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BBEJAEHHUE

Oxcnepumenm (ONBIT) — 3TO COBOKYIMHOCTh ONEPALMil, COBEPIIAEMBIX HaJ
O00BEKTOM, C IEIbI0 MOTYICHHUS HHPOPMAIIMU O €T0 CBOMCTBaX. Teopus TIaHupPO-
BaHUsl IKCIEPUMEHTa TECHO CBS3aHA C MHOTOMEPHBIMH CTaTUCTHUYECKUMU METO-
JamMH. JTa TeopHs BKIIOYAET MAaTEMaTHYEeCKHE METOJbI TUIAHUPOBAHHS DKCIIEPH-
MEHTOB, KOTOpBIE JAIOT BO3MOKHOCTh YIPABIATH YCIOBUSIMHU MPOBEACHUS KCIIE-
pPUMEHTA C TIENIBIO TIOBHIICHUS eT0 Y3PPEKTUBHOCTH. DKCIIEPUMEHTHI, OCHOBBIBAIO-
HIMeCs] METO/Iax TIAHUPOBAHUS SKCIIEPUMEHTOB, IPUHATO HA3BIBATH AKIMUBHLIMU.
DKCIIEPUMEHTBI, KOTOPBIE CTABATCS VISl PEIICHHS ONTUMHU3AIMOHHBIX 3a/1a4, Ha3bl-
BAIOTCS 9KCMPEMATbHLIMU.

Lenu nianuposarnus IKCNEPUMEHMOB:

— HaxOoXJECHHE YCIIOBUHN NMPOBEACHUS IKCIEPUMEHTOB, IPU KOTOPBIX yIAETCs MO-
JYYUTh JOCTOBEPHYIO HH(POPMAITHIO 00 CCIeAyeMOM O0BEKTE C HAUMEHBIITNMU
3arpaTamu (IIp1 MUHUMAJIbHOM KOJIMYECTBE OIBITOB);

— IMpexacraBieHHe UH(pOpMaluU B yIOOHON QopMe Al ee u3BJIeYeHHus U oOpa-
OOTKHU.

3adauu nranuposanus IKChepuMeHmos:

— TOCTPOCHHE MaTeMaTHYEeCKONH MOJIEIH U3y4aeMoro 00beKTa, BKIIOYAIOIIeH mo-
Ka3aTeld KauyecTBa OOBEKTa, 3aBUCSIIME OT mapameTpoB ((akTopoB), s
OLICHKM €T0 CBOMCTB;

— HaxoXJEeHHE TaKkoW KOMOMHAIMK (aKTOPOB, IPU KOTOPOM JOCTUTAKOTCS IKCTpPE-
MaJIbHBIE 3HAYCHUS BEIOPAHHBIX MOKa3aTeNel KauecTBa,

— aBTOMAaTH3aIUsl PEeUICHUs 3a7a4 yIpaBICHHs SKCIIEPUMEHTOM (TUTAHUPOBAHMS,
OLICHKH TIOTPEITHOCTEH, TPOTHO3UPOBAHMUS).

MeToapl B TTOAXOABI K TUTAHUPYEMBIM JKCIIEPUMEHTaM JOCTATOYHO XOPOIIIO
pa3paboTaHbl B HAYYHO-TIPUKIIAAHBIX UCCIEAOBaHUSAX. B MccienoBaHusX UCIIONb-
3YIOTCSI PA3IMYHbIC BBIYUCIMTEIIbHBIE HHCTPYMEHTHI M MHCTPYMEHTHI aHajIn3a OT
CTaH/JAPTHBIX MAaTEeMAaTHYECKUX M CTATUCTUYECKUX IMAKETOB OOIIET0 Ha3HAYCHUS
(MATHCAD, MATLAB, STATISTICA, STATGRAPHICS u ap.) no cneruanu-
3UPOBAHHBIX aBTOPCKUX MAKETOB, KaK MPABHIIO, OPUCHTUPOBAHHBIX HA BHIOPAHHYIO
MpeAMETHYIO 001aCTh.

JlanHO€ ocoOue MoMOXKeT MPUOOPECTH HABBIKUA MCTIOIB30BaHUS MOEICH U
METOJ/IOB TUIAHWPOBAHUS SKCIICPUMCEHTOB MU PEIICHUM MPAKTUYCCKUX 3a1ad M3
npodeCCHOHAIBHOM 001acTH.



MaremaTn4yeckasi MoJe/ b IVIAHMPOBAHUS IKCIIEPUMEHTA

[Ipy nmnaHupoOBaHMM HKCIEPUMEHTA, CIEAYys KUOECPHETHUYECKOMY IOIXOIY,
uccienyeMblii 00bEKT MPECTABIACTCS «YEPHBIM SIIIIUKOMY, BXOJHbBIE MapaMeTpbl
KoToporo Xi, X5, ..., X, — pakmopul, a BBIXOIHOM nTapamMeTp (WM mapameTpbl) y —
omkauK. BBIXOTHOW TapaMeTp SIBISECTCS HCKOMBIM IMOKA3aTeNeM KaueCTBA UCCIIENY-
€MOro OOBEKTA.

3aBUCUMOCTh BBIXOJIHOTO MapamMeTpa WM BBIXOJIHBIX MapaMeTpPOB, €CIU UX
HECKOJIbKO, OT BXOJHBIX BBIMOJIHSIOTCS MO0 ¢ TOMOIIBIO IKCIIEPUMEHTOB Ha MO-
JesX (MaTeMaTHYECKUX aHATUTHYCCKUX, YUCIICHHBIX, HMUTAIIMOHHBIX U JIP. ), THOO
IIyTE€M HAaTYPHBIX IKCIIEPUMEHTOB.

B maremaTnueckoy TEOpUM INIAHUPOBAHUS YKCIIEPUMEHTOB BBIXOJIHOM Iapa-
MeTp 00BEKTa NMpeCTaBIIsIeTCs GYHKIMEH OT BXOIHBIX TAPAMETPOB, KOTOpasi ompe-
JIEIIAETCSA B BUJIE€ HEKOTOPOM PErPECCUOHHON 3aBUCUMOCTHU

y=F(X, X5, ., Xn).

[ CraTuctuue-

CKas npoBepka ] ; ‘/\
—’ “ — ’:‘

( o
KoppenaumoHHbIi, amc-
L MepcuoHHbIM aHanuns

Pucynox 1

[Tpu sToM 1151 TOsTydeHue 0oJiee TOMHOM 1 IOCTOBEPHON KapTHHBI 3aBHCH-
MOCTH OTKJIMKA OT ()aKTOPOB PETPECCHUOHHBIN aHAIU3 JIOMOJHAETCA CTaTUCTUYe-
CKMMH HCCIIEIOBAHUAMU: KOPPEJALMOHHBIM, AUCIEPCUOHHBIM aHAJIU30M, CTATH-
CTAYECKOU IMPOBEPKOM TUIIOTES.

JIJisi OCTpOEHUsI PErpecCUOHHON MOJENU HCIONb3YIOTCS MIIaHbl (HAOOPHI
3HAYEHUI BXOJHBIX IAPAMETPOB), KOTOPHIE ITO3BOJISIOT C HAMMEHBIIMMH 3aTpaTaMu
(Mpy HaMMEHbILIEM KOJUYECTBE IKCIEPUMEHTOB) OMPEACIUTh PETPECCUOHHYIO 3a-

BUCHMOCTDH U OIICHUTH €€ 3HAYNMOCTB.



PaccMoTpuM OCHOBHBIE TIOHSITHS U TEOPETHUECKHUE TTOJIOKEHUS TCOPHUH TIjIa-
HUPOBAHUS IKCIIEPUMEHTOB.

Yposusamu gpaxmopos Xi HazpIBaeTCsl HAOOP 3HAUYCHUHM, KOTOpBIE 3TOT (ak-
TOp MPUHUMAET U KOTOPHIE UCIIOIB3YIOTCS TP MPOBEACHUH SKCTIEPUMEHTOB. J1Jis
nocTpoeHus: 3PPEeKTUBHON MaTeMaTHUYECKOM MOJIENH 1EJIeCO00pa3HO MpeBapu-
TEJIHHO MPOBECTH aHAIIN3 3HAYMMOCTH (DAKTOPOB, MX BOZMOKHOM KOJJTMHEAPHOCTH,
WCKITIOUNTH Majio3Havamme (paxkTopsl.

JIOonyCTHUM H3BECTHBI JMAna3oHbl u3MeHeHHUsT GakTOpoB [Ximin, Ximaxl i =
1,n. O6nacTbio MIAHUPOBAHUA WU (QaAKMOPHBIM NPOCHMPAHCHIEOM HA3bIBAETCS
MHOTOMEPHBIN MapasuiesieNnuIie]l, OrpaHuYCHHBIN Tharna3oHaMu U3MEeHEeHUs! (HaKTo-
pOB.

Ixcnepumernmom, ¢ TOUKA 3pEHUS MaTEeMAaTUYECKOU MOJIENIN, HA3bIBAETCA Ta-
KO€ COUeTaHue 3HAYCHUH pa3InyHbIX (PaKTOPOB, KOTOPOE COOTBETCTBYET YCIOBUSIM

MPOBEICHUA ONbITa. POPMATBHO 3aJaHUI0 YCIOBUM SKCIIEPUMEHTA COOTBETCTBYET
3ajianue N-mepHoi Toukun M7 (X J ,XZJ ....... X,]l) B (DaKTOPHOM IPOCTPAHCTRBE, KO-
OpJIMHATHI KOTOPOU — 3HaUeHUs (PaKTOPOB

X'] € [Ximianimax]ri = 1,_7’1, (1)

l

O603HaunM KoM4ecTBO Touek B mane N, torna j = 1, N.

