIHIO C ee MMPOU3BOAHBIMU. B) YpaBHEHHE, OIMCHIBAIOIIEE FEOMETPUUECKYIO (PUTYpy B IIPOCTPAHCTBE.
r) YpaBHEHHE, IPEICTABIAIONIEE COO0H CHCTEMY TMHEHHBIX adreOpandecKux ypaBHEHUI.

Bribepute ouH BEpHBIH 0TBET 1 000CHYHTE CBOI BBIOOD:

[TpaBuiBHEIN OTBET: )

ObocHoBaHME:!

e a) Anrebpanueckoe ypaBHEHHUE - 5TO 0A30BbIH THI YpaBHEHUH, HO HE onpeelnsieT AudepeHaibHoe ypaBHEHHUE.
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e  0) Oro BepHbIi oTBeT. [nddepeHnuansHoe ypaBHEHHE 110 ONPEETICHUIO COACPKUT (DYHKIHIO U €€ TPOU3BOIHBIC.
e B) ['eomerpuueckyro Gurypy onmuchIBalOT Apyrue TUIB YpaBHEHUI (HapuUMep, ypaBHEHUE OKPYKHOCTH).
e 1) Cucrema JTMHEHHBIX aNreOpanuecKux ypaBHEHHUH - 3TO OTJEIbHBIN KJ1acC ypaBHEHHH.

Bonpoc 13.

Kakoe yTBeprkaeHHE JTydlle BCEro OMMUCHIBACT METOA Diiepa Ul YUCICHHOTO pemeHns TuddepeHmnanbHbIX

ypaBHEHHIA?

a) DTO TOYHBIN METOI, KOTOPHIH Bcerna JaeT pemenne audepeHnnanrsHoro ypaBHeHHA. 6) DTO METO.I TIEPBOTO

MOPSIJIKA, UCIIOIB3YIOIINIT 3HAaUCHHE TPOU3BOAHON B TEKYIIEH TOYKE JUIsl OLICHKU 3HAYEHHsI B CJIETYIONIEH ToUKe. B) ITO

METO/]1 BBICOKOT'O TOPSI/IKa, TPEOYIOIINI BEIYUCICHHSI HECKOJIBKUX MMPOM3BOAHBIX. T) DTO METOJI, KOTOPBIH IPUMEHUM

TOJIBKO K JIMHEHHBIM TU(EepeHIIaTbHBIM YPAaBHEHUSIM.

BriGepure oiMH BEpHBIN OTBET M 00OCHYHTE CBO BBIOOD:

[TpaBuIbHBINA OTBET: 0)

O0ocHOBaHME:!

e a) Meron Diinepa - 3TO npubaudicerHwill METON M, KaK MPABUJIIO, He TOUYHBIH. TOYHOCTH 3aBUCUT OT pa3Mepa Iara.

e  0) Oto BepHBIi 0TBET. MeTo Diinepa sABISETCS METOAOM 1€p8020 TIOPSAKA, TTIOCKOJIBKY OH HCHOIB3YET TOJIBKO
3HAUCHME NTPOM3BOAHON B meKyuyeti TOUKE ISl OIIEHKH CIIEAYIOIIET0 3HaUeHHs. DTO NPOCTEHIINI 1 HaUMEHee
TOYHBII METOJ.

e B) Merop Diinepa - 3T0 METOX Hu3K020 OpsAaKa (TIepBoro). MeTo sl BBICOKOTO Topsiaka (Hanpumep, Pyrre-KyTrsr)
TPeOYIOT BBIYHMCIICHHS HECKOJIBKUX IMPOM3BOAHBIX MM IIPOMEKYTOYHBIX 3HAUCHHH.

e 1) MeTtox Diisiepa MPUMEHUM KaK K JIUHEUHbIM, TAK U K Heunetinoim auddepeHinaibHbIM ypaBHCHUSM.

SaHaHne 3aKPBITOI0 TUIIA HA YCTAHOBJICHHE COOTBETCTBUSA

Bonpocl4.

YcTaHOBUTE COOTBETCTBHE MEXKIY 3a/1aueii n HanboJee IoIX0IAIINM THITOM IIUKIIMYECKOTo onepaTopa B R aist ee
pernIeHus.

3agaun:

1. BrlYucIUTH CyMMY 3JIEMEHTOB BEKTOpA.

2. Ywurath cTpoku U3 (aiina 710 Tex nop, noxa (aia He 3aKOHIUTCSI.

3. TloBTOpSITH MOMBITKHM MOJKIIOUSHHUSI K CEPBEPY, TI0Ka COCAMHEHNE He OYeT yCcTaHOBIeHO (MakcuMyM 10 HOIBITOK).
4. BBIMOTHATH UTEPAIHIO, TIOKA He OyJeT BBEJICHO KOPPEKTHOE 3HaUCHHE (TIPOBEPKa BBOA).

Omnepartopsl (MOTyT OBITh HCIIOJIB30BAHBI HECKOJIBKO pas3):

A. for B. while C. repeat

[IpaBuUnbHEIN OTBET:

e 1-A

e 2-B
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e 3-B
e 4-C

Bonpoc 15.
YcTaHOBUTE COOTBETCTBUE MEXY METOIOM KiIacTepu3aluu B R 1 ero kiitoueBoil XapakTepUCTUKOM.
Mertonbl Ki1acTepU3aLu:

1. k-means

2. MWepapxuueckas kinactepusanus (Hierarchical Clustering)
3. DBSCAN

4. PAM (Partitioning Around Medoids)

XapaKkTepUCTUKU:

A. OcHOBaH Ha MOUCKEe 00TacTeil BRICOKOH MIOTHOCTH TOYCK, HTHOPHUPYS BHIOpOChL. B. PazouBaeT nanusie Ha K

KJIaCTepPOB, MUHUMU3HUPYSl CYMMY KBaJIpaTOB PACCTOSIHUH 70 LIEHTPOUI0B. TpedyeT ImpeBapuTeIbHOTO 3a1aHus

konuuecTBa ka1acTepoB. C. CTpOUT HepapXUIO KIACTEPOB, O0BEAUHS WM Pa3esisid KIacTephl Ha Kax oM mare. D.

Pa3OuBaeT naHHBIC Ha K KIIACTEPOB, MUHUMH3UPYS CyMMY PAaCCTOSHHHI 110 Medoudos (IPEeACTaBUTEINICH KIIaCTEPOB).

TpebyeT nmpeaBapuTEIHLHOTO 33aHHs KOJIMYECTBA KJIACTEPOB.

[IpaBuibHBII OTBET:

e 1-B

e 2-C

e 3-A
4-D

3a;[a1me 3aKPbITOT0 TUIIA HA YCTAHOBJICHHE MOCJTCT0BATECJIbHOCTH

Bonpoc 16.

Kakasi u3 clieyronmx nocie0BaTebHOCTe| efCTBII Hanbosee TOYHO OTPAXKAeT MPOLECC BBIMOTHEHHSI
HepapXUUYeCcKOro KIIACTepHOTo aHann3a B R?

a) MacirabupoBaHue JaHHBIX -> Pacuer MaTpuIlbl paccTOsHUN -> BpIGop MeTo/1a Kiiactepusaluu -> Busyanusaips
JeHApOrpaMmel -> OnpejiesieHue ONTUMAIEHOTO YKCIia KiacTepoB. b) BeiGop mMeTosa kiiactepusanuu -> Pacuer
MaTpUILBI paccTostHuil -> MacirabupoBaHue JaHHbIX -> Busyanusauus 1eHaporpammbl -> OnpeencHie ONTHMAIBHOTO
YpCiIa KIacTepoB. ¢) Pacuer MaTpuilbl paccTosiHui -> MaciutabupoBaHue TaHHBIX -> BrIGOp MeTO/a KilacTepu3au ->
OrpeiesnieHre ONTUMAIBLHOTO YHCIIa KIacTepoB -> Busyanusanus neaaporpammel. d) MacurrabupoBanue TaHHBIX ->
Busyanusaiyst [eHaporpamMmbl -> Pacuer MaTpHilbl paccTosiHuii -> Bbibop Metoza kiactepusaimu -> Onpeesienue
ONTHMAJIBHOTO YHCIA KIACTEPOB.

[paBUITBHBII OTBET: Q)

Bonpoc 17.

26




[Mpeamnonoxum, y Hac ectb quddepeHunansHoe ypaBaeHue nepsoro nopsaka: dy/dx = f(X, y), ¢ Ha4aIbHBIM yCIOBHEM
y(Xo) = yo. MeToj Diiiepa npeyiaraet npocToi crnocod MpuoOIMKEHHOTO PELICHHUs 9TOT0 ypaBHEHHs YnuciieHHo. CyTh
METO/1a 3aKJIF0YaeTCsl B ANCKPETH3ALMK 00JIaCTH ONPE/EIICHNs X Ha HeOOJIbIINE MIaru pazmepa h u nocienoBaTenbHOM
MPUOTMKEHUY 3HAYCHNS Y B KQXK/I0H TOUKE, UCTIONIB3Ys 3HAUCHUE Y B TIPEIBIAYIIEH TOUKE U 3HaUEHHE IIPOU3BOIHOI B
9TOH TOUKE.

