IIpakTnuna podora Ne 1
OCHOBHU INPOBEJIEHHS BATATO®AKTOPHUX EKCIIEPUMEHTIB

Meta pobdorTu:
O3HalloMUTBCSI 3 OCHOBaMH NPOBENEHHS OararoakTOPHUX EKCIEpUMEHTIB. BukoHaTh
pO3paxyHKH 3a npornomororo mporpamu EXCEL.

OcHoBHI TeopeTHYHi BiioMoCTi

OCHOBHI NOHATTHA | BU3BHAYCHHS

ExcrniepuMeHT — CyKyIHICTb Omeparii, 1o 3iHCHIOI0ThCS HaJl 00'€KTOM JTOCTIIKEHHS 3 METOIO
OTpUMaHHss iH(OpMAaIIi Mpo HOro BIACTUBOCTI. EKCrepuMeHT, B SKOMY JOCIHIJHHUK Ha CBIH
pO3Ccyl MOKE 3MIHIOBATH YMOBH MOTO MPOBEICHHS, HA3MBAETHCS AKTHMBHUM EKCIEPUMEHTOM.
SIKI10 TOCHITHUK HE MOKE CaMOCTIHHO 3MIHIOBATH YMOBH HOT'0 IIPOBE/ICHHS, a JIUIIE PEECTPYE X,
TO 1€ TTACUBHUI €KCIIEPUMEHT.

Bxigni mapameTpu, siki MOXKYTh OyTH 3MiHEH1, Ha3UBaIOTh (PaKTOPaMHU.

[Iman excnepuMeHTy — CYKYIHICTh [aHHMX, IO BH3HAYAIOTh YHCIO, YMOBH 1 MOPSIOK
MIPOBEICHHS JOCTiIiB.

Jocmig — 11e okpeMa eKCrliepiMeHTaIbHA YaCTHHA.

[InanyBaHHs €KCIIEPUMEHTY — BHUOIp IUIAaHY EKCIIEPUMEHTY, 110 3aJ0BOJIbHSE 3aJaHUM
BUMOTaM, CYKYIHICTBh [iii CHpPSMOBAaHHUX Ha pPO3POOKY CTpaTerii eKCIepuMEHTYBaHHS (Bif
OTpPUMaHHS aIpiopHOi iH(OpMaIii 10 OTPUMAHHS Npare3gaTHOI MaTeMaTH4YHOI Mojeni abo
BU3HAYCHHS ONTUMAIbHUX yMOB). lle mimecnpsMoBaHe yIpaBlliHHS EKCIEPUMEHTOM, MIO0
peai3oByEThCA B yMOBaX HEMOBHOT'O 3HAHHS MEXaHI3MY SIBUILA, 110 BUBYAETHCS.

Merta nyiaHyBaHHS €KCIIEPUMEHTY — 3HaXOJKEHHS TAaKUX YMOB 1 PaBHJI MPOBEACHHS TOCII/IIB,
OpU SKUX BJAETbCA OTPUMATU HaMiMHY 1 JOCTOBipHY iH(poOpMaIllito Mpo 00'€KT 3 HaWMEHIINMU
BUTpaTaMy Tpalli, a TaKo)X IMPEJCTaBUTU L0 1HPOpPMAII0 B KOMIAKTHIN 1 3py4Hiil dopmi 3
KIJIBKICHOIO OIIIHKOIO TOYHOCTI.

Xait BrnacTuBicTh Y 00'€KTy, 110 IIKABUTHh HAc, 3aJI€KUTh Bl JEKUIBKOX (N) He3alexHUX
3MIHHHX (X1, X2 ., Xn) 1 MH X04€MO 3'siCyBaTh XapakTep i€l 3a1exHocTi — Y=F(X1, X2 ., Xn), IPO SKY
MU Ma€eMO JIMILE 3arajbHe ysBieHHs. BennunHa Y Ha3uBaeThes “BIATYKOM”, @ caMa 3aJIeKHICTh
Y=F(X1,x2 ., Xn) — 11€ “QYHKILisI BIATYKY”.

