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Conepxkanue

Tema  «OOmme cBegeHuss 00 00beKTaX HAYYHBIX  MCCJIEeI0OBAHHI B
3JIEKTPOIHEPreTHKE U YIEKTPOTEXHUKE)»

[Tpaktuyeckoe 3anstue Nel Crartuctuueckas oOpaboTKa JaHHBIX HKCHEPUMEHTATBHBIX
ncciienosanuii B Mathcad.

Tema «Teoperudeckne, 3KCIEPUMEHTAIbHbIE HCCJIEI0BAHUS M MaTeMaTH4YeCKHUe
MOJ1eJIH 00LEKTOB»

[IpakTrueckoe 3anstue Ne2 MHoroMepHbIie BeIUncieHus B Matcard.

Tema «l'[pOBe):le}me IKCIICPUMEHTAJIBHBIX HCCIEI0BAHMM ¢ MCIO0Jb30BAHHEM
HHTEIJICKTYAJbHBIX METOAO0B»

[Ipaktuueckoe 3anstue Ne3 HeilipocereBass anmpokcumaius (GyHKIAA — OJIHOM
nepemMeHHoi B Matlab

Tema «HayuHble uccie0BaHUsI, UX OCOOEHHOCTH W KJaccM(pukanmusi MeTOHA0B
HAY4YHbIX HCCJIeI0BAHUIN»

[Ipaktnyeckoe 3anstue Ned [linaHupoBaHHE SKCIEPUMEHTAIBHBIX HCCICIOBAHHA.
MeTo/1bl CTaTUYECKOW ONITHMH3AINHA 00bEKTOB UCCIICIOBAHMSI PU HATMYHH OIIHOOK U3MEPCHUN
Ha 0a3ze MeTosa KpyToro BocxoxaeHus (bokca-Yumncona).

Tema «3KCHepHMeHTaJILHI)Ie HCCJIICI0BAHUA, TUIIBI K 3aJaYU IKCIICPUMEHTa»

[Ipaktuueckoe 3anstTue Ne5 Ornenka omuoOOk u3mMepeHuil. CTaTUCTUYECKasl MPOBEPKa
runores. Vckimoyenne rpyobix omuooK (poMaxos).

Tema «O0padoTka pe3yJIbTATOB NPSAMBIX U KOCBEHHBIX U3MePeHH i

ITpaktnyeckoe 3ansTHEe Ne6 M3yueHue MeETONIOB IIAHMPOBAHUS HKCHEPUMEHTA IS
MOJIyUYEHUs MOJENHU perpeccud Broporo mnopsijaka. Crartucrtudeckas o0paboTka Mojeneit
perpeccuu pH IaHUPOBAHUM BTOPOTO MOPsAKA

Tema «Al'll'lpOKCI/IMaIII/Iﬂ OIIBITHBIX JAHHBIX)»

[Ipaktnueckoe 3ansTme Ne7 Pacd€r anmpoKCcMManuy SKCIEPUMEHTAIBHBIX JIAHHBIX C
ucnonb3oBanueM Microsoft Excel.

[Ipaktuueckoe 3ansitie No§ Pacy€r anmmpokcUMaiuy SKCIEPUMEHTAIBHBIX JTaHHBIX C
ucnonb3zoBannem MathCAD.

[Ipaktnueckoe 3ansiTue Ne9 Pacyér anmpokcMManuy SKCHEPUMEHTAIBHBIX JAHHBIX C
ucrnoabp3zosanueM MatLAB.



Tema «O0mue cBegeHus 00 00bEKTAX HAYYHBIX HCCJIEI0BAHUI B
3JIEKTPOIHEPreTHKE U 3JIeKTPOTEXHUKE)

IIpakTuyeckoe 3ansaTue Ne 1
«Crarucruyeckas oopadorka B Mathcad»

Lenr pab®OTBI: HAYYHTHCS WCIOIB30BAaTh MAaTEMaTHYECKHE W CTAaTUCTHYECKHE (PYHKIMH B
cucreme MathCAD.

3amaHus Ha BBINOIHEHNE
1. JluneiiHas W CIUTaiHOBAss HHTEPITOJISIUH.

HcxonHuble JaHHbIE IS BRIIOJIHEHUS 3adauus 1 B Tadmuie 1.

Tabnuma 1.
BapWaHTbl 1 2 3 4 ) 6 7 8 9
VicxoaHele AanHsle |1 () 24 15 20 10 23 12 3 D 35
23 28 6 3 = 0 406 3 4 47 47
461 (93 2 49 57| |6 8] [56] [58] |58
8 5 1 - 71 81 79 90 89 6 9 69

PaccmoTpuM NMHENHYIO MHTEPIOJIALIAIO

JIvHeitHasg UHTEPHOJIALMS

0')

—t

23
:i .:—J F r
A= [ BeKkTopbl HCXOIHBIX JIaHHBIX X 1 Y
52
6 4
A = esort( A, 0) X = A y = A
flx) := linterp(X.,Y, z) f(2)=3 f(7) =6

CruraifHOBast UHTEPIIOIALUSA
S = scpline(X,Y) fs(z) = interp(S, X,Y, x)
fs(2) =3 fs(7) = =2.067

Kak MbI BUAUM 3HAYEHUS TOYEK MPH JIMHEHHOW U CINTAWHOBOW MHTEPIOISIUN PA3JIHYHbI.

[Toctpoum rpaduku TMHEHHON U CTUIAHOBOW MHTEPNONSIIMMA. 1 3TOr0 3a1aeTCsl KOTMYECTBO
TOYCK U Iar.



i .= 0..length(X)—1 scale := 100 j :=0..scale

L : - . max(X)—min(X)
xj=min(X)+j ——7——
5 T .\ﬂ" T T

4t 4
Yi - & . -
00O
fxj) 2t (o
1. &’ 1
0" 1 1 1 1

Xi,x
Puc. 1. Jluneiinas u criailHOBast HHTEPIIOJISILIUI

2. JIuneiiHas perpeccus.

Wcxonnble naHHbIe 71 BBIIOIHEHUS 3a0aHus 2 B Ta0IUIE 2.

NP 3anaHHble BekTopa N2 3afgaHHble BEKTOpRa

1 VxX=[3, 2,4, 5] 4 Wx=[7, 18, 3, 11]
Wy =[7, 8,9, 5] vy =[1,5, 3, 9]
2 W¥=[12, 14,7, 11] 5 vx=[24,9, 12, 27]
Wy =[6, 8, 10, 15] VY =[9, 3, 17, 11]
3 V¥=[3,9,12,14] 6 vx=[4, 15,2, 19]
vy =[7,9, 11, 13] Wy =[11, 17, 1, 13]
1 |
2 11
VX =13 VY =115 Uexonnnie nannnie
4 21
5 28
ORIGN =1

Borancnum ko3 dunments! a u b nuneitHoi perpeccuun
a = intercept(VX,VY) b := slope(VX,VY)
1:=1.6 flz) =a+b-x

1=-16 b=>58 corr(VX,VY) = 0,996
f(3)=15,8 linterp(VX,VY,3) =15

[To >TuM maHHBIM CTpOUM TpadUK JIMHEHHONU PErpeccuu



40 I T I T
33.2,
301 =
VYj
=588 20t -
£(1)
10 7
4.2,
0 | | 1 1
1 2 3 4 3 6
% VXi.i 6.

Puc. 2. Jluneitnas perpeccust

3. JIunelinas perpeccus o0IIero Buaa.

Wcxonable nanHble 1714 BBIIOJIHEHNS 3a0aHus 3 B Ta0IuIE 2.

1 1 !

2 11 @’
VX =1|3 VY = |15 Flx) = T

| 21 2.z

5) 28 exp(x)

Oynkuun F(x) moaOuparoTcs Tak, 4T00bl KOAG(UIHUEHT 1eTEPMUHALINN CTPEMUJIICS K €AMHHUIIE.

K = linfit(VX,VY,F)  g(t)=F(t) K

R? = 2(gVX)—me ”“f”':'lf'; = (.999 KoahPUITMEeHT JileTepMUHaIum
> (VY )=—mean(VY))*
—5.242
—0.918
i:=0.4 ro=1,1.25..5 K= 1613
3.226
0.079

g(t) — aT0 QyHKIHS perpeccuu

K — ko3¢ punment pyHkuum perpeccun



28.0

(3]
= |
A

VY;
o0
g(r)
L2.l
O | | |
1 2 3 4 5
d VXj,r 5

Puc. 3. JIuneiinas perpeccus o0Iero Buaa

4. IlonuHOMUAaNbHas perpeccus

Hcxonaele maHHble I BRIIOJIHEHNUA 3a0aHusI 4 B Ta0iune 2.

VY = |15 k=3 Mexonnble nanibie

-—
o
~
o Q0 D

K — cTemneHs MOJIMHOMA, OT HETO 3aBUCUT HACKOJIBKO TOYHO OYy/IeT MOCTpOeHa (QYHKITHSL.
z:=regress(VX, VY, K)

F(z) = interp(z, VX, VY, x)

Coef fs = submatriz(z,3, length(z)-1,0,0)

Coeffst =(-62 1281 —2.857  0.333)

F(X) - BBIZaET MHTEPIIONMPOBAHHOE 3HAUCHHE B X OT KO3()(DHUIIMEHTOB BEKTOpA HATIPOTHUB, U
OpPUTHHAJIBHBIX TaHHBIX B VX 1 VY.

Coeffs - Bermaér cyOMaTpuIly MaccuBa COCTOSIIIYIO M3 3JIEMEHTOB B CTPOKaX ir yepes jr u
cTOJIONAX ic "epes jC u3 Z.

Coeffs™ - npeobpasyeT K0P BUIHEHT B TOPH3OHTAIBHYIO 3aIHCh



RE — E(f"[\ X)=mean(V'Y }]}- _ [}998
Y (VY )—mean(VY))*

=0..6 j=0.4 te; = min(VX)+j jmar(V \];U”””” X))

Ko duImenT rerepMuHaIn

28.8,
VY; 20f i
o0
F(n)
10 .
4
Yow 1 1 1 1
1 2 3 4 5
ki VX, & 51
A ] iR
1 Z 3 4 >
s VXi,r bol

Puc. 4. IlonuHOMuUHaNBHASL pErpeccus

5. Henuneiinas perpeccus o0111ero Bujia.

Wcxonnble nanHble 1715 BBIIOIHEHUS 3aJaHus 5 B Ta0IUIE 2

(r,a,b) :=a- up( —b-x)+a-b
OHIC] N =
1 4
2 11 5
VX =13 VY =115 VS = (;)
4 21 -
D 28
kyexp(—kox + kyko
Fl(xz, k)= exp(—kox) + ko
—kyx - exp(—kox) + ky

1
P = genfit(VX,VY, VS, F1) Glx) = Fl(x, P), T =
0,0.1..4

p_ (0762
— (20722

Bexkrop P Bo3Bpaiaer 3nauerus a=K1 u b=k2 nys mannyudrrero cpeHekBapaTHIeCcKOro
npubmxenus F(X, a, b)



VY;

G(x)

¥ HK-X

Puc. 5. Henuneiinas perpeccusi o0Iiero Buaa

B 3aknrouenue pa6OTbI, CJICAYCT CACIATh 661600 O I_[eJ'IeCOO6p213HOCTI/I IMPUMCHCHUA TOHN WK
WHOH perpeccun, 4YeM OHHU APYT OT Apyra OTIINYAIOTCA.

No bk owdE

KoHTposbHbIE BOIIPOCHI

Uto Takoe paHXKMPOBAaHHAs MIEPEMEHHAs U JJIsl PELICHUs, KaKUX 3a/1a4 OHA UCTIOIb3yeTcs?
Kakwue kateropuu ¢pynkuii umerorcs B cucreme MathCAD?

Jlatb noHsTHE PYHKIIMU MOJIb30BATENS?

HazoBute Buabl oneparopoB cuctembl MathCAD u nosicHuTe ux Ha3HAYEHUE.

Kak BpIBeCcTH pe3yabTaThl BEIUMCICHUM B BUJIE TAOIUIL?

Opranu3anys BIOKEHHBIX IIUKIIOB.

[TpaBuna 3aqaHust MHOTOMEPHBIX (DYHKIIHA.



Tema «TeopeaneCRHe, IKCNICPUMEHTAJBbHBIC UCCTICTOBAHUA U
MaTeMaTHIYe€CKHE MOJECIHN 00HLEKTOB»

IIpakTnueckoe 3ansaTHe Ne 2
MHuoromepnblie Boruuciaenuss B Mathcard

[lenp pabOTHI: 3HAKOMCTBO C MpPaBHJIAMH OPTaHW3AIUH BJIOKCHHBIX ITMKJIOB, MHOTOMEPHBIX
BBIYKCIICHHH B porpamme Mathcard. [Toctpoenue TpexmepHsix rpadukoB B Mathcard.

3amanue K paboTe

1. TloctpouTth rpaduk MOBEpXHOCTH B cucTeMe Matcard.

Ucxonusie nanaeie B Tadmure 1.

Tabnwumna 1.
No DyHKIUA Ne DyHKIUA
1 |z(x,y)=3cos(x*y) 2 z(x,y)=x**y
3 Z(X,y)=sin(x*y) 4 z(X,y)=5c0s(x*y)
5 Jz(xy)=tg(x*y) 6 Jz(xy)=2x+y’

[TocTpoeHre MOBEPXHOCTEW [0 MAaTpHIIE alIIMKaT WX To4eK. [IOCKONBKY 3J€MEHTHI
MaTpuibl M — TepeMeHHbIE C IEJIOYNUCIEHHBIMA HHIEKCAMH, TO IEpPe] CO3JaHHEM MAaTPHIIbI
TpebyeTcss 3a1aTh MHAEKCHI B BHJE PAHKMPOBAHHBIX IEPEMEHHBIX C IEIOYHCICHHBIMH
3HAYEHWsMH, a 3aTeM YK€ M3 HHMX (OPMHPOBATH CETKY 3HAYCHHH X MY — KOOPIMHAT ISt
anrmukar Z(X,Y). 3Ha4eHUsI X U Y MPH 3TOM OOBIYHO JODKHBI OBITh BEIIECTBEHHBIMH YHUCIIAMH,
HEPEJIKO KaK IMOJIOKUTEILHBIMH, TaK ¥ OTPHIIATEILHBIMA. 110CIIE BBITIOIIHEHHS YKa3aHHBIX BBIIIE
orpeseaeHni BBOAUTCs 11abon rpaduka (komanaa Surface Plot). ( Pucynok 8.1)


http://www.intuit.ru/studies/courses/11246/1131/lecture/11646?page=1#image.8.1

MocTpoeHne I'paduka MoBepXHOCTH

z(x,y) = cos(xy) $YHKIMA OBYX MNepPeMeHHHX X,¥Y

1:=0.20 ;:=0.20 lenouMCIeHHEE MHIEKCH

M - z[ (-10 G- 10)}
5 5

//IIIIIIIIIIIIIllll‘llllllllllllllllll‘l
1 ‘ ¥
3] Paste
Paste Special...

Format...

Fog
Lighting
Equal Scales
Perspective
Box

v Border

Perimeter

None

ORISR

Puc. 1. [Toctpoenue nmoBepxHOCTH O€3 yAaleHus: HEBUANMBIX TUHUI

[ToctpouTts rpaduk nosepxHoctu B cucteme Matcard oTpopmMaTHpoBaB €ro, IpUMEHHB
aIropuT™ (QYHKIIMOHATBHON OKPACKH U yJalleHHe HEBUAUMBIX JIMHUH.

Ha pucynke 2 moka3zano, kak 0T()opMaTHpoBaTh Tpaduk, MpUMEHEHHE AITOPUTMA
(bYHKIMOHATIBHON OKpPacKH MMOBEPXHOCTHU U y/laleHUe HEBUIUMBbIX JIMHUH.



Nocrpoersse I'pagomxa IoBepxHoOCTH

Zx,¥) = cos(xy) PYHRUKA OBYX NEPEeMEHHHX X,V

1=0.20 j=0.20

_Jd-1
M, ;- :{——5 :

,,,,,

Uenouxcnexoie KHOEKCH
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M
3-D Plot Format E
Geneeal | dwes | Appeaance | Lighing | Titke |
Backplanes Special Advanced | QuckPlotData |
Flot1 |
Caortout Opliars
v Fil Cornectiviy
[ Orowelings B4 Flot Layout — Inteepolated Mesh : ‘
¥ Auto Contour P Rows p
= Humoe € Sideby Gids == c
=] Number | g pcing Columns Lne Stk
IZ-Conlous v f? I 3 soid  w
| oK I Drmena ] ] Cnpaexa I

Puc. 2.
[ToctpouTs TpexmepHsbIi Tpaduk B cucteme Matcard

B nporpamme Mathcad ecTh BO3MOXKHOCTD ITOCTPOCHHS TPEXMEPHBIX TPaPuKOB — Oe3
3aJaHMs MaTPUI] aNUIMKAT oBepXHOCTel. EAMHCTBEHHBIM HE10CTaTKOM TAaKOTO
YIIPOIIEHHOTO METO/1a IIOCTPOCHHUS TIOBEPXHOCTEH SBIISIETCS HEONPEICIEHHOCTD B
MaciTabupoBaHUM, TOITOMY TpaduKu TPEOYIOT HopMaTHPOBAHUS.



MocrpoeHMe Dpadura NMOBEpXHOCTH Bes
SamaHMA MAaTpPMIE

Zx,¥) = cos(xy)  $VHRUMA OBYX NEepeMeHHHX X,V

YIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIY FIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I

B T,
Y

i

A

Puc. 3. [Toctpoenue rpaduka MoBepXHOCTH 0€3 3aJaHUS MATPHUIIBI
4. Tloctpoenue rpaduka MOBEpXHOCTH 0€3 3aaHUsI MATPHUIIBI

BapuanTs! 3aganus B Tabmuie 2, kak TOCTPOUTH JaHHBIN TpapuK MOKa3aHO HA PUCYHKE 4.

Tabmnuua 2.

Ne DyHKIUA

H(u,v)=3(u2*v)

IH(u,v)=3sin(u*v)

IH(u,v)=7cos(u*v)

IH(u,v)=cos(u*v)

H(u,v)=tg(u*v)

[ EAEYENIDY =

IH(u,v)=sin (u*v)




IIpuMeHeHHe rpadmueckon o¢yHrkuum CreateMesh

1. SamanmM OYHRIMO OBYX OepeMeHHHX

2. 3amaniM Opelelk MSMeHeHMA IIepeMeHHBX

3. Mcnonesya dyHRIMO CreateMesh cosmanmm

MaTpULy NOBEPXHOCTH

C = CreateMesh(H ,ul ul ,v0,+1)

H(u,w) = sinfu-v)
wl=-2 ul=2
vl=-2 wl=2

4.353amap nocTpoeHMe Dpadura THna Surface Plot, norydMM

L LTy

CLLLLLLLLOTTS

e

CCr e i ey ey Crrrrrrs

Puc. 4. IIpumep noctpoenus rpaduka noBepxHoctu ¢ npuMmeneHneM ¢pynkuuu CreateMesh

Eme oqun npumep npumenenust pynkiuu CreateMesh — moctpoenne 06beMHON (DUTYPHI,
KOTOpas MOJydaeTcs BpallleHneM KpuBOii, 3ajanHoi ¢yHkiuel f(x), Bokpyr ocu X win Y.

HcxonHble JaHHbBIE B TAOIUIE 3.

Tabmuma 3.

Ne DyHKIMU

Ne

DOyHKIMU

1 f(x)=cos(x?)
G(u,v)=f(u)*sin(v)
H(u,v)=f(u)*cos(v)

4

f(x)=3cos(x?)
G(u,v)=f(u)*4sin(v)
H(u,v)=f(u)*6cos(v)

2] f00=3(x%)
G(u,v)=f(u)*v
H(u,v)=f(u)*3cos(v)

f(x)=3x*cos(x?)
G(u,v)=f(u)*(v?)
H(u,v)=f(u)*3(v)

3 | f(x)=tg(x?)
G(u,v)=f(u)*(v?)
H(u,v)=f(u)*3(v)

Ha pucynke 5 nmokaszas nmpumep pelieHus JaHHOM 3a1au.




MocTpoeHHe GUIryphl, NOJIYUeHHON BpalleHMeM KpPpHMBOWH
BOKpYIr ocu X

f(x) = x-cos'xg' a=-2 b=2 mesh = 30

Flu,v) =u G(u,v) = f(w)-cos(v)  H(u,v) = f(w)-sin(v)
Si= CteateMesh(F,G,H,a,b,U,Z'n,mesh)

Ppadur dyHRmM f(3) [IoBEpPXHOCTE BpauleHMA Dpadura
f(x)

x=-2,-19.2

2_-

£y b Pkt T
D7 BE B 2

Puc. 5. ®urypa nonyyeHHas BpalleHUEM KPUBOU.

