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KOPPEJAIIMOHHAS CXEMA KA/IPOBOI
CMHXPOHMN3AINN B CUCTEMAX CB/A3U
C OPSK-MOAYJIAINEN

IIpednoixkena cxema kaoposou cunxponusavuu 011 QPSK-modysuyuu na ocnose bunapnuix nociedosamev-
Hocmetl uemHot O1umbL ¢ U0eaIbHOl A8MOKOPPENAUUOHHOU PynKyuel. Anarumunecku Hatlidenvl 6ce Gunap-
Hble cunxponocaedosamesvHocmu 0aunoti N=8 co ceoticmeom udeaivHocmu asmoKoOPpersyuoHHOU PYHKUUU.
Ha ocnose nocmpoennozo cnekmpa Ko0068blx paccmosanuti 6 mempuxe Xemmunza 01a maxux nocie0oeameiv-
Hocmetl ObLIO YCMANOBAEHO, MO OHU 001A0aIOM KOppekmupyoweti ChocoOHOCMbIO, NO3GONAIOUEU UCTIPAE-
NSy 00HOKpamuvie owubku. Ha ocnoee cmpyxmypuulx ceoticme 6unapmuvlx nociedoeamenvhocmeti OJunoll
N=8 mozym 6vime cunmesuposanvl nocredogamenvocmu 6oavweti kpamuoi oaunvt — 16, 32 u 6oxee.

Knioueevie crosa: nenepuoduueckas asmoxoppersyuonnas gyuxyusi, QPSK, QAM, xadposas: cunxporu-

3ayus.

Oobecnieyenne BBICOKON TOMEX0YCTOIUYNBOCTH 1
HaJIESKHOCTH pabOThl CXeMbl KaJPOBON CHHXPOHMU-
3aluu B cucreMax Iepejgaun uHOpMaI ¢ UC-
MOJb30BAHNEM MHOTOTO3UITMOHHONW MOYJISAINH,
takoii kak QPSK (quadrature phase shift keying
— KBaJlpaTypHasi 4eTbIpeXIo3uiinonHas dhaszoBast
moayastius) uan QAM,, (quadrature amplitude
modulation — kBagpaTypHas aMIIUTYHAS MOY-
JIAINS ), TECHO CBA3aHO C MPUMEHEHNEM CUTHATbHO-
KO/IOBBIX KOHCTPYKITHH C XOPOITUMHE HETIEPHO/IITe-
CKUMM aBTOKOPPEJISIIIMOHHBIMY cBolicTBamu [1— 3].

enbio Hacrostiet paGoTel SIBJsIETCST pa3paboTKa
apexTUBHON cHCTEMBI KaIPOBOI CHHXPOHU3AINH
JUIS CHICTEM CBSI3U C KBaJPaTypPHOU MOAYJIAINEH Ha
OCHOBE OMHAPHBIX CUTHAJbHO-KOOBBIX TI0CJIE/[0BA-
TeJbHOCTEN € UJleaJbHON CEKITMOHUPOBAHHOU He-
MEPUOINYECKON aBTOKOPPEJISIMOHHON (DYyHKITUEH.

Hawub6osee npocTbiMu ¢ TOUKH 3PEHUST JIEKOIUPO-
BaHUS IBJIAIOTCSI GUHAPHbBIE MTOCJIEI0BATETHHOCTH C
XOPOIIMMH KOPPEJISIIITHOHHBIMU CBolicTBaMu [4], Ta-
Kue Kak KoJbl bapkepa, M-1ocen0BaTeJibHOCTH U
T. a. IIpu aTOM TIpeanoaraeTcs, 4To AeKoJep CHH-
XPOIIOCJIEeIOBATEIBHOCTY YCTAHOBJIEH 110 BU/IE0YA-
CTOTE, T. €. TIOCJIE JIEMOJLYJISATOPA.

