OTOBPAXEHUE

B3AUMOCBA3U NAPAMETPOB
7 C NPUMEHEHUEM
NAPHOIO PEFTPECCUOHHOIO AHAJIU3A

MMapHbI PErpeccuoHHbI aHanuM3 — 3T0 MEeTo4 MaTemaTuUyecKkon
CTaTUCTMKKN, KOTOPLIA NO3BONSET HAaUTN Hanbonee TOYHOE N OOCTOBEpP-
Hoe oToGpaxkeHue (Moaenb, annpoKCMMaLMo, YpaBHEHNE perpeccum)
CTOXaCTUYECKON 3aBUCUMOCTU MEXOY OTKNMKOM Y 1 OfHUM 13 daKTo-
poB X .[lnsa peweHus gaHHoun 3aaadm Heobxoanmo:

1. Onpepenutb BUA YpaBHEHUS perpeccuu

2. OueHuTb JOMNYyCTMMOCTb OTOBpaxeHus uccnegyemon 3aBuCU-
MOCTM BblOpaHHbLIM YpaBHEHNEM pPErpeccun

7.1.Co,qep)|<aHMe n gonyuweHusa perpecCMOHHOro aHanunzsa

[MoHATME CTOXacCTMYeCcKoM 3aBUCUMOCTW B HEKOTOPOM CMbICSe
aBnsaeTca 06O06OLEHNEM MOHATUS O 3aBUCMMOCTU (PYHKLMOHANBHOM.
[lna nocnegHen xapakTepHo, YTO KaXXAOMy 3Ha4veHuto daktopa (apry-
MEeHTa) COOTBETCTBYET COBEpPLUEHHO OrnpefeneHHoe 3HayeHue OTKMU-
ka. B cnyyae croxactuyeckon 3aBUCUMOCTM MpWU OonpeaeneHHoMm 3Ha-

yeHnn X, paktopa X MoOXeT HabnAATLCS MHOXECTBO 3HAYEHWN

otknuka Y . B NpoM3BOACTBEHHBIX YCMOBMSIX (DaKTOP Takke ABMAETCS
CIyYalnHoOn BENMYMHOM, HO MpU NPOoBEeAEHUN PErPeCcCUOHHOIo aHanusa

nonaratT, YTO BCSIKOE ero 3HadeHune X; HecrnydaiHo [1].

Mpy NpoBeAeHUN PErpecCcMoOHHOr0 aHanu3a NPUHUMAlOT crepyo-
wme gonywenus [1, 2, 3].

1. ®akTtop u3mepsieTcsd C NPeHedpexXMMo Mason OLMOKon no
CpaBHEHMIO C OLINBKOW onpeaeneHus oTknuka. bonblias owmnbka Y,

0ObACHAETCS HAaNMYMEM B KaXKaoM U3 HabnoaeHnn BNUAHUIA Ha OTKNUK
HepernameHTUPOBaHHbIX NapaMeTpoB.

2. Kaxxgomy 3HauveHuio haktopa COOTBETCTBYHOT 3HaUYEHUS OTKMU-
Ka, npeacTtasnsawowme cobon HesaBUCMMbIE U HOpMarbHO pacnpene-
NEeHHbIe BENUYMHbI.

3. lMpwn npoBeneHnn akcnepumMmeHTa ¢ 006 bEMOM BbIGOPKHM n npwu

YCIIOBUM, YTO Kaxablii onbIT npousseaeH M pas, BbiGopouHble Auc-
nepcumn OTKNNKa OAHOPOAHbI.
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YuutbiBas BO3MOXHbIE OTKMOHEHWsi, MoOAemnb CBSA3WM HEKOTOPOro
3HayeHUsl OTKMUKA C COOTBETCTBYIOLUMM 3HA4YeHMeM (paKkTopa MOXeT
ObITb NpeAcTaBneHa B BUAE ABYX COCTaBNSIOLLMX:

Yi =0 (xi)*e, (7.1)
rae ¢ (X;) - cuctematnyeckas (06bsicHeHHast) coctaBnstowas. OHa

obycrnosneHa cyllecTBOBaHMEM 3aBUCUMOCTUM MeXAy OT-
KNUKOM 1 (bakTopom;

€. - cnydyariHasa coctaBnsowas. OHa obycnoBneHa pa3HOOo6-

Pa3HbIMW BO3MYLLEHUAMW W Bbi3blBAET OTKMOHEHMA Y, OT
COOTBETCTBYHOLLUX peasibHON 3aBUCUMOCTMU.

OTHocuTENbHO €; AenaloT creayloLime NpeanonoXeHns:
1. 370 HOpManbHO pacnpeeneHHas cnyvyanHas nepeMeHHas.
2. H(g;) = O(matematnyeckoe oxmpaHne crydaitHol cocTasnsio-
LLIEV PaBHO HyJIH0).
3. G(Ei)= Const (aucnepcusi criyqaiHoii cocTaBnsitoLLeil NocTo-
SIHHA).