Paccmotpum xorKpeTHEIH puMep: dy/dx = X +y, ¢ HagansHBIM ycnoBueM y(0) = 1. MbI XOTHM HaifTh puUOIIKEHHOE
3naveHue y(0.2) ncronp3ys Mmeros Diepa ¢ marom h = 0.1. DTo 3HAYMUT, YTO MBI BBITIOJHHM JBa IIara: oT Xo = 0 10 X1 =
0.1morxi=0.1 1o x2=0.2.

Brruncimte 3HaYeHHS y Ha KaXKIOM IIare, HCIoib3ys GpopMyy meToma Ditnepa: yivt =y + h * f(xi, yi). Onpenemnure
MOCJIE/IOBATENILHOCTD JICHCTBUI, HE0OX0UMBIX Jist HaxoxkaeHus y(0.2) n ykaxute npubnmkenHoe 3HaueHue y(0.2),
MOJIyYSHHOE B PE3YJIbTaTe STHX BBIYMCIICHUI.

BapuanTsl oTBeTa (IEpeMelIaHbl):

A) Berancauts y(0.1) mo popmyne y(0.1) = y(0) + h * (0, y(0)), rae f(x, y) = x + y. B) Boruucauts y(0.2) mo popmyne
y(0.2) = y(0.1) + h * f(0.1, y(0.1)), tae f(x, y) = x +y. C) [Toacrasuts y(0) = 1, Xo =0 u h=0.1 B hopmyny mis
Beraucienus y(0.1). D) Ioacrasuts HatinenHoe 3uauenue y(0.1), x:1 = 0.1 mh = 0.1 B popmyy amst Beraucnenus y(0.2).
E) 3nauenne y(0.2) nmpumepro pasHo 1.22. F) 3rauenue y(0.2) npumepro pasHo 1.21. G) 3nauenue y(0.2) npumepHO
paBHO 1.23.

[IpaBmipHas TOCIENOBATENFHOCTE neiicTBuil  otBeT: C-> A->D ->B -> F.

33[[31—[1/16 OTKPLITOI'0 THUIIA C PAa3BEPHYTHIM OTBETOM

Bonpoc 18.
Huxnuaeckuid onepatop for B s3pIke mporpaMMupoBaHus R ¢ mpuMepoM Kona JUisl Ul BBIYMCIICHHS KBapaToB YHCENT OT
1 10 5 c BBIBOJIOM pe3ynbTara Ha SKpaH
Ortser:
[uxsuecknii oneparop for B R — 310 (hyHnaMeHTaIBbHBI HHCTPYMEHT JUTS TOBTOPEHHS OJI0Ka Ko/ 3a/JaHHOe
KonuecTBO pa3. OH no3sosseT 3pPEeKTHBHO 00padaThIBATh MAaCCUBBI, CIIMCKHU U IPYTHE CTPYKTYPHI JAaHHBIX, BBITTOJIHSIS
OJTHM M T XK€ Olepalyy Hajl KaxapIM dnieMeHToM. Cunrakcuc for nukia B R jocratouno npoct u nousrex: for
(mepemMeHHast in OCIIEI0BATENILHOCTD) { ACHCTBUS }. 37eCh IepeMeHHass NPUHUMAET 3HaYeHUE KaXK/0T0 AJIEMEHTa U3
MOCTIEIOBATEIFHOCTH Ha KaX/I0M UTepalNHy IUKIIA, a ASUCTBHUS — 3TO OJIOK KOJa, KOTOPBIH Oy/eT BHIMOJIHEH.
ITocnemoBaTenbHOCTD, IO KOTOPOH IPOUCXOANUT UTEPALIUS, MOKET OBITh MPEICTABIICHA PA3INIHBIMU CIIOCO0AMM:
BEKTOPOM YHCEI, CTPOKOBBIM BEKTOPOM, CITHCKOM U T.J1. KITF0OueBBIM MOMEHTOM SIBIISIETCS TO, 9TO LUK for mpoberaet mo
KadtcOoMy DIIEMEHTY STOH MOCIeA0BATEIILHOCTH, YTO MTO3BOJISIET HAM OPTaHW30BATh JIOTHKY ITOBTOPEHHUS,
a/IalTHPOBAHHYIO K KOHKPETHBIM JIaHHBIM. BHYTpH Os10Ka KO/1a ISHCTBHS MBI MOKEM 00palaThes K TEKyIEeMy
3HAYEHUIO IEPEMEHHOMN, HCIIOIB30BATh €r0 Ul BEIYUCICHUH, YCIOBHBIX IPOBEPOK U APYTUX ONepanuil.
PaccmoTpum npuMep BCnoap30BaHus for IuKIIa 171 BRIYHUCICHUS KBaAPaTOB YUCEN OT 1 10 5:
for (i in 1:5) {

KBajpar <- i * i
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print(paste("KBanpat uncna", i, "paBen", kBaapar))

Bonpoc 19.

EBKIINIOBO paccTOsIHME B KIIACTEPHOM aHaIn3e?

OrtserT:

EBKIINIOBO paccTOsHME, MM €BKJINI0BA METPUKA, MIPEACTABISIET COO0M 0MH U3 Hanbosee (GyHIaMEHTAIbHBIX U IIUPOKO
UCTIONIb3YEMbIX METOJOB M3MEPEHUS PACCTOSHUS MEXIY ABYMS TOYKAMH B MHOTOMEPHOM IPOCTpPaHCTBE. B KoHTEeKcTe
KJIaCTEpHOTO aHalW3a, TJE 33Jadya COCTOUT B TPYIIHPOBKE CXOXKHX OOBEKTOB B KIACTEPHI, €BKINIOBO PAcCTOSHHE
CIIy’)KMUT MOIIHBIM MHCTPYMEHTOM ISl OINPEAEJTICHHs CTEIeHU MOXOKECTH MEXAy 3TUMH oObekramu. OCHOBBIBAsCh Ha
teopeme [Tudaropa, eBKINIOBO pPacCTOSHUE BBIYMCISET KpaTyailliee pacCTOSHUE MEXIY IBYMsI TOYKaMH, MPEACTaBIISSA
c000i1 NPSIMYIO JINHUIO, COSANHSIONIYIO 3TH TOUKH.

MaremMaTH4YeCKH, eBKJIMIOBO PACCTOSIHUE MEXIY JIBYMSI TOUYKaMH P U ( B N-MEPHOM IPOCTPAHCTBE ONPEIEISIeTCs] KaK
KBaJIpaTHBIN KOPEHb M3 CYMMBbI KBaJpaTOB Pa3HOCTEH MEK/1y COOTBETCTBYIOIIMMHU KOOPAMHATAMH 3TUX To4eK. Dopmyria
BBITISINT creayrommm o6pazom: d(p, q) = V((p1 - qi)? + (p2 - G2)2 + ... + (Pn - qu)?). IIPOCTOTA U HHTYHTHBHOCTb 3TOi
(opMynBl  €NAlOT €BKIMIOBO PACCTOSHHME JIETKO IIOHMMAEMbIM M peal3yeMbIM B pa3IMYHBIX aJTOpHUTMax
KJIaCTEepPHU3ALUH.

B knacrepHOM aHanm3e, €BKJINI0BO PAcCTOSHHE HCHONB3YETCS Ul OLEHKH CXOJCTBA MEXIY OOBEKTaMH Ha OCHOBE MX
XapaKTEePUCTHUK, IPEICTABICHHBIX B BHJEC BEKTOPOB B MHOTOMEPHOM IpocTpaHcTBe. OOBEKTHI, PACIIONIOKECHHBIE OJIMKE
JIpYyT K APYTY B €BKJIMIOBOM MPOCTPAHCTBE, CUUTAIOTCS O0Jiee TIOXOKUMHU H, CIEJOBATEIbHO, 00JIee IMOIXOMIIUMHI JITs
00beAMHEHUsST B OJIMH KJacTep. AJroputmbl, Takue kak k-cpemnux (k-means) u uepapxudeckas KjIacTepH3allusi, 4acTo
UCIIOJIb3YIOT €BKIIMIOBO PACCTOSHHE JUIS ONPEACICHUs] ONITUMAIBHOTO PACIIONIOKEHUS IEHTPOUJIOB KJIACTEPOB WIIH ISt
MOCJIEI0BATENILHOTO 00bEMHEHNST Hanboee OIU3KHUX KIACTEPOB.

