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BIVINB ITAPAMETPIB JETEKTOPA
HA EOEKTUBHICTb ITPUMMAHHA PAJIOCUTHAJIIB
31 CRIAIHOIO ®A30OBOIO MO/AVYJIALICIO

Hasedeno pesyivmamu 0ocaioxenns eniusy napamempis demexmopd, pedaiizoganozo na 0a3i npucmpor
$haz060z0 asmoniocmpoioeanis wacmomu, na tiozo egpexmuenicmo. IIposedeno mamemamuumne mMooe 106aMH-
HSl CUZHANLS 3 K8AOPAMYPHOIO aMNATMYOHo10 Modyasayicto 8-QAM ma docidxeno enaus napamempis npu-
cmpoio haszosozo asmoniocmpoIo8ants Yacmomu Ha SKICMy NPUIMAHH YUX CUZHAAl6 3a ymosu O0ii 3dea-
Oou y xkanani 36'a3xy. Busnaueno naubiivw nputinamui napanempu, wo 3a6e3neuyoms MAKCUMAIbHY 3d-

Hesizn'eMHOIO CKJIQ/IOBOIO CyYacHUX IpUiiMaviB
mnpoOBUX PaioCUTHAJIIB € MPUCTPOi (Ha3oBOTO
asroniacrpooBants yacroru (MAIY). [Tpucrpoi
DAIIY MaoTh JeKijJbKa 3aCTOCYyBaHb, 30KpeMa iX
BUKOPHCTOBYIOTH JJIsT 4acTOTHOI (inbTpariii, yac-
TOTHOI MOAYJIALIl Ta AeMOLYJIALII, MHOXXCHHSA Ta
[IePETBOPEHHSI YAaCTOTH CUTHAJY, BU/IiJICHHS OIIOP-
HOTO KOJIMBAaHHS JIJIS1 KOTePEHTHOI'O JIeTeKTYBAHHSI.
[Mpucrpoi MAIIY 3acTocoBy0TH y HIUPOKiil 006-
JIACTi pajlioeIeKTPOHIKY, MMOYMHAIOYH BijJ MOOiJIb-
HUX TeseOHiB Ta 3aKiHUYIOUN CHCTEMaMi KOCMiy-
HOTO 3B'a3Ky. lle 3yMOBJIEHO TUM, 1110 Li IPUCTPOI
€ IOPiBHSIHO IIPOCTUMU Ta JIEIIEBUMHU Y CXEMOTEX-
HiuHil peaJizarlii.

CyuacHi cucremu paziio3s'si3Ky BUKOPUCTOBYIOTD
CUTHAJIN 31 CKJAJHUMU BUIAMU MOJYJISAILIT 3 METOIO
e(eKTHBHOTO BUKOPHUCTAHHS BHU/1iJIEHOTO YaCTOTHO-
ro Jialasony.

Mertoro 1iei po60oTH € BU3HAYEHHS /iala3oHy
napameTpiB ¢inpbrpa MAIIY, 3a gxkux cucrema
3B's13Ky 3 MoayJssiieio 8-QAM Mae HaiiBumly 3a-
BaJIOCTiIKiCTh.

Onuc npoG.aemu

OjiHi€0 3 OCHOBHUX TPOGJIEM CYyYaCHUX CHC-
TeM CTiJIbHUKOBOTO 3B'S3KYy € OINTUMi3allisl KO-
CTi HaZaHHA IOCJAYT 3a KPUTEPiAMU BiJHOIIEH-
HsI CUTHAJ /IIyM Ta HMOBipHICTb MOSIBU MOMUJIKH.
CriBBiTHOIIIEHHS IIUX [TapaMETPiB € TOJIOBHUM KPH-
TepieM B OIliHIli eDeKTUBHOCTI cucteMu 3B's13Ky [1].
Icnye kisbka crioco6iB fioro onrumizarnii, Hampu-
KJIa/1 32 JIONIOMOTOI0 JI0/IATKOBOTO aHTEHHOTO 06J1a/1-
HEHHS, sKe 6 MiHiMi3yBaJO CKJIQIOBY 6aratorpo-
MEHEBOTO TOUIUPEHHA y CyMillli IIyMiB, 1110 Aif0Tb
y KaHaJii 3B's13Ky [2], un onTuMi3oBaHUX aJarOpUT-
MiB 06pO6KY OTPUMAHOT CyMillli CUTHAJY 3 IIIyMOM.