4. B pasnuuHbix HabMnoOeHUAX 3HaveHus €; He 3aBuCAT Apyr oT
Aapyra.
[lns nocTpoeHus napHOW perpeccMoHHoOn Mogenu (MHave — nap-
HOro ypaBHEHUS perpeccum nnu NpocTo NapHon perpeccun) Heobxo-
OMMO pelwunTb ABe 3afayvu - onpeaenvTb BU ypaBHEHUS perpeccumn u
OLEHUTb AONYCTUMOCTb OTOGpaXeHus nccneayemon 3aBUCUMOCTU Bbl-
OpaHHbIM ypaBHEHWEM PErPECCUM.

7.2.0npepeneHve BuAa ypaBHeHUA NapHoOM perpeccum

3afava onpepenieHVss BuAa YPaBHEHWUS PErpeccuy COCTOUT B
ornpeaeneHn CUCTEMAaTUYECKOW COCTaBISAOLLEN (I)(X) OpHako, Kak

YK€ yKa3blBanocb paHee, UCTUHHbIE napameTpbl (K03 drLNEeHTbI) 3To-
ro ypaBHeHWs He MoryT 6biTb onpeAeneHsbl, MOCKOMbKY MCMOMb3yTCA
BbIGOPKM OrpaHuyeHHoro obbema (N <<< 00 ). [loaToMy MOryT ObITb
HadeHbl NULWb OLEHKM WCTUHHBIX MapamMeTpoB W AeWCTBUTENbHas

CBA3b MeXAy OTKITUMKOM U (*)aKTODOM y= (I) (X) npencraBnAeTca OoueH-

koWt (oToBpaxeHnem) aToit cBsizn Y = qi(x) VMeHHO faHHast oueHka u
SIBNSAETCA ypaBHEHWEM perpeccum.
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Ons nogbopa
ypaBHeHuss Y= qi(x)
KoTopoe HauUnyyLwmm
obpasom  oTobOpaxaeT
CTOXaCTUYECKYI0  CBSA3b
MexXay OTKIMKOM 1 bak-
TOPOM, WUCMOMb3YT Me-
TOO, HauUMEHbLUMX KBad-
patos (MHK). CornacHo
MHK Haunnydwen oues-
KOW mnccnegyemon 3aBu-

CAMOCTUN 4HABNAEeTCA Ta, i
KoTopasi naet Hau- Puc. 7.1. JluHnsa perpeccum u ee oueHBaHle

MEHbBLUYI CYMMY KBad-
paToB OTKMOHeHU HabniofaaeMblx 3HaYeHWit OTKNMKa Yj OT paccyu-

TaHHbIX MO YPaBHEHUIO perpeccun Y, mpu Tex xe 3HauyeHusx aktopa

X; (puc. 6.1). 3TO ycrnoswue BbipaxaeTcs criedyowymM o6pasoMm:

n n
Y&’ =2y ~y,) =min. (7.2)
i=1 i=1

OueHku, nonydeHHole MHK, gBnstoTCca HeCMeLLeHHbIMKU, COCTOS-
TenbHbIMU U 3PPEKTUBHBIMU. HecMelleHHOCTb O3Ha4yaeT, YTo maTe-
MaTU4YecKoe OXuaaHue Kaxaoro u3 oueHUBaembliX napameTpoB paBHO
COOTBETCTBYIOLEMY UCTUHHOMY 3Ha4dyeHuto. CoCTOATENBHOCTb O3Hava-
€T, YTO C yBenuyeHnem 4ncna HabngeHun N OueHKM napameTpoBs
Bce 6onee KOHLIEHTPUPYIOTCA BOKPYr UCTUHHbLIX 3Ha4YeHun (T. e. C BO3-
pacTaHMemM N OUCMEPCUMM OLEHOK CTpPeMATCS K Hynw). dddekTms-
HOCTb O3Ha4yaeT, YTO oueHkM, nonydeHHole MHK, obnagatoT HanmeHb-
wen aucnepcmen no CpaBHEHUIO C OLEHKaMW 3TUX Xe napamMeTpoB,
Nony4YeHHbIMU APYTMMU METOOAMM.

3apava onpegeneHns kKodPULMEHTOB YpaBHEHUSI perpeccum
CBOAMTCS NPAKTUYECKN K onpeaeneHnio MUHUMyMa OYHKLUUN HECKOMb-
KNX NepeMeHHbIX 1 pelleHa MaTeMaTu4ecKon CTaTUCTUKOW AN NUHEN-
HOro ypaBHEHUSA

Yy =B, +B, Xx=b, +b, x. (7.3)
OueHkun koadpduumentos by =P, u b, =B, Bbluncrsiotes no
dopmynam [7.1, 7.2]:
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n n n
2X 2 Yi T NXX Y

_i=l =l i=1

. 2 n : (7.4)
(.inj LIRS
i=1 i=1
1 n n
by==| >y = b D x | (7.5)
n\iz i=1

B MS Excel koachdpuumeHTsl b0 " b1 NUHENHON perpeccun

MOXHO OnpedennTb C WCMOMb30BaHMEM CTaTUCTUYECKUX (PYHKLIMI
HAKNOH(<Y>;<X>) n OTPE3OK(<Y>;<X>). AprymeHTbl <Y> n <X> -
CCbIfIKM Ha AYenkn, rge 3anucaHbl 3HaYeHNs OTKNMKa 1 hakTopa cooT-
BETCTBEHHO.

