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Bemyn
OpuH i3 TOJIOBHUX YNHHUKIB, KOTPi BIIMBAIOTh Ha
AKiCTh pamiosB’sI3Ky, — Ile 3aBMUPAHHSA CUTHAJIB,

1[0 BUHUKAE uepes OaraTornpoMeHeBe IIOIIHPEHHS
PamioxXBUJIb, a TAKOK YHACIiIOK HEeJiHIHHUX CIIOTBO-
PeHb CUTrHAJIY B PagioTPaKTi.

Ilpu mepemaBamui curHajiB 6araTompoMeHEeBUMU
KaHaJaMu 3B’ A3KY aKTUBHO BUKOPUCTOBYIOTE Memod
0pMOZOHANbHOZ0 YACMOMHOZ0 PO30iNeHHs 3 MYJib-
munaexcyeanuam (Orthogonal Frequency Division
Multiplexing — OFDM) [1; 2]. Ila TexHoJOTiA 3a-
OesIeuye TaKi mmepeBaru, SK BHUCOKAa CTiHKiCTh I1010
CeJIeKTUBHUX 3aBMUPaHb i BUCOKa YacTOTHA edek-
TUBHICTH.

ITo6ymoBa cuctem paxioss’ssky (CP3) i3 OFDM 1e-
penbauae IOIYK CUTHAJbHO-KOJOBUX KOHCTPYKIIiil
(CKK), aKi m03BOJAITL HiABUIIUATH MIBUAKICTH IIe-
pemaBanHA iHpopMaIlii 3a 00MeKeHb Ha eHepreTUuKY
Ta MIUPUHY CMYTU POOOUUX YACTOT (IIiABUIITUTHU Uac-
TOTHY eeKTUBHIiCTE cuctemn) [3].

Binbmricts Bimomux CKK 06asyeThbcss Ha BUKOpPUC-
TaHHI CUTHAJIB 0azamono3uyiitnoi ¢as3o60i maniny-
aayii (PM-M), keadpamypnoi amnaimyonoi mody-
aayii (KAM-M) i amnaimyorno-gpa3o6oi modyaayil
(ADPM-M) [4].

BakiuBuii HAIPAMOK ITiABUINEHHS MIBUIKOCTL
nepenaBanHs iHGopMmaillii B CP3 6e3 3HMKeHHS eHep-
reTuyHOI e(EeKTUBHOCTI IIOJArae y BHUKOPUCTAHHI
CUTHAJBbHO-KOJOBUX KOHCTPYKIIiK [5; 6], mo aBisa-
I0Th CO00I0 MHOKUHY CUTHAJBHUX IIOCJIiJOBHOCTEI,
OTPUMAaHUX HA OCHOBi 3aBaJOCTiKUX KOMIB i ancamo-
JIiB CUTHAJIIB 31 IIIIBHUM YKJIaZaHHAM. PoJIb 3aBamo-
CTiIKMX KOMiB MOKYTbh BifirpaBaTu Sk OJIOKOBi, Tak
i sroprkosi koxu [7; 8].

Ocnoéna wacmuna
Haii6inpmia egeKTUBHICTL cHCTEM IIepeJaBaHHS
iz CKK gocsaraetbca B pasi BUKOPUCTAHHS 3TOPT-
KOBUX KOJiB y moenHanHi 3 ancamomamu APM cur-
HawiB. Hanmpukiaana, eHepreTUYHUEN BUTPAI, SAKOTO
BIA€ThCA JOCATTHU B rayCcCiBCbKOMY KaHaJIi, JOpPiBHIOE
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3...6 1B — sanexHO Bij cKIamHOCTL 00’ €MHAHOI CHC-
TeMHU MOAYJIAIIl Ta KOAYBaHHA.

3HauHU iHTEepec CTaHOBJATDL TaK 3BaHi po3HeceHi
cuzHaau — O0iOPTOTrOHAJBbHI, CUMILIEKCHI Ta OpPTOTO-
HaJbHi.

