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MHO>XEeCTBEHHbIN PErPECCUOHHbIN aHaNN3 —

3TO METO[ MaTEMaTUUYECKOUN CTAaTUCTUKM,
KOTOPbIN NO3BOMISET HAUTU

Hanbonee TO4YHOE N OOCTOBEPHOE OTObpaXkeHune
(MoAenb, annpoKcMMaLmio)

CTOXaCTUYECKOWN 3aBUCMMOCTU

MeXay OTK/IMKOM

M HECKOJSIbKUMU OHOBPEMEHHO AENCTBYIOLLNMM
baKTopamm



CTOXACTUHHOCTDb

3aBUCUMOCTb OTKIMUKOB OT
thakTopoB onocpenoBaHa
CNyYanHbIMMU NPUYNHAMM
(BO3MyLLEHUAMM) K1
SIBNAETCA CTOXaCTUYECKOMW.

OAKTOPDI
(ynpaBnsiemble

XAPAKTEPUCTUKHA
(oTKNUKM,
pe3ynbraThbl
npouecca)

BO34eUCTBUA,
napameTpbl
npouecca)

-

CTOXaCTUYHOCTb 3aBUCMMOCTU NpodABNIAETCA, HaripuMmep, B TOM,
YTO MNMpU OOHUX U TEX XKE 3HAYEHUSAX CbaKTOpOB B PaA3J/IMYHbIE

MOMEHTbI BpeMeHM 6yayT ObHapy>XeHbl pa3nnyHble 3HAYEeHUS
OTK/IMKA



MOAEJIb MHOXECTBEHHOI'O
PEIPECCMOHRHOI'O AHAJIU3A

[py cTOXacTUYEeCKOM CBA3M MexXAy NapaMeTpamu
3aBMCMMOCTb HEKOTOPOrO 3HAaYEHUS OTK/IMKA OT
COOTBETCTBYIOLLMX 3HAYEHUI (DAaKTOPOB MOXET ObITb
npeacTaB/ieHa B BUAE ABYX COCTAB/AIOLLNX:

yl :(P(xll,...,x]l,...,xml) 81
T -

CucremaTnyeckas
(06BbsICHEHHaS)
coctasngowas. ObycroBneHa

CYyLLLeCTBOBAHMEM
3aBMCMMOCTN Mexay
OTKJ/IMKOM 1 (paKTOpaMMu.




NOCNEAQOBATE/NIbHOCTb
i PEFPECCMOHHOIO AHAJTN3A

1. OnpepenuTb BUA YpaBHEHUS
perpeccmu

2. OueHnTb AoNYyCTUMOCTb OTOBpaXxeHus
nccneayeMon 3aBUCMMOCTU
BblIOpaHHbIM YpaBHEHNEM perpeccum




ONPEAEJTIEHNE
i BUOA YPABHEHWA

Heobxoamnmo onpenenntb BUA
CUCTEMATUYECKON COCTABNSAIOLLIEN.

T.K. ncnonb3ytoTcs BbIBOPKU OrpaHNYeHHOro
obbeMa, AEUCTBUTENbHASA CBA3b MEXAY
OTK/IMKOM U paKTOpaMn npeacTtaBnseTcs
oLeHKon (0TObpa)keHNEM) 3TON CBA3M

VN ~

 ypasmenme perpecam




YTO NPEACTABJISET COBOWU
i YPABHEHWE PEPECCUW?

YpaBHeHue perpeccum —
CTaTUCTU4eckoe oTobpakeHune
0H6bACHEHHOM COCTaBNSAIOLLEN
B3aUMOCBS3U

MEXAY NapaMeTpamMu




i NMHUS PEFPECCUW

A
Y. - MAKTUYECKoeY
3Ha4YeHune
_ OTK/IMKA
V. - OUeHKa
3Ha4YeHus V.o
OTKJIMKA !
Y.~ cpenHee Yi¢
BbI6OpOYHOE
3Ha4YeHune
OTK/IMKA
ei-cnyqaﬁHoe
OTKIOHEHME

lir-o6BHCHeHHoe
OTKJIOHEeHune X .. X




[MPURLIATT
i HAMMEHBbLUWX KBALPATOB

Haunnydiuen oLueHKon nccnegyemMomn
3aBMCMMOCTU SBNSIETCA Ta, KOTOpas AaeT
HaUMEHbLLYIO CYMMY KBAaZlpaTOB OTK/IOHEHWUM
HabI0gaeMbIX 3HAYEHUN OTKJIMKA OT

