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CHHTES3 I AHAJII3 IH®@OPMAIINHO-YIIPABJISIOYUX
CUCTEM CUHXPOHI3AIIII 3ACOBIB TEJIEKOMYHIKAIIINA

Anomauia: B poboTi mmpeacraBiieHO pes3yJbTaTH CHUHTE3y Ta aHaJidy iHdop-
MaI[ifHO-yIPaBJIAKUYNX CHUCTeM OJIOKiB CHMHXPOHi3allii 3acob0iB TeleKOMYHiKaIlii
Ha OCHOBI nosihasHux i 6araTodasHux piJIbTPYHOUUX IPUCTPOIB.

Kniouosi crnoea: inTepnonsllisi, CHHXpOHI3allisl, yIpaBIiHHA, (iIbTpP, 3aBaJOCTIHKICTD.

ITocTranoBka npodIeMu

Po3BUTOK TeJleKOMYHIKaAIiMHUX TEeXHOJIOTifi y BChOMY CBiTi BHCYBae
0CO0JIMBI BUMOTHY 0 IMMOKA3HUKIB AKOCTi iH(popMaIlifHO-yIPaBIAIOUYNX CHC-
TeM IpuCTpoiB cuHxpoHizarii [1-5]. II1o6 3abesnmeunTu Taki BUMoru, HeoO-
xXigHa OGiJBIT THYYKA apXiTeKTypa TaKUX IIPUCTPOIiB 00pobKu curHaJiB. Tomi
B YMOBaX BHKOPHCTAHHsS B KaHajlax mnepemaui imdgopmarliii cureHajis
YV BUIVIALL CKJIASHUX CUTHAJbHO-KOLOBUX KOHCTPYKIIill, BUHUKJIA 0 MOKJIH-
BicTh migBuINeHHsS e(PEeKTHUBHOCTI OOPOOKM CUTHAJIIB B 3acobax TeJIeKOMY-
HiKaIliii, oco0JIMBO B YaCTHHIi, IIJ0 CTOCYETHCS 3a0e3neUeHHA IX 3aBaJOCTili-
KOCTi B yMoBax 3aBaj i mymis [1-6].

Ilomamua imgopmailrii B mmudposiit hopmi 3abesmeuye BICOKY 3aBagOCTil-
KiCTh IIpM IIepeaadi II0 pisHUX KaHajlaxX, MOYKJIMUBICTL e(DEKTUBHOI'O BUKOPU-
CTaHHSA ITPONYCKHOI 3JaTHOCTI KaHAaJIiB, cTa0iJIbHICTL ITapaMeTpiB mepemadi
Ta THYYKiCTh Ipu mo0ymoBi 1udpoBux 3acobiB TemekomyHikarii [1, 2]. Ogaum
3 OCHOBHUX IIPOIECiB, IKHNI BILJIMBAE Ha 3araJibHY 3aBaJOCTiHKiCTh IIPUIOMY
mu(PPPOoBUX KOJOBAHUX CHUTHAJIB, € IIPOIleC CHHXPOHizallii meMomyJisTopa
KBaJapaTypHUX curHaJiB. IIpaBuibHa AeMOAYJIAIlisg KBaApaTyPHUX CUTHAJIIB
MOXKJIMBA TiJIbKU KOT€PEHTHUM CIIOCOOOM, AJIA YOr0 HeOoOXiZHO MaKCHUMAaJIbHO
TOYHO BUKOHATH YMOBY CHMHXPOHi3aIlil mo ¢asi MicIieBoro omopHOro reHepa-
TOpa IPUUMAJIBHOTO MPUCTPOIO 1 HOCiMiHOI yacToTu. ¥ pasi mu@poBoro TeJe-
KOMYHIKaIlillHOrO KaHaJly HeMa€ MOKJIMBOCTI 0e3mocepesHbO CHHXPOHi3Y-
BaTHU IepejaBay i mpuiiMau, TOMY KOIil0 HOCifHOI B MPUHMMaJIbHOMY IPHUCTPOIL
HeOoOXiJHO BiIHOBIIOBATU 3 CUTHAJY. ¥ OLJIBIIIOCTI HOCJIiIKeHb OCHOBHUI aK-
IIEHT CTABUTHCA Ha BUKOPHUCTAHHI iH(MOPMAIIIMHO-YIIPaBIAIOUNX IIPHCTPOIB
CUHXPOHizaIii moOymoBaHMX Ha cucreMax (has3oBOro AaBTOMATHUYHOT'O
migcTporoBanHa (PAII), a Teopis i MpaKTUKa BUKOPUCTAaHHA MOAU(DIKOBaHUX
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CcXeM CHHXPOHi3aIlili 0JIOKiB 0OpOOKM CHUTHAJIB Ha iHTEPIOJAMINHMUX iH(MOP-
MaIlilfHO-yIIPaBJIAIUNX cXeMaX 3 IepeIrCKPEeTU3allielo HeJoOCKoHaaa 1 BuMa-
ra€ IIPOBeJeHHs OKPeMuX JocaimKenb. Ha chborogHi akTyaJabHUM 3aBIaHHAM €
BUKOPHCTAHHA MOAU(IKOBAaHUX CIIOCOO0IB CHMHXPOHi3aIii Ha OCHOBiI Bpaxy-
BaHHSA BILJIMBY 3aBaj CYCiIHIX CHMMBOJIIB Ha (pa30BUIl KPUTEPIHl TPAKTY, 30K-
peMa, BHUKOPHCTaHHsS MOAM(PIKOBAHOI cXeMH CHHXPOHi3allii, B OTpuMaHHI
(hopMasIizoBaHOTO IMpPECTAaBJICHHS OIIMCY CXeM CMHXPOHi3aIlii Ha ocHOBi 6ara-
To(pa3HUX KOHCTPYKIIiMI 3 BUKOPUCTAHHAM OaHKY (iJbTpPiB, IIIO AO3BOJAE
MMOKPAIIUTH XapaKTepPUCTUKM IMNMPOBUX TeJIeKOMYHIKAI[IMHUX KaHaJiB.
HocaimKeHHIO i MOJIeJIIOBaHHIO JaHUX CIIOCO0iB IIPUCBSIYEeHA HAYKOBA CTATTA.

AHAaJIi3 OCTAHHIX JOCJIXKeHb i myOJaikanii

O6po0OKa curHaiis y nMudppoBUX CUCTEMaX 3B A3KY HEOIMIiHHO IIOB s3aHA 3
IIEPETBOPEHHAM IX y IOCIiLOBHICTE BifIiKiB, IPUB A3aHNX 40 KOHKPETHUX MO-
MEHTIB Yacy, TOOTO 3 IPOBEIEeHHAM AVCKpeTHU3allii curaiiB 3a yacom. s oT-
pUMaHHsS 3HAUEHb AMCKPETU30BAHOTO CUTHAJY BUKOPHCTOBYIOTHCS T'OJIOBHUM
YUHOM aHaJoTo-MMU(POBi IIepeTBOPIOBaUYl 3 PIBHOMIPHOIO AVCKPETU3AIli€IO.
Opmak, mpu BUpPIilIeHH]I 3amay moOymoBu MOAU(IKOBAHHX CXeM OOpPOOKU
CUTHAJIiB, iCHY€ MOMKJIMBICTh BHKOPHUCTAHHSA aJI'OPUTMiB HEPiBHOMipHOI
nuckperusalrii curuasis [6—10].

