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1. PaGouast mporpaMma IMCLMILIHMHBL.

1. HEJU U 3AJAYHN OCBOEHUSA JUCHUITVINHBI

[Iporpamma npenHasHadeHa Uil MOATOTOBKM JIUIFIOMHUPOBAHHBIX CIELMAIMCTOB IO HAIPABICHUIO
noAroToBKH «COIUOJIOTHs». DTO HAKJIaIbIBAET HA HEe OINpe/ielleHHbIe 0COOEHHOCTH, 3aKII0YAOLINECsS B TOM,
YTO BBIIYCKHUK JOJKEH TMOJY4YUTh BhIcIIee 0Opa3oBaHHE, CIIOCOOCTBYIOIIEE JalbHEHIIEMY pa3BUTHIO
JUYHOCTH.

MareMatnueckoe MOJEIUPOBAHUE COLMANBHBIX IPOLECCOB  SBIIAETCS MEK U CLHUTIIINHAPHBIM
MHCTPYMEHTAapHeM, KOTOPBIH BBIMOJIHSAET JABE OCHOBHbIE (DYHKUMHU: MEPBYI0 — OOYyYalONIyl0 CHEIHaIhCTa-
npodeccuoHana yMEHHIO MPaBWIbHO 3aJaBaTh LI€Jb TOMY WJIM HMHOMY IpOLIECCy, ONPEAENUTH YCIOBUS M
OTpaHUYEHUS B OCTH)KEHUU LIE€IH; BTOPYIO — AHAIUTUYECKYIO, T.€. «IIPOUTPhIBAHUE» HA MOJEISAX BO3ZMOXKHBIX
CUTyalluli ¥ TOJY4YeHHE ONTUMAJIbHBIX penieHuid. VMeHHO mo3ToMy mpu OOY4YEeHMH COLIMOJIOTOB
MaTEMaTHYECKOMY MOJEINPOBAHUIO COLIMAIBHBIX IPOLECCOB OCHOBHOE BHHUMAHHUE YJIENISETCS HE CTPOTUM
MaTeMaTHYECKUM JI0Ka3aTeIbCTBAM TOTO WM HMHOTO YTBEPXKICHUSA, a MOCTPOCHUIO W aHaIu3y MoJene
KOHKPETHBIX U3HEHHBIX CUTyallUi. biarogapst MeXIMCHUIUIMHAPHBIM CBSI3SM, OCYLECTBIISIEMBIM B IIPOLIECCE
MPENOIABaHUs JUCLUIUIMHBL W MOJEIHMPOBAHUIO COLMUAIBHOM JIEUCTBUTEIBHOCTH CTYAEHTHl HAYMHAIOT
MOHMMaTh KaKoe MECTO MaTeMaTHKa W MaTeMaTH4YecKHe METOJbl 3aHUMAIT B HX MNPOodeCcCHOHATHLHON
NEeSATEIbHOCTH.

OCHOBHON L€JbI0 JAHHOW JMCUMIUIMHBI, B CBA3M C IIOCTOSIHHO YCJIOXKHSIOIIMMHUCS IPOLECCAMU,
TpeOYIOMMMH CO3JaHMsI U COBEPIICHCTBOBAHUS OCOOBIX METOJOB M3YUYEHHUs M aHAIN3a, sIBJIsSETCS oOydueHHe
CTYZIEHTOB IIPAKTUYECKUM HaBbIKaM COCTaBJICHUSI MaTEMaTHUYECKUX MOJEIEH.

JInst OCTUXKEHHS TOCTABIEHHOM LIEJIM B paMKax JUCHUIUIMHBI PEIIAIOTCS CIEAYIOIINE 3aJauu:

1) AHanu3 M3BECTHBIX MOJEJIEH € NO3ULMM MX YCTOMYMBOCTM K HE3HAYUTEIbHBIM H3MEHEHUSIM
OKpY’KAlOIIEe JelCTBUTEIbHOCTH.

2) Coop u 00paboTKa «ChIpOit» MH(POpPMAIUU, HEOOXOAUMON ISl KOJTUYECTBEHHOW M KauyeCTBEHHOM
OLICHKHU COLMAJIBHBIX MPOLIECCOB.

3) Iloctpoenue Mmojeneil myreM aHaidu3a MNEPBUYHONM HHGOPMALMM M HAXOXKICHUE IapaMeTpoB
MOJETIN.

2. MECTO JUCIHUIIVYIMHBI B CTPYKTYPE OOII BIIO

Jucnunnuza «MaTteMaTudecKue METObl MOAEIUPOBAHUS COUAIBHBIX IPOLECCOB» OTHOCUTCS K LUKITY
EH, siBisiercst AUCIUIUIMHON TI0 BBIOOpPY, mudp aucuumuinasl EH.B1.

Jucuunnuaa «MaTteMaThuyeckue METOAbl MOJEIUPOBAHUS COLMAIBHBIX IPOLIECCOB)»  SIBISAETCS
COCTaBHOM 4YacThl0 MaTEeMaTH4YEeCKOTO O0O0pa3oBaHHs COIMOJIOTA, JIOTUYHBIM MPOJOIDKEHHEM KYpPCOB
«MartemaTukn» U «MaremMaTudeckux MeToJ0B B couuonorun». OHa mpu3BaHa o0ecHeduTh CIEeUaIncTa-
COIIMOJIOTa MOIIHBIM CPEJICTBOM PELICHUS MPUKIIAIHBIX MPO(eCcCHOHANBHBIX 33/1a4.

3. CTPYKTYPA U COAEPKXAHUE JUCHUIIJIMHBI (MOJAYJIA)

OO01mas TpyAI0eMKOCTh TUCHIHUIUIHNHBI cocTaBisieT 90 yacoB.
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) MHuoromepHoe 7 45 4 ) 6 KOMILUIEKCHOE MHANBHUAYaJIbHOE
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4 Kanonnueckue 910 |4 0 6 KOMIUIEKCHO® WHAVBUIYyaIbHOE
KOppeIsInu ’ 3aJ1aHUC

5 Ananms BpPEMEHHBIX 1,12 | 4 4 10 KOMILIEKCHO® WH/IUBUYATbHOC
o ():! 3a/laHue

6 PobGactHbie METObI 13.14 | 4 ) 6 KOHTpPOJIbHASI pa0doTa, KOMIUIEKCHOE
OILICHUBaHUS ’ WH/IMBUIYAJIEHOE 33]JaHHE
NTOI'O 28 14 48 3auéT

4. COAEPKXAHHUE PA3JIEJIOB U TEM JUCHUIIJIMHBI

4.1. Jlekunu

Paznen 1. JluckpumMuHaHTHBIN aHanu3 (6 4.).

JluckpuMUHaHTHBIC (YHKIHH, OI[EHKA UX HAJEKHOCTH, MOCTPOCHHE KIacCUPUIUPYIOMHUX (YyHKIIHH,
KJIaccu(UKallMOHHAs MaTpulla, paccTosiHUs MaxanaHoOuca, anocTepuopHbIe U allpuOPHbIE BEPOATHOCTH.

Paznen 2. MuoromepHoe mkanupoBanue (4 4.).

[TocTpoenne reomMeTpuueckoro odpasza COLHUAIBHOIO MPOCTPAHCTBA, METPUUYECKHE M HEMETPUYECKHE
METO/IbI IIKAJTUPOBAHUS, TIOKA3ATEIb «CTPECCay.

Paznen 3. Perpeccuonnsiii ananus (6 4.).

Mopenb MHOXECTBEHHOM pErpeccuy,

q)HKTHBHBIe NEPCMCHHBIC W HUX MUCIIOJIB30BaAaHUC B MOJCIIAX,

JIOTUCTUYECKUE U JIOT-JIMHEHHBIE MOJIEU, UX aHAIIU3. Y CTOWYMBOCTh MOJEJIEH K U3BMEHEHUSIM BHYTPU CUCTEMBI
Y BHELIHEW CpeJbl.

Paznen 4. Kanonnueckue koppensiuu (4 4.).

Kanonnueckue BeTWUYMHBI T€HEPATHHON COBOKYMHOCTH W MX HMHTEPIpPETaIus, OLEHKAa KAHOHUYECKUX
KOppEJISIN .

Paznen 5. Ananu3 BpeMEeHHBIX psAaoB (4 4.).

BpemeHHble psabpl MpU W3YYEHUW AMHAMHUKUA COLUAIBHBIX SIBIICHWH, TPEHI, CE30HHOCTh, MOCTPOCHHE
MOJENIEN ¢ aJJUTUBHON U MYJIbTUILNIMKATUBHON CE30HHOCTBIO.

Paznen 6. Po6actHbie MeTObI OlICHUBAHUS (4 4.).

['pyOble OmmMOKM M METOABl WX BBIABICHHS B CTATUCTHYECKONH COBOKYMHOCTH IaHHBIX, KPUTEPHH
OOHApYXEHHS M UCKITIOUEHHUS IPYOBIX OMIMOOK, METOAbI BEIYMCICHHS YCTOMYMBBIX CTATUCTUYECKHUX OIICHOK.

Ne i/t

‘ Tembl JeKIUHA

Paznen 1. JIuCKpUMUHAHTHBINA aHAIH3.

1 JluckpruMuHAHTHBIC QYHKIIHMA, OIEHKA UX HAJIC)KHOCTH,
2 [TocTpoenue knaccubunupyrommux GyHKIUA, paccTossHUs Maxainanoouca.
3 ATIOCTEpUOPHBIE U AIPUOPHBIE BEPOSITHOCTH.

Paznen 2. MHOTOMEpPHOE IIKATUPOBAHUE.

4

MeTpI/I‘IeCKHG MCTOAbI MHOTOMCPHOTI'O IIKAJIMPOBAHUS.

5

HeMeTpI/I‘IeCKI/Ie MCTOJbI HIKAJIUPOBAHUA.

Paznen 3. PerpeccnoHHbIN aHamu3.

6 Monens MHOXXECTBEHHOU perpeccuu ¢ GUKTUBHBIMU TEPEMEHHBIMHU.
7 Jloructuueckue MOACIH, X aHAJIH3.
8 Jlor-nuHeitHple MOJIEIH, UX aHAIU3

Paznen 4. KanHoHn4eckue KOppesiuu.

9

KanoHnueckue BeTMYMHBI T€HepaTbHON COBOKYITHOCTH U UX UHTEpHpETaIusl.

10

O1neHKa KAaHOHUYECKUX KOPPEISLUM.

Paznen 5. Ananu3 BpeMEHHBIX PSIOB.

11

BpeMeHHBIe PAAbI IPU U3YYCHUUN JUHAMWKU CONHUAJIbHBIX HBHGHHﬁ, TPCHI.

12

Ce30HHOCTb NPH HCCIEA0BAHNN BPEMEHHBIX PSIOB.

Pasznen 6. PoGacTHble METOABI OLICHUBAHUS.

13

['pyObie ommOKH, KpUTEpUn OOHAPYKEHUS U UCKIIIOYSHHS TPYOBIX OMINOOK

14

MCTOI[BI BBIYHMCIICHUA YCTOﬁqHBBIX CTaTUCTHYCCKHUX OLICHOK




4.2. llpakTH4ecKHe 3aHATUSA

Paznen 1. JluckpumMuHaHTHBIN aHanu3 (4 4.).

HaxoaeHHe JUCKPUMHHAHTHBIX (YHKIMH, HCIONb30BAHHE ) -KPHTEPHS ULl  ONPEAE/ICHHS
ONTHUMAJIbHOTO KOJWYECTBA JUCKPUMHUHAHTHBIX (PYHKIUH, Kiaccupukanus HaOMIONEHHI MPH MOMOIIU
TUCKPUMHHAHTHBIX  (QYHKIHMH,  Kki1accupuuupyrommx  QyHKUMHA,  paccTosHus — MaxanaHoOuca,
anoCTepUOPHBIX BEPOSTHOCTEH.

Paznen 2. MuoromepHoe mkanupoBanue (2 4.).

MHoromepHoe HIKaIMpPOBaHHE, MOCTPOCHHE TE€OMETPUUYECKOro o0pa3a COIMAIBHOIO MPOCTPAHCTBA,
METPUUYECKNE U HEMETPUUECKHE METO/IbI IIKAJIMPOBAHNUS, IIOKA3aTENb «CTPECCA.

Paznen 3. Perpeccronnsiit ananus (2 4.).

Mogens MHOXXECTBEHHOH perpeccuy, (UKTHBHBIE NEPEeMEHHBIE M UX HCIIOJIb30BaHHE B MOJEIX,
JIOTUCTUYECKHE U JIOT-JINHEHHBIE MOJEINH, UX aHaIHU3. Y CTOMYUBOCTh MOJIEIeH K U3MEHEHUSIM BHYTPU CUCTEMBbI
Y BHELIHEW CpeJbl.

Paznen 5. Ananu3 BpeMeHHBIX psAaoB (4 4.).

ITocTpoeHne Mozenel BpeMEHHOTO psAJia ¢ aAAUTUBHON U MYJIbTUIITIMKATUBHOU CE30HHOCTHIO.

Paznen 6. Po6acTHbie MeTOIbI OlICHUBAHUS (2 4.).

I'pyOble ommMOKM W METOAbl MX BBISBICHHUS B CTAaTUCTHYECKOW COBOKYIHOCTH IaHHBIX, KPUTEPUHU
OoOHapyKEeHHsI U UCKIIIOUEHHS TPYOBIX OLIMOOK, METO/IbI BBHIYUCICHHS YCTOMUUBBIX CTATUCTUYECKUX OI[EHOK.

Ne n/n | Tembl HpaKTHYECKHX 3aAHSTHI
Pazgen 1. JIluckpMUHAHTHBIN aHAN3.
1 Haxox[IeHie THCKPUMHUHAHTHBIX DYHKIMIA, Y -KPATEPHS.

Knaccudukamnus HabIr01eHUE TPU TOMOIITY TUCKPUMUHAHTHBIX KJIACCUDHUITUPYIOMUX (PYHKIIHH,

2 .
AIIOCTCPHUOPHBIX BEPOATHOCTCH.

Paznen 2. MHOTOMEpHOE IIKATUPOBAHUE.

3 \ [TocTpoenne reoMeTpruecKoro oopasa CoruaabHOr0 MPOCTPAHCTBA.

Paznen 3. PerpeccnoHHbIN aHau3.

4 ‘ ITocTpoeHue pa3IMYHbIX PETPECCUOHHBIX MOJECIICH U UX aHAJIN3.

Paznen 5. Ananu3 BpeMEHHBIX PSJIOB.

5 ITocTpoeHne mozeleli BpeEMEHHOTr0 psifia ¢ aAAMTUBHON CE30HHOCTBIO.

6 [TocTpoenne Mozeneit BpeMeHHOTr0 psijia ¢ MYJIbTHUIUIMKATUBHON C€30HHOCTBIO.
Pasnen 6. PoGacTHBIE METOABI OIIEHUBAHMUS.

7 \ [TocTpoenne Mozeneit BpeMeHHOTr0 psijia ¢ MYJIbTHUIUIMKATUBHON C€30HHOCTBIO.

5. CAMOCTOATEJIbBHASA PABOTA
CryneHTaM HEOOXOJIUMO CAMOCTOSTEIBHO MOBTOPSTh paHEe M3yYEHHbIE MOHATHS 10 MaTeMaTHKE U
MAaTEMAaTHYECKUM METOJaM B COLIMOJIOTUHU U3 CIEAYIOIUX PA3EeIOB:

- JMHEHWHas anrebpa;

- muddepeHnnanbHble YpaBHEHHS U UX CUCTEMBI;

- MaTreMaTHyecKas CTaTHCTHKA,

- TeopHus BEPOSITHOCTEH;

-  MHOTOMEpHBIE CTATHCTUYECKHE METObI MCCIETOBAHUS
- KOpPPEJSIHOHHBIA aHaIu3 U Ap.

No | Ne  paznena | @opma (Bun) TpynoeMkocTb
/i | (TeMbl) JOHCI- | CAMOCTOSTEIHHON pabOThI B yacax
HBI

1 1 BrinmonHenne HMHAMBUIYATBHOTO KOMIUIEKCHOTO — 3aJaHUs. 10
Brimonnenne joMantHux 3agaHui.

2 2 BrinmosnHenne HMHAMBUIYATBHOTO KOMIUIEKCHOTO — 3aJaHUs. 6
Brimonnenne joMantHux 3agaHui.

3 3 BrinmonHenne HMHAMBUIYATBHOTO KOMIUIEKCHOTO — 3aJaHUs. 10
Brimonaenne joManiHux 3agaHui.

6




4 4 BrinonHenne nHAMBUIYAIbHOTO KOMIUIEKCHOTO 33JJaHUS. 6
5 5 BrinosnHenne HMHAMBUIYATBHOTO KOMIUIEKCHOTO — 3aJaHUs. 10
Brimonnenne 1oMantHux 3agaHui.
6 6 BrinonHeHue WHIMBUAYAJIBHOTO KOMILJIEKCHOTO — 3aJaHUS. 6
BrimmonneHne noMamiHux 3axaHuil.
Hroro 48

6. OBPA3OBATEJIBHBIE TEXHOJIOI'MU U ®OPMbI

WuTerpanpHylo MoJelb 00pa3oBaTENbHOTO Mpolecca M0 AUCHUIUIMHE (OPMHUPYIOT TEXHOJIOTUH
METOJIOJIOTUYECKOTO YpPOBHS: TEXHOJOTHUSI MOATAMHOTO (POPMHPOBAHUS YMCTBEHHBIX JACUCTBUN, TEXHOJIOTHS
Pa3BUBAIOIIETO O0YUYCHHS, SIEMEHThHI TEXHOJIOTUHU Pa3BUTUSI KPUTHUECKOTO MBIIIICHHS.

OO6pazoBaTenbHbIN MPOLECC MO TUCIUIUIMHE CTPOUTCS HAa OCHOBE KOMOMHAIMM CIEAYIOIIUX METO0B
o0yueHus:

1. HenmutarimoHHbIE METOJTBI O0YUCHHUS.

[TpobnemHas JeKIsl HAYMHAETCS C BOIIPOCOB, C TIOCTAHOBKU MPOOJIEMBI, KOTOPYIO B XOJI€ H3JIOKEHHS MaTepraia
HEOOXOIMMO PEIINTh. JICKITHS CTPOUTCS TAaKMM 00pa3oM, UTO JESTEITLHOCTh CTY/CHTA 110 €€ YCBOSHUIO TIPHOJIFKACTCS K
TIOMCKOBOM, HccienoBareNbekor. OOs3aTeyieH Uaor TpernofaBaress U CTYACHTOB. Tema: «J{MCKpUMHHAHTHBIN
aHanu3» (2 Jaca).

Jlexpms-BU3yanu3alys yuuT CTyIEHTa NMpeoOpa3oBbIBaTh YCTHYIO M IMMCBMEHHYIO MH(OPMAIMIO B BU3YaIBHOM
(dopme; UCHONB3YIOTCA CXEMBI, PUCYHKH, YEPTEXU M T.I., K TMOATOTOBKE KOTOPBIX IPUBJIEKAIOTCS OOYYAaIOIIMECS.
XOpoIIO UCIONB30BaTh HA JTAalle BBEIEHUS B HOBBIM pa3ferd, TeMy, MUCHMIUIMHY. Tema: « MHoromepHoe
KaMpoBaHuey (2 Jaca).