KoHTposbHBIE BOITPOCHI

Opraau3anys BIOKESHHBIX IIUKIIOB.

[IpaBuna 3a1aHuss MHOTOMEPHBIX (QYHKIUH.

BbIBOT MHOTOMEPHBIX PE3yIbTATOB B (popMe TaOIHIIbL.
TpexmepHas rpaduka ¢ QyHKIHOHATBHON OKPacKOM pacKpacKkom.
Hasnauenune komanasl Surface Plot.

st gero ucnonwsizyercsa Gynkius CreateMesh?

Kak moctpouts Gurypy ¢ momMomnipio BpameHus BO Kpyr ocu?

No obobhde



Tema «IIpoBeaeHue IKCNIEPUMEHTATBHBIX HCCJIEIOBAHUN C UCII0JIb30BAHUEM
HHTE/UIEKTYAJbHBIX METO10B»

IIpakTu4yeckoe 3ansitue Ne 3
HeiipocereBasi annpokcumanus GpyHKuun onnoii nepemennoii B Matlab

1. Ienp paboTsl

Hayuutbcs pabotaTh ¢ CeThIO MpsMOU nepepadn curnana, pynkuus Newff. Pazoopatbes
C AJITOPUTMOM OOPaTHOTO PACTIPOCTPAHEHHSI OIIHOKH.

2. KpaTKI/IC TCOPCTUYCCKHUEC CBCACHUA

B maGoparophoii pabote paccMaTpuBaeTcs HEHMpPOHHAs CETh C MPSAMOW Mepenadyeld curHana (¢
OpSMOM CBA3bIO), TO €CTh CETh, B KOTOPOH CHUIHAJBI IEPENAIOTCS TOJBKO B HAlpaBIEHUU OT
BXOJIHOTO CJIOSl K BBIXOJHOMY, U 3JEMEHTbl OJHOIO CJIOSl CBSI3aHbI CO BCEMM 3JIEMEHTaMH
cienyrouero ciuosd. Baxxnedmum ans peanusalMyu HEHPOHHBIX CETEH SBISETCS OlpeneleHue
ITOpUTMa O0YYECHHUS CETH.

B Hacrosmee Bpems OAHMM H3 caMbIX A(QQPEKTHUBHBIX U OOOCHOBAaHHBIX METOOB
00JIydeHUs HEHPOHHBIX CETEeW SIBISCTCS @IeOpumm 0OPAMHO20 PACHPOCMPAHEHUs OUWUOKU,
KOTOPBIA TPUMEHHM K OOHOHANPABIEHHbIM MHOCOCIOUHbIM cemsm. B MHOTOCIOHHBIX
HEHUPOHHBIX CETAX HUMEETCS] MHOKECTBO CKPBITBIX HEMPOHOB, BXOJABI U BBIXOJbl KOTOPBIX HE
SBJISIIOTCSI BXOJIaMH M BBIXOZIaMU HEHPOHHOM CeTH, a COETUHSIOT HEUPOHBI BHYTPH CETH, TO €CTh

CcKpbimbie Heliponbl. 3aHYMepyeM BBIXOAbI HeilpoHHO# cetm mHmekcom J=1,2,...,N, a

obyuarorue mpumepbl uHpekcom M =12,..., M. Torna B xauectse uenesoil QyHkuumn
MOKHO BBIOpaTh (DYHKIHMIO ONIMOKM KaK CyMMY KBaJpaTOB PACCTOSHMI MEXIy pealbHbIMU
BBIXO/IHBIMH COCTOSHUAMH Y jy HEHPOHHOMN CEeTH, BHIIABAEMBIX CETHIO Ha BXOJHBIX TAHHBIX

MIPUMEPOB, ¥ IPABWILHBIMU 3HAYCHUSIMU (PYHKIIHH d jM » COOTBETCTBYIOLIMMHU STHM MPUMEpPaM.
[Tycte X = {Xi }— cronbern BXOOHBIX 3HaueHui, rae 1=1,2,..,n. Torma Y :{y j} — BBIXOJHEIE
3HaveHus, rae j=1,2,...,m. B obmem ciaydae n#m. PaccMoTpuM pa3HOCTh Yim — d jm > TIe d ji—

TOYHOE (TPaBWJIbHOE) 3HAUEHUE U3 MpuMepa. ITa pa3HOCTh J0JDKHA ObITh MUHUMAaNbHA. BBeneM
PacCTOSIHUSA COTJIaCHO €BKIIUA0BON METPUKE, ONIPEIEIUB HOPMY

ly—d|=\(y—dy-d)? . (1)
[TycTh nieneBast GyHKIHS UMEET BUJT
1
EZEZ(Y,‘,M _dj,M)Z' )
.M

3agada 00y4CHHS HEHPOHHOI CETH COCTOMT B TOM, YTOOBI HAWTH Takue KOdQuumeHTsr Wy,

TpU KOTOpBIX focTuraercs munumym E (W) (£>0).
Ha puc. 1 nokazana apxuTekTypa HEPOHHON CETH € IIPSIMOM Nepelauei CUrHana.
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Puc. 1. Cxema apXUTEKTYpbl HEHPOHHOMN CETH C IPsIMON Nepeadyel CurHana
3nech NpUHATH 0003HAUYEHUS: p1 - Bextop Bxoma, IW i’j, LWH - MaTpHUILIbl BECOB

i i .
BXOJa M BeIXOna, D' - cMerenue, @' - BBIXOJ CJIOS, Y - BbIXOZA ceTH, tansig (runepOonuueckas

TaHTCHIIMANIbHAs), purelin (JuHeiiHas) - COOTBETCTBYIOMINE (DYHKIIMN aKTHBAIIHH.

Beca u cMmemeHust onpenensoTcs ¢ MOMOIIBI0 arOpUTMa 0OPATHOTO PaCIPOCTPaHCHUS
OIINOOK.

OOyueHnue ceTH OOpaTHOTO pACIPOCTPAHEHHUS] TPEOYET BBIMOTHEHUS CIETYIOIINX
oreparin:

1. BoiOpate ouepenHyro 00ydarollylo mapy M3 00ydaroIlero MHOKECTBA; I0J1aTh
BXOJIHOM BEKTOP Ha BXOJI CETH.

2. Brrancnuts BbIXO/J CCTH.

3. BbIuucnuTh pa3HOCTh MEXY BBIXOJOM CETH M TpeOyeMbIM BBIXOJIOM (LI€JIEBBIM
BEKTOPOM OOYYAIOIICH maphr).

4. CKOppeKTHpoBaTh Beca CeTH TakK, YT00bl MUHUMHU3UPOBAThH OLIHOKY.

5. [ToBTOpsITH Iaru ¢ 1 Mo 4 ISl KaKI0TO BEKTOpa 00yUYarOIIero MHOXKECTBA JI0 TEX

Inop, noka OIIMOKa Ha BCEM MHOXKECTBE HE AOCTUTHET MPUCMIIEMOT'O YPOBHHI.

3. Ilpumep pemieHust THIIOBOM 3a1aun

Beimonnenue 51abopatopHOi pabOTHI COCTOMT U3 CIEAYIOLIMX OJTaloB: MPEXkAE BCEroO,
HeoOxoauMo onudposath rpaduk ¢yHkuuu y=f(X), To ecTh MOMYYUTH Psii COOTBETCTBYIOIINX
3HA4YECHUH 110 TOPU30HTAIBHON U BEPTUKAJIBHOM OCSAM.




y=1(x)

0.61

2.61

3.5

Puc. 2. Ilpumep 3aBucumocty i QYHKIIUU OJTHON MEPEeMEHHOMN

B IIpUMEPEC, IIOKA3aHHOM Ha pHUC. 2 ObLIH IMMOJIY4YCHBI /IBa MAaCCHUBA, Ka)KI[BIﬁ N3 KOTOPBIX

COCTOUT U3 15 3HaAUEHUH.

ITo ropusonransHoii ocu — [0.10 0.31 0.51 0.72 0.93 1.14 1.34 1.55 1.76 1.96 2.17 2.38

2.59 2.79 3.00].

ITo BeprukanbHOit ocu — [0.1010 0.3365 0.6551 1.1159 1.7632 2.5847 3.4686 4.2115

4.6152 4.6095 4.2887 3.8349 3.4160 3.1388 3.0603].

Hwxke mnpuBoaurcs mporpaMma co3faHusi, oOydeHHMs HEHPOHHOM CeTHM M BBIBOJA

pe3yabpTaToB.
x=[0.10 0.31 0.51 0.72 0.93 1.14 ...
1.34 155 1.76 1.96 2.17 2.38 ...
2.59 2.79 3.00];
y=[0.1010 0.3365 0.6551 1.1159 1.7632 2.5847 ...
3.4686 4.2115 4.6152 4.6095 4.2887 3.8349 ...
3.4160 3.1388 3.0603];
net=newff([0 3],[5,1],{'tansig’,'purelin'},'trainbfg’);
net.trainParam.epochs=300;
net.trainParam.show=50;
net.trainParam.goal=1.37e-2;
[net,tr]=train(net,x,y);
an=sim(net,x);
plot(x,y,'+r'x,an,'-g"); hold on;
xx=[0.61 2.61];
v=sim(net,xx)
plot(xx,v,'ob’,'MarkerSize',5,'LineWidth',2)

B PE3yJIbTAaTC BBIINOJHCHHUA IIPOrpaMMBbI

OTpak€HHBIE Ha puc. 3 U 4:

MOJIy4aroTCAd

CIIEIYIOINE pPEe3yibTaThl,
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Puc. 3. XapaKTepI/ICTI/IKa TOYHOCTHU O6y‘leHI/I5{ B 3aBUCHUMOCTH OT 4YHCJIa 3I10X O6yquI/I${

Stop Training

Puc. 4. PCSyﬂBTaTBI MOJCIIMPOBAHUA CCTU! + - UCXOJIHBIE JIaHHBIC, CIUIOIHASA JIUHUA U CUMBOJI
«O» — PE3YIBbTATHI MOACIUPOBAHUA BCEM 3aBUCHMOCTH U B KOHTPOJIbHBIX TOYKax

B maccuBe V copepikarcsi MpHOIMKEHHBIE 3HAYCHHS IS IBYX KOHTPOJIBHBIX TOYEK,
yKa3aHHBIX Ha rpaduke (puc.2) XX=[0.612.61]. [Ipu naHHBIX mapaMeTpax CETH MOJIYYCHBI
sHaueHust: v = [1.05 3.35]. CpaBHuB 5TH NpUOIMKEHHBIC 3HAYEHUS C TOYHBIMU 3HAYCHUSMU
[0.85 3.37], MO’KHO clienaTh BBIBOJL O KOPPEKTHOCTH MOCTPOEHUSI HEHPOHHON CETH.

4. OT4€T O BBINOJIHEHUH PAOOTHI

OTuér 0 BBHINONHEHUH Ja0OpPaTOpPHON pabOTHI JNOKEH OBITh BBINOJHEH Ha JIMCTax
dopmara A4 u conepkaTh CIEIyIONIUE Pe3yIbTaThI:
1.  Hcxonmnsie ganusie (puc. 2);




oMW

KonTponbHbie 3ananus

Texct nporpamMMsl ¢ TOAPOOHBIMA KOMMEHTApHUSIMH;
XapakTepUCTUKY TOYHOCTH 00yueHus (puc. 3);

Pe3ynbraTel MonenupoBanus (puc. 4);
ComnocraBieHue pe3ylbTaToB B KOHTPOJIbHBIX TOUKAX;
Kpartkue BbIBOJBI O pe3yibTaTax padoThI.
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KoHTpoJIbHBIE BOIIPOCHL:

N O RN E

Jaiite onpenenenue HEHPOHHOU ceTn?
Yewm xapakrepusyerca HC?
N3 yero cocTtouT npocrenias ceThb?

[lepeuncnure HENOCTATKUA OJHOCIONHOM ceTu?

UYro HazwiBaeTcs mpoueccom ooydenust HC?

YeMm xapakTepHu3yercs pe3yabTaT caMooOyueHus ?

Korna o6yuenne HC cunrtaercs 3akOHYEHHBIM?

B uewm 3akitouaercs aaroputm oOpaTHOrO pacipoCcTpaHeHHs OIHOKH?




Tema «Hay4Hble HCC/IeI0BAHNS, HX 0COOCHHOCTH M KJIacCH(PUKAIUA METOA0B
HAY4YHbIX HCCJIeIOBAHUIN»

IIpakTnyeckoe 3ansaTue Ne 4.
IlianupoBaHMe HJKCHEPUMEHTAJBbHBIX HCCIeA0BaHNi. MeToabl CTaTHYEeCKOM
ONTUMHU3ALUMHU 00HEKTOB MCCJIeJOBAHUS NMPU HAJTUYHUYN OIIMOOK U3MepeHuil Ha 6a3e MeToaa
KpyToro Bocxoxaenusi (bokca-Yuicona).

Llenbto paboTHI sIBASIETCS O3HAKOMJICHHME C OCHOBAMHU METO/OB CTAaTUYECKOM
ONTUMU3AIMH OOBEKTOB HCCIEOBAHUS NPH HAIWYMM OMIMOOK M3MepeHuil Ha 6a3e MeToaa
KpyToro Bocxoxxaenus (bokca-Yuicona).

TEOPETHYECKOE OIIHNCAHHUE PABOTBI

[Ipy mnoucke ONTUMAIBLHOTO coYeTaHus (PAKTOPOB, ACHCTBYIOIIUX B OOBEKTE
MCCJIC/IOBAHMS, TO €CTh HAWJIy4YIMX 3HAYEHUW B KOHKPETHBIX YCIIOBUSAX, 3ajadya peliaeTcs
CJIEYIOIIUM 00pazoM.

3ajaroTcs KpUTepUEM ONTUMH3ALNMH Y, 3aBUCSIIIM OT BEKTOpA yIPaBIIAeMbIX (DaKTOPOB
X (X1,X2 ..y Xk ), kK 12,...,1 - uncio pakTopos.

3amaua ONTHMM3ALIMU CBOJAWTCS K OTHICKAHWIO TaKUX 3HAYEHUH (DakTOpoB, TpHU
KOTOPBIX IiesieBasi GYHKIUS JOCTUTAeT 3KCTpeMyMa (MakCUMyMa MM MUHUMYMa).

3aBUCUMOCTD

X )= ff X)X Xy )
(2.1)

obpasyer HekoTOpyro osepxHocTh B (K 1)-MepHoM mpocTpancTse X1 ,X2 ,..., Xk ,Y . DTy
TIOBEPXHOCTh HA3BIBAIOT MOBEPXHOCTHIO OTKJIMKA, & OT/C/IbHBIE €€ TOUKHM WM 3HAYEHHS Y B

TOYKaX] A (baKTOpHOFO MMPOCTPAHCTBA — MPOCTO OTKJIUKOM.

B OonpmmHCTBE MPAKTUYCCKUX CJIydacB AaHAJIMTHYCCKAad 3aBUCUMOCTb (21)
HCHU3BCCTHA MW CIUHCTBECHHOC, UYCEM pacrojaract HUCCI€aoBare€jib, — O3TO BO3MOXHOCTBIO

HaOII01aTh 3HAYEHNE OTKJIMKA TIPU T000# KOMOMHAIIMY BapbUpyeMbIX (HakTopoB (X1 ,X2 ,...,Xk)

. ITockonbKy Takoe HaOJIIOAEHUE CBSI3aHO C MIPOBEIEHUEM ONBITOB U U3MEPEHUH, TO (DaKTHUECKU
HAOI0/IaeTCsl CyMMa HCTUHHOTO 3HAYEHUsSI KPHUTEpPUS ONTUMHU3ALUU Ypcr U CIydalHOM

& -
OIIMOKH OIbITa , TO eCTByHa6jZ =Yucm + & .

[lpu onrtuMuzanuu oO0BEKTa HCCIENOBaHUS MeToJoM Kpyroro BocxoxaeHus (MKB)
pabouee BUYKEHUE COBEPIIAECTCS B HANPaBJIEHUU Hambosee ObICTPOro BO3pacTaHUSl KpUTEpUS
ONTUMM3AIMU (TIPU TMOUCKE MAKCUMyMa) MM OBICTpOro yObIBaHUS (IIPU IMOMCKE MUHHUMYMA),
TO ecTh B HampamieHuu rpaguenta. MKB mpexacraBmsier co0oil METOA 3KCHEPUMEHTATHHOM
ONTUMH3AIMY, COUYETAIOIIEH MOMHBIA WM APOOHBIN (DAaKTOPHBIA HKCHEPUMEHT C JBHKCHHEM
10 IPaAUEHTy QYHKINHU OTKIIUKA.

W3 aHamuTHYEeCKON T€OMETPUU U3BECTHO, YTO NI MHOTOMEPHON (DYHKIIMH TPATUCHT
3a/1a€TCs BBIPAKEHUEM:
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CJIY?KAaT KOOPpANHATBI MOJCIN PErpeCCUU IIpU JIMHEMHBIX WIeHaX Pa3JI0KCHHUA

(ynxumu y B psn Taitnopa no crenensam Xj (i 001.2,...,K ). Torma cooTBeTcTBYIOmMUE

KOMIIOHCHTBI BCKTOpA I'paAuC€HTa MOTI'YT OBITH IMMOJIYYCHBI KakK KOS(i)(l)I/II_II/IeHTLI

b ,bo ,...,bk nMHENHOI annmpokcHMaNK TOBEPXHOCTH OTKJIMKA BOJNU3U UCXOAHOU TOUKH X :
1) v K= By + b+ b, +. B
2) (2.4)

Jlst nosry4yenust oteHok b1 ,b2 ,...,bk He0OX0 MO BBIIONHUTE ITOTHEIN

dbaxTopHsIii 3xciepuMenT (I1D3J) unu 1pobHbl pakropHbI skcnepuMenT (D) ¢ nentpom
B 0a30Boit Touke KO (pucyHok 2.1), Ha KOTOPOM IMpeACTaBicHa rpadudeckas HILTIOCTPAIUS
MKB Ha ayx¢akropHoM skcnepumente. Lludpamu 20, 30, 40 u T.1. 0003HAuUEHB! JIMHUU
PaBHOTO YPOBHS TIOBEPXHOCTH OTKJIMKA Y B HEKOTOPBIX OTHOCUTEIHHBIX EANHUIIAX.

B MKB 151 moncka skcTpemMalibHOM 00JacT S mpoliecc ocymiecTBusiercs B 2...3
ITUKJIa U B TIEPBOM ITUKJIC BBITIOHSIIOTCS:

1. Brioupaercst 6azoBas Touka kKQ (pucynok 2.1). Koopaunatsl 6a30Bo#

TOYKHU BI)I6I/IpaIOTCSI IMPOU3BOJIBHO HAa OCHOBAHWHW NPCABAPHUTCIBHOIO0 M3YUCHUA 00BeKTa
HUCCICO0OBAaHUs, HO B obiactu IJIaHUPOBAHUA (I)aKTOpOB.

" |'I'I.'.'\cfs A |'IT.'.'-:fs o




Pucynok 2.1 — MutrocTpanust METo1a KpYyTOTO BOCX 0K ICHHS

2. Boxkpyr 6a3oBoii Touku BeimonHsgercs [1P3 unu ADI. [lpu sTom hakrops
HOPMUPYIOTCS 110 popMyJIe:

1) (2.5)
i)
e Xj - HopMUpOBaHHOE (Oe3pa3sMepHOE) 3HAYEHHE | -TO aKTopa;

Xi - HaTypaJbHOE (C CIMHUIIAMU WU3MEPEHHUs) 3HA4YeHHE | -ro (aKkTopa Ha BEPXHEM U HHKHEM

YPOBHSIX;

Xj,0 - HaTypaJbHOE 3HAYCHHE |-TO (aKTOpa HA HYICBOM yPOBHE;

[JXj - uHTEpBaN BapbupoBanus | -ro hakropa. B MKB peKoMeHIyeTCst OPMEHTHPOBOYHO
BbIOMpaTh UHTEpBa Bapbuposanus 0,05...0,3 oT obnacTu IuIaHUPOBAHHUS.

[Ipu Bemmonnenun [1PD nnu DD HazHayaeTcs YUCIO M HapajIebHBIX OINBITOB B
Ka)XXJ0¥ TOYKE IJIaHa, KOTOPbIE PAHAOMHU3HPYIOTCS.