8A00CMIUKICMb CUCTNEMU 36'A3KY, W0 BUKOPUCMOBYE CKAAOHI 6udU (Pha306801 MOOYIAUIT CUZHANLS.

Kmouosi crosa: 8-QAM, ¢asosuii demexmop, DAIIY, 3asadocmiiikicmo.

Takox HaGyB MOMUPEHHST METOJ] CHHXPOHHOTO Jie-
TEeKTYBaHHS 3 BUKOPUCTaHHAM Ipuctpoio MAIIY,
SKU{ JI03BOJISIE ONTHMi3yBaTH SIKiCTb 3B'SI3KYy 3a
JIOTIOMOTOIO CTEKEHHS 3a 3MiHOI0 )asu OTpUMaHo-
rO CUTHAJY.

[Mpunmun po6otun MAIIY mossirae y Tomy, 1m0
BiH IOpiBHIOE (pa3u BXiJHOIO Ta OIIOPHOIO CUTHA-
JIiB 1 BUJa€ curHaJ MOXWOKM BiJIIOBiZHO 10 Pi3-
HUT MixK numu pazamu. Curaaa NoxXuOKu mpoxo-
JuTh faji yepes diabrp Husbkux yactor (MHY)
Ta BUKOPHUCTOBYETDHCS SIK KEPYIOUMil /17151 TeHepaTo-
pa, KepoBaHOTO Hanpyroio. KepoBauwuii renepatop
y CBOIO Yepry I'eHepye B KOJIi HeraTUBHUII 3BOPOT-
HUM 3B A30K. SIKIMO BUXiJHA YAaCcTOTa BiAXWJIAETH-
Cs1 Biji ONOPHOT, CUTHAJ MOXUOKHU 36iJbIIYETHCS 32
MoJlyJieM, [iI0Yd Ha TeHepaTop y CTOPOHY 3MEH-
MIEHHS TTOXUOKH.

3aBJAKY MPOCTOTI Ta AOCTYIHOCTI (hi3maHOI pe-
aJizarii, Hait6iIbIIOro MONTMPEHHS ¥ CYyYacHiil pa-
nioesiektponili Habyma cxema udposoi MAIIY,
sanpononosana P. Becrom (pue. 1) [3]. IIa cxe-
Ma BiZICTIAKOBY€E HampsM 3MiHU (a3w OTPUMAHOTO
CUTHAJY Ta Koperye ¢$a3oBi cTpuOKH, CIIPUYUHEH]
BILJIMBOM 3aBajl, 3a JOIIOMOTOIO IeTJli 3BOPOTHOIO
3B'SI3KY, a Bi/IKOPErOBaHUI CUTHAJ IIOJAETHCS Al
Ha pemonysstop. IlepesaBanibHa XapakTepuUCTHKA
TAKOI'0 IIPUCTPOIO € HACTYIIHOIO:

K,(z-1)+K,
H(Z) == 2,0 ) (1 )
GE-D"+K,z-D+K;
ze Kp, K, — xoedinientu nponopuiiinocti ta in-

TerpyBaHHS BiANOBiIHO.

Cxema P. Becra € HaliGinbII TOMUpeHoI0, Mpo-
Te He €JMHOI0 icHyIo4Yolo cxeMmolo (i3muHOI pea-
gizamii MAITY. ¥V [4] 3amporoHoBaHo KOHIIEI-
{10 ONTUMAJbHO-Y3TO/KeHOro (DiJbTpa MpuiiMa-
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Bxia Kepyounii
(1)2133 CUrHaJ BI/IX][[Ha
o_p da3oBuil J onu N OHOpHI/Iﬁ (pas'd .
JIETEKTOP ’ "Jresepartop v
N-nozainb- |,
HUK N
Puc. 1 CprKTypHa cXeMa THIIOBOIo IIeTJIbOBOTO