DACCYUTAHHbBIX MO YPABHEHMIO PErPECCUN MPU
Tex e 3HavYeHusIX pakTopa

n

Zn:eiz = Z(yi _)2')2 = min
i=1

i=1



MHOXECTBEHHAS MTMHENHAS
‘L ANMPOKCUMALINA

NCTUHHASA SBABUCMMOCTDb

y:ﬁAO +BA1X1+...+BA]X] ‘I‘...Pme

NCTUHHbIE KOSOOULIMEHTDI

YPABHEHMUE PETPECCUM

y=by+bh X;+...+b.X; +...b, X,

I
KOSOONLUWMEHTBI PETPECCUN
© JMHERH(<Y>; <X>; K1; K2),




NPOBJIEMA 3HAYMMOCTW
‘L KO3®®ULUMEHTOB PEFPECCUU

V.

|c4JWA o, Y
l_ij -




YCJTOBUE 3HAYMMOCTU
‘L KO3®®ULUMEHTOB PEFPECCUU

KoadpduumneHT perpeccmm npusHaeTcs
CTaTUCTNYECKU 3HAYNMbIM, eCNu
BbINOJ/IHAETCH YyC/oBUe:

t, = |§:| > t[o;n — k]
y N o y

P oty




= ECnn ycnosme 3HaumMMocTu b; He
BbINOJ/IHEHO, TO ClieAyeT NMpuU3HaTb, YTO
BNsiHWE pakTopa X; Ha OTKJIMK
HecyLleCcTBEHHOE.

= PekoMeHayeTca NoBTOPUTDL
DErpeccUOHHbIN aHanu3 6e3 yyeTa
(bakTopa X;.



COCTABAOLLUNE KAYECTBA
‘L AMNMNPOKCUMALIUA

OCTATOYHAS AVCMEPCUS OB bACHEHHAS IMCMNEPCHS
52 =— an(y »yoS; SRR o .
— . - . E D .
‘ N — k =1 l l k _1 =1 |




OLIEHKA
KAHECTBA AINMNPOKCAMALINA
CPABHEHWEM AWUCNEPCU

CBs3b MeXay napaMeTpaMm MOXeT ObITb
oTobpa)keHa AaHHbIM YpaBHEHNEM perpeccuu,
ecnm o6bsICHEHHAs ANCNePCUst CyLLECTBEHHO
6onblue OCTaTOYHOM

TECT ®ULLEPA
S2
F,="L>Flok-1n- k]
S:
\.

\,




OLIEHKA KAYECTBA
AINMMPOKCUMALIUIA
C NMOMOLLBIO MNMOKA3ATEJ1A R?

+

NMNOKA3ATEIIb JOCTOBEPHOCTHU
AMMNPOKCUMALINA

TECT OULLIEPA

R n—k
Fy =7 7 >Flosk—1;n—k|




i AHAJIN3 OCTATKOB

OCTaTKK - OTK/IOHEHUS AENCTBUTENbHbIX
3HAYE€HUU OTKJIMKA OT pacCYMUTaHHbIX MO
YPaBHEHUIO perpeccun.

[ns i-ro HabntogeHua  €; = Y — Y,

OTK/OHEHUSA 06YyCoB/IEHbI
HanMYnEM Cy4anHon

COCTaBNSIIOLWEN E;,



NPEAMONIOXEHMS o
OTHOCUTE/IbHO CITYYAHO
i COCTAB/SIOLLIEM

= JTO HOpMaJIbHO pacnpeaeneHHas
CllydanHasa nepemMeHHas.

