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K BOITPOCY O MEPE HABJIIOJAEMOCTHA

Po3risiHyTO OCHOBHI BifIOMi KINBKICHI XapaKTepPUCTHKU CIIOCTEPEKYBAHOCTI. YBEICHO [Bi HOBI
KIJBKICHI XapaKTepUCTHKH, LIO0 TO3BOJSAIOTH CYAWTH IPO CTYMiHb CIIOCTEPEKYBAHOCTI KOOpIAHWHAT
BEKTOpa CTaHy JIOCIIDKYBaHOi cucTeMH. lIpoaHaii30BaHO BHKOPHCTAHHS YBEICHHX KUIbKICHUX
XapaKTePUCTHK CHOCTEPE)KYBAHOCTI HA MNPHUKIAAI JOCII/DKEHHS CHPOIICHOI MO MOMHUIIOK
aBTOHOMHOI HaBiramii B TOpH30HTANbHIH IUIONIMHI, a TaKOX IPOBEACHE MOPIBHAHHS PO3TISTHYTHX Mip
CIIOCTEPEIKYBAHOCTI.

PaccMOTpeHBI OCHOBHBIC U3BECTHBIC KOJIMUECTBEHHBIC XapaKTEPUCTUKU HAaOII01aeMOCTH. BBeieHbI 1Be
HOBBI€ KOJIMYECTBEHHbBIC XapAaKTEPUCTUKH, IO3BOJSIONIME CYAUTb O CTEHNEHH HaOJ01aeMOCTH
KOOp/JMHAT BEKTOpAa COCTOSIHHSI HCCIIEyeMOW cucTeMbl. [IpoaHalm3MpoBaHO HCIOJIB30BaHHE
BBEJ/ICHHBIX KOJIMUECTBEHHBIX XapaKTEPUCTUK HAOII0JAEMOCTH Ha IPUMEPE MCCIICOBAHHS YIPOLICHHON
MOZIENM OMIMOOK AaBTOHOMHOW HAaBUTAIMM B TOPU3OHTAJIBHOW IUIOCKOCTH, a TaKXKe IPOBEICHO
CpaBHEHHE PACCMOTPEHHBIX MEp HAOJIFOIAeMOCTH.

The main known quantitative performances of an observability surveyed. Two new quantitative
performances are injected, permitting to judge extent of an observability of coordinates of state vector of
a researched system. Use of injected quantitative performances of an observability on an instance of
research of the simplified model of errors of autonomous horizontal plane navigation is analyzed, and
also comparison of the surveyed measures of an observability is carried out.

