MonHbIN PaKTOPHDbIN IKCNEPUMEHT

JKCNepumeHT, B KOTOPOM pPeasin3yloTCA BCe BO3MOKHble COYeTaHuA
YpOBHEN (AKTOPOB, HA3bIBAOT NOJMIHbIM (PAKTOPHbLIM 3KCMNEPUMEHTOM
(MNd3).

Mpu AByx ypoBHAX umeem MNP tnna 2%. Ynucno onbiToB ANA
AQHHOro cnyyas byaet pasHo N = 2k

YcnoBue aKCNepmmeHTa 3anucbiBatoTcsa B BUAe Tabanubi.

CTPOKM €€ COOTBETCTBYIOT Pa3/IMYHbIM OMnbiTam (BEKTOP-CTPOKA),
cTonbubl - 3Ha4YeHMAM (aKTOPOB B KOAMPOBAHHOM Buzae (BeKTop-cTtonbupbl).

Takne Tabnnubl Ha3bIBAOTCA MATPULLAMW MNAHUPOBAHUS IKCNEPMMEHTA
(MM3).



Coctasum MID gna ABYMepHOMW Moaenu Ha AByX YpoBHAX 22(tabn.l1). Yucno onbiToB
N=22=4,

Okl X, X4 ¥

Tabnuua 4.1 | -1 -1 Yi
2 +1 -1 Y1

3 -1 +1 ¥

. +1 +1 Y4




[MnaH aKcnepyumeHTa MOXHO NpeAcTaBUTb reomeTpudecku (puc.4.).
[na nnaHa 22 Kaxkpaa KombuHauua $aKTopoB npeacrasnseT coboi BeplUMHY KBaapaTa.

B obnactn onpepeneHna GpakTopoB HaxoAAT TOYKY COOTBETCTBYHOLLYD OCHOBHOMY YPOBHIO,
Yepes 3Ty TOYKY NPOBOAAT HOBbIE OCU KOOPAWHAT, NapaninesibHO OCAM HaTypasibHbIX
3Ha4YeHU GaKTopoB. 3aTeM BblOMpPAOT MacwiTabbl MO HOBbIM OCAM ANA Karkaoro ¢aktopa
COMNacHO BblpaxeHuto (1).

&
X3
(-1:+1) (#1;+1)
‘:h:-i'rn.:‘.:'_ - »
I |
' (0;0) !
Xan + : . :
l I
Puc. 4. [eomeTpuyecKkoe npeacrasneHune A | ,
noes 2T {_1._1 -——————— +
= (+1:-1)
' 1 ' >
i . ; .

i



B maTtpuuy NP3 seoantca PGUKTUBHBLIN cTOnbel, X, ANnA yyeta cBob6oaHOro uneHa by .
KoagpdpuumneHtsl by,b,,b, oueHnBaloTca cornacHo BbipaxKeHUK

b

(0]

:&,bl: 2% Y, b, = 2 %5 Y
N N N



CBolicTBa NOAHOro ¢paKTOPHOro akcnepmmeHTa 2K

K cBorctBam MI1D oTHOCATCA TE, KOTOPble OMPEeAenstoT KayecTBo
MOAEeNn, T.e. 3T CBOMCTBA AEeNalT OueHKU KoadpdpuumeHTOoB mogenwu
HanNy4Ywnmm.

[Mepsble ABa CBOWCTBA BbITEKAIOT M3 NOCTPOEHNA MaTpPULbl.

CMMMETPUUYHOCTb OTHOCUTENIbHO LEHTPA 3KCNEepUMEHTaA.
Anrebpanyeckada cymma snemeHToB CTonbua KaxKaoro ¢akropa paBHO
Hynto O N roe j- Homep ¢paktopa, N - yncno onbITOB.

2. %; =0,
i—1

Ycnosue HOPMWUPOBKMU. Cymma KBa4paToB 3/1EMEHTOB KaxXagoro
CTOJ'I6LI,a paBHa YNCAY ONbITOB

OpToroHanbHOCTb MaTpuubl. Cymma MOYNEHHbIX NPou3BeaeHUM
NobbIX ABYX BEKTOPOB-CTONOL0B MaTpULbl paBHa Hyato 0

] =U; J,u=01,...k

% jIXUI ’



OpTOoroHa/bHble NNAaHbl AENAl0T 3KCNepMMeHT bonee apPeKTUBHbIM.

