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AnHoOTanusA. TOYHOCTH U3MEPEHMS] MECTOTOJIOKEHHST BO3AYIIHBIX cyaoB (BC) Hampsmyro
BJIMsIET Ha 0€30MacHOCTh MOJETOB U ABISAETCS OHON M3 BaKHEUIIMX TAaKTUUYECKUX XapPAKTEPHCTUK.
BHenpeHne HOBBIX EPCIEKTUBHBIX CPEJCTB HAOIIOACHUS, TAKUX KAK MHOTOIIO3UI[MNOHHBIE CUCTEMBI
Habmoaenus (MIICH), MoxxeT 3HaUMTENbHO MOBBICUTh YPOBEHb 0€30MaCHOCTH MOJETOB, a TAK¥Ke
yIy4IIUTh 3QPEKTUBHOCTH UCIIOJIB30BAHUS BO3IYIIHOTO MMPOCTPAHCTBA. B crathbe paccMaTpuBaercs
3ajjaya yny4iieHus kadectBa (yHkumoHupoBaHuss MIICH u moOBBIIIEHHS TOYHOCTH OLIEHKU
koopauHaT Bo3AymHbIX cynoB (BC). TouHOCTh ompeneneHusi MECTONOJIOXKEHHS OImpeesiercs
MOTPEIIHOCTBI0 M3MEPEHUSI BPEMEHHU IPUXOJA CUTHANIA B YCJIOBUSAX BIIMSHUS LIYMOB M IOMEX.
CnyyaitHble BO3MYIIEHHSI HEOOXOMMO YUUTHIBATh JUIs o0ecnieueHns kauecTBeHHoi padotsl MIICH,
YTO JJOCTUTaeTcs MyTeM NmpuMeHeHHus MeTo10B KaamanoBckoii Teopun ¢unbrparmu. [lostomy ans
pellIeHuns 3a7aun oleHnBaHus nepeMeHHbIx coctosinusg MIICH npeanaraercs ucnonab3o0BaTh PUIBTP
Kanmana (®K). O¢ddexruBHocts npumenenus ¢uiabtpa Kanmana 3aBHCHT OT aJeKBaTHOCTH
MaTeMaTHYeCKUX MoOJeNell W pealbHbIX ImporeccoB. HerouHocTn Mojenei, cBsi3aHHbIE C
(YHKIIMOHMPOBAHUEM HABUTALIMOHHBIX CHCTEM, NPUBOIAT K pacxoaumoctu @DK. B pabote
MIPUBE/ICHBI PE3YyIbTaThl TEOPETHUECKUX HCCIECJOBAaHUM M HMMHUTALMOHHOTO MOJAETUPOBAHUS
npoueccoB GpynkuuronupoBanuss MIICH Ha ocHoBe peanuzaruu anroputma OK.
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Abstract. The accuracy of aircraft position measurements directly affects flight safety and is
one of the most important tactical characteristics. The introduction of new advanced surveillance
tools, such as multi-position surveillance systems (MPSS), can significantly increase the level of
flight safety, as well as improve the efficiency of airspace use. The authors consider the task of
improving the quality of MPSS functioning and increasing the accuracy of estimating the aircraft
coordinates. The accuracy of position-fixing is determined by the error in measuring the time of signal
arrival under the influence of noise and interference. Random disturbances must be taken into account
to ensure high-quality MPSS operation. This is achieved by applying the methods of Kalman filtration
theory. Therefore, to solve the problem of estimating the MPSS state variables, it is proposed to use
a Kalman filter (KF). The effectiveness of using the Kalman filter depends on the adequacy of
mathematical models and real processes. Model inaccuracies associated with the functioning of
navigation systems lead to KF divergence. The paper presents the results of theoretical studies and
simulating the MPSS functioning processes based on the implementation of the KF algorithm.

Keywords: Kalman filter, divergence of the filtering process, estimation algorithm, multi-
position surveillance system, random disturbances, aircraft.

