I'naBa 5
MATEMATNYECKOE U ITPOTPAMMHOE
OBECITEYEHME OLHIEHOYHBIX PABOT

5.1. CraTucTuueckne MeTOIbI B OIIEHKE MAMINH, 000PYIOBAHUS
U TPAHCTIOPTHBIX CPEJICTB

Hcnoab3oBaHue CTATHCTHYECKHX METOIOB B NPOLIECCE OLEHKH

OmHUM M3 OCHOBHBIX 3JIEMEHTOB TIpOIIecca OICHKH MAIIIVH STBJISI -
eTcsa coop MHGOPMAIINK, B YaCTHOCTH, 00 MX PIHOYHBIX MeHax. Kak
MIPaBWIIO, 37€Ch OIEHINNK CTAJIKMBACTCSI C TAKUM SIBIICHHMEM, KOTIa
IEeHBI MPAaKTUYeCKN MACHTUIHBIX MAIllMH, TTOJydeHHBIE U3 Pa3HbBIX
WCTOYHUKOB, OTIMYAIOTCS APYT OT Apyra. B 3TOM cirydae roBopsIT, 4TO
coOpaHHbBIE OLIEHIITUKOM 3HAUYEHUS 1IeH SIBIISIOTCS CIyJaifHBIMA (VU
CTOXaCTUYCCKUMM ) BEIMIMHAMM.

Ha ocHoBe cobpaHHOI MHGOPMAIMKU OIEHIIIMKY B 3TOM CliyJae
TIPUXOIUTCS OTIPEHCNISATh CTATUCTUIECKUE OIICHKU psla BEJTWYWH, B
YaCTHOCTH, CpeaHee 3HAaueHMe PBIHOYHOM IIeHBI 00OBeKTa OICHKU.
IMpu ManbIx 06beMax cOOpaHHOW WH(OPMAIUKM OLIEHIINK TOIKEH
OBITH YBepeH B ee KauecTBe. [109TOMY yKe Ha CTaIuy TIpeABapPUTEThb-
HOI 06pab0TKM MH(POPMAIINK OH JOJIKEH IIPOBECTH OTCEB PE3KO BbI-
JeIAIOIIXCS HAOMIOAEHHIA B BLIDOPKE 1 MPOBEPKY M'MIOTE3bI 0 HOPMAJIb-
HOCTH pacnpezaeennsi. TOJBKO TOCIe 3TOr0 BO3MOXHO ITPUMEHEHNUE
METOIOB M COOTHOIIIEHHUI, XOPOIIIO pa3paboTaHHBIX IS HOpMAaJIbHO-
TO pacrpeneseHus.

CieIyroIIrM II1aroM SIBJISIETCS OIIEHKA MOTPEHIHOCTH CPeIHero 3Ha-
YeHHUs HeHbI C UCTTOB30BaHNEM, HAIpUMepP, MHTEPBATbHEBIX OLIEHOK.
Hanee pu IMMOCTPOEHUM MOJEU IIEHB 00BeKTa OLIEHIINKY HEe00X0-
MO, MCIIONB3YST KOPPeasauioHHbIe METO/bI, OIEHUTh CTENEHb BJIASA-
HHUS HA Hee Pa3iMdYHbIX (aKTopoB, MPOBECTU KaaccuuKamio (hakTo-
POB M, HAKOHEIl, MOCTPOUTH CAMY MOJICITH B BHE YPABHEHHUS PErpecCHH.
TakoB fajyieKo He TOJTHBIN TTepedeHb 3a1a4, KOTaa OICHIINKY MOXeT
MMOTPeOOBaThCI MaTeMaTUIeCKast CTATUCTHKA.

OcHOBHbBIE CTATUCTHYECKHE XAPAKTEPUCTUKH

Hrak, nungopmaiiysi, ¢ KOTOpoi MpUXOAUTCS paboTaTh OLICHIIM -
Ky, B 3HAYUTEJIbHOI CTEMEHU OTHOCUTCS K KAaTerOpUU CaydaliHbIX Be-
JINYUH.
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CryyaiiHo# BeJIMYMHOM HA3BIBAIOT TaKYIO BEJIMUMHY, 3HAYEHUSI KO-
TOPOI M3MEHSIIOTCS HEKOTOPBIM, 3apaHee He Mpeacka3yeMbIM o0pa-
30M. B oTimume oT Heciay4yalHBIX, AETePMUHUPOBAHHBIX BEIUYUH
TS CJIyJaliHOW BEJIWYMHBI HEJb3s 3apaHee TOYHO CKas3aTh, KaKoe
KOHKPETHOE 3HAY€HHWE OHA MPUMET B OMPEACICHHBIX YCIOBMSX, a
MOXHO TOJIBKO YKa3aTh 3aKOH €€ pacIpeac/ICHMUSI.

3akoHOM pacrpeeeHns Ha3bIBalOT COBOKYITHOCTb 3HAUEHU CITy-
YalfHOW BEJIMYWHBI U BEPOSITHOCTEM, C KOTOPBIMUA OHA MX TPUHUMAET.
CyMmMa Bcex BepOSITHOCTe! Bcerja paBHa eaIuHUIIE, TaK KaK C TaKOM
BEPOSITHOCTBIO BEJIMYMHA MPUHUMAET XOTh KaKOe-HUOYAb M3 3TUX
3HAYECHUM.

Cy1iiecTByeT MHOTO MPUYUH, MPUBOASIIUX K TOMY, YTO 3HAYEHUS
PBIHOYHBIX 1IeH B BBIOOPKE OKa3bIBAIOTCSI CKOpee CIydalHbIMU, YeM
JIeTepMUHUPOBaHHBIMU. YacTo 3TO BBI3BAHO OTCYTCTBUEM MH(pOpMa-
1 000 Bcex (pakTopax, BIUSIIONIMX Ha LIEHY MallliHbI, WK HEYETKO-
cThlo 3TOM MHGpopMmauuu. Hanpumep, Kak B ciiydyae HEYETKOCTU MH-
¢dopmaLnu o cTeneHu pU3NIECKOro M3HOCA MaIlIMHbI, HEAOCTAaTOYHO-
CTU JAHHBIX 00 YCIOBUSIX CAEIKU KyIUIM-IpoAaxu U T. n. HekoHTpo-
JMpyemble (paKTopbl MOTYT MPUHUMATD CIyJYaiiHble 3HAUEHUS U3 HEKO-
TOPOTO MHOXECTBa 3HAUEHUI U TeM caMbIM OOyCJaBIuUBaTh ClIydaii-
HOCTb T€X BEJIMUMH (B YACTHOCTHU, 1IeH), KOTOPbIE OHU OIPEACISIOT.

[MosTOoMy MCTMHHOE 3HaYeHME LIEHbl MAIlIMHbI OKA3bIBAETCSI HEMNO-
CTYITHBIM OLIEHIIWKY, W AK€ YCPEAHEHUE CITydYaifHbIX 3HAYCHWM 1IEH B
BBIOOPKE HE YCTpaHSIET CIyYalHOCTU CpeIHEro 3HaueHust LieHbl. CTo-
XacTUYeCKasi IprUpoaa JTaHHBIX, UCTIOJIb3YEMBIX OLIEHIIIMKOM B ITPOIIEC-
C€ OIpeneaeHNsI CTOMMOCTEM OOBEKTOB, BBI3BIBAET HEOOXOIMMOCTH
MPUMEHEHWS alcKBAaTHBIX UM CTaTUCTUYECKUX METOOB aHAIN3A.

bazoii a1 nmpuMeHeHUs CTaTUCTUYECKUX METOAO0B aHaiau3a Mpu
OIIEHKE OOBIYHO SIBJISIETCS MHOXECTBO SMITMPUYECKUX JAaHHBIX, MO-
JIY4EHHBIX 1O pe3yibTataM cboopa mHdopMauuyu o0 OJHON WIM He-
CKOJIBKMX CJIyJaliHbIX BeJTMYMHAX (LIeHaX OJM3KHUX aHAJIOrOB 00BbEKTa
OILICHKH, CTEIIEHN X M3HOCa, 3aTpaTax Ha pEMOHT U T.11.). bynem 060-
3HaYaTh WX 3arjaBHLIMM JaTUHCKUMU OykBamu X, Y, Z... Undopma-
LM 0 JIIOOOHM U3 3TUX BEJIMYUH COCTOUT U3 A 3HAYEHUHN X{, X ... X,

3TOM CITydaifHOM BeJIMYMHBI X, 00pa3yIolInux BbIOOPKY 00beMa 1 U3 Te-
HepaJIbHOU COBOKYITHOCTH X.

[Tox reHepaibHOI COBOKYNHOCTDIO TTOAPa3yMeBalOTCSI BCE BO3MOX-
Hble 3HAYCHUST KOHKPETHOM CIydaiiHOM BEJIMUMHBI (HAIIpUMED, PhI-
HOYHOM IIeHBI MaIlIHBI).
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CoOpaTb naHHBIe 000 BCEX 3HAUECHUSIX Xi U3 TeHepaJlbHOM COBO-
KYIMHOCTU TTPaKTUYECKU HEBO3MOXHO. [1oaTOMy peanbHO OLIEHIIUK
JIOBOJIBCTBYETCSI BBIOOPKOIA, a METO/Ibl MaTEeMAaTUYECKOM CTATUCTUKU
IMOMOTalOT €My T10 U3BECTHBIM CBOIICTBAM O0BEKTOB U3 BHIOOPKHU CY-
JIUTh O CBOMCTBAaX BCE reHEePabHOM COBOKYITHOCTHU.

ITpu Mcnonb30BaHUM JAHHBIX BBIOOPKM M3-3a CAy4yaliHOTO Xa-
pakTepa ee MoJyyeHHUsI BaXXHO 3HaTh, KAKMM BEPOSTHOCTHBIM 3aKO-
HaM TOJUYMHSIIOTCSI 3HaUeHMS ucciaeayemMoro rnokasaresns. Cyiect-
BYeT LeJbIi psil pacrpeaeaeHuit BepOSITHOCTU, KOTOPbIE UCITOIb-
3yIOTCS B MaTeMaTU4ecKol cratuctuke. OqHUM U3 HauboJiee 4acTo
HUCIOJIb3YyeMBbIX paclpeaeeHU U TO3TOMY BaXKHbIX SIBJISIETCSI HOP-
MajibHOEe pacmpeaeieHue. TeopeTuyecKuM OOOCHOBAHUEM pPOJU
HOPMaJbHOI'O paclipeliesieHUs SIBISIETCS LieHTpaJibHas TpeaeabHast
TeopeMa. CorjiacHO 3Toii TeopeMe, paclpeeseHe CPeIHEro 1 He-
3aBHCHMBIX CIyYaliHbIX BEJIUYUH, paclpeaeeHHbIX M0 JTI00oMy 3a-
KOHY, MIPU YBEJUYEHUU YKCJIa 3HAUEHUI B BBIOOPKE NMPUOIMKAET-
cs K HopManbHoMy. Koraa cinydaiitHast BeJIMuurHa MpeacTaBisieT co-
0oi1 oOImMii pe3yabTaT OOJBIIOTO YMCIa HE3aBUCUMBIX «HEOOJIb-
LIUX» BO3IEHACTBUI (MMEIOTCS B BUAY BO3JAEHCTBUSI HEKOHTPOJIUPY-
eMbIX (haKTOpPOB), TO, COTJIACHO LIEHTPAJIbHOM MpeaeabHON Teope-
M€, MOXHO OXUJaTh, UTO 3Ta CiAydyaliHasl BeJMYrMHa OyAeT pacrpe-
JleJieHa 10 HOpMaJibHOMY 3aKOHY.

CiyyaiiHasi BeiuurHa X iMeeT HopMajibHOe paclipeesieHre, eciiu ee
IJIOTHOCTb BEPOSITHOCTH OIMMChIBAETCSI ypaBHEHHEM (TTpU -0 < X < o)

1 C(x-p)?
f(xX)=——=e 2 | (5.1.1)
o2

I1e |\ ¥ 0> — rapaMeTpbl HOpMaJIbHOTO pacrpesaeneHus (MaTemMa-
TUYECKOE OXUIAHWE CIyJaliHO BEJIMYMHBI U ee aucrepcus). Eciu
M3BECTHBI TTapaMeTphl pacIpeneeHns, TO TUIOTHOCTh BEPOSITHOCTH
5.1.1 moaHOCTBIO OIpeeicHa.

Ecau no ocu abeuucce OTI0XUTD X, a IO OCU OPIAIMHAT — COOTBET-
CTBYIOIIIME 3HAYEHUSI TUIOTHOCTH f{X), TO TIOJIyYUTCS U3BECTHAST KOJIO-
KoJjiooOpa3Has kpuBas I'aycca. Ha puc. 5.1.1 moka3zaHbl 3T KpUBbIE
mmap=200=1upu=20;0=2.

ITpu p=0wu o> = 1 pyHkuwms f(x, |4, G) oKa3bIBa€TCSI HOPMUPOBAH -
Hoii. B TakoM Buzie oHa TabyJIrpoBaHa.

[TnotHOCTH BeposiTHOCTU 5.1.1 COOTBETCTBYET cieayoias GyHK-
LIMsI HOPMAaJIbHOT'O pacrpeneeHus :
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| e
F(X)=——1e 2 . (5.1.2)
o2

3aKoH pacripefeeHusl ClydailHOl BEeJMYUHBI U COOTBETCTBYIO-
1ee eMy aHaJUTUUECKOe BbIpaxkeHue, HadbiBaeMoe (PyHKIIMei pac-
npeneaeHust F(X), ABASIOTCS UCYEPIIBIBAIOILIMMU XapaKTEPUCTUKAMU

CJIy4alHOU BEJIMUMHBI.

Jftx, 1, 0)

0,35 i

L X
0 5 10 15 20 25 30

Puc. 5.1.1. TInotHOCTSD f(X, |1, O) HOPMAJBLHOTO pacHpe/e/IeHUs

ITpu onucaHuu ciydyaiitHON BeJIMUMHBI BMECTO 3aKOHA paclipe/e-
JIEHUST MOXKHO MCITOJIb30BaTh €ro MapaMeTphl L U 0> — COOTBETCTBEH-
HO MaTeMaTU4YeCKOe OXUIAAHUE CIyYailHON BEJIMYMHBI U €€ auCIep-
cuto. Eciin U3BeCTHBI MapaMeTphbl pacnpeneaeHusi, TO MJIOTHOCTh Be-
posITHOCTH 5.1.1 MOTHOCTHIO OIpeaeieHa.

OnHako Ha MpakTUKe OLICHIIMK BCEraa MoJb3yeTcsl TaHHBIMU Bbl-
OOpKHU U3 reHepaIbHOM COBOKYITHOCTU JaHHBIX. B 3TOM cityyae HeKo-
TOPbIE OCHOBHbBIE CBOMCTBA CYYalHbIX BETUYMH MOTYT ObITb OIUCAHbI
0oJiee MPOCTO N0 TaHHBIM BBIOOPKU € MOMOIIIbIO OLIEHOK MapaMeTPOB
UX (PYHKUMIA pacnipenesieHus, Ha3bIBaeMbIX TAKXKE CTATUCTUKAMM.

BaxHelmymMy M3 3TUX OLIEHOK SIBJISIIOTCS: cpeanee (cpeaHee
apudmeTnyecKoe) 3HauyeHUE BHIOOPKM (OlLIEHKA MaTeMaTHUYE€CKOIo
OXUIaHU)

Xep ==Y X;, (5.1.3)
ni
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XapaKTepuCcTUKa pa3opoca HabMI0AaeMbIX BEIMUYMH — AUCIEPCUs
BbIOOPKH (OLIEHKA AUCTIEPCUU G?)

1 =n

n-1i=

5% =

(X =Xgp)’ (5.1.4)
1

U CpelHee KBaapaTHIecKoe (CTaHAapTHOE) OTKJIOHEHHE BEIOOPKM

s =+afs2. (5.1.5)

CraHIapTHOe OTKJIOHEHHE § — Mepa pa3dpoca cliydailHOU Beu-
YMHBI BOKPYT CPEAHEr0 3HAYEHM S, UMEIOLAasl pa3MePHOCTb, COBITaAa-
IOLIYIO C PA3MEPHOCTBIO CJIy4allHOM BEJIMYUHBI, YTO ITOJIE3HO ITPU OII-
peaeaeHUN MTOTPEITHOCTEN pacUeTHBIX OLIEHOK.

Hapsiny ¢ ynoMsIHyTBIMM CTaTUCTUKAMU JJIST OTIMCAHUST COBOKYII-
HOCTH JAHHBIX UCIOJb3YIOT U APYTHE.

Meauana, Wwin CpeJMHHOE 3HaUeHue, pasfensieT cllydyailHble Be-
JIMYUHBI HA paBHEIE TTOJIOBUHLI. [{JIs1 ee BEIYMCIEHMs BCE COOpaHHEIe
JIaHHBIC HY>XXHO PacHOJIOXUTh B ITOPSIAKE BO3pacTaHUs WM yObIBa-
Hus. 3aTeM, eC/Id # — HEYETHOE Y1CJIO, TO MeIUaHy OMpeaessiioT Kak
3HAYEHWE, HAXOMSIIEECS B CEPEAMHE YMOPSAOYECHHOU MOcCaeaoBa-
TeJbHOCTU. IIpn yeTHOM n MeauMaHa — cpeaHee apupMeTUIecKoe
JIBYX PacIiOJIOXKEHHBIX B CEpeIMHE 3HAYCHU I YITOPSIAOUYEHHOM MocIe-
JIOBaTEJIbHOCTH.

Moga — ecTb HauboJiee YacTO BCTpeuyarlasicsl B COBOKYIMHOCTU
JaHHBIX BEJIMYMHA.

Ecnm coBOKYITHOCTh COOpaHHBIX HAHHBIX IIPEACTABISIET COOOM
CJIETYIONIYIO YITOPSIIOYEHHYIO MTOCIEIOBATENBHOCTD IEBITH YHACET:

24 26 27 29 30 31 31 33 35,

TO cpeauHHoe 3HadyeHue 30 — 3To MeauaHa, a HauboJyiee 4acTo
BCTpeyvaloleecss B YIIOPSIOUEHHON ITOCIeI0BaTeTbHOCTA 3HAYCHUE
31 — 9TO MOJa TAHHBIX.

MenvaHa 1 MO/Ia UCTIOJB3YIOTCS 3HAYUTEIBHO peXe, UeM CpelHee
3HAYEHMUE.

K xapakTtepuctukaM pa30poca TaHHBIX OTHOCUTCS Takxke Ko3g-
¢unuenT Bapuauyum BbIOOPKU:

V= (5 / Xep)x100%. (5.1.6)

3HaueHHE V BbIpaxacT Cp€AHCEC KBaAPAaTUICCKOEC OTKJIOHCHUEC S B
IIpouCHTaxX OT CPCIHETO ch COBOKYITHOCTU JaHHBIX U IIO3TOMY MOKET

OBITh MCIIOJIL30BAHO JJISI OLIEHKH UX TOYHOCTU.
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PaccMmoTpeHHbIe BbIle XapaKTePUCTUKIY CyYaliHbIX BETUUMH SIB-
JISIIOTCSI TaK Ha3bIBAEMbIMU TOYEYHBIMH OIIEHKAMH COOTBETCTBYIOIIUX
UM XapaKTepUCTUK TeHepaIbHO COBOKYITHOCTH.

CraTuCcTUYeCKHe OLUEHKHU BEIYMCISIOT MCXOAS U3 KOHKPETHOTO 3a-
KOHa pacripefeeHus ciiydaitHoil BeanuuHbl. OOBIYHO Mpernoara-
eTCsl, YTO 1IeHa KakK clyyaiiHasi BeJIMUYMHA TTOAYMHSIETCS] 3aKOHY HOP-
MaJIbHOTO pacripefeeHus. DTo, KaK IMpaBujio, 0O0OCHOBBIBAETCS B
cllyyae OLIeHKHU LIEeHTPpaJbHOM MpeaeIbHON TEOPEeMOIA.

OnHako 1poluenypa GopMHUpoOBaHMS OLIEHITIMKOM Majoil BIOOP-
KM PBIHOYHBIX LIEeH M3 T'eHepaJbHOI COBOKYMHOCTM HE MOXET ra-
paHTUPOBATh €€ OJHOPOAHOCTU. IT03TOMYy Ha HayaJabHOW CTaauu
00paboTKU AAaHHBIX XeJJaTeJbHO MPOBeIeHUE MPOBEPKU TUIOTE3bI
HOPMAaJILHOCTU paclipefesieHus] BbIOOPOYHBIX JAaHHBIX O IeHaX
WACHTUYHBIX OOBEKTOB. DTO IMO3BOJIMT OLIEHIIMKY 06ojiee 000OCHO-
BaHHO MPUMEHSTh CTATUCTUYECKUE OLIEHKM JaHHBIX, COOTBETCTBY-
IOLIE STOMY 3aKOHY.

B MmaTemaTuueckoli CTaTUCTUKE CYIIECTBYET PSiJl METOJ0B ITPOBEP-
KU1 HOPMaJIbHOCTHU pactpeneieHusi. Hanbosee n3BeCTHbIM U3 HUX SIB-
JISIeTCSl YMCJICHHBIM METOJ TIpUMEHEHUs KpuTepus X* , pa3paboTaH-
et K. ITupconoM. OgHako mMajbie BBIOOPKU, ¢ KOTOPBIMU OOBIYHO
HUMeeT IeJI0 OLIEHILMK, HE MOTYT JaTh JOCTaTOYHOTO KOJIMYECTBA TaH-
HBIX JUIST IPUMEHEeHUs Takux KpuTepueB. [1loaTomy mokaxem 31ech
0oJiee TpyObie METObI, TTO3BOJISIIOIIME CYIUTh O HOPMAJIBHOCTH pac-
npeaesieHus MaJoli BHIOOPKH.

Ilepen HayamoM 3TOM MpoOLEAYPHI MOJIE3HO MPOBEPUTH BHIOOPKY
Ha MPUCYTCTBYE TaK Ha3bIBAEMbIX BBIACISIOIIMXCS 3HaYeHU. MeTo-
IIbl, TIPUMEHSIEMbIE TSI UX BBISIBJIEHUSI OOBIYHO JOBOJIBHO I'POMO3/I-
ku. B paGote [11] moka3aH MpocToii U JOCTATOYHO CTPOTUA CIIOCO0
pelIeHus 3aJa4u, OCHOBaHHbIN Ha OLIEHKE pa3IMuMil KpaliHUX 3Ha-
YEeHMIA BEIOOPKHU.

ITycth ecTh Manast BbIOOpKa (n = 4):

Y =[67; 103; 104; 110].

Ee mpocMoOTp 1MO3BOJISIET MPEATOIOXUTh, YTO BBIACISIOMIMMCS

3Ha4YeHMEM sIBJIsIeTCs 3HaueHue )| = 67. PaccuntaeM oTHoLIeHNE

x2 —x1 _ 103_67

x,—-x; 110-67

ITonydyeHHY10 BEJIMUYMHY OLIEHUM C ITIOMOIIbIO Tabaulsl 5.1.1, co-
CTaBJIEHHOM JIJIs1 YPOBHS TOCTOBEPHOCTH 95% un=3 — 7:

=0,837.
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Tabauua 5.1.1

OTHoOIIeHUs
Xn = Xn-1 Xpn ~ Xp-1 Xn = Xp-2

n Xn ~ X X, =X X, =X

X — X Xy =X X3 =X

Xp — X1 Xp ~ X2 Xp —X1
3 0,941 1,000 1,000
4 0,765 0,955 0,967
5 0,642 0,807 0,845
6 0,560 0,689 0,736
7 0,507 0,610 0,551

B Tabmmie 5.1.1 115t n = 4 1 ypoBHS TOCTOBEpHOCTH 95% yKa3aHO 110-
rpaHMYHOE 3HAYCHME HAallIEHHOTO OTHOIIeHYs1, paBHOe (,765. [Tockoib-
Ky BblYMCIeHHOe 3HaueHue 0,837 Gosbliie TabJIMYHOI0, MOXKHO CUMTATh
3HayYeHUe y; = 67 BBIIEISIOIIMMCS U UCKJIIOYUTD €T0 U3 BCEX MOCIeayI0-

IMX OIlepalnii IO CTATUCTUYECKOI 00paboTKe IPUBEACHHOI BHIOOPKM.
TOYHO TaK ke MOXXHO MPOBEPUTD MPEATIOTIOKEHUE O TOM, UTO BbIE-

JISIIOIIMMCS SIBJISIETCSl HauOoJblliee 3HauyeHne. BernurHa OTHOIIEHUS

X, =X, _110-104 _
h_“nl = =0,139
x,-x  110-67
3HAYUTEIHLHO MeHbIIIe TadauaHoro 0,765, U, cliefoBaTeIbHO, HET
OCHOBaHMU LISl UCKJTIOYEHHUSI U3 BHIOOPKU HauOOJIbILEr0 3HAYCHUS Yy

= 110.

JononHurenbHbie Tpadbl TAOIULBL 5.1.1 TTO3BOISIOT KCIIOIB30-
BaTh 3TOT CIIOCOO B CIIydyasx, KOTAa IPEIIoJIararoTcs BBIACISIONIN-
MMCSI Cpa3y HECKOJIBKO 3HAUYCHUIA.

Huxe, B maparpage 7.1, oyger paccmorpeH meron CMupHOBa-
I'pab6ca a1 pelieHus Toi Xe 3agaur. BeIMOIHUB oIepaluu Mo 1c-
KJTIOYEHUTO BBIIEIISIONINXCS 3HAUCHU, MOXKHO 3aHSITHCS MPOBEPKOIA
TUITOTE3Bl O HOPMAJIBHOCTH pacIpeeIeHNsI BBIOOPKHU.

OIMH 13 IPOCTENIINX CIIOCOOOB IIPOBEPKM — MCIOIb30BaHME KO-
sduumenta Bapuanuu v = (s / x.,)*100%. Ecnu ero sHaueHue mnpe-
BbIaeT 33%, TO TMTIIOTE3a 0 HOPMAJTLHOCTHU pacIipeesieHUsT BBIOOD-
KU He noarBepxaaetcs. [IpoBepuM BBIOOPKY, TOJIBKO YTO PACCMOT-
peHHy0 Bblle. Ilociae ee OYMCTKU OT BBIACISIOIIMXCS 3HAYECHUIA
umeeM (n = 3):
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Xep = 105,67 1 s= 3,786, uto naet koo puieHT Bapruamu v = 3,58%.

CienoBaTebHO, 3HAYeHUST BLIOOPKU HE MPOTUBOpEUYAT TUIIOTE3e
0 HOopMaJIbHOM pachpeneineHuu. Huske, B maparpage 7.1, Oyaet pac-
CMOTpPEH KpUTepuii cpeaHero adconoTHoro otkjioHeHus (CAO) mis
MPOBEPKM HOPMAJIBLHOCTH paclpeaeeHUs] BHIOOPKMU.

B MaremaTHuecKoil cTaTUCTUKE HApsIAy C TOYEYHBIMU OLEHKAMU
LIMPOKO MCIIOJB3YIOTCSI TaK Ha3bIBaeMble MHTEPBAJIbHbIE OLIEHKH —
WHTEPBaJIbl MEXAY CTATUCTUKAMU, COAEpKallKe ¢ ONpeAcIeHHOM Be-
POSITHOCTBIO MCTUHHOE 3HAUYeHME OlleHMBaeMoro mapamerpa. Jlis
MOCTPOEHUSI UHTEPBAJIbHOI OLIEHKM MTapamMeTpa (HampuMep, cpeaHeit
LIeHBI Llcp) HeobXoanMO HalTH aBe ctaTucTuKU L u UTakue, mpu Ko-

TOPBIX CIIPABEAJIMBO BEPOSITHOCTHOE YTBEPKACHME:
p(LL U< O)=1—a. (5.1.7)

WnrepBan
LU, < U (5.1.8)

HasbiBaeTcs 100(1 — a)-MpoOLEHTHBIM J1OBEPUTEIbLHBIM UHTEPBA-
Jom st L, DTOMY MHTEpBaTy MOXHO AaTh CISAYIOLIYIO MHTEPIIpe-
TalMIO: C BEPOSITHOCThIO (1 — O) B yKa3aHHOM MHTepBaJie OyaeT Ha-
XOIUTBHCA UCTUHHOE 3HAUeHUe 1eHbl. CTaTucTuKu L n U Ha3bIBaIOT-
Csl HDKHEN M BepXHeil TOBepUTEIbHBIMU IPaHUIIAMU MHTEpBaIa CO-
OTBETCTBEHHO, BeJInurHa (1 — a) — JoBepuUTEIbHOMN BEPOSITHOCTHIO,
a BeJIMYMHA 00 — YPOBHEM 3HAUYMMOCTH (BEPOSITHOCTBIO O1IMOKN). Ec-
mu o = 0,1, To nHTEepBan Ha3biBaeTcs 90-TIPOILIEHTHRIM JOBEPUTEIIb-
HBIM MHTEpBanoM st L,

PaccMoTpuM mopsiiok onpeaeneHus: J0BEpUTEIbHOTO MHTEpBaia
7151 cpenHero 3HayeHusl. Ilycth nuctuHHas ueHa Ll (cooTBeTCTByeT
MaTeMaTU4YeCKOMY OXUIaHUIO 1) 00beKTa Heu3BecTHa. MiMeeTcs Bbl-
Oopka n IIeH WUACHTUYHBIX OOBEKTOB, TPEACTABISIONIAs COBOKYII-
HOCTh HOPMAJILHO pacIpele/ieHHBIX CIyJalHBIX BeaWyrH. 1o BBI-
Oopke HaiiineHbl cpenHee 3HaveHue Ll 1 cpesHee KBagpaTnyeckoe
oTKJIOHeHUe s. I3 MaTeMaTnuecKoil CTaTUCTUKN M3BECTHO, YTO BBI-
OopoyHast QyHKIINS

A - (5.1.9)

MoAuYuHsIeTCs f-pacnpeaencHuo CteiofaeHTa ¢ (n — 1) cTeneHsIMu
¢cB00OIbI. PYHKIIMS TUIOTHOCTH BEPOSITHOCTH #-pacIipeieIeHHsI IIPo-
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TabynvpoBaHa. [1py yBenmueHnM yncia HaOMIONEHW # — o f-pac-
MpenesieHue TIePEXOIUT B HOpMaJIbHOE pacIipeie/ieHuE.

151 3aIaHHOTO YPOBHST 3HAUMMOCTHU O M m = (n — 1) cTereHel cBo-
0o1bI TAONULIA /-PACTIPEETIEHNUS YKA3IBAET KPUTUUECKOE 3HAUCHUE fy .

ITpu 3TOM 1OBEPUTENLHBIN MHTEPBAJ 11 UCTUHHOM LieHbI 1] 00b-
eKTa MPUHUMAET BUI;

L, 2 ti,s/\n (5.1.10)

®parMeHT TabMULbI -pacnpeneyeHus OJsl YPOBHSI 3HAUUMOCTH

o = 0,1 (mpu AByXCTOPOHHEM OTPaHUYEHUU) U UUCET CTeTIeHEel CBO-
oonwl ot 1 1o 5 UMeeT BUL:

Tabauua 5.1.2
Yuco creneneit Kpmpua =0,1 Ip pu 0 = 0,05
cBOOOIBI M
1 6,31 12,7
2 2,92 4,30
3 2,35 3,18
4 2,13 2,78
5 2,01 2,57

PaCCMOTpI/IM Jlajiee MCIOJb30BAHME METOIOB MAaTEMaTUYe€CKOM
CTaTUCTUKU TIPU PCIICHWM HCKOTOPLIX BaXXHbIX 3aJda4, C KOTOPbIMUA
HauboJjiee YacTo CTAJIKMBAETCSl OLCHIINK.

Knaccndukamusa nanasix. Kinacrephblii ananms3

I1pu npoBemeHNN OIIECHKH M, OCOOEHHO, MacCOBO OLIEHKU 0060-
pYIOBaHMSI Ha TIEPBOM 3Talle BECh MAacCUB OILIEHWBAeMBIX OOBEKTOB
00BIYHO Pa30MBAIOT Ha TPYIITEI OMHOPOIHBIX IO COBOKYITHOCTH TIPH-
3HAKOB MAIllWH, TO €CTh PelIaloT 3a1avy KiacCupUKauyu. MallIHbl,
BKJTIOYaeMEBIe B OHY TPYIIITY, TT0 BO3MOXHOCTH, JOJKHEI HAXOIUTHCS
Ha HeOOJIBIIIOM PAaCCTOSTHUM IPYT OT Apyra B MPOCTPAHCTBE BHIOpaH-
HBIX TIpU3HAKOB. I pelieHusT TTOTOOHBIX 3aJa4 MOXKET OBITh MC-
ITOJTb30BaHO HECKOJIBKO ITOIXOI0B.