Beenenne. HaOmomaeMoCTh KOOpAMHAT BEKTOpPA COCTOSIHUSI CHCTEMBI
SIBIIIETCSL HEOOXOMUMBIM ycIoBUeM uisg ux 3¢dexktuBHOi ouenku [1]. TToatomy
Mepes CHHTE30M OLIEHHBAIONIETO YCTPOWCTBA, HAIpuUMep, HAOIIOJAIOIIEro
ycrpoiictBa unentudukaiun [2] win ¢uistpa Kanmana (DK) [2], Heo6xoxumo
HCCIIeIOBaTh CHCTEMY Ha HaOiromaeMocTh. [ 3TOro MOXHO BOCIOIB30BAThCS
W3BECTHBIMM KPUTEPHSIMH, OCHOBAaHHBIMH HAa TIIOCTPOGHHH U aHajM3e Tak
Ha3bIBAEMOW MaTpuUIbl HAOIIONAaeMOCTH cuUcTeMbl [3], HampuMep KpHTepHeM
Kanvana B ciydyae JMHEMHOM CTallMOHApHOM CHCTEMBI, JIOKQJIbHBIM U
MHTETPATbHBIM KPUTEPHAMH IS JIMHEHHOW HecTalMoHapHOM cucTeMbl. Ecmm
crcTeMa BIIOJIHE HAO0I0aeMa, MOKHO IPUCTYNUTh K TOCTPOCHHUIO YCTPOWCTBA
OLICHMBaHMA. B TNpoTHBHOM cilydyae HEOOXOAMMO BBIIBHTh HEHAOIIONaeMble
KOOPJMHATHI, HAIpUMEP C IOMOIIBI0 METOJOB, PACCMOTPEHHBIX B [4, 5]. anee
eciy HeHabIroJaeMble KOOPIMHATHI SIBISIFOTCST OOHApYXnuBaeMbIMu [ 6, 7], To Takxke
MOXXHO IPUCTYNIUTh K CHHTE3Y OLICHMBAIOIIEro YyCTpoicTBa. Ecimm xe
HeHa0mo1aeMble  KOOPIMHATEI HE SBIAIOTCA OOHApy)XKHBaeMBIMH W allpHOpH B
[IEJIOM CYIIECTBEHHO BJIMSIIOT Ha OMMOKY OIIEHKH BEKTOpPA COCTOSHHS CHUCTEMBI,
HYXKHO MOAH(MUIPOBATH CHCTEMY, HApUMEp, PACIIMPHUB €€ BEKTOP M3MEpPEHHUS.
MHuade, MOKHO BBIIOJTHHUTH PEAYKIHIO YCTPOHCTBA OIEHUBAHMUS, UCKIIOUNB U3 €TO0
BEKTOpa COCTOSIHMSI HEHAOJIIoflaeMble KOODJMHATBI, TEM CaMbIM, IIOBBICHB
3¢ PEeKTUBHOCTH OLEHKH OCTalbHBIX KoopauHaT [1]. O1HAKO Ha NMpaKTHKE MEXIy
ciabo HaOJIOAAaeMBIMM M HEHaOIOaeMBbIMH KOOPAMHATAMH IIPAKTHYECKH HET
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pasHuiel [1]. Tarke He Bcerga MOXHO 3apaHee ONPEAeNuTh, KaKhue HWMEHHO
KOOPJWHATHI OyZyT B LEIOM CHJIBHO WM CIa00 BIMATH HA TOYHOCTH OLICHUBAHMS
BEKTOpPa COCTOSIHUS CUCTEMBI. B 3THX YCIIOBHSIX CTAaHOBUTCS aKTyaJbHOW IpoOiieMa
orpezielieHust ¢1ab0 M XOpoulo HaOmogaeMblx KoopauHat. HemocpencrBenHoe
UCIIONIb30BAaHME YKa3aHHBIX KPUTEPHEB HAONIOAaeMOCTH HE pelIaeT JaHHYIo
npobyiemy. nst 3TOro HeoOXOAMMO BHauasie (GopMaiM30BaTh MOHSATHS ‘“XOPOIIO
HaOroTaeMasi KoopauHata”, “ciabo HaOmomaemas KoopauHara” u T.01. J{is aToro
HY)KHO  BBECTH  COOTBETCTBYIOUIYIO  KOJHMYECTBEHHYIO  XapaKTepPHCTHKY
HabmromaeMocTH. Takyro XapaKTepHUCTHKY Ha3bIBaIOT Mepoil HaOmogaemoctu [1, 8,
9]. Ucmonk3ys Takyio Mepy, MOKHO OTPEACIUTh cl1ab0 M XOPOIIO HabIro1aeMbIe
KOOPJWMHATHI ¥ IPUHATH PEIICHHE O PECTPYKTYPH3ALUH CUCTEMBI JUIS ITOBBILICHUS
3((HeKTUBHOCTH OIICHHBAHUS €€ BEKTOPa COCTOSHUSI.

AHaJIM3 NOCJIeJHUX HCcJe0BaHUH U myOumkaumii. OnpeneneHue TOro,
KakuM 00pa3oM Mepa J0JDKHA KOJMYECTBEHHO XapaKTepH30BaTh HAOII0IaeMOCTh
CHCTEeMbl WM OTAEJIbHOW KOMIIOHEHTHl BEKTOpa €€ COCTOSHHMS SIBIISETCS
HEeTpUBUANIBHON 3amadeld. [103TOMy CyLIECTBYIOT pas3iuuHble IOAXOIBI K €e
pemiennro. B paborax [1, 8, 9] ommcaHbl XapaKTEepUCTHKH, IO3BOJISIOIINE
KOJIMYECTBEHHO CYIUTh O HAOJII0aeMOCTH KOMIIOHEHT BEKTOpa COCTOSHUS
HCCIIEyeMOU CUCTEMBI.

IocTranoBKka 3amaum. Permraemoii B paboTe 3amaucii sBISCTCS BBEACHUC U
000CHOBaHHE IBYX HOBBIX KOJMYECTBEHHBIX XapaKTCPHCTHK HAaOJIOZaeMOCTH U
CpaBHEHHE uX ¢ u3BecTHbIMH [1, 8, 9].

N3noxenne matepuana. 3agavya HaOmoaeHNS HOPMYIUPYETCS CIEIYIOIINM
oOpaszom [4]. PaccmaTpuBaercs nuHeiHas cucTeMa, (yHKIIMOHUPOBAHUE KOTOPOM
MOAYMHSACTCS CIIETYIOINM YPAaBHEHUSIM

x=A(t)-x, 1)
z=H(t) -x, 2

rae X — N-MEpHBIA BEKTOpP COCTOsiHUs cucrtembl, A(t) — martpuma IWHAMHKA
CHCTEMBI pa3mepa NXN, Z —M-MepHbId BekTOp m3mepenuii, H(t) — marpuia
CBsI3U (M3MEpeHMs1) pa3Mepa Mxn .

