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AHHOTAIIA KnroueBbie cmoBa

PaccMoTpen mopixo K anmpOKCMMANuY SKCIepUMeHTanb-  O000uieHHAA N0UCU1eckas KpUeas,
HBIX JJAHHBIX KyCOYHO-JIOTMCTUYECKOI KPUBOIL, COCTOAWIEH  S-pyHKUUsA,  CUSMOBUOHAST  KPUBas,
U3 JIBYX CETMEHTOB, HA OCHOBE JIMHEITHOI CPeHEKBANpa-  KYCOUHO-TIOZUCUYECKAS KPUBAS, an-
TyHOM perpeccun. OCHOBHBIM OTpaHMYEHMEM 3afadll  HPOKCUMAUUS, NePedamouHas Xapax-
ABNIAeTCA TpebOBaHME IIPUMEHEHNS TONbKO apUPMETHKI C  mepucmuka

(bMKCMPOBaHHOIT 3aIIATON /1A PabOTBI AITOPUTMA OLiCHN-

BaHMA BO BCTPOEHHBIX BBIYMCIUTEIBHBIX CUCTeMax. IIpern-

JIOXKEH TIOIXOf] TPAMOI OLEHK) IO SKCIIepYMEHTTbHBIM

TAHHBIM ITApaMeTPOB MOJIEII, B KOTOPOJT TOUKa COMpsKe-

HMA CETMEHTOB COBIIAJIaeT C TOYKAaMM Iepernda COoCTaBIIA-

I0LINX JTorucTndecknx gpyHkumit. Ha mepBom arare omeHe-

Ha TOYKa mepernba, pasbmBaroIjas 371eMEHTbl BBIOOPKI

JaHHBIX Ha jBe yacTi. Ha BTOpOM sTame Kakias 4acTb

BBIOOPK) HE3aBUCHMO AaIllIPOKCUMIPOBAHA COOCTBEHHON

0000I1IIeHHOIT JIOTUCTUYECKOI (YHKIMeENl ¢ 3aaHHOI TOY-

KOl CONpsDKeHVA. [/ OLleHKM IapaMeTpoB KPMBOII Ipef-

JIOXKEHO MCII0Nb30BaTh udepeHIaIbHOe ypaBHeHNe,

pelieHeM KOTOPOTO sIBJISIETCST 000OIeHHasT JIOTUCTIYe-

cKasA QYHKIVA B CpeJHEKBAJIPATIIHOI PErpeccuit BTOPOTro

nopsaka. PaspaboTaHHBI MeTOZ MOYXKET OBITH IpMMeHeH B [locTymunia B peakipio 16.05.2017
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BBemenne. B 06/1acTu TeXHMYECKOTO YIIpaBIeHMA WIN TIPU VICCIEOBAHUY €CTECTBEH-
HBIX CHCTEM YacTO CTPOAT MOJENN IIPOLIECCOB, KOTOPbIE OIMCHIBAIOTCA SKCIIOHEHIM-
IbHO PACTYLIMMM 10 HEKOTOPOTO YPOBHS (PYHKIMAMM C HOC/TIEAYIOIINM YObIBaHNMEM
CKOPOCTM POCTa BIUIOTb [0 MOCTIDKeHMA MakcumyMma. IToo6HbIe mpoljecchl pocTa ¢
ABYMsI y4aCTKaMI HACBIIeHNs (CHU3Y U CBEPXY) XOPOILO IIPEACTaB/IAI0TCA PYHKIMEN C
CUTMOBUIHOII (POPMOIJ1, B KauecTBe KOTOPOIl YaCTO JICIIOIb3YIOT JTOTMCTUYECKYI0 (PYHK-
o, JIorucruyeckyro (GyHKIMIO MIMPOKO IPYMEHAIT BO MHOIMX OOIAcTAX 3HAHNA,
BK/IIOYas MEIVIIIMHCKYIE Y OOIIleCTBEHHbIe HAyKM, HAIIPUMEp U1 MOJE/NTNPOBaHMs POCTa
TIONYJ/IALMY OPTaHM3MOB B YCIOBMAX OTPAaHNYEHHBIX PECYPCOB, B CTATUCTUYECKUX CU-
cTeMax MpeiCKasaHVs, KIacCUpUKALUY, IPUHATUA PeLIeHN)l, B 9KOHOMUKE, XUMMUY,
MaTeMaTN4IeCKOI IICUXO/IOTVM, B MAPKETVHIOBBIX MICC/IEOBAHNAX.
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JI7 aBTOMAaTM4Y€eCKOTO yIpaBJIeHNA TEXHMYECKONM CUCTEMOV CTaBUTCA 3ajiada all-
IPOKCUMALM HIePeaTOYHON XapaKTePUCTUKY 00BEKTa YIIPaB/IeHNsI MOJIeNIbHOM KpU-
BOJI 110 BBIOOPKe M3MePEeHNIt ero BBIXOJHOTO curHana [1]. B tex cmy4asx, Korma TouHas
MOJIe/Ib IIepelaTOYHOl XapaKTepUCTUKY 00'beKTa HeM3BEeCTHA, VICIIONb3YI0T KOCBEHHBII
IIOJIXO7] K €e OlleHKe Yepe3 allPOKCUMAIMIO IIePeX0/IHOI XapaKTePUCTUKY C TIOMOIIbIO
IpUOIVDKEHHOI ApOOHO-palyoHanbHolt GpyHKumy [1]. OfHako B HEKOTOPBIX CTydasx
€CTh BO3MOXXHOCTD ITOJTy49UTb JOCTATOYHO IUIOTHYIO, €3 CyI[eCTBEHHbIX Pa3pbIBOB BbI-
OOpKy M3MepeHWil C BBIXOfA CUCTeMblI IPY 33[JAHHOM BXO[JHOM CUTHajle 6e3 Cylije-
CTBEHHBIX IEPeXONHbIX MPOILECCOB. [/ KBasMCTALMOHAPHOTO JIMHETHOTO BXOJZHOTO
BO3JIEJICTBUA BBIXOJOM CHUCTeMBbI OyieT IepefjaTouyHas (QYHKLNA, KOTOpas LA TaKMUX
YCTPOVICTB YIPaB/lIeHN:, KaK MOTOPM3MPOBaHHbIE POTAIYIOHHbIE KpPaHbl U KJIAIlaHBI,
IpeCcTaB/sAeT co60il S-00pasHyI0 3aBMCHMOCTD IOTOKA XXMAKOCTU Yepe3 YCTPOIICTBO
OT yIJIa OTKpPBITHA. [I/I1 ONTUYeCKON cuCTeMbl OObEKTIBA C MOTOPU3MPOBAHHOI JMa-
¢bparmoit nepegaTouHas GyHKUMA MPefCTaB/sieT co601 S-00pasHyIo 3aBUCHMOCTD I10-
TOKa CBeTa 4epe3 ONTUYECKYI0 CHCTEMY OT YIIPaBJIAIILErO CUTHAIa LIArOBOTO 3JIeK-
TPOIPUBO/A, OIPENE/IAIOIIEr0 Yro/l OTKpbITHA Anadparmpl. [Ipy KBasucTanoHapHOM
YIpaBIeHNN YKa3aHHBIMM YCTPOJICTBAMY MOXKHO ITpeHeOpedb IepeXOIHBIMI MpoLiec-
CaMJ M MCIIO/Ib30BaTh ITepefJATOYHYI0 (PYHKIUIO B IBHOM BUJIE.