Kak mpaBuio, TOUKM HE BBIXOJAT 3a Mpejeiibl (haKTOPHOTO MPOCTPAHCTBA,
UCKJIFOYEHHE COCTABJISIIOT KOMITO3UITMOHHBIC TIaHBI, O KOTOPBIX OYAET TOBOPUTHCS
HKe. COBOKYITHOCTh BCEX TOYEK SKCIEPUMEHTA HA3BIBACTCA MIAHOM IKCHEpu-

menma.

Koouposanue nepemennvix u ypaenenue pecpeccuu
N3navanbHo 3HaUYeHUs (HaKTOPOB Xij paccMaTpHUBaKOTCS B HATYpPaJbHOM H3-
MEpEHUH, 3aTeM TEPEXOISIT K KOJIMPOBAaHHBIM (0e3pa3MepHBIM, IPHUBEICHHBIM ) 3HA-
yeHUsM (akTopoB. byaem 0003HauaTh UX CTPOUYHBIMH OYKBAMU xij . 3Ha4YeHUs

KOJUPOBAHHLIX MICPEMCHHBIX JJIS1 HC KOMITIO3UIIMOHHBIX IIJIAHOB M3MCHAIOTCA B IIPC-

nenax ot -1 go +1:



x] € [-11],i =1,n,
@opmyibl IEPEX0a K KOAUPOBAHHBIM IEPEMEHHBIM UMEIOT BUJ
Jj _ Xi] —Xiavg .
xi - Xiavg_Ximin’ Xiavg - (Ximin + Ximax)/21 (2)
Koopaunater Xi] TOYEK IJIaHa B HATYpaJIbHOM M3MepeHHUU (OOpaTHBIN mepe-

X0J1) BBIYUCIISIOTCS 10 hopMyJiam

Xi] = (Xiavg - Ximin)xi] + Xiavg, (3)

e i=1,n,j=1,N,

X; — 3HaY€HUe KOAUPOBAHHOIO (paKTOpa X; B J-OM TOUKE ILJIaHA.

A

Llenmpom sKkcnepumerma Ha3bIBa€TCs TOUYKA, B KOTOpoi Bee x] = 0.
B kauectBe ¢yHkuuu oTkiInKa (perpeccoHHoOi Momenn) f (X1, Xy, ..., Xp)
OT KOJMPOBAHHBIX TIEPEMEHHBIX HAN0O0JIEE YaCTO HCIIOIB3YIOTCS NOJUHOMUATbHbLE

MOoOeu nepeoil U 8Mopoll cmeneHu.

o R — n n n
Y = f(x1, X2, e, Xn) = b + Xisq bix; + Xij=1 bijxixj + Xijk=1bijrXixjxy +
i#j i#j*k

n 2
i=1 biiX; ’ (4)
TZie X; — KOOQUPOBAaHHBIEC IEPEMEHHBIE TIOJTMHOMA.
BBenem gomnonHuTEIbHBIE 0003HAYCHUS
Xn+1 = X1X2, Xn42 = X1X3) 0y
Torna noauHoM (4) 3anuiiercs B NpeoOpa30BaHHOM JIMHEHHOM BHJIC
N K
Y = by + =1 bix;, (5)
riae K — xonmnuecTBo K03 (GUIIMEHTOB NMPU HEM3BECTHBIX B TIOJTMHOME.
Onpeoenenue Koaghhuyuenmos hynkyuu omruuxa
Pacwupennoi mampuyeii niana 8 KoOUpoBaHHbIX nepemMeHHbIX Ha3bIBACTCS
.
marpuna X pasmeproctu N Ha (K +1), amemMenTsI KOTOPOH X; , Tie K — KOmM4ecTBO

K03 PHUIMEHTOB IPU HEM3BECTHBIX MPe0OPa30BaHHOTO ypaBHEeHHs perpeccun (5),
6



xg xf x} o xi

X = : : (6)
x oKl oKl X

OcHoeHoUl Mampuyetl TIIaHA HA3bIBACTCSI MATPHUILIA U3 N CTOJIOIOB BU/IA:

x% x% cos x_rll
X0 = : o
x]{V xév cos x_rly

O603HaunM Y — MaTpHUILy-CTOJIOEI] 3HAUSHHUI paccMaTpUBaeMOro MmoKa3aTelis
KauecTBa 1o pe3yibTataM dkcriepuMenTta B N Toukax, B — marpuiry-cronbern ko3d-
¢burueHToB noauHoma (5):

YT — (ylexp,y2exp’ _yNexp) ’
BT = (by, by, .... by),
rae T o3HayaeT oneparuio TpPaHCIOHUPOBAHUS MATPHUIIBI.

Haxoxnenue cronbua k03QuurMeHTOB NOJNHOMA BBINOJIHAETCA CIEAYIO-
UM 00pa3oM:

Y=X-B =  B=X"X)(X"Y), (7)
4TO COOTBETCTBYET (pOpMyIiaM, MOIyYEHHBIM IO METOAY HAUMEHBIINX KBAIPATOB.

O603HaunM Y — MaTpuIly 3HAYEHMH MOKA3aTels KAauecTBA B TOUKAX TIAHA,
HAMJICHHBIX 110 YPAaBHEHUIO PErPECCHH,

torma Y=X-B, t1me YT =(@%Yy%...yY).

SHavenns ¥/, j = 1,N BBIXOAHOTrO mapamerpa B TOYKAX IUIAHA B CIIydae
HEHACBIIIEHHOTO T1aHa, T.e. ipa N> k+1 He coBmamator ¢ y/¢*P. KadecTso mo-
JTY4YEHHOUW PEerpecCHOHHOIN MOJIENIN OIICHUBACTCS PA3IMYHBIMA METOJIAMH: C TIOMO-
b0 Kpurepust duiepa, Mo cpeane ommodke anmnpokcumanuu u ap. [lpu pacuere
kputepust durepa UCTONB3YIOTCS OCTATOYHAS U (PaKTOpHAs AUCIIEPCUU, OTHECEH-
HbIE K YHCIy cTeneHed cBoOoabl. [lpu pacuere cpedneil owubku annpokcumayuu

UCHIOJNIB3YETCs popMmyia

N i_.lex iex
COA = ZL=1|(Y J’N p)/y p| . (8)

Cuuraercs ommOKa anmpoKCUMAIINH pueMIieMoi, eciii oHa MeHbIe 0,08.



Buabl n1aHOB M UX XapaKTePUCTHKA

[TnaHbl pa3aUyYarOTCs O CBOUM XapakTepucTrkaMm. OCHOBHBIMH XapaKTepH-
CTUKAMH SIBIISTIOTCS HACLIUEHHOCHb, POMAMAOelIbHOCHb, OPMO2OHATLHOCb, HOP-
MUPOBAHHOCb, CUMMEMPUUHOCTb, KOMNOZUYUOHHOCHb.

[TnaH HAa3BIBACTCS HACLIUEHHIM, €CITA YUCIIO SKCIIEPUMEHTAIBHBIX TOYek N
B HEM COBITQJIaeT ¢ YUCIOM KodhdunmenToB momuHoma K+1. HachimeHHBIH TUTaH
HE ITO3BOJISICT YCPEAHUTD OIUOKHU SKCIIEPUMEHTA, €CJIM OHU €CTh, W ONPEICITUTD X
BeIMYMHBI. V30bITOUHOE YKCIIo OnbITOB Tpu N> K+1 mo3BoJIsIeT 3TO ClIeNnaTh.

[Tnan Ha3piBaeTcs poTaTaOCIBHBIM, €CIIM JUCIEPCUS (YHKIIUM OTKIIUKA
f(xq,x5, ..., xX;,) OOMHAKOBAa Ha OJUHAKOBOM PACCTOSHHUHM OT ICHTpa IUIaHa, T.C.
TOYKH TUIaHa JISKAT Ha KOHIICHTPHUYECKUX TUIepchepax.

[TnaH Ha3BIBACTCS OPMOCOHANLHBIM, €CITA CTOJOIBI MATPHUIIBI INITAHUPOBAHUS
(1.6) opToroHaIbHBI

N u.U _ Ce
U=1%X; Xj =0, ,j=0,

Jlnst oproronansHoro miana matpuna C = XTX gBiseTcss 1UaroHanbHOM,
03TOMY KO3 (UIIUEHTHI TOJMHOMA ONPEACIISIIOTCS HE3aBUCUMO JIPYT OT JIpyTa.
[itan Ha3bIBAETCA HOPMUPOBAHHBIM, ECIIM CYMMa KBAJAPATOB 3JIEMEHTOB JIIO-

ooro cronlua paBHa yucity onbIToB N:

N () =N, i=0k.

IInan Ha3kIBaeTCs cummenmpudHoim, CCIM CyYMMa JJIICMCHTOB JIFO00T0

cT0J01a, KpoMe nepBoro, pasHa 0:
NeixP =0, i=0k.
Ecnu nan no3BossieT onpeaenutb Ko3GOUIMEHTH! OJIMHOMOB TOJIBKO TPH

NEPBBIX CTCIICHAX X; W CMCIIAHHBIX ITPOU3BCACHUAX (baKTOpOB, TO TaKOM ILIaH

HAa3bIBAKOTCA NJIAHOM NEPB02o nopﬂdka.



[Inan Ha3BpIBaeTCA INIAHOM 61M0PO20 NOPAOKA, €CIU OH IO3BOJISIET HAUTH KO-
3 (DUIIEHTH TOTMHOMOB Ipu X7, JIJI TAKMX MTAHOB XapaKTEPHO, 9TO (PaKTOPHI
BAPBUPYIOTCS, KAK MUHUMYM, Ha IBYX YPOBHSX.

IInaH HaA3BIBACTCA KOMNOZUYUOHHBIM, €CIIM OH BKIIIOYAET JOINOJHUTEIIbHbBIC

TOYKH K IIJIaHaM IICPBOI'0 IMopAaKa.

