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3a peAnIIa cbBpeMeHHrI cI{creME 3a rlpeAaBaxe na nnQopr"ra-
qEs,TaxtrBa KaTo cIIcTeMLITe 3a KocMl{qecKa paAuoBpb3Kav cncTeMaTe 3a Bpb3Ka c

rroABrrxHg o6errn, ca xapaxTepHu eAHnHE u3ncKBanul, npeA-sB.sBaEu I(bM E3rIoJr3-

BarrETe cvtHaJm. Axo ru cpaBHIIM c TpaALrqloHHIiITe Qaso- n qecToTxo-Manvfitynfl-

paHH c[rHaJI[, To Te rpx6ia Aa ocuryptBaT noBl,Iruena qecToTHa eQerrnrnocT B He-

lnnefiur KanaJrrr ea rprsxa, Aa rrMur 6rngra eneprufina etfexrunnocr Ir cbrrleBpe-

MeHHO Aa AaBar BG3MOXHOCT 3a IIpOCTa tr IIKOHOMIqHa alapaTypHa peaJlu3aqtrt Ha

ycrpoficrnara sa QopvnpaHe u o6pa6orxa Ha cvr5.aJrnre' Hafi-nepcneKrgBHll 'r1o

oTHOIUeHUe Ha nocoqeHtrTe tr3trcKBaHE.S ce oKa3BaT cErHaJIItTe c pa3III[peH cleK-
Tap, rraprlqaHn orrle cJroxHn, ruEpoKoJreHToBIt, [IyMonoAo6nn clnrnaJltr. O6aue npu

T9XHOTO II3[OJI3BaHe 3HaqI,rTeJIHO IIapacTBaT [3trCIGaHUCTa IIO OTHOIIIeHUe Ha Toq-

HocTTa IIa cuHxpoHnsarltrs. flo ornorueHEe Ha cEcTeMIlTe 3a Bpl3Ka npo6neutr sa

cEHXpOHIT3aIIUS Ce cscTon B cbBMecTcBaIIeTO IIO BpeMe Ha nepIIoAIItIEtr trpoqecn'

Ott"""Uttt" pa6Orara Ha IIpeAaBaTeIs il 1rptreMgtrKa Ha CIICTSMaTa. ,{opn TOTIHO-TO

rro3rraBaHe Ha BpeMeTO Su^"atuttO na pa6Ora Ha IIpeAaBaTeIc, v' 6'Ae,aJTrIATL Cta;6n-

Jfir:la1rrrs Ha erzurouuTe Ha BpeMe He peulaBar EarIsJrHo upo6nelvra 3a ctrExpoHtr3a-

qnc. TOsa e BantrAHO OCO6SHO 3a CnCTeMtrTe Ha IIOABtrxHaTa paAtrO-Bpb3Ka' KbAeTO

BCJIeACTBI,IS Ha npoMsgaTAp1AqA3CTOqHEeTO MexAy IIOABSxII-E-Te o6exru B13HEKBa

HeolrpeAeneHocT B 3aKbcrreHEeTO Ha rrp . HegasucnMo oT ToBa

peAHrIa aBTopE [],2] nsncrnar cbo6pax ETO B rIepcleKTIIBHrITe

ilrnpoKoJreHTOBH CIICTeMtr 3a ycTaHoBsB Ea cEHxpoHn3aqus qe
6r.Ue [gnOI3BaHO CbqeTaHue Ha MeTOAa 3a aBTOEOMHa CI(ExpOHvrcA\ns' BbB Bpb36a

c Bb3HuKBaHero Ha Br{coKocra6rrJrgu eraJrogu Ha qecrorlr, npeAHa3HaqeHE 3a rIoA-

BExHII O6extll, ll MSTOAII 3a IIpOrHoStrpaHe Ha pa3cTolHEeTO MexAy npe4aoaTe1svl
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NPIIEMHI,IKA C NOMOIIITA EA AOIAJIHI,ITEJIEtr CPEACTBA, BXIIOIIBAIItr EI4M N AABAUIE
Bb3MOXHOCT Aa Ce non)^Ir{ AOCTaraqHo roqHa unQopvaqn.s c oureA KoMtreHcaqE.f,
HA 3AICbCEEHITETO.