Heo6X01MO OIIEHUTh BEKTOP COCTOSIHHSI CHCTEMBI X, HA OCHOBE M3MEPCHHUSI
Z . B Haiem ciy4yae Ha OCHOBAaHHH CTPYKTYpbI U 3HaYeHud Marpun A(t) u H(t)
HEOOXOIMMO BBISIBHUTH Cllab0 ¥  XOpomio HaOmogaemble  (OIEHHUBAECMBIE)
KOOpJMHATHI BEKTOpa X. PaccCMOTpHM CHavana yxe HEKOTOpPBIC CYIIECTBYIOLIHE
KOJIMYECTBCHHBIC  XapPaKTEPUCTHKH  HAOIIOaeMOCTH,  KOTOPhIE  MOXKHO
HCIIOJIB30BATh TS PEIIICHHST TAHHOM 3a1auH.

Hemepmunuposannas mepa Habnwooaemocmu. JlaHHas Mepa BBEICHA
H. A. ITapycHukoBbM 1 ero coaBropamu [9]. J[is mpocTOTHI MPEION0KHUM, YTO
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HccleIyeMas CucTeMa, 3anaBaemasi ypasaeHusMU (1), (2) ABisieTcs cTalliOHApHOM,
a TaKk)Ke UMeeT CKaJLIPHBIN BRIX0A. B 3TOM ciydae ypaBHeHHE (2) IpUMET BU

z=H-x,

rae X — N -MEpHbIH BEKTOP COCTOSIHUS CHCTEMBI, Z — CKalIsApHOE U3Mepenue, H
MAaTpUIA-CTPOKA U3MEPEHUS] CUCTEMBI pazMepoM 1xn .

Beesem Bektopt & =H', a,=A"-a,., a =A"-a ,. Bomonuum
PEKYPPEHTHYIO Hpoueaypy opToroHamuzauuu I'pamma-llIlMuara, cornacHo
KOTOPOil BEKTOPHI &, &,...,d, MOCIeA0BaTeIbHO NPeodpasyroTcs B BEKTOPHI U ,
Up,e..s Uj ... TAKHE, YTO:

‘trj‘zl mpu ;= 0; oy Luy, L. Lo,

l

) Uj+l = (aj+1 - aj+1)/‘aj+l - aj+1

u =g/

J_
* T
e a, = Z(aj+1~trk)~trk .
k

*

HpI/I O9TOM ¢€CJIM B IpoHecce OpTOroOHaIM3aluu BCJIMYHNHA ‘aj+l—aj+l

OKa3BIBACTCSI paBHOW HYIIO, JAHHBIA TPOIECC 3aKaHUYMBACTCSI, H HaDOp BEKTOPOB
{l:rl,trz,...[rj} Oyzer mpeAcTaBIATH Oa3uc HaAOIIOMaeMOr0 TOIIPOCTPAHCTBA

cuctemsl. Jlanee BBEAEM 3aMEHY IIEPEMEHHBIX:
y=U-x,y=F-y, z=Yy,,

\T R
rae U =(ul U, .. uj) ,(j<n).
Marpuna F=U-A-U™" umeer kBasutpeyrombHyio (opMmy. AGCOTIOTHbIE
3nauenus snementos (K =2, j) BepxHeii KBa3uauaroHanu JaHHOW MaTpPUIIBI

Y NIPENICTABISIFOT Mepy HaOJII0JaeMOCTH K -X KOOpJMHAT BeKTOpa Y !

He = ‘ fiak ‘ : 3)

3nech 4, —Mepa HabIr0JaeMOCTH KOOPAUHATEL Y, .

AITMTHBHAS TOTPENIHOCTD B M3MEPEHUH Z BXOIUT B OIIMOKY OLEHKH Y, C
MHOXHUTEIIEM OOpaTHO IPONOPLUHUOHANEHBEIM BemmuuHe 44 [9]. Ha ocHoBammmn
ATOTO MOXKHO CIEJaTh BBIBOM, uTO K -s1 KOOpAWHATA BEKTOpa Y SIBJISETCS ciabo

HabmogaeMoil, ecin g, <<1 u Xopomo HaOmogaeMOH B NPOTUBHOM CIydae.
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I[anee, YUYUThIBasE B3aMMOCBA3b y= U-x ,  MOXHO CYIUTb O CTCIICHU

Ha0JII01aeMOCTH KOOPANHAT BEKTOpa X .
Cmoxacmuueckas mepa nabmooaemocmu. JlaHHas Mepa TaKkKe BBEACHA
H. A. ITapycHukoBsIM 1 ero coaBTopamu [8]. Mepa 3amaercs Tak:

(4)

rae u; — Mepa Ha6J'I}O[[aeMOCTI/I i -if KOOpAUHATBI BEKTOPAa COCTOAHUA CHUCTEMBI,

p+i u pii — COOTBETCTBCHHO allOCTCPUOpHAd U allpyuoOpHasd AUCTICPCHUU OLCHKU

i -it KOOpIUHATBHI.

B cnydae wucnonp3oBaHus A oueHuBaHus DK, naHHBIE aucnepcun
MPE/ACTABISIOT JUArOHAIBHBIE HJIEMEHTHI COOTBETCTBEHHO AallOCTEPHOPHOH H
anpHOPHOM  KOPPEISIIMOHHBIX ~ MaTpHll OMmMOOK. XOopomo HaOIogaeMbIM
KOOpJMHATaM BEKTOPAa COCTOSIHUS CHCTEMBI COOTBETCTBYIOT 3HAUCHHS NaHHOU
Mepsl OM3KHe K 1, I10X0 HabIroaeMbIM — 3HaueHus Osm3kue K 0.