OpTOroHa/IbHOCTb MJ1aHa MO3BOASIET MOJIYYUTb OLEHKU AN
KOapdPULMEHTOB YpaBHEHUA perpeccum HesaBUCMMbIe ApPYr OT Apyra.

NHbiIMM cnoBammn OPTOTrOHa/IbHOCTb XapaKTEPU3YyeT OTCYTCTBUE KOPpenauum mexay
dbakTOopamm.

OAHaKo, ecnnm MMmeeT MECTO He/IMHEUHOCTb, TO CTONOUbl B3aUMOAENCTBUN OKaXKYTCA
Hepa3/IMYNMbI, 3aKOPPENINPOBAHBIMU C HEKOTOPbIMWU CTONOLAMM NUHENHbIX 3$PEKTOB.

3TO NPUBOAUT K TOMY, YTO MO pe3ynbTaTaM AQHHOrO 3KCNepuMmeHTa CTaHOBUTCA
HEBO3MOXHbIM pa3aenntb KoapPuumeHTbl perpeccumn mexay TMHEeMHbIMU U HeZIMHEUHbBIMMU
daKkTopamum.



~

PoTtoTabenbHble NAaHbl - 3TO TaKMe NAaHbl, A8 KOTOPbIX AUCMNEPCUS y
OAMHAKOBA ANA BCEX TOYEK NPOCTPAHCTBA NEPEMEHHDIX X, JIEXKALMX HA OAMHAKOBbIX
PACCTOSIHUAX OT LEHTPa (BCe TOYKM M1aHa NerkaT Ha oKpyXHocTu (chepe, runepcoepe),
LLEHTP KOTOPOI COBMNaAaeT C LEHTPOM NaaHa).



Bbibop moaenu npu nposegeHMmN NONHOro GaKTOPHOro sKCNepuMeHTa

MnaHUpys 3KCMEPMMEHT Ha MepBOM 3Tane, Bcerga CTPEMATCS NOAYYUTb IMHEHHYI0 Mogenb.

Ona nByx GakTopoB MoAeNb NPeACTaBAAOT B BUAE BbipaxKeHua (2). OaHako He Bceraa
3KCMEePMMEHTATOP MMEET rapaHTUM, YTO B BblOPAHHbIX MHTEPBANAX BapbMPOBaHMA MpoLuecc
OMUCbIBAETCA JIMHEMHOU MOAEenNblo.

YacTto BCTpevawwminca Bua HEJIMHENHOCTM CBA3aH C 3PPEKTOM B3aMMOAENCTBUA MeEKAY
dbaKkTOpamm.

NP3 no3BonAaeT OUueHUTb Kpome KO3IPPUUMEHTOB NPU JIMHENHbIX 3dPeKTax KOIPPULUMEHTDI
B3aMMOAENCTBUA.



[lna 3TOro NepemHOKaloT COOTBETCTBYIOLLME CTONOLbI.

Torpa ypaBHEHME NPUHUMAET BUA y — IBOXO + 181)(1 -+ 1812)(1X2 + &£ (4)

MaTpuua NnoNIHOGaKTOPHOIo 3KCNepuMeHTa € y4eTom pakTopa B3aumogencrama ana Nadd 22
NnoKasaHa B Tabn. 2

Tabnvua 2 Ok Xi X Xz XX, ¥
| +1 -1 -1 +1 Yi
2 +1 +1 -1 -1 Vs
3 +1 -1 | +1 | -1 Vs
4 +1 +1 +1 +1 Y,

KoaddpuumneHTbl ypaBHEHUI perpeccum oueHMBAOTCA cneayrowmm obpasom:

2. X Y X XY
I\JI Pro —> by = JN , ] # U

fo by =20 b =



Mo CTO}'I6LI,aN\ X1 U X, OCyWLeCTBNAKOT N/IaHNPOBaHNE, YHTO e KaCaeTCA CTOJ'I6LI,OB » Xg U X1X, ,TO
OHU CNYXaT TO/IbKO A/1A4 PaCHETa.

HaxoxaeHune mogenu metogom MNP cocTtonT ns cneayloLmnx sTanos:

e Bbibop moaenu

e [lnaHMpOBaHMeE IKCNEPUMEHTA

® JKCNepMMeHTUPOBaHME.

e [lpoBepKa 04HOPOAHOCTU Ancnepcumn (BOCNPON3BOANMOCTH).
e [lpoBepKa 3HAYMMOCTM KO3IPPULNEHTOB.

e [lpoBepKa afeKBaTHOCTU MOAENN.