BBenenue

['paxnaHckas aBualMs SBISIETCS AKTUBHO Pa3BUBAIONICHCS  OTPACIIbIO
MIPOMBIIIJIEHHOCTH U UTPAET BAKHYIO POJIb B 00ECIIEUEHNH SKOHOMUYECKOTO Pa3BUTHUS
Poccniickonn ®Penepanuu. YBENMYEHUE HMHTEHCUBHOCTH BO3AYIIHOIO JBHKECHHS



MOCTY>KUJIO HAYaJIOM MOJIEpHHU3aMKU EAMHON CUCTeMBbl OpraHu3aldd BO3AYIIHOTO
aswkenns (EC OpBJl). [ns obecneuenuss 3P¢heKTUBHOTO (PYHKIIMOHUPOBAHUS
cucteMbl YBJ[ nmpemaraercs HMCHONB30BaTh  MHOTOMO3HMIMOHHYK)  CHCTEMY
Habmoaenus (MIICH).

CucTeMHBI aHaIM3 MPHUHIMIIOB MOCTpoeHHst U ¢yHkmonupoanus MIICH
nokasay 3HauutenbHble npenmyniectBa MIICH mo cpaBHEHMIO ¢ CyIIECTBYIOIIUMHU
KJIACCUYECKUMH CPEACTBAMU HAOJIIOIEHUS] — BO3MOXHOCTD MCITOJIb30BAHUS CUCTEMBI
B TPYJHOAOCTYIIHBIX paliOHaxX JJIs PaJAMOJIOKALMOHHBIX CPEACTB, & TAKXKE IMPOCTOTA
obcnyxuBanus [Mccaenosanue..., 2023; Jlexankuu u ap., 2019].

TodHOCTH M3MEpEeHUs] MECTONONOKEHHsI BO3AyIHbIX cynoB (BC) Hanpsimyro
BIMSIET Ha 0€30IacHOCTh MOJETOB M SABISETCS OJHOW M3 Ba)XKHEMIIMX TaKTUYECKUX
XapaKTepUCTUK. BHeIpeHne HOBBIX MEPCIIEKTUBHBIX CPEACTB HAOIIIOIEHUS, TAKUX KaK
MIICH, MOXeT 3Ha4MTEeNbHO MOBBICUTH YPOBEHb 3(PPEKTUBHOCTU HCIIONH30BAHMS
BO3QyIIHOTO npoctpancTBa [Cuntes..., 2022]. Ilpn 3TOM Ba)XHOE 3HAYEHHUE UMEET
uccre10BaHne TOUHOCTHBIX XxapakTtepucTuk MIICH B 3aBucuMOCTH OT KOH(UTypauu
[IapaMETPOB CHCTEMBI.

TounocTs ompeneneHus Mecrononoxenuss BC Xxapakrepusyercs KadecTBOM
M3MEpPEHUs BPEMEHM NPHUXOJa CHUTHAJIa B YCJIOBUSX BIUSHUS IIYMOB M TIOMEX
[ApedneB u ap., 2021; Ilpumenenue..., 2021; Typunnes u ap., 2022]. Cnyvaitabie
BO3MYIIICHUS HEOOXOJUMO YYHUTHIBATh JIsi OOECIEUEHHS KAYEeCTBEHHOW padoThI
MIICH, 4ro pocTuraercs IMyTeM HOpUMEHEHHsT MeToJ0B KanmaHOBCKON Teopuu
¢unsTpanuu [Popmuposanue..., 2008; Using..., 2022]. [Ipu cuHTEe3e airoputMoB
orieHku napameTpoB MIICH, He0OX0UMO YUHUTHIBAThH CIydaiiHbIE BO3MYIICHUS JIJIS
oOecrieueHns KaueCTBEHHOU pabOThI B YCIOBUSX JIEUCTBYIOMIUX IITYMOB U TTIOMEX, YTO
JOCTUTAETCS MYTEM MPUMEHEHUS Pa3IMYHBbIX METOJIOB, B TOM YHCIIE, METOJOB
KanvanoBckoit Teopun Quibrpanuu. IGPEKTUBHOCT, NpUMEHEHUsS (UIBTpa
Kanmana (®K) cymiecTBeHHO 3aBUCUT OT CTEMEHH COOTBETCTBUS MAaTEMaTHUYECKHUX
MOJIeJIE  pealdbHbIM  mOpoleccaMmM. HeTrodyHocTM  MOAEneH, CBS3AaHHBIE C
(YHKIITMOHUPOBAHUEM PaJMOHABUTALIMOHHBIX CHUCTEM, TPUBOJAT K TMOSIBJICHUIO
addekra pacxogumoctu OK.

