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Hocmynuna 6 pedakyuto 28 urons 2014

[IpencraBnena Mojedb JABWKEHHS OalIMCTHYECKOTO OOBEKTa, COBEPIIAIOIIETO CIIMPAIbHBIN
MaHEBp MpH BXOXIeHHH B atMocepy. PaccMoTpeHbl 0COOCHHOCTH MOCTPOCHUS -MOIUGUKAIIHIA
¢unpeTpoB Kammana mpu KOCBEHHBIX HM3MEPEHHSX W aHCICHTHOro GmibTpa Kammana mpu
CONPOBOXKICHUHM  OaJUTUCTUUECKMX  OOBEKTOB, BXOAsAmuX B armocdepy. Ilposenen
COTMOCTABUTEJIbHBIA  aHAIHM3 PE3yJbTaTOB (HIBTPALUK PACCMATPHUBAEMBIX MOIU(UKAIHIA
(uUIBTPOB.

Kniouegvie cnosa: conpoBoxaeHNE OAIINCTHIECKUX 00BEKTOB, (miIbTp KanmaHa pu KOCBEHHBIX
M3MEPEHUSX, HeNMMHelHas QMIbTpanus, aHcueHTHbIH GrnbTp Kanmana, BxoxneHue B atmocdepy,
CIHPATBbHBIA MaHEBP.

BBeaenue

ANTOpUTMBI CONPOBOXKIEHUS OaymucTraeckux o0bekToB (BO) peanmusyrorcs ¢ Ooubiiei
BBIYUCIIUTEIBHON CIIOKHOCTBIO, YEM ITOPUTMBI CONPOBOKACHUS a3POJIUHAMUYECKUX JIETaTEIbHBIX
anmaparoB [1—4]. JIBmwkenue BO 3a mpenenamu arMocgepbl XOpOLIO MPeICcKa3yeMo, TaK Kak Tam
00BEKT HE MOXET MaHEeBPUPOBATh, IMOCKOJBKY CIMHCTBEHHOW CHJIOW, IEHCTBYIOIIEH Ha Hero,
sBiseTcss  rpaButaius  [1, 5-8]. HauOonee CIOXHBIM y4acTKOM — COMPOBOXKICHHUS  SIBIISETCS
atMocdepHblii, rae moBeneHue bO CTaHOBHTCS MeHee IpeACKa3yeMbIM H3-3a AaCHMMETPUHU B
koHcTpyKimu bO, koTopas MOKeT BBI3BAaTH JBWKeHHEe To crupanmu [1, 5, 6]. Kpome Toro,
BO3HHUKAIOIIME 3aMeUICHHsI MOT'YT BOCIIPUHUMAThCS Kak MaHeBp [1, 6]. Obecnieuenue Gosee BHICOKON
TOYHOCTH M3MEPEHNUS TPaeKTOPHBIX mapaMeTpoB bO mocTuraercsi COBepLIEHCTBOBAHHEM aJIrOPUTMOB
COIIPOBOK/ICHHUS.

N3 OTKpHITHIX TyONuKaImili 3apyOeKHBIX M OTeueCTBEHHBIX aBTOpoB [1-10] u3BecTHO, YTO
i conpoBoxaennss bO Hambomee pacrpocTpaHeHO HCHOJIb30BaHHE MoauduKanuii ¢GuIsTpa
Kasmana npu kocsennbix usmepenusx (PK) [1, 8, 11-13]. Takue GUaBTPHI YCHEUIHO MTPUMEHSIIOTCS
KaK Ui CONPOBOXKICHHUS a’3pOJUHAMHYECKHX JIETAaTeNbHBIX ammapartoB, Tak U bO. OpHako 3TH
GWIBTPLL MOTYT WMETh OOJNbIIME OIMUOKH CONPOBOXKIEHHS M HECOCTOSTEIbHYIO OIIGHKY IIpH
OLICHWBAHMWU TPACKTOPHBIX mnapamerpoB bO, copepiarommx cioxHblid maneBp [1,4,7]. Vuer
ocobeHHocTeld auHaMUKK BO BO3MOXEH NpH HCHOJIB30BAHUM aHCIEHTHOTO ¢wibTpa Kanmana
(ADK), peanusyroiiero MeTo1 HeluHeHo! (unbtpanuu [14, 15].