[TperMymIecTBOM €BKIIM0BA PACCTOSHUS SIBISIETCSl €r0 MPOCTOTA M BBIYMCIUTEIbHAS d((PEKTHBHOCTb, OCOOCHHO IS
JIAaHHBIX C HEOOJIBIIUM KOJIMYECTBOM M3MepeHuil. OHAKO, CTOUT YUUTHIBATh, YTO E€BKJIMJOBO PACCTOSIHUE MOXET OBbITh
YyBCTBUTEJIBHO K MaciiTaly JaHHbIX. ECii pa3Hble NMPU3HAKK MMEIOT Pa3Hble SIUHUIBI U3MEPECHUsI MM 3HAYUTEIILHO
pa3nMyaroTCcsl M0 JAMANa30Hy 3HA4YeHWH, NMpU3HaKM C OOJBIIMMH 3HAYEHHSIMH MOTYT JOMHHHPOBAaTH B pacuere
pacCTOosIHUS, MCKaXkash pe3yibTaThl Kiacrepusanuu. [1osTomy, mepes MCHOIb30BaHUEM EBKINAOBA PACCTOSHHS, YacTo
PEKOMEHAYeTCsl HOpMalM30BaTh WM CTaHAAPTU3UPOBATH JIAHHBIE, YTOOBI BCE TPH3HAKH WMEIH OJMHAKOBYIO
3HAYUMOCTb.

Bonpoc 20.

Meton noxrs (Elbow method) mst Ber6opa Hambosiee ONTHMAIBHOTO KOJIMYECTBA KIACTEPOB MPH KIACTEPHOM aHAIIN3E
MeTozoM K-cpenanx?

OtBer:

Merton noxts (Elbow Method) — 3T0 3BpHCTHUECKHIT MTOIXOM, HCIOIB3YEMbIH B KIACTEPHOM aHAIM3E IS ONpEACTICHUS
ONTHMAJILHOTO YHCJa KJIacTepoB B HabOope naHHbIX. OH OCHOBaH Ha Hee OLEHKH CYMMapHOT'O BHYTPHKIACTEPHOTO
pacctosiaust (within-cluster sum of squares, WCSS) npu pa3nuybiX 3HaueHHsSX K (KOJMYECTBO KIJIACTEPOB) H
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BU3YyaJIbHOTO ITOMCKA TOYKH Iepernda Ha rpaduke, HATOMUHAIOIIEH JIOKOTh.

CyTh MeTOJa 3aK/IIOYaeTCcs B CIEIYIONIEM: [0 Mepe YBEIWYeHHs KonndecTBa KiactepoB, WCSS, kak mnpasuio,
YMEHBIIAETCSI, MOCKOJbKY Ka)KIbIH KilacTep CTAHOBHUTCS 00Jiee KOMITAKTHBIM M OJHOPOAHBIM. OJIHAKO, Ha ONPEeICHHOM
sTare A00aBleHHE HOBBIX KJIACTEPOB HAUMHACT JaBaTh BCe MEHBIIHMU >(pdekT B tumane cHmwkenus WCSS. Touka, B
KoTopoii ymeHbimeHrne WCSS 3ameiseTcss M MPOUCXOANT Meperud Ha TpaduKe, CINTACTCS ONTHMAIBHBIM KOJMYECTBOM
KJIaCTepOB. DTO MPOUCXOIANUT MOTOMY, YTO IOCIIE ITONW TOUYKH J0OABICHHE JOIOIHHUTEIBHBIX KJIACTEPOB MPUBOIUT JIMIIb K
HE3HAYUTEIBHOMY YIIYYLICHHIO BHYTPEHHEH OJHOPOIHOCTH, IIPH 3TOM YCIIOXKHSS MOJENb U NOTEHIUATIBHO YBEIHYNBas
PUCK ITepeoOydeHS.

Jnst npuMeHeHHsT MeToJa JIOKTS HeoOXOIMMO BBINOJHHUTH KIACTEPU3ALUIO JAHHBIX C HCIIONB30BAaHHEM alTOPHUTMA,
Harpumep, K-means, mis pasmuunbix 3Hauenunil k. [locnme kaxmod kiactepuzauuu Bbrumcisiercss WCSS — cymma
KBaJIpaTOB PAcCTOSHUNA OT Ka)KJOW TOYKH JaHHBIX J0 LEeHTpa cBoero kiactepa. [lomyuennsie 3nauenus WCSS 3arem
oToOpakaroTcs Ha rpaduke B 3aBUCHMOCTH OT KOJIMYECTBa KiacTepoB. OnTuManbHOE 3HaueHHE k OOBIYHO HAXOIMTCS

BU3YyaJIbHO, ITyTEM OIpe/eeHNUs ToUKH "NoKTs" Ha rpaduke.

TecrupoBanue (Bapuanr 2).

HNupekc n
coJaep:kaHue HNuauxaropsl .
Aep . A Pl TecToBble 3aaHus 1151 IPOMEKYTOYHOH aTTeCTANU

¢popmupyemoii KOMIIETEeHI[H I

KOMIETEHIHH
OIIK-2 HJIK OIIK-2.1 3ananue KOMOMHHPOBAHHOTO THIA ¢ BHIOOPOM OTHOTO HJIM HECKOJIbKHX BEPHBIX OTBETOB H3
CrocoGen HAemonctpupyer YeThIpex NMPeIJI0KeHHBIX U apryMeHTanueil Bbioopa
HCIIOJIB30BATh CIICIHUAJIU3UPOBAHHBIC
CIICHUAJIN3UPOBAHHBIC 3HaHUA B 00J1aCTH Bonpoc 1
SHAHKA (byHnaveHTabHEIX UYro npousoiizier, ecii rmpu ucrnoib3oBanuy install.packages() B R, makeT, KOTOpbIil BbI IBITAETECh YCTAHOBUTH, UMEET
(dbyHIaMEHTaIbHBIX pa3zaenos

pasaesoB MaTeMaTHKH,
(GU3NKN, XUMHAA U
OHOJIOTAN IS
MIPOBECHUS
HCCIIEIOBaHHH B
obnactu
OMOMHXCHEPHH,
6nonH(pOPMaTHKH U
CMEKHBIX JTUCLIUILINH
(MozyIeit)

MaTeMaTHKH, QU3UKH,
XAMUH, OHOJIOTHH U
MEPCIEKTUBBI
MC)KI[I/ICHI/IHIII/IHapHI)IX
HCCJIEIOBAHUH

HJIK OIIK-2.2
VYMeeT ucnoib30BaTh
HaABBIKHN HpOBe)IeHI/ISI
HCCIIEIOBAaHUN B
obnacTu
OHOMH)KEHEPHH,

HEYCTaHOBJICHHbIE 3aBHCUMOCTH?

a) YCcTaHOBKa MMaKeTa 3aBEePIIUTCS ¢ OMHMOKO, M R MpeItoKuT yCTaHOBUTE 3aBUCUMOCTH BpY4HYI0. 0) install.packages()

ABTOMATHYECKH ITOTIBITACTCS YCTAHOBHUTH Bce HeoOxoaumble 3aBucumoctr 13 CRAN. B) install.packages() mpournopupyet

HEYCTAaHOBJICHHbIE 3aBHCUMOCTH M YCTAHOBHT TOJIBKO 3alIPOIICHHBIN MAKET. T) R 3anpocuT MOATBEpkK/ICHNE HA YCTAHOBKY

3aBUCHMOCTEH Tepe;] MPOJI0KEHUEM YCTAHOBKH OCHOBHOTO TTaKeTa.

Bribepure oauH BEpHBIN OTBET U 00OCHYHTE CBOI BEIOOD:

[IpaBunbHEI OTBET: 0)

OO0ocHoBaHue:

e a) XoTs OmuOKH MOTYT BO3HUKHYTH IIPH MPOOIIeMax ¢ JOCTYIIOM K peno3utopusm, install.packages() aBromarnaeckn
pas3penraeT u ycTaHaBIMBAeT 3aBUCUMOCTH, €CIT OHH JJOCTYIIHBI B peno3uropun (Hanpumep, CRAN).

e () Oro BepHoe onucanue nmoBeaeHus install.packages(). [To ymorganuro, QyHKIMS aBTOMATHUECKH 3arpyxkKaeT u
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OroMH(pOPMaTHKH C
y4eToOM
CIeUaIN3UPOBaHHBIX
(hyHIaMEHTAIBHBIX
3HAHUHI

HJIK OIIK-2.3
Bnaneetr meTomamu
XMW, QU3UKHA U
MaTeMaTH4eCcKOro
MOJCITUPOBAHUS JJISI
MPOBEICHUS
UCCJICI0OBaHUil B
o0nacTu
OHOMHKEHEpHH,
OronH(pOPMATHUKH

OIIK-3

Crioco6eH mpoBOANUTH
SKCIIEPUMCHTAIBHYIO
paboty ¢
OpraHu3MaMu U
KIIETKaMH,
HCITIOJIB30BATh
(DU3MKO-XUMUYECKHUE
METO/IBI
HCCIIeIOBAHUS
MaKpPOMOJICKYI,
MaTeMaTHYECKHE
MeTOoJIbl 00paboTKH
pe3yIbTaToOB
OHOJIOrHYECKUX
HCCIIEJOBAHUN

MK OIIK-3.2
JemoHcTpHpyeT
HpaKTHYEeCKUe
HaBbIKH
MaTeMaTHYeCKUX
METOZOB 00pabOTKH
pe3yJIbTaToB

YCTaHABIIMBACT BCE HEOOXOIMMbIC 3aBHCHMOCTH ISl BRLIOPAHHOTO TTaKeTa.