B cuctemax cBg3u ¢ KBaJpaTypHOH MOYJISIIN-
et [5—8] nepenaBaembrii hparMeHT JAHHBIX MPE-
craBJisier co60i KaJp, B COCTaB KOTOPOTO MOTYT
BXOJIUTH CJIeIyIOTe GJIOKH:

— CHHXPOHHM3UPYIOINAs I0CJe/0BATETbHOCTD
Jin60 CHUHXPOCUMBOJI [IJISI BOCCTAHOBJIEHUSI HECY-
el (KaauGpoBKa OMOPHBIX YaCTOT IS TIOJyYe-
HHSI CUTHAJIBHBIX CO3BE3/IHil);

— CUHXPOHU3UPYIONAs IMOCTIe[0BATENbHOCTD
JUist obecriedyeHust KaJpoOBOil CMHXPOHU3AIINH;

— uH(OPMAIIMOHHBIH MTOTOK JIAHHBIX;

— TIpU3HaAK KOHIIA Kajpa.

Jnmmna camoro kazpa (¢peiima) u, coorser-
CTBEHHO, AJWHA CHUHXPOHW3WPYIOMEH MOCIe0Ba-
tesibHOCTH (B GUTax) MOTYT ObITh MPOU3BOJIbHbBI-
MU YETHBIMU BeJUYMHAMU, KpaTHbIMH log,m, rie
m — pasMepHocTb QAM.

N3BecTHO, UTO GMHAPHbBIE TTOCJIEI0BATETHBHOCTH
pavHod N > 4 He crnocoOHbI 06ECIIeUYnTh U1eallb-
HBIM BUJI HETIEPUOIUUECKON aBTOKOPPEISIINOHHON
dyuximn (HAK®), onpezesgeMoii BbipakeHneM

2 .
N<mpu k=N —1; ()

N-1

k
R =YY SGOhm ~k) =

0 m=0 npu k= N —1.
3necp S(k) — OGunapupri koj anunoii N,
k=0, .., N-1; h — uMmyibcHast XapaKTepPUCTHU-

Ka uabTpa.

Ha puc. 1 mpencrasienst HAK® mna xoma
Bapkepa N=13 u 6uHapHOIl MOCJIEAOBATETbHOCTH
4yeTHO# JnHbl N=16 ¢ MUHUMaIbHBIM YPOBHEM 60-
KOBBIX JIEHECTKOB Rppa (YBJI).

N3 puc. 1 Bunno, uro y HAK® 6unaphoii mo-
cyenoBaTesbHOCTH YyeTHON JummHbI N=16 YBJI pa-
Ben aByM. CorJiacHO JAaHHBIM, NIPpUBEAEHHDBIM B [9],
YBJI pacreT ¢ yBesnyeHreM JIJIMHbBI TTOCJIE/I0BATEb-
HOCTH TaK, KakK MOKasaHo B Ta0J. 1.

OpnHako, TOCKOJBKY Ka)K/Aash CUTHAJbHAS TOY-
Ka cosBesnust QAM,, neperocur i = logym 6GutoB
nH(GOPMAIINH, TIOSIBJISIETCS BO3MOYKHOCTD KOPPEJIs-
IMOHHOTO AHAJIN3A C UCIOJb30BAHIEM «ObICTPOI»
CBEPTKHU
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Ta6auma 1
3asucumocmv YBJI HAK®D om Oaumnvt nociedosamenrviocmi
JlmmHa 1mocJ/ie/1oBaTe IbHOCTI 4 6 8 10 12 14 16 18 20 22 24 26
Munumansnbiii Y BJI HAKD 1 2 3 2 2 2 2 2 3 3 3 3
JlauHa 1moc/ie1oBaTe/IbHOCTI 28 30 32 34 36 38 40 42 44 46 48 50
Munumanpsbiii Y bJI HAKOD 3 3 3 4 4 4 5 5 5 6 6 6
6)
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Puc. 1. HAK® nna koma Baprepa N=13 (¢) n ansa mamayumeii 6MHapPHOI TTOCIEI0BATENBHOCTH Y€THOW JIJTHHBI
N=16 mo KpuTepnio MUHUMyMa GOKOBBIX JierecTKoB (6)
" opsk
i
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Puc. 2. Cxema BoccTaHoBIeHUS KaIpoBO# cuuxporusanyu s QPSK

B cayuae QPSK dopmyaa (2) npumer Buj
N=2 &k
R(k) =3 > SQk)-S(m - 2k).

k=1 m=0

3

CTpyKTypHasg cxeMa BOCCTAHOBJIEHUS KaJPOBOi
CUHXPOHU3AILNK, PeAJTH30BaHHAs B COOTBETCTBUHM C
BoipakerneM (3), npuBejeHa Ha puc. 2.

