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AnHoTamusa. B crartee paccMaTpHBAaIOTCS BONPOCH! Nepeady TeJeMeTPUUecKOH MH(OPMALUH C U3NeJHUH paKeTHOH Tex-
HHUKM C IPUMeHeHHeM IPHHLMINA MYJbTHIJIEKCUPOBAHHS OPTOrOHAJ/bHBIX HECYLIUX 4acTOT, a TaKxkKe MOMeX0yCTOHUMBOro
1 BOCCTaHaBJ/IMBAOILEro KOAUPoBaHHs. PaccmaTpuBaroTcest 1Ba MpOCTeHIIMX MeTOAa: KOJ C MPOBEPKOM Ha YeTHOCTb M KOJ
XsmmuHra. CpaBHHUBAIOTCS CHCTEMbl pajuolepenadd MH(popMauuu ©e3 HCIONb30BAHUS U C HCHONb30BAHMEM KOAHPO-
BaHMs [0 I0KA3aTe/10 BePOSTHOCTH IM0sBJNeHHUs OUTOBOH owMOKHU. IIpuBoAMTCS Mofe/b TpakTa NpueMa, KOAUPOBaHHUS
U nepejadu MH(OpMaUUM AJS IPUMEHEHHS B JaHHOM MeTole pajuonepelayd U KOLUPOBAHHUS.
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UH(OpMAalLMH, BEPOSITHOCTD IOSIBJIEHUS] CUMBOJIBHOH OLIMOKH, paJHoKaHas
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Abstract. In article are considered questions of the transmission telemetry information with product of the missile
technology with using the principle of the multiplexing oproronansneix carryinging frequencies, as well as antinoise
and restoring coding. They Are Considered two the most simplest methods: code with checking for parity and code
Hemming. They Are Compared systems of the radio broadcast to information without use and with use the coding
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BBenenue

[Tlepenaua wuHpopMauuu M0 paavoKaHady ocCy-
I11eCTBJSIETCS C TOMOILIBIO MOLYJIMPOBAHHBIX KoJsebHa-
HUH Hecyllel uyacToTel. B cTaTbe paccmaTpuBaroTcs
BONPOCHl Iepefauyud TesJeMeTPUYeCKOH HWH(OpMaLUu
(TMH) c¢ uspenuit paxkerHod texuuku (PT) ¢ mpu-
MeHeHHeM TMPHUHLHUNA MYyJbTHUIIJIEKCHPOBAHUS OPTOro-
HaJbHBIX Hecylux yacToT [1]. Ero cyTh 3ak/iouaercs
B pa30HeHHUH CUMBOJIOB LHU(POBOro KOia U3MEPUTEJb-
HOU MH(pOpMaLMK Ha OJIOKH U Nepefade Kaxaoro 6Joka
Ha cBoell Hecyllel yactore. B pesynbrare mosaydaercs
napaJJiesibHas nepenada cumBoJios [2, ¢. 307], uTo mo-
Ka3aHo Ha puc. 1. Uem Gosblile HeCyUIUX HUCMOJb3YeT-
csl TIpU Tepenade, TeM AO0JblIe AJHUTENbHOCTb CHMBO-
Jia, Tlepelalollerocs COOTBETCTBYIOILEH eMy Hecyllel.
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Puc. 1. Tlpumep passioxkeHus LU(PPOBOro cUrHasa

C yBesqMYeHHeM [JIUTEJbHOCTH BpEMEHH Iepe-
Jaud KaxKJIOro CHMBOJIA IOBBILIAETCS YCTOHYMBOCTD
K BO3JIEHCTBHIO UCKaXKeHUH HH(POPMALIMOHHOTO CUIHA-
J1a, BO3HHKAKLIMX B pe3y/bTaTe MHOTOJy4eBOro pac-
npocTpaHeHusl papuoBosH [2, c¢. 307], xapakTepHOro
IJIsT PaKETHOTO paJvoKaHaJa.

B kauecTBe MeTONOB MOAYJSLMH B CJaydae MpH-
MeHEHHUs] OMMCAHHOTO TPUHIIMUIA PaHoNepeaud MOXK-
HO wucrnosb3oBath 16, 64 (u Gojee) MO3UIHMOHHYIO
KBaJApaTypHYIO aMIIuTyaHyo0 monyasiuuio (KAM) [3,
c. 257]. DTOT MeTON MOAYJSILHUH, MO CPAaBHEHHIO C Ya-
crotHOH Mopyasinued (HM), mo3BosisieT Cy3uTh MOJO-
cy uacrot [1].