B) install.packages() ve urnopupyet 3aBucumoct. [lakeT MOXeT paboTaTh HEMPABUIBHO MK BOOOIIE HE paboTaTh, €CITH
€ro 3aBUCHMOCTH HE YCTAHOBIICHBI.

r) install.packages() mo ymorganunio He 3ampamIuBaeT NOATBEP)KICHHE Ha YCTAHOBKY 3aBUCHMOCTEH, a JAeaeT 3TO
ABTOMATHYCCKL

Bonpoc 2.

Kakoit u3 ciueayronmx BapuaHTOB KoJfa KOPPEKTHO UCTIONB3yeT UK for B R mis BeiBoma kBagpaToB umcen ot 1 10 5
(BKITIOUNTEIIBHO)?

a) for (i in 1:5) { print(i*2) } 6) for (i = 1, i <=5, i++) { print(i*2) } 8) for (i in range(1, 6)) { print(i*2) } r) fori=1t0 5 {
print(i*2) }

Bribepure oH BepHBIN OTBET M 00OCHYHTE CBO BBIOOD:
IIpaBUIBLHBIN OTBET: a)
OOGocHoBaHHUE:

a) Orto BepHbIi kox. Lk for (i in 1:5) KoppekTHO HTEpUpPYETCS IO TOCIEOBATEIIFHOCTH Jucel oT 1 1o 5, u print(i*2)
BBIBOJUT KBaJIpaT KaKIOTO YHCIA.

0) Cunrakcuc for (i =1, i <=5, i++) He SBIACTCSI KOPPEKTHBIM CHHTaKCHCcOM nukia for B R. Dto Gompiie moxoxe Ha
cuaTakcuc C-1T0T0OHBIX S3BIKOB.

B) ®ynkmms range() He cymecTByeT B 0a30BoM R 11t co3maHus mocienoBaTeIbHOCTH Yncel. B R s aToro ucmons3yercs
orepaTop :.

r) Cuntakcuc for i =1 to 5 He sABJIAETCS KOPPEKTHBIM CHHTAKCHCOM HuKia for B R. DT0 CHHTaKCHUC, HCTIOIBb3yEMbIN B
HEKOTOPBIX JPYTHX s3bIKaX MPOrpaMMHUPOBAHMUS, HO HE B R.

Bonpoc 3.

Uro nenaeT omeparop next BHyTpH nukia B R?

a) 3aBepIaeT BHINOIHEHNE Beero nukia. 0) IlpepriBaeT TeKyIyto UTepalyio UKIa U IepexoIuT K ciaeayromei. B) Bosspammaer
3HAUEHME M3 IUKJIA. T) BBIMOIHIET clieIyIonyro nTepauio IUKJIA, IPOITyCcKash OCTABIIYIOCS YacTh TEKYyIIeH UTepaIvu.
Bribepure ofuH BEpHBIN OTBET U 00OCHYWUTE CBOI BEIOOD:

[IpaBuibHEI OTBET: O) U T)

ObocHOBaHHE:

a) OT0 onmcaHue oneparopa break.

6) u r) O6a BapuaHTa 10 CyTH TOBOPSAT 00 OJJTHOM M TOM K€, IIPOCTO PA3HBIMHU ciioBaMH. OmepaTtop next mpomyckaeT
OCTaBUIYIOCS YacTh KOJa B TEKYIIEH UTEpaIMK IIUKJIA U Cpa3y MEePEeXOoIUT K clieiyroleil nrepanuu. [loatoMmy M0XHO
CKa3aTh, 4TO OH "TpephIBaET TEKYIIYIO UTEPAIUIO U MIEPEXOJANT K CIeAYIOIeH" .

B) Omeparop next He BO3BpaIaeT 3HaYCHNUE.

Bonpoc 4.
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9KCIIEPUMEHTATBHBIX
HCCIEI0OBaHUI

HJIK OIIK-3.3
Brnaneer onbiToM
MIPUMEHEHUS METOJIOB
IUIS CCIIEJOBAHMS
MaKpOMOJIEKY,
00paboTkn
pe3yIbTaToOB
OMOIOTHYECKUX
HCCJICIOBAHUM,
MPOTHO3UPOBAHUS
MEPCIEKTUB U
COLUAJIBHBIX
MMOCICACTBUM CBOCH
npogeccuoHaTbHON
JIESITEILHOCTH.

Kakoii u3 cieayronmx crnoco00B KOPPEKTHO CO3/IaCT YUCIOBOM BEeKTOp B R, comepikamuii aneMenTs 1, 2, 3,4 u 57

a) vector <- ¢(1, 2, 3, 4, 5) 6) vector = list(1, 2, 3, 4, 5) B) vector <- 1:5 r) vector = seq(1, 5)

Bribepute Bce BepHBIC OTBETHI U 0OOCHYHTE CBOW BHIOOD:

[IpaBUIBHEI OTBET: a), B), T)

ObocHoBaHME:!

e a)vector <-c(l, 2, 3, 4, 5) - D10 BepHbIii ctocod. PyHKIHS ¢() UCTTOTB3YETCS T 00bEANHEHHS 3JIEMEHTOB B BEKTOP.

e 0) vector = list(1, 2, 3, 4, 5) - D10 HeBepHBIH crocob. list() co3maeT cucok, a He BekTop. CIIUCKH MOTYT CO/IepKaTh
9JIEMEHTHI Pa3HBIX THUIIOB, B TO BPEMsI KaK BEKTOPHI OOBITHO COJIEPIKAT SJIEMEHTHI OJJHOTO THIIA.

e  B)vector <- 1:5 - Dro BepHsbIil criocos. OnepaTop : co3/1aeT Nocie10BaTeIbHOCTh YKce oT 1 1o 5 ¢ mrarom 1.

e 1) vector =seq(l, 5) - Oto BepHbIii crtocob. Dyukmus seq() co3maeT MOCIEIOBATETBHOCTD YKCeN OT 1 10 5 (10 YMOITYaHHUIO ¢
marom 1).

Bonpoc 5.

Kak onpesenuts pyHKIMIO B R, KOTOpas MpUHUMAET apryMEHT X U HeoOs3aTeNIbHbIN apryMeHT Yy CO 3HAUCHHEM 10 YMOJIYaHUIO

paBHbM 107

a) my_function <- function(x, y = 10) { ... } 6) my_function <- function(x, optional y = 10) { ... } 8) my_function <- function(x,

y = NULL) { if(is.null(y)) y <- 10; ... } r) my_function <- function(x =10,y) { ... }

Bribepure ofuH BEpHBIN OTBET U 00OCHYWUTE CBOI BEIOOD:

[IpaBUIIBHEI OTBET: a)

ObocHOBaHME:

e a) Dro BepHsIil cocob. my function <- function(X, y = 10) { ... } 3amaer 3HayeHue MO YyMOTIAHHIO [T apTyMEHTa y
paBubiM 10. Ecnu ipu BbI30Be (DYHKIMM apryMeHT y He OyJleT yKka3aH, OH aBTOMaTHYeCKH rpumer 3Hadenue 10.

e () optional y = 10 - HexoppexTabiii cuntakcuc. CiioBo optional He UCIOIB3yeTest B R 1J1s onpeiesieHust apryMeHTOB 110
YMOJTYaHHIO.

e B)y=NULL u nposepka Ha is.null(y) - 1o pabouwnii criocod, HO OH OoJiee IPOMO3AKHI, YeM HCIOJIb30BaHUE apIyMEHTa M0
YMOJTYaHHIO HAIpsAMyto. y = 10 npu onpesesneHnn GpyHKINH - OoJiee JJAKOHNYHBIN 1 TIPEIIOYTUTEIbHBIN BapHUaHT.

e 1)X =10,y - Hemp3s1, 4ToOBI apryMeHT 0€3 3HaUCHMS 110 YMOJIYAHHIO IIIeJI TIOCIIe apTryMEHTa CO 3HAUCHUEM M0 YMOITYaHHIO.
[Mopsinok nmeet 3HaueHne. B R cHavana 1o/mKHBI MATH 00s3aTeNbHbIE apIyMEHTEI, a 3aTeM - apTyMEHTBI CO 3HAUEHHUSIMH 110
YMOJTYAHHIO.