[l MOAyNIbHBIX aBTOMAaTUYECKUX CUCTEM, HAaIlpUMep CHUCTeMa BOJOCHAOKEHMA
i $oToanmapar, 00beKThl yIpaBiaeHnsa (MOTOPU3MPOBAHHBIN KPaH U ONTUYECKUIT
0O'bEKTUB COOTBETCTBEHHO) MOTYT KOMIIIEKTOBATbCS OTHEIbHO, 3aMEHATLCA B IPO-
1[ecce 9KCIUTyaTallMy PasIMYHBIMY MOJE/IAMY PasHbIX IPOM3BOANTENEN Y VIMETD IIe-
penaToYyHble XapaKTEPUCTUKM, PasINYalollyecs B ONpefeNeHHOM juanasoHe. s
TOTO YTOOBI BHEJIPEHHAs CUCTeMa YIIpaB/leH)s paboTaja ¢ TaKuMu 00beKTaMi, Heoo-
XOJVMMO pean30BaTh BCTPOCHHYIO B CHCTEMY aBTOMAaTUYECKYI0 KalIMOPOBKY HOBBIX
HOZIK/TIOYaeMbIX 00BeKTOB. TO TpebOBaHNe HAK/IA/IbIBAET JOIIOTHUTE/IbHbIE OTPAHM-
YeHVS1 Ha BBIYVMC/IUTE/IBHYIO CI0>KHOCTD @ITOPUTMa Ka/MOPOBKM 1 IIOJTy4eHMe Iepe-
[ATOYHOJ XapaKTePUCTUKY, TaK KaK OOBIYHO CHCTeMa YIPaB/IeHVs PealT30BbIBAETCs
Ha TaKUX yCTpOIicTBaX, Kak FPGA, MUKPOKOHTPO/IEPHI, MUKPOIIPOLIeCCOPbI Masoil
BBIYVICIATEIBHON MOIHOCTH, paboTalollye TONbKO C LIe/I0YNC/IeHHON apupMeTIKOil
[2, 3]. Ha Takux ycTpoiicTBax MporpaMMHasi SMY/ISAINS BellleCTBEHHON apudMeTnkn
pecypcoeMKa, U BeIeCTBEHHOE YNMCIO MOXeT OBITb IPEeICTaBIeHO TONbKO B BHUJE
Ipo6HOro ymcna ¢ (GUKCUPOBAHHON 3aIATON. ITO OOCTOATENBCTBO IMPEHATCTBYET
UCIIONb30BAHNIO TAKNX ONTMMU3ALVOHHBIX HEJIMHEHBIX METOJOB, KAK METOJ, MaK-
CUMAaJIbHOTO IIPaBJIONOA00VS, HEMNHEIHOI, B TOM YNC/Ie UTepaTUBHON ONTMMMU3a-
VIV, TIOCKOJIbKY 3TU METOJbI PAbOTAOT C MIMPOKUM YMC/IEHHBIM AMAIIla30HOM B IIPO-
MEXYTOUHBIX BBIYMCIEHUAX. B TaKMX yCIOBUAX CTAHOBATCA aKTya/IbHBIMM IIpsIMble
anreOpanyeckye METO/bI OL[EHKM ITapaMeTPOB IepeaTOYHOI (PYyHKIVM YCTPOIICTBA.

Kax mpaswmo [4], B kauecTBe MOJeNM i CUTMOBUJIHBIX 3aBUCHMOCTEN pac-
CMATpPUBAIOT JIOTUCTUYECKYI0 KpMBYI (puc. 1, a), MMEHIyl0 HY/IeBYI0 HIDKHIOI
aCUMIITOTY. B peasbHBIX TEXHMYECKMX CUCTeMaX CUTMOBMIHbBIE IepefaTOYHble Xa-
PaKTepUCTUKI YCTPOIICTB MMEIOT CyL[eCTBeHHbIe OTKIOHEHNA OT 3TO¥ IMPOCTOI MO-
memu. Tak, g1 yCTpOJCTB ¢ XapaKTepUCTUKO, MMeIoIlell OTPULATe/IbHYI0 HIDKHIOK
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aCUMIITOTY, BbIXO/IHbIE 3HAUY€HMS OTPAaHMYMBAIOTCSA CHU3Y HY/IEBBIM IIOPOTOM U He
IOCTYIHBI s Habmofienus (puc. 1, 6). TOYHOCTb OLJeHKM HVDKHEI aCMIITOTBI ABJIA-
eTcsl JOBOJIbHO Ba)KHOI, TaK KaK OHa OIpefie/iAeT «yPOBeHb Hy/IA» Ha IepeflaTOYHOI
XapaKTepUCTUKe — OfIVH U3 OCHOBHBIX ITApaMeTPOB PabOThI YCTPOIICTBA.

y y
150 + 150 o
100 - 100 F i
50 50 B
0 0
—-50 I I I I
0 50 100 X =50 0 50 100 X
a o

Puc. 1. Bup noructideckoit KpuBoii (a) ¢ Hy/IeBOJ HIDKHEI aCMITOTOJ 1 B[] KyCOYHO-
JIOTYICTIYECKON KpUBOIL (6) € COIps>KeHMEM BYX CETMEHTOB B TOYKe Iepernba
U C OTPULIATe/IbHOI HYDKHEN aCUMIITOTON, HeOCTYIIHOM /st HaO/II0AeHM A

IlononuuTtenpHas mpobieMa Jiisi allIpOKCUMALNY — CIy4ail epeaTOYHO Xa-
PaKTEepPUCTUKY, HEe CMMMETPUYHOIN OTHOCUTENIbHO TOYKM Iepernba BCIefCTBME He-
UJIea/IbHOCTY peanys3aluy CUCTeMbl min Apyrux ¢dakropos (cm. puc. 1, 6). Torma
MO>XHO TIPEMITIOKUTD KyCOYHO-/IOTMCTUYECKYI0 MOJIE/Ib, T/ie YacT! XapaKTePUCTUKH C
IByX CTOPOH OT TOYKM Ilepern6a ammpoKCUMUPYIOTCA JTOTUCTUYECKON (QyHKIueil ¢
Pa3HBIMU ITapaMeTpaMy CO CKauKOM IIPOM3BOJHOI B TOUKe CONpsDKeHusA. B obmem
ClTy4ae OCHOBHAsl CIO>KHOCTb IIPM KYCOYHO-CEeTMEHTHON alMpOKCHMMALUM KPUBOI
3aK/TI0YAeTCsI B OLleHKe TI0/IOXKEHNIT TOUeK COTPSKEHMSI COCETHUX CETMEHTOB.

YucneHHbIe METOABI ANIPOKCUMAIMM JOTMCTUYECKOJ KPUBOI MOXKHO pasObuTh
Ha fIBa Kjacca: 1) mpsiMble METOAbI, OCHOBaHHBIE HAa Pa3/IMYHBIX anreOpandecKkmx
IpeoOpa3oBaHNsX /sl TMHeApU3alNy UCXOAHOI 3aa4uM ¥ OLeHKM IapaMeTpPOB JIN-
HEJTHBIM METO/JOM HaVMEHBINVX KBafpaToB [4, 5]; 2) HenuHellHble METO/bI, B KOTO-
PBIX UT€PATUBHO MUHVMU3UPYETCS HeMHeTHas OTHOCUTENBHO ITapaMeTpOB HeBsA3Ka
9KCIIEPYIMEHTA/IbHBIX JJAHHBIX U MOJIE/IM 110 PAa3INIHBIM KpuTepuam [6-8].