Lenbto craTbu SIBIASICTCS MPOBEAECHUE COMOCTABUTEIFHOTO aHAIM3a PE3YNIbTAaTOB (UIBTPALIUH
ADK n momudpukaumit @K mis ciayqas conpoBokaenusi bO, coBepiuaromero cnupaibHbIi MaHEBD
TIPH BO3BpAIICHUH B aTMOchepy.

ITocTaHoBKa 3aga4n

Hauanvuvie ycnosus. bynem cuurtars, uto HaOmogaercs bO, Bxonsmuii B armocdepy;
WHTEpBaI OOHOBJICHHSI TAHHBIX paBeH |; BEKTOp HabmomaeMbIx mapameTpoB bO 0 comepkut pasoBbie
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OLlCHKM jambHOCTH [, asumyra [ u yrma mecta €, QopMHUpyeMble TPEXKOOPIMHATHOM

paauonokanponnor cranimeii (PJIC). OmmOku HaOMIOAEHHS pacipeieieHbl 0 T'ayCCOBCKOMY
3aKOHY H OTIPEIENISIOTCS KOPPEISIIHOHHON MaTpUIel OIIMOOK N3MEPEHHS:

o 0 0
R,=|0 o, 0] @)
0 0 &

rie 6,, 6,, 6, — CKO rayccosckux ommGok HaGoeHus f.,puct.

e

3adauu: 1) paccMmoTpeTs Mojens ABWkeHHs bO, coBepIIaromero CnupaibHBIA MaHEBP MPH
BO3BpaIleHnu B aTtMmocepy; 2) paccMOTpeTs OCOOEHHOCTH IMOCTPOCHHS MOTUHUKAIUi (HHUIBTPOB
KanmaHna npu KOCBEHHBIX U3MEPEHUSAX U aHCICHTHOTO (QuibTpa Kanmana npu conposoxaeanu bO;
3) MeTogaMHM MaTeMaTH4eCKOTO MOJCTHPOBAHMS MPOBECTH COIMOCTABICHHUE CYMMAapHBIX OIIHOOK
m3Mepenns Mectononoxkernst bO ms A®K n mogudukamnmii PK.

M0)1e.m> ABHIKCHUSA BO, CcoBepraromero CHHpaJIBHLIﬁ MaHEBD

[Ipu cuuTe3e PuabTpoB compoBokiaeHHs bO damie Bcero paccMaTpHUBAIOTCS ClETYIOLIHE
MOJIeNIN IBH)KECHUSL:

1) Monmenb ABWKGHUsS CO CIy4ailHBIM MaHEBpOM B BHJIE TayCCOBCKOIO 0eoro
myma [2, 8, 12, 13];

2) MOJIETIb JIBMIKEHUSI CO CIyYailHbIM MaHEBPOM B BHJIE BUHEPOBCKOTO mpoiiecca [2];

3) monens akenust O, Bxomsiero B atmochepy [2, 6];

4) mozens  nBWkeHHss BO, coBepliaromero CHUpalibHbIE MaHEBpP IPU BXOXKACHHU B
atmocdepy [4].

IlepBbie ABE MOAENH IBUKEHUS MOIXOAAT I COMPOBOXKICHUS KaK MaHEBPUPYIOIIUX, TaK U
HE MaHEBPHUPYIOIIUX a’poJMHAMMUYECKUX JieTaTeJabHbIX ammapaToB 1 bO. HecooTBetcTBre Moaeneit
3ajaromero BozaedcTBus bO MopensM, MONOKEHHBIM B OCHOBY CHHTE3a (HIBTPA, HEM30EKHO
NpUBEAET K MOSBJICHUIO TEPEXOAHBIX MNPOLECCOB M POCTY OWIMOKM HM3MEPEHUS KOOpPAWHAT |
napaMmeTpoB aBkeHus bO. Mcnons3oBaHue TpeTbeil M 4ETBEPTON MOAENEH MO3BOJISAET YUYHTHIBATH
HEKOTOpBIe crielruIeckue XapakTepucTUKu nBwkeHns bO mpu cunTede m3Mepureneil. OcoOblit
MHTEpEC MPECTABISIET COO0M YeTBEpTasi MOZEb, MO3BOJIIOIIAS YUUTHIBATE CMpalbHBIA MaHeBp bO
npu  BXOXKIEGHMH B atMmocdepy. Jlanmnas wmozpens Obula BHEpPBBIE MNPEUIOKEHA YUEHBIMH
AMEpHKaHCKOTO HHCTHTYTa a3POHABTUKH U aCTPOHABTUKH B padore [4].