Tlonnwiti paxmopHwlll niau

dopmyia, 10 KOTOPOI paCCUNUTHIBAETCS YUCIIO OMBITOB IPH IOJIHOM (PakKTop-

HOM 3kcniepumenTe (I1D3), BEINISIANT caeayomuM 00pa3oMm:
N =p",

rae N — Y9HCJIO ONBITOB;

Nn —4ucio (HakTopos;

P — 4KCII0 YPOBHEW BapbUpPOBaHUS (PAKTOPOB.

Ecnu unciio ypoBHEH Kaxa0oro pakropa paBHO JABYM, TO Mbl UMEEM MOJHBIH
(baxTOpHBIN dKcriepuMeHT Trma [1P3I 2™

B muiaHMpoBaHMM 3KCIEPUMEHTA HCIIONB3YIOTCS KOAMPOBAHHBIE 3HAYCHHUS
daktopoB: +1 u -1. YcinoBus 3KCEpUMEHTa 3aIUCHIBAIOTCA B BUJI€ TAOJIHILIBI, T
CTPOKH COOTBETCTBYIOT Pa3IMYHBIM OIbITaM, a CTOJOLBI — 3HAUECHUSM (HaKTOPOB.
Takast Tabnuna COOTBETCTBYET MaTpulle IUIaHUpOoBaHus 3kcnepumenTa (1.6). [1nan
[1DD obnagaeT cBOMCTBAMU CUMMETPUYHOCTH, HOPMUPOBAHHOCTH, OPTOTOHAIBHO-
CTH, pOTaTabeNbHOCTH (7151 IMHEWHON MOJIEIIN).

Ha pucynke (PucyHOK 2) IpuBeIeHa MATPHIA PACIIMPEHHOTO muaHa [T 23,

YUUTHIBAIOINIAS] CMEIIaHHbIE TIPOU3BEACHUS (B3aUMOJIEHCTBYA) (haKTOPOB.



i 0 1 2 3 4 5 6 7 8
U Xp X X X3 X pxg X X3 Xaxg | Xpipxz Y
1 1 -1 -1 -1 +1 +1 +1 -1 ¥
2 1 +1 -1 -1 -1 -1 +1 +1 ¥,
3 1 -1 +1 -1 -1 +1 -1 +1 ¥
4 1 +1 +1 -1 +1 -1 -1 -1 Ya
5 1 -1 -1 +1 +1 -1 -1 +1 Y5
6 1 +1 -1 +1 -1 +1 -1 -1 Ys
7 1 -1 +1 +1 -1 -1 +1 -1 ¥;
8 1 +1 +1 +1 +1 +1 +1 +1 Yy
i"w 8 0 0 0 0 0 0 0
=1
Pucynoxk 2

OpTOroHaNBHOCTH MUIAHA O3HAYaeT, 4o Marpuua X' X auaroHaibHa, TOTAA

K03 bULIMEeHTHI TToJaMHOMA (5) OmMpenesIIoTCs He3aBUCUMO APYT OT JIpyra 1o ¢op-
MyJiam

b = (X)L y/**Px] )/N,i=0k. )

[Tnan [IOD 2™ oTHOCATCS K IIaHaM IepBoro nopsaka. KomuuectBo ko3¢-

(GULMEHTOB MOJMHOMA OT N (PaKTOPOB, cCoAepKaIIero CBOOOHBIN UJIEeH, TEpPBbIE

CTCIICHHU HCU3BCCTHBIX u Hux CMCIIaHHBIC IIPOU3BCACHU:I, PaBHO

Cr(,) + C% + C% +...+C/l =2" . Ono Bcerna conanaer ¢ unciom Todek miana [1MD

2™, I03TOMY PTOT TUTAH SIBJISIOTCS HACHIIIICHHBIM.
Tak, npu N=3 koaum4ecTBO KOAHHUIIMEHTOB U YUCIIO TOUYEK TUTaHA OJTUHAKOBO
¥ paBsHO 8. Pezpeccuonnviii nonunom IPD 22 nns GyHKIMU OTKIMKA UMEET BHI:

Y =bg+ byx; + byxy+b3x3tbyx X, tbs X X3t X, X3 +bs X X5x5,  (10)

Ha npakTtuke npu HEKOJUIMHEAPHBIX (pakTopax K03PPULIMEHTHI TPU CMEIIaH-
HBIX MPOU3BEICHUAX OJIM3KH K HYIIO, TO3TOMY MMEET CMBICT YYUTHIBATH TOJIBKO
JUHEHHbIE uieHbl. B 3ToM ciyyae mpu N>2 KOJIMYECTBO OMBITOB MPEBBIIIAECT KOJIH-
4ecTBO KO3(D(PUIIMEHTOB MpH MepBbIX cTeneHsx (pakTtopoB. C 0JHOI CTOPOHBI, ITO
TI03BOJISET YCPEAHNUTh JaHHBIE SKCIIEPHMEHTa Y/¢*P 1 OIEHNTH OMIMOKH arpoK-

cuMmanuu. C gpyro#i ctoponsl, B [I1O3 npu yBenrnueHUn N pa3HOCTh MEKIY YUCIOM

10



onbITOB 2™ 1 yrciioM K03 UIMEHTOB N+1 TUHEHHOM YacTH, YBEIMYMBACTCS, TTaH
CTAHOBUTCS N30BITOUHBIM 10 KOJTUYECTBY OINBITOB, BOSHUKAET MPOOieMa YMEHbBIIIE-

HMA KOJINYCCTBA OIIBITOB.

Jpobuwuii haxmopuwlii nian

Jjist TOro, 4ToOBl YMEHBIIUTH YUCIIO OMNBITOB, MPUMEHSIOTCS ApOoOHbIE (hak-
TOpPHBIE TUTAHBbI.

JpoOHBIM (HaKTOPHBIM SKCTIEPUMEHTOM HA3bIBACTCS CHUCTEMa SKCIEPHMEH-
TOB, MPEACTABIAIOMUX co00M yacTh [P, mo3Bosdronias paccuuThiBaTh KO3 u-
[UEHTBl YPABHEHUS PETPECCUU U COKPATUTh O0OBEM SKCIIEPUMEHTAIIbHBIX TAHHBIX.
Takue sKCHEepUMEHTHI 00J1aIal0T MEHbIIEH MHPOPMATUBHOCTHIO, HO IO3BOJISIIOT
3HAYUTEIBHO COKPATUTHh KOJIMYECTBO ONBITOB. B JIDD konn4ecTBO 3KCIEPUMEH-

— pn-m

TaJIbHBIX TOYeK N , T1e m — nokasarenb JapooHoct [1DD. Ecimu m = 1,

To N B 11Ba pa3a MeHble, ueMm B [IDD. Takue rmaHbl Ha3bIBAIOTCS MOJTYPETIUKAMU.

OpmozoHanbHbll YeHMPAalbHbll KOMNO3ZUYUOHHBIU NAAH
Ecnu xapaktep QpyHKUMHM OTKJIMKA HEJIWHEWHBINA, TO CIEAYEeT YUUTHIBATH B
YpaBHEHUU PETPECCUU Cllaraemble cojiepskaiiue KBaapatbl (hakTopoB. s 3Toro,
KaK MUHUMYM, Kbl (DAKTOP JOJKEH BapbUPOBATHLCA HA TPeX ypoBHIX. Mcmolib-
3oBaHue [IPD B 3TOM cilyyae MPUBOJUT K HEOMPABAAHHOMY YBEJIMUYECHUIO YUCIIA
AKCIIEPUMEHTANIbHBIX TOYEK. J[pyroil moaxoj, OCHOBaHHBIM Ha KOMITO3UIIMOHHBIX
IJIaHAX, MPEeNIoKeH bokcoM M YHICOHOM. DTOT MOAXO/ UCTOJB3YETCS U MPH TO-
CTPOCHUU TUIAaHOB BTOPOTO MOPSIIKA.
O6031aunmM OLIKII — nieHTpanbHbIil CHMMETPUYHBIN OPTOTOHATBHBIA KOMIIO-
3ULMOHHBIN IJIaH.
B OLIKII BxoasT:
— sapo — miad [IPD ¢ Ny = 2" Toukamu miaHa,
— Ny — IeHTpaJbHas TOYKa IJIaHa;
— TI0 JBE «3BE3JIHBIC» TOUKHU IS KaXI0r0 (pakTopa.

Oo6mee komuyecTBO ToueK B mane OLKII Beruucnsercs mo ¢popmyie:
11



N =2" + 2n + n,, (11)
rne ng = 1.