Jlexumst ¢ 3apaHee 3aruTaHUPOBAHHBIMU OMIMOKaMH. OIIMOKK JOIDKHBI OOHAPYKUTH CTY/ICHTBI U 3aHECTU UX B
KoHcreKT. CIHMCOK OIMOOK IepeiaeTcsl CTYACHTaM JIMIIb B KOHIIE JIEKIIMH U MPOBOAUTCSA MX oOcyxkaeHue. Tema:
«Perpeccronnslii aHanu3» (2 gaca).

2. HeurpoBbie MMUTAITMOHHBIE METOBI OO YUCHHUSI.

KoHTekcTHOE 0OydeHHE HampapieHO Ha (OPMUPOBAHKE IETOCTHOM Moneny Oymymiel mpodeccHoHATEHON
NESTENIbHOCTH CTyJeHTa. 3HAHMS, YMEHUs], HABbIKK JIAl0TCS HE KaK MpeMeT UTs 3allOMUHAHus, a B KaUueCTBE CPEe/ICTBa
pereHust mpohecCHOHAIBHBIX 3a/1a4.

TpeHuHr — crelpanbHas CHCTeMaTHyeckass TPEHHWpPOBKa, OOydYeHHE IO 3apaHee OTPabOTAHHOM METOIMKE,
CKOHLICHTPUPOBAHHOW Ha ()OPMUPOBAHUH 1 COBEPIIICHCTBOBAHNM OIPAHMUYEHHOTO HA0Opa KOHKPETHBIX KOMIETEHITUH.

B mpouecce 00y4yeHHUs CTYAEHTHI YYacTBYIOT B MOCTPOECHHU MAaTEMAaTUYECKUX MOJENeH MpaKTUYeCKUX
3aj1a4, BBISIBJICHUN YCTOWYMBBIX QITOPUTMOB PEIICHUS 3a/1a4.

7. OHEHOYHBIE CPEJIACTBA JUJUISA TEKYHIEI'O KOHTPOJIA YCIHEBAEMOCTMU,
MPOMEXYTOYHOM ATTECTAIIMA IO UTOTAM OCBOEHUWSA JUCHUILJIMHBI U YYEBHO-
METOJIJMYECKOE OFECIIEYEHUE CAMOCTOSITEJIbHOM PABOTHI CTYJIEHTOB

Pe3ynbTaTUBHOCTH pabOTHI 00ECIIEUNBACTCSI CUCTEMOM KOHTPOJISL, KOTOpasi BKIIOYAET OMPOC CTYAECHTOB
Ha TMPAKTUYECKUX 3aHATHSAX, NPOBEPKY BBHINOJHEHUS TEKYIIUX 3a/JaHui, KOHTPOJbHBIE DPAOOTHI, 3a4ET.
Py0eXHbII KOHTPOJIb OCYILIECTBIIACTCS KOHTPOJIBbHBIMU paboTaMu. KOHTpOIb 3a BBINOJIHEHHEM KOMITJIEKCHOTO
WHIUBUAYAIBHOTO 33/1aHUS OCYILIECTBIISETCS B JIBa ATala: MPOBEpKa MUCbMEHHBIX OTYETOB; 3aIlIUTa 3a/1aHUS B
YCTHOUW WJIM TUCBMEHHOU (hopMme.

st caMOoCTOATENbHON pabOThl MCIHOJIb3yeTCs yd4eOHO-METon4YecKkoe obecrieueHne Ha OyMaKHBIX H
AJIEKTPOHHBIX HOCUTENsAX. TeMaTHKa CaMOCTOSATENbHOM pabOThl COOTBETCTBYET  COJAEPXKAHHIO  Pa3/IeiioB
JUCHUIUIMHBL U T€ME JIOMAIIHEro 3aJaHusl.

KoHTponbHBIE BOIIPOCH U 3a7jaHUs ISl IPOBEICHUS TEKYIIEr0 KOHTPOJIS BRIOUPAIOTCS M3 COZIEpIKaHUS
pasnenoB AMCHUUILIIMHBL BblmonHeHue [omalmiHero 3aJaHusi 0OecreyrMBaeT HENMpephIBHBIA KOHTPOJb 32
IPOIIECCOM OCBOCHHS YUEOHOro MaTepuaga KaxJoro oOy4aroIlerocsi, CBOEBPEMEHHOE BBISBICHUE U
yCTpaHEHHUE OTCTaBaHUM U OMIMOOK.

Hrorosas arrectanus 10 UTOraM OCBOEHUS AUCLUIIINHBL: 3a4ET.

Bomnpocsl k 3a4éty
IToHsATHE O MHOTOMEPHBIX CTATUCTUYECKUX METOAAX UCCIEIOBAHUS.
['paHu1IBl MPUMEHUMOCTH MHOTOMEPHBIX CTATUCTUUYECKUX METOJIOB.
Knaccugukanuss MHOTOMEpPHBIX CTATUCTUYECKHUX METOJIOB.
[Ipumeps! 3aaa4, penraeMbIX ¢ MOMOIIbI0O MHOTOMEPHBIX CTATUCTUYECKUX METOJIOB UCCIEOBAHUS.
ITocTpoeHne MaTeMaTHUYECKUX MOJENEN pa3InyHbIX COLMAIbHO-IKOHOMUYECKHUX 3a/lad, OCHOBHBIE

M

JTaIBbI.
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6. MonenupoBanue 3HaYeHUI HAOII01aeMbIX TEPEMEHHBIX HAa OCHOBE (PUKTHUBHBIX (DAKTOPOB.

7. IlocTaHOBKa 33724 MHOTOMEPHOTO IIKAIHUPOBAHUS.

8. TlocTpoeHne reoMeTpuyeckoro oopasa CoUaIbHOTO MPOCTPAHCTBA.

9. Merpuueckre U HEMETPUUYECKHE METO/IbI IIKATMPOBAHHUS, TOKA3aTeNb «CTPECcca.

10. IlocraHoBKa 3a1a4 TUCKPUMUHAHTHOTO aHAJIN3a.

11. TloHsTHE O TUCKPUMUHAHTHBIX (YHKITHSX.

12. Ompenenenue ONTUMAIBHOTO KOJMYECTBA JUCKPUMUHAHTHBIX (DYHKITHI.

13. Ouenka mapamMeTpoB TUCKPUMHUHAHTHBIX (DYHKIIMI M MX KauecTBa.

14. Knaccudukamus o0beKTOB U HaOII0ACHUH P MOMOIIN AUCKPUMHHAHTHBIX ()YHKIIHHA.

15. Tloctpoenue kmaccupuuupymux GyHKIHA, KiaccupuKamus OOBEKTOB M HAOIIOICHUN TIpH
MOMOIIU KIaCCUPUIMPYIOMUX (HYHKIIUHA.

16. Bwruuciaenue paccrosHuii MaxamaHoOuca, amoCTEPUOPHBIX PACCTOSHUN W KiaccuuKanuys
O00BEKTOB C UX TTOMOIIIBIO.

17. Tlonstue knaccubUKAIMOHHOW MAaTPHUIIbI, €€ aHAJU3.

18. BpemeHHbIE psbl IPU U3YYCHUN TUHAMHUKYI COILIMATbHBIX SBJICHUN.

19. TlonsiTue TpeHIa, CE30HHOCTH, aAIUTUBHASA U MYJIbTUIUIMKATUBHAS] CE30HHOCTbD.

20. ITpumepsl BpEMEHHBIX PAJOB C AAUTUBHON U MYJIbTUILIMKATUBHON CE30HHOCTHIO.

21. IlocTtpoeHue perpecCuOHHBIX MOJENIEH

22. Mopnenu IOTUCTUYECKON PETPECCUH U JIOT-TMHEMHOMN perpeccuu.

23. CucreMbl perpecCMOHHBIX ypaBHeHU. [Iprumepsl Mozieneil ¢ HCI0JIb30BAaHUEM CUCTEM YPABHEHHIA.

24. NneHTUGHUIUPYEMOCTh U CBEPXUACHTUPHIUPYEMOCTh CUCTEM.

25. DHAOTEHHBIE U YK30T€HHbIE TIEPEMEHHBIE.

26. AHanu3 yCTOMYMBOCTH MOJENIEN K N3MEHEHUSAM BHYTPU CUCTEMBI M BHEILIHEN CPEIBI.

27. TlonsiTue TpyObIX OIMIHOOK.

28. Ilpu4uHBI MOSIBIEHUS OMNOOK B CTATUCTHYECKOW COBOKYITHOCTH.

29. CymiecTByOIIKE MOIX0 bl MPU 00pabOTKe IPyOBIX OIMIHUOOK.

30. OcHOBHBIE METO/Ibl YCTOMYUBOTO OLIEHUBAHMSI ITAPAMETPOB BEIOOPOYHOM COBOKYITHOCTH.

31. OTnuuyne KaHOHUYECKUX KOPPEIISIIIUN OT KOPPEISAIMOHHO-PETPECCHOHHOTO aHAJIN3A.

32. IloHsATHE KAHOHUYECKUX IEPEMEHHBIX.

33. IIpuembl KAHOHHUYECKOTO aHalIu3a JUIsl COKpAIlleHUsI KOJIMYECTBa UCCleayeMbIX (DaKTOPOB.

3aganns 1/l IPAKTUYECKUX M JOMAIITHUX PadoT

JIMCKpUMHWHAHTHBIN aHAIU3.

Nmess moctoBepHyro uH(pOpManuio 00 OOAHKPOTHBIIMXCS W HE OOAHKPOTHUBIIHMXCS B TCUCHUH 5 JIET
MPEANPUATHIX MONBITAHTECh CIIPOTHO3UPOBATH MOBEICHNUE «MOJIOIBIX» PUPM C MTOMOIIBIO0 JUCKPUMHUHAHTHOTO
aHaIn3a.

MHoroMepHoe MKanupOBaHUE

3anaua. [Ipu ycrpoiictBe Ha pabdoty 18 npereneHToB mpouuiy 10 pa3TuuHBIX TECTOB B KaJpPOBOM OT/eINe
MIpENPUSITHSL.

Howmep tecra 0003HaUCHHE [Ipeamer tecta

1 tl ITamsaTh Ha ynciia

2 t2 MaremMaTHueckue 3agaun

3 t3 HaxomuuBocTh npu npsiMOM JUajIore
4 t4 Tect Ha cocTaBIEHUE AITOPUTMOB

5 t5 YBEpEHHOCTb BO BPEMS BBICTYIUICHUS
6 t6 Komanubiii 1yx

7 t7 HaxogunBocTh

8 t8 CoTpyaAHUYECTBO

9 t9 IIpu3HaHue B KOJUIEKTUBE

10 t10 Cuia yoexxaeHus

MakcumanbHasl OLIEHKa, KOTOPYIO MOKHO ObUIO MOJIyUYUTh Ha Ka)KJJOM M3 TE€CTOB, cocTasiseT 10 Oainos.
Pesynpratel Tecta i 18 mpeTeHaeHTOB Haxoaarcs B Tabnuile B nepemeHHbIX t1-t10. Kaxxnoe nabmonenue
ABJISICTCS XapaKTEPUCTUKON TECTUPYEMbIX KaHIHUJIaTOB.

WHUIUAIIBI tl t2 t3 t4 t5 to6 t7 t8 t9 t10

AL 10 9 3 10 4 5 1 7 6 5
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M.K.

C.T.

T.T.
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M.P.

A.C.

JLH.

I0.T.
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I'.T. 8 6 8 5 10 7 10 8 5

C wucnonp30BaHHWEM pE3YJIHTATOB TECTa COOTBETCTBUS MPOBECTH OOHAPYKUTH TPYIIBI KaHAUIATOB,
OJM3KHUX IO CBOMM KauyeCTBaM.

MHOTOMEPHEIN PErpeCcCHOHHBIN aHAIN3.

3amaua 1 MmeroTcs naHHBIE O CTOMMOCTH OJHOKOMHATHBIX KBapTHp, rae Price - mena, teic. py0.; So -
o0111as WIoMAaah, M2; R - paccrosiaue 1o neHTpa, Km

Ne PRICE SO R
1 460 46 7
2 350 44 3,5
3 490 57,6 5
4 470 53,1 1,2
5 350 50

6 450 52,1 1,5
7 300 48 9
8 370 53 6,5
9 380 49 5
10 430 42 1,2
11 400 44 2
12 420 41 0

Onenure perpeccun: Price=a+B*So; Price=a+f*R, Price=a+f*R+y*So naiite oOBsicHeHUE
MOJTyYCHHBIM pPe3yIbTaTaM.

Bpewmennbie psisibl. CE30HHOCTD.

3amaua 1. UccregyeTcst cipoc HaceleHHsl y Ha MPOXJIAIUTEIbHBIC HAITUTKA B 3aBUCUMOCTH OT JOXOJa X
M0 €XKEMECSYHbIM JaHHBIM. ONpeenuTh 3aBUCUMOCTb, OTPAXKAIOIIYIO YBEIMUYCHHE CIPOCa C POCTOM JI0XO0Ja.
I[To dakTuyeckuM TOYKaM HAONIOACHUN TIPOBEPhTE HANW4YUE CEe30HHOCTH. JloOaBbTe TMEepeMEHHYIO

{0, ecau X0l100Hoe 8pemsi 2004,
S =

U OnpeeNuTe 00BEM MPOAAXK C YUETOM CE30HA.
1, ecau mennoe spems 2ooa.

3amaua 2. HeOousbmioil yacTHOE KOHIUTEPCKOE MPENNpPUATHE 3aHUMAETCSl MPOU3BOACTBOM I€UCHbs. B
TabJIUIEe PECTABICHBI JaHHBIC O JMHAMMKE NMPUOBLIM NPEANPUATHS B TEUEHHE HECKOJIbKUX JeT. [locTtponuth
TpPEeHJ0BYIO Mozeb. CriporHo3upoBath npuodsuib Ha 2003ros.

No 200 npuodvLIL
1 1983 13,0
2 1984 13,2
3 1985 13,2
4 1986 14,2
5 1987 13,4
6 1988 13,8




7 1989 14,6
8 1990 14,2
9 1991 14,4
10 1992 16,6
11 1993 14,0
12 1994 15,4
13 1995 16,0
14 1996 16,8
15 1997 17,4
16 1998 18,1

KommnuiekcHoe 3a1anne

KoMnuiekcHoe 3agaHue 10 IUCHMIUIMHE: CTYACHTHI COCTABISIOT 3a/layy, CBSI3aHHYIO ¢ MX Oymylei
HpO(l)GCCI/IOHaJIBHOI‘;I ACATCIIBHOCTBIO W HaXOHAT €€ PCIICHUC. 3az[aqa COCTAaBJIACTCA HAa OCHOBaHHU
CTaTUCTUYECKHUX JITAHHBIX, KOTOpPbIE COOMPAIOT CTYAEHTHl BO BPEMS BBIMIOJIHEHHUS KYpPCOBBIX MPOEKTOB IO
npodeccnoHaNbHBIM AUcHUITMHAM. Tabnuna qaHHBIX A0JKHA coxepkarh 10-15 pa3auyHbBIX MepeMEHHBIX,
cCpeau KOTOpBIX MMEIOTcs (ukTUBHBIE, 1 He MeHee 100 HaGmonmenuit. CpencrBaMu TUCKPUMHHAHTHOTO
aHajin3da 1 METOAaMHU MHOIOMCPHOT'O IIKAJIUPOBAHUA BCC Ha6J'IIO,Z[eHI/I}I p3.36I/IBaIOTC$I Ha KJIAaCCHI 110 JaHHBIM
OHOM M3 (DUKTUBHBIX MEPEMEHHBIX (MepeMeHHas YyKa3blBaeTcs MmpernojaBarenem). [[ns ompeaerneHHOro
KJIacCa CTPOSATCS pazNUYHbIe MOJENHW, W MPOBOJIUTCS WX aHaiu3. B pesynbrare BeIOMpaeTcs Ta MOJEIb,
KOTOpasi HauboJiee MOoJTHO OTPaKaeT peaibHYI0 KapTUHY.

8. YYUEBHO-METOANYECKOE U TH®OPMAIIMOHHOE OBECIIEYEHUE JJUCHUIIJINHBI
MOAVYJIA)

a) OCHOBHAas JIuTeparypa:

1. Emuceera U.U. OGmas teopusi cratuctuku: y4ed.: pek. Mun. o6p. PO/ .. EnuceeBa, M.M.
KO36ames; [Tox pen N.U. EnuceeBoii. -5-¢ u3a., nepepad. u gom. -M.: @unance u cratuctuka, 20004, 2006. -
656 c.

2. CoseroB b.fl. MopaenupoBanue cuctem: y4eb.: pek Mun. oop. PO / b. . Coseros, C.A.
SkoBnes. -5-e uza., crep.- M.: Beicu. mik., 2007. - 344c.

0) JONOJHUTENbHAS IUTEpATypa:

1. ToncroBa FO.H. OcHOBBI MHOTOMEPHOTO HIKaTUpoBaHUs : y4ded. mocodue: pex. YMO / HO.H.
Toncrosa.- M.: Kunxusiit Jlom Yausepcurer, 2006. - 158 c.
2. Epmonaes O.}O. Maremarnueckasi CTaTUCTHKA JJIs TICHXOJIOTOB: yueO. mocobue: pek. PUC /

O.1O. Epmonaes. -3-e u3a., uctp. — M.: WU3n-Bo Mock. ncuxo:. — coil. un-ta : @nunra, 2004. - 336 c.

3. Jly6oB A.M. MHOTOMEpHBIE CTATUCTUYECKUE METOABI: yuel.: pek. MuH. 06p. PO/ A.M. Jly6os,
B.C. MxurapsH, JI.W. Tpouun. -M: ®@unancs! u cratuctuka, 2000, 2003. - 352 c.

4. Kpamep ZI.  Marematnyeckas 00paOOTKa JaHHBIX B COIMAIBHBIX HAyKax: COBPEMEHHBIC
MeToAb! : yuebd. mocobue: pek. YMO / JI. Kpamep ; nep. ¢ aurin. U. B. Tumodeesa, 5. U. Kucenesoii ; pen. O.
B. Mutus. - M. : Akanemus, 2007. - 288 c.

5. Topormunna I'.H. DnemenTsl knactepHoro ananmuza : yued. mocobue / I'. H. Topomumna, H. H.
JBoepsnkuna, I'. I1. Boxmuniesa ; AMI'Y, ®Mull. - brnarosemenck : M3a-Bo Amyp. roc. yH-Ta, 2006.

B) [Iporpammuoe obecrieuenne u HTEpHET-pecypChI:

No HanmenoBanue pecypca Kpartkas xapakrepuctuka

1 http://www.iqlib.ru WuTepHer-6ubOnmuoTeka 00pa3oBaTeNbHBIX H3IaHUN, B
KOTOPOW cOOpaHbI AJECKTPOHHBIC YUEOHUKH, CIIPABOYHBIC
u ydeOHble TocoOus. YIOOHBIH TOHUCK MO KIFOYEBBIM
CIIOBaM OTJIEJIbHBIM TEMaM U OTPACIISIM 3HAaHUH

2 http://elibrary.ru Hayunas snekTpoHHast OubIMOTEKa )KypHAJIOB

9. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE JUCHUITJIMHBI (MOYJIA)
JlekOHHAsT ayJUTOpUS C MYJIbTHUMEIUHHBIM 00OPYJOBAHUEM.
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2. METOANYECKHE PEKOMEHIAIIMN 1 YKA3AHMA.

2.1. Meroauueckue peKOMEHAAIMH 110 TTPOBEICHUIO JICKIIUIA

Jlnst MaTeMaTHKH BaykHA HE IPUPOJIa pacCMaTPUBAEMBIX OOBEKTOB, a JIUIIb CYIIECTBYIOLIHE MEXy HUMHU
COOTHOILIEHUS, B TO BpPEMs KaK COLIMOJIOT pPadOTaeT B OCHOBHOM C PEaIbHBIMH JaHHBIMH.