IIpu guckperusairii, B KOHTEKCTi IT(POBOi 0OPOOKY CUTHAJIIB, 3BUUAITHO
rnependavacThCs, IO BHUOIPKA BBAKAETHCS AEeTEPMIiHOBAHOIO 1 IIEPiOAMUHOIO.
IleperBopenns uactoTu auckperusarii F = 1/T npencraise cobor0 3MiHy dac-
TOTU AVCKPETU3AIlil JUCKPETHOro curHa y. Koau HoBa yacToTa AUCKPETH3aIlii
BUIlle AilicHOl Tak, mio F/> F i1 T/<T, To B mijiomMy Iieil mpoliec Ha3UBaE€ThCA
iHTepmoJIAIIi€I0, CYTh AKOI HMOJIATAE B JOJaBaHHI HyIiB KiabKicTio (F//F)-1 mix
JBOMa CycigHiMu Bimjikamu. B pe3yabTaTi YTBOPIOETHCS HOBA IOCJIiTOBHICTH 3
YacTOTOI0 JUCKpeTusamii F/, maA #KOI 3aCTOCOBYETHCA 1HTEPHOJIANiAHMIA
dinprp. na migBunieHHS edeKTUBHOCTI CMHXPOHI3aIlil MPOMOHYETHCA METO.
IIEPEeTBOPEHHA YacTOTH AUCKPETH3allil 3a JOHOMOTroio mosridasHux (QiabTpiB.
ITomidasuuii GiaeTp HIpencTasisie co000 Habip HeBeIUMKUX (PiabTPiB, IO Ipa-
ITIOIOTHh IIapaJIeIbHO, KOMKEH 3 AKMX O0pOoO0JIsge TiIbKM HiAMHOMKHHY BiJTiKiB
curgaay. IIpu mpomy (popMyeThbCsI HOBA MOCJIiLOBHICTD i HE BUKOHYIOTHCS 3aliBi
00UYMCJIeHHSA, TOMY IO AJA KOMKHOIO BiUIiKy HeoOXiZHO OOUMCINTU BUXiTHMIMA
CUTHAJI TLIBKM OJHOrO 3 MuX (hiaIbTpiB. B manuii uac aAjd BiTHOBJIEHHS CUTHAJIIB
3 HePiBHOMIiPHOIO JMCKPETHU3AIi€I0 JOCTIIKYIOTHCA PidHI MEeTOAN IepeTBOPEHHSI
YacTOTH ANCKpeTusallil, sKi po3paxoBaHi Ha He3HAUHI KOJMBAHHSA BIIXWUJIEHb
iHTepBasy auckpetrusaliii [1]. PekoncTpyoBaTu Takuii cUrHAJ MOMKHA TiIBKU
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3a IOIIOMOT0I0 IT()POBOI 0OPOOKI CUTHAJIIB, BBAYKAIOUN KOJIMBAHHS BHCOTH TO-
Hy (ZeToHAIi[0) AK HEePiBHOMIpHI BifIiky curHaiy B yaci. Y 3B A3KYy 3 UM, IY-
JKe BajsKJIMBO 3HAWTHU PillleHHA 3a7aui IT00y/0BU IIPHUCTPOIO CUHXPOHI3aIlii Mom-
(piKoBAaHOTO THUMIY 1 MOMKJIUBICTHL B3aCTOCYBaHHSA CTPYKTypu DPappoy AJsd
0e3IepepBHOTO PeryJIl0BaHHSA IIEPETBOPEHHSA YACTOTU AMCKPETH3allii, 3 MeTo
BiTHOBJIEHHA HEPIBHOMIPHMX BiJIiKiB OIIM()POBAHOTO CUTHAJY, i IIOJAJIBIIIOTO 11
3aCTOCYBaHHs B IM(pPOBiii 00poOIli curHaxiB B iH(OpMAaIiAHO-YIPABIAIOUNX
cucTeMax 3aco0iB TeJIEKOMYHIKAIIil JJIs i ABUIIIeHHA X 3aBaJOCTiIIKOCTi.

OcHOBHE PiBHAHHA iHTEPHOJAII] UCKPETHOTO CUTHAJIY 3aIINCYEThCA Y BU-
A [8, 9]:

y(T) =y[(n +WT, ] =

- IZZ x[(n, =T, P [G+ W T, ]

l=Il

(1)

ne {x(n)} — mociigoBHicTS BifyikiB curaany 8 inTepsamom T;,; h/(t) — iMiyise-

Ha XapaKTePHUCTHUKA IHTEePHOJIAIINHOrO HEpPeKYypPCUBHOTO (iJIBLTPY; i — iHIEKC
dbinpTpy; n, — BUXimHa KOOpAUWHATA, 1110 BusHavuae I = I, - I; + 1 BiggikiB curua-
JIy JIJIs1 BAKOPUCTAHHSA [-M iHTePIIOJIATOPOM; 11; — IPOOOBUI iHTEepPBaJ IUCKPETH-
3allii AKWi BU3HauUae KoepiiieaTu QigpTpa [-ro inTeproagHTa.

IMnynbcHaA XapaKTepuCTHUKA 1HTePHOJAIIMNHOrO (PiIBTPY BUPAXKAETHCA
B KOJKHOMY iHTepBaJIi 3a JOIIOMOT0IO IToJiHoOMa cTyIeHsa M:

M
hy(t)=h; [ +p)T, | = mZIOCm(i)uZ"- (2)

Yucuo noninoMianbHUX KoedilieHTIB ¢, (i) € IOCTIMHUM, He 3aJIeKUTh
BifZ 11;, 1 BUBHAYAETHCA BUKJIIOUHO iMITyJIbCHOIO XapaKTEePUCTUKOIO 1HTEPIIO-
naniiaoro ¢inerpy 4, (t). Ilicsa MaTeMaTHYHUX IePeTBOPEHb OTPUMAEMO

BUpPa3M iHTEPIIOJIAHTIB:

Ip M Iy M
y()= > x(n —i)mzzocm(i)u;" > cp(D)x(n, —i) =mZ:0uE"V(m), (3)

i:Il i:Il
ne v(m) — Bimmiku curHany 3 Buxomy M+1 iHTepHosAnifHNX HEPEKYPCUBHUX

GinbTPiB 3 BIANOBIZHMMM Koe(iIlieHTaMM iMITYyJIBCHUMM XapaKTepUCTUKaAMU
Cnll1)s Cp(I1+1) ... €, (1)

Toxi mepemgaBasibHa (PYHKIIiA TAKOro He PeKypcuBHOrO (higbTpa Oyme Ma-
TU BUTJIAM:

Co(2)= ¥ ¢ i)z, 4)

izll
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Taxum umHOM, BuUpas (4) € mosiHOMOM Bif mapamerpa W/, AKuii Oyzge

€IVHUM 3MIHHUM IIapaMeTpoOM CTPYKTypu. o CKiIagy Takol CTPYKTYpPHU BXO-
auTh M + 1 HepeKypCUBHUX (PiIbTPIiB 3 MOCTIiHHMMEU KoedillieHTaMu, BKJIIO-
YeHMMHU IIapaJiejIbHO, Pe3yJbTaTh SKHUX MHOMKAThCA Ha APOOOBUII iHTEpBaJ
JHCKpeTu3arrii.

BukopucroByemo moJsinomu Jlarpan:ka mjad mooymoBu QinbTpiB Pap-
poy. IlpencraBumo Oe3mepepBHUII CUTHAJ SK CYyMy OOOYTKiB BimmikiB Ha

nmoJsinom JlarpaH:ka:
M-1
ba(t)="T y()- XP (), (5)

ne M — cTyIiHb HOJIIHOMA, IIOJIIHOM JOPiBHIOE OAMHMUIIL B MOMEHT IUCKpe-
Tu3amii /-ro BigyIiKky i JOPiBHIOE HYJIIO B iHIIIi MOMEHTH AUCKPETHU3aIrii.
BukopuctoByemo popmyay (4) i mpeacraBuMo nepegaBabHy (QYHKITiIO
noJripazuoro piabTpa B HACTYITHOMY BUTJIAMI :
G1(2) =Cy(2) + C1(2) -, + Co(2) - 17 + C5(2) - 1. (6)
OrpumanHo Takuil Buj KoedimnieHTiB moainomy (6).
Co(@) =22,C1(2) =5 (20 -2 1)~ Cy ),
Cy(2) =272 -22-Cy(2) - C5(2),
1 1
C;(2)==(223-20)+=(z1-2z2).
3(2) 6( ) 2( )

MoaudikoBani cxemu moJsiasHux QiabTpiB Pappoy mpeicTaBJIeHlI Ha
puc. 1a, 6.

x(n)) 1/6
5
¥

(=]

NI
L/

2] | 9®

o e

—~
N

CG(2)

]
MDD
NPANPANY
an
g‘is

Cj(z)/
\

G(2)Ci(2)

G(2)
Ky

a

Vi () v,(m)
e N
U

§)

