n.ﬂaHMPOBaHMe JKCnepmumMmeHTa npu nonckKke onTuMalibHbIiX yCHOBMﬁ

Bo MHOrnx crnyyaax MHXeHepHOW npakTuKe nepen nccriegosarenem
CTaBUTCA 3afada He TONbKO BbIABIEHUA CBA3N MeXAy psaamMu
HabNOEeHUN, HO N HAXOXXAEHNE TaKNX YNCNEHHbIX 3Ha4YeHUn bakTopoB
NpU KOTOPbIX OTKNUK (BbLIXOAHOW MapamMeTp) OOCTUraeT CBOEro
9KCTpeMarnbHOro 3Ha4yeHud.

OKCnepuMeHT, pellalLlnik 3Ty 3adady, Ha3blBaeTCsl 3KCTpeMalnbHbIM.



B atom cnyyae 3agaya cBOAUTCH K ONTUMM3AUUMOHHOW U popMynupyeTcs
cnegywwmmMm obpasom: TpebyeTcs onpenenuTb Takue KoopauHaTbl 3KCTpeMarbHOM

TOYKMN (XI,X;,X;)

MOBEPXHOCTU OTKNMKA y — f ()(1 ] X2 1¢°° Xk)

8 KOmMopoU OHa MakcumarsibHa (MUHUMarbHa).

PaspaboTaHO MHOXECTBO METOAOB NOLLIAroBOM ONTUMMU3ALINKU, Mbl Xe
PacCMOTPUM HeKOTOopble, KOTopble 3OdPdEKTUBHO MCMOSMb3YOTCA B
NPOMbILLIIEHHOM N NabopaTOPHOM SKCNEPUMEHTE.



[padhuyeckaa uMHTepnpeTauus 3agadn onTMmMmaauum obbekTa y(x1, Xx2) npwu
OBYX dpakTopax X,, X, NpeAcTaBneHa Ha puc. a, 6.

30ecb Touka A COOTBETCTBYET ONTUMarbHbIM 3HAaYEHNAM bakTopoB X1* n x2*,
obecneynBaloLLMM MaKkCUMYM (PYHKUMU OTKINKA Y .-

3aMKHYTbIE NIMHUN Ha pUC. 6 XapakTepPU3YOT NMHUM NOCTOSIHHOIO YPOBHS U
onucbiBaloTcH ypaBHeHueM y=f(x,,x,)=B=const.
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HeobxoanMmMocTb B 3KCTPEMarbHbIX 3KCMEPUMEHTaX OOBOSIbHO 4acTOo BO3HMKAET B
NHXXEHEPHOW MpPaKTUKe.

Tak, Ha MOAEeN LIaxTHOM NeYn ¢ NPOTUBOTOYHO ABMXKYLLMMCS MIIOTHbIM MPOAYyBaeMbIM
CMoeM, CxemMa KOTOPOW npeactaBrieHa Ha puc. TpebyeTtcs onpeaennTb pacrnonoXeHue

dypmbl o BbicoTe nevn H, ee anameTtp D 1 BbicoB L, obecneymBarome MmakCuManbHYHo
cTerneHb UCNosfb3oBaHNS TEMSIOBOIO NOTEHLMana ra3oBoro rnoToka.

B npaHHOM crniyyae daktopamu sensatTca H, D, L, a B kadectBe doyHKUMM OoTKNnKa y(H,

D, L,) B nepBoM NpubnmkeHnn MOXXHO UCMOMb30BaTb TEMNepaTypy OTXOASALLNX U3 NeYn
rasos.




3amMeTuMm, 4YTOo BUA (OYHKLUM OTKINKMKA B 3TOM Cllydae uccrnenoBartento 3apaHee
HEen3BEeCTEH, T.e. OTCYTCTBYeT MaTeMaTnyeckas Moaesb, agekBaTHO OonucbliBatoLLas
OAaHHbIM MnpoLuecc.

TpebyeTcss ¢ HaMMeHbWMMKU 3aTpatamMu (NP MUHUMaNbHOM 4MCNE ONbITOB)
onpeaenuTb onTuMarbHble 3Ha4YeHuss H*, L*, D*, npu KoTopbIx TeMnepartypa oTXoasaLwmx
ra3oB MMHUMarnbHa.

