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be3onacHOCTh JBMXKEHMSI BO3IYIIHBIX CYIOB, CHEIUATbHBIX TPAHCHOPTHBIX
CPEICTB Ha a’3poJpOME BO MHOI'OM OIPEAEIIAETCS YPOBHEM OCHALIEHUS a3pojpoma
cUCTEMaMU HaOJIOJCHUSI U KOHTPOJIA Ha3eMHOTo JBMKeHUS. COBPEMEHHbIE CHUCTEMBbI
HAOIOCHNS, K KOTOPBIM OTHOCSITCSA paamojokaTopbl o03opa yetHoro moss (PJI
OJIIT), aspolpoMHBIE MHOIOINO3UIIMOHHBIE cucTeMbl HaOmoneHuss (MIICH-A) u
anmnaparypa CUCTEMbI aBTOMaTHuecKoro 3apucumoro Habmonenus (A3H-B) o6nanarot
BBICOKUMU TaKTHKO-TEXHUYCCKUMH XapaKTEPUCTHKAMH, MO3BOJIAIOIIUMHU
obOecrieunBath TpeOyeMblii YpOBEHb OE30MACHOCTH HA3EMHOTO JIBM)KCHHS Ha
aspoapome.  OpHako, MEPEUYUCICHHBIE  CHCTEMbl  HAOJIOJCHHS  SBISIOTCA
PAIUOTEXHUYECKUMHA CHUCTEMaMHd W, B CBS3M C OTHUM, IIOABEPKCHBI BIIMSHHIO
paguonoMex, KOTOpPbIE MOTYT CYIIECTBEHHO YXYAIIUTh HX TaKTUKO-TEXHUYECKUE
XapaKTEPUCTUKHU WM MOTHOCTHIO UCKITIOUUTh UX MCIOJIb30BAHHE 110 HA3HAYEHUIO.

[lepcnexkTuBHBIE ~ CHCTEMBbl  HAONIOJEHWSA, B  YaCTHOCTU  CHCTEMBI
BuOpoakyctuueckoro koHTpossi (BACHK), He moaBep>keHbl BIUSHUIO PaTUOTIOMEX,
MOTYT (YHKIHOHUPOBAaTh B JIIOOYIO MOrojly M B Jt000€ Bpems roja M CYTOK, HO
00J1a/1a10T CYIIECTBEHHBIM HEAOCTATKOM - HEBO3MOKHOCTBIO ONPEIEIIEHUS KOOPAUHAT
HEMOJABW)XHBIX OOBEKTOB Ha a’pojapome.  OTeuecTBEHHOW pa3pabOTKOM Takoi
CHUCTEMBI, YCIENTHO MPOIIEAIIEH UCIBITAHUS SBISICTCS BUOPOAKYCTUYECKasl CHCTEMa
«Tomot» pazpadborku AO «Konneps MAHC». BACHK «TomoT» npeacrasmisier coboit
HAa0Op pPa3HECEHHBIX B MPOCTPAHCTBE M PACIOJOKEHHBIX IO NEPUMETPY IUIOUIAAH
MaHEBpPHUPOBAHUS a’pOJIpOMa UYBCTBUTEIBHBIX JAaTYMKOB AaKyCTHUYECKUX BOJIH,
paboTaronyX MO MPUHIIMITY KOTEPEHTHOH pedIeKTOMETPHUH.

B nHayuHo-kBanudukairoHHoi paboTe Ha 0a3e MapKOBCKOW TE€OPUHU OLICHUBAHUS
CIIy4allHBIX  TIPOIECCOB  pa3pabOTaHbl ~AJITOPUTMBI  KOMIUIEKCHOM  00pabOTKH
uH(pOpMaIMU O JBUKEHUU OOBEKTOB B 30HE a’pOAPOMA, MPEIJIOKEHbI CTPYKTYpPHBIE
CXEMbl KOMIUIEKCHOW CHCTEMbI HAOJIIOJCHHS M KOHTPOJISI IBMDKCHHS Ha a’pojpoMe, a
TaKXK€ CJeJlaH BBIBOJ O LIEJIECOOOPAa3HOCTH CO3/1aHUsl KOMIUIEKCHOM CHCTEMBbI
HAOJIOICHUST M KOHTPOJISL JBUMIKEHUS Ha a’pojipoMme, 001alarolieil BO3MOKHOCTBIO

0OHapyKEeHHS] aHOMAJIbLHON paOOThI CHCTEMBI.



Kontpons u HabOmoaeHue 3a oObekTamu (BoszaymHbiMU cyfgamu (BC),
TpancnopTHeiMu  cnercpencteamu  (TCC) uw  T.a1.), HaxoASIIMMHUCS B  30HE
MaHEBpPHUPOBAHUS a3POJIpOMa OCYIIECTBIISIETCSI CHCTEMaMK HaOJI0ICHUsI, BXOSAIUMU B
COCTaB CHCTEMBbI HaOMIOAEHUS U KOHTposs a’spoapomHoro nasxenus (CHKAJL). B
cootBeTcTBUM ¢ Kiaccupukanuein UKAO cymiecTByloT 4eTbipe YpOBHSA (PYHKIIMOHAJIA
CHKAJl (mexnayHapomubii Tepmun — A-SMGCS — Advanced Surface Movement
Guidance and Control System).