Jnst moOynoBu epeKTUBHOT MaTEMAaTHYHOI MOJIEN JOIUIBHO MPOBECTH TMOMEPEIHIN aHai3
3HAYYIIOCTI (akTopiB (MipH BIUIMBY Ha (YHKIIIO), X paHKUPYBaHHS 1 BUKIIOUUTH MaJO3HAYHI
dakropu.

Jiana3onu 3MiHu (pakTOpiB 33/1al0Th 00JacTh BU3HAUEHHs Y. SIKIIO NPUHHATH, 110 KOKHOMY
dakTopy BIANOBIAa€ KOOpJAMHATHA BICh, TO OTPUMAHMUN MPOCTIP HA3UBAETHCA (PAKTOPHUM
npoctopoMm. [Tpu N=2 o6nacTs BU3HaUeHHs Y MpeacTaBisie cO00I0 MPIMOKYTHHK, TpU N=3 — KYyO,
npu N >3 — rinepkyo.

[Tpu BuOOpPi nianma3zoHiB 3MiHM (AKTOPIB MOTPIOHO BPaxOBYBaTH iX CYMICHICTb, TOOTO
KOHTPOJIIOBATH, 1100 B IUX JAlana3oHax OyAb-sKi MoeIHaHHS (aKTOpiB MOKHA OYJ0 peanizyBaTu
y Jochifiax i 1e He MpHUBOAMIIO N0 albcypny. [nst xoxkHOro 3 (akTopiB BKa3ylOTh I'paHUYHI
3HAYCHHS

X, <X <X . i=l.n. (1.1)

imn — imax?
Perpeciitanii anani3 QyHKIIT BIATYKY IpU3HAYSHUN 7151 OTPUMAaHHS 11 MaTeMaTHYHOT MOJIeN y
BUIJISAJII PIBHSHHS perpecii
Y =F(X,X,,...X,;B,B,,...B.) +¢, (1.2)

ne Bi,..., Bm — Aesiki KoedillieHTH; e — TOXUOKa.

[Ipu BUKOpHCTaHHI METOJIIB IUIAHYBAaHHS €KCIICPUMEHTY HEOOXiTHO 3HAWTH BiAMOBiAI Ha 4
MIUTAHHA:

e ki moegHaHHsA (PaKTOPIB 1 CKUIBKK TaKMX MOEAHAHb HEOOXITHO Y3SITH IS BU3HAYCHHS

¢byHkuii Biaryky?



e Sk 3malitTi koedimientu By, B1 ., Bn?
e  SIK OIIIHUTH TOYHICTH MpPEACTaBICHHS QYHKIIIT BIATYKY?
e  SIK BUKOpHUCTOBYBATH OTPUMAHE YSBICHHS JJIsl TIONTYKY ONTHUMAIbHUX 3HAYEHB Y?

Po3kaananns pyHKUil BIATyKy B cTeneHeBHil psl, KOAyBaHHs GaKTopiB

Slkio 3a3maneriip He BIIOMUI aHAIITUYHUN BUpa3 QYHKINIT BIATYKY, TO MOXHA PO3TJISIIaTH HE
camy (DyHKIIO, a 11 pO3KJIaJaHHs, HAPUKJIIA B CTENICHEBUH Pl y BUTIISAI TIOJIIHOMA
Y=Bo+B1X1+.+BnXn+B12X1Xo+ ... + BunaXnXn-1+B11X1?+. +BunXa®+... (3.3)

PosknananHs QyHKIIT B CTENIEHEBUH Psii MOXKJIMBO B TOMY BHIAJKY, SIKIIO cama (YHKIS €
HenepepBHOIO 1 rmaakor. Ha mpaktuii 3a3Buyail 00MeXYyIOThCSI YHCIOM YIEHIB CTEIEHEBOTO
psy 1 aIPOKCUMYIOTh (DYHKIIIFO TTOJIIHOMOM JIESIKOi MipH.