O630p mpsAMBIX anredpandecknx METOJOB OLEHKN ITapaMeTpPOB JOTMCTUYECKO
byHKUMYM ¢ HY/TeBOJ HIDKHE acHMIITOTOM 0 9KCIEePVMEHTATbHBIM TaHHBIM IIpel-
craBneH B pabore [4]. IIpsamble meromsr Xotemmura (Hotelling) m TuntHepa
(Tintner) cpaBHuBawTcs B pabore [5]. IlepeuriciieHHbIe METOIBI OCHOBAHBI Ha anre6-
panyecKux mpeoOpasoBaHMUAX JTOTUCTUYECKON QYHKINMM C HY/IEBOJ HVDKHEN acUMII-
TOTOJ ¥ COOTBETCTBYIOILIETO €il MHTETPAJbHOTO ypaBHEHMs /IS MX JIMHeapuUsaIiun
OTHOCHUTE/IbHO HEM3BECTHBIX ITapaMeTpoB. B paboTte cpenaH BbIBOA, YTO MeTOR THHT-
Hepa JIydllle alIpOKCUMMPYeT SKCIepVMEeHTaIbHble NaHHble. OJHAKO STU METOBI
JIOBOJIHO 4yBCTBUTE/IBHBI K YMCITY Y TOYHOCTYU SKIEPUMEHTATbHBIX OTCYETOB, IIPU-
XOJSIIIVIXCS HA aCUMIITOTBI MOJIe/IbHOI KPUBOIL.
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PasnmyHbIe MOMHOMNUAIbHBIE ANIIPOKCYMAIIVM BIUIOTD O TPETbell CTEIIeHM JI0-
TUCTUYECKON (PYyHKIVM C HY/IeBOI HIVDKHE acMMIITOTOl 6e3 MCIoNb30BaHUA apud-
METHKU C IUIaBalolleil 3alsATol MpeyosKeHbl B pabore [2]. OpHako Takas peannsa-
VST COZIEP>KUT CBOOOJHBIE TTapaMeTPBhl, KOTOPbIe He OTPeNeA0TCs aBTOMATUYECKIL.
Kyco4Ho-1mHeltHbIe TOAXOABI ¥ AIPOKCUMAIVA BTOPOTO MOPSAAKA /I IpeficTaBIe-
HMA JIOTMCTUYECKOI PYHKLIMY C 3a[JaHHBIMM TTapaMeTpaMu /1A peanusauuu Ha FPGA
paccMoTpeHBI B pabore [3].

ITpolecc MpOrHO3MPOBaHMA CIIPOCA HA 3/IEKTPOIHEPIUIO C IOMOIIBI0 ITIOCTPOe-
HYISL JIOTYICTUYECKOTI KPYMBOIJI C HY/IeBOII HIDKHEI aCMIITOTOl CMOZIE/IPOBaH B pado-
te [9]. I/t OLieHKN ee IapaMeTpPOB MCIIO/Ib30BaHA KOMOMHALNSA NIPSIMbIX METOJOB, B
YaCTHOCTY BEpXHss aCUMIITOTA OlLleHeHa U3 CUCTeMbl YPaBHEHMIl JTOTMCTUYECKO
byHKUMY, 3HAYEHMsT KOTOPOJ HaXOAATCS B TPEX MIN YeThIpeX OTENbHBIX dKCIIepH-
MeHTIbHBIX ToYKaxX. OcTanbHble TapaMeTpbl HaligeHbl MeTosioM 'aycca (Gause) [4] ¢
IIOMOIIBIO JIMHEIHOV perpeccuy Ha OCHOBe JIMHeApM3al[y BBIPKEHMs [JIA JIOTU-
criyeckoit ¢yukiym. IIpocras morucrudeckas MOAeNnb /sl MPOTHO3MPOBAHNUSA 3a-
TPY3KM 37IEKTpOCeTeil TaKXKe MCIo/Mb3oBaHa B paborax [10-12]. Orenka Tpex mapa-
MeTpPOB BBINIOJIHEHA B paboTe [10] peleHneM crcTeMbl U3 TpeX YpaBHEHMII TOTUCTH-
4eCKOJ YHKIUY B OT/AE/IbHBIX 9KCIIEPUMEHTA/IbHBIX TOUKaX.

IToaxop K JIOTMCTUYECKOI perpeccuy MeTOAOM MaKCUMAJIBHOTO IIPaBIOIIORo0MsA ¢
MOMOUIBI0 YMCTEHHON MTEPaTHBHON ONTMMU3ALMM IapaMeTpoB MeTofoM HbpioToHa
IIpefcTaB/ieH B paborax [6-8, 13, 14]. Heo6xomyMble ¥ 1OCTaTOYHbIE YCIOBYS, TapaHTH-
pyrolye CyllleCTBOBaHMe ONTUMAIbHOTO PellleHNs, TIpefiCTaBIeHbl B paboTe [7]. B atux
paboTax TaK>Ke MCIO/Ib30BaHa MOJie/Ib JIOTMCTUYIECKO! (YHKIUM C HY/IEBOIl HVDKHeI
acumnToToit. IToAXO0x K OlleHKe ITapaMeTpOB JTOIUCTIIECKON (PYHKLMM C OTPAaHNYEeHII-
M1 Ha OCHOBe KBa/JpaTHYHOI ONITUMM3ALNM TIPEJIOKeH B paborax [15, 16]. Jloructuye-
CKasi Mofienb B pabore [17] ncronb3oBaHa i IPOTHO3MPOBAHMSI POCTa TYPUCTUYECKO-
ro crpoca B JIac-Berace Ha OCHOBe HEMHENHON ONTYMU3ALVINL.

Metoapl KyCOYHO-TTOTMCTMYECKON aNIpOKCUMALMM PacCMOTPEHbI B padoTax
[18-21]. B HMX IHpemnoXeHO MCIONTb30BAaTh CETMEHTMPOBAHHYIO JIOTMCTUYECKYIO
KPUBYIO, KOTOpasi CKAYKOOOPA3HO MEHsET TeMII POCTa B TOYKE COIPSDKEHNS CerMeH-
TOB TPV COXPAaHEHUN aCUMIITOT. [I/Is1 HAXOXKAEHMsI TOUKM COIPSDKEHNS M IPYIUX Ia-
paMeTpoB INpMMeEHEeH IOAXOJ MHTEepPBaTbHOI onTuMusanyu [19] m MeTon Makcu-
Ma/IbHOTO Tpasonofobus [18]. B o6oux nopxomax MCHONb30BaHA UTepaTUBHASA He-
JIMHEeIHAsA ONTUMM3ALIVIL.

B Hacrosieit paboTe paccMOTpeHa 3ajjada aBTOMATUYECKOI alllIPOKCUMALNN JKC-
[epPUMEHTA/IbHBIX AHHBIX, IIOJIyYeHHbIX ITyTeM M3MepeHNst S-00pasHoil, He3HAYUTeIb-
HO aCHMMETPUYHOIT [IePeaTOYHOI XapaKTePUCTUKI 0OBEKTIBA ¢ MOTOPU3MPOBAHHOI
nuadparMoi, yrnpap/sgeMoil MIaroBbIM 3/IeKTPOfiBUraTesieM. [JOIOMHNTeIbHOe OTpaHu-
YeHye [l AITOPUTMA ATINMPOKCUMAIUY — VCIIONb30BAHME BBIUNMCIATETBHON CHCTEMBI,
KOTOpasg paboTaeT TONBKO C IE/BIMU UMCTaMM, a BElleCTBEHHbIe 4MC/Ia MOTYT OBITH
IpeJICTaB/IeHBI TOJIBKO KaK APOOHbIe 4ncia ¢ PUKCHPOBAHHOI 3aIIATOI.

