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PASBUTUE METOIA «-CJIOA OJIAd HAXO2KIEHWN A
NHTEPBAJIBHBIX OLEHOK ITAPAMETPOB
KBASUJAETEPMUVHVNPOBAHHBIX TIPOIIECCOB
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B cratbe mpumBOASTCST OCHOBHBIE TOJIOXKEHUSI METOMA £-CJIOSI M Ha €ro Oa-
3€ pacCMaTPUBAETCSI BBIYMC/IEHNE WHTEPBAJJbHBIX OIIEHOK ITapaMeTPOB MO/IETbHBIX
GbYHKIII KBAa3UIETEPMUHUPOBAHHBIX TPOIECCOB. B KadecTBe MPUMEPOB MOIEIH-
HBIX (DYHKIMI BBIOpPAHBI MMOJMHOMBI TIEPBOTO W BTOPOTO TMOPsAKOB. llokazaHo
yMeHbIIeHUe €-00JIaCTH B ITPOCTPAHCTBE I1APAMETPOB IIPU OOPaAbOTKE OTCYETOB
B peaJ/iu3aliuy CUI'HAJIA.

KimioueBbie cjioBa: MHTEPBAJIbHAsT OIEHKA, MOJeIbHas (DYHKIINs, KBa3UIETEPMU-
HUPOBAaHHBII 1IpoLECcC, LIPOCTPAHCTBO 11apaMETPOB, METOJ £-CJIOH.

Curnag, ¢popMupyembIii 1 06pabaTbiBaeMblit THMOPMAITHOHHO-N3MEPUTETLHBIMI CH-
creMaMy, B OOLIEM CJlydae MpPEJCTaBiiseT cOOOH KBA3UJACTEPMUHUPOBAHHYIO (DYHKIIMIO
BPEMEHHU, IPOCTPAHCTBEHHBIX KOODJIMHAT U [IAPAMETPOB COIPOBOKIEHUs. DTH HAPAMeT-
DBl MOTYT HM3MEHSTLCH BO BPEMEHH, CO3/1aBasi HEAIUTHBHBIA IMyM, He SBISAIONMIUICT
CTAIMOHADHBIM SPrOIMYECKUM CiaydaitHbiM nporeccoM [1]. Bymem momarars, 4o cur-
HaJl B OOINEM ciydae siBJsieTcst (DYHKIHEH TPOCTPAHCTBEHHO-BPEMEHHBIX KOOD/IIHAT
rT = {z,y,2,t} u Bektopa napamerpos \. OjHUM U3 HauboJCC IIPOCTBIX METOJIOB
HEIIOCPE/ICTBEHHOI0 HAXOXKJIEHUS] WHTEPBAIBHON OICHKM MHOTOIIAPAMETPUICCKUX KBa-
3UJIETePMUHIPOBAHHBIX CHIHAJIOB B YCJIOBHAX AIPUOPHO HEONPEIETCHHOCTH SIBIISECT-
csl METOJI, OCHOBAHHBIA Ha HPUMEHeHWH Mojenu e-cyios [2; 3|. B coorsercrBun ¢ 3roit
MOJIEJTBIO TIPEJITOJIATaeTCs, UTO KaXK/jlas TouKa I curHasia Y (1, \) MoxkeT GBITH onpejie-
JICHa ¢ TOYHOCTBIO 70 Hekoroporo matepsana (Y (rg, A) —e(rg), Y (ro, \) +&1(r9)), ToO
ecrTb HAOJIIOAACMBII CUIHAJI UMCET CJIOH HCOLPC/CJACHHOCTH, LIPUYCM B OOIICM CJryvae
TOJIIMHA E-CJIOST HEOJHHAKOBA, IS HOJIOKATEIBHBIX M OTPUIATETbHBIX OTKIOHEHUH H
siBsisieTcst (DYHKIMeH TPOCTPAHCTBEHHO-BPDEMEHHBIX KOOpAuHAT. JleficTBUTe IbHO, 060
CKOJIb YTOJTHO CJIOXKHBIII CHTHAJ BCETJIa MOYKHO TIDEJICTABUTh B BUJE CYMMBI Fy, (1, A)+
+ ®(r), rme orHocuTeabHO (YHKINK CONPOBOXKAEHNA P(r) MOXKHO JOCTOBEDHO yTBED-
JKJIATh, YTO €€ 3HAYCHMsI JIEXKAT B Lpejesax e-cyiost, a Fp,(r, A) — 1ocrarodHo npocrast
MojiesibHas (DYHKIWMS, OMHUCHIBatomast curaag. O4eBHIHO, MOJEIb E-CJIOSL HE IIPEJIIoa-
raeT BO3MOXKHOCTH CYYKEHWsl WHTEPBAJa HEOIPEIeJEeHHOCTH HAOJII0IaeMbIX 3HAYEHWH
CHTHaJIa TI0 Mepe YBeJIMYeHUs] 9NC/a BBIOOPOK, M NMPUMEHEHHe MOJIeH TO03BOJISIET T10-
JIy9aTh JIMIIb WHTEPBAJBHBIE OIEHKN C eJIMHUYHBIMU KBAHTHIASMH. JIJIsT HAXOXKJIEHUsT
TAKUX OIEHOK INPEJCTABUM CUIHAJI B BHJIE:

Y(r,A) =Y (r,Ao) + Y (r, A, Xo), (1)
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riae 0Y — Bapualusi CUrHAJIA, OOYCJIOBJICHHAS OTKJ/JIOHCHHCM BEKTOPA IIAPAMCTPOB A
OTHOCHTEJIbHO €ro (PUKCHUPOBAHHOIO 3HadeHUsi Ag. O4YeBHIHO, TaKue BapuUallid OYIyT
HEpA3JIMYUMBl B IIPOCTPAHCTBE HAOJIONEHMII 10 TeX IIOp, IIOKa COOJIIONAETCH YCJIOBUE:

—e(r) <8Y (r, M\, M) < et (r). (2)
IMosarass, 4To TONIIUHA &-CJIOS [JOCTATOYHO Maja, Iy IpeacraBieHus Y (r, A, Ao)
MOXKHO BOCTIOJIL30BATHCS JIMHEHHBIM TTPUOIMZKENEM:

dy(r, A
Y (r, A\ Ao) = <%|AA0J\ - )\o> -

Ecan BCKTOD A COACPZKHUT 7 KOMIIOHCHT, BbIpa2KCHHUC (2) MOXKCT OBITH 3aICAHO B BHJC:

mn
SY (r, X, M) = Y Si(r, do) AN,
i=1
rae AXN; = A\j — A\g; — OTKJIOHEHHE i-TO IIapaMeTpa OT ero (pUKCHPOBAHHOIO 3HAYE-
HEA Ags, & Si(r,A) = Y (r,A)/OAi[x=r, — bYHKIHSA GyBCTBUTEIBHOCTH IO i-My Ma-
pamerpy. Tora, nojacrasisist (3) B (2), MOXKHO TOJYYIUTH BBIPAsKEHNE OTHOCHTETHHO
00JIaCTH JOMYCTUMBIX OTKJIOHEHWUIl JIjisi JIFOOOrO ¢-I0 IapaMeTpa.

PaccMmorpenHyo MOJie/Ib CUI'HAJIA, MOXKHO MCIOJIB30BATH JIJisi OIPEJICICHUS COCTOsI-
HUsi O0ObEKTa KOHTPOJIS 110 MHTEPBAJbHBIM 3HAYEHUsIM [1apaMeTPOB MOJIEJbHON (YHK-
nuu. JIjisi KOMIIOHEHT BEKTOpa A B OOIIEM CJIydae He BBITIOJTHSAETCS YCIOBUE HE3aBU-
CUMOCTH, U WX MHTEPBAJIbHBIE OIEHKN (hOPMHUPYIOT 00JIACTH B MPOCTPAHCTBE MapaMeT-
POB, KOTOpasi JOJIXKHA M3MEHSIThCS B MPOIecce OOPabOTKU JAHHBIX DPean3alliil CHUI-
nasia. OupejiesieHue obactu A JIOIyCTHMBIX TEKYIIUX WHTEPBAJIbHBIX 3HAYCHUI 11apa-
METPOB A MOJEJbHON (DYHKIMH OCYIIECTBJISAETCS B COOTBETCTBAU C €€ THUIIOM.

