
Er.urapcxa aKaAeMrrfi Ha HayKure. Bulgarian Academy of Sciences

AeporocvltuecKrl r43cJreABauus s Et,rrapr,ra. 10. Aerospace Qesearch in Bulgaria

CoQrzx.1993.Sofia

Mero,q Ha AoII'bJIHIaTeJIHara
rrpoMeHJfl4Ba B SaAaqaTa
sa $nnrpaUzn Fra npocrpaHcrBeHl4re
KOOpApTHaTI,I V [apaMerpl,ITt
Ha ABr4)+(eHpre Fra iloABHlI{HH oSerra

Beu4ecttae PaLurcoe, Aueen Xpucmoe

I4ncmumgm sd Koc:vLt4€cKu uscrc1eauttn, EAH

I. Breeaeune

EAua or BTr3Mo)KHocrHTe ga yAoBJIerBopflBaHe Ha
BHCOKOTOIIHOCTHI4Te Hy)KAI4 Ha CCBpeMeHHara KOMyHI{KaUVtr v rpaHcrlopr e
pa3B?ITHeTO Ha MHO|OIIO3T4qI,iOHHLI paAr,IOTeXHIZqeCKI4 HaBI{TaIU4OHHIZ CHCTeMII
(MPHC) [1]. OcHoeeu npo6.ren rpv ycr,B:bplxeHcrBaHe Ha ciblqecrByBalIll4re
u paspa6orKa Ha Hoera MPHC ce rrB.rrBa Iro-Harar:blllHoro rIoBIlIxaBaHe Ha rqx-
Hara roqHocr LI IxyMoycrofiuzeocr.

PeurasaHero Ha ro3LI npo6neu 6es AonbnH[TeJIHH anaparypllu ycJIoxHeHHfl
14 OCKib[rrBaHe Ha cr.rcreMaTa Ce Ocbr{ecTBqBa rlpe3 peaJII4sAUxfl Ha OIITIIMaJIeH
aJrropktrbM sa o6pa6orKa Ha crdrHaJIH, ocHoBaH Ha IIT'JrI{o LIgBJI}IrIaHe Ha LIH-

Qoprraaqunra or paAr.loclzrHaJra. Toqsocma na SznrpaqI4flra Mo)Ke Aa 6tAe no-
BHrrIeHa ga cMerKa Ha IzsrIo,iI3BaHe Ha aJIropIzTMrz c o6eAIEgena cLIHxpoHI43auI{r,
usrroJr3Barrlrr cbBMecrHara zuQopnra:gzrl Ba 3aApb)KKara Ha cI{rHaJIa, -cbAbp)Ka-qa ce e odnunallara H BllB $asara Ha Bl4coKor{ecrorHoro sanuueuHe [2] .

IIde ce cnpeM no-no4po6Ho Ha HeJll4Hefrsara {lunrpaqua [pI'I MHoroMoAaJIHo
arrocreprzopHo pa3rrpeAe/IeHI,Ie [3] . Ct,r,rracHo c reopunra Ha oIIrIaMaJIHara Qu,n-
rpalrafl Ha MapKoBcKIz flpoqecl4 ToqHoro peIxeHI,Ie Ha sa4arrara Ha Qulrpaqun ce

cBeXAa KrJM peKypeHTHIz ypaBHeHI'Iff 3a alocTepuopHaTa IIJIbTHOCT Ha BepOflT-
Hocrra (AnB) Ha Heli3BecrHlzre rlapaMerpv p (/, f). Ho HerlocpeAcrBeHara peaJrrl-
saur4 fl Ha resl4 ypaBHeHriR B rroBer{eTo cryrrau e HeBT,3Mo)Ksa. 3a npz6;tuxeuo
perxaBaHe ca npeAJlo)Kefin pe4uqa MeroAIz, or KoLITo ocHoBeH ocraBa MeroABT Ha

frlrggsu anpoKcrdMaur,rfi, BoAerq KtM aJrfoprrtrvu, 6nusNn Ao pa3[tl4peu $ulrtp
na Kanuas. B sap,aunre I{a o6eAairesa cldHxpolll43ayua 12,51 ro3z MeroA AaBa
uepa6orocnoco6su aJrfoprrrMr4, r:r,r? xaro AIIB nnaa Iz3pa3eH MHoronI4KoB xapaK-
rep. B rosu cnyuaft e4uohuxonara HopMaJrHa rrJrtrHocr Ha BepofrHocrra He Mo)Ke