Mpwn coctaBneHMn matpuubl MDD pykoBOACTBYIOTCA
cnenyoWwumm npaBmuIamm:

* pacnonararoT, ec/In UMeeTCA COOTBETCTBYHOLWAA MHOpMaLMS,
baKTopbl B MaTpULE B NopAAKe ybbiBaHUA CTeneHn UX BAUAHUA Ha LENYIO
yHKUMIO;

® CTPEMATCA BbINONAHUTL TPeboBaHMA paHAOMMU3ALMM BapbUPOBaAHUA
YPOBHEWN;

®* MPU COCTABJEHUM MATPULbl YMEHbLUAIOT 4YacTOTy YepeaoBaHUA
YPOBHeu nNpun nepexose oT X, K X,, OT X, K X3 U T.A. KaXAbl pa3 BABOe.



PaccmoTpum npumep coctasneHna MMM ana tpex ¢$pakTOPHOro
NOJIHOMO 3KCNepumeHTa.
B KayecTBe ypaBHeHMs perpeccmn bepem HEMOJIHYIO KBAAPATUYHYIO MOAEND.

y =D, +Zb_LX| + Z i K X "‘b_L23X1X2X3
i< ]
BBesem 0603HauYeHne nepeMeHHbIX X Yepes z, Toraa
y= Z b Z

bel szl Z szl b_L23X1X2X3—b7X7

1< | I=N+1



Coctasum MM3. N =23 =8 (tabn. 3).

Homep | xa X1 X3z X3 X1X2 X1X1 X1XK3 X1X2X3 Koa.
OnEiTAa Ll 1 i) F £ F 44 L x7 GO IHAYMEHHE
1 1| -1 1| - Iy +1 ¥ -1 Vi
2 #1 | +1 [0 | a 1 -1 +1 +1 -
3 1| -1 1| -1 1 +1 1 +1 Vi
4 #1 | +1 |+ | A 1 -1 -1 -1 va
5 1 | - 1| 1 |+ - 1 +1 Ve
b 1 |+ [ a0 |1 | a 1 | -1 | ve
7 1| -1 1| <1 | 21 - ¥ -1 ¥-
§ PR T I U 1 |+ 1 | ws

Tabnnua 3




B 3aBUCMMOCTM OT COOTHOLLUEHWUA OT YMC/1a HEU3BECTHbIX KOIOPULMEHTOB YypaBHEHUA
perpeccum 4ymcna CTpPoK B nsaHe [1DI 2" moKeT ABNATLCA HACbIWEHHbIM, NpY Bbibope
Yymcna YneHoB ypaBHeHMss m+1=N, HeHacbIWeHHbIM, NMPU BblbOpPe YMCNa YNEHOB YypPaBHEHMUA
M COOTBETCTBEHHO YmMcna ctonbuos naaHa m+1<N n cBepxHacbiweHHbIMm m+1>N.



Apo6HbI GPaKTOPHDbIN IKCNEPUMEHT

Bo MHOrmMx peanbHbiX Mnpoueccax HekoTopble $paKTOpbl B3aUMOAENCTBUA MOTYT
oTcytcTBoBaTb. M Ttorga MN®3 b6yaetr ob6nagaTtb M3bbITOYHOCTHIO OMbITOB.

PaCCMOTpMM nytTm MMHUMU3aumnm 4HncCina onbiToB.

ObpaTtnmcs K ypaBHeHMto (2). Ecnm mbl pacnonaraem cBeAeHUAMMU O TOM, YTO B BbIOpPaHHbIX
NHTEpPBaIaX BAPbMPOBAHMA NPOLLECC MOXKET ObITb ONMUCAaH NMHENHON MOAENbIO, TO
AO0CTaTOMHO onpeaenntb Tpu KospdpuumeHTa b, ,b, ,b,.

B pe3ynbraTte octaetcA ogHa cteneHb cBob60Apl, T.K. UMeeM YeTbipe OMbITa, @ KONNYeCTBO
KOHCTaHT Tpu. Micnonb3yem 3Ty cTeneHb cBoboapl ANA MMHUMM3AUUM YMCNA OMbITOB.
Mpn nnuHenHom npmnbaunkeHun b, >0 n TOoraa BeKTop-cTonbel, XX, MOXeT ObITb
MCNO/Ib30BaH AN1A HOBOro GaKTopa Xj.



