MNMnaHbl BTOpOro nopagkKa

OnuncaHue NOBEPXHOCTU OTK/ZIMKa NOJIMHOMaMWM NepBoro nopAagrKka 4aCto OKa3biBaeTCA

He4OCTaTOYHbIM. BO MHOrmnx CNAy4aAax ygoBneTtsopuTesibHaAa arnnporkCMMaunmna MOXKeT ObITb
AOCTUTHYTa, €C/1I BOCMNO/1b30BaTbCA NOJIMHOMOM BTOPOro nopAaaKa .

B sTom cnyyae Tpebyetca, 4Tobbl KaxKabi PaKTOp BapbMpPOBA/ICA HE MEeHee YeM Ha
Tpex YpoBHSAX. B aTom cnydae nonHbin GaKTOPHbIN SKCNEPUMEHT COAEPHKUT CIMLLIKOM bonbLuoe
KO/INYEeCcTBO OnbIToB, paBHoe 3. Tak, npu k=3 nx 27, a uncno koapdpuumeHtos b — 10, npu k=5

4ynucno onbiToB 243, a KoadpduumeHToB 21. B cBA3K ¢ 3TMm ocyuwecTBneHme NP3 ana nnaHoB.
BTOPOro NopAKa He TO/IbKO CNOXHO, HO U HeuenecoobpasHo.



COKpPaTUTb YMCJIO OMbITOB MOXHO, BOCMO/Ib30BaBLUMCb TaK Ha3blBae€MbIM KOMMO3ULIMOHHbIM
AW NocneoBaTe/IbHbIM NAAHOM, pa3paboTaHHbIM BOKCOM U YUACOHOM.

Tak, npu aByx bakTopax mogenb GyHKUUKM OTKAMKa Y = f(Xx,,X,) BTOporo nopagKka npeacrasaset
coboll NOBEPXHOCTb B BMAE UMAMHAPA, KOHYCA, 3AAMMNCa U T.A., ONUCbIBAaEMYIO B 0OLLEM
BMAE YPAaBHEHUEM

¥y=0 +bx +b,Xx, + b_L1X12 + b22X§ + D, %,

[na onpeaeneHns Tako NOBEPXHOCTU HEOBXOAMMO pacnonaraTb KOOPAMHATAMN HE MeHee
Tpex ee ToYeK, T.e. GaKToOPbI X; U X, AOKHbI BAPbMPOBATHCA HE MEHEE YEM Ha TPEX YPOBHSAX.

[To3TOMY NNaH 3KCNepMMeHTa B NJIOCKOCTU GAaKTOPOB X; U X, HA PUC. @ HE MOXEeT COCTOATb NNLLb
n3 onbiToB 1, 2, 3, 4 NP3 22, pacnonaratoLMxca B BepLUMHAX KBagpaTa, KaKk 3To 6bl1o Ana
Mmoaenu nepsoro nopAaaKa.

K HUM fonKHbl 6bITb A06aBAEHbI ONbITbI (3BE3AHbIE TOYKKU) 5, 6, 7, 8, pacnoNoKeHHble
Ha ocAX X; U X, C KoopamHatamu (+a;0), (0;xa) n obasaTenbHo onbiT 9 B LeHTpe
KBagpaTa, 4Tobbl no nwbomy HanpasnaeHuto (5-9-6), (1-9-4) n T.4. pacnonaranocb
TPW TOYKMK, onpeaensowme KPUBM3HY NOBEPXHOCTU B 3TOM HarMpaBAEHUM.
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[MnaHbl BTOpOro nopsaaka npu k=2:
a — OpPTOroHasbHbIN; 6 — poTaTabenbHbIN




Takum obpa3om, B obLLEM cydae A4P0 KOMNO3ULMOHHOIO NaaHa CoCTaBnAeT
npu k<5 N®3 2k, a npu k=5 — Apo6HYIO penankKy oT Hero.
Ecnm nMHenHoe ypaBHeEHME perpeccum okasanocb HeaaeKBaTHbIM, HeobxoaAnmo:

1) po6aBuTb 2k 3BE3AHbLIX TOYEK, PACMONOMNKEHHbIX HA KOOPAMHATHbIX OCAX
dakTOpHOro npocrtpaHcrea (+a,0,0,...,0), (0,x0,0,...,0), ..., (0,0,...,xa), roe o —
3Be34HOe naeyo, AN PacCcToaHUe A0 3Be34HOMN TOYKY;

2) NPOBECTM N, ONbITOB NPU 3HaYeHMAX GaKTOPOB B LeHTpe MNaaHa.