Cr_rqecrnynar peAr{IIa rpyAoBe, rrocBerenu Ha anaJrtr3a Ha ctrcreMn cbc 3aKbc-
HeHrIe. 3naqnreles 6pofi.pa6orn ca nocBerennHaorleuKara Ha MoMeHTtrTe Ea lrptr-
eMaHe Ha cHrHanr,r B ycnoBE TA HA AnpHOpHa HeO[peAeJIeHOCT OTHOCHO TqXHOTO
3aKbcHeHEe. Paspa6oreHu ca ror-sM 6pofi pasnnrrnu alropnrMr{, rro3BoJrsBauln Aa
ce o[peAenrr eQexrNnnure (uln 6rnsru 4o rrx) orIeHKtr na gaxrcnextrero 3a mtr-
poK KJrac ctrrHturrlr u cMylleHns. B resu pa60ru ce npeAnonara, qe alptropHoro pa3-
trpeAeJleHrre Ha 3aI(bcHeHIIero e rrgBecrHo. I4snecrsnre aJrroptrTMrr tr,cxeMu Ha KBa-
3norrrr{MaJrHrr rprreMH}rqn ca pa60rocloco6nn npu 6annn Qlyrryaqru Ha BpeMe-
BETe napaMerplr Ha curHaJla. flo ornorueHtre Ha rrprreMagero Ha eArlHtrrrEn cyrtnalrr
B ycroBr'I.sra Ha rIbJIHa anptropHa HeonpeAeneHocT orEocHo MoMeHTa Ha 3aKACHe-
HHe B5.B QnrCnpax EHTepBan eArrH or nafi-curnure p$ynrarrr e nonJ reE r pa60ru-
reuaA. II.TuxoHon[3]. IIoorHoIrIeHEeHarrpueManeroEarrocJreAoBareJrHocrrr
or cI{_rHaJrI{ B TeOperFIeH nJIaH He e peneHa 3aAarrara 3a pa3rro3EaBaHe Ha ctrrHaJra
npu 6rpsz Qnyxryaqnn Ha 3axlcEeHnero. 3a4auara sa npnerr,rane Ea cJroxgtr cnr-
HaJrII Ha Qona na KQMTIJIeKcHI{ cMylrlentrr e pa3rneAana B AocratrEara rexHtrqecKa
JltrTepaTypa caMo rrpu npeAnonoxeHle, qe e 3aAaAeHO anpnopHoTo patnpeAeJreHEe
Ira 3aKoHa, onp.eAencq npeuesarrcHeEtrero. rlpu anpuopua lreoupe4eneHocr ra:rfi
SAAAqA He e pelrreHa B oMIlCbJI Ha CrrHTe3a xaKTo Ha OnrEMa-rrHrr MeroAE Ha rrpEeMa-
Ire, TaKa n ga 6lagxu Ao rfx acnMrlToruqno orrrtrMaJlHtr Mero.Itu.

Hafi-o6rqruT rIoAxoA KaM gaAaqara Ha cEHTeg Ha orrrtrManHr{ aJrroptrTMrr ga
nptreMaHe ce ocHoBaBa Ha Mapr(oBcKara reop[r na nelnnefina sznrpaqn.s. B Hac-
Tosllara padora na 6asara Ha ycnoBHr{Te MapKoBCKE npoqecn e npeAJroxeH noA-
xoA 3? peruaBaEe Ha rrpeAnoxenur npo6neu.

c orne,q r(oMrreHctrpaHero Ha 3aKbcEennero r(t) B cpeAara rra pa:rnpocrpane-
Hae Ha cnruana,S(l) cblrlutr 6y.rpndnalo Aa ce H3Jr3qtr c r{3rrpeBapBaHe BbB BpeMe-
ro x(/), T. e. Aa 6rAe nrs nzra

flpu naanulre Ha 3aKbcHeHrire r(t) uoresnnsr curHar rra BxoAa Ha npEeMHtrKa
ce olxcBa c rrcpata

(r) s,[r 
"O]= "{r-t(r)+x[r 

,(4]].
flpo6neurr, qtrero peruegrre e rleJr Ha Hacroruloro r{3cngABane, e Aa ce onpe-

Aenu crofinocrra na x(t), npE xocro ce ocllryprBa MtrHuMaJrHa CpeAHOXBAAparU.r-
na crofiHocr Ha orMecrBaEero e(l), nrr BpeMero Ha npueMarre Ha cnrnaJra Ha Bxo-
Aa Ha nprreMrrrrKa npu Haruqne na cnyrafinoro 3axbcHenue r(t), r. e.