3. BbuucasoTCs OLEHKH K03(DOUIUEHTOB Perpeccii HOPMUPOBAHHOM

v=~h+bx +hx +..+hx

MOJIETH * 1o ¢popmMynam:
R )
2T
Il.:'- = de=l
L) -\“;r 2
(2.6)
e Yy - cpejHee 3HaUCHUE OTKIMKA B U-0if cTpoke Marpuiisl tutana (U =1, 2, ..., N);
N — uuncio crpok Matpuibsl maana (MIT).
."-'1
l 'Tj.'h ' .1_..'-
||':|‘l = MT"
: (2.7)

rze Xiu - 3Hauenne i-ro paxropa B U-0if CTpOKe MaTpuilbl miaHa (haKTopsl

HOPMHPOBAHBI).

4. Baxuoii ocobennocteio MKB sBisercs MPOBEJECHUE CTATUCTUYECKOTO AaHan3a
MIPOMEXKYTOUHBIX PE3yJbTaTOB HAa IYTHM K ONTHMYMY, KOTOPBIA BKJIIOYAET:
a) MPOBEPKY OJHOPOAHOCTH HaOM01eH i B cTpokax MIT;

0) IpOBEPKY 3HAYMMOCTHU OIICHOK KO3 PHIIMEHTOB Dj InHEitHO# Moaenn

00BEKTa;

B) IPOBEPKY a/IEKBATHOCTH MOIYYEHHOI MO/IeTH OOBEKTY.

5. TIpoBepka 0HOPOAHOCTH HaOIOAeHUH B cTpoKe MII COCTOMT B POBEPKE
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TUIOTE3bI O PAaBEHCTBE AUCIIEPCUIT npu
SKCIIEPUMEHTaX B COOTBETCTBYIOIMX cTpokax MII. Ouenku gucnepcuii B

u-oit crpoke MII Haxoasrcs o popmyre:
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[TpoBepka omHOpoaHOCTH BbionHsieTcs: o G-kputeputo Koxpsna (cm.
nabopaTopHyto padoty Nel), 1i1st 4ero BEIYUCIAETCS
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rae
2
% - nmucniepcus B U-oit ctpoke MIT;
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- MaKCHMaJlbHasa U3 BCCX HHCHepCHﬁ.

Ecnu BelUMCIIEHHOE 3HA4YE€HHE KpUTEPUS Gmax oxasercs Menbiie GKp )

HaiineHnoro no tabnume 3 npunoxenus aia f1 JOm OOl u fo OON u BeiOpanHOTO

YPOBHJ 3HAYUMOCTH (, TO TUIIOTE3a 00 OIHOPOAHOCTHU ,Z[I/ICHepCI/II\/’I MNPpUHUMACTCA.

Ecnmu mpoBepka Ha OJZHOPOJHOCTH Jlaia OTPUIATENBHBIN pPe3yabTaT, TO OCTaeTCs
MpHU3HATh, YTO YIPaBJISIEMbIE ¥ HEKOHTPOJIUpPYyeMbIe (PaKTOPHI CO3JIAIOT HA BBIXOZAE OOJBIION
ypoBeHb Iryma. I[Ipu 3TOM cienyeT MOmbITaThCS YBEIHUYUTh YHWCIIO MapasiebHBIX OMBITOB.
CyIIecTBYIOT U ApYTHe CIOCOOBI MpeoOpa3oBaHus JaHHBIX.

6. Tlocne onpenenenus ONEHOK KO()(PUIMEHTOB PETPECCHH HEOOXOIMMO IIPOBEPHTH
THIIOTE3y O 3HaYMMOCTH Ko3(dunmeHtoB bj. [IpoBepka rumore3sl MPOBOIUTCS C
noMoinbto  kputepuss CThIOJIEHTa, KOTOpPbIM TpH MPOBEPKE HYJIb-TUIIOTE3bI
bopMupyercs Kak

r— 2l (2.10)
S4B, §°
rae sthj [ - cpeHEeKBa[paTHIHOE OTKIOHEHHE OIMOKN ompeeneHus KoddduimenTa bj:
sfh}= g
JN m
(2.11)

rae SUyl- cpenHEKBaApaTUYHOE OTKJIOHEHHE OIIMOKM ONBITOB M IPU PaBHOMEPHOM
nyOonupoBaHUH ONMBITOB B cTpokax MII onpenensercs mo ¢opmyie:
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rze Yiu - uncno 1y6aupyrolux onsIToB B U-0ii crpoke MIL.

Eciu pacyernas BenmuuuHa t npeBbliaeT 3HadeHHE txp, ompeneneHHoe no Tadmuie 1
NPWIOKEHHS I YUCTa CTETeHeH CBOOOIBI f OON(m O01) npu 33JaHHOM YPOBHE
3HAYUMOCTH (, TO HYJIb-TUIIOTE3a OTBepraercss U KodhduuueHT bj cunmTaercs 3HauyMMbIM. B
NPOTHBHOM CJIy4ae HyJb-TUIIOTE3a MPUHUMACTCS W KO03(duIMeHT Dj cuntaroT craTHCTHYeCKH
He3HaunMBbIM (TO ecTh Dj=0).

CrarucTuueckas He3HAUMMOCTh K03 duineHta bj o0ycioBieHa ciaeayonmuMu
pUYUHAMMU:

1. VYposens 6a30Boro perrona MII 611M30K K TOUKE YACTHOTO SKCTPEMYMA T10

dbaxTopy Xi.

2. Wnrepsan BapbupoBanus (X  BbIOpaH MabiM.

3. Jlanublii pakTop He MMEET QYHKIMOHAILHOMN CBA3HU C OTKIMKOM Y.

4. BenuuuHa omMOKY SKCIIEPMMEHTA BEJIMKA BCJIEACTBUE HAIMYMS HEYHPABIAEMBIX U
HEKOHTPOJIUPYEMBIX (aKTOPOB.
Ecnu  xakoit-nubo koaddunuent bj okaszancs He3HaunMbIM, OH MOXET OBITh

oTOpouieH 0e3 mepecuera ocTaibHbIX, Tak Kak MII opToronansHa u oueHkH Ko3((ULIHNEHTOB
perpeccuu ONpeAesaoTCs HE3aBUCUMO APYT OT ApYTa.

Mogenb perpeccur 00bEKTa HCCIICAOBAHUS COCTABIISACTCS TOJBKO JUISI 3HAYMMBIX
KOd((UITUEHTOB.

7. UToOBI IPOBEPUTH TUITIOTE3Y 00 aJIEKBATHOCTH MPEICTABIICHUS

PE3YJIbTATOB SKCIICPUMECHTA HalJIEHHON MOJEIbIO perpeccun,

HEOOXO0JMMO OIIEHUTh OTKJIOHEHHUE MPECKa3aHHONW MOIEIBIO Fa | oT

Pe3yJIbTaTOB AKCIIEPUMEHTA Y| B TeX ke Toukax (cTpokax MII).

-

F
HCIIEPCHUS AICKBATHOCTH ! IIpU PAaBHOMEPHOM I OJMPOBAHUHU OIILITOB
Y

B cTpokax MII onpenensercs mo popmyie:

= 2.13)

r€ M - YUCI0 NapajlyIeabHbIX ONBITOB B cTpokax MII;

d — gucio omeHok K03 GHUIMEHTOB PErPECCHH MOJIEIH, BKIOYas u DO;

- pacyeTHOE 3HAUYCHUE KPUTEPHUS ONITUMHU3AIMU B U-01 cTpoke MIT.



[IpoBepka runotesbl 00 aA€KBaTHOCTH MPOBOJUTCS € MOMOIIbI0 F- kputepus Puiiepa,
KOTOPBIH MO3BOJSET MPOBEPUTH HYJIb-TUIIOTE3Y O PABEHCTBE

? 2
ByX mucriepenii a0 M S {}}

F-xputepuii BbIuMCIs€TCS KaK OTHOLIEHNE

Sy (2.14)

Ecau Belauciiennoe 3Hauenune F Meunbline FKp, HaWJAEHHOI0 0 Tadaune 2

TIPHUJIOKEHUS JIJIS YMCiIa CTENEHEH CBOOOIBI YUCITUTEIS ftmczz O DfaaD OON Dod Hu

00 snan U ny OON(m O01) npu 3aiaHHOM YPOBHE 3HAYUMOCTH (|, TO HYJb-THIIOTE3a
HPUHUMACTCS U MOJICNb CUUTACTCSI aICKBATHOM M HA00OPOT.

Ecau rumore3a aneKBaTHOCTH OTBEpPraercs, HEOOXOAMMO IEpexoauTbh K Ooree
CJIO)KHOM (opMe MOJENU PEerpeccud WM MPOBOAMTH SKCIEPUMEHTHI, IPU BO3MOKHOCTH, C
MEHBIIMM HMHTEPBAJIOM BapbupoBaHusi. OJHAKO C YMEHBIIEHHEM HWHTEpPBaja BapbUPOBAHMS
MOSBIIAIOTCS APYTUE TPYIHOCTH:

1. Pacrer ortHOmeHume mnomex (UmIymMa) K IOJNE3HOMY CHMTHAly, 4YTO IIPUBOIUT K
HEOOXOJMMOCTH YBEIMYUBATh YHCIO JyOJUPYIOIIMX ONBITOB JJISi BbIIEICHUS
I0JIE3HOT'0 CUTHAaJa Ha (JOHE IyMa.

2. VYMeHbmaoTcs 3HaueHns Ko3pduumentos bj. Kosxpdurments:

MOTYT CTaTh CTATUCTUYECKH HE3HAUUMBIMH.
Ecnu nuneitHast MoJiesib perpeccuu mnocie cTaTUCTU4eckoil 00paboTku oKazanach He
a/IeKBaTHOM, TO €€ MOXKHO JOMOJHUTH 3((deKkTaMu mapHbIX B3aUMOJCHCTBUN M OHa OyneT
UMETh BUJI (HEMOJTHAsI TOJTMHOMHAIIBHAS MOJIEITB):

j'lf.f.JE bu'i' bJrIJr +..t E?,rl.x;L. + b;_}.li;.’i_} +..+ b{;.'{.,.?;j1

b

rae Vij - oleHKH KO3((UIIMEHTOB perpeccuu, XapakTepH3YIOIIHe MapHbIe
B3aUMOJICUCTBUS.

OHu BRIUUCTSAIOTCS TI0 opmyIie:

E"'. LY

: N (2.16)

rae Xiu 1 Xju - 3sHaveHns i-ro u j-ro hakTopoB B U-0ii cTpoke MII,

Cratuctuyeckas oOpabOTKa HE TMOJIHOW TOJMMHOMHANbHON Monenu (2.15) (oueHka
OJIHOPOJAHOCTH  HAONIOJIEHUH,  3HAYUMOCTH  OLEHOK  KO3(pPHUIMEHTOB  perpeccuw,
a/ICKBaTHOCTU MOJENN) OCYIIECTBIAETCS AHAJIOTMYHO M 1O TEM JK€ aHATUTHUYECKUM
dbopmyam, 4To U TuHEHHON Moaen (2.4).

8. B MKB mnocie noxydenust Mojenu perpeccuu (2.4) HauMHAETCs IaroBOe
JBWKEHHE B 00JIACTh AKCTPEMyMa I10 FPAJUCHTY (DYHKIINU OTKIIHKA.



JIBmxenue HadnHaeTcst u3 0a30Boit Touku KQ (pucyHok 2.1).

[Ipu 5TOM BBIYUCTIAETCS TPOU3BEIACHUE bi DXi , e [Xj - uHTepBal
BapbupoBaHus i-ro haxropa. DakTop, A1 KOTOPOTO 3TO MPOU3BEACHUE MAKCUMAIILHO,
npuHIMacTcs 3a 6asoserii (Bg 1Xg ).

Ha npumepe oaHO(GAKTOPHOrO IKCIEpUMEHTa (PUCYHOK 2.2) MPOCICIUM IAaroBoe
JIBUKEHUE 110 TPAJTUCHTY.

W3BecTHO, uTO TmepBas NPOMU3BOJHAS B TEOMETPUUECKOM  HMHTEpIIpeTaluu
IIPEJICTaBIsIET COOOM TAHIEHC yIJla HaKJIOHA KacaTEeJIbHOM (rpaJueHTa) K KpUBOM U MOYKHO
3arnucarh:

bj [ICHtge.

3Hayenue (1)YHKIII/II/I B TOYKaAX, JCKAIIUX HA 'PaUCHTE, MOXKHO
k .

onpeznenuts, forryctuM, y [ COC L g . OC D 0OX; L tge b D)?i )
K,

I grad9
I
|

: I
I
I
|

peasbHas
(YHKIIUS OTKJIHKA

— — = = -
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Pucynok 2.2 — [llaroBoe nBHXeHHE 110 TPATUCHTY

W3 pucyHka BUIHO, YTO JABMIKEHHE 110 TPAJAUEHTY (IIPU MOMCKE MaKCUMyMa (YHKIIUU
OTKJIMKA) MpEeJCTaBIseT CcOOOM IIAaroByr MpOILEnypy, KOTopas MpoJobKaeTcs 0 TeX Mop,
MIOKa MOCJIEAYIOUINE Pe3yIbTaThl HE OyIyT MOTY4aThCsl HUKE MPEBLIYIINX.

B Touke K4 nBwxeHne 1o rpaiueHTy MpeKkpaniaeTcs.

B cinyyae mHOromepHoit (yHKuuM OTKIMKa mnpu uucie dakropoB Kk = 1,2,...i
Ha3HA4aeTCs IIar JBMKCHHS IO TPAgUueHTy aiisi 6a30Boro Qakropa, a Tak Kak Bce (HaKTOPhI



CBsA3aHbl B MATCMATHUYCCKYHO MOJCJIb, TO IHIpU MIAroBOM ABHXCHUU MO OJHOMY H3 HHX,
JOJIKHBI UBMCHATBHCA U APYTHUEC, ITPOIOPUHHUOHAIBHO

npou3BeACHUI0 K03 duinerTa bj, yMHOKEHHOTO Ha HHTEPBAJI BapbUPOBAHUS

(axropa OXi . 1o ects bjrXj.

B peanbHbIX yCIOBUSIX HA M3y4aeMOM OOBEKTE HCCIIETOBaHUS BCErJa MMEeM Jeli0 C
¢dakTOopamMu, BBIPOXECHHBIMH B pEaJbHOM MacmiTabe, a B MOJEIHU perpeccuu (axTOpbl
HOPMHUPOBaHbI (O6e3pa3mepHbie). [Ipu oleHke COCTaBNSIOMMX TpagUeHTa ClIelyeT YYUThIBATh
MHTEPBAJ BAPUPOBAHUA (PAKTOPAMHU.

JIns momydeHusi maroB Apyrux (GakropoB hj HEOOXOIUMO JUIS Ka)JIOTO

(baKTopa IIPOU3BCACHUC b'jl' YMCHBIIUTL BO CTOJIBKO pa3, BO CKOJIBKO YMCHBIIUTCS

b AT
776 st 6a30BOTO (haKTOpa MPH JACJICHUU €ro Ha IIIar, TO €CTh

= E'-‘I."L:{I T
BAT,

(2.17)

rae Ng - mar Gasosoro dakTopa, HaTypaJbHOE 3HAYCHHE.
3naku hj J0KHBEI COOTBETCTBOBATH 3HAKaM bj |

Boi6op mara 6a3oBoro ¢axkrtopa He QopmanuzoBaH. Eciau mar npuHSATH OY€Hb
MaJIblM, TO B JlaJIbHEHIIEM HeoO0X0auMo OyJeT MOCTaBUTh MHOTO OIBITOB JJSl JOCTH)KEHUS
obmactu dkctpemyma. Ilpm cimmkom ke OOJBIIOM — mIare WMEETCs  OMacHOCTh
«TIepeuIarHyTb» uepe3 o0yacTh 3KcTpemyMa. J[ist ynoOCTBa BBINONHEHUS OMNBITOB IIAaru
dakTopoB okpyristor. s 6azoBoro ¢akropa miar

BapbUPOBAHMS MPUHUMAIOT paBHBIM hj [1[] [IX5 Miu BBOAAT Goliee MENKHMii, 4TOOBI

nepBasi paboyasi TOYKa HE BBIXOJAMIIA 32 TPAHUIBI OOJIACTH TUTaHUpOBaHU. Todka
K5 na pucynke 2.1.

Ha pacuer rpagueHTa cBOOOIHBIN WIEH MO perpeccuu b He BIHMsET.

He3snaunmeie GpakTopbl CTAOMIN3UPYIOTCS Ha JJI000M ypoBHE B MHTepBase [11.

Ecnu npu 1maroBoM JABM)KEHHH MO TPAJUEHTY KaKUM-THOO0 (aKTOpOM HEBO3MOKHO
BapbUpPOBaTh, TO OH CTAOMJIM3HUPYETCS Ha Jy4IIeM YpPOBHE W JBHUKEHHE OCYILECTBISETCS MO
OCTaBLINMCH.

[IlaroBoe ABMKEHUE TIO IPATUEHTY OCYIIeCTBIIsIeTCs 0T 0a30B0oil Touku KQ. s aToro
BBIYHCIIAIOTCS KoopauHatel K-x padounx Touek (K = 1,2,...) Ha

HarnpaBieHuu rpaaueaTa KQ4 (puc.2.1) B peanbHOM MaciiTade

X=X, v K0

(2.18)



B HUX IIOCJICAOBATCIBHO BBIMMOJHAIOTCA IIPOBCPOYHBIC (peaJ'II)HI)Ie) W MBICJIICHHBIC OIIBITHI.

MEICcIeHHBIE OIBITHI 3aKIIIOYAIOTCS B IMOJYUYCHUH MIPEACKAa3aHHBIX

(pacyeTHHIX) 3HAYEHHH OTKIMKA ~ © 1o Mozenu perpeccuu (2.4). Jns sToro B

ypaBHeHue (2.4) crieayeT NoJACTaBIsITh HOPMUPOBAHHbIE 10 ypaBHEHUIO (2.5) 3HaYeHUS
KOOpAMHAT (PaKTOpOB.

Taku 00pa3zom ypaBHeHue (2.4) npuHUMAET BHT

:ETG + ET! . R‘i+ E'.'z 'Jq.- hz

s

’Ci JT;I

P o

.

(2.19)

e K OOL2,...- ypcno maros.

MEICIEHHBIE OIBITHI MO3BOJSIOT COKpAaTHUTb 00BEM pC€alIbHBIX OIIBITOB, TO €CTb
YBCJINYHUBATL CKOPOCTH IMIPOABHIKCHUSA K DKCTPEMYMY.

PeanpHble (IpOBEpOYHBbIE) OMBITHI B Hauyale IBMXKEHUS W3 0a30BOH TOYKHM BJOJb
rpagueHTa KQA craBaTcs HEe B Kaxaoil pabouell Touke, a uepe3 2...4 Touku. 3areMm, IpU

3aMCTHOM  YMCHBUIICHUHU HpnpameHHﬁ OTKJIMKa B HOCICAYIOIIUX PCAJIbHBIX OIIbITaX
IMPOBEPOUHBIC OIIBITHI CTABATCA YalllC.

PabGouee nBmxeHue TpoAoODKAaeTcs TMoka He OyaeT JOCTUTHYT — YacTHBIN
skctpemyM (Touka K8 Ha pucynke 2.1). IIpu3HaKoM JOCTHIKEHHUSI YacTHOTO JKCTpeMyMa
(MaKCI/IMYMa) SABJIACTCA YMCHBIICHUE OTKJIMKaA B IMOCJICAYIOHNIMX IMPOBCPOYHLBIX OIbITAX.

Touka wyacTtHOrO 9KCTpEMYyMa Ha HallpaBJICHUU KOA IIPUHHUMACTCA 3a HOBYIO

0a30Byl0 TOUKY, OPraHU3YyeTCsl BTOPOM IMKI KPYyTOoro BocxoxaeHus (cmycka). [lopsmok
paboThl Ha BTOPOM ITUKJIE TOT K€, UTO U Ha NepBoM. Paznuune

b) ~
COCTOUT B TOM, YTO MHTEPBAJILI BaAPbUPOBAHUS
CIXj

npu nocraHoBke [1DD wim

JAD3 u pazmep pabouux 11aros

hjl! Ha3HaUar0TCA MEHBIINMY, B CBA3M C

YBEINYEHHEM KPUBU3HBI C IPUONIMKEHUEM K 3KCTpeMyMy. B ciiyyae HeoOxonumocTu
BBIIIOJIHSETCS TPETUM LUKIL

B MKB nmnouckoBoe JBIKEHHE WIPEKpAIIalOT TOCTe JOCTHXKEHHUS O00JacTh
IKCTpeMyMa S, TMPU3HAKOM 3TOTO SBISIETCS CTATHCTUYECKAsh HE3HAYMMOCTH BCEX OIICHOK
k03 dunrenToB perpeccuu bj Ha mocneanem nukie MKB.