Mpu k pakTopax obLiee YMCA0 ONbITOB B MAaTPULLE KOMMNO3ULIMOHHOTO NaHa COCTAaBUT
n=2k + 2-k +n, npu k<5,
n=2%-1+ 2.k +n, npu k>5.

an/I 3TOM B€J/IMN4NHa 3BE3AHOTIO MNJjaeda a n HACNO OlbITOB B LLEeHTPE NJlaHa Ny 3aBUCUT OT
Bbl6paHHOI'O Bnaa KOMNO3NUMOHHOIO MNJjaHa.

KomnosnunoHHbin nnaH ana k=2 u ny=1 npeacrasneH 8 1abn.



KomnosnunoHHbin nhaH ana k=2 n ny=1 npeacrasnieH B Tabn.

dakTopsl Pesynsrar
HavnmeHoBaHue Ne Y " N . 2 2 Y
1 1 -1 -1 1 1 1 Y1
2 1 1 -1 -1 1 1 Y2
Apnpo nnaxa 3 1 -1 1 -1 1 1 Y3
4 1 1 1 1 1 1 Ya
5 1 a 0 0 a? 0 Ys
6 1 -la 0 0 2 0 Yo
3Be3aHble TOYKU 7 1 0 a 0 0 a’ V7
8 1 0 -la 0 0 a2 Vg
'I;"jf:HTz 9 1 0 0 0 0 0 Yo

AH anornMyHbIM 06pa30N\ COCTaBNAKOTCA NAaHbl U ANA b6onbluero ymcna (I)aKTOpOB.



MnhaHupoBaHMe 3KCNEPUMEHTOB NPU NOUCKE ONTUMA/IbHbIX YCAOBUIA

Bo MHOIUX Cc/ly4asnx UHXKEHEPHOM NPaKTUKN Nepen uccieaosaTesiem BOSHMKAET 3a4a4a He
TO/IbKO BbIAB/IEHUA XapaKTepa CBA3N MeXKAY ABYMS UM HECKO/IbKMMW pAaaMU HabatogeHUn, HO
N HaXOMAEHWUA TaKUX YNCNEHHbIX 3HaYeHUN GaKTOPOB, NPU KOTOPbIX OTKIUK (BbIXOAHOM
napameTp) AOCTUraeT CBOEro 3KCTPEMANIbHOro 3HayeHus (Makcumyma Uam MUHUMYMA).

JKCNEePUMEHT, peLuatoLnii 3Ty 3a4a4y, Ha3biBaeTCA 3KCTPemMasbHbIM. B 3Tom cnydyae 3ajaya
CBOAUTCA K ONTMMM3ALMOHHOMN U bopmyamnpyeTcs cneayrowmm obpasom: Tpebyertcs
onpeaennTb TakMe KOOPAMHATLI IKCTPEMANIbHOMN TOUKM (X, X, , ..., X, ) MOBEPXHOCTU OTK/IMKA
y=f(Xy, X5, ..., X,), B KOTOPOI OHa MaKCUManbHa (MUHUMANbHA): MaX Y(X;, Xy, .oy X )ZY (X155 Xy ) o)

X, ).



Mpaduueckaa mHTepnpeTauma 3agaum onTMmusaumm obbekTa y(x,, X,) npu AByx PpakTopax X,,
X, NpeAcTaBNeHa Ha puc. 34ecb TOYKa A COOTBETCTBYET ONTMMA/IbHbIM 3HaYeHUAM PAKTOPOB X «

U X,+, 0BDECNEUYNBAIOLLMM MAKCUMYM QYHKLMU OTKANKA Y, o, 3AMKHYTbIE IMHWUM HA PUC.
XapaKTepuM3yoT IMHUWN NOCTOAHHOIO YPOBHA M ONUCbIBatOTCA ypaBHeHWem y=f(x,, X,)=B=const.