(2) 
"(r)= "O-"[r-'(4]

3a onpe4enrHero nax(t) Moxe Aa ce r.r3[oJr3Ba rlrJrara reryrrla nn$opuaqnr sa
clyuainoro 3aKbcHeHr4e, Koero ce cbAtpxa B peaJrr{3r.rpaEoro rpeurexe-r(t) sann-
TepBaJra [0, l] na BxoAa Ea rrpr{eMHtrr(a, IIpII Koero roBa rperrreHe e cyMa or rrone3-
HI's CVTIlAJfl n ruyMa.

(3)

curnaJlrr, rrgJrbqeH or rrpeAaBareJrr B nporr3BoneH MoMeHT Ha BpeMero to,
trocrblBa Ea BxoAa rla rIprIeMEr,rKa B KaH JI cbc cnJ rafino garrcuen[e s voMenr Ha
BpeMe tr, TaKa rre e rr3rrrJrHeHo orreBElHoro paDeHcrBo
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s,(r)= s[r+x(r)].

(r)=s,[r-'(4] *4+



(4) ro = t, - r!r)
flocraseHusr npo6lena Moxe Aa ce cBeAe Ao roBa, qe Bb3 ocHoBa na na6noAa-

BaHsro fla peamsarryrra r(/) 4o uoveura Ha H3lrbqBaH e Ha cwrmara ri, = {, @,0 < r < ro }
Aa ce oflpeAenr{ r{3npeBapnanerox(r), Koero ocl{rypsBa MuHr,rMarrHa cpeAHoKBaApa-
Tr{qHa crofiuocr Ha orMecrBaHero e(t,) na cnrnalra, [pueMaH B MOMeHTa Ha BpeMe
t..' Kaxro e r.r3BecrHo, orrruMaJrHara cpeAHoKBaAparr.rrrHa orIeHKa ctBrraAa c yc-
JToBHOTO MareMaTI,IqeCKO OqaKBaHe, T. e.

",(. t)= 
"{"(,,),J. }

(8)
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(5)

3a Aa ce r,rs6erHe pa3rnex,qaHero Ha rrpoqeca n c:ryuafinu MoMerrrrr Ha BpeMe-
To, e qeJrecbo6pasno BbBexAaHero Ha npoqeca
(6)

' (r,)='(1)

"0,)= 
,vr{.(f )r. } = J*",q('lr,W,

Or (4) creABa, r{e

(7) ,,(,,)= ,[r, +,(q)]: 
"[d 

* r,(,,[
Torana 3a IIJIbTHOCTTa Ha BeposrHocrure P,(r I t) rtaoxe Aa ce Kaxe, qe e reKy-

uara anocrepuopHa rrJrbrHocr Ha BeposrHocrure Ha rrpoq€ca r,(* 4(tl4:

= r{r(r,)r.t }= P{r,(t )tt } no cnor r[usuvecKr{ cMrrcbrr Berrr{rrrrHara r,(l) e sa-

KbcHerrl{ero Ha crrrHzura, r,r3JlbqeH B rvroMeHTa t0.

Or r[oprrayla (7) voxe Aa ce noJn)ntu ypaBHeHEe, orpeAeJrrulo Bpb3Kara Mex-

av 4G, t) u r(r' {r)= r{r( + l),;o 
}, t. ". 

c arocrepr{opHara Bepo.srHocrna rrrrbr-
Hocr Ha cry.rafinoro saKbcHeHr{e B ornpeAeneH MoMeHT rra BpeMero r(t+t1. Aro / ce
pa3rlrexAa raro clyuaftHa Berrqr.rHa c BepoqrHocrHa rrJrbrHocr P(D, a t(l*I) xaro
Qynrcqur Hara3v BeJrr{qtrHa, To Bb3 ocHoBa na (6) e ugnbJrHeno:

P{', (4 = 
"ld' } 

= J- r{'t + r) : 
"lr. \rO*.