Bomnpoc 6.

Kak B R MoxHO 00paboTats mponymieHHble 3HaueHUs (NA) mpy BEIYHCICHUN CPEIHETO 3HAUCHHS C TIOMOIIBIO (PYHKITHH
mean()?

a) @ynkiusa mean() aBToMaTHuecKu UTHOpUpYeT NA 3HaueHus. 6) Heobxoammo ynamuts NA 3HaYeHHS U3 TaHHBIX MEepes
BBIUMCIICHUEM CpeHero 3HaueHus. B) Hyxno ycranoButs apryment na.rm = TRUE B ¢yaxmmm mean(). r) HyxHo 3amernts NA
3HA4YCHUS HyISIMHU Tepel BEIYUCICHUEM CPETHET0 3HAUCHHS.

BriOepure o1H BepHBII OTBET M 000CHYHTE CBOH BBIOOP:
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[IpaBUIbHBII OTBET: B)

OO0ocHoBaHue:

e a) Oynkuus mean() Mo yMoI4aHUIO BO3BpamaeT NA, eciiy B JaHHBIX €CTh NPOMYIIEHHbIC 3HAYCHUSI.

e 0) Ynanenne NA 3Ha4eHHI MOXKET OBITh HEOOXOIUMO B HEKOTOPBIX CIIydasx, HO HE SBJSACTCS €IMHCTBEHHBIM FUTH BCET/Ia
JYYIINM pEIICHuEM. Y JaJeHUE JaHHBIX MOXKET IIPUBECTH K MoTepe nHpopmannm.

e  B) Oro BepHsIii crocol. YcranoBka aprymenta na.rm = TRUE yka3siBaeT QpyHkinn mean() urHOpupoBaTth NA 3HAUCHHSA
TIPY BBIYUCIICHUH CPEIHETO 3HAUCHHUS.

e 1) 3amena NA HYJISIMH MOXET UCKa3UTh PE3yIbTaThl, 0cOOEHHO ecii NA TpeICTaBISAI0T COO0H OTCYTCTBHE JaHHBIX, a HE
peasbHbIC HyJIEBbIC 3HAUCHHUSI.

Bonpoc 7.

Kakas ¢pyHkims B R ucrnons3yerces s CO37[aHus AuarpaMMbl pazMaxa (0okcriora)?

a) hist() 0) plot() B) boxplot() r) pie()

Bribepure oa1H BepHBII OTBET M 000CHYHTE CBOM BBHIOOD:

Bamr otBert: B)

ObocHOBaHME:

e ) hist() - Uconb3yeTcst st CO3aHUS THCTOIPAMM.

e 0) plot() - MosxHO MCHONIB30BaTh, HO TPEOYET AOMOIHUTEIBHBIX APAMETPOB IS CO3IaHUS OOKCILIOTA.
e  B) Oro BepHsIit oTBeT. DyHKIHA boxplot() co3maeT quarpamMmmy pa3maxa.

o 1) pie() - Uconb3yeTcs Uist CO3MaHMUsI KPYTOBBIX THATPAMM.

Bonpoc 8.

Kaxoii maket B R 00bI9HO UCTIONB3yeTCS IS pacuyera paccTosiHus Maxamanoouca?

a) bazoserii R (He TpeOyer ycTaHOBKH TakeToB) 0) stats B) MASS 1) cluster

Bribepure ouH BEpHBINH OTBET U 00OCHYHTE CBOI BEIOOD:

[IpaBUIBHEI OTBET: B)

ObocHOBaHHE:

e a) bazosblif R - GpyHKIMS 10151 BEIMHCIIEHUs paccTosHUsE MaxananoOuca TpeOyeT BEIYUCISHUsI 00paTHOW KOBapHAIIMOHHON
MaTpHIIB], YTO OOBIYHO JIENAeTCsl C ITOMOMIBIO (DYHKIIUH U3 IPYTHX MAKETOB.

e  0) stats - [Taker stats conepuT 6a30BbIe CTATUCTHYECKUE (DYHKIIUH, HO HE MIPEAOCTABIISCT CISIUAT3HPOBAHHYIO (DYHKIHIO
JUIS pacdeTa paccTostHua MaxanaHoOwuca.

e B) MASS - Oro BepHblii oTBeT. [Taker MASS (KOTOpBIN YacTo 3arpyx,aercsi BMecTe ¢ 6a30BbIM R, HO Bce paBHO sIBJISIETCS
OTJENBHBIM MTaKeTOM) COAepPXUT (pyHKIMIO mcd.cov() IS OIIEeHKN KOBapHAIIMOHHON MaTPHUIIBI M MOKET OBITH HCITOB30BAH
JUTS BBIYHMCIIEHUS paccTostHusl MaxananoOuca. B camom makere MASS HeT QyHKIMM HANpsIMYIO HA3BaHHON KaK PacCcTOsSTHUE
MaxamanoOuca, HO OH TIPEIOCTABIIET HEOOXOIUMBIE HHCTPYMEHTHI IS €T0 pacdera.

e 1) cluster - TTaker cluster comepXut GyHKITHH UTS KIACTEPU3AINH JAHHBIX, BKIIOYast HEKOTOPBIE MECTPUKH PACCTOSHHSI, HO
00BIYHO HE MCIIOJIb3YETCsl HAPSIMYIO JUIsl pacueTa paccTosiHust MaxanaHobuca.
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Bonpoc 9.

B kakux ciaydasx peKOMeHIyeTcss HOpMaJIM30BaTh JaHHbIC Mepe/l BBIYUCICHUEM PACCTOSIHUI (HanpuMep, eBKIJINI0BA
paccrostaus)? (Beibepute Bce BEpHBIC OTBETHI)

a) Korma nepemMeHHbIe NMEIOT pa3Hble eAMHHLBI H3Mepenus. 6) Korna nepeMeHHbIe HMEIOT CHIIBHO Pa3iIHYaroIiecs MacTa0bl.

B) Korya Bce mepeMeHHbIC IMEIOT OMHAKOBBIC SMHAIIBI M3MEPEHUs 1 MacmTa0bl. T) HopManmzaius Bcera HeoOXoamuma mepes
BEIYUCIICHUEM PACCTOSHIIH.

Bribepure Bce BepHBIC OTBETHI M 0OOCHYHTE CBOH BEIOOD:

[IpaBUIBHEI OTBET: a), 0)

ObocHoBaHMe:

e a) Oto BepHBIH 0TBeT. Eciiu mepeMeHHbIe U3MEPEHbI B Pa3HbIX €AUHUIIAX (HAIpUMeEp, METPhI U KUJIOTPAMMBI),
HOpMaIn3anusa HeOGXO[[I/IMa, YTOOBI OJHa NIEPEMEHHAA HEC JOMUHUPOBaJja IMpyu BbIYUCIICHUU PACCTOSIHUA.

e () Orto BepHbIi oTBeT. ECiii nepeMeHHbIe UMEIOT CUIIBHO pa3iinyaroniyecs: MaciuTaobl (Harnpumep, Bo3pact ot 0 1o 100 n
noxoz ot 0 mo 1,000,000), mepeMeHHast ¢ OOJIBIIMM MaCIITa0OM OYAET OKa3bIBATh HEMPOIOPIIHOHAIBLHO OOJBIIOEC BIUSHUEC
Ha BBIYHCIICHUE PACCTOSHHUSL.

e B) Korma nepeMeHHbIC IMEIOT OJIMHAKOBBIC CIMHHIIBI I3MEPEHUS N MACIITA0bI, HOPMAJIN3alKs He BCET/1a HE00X0JMMa, HO
MOJKET OBITh ITOJIE3HA B HEKOTOPBIX CIIydasix.

e 1) Hopmanusanus He Bceraa HeoOxonnuma. Eciin nepeMeHHbIe IMEIOT COTIOCTaBUMBIE MACIITA0bl ¥ €ANHULIBI I3MEPEHHUS,
MOJKHO BBIYHCIIATH paccTosiHUS 0e3 HopManu3anuy. OJHaK0, HOPMAJIN3AIHs MOXKET YIYUIIHTh PE3YIbTaThl B HEKOTOPBIX
CITyqasx, a)e €CIM MacIITa0bl TIOXOXKH.

Bonpoc 10.

