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JIOKAIIMOHHBIX 1 HABUTAITMOHHBIX 3AJIAY

IIpumennTeNIbHO K JIOKAITMOHHBIM M HABUTAITMOHHBIM 3a/1a9aM JIJI OJIHOIIO-
3UIMOHHOIO MACCUBHOIO HAOJIIONATEN PA3BUT OECHEeJIEHIOBBI METOJ, UJI€H-
TUUKAIMY TAPAMETPOB IIOJINHOMHUAJILHON MOJIEIN JIBIKEHNsI 00bEKTa C yue-
TOM 3BOJIIOIUN HEBA3KU MEKJIY IEPUOJNYECKUM WU3JIYYEHHBIM U IIPUHSTHIM
KBa3UIEPUOIMIECKIM CUTHAJOM. PaccMaTpuBaeTcst TPOXOXKICHUE CUTHAJIA B
[IPOU3BOJIHLHOM (DU3UIECKO Ccpejie, TP STOM He TPeDYIOTCs 3HAHUE IIepUuoja
U3JIyYEHHOI'O CUTHAJIA U TPAJIUITMOHHOE OIEHUBAHUE TeKyIeil dacToTsl Jlo-
IIepa, BBI3BIBAIONIEH HEBA3KY. MeTo OCHOBAH Ha TOJICUETE YHCJIa ITEPUOJIOB
[IPUHUMAEMOTO CUTHAJIA B 3aJJaHHOM WHTepBaJje HabJoieHns. PaccMoTpeHbl
BOIIPOCHI, CBSI3aHHBIE C AHAJIM30M BO3HUKAOIIEH HEBA3KU, HADJIIOIAEMOCTHIO
METOJ/Ia U €r0 TOYHOCTHBIMU XapaKTepPUCTUKAMU. /[aHbl TTOJIe3HbIE MpaKTUIe-
CKHe PEKOMEHJIAINN 1 WIIJIIOCTPATUBHBINA IIpUMeD.

Kmouesnie crosa: nsirydaromast 1ejib, MEPUOIUIECCKIN CUTHAJ, KBA3UIIEPUO-
JUYIECKU CUTHAJ, OJHOIO3UITHOHHBIN MaCCUBHBIN HAOIIOIATEb, OECIIeTIeHI0-
BBIIT METOJI, BpeMeHHas HEBA3Ka, MePUOI0-BPEMEHHON METOJI, TTOJITMHOMUA/TH-
HOE JBIXKEHUE, MapaMeTpuIecKas MIeHTH(MUKAINS, HAbOII0IaeMOCTh METO/Ia,
KOPPEJISIINOHHAST MAaTPHUIIA OIMMNOOK OIEHUBAHUS, A allTallys.

DOI: 10.31857/50005231023070048, EDN: FCTVPA

1. Beenenue

MeTopl TACCUBHOM JIOKAIIMN W HABUTAITUN UB3JIyJaroIieil menn Ha 6a3e OaHO-
MMOBUITMOHHOTO TTACCUBHOTO HAOJIIOIATEIS MUPOKO OTPArKEHbI B U3BECTHOMN JIATe-
parype (cm., Hampumep, [1-20]). Cpeau HuX BecbMa IOILYJISIPHBI JOILIEPOBCKO-
BpeMeHHBIe OecIIeJIeHTOBbIE METO/IbI, OIEPUPYIOIINE C MEePUOTUICCKUMU CUTHA A~
MH ¥ OPHEHTHPOBAHHBIE HA BO3MOXKHOCTH M3MEPEHHS HEIIPEPLIBHOI'O CMEIIEHUS
JIOTLIEPOBCKOI YACTOTHI MIPUHUMAEMOTO CUTHAJIA B TOUYKe HaOJIIOJIEHHsI, 00yCI0B-
JICHHOTO JIBUYKEHUeM 1esin (sl 3a/1a9 JIOKAIMN) WM JIBUZKEHUeM HabJIro/iare-
ag (s 3aza9 Hapuranuu); B [6] Ha crp. 169-173 nan ucuepubBaromuii crmcok
JIITEPATyPhl IO JTAHHOMY BOIIPOCY, JOCTYITHOW B OTKPBITOH meuarn. [Ipm sTom
M3MEpPEeHUsT MOT'YT OCYIIECTB/ISTLCS Ha JIIOOOH XapaKTepHOW YacTOTe M3 CIIEKTPa
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U3JIy4aeMOT0 [EPUOJINIECKOr0 CUrHasIa (HAIIpUMED, Ha IEHTPAIBHOMN ) JIHO0 MOJLY-
Jipyioreit GyHKINN, a TaAKXKe MyTeM COIIOCTABJIEHUs MOMEHTOB Mpuxoja (HpoH-
TOB TIOCJICIOBATE/IBHBIX HMITYJILCOB C yUE€TOM H3BECTHOIO IEPUOa. Y Ka3aHHbBIE
MEeTO/bI OCHOBAHBI Ha WJIe€ «CHUHTe3a 0a3bl», UTO HMPUBOJUT B KOHEYHOM UTOre
K (DOPMHUPOBAHUIO HECKOJBKUX TOYEK HAOJIIO/IEHUs] HA TPAEKTOPUU JIBUKEHUS U
BO3MOXKHOCTHU HCIOJIB30BAHUS M3BECTHBIX METOJ0B MHOI'OTO3UITMOHHON JIOKAITUN
1 HaBHUTAINY (HAIIPUMED, TPHAHTYIISIIIMOHHOTO, PA3HOCTHO-IAILHOMEPHOIO, TPH-
JaTepannoHHoro n ux kombunarmit (21, 22|). Ilpu sT0M, Kak mpaBmio, paccmar-
pUBaIOTCH TaKWe TPAEKTOPUU, KOTOPbIe Ha yYacTKe HaOJIOJeHUs JUOO U3BECT-
HBl (HAIIpUMeD, OPOMTAJBHBIC C U3BECTHBIMH HapaMeTpaMy JBHUKEHMWsI), JHOO ¢
JOCTATOYHOM JIJIsl IPAKTUKU TOYHOCTBIO AIIITPOKCUMUPYIOTCS MOJEBIO MPSIMOJII-
HEHHOTO PABHOMEPHOTO JBUKEHUs (KAK ¢ M3BECTHBIME, TaK ¥ HEM3BECTHBIMU IIa-
pamerpaMmu JIBUKeHUsT ). [Ipu 9TOM NPUHIUIUAIBHBIM MOMEHTOM SIBJISIETCS yIeT
AIpUOPHON mHMOPMAIUN O BEeJTUYUHE CKOPOCTH MEJIU WM HAOJIIOMATENsd, ITO JJIs
PAKTUKHN 3a9YaCTYIO SIBJISETCS HEPUEMIIEMBIM.