Ha ocHoBe aHanm3a BBIIEH3TI0KEHHOTO MOYHO CHIEJIaTh BBIBOJ O TOM, YTO
uccae0BaHie TOYHOCTHBIX xapakTtepucTuk MIICH u noBeienue 3¢ pexTuBHOCTH
onpeneneuuss koopauHatr BC B ycClOBHSX BO3ICHCTBUS CIIyYalHBIX BO3MYILICHUUN
ABJISIETCA AKTyaJIbHOM HAyYHO-HUCCIIEI0BATEIBCKOMN 3a1a4eH.

[ens paboThl — pa3zpaboTKa anropuTMa ONPECICHHS IEPEMEHHBIX BEKTOPA
COCTOSIHUSI MHOTOTIO3UITMOHHOW CUCTEMbI HAOJIOICHUS U UCCIICOBAHUE
PacXOJUMOCTH MPOIECCOB (QUITBTPAIIHIH.



IlocTaHoBKa 3ag1a4uun

B ocnoBe mnpunnuna paGorst MIICH mnpu omnpeneneHuun moONOKEHUS
npuémoorBetTunka BC nexar wu3MepeHHsT HAa MPUEMHBIX DYHKTaX 3HAYCHHM
IICEBA03AEPKKU MMPUHATBIX CUTHAJIOB, KOTOPbIE MOYKHO IIPEACTABUTH B BUJIE:

U, (t)= gsi (t,f,fm)+ n(t),
S (t, 7, f H,.) ~AG,, (t - %i)GHC (t _z, )cos(%.(t Cr) i) =
—AG,, (t _z, )GHC (t 7 )cos(a)ol.t vorlf , (v)dv+g,),

rae S, (t, i, f m) — ipuHUMaeMbiit i-biM T1I1 curnan ¢ ammuTynou 4i,; woei— Hecyias

4acToTa; (oj — CiydaiiHas HadanpHas (asa; 7i — nceBmosazepxkka; f . —

TICEBIOJOIUIEPOBCKOE CMEIIEHHE YacTOThL; G (t —Ti j G, (t —Ti j — KOOpAWHATHAs

4acTh B BUJE NpeamMOysbl U HHPOPMALIMOHHOE COOOIICHHE, CoIepKallee TaHHbIE O
BO3AYIIHOM CYJHE, MMapaMeTpax €ro JBHKCHUS, n(t) — Oenbli TayCCOBCKUHM TIyM

(BT'II).

N3MepeHHy10 NCEBA0IAIBHOCTD MPEICTABUM B BUJIE:

Di=cri=D,+ B, =/(x —X) +(y,—y) +(z, —2) + D, , (1)

rne D, — paccrostaue ot BC no i-if npuemnoit cranimu; X, Y, Z — koopauaatsel BC; 7
— U3MEPEHHOE 3HAaYeHUE BpEMEHH Npuxoaa curaaia ot BC 1o mpueMHOTO MyHKTa; C
— CKOPOCTB paciupocTpaHeHus paanoBoiH; D, — morpemHocTs n3MepeHns JaabHOCTH.