Aa ocr4fypH yAoBJrerBopr.ireJrHa arrpoKcrrMarrLrfl Ha AIIB. Ero salqo I43no,II3BaHero
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Ha Merora rra falrcoBo npu6flr4xeHne BoAZ KT,M a"rrropzrMrr Ha sr.r.nrpaquapaKrepHa HeeAHO3HaqHOcr.
06rzKnoseuo np14qaFra sa Mr-roforr4KoB14fl xapar(rep na p (t, l,) ce reae

JII4qtlero Ha HTIKaKBa nepr4oArzqHa $l,uxqun or l, n niro4e"rraTe Ha na6,rrro4euuer
cr,o6qeHHero.
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5A OTqI4TAHE I{A MHOIOTI4KOBOCTTA UA A|IB MOX(C AA CE NPCA,IOXAT PA3"IIarlpoKcr4Marlun. ouena4Frr4 ca oll]zrare [2,5] 3a usror3BaHe Ha nonuraycoBa i
KcuMarlu r, He4ocrarr,K Ha 'raK6B nolxb,q ce flBflBar foreMr.rrrr 6pofi 

"Heuse

['P^uy9tp" Ha pa3npeAeJIeHI4e H cdreAoBare"tHo cJloxHocrra rra peaJrr.rsaub 12,5) e npeAJroxeHa lr rz3cdreABaFra anpoKczvrauu.rr HaAflB qpe3 npor,r3Be,
Ha faycoBa o6rzearqa r{ repuoAr.rqFro sarrbd'rHesue. B [5, 6] e npeAJrox{eH
HaperreH MeroA Ha pa3Ae,[nr{e Ha 3aApT,xKrire. Toli noseonEBa Aa ce o(or Hflr(or4 ofpaH[rreHkrfl Ha Apyfare MeroArr, pa3f,/reAauu s [2,5]; BoAt4
npocrH a,/rropr4TA4r4, y406ua 3a pea,[r.r3al\vfl u orjrl4rraBa I{Ia ce c ro-ro

2. Oopuy,'rr4poBKa Ha sag'auara

_-Ha |lO c KoopAr4r{arrz X:(x, A, z) ce va6
clIrHa/'IIl o'r rpu VIVI c H3tsecrHtr r(oopAr.rrrarr.r Xn:(it, lih,, zh), l?:
IIpaBot'fb,rrHa KOOpAr.{r{arFra cr4c'reMa. Ha nxo4a Fra npr4ervrHr.rKa Ha
IIaO,IIo.[aBa

(l) €(t):s(t, L(t))+n(t),
3

KbAero s(/, l,(/)) : 
):, 

sn!-fu(f)) e rrorreoeH cnrHa.rr, npeAcraBnqBaul

or cr.rfHaJrflre s,1(/-Iu(},)) or acer<w VlVl:

s o(t -T o(X)):f n(t- Iu(I)) cos [ar6 (t-f o(],))l ;

To(X raHe Ha czrna,ra or k-ru VlVl:L(!)_ Ha fIO or cncreMHoto rpeme;tn(X zu)21112 - 
ptcrnHgo BpeMe Ha saKbcHeH

CITIH
c -- cKopocT Ha CBeTJrHHara;
Xr:(x, V:,^!, \u, A, V$ - Ber(rop Ha cbcrosHuero, BKJrroqBarq Koop
rr.rre Ha fIO u A, a ctulo 7Tr.rTe Ha llU u A, a ctulo Yr:_Vn, V,t- cKopocTHTe Har{BMeHeHLreHa X,)tn(t)_- 6r,'r raycon ruyn (Ei[I) i: xaparcreprirar<rz M{n(t)):O u M{n(t\n(tn(t) - &n: (N/2)6(l).

c xapaKreprdcraKrz M{n(t)}:O u M{n(t)n(t

Btn nexropa na
Ha cKopocrra Vr'no

cbcTosHaero He ce BKJrroqBaT KOOpAr.IHaTaTa Z H Ber.