N3BeCTHbIN M3 npakTUKn metog "npob” mn "owmnbok", B KOTOpoM dhakTopbl
N3MEHAIOTCA Ha OCHOBAHMW OMNbITa, MHTYUUUM WU Hayrag, npu oOblMHO UMEIOLLEM
MECTO 3HauyMTerlbHOM 4ucre (pakTopoB MNpu UCcregoBaHUM NPOLIECCOB 3a4acTyo
OKa3blBaeTca ManodddeKTUBHbLIM BCIIEACTBME BECbMA CINOXHOWN 3aBUCUMOCTU
doyHKLMM OTKIIMKA OT (pakTopOoB



TpelbyoT 3HAYMTENBbHO MEHbLLLEro 4YMcra OnbITOB N ObICTpee NPUBOOAT K UEenu Te
MOUCKOBbLIE METOAbI ONTUMM3ALUUKM, TOe LlaroBoe BapbupoBaHMe dakTopamu
NPON3BOANTCS LieNeHanpaBneHHo Mo onpeaeneHHoMy nnaHy.

[MonckoBble MeTodbl ONTUMU3ALMK OTHOCATCS K KNaccy MTepaLMOoHHbIX Npoueayp, npu
3TOM BeCb NpoLecc pa3dbuBaeTcs Ha Lary, Ha KakaoM Luare genaeTcs psi OnbITOB U
onpeaensieTcs, Kakum o6pa3oM HY>KHO U3MEHUTb haKTopbl, BNUSIOLLNE Ha NPOLIECC,
4YTOObI MNONY4YMTb YNy4lleHne pesynbsraTa.

anI 9TOM Ha KaxgoM oYepegHOM LwWare nony4vaemas MH(bOpMaLlMﬂ
ncnosib3yetcsa Ans Bbl60pa nocneaywouwero wara.



Pa3paboTaHo MHOXXECTBO METOAOB MoLIaroBon onTuMm3aunmn, Kotopble NnogpobHo
paccMaTpuBaloTCA B pasferie Bbl4UCIUTENbHOW MaTeMaTukm — “YucneHHble
MeToAdbl onTMMM3aumnmn’.

Mbl )ke pacCMOTPUM TOSTIbKO HEKOTOPbIE N3 HUX, 3 (PEKTUBHOCTb NCMNOMb30BaHUA
KOTOPbIX B NPOMbILLUSIEHHOM U NabopaTtopHOM SKCNEPUMEHTE



MeToa nokoopaMHaATHOM oNTUMU3aLUKN

[Mpouecc noncka onTMMyma MeTooM MOKOOPAVUHATHOM ONTUMMU3aLINK
ONs OBYXMEPHOro cnyyasi npeacTaBneH Ha puc..
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KOOpAWHATHI.
[Monck onTuMymMa ocyllecTBRsieTcsA NnooyepeAHbIM BapbUPOBaHMEM

Kaxxgoro n3 (paktopoB.

[1pn aTOM CHa4vana n3amMeHsT oguH akTop (X;) MPY PUKCUPOBAHHbLIX OCTanbHbIX A0
Tex Mop, MoKa He npekpaliaeTcd NpUpocT OYHKUUM OTKNMKa (Toyka M,). B
JanbHenwemM Mn3MeHsaeTca apyron gakTtop (X,) Npy PUKCUPOBaHHbLIX OCTarbHbIX, U
aanee npouenypa nosropsercy.



[aHHbIM MeTO BECbMaA NPOCT, ogHaKo Npu 60MbLIOM Yucre akTopoB
TpebyeTca 3Ha4YUTENbLHOE YUCIIO OMbITOB, YTOObI OOCTUYL KoopAawuHat
ontumyma. OfHako, B HEKOTOpbIX criydaax (cm. Puc.)

X' g
Ilr?

ITOT MEeTod MOXET MNpuMBECTU K JIOXKHOMY peayribrarty.

I'IoaTomy aarnee pacCcMoTpmm oonee coBepLleHHble METObI.



MeTopn KPyTOro BocxoxaeHus

N3BeCcTHO, YTO KpaTtyauLnin NyTb - ATO ABWXKEHWE NO rpagueHTy, T.e. NeprneHanKynapHo
KacaTernbHbIM K NIMHUAM YPOBHSA, Ha KOTOPbIX PYHKLUNA OTKNNKA NPUHUMAaET NOCTOAHHbIE
3Ha4eHuns

y =f(x,X,, ...x,) =B
B cBA3n ¢ 3TMm npu onTnmmusaumm paboyee ABMXEHWE Lienecoobpa3Ho coBmeLlaTth B
HanpasneHuu Hanbonee BbLICTPOro Bo3pacTaHNA PyHKUUKM OTKIMKA, T.€. B HanpasneHnn
rpagneHTa yHkunn. CyLlecTByeT HECKOMbKO MOANMMKaLNN rpagueHTHOro Metoaa,
OOHUM U3 HUX ABNSAETCHA MeToA KPYyTOoro BocxoxaeHus. CyuHOCTb ero otpaxeHa Ha
puc.