Oyukiuonan CHKAJl ypoBus 1 Bximodaer ¢GyHKUMM HaOMOAEHUS 32
BO3JYIIHOM M HA3eMHOW OOCTaHOBKOHM, mpenocraBisieMble aucrneryepy. CHKAJL
OCYILIECTBJISIIOT ~ TPAeKTOPHYI0  00pabOTKM  MH(OpMaIMu, MOCTyHawIlie  oT
U3MEpUTENIeH KOOPAUHAT U MapaMeTPOB JBUKEHHUSI OObEKTOB B 30HE MaHEBPUPOBAHUS
a’poapoma.

B cocrtaB orobpaxaemoil mMH(pOpMaluMu O 30HE MaHEBPUPOBAHUS a’poApomMa
BXOAAT: cTOSHKUA BC; rpaHuUIIbl ¥ OCEBBIC JIMHUHU B3JIETHO-TTOCAT09HOM 1osiockl (BIIIT);
TPAHMIIBI U OCEBBIE JIMHUM MAaruCTPAJIbHBIX PYJIEKHBIX A0poxkek (MPJI); rpaHuusl
IIEPPOHOB; OCEBBbIE JIMHUM pyJexHbIX Jopoxkek (P/l); 30HBI OrpaHWYeHUN;
koopauHaTHeie otMeTkd BC u TCC u ap.

Peanuzamms ¢ynxknuit CHKAJL ypoBHs 1 He TpeOyeT ydacTusi CpEICTB
aBTOMAaTH3allMM U pachpeaesieHa MEXITy CpeACTBaMH 00pabOTKH JaHHBIX HAOJIOICHUS
¥ aBTOMaTU3UPOBAaHHBIMU pabounmu Mmectamu (APM) nucneryepos.

Oynkimonan CHKAJL yposust 2 Bximouaer ¢gynkiuu CHKAJL ypoBus 1, a
Takxe oToOpaxeHre koHQukToB Ha BIIIT nucneryepy.

Oyukuuonan CHKAJL ypoBust 3 Brimouaer gynkuuum CHKAJL ypoBus 2, a
TaKXe:

- Beigauy uHpopmanuu Hadmonenust Bcem BC u TCC B 30He MaHEBpUPOBaHUS
a’poApoMa;

- Bei1avy uHpopmaruu o kondumktax ooopynosanasiM BC u TCC;

- (pyHKIIMIO MapIIpyTU3aLUH, JOCTYITHYIO JUCIIETYEDPY.

®yuknuonan CHKAJI ypoBHs 3 nosmkeH nmo3oisath kaxaomy BC u TCC B 30He



MaHEBpPUPOBAHUSI a’3pOJIpOMa MUMETh MH(MOPMAIMI0O O MECTOMOJIOKEHUH BCEX APYIHX
BC u TCC. Cnenyer otmetuts, uto CHKAJI ypoBHs 3 npeanosnaraer, uto Bce BC u
TCC, nBuraromuecs B 30H¢ MaHEBPUPOBAHUS a3poJipoMa, 000PYI0BaHbI OTBETYMKAMU
CHUCTEMBI aBTOMATHYECKOTO 3aBUCUMOTo HaOmoaeHus: A3H-B.

Oynknuonan CHKAJL ypoBust 4 Brimouaer gynkinuu CHKAJL ypous 3, a
Tak)Ke MpeaocTaBiieHne MHGopMalMu 0 MapupyTax pylieHus obopynoBanHbiM BC u
TCC, npenocraBnenne napopMmanuu o koHpukTax Bcem BC u TC, pacuer BapuaHTOB
aBTOMATUYECKOTO pa3pelieHus KOH(IMKTHBIX CHUTyallMd W HX MPEJOCTaBICHUE
JUCIIETYEpY.

Hanpumep, oskcmyatrupyemas B Hacrosmee Bpems CHKAJL «Bera»
cootBercTByeT CHKAJL ypoBHs 2 1 0OpabaTeiBacT UHPOPMAIIUIO OT PaHOIOKaTOpa
0030pa snerHoro nosist (PJI OJIIT), asponpomuoro o630pHoro paguosnokaropa (AOPJI) u
a’pOAPOMHOIN MHOTOMO3UIIMOHHON cucTembl HaOmoaeHus (AMIICH) u cuctemsr A3H-
B. Heobxomumo otmeruth, uro uHpopmanus ot AOPJI umeeT HUBKUN TPUOPUTET.
CoBpeMeHHass aBTOMATHU3UPOBAHHASI CUCTEMa YMPABJICHUS BO3AYUIHBIM JIBUKEHUEM
(AC YB]Jl) «l'anaktuka», skcmutyatupyemas B MI[ AVBJ] B kadectBe pe3epBHOI,
conepxuT pynkuuu CHKAJL 4 ypoBHs.

