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Ob OHEHKAX CTATUCTUKH OHIMBOK IUNJIOTUPOBAHUSI
N BEPOATHOCTHU CBOs CHYTHUKOBOU HABUT'AHTMOHHOU CUCTEMBbI

B.JI. KY3HEIIOB, E.C. TOPSITYEHKOBA

Pa3BuBaeTcst HOBBINM MOAXO K 3aJa4e COBMECTHON 00paOOTKHM TaHHBIX O MOJIOXKEHUH BO3LYLTHOTO CYHA C TOMOIIBIO
CIIyTHUKOBOW HaBUTaIMOHHOHN CHCTEMBI M CHCTEMBI BTOPHYHBIX 0030pHBIX paanoiokaTopoB. Llens 3amaum — momydeHne
OLICHOK Ul paclpeAeiIeHHH COOCTBEHHBIX OIMMOOK CHCTEM KOHTPOIS M ONIMOOK NWJIOTHPOBAHUS. YUIHTHIBACTCS
BO3MOJXKHasi CTaTUCTUYECKas 3aBHCHMOCTh MEXIy ONIMOKaMM MHJIOTHPOBAHHMS W OMIMOKAMH JAHHBIX CITyTHHKOBOW
HaBUTAI[HOHHON CUCTEMBI.

KJIlO‘-IeBbIe cJIoBa: 0HII/I6KI/I MAJIOTUPOBAHNA, 0HII/I6KI/I I/I3MepI/ITeHLHOﬁ CUCTEMBI, METO/, q)pre-cenapauI/H/I.
BBenenune

To o00CTOSTENBbCTBO, YTO BEMIATEIBLHOE aBTOMATHYeCKOoe 3aBucuMmoe HaOmonenue (A3H-B)
paccMaTpuBaeTCsl B HACTOsIEe BpeMs Kak IEPCIEeKTHBHAs CHCTeMa HaONIONEHUS OOCITyKHUBaHHSI
Bo3nymHOro JnBrkeHus (OBJI), cTUMynIMpoOBaso MOMOJHHUTEIBHBIH HWHTEPEC K HCCIIECIOBAHUIO
HAJICKHOCTH M3MEpEeHH CIyTHUKOBBIX HaBurannoHHbX cucteM (CHC). A3H-B mpennonaraer, uto
KOOpAMHATHl Kaxkaoro Bo3aymHoro cynHa (BC), onpenensiemble Ha OOpTy, NepenaroTcs IUCHETYepy
I1si ucnionb3oBanust B cucreme OBJl. MoxHO Takke MpeanosioxkuTh, 4To ¢ BBeneHnuem A3H-B
nanabie CHC odunmanpHO OyaeT pa3pemeHo uemoiab30Bath npu nuinotupoBanuu BC. B atom cinyuae
NOTEHIMAJILHO BO3MOXHBIE OmUOKH, cOon B pabore CHC kak M3MEpUTENBHOW CHUCTEMBI MOTYT
CKa3aThCS Ha CTAaTHCTUKE OIMMOOK MHIOTHpPOBaHUSA. B pabore [1] KOHTpOIb LEIOCTHOCTH
uHpopmanuun A3H-B mnpeanoxeHO NpPOBOIUTH IMyTeM CpaBHEHUS H3MepeHuil koopauHat BC ¢
TaHHBIMU, TMOJIYYEHHBIMH OT HE3aBHUCUMOW CHUCTEMbl HAONIOACHMS, HANpPUMEpP, OT BTOPUUHBIX
0030pHBIX paguonokaropos (BOPJI).

