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NHOOPMALINU 1JIA KOCMHUYECKHUX OBBEKTOB

B.Il. SMHYEHKO, B.A. BYPOB, C.B. SUHYEHKO, A.B. HITE®JIIOK

PaccMoTpeHsl BOIPOCH! pa3paboTKH KOCMHYECKUX OOBEKTOB B COOTBETCTBHH C IIPO-
ToKonamMu KOHCYJIBTaTHBHOIO KOMHUTETA 10 KOCMHYECKUM MH(OPMaLMOHHBIM CHC-
temaMm (CCSDS). Onucanbl METOAbI KOAUPOBAHUS HHPOPMALIUH TEIEMETPUIECKOTO
KaJpa, CTPYKTYpbl KOJECPOB M IEKOACPOB, paHIOMH3aTOpa (HOpMUpOBATENs Tele-
METPHYECKOro Kajpa, 00JaJaroluX HOJHOTOH, JOCTATOYHOM Ui MOJCIHPOBAHHS
(opMupoBaTens TeIeMeTpUIecKoro kajapa Ha ocHoBe VHDL-mpoekra ¢ mociemy-
I0IIeH 3arpys3koi B mporpammupyemsie jorumdeckue cxembl XCV 300E-PQ240 u
OTJIaJKOM.

BBEJIEHUE

[Ipu mpoeKTHPOBaHUM KOCMHYECKUX OOBEKTOB MPHUMEHSIOTCS MPOTOKOJBI, IMO-
3BOJISIIOIINE PEan30BaTh MEXKIYHAPOIHBIE COTJAMICHHUS IO B3aWMOACHCTBUIO
OTKPBITHIX cHCTeM [1]. DTO BBI3BAHO TE€M, YTO OJHH KOCMHUYECKHE OOBEKTHI MPE/-
Ha3Ha4YeHb! s cOopa WHPOPMALIUK U ee Tiepeiauu, Jpyriue — ele U ISl [pue-
Ma mHpopMaruu (ymnpasisiomue KoMauzpl). [lodToMy mis o0BEKTOB HEPBOTO
THTIa CO3MIAIOTCSI TIPOSKTHI CHCTEM Tepenadn teneMerpudeckoi (TM) nabopma-
UM, JJI BTOpPOTO — Tepenadyu U npueMa uHpopmanmu. C yyeToM TeHAECHIIUU
MHUKPOMHHHUATIOPH3AIUH KOCMHUYECKUX OOBEKTOB (MUKPO- M HAaHOCIYTHHKH) [2]
TaKhe CHCTEMBI IIeNIecO00pa3HO MPOEKTHPOBATh Ha OJHOM IMPOrPaMMHUPYEMOM
kpuctamie (SOPC) BMecTO MHOTOIUIATHBIX KOHCTPYKITUH WIIM BBIYHUCIUTEIBHBIX
KOMITJIEKCOB Ha MUKPOKOHTpoJutepax [3].

JIns KOCMUYECKOM NMPOMBINUIEHHOCTH XapaKTEPHO MEIKOCEPUIHOE MPOU3-
BOJICTBO CIICHIMAIM3UPOBAHHBIX MHTErpanbHBIX cxeM (CnMC), mns KOTOphIX He
XapaKTEepPHO MOIHOCTHIO 3aKa3HOE MPOSKTHPOBAHKUE BBUIY OOJIBIION €ro CTOMMO-
CTH. DTUM OOBACHSETCS NMPUMEHEHHWE HMHTETPAIBHBIX CXEM NpOTrpaMMHPYyeMOi
ctpyktypsl (UCIIC). Otmetum, uto MCIIC Takxke MO3BOJIIET KOPPEKTUPOBATH
MaKeThl U ONBITHBIE MAPTHH U 00ECTIEYNBAET CEKPETHOCTh Pa3pabOTOK, TaK Kak
ctpykrypa VCIIC HeBuanMa B OTIAMYUE OT CTPYKTYpP HA CTaHAAPTHBIX AUCKPET-
HBIX 3JIEMEHTAX.

Paznenenne KocMHUYECKMX OOBEKTOB MO MPH3HAKY MEpeayr/IpreMa HH-
¢dopmannu nOKa3bIBaeT 11eJIecO00pa3HOCTh Pa3pabOTKH KaHalla mepegad Telie-
MeTpudeckort mHpopmanuu Ha oxgHoit CIIC, a kaHama mpuema — Ha JPYTOW.
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Kenarenpro takke cHadmuth 3tH MCIIC wmHTepdeiicaMu 1 TECTHPOBAHHS
JTAG (Joint Test Automation Group).

IMocTaHoBKa 3a/1a4M CBOJMTCS K NPOCKTHPOBAHHUIO CUCTEM, PEATH3yHOLINX
Hepenalomnﬁ KaHaJl, B KOTOPBIX MPEAYCMATPUBAIOTCA CUHXPOHHU3alUA TCICMET-
pudeckoil MHGOPMALMKA M KOJUPOBAHHE C TOMOLIBI KOJOB, HCIIPABIISIONIMX
ommOku. OnucanHble pa3paboTKU COrIacoBaHbl ¢ pekoMeHaanmsamu KoHcynbra-
THBHOT'O KOMHTETa 110 KOCMUYECKHM HH(popMaimonHbM ciuctemam (CCSDS) [4].

Pexomennanmmun CCSDS 1no co3fgaHuio KOCMHUYECKHX HH(GOPMAIMOHHBIX
cucteM. B Tabuuiie moka3aHbl COOTHOIICHHUS MEXKIY MPOTOKOJIAMH H CIOSMH B
oTkpeITEIX cucteMax (OSI — Open System Interconnection) [1].

OrtHoIIEHUS MEXKAY CJIOSIMU

Caou OSI Cunou CCSDS IMpotokoant CCSDS
Cets u Bepxuue ciou | CeTh U BEpXHHE CIIOH
IMoncnoit npotokona cBs- Kocmuueckuit TM-npoTtokon
CBs13bIBAIOLINN CIIOI 341 JaHHBIX CBSI3M JAaHHBIX
JlaHHBIX IToncnoit cuaxponusammu| CHHXpOHHU3ALUUS U KOJUPOBAHUE
U KOJUPOBAHUS KaHaa TM-kanana
. . . . PanuouacToTHbIE U MONYJIALIMOH-
Dusnyeckuil ciou Dusnyeckuil cion A Ay

HBIC CUCTCMbI

[Moacnolt CMHXpOHHM3ALMU M KOJUPOBAaHUS KaHaja BBIIONHSAET TPH (QYHK-
IIMM: KOAWPOBAHUE C UCIPAaBIICHUEM OLIMOOK, BKIIOYas IPOBEPKY (peiima; cuH-
XPOHU3AINIO; TIceBAopanaoMm3aIuio (omuonHo). B CCSDS Takke pexoMeHIo0-
BAaHO TPH TUIA KOJIOB, HCHPABIIAIONINX OMIHNOKN: CBEPTOUHBIE KOABI;, KOoJbl Puga—
Comomona; Typ6oxomsI [5].