CxeMa KaJpOBOW CUHXPOHM3AIIUUA TIPEICTaB-
ageT coOol COrJacoOBAHHDLIA C BHUIECOIOCIEIOBA-
TesbHOCTBIO GuiabTp (CM), BHIIOJHAIOMMN JIHC-

KPETHYIO CBEPTKY TOCUMBOJIBHO. [ 3TOTO ypOB-
HU HanpspkeHus KBaapatryp I, Q Ha BbIXO/e Je-
MO/IyJIATOPA, COOTBETCTBYIOIINE TIPUHITBIM TOY-
KaM CHIHAJIbHOTO cossesgus (puc. 2), obbenn-
HAIOTCA B IIOCJIELOBATEIbHBINA MIOTOK C IIOMOILBIO
AHAJIOTOBOTO MYJIBTHUILIEKCOPA, KOTOPBIH CUUTBI-
BaeT W BBIJIaeT JaHHBbIE C YABOEHHONH CHMBOJIb-
Hoii (6urosoii Clk_Bit=2*Clk_Symb) yactoroi.
TTocoeoBaTeIbHBIN TMOTOK JAHHBIX ¢ OUTOBON uYa-
CTOTOI TIOCTYTIaeT Ha BXO/[HOI 6ydep, pasmep Ko-
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TOPOTO COOTBETCTBYET [JIMHE CHHXPOIIOCJEI0BA-
tesbHOCTU. Dydep taktupyercs yacroroit Clk_Bit.
[laiee oTCueTbl BXOJHOIO CUTHAJIA TEPEMHOKAIOT-
CS € 9TAJIOHHOM T10CJIeI0BATEIbHOCTBIO (MMITYJIbC-
Hoit xapakrepuctukoil CD hy—h;) Ha YeTHBIX CABU-
rax Bxo/Horo 6ydepa. Peasuzanus mocuMBOJIbHO-
rO YMHOXKEHUS JIOCTUTAETCS TAKTUPOBAHUEM YMHO-
JKHUTeNel TN60 2JIeKTPOHHBIX KJIIOUYeil CUMBOJIbHOMI
4acToTO#. BBIXO/HBIE CHTHAJbBI BCEX yMHOMKHTE-
JIell CyMMUDPYIOTCS TIapaJlJIeJIbHBIM CYyMMaTOpPOM,
Pe3yJbTUPYIONIUN CUTHAJ KOTOPOTO MOCTYTIAeT Ha
MOPOroBoe ycTpoiicTBO. [locKOIbKY CHHXPOCUTHA
OMHAPHDBIN, YMHOXKHUTEIU MOXXHO 3aMEHUTb WHBEP-
TOpaMU YPOBHS, YTO CYIIIECTBEHHO YITPOIIAET TeX-
HUYecKyto peasusaruio [10].

OueBujiHO, 4TO /I O6ecrieYeHus: yCTOMUNBOI
paboThl KOPPEJSIMOHHON CXeMbl CHHXPOHHU3AINN
[11, 12] curxporocie[oBaTEMbHOCTH JOAKHBI 06-
JIAJIATh CJIeTYIOTUMHU CBONCTBAMMU:

— JUIMHA TI0cJiefoBaTesbHOCT N 1O/KHA OBITH
paBHa log,m;

— y nocaegoBateabHoctTn HAK®, Bbruucien-
HOI ¢ TOMOIIBIO onepanyi GbicTpoil cBepTKH (BbI-
paskerne (2)), MOJKHBI OTCYTCTBOBaTbh OGOKOBBIE
nemnectkn (mpeanpbHas HAK®D);

— KJIacC IIOCJIeZOBAaTENbHOCTEH OJMHAKOBON
quHbl N oJKeH 06J1a/laTh CIIEKTPOM KOJOBBIX
paccTosiHMil B MeTpuKe X9MMUHTA, TTO3BOJISAIONIAM
KOPPEKTUPOBATh OIMUOKKH HANOOJIbIIIENl KPATHOCTH;

— KJIacC IIOCJIeZOBAaTENbHOCTEH OJMHAKOBON
JHbl N JIOJKEH MMETh XOPOIINe B3auMOKOpPpe-
JISILIUOHHBIE CBOWICTBA.