dimprpa OAITY

ya pajgiocurnajis 3 ¢azoBoo Moy siieo. Ha 6asi
MaTeMaTUYHOI MOJieJsii 1bOro (hiJibTpa CHHTE30BAHO
npucrpiii @AY (puc. 2) [5], ocobmusicTio KO-
TO € 3MEHIIIEHHS BeJIMYMHU Bij[XuyieHHs (pa3u curua-
JIy 32 JIOTIOMOTOIO MPOMHOPIIHO-iHTerpyounx iib-
tpiB (ITIM). [TepegaBanibHa XapaKTepUCTHKA TAKO-
ro @AIIY € HACTYyIHOIO:

H(p) = K () (2)
p+QyKy(p)
1+ pmy T,
K =—+r—2
ne K,(p) T,
p=Jjo;

Qy — JeBiallig 4aCTOTU CUTHAJIY;
m, — KoedilieHT NponopuiiHoCTi;

T, — crana yacy ¢inbrpa.

3 Bupasy (2) BuaHo, mo edeKTHBHICTD Po6o-
TH CXEMHU Ha PUC. 2 3aJIeKUTb Bijl MapaMeTpiB BU-
KOpHUCTaHuX y Hilt dinbrpis. IIpaBuabnuit migbip
X MapaMeTPiB € KPUTHYHO BAXKJINBUM I eeK-
TUBHOT po6oTtH Takoro MAIITY, Tomy HEOOXiTHO BH-
3HAYUTH IXHI OITUMaJIbHi 3HA4YeHHs [6].

OrnrtuMasibhi 3HAUEHHS TTapaMeTpiB (GigbTpa mnet-
ai @AIIY HeoOXifHO MAGMPATH 3 ypaXyBaHHSIM
TOTO, IO TIPOIIEC JETeKTYBaHHS Oy/ie TPOXOIUTH
JUL CUTHAJIB 31 CKJIaJHUMU BUJAaMU KBaJApaTypHOL
Moy Jisitii (QAM), TIOMIUPEHNX Y CyYacHUX CUCTe-
Max pamio3B'sa3Ky. OHi€0 3 MOKJINBUX Bapialliid
KBQJIPAaTypPHOI aMILTITY/THOI MOJAYJIAIil € MOIyJIs-
ist 8-QAM, gKa 103BOJISIE TTepeIaBaTH BiciM MOK-

, o | OnopHuit
Cundasunit reHe[I))aTop
KaHaJ
J|
Bxigna v D i
Paza | Pazosmii
“|rerexTop
1 N AV
1D | KBagparypuuit
g?ﬁi}% KaHaJ ,‘\’J
XD
OBY

Puc. 2. CrpykrypHa cxema feTekTopa Ha 6asi TeTJIbo-
Boro Qisprpa OAIIY

0 4
(-0,39; 0,39) (0,39; 0,92)
(0,39; 0,92) (0,39; 0,39)
; >
1
(-0,39; -0,39) (0,39; 0,92)
(0,39; 0,92) (0,39; —0,39)

Puc. 3. Cysip'a curnany 3 moay.anieo 8-QAM

JIMBUX 3Ha4eHb (pa3u CUTHAJY, BUPAKEHUX JBOMA
3HaueHHsMH, ojiHe 3 Akux (I) € 3HAYEeHHAM CHUH-
(asnoi kommnonentu, a inme (Q) — KBaapaTyp-
noi (puc. 3). Ii 3actocoBytoTh y nudposux cxemax
dopmyBanus pagiocurHadiB. [Ipm Bukopucransi
moaynsiii 8-QAM aBa mudpoBuX NOTOKH 6iTiB
IepesaloTbCs 3a JOIOMOIOI0 3MIHU aMILIITY A JBOX
CHUTHAJIiB-HOCIiB 3 3aCTOCYBAaHHAM aMILIiTy/JHOI Ma-
HimyAMii K cxeMn UG POBOI MOy AT .