OOBIYHO WCITOB3YIOT 3BPUCTIYSCKUMA MOIXOI K TPYIITHPOBAHUIO
00BEKTOB, OIMpAIOLIMIICS Ha pa3HOTO poaa KiaccupuKaluuu
(OKO®D, otpacneBnie KiaccrudukaTophl 1 T.11.). OCHOBOM Tomxoaa
4acTo SBIISIIOTCS WHTYWTHBHBIE cooOpakeHMs. IIpM HeTOCTaTOUYHO
3HAKOMOM OLICHILIUKY 000PYIOBAaHUHU 3TOT MOAXO0] MOXET 0Ka3aThCsl
3aTpyaHUTEIbHBIM. [Ipu pellleHUM 3aga4u B 9TOM Cilydyae Hepeako
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BCTPEYAIOTCSI CUTYallMU, KOTJa, C OJJHOW CTOPOHBI, €CTh XeJJaHUE YK-
PYITHUTD TPYIIITHI OIIEHUBAEMBIX OOBEKTOB, a C IPYroil, — HET yBe-
PEHHOCTH B UX KJIaCCU(DUKAMOHHOIH OMHOPOAHOCTH.

JpyruM crmocoboM pellreHusT 3aJadyu TPYMIUPOBaHUS OOBEKTOB
SIBJISIETCS CTATUCTUYECKUIA MOIXO/, TTO3BOJISIIOIIUI B psifie CIyvyaeB B
3HAYUTEIbHOW CcTereHu dopManu3oBaTh mpoluecc. Ecaum oObeKThI
OLIEHKM MUMEIOT HECKOJIbKO MPU3HAKOB, 3aa4a MOXET ObITh pelieHa
METOAaMU KJACTEPHOr0 AaHAJM3a, CIELMaIbHO MPEeJHa3HAYEHHOIO
7151 pa30MEeHMST COBOKYITHOCTH # OOBEKTOB Ha OHOPOIHbIE B HEKOTO-
pPOM CMBbICJIe TPYIIbl (WX KJIAcChl), Ha3biBaeMble KaacTepamu. Taxk
KakK MeTOJ SABysieTcsl (popMaTbHBIM, HEOOXOIUMO UMETh HEKOTOPBII
KpPUTEpUii KauyecTBa pa30MeHMsI, KOTOPHIN MO3BOJUT COTMOCTABIISTH
aJbTepHATUBHBIC BApMAaHTHI TPYIITUPOBOK. B KauecTBe KpuTepus Ka-
yecTBa KiaaccuuKaluu 00beKTOB MOXET ObITh UCIOJb30BaHA BO3-
MOXHOCTb COAIepKaTeIbHOM MHTEPIIPeTalluy HaiIEHHBIX TPYITIL.

Kak mpaBuio, ncxogHasts nHGOpMaIdsi UMeeT BU MPSIMOYTOJTb-
HOM TaOJIUIIBI, CTPOKAMM KOTOPOM SIBIIIOTCS OOBEKTHI OIICHKH, a
CTOJIOIIAaMU — WX KIacCU(PUKAIMOHHBIE TTPU3HAKY, B POJIM KOTOPHIX
00BIYHO BBICTYMAIOT HauboJiee BaxkKHbIe MoKa3aTeau (HakTopsl) 00b-
ekToB X. I[TycTh B 0011IeM ciTydyae uMeeTcs # 00bEKTOB, 00aAat0IIUX kK
npusHakamu. Torma tabauiia npuoOpeTeT BUI MaTpUllbl X:

%’611 X2 - xlk%
21 X2 o XoxO
X=0 O (5.1.11)
O o e g
@Cnl Xp2 e xnkg

Ecnu 06bekThI X, 00pa3yoolide MaTpUlly, UMEIOT HECKOJIbKO MpPH-
3HaKoB (k > 1), 3agaya kinaccubuKaly MOXET ObITh pellieHa MeToAa-
MM KJIACTEPHOT0 aHAIM3A.

OOBbIYHO cTapatoTcsl chopMupoBaTh MaTpully X TakK, YTOObI ee
3JIEMEHTBI COOTBETCTBOBAIU MEPEMEHHBIM OJJHOTO THUIIA, OOBIYHO KO-
JInyecTBeHHBbIM. KauecTBeHHbIE U paHTOBbIE MIEPEMEHHbIE 3aMEHSIIOT
YucIaMU HaTypaJibHOTO psina. Hampumep, pasHoBUIHOCTHU (pesep-
HBIX CTAHKOB — BePTUKaJbHbIE, FTOPU30OHTAJIbHBIE U YHUBEPCAJIbHbIE
MOTYT OBITh 0003HauYeHbI Hpamu 1, 2 1 3 COOTBETCTBEHHO.

KnacTtepHblil aHaIM3 0OBIYHO HAUYMHAETCS C ONPENEIEHUS pacCTO-
SHUHR P(x;, xj) MEXAY KaXIIoil mapoii BXOOSIIMX B MaTpuIly X o0ObeK-
TOB. OGBEKTHI, Y KOTOPBIX PACCTOSTHHUE P(X;, X;) OKAXKETCSI MCHBLIIE He-
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KOTOPOTO 33aJaHHOTO ITOPOrOBOTO 3HAYEHUSsI, CYUTAIOTCS OMHOPOI-
HBIMU, TIPUHAIEXAIIUMY OJHOMY KJIacTepy.

Bri6op meToza onperneneHnst pacCTOsIHUSL P(X;, X;) U 3aaHue ero
MOPOTrOBOI0 3HAYEHMSI SIBJISIIOTCSI BAXKHBIMU MOMEHTaMU KJIacTepHO-
ro aHaJIM3a.

B nanbGosee oOiiemM ciyyae OOBIYHO MCIIOJB3YIOT 0000ILEeHHOE
(B3BellIeHHOE) paccTosiHue MaxanaHno6uca [19]:

p(x;, x)2 = (x; = x) T ATETIACx; - x;) (5.1.12)

TIe X;, X; — i-#1 ¥ j-11 BEKTOPBI-CTPOKU MaTPULIbI X,

A\ — IuaroHajibHasi MaTpHUIila BECOBBIX KO(P(PUILIMEHTOB,

> — KOBapuallMOHHas MaTpula.

Hpyrue ¢hbopMyibl 1U1s1 ONIpEAEIeHUsT pACCTOSTHUM SIBJISIIOTCS YacT-
HBIMH CITy4asgMu GOPMYJIBI 11 P(X;, xj).

Hanpumep, eciau dakTophbl (Mpu3Haku) 00bEKTOB B3aUMHO He3a-
BUCHUMBI 1 MPeIBAPUTEIbHO HOPMUPOBAHBI, TO MOXET ObITh UCITOJIb-
30BaHO 00ObIYHOE EBKIMI0OBO paccTOsTHUE:

PECKs X)) = (x; — )" (x; = ). (5.1.13)

ITpenBapuresibHOE HOPMUPOBAHUE KaXKAOTO M3 MPU3HAKOB IPO-

W3BOAMTCSI B 9TOM CJIydae ITyTeM IEJICHMS eTO LIEHTPUPOBAaHHON Be-
JIMYUHBI HA CpeIHee KBaapaTHIeCKOe OTKIOHEHME:

xi ==X, (5.1.14)
51
rae x;; — 3Ha4YCHUEC /-ro mpu3HaKa y i-ro 00beKTa;

X; — cpeHee apubMeTHYECKOE 3HAUEHUS 1-ro MpU3HAaKa,;

|
e ‘e“l (xil _xl)g — cpedHee KBaApaTUYeCKOe OTKJIOHEHUE
\'n [-ro mpu3Haka.

PaccMoTpyM mpuMeHeHHMe KIacTepHOTO aHajim3a Ha IPOCTOM
IprMepe.

ITycth TpeOyeTcst mpoBecTH Kiaaccudukaiumo # = 9 dpe3epHbIX
CTAaHKOB (CTPOKM MATpUIIBI X), KaXKIBIA N3 KOTOPBIX XapaKTepU3yeT-
cs1 k= 4 npusHakamu (cToaoibl X):

1) mIMprHa CTOMA, MM;

2) JUIMHA CTOJIa, MM,

3) MOIITHOCTH TJIABHOTO 3JIEKTPOABHUTATENS, KBT;

4) 1eHa, ThIC. py0 (BCE CTAHKM C pPyYHBIM yIIpaBJIeHUEM).
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ITpoBeaeM pelieHue 3agauv C UCIOJIb30BaHWEM MHTETPUPOBAH-
HOI ccTeMBbI MaTeMaThdeckoro monenpoBannst MATLAB 6 (maker
nporpaMm Statistics Toolbox).

WcxoaHble JaHHbBIE IEPBOHAYAIBHO BBOISITCS B BUIE

x=1[250 1000 7.7 509; 320 1250 7.7 488; 320 1250 7.7 494; 320 1250
11.5624; 400 1600 14 618; 400 1600 11 640; 400 1600 15 675; 400 1600
26 688; 320 1250 7.7 550],

a 3aTeM IIpeodpasyloTcs B MaTpuLy X:

250 1000 7,7 509 (B mepBoii KOJOHKE — IIMPHHA CTOJA,
320 1250 7,7 488  Bo Bropoil — jUIMHA CTONA, B TPEThEH —
320 1250 7,7 494  momHOCTD SMEKTpOABUTATENsl, B UeT-

320 1250 11,5 624  geproii — weHa craHKa).
400 1600 14,0 618

400 1600 11,0 640

400 1600 15,0 675

400 1600 26,0 688

320 1250 7,7 550

ITpusHaku (pakTopbl) paccMaTprBaeMbIX OOBEKTOB HEIb3sl CUM-
TaTh MOJTHOCTHIO He3aBUCUMBIMA. HampuMep, pa3Mepsl cTona o4yeHb
4acTO KOPPEIUPYIOT APYT C IPYTOM M MOIITHOCTBIO 3JIEKTPOJIBHTATE -
7s1. KpoMe Toro, 3HauMMOCTh TPU3HAKOB — pa3ndHa. B aToM cirydyae
B KauecTBe Mepbl 0JM30CTU OOBEKTOB OOBIYHO MCMOJIB3YIOT 0000-
LIEHHbIE (B3BEIIEHHbIE) paccTosiHMe MaxanaHoouca. 3HayeHusI pac-
CTOSIHUI MEXIy 00beKTaMU 00pa3yeT BeKTOp-cTpoka Y.

Y1 = pdist(x, ’'Mahal’)

Yrt0o0nI OBUIO YIOOHEE aHAIM3UPOBAThL PE3yJIbTaThl pacuyeTa, MMe-
fOIlIMe BHUI JUIMHHOM BEKTOP-CTPOKU Y1, MOXHO TIPEICTaBUTh UX B
BUJIe KBaApaTHON MaTpUIIEI Y:

Y =squareform(Y1)
Y =

0 3.4080 3.3513 3.7465 3.2807 3.4511 3.2743 3.9336 3.2017

34080 0 0.1642 3.2688 2.1245 2.8260 2.8455 3.2755 1.6963
3.3513 0.1642 0 3.1115 2.0831 2.7320 2.7314 3.2447 1.5322
3.7465 3.2688 3.1115 0  3.4672 3.1841 2.5174 3.5377 1.7059
3.2807 2.1245 2.0831 3.4672 0 1.2806 1.4268 2.8714 2.3045
3.4511 2.8260 2.7320 3.1841 1.2806 0 1.0174 3.7194 2.2770
3.2743 2.8455 27314 2.5174 14268 1.0174 0 2.9465 2.0303
3.9336  3.2755 3.2447 3.5377 2.8714 3.7194 2.9465 0 3.3546
3.2017 1.6963 1.5322 1.7059 2.3045 2.2770 2.0303 3.3546 0
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Martpuia Y1 — kBagpartHas. Ee pa3zmep onpenensieTcss KOJIuyecT-
BOM KJaccupuipyemMbix o0beKTOB (B JaHHOM ciy4yae ux 9). Dne-
MEHTBI MAaTPHIILI COOTBETCTBYIOT PACCTOHUAM MEXKIY 00bEKTaMU, TO
€CTb OTTpeAeIIAIOT UX 61M30CTh. HammpuMep, 4eTBepTast CTpoKa MaTpu-
IIBI COOTBETCTBYET YETBEPTOMY OOBEKTY, a UMCJIa B CTPOKE — OJIM-
30CTh €T0 K OCTAJIbHBIM 00beKTaM; () B UeTBEPTOM CTOJIOIIE COOTBETCT-
BYET CAMOMY YETBEPTOMY OOBEKTY.

[aiee ocyIIecTBIsIeTCS MOCIeI0OBaTeIbHOE 00beAMHEHE CHA-
yajia caMbIX 0JIM3KUX OOBEKTOB, a 3aTeM U Bce OoJjiee 1 0ojiee oTaa-
JIEHHBIX Apyr oT apyra. Ilpoueaypbl Kiaccudukauuu (Kjiaactep-
MIPOIEAYPHI) MCTIONB3YIOT IUIST TOTO Pa3INYHBIe aaropuTMBL. [1o
YMOJTYAHUIO TIPUMEHSIETCSI aJTOPUTM «OJIMXKaiilero coceaa». Z =
linkage(Y).

DyHKIMA BO3BpAalllaeT MaTpULly Z, UMeIoylo (n — 1) cTpoky u 3
CTOJIOIIA M cofepXKalnyio MHGOpMaIIHio 00 HMepapXWIeCKOM JIepeBe
KiacTepoB (TIepBEIE IBa CTOJIOIIAa — HOMEpa KIacTepoB; TPETHH —
B34TO€E U3 MaTPHUIILI Y pacCTOSTHUE MEXIY HUMM):

Z =
2 3 0.1642 c obpa3oBaHKEM HOBOIO 00beKTa C MHAECKCOM 10
6 7 1.0174 c obpazoBaHMEM HOBOIO 00bEKTa C MHIAEKCOM 11
5 11 1.2806 c¢ obpa3oBaHKEM HOBOIO 0OBEKTA C MHAECKCOM 12
10 9 1.5322 c obpa3oBaHMeM HOBOro 00ObeKTa ¢ MHASKCOM 13
13 4 1.7059 c obpa3oBaHMeM HOBOTO OObEKTa ¢ MHAEKCOM 14
14 12 2.0303 c obpa3oBaHMEM HOBOroO 0OBbEKTa C MHAEKCOM 15
15 8 2.8714 c obpa3oBaHMEM HOBOIO OOBEKTA C MHIEKCOM 16
1 16 3.2017

Pesynbrar kmactepusanmm TpaduuecKd OTOOpakaeTcsl B BHIE
JieHaAporpaMMmbl: dendrogram(Z).

Huxnaunit ypoBeHb IEHAPOrpaMMBI 00pa30BaH UCXOAHBIMU O0OBEK-
Tamu (¢ 1 mo 9), KoTopble 3aTeM 00BEAUHSIIOTCSI MOMAapHO (B 3aBUCH-
MOCTH OT PAaCCTOSTHUS MeXIy HUMI), 00pa3ys HoBbIe KiacTepsl (¢ 10
o 16), KOTOpBIe TAKKE MOTYT OOBETMHATHLCS TTOMAPHO B 3aBUCUMOC-
TH OT B3aMMHOTO PACCTOSTHUS 1 T.II.

Ecnu 3agaTh yncio KiaacTepoB paBHbIM 3 1 4 (3TO clienyeT U3 IeH-
JIpOrpaMMBbI, The OJM3KMEe OOBEKTHl PACHONIOXWMINCE OO0 YPOBHS
2,0303), ToO MOXXHO MOCMOTPETD, KaK pacipeaeIMJIMCh IO HUM UCXO/I -
HbIE JIEBSITh OOBEKTOB:
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1,5

0,51

1

0 2 3 9 4 5 6 8
Puc. 5.1.2. lenaporpaMma, noJTydeHHas MPU KJIACTEPHOM aHAJIM3e

T = cluster(Z,3) T = cluster(Z,4)
T= T=
3 4

1 1

1 1

1 1

1 2

1 2

1 2

2 3

1 1

B neBoMm cTonbue Imoka3zaHa KiaaccUpuUKauusa ¢ 00beAMHEHHUEM
00BEKTOB B TPU KJ1acTepa (rpydast Kjiactepusalusi), B IpaBoM — B Ue-
ThIpe Kj1actepa (0oJiee TouHas Kiaactepusanus). Bee 1eBsiTh 00beKTOB
PACIIOJIOXKEHBI B CTOIOLAX 1O MOPSIAKY, cBepXy BHU3. LIudprl moka-
3bIBAlOT, B KaKOil KjacTtep momnajil o0bekT. Hampumep, u3 jeBoro
cToJIOLIa BUIHO, YTO B ITEPBHIN KJIacTep Momnajan o0beKTh 2, 3,4, 5, 6,
7, 9; BO BTOpOIi — 0OBEKT 8; B TPETUIL — OOBEKT 1.

IMonyuuBiiasics Kiaaccudukanus 00beKTOB BhISIBWIIA, YTO HAU0O-
Jiee BaXXHBIM IIPU3HAKOM paccMaTpUBaeMbIX OOBEKTOB OKaszalach
IIMPUHA CTOJIa CTAHKOB — OJMH U3 OCHOBHBIX pa3MepoB. I1pu pasne-
JIeHMH OOBEKTOB Ha YeThIpe KjlacTepa B 1-ii momaam Bce 0OBbEKTHI ¢
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mwupuHoit ctona 320 MM, BO 2-if — 0OBEKTHI C IIUPUHOI cTona 400
MM, 332 HCKJIIOUYEHHMEM BOCBMOTIO, KOTOPBIM OCHAIlleH ABUTATEJIeM,
MOIITHOCTH KOTOPOTO (26 KBT) CyIIeCTBEHHO BHIIIIE, YeM Y OCTATBLHBIX
cTtaHKoB Takoro pasMmepa (11—15 kBt). OH oka3zajicsl B OTAEIbHOM 3-
M kiactepe. Hakonell, B 4-i1 Kjlactep moraj ToXe OJWH TepBbIii 00b-
€KT, y KOTOPOTO IIIMpUHA CTOJIa cocTaBsieT 250 MM.

KauectBo kiactepuszaluny UCXOAHBIX OOBEKTOB MOXHO XapaKTe-
pu30BaTh KO3(pPUIIMEeHTOM p — aHaJI0roM Ko3(dULMEHTa KOppesi-
uuu. Yem 61mke 3HaUeHMeE p K 1, TeM Jiydllie KauyecTBO pa30ueHUsI UC-
XOJHBIX OOBEKTOB Ha JIEPEBO KJIAaCTEPOB.

p=cophenet(Z,Y1)

p =0,8605

Koadpdumment p = 0,8605 aBnsgeTcss 1OCTATOYHBIM JIJI TOTO, YTO-
ObI cUMTaTh KJIaCTePU3aLIMI0 MacCUBa 0ObEKTOB XOPOIIIEiA.

OneHKa NOTPENIHOCTH CPEIHEr0 3HAYEHHUS IIEHBI

OCHOBO#T MHOTHX BaXXHBIX OTIEpalldii IO CTATUCTUIECKOM obpa-
60TKe coOpaHHOM MH(GOPMALINHT SIBJISIETCS, KaK U3BECTHO, BEIYMCIIE-
HUe TTOoKa3aTelIei, XapaKTe pU3YIONINX CTeTIeHb CIIyJaifHOTO BapbHUPO-
BaHUS JaHHBIX. YacTo TaKMM ITOKa3aTesieM CIIYXKUT OlLIeHKA CPeTHETO
KBaJIpaTUIeCKOro OTKIOHeHMS s. OHa MCITOIb3yeTCs, B YACTHOCTH,
Ipr 00pabOTKe TeX COBOKYITHOCTEH MaHHBIX, JJISI KOTOPHIX MPaBO-
MOYHO BEIYHMCJICHUE CPEIHUX.

Hcmonw3ys, HampuMep, MPU CPaBHUTETEHOM TIOIXOAE CpeaHUe
3HAYEHMS, TTOJYIeHHBIE YCPeTHEHNEM PBIHOYHBIX IIeH MACHTUIHBIX
00BEKTOB, OLICHIITHK JOJIKEH TOMHUTH O TOM, YTO KMEET JIEJIO CO CITy-
YafHBIMUY BeTMarHaMU. [103TOMY OH JOJKeH OBITh YBEPEH B TOM, UTO
MTOTPEITHOCTh HANIEHHOTO TaKUM OOpa3oM CpeIHETO 3HAYCHUS He
TIPEBBIIIACT 3aJaHHOTO MPeIeTbHOTO 3HAYCHUS.

Ormmupasich Ha OIEHKY § U CITeIMaIbHbBIe TAOIUIIBI TI0 3HAYCHUSM
fips MOXKHO HCTIOJIB30BATH [UIs 9TOM LIeJIM MHTEPBAJIbHbIE OLEHKH.

PaccmoTpuM naHHy10 TpobsieMy Ha MPOCTOM MTPUMEDPE.

ITycth cobpaHHas uHdopmalrs o ieHaX UAEHTUYHbBIX OOBEKTOB
MPU MPUMEHEHUY CPABHUTEJIBHOTO MOAX0/1a MPEACTABISIET COO0i CO-
BOKYIHOCTb # = 4 cy4ailHbIX 3HAUECHUIA:

Y=101; 110; 110; 120 [TBIC. AEH. en.].
Hx cpenHee 3HaueHME TaKXKe SIBJISIETCS CTydYaiiHOM BETUUMHOM:
Yep = 110,25.
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ITo npuBeaeHHBIM BbIlIe popmyaam 5.1.4 u 5.1.5 MOXXHO HaWTU
OLIEHKY CPEIHEero KBaapaTUueCKOro OTKJIOHEHUs (JIy4llle UCMOJIb30-
BaThb 1151 3Toro Excel):

s=1,76.

st ypoBHs 3Haummocty o = (0,1 M 4mcia cTeneHeil CBOOOIBI

(n — 1) = 3 TabnnyHOe 3Ha4YCHHE #,, = 2,35 (cM. TabL. 5.1.1).

HosepurenpHbiit nHTepBa st L, paBeH:
D=2, s/\n=1824. (5.1.15)
ITpu 3TOM MOTPeNTHOCTD OIMpeAeIeHNs] ICTUHHON IIeHBI He TIpe-
BBIIIIACT:
I1=100(D / (2Lp))% = 8,27%. (5.1.16)
[MpuHSB 1OMTyCTUMYIO IOTPEITHOCTH CpeaHero He 6omee 10%, mo-
JIyYYUM BO3MOKHOCTH KOHTPOJMPOBATH Pa3dpoc IIeH MIECHTUIHBIX
00BEKTOB B cOOpaHHOI MH(popMalMu. Eciu morpeiHocTb OKaxeTcst
6osee 10%, MOXKHO TOOUTHCS €€ YMEHBIICHUSI, UCIIOJIb3Ysl IPYTHE UC-
XOJIHBIE TaHHBIE, NAIOI1e MEHbIIIee 3HAYEHUE CTAHAAPTHOTO OTKJIO-
HeHus s (cM. dopmyibl 5.1.15 1 5.1.16).

ITpumeHeHHe KOPPEIAIMOHHOTO AHAIN3A B OllEHKE MAIIMH

KoppensauiMoHHbI aHanu3 SBASETCS OOHUM M3 CTaTUCTUUYECKMX
METOJIOB aHajiM3a B3aMMO3aBUCUMOCTU ABYX WJIM HECKOJbKHUX CITy-
yaiiHbIX BeJMYMH. OObIYHO TMpU cObope LIeHOBOW MHGpOpMallUu pe-
3yJIbTaThl COAEPXKAT HE TOJIBKO 1IeHY 00beKTa, HO U HEKOTOPbIE €Tro
napamMeTpbl (mpu3Haku). [Tpu pellieHUU MpakKTUYECKUX 3a7a4 OlLeH-
KM 4acTO HEOOXOAWMO BBISICHUTb CYIIECTBEHHO JIM BJIUSHUE 3TUX
MPU3HAKOB Ha 1IeHy o0bekTa. B posy Mpu3HaKoB MOTYT BbICTYNaThb
OCHOBHbIE pa3Mepbl U ToKa3aTeard MOTPeOUTEIbCKUX CBOWCTB Olle-
HUBaeMoro oobopynoBaHusi. B ciiyyae CylieCTBEHHOCTU BIWSIHUS Ka-
KOro-aubo TMpu3HaKa Ha 1leHy OH TPU3HAeTCs 1LIeHOOOpa3ymlum
(aKkTOpOM U y4acTBYET B IOCTPOEHUU PETPECCHOHHOMN MOJE LIEHBI,
B IPOTUBHOM CJlyyae — OTOpachbIBaeTCsl KakK BTOPOCTETIEHHbIM.

Hixe umznaraiorcsi METOAbl OLIEHKM B3aMMO3aBUCUMOCTU MEXTY
JIByMSI CJTydaiiHbIMY BeJIMYMHAMU (METO/IbI TTapHOU Koppessiuyn). Kpo-
M€ TOTO, PacCMaTpPUBAETCsl TOJABKO JIMHEHasH CBSI3b MEXIY BeJMYMHA-
mu. Ha npaktrike 3Toro 4yacto ObIBaeT OCTaTOUHO 151 pelieHrs 00Ib-
LIMHCTBA 3aJa4 C MOrPELIHOCTbIO, IOMYCTUMON MPU OLIEHKE MAaIlIVH.

B ocHOBe 13/10:)KeHHOTO HUXXE MaTepuralia JeXUT NOMylIeHre, YTO
nmap faHHbIxX (x1;1),(; ) ... (x,;11,) 06pa3yroT BEIOOPKY M3 IeHe-
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paJibHOM COBOKYITHOCTHU, JJISI KOTOPO#l ciaydaiiHbiii BekTop (X; 1)
YIOBJIETBOPSIET JABYMEPHOMY HOpPMaJIbHOMY pacripeaeneHuto. Pac-
CMOTPUM JIB€ He3aBHUCUMbIe BbIOOpKHU (puc. 5.1.3 au 5.1.3 6).

D | x i 8 | x 0
8 280 12 280
12 390 22 390
14 422 17 422
20 700 8 700
21 735 19 735
750 - 750 N
700—] ° 700 — L]
650 —] 650 —]
600 —] 600 —]
550—] 550—]
500— 500—|
450 — 450 —
400 —| ° * 400—] f
350—] 350—]
300— 300—] °
250 T T T T T T 250 T T T T T T
10 12 14 16 18 20 22 10 12 14 16 18 20 22
a) Breibopka (x; 1) 6) Beioopka (xy; L)

Puc. 5.1.3. Tpaduyeckoe npeacTapieHne BbIOOPOK

W3 puc. 5.1.3 a BugHO, 4TO MKy 3HAYECHUSIMU X U [] He CcyIecT-
BYET OTYETJIMBOM (PYHKIIMOHAIbHO 3aBUCUMOCTU, OMHAKO OOJIBbIIUM
3HAUEHUSIM MPU3HAKA X COOTBETCTBYIOT OOJIbIIIME 3HAYEHUSI LIeHbI 1],
Bmecte ¢ Tem u3 puc. 5.1.3 6 BUAHO, YTO MPAKTUIYECKU OTCYTCTBYET
KakKasi-Tm0o CBI3b MEXIY 3HAYEHUSMU LIEHBI /] ¥ TPU3HAKOM X;.

[Tono6HO TOMY KaK 3TO ObLIO MTOKA3aHO BhIIIE, OMPEAEIUM CPe-
HUE 3HAUEHUSI U BHIOOPOYHbIE CTAHAAPTHBIE OTKJIOHEHUS ABYX CIIy-
YaliHBIX BEJIMYMH IO BHIOOPKE a):

Xep = 15,0; s, = 5,4772;
1, = 505,4; s;r=201,0360.

DTH YeThIpe apaMeTpa COOTBETCTBEHHO XapaKTePU3YIOT MpU3Ha-
KM x 1 1], To ecTb ux pacrpeneneHus. s onpeneneHus CUibl (Tec-
HOTBI) CBS3U MEXAY MPU3HAKaAMU X U ] NCTIONb3YIOT SMITUPUIYECKYIO
KOBAPHAIMIO MEXITY HUMU, 0003HAYAEMYIO YEPE3 Sy; U OTpesieisie-

MYIO CJIeAYIOIINM 00pa3oM:
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1 =~
SxIp :ﬁlgl(xi _xcp)(ui _l[cp). (5.1.17)

B nannom ciydae s, ;= 10900.
KoBapuauus s,.j;, Kak 370 BUAHO U3 GpopMybl 5.1.17, MoxXeT OBITh

MOJIOKUTEJIbHOM 1 OTpULIATeIbHOM. BoJbliine oTpuilaTe/IbHble 3Ha-
YEHUSI COOTBETCTBYIOT CIIydalo, KOraa MeXIy CIydailHbIMM BEJIU4M-
HaMM CYIIECTBYET CUJIbHASI CBSI3b, HO TaKasl, YTO MPH YBEJIMUECHUH X
1ieHa /] ymenpiaercs. Hanpumep, Takoii cirydyaii BCTpedaeTcsl, eciiu
MPOBEPSIETCSI TECHOTA CBSI3M MEXIY ILIeHOU [/ KOpMOyOOpOYHOIo
KOMOaifHa ¥ KOJIMYECTBOM X OTPabOTaHHBIX UM MOTOYACOB.
Hopmupys s,/ ¢ TOMOILBIO CPENHMX KBAAPATUIECKUX (CTAHAAPT-

HbIX) OTKJIIOHEHWH Sy U $77, TIOJYIUM SMITUPUYECKUIA KOIDDUIIMEHT
KOPPEJISILIAM Fy jy MEXJTY CITyYaiiHBIMU BeTMUMHAMY X U 1.

OMIMPUYECKUN KOIDPULIMEHT KOPPEISILMU Fyyy Pl TAHHBIX,
COCTOSIINI W3 Iap 3Ha4YeHui (x;; 11;), paBeH:

g('xi _xcp)(l[j _Hcp)
Fepg == - (5.1.18)
(3 (5 =33 (U = Ly ))-

KosddurmeHT Koppessiimu ry; eCTh Mepa CHITBI (TECHOTHI) U Ha-

MIpaBIIeHUS JUHEHOM CBSI3M MEeXIy 3HAUCHUSIMU X U L] B psIIy M3Me-
peHnit oobema n. [1o ompemeneHNI0O OH MOXET TIPUHUMATH JIIOOBIE
3HAa4YeHWS OT -1 1o +1, TaK 9TO IIJIsT HETO CIPaBeIIMBO HEPAaBEHCTBO:

-1< rxu< + 1.

Ecan rypp > 0, TO rOBOPAT O MOJOXKUTENBHOM KOPPEISILUU, PU
I < 0 MMeeT MecTo oTpuiaTesbHast Koppessiiys. Yem Gosblie no

abCOIOTHOIM BeJMYrHe KO3(MMUIIMEHT KOPPENSIIUU, TeM CUJIbHEe
CBSI3b MEXXIY CIIyJaliHBIMU BenanHaMmu. [1pu HyneBoM Koadpduim-
€HTE Fyyy CBA3M HET COBCEM, TIPU Fyyy =1 MeXIy NBYMS BEJUUMHAMU

CYILECTBYET (PYHKIIMOHAIbHAS CBS3b.

B paccmarprBaemom nipumepe ryp = 0,9894.

IIpu pelieHUN NpaKTUIECKUX 3a1a4 HA OCHOBE BEIOOPOK OOBIYHO
BO3HMKAET HEOOXOAMMOCTb OLIEHKU CYIIECTBEHHOCTH HalIEHHOIO
ko3 duLreHTa Koppeasauu. JIMib nocjie mojay4yeHus] TaKoi OLeH-
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KU MOXHO TOBOPUTh O BOBMOXHOCTH €ro MPUMEHEHUs KO BCell TeHe-
paJibHOI COBOKYITHOCTH, M3 KOTOPO B3sITa BEIOOPKA.

B cnyuyae, xorma auHelHbIH KO3GhGUIUEHT KOPpeassiuu, Moy-
YEHHBIU 0 JAHHBIM OTHOCUTEJBbHO MaJlol BEIOOPKU, BEJIMK, — pac-
npejeeHrue ero oleHOK CUJIbHO OTJIMYAeTCsI OT HOPMaJbHOTO pac-
npeaeaeHust (MosiBJIsieTCsl 3HaYnuTebHast acumMeTpust). [Tpuyem cu-
Tyalusi 3Ta JOCTaTOUHO TUITMYHASI.