3aoanue u nops0ok evlnoHeHus pabomol



1. Bsare y npenongasarens  MHAMBMAYyaIbHBIM  BAPUMAHT  PE3yJILTATOB
sKcnepuMenTa ans AByxdaktopHoii MII, ypoBHHM M MHTepBan BapbupoBaHMs (hakTOpamy,
1LeJIb SKCIIEPUMEHTA (MAaKCUMYM WJIM MUHUMYM).

2. Paccuurtarh OILICHKH ko3 dunmentoB perpeccur mozaenau (2.4) nans  AByX
dakropoB. ONEHUTH OJHOPOAHOCTh HaOMOJAeHUIl 1o Kputeputo KoxpsHa, 3HAYMMOCTH
OIICHOK KO3((UIIMEHTOB perpeccuu 1mo Kputepuio CThIOJCHTa M aJeKBATHOCTh MOJETH IO
kputeputo @uiiepa. [TocTpouTs TMHEHHYIO MOAEIL PETrPECCUU.

3. BbINONHUTH mpoOLEAYPY KPYyTOro BOCXOKIAEHHUS (CIIyCKa) [0 HAMPABJICHHIO
rpaIi€HTa TOBEPXHOCTHU OTKIIMKA C TIOMOIIIbIO MBICJIEHHBIX OIBITOB.
MEIC/IEHHBIE ONBITHI MPOAOIKAIOTCS JI0 TEX MOP, MTOKA BBITTOJIHIETCS

HEPABEHCTBO:
_I 'ﬂ: . 1
J' ?‘.'l'_lf.-"_lr."!r';}'J J' X -
rjae
Ymax - makcuManbHO BO3MOJKHBIH BBIXOI, OTpeienseMblil u3 GU3MUecKuX

cooOpaxxeHUi (3a1aH B BApHAHTaX).

HpI/I INOUCKC MUHUMYMa:
."Ii"l'j.i' E r '!r' "'2 'J I .}'Ii‘ﬁ'.‘ g

rac ymin - MUHUMAaJIbHO BO3MOKHBIN BBIXOM, OHpeHeHHeMLIﬁ n3 (I)I/ISI/I‘-ICCKI/IX

cooOpaxxeHHil (3aaH B BApHAHTAX ).



Tema «QRCHepI/IMeHTaIIBHbIe HCCJICT0BAaHUA, TUIIBI K 3aa91 IKCIIEPUMEHTA)»

IpakTnyeckoe 3ansitue NeS.
Ouenka omudok u3mMepenuii. Crarucruyeckas nposepka runore3. Uckiawovenne
rpyonbix ommoOoK (MpoMaxosB).

]_[CJ'ILIO pa6OTBI SABJIACTCA OLCHKa [$)1115(s]0) 3 HSMGPGHHﬁ, BO3HHUKAOMIUX IIpH
BBITTIOJIHCHHH OIIBITOB B HAYYHBIX UCCIICAOBAHUAX, U3YUCHUC MCTOAOB pacd€Ta CTATUCTUYICCKHUX
XapaKTEPHUCTHUK CJ'Iy‘lﬁfIHBIX BCJIIMYMH, a TakKX€ MCTOAHUKH IIPUMCHCHHUSA CTATUCTUUYCCKHX
KPUTCPUCB [JIA IPOBCPKU T'UIIOTE3 M OTBICKAHUA JOBCPHUTCIBHBIX I'PAHMII.

TeopemuquKoe onucaHuepa60mbl

B SKCIICPUMCHTAJIbHBIX HUCCIICA0OBAHUAX HCO6XOIII/IMO 3HaTh u YMCTb
pacCUUTBIBATH OIINOKHU H3MepeHHI>i.

UucnenHoe 3HaueHue (U3UMYECKOM BEJIMYUHBI TIOJy4YaeTcss B pe3yibTaTe €€
U3MEpEHHs, TO €CTh CPABHEHUS €€ C JIPYroil BEIMUYMHOM TOrO K€ poja, IPUHATON 3a EAUHUILY.

OmmbKoii W3MEepeHUs] Ha3bIBA€TCS paA3HOCTh Xj - X0 MEXIAy pe3yabTaToM
U3MEPEHMS X| U UICTUHHBIM 3HAYE€HUEM X( U3MEPSIEMOM BEIIMYUHBL.

OpHolf W3 BaXHEHIIMX 3a7a4 MaTeMaTH4ecKod 00paboTKH pe3yabTaTOB OIBITOB
KaKk pa3 M SBISETCS OIeHKAa HMCTUHHOTO 3HAYEHUS H3MepseMod BenuuuHbl. OOBIYHO
HEU3BECTHO 3HAa4YeHHE OMMOOK M HMCTHHHOTO 3HAueHUs Benu4yuHbl. [lodTOoMy, craBHUTCS
3a/1a4a BEIUUCIEHUS X() ¢ MUHUMAaIbHOH OITHOKOM.

B 3aBucumocTu oT crioco0a u3MepeHus OMMOKY TOAPA3ICTSIOT Ha
MpsIMbIE U KOCBEHHBIE.

HpHMLIe — 9TO TE€, KOTOPLIC MOJYYAOT HCHIOCPECACTBCHHO H3 OIIBITHBIX JaHHBIX.
KocBennrsle — IMOJy4aroT II0 pe3ylbTaTaM IPSAMBIX I/ISMepeHI/Iﬁ IMyTEM BBIYHUCICHUA 110
AHAIIUTUYCCKUM BBIPAKCHUSAM. Haan/IMep, OMMPEACIICHUC MOMIHOCTH JJICKTPUYCCKOI'O TOKa
IO JaHHBIM I/ISMGPGHI/II\/II TOKa W HaIPSXKCHUSA CCTH.

B nannoii pabote paccMaTpUBarOTCS TOJIBKO IpsMble U3MepeHus. Ommnoku
M3MepeHnH kiaccupuupyroTes Ha 3 BUja:

1. TI'pyOble ommbKM MM HPOMAXH — 3TO OMMUOKH, SABISIONIMECS DPE3YIHLTATOM
HU3KON KBaIM(UKAMK JIMI@, TPOU3BOISAIIETO HM3MEPEHHs, €ro HeOpEKHOCTH WU
HEOKUJJAaHHBIX CHJIBHBIX BHEUIHUX BO3/AeWCTBUN HAa m3MepeHus. [Ipomaxu wuckiouaroTcs H3
00pabOTKMU PE3yIbTAaTOB MOCTE AHATUTHUYECKOW MPOBEPKH.

2. CucreMaTH4ecKMe  OMMOKM  BBI3BIBAIOTCA  (DAKTOpaMH,  JCHCTBYIONIUMH
OJIMHAKOBBIM 00pa3oM MpU MHOTOKPAaTHOM TOBTOPEHHU OJHUX M TeX XK€ H3MEpEeHUH.
Hanpumep, mnocne mpoBeneHUs cepuu HM3MEpEeHUH OOHapyKHBaeTcs HelpaBUiIbHAs
peryarpoBKa Npubopa Ha HYJIEBYIO OTMETKY.

B cnydae cucremaTHueckux OIIMOOK MX OOHAPYXKHBAIOT W BBOAAT KOPPEKIMIO B
pe3yiabTarel HaOmoaeH!H. OJHAKO MOJTHOCTBIO 3TH OIIMOKH BCETAa HUCKIIOYMUTH HE yIaeTCs.

3. Ciyvaiinple OIMMOKM HM3MEPEHMS BBI3BIBAIOTCS OOJBIIMM KOJUYECTBOM TaKUX
(daxTopoB, >PPEKThl NEHCTBHS KOTOPHIX CTOJIb HE3HAYMTEIBbHBI, YTO HMX HEJIB3S y4eCTh B
oraensHOocTH. CiydaifHyr0 OIIMOKY MOXKHO paccMaTpuBaTh Kak CyMMapHbIi 3¢ddekr



neiictBuss  Takux (akTopoB. CiydaiiHble OIIMOKH SBJSIFOTCS HEYCTPAHMMBIMH, HO C
MOMOIIBI0 METOJO0B TEOPHH BEPOSATHOCTEH MX MOXHO YYECTh M BHECTH COOTBETCTBYIOIIHC
MOTIPABKU K HCTUHHOMY 3HAYCHHUIO.

Eciu uaMepeHus: BBIOJIHSIOTCS HEOJAHOKPATHO, TO UX Pe3yJbTaThl 0003HAUUM X1,
X2, ..., Xn (n =1, 2, ..., 1), Torna pa3HocTH [IXj = Xj - X0 Ha3bIBAIOTCS aOCOIIOTHOM
OIITNOKOM.

KauecTBo pe3ysbTaToB H3MEpeHU yI00HO XapaKTepu30BaTh HE aOCOIIOTHOM, a
OTHOCHUTEJIBHONH OIIMOKOW, KOTOpas paBHAETCA OTHOIICHHIO aOCOJIIOTHOH OIMMOKH K
UCTHHHOMY 3HAYCHUIO W3MEPSICMON BEIIMYMHBI B MPOICHTAX, TO €CTh:

Ax,

Xp

.100,% .

[lpy w3MepeHusX (PU3UYECKUX BEIUYHH, KOTJa OCHOBHYIO pOJIb HIPAIOT
CIIy4aifHbIe OIIMOKH, BCE OICHKH TOYHOCTH M3MEPEHUN MOXKHO CJelaTh TOJIBKO C HEKOTOPOM
BEPOSATHOCTBIO. [Ipy 3TOM 4YacTh OmHMOOK OyJeT MOJOXHTEIbHOM, YacTh — OTPULIATEIHHOH,
YTO OYEHb HEYTOOHO.

HOSTOMy, OIIINOKHU H3MepeHHﬁ pacCMaTpuBarOT KakK cnyqaﬁHy}o BCJIMYMHY B
CTaTHUCTHYCCKOU COBOKYITHOCTH.

Cratuctudeckass COBOKYIIHOCTb — O3TO COBOKYIHOCTb 3HAUEHUN CIIydalHOU
IIEPEMEHHOM, KOTOpHIE IOJYYEHBI B PEe3yJbTaTe M3MEPEHUM M Ha IPAKTHUKE MCCIIEI0BATENb
BCErZla pacloiaraeT JIMIb OrPAaHUYEHHBIM YHCIOM 3HAUEHUN CIydalHOM BEJIMYMHBI,
IIPEJICTaBIISIFOIIMM COOOM HEKOTOPYIO BBIOOPKY M3 F€HEpabHON COBOKYITHOCTH.

Ilo BbIOOpKe MOryr OBITh  paccuMTaHbl  BbIOOPOYHBIE  CTATUCTUYECKHE
XapaKTEPUCTUKH (BBIOOPOYHOE CpeaHEe, BRIOOpOYHAsl AUCTIEPCHUS U T.II.), KOTOPBIC SBIISIIOTCS
OLIEHKaMHU COOTBETCTBYIOIUX T'€HEPaTbHBIX CTATUCTUYECKUX XAPAKTEPUCTHUK (MTapaMeTpoB).

MaremaTuueckas CTaTHUCTHKA  TpEeAbSIBISIET K  OLEHKaM  TpeOoBaHMs
COCTOSITENIBHOCTH, HECMEIIEHHOCTH U 3((PEKTUBHOCTH.

OrneHka Ha3bIBAETCS COCTOSTEIBHOM, €CJIM C yBEIMYEHHEM oObeMa BBIOOPKH OHa
CTpeMUTCS (110 BEPOATHOCTH) K OLIEHUBAEMOMY ITapaMeTpy.

OreHka Ha3bIBae€TCS HECMEILEHHOM, €CIM €€ MaTeMaTHYeCKoe OXKUJaHue MPU JII0O0M
00BemMe BEIOOPKH PABHO OLIEHUBAEMOMY ITapaMeTpy.

OI_IGHKa Ha3bIBACTCA 3(1)(1)6KTI/IBHOI71, €Clin €€ Jucnepcuss MUHUMAJIbHO BO3MOYKHAsA U3
BCE€X BO3MOXKHBIX OLICHOK.

Jlis  OLEHKM WCTUHHOTO 3HA4YeHHUs (U3WYCCKONH BEIUYMHBI TPUHUMACTCS ee
cpenHee apudMeTHIECKOe 3HAUCHHE, ONPEIISIeMOe 110 GopMyJIe:

X, +x,+..+x,

n
X = :_ZJ‘:‘:
i=l

n n

(1.1)
1€ N - YUcCjio HOBTOpHOCTeﬁ OIIbITA (‘-II/ICJ'IO H3MepeHHfI).

B wmaremarnyeckoil CTaTHCTHKE JOKa3aHO, 4YTO B OOJBIIMHCTBE CIy4acB
CITy4aifHbIe OIIMOKHU MOAYMHSIOTCS HOPMAJIbHOMY 3aKOHY pacIipeieIeHHsI.

JUiss OLeHKH Cchoy4aiiHOM OIIMOKM HM3MEpPEHHMH CYIIECTBYET HECKOJIBKO CIIOCOOOB.
HauOonee pacnpocTpaHeHa OLEHKa C IOMOLIbIO CPEIHEro KBaJApaTUYHOI'O OTKJIOHEHUS
(crannmapra), onpezensemas o popmysie:
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| n
[ .7 _ l (-T_-l_‘)’z
l.'fxl,—x)‘+...+fx”—x)2 2

| i=1
5, = =
'1 \'l n—1 \l n—1

(1.2)

KBagpaT sToll BeamuyuHBI Ha3bIBAaCTCsS AucCliepcueil m3MmepeHuil. Jlucnepcuto, a
3aTeM U CPEAHIOI0  KBaJpaTUYEeCKyl0 OMMOKY mpu padoTe Ha  KIABHUIIHBIX
BBIYUCIUTENBHBIX MalIMHAX YyJOOHEEe pacCUMTHIBATh IO aNreOpanveckd SKBHUBAJICHTHOM
(opMyIte, KOTOPYHO MOKHO MONYYHTh Pa3IoKEHUEM CyMMBbI KBaapaToB Y. (x; — X)2

n n
—.2 2 — =2 2 — =2 2 - —2 2 — =2
Z(xi—x)‘zzmi —2XX+X7) =X, “2XX+X"+X, —“2X,X+X +...+X, —2X, X+X =
=1 i=1
- 2
n 1 3
n ZZXi n in

2 2 2 — 2 =2 = 2 i= i=
=(X, +X, b+ X, )= 2X(X 4 X, A X X X ALY ) = > x,; ——=L—>"x, +n| = —
n n
1=1 1=1

2

1=1
i=1 n

Tornma

n- ' (1.3)

B IMPUBEACHHBIX cpopMynax H606XOI[I/IMO YYUTLIBATD, UTO IPHU BBIYUCIICHUH OLCHKU
JUCIICPCUH BEJIMUYMHA X IPUHUMACTCA C TEM K€ KOJIMYECTBOM 3HAYaAIIMX I_[I/I(l)p, qTO U
BEJIINYUHEI X | . -

ITycth 0. 03Ha4aeT BEpOSATHOCTb TOT'O, UTO PE3YNIbTAT U3MEPEHUN

OTJIINYACTCA OT UICTUHHOI'O 3HAYCHHA Ha BCIIMYNHY, HC 6OJ'II)H_IYIO, geM OTO IMPUHATO 3aIIMCbIBATH
B BUJC:

Ptx DOAX 0% DOx DOAX) D000

BCpOHTHOCTB Ha3bIBACTCA HOBCpHTCHLHOﬁ BCPOATHOCTBHIO UJIN

KodduirrieHToM HagexHoctn. MutepBan X [J[JAX no X [J[JAX nHa3biBaercs
JIOBEPUTEIILHBIM UHTEPBAJIOM.

Yem Oospmmeid  HAAEKHOCTH MBI TpeOyeM, TeM  OOJIBIIUM  TOJTy4aeTcs
JIOBEPUTENBHBIA WHTEPBAI M HA000POT: YeM OoJbllle JOBEPUTEIbHBIN HHTEPBAI MBI 33]acM,
TEM BEpOSITHEE, YTO PE3yIbTaThl U3MEPEHUN HE BBIMIYT 3a €ro Mpeaebl.

TakuMm oOpa3om, MPUXOAUM K OYCHb BXKHOMY 3aKIIOUEHUIO: I XapaKTEPUCTHKU
CIy4yaliHOW OmuOKM HEoOXOJAMMO 3aJaTh JiBa YWCIIa, @ UMEHHO: BEIIMYMHY CaMOW OIIUOKH
(WM 1OBEpPUTENBHOTO HWHTEPBAJA) W BEIMUYMHY JOBEPUTEIBHON BEPOSTHOCTU. 3aJaHUe



BEJIMYMHBI OIMMUOKA 0€3 JOBEpUTEIHHON BEPOSTHOCTH HE MMEET CMBICTA, TaK KaK MMeEeTCs
HEOIpeAENEHHOCTh B 0003HaYeHUH TPAHUI] U3MEHEHUS CITy4ailHON BeTIMYMHBI (OIHUOKN).

Cmamucmuyueckas npoeepka cunomes

[lon cTaTUCTHYECKUMH THIOTE3aMU MOHMMAIOTCSI HEKOTOpBIE MPEANOI0KEHHUS
OTHOCHUTEJIbHO 3HAYEHUW TEeHEPAJTbHBIX CTAaTUCTUYECKUX XaPaKTEPUCTUK M T'e€HEPAIbHBIX
pacrnpeziesieHui BEpOITHOCTH.

HpOBepKa THUIIOTE3bl 3aKI0YAaCTCAd B COIIOCTABJICHUHN HCKOTOPBIX CTATUCTHUYCCKUX
HOK&?)&TCJ'ICI‘/’I, KPUTCPUCB IIPOBEPKH, BBIYUCIIICMBIX II0 JaHHBIM BI)I60pKI/I, CO 3HAa4YCHHUsSIMU
9TUX HOK&?;&TCJICﬁ, OMPCACIICHHBIMHU TCOPCTUYCCKU B MNPCAINIOJIOKCHUHU, YTO MPOBCPACMan
Tu110Te3a BEpHA.

Jlyist KpuTepreB POBEPKH BRIOMPAIOTCS HAJUICkKAIIHe YpoBHU 3HaunMocTH ( = 10%,
5%, 2% wu T.1.), OTBEYAKOUIUE COOBITUSM, KOTOPBIE IPU MPOBOJAUMBIX HCCIEIOBAHUIX
CUHMTAIOTCA (C HEKOTOPBIM PHCKOM) IMPAKTUYECKH HEBO3MOXXHBIMH. CIEIyIOIIUM 3TaroM
SIBIIICTCSL  OIPEJCICHUE KPHUTUYSCKOM O00JIACTH NPHMEHSIEMOI'0 KPUTEPHs, BEPOSITHOCTh
MOMaJlaHusl B KOTOPYIO B CiIydae, €CIM THUIOTe3a BEpPHA, B TOYHOCTH paBHA YPOBHIO
3HAYMMOCTH.

Ecmu g - ypOBE€Hb 3HAYMMOCTH, TO BCPOSATHOCTH MOIIAJJaHUSA B 001acTh

q

JIOMYCTHMBIX 3HaueHui papua 1L
100

CraTucTHuecKHe KpUTEpUM SBISIOTCS MpaBUJIaMM, KOTOpPbIE MO3BOJSIOT JIeNaTh
BBIBOJIbI O CBOMCTBAX MapaMeTpOB F'eHEepaIbHON COBOKYITHOCTH, C

NPUHATBIM YPOBHEM 3HAYMMOCTH, Ha OCHOBaHMM MH(OPMAIUH, MOJYyYEHHOH MO JaHHBIM
BBIOOPOK.

PaccmoTpuM Te U3 HUX, KOTOpbIE HabOJIee YaCTO MPUMEHSIOTCS B TEOPUN
iaHupoBaHus akcriepuMenta (TI19).

1. t— xputepuii CTpro/IeHTa IPUMEHSAETCS, KOT/Ia HEOOXOMMO CIENaTh

BBIBOJ, PABHO JIKX MATCMATHUYCCKOC OKUJIAHUC

MX L [fenepanbHOl COBOKYITHOCTH

HEKOTOPOMY TIperojaraeMomMy 3HadeHuio C, Wiin Koraa Hy>KHO ITOCTPOUTh

}IOBCpHTeHLHBIﬁ HUHTCPpBAJI AJId

M X[,

JlokazaHo, 4TO cily4aiiHasi BeJIMYMHA

xt s{x} (1.4)

pacrtipenenieHa mmo 3akoHy CTBIOJIEHTa, €CITH pacipeaesieHne X HOPMaJbHO.