Bce miceBgonanbHOMEpHBIE M3MEPEHUS] MOXKHO OOBEAMHUTH B BEKTOD,
COCTOSIIIINI U3 CUTHAJIOB N BUJUMBIX TPUEMHBIX CTaHIIUMN:

y(tv)z[sl(tv,%l, fﬂljm“,sz(tv,%z, fﬂzjmjz,...,sn(tv,%n, fﬂn}rnm} , (2)

rie n,l=1n - muckpetsie BI'TIT (ABI'I) c HyleBhIMH MaTeMaTHUYECKUMU

i

OKUJIaHUSMH U JTUCTICPCUCH (J'n2 =N,/ (2Td ); T, =t, —t,, — mar quckpeTnsanuu.

CuHTe3 aJIropuT™Ma

[IpumeHuTenbHO K 3aJaue JUCKPETHOW (uIbTpanuu, B MPEANOIOKECHUN
MapkoBckoro xapakrepa Impouecca X,, aIrOPUTM BBIYHACICHUS 3HAYCHHUU

anocTepuoOpHON MIOTHOCTH BepoaTHocTH (AIIB) umeer Bua:



p(x,[&)=cp(y.|x,)p(x,]E"), 3)
p(x,[&™)=1"p(x L[ )ep(x,|x,,)dx, ., (4)
P(%,[&5) = P,y (X,)- 5)

VpaBaenus (3) — (5) MO3BOJSIIOT PEKYPPEHTHO BBIYMCIATH 3HadueHue AIIB
p(XV V) Ha V-M IIIare Mo COOTBETCTBYIOIIEMY 3HAYCHHWIO TOW K€ IUIOTHOCTH Ha
npenasiaymeM mare. HauanpHbIe YCIOBUS M7l TaKOH PEKYppPEHTHON MPOLEAYpHI
OMKCBIBAIOTCS BBIPAKEHUEM (5).

HpI/I HCIIOJIB30BAHNN MCTOJa MaAKCHUMyMa HpaBI[OHOI[O6I/IH JIIA O6pa6OTKI/I
aHHHTHBHOﬁ CMCCHU TIIOJICBHOTO CHIHaJIa MW IIIyMa HAIIPAKCHUEC Ha BbIXOAC
AUCKPpHUMHWHATOpPA 3allMIICM B BUC

B ampgyxT
0, (3)-| ZPLELY)

X=X

14

M —_—
rae & —{ Yoar Yazr Y, _w.} IIPUHUMAEMbIC CUTHAJIBI HA WHTEPBase [tv L S J ,

BEKTOP COCTOSHUS X = ‘z‘f ‘ &1 : ) GbyHKIUS TPaBIOTIOI00US.

[IpumenuTenbHO K paccmarpuBaemont 3amaue AlIB p(élM ,x) IIPEICTAaBUM B

p(&’ x)= exp[zs (Vl.ﬂfD,SstD?(y(tV1,.)—%8@1,.,%,fD,BNsm,(6)

Ha ocHoBanuu BeipaskeHui (3) — (6) BEIYHUCIISIOTCS OLICHKH BPEMEHH 3aJCPIKKH

BUAC:

7 W JOIUIEPOBCKOIO CIBUTA YacTOTHI f 1 » COOTBETCTBYIOIIKE MakcuMmymy AlIB:

&fﬁz@%p(,ﬂﬁﬁy
Mogens nunamuku napametpoB MIICH npeacraBum B Buje:
T,=7,,+1V_ (7)
Vo, =V tn (8)

rae T — Bpems Habmoxenus, n = — JIBI'II ¢ usBecTHOM aucnepcuent D ; V. -
CKOPOCTh U3MEHEHUsI BPEMEHHU 3aJIeP>KKU CUTHAJIA; V — BPEMEHHOMN MHJIEKC.
YpaBHeHue HAOIIOICHNS TIPEACTAaBUM B BUJIC:
gv = Tv + ni,v’ (9)



rae n,, — JIBI'I ¢ nucnepcuen D, .