PaccMorpuM cuHTe3 KJacca GUHAPHBIX CHHXPO-
nocJiejoBareabHocTel Jannon N=8 ¢ uaeaspbHON
HAK®, ceknusamu ajaumHoO# 2 6uTa, KOTOpPbIE MO-
TYT TIPUMEHSTHCS JIJIsl CHHXPOHU3AIMH CUCTEM Tie-
penaun wadopmarmu ¢ QPSK n 061a1aioT Bbilie-
MepevyrcAeHHbIME CBOMCTBAMMU.

Jlna noayuennss upeaabroii HAK® supa (1)
pacemotpuM ¢ yueroMm (3) cucreMy ypaBHeHUii

R(N-1)=R(7) =8, @
R(1) = R(3)= R(5) = R(9) = R(11)= R(13) = 0.
Ta6smma 2

Bunapnoie nempusuarvivie kombunayuu 0 c60600-
HoLX uaenoe cucmemvt ypasuenutl (5)

So Se Sy S

-1 -1 1 -1

-1 -1 -1 1

C yuyerom cummerpuun HAK® gocrarouno Haii-
TU pellleHrie OTHOCUTEJbHO OJHON ee TOJIOBUHbI

R(N -1)=R(7) =8,
R(1) = R(3) = R(5) = 0.

[lepenuiem cucremy ypasaenuii (4) B tepMu-
HaX 3JIEMEHTOB CHUTHAJBHO-KOJOBOII MOCJI€e/10Ba-
TEJIbHOCTH

SoSe + 5,5, =0,

SoS, + 8185 + 5,5 + 555, =0,

S0y + 8155 + 5,8, + 5555 + 5,55 + 555, =0,

Sy’ + S+ 85,7 +87 + S+ 5+ S5 +S,7=8.
W3 nocaenneil CTpoKM 3TOH CUCTEMBL CJIEAY-

€T HETPpUBUAJIbHOE pPEHICHUE 1JIA 6I/IHapHOFO CUr-
HaJia B BU/i€

|50| = |51| = |52| = |53| = |54| = |55| = |S6| = |S7| =1,

T. €. BCE DJEMEHTHl MOTYT IPUHUMATH 3HAYEHMS
TOJBKO «+1» manm «—1».

[lepenuineM IEPBYIO CTPOKY CHCTEMbI ypaBHe-
Huii (5) B caepyiomeM Buje:

S()S(; = _5157.

OueBU/IHO, YTO /IS Hee CYIIECTBYET 8 HETPUBU-
aJIbHBIX KOMOMHAIMIA, IPEeJCTaBIEHHbIX B Taba. 2,
rje SJeMEHT .S BBIPaKEH 4epe3 CBOOOIHBIE 3JIe-
MeHTBI cucreMbl ypashenuii (5) Sp= (S S7)/Ss

Vcnosb3yst paHuble TaG1. 2 M METOJ MOJACTa-
HOBKH, HalileM BCe OCTaIbHbIE HETPUBHAJIbHbIE Pe-
IIEeHKs, Y/IOBJETBOPSIOIIIE YCIOBUIO GUHAPHOCTH.
Takum 06pasoM MoJyuuM Bee 32 PelieHust Hepo-
Olpe/IeJIeHHON CUCTEMbI HEJIMHEHHBIX ypaBHEHUii
mmaoit N=8 (taéa. 3).

N3 o61iero unca mocsegosarebHocTelt, o6aa-
paonmx naeansbaoit HAK® cormacuo (1) ¢ yue-
tom (2), mostopuna (1. e. 16) c6amancupoBaHbl CO-
IJIACHO BBIPAKEHUIO

N-1
> S =0.
=0

Co6anancupoBaHHble OMHAPHBIE 1TOC/IEI0BATEb-
Hoctu ¢ uzgeanbuoit HAK® npusesens B TabI. 4.

I'papukn HAK® nns 6unaphoii nocJenoBa-
TEJbHOCTHU YeTHOU AMNHBI N=8 C CeKIIMAMA JJINHON
1 =1, 2 npejcraBjeHbl Ha pHUC. 3.