. @f-.-w{x}_ Y- Mix}
&



3necs N - 06bem BeIOOpKH; SLX[I [- cpennee kBagpaTnueckoe OTKIOHEHHE
[
._f—. N }
_ S y= — .
3 N

CIIy4ailHOUM BEIMYMHBI X
SLX[I[-cpennee kBapaTHIeCcKOE OTKIOHCHUE CPETHETO

Ha pucynke 1.1 nmokasans! kpuBble AudQepeHInanTb-HOro 3aKoHa
H

pactipenenenus [I(t) st pasnmuunbix crenenei ceodoast f LN (101, no kotopsim
2
BEIUKCIISIETCS HecMeleHHas onlenKa aucrepenn S X}, Ilpu N —oo kpusas [1(t) mpubmmkaercs K

KPHBOW HOPMHPOBAHHOTO HOPMAJIBHOI'O PACIIPEACIICHHS
AP

2 +hp 4

4 e -2 0 2

Pucynok 1.1 - Tuddepennmansusie kpussie t-pacnpenenenus CThioeHTa

W3 pucynka 1.1 BugHO, 4To t — pacmpeneneHie CHMMETPHYHO OTHOCHTENHHO T =0
1

MOA3TOMY B TaONUIIAX, TJI€ TPUBOASITCS KPUTHUECCKUE 3HAUCHHUS tk’p 0 th f mist npuHATOrO
YPOBHSI 3HAYMMOCTH (] U UMEIOIIET0Cs YnCIIa CTerneHei cBo0o bl f, 3a1ar0Test auib

MIOJIOKUTEIIbHBIE th (mpunoxenwue 1)
Ecim ipu pacuere no dopmyne (1.4) oxaxeres, uro LU L, , To nemaeres

BbIBOAI, 4TO rumnoreza MIX[] [1[IC He mpOTUBOPEUUT pe3ysibTaTaM HaOIIOJeHUN

IIPY IPUHATOM YPOBHE 3HAUMMOCTH (]
Pacuer noBepuTenpbHOr0 HHTEPBAa BBHITIOIHSIETCS TT0 (hopmyIie

S{r}

(15)

ﬁx-—————
!

2. F — xpurepnii ®uinepa Ha3bIBAETCS IMCIIEPCHOHHBIM OTHOMICHHEM, TaK Kak
OH (dopmHupyeTCs KakK OTHOIIEGHHWE JIBYX CPaBHHUBAE€MBbIX HECMEIICHHBIX  OIIEHOK
JIACTIEPCUI:
2f
§ 1-‘7} (1.6)
F=2t"0)1
el | :
s;{x}”



MpUYEM B UHCIUTENb CTaBUTCS OonbIlas U3 1ByX nucnepcuid. Pacuernoe F cpaBHuBaetcs ¢

wo =L, THE  Fl .
KPUTHICCKUM e 'Y HAXOJUTCA U3 IMMPUTTOKCHUA 2 IJIA CTCIICHECHU
CBOOO/IBI:
.f} = .f'.m'.nm-u'.m = ‘ﬁv} - "'F'.
fi=r =N,-1

o PN R U PP E

2
rae N1 — gucno »1eMeHTOB BBIOOPKH, IO KOTOPBIM BbruMciieHa S1° [X[] a N2 —uucio

2 - -
3JIEMEHTOB BBIOOPKH, [0 KOTOPBIM ToiydeHa S2 X npuuem f1 — HaxomauTcst B rOpH30HTATIBHOM
3aroyioBke Tabuuiel, a f2 — ciieBa B BepTHKaIBHOM 3aroJI0BKe, st IPHHITOTO YPOBHSI
3HAYUMOCTH (.

Ha pucynke 1.2 nokazansl kpussie F — pacnpenenenus @uepa.

3amTpuxoBaHa 00J1aCTh KPUTUIECKUX 3HAUCHU F.

P

1.0
08 (10:50)
0.6
0.4

0.2

—
%]
a y
&

Pucynok 1.2 - lupdepennmansupie kpuBble F-pacnpenenenns Oumiepa

2 2
Tpu npoepke Hyb-runotesst (01 Loz [ DO) 0 PaBEHCTBE IBYX I'CHEPAIbHBIX

nucniepcuit, Beraucisiercs F, Beraucisercs F, Si M S 1o qaHHBIM BBIOOPOK U

cpaBHuBaetcs ¢ Tabmmanbv 3nauenneM Fo(f1 | f2) . Ecin naiinennoe n3 nabmonennii snauenne F -
KpHTEepHs OKa3biBaeTCs Menbiie Tabmuusoro, Fg(f1, f2), To myns-rumoresa o pasencrse aByx
JCIIEPCUI HE OTBEPraeTcsl.

Korna ¢ Hynb-runore3oil KOHKypupyeT albTepHaTHBHAs TMIIOTE3a

. 2 2
o, Fad,),
L 2); TO MPUHATO OTOpackIBaTh HYJb-THIIOTE3Y, €ClIH F pacyeTHOe MPEeBOCXOIUT BEpXHEe

KPUTHYCCKOC 3HAUCHUC. HpI/I 9TOM BCs KpUTHYCCKAA o0IacThb KpuTepus 6yI[CT OTBCYATh YPOBHIO

Ecnu Berancnennoe no ypasaenuo (1.6)
F OO FKp ,
TO MPUHUMAETCS HYJIb-TUTIOTE3a O PABEHCTBE 'eHEePaIbHBIX JUCTIEpCUi



o {x}— 9, {x}__ OPpU IIPUHSATOM YPOBHE 3HAUMMOCTH.
3. G — kpurtepnii KoxpsHa NPHUMEHSETCS Il OLEHKHM OJXHOPOIHOCTH

HECMEIIEHHBIX OIICHOK JHMCIIEPCHH, BBIYMCIECHHBIX MO OAWHaKoBoMY ywciy N HabmoaeHui.
OH popMupyeTcst Kak OTHOIICHHE MaKCUMAIbHOM M3 CPaBHUBACMBIX JAMCIICPCUIA K CYMME BCEX
K — TUCTIEPCUI:

s
2

G
IS

J=d

LIFEFL

Econ

Gmax NGk, UGy, f1 ,f 2,
TO BI)I60pOIJHI)Ie I[I/ICHepCI/II/I OIIHOpOI[HI)I.

Pacnipenenenue G TabynupoBano (Tabnuua 3 npunoxenus). Yucna

cTerneHer cBoOO/IbI, IO KOTOPHIM BBIOUPAETCS U3 TA0JIUII

G Kp » PABHBL

-fa' = .-f:.m.'.nmu'.m = ‘h"r.' - f-.
£ = oo =K

& FHOMERITIENA

rae f1 —uucno creneneit cBOGOABI YMCIHUTENS;
f2 — umcno cremeneilt cBOGOABI 3HAMEHATENS M ONPENEISIETCS YUCIOM

BCEX CpaBHUBACMBIX I[I/ICHepCI/II‘/JL

Iopsdok npumenenus G — kpumepus
1. Tlo maHHBIM BBIGOPOK BEIYUCIISIOTCS TUCTIEPCHH 52 {‘{.‘}
2. U3 Beex nucnepenii Beioupaerest S HXlpagy ; ’
L 1
3. Brruucnsercs cymma 3 fx}.
1

G (G, =G ..
4, PaccuutsiBaeTcsa smMnupuyeckoe i il

Ecau ato YCJIOBHC BBIIIOJHACTCA, TO AUCIICPCUNA OAHOPOIHBI.



Hpoeepka cunomesvl 0 paseHcmee mamemamuiecKkozo 02HCUOAHUA 3a0aHH0My 3HAY€eHUro
C

Yacto BCTpCHAromanAcsd 3ajgayda CTaTUCTUYECKOU IIPOBCPKHU THUIIOTE3 3AKIIIOYACTCSA B TOM,
qTo Tpe6yeTC$I OIIPECACIINTE PABECHCTBO MAaTEMaTH4Y€CKOI'O

oxuganus My kakomy-nu6o nocrosuaoMy unciy C, o ects My [ILC , Kpurepuem

IIPOBEPKU MPUHHUMACTCA BEIIMYNHA

vt (L7

HazbiBaeMas t— kpurepuem Cterogenta ¢ f [J[IN [J[11 crenensmu cBo6omabl, e N — 00bem
BBIOOPKH.

Ecnu BeiunciaeHHoe 3HaueHue t — KpUuTepusi He MPEBBIILIAET th O th o
HalIeHHOTO 1O Tabnuie 1 MpUIIoKeHHs Mo 3alaHHOMY YPOBHIO 3HAYMMOCTHU ( U

quciy creneneit ceodop! f, To ucxonHas rumnoresa My [10]C npuHuMaeTcs.

a. Onpeoenenue HeoOXOOUMO20 HYUCIA NOBMOPHOCMEU ONbIMOG
(06vema 8b100pKU, YUCIA NAPATLIETILHBIX ONbINOS)

HpI/I OOBIYHBIX TEXHHYECKUX HN3MCPCHUAX ObIBaeT AO0CTAaTOYHBIM IPHUHATH

noBeputenbHbI nHTepBan X [101000,05...0,100[X 1 [AOBEpUTENBbHYIO BEPOSTHOCTD
P 10,95, a B orBeTcTBeHHbIX cityyasx P [1010,99.
Ecnu B pacniopsikeHHN HCciIe0BaTeNs UMEETCsl 3HaYeHHEe CPEIHEro

KBaJIpaTHYHOTro OTKJIOHEeHHs S-XL, T0 HE0OX0MMOE YKCIIO H3MEPEHUI

ompezensiercs u3 LX mo popmysie

£ 54}

N =
(1.8)

rac th — KPpUTHUYCCKOC 3HAUCHUC KPUTCPUA CTBIO,Z[CHTS., MPUHATOC 110

tabiuue 1 mpuioXeHusl ¢ YUCIOM CTeneHeill CBOOOJbl, ¢ KOTOPHIM BBIUMCIIEHA

2
S LXU Ly mpunsTOM YpOBHE 3HAYUMOCTH (.
b.

C. Hcknrouenue epybvix ouubOK (npomaxos)

Eciu B HCCIICAYCMOM Py HMCIOTCA CHJIIBHO OTKIIOHAKOIIHUECS PC3YJIbTAaThI



HAOMO/IEHUH, TO HEOOXOAMMO TPOM3BECTH TNPOBEPKY MPHUHAMICKHOCTH I0J03PEBAEMOTO
U3MEPEHUS K UCCIEAYyEMOMY Psy.

J1J1s MICKITFOUEHUSs TPYOBIX OIMUOOK UCTIONB3YIOT t— kpuTepuii CThioIeHTA:

“Fmin o t,

X

(1.9)

rac Ko PE3YyJIbTaThl, KOTOPBIC CTABATCA 110 COMHCHUC,
—X — CpCAHCC 3HAUCHUEC, BEIYUCIICHHOC 0e3 moao3peBacMoro Ha6JHOI[eHI/ISI;

max
sExULL CPEIHEKBAIPATHIHOE OTKJIOHCHHE, BEIYUCIIEHHOE O3 X
min
max X
Bnauane BeIuuciIeHHS IPOBOJAT C HAOIIOACHUEM X ,azareMm c “min -

Ecim pacuetHoe 3Hauenue t [t g, f IPHHATOE 110 tabnuue 1 mpunoxeHus, To
H

pe3yIbTaT UCKIIFOYACTCA.

Ecimt [J th, f» TO PE3yJIbTAT HE UCKIIFOYACTCS.

3aoanue u nops0ok evlnonHeHUs pabomol

1. Bsare y npenonasatens MHAMBHIyalbHBIH BAPUAHT — JBE BBHIOOPKH OIBITOB
o 10 ciyuaitHbIX YnCel.

2. Pe3ynbTaThl ONBITOB M PACYETOB 3aIlMCaTh KAPAH/IAIIOM B TaOJIHUIy OTYETa.
daMUIMIO CTYACHTA U HOMEp IPYIIIbI 3211 CATh PYUKOH.

a) Haiitu mys kaxmoil BEIOOPKM OIEHKM MaTeMaTH4eCKOro OXXHUIaHWUS U

_ 2
nucniepenn (X uS ).

6) Ilo omHOIl M3 BHIOOPOK HAMTH JOBEpUTEIbHBIE T'PAHUIBI MATEMAaTUYECKOTO
OXHJIaHUS (C JOBEPUTEIBbHOW BeposiTHOCTHIO P = 0,95).

B) [IpoBepuTh THUIIOTE3y O PABCHCTBE HYIIF0 MAaTEMATHYECKOTO OXXUIAHHS IO OJTHOM
U3 BBIOOPOK (C ypoBHEM 3HAUUMOCTH ( = 5 %).

r) [IpoBepuTh TrUMOTE3y O paBEHCTBE IUCIEPCHI B JABYX MOJYYEHHBIX BBIOOpKax (C
YPOBHEM 3HaUUMOCTH ( = 5 %).

n) PaccumtaTh HEOOXOAMMOE YHCIO TOBTOPHOCTEH W3MEpPEHUM MJIs OJHOU U3
BBIOOPOK (c ypoBHeM 3HauMMocTd ( = 5 % u JOBEpUTENHHBIM HWHTEPBAJIOM B IMpeaenax
5...10 % ot cpeanero 3HaYEHMUS).

k) JIisl CHWIIBHO OTKJIOHSIOUIMXCS HAOJIOJCHUN 10 JaHHBIM OJHOW W3 BBIOOPOK
MIPOM3BECTH MPOBEPKY MPHHAICKHOCTH MTOA03PEBAEMBIX HAOIIOAEHUI K HCCACIyEMOMY PSITy
(c ypoBHeM 3HaunmocTu = 5 %).



Tema «O0padoTKa pe3yJbTATOB NPSAMbIX U KOCBEHHbIX U3MeEPEHUI»

IIpakTnyeckoe 3ansaTue Ne6.
H3ydyeHue MeTO/10B IVIAHMPOBAHMS IKCIIEPUMEHTA /1JIsl MOJIy4eHHUsT MO/1eJIN
perpeccuy BTOporo nopsiaka. Crarucrudyeckas o00padoTka Mmojelieil perpeccuu npu
IJIAHMPOBAHMHU BTOPOIO MOPSIAKA

[lenbto paboOTHI SABISETCS M3yUYEHUE METOJOB IUIAHMPOBAHUS SKCIIEPUMEHTA IS
IIOJIY4E€HUS MOJIEIIN PETPECCUU BTOPOTO MOPSAKA.

TEOPETUYECKOEOIINCAHHUE

Eciu nuneilinas wmopenb perpeccuu  (2.4) B mabopatopHoit pabore No 2
OKa3ajach HEAJCKBAaTHOW  pe3ysibTaTaM »dKCICPUMEHTa, TO 3aBUCUMOCTb  KPHUTEpHs
ONTUMU3AIMH OT BXOJHBIX (PaKTOPOB HEOOXOIMMO UCKATh B BHJIE MTOJUHOMA 0OJIee BBICOKOTO
nopsika. B TEXHUYECKHX HCCICNOBAaHUSAX C JIOCTATOYHOW TOYHOCTHIO

9THU 3aBUCUMOCTH aAllIIPOKCUMHUPYIOTCSA ITIOJIMHOMOM BTOPOI'O ITOpsAAAKA:

& i &

?
= w7 Y w7 =
F=by+ Y Ex + Y 'f"_r,rxrx_,r + ¥ by,

=i i# ] n={
[

(3.1)
rae | —uuncno pakropos (=1, 2, ..., Kk);
b0, bi, bij, bii — ouenku ko3 punUEeHTOB perpeccur MoJEIH BTOPOro NOPs/IKA.

Jnst monmydeHuss Mojnenu Broporo mopsaka (3.1) momp3yroTcs pe3ysibTaTamMu
AKCIIEPUMEHTA, MPOBEACHHOIO IO IUIaHYy BTOPOTo Mopsiika (IpHU aKTUBHOM SKCIIEPUMEHTE).

[Inanel BTOpOro mMOpsAAKa OTIMYAIOTCS OT JIMHEHHBIX TeM, 4TO (HaKTOpHI
BAPBUPYIOT HA HECKOJIBKUX YPOBHSAX, MUHUMYM Ha TPeX.

[Ipy mnocTpoeHMM TMJIAHOB  BTOPOrO  MOPSJAKAa  HUCHONB3YIOT  LIEHTPaJbHbIE
KOMITO3HMIIMOHHBIE (TO €CTh cTposimuecs mnocienoBarensbuo) twiansl (LIKII) Bxirouatomue

K
TOYKHU MOJTHOTO WA JPOOHOTO (PaKTOPHOTO SKCIIEpUMEHTA THTA 2

«3BE3HbIE TOYKH», PACMOJOXKEHHbIE MO (PAKTOPHBIM OCSIM CHMMETPUYHO OTHOCHUTEIBHO
neHTpa ruiada. Oomiee yucio touek LIKII Broporo mopsiaka ompenensiercst gopmynoit: N =

k

2"+ 2k + ko, rme kO — umciao HyneBbIX (LIIEHTPATBHBIX TOUCK).
[Tpy mOCTPOCHHUHM TUTAHOB HMCIOJB3YIOT Pa3IMYHbIC KPUTEPUH ONTHMATBHOCTH.

HawubGomee IHUPOKOC PacnpoCTpaHCHUC MOJIYYHJIN CJICAYrOmue IIJIaHBbI:
OpPTOrOHAJILHBIC, pOTaTaTa6CJ'IBHBIC u D — onTumanbsHEIE.

[Ipu OpTOroHaIbLHOM IUIAHUPOBAHUU OLEHKU KOA(P(UIMEHTOB MOJEIU PErpeccHu
(3.1) mony4aroTcs HE3aBUCUMBIMH JPYr OT Jpyra € MHHAMAQJIBHBIMU JIUCHICPCUSIMH.
®dakTopsl ¢ HE3HAYMMBIMH KOX(P(OUIIMEHTAMH MOXKHO cpa3y oTOpachiBaTh 0e€3 Tepecdera
OCTaBIIUXCSI 3HAYMMBIX OLIEHOK K0d()(PHUIIMEHTOB, KaK 3TO HEOOXOIUMO MPH HEOPTOTOHATBHBIX
TUTaHaXx.

OnHako Tpu  OPTOrOHAJIBHOM  IIJIAHUPOBAaHMM  BTOPOrO  IOpPsKAa TOYHOCTb
IpelCcKa3aHusl KPUTEpUS ONTHMHU3ALMU TPU TOBOpPOTE (HAKTOPHBIX OCEeH HEOoAMHAKOBA.
Hannyumuim ¢ 3Tol TOYKM 3pEHMS CIYKUT TaKOoe€ MaTeMAaTHYECKOE OINMCAHME, KOTOPOE JacT



OIWMHAKOBYIO TOYHOCTb MPCACKa3aHUAd KPUTCPUA

U
onTUMM3aIUu Y BO BcexX HaIpaBJICHUAX Ha OJJMHAKOBOM PaCCTOAHUU OT LHECHTpaA

mnaHa. Takoe MaTeMaTHYeCKOe OIUCaHUE MOJIy4acTCA Ipu pOTaTa6€HLHOM KOMIIO3MIITMOHHOM
IJIAHUPOBAHUH.

ToyHOCTh oOLEHWBAaHUS KOI(PPUIMEHTOB MOJEIU PErpeccuu XapaKTepHU3yeTcs
JJUIMIICOUIOM PACCESHUS WX OLEHOK. [lmaHumpoBaHme, HpuU KOTOPOM TpeOyeTcs, 4YTOOBI
00BbEM DIIIMIICOM/IA PACCTOSHUS OLEHOK KOA(PPHUIMEHTOB ObUT MUHUMAIbHBIM, Ha3biBaeTcs D
— ONITHMAJIbHBIM.

B nacrosmiee BpeMsi B TEOpUH IIAHUPOBAHUS HKCIEPUMEHTA pPa3padOTaHbl METObI
IOCTPOCHMsI BCEX THUIOB IUIAHOB, (HOpMyJbl JUIsI pacueTa OLIGHOK KO3((UIMEHTOB
perpeccun M craTucTuueckas oOpaboOTKa pe3ysjbTaTOB 3KCIEPHMEHTA.

CpoiicTBoM poraTaGenbHOCTH 0071aaeT W psAJ HEKOMIIO3UMIMOHHBIX IU1aHOB. Ha
pucynke 3.1 mokazaH poraTaOeNbHBIA IUIAH BTOPOTO TMOPSAAKA s IBYX (DaKTOPOB B BHUJIE
HPaBWIBHOTO IIECTHYTOJbHUKA (IUIAH HA IIECTHYTOJbHUKE).

OCOOEHHOCTH JTaHHOTO IUIaHA 3aKIIYAlOTCS B TOM, YTO OJMH (akrtop (X2)
BappUpPyeT Ha TpeX YPOBHAX, a Jpyroi (X1) — Ha maTH ypoBHAX. B  HekoTOphIX
KOHKPETHBIX CUTYaLUsIX 3TO ObIBACT yOOHO.