Ha ocuose mozeneii (7) — (9) cuHTe3upoOBaH alrOpuTM OLECHKH IIapaMeTPOB
MIICH B ckalisipHOM BHJIE:

rae K., — xoobduuuents! ycunenus Gunbrpa Kanmana B BEIpOKEHUAX IS OLIEHKH

COOTBETCTBYIOIIMX IEPEMEHHBIX; Rjj — DIEMEHTHI TJIABHOW JHArOHAIM MAaTPHIIBI
omunbok R [Assad et al., 2019].

ManI/II_[a R BbIUMCIIgICTCS HAa OCHOBE BBIpaH(GHHﬁZ

R'=R'+H'H/D,_,

R =®, R ®  +GG D,

v,v-1

~

rac RV — 3KCTpPAIloJIMpOBaHHAA MAaTPHUIIA.

[lpu peanu3anuu mepexoja OT CKaJSPHOTO BHUIAa K BEKTOPHO-MATPUYHOMY
nojiydaeMm cieayrornyro ¢popmy 3amnucu ypasuenwui (7) — (9):

X,=® x +G, n

vy-1"v-1 vv=1"x,v-1"!

€ =HXx + n,,,

1T 0
®= G=| |H=[L 0.
0 1 1
ANTOPUTM ONTUMAIBHOW (UIBTPALIMK BEKTOpAa COCTOSHUS MPEJICTAaBUM B
BCKTOPHO-MAaTPUYHOM BH/JIC:

X,=X,,+K (§-HX,), (10)

viv-1

Rv = q)v,vfleflq)T + Gv,vlevflGT

v,v-1 vy-11?
Kv = ﬁvHI [Hvﬁv—lHI +Vv:|_1’
R, =[1-KH,]R,, (11)

ANTOPUTM TO3BOJISIET peluTh 3anauy QuibTpauuu mnapamerpos MIICH,
COCTOSIIYIO B HAaXOXXICHUM HAWJIy4ylled OLIEHKM BPEMEHU IIPUXOJa CHUTHAJIA IO
pe3ynbTaTaM ICEBI0AATLHOMEPHBIX M3MEPEHUN MPU HATUYUKU OLIMOOK, BHI3BAHHBIX
JIEUCTBUEM CIIYYAUHBIX BO3MYILICHUM.



PBSyJ'IbTaTI)I MOJACIUPOBAHUA U UCCJICA0OBAHUA

B paboTe BBINOTHEHO HCCIEI0BAHUE XaPAKTEPUCTUK AIrOPUTMa ONTUMAIbHOU
¢unbrparuu napamerpoB MIICH Ha ocHOBe crenuMain3upOBaHHOTO MPOTPAMMHOTO
oOecnieueHusa. B kauecTBe HMCXOMHBIX JAHHBIX BHIOpAaHBI 3HAUEHUS TApaMETPOB,
KOTOpBIC TIpeicTaBicHbl B [MccnenoBanue. .., 2023; Jlexxankus u ap., 2019].

JIisi OIIEHKHM KauecTBa HM3MEPEHUH pa3HOCTH BpPEeMEH NPUXOJa IMEPEeTaHHOTO
PUEMOOTBETYMKOM OOBEKTA CHTHANIA HA pHC. 1 MpeCcTaBIeHbI OMMOKN OLCHKH T — 7
u CKO o, Ha puc.2 npuseieHbl TIrpaduUKu OIIMOKH OLEHKH V. —VT U

CPCAHCKBAAPATHUYCCKOIO OTKJIOHCHUA O, . HpGIICTaBJIeHHBIC Ha PpPHCYHKax 1, 2

pe3yabTaThl TMOKA3bIBAET JIOCTATOYHO BBICOKYID TOYHOCTH OIICHKH [apaMeTpOB
curnaioB MIICH npu coBnagenun ¢pakTUIECKUX U PaCUCTHBIX MTapaMeTpoB (UIbTpa
Kanmana.