Puc. 1. Mogupirkosani cxemu moJripasuoro pinbrpa Pappoy: a — Bapiaur 1; 6 — BapiauT 2

BukopucroByemo amasiTuuHuii Bupas (2) Ajia iMIoyJabCHOI XapaKTepuc-

TUKHU IHTePIOJIAIINHOTO (piIbTPa 1 OIMUINIeMO IIle OANH IIiaXia 10 Moau@ikaiil
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CTPYKTYpPHU iHTepmosaTopa Pappoy OJs cUCTeMU CMHXPOHizallii. 3amMicTh ma-
pameTpa 1, B (2) BUKOPHCTOBYEMO KOHCTPYKIIifo Tuny (21, — 1) A4 yTBOpEH-
HsA ApoOoBoro inTepBasy. IlpencTraBumMo iMIyJIbCHY XapaKTEePUCTUKY (PiabTpa

HACTYIHUM YHOM:
M
h; [(n + Hz)Tin] = gocm(n)(zul o (7)
nen=-N/2, -N/2+1, ....., N/2-1.
Armo 1, Oyne sminioBatucsk Bix 0 mo 1, Tomi A, (¢) iMmmysnbcHa xapakTe-

puctuka Oyae npuiiMaTy Ha KOXKHOMY iHTepBasi [kTm,(k+1)Tin] bid &z

k=-N/2,...,N /2—-1 HacTyIIHy KOHCTPYKIIilO:

h(t)= % o, ()| 2L =1 ®)

-0 T

l

BnactuBocti cumerpii h,(-t)=h;(t) wmoxkHA YyaABUTH TaK C,(n)=
=(-1)"¢c,(-n-1), tna m=0,1,.....M in=0,1,..., N /2-1.

A mocoimKeHHS 3alIPOIIOHOBAHUX PillleHb IPOBEIeMO PO3POOKY imiTa-
IIIHOI cXeMHU TeJIeKOMYHiKaIliiiHol cucteMu nmepenavi nanux. IlopiBHAHHA pe-
3yJITATIB JOCJIKEHHsS 3alpONOHOBAHUX pilleHb mnpu I1o0yaoBi iH(MOD-
MAIlifiHO-YIIPABJISIOUNX CHCTEM IIPHMCTPOIO0 CHMHXPOHi3aIii OymemMo mpoBOAUTH
Ha OCHOBI aHaJrizy 6ararodasHoi cucTeMu yIpaBIiHHS.

MerTa i 3aBIaHHSA JOCTiGKeHHA

Mertoto mociig:KeHHsa € PpO3poOKa MaTeMaTUUHUX MOJesiel (JopMaJsIiBoBaHO-
T'0 OIUCY IIPOIleCY CUHTEe3y MOAM(PIKOBaHUX iH(OpPMAaIliiiHO-yIIPaBIAIOYUX ITPU-
CTPOIiB CHMHXPOHi3allii, po3poOKa amapary OaraTo(asHol iHTEepIIOJAIlil 3 pos-
IMUPEHHAM TeXHiYHOI iHTepmperalrii 6araToasHuUX ya3roAKeHUxX (iabTpiB
IIPUCTPOIB cuHXpPoHi3aIii. HeoO0xigHO mmpoBecTr mOOyAOBY MaTeMaTHMUYHOL MOJe-
Ji nmisixom (popmasrisariii pimmeHHsa piBHAHHsA 0araTodasHOl iHTepPIOIAIiHOL
CHCTEMM, BUSHAUUTU 3aJEKHOCTi OIIHKU BijJ (pa30BOI MOMMJIKM 1 HOPMOBAHOIL
YACcOBOl IIOMIJIKH IIPY Pi3HUX 3HAaUYEHHAX APoOOBOTO iHTEepBasy i 6ararodasHol
KOHCTPYKIIil 0aHKY y3roA:KeHuX (PiIbTPiB B mpuiiMauax MaHiIyJIbOBAaHUX CH-
THaJIiB TeJIEKOMYHIKaI[IMHUX CHUCTEM Ilepeaadi iHgopmarrii.

Ilsisi mOCATHEHHS IIOCTaBJEHOI MeTu HeoOXimHo OyJio BUpPImIMTH TakKi
3aBIaHHA:

— eKCIEepUMEeHTAJNIbHO AOCHiAUTH BILIUB 3HaUE€Hb APOOOBOTO iHTEepBaJTy
iHTepnosAIil iHpopMaIliiiHO-YIIPaBJIAIOYOl CUCTEeMHU Ha BEJIMUUHY IMOMUJIKHI
IIPUCTPOIO CUHXPOHiBaIrii;
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— BUKOPHCTOBYIOUM METOJ] KOHCTeJAIINHUX JiarpaMm, OKoO-Iiarpam,
moOyI0BM KPUBOI 3aBaJOCTiMKOCTI — HPOBECTH OIIHKY HNOMUJKHN 3a KOH-
CTEeJAIINHOIO AiarpaMoio, OIiHUTHU IXKUTEP 3a PO3KPUBOM OKO-AiarpaMu
i saminy saBajgocriiikocTi mpm (pikcoBaHOMY 3HAUeHHi WMOBipHOCTI 6iTOBOI

IIOMMJIKH.

OcHOBHA YacTHHA

Ina moOymoBu IIPUCTPOIO0 CUHXPOHiIZaIii BUKOPUCTOBYEMO Habip (Pijb-
TPiB AKi JO3BOJISIOTH IIPOBeCcTH OaraTodasHy peasiisallio y3roasKeHoro ¢i-
JbTpa IIPU IHTEPHOJAIil 3aMicTh OKpPEMOT0 NOJiHOMiaJbHOTO iHTEpPIIO-
aAamiaoro ¢gigbrpa. TakuM YMHOM, IHTEPIOJAIiA 1 y3romKeHa (piabTpallia
OyayTh 3rOpHYTi B ofHY omepaiiifo. Iloaidasuuit 6aHK (piabTPiB TAKOMK HO3-
BOJISIE JIETKO YIIPABJATU (ha30i0 3 MeTOI0 y3ToAsKeHHdA mBuakocreir 1 /T, i
1/T,. Ha puc.2 npencraBieHa (QyHKIioHaibHa cxeMma iHdopMaIiiino-

VIIPaBJAAOYOl CHUCTEeMU Ha OCHOBI 1HTEPIOJIAIIMHOTO IIPUCTPOIO CHUCTEMU

CUHXPOHi3aIii.
Bu6i
. BuGipku micnst inTepronsmii e
JocrynHi . === i —_— mena
; ~ > < > HOHW>KEHHS YaCTOTH
BUOIpKH ~N - ~L - e
r(n]—;”) r(k]—;”)
250t u AT, M) N VA N
InTepnonsAuiinmi
TpUCTpiit

Puc. 2. dyuKionaabHa cxeMa iHpopMAaIifiHO-YIPABISIIOUOI CHCTEMU
3 IHTEepHOJAIINHIM IPUCTPOEM

IIporec poboTH TaKkoi cxeMu MOYKHA OIMCATH TaKMM UMHOM: IIOCJIiIOBHICTh
BimikiB BxigHOrOo cursany r(n7, ) KOPUTYeThCS ILIAXOM 3MiHH YaCTOTH JHC-
kperusaitii (M i N), a (pasza TpuiHATOr0 KOMILJIEKCHOTO CUTHAJY OCHOBHOI CMY-
T'M YacTOT BiZHOBIIOETHCA 3a N BHOIpOK Ha cmMBoJ. [[MCKpeTusallis IIo-
CJLOOBHOCTI BiMJIiKiB ImigBUINyeThCA 3 Koedimieutom M, micas dYoro

YVTBOPIOETHCA HOBA IIOCIiIOBHICTS BiJTiKiB, Aky mosHauumo r(nT, / M).
IlocnimoBHiCTH, AKaA YTBOPIOETHCSA Ha BUXOAl y3rom:keHoro ¢iiabTpa,
MmictTuTh 2L cumBoJiB. CucTeMa ynpaBJiHHA IPOIECOM CUHXPOHi3aIliel0 BU-

oupae N BimJIiKiB IPOTATOM KOYKHOTO CIMBOJILHOI'O IIepPioay, TOAi BuXin 3a-

NAa€ThCA PIBHAHHAM:

T MNL T. T.
= -0 |h| [, 9
Y nM l:%[NLr (n )M M ©)
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IIicJIA YOro BUXIMTHUYN CUTHAJ 3MEHIIYETHCA II0 YaCTOTi AMCKPeTusaIiii maasa
orpuMaHHA N BHOipOK HA CHMMBOJI, e OOWH i3 3pasKiB € HAWOJMKUIUM IO
y(nT, +1) 3 MOKJIUBUM DPO3 Pi3HEeHHAM. ¥ BUHNAJKY O0aratodasHOTO PO3K-

JagaHHA TOTPiOHI He Bei Bigyliku AKi BusHauaoThbesa 3 (9):

T, r(nT,), n=0,tM,+2M,..
rln =
M

, 10
0 inw (10)

ne KoykHuUM M-# Bigyik Bimpisaaerwbea Big mynd aaa KIX-ginabrpa (Tpamc-
BepPCaJIbHOTIO).