«Npeanproctby HAK® Hapymaercs npu nepe-
Xo0j/ie K 06paboTKe T0C/Ie/J0BaTeIbHOCTEN C JTMHEH-
HOHl CBEpPTKOH, OJHAKO Aaxke B 3ToM cJydae Y BJI
He TIPEBBINIAET YPOBHS 3 /8 JIJIsT BCeX IMOCJe/[0Ba-
TeJIbHOCTEN, NIpUBEIeHHbIX B TabsI. 3

AHAJOr'MYHO MOJKHO HaWTU TIOCJIE/OBATEJHHO-
ctu ¢ unearbHoit HAK® u a5 apyrux 3HaueHuit
JUINHBI, KPATHBIX JIBYM.

[l OlleHKU MOMEeXO0yCTOMUYUBOCTA CHHXPOCHUT-
HaJIa ONpeJeuM CIIEKTP KOZOBBIX PACCTOSHMIA.

6

(6)
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Ta6auma 3

Bunapnwie nocaedosamenvrocmu ¢ udearvnoii HAK®
N=8

D)
s N=5, [Rpun}=0
6
4
2
0 oo oo ¢ oo o oo

“rai
8 N=8, [Rymasl=3
6 /\ ”
) [
; \\
0 , .
. /| \/\V/ \V/\/\
—4

0 2 4 6 8§ 10 12 14 &k

Puc. 3. HAK® a1 6unapHoii 1mocie/[oBaTeJbHOCTH YeT-
Hoit umabl N=8 ¢ junoii cexun i = 2 (@) ni =1 (6)
Ta6auua 4

Céanancuposanvle Gunapmvle nocied068amerbHOCmu
¢ udeanvnot HAK® N=8

So Sy S S3 Sy Ss S S7

[EENG NG (UG NG NI FURNG NG (UG (FUINGH NI (SN JUENG NG [FEEN RN N

[UENG VNG (UG FUENG) IR RN NN N

Ha puc. 4 npuBesena auarpaMma KOJ/IOBBIX pac-
CTOSTHUI MEK/y TIepBOI U 11-MH 1TOCJIE/[0BATETHHO-
crsmu dy , ¢ upeasnbHoit HAK® (popmyiia (1)) u
CIIEKTP KOJIOBbIX PACCTOSHUI B MeTpuKe XoMMUHIa
JIJIS1 BCceX Hal/IEHHBIX II0C/IeL0BaTeIbHOCTEN JJIMHOI
N=8, corsacto taba. 3. 31eCchb BUIHO, YTO CPEIHEE
KOJ/IOBOE PACCTOSIHUE COCTABJISET

1 dmax
d, ~—= > dW(d) ~4,13,
min
rae W(d) — 4ucjio KoJ0BbIX CJIOB, HAXOISIIUXCS
Ha paccTossauy d oT 6Ga30BOTO, YTO MO3BOJISIET HC-

npasATh ommbKy Kparnoctn ¢ = int[0,5(d—1)]=1.

)

[l/1s1 OlleHKH YCTONYMBOCTH PACIOJIOKEHUST CUT-
HAJbHBIX To3uruii co3pe3auss QPSK otHOCUTEJND-
HO oceit 1, Q moCTpouM uarpaMMbl CKAYKOB (hasbl.

[uarpamma ckauykoB (ra3bl CUTrHaJa C MO-
aynanueir QPSK nas mocieqoBaTelbHOCTH

[ SN O N N S N =S

_ = = =

S={—1; —1; —1; —1; —1; 1; 1; —1} guunoit N=8 ¢
nannyuieit HAK® npuBenena Ha puc. 3. 31ech
BUJ/IHO, YTO 32 BPeMs Iepeayu CUHXPOHU3UPYIO-
Hieil 10c/Ie0BaTENbHOCTH IIPOUCXOAUT TIepeEMeIIe-
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a) d1_m
8
6)
w(d) 29
20
15
10 4 4
1
5 il [ | i
0 2 4 6 8
a)
45°
Q
225° 3150
6)
135° / 45°
1-1
Q
315°

Puc. 5. /Imarpamma 3nauenuii daspl npn QPSK-
mMouyJstnnu 6e3 koauposanust (@) u ¢ kogom I'pes (6)

Puc. 4. [{uarpaMma KOJOBBIX DPACCTOSIHMI MeEK1y
MEPBOIl M OCTATBHBIMU TOCTe0BaTebHOCTIMU (@)
U CHIEKTP KOJ0BbIX paccrosuuit d (6)

HHUE CUTHaJla KaK MUHUMYM B TPE€X KBa/J[paHTaxX,
YTO 006EeCIeunBaeT Xopoliue ycJoBud [Jid BOCCTa-
HOBJIEHUSI CUMBOJIbHOI CUHXPOHU3allUN.