Bexroprr l, uoxe 4a
{€C, YAOBNCTBOPflBAIII
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x: V,a,

V ,: - u"V** n*(t),

(4) !.: vo'

Vy: -uyVy* b(t),
A:Vt,
Vt - -atVt* n{t).

Tyrc n*(t), n_n!t) u _nt(t) ca rregaBucr.rMr.r 6fiII c eAHocrpaHHH cneKrpalrHr nJrbr-
Hocru N", Ny u M.

Marpuqure ua roe$nqneHrrre Ha cHoca a 4asysnnra ca

000000
0Nil12 0 0 0 0

0 0 00 0 0
F- o o o -or o o l' *^:lo o ory,p o o l;

000001
o o o o o -ua

nl(/):[0, n*(t), 0, nr(t), 0, n^(t)];

M{n^(l)n[(l- r)] : Nr5(r).

3. Crqnocr Ha MeroAa

B AaAenus cryuatl MHororlnKoBocrra Ha AFIB p(t, )r) e
o6ycnoeeua or nepr4oAnqHocrra Ha Hoceqara Ha cHrHaJrHTe or lAI4 orHocHo
BpeMeHara Ha Bar{'bcHenvte ToQ") c neproA To:2nlil,o,

BIECXAAI\,IC BEKTOP OT AOIIGflHHTCNHH TTPOMCHilPIBI4 3  CHTHAJIATC OT TPWTCLIVI

T[:(T61, 762, T6s),

KrAero 761, Ts2, I6s ca BpeMeHa Ha gaKbcHeHue Ha Br.lcor(oqecrorHnTe galrbJl-
HeHHfl Ha cr.rtHaJruTe, ueJrbqeHu or VlI4, T. e. BMecro BeKTop l, qe paarne)I(AaMe
BeKrop Ha ctcroffHuero l";:{},', T;}, ttprl roBa rrrxHara rLxAecrBeHocr B r,rBXoA-

Hara saAaqa qe orqereM B anpuopHoro pasrrpeAeJreHze (sa l:0)
(5) Pr,(),, To):&.(1.)6[Td-T(I)],
KbAero Tr(1,):[? (I), G(I), fs(t)], a ctulo H B ypaBHeHrero Ha AHHaMr.IKara

(6) io:q#):# #,
Koero ocmypsBa rrsntJrHeHr,rero Ha ycnoBr{ero T6- (},):qsnsf.

Ot (3) rz (6) cre4na
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(7) tu: T$oi.+ffin(o.
Or Susaunu cto6paxeuus AnB

P(t, 2,., To):P{t(/), To(l) l€6}

BbB BceKr4 MoMeHr or BpeMe rpa6na Aa ctAbpxa aelra-rbyuxqna 6[Tu
HaJIHTILeTO Ha KoqTo oTpa3sBa Ha[IeTo SHaHHe 3a ToBa, qe BbB BceKI,I
or Bp-eM€ e B cr4.rra paBeHcrBoro Tu-111;.

tr4a6vpaue cnoMafareJrHa anpuopna' nJr.brHocr IZ6(1,, Tu), rara
BneTBopSBa ycnoBHeTo

(B) wu[x, Tu:7(].)l:cPo,(],).
IIpa roea ce oKa3Ba BspHo c6ornorrreHr{ero

(e) P(t, X, Ta):cPa(t, i,, Td)6[Td-T(],)1,

Koero ce AoKasBa no MeroAa, onucar e [3]. B (9) p, (1, X, Tu) e A[-lB I

4e,Ialq ua Snarpaqnfl c arpuopHa nrrtrHocr tW6(?") T6), ruo4ur ua cto6ule
(3), (6) u uoAe;r ua H_a6.nro.aesrero (1), (2). B t3l ce 

"furrn.*4u pa3rxupe
TOp Ha C.bCTOflHAeTO tr, Tdl, KbAerO T e BpeMeSaK'bcHeHr4e Ha o6ensaulrr'op Ha c'bcrofHaeTo {r, T6}, K'bAero r e BpeMeSaK'bcHeHr4e Ha o6erzsaula
cLrHaJIa oT eAzHcTBeu kI.Vl, a td e BpeMe3aKbcHeHlde Ha HoceulaTa Ha clt
or cbrqr4fl VlVl. B npoqeca Ha AoraaareJrcrBoro ce npeMr{HaBa KbM HoBr4
MeHJTHBn r, €:rd-r [3J. ts Haur.ra cnyuair ea AoKasBaHe ua (9) ce npo
no CbII{Hf MeTo,[, Ho paSIXHpeHr,flT BeKTop Ha CbCTOsr{HeTo e l,u:{},, Tu
ACTO }., Z T6 CA BEKTOPHH ilPOMCHJI'IBII. HbEUTC T POMCHJIIIBIII, KbM KOHTO I