Kakne MeTobI MOJKHO UCTIONB30BaTh I OTIPEICICHNUS] ONTUMAIBHOTO KOJIMYeCTBa Ki1acTepos (k) mpu nCTOIb30BaHUH
anroputma K-cpeaaux? (Beibepute Bce BepHBIE OTBETHI)

a) Meropn soxtst (Elbow method) 6) CunyaThblit ananus (Silhouette analysis) B) Meron riiaBHbix koMmnoHeHT (Principal
Component Analysis - PCA) r) UHTYuTHBHBIN BEIOOP HA OCHOBE 3HAHUSI IIPEJAMETHON 00J1aCTH

BriGepure Bce BepHBIE OTBETHI M 000CHYHTE CBOI BEIOOD:

[IpaBuibHEL OTBET: a), 0), T)

ObocHOBaHwE:

e a) DTO BepHBIH OTBET. METO/ JIOKTS IpeInoiaraeT NocTpoeHne rpaduka CyMMbI BHYTPUTPYNIIOBBIX KBaapaToB (Within-
Cluster Sum of Squares, WCSS) st pa3HOT0 KONmdecTBa KIacTepoB U BBIOOp "MOKT" Ha rpaduke, rie 100aBIcHNE
JIOTIOJTHUTENBHBIX KJIACTEPOB MIEPECcTaeT 3HAUNTeNbHO yMeHbImaTh WCSS.

e 0) Oto BepHBIil 0TBeT. CHITY3THBIN aHAIH3 U3MEPSIET, HACKOJIBKO 00BEKT IOX0K Ha 0OBEKTHI B CBOEM KIIacTepe
(CIUIOYEHHOCTD) 110 CPABHEHHUIO C 00BEKTAMH B APYTHX KiacTepax (pa3/eseHHOCTh). BbICOKMI CHIlydT yKa3biBaeT Ha
XOpOoIlIee COOTBETCTBHE OOBEKTA CBOEMY KIIACTEDY.

e B) Mertox rinaBabIX KoMoHEHT (PCA) ucmons3yercs A yMEHBIICHHUS Pa3MEPHOCTH JaHHBIX, a HE [T OTIPEICIeHUs
KosimuecTBa kiactepoB. PCA MOXHO HCII0JIb30BaTh neped KilacTepu3alyeii, 4To0bl yIpOCTUTh JaHHbIE, HO caM 110 cede
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PCA e onpeneinsier ontumanbHoe k.
e 1) DTO BEpHBIH OTBET. 3HAHHUE NPEIMETHOM 00IaCTH ¥ NOHMMaHHE JIAHHBIX MOT'YT [IOMOYb OINPEJCIUTh Pa3yMHOE
KOJIMYECTBO KJIACTEPOB, JayKe eclii (hOpMabHbIC METO/bI HE JAI0T OJHO3HAYHOTI'O OTBETA.

Bonpoc 11.

Kakwe THITEI MHOTOMEPHOTO IIKaTNPOBaHUSA CyIIecTBYIOT? (BbiOeprTe Bce BepHBIC OTBETHI)

a) Metpuueckoe MDS (Metric MDS) 6) Hemerpraeckoe MDS (Non-metric MDS) B) Jluneiinoe MDS (Linear MDS) r)

[omuromuansHOoe MDS (Polynomial MDS)

Bribepure Bce BepHBIE OTBETHI 1 0OOCHYHTE CBOH BHIOOD:

[IpaBunbHbIN OTBET: a), 0)

ObocHoBaHUE:

e a) D10 BepHbId oTBeT. MeTpuueckoe MDS (Metric MDS) npenmnosaraer, 4To HCXOIHBIC MEPBI HECXOKECTH SIBJISTFOTCS
METPUYECKUMH (T.€. YIOBJICTBOPSIOT aKCHOMAaM METPUKHN) U CTPEMHTCSI COXPAHUTh TOYHBIE PACCTOSHHS B HU3KOPa3MEPHOM
MIPOCTPAHCTBE.

e 0) Oro BepHsIit oTBeT. Hemerpuueckoe MDS (Non-metric MDS) mpeamnosaraer, 9To BayKeH TOJIBKO paHT (TIOPSI0K) Mep
HECXO0XKECTH, a He UX TOYHbIE 3HaueHNs. OH CTPEMUTCSA COXPAHUTh HOPSAIOK PACCTOSTHUN B HU3KOPa3MEPHOM IPOCTPAHCTBE.

e B) Jluneitnoe MDS (Linear MDS) - Takoro obmenpunstoro tuma MDS He cymectByer. MDS MoxeT OBITh peai30BaH C
WCTIOTF30BaHUEM JIMHEHHBIX anreOpandecKix METOIOB, HO cama Kiaccu(puKaIs He sBistercs "nmuHeitHpiM MDS".

e 1) [TomuaOoMuamsHOEe MDS (Polynomial MDS) - Takoro obmenpunstoro tuna MDS He cymiecTByerT.

Bonpoc 12.

UYro ompeaenseT nopsiiok quddepeHnnanibsHoro ypaBHeH s ?

a) KonmndecTBo Hem3BecTHBIX (QyHKIMI B ypaBHeHHH. 0) HauBbIcIInii OPsIIOK PON3BOJIHOM, BXOJISIIEH B ypaBHEHHE. B)

KonmuectBo uieHOB B ypaBHeHUH. T) CTenieHb, B KOTOPOi (DyHKIUs BO3BE/ICHA B YPAaBHEHHH.

Bribepure ouH BEpHBINH OTBET U 000CHYHTE CBOM BBIOOD:

[IpaBunbHEI OTBET: 0)

OO0ocHoBaHue:

e a) KonmnuecTBO HEM3BECTHBIX (DYHKIMH - 3TO BIHMSAET Ha TUIT CHCTEMBI AU depeHIINaIbHBIX YPaBHEHUH, HO HE OTIpe/erseT
TIOPSIZIOK 0MOebHO20 YPAaBHEHHUS.

e 0) Orto BepHsIi oTBeT. [lopsiok auddepeHnnanTbHOro ypaBHEHNS ONPeIeIIeTCs] HAUBBICIIIMM TTOPSIAKOM ITPOM3BOIHOMH,
MIPUCYTCTBYIOIIEH B ypaBHEHHH.

e B) Kosm4ecTBO 4JICHOB - HE HIMEET OTHOIICHUS K MOPSAAKY yPaBHEHNS.

e 1) Crenenp (QyHKINN - 3TO BIMACT HA IMHEHHOCTD ypaBHEHHUS, HO HE Ha €ro IMOPS/I0K.

Bonpocl3.
B uem ocHOBHOE oTIIMUme MeTo1a Diisepa ¢ nepecuerom (Heun's method) oT 00braHOTO MeTOa Ditepa?
a) Merox Disiepa ¢ mepecyeToM TpedyeT MEeHbIero pazMepa mara. 6) Meron Diisepa ¢ repecueToM UCIOIb3YeT CpejiHee
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3HAUCHME NPOU3BOAHON B Havasle M KOHIE 1ara. B) Mertos Dilyiepa ¢ IepecyeToM MOKET IPUMEHSTHCS TOJIBKO K YpaBHEHUSIM

BTOPOro NopsAaka. r) Meroa Diiiepa ¢ HepecueToM Beeraa JaeT TOUHOE PEIleHUeE.

BriOepure o1H BepHBII OTBET M 000CHYHTE CBOW BBHIOOD:

[IpaBUIBHEI OTBET OTBET: 0)

OO0ocHoBaHue:

e a) Oba mMeTona HCIIONB3YIOT pa3Mep Iara, OnpeaesieMbli mois3oBareneM. OTHAKO, IS JOCTIKEHUS 0OHOU U MOl JHce
TOYHOCTH, METOA Difiepa ¢ MepecyeTOM MOXKET MO3BOJIHUTE ce0e Horbuiul pa3Mep Iara, 4eM oObIYHBIN MeTo 1 Difnepa.

e 0) Oto BepHBIil 0TBeT. MeTon Ditniepa ¢ mepecdeToM (Takke Ha3pIBAeMBIi METOIOM XOWHA WIIH YIIyYIIEHHBIM METOIOM
Diinepa) UCTIONB3YET cpedree 3HAYCHUE POU3BOIHOM B HavYalle U KOHIIE I1ara, 4YTO MOBBIIIAET TOYHOCTb.

e B) Metona Diinepa ¢ mepecueToM MOKET MPUMEHATHCS K YPAaBHEHUAM 1106020 TIOpsiIKa (IpeoOpa3oBaHHBIM B CHCTEMY
ypaBHEHUH IIEPBOTO MOPSIKA).

e 1) Metox Dilsiepa ¢ IepecueToM - 3TO NPUOAUINCEHHbII METOL U He ce20a NaeT TouHoe pelreHre. OH TouHee 0ObIYHOTO
MeToa Diiiepa, HO BCe XKe SBISETCS IPHOJIMKEHUEM.

33)]31[148 3aKPbITOI'o THIIA HA YCTAHOBJICHUE COOTBETCTBUSA

Bonpoc 14.

YcTaHOBHTE COOTBETCTBHE MEKIY IIUKINYECKUM OIIEpaTOpoM B R 1 ero onmcanueM.