®DakTOpu MOKYTh MaTH Pi3HI PO3MipHOCTI (4, B, Bi) 1 3Ha4HO BiIPI3HATHUCS KUTBKICHO. Y Teopii
IUTaHYBAHHS €KCIIEPUMEHTY BUKOPHUCTOBYIOTH KOJYBaHHS (DaKTOPIB.

L5 onepartist mossirae y BUOOpi HOBOro MaclITady /uist KOJOBaHUX (PAKTOPiB, MPUIOMY TAKOTO,
mo0 MiHIMagbHE 3HAUYEHHS KOAOBaHHMX (DakTopiB BiAmoBigano “-1”, a MakcMMaibHE 3HAYCHHS
“+1”, a TaKOK B MEPEHECEHH1 MOYATKy KOOPJIWHAT B TOUKY 3 KOOPAUHATAMH X1cp, X2cp -, Xnep

Ximin + X,
Xiﬁaz imn 2 1 max . (14)

[Totoune 3HaUEHHS KOJAOBAaHOTO (paKTopa
X = Xi_XiCp _ Xi_XiCp :in_ximax_ximin7 (1.5)

Xicp_Ximin Ximax_xicp Ximax_ximin
ne Xi — imeHoBaHe (a0COOTHE) 3HaYCHHS (haKTOpa; Xi — KoJoBaHe 3HaueHHs (hakTopa; Xicp-Ximin
=Ximax-Xicp - IHTEpBaJ BapitoBaHHA (hakTOpa.

OyHKIIiSA BIZITYKY MOKe OyTH BUpaXKEHA gyepe3 KO/IOBaHI1 baxTopu
Y=f(X1., xn) i 3amucana B MOJiHOMiaJIbHOMY BUTJISI I

Y=bo+b1x1+baxa+.+Honxn+biaxaxa+. o -1xn-1xn+b11x1 2+ +bpen?+. .. (1.6)

OueBuanHo, mo Bi#bi, Ta

Y=F(X1., Xi., Xn)= f(X1. Xi., xn). (1.7)

J1is1 moniiHOMa, 3aIMcaloro B KOJOBaHUX (pakTopax, CTYHiHb BIUIMBY (akTopa abo iX NoeHaHb
Ha (YHKIIIIO BIATYKY BU3HAYAETHCS BEIIMYMHOIO iX KoedimieHTa bi. [l mogiHOMa B iMEHOBaHUX
¢akTopax BenMunHa KoedilieHTa Bj 11e He BKa3ye 0JIHO3HAYHO Ha CTYIiHb BIUIMBY I[bOT0 (pakTopa
a0o0 1X MOo€IHaHb Ha (PYHKIIIIO BIATYKY.

SIkmio BBaXkaTH, 110 iCHYe (paKTopa Xxo 3aBXKAU piBHUH 1, TO

b, + b +0,%, +...+ b, X, =byX, + b, +...+b,X, =Zbixi . (1.8)
i=0

SIk110 10AaTKOBO BCl MOJBIHHI, TOTPIiHI 1 Tak Jalli MOeAHAHHS (DAKTOPIB, a TAKOXK KBaJpaTH
daxTopiB 1 BCi BiAMOBIAHI IM KOehII[iEHTH MO3HAYUTH Yepe3 Xi i bi ms i=n+1 ., m, To creneHeBuit
PSA MOXKHA 3aMMCaTH Y BUTIIS

Y = ibixi . (1.9)

B nanomy Bunanky m+1 — 3arajqpHe YUCIIO JOJAHKIB PAIY.