BGpruBa rrpexoA.br, ca 7, u e:Ta-T(I). Or (9) cneABa ocnoBorroJrafa
BoA, rle sa A|IB P(t, x) Ha rexoAsara' sataqa' Ha Sunrparlun e crp
C'bOTHOIIIeHLIeTO

(l 0) P(t, 1"):cPup, 1,, T(fu).

ZexoAsara BaAarra c ypaBHeHrre Ha Ha6"rrcAeHuero (1), (2) il ypaBHeH
cto6qenuero (3); (4) ce cBexAa K6M FroBa AonbJrHnreJrua' saiaqa. B
ypaBHeHr,re (1), (2) 3a[HcBaMe noso Ha6nroAenue, B Koero BJrnBar
HHre npoMeu;runn Tu:

(1 1) l(t): s(t, )v, T o) + n(t),
3

s(1, 1,, To): J f hlt-Tk(t")lcos[rno(l-T6u],
h=l

K6Ae'ro f hu-fk()'")l e o6ernaula Ha cnfHarra o"t k-ru l4W.
JpaBHeHrrero Ha AnHaMHKara B AOnbJrHr{TeJrHara 3a.u.aqa ce

nue (3), (4), 4onrnHeno c (6).
3a la KoHKDerBRrl na-.' iaAt591r.{qg1zar.rpaMe, (6) u (7), rpn6na Aa HaMepuM BeKropa

BoAHrrre dTk(?,)1il,,r
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'+:-(y-y)[(x-x)n + (y-y)2 + (z-ze)zl f,:'o'Jo ; .

d1"- r'') dT k(),) 0T k(L) Or o{X) n-t':t, -#i: fr: -ft-:r,
KrrAeTo coso4, cosBa ca Ar.rpeKTopHr4 KocHHycr,r KbM HanpaBJreHnero Ha k-"tuwv\

(r3) a+9: l=r, o, '-9p, o, r, ol.ot\' I" l

Or (7) nonyrraBaMe

(14) io:Fruft+O1axr),

KbAero o1axrl e BeKTop-cTbn6 or rpH eneMeHra;

Fro:4?F,

(r5) o,.:l 3 :-l:::;; 3 :-l:::5; ; I
l0 c-1cos0s 0 c-1cosB3 0 1

3a Aonr,rHlrre.rlHara gaAaqa ypaBHeHuero Ha ArrHaMn:rara uMa B:aAa

(16) iu-- Furu+nr"u(t),

K'bAero l.e:{},r, TI}, nlu(l)={n;(l), 0, 0, 0}.

Matpnqurc Ha Koe Hrluegnlrre Ha cnoca u 4ra@yexrra ca

F io*"rl I u^ io,u*r,

VpaoHeunero ua Sn.rrrpaqr,rfl Ha CrparoHoeuq rpueMa BHAa:

I n io*"ol I tn^ io,u*olo': 
| 0,, io;;;"] *^,:iot*,;io;;;;l

(17) dPd(l'-l" rd) :L6{P6(t, },, Td)}+ lF(t, }', TJ-itr'(/)lPd(t, 1., Td)

c HaqaJIHo ycJroBlre P(0, I, T6): IZ6(1", T6), yAonnereopreaulo (8).
Oneparoprr na @orep - flaanx - Konrrroropon (<DtlK) e

g d{-fi (/, X,d). } s

r.{'}:- 
J, -+5: .+AN^oufii;,

KbAero fru(/, Io):FaLa.