Peanmuzauuss CHKAJ[ ypoBHeilt 2, 3, 4 mpeamnoiaraetr BBICOKYIO TOYHOCTb
onpenenenusi mectononoxenuss BC m TCC, ocHoBbIBaromytocsi Ha TpeOOBaHUSIX
NKAO wu pexoMeHmanMsx areHTcTBa EBpOKOHTpOJb. OIHAKO peanbHas TOYHOCThb
onpenenenuss koopauHat BC u TCC nanpsimyro 3aBucut ot TtouHoctu PJI OJIII u
AMIICH.

Takum 00pa3oM, B COCTaB KOMIUIEKCHOMW CHCTEMbI HA3€MHOTO HAOIOICHUS U
koHTposst aspoapomMuoro asuxeHus (KC HKAJI) noikHBI BXOOUTH CYHIECTBYIOIIUE
cucrembl Habmoaenust - PJI OJIII, AMIICH, A3H-B u nepcrnekTuBHas cucTeMa
BACHK. Ha pucynke 1 npuenena o6o6ménnas ctpykrypa KC HKHJI. Ocuosoit KC
HKH/JI sBisroTcs anropuTMbl KOMILIEKCHOM 00pabotku wumHbopmanuu (KOU) o
KOOpAMHATaX 0OBEKTOB B 30HE MaHEBPUPOBAHUS adpOIpomMa.

OcnoBoit KC sBisitoTcst anropuTMbl KOMIUIEKCHON 00paboTKu HH(pOpMAIIH



(KON) o xoopaumHaTtax OOBEKTOB B 30HE MaHEBpUpOBaHUs a’poapoma. CuHTE3
anroput™MoB KOU Oynem oCylIecTBISITh C HMCIOJIB30BAHUEM MAPKOBCKOW TEOPHUH

OlleHUBaHUs ciay4yaiHbIx mpoieccoB (MTOCII).

PJI OJIII
AMIICH > ATTOpHTM KOOPIHHATEI
KOMILTEKCHOH o0BeKTa
obpaboTkH —>
A3H-B > HHOPMAITHH
BACK

Pucynox 1. O606mennas crpykrypa KC HKH/]

Peanuzanus meton MTOCII npenmnonaraer pa3paboTKy MaTeMaTUueCKUX MOeen
mMmepurenern KC HKHJI. Yem anexkBaTHee MOJend peadbHBIM —MIPOIECCAM,
nporekatonuM B usMmepurensix (PJI OJIII, A-MIICH, A3H-B u BACHK), tem
sabdexTuBHEee OyayT paboTaTh KoMIUieKCHbIe anropuTMbl KOU, B OCHOBY KOTOpBIX
MOJIO’KEHBI ATU MOJICIIH.

W3mepenHoe 3HaueHWE TapameTpa JBWKEHUS OOBEKTa Ha BBIXOJE HU3MEPHUTEIS
JIOCTATOYHO YaCTO MPEACTABISCTCS B BUJIE

z,(t) = z(t) + &(1), (1)
riae z,(t)— u3MepeHHoe 3HaueHue mapaMmerpa, Z(t)— UCTHHHOE 3HaueHWe mapaMmeTrpa,
&, (t)— ommbka u3mMepuTess.

Ommbka wm3Mepurens, B OOIIEM Cily4yae, MMEET IOCTOSHHYIO (WM MEIJICHHO
MEHSIIOIIYIOCS ) ¥ (PITYKTYaIlMOHHYIO COCTaBIISIFONTYIO.

[locTosiHHast ~ cocTaBisOIIas  BbI3BAHA,  HANpUMeEp,  CHUCTEMATUYECKOU
COCTAaBIIAIONIEH METOJAMYECKON TMOTPEIIHOCTH W3MEPUTENsA, a TakKXe JIpyruMu
dakTopamu. OCOOEHHOCTHIO TMOCTOSIHHOM (MEIJIEHHO MEHSIOIICHCS) COCTaBJISIONICH
OIHUOKH U3MEPHUTEIIS SBIACTCS €€ MEJUICHHOE, KaK MPaBUII0, MOHOTOHHOE U3MEHEHHE

C TCUCHUCM BpCMCHHU.



dnykTyaloHHasI COCTaBJISIOLIAs o0OyclioBJIeHa  JI€WCTBUEM HIOMEX,
HECTAOUJIBHOCTSAMU B pabOTe M3MEPUTENs, TPACKTOPHBIMU (PIIYKTyalusiMu OOBEKTa
HaOmoaeHus U T.1. OIyKTyallmoHHAs COCTaBIISAIONIAs OLIMOKY M3MEpPEHUs IapameTpa
ABIIACTCS HEMpEACKa3yeMOoil HHU MO 3HaKy, HU mo BeinnuumHe. Kak mokasbiBaioT
UCCIIEJOBaHMsI TNPUMEHUTEIBHO K paccMaTpuBaeMoil 3ajaue (QUIyKTyallMOHHas
COCTaBJIAIIOLIAsl C JOCTATOYHOW CTENEHBIO aJeKBATHOCTH MOXET OBITh OIHCaHa
CTAIlMOHAPHBIM TayCCOBCKUM CIy4alHBIM MPOIECCOM C HYJIEBBIM MaTeMaTHYECKUM
OKUJAaHUEM U KOPPEISIIMOHHON (pyHKLIMEN Buaa

R(7) = aZe %I, (2)

rae 02 — mucrepcus (BIyKTyallHOHHOM COCTAaBJISIOIIEH OIIMOKM W3MEPUTENS; . —
IMpHHA CHEKTpa (IYKTyalui, ompenenseMas BBIPOKCHHEM Qp = T, ', THE Ty —
MIOCTOSTHHAS! BPEMEHU U3MEPHUTEIIS.