=

MoBepXHOCTb OTKAMKA (a) n AMHUK paBHOTO

ypoBHa (6): y=f(x,,x,)=B=const ana n=2




HeobxoAMMOCTb B 3KCTPEeMasibHbIX 3KCNEePUMEHTaxX A0BO/IbHO YaCTO BO3HMKAET B
NHXXeHepHOM npakTuKe. TaK, Ha MoAEeNM LWAaXTHOM Neyun C MPOTUBOTOYHO ABUMKYLLMMCA
MNAOTHLIM MPOAYBAaEMbIM C/I0OEM, CXEMa KOTOPOW npeacTaBieHa Ha puc. Tpebyetcsa
onpeaennTb pacnonoxkeHue ¢ypmbli no Bbicote neun H, ee anametp D v BbIcOTbI L,
obecneuymBaloliMe MakCMMaAbHYIO CTENEHb UCMONb30BaHUA TEM/IOBOrO NOTEHLMa A ra30BOro
NMOTOKa.

B naHHOM cnyyae dakTopamum asastotcsa H, D, L, a B KauectBe ¢pyHKUmMmM oTkamka y(H, D, L,) B
nepBoM NPUBAMMKEHUN MOXKHO UCMOb30BaTb TEMNEPATYPY OTXOAALLMX U3 NEYM Fa30B.

3ameTnm, 4To BNA PYHKLUU OTKAMKA B 3TOM
Cnyyae uccaenoBaTento 3apaHee HeU3BECTEH,
T.e. OTCYTCTBYET MaTeMaTUyecKana Moaenb,
aeKBaTHO ONUCbIBAOWAA AaHHbIA Npouecc.
TpebyeTca ¢ HaMMEHbLUMMK 3aTpaTamu (Npu
MUHMMANIbHOM 4YMCAe ONbITOB) onpeaenunTb
ONTUMasbHble 3HavyeHuna H*, L*, D*, npu
KOTOpPbIX TEMMNepaTypa OTX0AALMX ra30B
MUHMMa/IbHA.
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3BeCTHbIN M3 npakTukn metog "npob" n "owmnbok", B KOTOpoM dhakTopbl
N3MEHAIOTCA Ha OCHOBAHMWM OMNbITa, UHTYUUUM WU Hayrag, npu oOblMHO MMEIOLLEM
MECTO 3Ha4yMnTeNlbHOM 4ucCre PakTopoB MpU UCCreaoBaHUM MPOLIECCOB 3a4acTylo
OKa3blBaeTca ManoaddeKTUBHbLIM BCIEACTBME BECbMA CINOXXHOMN 3aBUCUMOCTH
doyHKLMM OTKIIMKA OT (paKTOpPOB.

TpeGyroT 3Ha4YnTernibHO MeHbLero 4ucria ornbiToB U 6bICTpee npmnBOOAT K LESIN Te
NOMCKoBblE METOAbl ONTUMU3AUUN, TOE LLUaroBoe BapbUpOBaHUE CbaKTOpaMI/I
npon3BoaANTCA UeneHanpasrneHHoO Mno onpegeneHHoMy riiaHy.

[MonckoBble MeTodbl ONTUMM3ALMN OTHOCATCH K Knaccy UtepauuoHHbIX npoueayp, npu
3TOM BeCb NpoLecc pa3buBaeTca Ha Laru, Ha KaxaoM Lare genaetcs psig OnbITOB U
onpenensieTcs, Kakum o0pas3oM HY>KHO U3MEHUTb (PaKTOpPbl, BMMSIOLLIME HA NPOLIECC,
4TOObI MONYYUTb YNy4llieHNe pe3ynbraTa.

Mpn 3TOM Ha KaXaoMm odepenHOM Liare nornyvaemasi MHopmMaumns UChornb3yeTcs
ANns BbIOOpa nocneayroLlero wara.