Ha momeHT uyacy sAKuUi BiAIIOBiJae BUMCOKiM YacTOTi AMCKpeTH3allii,
3HaUeHHs BigMiHHI Bim #Hyas 306iraloTbecs 3 KoedimieHTamm (iabTpa:
h(-2MT,), h(-MT,), h(0), h(MT,,), h(2MT,,), ...

PesyabsTraT (pinbTpanii npeacTaBuMO HACTYIIHAM YMHOM:
NL
X r((n-i)T,)hiT,) =y(nT,). (11)

B macTynHi MoMeHTH Yyacy He HyJIbOBi 3HaueHHA r(nT, /M) 30iraroTbcsa
3 Koe(imienramu pinabTpa:
h(_ZMTZn + 1)’ h(_MT;n + 1)’ h(]-)’ h(MT;n + 1)’ h(zMTYm + 1)’ (XX

Takum umHOM, BUXiAHI Bigiku (ijgbTpa MOXKHA aHAJITUYHO IIpecTa-
BUTH TAKUM YHMHOM:

izliLr((n—i)ﬂn)h((i—kﬁ)Ti j:y[(”‘ﬁj

Ina m-ro MoMeHTY uacy, Bigmimmui Bix myna smauenna r(nl, /M)

T j (12)

3b0iraroTsca 3 KoedimieaTamu (pigbTpa:
h(-2MT,, + m),h(-MT,, + m),h(m),h(MT,, + m),h(2MT,, + m),...

Tonai BuxigHi BiAJIIKKU MOKHAa aHAJITUYHO IpeJCcTaBUTHU:

i_NZ]LVL’"((”—i)ﬂn)h((H%JE j=y[( —%)Tj (13)

I'padiuno (13) mokHaA YyIBUTH puUC.3, e IIPEeICTABIeHUN ITapajeJbHUN
O0aHK 3 M (inbTpiB AKi OpaniooTs OIpu YacToTi Auckperusanii 1/7, . Kox-
Huii PiabTp 3 0aHKY (PIIBTPIB IIpaIfio€ 3 MOHMMKEHHSAM YacTOTH JUCKPETH-
3aIrfii BiIiKiB Ha BuUXOAl y3rom:xkeHoro (pigbrpa. IMmyinbcHy xapakTepuc-

Tury ajda h,(nT,) npeacTraBUMO HACTYIHUM YMHOM:
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mn

m
h (nT, )=h|nT, +—T, | 14
m(n m) ni, M ( )

EranoHHi BimJIiKU JaHUX B CXEMi, YTBOPIOIOTHLCS OJHOYACHO Ha BCiX
dinsTpax 3 peasisoBanoro 6aHky (QiabTpiB. Heobxiguuii asoBuii 3cyB Ha
BUXOJ1 BUOMPAEThCA IIPU MiAKJIIOUEHHI BUXOAY M0 BiAgmoBigHOTO (QiJIbTPY B
0aHKY (QiabTpiB.

Besmocepenua peanisamisa (iabTpyodyoi cucTeMH Ha OCHOBiI OaHKY
(dinbTpiB Oyme xapakTepm3yBaTHUCA BUMOTAMU 0 IX HapajesibHOI poOOTH.
Ha mpaxTuiii, 1ocuTh peaidyBaTu OSHOJAHKOBUU (PiIbTp 3 HAOOPOM Baro-
BIX €KBiBaJIEHTIB, AKi BUOMPAIOTHCA 3 IIaM ATi 34 JOIOMOI'OI0 MOKAMKUMKA
i KOHTPOJIEM CHCTEeMHU YIIPaBJiHHA Ha OCHOBi (asoBOro aBTOIiJCTPOIO-
BaHHS YaCTOTH.

PoarisgmemMo MOMKJIUBI cXeMoO-

TexHiuHi ocobiauBoCTi peasizail hO(I?T"")‘_. L L7<5
JTeTeKTopiB (a3oBOl MOMUJIKUN IJIs i (;aTm)—- o
iH(opMalliiiHo-yIpaBaduUux mopu- r(n7,) : 1L /§<) Tocrymi
cTpOiB 6JIOKIB cMHXpOHi3aIii 3 BU- B ' ______ i mEOipkn
KOPUCTAaHHAM OaraTo()asHOro OAHKY hm(-nTM)_.J_LL @
¢inbrpiB. Ha puc. 4 npexacraBieHa . :(nT L. B

(1T, L <

cxXeMa BHUKOPHCTaHHs OaraTo)asuoi
KOHCTPYKIi Ha ocHOBI GaHKY Puc. 3. Cxema 6araTodasHoi KOHCTPYKI[ii
GinbTPiB AJIA HeTeKTopa 3 BiKHOM GAHKY yBTOmKeHnx GLIBTPIB
Ha ' BUIEPEIKeHHA-3aTPUMKY  [7].

Y cxemi Buxomu OaratodasHux (GiJabTPiB OesmocepemsHbO BHUKOPUCTO-
BYIOTbCA 1A (POpMyBaHHsS (hpa30BOI MTOMUIKU, HAKY BUSHAUUMO K

At/T, =1/MN . B cxemMi BUKOPHCTOBYIOTHCA TPU BUXOAU 3 GaraTodasHOIo

0aHKy (QiJbTPiB, ABa A1 OOUYNCIEHHA MOMUIKN IPUCTPOIO CUHXPOHi3aIii 3
BIKHOM Ha '~ BUIIEPEeIKeHHA-3aTPUMKY 1 OOMH BUXIiJ IJs OTPUMAHHS pe-

3yJbTATY y3TroKeHol pibTparrii.
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(e e

(> )—»/
J10 IIETJIIEBOIO

|
: + 1 dinsrpa
h (nT, |—s <+ >
m( zn) | pi (o) eKBanaﬁ3epa
' abo JIeTeKTopy JaHUX

hm—l(nZn) T

y

r(nT;,)

A

A 4

hm+1(n7:'n) o <_i’

. BUOip (asu d [(" _AZ]TJ

Puc. 4. Cxema 6araTodasHoi KOHCTPYKILil 11 feTeKTOopa (ha30BOi MOMUIKH
IIPHACTPOIB CUHXPOHI3AIil 3 BIKHOM Ha " BUIIEPeIKeHHSI-3aTPUMKY
Ha puc.5 npezncrasiaeHa cxema 6araTodasHol KOHCTPYKIILI 1A geTeKTopa
MaKCHUMAaJbHOTO IIPaBIOIIOAIOHOCTI HMPHCTPOIB CHMHXPOHi3aIii (BUKOpPHCTO-
BYETBHCS ABa (hibTpU IJ1A 00UMCIIEHHA IMOXiJHOI):

hm(nT,) =k, (nT,))~h, ,(nT,,) ne m=1,2,....M ~2;

ho(nT;,) = b(nT;,) —hy 1 (nT},); hm-1(nT,) = hy 2 (nT,,) — ho(nT,).