Mpn HeobxoaMMOCTU BbIMUCNEHUS KOIDMDULMEHTOB YpaBHEHUM
perpeccumn Apyrux BugoB nocTynaroT cneayowmum obpasom [2, 3]. CHa-

Yana no sKkcnepumMeHTallbHbiIM JaHHbIM Xi n yi HaxoaAT 3Ha4YeHudA Xi'

M Y, KOTOpble COOTBETCTBYIOT YPABHEHWIO [AAHHOMO BMAA MOCHE €ro

nuHeapusauun. Janee ucnonb3yoT dopmynbl (7.4) u (7.5), pacyeTsbl
Mo KOTOpbIM AagyT KO3(hMULMEHTbI MMEHHO NMHEeapu30BaHHOIO ypas-

HeHus (b(') " bi). Mocne atoro HaxoAaT KO3pMUMEHTbI peanbHbIX

ypaBHeHun. ®opmynbl Ans Takux npeobpasoBaHuii npeacTaBrieHbl B
Tabn. 7.1.

7.3.0ueHMBaHMe ypaBHEeHUs NapHOMW perpeccun

M3 pasnnyHbIX ypaBHEHUN PErpeccum HaumnyylyMMm B CMbICe
MHK cuuTatoT TO, KOTOpOoe obecneynBaeT MUHMMYM Aucnepcumn dak-
TUYECKNX (MOMYYEHHbIX 3KCMEPUMEHTANbHO) 3HAYEHUN OTKMMKA OTHO-
CUTENbHO NUHUK perpeccun. ATy AMCMIEPCUIO0 HAa3blBalOT OCTATOYHOM
Unu gucnepcmen OTHOCUTENbHO perpeccun u onpeaensoT no opmy-
ne:

1 & ~
S=—2-%) (7.6)

rae K - uncno koadhduumeHToB perpeccun B ypaBHeHUMN.

To4HOCTb OTOOpaxeHus (annpokcMMauMu) UCCriefyemMon 3aBu-
CMMOCTU BbIOpaHHbIM ypaBHEHWEM pPErpeccuy OLEeHMBAOT C MOMOLLbIO
OMCNEPCMOHHOrO aHanusa. [na aToro CpaBHMBAKT OUCNEPCUIO OTHO-

2 o o
CUTEJIbHO JTMHUN perpeccun (Se ) C OUEeHKoU ancnepcumn 3Ha4YeHnmn yi
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Tabnuua 7.1

dopmMynbl AN BbIYUCNEHNS KOS DULNEHTOB HEKOTOPBIX
HEeNUHEeNHbIX YpaBHEHU NapHON perpeccuu

MNpeobpasosaHue MNpeobpasosaHue

AnnpokcuMaLms MCXOOHbIX JaHHbIX KO3 PUMLMEHTOB
X Yi b, b,
b, +b, / X 1/ % Y, b, b!
b, +b,x™ X" y, b, b!
bo +by 19X lg X Yi b, b,
b+binx | Inx |y, b; b}
1/ (bg + by x) X, 1/y, by by
x/ (bg +byX) X, X, 1y, by by

bo / (by + X) X, 1ly, 1/, b /b

box/ (by +Xx) 1/ X 1/y, 1/ by by / by

bo by x| lgy, | 2005 | 10b]
b X2 Inx, Iny, exp (by) b;
bo exp (byx) X Iny, | exp(bo) b;
bg exp (by / x) 1/ Iny; exp (bp) b;

OTHOCMTENbHO BLIOOPOYHOrO CpefHero hakTUYECKNX 3HaYeHU OTKMK-
kKa y:

, 19 (y - y) 1Q 18 Y
SE=——H>I Yy -V) ==D>|y-=>Vy]|. (7.7)
" k-15 mzl | nzl |
BenuunHa Sé xapaktepusyet (puc. 1) paccesiHuey;, obycnos-
NeHHoe 3aBMCUMOCTbIO OTKNMKa OT DaKTOPOB, M NO3TOMY Ha3blBaeTCH

o - 2
06bsiCHeHHON Aucnepcveit. OcTaTouHas gucniepenst S, XxapakTepuay-

eT paccesiHne Y,, Bbl3BaHHOE CryyaiHbIMU BO3AEACTBMAMMU (BO3MY-

weHnsmn). O4eBUaHO, YTO CBA3b MeXOY OTKMMKOM U hakTopamu B BU-
[e [aHHOro ypaBHEHWUs perpeccuu CyLlecTByeT, ecnn ObbsCHeHHas
aucnepcus cylecTBeHHO 6onbliue OCTaTOYHOW.
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YT06bl BLISICHUTbL, MOXHO 1M CYATaTb OTNMYME paccMaTpMBaEMbIX
OVCMepCUin CyLLLECTBEHHbIM, BbIOBUMAOT HYMEBYO rmnotesy o6 ux pa-