BoiBo b1

PaspaGorannas cucremMa Ka[poBOil CHHXPOHU3a-
UMY JIJIST CHICTEM CBSI3W C KBA/IPATyPHON MOy JISAIN-
eil Ha OCHOBe GUHAPHBIX CUTHAJBHO-KOJOBBIX I0-
cJieloBaTeIbHOCTEN ¢ W/1eaJ bHOM CEKITMOHUPOBAH-
HOW HETIepHOINYeCKOH aBTOKOPPETISAIIMOHHON (QyHK-
1uei M03BOJIIeT YIIPOCTUTD TEXHUUYECKYIO Peain3a-
IIUIO ¥ TIOBBICUTD OOIIYIO0 TIOMEXOYCTOMYUBOCTD CH-
cTeMbl cBsi3u. [IpeyiaraeMble mocse10BaTeTbHOCTH
006J12/1a10T CBOMCTBOM COAJIAHCUPOBAHHOCTU U KO-
JIOBBIM PACCTOSTHUEM, TTO3BOJISIONUM KOPPEKTHPO-
BaTb OJIHOKpaTHbIE oMMOKU. [IpeioskeHHbIil o1-
X0/l MOKeT ObITh YCITENTHO MCIIOJIb30BAH JIIST CUH-
XpOHU3aUUU cucreM cBs3u ¢ QAM-mopyasuueii ¢
GOJIBIITMM YKMCJIOM CUTHAJBHBIX MO3UINH, TAKUX KaK
QAM16, QAM64 u T. 1.
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Banpononosano cxemy xkadposoi cunxponisauyii 0 QPSK-nodyasuii na ocnoei 6inapnux nocaidosnocmei naptoi
006 KUNU 3 10edNbHOI0 ABMOKOPENIYIUHOI0 PYHKYIEI. AHATIMUYHO 3HATOEHO 6CT OIHAPHI CIHXPONOCAI008HOCI
dosxunoio N = 8 3 eaacmusicmio idearvrocmi agmoxopeasyiunoi ¢ynxuii. Ha ocnogi no6y0oeanozo cnexmpa
Kodogux eidcmaneti 6 mempuui Xemmured O0as MAKUX NOCAIO08HOCMEN OYI0 BCMAHOBIEHO, WO BOHU MANOMb
KOPEKMYBANbHY 30AMHICMb, WO 00360AAE SUNPABASIMU 00HOPA3061 nomuaku. Ha ocHoei cmpyxkmyprux eid-
cmusocmeil Oinapnux nocaidosnocmeil 0osxunoio N = 8 mooxxymo 6ymu cunme3sogani nocaidognocmi Oiivuion
kpamuoi dogexunu -16, 32 i Girvwe.

Kniouosi caosa: nenepioduuna asmoxopeasyitina pynxuis, QPSK, QAM, xadposa cunxponisauyisi.
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CORRELATION SCHEME OF FRAME SYNCHRONIZATION
IN COMMUNICATION SYSTEMS WITH QPSK-MODULATION

The information efficiency of communication systems using quadrature amplitude modulation is reduced
because of the costs for data transmission necessary to provide frame synchronization and the required time to
search for the sync signal and to go into the tracking mode of the synchronization system.

One of the most effective schemes of constructing a frame synchronization system is the correlation diagram.
In order for this diagram to operate, signal-code constructions with good aperiodic autocorrelation properties
are required.

The aim of this study is to develop an effective frame synchronization system for quadrature modulation
communication systems based on binary signal-code sequences with an ideal sectioned non-periodic
autocorrelation function.