Ypasnenus osuscenuss BO. YpaBHEHUs IBUKCHUS 00bEKTa IPUBOAATCS B CUCTEME KOOPAMHAT
Cesep-Bocrok-Hus (North-East-Down), u3o0pakenHoii Ha puc.l, a. 3emist cuntaercs chepuaecKoit

Y HE BpallaroLeics.
Yckopenus BO @, @,, @, MPeICTAaBIAIOTCS KaK CyMMa TIDAaBUTALMOHHOW M

asponHamMudecKoii cocrapmomnx: 8, =G, + A, a,=G,+A, a, =G +A

rac nyy‘z u Ax,z,y — I'PAaBUTAIMOHHBIC U a3POJJMHAMHUYCCKHUEC COCTABIISIOIIME YCKOPECHUA X, Z, Y.

I'paBuTanimonHas cocrapisomas yckopenust bO yuuteiBaetcs cinenyromum oopasom [1,2]:

G X

X

G, A : @

z 1

3/2
G, (x2+22+(y—RT)2) y-R.

rae 1 =3,986-10" m*/c* — rpaBuTanmonnas nocrosunas 3emm, R, ~6371 kM — panuyc 3emmm.

AsponrHaMHuUuecKkue CHIIBI, Bo3icicTByromme Ha bO, MoryT OBITH pa3ieiieHbl Ha JBE
OCHOBHBIE€ COCTABJISIIOIIME: CUIY CONPOTUBICHUS BIOJb BEKTOpPa CKOPOCTH U HOPMAJBHYIO CHILY,
Bo3nelicTByIoNTy0 Ha BO neprneHauKyIsIpHO BEKTOPY CKOpOoCcTH. CIUpalbHOE JBHKEHUE MOXKET OBITh
aIMpPOKCUMUPOBAHO HOPMAJILHBEIM BEKTOPOM YCKOPEHUH, BPAIIAIOIIMMCS C HEKOTOPOH CKOPOCTHIO B
MEPHEHAUKYIAPHON IIOCKOCTU. ASPOJAMHAMHYECKHE COCTABISIONIME YCKOPEHUS MPEACTaBISIOTCS
NpY TIOMOIIIH CJICAYIOIUX ypaBHeHuit [1]:
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A |lcosycosy —siny sinycosy, [V |2 S —-C,
A =|cosysiny cosy sinysiny 2T—m Cy cosq| 3)
A siny 0 CoSYy C, sine
-V, Vv . y
rae y=arctan — |, 1= arctan \TZ — TOPHM3OHTAIBHBIA M BEPTHKAIBHBIA yIJIbl HAKIOHA
+V X

X Z

BekTOpa ckopoctr (cM. puc.l); ¢ — yron Bpamenus BO, 3aBucsIuii OT BpeMEHH TakK, YTO CKOPOCTh

ero M3MEHEHHUsI paBHA KPYrOBOi 4acToTe BpameHust ®: (= ; V; — momHslii Bektop ckopoctu BO; S n

M — mwiomans cedeHuss Muzgens u Macca BO; p — armocdepnas miotHocTs Bo3ayxa; Cp, Cy

K03 QUIMEHTBI CONPOTHUBIICHNUS U TTOIbeMHOM cuitbl. [IceBnoko anropurma pacyera tpackropuu bO
npuBeseH Ha puc. 1, 6.

Jas pasmuanbix THIOB BO kpyrosas wacrora o u kosdduimentsr Cy, Cy 3aBuesar or

(hopMbI 00BEKTa, pa3MepOB U Macchl. 1Jisg HaOIroAaTe sl 3TH MAPaMETPhI SBJISIOTCS HOU3BECTHBIMH.

a,.,,|=traj
N [@,,,] =trajectoryBT [a,]
—Vy ~ o . T
~ Bxo00: @, = ka Ve Ze Ve Yo Vi ‘pkH 4
~~_ . i
~o Boixod: @, :‘X(m) Vi Zoeny Vewon Yooy Vygen ‘p(m)H g

~o 1. BbluMC/IEHME FOPU3OHTA/IBHOTO M BEPTUKANIBHOTO YI/IOB HaK/OHa BEKTOPAa CKOPOCTH, KBajpaTa Moayna
MO/IHOTO BEKTOPA CKOPOCTU:

Y :arctan[i(v ;zvj_k E J, x:arctan[zi]’ Nm‘z = (V) + (V)* +<vyk)2
\] xk =k xk

2. Onpepenenme aTMOChEPHOI NAOTHOCTH BO3AYXa A BbicoTbl Y, = P(Y, )=Coe™ .

3. Pacuet yrna spaujenns: ¢y, =@, ToT .

4. BbluMCNeHME COCTaBAAIOWMX YCKOPEHUA BaNIUCTUYECKOro 06beKTa.

a, X COSyCOSy, —siny sinycosy| 2 —Cy
~ u I 1R
A, |=————————35|| & [*|cosysiny cosy sinysiny|—————|Cycosq,,,
(X + 2 (v =Ry)?) iny 2m i
a, Y =R siny 0 cosy Cysing,.,
5. Onpe,qenerme NPAMOYrofibHbIX KOOPAWUHAT U cxopocTeﬁ UX U3MEHeHUA:
2
Xy X || 2 Ll [ Yoy Y 1T T2
kn | =BVl [Mewn| =BVt Ve | =BV, B=0 1 T
y 1 (k1) Q]| ][y il By L 0 0 1

6. BepHyTb 3HaueHua @, ;.

a o
Puc. 1. Cucrema koopaunat bO (a) u nceBoko 1 anropurma pacuera tpackropuu bO (6)

Mooens dsuxncenuss 5O ons ancopumma unempayuu

Mogens ABWXEHUS, NPUBEACHHAs Ha puc.l, 6, yuuThIBaeT TpaeKTopHble mapameTpsl bO
(MecTOIONOKEHHE H  CKOPOCTh) M  alpHOPHO HEHW3BECTHBIE IMapaMeTphl: adpOJHMHAMHYECKHUE
koabduumentsr Cy, Cy , Maccy M, miomanp cedeHus MUAENS S, Yroil BPALICHAS ¢ U KPYTOBYIO

4acToTy BpalleHus . Vcrmonb3oBaHue paJloIOKAMOHHBIX W3MEPEHH HE TO3BOJISET OJHO3HAYHO
OLICHUTh BCE OTU mapameTpsl. JIs CHWKEHHS KOJMYECTBA HEM3BECTHBIX MapaMeTPOB BBOMAT
MOIU(PHUIIMPOBAHHBIC K03 PHUIIMEHTHI COTIPOTUBJICHUSA u MOILEMHOMN CHUITBI [1]:

Cpo, =SCyim, C, =SC, /m
Boee TOIr0, BBOAATCA ABC HOBBIC COCTABJIAIOLINME BCKTOPA COCTOSHUS: Zl’ ZZ’ Ha3bIBACMBIC
2APMOHUYECKUMU napamempamu CcoCmosHusAd, KOTOPBIC OIPEACIAOTCA CICAYIOINM o6pa30M —

Z =C ., cos(ot+q,), Z,=C, sin(ot+@,). DT napameTpsl ONHUCHIBAIOTCS COOTBETCTBYIOLIUM
Z| o -o||z

ypaBHEHUEM TUHAMUKU: ZZ “le o Z,

3aBUCHMOCTh ~ aTMOC(EpPHOH  IIOTHOCTH  BO3AyXa OT BBICOTBI Y  ONpeJemsieTcs
SKCTIOHeHImanbHOM byrkumeii p(y)=c,6™’ , rae C, =1,293 kr/m®, ¢, =1,694x107* M.

C ydeTroMm BBeIEHHBIX KO3(DPHUIIMEHTOB paCIIMPEHHBIH BEKTOP COCTOSHHUS OyAEeT UMETh BUI:
=[x V, 2V gV, Z 2, C, af @)

Yckopenue BO OyneT BRIYUCIATHCS COTJIACHO BHIPAXKEHUIO
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p ; C oecly[VT|2
= Z |+|cosysiny cosy smyszT Z | (5)

3/2
(X (Y -R)’ ) -R; siny 0 cosy Z,

3aKOHBI HzMeHeHHﬁ BO BpPEMEHH OIICHOK MomudumumpoBaHnHoro koddduimenTa

a, X COSyCOSy —siny sinycosy

C
a
a

A

COIIPOTHUBJICHU CDm u prrOBOP'I HaCTOThI d) CUUTAOTCA BUHCPOBCKHMHU. IIceBmokon pacucTta

Mozenu aBrxeHust bO st anroputMa GUIBTpaIliy IPUBEICH Ha pHC. 2.