OnHako ecsii MpU pagdorepefade OrpaHUUYUTHCS
MCIOJIb30BAHUEM JIMIIb PACCMAaTPHBAEMOr0 MPUHIIUIA
MYJIbTHIIJIEKCHPOBAHHUS, TO MOJYUYEHHBIE HH(OpMALIK-
OHHBIF KOI MOXET HMEeTh BEpPOSITHOCTb HCKaXKeHHs
cumBosa (P,) Boile ponyctumo. s cHuxkeHus P,
npeasiaraeTcst MPUMEHHUTh MOMEXOYCTOHYHBOE M BOC-
CTaHaBJHMBalllee KoaupoBaHue [3].

Mertonbl KogupoBaHUS

Cy1ecTByeT 60J1bILIOE KOJHYECTBO METOLOB KOIH-
pOBaHHsi, BOCCTAHOBJIEHHUS] MOTEPSIHHON/HCKaKEHHOH
uHpopmMaluu. PaccMOTpUM ABa MPOCTEHIINX METOA:
Kol ¢ mpoBepKod Ha deTHocTh (ITH) m kon XsMMHH-
ra (KX). IlpoBemem X cpaBHEHHE MPUMEHHUTEJBHO
K paccMaTprBaeMol 3ajmade nepepauun TMU.

Ilepebiit Mmeton. [Ipu KogupoBaHUM C MOMOLIBIO
[T4 B nHopMauroHHbIH 6/10K n06aBJseTCS ONUH pas-
psil, 3HAUEHHe KOTOPOr0 PaBHO CyMMe BCeX IpOBepsi-
eMbIX CHMBOJIOB 110 MOAYJIO 2.

Jlns mprMepa paccMOTpPUM cJjydai, Korma onHoH
Hecylled Mepefaercs MATb PaspsifioB MH(OPMALHUOH-
Horo 6JI0Ka M OOMH paspsili — MPOBEPOUHBIH, KaK I10-
Ka3aHo Ha puc. 2.

B 670K U3 nsiTH pa3psaoB HHPOPMALUOHHOTO KO-
na (puc. 2,a) nobaBssieTcss MPOBEPOYHBIH paspsy —
BbIIe/IeHHBIH cuMBoal (puc. 2,6). Ilocse uero mo-
JYUYMBLIMHCS 1IeCTHUPA3pSAHBIH KOAMPOBAHHBIH OJ0K
(1-i1 6s0K) mepenaercss momynupoBaHHoH KAM-64
Hecyuei (puc. 2,8). IlelcTBUS CO CJEAYIOUIUM Tisi-
TUPa3PSAHEIM HH()OPMALHOHHBIM OJIOKOM TOBTOPSIIOT-
csl, UHQOPMALUS <«JIOXKUTCSA» HA CJeNyIUYI0 Hecy-
myto (puc. 2,e, 2-i 6J0Kk) ¥ Tak nanee. [locse mepe-
a4 MHGOPMALMK 110 TocJaefHeld (B HallleM MpUMepe
4eTBepPTOH) HeCylled BpeMs Mepefaud MepBOro KOU-
pOBaHHOro 0/10Ka MH(OPMaLHWHW Ha MepBOH HecylleH
3aKaHuMBaeTcs, UH(OPMALUs Ha Hel MeHseTcs U Ha-
YHUHAaeT OTNPaBAATbCS 5-U 06J0K (puc. 2, 8).

JleficTBUTENbHO, pe3y/bTaThl aHanM3a rpauKoB
Uieelr Uecdr Useesr Upecs PUC. 2 CBHIETENBCTBYIOT 00
yBeJUUEHUN [JUTEJbHOCTH Tepefadyd OLHOTO CHMBO-
Ja. B paccmarpuBaemoM mnpuMepe IJMTEJNbHOCTD Ile-
peladd OQHOTO CHUMBOJIA yBesuunBaetcs B 20 pas mno
CpPaBHEHHIO C ero MepBOHAYaJbHBIM 3HAYEHHEM:
=20t (1)

ny CHK?
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rae t,, — AJUTEJBHOCTb Iepelayd CHMBOJA KOAHPO-
BaHHoro 6Jioka metopom I1Y;

ek IJIATEJbHOCTb CUMBOJIA HMH(OPMALMOHHOTO
6J10Ka.