MeToa noKoopANHATHOM ONTUMKU3aLUK

[Mpouecc noncka onTMuMmymMa METO4O0M NOKOOpANHATHOM onNTUMMU3aunmn B rpapmuyeckom
BUAe ON9 OBYMEPHOro cny4vas npeacrasfeH Ha puc..

o aTomy meTony BbibupaeTcs npomsBoribHas Todka M, 1 onpegensioTcs ee
KoopauHaTthbl. [Tonck onTMMyma OCyLLECTBNAETCA NooYepeHbIM BapbupoBaHNEM
KaXkgoro nx goakTopos.

[py 3TOM CHavana M3MEeHAKT OAWH akTop (X;) NPU PUKCUPOBAHHLIX OCTallbHbIX
(x,=const) oo Tex nop, nMoka He npekpallaeTca MpUPOCT PYHKUUN OTKMMKa (Todvka

B oanbHenwem nameHseTca gpyron gaktop (X,) npy puKCMpoBaHHbIX OCTasbHbIX
(x,=const), u panee npoueaypa NOBTOPSAETCS.

:"... ' 3

K meTooy nokoopauHaTHOM oNTUMU3aumn




[aHHbIM MeToL BecbMa MPOCT, O4HAKO Npu 6onbLWOoM Yyncne gakTopoB Tpebyetcs
3Ha4YnTerNbHOE YUCII0 OMbITOB, YTOOLI 4OCTMYb KOooOpAuHAT onTuMyMma.

Bonee Toro, npu HEKOTOPbLIX 3aBUCUMOCTAX Y=f(X4,...,X,) 9TOT METo4 MOXET MNpuBECTU
K TOXKHOMY pesyrnbrary.

Ha pwuc nokasaH oOMH M3 TakuUX YacCTHbIX CrllydaeB, Korga noodepenHoe W3MeHeHue
Ka)XOoro u3 (pakTopoB B f0OYy0 CTOPOHY BOOMb KOOPAWHATHLIX OCEN X; U X,
BbI3bIBAET YMEHbLLEHMNE Y.

B pesynbrate pelueHna HaxoguTcs NOXHbIW 3KCTPEMYM, Haxoaawmmncs B Touke A’
KoopAnHaTaMun X~;;X~,, B TO BPeMS KaK AeUCTBUTENbHOE 3Ha4YeHne MakcmMmymMma ymax
HaxoOuTcs B Touke A € koopauHatamu X,;* 1 X,*. x, 4




MeToa KpyToro BOCXOXAEHUs

A3BeCTHO, YTO KpaTyanwmm, Hanbosrnee KOPOTKUN NYTb — ITO ABMXKEHME MO
rpagueHTy, T.e. NeprneHanKynapHoO JMHUAM PaBHOMO YPOBHSA, HA KOTOPbIX OYHKUMA
OTKIMKa NPUHUMAET MNOCTOAHHbIE 3HAYEHUS Y(X, Xo, ..., X, )=B.

B cBs3Kn ¢ 3TMM npu onTuMmn3auum npoLlecca paboyvee agBmxeHne LenecoobpasHo
coBepLuaTb B HanpaeneHnn Hambonee ObICTpPOro Bo3pacTtaHMa OYHKUUKM OTKNUKA,
T.. B HanpasfieHUn rpagueHTa QyHKUUNn Y.



CyLLeCTBYIOT pasfindHble Mogndukaunm rpaaneHTHoOro Metoga, OgHMM N3 HUX
SABNAETCA MeTod KpyToro BocxoxaeHusa. CyLWHOCTb 3TOro MeToda TakKe pacCMOTPUM
Ha npumepe aByxdakTopHoOW 3agadn (puc)

x_."

I'Ipou,ep,ypa onTmMmm3aunmn MeToaoM KpyToro BOCXOXOEHUNA



B aTOM cnyyae waroBoe OBMXEHWE OCYLLECTBIISIETCA B HanpasieHUN HanCKopeuLlero
BO3pacTaHusa OyHKUMW OTKNUKa, T.e. grad y(X,,X,). OgHako HanpaBneHue
KOPPEKTUPYIOT HE MOCSIe KaXaoro criefyrLlero wara, a npy JOCTUXKEHUU B HEKOTOPOWN
TOYKE Ha JaHHOM HanpaBfeHUN YaCTHOro AKCTpeMyMa OYHKLMN OTKIKMKA.