Onwr X X X3 X3 ¥
Tabnuuya 4
| +1 +1 +1 +1 ¥
2 +1 -1 +1 -1 ¥3
3 +1 +1 -1 -1 ¥
4 +1 -1 -1 +1 ¥4

an 3TOM 3KCNepuUMeHTeE nNoABAAKTCA CMeLUAaHHbIE OUEHKUN T.€e. CTO}'I6LI,bI.

b, — B+ foz,0 = B+ Bi3,0 > S5+ B, ©

Mpumep. Jonyctum x; 1 X,X; mexay cobomn Hepasanummol. OaHaKo

NnapHble B3aMMOAENCTBMA B IMHEMHON MOAENU He3HaUYUTE/bHbI.

3aTO BMECTO BOCbMW OMbITOB ANA U3YyYeHUA BAUAHUA Tpex GaKTOPOB MOXKHO
MOCTaBUTb TO/NIbKO YeTbipe onbITa, T.e. BMecTo NP3 23 mbl umeem 231, B

Teopuun sKkcnepumeHTta 231 Ha3bIBalOT NoOAypenIKoii.

B obwem cnyyae umeroTt Aeno c ApobHom penamkon. A GaKTOPHbIN SKCNEPUMEHT Ha3blBalOT
ApobHbim (API).



Ona coctasnenmna MIMI AP BBoAMUTCA NOHATME oOnpenenalrL,ero KOHTpacTta, KoTopbin
NO3BOJIAET ONpeaesiuTb Kakme OUEHKM CMeLllaHbl A4pyr C Apyrom, He usyydaa MI12 agna
BbIABNEHNA COBNAaAAOLWLMX CTONOL0B.

[Ona 3TOro Mcnosnb3yetca CMMBOJIMYHOE 0b603HauyeHWe npomsseneHus ctonbuos pasHoro +1
mnm -1. 3To M Ha3bIBaOT KOHTPAcToM. YTobbl onpeaenntb Kakon 3dpPeKT cmellaH ¢
AAHHbIM, HYXXHO MOMHOXWUTb 0b6€e YacTu onpenenaAowero KoHTpacTa Ha cronbedu,
COOTBETCTBYHOLWMIM AaHHOMY 3 PEKTY.



Mpumep. MycTb nmeem Tpu dakTopa X; ,X, ,X3 . [pn nocTtpoeHuu
nonypenankn 231 nmeetcs ToNbKO ABE BO3MOXHOCTU MPUPABHATb X3 MO0 K «+X;X,», 16O
K «-X;X,» (Tabn.5).

Ot X X3 X3 XjXNiXsy e X X3 X3 XpXNiXs
Tabnuua 5 ] 1 -1 +1 +1 ] 1 -1 [ -1

2 +1 -1 a0 |+ [ 2 B E -1

3 1 +1 -1 +1 3 1 | =1 |1 -1

4 +1 +1 1 | +1 [ 4 B E -1

Bo3sbmem B KayecTBe onpeaenalwowero KoHTpacta —1 = X;X,X; .TOrAa —X; = X?;X,X;
YuutbiBas, uto x% =1 nonyvyaem X; = —X,X; .

Tenepb BO3bMeM 3a ONpeAenatoLlmii KOHTPACT +1 = X, X,X,.
Nonyyaem: X; = X,X3, Xy = X;X3, X3 = X1 X5,

3TU BbIPaXKEHWUS MOKa3bIBAOT, YTO KO3PPUUMEHTbI IMHENHOTO YPaBHEHMA BYyaAYT OLLEHKaMMU

(5).



CooTHOWeEHWE, NOKa3biBalOWeEee C Kakmmum n3 spPeKToB cmellaH AaHHbIN 3PPeEKT,
Ha3blBaeTCA reHePUPYOLWMM COOTHOLLEHUEM.

Mpu BbibOope nonypenankn 241 BO3MOXHbl BOCEMb reHEepPUPYHOLWMX COOTHOLIEHUN:

X, = XX, X, = XX,
X, =—XX, X, ==XX
X, = XX, X, =X XX



Pa3peLluatoLan cnocobHOCTb 3TUX NOAYPENJIUK Pa3INYHA.
Pennnku 1-6 nmetoT no Tpu ¢$akTopa M HOCAT Ha3BaHME MJIAHOB C pacwmpAoLwen
cnocobHocTbio |1l (no Hanbonblemy yncny GpakTopos B onpeaenatolem KoOHTpacTe).