[, ] =extrBT [a, ]

.
Bxo0: ak:HXk Ve Ze Vao Yo Vo Zue Zye Com U’kH-

.
Xt Vg Zar Viwen Yoo Ve Ziwny Lo Comieny  @pen)

Boix00: O, = ‘

1. BbluMCNIE€HME TOPU3OHTA/ILHOTO U BEPTUKA/IbHOTO YI/10B HAaK/IOHa BEKTOPA CKOPOCTHU:

-V, 2 2 2
Y=arctan[7yk ¥ =arctan Mel” = (V2 +(V,,) +(Vy)°-
\/(ka)z +(V,,)? ] [ J

2. MoanpuumMpoBaHHbIii KO3GOULMEHT CONPOTMBAEHNA CYUTAETCA NOCTOAHHBIM: CDm(k+1) = CDmk .

3. HaxoxpaeHue rapMOHNYECKMX napameTpos cocToaHuA:
Zl(k+1) =ZyoT +2Zy; Zz(k+1) = _Zl(k+l)mT +Zy.
4. BbluucneHune COCTaB/IAOWMX YCKOPeHna BannmcTuyeckoro obbekTa:
a, X cosycosy —siny sin;/cosx
I
A= 72 Zk
2 2
+72+
a,| (XrEFORY) Ty R

5. OnpegseneHune NPAMOYro/ibHbIX KOOPAMHAT U CKOPOCTE UX U3MEHEHNA:

gk N ‘ Comiet)
Z

z

+|cosysiny  cosy, sm;/smx

siny 0 cosy

1(k+1)

2(k+1)

2
X(k+l) X Z(ku) Z, Y(ku) Yi 1T T°/2
X(k+1) =B|Vi ) Vz(k»l) =B|Vy s Vs :vak ,B: 0 1 T
3 (k1) Y [ e k| |8y Ay 0 0 1

6. BepHyTb 3HaYeHuA O ;.

Puc. 2. TlceBgokon anroputMa pacdeTa MoieNu IBmkeHnss bO 11 anroputMa QribTpaIim

Oco0eHHOCTH OCTPOEHHUS HEKOTOPbIX Moaupukanuii puiabTpoB Kaimana npu
conpoBoxaeHun bO

1. Quremp Kanmana npu nabniooeHuy APAMOY207bHbIX KOOPOUHAM C KOPPEIUPOBAHHLIMU
owubkamu  Habmooenuss [11]. B oTOM -~ MomaMbUKamUM ~ ONCHKA  BEKTOpPAa  COCTOSHHS

A A T
a 2 Vv, a yV, éyH bopMupyeTcss 10 pe3yibTaTaM HaOJIOJCHHUS Pa3OBBIX

~

T
OLCHOK IPAMOYTOJIbHBIX KOOPAHWHAT xzy_”Xf yf| I[J'If[ nepecuera OLCHKU BCKTOpa

HaOJIOJEHNUsT U3 IOJSAPHONW CHCTEMBI KOOPAMHAT B MHPSMOYIOJbHYIO HPUMEHSETCS BEKTOP-
bynxuus h, ,(0):

A

0

xzy

A o

o T Lo (A (A Ay e
=%, 2, ¥ :he_xz(()):HrSIn(B)sm(s) rcos(B)sm(S) rcos(s)“ (6)
[Ipy 3TOM HEOOXOIUMO TIEPEeCUYUTaTh KOPPEISALUOHHYI0O MATpPHIy OIIMOOK TEeKYIINX
m3Mepenuil R, B IPsMOYronbHYI0 CHCTeMY KOOPAMHAT IIPH MOMOIIH BbIpaxkeHus [8, 11-13]:

R, R, Ry COS(ﬁ)sin(é) —fsin(ﬁ)sin(é) l’cos(ﬁ)cos(é)
Ry =H, R,H} =|R, R, R, H,y = sin(ﬁ)sin(g rcos( )sm £) fsin(ﬁ)sin(é)
Ria Rz Ry cos(£) —fsin ()

A

rie Ry, =opf” (cos2 ([Ai)cos2 (&)+sin® (ﬁ)sin2 (é))+cf cos’ (B)sin2 (8), Ry =opf%sin’ (&) +o7cos® (£),

Sm(zé)cos(zé) ° Sln(2[§)sm g —M(G _Gﬁ)
> 2

R, =o;f? (0052 ([?))sin2 (&)+sin® ([::S)cos2 (é))+0f sin® (ﬁ)sin2 (8), Ry = M(G _GB)