PaccmoTpeHHBIe B IIyO/MIMKALMAX NPsIMble METOMBI AIIIPOKCUMALNK S-00pasHoOIL
KPMBOJI VICIIONIb3YIOT IPOCTYIO JIOTMCTIYECKYI0 MOJIe/Ib C HY/IeBOJI aCMITOTON 1 He
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OIVICBIBAIOT QITOPUTMA OLIEHKV HIJDKHEN acCHMITOTHI B 6ojiee obmeM ciaydae. Kycou-
HO-JIOTUICTUYECKIE METO/IbI AIIIPOKCYMALINY HECHMMETPUYHON KPUBOJL UCIIOIb3YIOT
UTEPATUBHYIO HENMHENHYI0 ONTUMM3ALNIO, MX pealn3alus 3aTPyJHEeHa Ha IIe/I0UMC-
JIEHHBIX BBIYMCIMTENIbHBIX CUCTeMaX. TakuM 06pasoM, 9TV METOJbI He COflep>KaT ajl-
TOPUTMA pelleHVsI IOCTaB/IeHHOM 3a/jaull.

B Hacrosmieit pabore ImpeayoXeH IPsAMON aITOPUTM OLieHUBAHUA IapaMeTpOB
JIOTYICTUYECKO KPUBOJ C HEHY/IEBOJ HVDKHEN aCHMMIITOTOM, pelIaoInii 3a/jady IIpu
3aJJaHHBIX orpaHudeHnsx. Ha ocHoBe nn¢¢epeHIaibHOrO ypaBHEHNS, pelleHreM
KOTOPOTO SIBJIsIeTCST 00001eHHasT JTOTUCTNYecKass PYHKIMs, C TTIOMOIBIO JIMHEHOM
perpeccuyu BTOPOTo MOPs/IKA OIleHEHBI BCe NTapaMeTpPbl, B TOM YNC/Ie HVDKHAA aCUMII-
ToTa. JI/IA ammpoKcMManuy HeCUMMETPUYHON S-006pasHOll IepefaTOuHON KpUBOIL
IpeIoyKeHa KyCOYHO-JIOTUCTUYECKass MOJeNb, VMMEINasd HEeM3BEeCTHYI HIDKHIOI
aCMMIITOTY M COCTOAIIAs U3 IBYX CETMEHTOB, TOUKA CONPSKEHNA KOTOPBIX COBIIafiaeT
C TOYKaMM Iepern6a COCTaBIIAIOIMX JTOTUCTUYeCKUX QyHKumit (cM. puc. 1, 6). s
OLICHKM ITapaMeTpPOB MOJe/N ONbITHasA BBIOOpKA pasfesieHa Ha ABe yacTu. Kaxpas
Y4acTh HE3aBUCUMO AIIPOKCHMUPYETCS COOCTBEHHOI OOOOIIEHHOI JOIMCTUYECKO
dynkuueit. OnmcpIBaeMble aITOPUTMBI MOTYT OBITh Peaa30BaHbI C UCIIONb30BAHNEM
IpOOHBIX YMCeN ¢ GUKCUPOBAHHOI 3aIATOl. IIpyBefieHbl pe3y/lIbTaThl YMCIEHHOTO
9KCIIepYIMEHTAa INPYMEHEHMsI aJTOPUTMOB, KOMOVHUPYIOLUIMX pas3aMdYHble IpsMble
MeTO/Ibl OLleHMBaHMA S-00pa3HOIl KPUBOIL.

ITpsiMble MeTOABI ANNMPOKCUMAIIIN JAHHBIX TOTMCTIYECKOil (yHKImeii. Pac-
CMOTPUM 0000IIEHHYIO TOTYCTUYIECKYI0 GYHKIUIO B BUJiE

y=C+W, a>0, K>O, bei}{, CEER, XESR, (1)
roe C — IIOCTOAHHAA COCTABJ/IAIOIIAA, HVMJ)KHAA aCMMIITOTA; K — HapaMETp €MKO-
CTH, OTpefesIoNil BepxHiolo acuMnTory (K +C); a — mapaMeTp TeMIla pocCTa;

b — cpBur, oTpefeAIINIT ToMoXKeHne KpuBoit Ha ocu X. Ilepern6 xpuBoit Haxo-
JUTCSI B TOYKe C KooppauHatamu xo =b/a, yo=C+K/2. Jloructuaeckass GyHKIys
(1) sBnsAeTca peueHneM gudepeHINaTbHOTO YPaBHEHNS

dy a

K (y-CO)(K+C-y), (2)
OIMCBHIBAIOIErO JYHAMIUKY POCTa XapaKTePUCTUKM Y(X) C [BYMsA aCUMIITOTAMIL.

[Tpocras norucTndeckast pyHKIVA MMeeT Hy/IeBYI0 aCUMIITOTY /1 OIVICBIBAETCS BbI-
paxenrem (1) mpu C=0. Ilpu anmpokcumanuy BBIOOPKY JAaHHBIX TAaKOW (QyHKIVN
CYILLIECTBYeT Psifi IPSAMBIX YMC/IEHHBIX METO/IOB OLIEHKY ee IIapaMeTpoB, 0030p KOTOPBIX
MOYXHO HaliTu B pabotax [4, 5]. PaccMOTpUM HECKONTbKO OCHOBHBIX [IO/IXO/IOB.

B panHux paborax OIeHK) IapaMeTPOB IPOCTOII TOTMCTUIECKOI KPUBOI HOTY-
Yajyl Ha OCHOBE IIPOM3BOJIPHO BBIOPAHHBIX TPeX TOYEK C OJHAKOBBIM MHTEPBA/IOM
JWIN TPeX CyMM OOpPATHBIX BE/IMYMH 3HAYEHUI OTCYETOB VM MOC/EAYOIET0 pelleHNns
3aMKHYTOI1 CHICTEMBI ypaBHEHNUIT OTHOCUTE/ILHO TpeX mapaMeTpos a, b, K [4].
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Boree mo3gHue paboThI OMMCBIBAIOT METObI, OCHOBAaHHbIE Ha HEKOTOPBIX a/re6-
pandecKkux npeobpasoBaHMsX, il MMHeapusauuy ypasHennit (1), (2) u HaxoXxaeHus
[0 HMM IapaMeTpoB (QYHKIMM METOJOM HAaMMEHBIINX KBafpaToB. Tak, B MeTOfe
laycca mcxomgHoe BbIpakeHMe (1) IPMBOAUTCSA K NMHENTHOMY OTHOCUTEIBHO Iapa-
merpos a, b Bupy:

nK—(y—C)
y—C

1 =b—ax. (3)
[Tpuuss nmapamerp C=0 u npeaBapuTenbHO HE3aBUCUMO OILIEHVUB 3HaYeHMeE IIa-
pamerpa K, HemsBecTHble d, b HaXOmATCA M3 MOCTPOEHMS MPAMON CPeHEKBA/[pa-
TUYHO perpeccui 1o BbhIpaxeHuo (3).
B merope @uepa (Fisher) [4] mns oleHKy napaMeTpoB JIOTMCTUYECKOI KPUBOM
UICTIO/Ib30BAHO BbIpaXKeHNe (2) B Bufe
1 dy

a
(y—C)E Q—E()/—C) (4)

B Merofie MpemnoKeHO amNMpOKCHMUPOBATh JIEBYI YacTh (4) BBIpaKeHNEM
(mpu C = 0)

1d 1 1 i
— 1 == (In(y)~In(yi 1) +In(yi) = In(yp)) == In 224,
ydx) 2 2 yia
rae i— MHAEKC TOYKM N3 BbI60pKI/I IKCIIEPUMEHTA/IbHBIX JaHHDIX. Hanee I1apaMeTphl a,
K HaxopAT nocrpoeHneM npsAMoil CpelHEKBaJPATIYHO PErPECCUN 110 BIPAXKEHNIO

L 2m

a
=a——Y;. 5
S <’ (5)

Meton XoremmHra [4] ucronb3yeT Apyrylo alIpOKCHMAINIO JIEBOI YacTV BbI-
pakeHnA (4) OTHOCUTENILHO CPeIHeNl TOYKY Ha MHTepBaJjle, CofiepKalieM TP OTCYeTa

(mpu C=0):

(lﬂj _ (yin1—yi) Ing _ Vi (Vi1 — i) (6)

y dx Yi+l ‘1_1) yi+1()/i_yi—1))

a, K — mapameTpbl, KOTOpble HAXOAT C HOMOIIBIO JTIMHENHOM perpeccui (4).