B [20] pasBuBaercs nepuomo-spemennoii meron (IIBM), koropslii crumaer
OrpaHMYeHHe, CBA3aHHOE C IIOJyYEeHHEM AallPUOPHON MH(MOPMAIMH O BEJIUYNHE
CKOPOCTH, & TaKKe PacCMaTPUBAETCsT BOIIPOC IapaMeTPUIECKON MIeHTH(DUKAIIIN
[PUMEHUTEIHLHO K MOJE/IM KPUBOJIUHEHHOIO JBUKEHIS, YINTHIBAIOIIEI0 BO3MOYK-
HBIIl MaHeBp nean uian Habogaress. [lpu sToMm He TpebyeTcs: peaBapuTeIbHAST
TeKyIasi OleHKa JOIIEPOBCKOI YaCTOTHI, YTO SKBUBAJIEHTHO HAXOMKIECHIIO IIPOU3-
BOJIHOH OT BPEMEHHON HEBS3KU MEXK/Ly TEePHOJAME U3/IyIaeMOoro ([epuoaunIecKo-
r0) ¥ IPUHIMAEMOTO (KBA3UIEPHOINIECKOr0) curaaaoB. OIHAKO pe3yIbTaThl, 1Io-
aydennble B [20], pacipocTpaHsIIOTCsI JINITb HA PaJIHOCUTHAJBI (PACIPOCTPAHSTIO-
yecss B BUJE SJIEKTPOMATHATHOI BOJIHBI CO CKOPOCTBIO CBETA) ¢ M3BECTHBIM IIe-
PUOIOM, a TaKzKe He MCCIeI0BaHa 3aBUCUMOCTb BOSHUKAIOIIEH BpeMEeHHOI HeBA3-
KM OT IIapaMeTPOB JBUKEHUs 1eau. Hacrosiimas craTbsl sBJISIETCS AaJIbHEAIITIM
passuTueM usBectHOoro I1BM B wacTn ycrpaHeHus yKa3aHHBIX HEIOCTATKOB IIPHU-
MEHHUTEJIbHO K CHIHAJAM, PACIPOCTPAHAIONIMMCS B IIPOU3BOJIBHBLIX (PU3HYECKIX
cpenax. He camKast oOIITHOCTH PACCY>KICHMI, a TAKXKe C IEIbI0 KOMIIAKTHOI'O OITH-
CaHUs IpejaracMoro METOa OMPAHUINMCS PeIleHneM 3aJa9l MacCUBHON JIOKa-
i uasryvatorei neau (M11) va 6a3e cranuoHAPHOrO OJHONOBUIIMOHHOTO TTACCHUB-
noro nadmonaress (COITH). Ilpumenenue moyaeHHBIX PE3YJIBTATOB K PEIICHUIO
3a/a49i HABUTAIMKM HE BBI30BET HPUHIUIUAILHBIX 3aTPYIHEHUI.

2. ITocTranoBka 3amga4umn

[Iycrs nBmxkymasca UL dpopmupyer B Tekyimem BpeMeHH ¢ TEPUOIUIECKUI
curnan So(t) (mepmox curnana T's = const MOKeT OBITH HEM3BECTHBIM), PACIIPO-
CTPAHLIOMUICA B 3aJ]aHHON (DU3UYIECKON Cpejie B BUJE BOJHBI CO CKOPOCTBIO Ug
(pedb MOXKeT UJTH O PA3IUYHBIX BOJHAX, HAIIPUMED JIEKTPOMATHUTHBIX WU aKy-
cruiecknx ). B rouke nabionenus, csasannoii ¢ COIIH, wa maTepBase nabroe-
uust [0,7] npuHIMaeTCst KBa3uIeTePMUHUPOBAHHbINA curHas S(t) ¢ mepeMeHHbIM
[IEPUOJIOM.
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Cornacao [IBM oTpe3ok HaOJIIOIEHUsT IPEICTABISACTCA B BUJIE

N
(2.1) 0,7) = J [ta-1:tn), tn>tn1, to=0, ty<T,

n=1
rie tg = 0 — pUKCUPOBAHHBIA MOMEHT BPEMEHH, COOTBETCTBYIOIIUI HAYAILY IIPH-
HUMAEMOT0 CUTHAJIA (HAIPUMED, MOCTYILIEHUO IEPBOTO MMILYJIbCA), t, — (hUKCH-
POBaHHBIIT MOMEHT BpeMeHHu mocTyIieaus M, = Zzzl AM,, TepnoioB IPIHIMAE-
MOT'0 KBa3UIIePHOAIIecKoro curnaia (AM, — KOJIMYeCTBO II€PHOIOB, HOACIUTHI-
BaeMbIX Ha OTPE3KE [tp,l, tp]), IIPU 9TOM B MOMEHT BpeMeHu t,, uncjo M, nepuoion
HEJTMKOM YKJIabIBaeTcst B 0Tpe3ok [0, ty,].

Teopernyeckue 1 MPaKTHYECKUE BOIPOCHI, CBABAHHBIE C IIOACYETOM yKA3aAHHBIX
[IEPUOOB, PEIIaloTCs ¢ UCIOIb30BAaHUEM 3JIEKTPOHHBIX IU(PPOBLIX 9acTOTOMEDPOB
1 TOAPOGHO M3JI0YKEHBI B U3BECTHOW TEXHWYICCKOW Jmreparype (CM., Hampumep,
[23, cTp. 148-161]).

B rouke nabiogenus (e pactnosnoxkern COITH) ¢ yuerom apuzkenust VLT cur-
HaJl CTAHOBUTCS KBA3UIIEPUOINIECCKNM, MMOCKOJIbKY BO3HUKAET BPEMEHHAsT HEBSI3-
ka O(t) MexK/Iy TepuojaMu U3/1yYeHHOTO U IPUHSATOrO CUTHAJIOB

(2.2) 5(t) = vs ' Ar(t) = vg" [R(H) — Rol. € [0,7],

e R(t) — rekymas manbrocts qo U, Ry = R(0) — HauaabHast TaJIbHOCTD.

B npsimoyrosibHO#T mekapToBoil cncreme koopauHat XY Z (B IEHTpe KOTOPOii
naxonurcst COITH) nsuzkenne VI onucbiBaeTcst HOJIMHOMEAIBHON MOJIENIbIO (17151
VIIPOIIEHUsI BBIKJIAJOK M HAIJISIHOCTH METOJa BMECTO ODOOIIEHHOIO KOHEYHOI'O
ITOJIMHOMA C ITPOU3BOJILHBIMU OA3UCHBIMU (DYHKIUMSIMU OIPAHHINMCS CTEIIEHHBIM

[IOJIMHOMOM BTOPOii cTereHn ¢ HadasbHbIM ycsioBueM ro = r (0), ||ro|| = Ro)
(2.3) r(t) =rg+ vot + 2_1a0t2, te€0,77,
e r(t) =1 = [2,y,2]" — Bexrop nonoxenus (|[r(t)]| = R(t)),
Vo = [vwo,vyo,vzo]T — BEKTOp HauabHOI ckopoctu (vy = ||vo|| — Beamunna
CKOPOCTH ),
ag = [agco,ayo,azo]T — BekTOp yckopeHusi (ag = ||ag|| — BeswmumHa ycKope-

HUIs1), IPU 9TOM BEKTODPBI I'(, Vo U &) AIIPHOPHO HEM3BECTHHI.

Ecnmu B xadecTBe m3mepsieMoro mapamMerpa MpPUHATDL BEJTUIUHY t,, TO MOYKHO
BOCIIOJTB30BATBHCsT CJIEIYIONINM BEKTOPHBIM YpaBHEHUEM HaOJIIOIEHUS:

(2.4) h=t+&=t+8+§,

rIIe

—T
B (2.4) mox & = [Emn =1,N ] IIOHUMAETCS TayCCOBCKas TOTPENTHOCTDh W3-
MEpEeHUil ¢ HYyJIEBBIM MATEMATHYECKUM OKUJAHUEM U KOPPEJSIUOHHON MaTpu-

68



neit Kz, a m3smepsieMblil mapameTp ¢, CBs3aH ¢ YUCIOM IOACUUTHIBAEMBIX IIEPHOI0B
COOTHOTIIEHNEM

(2.5) tn = M,Ts + 8, =1ty + 8, =1, +vg [Ry— Ro),
riae &, = 8(t,) — HemsBecTHas BpeMmeHHast HeBsi3Ka, tp, = M,Ts, R, = R (t,),
to = 0.

@opmyiry (2.5) MOXKHO IPOKOMMEHTUPOBATH Tak (cM., Harpumep, [6, crp. 154]):
3a Bpems t, = M,Ts namsaocts mex ity VIL u COITH usmeHnuTcs Ha BeJTMUUHY
AR, = R, — Ry, 94T0 COOTBETCTBYeT BPEMEHHOI HEBs3KE O, = vglARn MEeK 1y
[IEPUOJAME H3JIyI€HHOIO W IPUHSATONO CUTHAJIOB. Eciam Obl 1esb OblLIa CTalmo-
HAPHO! WJIM JIBUrAJIaCh 1O OKPY»KHOCTU (B TieHTpe KoTopoit Haxoxurcst COITH),
TO MPHUPAIIEHNE TAJTHLHOCTH OTCYTCTBOBAJIO OBl 1 O, = 0 17151 Bcex n. imenno mpo-
XOKIeHIe BOJIHOM JOIMOJHATEJIBHOINO yYacTKa IMyTu JyiunHoil AR, €O CKOpOCTHIO

Vg ABJIFETCS IPUIMHON BO3HUKHOBEHUS HEBSI3KH O,,.