Q2 2
BeHcTBe H :SZ =S. v npoBepsioT ee ¢ ucnonb3oBaHWeM uucna
duwepa:

==F (7.8)

'MnoTesa cuuMTaeTca cnpaBeasIMBON, ecriv pacCYUTaHHOE YUCHOo
duiepa He npesbillaeT TabnuyHoro 3HaveHus F [a,vl,vz] ans 3a-
OaHHOro ypoBHS 3HauumocTn O . lNpu BbIGOpe TabnuUYHOro 3HayeHus
Ba&XHO MMOMHUTb, 4YTO B AaHHoM cnydae V, =V =K-1 u

V, =V, =Nn-K.B MS Excel TabnuuHoe uncro duepa MoxeT GbiTb

HaWAEHO C MPUMEHEHMEM CTaTUCTUYECKON CDYHKLINN:
FPACMOBP(a ;k —1;n—K).

CnpaBeanuBoOCTb rMNoTe3bl O PaBeHCTBE OCTAaTOYHOM U 0BbsAC-
HEeHHOW Aucnepcuii 03Ha4vaeT, YTo BblbpaHHOE ypaBHEHWE perpeccun
Henb3s NPUHMMAaTb B Ka4eCTBE MOLENN CBSI3N MeXOy OTKIIMKOM U doak-
TOPOM.

Ecrm xe F>F[a,k-1,n—-Kk], To ob6bsicHeHHasa aucnepcusi cy-
LecTBEHHO Bonblue OCTaTOYHOW. A 3TO O3HA4aeT, YTO MexAy OTKMu-
KOM M chakTopamn CyllecTByeT B3auMMOCBSA3b, KOTOPYD C BEpPOATHO-
CcTbio Ol OonycTMMO annpoKCUMMPOBAaTb paccMaTpvMBaeMblM ypaBHe-
HMEM perpeccun.

M3 Heckonbknx OOMYCTUMbIX annpokCcMMauui Hambonee TOYHOM,

o4yeBMOHO, 6y/:|,eT Ta, And KOTOpOIZ 3Ha4veHne Sez ABNAeTCA HauMeEHb-

wwum. OTcloaa creayer, YTo Anst Haubosnee TouHon Mogenu Y, = ¢ ()q)

pasnuuMe pacyeTHoro u TabnuyHoro umcen duwepa OyaeT Makcu-
ManbHbIM.

Bo MHoOrmx nporpammHbIX cpedcTBax, cogepalumx onumum obpa-
©oTKM gaHHbIX (B TOM vncne n B MS Excel), ana oueHnBaHusa kayecTBa

annpokcumauum npeanaraeTtca napametp R2 (koapbpuLMeHT gocTo-
BEPHOCTM annpokcumauum):
n
D€
- n-1

R?=1-—1= % (7.9)
(Yi - 37)2

n
i=1
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KoadhpmumneHT goctoBepHoCTU npeactaBnsieT cobor gono auc-
nepcum OTKNMKa, 06 bSACHEHHYIO C MOMOLLbIO OLIEHMBAEMOrO ypaBHEHMS
perpeccun. Yem MeHblle ocTaToyHas AUCMEePCUst MO OTHOLUEHMIO K
OMCNepcMmn 3Ha4YeHU OTKINMKa OTHOCUTENbHO ero cpedHero BblGopoY-

HOro, TeM TouHee Mopaenb Y = qs(x) oToGpaxaeT n3mMeH4MBoCTb Y B

CBSI3U C U3MeHeHusiMn chaktopa X , Tem Gonblue sHaueHne R?. Wne-

n
anbHas MoAernb (Z:ei =0) obecneumsaer R* =1 u B atom cnyyae
i=1
HeoBGX0AMMOCTb B OLIEHVMBAHUM afeKBATHOCTM anmnpoKcUMaluy oTna-
JaeT. B ocTanbHbIX crnyyasx crieayeT npoBepuTb YCNOBME OTMYUA
KoadhpmumeHTa geTepMuMHaLUmM OT HyNA:

R® n-k
1 1oRF k-1 F[O(k -1Ln- k] (7.10)

Ecnn npu 3agaHHOM JoBepUTENbHOW BEPOSATHOCTU yKa3aHHoe YcC-

FIOBYME BbINOMHSIETCS!, MOXHO cunTaTh, 4to R? 3Haunmo oTnnvaetcs ot
Hynst U, crieqoBaTenbHO, OLEHMBAeMOe ypaBHEHWE perpeccumn siBns-
eTca [OoCTaTo4YHO TOYHOW anmnpokcumaumen uccrnedyemoin 3aBUCMMO-
cTU. B NpoTuBHOM criyyae Heo6XoAMMO NMPU3HAaTb, YTO anmnpPoKCUMaLus
He ABNSETCA afeKBaTHOM W paccMOTPeTb WHOW BapuaHT ypaBHEHWs!
perpeccuu.