[Mpouenypa onTMMM3aLnN METOAOM KPYTOro BOCXOXAEHUS.



B aTom cnyyae waroBoe gBUKeHWEe OCYLLECTBNSAETCSH B HanpaBieHNn HanckopeuLlero
BO3pacTaHunsa PYHKUUKW OTKNKKa, T.e. grad y(X,X,).

OdHako HanpaeJieHUe Koppekmupyemcs He riocsie criedyrouje2o waeaa, a rnpu

docmuxeHuu 8 HeKomopoli moyYyke Ha GaHHOM HarnpaeJieHUU 4YacCmHO20
3KcmpemMyma byHKUUU OMKIIUKA.

[ycTb B OKPECTHOCTM TOYKM M, KaK LeHTpa nnaHa, noctasneH MNo3 22,

KoopanHaTtbl OTAENbHbIX OMbITOB COOTBETCTBYIOT To4kaM 1-4. o pesynsratam MNP
MOXHO paccymnTatb KO3PULUMEHTLI NIMHENHOIO YpaBHEHNS perpeccun:

¥y=hby+bx +b,%,.
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Ona OBuXeHMa no rpagueHTy Heobxoaumo W3MEeHATb akTopbl MPONOPLMOHaribHO
NX KoadopuumneHTam perpeccuu B CTOPOHY, COOTBETCTBYOLLYIO 3HaKkam
KoadopuumeHToB. B npouecce noucka ABuraloTCA B 3TOM HarpaBfeHuu, noka He

Obyoer HamgeH rokanbHbI Makcumym (T.e. M;). nocrne 4ero HaxogAT HarnpasreHue
rpagmeHTa, ocyLlecTsnas |




[TpakTn4eckn anropmuTm CBOAUTCS K CreayroLlen nocnenosaTesisHOCTM onepawmi:

1.

B

[MnaHnposaHune n noctaHoska MNP (nnn JPI) B OKPECTHOCTUN TOHKN HaYaribHOro
cocTtosiHuA (M,). PacueTt koadbdpumLUNEHTOB NTIMHENHOW perpeccum; onpeaeneHmm
HanpaBreHns rpagueHTa.

Pacuet npousseneHun bAx, 20e Ax; - uHmepesars gapbuposaHusi hakmopos rnpu
ros (Jo3).

Bbibop Ba3oBoro dakrtopa X; = X;5, ¥ kKomopoz2o b,Ax, = a = max

Bbibop wara kpyToro BocxoxaeHusa ans 6asosoro gakropa h, mpouszeodumcsi Ha
6a3e anpuopHol uHghopmayuu u onbima uccsiedosamerisi. Criedyem y4yecma,
Ymo CJIUWKOM Marsbil waa nompebyem 3Ha4yumesibHO20 4ucJsia ofnbImos, a
6onbwol - co30aem ornacHOCMb npockakueaHusi obsiacmu onmumMmyma.




5. Pacyert waroB nameHeHnsa gpyrmx gaktopos no dpopmyne: h, = (b,Ax)h, /a.
Amo coomHouweHue Mexoy eesludUHaMu Waz208 U3MeHeHUs1 omoesibHbIX
¢ghakmopoe obecrieyusaem OeuxxeHue rno epadueHmy e hakmopHOM
npocmpaHcmee.

6. CocTaBrieHne nnaHa ABMXEHUA NO rPagueEHTY: B COOTBETCTBUM C onpeaeneHHbIMN
3Ha4YEeHNAMM LLIaroB U3MeHeHUs PakTopoB X, = X, + kh;, k = 1,2,....
Haxo0ssim koopOuHamel oribimos 5,6,7. Yacmb amux orbimos rnpoeoosim
«MbICITIEHHO» . «MBICNEHHbIN» OMbIT 3aKM4YaeTCs B NOSy4eHnn npeackasaHHbIX
(pacyeTHbIX) 3HA4YEHNN (PYHKLMKN OTKMNKMKA MO JIMHEWHOMY YPaBHEHUIO perpeccuu,
4YTO MO3BOSIAET COKPATUTb 00BbEM peanbHbIX OnbITOB. OObIYHO peanbHbIe OMbIThI
CcTaBAT Yyepes 3-4 «MbICNEHHbIX» ANda Toro, YTobbl NOATBEPANTL AENCTBUTENTBHOE
BO3pacTaHune OTKNuKa. 13 onbITHLIX JaHHbIX HAXOOAT NOMNOXEHUEe fToKanbHOro
9KCTpemyma.