B pabore [2] Obur mpemnoxken wMeTon (ypbe-cemapaidd JUIS  OLEHOK pacrpeaeiaeHuit
COOCTBEHHBIX OWIMOOK JABYX HE3aBHCHUMBIX CHCTEM KOHTpois mosiokeHuss BC u  ommbok
NHJIOTHPOBaHUs. JIAKOHMYHOCTh TpeAoKeHHoro B [1] pemieHuss BO MHOTOM  OIpeEaesiach
CTaTUCTHYECKOW HE3aBUCUMOCTHIO OLIMOOK NHJIOTHPOBAaHUS M cucTeM HaOmoaeHus. OpHako
ucnonp3oBanue naHHepix CHC pist ynmydmieHUss TOYHOCTH TNHUJIOTUPOBAHHUA JeNaeT TUIOTe3y O
HE3aBUCHMOCTH OIIMOOK HeaJeKBAaTHOW HOBOI MOCTaHOBKE 3a1a4yd. B 3Toi paboTe MbI mpeanpuMemM
MOMBITKY paclIUpeHus o0lacTh MpUMEHEHUs MeToja (Qypbe-cemapaluu Ha CiIy4aid Takoi
3aBHCUMOCTH M MOTYYHM (HOpMYIIBI AJIst OLIEHKH BeposiTHOCTH cOost B pabote CHC.

1. IocTaHoBKA 33241 M OCHOBHBIE T'HIIOTE3bI MOJEIHN

Paccmotpum nBukenne BC 1o miaHoBO# TpaeKTOPUU B COOTBETCTBUU C HEKOTOPBIM M3BECTHBIM

3akoHoM R = R, (t). Peanbro npu nosnere BC oTKIaHsA€TCS OT MIIAHOBOI TPAGKTOPHH, HMEET OIMOKH

NWJIOTUPOBAHUS F(t): R(t) - ﬁo (t), crarucTHyeckue XapaKTEPUCTUKU KOTOPBIX TpeOyeTcs orpere-

muth. byaem nosnarars, 4to nojoxkenue BC B npocTpaHCTBE OTCIIEKUBAETCS C TOMOILIBIO BYX HE3a-
BUCUMBIX cucteM HaOmoaeHus - CHC u BropudHbIX 0030pHBIX pagauoiokaropoB (BOPJI), xapakrepu-
3yeMbix cBouMH omubOkamu (puc. 1). ITockonbky mmioT (aBromwiot) ynpasiser BC, ommpasce Ha

nanusie CHC, To omm6Gku mmtotuposanus - T(t) n omm6ku CHC - 5(t) B Takoii mocTaHoBKe 3a1auu
HEJIb3sl CYUTATh CTATUCTHYECKU HE3aBHCHMBIMH.
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Puc. 1. [InanoBas (MyHKTHP) U peanbHas TPACKTOPHH
nemxennsa BC ¢ ormerkamu CHC u PJIC -maOmronennii

Omm6ku CHC MoxHO pa3aenuth Ha 2 kiacca: "ObICTphle”, CYIEeCTBEHHO H3MEHSIIOITNE CBOIO Be-
JUYUHY OT U3MEpPEHHs K U3MEPEHUIO, U "MeljIeHHbIe" — c1ab0 3BONIIOLMOHUPYIOUINE BO BpeMeHU. B
MocJIeTHEeM ciiydae Oynem roBoputh, uto B pabore CHC Habmomaercs c6oit. OTMETHUM, 9TO UMEHHO
MeJIJICHHbIe OUIMOKY MPEACTABIAIOT AJIs HAIlleH 3a/1aui 0COOBI MHTEPEC, MOCKOIBbKY OHH IMOCTE BEK-
TOPHOTO CYMMHUPOBAHHUS C OIIMOKOM NMUIOTUPOBAHUSI BOCIPUHUMAIOTCS SKHUITa’KEM Kak pealibHOE OT-
kjoHeHre BC oT mIaHOBBIX mapaMeTpoB mojera (puc. 2).