Hanomuum, uTo npu uzsecTHOM Hepuoje 1s B KauecTBe H3MEPIeMOro IapaMeT-
pa MOXKHO OBLIO MPUHATH BeguauHy O, = t, — M, Ts (nmenuo Tax dpopmuposa-
J0ck ypaBHenue Habsozenust B [6, 20]), npu mHemsBecrHOM 1nepuojie 15 JTOCTYIIHBI
JUIST U3MEPEHNsT TOJbKO BeJIMYUHBIL b, 1 M,.

Ecmu paccrogame mexay UL mw COIIH ymenbmmaercs, To 8, < 0, B nmpoTus-
HOM ciiyuae O, > 0. [losiBjieHure BpeMeHHON HeBsA3KU O, = O(t,) 0OyciioBIeHO 3b-
dEeKTOM CxKATHSI WM PACTSIKEHUs] UCXOLHOrO IEePUOAUICCKOrO CATHAJA B TOUYKE
HaOIIOIeHNs 3a cueT aprkenms W1,

Tpebyercst ¢ yaerom (2.1)—(2.5) paspaborarb MeTON MapaMeTPHIECKOil MICH-
tucpukaruun WL ¢ KpuBosmHeHHBIM ([IOJMHOMUAJILHBIM) JIBUYKEHHEM Ha Oase
niepuogo-spemertoro COITH, we Tpebyromuit 3Hanns mepuoga 1s M3/Iy9IaeMOro
CUT'HAJIA U BBIMMCJICHUs TeKylneil dacTtoThl Jomnepa. MeTon mozKen BKIIIOUATD B
cebs1 pellenne CaeAyoIMNuX BOIPOCOB:

— TOJIyYeHle 3aBUCUMOCTEM, MO3BOJISIIONINX OIEHUTh XapaKTep 3BOJIONNN I1e-
pHo/ia IpHHIMAaEMOro curtaja (obyciaosienuyio nemkennem V1), aro aeiasercs
NPUHIANAAILHLIM /IS JTaHHONO METOMA;

— opMupoBanue aaropuTMa UIAeHTHGUKAINA HAKJIOHHON JAJLHOCTH U PAIa
XapaKTepHBIX mapameTpoB apmkerns VI na Tounbix manubix (mpuanvas &, = 0,
n=1,N);

— ompezeseHne yCJIOBUI KOPPEKTHOrO IIPUMEHEHN METO/Ia Ha TOUHBIX JAHHLIX
(T.e. ompe/iesieHne yCIOBUi HABIIIOIAEMOCTH METO/IA);

— y4eT CJIy4YalHbIX IIOIDEIIHOCTEN N3MepeHuii;

— perrenne 3a7a49u uiaeHTHdUKAnIn Ha M30bIToUHbIX naHubix (h) ¢ yaerom
IIyMOB U3MepeHui (3a/1a9a CrIayKUBaHUsl HA OCHOBE METOJIa HANMEHBINNX KBaJl-
paroB (MHK)) u mosryuenne coorHorennst 1jist pacdera KOPPEISIHOHHON MaTpH-
bl OIMHUOOK MICHTU(DUKAIIIN;

— TPOBEJIEHNE BBIUYHUC/IUTETHFHOINO SKCIIEPUMEHTA C TIEJIBI0 JEMOHCTPAIUN BO3-
MOXKHOCTEN MeTOIA.
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3. UccnemoBanue 3BOJIIONUN TIEPUO/IA CUTHAJIA

Haber 6(t) onucbiBaercst BoIpazkeHneM (Jist CJIydasi IPsIMOJIMHETHOIO paBHO-
MEPHOT'O JIBUZKCHIIA )

(3.1) 8(t) = vg" {[Rg + 2t Rovg cos o + t202] % — Ro} . t>0, 5(0)=0,

IJIe Yo — YTOJ MEXKJIy BEKTOPaMHU T'o U V.

[Tpu 0 < v < /2 dynxims §(t) sABIsieTCs HEOTPUIATETHHOI, TIAIKOI U CTPO-
ro semykioi, 8 (t) = dd(t)/dt =0 B Touke t = 0. Ipu /2 < 79 < 7 byHK-
st O(t) sIBIsieTcsl TVIAJKOM M CTPOrO BBINYKJIOH, mMeeT nBa KopHs (1 =0 u
t = —2Rycos7y/vg), B ToUKe t = — R cos Yy /vy AOCTUTAET MIHAMAJIBHOTO 3HAC-
st (vg' R (sinyo — 1)). IIpu 49 = 0 mveem 8(t) = (vo/vs) t, T.e. naber spsercs
JIMHEHOW HeoTpunareabHoi yHKINel, He 3apucsamieit or Ry. Ilpn vy = 7 nmeem
d(t) = — (vo/vg)t mos 0 <t < Ry/vp, T.e. d(t) siBisiercst ymHeiHo dyHKIWEH 1
JocTuraet cBoero MunnmyMa (—Rg/vg) B Touke t = Ry /vg. [Tockombky mpu g = 0
u g = 7t Haber §(t) He 3aBucutT oT R(, TO I 9TUX HEKOPPEKTHBIX CJIy9aeB, CBsl-
3aHHBIX ¢ apuzkenueM VI BIOJIb JIMHUM BU3UPOBAaHUSI, OLpee/IeHIe NaJIbHOCTU C
YHYETOM 3BOJIIONNH MIEPHOJIA CUTHAJIA B TOYKE HAGIIOICHAS HEBO3MOKHO.

Mot 6osee meranbroro ncciaemobanus O(t) HaiieM HECKOJIBKO MEPBBIX IIPOU3-
BOJIHBIX 110 BpeMeHn (B Touke t = 0):

6(()1) = vglvR,

(3.2) 55 = (vsRo) ™" 2,
5 = —3 (vsR2) ™ v2up,

e vp = Rpcosvyy m vy = vgsinyy — COOTBETCTBEHHO BEJUYINHBI PATUATLHON W
TAHTE€HINAJILHOW CKOPOCTH.

B uTore M0oXKHO BOCIIOJIL30BATHLCS Pa3JIO2KeHUEM Ha OCHOBe psina Teitnopa

vt viogt? -
2Ry 2R} B

2
1 vzt vRt
= t 1——

13 KOTOPOTO CJIEIYeT, UTO CHEeKTPAJbHBIN cocTaB dbyHKIwH d(t) CyIecTBeHHO 3a-
BHCHT OT YCJIOBUI HaOJIONEHMSI, I BO MHOIUX IPAKTHIECKN BarKHBIX CJIyUIAsaX He
yaaeTcst peHedpedb IMPOU3BOIHBIMU BTOPOIO M 00Jiee BBICOKHMX IOPSIIKOB, OCO-
OeHHO Tt OOIBINMNX WHTEPBAJIOB HAOIIOAEHNST U MAJIBIX JAILHOCTEI.

5(t) = vg't <vR -
(3.3)

Dopmyist (3.1)—(3.3) BecbMa MOJIE3HBI IIPH OOOCHOBAHUU BO3MOYKHOCTH IIPAK-
THYECKON peasm3anun passubaemoro IIBM B KaxK/10M KOHKPETHOM CJIydae C yde-
TOM NPUHATBIX MCXOJHbBIX JAHHbIX.
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4. TlocTpoenne ajiropuTMa NapaMeTpPUIEcKoil uaeHTuUKAIT
Ha TOYHBIX JIAHHBIX

C ydaerom (2.3) MOKHO BOCIOJIB30BATBCS CJIELYIONIEN 3aBHCHMOCTHIO
(4.1)  R*(t) — R} =2t (ro,vo) + t* (v§ + (ro,a0)) +t* (vo,a0) + 4~ 't'af,

rae (+,+) — CHMBOJI CKAJISIPHOTO TPOU3BEJCHUS NIBYX BEKTOPOB, ||-|| — cumBom
HOPMBI BEKTODA.