Hecnyualinasg quHaMudeckas MaTpULia epecyeTa MPUpPALEHUs] BEKTOPa COCTOSTHUS:

R12 =

8 Ry =
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b 0,, 0, 000 1T T2/2
B=|0,, b 0, me0,,=0 0 0 b=j0 1 T | )
0,s O, b 000 00 1

Marpuna nepecuera CIiy4aiiHbIX PUPAILIECHUA BEKTOPA COCTOSHUSA:
T}/6 T?/2 T O 0 0 O 0 O

S=|| 0 0 0 T%6 T?/12 T O 0 Q0
0 0 0 O 0 0 T%6 T?/2 T

100000000
Martpuna CTaTUCTUYECKOTro Iepecuera: H=0 0 0 1 0 0 0 0 0.
000O0O0OT1O00Q0

2

Om XapakTepu3yeT CIydallHbli MaHEBp IO TpEM

Hucnepcust  cinydallHOro MaHeBpa
MPSMOYTOJILHBIM KOOPJIHATAM.

2. Quremp Kaamana npu HaOI0OeHUU NPAMOYSOIbHBIX KOOPOUHAM C  HE3A6UCUMBIMU
owmbkamu nabmodenuss [11]. B manHON MOAMGHUKAIMKM OIEHKH TOISPHBIX KOOPAMHAT TaKKe
MEPECYUTHIBAIOTCS B TMPAMOYTOJbHBIE ¢ MOMOIIBI0 (6), HO MpU 3TOM MPHUHITO, YTO OIIHOKU

nabmozennss X, , Z,, ¥, Mexmy coboii He KoppemmposaHbl [l0J06HOE MONYIIEHHE MO3BONSET

(UIBTPOBATH NPSIMOYTOJIbHBIC KOOPAUHATHI X, Y, Z pa3/Ie/IbHO MPHU TIOMOIIH TpeX WACHTUIHbIX DK,

B stux ¢unprpax:

— KOppeJsIUOHHAs MaTpuia (QIyKTyalMOHHBIX OIMMOOK TEKYIIMX HW3MEepeHuil OynmeT
TNpencTaBIeHa MaTpuLaMu enauHugHoro pasmepa: aua @K (kaman X) R,, =R, mna @K (xanan z)

R, =R,,; nnsa @K (xanany) Ry =Ry;
— MaTpuia crarideckoro nepecuera: H=|1. 0 0ff;

— HeclTy4yailHasi JWHAMHYeCKas Marpuma Tepecyera MpUpANICHHsS BEKTOpa COCTOSHUS
COOTBETCTBYET BhIpakeHHIO (7);

T3/6 0 0
— MaTpHIIa NepecyeTa CydaiiHbIX IpUpaleHuii BekTopa coctosuus S=[T?/2 0 0.
T 00

— IHCIIepCHs CITyYaiilHOTO MaHEBpa Gﬁ,, OyZeT oMMHAKOBOM /IA X, Y, Z.

3. Aucyenmuwiii punomp Kanmana. Peanuszanus ancuentHoro ¢puibtpa Kanmana moapoOHO
omucana B pabortax [14,15]. OcobeHHOCTH peanu3alnuy aHCIEHTHOTO (uibTpa KamMaHa mpu
conpoBoxaeHUr BQO  OMpenensor: BEKTOpP COCTOSHUS (4); KOPPENSIMOHHYI) MATPHUILy OIIHMOOK

usmepennii R, ; byHkuuio skcrpanomsinuu (puc. 2); QyHKUHMIO IepecyeTa BEKTOpa COCTOSHHUS B
r X+ +y?
CHCTeMy KOOPJMHAT BeKTopa HaOmoaeHns: 0 =B = larctan(z / X) +(1/2)[2 —sgn(x) —sgn(X)sgn(2)]|-
& arctan(v'x* +2° / y) +m[1 -sgn(y)]
Marpuiia ciry4aifHOrO JUCKPETHOTO MaHeBpa OyeT CKIIaIbIBAThCSA M3 TPEX COCTABIISIONIHX:
T2/2 T 0 00 O OOODO
M=5,Q,8; +5,Q,S] +5,Q,S], e s,;=| 0 0 T?/2 T 0 0 00
0 0 0O 00T?2TO

0

0
OOOOOOOOTOH

0 )

S:‘oooooo T mTZ/ZOOH _
000000 -wT2/2 T 00 > [00000000O0O0T
o2 0 0 , ,
Q.=[0 o of, Q=7 °| =" O
0 0 & 0 of 0 op

a
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Jucnepcuu ciaydailHbIX MaHEBPOB ci, 0%, Gédm, Gé XapaKTEepU3yIOT CiIy4yailHble MaHEBPHI 110
TPeM IPSIMOYIONBbHBIM ~KOOPAMHATAM, TIapMOHHYECKHM Mapamerpam coctosuus Z, u Z,,

mogudunupoanHomMy — kodbdummenty compormsiennms C,, M KpyroBoii yactore o,

COOTBETCTBEHHO [1].