PoarisaremMo 0coOJHBOCTI apxXiTeKTypu KoJia YHOPABIIHHS HIPHUCTPOIO
CHHXPOHi3aIlil 3 BUKOPHUCTAHHAM IoJi(pasHux QPiabTpyoumx cucrteM. Ap-
XiTeKTypa MiCTUTb YOTHMPU OCHOBHI CKJIAQAOBi: moJiha3Huil i y3romgsKeHUM
QiabTP, JETEeKTOP YacoBOl IIOMUJIKHU, HEeTJeBuUM (PLIbTP i KOHTpoJiep. Bara-
To(ha3HUM y3roasKkeHul (hiJIbTP TaKTYETHCA BiJJIiKaMu, AKi HAAXOOATH Yyepel

KoskHiI T, cexyHzn. JleTeKTop TOMWJIKK CHUHXPOHisalii m0oB a3aHUTA

3 y3Troj:KeHuM (QiJbTPOM, 3 BUXOAIB AKOI0 IIOJAIOTLCA BIJJIKM Ha IO-
gipasHuit 6aHk QiabTpiB KOoKHI T /N CeKyHI, i BUBOAUTH IIOBiOMJIEHHA

IIPO IOMMJIKY CUHXPOHi3aIlil KoKHI T' CeKyHI.

bip] A lir)

¥ h, (nT,) [

in

i 10 NIETIIEBOTO
1 ¢binsTpa

1 »

! JI0 eKBanansepa

{

\ a0o0 IeTeKTOopy AaHUX

r(nT,)

+

A 4

) <
hm (n];)l ) .

i (nT,,) f—e 45—

v m
BUOip da3u y[(” - HJTMJ

A 4

Puc. 5. Cxema 6araTodasHoi KOHCTPYKIIil AJIA JeTEeKTOPY
MaKCUMAaJbHOI IPaBAOIIOAiOHOCTI IPHUCTPOIB CUHXPOHIBAIil
(BUKOPHUCTOBYETHCS ABA (hibTpa AJIA O0UMCIEHHA MOXiTHOT)
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IleTeKTOp MOMHJOK CHUHXPOHi3aIil BUKOPUCTOBYETHCA HOJIA IIPU-
BeIeHHs B Jif0 (hiJbTpa 3BOPOTHOIO 3B A3KY 1 KOHTposepa KoHTypy [12, 13].
MoskHa BUIIINTY HACTYIIHI PiIlleHHA JJIA peasisallil Koja yIIpaB/JIiHHS 3BOPOT-

T=T/N At HOTo 3B A3Ky M-moxiOHuUM Oara-
r(nT;,) omnidyazumit ' Herexrop .
——»{pimsrpyrounii - uacosoi —» TMN — TO(pasHUM y3roAKeHUM (PlaIbTPOM:
npuCTpiit d TIOMUIIKHA

KOHTPOJIb BUXOZLY BHOIp iHIEKCY (ITBTPYIOUOr0 IPUCTPOIO (I)j_JIpr KOHTYPY i KOHTpPOJIED

yupaBiadioTbea MN  BubOipka-

Perictp
10 MOAyJIr0-M

mu/cumBoJi; N — BubipKamu/cum-

lewesnit |, | BOJI 200 OMHiIE€I0 BUOiIPKOIO/CUMBOJI.

CHUHXPOHI30BaHUH :
¢binsTp

|
|
|
|
|
|
|
! JHYHITBHAK

KoncTpykiiii ommcaHmx  BHIIE

! InTepBan
11'1p1«1p001'y= T,/ MN . . cos
R E—— COHIBOIED IIPUCTPOIB CHHXPOHi3amil mpen-
Puc. 6. Cxema ynpaB.TiHHs NIeTJIi PEryIOBAHESA  cpaBpMO HA puC. 6 i puc. 7.
TIPUCTPOIO CHHXPOHI3aIil AKUI ITpartioe )
110 MN BuGipKaM,/cHMBOL B cxemi Ha pumc. 6 BuKOpU-

CTaHO ABa JiYnJIbHUKA CHUH-

XpoHisalii 3 spasdkoBuMu Bubipkamum. OauH JiUYMJIbHUK 0 MoxyJsio M, 3a-
Oesmeuye BUOiIp iHAEKCY (DiJIBTPYIOUOrO IPHUCTPOIO, & HUMKHIA JIUMILHUK II0
MoxmyJiro — 1.

Ha cxewmi momanoi Ha puc.7, mpeacTaBJeHO KOJO YIPAaBJIiHHS IIETJi pe-
I'yJIIOBAHHA IIPUCTPOIO CUHXPOHi3aIii, sske mpaifioe 3a N BubipkamM/CuMBOJI.
KoHTposs mporecy iHTepIoJaIlii IpoOBOAUTHCA HA OCHOBI JIIUMIBLHMKA IIO
MonyJao 1, aKkuii (pyHKI[IOHye AK reHepaTop KepoBauuii komom (NCO).
3MicT pericTpy mepenoBHEHHSA BUKOPUCTOBYETLCA JJIs PO3PAXYHKY iHAEKCY
Oararogasuoi ¢inbrparnii. HoBuii iHTepmoadaHT yTBOpeHHUil OaratodasHuM
y3roaxeHuM (piJgbTpoM 3a gomoMorooo N BXigHuMX BUOIpok. Y BHOAAKY, KO-
JIU pericTp nepenoBHEHNM, iHTepBaJ IIPOBEAEeHHA iHTEPIIOIAIIl 3MiNTyeThCA
B Kimemb OararodassHoro ¢GigbTpa, Iieli HOpomec B3AiHMCHIOETLCA IIif
VIIpPaBJIiHHAM O0JIOKY "KOHTPOJIb CTaHy .

Perictp
110 MoAyJIo-1
b | KonTponep

B cxewmi Ha puc. 7 006'en- T=T/N At
. . . . r(nT,) [Tonidasmit : Terextop
HaHi ysromsxeHumil GInbTP 1 )4 oyomil _|—> aaconol |—») T P
. npUCTpiil | ——e «—¢ TOMMIIKH
1HTEPIIOJIATOP B OJHOMY bara- KOHTpOIb Buxoxy T |1 BHOIp iHIEKCY (iMBTPYIOUOr0 MPHCTPOIO
ToasHomMy (piasTpi. B mpomy | P | r T
i iHIEKCY i TN
BUINAAKY, KOJIO YIPABIAECTHCA | N |
. i |
3a joromoroio N BuOipOK /CuM- ; i )
] . / ; Metnennii ||
BOJI i BUMAarae TiTbKH OZHOTO | | QineTp
| |
| ‘

JiuMJAbHUKA 10 MoxayJao 1.

JIMUIbHUK OOHY/IIOETECA 3 ITe- Puc. 7. Cxema yupaBJ/IiHHSA IEeTJIi PeryI0BaHHSI

piogom T /N pgna N dacoBux IIPUCTPOIO CHHXPOHizamii mparrioe
3a N Bubipxax/cuMBOJI
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BHUOIpOK Ha cuMBOJI. [HINMUM JIYMJILHUK 3a0e31euye yIIpaBiHHA OaraTroasHuIM
ysrom:xkeHuM (inbTpoMm. BigmoBimHmii ingexc OararodasHoro (iJbTPYyIOUYOro
IIPHCTPOIO OOUMCIIIOETHCA aHAJIOTIUHO, IIJIIXOM KBaHTYBaHHS HEOOXiTHUM iH-
TEePIOJIAIIHNM iHTEpPBAJIOM |1, 4O HAMOJIMIKUIOro umesia, KpaTHoro 1/ M .

s mocim:KeHHs 3alpONOHOBAHUX PillleHh NIPOBeIeMO PO3POOKY
iMmiTamiiHOl CcXeMM CHCTeMM Iepenadi maHuUX 3 iHGopMalliiiHO-yIpaBJs-
I0UOI0 CHCTEMOIO Ha OCHOBi Moau(pikoBaHoi moaihasdHol KOHCTPYKILii puc. 8.
Bubipka curmany 3miACHIOIOTHBCS 3a JOHNOMOIoK (PiKCOBAHOIO TaKTOBOTO
CUTHAJIY JUCKPEeTu3aIlii, TakuM YMHOM, Bif0ip BiAJIiKiB He CHHXPOHi30BaHMI
3 MPUUHATUM CUTHAJIOM. B 1mboMy BUIIAAKYy JIETKO 3MIHUTHU YaCTOTY IHCKpe-
TU3aIii, TPUYOMYy UYaCTOTa AWCKpPeTH3allii He MOBMHHA OyTHM KpaTHa YacTOTi
cumBoJiiB. Kpim Toro Hemae HeoOXiZHOCTI B 3acTOCyBaHHI cuctemMu (pasoBOro
aBTOMATUYHOrO mifgcTporoBaHHA (PAIIY) [7].