B Takux ciydasix BbIABUTaeTCsI TUIIOTE3a O TOM, YTO 3HaUYE€HHE KO-
3¢ GULIMEHTa KOPPEISLUUU F B TeHEepaJbHOW COBOKYITHOCTU PaBHO
HEKOTOPOii BeJIMYMHE, OIU3KOM K HAICHHOMY 3HAYCHUIO Fyfj, Ha-

npumep, ¥ = 0,9. 1 mpoBepKH 3TOM THUITOTE3bI TIPUMEHSIIOT JIoTa-
pudmMmdeckoe mpeodbpazoBanne Ouirepa:

1+r
7=0,5In—>&
r
B paccmaTpuBaeMom npuMepe z = 2,62. BeimuuHa z uMeer pac-
peaciacHue, KOTopo€ ¢ BO3paCTaHUEM N aCUMIITOTUYCCKHU HpI/I6J'II/I—
2KaeTCd K HOpMaJIbHOMY paCIip€acI€HNI0 CO CPEAHUM 3HAYCHUCM!

1+
—0,5In— T
l=ry 2(n 1)

1 CTaHaAapTHbBIM OTKJIOHCHHUEM

1
0, =—F—

Z i
vn-3
B npumepe z., = 1 ,58 u 0, = 0,71. ['vmore3y o mnpeanonaraéMom

KO3 GULNEHTE KOPPEISIILUU 7 TeHEePaJTbHON COBOKYITHOCTU IPOBE-
_ X7 %
PSIIOT, CPaBHMBAsL BEIMUUHY Z _—0 ¢ TaOJIMYHBIM 3HAYEHUEM
z
Zyep WIS BBIOPAHHOTO YPOBHSI 3HAUYMMOCTH O ¥ YHCJIa CTeIIeHel CBOOO-

Ibl (n — 2) (Taba. 5.1.3).

Tabauya 5.1.3
a 0,1 0,05
Zip 2,58 1,96
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Ecin Z < z,, TO runotesa He OTBEpPraeTcsi, TO €CTb CYMTAIOT, YTO

KO2(PULIMEHT KOPPEJIUUM » TeHEepaJlbHONH COBOKYMHOCTU MOXET
OBITH paBeH TIpeiIojiaraeMoMy 3HaueHU0. B mpumepe Z = 1,46 u
Zep= 1,96 (mnst ypoBHst 3HaunMoctt a = 00,05) . Takum obpazom, Z< Zups
TO €CTb TMIIOTE3a HE OTBEpraeTcs M BhIOOpPKA CUMTAETCS B3SITOM U3
HOpPMaJIbHO pacrpeneeHHON reHepalbHON COBOKYITHOCTH C KO-
¢unmenToM koppensiiuu »= 0,9.

s mpoBepKU MaIbIX KOG MUILIMEHTOB KOPPEISILIMU UCTIOIb3YIOT
BBIOOPOYHYIO (DYHKIIMIO:

T=———— (5.1.19)

KOTOpasl YIOBJIETBOPSIET f-pacIipeieSIEHUIO C m = n — 2 CTETIeHSIMU
cBobonpl. [ paccMarpuBaemoro npumMepa 7= 81,6.

3agaBIIMCh YPOBHEM 3HAYUMOCTHU, HatipuMep, o = 0,05 u omnpene-
JIMB JISI JAHHOTO mpumepa m = 5 — 2 = 3, HaigeM no tabauue 5.1.1
3HaueHue t, = 3,18. Eciu | T | > £, TO HaiineHHbIi KO3hduLMEHT

KOPPETSAIINHA CYIIeCTBEHHO OTIMYAETCS OT HYJIS, 9TO MBI HaOJIfomaeM
B paccMaTpuBaeMoM IpuMepe. B mpoTuBHOM citydae Ko3(GGUIIMEHT
KOPPETSAINHA CINTACTCA OTIIMIAIONIAMCS OT HYJIS JIUIID CIIy4aifHoO, a
CBSI3b MEXIY CIIyJaWHBIMU BEJIWIMHAMU — HeCYIeCTBeHHOM. s
BBIOOPKH (X, []) (puc.5.1.3 6) ko3 GULMEHT KOPPENSILINNA 0Ka3aics

PABHBIM 7y jy = -0,165, 94TO TTOATBEPOUIIO OTCYTCTBHE CBSI3M MEXKIY

3HAYCHUSIMU 3TUX CIIyYaNHBIX BETUMINH.

ITpu ncronMb30BaHNY MHTETPUPOBAHHOMN CHUCTEMBI MaTeMaTIEC-
koro MomenupoBaHus MATLAB 6 (maker mporpamm Statistics
Toolbox) He cocTaBsieT O0JBILIOro TPyAa ONPeaeIUTh KOBApUALIMOH -
HYIO MaTpuILy S,y ¥ MaTpUILy KOI(QMUIMEHTOB KOPPEISINK R, 77 JUTSk
JII000T0 IByMEpPHOTO MaccuBa maHHBIX Y. Kaxmast cTpoka 3Toro mMac-
cuBa Y paccMaTpuBaeTcs KaK BapMaHT 00ObeKTa OLIEHKHU, a KaXKIbIi
cToyIbelr KaK OIWH M3 TPU3HAKOB MaIIMHBI. MCITONTb3yI0TCS BCTPOEH-
Hble pyHk1mu cov(Y) u corrcoef(Y).

B pe3ynbrare paboThI epBOIT (DYHKIIMU ITOTyYaeTCss MAaTpUIIa BUAA:

O . ryU
qu=5k”‘ s Ry =0% ™D,
Bxy Sy Bxu Tou g
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st paccMoTpeHHOro Bblllle mpumMepa (puc.5.1.3 a) pesyabTar
MMEET CJICAYIOLIWI BUI:

Sezr= 1.0e + 004 x Ru=
0.0030  0.1090 1.0000  0.9894
0.1090  4.0416 0.9894  1.0000

Hcnonb3oBaHue KOMITBIOTEPHBIX ITPOTpaMM T03BOJISIET 0€3 Mpo-
0JIeM HaXOIUTh MaTPHIIbI TAPHBIX KO3(MGUIIMEHTOB KOPPEIISIIUT TS
ciydasi, KOrma pacCMaTpUBAIOTCS 3adadyd ¢ OOJIBIIMM KOJIUYECTBOM
TepeMEeHHBIX.

Huxe mpuBeneHa Matpuiia R mapHbIX KO3 OUITMEHTOB KOPPEIsi-
IIMU, COOTBETCTBYIOIIAs IPUMEPY € (Ppe3epHBIMU CTAHKAMM, PACCMO-
TPEHHOMY BBIIIIEC B pa3/iejie O KIaCTePHOM aHaiu3e. DTO KBaapaTHasT
MaTpulla, CTPOKU U CTOJIOIBI KOTOPOM COOTBETCTBYIOT CJICAYIOIINM
TTePEeMEHHBIM:

1) mmpuHa ctona B,

2) miuHa ctoja L,

3) MOIIIHOCTh INIABHOTO ABUraTenst N,

4) neHa cranka 1.

B L N I

0.0000 0.9981 0.6697 0.80120
%).9981 1.0000 0.6834 0.8135%
%).6697 0.6834 1.0000 0.8009%
.8012 0.8135 0.8009 1.0000F

Martpuiia R rmoka3blBaeT CTeIeHb B3aMMO3aBUCUMOCTHU TTapaMe-
TPOB U LIEHbl 00BEKTOB (TECHOTY KOPPEJSILIMOHHOM CBSI3U). B yacTt-
HOCTH, TIOCJAEAHUM CTOJOEL MaTPULIbI COAEPXKUT KOIDDUIIMEHTHI
KOppEJISILUY LIEHBI CO BCEMU TpeMs IEpeMeHHbIMU, — X 3HAUCHUSI
nmoctaTtouHo BeIcoKH (o1 0,8009 mo 0,8135), yTo CBUAETEIBCTBYET O
CUJIbHOM BJIMSIHMUM KaXIIOTO M3 HUX Ha lLieHy. CieayeT MOMHUTb O
TOM, YTO B JaJIbHEUIIIEM, TIPU TTOCTPOEHNUU PErPECCUOHHON MOIeIN
B HEl clielyeT yYUThIBaTh MO-BO3MOXHOCTU HE3aBUCHUMBbIE TTapaMe-
Tpbl. B 1aHHOI BhIOOPKE KOPPEISILIUS MEXIy MapaMeTpaMu TOXe
BbICOKA, 0COOEHHO MeXAy IIUPUHOUN U JJIMHOM cToja, TAe 3Haye-
Hue kKoadduumreHTa Koppeassuuu nocturaet 0,9981. 3mech Beauk
3(pPexT MyJTbTUKOJJIMHEAPHOCTH — 3(M@dEKT B3aMMO03aBUCUMOCTH
BJIMSIIOIIUX MTapaMeTPOB, KOTOPBI MOXET YCIOXHUTL O0bSICHEHUE
MOBeIeHUsI TTOJydeHHOU Moaenu 1eHbl. [ToaToMy pu mocTpoeHUn

R = corrcoef(x); R=
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MOJIEJTA IJIsI JAHHOM BBIOOPKM MOXHO HE YYUTHEIBATh, HalpUMeED,
IJTAHY CTOJIA.

B ob6miem cirydae 310 TpeboBaHME MOKHO C(OOPMYJIMPOBATh CJIETY-
OIUM 00pa3oM: KO3(h(GULUMEHThl B3aMMHOU KOPPEISILIUU MEXIY
BBEICHHBIMM B MOJEJNb TTapaMeTpaMU TOJDKHBI OBITh MEHBIIE, YeM
KO3 PULIMEHTHI KOPPESIIAY MEXIy STUMU MapamMeTpaMi U IIeHOM.

PerpeccuoHnHblii aHaaM3 B OllEHKE

IMocne BBIABIEHUST CTATUCTUISCKH 3HAUMMBIX CBSI3EH MEXIIy TIe-
pPeMEHHBIMU (B YaCTHOM cliydyae, MeXIy IapaMeTpaMy W IIeHOM) ¢
TTOMOIIIbIO METOZOB KOPPEISAIIMOHHOTO aHaIN3a OOBITHO TIEPEXOIST K
MaTeMaTUIeCKOMY OTIMCAHMIO 3TUX CBSI3el METOIaMM PerpecCHOH-
HOTO aHaJIn3a.

[lycth B 001IIEM CiTyyae ecTb 3aBUCUMasI IIepeMeHHasi, HalpumMep,
meHa [/, KoTtopas 3aBUCUT OT k HE3aBUCUMBIX IT€PEeMEHHBIX
X= (X1, Xy, ..., X)), KOTOPBIE HE ABJSIOTCS CIy4YallHBIMU BETNIMHAMMU.

CBsI3b MEXIIy 3TUMU TIEpEeMEHHBIMU B YCIOBMSX, Korna [/ saBisieTcs
CJIyJaiiHOM BEJIMYMHOM, OMMMCHIBACT MaTeMaTUdecKasi MOJICJb, Ha3bl-
BacMasl ypaBHeHHeM perpeccun. PerpeccronHast momens I = f{(X)
MOJDKHA arllPOKCUMMPOBATh COBOKYITHOCTh COOPaHHBIX OLICHIITMKOM
MAHHBIX O TIapaMeTpax 1 IeHe 00beKTa olleHKU. OOBIMHO MCTUHHAS
(dyHKUMOHAbHASI CBSI3b MEPEMEHHBIX HEW3BECTHA, WM OLEHUIUKY
TIPYXOIUTCSI BBIOMPATh OIXOMAIITYI0 (DYHKITUIO IS alllTPOKCUMAIIII
f(X). ByacTHOCTH, IJIsT allIIPpOKCUMAIIUY IITMPOKO UCTIOJIb3YIOTCS T10-
JIMTHOMUAJIBHBIE MOJICITH.

PerpeccroHHBIN aHAM3 BKIIIOYAET PEIleHUEe CICAYIONINX 3a/1ay:

1) ompeneneHre CYIIeCTBEHHBIX IMApaMeTPOB M BBIOOD AMAaIa3o-
HOB WX UBMECHECHUSI;

2) BBIOOp BUIA perpeccuoHHO Moaenu f(X);

3) omnpenesieHrE OLIEHOK HEM3BECTHBIX ITapaMeTPOB MOJICIIH;

4) TIpoBepKa aneKBaTHOCTA MOJIEITH.

[IpoGieMa BBIOOpA CYIIIECTBEHHBIX IMapaMeTpoB. OOGBIYHO IMapa-
MeTpaMH MOJICIIU SBIISIIOTCS OCHOBHBIC pa3Mephbl M ITOKa3aTeIM Ma-
IIWHBI, OTIPEICIIAIONINE ee TIOTpeOuTeIhcKre cBolicTBa. Hampumep,
IUTSI TEXHOJIOTMYECKMX MAIllMH 3TO — OAMH-IBAa OCHOBHBIX pa3Mepa,
KaKoi-11M00 ToKa3areib MPOU3BOAUTEILHOCTH, YPOBEHb aBTOMATH-
3aIlU1 1 KJIaCC TOYHOCTH.

Jnama3zoHbl U3BMEHEHUsI 3HaY€HUH ITapaMeTpOB MOICIN HE CIIEy-
€T MIPUHUMATh CIUIIKOM IMMPOKUMU, TaK KaK 3TO MOXKET IIPUBECTH K
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He0oO0XOIMMOCTH ITOCTPOCHMSI HETMHETHOI MOJIEIN, KOTopasi TpedyeT
3HAYUTEJILHO OOJIBIIIETO KOJIMYECTBA TaHHBIX IS TocTpoeHus. Yacto
JIydille UMETh HECKOJIbKO 0oJjiee MPOCThIX MoneNei (IMHEHUHBIX) ISt
pa3HBIX IUAIIa30HOB, YeM OJHY HEJIMHEIHYIO.

Bobi6op BuIla perpeccroHHON Mojean. HeuzBecTHYIO (YHKIIMIO
f(X) B OKPECTHOCTSIX TOUKHM, COOTBETCTBYIOILLIEH CPeIHUM YPOBHSIM
Kaxmoro pakropa, MOXKHO IIPEICTaBUTh OTPE3KOM CTEIIEHHOTO psiia.
Ecnu nnrepsanbl BappupoBaHus (haKTOPOB HEBEIMKM, TO MOXKHO OT'-
PaHWYUTBLCS JIMHEWHBIM TIPUOIKEHMEM B BUIE TTOJMHOMMAJIBHOMN
MOJIEJIN:

k
f(X)=b +§1bl-x,- , (5.1.20)

rae b; — HeU3BECTHBIE MapaMeTpbl MoaeaH (Ko3hGULIMEHTHI per-
peccun), i=1,2 .. k;

X; — MapaMeTpbl PerpecCUOHHOI MOJeNIn, 0OpasyioLue BeKTop X.

[NonuHoMMaIbHBIE MOAEIU BeChMa YAOOHBI ISl pELICHUS MpaK-
TUYECKMX 3a/1a4, TaK KaK OIMCaHUe OOBbEKTa C ITIOMOIIBIO TAKO MO-
JICJIM JIETKO YTOUYHUTh, MOBBIIIAS MOPSIIOK MoiMHOMa. Eciu ecTh oc-
HOBaHMSI IIPeaIioiaraTh CylIeCTBOBAHUE HEJIMHEMHONM 3aBUCUMOCTH
f(X), T0o BMogeab 5.1.20 MOxXHO J00aBUTh KBaApaTUYHBIE YJIeHHI (00-
Jiee BBICOKMI TOPSIIOK IMIPUMEHSICTCS PEIKO):

k k
F(X)=by + 3 bx; + S byx? + > byxix; (5.1.21)
i=1 i=1 i%j
MoryT UCIOIB30BaThCA U IPYTHE MOAEIN, HAIIPUMED, HETIOJHBIC
KBaJIpaTUYHbIC, SKCITOHEHIIMAIBHBIE U CTETICHHBIC, KOTOPBIE Pa3HBI-
MU cIoco0aMU MOT'YT ObITh IPe00pa30BaHbI B IMHEWHbIE MOACIU OT-
HOCUTEJIbHO NTapaMeTPOB b;.

OH[}CQCHCHI/IC OLICHOK HCEH3BECTHBIX KOS!I}!]}I/IQI/ICHTOB MOJCJIN.

OnpeneyieHNs OLIEHOK OCYLIECTBJISIETCS C UCIOJIb30BAaHUEM METOMIA
HauMeHbIInX KBaapatoB (MHK). Meron 6a3upyercss HA MUHUMM3a-
LIMY CYMMBI KBaJpaTOB OTKJIOHEHWIA:

N ) .
;(Ul _Hi,pacq) - min (5122)

aist cobpaHHbIX [; u pacyetHbIX [l; ., 3HaueHuit neH. Harom-

HHNUM, YTO OJI HAXOXICHHWA MMHUMYMaA (I)YHKHI/II/I H€06XOZ[I/IMO pu-
PaBHATH K HYJIIO €€ YaCTHBIC ITPOU3BOJIHLBIC 110 BCEM HEM3BCCTHBIM
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koappuumreHtam b. [Tonyuntcs cucteMa Tak Ha3bIBAEMbIX HOPMaJib-
HBIX ypaBHEHMI, TIPU PELIEHUU KOTOPOI MOTYT ObITh HaliIeHbI UCKO-
Mble KoadduieHThl. YToObI TaKasi BO3MOXHOCTh OblLiIa peajn3oBa-
Ha, YKUCJIO HOPMAaJIbHBIX ypaBHEHMI, paBHOe 4ucay N coOpaHHBIX
3HAUEHUM LIeH, JOJKHO ObITh He MEHbIIIE YMC/Ia /1 HEM3BECTHBIX KO-
appunmreHToB Moaear. OObIUHO MpuHUMaloT N = m + 2, rae omnpe-
JIeJISIETCS YUCIIO kK MapaMeTpOB MOJIEIU U BUJ MOACIIU:

— JJI1 JJUHEWHBIX TTOJMHOMMAJBHBIX Mojesei 6e3 ¢cBOOOIHOTO

yjeHa m = k;
— JJ1 JIMHEWHBIX TOJMHOMMAJbHBIX MOJENeil CO CBOOOIHBIM
yjieHoM m =k +1;

— JIJISI TIOJIHBIX KBaIpaTUUHBIX Moneeit m = (k+ 2)(k+ 1)/2 u T.10.

OTMeTuM, YTO BeJWuyrHa N, MoKa3aHHas BbIIIE, ABIAETCA HUKHeH
rpaHuIleil KOJIMYeCTBa UCXOMHbBIX JaHHBIX, HEOOXOAUMBIX JJII MeToaa
HauMeHbIIMX KBaapaToB. [ToaToMy nMprMeHeHue HeJIMHEMHbBIX MOje-
JIeit, TpeOyIoIMX IS MOCTPOSHMS OOJIBIIEro KojimyecTBa MH(pOpMa-
LIUU, TOJDKHO UMETh MECTO TOJIBKO MPU OINpaBAaHHONM HEOOXOAUMOCTHU.

Ecnu npeacraBuThb codpaHHY0 MH(MOPMALMIO B BUIAE MaTPUIIbI
napaMeTpoB X U BekTopa LieH [/ aHanoros, To (popmyJa st onpese-
JICHUSI BEKTOpa b OlLIEHOK HEU3BECTHBIX KOA3((OUIMEHTOB MOAEIH,
BeITeKaroas 13 MHK, 6yaet uMeTts cieayonmii BUi:

b=(XTX)" XTI (5.1.23)

rae HaaCTPOYHBIE 3HAUYKU «T» U «-1» 0003HAYAIOT COOTBETCT-

BEHHO TPAaHCMOHUPOBaHKWE U OOpallleHUE COOTBETCTBYIOLIMX MaT-
pui.

BoruncieHns 0OBIMHO MPOBOISITCS C ITOMOIIBIO KOMIIbIoTepa. Ha-
npuMep, JUIsl 3TOM 1LIeJIM MOXHO MCIIOJIb30BaTh CHELMAIbHbII MaKeT
«AHanMmM3 JaHHBIX», yCTaHABJIMBAeMbIi B MeHIO «CepBUC» IJIEKTPOH-
HbIx Tadau MS Excel 7.0.

IToxaxeMm ucmnonb3oBanue MS Excel mist perieHust 3agayu IOCT-
pOEHMSI PErpPecCMOHHON MOMeau LieHbl. B KauecTBe MCXOMHBIX JTaH-
HBIX BOCITOJIb3yeMcCsT MH(pOopMaIeil 0 mapaMeTpax 1 HeHax ppesep-
HBIX CTAHKOB. YUUTBIBASI CHJILHYIO KOPPEJISLIMIO MEXIy ITapaMeTpa-
MU Bu L, ucK1i04nM BTOPOM U3 HUX U3 CIIMCKA JaHHBIX. Kpome To-
ro, He OyJeM yYMTHIBaTh TaKue CTaHKU, MH(GOPMALYS 10 KOTOPHIM
MpelcTaBieHa HEAOCTATOUHO TOJHO: 3TO CTAHOK C IIIMPUHON CTOJa
250 MM 1 CTaHOK, Y KOTOPOTO TpH 1IUpHHE cTosa 320 MM MOIIIHOCTh
anexTpoaBuratens 11,5 kBT 3HaUUTEILHO MPEBBIIIACT 3TOT ITOKa3a-
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TeJib y €ro aHajoroB. B pe3yibTaTe MoayyuM JaHHBIE 110 aHAJIOTaM,
npuBeAeHHbIE B Tab1. 5.1.3.

JlaHHbIE MOXHO paccMaTpMBaTh KaK MaTpUILy MapaMeTpOB CTaH-
KoB X pa3mepa (7x2) u Bektop ux ueH . [[puMeHUB MoanporpaMmy
«Perpeccusi» U3 nakera «AHajqu3 JaHHBIX» K TaHHBIM, COOpaHHBIM B
Tabi1. 5.1.4, onpenennm 3Ha4eHUS KO3(POUIIMEHTOB perpeccuu b.

Takum o6pa3zoM, MoJIeIIb JIJIs pacyeTa IeHb! (Ppe3epHBIX CTAaHKOB,
OM3KMX K aHajoram IO CBOMM TEXHMYECKHM XapaKTepUCTUKaM,
MMEET CJICAYIOLINI BU:

II=1,5244 B + 2,7088 L.

IToncTaBuB B Hee JaHHBIE 00 0OBEKTAX OLIEHKU, MOXHO MOJIYyYUTh

pacyeTHbIC 3HAYCHUS MX LUCH L],

Tabauya 5.1.4
HNudopmamms o napamerpax 3HayeHus Ko3(). perpeccuu
M IleHaX aHAJIOTOB b0 bl b2

B, mm| N, kBt |11, ThIC. PYO 0 1,5244 2,7088

320 7,7 488

320 7,7 494

400 14 618 JIucnepcHoHHbIi aHAH3 Pe3yIbTATOB

400 11 640 df SS MS F

400 15 675 Perpeccust | 2 |359599,3 (17979,7 |23,4259

400 26 680 Omunbka 5 | 3837,56 |767,511

320 7,7 550 OO6wast 7 | 39796,9

715 BBIYMCIEHUS BEKTOpa HEU3BECTHBIX KOAMDOUIIMEHTOB b MOX-
HO OBLIO TaKXe BOCIMOJb30BaThCcsl MyHKIMe regress u3 MATLAB:
b = regress(1], X).

IIpoBepka ageKBATHOCTU MOJAEIM. 3aBepllarolleil MpoLeaypoi
pEerpecCUMOHHOrO aHaju3a A0JKHA ObITh MPOBEPKa 3HAUMMOCTHY Hail-
JIEHHOI MOJIEJIU, TO €CTh CYIIIECTBEHHOCTh BKJIa[a B allMPOKCUMALIUIO
XOTs1 OBl 0fHOTO U3 (pakTOpoB. C 3TOM 11eJbI0 TPOBOAUTCS TUCTIEPCU-
OHHBII aHAIN3 pe3yabTaToB (cM. Tabs. 5.1.4). OO1Iast cymMmma KBaapa-
TOB 5,4, PA30MBACTCs HA CyMMY KBaipaTtoB S, 00YCIOBICHHYIO
perpeccueil, 1 CcyMMy KBaIpaToB OLIMOKH S.S,,,, KOTOPYIO Perpeccust

He OOBSICHSET:
SSOM = SSpeep +S5S,u
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3aTeM BBIUUCISIIOTCS CpeiHUe KBaapatbl MS = SS/df, rae B 3Hame-
HaTeJIe CTOSIT COOTBETCTBYIOIINE YHMCIIa CTEIIEHE CBOOOIBI dj;,ee =ku

dfyu= N — k.
,H,J'IFI HNPOBEPKU 3HAYMMOCTHU UCITIOJIB3YETCA CTaTUCTHUKA

Fe MS .,

MS,.,
Mogesns cuntaercst 3HaYUMOI, et F > F,, (O, dfpesy, dfy), TAE
Fyepum — TabIMYHOE 3HAYCHME F-KpuTepust UTsl BBIOpAaHHOM J0BepH-

TeJbHOM BEpPOSITHOCTH (1 — O) ¥ COOTBETCTBYIOIIMX YMCE CTeNEHEeH
cBOOOHI df.

[TockonbKy Fypyypm (0,05;2;5) = 5,79 u 23,4259 > 5,79, To Mmomenb
MMPU3HAETCS 3HAYMMON U €€ MOXKHO MCIIOJIb30BaTh ISl CYKICHUS O
CTOMMOCTH aHAJIOTMYHBIX CTAHKOB B OXBAY€HHOM MCXOIHBIMM JaH-
HBIMU ITHWaNa30He MapaMeTPOB.

J17151 OLICHKY aieKBaTHOCTU MOJENIM PErPECCUU YACTO UCTIOb3YIOT
MHOXECTBEHHbIN KOA(DOUIIUEHT AeTepMUHALMHU (KBaapaT MHOXECT-
BEHHOTO KO3 pUIIMeHTa KOPPEISILIHN):

R = SSper 359593
SSosw 39796,9

ScHo, yto 0 < R? < 1. Beicokoe 3HaueHue R? mokasbiBaeT, 4To
HaliieHHast MoJeNb 0ojiee YeM Ha 90% 0oOBSICHSIET U3MEHEHNE LIEHBI
CTaHKa MpPY U3MEHEHHWM €ro IapamMeTpoB, YYUTHIBAEMBIX B MOIEIIH.
DTO OYEHb HETJIOXOU pe3yJibTar.

Cratuctukoii R* HYXXHO II0JIb30BaThCsI C OCTOPOKHOCTBIO, ITO-
CKOJIbKY €€ BCeTIa MOXHO YBEJIWYHUTb, B3SB ITOCTATOYHO OOJIBIIOE
YUCJIO CJIaraeMbIX B MOJIEJIH.

PacueT Bceil perpecCMOHHOM CTATUCTUKUA MOXKET OBITh OCYILIECTB-
JIEH B paMKax TOM Xe IToAIporpaMMel «Perpeccusi», Kotopast UCIIOb-
30BaJjlach JJ1s1 IOCTPOCHUSI MOACIIN.

=0,903571.

CraTucTHyecKuii aHAIM3 PSIOB JMHAMUKH

Panamu aunamuku (BpeMeHHbIMM PsiiaMi) OObIYHO Ha3bIBAIOT pac-
MOJIOXKEHHbIE B XPOHOJIOTMYECKON MOCIEeI0BATEIbHOCTH 3HAYCHMUSI
T€X WIM MHBbIX CTaTUCTUYECKUX TMoKazareneid. sl oleHIIuKa Bpe-
MEHHBbIE PSIIbl TPEICTAB/SIOT HECOMHEHHBIIA MHTEPEC, TaK KaK MOTYT
coaepxaTh UH(popMal o 06 UBMEHEHUHU LIEH WM UHBIX 9KOHOMUYE-
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CKMX TOKa3zaTeJieil pa3IndyHbIX 00beKTOB BO BpeMeHHU (CTaBOK HaJlO-
roB, JOXOA0B, CO3aBaeMbIX 00bEKTaMU OLIEHKH, CITpOca Ha orpe/e-
JICHHBIE TPYIIbI TOBAPOB U T.I1.).

Kax b1t BpeMeHHOM psii COCTOUT U3 ABYX TPYITH 2J1€MEHTOB:

1)MOMEHTOB UJIY TIEPUOIOB BpeMEHU, K KOTOPBIM OTHOCSITCS U3Y-
YaeMbI€ CTATUCTUUECKUE TaHHBIE;

2)3HayeHUI CTaTUCTUYECKUX TOKa3aTejel, KOTOpble XapaKTepu-
3YIOT M3Yy4aeMBbIi MPOILIECC MU OOBEKT B ONIPENEICHHBIA MOMEHT VTN
3a YKa3aHHBIN ITeproa BpEeMEHU.

OnHoOIl U3 OCHOBHBIX 3aJa4, BOZHUKAIOLIMX MPU aHaIu3e PSIIOB
JIUHAMUKU, SIBJISIETCSI YCTAHOBJICHUE 3aKOHOMEPHOCTU W3MEHEHUS
YPOBHEM M3y4yaeMOro rmoka3aTensi BO BpeMEHU.

VYpoBHU psiga AMHAMUKU (POPMUPYIOTCS MO COBOKYITHBIM BJIMSI-
HUEM MHOXeCTBa (paKTOPOB U B TOM YKCJI€ Pa3IMYHOIO Poja ciaydaii-
HBIX 00CTOSITEbCTB. MI3yuast peajbHbIe CUTYalluU, MOXHO 3aMETUTh,
YTO pa3InYHbICE BPEMEHHBIE PSIABI MOTYT CKJIAAbIBATHCS M3 YETBIPEX
COCTaBJISTIOIINX:

— TPEHA, W CUCTEMATUYECKOUN COCTABISIOIICH;

— KonebaHUi OTHOCUTEJILHO TpeHJa C OOJIbIICH WM MEHBIIEH

PETYJISIPHOCTBHIO;

— 3¢ deKTa Ce30HHOCTH;

— CJIy4alHOI COCTaBJISIIOLIECH.

Ecnu roBoputh 0 MaTeMaTHUU€CKOM OINKMCAaHUU BPEMEHHOTO psifa,
TO OH MOXET ObITh MPEACTABJICH JUO0 KaK OAHA U3 MEPEUYNCICHHBIX
COCTaBJISIIOIINX, JIMOO KaK CyMMa HEeCKOJIbKMX M3 HUX. PaccMoTpum
9TU COCTaBJISIOLIME TTOAPOOHEE.

ITox TpeHaOM OOBIYHO MOHUMAIOT HEKOE YCTOMUYMBOE, CUCTEMATH -
YeCKOe UBMEHEHME M3YyYaeMOro ImoKa3aTesisd B TeYEHUE TUTUTEIbHOTO
nepuojaa. B moHsitue TpeHaa 3aJ0KeHO TO OOCTOSATENLCTBO, YTO W3-
MEHEHWE Ha MPOTSKEHWM JIMTEIBHOTO IepUOJa MPEACTaBISICTCS
Kak Obl CryIaXkeHHBIM. DTO 03HAYaeT, YTO COCTABJISIIOLIYIO, COOTBETCT-
BYIOIIYIO TPEHAY, OOBIYHO MOXHO TIPEICTAaBUTh B BUJE TTOJIMHOMA OT
BpeMeHU t. XOTs MOJMHOMBI SBJISIIOTCS] HanboJiee yIoOHbBIMU C MaTe-
MaTUYECKOW TOUKU 3peHUs (PYHKUUSIMU, JUISI €r0 OMUCAHUS MOTYT
OBITh UCMOJIB30BAHbBI U APYIUe (PYHKIUMU.

Haubonee nerko oOHapy>XuUTh B COCTaBE BpPEeMEHHOro psiga 3¢-
¢ekT ce30HHOCTU. OOBIYHO 3TO PEryJIsipHbIe KOJeOaHUs C EPUOAOM
B OIWH TOJI MJIU C TIEPMOJOM, PaBHBIM KaKOMY-JIN0O JIPYyrOMY M3BECT-
HOMY (DMKCUPOBAaHHOMY BpeMeHHOMY UHTepBaiy. B psae ciryyaes Ta-
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K1e KoJIebaHusT BOOOIIe MOTYT OTCYTCTBOBATh B COCTaBE BPEMEHHOTO
psna.