Ornepatopsr:

1. for

2. while

3. repeat

4. break

Onucanus:

A. BrmomHsieT 670K KoJia JI0 TeX Iop, I0Ka YCIIOBHE UCTHHHO. [IpoBepsieT ycnoBue nepeo Kaxaoi urepanueii. B. HememienHo
MIPEKpaIIaeT BHIIOJIHEHNE IIMKIIA M IEPEXOIUT K cIeIyIommel cTpoke koja rnocie nukia. C. BemmonHseT 6510k KoJla 3a1aHHOe
KoJiuecTBO pa3. D. Brinonusier 010k koa OeCKOHEUHO, [ToKa He OyIeT npepBaH onepaTopom break.

IIpaBuibHBII OTBET:

e 1-C
e 2-A
e 3-D
e 4-B
Bonpoc 15.

VcTaHOBHTE COOTBETCTBHUE MCKIY (byHKIII/IﬂMI/I B R u ux Ha3zHaueHuem IIPpY BBINIOJIHEHUU KJIACTEPHOT'O aHaJI13a:

Oyukuus B R Hasnauenune
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1. kmeans() A. Bpluncnenue MaTpHIbl paCCTOSTHUNA MEXly 00bEKTaMu.

2. helust() B. BeimonHeHme nepapXuuecKoil KiacTepu3aruH.
3. dist() C. Busyanmuzais pe3y/ibTaToB KJIaCTePU3aIlAH.
4. plot() D. BrimonHenune kiactepusanuu Metomom K-means.

Ipasunvuvie omsemor: 1-D, 2-B, 3-A, 4-C
3aIIaHI/le 3aKPbITOT0 THIIA HA YCTAHOBJICHHME MMOCJICT0BATECJIbHOCTH

Bonpoc 16.

Kakue maru H606XO[[I/IMO BBITIOJIHUTD JIsI ONPEACTICHUA ONITUMAJIBHOT'O KOJIMYECTBA KIIACTCPOB MOCJIC TPUMCHCHUA K-means B

R? Pacnonoxure ux B MpaBUIBLHON MOCIEI0BATEIHHOCTH:

1. Bwusyanuzaumsi BHyTpUIpYyNIoOBOH cyMMBbI kBaaparoB (within-cluster sum of squares, WCSS) st pazin4Horo KojandecTsa
KJIaCTEpOB.

2. Bw0bop xonmmdecTBa KiacTepoB Ha ocHoBe Tpaduka WCSS (meton "mokTs").

3. Ilpumenenue anroputMa K-means ¢ pa3HbIM 9HCIIOM KIaCTEPOB.

a)3->1->2h)1->2->3¢)2->3->1d)3->2->1

[paBrIBHBIIA OTBET: A)

Bonpoc 17.

[pearnosnoxum, y Bac ecTh MaTpulla AuccuMiisipHoctei dist matrix, npeacraBiisiiolas pa3indust Mexxay oobekramu. Kakosa
MIPaBUJIbHAS TI0CIIE/I0BATEIBHOCTD LIAr0B JUIsl IPUMEHEHHUS] METPHUECKOT0 MHOTOMEPHOT0 IKanupoBanus (Metric
Multidimensional Scaling - MDS) ¢ ucnionis3oBanuem ¢yukunu cmdscale() B R jiist Busyanu3aiuu JaHHBIX B IByMEPHOM
IIPOCTpaHCTBE?

(a) Co3pmath MaTpuIly AuCCUMIIIsIpHOCTEH -> [IpruMennTh cmdscale(dist_matrix, k = 2) -> Busyann3upoBaTh TOUKHA C IIOMOIIBIO
plot() (b) BusyanmsupoBats TOUKH ¢ ToMomIbio plot() -> Co3aaTe MaTpHIly TUCCHMIIIIPHOCTEN -> [IpMEeHUTH
cmdscale(dist_matrix, k = 2) (¢) [Ipumenuts cmdscale(dist_matrix, k = 2) -> Co3aath MaTpuily AUCCUMUISIPHOCTEN ->
Busyanmzuposats Touku ¢ momorbto plot() (d) [Ipumenuts cmdscale(dist_matrix, k = 2) -> Busyanu3upoBars TOUKH C
niomoipio plot() -> Co3aars MaTpHIly AUCCUMUIISIPHOCTEH

Tpasunvuviti omeem: (a)

3agaHue OTKPBITOIO THIIA C PAa3BePHYTHIM 0TBETOM

Bonpoc 18.
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[uxsmueckuii oneparop while B si3pike porpaMMupoBanust R ¢ mpuMepoM koJa Juist AJIsl BEIYMCIICHUS KBapaToB Yucen oT 1 10
5 ¢ BBIBOJIOM pe3yJbTaTa Ha dKpa.
Ortser:
Hukmraeckwii orreparop while B s3p1ke iporpamMMupoBanus R mpencrasisieT co00it pyHIaMEHTATbHY0 KOHCTPYKITHIO TS
OpraHU3aIH TOBTOPSIOMINXCS BBIYUCICHUH, TIOKa OTPEEICHHOE YCIOBHE OCTACTCSI HCTHHHBIM. OH MO3BOJISIET BBITIOJIHSATE OJI0K
KOJIa MHOTOKPATHO, YTO HE3aMEHNMO B CUTYalMsIX, KOTJa KOJMUYECTBO UTEPALNH 3apaHee HEU3BECTHO M 3aBUCHUT OT
JMHAMUYECKH N3MEHSIOMINXCS TaHHBIX WM COCTOSHUH nporpamMmMsl. CHHTaKcuc onepatopa while gocraTouHo mpocT: cHavaza
YKa3bIBacTCsI KIIFOUEBOE cI0BO while, 3a KOTOPBIM B KPYTJIBIX CKOOKAX CIEAYET JIOTHIECKOE BEIPAKCHNUE, BBICTYIIAIOIIEE B
Ka4ecTBE YCJIOBHS IPOJOIDKEHUS UK. B GUrypHBIX cCKOOKaxX 3aKit0oueH OJIOK KOJia, KOTOPBIH OYAET BHIMOIHITHCS Ha KaXI0H
UTEpaLUH [UKJIA, TIOKa YCJIOBUE UCTUHHO.
J1is BBIYMCIICHUS KBAJPATOB YKCEII OT 1 710 5 ¢ MCmob30BaHueM [uKiIa while U BBIBOJJOM Pe3ysibTaTOB Ha SKPaH, MOXKHO
co3/1aTh chaeAyromuil koa Ha R:
i<-1
while (i <=5) {

square <- i"2

cat("Ksaapar uucna", i, "pasen”, square, "\n")

i<-i+1

}

Bonpoc 19.

buHapHOe paccTosHUE B KIaCTEPHOM aHaIU3e?

Ortser:

BunapHoe paccTosHHE B KJIACTEPHOM aHAJIN3E — 3TO METPUKA, UCIOIb3yeMast IIsl U3MEPEHUS CXOCTBA WM PA3ITHUUSI MEKILY
00BEKTaMH, MPEICTABICHHBIMH B BUE OMHAPHBIX BEKTOPOB. buHAPHEII BekTOp cocTouT U3 3HaueHui 0 u 1, rae 0 oObIgHO
03HAuYaeT OTCYTCTBHUE NMpHU3HAKa, a | — ero Hammuue. [Ipumepamu Takux 00BEKTOB MOTYT OBITh TOKYMEHTHI, IIPE/ICTaBICHHBIE
KakK HaOOp CJIOB (HAJIMYUE/OTCYTCTBHE CJIOBA B JOKYMEHTE), MIIU [I0JIb30BATENN, OIIICAaHHBIE HAOOPOM HHTEPECOB
(MHTEpecyeTCs/He HHTepeCyeTcs).

CymecTByeT HECKOIILKO CTIOCOO0B BBIYHMCIICHHSI OMHAPHBIX PACCTOSHUMN, KaX/bIi N3 KOTOPBIX aKIIEHTHPYET BHUMAaHUE Ha
Pa3IMYHBIX aCMEKTaX CXOACTBA WM pa3nuuusa. OIUH U3 CaMbIX PaCIPOCTPAHEHHBIX — PACCTOSIHAE XOMMUHIa, KOTOPOE MPOCTO
CYHTACT KOJMIECTBO MO3HIINH, B KOTOPBIX JBa OMHAPHEIX BEKTOpa oTimyaroTcs. Hampumep, ecom aBa Bekropa [1, 0, 1, 1] u [0, 0,
1, 0], To paccrostane X>MMUHTa MKy HUMHU PaBHO 2 (OTIMYHS B TICPBOU U YSTBEPTOH IMO3UIIHSIX ).