Ha pwmc.9 npencrasieHa pospobsena imirarmiiima cxema. B cxemi curaas
YTBOPIOETLCS B IificcTeMi ’cxeMa (pOpMyBaHHA CUTHAIY OO CKJAAY SKOI BXO-
IUTh migcucreMa ’MoxmyasaTop”. B cxemi BuXigHWMII cHUIHAJ MHic/as CKPeMOJIIO-
BaHHHSA IIOTpaIisie Ha Koaep I'pes, maii BigOyBaeTbcsa audepeHIliaaibHe KOIY-
BaHHsA, eKCTpamossAallis, mnepemuckperusaiiia («Upsample») i obmerkeHHS
curHaay 1o cruektpy Qinbrpyiounm mpuctpoeMm («FIR Filter»). Ilami B cxemi
Ha puc. 9 BUXiTHUI cUTHAJ MOTpAILIAE Ha IifcucTeMy moJridasHuil inTepmno-
aarop «Polyphase interpolator» i B xanan mepegaui ingopmarrii. @aszoa 1o-

MUJIKA OJI IIPOBEJeHH eKCIIEPUMEHTY 3aJaeThesa 01o0koM «Phase offset».

0 U(n) Y3rog1>1<e1—1m71 x(n) .Honi(bam-mﬁ (il CxeMma V)
— AIIII N dinerp 3 IHTEpHONATOp |4 IpUAHSTT >

Iy, (n) h(k,p,) pimeHHs
/FT

KA

I'B

Cxema
OLIIHIOBAHHSI
CHUHXPOHI3aMii

Puc. 8. Cxema nmudposoro npuiiMmaua 3 iHhopMaIiiHO-yIIPaBIAIUY0I0 CUCTEMOIO
Ha ocHOBIi moJripasHoro inTepmnoaaropa: I'O - rerepaTop Bubipok (TaKkTiB)

IIpuiimanHa nmepemgaHol iHGopMaIlil BUKOHYETHCA 3a AOIIOMOIOIO IIPH-
CTPOIO OOPOOKU CUTHAJIIB, OCHOBA AKOTO iH()OpPMAIifiHO-yIIpaBJIsg0Ya cXeMa
CUHXPOHIi3aIlil 3 nmosiasHuM iHTeproaAaTopoM. 1o CcKagy cxeMu, BIAIOBITHO
oo puc. 8, BXOAUTHL: ysrom:keHuiu @iabtp «Matched filter» (mudpoBmit
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KIX — QinbTp HUKHIX YaCTOT, THUITY TiJHATUA KOCUHYC, IOPAAOK — 32, THUII
BikHa Boxcar), mosripasHuii iHTEepIoIATOP

cxema pOPMYBaHHA CHIHAMY

] »i

= | e Oucnnel

‘ ADJ
* out =y e | e
ﬁ ﬁ ol Froduct m _ w
i dd b o Decete Time
Fube | 1g |packet mode_onict * - FRITEES TR Qo
Generator Intega _sybol_clock_phase,_cffset{0.7) Farrow_interpolatort Scat Tr

ik Lz
I KaHan nepefaBaHHA

fractionsl_symbol_clock_phase_ofiset
F1.0)=>2-2.-2)

L FPhase/ i Emm pH{Rx  EVM
Re Diaste Time
Frequency ey ra
}_l—v AWGN » 2 be Ui || scstte Pt
- Scat_Rec
§:§ Downsamplel Complex o = Eik

AWGH GainZ Reskimag
— =
‘ ’_| Data EVI{%)
n scatter > _1,3
[

Emor Rate
Calculstion

353

Symbol Emar
Rate

M in
fircas pontt .
- data il DownsampleZ
\—u In1
\ Folyphase_ a3 [
Farrow_inter polater .

Matched Fiter timing_error bs

- Downsample3

- Timming_emor
‘i D =

Fi =
E F Cortral =

Buffer

decisicn_domain

= .
Ly
L]

Timing_es timation

CXeMa CHHXPOHIZaWl 3 NoNichazHUM iHTepNoNATop oM ’—’

Puc. 9. ImiTamifina cxeMa cucTeMu mepegadi JaHUX OJIA JOCTIiMKeHHS
iH(opMAaIifTHO-yIIPaBIAIYOr0 IPUCTPOIO CUHXPOHi3aIlil 3 mosihasHuM iHTEPIOIATOPOM

«Polyphase Farrow_interpolator», imdopmariiino-ynpaBasioua Iia-
cucTeMa OI[iHKM CHMHXPOHi3aIlii, ge BigmoBiguo go ¢opmyin (1) popMyoTs-
cA: n,-BUXimHA KoopAuHATA, 110 BudHauae I = I, - I; + 1 BigmikiB curnamy
I BUKOPUCTAHHA [-M iHTepHoJIsITOPOM; |1,-Ip0o00BUI iHTEpPBAJI TUCKPETU-
3aIrii Ak Bus3Hauae KoediiieHTH (piapTpa [-ro iHTepIoJadHTYy.

B xo0mi eKcrepuMeHTY IIPOBOAMJIOCS BHMipIOBaHHS BUTPAIIy B IIiBU-
IITeHHI 3aBaJOCTiAKOCTi OOpPOOKM CHUI'HAJIIB, BUSHAUEHHSA IMOMIJIKM 3a KOH-
CTeJIAIINHOIO JiarpaMoiro.

Ina OIiHKM JOWHAMiIKM CIIOTBOPEHHA CUTHAJNy B KaHaJl Iepeaaui
iHdopmariii 6yzeMo KOpPHCTYBATHCSA BEeJIWUYMHOI BeKTopa moMuiaku EVM
(Error Vector Magnitude). EVM BuszHauaeThbCcs SIK BiITHOIIIEHHSA CepeaHbO-
KBaJIpPaTUYHOI BeJIMUYMHU BeKTOpPaA IIOMUWJIKH 0 ITIKOBOT'O 3HAUEeHHSA BEKTOpa,
3a(pikcoBaHOro AJd pealbHUX cUMBOJIB. Tomi misg BeKTOpPOM IOMHJIKH Oy-
JIeMO PO3YyMiTH BiJCTaHb Mi’K PO3PaXyHKOBUM i (paKTHUYHUM MOJIOKEHHIM
CHMBOJIY Ha KOHCTeJAliHHi# miarpami. I sHaueHHS BuBHauaeThCA 3a pa-
XYHOK BHUMipIOBaHHS KOHCTEJAIINHOI miarpamMu, sSiKa BPaxoBY€ BCi BUAU

CIIOTBODEHbB.
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3araJsbpHa (popMyJia OJisi BUBHAUEHHA IIOMUJIKYA Ma€ TaKuii BUryasan [9]:

1/N5 (e,)

\2 N2
EVM: A i=1 -IOO(VO,/Ie: ek:[Ik_ij +(Qk_QkJ . (15)

1/N Y (I} +Q})

ExcnepuMenTaJibHi 1aHi Ta ix 00poOka

Ha puc. 10-14 npexacraBieHi pe3yIbTaTH MOCIIMMKEHHA iH(popMaIiiHo-

YIIPaBJIAIOYOr0 MPUCTPOIO OJIOKY CHMHXPOHi3aIlii 3 6araToasHon (iasTpyro-

YOI0 CHUCTEMOIO Y BUIJISAAL AUCILIESA IJIA OI[IHKM YacoBOI IIOMUMJIKM i JHCIIes

CUTHAJIY C Y3TOJKeHOro I1oJidadHoro PijbTpa.

Bl Timing error - - . - — - l = | E | B Timing error = | o
File Tools View Simulation Help - File Tools View Simulation Help

80|« D RAEEE & a/o[@< i O[EEEE T

FYo Y I S0P0 @z

i

1 T T T . T T T T T | ! i

H H H | H H H | | 1 7| L !