Jis cunxpoHmM3auuu ¢peiiMa mepenadn peKOMEHIYETCsl MPUCOCHUHSATH K
Hayajy KojoBoro Onoka cuaxpomapkep (ASM-Attached Sync Marker), koro-
PBII TaKXKe MOYKET YCTPaHSITh HEOJHO3HAUYHOCTH B AAHHBIX, €CIM OHHM HE yCTpa-
HEHbI Ha (U3MUECKOM ypoBHE. B HeM MoeT ObITh IPUMEHEH METOJ IICEBIOPaH-
JOMH3allMH, KOTOPBIM MCIONB3YETCS JUIsI TOBBIIMICHWA IUIOTHOCTH Tepefadn
CHUMBOJIA.

B pexkoMenpanusx mpemiaraercs CTPYKTypa KaHaia Iepeiadd, colepika-
masi ero BHYTPEHHIOI OPraHM3alMI0 CUHXPOHHU3alMU M KoauposaHus. Omnpeze-
JSFOTCsL QYHKIIMU TIO/ICIIOEB M JIOTHYECKasi B3aUMOCBs3b 3THX (pyHKIwmid. [IpoTto-
KOJIOM IOJICIIOS CBSI3M JaHHBIX KaHaja nepeaayu (puc. 1) mpuHuMaeTcs nepegada
(hpetiMoB (DHKCUPOBAHHOM JIMHEI, ONIPEACIIAIOTCS 3aJaHHbIe (QYHKITUN U TIOCHLITa-
€TCsl TTOCIIEI0BATENbHBIN U HEMPEPHIBHBINA MOTOK CHUMBOJIOB B (PM3HYECKUIT CIION.

IIpoekTHpOBaHMe YCTPOICTB KaHasa nmepenayu. TereMeTpudeckuil kaap
(TK) B cootBercTBHM ¢ pexoMeHaauusaMu CCSDS nomkeH cocToATh U3 Hayallb-
HOro ASM H clenyromiero HemoCpPEeICTBEHHO 3a HUM Oyioka jaaHHbIX. [1[aGnon
CHHXpOMapKepa Juisi JaHHbIX 0e3 KoaupoBaHus coctout u3 32 6ut: 1ACFFC10h,
0001 1010 1100 1111 1111 1100 0001 1101b.

Pazmep Onoka maHHBIX 0€3 KOIUpPOBAaHUS BCerza KpaTeH JIIOOOMY LeEIoMy
yucay Oaiit, HO He noykeH mpesbluaTh 2048 Gaiir. Pasmep TK B Teuenue dasbi
nepefavyn/mpueMa He MU3MEHSETCSl U ONpeAensieTcsl BRIOOPOM Ha IMpeablayliei
(haze.
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¢— lNepenava gaHHbIX
A

MNopcnon NPOTOKONa CBA3N AaHHbIX

‘47 KopoBebin 6rok unu dperim nepegaym

Konep Puga-Conomona unu Typ6o

‘47 [eHepaums nceBaoOCNyYaiHONM NOCNEAOBATENbHOCTY (BbIGOPOYHO)

MpucoenuHeHne ASM

‘47 YcTponcTBa goctyna K faHHbIM

CaepTouHas aewmdpaums
(BbI6OPOYHO)

Puc. 1. BHyTpeHH:s opranu3anys HoACIos epeaadn nHpopManun

CTpyKTypHasi cxeMa KaHaJIOB Mlepeaayr/IprueMa, COCTaBlIeHHAs B COOTBETC-
B co cuenudukamueir CCSDS 131.0-B-1, mokazana Ha puc. 2. Ha Bxox nmona-
eTcs OMHApHBINA KOJ, KOTOPBIH KOJUPYETCsl OTHUM U3 Tpex Koaepos. [anee cur-
Han momaercs Ha Mynbrumiekcop (MUX), 3aTeM Ha CHrHam HakIabIBAeTCs
«urym». brok Beigaun cuaxpoumiyibcoB (BBC) dhopmupyer ynpapnstomue cur-
HaJel 11 hopMupoBaTes 0oka ganHbX (PBJ]), mocie gero nabopMarus moc-
TyTaeT HeTOCPEJICTBEHHO B KaHAJ IepeIayH.

TYypOOKOI0B

7Y
[
BBC Ob/1 | duitbTp MUX Brixon
| mym | CuHXp
Bxonx ﬁ‘ ,W
| mux | MUX
N Konep JHexonep |
R-S R-S
Konep cBeprou- JHexonep cBep- |
HBIX KOJIOB TOYHBIX KOJIOB
%« Konep | Hexoxmep ]

TypOOKO0B

9 Kanan nepenaun

Puc. 2. CtpykTypHast cxema KaHaja nepenadi nHpopMaiuu

ITpu npueme curnan nocrymaer Ha MUX wnn gekozep (Convolutional), 3a-
TEM Ha CHHXpOHU3Upyollee ycTpoiicTBo (CHHXD), Najee Ha QUIBTP, MTOCIE Yero
Ha OJIMH U3 JBYX JICKOAEPOB B COOTBETCTBHH C KOAUPYIOLUIMM ITOPUTMOM M 4e-
pe3 MUX Ha BbIXOSI.
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VHDL-moaeas ¢popmupoatessi TK. ®opmuposatens TK mogenupoancs
B cpene Active-HDL. B pesynprare moiaydeHsl BpeMEHHBIC TUATPaMMBI PabOTHI
TK (puc. 3).

1 l l " .

AName II\H -J" 5 . 4+ . M . 4 . 1§ wﬂB,UEuawz'D v 25 . | . 30 .

B reset e
© channel ..

T oram .. 1ACFFC1D
 drom .. 1CAACAD

o clk

[+

[+

o choig

Puc. 3. Inarpammsl curnanos ¢popmuposarens TK

Jluarpamma curHaja CHHXpoMapKepa HaOJI0IaeTcs ciieBa OT BEPTHKAIbHON
4epThl B cTpoke channel, a B 3Toii e cTpoke crnipaBa — jauarpamma jJaHHbix. Co-
OTBETCTBYIOIHE 16-prdHbIe KOIBI MOXKHO BUIETH B cTpokax rom u drom. Yacro-
Ta CHHXpOUMITYJIbcOB CIK — 2 MI'w.