Y mudpoBoMy BUTALAI 3HaYeHHS CcUH(a3HOT
Ta KBaJApaTypHOI KOMIIOHEHTH CUT'HAJIy MOJKHA iH-
TepIpPeTyBaTH, BUKOPUCTOBYIOUN IOCJiJJOBHOCTI 3
Tppox G6itiB (TpuGiTH), TOMY TPOBEJAEHHS iMiTa-
LiffHOrO MOJIe/IIOBaHHSI TaKOIO CUTHAJy Ppeasiso-
BAHO HaMW 3a JIOTIOMOTOI0 MPOrPaMHOro 3abesre-
yenns. [lig6ip onTuMasbHUX mapamMeTpiB diabTpa
3iificHeHo 3a 00'€/THAHHS MPOrpaMHOi peastizariii
UX CHUTHAJIB 3 iMiTaIiiflHOIO MOIEJIII0 ITETIbOBO-
ro ¢inprpa OAIIY.

IMoGyaoBa imitauiitnoi Moae.ri
8-QAM-curnaiis

s nobynosu 8-QAM-curnany BUKOPHUCTA-
He mporpamue cepegosuiine Matlab [7]. 3nauenns
KyTa, aMIUIiTy/l cuH(a3Hoi Ta KBa/[paTypHOi KOM-
MOHEHT cUTHaAy OyJu OTPUMAaHi 3a JOMOMOTOIO iH-
dopmariiiinoro 1mudpoBOTO CUTHANY, SKHUU TIPe.-
craBJisie co60i0 TMOCHiZ0BHICTD 6iTiB, CTBOpPEHY
MpOrpaMHoO y BUTJAAI MacuBy. 1o mocaigoBHiCTD
6yJsi0 po3jisieHo Ha TpuUbiTH, Ta HA OCHOBI JAHUX
ta6a. 1 Gyso copmoBano (asy i amimiTymy Aiii-
CHOI Ta YABHOI KOMIIOHEHTH MO/YJbOBAHOTO CUI-
Hamy. OTpuMaHi 3HaYeHHSI BHOCUJINCH Y TBOBUMip-
HUI MacuB pa3oM 3i 3HAUEHHSIMU YaCOBUX iHTepBa-
JIiB, AKi 33J]a10Th YaCTOTY AMCKPETU3allil CUrHaIy.
Ha Buxoai 6ys10 OTpUMaHO BOCHBMUIIO3UIIHHUN iH-
dopmaniiiauii curnan (puc. 4, a), ToTOBUI 10 TIe-
pe/laBaHHA y KaHaJ 3B’SI3KY. Voro dazoBuii nop-
Tper, a6o cysip’s, (puc. 4, 6) BianoBizae peab-
HOMY CUTHAJy, IO MiATBEP/KYE aIEKBATHICTD iMi-
TaliiHOI MOeJIi.
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Ta6auis 1

Ipasuna modyasuii mpubimie ingopmauiiinozo cuznany

3naveHns (asu Ta CKJIAJOBUX
Tpubir aMILIITYy/IN CUTHAJTY
0] A AQ
1, 1,1 /4 0,39 0,39
1,1,0 on,/12 0,39 0,92
0,1,0 3n/4 -0,39 0,39
0,1, 1 1n,/12 —-0,92 0,39
0,0,1 on/ 4 -0,39 -0,39
1,0,0 17n,/12 —-0,39 —-0,92
0,0,0 n/4 0,39 -0,39
1,0, 1 23m,/12 0,92 —-0,39

CdopmoBanwmii curHaJI 6yJI0 HAJIICTAHO y KaHAT
3B'I3Ky /IS TOJJAJIBIOTO JOCTiPKEHHS MOKJINBO-
CTell Woro IeTeKTYBaHH JleTeKTopoM Ha 6aszi DAITY.