[ : : : ' : : : : . i

g : : : : ERN R | . & 3
2 e i g i i
g : ; i ' § ! i
b : 4 k ! : : : : ... i

: ;
Ti

|
6

i

5 0
me (secs)

Ready Offset=30.000 (secs) [T=35375 Ready (Offset=0 000 (secs) [T=0881
Puc. 10. [Tucnieii A OMiHKY YacOBOL Puc. 11. Jucnieit ajd OIiHKM YacOBOL
IOMUJKY (IeTeKTOP YacOBOI MOMUJIKU OOMUJIKY (IeTEeKTOP YacOBOI MOMUIKA

IS puc. 2) s puc. 6)
Farrow Control Signal E=RreY B Forrow Contral Signal [ [
File Tools View Simulation Help ~ T Teie Ua Siebii vel
(@@ < & || MM R | 5 NMEEEEYFIEEETE]

AOPE® =
SO @® @ o

fractional interval

0
Time (secs) 0 1 2 3 ¢ 5 6 7 ] ]

“;leady [Offset=30.000 (secs) [T=34 957T """""" . e e e
Puc. 12. [Tucnueit 4151 OMiHIOBaHHS Puc. 13. [ucmeii Aid OMiHKY CUTHAIY
CUTHAJy 3 iHTepIoJasiTopa @appoy 3 iaTepnonsTopa @appoy (pe3yabTaTu
(pesyipTaTy MOJEJIIOBAHHA: PeaKisa MOJeIIOBaHHS: peaKIlis Ha cTpuboK dasu
Ha cTPUOOK (ha3u A1 TAKTOBOI IJISI TAKTOBOI CHHXPOHi3aIil, IIMKJI IIPAII0E
CHHXDOHI3aIlil, IIUKJI IPAIIOE Ipu 2 npu 2 Bifyikax,/CHMBOI 3 IeTEKTOPOM
BiZJIiKaX /CUMBOJI, 3 I€TEKTOPOM MaKCuUMAaJIbHOI mpaBaomoaioHocTi Ta 32-x
MaKCUMaJbHOI IPaBAOMOAIOHOCTI JIAHKOBUM Y3TO[KeHUM (hiJbTpOM)

i iHTepmonamitHuM QiabTPOM
®appoy (n=1))

Ha puc.14 curnan Ha Buxofi 6aHKY (hiJIbTPiB B TPUBUMiPHOMY IIOJaHHI.
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Amnnityna

Puc. 14. Curman Ha Buxozi 6auky QiabTpiB

Ha puc. 15 npexacrasieni gucmiiel Ajd OMiHKY BifcTeKeHHS TUHAMIKHT
3MiHU IIOMWJIKY CUHXPOHi3arii, a Ha puc. 16 kBagparypHi curaanu (I/Q) B
IIPUCTPOI CUHXPOHIi3aIil.

B Timming_error | B S
EEIBEREEHIEE R »

Puc. 15. [lucnieii A OIiHKY BifCTe)KeHHS TUHAMIKHT
3MiHM IIOMUJKY CUHXPOHIi3aIlil B cucTeMi yIrpaBIiHHsA

B UG out = | 5 |
ERIE ERFEREILEES >

Puc. 16. Qucnieit ajid OIiHKY BiICTeKEeHHA TUHAMIKHT
3MiHU KBagpaTypHUX curHaiiB (I /@) B mpucTpoi cmHXPOHi3aIii
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Ha puc. 17 i 18 KoHcTenAmiiiHi giarpaMu OTpUMaHi MeTOIOM imiTaIriii-
HOT'O MOJIEJIIOBaHHS, 30KpeMa Ha puc. 17 - niarpama, oTpuMaHa IIicjasa KaHaTy
nepenaudi ingopmariii, a Ha puc. 18 - giarpama BiJHOBJIEHOTO CUTHAJY ITiCJIA
CHUCTeMU CUHXPOHi3aIrii.

Ha puc. 19 nogaHo KOHCTeJIAIIIHY giarpamy, OTpMaHY Ha IIepefaBaJib-
HIiM CTOPOHI KaHaJy nepeaadi iH(opmarlil y migcucremi «cxema (popMyBaHHSA
curHany». B mociaimgkeHHAX BUKOPHCTaHa KBaJgpaTypHa (a3oBa MaHINIy-
nsamisa QPSK [2]. Ha puc. 20 npeacTaBiaeHl KOHCTeNAIIAHI giarpaMu 1js
OIIiHKY e(DEKTUBHOCTI 3aCTOCYBAaHHSA cucTeM cuHXpoHizalii. Cmocrepiraemo

JIOCUTH SIKiCHE BIITBOPEHHS CUTHAJY, 110 IIepeJacThCsd.
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Ha puc. 21 npexacraBieHO KOHCTeJAIMHY AiarpamMy OTPUMAaHY MeETO-

IIOM MaTeMaTUYHOTO MOJeJI0OBaHHA Ha IIPUMMAaJbHINL CTOPOHI B cucTeMi

TAKTOBOI CMHXPOHi3aIlii, a Ha puc. 22 — mgiarpama, OTpuMaHa AJIs CUCTEMU

¢a30BOi CUHXPOHIi3aIil.
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(asoBOi cHHXpPOHi3aIrii

30kpeMa, Ha puc. 22 OOCUTH SIBHO HPOIJIANAIOTHCA HACHIIKU BUHUK-

HEeHHA e(PeKTy ’3BOPOTHOI pobotu”. B mpucTpoi 06poOKM CUTHAJIB KOHCTE-

Jsamifina giarpama Kiaacuuaol QPSK possepraernses Ha 90°, mo Bumarae 3a-

CTOCYBaHHs cmocobiB KommeHcallii 3BopoTHOI poboTm abo BUKOPUCTAHHS

amimrenoi (OQPSK) maninmyJramnii [9].

SIK meTeKTOp MOMUJIKY B iH(popMaIliiiHO-yIpaBJIAIOUil cucTeMi Ha puc. 9,

BuUxig «timing error», BUKOPUCTAHUU OEeTEKTODP, iMiTallifiHa cxeMa AKOTO

IIpeAcTaBieHa Ha puc. 21. Popmasisalia mpoiiecy podOTH TaKOTo AeTeKTopa

MoxKke OyTu orrcaHna opmysamu (16-18) [11]:

&n)=U;(n)+Uqy(n),

(16)

U(n)=[Y(n-1)-T+¥,)-Y (nT+¥, )]
Y, (nT-T/2+V¥,,),
Uog(m) =[Yo((n—1)-T+¥, )~ Yo(nT +¥, )]
Yo(nT-T/2+¥, ).
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ne £(n) - yacoBa MOMWJIKA B CU- NE] S, I—’

Drelay DEla\,‘i

cTeMi CUHXPOHi3aIii IIJIST

n-ro CUMBOJIY; Y; Ta Yy — CHMH- () »{
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. . Err:}r
(dasHa i KBagpaTypHa CKJIAJOBi > < e I_.
Delay2 Dela\,a
curHany; T - mepiog mpoxon-
JKeHHs cuUMBOJiB; YV, - oImiHKa Puc. 21. IlizcucreMa feTeKTopa IOMUIKA

asu IS 1 -TO CUMBOJTY. iH(opMaIifiHO-yIPaBIAIYOI CCTEeMH

Ha puc. 22 mpeacraBieHo OKO-ZiarpaMy OTPHMMAHI METOAOM iMiTalliiiHOro
MOJEJIIOBaHHS Ha IIepelaBaJIbHIN CTOPOHI — a, i IPUHIMAaJIbHIN CTOPOHI — 0, Ka-
HaJTy nepenadi iHgopmairii. CrocrepiracMo 3aJ0BLILHUNA POSKPUB OKO-IiarpaMu
Ha puc. 22 0 i 3MeHIIIeHH A;KUTepy B MOPiBHAHHI 3 Aiarpamoro Ha puc. 22, a.
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Ha puc. 23 i 24 pe3yabTaTu JOCJiIKEeHHA CXeMH KePYBaHHS IIPHUCTPOIO
CUHXPOHi3aIlii, oTpuMaHi MeTOAOM iMiTaIiiiHOTrO MOAeJIIOBaHHSA.