Hctunnoe
nonoxenue BC

[ImanoBoe
nonoxxenne BC

-

-

MeTtka
» / CHC
-
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Puc. 2. Otxnonenne merkn CHC oT niaHoBoi TPacKTOpHHU BC:
I' — orksionenue BC oT m1aHoBOI TPaeKTOpHK; O - MOTPENIHOCTh

M3MEPHUTENBHON cuctembl; T + O — otknonenne merku CHC
OT IUIAHOBOM TPAEKTOPUHU
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Habupas craructuxy nanasix CHC u Berumcnsas ¢ukcupyemble (HO HE pealibHble) OTKIOHEHUS
BC or nnaHOBOW TpaeKTOPHUH, MOXHO SKCIIEPUMEHTAIBHO IONY4YUTh pacupenenenue f, (F + ,5) On-

HAKO JUIsl ONpeNeNICHUs paclpeeIeHuil HCTUHHBIX OLIMOOK MUIOTHPOBAHUS — W, (F) u ommbox CHC
-Ww, (,B) 3THUX JAHHBIX SBHO HENOCTATOYHO. JlomogHHUTENbHAS HH(OPMAIUS MOXKET ObITh MOIy4eHa OT
BOPJI B Buzne pacnpenenenus f, (F +6 ) rae & — ouMbKH U3MEPEHUM PaMOIOKAMOHHON CUCTEMBI.
Ob6pabatsiBas ganee coBmectHO naHHbie ASH-B u PJIC, MoXHO Takke SKCIIEpUMEHTAIBHO MIOCTPOUTH
pacnpeneneHue fs(ﬁ—g ) B pa6ore [2] 3amaua 00 ompeneseHun pacrpeacacHui Wl(F), W, ([)) u
W, (5‘ ) pelanach B NPEINOIOKEHHH, YTO BCE OMMOKM: [, p U & - CTATHCTHYECKH HE3aBHCHMBL
3necy Mbl OyaeM monarath, uro ommbOku CHC M muioTHpOBaHUS CTATUCTHUYECKU CBS3aHBI, U CYIIE-
CTBYET MajieHbKasi, HO KOHEUHas BEPOSATHOCTH Toro, uro B pabore CHC wnabmomaercs cooi. byaem
T0J1arath 31€Ch TakXke, YTO pacrpeencHue omnook faHHbx BOPJT —w, (S ) U3BECTHO.

OcCHOBHBIE TUIIOTE3bI MOJEITU MOYKHO KPaTKO c(hOPMYIUPOBATH B BUJE CIEAYIOMINX MTOTOKEHHI:

1. TTunor (aBTommiot) ynpasiser BC Tak, uro0Osl ycpennennas ormerka CHC coBnagana c mia-
HOBOU Tpaektopuei nonera. [Ipu 3Tom nonaraem, 4To A€MCTBUS MUJIOTA HE 3aBUCAT OT TOTO, UCTIPaB-
Ha CHC unu oHa maer c6oii.

2. Mennennsie u ObicTpbie ommOku CHC cTaTUCTHYECKH HE3aBUCHMBI, TIOCKOJIBKY TTOPOKICHBI
Pa3TUYHBIMU PUZNIECKUMU MEXaHU3MAMHU.

3. OmuOKM NMUIOTUPOBAHMS TAK:KE€ MOTYT OBITh pa3JieIeHbl Ha JIBE€ IPYIMIbL: MepBasi MOpPOXKIeHa
memaneHHbiME ommmOkamu CHC U B COOTBETCTBUU C MEPBOM THUIIOTE30M OJHO3HAYHO OMPEIEISICTCS
MMM, a BTOpasi MOPOKJICHA CIIy4YallHIMU BHEITHUMHM BO3AeicTBUsIMUA HAa BC, TakuMu Kak CIBUT BETpa,
TypOyJIEHTHOCTb U T.1.