B cootBerctBUM ¢ (2) (ayKTyallMOHHas COCTaBISAOLIAS OIIMOKH H3MEpHUTENs

MOKET OBITH OIMCAaHa CTOXAaCTUYECKHUM I[I/I(i)CI)CpeHLII/IaJ'IBHBIM YPaBHCHUCM IICPBOI'O

ImopAaaKa

dez(t) /
gdt = —CZSEZ(L“) + ZCZSO'EZTlg(t), ez(tO) = €20, (3)

rie ng(t)— dopmupyromuii 6eblii TayCCOBCKUH IIyM.

Tak Kak NpakTUYecKas peaju3alus aJIropuTMOB OOpabOTKM HHPOpMalUU B
coBpemenHbix CHKAJl mnpousBomutcs B 1uudpoBoit ¢opme, TO CUTHAIBI, a,
CJIEIOBATENIbHO, W OMMOKM Ha BBIXOJE W3MEPUTENS JOJKHBI OBITh MPEICTABICHBI B
BUJIE PEKYpPEHTHBIX cooTHoueHu. Beipaxkenus (1) u (3) B 3TOM MOTYyT OBIThH
3amMcaHo B BUJIE

Z = Zg + &g, (4)
Exk = fe€ak—1 F VeNek—1, Ezk=0 = €20,(D)

rne f; = exp(—a.At) ; y. =+ 02(1 — f?); n.(k); — cnyuaiinas rayccoBckas
BEITMYMHA C HYJIEBHIM MAaTEeMATHUYECCKUM OKHJIAHUEM M €IMHHYHOUN mucriepcueit; At —
BEJTMYMHA I11ara JUCKPETU3AIINU.

Takum o6pazom, curHai Ha Beixojie usmepurenss CHKAJL MmoxxeT ObITh MOTHOCTHIO

onucaH BelpaxeHusiMu (4) u (5).



Kak nokazano na pucynke 1 B coctaB usmepureneit KC HKH/I BxoasT cucteMbl
HaOmoxaenus: PJI OJIII, A-MIICH, A3H-B u BACHK. Otu cucremsl onpenemnstor
KOOpJAMHATBI OOBEKTOB, HAXOMAIMXCSI B 30HE MaHEBPUPOBAHHUSA a’pojpoma.
OcHoBbIBasich Ha (4) u (5) 3anuineM BbIpaXXEHUS JJIi CUTHAJIOB, Ha BBIXOJIaX CHUCTEM
HaOJIIOIEHUS:

Xie = Xje + Exp (6)

i _ fi ol i .50
<c:xk - ﬁsxgxk—l + ysxnsk—li

Exk=0 = Ex0 (7)
Vi = Yk + & (8)
roor gjlzk = felygjl/k—l + Velynék—p ggllk:O = 33110’ 9)

gjizk = ﬁsiyggizk—l + Veiyn;k—li

g3izk:0 = %izo, 9)
rae uHaekc 1=1...4 onpeaenseT NpUHAIICKHOCTh TapaMeTpa K KOHKPETHOU cCUCTEME
na6monenus (PJI OJIII, A-MIICH, A3H-B u BACHK, cooTBeTCTBEHHO).

BBIXOHBIE CHTHAJIBI CHCTEM HAOJIIOJICHUS OINpPENesaoTcss BhIpakeHusMu (6)-(9).
Heobxogumo cdhopmupoBarh MOJAENH, OMUCHIBAIOIIME WM3MEHEHHE BO BpPEMEHU
WCTUHHBIX 3HAYEHUN KOOpAUHAT 00BeKTa. J{JIs1 9TOro HEOOX0UMO 3a/1aThCs TUIIOTE301
0 XapakTepe ABWKEHUS 00bEKTa M0 TEPPUTOPUM MaHEBPUPOBaHUS arpojipoma. OHaKo,
XapakTep MBWKEHHUS Pa3IUYHBIX OOBEKTOB pa3ivueH, Hampumep, ABuwxeHue BC 1o
BIIII, pynexHbIM OOpOXKKaM, NIEPPOHY U IBUKEHUE CIIELTPAHCIIOPTA, a TAKKE APYTUX
00BEKTOB HOCUT PA3IMYHBIN XapaKkTep U HE MOXET ObITh OMHUCAHO €AUHOU MOJENbIO C
JIOCTATOYHOW CTEMEHbI0 aJIeKBaTHOCTHU. (lienoBaTeNbHO, WMEET MECTO alpHOpHas
HEOMNpPEACICHHOCTh MOJIeJIe U3MEHEHHS BO BPEMEHM KOOpAMHAT OOBEKTOB Ha
TEPPUTOPUHN MAHEBPUPOBAHUS ad3POJIPOMa.