Or panencrno (7) cne4na, ue /:t,(/) , r. e.:

p0 = r{t,(r)= /lr,' 
I = q {/lr}.

flo rarrs Haqr{rr Moxe Aa ce [oJryrru orHorrrentre, onpeAeJrrrqo eAnopoArro
r4HTerpanHo ypaBHeHue na (Dpe,qxolM or BToptr poA, no3BoJrrBarrlo Aa ce onpeAenr{
f,(tlt) npv 3aAaAeHa rrJrtrHocr Ha BeporrHocrrrre P(r; llt)
(e) 4(!r= J_"("' tlt)r,Ql)a.

Vpannenr,re (9) cnrpsna BeposrHocrHure xapaxrepr.rcrr{Kr,r Ha rrpoqeca t,(t) c
xapaKTepr{crr.rKr.rre Ha rrpoqeca (t). AlropurbMbr 3a r{3qrrcJrrBaHe Ha P(ri llt\
cJreABa or pe3ynrarllTe Ha reopusra Ha onrr{MaJrHara HeJrr(Hefiua t}unrpaqr.ra. Cny-
qafruoro 3axbcHeHr{e Moxe Aa [pueMa Heorp[rrlarelnu crofinocrr{, T. e. t,(t))0,



P,(rlr):0 ga t<0. 3arona r (9) ce trsrroJrgBa carvroP(t; llt) sa 120, r. e. caMo eKcrpano-
n[parrara rrJrbrHocr Ha BepoflrHocrure. flparrn.recxr{ Br,rHaru Moxe Aa ce npl{eMe
t(l) oa KoMrroHeHra Ha HcKaKbB MapKoBcKH npoqec l"(t):{r(r), p(t)}, raro r ce orAe-
JII{ B flBEH BI{II.

AxoS(t) e cuHxpocnrHaJr, tr3JrbqBan oryrrpaBrsBau\ara craHqr{s, u 3aKbcHeHrI-
ero e eAr{HcrBenrrrr cJryqaen rrapaMerrp Ha currraJra S,(t), ro 3aAaBaHero Ha r laa-
rrbJrHo ollpeAens ctrIEalra

nru $opr"ryra (l), rrfi Karo peanlr3arlnqra 6'-'(') at troryqaBa 863 ocHoBa Ha trpe-

Ar{rnnrr na6ruoAenns u creAoBareJrgo e r{gBecrHa.
Cne4onarerHo, olpeAeJrcHero Ha arrocrepr.ropHara rurbrHocr Ha BeposrHoc-

rr,Ire.P(t; /lt) nm ocHoBa na na6moAeHr,rero r'o e peruur"ragaAaqa or MapxoBcKara
reop[s 3a otrrr.rMaJrna mnefisa $unrpaqur. flnrrnocrra na BeposrHocrr{Te Moxe
Aa ce onpeAeJrrr oT ypaBrreHr.rero

s;['- 
"(r)] 

= s{r - "(r)* "['- "(4]]
(e)

a{<O+r'-")-;":('- "t

(10)

KbAero L(.) e aupnopHrsr oneparop na (Doxep-flnanr-KonMoropoB [3]. Haqal-
HOTO yCnOBr{e B TOBa ypaBHeEr.re Ce OIIpeAeJI.fi c rr3pa3a

P@, ,: q4 = P(/, r)
xbAero P(t, r) = r{l(r)r' } " 

t"*vruta anocreptropna nnbrHocr Ha BeporrHocrn-

Te Ea rrpoqeca )'(t) upu na6noAeHr{ero r'o,Ko.flTo ce onpeAens or ypaBneHtrero 3a

Qrurrpaqur na Crparouonuv [3]. B pasuex4anut ctyuair ro LIMa BrAa

ry:r{r(^,44},

4? LL{PQ,^)}.[qG,)-4(4] PQ, ].),(11)

KbACTO

(r2)

(l 3)
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F,Q; r)=

4(r)= tr"Q,r)rQ, ),)^.
C oueA onpocrsBaHero Ha ypaBHeHusra (10) n (11) n QoplvrlpaHe Ha eKcrpa-

noJrtrpaHara arrocrepr{opHa Bepo.flTnocrHa nnrrnocr P(t; /ll) uoxe Aa ce tr3rIoJI3Ba
u3BecrHr.trr MeroA 3a raycoBo npu6luxenue. 