7.4.MNMapHbIN perpeccuUoHHbIN aHanu3 B MS Excel ¢ npuMmeHeHnem
UHCTPYMeHTa «JluHuAa TpeHaa»

7.4.1.BbinonHeHue MapHOro perpecCMOHHOro aHasnun3a c npumMeHe-
HMeM MHCTPpyMeHTa «JlnHna TpeHaa»

B kayecTBe npumepa paccMOTpUM MOCTPOEHME annpoKCMaLmm
3aBMCUMOCTM Mpedena TekyvyecTu MeTanna, npokataHHoro Ha LUCITI,
OT TemnepaTtypbl CMOTKM tcM. Ha paboyem nucte (puc. 7.2) UCXoaHble
JaHHble pacnonoxeHsbl B a4erikax B2:B30 1 D2:D30.

CHavyana c wucnonb3oBaHMeM UWHCTpymeHTa «Mactep pua-
rpamMmm», UCXOAHble AaHHble HeobGxoanmo OTobpasuTb B BuAae Auva-
rpammbl Tuna «TodeyHasa». [duarpamma fomkHa ObiTb oThopmaTmpo-
BaHa Takum obpasom, 4Tobbl ee odopmMreHMe CoOTBETCTBOBaNo npa-
BMnaM rpacmyeckoro npeacTaBneHns gaHHbIX.

Mocne cdopmaTMpoBaHUs Anarpammbl, C MOMOLLLIO MbILWKW Bblge-
nnTb Ha anarpamme psag AaHHbIX. Yepes nyHkT <[luarpamma> B CTpoke
rnaBHoro meHio MS Excel , 3agatb komaHgy <[Job6aBuTb NUHMIO TPEH-
na>. Ha akpaHe nosiButcsa gnanoroBoe okHo </luHusi mpeHda>.
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Ha 3aknagke «[lapameTpbl» BKNOUNTL onummn «llokasbiBaTb
ypaBHeHWe Ha guarpamme» U «llomMecTuTb Ha guarpammy BenvyYuMHYy
[OCTOBEPHOCTM annpokcumauumn (R™2)». 3atem Ha 3aknagke «Tun»
BblOpaTb TMN annpokcuMaumm «JlmHenHasi». Mocne HaxaTtusi KHOMKK
<OK> Ha gmarpamme nosiBATCS NMHUA TpeHaa 1 Haanuch, coaepxallas

ypaBHEHWE perpeccun 1 3HaveHne R?.

ABTOMaTm4eckn (QOH HaAMMCKM YCTaHaBIMBaETCH NPO3payvHbIM,
4YTO 3aTPyOHSAET YTeHue TekcTa. [1oaTomy pekomeHayeTcs npuaath en
aTpubyTt «C TeHbtlo» Yepes 3aknagky «Bua» okHa <®@opmam rodnucu
0aHHbIX>, KOTOpOE MOSABUTBCS, €Cnu BbIMOMHATL opMaTnpoBaHme
HaanucuK Yepes NyHKT <Popmat=> rnaBHOro MeHHo.

Mog AmarpamMmon HeobGXoAMMO MOAroTOBUTH 0603HaYEeHUsI
cTonbuos, B KOTOpbIX BygeT pasmellaTbCcs MHoOpMauuss o paccmoT-
PEHHbIX ypaBHEHUsIX perpeccun. Ha puc. 7.2 Takne obo3HaveHust 3a-
nucaHbl B A4erkax 122:022.

B ayeiike J22 c npumeHeHnem dyHkumm CHET() onpenensetcs
yncno HabnaeHun:

=CYET(B3:B30).

YpaBHeHVe perpeccun n 3HayeHue R? sanucbiBatoTcsi C Kria-

BMaTypbl Ha OCHOBaHUW HaAMUCK, KOTOPOW COMPOBOXOAETCHA NUHMUSA

TpeHaa. Yucno koadduumeHTos perpeccun K Taioke BBOAUTCH C Kna-
BMaTypbl.