Dopmya (4.1) upexcrasisier coboii mepBoe 6a30BOE COOTHOIIEHNE PA3BUBAEC-
moro [TBM.

Bropoe 6a30Boe COOTHOIIICHNE CIIEIyeT HEMOCPEICTBEHHO 3 (hopmysibl (2.2):
(4.2) R%(t) — R3 = 2usRod(t) + vi82(t).

[TpupasuuBas Bbpazkenus (4.1) u (4.2), mocsie HECTIOKHBIX MPEOOPAZOBAHMI
[OJIyYaeM ypPaBHEHHE

(4.3) —20g8(t)x1 + 2tx2 + tx3 + t3xa + 47 s = 0283 (1),
rae

X1 = R,

X2 = (o, Vo),

(4.4) x3 = (v§ + (ro,a0)),
X4 = (vo,ap) ,

_ 42
\)(5—(10

— Hem3BeCTHbBIE KOA(DDUITHEHTHI, IMEOINE TTOHATHBIN (PU3NIECKUT CMBICJT U TTOI-
JIeXKarnne naeHTUUKAITIL.

[TocKoIBbKY BEMIUHBI O, HEU3BECTHBI, TO € yIeToM (2.5) It JUCKPETHOTO Bpe-
MEHU 3alThIeM ypaBHEHNE OTHOCUTETHHO HEN3BECTHBIX Bemaud Tg n X;, ¢ = 1,5:

) 205 (tn — M Ts) X1 + 2tnXa + t2x3 + t3xa + 47 x5 =
= 0% [(tn — MnTS)]2 :

[Tocste HECTOXKHBIX, HO IPOMO3JKNX Hpeobpasosanuii dbopmymy (4.5) MoKHO
IPEJICTABUTEL B BUJIE HOBOTO ypaBHeHUs (OTHOCUTENHLHO KodbduimenTos A;)

6
(4.6) > BinAi = Dy,

i=1
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e

Ar = (vsx1 —x2)vg Tg', Ay =—x1vg',
Az = (vE —x3) (203Ts) ", Ay =271y,
(4.7) A5 = —X4 (2TSU§)71 , As=Xs5 (STSU?q)il ;
Bln = ty, B2n — Mna B?m = t%,

B4n = Mg, B5n = t%a B6n = tfw

D,, = Mpyt,.

Coornomenust (4.6) u (4.7) siBistroTCst OCHOBOI JiyIst MieHTHDUKAIMN [1apa-
MeTPOB KpUBOJIHHEHOTO nBukenns: VI npu HenmsBecTHOM Teprojie U3y IaeMoro
curnasna. B (4.6) nemsBecTHbIME sBjIstioTCs Koa(bunuentol A;, i = 1,6, KoTo-
pbI€ OJHOBHAYMHO CBSI3aHBI C MCKOMBIME Tapamerpamu jpukenusi UL u nepuo-
JIoM m3aydaemoro curaana. Ecim ypasuenue (4.6) sammcars jyist Bcex n = 1, N,

rae N > 6, To moJrydnM CUCTeMy JIMHEHHBIX ajrebpandeckux ypasaenuii (CJIAY)
(¢ mpsimoyrosibHON MaTpureit B)

(4.8) BA =D,

e B= [Bi,n=1,N,i=1,6], A= [a;,i=1,6]",D=[Dy,n=1,N]".
Hannass CJIAY mosBosisier perrarh 3a1ady OINEHHBAHUsS YKAa3aHHBIX KO3(hu-
[IMEHTOB U TIAPAMETPOB, & TAKZKe Ieprojia CUIHAJIA TPU U30BITOUHBIX U3MEDEHUSIX.
[Ipu N > 6 peun umer o 3ajade crirazkupanns Ha ocHoBe MHK ¢ ncnonszoBanmem
OPTOTOHAJILHO-CHHTYJISIPHOTO pa3/iozKeHus [24].
Pacemorpum wacTHbIil coryuait, kKorma VI pBrkercst psiMOIUHENRHO 1 paBHO-
MEpHO, & IIepHoJ CUrHaJa Hem3BecTeH. Temepb BMecTo (4.3) mMeeM ypaBHEHUE

(4.9) —2ug8(t)x1 + 2tx2 + t*x3 = vE83 (1),
e

X1 = RO:
(4.10) X2 = (ro, Vo),

X3 = 7)8.

IIpu sTom BMecTo (4.6) B 9TOM CiIydae nmeeMm
(411) tpn Al + M, As + t%Ag + MgA4 = Mput,.

Eciu npeanosioKuTh, 4T0 IEepUuoJi CUTHAJA U3BECTEH, T.€. U3BECTHDLI BEJIMYM-
HBI Oy, TO ¢ yueToM (4.9) Jyis HAXOXKJIeHUsT TapaMeTPOB MIPSIMOJIMHEHOTO PABHO-
mepHoro gprmkenns NI gocrarouno pemmurs CJIAY (orHocurensro X;, ¢ = 1,3)

(4.12) —2058,X1 + 2tnXe + t2x3 = 0302, n=1,N.
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ITpu sTOM HAXOAUM JATBHOCTD Ry, BEJIMYUHY CKOPOCTH vy = ||Vo|| 1 yros v Mexk-
Iy BEKTOPAMU Ty U V( C y9eTOM OYEBUIHBIX COOTHOIICHHUIL:

RO = X1,
(4.13) Vo = /X3;
o = arccos [xg (Rovo)_l} )
B ciygae npsimosmaeiinoro pasaoyckopentoro gpuzxkenus U1 (korpa BekTopbt

V(o U Qg SBJSIOTCA KOJUIMHeApHbIME) HeoOxoaumMo permuth CJIAY (orHOCHTEND-
HO X, 1= 1, 5)

(4.14) —2050,X1 + 2tnXe + t%x:), + tix;; + 4_1tiX5 = ’U?gégl

Temeps nmeem:

( X1 = Ro,
X2 = Rovg cos Yo,
(4.15) X3 = (vg + Rpag cos '70) ,
X4 = voao,
\ X5 = ag.
[To maiimeHHbIM 3HAYMEHUAM X1,...,X5 BBIUHCIZEM CJICIYIOIINE HapaMeTpPhI
merkennst I
Ry =xa,
ap = +/Xs,
(4.16) vo = Xaag

Yo = arccos |:X2 (Rovo)fl} .

Bripaxkenus (4.1)—(4.16) cocTaBIAI0OT MaTEMATHIECKYIO OCHOBY Pa3BUBAEMOTO
[IBM.

B crenyiomem paszene IpoaHaJIH3HPyeM yCJIOBHs HaOIIOJAEMOCTH Da3BHBaC-
MOI'0 METOJIa, T.€. BBISIBUM CUTYAIUH, IPU KOTOPBIX OH CTAHOBUTCSI HEKOPPEKTHBIM
C BBIYHCJINTEIBHOM TOYKH 3PEHHs.

5. AHaau3 HabJII0JaeMOCTH MEeToAa

PazsuBaemprit IIBM MoxkHO peanzoBaTh Ha JIFOOOM HaboOpe y3J/I0B U3 MHO-
xkecrBa {t1,...,tN}, ITO MO3BOJIAET HE TOJHKO yMEHBIIUTH OObEM BBIYHCIICHHUI,
HO U B Psijie CJIY4YaeB MOBBICUTH HAJEXKHOCTH (POPMHUPYEMBIX OIEHOK (0COGEHHO
[IPY OTCYTCTBHUH JIOCTOBEPHOI allprOPHOIl MH(OPMAaIIUA O BECOBBIX KO DUIineH-
Tax, Heobxomumbix it peanusarmn MHK). /I1s sToro BBeieM BEKTOPHI BpeMeH-

T R
] ,tmel =1,L, t[”p S {t1, . ,tN}, t[l}p-{—l > t[l]p-
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3necy L — umeno nabopos, Py — komuvectso ysioB B [-m Habope, i, — y3e ¢
HOMepoM [I] p (310 HaTYpasbHOE YKCI0, IpuHAIeKalee MaoxKecTBY {1,..., N}).
Ha ocuose (4.12) copmupyem ciempyromtyio CJTAY:

(5.1) Cuxp =Y,

——1T . =T
rme Yy = 6[2”p,pzl,Pm] s Xp = [xi[l],2:1,5] , a marpuna Cyp (pazme-

pom Py x 5) o6pasoBana cTpOKaMi vg? (—21}56[”]9, 2t t[Ql}p, tf’l]p, 4*1#[1”]0), p=

=1, Pm

Beegnenne t; mosposisier ¢ yveroM reomerpun HalJIIOJEHUsl, XapaKTEePHCTHK
NIT n COITH naxoanTh Takne HabOOPBHI y3JI0B, Ha KOTOPBIX BOIPOC HIACHTU(MDUKA-
UK pernaercss Hanbojiee KaueCTBEHHO (3TO OTHOCUTCSI K M3BECTHOI 3aJaue Iiia-
HUPOBaHUs SKCIeprMenTa [25]).

