OBPABOTKA N AHAJINS

g YMCJTOBOU MHOOPMALINA
A

NAPHbIV
PEFPECCUOHHbI AHANU3

© PymaHueB Muxaun iropesuny,
npogeccop, KaHAa. TeXH. HayK




[TapHbIM perpecCcMoHHbIN aHaNn3 —

3TO METO MaTEMAaTUYECKON CTAaTUCTUKMN,
KOTOpPbIN NO3BOISET HAUTU

Hanbonee ToyHoe N AOCTOBEPHOE OTObpaXeHme
(MoAenb, annpoKcMMaLmio)

CTOXaCTU4YECKOM 3aBUCUMOCTU

MeXay OTK/IMKOM W OOHUM M3 (paKToOpOB



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



MOZEJ1b NMAPHOI'O
i PEIPECCMOHRHOI'O AHAJIU3A

[Ipy CTOXaCTUYECKOM CBA3M MEXAy NapaMeTpamm
HEKOTOPOro 3Ha4YeHMs OTK/IMKA C COOTBETCTBYIOLLINUM
3Ha4YeHneM (pakTopa MOXeT bbITb NpeacTaB/ieHa B BUAE
[IBYX COCTaB/SAOLMNX:

Vi =¢(x;)+¢;

(P(Xx;) - cuctematudeckasa (0bbacHeHHas) coctasnawoLlas. OHa
obycnosrieHa CyLLeCTBOBAaHMEM 3aBMCUMOCTUN MeXAy OTK/IMKOM
N PaKTOPOM.

€ -  CNlyyamHasa coctasnatowasn. OHa obycnoBfieHa pasHO0bpasHbIMK

BO3MYLLUEHWUAMM U BbI3bIBAET OTK/IOHEHMA }'; OT COOTBETCTBYHOLLMNX
peasibHON 3aBUCMMOCTMW.



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
CUCTEeMaTUYEeCKOW COCTaBNSAIOLLEMN.

T.K. MCNONb3YIOTCS BbIOOPKM OrPaHUYEHHOIO
obbeMa, AENCTBUTENbHASA CBA3b MeEXAy
OTK/IMKOM 1 (paKTOPOM NpeaCcTaBNsSEeTCS
oLeHKou (0TobpaXkeHMeM) 3TON CBA3U

y=0(x)~y=0(x)




YTO NPEACTABJISET COBOWU
i YPABHEHWE PEPECCUW?

YpaBHeHue perpeccum —
CTaTUCTU4eckoe oTobpakeHune
0H6bACHEHHOM COCTaBNSAIOLLEN
B3aUMOCBS3U

MEXAY NapaMeTpamMu




JIMHUA PEIPECCNIN

A

(baKTMHECKOE)f
3HauYeHue ( )
_ OTK/IMKA
V. - OLleHka
3HaYeHUS
OTK/INKA

}Q-cpenHee
BbI6OpOYHOE
3HAYeHne
OTKJINKA

ei-cnyqaﬁHoe
OTKJ/IOHEHME

lf 06BbIACHEHHOoE o
OTKJIOHEHUe 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



i JIMHEWHAS ANMPOKCUMALINS

NCTUHHASA SABUCMMOCTD YPABHEHMUE PEIrPECCUMN

N

Y =Py +P x y=by+b x

Lo\

NCTUHHBIE KOOOOULUNEHTDI KO2OOULUMEHTBI PEIPECCUNA
by =By by =By

_/ \
OTPESOK(<Y>;<X>) HAKITOH(<Y>; <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 MNMOKA3ATEJA R?