2. BbIBOJ OCHOBHBIX YPaBHEHH I MOIeJIH

Paccmotpum cHauana mpencrasinenue omu6ok CHC. IlpenctaBuM mosiHyl0 TEKYIVIO OLIHOKY

CHC - p B Buze cymmbl ObicTpoii —& U MEAJIEHHO MEHSIIOIIEHcs OMMO0K ,5 = é‘ + X BBoag o60-
o 1) (7 2) (~

3HAUEHUs IS PACIpPEIEICHUN ATUX BEJIIMYUH — Wg ) (f)n Wg )(X), IIPEICTaBUM MX COBMECTHOE pac-

npezicliCHHE B BUJIC
~ (£ ¥ V(E 7 )/ E 2 (v
W,(Z,X) = R’ (€)- 5(X) + Pl (£) - wi? (X) (1)
rae P, - BepositHocTs Toro, uto CHC pabotaer 6e3 c6oes; P, — BepositHOCTS MOsIBICHNUS cOOEB.

Jlia monrydenus pacupeneneHus W, (,5) BOCIIOJIb3YEMCSI CTaHAAPTHBIM IIpHeMoM: nepeiiaeM B (1)

K HOBbIM nepementbiM U =& + X, V.= X u npounterpupyem moiydeHHoe Bbipaxkenue mo V. B
pe3ynbTaTe NOIydaeM

w,(E + X):jdep(u,V)

e~ P+ PO @ -0 WO W) |, L e @
[Tepexons B (2) xk pypbe-oOpazam, HAXOAUM
W, () = Wi ()| P+ P (%) | 3)

[lepeiinem Tenepb K ONMUCAHUIO OMMOOK MHIIOTHPOBaHUSA. COBMECTHOE pacIpeesieHue OTKJIOHE-

Huii BC oT m1aHoBBIX mapameTpoB mosieta - Y u MmemieHHbIX omn6ok CHC MokeT ObITh TpeicTaBiie-
HO B BUJC
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—

W, (Y, X) = Rw (V) 5(X) + B w, . (Y 1 X) - Wi (X). (4)

Venosuas Bepostaocts W, o (Y / X)), durypupyromas B mociesem caraeMoM MpaBoif 4acTi

(4), oToOpakaeT CTATUCTUYECKYIO 3aBHCHUMOCTh OIMMOOK MHJIOTUPOBAHUS M MEJJICHHBIX ONIMOOK
CHC. [lns onpeneneHust 3TONW BEIUYMHBI BOCIOIb3YEMCS IEPBOIM THIIOTE30M MOJENN. 3aMETUM, YTO

CEYECHMS pacHpeaeICHU V~\IF % (V, )Z) npu X = CONSt mog00HBI ¢ TOYHOCTHIO 10 CABHTA, T.C.
~ Vi V3 V3 2 V3 Vi
WFX(Y+X,X):W§)(X)F(Y), (5)
rae F(Y) - nexoropas ynusepcanbHas GyHKIMS.
C npyroii CTOpOHHI,
~ va 7 7 v Vi Vi 2 Vi
W (Y + X, X)=w o (Y + X X)-wi? (X). (6)
N3 (5) u (6) momyuaem
W, . (Y + X, X)
W, (X)

=w, (Y + X[ X)=F(Y) (7)

U3 npusenennoro cootHoutenus Buano, uto W_ . (Y + X | X) ne 3apucur or X , .e. X moxer

F|X

ObITH MOOBIM, B yacTHOCTH, MOkHO Nosoxkuth X =0. Ho W_ . (Y +0|0) umeer cmbicn pacnperne-

FIX
JIeHUsI COOCTBEHHBIX OIMMOOK MUJIOTUPOBAHUS, MOPOXKJACHHBIX BHEITHUMHU BoznericTBusMu Ha BC —

WY (Y). C yuerom ckasanmoro ypasrenue (4) MOXKHO IIepeNHCaTh B BUIS

W, (Y, X) = R (Y)5(X) + P,wd (Y — X)wi? (X)) )

—

Unterpupys (8) mo X u mpoBos mpeobpasosanue Pypbe 1m0 Y , HAXOUM
W, (&) = w> (€) [, + P, w;” ()] (9)

[lepeiinem Tenepb K COOTHOLICHUSM, B KOTOPBIX Gurypupyrot omuoku BOPJI. TTockonbky oHM He
3aBucAT oT omOok CHC 1 He BIMAIOT HAa Ka4eCTBO MUIOTUPOBAHMS, TO COINIACHO pe3ybTaTaM pado-
ThI [2] MOXHO 3amucaTh:

f, () = w, ()W, () ; (10)
(1) = W, (&)W, ().