In this paper, we propose a frame synchronization scheme for QPSK modulation based on binary sequences
of even length with an ideal autocorrelation function. All binary synchronous sequences of length N = 8 with
the idealness of the autocorrelation function are analytically found in the study. On the basis of the chart of
the code distance spectrum in the Hamming metric for binary sequences of N = 8 length, it was established
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that such sequences have a correcting ability that allows correcting single ervors. Based on the structural
properties of binary sequences of N = 8 length, sequences of a larger multiple length (N = 16, N = 32, etc.)
can be synthesized.

The practical value of the proposed scheme of frame synchronization is to reduce the complexity of technical
implementation and increase the overall noise immunity of the communication system. The proposed approach
can be successfully used to synchronize communication systems with QAM modulation with a large number of

signal positions such as QAM 16, QAM 64, etc.
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HOBBIE KHUT'U

s D
daiikoB B. II., Memepsiko B. U., /Kypasaés 10. . IIporuo3aupona-
HUe TOKa3aTeJieil Ha/leKHOCTH TEPMOIJEKTPUUECKUX OXJaKJAI0MNX
ycrpoiictB. Kuura 3. MeTo/ bl HOBBIIEHNS Ha/[€KHOCTU TEPMOI3JIEKTPH-
YecKkHux oxJaxkaawmux ycrpoiictB.— Oaecca: [lommrexnepuoauka, 2018.

Kuura mocBsimeHa 0HON W3 KJIOYEBBIX TTPOOJIEM TTPOEKTUPOBAHUS TEPMOITIEKTPHU-
deckux ycrpoiicts (TOY) — moucky IyTeil MOBbIeHUs UX HajeskHOCTU. Vcce-
JIOBaHbI OCHOBHbBIE METO/IbI ITOBBIIIEHNUS TIOKa3aTe el HaJeKHOCTH TAY ! KOHCTPYK-
TUBHBIN, TIAPAMETPUYECKHH, CTPYKTYPHBIN U KOMOMHUPOBAHHbBIN. [IpuBeneHbl pe-
3YJIbTAThI PACYETOB OCHOBHBIX XapPAKTEPUCTUK W TIOKA3aTeIel HA/IE’KHOCTU O/THO- U
JIBYXKacKaHBIX TAY B 3aBUCUMOCTH OT TEOMETPUH BETBEN TEPMO3JIEMEHTOB, TOKO-
BOTO peskuMa paGoThl, MapaMeTPOB UCXOAHBIX MATEPUAIOB TePMO3JIeMeHTOB (Tep-
MO3JIeKTpUUecKoii apderTuBHOCTH, KO3DPUIINEHTA TEPMO-3/IC U JEKTPOIIPOBOHO-
CTH) ¥ NPOBE/JIEH aHAIN3 MOJYYEHHBIX Pe3yJAbTaToB. TakKepaccMOTPEHbI IPOCTEli-
M€ CXEMbl PE3EPBUPOBAHUS 3JIEMEHTOB M MPOBE/IEH CPABHUTEJIbHBIN aHAIN3 Pa3-
JIUYHBIX CIIOCOOOB BKJIIOUEHUS pe3epBa. [lokazaHbl BOSMOXKHOCTH KOMOWHUPOBAH-
HOro (COBMEIEHHOr0) METO/Ia TIOBBIIEHUs TToKa3aTesell Hajgexxuoctn TAY myTem
OIIEHKH COBMECTHOTO HCIIOJb30BaHUSA KOHCTPYKTUBHOTO W MAapaMeTPUYECKOTO Me-
TOJIOB B CDAaBHEHWH C Pe3yJIbTaTaMM, KOTOPbIE MOXKHO TOJYYUTD MPU UX Pa3/e/ib-
HOM npuMenenuu. llpenHasnauena /i WHXXEHEPOB, HAYYHBIX PAOOTHUKOB, a TaK-
K€ CTY/IEHTOB COOTBETCTBYIOIIUX CIIEINATbHOCTEN, 3aHUMAIOIIUXCS BOTIPOCAMU Ha-
JIE’KHOCTHU 3JIEMEHTOB 3JIEKTPOHUKHU 1 B 11esioM PIA, a Takke pa3pabOTKO# 1 TPO-
EeKTHPOBAHNEM TEPMOAJEKTPUIECKUX YCTPONCTB.
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