NNOKA3ATEIb JOCTOBEPHOCTU
ANMNPOKCUMALINA
n
I

+

TECT OULLIEPA

R n—k
Fy =7 7 >Flosk—1;n—k|




NOCTPOEHVE
AMMPOKCUMALIVIA
B MS EXCEL

C NPUMEHEHWEM
NHCTPYMEHTA
«[MHNS TPEHAA»



Al B | ¢ | D F G H | J K L M N o)
1] MCXOAHbIE HAHHbIE ] |
2| i:81,MNa| txn,C  tecm,C
3|1 3640 | 788 560 3ABCUMOCTb NPEOENA TEKYYECTU
412) 3412 788 | 584 , OT TEMMNEPATYPbI CMOTKMU
53] 3384 | 788 | 611 400 — w ‘
6|4 2841 | 788 | 639 ; 'y =-0.6949x + 727,87
7 [ 5| 330,09 | 788 | 657 350 5 - R?=06543
8|6 2819 788 | 715 c
|7 2658 | 788 | 728 | | m 44, s S ]
10| 8 | 336,4 | 834 560 = 0 o
11] 9] 3205 | 834 | 584 - o — o
12|10 3368 834 | 611 & 250 | g
13[11] 2994 | 834 | 639 | Q ~—
14| 12] 2693 834 | 657 | 200 i 8
15|13| 2403 | 834 | 715 ol o
16 |14 208,3 | 834 | 728 150 ; .1 ‘ _ .‘ f |
1715 3342 | 875 | 560
18176 2903 675 584 560 580 600 620 640 660 680 700 720 740
19[17 3185 . 875 | 611 tcm, C
20|18 2832 | 875 | 639
21119 281,0 | 875 | 657 | |
2220 2331 875 | 715 | n= 28 R2 k Fp Fr | BbIBOA
23|21, 2000 | 875 | 728 | |y=-0,6949x + 727,87 06540 1 2 | 29,7125 | 42100 | Hapexuas
24 22| 3044 | 917 | 560 | |y=-44512Ln(x) + 31574 06474 | 2 | 28,9778 | 4,2100 | HagexHas |
25123 3075 | 917 | 584 | y=1E+07x"(-1,6836) 06256 | 2 | 26,7252 | 4,2100 , HagexHas
26|24 2688 @ 917 [ 611 y = 1501,8e*(-0,0026x) 06348 | 2 | 27,6449 | 42100 | HapexHas
27|25 2254 | 917 | 639 | |y=-0,0017x2 + 1,4773x + 30,696 066311 3 | 14,7935 | 3,3541 | Hagexuas
28|26/ 2703 | 917 | 857 |
20027 1813 | 917 | 715
30|28 1753 | 917 | 728 ) L
31| |

PaccmaTpuBaeTCs B3aMMOCBS3b OTK/IMKA C (PAaKTOPOM, NS
KOTOPOro KO3dULMEHT NapHOUN KOppensaumnm HaNBObLLNIA




Al B J ¢ [ b JeE[ F G | H | J K L M N o)

1] MCXOOHBIE JAHHBIE | — — J — — — — L o e m - e - = =

2| i St,MMal txn,C [ tecm,C | |

311 3640 | 788 @ 560 3ABNCUMOCTDb NPELOENA TEKYYECTU

412 3412 788 | 584 | ] OT TEMMNEPATYPbI CMOTKM

5|3 3384 | 783 | 611 400 p— ‘ ‘

6|4 2841 788 639 ! ; 'y =-0,6949x + 727,87

7|5 3309 | 788 | 657 | | 350 5 - RP=06543

8|6 2819 788 | 715 © o)

9|7 2659 | 788 | 728 | | @ 4 0 ~2 o

10] 8 3364 834 560 | & O o

7] 9| 3205 | 834 | 584 || = o ~—— o

12|10 3368 834 611 1 & 250 | T—g

13|11 2094 | 834 639 | | l\ Q —

14|12 2693 834 657 | | 200 - 8 |

15|13] 2403 | 834 @ 715 | | L o o

16|14/ 2063 | 834 | 728 150 ; | _ I | i !