Xz

-0,866

Pucynok 3.1 — HamMeHnbImmii potaTaOebHBIN TIaH Ha MIECTHYTOJIBHUKE IS ABYX
¢bakxTopoB

®dakTopsl HOPMUPOBAHBL. MaTpuIila HEKOMIIO3UIIMOHHOTO POTOTA0EIBHOTO TINIaHa
BTOPOTO MOPSIIKA TS IBYX (haKTOPOB MpejicTaBiieHa B Tadmuie 3.1.

Tabmuua 3.1 — Matpuiia HauMeHbIIEro poraTadebHOTO TIaHa BTOPOTO MOPSIKa
U1 ABYX (haKTOpOB



[lnan . l Pacuernan marpuua Kpurepui
Homepa 5 E OII THMH A1 HH
. X *p X X X; X; X ; 7
1 1| -F | 0 | 0 1 0 7
2 + 1 + 1 0 0 1 0 ¥a
3 +1 | 05 | 0866 0433 | 025 | 075 7,
4 + 1 0.5 0,866 @ -04332 0,25 0,75 ¥,
5 +1 | -05 | 0866 @ -0433 | 025 | 075 7,
6 + 1 -0.3 0,866 @ 0433 0.25 0,75 ¥,
7 +1 0 0 0 0 0 Yo

Ouenku k03 durmentoB perpeccur Monenu (3.1) paccUMTBIBAIOTCS 10
CIIeyoIUM (popMysiaMm.

CBOOOIHBIN YIeH

by = Fa.
(3.2)
rae Y0 — cpeaHee 1o pe3ynbTraTtaM OMBITOB B IIEHTPE TUIaHA.
Jluneiinble onieHKH K03 PUIMEHTOB perpeccuu PakToOpoB:
Y
h=T%x ¥

i Vo MW W

o=l (3.3)

rae 75 — pacueTHbIi ko duument, npu K =2 73 = 0,33333.

Onenku k03¢ (HULIMEHTOB NPYU MaPHBIX B3aUMOIEUCTBUSX:

W
b =T

_ Grox X ¥
5 ﬂ:: M pe a? (34)

rne T6 — pacuetHbiid kodpduuuent. [Tpu k =2 Tg = 1,33333.

OneHk# K03 GUIMEHTOB KBaApaTUYHBIX 3¢ (HEeKTOB (PaKTOPOB:

N & N
. 5 . —_ . —
b, =T, 2 a7, 4T, 2 a7 -T2} 57,
] =

Ll LIE

L

3
i’ —
=l d=

(3.5)

rae T2, T4, T5 — pacuernbie ko3ddunuentsl. [Ipuk =2 T2 =1,0; T4 = 0,66667;



T5=0,83333.

Cmamucmuyeckass obpabomka mooenel pespeccuu npu
NIAHUPOBAHUU BMOPO2O NOPAOKA

Cratuctudeckas 00paboTka pe3ylbTaTOB IJIAHUPOBAHUS BTOPOTO MOPSIKA
IPOM3BOIUTCS MO aHAJOTMM C JUHEHHbIMU IU1aHaMu (cM. [IpakTuueckoe 3aHsTHE

Ne 2), HO ©MeeT HEKOTOPbIE OCOOCHHOCTH.

Hampumep, BeIYMCIICHNE OLIEHOK JUCIEPCHI TIPOU3BOIUTCS PA3ACIbHO IS
pasnuaHbIX rpymn kosddurmentos (b0 ,bj \bjj 1 bjj ).

Bhauvase ocymecTBisieTcs mpoBepka OAHOPOAHOCTH HabmroneHuit B ctpokax MII ¢
nomouibto kpurepust Koxpana, /Uit 4ero BEIYUCIISIETCS:

| &
= e

rac

L (3.7)
371ech M — YUCIIo MapaijiesIbHbIX ONbITOB B cTpokax MII.
Beipaxxenus (3.6) u (3.7) cripaBeUIMBBI, KOT/Ia YKCIIO MApaUICIbHBIX OIBITOB
OJMHAKOBO B cTpokax MII.
Ecnm BerumcienHoe 1o BepakeHuto (3.6) 3HaueHne Gmax OKaKETCS MEHbIIES

KPUTHYECKOTO GKp, HaitienHoro o Tabnuie 3 nprnokeHust it f1 =m-1

u 2 = N u BEIOpaHHOTO YPOBHS 3HAYMMOCTH, TO TUIIOTE3a 00 OJJHOPOTHOCTH HAOIIOACHUI

PUHUMAETCS.

[TpoBepka rumoTe3bl 0 3HAYMMOCTH OLIEHOK KO3((UIIMEHTOB perpeccuu
MIPOU3BOIAT ¢ momolIbko t — kpurepust CTrofeHTa:

(3.8)

e SLbj L[ cpenaexBanpaTtrueckoe oTKIIOHEHNE KodduimenTa bj.

IIpu w1anupoBanuu BToporo nopsiaka SLDj [ Conpenensercs pazaensHo s

pasHbIX rpynn ouerok (b ,bj ,bjj u bjj ) koodduumentos u onenkn sibj (B ypaBreHNH

(3.8) OyayT ogMHAKOBBI TOJILKO BHYTPH JaHHOH IPYIIIIBI OLEHOK KO3 (HUIIHEHTOB.

Jucnepcun it OUEHOK  KOA((UIMEHTOB  pEerpeccuud  OMpPEeNeNsitoTcs IO



dopmynam (11 HAMMEHBIIETO POTAaTa0eIFHOTO TUIAaHA BTOPOT'O MOPAIKA A IBYX (DaKTOpOB):
SChp O D CT7sCy] (3.9
rae T7 — pacueTHblid kodpdunment, npu K =2 T7 = 1,0;

sUy[[l— cpeHEKBapaTUUHOE OTKIOHEHHE OIIMOKHU OMBITOB U PU PAaBHOMEPHOM TyOIHpPOBAHUI
ombITOB B cTpokax MII onpenensiercs o hopmyoe:

(3.10)
sthj O CTgsly, (3.11)
rae T8 — pacuetHbli kKodddurment u npu kK =2 T8 =0,57735.
5{5 } Fms‘b (3.12)
riae T9 — pacueTHblid KodpuuueHt u ipu K =2 T9 = 1,1547.
sChjj O TSy, (3.13)
rae T10 — pacuetHblit Ko3dduuueHt u npu K =2 T10 = 1,22474.
Ecim  pacuetHas BenmunHa 10 BhIpaxkeHuto (3.8) t — mpesblmaeT 3HaveHwe,

omnpeneneHHoe 1o Tabmuie 1 mpuiokeHus Ui umcna creneHed cBobomapl f= N(m-1) mpwu
33JJaHHOM YPOBHE 3HAYUMOCTH (, TO KOI(PPHUITUCHT CUUTACTCS 3HATNMBIM.

Z[J'ISI IIPOBEPKU TUIIOTE3BI 00 aJICKBATHOCTH IMPEACTaBJICHHUA  PC3YJIbTATOB
SKCIICPUMCHTA MOJICJIBIO BTOPOT'O IMOPsAKa H€06XOI[I/IMO OLICHUTH

o 1 ‘
OTKJIOHCHUE ITPEACKA3aHHOU MOJICIIBIO -+ B TEX K€ CTPOKaxX MII.

P z
Jlucriepcus aiekKBaTHOCTH ' TIPU PaBHOMEPHOM TyOJIMPOBAHHUH OTIBITOB,
ompenensiercs mo popmye:

N
2 g M 7 -3 ¥
¥ = - - 2 AN, W,
-ll" "'-.'?.'\.I ' ' ’

(3.14)

rie d — 9rcio oneHoK KO3 PHUIIMEHTOB pErpecCHr MO, BKIItoYas 1 bQ;

Y4 — pacyeTHOE 3HAUEHHE KPUTEPHs ONTUMH3AINK B U—-0ii cTpoke MIT.

HpOBepKa AJICKBATHOCTH BBIIIOJIHACTCA 110 F- KpUTCPULIO @Hmepa, KOTOpLIf/'I
BBIYHCIIACTCA KaK OTHOIICHUC!



(3.15)

Ecnu Berumciaennoe mo BeipakeHuio (3.15) 3nauenue F meHbime FKp, HaWEHHOTO
110 TabnuIe 2 MPUIOKEHHS I Yyuciia crerneHei cBoooabl uucautens fyycn =N - d u fapau
= N(m-1) npu 3amaHHOM ypOBHE B3HAYMMOCTH (], TO MOJENIb CYMTACTCS aJCKBATHOW W
Hao00pOT.

3A/JAHHUE U ITIOPA/]OK BBIIIOJIHEHUA PABOTBI

1. Bsars y npenomaBarens — WHAMBHMAYyalbHBIM  BapUaHT  pe3yJIbTaTOB
OKCIEPUMEHTAa 10 HAMMEHBIIEMY pOTaTaOeIbHOMY IUIAHY JUIS TIOCTPOCHHS MOJIENHU
perpeccuy BTOPOTO TMOPSIKA, YPOBHH M HWHTEPBAJ BapbHpPOBaHUS (aKTOpaMu s ABYX
(bakTopoB.

2. PaccunTath oueHKH Kod(pduuueHToB perpeccun moxenu (3.1) s aByx
dakropoB. OIEHUTH OJHOPOAHOCTH HaOMIOAeHWI Mo Kputeputo KoxpsHa, 3HAYUMOCTH
OIICHOK KO3 (HUIIMEHTOB perpeccuu Mo Kputepruio CThIOJICHTa U aJeKBATHOCTh MOJICIH I10
kputepuro Ourniepa. [TocTpouTh KBaIpaTUYHYIO MO PETPECCHH.



Tema «Annpoxchaum{ ONIBITHBIX JaAHHBIX)»

IIpakTuyeckoe 3ansiTue Ne7.
Pacuér annpokcuManum IKCePpUMEHTAJbHBIX JaHHBIX ¢ HCNOJIb30BaHneM Microsoft
Excel.

TeopeTnyeckue CBEICHUS

Amnmpokcumanus — 3TO TIporecc moadopa HSMOUpUYECKOH (yHKIUU O(X) I
YCTAQHOBJICHHSI U3 OIBITa (PYHKIIMOHAIBHOM 3aBUCUMOCTH y= ((X). IlycTh BenuumnHa y siBIseTCs
dyHKIMel aprymMeHTa X. JTO O3HAYaeT, YTO JIFOOOMY 3HAUEHHUIO X W3 00JacTH OIpelesICHUs
MIOCTAaBJICHO B COOTBETCTBUM 3HaueHHe y. BmecTe ¢ TeM Ha MpaKTHKE 4acTO HEU3BECTHA SBHAs
CBSI3b MEXKIY Y M X, T.6. HEBO3MOXHO 3ammcaTh O3Ty cCBi3b B Buae y=f(x). Haumboiee
pacrpocTpaHEeHHBIM U TPAKTUYECKH BXHBIM CITydaeM, KOT/Ia BUJ CBSI3U MEXY MapaMeTpaMu X
U y HEU3BECTEH, SIBISETCA 33/JlaHUE STOW CBSI3M B BUAE HEKOTOPOW Tabmuubl {Xi Yi}. ITO
03HAYaeT, YTO JUCKPETHOMY MHOXKECTBY 3HAUCHHI apryMEHTa {Xi} IMOCTAaBJICHO B COOTBETCTBHE
MHOKeCTBO 3HadeHui Qynkuuu {yi} (i=0,1.n). DTu 3HaYeHUS - TUOO pPE3yNbTATHI PACUYETOB,
1100 SKCIIepUMEHTaIbHBIE TaHHbIe. Ha mpakTuke MOTyT MOHAI00UTHCS 3HAYEHUE BETUYNHBI y U
B JIPYTUX TOYKAX, OTJIUYHBIX OT Y3JI0B Xi. OJTHAKO MOJIYYUTh ITH 3HAUCHHSI MOXHO JIHIIb ITyTEM
OYCHb CIIOKHBIX PACYETOB WIIM IPOBUICHUEM JOPOTOCTOSIINX IKCIIEPUMEHTOB. Takum oOopa3om,
C TOYKH 3PCHHUS SKOHOMHH BPEMEHH MU CPEICTB TOSBISCTCS HEOOXOJAMMOCTH HCIOJIb30BaHHS
UMEIOIIUXCS TaOIMYHBIX JAHHBIX 11 IPUOIMKEHHOTO BEIYUCIICHHSI HICKOMOTO TIapamMeTpa y mpu
Jr000M 3HAaYCHUU (U3 HEKOTOPOH 00J1acTH) ONMPEIEIIONIero mapamerpa X, MOCKOJIbKY TOYHas
cBs3b y=f(X) Hen3BecTHa. DTON €M U CIYKUT 3aja4a 00 annmpoKcuMauuu QyHKIUNA: JaHHYIO
¢ynkuuio f(x) Tpedyercs npuOINKEHHO 3aMEHUTH (almpOKCUMHUPOBATh) HEKOTOPOU (yHKLHEH
g(x) Tak, 4ToOBl OTKJIOHEHHE (B HEKOTOpOM cMbIcie) g(x) oT f(X) B 3amaHHON oOmacTu OBLIO
MUHUMaJIbHBIM. DYHKIUA g(X) MPH 3TOM Ha3bIBAETCsl allIPOKCUMHPYIOLIEH.

OOBIUHO OIpe/esieHNe apaMeTpOB NPU M3BECTHOM BHJIE 3aBUCHMOCTH OCYIIECTBIISIIOT
0 MeTOJy HaUMEHBUIMX KBaJpaToB. MeToa HaUMEHbIIMX KBAaJPaTOB IO3BOJIET 110
AKCIIEPUMEHTAIBHBIM JTAHHBIM 110100paTh TaKyI0 aHATUTUYECKYIO (PYHKIINIO, KOTOPAst TPOXOIAUT
HACTOJIBKO OJIM3KO K SKCHEPUMEHTAIbHBIM TOUKAaM, HACKOJIBKO 3TO BO3MOXKHO. FIMEHHO mosTomy
OH SIBJISIETCS TIOJIE3HBIM TPH 00pabOTKe IKCIIEPUMEHTATIBHBIX JaHHBIX.

MGTOI[ HaNMMCHBIINX KBAaJApPaTOB

[Tyctp 3amana Hekotopas GyHkuus f(x) u cymecTByer Hekotopas GyHKIms @(x). [Tpu
9TOM (QYHKIHA ((X) CUATAETCS HAWIydlIUM HOpuOmmkeHueM K f(X), ecnmu ans Hee cymma
kBaapaTtoB HeBs30K &=f(Xi)-p(Xi) Wi OTKIOHEHW# ‘‘TeopeTwueckux”’ 3HaYCHHH O(Xi),
HaWJICHHBIX 110 SMIHMPHYECKON (OpMyJie, OT COOTBETCTBYIOIIUX ONBITHBIX 3HAYCHUH Yi, UMEET
HaMMEHbIIIee 3HAYCHUE TI0 CPABHEHHIO C JAPYTUMH QYHKIUSIMHU, U3 YUCIa KOTOPHIX BBHIOHMpACTCs
UCKOMOE MPHOIMKEHHE.

2
o= 3 [f)-p@)] —min @
1=0

Ucnonb3ys merons! audepeHnnaIbHOro UCUNCICHNsI, METO/I HAaUMEHbBIINX KBaJIpaToOB
(GopMynHpyeT aHATUTHYECKUE YCIIOBHS JOCTH)KEHHS CYMMOHM KBaapaToB OTKJIOHEHWH o (1)
CBOETO HAMMEHbIIEro 3HayeHWs. Tak, ecnu (yHKIus @(X) BIOJHE ONPENENISeTCs CBOUMH
napameTpamu @, b, C, ... , TO HaWTy4IIKe 3HAYCHUs STHX ITapaMETPOB HAXOJSATCS U3 PEIICHUS
CHUCTEMBbI YPAaBHEHU.

Hampumep, B mpocteiinnem ciydae, korna (yHKmust @(X) NpeacTaBieHa JIMHEHHBIM



ypaBHeHUeM Y=ax+h, cucrema uMeeT BHI:

a-%x2+b-%x —%x-y
=1 AriEatt?
a-3 x. +bn=3

Z Y TN LY

1= 1=1

@)

BoisicHuTe BuA  (QYHKIMH MOXXHO JIMOO M3 TEOPETHYECKUX COOOpaKeHUH, JmOO
AHAJM3UPYS PACHIONIOKEHUE TOYEK (Xi, Yi) HA KOOPANHATHOM INIOCKOCTH.
Hanpumep, mycTh TOUKH pacIIOIOKEHbI TaK, KaK IOKa3aHOo Ha puc.l.

Pue.1. BosMoXHeIN EapHaHT
PACAOAOWSHNA SKEMSPUMSHT A M= Hiel X
ToYekK

*
£ A -
*
2 -
*
} I:I T - T
L J
o | 2 4 5} B 10 12
.
-] -
-
-G
X
Puc.1.

YuureBasg TO, YTO NPAKTUYECKUE JAHHBIE TOJIYYEHBI C HEKOTOPOW MOIPEHIHOCTHIO,
00yCJIOBICHHON HETOYHOCTBIO M3MEPEHHUH, HEOOXOAUMOCTBIO OKPYIJTICHHS PE3YylbTaToB U T.[.,
€CTECTBEHHO MPEIONIOKHUTh, YTO 3/I6Ch UMEET MECTO JIMHEeWHas 3aBUCUMOCTh Yy=ax+h. YToOsr
(GyHKIMS MPUHSIA KOHKPETHBIN BUJ, HEOOXOIUMO KaKMM-TO O0Opa3oM BBIYUCIUTH a U b. s
ITOTO0 MOXHO PelIuTh cucteMy (2). PacnonokeHune sKCIIepUMEHTAIBHBIX TOYEK B BHJE KPHBOM
Ha PHUC.2 HABOJUT HA MBIC/Ib, YTO 3aBHCHUMOCTh OOpaTHO MPONOPIUOHATIbHA U (PYHKIMIO ((X)
HY)XKHO mo0upaTh B Buze Y=a+h/X. 3meck Takke He0OOXOMMO BHIUUCIHUTH TApaMETpPhI a 1 b.

Puc.2. Opyron BapuaHT pacnonoxeHua
3KCMNe pUM eHTaNbHBIX TOMEK
2h
24 +
15 1
1 *
*
054 *
0 : B ML
o 2 4 g 10 12
X
Puc.2.

Takum 00pazoM, pacmnojoXKeHHe HKCIEPUMEHTAIbHBIX TOUYEK MOKET HMETh CaMblil
pa3IUYHBIN BUJ, U KaXIOMY COOTBETCTBYET KOHKPETHbIN Tl pyHkuu. [ToctpoeHue
SMIMPUYECKON (QYHKIMU CBOJUTCS K BBIYMCIEHUIO BXOJAIIMX B HEE MapaMeTPOB, TaK YTOOBI U3
BceX (YHKUMH TaKOro BHJA BBHIOpaTh Ty, KOTOpas JIy4yllle APYIHMX OIUCHIBAET 3aBUCUMOCTh
MEXIy M3y4yaeMbIMHM BeaMuMHaMH. TO €cTh cymMMa KBaJpaTOB PA3HOCTH MEXIY TaOIMYHBIMHU
3HaYeHUAMHU (YHKIHUU B HEKOTOPHIX TOYKAX M 3HAYCHUSMH, BBIYHUCICHUSMHU 1O MOTYYCHHOU


http://tgspa.ru/info/education/faculties/ffi/ito/programm/aproksimazia/1.2.files/image004.gif

dbopmyre, 1oKHA OBITh MUHIMAIBHA.
Anmnpokcumanus SKCIepUMEHTAIbHBIX JAaHHBIX B iporpamme Microsoft Excel

B MS Excel anmpokcumarusi 3KCIEPHUMEHTAIBHBIX IAHHBIX OCYILECTBIISICTCS ITyTEM
MOCTpOeHUs WX Tpaduka (X — OTBICYCHHBIC BEJIUYUHBI) WM TOYEYHOTO rpaduka (X — MMEET
KOHKPETHBIE 3HAYCHHs) C MOCICAYIOUMM TOA00pPOM MOIXOAALICH anmpoKCUMHUPYIOIIEH
GbyHKIMH (TUHUW TPEH/IA).