IMoGyaoBa imitauiitnoi Moae.ri
CTBOpEeHHSI Ta IIepeBipKy aleKBaTHOCTI iMiTa-
iitHOT MOJeJsi cucTeMu 3B'SI3KY 3 BUKOPUCTAHHIM
dazoBoro gerekrtopa Ta merai MAIIY 3acobamu
nporpaMHoro 3a6esneuerts Matlab 6ymo nerasns-

Puc. 4. Yacosa giarpama (a) ta dasosuii noprper (6) indopmauiiinoro 8-QAM-curnany

Ho omumcano y [8, 9]. Hamu nns npoBenenust mo-
cJiijpKeHb 6yJsi0 TTOOY/JOBAaHO aHAJIOTIUHY iMiTalliii-
HY MO/IeJTb, TpOoTe 6e3 BUKOPHUCTaHHS MOAM(iKOBa-
Horo gerekropa (pue. 5). Mojesnb CKIagaeTbes 3
HaCTYTTHUX KOMITOHEHTIB:

— JIKEpeJio CUTHATY, SIKe TPAHCJIOE MOJYJIbO-
BaHWii curuaj, copMoBaHUll 3a JJOIMOMOrOI0 iMi-
TaAIifHOTO MOJIEJIIOBAHHS;

— KaHaJ 3B'SI3Ky, B SIKOMy MOKHA 3MiHIOBaTH
3HAYEHHS MOTYXXHOCTI IITyMYy, IO HAKJAJAETHCA HA
CUTHAJ T/l 9aCc MPOXO/KeHHs HOTO dyepe3 KaHaJl;

— JIeTEKTOP, TOOYIOBAaHW HA OCHOBI TTPUCTPOIO
ABTOMATUYHOTO TiJICTPOIOBAHHS YaCTOTH.

Y ¢inprpi nermi MAITY peanizoBaHO MOXKJIH-
BiCTb 3MiHM HOTO TapaMeTpiB, 30KpeMa iHepItiitHo-
cti dinbrpa Ty ra koedillieHTa MPONOPIIHOCTI 7M.
[ocnifsxkeHHd MPOBOAUIOCH 32 YAaCTOTU BXiJIHOTO
curtany f, = 1000 I', a cMyry yTpuMaHHA HeT-
ai MAIIY 6yJsi0 BCTaHOBJIEHO y YOTUPH pa3u 6ijib-
oo, T06T0 Qy = 4000 I'1.

Mory:xHuicTs omHoTo 6iTYy BXiJHOTO CUTHAJIY
BcTanosseno P; = 0,001 Br.

[llym, mo nie B xaHaJi 3B'SI3KYy, € aJUTUBHUM
TayCOBUM IIYMOM 3 MOXKJIUBICTIO 3MiHN 3HAYEHH:A
OTO TIOTY>KHOCTI Ta, BiZIMOBiIHO, BiAHOIIIEHHS CUT-
HaJl/TIyM Y KaHaJi.
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MetnboBui DOAIIY
IHTerpaTop dinsTp
1 Q x2=Ax+Bu
s y=Cx+Du
[xepeio
CHTHAJT -c-
y vy
+ — Gamma
Cymartop
1
cos sin
nio
AWGN-kanan = AxeBU
3B’ SI3K L 5 (+ > N BuxiaHuin
y * y=Cx+Du [etekTop PB4 curHan
x2=Ax+Bu
buttor L atan2 |——— y=Cx+Du > (]
b "‘_'” »\ Mo
Gaussian
" -~ x2=Ax+Bu
reff:;Op oOHY + "l y=cx+pu
da3zoBwii 1eTEKTOP
leHepaTOp
wymy OHY
butter
M N L,
Gaussian
Puc. 5. Imitamiiina Mojmenb cucteMu 3B’SI3KYy i3 BUKODPH-

craraaM Moy asarii 8-QAM ta daszoBoro AITY-aerexkTopa

0 0,01

Puc. 6. Curnan Ha BUXO/i jeTekTopa 6e3 BBy urymy (@) Ta CUTHAT 3a TOTYKHOCTI IIYMY, KA HPU3BOIUTD

0,02 0,03 0,04

0,05

0,06

1o noporosoro edekry (6)
(Ha 6 paMkaMu BUJIiJIEHi [IiTAHKH, € CMOCTEPIra€ThCs MOPOTOBUiT eeKT)

0,07

0,08

0,09

0,10
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Pesyabrati J0CTiI5KE€Hb Ta iX 0OrOBOPEHHS