B 1o xe Bpemsa mnpu pabore ¢miptpa Kanmana MoxeT HaOMIOIATHCS
PacxoJMMOCTh MPOIECCOB (PUIIBTPALIMH, KaK MTOKa3aHO Ha rpaduKax, MpUBEACHHBIX Ha
pucyHKax 3 U 4, Ipu HECOOTBETCTBUU MEXK]y MPUHATHIMU MOJICIIIMH U PEabHBIMU
nporeccaMu. Takoe HECOOTBETCTBHUE, KaK MOKA3bIBAIOT PE3YJILTATHI UCCICIOBAHUN,
MpPEJICTAaBJICHHBIE Ha PUCYHKaX 3 W 4, NPUBOJAUT K PACXOAUMOCTH MPOILIECCOB
dbunbTpanuu, T. €. K OTIMYUIO MEXKY PAacYeTHHIM 3HAUYECHHEM JUCIIEPCUU OUIUOKU
OLICHUBAHUS U JEHCTBUTEIHHOMN OIINOKOM.

PacxoauMocTh BO3HMKAET M3-3a TOTO, YTO BEPOSTHOCTHBIC XAPAKTEPUCTUKHU
IymMa HaOJMIOAEHHA N, HEU3BECTHBI M HE YYUTBHIBAIOTCA B BhIpaXeHUAX (4), (5)

anroput™Ma (pUIbTpaIuu, MPU 3TOM BO3HUKAIOT PACXOXKICHUS MEXKIY PEabHBIMU
MPOIIECCAMH W MOJIEJISIMH, IPUHATHIMU B (DUITBTPE.

PacxonumocTs nporeccoB (pUAbTpaM TPUBOJUT K YBEIUYECHHUIO JUCIEPCHU
omnOku napamerpoB MIICH, uro nemMmoHCTpUpyeTcst Ha pucyHKax 5, 6.
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. BPEMEHH 3aJICPIKKH:
1 — npu KoppekTHOI padoTe;

1 — npu KOppeKTHOI padoTe;
2 — IIpU PaCXOJUMOCTH.

2 — MIpU PacXOJUMOCTH.

AHanmu3  TPENCTaBIEHHBIX  pPE3yJbTATOB  IOKa3bIBaeT  HEOOXOJUMOCTH
uccienoBanus dpdexra pacxoAUMOCTH TTPOILIECCOB (GUITBTPAIINHN U PA3paOOTKU HOBBIX
MoaX0/10B K orieHke napametpoB MIICH nnst yctpaneHust JaHHOW TIPOOJIEMBI, UTO U
MIPEIOTIPEACIIAET aKTYaIbHOCTh BEIOPAHHOTO HATIPABJICHUS HCCIICIOBAHUN.

AHaJau3 npoodJieMbl PacXoUMOCTH MpoueccoB puabLTpanuu

[Ipu wucnonb3zoBanuu anroputMoB KammaHOBckoro tuma mnpu o00paboOTke
unpopmanuu B MIICH BO3HUKAaIOT CUTyallMH, KOrJa JACUCTBUTENbHBIE OIIMOKH
(GunabTpaly MPEBHIIIAIOT TEOPETUUYECKHM PACCUMTAHHBIE 3HAUYEHHS. DTO SIBJICHUE
Ha3bIBAETCSI PACXOJUMOCTBIO (HeycToWuuBOCTHIO) (unbTpa Kanmana. Ilpuuunnel
PacXoAMMOCTH 3aKJII0YAl0TCS B HETOYHOM 33JaHMM MOJEJEHN MPOLECcCOB COOOLIEHMS



1 HAOJIOJIEHUs, OTCYTCTBUHU JIOCTOBEPHOM HMH(POPMALUU O PEATbHBIX (DUIUYECKUX
nporeccax. PacxoauMocTs BBI3BIBAIOT OMIMOKH MOJAETUPOBAHUS IIYMOB B YCIOBHSIX
CTATUCTUYECKON HEOINPEIEICHHOCTH UX BEPOSITHOCTHBIX XapakTepucTHK [bomenos,

2021].