Konep n1s1 cBepTounoro kogupoBanusi. PaccmarpuBaercsi 6a30Bblii anro-
PUTM CBEPTOYHOTO KOJMPOBAHHUS, KOTOPBIA XOPOIIO MOJXOIMT Ul KaHAJIOB C
npeobiajaHieM TayCCoOBbIX MyMOB. OMmHOKH TPH KOJMUPOBAHHUH IO JTAHHOMY
METO/y HECYIIECTBEHHBI U (D)aKTUYECKH HE BIMSIOT Ha paboTy KaHala mepeaadH.
Ipouecc nekoaMpPOBaHHS MO AITOPUTMY CBEPTOYHOTO KOJHPOBAHMS COOTBETCT-
BYET aJITOPUTMY MaKCHMaJIbHOTO TpaBmomnomoous (aaroputMm Butepbm). Otme-
THM, YTO 3TOT aITOPUTM, MPUMEHIEMbIH OTICIBHO, HE MOXKET rapaHTHPOBATh
JOCTaTOYHYIO BEPOSTHOCTh MepeJayd CHMBOJIA HPH HCHOJNB30BAHUHM MYJIBTHUII-
JIEKCOPHBIX cxeM. [103ToMy B TeX Cilydasix, KOTJa MPOSKTHPOBIIUK CUCTEMBI HE
HPOBEPSIET, AOCTATOYHA JIM IUIOTHOCTH MEpeayd CHMBOJIOB JPYTUMH CPEACTBa-
MH, TpeOyeTcsl MPUMEHEHHE MICeBIOPAHI0MU3aTOpA.

ba30BbIil AITOPUTM CBEPTOYHOTO KOAMPOBAHHS SIBISETCS HECHCTEMAaTHYe-
CKHM QJITOPUTMOM, OTPEICISIFONIMM TPOIEAYPY ACKOAMPOBAHUS C TAKHMH Xa-
paKTEepUCTHKAMHU:

® HCIMOJb3YeT KOJAUPOBAHHE C MAKCUMAIbHON BEPOSTHOCTHIO pactinppoB-
KU,

e KOIOBas CKOopocTh (I) — 1/2 Gura Ha CHMBOJT;

e uHa orpanuyeHus (K) — 7 our;

e BekTopsl cBsizn — G1=1111001b(39h); G2=1011011(5bh);

® HWHBCPCUA CUMBOJIA — Ha JOPOXKKE BbIXOJA G2 ;

e TI0C/IENIOBATETHHOCTH CHMBOJIOB Ha BhIxoge — C; (1) C_z(l), C,(2), C_2(2)

IIpu cuctemax MOIyJISIMMU, TOAABISIOIINX HECYIIYIO, BO3MOXKHO HCIOJIb30-
BaHHe anroputMoB «be3 Bo3Bpara Ha HyJeByr OoTMeTKy» (NRZ-M) wmm «bes
BO3Bpara Ha HyjeBoi ypoBeHb» (NRZ-L) kak ¢opm BosmHbl Momyssituu. [Ipeo6-
pasosanue Gopm BoHbl MoAysiuu u3 NRZ-L B NRZ-M, BeinosHsCTCS MOAavei
Oura co BXoJa Ha OJIOK, PEAIN3YIOIIETO CBEPTOUYHBIN aIrOPUTM KOIUPOBAHU.
CootBercTBeHHO, peodpasoanne u3 NRZ-M B NRZ-L BeimonHseTcs iepes BbI-
X0Z0M OJIOKa, Peanu3ylollero CBEpTOYHBIN alrOpuTM IEKOTUPOBAHUS, UTO MO-
3BOJIACT M30€KaTh MOTEPh MPOIYCKHON CTOCOOHOCTH KaHaNa Iepelayn.

60 ISSN 1681-6048 System Research & Information Technologies, 2005, Ne 3



Paspabomka cucmem nepedauu menemempuieckoll uHGopmayuu 018 KOCMUYECKUX 00bEKMOo8

Paccmotpum cxemy anroputma (puc. 4.) Biaox D sBrstercst 3aepxko#t mist
Ka)K1I0ro OMTa Ha BXOJE, IS 4ero I'eHEPUPYIOTCS ABa OMTa MUKINYECKUM Iepe-
KiroueHneM kiaroda S1: monoxkenue 1, momoxkenne 2. Korou S1 B monoxxenuu 1

acCcourupoOBaH € NEPBLIM OuTOoM Ha BXO0z€C.

Bxod S1

Y

Bbixod

Puc. 4. Cxema cBepTOYHOTO 0A30BOTO alTOPUTMA

ITpoekT cBepPTOUHOrO KOAEpa COCTOMT m3 nByX ¢aitmos: Bit Delay.vhd u
Main_Coding.vhd. TlepBbiii BBINOTHSAET 33ACPIKKY KaKIAOTO OUTAa B KaXKIOM H3
mecty OJIOKOB 3a7epKKu. OCOOCHHOCTBIO SIBJISIETCSA TO, YTO HA KAXKIBIH OJIOK U
KJIFOY 33JIEPKKU MPUXOAUT CUHXPOUMIYJIbC ¢ yactoToit 100 MI11.

Curnanbr SingleBitin u SingleBitOut — BxoxHbIC ¥ BBIXOJHBIC CHUTHAJBI
STYEEK 3aJICPIKKH, a SYNC Mrpaet pojb CHHXPOUMITyJbca. KpoMe TOro, mpucyTcT-
ByeT JIOMOJHUTENbHAS nepeMenHas InsideVariable nms monenupoBaHus 3aaepix-
ku. Pesynprar BeimonHenus mporpammel  Bit_Delay.vhd u moceuika koma
11001011010 Ha BXOA OMHOM sTUeHKH OyIyT TAKUMH, KaK ITOKa3aHO Ha pHC. 5.

Mame Walue Sti... ' 15I_IS|’r.'3' ¢ B &0, 100

& SingleBitln 1] Foar.. | |
© SingleBitOut 0 S [ ]
B Spnc 1 Clo... | | | | |

Puc. 5. BemmonHeHHe 3a1epKKH

] \ MainSignalOut
Ocromoi o\ singleBitout eonriol
- ingleBitln i
BXOJHOI SingleBit BrixomHo# curaan CUrHAN

Bxonno# curnan gueek 3agepKku
STYECK 3aICPIKKU

CUrHaj

Puc.6. UmeHa cursainos
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Kak BugnHo u3 puc. 5, 6ut nHdopmanuu nepenactcsi ¢ 3alepKKOH SHC MpH
4acTtoTe cuHXpoumiyibcoB 100 MI.

MainSignalln u MainSignalOut — BxozHbIe U BBIXOIHBIC CHTHAIBI. Main-
Sync urpaet poss cuaxpouMityibsca. Curnanst J[1+/[15 pacnpenenensr B coot-
BETCTBUU ¢ pHC. 6. Pe3ynbTar BBINOJIHEHUS MPOTrpaMMBbl MPH TOCBUIKE KOJA

11001011010 Ha BXOA KOIUPYIOUIETO YCTPOHCTBA — CEMEHCTBO JUarpamm
(puc. 7).
Name Value S| o+ 20 a0 aw.u C M0 4 120 0 M0 0 8D . 180 0
& MainSignalln 0 For.. _‘_l—l_l_Lﬂ
® MainSignalOut {1 Reeeeeeeeeeeeooes L UL
& MainSync 0 Co. JUTLILTLT UL T LT LTIy
=D n LU L]
"2 = 11 1]
" 0s N I LU
ar D4 1 R L 11N
ar D 1 . - oo LU Ul
ar DB 1] heeeeeeeeeeeeee T U
w7 : T T ]
x 08 = L]l
oS OO I T U]
D10 1 I B 1L LN
ar D1 (I - T _JUL, .
* D12 o | === i ——
ar D13 0 ] peemeemeeeae- I Ul
ar D4 1 R 11N
D15 1 N T T

Puc. 7. Ilponenypa KogupoBaHUS

Crenyer OTMETUTb, YTO KOJ] HAYMHAET MPOXOAUTH Ha BBIX0] uepe3 60HC mo-
Clie MOCTYIUICHHUS TIEPBOTO OMTA HAa BXOJ Kojepa. B HEKOTOPBIX citydasix [Uisi mpa-
BUJIBHOM pabOThl MOXKET MOHAJ00UThCS To/1aua HyJIel Ha BXoja B TeueHue 70 HC
JUTSL BBIXO/Ia KOJMPYIOIETO YCTPOHCTBA HA pab0vnil pexkuM.