He crmxkast obImpocTH paccyKaeHnil, OrpaHuaIuMCcs IIJIOCKUM cJiydaeM (mpu-
HuMast z = () M CHTHAJIOM C M3BECTHBIM MEPHOJIOM, a TakuKe 3ajammmes Py = 5,
UTO COOTBETCTBYET KBajapaTHoii Marpune Cpj. O4eBH/IHO, UTO JIfl KOPPEKTHOIO
IPUMEHEHNUsT Pa3BUBAEMOT0 MeTo/Ia, cBst3anuoro ¢ permenneM CJIAY (5.1), Heobxo-
JMO 1 JIOCTaTO4HO BhinosiHenne yciaosus det Cp # 0, 9T0 IPUBOJUT K HCKOMOMY
pesyJbTary Xy = C[;]IY[”. JLisT BBISIBJIEHUST CJIyYaeB, MPU KOTOPBIX 3TO yCJIOBUE
HapyIaercs, samuiiemM crojompt Marpunpl Cpp B Bujle BEKTOPOB:

C[l}l = [_2U56[l}p7p = 1)—5]T) C[l}Z = [2t[l}p7p = 17—5]T)
__ 77T __ 77T __ 77T
C[Z]B = |:t[2”p)p =1, 5] ) C[l]4 = [t:[gl]p)p =1, 5] ) C[Z]S = |:471tﬁ}p7p =1, 5] .

Hecnoxno samernts, uro cronbdupt Cpja, Cpjz n Cppjy JmHEHO HE3ABUCHMBL, CJle-
JIOBATE/ILHO, J1/Ist IposepKn yesiopus det Cpp # 0 10cTaTouHO MOKa3aTh, YTO CTOJI-
Oer Cpyjy He MOZKeT OBITH IIPEJICTABJIEH B BUJIe IMHEHHON KOMOMHAIIMY 9THX CTOJIO-
1IOB.

—2
Tax xak Ry, = [.T[Ql]p + yﬁ]p] (F):Le Ry, =R (tmp), x%”p = (330 + vgotpgp +

2 2
—1-2*1%075[2”1)) u yfl]p = (yo + vyotpyp + 2*1ay0t[21]p) ), TO HapyIlIEeHue YCJIo-

T
Bus det Cp # (0 9KBHBAJEHTHO TOMY, UTO BEKTOPBI Hp = [x[zl]p, p= 1,5] u
4T
ny = [y[?l]p, p= 1,5} HE CBHA3AHBl YCJIOBUEM KOJLIMHEAPHOCTH: Wy = k:nm, rie
k — K03 duImeHT TPOMOPINOHATLHOCTHA. B IpoTHBHOM CiIydae nMeeM
-2 -2
2 2 2.2 2
(5:2) Ryyp = [”fmp +ymp] = [k Yiup +ymp} = q |yp|
(5:3) —2vs8y, = =2 [Ry, — Ro] = —2q |y[l}p| — Ro] ,

-2

rje q = (k2—|—1) .
Us (5.2) u (5.3) cienyer, uto KoopmuHaThl BekTopa Cpj; MOKHO MPEICTABUTE
JmHelHON Kombnnanmeit n3 koopauaar BeKTopoB Cpjo, Cppz n Cpy. Pusnecknit
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CMBICJI YCTIOBHSL ) = kn ] (yCI0BHE BBIYUCTUTETHHON HEKOPPEKTHOCTH METOJIA)
cocrout B TOoM, uro WII nBukercs: npsiMOJIMHERHO BIOJIb JIMHUU BU3UPOBAHUSA

COIIH.

Taxum 0o6pazoM, Jjisi KOPPEKTHOCTHA METO/a HEOOXOAMMO HMCKJIIOYUTH CJIyYaH,
xorma U gBukercst BIOIb YKa3aHHON JTUHAN WU B €€ OKPECTHOCTH. DTO HaKJIa-
JBIBAET OIpeJIe/IeHHbIe OrpaHnYeHns Ha ycjoBusa Habsogenus VI, uro Heobxo-
JIIMO IIPEAYCMOTPETh Ha, IPAKTUKE.

Ecan OI'PaHUYINUTHCA MOIEJIBIO HpHMOJIHHefIHOFO PaBHOMEPDHOTI'O OIBU2KCHHUA U

CUTHAJIOM C U3BECTHBIM TI€PHOJIOM ( B 9ToM ciaydae B (5.1) Hao mosoxuts p = 1,3

uty = [tml, ti2s tmg]T), To pemtenne CJIAY (5.1) npu KOppEeKTHOM IPUMEHEHUH

METOJa IMO3BOJIAET OIIpeAe/JINTh MCKOMbBIC ITapaMeTpPhbl JIBU2KECHU A I/IH

2 t 2 t 2 t
Ry = 27 vg ( Ol 2iyzs ~ ¥ Buss + sl >
—SunAfyas + 81285 — Sus Ao

7

2 AS 2 AS 2 AS
(£, Vo) = 2103 ( tApes — tgaBuns T s Aue )
. =811 Afyas + 2715 — s Ay
(5.4) Aé Aé Aé 1/2
o [ tujs DAY — tue s + i Afes
ofl] — )
. 6[”1A'[5”23 - 5[112Af1113 + 5[l}3Afl}12
[(rmvom
Yo = arccos | ———-— |,
\ o[1] vo[i]
rae Ay, = tyitye (i — tu2)s Afje = Sz (Sun — o) m, ecomn me ywmro:-
BaTh OMUOKN U3Mepennuit u pprauciennit, Roy = Ro, vop) = vo, (To, v0>m = (ro, Vo),
o[ = "o-

C.He,ILOBaTe.HbHO, TTOLABJIACTCA BOSMOXKHOCTB OIIpeJIe/ICHU A ITapaMeTPOB JIBUZKE-

-1
nus Ry, vo 1 7o (Fﬂe Ry = X1, vo = /X3, 70 = arccos [X2 (Rowvo) D7 He npubde-
rasg K uncygeanomy pemennto CJIAY, 4To sBIgeTC HECOMHEHHBIM JOCTOMHCTBOM
passuBaemoro [TBM.

6. Yuer ciay4yaiiHBIX IOTPeEITHOCTell m3MepeHuit

[Tosrarasi mepuoy| curHaja W3BECTHBIM, Il OIEHKH BJIMSIHHSI CJIYJaifHBIX I10-
rperHocTeil u3Mepennii & Ha TOYHOCTHBIE XAPAKTEPHCTHKH METOJA BOCIIOJb-
3yeMCsl TPAJMIMOHHON POIEILyPOii pacdera 3JIEMEHTOB KOPPEJAIMOHHON Mat-
puner K, ommbox onenmBaHMS KOODIMHAT BEKTOpa X B JIMHEHHOM TIDH-
Gmvekennn [26]. g sroro ¢ yuerom CJIAY (5.1) (mosarast Jyist IpOCTOTHL
varpunty Cp KBaJpaTHO#i pasMepoM 5 X 5) BOCHOIb3yeMCsl IPE/ICTaBIeHIeM

— —— T — T
Xy = leY[l] = [Xk (6[”) k= 1,5} (rze &y = [émp,p = 1,5} ) ¥ YaCTHBIMU
IPOM3BOJIHBIMU CJIEIYIONIEro BUa: X[ (ém) /08y, Koppensammonnas maTpu-
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Ha HaXOJUTCHA 110 IIpaBUJIY

(6.1) Ky = FyuKeFyy,
rae Fyy = [Oxxp (8y) /08, k=1.5, p=T15].