17]15] 3342 | 875 | 560

75176 2003 | 875 584 1 560\ 580 600 620 640 660 680 700 720 | 740

19(17! 3185 | 875 | 611 |1 tcm, C I

20|18 2832 | 875 | 639

21119, 2810 | 875 657 T T T T )N T Lo o - - - - T TP~

22120 2331 875 | 715 [ | — Fr 3bIBO/

23|21 2000 | 875 | 728 | |y=-0,694px+ 727,87 | 25 | 4,2100  Hlanexas

24|22 3044 | 917 | 580 | |y=-445742Ln(x) + 3157, 78 | 4,2100 | Manexnas |

! e = 1E+@7x"(-1,6836) 52 | 4,2100 | Hapexnasn

=+501,8e"(-0,0026x) 49 | 4,2100 | HagexHas
=-0,0917x2+1,4773x . : =835 | 3,3541 aneXHas




Al B T ¢ T D JE[ FT G [ H/T | [locne nocTpoeHus

1 | WCXOAHbIE OAHHbIE ]

g 1' 3‘;% Tga t;g ;3 t?snocv ABUC N peaakTMpoBaHnd aAnarpaMmmsbl
4|2 3412 788 | 584 o 006aBUTL NNMHUIO TPeHaa
5|3 3384 788 | 611 400 1

64 2841 | 788 639 y=-0, 6949x + 727,87 i
7|5 3309 | 788 | 657 350 | RP=06543 n
8|6 281,9 788 | 715 . o H
97

2659 | 788 | 728 | ' | ]
D d » d - H - O
JIHHHA TpeHaa — ‘

THn NapaMeTpel ] JIHHMA TpeHOa

Thn MNapameTpel l
MoCTROEHME NMHMK TPEHAE [ANNPOKCHMALMA M CrNasHEaHHE)

T . HasBaHHE anNpoKCHMMPYHIWER [CrNaXeHHON) KPHEOH
- |2 — {* apToMaTHYeckoe: [HHeRHER (Paal)

NHHERAHAA Nocapridmkdeckas | OonMHOMHManeHaA " apyroe: |
MporHos
"t _— ENEpeS Ha! :j El: & AHHHL,
':IEI'IE-'HHEIH EKEI'IDHE-'HLI.HEIJ'II:HEIH ETRALHY HazaAa Ha: 0 3"‘ & A HHHL,
MocTpoeH Ha paae:
| nepeceYeHHE KPHEOH C OCbHD ¥ B TOYKE: |':'
¥ MoKaszbBaTe YPAEHEHHE HA AHArpatte
| ¥ MOMECTHTE HA AHArpamMy BENHHHHY A0CTOBENHOCTH ANNPOKCHMALKK (F2)

Ik |

Ik CTHMEHa




Al B | ¢ | D |E|] F G H | J K L M N 0
1 | WCXOAHLIE OAHHBLIE | ] [
2| i iSt,MNa tkn,C | tcm,C '
3|1 3640 | 788 = 560 3ABNCUMOCTDb NPEOENA TEKYHYECTHU
412) 3412 788 | o84 , OT TEMMNEPATYPb| CMOTKM
5|3 3384 | 788 | 611 400 | p— w ‘
6|4 2841 | 788 @ 639 | ; 'y =-0,6949x + 727,87
7] 5] 3309 | 788 | 657 350 5 R? = 0,6543
8|6 2819 788 | 715 o
9|7 2659 | 788 | 728 ® 200 2
10| 8 3364 | 834 | 560 g
11] 9 3205 | 834 | 584 -
12|10 &
13 [ 11
14112
15113
16|14
17|15
18116
191171
20[ 18
21119 |
22120 2331 @875 | 715 i | n= ' R2 j& k|| Fp Fr BblBO[
23|21 2000 @ 875 | 728 y = -0,6949x + 727,87 ¥ ‘ ~0,6540" 2 ' ) 29,7125 | 4,2100 |, Hapexuas
24|22] 3044 | 917 | 560 | |y=-44512Ln(x) + 31574 06474 | 2/ 28,9778/ 4,2100 | HanexHas |
25|23 3075 | 917 | 584 | y=1E+07x"(-1,6836) 06256 | Z | 26,7252 | 4,2100/, HapgexHas
6348 | /2 | 27,6449 | 4,2100 | Hagexnas
66311 3 | 1447935  3,3541 | Hagexman
/ /
/ /