Jns mpeo1oneHust 3TOM anpuoOpHO HEONPEETEHHOCTH B MOJEIISIX U3MepeHui (6),
(8) BBIpa3MM UCTHUHHBIC 3HAUEHUSI KOOPAUHAT Yepe3 U3MEPEHHBIE 3HAUCHUS

Xje = Xj, = 1 (10)

i_

Yk = Yk Eji/k' (11)



Torma crpaBenMBBI CIEAYIOIIME YPaBHEHUS Ui WM3MEpPEHUN Ha BBIXOJE JBYX

JIFOOBIX CUCTEM HAOJIFOIECHUS

(xk _ xk) (xl+1 l+1 =0 (12) (yk yk) (yl+1 l+1 = 0. (13)

TeperpynmupoBaB >1eMeHTH B ypaBHeHnH (12) i (13) 1 BBIIONHUB 3aMeHy X} —

i+1 _ i+1 _
Xk Axkp yk Vi Aky,ja nojay4dacem
. i+1
Aprj = Exie — Exkc (14)
— ol i+1
Apyj = Eyk — Eyic - (15)

Bripaxxenus (14) u (15) npeacraBisitoT co6ol pa3HOCTh MEXYy U3MEPCHHSIMU Ha
BBIXOJIE CHUCTEM HAOJIOJICHUs, KOTOpPbIE /JIA ONPEIEICHHOCTH HAa30BEM Pa3HOCTHIO
u3mepenuii (PU). B (14) u (15) j=1,....L, tne L - MmakcumanbHO BO3MOXHOE unciio PU.
Jlnst paccmaTpuBaeMbix cucteM Habmogenus L=6. [Toactasmnss (7) u (8) B (14) u (15)

IoJTy4aeM BeIpakenus 1t PU

— £l ol i .0 i+1.i+1 i+1.,i+1

Akx,j _fexexk—l +ysxnsk—1 ex €xk—1 — Vex Mek—1s (16)
—_ fi ol i .1 i+1.i+1 i+1,,i+1

Agy _fsygyk—l T VeyNer—1 — Jey " Eyk—1 — Yey Mek-1- (17)

Oco0EHHOCTBIO (PYHKIIMOHAIBHOTO M KOHCTPYKTUBHOIO TOCTPOCHUS CHCTEM
HAOJIIOJICHUST SIBIISIETCSI B3aMMHAs HE3aBUCUMOCTh KAaHAJIOB M3MEPEHUs] KOOPJWHAT
o0bekTa. CnenoBarenbHO, B JalibHEHIIEM I1iesiecoo0pa3Ho cuHTe3 anroputmoB KOU
BBITIOJIHATh JJISI OJIHOTO M3 KaHAJOB H3MEPEHHS KOOpPAMHAT OOBEKTa, Hampumep,
KoOpAuHATHI X. JIJisl KaHala y aJirOpuT™M OyIeT UACHTUYHBIM. J[Jis 00JerdyeHus 3anucy B
JAJbHEUIIIEM HHICKC «X» OIYyCKaeTCs.

Ananusupys BoipaxkeHus (6)-(9) u (16), (17) mpuMEeHUTENBHO K 3ajJaue CHHTE3a
anroputMoB KOM Ha ocHoBe MTOCII onpenenum BEKTOpP COCTOSHMS, KOMIIOHEHTBI
KoToporo noaiexar onennBannio B KC HKH/I:

X = e e epogl™- (18)
JlnHaMuKa BEKTOpa COCTOSIHUS OMUCHIBACTCS] YPABHEHUEM:
Xi+1=®xx Xk +GxNk,  (19)

rac (I)xx - MaTpuia COCTOSAHUS, HCHYJICBbIC KOMIIOHCHTBI KOTOpOﬁ HUMCIOT BHU.

Oxx (LD =}, dxx 2= 12, dxx @)= 17, @yx (4.4)= 1



GX - MaTpuna BOSMYHICHI/IfI, HCHYJICBBIC KOMIIOHCHTLI KOTOpOﬁ HUMCIOT BU.

Gy =7} Gx(22) =77, GxB3=r2 ,Gx44)=r;

T
|l 2 3 4 ) .
Nk = [ngk "k Mok ngk} BEKTOP  BO3MYILEHHI, KOMIIOHEHTBI  KOTOPOTO

ONpeaesaoTCs BoIpaxXeHUsIMU (7).

Bexrop nabmoaenuss KC HKH/I, onpenensiercs Boipaskenusamu (16)

.
Yk =[Ak1 Ak2 Ak3 Aka Axs Axe] . (20)
I[I/IHaMI/IKa BCKTOpa Ha6J'IIOI[eHI/I$I OIIUCHIBACTCA ypaBHeHI/IeM:
Yi+1=Pyx Xk +Gy Wk, (21)

rac (I)YX - ManI/II_[a Ha6JII'OIICHI/ISI, HeHy.TIeBI:Ie KOMIIOHCHTBI KOTOpOﬁ HUMCIOT BU/I.
Oyx (LD = fL, Dyx (L2)=— 12, @yx (2D = L, Dy (23 =13, oy 3D = 1L,