Matpuuni NepeTBOPEeHH npu 00po0oui pe3yabTartiB
eKCIIePUMEHTY
[Ipu wMaTpuyHOMY 3amuci pe3ynpTariB  pizHUX gocmiaie N g moJgiHOMiadbHOTO
m

NPe/CTABNCHHS Pe3ynbTary Y, = » DX, MaTHMeMO PiBHSHHS
i=0

Y =X -B; (1.10)

ne: X - MaTpuIls MOeAHAHb YNHHHKIB



Xon Xin Xan -+ Xipy +- X

B nanomy Bumanky 0,1,...,i,...,m — HOMepu T0AaHKIB piBHSHHS, 1,...,U,...,N — HOMepu gocmiiB.
Matpuis X — npsiMmokyTtHa i Mictuth M+1 croBmmiB i N psakis.

ko BpaxyBaru, M0 B MaTpuil X eneMeHTH Xow=1, U=1,...,11, To marpuiti X, ¥, B MoxHa
3amucaT y BUTJISII

1 Xll X21 . Xil Xml yl bO
1 X21 X22 . Xi2 . XmZ y2
s | RV S
1 X,y Xoy + Xiy+ X Y. b |’ (1.11)
1 XlN XZN . XiN . XmN yN bm

ne: Y — MaTpHIsS-CTOBIICIb PE3YJIbTATIB JOCTiAy, B — MaTpuIsa-croBmels koedilieHTa moHoMa.
[TomHOXMUMO JTiBY 1 IpaBy YacTuHy piBHSHHS (3.10) Ha TpaHCIIOHOBAaHY MAaTPHUIO Xt
X - X-B=X,-Y. (1.12)

Martpuis C = X¢X, mo oTpuMana B pe3yiabTaTi MHOKEHHS Ha TPAHCIIOHOBaHY MaTpUINIO, €
KBaJIPATHOIO MATPHUIICIO, 1[0 MICTUTh M+1 psAKiB 1 M+1 CTOBIMIIIB.
3anumemo (4.12) y Burisii:
C-B=X,-Y. (1.13)

Jist Toro, 100 OTpUMaTH B 3araJlIbHOMY BUIJIS/II MATPUIIO-CTOBIEIb KOe]illi€EHTIB, HEOOXiTHE
TIOMHOKHTH OOWJIBI YacTHHM MaTpudHOro piBHsAHHA (3.13) 3miBa Ha MaTtpumo C? (MaTtpuo,
3BopoTHY Matpuiii C).

C*'.C-B=C™*-X,-Y. (1.14)

3BOpOTHA MaTpulls OyIyeThCs TakK, IO MPU MHOXKEHHI 11 Ha MOYaTKOBY MATPUILIIO BUXOJHUThH

oIMHMYHA MaTpulls E, y K0T Ha TOJIOBHIH JiaroHani po3ramosadi 1, a mo3a Heto — 0.

10......... 0
~ ] 01..... 0
N=E= . (1.15)
.nn, 0
3anuiieMo B 3arajlbHOMY BUIJISJII MaTPHIIO-CTOBIEIb KOE(illi€HTIB MOIIHOMA
B=C™*-X,-Y. (1.16)
PosrnsiHeMo, SIK TPOCTHIA IPUKIIA/, TIOTIHOM Y BHTJISIIL:
Yu=boxotbixy; Xo=1; u=1,.,N; (1.27)

KUl copmoBaHoro 3a pesyiabTaramu N 10ciiiB.