OcHOBHasT TIpUYMHA PACXOJUMOCTH TIporecca (UIbTparuu — OBICTpOE
cTpemJieHHe K Hyo kodddumuenta nepenayun (ycmwienus) K ¢unprpa Kanmana, kak
MoKa3aHo Ha pucyHkax /7, 8. Ilpm sToM mporecc OICHWBAaHUSA TIEPECTaeT OBITH
3aBHCHMBIM OT OOHOBIISIFOIICH MH(POPMAINH, COJEPKAIICHCS B MOCIEI0BATEILHOCTH
HAOIIO/IEHUH, U POCT OMMOKYU HE BIUSACT Ha (POPMHUPOBAHUS OLICHKH.
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Cnenyer OTMETUTh, 4TO 3(PEHEKT PacXOoJAUMOCTH — SIBJICHHE CJIOXHOE U
MPOTUBOPEUUBOE, TPpeOyIolee MPOBEACHUS ITYOOKUX UCCIIEIOBAHUI MPUMEHUTEIHLHO

K PEIICHUI0 KOHKPETHOW 3a/Jauv MOBBIMIEHUS (H(HEKTUBHOCTH (PYHKITMOHUPOBAHUS
MIICH.

B pabore [Celimx u ap., 1976] paccMaTpuBarOTCs METOJNbI YCTpPaHEHUS
PaCXOJUMOCTH TMPUMEHUTETFHO K Pa3IMYHBIM 3a7adyaM. B OCHOBE pacCMOTpPEHHBIX
METO/IOB JICKHUT HUJes OrpaHuueHust KodhduimeHTa ycuieHus, 4yToObl H30€KaTh
«HEUYBCTBUTEILHOCTHY»  Mporecca  (GUIbTpallud K  BHOBb  TOCTYIAIOIICH
MOCIIeI0BATEIHLHOCTH HAOIOICHHIA.

Jnst  yMeHbLIEHUsT MaTpUYHOro KO3(G(GUIMEHTa YCUIIEHHS MpeaiaracTcs
HCIIOJIb30BaTh MPOIEAYPY, COCTOSIIYIO B OTPAHMYEHUU DJIEMEHTOB MAaTpPUIIbl CHU3Y
HEKOTOPOH 3apaHee BHIOPAHHOW BEIWYMHOM, JTMOO MOXKHO JOOABUTH K AJIEMEHTaM
MaTPUIBI HEKOTOPYIO BenunHy [MapkoBckue mozenu. .., 2019]. Hanpumep, B pabote
[Schmidt et al., 1968] nmns pacdyera maTpuuHOoro KO3(pdUIIMEHTA YCHICHUS
MpeAJIaraeTcsl UCIOJIb30BaTh CIEIYIOUIEE BhIPAKEHUE:

K,=[R, +el [H[HRH +V,]".
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[TpennoxxeHHBIH TOAXO0A MOKHO HCIIONB30BATh JUISI OTPAHHUYCHUSI SJIEMEHTOB
MaTpulbl aucrnepceuii ommbok R . B pabore [Andrews, 1968] Gbl1 pa3Butr npyroi

MO/IXO0/1, TIO3BOJISIONINN KOHTPOJIMPOBATh HECTAOMIBLHOCTHh, KOTOPHIH COCTOUT B
BBIYMCIICHUH KBaJpaTHOro KopHs u3 MaTtpuusl R . Ilpu paccMoTrpeHnu aaHHOTO

crioco0a BHOCHUTCS MPEIOI0KEHHE, YTO IIyM MOJIENIM PaBeH HYI0. Y paBHEHUE IS
matpunbl koBapuanuii R, mpu G, =0 3anmceiBaercs B BUzE:

RV :[I _KvHv]ﬁv’
rie Iiv = R —1(D1T/,v—

vy-1""v

, — DKCTpaIoJInpoBaHHasl MaTpuLa KOBapHUalui.

ITokazaHo, 4TO KOpeHb U3 MaTpullbl R paBeH

512 U2 Ao T
Rv _(I)v,v—l]&v—l(D
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/1€ UCIIOJIB3YETCS HWKHSSA TPEYTOJIbHASI MAaTPULIa KOPHEW U3 quctiepenid. [[ns cioydas

HETPEPHIBHOTO BPEMEHHU aHAIOTHYHBIC BBIPAKCHHS ObUTH TIpesioskeHbl B [Andrews,
1968].