B OLKII kax1p1it KogqupoBaHHBIM (PaKTOp BapbUPYETCs Ha MSITH YPOBHSX,

T.C. xl] (-0,-1,0,1,a), i = 1,n,j = 1,N, tae o — maedo 3BEe3HBIX TOYEK.
OpTOroHaNBbHOCTS ITaHa O0ECIeYnBaeTcs MpeoOpa3oBaHUEM CTOJIONOB, CO-

OTBETCTBYIOIMX KBaJpaTaM (pakTOpOB, U COOTBETCTBYIOLIMM BBIOOPOM 3HAUYCHHMIA

KOOPAMHAT 3BE3IHBIX ToYeK. PacueTHbIe pOpMyIIBI Uil TTapaMeTpoB, oOecrieunBa-

IOIUX OPTOrOHAJIBHOCTL, HMCIOT BUJ

a=.,2"/N, a= \/(\/N -2n —21)/2, (12)

BrrancnenHpie 3HaYeHHs MTapaMeTPOB MPUBEIEHBI HA pucyHKe PrucyHok 3

n | 2 3 4 3 6 7 g

a | 1 |1,215|1,414] 1,59 | 1,761 | 1,909 | 2,043
a |0,667] 0,73 | 0,8 | 0,8 | 0,91 |0,946 | 0,968
N| 9 15 | 25 | 43 | 77 | 143 | 273

Pucynok 3

Ha pucynke (Pucynok 4) mpuBenena marpunia miaHa OLKII mpu n =
3 B 00111eM BU/le, YUINUTHIBAIONIAS CMEIIAHHBIE MPOU3BEACHUS (B3aMMOICHCTBHS)
dakTopoB, ux KBaApatbl. Ha ciegyromeMm pUCyHKe MpeAcTaBieHa 3Ta MaTpula,

paccuntanHas B Excel.

o Xo xXr Xz X3 XiXz | XiX3| X2X3 | XiX2X3 i::ljia :?;:25;3 :';;:;a !_/
Y 1 [+1] -1 [ -1 [ -1 [ +1 [ +1 [ +1 -1 1—a 1—-a 1—a | ¥s
o> |2 [+ +1 [ -1 [ -1 [ -1 -1 [+1 +1 1—a 1—a 1—a | ¥a
o E 3 [+1] -1 | +1 ] -1 | -1 | +1 | -1 +1 1—a 1—a 1—a | ¥
= B 4 [+1 | +1 | +1 | -1 | +1 | -1 | -1 1 1—a 1—a 1—a | ¥
8=, 5 [+1] -1 | -1 | +1 | +1] -1 | -1 +1 1—a 1—a 1—a | ¥
S 6 |+1 | +1 | -1 | +1 | -1 | +1 | -1 -1 1—a 1-a 1—a | ¥s
2 [F [*F1[ =1 [*FL ] +#1 [ -1 [ -1 [+1 -1 1—a 1—a 1—a | 77
£ Bl+x1l+1 1] +1 [ +1 ] +1 ] +1 +1 1—a 1—a 1—a ¥
B 9 [+1] -« | O 0 0 Q) 0 3] & —a —a “a Yo
E o |[1o]+1[+a| O 0 0 0 0 0 & —a -a -a Fro
S F [+ oJ-«[0 0 [ 0 ] “a &F —a “a Yir
fi‘ c 12|+1] 0o |[+=| 0 0 0 0 0 —a ot —a —a ¥iz
g3 [13[+1] o 0 [-a] o0 0 [ 0 -a -a & —a | Yis
A 14 |+1] 0 0 |+« | 0 0 0 ] “a “a a® —a | Yiz
Hymesaa |11l o | o | oflo| oo 0 -a -a a2 | ¥is
TOYKA
i
Yxe |- x| O 0 0 0 0 0 0 0 0 0
=1
2¥(1—a)? +2(a® —a)® +
zxzb' - lN 2¥ 4 2a% 2" (2 ( 4 )
-1 +a“(2r—2)+n4a
Pucynox 4
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Na x0 x1 %2 %3 x4 *5 x5 %7 %8 %9 x10
1 1 -1 -1 -1 1 1 1 -1 0,27 0,27 0,27
2 1 1 -1 -1 -1 -1 1 1 0,27 0,27 0,27
3 1 -1 i -1 -1 1 -1 1 0,27 0,27 0,27
4 1 1 1 -1 1 -1 -1 -1 0,27 0,27 0,27
5 1 -1 -1 1 1 -1 -1 1 0,27 0,27 0,27
6 1 1 -1 1 -1 1 -1 -1 0,27 0,27 0,27
7 1 -1 1 1 -1 -1 1 -1 0,27 0,27 0,27
8 1 1 1 1 1 1 1 1 0,27 0,27 0,27
9 1 -1,215 0 0 0 0 0 0 0,75 -0,73 -0,73
10 1 1,215 0 0 ] 0 0 0 0,75 -0,73 -0,73
11 1 0 -1,215 0 ] 0 1] 1] -0,73 0,75 -0,73
12 1 0 1,215 0 0 0 0 0 -0,73 0,75 -0,73
13 1 0 o -1,215 0 0 0 0 -0,73 -0,73 0.75
14 1 0 0 1,215 0 0 o 0 -0,73 -0,73 0.75
15 1 0 1} 0 0 0 o 0 -0,73 -0,73 -0,73

Pucynok 5. Marpuna mana OLIKIT nmpu n=3, Beruriciennas B Excel

BI/II[ JIMHCAPHU30BaAHHOI'O IIOJIMHOMA CbYHKI_[I/II/I OTKJIMKA.

y = bO + Zi'(:l bixi'

(13)

e k=Cr+C:+--Cl+n=2"+n-—1, k — xonudectBo K0>pPUIHEHTOB

IIpHU HCU3BECCTHBHIX,

Xn+1 = X1X2,

xn+2 == X1X3,. seeee

2

— 22 —
ey Xpe1 = X1 —Q, Xp =Xj—a,

X1, X3, -, Xp — KOAUPOBAHHBIC IEPEMEHHBIE;

Koaddummentsr B (13)Bhruncisaiorcs mo GopMynam:

by

_1¢nN jex
- NZj:l y] p;

i

1k,

rie  x] — 3HaueHue (GakToOpa X; B j-0if TOUKe IUIaHa;

l

b = (X, y/e*Px] )/( §y=1(xl_f)2 )

(14)

yJ€*P — sKcreprUMEHTAIbHOE 3HAYCHHME KPUTEPHS B |-OH TOUKE IIaHa.

IIpu n = 3 gucno touek mmana N=15, masg 3Be3nHBIX Touek o=1,25, 3Tn

TOYKHM HE3HAUUTEJIbHO BBIXOJAT 3a MpeJesbl napaienenuneaa GakTopHOTO Mpo-

CTPaHCTBA, KOJIMYECTBO KOAP(UIIMEHTOB MOIMHOMA paBHO 11. Peepeccuonnsiii no-

JUHOM OJIA (bYHKHHH OTKJIMKAa UMCCT BU ]

Y = by + byxy + byxytb3x3+byx X, tbs X1 X3+tbg X5 X3+D X1 X0 X3 +

+bg(xf — a) + bo(x5 — a) + by (x5 — a)

(15)

13



KouTposbHbIe BOPOCHI 10 TEOPHH

1. AKTUBHBIC 9KCIICPUMCHTHI. HGHI/I H 3a/1a4M IJIaHUPOBAHUA SKCIICPUMCHTOB.

no

MaremaTnyeckas MOJENb IUNIAHUPOBAHUS IKCIIEPUMEHTA.

YpoBHU (PakTOPOB, PaKTOPHOE MPOCTPAHCTBO. EKCIIEPUMEHT C TOUKHU 3€HUS Ma-
TEMaTUYECKON MOJIEIIN.

KonnpoBanne nepeMeHHBIX.

PerpeccruonHas Moaenb B BUZAE MOJIUHOMA.

Pacmmpennas 1 0oCHOBHas MaTpuIla IUIaHa.

N o ok

O1eHKa KayecTBa PErpecCUOHHON MOJIEIH MO CPeAHEN OIMOKE armpoKCHMa-
LUU.

8. OcHOBHbBIE XapaKTEPUCTUKH IIJIAHOB.

9. Tonusrnii paxTopHsii Tuian [1OI 2", ero marpura.

10.Perpeccuonnslii nomuaoM pu [ 23 s GyHKIMYU OTKIHKA.

11. IpoOHbIi (paKTOPHBIH MIIaH.

12. OpToroHanbHbIi HEHTPAIbHBIA KOMIO3UIIMOHHBIN I1J1aH, €T0 MaTPHIIA.

13. Perpeccuonnsiii momuaom npu OLIKIT anst hyHKIMM OTKINKA.

3aaHusl KOHTPOJILHOM PadoTHI

Ilocmanoska 3a0auu npukiaoHo20 xapakxmepa
Uccnenyercsa 3aBUCUMOCTh MHEHHUS U30UpaTeNsi OT XapaKTEPUCTHK IJIEKTO-

paTa 1 u30MpaTesbHbIX TEXHOJIOTUH. ByieM cuntath 4To MHEHHE N30UpaTest Oonpe-
JIENISI€TCS YCIIOBHO KPUTEPUEM Y, @ XapaKTEPUCTUKH AJIEKTOpaTa U n30uparesbHble

TEXHOJIOTUU OIPEIENAI0TCd KOMIUIEKCHBIMH (akropamu X, X,, X,. M3BecTHBI

JIMAna30Hbl UBMEHEHHS KaKJI0TO (pakTopa (MUHUMAJIBHOE U MaKCUMAJIbHOE 3Haue-
HUs). [ mocTpoeHus perpecCMOHHOM MOJENU HMCMHOJIb30BaTh OpTOroHaIbHBIN
HEeHTpaIbHbIA KoMNo3uMOHHBIN maH (OLIKIT) . B pe3ynbrare 00pabOTKHM cTaTH-
CTHYCCKHX JAHHBIX MMOJIyYCeHbI 3HadeHus y**P B Toukax 3Toro 1iaHa (15 touek).
YucnoBble JaHHBIE B COOTBETCTBUU C BapuaHTaMU MpUBEeHBI B Tabnuuax. Tpedy-
eTcsi pa3paboTaTh MATEMaTUYECKYIO0 MOJIENIb B BUJI€ PETPECCHOHHON 3aBUCUMOCTH
y = F(Xy,X,, X3), MO3BOJISIONLYIO OICHUBATH 3P (PEKTUBHOCTH MUCIIOIB3YEMbIX H3-

OMpaTenbHBIX TEXHOJOTUN U XapaKTEPUCTHK JIEKTOpaTa Ha MHEHUE N30MpaTelieH.