Jpyroii nonmysipHON METPUKOH sABiIgeTCs KodpurmeHT JKakkapa, KOTOPBIH onpeneseT CX0ACTBO MEXKAY AByMs Habopamu,
JIeTIs pa3Mep IepeceueHrs Ha pazMep 00beIMHEHNs 3THX HaO0poB. B KOHTEKCTe OMHAPHBIX BEKTOPOB 3TO 03HAYAET KOJINYECTBO
MIPU3HAKOB, KOTOPBIE MPUCYTCTBYIOT B 000MX 00BEKTaX, IeIeHHOE Ha 00IMIee KOJTNIECTBO YHUKAIBHBIX TIPU3HAKOB,
MIPUCYTCTBYIONNX XOTS OBI B 0HOM 13 00hekTOB. Koapdurmment JKakkapa npuanmaet 3Ha4eHus oT 0 (HeT 00X MPU3HAKOB)
1o | (momHOE coBmajieHne).

Br160p KOHKpETHOTO OMHAPHOTO PACCTOSHHA 3aBUCUT OT 33J]au KJIACTEPU3AIMH U HHTEPIIPETAIlNK pe3ynbraToB. Hampumep,
€CJIM Ba)KHO YUHTBIBATh TOJILKO OOIIME NPU3HAKH, 3 OTCYTCTBHE OOIIMX NMPU3HAKOB HE UMEET OOJIBIIOrO 3HAYCHHUS, TO
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ko3(ppunment JKakkapa MOXKET OBITH OoJIee MOIXOSIIINM, YeM paccTosiHue XoMMUHTa. B npyrom cityuae, ecian Bce NpU3HAKK
OJIMHAKOBO BXKHBI, TO PACCTOSIHNE XAIMMHUHI'A MOXKET OBITh MPEANIOYTUTEIIBHEE.

Hcnonp3oBaHre OMHAPHBIX PACCTOSHUI B KIIACTEPHOM aHAJIN3E ITO3BOJIAET IPYNIMPOBATh 0OBEKTH HA OCHOBE UX OMHAPHBIX
XapaKTEPUCTHUK, BBIIBISIS CKPBITHIC CTPYKTYPBI M 3aKOHOMEPHOCTH B ITaHHBIX. DTO 0COOCHHO I0JIE3HO B 00JIACTAX, I/ie JaHHbIe
€CTEeCTBEHHBIM 00pa30M Tpe/ICTaBlIeHB! B OMHAPHOM (hopMaTe HarmpuMmep B OHOMH(POPMATHKE M BEIYUCIUTEIFHON KOIOTHH.

Bonpoc 20.

Cunystrerii anamus (Silhouette analysis) mist BeiGopa Hanboliee ONTHMAIBEHOTO KOJINYECTBA KITaCTEPOB TIPH KIIACTEPHOM aHAITH3e
MetonoMm K-cpenanx?

Ortger:

CuitySTHBIN aHAJIU3 - ATO MOLIHBIA HHCTPYMEHT OLICHKH KaueCTBa KJIacTepHU3allii, OCOOCHHO MOJIE3HBIN TIPH UCTIOIb30BAHUN
anroputma K-cpetHux 171st BRISIBICHUS! ONTUMAaJIBHOTO YHCIIa KJIACTepOB B TaHHBIX. OH NPeoCTaBIsIeT BU3YyallbHOE U
KOJIMYECTBEHHOE MPEJICTABJICHHE O TOM, HACKOJIBKO XOPOIIO Kakast TOUKa JaHHBIX "TIOAXOJUT" K CBOEMY KJIacTepy, a TaKxkKe
HACKOJILKO OHA JlaJieKa OT COCEJJHUX KJIacTepoB. B OCHOBE CHIIyITHOTO aHaIN3a JISKUT BBIYMCICHUE CHIYITHOTO KoddduireHTa
JUTSL KaXKI0W TOUKHM, KOTOPBIH MPEJCTaBIIsIeT COO0M Mepy CXOJCTBA TOYKH CO CBOMM KJIACTEPOM ITO CPABHEHHIO C €€ CXOACTBOM C
JPYTHMH KJIaCTEPaMH.

Crury>THBINA KOA(QQUIMEHT IS KaXK10H TOUYKN PAaCCUUTHIBACTCSI HA OCHOBE JIBYX PAcCTOSHHI: CPETHETO PACCTOSHUS OT TOUKH JI0
BCEX JIPYTHX TOUYCK B €€ KiacTepe (a) 1 MUHUMAIBHOTO CPETHETO PACCTOSHHS OT TOYKH /IO BCEX TOUEK B JIIOOOM APYrom
kiacrepe (b). CumyaTHEIH K03 duIreHT (s) BerauciseTcs mo Gopmyne: s = (b - a) / max(a, b). ITOT KO3 PUIHEHT TPHUHUMACT
3HaueHus oT -1 1o 1. 3HaueHue, Onu3Koe K 1, yKa3bIBaeT Ha TO, YTO TOYKA XOPOIIO KIACTEPU30BaHA, TAK KaK OHa OJIM3Ka K
TOYKaM B CBOEM KJIacTepe M Jiajieka OT JPYruX KiacTepoB. 3HaueHue, OJM3Koe K -1, TOBOPUT O TOM, YTO TOYKA, BEPOSITHO, ObLIa
OTHECEHa K HeIPaBUIIbHOMY KiacTepy. 3HaueHne okojo 0 yKka3blBaeT Ha TO, YTO TOYKA HAXOAUTCS Ha IPAHUIIE MEXKIY JABYMS
KJIacTepaMHu.

Jlist IpUMEHEeHHMsI CHITY3THOT'O aHaJli3a IPH BEIOOPE ONTHMAJIBHOTO YHCIIA KJIACTEPOB HEOOXOANMO BBITIOJIIHUTh KJIACTEPU3ALHIO
K-cpenuux miist pasnuunbix 3Hadenuit K (komuuecta kiiactepoB). Jist kaxaoro 3HaueHus: K BBIYUCISIIOTCS CHITYITHBIC
K03(D(DUIIMEHTBI JJIsl BCEX TOUYEK JIAHHBIX. 3aTeM BBIUUCISIETCS] CPEAHUI CHITYITHBIN KOA(UIIEHT 1uist Kaxioro 3HadeHus K.
3navenue K, 11 KoToporo cpeHnii CUITyTHBINH KOA(QQUITMEHT SBIIETCS HANOOJIBIINM, CUUTACTCSI ONTUMAIIBHBIM YHCIIOM
KJIaCTEpPOB. DTOT IO/IXO/1 TIO3BOJISIET BEIOPATH CTPYKTYPY KIIACTEPU3AIMHN, KOTOpasi 0OecIieunBaeT HamTydIlee pa3jelieHne TOYeK
JIAHHBIX MEXJy KITaCTepaMHu.

Buzyanuzanus pe3yabTaToB CHITy3THOTO aHaJIM3a OCYIIECTBIISIETCS C IOMOIIBIO CHITYSTHBIX rpadukoB. CHITy3THBIH rpad uk
0TOOpakaeT CHITYdTHBIC KOA(D(UIIMEHTHI U1 KaXK101 TOUKH, OTCOPTUPOBAHHBIE TIO YOBIBAHUIO BHYTPHU KaK/I0TO KJIacTepa.
Kitactepsl pacrosiaratorest Ha rpaduke 1o BEpTHKAIH, a JUIMHA KaKI0# M0JI0Chl COOTBETCTBYET CHIIYITHOMY KO3 dHUIHEHTY
COOTBETCTBYIOIIEH TOYKH. BU3yanbHbIil aHATIM3 CHITYITHOTO rpaduKa Mo3BOJISET OLIEHUTh OJHOPOAHOCTh KIACTEPOB M HATMYHUE
TOYEK, KOTOPbIE MOTYT OBITh HENPABUIILHO KJIACTEPU30BaHBI. XOPOIINI CUITYITHBIN rpaduK IEMOHCTPUPYET KIIACTEPHI C
LIMPOKUMH T0JIOCAMHU (BBICOKHE CHITYITHbBIE KOI((GHUINEHThI) ¥ MUHUMAJIbHBIM KOJIMYECTBOM TOYEK C OTPUIATEILHBIMU
3HAYCHHSMHU.
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PaspaboTuunk:
ff{é‘ﬁm nonent Bykun FO.C.
¥ (moamuce)

[Iporpamma cocrtaBiieHa B cooTBeTcTBUU ¢ TpeboBanusmMu ®I'OC BO mo HampaBieHHUIO
06.05.01 «buounnxenepusi 1 OMOMH(POPMATHUKA»

[Iporpamma paccmoTpeHa Ha 3acenaHuu Kadenpsl (U3HKO-XUMUYECKOW OuoJoruw,
ouounmxenepun u ononHdopmatuku 19.03.2025 r. nporoxon Ne 12.

v W) /)
3aB. kadenpoi, 1.6.H., mpodeccop B.II. Canosaposa @a_a{f{_
Hacmosawas npoepamma, He modicem Oblmb 80CnpouzéedeHa Hu 8 Kakou ¢hopme 6e3

npeosapumenbHo20 NUCbMEHHO20 paspeulenus Kagheopvl-paspabomuuka npocpammsi.
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