Tax, g nuneitnoit Gyukuuu Eq(r, A) = A1-r+Xp OyleM onpeeisarb HHTepBaJIbHbIE
OIIEHKH TIapaMeTPOB A UTEPAIMOHHBIM METOIOM, HA KaXKJOM IIare KOTOPOro OCYIIECTB-
JITETCSI YTOYHEHWE TPAHUI] O0JACTH JIOMYCTUMBIX 3HAYEHUN UHTEPBAJIBHBIX OIEHOK B
MIPOCTPAHCTBE TapaMeTpoB. [ljisi TPOCTOTHI PacCyKJICHUI BEKTOD T MPEJICTABUM €JINH-
CTBCHHOU BPCMCHHOI KOMIIOHCHTOU {.

Ha mepBoMm miare mo peasmsaiuu curHajga B Toukax r = 0 m 7 = dr ¢ yderom
TOro, 4To 3HaueHusi (byHKuuM conpoBoxaenus (P(r)) HAXONATCI B TPAHUNAX E-CJIOS
Bujia (2), BLIUUC/ISIETCS] UHTEPBAJL Jisl TIADAMETDPa Ag, IIPH STOM BepXisdst A%
Hag A" I'DaHHIBI ONEHKH HapaMeTpa Ao PABHEI

j\lonax 1_ Y(O, )\) + 567 j\lonin 1_ Y(O’ )\) — 58_, (4)

" HM1K-

OTieHKY BepxHEHl M HIPKHEH IDaHWI] MapaMerpa A; BBIYHACISIOTCS B TOYKAX, TJIe
mapaMeTp Ao IPHHEMACT MHHEMAJBHO H MAKCHMAJIBHO BOSMOXKHBIC 3HadcHHs (pHC. 1):
: -+
Y(dr,\) =Y (0,\) — wid[—¢; , <4 ]

Ymin 1
)\1 ‘5\313;( 1= )

dr
1 max ymin Y(d’f', >‘) — Y(O >‘)
)\1 ! j\bnax 1 = )\1 ! Xg)in 1 = dT 9 (5)
max 1 Y (dr,\) — Y(0,\) + wid[—¢, , e ]
)\1 j\g;in 1= dr .

Brrunciennble Ha 1epBOit UTepaul MHTEPBAJJIbLHBIE OIEHKU KOMIIOHEHT BEKTOpPa IIa-
pamMeTpoB A POPMHUPYIOT B ITPOCTPAHCTBE MAPAMETPOB UETHLIPEXYTOJILHUK C BEPITHHA-
MH, COOTBETCTBYIOIIUMHI MUHUMAJBLHBIM U MaKCUMAaJbHBIM 3HAYIEHUAM HapaMeTpoB. By-
JIEM HAa3BbIBATH O0JIACTDH JOIYCTHUMBIX MHTEPBAJIBHBIX OIEHOK KOMIIOHEHT BEKTOPA IIapa-
METPOB TP HAXOXKJIEHUHN (DYHKIINKM COMPOBOXKICHUST B TPAHUIAX E-CJIOA E-00JIaCTDHIO.
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E(r,2)

Y(0,.)€0

A

0 dar r

Puc. 1. Ouenka napamerpos moje/ibHOil dynkuuu Ei(r,\) Ha ueppoii nrepauuu merona
e-obnacreit