Mepa nabniooaemocmu, opueHmupoBaHHas HA Pearu3ayuio npoyecca OYeHKu
COCMOSIHUSL CUCEMbl C HOMOWbIO Memooa HaumeHvuux keéadpamos (MHK).
JlaHHas  KOJNMYECTBEHHAs  XapaKTePHCTHKAa  HaOIIONaeMOCTH  paccMOTpeHa
. B. Jle6enerbim 1 A. Y. Txkauenko [1].

Cuctema HOpMaibHbIX ypaBHeHHII MHK oTHOCHTENBHO KOOpAMHAT BEKTOpa
TEKyIIero coctossus cuctemsl (1), (2) mmeer Bu:

y(t;) = B(t)) - x(t;) , Q)
rae t;=j-At(j=0L12...) - juckpernoe Bpems, B(t;) - cummerpuueckas

Matpuia pasmepa nxn, y(t;) e R".

dopMupOBaHHE CUCTEMBI (5) BKJIIOYAET ATAIl IIPOTHO3A
B(tj+1) =F' (tj !tj+1) : B(tj) : F(tj !tj+1) )
Y(tj+1) =F' (tj ’tj+1) : Y(tj) )
X(tj+l) = Bil(tju) : y(tj+1) )
1 3Tan 00paboTKH N3MEPEHUH:
B"=B +H" W?.H,y =y +H" .W-.z.

3necs F(t,t.) — dyHnamenTansHas matpuia perrernii cucremsi (1), (2), W —

HEKOTOpasi HEBBIPOXKAEHHasl BecoBas Marpuua [l], BepxHue MHAEKCH “—” nm “+*
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0003HayaroT 3HAa4eHMS B W Yy COOTBETCTBEHHO [0 M Tmocie 00paboTKm
OYEpEAHOTO U3MEPEHHUSL.
Marpuny B(t;) MOXHO NpeAcTaBUTb B BUTIE

B(t;) =>4 -u, -1, (6)
k=1
rme 4 >0 (k=1Ln) - coGcrBeHHble 3HaueHums Martpuusl Bt J-) ,

U, = [ukl,ukz,...,ukn]T — COOTBETCTBYIOIME UM OPTOHOPMHPOBAHHEIE COOCTBEHHBIE

BEKTOPBI ATOI MaTpPHUIIBL.
B3anMocCBs3p  OIIMOKM OLEHWBAHMS BEKTOpa X — OX M OLIMOKH
¢opmupoBaHus BekTOpa Y — Oy, BBI3BAHHOH IOTPEIIHOCTSIMH H3MEpPCHHH B

MOMCHT BpEMCHHU tj B [ICPBOM HpI/I6J'II/DKeHI/II/I MOXHO IPpEACTaBUTh

B(t;) - (x+ &) = y(t;) + 5. ()

Ha ocroBanuu (6) u (7) MOXXHO 3alHCaTh:
X(t) = 2 AL Ut - y(), () =D A0 Uy -5 (8)
k=1 k=1

U3 (8) BHAHO, 4YTO KOOpAMHATA X; BEKTOpa X, YIOBIETBOPSIOLIEIO

ypaBHEHHUIO (5), TUIOXO OllEHUBaeMa B TOM M TOJHKO B TOM Clly4yae, €CJIM HaimeTcs

takoe i (1<i<n), uto A*-

u;

>>1. Takum o0Opa3oMm, B KadecTBE MepEI

HaOII0aeMOCTH | -l KOOpauHAaTel Bekropa X cuctembl (1), (2) MoOxHO
UCIIOJIb30BaTh CIEAYIOLIYIO BEIUIHHY:

uy = miax(ﬂql- U ) i=1n. 9)

Ecim p; >>1, 10 KoopamHaTa X; MIOXO HaOmI0OJaeMa, MHa4Ye — XOPOIUIO

HaOmogaema.

B naHHOI#1 cTaThe MpejiararoTcest 1B HOBbIE KOJIMUECTBEHHBIC XapaKTePUCTUKH
HaOmonaemoctu. Paccmorpum ux, mosaras cucremy (1), (2) Hecranmonaproii. B
Hayajle pacCMOTPHM Clly4al, KOrja pasMEepHOCTb N BEKTOpa COCTOSHHUS X H
pa3MepHOCTb M BEKTOpa W3MEPEHHs Z COBNAJAlOT, T.e. M=nN. B sTom cimyuae
ecan Mmatpuna msMepenus H(t) B HekoTOpblii MOMEHT BpeMeHH t sBisieTcs