Pennukn 7-8 mmetoT no 4yetbipe ¢akTtopa U 061aaat0T MAaKCMMANbHOM pa3peLlatoLLen
cnocobHocTblo. Ux HasbIBalOT r1aBHbIMU pensinkamun. Bceraa ctpemsaTtca BbibpaTb PenanKy c
HanbonblEN pa3pellaroen cnocobHocTbio, T.K. yem b6onblue 3PpPeKToB B3aMMOCBA3aHO,
TEM TOYHEE OKaXKeTcs NoNyYEeHHaA MOAEND.

OpaHakKo, ecnn nmeetca MHGopmaumna ob apdeKrTax B3anmoaemncrams,
TO PENnJINKM HYXXHO BbIOMpPATb C ee yYeToM.

Peanusauuna M3 AP HMUem He oTanyaeTtca ot peanunsaumm MM MP3. MeTognka OUEHKHU
3HAYMMOCTU  KO3PPUMUMEHTOB U NPOBEPKA aAEKBATHOCTM MOAENN NPOBOAMUTCA TaKKe KaK N B
Nno>.



O606walowmnii onpeaenalowmini KOHTpacT

PaccmoTpum Ha npumepe uccaegoBaHne Moaenu ¢ NATbto GakTopamum.
Bo3bMém penamky 2°-2. Monyyaem 8 onbiToB BMecTo 32.

Bo3mMOXHbl 12 pelueHni, ecan NpupaBHATb X, NapHOMY B3aMMOAENCTBUIO, @ X - TOOMHOMY.

XX Xe=XX2X3
XXXy Xg==XjXsX;
Xi7/XiX» X=X i{X2X3
X=Xy Xg=-XX1X,
XXX,y X=X XXy
X7X Xy Xg==-X1X2X;
Xi=/XX; X=X 1X1Xy
X=X iX3 Xg=-XiX2X;1
XXXy X=X XXy
XXXy Xg==XX3X;
Xi7Xa2X3 Xe=XX2X3

1_|=—:E31_-. x5=—11x1x3



[onyctum, BbibpaH nepsbl BapuaHT.
Torpa onpefenArWMMU KOHTpacTamn byayT: 1=x;X,X, , 1=X;X,X3Xs.
[fepeMHOXMM 3TU onpeaenaAolne KOHCTaHTbl, NOAYYMM TPETbe COOTHOLWEHUE: 1=X;X,X..

[ina Toro 4ytobbl MOMHOCTbIO OXapaKTepu3oBaTb pPa3peLlaloLLyo
CNOCOBHOCTb PenIMKK, BBOAAT NOHATUE 0606LLatoLWEero onpeaenatoLLero
KOHTPACTa @ 1= X X,X,= X3X; X5 =X X)X Xs.

Cuctema cmewmBaHUA CTOI'I6LI,a onpeaenaeTca YyMHOXeEHUEM
o6o6u1,a+ou1,ero onpeaendarowero KOHTPacTa Noca1e4oBaTe/ibHO Ha X4,X,,X;3!

L S .3 i SRS ED it SRR
LS SR SRS L TR ap SR EAYE
K3 = X XaXaXy™ XNgXsXXaXs:
L SRS SR SRS LT
X=X X Ny N g =Ny X =N X5 Xy
X1 X=X X2 X3 1 Xs=X1Xs,



Echn npu BbIBpaHHOM pensinke HeEKoTopble KO3pPUUMEHTHI
NONYYaOTCA OT/IMYHBbIMUM OT HYAA, HANPUMEP:

by; Byt BatBast Brozes
TO CTaBAT BTOPYK CEPUIO OMbITOB C APYron PenMKOW, Hanpumep
6epyT BapuaHT 4.

[Opob6HbIe pPennKM HaxoaAaT WMPOKOE MPUMEHEHUE MPU MONYYEHUU IMHENHDBIX MOAENEN,
npuMyem, LenecoobpasHOCTb NPUMEHEHUNA UX BO3PACTAET C POCTOM KO/AM4ecTBa (PaKTOpPOB.
3PDEKTMBHOCTb NPUMEHEHNA APODOHbBIX PEN/INK 3aBUCUT OT BbIOOpPa CUCTEMbI CMELLNBAHUSA
JIMHENHbIX 3 PeKTOB C 3PPeKTamMmm B3aMMoaenNCTBUA.



NMnaHupoBaHUe 3KCNEPUMEHTOB NMPU NOCTPOEHUM KBaAPaTUYHOU Moaenmn
B ypaBHeHMsX (3),(4) yunTbiBanncb ToNbKO AMHENHbIE 3pdeKTbl 1 3pdeKTbl B3aMMOAENCTBUS.