O6o3Ha UM £-00/1aCTh, IMTOJYUCHHYIO Ha IIEPBOI mrepanuu paboThl AJrOpUTMa, “Iepe3
OF1, oHa e Ha IEPBOM Iare OyaeT pesysbTupyloieir objacrbio OR I0IyCTHMBIX
3HaYeHUl mapaMeTpoB. Ha MOC/IeIyoNmX UTEepAIUsIX M0 Pean3alldid CUTHAJIA B TOY-
kKax r = ixdr u r = (i+ 1) «dr qua ¢ > 1 no dbopmynaM, aHajgorudsbiM (4) u
(5), BBIUUCIHSIOTCS HUYKHUE U BePXHHUE I'DAHUIBI OLEHOK IIapaMeTpoB Ao U Ai, sBJIs-
IOIIECd KOOPJMHATAMHI BEPINUH “ETHIPEXYTOJbHUKA, 00pasyiotero g-obiactb OF; 11 B
npocrpaHcTBe mapamerpoB. s dopmupoBanus pesyiabrupytomiein e-obmactu OR 10-
[IyCTUMBIX 3HAYEHUH MapaMeTpoOB MOJEJbHON (DYHKIMM HA KayKJIOH UTepalyy Orpeje-
JisieTcsl mepecedenne Tekyineir obmactu OR u e-obsactu OE; 41, KOOD/IMHATEI BEpITHH
KOTOPO# TOJIydeHbl U3 KOoOpAuHAT BepimnH e-obaactu OF,;myTeM mepeHoca HAMala
koopiuHaT u3 Touku (i*dr,0) B rouky (0,0) (puc. 2).

Puc. 2. Pesymbrupyomas e-obmacts OR ouenkm napamerpoB momenbnoit dyukumm Fi (1, \)

Ecin monenbHas (yHKIHS TpeAcTaBIseT co00il MOJIMHOM BTOPOIO IOPSIKA BIIA
Es(r,\) = Mo 72 + A\ -7 + A9, TO rpaHUYHBIe 3HAUEHHS MapaMeTpoB Ao U A; Ha
[epBoit mreparuu Meroia BbraucasAorca 1o (4) u (5). OneHka TPaHUYHBIX 3HAYCHUIN
[APaMETPOB A2 M A OCYIIECTBJILAETCA IPH yCJIOBUM HEBBIXOZA MONEIBLHON (QyHKINH
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3a I'PaHUIbl CJIOA HEOIIPE/JC/JICHHOCTU Ha PaCCMaTPHUBaCcMOM HMHTCPBaJIC Ha,6JIlO,lLeHl/I§I n
(l)I/IKcaL[I/II/I I'PAHUYHBIX HNHTEPBaJIbHBIX 3HaYEeHU ITapaMeTpa )\0.

Ecnun A\ = AP"" L ‘ fmin 1, TO MUHUMaJbHOE 3HaYenue Ap paBHO HyJIO, TaK KakK HpH

0
BBIIIOJIHEHIH YCJIOBHUsI HEBBIXO/A 3a TPAHUIIBI CJIOSI COOTBETCTBYIOIIEE CJIaraeMoe Mo-
2KeT TOJIBKO YBEJIMYHMBATH 3HAYCHUS MOJIE/IbHOU (DyHKImM. MakcuMmasibHas BeIMINHA,

Ha KOTOPYIO MOXKET OBITh YBEIWIEHO 3HAYMEHNE MOEJbHON (DYHKIINM, HE JOIKHA IIPe-

_ widlsy ef]