F(t, ?,", Td):(2/&{lQ)s(t,1,, Tu)-*sz(/, }., Tu)},

F(t): I I F(t, )", Td)Pd(t, 1", T)iludTd.

flopa4r.r [epuoAnrrHocrra Ha cr4rHaJra so(t, X, Tan) v ua roecpuq[eHr[Te Ha
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(20)

KCAETO

(18) Pd(t, ?,, T6):c1,. j .*o {-0,5[],r-mi, TJ-(m;+ftZ'E)lR-l
h=-6

X F,r- rn;, Te-(m; + ft roE)lr).

VpaeHeuurra Ha paslxnpeHr.rfl Qnlrtp ua Kanlrlas ilMar BHna

(19) *ro:FdI1+R(2/N)[((l)-s(1, m^o)][ds(1, mr,o)/dlai,

K'bAero m;d:{mi, mJ};

# : auR n RFI * Nr,. -RFeR,

I o' io^r.,R:l *;.; : R-'q I' R^'o :Rio,.,
I d: dl

Fr:(2lN)ltds(t, mx)ld),;l'[ds (1, mru)/dl;] | .

Anporcauaquflra Ha AnB P(1, l,) ce no.rryr{aBa or (lg) rz (10)

(21) p(t,)"):ce*(.t,I, T(1.)):c, j .*o {-0,b h.-mi,

T'(t)-(m] + hToE)le-r [t'_ mi, Tr(r)_(m;+AroE)]'].
IIe 9n-p_eaerr{r\{ orleHr(ara Ha MaKcHMaJrHo npanAonoAo6ueI*: m-nx-l {p(1, }")}.

Or (Zi1 cJre.u,Ba, qe Vn:*ur, Vl,:fttyr, V*6-*ro^

l**(t) I ( (

(22) ll:tttl:'u*^ 'l Z .*p f -o,s fx-m*, !-ffiy,a,-ft7r,,r,(x,y,L)
la- (41 ,, n, a ( rI- (

-(markr,Dr |f;;&'&ol-'
r^^,, f;if^|1 rx- ftt11' ))-t/Lv' a'-ntt' T'(x' v' a)

-(mu+kroD,'ll
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(24)

AKo ,,nr.IKonere" Ha AnB p(/, I) ca recH[ orHocHo uefiHara ,,o6nuBau1au
ro (22) npeMr.rHaBa B rpaBnnoro:

I x* (t)l
(2q 

I l* (t) 
| 
: ru*-. {P (t, x, y, A) I T (x, y, A): ma t,4lo E}

lA*(41 *''' o

^,min-llmo (4+tro Er-T(1, tfis, wy, fti.t)l:rn^(i)+t<n le Er:T'F,
K'bAero h': (ft1, kr, kr); kxr:(tri, k;, k!\ e BeKrop Ha crofiuocrnre Ha k,
Konro ce Aocrura er(crpeMyM; T*r-[fl, 4, T;].

Orryx saAarrara ce cBelKAa Ao pemaBaHe Ha cr{creMara

Ti: tn11(t)+ fe;To: c-r [(x*-x1)2 f (y*-yr), +(z-zr)?1't'a L*,

Tl: * o, @ + k; T o 
: c-t l(v* - x r)z + ( y* - y )z * (z - 2 r)z)' t' ! L*

TI:mut@+k;To: c-t [(x* -xs)s* (y*-yt)n+(z-zt)zf't'1- L*

npn Koero ce onpeAenqr Jcn, y* u L*.
flo-yao6en anroprrbM e tlnlrpaqrnfl c fpyrrnpaHe Ha

creneHqara anpoKcr,rMaqun. [Ipu roBa orr{r,rraMe, qe cr{rHaJrbr
or cpaBHlirenno 6aeHo r.rsMeHrrrrlu ce npoqecu X(t) u L(t),
Ha AucKperugarlufl I ca npa6.rlll3nTeJrHo rrocrogHHr{. 3atoea
xeHHe Mo)I(eM Aa cqlrTaMe, qe Ha BceKH TaKTOB nHTepBaJr
HLIero ce npeAcraBn 86B''Br.rAa

E(t)=s(t, x")*n(t), tC(tv, tv+i,
KbAero X":I(1") e crofiuocrra ua napauerbpa B orropHr4Te