Bropoit meton. [Ipu komnpoBaHuU HH(POPMALIU-
oHHOro 6sioka ¢ momotbio KX (puc. 2) KosnuecTBO
CHMBOJIOB 7 B KaXKIIOM KOIMPOBAaHHOM OJIOKE 3aBHUCHUT
OT 4McJla CUMBOJIOB HH(OPMALMOHHOI0 6JI0Ka 1, U J10-
TIOJIHUTENBHBIX CHMBOJIOB KOIUPOBaHUS n, [4]:

n=mn, +n,. (2)

3akonupyeM ¢ nomornblo KX 18 uHdpopmanuoH-

HbIX paspsmoB (n, = 18). C yderom Toro, uto mns

npumeHenuss KX Heo6xonumo, utobsl n, = 5, U3 BbI-
paxkeHus (2) cienyer:

n=n,+n,=18+5=23. (3)

Tak kak Ha Ka)XI0W HeCylled BO3MOXKHO Iepe-
NaBaThb LIeCTb Pa3psiloB, K MOJYYeHHBIM 23 paspsiam
KOJUPOBaHHOTO OJioKa 100aBUM 24-i paspsin (HOJBb):

n=n+1=24. (4)

PasnenM KopMpoBaHHBIN /0K Ha YeThlpe 4acTH
(mo mecTb pas3psiioB, pHUC. 2,3) U TepelajiuM HX ue-
TBIPbMS HeCyLUMH (pHc. 2, u-2, m).

Pesysbrar nepenauu nokasaH Ha pPUCYHKaXx.

Bpewmsi n/uTenbHOCTH Nepenayy OAHOIO CHMBOJIA
., yBeqnunBaercs B 18 pas:

to. = 18t,.. (5)

Taxkum o6pasom, npu panuonepenadse TMHU c us-
neauss PT (B mpensioKeHHBIX YCJOBHSX) JJIHUTENb-
HOCTb Tepelaud OJHOTO CHMBOJIA MPH HUCIOJNb30BAHUU
nepsoro Merona komguposaHusi Ha 10% 6Goasbiie. Opn-
HaKO BO BTOPOM MeTO/le KOOMPOBAHHS, KaK M3BECTHO,
MUMeeTCsi BO3MOXXHOCTb BOCCTAHOBJIEHHSI OJHOTO CHM-
BOJIa MH()OPMALLMOHHOH MOCHIJIKH.

CpaBHUM CHCTeMBbI pajuonepenadd WHPOpPMALUN
6e3 HCMOJMb30BAaHUS M C HCIOJb30BAaHMEM KOAHMPOBA-
HHS 10 110Ka3aTeJ/l0 BePOSITHOCTH TOSIBJI€HUS] GUTOBON
own6Ku. s 3TOro mpousBeneM pacueT 3aBHUCUMO-
CTeH mokasaTeJsisi BEPOSITHOCTH OWUTOBOH OIIMOKH OT
OTHOLIEHHS] CHUTHAJ/IIYM /sl MPEeIJ0XKEHHOTO BapH-
aHTa pajauonepenayH.

HMcxonHble naHHbIE:
— ckopocTb nepenaud gaHHbX (TC «CkyT-40»):

R = 320000 6ur/c; (6)

— OTHOLIEHHE 3Hepruu OuTa k) K CHeKTpa/JbHOMU
MJIOTHOCTH MOLIHOCTH myMa N,:

Eb
—2 =6,25~ 8 nb;
N A

o

(7)

— BUA Momyasiuud — KAM-64;

— KOJIMYECTBO MepeliaBaeMbiX CHUMBOJIOB JJIS BapH-
aura [14:

n,=24 u n,=20; (8)

— KOJIMYECTBO MepeliaBaeMbiX CHUMBOJIOB JJIS BapH-
anta KX:

n,=24 u n,=18. 9)

BblpaxkeHue 1151 BBIUHUCJ/IEHHS BEPOSTHOCTH CHUM-
BOJIbHOH OLIMOKHM HWH(POPMALHOHHOrO OJIOKAa HMeeT

Bun [, ¢. 353]

28,
N,

o

P,=Q =Q(3,53) =21,7-107°, (10)

rae s Q(x) ucmosb3yercst cienyiollee MpUOIHKe-
Hue [b, c. 353]:

Q(a) ~ —elF)

V27

(11)

,onLasg x> 3.