Pe3y.]'II>TaTbI COIMOCTABHUTE/IBHOI'O aHAJIN3A

ConocraBuTennbHOE MOzeTupoBaHue pe3ynbratoB ¢mibTpannuy ADOK n momndukanmii OK
IPOBOJMIIOCH NP MOMOIIM KOMNIEKCA MAmemMamuieckoeo mooeauposanus. Kommiuekc Gopmuposan
BXOAHOE BO3JICHCTBHE B BUAEC CYMMBI 3a0armoujeco W GO3MyWaioujeco BO3IACUCTBUS. 3ajaroliee
BO3JIEICTBHE TPEACTABIUI0 Cco00i aTrMocepHBI ydacTOoK Tpaekropuun bO, coBepiiaromero
CHupalbHBI MaHeBp. Bosmymiaromiee BO3AeHCTBHE Ha KaXIOM HHTEpBaie OOHOBICHMS NaHHBIX
3aJaBajioch B BHJE CIyYalHBIX OINMOOK HW3MEPEHUH TMONAPHBIX KOOPAMHAT, C  HYJIEBBIM
MaTeMaTHYECKUM OXXHJAHUEM M KOPPESIIMOHHON Matpuied ommOok m3Mepenus (1). YcmoBus
HPOBEJCHHUS MOJCIHPOBAHHS COOTBETCTBYIOT pabore [3] st ciydas ¢ MOCTOSIHHOW KpyroBoif
4acTOTOM (MOAenbHbIN 3kcrepuMeHT Ne 1) W KpyroBol 4acTOTOW, M3MEHSIOLICHCS MO JHHEHHOMY
3aKOHY (MOJECNbHBIN 3KCcTIepUMEHT Ne 2).

Toxasamenu kauecmesa. Iokazarenem kadectsa ADK n momudukarmii OK seisuocs CKO cymmapHoi

onmbOku u3Mepenus Mectononoxkenus Ay (K), u ee cpennee snauenue Ay (K), KOTOpble BBIMHCIIAIICH

cormacno mpacane. A, (K) = L3 Do, 00 -, (0T +[ 26100 -2,,00 ]+, 0=y, 00T )

on j=1

N

ZZ — k4 rac Non — KOJIMYECTBO HNPOBECACHHBIX OIIBITOB (HOI[ OJHHUM OIIBITOM IIOHHMAaCTCs
N

pe3ynbTar (QuIbTpanuu Tpaekropun B TedeHue 350 MHTEpBaIOB OOHOBICHUS JaHHBIX); K — HOMeEp
wara Habmonenus; X (K), Zr;(K), yy;(K) © —  Tpebyembie 3Hauenms (asoBBIX KOOP/MHAT;

Xy; (K), Z4;(K), ¥y;(K) — dunbrpoBanmbie 3HaueHns (asosbix koopamHar; N —  KOJIMYECTBO

U3MEPEHUN B OJHOM OIBITE. 3HAYCHUS Az(k) HopmupoBaiuck kK CKO Tekymmux ouenok st 5000

MPOBEJICHHBIX OMNBITOB. Ha puc. 3, a—6 mpencTapieHbl 3HAYCHUS CyMMapHOW OIIMOKUA H3MEPEHUSI
MECTOITOJIOKEHUS JIJISl MOJCIBHBIX IKCIIepUMeHTOB No 1 1 Ne 2.
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Puc. 3. Pe3ynbraThl CONOCTaBUTEIBHOTO MOJICIIUPOBAHIS: d — MOJICNIBHBIHN 3KcriepuMeHT Ne 1; 6 — MoJieTbHBIH
skcriepuMenT Ne 2