BoinenuB TpeHI M Ce30HHbIE M3MEHEHMS, MOJIYYUM psi, Mpea-
CTaBJIIONINI OoJiee MM MeHee peryiasipHble KojiebaHusl. DTo TakK Ha-
3bIBaeMblii OCTaTOUHBIN psii. OCHOBHAs 3ajJaya MpU aHaJIu3e OcTa-
TOYHOTO PsIla — BBISICHUTD, MOAYMHEHEBI I KOJIeOaHMsI HEKOTOPOMY
3aKOHY U, CJIeq0BaTeIbHO, ITpecKa3yeMbl, U1 JTI00ast MX 4acTh a0Cco-
moTHO ciaydaitHa. KojrebaHus mepBOro TMIia Ha3bpIBalOT CUCTEMAaTH-
YeCKMMHU, BTOPOTO TUIIA — CITyJallHBIMU.

HaubGonee pacrpocTpaHEeHHBIM CJTydaeM MCCJIEIOBAaHUS BPEMEH-
HBIX PSIIOB SIBJISIETCS BBISIBJIEHME OCHOBHOM 3aKOHOMEPHOCTH M3Me-
HEHUSI YPOBHEH psiia, B HEKOTOPOI Mepe CBOOOIHOM OT CIIydaifHBIX
cocTtapismionnx. OOBIYHO OCHOBHYIO 3aKOHOMEPHOCTH OTpaxKkaeT
TPEH, a METOIBI €ro 0OHapyXeHUST Ha3bIBAIOTCS B TEOPUU BpeMEH-
HBIX PSAIOB METOAAMU BhIpaBHUBAHUS.

MeToabl BEIpaBHMBAHUS TTO3BOJISIIOT IIOCTPOUTH MAaTEeMaTUIECKYIO
MOJIeJb TpeH1a (OCHOBHOM TeHAEHIMM) BpeMeHHOro psiia. B Tabiu-
e 5.1.5 mpuBeneHbl pa3IudHbIe BUALI TPEHIOBBIX MOAEICH, Hanbo-
JIee 9acTO MCIIOJIb3yEMbIE JIJIsI MOJIEJICi TPEHIOB.

Tabauua 5.1.5
Ha3sanue ¢pynknum (Monem TpeHna) Onucanue pyHKIUN

JuHeiiHas byHKIWS y=by +b ¥
[MonuHoMm 2-ro nopsiaka (mapa6oJa) y=by +b O+ b, 0¢?
TMonmuom 3-ro nopsizika (Kybudeckas napabona)| y = p, +b, [+ b, 01+ b 1
IMokasarenbHas GYHKIMS y=b Db]’
DKcInoHeHUIaabHas (YyHKIIMS y=h e
Jlorapudmmdeckass GyHKIMsS y=by +b Unt
T'uniepbona y=by +b *l

/5

— b()

JlorucTryeckast KpuBast =—1—
1+b *e

JIuHeiiHast Moaenb SABJISIETCSI CaMbIM MPOCTHIM BUAOM TpeHaa. OHa
MOAXOIUT JJIsI OTOOpakeH!sl IPUMEPHO paBHBIX U3MEHEHMI (pocTa
WY MaJeHUST) TToKa3aTesel mpouecca 3a paBHbIE EPUObl BPEMEHU.
ITpakTrKa 1mokasbIBaeT, YTO TAKOU XapaKTep U3MEHEHUS PSIIOB AHA-
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MUKHU BCTPEYAETCS TOBOJIBHO YacTo. [IpMUMHOI 3TOro OOBIYHO SIBJIS -
eTcsd Hajimyye 00JIBIIOro yncia aKToOpoB, BIUSIONINX HAa U3yYaeMbIit
Mpoliecc.

IMoavHOMMAIBHBIE MOJEIU 2-TO U 0ojiee BBICOKMX ITOPSIIKOB
(3mech MX MOXHO TaKKe Ha3bIBaTh MapaboIMIeCKIMI) TIPUMEHSIOT-
¢ JUIST OITMCAaHMsI IIPOLIECCOB, KOTOPhIE Ha HEKOTOPOM, OOBIYHO He-
MPOJOIKUTETLHOM, BpEMEHHOM MHTEpBaJie UMEIOT MPUMEPHO IT0-
CTOSTHHOE YCKOpeHMe aOCOMIOTHOTO ITPUPOCTa YpoBHei. Tak ObIBaeT,
HaIpuMep, Ip1 YCKOPEHHOM YBeJIMYEHUH T0X0Ja B ¢a3e LUKINJeC-
Koro moabema. Ilapabonnueckne Moaenu 2-ro Iopsiaka 0ojiee pac-
MPOCTPaHEHBI IO CPABHEHUIO ¢ MOAEIAMM 3-TO MOPSIAKA, OCOOEHHO
MPU OTpaHWYEHHOM JUTMHE BPEMEHHOTO PSa.

ITokazaTenbHast U SKCITOHEHIMATbHAS MOJEIN TPEeHAa XapaKTep-
HBI JUIST TIPOLIECCOB, HEe UMEIOIIMX OrPaHUYEHHI ISl pOCTa YPOBHS.
Ha mpaktuke Tak MOXKET OBITh JIUIIL Ha OrpaHUYEHHOM HMHTEpBaJIe
BpPEMEHU.

Jlorapudmmyeckasg Moaesib MOAXOAUT JJIsl ONMUCAHMS IIpoliecca,
KOI'JIa TP MTOCTOSTHHOM aOCOTIIOTHOM M3MEHEHUU 3HAYEHU n3yJae-
MOTO ITOKa3aTesIsI BO BpEMEHU TEMIT 3TUX M3MEHEHUIA 3aMeIsIeTcs,
HO He ITPEKPaIaeTCsI COBCEM.

Ecau, HaobopoT, HabMOgaeTCd 3aMeIsTIoNIeecs] CHIKEHE YPOB-
Heil mpoliecca, TpUYEM 3TU YPOBHU CTPEMSTCI K HEKOTOPOMY TTIpeey,
IUUIST OIIMCAHMST TPEH 1A XOPOIIO MOAXOIUT TUITepOoImIecKast MOIEb.

JlorucTnyeckast MOJeJ b IMMOAXOAUT JIJIsl OMMCAHKS TAKOTO MpoILiec-
ca, MPU KOTOPOM M3ydaeMBblii ITOKa3aTeb MPOXOINUT ITOJTHBIA LMK
pa3BUTHS, HAYMHAg ¢ HYJIEBOIO YPOBHSI, CHaYajla MEIJIEHHO, 3aTeM
MPUMEPHO 110 JINHEIHOMY 3aKOHY M, HAKOHELI, B 3aBepllalolieii cTa-
TNV TI0 TUITepOOJie BIUIOTH A0 3aBEPIIEHMS LIUKIIA.

INepeuniciieHHBIE TPUMEPHI HE MCUEPIILIBAIOT BCETO Pa3HOOOpa3us
MoJesiel, MPUMeHIEeMBIX IS ONMMcaHus TpeHaoB. ITosTomy 3amaya
BBIOOpA TTOAXOASIIEN MOAENMN He SIBISIETCS POCTON M OMHO3HAYHOIA.
OcHoBaHMEM IJIsI BhIOOpAa MOJEIM MOXKET OBITH COAEpPXKATEIbHBINA
aHaJIM3 CYLIHOCTH Pa3BUTHSI M3ydaeMoro Ipoliecca. MoXHO OINu-
paThCs Ha pe3yIbTaThl MPEAbIIYIINX UCCIIEJOBAHNI WV aHAIU3 Aa-
IrPaMMBbI, TIOCTPOEHHOM IO TaAOJUYHBIM JAaHHBIM, COOTBETCTBYIOIIM
cobpaHHOI MHMopMmanuu. B mociieqHeM ciydae TPYIHOCTU MOTYT
BO3HUKHYTb M3-3a TOr0, YTO MCTUHHAs TEHIEHIINS N3MEHEHUS TTOKa-
3aTesiell Tpoliecca MOXKET ObITh 3aMacKMpOBaHa HAJIOXEHHBLIMU Ha
Hee KoJIeOaHUSAMM YPOBHEN BpeMEHHOTO psia.
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OCHOBHBIM TIPMEMOM, TIPUMEHSIEMBIM IIJIT paclio3HaBaHWs THIIA
TpeHaa, IBJISeTCS Tpadmieckoe N300pakeHe CraXKeHHBIX YPOBHEM
SMIMPUIECKUX JTAaHHBIX, Ha KOTOPOM CIIyJaifHble KOJeOaHWS 1 WHBIE
QIIyKTYaliu B HEKOTOPOI CTeTIeH! yaaeTcsl TOracuTh. J1JIs 3TOro mpu-
XOIUTCS MCTIOJTE30BaTh T€ WM WHBbIE KOMITBIOTePHBIE TTPOTPAMMEL.

INokaxeMm pellreHre 3agadn ONpeaeIeHUS TpeHIa, KOTOPOe MOXK-
HO peanuzoBaTh cpeacTBamu Excel. TpeHa B o01ieM ciiyyae MOXHO
MPEACTaBUTh KaK 3aBUCUMOCTD

y=r@,

KOTOpasi COOTBETCTBYET IapHOif perpeccnu. Excel mo3BossieT He
TOJIbKO CTPOUTh I'padpMK MO pe3yabTaTaM HaAOMIOAEHUI 32 U3MEHe-
HUEM YpPOBHEM IoKaszaTrejieil B pa3JIMyHbIe TIEpUOIBl BpeMeH!, HO
DI TIOCTPOEHHOTO TpadMKa HaXOOUTh YpaBHEHHE TTapHOI perpec-
cun. To ecTh pemaTh 3amady CrIaXXUBaHUS (alIIPOKCUMAIINI) M-
MUPUYECKUX TaHHBIX ¢ OOJHOBPEMEHHBIM ITOCTpOeHWEM TpadurKa
TpeHAa, TMOCTPOSHUS €ro MOACIM M OIeHKOM KadecTBa Mombopa
MOJIeJTM TPeHIa MO 3HAYeHMIO KBaIpaTa MHOXECTBEHHOTO KO3(-
¢duLmeHTa Koppeasuuun R

Ha puc. 5.1.4 paccMoTpeH npuMep pellieHus 3Toi 3agauu. B kaue-
CTBE MCXOOHBIX HAHHBIX MCITOJIb30BaHA WHMOpMAIUS O BIUSIHUU
XPOHOJIOTHYECKOTO BO3pacTa Ha pEIHOYHYIO IeHy cTaHka. CieBa Ha
pUCYHKe TIpUBeIeHa TabnIa ¢ JaHHBIMA. BUAHO, 4TO CpemHsIS phI-
HOYHAs IeHa CTAaHKOB OMHOW MOHAeNH, paboTaloInX IMPUMEPHO B
OIVHAKOBBIX YCJIOBUSX, 3aBUCUT OT XPOHOJIOTMYECKOTO BO3pPAacTa.
IMocTaBuM 3agadqy — momoOpaTh MOIETh BPEMEHHOTO psifia, OTpaxa-
FOIIEeTO TEHACHIINIO N3MEHEHUS PHIHOYHOM IIEHBI Y B 3aBUCUMOCTH OT
XPOHOJIOTUYECKOTO BO3pacTa X CTaHKa.

C Toif 1enblo, cunTas BO3pPACT CTaHKA apryMEHTOM X, a IIeHYy
¢dyHKLUMENH y, MOCTpOUM C ToMollbio Macrepa nuarpamm B Excel
CTaHIAPTHEIN TOYEUHBIN TpaduK 3amaHHOTO BpeMeHHoro psaa. o
ocH abcLuce 3Toro rpaduka OTI0XKeH BO3pacT CTaHKa, a Mo OCU Op-
IWHAT — eTro peIHOYHAM 1eHa. [1oa Kaxkmoit TouKoii rpadrKa mokasa-
HO 3Ha4yeHWe MeHBl. ToYeuHBIN TpaduK TpencTaBisieT coboil Bpe-
MEHHOM ps, 3HaUYeHUS TToKa3aTesieil KOTOPOro yKa3aHbl 4yepe3 paB-
HBIE TIPOMEKYTKU BpeMEHH, paBHbIE OMHOMY TOIY.

ITocie Toro Kak rpadmyeckoe mpeacTaBieHUe NCXOTHON MH(DOP-
MaIli UMeeTCsI, MOXHO TIPUCTYITUTh K BEIOOPY HanbOoJIee TTOAXOIs~
el MOIEIN TPeHAa, COOTBETCTBYIONIETO MCXOMHEIM JaHHBIM. Excel
MO3BOJISIET CIEJIaTh 3TO JOCTATOUYHO MPOCTO.
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st 3TOTO CleayeT BhIAEAUTh TOYSUHBIH rpaduK U MpaBoit KHOTI-
KOW MBIIIIM BbI3BaTh BbIMajalolllee MeHIO 1J1s1 ¢hopMaTUPOBaHUSI Psi-
JIOB JaHHBIX. 3aTeM BbIOpaTh IMO3ULMI0 MEeHIO «J[00aBUTH JIMHUIO
TpeHaa». B mogBuBleMca okHe «/IMHUM TpeHIa» MMEIOTCS IBE 3a-
KJaaku. 3akinaaka «Tum» 1mo3BojisieT BbIOpaTh OAWH U3 1LIECTU Bapu-
aHTOB MOJIeJIe AJIs1 anMPOKCUMAIIU UCXOAHBIX TaHHBIX C UCTIOJIB30-
BaHMEM MeTOJa HauMEHbIINX KBaApaToB. [Ipryem B ciryyae MoJuHO-
MUaJbHON MOAEIN BO3MOXHO 3aJaHUE Pa3HOI CTENeHU MOJMHOMA.
Ha BTopoii 3aknanke «ITapameTpbl» cieayeT OTMETUTh ro3uiiuu «I1o-
Ka3bIBaTh ypaBHeHME Ha auarpamme» u «I[lomectuTh Ha muarpamme
BEJIMYMHY IOCTOBEPHOCTU alMpoOKCUMAIIUU R,

Ha puc. 5.1.4 mokazaHbl pe3ybTaThl NOA00pa JUHUU TPEHIA C UC-
MOJIb30OBAHUEM YEThIPEX MOJICJICH: TUHEMHOMN, SKCIIOHEHLIMAJIbHOM 1
JIBYX TTIOJIMHOMMATBHBIX (2-T0 U 3-TO MOPSIAKOB).

BbIBOP MOJEJIM TPEHA
HWcxonHble naHHBIE
JIuneitnas Mozenb DKCIOHEHIMaTbHAsT MOZIEIh
Bospacr| Llena 1400+ 1400+
I REIL 1200 m y=-147x+1168,6 | 1200 wmi210 y= 1384 02
2 [ 840 1000 12 R?=0,8704 1000 R?=0,9653
3 610 8001 8001
4 450 600 600
S 354 400 U 400
450 450
1 354 u ] 354
6 350 200 350 200 350 55
7 [0 3§ § % | 0 3 7§ 3
TTonuHoM 2-ro mopsika TTonuHoM 3-ro mopsinka
b LED; y=-5,9444x’ + 102,38x’

y =31,048x" — 395,38x + 1541,1 1200
R*>=0,9868

1200 ]
1000 {
800
600 600
400 400 250
200 334335004 200 B,

—639,1x + 1755,1
R*>=0,9978

1000
800+

Puc. 5.1.4

Jlu11 Kaxkaoit U3 4eThIpex Mojeneil mocTpoeH rpadrkK (TOYKHU COOT-
BETCTBYIOT MCXOJHBIM JaHHBIM) M TTOJIYyYEHO MaTeEMaTUYECKOE BhIpa-
KeHHE, C TOMOIIIBIO KOTOPOTO MOKHO PaCCUNTATh PHIHOYHYIO LIEHY Y
CTaHKa T 3aJaHHOTO Bo3pacta x. [lodydeHHBIe MoOIEIW TpeHIa
CIJTAIVIIN VICXOAHBIE JAaHHBIC, HO O0JIafaloT pa3HOM JOCTOBEPHOC-
Thi0. JIJIT OLIEHKM aJeKBaTHOCTHM IIOJIyYEHHBIX MOJEJIE TPEeHIOB
3/I€Ch MUCIIOJIB3YETCST KBaAPaT MHOXECTBEHHOT0 KO3 PUIIMEeHTa KOp-
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peasauuu (MHOXECTBEHHBIM KO3 (ULMEHT AeTepMuHanuu) R. Yem
OJKe OH K eIMHUIIE, TeM BbIlIE aleKBaTHOCTb Moaeau TpeHaa. 13
puc. 5.1.4 caeayer, 4YToO HAaMMEHbIIEH aneKBaTHOCTLIO O0JIaIaeT JIv-
HeliHast Mmozaenb TpeHaa (R = 0,8704), a HauGobIIel — MOJMHOMMU-
ajpHas Momelb 3-To nopsinka (R = 0,9978).

3ananus u ynpaxnenus K naparpady 5.1:

1. KakuM mpoBepKaM MOABEPraloT Majible BBIOOPKHU MPU UCITOTb30BAaHUK
WHOOPMALIUK B CPABHUTEIBHOM TToaxoae?

2. ANTOPUTM oOmpeAesieHUs] JOBEPUTEIIBHOTO WHTepBaja IS CPEIHETO
3HAYEHUS.

3. Kakue BBl 3HaeTe CIOCOOBI TPYNITUPOBAHUS OOBEKTOB?

4. Drtanbl MPOBeIeHMS KacCU(pUKaLMA 00BEKTOB MPY KIIACTEPHOM aHAIN3E.

5. 17151 9ero mpuMeHSIIOT KOPPEISIIMOHHBIN aHAJIU3 B OLIEHKe MalluH?

6. B ueM cMBICIT perpecCHOHHOTO aHaM3a? DTarbl pErpecCUOHHOTO aHATN3A.

7. Kaxk ocy1iecTBisieTcst Tporeaypa MpoBepKU afeKBaTHOCTH MOIEN?

8. [TocTpoeHre TPeHIOB MPH aHAIN3€e BPEMEHHBIX PSITOB.

5.2. KoMmbioTepHBIE TEXHOJOTHH H CPEICTBA B OLlEHKE MAIIHH,
000pyIOBaHMS ¥ TPAHCIIOPTHBIX CPEACTB

DKOHOMHKO-MATeMaTHYECKHE MOJIE]IN B OlleHKe MAIIMH U 000py10-
BaHMS

ITpu u3ydyeHUM pasauuHBIX SIBJEHUI U MPOLECCOB BO BCEX OT-
pacisix 3HaHMI B HacTOsIIEe BpPeMsl MPaKTUYECKU HEBO3MOXKHO
000MTHUCH 0€3 UCIOJb30BaHUS UX B MEPY YIIPOIIEHHBIX (DOpMaib-
HBIX OTIMCAHUI, Ha3bIBAEMbIX MaTeMaTUYECKUMU MoaeassMu. Eciu
TakKhe MOJEIU MCIIOJb3YIOT MPUMEHUTEIbHO K 3KOHOMUYECKUM
SIBJICHUSIM, X Ha3bIBalOT 9KOHOMMKO-MaTeMaTUYECKMMU WUJIU IPO-
CTO BKOHOMUYECKUMU MOJEISIMU. 3aKOHOMEPHOCTH B SKOHOMUKE
BbIpaxkaloTcsl B BUJI€ 3aBUCUMOCTEl pa3IMYHBIX 3KOHOMUYECKUX
nokasareyeii. Takue 3aBUCUMOCTU U UX MaTeMaTUYeCKUEe MOIE]IU
MOTYT OBIThb MTOJYYE€HbI TOJbKO MyTeM 00pabOTKU peabHbIX CTaTH-
CTUYECKUX JaHHBIX, C yY4eTOM BHYTPEHHUX MEXAaHU3MOB SIBJICHUU U
ciiydaiiHbix (paktopoB. IlocTpoeHue Mojeneid B TakKoil CUTyalluu
OCJIOXKHSIETCSI T€M, YTO B3aMMOCBSI3M TloKazaTesieli He SBJSIIOTCS
CTpOTUMHU, (PYHKIMOHAJIbHBIMU 3aBUCUMOCTSIMU. Bce ckazaHHOe
OTHOCUTCS U K OLIEHOYHBIM MOJEJSIM, B YACTHOCTU K MOJIEJSIM 1LIeH
MAalIVH 1 000PYAOBaHHUS.
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B npakTuueckoii paboTe OLIEHIIMK CTaJTKUBAETCSI ¢ HEOOXOIUMO-
CThIO TIOMCKA, HAKOTUIEHUSI U aHaJIM3a pa3HOOOpa3Hoi UH(pOopMaLIUU
0 MalllMHax U UX LieHax. B mpoliecce aToil pabOThl OH CTaJKHWBAETCSI
He TOJIbKO C TPYAHOCTSIMU HaXOXIeHHUsi caMoil uHpopmaunu. Bo-
MepBbIX, YACTO, OCOOEHHO MPU OLIEHKE MaJIo 3HAKOMOI'0 000pya0Ba-
HUsI, ObIBa€T OYEHBb TPYIHO BBISIBUTH BCE OCHOBHbBIE (PAKTOPHI, B -
Iol1e Ha 1ieHy. Bo-BTOpBIX, 1ieHa MoABep:KeHa BIUSIHUIO MHOXECTBA
cly4aiiHbIX (paKTOPOB, YeTKast UH(GOPMALIHS O KOTOPBIX OTCYTCTBYET.
B-TpeThux, oLleHIIMKN OOBIYHO paCIiojaraloT OrpaHUYeHHBIM KOJIU-
yeCTBOM MH(OpMalLKMHU, KOTOpasi K TOMY K€ COAEPKUT Pa3TUuUYHOIO
poJia OIIMOKH.

B 3TuX ycnoBusix nocTpoeHue Mojesieli OonupaeTcst Ha COXKUBIITY-
10CSI METOJ0JIOTHIO, JIEXKAIIyI0 B OCHOBE TeOPHUU 00pabOTKY 1 aHAIM -
3a JaHHBIX, KOTOPasl Ha3blBaeTCsI MaTeMaTUYeCKoi craTucTukoi. Ca-
Ma MOJIeJIb B 9TOM CJIyyae Ha3blBaeTCsl CTOXaCTUYECKOM (BEpOSTHOCT-
Hoi1). BxogHble 1 BBIXOJHBIE ITepeMEHHbIe TaKOK MOAEIM, KakK Tpa-
BWJIO, IIPEACTABIISIIOT COOOM ClTydaiiHbIe BEJTMYUHBI.

HeobxonuMocTh MCIOJAb30BaHUSI CTOXaCTUUECKUX MOJEJEH MpU
OLIEHKE 3aCTaBJisIeT MPUAECPXKUBATHCS OINpPEAeIEHHOIO MOopsaKa MX
MOCTPOCHHUSI.

Ha mepBom 3Tame olieHIIMK J0/KeH COpPMYIUpoOBaTh sl cebst
MpeacTaBieHue O Oyayllel MOJAEeIM Ha YMO3PUTEJbHOM YpoBHe. st
9TOTO, ellle Ha CTaAuM UACHTUDUKAIIMA 00beKTa, OH J0KEH BbIIEIUTh
BaXKHeiiImue (hakTopbl, KOTOPbIE MOTYT CYILIECTBEHHO BJIUSITh Ha LIEHY
00bekTa. MOXHO, KOHEUHO, BKJIIOUUTH B IMepeuyeHb cOOMpaeMoi WH-
¢opmaly Kak MOXHO 0oJiblie (paKToOpoB, HO 3TO MTPUBEAET K TPYIHOC-
TSM npu cOope MH(pOpMALMK, TaK KaK B IIpaiic-TMCcTaxX aHAJIOrOB eMy
yIACTCSl HAMTU JIMILIb OTPaHUYEHHOE KOJMYECTBO IMapaMeTPOB, XapaKTe-
PUBYIOLLIUX UX MTOTpeOuTebcKue cBoicTBa. [10aTOMy 31€Ch OUeHDb BaX-
Hbl MHTYULIMSI OLIEHIIIMKA U OMBIT pabOThI C MOAOOHBIMU OOBEKTAMMU.
OOGBIYHO KOJIMYECTBO (haKTOPOB, CYLLIECTBEHHO BIUSIIOLINX HA LIEHY, Ha-
MpUMep, TEXHOJOTMYECKOro 00OpyI0BaHUsI, HE TIPEBLILLIAET TPEX-TISTH.

Bropoii 3Tan, Kax IIpaBMIIO, CBSI3aH CO cOOPOM M MPOBEPKOii KAYeCTBa
uHGopMaIMM 0 [IeHAX W MapaMeTpax aHAJIOroB. YUUTHIBAs, UTO 3Ta UH-
¢opmalysi 0ObIYHO HOCUT CTATUCTUUYECKUI XapaKTep, a Mo Heil HYyXKHO
OyneT HaXOAWTb 3HAYEHMST HEU3BECTHBIX KOA(POULIMEHTOB MOE/ I, He-
00XOIMMO UMETh JOCTATOUHOE KOJMYECTBO TaHHbIX. HennHeiiHbie Mo-
JIeJIU TPEOYIOT ISl TOCTPOEHMST OOJIBILIETO KOJIMYeCTBa JAHHBIX, TaK KaK
cozepxkat 0oJiblliee YMCI0 HEM3BECTHBIX KO3((MUIIMEHTOB.
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CobOpaHHast UH¢opMaIs SIBJISIETCS BCETO JUILb MaJIol BHIOOPKOi
U3 TeHepaJIbHOU COBOKYITHOCTH, a Tipolieaypa ee (popMUPOBaHUS HE
MOXeT rapaHTUpOBaTh ee oAHOpoAHOCTU. [ToaToMy TpebyeTcst oTceB
OTKJTOHSIOIINAXCS 3HAYCHUI, TIPOBEPKA HOPMAJIBbHOCTHU pacHpeaee-
HUS U JIp.

Tpetnii 3Tan 0O0LIYHO MOCBSIILIEH BBIOOPY BHAa mMoaeaud. B Goib-
IIIMHCTBE CIy4aeB OLEHIIUKY MPUXOAUTCS CTPOUTH PETPECCUOHHBIE
MOJIE/IN, KOTOPhIE anMpPOKCUMHUPYIOT COOpaHHYIO LIEHOBYIO MHMOP-
mauuio. B aTom citydae Hanbosiee MoaxXoAsIIMM BUIOM MOJEU SIBJISI -
eTCsl TaK Ha3biBaeMasi MHOTO(aKTOpHasl MOJMHOMUANbHAsT MOJEb.
Mopens MoXeT OBITh TMHEIHOM MJIM HeJIMHEWHOM — OOBIYHO HE BBI-
1II€ BTOPOTO MOPSIIKA, TaK KaK U3JIUIITHSS CJIOKHOCTh MOJEN 3aTPy/I-
HsIeT ee UcIojb3oBaHue. Kak mpaBuio, cHavyaja MmeITaloTcsl 000OUTHUCH
JNMHelHO Monebio. I3 Apyrux BUAOB Mojieieit MOXKHO Ha3BaTh 9KC-
MOHEHIIMATBbHYIO, CTEIIEHHYIO 1 Ap.

Ha yeTBepTom 3Tane 1o cobpaHHO# MHGOPMALIUU TPOU3BOAUTCS
onpeejieHne HeM3BECTHbIX MapamMeTpoB Modean. Kak npaBuiio, 31ech
KCIIOJb3YyeTCsl METOJ HAaMMEHbBIINX KBaapaToB. Ha aToM 3Tare mumpo-
KO VICITOJIB3YIOT BBIYMCIUTENBbHYIO TEXHUKY W CYIIECTBYIOIINE TTaKe-
ThI IPUKJIAAHBIX MPOrpaMM, MMeIOIIMe BCTPOSHHBIE (MYHKIIMM IS
craTucTHYecKoro aHanu3a (Harpumep, Excel). 3aBepiaercst onpene-
JieHue Kod3(h(ULMEHTOB MPOBEPKOI UX CTATUCTUYECKOM 3HAYNMOCTHU
¥ MPOBEPKOI aAEKBATHOCTH CAaMOM MOJIETH B 1IEJIOM.

Jlanee Mozeib LIeHbl MOXET MCIOJIb30BaThCs 110 Ha3HAUYEHUIO, TO
eCTh JIJIsSI CY>XKIEHUsI O CTOUMOCTH OOBEKTOB OlieHKHU. EcTecTBeHHO,
YTO MPU MOMOIIYA MOAEIU yIaeTcsl 3HAUUTeNbHO 3(deKTUBHEE pe-
IIaTh 3a0a4Yl OLEHKM CTOMMOCTU OOBEKTOB, B TOM YMCJI€ MAaIllMH U
000pyIOBaHUS.

Takast popmanuzaius NpoUeaypbl OLEHKHU MO3BOJISIET HE TOIBKO
JIOCTATOYHO YETKO MOHSTHh 3aKOHOMEPHOCTU (hOPMUPOBAHUSI CTOU-
MOCTH 00BEKTa, HO ¥ MCTIOJIb30BaTh MOCTPOEHHYIO MAaTEMATUIECKYIO
MOJENb JJIsI TIOJYyYeHUsT HOBOW MH(OpPMAIIMM O CTOMMOCTU APYTMX
OO0BEKTOB ITyTEM MPOBEACHUS PACUETOB MJIM S3KCIIEPUMEHTOB C €€ M0~
MOIIBIO.

3amMelieHre peaJbHbIX MTPOLIECCOB, MPOUCXOASIINX C OOBEKTAMU
OIIEHKW, MaTeéMaTUYEeCKMMHU MOJECISIMU W MCCIICIOBAaHWE CBOMCTB
9TUX MPOLIECCOB Ha UX MOJEJISIX Ha3bIBaeTCsl MojieIupoBaHueM. Eciu
pe3yJIbTaThl MOJICIMPOBAHUS OATBEPXKIAIOTCS, TO TOBOPSIT, UTO MO-
nenb anekBaTHa. B aToM ciiydyae oHa MOXeET CIyXKWUTh OCHOBOM s
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MIPOTHO3MPOBAHMUS PeajbHBIX MpPOIleccoB. TaKoro poma MOAEIU
OYEHbB MOJIE3HEI, HAIIPUMeED, IIPU MPOTrHO3MPOBAHNUY JOXOI0B, CO3/Ia-
BaeMBIX OOBEKTOM OIICHKU.

AHa/n3 KayecTBa COOpaHHOI nH(popManun

Beiire (B maparpage 5.1.) ObL10 TTOKa3aHO, YTO MaJIOCTh BEIOOPKU
JIAHHBIX U CIYY4aliHOCTh €€ (DOPMUPOBAHMSI HE TAPAHTUPYIOT €€ HEOO-
XOJMMOTIO KayecTBa, YTO 3aCTaBJIsIeT OLCHIIMKA Mepe] HayaJloM pa-
0OOTHI C AAHHBIMU JIeJIaTh HECKOJILKO MPOBEPOK. OOBIYHO 3TO UCKIIIO-
YeHHe SKCTpeMalIbHbIX 3HAYEHUI 1IeH U3 cOOpaHHOI MH(OpPMaLIUH,
MPOCThIE MPOBEPKHU I'MITOTE3bl HOPMAJIBHOCTU paciipeesieHUsI BbIOO-
POYHBIX JaHHBIX U OLEHKA MOTPELIHOCTHA BHIOOPOYHOTO CPEeIHETO
3HAUEHUS LIeH UASHTUYHBIX OOBEKTOB.

B pa6orte [11] mpuBeaeH KpuTepuii 1151 OTHOBPEMEHHOTO OOHapY-
>KeHUS HAauOOJIBIIUX U HAMMEHBIINX 3KCTPEeMalbHbIX 3HAUYEHUH U3
BBIOOPKMU.

Ha puc. 5.2.1 nokasaH padounii muct Excel ¢ peanmsamnueii naH-
HOTO KPUTEpUsI MPUMEHUTEIHLHO K 00paboTKe 1IeHOBOI MHdOpMa-
uu. B JeBblii cTOI0E1 TaOMULIBI BBOASITCS 3HAUCHUSI LIEH aHAJIOTOB B
BO3pacTarolIeM MOPSIIKE, a B COCETHEM CTOJIOLE AejlaeTcs OTMETKa
(1) psimom co 3HaYeHUEM, TIPOBEPSIEMbIM Ha UCKITIOUEHUE U3 BHIOOP-
Ku. Onpenessiiores cpefiHne 3HaueHus1 L], U151 MICXOAHOM BEIOOPKH 1

Hk JIJIS1 OCTABILIMXCSI 3HAYEHU. 3aTeM OpoOBOAATCA pacyeT abcoJTIoT-

HBIX OTKJIOHEHMI OT CPEIHUX M ONpeAesicHHe CyMM KBajpaToOB ITO
croaouam (CYMMKB1 u CYMMKRB2).

HaiineHHble cyMMBbI KBapaTOB UCITOIB3YIOTCSI IUISI pacyeTa CTaTH -
cTUKU Ej, KOTOpasi cpaBHUBAETCS C KPUTHUUECKUM 3HayeHueM C.