PaccuntaHHoe 4ncno <D|/|u.|epa Fp BblHUCIAETCA MO q)opmyne

(6.10). Hanpumep, B a4erike M23:
=K23*($J$22-L.23)/((1-K23)*(L23-1)).
TabnuuHoe uncno duwepa Fy HaxoauTcs Ans noBepuTenbHON

BEepoATHOCTM 95% C uCNONb3OBaHMEM CTaTUCTUYECKOW (DYHKLUK
FPACIOBP(). Hanpumep, B siuelike N23:
=FPACIIOBP(0,05;L23-1;$J$22-1).

YT10bbl paccMOTpeTb Apyrve annpokcMMauun, AOCTYMHbIE Yepes
WHCTPYMEHT «JlnHna TpeHaa», HeobxoAMMo BbIMOMHATL hopMaTupo-
BaHWe NHUKN TpeHaa.

dopmaTMpoBaHMe MOXET ObITb peanv3oBaHO NMOO Yepes KOH-
TEKCTHOE MEHI0, NGB0 Yepes NyHKT <Popmat> rmaBHOro MeHt. B aTom
crny4yae Ha 3KpaHe Takke MosIBNsieTCs OKHO <J/IuHuUsi mpeHda>, HO Te-
nepb OOCTATOMHO yKasaTb APYron TUM annpoKCMMauuu Ha 3aknagke
«Tun». B pesynbtaTe Ha guarpaMMe BMECTO Npeablayliero TpeHaa
NosiIBUTLCH HOBbIW, @ ero napameTpbl 0TobpassTca B Hagnicn. BHuma-
Hue! Ecnv Kkaxabli 3 BapuaHTOB annpoKCMMauun HaHOCUTbL Ha ana-
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rpammy kak nobaBneHue NuUHWKM TpeHaa, To Ha auarpamme GyayT of-
HOBPEMEHHO OTOBpaXKeHbl BCE PACCMOTPEHHbLIE BAPWAHTBI.

7.4.2.0ueHnBaHune pe3ynbTaToB aHann3a 3aBMCUMMOCTU
npepena TeKy4ecTtm ot temMnepatypbl CMOTKU

B BbIBOgax no pesynbraram MapHOro perpecCUoHHOro aHanmsa
Heobxo4MMO OTBETUTL Ha CrieayoLme BOnpoChl:

1. CBA3b MexXay KakMMu BENMYMHAMKN aHann3npoBanach?

2. CKOMbKO 1 Kakve annpokcumaumm 6binm pacCMOTpEHbI, Kakne
U3 HUX ABASIOTCS CTAaTUCTUYECKN 3HAYNMbIMUN?

3. Kakas n3 annpokcumaumin siBNsieTca Haunyydwmnm otobpaxe-
HUEM CBA3M MeXAy aHanu3vpyembiMU napaMmeTpamMu 1 noyemMy MOXHO
37O yTBEpXaaTb?

OTHOCUTENBLHO pe3ynbTaTOB PacCMOTPEHHOrO NpUMepa MOXeM

caenatb crieqyloLne BbIBOAbI.

1. AHanuaupoBanacb CBs3b MeXAy MNpederiom TeKyvyecTu me-
Tanna o; u TemnepaTypow CMOTKM t.,, npu npokatke Ha LLUCITI.

2. PaccmoTpenu natb annpokcuMmaumi:

o, =0,6949t,, + 72787 (1) F,=491445 Fy =42100
o, =3157,4-44512In(t,, ) (2) F,=477379 Fg =42100
o, =10"t,, %% (3 Fp=434444 Fy=42100
o, =15018e 00 (4) F,=451939 Fg =42100

0, =30696+14773t,, -00017t2, (5) F,=246030 Fe =33541

3. C poBepuTenbHOM BEPOATHOCTbIO 95% CTaTUCTUYECKM 3Ha-
YMMbIMU SIBMAKOTCA BCE PaCCMOTPEHHbIE annpokcMmauumm, T. K. BO BCeX
cnyyasx paccyuTaHHble yncna duwwepa Gonblue TabnuyHbIX.

4. Haunyywmm oToGpaxeHnem CBSI3U MexXay npenenom Teky4ye-
CTW MeTanna u TemrnepaTypoil CMOTKM SIBNSieTCS NIMHENHas annpoKCcu-
mMaumsi

0, =72787-0,6949t_,
(R? =0,6540; F, = 49445, F,; = 4,2100)
TaK Kak Ons Hee xapakTepHO Hauborbluee pasnuyune Mexay pacyet-
HbIM 1 Tabnn4yHbIM Yncnamm Puwepa.