MoaeaupoBanue koaepa Puga—Conomona B MATLAB. Jlro6oe koHeu-
HOE TI0JIe — BEKTOPHOE MPOCTPAHCTBO, JIEMEHTHI KOTOPOT'O MOYKHO TPEICTABUTH
pasnuuHbIMU crioco0amu. Hanpumep, B BHE MOCIIEA0BATEIBLHOCTEH U3 N 3lle-
MeHTOB nossi. C JIpyroil CTOPOHBI, KakaoMy BekTopy (dg,81,...,8,_1) MOXHO

COINIOCTaBUTHh MHOI'OYJICH
ag+a X +a, X% +...+a, X",

Ha3bIBACMBIH npoussodsiyell hyHKyuel Wi QopMaitbHbiM CIEeNneHHbIM PIOOM.
Tak kak KoHeuHOE 1Moyie F SBIsSETCS BEKTOPHBIM MPOCTPAHCTBOM pa3Mep-
HocTH K, TO Jr000# 37eMeHT moisi F MOXHO MPEenCcTaBUTh B BUIIE MHOTOUWICHA
crenenu K —1.
ITyctes g(X) € F[X] — HEKOTOPBIH HEMPUBOAMMBIAH MHOTOWICH CTEIECHH

m. OTHEeceM K OAHOMY KJIaCCy BCC MHOI'OYJICHBI, KOTOPBIC JAIOT OOAWH U TOT KC
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ocraTok mpu aeieHud Ha ¢(X). JIBa mHorounena f;(X) m f,(X) npunamre-
’KaT OHOMY KJacCy Torja M Tosbko Toraa, korma fp(X)— f,(X) nmenurcs na
g(X) . INoxy4eHHbIe TAKUM 00PA30M KJIACCHI HA3BIBAIOTCS KIIACCAMH BBIYETOB T10
moaymo g(X), a ux MHOXKecTBO oOo3Ha4aeTcs F[g]. Beemem omeparu cio-
YKEHHsI 1 YMHOXEHUSI B 3TOM MHOYECTBE.

(f (X)) +(h(X)) = (£ (X) +h(X)),

(£ (X)(h(X)) = (F(X)h(X))
s mooeix  (f (X)), (h(X)) e Flg]. (D)

Ecin a — xnacc BerderoB (X), comepkamuii MHOrowieH X , TO MHOTO-
yiaeH ¢(X) ummeer kopenp o B none F[g]. Kaxneriit snement S mons F[g]

MOJXHO IIPEACTaBUTH B BUJIC
B=a, 2™ +. . +aa+a,, aeF, 1<i<m. )
OTO TaK HAa3BIBAEMOE MHO20UNEHHOE npe@cmaeﬂeHue JJIEMECHTOB I10JIA.
HaHpI/IMep, HeO6XOZ[I/IMO IMOCTPOUTL MOJIC MOpAAKa 23, HUCIOJIb3Yy HCIPH-

BoauMbli MEOrOwteH X° + X +1. HMomoxnm g(X) = X3+ X +1 u paccmorpum

BOCEMB KJIACCOB BBIYETOB M0 MOyI0 ((X).

(0.0,00).(X +1,(X2), (X2 +1), (X2 + X), (X2 + X +Df. (3

OmnpenenuM CI0KEHHE W YMHOKEHHME 3THX KJIACCOB BBIUETOB CJIETYFONTHM
oOpa3zoM:

(F (X)) +(h(X)) = (f (X)+h(X)),
(f (X)(h(X))= Ocrarok ot menenust f(X)h(X) ma g(X). (@)

HOCKOJ’IBKY HpI/IMI/ITI/IBHHﬁ 3JICMCHT IOJIA P €CTh 2, TO CJIOXCHHUEC BBIIIOJIHA-

€TCsI [0 MOJYJIO 2. Pe3ynbTaTtoM yMHOXKEHHUsI OyIeT OCTaTOK OT ACNCHHUSI UX TPO-
u3BeneHus Ha g(X)

X(X2+X): X34+ X2 :1+X2—X—1. )
X34+ X+1 X¥P4+X+1 X34+ X +1
Wtak, B 1aHHOM 10jIe 2x 6 =7, TaK KaK BBIYUTAHUE M CIOKEHHE 10 MOJIY-
0 2 SKBUBAJICHTHBL.
JIist moTTydeHns TaGIHIbl YMHOKEHHS MO MOPSAKa 2° MOXKHO HCIIONB30-
BaTh CIIEAYIONIYIO porpammy s cpeasl MATLAB [5] :
m=3;
els=gf ([0:2"m—1]',m) ; % co3naHue KOHEYHOTO MOJIsT
multabl = gf (zeros(8,8),m);
for j=1:2"m % nonyueHne TaOIUIBI YMHOXKEHHS
fori=1:2"m
multabl (j,i) =els(j)*els(i);
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end;
end;
B pesysbrare BBINOJHEHUS TPOrPaMMBI MOJyYaeM TAOJIHUIy YMHOXKEHHS B
koHeuHoM mone G F(8)

O O O O O o o
~N oo o~ WO N - O
~N P w o B~ DN O
P A N 01O W O
g N O N w b~ O
w NN b OO
N W Ol kP N OO0 O
A O L N O N O

0 5 2 16 4 3

Koap1 Puna—Cosiomona. DTo IMKIMUYECKHE KOABI [UIMHOK (| —1 W mopox-
r

JaromuM MHorowieHoM g(X) = H (X = B'), Tne B — OmMH U3 NPUMUTHBHBIX
i=1

anementoB monst GF(q). Tak kak mis konoB Puma—CoiomMoHa MUHUMAJIbHOE

paccrosiaue d =1 +1, TO OHU ABJSAIOTCS pa3fACIMMBIMUA KOJAMH C MaKCHMAIbHO
JIOCTHKAMBIM PAcCTOSHHEM U HUCIIONB3YIOTCS IS TIOCTPOEHUS KOZOB, HCIIPABIIS-
IOIIUX OIINOKH.