B HEKOTOPbIX Cay4dYaAdAxX CcyweCTtBEHHbIMU MOTYT OKa3aTbCH KOQ(I)(I)MLI,MEHTbI NPU KBaApPaTHbIX
nepemeHHbIX, UX Ky6OB nT.A.

nna ,D,BYX(I)aKTOpHOFO IKCNEPUMEHTA MOLE/Ib MOMKET 6bITb npeacrtassjieHa BblpaxKeHnem

(5)

y =BpXy + B X +B,% +B,X %, + b11X12 + b22X§

MonyyeHHble BeKTOp - cTonbupl X;2u Xx,2 ABAAOTCA eAMHUYHbIMUK CTON6LAMMK, coBnagatoLwme
APYr C APYrom 1 ¢ GUKTUBHBIM CTONBLIOM X,.

3T cTtonbubl HEPa3NUYMMbI, MOITOMY HENb3sl CKa3aTb 3a CYET Yero
nonyynnacb BennumHa b,. OyeBMAHO, OHa BKAOYaeT B ceba 3HayeHuA
csBobogHoro uneHa B, v BKNaAbl KBAAPATUUYHbBIX YNEHOB.



CMMBOIMYECKN 3TO MOXKHO 3anucaTb:

Kk
By = Sy + 2. Bi-
1=1
[lna KBaApaTMYHOMW MOAEeNN MoayyaeTca c/eaylolas cuctema CMeLllnBaHuA:

b, — L+ fos: 0 = B + P20y — B3+ L.

CnepoBaTteNibHO, NMAAHUPOBAHUE SKCMEPMMEHTA Ha ABYX YPOBHAX HE AAeT BO3MOXHOCTU
NO/IyYUTb Pa3fe/ibHble OLUEHKU KO3PpPUUMEHTOB npu
KBaApaTUUHbIX YNeHaX N PUKTUBHON NepemeHHOM X,,.

CornacHo Teopun UHTEPNONALMKN, ANA PEeLleHMNA 3a4a4N HAXOXKAEHUS

pPa3aenbHbIX OLUEHOK YMCNO YPOBHEM KarKAaoW M3 HE3ABUCMMbIX MEPEMEHHbIX AO0NKHO ObITb
Ha eaMHULY bonblle CTeNEeHU UHTEePNONALMOHHOrO noanHoma. [ns noaMHOMa BTOPOW
CTEeNEeHN YNCNO YPOBHEN AO0MKHO ObITb PAaBHO TPEM.



OpHako npumeHeHne metomoB NP3 nnaHa 3" He ABAAETCA paUMOHANbHbIM M3-33 PE3KOro
YBE/IMYEHMA OMbITOB 3KCMEPUMEHTA.

MoaTomy paspaboTaHbl cneumanbHble MeToAbl NMOCTPOEHUS MNAHOB BTOPOro NopAaKa.
Hanpumep, B KayectBe ABYXPAKTOPHbIX NMIAHOB BTOPOro NOpAAKa MOTYT CAYMWUTb MAaHbI,

npeactaBnAemblie BepPLUIMHAMM WU, MO KpanHen mepe, OAHOW LEHTPasibHOW To4kon ntoboro
(n-1) mepHOro NPaBU/IbHOrO MHOTOYrO/IbHMKA (KOTOPbIA MOXHO BNMCATb B KPYT).



K NP3 Tnna 2" pobasnseTca LeHTpabHaA ToYKa ¢ KoopanHatamu (0,0,...0) n, Tak HasbiBaemble,
..,0), nexawme Ha chepe AnameTpa 2a .

+

cey) = )

Mpumep. Mmeem BOCbMUYTronbHbIM NnaH (puc.5, Tabn.o).
3TOT NPUMEP MOXKHO 0600LWNTL Ha cay4an MONyYeHUsA NAAaHOB BTOPOro nopsigka. [ns storo

3BE34Hble TOYKK ¢ KoopanHatamu (0,0,.
T.e. nnan M®P3 pocrtpamBaeTcA A0 NaHa BTOPOro nopsiaka. Takow naH Ha3biBaeTcs

KOMMNO3ULMUOHHbIM NJIAHOM.
iz
N
Puc.5. BocbMWyronbHbI NNaH SKCNEPUMEHTA .gr__-.--" "‘-—-____1,:
.- f \
(0,00 K
[ 3
Y 7 d "y
|I 5 |I
.-"IL-"- ' et}
Tt