Ymax 1|, . .. wialgy &g | _
)\2 Smin 1 jmin1 = (dr)? . Ecom )\() =

BLIMATL &8 + &, = wid[ey ,el], To ectn
_ Ymax 1 _ Ymax 1
=X n A =\
HO HYJIIO, TAK KaK 3HAYCHUsI MOJICIHLHON (PYHKIUMHU IPU BBIIOJHCHUH YCJIOBUsSI HCBBIXOJIA,
38, I'PAHUIBI CJIOS YBEJIMIHBATHCA HE MOLYT, 8 JOJRKHBI YMCHbINATHCSA. MakcuMasibHas
BEJINYMHA, HA KOTOPYI0 MOXKET ObITh YMEHBIIEHO 3HAYEHHEe MOJIEJIbHON (DYHKIMM, He
wid[ey e ]
- o —=2771m0 070 ]
)\31;1)( I)Axlnax 1 — (d,,.)2 .
IIo cpaBHCHUIO ¢ JUHCHHBIM TPUOIMKCHICM MOACTILHON (DYHKINN IPH (DUKCATIII
napamerpa Ao i Gyskimn Eo(r, A) Habmonaerca pacumpenue o6aacTu JOIyCTUMbBIX
3HAYEHUI B IMPOCTPAHCTBE HapaMeTPOB A1 U Ag. Haiilnem BepxHHe M HUXKHUAE T'DAHUIIGI
WHTEPBAJLILIX OIEHOK MMapaMEeTPOB A1 U Ay MPHU (PUKCUPOBAIMILIX 3MAYEHUSIX MapaMeT-

j\gnn 1 } , TO

Smax 1, TO MAKCUMAJILIIOE 3HAYEINE OLNENKH IapaMeTpa A2 paB-
0

+ — — i — -+ ymin 1
JIOJIZKHA TIPEBLIIATL £ + €, = wid[ey ,&5 ], TO €CcTb Aj

)\rlmn 1 5\})‘“" L 7)\1inax 1

pa Ag. Ilpemmomoxkum, A\g = ;\Omi“ L Ecmm A\ = Al € ]

CCTH HAKJIOH UPHMOH Ap - 7 4+ A" 1 e npesbimaer AJax 1 Spin 1 = AP, BOZMOKHBI
KAaK TOJOXKUTEIbHBIC, TAK M OTPUIATEIbHbIC 3HAYCHUS Ao, IIPH 3TOM KacaTeJbHasd K
MoZeaLHOoR (pynkium B Touke T = 0 IPOXOIUT Yepe3 .

[Ipu yBesuuenun \; mo cpaBHeHWIO ¢ A\1"P TpaHWUIBl WHTEPBAIA JUIsT Ao OYIyT OT-

puuareabHbl. 1Ipn ycaoBuu HEBBIXOJA MOIACIBHON (DYHKIMHM 38 I'DAHHUIBI CJIOS HCOLPE-
TeJIeHHOCTY MUHUMAJTbLHOE 3HAYEHHe OIMeHKH mapaMeTrpa Ag ARl 1 ‘ Amin 131 (n Makcu-

MaJIbHO€ IIO MO,HyJIIO) JOCTUraeTCA IIPpU KaCaHUU BEePIITMHBI Hapa60m;1 BerHefI I'PaHUIIBI
£-CJI0d, a MaKCHMaJILHOE 3HaYeHune (MI/IIII/IM?]JH)IIOG II0 MOAYJIO B YCJIOBHAX OTpHIaTEJIb-
Ymaz 1
A3

HOCTH 3HAYEHHsI [AapPaMeTpa) fmin1 31 YMeHbIIaercs, madwnasg or (0 B TouUKe,
0 M

coorsercrBytomeit \=A|¥. C apyroii cTOpOHBI, MHTCDPBAT M3MCHCHUA TApaMETPa Ao
OTPAHUYUBAET W WHTEPBAJ W3MEHEHUsI A1, TaK KaK IpaduK MOJCIbHON (DYyHKIMHA JT0J-
JKeH Ha npoMexxyTke [0; dr] 1esnKoM JIeXKaTh B IpefiesiaX CJIos HeonpeaesaenHocTy. [1pu
pocte A1>A1"P OCyIIECTBISIETCS YMEHLIIEHNE g, IPUYEM MUHUMAJIHLHOMY 3HAYCHHUIO Ao
COOTBETCTBYET €JIMHCTBEHHOE 3HAYEHHE MapaMeTpa A1, BBIUUCIAEMOE MO (HOPMYJIaM:

_dwid[—¢g, 67 ]

Y (dr,\) — Y (0,\) + dwid[—ey , e
;\;na}m = d’I’Q = -

Aglin 1 — d’r'
CxemMaTu4HO 00JIACTH B IPOCTPAHCTBE MAPAMETPOB A1 M Ao IPHU (PUKCUPOBAHHOM Ao =
= A" mpusenena Ha pmc. 3.