Kputnyeckoe 3HaueHUEe BEIOMPAETCS 110 TabJIMlIE, IIPUBEICHHON B
HWXHEN yacTh (OpMbI, B 3aBUCUMOCTH OT KOJMYECTBA COOPAHHBIX
LIEH # U KOJIMYECTBA k TIPOBEPSIEMBIX Ha MCKIIIOUeHUE 3HAYeHUIA.

Ecnu E;, < C, T0 k mpoBepsieMbIX 3HAUEHUIA LIEH SIBJISIIOTCSI TPYOBI-

MM OLIMOKaMU U TOJJIeXaT UCKITIOUEHUIO, O YEM ITPOTpaMMOli 1esia-
€TCs1 COOTBETCTBYIOLIEE coobd1IeHue (cM. puc. 5.2.1).

ITpoBepka HOPMAJIBLHOCTHU pacnpeneeHrs] BBIOOPOUHBIX JaHHBIX
0 1LIeHax aHaJIOroB TpeOyeTcs A1l KOPPEKTHOIO MPUMEHEHUS B Jajlb-
HelllleM MEeTOJOB CTaTUCTUYecKoro aHaiau3a. OTCyTCTBHE TaKOM
MPOBEPKU B YCIOBUSAX MaJloro oobemMa BbIOOPKM CTaBUT MOJ COMHE-
HUE HaJIe>)KHOCTb PACU€TOB CTOMMOCTH T10 PETPECCUOHHBIM MOJIESIM.
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VCKJIIOYEHUE DKCTPEMAJIbHBIX 3HAYEHUH 1IEH

IMocne coprupoBku 1ieHs Lli . _
HY’XHO BBECTU B CTOJIOEL] Koi-Bo coOpaHHbIX 3HAYEHUI EH N =

JaHHbIC

i

i | Ormerurs |Ocranuch| PasHocts | Pa3HocThb

sketpemym | Hi  [|(Ii — k)| ||(Ili — Hcp)|

KonuuecTBo aKcTpeMalbHbIX
3HaueHui (He Goee 2

67 1 29,00 OIHOBPEMEHHO)

103 103 2,67 7,00 k=
104 104 1,67 8,00 Ek = CYMMKBI1/CYMMKB2
110 110 4,33 14,00 Ek = 0,025

Ek cpaBHUBaeTCSI C KpUTUUECKUM

3HayeHueM C = 0,025

(BbIOMPpaeTcst 11t n U k U3 TaGInIbI)
Ecmm Ek < C, To k aKCTpeMaibHBIX
3HAYCHUH SIBJISTIOTCSI TPYOBIMU
ommrbKamMu

Ek—C=| 0,000

96,0 105,67 28,7 1150,0
Lcp Cp. 3HaY. 1ok CYMMKBI | CYMMKB?2

IloMeyenHble IKCTPpeMaIbHbIE 3HAYEHHSI CJIELYeT HCKIIOUMTD KaK rpy0ble OLIMOKH.
He 3a0ynbpTe HCKTIOYUTD U3 TA0IMIBI HCXOIHBIX JAHHBIX rPyOble OIMOKH!

Kputnueckue 3nauenust C mist Ek

n= 4 5 6 7 8
k=11 0,001 0,025 0,081 0,146 0,208 0,265
2 0,001 0,01 0,034 0,065 0,099
3 0,004 0,016 0,034

Puc. 5.2.1

B pa6ote [17] moka3zaHO IpMMeHEHHNE JOCTATOYHO IPOCTHIX KPH-
TepUeB TIPOBEPKN HOPMATBHOCTU pacHpeneIeHUs] MCXOMHBIX TaH-
HBIX. Boitee M MeHee yBepeHHEBIN BEIBOA 00 3TOM MOXHO CHENIaTh
MIPY TOJTYYESHNH TTOJOXUATEIBLHBIX PE3YJIBTaTOB IIPOBEPKHU Cpa3y He-
CKOJIbKUMH TaKUMU KPUTEPUSIMH.

Hitke puBeneHa peayM3anus IByX TAKMX ITPOBEPOK CPEACTBAMHM
Excel (puc. 5.2.2).

IlepBast U3 MPOBEPOK TTPOU3BOIUTCS C TTOMOIIBIO KoadduImeHTa
BapyalliM V, BEIPAXAIOIIETO CpeaHee KBaIpaTUIecKoe OTKIIOHEHME S B
TPOLICHTAX OT CPE/IHETO 3HaYEHUsI L], LIeH, OCTaBILMXCS TOCIIE MCKITIO-

YCHUA SKCTPEMATIbHbIX 3HAYECHU, OKA3aBIIUXCSI I’I)Y6BIMI/I OIIMOKaMMU.
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ITPOBEPKA HOPMAJIBHOCTU PACITPENEJIEHNA JAHHBIX
110 MAJIBIM BBIBOPKAM

1. ITposepka no K03 uuKeHTy BapHaLuu

J11s1 JaHHBIX, OCTABLIMXCSI MTOCJIE UCKIIIOUEHUSI DKCTpeMalIbHbIX 3HaueHuit, Llep =

Cpennee KBaJpaTHIeCcKOe OTKJIOHEHHe s=| 3,79

Koapduument Bapuanuu v =100 * s/Ilcp, % v= 3,9
Hy:xHo, 4To0b1 K03ddpuumenT Bapnauuu ob11 Menbie 33%.
TunoTe3a 0 HOPMAILHOCTH PACHpe/ieIeHAsI NPHHUMAETCS.
Ecni runotesa oTBepraeTcsi, To BBIOOPKa A0KHA OBITh M3MEHEHA (HAPUMeEP, IOTOJIHeHA
OIHOPOIHBIMU TaHHBIMU WJIU U3 HEe UCKITIOUEHBI SKCTPEMaJIbHbIE 3HAYCHUSI).

2. Kpurepuii cpeanero a6comornoro orkionenus (CAO) CAO = 3 |(ITi — 1IKk)|/n
J17151 BBIOOPKM, MMetoLIei MpUOIM3UTEIbHO HOPMAJIbHOE pacipeie/ieHue,
JIOJKHO BBINIONHATECS HepaseHcTBo: (CAO/s — 0,7979) < (0,4/n * 0,5) s=| 3,79

B nanHoM ciyyae CAO = | 2,89 n= 3

Hepasenctso: | 0,04 | menpme

I'unoTe3a 0 HOPMAILHOCTH PacnpeeieHNs TPUHUMAETCS.
Eciin runoresa oTBepraeTcsi, To BBIOOPKa JOJDKHA OBITh M3MEHEHa (HarpuMep, TOTOTHeHa
OTHOPOJHBIMU JaHHBIMU WJIM U3 Hee UCKITIOYEHBI 9KCTPEMAIbHbIC 3HAUCHMST).

Puc. 5.2.2

Ecnm 3HaueHne KoadduiveHTa Bapualyu Ipesbiinaet 33%, To
TMIIOTE3a O HOPMAaJIbHOCTH pacipeaeieHUsI BRIOOPOYHBIX JAHHBIX OT-
Bepraercs. B paccMoTpeHHOM IpuMepe 3HaueHMe KoadduimeHTa
Bapuauuu v = 3,9% — Majo. [1oaToMy niepBasi IpoBepKa 3aBeplicHa
IOJIOXKUTEJIBHO, YTO IMO3BOJISIET MEPEUTH KO BTOPOI IPOBEPKE — I10
KpUTepUIO cpeaHero adconoTHoro otkaoHeHus: (CAO).

B HuxHelt yacTu puc. 5.2.2 mokaszaHo, KakK OIpeAesisseTcs IToKas3a-
tenb CAO. [1s1 BBIOOPKU, UMEIOIIe TPUOIU3UTEIbHO HOPMAJIbHOE
pacrpenesieHue, TOJDKHO BBIIIOTHSITHCS YCIOBUE

B nameM npumepe 310 HepaBeHCTBO npuHUMaeT Bua 0,04 < 0,23,
TO e€CTb ycioBue 5.2.1 BBIMOJHSETCSI, U TUIOTe3a O HOPMAaJbHOCTHU
pacnipeneneHus] BLIOOPOYHBIX JAHHBIX TIPUHUMAETCSI.

[Tocne ouncTKM BHIOOPKY M MPOBEPKM HOPMAaJIbHOCTU pacripee-
JICHUSI MOXXHO OLIEHUTD MOTPEITHOCTh OINpeaeeHUs CPeIHETO 3HaUe-
HUS LEHbI C UCMOJb30BAHUEM JOBEPUTEJIbHBIX WM MHTEPBaJbHBIX
OLEHOK [/,
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Toueunas oneHka Hcp HE Jac€T MpEACTAaBJICHNA O TOYHOCTU. Nn-

TepBaJIbHAs Xe OLICHKA MO3BOJISIET 1O JAHHBIM BHIOOPKU yKa3aTh MH-
TepBaJl, B KOTOPOM C 3aJaHHOM BEPOSITHOCTHIO HAXOAUTCSI UICTUHHOE,
HO HEM3BECTHOE 3HAUECHME IICHBHL.

3mech OymeT paccMOTpeHa Ta Xe 3aJada B KOHTEKCTe ¢ 00CyXie-
HUEM (GopMBI 00pPabOTKI TTIEPBUYHBIX JTAHHBIX TTPU UCIIOJIB30BAHUT
CpaBHUTEIbHOTO Moaxona. PacueTHas ¢popMa co3mana Ha 6a3e Excel
(puc. 5.2.3) 1 NO3BOJISIET OLIEHUTh MOTPELIHOCTb CPEIHETO BHIOOPOY-
HOTO 3HAYCHMWS 1IEHBI.

3amath _ D _ 31€eCh JIEXXUT UCTUHHAS LIEHA 00bEKTA
HailICHHBIC LIEHBI o '
Nen/m| Wi : » Li
T [1030 Iiep
2 104,0
3 110,0 Pesyabratsl pacuera aas o = 0,05
: BuiGopounas Llcp = | 105,7  (Cpennss uena
3 Bridopounoe s =| 3,79 [CKO cpen. neHsr
n=
tkp = 4’3
Josepurebnbrii nutepsan D =| 18,80
IMorpemnocts cpenneii nenn 1= 8,9 | %
Icp = 105,7 Haiinena ¢ JOMyCTHMO# NOTPEUTHOCTHIO

Puc. 5.2.3

Ha puc. 5.2.3 BJIeBOM yriiy npuBeacHa TabJIMLIA C JAHHBIMU M0 LIEeHaM
ll i TPEX NACHTUYHDBIX O6’I:>GKI‘OB, OCTaBIIMMMUCH TT0CJIE NCKITIOYCHUA I'Py-

ObIX ommOoK. LleHbl MpeACTaBIIIOT COOOM ClTydaiiHbIe BEJIMYMHBI, IT0-
3TOMY BBIOOPOYHAs CpeHsIst LieHa L], ToXe SIBIISISTCS! CIlyqailHOM BeJn-

anHoi. [list onpenenenust L, ncronbsosana GyHkimst Excel CP3HAY.

Ha pucynke 1mokaszaH 10BepUTENIbHBIN MHTEPBaI D, TOCTPOCHHBIM
BOKPYT cpenHeit 1ieHbl. BHyTpu 1oBepuUTEeIbHOTO MHTEPBAja C 3alaH-
HOI BEepPOSITHOCTBIO (1 — O) HAXOOUTCS UCTMHHOE 3HAYEHUE LICHBHI,
HEU3BECTHOE OLICHIIUKY. [TorpeniHocTh BBIOOPOYHOIO CPEIHETO
3HAYEHMST OKA3bIBAETCS HE O0Jiee MOJOBUHBI 3TOrO UHTEPBAIA, a OT-
HOCHUTeJIbHasl €€ BeJIMYMHA OTPeAeIsieTCsl OTHOLIEHUEM

D/2

7=100"1%%- (5.2.2)

p
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[TorpentHOCTb TMOJHOCTBIO OINpeAesIeTCs] BEJIMYMHON J0BEpU-
TEJIbHOTO MHTEpBasia, KOTOPbIN sIBIsIeTCs (PYHKLIMEN CpeIHEro KBai-
patndeckoro otkjaoHeHUs1 (CKO) s 1ieH naeHTUYHbBIX 00BEKTOB, 00-
Pa3yloLIUX BHIOOPKY, KOJUUECTBA 3TUX LIEH U TaOJIMYHOTO 3HAUCHUS
KpUTEPUS pr(CTBIOI[eHTa), HalIeHHOTOo JJIST 3aJaHHOTO YPOBHS 3HA-

yumoctu o = 0,05 u uucna creneHeit ceodbonsl (n — 1) =3.

CKO s MOXHO ompeAenuTh ¢ IOMOIIbIO BCTpoeHHOI B Excel
¢ynakuun CTAHJOTKIIOH, a ocrajabHble 3HaUYeHMST IJISI pacyeTa
HalTU 1Mo ¢opMmyjaaM, KOTOpbIe MPUBEACHBI Ha pucyHKe. Pacuer [1
MMOKAa3bIBAET, UTO CpeHEe 3HAUCHUE LIEHBI ONPEeAesIEHO C IMOrPeIIHO-
CThIO, HE IpeBbIIIAIONIeH TonycTUMBIX 10%.

B npoTtuBHOM citydae mporpaMMa BHIBOAUT COODILIEHUE O HEAOMY-
CTHMMOM TMOTPEIIHOCTH, IS YMEHBIIIEHNSI KOTOPOi HEOOXOAUMO CO-
KpalaTh J0BepuUTeIbHbII MHTEpBaa D. YTOOBI JOOUTHCS 3TOr0, HYXK-
HO YMEHBIIUTb pa30poc HalAEHHbIX 3HAUeHUI LieH L]; u(1nun) yBenu-

YUTH KOJIMYECTBO COOpaHHOM MHMOpMAaLIUU.

®opma, peanusoBaHHasg B Excel, mo3BosisieT OLEHIINKY Omepa-
TUBHO OTCJIEKUBATh HEAOITYCTUMO OOJIBIIINE TTOTPEITHOCTH B COOpaH-
Hoii nH(popMmauuu. Eile ynoOHee HemocpeacTBEHHOE BCTpauvBaHUE
TaKoro pacuera B (opMy I OIpeneieHUs CTOMMOCTU OO0beKTa
OLICHKU TIPU CPABHUTEIBHOM TOIXOIE.

OneHOYHbIE PETrPECCHOHHBIE MOIETH

Llesb mOCTpOEHMS OIIEHOYHOM MO — YCTAHOBJICHHUE U aHAIU3
3aBUCUMOCTEN MeXIy IepeMeHHBIMU, KOTOPBIE pa3nesisaioT Ha 3aBU-
cuMble (OTKJIMK, BBIXOA MOIENM) M He3aBUCHUMBbIe (¢akTopnl). B
OlIEHKE 3aBUCUMBIMM MIEPEMEHHBIMU, KaK TIPaBUJIO, SIBISIIOTCS IIEHBI
00BbeKTOB. B posin He3aBUCHUMBIX ITepeMEHHBIX ((haKTOpoB) X 0OBIYHO
BBICTYITAIOT OCHOBHBIE TTapaMeTPhl MAIIMHBI M TTOKA3aTeNIM €€ TTOTpe-
OUTENBCKUX CBOMCTB. DTU NepeMeHHbIe ((paKTophbl) A1 KaXKI0TO BU-
Jla 000PyIOBaHMSI OLICHIIIMK B COCTOSTHUHY OTIPENIEIUTD CaM B TTpOIIeC-
ce uaeHTugUKalu oobeKTa OlLeHKHM, a JJIs aHAJIOTOB — IIpU cOope
LIEHOBOU MH(pOpMaLIUH.

IIpu uaeHTHUKAIIUN YTOUHSIETCS KOJUIYECTBO (paKTOPOB, OTOU-
paeTcsl CpaBHUTEJIbHO HEOOJIbIIAsl UX YacTh (OOBIYHO He Ooisee J),
rHPOpPMaLKSI O KOTOPBIX UMEETCS Y OLICHIIMKA. DTU (haKTOPhI CUYUTA-
IOTCSI IETEPMUHUPOBAHHBIMU (TO €CTh He caydaiitHbiMu). OcTaibHbIe
¢akTOphl, 0OBIYHO MEHEe BaxKHbIe, MH(pOPMALIUs O KOTOPBIX OTCYT-

192



CTBYET WJIM SIBJISIETCS HEIOCTATOYHO TOYHOM, OTHOCST K KaTeropuu
CIIy4YalHBIX.

OOBIYHO TIpeaNoNaraloT, 4To CiaydaitHble (DaKTOPHI BIUSIOT Ha 1ie-
Hy, Jenasl ee Takxke CayvyailHOi BeJMYuHO#. JIJisi omucaHust 3TOro
BAWSTHUSI B MOJIEJIb 1OOABISIIOT CIyYaiHbINA apaMeTp €, 00beINHSIIO-
M B ceOe BIMSIHME BCEX HEYYTeHHBIX (pakTopoB. Moaeab B 3TOM
CJIy4yae MOXHO IIPpEeACTaBUTh KaK

I =f(X) +«. (5.2.3)

[IpoBepku, KOTOPHIE MPEIIISCTBYIOT IIOCTPOSHUIO MOACIIN 1IEHHI,
CBHMIETELCTBYIOT O TOM, YTO coOpaHHas MHGboOpMalus 10 IeHaM
MTOMYMHSIETCS 3aKOHY HOPMAaJIbHOTO pacIpeleIeHusI.

TakuM 06pa3om, B OOIIIEM ClTydae eCTh OJJHA 3aBHCHMasl IIepeMeH-
Has [/, Ha KOTOpYIO BIUSIOT kK He3aBUCHMBIX ITEPEMEHHBIX, HaIIpH-
Mep, X = (X1, X ... X;). 3aBHCHMOCTb MeXKJy 3THMHU IlepeMeHHbIMH B
ciayyae, Korna I] sBasieTcs CIy4aiiHOW BeJIMYMHOI, XapaKTepusyeTcs
MaTeMaTHYECKOi MOIeJIbio, KOTOPAsi Ha3bIBAeTCS MHOXKECTBEHHO# per-
peccueii. PerpeccoHHast MoIe/Ib JOJKHA alllPOKCUMUPOBATh COBO-
KYITHOCTb COOpPaHHBIX JaHHBIX ITOIXOISIIE MOIE/IbIO, BEIOOP KOTO-
poii B GOJIBIIMHCTBE CIIy4aeB Je/IaeT caM OICHIIUK.

Bo MHOTrUX Cilydasix ITOCTpOSHHE PerpecCUOHHON MOAEIN Ha4Yu-
HaeTcs C OLICHKM JIMHEHHOM 3aBUCHMOCTHU II€peMEeHHBIX. Momeau
MIPUAAIOT BUI

k
L =by+ybx; (5.2.4)
i=1

a OLICHKM HEU3BECTHBIX KO3GhMULIMEHTOB b, b ... by HaXoxAT, Uc-

MOJTB3YsT B Ka4eCTBe KPUTEPUS OIM30CTH CYMMY KBajapaTOB pa3HO-
CcTeil COOpaHHBIX 3HAYEHUI LIEH aHATOTOB [[; M LIeH, pacCYMTaHHBIX

10 ypaBHEHUIO perpeccui 5.2.4:
k
0=5 & =3(;~(b +zlb,-x,~))2. (5.2.5)
J i=

Ecom 3ammcaTh perpecCHOHHYIO MOJIEIh B MAaTPUYHOM BHIE, TO
KPUTEPUIA OIM30CTH TIPUMET CIIeIYIOIINIA BUI:

0= (Il — Xb)" (Ll — Xb), (5.2.6)
rae Il — BekTop coOpaHHBIX LIEH # aHAJIOTOB;
X — (n x k) — marpuna pakTopoB (ITapaMeTPOB OOBEKTOB);
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b — BEKTOp HEU3BECTHBIX KOIDDUIIMEHTOB PEerpecCCUOHHON MO-
JIeJu.
YToO6bl MUHUMU3UPOBATh KPUTEPUIl OJM30cTH (), HEOOXOAUMO,

YTOOBI 90 =(0 mug Bcex i Ilonmyyaercss Tak HasbiBaeMasl CUCTeMa
i
HOpPMaJIbHBIX YpaBHEHUH, U3 pEIIeHUSI KOTOPO MOXHO HAWTH OLICH-
KU HEU3BECTHBIX KOB(M(HULIMEHTOB PErpecCuu:
b= (X"X)"' (X" ). (5.2.7)
Bce BEUmcieHrs 00bIMHO IIPOBOISITCS C TIOMOIIBLIO KOMITEIoTepa. Ha
puc. 5.2.4 ipuBeeH IIpMMeEp TAKOT'O pacyeTa ¢ IMoMoIbio nakera Excel.

IIOCTPOEHUE PETPECCUOHHON JINMHEVNTHON MOJIEJIN LIEHBI

st muHeiiHo# perpeccun yncio koadduimentoB M =k + 1, rne k — uncio ¢pakropos

3azath uncio dakropos k =| 105,7

Huxe B pacuyere Hamo yyects| 3,79 | aHanoros

3amaTh TaHHBIE TIO AaHAJIOTAM U MX TIEHBI

DaxTopkl, BIUsIOmMe Ha L Lens | [IPOBEPKa Monesn
<1 ) 3 Lan LlaH pacu e"2
40 1 10 19 18,96 0,002
55 ) 10 24 24,08 0,006
30 1 15 29 29,04 0,002
70 2 14 29 28,90 0,100
58 2 21 30 30,02 0,000
Koad. xoppensimmu r: - rl11] 211 310
(akTop-11eHa aHaora | 0,82 | 0,43 | 0,79 |
rl2 rl3 23
mexay paxropamu [ 0,04 [ 0,38 [ 0,30 |

3unayeHus1 Ko3()(HUIUEHTOB perpeccuu

b0 bl b2 b3 R"2=

4,193 0,191 2,256 0,488
OITPEAEJTEHUE LIEHbI OBBEKTA OIIEHKMU (pacuer no HaiiieHHoi Moein)

3navyenus ¢pakropoB  x1 x2 x3 IleHa 00beKTa OLEHKH
IS 00BEKTA OLIEHKH | 50 | 2 I 12 | | 241 |
Puc. 5.2.4

IIpy mocTpoeHUM JUHEMHOW PErpecCMOHHOU MOAeNu CleayeT
UMEThb B BUJLY, YTO YeM O0JIbllie JAHHBIX UCII0Ib30BaHO, TEM TOUHEEe MO-
KET ObITh OIpeleeHa UCKOMasi 3aBUCHMOCTb MEXAY NepeMEHHBIMMU.
OnHako KOJMYECTBO CTaTUCTUYECKUX AAHHBIX HE MOXET 00eCIeuYuTh
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TTOJTy4eHIe TOCTOBEPHOM 3aBUCUMOCTH, €CIIM B JIEUCTBUTEIEHOCTH €€
He cyImecTByeT. BMecTe ¢ TeM MOXHO Ha3BaTh MUHUMAJIbHOE KOJIMYE-
CTBO HEOOXOOMMEBIX MCXOTHBIX TAHHBIX, OTpeae/isieMoe CaMUM METO-
JTOM HaMMEHBIIMX KBaJpaTOB, C TIOMOIIBIO KOTOPOTO OIPEHEIISTIOTCS
HeW3BeCTHbIe KO3(MMUIMEHTH perpeccuil. OOBYHO 3TO KOJIMYECTBO
MpUHUMaeTCs paBHBIM (k + 2), e kK — KoInuecTBo (haKTOPOB, YUUThI-
BaeMbIX B Mogean. Ha puc. 5.2.4 paccMoTpeH cirydaii, Korna k = 3, 11o-
3TOMY UCIOJIb30BaHbI JaHHbIE MO (k + 2) = 5 aHajioraM.

OLIeHIITUK BHOCHT JaHHBIE O CYIIECTBEHHEBIX, C €T0 TOYKW 3pEHMUS,
ImapaMeTpax aHaJIOTOB U MX LIeHaX B TaOIHUILy.

INepen HagamoM pacyeToB KO3(POUIIMEHTOB PETPECCHU TTOJIE3HO
MMPOBEPUTH CYIIECTBOBAHWE W CWIIYy JIMHEWHOU CBSI3W MEXIY TIepe-
MEHHBIMHM U 1LIeHO# aHajoroB. C 3TOi 1IeJIbI0 ONpeAesIoTcsT KO3(d-
(punmeHTs! KOppenauuu Mexay hbakTopaMu U LieHoi — ato ri1], r21]
u r31, n mexnay dakTopamu — ri12, ri3 n r23. KenareabHo, 4TOObI
epBas Tpymma Ko3Gp@UIIMEeHTOB MMella KaK MOXKHO OOJIBIITTEe 3HAYe-
HUSA — 3TO OyIeT CBUIOCTEIHCTBOBATh O CYIIECTBEHHOCTH BIISTHUS
9TuX (pakTOpoB Ha HeHy. Bropas rpynmna koagduimeHToB, Ha000-
pOT, TODKHA UMETh MaJjible 3HaUYEHUsI, YTO OYIeT CBUAECTETLCTBOBATh
0 He3aBUCUMOCTH (aKTOpoB Mexay coboii. Ha puc. 5.2.4 3Tto nmeet
MECTO, OIHAaKO IS (pakTopa X, 9Ta KapTUHA MPOSIBIISIETCS] HEAOCTA-

TOYHO YETKO, YTO €CTECTBEHHO ITPU MMHUMAaJIbHOI BEIOOPKE JaHHBIX.
Jnst onpeneneHust KoaOULMEHTOB KOPpeJIsiiy ObLia NCMHOJIb30Ba-
Ha ctatuctnyeckast pyukuns KOPPEJI, Bctpoennas B Excel.

CrenyeT 3aMETUTD, UTO TIPU PACCMOTPEHUHM OoJiee ABYX MEePEeMEH-
HBIX JJIS1 HOJIydeHUsT 0e3yIPedHbIX CTATUCTUUECKUX BBIBOJOB O CYIIe-
CTBOBAaHUM CBSI3W MEXIY HUMM TIPOCTHIX KOIPPULIMEHTOB KOPPEIs-
LIMK OKa3bIBAETCs YK€ HEIOCTaTOYHO. B 3TOM ciyyae xkejaaTeabHO Uc-
MOJIb30BaTh MHOXECTBEHHbIE KO3(hGUUUEHThl KOPPEIsIUU, KOTO-
pbI€ SBJISIOTCS MEPOW JIMHEHHOMN CBI3U MEXIY OJHOU M3 MEepEMEH -
HBIX U COBOKYITHOCTBIO Apyrux. [loaToMy momxom, MoKa3aHHBIA Ha
puc. 5.2.4, MOXXHO pacCMaTpUBaTh JIUIIIb KaK MPUOIMKEHHbIN.

ITocne mpoBepKM CBSI3U MEXAY MEePEeMEHHBIMU MOXHO TMPUCTY-
MUTb K OMNpeIeSeHNI0 HEU3BECTHBIX KO3(M(OULMEHTOB perpecCUuoH-
Ho#t Monenu. JIJist 5TOT0 MOXHO MCIIOJb30BaTh BCTPOSHHYIO CTaTUC-
tnueckyio dynkimio JUMHEWH, peanusyioliyio BblYUCIeHNS Ha Oa-
3¢ BeIpaxkeHus 5.2.7.

Ecnu B okHO 3TOi (byHKLIMKU Ha paboyeM JUCTe BBECTU aapeca
MAacCHUBOB JaHHBIX [] 1 X, To OyaeT mpou3BeAeH pacuyeT BEKTOpa HEU3-
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BECTHBIX KOA(M(PUIIMEHTOB b perpecCHi M B COOTBETCTBYIOIINX STUEii-
Kax (puc. 5.2.4) MosiBITCS X 3HAYCHUS.

Takum 06pa3oM, ypaBHEHHE PETPECCUH IJIST OLIEHUBaeMbIX OOBEKTOB
onpeeIeHHOTO BIUIa — TOTOBO. Tereph ero MOXHO IIOMECTHTS B STIEi-
Ky «lleHa 0ObeKTa OLIeHKU» (MMeeTCsl B BUIY pacueTHasl 1IeHa) B HIDKHe
qacTH paboueit (hOpMBI M UCTIONTB30BATh JIJIST PACYETOB C 3aIaHHBIMY 3HA-
YEHUSIMH TTEPEMEHHBIX, COOTBETCTBYIOIINX OOBEKTaM OIICHKH.

IIpn WcmoNMb30BaHUM MHOXECTBEHHOW JIMHEWHON perpeccuu y
OIIEHIIINKA MOXET BO3HUKHYTh HEOOXOIMMOCTD TIPOBEPUTH €€ 3HAUN -
MocTb. [list aTOrO 06IIasi CyMMa KBaapaToB SS,s, pasouBacTcs Ha

CYMMY KBaIpatoB SS,,,,, KOTOPYIO HaliiecHHasi perpeccust O0bsICHSIET,
Y CyMMY KBaIpaToB OIIHUOKH SS,,,:

n=5s
SSosu = 3 X; Xep)? =88 oo +SS,u - (5.2.8)
J=1

ITaker Excel ¢ momoliibio MHCTpyMeHTa «Peepeccus», BXOASIIETO B
HaACTPOiiKy «[lakem anaiu3a», MO3BOJISIET MPOBECTU OMPEACICHUE YKa-
3aHHBIX CYMM KBaJpaToB, COOTBETCTBYIOILIMX UM AWCHEPCUIl (CpemHUX
KBaJpaToB) §* Y BBIYUCIUTH CTATUCTUKY F, KOTOpask UCTIOJIb3YETCS ISt
MIPOBEPKU 3HAYMMOCTHU perpeccuu mo Kpurepuio Puinepa:

2
=33/ Upee _Spec (5.2.9)
SSom /df;)m ng
rne df — COOTBETCTBYIOLLIME CTETIEHU CBOOO/bBI ISl OMpeaeieHUs
JUCTIEPCUTA.
IIpouenypa mpoBepKu OOBIYHO CBOAMTCS B Tabauiy «Jlucrepcu-
OHHBIN aHanu3» (Tadm. 5.2.1).

Tabauua 5.2.1
JIncnepcoOHHbINA aHAIM3
df SS s2 F 3Hau-mo F
Perpeccust 3 86,77937 | 28,92646 | 1402,355 | 0,019627
Ominbka 1 0,020627 | 0,020627
Oo61asa 4 86,8

MOXHO OLEHUTb JOCTOBEPHOCTh MOCTPOEHHON PErpPecCMOHHOMN
Molenu ¢ moMollblo F pacnpeneneHus ®Duimepa. B mocnemHem
croJidle Taba. 5.2.1 npuBeaeHa 3HAYMMOCTh F = o — BepoOSITHOCTh
TOT0, YTO PETPECCMOHHAsT 3aBUCUMOCTh IIEHBI OT YKa3aHHBIX (haKTO-
poB otcyTcTBYeT. CiienoBaTenbHO, (1 — a) = 0,98 — 3T0 BepOSATHOCTh
TOr0, YTO TaKasl 3aBUCUMOCTb CYILIECTBYET.
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Ha ¢opme (puc. 5.2.4) nokazaHa TakKe BeJIMYMHA
R = SS pee

SSuiu (5.2.10)
KOTOpasi Ha3bIBAETCs KBAAPATOM MHOXECTBEHHOTO KoadduimeHTa
KOPPEJISLNU 1 IIMPOKO TIPUMEHSIETCS IJIST OLICHKHU aneKBaTHOCTU per-
peccuoHHbIX Mojieiei. SIcHo, uTo 0 < R? < 1. B naHHOM ciiy4ae 3TOT KO-
3(PULMEHT OYeHb 0IM30K K CBOeMY MaKCUMaJIbHOMY 3HAUYCHUIO, YTO
TaKKe CBUIETELCTBYET 00 aIeKBaTHOCTH ITOCTPOSHHOM MOJIEIH.
PerpeccuoHHBII aHAIN3 TAKXKE YIOOHO MPUMEHSTH IIPU ITOCTPOE-
HUU MoJeJiell KOPPEeKIINK IIeHbl aHajora ¢ TIOMOIIBI0 TaK Ha3bIBae-
MBbIX KO3 PUIIMEHTOB TOPMOXEHUS 1I€HbI:

1 2 3

DXWD'” 0% 4 rf! wam'”
=0,0—0 o0 O o= Uy Kopy.  (5.2.11)

Dxl,aHD DxZ,aHD DxB,aHD

[IpoGnemoit B 3TOM citydae SIBIISIETCSI 0OOCHOBAHHOE OIIPEIC/ICHUE
rokasateneii crerienu ml, m2, m3 ... [1okaxkeM, Kak IPOM3BOIUTCS pe-
IIICHME 3TOM IMPOGJIeMbI METOIOM PErpeCCMOHHOrO aHamm3a (puc. 5.2.5).