/. B OKpecTHOCTM NoKasibHOro aKCTpeMyma CTaBAT HOBYHO Ceputio onbIToB (NP3 nnu
OP3I) ona onpeneneHnst HoBbIX 3HAaYeHNN KO PULMEHTOB YpaBHEHUS perpeccum
N HOBOIO HanpaeneHus rpagueHTa. B ganbHenwem npouenypa noBTopsaeTcd 4o
OOCTUMXKEHNSI HOBOTO JTOKanbHOro aKCcTpemMyma v 1.4., BMioTb 40 onpeaeneHnd

OKPECTHOCTM KOOpAMHAT MakCMMyMa (PyHKLMN OTKIMKA, KOTOpad HOCUT Ha3BaHue
NoYTN cTauMoHapHOU obnacTtu.



[Tpn3HaKoM OOCTMXKEHUS 3TON 0BNacTn ABMNSAETCA cTaTUCTUYECKasl HE3HAYMMOCTb
KoadopuUmeHTOoB bj.

B aToih obnacTtu cTaHOBATCSA 3HAaYNMbIMU 3PEKTHI B3aUMOAENCTBUS U KBaApaTUYHbIE

9 eKThI.

3aecb Tpedyetca nepexoanTb oT AP Kk DI n K nnaHam BTOpPOro nopsiaka.

[ns 3agay, rae TpebyeTtca onpenennTb KoopauHaTbl HE MakCMMymMa, a MUHUMYMa
(PYHKLUM OTKNWKA, 3HaKkK b; crredyem nomeHsimb Ha obpamHsbie. [lsuxeHue byoem
rnpoucxoOums 8 HarpasrneHuu, obpamHom eekmopy epadueHma.



CI/IMnneKC-I'I.ﬂaHMpOBaHMe

[Mo3BongaeTr 6e3 npeaBapuUTENbLHOIO M3YyYEHUSI BIIUAHUA DAKTOPOB

HauTKU obrnactb onTumyma. T.K. 30ecb He Tpebyetrcsa onpeaeneHue
rpagueHTa, TO 3TOT MEeTod OTHOCUTCA Oe3rpagueHTHbIM MeToda MNMoUcKa
onTumyma. [1na aToro ncnonb3yeTcd cneuuanbHbIi NnaH SKcnepumeHTa B
BUOE cUMMIIeKca.



CumMmnnekc — NPOCTENLLUI BbIMYKIbIM MHOrOrpaHHMK, 06pa3oBaHHbLIN
K+1 BepLuMHaMu B K-MePHOM NPOCTPAHCTBE, KOTOPble COeANHEHbI MeXay
cobon NpPAMbIMU NTUHUSIMMN.

I'Ip|/| 9TOM KOOpAuHaTbl BeplwnH CUMIIIIEKCa ABNMAKTCA SHAYEHUAMN C*)aKTOpOB B
OTAENbHbIX ONbITax K=2, CUMMNIIEKC- TPEYroribHUK, K=3 — TeTpasgp U 1.4.

Cumnnekc HasblBaeTCs NpaBuIibHbIM, ECIIN BCE PACCTOSAHUA MeXAy
ero BepwmHamu (pebpa) paBHbI.



Ha puc npencraBneHo X,
reomMmeTpuyeckoe nsodbpaxeHue
cuMnsiekc-metToga ans

OBYMepHoro cny4vas k=2.
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[1o ntToram nposeneHuns onbiToB 1, 2 1 3 Xyawum
okasancs onbIT 3. CriegyoLwmnmn onbIT CTaBUTCS B
Touke 4, kKoTopasa obpasyeT ¢ Toukamn 1 n 2 x, 4
HOBbIN NPaBUIIbHbLIN CUMISIEKC.

[anee conoctaBnATCA pesynsrartbl onbIToB 1, z
n4.

Hauxygwmn pesyneraT nosyyeH B Touke 1,
NO3TOMY OHa B HOBOM CUMMIIEKCE 3aMeHSETCS
3epkKarnbHblM OTOBpaXkeHnem (Toukon 5) n 1.4.,
Nnoka He OyaeT OOCTUrHyTa NoYTM cTauuoHapHad
obnacTb.