AHaJIOTMYHO BBIYHCIISIIOTCST TPAHUIBI £-00JIaCTH JIJIsI TAPaMETPOB A1 B Ay TIpU (PUK-
canuu \g = 5\{)““ L. 9Tm 061acTH MPEICTABISIOT CODOil IPAHL MHOTOTDAHHNKA, SABJIs-
FOIIErOCs €-00J1aCThIO JIOIYCTUMbBIX 3HAMCHUIT 1IAPAMETPOB MOJICJIbHON (DYHKIUH.

Ananmus e-06sacTeil 1)1 MHTEPBAJIBHBIX OICHOK [TapaMETPOB MOICJIbHBIX (OYHKIIWIA
MMO3BOJISIET CY/IUTH O MapaMerpaxX KBa3WIETEePMUHUPOBAHHBIX MPOIECCOB, XapaKTepu3y-
IONUX COCTOsIHUE OOBLEKTOB KOHTPOJISI B M3MEPUTEHHBIX CHCTEMAaX.

Ha ocHoBe TpPOBEIEHHBIX HMCCIEIOBAHUN BO3MOXKHO CJIEATH CJIEIYIOIINE BBIBOJIBI:

1. IlpemtosKeHHBI METOJN MO3BOJISIET IO PEaIM3alNN CUTHAJIA BBIMUCJIATH UHTED-
BaJIbHBIE OIICHKM IIAPaMETPOB MOJEJIBHON (DYHKIINHU, 9TO SBJISETCA PA3BUTHEM U IPaK-
TUYECKUM [TPUMEHEHHEM HOBOTO HAIPABJICHHUsS WHTEPBAJIHHOIO AHAJIN3a HE TOJIBKO K

ymin 1 Ymax 1
)‘2 ) )‘1
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0 {---------

5
»

My

Mnin M,tp A ]max

Puc. 3. e-061acTh OIIEHOK IapaMeTpoB A1 H Az Ipu Ao = Ag'™"

mapaMeTpUIecKu 3aJaHHbIM (DYHKIUSIM, HO U K MHOIOMEDHBIM KOHTHHYAJbHLIM CHI-
HaJTaM.

2. OmpenesieHHBIE B IPOCTPAHCTBE IIAPAMETPOB T'PAHUIBI £-00JIACTH XapaKTEPHU3Y-
0T COCTOsiHHUEC OOBEKTA KOHTPOJIS U B JIAJbHEHIIEM MOIYT OBbITh KCIIOJIb30BAHBI JIJIf
reseil KOHTPOJIsi U/WaM ylpaBieHus B MH(MODPMAIMOHHO-U3MEPUTEIbHBIX U YIIPABIIs-
IOIIUX CHUCTEMaX.
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DEVELOPMENT OF METHOD OF «LAYER FOR
FINDING INTERVAL ESTIMATES OF
QUASIDETERMINED PROCESSES

© 2013 L.I Suchkova, A.G. Yakunin?

In the paper the basic regulations of method of e-layer are presented and
on their basis the evaluation of interval estimations of parameters of modelling
functions of quasidetermined processes is considered. As examples of modelling
functions polynomials of the first and second order are chosen. The reduction
of eg-area in space of parametres at processing of samples in signal realisation
is shown.

Key words: interval estimation, modelling function, quasidetermined process,
space of parametres, method of e-layer.
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