Kypc mpusBan pa3MbITh IpaHb MEXIy (OpMain3MOM MaTeMaTHKU U PEaJbHBIMH MPOMCXOISAIIUMH B
00I111eCTBE MPOLIECCAMHU, HHTEPECYIOIUMH COLIMOJIOTA.

3Ha4YeHue JIGKIIMOHHBIX 3aHATHIA N0 JAHHOMY KYpCY O0YCIIOBJICHO CIIEIYIOIIUMHU PUUYNHAMH:

— OTCYTCTBHEM €IMHOI0 y4eOHMKA, B KOTOPOM H3JI0)KEHBl BCEBO3MOKHbIE MAaTEMAaTUYECKHE METOJbI,
HCII0JIb3YEMBIE B COLIMOJIOTUHY;

— HEeoOXOJMMOCTBIO aJaNTHPOBATh JIEKTOPOM HEKOTOPbIE MaTeMaTHYEeCKHE METOAbl Ui HYXI
COLIMOJIOTa;

— HEBO3MOXHOCTBIO CTYICHTa CaMOCTOSITEJIBHO IIPEACTABUTH CMBICH IOJYYEHHBIX UM 3HaHWM IO
MaTeMaTHKe.

Kaxknas nexuust conpoBOXKIa€TCsl BHICOKMM HAayYHBIM CTHJIEM M3JI0KEHMSI M JOCTaTOUYHBIM KOJIMYECTBOM
IPUMEPOB NPOPECCHOHATBHOIO XapaKTepa, KOTOPbIE Pa3pellaloT IPOTUBOPEUHE MEXy JKeJIaHUEM MOCKopee
IPUOOLTUTHCS K TPOPeccuu U He0OXO0AUMOCTBIO TEPIEIMBOTO N3YUYeHUS (PYHAaAMEHTAIbHBIX TUCIUILIHH.

Jlextuss 1 HOCHUT 0O30pHO-TIOBTOPUTENBHBIA XapakTep. Ha Hel MpOMCXOAWT 3HAKOMCTBO CTYACHTOB C
IeNIbI0, HA3HAYCHUEM U MECTOM Kypca B CHCTEMe y4eOHBIX MUCHUIUIMH. bonblias 4acTh JEKIUU OTBOIMUTCS HA
U3y4eHUE OCHOB JUCKPUMHHAHTHOIO aHaiau3a. BBOIUTCA NOHATHE JAWCKPUMMHAHTHBIX (QYHKIMH U
OCYIIECTBIISETCS KIIACCU(PUKAIHS 00BEKTOB C IOMOIIIBIO 3TUX (PYHKIIMH

Ha BrOpoil M Tperbel NEKUUSIX NPOJODKACTCA 3HAKOMCTBO € METOJAaMM JUCKPUMHMHAHTHOIO aHAIW3a.
BBonutcst monstue kiaccuPpUIUpyomux (QyHKIUHA, arocTepHOpHON M apUOPHON BEPOSTHOCTEH W METOJOB MX
pacuera.

MeTpuueckuM U HEMETPUUECKHM METOJIaM MHOIOMEPHOTO IIKAIMPOBAHUsI OTBOIATCS 4 U 5 JEKIMU Kypca.
PexomeHnayeTca ykaszaTh CXOINCTBA M pasjInyMs JAHHBIX METOAOB, OXAPAKTEPH30BaTh II0OKA3aTeNIb CTpecca U
PacCMOTPETh MOCTPOSHUE TE€OMETPHUECKOT0 00pa3a COLMAIBLHOTO IPOCTPAHCTBA.

[Tpn u3n0XKEHUU JEKIUH, MOCBSIIEHHBIX PETPECCMOHHOMY aHAIU3Y YyAelseTcs OOoJbIIoe BHHUMaHHE
MOCTPOCHHUIO MOJIEeTIei MHOXECTBEHHOW PErpeccHH, TaK KaK OOJBIIMHCTBO XapaKTEPUCTHK, MCCIEIYEMBIX B
COLIMOJIOTHH 3aBUCAT OT HECKOJIBKMX MEPEMEHHBIX BeIM4UH. Kpome Toro, He06X01uMO paccMOTPETh MOJEIH, B
COCTaB KOTOPBIX BXOJAT (PUKTHBHBIC IEpeMEHHbIE (I10J1, 00pa3oBaHue U Ip.).

Bospiiast yacTe JaHHBIX B COBPEMEHHOM MHUpE UMEIOT BUJ BPEMEHHBIX psaaoB. Haumnas ¢ 1960-x rr.
BpPEMEHHBIE PS/bl CTAM PETYISPHO MCIOIB30BATH JUIsI IPOTHO30B, a HA CETOJHSIIHUI JICHb MOTPEOHOCTH B
IIPOrHO3ax TOJNBKO ycuiauBaercs. [lodToMy mpu HM3y4eHMH MaTEMAaTHYECKOTO MOJCIMPOBAHMS COLMAIBHBIX
IIPOLIECCOB HECKOJIBKO 3aHATHUI MOCBAILIAETCS aHAJIN3y BPEMEHHBIX PSIIOB.

Kpatkuit KOHCHEKT JIEKIIUI MO KaKI0M TeMe MPUBOANUTCS B 11.3.1.

2.2. Meronnyeckre peKOMEHAALUH K IPAKTUYECKUM 3aHATUSM.

JIeKUMOHHBIM KypC AMCLMIUIMHBI CONPOBOXKIACTCS INPAKTHYECKUMHU 3aHATHAMU. TeopeTnueckue
3HaHUS, MPEACTABICHUS, 00pa3bl TOMKHBI ObITh MPOXKUTHL. A(HOPU3M OHOTO U3 U3BECTHBIX (u3uKoB M. Jlaya:
3HaHUE €CTh TO, YTO OCTAETCS, KOI'/la BCE BEIYYEHHOE YK€ 3a0bITO, XapaKTepPU3yeT BaKHYIO POJIb IPAKTHKH.

[IpakTuueckue 3aHATHS JOJKHBI IPOBOAUTHCA B JIOTMUHOM E€IUHCTBE C TEOPETHUYECKHM KYPCOM,
MOJKPEIIss U YyTOUHSS MOHATUHHBIN anmnapat, yTeM pelieHus 3a1a4 NpodecCHOHAIbHON HAlPaBIEHHOCTH.

Kaxnplif nmpakTuyeckoe 3aHATHE HAUYMHACTCA C TEOPETUYECKOTO OMpoca HEOOXOIUMOro Marepuana u
IIPOBEPKM JIOMalIHero 3agaHus. Jlamee Ha KOHKPETHBIX IpPUMEpax paccMaTpUBAIOTCS IYTH M CIIOCOOBI
OPUMEHEHHsT TeX MAaTeMaTWYeCKHMX METOJOB, KOTOpble HE TpeOyIoT HCIOJIb30BAHUS 3JIEKTPOHHBIX
BBIUUCIIUTENBHBIX MamuH. [Ipy 3TOM HEo0XOAMMO aKTUBU3UPOBATh CaMOCTOSATENIBHYIO PAabOTy CTYIEHTOB.
3amaHuss M METOAMYECKHE YKa3aHus K HHUM BBIJAIOTCA CTYIEHTaM, KaXXIbIH W3 KOTOPBIX BBIOMpAET
ONTUMANIBHBIA U1l cebd Temn pabotel. [IpemogaBarento OTBOAMTCA PpOJIb KOHCYJIbTAHTA M IOMOIIHUKA.
3anaHust, BEI3BABIIKE TPYJHOCTH Y OOJBIIMHCTBA CTYACHTOB, pa30MpaIOTCs Ha IOCKE.

[Ipu pabote cTyneHTHl MAOIKHBI ONMPATbCs HAa CHUCTEMY Oa30BBIX MaTeMaTU4YeCKUX 3HaHUM,
NPUOOPETEHHBIX MPHU U3YYEHUH BBICHICH MaTeMaTHKH, TEOPHUH BEPOSTHOCTEH U MAaTEMAaTUYECKOH CTaTHCTUKH,
U TIOHUMAaTh KayeCTBEHHBIH CMBICI T€X KOJMYECTBEHHBIX MPEOOpa30BAHUIN, KOTOPHIE OHU OCYILECTBISIOT C
IIOMOUIBI0 MATEMAaTUYECKUX METOI0B U MOJeNiel. B KOHIIe 3aHATHS BBIJAETCS TOMALIHEE 3aJaHNE, COCTOSILEE U3
TEOPETHUYECKUX BOIPOCOB, YSICHEHHE KOTOPBIX HEOOXOAUMO Ul CIEAYIOIIEro 3aHATUS U NMPAKTUUECKUX 3aJaHHUN
I10 NIPONCHHOMY MaTEpUay.

11



2.3. Meroanueckue ykazaHus 10 BBIIOJIHEHUIO JOMAIIHUX 33 JaHHH.

[Tpu BBIMOJIHEHUH JOMAIIHETO 3a/laHus penaTh 3ajJauu yaoOHee MO3TanHo, B TOM MOCIeA0BaTeIbHOCTH,
B KakoM 3TW 3agaHus chOpMyIHpoBaHbl. B 3TOM ciydyae mpu BO3HHUKHOBEHHUH TPYTHOCTEH Oyner merye
o0paTuThbcs K aHaU3y TeX TEM, KOTOpbIE HM3J0XKEHbl B JIEKIUU U 3a7ad, pa300paHHBIX Ha MPAKTUYECKOM
3aHSTHH.

Cnenyer uMeTh B BUIY, YTO pEIICHHE 3aJady HAIpPABJIEHO Ha BHIPAOOTKY HABBIKOB MOJEIMPOBAHUS.
[TosToMy Tipu BBINOJHEHHM 3a7JaHUil  TpeOyeTcss aOCTparupoBaThCsi OT COJEPXKATEIBHOIO aHalIM3a
npeaaraeMbix 3aad u (opMaibHO MPUMEHUTH HEOOXOIMMBIIM MaTeMaTHUECKU anmnapar

[Ipu BBINOIHEHUH 33a7aHUN OTBETHI JOJDKHBI OBITH aPTYMEHTHPOBAHHBIMU, TO €CTh HEJOCTATOYHO MPOCTO
MPUBECTH OTBET, HEOOXOIMMO yKa3aTh MyTh, KakMM Bbl NpHUIIIM K JaHHOMY OTBETY, U T€ OCHOBaHUS,
KoTOpbeIMH Bbl pykoBoactBoBanmuch. [lpu 3TOM cnemyer oOpaTuTh BHMMaHHUE Ha TO, YTO DS 3adaHUN
MIPEAYCMATPUBAET HECKOJIBKO IIOCIENOBATENbHBIX IIaroB WM ONEpaluil aius oTBera Ha Bompoc. [lpum
MOJTyYeHUU OTBETa B 3a7aue HeOOXOIMMO MPaBHIBHO MHTEPIPETHUPOBATH €T0, COTJIACHO YCIOBHUIO, TAXKE €CIU
Ha Bam B3ruisi, TaHHBIA pe3yJIbTaT HE COOTBETCTBYET JICMCTBUTEIHHOCTH.

B cnyuae 3aTpynHeHHs ¢ ONpeieiIeHUEeM alropuT™Ma, He00X0AUMOTO JJIsl PeLIeHNUs KOHKPETHBIX 3a/1a4, a
Tak)ke TUIOBOro oGOpMIIEHHSI OTBETa Ha 3a/JaHHE, PEKOMEHIyeTcsi oOpaTHThCs K oOpas3laM BBINOJHEHHUS
TUNWYHBIX 33/1a4, KOTOPHIE MPEACTABIEHBl Ha MPAaKTHUYECKOM 3aHATUH.

[locne BBIMOTHEHUS MPAKTUYECKOW YaCTH 3a/1aHUsI CIIEAYEeT HAUTH OTBETHI Ha TEOPETHYECKUE BOIPOCHI,
3aJJaHHbIe TpEnoJaBaTelieM M TaKUM 00pa3oM MOJATOTOBUTCS K OCO3HAHHOMY BOCHPHUSTHIO CIETYIOLIETO
Marepuania.

AKTHBHAs, peryispHas caMOCTOsTeNbHAs padoTa HajJ JOMALIHUM 33JaHUEM — IYThb K YCIECIIHOMY
YCBOEHUIO TUCLMILIAHBI.

2.4. MeroauyecKue yKa3aHHs 10 BBIIOJIHEHUIO KOHTPOJIBHBIX PadoT.

[To xypcy mpenycMoTpeHa OfjHa UTOroBasi KOHTpOJIbHas paboTa. Llenpio KOHTPOIbHOU PaboThI SABISETCS
BBISIBJICHHE YpPOBHS 3HAaHUN CTYACHTOB M YMEHHUH OIpEAensaTh BUABI 337ad, K KOTOPBIM IPUMEHHMBI
MHOT'OMEPHBIE METOIBI.

Hanucanue KOHTpOIBbHOM paboThl GOPMHUPYET Y CTYACHTOB CIIOCOOHOCTH a0CTparupoBaTbes OT (HadyItbl
3a/lauM, CTPOUTH (HOPMATU30BAHHYIO MATEeMAaTUYECKYI0 MOJEIb NPEIIOKEHHBIX SBJICHHM, BBIACIATH 00IIME
3aKOHOMEPHOCTH U OCOOCHHOCTH MHOTOMEPHBIX METOJIOB UCCIIEOBAHUSI.

[Ipy moAroToBKE K KOHTPOJBHOM pPAabOTE CTYAEHTY HEOOXOAMMO H3yYUTh U CHCTEMAaTU3HPOBATh
TEOpEeTUYECKH MaTepual o Teme. Pa300parh KOHKpETHbIE MPUMEPHL. PemnTh 10cTaTOYHOE KOJTHMUYECTBO 33124
Y yIIpaXKHEHH, BO BpeMs ayJAUTOPHON M CAaMOCTOSATEILHOMN JOMaITHEeH paOboTHI.

2.5. MeTtonnueckue ykazaHus 110 OpraHU3alMKY KOHTPOJISl 3HAaHUN CTY/I€HTOB.

OcHOBHOHM 1IeNbI0 y4eOHOrO Mpolecca B By3€ SIBISIETCS MOJTOTOBKA BBICOKOKBAIU(DHUIIMPOBAHHBIX
CIELIUAIIMCTOB, CIIOCOOHBIX TBOPUYECKH pemarh mnpodeccuoHanbHble 3aaa4d. KOHTpOdb M OIleHKa 3HAHHMA
YMEHHI 1 HAaBBIKOB SBIISETCS OJHUM W3 Ba)KHBIX ACIEKTOB OOYYEHHS, KOTOPBIM CYIIECTBEHHO BJIMSET HA €ro
KaueCTBO.

KoHTposto 3HaHui NpUCyIM onpeeNeHHble TUIaKTHYeCKHe MpaBuia: 00beKTUBHOCTD, JE€HCTBEHHOCTD,
CHCTEMaTUYHOCTh, WHAUBUYAIbHOCTb, €IMHCTBO TPEOOBAHMIA.

Otuer mo Marepuaiqy Kypca TOJIBKO Ha 3adeTe HE MOXKeT OO0ECHeuuTh IOJHOTY €ro YCBOCHHS
cryneHTaMu. [loaToMy B TeueHue cemecTpa MpeayCMOTPEHBI U Apyrue BUIbI KOHTpousd. [Ipu mpenogaBaHuu
JUCLUIIIMHBI UCIOJIb3YIOTCSI TP OCHOBHBIX BHJIa KOHTPOJISI 3HAHUW CTYAEHTOB — TEKYIIHUM, TEMAaTUYECKUN U
HUTOTOBBIH.

[Ipu TekymieM KOHTpPOJIE OLICHMBAETCS YpPOBEHb Y4acTHs CTYJEHTOB B ayJUTOpPHOW paboTe, CTENeHb
YCBOGHHUSI MMM Y4eOHOrOo MaTepuana M BBISBISIOTCS HEJOYETHl IO IOATOTOBKE CTYAEHTOB B IENSAX
NabHENIIEr0 COBEPIICHCTBOBAHUS METOAMKHU MpPENoAaBaHMs JAHHON AUCLUMILUIMHBI, aKTUBHM3AIMH PaOOThI
CTYIECHTOB B XOJI€ 3aHATHUSA U OKa3aHUS UM MHIUBUAYAIbHON TOMOIIH.

Texymuii KOHTPOJIb TPOBOJUTCS HEMOCPEACTBEHHO HA JIEKLUAX, U MPAKTUYECKUX 3aHATUAX. B mpouecce
YTEeHUS JIEKIUI MpernojaBaTeNb paboTaeT C ayIUTOpPHEH M MO €€ PEeaKIMU OLIEHUBAeT CTENEHb YCBOCHUS
Marepuana. B xoie wiM B KOHIIE JIEKIIUN CTYAEHTaM 3a/1a€TCsl HECKOJIbKO BOIPOCOB IO U3JIOKEHHOM TEME, YTO
CIOCOOCTBYET 3aKpEIUICHHIO MOJYYeHHBIX 3HaHuMH. Ha mnpakTUdeckux 3aHATHIX TEKYIIUH KOHTPOJb
MIPOBOJUTCS MHAMBUYaIbHO. [loydeHHBIE 3HAHUS U CTENEHb YCBOCHMS MaTepuasa MpPOBEPSIOTCS B YCTHOU
WIM TUCHbMEHHOW (opme. MTOroBBIM KOHTpOJEM SIBIISICTCS 3aueT. YCHEIIHas clada 3adera oOycloBieHa
3HAaHUEM TEOPUH, YMEHUEM PEIIATh MPAKTUUECKUE 3aJa4l U COCTABIIATh MATEMATHYECKUE MOJIEIIH.
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3. KOMIIJIEKTHI 3AI[AHI/H71 K 3AHATUAM

3.1. KpaTkuii KOHCIEKT JICKIIH.

BBeaenue. MHOrOMepHBIN aHAIIU3 [l UCCIEAOBAaHMS COLMAIbHBIX ITPOLIECCOB.

ConuanpHbIe IPOIIECCHI U SIBJICHUS 3aBUCAT OT OOJIBIIIOTO YKCIIAa TAPaMETPOB, MX XapaKTEPU3YIOIIUX, YTO
00yCIIOBIIMBAE€T TPYAHOCTH, CBS3aHHBIC C BBISBICHHUEM CTPYKTYpPhl B3aMMOCBS3€H ATHX MapamMeTpoB. B
MOAOOHBIX CHTYAIUAX, T. €. KOT/Ia PEIIeHUs] MPUHUMAIOTCSI Ha OCHOBAaHWHU aHAJIN3a CTOXAaCTUYECKOMN, HEMOIHON
nH(OpMAIIUY, WCIOIH30BAHHE METOJIOB MHOTOMEPHOTO CTAaTHCTUYECKOTO aHajiu3a SBISETCS HE TOJBKO
OTIPaBIaHHBIM, HO M CYIIIECTBEHHO HEOOXOMMBIM.

MHoroMepHble CTaTUCTHUYECKUE METOJIbI CPEId MHOYKECTBA BO3MOKHBIX BEPOATHOCTHO-CTATHCTHYECKUX
MOJICJICH TTO3BOJIAIOT OOOCHOBAHHO BBIOPATh Ty, KOTOpas HaWIydIIUM OOpa3oM COOTBETCTBYET HCXOIHBIM
CTAaTHUCTUYECKUM JaHHBIM, XapaKTEPU3YIOUINI peanbHOe MOBEJACHUE HCCIIETyeMON COBOKYIMHOCTH OOBEKTOB,
OIIEHUTh HAJC)KHOCTh M TOYHOCTH BBIBOJOB, CHAEIAHHBIX HAa OCHOBAaHWU OTPAHUYECHHOTO CTATHCTUYECKOTO
Marepuania.