Hanpumep, 111 pacCMOTPEHHOTO BBIIIIE KOHEYHOTO IOJISI MTOJTyYEHUE KOJOB
Puna—Conomona n ux aexkoaupoBanue B cpene MATLAB moxer OBITH BEITION-
HEHO B COOTBETCTBHU C TAKOH MPOIIETyPOA:

m =3 ; % Number of bits in each symbol (aucio 6ut B cumBoIE)

n=7; k=3; % Codeword length and message length (mmHa xogoBOTO CI1O-
Ba 1 YUCJIO MEpe€aaBacMbIX CI/IMBOJIOB)

msg =g f ([37 6,m]); % Represent data using a Galois array (npezacrasie-
HHE TaHHBIX TosieM [anya)

cl=rsens(msg,n,k)

d1=rsdec(cl,n,k)

B pesynbrare monmydaeM 3J1eMEHTHI KOJOBOTO CJIOBa B MaccHBe Cl:

cl=GF (273) array. Primitive polynomial (mpuMuTHBHBI MHOTOYICH) =
=D”"3+ D +1 (11 decimal (mecaruuroe))

Array elements (a;memenTsl MaccuBa) =3 7 6 1 2 0 5

1 IEKOTUPOBAHHBIC TaHHbIC B MaccuBe (1:

d1=GF (2"3) array. Primitive polynomial = D*3+ D +1 (11 decimal)

Array elements =3 7 6

Omnpenenum MPOU3BOIAIINNA MHOTOUJICH:

rsgp = rsgenpoly(7,3)

rsgp = GF (23) array. Primitive polynomial (mpuMuTHBHBIN MHOTOYICH) =
=D"3+ D +1 (11 decimal (mecatu4noe))

Array elements (a;memenTsl MmaccuBa) =1 3 1 2 3
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OTMGTI/IM, YTO COCTABICHHE OJIOK-CXEMBI Koaepa i KoJa PI/IZ[a—COJ'IOMOHa

(puc. 8) B KOHEUHOM TIONE GF(23) BEITIOJHSIETCS. HA OCHOBE TaOJUIIBI YMHOXeE-
HUSI U K03 GUIIMEHTOB MPOU3BOIAIIETO MHOTOWIEHA (CM. IPUMED BBIIIIE).

IN_RS J/
5 (1) 1A
DT3¢ l l
X3 X2 V W
X3 x2 x1 J,X3
RS_CALC
= N G T O
' >|0 p OUT_RS
| —— ™

Puc.8. CrpykrypHast cxema konepa st koaa Puga—ConaomoHa

MopennpoBanue koaepa Aas koaa Puga—Cosnomona B cpexe Active-
HDL. PaccmoTtpum cTpykrypy koaepa Puma—ComomoHa i KOHEYHOTO MOJIs

GF(23) (puc. 9). Curnan IN_RS — »3T0 BXOHas MOCIEI0BATENILHOCTE U3 K 3-

6uToBeIX cuMBOJIOB, OUT RS — K010BO€E CIIOBO, COCTOsIIEE H3 N CHMBOJIOB, U3
KOTOPhIX K CHMBOJIOB BXOMHBIC, & P CIEAYIONIMX CHMBOJIA — MapUTETHBIE (KO-

HTponbHbie). CurHan RS_CALC ympasnser nepemadell CHMBOJIOB Ha BBIXOJIE.
[Ipu BBICOKOM ypOBHE CHT'HAJa Ha BBIXOJ MepeaaeTcs MOCIeA0BaTeIbHOCTh BXO-
JHBIX CUMBOJIOB, IPU HU3KOM — TapHUTETHBIX. Prl+Pr4 — 3-6uToBBIC perucTpsl
Uiss GOPMHUPOBAHHS TAPUTETHBIX CHMBOJIOB, YMHOXKHTEIH Ha UX BXOAAX COOT-
BETCTBYIOT KO3 dHUIMEHTaM IPOU3BOSILIETO MHOTOWIEHA CO BTOPOIO IO MATHIN.
[MockonbKy TIepBBIH KO3QQHUIIUEHT BCer/la paBeH €JIWHUIIE, OH YYUTHIBACTCS HEsl-
BHO. CyMMaTopsl MPOU3BOJAT CIOXKEHHE M0 Moayto 2. Pr5 mcnone3yercs amns
(OopMHPOBaHUS BBIXOIHOH MOCIEJ0BATEILHOCTH.

Pesynpratel MopenupoBanus paboTel kojepa RSenc nmokasansl BpeMEHHBI-
MH JuarpamMmamMu Ha puc. 9.

MName Value | Stimulator .5 . .10

o~ CLK Clock LI P LT
# o IN_RS Formula 40 X3 X7 X6

# © OUT_RS A0 X3 X7 X6 X1 X2 XD X5

o= Reset Formula J_I

o- RS_CALC Formula | |

Puc. 9. lnarpammel pabotsl kogepa s koaa Puna—CoxomoHa

Ha Bxox xomepa ObLTa ImogaHa MmociexoBaTeabHOCTh [3 7 6] , B pe3ynbrare
Ha BBIXOJI€ ITOJTYYEHO KOJ0BOE clIoBO [3 7 6 1 2 0 5], 9TO COOTBETCTBYET peliie-
Huto npumepa B cpene MATLAB.
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Typ6oxoaep. TypOokoabl OTHOCATCA K OJOYHBIM KOJaM ¢ OOJIBIIUM pa3Me-
poM OJI0KOB (~102+103). DTO cucTeMaTUYeCKUe KOMIBI, HE SIBISIONTUECS MPpOo3pad-
HBIMH. Borpoc (a30BbIX HECOOTBETCTBHH peIIaeTcs ¢ TMOMOIIBIO JT00aBICHUS
cuaxpomapkepa (ASM), Heo6X0IUMOTO U CHHXPOHHU3ALUH KOJ0BOTO OJI0Ka.

TypOoKkojiep COCTOUT U3 JIBYX OTHAENBHBIX KOJepoB. Ha ero BXoa mpuxomuT
¢peiim 13 K Oout napopmanuu. OTaenbHbIE KOJIEPbl — 3TO PEKYPCUBHBIC CBEp-
TOYHBIEC KOJEPHI C MAJIBIM YUCIOM cOCTOSHUIA. OCHOBHOE CBOMCTBO TypOOKO/E-
pa — Hanu4ue NepeMeKUTENs, MepeMEIInBaIOIIero OUTH BXOJHOH MH(popMayn
nepes1 TeM, Kak MoJiaTh WX Ha BXOJ BTOPOro kojepa. Kogosas ckopocTh TypOOKO-
JIOB, KOTOPYIO MOXHO OIPEJCITUTh KaK OTHOIICHUE JTHHBI 0J0Ka HHPOPMAITUH K
JUIMHE KOJOBOro OJioKa, B COOTBeTcTBUU C pekomeHpamusmu CCSDS moxer
ooite 1/2, 1/3, 1/4 wmum 1/6. Jlnuny 010Kka uH(OpMAIMK BIOUpacM paBHOMN
1784 oOwura: 1784 =233x1 okreT, a AN yKa3aHHBIX BHIIIE KOJOBBIX CKOpPOCTEH
JUTFHA COOTBETCTBYIOIIMX KOJOBBIX OJ10KOB OyaeT 3576, 5364, 7152 u 10728 Owur.