OINPEJIEJIEHUE 3HAYEHU ITOKA3ATEJEN CTEITEHU m1, m2, m3
B ®OPMVYIIE 1JISI KOPPEKIIMU IIEHBI AHAJIOTA 11 = Ilan*Kkop

JlaHHbIE IO aHaJI0ram Lipacy = Lan*Kkop
j x1 x2 x3 11 pacy
1 400 10 2 85 85,0
2 630 15 3 160 162,0
3 200 2 2 26 25,5
4 320 7 1 48 48,4
5 250 4 2 39 40,6
r(xi, IT) = 0,99 0,97 0,73
JlorapudmupoBanue
In(x1j//x11)  In(x2j//x21) In(x3j//x31) In(LLj/L{1)
0,45 0,41 0,41 0,63 ml = 0,70
-0,69 -1,61 0,00 -1,18 m2 = 0,45
-0,22 -0,36 -0,69 -0,57 m3 = 0,36
-0,47 -0,92 0,00 -0,78
o=
OINPEAEJTEHUE LIEHBI OBBEKTA OIIEHKMU (pacuer no mozesm)
3uauenus pakropos x1 x2 x3 Hpacy
11 00bEKTA OLEHKH | 50 | 2 | 12 | 72.7 |

Puc. 5.2.5
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BBon njaHHBIX TIO MapamMeTpaM U 1ieHaM aHaJ0ToB OCYIIECTBIISIET-
Csl aHAJIOTUYHO TOMY, KakK 3TO ObLIO B MpeabiaylieM npumMepe. Iloa
CTOJIOLIAMY MapaMeTPOB ITOKa3aHbl KO3(M(UIIMEHTHl KOPPEIsLuu,
CBUJIETEJILCTBYIOIINE O TOCTATOYHO CUJIBHOM UX CBSI3U C LIEHOIA.

Cpenu aHaoroB BbIOpaH oAWH (MEPBbIii), IO 3HAYCHUSIM TTapame-
TPOB HaXOASIIUINCS IPUMEPHO B cepeiMHe BEIOOPKU. B nanbHemx
pacueTrax oH OyneT (pUrypupoBaTh C UHAEKCOM «aH».

B BoIpaxkeHuu 5.2.11 npousBoAUTCS AejeHUE JIeBOI U MPaBoii ya-
cTeii Ha 1], 1 TorapupMHUpOBaHUE:

0y O Oy, O Oy, O Oy, C
In E:ml*lng—g+m2*lnB—D+m3*lng—[. (5.2.12)
% Dxl,au 0 Dx2,aH 0 Dx3,aH L

B cooTBeTcTBUMM C BhIpaxkeHueM 5.2.12 npousBoaUTCs Jorapud-
MUpPOBaHME TAOJMIIBI C UCXOOIHBIMM TaHHBIMM U Mpeodpa3oBaHue
ee B TabauIly, pacrojiokeHHylo roa Heil. [lepBas cTpoka B Heil oT-
CYTCTBYET, TaK KakK IocJe Jorapu(pMupoBaHUs OHA SIBJISIETCS HYJe-
BOIA.

Tak kak BbeIpaxkeHue 5.2.12 gBjisieTcs Mo CYyIIeCTBY PerpecCUoH-
HOM MOJENbI0 ¢ HEU3BECTHBIMU KO3(dULIMeHTaMM perpeccuu ml,
m2, m3, TO K HeMY MOXHO IMPUMEHMTD T€ XK€ IPUEMBI, UTO U B IPEIbI-
aymem npumepe. Vicrionw3yst Berpoennyio dynkumio JUHEWH ¢
COOTBETCTBYIOIIMMY MacCMBaMU M3 BTOPOI TaOJIMILIbI, MOXHO HalTH
OLIEHKU HEU3BECTHBIX KOA(P(PUILIMEHTOB perpeccuu, OJHOBPEMEHHO
SBJISTIOLIMMMCS IOKa3aTeJIIMU cTenieHu m1, m2, m3.

OKOHYaTeJIbHO MOCTPOSHHAsI MOJIEe]Ib UMEET BU/L:

7 45 136
10 = 85Dxl,ou o Do on J 03 on 0 (5.2.13)
= 0°01 0 O a o 0 : e
04000 010 g g 2 O

B Heit BMecTO mmapaMeTpoB U LIEHHI aHajiora B 00IeM BUAE CTOST
KOHKpPETHBIE 3HAYeHMS, COOTBETCTBYIOIIME HamboJiee IMpeaCcTaBU-
TeJbHOMY aHAJIOTY U3 BEpPXHEH TaOIUIIbl, KOTOPOMY paHee ObUT IpU-
CBOEH MHIEKC «aH».

Bricokoe 3HaueHue KBaapaTa MHOXKECTBEHHOIo Ko3(guiirueHTa
Koppeisiiuu R, BeIBeJeHHOe Ha (hopMy, ITOKA3bIBAET, UTO MOJIYYEH-
Hasl MOJeJIb aleKBaTHa.

Mogaens B Buae 5.2.13 BBeleHa B IIPaBYyIO STYEHKY caMOil HIDKHEH
TaOJIMIIBI ¥ TIO3BOJISIET OIPEACIIITh paCUeTHOE 3HaUeHME 1IeH 00BbeK-
TOB OIIEHKHM 10 3HAYEHUSIM BBOAVMBIX B 3Ty TaOJIUILy MapaMeTpPOB.
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ITpeuMyiilecTBO MPUMEHEHUS PErPECCUOHHOIO aHAIM3a B AAHHOM
cJlydyae CBSI3aHO C TEM, UTO B KOA(hGUIIMEHTaX TOPMOXKEHMUS LIEHbI UC-
MOJIb3YIOTCSI HE CpeIHMe 3HAUEHUsI MoKa3aTesieil creneHu m, a bosee
TOYHBIE, COOTBETCTBYIOLIME COOpaHHOK WHGbOPMalMKM O aHaJIorax
00BeKTA.

ITpu nonbITKe MOCTPOUTH PETPECCUOHHYIO MOAEJIb JIJISI HIMPOKOTO
Mana3oHa BapbUPOBAHUS HE3aBUCHUMBIX MEPEMEHHBIX X OLEHIIUK
MOXKET CTOJIKHYTbCSl C HEaleKBaTHOCTbIO JIMHENHON perpeccuu. U3
TaKoi CUTyallMU €CThb 1B BHIXOAA.

MOXHO Cy3UTb MHTEPBAIbI U3MEHEHMSI TApaMeTPOB 00BEKTA, YTOObI
JIMHEWHasl anmnpoKCcUMallvsl oKa3alach aaekBaTHoit. B aToM ciyuae mis
LIMPOKOr0 MHTEpBaa MOXKET MOTPEOOBATHCS HECKONBKO PErpecCUOH-
HbIX MOJIEJIEH, KaxK/1ast U3 KOTOPBIX Oy/IeT paboTaTh B CBOEM IAIa30He.

BTopbIM BBIXOZOM MOXET ObITh TOCTPOEHUE OJHOM, HO HEJTMHEH -
HOU Moaeu (OOBIYHO KBaApaTUYHOM):

k k
I =by + 3 bix; + 3 byx} + > byxix;. (5.2.14)
= =1 i%j

B 5TOM CiTydae KOIMYECTBO HEM3BECTHBIX KOI(MD(MHUIIMEHTOB YBETMIK-
BAETCS, UTO BJICYET 3a COOOM yBETMUYEHHE KOJIMYECTBA TAHHBIX JUIS TIOCT-
pOeHMs Takoi Mozesn. Tak JUisi TIOCTPOSHUSI KBAIPATUYHOW MOJIE/H
MHUHUMAJILHO HEOOXOIMMOE KOJIMYECTBO aHAIOTOB JIOJKHO OBITh PABHO

n:W+2. (5.2.15)

[Ipu k = 2 TpebyeTcss nHOOPMAIISI MUHUMYM O BOCbMU aHAJIOTaX,
TOT/Ia KaK JJISI IOCTPOSHUS IMHEWHOM MOIe M HY>KHO OBUIO BCETO Ye-
ThIpe aHajora. Tak Kak co0upaTh MHGOPMAIIUIO O aHAJIOrax He Ipo-
CTO, 3TO HE IIPUBOIUT K OOJIBIIION ITOITY/ISIPHOCTH HEJTMHEWHBIX MOJIC-
JIeW cpeau MPaKTHISCKUX OLICHIIMKOB, a UCITOIB3YETCS IIPU BCIKOTO
polla UCCIICAOBAHUSIX.

IMocTponTh KBagpaTUIHYIO MOAE/b LIEHBl MOXHO, UCITOIB3YS BCE
toT ke Excel. [IJI1 3TOro 10CTaTOYHO IMPOM3BECTU 3aMEHY IIEpeMEH-
HbIX. HammpumMep, BMecTo MomeIu BUIa

_ 2 2
L =by +byx) +byxy +by X{7 +byyxy +bir XX, (5.2.16)
ICTIONB30BaTh MOJIETb

l[:bo +b1xl +b2X2 +b11X3 +b22X4 +b12x5 . (5217)
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Torna, ucnonb3yst TEXHOJOTUIO TTOCTPOSHMS TMHEMHBIX MOJIEIENH,
MOXXHO OyJeT onpeAeauTb Bce Kod(h(GULIMEHTh HEJIMHEeTHO MoaeIn
5.2.17.

ITporHo3Hbie MojIe/ I B OLIEHKE

PaHee ObLIM paccMOTpeHBI METO/IbI TOCTPOSHUSI MaTeMaTUIECKUX
MoJieJiell TPeHA0B, OMUCHIBAIOIINUX PA3IMUHbIE MTPOLECCHI, POUCXO-
JsiyMe B 3aJaHHOM BPeMEHHOM MHTepBasie. BpeMeHHOI MHTepBal
COOTBETCTBOBAJI TPOIILJIOMY M HACTOSILEMY BPEMEHU ITpOTEKaHUsI
npoiecca. [1lpomieHue B Oyayliee TeHASHUUH, OOHAPYXEHHBIX MPU
MPOTEeKaHUM Tpoliecca Ha 3aJJaHHOM BPEMEHHOM MHTepBaJje, Ha3bl-
BaeTCsl 3KCTPANOJIALUEil UM POTHO3UPOBAHNEM.

JJ1s1 TIpOrHO3MpPOBaHUST JOJKHBI OBITh COOJIIOAEHBI, MO KpalHel
Mepe, IBa YCIOBUSI:

a) MpeanoyiokeHre 0 TOM, YTO OCHOBHAsI TEHASHLIUS MPOTEKAHUS
Mpoiiecca B MPOIUIOM U HACTOSILEM He TMPeTePNuUT CYIIECTBEHHBIX
U3MEHEHUH B OyaylIeM;

0) HaTMUKMe MaTeMaTUYEeCKO MOEIU TPeH 1A, aleKBaTHO 0ToOpa-
XalIeh mMpoTeKaHUe U3y4aeMoro mpolecca.

Bwmecte ¢ TeM hopmasibHBIN MOAX0M K MTPOTHO3MPOBAHUIO MOXKET
MPUBECTU K CYILIECTBEHHBIM OIIIMOKaM B pe3yjabTaTax MporHo3sa. [1o-
9TOMY, Hapsily C BBIMOJHEHWEM Ha3BaHHBIX BBIIIE YCIOBUM, OYEHb
BaXXeH coAepXKaTeJbHbIi 9KOHOMUYECKUI aHAJIM3 U3y4aeMOro Ipo-
liecca, 3HaHue ()aKTOPOB, KOTOPhIE BIAUSIIOT Ha BpeMeHHOo psia. Ec-
JIM BDEMEHHOM PSIJI UMEET MEePUOALI TOABEMOB 1 CMIaA0B YPOBHSI, pac-
YyeT MapaMeTpoB TPEHIa He CJIeyeT BECTU MPUMEHUTEIbHO KO BCEMY
paccMaTpuBaeMoOMY MHTepBally BpeMeHU. B aToMm cityuae ero cieayer
pa30uTh Ha 3TAllbl TaK, YTOOBI B IIpeeiaxX KaXI0ro U3 HUX HabJoma-
Jlach yCTOMYMBAs TEHICHLIMS U3MEHEHUST YPOBHEl Tpoliecca. Moxer
0KazaTbCsl, YTO MPOTHO3 OyAeT TOYHEe, €CAM OH OMUpaeTcsl He Ha
JIaHHBIE BCET0 MHTEPBaia BpEMEHU, a JIMIIb Ha TeHACHIIMU, KOTOPbIE
MPOSIBUJIMCH Ha TTOCAeAHEM 3Talle.

JJ1s1 ocyliecTBIIeHUsT TIPOrHO3a YA00HO MOJIb30BaThCSI KOMIIbIO-
TepHBbIMU MMporpaMmaMu. Huxke Ha mpocToM nipumepe OyayT paccMo-
TPeHbl BO3MOXHOCTU TMPOTHO3MPOBAHUSI BPEMEHHBIX PSJIOB, KOTO-
pblie nipegoctabisieT Excel.

M3BecTHO, UTO MyOJMKAaLIMs B OTKPBITOM IeYaTh OUIIMaTIbHBIX
CTaTUCTUYECKMX JAHHBIX BCETra HECKOJILKO 3ara3AbIBaeT Mo CpaBHE-
HUIO ¢ TeKYIIIUM MOMEHTOM. B 3TOM cilyuae, Korna oleHIIMKY IoTpe-
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OyeTcsl CeroAHSIIIHUI YPOBEHb TOTO UM MHOTO 9KOHOMUYECKOTO TT0-
KazaTeJsisi, OH MOXET HalTH ero Mo pe3ybTaTaM MporHo3a, oCTPOeH-
HOTO Ha PeTPOCIEKTUBHBIX TaHHBIX.

ITycth, HamprMep, U3BECTHBI PETPOCIIEKTUBHBIE JaHHbIE O KO3Gh-
¢bumeHTax peHTabe IbHOCTH MpoAax K, OTpakalolMxX M3MEHeHNE

M0 TofaM MOTPEOUTETBCKOTO CIIpOca Ha MalllMHbI ONPeASIeHHOM TO-
BapHOU I'PyIIIbI.

Tomer 1 2 3 4 5 6 7 8 9 10

K, 0,2 |0,24 10,383 (0,32 |0,195 (0,201 {0,092 (0,09 |0,127 0,255

Ha puc. 5.2.6 moka3aH COOTBETCTBYIOIINIA 3TUM JaHHBIM BPEMEH -
HOWM psia.

N3menenune Kp o rogamM
| |
0,383 =
. 0,32 .
n 0.24 n u 0,255
02 0,195 0,201 . . n
| | 0092009 %127
0 2 4 6 8 10 12
Puc. 5.2.6

OOHapyXUTh KaKyl0-I100 TeHIAEHIINI0O M3MEHEHUsS BPEMEHHOIO
psima oKa3ajaoch 3aTpPyIHUTENbHBIM. [loaToMy ObLIa TpenmpuHsITa
MTOTBITKA, UCIIOJIB30BATh MJIST IIPOTHO3a JIMIITH 3aKTI0YUTEIBHBIN yJa-
CTOK psifa, TAe Ha MPOTSKEHUHU MTOCAETHUX TPEeX-YeThIPEX JIET YCTOM-
YUBO IIPOSIBIISIETCSI TEHACHLIMS pocTa KoadduireHTa peHTabeIbHOC-
TU. JlaHHBIE 10 3TOMY 3TaIly psAaa MPUBEACHBI B TA0IHUIIE.

10061 1 2 3 4 5
Kp 0,092 10,09 {0,127]0,255 | IIporHo3

YToO6bI OCYIIECTBUTD MMPOTHO3 BPEMEHHOTO psijia Ha S-i TOM, MOX-
HO BOCITIOJIb30BaThCcsl MacTepoM auarpamMm, MOCTPOUTH TOUYEUYHbBIN
rpaukK BpeMEHHOIO psijia IO TaHHBIM TaOJIULIbI, 4 HA 3Tale MOCTPO-
€HUS JIMHUU TPEH]Ia OCYIIIECTBUTH TPOTHO3UPOBAHUE.
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HMmeet Gonblioe 3HaYeHNE BEIOOP MOAETN TPEHIA, TaK KaK SKCTpa-
TTOJISITIVS C VICTTOJTB30BAHMEM Pa3HbIX MOJEIIEi MOXKET AaTh CUJILHO pa3-
JTMYAloIIrecs pe3ynbTaThl. B JTaHHOM ciTydae TOTTOTHUTETbHBIM OpUEH-
THPOM TIpU BBEIOOpPE MOIEIM TPEeHAA JOJDKHO OBITh TIpEICTaBIICHME
OIIEHIIKA O MaKCUMAIbHO BO3MOXHOM BEIMUMHE TTPOTHO3MPYEMOIA
BeJMYMHBL. B maHHOM ciydae peub umeT o KoadhHuIilmeHTe peHTabeb-
HOCTH TIPOIaX MPOIYKIIMHA MAIlIMTHOCTPOEHHS, TSI KOTOPOTO Hambosee
BBICOKME 3HAYE€HUSI BPsIL JIM IIpeBBICAT BesimunHy 0,35—0,40.

Ha ocHoBaHMM M3I0KEHHOTO TSI TIPOTHO3MPOBAHUS OBLTA BEHI-
OpaHbI TPY MOJAETN TPEHIA: JIMHEeHas, JorapudMmuIecKast M SKCIo-
HeHIMaTbHas.

ITo paccMOTpeHHOI BEITIIE METOANKE OBLITHA ITOCTPOCHBI TpaUKH
TPeHI0B, TTOKa3aHHbIe Ha puc. 5.2.7.

IIporHo3upoBaHue Kp

y =0,0526x + 0,0095 y = 0,0547¢%340%
R’=0,7603 R2=0,8175 L

R?=0,5837

Puc. 5.2.7

Bce Tpu Monenu npuBeneHbl Ha PUCYHKE, TaM XKe TaHbl 3HaYEHUsI
koahdumreHTa R, XxapaKTepu3ylollero aaeKBaTHOCTb MOJIEJICA.

JJ1st mporHo3upoBaHusi HEOOXOANMO, OTKPBIB AUAOTOBOE OKHO
«JInHuu TpeHma», nepeiTu Ha 3akianky «[lapaMmeTpsl» 1 B MajleHb-
KoM okoike «[TporHo3 Brepen Ha...» ycTaHOBUTH «1 mepuoa». Pe-
3yJbTaThl MPOTHO3UPOBAHUS C UCITOJb30BaHUEM BCEX TpPeX Mojelieit
MmokKasaHbl Ha pucyHKe. Jlorapudmuyeckuit TpeHa aajl MeCCUMUCTU -
YeCKUI MpOorHo3 Ko3dPuieHTa peHTadeIbHOCTH Kp =0,222 (pacueT

MIpOBeeH IO MOAENT TPpeHa IJIsT x = 5). Y Hero, KCTaTH, CaMbIil HU3-
Kkuii KoappuumeHt R = 0,5837.
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JIMHeHBIT U BKCTIOHEHUIUANIbHBIM TPEHIbl Aaiu Kp =0,2725u
K,= 0,2996 coOTBeTCTBEHHO (pacyeT IMPOBeIeH IO MOJEIIM TPEH-

OB st X = 5). YuuTbiBasl, 4To KO3 PUuMeHT R’ y 3KCIIOHEHIIH-
anpHO# Monenu Boile (R* = 0,8175), ornaeM nmpeAarnodyTeHUe 3TOMY
MPOTHO3Y.

IIpu mporHo3MpoBaHUM Ha HECKOJbKO IMEPUOAOB BIEpen, Kak
MPaBUJIO, IJIs1 MOBBIIIEHUST HAIEXKHOCTH Pe3yIbTaTOB ONEPUPYIOT He
TOYEYHOI, a MHTePBAJIbHOI OLIEHKOU MPOrHO3a, ONpenesss Tak Ha-
3bIBa€MbIE€ TOBEPUTEIbHbBIE HHTEPBAJIbI TPOTHO3a HA OCHOBE CPEeHE-
r'o KBaJpaTUYeCKOro OTKJIOHEHUS OT TPeHIa ¥ TAOJIMYHOTO 3HAYEHM ST
t-KpUTepus Ipu BEIOPAHHOM YPOBHE 3HAYMMOCTH O.

3ananus u ynpaxnenus K naparpady 5.2:

1. KakoBbI 3Tambl IOCTPOSHUS CTOXaCTUYECKUX MOJIeJIeil IIpU OLIeHKe?

2. Kak ocy1iecTBiseTcss UCKIIOUeHEe 9KCTPeMaIbHBIX 3HAUeHU I 1IeH 13
BBIOOpKU?

3. KakoB MopsiaoK IpoBeneHMsI IIPOBepKU HOPMAJIbHOCTU paclipeneie-
HUS TaHHBIX TI0 MaJIBIM BEIOOpKam?

4. Kak nmpou3BOAUTCS OLIeHKA ITOIPEITHOCTH CPeIHEeN LIeHbI?

5. Kak mocTpouTh OLIECHOUHYIO perpeCCUOHHYIO MOAEIb?

6. KakoBbl BO3MOXHOCTH IIPMMEHEHMSI PErPecCHOHHOIO aHajIu3a IIpU
MOCTPOEHUU MOJIeJIeil KOPPEKIIMU LIEHBI aHAJIOoTa C IIOMOIIIbIO KO3 hUILIMEeH-
TOB TOPMOXEHMUSI LICHBI?

7. IlpuBenuTte NMprUMepbl MIPOTHO3HBIX MOJIENIe, KOTOPble BOBMOXKHO HC-
MOJIb30BaTh B OLIEHOYHOM AESITeTbHOCTH.

5.3. AHaJIM3 TOYHOCTH Pe3yJIbTATOB OIEHKH

TouyHOCTB OIIEHKM — JIaBHOE Ka4yeCTBO OLICHOYHOM JNesITeTbHOC-
™. KBanudukamus oleHIIMKA MPOSBIISIETCS UMEHHO B JOCTOBEPHO-
CTU M TOYHOCTU MOJIy9aeMBIX UM pe3yabTaToB. Bompoc o TouyHOCTH
BO3HUKAET yxXe€ IPU 3aKJIIOUeHUn JoroBopa o6 oueHke. [ToHATHO,
YTO TOBBIIIEHNE TPEOOBAHUI K OLIEHKE IO TOUYHOCTU COMPSIKEHO C
JIOTIOJIHUTEJIBHBIMM PacXOAaMHU Ha MOJydeHUe JOITOIHUTEILHON NH-
dopMauu, ee aHAJIM3 U MHOTOBApPUAHTHBIE pacueThl HECKOJIbKUMU
meTogamu. [loaToMy JeTanu3upoBaHHBIE, MOAPOOHBIE OLIEHKU Iie-
HSTCSI BBIIIE, YeM OOBIYHBIE U TeM Oosiee MpUOJIMKEHHBIE OLIEHKU.
I1Ipu 5TOM M3BECTHO, YTO MEXIY TOUHOCTHIO U CPOYHOCTHIO BHITTOJI-
HeHUs pabOThI UMeeTCsI 0OpaTHAsI CBSI3b.
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B HOpMaTUBHBIX TOKYMEHTaX MO OLIEHKE TOBOPUTCSI O JOCTOBEP-
HOCTH pe3y/IbTaToOB OLIEHKH. Tak, B ctathe 12 DemepaTbHOTO 3aKOHA
«O0 olleHOYHOI1 fAesiTebHOCTU B Poccuiickoit Meneparin» 3amuca-
HO, YTO UTOTOBas BEJIMYMHA PHIHOYHOM WX MHOW CTOUMOCTHU OOBEK-
Ta OLIEHKU, YKa3aHHasl B OTYeTe, MPU3HAETCS JOCTOBEPHOM U peKo-
MEHIyeMO JJIs1 LieJieil CoBepIlIeHUs] CAEIKU C 00beKTOM olleHKu. O
TOM, C KaKOW MepOil TOYHOCTH AOJIKHA BBIMTOJHSTHCS OLIEHKA B TOM
WJIM UHOM XO3SIMCTBEHHOI CUTyalluu, He CKa3aHO HU B 3aKOHE, HU B
Crangaprax OleHKH.

IToHsITUSI AOCTOBEPHOCTU U TOYHOCTH T10 COAEPKAHUIO TOBOJBbHO
013Ky apyr K apyry. OgHaKo, MeX1y HUMU CYILIECTBYIOT U HEKOTO-
pble CMbICJIOBBIE pa3ianuus. JJOCTOBEpHOCTh — 3TO MPaBWILHOCTb,
WCTUHHOCTh WM HEMCKAXKEHHOCTb OLIEHEHHOM BEJIMUYUHBI CTOUMOC-
TH. [To OTHOIIIEHUIO K TOUHOCTU JOCTOBEPHOCTH 00Jiee IUPOKOE MO~
HsaTHe. JlocToBepHasi OolleHKa — 3TO OlieHKa OOBbEeKTHUBHAS, HETIPe/I -
B3siTas U 4yecTHasl. JJoCTOBEpHOCTD SIBJISIETCSI 00sI3aTeIbHOM TTPEeAIo-
CBIJIKOI TOYHOCTH. JIMILIEHO BCSIKOTO CMbICJIA TIOBBIIIATh MU TTIOHU-
>KaTh TOUHOCTb pacuera, ey MaTeMaTuieckasi MoJesIb MOCTPOeHa Ha
rpyObIX JOMyIIeHUsX. TOUHOCTD MpearoaraeT cooioaeHne Tpedo-
BaHMSI JOCTOBEPHOCTH, HO €llIe JOTOJHUTEIbHO XapaKTepu3yeT 00b-
€KTUBHO BO3MOXHYIO CTeleHb MPUOJMXKEHUST OLIEHEHHOW CTOUMOC-
TN 00BbEKTa K €€ UCTUHHOMY 3HaueHM10. Korma roBopsIT 0 TOUHOCTHU
OLIEHKHU, TO UMEIOT B BUY TY TOUHOCTb, KOTOpasi MOXeT ObITh TOCTUT-
HyTa ¢ MOMOILIbIO MPUMEHSIEMOT0 METOANYECKOTO MHCTPYMEHTApUS U
C YYETOM HAJEXHOCTU MCIIOJb3yeMOoll MHPOpMaLIuu, JOIyCcKasl, YTO
MPUHLXI HE3aBUCUMOU OLIEHKU MOJHOCTBIO BBIMOJHEH, a OLIEHIIUK
o0y1aaeT He0OXOIUMBIM MPO(MECCUOHATBHBIM YPOBHEM.

TouyHOCTb XapaKTepu3yeTcsl CTeNEeHbIO MPUOIMKEHUSI OLIEHEHHOM
CTOUMOCTU O00BEKTa K €€ MCTUHHOMY 3HaueHH10. Mepolt TOUHOCTU
CIYXKUT owubka (MOrpelIHOCTh, OTKJIOHEHUE), KOTopasl TpeaCTaBIs -
€T co0Ooli Pa3HOCTb MEXTY OLIECHEHHOM Y UICTUHHON BeIMYMHAMMU CTO-
umocTtu. ITocKoNIbKYy CTOMMOCTBH €CTh MPOTHO3UpPYeMasli BEpOsITHasI
LieHa, TO YeM JIydllle COBMaJeHUe OLIEHEHHOM CTOUMOCTH ¢ (pakTHuye-
CKOU LIEHOM MOCeayolei NpoaaKu, TEM BbIILIE TOYHOCTb OLIEHKMU.
HMcTtrHHOE 3HaUeHUEe CTOMMOCTU OCTAeTCs HEU3BECTHBIM BCJIEICTBIE
OTCYTCTBUSI «WJeabHbIX» METOJA0B pacuera. [1oaToMy Ha MpakTHKe
MOTPELIHOCTD OLIEHKU OMpeAeIsiIoT MPpUOIMXKEHHO, KOTIa UCTUHHOE
3HAUE€HUE LIEHbI 3aMEeHSIeTCSl NEeUCTBUTENbHBIM WK (haKTUUECKUM,
MOJIy4eHHBIM MPU TTOMOIIM 00Jiee TOUHBIX METOA0B pacueta. OJHAKO
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dakTUIeCKyIO IIeHy Helb3sd 6e30roBOPOYHO MPUHATH 3a MCTUHHOE
3HAYEHHNE CTOMMOCTH, TaK KaK pealbHbIe YCIOBHUS CIEIKN MOTYT CY-
IIECTBEHHO OTKJIOHSITBCS OT Te€X HanOoJee TUITMIHBIX YCIIOBUI, KO-
TOpBIE UMEJT B BUIY OIICHINNK, TaBas OICHKY.

ITpu aHanM3e TOYHOCTH OLICHKH B Ka4eCTBE NICTUHHOTO 3HAUYCHUS
CTOMMOCTH OepeTcsT He TIPOCTO (haKTUYeCKoe 3HadYeHWe IIeHEI, a ee
HaunboJlee BepOSATHOE 3HAUCHUE TS 3aJaHHBIX YCIOBUM, «OUUIIEH-
HOEe» OT HeXapaKTePHBIX BIUSTHIIT HEKOTOPBIX (DaKTOpoB. Takoit rmoa-
XOJ COOTBETCTBYET MPUHSITOMY MPEACTABICHUIO O PHIHOYHOI CTOM-
MOCTH KaK 0 HanboJjiee BepOSATHOI IIeHe, UTO 3aIliCaHo B CTaThe 3 3a-
KOHa 00 OILIEHOYHO IeITeIbHOCTH, a Takke B CTaHmapTax Imo OlleH-
ke. UMeHHOo moaTtomy Jt00ast hakTruyeckas lieHa HYy>KIaeTcsl B aHaIU -
3¢ U TIPOBepKe Ha PeIIPe3eHTAaTUBHOCTD, T. €. Ha MPeICTaBUTEIEHOCTh
B KaY€CTBE 3TAJIOHHOM.

TeopeTnyecKr OIMMOKY MOXHO OIpEeAe/INTh, €CIM TPUMEHUTH
IIPYTOii, 6oJlee TOUHBII MeToI pacueTa. OTHAKO B CIydae OIIEHKH CTO-
AMOCTH TPYIHO MIPUHATH KAKOW-TO OOWH METOJ 3a 3TaJIOHHBIN. JIfo-
6011 MeTom, He3aBMCUMO OT TOTO, Ha KaKOW TOIXOA OH OMHMpaeTcs
(3aTpaTHBI, CpaBHUTEIBHBIN WU JOXOTHEII), IMEET CBOU TUTIOCHI M
MUHYCHI. [105TOMY UaIle Bcero, KOrma 3To BO3MOXHO, CTOUMOCTD OJI-
HOTO ¥ TOTO 3X€ 00bheKTa OLIEHUBAIOT TPH pasa, UCIIOIb3YsI TPU ITOAX0-
I1a, a 3aTeM aHAJIM3UPYIOT CXOTUMOCTD TTOJTYYeHHBIX BETUNINH.

OTKIIOHEHHE OIleHEHHOM BEJTMYMHBI CTOMMOCTH OT MCTUHHOM ee
BEJIMYMHBI JOIYCTUMO B TAKOM pa3Mepe, YTOOHI IIPH 3TOM He Hapy-
ajcs TPWHIUITHAIBHBI BBEIBOA O I1I€JIECOOOPAa3HOCTU PEIICHUS,
MIPUHAMAEMOTO TI0 Pe3yJIbTaTaM OIICHKH (O IMMOKYIIKE, CTPAXOBaHUN U
T.1.), T.€. OIIMOKa OIIEHKHN JOJKHA HAXOAUTHLCS B JOMYCTUMBIX TIpe-
nmenax. OTciofa BEITEKAaeT TaKoe BaXXHOE TMOHSTHE, KaK JTOIMyCTUMAast
olmnbKa (WM I0MycK).