7.5.NMocTpoeHne annpoKkcuMaLumm ¢ npuMeHeHuem
CTaTUCTUYECKMX (hYHKLMI

Mopsaok pelleHns 3agadv UIMKOCTPUPYETCS Ha npuMepe no-
CTPOEHMS 3aBUCUMMOCTWU Mpedena TeKy4yecTu cTanum OT CTeneHu gJde-
dopmauyum Npm XoNo04HOM NracTU4ecKom AeopMmMpoBaHuM.
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B npaktuke OM[ ana otoGpakeHns 3aBMCMMOCTW npeena Te-
KyyecTn OT cTeneHu gechopmauum npu XonogHOM NnacTUYecKoMm Ae-
dopMMpoBaHUN HanbonbLlee pacnpoCcTpaHeHne NONYYUNN BbIPaKEeHNS
cnegytowero svga [6, 7]

0, =0, +h,e"; (7.11)
o, =0, +be +hy, (7.12)

rae O, - MPeaen Teky4yecTn MeTanna B OTOXKEHHOM (HeaedopMupo-

BaHHOM) COCTOSIHUM.
Ob6a BbipaXeHnst MOXXHO NpeacTaBuTb B UHOWM hopMe:

O; =04, + A0, (7.13)
Torpa 3agada NOCTPOEHMS 3aBUCUMMOCTM ANg pacyeTa npefena

TeKy4eCTn CBOOUTCA K 3agadvye Moucka BblpaXeHud, 0T06pa>|<a+ou.|,ero
BNUAHWE cTeneHn gedopmauun € Ha npupalleHve npegena TEeKy4e-

cv Ao .

Ctpoutcsi annpokcumaums supga A0, = b, + bl\/g Mpumep

odhopmIieHus paboyero nucrta npenctaBneH Ha puc. 7.3. VicxoaHble
JaHHble pacnonoxeHsbl B a4erikax A5:B21.

CHavyana HeobxoAUMO BbINONHUTE NIMHEApU3aUMl0 UCXOOHbIX
OaHHbIX No hopmynam, npmeefeHHbIM B npun. 1. Ha puc. 3 pesynbTa-
Tbl NMHeapm3aumnm pacnonoxeHbl B sderikax N4:020. OHM nonydeHsbl
nyTem npeobpaszosaHmit Y, =Y. n X =X ana M=0,5. Hanpumep, B
ayenkax N4 n O4 cooTBETCTBEHHO 3anporpaMMmnpOBaHO:

=B5 n =A5"$Q$3.

3atem cnegyet onpenenuTb KOSPMULNEHTLI IMHENHOW perpec-
cm Y =b)+bx . B npumepe (puc. 7.3) aHauenns by u b npea-
cTaBneHbl B syenkax P5 n Q5 cooTBeTcTBEHHO. [N X BblY4UCMEHUS
3[eCb UCNOMb30BaHbl CTaTUCTUYECKNE (PYHKLINK:

=0OTPE3O0OK(N4:N20;04:020) n =HAKITOH(N4:N20;04:020).

[anee HeobOXx04MMO OCYLLECTBUTb Mepexoq K AeWACTBUTENbHbIM
KoadhdmumeHTam perpeccun. B cootseTcTBum ¢ npun. 1 gns paccmar-
puBaemMor annpokcMMaumn nepexon OCyLeCcTBNAeTCA C MOMOLLbIO
npeobpasosanuin by =by u b, =b. B npumepe percteutensHbie
3HayeHUus KoahPUUMEHTOB perpeccun npeacrasneHbl B s4enkax P7 un

Q7. 3aecb COOTBETCTBEHHO 3anporpaMmmMmMpOBaHo:
=P5 1 =Q5.
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Takum o6pasom, nonyydeHa crieaytoLas annpokcUMaLms:
AG. =-1099+5774¢ (7.14)

Tenepb c ucnonb3oBaHnem ycnosus (7.10) Heobxooumo Bbl-
MOMHWTb OLEHKY CTaTMCTMYECKOW HaAEeXHOCTW [OAaHHOIO YpaBHEHMS
perpeccuun. OueHnBaHne nponsBoanTcs B averkax P9:013.

B auenke O9 onpegensdetca y4icro HabGNOOEHUA C MOMOLLBIO
dyHKunmn CHET():

=CYET(B5:B21).

B auenke 010 BBOOMTCA 4MCNO KOSIPMULMEHTOB PErPECcCUmn.

OHO NpuVHATO paBHbLIM 3, Tak kak annpokcumauus B Buge (7.4) Ha ca-

MOM ferne siBNsieTcs WHoit 3anucbto ypasHenns Ao, =h, +be™, roe

TpeTun koadppuumeHt M=0,5.
B sauemkax R4:R20 BblYMCNATCA OCTATOYHbIE OTKIMNOHEHUS

e=y - (b0 + blxim). Hanpumep, B siueiike R4 3anucaHo:
=B5-($P$7+$Q$7*(A5)"$Q$3).
B siveitkax S4:S20 BbluncnsioTes oTkrnoHeHus E, =y, — Y. Ha-

npumep, B a4erike S4 3anncaHo:
=B5-CP3HAY($B%$5:$B$21).
B auerikax R21 n S21 paccuynTbiBaeTcs CyMMbl KBagpaToB OT-

n n
KMOHEHWK ZQZ Z Z Ei2 . B R21 3anucaHo
i=1 i=1
=CYMMKB(R4:R20),
a B S21 sanucaHo
=CYMMKB(S4:520).