K obnactu mpwiokeHHUsT MHOTOMEPHBIX CTaTUCTHYECKHX METOJIOB MOTYT OBITh OTHECEHBI 3aja4H,
CBSI3aHHBIE C MCCJEAOBAHUEM IOBECHUS UHAMBUAYYMA, CEMbU WIH JPYTOM COLUATIbHO-3KOHOMUYECKON WIIN
MTPOM3BOJICTBEHHOMN €AMHUITBI, KaK MIPEACTABUTENSI OOIBIION COBOKYITHOCTH OOBEKTOB.

Boiaensior Tpu 1ieHTpalibHbIE 33/1a4H, pELIaeMbl€ C IIOMOIIBI0O MHOTOMEPHBIX METO/IOB.

1. CratucTHYECKOE HCCIEIOBAHUE CTPYKTYPhl M XapaKTepa B3aUMOCBS3€H, CYIIECTBYIOIIUX MEXKIY
AHATM3UPYEMBbIMU KOJIMYECTBEHHBIMH TepeMeHHbIMU. [Ipu 3TOM 1MoJ NEepeMEeHHBIMH MOHUMAIOTCS Kak
perucTpupyemMbie Ha 00bEKTaxX MPU3HAKH, TaK U BpEeMs L.

2. Pa3pa0boTka CTaTUCTUYECKUX METOJOB KiacCU(PUKAUU OOBbEKTOB U IPU3HAKOB.

3. CHmWXKEHME pPa3MEPHOCTH HCCIEAYEMOro MPU3HAKOBOTO MPOCTPAHCTBA € IUEIbIO JIAKOHUYHOIO
OOBSICHEHUSI TPUPOJBI AHATU3UPYEMBIX MHOTOMEPHBIX JIaHHBIX. BO3MOXXHOCTH JIAKOHWUYHOTO OIUCAHHS
AQHAJIM3UPYEMbIX MHOTOMEPHBIX JAHHBIX OCHOBAaHAa HAa aPHOPHOM JIOMYIIEHWH, B COOTBETCTBHHU C KOTOPBHIM
CYIIECTBYET HEOOBIIOE YUCIIO IPU3HAKOB C TOMOIIBIO KOTOPHIX MOTYT OBITh JOCTATOYHO TOYHO OMHCAHBI KaK
caMu HaOJIOJaeMbIe TEPEMEHHBIE aHAIM3UPYEMBIX OOBEKTOB, TaK U OMPEICIsIEMbIE STUMH IEPEMEHHBIMU
CBOMCTBA (XapaKTePUCTHKH) AaHATU3UPYEMOW COBOKYMHOCTH. [IpM STOM yIOMSHYTBIE NpPU3HAKA MOTYT
HaxOJUTHCSI CPEIU UCXOMHBIX MPU3HAKOB, @ MOTYT OBITh JJATEHTHBIMH, T.€. HETIOCPEACTBEHHO CTAaTUCTUYCCKU
He HaOJIF0JaeMBIMU, HO BOCCTaHABJINBACMBIMHU 110 UCXOIHBIM JAHHBIM.

OTH 3a7a4¥ HE MCYUEPIBIBAIOT BCEX BO3MOKHOCTEH MHOTOMEPHBIX CTATUCTUYECKHMX METOJO0B, HO B
HACTOSIIMNA MOMEHT SIBIIIIOTCS HauOoliee PacIpOCTPAHCHHBIMU.B COOTBETCTBUU C 3ajadaMu B CTPYKTYpe
MHOTOMEPHBIX CTaTUCTHYECKHUX METOJIOB BBIJEISIOT METObI CHUKEHHS PAa3MEPHOCTH, METOIbl UCCIIEIOBAHUS
3aBUCHMOCTEH, METO/IbI KJTaCCU(DUKAITHH.

Kinaccudukamnmo MHOTOMEPHBIX METOI0B MPEJCTaBUM Ha CXEME:

Paborass ¢ MHOrOMEpHBIMH CTATUCTHYECKHMMH METOJAMU Ba)KHO, YTOOBI NEPEMEHHbIE U3MEHSIUCH B
CpaBHHUMBIX IIKaJiaXx. ns HCOAHOPOAHOCTHU CAWHUIL] U3MCPCHUA BBITCKACT HCBO3MOXHOCTH O6OCHOBaHHOI‘0
BBIpQKEHHUSI 3HAUEHUIN pA3IMYHBIX MOKa3zarene B oAHOM Maciitabe. YToObl yCTpaHUTh HEOAHOPOTHOCTH
HU3MCPCHHUA HMCXOAHBIX JAHHBIX, BCC UX 3HAYCHUA MPCABAPUTCIIBHO HOPMUPYIOTCA, T.C. BBIPAKAKOTCA 4YCPEC3
OTHOIIIEHUWE HSTHX 3HAYEHUH K HEKOTOPOW BEIWYMHE, OTPAXKAIOLIECH ONpEIeICHHbIE CBOWCTBA JTaHHOTO
ITOKa3aTeis. HOpMI/IpOBaHI/Ie HUCXOJHBIX MJAaHHBIX HWHOrJAa IIPOBOAUTCA MTOCPECACTBOM JACJIICHHUA HCXOJHBIX
BEJIMYMH HAa CPEAHEKBAJpaTUYHOE OTKJIOHEHHE COOTBETCTBYIOIIMX MOKazaTenel. [[pyroit crmocod cBoautes K
BBIYHUCJICHUIO, TAK HA3bIBACMOI'0, CTAHAAPTU30BAHHOI'O BKJIa/Ja. Ero CIIC HAa3bIBAIOT Z—BKJIa,Z[OM.

Z - BKJIaJ MOKAa3bIBAET, CKOJIKO CTAHAAPTHBIX OTKJIOHEHHUW OTHENSEeT JaHHOE HAONI0/IEHHE OT CPEeIHEro
3HAYCHUA:

X —X —
Z i 7 , TIe X, - 3HAUCHHE TaHHOTO HaOmoIeHns, X - cpeqHee, o -CTaHJApPTHOE OTKJIOHCHUE.
1

Cpennee 11 Z-BKJIaJI0B SIBJISIETCS HYJIEBBIM U CTaHIAPTHOE OTKJIOHEHUE PaBHO 1.

CranapTr3anus Mo3BOJIsIeT CPaBHUBATH HAOTIOACHUS U3 PAa3IMYHbBIX pacripeesieHui.

3aMeTI/IM, 4TO MCTOJAbI HOPMHPOBAHUSA O3HAYAIOT NPU3HAHWC BCCX IMPHU3HAKOB PABHOLICHHBIMHU C TOYKHU
3peHusi BBISICHEHHS CXOJCTBa paccMaTpuBaeMblXx O0O0BEKTOB. [Ipu3HaHMe pPaBHOLEHHOCTU pPa3IMYHbIX
MoKaszaTesieil KajkeTcsl ONpaBJaHHBIM OTHIOAb HE BCErna. bpiio OBl KemaTenbHbIM HapsAay ¢ HOPMHUPOBAHHEM
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NpuaaTh KaXJAOMy U3 IOKa3aTeledl BeC, OTpaKarolIMi €ro 3HaYMMOCTh B XOJI€ YCTAHOBJIEHUS CXOJCTB U
paznuuuii 00bEKTOB.

B oT1o0ii cutyanuu mpuxoauTcs mpuoderath K CIoco0y OMpENeNieHUs BECOB OTACNBHBIX IMOKazaTene —
OIPOCY FKCIEPTOB.

DKCIEpPTHBIE OLIEHKU AAI0T U3BECTHOE OCHOBAHHE JUIsl OMPEACNICHUs] BAXKHOCTH UHANKATOPOB, BXOIAIIUX
B TY WJIM UHYIO TPYIITY NTOKa3aTeJeH.

JIOBOIBHO HYacTO TMpH PEIICHWH TMOJO0OHBIX 3a7ad HMCMIOJB3YIOT HE OJIMH, a JBa pacdera: NEpBHIH, B
KOTOpPOM BC€ MPHU3HAKKA CUYUTAIOTCA PAaBHO3HAYHBIMHM, BTOPOW, TA€ MM NPHUIAIOTCS pa3jInyHbIE Beca B
COOTBETCTBUU CO CPEAHUMU 3HAUCHUSIMHU SKCIIEPTHBIX OLICHOK.

Tema 1. JIuCKpUMUHAHTHBIN aHATU3

JINCKpUMHUHAHTHBIA aHANU3 SBISETCA Pa3lleIOM MHOTOMEPHOTO CTAaTUCTHYECKOTO aHajiu3a, KOTOPBIH
MO3BOJISIET M3y4yaTh Pas3iudusi MEXAy IByMs U Oonee rpynmamMud OOBEKTOB MO HECKOJBKHUM I€PEMEHHBIM
OJIHOBPEMEHHO.

[Ipu wuHTEpmpeTaluu HYXHO OTBETHTh Ha BONPOC: BO3MOXHO JIM, HWCIOJB3Yys JaHHBIA Ha0Op
MEPEMEHHBIX, OTJIUYHUTh OJIHY TPYIIY OT JAPYTrOM, HACKOJbKO XOPOILIO 3TH NMEPEMEHHbIE MOMOraloT MPOBECTU
JTUCKPUMHHAIIMIO U KaKue U3 HUX HamOoJiee HOOPMATHUBHEI.

MeTtos! KilacCU(UKAIMKA CBS3aHBI C MOTYYCHHEM OJHOW WM HECKOJBbKUX (DYHKIUH, 00ECTIeunBaOIINX
BO3MOXKHOCTh OTHECEHMsI JAaHHOTO OO0BEKTa K OJHOW ™3 rpymnn. Ot (YHKIHH  Ha3bIBAIOTCS
KJIACCU(UIIUPYIOITUMHI U 3aBHUCST OT 3HAUEHUH MEPEMEHHBIX TaKHUM 00pa30M, YTO TOSBISETCS BO3MOKHOCTh
OTHECTH KaXIbIi 00BEKT K OJTHOW W3 TPYIIIL.

3ajaun TUCKPUMHMHAHTHOTO aHAJIM3a MOKHO PA3ACNIUTh HA TPU THMA. 3aJauyM MEPBOrO TUIA MO3BOJSIOT
Ha OCHOBE HEKOTOpOW WHMOpMAIMW HaWTH (DYHKIMIO, MO3BOJISIONIYIO MOCTABUTh B COOTBETCTBHE HOBBIM
00BEKTaM XapaKTepHBIC ISl HUXBBIBOKI. [locTpoeHne Takoi GyHKIIMH M COCTABISIET 33a4y AUCKPUMUHAIUH.
Bropoii Tun 3amaun OTHOCUTCS K CHUTYyallMH, KOTJa MPU3HAKH MPHHAICKHOCTH OOBEKTa K TOW WIJIM WHOU
TpyIIe MOTEPSIHBI, U UX HYKHO BOCCTAHOBHTH. 3aJadd TPETHETO THIIA CBSI3aHBI C MPEJCKA3aHUEeM OyIyIIuX
COOBITHHM HA OCHOBAHUH UMEIOIIUXCS TaHHBIX.

JINCKpUMHHAHTHBIM aHaMu3 OOMMKA TEPMHUH, OTHOCSINUKCA K HECKOJBKUM TECHO CBSI3aHHBIM
CTaTUCTUYECKHUM MPOLEAYypaM. DTH MPOLEAYPHl MOKHO Pa3IeIUTh HA METO/Ibl MHTEPIPETALIMU MEKTPYIITOBBIX
pasIuunii — QuUCKpuMuHayuu 1 METOABI Kidccuguxkayuy HaOIIOACHUA 10 TPYIIIaM.

OCHOBHOH 1IENBI0 AUCKPUMHUHAILINU SIBJISIETCS HAXOXKICHHE TAaKOW JIMHEWHONW KOMOWHAIIMHM TIEPEMEHHBIX
(B [nmanpHEWIIeM JTH TEpeMEHHble OyneM Ha3bBaTh JUCKPUMHUHAHTHBIMU TIEPEMEHHBIMH), KOTOpasl OBl
ONTUMAJIBHO pa3Aesiniia pacCMaTPUBAEMbIE TPYIIIHI.

Beenem cienyromue 0603HaYeHUS:

g — YHCIIO KJIaCCOB;

P — YUCJIO TUCKPUMHHAHTHBIX IEPEMEHHBIX;

Ny — YUCJIO HAOMIOACHUH B k—ii TpyIIIie;

n — o0111ee YMCII0 HAOTIOACHHIA 110 BCEM TPyIIIaMm;

Xikm — BETHYMHA TUCKPUMHUHAHTHON MIEPEMEHHOU i JUIs m—T0 HaOIIOIeHUs B k—i TpymIe;

Xit — CpEHsIsl BeIMYMHA IEPEMEHHOH [ B k—ii TpymiIe;
X; — CpeJlHee 3HaueHHe IIEPEMEHHOI 1 10 BCEM IpyIIam;
Jluneiinas Gyukuus d,, = B, + Bixy, +...+ B, X1, m=1L...n; k=1,...¢ Ha3bIBAETCSA KAHOHUUECKOL

OUCKPUMUHAHMHOU (YHKYuUel C HeU3BeCTHbIMH Kod(¢dunueHtamu f,, d, —3HaueHHE TUCKPUMHUHAHTHON

¢byHKUIMU A7 m-T0 00BEKTa B rpymIe k
Koapduuuents! [, nepBoil KaHOHUYECKOH AMCKPUMMHAHTHOM (YHKLMHU BBIOMPAIOTCS TAKHUM 00pa3oM,

YTOOBI LIEHTPOUIBI PA3TMYHBIX IPYII KaK MOKHO OOJIbIIEe OTJIMYAINUCH ApYT OT Apyra. KoadduuueHnTs BTopoit
TPYNIbl BEIOUPAOTCS TaKKe, HO MPU ITOM HaJlaraeTcs AOMOJHUTEIBHOE YCIOBHE, YTOOBI 3HAYECHHSI BTOPOI
GbyHKIIMM ObUTM HEKOPPEIHPOBAHbI CO 3HAUEHUSMHU MEPBOH. AHAIOTHMYHO OMPENEsIOTCS U Apyrue QyHKIUH.
Otcrona cienyer, 4To Jir00ast KAHOHUYECKas: TUCKPUMUHAHTHAS (PYHKIHUS UMEET HYJIEBYIO BHYTPUTPYIIOBYIO
KOppPEJILMI0 C OCTalbHbIMH. EcCiIM 4ucCiIO Tpynm paBHO g, TO YHUCIO KaHOHWYECKUX JIUCKPUMHUHAHTHBIX
byHKIMi OyJer Ha eNMHULY MeHblle yucna rpynn. C reoMeTpudyeckoid TOUKU 3pEHUs] JUCKPUMHUHAHTHBIE
(GYHKIIUU OMPEJENSIOT TUIIEPIIOBEPXHOCTH B p-MEPHOM TMPOCTPAHCTBE. B uwacTHOM cimydae mpu p=2 oOHa
SIBJISIETCS IPSIMOM, @ TIPU p=3 TIJIOCKOCTHIO
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Ha mpaxTuke moyie3H0 UMETh OJIHY, JIBE HJIM K€ TPU TUCKPUMHUHAHTHBIX (pyHKImi. Torna rpadguyeckoe
n3o0paxeHnee OOBEKTOB OYHET MNPEACTaBICHO B OJHO—, ABYX— M TPEXMEpPHBIX MPOCTpPaHCTBaX. Takoe
IPEJCTaBICHHE OCOOCHHO MOJIE3HO B Cllydae, KOTJa YWCIIO AMCKPUMHHAHTHBIX NMEPEMEHHBIX P BEJIHMKO II0
CPABHEHUIO C YUCJIOM I'PYIII g.

Jus  nomydeHuss K03 HULIMEHTOB B, KaHOHWYECKOH  JUCKPUMHUHAHTHOW  (QYHKIUM  HYXEH
CTaTUCTHUYECKUI KpUTEepHil pasnuueHust rpynm. Kmaccupukanus nepeMeHHBIX OyAeT OCYHIECTBISATHCS TEM
Jydlle, 4eM MEHbILE pacCesHUEe TOYEK OTHOCUTENIBHO LIEHTPOUa BHYTPH I'PYIIbI U 4eM OOJIbLIE PACCTOSHUE
MeXy LeHTpougamu rpynn. OIuH U3 METOJO0B ITOMCKA HAWIy4lled JUCKPUMHMHALIMN JAHHBIX 3aKJIIOYAETCs B
HaXO0XXJCHUH TaKOW KaHOHMYECKON AMCKPUMMHAHTHON GyHKIMU d, KOTOpas Obl MaKCUMHU3HPOBAJIa OTHOLIEHUE
MEXIPYIIIOBOM Bapyaluy K BHYTPUTPYIIIOBOM .

i=Z
w

riae B — mexrpynmnoBasi, a W — BHYTPUTPYIITIOBasE MaTPHUIIBl PaccesiHUs HAOII0JaeMbIX MEPEMEHHBIX OT
cpenuux. Maorna BMecto W HCIONB3YIOT MaTpuily paccessHusi T 00beTUHEHHBIX TaHHBIX.

PaccmoTpum 3a1a4y MaKCUMU3AIUK OTHOIICHUS JUTsl A Koraa uMerores g rpyii. OneHuM nHopMaIuio,
XapaKTEPU3YIOUIYI0 CTEMEeHb Pa3IMuus MEXIy OOBEKTaMH MO BCEMY MPOCTPAHCTBY TOUEK, OINPEILISIEMOMY
nepeMeHHbIMU Tpynn. s 3TOro BbIMMCIMM MaTpuily paccesHust T, xoTopas paBHa CymMMe KBaJpaToB
OTKJIOHCHHH W MOIaPHBIX MTPOU3BEICHUN HAOIIOICHUH OT OOIIMX CPEAHUX IO KKI0H MEePEeMEHHOM. DIIEMEHTHI
Matpullbl T onpenenstoTcs: BeIpaKeHUEeM

& #2 £
f.y‘ = Z (X _"f:')(xjkm _fj) fs':(lfn)zns'fsk>f:1>---=f)
k=1 m=1 k=1
iy

X = (UH:)Z«‘C.{;W i=l...phk=1....g

m=1

Marpuna T conepkuT moaHy WH(GOPMAIHIO O PACHPEACICHUH TOYEK MO MPOCTPAHCTBY NEPEMEHHBIX.
JluaroHaJlbHble 3J€MEHThl MPEACTaBJIAIOT COOOM CyMMy KBaJpaTOB OTKJIOHEHUIH OT OOLIEro CpeaHero u
MOKa3bIBAIOT, KaK BEAYT ce0si HAOIIOACHUS MO OTAEIBHO B3SATON NMEpeMEHHOH. BHennaroHaabHbIE 3JIEMEHTHI
PaBHBI CyMME MTPOU3BEACHUIN OTKJIOHEHUH 110 OAHON MEPEMEHHOM Ha OTKJIOHEHUS 10 JIPYTOM.

Ecnu pasgenuts matpuny T Ha (n-1), TO oJlyuuM KOBapHallMOHHYIO MaTpully. J{s mpoBEepKH yCIOBUS
JUHENHON HE3aBHUCHMOCTH IEPEMEHHBIX MOJE3HO PACCMOTPETh BMECTO T HOPMHMPOBaHHYIO KOPPEISLUOHHYIO
MAaTpHILYy.