Bo3MokHBI crieyronie BapuanThl (yHKINMI:

. Jluneiinas — y=ax+b. OOBIYHO TPHUMEHSETCA B MPOCTEHIIMX CIIydasxX, Koraa
IKCIIEPUMEHTAJIbHBIE JAHHBIE BO3PACTAOT WIH YOBIBAIOT C IIOCTOSHHON CKOPOCTHIO.
. [onuuoMuaneHas — Y=ag+aiX+aX’+...+apX", Tae 10 IIeCTOro mopsaKa

BKJIIOUUTENBHO (N<6), ai— KOHCTaHThl. lcmonb3yercs A ONUCAHUS SKCIEPUMEHTAIbHBIX
JTAHHBIX, TONEPEMEHHO BO3pacTalolMX U yObIBaromMx. CTeneHb MOJIMHOMA OINpeeseTcs
KOJIMYECTBOM 3KCTPEMYMOB (MaKCUMyMOB WJIM MUHUMYMOB) KpuBoH. [lo1HOM BTOpOIi cTeneHnu
MOYKHO ONMCATh TOJBKO OJMH MAaKCUMyM HJIM MUHMMYM, IOJIMHOM TPETbEH CTENEHU MOXKET
MMETh OJIMH WJIU JIBa SKCTPEMYMa, UETBEPTON CTENIEHH — HE 00Jiee TPEeX 3KCTPEMYMOB U T.[I.

. Jlorapupmuueckas — y=a‘Ilnx+b, rme a u b — koHcTauThl, IN — GyHKIWS
HaTypalbHOTO Jorapudma. DyHKIHS TNPUMEHSETCS IS ONMHCAHUS DKCIEPUMEHTAIbHBIX
JAHHBIX, KOTOpbIE BHayajge OBICTPO pacTyT WIM YOBIBAIOT, a 3aTeM IOCTENEHHO
CTaOUITN3UPYIOTCS.

. Crenennass — y=b'x% ri1e a U b — KOHCTaHTB. ANNPOKCHMAIUS CTEIICHHOM
(GyHKIMEN HCHONb3yeTCsl sl SKCIEPUMEHTAJIbHBIX JAHHBIX C IOCTOSIHHO YBEJIMYHMBAIOLIEHCS
(unu yObIBaroIei) CKOpOCTbIO pocTa. JJaHHbIE HE JOJDKHBI UMETh HYJIEBBIX WJIM OTPHULIATEIbHBIX
3HA4YCHU.

. DkcrnoHeHnuanbHas — y=b-e®, a 1 b — KOHCTaHThI, € — OCHOBaHUE HATYPAILHOTO
norapudma. I[lpumensiercss A ONMUCaHUSI SKCHEPUMEHTANbHBIX JIaHHBIX, KOTOpbIE OBICTPO
pacTyT win yOBIBalOT, a 3aTe€M IOCTENEHHO CTa0WIN3UPYIOTCs. YacTo ee HCHOoIb30BaHHE
BBITEKAET U3 TEOPETUYECKUX COOOPAKEHUI.

CreneHp ONM30CTH  aNMpPOKCUMAIMM  IKCHEPUMEHTANbHBIX JaHHBIX BbIOpaHHOM
dynkmmeit oneHmBaercs kodddumuentom nerepmubanuu (R?). Takum o6pasom, ecim ecTh
HECKOJIBKO TOAXOJAIIMX BapUaHTOB THUIIOB ANMPOKCHUMHUPYIOMIMX (DYHKIMHA, MOKHO BBIOpaTh
GyHKIHIO ¢ 00JIBIIUM KO3(DPUIIMEHTOM JAeTepMUHALINU (CTpeMsmMes K 1).

Pacuér mocraBineHHON 3aJayd IOCPEACTBOM PAa3HBIX NPOrPaMMHBIX CpeAcTB. Pacuér
anmpOKCUMAIIUH YKCIIEPUMEHTAILHBIX JaHHBIX ¢ Ucronb3oBanuemM Microsoft Excel

WUcxonHble maHHBIE:

BapuasT 9. ®vaxuusa v=f(x) zagana radaamei 1

Tabnuua 1

X Vi X X X X
105 | 345 | 365 (4043 | 508 | 9506 | 713 | 8795 | 954 | 2597
165 | 676 | 405 | 5387 | 543 10098 734 | 7208 | 9.85 | 18.64
208 | 908 | 415 [ 5996 | 589 (121.76| 8.01 | 6087 [ 10.06 | 11.43
276 (1798 439 70068 | 6.43 |112.83| 8.54 | 5508 [ 10.42 | 8.87
299 | 2778 476 (8596 6.91 (9905 901 | 4441 (1089 551

v [ w L £ v I

Jlnst pacuéra MCXOMHBIC NAaHHBIC MOACTABISIOTCA B Tabmumy 2. B sueiikax A1:A25 u
B1:B25 (Tabmn. 1) 3aHeceHbl 3HAYSHUS X U Y COOTBETCTBEHHO.



Tabnuua 2 BeraucineHue cpeJHuX 3Ha4€HUH U X CyMM

A | B | ¢ | D ] E | F | G | H | 1 ]
1] 1,08 3,45 1,10 3,62 1,16 1,22 3,80 1,24 1,30
2] 185 6.76 272 11,15 4,49 741 18,40 1,91 3.15
13| 208 9,08 4,33 18,89 9,00 18,72 39,28 2,21 4,59
4| 276 17,98 7.62 49,62 21,02 58,03 136,95 2,89 7.97
5] 299 27.78 8,94 83.06 26,73 79,93 248,36 3,32 9,94
| 6| 385 40,43 13,32 147,57 48,63 177,49 538,63 3,70 13,50
| 7| 408 53,87 16,40 | 21817 66.43 269,04 883,60 3,99 16,15
| 8| 415 59,96 17,22 | 248,83 71,47 296,61 1032,66 4,09 16,99
9] 439 70,08 1927 | 30765 84,60 371.41 1350,58 4,25 18,66
(10| 476 85.96 22066 | 40917 | 107,84 513,37 194765 4,45 21,20
(11| 508 95,06 25,81 482,90 131,10 BR5.A7 | 245316 4,55 23,14
12| 543 100,98 | 29,48 548,32 160,10 BG9.36 | 2977.39 4,61 25,06
(13| 589 12176 | 34,69 71717 | 204,34 120354 | 4224 11 4,80 28,28
14| 643 112,83 | 41,34 725,50 | 265,85 1709,40 | 4664,95 4,73 30,39
15| 6,91 99,05 47,75 63444 | 32994 | 227988 | 472945 4,60 31,76
16| 713 87.95 50,84 627,08 = 36247 | 258439 | 44711 4,48 31,92
17| 734 72,08 53,88 529.07 | 39545 | 290258 | 388335 428 31.40
18] 8,01 60,87 64,16 | 487,57 | 513,92 | 4116552 | 390543 4,11 32,91
(19| 854 55,08 7293 | 47038 | 62284 | 531902 | 401707 4,01 34,24
20| 9,01 44.41 81,18 | 40013 | 73143 | 659021 | 360521 3,79 34,18
(21| 954 25,97 91,01 24775 | 86825 | 828311 | 23357 3,26 31,07
(22| 985 18,64 97.02 183,60 | 955,67 | 9413,37 | 1808,50 2,93 28,81
23] 10,06 11,43 101,20 | 114,99 101811 | 1024217 | 1156.76 244 24 51
(24| 1042 B.57 108,58 | 9243 1131,37 | 11788,83 | 963,07 2,18 22,74
25| 10,89 5.51 118,59 | 60,00 129147 | 1406409 @ 65344 1,71 18,58
| 26| 15206 | 129584 1132,05 | 786908 = 942368 | 8382566 @ 5207649 | 8852 @ 54244

B siueiiky C1 BBoautcs dpopmyna =A1"2. 3atrem oHa konupyercs B aueiiku C2:C25.

B stueiiky D1 BBomuTest popmyna =A1*B1. 3aTtem oHa konupyercs B stueiiku D2:D25.
B sueiiky E1 BBogutcs ¢popmyna =A173. 3atem oHa konupyercs B sueiiku E2:E25.

B stueiiky F1 BBoauTcs popmyna =A174. Sueiiku F2:F25 3anonHsM0TCS KONMPOBAHUEM.

B sueiiky G1 BBomutca ¢opmyra = Al1"2*Bl. Sueitku G2:G25 3anonssaoorcs
KOTIMPOBAHUEM.

B sueiixy HI BBoautcs dopmyna = LN(B1). SHAueiiku H2:H25 3anonssrorcs
KOTIMPOBAHUEM.

B suweiiky 11 BBoautcs dopmyna =AI1*LN(B1). SAueiiku 12:125 3anonsstorcs
KOIIMPOBAaHUEM.

Sueiiku A26:126 sBiAIOTCA CyMMaMM BCeX SYEEK COOTBETCTBYIOIIUX CTOJIOLIOB.

JIuneiiHas anmpokcumanus QyHKIUU:

PemmB cuctemy (1), BOCHOJIB30BABIIMCH 3HAUYEHUSIMM, PACIOJIOKEHHBIMH B sSUYEHKax
A26, B26, C26, D26, naxoaum a1 u az (Tadsm. 3).

Tabnuua 3 HaxoxxaeHue ko3¢ GUIUEeHToB a1 U a2

A | B | C | D | E |
28 25.00 152,06 1295,84
29 152,06 1132,06 | 786908
30
31 |ObpartHan matpuua
32 0,22 -0.03 al= b2, 21
33 -0.03 0,00 a2= -0.06

JIuHeitHas anmpoKCUMAIIMS UMEET BUJL;

y=52,21-0,06* x.



B sueiikax A32:B33 3zanucana ¢popmyna {=MOBP(A28:B29)}.
B saeiikax E22:E33 3anucana ¢popmyna

{=MYMHO(A32:B33,C28:C29)}.

KBanpatuunas annpokcumanusi GyHKIUH:

_ 2
Jlns anmpokcuMaunu dyHkimn y=f(x) kBampartmunoil GyHkummeit Y~ % TEHX T dX

pemM cucteMy (2) HCTosib3ysl 3HaUCHHsI, PACIOJIOKEHHbIe B suelikax A26, B26, C26, D26,
E26, F26, G26. Takum oOpa3zoMm onpeneaum KodhPHUIMeHTs a1, az, az (Tadi. 4).

n noo. n
QR+ Y X+ A X =T Y,
i1 il i1
n noo. L. R
@YX+ Y X A3 3% =YX Y
| il i1 a1 (2)

Tabnuia 4 Haxoxnenue kodhpuiiueHToB ai, az, a3

A . 8 | ¢ | bp [ E | F |
36 25.00 152,06 1132.05 1295.84
37 152,06 1132,06 | 942368 7869,08
38 1132.05 942368 @ 83825.66 | 5207649
39
40 |ObpatHan marpuua
41 0,80 -0.27 0,02 al= -76,14
42 -0.27 0,11 0,01 a2= 53,72
43 0,02 -0.01 0.00 ai= 4,39

KBajipaTHyHas annpoKCHMAIIUs UMEeT BUI: y=-74,14+53,72%x-4,39%x2,

B sueiikax A41:C43 3amucana gpopmyna {=MOBP(A36:C38)}.

B stueiikax F41:F43 3anucana popmyna {=MYMHOX(A41:A43,D036:D38)}.
DKCIOHEHIMaIbHas alpoKcuManus QyHKIUU:

— . pBx
Ammnpokcumvupyem  ¢ynkimio  y=f(x) okcmomeHmmambHON (Qymkmmeir Y T4 €T
Onpenenum Ko3(QGUIMEHTHI a1 U a2 NPOJorapu(pMUPOBAB 3HAUCHUS Y U UCIOJIb3YI0 3HAYCHHUS,

noJyueHHbIe B siueiikax A26, C26, H26, 126 nony4ynm cucremy:

25% e+ A26* =H26 .
A26%c+C26* =126 )

rae ¢ = In(a).
PemmuB cucremy (3), Halu ¢ U az, a1 HAIUIM IOTEHIIMpOBaHueM (Tabi. 5).

Tabnuua 5 Haxoxxaenne ko3¢ HUIueHTos ¢, ai, az

A | B | C | D | E |
45 25,00 162,06 88,52
47 152,06 113205 h42.44
43
49 |ObpatHanA matpuua c= 342
50 0,22 -0.03 a2= 0,02
51 -0,03 0,00 al= 30,64




B sueiikax A50:A51 3anucana popmyna {=MOBP(A46:B47)}.

B saeiikax E49:E50 3anucana popmymna {(=MYMHOX(A50:B51,C46:C47)}.
B sueiike E51 3anucana dpopmymna = EXP(E49).

Cpennee apudMeTHdecKoe BceX X M Y BBIUUCISACTCS 110 GOpMyIIaM:

- 1 2 - 12
NI I Ve
(Tab. 6)
Tabnuua 6 HaxoxxaeHue cpennero apupMeTn4eckoro Bcex X u'y
A | B |
4|  Xep= 6,08
55 Yep= 51,83

B sueiike B54 3anmcana ¢popmyna =A26/25.
B sueiike B55 3anucana ¢popmyna =B26/25.

Pacuér xoapdunmenta koppensuun U ko3 HUIHEHTa TeTepMUHALINAN:
JlanHble 3aHecéM B TabnHIly 7 , KOTOpas SBISETCS MPOJODKCHUEM TaOIHIIb 2.

Tabuua 7
A | B J K | L M M 0 [

1] 108 3.45 243 49 2533 234097 | 237100 78534 | 77414 1,30
2| 185 6.76 199,78 19,65 203163 | 205627 @ 3859 619,06 315
13| 208 9,08 171,12 16,02 1827 87 184897 | 56,67 521,07 4,59
4| 278 17,98 112 48 11,04 1146.07 115994 | 42896 | 20598 7.97
5| 299 27,78 74,38 9,56 578,58 587,76 304,91 22,06 9,94
| 6| 385 40,43 27.74 5,92 130,04 13347 | 44227 56,74 13,50
7| 405 53,67 4,14 413 4.15 3,65 24206 | 42913 16,15
8| 415 59,96 -15.70 3.73 66,04 64,12 126,36 | 715.08 16,99
(9| 439 70,08 -30,88 2,86 332,93 329,15 2517 134728 | 18,66
10| 476 85,96 45 13 1,75 1164.61 116907 | 3420 | 273990 2120
11| 5,08 95,06 43,33 1,00 1868,52 186320 | 13410 | 374960 @ 2314
12| 543 100,98 -32.06 0.43 241537 | 241143 22039 | 447865 | 2506
13| 589 121,76 13,45 0,04 488970 | 488805 114058 | 763812 | 2828
(14| 643 112,83 21,20 0,12 372056 372317 | 62689 | 610010 30,39
15| 6,91 99,05 39,08 0,68 222939 | 223420 18444 | 409563 | 3176
16| 713 B7.95 37,54 1,10 1304,39 1309,05 17.82 | 278221 | 3192
7| 734 72,08 25,46 1,58 409,92 413,05 91,98 134927 | 3140
18] 801 60,87 17,42 3.72 81,66 83,81 135,63 | 627.92 32,91
19| 854 55,08 7.98 6,04 10,54 11,54 54,79 357,09 34,24
20 90 441 21,73 8.57 5511 52 47 50,57 62,32 34,18
21| 954 2597 -89,43 11,95 668,93 657,98 118,03 119,34 31,07
(22| 9385 18,64 -125.06 14,19 1101,82 108649 | 7158 34143 | 28,81
23| 10,06 11,43 -160,71 15,82 1632 45 161275 | 73.91 BET.70 | 2451
(24| 1042 8.87 -186,36 18,81 1845 87 1823,03 3.49 821,51 2274
25| 10,89 551 -222 71 23,11 214588 | 211858 29681 | 104763 | 18,58
(26| 15206 | 129584 1273 20716 | 3400298 | 3400220 @ 570554 4166897 @ 54244

Sueiiku A1:A26 u B1:B26 3anonnstores kak B Tabmuie 2.
B siueiiky J1 BBomum dopmyiy =(A1-$B$54)*(B1-$B$55).
Sueiiku J2:J25 3an0nHAIOTCS KOTUPOBAHUEM.

B siueiiky K1 BBomum dopmyny =(A1-$B$54)"2.
Aueiiku K2:K25 3anonHstoTcss KONUPOBAHUEM.
B sueiiky L1 BBomurcs ¢dopmyna =(B1-$B$55)"2. Sueiiku L2:L25 3amomustorcs

KOIMUPOBAHUCM.

B sueiiky M1 BBoautcs ¢opmyna =($E$32+$ES$33*A1-B1)"2. Sueiiku M2:M25

3aIIOJHAOTCA KOIIUPOBAHHUCM.

B sueiiky N1 BBoguMm Qopmyny =($F$41+$F$42*A1+$F$43*A1°2-B1)"2. Sueiiku

N2:N25 3amoiHSIOTCsI KOMMPOBAHUEM.

B sueiiky O1 BBogum dopmyny =($ESS1*EXP($E$50*A1)-B1)"2. Sueitku 02:025

3aIIOJHAOTCA KOIIUPOBAHHUCM.



Sueiiku J26:026 SABIAIOTCS CyMMaMHU BCEX SYE€EK COOTBETCTBYIOIIUX CTOJIOIOB.
ITo dopmynam (4) u (5) paccuntaeM KOI(PPUIMEHTH KOPPEIAIUU U ACTCPMHUHAIINN
(tabm. 8). Koo dumeHT KOppensiun pacCUUTHIBACTCS TOJIBKO [Tl TUHEHHON anmpOKCUMAITIH.

305~ DW= D)
fm1

p:
- w2 e, T )
Y —x) gy -y
i1 i1
n n
_ Z Xi Z Yi
X = i=1 , y — i=1 _ —
riue n n Xu y cpenHee apu(PpMETHIECKOE 3HAUCHUE COOTBETCTBEHHO
mo X u'y.

?,: =1- Sm:r (5)
S:I:D._.I‘.'

rae Socr — OCTaTOUHASA CyMMa KBaJpPaTOB, Spom — CyMMa OCTaTOYHON CyMMBI KBaJpaToOB U
PErpecCMOHHON CyMMBI KBaJIpaToB.

Tabmuua 8 Haxoxxaenne kodhduimenta Koppesinuy 1 KodhUIeHTa 1eTepMUHALINN

A | B
A7 KoathhuuneHT Koppenauun -0,004798
58 | KoaddmumeHT geTepMUHUpOBAHHOCTI
59 (MUHEeRHaA annpokCcUMauna) 0,000023
60 | KoadfmuneHT geTepMUHUPOBAHHOCTI
61 (KEGQpPaTMYHAA annpPoKCUMaUna) 0,832205
62 | KoaddmuneHT geTepMUHNpOBAHHOCTI
63 | (3KCNOHEHUWANEHAA ANNPOKCHMALMA) -0,225451

B stueiiky B57 BBomuM popmyy =J26/(K26*L26)"(1/2).

B stueiiky B59 BBoum dopmyny =1-M26/L26.

B stueiiky B61 BBoguM dopmyny =1-N26/L26.

B stueiiky B63 oMM popmyy =1-026/L26.

Tocrpoenue rpaduka B Excel u ncrons3opanue dynxuuu JJMHENH:

[Toctpoum rpadux ¢GyHKIMM U JIMHUIO TPEHJA, KOTOPOW SBJISETCS mpsmas y=aitaz*X.
Jlis mocTpoeHus JIMHUYU TpeH1a He00X0JUMO:

1. AKTHBHU3UpYEM JUarpamMmy JABaKIbl IIEIKHYB MO HEM M HaXXMMaeM Ha OJIHY U3
TOYEK.

2. ITynkt MeHr0 BeraBka-«JInHHS TpeHaa».

3. Ha Bkmaake «Tum» BblOMpaeM JUHEHHBIM TUN Ui Tpaduka JHHEHHON

anmpokcuManuu (puc.3.), TOJIMHOMHAIBHBIA THI CTENEeHb 2 1 Tpaduka KBaapaTHIHOU
anmnpokcuManuu  (puc.4.) U OKCIOHEHIMATBHBIA THH JUIsl Trpaduka SKCIOHEHIUAIBHON
anmpokcuManuu (puc.S.).

4. Ha Brmanke «Ilapamerpsl» moTpeOyem moka3aTh ypaBHEHUE TPEHIA U 3HAYCHHE
R?,



TNuHeHan ANNPOKCUMaLUWA
140,00 - y = -0,0614728x + 52,2075021
120,00 - . R® = 0,0000230
*
100,00 .t 0‘
80,00 4 +
= * +
0,00 Fa * .
40,00 | + hd
*
20,00 - . *e
0,00 . ¥ MR
0 2 4 B 8 10 12
X

Puc.3. Ucxonnas pyHKIMs U TMHUS TPEHIA AJIs TMHEHHOMN anmpoKCUMAIIIH.

KeagpaTW4YHaA annpoKCcHMaUnA

140,00

Y= -4,3890x" + 53.7216x - 76,1393

120,00 - 2
* R®=0,8322

100,00 4
80,00 4
60,00
40,00 4
20,00 4

0,00

-20,00 4

-40,00

Puc.4. Ucxonnas GpyHKIMS U JIMHUS TpEeHJA IS KBaJpaTUYHOM allpOKCHUMAIUH.