P



Ta6amuua 6 Oneir X, Xs LBJ] m:ﬂm:f
1 -1 -1 Ilnan 27
. +1 -1 npeacTasieH
3 -1 +1 KEAAPATOM
4 +1 +1 ABCD
. 2 0 [Laau
b -2 | 0 npeacTasieH
7 0 Y2 IBEVIHBIMHE TOMKAMMNH
8 0 -2 MNKL
9 0 0 LHenTpanknan ToMKa

[ob6asneHne aByx chdep, 06pa3oBaHHbIX 3BE3AHLIMU TOYKAMU WU
LEeHTPa/IbHOM TOUYKOM, K [P No3BOIAET NOMYYNUTb PA3AENbHbIE OLLEHKM
b, n b,. Bce Tpn cdepbl 06pasytoT KOMMNO3MLMOHHBIA MAAH BTOPOro
nopagkKa.

B 3aBMCMMOCTM OT KpPUTEPUA OMNTMMAJIbHOCTM MNaHa, Pa3nmyatoTt
OPTOroHa/IbHOE, KOMMO3ULUMOHHOE MNAaHMPOBaHUE U poToTabenbHoe
KOMMNO3MLUMNOHHOE NNaHUPOBAHME.

MnaH, npuBeaeHHbIM B Tabn. 6, aBnsetcA poToTabenbHbiM M obecneymBaeT NOsyvYeHue
pasgenbHbiX oueHoK by n b,



OpTOoroHanbHoOe LeHTPa/ZIbHOe KOMMNO3ULMUOHHOE NJaHNnpoBaHUe

Kputepvem onTMmManbHOCTM ABAAETCA OPTOrOHa/IbHOCTb CTON6LOB
MaTpULbl NAaHUPOBaHMA. B cuny atoro cBonctBa Bce KO3dGPULIMEHTDI
MOAEeNn onpeaenarTca He3aBUCUMO APYr OT Apyra.

AHanu3 pe3ynbTaToB 3KCNEPUMEHTOB MPU OPTOrOHa/IbHOM KOMMO3ULUMOHHOM MNJAaHMPOBAHUMU
MMEET HeKoTopble O0COBEHHOCTU. TaK OUEHKU KO3IDPUUMEHTOB YypaBHEHUA perpeccum
HaxoAATCA C HEOAMHAKOBOW AUCNEPCUEN.

N3-3a HeoaMHAKOBOM Amucnepcun KosPpOUUMEHTOB PErPECCMU KPUTEPUN OPTOTOHANbHOCTU
ABNAETCA HeAOCTAaTOYHO CU/IbHbIM KPUTEPUEM OMTMMANIbHOCTM ANA NMJAAHUPOBAHUA BTOPOrO
nopsaka.

I'IoaTomy TOYHOCTb NpeacKasaHUA BbIXO,CI,HOlz BE/IMYNUHDLI B PaA3/IMYHbIX
HanpaB1eHUAX (I)aKTOpHOI'O NPOCTPaHCTBa HEOANHAKOBA.

ﬂyqumm MeToaomM NAaHUNPOBAHNA ABAETCA TaKOM MeTo4, KOTOprlZ
obecneunBaet OANMHAKOBYHO TOYHOCTb BO BCeX HalpPaB/IEHUNAX Ha
OANHAKOBOM PaCCTOAHUN OT UEHTPA. Takmm metoaom ABnAeTtcA
pOTOTa6EJ'IbHOE KOMMNO3NUMNOHHOE NJ1aHNPOBaHUE.



PototabenbHoe KOMNO3nuymuoHHoOe naaHnpoBsaHue

KpMTepMEM ONTUMaZIbHOCTUN B pOTOTa6EI'IbHOM NAaHNUPOBAHUN
ABNAETCA yC/noBUE oy2=const npn oAMHaKOBOM YyAa/IEHUN TOYEK
RCNepmnMmeHTa OoT UeHTpa, T.€. R = const.

Echn umetotca aByxdpaKTopHbIE NNaHbl, TO , Kak y*Ke bbln10 0OTMeYEeHo,
TUMNUYHBIMM MPUMEpPaAMM POTOoTabenbHbIX NAAHOB ABAAIOTCA MAaHbI,
npeacTtaBaAseMble BEPLUMHAMMK U, NO KPaHeN mepe, O4HOWN LLeHTPaIbHOM
ToYykom ntoboro (n-1) - MepHoOro NPaBMIbLHOIO MHOTMOYro/1bHMKA, KOTOPbIN
MOXHO BnucaTtb B Kpyr (puc.5).