Bouu xapaxkTepusyOThCA THUM, IO 3i 30iabIlIeH-
HAM M BificTaHb MijK CUTHAJIbHUMU TOUKAMU 3POCTAE
i, BizmmoBiHO, 3pOocTae eHepreTUYHA e(heKTUBHICTD 3 5
3a PaXyHOK 3HM)KEHHA 4aCTOTHOI e(peKTUBHOCTI .

Hexaii E — enepria curnany. Tomi AKIIIO CUTHAI -
Hi TOUKM BidbMeMO Ha JIiHisIX, KOTpi 36iratoThcA 3
oprTamMu, Ha BificTaHAX \/E BiJl MoyaTKy KOOpauHAT,
TO micTaHEMO CHCTEMY OPTOTOHAJbHUX CUTHAJIB.
KinskicTs curmamis y Takomy ancamb6ai M =N, nme
N — poamipHicTs ancamMO.It0 CUTHATIB (KilBKiCTh BU-
MipiB Ha iHTepBaJIi TPUBAJIOCTI CUTHATY).

o opmozonanvHux cuzrnanié HajleXaThb, CKaxkKi-
Mo, UM-M curHaim, B AKUX OKPEMi CIMBOJIN Iepe-
IaloThCsA BiipidKaMu rapMOHIUHMX KOJHBaHb i3 pis-
HUMU 3HAUEHHAMU YacTOoTU. [Ipm IIbOMY CHUTHAJ HaA
BUXO/Ii MOJYJIATOPA Ma€ BUTJIAL

AqM(t): a cos2n(fit +@q ),
Ie ¢, — 3HAYEeHHA II0YAaTKOBOI (pa3u curHaiy.

Taki curHajgm 3acTOCOBYIOTH y IIUPOKOCMYTOBUX
cucTeMax IepefaBaHHA iH(popMmaIrii.

Biopmozonanvhi cuzHaniu yTBOPIOIOTHCA 32 TAKUM
OPaBUJIOM: O KOYKHOTO OPTOTOHAJIBHOTO CUTHAJY
IomaeTbeA mpoTuiaexHuii. TyT KigbKicTh cuUTHAIIB
M = 2N. Hatinpocrimuii i3 6i0pTOroHaJIbHUX — IIe
ancambap npu M =4. CurHaiu MamOTb OJHAKOBY
eHeprilo i MicTAThCcA Ha OAHAKOBil BimcTaHi Binm 1mo-
YaTKy KOOpAMHAT. SIK mpukJang ancaMbiio 6iopro-
TOHAJILHUX CUTHAJIIB PO3TJIAHEMO aHCaMOJIb CHUTHA-
JiB i3 YOTHPUIIOBUIINHOIO (DA30BOI0 MAaHIMYJIAIIEI0
(DPM-4). Bigcranp MiK HaAHOIMIKINMYI CUTHATbHUMU
TOUKAaMU IIHOT0 aHCaMOJII0 JOPiBHIOE \/ﬁ , @ Mi2K Ipo-
TUJIEKHUMU CTAHOBUTD 2\/E .

Cumnnexcni cuzhHaiu MiCTATHCSA Ha OMSHAKOBiI
BifcTaHi ofuH Bix ogHOTO. ¥ N-BUMipHOMY IIPOCTOPi
BOHU YTBOPIOIOTH IPABUJILHUN CUMILIEKC, KiTbKIiCTD
BepinuH Akoro M = N + 1. 3okpema, y IBOBUMipHO-
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My TpocTopi Iie Oyae PiBHOCTOPOHHiNT TPUKYTHUK,
a B TPUBUMIPHOMY — TeTpaeip.

fx 3asznaueno B [9], Haii6inbII epeKTUBHI CUTHAIb-
Hi aHcaM0.1i AicTaioTh BU60POM HE0OXigHOI KiThbKOCTi
CUTHAJIbHUX TOYOK i3 MBOBUMIPHMX HECKiHUEHHUX
penriTok. Ilpu mepemaBaHHI AUCKPETHUX IIOBimoOM-
JIeHb aHCcaMOJIb CUTHAJIIB CKJIaJaeThCA, AK IPaBUJIO,
iz M = 2* enemenris. Ilpu omiHIOBaHHI eeKTHBHOC-
Ti CUTHAJIbHOI KOHCTPYKIIii BPaxoBYIOTH ii cepemHio
€HEpPrilo Ta BiicTaHb MiK eJieMeHTaMu, 1[0 BU3HAYAE
3aBajoCTifiKicTh ancaMmbiio. CepenHA eHeprisa BU3HA-
YaeThCA AK CepeJHE CyMU KBaJpaTiB BicTaHen dl. Bixg
IoYaTKy KOOPAWHAT 0 i-1 CHUTHAJIBHOI TOUKU