[epemesxutens TypOOKOIOB MEPECTaBISAET OUTHI BXOJHOTO OJ0Ka MO MOCTO-
SHHOMY 3aKoHy. B cootBercTBUM ¢ pexomeHpanusiMu CCSDS nepectaHoBKH OUT
B Onoke JIMHOM K omnpenensrorcss M3MEHEHHEM MOpsIKa HaTypaJbHOTO psija
HesbIx yncen 1,2,...,K 1o cneayromemMy aaroputmy.

IpencraBum k kax K =K.k, . Hanpumep, k; =8, a k, =223 u onpenenum
NepeCcTaHOBOYHBIH MHEKC 7(S) Ha OCHOBE ONPEENEHHOTO MHOKECTBA MPOCTHIX
uncen p =[31,37,43,47,53,59,61,67].

s=12.4k m=| S=2| o S22 ik, t=oi-mod XL,
2k, 2 2

g=imod8+1, c=(py]j+21m)modk,, 72'(S)=2(t+0k—21+1j—m. (6)

Jrot anroputm peanusosal B cpene MATLAB B Buze takoil npouenypsl:
% Turbo interleaver
k1=8;
k2 =223;
k=kl1*k2;
p =[31,37,43,47,53,59,61,67];
fors=1:k;
m=mod ((s —1),2) ;
I=fix((s-1)/(2*k2));
j=fix((s-1/2)-i*k2;
t=mod ((19*i +1),k1/2);
g=mod(t,8) +1;
¢=mod ((p(q)* j +21*m),k2);
pii(s)=2*(t+c+k1/2+1);
end,;

66 ISSN 1681-6048 System Research & Information Technologies, 2005, Ne 3



Paspabomka cucmem nepedauu menemempuieckoll uHGopmayuu 018 KOCMUYECKUX 00bEKMOo8

PesynpTaToM BBIIONHEHUS sBIsieTcs (aiin, coiep)kKaliuii MHACKCHI Iepe-
CTaBIISIEMbIX OUT:

4,171,300,467,596,763,892,1059,1188,1355,1484,1651,1780,163,292,459,

588,755,884,1051,1180,1347,1476,1643,1772,155,284,451,580,747,876,

1043,...,1230,1397,1574,1741,134,301,478,645,822,989,1166,1333,1510,

1677,70,237,414,581,758,925,1102,1269,1446,1613.

[TonydenHplii MacCMB WHAEKCOB B JalbHEHIIEM HCHOJB3YETCA MpPHU IO-
crpoenun VHDL-monenu nepemesxures.

CrpykTypHas cxema TypOOKOzAepa, CIIPOEKTUPOBAHHOI'O B COOTBETCTBHU C
pexomenpanusimu CCSDS, npusenena Ha puc. 10. CtpykTypa 6J10KOB «Kojaep_a»
U «Kozep_B» oanHakoBa (puc. 11).

out 0
T calc =

mux 2-1
in
—>

>

A

Y
4

p

> D |4
< [
\m \%\ ’\h out_1
:W r =Q7 p =Q7 >
\ﬂ\ \CD out 2
> >

\m \&m \5/,\ \{D out_3'

> N N

Puc. 10. CrpykrypHast cxema TypOoKoepa

ren_1/2

= mux r_12
» 31 »
t calc out_0a /r
— . »
in in_a N Kouep_a ot:tzla
Bt > s
» out |[1b
[Tepeme- | in b Konep_B = ~ j
KUTEIb » »
oyt [Bb
Bl mux r_u4 .
® pl 4.1 i
‘/ ren_1/6
®i mux
o 6 1 r_1/6
T f———

A

y

Puc. 11. Ctpykrypa Kojepa

VHDL-moaens TypOokoaepa. Bepxuuii ypoBeHb TPOESKTa COCTOWT U3 HC-
MBITATENILHOTO cTeHaa ais nposepkun VHDL—-monenn typbokoaepa. CTpyKTyp-
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Has cXeMa HCIBITATEIEHOTO CTEH/Ia MpuBeeHa Ha puc. 12. B OGmoke Source Bwi-
pabaTsiBaeTCsl TOCIIEAOBATENBHBIN KO/, KOTOPBIHA 3aTeM ToJaeTcs Ha HH(popMa-
IHOHHBIN BXoa Omoka turbostr, seasromerocs VHDL-Momensio TypOokoepa.
Hasnauenue curHanoB-CTUMYJIOB CIEAYIOIIEE:

un
—] clk sout |——
stant [ S start
B 11
TOUICE
clk clk rl 2 el _2
clk1 [ clk1 rl1 3 el 3
clk2 [ clk2 rl 4 ol 4
clk3 [ ckk3 16 el _6
reset
clka [ clk4
rlg ta e
R S
rent 20101 renl_2(1:0)
rend 30107 renl_3(1:0)
rend _402:01C: renl_4(1:0)
rend ﬁl?liz'tlm_< renl_6(1:0)
-2k HEg
t_calc t_calc
turbiostr

Puc. 12. UctipITaTenbHBIA CTEH]] TIPOCKTA

clk: in STD_LOGIC — cHHXpOMMITYJIBCHI C YaCTOTO# COOTBETCTBEHHO 2; 3;
4; 6 MI';

clkl; 2, 3, 4: in STD_LOGIC — cHHXpOMMITYIBCHI ¢ 9acTOTOMH 2; 3; 4; 6
MI'n s ¢GopMHpOBaHHS KOJOBOTO OJioKa Ha KOJOBoW ckopoctu 1/2; 1/3;
1/4;1/6;

rd_start: in STD_LOGIC — crapToBbIif CHTHAN IMpolecca CUUTHIBAHUS C
Oydepa BXoaHOH HHPOPMAIIHH;

rdgate : in STD_LOGIC — curnan paspemienns cuuthiBanus ¢ Oydepa
BXOJIHO# nH(popMarm;

start : in STD_LOGIC — curnan 3amycka mpoiiecca mpoBepku Typbokojepa
¥ cOpoca TPUITEPOB MAMSITH;

t calc : in STD_LOGIC — curnan Havama (GOpMHpPOBAHUS MAPUTETHBIX
CHMBOJIOB B «XBOCTE» KOJIOBOTO 0OJIOKA;

tc_rd : in STD_LOGIC — curnan Havana CUMThIBaHUSI HHPOPMALIUHU C 000-
UX KOJIEPOB;

tc_start : in STD_LOGIC — crapToBbIii curHan i TypOokoaepa;

renl_2,3:in STD_LOGIC_VECTOR (1 downto 0) — nepekiroueHue BXo-
noB Mux3_1 mist GopMUpOBaHUs KOIOBOro 0JI0Ka Ha KOJ0BOH ckopoctu 1/2; 1/3;

renl_4:in STD_LOGIC_VECTOR (2 downto 0) — niepekiroueHne BXOA0B
mux4_1 nns popMupoBaHus KOJOBOTO 0JI0Ka HA KOJAOBOW CKOPOCTH 1/4;

renl_6:in STD_LOGIC_VECTOR (2 downto 0) — nepekiroueHne BXOI0B
mMux6_1 ans popMupoBanust K0JOBOTo 0JIoKa Ha KOAOBOM ckopocTH 1/6.