HEBBIPOXKJIEHHOH, TO U3 (2) OHO3HAYHO HAXOJUTCS BEKTOP COCTOSHHS:

x=H7{t) z.
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Ha mpakthke, kKak TpaBWJIo, UMEIOT MECTO CiIy4yaw, Korja m<n, T.e. B
HEKOTOPBI MOMEHT BpeMeHU ! Henb3s OJHO3HAYHO ONpEAENIUTh BEKTOp X H3-3a
HEJ0CTaTKa JAaHHBIX. B STHUX YCIIOBUSIX €CTECTBEHHO PACIIUPUTh HCIOJIBb3YEeMYIO
HHPOPMALIMIO 332 CYST H3MEpCHH Oojice 4YeM B OJMH MOMEHT BPEMCHH, 4TO
AQHAJIOTMYHO MTOCTPOCHUIO CIEAYIONIEH CUCTEMbl YpaBHEHHUIA:

z=T1,-x, 2=(I1,- A+T1,)-x, ..., 2" =(I1, ,- A+IT,,)-x.  (10)

3mecs I1, =11, , - A(t)+1T, ,, k=1L n-1.
Cuctema (10) cocraBieHa u3 M-N-ypaBHEHUH OTHOCHTENFHO N HEM3BECTHBIX
KOOpauHAT BekTopa X . Ee 0606mmennoe pemenwe [10]:

x=M*.7", (11)

1)\
rae z'=(zT L (z<”l’))r, M:[HOT oo Hn_lT]r, M* -
MICEBI0OOpATHAS MATPHIIA JJis MaTpuiel M :

M =(M"-MJ" M, (12)

ITockonbky

; (13)

3733

ra¢ CHMBOJ — O3HaA4YacT BBIYHCIICHUC HpHCOC}IHHCHHOﬁ MaTpulbl, TO IJIA
OIINOKHU OIIPEACTICHHUS BEKTOpa X MOXKHO 3aIMCaTh:

(14)

3nech X — ommbOKa ompeneNieHUst BeKTopa X; o' — ommbka (pOpMHPOBaHHS
BEKTOpa Z', CBA3aHHAS C TIOTPEITHOCTSIMU U3MEPEHHHA.

Takum oGpazom, eciu det(MT -M)<< 1, To manas omuOka OZ' NpHUBENET K

OouIbIION OIMIMOKE OLIEHWBAHUS KAaKOM-TO M3 KOOPJIMHAT BEKTOpA COCTOSIHUS X . B
3TOM CIIyd4ae MOXKHO TOBOPHTE O c1ab0ii HabI0JaeMOCTH TaKOH KoopAuHATHI [1].
[TapameTtp

p=det(M™-M) (15)

MOJKHO HMCIOJIb30BAaTh KaK KOJMYCCTBCHHYIO XapaKTCPUCTUKY Ha6J'IIOZ[aGMOCTI/I.
3HadeHHe ,Ll<<1 TOBOpUT O HaJIWIUU c1abo Ha6J’IIOI[a€MBIX KOOpAUHAT

BEKTOpa COCTOSIHMS, B IPOTUBHOM CJIy4a€ BCE KOOPAUHATHI BEKTOpa X SBIISIKOTCS
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xopomo HabmomaeMpIMU. B nmanpHeidmieM OyaeM HasbBaTh JaHHYIO Mepy
0006uenHoll, T.K. OHA B IICTIOM XapaKTepU3yeT HAOI0JaeMOCTb CHCTEMBI.

Kpome ompernencHus npu3Haka HATHYHs C1a00 HAOJF0JaeMbIX KOOPJIMHAT, Ha
MPAaKTUKE Ba)XHO BBIACHUTH, KAaKHEe HWMEHHO KOOPIUHATHI BEKTOPAa COCTOSIHHS
SIBJISIOTCS ¢J1a00 HAOJII01aEMBIMH.

Ha ocnoBanmu (14) omubKy ompemeneHust |-id KOOPAMHATHI BEKTOpa X
MOJKHO TIPE/ICTaBUTH

m-n
ot ’ + ’ + ' + '
S =M - + My Sy MG, = My (16)
=l
rje M/, —snemeHt Matpunsl M *, cTosimuii Ha nepeceueHny ee i -i CTpoKU U -
ro cronbua; oz — j -i snemeHT BekTopa L.
W3 mpHBeI€HHOTO COOTHOIICHHUSI CIEAYET, YTO JUIsl XOPOLIei HaOI01aeMOCTH

KOOPZAMHATBI X; JIOCTaTOYHO, YTOOBI BCE 3JIEMEHTHI |-l CTpOKHM Matpuipl M ™

uMenu abcomoTHble 3HadeHus <1. Ecnu I HEKOTOPOTO diemeHTa M,

(1< j<m-n) naHHON MATPHUIIBI BEIIOIHAETCS COOTHOIIECHHUE ‘ml* i >>1, To Mmanas

ommOKa OZj MOXKET NPUBECTH K OONBIIONH OMMOKE OUEHKH | -H KOOpAMHATHI

BEKTOpa COCTOSIHUA X . B sTom cjIydgya€ KOOpAWHATy Xi MOYKHO CYHMTATh Cl1a0o

HaOII0JaEMOI.
Ha OCHOBaHUU BBIIIECKA3aHHOTO B KayecTBe KOJINYECTBEHHOM
XapaKTEPUCTUKK HAONIOMaeMOCTH |- KOOPIMHATHI BEKTOpAa X  BBEIEM

CJI/TYIOLIYIO MEpY:

+
]

yizmjame ) j=1im-n. a7

Ecan g4 >>1, 3HauuT KoopamHaTa X; sABIAeTCsS cllabo HaOiromaeMoi, B

MIPOTHBHOM CJIy4ae — XOpOIIO HaOI0AaeMOH.