Jns u3MepeHus creneHu pa3dpoca OOBEKTOB BHYTPH TPYII pPaccMOTpuM marpuny W, KoTopas
orauyaercs oT T TOJIBKO TeM, YTO €€ DJIEMEHTBI ONPEAEIAIOTCS BEKTOPAMU CPEIHUX AJI OTIAENIBHBIX TPYIII, a
HE BEKTOPOM CpEIHUX JJs OOLIMX JaHHBIX. OJIEMEHTHl BHYTPUTPYIIIIOBOIO PACCESHUS OIPEIENIATCS
BBIPAKEHUEM

&

Wi = Z Z (Xikm — X )(x_,r'ﬂcm - x_,r'ﬂc)

k=lm=1

Ecin pasgenuTs Kaxaplii snemMeHT Marpuubl W Ha (n—g), TO IOJYYUM OLIEHKY KOBapHallMOHHOM
MaTpPHILIbI BHYTPUTPYIIIOBBIX JAHHBIX.

Koraa neHTpouIpl pa3iuuHbIX TPYII COBMANAIOT, TO neMeHThl Matpull T u W Oynyt paBubl. Ecnu ke
LEHTPOUbl TPYNIl pasziuuHble, TO pazHuna B=T-W Oyner ompenensTe MeXIpylIOBYI0 CyMMY KBaJpaToB
OTKJIOHEHUM M NOMapHBIX NpousBeAcHUN. Ecau pacnosioxkeHue rpymi B IPOCTPAHCTBE pasziaudaercs (T.€. UX
LEHTPOU/IbI HE COBIIAAIOT), TO CTENEHb pa30poca HAOIIOAEHUI BHYTPU Ipymil OyJeT MEHbIIIE MEXIPYIIIOBOTO
paszbpoca.

Marpunst W u B conepkar BCIO OCHOBHYIO MH(OpMAaIMIO O 3aBUCUMOCTH BHYTPU IPYNI U MEXAY
rpynnamu. Jlnsg sydmero pasgeneHus HaONIOACHWA Ha TPYNIbl HY)XXHO M10A00paTh KO3 PHUIMEHTHI
JUCKPUMUHAHTHONW (DYHKIMM U3 YCIOBUS MaKCUMH3ALMM OTHOLIEHUS MEXIPYNIIOBOW MaTpPHUILbl pacCesHUs K
BHYTPUTPYIIIOBOM MAaTpUIIE PACCESHUSI NPU YCIOBUM OPTOTOHAIBHOCTH JUCKPUMHHAHTHBIX IJIOCKOCTEH.
Torna HaxoxaeHHe KO3(DPUIMEHTOB JUCKPUMHHAHTHBIX (QYHKUIUH CBOAMTCA K pPELICHHIO 33aJa4d O
COOCTBEHHBIX 3HAUEHHIX M BEKTOPAX
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lyers 4, 2...4, ¥ v,...v, COOTBETCTBEHHO COOCTBEHHbIE 3HA4YeHM M BeKTOphl. Torma
_ 2ibavive
2V Y Ve

A

Zk(bjk — le-k )Vk =0

Pemenne ypaBHeHus |B—1W| =0 mo3BONIAET HaM ONPEAETUTh KOMIIOHEHTHI COOCTBEHHBIX BEKTODOB,

YTO BJIEYET PABEHCTBO , WK B MaTpuuHoi 3anucu (B —AW)v =0

COOTBETCTBYIOIIUX TUCKPUMUHAHTHBIM () YHKITUSIM.

Kaxnoe peenue, KoTopoe UMEET CBOE COOCTBEHHOE 3HAYEHHE U COOCTBEHHBIH BEKTOP, COOTBETCTBYET
OJTHOM MUCKpUMHHAHTHOW (hyHKIMU. KoopauHaTel COOCTBEHHOTO BEKTOpPa MOXHO HCIOJIb30BaTh B Ka4eCTBE
K03 (HULIMEHTOB AUCKPUMHHAHTHON (yHKUMK. OJHAKO MPH TAKOM IMOAXOJAE Hadajao KOOpAMHAT He OyneT
COBIIAJIaTh C TJABHBIM IEHTpoOUAOM. [ljis TOoro, 4ToObl HA4alO0 KOOPAMHAT COBIIANIO C TJIABHBIM IIEHTPOUOM
HY>KHO HOPMHPOBATh KOOPAUHATHI COOCTBEHHOT'O BEKTOPA.

Ig
Bs’ =V g, BO = _ZB.{J_C;'
=1

HopmupoBanHbie KOA(QGUIMEHTHI TOJIyYeHbIE 10 HECTaHJAPTU30BAaHHBIM HCXOJHBIM JIaHHBIM,
HA3BIBAIOTCSA  HecmauwoapmuzosanHvimy.  HopmupoBaHHbIE  KOO(PQPHUIMEHTHI  MPUBOIAT K  TaKUM
JUCKPUMUHAHTHBIM 3HAYCHHSM, CIMHUIEH W3MEPEHUs KOTOPBIX SBISETCS CTaHIAPTHOE KBaJPAaTUYHOE
orkioHeHue. [Ipm TakoM moaxode Kaxkaas oOCh B MpeoOpa3oBaHHOM MPOCTPAHCTBE COKUMACTCS WIH
pacTsAruBaeTcsi TaKUM 00pa3oM, YTO COOTBETCTBYIOIIEEC MUCKPUMHUHAHTHOE 3HAYCHHE I JaHHOTO OOBEKTa
MPEJICTaBIsAeT COOOM YMCIIO CTAaHAAPTHBIX OTKIIOHEHH TOYKH OT TIIaBHOTO [EHTPOUIA.

CmanoapmuszosanHvie KO3 duyueHmsvl MOXKHO TOTYIUTh IBYMS CITIOCOOaMH:

1. CTaHAAPTU3UPOBATHL HCXOAHBIC JAHHBIC,
2. npeoOpa3oBaTh HECTAHAAPTU30BaHHBIE KOI(PPUIIMEHTHI K CTaHIAPTH30BAaHHOW ¢dopme Mo
bopmyre:

CrangaptuzoBaHHble KO3((DUIMEHTHI MOJE3HO MPUMEHSTh ISl YMEHBIICHHUS] pa3MEPHOCTH HCXOIAHOIO
MPU3HAKOBOTO MPOCTPAHCTBA TIEpeMEHHbIX. Ecnam abconroTHas BenuduHa KodhUIMEeHTa IS JaHHON
MEPEeMEHHON NJIs BCeX AUCKPUMHMHAHTHBIX (YHKIUH Majia, TO 3Ty MEPEMEHHYI0O MOXHO HCKJIIOYHTb, TEM
CaMbIM COKPATHUB YHUCJIO IEPEMEHHBIX.

CrangaptuzoBaHHble KOO(PGUIMEHTH MOKA3bIBAIOT BKJIAJ MIEPEMEHHBIX B 3HAYEHHE AMCKPUMHHAHTHOM
¢byakuu. Ecnu aBe nepeMeHHble CUIIBHO KOPPEIHPOBAHBI, TO UX CTAHIAPTU30BaHHBIE KOA()(DUIIMEHTHI MOTYT
ObITh MEHBIIIE 110 CPABHEHHMIO C TEMM CIydasiMH, KOIJla MCIOJIb3YeTCsl TOJBKO OJIHA U3 3TUX MEPEMEHHBIX.
Takoe pacnpeneneHne BETHMYMHBI CTAHAAPTH30BAaHHOTO KOd((UIMEHTAa OOBACHSIETCS TEeM, YTO MNPH HUX
BBIUHCIICHUH YYUTHIBACTCS BIUSHUE BCEX MEPEMEHHBIX.

OO1ee YncIo JUCKPUMHHAHTHBIX (DYHKIIUN HE MPEBBIMIAET YMCIa TUCKPUMUHAHTHBIX IEPEMEHHBIX H, TIO
KpaiiHeil mepe, Ha | MeHblIe yucna rpynin. CTeneHb pa3[eNeHnus BHIOOPOYHBIX TPYIII 3aBUCUT OT BEITUUYHMHBI
COOCTBEHHBIX 4YHCEN: 4YeM Oonblie COOCTBEHHOE 4HCIO, TeM CuiIbHee pasaeneHue. HaumbOonbmeit
pa3fenuTeIbHOR  CIOCOOHOCTRIO  00NafaeT mepBas JAUCKpPUMUHAHTHAas (QYHKIUS, COOTBETCTBYIOLIAS
HanOoNbIIEMy COOCTBEHHOMY YHUCIy BTOpas 00ecreyrMBaeT MaKCHUMAJIBHOE pa3IMueHHE IOCIe MEePBOU U T...
PaznuunrensHyio crnocoOHOCTh i—O0H (DYHKUMH OLEHUBAIOT MO OTHOCHUTEIHHOW BEJIMYMHE B MPOIEHTAX
COOCTBEHHOTO YHCIa OT CyMMBI BCEX COOCTBEHHBIX YHCEIL.

Kosppuyuenm kanonuueckoti xoppensyuu. JIpyroil XapakTEPUCTHKOH, ITO3BOJISIONICH OIEHUTH
MOJIE3HOCTh  AWUCKPUMHUHAHTHOW (QYHKIHMH SBISETCS KOXP(OUIMEHT KaHOHWYECKOH KOPPENSIHH  Tj.
Kanonuueckas koppensiius sBIsIeTcs MEpOH CBSI3U MEXKAY JBYMsI MHOKECTBAaMU MEepPeMEHHbIX. MakcuMasbHas
BeJIMYMHA 3TOr0 Koo duuunenta pasua 1. Byaem cunraTh, YTO TPYNIIBI COCTABIAIOT OJHO MHOXKECTBO, a IPYToe
MHOKECTBO 00pa3yloT IUCKpUMUHAHTHBIE nepeMeHHble. KoaduurenT kaHoHM4YeCKOH KOppemsiuu JUis i—oi
JTUCKPUMUHAHTHON (DYHKIIMHU OTpeenseTcs: popMyioi:
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. Yewm Oonplle BeIWYHMHA Tj, TEM JIydlle pa3AeiuTe]bHas CIOCOOHOCTh AMCKPUMHHAHTHON
byHKIIHH.

[Tocne mnonydeHHs KAaHOHWYECKUX TUCKPUMHUHAHTHBIX (DYHKIMA TpU HM3BECTHOM NPUHAAICKHOCTH
O0OBEKTOB K TOMY HWJIM HHOMY KJaccy. pellaeTcsl 3ajada Ipejacka3zaHusl Kjacca, KOTOPOMY MPUHAJICHKUT
HEKOTOPBIH CITydaifHO BEIOpaHHBIA OOBEKT, T.€. 33/1a4a Kiaccu(uKauuu.

Kiaccudukanms MoXeT TpOBOJIUTHCS C MOMOIIBIO allOCTEPUOPHON BEPOATHOCTH 10 beliecoBckoii cxeme
BBIUUCIICHUS; C TPUMEHEHHUEM DJIEMEHTApHBIX KiIacCUDUIUPYIOMUX (QYHKIUH; C TOMOILIBIO PACCTOSHUS
Maxanono6uca.

Knaccupunupyromue GyHKINN UIMEIOT BU:

dk :bko + bﬁ:l"le + ...+b@xz-p + ]I]'q.»i::’ k:].,...,g

I

OOBEKT OTHOCHUTCA K KJaccy, y KOTOpPOro 3HaueHHe (YHKIUHM OKa3bIBACTCS HAMOOJBIINM.
Koaddurnmentsr knaccubunupyronmx GyHKIUN y1o0Hee BEIYUCIATD 110 CKAJISIPHBIM BBIPAXKEHUSM

F
by=(n—-g)Y.(w )%, k=1._.g
J=1

rae b,;, — kodpPUIUEHT U1 IepEeMEHHOI! | B BBIPaXKEHUH, COOTBETCTBYIOIIEMY KiIaccy K,

(w’l )y — oOpaTHBIM d3JIEMEHT BHYTPUTPYIIIOBOM MATpPHUIIBI CYMM TOMAPHBIX MpOU3BeAcHUH W.

[TocTostHHBIN YieH HAXOAUTCS 10 hopMyIie

F
bko :—0,5 - Zbkjfjk’ k :].,...,g
Jj=1
Br16op ¢yHKIMIA paccTOSHUS MEXAY O0OBEKTaMM I KJIacCU(UKAIIUU SIBIISIETCS HanOoJiee OYEBHIHBIM
CIIOCOOOM BBEIEHHUSI MEpBI CXOJCTBA JUISI BEKTOPOB OOBEKTOB, KOTOPbIE MHTEPHPETHPYIOTCS KAaK TOYKH B
€BKJIUJOBOM NPOCTpPAHCTBE. B KauecTBe Mephbl CXOJCTBA MOKHO HMCIIOIb30BaTh €BKIMOBO PACCTOSHUE MEXITY
oObekTaMu. YeMm MeHbIIEe pacCTOSHUE MEXAYy OOBeKTamMH, TeM Oojbie cXoacTBO. OIHAKO B TEX CIydYasx,
KOIJla MepeMEeHHbIE KOPPEIHpPOBaHbl, M3MEPEHBl B PAa3HBIX €AMHMIIAX U HMEIOT pa3jMyYHble CTaHJApPTHHIE
OTKJIOHEHMSI, TPYIHO YETKO ONPEIENIUTh MOHATHE "paccTosHuA". B 3TOM ciyyae nosesHee NPUMEHUTH HE
€BKJIUJ0BOE PACCTOSHUE, a 8blO0poUHOe paccmosinue Maxananobuca

DZ(X’IGEC) = (” - g) ) zlezle(w_])vj(xw - "ka)(xg - Ej’k ): k= 1,..-,,8“

[Ipu ucnonb3oBaHUU (YHKIUU PACCTOSHUSA, OOBEKT OTHOCST K TOW TpymIme, i KOTOPOW paccTOsHUE
HauMEHbIIIEe.

Tema 2. MHOrOMEpHOE IIKATUPOBAHUE.

MHoromMepHoOe MIKaJTUPOBAHUE - OJHO W3 HANpPAaBICHUU aHAM3a JaHHBIX; OHO OTJIMYACTCS OT JIPYTUX
METOJIOB MHOI'OMEPHOI'0 CTaTHCTUYECKOTO aHaju3a, MPEeXJEe BCEro BHJIOM HMCXOJIHBIX JAHHBIX, KOTOpbIE B
JAaHHOM CJy4ae IMpeJICTaBIsAIOT COOOW MaTpuily OJIM30CTH MEXIy MapaMu OOBEKTOB («OJIM30CTH», WIU
«CXOJICTBO», OOBEKTOB MOXKHO OIpENessaTh Pa3InYHbIMU criocobamu). Llenb MHOroMepHOro HmIKaiupoBaHUS -
3TO ONMHUCAaHUE MATPUIbl OJM30CTH B TEPMHUHAX DPACCTOSHUN MEXIy TOYKAMHU, MPEICTABICHHE NaHHBIX O
CXOJCTBE OOBEKTOB B BUJE CHUCTEMbI TOUEK B MPOCTPAHCTBE MAJON pa3MEpPHOCTH (HampuMmep, Ha JBYMEPHOM
IJIOCKOCTH). YTIPOIIasi, MOXKHO CKa3aTh, YTO «HA BXOZE» METOJOB MHOTOMEPHOTO MIKATMPOBAHUS TOJAETCS
MaTpula OJIM30CTH, a «Ha BBIXOJIE» MOJyYaeTCsi KOOPAMHATHOE pa3MeLIeHHE TOUEK.

PaccMOTpuM OCHOBHBIE METOMUYECKUE ACHEKTHl MHOTOMEPHOTO HIKAJIINPOBAHHMSL.

OcHOBHOE MPEANOI0KEHHE MHOIOMEPHOr0 MIKAJIUPOBAHMS 3aKIIOYaeTcs B TOM, UYTO CYIIECTBYET
HEKOTOpOE METPUYECKOE MPOCTPAHCTBO CYIIECTBEHHBIX OAa30BBIX XapaKTEPUCTHK, KOTOPBIE HESBHO U
MOCITY>KUJIM OCHOBOM JJISi TMOJIyUEHHBIX SMIUPUYECKUX JAHHBIX O OJM30CTH MeXAy MapaMu OOBEKTOB.
CrnenoBaTtenbHO, OOBEKTHI MOXKHO IMPEICTABUTh KaK TOYKK B ATOM IMpocTpancTse. [IpeamnonaratoT Takxke, 4To
Oosee OnM3KkUM (IO UCXOJTHON MaTpuile) 0ObEKTaM COOTBETCTBYIOT MEHBIIHE PACCTOSHHS B MPOCTPAHCTBE
0a30BBIX XapakTepUCTUK. TakuMm o00pa3oM, MHOTOMEPHOE ILIKAIUPOBAHHUE - ATO COBOKYIHOCTH METOOB
aHaJlM3a SMIHMPUYECKUX JTaHHBIX O OJIM30CTH OOBEKTOB, C MOMOUIBI0 KOTOPBIX OIpPENeseTcs] pa3MEepHOCTb
MPOCTPAHCTBA CYIIECTBEHHBIX ISl JAHHOW COJEP)KATEIBHOMN 3aauu XapaKTEPUCTUK U3MEPSIEMBIX 00ObEKTOB U
KOHCTpyHpYyeTcsl KoH(purypamus Touek (00beKTOB) B 3TOM MPOCTPAHCTBE. ITO MPOCTPAHCTBO («MHOTOMEpHAas
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IIKaJIa») aHaJOTMYHO OOBIYHO HCIOJIB3yeMBbIM IIKajJaM B TOM CMBICJIE, YTO 3HAYCHHSIM CYIIECTBEHHBIX
XapaKTEPUCTHK U3MEPSIEMBIX 00BEKTOB COOTBETCTBYIOT ONPEICIICHHBIC TIO3HUIINU Ha OCSX MPOCTPAHCTBA.

JlaHHBIE B MCXOIHON Marpuile OIM30CTH OOBEKTOB MOTYT OBITh IOJIYYEHBI Pa3IUYHBIMH CIIOCOOAMHU.
MeTobl MHOTOMEPHOTO HIKAIUPOBAaHUSI OPHEHTUPYIOTCS Ha DKCIEPTHBIE OLIEHKU OJIM30CTH OOBEKTOB, KOTIA
PECIIOHJIEHTY TPEABSIBISIIOT Mapbl OOBEKTOB, U OH JOJDKEH YHOPSAOYHUTH HMX IO CTENEHH BHYTPEHHEIO
CXOJICTBA, KOTOPOE MHOTJA OIlcHMBaeTcs B Oayutax. Eciu naHHble 0 OIM30CTH Map OOBEKTOB HE MOYYEHBI
HETMOCPEJCTBEHHO, a PacCUYMTAaHbl HA OCHOBAHWHU JPYTHX NAHHBIX (paziauuHble KO3()(ULIMEHTHI CBA3M), TO
ClIelyeT UMETh B BHUJY, YTO MHOTOMEPHOE HIKAIMPOBAHHE MOXKET OKa3aThCs MAJEKO HE JYYIIHUM CIOCOOOM
aHaJM3a CTPYKTYpPbI UCXOIHBIX JaHHBIX. [lepBHUHBIEC JTaHHbBIE, HA OCHOBE KOTOPBIX PACCUMTHIBAIUCH OJIM30CTH,
cojiepkat Oostble HH(GOPMAIIHH, YeM «BTOPUYHBIC» TAaHHBIE O OJIM30CTH.