r

Cucrevara ypaBneHn.s 3a rer(yqa o leHKa na l"'(t) rr KoBapnaqrloHHara Marpu-
rla Ha rpenKr{Te Ha Qnrrpaqur ft, rouro oflpeAersr arrocrepnoplrara BepotrHocr-
Ha urbrHocr B raycoBa anpoKclrMaqus ce norytraBar AI{peKTHo or ypaBHenne (ll)
I{ CA BbB BI']IA

*: *,(r , t)+ n_!(t 
"'), 

r:r, m;

- 
a?,is: f [r*,("", 

,) 
p ^urb,') p]

at Fl oLi rP oLi 'l



+ND(l.-,,)* ^,,49 h,p, i F =1,*.

, Ko :#.?i:H:i.tHT#Jl*'"1TI""#,lJ"rIfljl
o6q euv,sra3a raycoBa anpoKcrrMaqtrc, sborBercr-
nauu na (10).

orpegerxuero Ha 3aKbcneHrrero ri(r) Moxe Aa ce n3Bbprrrtr Ba3 ocHoBa Ha
<[opuynn (5) n (9), orKlAero

(14) x(r) = t'(r) = I 4D 1(4) d,

KaAero ercneptrMeHTaJrnara anocrepuopHa orIeHKa na cny.rafiuoro BpeMe3aracrre_
HtrE C

,r+D= m{rQ+lr" 
}= l, ""("; rl,Y".

Axo ce pa3noxtr 44) t creneneH peA B rorrrara ti(r) a ce B3eMo npeABrrA
caMo qJreHa oT nbpBu peA,

(l 5)
',(r)= 

*("i@0.
fpeIrrxara or oqeEKara e,(r) = ",(l) - ti(r) e Bl3Moxrro Aa ce xapaKrepu3upa c

a[ o cTep r.r op Har a Ancnep cufl .

(16) o'(r) = J [, - "l(,)]' P,GVW,

Ko.flro, Karo ce nbeve [peABtrA (8)rvoxe Aa ce [peAcraBu BbB BtrAa

(tv) 
"?(r) = J["'(,t4 . "f Ql,\p,(4) d- [', (4]' ,

KT,AeTO

(1 8)

ce nonJrqaBa

", 
(44 = a{f"Q + r) - *Q,Y ll']!:

Pf t, t12
= 

J ['- 44,)]' rlt, tltlar

e eKcrparronnpanara B MoMeHTa Ha BpeMero /*/ anocreptropHa Arcrrepcus Ea
cnyvafinoro 3aKGcHeHEe {t+q. flonyrananero na ti(/) Moxe Aa ce otrpocrn, Karo
ce pa3Jroxu m(llt) B creneHen peA He B roqKara ,i(t), a B rorrKara t"(l). Axo ce B3e-
Me npeABr.rA caMo c rureHa oT trbpBtr peA, ce non)rrraBa

(le)

Tpy4nocrure, Bb3EEKBarrIu .nptr peaJrv3a\nsra Ha pa:trureAaHure ypaBneHtrs B
peaJIHo BpeMe, Morar Aa ce rs6ersar, aKo ce R3rron3Ba eAr{H or nafi-pasnpocrparre-
IItrTe MoAenu na crry.rafiHo gaKbcneHr{e, Koraro l,(r) e raycon [poqec. B rosu cny.rafi
roeQuquenrrr Ea rrpe.qaBane lnnefino 3aBrrcz or 1,, r, e.
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x,(t, x)= \A,ux,; N,
p=I

= COnSt

A,,, ca eJreMeHrHTe Ha Marpr{qa or rvtna mxm.'' Torana 3a H3noJr3BaHara BbB rloprvryna (19) upournoAna e r{sntJrHeHo

(20)
r-lrl. I n an lrl m

-y= Iry' r,(r)= Za,e*Q)x,Q),ut i- | ut .l-1, p=l

KbAero 0,, e npexogHara Marpr{rla 3a ypaBHenue (12), nonyrraBana rro craHAaprHa
rraero4nxa [3].