[MycTb B OKpeCcTHOCTH ToukM M, kKak ueHTpa nnaHa noctasneH N3 22. KoopanHaTts!
OTAENbHbIX OMNbITOB COOTBETCTBYOT Toykam 1-4. [1lo pesynbratam 19D
MOXHO paccymnTatb KO3PPUUNEHTLI IMHENHOIO YPaBHEHUS PErPECCUN.

y =0+ +B,%

[pagneHT yHKUMN OTKIMKA B 3TOW TOYKE OnpenenseTcs Kak
grady=——-1 A
OX4 OX,

roe i, | — eAMHWNYHble BEKTOPbI B HanpasieHUM KOOpAMHATHbIX OCEN.

]



CnepoBaTtenbHO, AN ABMXKXEHUA NO rpagueHTy HeobxoanmMo U3MeHsATb hakTopbl
NponopuUMoHarnbHO UX KO3dUUMEHTAM perpeccum m B CTOPOHY, COOTBETCTBYHLLYHO
3HaKy KoapdunumneHTa.

B npouecce noucka oBuratotcs B 9TOM HanpasfieHnn 4o Tex nNop, noka He byaer
0oOHapyXeH nokanbHbln Makcumym (Todka M1 Ha puc.).

B TO4Kke nocnegHero HaxoOAT HOBOE HarnpasreHue rpagneHTa (HanpasneHue My, ),
ocyLecTnada ondatb xe [P, n ganee npouenypa NOBTOPSAETCA.
CTpenkamm Ha puUC. NoKa3aHa TPaekTopus ABUMXXEHUS K ONTUMYMY.



[TpakTn4eckn anroputm CBOAUTCHA K crneaylollen nocnegosBaTesisHOCTUM onepauni.

1. NnanupoBaHmne n noctaHoska N3 (Mnu JP3) B OKPECTHOCTN TOUYKM HAYanbHOro
COCTOSHUA X;5. PacdeTr KoadpdpuuneHToB b, nnuHenHon maremartuyeckou
MOZESN C Lienbio onpeaeneHnsa HanpasieHns rpagneHTa.

2. Pa cyeTt npousseageHun b,Ax, roe Ax; — vHTepBanbl BapbupoBaHUA dakTopoB Nnpu
MNe3 (AP3I)

3. Bbl bop 6a3oBoro aktopa x;=X;,, y KoToporo bAx; = a = max.

4. Bbl 60p wara KpyToro BocxoxaeHusa ansa 6asosoro akropa h,,.

OTOT BbIOOP NPOM3BOAUTCA Ha OCHOBaAHUM UMEKLLENCS anpuopHoOU WHpopmauum
NIN C YYETOM OMbiTa UccrnenoBaTtens, TEXHONOrMYeCKMX CoobpakeHnn unn apyrmx
KpuUTepues.

OTHOCUTENBHO BbIDOPa LWara 3amMeTuM, YTO CIULLKOM Marbli war notpedyet

3HA4YUTESJIbHOIO 4YKUCJ1a OMNbITOB MpU ABUXEHUNN K ONTUMYMY, a oonbLion war co3gaeT
OMNacHOCTb MNMPOCKakKnBaHUA obnactu onTnMmyma.



. Pacuert waroB nsmeHeHua gpyrux paktopos rno goopmyrse

N =({0Ax)h/a

OTO COOTHOLLIEHME MeXay BENMYMHAMM LLIAroB MU3MeHeHUst OTAEeNbHbIX (hakToOpoB
obecneymBaeT OBMXKEHNE NO rpaaneHTy B hakTOPHOM MPOCTPaHCTBE.

6. CocTtaBneHue nnaHa ABMXeHusi No rpaguneHTy. D,J'IFI JQTOIo B COOTBETCTBUU C
onpegeneHHbiMn 3Ha4eHNAM LWaroB M3MeHeHus (*)aKTOpOB N MUX nocrieaoBartesib-
HbIM anre6pawquK|/|M cymMmmMmumnpoBaHmnem ¢ OCHOBHbIM YPOBHEM B TO4YKE

X, =X%,+kKn k=12...