1 &
R
i=1

Pospisuawors keadpamui Ta mpukymHi PeIIiT-
Ku. s aHcam0JiB Ha OCHOBI KBaApaTHUX PEIIiTOK
mpu k>4 MOKJIMBa alpoKCUMAaIlis cepegHbOl eHep-
ril CUTrHAJIBHOI KOHCTPYKILil. ¥ IIbOMY BUNAAKY OJIS
CUTHAJIBHOTO aHCAMOJIIO Y BUTJIAML KBaJipaTa CepeHsA
enepris E =(2/3) Zk IJIA XPecTOonogi6Horo ancaMoJIo
(nis memmapHUX k) E= (3 1/ 48)2k OCKiJIBKU XPecToIro-
Ii0HI KOHCTPYKIIil e)eKTUBHIIII Bifif KBaApPaTHUX, TO
€ CeHC BUKOPUCTOBYBATU XPECTOIMONi0HI KOHCTPYKILii
i nna nmapuux sHauveHb k. Hailikpamma ¢irypa, Korpa
Mae MiHiMaJIbHY cepelHIO eHepriio, € kojo. g aH-
caM0JIiB CUTHAJIIB, YKJIa/JeHUX Y KOJIO, CePe/IHs eHep-
rifi ampoKcHMyeThcs 3HaueHHAM E = (2/ n)2k a 1e
edbeKTUBHIiIE, Hi’K KBaJgpaTHa i XpecTonomibHa KOH-
CTPYKIIii.

OCKiIbKM y JBOBUMIPHOMY IIPOCTOPi VIIiJbHEHE
posmitmienusa (a oTiKe, i 3aBagoCcTiliKicTh) 3abesmeuy-
IOTh TPUKYTHI pemriTku, To aHcaM0bJi cursamiis, AKi
BUKODPUCTOBYIOTh TOUKHU TaKUX pelriTok, Ha 0,6 nb
e(peKTHUBHIII, HijK amcam06Jii Ha OCHOBI KBaJapaTHUX
PpemnIiToK.

'padiku, mo xapakTepusyioTh 3aaexHocTi BL(By)
O OesdKuX aHcaMO0JIiB ABOBUMIpHMX 0araTormosu-
MiAHUX CUTHAJIB, HaBeJeHO Ha puc. 1. 3HaUYeHHS
€HepreTuYHOI e()eKTUBHOCTI BUBHAUAJINCA 38 KPUBU-

Mu 3aBagocTiiikocti P, =f Qz) IJIsl 3aJaHOT0 3Ha-
1

—10-5 ~y =
uenHa P_ = 107°. Ilpu mpomy v; # v, =—, a TAKOXK
i
B 1 1
E~= A — 9 IO X IO YaCTOTHOI e(peKTHUBHOCTIL
E/G, @ i it ) )

TO BOHA BUBHAUAJIACA 3TiTHO 3 (DOPMYJIOIO
B, = log, M 2logy, M
F T,AF N
ne N — po3MipHIiCTh IPOCTOPY CUTHAJIIB.
Oxkpim Toro, Ha puc. 1 HaBeJeHO IpPaHUYHI KPUBi
Bg(Br) mra memepepsHoro (mexxka IllemHona), HamiB-
"HemnepepBHoro (HHK) i guckperHOro cuMeTpuuHOTO
ranaay (ICK).
Po3pisHA0TH ABa Kjaacu 0araTomosUI[iiHUX CUTHA-
aiB. Ilepiiuii yTBOPIOIOTL CUTHAM, B AKUX 3i 30i/b-
mieHHaM M mipu ¢dikcoBaniit posmipHocTi N Bimcraub

(1)
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Puc. 1. I'padiku enepreTuaHoi Ta 4acTOTHOI e(heKTUBHOCTI
cucTeM pagioss’a3Ky
Mi}K CHTHaJIaMH 3MEHINYEThCA, CYIPOBOMKYIOUNCH
BiITIOBiIHUM BHM)KEHHAM eHEePreTUYHOi e(qeKTUB-
HOCTI B . SIK IpUKJIan TAKMX CUTHAJIB HABEJIEHO KPU-
Bi g1a ®M-M i KAM-M.