Broipazkenue (6.1) mo3BosisieT anpruopHO Ha MATeMATHIECKUX OXKUJIAHUAX U3Me-
PsIEMBIX ITapaMeTpPOB OIEHUTH MOTEHITMAIbHBIE BO3MOXKHOCTH pa3BuBaemoro [1BM
U BHIPADOTATD [IPAKTUYIECKIE PEKOMEH/IAINH JIJIsT €10 HANITY YIIIero UCIOJIH30BAHIS
IIpU KOHKPETHBLIX ycaoBusax HaOsomaenus UIL a Tak:ke 0OOCHOBAHHO IOIXOIUTH
K BBIOODY OCHOBHBIX ITapaMeTpoB MeToja (manHbl nHTepBasa Habmogenus (1),
KojmaecTsa y3108 (V) n Bpemennbx Habopos (t) ). Tak, nomep I* € {1,..., L}
ONTUMAaJIBHOrO Habopa 8(jx), 0OeCIevnBAIONEro MUHUMASAIUIO ONMOKN OlleHNBa-
HUsl, HAXOJUTCH 110 CJEYIONIEMY aJIAlITUBHOMY ITPABUILY:

(6.2) Ir= argmlin HKX[”‘ ,
rme HKX[I] H — mobas n3 Hopm Marpunpl Ky, IpuMensemas B 3a1a9aX OlNEeHNBa~
HUs.

[Tpu mpakTuveckoit peanmsaruu passuaemoro [IBM ciemyer yauTbiBaThb TOT
dbakTop, 9TO MpHM OONBIIMX 3HAYCHUSAX Us (HAIPUMEp, KOTJa vg = ¢, TAe ¢ —
cKOpOCThb cBeta) perenue KpaaparHoit CJIAY (4.8) npu Hajuauu cirydaiiHbIX 110-
TPEITHOCTEN M3MEPEHNit MOYKET IPUBOINTEL K HEKOPPEKTHBIM pedysbraraM. [losc-
HUM 3TOT baxT g caydas N = 6 Ha IpuMepe BBITHCICHUsS CKOpocTu vg. Ilo-
CKOJIBKY vg = ¢\/1 — 2T g A3, To ommnbka Ag = Ag — As (tme 1213 — BBIYUCJIEHHOE
snavenne Koaddurmenrta Az myrem periennst CJIAY (4.8) ¢ yuerom omubok n3-
MepeHnit) HPUBOJUT K cieayromeil onerke ckopocru: 0o = \/v3 + 2¢2TsAsz. To
€CTh KOPPEKTHas OIEeHKA CKOPOCTH BO3MOYKHA JIUIIL IIPU BBITOJHEHUHN YCJIOBUS
Az > —v(z) (202T5)_1, 9TO HAKJIAbIBAET OYEHBb YKECTKOE OIPAHMYCHUE Ha BEJINYIN-
ny norpertHoctu As. Jlar#bril 3¢dekT oTHOCHTCsT TaKKe KO BceM Ko duiimeH-
tam CJIAY (4.8), kpome Ao nAy.

st mpeosiosieHnst yKa3aHHOW HEKOPPEKTHOCTH (IIPpH GOJIBINX CKOPOCTSIX Ug)
PEKOMEH/IyeTCs JIBYXITAITHBIN TMOAX0M K maenTudukanun. Ha mepBom stame pe-
nraercst CJIAY (4.8), u3 KOTOPO# TOTPEOYIOTCsI JIUIIL OIEHKA Ay g Ay, Dro
ITO3BOJISIET C(POPMUPOBATH MCKOMYIO OIEHKY T = 2A, nna nepuona Ts, a Ha ee
OCHOBE U OLCHKH [Isl HEBSI30K Oy, = b, — M, 1. Bee onenku apaMeTpoB JIBUKE-
nust UL vaxompsitest wa 6aze CJIAY (5.1), B KOTOpYIO BMECTO O, MOJCTABIISAETCS
BeJIIIHHA Oy,

7. Yder n30BITOYHBIX M3MEPEHUIA

Teneps paccmorpum cityvaii n30BITOMHBIX n3Mepennii, xorja marpuna Ci
u BekTop Y[ B (5.1) mmetor mpomssosbHOe umcno ctpok P < N, kotopoe,
KaK [PaBUJIO, 3HAYUTEILHO IIPEBBINIACT KOJUYECTBO OIEHUBAEMbBIX IapPaMETPOB.
s ynpommenust pacaeros Oyaem pacemarpusath B CJIAY (5.1) cocraprsiontyio
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T
Y = v%éﬁ]p,p =1,P;| B KauecrBe BEKTOPA BTOPHYHBIX M3MEPSEMbIX Hapa-

METPOB, & NepBUIHBIC H3MepeHust hyq, ..., by py; TOJIAraeM HEKOPPE/IMPOBAHHbI-

mu. C yderom sroro mo anajgoruu ¢ (5.1) KOPpeJSIIMOHHYIO MATPHUILy OIMUOOK
U3MepeHuil KOOpAUHAT BEKTOpa Y ;) MOXKHO IIPEJICTABUTD Tak

(7.1) Ky = FoyKeFyy-

B mpemmonoxenmu, uro Mmarpuna K dBisercd IuaroHaJbHOLI, HMeeM
g 2 2 2

Ky = diag [46[”1, 46[”2, . ,46[”13[”} . IIpu ycjioBumM mOCTATOYHO MAJIBIX OIIMOOK

U3MEPEHUil JIIsd TOCTPOEHHS CIVIAYKEHHOM OTeHKH X>[kl] BEKTOpa X MOXKHO BOCIIOJIb-

30BaTbCd METOJI0OM HaMMCHBIINX KBa/JIpPaTOB [25]

* Tyr—1 L AT 1
(7.2) Xy = (C[l] Y[l]C[lO CiyKy by,
rae hyp = [hy[”p, p= 1,—Pm]T — BEKTODP BTOPUYHBIX N3MEPEHMU.

KoppesiimoHHy 10 MaTpuILy OMmMOOK OINEHUBAHUST HAXOIUM TaK:

Tyr—1 -1
(7.3) Ky, = (ChK}Cn) -

s Bbibopa onrmMasnbHOro Habopa ¢ HoMepom [* € {1,...,L} npumensiem
aJaNTUBHBIN ajropuT™ Tuia (6.2).

Creayer orMeTuTb, 9T0 10AX0 (7.1)—(7.3) He ABIISETCS CTPOrO ONTHMATIBHBIM,
IOCKOJIBKY 3/1eMeHThl MaTpunbl Cpj 3aBucaT ot pesyabraTto Habmogennit. Ho
[PU OLPEJIEJICHHBIX OTPAHMYEHUSX Ha MOIPEIIHOCTH U3MEPEHUH OH JIaeT BIOJIHE
[IpUEMJIEMbIil pe3y/IbTar.

Jlist Gostee TOYHOTO CrUIayKUBaHKsT MOYKHO HCIIOJIb30BATH W3BECTHBIE TIPOIIEJLY-
Dbl HEJIMHEHHOTO ONTUMAJILHOIO OIEHUBAHMsI, KOTOPbIE IPUBOJAT Ha MPAKTUKE K
TPYJOEMKUM PEKYPPEHTHBIM BBIYHCIUTEIbHBIM AJITOPUTMAM, [PEJITOJIArarOIiM
3a/laHKe JIOCTATOYHO KAYeCTBEHHOI'O HAYAJIBHOIO YCJIOBUSL.