1Xx, "
1x,[ [N .. DX,
11..1..1] .. -
C=X,X= o S . (1.18)
Xq Xper X, Xy 1xu N N
..... DX ) X
1XN u=1 u=1
Yi
Y, -
1111 ] 2.Ys
XY= X, XX, Xy | |y "l
' IV
Yn
3BopotHa MaTpunsa C g matpuni C Mae BUITIA;
N N
1[4 ZXE =2 Xy
cl_tpu=t u=1
- , (1.19)

ne D — Buznaunuk matpuii C.
Ha ocHoBi BI/IpaSy (3 16) 0TpHMa€Mo:

B2 Do Yy YT Y

B=C* X, Y_ ust e :; T T | vl
N N N
qu Z:l: NZX (Z

3BiJICH BUPIIICHHS CI/ICTGMI/I piBHSIHB mo10 koedimieHtis b 1 by:
N

Zyu ZX Yy ZX

b, = b b (1.20)
N> xi = D x,

b =—= utud (1.21)

Ile#i pe3ynbTaT MOBHICTIO 30Ira€ThCsl 3 CHIBBIAHOIIECHHSMHU JUISI TaKOTO X TIOJIHOMA TIPH
BUKOPUCTaHHI METOJy HalMEHIIMX KBaJpaTiB, J€ BUKOPUCTOBYETHCS YHUCEIbHUN IMOKa3HUK
MIHIMQJIBHOCTI CyMH KBaJpaTiB BiaxmwieHb y Bcix N mocmimgax. OTxke, moOyqoBaHUN TAKUM YHHOM
NOJIiHOM Oyie HaOUIbII OMU3BKUIM 1O TOYHUX 3HAYEHb PE3yJIbTATIB EKCIICPUMEHTY.

HaBenemo nmpukiia 3HaX0PKeHHs Koe(illi€eHTIB HACTYITHOTO PIBHSIHHS perpecii:

y=bo + bax1 + baXz + b1aXiX2 + b11x1? + baoxa?.
st 3pydHOCTI 00UKCIIeHb EPENHUIIEMO 11€ PIBHSHHS y BUTIIS
y= boXo+ b1X1 + b2X2 + b3xs + DaXa + bsxs,
I€C: X3=X1X2, X4:X12, X5:X22.



3anumieMo pe3yabTaTd 1ociiaiB B Tabm. 1.1.

Tabmmms 1.1

U | X | Xt | X2 | X3 | Xa | x5 | y’ y y-y
1 1 1 1 1 1 1 |10,4 | 10,1889 | 0,2111
2 1 -1 1 -1 1 1 |22 |20889 |0,1111
3 1 1 -1 -1 1 1 |02 |0,2222 |-

4 1 -1 -1 1 1 1 |-20 |-18778 | -

5 1 0 0 0 0 0 [0,7 |05222 |0,1778
6 1 1 0 0 1 0 |39 |4,088 |-

7 1 0 1 0 0 1 |48 |5,1222 |-

8 1 -1 0 0 1 0O |[-1,0 |-1,0111 | 0,0111
9 1 0 -1 0 0 1 |-1,7 |-1,8444 | 0,1444

3Hax0qUMO pe3yabTaTh. 3aHeceMo B Tabi. 1.1 oGuunciieHi 3Ha4eHHs BIATYKY 1 PI3HUIIO MiXK
pe3ysbTaTaMu J0CIiay Ta O0OYMCICHUMH 3HaYEHHSIMHU.

IMopsinok BUKOHAHHS POOOTH
1. 3HaiiTu Koe]illieHTH PIBHSHHS perpecii HACTYMHOTO BUTIISAY:
y=bo + bix1 + baxz + biaXaXz + b11xa? + boXo?
BIJIMOBIAHO 110 BapiaHTy 3aBlaHHs 1o Tabn. 1.2. 3naueHHs X s excriepumentiB Ug ...
OepyTthest 3 Ta0m. 1.1 y BiIMOBIAHOCTI 3 BapiaHTOM 3aBIaHHS.
2. 3poOHUTH BHCHOBOK IO OTPUMAHUX PE3yJIbTAaTaX.

KonTpoJbHi 3anutanus

1. ¥V yomy nossirae npoueaypa macuBHOTO €KCIIEPUMEHTY?
2.V yoMy noJisirae npoueaypa akTUBHOTO €KCIIEPUMEHTY?
3. 1o Take njuaHyBaHHS €KCIIEPUMEHTY?