14



3ameyanue. BMecTO mocTaBICHHOU 3aJla4y 1 9YUCJIOBbIX JAHHBIX 110 BapHUaH-

TaM MOKHO C(OpPMYIUPOBATH COOCTBEHHYIO 3a/lady W3 MHTEPECYIOUIEH MpeameT-

HOM 00JIaCTH ¥ CAMOCTOSTSIBLHO BI)I6paTI> YN CJIOBBIC JaHHBIC K HEH.

Taobmuna 1
Homep

BapuaHta X1IMIN X1IMAX X2MIN X2MAX X3MIN X3MAX

1 5 6 4 5 8 11

2 6 7 4 9 8 12

3 6 7 4 9 7 11

4 5 6 5 10 8 11

5 6 7 1 3 7 11

6 6 8 5 9 6 11

7 6 7 4 6 6 10

8 6 8 5 10 6 9

9 5 6 1 4 8 13

10 6 7 3 4 6 9

11 6 8 4 7 8 11

12 5 7 4 7 8 11

13 6 7 3 7 6 9

14 5 6 2 6 8 11

15 7 9 5 6 6 9

16 6 7 5 6 8 13

17 5 7 5 8 7 11

18 6 8 4 9 8 11

19 5 7 3 4 7 12

20 7 8 1 2 7 10

21 6 7 5 8 7 12

22 7 9 3 5 8 11

23 7 9 3 7 8 12

24 7 9 2 5 7 11

25 7 9 5 8 6 9

Tabmuma 2
Homep Bapu-
aHTa 1 2 3 4 5 6 7 8 9 10
Howmep skcrie-

pUMEHTa Yexp | Yexp | Yexp | Yexp | Yexp | Yexp | Yexp | Yexp | Yexp | Yexp
1 954 | 904 | 9,44 | 7,34 | 8,43 | 10,50 | 7,24 | 6,51 | 7,29 | 9,17
2 12,15 | 12,56 | 9,65 | 10,34 | 8,72 | 13,53 | 12,86 | 9,84 | 10,88 | 11,55
3 13,24 | 7,84 | 10,24 | 7,99 | 8,67 |10,84| 883 | 7,34 | 8,96 | 8,91
4 12,88 | 12,61 | 12,02 | 9,55 | 9,51 | 14,06 | 13,16 | 10,12 | 10,53 | 14,24
5 11,60 | 9,34 | 11,65|10,25| 6,48 |1199| 7,86 | 8,11 | 11,26 | 9,23
6 15,28 | 10,73 | 11,00 | 9,23 | 8,78 | 14,96 | 1496 | 9,94 | 15,44 | 11,70

15



7 17,00 | 10,09 | 12,36 | 7,18 | 13,07 | 13,58 | 10,40 | 12,09 | 11,44 | 12,22
8 13,58 | 16,29 | 10,55 | 10,47 | 13,61 | 13,32 | 10,85 | 11,01 | 15,29 | 11,72
9 13,40 10,93 | 9,16 | 850 | 9,47 | 9,26 | 7,26 | 10,06 | 9,67 | 9,38
10 9,71 [ 1298|1332 | 9,44 | 11,11 |11,32|12,24| 13,20 | 12,08 | 12,36
11 11,90 | 11,18 | 10,55 | 11,76 | 9,80 | 13,54 | 13,38 | 9,19 | 10,94 | 13,18
12 14,03 (11,24 | 9,19 | 941 12,09 |11,83| 11,46 | 8,78 | 11,11 | 10,99
13 10,20 | 11,77 | 9,49 | 8,83 | 6,54 | 13,38 | 11,29 | 10,35 | 10,66 | 10,94
14 797 11,94 |13,85 10,72 |11,83|14,83|12,80| 13,77 | 16,21 | 12,06
15 858 [10,41 11,51 1142 10,29 |12,68|10,40| 9,01 | 12,02 | 10,59

Howmep Bapu- 12 13 14 15 16 17 18 19 20

aHTa 11
Homep skenie- | yexn | Yexp | Yexp | Yexp | Yexp | Yexp | Yexp | Yexp | Yexp | Yexp
pUMEHTa

1 8,31 | 8,29 | 10,69 | 6,50 | 8,49 | 6,21 | 10,29 | 7,66 | 7,56 | 7,15
5 10,00 | 954 | 9,60 | 10,76 | 11,46 | 10,71 | 12,97 | 10,03 | 9,86 | 8,76
3 698 | 740 | 1160 | 8,19 | 9,12 | 7,34 | 11,15| 10,77 | 6,81 | 9,64
4 9,32 |10,79 | 12,14 | 10,39 | 11,31 | 11,32 | 13,69 | 11,88 | 11,71 | 8,00
c 1450|1256 | 11,78 | 7,57 | 12,94 | 11,32 | 10,13 | 8,04 | 10,16 | 8,59
6 14,46 | 17,33 | 16,22 | 13,54 | 12,15 | 13,00 | 11,44 | 10,09 | 10,65 | 10,49
. 13,82 9,95 | 11,80 | 12,57 | 1255 | 8,54 | 11,50 | 10,91 | 11,42 | 9,35
8 14,82 | 11,90 | 19,14 | 12,67 | 10,89 | 11,28 | 15,77 | 11,48 | 14,04 | 12,07
9 701 | 909 |13,71| 868 | 6,76 | 7,26 |1255| 9,91 | 6,92 | 9,43
10 9,53 | 12,80 | 10,53 | 10,94 | 10,59 | 8,57 | 13,90 | 10,51 | 12,05 | 7,93
1 10,68 | 9,65 | 13,30 | 8,86 | 10,99 | 8,76 | 11,12 | 8,72 | 10,99 | 7,51
12 13,07 (11,97 | 11,00 | 8,59 | 10,44 | 11,07 | 15,09 | 8,45 | 13,00 | 10,46
13 922 | 933 | 938 | 766 | 11,18 | 9,43 | 12,76 | 9,42 | 9,02 | 8,35
14 10,62 | 9,83 | 10,80 | 12,50 | 10,47 | 9,58 | 11,38 | 12,24 | 13,73 | 8,96
15 9,24 | 8,40 | 14,07 | 10,52 | 10,63 | 10,22 | 10,51 | 10,45 | 11,68 | 9,11

Eovep Rapus 22 | 23 | 24 | 25

aHTa 21
Homep oKkene- | yeyxn | Yexp | Yexp | Yexp | Yexp
PUMCHTA

. 9,48 | 6,97 | 6,54 | 7,62 | 8,46
5 10,751 9,36 | 9,22 | 10,41 | 11,57
3 9,70 | 9,52 | 8,78 | 8,63 | 8,73
A 12,70 | 10,85 | 7,63 | 14,18 | 10,96
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c 11,01 | 12,29 | 12,29 | 8,46 | 11,64
6 12,56 | 11,65 | 11,56 | 9,94 | 14,10
. 10,23 | 9,57 | 11,23 | 12,68 | 13,80
8 14,59 | 10,63 | 11,64 | 13,17 | 16,93
9 10,12 | 8,21 | 6,97 | 9,25 | 10,45
10 13,97 | 13,97 | 12,95 | 10,63 | 12,98
1 9,63 | 7,76 | 7,45 | 11,71 | 10,32
12 11,89 | 12,76 | 11,21 | 14,49 | 12,76
13 10,20 | 11,77 ] 9,49 | 8,83 | 6,54
14 7,97 111,94 ]13,85|10,72 | 11,83
15 8,58 110,41 11,51 | 11,42 | 10,29

Pa3paboTka MaTeMaTHYeCKOI MOIeJIM MPHKJIATHOI 3ag1a4un B EXcel Ha ocHoOBe

OULKII (mpuMep BbINOJHEHHUS)

JlanHble BapuaHTa BCTaBUM Ha JIMCT paboueid KHUTH. Paccuurtaem cpennue

3HadeHus 1o GopmynaM Xigpg = (Ximin + Ximax)/2 (Pucynok 6). [lns ynodcrsa

B JaJIbHEHIINX pacueTax MokHO aath uMeHa (alf, a, N, Ncoef) sueiikam B COOTBET-

CTBHH CO 3HAYCHHUAMMU I1apaMCTPOB.

1
2
3
1
5
6
;
8

9
10
11
12
13
14
15
16

17
18
19
20

A
Yexp

5,397447
7,630355
5,508893

7,6002
6,115107
7,116865
6,438498
8,507912
5,824821
7,161622
6,215063
7,122938
7,361126
7,095445
6,747072

C D
Homep
BapuaHta X1IMIN
0 5

X1AVG
5,5

E F

alf= 1,215
a= 0,73
N= 15
Ncoef= 10

XIMAX  X2ZMIN
6 4
X2AVG

4,5

X2ZMAX

PucyHnox 6

X3MIN  X3MAX
5 8 11
X3AVG
9,5
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Cdhopmupyem Ha ucte MaTpuily ocHoBHoro miana OIKIT (Pucynok 7) B ko-
JTUPOBAHHBIX MIEPEMEHHBIX ¥ PACCYMTAEM MATPHILy TJIaHa B HATYPaTbHBIX IIEPEMEH-
HBIX, UCTIOJIB3YsI hopMyJIbI (3)

Xi] = (Xiavg - Ximin)xi] + Xiavg-

3HaYCHUS UX ITOW MATPHIIBI JOJKHBI HCIIOIH30BATHCS MPU TPOBEICHNUN YKC-
MIEPUMEHTOB IS TOTYYCHHs CTONOIA 3HaueHui Yexp. B ydueOHOM mpumepe 31u
3HAYCHUS YK€ 3aaHbl.