= MaTemMaTnyeckoe oxuaaHue ciyyanHom
COCTaB/SAOLWEN PaBHO HYIO

= [lcnepcus cnyyamHOU COCTaBASOLEN
MOCTOSIHHA

= B pa3nuyHbIx HabnoaeHnsaX 3Ha4YeHus
CNy4YauHbIX COCTABNSIOLNX HE 3aBUCAT APYr

OT Apyra.




[1na npoBepKN rmnoTesbl 0 HE3aBUCUMOCTM OTK/IOHEHUN B
Pa3NIMYHbIX HabMOAEHNAX OLEeHMBAIOT aBTOKOPPEenaumio
OCTaTKOB C NpuMeHeHneM Kputepus [dapbuHa-YoTcoHa

CTporoe ycnosue OTCYyTCTBUSA
aBToKoppenauun DW=2.

C yyeToM 0COBEHHOCTEN pacrnpeneneHus Z ( _ )2
KpuTepus [apbuHa-YOTCOHa, ei ei—l
OPVEHTVPOBOUHO MOXHO CUUTaTb, 4T0 Pyp7 i=2
aBTOKOppPENSALMSA OCTaTKOB OTCYTCTBYET n
npn DW=1,2-2,8. 2

Z €

B NnpoTWMBHOM Cnyyae cneayeTt npu3HaTh,
YTO rMnoTe3a O HE3aBMCMMOCTM OCTATKOB
B pacCMaTpMBAEMOM CJlydyae He BEpHa.



= Ecnu aHanm3 octaTtkoB 0bHapyXuBaeT
HECOOTBETCTBUA YKa3aHHbIM rmnotesam, To
YpaBHEHME perpeccum, OTHOCUTENbHO KOTOPOro
OAHHbIe OCTaTKM MOJTyYeHbl, crneayeT cunuTaTb
HEeYAOBNETBOPUTENBHbIM, T. K. MPaBOMEPHOCTb
npuMeHeHnsa MHK 1 ykasaHHbIX Bbllle OLEHOK 1 ans
MHOXXECTBEHHOIo perpeccCMoHHOro aHanmnsa MOXeT
6bITb NOCTaB/IeHa Mo/ COMHEHME.

= B TakoM cny4ae peKOMeHAYOT PpaCCMOTPETb
ypaBHEHME NMHOro Buaa (HanpuMep, HENMHENHOE
BMECTO JIMHEWMHOr0), BK/IIOYNTb HEYUYTEHHbIE paHee
$aKTOpr BblAeNnTb B 06/1aCTV BapbUPOBAHUS
aKTOPOB pa3MyHble noaobnacTu.



+

[TOCTPOEHWNE

~ _MHOXECTBEHHOWU
JIMHEUHOW ATNMMPOKCUMALINI
B MS EXCEL

C NMPUMEHEHNEM
NMHCTPYMEHTA

«PEI'PECCIUSA»



(W WCHOOHEIE JAHHEIE
2 |51, MNa|tkn,C | tem C
g | 3640 | 783 | 460
4 | 3412 788 484
& | 3384 788 | 611
6 | 2841 788 639
7| 3308 | 783 | 647
8 | 2818 783 715
9 | 2658 783 78
10 3364 | 834 560
11| 3205 | 834 | 584
12| 3362 | 234 611
13| 2004 | 334 | 630
14| 2603 | 834 | 657
15| 2403 | 834 715
18| 2083 | 334 | 728
17| 3342 | 875 | 560
18| 2003 | 875 | 584
19 3185 | 875 611
20| 2832 | 875 | 630
29| 2810 | 975 | &7
22| 2331 | 875 | 715
23| Z000 | 875 | 78

24| 3044 917 | 560
25| 3075 | 017 | 534
26 | 2688 917 | 611
27| 2254 | 917 639
23 2703 | 917 | 647

FPerpeccun

BxoAHEIE AaHHEIE

BxoAHOH HHTEpEaN !

Bx0AHOH MHTEpEAaN X!

v MeTkK

v YpoEEHE HaAE¥HOCTH!