Puc.5. BocbMMyronbHbIN NaaH 3KCNepUMeHTa (0,00 \ K
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KoMNo3MLUMOHHbIE LUeHTPasibHble pOTOTabeibHble N1aHbl TaKXKe Kak U OPTOroHaibHble COCTOAT
n3 Tpex chep: chepa HyNeBOro paauyca - LeHTpPanbHble TOYKM; chepa ToyeK Kyba mam
rmnepkyba u cdepa 3Be3aHbIX TOYEK.

PaBHOMEPHOCTb PacrnonoXKeHMs TouyeK Ha chepe NPUBOAUT K BbIPOXKAEHHbIM MaTpuLuam. Onn
YCTPaHEHMUA BbIPOXKAEHHOCTM UCNONBL3YIOT cHepy HYNEeBOro pagumyca C HECKObKMMMU

LEHTPA/IbHbIMN TOYKaMMW.

Tabnunua 4.7
n o ™t My MNe ™
2 1.414 4 5 4 13
3 l.6%2 f f o] 20
4 2 ] 7 16 31

rae N, - unmcno 3Be3gHbix ToueK; N, - YMCNO TOYeK B LLEHTpe aKkcnepumeHTa; N, -
KOAIMYecTBO Touek Kyba (rmnepkyba); N - obuiee ymcno Toyek GpaKTOPHOro NPOCTPaHCTBA.



MaTpuua nnaHMpoBaHUA POTOTabesnbHOro nsiaHa BTOPOro NOps/AKa

ANns TpexpaKToOpHOro aKcnepmumeHTa byaert npeacrasneHa B Tabaumue 8.

Tabnnua 8
Homep X X X3 X3 X1z X1 X3z Xixz X1x1 KI1Xj3
npHuITAal  ry Zj Z3 £y Zy T £y 3 Ty Ly
| +1 -1 1 1 bl k1l 1 rl Fl Fl
2 +1 Fl 1 1 Fl Fl “1 1 -1 hl
[ 3 el -1 il | -1 |+ rl 1 1 Fl -1
] ol Fl ' 1 Fl vl 1 vl 1 -
5 ol -1 1 el bl 1 +1 vl -1 -
& ol Fl 1 el bl F1 +1 1 Fl -1
BE +l -1 i | o« | Fl o1 1 -1 hl
i +1 Fl h +1 Fl 1 a1 vl F hl
" el 1682 @ " 2518 | @ " 0 i i
T ol vi6R2] @ 0 2518 | @ 0 0 i i
BT el 0 ErTH I | LEE | B 0 i i
12 ol 0 1,682 0 i 1HIE | 0 0 i i
13 ol 0 5 1682 i 1828 | 0 5 5
14 +1 0 i 1,68 o o 1828 | 0 i i
15 +1 0 i " i o m i i i
16 el 0 i " i R " 0 i i
17 ol 0 i 0 i i 0 0 i i
T ol 0 i 0 i i 0 0 i i
T ol 0 i 0 i i 0 0 i i
20 ol 0 i " i i m 0 i i




JKCNepMMeHT npoBoAUTCA aHanornyHo NP3, oaHaKo ouUEeHKU KO3dPULIMEHTOB
PaCcCUYMTbLIBAOTCA NO CBOMM HOpMyam:

A 5 N B N N _
b, = 2] (n+2)_zlxj,oyj —zzcg_zlxj,ixj
j= ==

hizﬁ{ [(n+2)/1 n]ZXJ,yJ+C (1- l);ijz_llle j Z)LC%XJ',OyJ'}
o C* N

h :szz:xj,iyi hj Nﬂ/uz_llxwxwyu

N 1 NN Z N,,P,
C — N ’A: ,ﬂ/ — W:l:(l-
ZX“ 2&[(n + 2)(1 — n)] (n n 2)(2 NWP\,&)Z
J:]_ w=1

roe N, - umcno Touek Ha chepe paguyca P ; k - uncno cdep (k=3).



[MpoBoAUTCA NPOBEPKA 3HAYMMOCTU KO3PPUUMEHTOB NO t - KpUTepuio
CtbtogeHTa. OueHKM aucnepcum u KoapPuumeHTOB BbIYUCAAIOTCA MO

dbopmynam: 5 5
, _2AP?(n+2)S;
NP

) A(n+D2-(n-1)]C*S;
i NP

202

o - C?S?

I NPA

MpoBepKa aAeKBaTHOCTM MOAENUN npoBoauTcs metogom Puiepa




