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I'Ipvl nepepadye I/IH(bOpMaLI,MM no aTMOC(beprIM JIMHNAM CBA3U B AMana3oHe MUIINTIMMETPOBbLIX BOJIH,
M3-3a rayccosa wymMa u amMnnUTyaHbIX d)ﬂyKTyaLl,MVl, BO3HUKAKOT OLUNGKN. ﬂ,OCTOBepHOCTb npnema

XapakTepuayeTcsi BeposiTHocTblo owmbkn P (g,) , kak OTHOLWIEHME uMCria HEBEPHO MPUHATBIX GUT

2 o
WHopMaumn K uMcny nepedaHHbiX. 34ecb ¢, - OTHOLUEHMe 3Heprum 6uTa curHana K CrekTpanbHOW

NNOTHOCTU AenbTa KOPPENMPOBAHHOMO rayccoBa LWymMa npy onTumMansHOM fnpuemMe.

KogvpoBaHune cHwxXaeT BEepOATHOCTb OWMOKM Mpu (OUKCMPOBAHHOM OTHOLUEHUW CUrHama K LUyMmy.
LUvpuHa cnektpa curHana npu 3TOM YBENUYMBAETCS 3HAYMTENBHO MEHbLUE, YeM MpU MCNONb30BaHWUM
wymonoaobHelx curHanos (LUMC) [1]. U3 nuHenHbIx Kogos, 6onee nNpeanoyTUTENBHBIMU MO CPaBHEHUIO C
©r10KOBBIMM KOZAMMU, ABMAKTCA CBEPTOYHbIE Koabl [1-3].

OOGbIYHO XapakTepucTMKy Kodeka, B 4YaCTHOCTM C AekoguposBaHmem no Butepbu, ouenusaoT no
aCMMMTOTUYECKON BEPOSITHOCTU OWNOKM [2], OgHAKo OHa He AaeT NpaBWibHbIA pes3ynbTaT Mpu Masriom
OTHOLLUEHUW curHana K wymy [1,4].

B munnmmetpoBoM pAnanasoHe BONH B aTmocdepHOM paguokaHane, us-za TypOyneHTHOCTU
atmocdepbl,  bnykTyauum amnnuTydbl  BOMHbI  OMUCHLIBAKOTCA  FIOTHOPMarnbHbIM  pacnpefeneHvem
BEPOATHOCTH [5].

enblo paboTbl ABMANOCH MOAENMPOBaHUE BEPOATHOCTU OLLUOOK P npunema cMeLleHHOro
e\10

yeTblpexdasHoro dasomaHmnynupoBaHHoro curHana (CPM-4) Ha oHe rayccoBa LwymMa C Yy4eTOM
amMnnuUTyaHbIX dnyktyaumn. 3agada 6bina pelleHa KoMnbloTepHbIM MogenupoBaHuem B cpeae MathCad 7
Pro.

[Ona mopenupoBaHus BepOATHOCTU owmnbkm cmecu curHana COM-4 n apautuBHoro wyma 6binm
COpMMPOBaHbI: HOPMarbHbIA LLYM C HyMNeBbIM CPedHUM U HeusMmeHHou aucnepcuen u curHan COM-4 ¢
rnepeMeHHOn amnnuTyaon Ha uHTepsane 2" = 16384 ONCKPETHbIX 3HaYeHUn. Bblunmcnanucb He3aBUCMMO
MOLLHOCTb CWUrHana v Lyma, npuBefeHHble K BXody NPUEMHWMKa, U N0 HUM Onpeaensinocb OTHOLUeHue

2
curHana K Wwymy g .

Mpu onpepeneHnn BepoATHOCTM ownbKM nepepasaemoro curHana COM-4, BugeocurHan
KoampoBancs cBepTouHbiM kodom (7,5) n gekoguposarncs no anroputmy Butepbu [1,2]. Cymmatopsl koaa
NnpeAcTaBnsanmMcb NonnMHoMamm gq(x) = 14X n ga(x) = 14x+x [1,3] B none Nanya GF(2).