OmuOKA MOTYT OBITh CIIYYaWHBIMU M cUcTeMaTndecKumu. Ciy-
YalfHbIe OIMMOKM CBSI3aHBI C XaOTWYHBIMM, pPa3HOHAIIPABICHHBIMH
KOJIEOAHUSMU BIUSIOIINX HA CTOMMOCTD M IIeHBI (PaKTOPOB (PHIHOY-
HBIX, TIPOM3BOJACTBEHHBIX, COIMANBHBIX W Op.). B 3aBHCUMOCTH OT
MIPUYWHEI BOSHUKHOBEHUS CITyJaiiHbIe OIMUOKN B OLIEHKE CTOMMOCTH
MOKHO TTOAPAa3IeUTh Ha IBe TPYIITEL: OIIMOKK OT HEOTpeIeIeHHOC-
TH WCTIOJIB3YEMOM JUTSI OTIEHKH WH(MOPMAIIUK 1 OIINOKH OT HECOBEP-
IIEeHCTBA OIIeHOYHOI MeToanKu. CirydaifHbIe OIMOKY TIEPBOM TPYII-
ITBI TIPOSIBIISIIOTCS B TOM, YTO MCXOMHBIE JaHHBIE O IeHaxX, Tapudax,
WHAEKCaX W T.JI. UMEIOT IPUOIMKEHHBIN XapaKTep W BapbUPYIOTCS B
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HEKOTOPBIX MHTepBajaX. OIIMOKH BTOPOI TPYIIITHI BBI3BAHBI B OCHOB-
HOM HealIeKBaTHOCTBIO OLICHOYHOI METOIUKHY, TIPUHATHIMU B pacde-
Tax JOMYIIEHUSIMU W YIIPOIICHHBIMU MaTeMaTUIeCcKUMHU (hopMyJa-
MM, He JAIOIINMU TOYHOTO OITMCAHUS PeaTbHBIX 9KOHOMIUIECKUX SIB-
nmeHmnii. K 3Toii rpyrine ommmboK OTHOCSTCS M BO3MOXHBIE OIIMMOKH
BBIYMCJICHUM.

CucreMaTHYecK1e OIMOKN — JOCTATOYHO YCTOMNYMBBIE OTKIIOHE -
HUS OLICHUBAEMOM BEJIMIMHEI OT UCTUHHOTO 3HAYCHWUSI, SIBIISTIOLINE-
csI pe3yIbTaTOM BIMSTHUS MJIM HeIoyJ4eTa KaKoro-JIN0O CTaGMILHOTO
¢akropa (1IeHOBOro MHAEKCA, MTPOLIEHTHOI CTaBKU, ITOKa3aTeJIsl peH-
TabeJbHOCTH, KYPCOB BaJIIOT).

CrnydJaliHble M CHCTeMaTWYeCKUe OIIMOKW CcomepXaT 3JIeMeHT
CcyoBeKTUBHOCTH. OHM BHOCSTCST OLIEHITUKOM JTN60 HEMPOU3BOJIHLHO
(BciemcTBHE HEBBICOKOM KBaMM(UKAIINM, HEBHUMATEIHHOCTH, TI0O-
CITEIITHOCTH B paboTe), TMOO0 MpeqHaMepeHHO B CHITY MMeIoIIeiics 3a-
WHTEPECOBAHHOCTH, TIPEIB3ITOCTHA WA BHEIITHETO JaBJICHUS.

B muTepatype MOXHO BCTPETHTh BeChbMa CKYIHBIE M pa3HOPEUM-
BBI€ CBEJICHUST O TOYHOCTH SKOHOMIWYECKUX PACUETOB, ITOTPEIITHOCTH
KOTOPBIX, IO MHEHUIO aBTOPOB, KOJIeboTes oT 5 10 25%. Tak, moka-
3aTellb ce0ECTOMMOCTH TIPOAYKIIMHU OIPEAEIISIIOT C TOTPEITHOCTBIO
3—5%, a ucxomnble ganabie — 10—20%. [TorpenrHocTy Mpu yKPyII-
HEHHBIX pacueTaX TeXHWKO-3KOHOMWYECKUX OOOCHOBAaHWIA B pse
ciyyaeB gocturaroT 30%.

OTt4et 06 OIIeHKe TOJKEH comepkaTh CYyKIeHWE O TOYHOCTH TTOJTY-
YeHHOTO pe3ysibrata. OHO MOXET OBITh BBIPAXKEHO TPEMsI CITOCOOaMU:
yKa3aHNeM OIMMOKU MIIN JOBEPUTETEHOTO MHTEepBala; OKpyIJICHUEM
pPaCcCYNTAHHON BEJIWYMHBI, CJIOBECHOM XapaKTePUCTUKONW TOYHOCTH
OIIEHKW. YKa3aHWe ONIMOKN VJIV TOBEPUTEILHOTO MHTEpBaIa CBUIE-
TEJIBCTBYET O TOCTATOYHO Cephe3HOM OTHOIIEHUH OLIEHIINKA K TIPO-
0J1eMe TOYHOCTH, OCOOEHHO €CJIM 3TU CBEICHMST MOAKPETUICHBI TOY-
HOCTHBIM aHanmn3oM. OKpYTJIeHHe pacCYUTAHHON BEJIMIWHBI CTOU-
MOCTH — HamboJiee pacIpOCTpaHEHHBIN TIpHeM, MPUMEHSIEeMBIi
OTTBITHBIMH OLIEHITUKAMM JIJIST BRIPASKEHUST CTEIIEHN TOYHOCTH TTOJTY-
YeHHOTO pe3ysbrata. OKpyTJeHNe — 3TO OCTaBJIeHUE B YMCJIE OIpe-
JIeJIEHHOTO KOJIMYECTBA BEPHBIX 3HavamuXx mrudp. CorracHo mpaBuity
OKPYTJICHUS TIOTPEITHOCTh OKPYIJIEHUS HE TPEBOCXOAUT €IUHUIIBI
JIEeCATUYHOTO pas3psia, OIpenelisieMOro IOoCieAHel OCTaBIeHHOM
3Havauilei uudpoit. CroBecHast XxapakKTepUCTMKa TOYHOCTU — Hau-
MeHee YIavyHOe BBIpaXXeHME CYXKICHUS O TOYHOCTH, HO ¢¢ HaJmdue
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JIy4Ille, YeM eCIM B OTYeTe BOOOIE HUYETO HE CKa3aHO O TOYHOCTU
pesynbrata. CiioBecHas XapakTepUCTHKA JAeT YACTO KaYeCTBEHHOE
MpeAcTaBieHre O TOUHOCTHU (OlIeHKa rpy0ast, CpelHei TOUHOCTH, BbI-
COKOI TOYHOCTH).

OcHoBHas 3aa4ya TOYHOCTHOTO aHaJIN3a 3aKJII0YAeTCs B TOM, YTO-
Obl HA OCHOBE TAHHBIX 00 OIIMOKAX B UCXOAHOI MH(OPMALIMU ITyTeEM
UCCENOBAaHUST MaTeMaTUYECKUX U JIOTUYECKUX MOJECH, BXOASIIIMX B
pacyeTHYIO METOIUKY, ONIPENETUTh OLITMOKY OLIEHUBAEMOI CTOMMOCTH.
OO0111as1 cxeMa TOYHOCTHOTO aHaJIM3a MpecTaBieHa Ha puc. 5.3.1.

CocraBieHue - Coop
aJITOpUTMa OIIEHKU - nHbOpMau
Y \
CocraBieHue OnpenaeneHue
METOJMKU OLIEHKU OIIMOOK
M MOJIEJIU pacyera y UCXOIHBIX JAHHBIX
v Y
Pacuer 1 o6ocHOBaHUE
Pazpabotka Mmonenun

OIIMOKM Pe3yTbTaTOB
OIIEHKU

o1nbdoK

Puc. 5.3.1. O6mas cxema TOYHOCTHOTO AHAIH3A NPH OLEHKE CTOMMOCTH

B To xe BpeMs1 MoXeT peniaThCsl M oOpaTHasi 3aa4a, Koraa 3ajaa-
eTcsl TIpeJesibHasl JOIyCcTMMasl OlIMOKa WTOTrOBOTO Tlokaszaress (B
JTAHHOM CJIyJyae — OLICHUBAEMOI CTOMMOCTH) U UCXOJs1 U3 Hee Haxo-
JISIT IOMYCTHUMbIE OIIMOKY (paKTOPOB-apryMEHTOB.

O1IMOKY B OLIEHKE CTOUMOCTH BO MHOT'OM MpeAoNnpeae/ieHbl He-
TOYHOCTbIO HMcXonHOU MH(popMauuu. [loaToMy BO3HMKAeT 3agaya
BBISIBUTh 3HAY€HUSI OIIMOOK y MoKasaTejlell, Ha OCHOBE KOTOPBIX
MPOBOAUTCS OLIEHKA CTOMMOCTH.

JIJ1s1 BBISIBJIEHUS OLLIMOOK Y MCXOAHBIX JaHHBIX B paboTax 1o Teo-
pUM OIIMOOK PEKOMEHAYIOTCS cieaytoline (opMaibHble METOIbI:
aHaju3 WHTEPBAJOB BapbUpPOBaHUsI; aHAIWU3 OKPYIJIEHHBIX UYMCEN;
aHaju3 TabJIMIL;, aHAIU3 MaJlol BBIOOPKU JaHHBIX.

AHaJIM3 MHTEPBAJIOB BapbupoBaHus. Eciiu B MH(OpMallMOHHOM UC-
TOYHMKE YKa3aH WHTepBaJl BapbUPOBaHUS IOKa3aTessl, TO OlIMOKa
OnpeessieTcsl TOBOJAbHO MPOCTO. JenalT MpearnoyiokeHue 0 HOp-
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MaJIbHOM pacHpeae/IeHUM IMoKa3aTesIsl B T[paHuIax MHTepBaia U PpU-
MEPHOM PaBEHCTBE 3TOI'0 MHTEPBaJia IIECTH WM YeThIpeM curmMaM. B
KayecTBe CpelHero 3HaueHusl OepyT cepeAuHy MHTepBajlia BapbUpo-
BaHMs, a aDCOIOTHAS OTPEITHOCTh IIPUHNMAETCSI paBHOM IMOJIOBUHE
9TOTO MHTEpPBAJIA.

Taxkoii Xe Tmoaxo/ MpaBoOMEpeH W B TOM Cjydae, KOrjma T'paHMIIbI
MHTEpBaJia 3HAYCHU I MoKa3aTeJIsl ONpeaeeHbI SKCIEPTHBIM MyTEM.

AHA/IM3 OKPYIVIEHHBIX 4yKMcel. JIaHHBI MeTOAd JAaeT HEIJIoXue pe-
3yJbTaThl, €CJIM OKpYIJIEHUWE ToKa3aTesisl YBSI3aHO C OLIMOKOHN ero
OLICHKMU.

AOcoJIoTHasI OIIMOKA ITPUHMMAETCSI PaBHOM OIIMOKE OKpYIJe-
HUS, T.€. KaK €AWHUIA IECITAYHOIO pa3psiaa Mo IMOCIeIHEe OCTaB-
JIeHHOM 3Hayvamei nudpe. OTHOCHUTEIbHAsI OIIMOKA PaCCUNTHIBACTCS
1o popmyiie

2
§==x01" (5.3.1)

rme A — TiepBasl 3Havaias 1udpa TpruoIMKeHHOTO YICa;

N — KOJIMYECTBO BEPHBIX 3HAYAIIUX ITHGP.

IToHATHO, YTO €CIM MoKa3aTelb UMEET IBa BEPHBIX JECATUUIHBIX
3HaKa, TO €ro IMOrPelTHOCTh HAaXOMUTCI B TipeAenax oT 1 mo 10%, a
MIPH TpeX BEPHBIX AeCATUIHBIX 3HaKax — oT 0,1 mo 1%. K coxaine-
HUIO, He BceTaa (DaKTHUeCKH B3SAThIe 3HAYAIIINE 3HAKU SIBJISTIOTCST BEP-
HbIMU. OOBIMHO YKa3bIBaeMoOe KOJIMYECTBO 3HAYAIIMX 3HAKOB OOJb-
IIIe, 9YeM BEepHBIX, IIO3TOMY JaHHBIM METOJ, KaK MPaBUJI0, 3aHIKAeT
omm6oku. TeM He MeHee B COYETAaHWHM C APYTUMM METOIAMU aHaJIN3
OKPYTJICHHST TIO3BOJISIET TIOJYYUTH OIPEeNeNIEHHYI0 OpHUEHTAIINIO B
OIIEHKE TOYHOCTH MCXOTHBIX JaHHBIX.

AHam3 Ta0MI. DTOT METO ITPUMEHSIETCS TOTa, KOTIa HCXOTHbBIE
JTaHHBIe OepyTcs M3 Tabnuubl. B Tabnuie 3Ha4eHUs TapaMeTpoB-ap-
TYMEHTOB (PYHKIIMY pa3OUTH Ha HECKOJIbKO MHTEPBAJIOB U CPEIHEMY
3HAYEHMIO MapaMeTpa B KaskKIOM MHTepBaJle COOTBETCTBYET BeJIMUMHA
3aBUCUMOTO TTOKa3aTeNss. TakuM obGpa3oM, TIpU aHajIn3e TaOIUIIbI
BBISIBJISIETCS TTOTPEITHOCTh OT AMUCKPETHOTO TIPeACTaBICHUS HeTpe-
PBIBHOM (DYHKIIMM, a TeEM CaMBbIM KOCBEHHO OITpeIesiIeTCs] TOYHOCTh
OTPaXeHHOTO B TaOJIMIIe TTOKa3aTels .

Eciv pyHKIIMoOHabHAsT 3aBUCUMOCTD TTOKa3aTest OT ITapaMeTpa-
apryMeHTa JIMHEWHAsT, TO YMUCIIOBbIE PSIOLI B TAOJIUIIE TIPEACTABISIOT
coboit apudMeTnUecKre Iporpeccui. Pa3HOCTh MeXAy JTIOOBIMU
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JIByMSI COCEITHUMM 3HAUCHUSIMU B UMCJIOBOM Psily TOCTOSIHHA U paB-
Ha Pa3HOCTU Mporpeccuu. AGCOMIOTHAs MTOrPEIIHOCTh MoKa3aTeast A
orpeaesisseTcs Kak MojJoBMHA pa3HOCTY MPOrPECCUU I YUCTOBOTO Psi-
Jla JaHHOTO MokKaszares, T.e. A=r1/ 2.

Ecnu dyHKIMOHANbHAS 3aBUCUMOCTD, OTOOpaxkaeMasl TaOaIuLei,
SIBJIIETCS] CTETIEHHOM, TO YHCJIOBBIE PSIIBI TIPENCTABIISIOT COOOM Teo-
MeTpUuecKue nporpeccuu. OTHOILIEHME JIIDOOI0 MOCIeAYIOIIEro uie-
Ha psia K IpeabIayIieMy ITOCTOSTHHO Y paBHO 3HaMEHAaTeJTo IIPorpec-
cum ¢. OTHOCUTENNBHAS MTOTPEITHOCTD & OTpeaessaeTcs Mo hopMyJie:

_9-1 (5.3.2)
¢+1

AHau3 MaJioii BBIOOPKH AaHHBIX. DTOT METOJl TPUMEHSIETCS B CITy-
yae, Korjaa coopaHo HeOOJIbIIOE KOJMYECTBO 3HAUeHU (10 4 — 5) Ka-
KOro-ynbo nokasaressi U3 OJHOTO UJIU Pa3HbIX UCTOYHUKOB.

Mertoa aHanu3a Majaoil BHIOOPKM TaHHBIX COCTABJISIET OCHOBY TaK
Ha3bIBAEMOTO 9KCHEPUMEHMANbHO20 N00X00a K OTIPECJICHUIO CTEIICHU
TOYHOCTH, MPEATIOJIATaloIEro CTaTUCTUIECKYIO0 00pabOTKY HECKOIb-
KUX HE3aBUCHUMBIX OLIEHOK (3aMEPOB) aHATU3UPYEMOTO MTOKa3aTeJsl.

B cratucTuyeckoi Teopuu OIKMOOK OJAHO MOJTYyYeHHOE 3HAYEHUE
MoKasaTeJisl Ha3bIBaeTCsl TOUEYHOM OLIEHKOM. Manast Belbopka — 3TO
HabOp TOYEUHBIX OLIEHOK, KOTOPBIE YAal0Ch COOpaTh OLEHIIUKY. [1o
MaJIoii BBIOOpKE 00beMa N MOXXHO pacCuuTaTh CpeIHee KBaapaTuiec-
KO€ OTKJIOHEHUE TOUEYHOI OLIEHKMU:

n-1

TIe X; — TeKylllee i-€ 3HaYeHNe NoKa3aTess B BBIOOPKE;

X — cpenHee 3HaYCHME MTOKa3aTes;

N — KOJMYECTBO 3HAYEHMI TTOKa3aTesl B BHIOOPKE.

B koHeyHOM cyeTe Hac MHTepecyeT, HACKOJBKO MOXET OTKIIO-
HATBCS cpenHee apupMeTHIecKoe 3HaYeHHE TToKa3aTesIs X OT €0 UC-
TUHHOTO 3Ha4YeHUs. Mepoli TaHHOTO PacXOXICHUs CIYXUT CpelHee
KBagpaTUIeCcKOe OTKIOHEHME Il CPeTHero apupMeTHIecKoro 3Ha-
YeHUS:

s, :\; , (5.3.3)

S -=3n (5.3.4)
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AOCOIOTHAs OIIMOKA B OINMpeaeeHN MMOKa3aTeIsl 10 CpeaHEMY
3HAYEHMIO paBHa ITOJIOBUHE ITOBEPUTEIBHOIO MHTEPBAa, KOTOPHIiA
HaKpbIBAET PACCUMTAHHOE 3HAYEHUE MIOKA3aTes C 3aJaHHOI BEPOSIT-
HOCTBIO. DTa oLIMOKa onpeaessercs 1o ¢hopmyJie:

_pnSn

A=t § - ==——-"
pn
" xX\n

rie t,, — KoabduumeHt (kpurepuii) CTbofieHTa PK 3aTaHHOI
JIOBEpUTEIbHOI BEPOSITHOCTU P 1 00bemMe Manoii BBIOOPKU n.

B skoHOMHYeCKHX 3agayax OOBIYHO OTrpaHMYMBAIOTCS TOBEPU-
TeJbHOM BepossTHOCTBIO P = 0,95. Eciu Ob1 BBIOOpKaA ObLIa HE MEHee
30 3HaueHuit, To KoapduumeHT CThIOJEHTA MOXHO B3SITh PABHBIM
JIBYM (oLIMOKa «aBa curmMas). OgHaKo Ipy OLIEHKE BIOOPKU JAHHBIX
BecbMa MaJjibl U MOo3TOMY KoadduimeHT CThioAeHTa TOJKeH Ha3Ha-
4yaThCsl C YYETOM HE TOJIbKO TOBEPUTEIbHON BeposiTHOocTU P, HO u
00beMa BLIOOPKHU n. DTa 3aBUCUMOCTh MOKa3aHa B Tab. 5.3.1.

Tabauua 5.3.1
Koaddumuent CtbioneHTa NpH MaJIbIX BHIOOPKAX

O0beM BBIOOPKH JloBepuTebHas BeposaTHOCTD P
n 0,8 0,9 0,95
2 3,1 6,3 12,7
3 1,9 2,9 4,3
4 1,6 2,4 3,2
5 1,5 2,1 2,8

W3 1abn. 5.3.1 BUOAHO, KaK BaxKHO ITOJYYUTh KaxXKI0€ HOITOJHU-
TeJIbHOE 3HAaYCHME ITOKA3aTesI, YTOOBI CHU3UTH OIIIOKY.

Ha npaktuke ymoOHee mpuMeHSITh HE aOCONIOTHBIE, @ OTHOCH-
TeJlbHbIe OINOKM. OTHOCUTENIbHASI OIIMOKA paBHA OTHOIIIEHUIO a0-
COJIFOTHOM OIIMOKM K CpeIHeMYy 3HAUSHUIO IT0Ka3aTeJIs

5=2100% = 2* 100% .
X x\/;

Merton aHanmm3a Majloif BEIOOPKM TOKaxXeM Ha mIpuMepe, Koraa
OIIeHKa CTOMMOCTH TIPOM3BOINTCS CpaBHEHUEM C MICHTUYHBIM 00b-
ektoM. OrleHMBaeMasl CTOMMOCTD, KaK M3BECTHO, TIPEACTABISIET CO-
0oii HanboJiee BEPOSITHYIO LIEHY UIEHTUYHOTO 00beKTa. Tak Kak 1ie-
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HBI Ha OWH U TOT K¢ MICHTUIHEIN O0BEKT (T.€. Ha OMHY U Ty K& MO-
JIeJTb MAITMHBI) BAPbUPYIOT Y Pa3HBIX MPOJAABIIOB, TO OOHAPYKMBaeT-
¢Sl OIIMOKA JIJIST paCCYMTHLIBAEMOTO CPETHETO 3HAUYCHUS IIEHEI.

B Tabn. 5.3.2 npuBeaeHbI LIeHBI HA PAcMpOCTpaHEHHbIE MOACIU
JlepeBO0OPabATHIBAIOIINX CTAHKOB, Ha3HAYeHHBIE MSIThIO M3BECTHBI-
MU MOCKOBCKMMMU IWJIEPCKUMU KOMITAaHUSIMU B cepearHe utost 2000
roga. Kak BumgHO, 1IeHBI BapbupyloTcd. [IpmamHBI KojiebaHmWit pas-
Hble. EcTh 1 5KOHOMHWUYECKHe, XO3IICTBeHHBIE (haKTOPHI, €CTh U TeX-
HU4ecKre (akTopsl (HampuMep, JaXke y OTHON M TOM Xe MOmeNn
CTaHKa MOTYT OBITh pa3INUMs B KOMITJIEKTAIIUN, N3TOTOBUTEIE, HE-
KOTOPBIX TTapaMeTpax 1 T.1.).

Jns Kaxkmoir MoIeIy cTaHKa OBUIM pacCYMTaHBI CPemHSS IIeHa,
abCoTIOTHAS M OTHOCHUTETbHAS OIITMOKHU TTPU MOBEPUTETHHOM BEPOSIT-
HocTtu P = 0,95. O6beMbl BHIOOPKU [IJIs1 pa3HbIX MOJIeeil KojieOaTucCh
ot 2 go 5 mr. M3 Tabn. 5.3.2 BUIHO, YTO OTHOCUTEIbHAS OIINOKa KO-
nebnercs ot 3 1o 22%. AGComoTHAs OITMOKA COCTABISAET B CPeTHEM
okoJ0 10 Teic. pyoseii.

Tabauua 5.3.2
Pa30poc neH Ha 1epeBooOpadaTHIBAIOIINE CTAHKH M OINMOKH OLIEHKH

Mogennb Ilenb1 qunepeKuX KoMmammii, pyo. Cpemnsis | A6eon. | OrHoc.
ACB Byn Hakr- | Mliokon | Kamu | nena, py0 |ommdka, |ommoka,
Macrep | Wusecr pyo. %
1 2 3 4 5 6 7 8 9
KpyriomuibHble 1 MHOTOTHIbHEIE
116-2(K) {39000 | 29740 39800 | 35000 | 35885 | 7365 | 20,5

A-2A 97800 | 98000 | 100000 | 97500 | 90000 | 96660 4822 5,0
IIKS-3  |155000 | 157000 | 163000 | 163500 | 155000 [ 158700 | 5305 33
CrporajbHble 4-XCTOPOHHME
C26-2H  {180000 | 165000 | 165000 | 175000 | 165000 [ 170000 | 8854 5,2

CY-1 75000 | 69000 | 76000 72500 | 73125 4991 0,8
Pambl necomunbHbie

P63-46 230000 | 200000 | 228000 225000 | 220750 | 22376 | 10,1
J1b100-3 425000 440000 | 432500 | 95250 | 22,0
Peiicmycosbie

CP4-20 {39600 46800 | 39500 | 34000 | 39975 8398 21,0

CP6-10  |131400 | 122000 | 121700 | 133500 | 110000 | 123720 | 11712 [ 9,5
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Ilpoodoaxncenue maba. 5.3.2

1 2 3 4 5 6 7 8 9
CP§-2 175000 | 167000 | 167000 | 190000 | 160000 | 171800 | 14370 8,4
PJ1610 62400 | 55700 | 52500 | 54000 56150 | 6987 12,4
ToxapHble
KT®6M |936OO | 81400 | 81200 | | 86700| 85725 | 9336 | 10,9
®pesepHble
OCIIIIA {38000 | 38000 | 38000 | 38000 | 35000 [ 37400 1680 4,5
®130-02 38990 | 39200 | 42500 | 37692 | 39596 3277 8,3
COy-1 48200 48500 | 48350 1905 3,9
®C-1 37600 | 36800 | 37200 | 5080 13,7
[nucoBanbHbIE
MIAlIC-6M] 39000 | 38000 44000 | 37800 | 39700 | 4663 11,7
[IAlIC-8M| 56400 | 51000 | 51000 | 59000 | 52800 | 54040 | 4436 8,2
[nB-200 53700 | 56700 56000 | 55467 3896 7,0
Kom6rHupoBaHHbIE
J1-300 56400 | 56500 | 53400 | 57900 | 56850 | 56210 | 2103 3,7
KJ196 25800 | 25500 | 25650 1905 7,4
CBepIuIbHO-1a30BAIbHbIE
CBIIT-1HM {24000 | 21000 21500 | 20500 [ 21750 | 2487 11,4
CBA-3 45600 38300 | 47800 | 39700 | 42850 | 7314 17,1
MyropasbHbIE
CP4-1 39000 37500 | 39500 | 38500 | 38625 1366 3,5
CDo6-1 54000 | 49000 | 49500 | 52700 | 49000 [ 50840 | 2937 5,8
TopLoBoyHbIe
IM3-3b 34700 | 34000 | 39500 | 34500 | 35675 | 4107 11,5
LKB-40 92000 | 93000 | 85000 | 90000 | 10821 | 12,0
3aTouHbIe
TullA-7 | 96000 | 90000 | 90000 | 87000 | 85000 | 89600 | 5208 58
Tu®-2 40000 | 41000 | 42000 41000 | 2483 0,1
¥3C-96 28200 | 26000 | 28000 [ 27400 | 3020 11,0

0O0600111as1 MOJTyYeHHBIE pa30pOChl 3HAYSHUI LieH Ha IepeBooOpaba-
THIBAIOIIVE CTAHKM, MOXHO IPUITH K BBIBOAY, UYTO B CPETHEM paccesi-
HMe 3HAUYCHMUI LIEH BOKPYT CPETHEr0 3HAYCHUSI COCTaBIsieT 0Kosio 10%.
Otciona ciemyeT, 4To, nAeast OLEHKY MPSIMBbIM CpaBHEHHUEM 10 10CTa-
TOYHO HAaJEeXHOU 1IEeHOBO MH(pOpPMAalWK, €IBa JIM MOXHO JOOMTHCS
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TOYHOCTH ¢ o1InOKoii MeHee 8—10%. Ecnu ke cpaBHEHNE BEAETCS HE ¢
WIEHTUYHBIMUA MOJAEJISIMU, a C aHAJIOTaMU U TIPUA 3TOM HY:KHO BHOCUTh
ellle JTOMOJHUTEIBHO KOPPEKTUPOBKU Ha pas3jinyue B ITapaMeTpax u
NIpyrux MpHU3HaKax, TO OIIMOKa OLEHKH ellle mpupacreT. Kpome toro,
HaJIo UMETh B BUJLY, YTO MPOAHAIM3NPOBAHHbIN pa3dopocC 1IeH OTHOCUT-
¢4 K ciIydalo, Korja JuiepcKie KOMITAaHUM paboTaloT Ha PhIHKE OJHO-
TO perroHa (B HaIlleM TIpUMepe — 3TO LIEHTPAIBHBIN ¢BPOIIECKIIA pe-
rmoH Poccum). EcTecTBeHHO, €CITA OIIEHIIWK BO3BMET IIeHBI KOMIIa-
HUI1 U3 pa3HbIX PETMOHOB, TO 3TO MOKaXET ellle 0oabIINi pa3dopoc, a,
CJIeIOBATEIbHO, YBEJIMYUT OIIMOKY OLIEHKU.

Yr10o0OBI Y3HATh TOYHOCTh IO PE3yJIbTaTaM HECKOJBLKHUX OLIEHOK,
HYXHO COOII0IaTh MPUHIIMIT HE3aBUCUMOCTHU 3TUX olieHOK. He3a-
BUCHMBI IPYT OT ApYyra JOJIKHBI ObITh KaK CBEJIEHU O IieHaX aHaJI0-
roB, TaK ¥ IT0Ka3aTeJIM BHOCUMBIX KOPPEKTUPOBOK. I1oa0XnM, Ham
M3BECTHA lIeHa OJHOTO aHajiora U TpedyeTcst BHECTU OJHY KOPPEK-
TUpPOBKY. MMeIOTCS TpH BapruaHTa KOPPEKTUPOBOK, UYTO NMO3BOJISIET
B UTOTE IIOJIYyYUTh TPU CKOPPEKTUPOBAHHBIE 1IeHBI. OIHAKO 3TU
CKOPPEKTUPOBAHHbLIE 1IEHBI HEe OYyIyT HE3aBUCUMBIMU, TaK KaK OHU
omnpeaeeHbl Ha OCHOBE OAHOM MCXOMHON 1eHbl. B JaHHOM ciydae
MPUIETCS OCTAHOBUTHLCI HAa KAKOM-TO OJJTHOM BapuaHTe KOPPEKTH-
POBKHU, KOTOPBII HAMJIYYIIUM OOPa30M COOTBETCTBYET XapaKTepy
BbIOpaHHOTI'O aHajora.

AHaIM3UPYsT TOYHOCTh OLIEHKH, Heb3sl 3a0bIBaTh O IIpaBUJIaxX IT0-
CJIEIOBATEIbHOCTH BHECEHMST KOPPeKTUPoBOK. CHavyajga BHOCST CBSI-
3aHHEBIE (KO3(POUIIMEHTHEIE) KOPPEKTUPOBKH, T.€. T€, pa3Mep KOTOPBIX
3aBHCHUT MIOMMMO IPOYETO U OT BEJIMYMHBLI MCXOTHOM IIeHBI aHAJIora.
3aTeM BHOCAT He3aBHCHMBIE (TTOTIPABOYHBIE) KOPpeKTHPOBKHU. Cpenun
TOT'O U IPYrOro BUIa KOPPEKTUPOBOK B MEPBYIO OUepelb BHOCAT HAaOO-
Jiee 3HAUMTEJIbHBIE, a 3aTeM HeOoJblIe. BcmoMHMM, KCTaTH, 4TO Ha
BEChI TOXKE CHayvajia KJIaayT TsoKeJIble TMPH, a TIOTOM BCe JIerde U JIerye.

DKCIepUMEHTAIbHBINA MOAX0A K aHaJKU3y OIIMOOK IMOKaXkeM Ha
npuMepe IpUMEHEHUs METOIA ITPSIMOTO CpaBHEHU ¢ aHajgoroM. He-
00XOIMMO OTIPEACNINTh MOJHYI0 CTOMMOCTD 3aMeIeHNsT (BOCCTaHO-
BUTENTBHYIO CTOMMOCTD) ¥ IIOKA3aTeJIM TOYHOCTH OLIEHKW BEPTUKATh-
HO-CBEPJIMJIBHOTO CTaHKa ITO0 COCTOSTHUIO Ha KoHell aBrycta 2000 ro-
na. OCHOBHBIE ITapaMeTPhl CTaHKA: HAUOOIBIINI JUaMETP CBEPIICHUS
30 MM, BbuIeT InuHAEAS 280 MM.

CobOpaHHbIe TaHHBIE O TTapaMeTpax M IieHaX aHAJIOTUYHBIX CTaH-
KOB ITOKa3aHbI B Ta0. 5.3.3.
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Tabauua 5.3.3
ITapameTpsl ¥ LIEHBI CTAHKOB-aHAJIOTOB

Homep Mopnens | HauGonbmmii |  Bbuzer Ilena, lara
aHajora JAUaMeTp IMIMHHES, pyo. EHbI
CBepJIeHHs, MM MM
1 MH25J1 25 250 35000 31.12.99
2 2C125 25 320 40980 31.05.00
3 2C132 32 300 43200 30.11.99
4 MHI18H 18 300 35500 31.12.99

ITopsinok BHeCEHUSI KOPPEKTUPOBOK MOKa3aH B Tabj1.5.3.4.

Tabauua 5.3.4.
Buabl BHOCMMBIX KOPPEKTHPOBOK
Koppekru- Yerpansier Bun Cnocod
pOBKa pasinuue: KOPPEKTHPOBKH BHECEHHUS
1 B nate ueHbI Cas13aHHas C 1oMonIbio IeHO-

BOTO MHIEKcA JJIs
JAHHOU MOAEIUN

2 B nuamerpe Cas13aHHas C momonipio mapa-
CBEpJICHUS METPUYECKOTO
ko3 dunmreHTa
3 B BbUIETE Hezasucumas | C nmomouipto
IITTUHIES MOMPaBKU

IlepBas koppekTHpoBKa. KoppeKTUpyolMii 1IeHOBOW MHIEKC pac-
CYMTaH MCXOJs M3 IPOIO/DKUTEILHOCTH IIEpHUOIa OT MOMEHTA ICHCTBHS
LIEHbI aHaJIora 0 MOMEHTA JaThl OLICHKU M CPEAHEMECSTIHOIO TeMIIa
pocrta 1eH. B TedeHMe mociemHuX MeCcT MeCsIIeB y aHajioros 1, 3 u 4
CpeIHEeMeCSTIHBIN TeMIT pocTa 1ieH cocTaBu 4%, y aHajiora 2—6%.