EcrectBenno, mepel HaOmomaemoctu (15) m (17) mpuMEeHHMBI W IS
WCCJIEJIOBAaHMS CTAlMOHAPHBIX CHCTEM. TakuM 00pa3oM, B JONOJHEHHE K
CYIIECTBYIOIIMM, NPEUIOKEHBI JIBE HOBBIE MEpHl HAOJI0aeMOCTH, KOTOpHIE
OTJINYACT HAIIIAHOCTh U BHIYUCIUTENBHAS IPOCTOTA.

Crnenyer OTMETHTb, YTO KPUTHYHBIA TOPSIOK 3HAYeHHH I Mep
HaOJII01aeMOCTH 3a/iaBaeMbIXx cooTHommeHusmMu (3), (4), (9), a Takke BBEEHHBIMU
B naHHoi pabote (15) u (17) onpenensercs ycIoBUIMU KOHKPETHOM 3a/1a4u.

PaccMOTpUM HCIHONB30BaHUE BBEICHHBIX KOJHUYECTBEHHBIX XapaKTEPUCTUK
HaONIOaeMOCTH Ha MPUMEpe HCCIIEAOBAHUS YIPOIIEHHOW MOJEIH OLIMOOK
ABTOHOMHOW HaBUrallid B TOPHU30HTAIBHON IJIOCKOCTH, MOCTPOSHHOW JUIst
00BeKTa, ABMUKYIIETOCS C MAIBIMH YTJIAMH TaHTaka U KpeHa (cM. puc. 1).
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Puc. 1. OTxiIOHEHHE BHIMCICHHON BEPTUKAIN OT UCTUHHOM

Ilycte o« — Manplif yroil OTKJIOHEHMsS BBIYHUCIEHHONW BEpTHUKalIX N  OT
UCTHHHOU M. B 3TOM ciydae mokazanus akcenepomerpoB (AK), anropurmudeckn
MIPUBEICHHBIE K TOPU30HTAIIBHOM IITOCKOCTH, COJIEPIKAT «OIMMUO0YHOE)» YCKOPEHHE

SN=-g-a+a. (18)

3neck ¢ — 3HaYEHME yCKOPEHHS CHIIBI TSUKECTH; A& = Pr-(day + da;) — npoekuus

BEKTOpa CyMMapHO# OIIUOKU u3MepeHuid X -ro u Z -To AK Ha ock ¢ = (ImxN)xIm.

IIpy 3TOM «yXOm» BBIUHCIAEMONW C IOMOINBIO HABUTAIIMOHHOW CHCTEMBI
BEPTHKAIHN, OOYCIOBJIEHHBIH HHTErpupoBaHMeM yckopenus (18) um ommbkammn
rupockonoB (I'C), mogunnsieTcst 3aKkoHy

a= Q—k ow, (19)
R
rae R — paauyc semuoro chepouna; ow = Pr (0w, +0@;) — npoekuus BeKTOpa
cyMMapHO# omuOku n3MepeHuit X -rou z-ro[CHaoce & =nmxn.

Martpuia JTUHAMHUKA U BEKTOP COCTOSHHS CHCTEMBI, COCTaBJICHHBIC Ha Oase
ypasaenutii (18), (19), cnenyromiue:

0 -g 01
19 10
A=|R , X=(¥ a w &) . (20)
0 0 00
0 0 00

Ommnbk ow u S Oyaem cuurath KoHCTaHTamu, T.e. ow=0, /A =0.
CuntaeM, 4YTO HEMOCPEICTBEHHO U3MEPSIETCS TOJIBKO OIIMOKA 110 CKOPOCTH, T.€.
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H=1 0 0 0]. (21)

Cucrema, 3anaBaemas (20), (21) sBiseTcs cranroHapHOH, nopsaka N=4. Ha
OCHOBaHMHM KpuTepus HaOmomaemoctn KanmmaHna, cuctema sBisieTcs HE BIIOJHE

Habmomgaemoi, T.k. rank M =3<n=4, rne M - wmarpuua HabIIOJaEMOCTH,
cocraBjenHas Ha 0aze (20), (21).