MNapamMeTpel EbIBOAE
(* Blx0AHOA HHTEpPEAn:
(" HoBbIH paboqmi IMCT:

(" Hoeaa pabodas KHWra

CTATEH

e E3

$A%2 150430

b

Ik

JTHMEHS

$B$2: 430

| KaoHcTaHTa - Honk

| e o

_MNpaeka

$E41 &

| [paduk ocTaTros

[ CranaapTHzoBaHHeIE ocTaTkr | Tpadme noabopa

HopraneHaA EEpOATHOCTE
[ Mpadwk HOpMaNEHOR BEQOATHOCTH




A B c > E_ | F 3 K L ol y!
1 BEIBOO MTOME | YPABHEHHE PETPECCHH
2 &1, MNa tknC toewC | | 1= 1162 965 - 0,985 kn -0 6257 tcm
3 | 340 7EE | &G0 Peanecoynny 3R CRamuCHuKa ! FHEYMMOCTE KO3PPHUWEHTOE
4 | 3412 | 7353 | 534 iManecTBEHHuﬁ R 08371 tE,Dﬁ;n-k b0 JHauKM
g | 9884 | 7EE BN F-keaapart 0.g7al b1 ZHAYHM
6 | 28441 | 788 G349 IH-:-pMHp-:-BaHHHﬁ R-kkanpar (R=lan] | b2 FHIUHM ABTOROPPENAUMA
J | 3305 | TBE  G6&7 IETaH.u,apTHaa ownbica 18 46) HARAEMHOCTE AMNPOKCAMALMK OCTATECE
8 | 28189 | 788 714 IHaEnH:-.u.EHHa 28] FIOO5k1;nk]  Annpokchamayma K1l 23694
o | 2660  7es 723 | I HAREXHAR OTeyTeTeyeT
10 | 3364 834 4560 I,ﬂ,HDnEpGHﬂHHHﬁ aHanm:
! I
11| 2205 224 684 || i i s F o F :
12 | 3368 824 | 611 | IPerpeccua 2 B2262,036 31124018 90,4137 S.EE-“IEE
12| 2004 824 | 639 lOcTatox 26 2508 291 344 332 I
14 | 2602 a834 | 657 lMToro 27 JOBTE 527 I
15 | 2403 =33 715 | I
' Foagpepy | CRanA30iH 3R k- - Huwnue Begcwwe  Hiwwee  Beorwue |
16 | 2062 234 | T28 | LLEH Y T =) CRIMUOMLES | SHFTerye 259 268 20, (1% a0.0% |
17 | 2342 275 | 860 Dvenepecevenne 1152 695 73,484 15 6263 1,9E-14 10041 ,252 1304,039 1027 174 1278217 |
18 | 2002 | 875  A34 | ItencC -0,4983 0,073 5,784 403E07 0648 034 0623 0373
19| 3185 | 875 | 611 Itcm.E -0,695 0,060 116081 147E-11 -0818 0872 0797 0503 |
20| 2832 | 876 @30 I
29 2810 | 975 | 657 | | " i i e i i
22| zz3d4  g7s 715 | I
23| zo00 | 875 | 728 | IBRIBOJ OCTATEA [
24| 3044 | @17 560 |
; e : PE3SYJIbTAT
I Habmodenus 2@HHOE CAcnranwe (e;_ E-Hf I «PEIMPECCUA»
26 | 3075 @7 B84 g Sirt, i Ts
28 | 2H38 W7 8611 1 3713 -T2 53.6'
27| 2284 97T | 639 I 2 254G -13.4 3?,#
28 | 2703 947 | BAY i 3 2356.0 25 254 21