Excrpanorupanara B MoMeHra /t/ oqexra na ctyuafiyoro 3aKbcHenue m(llt)
ce llonyrlaBa oT paBeHcTBoTo

444=ia,$x',@.(2r)
J:L

Or r[oprvryna (19) u r[oprraynu (20) u (21) ce ronyqaBa

(22)

flolyuenurr MareMarr.rqecxr{ r{3pa:l [peAcraBrsBa KBa3rIoIrruMaJIeII aJlropu-
TbM 3a Quarpaqm Ha raycoB rlpoqec rpu HanlErILIe ua clyuaiHo 3aKbcHeHrle.

Crpyrrypnara cxeMa Ha orrrr{MarrHoro ycrpoficrno 3a cr{HxpoHusaulzs., Koero
E3rroJr3Ba [puBeAeHr.I.fl anropuTbM rpt6na Aa BKnroqBa perynupyeM rIpeAaBareJI,
cneqr{aJrr{3r{pauo r.r3qr4cJrr,rreJrHo ycrpoficrno, rr3qncrflBalrlo oIIeHKara ti(r) Ha 3a-
KbcHeHraero Ha tr3JrbqeHrz^fl ctrrnaJr B cborBercrnr,re c $oprvrym (22), u t[oprraupona-
'reJr Ha orleHKara Ha orMecrBane e *(/), n rofiro or orleExara t-(/) ,qa ce n3BaAH 3a-
rroMHerrara crofinocr Ha u3npeBapnanerox(/-t') na npueuanus cvffHar B npeArlo-
raraeMu.s MoMeHT Ha HeroBoro I,I3JrbqBaHe l-t'. Oopvupanero Ha x[t-t'(t)] rraoxe

Aa ce peaJrH3[pa qpe3 Mrrofou3BoAHa 3aKbcHr{TeJrHa JIIIHII.fl, Ea BXOAa Ha KOSTO Ce

noAana x(t),ana sceru I{3BoA cborBercrBa olpeAeneua croftnocr na t'(t). Tpr6na
4a ce or6enexu, qe rrpr,r orpaHllrrena cKopocr Ha BgatrMHo ABRxeHue Mex,qy [pn-
eMEr{Ka E rrpeAaBarerr (ninrc.u{TeJlHo tlp}r Bpb3Ka MexAy caMoJlertr ua BBC),
o6r.rxnoneno x(t)e no-6anno u3MeHsrla ce Qynrqut Ha BpeMeTo B cpaBHeEr{e cbc
cvffH:ana S(t), r, e. B I,rHTepBaJIlITe oT BpeMe, rlpe3 KoI{To ce II3JIITIBaT CuHxpolapa-
Merpr,rre, x(l) u S(t) ce orruqaBar c rroqrtr rrocroflHuo I,I3MecrBaIIe, Koero ce rIoA-

A6pXa B rrpeAennTe Ha AbJrxI{HaTaIJ.A TIeCTOTEtrt eJIeMeHT HA CVIIHAJIA.

Ilnreparypa
l.AHAoHos,A.B.O arlrcorreA

. Mr{HnMu3uparre Ha xoroo6Parno
r.r3MeHeHr.re na pa6o Ka6neurxos"
1992.

t28



2. Z i e m e r, R. F., R. L. P e t e r s o n. Digital Commnications and Spread Spectrum Systems. New
York, NY: Macmillan, 1985.

3. T u x o x o b, B. I{., H. A. M n f o n o r, Mapxoncrue npoq6or. M., PaAno n cs.Egr. 1982.

Ilocmanuta na 23. III. 1994 e.

A method for creation of an autonomous
synchronization with forecasting
of random fluctuations
of the delay of cosmic radiolinks
for communiqation axd management

Antonio Andonov, Zoya Houbenova

(Summary)

On the basic of Markoi-theory of optimal non-linear filtra-
tion a problem is set antl being researched for the estimation and maintainance of tl

autonomous synchronization in the system for radiocommunication among remote
moving objects.

A solution has been found on the basic of which an algorithm has been devel-
oped for forecasting and compensation of random fluctuations of the delay of Cos-
mic Radiolinks for communication and management.
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