Hns ompeneneHus HeHaOmogaemoil ommOku, mckmounM 3 (20), (21) mo
ouepeny OMMUOKY da, a 3aTeM AW , B PE3yJIbTaTe MOTYIHM CHCTEMBI:

0 -g O
A= % 0 1|, x=(% a &), (22)
0 0 0
0 -g 1
A= % 0 0|, x=(V a &), (23)
0 0 O
H=f o o] (24)

Ha ocHoBanmu kpurepus Habmogaemocti Kammana, cuctema (22), (24)
SIBJISIETCS BIIOJIHE HAOJr01aeMOiA, a cucteMa (23), (24) — He BrosiHe HAOJII01a€MO.

[Ipeanonoxum Tenepsb, 4TO U3MEPEHHS OMUOKU cKopocTH BJIA HelnOCTYIHBI,
OJTHAKO BO3MOKHO H3MEPHUTh YTOJI OTKIIOHCHHUSI BEPTUKAH ¢ . B 3TOM ciydae:

H=[0 1 0] (25)

Tenepp, Ha ocHOBaHUM KpuTepusi HaOmomaemoctu Kanmana, cucrema
(22), (25) sBnsercs He BmoiHe HabOromaeMor, a cucrema (23), (25) BmosHe
HaOIr0MaeMa.

Takum 00pa3oM, B paMKax MPHHATON MOJENU OMIMOOK, /sl HAOIH0aeMOCTH
ommbku 'C dw nocTatouHo W3MeEpeHHs OMHUOKH OV, a Uil HaONI0JaeMOCTH
ommbkn AK da — m3mepenus yria « . B nanpHeiimem cucremy (22), (24) 6ymem
HaspiBaTh “‘cuctema ¢ I'C”, a cucremy (23), (25) — “cucrema ¢ AK”.

OmnpenenyM Ternepb KOJUYECTBEHHBIE XapaKTEPUCTUKU HAOIIOIAEMOCTH JUIs
cuctemsl ¢ I'C u cucremsr ¢ AK Ha 0CHOBE BBEJICHHBIX B JaHHOH CTaThe Mep.

Jlnst cucremsr ¢ I'C 3nauenne mepsl (15) u=g* =10* >> 1. 3nauenns meps
(17) mns ckopocTHOi ommOKH fi;, =1, M yrna oTkIOHeHHs BepTukanu g, ~ 0.1
u gmt ommbku m3mepenus I'C  uy, ~0.1. CnenoBarenbHO, Bce KOOPIHHATHI

BEKTOpa COCTOAHUA )IaHHOﬁ CHUCTEMBI ABJIAIOTCSA XOPOIIO Ha6J’IIO}IaeMBIMI/I.
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Jlns cucremsl ¢ AK 3nauenne Mepst Habmonaemocts (15) p=1/R* =610

(R=6378137.0 M [10]). Takoe Maioe 3HaYECHHE MEPHI TOBOPHUT O HAIUYUH CI1a00
HaOmromaeMbIx KoopamHaT. Ompenenum ciaabo HaOIOgaeMble KOOPAWHATHI C
nomompio Mephl (17). Tak kak 1y, ~6.4-10° >>1, u, =1 u u, ~6.4-10° >>1,
TO ommbka OV u ommoka AK sBistrores ¢i1abo HaOI01aEMBIMU.

Jlnst mpoBEpKM KOPPEKTHOCTH CIETaHHBIX 3aKITIOYEHUH, sl OHOOK dw U
d8 COOTBETCTBEHHO OBIIM CHHTE3MPOBAaHBl [Ba HAOJIONAIOIINX YCTPOMCTBa
uneHrupukanun Ha ocHoBe ypaBHeHus [2] x=(A—-K-H)-x+K-z, roe K —
Marpuua-cronden koddduruentos ycuienus (KY).

WsBectHo [2], uTOo mpH CHHTE3e HAOIIOJAOIIECTO YCTPOHCTBA BO3MOMKHO
3aJjaHue KauecTBa IEPEeXOJHOro Ipouecca. B maHHOM ciydae HaOJronaronue
YCTPOMCTBA CHHTE3UPOBAIUCH, YTOOBI OTHOCHUTEIbHAS OIIUOKA OIIEHHMBAHUS TOCIIE

10 ¢ dynkunonupoBanus O6bu1a MeHbIe 1%.
3nauenust matpunsl K g cucrem ¢ I'C u ¢ AK nony4usiuce cOOTBETCTBEHHO

crenyommvn: (3 -0.3 -0.1) u (l.9~107 3 6.4-107)T . bompmme Bo BTOpOM

cnyyae 3HadeHuss KY TOPHUBOAAT K YCHIICHHIO ONIMOOK H3MEPEHUs] U SIBISIOTCS
clAeACTBUEM claboi HaOMIOJaeMOCTH OIMOOK NV H  oda. JlaHHBIA BBIBOJ
MOJTHOCTBIO COTJIACYETCS C MOJYYCHHBIM BBIIIC PE3YIbTATOM.