A B C D E F G H I J K
22
23 KOOWMPOBAHHLIE 3H ®AKTOPOB HATYPAJILHLIE 3H ®AKTOPOB
Homep
24 |3Kcn x1 x2 X3 X1 X2 X3 Yexp
25 1 -1 -1 -1 5 4 8 5,397447
26 2 1 -1 -1 6 4 8 7,630355
27 3 -1 1 -1 5 5 8 5,508893
28 4 1 1 -1 5] 5 8 7,6002
29 5 -1 -1 1 5 4 11 6,115107
30 6 1 -1 1 6 4 11 7,116865
31 7 -1 1 1 5 5 11 6,438498
32 8 1 1 1 6 5 11 8,507912
33 9 -1,215 0 0 4,8925 45 9,5 5,824821
34 10 1,215 0 0 6,1075 45 9,5 7,161622
35 11 0 -1,215 0 55 3,8925 9,5 6,215063
36 12 0 1,215 0 55 5,1075 9,5 7,122938
37 13 0 o| -1,215 5,5 a5\ 7,6775 7,361126
38 14 0 0 1,215 5,5 45| 11,3225 7,095445
39 15 0 0 0 5,5 45 9,5 6,747072
40
Pucynox 7

CdopMupyem Ha JIMCTE paciIupeHHyo MaTpuity tiaHa (Pucyrok 8), mpe-

CTaBJICHHYIO B 001eM Buje (PucyHok 4), cripaBa NpUITUIIIEM CTOJIOCI] 3HAUCHUH
Yexp.

A B C D E F G H I J K L M
42 x1x2 x1x3 X2x3 x1x2x3 x1A2-a X2M2-a x312-a
Homep

43 skcn %0 x1 X2 X3 x4 x5 X6 X7 x8 X9 x10 Yexp

44 1 1 -1 -1 -1 1 1 1 -1 0,27 0,27 0,27| 5,397447
45 2 1 1 -1 -1 -1 -1 1 1 0,27 0,27 0,27| 7,630355
46 3 1 -1 1 -1 -1 1 -1 1 0,27 0,27 0,27| 5,508893
47 4 1 1 1 -1 1 -1 -1 -1 0,27 0,27 0,27| 7,6002
48 5 1 -1 -1 1 1 -1 -1 1 0,27 0,27 0,27| 6,115107
49 6 1 1 -1 1 -1 1 -1 -1 0,27 0,27 0,27| 7,116865
50 7 1 -1 1 1 -1 -1 1 -1 0,27 0,27 0,27| 6438498
51 3 1 1 1 1 1 1 1 1 0,27 0,27 0,27| 8,507912
52 9 1| -1,215 0 0 0 0 0 0 0,75 -0,73 -0,73| 5,824821
53 10 1 1,215 0 0 0 0 0 0 0,75 -0,73 -0,73| 7,161622
54 11 1 o -1,215 0 0 0 0 0 -0,73 0,75 -0,73| 6,215063
55 12 1 0 1,215 0 0 0 0 0 -0,73 0,75 -0,73| 7,122938
56 13 1 0 o| -1,215 0 0 0 0 -0,73 -0,73 0,75| 7,361126
57 14 1 0 0 1,215 0 0 0 0 -0,73 -0,73 0,75| 7,095445
58 15 1 0 0 0 0 0 0 0 -0,73 -0,73 -0,73| 6,747072

Pucynoxk 8
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Jlanee ciaeayet BBIUMCIUTH KOADPUIIMEHTHI nmojauHoMa perpeccuu (13), uc-

none3yst Gopmynsl (14).

Jlns 3TOTO MpenBapUTENBHO pacCUMTaeM B siUEHKax

[B59:L59] cymMmMBbI KBaapaToOB 3HAUCHHI COOTBETCTBYIOIINX CTONIOIOB. Ha prcynke

(Pucynox 9) nokasan ¢pparMeHT TaOIHIbI ¢ (OPMYITIaMH.

42

43
44
45
16
47
48
49
50
51
52
53
54
55
56
57
58
59

A B C D E F G
x1x2 x1x3
HOMEP 3Kcn x0 x1 x2 x3 x4 x5

1 1 -1 -1 -1 =5C44*5D44 =5C44*SE44
2 1 1 -1 -1 =5C45*5D45 =SC45*SE45
3 1 -1 1 -1 =5C46*5D46 =5C46*SE46
4 1 1 1 -1 =5C47*5D47 =SCAT*SEAT
5 1 -1 -1 1 =5C48*5D43 =SCA8*SEA8
6 1 1 -1 1 =5C49*5D49 =5C49*SE49
7 1 -1 1 1 =5C50*SD50 =SC50*SES0
8 1 1 1 1 =5C51*5D51 =SC51*SE51
9 1 =-alf 0 0 =5C52*5D52 =5C52*SE52
10 1 =alf 0 0 =5C53*5D53 =5C53*SF53
11 1 0 =-alf 0 =5C54*5D54 =5C54*SE54
12 1 0 =alf 0 =5C55*SD55 =$C55*SE55
13 1 0 0 =-alf =5C56*5D56 =SC56™5SE56
14 1 0 0 =alf =5C57*5D57 =5C57*SES7
15 1 0 0 0 =5C58*5D58 =5C58*SE58
CYMMKB =CYMMHKB(B44:B58) |=CYMMHB(C44:C58) [=CYMMHKB(D44:D58) | =CYMMHKB(E44:E58) |=CYMMHKB(F44:F58) [=CYMMHKB(G44:G58)

Pucynox 9

Hns pacuera kordunmento no popmynam (14)

b; = (Zy=1yjexpxij )/( ?Ll(xij)z )

1 onN P
— = jexp
by = NZj:ly )

Jlo6aBuM k Tadmuie [A42:M59] nonomuutenbHbie cTOIOMBI L-Y, Kak moka-

3aHO Ha pucyHkax (Pucynok 10, Pucynok 11)

40
a1
42

43
44
45
16
47
43
49
50
51
52
53
54
55
56
57
58
59
60
[

A B L M N Q P Q R S T U ) W X Y
x3°2-a
HOoMep
EL)] x0 x10 Yexp x0Y x1Y x2Y x3Y x4Y x5Y x6Y x7Y x8Y x9Y x10Y Yregr
1 1 0,27 540| 5,3974473| -5,397447| -5,39745| -5,39745| 5,397447| 5,397447| 5,397447| -5,39745| 1,457311]| 1,4573108| 1,4573108 5,56
2 1 0,27 7,63| 7,6303547| 7,630355| -7,63035| -7,63035| -7,63035| -7,63035| 7,630355| 7,630355| 2,060196| 2,0601958| 2,0601958 7,59
3 1 0,27 5,51| 5,5088931| -5,508893| 5,508893| -5,50889| -5,50889| 5,508893| -5,50889| 5,508893| 1,487401| 1,4874011| 1,4874011 5,76
4 1 0,27 7,60| 7,6001996 7,6002 7,6002| -7,6002 7,6002| -7,6002| -7,6002| -7,6002| 2,052054| 2,0520539| 2,0520539 7,64
5 1 0,27 6,12| 6,1151069| -6,115107| -6,11511| 6,115107| 6,115107| -6,11511| -6,11511| 6,115107| 1,651079| 1,6510789| 1,6510789 6,08
6 1 0,27 72| 7,1168643| 7,116865| -7,11686| 7,116865| -7,11686| 7,116865| -7,11686| -7,11686| 1,921554| 1,9215535| 1,9215535 6,88
7 1 0,27 6,44| 6,4384985| -6,438498| 6,438498| 6,438498| -6,4385| -6,4385| 6,438498| -6,4385| 1,738395| 1,7383946| 1,7383946 6,49
8 1 0,27 8,51| 8,5079118| 8,507912| 8,507912| 8,507912| 8,507912| 8,507912| 8,507912| 8,507912| 2,297136| 2,2971362| 2,2971362 8,36
9 1 -0,73 5,82| 5,8248207| -7,077157 0 0 0 0 0 0| 4,346627| -4,252119| -4,252119 5,48
10 1 -0,73 76| 7,1616223| 8,701371 0 0 0 0 0 0| 5,344182| -5,227984| -5,227984 7,48
11 1 -0,73 6,22| 6,2150634 0| -7,5513 0 0 0 0 0] -4,536996| 4,6378357| -4,536996 6,33
12 1 -0,73 72| 7,1229377 0| 8,654369 0 0 0 0 0| -5,199745| 5,3153142| -5,199745 6,98
13 1 0,75 7,36 7,3611263 0 0| -8,94377 0 0 0 0| -5,373622| -5,373622| 5,4930565 7,02
14 1 0,75 7,10| 7,0054454 0 0| 8,620966 0 0 0 0| -5,179675| -5,179675| 5,2947938 741
15 1 -0,73 6,75 6,7470717 0 0 0 0 0 0 0| -4,925362| -4,925362| -4,925362 6,77
CYMMKB 15 4,361404 6,79 0,82 0,26 0,16 0,12 -0,16 0,20 0,15 -0,20 -0,08 0,30
B0 Bl B2 B3 B4 B5 B6 B7 B8 B9 510

Pucynox 10

Ha pucynke (Pucynok 11) mokasan gparmeHT Tabmuiisl ¢ GopmyiaMu, 9acTh

CTOJIOLIOB CKPBITHL. J1J1st pacuera YeXxp ucnoinszyercs ¢hopmyina (13),
y = bO + Z?:l bixin
KoTOpas s sueiiku [Y44] npuodperaet BuI

19



=$N$59*B44+$0$59*C44+5P$59*D44+$Q$59*E44+SR$59*F44+$S$59*GA44+$T$59*
H44+$U$59*144+$V$59*J44+$W$S59*K44+$X$59* L 44

Y44 - f\ =SNS59%B44+50559* C44+5PS59*D44+5Q559 E44+SRS50% FA4+55550% G44+STS50* HA4+5US59%144+5VS50% )44+ SWS59%K44+5X559% L44