MeToabl MHOTOMEPHOTO IIKAIMPOBAHUS JENATCS OOBIYHO Ha JBE KAaTeropuu: HEMETPUYEeCcKoe
MHOTOMEPHOE NIKAIMPOBAHUE U METPUIECKOE MHOTOMEPHOE IIKAIUPOBAHUE.

MeToabl METPHUECKOTO MHOTOMEPHOTO MIKAIMPOBAHHS MCIIOJB3YIOT, KOT1a OLIEHKU OJIN30CTH MOJTyYEeHBI
Ha KOJIMYECTBEHHOM IIKajie (He HWXKEe MHTEPBAJIbHOI). B TakoM BHJE B HCCIIEIOBAHUAX COLUAIBHBIX MPOOIIEM
OLIEHKHU OJIN30CTH BO3HUKAIOT KpaiiHe peako. boiee ectecTBeHHOH sBIsIETCS OLIEHKA OJM30CTH, U3MEPEHHAs Ha
MOPSAKOBOH MIKalie (Korja mapbl 00BEKTOB MOXHO TOJIBKO YIIOPSIIOYUTH MO CTEIIEHU CXOXKECTH 00BbeKTOB). B
TOM ClIy4ae HCHOJB3YIOT METOJIbl HEMETPUYECKOr0 MHOTOMEPHOTO UHIKAIWPOBAHUS, KOTOpBIE [AIOT
«MTOKOOPJMHATHYIO ~ pa3BEepPTKy» MaTpUIbl OJM30CTH B MPOCTPAHCTBE JBYX-TPEX CYHIECTBEHHBIX
XapaKTEPUCTHK, TaK YTO YIOPSIOYEHHS] OOBEKTOB 10 MaTpUlle OJIM30CTH PACCTOSIHUSIM B 3TOM IPOCTPAHCTBE
COBITA/IAIOT.

OcHOBHBIE BO3MOXHOCTH METOZ0B MHOIOMEPHOTO HIKAJINPOBAHUS:

1. [TocTpoeHre METPUYECKOTO MPOCTPAHCTBA HEBBICOKOW Pa3MEPHOCTH, B KOTOPOM HAMJIYYIITUM 00pa3oM
COXpaHseTCs CTPYKTYpa MCXOJAHBIX JAHHBIX O OnM30cTH map o0beKToB. [IpoekTupoBaHre OOBEKTOB Ha OCH
MOJyYEHHOTO TPOCTPAHCTBA OINpEACseT HX IOJIOKEHHE Ha O3TUX OCSIX, T.€. TPOM3BOJUTCS IPOLECC
HIKAJIMPOBAHMUSL.

2. Busyanuzanus CTpyKTyphl MCXOIHBIX NIAaHHBIX B BUJE KOH (UTypanuu TO4YeK (OOBEKTOB) B JIBYX-
TpexXMepHOM 0a30BOM MTPOCTPAHCTBE.

3. UHTepripeTanus moiayueHHbIX oceil (0a30BbIX XapaKTePUCTHK) U KOHPUTYpAITUH OObEKTOB - KOHEYHBIN
pe3yabTaT MPUMEHEHHsI MHOTOMEPHOTO IMIKATMPOBaHM, JAOIIMI HOBOE 3HaHHWE 00 M3yyaeMoi CTPyKType (B
cllydyae KOPPEKTHOTO HCIIOJIb30BaHMsI METOJIa Ha BCEX ATamax). XapakTep KOHQUTYpalu 0ObEKTOB, a TAKKe
BHEIIIHUE [0 OTHOUICHUIO K UCXOIHBIM JIAHHBIM CBEJICHUS MO3BOJISAIOT AAaTh COIEPKATEIbHYI0 HHTEPIIPETAIIIIO
OCSIM U TEM CaMbIM BBISBUTH INIYOMHHBIE MOTHBBI, KOTOPHIMH PYKOBOACTBOBAIUCH AKCIEPTHI, YIOPSIOUHBAS
napbl OOBEKTOB MO CTENEHH WX ONM30CTH (B OAHOM CiIydae), WIM OOHApYKUTh CKPBIThIE (aKTOPHI,
OTIPEIEISAIONINE CTPYKTYPY CXOACTBA M Pa3IMUUs OOBEKTOB (B APYrOM ciydae).

JIisi METOI0B MHOTOMEPHOTO IIKAJIMPOBAaHMS, KaK M I APYIHX METOJOB aHaju3a JaHHBIX, CJIabo
pa3paboTaHbl BEPOSITHOCTHBIC MOJIENIU | allllapaT CTATHCTUYECKOTO OICHUBAHUSI.

JInsi TIOBBILICHUS JOCTOBEPHOCTH TOIYYaeMbIX C TOMOIIbI0 METOJIOB MHOTOMEPHOTO IIKAIUPOBAHUS
pe3yIbTaTOB B OJTHOM HCCIICIOBAHUH HEPEIKO MPUMEHSIOT Pa3IMUHbIe METOABI MHOTOMEPHOTO IIKATUPOBAHUS
COBMECTHO C JJPYTUMH METOJIaMH; KJIaCTep-aHaIN30M, (PAKTOPHBIM aHAJIN30M, MHOYKECTBEHHOW PErpecCHen.

3amaya MHOTOMEPHOTO IIKAJIMPOBAHUS COCTOMT B IOCTPOCHUHM NMEPEMEHHBIX HAa OCHOBE HMMEIOIIMXCS
paccTossHUNH MeXIy OObeKTaMu. B 9acTHOCTH, €ci HaM JaHbl PacCTOSIHUS MEXAY TOpojJaMH, MporpaMma
MHOTOMEPHOTO HIKAJIMPOBAHMS JIOJDKHA BOCCTAHOBUTH CHCTEMY KOOPAMHAT (C TOYHOCTBIO JIO MOBOPOTA U
€IMHUIIBl JJUHBI) U MPUIHACATh KOOPAMHATHI KaKIOMY TOpPOJY, TaK 4TOOBI 3pUTENILHO KapTa U M300pakeHue
TOpPOIOB B JTOW CHUCTEME KOOPIHMHAT COBIAJH. BIIM30CTh MOXKET ONpenessiThcs HE TOJIBKO PACCTOSHUEM B
KUJIOMETpax, HO U JAPYTMMHU TOKa3aTeIsIMU, TAKUMHU KaK pa3Mepbl MUTPALIMOHHBIX MTOTOKOB MEXJy TOPOAAMH,
WHTCHCUBHOCTh TEJIE(QOHHBIX 3BOHKOB, a TAKXKE PACCTOSHUSMHU B MHOTOMEPHOM IPHU3HAKOBOM IPOCTPAHCTBE.
B nmocnennem ciyuyae 3aa4a mocTpOEHUS TAKOW CUCTEMBI KOOPAMHAT OJIM3Ka K 3a/1a4e, peraeMoil pakTOpHBIM
aHAJIM30M - C)KATHIO JIaHHBIX, OMHCAHUIO WX HEOOJBIIMM YHCIOM NepeMeHHbIX. Hepenko TpeOyercs, Takxke,
HarJsIIHOE TPE/ICTaBIEHUEe CBOMCTB OOBEKTOB. B 3TOM ciydae mosie3HO HpuaaTh KOOPAMHATHI NEPEMEHHBIM,
PacIIOJIOKUTh B TEOMETPHUECKOM TPOCTPAHCTBE nepeMeHHble. C TEXHUYECKOH TOYKU 3PEHUS 3TO BCETO JIMIIb
TPAaHCIIOHMPOBAaHME MaTpULbl JaHHBIX. Jlisg ompeaeneHHOCTH Mbl OyzneM TOBOPUTH O CO3JaHUU
reOMETPHUECKOTO MPOCTPAHCTBA JUIsI O0BEKTOB, CHIEIIMAIBLHO OTOBApHUBAas CIy4an aHAJIN3a MHOXKECTBA CBOWCTB.
B commanbHBIX HMCCIEIOBAHUSAX METOJAOM MHOTOMEPHOTO IIKAJIMPOBAHUS CO3MAIOT 3PUTENBHBIA 00pa3
«COLMATBHO-YKOHOMUYECKOTO TPOCTPAHCTBA» OOBEKTOB HAONIOJEHHS] WM CBOHMCTB. [lyisi Takoro oOpasa
HaunboJee MpUeMIIeMO CO3/IaHHE JBYMEPHOTO MPOCTPAHCTBA.
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OcHoBHast ujiest METO/Ia COCTOUT B MPUIUCHIBAHUU KaXKJIOMYy OOBEKTY 3HaUCHUH KOOPIUHAT, TaK, YTOOBI
MaTpUlla €BKIUAOBBIX PACCTOSHUI MeXAy OObeKTaMH B ITHUX KOOpAMHATaX, MOMHOXXEHHasi Ha KOHCTAHTY
oKaszasach OJIM3Ka K MaTpHlle PacCTOSHUN MeXIy OOBeKTaMH, ONpPEIeNCHHON M3 KaKUX-THO0 cOooOpaskeHUit
paHee.

MeTto BeCbMa TPYIOEMKUN U PACCYMTAH aHAIH3 TAHHBIX, HIMEIOIIUX HEOOJBIIIOE YUCIIO OOHEKTOB.

IlepBas, B »TomM HampaBieHuu, padora Toprepcona (Torgerson, 1952, [7]) Obula mocBsIIeHa
METPHYECKOMY MHOTOMEPHOMY IIKaTMpOBaHMIO. Mojenb 5Toro Merona mmeer Bux: L{S}=D’+E rue L{S} -
JUHEWHOe TpeoOpa3oBaHWE HMCXOIHOW MATPHUIIBI PACCTOSHHM, D’ - MaTpulla pacCTOSIHUM, MOJydeHHas Ha
OCHOBE CO3JaHHbIX WIKaJ, £ - MaTpuua OTKJIOHEHHMH MOJEIM OT HCXOAHBIX JaHHbIX. JIMHEHOE
npeoOpa3oBaHKe AaeT MATPUILy MpeoOpa3oBaHHBIX paccTossHUN T=L{S}. llenbro MHOrOMEPHOTO METPUUYECKOTO
[IKATHPOBAHUS SBISETCS MOWUCK ONTHUMAIBHBIX MIKAT W JUHEHHOrO MpeoO0pa3oBaHHUs MATPUIBI HMCXOTHBIX
pacCTOsTHUN, MUHUMU3UPYIOMHUX OomuoKy E.

Menapa u Kpackan (Shepard, 1962, Kruscal,1964, [7]) coBepimnin cyiiecTBeHHBINH MPOPHIB, pa3padoTaB
METOJI HEMETpPHYecKOoro ImkaaupoBaHus. CyTb 3TOro METOAAa COCTOMT B HEIUHEHHOM mpeoOpa3zoBaHUU
paccrostmit. MozieTb HeMETPHYECKOro IIKATHPOBAHMS UMeeT Bux: M{S}=D’+E , rae M{S} - MOHOTOHHOE
npeoOpa3oBaHWe MCXOAHOM MATpPUIl PACCTOSHUN. OTOT MeToA uMeeT Ooubllie IIaHCOB MOJIYYHUTh
JEeWCTBUTENIFHO T€OMETPHUECKOE TPOCTPAHCTBO, METPHUUECKOE IMIKATMpoBaHHe. MOHOTOHHOE IpeoOpa3oBaHue
JaeT MaTpHIly TpeoOpa3oBaHHBIX paccTossHuid 1T=L{S}.

Jliis m3Mepenus kauecTBa nmoAroHku mojaenu TakeitnoM (Takane, 1977) ObLT mpennokeH mokasarens S-
1/2

Stress=| - | , TJae HOpMa MaTPHULIbI ||E T || O3HAYaeT CyMMY KBaJpaTOB 3JIEMEHTOB MaTpHIlbl. CIIOBO stress

,
B aHIMIMKWCKOM $I3bIKE MMEET MHOKECTBO 3HAUCHMM, OJHO M3 STUX 3HAUEHUH - Harpyska. DTOT IMOKa3aTejb
m3mensiercs ot 0 mo 1. PaBeHCTBO ero Hys0 O3HAYaeT TOYHYIO MOJTOHKY MOJIEIH, €AMHUIE - MOJHYIO €€
0€CCMBICIIEHHOCTb.

Kpome Toro, o1ieHuTh Ka4ecTBO MOJICIIH MOXKHO C TIOMOIIIBIO TToKa3aTens stress index Kpackamna, KOTopsrii
MOJIY4aeTCs C UCIOJIb30BAaHUEM MaTPHIIbl HE KBAJPAaTOB PACCTOSHUIMA, a pACCTOSIHUM.

Eme oaua mnokazarenb kauectBa Mojenu, RSQ, mpencraBmser coboil kBampar koddduuumenrta
koppemsinuu Mexay marpuniamu T u E. Takum oOpa3om, Takke Kak B perpecCCHOHHOM aHanu3e, RSQ moxker
OBITh WHTEPIPETHPOBAH KaK JOJSI JAHUCIEpCHH TMpeoOpa3oBaHHBIX paccTossHU T, OOBSICHEHHAs MaTpHIlCH
paccrosiHuii D.

MOXHO TOCTPOUTH IS TEKyIIed KOH(HUryparmuu ToueK TrpaduK 3aBHCHUMOCTH BOCIPOHU3BEIACHHBIX
pacCTOsIHUSL OT UCXOJHBIX paccTosHUU. Takas quarpamMma paccesiHus HasbIBaeTcsl ouazpammot Lllenapoa. 1lo
ocu opauHat OY MOKa3bIBAIOTCS BOCHPOU3BEACHHBIE paccTOsHUS (CXO0ACTBa), a Mo ocu OX OTKIaABIBAIOTCS
WCTHUHHBIE CXOACTBA (PACCTOSIHUS) MKy 00beKTaMHU (OTCI0/1a OOBIYHO TOJIYY4aeTCsl OTPHUIATEIIbHBIA HAKIIOH).
Ha »toMm rpaduk Taxxke crpoutcs rpaduk cryneHdaroid GyHKuU. Ee TUHUS TpenCcTaBisieT TaKk Ha3bIBACMbIE
BEJIMYUHBI D-C KpBIIEUKON, TO €CTh, Pe3yJbTaT MOHOTOHHOTO MpeoOpa3oBaHus UCXOIHBIX AaHHbIX. Eciu Obl
BCE€ BOCIIPOM3BE/ICHHBIE PE3YJbTUPYIOUIUE PACCTOSHUS JIETJIM Ha ATy CTYNEHYaTyl0 JIMHUIO, TO PAaHTU
HaOII0JaeMBbIX PACCTOSHUN (CXOACTB) ObUI ObI B TOYHOCTH BOCIIPOM3BENICH IOJIYYCHHBIM peEIICHUEM
(mpocTpaHCTBEHHOW MOENBI0). OTKIOHEHHS OT TOW JIMHHUU MOKA3hIBAIOT HA yXY/IICHHE Ka4eCTBa COTJIACHS
(T.e. KauecTBa MOJTOHKH MOJICIIH ).

Uem Oomblne pa3MEpHOCTh MPOCTPAHCTBA, HCIOIB3YEMOTO JJisi BOCIPOU3BEACHHS PACCTOSHUM, TeM
Jyd4llle corjacue BOCIPOM3BEIECHHOW MAaTpUllbl C HMCXOAHOM (MEeHblIe 3HaueHue crpecca). Eciau B3ATh
pa3MepHOCTh MPOCTPAHCTBA PABHOUN YMCITY MEPEMEHHBIX, TO BO3MOKHO a0COIIOTHO TOYHOE BOCIIPOU3BEICHUE
HWCXOJHOM MaTpullbl paccTosiHUW. OJIHAKO HAIIel IEeNbl0 SBISETCS YIPOIICHUE pelIaeMoil 3aladd, C TeM,
9TO0Bl OOBSCHUTH MATPHUILY CXOJACTBA (PACCTOSHUN) B TEPMUHAX JIUIIh HECKOIBKHUX BAKHEUIINX (aKTOPOB
(JTaTEHTHBIX TIEPEMEHHBIX MJIM BCIIOMOTaTEIbHBIX IIKAT).

Tema 3. MHOrOMEPHBII perpeCcCUOHHBII aHAIU3.

PerpeccuoHHbIii  aHanM3 TMO3BOJSET JlaTh KOJUYECTBEHHOE ONHMCAHME B3aMMOCBS3EH  Mexay
nepeMeHHbIMH. [lepeMeHHBIe, C KOTOPBIMH MPUXOIAUTCS padOTaTh SBISIOTCS CIyYailHBIMH BETUYHMHAMHU.
CrnydaiiHple BeTUYMHBI ObIBAIOT:

l. JUCKpPETHbIE
2. HENpepbIBHbIE, HOPMAJILHO PACIIPEEe/ICHHbIE
3. HENPEPBIBHBIE, HE OAUUHSIOUINECS] HOPMaJIbHOMY PacIpEIEICHHUIO.
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B cBs3u ¢ Tem, 4TO OGOJBIIMHCTBO BEJIMYMH XOTSI M JIUCKPETHBI, HO MMEIOT OYEHb OOJIBIIOE YHUCIIO
BO3MOJKHBIX 3HAYEHUH MX CUMUTAIOT HENPEPHIBHBIMU (JOXOJ HAaceJIeHMs, Kypchl BaJIOT, U T.A.). A Hauboiee
4acTO BCTPEYAeTCs HOPMAJIBHOE  pACIpEesIEHUE HENPEpbIBHBIX  CIY4YalHbIX BEIUYMH, KOTOPOE
XapaKTepU3yeTcss TeM, 4YTO OOJbIIOE CKOIUICHHE 3HAUYEHUI HaXOIWTCs BOJIM3M CpPEIHEro 3HA4YeHHs, a MpHU
yIAJICHHW OT CpEeNHEro KOJMYECTBO HaOMoJeHWi  yMmeHblnaercs. HopmanmpHoe — pacmpezneneHue
xapaktepusyercsa kpuBou ["aycca.

JUIs OLEHKM TECHOTBI CBSI3U MEXAY JBYMs HKOHOMMYECKMMHU II0Ka3aTeIsIMH B SKOHOMETpPHUKE
UCHOJIB3YIOT KO3(PULMEHT Koppenduuu, T.K. Ipu OOJIbLIOM 4ucie HaOJIIOAEHUI MOYTH BCE 3JIEeMEHTAapHbIe
3aBUCHMOCTH IPEBPAILAIOTCS B IUHEIHBIE.

[TosTOMy HanbGoNIBLINI HHTEPEC MTPEICTABIACT JUHEHHAs perpeccus (3aBUCUMOCTB).

B 3aBucMMOCTH OT KOJIMYECTBa NMEpPeMEHHBIX ((aKTOPOB), BKIIOYCHHBIX B MOJIENIb PA3IUYAIOT MAPHYIO U
MHOKECTBEHHYIO PEIPECCUM.

B cuny MHOrooOpasus W CIIOXKHOCTH COLMAIBHBIX IPOLIECCOB MHOTHE 3aBUCHMOCTH HE SIBISIOTCS
JMHEWHBIMU U, CIIEJOBATENIBHO, TPEOYIOT MOAEIUPOBAHUS HEIMHEHHBIMU YPABHEHHUSIMH.

Jlnst ciydast mapHOW perpeccHu moadop MOJENU OOBIYHO OCYIIECTBISICTCS 1O BUAY PACIOIO0KEHHUS
HaOJI0AaeMBIX TOYEK Ha KOPPEJSALMOHHOM II0J€, ¢ Y4eTOM (DakTOB M3BECTHBIX U3 TeopHH. B ciyuae eciu
3aBHCUMOCTh MOXET OBITh ONMKCaHa HECKOJBKMMHU (DYHKIHMSIMH, HEOOXOIMMO BBIOpaTh Ty M3 HHX, KOTOpas
obnajaer HawIydliMM KadecTBOM. Ho cienyer NOMHMTB, 4TO 4YeM CJIOXKHEE MOJENb, TEM MEHee
UHTEPIPETUPYEMBI €€ ITapaMETPHI.