B meropne Payxrappena (Roughgarden) [4] o annpokcumanmy npousBOSHON B
JIeBOJI 4acTV BBIpaKeHMsA (4) IPUMEHAIOT IIPOCTYI0 KOHEYHYI0 PAasHOCTb IIPM elM-
HIYHOM IIIare:

ld_y — yi+1 _yl . (7)
ydx ). i

B pabore [5] 3TOT mofx0/] TaK)Ke Ha3bIBAE€TCSI METOIOM XOTE/IIMHTA.
I pyroit moaxox ucnonb3osaH B Merogax Poaca (Rhodes) [4] n TunTrepa [5]. Ha
OCHOBe MCXOAHOI QyHKIMY (1) 1A COCEJHUX OTCYETOB U3 BHIPAXKEHUI
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1 1+e—axi+b 1+e—axi+1+b
Zi = = 2
YVi— C K K
CHeﬂyeT ]/[TepaTI/[BHOC HpeﬂCTaBHeHI/Ie
B 1—e*
zZin=ezi+ > (8)
K

KOTOpOe Jjajiee MCIIOIb3YIOT I MIOCTPOEHNSA MIPSAMOIL CpefHEKBAPATUIHOI perpec-
cun z;41(2;) ¥ OLjeHKM apameTpos a, K.
B merope Jlecnn (Leslie) [4] nconb3oBano Boipaxkenue (8) B popme
—a
a1, (9)
Yisl K
VIS IpSIMONL perpeccunt y;/ yiy Ha Yi.

Merop, oueHKM TapaMeTpOB 000011 eHHOIT TOTUCTIYecKoit PyHKIym. {7151 oLleHKM
BCeX IapaMeTpoB 000011eHHOT TorucTideckoit GyHkumy (1) Heo6XOAMMO, B YaCTHOCTH,
OLIEHNTD HIDKHIOW acuMnToTy, mapamerp C. PaccMoTpeHHbIe paHee IIPsIMble METOMbI He
[PEJIOATAl0T A/ITOPUTMA ISl €r0 OLeHKM. [IpeIosKuM MOXO Uil PelIeHNsT TaKoi
3a/IauIL.

OTMmernm, 9TO mpaBast YaCTh BbIpAKeHNUs (2) SABIAETCSA MOTMHOMOM BTOPOIT CTe-
neHM QYHKIMM Y ¥ 3aIluIeM ee B BUje

Y 2L Q0+ K)y+CK —C?) = Ayy? + Ay + Ao, (10)
dx K

3pecs Ay=-a/K, A =-a(QC+K)/K, Ay=(a(CK-C?)/K — xoadpduuments
HOIMHOMA, KOTOPble MOYKHO MOMYYUTh C HOMOIbIO [IOCTPOEHNS CPefHEKBAPATIY-
HOII Perpeccun BTOPOTO TOPAMKA 10 9KCIEPUMEHTATIbHBIM TaHHBIM, T. €. HATU pe-
IIEHVIE CUCTEMbI IMHEHBIX YPABHEHWIT

dx

1

nA() +Alzyi +A22yi2 ZZ[d—yJ 5

d
AOZ)/iJrAlZ)’iZJFAzZ)’? :Z)’i [ﬁ} ;

D00 I T v E I
i i i i X Ji

I7ie CyMMIUpPOBaHue IPOBOAUTCSA IO BCeil BHIOOPKE, a MIPOM3BOAHBIE AIIIPOKCUMMUPY-
I0TCS KOHEYHBIMM pasHOCTAMMU. [10 HaiileHHBIM 3Ha4eHMAM K09 UIMEHTOB U C
y4eTOM TOro, 4To a >0, MO>XHO OLIEHUTDb ITapaMeTphl JIOTUCTUYECKON (PyHKLMU BbI-
paKeHMAMU

—A
a=+JA?-4404,, K=—-2, c=2"2L (11)

A’ 24,
[Ipn HaiteHHbIX 3HaYeHnsX K, C, a mapamerp b MOXeT OBITh ONpefeieH Me-
tooM 'aycca (3):
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12
M =1 n =1 yi—C (12

Ifle 1 — YUCIO0 OTCYETOB B ONMBITHOI BbIOOpKe; C, K, @ — OljeHeHHbIe TapaMeTPhI
Ha NpefbpIAyIuX mrarax. VI3 Belpakenus (12) ciaemyer, 9YTO KOOpPAMHATA X, MOXKET
ObITH OLlEHEHA KaK

2 13 Li]nw. (13)
a

n =1 an = yi—C

ITocTpoyM HECKONIBKO albTePHATUBHBIX A/ITOPUTMOB OLieHMBaHMs napaMeTpos C,
K, a, KoMOMHMpYs pasinyHble MeTofbl. PasHble KOMOMHAIMY OLEHOK ITapaMeTpOB
3aKOZIPyeM B Ha3BaHMY QITOPUTMA TaK, YTOOBI IIOC/Ie HAa3BaHMUSA METOJA IIPUBOANIOCH
MHO>KECTBO IIAPaMETPOB, KOTOPblE WM OLEHUBAKOTCA: < METOJ, > {IlapaMeTphi}...
< MeTop > {mapameTpsbl}. HasBaHus aaroputmMoB NpuBeieHbI B Tab/M. 1 1 ykasaHo, Ka-
KM METOJIOM U I10 KaKoii pOopMyJie OLleHMBAeTCs KKABII ITapaMeTp L IIpefjIaraeMoit
KOMOVHAIVIA.

Mertop, anmpoKcuMany KyCOYHO-IOTMCTYEeCKO KpuBoii. [l annpokcuManum
aCHMMETPUYHO S-06pasHoIl KPUBOI pacCMOTPYUM KYCOYHO-TIOTMCTUYECKYI0 MOJIETIb.

CerMeHTMPOBAHHYIO JIOTUCTUYECKYI0 KPUBYIO, KOTOpas CKAauKOOOPasHO MeHseT
TEMII pOCTa d B TOYKe COIPSDKEHNA CETMEHTOB IPY COXPaHEHUM aCUMIITOT, IPeJyIoxKe-
HO MCIIO/b30BaTh B paborax [18, 20]. Takum o6pasom, mapamerp a(x) sBseTcs CTy-
IeHYaToil (PyHKIMEl C paspbIBOM B IIOPOTOBOI TOYKE CONPSDKEHMS CETMEHTOB. [l
HaXOX/IeHMsI TOYKM COIPsDKEHMA U JAPYTUMX IIapaMeTpOB MUCIIONB3YIOT MOAXOM MHTEep-
BaJIbHOV onTMm3aryu [19] u Meron MakcumasbHoOro mpaspgonopnobus [18]. B obonx
MOAXOflaX MPMMEHAT UTEPaTUBHYI0 HENMVHENHYI0 ONTMMU3ALMIO, KOTOpas He MOXKET
OBITb pea/mi30BaHa C IIOMOLIBIO TOJIBKO apydMeTHKI ¢ PUKCHPOBAHHOI 3aILATOI.