L M N [¢] v W X Y
42 x3A2-a
43 x10 Yexp x0Y x1Y x8Y x9Y x10Y Yregr
44 =1-a =K25 =B44*5M44 =C44*5M44 =]44*SM44 =K44*SM44 =144*SM44 =SNS$59*B44+50559
45 = =K26 =B45*$M45 =C45*$SM45 =145*SM45 =K45*$M45 =L45*5M45 =SN$59*B45+50559
46 =1-a =K27 =B46*SM46 =C46*SM46 =]46*SM46 =K46*SM46 =L46*SM46 =SN$59*B46+50559
47 =1-a =K28 =B47*SM47 =C47*SM47 =]47*SM47 =KA7*SM47 =L47*SM47 =SN$59*B47+50559
48 |=1-a =K29 =B48*5M48 =C48*5M48 =]48*5M48 =K48*5M48 =148*5M48 =5N559*B48+50559
49 =1-a =K30 =B49*$M49 =C49*$M49 =149*$M49 =K49*5M49 =L49*5M49 =SN$59*B49+50559
50 =1-a =K31 =B50*SM50 =C50*$SM50 =]50*SM50 =K50*SM50 =L50*SM50 =SN$59*B50+50559
51 =1-a =K32 =B51*SM51 =C51*$SM51 =J51*SM51 =K51*SM51 =L51*SM51 =SN$59*B51+50559
52 =a =K33 =B52*SM52 =C52*$M52 =]52*5M52 =K52*$M52 =L52*5M52 =5N$59*B52+50559
3 =-a =K34 =B53*$M53 =C53*$M53 =153*$M53 =K53*5M53 =L53*5M53 =SN$59*B53+50559
54 =-a =K35 =B54*SM54 =C54*SM54 =]54*SM54 =K54*SM54 =154*SM54 =SN$59*B54+50559
55 |=-a =K36 =B55*S5M55 =C55*S5M55 =J55*5M55 =K55*SM55 =L55*5M55 =5N559*B55+50559
56 =alfr2-a =K37 =B56*$M56 =C56*$M56 =I56*SM56 =K56*SM56 =L56*5M56 =SN$59*B56+50559
57 |=alfr2-a =K38 =B57*SM57 =C57*SM57 =]57*SM57 =K57*SM57 =L57*SM57 =SN$59*B57+50559
58 =-a =K39 =B58*S5M58 =C58*SM58 =]58*SM58 =K58*SM58 =158*5M58 =SN$59*B58+50559
59 =CYMMEKB(L44:158) =CYMM(N44:N58)/B59 | =CYMM(044:058)/C59 =CYMM(V44:V58)/159 | =CYMM(W44:W58)/K5d =CYMM(X44:X58)/L59
60 80 Bl B8 B9 810

Pucynox 11

B pesynbprare pacyeToB MOJIy4eH CIEAYIOUINN PETPECCUOHHBIA TTOJIUHOM B

KOOIUPOBAHHBIX IICPCMCHHBIX
$ = 6,79 + 0,82x; + 0,26x,+0,16x3+0,12x,2x,—

—0,16x;x3+0,20x,x3+0,15x,x,x5 —

—0,20(x? — 0,73) — 0,08(x% — 0,73) + 0,3(x2 — 0,73) .
OueHnM Ka4ecTBO PErpecCUMOHHON MOJIENH IO CpPEeAHEH OlMOKe annpoKCH-

MaIiH, orpesesieMon mo gopmyie (8)

COA =

Zli\ill(yi_yiexp)/yiex”

N

Ha pucynkax 12 noka3zansl pe3ynbTaThl pacuetoB COA=0,026 u pacueTHbie

bopMyIbL.

K L M
J K L M 7]
23 Yexp Yregr (Yexp-Yregr)/Yregr

Yexp |Yregr  Mexp-Yregr)/Yret 5 5 39744733581406 |-va4 —ABS((K24-124)/124)
540 556 0029831803 0 75 c3n35467948096 |=¥45 —ABS((K25-L25)/L25)
263 759, 0004718238 5,50889307715302 |=Y46 =ABS((K26-126)/1.26)

5,51 5,76| 0,04280885
760 7i0a] 0005831008 11 LEVIS0SEATIATL |v47 =ABS((K27-L27)/L27)
612 608] 0005022611 28 5,11510604363135 |=v48 =ABS|(K28-128)/128)
712 688 0033751117 29 7,11686492845676_|-¥49 ~ABS{(K29-129)/129)
6,44 6,49] 0,007682928 30 5,43849849518452 |=Y50 ~ABS((K30-L30)/130)
8,51 8,36] 0,018184612 31 850791183291975 |-¥51 =ABS((K31-131)/131)
5,82 5,48| 0,063016535 37 5:82482066450504 |=Y52 =ABS((K32-132)/132)
716 748| 0042651176 33 7 1616223144025 |-¥53 —ABS((K33-L33)/133)
sii 2;: gg;i:gg:ﬁz 34 6,21506341208052_|=Y54 =ABS((K34-L34)/134)
CET 702l opaesasys 5 JA2TISE1400 |=vss =AB{(K35-135)/135)
710 7a1] oo 36 7,36112628030689 |-¥56 -ABS|(K36-136)/136)
575 6771 0003535306 37 7,09544543526497 |=Y57 =ABSI(K37-137)/137)
- T 0025760961 38 6,74707165870027_|-Y58 =ABS((k38-138)/138)
COA 39 =CYMM(M24:M38)/N

40 oA

Pucynox 12
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JIeMeHThI ABTOMATHU3ALUHU ¢ ucnojab3oBanuem VBA+EXcel

Jlo6aBuM B TOKYMEHT, UCTIONB3Ys cpenctBa VBA, hopMy ams mporao3upo-
BaHUsl 3HAYEHUs MOKA3aTelsl B 3aBUCUMOCTHU OT BBEJICHHBIX 3HAUEHUN (DaKTOPOB.

Hcnonp3ys Briaaky (Pucynok 13) «PASPABOTYMK)Y, BCTaBUTH 3J€MEHT
ActiveX «Knormkay ¢ 3aronoBkom «IIporaozupoBanue» Ha pabounii muct. B Moem
ciyyae Ha3Banue gucta PLEXp_00. DT1o umst OyaeT ucnoib30BaThCs B JAIbHEUIIIEM.

1 BCTABES AIRETES CTRAHHLE S0PV AAHHBIE PELEH IARORARAE B, PASRAEOTUME HAKTROMEA  Eowanga
= — e ﬂ' H— - b — 5
k=3 o 51 T W Tial
Gtporoe Higlipore  ERbENTe P
Eeacniacnodie uipocos crnd e (4] Chotpaanis

HisbiiatmTia Pl Aued ifsdpiae
110

™ A B

i Tid STl
- ] E
I ]
L STE AR

|

& 1,215
B [ i |
H 15
Hepel= 10
Vo p
Bagesavta  X1MIN 0 KIMAK  KBMIN XEMAK MM GEMAK
o 5 B 4 5 a 11

Pucynok 13

QAAN TNABHAA BCTABKA PA3METKA CTPAHWLIBI DOPMY /bl OAHHBIE PELIEH3WMPOBAHWE BMA PA3PABOTHMK HALCTPOKM Komanaa

d r 273anmcs makpoca o ;_: = b(‘ Csoiictea E ConocTaeuTs ceofictea 33 MMnopt

i OTHOCHTENbHBIE CChINKM {} mly - T NpocmoTp koaa .":j [NakeTbl paclumpeHns KcnopT

Visual Makpocs! Haactpolikn Haactpoiikv  BcrasuTe Pexcmm WcTourwmk .

Basic 1. be30nacHoCTL Makpocos COM - KoHCTpyKkTopa, 4] OT06pasmTe okHO OBHOBUTL laHHbIE 2
Kog HaacTpoiikn InemMeHThl YNpaBaeHnA HML 2

Command... ~ f\ =BHEPUTH("Forms.CommandButton.1";"")

A B C D E F G H 1 J K L M N

16 6,747072

17 BapwaHta X1MIN XIMAX X2ZMIN X2ZMAX X3MIN X3MAX

18 0 5 6 4 5 8 11

19 X1AVG X2AVG X3AVG

20 5,5 45 95

21

22 KOOWPOBAHHGLIE 3H ®AKTOPOB HATYPAJIbHGIE 3H ®AKTOPOB

Homep

23 |3Kken x1 x2 X3 X1 X2 X3 Yexp |Yregr Yexp-Yregr)/Yregr

24 1 -1 -1 -1 5 4 8 5,40 5,56| 0,029831803

25 2 1 -1 -1 6 4 8 7,63 7,59 0,004718238

26 3 -1 1 -1 5 5 8 5,51 5,76 0,042808854

Pucynok 14

21



B pexume koHcTpykTOpa (IBOMHONM Iemdok mo kHomke) (Pucynok 14)
HACTPOMTH €€ CBOMCTBA B OKHe Properties (u3sMeHHUTh 3aroyioBok Ha «IIporao3upo-
BaHHUCY» ) U HANKCATh MPOIeaypy 00padoTku coObitus (Pucynok 15): mo Haxatuio
KHOTIKU BbI3bIBaeTcsa (hopma FOrmProgn,co3nanne KOTOpOi OMMCaHO HUXKE.