PaccmoTtpuMm Hanbosnee wacto BeTpevaromuecss Moaenad. s mpocTOThI H3JI0KEHHS U BO3MOXKHOCTHU
rpaduuecKoil HHTepIpeTalMi OTPAHUIUMCST MOJCIISIMUA APHOW HEIMHEHHOM perpeccu.

ITpu BU3yanu3anuu JaHHBIX HAa KOPPEISLIMOHHOM I10JI€ BO3MOKHBI CIEAYIOIUE PE3yIbTaThI:

X X

1. Jloeapugpmuueckue mooenu.
- InY =p4,+p -InX +¢ - 06oiinas nocapugpmuueckas mooens

kod(urmeHT f B TaHHOW MOJENIN ONPENeNsieT JaCTUYHOCTh MepeMeHHON Y 1o nepeMeHHor X, T.e.

MPOLIEHTHOE U3MEHEHHE Y JJIsl JAHHOTO MPOIEHTHOIO U3MEHEeHus X.

- Iny=a+b-x+¢& -n0z-nunetinas mooensb, UCTIONB3YETCs, HATPUMED, IIPH UCCIIEIOBAHUH 3aBUCUMOCTH
MpUpOCTa 00beMa BBIITYCKa OT OTHOCUTEIBHOIO YBEJIMYEHHUS 3aTpaT pecypcea.

Koaddumnuent b B maHHON MOAEIN UMEET CMBICI TeMIIa MPUPOCTa MEPEMEHHOM y 110 TIEPEMEHHOM X , T.€.
XapaKTepU3yeT OTHOILIECHHE OTHOCHUTEIHHOIO M3MEHEHHS Y K aOCOJIOTHOMY M3MEHEHHUIO X. YMHOXHUB b Ha
100%, mony4uM NMpOLEHTHBIN TEMIT IPUPOCTA NEPEMEHHOM .

- y=a+b-Inx+ ¢ - wneino-nocapupmuyeckas mooenv, UCHOIb3YyeTCs, HAIPUMEP, KOT/1a HEOOXOIUMO
UCCIIEIOBAaTh BIIMSHUE TPOLIEHTHOIO H3MEHEHMs HE3aBUCHUMON NEpEeMEHHOH Ha a0CONI0THOE H3MEHEHHE
3aBUCHUMOM NIEPEMEHHOM.

Kosdduuuent b onpenenser u3MeHEHHE NEPEMEHHON ) BCIENCTBUU €IUHUYHOTO OTHOCUTEIBHOTO
IPUPOCTA X, HANPUMEP, €CIH MPEANOJIOKHUTh, YTO ¥ — BAJIOBOM HALIMOHAIBHBIN MPOAYKT, a X — JEHEKHAs
Macca, To b IOKa3bIBaeT, YTO C yBeIMUEHUEM npeuioxkenus aeHer Ha 1 % BHII B cpennem BelpacTeT Ha b
€IMHULL.

2. I'unepbonuueckas mooens

1 .
y=a+ b-—+¢- MNPpUMCHACTCA B TCX Cliy4dasaX, KOrJga HCEOIrpaHHMYCHHOC YBCIMYCHHUC 3HAYCHUU
X

OOBSICHAIONIEH MEepeMEHHOW X aCHUMIITOTHYECKH NPUOJIMKAET 3aBUCHUMYIO MEPEMEHHYI0 ) K HEKOTOPOMY
npeneny a. [lomobHast perpeccusi MOXET OTpaXKaTh 3aBUCHUMOCTH MEXIy 00BEMOM BBIMTyCKa (X) U CPETHUMU
(bUKCUPOBAHHBIMH U3JIEPKKaMHU ()’), MEXKIY JOXOIOM (X) M CIpocoM ()) Ha TOBaphl MEpBOM HEOOXOAUMOCTH
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WIH TIpeIMEeThl OTHOCUTENBbHON pockomu (pyHkmus TOpHKBHCTA), MEKAY ypOBHEM O0e3paboTHIBI (X) U
M3MEHEHHEeM 3apa00THOM IIaThI (V) U Jp.
3. Hoaunomuanvnas mooens.

Y=B,+BX+LX +. . . +pX"
[Tpu k = 2 xBagpatuyHast GyHKIHUA MOXKET OTpa)kaTh 3aBUCHMOCTb MEXIY pacxoJaMH Ha pekiamy (x) u
npuObBLUIEI0 (), HO OONBIIOE MPUMEHEHHE MMEET IMPH aHAJM3€ BPEMEHHBIX DSIOB; NpH k = 3 KyOWdeckas

(byHKIHS MOJETUPYET 3aBUCUMOCTh O0IIUX U3JEpAKEK (V) OT 00beMa BBIITyCKa (X).
4. Cmenennas mooerno.

b
Y =4ax - orpaxaer, HanpuMep, 3aBUCUMOCTb CIpOca )y Ha OJaro OT €ro LEeHbl WU OT J0XOoJa X.
JlanHasi perpeccusi, IMyTeM MaTeMaTHYEeCKUX INPeoOpa3oBaHMN CBOIUTCA K  JABOWHOU Jorapudmuyeckoi

mojenu. Koapdumment b sprsercs KoaPUIMEHTOM 3JIACTUYHOCTH MEPEMEHHOMN Y 110 IIEPEMEHHOM X.
5. Ilokasamenvnasn mooens.

y=a- e’ HCIOJB3YETCsl 4Yallle BCET0O B TOM CHUTyallMM, KOTJa aHAJIM3UPYeTCd HW3MEHEHUE
MIEPEMEHHON ) ¢ IOCTOSHHBIM TEMIIOM IIPUPOCTa BO BpeMeHU. IlepeMmeHHas x 3ameHseTCs Ha f, a MOJEIb
UCIIOJIB3YETCS IIPU AHAJIU3E€ BPEMEHHBIX PAIOB.

Koadduurent b mokaspiBaeT MOCTOSHHBIN TEMIT IPUPOCTA TIEPEMEHHOM ¥ BO BPEMEHHU.

IToka3zaTenbHast MOJ€Nb, IyTEM JIOrapu(MUPOBAHUS CBOJUTCS K JIOT-TMHEHHOW MOJeNnu.

PaccmotrpuMm mpumep. Onpenenuts BUA YpaBHEHHsI PErpECCHM, ONMCBHIBAIOIIEH 3aBUCHUMOCTb MEXIY
NIEpPEMEHHBIMH OLICHUTh NTapAMETPhI perpeccuy, ee KauecTBo. JlaHHbIe IpeACTaBIeHbl B Ta0IMIIe

X - CIIpOC 5 7 10 12 15 20 21 25 26 30
y - J0XOx 3,51 9,5 274 47 91 213 245 412 462 705
Pemenue. Iloctponm KOppensMOHHOE TI0JIe, N300pa3uB 3HAYCHHS X UV B CHCTEME KOOPIUHAT.
800
700 | .
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g 400 O
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0 5 10 15 20 25 30 35
noxon

[To KOppensIMOHHOMY TIONIO 3amMeyaeM, YTO 3aBHCHUMOCTh MOXKET OBITh omnucaHa (YHKIHSIMU:

y=a-e";
y=ax";
y=ax’ +bx+c ump.

OpHako, MO YCIOBUIO 33/layll MIEPEMEHHasi )y — JTO CIpPOC, a X — JOXOA. V3 Teopuu W3BECTHO, UTO
3aBHCHMOCTB MEXIy CIIPOCOM Ha HEKOTOPOE GIIaro i JOXOIO0M OIHChIBaeTcst hyHKImer Jurens Buma 2 &F ' :
I[105TOMY ypaBHEHHE PerpeccHy [T JaHHBIX IEPEMEHHBIX Y 1 X, OyIeM HCKaTh B BUae © % ' .
Jluneapusupyem GyHKIHUIO TyTeM MaTeMaTHYECKUX MpeoOpa3zoBanuii (JiorapudMupoBaHus).
y = ax"

Iny=Inax’

Iny=Ina+Inx"

Iny=Ina+blnx

O6o3nauum Y =Iny, X =Ilnx, 4 =Ina, nonyunm
Y=4+bX
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OI_IGHI/IM napamMeTpbl MNOJTYYCHHOTO JIMHEHHOTO YpaBHCHHUA MCETOAOM HAWMCHBIINX KBaApPaTOB.

Heo6xoauMmble pacy€Thl peCTaBUM B TaOJIHIIE:

Ne y X=In x Y=Iny X? XY

1 5 3,51 1,61 1,26 2,59 2,02

2 9,5 1,95 2,25 3,79 4,38

3 10 17,8 2,30 2,88 5,30 6,63

4 12 50 2,48 3,91 6,17 9,72

5 15 60 2,71 4,09 7,33 11,09

6 20 150 3,00 5,01 8,97 15,01

7 21 240 3,04 5,48 9,27 16,69

8 25 430 3,22 6,06 10,36 19,52

9 26 400 3,26 5,99 10,62 19,52

10 30 705 3,40 6,56 11,57 22,31
cymMa 171 2065,81 26,97 43,50 75,98 126,88
cpenHee 17,1 206,58 2,70 4,35 7,60 12,69

J1st HaXOXAeHUS OLICHOK MapaMeTpoB A U b COCTaBUM CUCTEMY ypaBHEHUM:
A+b-X =Y A+2,7-b=435
A-X+bh-X2=X-Y |27-4+7,6:b=12,69

pelas CUCTEMY ypaBHEHUH nonydaem: 4=-3,61; b=2,95

3Has, uro A=Ina onpenenuM OIeHKy mnapametpa a=e” =e % =0,027, Torma ypaBHeHHE

3aBHCHMOCTH npuMeT Bu: y = 0,027 - x>

OneHuM Ka4ecTBO MOTYyYEHHOM perpeccuu ¢ MOMOIIbI0 K03 PUIHeHTa JeTepMUHALIH:

o 200
—\2
> (v -¥)
X y $=0,027-x*” (y-p)’ (y-y)°
1 5 3,51 3,11 0,16 41237,83
2 7 9,5 8,40 1,20 38840,92
3 10 17,8 24,06 39,23 35638,27
4 12 50 41,20 77,35 24517,61
5 15 60 79,59 383,58 21485,99
6 20 150 185,95 1292,59 3201,41
7 21 240 214,74 638,12 1116,83
8 25 430 359,16 5018,44 49916,05
9 26 400 403,21 10,33 3741091
10 30 705 614,99 8100,93 248421,50
cymma 2065,81 15561,95 501787,3
cpenHee 206,58
2
2 _ _15561,95: ’ Fo R 2.n—k—l: 0,967 -10_1_1:249,96
501787,3 1-R k 1-0.967 1

3naueHue KodpduIMeHTa neTepMuHanud Omm3ko K 1, F-craTucThka yka3piBaeT Ha 3HAYMMOCTH
koa¢dunmenta nerepmuHanuu. [lomyyeHHas MoJesb UMeET OTIMYHOE KaueCTBO.

Koapduuuent b=2,95 B naHHO# MOAENH SBIIsETCS KOI(PDUIIMEHTOM JIaCTHYHOCTH, T.€. TOKA3bIBAET, UYTO
C yBeJIMUYEHHEM J0Xo/a norpedurens Ha 1% crpoc Ha ToBap yBennuuBaercs Ha 2,95 %.

Tema 4. BpeMeHHbIE psibl.
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JIro0oii mpoliecc MOXHO OMHUCaTh ¢ MOMOIIBI0 ypaBHeHUi. Hambosiee pacrnpocTpaHEHHBIMU SBISIOTCS
YpaBHEHUs JTUHEHHON PErpeccuu, BpeMEHHbIE YPABHEHHUS U UX CUCTEMBI.

Bpemennsie ypaBHeHUs: (psiabl) ONPENESIOT 3HAUCHUSI IEPEMEHHBIX B HEKOTOPBIII MOMEHT BpeMeHu. B
HHUX BO3MO>XHO MPUCYTCTBUE 3aBUCUMOM NEPEMEHHON B JIEBOW M MPABOM YAaCTU YPABHEHHS OJJTHOBPEMEHHO, HO
B pa3HbIe MOMEHTHI BPEMEHH, MOJIETU JAHHOTO THUIIA HA3bIBAIOT JTUHAMUYECKUMHU.

OObIYHO AMHAMUYECKHE MOJIENH MOAPA3IEISIIOT Ha JBa Kilacca

1. Monenu ¢ ynaramu (MOJEIM C PACIPEAEICHHBIMU JIaraMM) — 3TO MOJEIH, COAEp)KAlllMe B KaueCTBE
JIarOBBIX TIEPEMEHHBIX JIMIIIh HE3aBUCUMBIC (OOBICHSIONTNE) IEPEMEHHBIC

2. ABTOpETPECCHOHHBIE MOJIEIH — 3TO MOJIEIH, YPaBHEHUSI KOTOPHIX B KAYECTBE JIATOBBIX OOBSCHSIONINX
MIEPEMEHHBIX BKJIIOYAIOT 3HAYECHHS 3aBUCUMBIX IEPEMEHHBIX.

BpeMennbie psiibl HCHOIB3YIOTCS JOCTATOYHO LIMPOKO. DTO BIOJIHE €CTECTBEHHO, TaK KaK BO MHOI'MX
cllydasx BO3JeiicTBHEe OAHHX (DaKTOPOB Ha JPYrUe€ OCYIIECTBISETCS HE MIHOBEHHO, a C HEKOTOPBHIM
BPEMEHHBIM 3ama3jblBaHUEM — JaroM. [I[puuMH HalW4yus JaroB JOCTATOYHO MHOTO, U CPEAM HUX MOXKHO
BBIJICJINTH CIIEYIOLIHUE:

[Icuxonoruveckre MPUYUHBI, KOTOPbIE OOBIYHO BBIPAKAIOTCS Yepe3 HHEPIMI0 B TOBEIACHHUH IIOJCH.
Hanpumep, moau TpaTsaT AOXO0J MOCTENEHHO, a HE MTHOBeHHO. [IpuBBIUKa K ompeaeneHHOMY 00pa3y KH3HU
MPUBOJUT K TOMY, YTO JIFOJIA MIPUOOPETAIOT T XKe Oliara B TEYCHHE HEKOTOPOTO BPEMEHH JaKe MOCIIe MaJCHUS
peanbHOro 10X0/1a.

TexHonornueckue mpuuuHbl. Hampumep, u300peTeHHE MEPCOHATBHBIX KOMITBIOTEPOB HE MPHUBENIO K
MTHOBEHHOMY BBITECHEHHI0O UMH Oonbmiux OBM B cuily HE0OOXOAMMOCTH 3aMEHBI COOTBETCTBYIOIIETO
MPOrPaMMHOTO O0ecTieueHus, KOTOpOe MOoTPedOBaI0 MPOAOHKUTEIHFHOTO BPEMEHH.

WNucTuTynmonaneHble NpuurHbl. Hampumep, KOHTpakThl MeXAy GUpMaMH, TPYAOBBIE 10TOBOPHI TPEOYIOT
OTMPEIETICHHOTO TTOCTOSIHCTBA B TEUEHHE BPEMEHH KOHTPAKTA (JI0roBOpa).

Mexanusmsl, opmupoBaHus nokazateneid. Hanpumep, HHGIAIMS BO MHOTOM SIBIISIETCS MHEPIMOHHBIM
MPOLIECCOM; JCHEKHBIM MYyIbTUIUTHKATOP (CO3AaHME JCHET B OAHKOBOW CHCTEME) TakKe MpOSBISET ceOs Ha
ONpEIETICHHOM BPEMEHHOM MHTEPBAJIE U T.J.

KoHeuHoll 1enbl0 aHanmM3a BPEMEHHBIX PSAIOB SBISETCS MPOTHO3MpPOBAHUE OyAYyIIMX 3HAYCHHMA
UCCIIeTyeMOro Toka3zatens. Takoe MpOrHO3HpOBaHUE IMO3BOJISIET, BO-TIEPBBIX, NMPEABUAETh OyAYIINe peau,
BO-BTOpPBIX, IPOAHAIU3UPOBATH TMOCTPOCHHYIO PETPECCHMOHHYI0 MOJENb Ha YCTOMYMBOCTH (T.e. €€
MPUMEHUMOCTh B U3MEHSIOLIUXCS YCIOBUSX ).

[TporHo3upoBaHue MOXKHO OCYIIECTBIISITh OO Ha OCHOBE BBISBICHHBIX 3aKOHOMEPHOCTEH HM3MEHCHHSI
CaMoro MCCIIelyeMoro MmoKkasaressi BO BpEMEHHU U SKCTPAIoJIALUY €ro IPOoIUIoro moBeaeHus Ha Oyayiiee, 1100
Ha OCHOBE BBISBIICHHOHW 3aBUCHUMOCTH HCCIEAYEMOTO TOKa3aTells OT Apyrux (akTopoB, Oynyliue 3HaYSHUS
KOTOPBIX KOHTPOJIUPYEMBI, U3BECTHBI UM JIETKO MPEICKA3yEMBI.

Paznuuaror nonrocpoyHoe W KPaTKOCPOUHOE MPOTHO3UpOBaHMEe. B mepBoM  aHanuzupyercs
JOJITOBPEMEHHAs AMHAMUKA HCCIIEyeMOro MOKa3aTess, U B ’TOM CIIy4ae IJIaBHBIM IIPEICTABIISAETCS BbIIEICHUE
o0IIero HampaBlIeHUS €ro U3MEHEHUs — TpeHga. l[Ipu OSTOM cuyuTaeTcs BO3MOXHBIM IpEeHEOpeUh
KpPaTKOCPOYHBIMHU KOJIEOaHUSAMHU 3HAYEHUI MOKa3aTelNss OTHOCUTEIBHO 3TOro TpeHaa. TpeHa oObIYHO CTPOUTCS
METOJaMH PErpecCCUMOHHOTO aHaJK3a.

[Tocne BbLAETEHUS AOITOCPOYHOTIO TPEHJA OOBIYHO MBITAIOTCA OMPENENUTH (PAKTOPHI, BHI3bIBAIOIIHE
OTKJIOHEHHSI 3HAYCHHMH HCCIEIyeMOW BEIMYMHBI OT TpeHJa — KOJeOJIeMOCTh WIH Ce30HHOCTh. Jliis
Mpe/icKa3aHusl KPaTKOCPOUHBIX KoJieOaHHUM MpoBOAUTCS Ooliee AeTalbHBIA PErpecCHOHHBIA aHAINU3 C LEIbI0
BBISIBJICHHSI OOJIBIIIOTO YHCIIA TTOKA3aTeNel ONpenessSonInX MOBeACHIe HccleayeMoi BemnuuHbl. Kpome 3toro,
MPOBOAAT OoJiee JeTallbHOE HCCIEeOBAaHUE CBSI3€H TEKYIIMX 3HAYEHUH HCCIIEIyeMbIX IOKa3zaTeled ¢ HX
MPOIUTBIMH 3HAYCHUSIMU WM C TIPOIIBIME 3HAUEHUSMU APYTUX (PAKTOPOB.