BepoaTtHocth Pj§; TOro, 4to B NPUHATOM HH(OP-
MalMOHHOM 0JI0Ke, He COMepIKalleM KOPPEKTHPYIOLIUX
CUMBOJIOB M, OyIeT MCKa)KeH OMH CHUMBOJ COTJIACHO
[, c. 353] ompenesnsieTcs CJAEOYIOUIMM BblpaXKeHHEM:

Pl=1—(1—P)™. (12)

BepositHocTs Pf§; TOro, 4TO B 3aKOAMPOBAHHOM
6JI0Ke, comepxKalleM 1, KOPPEKTHPYIOLIUX CHMBOJIOB,
OyneT HCKa)keH OAMH CHMBOJI corjacHo [H, c¢. 353]
OmpeesieTcsl CAeAYIOUIUM BbiparkeHHeM:

Py = Z (PY(1- P, (13)

Jj=2 J
rae j — KOJIUUeCTBO OMIMOOUHBIX OUT B OJIOKE;
P, — BepoATHOCTb CUMBOJIBLHOH OIIMOKHM KOIHPOBAaH-

Horo OJiOKa.
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Tabauua 1. Pesynbrarhl pacuyera nokasatesell BepOSTHOCTH N0s1BJeHUs] OUTOBOH OLIMOKU

TC 6e3 kopupoBanus | TC c konupoBanuem [IH | TC c xopupoBanuem KX
KosnnuectBo 6ut 20 20 18
uH(opMalMOHHOro 6J10Ka
Eb
OTHollleHye CUrHa/WyM, -, 8 7 6.5
nb
Cropocs nepenat GuTos, 320000 384000 426700
R, 6ut/c
BeposiTHOCTb mosiB/IeHUS 10-3 -4 10-4
outoBo# ownoku, Py u P§, 44-10 1,210 .
Pesynbrar cpasrenus ¢ TC — | PS; 6onee uem B 34 pasa|| P§, Gonee uem B 11 pas
6e3 KOIMPOBAHHS

PesynbraTel pacyera mokaszartesell BepOSITHOCTH
TNOSIBJIEHUS] OUTOBOH OLIMOKH [1J151 ONMCAHHBIX METO/OB
KOIUPOBAHHUS NpHBedeHbl B Tabu. 1.

AHanu3 moJsyueHHBIX TaHHBIX IOKa3blBaeT, 4TO
npUMeHeHHe KOIUPOBAHHUS CHHKAeT TpedyeMoe IJIs1 10-
CTOBEPHO# Tepeayn OTHOLIEHHE CHUTHAJ/ILIYM, a TaKKe
yMeHbIlIaeT BEPOSTHOCTb MOSIBJE€HHsT OMTOBOHM OLIMO-
KM, 4TO CONpPOBOXK/JAAETCS XapaKTepHbIM POCTOM CKO-
pPOCTH mepenadd HH(OPMALUKU B CBSI3U C MOSIBJIEHU-
eM H30bITOUHOCTH HH(pOpMauWH. Beiurpeimn no pac-
CMaTpUBaeMOMY [0Ka3aTeJio CoCTaB/sieT Gojee 4eM
B 34 pasa B cayuae npumeHenus [IY u Gosee uyem
B 11 paz — KX.

CsenyeT OTMETHUTBh, 4YTO IpPH 3HAUEHHUH % =
= 15 n1b y TC 6e3 konupoBaHHsI BEPOSITHOCTD MOSIBJIE-
HHSI OUTOBOH OLIMOKHM COCTaBUT P = 1073 (Touka B),
aHaJoTHYHbIH nokasatenb TC ¢ npumeHenuem KX co-
craBut P = 1074 (Touka A), 4TO MOKA3aHO Ha pPUC. 3.

B 3akJ/i04eHue npepsaraeTcsi Moiesb TPAKTa MpH-
eMa HH(QOpPMAlLMK OT UCTOUHHKA (IaTYMKa), KOOUPOBaA-
HUS W Tlepelayd, NpUBeIeHHas Ha puc. 4.