4. SIxa MeTa MJIaHyBaHHS €KCIIEPUMEHTY?

5. SIk mpoBOIUTHCS KOAYBaHHS (aKTOpiB?

6. Y sKOMy BUTJISAL 3aMIUCY€EThCS DYHKIIIS BIATYKY?

7. Sk 3HaxomsThCS KoedimieHTH QyHKIIT BiATYKY?



Tabmums 1.2

1

Ne | U | y Ne | U | y Ne | U h% Ne | U h% Ne | U y
1 |97 1 |77 1 6,9 1 5,7 1 7,5
2 |12 2 109 2 108 2 |-11 2 |-0,5
3 |34 3 10,2 3 104 3 |16 3 119
1 4 1-06 |6 4 |33 |11 |4 |-27 |16 |4 |-23 |21 |4 |-272
5 |21 5 |07 5 |06 5 |05 5 |13
6 |61 6 |39 6 |38 6 |33 6 4,6
7 |43 7 |37 7 |32 7 |22 7 |32
8 |-0,3 8 |-1,1 8 |-14 8 |-21 8 |-1,7
9 10,6 9 |-23 9 |-17 9 1-08 9 1-0,5
1 |74 1 [55 1 195 1 |74 1 |72
2 |11 2 |-09 2 |14 2 |-0,7 2 10,6
3 |01 3 113 3 133 3 121 3 105
2 4 |-35 |7 4 |-22 112 |4 |-05 |17 (4 |-22 |22 |4 |-26
5 |06 5 10,3 5 |18 5 |13 5 105
6 (4,1 6 |35 6 |63 6 |44 6 |38
7 |35 7 |19 7 | 43 7 |34 7 |31
8 [-13 8 |-2 8 [-01 8 |-1,7 8 |-11
9 |-21 9 [-0,5 9 | 04 9 |-0,3 9 |-18
1 /6,8 1 |72 1 |8 1 /101 1 159
2 |07 2 |-05 2 |07 2 109 2 |-13
3 10,6 3 |17 3 103 3 |37 3 |17
3 4 |-29 |8 4 |-25|13 |4 |-31 |18 (4 |-06 |23 |4 |-26
5 |07 5 |11 5 10,8 5 22 5 105
6 |34 6 |48 6 |37 6 |59 6 |31
7 |32 7 |31 7 |36 7 | 47 7 |22
8 |-1,3 8 |-15 8 |-1,1 8 |-0,2 8 |-2
9 |-16 9 |-0,5 9 |-24 9 | 0,6 9 |-0,7
1 |56 1 |75 1 178 1 |71 1 196
2 |-1 2 |1 2 |-0,6 2 10,8 2 |12
3 |14 3 10,3 3 |2 3 104 3 |34
4 4 1-23 1|9 4 |-341(14 |4 |-21 |19 |4 |-27 |24 |4 |-07
5 |04 5 |07 5 |13 5 |06 5 |19
6 |34 6 |4 6 |45 6 |37 6 |62
7 |21 7 |38 7 |33 7 13,3 7 | 44
8 |-2 8 |-14 8 |-16 8 |-11 8 |-0,3
9 |-05 9 |-23 9 |-04 9 |-17 9 105
1 173 1 |69 1 |57 1 199 1179
2 |-0,7 2 106 2 |-11 2 |11 2 10,8
3 118 3 105 3 116 3 |36 3 10,2
S 4 |-25]10 |4 |-29 |15 |4 |-25 |20 (4 |-05 |25 |4 |-3.2
5 |12 5 |05 5 10,3 5 |21 5 10,8
6 |47 6 |35 6 |32 6 |6 6 |39
7 |32 7 |3 7 |23 7 |46 7 |34
8 |-1,7 8 |-1,2 8 |-2 8 |-0,1 8 |-1,2
9 |[-0,3 9 |-18 9 |-0,6 9 104 9 |-21