30Kpema, Ha puc. 23 IpeAcTaB/ieHa OI[iHKa (Da30BOIl MOMUJIKM B IIPUCTPOIL
(hazoBoi cmHxpoOHizaIii cucremu ymupasiainHsa. Crocrepiraemo (QIyKTyariiHy
KapTUHY 3MiHU OIiHOYHOI KPMBOI HABKOJIO CEPEIHLOTO 3HAUEHHSA ITOMUIKU
¢asu HociiHOI. BuKopucranHusa MoaudiKoBaHOI cXeMU CMHXPOHI3aIlil JO3BOJISIE
aMmeHIUT QrykTyarii asu mpubsausuo B 2,02 pasu B yMOBaxX €KCIIEPUMEHTY.
Ha puc. 24 mudporo 1 —mokazaHa (pakTHUHA 3aTPUMKAa, 2 —OIliHeHa 3aTPuMKa
st Habopy 3 100 cuMBOJIiB B mpHCTPOi TAKTOBOI CHMHXPOHi3aIrii. Pesyibratu
MO/IeJTIOBaHHSA ITIOKA3YIOTh, 110 3aCTOCYBaHHSA 3aIIPOIIOHOBAHOT'O METOIY CHXPO-
Hizallil J03BOJIsIE 3MIMCHUTH BiACTEKEHHS 3aTPUMKM, OIIIHOYHA KPHBa 3MiHIOE
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PEeryJIAPHICTD i Ma€e CIIOTBOPEHHS B 3aJIE3KHOCTI BiJi CTPYKTypu IIpucTporo. TooTo,
B I[LJIOMY €KCIepUMEHTAJIbHI MOCIIiIKeHHs BKa3yloTh Ha e)eKTUBHICTh IPUI-
HATUX PIiIlIeHb II0JI0 BUKOPUCTAHHA MOAN(PIKOBAHIX CXEeM CUHXPOHi3aIrii.
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Puc. 23. [lucmiei fus ominKu (pa3oBoi Puc. 24. Mucmiei s OLiHKN
TMIOMMJIKY B IIPUCTPOI (has0Boi CUHXPOHi3aITii: 3aTPUMKU CUMBOJIiB B IPUCTPOI
1i 3 — omigka oTpuMaHa B pe3yJIbTaTi TAKTOBOI cMHXPOHizalii: 1 — parkTuuna
MO/IeJIIOBaHHSA; 2 — cepefHdA OIliHKA omiHKa; 2 i 8 — OIliHKa oTpuMaHa
¢asu HociitHOI B pe3yJIbTaTi MOAeTI0BaHHS

Ha puc. 25 npencraBiieHi pe3yIbTaTi JOCJIiIKEHHS 3aBaIOCTiKOCTI OJIOKY
mpuitiomy i OoOpOOKM CHUTIHAJIiB i3 3aCTOCYBaHHAM 3aIlIPOIIOHOBAHUX PiIlleHb
110 BUKOPUCTaHHIO IHPOPMAIliTHO-YIPaBJIAIOUNX 1HTEPIIOJAIIMHNX CXEeM.
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Puc. 25. SaneXHOCTI A4 OIIHKY 3aBafoCTiNKOCTI y BUrIAAi 6iToBoi momuaku (BER)
Bix BinHOomenHa E, / N, (cursan/mrym) ajusa 610Ky oOpOOKM CUTHATIB Yy BUNIAAKY

QPSK: 1 — nonxinomianbHU# (1moaiasHuil iHTepmoaAaTop, MoaudiKoBaHMIA)
2 — RybOiunuii iHTEPIONATOP 3a CTPYKTYypOIo Jlarpamxa

3okpeMa, IiABUINEHHS 3aBaJOCTIMKOCTI MOKHA BU3HAUUTHU IIJIAXOM
BU3HAUEHHS €eHepreTUYHOI0 BUTPAIIly BiJl 3aCTOCYBaHHA MoJihadHUX iHTEP-
MIOJIATOPOM B cucTeMi ynpasiiHHsA. [lIopiBHAHHA pe3yabTaTiB JOCHiIKeHHS
3aBaJIOCTINKOCTI cXeM CMHXPOHi3aIlil, Ha OCHOBI MOAM(PiIKOBAaHOI CTPYKTYPU

Ta KybiuHoro imrepmosisitopa Jlarpamxka giasas QPSK, mo3BoJsisge BCTaHOBUTH,
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1[0 eHepreTUUYHUI BUTpam gias pisEa BER=10"* (fimoBipHicTs 6iTOBOI mO-

MUJIKK) CTAaHOBUTH 2,2 1nb.

Bucnosku

AmnHajis IpoBeeHUX MOCIiIMKeHDb MT03BOJIAE BCTAHOBUTHU, IO BUKOPUC-
TaHHA 3alIPOIIOHOBAHUX CXEM YIPABJIiHHA i 0OPOOKM CUTHAJIB B CHCTEMAaX
CUHXPOHi3aIil e(peKTUBHO 3MEHIITYE€ ITIOMUJKHU BiATBOPEHHA NAHUX B TeJie-
KOMYHIKaIifHNX KaHaJyaX. [lopiBHAJIbHA OI[iHKA 3aIIPOIIOHOBAHUX CXEM II0
nucmnyiero EVM, no3Bosniia oTpuMaTy 3HaAUEHHA TOMUJIKYM IO KOHCTEIAIi-
Hill mgiarpami AJjig BUNAAKy BUKOPUCTAHHA IHTEPHOJANINHOI KOHCTPYKILil
dappoy Ha piBHI 3% . [lj1a BUNagKy 3acTocyBaHHs OaraTogasHoi KOHCTPYKIILi,
pe3yJIbTaTU AOCJiIMKeHH AKUX mpencrasieHi Ha puc. 10—13, ma piBHi 5,56%.
Tob6To, B imoMy moMmaka 3aMeHIIyeTbes B 1,8 pasu. Kpim Toro, BigsHaua-
€MO 3MEHIIIeHHSs aMILIITyAM YacoBOi MOMMIKY, nuBuTucs puc. 10 i puc. 11,
B 1,8 pasu. HacTroTra mpoXOom:KeHHSA KOHTPOJIbHOTO CUTHAJY IIO0 IOUCILIEIO
(Farrow Control Signal) B ymoBax eKcrepuMeHTy BifgpisHamacsa B 2,5 pasu.
Onuak, oTpuMaHi pe3yJabTaTU JO3BOJIAIOTH BCTAHOBUTU HACTYIIHE: apXiTeK-
Typa IPUCTPOIO CMHXPOHizalii Ha ocHOBi 6aHKy OararodasHux (QiabTpiB
Ma€ [Bi mepeBaru B IOPiBHAHHI 3 MPUCTPOAMUM CUHXPOHi3aIlil 3 iHTepIIoJisa-
I[IAHUM IIPUCTPOEM: IMOAIOHI MPUCTPOI MICTATH y CBOI# CTPYKTYPi OKpeMuii
iHTepmonAniiHUN (GiabTP, KpiM ya3romskeHoro ¢inbrpa (ZUBUTUCA puC. 2).
¥ Bunagky O6araTogasHoi y3rom:keHol igbTpartii, 610K yIIpaBJIiHHA CUHXPOHI-
3alliel0 He BUMAarae HasaBHICTH JOAATKOBOT'O iHTEPIOJAIINHOIO IIPUCTPOIO,
IIPU IIBOMY 3HUMKYETHhCSA CKJIALHICTHL HPUCTPOIO0 cuHxpoHizamii. Kpim Toro,
B pasi BMKOpPHMCTAHHA IIPHUCTPOIO CHMHXPOHi3aIlii Ha ocHOBi OararodasHOro
0aHKY y3ro:KkeHux (piIbTPiB MOJKHA peasisyBaTy KOHCTPYKILIIO IJIS AeTeKTopa
3 BIKHOM Ha «BUIIEPEIKEHHA-3aTPUMKY». B Takmx cxemax BUXoam Oararo-
(dasuux (piabTPiB O€3m0CEPEIHHFO BUKOPUCTOBYIOTHCS IJIsI (POPMYBaHHSA OIIiHKM

(¢a30BO1 IIOMUJIKH.
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