IlocreAosareJlHocrra l"o ygoe,nerBopsBa peKypeHrrroro

c HSKaKBO npHO
(tu, tu+r,) sa6lrc

(25) lv+r: Ol'uf n1u,

Ha6,roAegrnra np
sy(.t- 7"u (1.)) eannc
I(OHTO 3a

ToqKLl /v: v f.
ypaBHeHHe

KtAero (D:exp (Ff): L-1{(pI-F)-t} e rpexoAHa Marpnqa na (4) ea epeve.Tt
(nepuoa Ha Ar.rcKperueauua); L-L{...} - o6paruo npeo6pasyeatue Ha.Ilanracl
p - onepaTop Ha Ilan,nac i nL,u- nocJreAoBareJrHocT or HeSaBHcrrvrn raycosH c.rry.f

,rafrnr BeKroprz c MareMarrcr{ecKo oqaKeane M{nl,}:0 u KopeJraqnoHua uarpu{{

Y:M {nr,u,

3a AonrnuureJrHara gaAaqa ypaBHeHflero ua Ha6nrcAeHnero npzAo6tna aa4{

E(t): s (t, ?,.u,)'t n (t), t ((tu, t, st),

KtAero Ii":tli, T["], Tu":T6(t,), ty:vf.
VDasHegr,rero sa cto6uteHr,rero e

(26) fo(v+r) : @6 l,6u f nx"ov,

KGAero (Da:€xP{Fu fl:l-t(pI-Fo)-t}; n^o'. e nocrleAoBareJlHocr or nesaan'f

cr,rMn ray.coen c.lyvaftnr.r BeKropn h c MaTeMarraqecKo oqaKBaHe M{nr"_r}:0 u ro{
penaqHoHHa MaTpr4IIa

77,
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Ya: M {n^uu,

flpz.roxeuo KbM cucreMara
Yu npa al<l r{Mar BnAa

exp{Fo (f-r)} Nr,o exp {q(f-r)}dr.

arrpnopuu ypaBHeHHff (4), (6) r{Bpaonre

7

tfli ,i: IdJ
0

ou:

1 ot,
o @ru

00
00
00
00
0 oiz
o (Dr,

o on,

00 0

00 0

1oe+0
0@nn0
00 1

00 0

0orn0
o(Drno
0(Dnn0
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0 000
0 009
0 000
(DsG000
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KbACTO

@tr:(1-exp (-u*T))\u", Oee:€Xp (-o*T),
Orn:(1-exp (-anT))lan, @44:exp (_arT),
(Duu:(1-exp (-oa?"))/ua, @66: €xp (-oaf),
(Dt2:(cos uric)(Drr, (Drn:(cos u2lc)@r2 (Dn2:(cos us/c)(Drr,
@7a:(cos Fr/c) (Da+, (Drn:(cos Brlc)@sn, enn:(cos pr/c) (Dsn,

(D76: (D16: @ss: @ro i

Yu:

YrrYrr0000YrrYraYrs
YzrYzr0000YfiVaaYss
0 0 Yaa Ya+ 0 o Ya, Ysa Yas

0 0 Y+, Ys 0 0 Ya, Yna Yas

0 0 0 0 Y66 Yro Yrz Yn, Yrn
0 0 0 0 Yuu Yoo Ye, Yu, Yog

Yzr Yrn Yra Yrs Y% Yro Yzz Yzs Yzg

Yrr Yr, Yru Yu, Y.r Yru Y& Y88 Yrn
Ygr Yn, Yn, Ynn Ynu Ynu Yn, Ys, Yrn

YtJ:Vl, npn (1, ,/:1,9),
V1:N*TBf6, Yp:NrTzl4, Y2s:N*T12,
Yas: NyT3l6, Ya+: NyTzl4, Yaa-NrT f2,
Yos:NaI3/6, Yna: Na,Tzl4, Yea:N^.T\2,
Ytlpaol:(cos c,o/c) Yrr, Yzta+o):(cos aulc)Yrr, Yatr+o):(cosBr/c)
Y+1*1oy :'(cos Bo/c) Y3a, Ys(n+o) : Ysr, Yo(r+o) : Yso,

7B

od



Y1n+o) (/+6): (cos aelc) (cos o,/c) Yrr * (cos Bulc) (cos Br/c) YaB+ Y66

npn (k, 1:1,3).
flpra ueno.reyBaHe Ha faycoBa anpoxcr.IMarlun noJlyqaBaMe

(27) P1(v, l.u,To):c, 2 exp {-0,5p.;-t;, Tl"-(fl"+ft"T0E)l
lt= 

-a

XR;t [x;-f,", T;,-(t;"+,4" ro E)]'].