Mcnonb3ya ceoncTBa rpada noToka CUrHanoB, U CpaBHUBAA MO MOAYMO 2 MPUHATOE U 3TaroHHoe
CcoODLLEeHNs,, OMnpedensanocb, Kakad 4YacTb OWMOOK Ha 3adaHHOW AnvHe naMATM Jdekogepa Oyger
ucnpaeneHa. Beluucnanca nyTtb CMecu curHana ¢ wymom no guarpamme Butepbu, anvHa namsatv Gbina
onpegeneHa B 10 6ut. Ha 3TOM AnVHE BbIYNCIIANOCH KONIMYECTBO HECOBMAAEHUA MPUHATOrO N 3TaNOHHOIo
curHana, nyTb CMecu Ha guarpamme Butepbu, unu rpade notoka curHanoBs, U 3aTeM MNPMHUMAnocChb
peLleHue o konudecTse owmnbok Ha anuHe 10 6uT [4].

Ha puc.1 nokasaHbl BepoATHOCTM owmnbok npuema curHana COM-4: TeopeTudeckass 3aBUCMMOCTb
HEKOMPOBAHHOIO CUrHana; no acUMNTOTUYEeCKon bopMyne Ans KOAUMPOBAHHOIO CUrHamna M KOMMbIOTEPHOrO
MOLEnMpoBaHus.

©anekTpoHHasa Bepcua nogrotoerieHa 3A0 ABTIKC CaHkr-lMeTepbypr, http://www.autex.spb.ru
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Puc.1 BeposatHocTu owmnbok npnema curHana COM-4: TeopeTmyeckas 3aBUCUMOCTb HEKOANPOBAHHOIO
curHana R qo); Nno acUMNTOTMYECKOM hopmMyrne Ans KOAMPOBAHHOIO CUrHana Rl 4, ) Y KOMMbIOTEPHOTO

mopenuposanus P, (qo).

TeopeTuyeckast 3aBUCUMOCTb BEPOSITHOCTN OLWNGKN P, (qo) ONTUMAanbLHOro HEKOrepeHTHOro npuema
HekogupoBaHHoro curHana CPM-4 selumcnsinack no popmyne [6]:

© B Equg sian+22 T 2
Pla)= | ZeXpE‘rﬂfgfﬂoHﬁqo sing@dz—O,SeXp(—qé)/oquO% (1)
\/EqUCOSDZ@ 5 D D 2

aprymeHTa iz.

N3 npuBemeHHbIX OdaHHbIX Ha puc.1 credyeT, YTO BbIATPbIL B KOAMPOBaHWM HacTynaeT npu
OTHOLIEHMWM CurHana K Llymy npeBblwatowem 3 b, a acMMmnToTUYeckasl OLeHka W pesynbTaThl

2 -
KOMMbIOTEPHOrO MOAEenMpoBaHus cosnagatoT npu ¢, > 10 ab. MNpu BepoATHOCTM OLWINGKK 10 BbINIPbILW OT
KOANpPOBaHWsi NpnbnmxkeHHo paeeH 34b.

Ona  nomnydyeHust NOTHOPMAarbHOrO  aMMAMTYQHOrO  )a3oMaHWMyNMMPOBAHHOMO  CUrHana no
CTaHOgapTHOW nporpamme 6bi1 peanu3oBaH CryyYawHbI CUrHam C JIOTHOPMaribHbIM pacrnpeferneHunem,
HyNeBbIM CPEAHMM U NePEMEHHO AMCNEPCUEN C MOCNEAYIOLWMM NepeMHOXeHneM Ha curHan COM-4.