HaxoOAT KoopauHaTthkl onbIToB 9, 6, 7, 8, 9, 10 (cM.puc.). HacTb 3TnX onbITOB NonaratT
"MbICneHHbIMK". "MbICNeHHbIN" ONbIT 3aKmn4YaeTca B MOSIyYEHUU nNpeacKa3aHHbIX
(pacyeTHbIX) 3Ha4YeHUN QPYHKUUM OTKIIMKA MO JIMHEWHOMY YpPaBHEHUIO perpeccum,
4YTO MO3BOMSAET COKpaTUTb OObEM pearnbHbIX OMbITOB, T.€. YBEMUYUTb CKOPOCTb
NPOABUMKEHUA K SKCTPEMYMY.



[1pn "MbICNEHHOM 3KCnepuMeHTe" nepeBoq KoopauHaT B KOOAUPOBAHHYO popMy U
noACTaHOBKa UX B ypaBHeHMe Modenn obbekTa AOoMmKHa NoaTBepaAnTb AENCTBUTENBHOE
BO3pacTaHue .

OB6bIYHO pearibHble OMNbITbl B HAa4alne ABMXeHNA U3 ©a30BOW TOYKM BAOOMb HanpasJieHnd
rpagneHTa CTaBATCA Yepes 2-4 MbICNEHHbIX OnbITa. ,El,pyrl/le OnbIThbl pealin3yroT Ha
NPakKTUuKe, onpeaendqd nocsieaoBaTtesibHOCTb 3HA4YEHUN Y B HanpaBJi€eHUN TrpagneHTa.
N3 onbITHLIX AaHHbIX HAXOOSAT NONOXEHME NToKanbHOro IKCTpEMYMa (TO‘-IKa M1 Ha pI/IC.)



7. B OKpecTHOCTU JioKasribHOro 9KCTpeMyma CTaBAT HOBYH CEPUIO OMbITOB

(MP3 nnn OPI) ona onpegeneHnsi HOBbIX 3HAYEHUN KOIPDUUMEHTOB YypaBHEHUS
perpeccun u HOBOrO HanpasneHus rpagueHTta (HanpasneHue M,, Ha pwuc.). B
OanbHenwem npouenypa noBTOPSETCA A0 OOCTUXKEHUA CriedyloLllero foKarbHOro
9KCTpeMymMa 1 Tak garee BnioTb 40 ornpeaesieHna OKPeCTHOCTM KoopauHaTt
MaKCcuMymMa (PyHKLUMN OTKIKMKa, KOTopasi HOCUT Ha3BaHWE NOYTU CTauMOHaPHOW
obnactu.

[Mpn3HaKoM OOCTMXKEHUS 3TON 0BNacTu ABNAETCH cTaTUcTUYeckasl HE3Ha4YMMOCTb
koadpdumumeHToB b, B noutn craumoHapHon obrnactu CTaHOBATCA 3HaYUMbI
adhdeKTbl B3auMOAENCTBUS U KBaapaTU4Hble acpdekTbl. 3aechk TpebyeTcsa nepexoanTb
oT AP (ecnm oH ncnonb3osarncsa paHee) Kk NP3, a ecnu n 3TOro okaxercd
HeOOoCTaTOYHO, NMEPENTN OT MMAaHOB 3KCNEPUMEHTA NepPBOro nopsaka K niaHam BTOpPOro
nopsgka.



OueBKMAHO, YTO B 3agavax, rae Tpebyercs onpeaennTb KOOpAUHaTLI HE MakcuMyma, a
MUHUMYMaA OYHKLUM OTKITMKA, 3HaKMU KOadhpuUMeHTOB bi cneayet NnoMeHATb Ha
obpaTHble. B aToMm cnyyae asuxeHne B (pakTOPHOM NPOCTPAHCTBE OCYLLECTBIISIETCS NO
HanpaBneHnto, NPOTMBOMOSIOXKHOMY BEKTOPY rpagueHTa.