C BbIx0J10B Oioka turbostr nocrynaer nadopmarus:
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rl 2,3,4,6:out STD_LOGIC — xomoBsIii 0JI0OK Ha KOJJOBOH ckopocTu 1/2;
1/3; 1/4; 1/6.

PesynbTat npoBepku mokazas Ha puc. 13.

Name [val [stima.| 1 {5361 5 05}
o clk 1 Clock
o clkl 0 Clock
& o renl_2 1 Formula{U
© 12 0
o= rd_start 0 Formula |
O rdgate 1 Formula I—_
o~ start 0 Formulal
o t_cale 0 Formula
o tc_rd 0 Formula
o te_start 0 Formula
a
Name [val. [stima. | s s swo | m%
> ok 1 ek [LTLTLILILIL] OO
> okl 0 oeck MUILIULIULULTULLULUULULUU
o renl_2 L TH0.0.9.0.0 03080230 32000208080
© 1.2 0 L L LIl [ [l
o rd_start 0 Formula
o= rdgate 1 Formula
o start 1] Formula
o= t_calc 0 Formula |7
o terd 1] Formula
o= te_start 0 Formula

o

Puc. 13. BpemenHble quarpaMMbl IIPOBEpKH TypOoKojepa Ha KOAOBOH ckopoctu 1/2:
a — TIOJHBIA BPEMEHHOH IHMala30H MOJACIMPOBAHUS;, 6 — MOIEIMPOBAHHE «XBOCTa»
KOZOBOTO OJioKa (yBEITMUEHHBII MacIiTad)

AJITOPUTM HAJIOKeHHUs1 «yMay. [l TapaHTHH JOCTOBEPHOCTH TIE€peaadn
HEOOXOIUMO KaXIplii OMT KOAOBOTO OJloKa MM (peiiMa nepefadn yepe3 «HCK-
movarome MJIN» coennHUTh €O CTaHAAPTHOM ICEBAOCTYy4YalHOM mocienoBa-
TENBbHOCTBIO.

Ecnn HanoxeHume «Iryma» HCIONB3yeTCs B Hadale JIMHUM ([epeAaromiast
CTOPOHA), TO €ro MPUMEHSIOT K CHTHATy KOJOBOTO OJ0Ka WM (peiimMa mepeaadn
mocsue TypOOKoAupoBaHUA WM R-S-KoaupoBaHus B 3aBUCHMOCTH OT UCIIOJIb3Yye-
Moro anroputma. Eciii jxe MCronib3yeTcsi CBepTOYHOE KOAUPOBAaHKE, TO HAJIOXKe-
HUE «UIyMa» HYXHO IPOU3BOJIUTH 10 KOJIOBOTO Ojoka. B KoHue nuHuu (pu-
HUMAIOIAsk CTOPOHA) €ro WCIOJB3YIOT B KadecTBe OJIOKA, BBITIOIHSIONIETO
¢$yHKUMIO, 00pPaTHYIO HATOXKEHHIO «IIyMa» JAHHBIX I10CJIE€ CBEPTOYHOIO AEKOAC-
pa (B coydae UCIOJIb30BBIAHUS) U KOJIOBOTO OJIOKAa CHHXPOHU3ATOpa, HO Tiepen R-
S unmu TypOonexkoaepom (ecii OHM MCTIONB3YIOTCS).
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Crnenmyer OTMETHTh, UTO OIepalus, 00paTHas HAJOXKCHHIO «IIyMay, MOXKET
NPOU3BOJMUTHLCS OJHUM M3 CIIOCOOOB: 1 — ¢ IMOMOIIBIO ONepalny «HCKII0Yalo-
mee WJIM» Hamg mceBOoCIydaifHOH IMOCIIEIOBATEIHFHOCTRIO U MTOTYUYECHHBIMEH OU-
Tamu Qpeiima niepenaun win R-S-komoBoro 0510ka; 2 — WHBEPTHPOBAHHEM (WIIN
HE WHBEPTHPOBAHHUEM) B 3aBUCHMOCTH OT KOH(HUTypanuu OuTa NCeBIOPaHIOMH-
3aTopa BRIXO/a JEMOIYJIITOpa KogoBoro 0sioka Typ6o.

Kougurypanus ncesaopaHaoMu3aTopa, YCTAaHOBICHHOTO B Hayayie JIMHUH
(mepenaromas CTopoHa), TOKa3aHa Ha puc. 14.

®peiim niepeaun
(xomoBsie Oioku R—S ASM
unu Typ6o)

3anryMIIeHHBIA BBIXOJ
T'enepatop >

IICEBIOCTyYaliHOU Ha monynstop nnm ceeprou-
MOCIIEI0BATENBHOCTU HOE KOJIUpYIOIllee YCTPOHUCT-
BO (€CJIM MCIIOJIb3YETCS)

Puc. 14. Kondurypamus 610Ka HaTOKESHUS «IIyMay

Hobasnennsiii cuaxpomapkep (ASM) yxxe onTUManbHO CKOH(UTYpUPOBaH
JUTS TIeJIell CHHXPOHH3AIMY ¥ TIO3TOMY HCIOJB3YeTCs ISl CHHXPOHHM3AIUU TTI0TO-
Ka «rymay. Panmomuszanus npuMeHseTcsl ¢ Hadaja mepBoro oura ¢peiima nepe-
Jla9d WM KoJoBoro Onoka. B Hawane nmHUM (mepenaromas CTOpOHa) KOJOBBIN
Onmok wmim (peiM mepenadyd 3alIyMIISTIOTCSI MPOBEACHUEM OIEepaldd «UCKIIIO-
vatouiee MJIM» Hag mepBbM OMTOM KOJOBOro OJoKa wiaH (peliMa mepemadu c
NEepBBIM OUTOM IICEBAOCITYYaiHOM IMOCIENOBATENbHOCTH, Aajiee BTOPHIM OUTOM
KOZOBOTO ONoka mnu (ppeiimMa mepenadud co BTOPHIM OWUTOM IICEBIOCTYYaiHOM
MHOCJIEIOBATEJILHOCTH U T. .