BKCHUHEHu“aﬂhHaH AnNNpoKCUMaUMWA
140,00
120,00 - .
* 0,0185x
100,00 A .t e  Y=30641e20"%
5000 J . + R%=0.0029
= +* *
60,00 4 ’¢ +* -
40,00 A . .
*
20,00 - . M .
0,00 s *+* : : . M
0 2 4 § 8 10 12
X

Puc.5. Ucxonnas pyHKIMS U IUHUS TPEHAA U1 SKCIIOHEHIIMAIFHON alpoOKCUMalHH.

[losnydyeHne 4ucIOBBIX XapaKTEPUCTUK 3aBUCUMOCTH:

Brinensiem ob6macte A65:B69 m BeI3biBaem Mactep dyHkumii. Beibupaem ¢yHKIINIO
JIMHENH. B kauectBe «M3B_3Hau_y» yKassiBaeM B1:B25, a «u3B 3Hau x» Al:A25. B mone
«ctaT» BblOUpaeM uctuHa. HaxknmaeM 3akOHYHTH. Y CTaHABIMBAEM KypCcop B CTPOKY (HoOpMyn U
naxkumaem Ctrl+Shift+Enter (ta6im. 9).

Tabnuia 9 UncnoBeie XapaKTEPUCTUKH 3aBUCUMOCTH



A | B |
65 | -0,061472792 5220750211
66| 2.671363575  17.97613885
67| 0,00002302 = 38.44940059
68 | 0.000529541 23

69| 078285084 = 3400219733

B saeiike A65 pacrionoxeHo 3HaueHus koddduiimenTta az, B suelike B65 pacronoxkeno
3HayeHue kod3pdunuenra as.

B A66 pacnonoxeHo 3HaYeHUE CTaHIApPTHOM OmMOKH a1, B B66 pacmoiiokeHo 3HaueHue
CTaHJapTHOU omuOKku K03 dunmenta a.

B staeiike A67 pacnosioxkeHo 3HaYeHHE K0P (UIIMEHTA IeTEPMUHUPOBAHHOCTH.

B sueiike A68 pacnonoxeHo 3HaueHue F-kputepus, B siuelike B68 pacnonoxeHo uucio
CTETeHel CBOOO/IbI.

B sueiike B69 pacnonioxkeHo 3Ha4€HHE OCTATOUYHOM CyMMBI KBaJpaToB, a B siueiike A69
3HAUYE€HHUE PErPECCUOHHON CyMMBI KBaJPaTOB.

B xozne pacu€ToB BBICHWIIM, YTO KBaJApaTUYHAas alllIPOKCUMALMA HAWJIYYIIUM CIIOCOOOM
ONUCHIBAET KCIEPUMEHTAIbHbIE JaHHble. CpaBHUBAsl Pe3yJbTaThbl, OJIYYEHHbIE NPU MOMOIIU
byHKUIUM HHHEfIH, BUJIAM, YTO OHH MOJHOCTBIO COBITAIAIOT C BBIYMCIEHUSIMHU, ITPOBEAEHHBIMU
Boime. [lomydeHHOe TMpu  MOCTPOEHUM JIMHUM  TpeHJa 3HaueHus  koddduumenra
JIeTepMUHUPOBAHHOCTH JUIS SKCHOHEHIHANbHOH 3aBucuMocTH R? = 0,0029 He coBmamaer c
WCTMHHBIM 3HaueHMeM R? = -0,2254 TOCKONbKY TNpH BBIYHCICHHH KOd(QHUIHEHTa
JIleTePMUHUPOBAHHOCTH ¢ ToMotbio (Gyrximy JIMHENH ucrons3yloTcs He HCTHHHbIC 3HAYCHHS
y, a mpeoOpa3oBaHHbIe 3HaYeHUs INy ¢ nanpHelIel JTuHeapu3aIuei.



IIpakTnyeckoe 3ansaTHe Ne§.
Pacuér annpokcuManum 3KCePpUMEHTAJILHBIX JaHHBIX ¢ Mcnob3oBanueM MathCAD.

Annpokcumanus KCIepUMEHTaIbHBIX TaHHBIX B iporpamme MathCAD

B MathCAD cymiecTByeT HeCKOJIBbKO (hYHKIIHMA, TTO3BOJISIFOIINX BBITIOJIHUTD PETPECCHIO C
UCTIOJIb30BAaHUEM 3aBUCHUMOCTEH, Hambojee YacTo BCTPEYAIOIIMXCS Ha MpakTHKe. Takux
¢bynakuumii B MathCAD Bcero mects. BoT HeKoTOpbIe U3 HUX:

- expfit(VX,vy,vg) - perpeccus S5KCIOHEHIHANbHOH QyHKIHeH y = a*e?™+C.

- sinfit(vx,vy,vg) - perpeccus CHHyCOMJaIbHOW QyHKIMEH y = a*sin(x+b)+c.

- pwrfit(VX,vy,vg) - perpeccus cTeneHHol pyHkmueii e = a*xP +C.

Ilepeuncnennple (QyHKIMHM HUCHOJB3YIOT TPEXINapaMETPUUECKYIO aIlPOKCUMHUPYIOLIYIO
(GyHKLIMIO, HENMMHEHHYI0 Mo mapamerpam. lIpu BBIYMCICHWH ONTHMAIBHBIX 3HAYCHUH Tpex
apaMeTpoB PErpecCUOHHOM (YHKIMM 1O METOLy HAaWMEHBIIUX KBAJpaTOB BO3HUKAET
HEOOXOJUMOCTh B PEIICHUU CJOKHOM CHCTEMbl M3 TpPEX HEJIMHEHHBIX ypaBHeHUU. Takas
cUcTeMa 4acTO MOXKET UMEeTh HeCKOJIbKO pemieHuil. Iloatomy B ¢pynkuusx MathCAD, kotopsle
IPOBOJAT PETPECCHI0 TPEXIapaMETPHUECKUMH 3aBUCUMOCTSIMH, BBEICH JIOTIOJHUTEIbHBIN
aprymeHT vg. JlaHHbBIf apryMeHT - 3TO TPEXKOMIIOHEHTHBI BEKTOp, COJAEpKaIlui
NpUOJIM3UTENbHBIE 3HAYCHUS MapaMeTpoB a, b W C, BXOMAIIMX B aNIPOKCHMHUPYIOUIYIO
¢ynkuuto. HempaBuibHBI — BBIOOpP  2JIEMEHTOB  BEKTOpa Vg  MOXKET MPHUBECTH K
HEYJIOBJIIETBOPUTEILHOMY pe3ynbTary perpeccuu. B MathCAD cymectBytoT cpeacrBa Juist
IPOBE/ICHUS] PETPECCUH CaMOro oOLIero BuAa. DTO 03HAYAET, YTO MOXHO HMCIIOJIb30BaTh JIIOObIE
(GYHKIMU B KAa4yeCTBE ANMPOKCHMHUPYIOMIMX W HAaXOAWTh ONTHMAJbHBIE 3HAYCHHUS JIIOOBIX HX
apaMeTpoB, KaK JUHEWHBIX, TaK U HeIMHEHHbIX. B TOM ciydae, ecnu perpeccuoHHas pyHKIUSA
ABJIIETCS JIMHEWHOH 1O BCEM MapameTpaM, T.€. MPEICTaBIseT JUHEHHYI0 KOMOMHAIUIO KECTKO
3aJaHHbIX (YHKIMHA, TPOBECTH PErpeccui0 MOXKHO C TIOMOIIbI0 BCTPOEHHOM (yHKIMH
linfit(vx,vy,F). Apryment F - 310 BekTOpHas (pyHKIHS, U3 3JIEMEHTOB KOTOPOH TOJIKHA OBITh
[IOCTPOCHA JIMHEHHas KOMOMHaIMs, HaWIydlIMM oOOpa3oM almpoKCUMHpYIOLIas 3aJaHHYIO
MOCIe0BAaTENbHOCTh ToueK. PesynbTaTtoM padoThl pyHkuuu linfit sBnsieTcss BEKTOp JTUHEHHBIX
k03P PuureHToB. Kaxxaplit 371eMEeHT 3TOro BeKTopa - Ko3((UIMEeHT Npu (PyHKIUH, CTOSIIEH Ha
COOTBeTCTByIOIIEM MecTe B Bekrope F. Takum oOpa3zom, st TOro 4roObl MOJTYyYUTh
PErpecCUOHHYI0 (QPYHKIIHMIO, JOCTATOUYHO CKAJSIPHO MEPEMHOXKHUTH 3TH JIBa BEKTOPA.

Pacuér anmpokcuMaIiny SKCIepUMEHTATbHBIX TaHHBIX ¢ Hcnosb3oBanrnem MathCAD

BBog HCXOAHBIX TaHHBIX:



1.05 345
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208 .02
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2599 2778
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6.91 9905
713 BT 05
734 7208
2m a0ET
254 2508
om 4441
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10.06 11.43
10.42 2ET
1083 351
ne=last(x) i=0.n

JIuneitHast annpokcuManus QyHKINU:
Haxoxnaenue koapdunuentos A u B.

A= intercept(x, y) B = slopelx,y)
flic)=A+B-c

A= 52208 B = -0.04a1
c=0,01.12

[MTocTpoenwue rpaduka muHeliHo# annpokcumanuu B MathCAD:
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Puc.6. Mcxonnas GpyHKIMS ¥ IMHUS TPEHA JUIS TMHEHHON anmpOKCUMAIIH.

KBajparnunas anmpoKCHManus JaHHbIX:
Haxoxnaenne koaddunuenros d2, f2(c), k2.

po=2
d2 = regress(x, v, p
f20c) = interp(d2, %, v, 2
k2 = subrmathx(dZ .3, length(d2) - 1,0,0)
I{ET = [-T6.139 353722 —439)

[MToctpoenue rpaduka kBaapatnyHoii anmpokcumarmu B MathCAD:

150 T T T

100

¥ 50

Puc.7. Ucxonnas pyHKUMS U IMHUS TPeHIa AJI KBaIpaTUUHOM armpoKCUMAIINH.

DKCITOHEHITHANIFHAS alIIPOKCUMAIINS JTAHHBIX
Haxoxnenue koo duuuentos al, a2, z.



m = In{y)
z = intercept(x, m)
=342

a2 = glope(x,m)

a2 =0019
al = exp(z)
al = 30641

f3(c) = al explal - c)

[Toctpoenwue rpaduka s3KCroOHeHIIMaIbHOU anmpokcuMaiui B MathCAD:

150 T T T T T
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Puc.8. Ucxonnas pyHKUMS U IMHUS TPEHA U1 SKCIIOHEHIIMAIBbHON allpoOKCUMalUH.

[TpakTnueckoe 3ansatue Ne 3. Pacu€r ammpoxcuMariii 3KCIIEPUMEHTAIBHBIX JTaHHBIX C
ucroab3oBanuem MatLAB

BBog HCXOAHBIX TaHHBIX:

>> x=[1.05 1.65 2.08 2.76 2.99 3.65 4.05 4.15 4.39 4.76 5.08 5.43 5.89 6.43 6.91 7.13
7.34 8.01 8.54 9.01 9.54 9.85 10.06 10.42 10.89];

>> y=[3.45 6.76 9.08 17.98 27.78 40.43 53.87 59.96 70.08 85.96 95.06 100.98 121.76
112.83 99.05 87.95 72.08 60.87 55.08 44.41 25.97 18.64 11.43 8.87 5.51];

JIuneitHas anmpokcuManus QyHKIUU:
Haxoxnenne ko3 puuneHToB JIMHEHHON QYHKIIUH.

>> p=polyfit(x,y,1)

p =

-0.0615 52.2075

>> t=polyval(p,x);

>> plot(x,y,'ob" x,t,'-g’)
>>

[TocTpoenue rpaduka nuHeliHoM anmpokcumaruu B MatLAB:
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Puc.9. Ucxonubie naHHbIe U TUHUS TPEHAA JUIsSl JUHEHHOMN anmnpoKCUMAaIIUH.

KBanpaTtudHas annpokcuMaInus JaHHbBIX
Haxoxnenne korhuiimeHToB KBaApaTUIHON (PYHKIIUH.

>> p=polyfit(x,y,2)

p =

-4.3899 53.7216 -76.1393
>> t=polyval(p,X);

>> plot(x,y,'ob',x,t,"-g")
>>

[TocTpoenue rpaduka kBagparuuHoi anmpokcumaiuu B MatLAB:
140 T T T T T T T T T
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Puc.10. McxonHble naHHbIe U TUHUA TPEHAA U1 KBaJIPATUYHOM anmpOKCHUMALINH.

DKCHOHEHIIMATBHAS alIPOKCUMAIIHS JaHHBIX
Haxoxnenne k03 puunueHToB 3KCIIOHEHINANBHON (DYHKIIHH.

>> b=log(y);
>> p=polyfit(x,b,1)



p =

0.0195 3.4223

>> =3.4223

c=

3.4223

>> a2=0.0195

a2 =

0.0195

>> al=exp(c)

al =

30.6398

>> t=al*exp(a2*x);
>> plot(x,y,'ob',x,t,"-g")

>>

[TocTpoenue rpaduka SKCIOHEHIIMAIBHON arnmpokcuManuu B MatLAB:
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Puc.11. Hcxonnbie n1aHHBIE U TUHUS TpEeHAA JIA AKCHOHEHIIMAJIbHON arnmpoxkcumManuumn

BapuanTe! 3ananui

Bapuant
0 1 2
Xi Vi Xi Vi Xi Vi Xi Vi Xi Vi
1,05 2,10 2,03 -1,88 1,05 -1,88 2,03 -1,88 1,05 3,12
1,57 3,46 2,31 -0,66 1,57 -0,66 2,31 -0,66 1,57 4,34
2,09 5,37 2,59 0,71 2,09 0,71 2,59 0,71 2,09 5,71
2,61 7,81 2,87 2,24 2,61 2,24 2,87 2,24 2,61 7,24
3,13 | 10,80 3,15 3,92 3,13 3,92 3,15 3,92 3,13 8,92
3,65 | 14,32 3,43 5,76 3,65 5,76 3,43 5,76 3,65 10,76
4,17 | 18,39 3,71 7,76 4,17 7,76 3,71 7,76 4,17 12,76
4,69 | 23,00 3,99 9,92 4,69 9,92 3,99 9,92 4,69 14,92
5,21 | 28,14 4,27 12,23 | 5,21 12,23 4,27 12,23 5,21 17,23
5,73 | 33,83 4,55 14,70 | 5,73 14,70 4,55 14,70 5,73 19,7
6,25 | 40,06 4,83 17,33 | 6,25 17,33 4,83 17,33 6,25 22,33
6,77 | 46,83 5,11 20,11 | 6,77 12,23 5,11 12,23 6,77 17,23
7,29 | 54,14 5,39 23,05 | 7,29 9,92 5,39 9,92 7,29 14,92
7,81 | 62,00 5,67 26,15 | 7381 7,76 5,67 7,76 7,81 12,76
8,33 | 70,39 59 12940 | 8,33 5,76 5,95 5,76 8,33 10,76




885 | 7932 | 623 | 3281 885 | 392 | 623 | 392 | 885 8.92

037 | 88.80 | 651 | 3638 | 937 | 224 | 651 | 224 | 937 7.24

0.80 | 9881 | 679 | 4010 | 989 | 071 | 679 | 071 | 9.89 5.71

1041 10?’3 707 | 4398 | 1041 | 066 | 707 |-066 | 1041 | .

1204
10,93 | 1% 735 | 4802 | 1093 | 188 | 735 |-188 | 1093 | L.
Bapuanr
5 6 7 9
Xi Vi Xi Yi Xi Yi Xi Vi Xi Yi

2.03 210 | 203 | 633 | 203 | 242 | 105 | 212 | 203 | 312
2.31 346 | 231 | 1003 | 231 | 334 | 157 | 334 | 231 | 434
2.59 537 | 259 | 14.79 | 259 | 471 | 209 | 471 | 259 | 571
2.87 781 | 287 | 2078 | 2.87 | 6.24 | 261 | 624 | 2.87 | 724
315 | 1080 | 345 | 2810 | 315 | 792 | 313 | 7.92 | 315 | 892
343 | 1432 | 343 | 3691 | 343 | 976 | 365 | 9.76 | 343 | 1076
371 | 1839 | 371 | 4734 | 371 1%3’7 417 | 1176 | 371 | 12,76
399 | 2300 | 399 | 5953 | 3,99 1359 469 | 1392 | 399 | 1492
427 | 2814 | 427 | 7357 | 427 1%’2 521 | 1623 | 427 | 1723
455 | 3383 | 455 | 8964 | 455 | 187 | 573 | 187 | 455 | 197
483 | 4006 | 483 1057 8 | 483 2%’3 625 | 2333 | 483 | 2233
511 | 4683 | 511 | 8805 | 511 1%’2 677 | 1823 | 511 | 1823
539 | 5414 | 539 | 8042 | 539 12’9 729 | 1502 | 539 | 1592
567 | 6200 | 567 | 72.35 | 567 136’7 781 | 1376 | 567 | 1376
595 | 7039 | 595 | 6402 | 595 1%5’7 833 | 11.76 | 595 | 1176
623 | 7932 | 623 | 5557 | 623 | 992 | 885 | 992 | 623 | 992
651 | 8880 | 651 | 4713 | 651 | 824 | 937 | 824 | 651 | 824
679 | 9881 | 679 | 3877 | 679 | 671 | 989 | 671 | 679 | 6.71
707 | 10037 | 7.07 | 3068 | 707 | 534 | 1041 | 534 | 707 | 534
735 | 12046 | 7.35 | 2293 | 7.35 | 412 | 1003 | 412 | 735 | 412




IIpakTnyeckoe 3ansaTHe Ne9.
Pacuét annmpokcuManuM KCNEePUMEHTATBHBIX JAHHBIX ¢ HCM0JIb30BAHHEM
MatLAB.

Anmnpokcumanusi 3KCIepuMEHTANIbHBIX JaHHbIX B mporpamme MatLAB

MatLAB (cokpamienue ot anri. «Matrix Laboratory») — maket npuKJIaJHBIX TPOTrpaMm
JUIsL pElICHUs 3aJa4 TEXHUYECKUX BBIYMCICHUN M OZHOMMEHHBINA S3BIK IIPOIPaMMHUPOBAHUSA,
ucnoiap3yembli B 3TtoM makere. 3pik  MATLAB  sBisercs  BBICOKOYPOBHEBBIM
MHTEPIPETUPYEMBIM S3bIKOM IIPOIPAMMHUPOBAHHUS, BKJIIOYAIOIIMM OCHOBAaHHBIE Ha MaTpHIAax
CTPYKTYpPHl JAaHHBIX, HIMPOKUN CHEKTp (YHKUUH, HHTETPUPOBAHHYIO Cpeay pa3paboTKH,
00BEKTHO-OPUEHTHUPOBAHHBIE BO3MOXKHOCTH M UHTEpQeHchl K MporpaMmam, HalMCaHHBIM Ha
JIPYTUX S3bIKaX MPOrpaMMHUPOBAHMUS.

Wnes MeToa HAaMMEHBIINX KBaJpaTOB 3aKjIoyaeTcs B TOM, uTo ¢pyHkuuo: Y={(x, a0, al
.., ak) HeoOxomuMo mOMOOpaTh TakUM 0Opa3oM, YTOOBI CyMMa KBaJpaTOB OTKJIOHEHHM
U3MEPEHHBIX 3HAYCHUH Yi OT pacyeTHBIX Y Obl1a HAUMEHbILEH.

[Tporpammel, Hanmcanasie Ha MATLAB, OpiBatoT ABYX THIOB — (YHKIWHU U CKPHIITHL
OyHKIMU HMMEIOT BXOJHBIE M BBIXOAHBIE apryMEHThl, a TaKkKe COOCTBEHHOEe pabouee
IPOCTPAHCTBO Ui XPaHEHHs] IPOMEXKYTOUHBIX PE3yJbTAaTOB BBIUMCICHUN U IEPEMEHHBIX.
CkpunThl € HCIONIB3YIOT obliee padouee mpocTpaHcTBO. Kak CKpuNThl, Tak U (QyHKIMM He
KOMIIWJIMPYIOTCS. B MallIMHHBIA KOJ M COXPAaHAIOTCS B BUJE TEKCTOBBIX (haiiioB. CyliecTByeT
TaKkXKe BO3MOXHOCTb COXPaHATh TaK Has3blBaeMble pre-parsed mporpaMMmbl — QYHKLHH H
CKpHUITHI, 00pabOTaHHbIE B BUJI, YIOOHBIH JIJIs1 MAIIMHHOTO UCIIONIHEHUA. B o0uiem cinyyae Takue
IPOTrpaMMbl BBINOJIHAIOTCS ObIcTpee OOBIYHBIX, OCOOCHHO €CIM (YHKIHS COAECPKUT KOMaHIbI
MOCTPOEHUs rpauKOB.
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