Jlocnikernst Gyio TIPOBEIEHO 32 HACTYTTHOIO Me-
TOJIKOIO: 3MiHIOIOUN TIOTY>KHICTb aJUTUBHOTO IIYyMY
B KaHasi 3B'SI3Ky INpPHU 33JaHUX Hapamerpax (ijib-
Tpa netai MAIIY, snaxoauam Take i 3HaUeHHs, 3a
SIKOTO Y KaHaJIi 3B's13Ky CIOCTEPIira€ThCsl HOPOrOBUI
edexr, TO6TO TiA Yac AETEKTYBaHHS BifOyBa€eThCS
3puB cTexkeHHsS 3a (asoio curHaay. llpu oMy y
JIETKUX MiCIIX OyJI0 HEMOXKJIMBO BH3HAYMTHU 3HA-
YyeHHs1 (pas3u yepe3 aHOMAJbHI CTPUOKH, a y IHIHMX
BesimunHa hasu curHasy HaGyBaJia MPOTUJIESKHOTO
3HavyeHHs. [y nmx BUNaAKiB OyJM IIPOBE/EH] 110-
BTOPHI JIOCJTi/IPKEHHS 32 iHIX mapaMeTpiB iabTpa.

Ha puc. 6, a 306paskeno 4acoBy jiarpamy cur-
HaJy Ha BHUXOJi JleTeKTopa 6e3 3aBaju y KaHaJi
3B'I3Ky, a Ha puc. 6, 6 — miarpamy I[bOTrO K CHUT-
HaJIy TiCJIg MPOXO/KEHHS 4Yepe3 KaHasl 3B'SI3KY 3
MOTY>KHOIO 3IMTUBHOIO 3aBaJI0I0, /i€ Y IIEHTPi BIUIHO
3pHUB CTeKeHHS 3a (asoi CUTHAJLY, TOOTO IIOSIBY
IIOPOTOBOTO €(DEKTY.

[MIraxom iteparii mapamerpiB isbTpa metJi, a
came crajioi yacy T, Ta koedilieHTa MponopIiitHo-
cTi m, 6yJI0 BU3HAYEHO TPAHNYHY MOTYKHICTD IIyMy
Py, 3a akoi Hactae oporoBuil eexr.

OckifbKy TIyM y KaHali € aJIuTUBHUM Tayco-
BUM NIyMOM, Ha KOXeH 6iT iHdOpMaIiifHOTO CHT-
Hanay npunajgae noryxuictb N, = 0,00001P,,.
3Bizcu 6yJ0 PO3PaxXOBAaHO BiJIHOIIEHHS CUTHAJ
myM (SNR), 3a gKoro HacraB nmoporopuii eexr y
Kamasi 38's13ky: SNR = 101g(P, /N,). Pesy/brarn
npejicTaBjaeHo y Taba. 2. TyT BU/IHO, 110 HARGLIBIIT
CTifiKOIO /10 3aBajl € KoHiryparlist ¢igbTpa 3 mapame-
tpamit Ty = 0,1 ¢ tam = 0,1.

Ta6auia 2

3Hnauennss nopozoeoi NOMyYKHOCMI wWymy ma 6i0HO-
WeHHA CUZHANL/ WYM, OMPUMAHL 3d PIZHUX 3HAUEHb Na-
pamempis gisvmpy nemii

Py, (Br) ta SNR (1B) 3a Besmunnu T
m
0,1c¢c 0,3 ¢ 0,5¢ 0,7 c
01 13,3 Br; 13,2; 12,5; 12,9;
’ 8,76 nb 8,79 9,03 8,89
0.3 12,3 Br; 12,6; 12,5; 12,6;
’ 9,1 1b 9,0 9,03 9,0
05 12,4 Br; 12,4; 12,4; 12,4;
’ 9,07 nb 9,07 9,07 9,07
0.7 12,5 Br; 12,3; 12,3; 12,3;
’ 9,03 nb 9,1 91 91