VpaaHeHvrra Ha paorxr.rpenr,rn Su.rlrbp Ha Kanuau 3a BeKropa Ha orrenKltre
u Kopenaur4oHHaTa nnarpuqa Qu ca

t.

(28) i 4- "y'' i as(' *\--' A61v11y:-A6(v+r1*(2/N)R"n, / 1 

uotr' lqtY+tll l' tgtO-t U,T'61"rtr)ld't,
/, L dxi 1""

t.*,

(2e) Ril1:ftil1+(2/N) 1' f 
as(i' lgE+u) 1' ; 

asti'1qt"+u) 
l ar,'+r \' 

,l L d?"; lL drl l

KbAero iou:(Duulotr*r) eBeKTopHaeKcrpano.[HpaHlzre oqeHKI{i Ru+r:(DauRu(Dlu
* You - KopeJIaIIHoHHa MaTpHqa Ha eKcrpafloJlupaHnre OqeHIcr;

it":{ru, tau}; R,: 
I ,l.rl i l*} ; R{rru)u: R}uru.

Oruurafixu, ue l"u e BeKrop Ha HeeHeprerr{rrHH napaMerprl, T. e.

I a s(r, Tnr.-,r) I'| " qu+''r' l s(l,i61ua1;) d,t^'\,L"el
ro (29) npneMa BHAa 

t . -

(30) ttu+rr:f,0r"+rr*(2/N)R"+r 
"i' 

,rq 
ds(t'Ial'+u) 

4r.
J u^a

lu

CrIeAeaftrn (27), ea aupoxcnMaqvfrra Ha AflB P(v, l"u) ce rofiyqaBa

(31) P(v, 1,"):6tPu(v, 1,", T(1,"))

: cL Z exp {-0,5 [rl-i], T' (i,")-11; u* ku Toe)l R;t
k=-a

Xlrl-11, r"(lQ-(t;"1ft" ?"0 E;1').

Ouesxara Ha BeKTopa Ha c'bcTorHnero no KpLITep[r I{a MaKcHManHoro npaB'
.u,onoAo6ue e



(32)
au

It'

Ar)

Aa ce cql{Ta, qe

KtAero kl e nexrop r-ra croriuocTlrre Ha k, npu
Tl':Ifi, f;, f;] - BeKrop ua xofurnpaHure

or orAenHHre 1414.' i

?l raua saha.qiara ce cBexAa Ao peuaBaHe
roruqHu ua (24)

KOI,ITO CC /IOCTI,IIA CI(C

BpeMeSaAp'b)r(Ku Ha cHrH

I-IA CHCTCMATA VDAB

MYM

NI{TC

aHa-

Ti":To n* ki, To: c-t [(x*,[(x':- x;- rr)t + UI- y r), + (z - 2,.)rl Y'+ AJ,

" (34) Ti,: To 
",1 

hi, T s: s-r l(xi- xr)z -f ( yi,- yr), * (z - zr)zl't' a A. ,

f;,:7dsul ki" To:6-t l(xJ- rr), + ( yi,-yr), + (z-zr)zl,t" I Al,
rpu Koero ce onpeAeJrn,r xi, yI vr Ai,.

flp.ra ronxperr,roarlflfi Ha BerropHoro ypaBHeHue (30) sa MoAena Ha
pnte (4) ce rroJryqaBa cJreAHr,rsr perypeuien aJrropr.rrtM l

3

?u*,: ?u+ or, 7-"+ Z ltn B*,

Vr.,,-@rrV, + t l2pBa,-vfl'vZ
k:1

3

-i"*, :_fr, + o rn?"ut Z f ,o B o,
h=l

80



(35)