Ecin ammintyna uM3MEHEHUST NEPEMEHHOM y € TEYEHHMEM BPEMEHU OCTAaeTCsl MOCTOSHHOW, MOXHO
MPEAIOI0KUTh HaJuyue aJAJAUTUBHOM CE30HHOCTU. B 3TOM ciydae 3HA4YE€HHE 3aBUCUMOW IEPEMEHHOM B
KaXIblii MOMEHT BPEMEHM HaiiaemM u3 ycioBus: y=1+S. Eciu amMmiuTyna W3MEHEHUs TEePEMEHHON Yy C
TEUYEHUEM BpPEMEHU YBEIUYUBACTCA (YMEHBIIAETCS), MOXKHO MPEANOJOXKUTh HaTUYUE MYJIbTUILTUKATUBHOU
CE30HHOCTU. B 3TOM ciydae 3HaueHHE 3aBUCHUMOMN TMEPEMEHHOM B KaXKIbIi MOMEHT BPEMEHHU HailieM u3
yenosust: y=T8S, rae T — Tpena, S — ce30HHass KOMIIOHEHTA.
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2000 2003 1000 2001 2002 2003 2004 2005

MynbTUIIMKATHBHAS CE30HHOCTh AJTMTHBHAS CE30HHOCTh
JUig omnpeneneHus ypaBHEHUs TpEHJAa HUCIOJIb3YIOT PErPECCHOHHBIM aHaIn3, A OLEHKU CE30HHOU
KOMIIOHEHTHI IPOBOAAT EHTPUPOBAHUE TaHHBIX.
PaccMoTpuM mocTpoeHue TpeHJa € CE30HHOCThIO Ha IpUMepe: MOKBapTaJbHBIE JTaHHbIE O NMPUOBUIN
HEKOTOpOTo MpeInpuaATHss B TedyeHue O JeT mpeicTraBieHsl B Tabiaune. CrIporHo3upoBaTh NPHOBLIL
npennpusaTis Ha 2006 roq NoKkBapTaibHO.
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Pemenune. Ham npencraBieH BpeMEeHHOH psifl, T.K. OJHA IEpEMEHHast y - NPUOBLIb MEHSAETCS C TEUCHUEM
BpECMCHH t.

noseageHne BpeMeHHOro psaaa

mhv/\/\v/*\,/\‘

2000 2001 2002 2003 2004 2005

[To rpadguky 3amedaem, 4TO aMIUIMTyAa HM3MEHEHHUS MEPEMEHHON Yy C TEYeHHEM BPEMEHH OCTaeTCs
HOCTOHHHOﬁ, MMO3TOMY MOKHO HPCANOJIOXKUTH HATTUIUC al[I[HTHBHOfI CE30HHOCTH.

B sTom ciydae 3HaueHne MPUOBLIN B KKIbI MOMEHT BPEMEHH HAWIEeM U3 yCIOBUsA: y=1+8S,

rae T — tpenn,

S — ce30HHass KOMITOHEHTA.

I[.H}I OLCHKU CE30HHOM KOMIIOHEHTHI U OIMPCACIICHUSA YpPaBHCHUA TpPCHAA MNPOBCACM LCHTPUPOBAHUC
JAHHBIX, T.€. ONMPEAEIIUM CKOJIB3SUIYIO CPEIHIOH.

BrruncnuM cymMmapHyro npuObUIb 3a Kaxk/iple 4 KBapTaia IyTeM [I00YepeIHOr0 CyMMUPOBAaHUS 3HAUCHHH

N Ve
TepeMEeHHOH y, U cpeiHee 3HaYeHHe NPUOBLIA 32 TOM KaK ), = Z” :
OIIEHKa

cpenHee 3a 4 CKOJb3A1Ias o

roz KBapTaIbI y UTOTO 32 4 KBapTasa CE30HHON
KBaprajia cpenusis
KOMITOHEHTBI

2000 1 11,86
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2 14,34
3 15,22
4 14,53 55,95 13,99
2001 1 10,84 54,93 13,73 13,86 -3,02
2 13,78 54,37 13,59 13,66 0,12
3 16,41 55,56 13,89 13,74 2,67
4 15,68 56,71 14,18 14,03 1,65
2002 1 12,19 58,06 14,52 14,35 -2,16
2 15,65 59,93 14,98 14,75 0,90
3 17,69 61,21 15,30 15,14 2,55
4 16,37 61,90 15,48 15,39 0,98
2003 1 13,21 62,92 15,73 15,60 -2,39
2 16,40 63,67 15,92 15,82 0,58
3 17,89 63,87 15,97 15,94 1,95
4 16,85 64,35 16,09 16,03 0,82
2004 1 14,08 65,22 16,31 16,20 -2,12
2 16,3 65,12 16,28 16,29 0,01
3 18,31 65,54 16,39 16,33 1,98
4 17,7 66,39 16,60 16,49 1,21
2005 1 14,73 67,04 16,76 16,68 -1,95
2 17,74 68,48 17,12 16,94 0,80
3 19,44 69,61 17,40 17,26 2,18
4 18,23 70,14 17,54 17,47 0,76

CKOHB3HH_[aH Cpe,Z[H}I}I OHpe[[eJI}IeTCH KaK CpeI[Hee 3HAUYCHUC Me)K,Z[y ,Z[ByMH COCCIHUMU 3HAUYCHUSIMHU pr.
v, ), +(,)

ckep 2

Pa3uuma MexIy COOTBETCTBYIOIIMMM 3HAYEHUSIMU MPUOBUIM M 3HAYCHHUSIMH CKOJB3ALICH cpenHei
OTpeJIesieT OLIEHKY CE30HHON KOMIIOHEHTHI.
BrinuiieM o1ieHKy ce30HHOM KOMIIOHEHTHI B OTJENIbHYIO TaOIUILy Ui pacueTa Ce30HHOCTH

ron KBapTal
1 2 3 4

2000
2001 -3,02 0,12 2,67 1,65
2002 -2,16 0,90 2,55 0,98
2003 -2,39 0,58 1,95 0,82
2004 -2,12 0,01 1,98 1,21
2005 -1,95 0,80 2,18 0,76
cpeaHee -2,33 0,48 2,26 1,08
cpenHee-Sep -2,70 0,11 1,89 0,71

Haiinem cpenHroo OIieHKYy Ce30HHOW KOMITOHEHTHI 3a ToJ 1o (opmyiie:
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Jns onpeneneHus

4
zScpi
&N _23340.48+226+1.08

=0.38

S ="

(mocnenHss cTpoka TadiI.)
I'paduueckoe wn3o0pakeHHME 3HAYCHUH CKOJIB3SIICH CpeHEH TO3BOJISIET MPEATONOXKUTh HATUINE
JINHEMHOTO TPEH/A.
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LleHTpupoBaHue gaHHbIX

W

5

2000

2001

2002 2003 2004 2005

‘ —&— (haKTUYeCKme 3Ha4eHns —B— Conb3sLLas

VYpaBHEHHUE JTHMHEHHOTO TPEHIa BPDEMEHHOTO PsiJia 3alMChIBACTCS B BUJIE:
Vi = Ay(a6c)+yz—1 Wi y, = Y, +Ay((l60)'t TAC

Ay(abc) = y, — y, , - aOCOJIIIOTHBIA IPUPOCT EPEMEHHOH Y.

3HAYEHUN CE30HHONH KOMIIOHEHTHI B KaXKJIOM KBapTalle HEO0OXOIUMO
OLICHKY CE30HHOM KOMIIOHEHTBHI 3a TOJ| BbIUECTh W3

CPEIHIOI0

COOTBETCTBYIOIIMX CPEAHUX 3a KaXIbId KBapTall.

romg KBapTaJIbl y Yex Ay(abc) Ayc(0TH) T S T+S
2000 1 11,86 13,10 | -2,70 10,40
2 14,34 13,29 0,11 13,40
3 15,22 13,48 1,89 15,37
4 14,53 13,67 0,71 14,38
2001 1 10,84 13,86 13,86 | -2,70 11,16
2 13,78 13,66 -0,20 0,99 14,05 0,11 14,15
3 16,41 13,74 0,08 1,01 14,24 1,89 16,13
4 15,68 14,03 0,29 1,02 14,43 0,71 15,14
2002 1 12,19 14,35 0,31 1,02 14,62 | -2,70 11,92
2 15,65 14,75 0,40 1,03 14,81 0,11 14,91
3 17,69 15,14 0,39 1,03 15,00 1,89 16,89
4 16,37 15,39 0,25 1,02 15,19 0,71 15,90
2003 1 13,21 15,60 0,21 1,01 15,38 | -2,70 12,68
2 16,40 15,82 0,22 1,01 15,57 0,11 15,67
3 17,89 15,94 0,12 1,01 15,76 1,89 17,65
4 16,85 16,03 0,08 1,01 15,95 0,71 16,66
2004 1 14,08 16,20 0,17 1,01 16,14 | -2,70 13,44
2 16,30 16,29 0,10 1,01 16,33 0,11 16,43
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17,85 0,11 17,95

18,04 1,89 19,93

3 18,31 16,33 0,04 1,00 16,52 1,89 18,41

4 17,70 16,49 0,16 1,01 16,71 0,71 17,42
2005 1 14,73 16,68 0,19 1,01 16,90 | -2,70 14,20

2 17,74 16,94 0,26 1,02 17,09 0,11 17,19

3 19,44 17,26 0,32 1,02 17,28 1,89 19,17

4 18,23 17,47 0,21 1,01 17,47 0,71 18,18
2006 1 cpenneeAy.(a6c)=0,19 1,01 17,66 | -2,70 14,96

2

3

4

18,23 0,71 18,94

3nauenus Ay(omn) = i creuennenm BPEMEHU MIPAKTUUYECKH HE U3MEHSIOTCS, YTO TaKXKe YKa3bIBaeT Ha
Vi
HaJIM4Yue JIMHEHHOT0 TPEH1a JaHHOIO0 BPEMEHHOIO Psizia.
B kauectBe Ay(abc) BbIOMpaeM cpenHee 3Hau€HHE IMpHpocTa mepemeHHoi y paBHoe 0,19. Torma

ypaBHeHUe TpeHaa umeer Bua: y, = 0,19+ y, | .3HaueHUs] TPEHIOBON COCTABIAIOLICH pacCUMTaHbI B Tabulle

(cronben T), myrem nmpubaBiieHUs] K HAYaJIbHOMY 3HAYEHHUIO CKOJB3SAIIEH cpeaHeil mocienoBarenbHo 1o 0,19.
VY4uTeIBasg aJINTUBHYIO CE30HHOCTh U NMPUOABIIASA 3HAUEHUS CE30HHOM KOMIIOHEHTHI (S) K KaKJOMYy 3HA4E€HUIO
TPEHJI0BOI COCTaBIIAIONIEH OIpeaesisieM MPUObLTb MPEANPHUATHS U OCYIIECTBIISIEM ITPOrHO3 Ha 4 KBapTasa.

I'paduueckoe npeacTapieHNe MOJTYUYEHHBIX JaHHBIX TO3BOJIAET CYAUTh O JOCTATOYHO BBICOKOM KadeCcTBE
MPOTHO3a, T.K. OTKJIOHEHHE POTHO3HOM KPUBOH OT (haKTUUIECKON HECYIIECTBEHHO.

25,00

20,00

ﬂ?‘\ﬂ "/'\‘ '/F\.
15,00 W —e— dakTMueckune
—=— NPOrHo3HbIe

10,00 f! v

5,00

TPeHn,

2000 2003 2006

Wtak, npu HEM3MEHHBIX BHEIIHUX YCIOBHSX OKMAaeMas NpUObUIb HeKoToporo mpeanpusitus B 2006
TOAy COCTaBHT:

roJ KBapTall | MpUOBLIH
2006 1 14,96
2 17,95
3 19,93
4 18,94
HTOTO 71,78

3.2. 3aganus U IPAKTHUECKUX U JOMAIIHUX PadoT.

JMCKpYMVHAHTHBINA aHAIU3.

Nmest mocroBepHyto nHpopMmanuio 00 00aHKPOTHBIIUXCS M HE OOAHKPOTUBIIMXCS B TCUCHHUH 5 JIET
MPEeNNPHUATHIX MOMBITAHTECh CIIPOTHO3UPOBATH MOBEICHNE «MOJIOIBIX» (PUPM C MOMOIIBI0 JUCKPUMHUHAHTHOTO
aHalm3a.

MHoroMepHoe mKaJIUpOBaHUE
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3anayga. [Ipu yctpoiicTBe Ha paboTy 18 mperenneHToB mpouutu 10 pa3TUYHBIX TECTOB B KaIPOBOM OTJIENE
MIpeNPUSITHS.

Howmep tecra 0003HaYCHHE IIpeamer tecta
1 tl [TamsTh Ha ynca
2 t2 MaremMmatudeckue 3agauu
3 t3 HaxomuuBoCTh ITpU NIpsIMOM uajore
4 t4 Tect Ha cocTaBIEHUE AITOPUTMOB
5 t5 YBEpEHHOCTb BO BPEMSI BBICTYIUICHUS
6 t6 Komanubiii 1yx
7 t7 HaxomuuBocts
8 t8 CoTpyaAHUYECTBO
9 t9 [Ipu3HaHue B KOJJIEKTUBE
10 t10 Cuna yoexxqeHus

MakcumanbHast OLIeHKa, KOTOPYIO MOKHO OBLIO MOJIyYUTh Ha KaXKJJOM U3 TECTOB, cocTaBisieT 10 Oasos.
Pesynpratel Tecta i 18 mpeTeHaeHTOB Haxoadrcs B Tabmuie B nepemeHHbIX t1-t10. Kaxxnoe nabmronenue
ABJISICTCS XapaKTEPUCTUKON TECTUPYEMbIX KaHIHJIaTOB.
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C HCIoNb30BaHUEM PE3yabTAaTOB TECTAa COOTBETCTBHUS MPOBECTH OOHAPYKUTh TPYMINbl KaHIUOATOB,
OJIM3KUX IO CBOUM KadyeCcTBaM.
MuoromMepHsIi perpecCUOHHBIN aHAIN3.

3amaua 1 MmeroTcs maHHBIE O CTOMMOCTH OJHOKOMHATHBIX KBapTHp, rae Price - mena, Teic. pyo.; So -
2
o01mas miomanb, M-; R - paccrosiHue 10 EHTpa, KM

Ne PRICE SO R
1 460 46 7
2 350 44 3,5
3 490 57,6 5
4 470 53,1 1,2
5 350 50 5
6 450 52,1 1,5
7 300 48 9
8 370 53 6,5
9 380 49 5
10 430 42 1,2
11 400 44 2
12 420 41 0
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Onenute perpeccuu: Price=a+P*So; Price=a+p*R, Price=a+B*R+y*So nmaiite o00BsicHeHUE
MOJTyYCHHBIM pPe3yiIbTaTaM.
Bpemennbie psiabl. Ce30HHOCTD.
3amaua 1. Mccenyercst cipoc HaceleHHsl y Ha MPOXJIQAUTEIbHBIC HATUTKH B 3aBUCUMOCTH OT J0XO0/1a X
M0 €KEMECSYHBIM JaHHBIM. OMpeeNnuTh 3aBUCHMOCTh, OTPAKAIONIYI0 YBEIUYCHHE CIIPOCa C POCTOM JOXOJa.
I[To dakTuyeckuM TOYKaM HAONIOJACHUN TIPOBEPbTE HAIW4YUE CEe30HHOCTH. JloOaBbTe TMEepeMEHHYIO

0, ecau xonooHnoe epems 2ooa,
s = U OIIPEIeTTUTE 00bEM MPOJIaXK C YUYETOM Ce30Ha.
1, eciu mennoe epems 2ooa.

3amaua 2. HeOousbmioil yacTHOE KOHIUTEPCKOE MPENNpUATHE 3aHUMAETCsl MPOM3BOACTBOM I€UeHbs. B
TaOJIUIEe IPECTABICHBI JaHHBIC O JMHAMMKE MPUOBLIM NPEANPUATHS B TeUEHHE HECKOJIbKUX JeT. [locTtponuth
TPEeHJ0BYIO Mozeb. CriporHo3upoBath npuodsuib Ha 2003ros.

No 200 npuodvLLIL
1 1983 13,0
2 1984 13,2
3 1985 13,2
4 1986 14,2
5 1987 13,4
6 1988 13,8
7 1989 14,6
8 1990 14,2
9 1991 14,4
10 1992 16,6
11 1993 14,0
12 1994 15,4
13 1995 16,0
14 1996 16,8
15 1997 17,4
16 1998 18,1
17 1999 17,6

3.3. 3aganus A1 CaMOCTOSITETTLHON paOOThI CTY/ICHTOB.
CryneHtaM HEOOXOJIMMO CaMOCTOSITENIbHO MOBTOPSTh paHee W3yUEHHBIE MOHSATUS 0 MaTeMaTUKEe U
MaTeMaTUYEeCKUM METOJIaM B COIMOJIOTUH U3 CIEIYIOUIUX Pa3aeioB:
- TuHeWHas anredpa;
- JIMHEMHOE IPOTPaMMUPOBAHUE;
- KJIACCHYECKHE METOJIBI ONITUMH3AIINH;
- JTUMCTIEPCUOHHBIN aHaJN3;

- g depeHranbHble YpaBHEHUS U UX CUCTEMBI U JIp.

KpOMe TOro, BO BpeMH I/I3y‘-IeHI/I$I JOUCHHUITIINHBI KaX(HBIﬁ CTy,Z[GHT CaAaMOCTOATECIBHO BBIIIOJIHACT
KOMILJIEKCHOE 3ajJlaHMe: CTYJCHTBHI COCTaBJISIOT 3ajady, CBA3aHHYIO C UX Oyaymiedl mpodeccruoHanbHON
ACSATCIIBHOCTBIO U HaAXOoOsiAT €€ pemeHHe. 33.,[[21‘18. COCTAaBJIACTCA HAa OCHOBAHHM CTAaTUCTHYCCKHX OAaHHBIX,
KOTOpBbIE COOMpPAIOT CTYACHTHI BO BpEMs BBIMOJHEHUS KYPCOBBIX IPOEKTOB IO TpodecCHOHATHLHBIM
aUucuuIuinHaM. Tabnuna JNaHHBIX OoJDKHA conxepkarh 10-15 pa3iauyuHbIX NMEepeMEHHBIX, CPeiAu KOTOPBIX
nmMerotcs GpukTuBHBIC, U HE MeHee 100 Habmroaennii. CpencTBaMu JUCKPUMUHAHTHOTO aHAJIW3a U METOIaMu
MHOFOMepHOI‘O I_HKaJII/IpOBaHI/I}I BCC H3.6.HIO,Z[€HI/I$I p3.36I/IBaIOTC}I Ha KJIACCHI 110 JaHHBIM OI[HOﬁ n3 (1)I/IKTI/IBHBIX
MepeMeHHbIX (TepeMeHHass yKa3bIBaeTCsl mpemnojaaBareneM). s ompeaeneHHOro Kiacca CTPOSTCS
pa3iauYHbIe MOJENH, U MPOBOAMUTCS MX aHanu3. B pe3ynbrare BeIOMpaeTcs Ta MOAeENb, KOTOpas Haubosee
MOJTHO OTPaKAeT PeaJbHYI0 KapTHHY.

Bpewmsi, BbIEICHHOE HAa CaMOCTOSITENBbHYIO paboTy, pacmupenensercs TakKe Ha BBIMOJTHEHHE OOIIUX
JOMaITHUX 33IaHUN ¥ TOJATOTOBKY K KOHTPOJIBHBIM paboTam. JloMalrHee 3aganue 3a1aeTcs MoCie Kaxaoro
HpaKTI/I‘-IeCKOFO 3aHATUA U HpOBep}IeTC}I B Ha4yaJic C.HGI[YIOH_ICI‘O 3aHATHSL.
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