OnpocHbli KOMMYTaTOp LMKJIWYECKH MPOU3BO-
IWT CHSITUEe [aHHBIX C TOAKJIOUEHHBIX JAaTUYHKOB.
[lonyuennass uaMeputebHasi HHGOPMALUS MOCTyNaeT
B (popMHpoOBaTesb Kajpa, rae npeobpasyercs B moce-
noBaTebHbIH MH(OpMalMOHHBIH Koa. [locsie uero Ko-
nep nobaBjsieT B MH(POPMALMOHHBIA KOM CJyKeOHbIe
paspsiibl U OTHpaBJ/sieT c(hOPMUPOBAHHYIO MOCJAEI0BA-
TeJIbHOCTb B NpeoOpasoBaTesb. ToT, B CBOIO ouepesib,
npeoOpasyeT MOCJAeNOBAaTeNbHbIH KON B MNapasJielib-
HbIH, HEOOXOAMMBIH [JISi MOLYJHPOBAHHS HeCYLIHUX.
[Tocne cioxkeHuss HecylUX (HDOPMHUPYETCS BBIXOTHOU
curnan U(t).

KAM-64 ¢ npumenenuem KX [°
KAM-64 Ges konupoBanus |

1072

BER

10721

10~

Ey
N dB

E
Puc. 3. 3aBucumocts P, o1 -

o

B kauecTBe MepCreKTHUB JaJbHEHIINX HCCJeI0Ba-
npenJiaraeTcsa pacCMOTPETb BOIMPOCHI:

e npumeHeHne KX mpu yBesndyeHWH MO3UIHOHHO-
CTH KOJA W AajbHEeHIleM yMeHbIIeHHUH H30bITOY-
Hocth KX B cBSI3W C BepOSITHBIM YBeJUUYeHHEM
poBepsieMOH KOLOBOH MOCJe0BATeNbHOCTH;

e BHeJpeHHEe B ONHCAHHBLIH TMPHUHILHUI Meperauu
MIOMEeXOYCTOHUHMBOrO KOAMPOBAaHHUSI KOHOB Puma—
CosomoHa u ToJes.

B pesysnbrate mnpoBeneHHONH pabOTHl MOJYUEHBI
CJIelyIollle Pe3yNbTaThl:
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Monynsarop |
I [Ipeo6pasoBaTtesb
1 dopmupoaresb KOLOBOR Mopnynsitop 2 U(t)
: OnpocHbl# KOJIOBOU L
Iy | xommyTartop oCJIe0BaTEb- HOCHSI%%I?;ITMB Cymmatop
—_—
HOCTH Kajpa B NapaJlie/IbHYIo Monynsarop 3
_|—> Mopyasitop 4
Konep
(ITY,KX)
Puc. 4. Mopesib TpakTa npuema, KOAUPOBAHHUS U Mepenadn nH(OpMaluu
1) paccMoTpeHa BO3MOXXHOCTh NMPUMEHEHHs MPOCTeM- BHeJpeHHEe B paccMaTpUBaeMbld MNPUHUMUI TIO-
LIMX MEeTOLOB KONHWPOBAHHUSA IPH paauorepenaye MeXoycToHdnBoro konupoanus Pupa—CosomoHa
TMMU c¢ ucrnonb3oBaHWEM MYJIbTHIJIEKCHPOBAHHS u kozpa loses.
OpPTOrOHAJIbHBIX HECYLIMX YacToT;
2) BBINOJIHEHO CpaBHEHHE ABYX METOMOB KOAHMpPOBa- CIMCOK JUTEPaTypPhbl
Hus — [IY u KX, B pesysnbrare yero mokasaso,
uto npumeHerre [TH yBesnuuBaer 1JMTeNbHOCTb 1. Mopos A.Il., Iorenos [.IO. TlpumeHeHHe NPHHIK-
nepenayu cumBosia Ha 10 %; na rnepefaud TesjeMeTPUUeCKOd HH(POPMALUH C MYJlb-
3) MPOBEMEHB pACUETH BEDOATHOCTH HCKAMKEHHS THUIJIEKCHPOBAHWEM OpPTOTOHAJbHBEIX HECYLIHX YacTOT
npu pabore B pakeTHOM panuokanase // Tesucwl mo-
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