BucHoskn

[IpoBeneHi mocJisKeHHsT TIpollecy JeTeKTyBaH-
Hs 8-QAM curnamiB $HazoBUM JAeTEKTOPOM, MOOY-
noBanuM Ha 6a3i MAIIY, 3a ymoBu aii 3aBajiu Be-
JINKOI MOTY>KHOCTi B KaHaJIi 3B'I3Ky ITOKa3aJu, 110
BUKOPHMCTAaHHS PEKOMEH/IOBAHUX [1apaMeTpiB JJ03BO-
JISIOTh JJOCSITHYTH BUTpallla 3aBaJOCTiliKOCTi y 10-
piBusHHI 3 KaacuaauM DAY 6iapir Hixk 1,3 nb.
OTpuMaHi mapaMeTpu MOXKHA 3aCTOCYBATH SIK Opi-
€HTOBHI IIi/1 YaC IPOEKTYBAHHA PEAIbHUX JETEKTO-
piB curHaIB 3i cKIaHOI0 (PA30BOTO TA AMILIITY/IHO-
(a30B0OI0 MOYJIAIE.

Y nopanbmux JOCTiPKEHHSIX IJIaHYEThCS MPO-
aHaJi3yBaTu e(DEeKTUBHICTD 31T POIIOHOBAHOIO METO-
1y MO0 JE€TeKTYBAHHA CUTHAJIB 3 iHIIMMU CKJIA/-
HUMU BUIAMU aMILTiTyAHO-(Pa30BO1 MOy IATIii.
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BJINAHUE [TAPAMETPOB JIETEKTOPA HA SODEKTUBHOCTDH IIPUEMA
PAJIMOCUTHAJIOB CO CJIOKHOM ®A30OBON MOIYJIAILINEN

ITpusedenvr pe3ysvmamol uccie008anUs BAUSHUS NAPAMEMPOS 0emeKkmopd, pediu3osaniozo Ha 6ase ycmpou-
cmea azosoli asmonodcmpoliKu yacmomol, Ha ezo dppexmuenocmo. IIposedeno mamemamuueckoe Modeau-
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CHUCTEMU IIEPEJAYI TA ObPOBKUM CUTHAJIIB

posanue cuznaios ¢ KeaopamypHol amnaumyonot mooyrayuei 8-QAM u uccaredosano eiusnue napamempos
ycmpoticmea (ha3oeoti asmonooCmpoliKu uacmomyl Ha KAYeCME0 NpuemMa dMux CUZHAI08 6 YCA08UAX O0elcneusl
nomexu 6 Kawaie ces3u. Ycmanosienv. Haubolee npuemiemvle napamempsl, 00ecneuusaowue MaKCuUMAiIbHYIO
NOMEX0YCMOUUUBOCNb CUCNEMDL CBS3U, UCNOLLIYIOUEU CA0XKHbIE 8UObL (PA3060TL MOOYAUUU CUZHATLOB.
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THE INFLUENCE OF DETECTOR'S PARAMETERS ON THE EFFICIENCY
OF RADIO SIGNALS WITH COMPLEX PHASE MODULATION RECEIVING

The paper presents the results of simulation of a detector, implemented on the basis of a phase locked loop
device (PLL), the mathematical modeling of signals with 8-QAM modulation, and investigates the influence
of PLL parameters on the receiving quality of these signals with the interference in the communication chan-
nel. As a result of the study, the optimal parameters were found to provide the maximum noise-immunity for
the communication system, which uses complex types of signals phase modulation.

Two methods of signal detector composition were considered and compared in terms of noise-immunity. The
first one is classic detector based on PLL synchronization and the second one — modified detector with
specific additional filters. Modified detector was chosen for maintaining the further experiments due to its
potential higher noise-immunity.

The second part of the work was dedicated to the research of detection efficiency of modified detector using
complex phase modulated signal 8-QAM. The simulation of this signal and the model adequacy check were
carried out using Matlab software. The next step was the research of influence of filter parameters on the
modified detector's noise-immunity during the 8-QAM signal detection.

The results of simulation show the optimum parameters at which the maximum noise-immunity of phase detec-
tor was achieved. These parameters may be useful for further researches ov for the process of phase detector

design.
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