Cnenyetr 3aMeTUTb, YTO XOTS 3TOT NMyTb U
3nraaroobpaseH, obLiee 4YMcno onbIToB,
HeobxoaAuMbIX ONA AOCTUXEHUA obnacTu
onTUMyMa, MOXET ObITb HEGOMbLLUNM 3a CYET TOrO,
4YTO NpoBOAUTb K+1 OnbIT NPUXOAUTCS NULLL B
Hayarne, a B garnbHenwem Kaxkabin war
COMPOBOXAAETCs NpoBeaeHNEM TOMbKO OHOro
OOMOMNHUTENBHOrO OnbiTa, YCNOBUSI KOTOPOTO
BbIOMpalOTCA Ha OCHOBE MNpPeaLEeCTBYHOLLNX
pesynbLTaToB.



AJ'IFOpI/ITM cMMnJiekc ninaHnpoBaHUA:

CTpOI/ITCFI NCXOOHbIN CUMMEKC, NpPoOBOOATCA OlNbITbl B €ro BepLnHax
N aHaJIN3NPYTCA pe3yribraTthbl.

1. Bblbupaetcs BeplLuMHa, B KOTOPOW MOMy4YEHO HaMMeHbluee

3Ha4YeHne yHKLUMN OTKNKKA.

Ons oBMXeHUs K oNTUMYMY CTaBUTCS OMNbIT B HOBOW TOYKe, SABMNSAOLLENACSH
3epKanbHbIM OTODpaXXeHMEM TOYKM C Hamxyawmm (MUHUManbHbIM) Pe3ynsTaToM.

[MpoLecc NoBTOpPSIETCA A0 TEX NOp, NoKa He ByaeT HanaeHa NoYTn cTaumMoHapHas
obnacTb.

2. He cmoTpa Ha TO, 4TO NyTb MOXET OblTb U HE MNPSIMOSNIUHEEH,
obLLee YMCOo ONbITOB MOXET ObITb HE BONbLUMNM.

[Mpy cumnnekc-nnaHMpoBaHMM BbIOOP pasMepoB CUMMMEKCa U ero
HayarnbHOE NONOXeHWe NPOU3BONEH.



ﬂ,J‘IFl OKOH4YaHUA rnpouecca UCnosib3yrTCA clieayrwmne KputTepun.

1 — pa3HOCTb 3HA4YeHUn YHKUUM OTKIMKaA B BepLUMHAX CUMMNEKCca
CTAHOBUTCS MEHbLUE paHee 3adaHHOW. OTO O3Ha4yaeT BXO4 B MOMYTH
cTaumoHapHyto obnactb B6NM3n ontumyma, nMbo OOCTMXEHUA obnacTu
ONTMMYyMa B BUAE «NNaToy;

2 - oTpaXkeHue nboKn U3 BepLUNH CUMMMEeKca Nocne oHOKPaTHOro
«KavyaHus» NPUBOAUT K BO3BpaTy B MCXoAHOe nonoxeHue. MNMpu aToMm ecTb
OCHOBaHUS CYMTaTb, YTO CUMMIIEKC HaKpbIn obnacTtb onTumMyma.

3 — UMKNu4eckoe ABMXEHUE CUMMIIEKCa BOKPYr OgHOWN N3 ero BEPLUNH
Ha NMPOTA>XEeHUN 6onee, YyeM HEeCKOIbKuX Lwaros. T.e. LUUPKYITNPYET BOKPYTr
obnactu onTnMmyma.

B cnyyaax 2 n 3 pekomMeHOyeTcA yMeHbluaTb pa3Mepbl CcUMMeKkca,

T.e. pacCTosiHMe MeXay BepLUMHaMK, OO0 YTOMHEeHUs1 KoopauHaTbl
onTumMyma.



[aHHbIN MeToa NpocT, HO paboTaeT He AocTaTOMHO OLICTPO.
Hanbonee ObICTpbIM ABASETCA METO, OCHOBaHHbLIN Ha ero moandukaumnm
- MmeToq, AehopMUpyemMoro MHOrorpaHHuKa.

yCKOpeHI/Ie OOCTUraeTcd 3a CHET TOro, Y10 OTpaxXeHwme
ocywecTBIIAETCA HE Ha NMNOCTOAHHYIO BEJTUHNHY.

Ha puc. nokasaHa Toudka 4 odepegHoro onbitTa npu HopmManbHOM OTPaXXeHun
Hamxyglwen sepwuHbl 1, Todkm 5', 5", 5" nocnegyrowmx onbIToOB AN Cryyaes,
COOTBETCTBEHHO, PACTSKEHUS, CXaTUA W OTPULATENBLHOrO CXXaTud MHOrorpaHHuKa.

K metony aedopmmnpyemoro
cuMmnnekca