Pesynomamur modenuposanus. Ananus puc. 3, a, 6 1 JaHHBIX TAOJIHIIBI IOKA3bIBAET, YTO BCE
NPE/NIOKEHHBIE AITOPUTMBI (QUIBTPAIMN TTO3BOJISIOT YMEHBIINUTh OIMUOKY M3MEPEHHUs. AHCIICHTHBIH
¢wreTp KanMana wMeer Jydinue mokaszarend KadecTBa, yem Momudukanuu DK (B ciyuae ¢
MOCTOSIHHOM 4acTOTOM BpameHus:: a0 15 % otHocutensHO ¢wibTpa Kanmana npu HaOmOAEeHUH
NPSAMOYTOJIBHBIX ~KOOPAMHAT C KOPPENMpOBaHHBIMU ommOkamMu HabmopeHus u g0 10 %
oTHocUTeNnbHO QuibTpa Kanmana npu HaOMIOJIEHHN TPSMOYTOJIBHBIX KOOPJMHAT C HE3aBHCUMBIMU
omnOKaMu HaONIOAEHUS; B CiIydae C NEpEeMEHHOW 4YacToToil BpameHus: A0 21 % OTHOCHUTEIbHO
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¢unpTpa KanMana npu HaOMIOJCHUH MPSMOYTOJEHBIX KOOPAWHAT C KOPPETUPOBAHHBIMHU OLTHOKAMU
HaOmonennst u 1o 18 % orHocurenpHO ¢unbTpa KanmMana mpu HaOMIOAEHUH MPSMOYTONBHBIX
KOOPIWHAT ¢ HE3aBHCHMBIMU OIMMOKaMHU HaOMIOACHUS). ITO 00BsICHAETCS Mcmoiab3oBanneM B ADK
IropuTMa 3KCTPANOJSAIHMYA, YYUTHIBAIONIETO ChIHpalbHOe BparieHne BO mpu BO3BpalicHUH B
TJIOTHBIE CITOM aTMOC(hEpHI.

Pe3yJ]]>TaTl>l MATEeMATH4Y€CKOro MOACJIUPOBAHUSA

®unetp Kanmana npu
b p Ounptp Kanmana npu
HaOIIOACHUT
AHCICHTHBIN MIPSIMOYTOJIBHBIX HabJloeHHH
Cpennee 3HaqCcHHC PazoBas yr MPSIMOYTOJIEHBIX
N ¢$ueTp KOOpAMHAT C
CyMMapHOU OIIMOKH Az , M omnoKa KOOP/IMHAT €
Kanmana HE3aBUCUMBIMU
KOpPEIHPOBAHHBEIMA
oIIMOKaMu
OIIMOKaMHU HAOIIOICHNUS
HaOJIIOACHUS
MonenbHbIi SKCIIEpUMEHT
Nel. ITocrosiHHast Kpyrosas 62,366 9,74 17,186 15,035
4acToTa
MonenbHbIi 3KCIIEPUMEHT
Ne2. TlepemenHast Kpyrosas 61,681 10,473 27,02 25,349
4acToTa

3aka0ueHnne

B xome mnpoBeleHHBIX HCCIENOBaHUN Oblla paccMOTpeHa Mojenb JABwkeHus bO,
COBEpILIAIOIIETO CNUPAIbHBIA MaHEBp TMPH BXOXKIACHUH B aTMoc(hepy; MPEICTaBICHBI OCOOCHHOCTH
noctpoenust Mmogudukanuii ®K n AOK npu conpoBoxkaennu 5O. Monens O paccMoTpena B epBoii
YacTH, OCOOEHHOCTH MOCTPOCHWH (HUIBTPOB MEPEUHCIECHBI BO BTOPOW dacTH. B TpeTheil dacTu
MPOaHaIM3UPOBAHO Ka4ecTBO M3MepeHHi koopauHaT bO B pa3iuyHBIX MOJU(HUKANUIX (UIBTPOB.
Pe3ynpTaThl MaTeMaTHYECKOTO MOAECTUPOBAHUS IEMOHCTPUPYIOT IpenMyInecTBo ADK B cpaBHEHNH C
paccmarpuBaembiMu Moaudukarsiva OK npu Habmogern MmaHeBpupytomiero bO.

FILTERING FEATURES FOR TRACKING OF SPIRALING REENTRY VEHICLES
A.S. SOLONAR, P.A. KHMARSKI

Abstract

The target dynamics model for tracking of spiraling reentry vehicles is considered. The features
of Extended Kalman filter modification and Unscented Kalman filter are listed. The estimation
performance of Extended Kalman filter modification and Unscented Kalman filter is compared.
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