[lepcniekTUBHBIM HAPABJICHUEM yCTpaHeHUs dPdeKTa pacX0oAUMOCTH SIBISETCS
MpUMEHEHUE aJaNTUBHBIX aIrOpUTMOB ¢uibTpanuu. [IpuMeHeHrne aganTHUBHBIX
QITOPUTMOB TIpejcTaBisgeTcss Oosiee A(PGEeKTUBHBIM BBHAY TOrO, YTO H3-3a
PacXOJUMOCTH BEJIMYMHA OMIMOKU CTAaHOBUTCS OTHOCUTENIBHO OOJBINOW, YTO HAET
BO3MOXXHOCTh HCIIOJIb30BaTh OOJbIEe KOJIUYECTBO WHGMOpPMAIUU [IJIs aJanTaluu
[BockobGoiinnkoB, 2015]. PaspaboTka W ucCClieOBaHHE AITOPUTMOB aJalTHBHOM
¢unpTparuu napametrpoB MIICH paccmarpuBaercs B KauecTBe MNPUOPUTETHOTO
HanpaBJICHUS JaJTbHEHUIINX UCCIICTOBAHUM.

3akJIroueHue

Pa3paboTan anroput™m oleHKH NepeMeHHbIX BekTopa coctosinus MIICH npu
ucnonp3oBanun A3H-B: BpemeHHM, CKOPOCTHM M YCKOPEHHS M3MEHEHUS BpPEMEHU
3aIepKKA TpUXOJa CUrHasia Ha ocHoBe KanmaHOBCKOM Teopuu (UIbTpaIUu.
[IpoBenensl wuccnenoBanus TOYHOCTHBIX xapaktepuctuk MIICH nabOmonenus c
NPUMEHEHHEM CHELHMATU3UPOBAHHOTO TPOTPAMMHOIO oOecrnedeHus. AHau3
IIPEICTABJICHHBIX PE3YJIbTAaTOB MOKA3bIBAET BBHICOKYIO TOYHOCTh OLEHKH I1apaMETPOB
IIPU COBMAICHNHU (PaKTUUECKUX U pacUeTHBhIX mapaMeTpoB ¢puibTpa Kanmana. B To xe
BpeMSI TpU HECOOTBETCTBUHU MEXIY NPHUHATHIMU MojemsiMu (unptpa Kammana u
peaIbHBIMHM TpPOIIECCAaMU Ha BBIXOJE alrOpUTMa HaOIOAAeTCs PacXOAUMOCTb
npoueccoB (GUIbTpALlMM, KOTOpash MPOSBISETCS B OTIMYMM MEXAY pacuéTHOM U
NEeUCTBUTEIBHON OomuOKoN oneHuBaHus. [lokazaHo, 4TO pacxoJAMMOCTh MPOIIECCOB
GunapTpal NPUBOJIUT K YBEJIMYEHUIO AMCHEPCUHM OLIMOKM OIEHKH MapameTpoB
MIICH. OGocHoBaHa HEOOXOJAMMOCTh pPa3pabOTKH HOBBIX IOAXOJIOB K OIIEHKE



[IEPEMEHHBIX BEKTOPA COCTOSIHMS JUIsl YCTPAHEHUS PacXoauMOCTH. PaccmoTpeHsl
METOJIbI ~ YCTPAHEHHUS HEYyCTOMYMBOCTH (YHKIIMOHUPOBAHMUS  pa3pabOTaHHOTO
aIropuT™Ma, IpU O3TOM pa3padOTKa M HCCIEAOBAaHUE aAJITOPUTMOB aalTUBHOU
¢bunbrpanuu napametpoB MIICH BeIOpaHbI B KauecTBE MPUOPUTETHOTO HAMIPABJICHUS
JNATbHEUIINX UCCIECIOBAHNMN.
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