3.4)=—f4 4,2)=f2 43)=—f3 52)= f2 54)=—f4
‘I)YX(’) giq)YX(1)—5"DYX(')— g’q)YX(’)—g’q)YX(’)— £
®yy (6,3) = 13, By (6,4)=—f2;

Gy - MaTpuua ouMOOK U3MEPEHU, HEHYJIEBbIE KOMIIOHEHTBI KOTOPOH UMEIOT BUA:

Gy (LD =7k, Gy (12)=—Z, Gy 2D =75, Gy (23 =73, GyBD)=r%, Gy B4 =77,

Gy (4.2) =72, Gy (4,3)=—r3, Gy (5.2 =72, Gy (5.4)=—y2, Gy (6,3)=—y2, Gy (6,4) =—y2;
1 2 3 47 y y
Wk = [ngk ngk ngk ngk} - BeKTOp HOFpeHIHOCTeI/I I/IBMepeHI/II/I.

3ajaya CMHTE3a ONTUMAIBHOIO AJITOPUTMA KOMILJIEKCHOW 00pabOTKH MH(GOpMALIMH

O JBIKEHWU OOBEKTOB B 30HE MAHEBPUPOBAHMUS a’pojpoMa (QopMyIHpyeTcs
(V) *
CJIEIYIOIIUM 00pa3oM: TpeOyeTcsl HANTH ONTHUMAJIBHYIO OLIEHKY BEKTOpa COCTOSIHUS X
, YIOBJICTBOPSIIONIYIO KPUTEPUIO MUHUMYMa TUCIIEPCUH OMMOKH olleHuBaHUs. OMMoOKy
OIICHUBAHUS OTIPEICTTUM KaK:
*
Ek = Xk —Xk.

Toraa xpuTepuil CUHTE3a ONPEAEIAETCS BEIPAKECHUEM:

K :minDg = T2
Xk Enﬁ(r}lDE M{EkEk}( )



B cooTBeTcTBHM ¢ METOAUKOH, H3I0KeHHOW B [5], Ha ocHoBanuu (18)-(22)

nostydeH anroput™m KOU:

T
Kk+1=[<1>xx P ®yy +Bxy }X

Xk 41 = @ xx Xk +Kk+1[Yk+1—‘I’YX Xﬂ (23) (24)

-1
T
X (Dnykq)Yx +Byy} )
Peaq=| @xx Pe®y +Byx |-
k+1 XX Pk @ yy +Bxx

3@
—Kk+1[BXY +(I’XXPk‘DY)(} )

B npencraBieHHBIX BBIpaXKEHUAX Byx =G XG-;( , Bxy =G XG-Yr » Byy =GyGy

* [V
Belpaxkenue misg Xy ONpeNensieT CTPYKTYPHYHO CXEMY KOMIUIEKCHOW CHCTEMBI

BTOpH‘-IHOﬁ 06pa6OTKI/I BBIXOJHBIX CHI'HAJIOB CHCTCM H&6JIIOI[€HI/I§I, PCAIU3YIOIIYIO

anroput™bl KOU, koTopas nmpeacTaBieHa Ha pUCYHKE 2.

_________________________
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Pucynok. 2. Ctpykrypnas cxema KC HKH/{

Ha crpykTypHOii cxeme BBeleHbl clenyoomue obo3HaueHus: BOPU — 6Gnok
dbopmupoBanus pasHoctd wuzMepeHui; BOHUW — O6nok ¢dopmupoBaHus HEBA30K

u3Mmepennit; BOOK — 650k dhopmupoBaHus OIEHOK KOOpAWHAT. VCmonb3ysl OIEHKY



* v
BCKTOpa COCTOAHHA Xk , KOMIIOHCHTaMMU KOTOPOro ABJIAKOTCA OIINOKHU HN3MCPCHUU

cucteM HaOmoneHus (18) ¢ momompto Beipakenuii (10), (11) B BOOK dopmupyercs
OIIEHKa KOOPJIMHAT O0BEKTa B 30HE MAaHEBPUPOBAHUSI a3POJPOMA.

Henocrarkom mnonydyenubix anroputmMoB KOMW, sBasercs TO, 4ro ISl MX
HOPMAaJIbHOM pabOThl HEOOXOUMO IITATHOE (DYHKIITMOHMPOBAHUE CUCTEM HAOJIOICHUS.
OpnHako, B peajbHbIX YCIOBUSIX JOBOJBHO YaCTO BOZHUKAIOT CUTYAllUH, KOT/Ia CUCTEMBbI
HaOMoeHUsT paboTal0T B aHOMAJIBHOM PEXKMME IO MPUYMHE OTKa30B, cOOEB U T.II.,
BBI3BAaHHBIX, HATIPUMED, YXYAIMIEHAEM ITOMEXOBOH 0OCTaHOBKH.