e T — |




[TPOBEPKA 3HAHMOCTW
KOSOOPUNUMEHTOB PEIPECCUN

A B 0 E K LW |u
HCXOOHEIE OAHHEIE EESIEEIaRigppniyn)s
ELet i N ]
! 04az7
F-reagpart a.879
ABTOKOPPENAUMA
OCTATEOE
Dhne 2, 3644
OTcyTcTeyeT
5 21134018 /90,4187 36E-12
344 232
;
15 | Zd02 | 234 TS
Foaghopr | Canda0nH 3R t- P- Ruwwus  Begswwe | Huwnue | Deoxyus
16 | 2052 | 834  T2a LELPE M AT o Gwa CHIMUCHUNS | SHarenue 25% 25% S0,0% 20, 0%
17 | 3342 | 874 | 460 Y-napeceyeHHE 1152 695 73424 15 5263 1,9E-14 004,252 1204,029 1027 474 1273217
18 | 2803 | &8T4 | 5884 | ten,C -0,498 0,073 -G,7844 | 4,03E-07 -0, 649 -0,347 0,623 0,373
19 | 3185 874 611 tem,C -0,5695 0,080 -11,6061  1.47E-11 -0.,818 0572 -0, 797 -0,593
20| 2822  B7A G324
29| 2810 @ 875 657
22| 2331 87A | TS
23| zoono | 874 TEE BEIBOO OCTATEA
24 | 2044 947 | 580 I .I
Fpedora
Habmmoderue 2FHHOE it F e (e EH]E
26 | 3075 917 | 584 Siie, W=
26 | 26882 o917 611 1 3713 7.3 536
P 2284 917 G634 z 354 5 -13.4 3748
28| 2703 9d7 | G5T 3 3358 245 25430




NMPOBEPKA CTATUCTUYECKOW
HALEXHOCTW AINMNMPOKCNMALUN

E | F | G

BLIBOO MTOMIAE

FR O IRTUCHL WS

- - PP ; = 0.8z7 B0 SHauMm
4| 24 FEE 611 F-keappat 0.27a ZHaukmM
G| 2241 788 | G629 HopMHpoEaHHEH R-kEappaT 0,259 ZHaUKM AETOEOPPEMALMA
¥ 33048 TEE: | G6&T CTanpapTHaa ownbia 18,56 OCTATEOE
2 | 2219 T8 | 714 HatnwaeHna 22 ANNpoEcHmagKa (a1} 2,264
g9 | 2659 VBB | TEE AAetHAA OTcyTcTeyeT
0 | 2364 834 | 560 JucnepcvaHHEd aHanus: /
IO
11 | 3205 234 | A2d o 5 M /F chita £
12 | 33682 | 834 611 Ferpeccda 2 52262,036 0 3113401 90,4187 FGEE-12
12 | 2094 | 234 G20 Ocrarox 25 2502291 3449 32
TG 327
—
i+ SR t- P- Ruwwus  Begswwe | Huwnue | Deoxyus
16 | 2052 | 834  T2a LELPE M AT o Gwa CHIMUCHUNS | SHarenue 25% 25% S0,0% 20, 0%
17 | 3342 | 8F5 | 560 T-NEepeceyeHHE 1152 635 73,584 15 6953 1,8E-14 1001,252 1304,029 1027 1741278217
18 | 2803 | 8T8 | &84 ten,C -0,488 0,073 -G,7844  403E-07 -0,5448 0,347 0623 0,373
19 | 31845 | 8r4 G611 tcm,C -0,695 0,060 -11,6051 0 1,47E-11 -0,818 04572 -0.797 0,593

20 | 2332 | 875 639
29| 2810 | 875 | BST
22| 2331 | 875 715
23 | 2000 | 87hs | T BEIBEOO OCTATEA

24 | 2044 | 247 | S50 I .I

Fpedora
Habmmoderue 2FHHOE it F e (e EH]E
25| 307458 | 917 | AR4 Sor, R
26 | 2838 917 BN 1 3713 -T2 536
27 | 2254 | 247 | G349 2 354 6 -13.4 3748

281 2703 | 947 | 657 3 2250 2.5 254.80




[TPOBEPKA ABTOKOPPEJIALNA

OCTATKOB

E

|M

YPABHEHWE PEFPECCHH

t E,Dﬁ;n-k

ST = 1152 065 - 0,498%kn -0,605%tam
YWMMOCTE Ku3dhMUMEHTOE

uln} L

4 | 2284 FeR 611 F-keappart 0279 b1 ZHauw
G| 2841 Toe | G629 HopmHpoeaHHed R-keagpat 0,259 bz ZHAYHMK
¥ | 33048 | Tas 65T CtaHpnapTHaa owubika 13,56 HALERHOCTE ANMPOKCHMALMA
2 | 2819 T8 | 714 HabnwoeHKa 28 FIO.05:k-1;n-k]  AnnpokcHmayma
g9 | 2659 VBB | YiE 3 HAREXHAA
10 | 3364 834 | 460 JMcnepcroHHE W aHanu:

M IO
11 | 3205 234 | aBd o =5 s i cfa F
12 | 338,82 | 934 | 611 Ferpeccua 2 52262,036 31134018 90487 I EE-12
12 | 2994 | 834 | G630 Octartox 25 2502 ,201 344332

KTora

AETOKOPPENALMA
SCTATEQORE
Belatis)

FCTB'!.TET

Ot

we | Beosmue

] Ly Tl FFEHLE 0% 20, 0%
17 | 23342 | 875 | 860 | Y-nepeceueHHe 1152 695 734249 15,6263 1.9E-14/1001,252 [1304,039 1027 A7 1278217
18 | 2903 | 874 | 484 | ten,C -0,483 0,073 -5,m944 | 403E07 0648 034 0623 0373
19 | 3184 | 875 | 611 tom,C -0,6G95 0,060 -11,6051 1 47E-11 -0.818 04872 -0797 0  -0593
20 | 2832  8TS | G638
21| 2810 | 875 | BSY
22| 2331 875 T18
23 | Z000 | =2Fs | YIB BEIBOO OCTATEA
24 | 2044 0 017 | &G0 I .I
Noedoxa
Hatmoderue 2FHHOE it F T (e E',:.rjz
25 | 30745 017 | &B4 Sir, WS
26 | 2E32 @17 BN 1 I’z 7.3 53,6
27| 2254 917 | 638 2 3546 -13.4 3748
28 Fy03 94 | GAY 3 336.0 k] 254.80




CBsA3b MeXAay KaknMu
BeJIMYMHAMMN aHANU3MpOoBasiach?

AHanNnM3npoBanacb CBA3b MeXay

npeaenom TeKyyecTu MeTassa o-,
TeMNepaTypon KOHLIa NpoKaTky tkn u
cMoTKM tcMm Ha LWWCTTT.



3Ha4YnMbl NN KO3 PULMEHTDI
i perpeccmmn?

C noBepuTenbHOU BEPOSATHOCTLIO p = 95%
KO3 PULMEHTbI perpeccmn

b(tkn)=-0,498 n b(tcm)=-0,695

ABMASIOTCA CTaTUCTUYECKMN 3HAUYMMbIMMN,

T. K. COOTBeTCTBYIOLWME Yncna CTbiogeHTa
|t(tkn)|=6,7941 un |t(tcm)|[=11,6051
6onble TabnnyHoro t[0,05;25]=2,0595




KaK BbIrNaanT ypaBHEHUE
i MHOXXECTBEHHOWN perpeccum ?

MHOXXeCTBeHHasa NIMHEeNnHas
annpoKcuMaLus 3aBMCUMOCTHM Nnpeaena
TeKy4yeCcTu MeTasna oT TeMnepaTypbl
KOHL@ NpoKaTKKU 1 cMOTKKU Ha LLCIT]
nMmeeT BUa:

6, =1152,695—0,498¢, —0,695¢.



MOXXHO /i1 cuMTaTh MoslyYeHHOe ypaBHEHMe
MHOXXECTBEHHOW PEerpeccumn CTaTUCTUHECKN
HaAEXXHOM annpOKCMMaumeM aHann3npyemomn
3aBUCUMOCTU?

C npoBepuUTenbHON BEpOSATHOCTbIO 95%
NONYYEHHOE YpaBHEHUE perpeccmmn MoXKHO
CYMTATb CTATUCTUYECKMN HAOAEXKHOU
annpokcMMaLmen nccneayeMon 3aBMCMMOCTH, T.
K. paccymTaHHoe 4uncno duwepa F=90,4187
6onblue TabnuyHoro F[0,05;2:25]=3,3352