Hpyroit HanboJiee MPOCTOit U JOCTATOYHO HAJIEKHBIN CIIOCOD MOCTPOEHMUSI CIJIa-
JKEHHOIT OTeHKN x’["” COCTOWT B TIPEBAPUTENTHLHOM CIUIAYKUBAHUN EPBUIHBIX H3Me-
penuit hyjy, ..., hjjjp, COOTBETCTBYIONM HOJIMHOMOM 631 (t) u npUMeHEeHUU MOJTy-
yeHHbIX pe3ysbraToB K perternto CJIAY (5.1). Kpome Toro, MoxkHO HaiiTu cria-
JKEHHYIO OIEHKY JaJsibHOCTH Jyist Joboro ¢ € [0,T], a nmeHHo,

31ech B KadecTBe ONTHMAJILHOTO MPHUHIMaeM Habop ¢ HoMmepom [ =[* €
e{1,...,L}.
8. Hekoroprie 00001IeHNS 1 IPaKTUIECKNEe PEeKOMEH AN

Beimie pacemarpuBalics ciiydaii oleHnBaHus HadaabHOl nanbHoctu Ry = R (0)
quist MmomenTta Bpemenn t = 0. Ognaxko ecsiu psy Teisiopa, UCHOIb3yeMblil J1J1st
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olMCcaHus KpuBoJmHeiiHoro aprkenns VI, 3ammcarb OTHOCHTEILHO HE HAYAJIb-
HOTO, & JII060ro MPOU3BOJIbHOIO t = t, € [0,7], TO 110 AaHAJIOTUY C BBIMIEU3JIOXKEH-
HBIM MOXKHO PEIIUTH 3aJa9y UIeHTU(DUKAIMA UMEHHO JjIsi MOMEHTa BpeMeHHu t*,
B YACTHOCTH HAWTH MaabHOCTDh Ry = R (t.).

PasBurhrit MeTO HECTIOXKHO Pean30BaTh B BUJE CJIEIYIOMNX AJITOPUTMOB: 10
BBIOOPKE HAPACTAIONIEr0 O0beMa, Ha <«CKOJIB3LAINEHl ceTKe» WM B BUIEC (DUIb-
Tpa [25]. IIpu srom jpurkenne UL Ha nHTEpBasie HAGIIOACHNS MOXKHO PACCMATPH-
BaTh KakK KyCOUHO-TIOJIMHOMUAIbHOE (B [20] OHO paccMaTpuBasioch Kak KyCOYHO-
JIMHEHOE ).

[Tpu npakTHIECKON peaTu3aIiu MEeTO/Ia BOSHUKAIOT BOIIPOCHI (HAIIPUMED, BbI-
0op cTereHn MOINHOMA, ONMUChIBaioniero apm:kenne VIl nim komnaecTsa momcan-
THIBAEMBIX HUMILYJILCOB), CBSI3aHHbIE C OpraHu3aluell M3MEepPUTETHLHONO JKCIIEePH-
MeHTa. B [25] naiores npakTuueckue peKOMEHIAIMA JJIsT PEIIeHNsT STHX BOIIPOCOB
B osiHOM oObeme. OUeBHIHO, ITO pa3sBUBaeMbIll MeTo Hanbosee 3pOEKTUBEH B
cllydae, Korja pedb uier o OOJIBbIINX HPOHJIEHHBIX PACCTOSIHUSIX (T.€. «CHHTE3U-
pyercs 6a3a» TOCTATOYHOTO pa3Mepa), a 9TO 3aJ1aeT OIPECICHHBIC OIPAHNICHIS
Ha tun UL (B yacTHOCTH Ha €ro CKOPOCTb, Ha BO3MOXKHOCTU MaHEBpa U T.JI.), HA
aJIEKBATHOCTb HCIIOJIb3YEMOI'O TOJIMHOMA, HA 3aJ[@aHHOM HHTEpBaJie HaOJIIOIeHS
n Ha Texamveckne xapakrepucruku COITH.

st cyaaes, cBsa3aHHBIX ¢ aBuzkenneM VI mo jguHumM BU3MpOBaHUsI, MOXKHO
[IPEJJIOKUTE THOPUHBIA BapUaHT UCIIOIb30BaHUsI PA3BUTOIO U M3BECTHOI'O SHEP-
reruueckoro Merosa [27]. JlokazaHo, 94TO JAHHBIA METOJ, ONEPUpPYOMuii ¢ OTHO-
CUTEJIbHBIM YPOBHEM MPUHUMAEMOI0 CHTHAJa, peajusyer npu japuzkernn ML mo
JINTHUW BU3UPOBAHUSI CBOW IMTOTEHIIMAJIbHBIE BO3MOKHOCTH. B HEKOTOPOM CMBICIIE
Pa3BUTHIN U SHEPIreTUIECKUIT METOIBI «OPTOTOHAIBHBI» APYT APYTY B ILIAHE TOY-
nocru. CireioBaTe/IbHO, KOMOMHUPYSI 3TH METOIbI, MOXKHO BBIPOBHSITH PabOUYIO
30HY THOPUIHOTO METO/a W JOCTUIDL IMPUEMJIEMBIX TOYHOCTHBIX XapaKTEPUCTUK
JIJIsT Pa3INIHBIX yeaoBuit Habomerust VI,

st 6ostee 3(pPEKTUBHOTNO MPUMEHEHUsT SHEPTETHIECKOT0 METO/A CJIeIyeT WC-
IT0JIb30BaTh MIPOIEYPhI KJIACTEPU3AINNA U MayKOPUTAPHON 00pabOTKM It PeLyK-
UM U OTCEBa HEHAJIEXKHBIX M3MEPEHUI.

9. NnimrocTpaTuBHBIA TpAMEDP

[Mpemonoxkum, uro UL ocymecTsisier miockocTHoe asuzkenue: x(t) = xg+
+vz0t, Y(t) =yo + vyot, TIe To =1y = 11-103, v,0 = —5-10%, vy = 6-10%
Yo = 85. Biech u jajee BpeMsi W IOTPENTHOCTH M3MEPEHHH BPEMEHHBIX WHTED-
BAJIOB 3aJIAI0TCS B CEKYHIaX (C), KOOPJUHATHI U JIAJLHOCTH — B MeTpax (M), CKO-
pocTh — B M/c, ycKopenme — B M/c?, wacTora — B reprax (I'm), yrom — B rpasycax,
OTHOCUTEJIbHAsS TOIPEIIHOCTh — B IPOIEHTAX.

NIT dpopmupyeT UMy ILCHBIN PATHOCUTHAT

K

So(t) = Z rect [(t — kTs) T '] cos (2mfot),
k=1
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OrHocurenbHast IIOTPEITHOCTDh OIICHUBAHUA JaJIbHOCTH.

rne Tg =102, Tt=107°, fy =10 Ilapamerper pa6orer COIIH: T = 18,
vg=c=3-10% L=1 (T.e. WCTIONB30BAH ONMH €JAWHCTBEHHBII HAOOD Y3JI0B),
Py =4 (pasmep mabopa), AM, = AM =10, K¢ = diag [02, ce 02], IpU 3TOM
[IOTPEITHOCTH U3MEPEHUN BPEMEHHOI'O IOJIOXKEHUsI (DPOHTOB MMITYJIbCOB II0OJIara-
JINCH HEKOPPEINPOBAHHBIMI T 3aTABAJIICH MO HOPMATLHOMY 3aKOHY PacIpeiese-
HUsI C HYJIEBBIM MaTEMaTHICCKUM OXKHUJIAHUEM WM 3HAYEHHEM CPeTHEKBaIpaTHIe-
cKoro oTKjoHeHnsa o = 1077,

Peanuzanus merosa ocyIecTBIsiIach B J[Ba dTala € HPUMEHEHHEM JIaTHH-
Ka CAyJaflHbIX 9HUCel U YCPeJTHEHWEM I10 ThICsiie KcrnepuMeHToB. Ha mepBom
srane pemasack CJIAY (4.8) ¢ xBagparHoii marpuneii B pasmepom 4 x 4 (110-
maramoch As = Ag = 0, Tak kak paccmarpuBaercs WIl ¢ mymeBBIM ycKOpeHU-
eM), IpH 3TOM JIJI pacdera 3JeMeHTOB MaTpullbl B u crosbna D wucrosb-
]T

30BaH BeKTOD ty) =ty + 811 = [tpyp,p = 1,4] ¢ momepanu ysmos: [1]1 =12,

[1)2 = 65, [1]3 = 118, [1J4 = 171, £y = [tp,p=L4] = [[1lp- 101, p=T1,4]".
N3 Bcex dYeThIpex OIEHOK HEM3BECTHBIX KOI(MD(DUIMEHTOB BBIOMPAETCS TOJTBKO
onenka nepuoga curtana Tgpp = 9,999999731646 - 1073 (momyuena Ha oOcCHOBe

nabopa t[l} = E[l] + 6[1]), KOTOPO# COOTBETCTBYET OTHOCUTEJIbHAadA IOIPEIIHOCTL
5Ty = 2,683540941544882 - 107°.