@dakT OTKa3a CUCTEMbl HAOJIOJICHUS OMNpPEIEICTCS €€ BCTPOCHHBIMU CPEJCTBAMU
KOHTpPOJISI, MIOCIIE YETO BBIXOJIHBIE JaHHbIE cucTeMbI He ncnoib3yroTcss B KC HKH/I. B
clydyae HapylmieHU (yHKIIMOHUPOBAHUS CUCTEMbl HAONIOJEHUS, HE TPUBOASIIUX K
noTepe paboTOCIOCOOHOCTH, CHUCTEMa KOHTPOJsi He OOHapykuBaeT (PakT OTkaza u
BBIXOJIHBIE JaHHBIE CUCTeMbI HaOmoAeHus ucnoiaszytorcs B KC HKH/I. Oto mpuBoaut
K YBEJIMYECHUIO, BO3MOKHO 3HAUYUTEIIBHOMY, OIIIMOKU OTNpEEICHUs KOOPJUHAT 00BEKTA.
Bo3MokHBI ciydad TOJHOE TIO/JABJICHHE TIOMEXaMH CHUCTEMbl HAONIOACHUS U
CJIe0BAaTEILHO HEBO3MOXKHOCTh HCMOJIb30BAHUS BBIXOJHBIX JaHHbIX OT Hee B KC
HKH/. Tlon aHoManbHBIM PEXUMOM paOOThI B JajibHEMIIEM OyJeM MOHUMATh TaKoe
(GyHKIIMOHUPOBAHUE CUCTEMBI HAOJIIOICHUS, TIPU KOTOPOM OHA (POPMUPYET BBIXOJIHBIE
CUTHAJIbI, HO €€ CPEJICTBA KOHTPOJII HE MOTYT OOHAPYKUTh (DaKT HAIMYUS HAPYIICHUM
ee ¢ynkuumonupoBanus. I[losTomy, akTyanbHOW 3amaudeld sBIAETCS OOHApyKEHUE
aHOMAJLHOTO peXrnMa paboThl cucTteMbl HaOmonenus, Bxomsmedn B8 KC HKH/. Jlns
3TOr0 TMOJy4YEHHble aiaroputmsl (23) — (25) cruenyer MAONONHUTH MPOLIEAYpPOU
0oOHapyKEeHUS HAPYIICHUH (PYHKITMOHUPOBAHUS CHCTEMBI.

CymiecTByeT HECKOJIBKO BO3MOXHBIX TOAXOJ0B K pa3paboTKe MpOIEayphl
oOHapyXeHHsI HapylieHui (YHKIMOHUPOBAHUS CHCTeMbl HaOmoneHus. B psane
MoHorpaduil TPENCTaBICHBI MOAXOMbI, CBSI3aHHBIE C BBEICHHEM B PACCMOTPEHUE

CIIy4ailHOrO HEU3BECTHOI'O BEKTOPA Yk , XapaKTEPU3YIOIIETO0 CTPYKTYpy U MapaMeTpbl

CHUCTEMBI B KaXK/IbIi MOMEHT BpeMeHHU. YpaBHeHue cocTosiHus (18) u nabmonenus (19)

OKa3bIBAKOTCA B 3TOM CJIY44aC 3aBUCUMBIMU OT U3MCHAKOLICTOCA B CJ'Iy‘-IElfIHBIC MOMCHTEI

10



BPEMEHU BEKTOpA Y -
OpnHako, BBEJIEHUE B PAaCCMOTPEHUE BEKTOpPA YKk CBS3aHO C HEOOXOIUMOCTh

OMMCAHUsl €ro TUHAMHUKU BO BPEMEHHM, T.€. C Pa3pabOTKONW MaTeMaTH4YECKUX MOJEIEH,
OTHCHIBAIOLINX U3MEHEHUE COCTOSIHUS CUCTEMbI HaOIIOICHNUS.

Haubonee npocToii © BMECTE C Te€M IMPOAYKTHBHBIA NMOAXOJ CBSI3aH K OLICHKOU
CBOMCTB KBaJpaTuyHOW (QOpMBI HEBSI30K M3MepeHuil. KBamparuunas ¢opma HEBSI30K

U3MEPEHUI MOXKET OBITh IIPE/ICTABIEHA BHIPAKEHUEM
T T  21.1(26)
Mk+1=Z 1| PYX P Pyy +Byy | Zkia
* ~ ~
rae Zki1 =[Yk+1—<byx Xk} - BEKTOP HEBSI30K M3MEPCHHUH, pACIIPEIACICHHBIN 10 3aKOHY

anq C M — cTeucHIMHU CBO6OIII>I IIpHu yCJIIOBHH, YTO BCC CUCTCMBEI Ha6JIIOI[CHI/ISI pa60Ta}0T

B IITAaTHOM PCKHUMC. HpH 3TOM YHCJIO M PaBHO pa3MEPHOCTH BEKTOpa Ha6JIIOI[eHI/I5L

IIyctb  coOblTME Fy,q SBISAETCS NPU3HAKOM  HCIpPaBHOW paboOTBI  Beel
COBOKYITHOCTH MH()OPMAaLlMOHHBIX KaHAJIOB, TOTJA!
P{Fk+1f = P{ak+1 <mk+1<bk41}=1-4,
TACay 1 H by,q — PACCYNTAHHBIC (— NPOLCHTHBIC MOPOTH IS CITyIaiHOTO YUCTIA 7k 1] -
BrinonHenue ycnoBus 741 €(a,b) sBISETCS MPU3HAKOM INTATHOM pabOTHI cHCTEM

naomoxaennss KC HKHJI, mpu3zHakoM aHOManbHOTO pEXHUMA SIBISIETCS YCIIOBUE

nk+1 2(a,b) MoxxHO mpoBecTH NeKOMNO3UIMWIO (26) M ONPENeNHTh KBAJPAaTHYHBIC

(GbopMBI HEBSI30K H3MEPEHUN MJIs1 KaXXJIoW cuctembl HaOmtogeHus, Bxojasmieit B KC