MokasaTenb 4OCTOBEPHOCTM annpokcumauun R® paccuutad B
a4emnke Q11 no cpopmyne (7.9):
=1-R21*(Q9-1)/(S21*(Q9-Q10)).

B sauerike Q12 BbluncnsieTcs pacyeTHoe vmcno duiepa Fp

=Q11%(Q9-Q10)/((1-Q11)*(Q10-1)).

Utob6bl 0becneunTb BO3MOXHOCTb OLIEHMBAHUA annpokcumauum
npu pasnU4YHbIX JOBEPUTENbHbBIX BEPOSTHOCTAX, MPeayCcMOTPEeHo 3aaa-
HWe BEeNWYUHBI p C KnaBmaTtypbl B s4enky Q13. [anee aTto 3HayeHue
BOCMnponsBoauTcs B 0603HayeHnn TabnunyHoro ymcna duwepa, KoTo-
poe 3anucbiBaeTcs B sideike R13 € npuMMeHeHueM cnegyoLwlen npo-
rPaMMHOM KOHCTPYKLNW:

="F"&TEKCT(Q13;"00").
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CobcTBeHHO 3HaveHue TabnuyHoro uucna duwepa onpenens-
eTcsa B suenke Q13 cnegyowmm obpasom:

=FPACIIOBP(1-Q13/100;Q10-1;Q9-Q10).

BbiBOA O HageXHOCTW annpokcMMauun BOCMPOU3BOAUTCH B
ayenkax P15:Q16. B sadveinke P15 cogoepXutca HeMsaMeHHas 3anucbh
“AnnpokcumMaumsi». B suernke P16 ¢ ncnons3oBaHnem dyHkumm ECJTA()
3anporpaMmMupoBaHo

=ECNN(Q12>Q14;"HagexHasn";"HeHaaexHasa").

Uto6bl 0TOGPa3uTe HaMAeHHY anmnpoKCUMaLnio rpaguyecku,
HeobxoQMMO Mcnonb3oBaTb AvarpamMmy Tuna «TouyedHas». CHavana
Ha Hee crielyeT HaHeCTU psa aHanuaupyemMbiX JaHHbIX B BUAEe Mapke-
poB 6e3 nuHuK. 3aTtem Ha paboyem nucTte HeobxoanMMO co3gaTb Mac-
CVB OaHHbIX, FAe 3Ha4YeHVs MU OTKINuKa OyayT pesynbTaTbl pacyeTa no
nony4eHHOMY YypaBHEHUIO perpeccuu. llocne 3Toro faHHbI MaccuB
oTobOpaxkaeTcsl Ha TOM Xe AMarpaMmme Kak CamoCTOATernbHbIN psa B
BUAE CrnaXeHHou NuHum 6e3 mapkepoB. YTobbl obecneuntb HeobXxo-
OVMYIO MNaBHOCTb OTOBpaxaeMon NMHUKU perpeccun, pacyeTHbI Mac-
CVB JOIMKEH ObiTb codepaTb OCTAaTOYHO MHOro 3Ha4eHun (He meHee
90-100).

B paccmatpuBaemom npumepe (puc. 7.3) Takow mMaccuB npegn-
cTaBneH B averikax U4:V47. 3HadeHusa daktopa (o6xatus) B gyerikax
U4:U47 3apaHbl B npegernax ot 4 go 90 ¢ warom 2, 4To COOTBETCTBYET
npegenam Ha ocu abcLmcc NOCTPoeHHOM AnarpaMmmbl. OLEHKM OTKNMKa
B Avenkax V4:V47 nonyyeHbl pacyetaMu no aHanusmpyemomy ypaBHe-
HUIO perpeccuun. Hanpumep, B s4erike V4 3anmcaHo:

=$P$7+$Q$7*(U4)"$Q$3.

Psan, oTobpaxalLwwmii NMHUI0O perpeccun 3ajaH Ha guarpamme
cnegyroLmnm obpasom:

3HaveHuns X: $U$4:3U$47
3HaveHuns Y: $V$4:$V$47

Mpu bopmaTtmpoBaHum psaa Ha 3aknagke <Bua> okHa <dopmart
psga OaHHbIX> ykasaHo «Mapkep otcyTcTByeT» UM «CrnaxeHHas nu-
HUS».

7.6.KOHTpOsbHbIE BONPOCHI

1. lMosicHWTe CYLLIHOCTb M YKaXuTe aTanbl NapHOro perpeccuoH-
HOro aHanuaa.

2. YKaxuTe gonyweHus NapHoro perpeccMoHHOro aHanuaa.

3. 3anuwute Mogerns NapHOro perpeccMoHHOro aHanusa.

4. Yto npepcraenseT cobon ypaBHEHME perpeccum?

5. Kak onpegenntb kayecTBO ypaBHEHUS NapHOW perpeccun?
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