3

Z rnoBo'
h-l

3

"+ ,t 
luoBn,

3

)- F^, 8",
.?
h:1

3

fo,(un,t: ?o ru* @rr?rr+Qta7nu-lQruTor+ ) lipBp,
k:r

Vy..,,:Q&Vy..+
vTr

[u1r:Au+ @667t

3o .:@66 7a..*
vTr

Trrz(r+rt: Ttzr+ O8s 4v+ OBI

fn,iu*r1 =- fo,u+ Og f, + (Dn,

7n,+QruTo,+ Z lruBo,
h:l

3

i2,"+@nufo"+ )Ts*Bo,
h=l

K'bICTO

r t h 
: e | ry (,er, T + R^ r* * &t -r R n#. e,. ffi + nr' ry) 

| ^.*,
j:1,9, ft:13,

6 (0 
a-_;P 

d.t: Bc nt B* o: .i Bc p1* Btua,
l-l

fl ,s /l.T'.) 
turit 

d s.0,i,)xo1"-:\faat; Butn:- J n(t)-ffdt.
t

Aro npeue6perHeM npII yMHoxeHlrero rtoA HHrefpana qJleHoBere'

Naurn qecrora 2coo, aspasnre, 3a Bcp1, Btup tpwao6fiear sHAa

tv+l 
.

Bcu,:s,5 t lrof ult_ro!)lf ,lt-r,([)] sin [oo (7oo- ro,)]
JI

ru

I-vf I

Bn:- I,..|
I

I
v+r
f

bcpt:- 1 Sr(f'
.l
t
v

c6A'bp-

cos ['0 (Tno-r*11lat,

6 Aepoxocwr*ecKll lrgcneABaxua a Eanrapxx, l0



xt Ytzx

@r". 1. Crpyxrypna cxeMa Ha Ar.rcKpereH Qr4rrrr,p

t u+L
lrButu- I-.1

t

xL

zk

, U, 
lao 

f n[t-r* (i)] sin [rrro Q -T ou)]

- 
arov 

-!06)l cos [oro 1t-7"*11lat

_^..j3-{:Tp^1u11 cxeMa Ha aJrropr.rrri',r (35), (33), (34) e roKasaHa Ha tpa
IIPHCftIHI4KbT CE CT,CTOH OT TPI4.BPCMCBH AINCKPHMI4HATOPA A KAHAT:y AA @OPVHHa or{eHKr'rre Ha rrapaMerpnre l,n. Bcerr,l KaHaJr 3a OUeHKa Ha napaMe.l,T,p ce c?,clrpt4 yMHoxirdreJrs Tju liz n tr'.r, cynnarop H HucKoqecrorex^Sllnrrp, 6oprucboJBerxlra 0rlenxa. or HsxoAa Ha HrdcKoqecror'Hre sa.rrrpu oqeHK're
A' ,l 61, I dz u 163 IIOCTTTIIBaT Ha BXO.4a Ha CpaBHrrBaIrIO yCrpOtiCrno, KOeTO
BHflBA BPCI\{ESAKbCHEHHflTA. HA O6NNAAIqATA H HOCCqATA HA CI,ITHAJIA OT BCCKI,
u Sopmupa orIeHKa Ti, TL fl no rpaBr.rrroro min-l1 ?u"+t 

" 
fo E"_T 6;, i,:

:3:lfj.agE]:1":^g 1.._"prc'rare./rn 
.. 

"r""p,riua 
peuraBa'ero Ha cucreMa y

HeHHfl (34) t ce rzBBe)KAar xparlnnre orrennn x", y*, A.. il; peay,rrarr4 or
KHTe Ha napaMerpHTe Ce sOpurapar bfnH up, Bp, xonro ce usnoassar nDrz

I{ATIbJIHO CbOTBCTCTBA HA KOHqEI]qL]gTA HA NCCBAOAAJICKOMEPHI{ff METOA
HABHIAUHfl..

. 1.
aHe
{oT

laT
1t

pa-

)l
aB-
eH-
HC-

2l

(t),
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Ilocmnnuta na 30. III. 1993 e,

The additional variable method in the oroble m
of spatial coordinates and parameter,s
of motion filtration of mobile objects

Ventseslaa Rashkou, Ansel Christoa

(Summary)

An algoriihm is developed for opt tiplex sin-
chronization for multi-position r s (MRNS)
and satellite radiotechnical navigatio s are used
for optimum filtration, as well as the ar AVM) and
dala concerning the radiosignals envelope and phase. Using MGNS high accu-
racy is obtained when the mobile objects determine their spatial coordinates
and parameters ol motion. The results are contained in the two synthesized
variants of continuous and discrete filters.
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