HKH/I. Torma kBagpatuunyto ¢popMy MPUMEHUTETBHO K KaXKI0W cucTeMe HaOI0IeH s

0003HauYUM ’7II< L1 @ YCTOBHS INTaTHOIO M AHOMANBHOIO PEKHMA - 77I|< +le(a',b') 151

My +1¢(a',b'), COOTBETCTBEHHO. BBeIéM mapametp 4 | spauenme koToporo OymeT

dbopMHUPOBATHCS 10 TPABIITY

il mi”lé(ai’b.i); (27).

i il
1 nk+1e(a ,b)

1



Beipaxxenne  (27)  ompenaensieT

IMpaBHJIO

OOHapyXeHUsI

(GYyHKIIMOHUPOBaHUS cucTeMbl HabmoneHus, Bxoasmen B KC HKH/I.

HApPYILICHUN

B B®OK Ha ocHOBe M3MEpeHUI OIleHKa 3HAYCHHH KOOpJAMHAT OOBEKTOB OyJET

OIPEIENATHCS BEIPAKEHUIMHU:
i i i *i
X, = Ay (Xk —Ex ),

yi =2 (yi—&5).

(28)
(29)

NHpekcel «x» W «y» y mnapamerpa PLI (28) u (29) orpaxarT daxr

MNPUHAAJIC)KKHOCTHU K KaHally U3MCPCHUA COOTBGTCTBYIOMGﬁ KOOPpJAHWHATEI.

CrpykrypHaa cxema KC HKH/I ¢ yueroMm mpounenaypsl onpenesieHus aHOMaJIbHOTO

PCKHUMa pa6OTBI CHCTCM Ha6HIOI[€HI/IH IMIPUBCACHA HA PUCYHKC 3.

1
1
1
1
1
i
: BE®PI
1
1
1
1
1
1
1

: . Pxy [

| X

1Y,

: k+] BOHU K

! v

i BOIIAP > <!

| T X'

! k+1

E BD®OK -

S
i ? i £ %
X1 Vi1 Xie+1-Vk+1

Pucynok 3. Crpykrypnas cxema KC HKHJI( ¢ mporenypoit oOHapy»KeHHsI aHOMaIbHOTO

pexxruMa)

Takum oOpazom, mo pesyibraraM BbimoiaHeHus HKP moxHO chopmynupoBath

CJIETYOIIINE BBIBOJIBI:

1. HpOBeI[eH aHaJIn3 CYHICCTBYIOIMUX W IICPCIICKTUBHBIX CHCTCM Ha6J'IIOI[eHI/I$I u

KOHTPOJISI JIBUKEHUS OOBEKTOB Ha TEPPUTOPUM a’dpPOAPOMA, KOTOPBIM IMO3BOJIMII

YCTAHOBUTD, YTO KaxKJasd U3 CUCTCM 06naz[aeT pPAAOM NPUHHUIHUIINAIIBHO HCYCTPAHHUMBbBIX
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HEJIOCTaTKOB, KOTOpPbIE MOTYT OBbITh KOMIIEHCUPOBAHbl B KOMIUIEKCHOW CHCTEME
HaOmonennss u koHtposs gBwkeHus (KC HKHJI) wa Ttepputopum aspomapoma,
UCIIOJIb3YIOIIEeH BBIXOJHbBIC JaHHBIE CUCTEM HAOIIOACHHUS.

2. Pa3paboranbl MaTeMaTHUYECKHE€ MOJEIN BBIXOJHBIX CHTHAJIOB CHCTEM
HAOJIOICHUS], OTJIMYAIOIIMECS OT M3BECTHBIX TEM, YTO OHHM pa3paboTaHbl HA OCHOBE
HKCIIPUMEHTAIBHBIX JaHHBIX. [[OrpeIIHOCTH BBIXOIHBIX CUTHAJIOB MPEACTABIISIO0 COOOM
YpaBHEHUSI aBTOPETPECUU NIEPBOTO M BTOPOr0 MOPSAIKA.

3. Ha oOCHOBE TEOpUM OLECHHMBAaHHAS MAapKOBCKHX CIIyYalHbBIX MPOLECCOB
pa3paboTaHbl aNTOPUTBMBI KOMIUIEKCHON 00paboTku WHGOpPMAIMU JTOTOJTHEHHbBIE
IPOLEIYPOH KOHTPOJISI LETOCTHOCTH HH(POPMALMOHHBIX3 KaHAJIOB M OTIMYAIOIIMECS
BO3MOXKHOCTBIO peKkoHpurypanuu nadopmarmontoi yactu KC HKH/I.

4. Pa3zpaborana ctpykrypHas cxema KC HKH/I Ha Tepputopun aspoapoma.

13