Ha puc.2 npeacraBneHbl 3aBUCUMOCTM BEPOSITHOCTU OWNBOK KoampoBaHHbIX curHanos COM-4: B

HEBO3MYLLEHHOMN Pel (qo) 1 B TypOyneHTHOM Pe2 (qo) aTMocdepax ¢ 0)2( =0.25, roe BenuuunHa

roe ly(z) — mogudmumpoBaHHas dyHkUMa Bbeccensi nepBoro poga HyneBoro nopsiaka oT MHUMOro

A
X =ln— (2)
AO
onuncbiBaeTcd HopMalibHbIM pacnpegeneHmem, a amnnntyga
A= A4,e* 3)
JIOrHopMarlbHbIM.
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Puc.2 Pe3ynbTaTbl KOMNBIOTEPHOrO MOAENMPOBAHNST BEPOSTHOCTEN OWMBOK KoanpoBaHHoro curHana COM-
4: B HeBO3MYyLLEHHO P, (‘10) v B TypbyneHTHoi aTmoccepax P, (‘]o)-

M3 OaHHbIX, MPUBEAEHHbLIX puC.2 cnegyet, 4to Ons obecrnedeHus BEPOATHOCTU OLUMOKM 10'3,
MOLLIHOCTb KOOVPOBaHHOIO curHana B TypOyrneHTHo atMocdepe OormkHa ObiTb NpumepHo Ha 34b 6onblie
MOLLIHOCT/ 3TOrO CUrHana B HEBO3MYLLEHHOW.

OCHOBHBbI€e pe3ysbTaTbl.
e [ng curHana COM-4 Ha coHe rayccoBa LyMa BbIUMpbILl B KOAUPOBAHUWN HACTYMNaeT NpU OTHOLLEHUN
curHana K wymy npesbiaowem 3 ab, a acumnToTnyeckas oueHka coBrnagaeT € pesyrnbTatamu

2 K
KOMnbloTepHoro mogenuposaHus npu ¢, > 10 ab. lNMpy BeposaTHOCTU OWNGKM 10 BbINMPbILW OT

KoanpoBaHust npnbnumxkeHHo paseH 346.

* YcTaHoBMeHO, 4To Ang curHana COM-4 npu BepossTHOCTU OLUMOKM 10 MoLLHOCTb KOOUPOBAHHOIO
CuMrHana ¢ amnnuMTygHbiMu bryKTyauusmm oSpkHa ObiTb npuMepHo Ha 3B Gornblie MOoLHOCTU
3TOro curHana B HeBO3MYLLLEHHOM aTMocdepe.
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The reason of errors during the transmition of information in atmospheric radiochannel of millimeter
wave band can be gauss noise and amplitude fluctuation. Reliability of receive define probability of error

Pe(qo) as ratio wrong bits to all transmit bits. Here qg - ratio of energy bit to spectral density of delta

correlated gauss noise in optimal receive.

Coding reduces probability of error during definite ratio of signal to noise, thereof spectrum of signal
increase less than by used pseudo-noise signals [1]. It is well known, that the best linear codes are convolve
codes [1-3].

Under small ratio signal to noise asymptotic estimation of error’s probability, usually used, does not
give the correct result [1,4].

In turbulent atmosphere amplitude fluctuations in millimeter waves are described by lognormal
probability [5].

Aim of this work is modeling probability of receiving error offset quadrature phase shift key (OQPSK)
signal with amplitude fluctuation in gauss noise. This aim was achieve by computer modeling in MathCad
7Pro.

In this model were making compose of signal OQPSK and additive noise. There were normal noise
with zero middle, constant disperse and signal OQPSK on interval 2" = 16384 discrete values. Power of

signal and noise calculate independently on the enter receiving then define ratio signal to noise qé .

For define probability of error broadcasting signal OQPSK [6] video signal coded convolve code and
decoded by Viterbi [1,2]. Summiteers of code were polynomials g¢(x) = 1+x* and gx(x) = 1+x+x* [1,3] in
Galua field GF(2).

Lognormal amplitude signal with zero middle and variable disperses was realize using standard
program. Then it multiplies with signal OQPSK.

After this define what part of mistakes in setting memory decoder will correct using property of graph
stream signals and compare theirs on module 2.

Mail results
For compose OQPSK and gauss noise benefits of coding begin during qé > 3ab and asymptotic

estimate begin coincide with results of computer modeling when g2 > 10a5. When P.(g,) =107

benefits of coding approximately equal 3dB.
» Power signal of coding with amplitude fluctuation must be more signal in unperturbed atmosphere
about 3dB.
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