CpaBHHM BBe/ICHHBIC HOBBIC MEpPhI HAOIO1aeMOCTH ¢ u3BecTHbIMH [1, 8, 9]. B
KayecTBE KPHUTCPHsS CPAaBHCHHS MPUMEM  COTJIACOBAHHOCTh  BBIBOJOB O
Ha0JIFO1aEMOCTH KOOPAMHAT BEKTOPOB cocTosiHust cucteMbl ¢ I'C u cuctemsr ¢ AK.

3HaueHUs OJemepMUHUPOBAHHON MEpPbl ¥ MEpbl OPHUEHTHPOBAHHOW Ha
HCIIONIb30BAaHUE Memo0d HAUMEHbUUX K6AOPAMOs BBIUUCICHHbBIC JJIS CHCTEMBI C
I'C mpencrasnens! B Tadi. 1, a qis cuctemsl ¢ AK — B Tab. 2.

Tabmmma 1
3HavyeHus Mep HabmogaemoctH, cuctema ¢ ['C
Mepa #é\/ /’la 1u5(u
JlerepMuHUpOBaHHAS Mepa 1 9.8 1
Mepa, opuenTrpoBanHas Ha MHK 0.56 0.023 0.04
Tabmuna 2
3naueHns Mep HabmomaeMocTH, cuctema ¢ AK
Mepa Hs, Hy M
JlerepMUHUpOBaHHAs Mepa 1.6:107 1 1
Mepa, opuentupoBannas Ha MHK 5-107 1.4-10° 1-10%
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Jnst cmoxacmuueckoti Mepsl MpUBeneM TpadUKH 3aBUCUMOCTEH OT BPEMEHH
3HAYeHUH Mep UI1 KOOPAWHAT BEKTOPOB COCTOSHHS PAacCMaTPHBAEMBIX CHCTEM
(npencrasyieHsl Ha puc. 2, puc. 3). JlaHHble 3HaYSHUS] BBIYHUCIICHBI COTIIacHO (4) Ha
OCHOBE JITaHHBIX MoJienpoBaHus padoTel DK, MoCTPOEHHBIX COOTBETCTBEHHO IS
cuctemsl ¢ I'C (cM. puc. 2) u cuctemsl ¢ AK (eum. puc. 3).
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Ha mnpuBeZeHHBIX PHCYHKaX MPUHSITHI CICAYIOIINE OOO3HAYCHUS ISl Mep
HabIrogaeMoOCTH: Mera_Vv — s &V, mera_ang — g o , mera_drw — it &w u
mera_dra— mia da.

Ha ocHoBe mpezcTaBleHHBIX pe3yJIbTaToB JieJlaeéM BBIBOJ, 4TO B cucteme ¢ ['C
BCE KOOPJMHATHI BEKTOPA COCTOSHUS CUCTEMBI XOPOIIO HAOJIIOAI0TCS, @ B CUCTEME
¢ AK xopomo HaOiromaercss yroil OTKJIOHEHHsS BEPTHUKAIM ¢ , OCTaJIbHBIC
KOOPJMHATHI — SIBJISIOTCS [I0XO HAOIIOMAEMbIMU. JTO TMOJHOCTHIO COOTBETCTBYET
BBIBOJIAM C/ICTaHHBIM Ha 0aze mep (15) u (17).

BoiBoabl. OTHOCUTENEHO BBEICHHBIX MEp HaOMI0aeMOCTH MOXHO OTMETUTh
cresyroniee.

e  PesynmbraThl HMX [pUMEHEHHs K aHanu3dy HaONI0JaeMOCTH  OLIMOOK
WHEpLUUABHON HAaBHTallMM  XOPOLIO  COIJIACYIOTCS C  pe3yJibTaTaMy,
MOJY4YEHHBIMU Ha OCHOBE UCIIOJIb30BAaHUsI U3BECTHBIX MEP.

e Tlo cpaBuenuto ¢ mepamu (4) u (9) BBeAeHHBIC XapaKTEPUCTHKHA O0IaIai0T
TEM MOPEUMYIIECTBOM, 4YTO [MO3BOJSIOT 0€3 CHHTE3a OLCHHUBAIOIIETO
YCTpO#CTBA TPEIBAPUTENHLHO OICHHTh HAOMIOAaeMOCTh M 3(PPEKTUBHOCTH
OLICHUBAHHS KOOP/IMHAT BEKTOPA COCTOSIHHSI CHCTEMBI.

e  Beencuasie anamutndeckue Mepsl (15) u (17) mO3BONSAIOT MOMYYHTH Ooee
MOJHYI0 HMHPOPMAIMI0O O HAOIIOAaEMOCTH CHCTEMbI, IO CPaBHEHHUIO C
kpurepueM Kanmana. C UX NOMOUIBIO, MOXKHO OINPEEIUTh COOTHOIICHHS U
JMana3oHbl 3HAYCHUI MapaMeTpoB CHCTEMBI, JJISi KOTOPBIX CHCTeMa OyaeT
“xopouro” HaOdogaema, “cia®o” HaOmoJaeMa WIM  HE  MOJHOCTBIO
Habomaema.
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