Tabnuua 1
KomOuHaum MeTog0B /IS OL[eHKM IOTMCTIYeCKOi KPUBOII
OreHka mapamerpa
Anroputm
C K a b

Proposed {C,K,a} Metonom
Gause {b} (11) (11) I'aycca (12)
Proposed {C,K} (11) MeTtomom Metongom
Gause {a,b} I'aycca (3) T'aycca (3)
Proposed {C,K} (11) MeropmoM
Leslie {a} Gause {b} (11) Jecnu (9)
Proposed {C} Metonom MeTtomom
Leslie {K,a} Gause {b} Jlecnn (12) Jlecnu (12) Metonom
Proposed {C,K} (11) Taycca (12)
Fisher {a} Gause {b} MeropmoMm
Proposed {C} Metonom Ouepa (5)
Fisher {K,a} Gause{b} Ourepa (5)
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B Hacrosmeit paboTte ncronbp3oBaH MpAMoit noaxo. Ha mepBoM aTare orjeHeHO
HIOJIOJKEeHNe TOYKM CONPSDKEHMA, KOTopasl pa3byBaeT BHIOOPKY JaHHbIX Ha JIBE YaCTI.
Ha BropoM aTarme, pyu 3alaHHOI TOYKe CONPSKEHNs, BBIIIOTHAETCS allllPOKCUMALIN
Ka)XJI0J1 YacTM OIBITHOI BBIOOPKM JIOTMCTUYECKON KpuBOit (1) OFHMUM U3 IPSIMBIX
METOJIOB, OIIMICAHHBIX paHee.

Vcnonb3yeM MoJe/b ¢ TOUKOJ CONpPsDKEHMA, COBIIA/IAIONIell ¢ TOYKOI mepernba
06eMX JIOTUCTUYEeCKUX KPUBBIX (CM. puc. 1, 6):

K
C f—r npu x < Xo;
1+e—a1x+b1
Y= K
C+—2 IIPU X = X
P L4 et - (14)

x0=b1/a1=b2/a2, )/0 =C1+K1/2=C2+K2/2;
a; >0, a, >0, K; >0, K, >0, ClefR, CzESR, bIGSR, szSR;
le{al’b19K1:C1}>L2z{a2)b27K2:C2})

e (Xo,Yo) — KOOpAMHATBI TOYKM CONpsDKeHust; Ly, L, — mapameTpsl cOOTBeT-

CTBYIOIIVX JIOTYCTIYECKUX (PyHKIIMIL.

Ha mepBoM 9rame OIEeHUBAIOTCSI KOOp- ¥
[IMHATBL TOYKM conpspkeHus (Xo,Yo) mpu
JOTYI[eHNY, YTO VICXO{HASI KPUBASI SIB/ISIETCS
He3HAYNTEeJIbHO ACMMMETPUYHOI. Bblpaxke-
ume (13) He IO3BONSET ITOrO Clenarth Oe3

AIPMOPHOIT OLIEHKM HEM3BECTHBIX MAapaMer- ‘

poB a, K, C. Ilpemmoxum anbTepHaTMB- -—50 0 50 100 x
HbIM TIONIXOJ| OUEHKM KOOPJMHATBL X0, VC- pye o, I'padmk 1pom3BOJHON TOTUCTH-
HOJIb3YSl CBOJICTBA CUMMETPUYHOCTY JIOTHU- yeckoit gpyrxumm (1)
CTUYECKOV KPUBOJ M BBIpa)KeHME A ee

IIPOM3BOMIHO

d_y B aKe—ax+b

dx  (1+ea+b)2’ (15)

uMerolIeit BUJ, Kojokona (puc. 2).

Yrepkpenne 1. Cpedree sHauenue npoussooHoti nozucmuueckoti pynxyuu (15)
pasHo koopouname xo=b/a mouxu nepecuba camoii pyrxyuu (1).

< JleificTBUTEIBbHO, CpefiHee 3HaYeHMe Mpou3BOHOI (15) ompefenseTcs MO BbI-

PaKEeHMIO
. K +00 —ax+b
Ko =~ y J' (1axe T dx, (16)
00 + —ax
_[ a dx ™ ¢
“o\ldx
rae
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X—>+00
=K.

x—>—00

+o0
dx 1+ eaxtb

—00

Bropoit nnTerpan B BeipaxkeHnu (16) 6epercs 1o 4acTsam:

X>H0 o

1

A X
B I —ax+b dx.
“ol+e

Xo = 1+e—ax+h

X—>—x0

3H€Cb MHTETPAJI C UCIIO/Ib30OBAHNEM 3aMEHDbL HepeMeHHOﬁ z=e™ paBeH

X—>+00
+00 1 to pax ln(eb + eax)
J. —ax+b dx = J. b ax dx =
“olte “.e’+e a N
B pesynbTare momydaem

Xo =

A X—>+00 X ln(eb + e“")
| roel = - .
1+efux+b a

b
x—>—00

[Ipeo6pasys BbIpa>keHuUe IO, IIpefieaMi

_ax— In(e? +e%)—In(e? +e™)e~+b
a(l+e x+b)
_ax—(Ine™ +In(1+ e~ *h)) _In(el +e™ )ewtb
a(1+ e %+b)
_ —In(1+ e~ +b) _In(eb + e )emax+b _ In(1+e~%+0) 3 In(e? +e™)

a(l+e-*+b) a(l+e b)) g(e™ bt +1)

I

" pacKpbIBasd HEONPENEC/IEHHOCTD B BbIPAXKEHNM BTOPOI'O C/Iara€éMoro

li ln(eb +e%) . 1 i 1
m = lim = lim —————=
x40 a(eax—h + 1) X+ a(l + e_ax+b )eax_b X—>+00 a(e“"‘b + 1)

>

7151 IIEPBOTO IIpefena moaydyaeM

fim 1 i In(1+e™*%) In(e® +e™)
mi=—1mm — - ;" lm —F— =
X—>+00 x—t0 a1+ eia}ﬁb) X—>+00 a(e”x’b +1)

PackppiBas HeoIlpefie/IeHHOCTb B BBIPQYKEHNUY IIEPBOTO c/1araeMoro [

1
xligloo 1+efux+b - xllglw _aefaerb -
7151 BTOPOTO Tpefiesia MMeeM
lim I= i i In(e® +e™) Ine® b
imI=lim ———— lim =" =T
X xomoo L4 a a a
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OKOHYaTEeTbHO OIIpENENAEM, YTO

Xo = lim [~ lim [ =—=Xo. »
X—>+0 X—>—0 a
Ha ocHoBe yTBepxeHus 1 IjIs1 HaXOXXMEHUS TOYKM Ilepernba TOTMCTIIeCKO
¢byukiym (1) u mapamerpa b 6ygeM UCIIONB30BaTh OLIEHKY CPeJHEr0 3Ha4eHVs Mpo-
u3BOAHOII (16) 1O AMCKpeTHO BEIOOPKE U3 BBIPAXKEHNA

nxi dl
i= dx );
Ro= P g, (17)
n(d
3 ay
=1\ dx /J;