I File Edit View Insert Format Debug Run Tools Add-Ins Window Help

TEHE-E L g9 e o J\%ﬁ@"ﬁw’ # | @ |Ln2coll
Project - VBAProject

= o (o]

-84 atpvbaen.xls (ATPVBAEN.XLAM)
(-84 Solver (SOLVER.XLAM)

[+ VBAProject (FUNCRES.XLAM)
-4 VBAProject (MMN3_KP.xism)

[ X

-5 Microsoft Excel Objects CommandButton1
Tuert (cale3_y1) Private Sub CommandButtonl Click()
Nwcr2 (calc3_yl (2)) [FormProgn. Show B
Fucr3 (McxogHele AaHHele) ’
Mucr4 (PLExp_00) Ead Sub
TNucr4s (Ftabl)

&1 Frakmura
=-E5 Forms

FormProgn

Properties - CommandButtonl xl
CommandButtonl CommandButton -
Alphabetic | categorized

(Name) CommandButtonl

Accelerator

Autoload False

AutoSize False ;I
BackColor [ &He000000D&

BackStyle 1 - fmBackStyleOpaque

Caption MporHoznpoeaxne

Enabled True

Font Calibri

Pucynoxk 15

B penaxtope VBA (nepexox ALT+F11 unu ¢ Bkiaaku PASPABOTUMK) co-
3math (opmy FormProgn (Insert—UserForm). Pasmectuts Ha Hell OOBEKTHI
(TextBox, CommandButton,Label) ¢ nanenu Toolbox, kak mokazaHo (Pucynok 16).

ﬁ Microsoft Visual Ba

‘ File Edit View Insert Format Debug Run Tools Add-Ins Tﬂw’ndcw Help
EE-d| s ann »ou B (Y S [0
Project - VBAProject

I~ {3§ Microsoft Excel Objects
| Bl Pwer1 (cale3_y1)
B wer2 (cale3_yl (2))
| Tiuer3 (Homassie gakHue]
i) nucrs (PLEXP_00)
- Mct46 (Ftabl)

L Arakrura =i forecoey .
=155 Forms .

B MMN3_KP.xism - FormProgn (UserForm) = @
T
. =]

MNporHosuposakne

Propertes - FormPragn B

FormProgn UserForm - . EEEEFEEE R EEEEE 5
Alphabetic | Categorized io
[(Mame) FarmProgn
BackColor [ aHsono000Fe.
BorderColor W sxs00000128
BorderStyle 0 - fmBorderStylenone
caption MporwoaHpoRaHIE

Cycle 0 - fmCycieallForms
Draviuffer o |02 50580505000000506600000000060660060800606060060 5606006066600 R66ME
Enabled True
Tahoma =i
FareColor Ml sxs00000128 =
Height 2352
HelpContextin

0
KeepScrollBarsVisible 3 - fmScrollBarsBath

Pucynok 16
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Hactpouts cBoiicTBa 00BEKTOB, UCIIOJNIB3Ys MTaHEIb CBOWCTB Properties B Jie-

BOM HIKHEM yrity. CBoricTBo Name mJist Kax10To 3JieMeHTa Oy 1eT UCIOJIb30BaThCs

B JJAJIbHEHIIIEM B KOJI€ IIPU ONMHUCAHUU MPOIEAYp 00pabOTKHU COOBITUH.

B monyne ¢opmer FormProgn (okHO koma (OpMBI BBI3BIBAETCS JBONHBIM

eagKoM 1o popme win kHonkoi View Code B okHe mpoekToB Project) Hamucathb

JIBE€ TPOIIEAYPHI 00pabOTKHM COOBITHI, COOTBETCTBYIOIINE HAKATHIO KOMAH]IHBIX

KHOTIOK Ha (opme.

] MMIM3_KPxism - FormProgn (Code) == 3]
UserForm w  Click -
' FormProgn iJ

Private Sub CommandCalc¥progn_
Dim z(11l), B(1ll) &s single

If IsNumeric(TextBoxXl.Value
x2

xl = CSng(TextBoxXl.Value):
Else

MsgBox "X1, X2, X3 pomsuml GETB
Exit Sub

End If

With Worksheets ("PLExp_00")

Ncoef = .Range("F15")

a = .Range ("F13")

B(0) = .Range("N59").Value
B(1l) = .Range("059").Value
B(2) = .Range("P59").Value
B(3) = .Range("Q59").Value
B(4) = .Range("R59") .Value
B(5) = .Range("S59").Value
B(6) = .Range("T53%").value
B(7) = .Range("U5%").value
B(8) = .Range("v3%").value
B(9) = .Range("W53%").value
B(10) = .Range ("X59").value
xlavg = .Range ("D20").Value
xlmin = .Range ("D18").Value
x2avg = .Range ("F20").Value
x2min = .Range ("F18").Value
x3avg = .Range ("H20").Value
x3min = .Range ("H18").Value
xlmax = .Range ("E18").Value
x2max = .Range ("G18").Value
%3max = .Range("I18").Value

Click() 'pacueT SHAYEHMA KPUTEPMA B NPMSBOJLHOM TOYKE K3 BHODAHHHX OMAM

And IsNumeric (TextBoxX2.Value) And IsNumeric (TextBoxX3.Value) Then
= CSng (TextBoxX2.Value): x3 = CSng(TextBoxX3.Value)

uycnam”

I

If x1 »= xlmin 2nd %1 <= xlmax And %2 >= x2min And x2 <= x2max And x3 >= x3min And %3 <= x3max Then
Z(0) =1
Z(1) = (x1 - xlavg) / (xlavg - x1lmin)
z(2) = (x2 - x2avg) / (x2avg - x2min)
Z({3) = (x3 - x3avg) / (x3avg - x3min)
Z(4) = E(1) * &(2)
Z(3) = Z(1) * Z(3
Z(6) = Z(3) * 2(2)
Z(7) = Z(1) * Z(2) * Z(3)
Z(8) = Z(1) ~ 2 - a
Z(%) = Z(2) ~ 2 - a
Z(10) = Z2(3) ~ 2 - a
'MsgBox Z(0) & " " & E(1) & "™ " & E(2) & " M & E(3) & " " & Z(4) & " " & Z(5) & " " & Z(§) & " "
'MsgBox B(0) &« " ™ & B(1) & " "™ & B(2) & " " & B(3) & " " & B(4) & " " & B(5) &«" " &B(6) &g ""
s =0
For § = 0 To Ncoef
s =5 + B(J) * Z2(3)
Next
TextBoxY¥progn.Text = Format(s, "#.##E+00")
Else
MsgBox "3HaueHna x1,x2,x3 OOMXHE NPMHAIIS®RaTh yKaSaHHEM IMalasoHaMm"
Exit sSub
End If
End Sub

Pucynox 17. [Ipouenypa 06paboTku cOOBITHS: HaXKaTUsl KHOTIKH «PaccunTtarth 3Ha-

yeHus Y....»
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Pacuernsiii muct EXcel, uMs KOTOpPOro UCHOJIB3yeTCs B KOJIE, UMEET Ha3Ba-
aue PLEXxp_00.

Private Sub CommandClean_Click(] '"OUMCTHA TEKCTOBRX MONEl

TextBox¥Xl.Value = ""
TextBoxX2.Value =
TextBoxX3.Value = ""
TextBoxY¥progn.Value = ""
End Sub

wn

Pucynox 18. [Ipouenypa 06paboTKu COOBITHS: HAXATUSI KHONKU « OYUCTUTH MOJIS
bopMbI»

[IpoBepum paboty mpunoxenus. [lepexmounmes Ha nuct PLEXxp 00 u
HaxkmeM KHOmNKy «lIpornosupoBanue» (pexkxum KoHCTpykTOpa MOMKEH OBITH OT-
KJto4yeH). B pesynbrare nmosBuTcs cozgaHHas GopMma. 3arojJHUM TEKCTOBBIE IMOJIS
X1,X2,X3. [Iporpamma KOHTPOJIUPYET, YTOOBI 3a/laBaeMble 3HAYCHHsI OBLIH KOP-
PEKTHBIMU M TIPUHAAJICKAIN yYKa3aHHBIM Jihana3oHam. Jlaiee Ha)KUMaeM KHOIKY
paccuuTath  nosrydaem pesynbsrart (Pucynok 19) Y=6,88.

B C D E F G H MporHO3MPOBaHWE XS R

X1

Paccuutatb 3Hauenue Y(X1,X2,X3)
6,B0E+00

x2

11

x3 10,9

alf= 1,215

s ——on

Ncoef= 10

Homep MporHosupoBaHue
BapuanTta X1MIN XIMAX X2MIN X2MAX X3MIN X3IMAX

0 5 6 4 5 g 11
X1AVG X2AVG X3AVG
5,5 45 9,5

KOAWMPOBAHHLIE 3H @AKTOPOB HATYPA/IbHBIE 3H ®AKTOPOB

x1 x2 x3 X1 X2 X3 Yexp |[Yregr [Yexp-Yregr)/Yregr
-1 -1 -1 5 4 8 5,40 5, 0,029831803|

n
a

Pucynok 19
J71st KOHTPOJISI pabOTHI IPHJIOKEHUST BBEJIUTE 3HAUCHUS (PAKTOPOB, COOTBET-
CTBYIOIIME HUCMOJb3YEMbIM PAHEE TOUKAM IKCIIEPUMEHTOB. Pe3ynbTaT JOKEH COB-
najaath ¢ TeM Yregr, uto paccuntano Ha iucte (Pucynok 20). HaiineHHoe 3HaueHHe
Y=5,56 coBmajuo ¢ pacCUuTaHHBIM paHEe.
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B C D E F G H MportosMposane P

5
S =
-

alf= 1,115
a= 0,73
N= 15
Neoef= 10

Homep MporHosupoBaHue
Bapuanta  X1IMIM XIMAX  XIMIN XIMAX  X3IMIN HIMA

0 S L] 4 3 8 11
X1AVG WIAVG HIAVG
5,5 4,5 95

KOAWPOBAHHLIE 3H BAKTOPOR HATYPANLHEIE 3H PAKTOPOB

x1 %2 ®3 x1 X2 LE] Yexp LFM-Yeregr

-1 -1 -1 5 4 8 saof\_ 556) J0,020831803
1 1 -1 6 4 8 7.63 =6 0.004718238

Pucynoxk 20
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