Bropas koppekTuposka. [Tapamerpuueckuii KoahbUIIMEHT Ha OT-
JIMYue B ITHAaMETPe CBEpJICHUsS pPACCUMTaH Ha OCHOBE CTEIIEHHOM
GYHKIIMKM ¢ ToKa3aTejeM CTeleHU («KO3(P@ULIMEHTOM TOPMOXe-
HUsI»), paBHbIM 0,3.

TpeTbsi KOppeKTHPOBKA. AOCOIIOTHAS ITOIIpaBKa Ha pa3IMyue I10
MapaMeTpy «BbUIET IMIMUHIEIST» pacCUNTaHA YMHOXEHHEM Pa3HOCTH
B 3HAYEHWMU JAHHOTO MTapaMeTpa Ha «IeHy» eIMHHIIBI [apaMeTpa.

[MocnenoBaTeIbHOCTh BHECEHUST KOPPEKTUPOBOK II0 IlIaraM ImoKa-
3aHa B Ta0J. 5.3.5.
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Tabauua 5.3.5

O11eHKa MOJIHO# CTOMMOCTH 3aMeLIEHHS BePTHKAILHO-CBEPIHILHOIO
CTAHKA NPSIMbIM CPABHEHHEM C AHAJIOrAMH

Iar IToka3arennb Ouenn- Homep anajora
BaeMblii 1 ) 3 4
00beKT
1 |LeHa, py6. ? 35000 | 40980 | 43200 | 35500
Jlata neiicTBUsI 1IEHBI 31.08.00 |31.12.99 (31.05.00 {30.11.99|31.12.99
[epron 10 MOMEHTa OLIEHKH,
Mec. 8 3 9 8
Koppekrtupyrowuii LleHoBoi
WHIEKC 1.32 1.18 1.36 1.32
LleHa, pyo. 46200 | 48356 | 58752 | 46860
Cpennss 1ieHa, pyo. 50042

AbcontoTHas ommbka, pyo. 9402
OtHocuTenbHas omoka, % 18,8
2 |HauGonbimii puameTp

CBEpIICHNS, MM 30 25 25 32 18

[Tapamerpuueckuii

KO3 PULUEHT 0 IUaMETPY

CBEpJICHUS 1,06 1,06 0,98 1,17

Llena, pyo. 48797 | 51075 | 57625 | 54621
3 |Bouier mmuHmens, MM 280 250 320 300 300

PasHocTb Mo mapameTpy:

BbUJIET WIMUHICTS, MM 30 -40 -20 -20

Llena napamertpa, py6/mMm 50 50 50 50

Llena, pyo. 50300 | 49070 | 56600 | 53620

CpenHss LueHa, pyo. 52400

AbcomoTHas ommmbKa, pyo. 5451

OtHocuTeNbHAs oloKa, % 10,4

Kpurepuem Toro, uTo BHOCUMbIE KOPPEKTUPOBKHU OIpaBaaHbl U
OHM TOBBIIIAIOT TOYHOCTD OLIEHKH, CIYXKUT MOBBIIIEHUE CXOAUMOCTHU
CKOPPEKTUPOBAHHBIX 1IEH aHAJOTOB MeXy cO00i MO CpaBHEHUIO C
HUCXOIHBIMU 1IeHaMU. Eciiu ke KOppeKTUPOBKU B3SATHI C OOJBIIMMU
olIMOKaMu, TO OyaeT HabJIoAaThC pa3HOOOM CKOPPEKTUPOBAHHBIX
LieH aHajoroB. UToObl IpOBEpPUTh JAHHOE YCJIOBHE, HEOOXOAUMO
OLIEHUTH OIIMOKM J0 U MOCJIe BHECEHUSI KOPPEKTUPOBOK.
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B tabs. 5.3.5 mociie mepBoro miara, Koria LieHbl aHaJo0roB ObLIN
MIPUBEICHBI K OMTHOMY MOMEHTY BpEMEeHW — JaTe OLIEHKH!, X COMOC-
TaBWJIM MEXIY COOO0M, pacCUMTAIIA CPeIHION0 IIEHY, a TaKKe ee abco-
JIOTHYI0O ¥ OTHOCUTEIbHYIO omMOKM. Kak BUmHO, ecim He IeiaTh
KOPPEKTHPOBOK, OIIMOKA OKA3bIBAETCS TOBOJIBLHO OOJIBIION — OKOJIO
19%. 3aTeM BHeCIIM KOPPEKTUPOBKH Ha pa3ndue mapaMeTpoB U 3TO
TTOBBICHJIO COTJIacHe CKOPPEKTUPOBAHHBIX IIEH MEXITY CO0O0i, OIImo-
Ka cHU3MIach npuMmepHo 1o 10,4%.

YTOOHBI OBITh YBEPEHHBIM B HAIEKHOCTH TTOJYJYaeMbBIX pe3yiabTa-
TOB, HEOOXOIMMO pacdyeT CTOMMOCTH COITPOBOXIATH OLIEHKAMHU OIIIY -
0GOK OIMMCAaHHBIM BBIIIIE CITOCOOOM.

OrnpeaennTh OIMOKY U3MEPEHUI TT0 pe3yIbTaTaM HeCKOJIbKIX 3a-
MepOB He Bcerma BO3MOXHO. BooOIe 3KOHOMMYecKHe TToKa3aTen
peaKoO MOMIAIOTCST ONPENSICHUI0 Ccpa3y HECKONIbKUMU TPUHITATIN -
aJIbHO Pa3HBIMU METOIUKAMM.

TeMm He MeHee YCTAHOBJIEHWE TOYHOCTH BCETO OTHOTO pacyeTa
CTOMMOCTH BITOJTHE BO3MOXHO. CTOMMOCTh 00BEKTa BEIYUCIISIETCS C
TTOMOIIBIO OTIPeNeICeHHOM MaTeMaTUYeCKOM MOIEIN M TeM CaMbIM
aBseTcs GYHKIIMEH HECKOJMBKUX ITepeMeHHBIX. TakiM 00pa3oMm, 3a-
Jlaga CBOAUTCS K HAXOXKICHWIO OIIMOKY (PYHKIINY UCXOIS U3 OIITNOOK
TmepeMeHHbBIX. TaKoi OIXoa K ONpeaeIeHUIO TOUHOCTA Ha3bIBACTCS
aHarumu4yeckum, Tak Kak B €0 OCHOBE JIEKUT TOYHOCTHBIN aHaIN3
MaTeMaTUYECKOM MOJEIN M MCXOAHBIX NaHHBIX. AHAJTUTUYECKUIA
MTOAXOM TOCTATOYHO YHUBEPCAJICH: BeIb TOYHOCTHOMY aHAJTN3y MOX-
HO TIOABEPTHYTh JTI00YI0 MaTeMaTHYECKYIO0 MOJIENTh OIIEHKH, BKITIOJast
OIICHKY M TI0 JOXOJaM, 1 TI0 3aTpaTaM.

JI1060i#1 5KOHOMUYECKMIA TTOKAa3aTeNlb (B TOM YHCie U OLIEHUBAEMYIO
CTOMMOCTB) Y MOXKHO paccMaTpUBaTh KakK (DYHKIIVIO HECKOJIBKIX TTapa-
METPOB-apTyMEHTOB X{, X, ..., X, T.€. Y = f(X{, Xy, ..., X,,). Maremarnye-
CKasl CTPYKTypa JaHHOM (PYHKILIMM MOXKET OBbITh JOBOJBLHO Pa3BETBIICH-
HO#, TaK 4TO pe4yb UIAET O KOMOMHALIMMA HECKOJIbKUX 3JeMEHTapHBIX
¢yHKIM, T.e. 0 (pyHKLIMOHAe. OnpeaeaeHre OIMOKY HEeIMHEeMHbBIX
(YHKIIMIA OCYILECTBJISIETCS] TEMU K€ ITPUEMaMM, YTO U ISl TMHEMHBIX
(YHKIIMIA, HO MPpeABAPUTENILHO BBITIOIHSICTCS JIMHeapu3alysl, T.¢. IIpu-
OKeHHas 3aMeHa HeJTMHEHOM (DYHKLIMY Ha JIMHEHHYIO.

Ecau dyHK1us 3aBUCMMOCTH 9KOHOMUYECKOTO MToKa3aTeJIst OT mapa-
METPOB-apryMEHTOB MaJjIo OTJINYAETCSI OT IMHEWHOM 1 OILIMOKY MapamMe-
TPOB-apTyMEHTOB MaJIbl, UCITONB3YETCS CIICAYIOIIee BhIpaxkeHUE AJIsI OTl-
penesieHus abCOIOTHOM OILMOKHY OLIEHBAaeMOTO MTOKa3aTeJIsl:
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n Ddy D2 ’ n Ddy [% 2

(by)* = e xN°x; uin Ay = ZE? xNx; , (5.3.7)
l‘gl Xi H ! i=1 x,’ H !

rae Ay — abcoJiroTHasI OIIrOKa S3KOHOMUYECKOIO MoKa3aTeis y;

Ax; — aOCOJIIOTHA OIIMOKA MapaMeTpa-apryMeHTa X;.

IIpuBeneHHOE BBIIIE YpaBHEHUE SIBJISIETCSI OCHOBHBIM YPaBHEHMU-
€M B TeOpUU OLINOOK.

C TOYKM 3peHUST MaTEMaTUIECKOM CTPYKTYPhI OOJIBITMHCTBO KO-
HOMMYECKMX ITOKa3aTelell IPEACTaBIISIIOT CO00i CyMMapHBIE WU
Pa3HOCTHBIE MoKa3aTeJu.

Hanpumep, cTOMMOCTE U C€0€CTOMMOCTh OOBEKTa, PACCYUTHIBAC-
Mbl€ Ha OCHOBE 3aTPaTHOTO IMOAX0/Aa, MPeACTaBIsIOT cOO0i cymmap-
HBIE TT0Ka3aTeId: OHU MOIYYaloTCsl CYMMMPOBaAaHMEM KOMIIOHEHTOB,
XapaKTepU3YIOIIMX pacxol pa3inyHbIX pecypcoB. Eciau abcontoTHas
olKrbKa CyMMapHOTO MoKa3zartelisi Bo3pacTaeT Mo Mepe yBeJIudeHust
YMCJIa CIaraeMbIX, TO €r0 OTHOCUTEIbHAS IIOTPEITHOCTb MOXET CYIIIe-
CTBEHHO CHIKaThcs. B Teopuy ommOOK IMpuOIMKeHHBIX BBIYUCIIC-
HUI TOKa3bIBA€TCS TEOPEMa O TOM, UTO OTHOCUTEIbHAS OLIMOKA CyM-
MBI 3aKJTI0UeHA MEXIy HaMMEHbIIIeH 1 HanOOoNbIlIel i OTHOCUTEILHEI -
MU ommbkamu ciaraeMbix. IIprmdyeM oTHocuTeabHasl OIIMOKA CyM-
MapHOIO IOKa3aTesisd MMeeT HauMeHblllee 3HayeHMe Torma, Korma
KOMITOHEHTHAasI CTPYKTypa CyMMapHOTO ITOKAa3aTeIsI COBIAIaeT C €ro
TOYHOCTHOM CTPYKTYPOM, T.€. BeCOBbIe KOA(MMOUIIUEHTHI OTAETbHBIX
cJlaraeMbIX COBINAAAIOT C BECOBEIMU KO UIIMEHTAaMU OIITNO0K 3THX
cllaraeMbiXx.

CrenoBaTelbHO, TOBBIIIIEHUME TOYHOCTU CYMMAapHOT0O MoKa3arteJist
JIOCTUTAETCSI KaK YMEHBIIIEHEM OIIMOOK OTIEJIbHBIX CIaraeMbIX, TaK
1 TpUOIMKEHNEM KOMITOHEHTHOM M TOYHOCTHOM CTPYKTYpP APYIr K
npyry. Tak Kak MOBBIIIEHNE TOYHOCTU COIIPSIKEHO BCEraa C AOIOJI-
HUTEJILHBIMU 3aTpaTaMy, TO IIPY aHaJIM3¢ HY>KHO BEISIBUTH TE cjiarac-
MBbI€, KOTOPhIE HEIOCPEACTBEHHO OrpaHMYMBAIOT TOUHOCTh CyMMap-
HOT0 SKOHOMUYECKOTO TTOKa3aTesl.

B ocHOBe OLIEHKM CTOMMOCTH MPY IIPUMEHEHUHN JOXOTHOTO MO/ -
X0Ja JIEKUT UCYMCIIEHIE YMCTOTO J0X0a. YMCThI ToX0m IIpeacTaB-
JIsieT coboil pa3HOCTb MEXY BBIPYUKOM OT peaju3aluu U CyMMOI
onepauoHHBIX 3aTpaT (0e3 aMmopTu3anuu). TakuM o0pa3oM, YUCTHIN
JIOXOJI, SIBJISIETCS] pa3HOCTHBIM ToKa3artejieM. YeM TouHee ornpeaesieH
YMCTBIN JOXOM, TeM TOYHEe OlLleHEeHa CTOMMOCTh. [ToaToMy oOpaTum
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BHUMAaHWE Ha BOIIPOCHI ONIpeeIeHNs OIIMOKHU TTPU OIIeHKE Pa3HOCT-
HOTO TTOKAa3aTes.

C TOYKM 3peHUS TOYHOCTH Pa3HOCTHAs CXeMa pacyeTa HamuMe-
Hee OJ1aronpHsATHA, TaK KaK pa3HOCTh IBYX OJIM3KUX YMCe]l 00HApY-
KMBaeT 3HAUNTETLHO OOBIITYIO M aDCOIOTHYIO M OTHOCUTEIBHYIO
OITHMOKY, YeM OITMOKHN YMEHBITAeMOT0 M BHIYUTAEMOTO B OTACITHLHO-
ctrn. OmmbKa pa3sHOCTHOTO TMOKa3aTess 3aBHCUT HE TOJBKO OT
OIMMOOK YMEHBIIAEMOTO W BBIUMTAEMOTO, HO M OT TOTO, B KaKOi
CTeTIeH! YMeHbIIIaeMOoe TIpeBHINIaeT BelunTacMoe. Tak, eCIu BEIYU-
TaeMoe cocTaBigeT 25% w MeHee OT YMEHBIIaeMOTO, CHIKEHUE
TOYHOCTW Pa3HOCTHOTO TTOKAa3aTessl MMPOUCXOIUT HeHaMHOro (He
6osee yeM B 1,5 paza). Eciiu e ykazaHHOE COOTHOIIIEHKWE MPEBbI-
maet 25%, To HabromaeTesl pe3Koe HapacTaHWe ONTUOKY Pa3HOCT-
HOTO TToKa3atens. Ecim aucTeiii moxon cocrasisieT oKojio 30% BbI-
PYYKH, TO B 3TOM CJIydae, Jake eCJIM M BRIpYYKa M 3aTpaThl OIleHE -
HBI C OTMHAKOBOM TOYHOCTHIO, OIIMOKA B UCYMCIICHUH YHCTOTO JT0-
XoJla B 3—6 pa3 OoJIbllle, YeM OIIMOKA UCYMUCIICHNS BRIPYYKH U 3a-
TpaT B OTHCIBHOCTH.

[ OLIEHKW CTOMMOCTH OOBeKTa HEOOXOOWMO BBITIOJHUTH PSIIT
MaTeMaTHYeCKNX U JIOTUIECKUX OINepanii HaJ NCXOTHBIMU JaHHBI-
Mu. COBOKYITHOCTh 3THX OIepamnii 00pa3yeT pacueTHBIN alTOPUTM,
KOTOPHII BBICTpAaMBAET OLIEHIIWK B COOTBETCTBMU C IMPUMEHIEMBIM
METOIOM OLIEHKM.

s TOYHOCTHOTO aHaliM3a pacdyeTa CTOMMOCTH HEeOOXOIMMO
paccMOTpETh CTPYKTYPY MaTeMaTUUeCKOl MO, Ha OCHOBE KO-
TOPOM TI0 TIPaBIIaM U3 TEOPUH OIMHOOK MOXHO ITOCTPOUTH MOJIENTh
OIIMOKM pe3ybTaToOB pacyeTa. EcTecTBeHHO, UTO 3TH MoOIeln Oy-
YT pasHBIMU TIPH WCIIOJ30BAaHUM Pa3HBIX METOMOB M IOAXOMOB
OLIEHKH.

Mogenb pacyeTa CTOMMOCTH BKITIOUaeT HECKOJIBKO 3JIeMEHTapHBIX
(YHKIMIA, TafOIIUX MPOMEXYTOUHEIC Pe3yabTaThl. 11T KaxkIoi 31e-
MEHTapHOH (YHKIINH CYIIECTBYET 3aBUCUMOCTD, TTO KOTOPOI MOKHO
pPaCcCYNTATh OIMMOKY 3TOM (DYHKIIMY UCXOAT M3 MOTPEITHOCTEH Tapa-
METPOB-apTyMEHTOB. DTH 3aBUCHUMOCTH BBIBEIEHBI Ha OCHOBE M3BeE-
CTHBIX M3 CTATUCTUKU TIPABIJI CIIOXEHMS OUCTiepcuii (Tabm. 5.3.6).
st omHMX MaTeMaTHIeCKUX (PYHKIWIT (CyMMa, pa3HOCTb, JTMHETHAs
3aBUCUMOCTD) YIOOHO BBIYMCISITE AOCOIOTHYIO MOTPEITHOCTD, IS
Ipyrux (YHKIWN (TIpoM3BecHNE, YacTHOEe, CTeIeHHas 3aBUCH-
MOCTB) — OTHOCHUTEJIBLHYIO TTOTPEIITHOCTb.
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Tabauua 5.3.6
3aBucUMOCTH [T OIPE/IeIEHNs] OIMMOOK 3J1eMEHTAPHBIX (hYHKIHIi

Haspanue dyHkuun DyHKIuA ITorpemHocTh

1. Cymma y= %x .,
5 Ay = \ ZlAzxi

!

2. Cymma n b p
= igl i Ay= \ zlbizAzxi

i=

3. JIuneitHast GyHKLIMS n
y=a+3ybx
i=l
4. Pa3HOCTh _ ) 2
Yy=X-X Ay =+A"x; +A°x,
5. PazHocTh

yEbx =bx, | Ay=1(bix,)? +(byAx,)?

6. [TIpousseneHue n n P
y:]'llx,- nim y=a|‘|]x,~ 5 = 5252)6,-
"~ = | i=1
7. YacTHOoe
X
v &= + &,
2
8. CreneHHas byHKUMS p P
y=anx & =5 (bdx)’
i:1 | i=l
9. Ioka3areabHast
dbyHKUUSA y=ab* Wy =Inb*x*&x

HDI/IMG'{aHI/ICI A— abcoroTHas IOTrpelIHOCTb, 6 — OTHOCHUTECJIbHasA IMOIrpCuIHOCTb

IMokaxkeM NOPSIIOK COCTaBICHUS MOJICIICH OLIEHKM U OIMMOKY Ha
npuMepe. [1pon3BOIUTCS OLICHKA BEPTUKAIbHO-CBEPIMIIBHOIO CTaH-
Ka TIpsIMBIM CpaBHeHHEM C¢ aHajoroM. CpaBHEHME I10Ka3ajo, 4To:
1) eHa aHajiora B3dTa Ha HaTy, KOTopas Ha HECKOJbKO MeCsIIeB
MPEALIECTBYET JaTe€ OLEHKU; 2) CTAHKM Pa3IM4yaloTCs I10 TJIaBHOMY
rmapamMeTpy — HauOOJbIlIeMy AMaMeTpy CBepJieHMS; 3) y OllcHUBae-
MOT'O CTaHKa IapaMeTp «BbUICT IIIUHIEISI» COKPAIIEHHBIHI 110 CpaB-
HEHUIO CO CTAaHIAPTHBIM Pa3MepOM.

CorylacHO ONMCaHHOMY BBIIIE AJIFOPUTMY YCTaHOBJIEHA CIICIYIO-
11ast OYEPETHOCTh KOPPEKTUPOBOK 1IEHBI aHAJIOrA:

1. KoadhdunreHTHasT KOPPEKTUPOBKA HA MOMEHT OLICHKMU.
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2. KoadpulimeHTHasT KOppEKTUPOBKA Ha pa3dyKe MO TJIABHOMY
rnapameTpy.

3. TlonpaBouyHasi KOppeKTUPOBKA Ha HeCTaHIAapTHOEe 3HauYeHME
rnmapamMeTpa «BbLJIET IIMUHIES» Y OLIEHUBaeMOIo CTaHKa.

Marematuueckasi MOJIEIb pacyeTa CTOUMOCTH:

S= HXleKz — 1_[3, (538)

rae Ll — vicxonHast ueHa aHaiora;

Ky, Ky, — xoppektupyomue Ko3(GpdOUIMEHTHI U1 TIEPBOA 1 BTO-
pOii KOPPEKTUPOBOK;

I1; — mompaska o TpeTbeil KOPPEKTUPOBKE.

MaremaTnaeckast MOZECJb pacyeTa OIIMOKN CTOMMOCTH:

AS=\§A2(U*K1 *Ky) + =\/(H*K1*K2)2*(52U +0K +0'Ky) +2°1I, (5.3.9)

rae o6o3HayeHUe abCONOTHOU A U OTHOCUTEBbHOU O OIIMOKHU
CTOMT IepeJ TeM IoKaszaTesieM, K KOTOPOMY 3TH OLLIMOKM OTHOCST-
csl.

B T1ab6n. 5.3.7 npuBeaeHbl GOpMYJIbl IJ1s pacueTa KOppeKTUpPYo-
K1X KO3PPUILMEHTOB U IOIIPABKU, a TAKXKe UX OLIMOOK.

Takum 00pa3oM, OLIEHUB OLIMOKM MCXOAHBIX JaHHBIX (B HallleM
MPUMEpPE 3TO — OLIMOKU LIE€HbI aHAJIOTa, IEHOBBIX MHIEKCOB, KO3(]-
¢pULMEHTa TOPMOXEHUS [JIABHOTO TapaMeTpa U «LeHbl» €IUHUIIbI
rnapameTpa — BbUIET LUITIMH/ES ), 1O NPUBEAEHHBIM BbIIlIE MOAEJISIM
HETPYIHO PaCCYMTATh OMIUOKY OILIEHUBAEMOI CTOMMOCTH.

MeTtonbl OlleHKHU, TTIOCTPOCHHBIE Ha 3aTPaTHOM ITOAXOe, TIpe-
roJiaraloT ornpejejeHrue CTOMMOCTA BOCIIPOU3BOJCTBA U CEOECTOU -
MOCTH 00BEKTa, KOTOPBIE C TOYKH 3PEHUS MAaTEMAaTUIECKON CTPYK-
TYpbl TIPEACTABASIOT COO0OM CyMMapHbIe IoKa3aTelu, TaK KaK OHU
CKJIAZBIBAIOTCSI U3 KOMIIOHEHTOB, XapaKTEePU3YIOIINX PacXol pas-
JIMYHBIX PECYPCOB Ha CO3/IaHUE U NpuodpeTreHue oobekTa. Eciin ab-
COJIIOTHAS MOTPEITHOCTh CYMMAapHOTo MoKa3aresisl Bceraa Bo3pacTa-
€T 10 Mepe YBEJIMYEHUS 4uciia ClaraeMblX, TO €ro OTHOCUTEIbHAs
MOTPEIIHOCTb MOXET CYLLIECTBEHHO CHUXATbHCH.

PaccmoTpuM mpumep aHaim3a TOYHOCTU OIEHKH CTOMMOCTHU
BOCIIPOM3BOJICTBA CITEIIMAJIBHOTO CTaHKA I HAMOTKM KaTyIIeK
BJIeKTpoarmapaTypbsl Ipyu IpUMEHEHNU METOIa pacueTa 1o YKpyII-
HEHHbIM HOpMaTtuBaM. VICXOaHbIE TaHHbIE JJIs pacyeTa NpruBeAeHbI
B Tab1. 5.3.8 . TaMm e NnpuBeAeHbl MOKa3aTeJIu TOUHOCTU UCXOAHBIX
JaHHBIX.
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Tabauua 5.3.7

PacuetHbie hopmyJbI MOKa3aTeteil M MX OMIMOOK MPH OLEHKE
MOJIHOW CTOMMOCTH 3aMelleHNs] BEPTUKAJIbHO-CBEPIMIBHOTO CTAHKA
METOJIOM MPSIMOT0 CPABHEHHS C AHAJIOTOM

ITokazarenn

®opmy.ia ans pacyera
noKa3artens

IToka3a-
TeJb, BHO-
CSANIMIA
OINHOKY

®opmy.a
A7 pacyeTa
ONHOKH

Koadpduument K,

1
K 1= o
Ia
I, — nHnexc uen
Ha MOMEHT OLIEHKM;
I, — unzgexc neH Ha
MOMEHT JIE€HUCTBUSA
LeHbI aHajIora

Iy 1

o> la

5K, =+ &1, + &1,

Koadpopuumenr K,

KZZEDTE

D; Da — Haunbomnbimii
JIMaMeTp CBEPJICHUS

y OLIEHUBAEMOTO CTaHKa
U aHAJIOTa;

a — K03 puuueHT
TOPMOXEHUS

s mapamerpa D

5K, =Ing: 2 a* &
Hp,H

ITonpaska I15

11y =P(B, - B)

P — «uena» ogHoro
MWUIAMETPA BbLIETa
IITTAHACS,

B, Ba — BBIICT IITIMH-
JIeJIsl y OLIEHUBAEeMOTO
CTaHKa M aHajora

Al =(Ba —B)*AP
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Hcxonnbie JanHbIE

Tabauua 5.3.8

ITokasarenn

0O003Ha-
YeHUe

3Hauenne
noKasa-
Teasd

Oummoka

a0cooTHas

oTHOCUT%

1. Macca
KOHCTPYKIIUU, T

G

0,7

0,05

7,14

2. KommuectBo
BXOJIOB-BBIXOJ0B

52

3,85

3. I1okasarenb
KOHCTPYKTUBHOM
CJIOXKHOCTH,
(2104050700831
CJIOXKHOCTH

480

10

2,08

4. YnenbHble
MaTrepuabHbIe
3aTpaTthl Ha 1 T
KOHCTPYKIIVH,
JIOJUT.

600

20

3,33

5. YnenbHble
3aTpaThl
KOMIUIEKTYIOIITUX
Ha 1 BXOI-BbIXO]I,
JIOJUL.

23

13,04

6. YeabHble
3aTpaTkl 110
3apabOTHOI ILJ1aTe
Ha eMUHUILY
CJIOXKHOCTH, JTOJIT.

0,2

20

7. KoappuueHT
KOCBEHHBIX
pacxomoB

k

0,8

0,3

37,5

8. KoadpdunmeHnr
pPEeHTa0EIbHOCTU

R

0,2

0,03

15

Ha ocHoBe mpuBeeHHBIX BBIIIE MCXOAHBIX TaHHBIX paccyMTaHa
CTOMMOCTD CTaHKA U oLIMOKa ee oLeHKU. ITopsmok pacueTa u pe3yiib-

TaThl MpUBEAEHbI B Tab1. 5.3.9.
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Tabauua 5.3.9
Pacyer cTOMMOCTH CTAHKA U OIIHOKH €€ OLEHKH

Ilokazarens |®opmyna| Pe- ®opmyna s Ommoka
3yJib- pacyera OmMOKH 20co- | oTHO-
TAT, JIOT- | CH-
JOJLI. Hasg | Tejb-
Has, %
3aTpartsl Ha 9 o2
MaTepHaIbl M =mxG| 420 | M = Jcin +dG 33,1 | 7,88
3aTpartsl Ha [ )
KOMIDIEKTYIOIINE OE=vd&” +d
U3ACNINS E=exV [1196 162,5 | 13,59
3apaboTHas 1UIaTy ST
OCHOBHBIX JdL = \/d2 + OW?
pabouux L=1xW | 480 96,5 | 20,11
KocBeHHbIE (2 <2
PacxXomsl K=k«L | 384 | oK=v&k?+d 163,4 | 42,55
IMonnasa _ a2 2
cebecroumocts |C=M + AC=VAM" +AE” +
E + L + K| 2480 252,02 | 10,16

V+AL? +AK2

CTOMMOCTB [ , 2
Bocrpoussozctsa [S=C/(1-R)| 3100 55=J<‘C +AR /(1—R) 3348 | 10,8

TouHOCTHBIN aHAIN3 TTO3BOMSIET ONPENSIUTDL HE TOJBKO OIIMOKY
WTOTOBOIO pe3yJibTaTa OLIEHK!, HO U YBUJIETD T€ 3JIEMEHThI CTOMMOC-
TH, KOTOPBIe BHOCSIT HAUOOJILIITNI BKJIaJl B 00pa3oBaHMe 3TOM OO~
K. B Hammem mpuMepe TOYHOCTh OLICHKU JIMMUTHPYIOT B TIEPBYIO
oyepeab KOCBEHHbIE 3aTpaThl, 3a HUMU clieayeT 3apaboTHas TjaTa.
Haumensblmas ommoKa y 3aTpaT Ha MaTepuaibl. TakuM o0pa3oM, 4To-
OBl MOBBICUTH TOYHOCTh pacuyeTa CTOMMOCTHU B TIEPBYIO OYepeEab ClIie-
JIYET MOMCKATh CITOCOOBI CHVDKEHMS OIIMOOK ITPU pacdyeTe KOCBEHHBIX
pPacxoJ0B U 3apabOTHOM MIaThHI.

MeTtonpl, 6asupyrlIKecs Ha TOXOAHOM TOAXO0Ae, MpearnoaaratoT
MPOrHO3UPOBaHME OYAYIIETO YUCTOIO J0X0Aa Ha Teproj, 3 PeKTHB-
HoOro cpoka 6usHeca. [ToaTomy olnMoKa OLIeHKU CTOMMOCTH, TI0JTy4a-
€MOIi 3TUMM METOJaM1, BO MHOTOM 3aBMCHUT OT TOTO, HACKOJILKO TOY -
HO pacCUMTaH YMCTHIN JOXOJ U IIPOrHO3 ero IMHAMMKU. YnCThIi 10-
XOJI pACCYMUTBLIBAECTCS ITO0 Pa3HOCTHOM MaTeMaTUYECKOM MOICIN: 3TO
Pa3HOCTh MEXIY BBIPYYKOM M 3aTpatamMu. C TOUKM 3peHUS aHaIM3a
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TOYHOCTU Pa3HOCTHASI CXeMa pacueTa HauMeHee OJaronpusTHa, Tak
KaK pa3HOCTh ABYX OJIM3KUX uyucesl OOHApy>XUBAeT 3HAUUTEIbHO
0OJIbIIYI0O U a0CONIOTHYIO U OTHOCUTEbHYIO OLIMOKY, YeM OLIMOKU
YMEHBIIIAeMOT'0 Y BLIYMTAEMOTO B OTACIBbHOCTH.

JpyruM MCTOYHUKOM OIIMOOK MPU MPUMEHEHUU JOXOAHOTO MO/ -
X0Ja SIBJISIETCS HEOMpPeNeJIeHHOCTb CTaBKU AUCKOHTA, OCOOEHHO
OoJiblIMe OLIKMOKM BO3HUKAIOT B YCJIOBUSIX BBHICOKOIW U TPYAHO IPO-
THO3UpPYeMOi UHMISALUU. DTU 0OCTOSTENbCTBA AEJal0T OLIEHKY Me-
TOMAMU TOXOAHOTO MOAX0/a HEAOCTATOYHO HAJEXKHOM.

3ananus u ynpakHenus K naparpady 5.3:

1. B yem 3akimovyaeTcs MeTOI aHaJIM3a Majiolt BLIOOpKU?

2. B yeM mpuHIMNUAIbHOE OTIMYME CIyYalHBIX U CHUCTEMATHMYECKMX
O1InMo0K?

3. Yto Takoe JOBepUTEJIbHBII MHTEPBaJ?

4. KakoB MopsiIoK BHECEHUSI KOPPEKTUPOBOK?

5. KakoBbl 3aBUCUMOCTM ISl OTpEeAe/ICHUS OLMOOK 3JIEeMEHTAapHBIX
byHkIMiA?
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