Yem 6Goree cMMMeTPUYHA OIBITHAS BBIOOPKA B AMamasoHe acCUMIITOT KPUBOIA,
TeM TouyHee olieHKa (17) cpeHero sHaYeHMsI.
3HaveHMe KOOPAMHATHL Yy HAXOMUTCS IO JIMHENHOM MHTEPIOSINNA IKCIEePU-
MEHTAIbHbIX TAHHBIX B TOUKE X{:
Yi(Xi1 — X0) + Yin (%0 — x;)
Yo = . (18)

Xit1 —Xi

VicxonHasi ombITHasi BbIOOpKa pasbmBaercss Ha [iBe 4acTi: 1) 7meByio (X <Xp);
2) mpaByo (X =x(). B Kaxoil 4acTy OLIEHMBAIOTCS MTAapaMeTpPbl CBOEN JOTUCTIYe-
CKOJI KpuBoii (14) myTeM IOCTpOeHMsI perpeccun BToporo nopsjka (10) mpu ycmosun
COBIIQJICHNS ee MaKCUMYMa U TOYKY conpshKeHns (18), T. e. py yc/lI0BUM paBEeHCTBA
HYJII0 IPOM3BOAHOI BhipakeHus (10) B Touke yp. Takum ob6pasom pemraercs cieny-

IOIast CYCTeMa JIMHEHBIX anreOpandecKuil ypaBHeHMIL:

d
nA0+Alzyi+AQZyi2:Z d_i 5

i

d
ATyt AT+ ATy =Ty 2- s

i i

A +24A,y0=0,

I7ie CyMMJpPOBaHIVe IIPOBOANUTCS IO COOTBETCTBYIOIEl YaCT! pasfie/IeHHO BEIOOPKIL.
Pemrenue 3Toit cucteMsl 11 oIeHKa mapaMeTpos (11) morncTidyeckoit pyHKIUM MMeeT
IIPOCTOIT BUJ, C y4eTOM OTpaHmdeHus a>0:

N
AO:_O; A1:_2N_1y0; AZZ&;
D, D, D, (19)
N, N, Dy K
a= ; K=——% ; =y——.
| Do | Ny [ Dy | 2
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3mech
d d
N0=Dlz)’z _)’j —Dzz LA >
i dx ; i dx ;
d d
Ni=ny| 2| ~ZyE| Th ], Na=JaNi(Niyg - No; (20)

i

DOZDIZyi_”DZ) DlZUOZ)’i‘Z)’iZa Dz:zyozyiz—zy?-

Taxkum o6pasom, us BeipaxkeHuit (17), (19) mo coOTBETCTBYIOLIEN YacTV OIBITHO
BBIOOPKM HaXOMAT apaMeTpbl Ly, L, COOTBETCTBYIOMIMX JTOTUCTUIECKUX (PYHKIIVIL.

OTMeTnM, YTO BBIYMC/IEHVS Ha OCHOBe BbIpaxkeHuit (17), (19), Bkaovas anro-
PUTM BBIYMCTIEHVSI KBA/[PATHOTO KOPHS 13 I€/I0TO YIC/IA, MOTYT OBbITh pean30BaHbl C
UCIIONIb30BaHMeM aprdMeTnky ¢ GUKCHPOBAHHOI 3aMATON HA L[ETOYNCTIEHHOM IIPO-
eccope.

Kak u panee, myreM KOMOMHMPOBaHMs HPSMBIX METOHOB chOpMynIupyeMm He-
CKOJIBKO a/IbTEPHATUBHBIX aITOPUTMOB I OL[EHKN [TapaMeTPOB, 3aKOAMPOBaB pas-
JMYHBIe KOMOMHAINMK MeTOoB. HasBaHus aIropuTMOB IpuBeleHbI B TaOI. 2 U yKa-
3aHO, KaKMM METOJOM I II0 Kakoil (opMyse OLleHMBAETCS KKABIN IapaMeTp s
pejIaraeMoil KOMOMHAIN.

Tabnuya 2
KomOuHaIum MeTO0B KYCOYHO-TTOIVICTIYECKOIT OL€HKI
O1nenka mapamerpa
AnroputmM
C K a b
Proposed {C,K,a} (19)
Proposed {C,K} Gause{a} (19) Metopom I'aycca (3)
Proposed {C,K} Leslie{a}
- (19) Metomom Jlecnm (9) | (17)
Proposed {C} Leslie {K,a} Mertopom Jlecu (9)
Proposed {C,K} Fisher {a 19
P { }_ ta) (19) Metonom Ouepa (5)

Proposed {C} Fisher {K,a} Metonom @uiepa (5)

YucnenHas oueHKa NapaMeTPOB MOJEIM IEPENATOYHON XapaKTepUCTUKIA.
B kadecTBe 3KCIIepVMEHTA/IbHBIX NAHHBIX B pabOTe MCIIONb30BAHBI U3MEPEHNS Sp-
KOCTHOJ XapaKTePUCTUKM ONTUYECKOI CUCTeMbl 0OBEKTMBA C MOTOPU3UPOBAHHOIN
nnadparMoil, yrmpapjseMoll IIAaroBbIM 3/eKTpoasuraresieM. CreleHb OTKPBITOCTH
anadparMel 3ajlaHa MOPAAKOBBIM HOMEpPOM IIara JBUTATe/Isd, KOTOPBI C MIOMOIIbIO
KOHTpOJUIepa IpeoOpa3oBbIBAJICS B COOTBETCTBYIOLINII CUTHAJI YIIPAB/ICHNs IBUTATe-
neM. Takum 06pa3oM, sKCIepMMEHTAIbHas IepefjlaTOYHas XapaKTepUCTUKA IIpel-
CTaBJIAeT COOOJ 3aBUCUMOCTDb CpeiHell SPKOCTY TOYEYHOTO MCTOYHMKA OCBEI|eHNs,
3aperucTpUMpOBaHHON CEHCOPOM OINTHYECKOV CUCTEMBI, OT HOMEpa Illara MOTOPU3MN-
poBaHHOII Aradparmsl (puc. 3, a).
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" ()

dx
250 e 25+ f .
20f
200 -
15+
150 [
10 -
100 ) st
50 0 ..:
----- s | | | | 75 ':: 1 1 1 1 \\%\
0 10 20 30 40 X; 0 50 100 150 200 250 y;
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Puc. 3. JismepeHHaa mepefaTo4yHas
XapakKTepyucTuKa (4) ONTUYECKON CUCTEMBbI
00DbeKTVBa, KYCOYHO-KBafpaTM4HAs —all- 100 -
IPOKCHMMALMs IIPOM3BOJHON  3HAYEHMIA

150

9KCIIEPUMEHTATIbHBIX NAHHBIX (6), pesyib-

TaT AaIIpPOKCHMALM  KyCOYHO-JIOTUCTH-
YeCKOt KpUBOIt (8)

[TepemaToyHas XapaKTepUCTMKA HEMHOTO aCUMMETPWUYHA, MMeeT OTPUIIATENb-
HYI0 HJDKHIOI aCMMITOTY, HEIOCTYIIHYIO J/Is M3MepeHus. PasHblil 06beM sKcIepu-
MEHTA/IbHBIX JJAHHBIX, IIPUXOAAIMXCS Ha 00€ aCUMIITOTHI XapaKTepUCTUKH, He OyzeT
MICK)XaTh OLIEHKY KOOPAMHATBI TOYKM Iepernba 1mo BeipaxkeHMo (17), Tak Kak UX
BKIax B mpousBoguywo (15) MmHmmanen (cM. puc. 2). IIpoMe>XyTodHbII pe3ynbTar
annpoKcuMauy npousBogHoi (10) mepegaTo4HO XapaKTepUCTUKY TpeMs mapabo-
JlaMM TIOKa3aH Ha puc. 3, 6. JleBast mapa6osia almpoKCUMUPYET JIEBYIO YacTh BBIOOPKI,
npasas napabona — mpaByro. CerMeHTHI TapabosI IOCTPOEHBI Ha OCHOBE BBIPAXKEHMIT
(19). Tperbsa mapabosa, MOKa3aHHas IITPUXOBOI JMHUEN, IOCTPOEHA TI0 BCeil COBO-
KYITHOCTM IaHHBIX 110 ¢popmynam (11). B Touke conmpskeHNs 3aMeTeH paspblB 3Hade-
HUJ B KYCOYHO-KBaZipaTU4YHOI allIIPOKCUMAaLIVIL.