B koHne nmuHuK (MpUHUMAIONIAs CTOPOHA) OPUTHHAN KOJOBOTO OJIOKA HIIH
(peiiM Tiepeavu BOCCTAHABIMBAIOTCS TOW K€ CaMOM ICEBIOCITyYaliHOM TOCIIe-
noBatenbHOCTBIO. [locie pacmonoxenuss ASM B Momy4yeHHOM IMOTOKE JaHHBIX
TICEBJIOCITyYaifHasl TIOCIEIOBATEILHOCTh IMMOCTYIIAET HA BXOJ CXEMBI HCKIIFOYal0-
mee NJIM» ¢ Ouramu maHHbBIX cpasy xke mocie ASM. PanmoMusanusi BBITOTHSICT-
csl ¢ ToMoIbio omnepaiun «uckmoyvaromee MJIN» meporo 6uta nocie ASM c
MIEPBBIM €€ OUTOM, BTOPBIM OUTOM MOTOKA JIAHHBIX C €€ BTOPHIM OMTOM H T. II.

Han mceBpocnydwaiiHo#t mocnemoBaTenbHOCTEI0O U1 ASM He mpowmsBoguTcs
onepanus «uckiovatomee NJIN».

[lceBnocmyywaifHass TOCIENOBATENHLHOCTh MOJKHA OBITH CTE€HEpHUPOBaHA C
HCTIOJIb30BaHUEM CIIETYFOIIET0 MOJHMHOMA!

h(x):x8 +x"+x+x3 41,

JTa moCIe0BaTeIbHOCTh, HAUMHAETCS B IMIEPBOM OUTE KOJOBOTO OJOKa WU
(hpeiimMa mepenayn ¥ MOBTOPSETCS TOCie 255 OUTOB, MPOJOKAs TEHEPUPOBATHCS
HEOJHOKPATHO 10 KOHIA (peiimMa mepeaauu Wik KoJoBoro Onoka. ['eneparop mo-
CJIeI0BATEIbHOCTH HHHUIMAIM3UPOBAH K COCTOSHHIO «BCE CIMHHUIBDY B Hadaje
KaXKJI0r'0 KOJIOBOTO 0JIOKa WK (peliMa repeaayn.
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[epoie 40 Out nceBmOCTyYaliHON MOCIIEIOBATEIBHOCTH OT I'eHEpaTopa Io-
Ka3aHbl Hike. KpaifHuii neBbIil OUT SBISETCS MEPBBIM OMTOM TOCIEI0BATEIBHO-
CTH, KOTOPBIA OYIET CIIOKEH ¢ TIEPBBIM OMTOM (hpeifiMa mepenadu Wid KOJIOBOTO
osoka B cxeme «uckimouatoniee MJIM», BTopoii OUT MOCIIe0BATEIBHOCTH COOT-
BETCTBEHHO CO BTOPBIM OMTOM KOJIOBOTO OJioKa WK (ppeiima repenauu u T. 1.

11111111 0100 1000 0000 1110 1100 0000 1001 1010... (*)

Ha puc. 15 mpuBenmena cTpykTypa TeHepaTopa YKa3aHHOW IOCIIEI0BATEIb-
HOCTH.

oD »
> >
. )
BxoaHble aaHHble (ko4oBbIi 6NOK| 3alymneHHble
unu dperim nepegaym) OaHHble
Me M iy (kopoBbI 610K
ANV < o
y X D4 unu cpenm
nepenauu)

X8 =X7:»X6 o X5 —l X XL X2 | Xt

A A A A A A A T

A 4

—_

MHWLmanm3auns cCocTosHUSA «BCe eQNHULbI» AN KaX40ro kKogoBoro 6rnoka nnm
dperima nepenaum

P «wicknovaowee UNN» —> = 1 6uT 3agepxka

Puc. 15. CtpykrypHas cxema reHepaTopa ICeBI0CTyJaifHOM MOCIeI0BaTeIbHOCTH

MoaenupoBaHue reHepaTopa MmceBA0Cay4YaliHOH MM0CJIe10BaTEJIbHOCTH B
cpexe Active-HDL. TIpoext cocromr u3 nByx ¢aiinos — BitDelay.vhd u
Main.vhd. TlepBbiii BBIMOJHSIET 3aJePXKKYy KaKIAOro OMTa B KaIoM OJOKe 3a-
nep>kku. CurHan Sync urpaeT poiib CHHXpouMIyibca. Clieyer OTMETHTh, YTO Ha
Kbl OJIOK 3a/IEP)KKH, a TAKXKE Ha KIIOY MPUXOIUT CHHXPOMMITYJIBC C 4acTO-
To#i 100 MI11.

[MpucBouM cHrHajIaM WMEHA, Ui YEro HCIOJb3yeM CXEMy ajrophTMa.
MainSignalln u MainSignalOut — BxoaHble ¥ BbIXOAHBIC cUrHaibL. MainSync
urpaet ponb cuaxpoummyibca. Curnansl D1+D11 pacnpenenens! Tak, Kak moka-
3aHO Ha puc. 7. Pesynbrar MomenupoBaHMs T'eHEpaTopa INCEBAOCTYYalHOW MO-
ClIeIOBaTEeIbHOCTH MOKa3aH Ha puc. 16.

Stimulator 60 4 80 4 100 . 120 . MO . 160 . 180 . 200 . 220 1 240 . 260 . ==

i 17| M UL T U0 LT
o 1 iy A Wy M g Uy U e B U

por 0 T o N Wy T W Y
T : I B e Bl B B G N N T R N1
* 01 0 T Iy Y W Wy T Wy B B B W

Puc. 16. Pe3ynbTaT BBINOIHEHHS TPOTPAMMBI
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BBIBO/IbI

IIpuBenennsic B JaHHOW paboTe MeToabl komuposaHus uHpopmarmu TK, cTpyk-
Typ KOJAEPOB U JCKOJEPOB, paHaomusaTopa ¢popmupoBarens TK obmagaroT mosn-
HOTOM, JOCTATOYHOH AJIsl €ro MoAenupoBanus ¢ nomomeo VHDL-npoekTa.

B cocraB opmupoBarens TK BXomasT OJOKH CBEPTOYHOTO KOJTUPOBAHHS—
JICKOIUPOBAHMsI, pPaHIOMHU3aTopa U OJ0K nobaBieHus: cuaxpomapkepa (ASM)
CTPYKTYPHOU CXEMBI, COCTABJICHHOW B COOTBETCTBUU C PCKOMECHIAIUIMHU
CCSDS.

B panpHeiimem npearonaraeTcs MpOBEPUTH MPABUIBHOCTE (BYHKIIHOHHPO-
Banus popmuposarenss TK Ha TecToBbix crenmax (test bench). 3arem crpoekTu-
pOBaTh CTPYKTYPY JJIS 3arpy3KH MPOCKTa B MPOTPAMMHUPYEMBIC MOJIb30BATEICM
noruyeckue uHTerpanbhbie cxembl [IJIMC XCV 300E-PQ240 [7]. [Tocne oTnaa-
KU 100aBHUTH OJIOKH KOAMPOBaHHUSI—ACKOIUpOBaHUs 110 MeTonaM Puna—Conomona
u Typ0o, mpoBepHB TeM CaMbIM BO3MOXXHOCTH PEKOH(UTYpUpOBaHHs (HOpMHUPO-
Barens TK.
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