Heckonbko crnoxHee o0cTouT aeno ¢ pacnpeneneHueM otkioHeHudt Mmerok CHC. Omnako 31ech
Mbl BHOBb BOCIIOJIB3YCMCH HepBOfI FI/IHOTGSOﬁ, COrjaCHO KOTOpOfI MUJIOTUPOBAHUC OCYIICCTBIIACTCSA
Tak, kak eciau Ob1 memieHHble ommOku CHC orcyTcTBOBanmm BOBCE. ITO COOTBETCTBYET TOMY, YTO

pacripeesieHue fl(F + ,5) MMeeT OJMHAKOBBIA BU Kak mpu Hanmmuuu cboes B pabore CHC, tak u npu
MX OTCYTCTBHH. DTO MO3BOJISIET 3amucaTh ot f, (F + ,5) CIIEyIOIIee COOTHOIIIEHUE

f,(F+p) = j WO F + 5 - 7)WP(2)dz . (11)

Wnu mocne mpeoOpazoBanus Oypwe nosydaem
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f,(R) =’ (%) Wi (§) (12)

Tort ¢akt, uto dypbe-06pa3 ¢yHkMu pacnpenencHuss orkioHeHus Metok CHC He 3aBuCHT OT
HAJIMYMS WIK OTCYTCTBUS cOOEB, BUAMTCS BIIOJIHE €CTECTBEHHBIM, MOCKOJIbKY BC muioTupyercs Tak,
y100bI MeTKH CHC JI0XMIHCHh Kak MOYKHO OJIMIKE K IUIAaHOBOHM TpaeKTopuu mosera. M3-3a 3Toro Moxxer
co3J1aThCs BrievatieHue, yto craructuka Metok CHC He HeceT B cebe nH(popManuy 0 HaIUIUK COOEB.

Onnako, Kak 910 Oyzer nokasano jgauee, f,(K) BXoZuT B ABHOM BH/IE B BBIP&XKEHHUE JUIsl BEPOSITHOCTH
paboTsl cucteMbl 6e3 cOoeB.

BelnuieM tenepb COBMECTHO BCIO CUCTEMY YPaBHEHUH, OIPEACISAIOIIYI0O MAaTEMAaTUYECKYIO MO-
JIeTb Tpolecca perucTpanuu oTkiaoHeHuit BC oT mi1aHoBo# TpaeKTOpUU MojeTa
(%) = w (&) w;” (%)
£, (%) = W, (%) W, (%)
fa(€) =w, (€) wy () - (13)
W, () = Wi (&) | P, + Pwi? (%) |

w, (%) =W () [P, + P, w;” (%)]

3. Ouenka BepositHocTH c0osi B padore CHC

[Tpoananu3upyeM Ternepb BO3MOXHOCTh MOJTYYCHHS Ha OCHOBAaHUU cUCTEMBI (13) OIleHKH BEpOsIT-
HocTH cO0s B pabote CHC.

W3 BTOPOTO M TPETHETO YPAaBHEHHI CUCTEMBI CIEIYET, YTO
£(F) _ w(®)
f ()  w,(K)

W3 yeTBEepTOro u MATOrO ypaBHEHUH aHATIOTMYHO MOJy4aeM

w (%) W ()
W, (€)W ()

Takum oGpasom, pacnpenenerns W () 1 W? (£) cesasanbi Mexry co6oil COOTHOMICHHEM

fz(/Z)-ng)(IZ) _

A (=
W (K) = - (14)
f5(x)
[Toacrasnss (14) B mepBoe ypaBHeHue cuctemsl (13), Haxoaum
. f (<) f,(k
W0 (@) = [ LK) (15)
f5(x)

3amMeTHM, 4TO BBIpa’keHUE B IpaBoil yactu (15) coBnagaeT ¢ BeIpakeHHeM aast W, (k) , TOITydeH-
HBIM B pabote [2] mis cimydast, korna nanaeie CHC He HCnosb3yroTes Al KOPPEKIHU THIOTHPOBAHHS.
Ore-
Teneps, ucnonssys (14), Haxoaum Boipaxenne wiss W, (K) .