Pe3ynbraT KyCOYHO-TTOTMCTIYECKON allIPOKCYMAIVMH IepefjaTOYHOl XapaKTepu-
CTMK! HIpuBefleH Ha puc. 3, 6. IIpm KyCOYHO-TOTMCTMYECKOM IIOfXOfe HIDKHAAL
aCUMIITOTA OILIeHVBAETCS JOBOIIBHO TOYHO.

B kayecTBe YMC/IEHHON MEPBI TOYHOCTY UCTIONB30BAICA KPUTEPUit ¥ *:
32 . 2
2 (i—y(x)
A = Z—A
i=1 y(xf)

" HOPpMIMPOBAaHHOE CPENHEKBAAPATUNIHOE OTKIIOHEHNE
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35— )
CKO= &L — |

rae ¥(x;) — 3HaueHMe anmpoKcUMuUpyioLieil GyHKIuM B TOUKe X;. YUCIEHHOE CpaB-
HEHIe pe3y/IbTaToOB pabOTHI IIpeJlaraeMbIX METOJOB IIPUBEEHO B TaOI. 3.

Tabnuua 3
CpaBHeHUe IpeIaraeMpixX AITOPUTMOB IS AIIPOKCHMAIIN
9KCIEePUMEHTATbHBIX JAHHBIX
Anroputm CKO 13
O0HOCezMeHMHDBLLL I02UCMUYECKUTE N00X00
Proposed {C,K,a} Gause {b} 0,021 8,3
Proposed {C,K} Gause {a,b} 0,019 8,6
Proposed {C,K} Leslie{a} Gause {b} 0,052 123,1
Proposed {C} Leslie {K,a} Gause {b} 0,50 29,5
Proposed {C,K} Fisher{a} Gause {b} 0,054 140,7
Proposed {C} Fisher {K,a} Gause {b} 0,061 32,6
Kycouno-noeucmuueckuii nooxoo
Proposed {C,K,a} 0,020 3,5
Proposed {C,K} Gause {a} 0,022 39
Proposed {C,K} Leslie{a} 0,018 3,2
Proposed {C} Leslie{K,a} 0,020 6,2
Proposed {C,K} Fisher {a} 0,016 6,5
Proposed {C} Fisher {K,a} 0,020 8,0

3axmoyenne. PaspaboraH IpsIMOI METOJ arIPOKCUMALUN 9KCIIEPYMEHTAIbHBIX
JQHHBIX KyCOYHO-TOTMCTUYECKOI KPUBOIL, B KOTOPOI TOYKA CONPSDKEHMST CETMEHTOB
COBIIAIaeT C TOYKaMI Iepernda COCTAB/IAIOIINX JIOTUCTUYecKol ¢yHkiun. [Ipennoxxen
MeTOJI, OLIEHKM ITapaMeTpOB 000OIeHHOIT TOTUCTIYECKOil PYHKIVM Ha OCHOBE JIMHEl -
HOJ CpefHEeKBalpaTYHON perpeccuy BTOPOTO IOpsAAKa. PaccMOTpeHBI BapuaHTHI
KOMOVMHALIMIT Pa3/IMIHBIX MPSAMBIX METOIOB U MPOBEEHO YMCIIEHHOE CPAaBHEHME UX
TOYHOCTHM Ha IpPUMepe apOKCUMALNY [ePefATOYHON XapaKTePUCTUKNA OOBEKTUBA C
MOTOPU3MPOBaHHOI Auadparmoit. [IpefcraBieHbl pe3yIbTaTbl CPaBHEHNS.

Pe3ynbTaThl 9KCIIEPUMEHTOB MTOKA3bIBAIOT, YTO KYCOYHO-IOTUCTUYECKUIT METON
UMeeT IPENMYIIECTBO O TOYHOCTYU IPUOIIDKEHNsT 9KCIIePUMEHTaIbHBIX TaHHBIX B
OKPEeCTHOCTHM HVDKHel aCHMITOTBI IIepef OJHOCETMEHTHO almpoKcuManein 0606-
IIeHHOJ! JIOTYCTIYECKOT QYHKI[MeIl M pellaeT IOCTaB/IeHHYIO 3aaqy.

PaspaboTaHHbIiT MeTORT HAa OCHOBe Bbipaxkenmit (17), (19) maeT BO3MOXXHOCTH pe-
QIM30BaTh AJITOPUTM OL[EHMBAHUS [OCTATOYHON TOYHOCTY C MPUMEHEHVEM TOIbKO
L[eJIOYMCIIEHHOTT apubMeTUKY U JPOOHBIX 4rces ¢ GUKCUPOBAHHOI 3aIISTO.
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PasButuem mopxopa MOKeT ObITh pa3pabOTKa UTEPaTMBHOIO AJTOPUTMa aBTO-
MaTH4eCKOTO OLICHMBAHNA TOYKM COIPSKEHNA CETMEHTOB IIyTeM afJallTMBHOIO IIepe-
pacripefie/ieHNs SKCIIepUMEeHTA/IbHBIX JaHHBIX MKy CeTMeHTaMI Ha KaXX[[0ll uTepa-
MM Ha OCHOBE MeTO/Ia MaKCUMa/IbHOTO IPaBIOIIOL00MIA.
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DIRECT METHOD FOR ESTIMATING PARAMETERS OF TWO-SEGMENTED
PIECEWISE LOGISTIC CURVE

A.N. Gneushev gneushev@ccas.ru
A.A. Gurchenkov
L.I. Moroz

Dorodnitsyn Computing Centre Federal Research Centre Computer Science
and Control, Russian Academy of Sciences, Moscow, Russian Federation

Abstract Keywords

In this study we examine an approach to approximation of ~ General logistic function, piecewise
experimental data of a two-segmented piecewise logistic logistic curve, S-shape transient re-
curve based on the linear mean square regression. The re-  sponse, sigmoid function, mean
quirement to use fixed-point arithmetic only in the estima-  square approximation
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tion algorithm is the main condition for the operation in

the embedded system. The paper proposes a method for

parameters estimation of the piecewise logistic curve with

the segment change-point coinciding with the inflection of

the logistic functions. At the first stage we estimated the

curve inflection point divided the samples of the experi-

mental data into two parts. At the second stage, each part

of the data is approximated independently by a generalized

logistic function with the given inflection point. As a result,

we suggest using a differential equation whose solution

is the generalized logistic function in the mean square

secondorder regression for estimating the parameters of

the curve. The developed method can be used in combina-  Received 16.05.2017
tion with other known direct computing methods © BMSTU, 2018
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