Ansa nonyyeHns
HOBOW annpoKCUMaLuun
opMaTUpoOBaTb JIMHUIO TPEeHAa

Ed Microsoft Excel - OCI{5)1 (version 2)

Mafn  Npaeka Bua Botaeka | ®opmaTt | CepEdc  JuarpamMa  OkHO  CNpaEka
D E’; Eﬂ % E)‘ ﬁ:} | BrIAENEHHAA NHHKA TpeHAa. ..  Chrl+1 |
Mucr 3

Paa 1 MMHHMA TpeHAa 1 - ‘ -

MHHA ... = Fe
B C o |El F & H | J K L b N o F
CHONHEIE DAHHEIE
51, MNa tkn,C  tocwm,C
3640  FEE | S680 JABHCHMOCTE NPEAENA TEKYYUECTH
21,2 | 7E8 | 684 - OT TEMIEPATYPLI CMOTKM
=224 | 7EE | &1 '
2241 | 722 | 620 i
2200 | TEE | BST 250 - 5
2210 7EE | 715
660 788 728 o’ |
3364 834 560 ° - N °
3205 834 594 = o e o
236,

={ P Ecnn KaxKablid U3 BapUaHTOB

240,

208, arfnnpokCnMmaumm HaHOCUTb Ha

334,
290,

ouarpammy Kak gobasneHue

2831

2ss, NNMHUU TpeHAQ, TO Ha AnalrpaMMe

200,

6yayT ogHOBpeMeHHO

307 4
268,

=) | OTOOpaXKEHbI BCE PACCMOTPEHHbIE
BapuaHThI.

o PMaT JIHHHH TPEHOA E| g| |

I I
y = -0,5099x: + 727,97
R® = 0,6543 ||

YKaszatb Apyrov Tvn
annpoKcMMaLumn Ha
3aKlagke «Tun».

121,
175,




CBsA3b MeXAay KaknMu
BeJIMYMHAMMN aHANU3MpOoBasiach?

AHanNnM3npoBanacb CBA3b MeXay

npeaenoM Teky4yecTn MeTanna o,
M TEMNEepaTypon CMOTKKN tcM npu
npokaTtke Ha LUCITI.



CKONbKO U Kakue annpokcnuMaumm

i Ob1/1n pacCMOTpPEHbI ?

PaccMoTpenu naTb annpoKCUMaLUni:

op =0,6949¢, + 72787

cr =3157,4-44512n(t,,)

_107 , -16836
cr=10"¢_,

o, =15018 ¢ 000 e

o =30,696 +1,4773¢., —0,0017¢2,

(1
(2
(3
(
(5

~

N A T W

F, =49,1445
F, =47,7379
F, = 43,4444
F, =451939
F, =24,6030

Fos =4,2100
Fos =4,2100
Fos =4,2100
Fos =4,2100
Fos =3,3541



Kakne n3 paCCMOTPEHHbIX

annpoKCUMaLun aBNaOTCS
i CTaTUCTUYECKN 3HAYNMbIMU?

C poBeputenbHOU BEPOATHOCTbLIO 95%
CTAaTUCTUYECKU 3HAYNUMbIMUN ABASAIOTCS BCE
PACCMOTPEHHbIE annNpPOKCMMaLINK, T. K. BO
BCEX CNy4YasiX pacCYMTaHHbIE YMcna
duepa 6onblue TabnYHbIX.



Kakas 13 annpokcuMaLuunm aBnAseTcs
HaWy4yLwnM oTObpakeHNeM CBSA3U
MeXay napameTpamu?

Hannyywmnm otobpa)keHneM CBA3N Mexay
npeaenoM TeKYYeCcTU MeTasnna u
TEMMNEPATYPON CMOTKU SABJIETCSA JIMHENHAS
annpoKcMMaLms

oy =727.87-0,69491,,
(R =0,6540; F, =49,1445; Fy; =4,2100)