C yueroMm (15) m mocneqnero ypaBHeHus cucteMsl (13) Haxoaum, 4To
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_ f,(x)- f,(x _
P+ Pw@ (@)= [ 2B BE) Ay . (16)
f,(x)
Cootnomenue (16) npencrapnsier coboil BelpaxkeHue i Gpypbe-o0pasza GyHKIUU pacipeneiaeHus
memrennbix omubok CHC — F (X)) . IIpumersis k (16) o6patHoe mpeobpasoatne Pypbe, HAXOTHM

F(X)= g | [ LE) /ws(zz) | 17)
fl(K)

-1
rne - onepatop 00paTHOro npeodpazoBanus Oypre.

BepositHocTh oTcyTcTBUS cO0eB B pabore CHC — P, MOXHO ompeaenuTs Kak 3HaueHUe (yHKIUU
pacnipenenenust F(X) BOmu3M Hy:s, T.€. Kak uHTerpan ot F(X) mo manoii odnactu AQ, rue |X| <¢g,

T.e. TaM, r71e omnOka CHC MeHbIe momyctuMoro 3HadeHus. Toraa nekomasi BEpOsSITHOCTh TOSIBIICHUS
cboes Oyzner paBHa P, =1-F,.

Heo6xoauMocThs BBEACHHUS & — OKPECTHOCTH TIPH BBIYMCIICHHH MCKOMBIX BEPOSITHOCTEH CBs3aHA C
TEM, YTO BCC KOHerTHBIG BBIUHUCJIICHUA MOFyT 6BITI> pea.HI/I3OBaHI>I JIMIIb YUCJIICHHO. 3TO HpI/IBGI[GT K

TOMY, YTO CHHTYJISIpHAsi cocTaBisromas B pacnpeneneaun F(X) «pasmaxkercs», U moirydyaeMoe 3Ha-
yerue F(0)OymeT maBaTth O4eHb IpyObIC OIEHKH NCKOMBIX BEJTHYHH.

3akJjaroueHue

B paboTte pazBuBaeTcss HOBBIM MOJIXO/I K 3a/7a4e 00 OIEHKE pacmpe/eieHus] OITMOOK MUIOTHPOBa-
Hust BC Ha ocHOBaHMM 00pabOTKU CTATHUCTUYECKUX JAHHBIX, TTOJYYEHHBIX ¢ TTIOMOMIBIO IBYX HE3aBH-
CHUMBIX CHUCTEM HaOIOJIEHUS — CITYTHUKOBOW HABUTAITMOHHOW CHUCTEMBI M BTOPHYHBIX OO30pPHBIX pa-
I[I/IOJIOKaTOpOB. CyH_IGCTBGHHBIM ABJIACTCA TO, UTO B pa60Te HpGI[HOJIaFaGTCH BO3MOXHAadA CTATUCTHUYC-
CKasl CBSI3b MKy OIIMOKaMH MJIOTHPOBaHUs U omnOkamu nmoka3zanuii CHC.
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ESTIMATION PILOTING ERRORS STATISTICS
AND PROBABILITY OF SATELLITE NAVIGATION SYSTEM FAILURE

Kuznetsov V.L., Goryachenkova E.S.

A new approach to the problem of co-processing of data about the aircraft position with the help of satellite navigation

systems and secondary surveillance radar system is been developed. The purpose of the task is to obtain estimates of mis-

takes distribution for control systems and piloting errors. Possibility of a statistical relationship between piloting errors and
mistakes of satellite navigation system is taken into account.

Key words: piloting errors, measurement system errors, Fourier-separation method.
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