Ha BTOPOM 3Talle C yIeTOM 8[“? = tmp — M[l]pTS[l] = tmp — [1] pAMTSm pe-
mrasack CJIAY (5.1) ¢ kBagpatnoit marpureit Cpj (pasmepom 3 X 3), pu 9TOM

1" =1 9,15 171"

CaMa MaTpHIla 00pa30BaHa CTPOKAMMU € 2 —208[1]p, 2t[1)ps t[21}p) ,p=1,3. B uro-

X4 =X5 =0 u ucrnosb3zoBasics HAOOP ’E[l] = [f[l]p,p =1,3

re MCTHHHON mampHOCTH Ry = 1,555634918 - 10% COOTBETCTBYIOT OIIEHKA Ro[l} =
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= 1,559672203 - 10* u morpemHoCTH ARgpy = 0,259526489, ucrunnoil cKOpoOC-
T vy = 7,810249675 - 10 — ouenka vy = 7,821417156 - 10* u morpemmocTs
Avgyy = 0,142984942, mcruanomy yray Yo = 84,805571092 — onenxa Yoy =
= 84,761511501 u morpemmocts Ayqp; = 0,051953650.

Ha pucynke npejcrasien rpaduk 3aBUCHIMOCTH OTHOCUTEILHON ITOIPEITHOCTH
OlICHUBAHMUsI JIAJTLHOCTH, MOy YeHHbIH ¢ yueTom (7.4).

st 6osee 3PEKTUBHOTO UCHIOIB30BAHUS PA3pabOTAHHOIO B CTATHE METOMIA
BOIIPOC BBHIOOpA BEJUYUHBI MHTEpPBaJa HAOJIONEHNST U y3JI0B BPEMEHHOW CETKH,
a TaKzKe X COIJIacoBaHu« ¢ guHaMukoil jsrkenus: VI u Besmaunnoil morperrno-
cTeil n3MEpeHuit ciie/lyeT perarTh B ONTUMUABAIMOHHON TocTaHoBKe. [1pu perernn
CJIAY cremyeT npuBIeKaTh U3BECTHBIE METO/IBI PETYIIpU3aIni. Pe3ymbrarst quc-
JIEHHOT'O 9KCIIEPUMEHTA [TOKA3BIBAIOT, ITO YeM OOJIBIIE PACCTOSTHUE MEYKLY Y3JIAME
HUCIOJIb3yeMO BPEMEHHOU CeTKH!, TeM MeHbIllee BJINAHUE OKAa3bIBAaIOT CJLydYaliHble
[IOTPENTHOCTH M3MEPEHUN Ha PEe3yJIbTUPYIONIYI0O TOYHOCTDH OIEHUBAHU. JTO Pac-
CTOsIHUE JIOJIZKHO OBITH coryiacoBaHo ¢ juHamukoit VI, a mMeHHO: 1eM MeHbIIe
ckopocTh aBuzKenust VI, Tem Gosbine JOMKHBI OBITE ITAT 9TOW CETKN W JIIUTEb-
HOCTb UHTEpBaJa HAOJIOICHUS.

10. 3akirouenue

Pazpaborannerit [IBM mnospossier uaeHTUMUIMPOBATH MOJE/]Ib KPUBOJNHEH-
HOT'O TOJIMHOMHUAJILHOTO aBrzKkenns VI mo pesyiabraram permcrparun BpeMeH-
HOW HEBSI3KU MEXKJIy HEePUOJAMU U3JIYIeHHOTO CUTHAJA U TUMHU YKe IEePUOIAMU,
MTO/ICIUTAHHBIMI B TOUYKe HabsofeHus. MeTom He TpeOyeT 3HaHUs MEPUOIa CHUT-
HaJla U TpeIBapUTEbHON OIeHKN TeKyIeil yacToThl /loriepa, a Tak»Ke 3HAHUS
KaKUX-T100 alfpUOPHBIX JTAHHBIX O IMapaMeTpax MpUHITON Mogenn apuzkenus NI,
WccnenoBanbl HADIIOJAEMOCTh W OCHOBHBIE OTDAHUYECHUST METO/A, YCJIOBUSA €0
Hanbosee 3¢deKTuBHOrO mpuMeHenus. [loyeHbl aHATUTHIECKTE COOTHOIIEHNS,
ITO3BOJISIIONINE OIEHUTDH BOJIIONIIO BPEMEHHON HEBA3KM C YIETOM XapaKTEPUCTUK
NI u COIIH, a Tak:Ke TOYHOCTHBIE XapaKTEPUCTUKU METOHa JJIsl Pa3InIHbIX
YCJIOBUI HAOJIFOIEHUS.

MeTo/1 MOYKHO peajii30BaTh B PA3IUIHBIX BApPUAHTAX: 10 (DUKCUPOBAHHON BBI-
OOpKe M3MepeHnii, 10 BLIOOPKE M3MEpPEHN HAPACTAIOIIEro o0beMa, B BIIE aJiro-
puUTMa JMHAMIYECKOl (bpuibTpanun (JTUHEHHON, KBa3UIMHEHON 11 HeJTMHEeHHOT )
u Jp.

MeTom MoKeT OBITh Peaim30BaH KaK CAMOCTOSITEIbHO, TaK U B COCTaBE THOPU/I-
HOTO MeTOj1a, OObEeIMHSIONIErO JIPYTUe U3BECTHBIE MTOJIXO/bI TACCUBHON OJIHOTIO3H-
UOHHON m MHOTONO3UIMoHHON Jjokarun u Hapuraruu HII. Ilockosbky passu-
TBII METO/I TIO3BOJIAET OIIPEJIEIATh JIAJTLHOCTD, TO OH MOXKET ObITH HCIIOJIHL30BAaH B
JIAJIBHOMEPHO- TAJIbBHOMEPHBIX CHCTEMaX MHOTOIO3UIIMOHHON JIOKAIMH TIPU perlie-
HIUU U3BECTHOMN 3aja4uu Tpusiarepanun |21, 22|.

[Ipu masmuu B 11€puo/IO-BPEMEHHBIX U3MEPEHHUAX HE TOJIHKO (DIIyKTyaIllnoH-
HBIX OTDEITHOCTENH, HO U CHHTYJISIPHBIX OIMUOOK IeJIeCO00Pa3HO IepBOHAYAIBHO
[IOJIBEPIHYTH 3TH U3MEPEHUS IPOIeype 0O0DIEHHOI0 NHBAPUAHTHO-HECMEIEH-
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HOTrO olleHUBaHUs [28], obecrednBaionieii KOMIIEHCAIMIO TUX ONMOOK, JOCTUKe-
Hue sdderTa CrIaKuBaHus U ONTHMAJIBHOE OIEHMBAHNE DA3JIMIHBIX IHCJIOBBIX
XapaKTepuCTuK (JMHeHHbIX (BYHKIMOHAIOB, HAPUMED IIPOM3BOJHBIX, MHTErDa-
JIOB, CIIEKTPAJIBHBIX KOI(MDMUIMEHTOB U T.J1.), HOJE3HBIX HE TOJIBKO JIJIsl HOBBIIIE-
HUSI BBIYUCJIUTENBHON YCTORYINBOCTH METO/Ia, HO M OIEHKH ero 3 heKTHBHOCTH.
Host periennst CJTAY ¢ ucnosib30BaHIEM MIPOIEY Pl PETYIISIPU3AINE MOKHO [IPU-
MEHATH U3BECTHBII 11071x071 [29).
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