Ilpukaagom apyroro KJjacy CHUTHAJIiB € GiopToro-
HaJIbHi, CUMILJIEKCHI Ta OpTOroHaJbHiI cCUTHAIU. Y
TaKUX CUrHaJIiB 3i 30inpinenuam M BigcraHb MisK
CUTHAJIBHUMHU TOUKAMHU 3pOCTa€, i, BiamosimHo,
30iabIIyeThbCcA eHepreTuuHa e(eKTUBHICTL 3a paxy-
HOK 3HMKEHHSA YaCTOTHOI epeKTUBHOCTI .

PospaxyHOK eHepreTuvyHoi e()eKTUBHOCTI I10B’ sI3a-
HUU i3 BU3HAYEHHAM BiJHOINEHHA CUTHAJI/IIYM i,
BiITIOBiHO, iMOBipHOCTI MOMHJIKOBOrO HPUMMAHHS
cur"aiy (iMoBipHOCTI TOMUIIKM).

Hnsa curnanie @M-M iMOBipHiCTHP MOMUJIKU IIPU
BEeJIUKOMY BiJTHOIIIEHHI CUTHAJI/IIIyM MOKHAa po3pa-
XyBaTH 3a HAOJIMKEHOI0 (DOPMYJIOI0
P 1-@|sin| = Eclog, M

mom ®M-M ~ M G() ’

2

(2

t

ne @(x)= J.e 24t

Gynruia Kpamna; E —
V27

eHeprida CI/II‘HaJIy.

3aBaJloCTifiKiCTh NpUIIMAaHHS CUTHAJIB i3 KBajpa-
TYPHOIO aMILIiTYJHOIO MaHIITyJSIli€eio B pasi BeJIMKO-
O BiJHOINIEHHA CUTHAJI/IIIYM MOJKHA OI[iHIOBATHU 3a
IOTIOMOTI'0I0 BUPA3y

(3)

me d,. — BificTaHb Mi’K CUT'HAJIaMH 3 HOMePaMH & Ta i.
Jia opToroHaJabHOI CUCTEMU CUTHAJIIB 3 OJHAKO-
BOIO €HePriero UMOBiIpHiCTh MOMUJIKY (OJHA ¥ Ta cama
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Ipu IepefaBaHHi 6y Ib-AKOT0 CUMBOJIa) BUPAYKAEThC

TAKKUM iHTerpajaom: )
M-1 2E,
T _[y_ 60]
[l+(y)] dy.

P 1 !
moMYM-M — 147
V8m =

ITpu npomMy IHMOBiIpHICTH IOMHJKU MOHOTOHHO
3MEHIIIYEThCA 31 3POCTAHHAM BiIHOIIEHHSA CUTHAJ/
Iy M.

AmuTuBHA BepXHA MerKa A5 WMOBipHOCTI mMOMMJI-
KU B TaKill cucTeMi oIiHI0EThCA (POPMYJIOIO

-e

1(M 1)|1-@ Ee
2 G

0

Ponamn < (4)

Kpusi 3samemxuocTi KoedillieHTa BUKOPHCTaHHSA
MOTYXHOCTI cuUrHaay Bif poamipHocti M amcam6.iio
CUT'HAJIIB JIJIsI CUTHAJIIB 13 6araToo3nIiiiHOI0 YacTOT-
HOI0, ()a30B0I0, BiJHOCHOO (ha30B0I0 i KBaAPATYPHOIO
aMILIITYHOIO MaHIMyJaAIi€I0 ITOgAaHO Ha puc. 2. 3Ha-
YeHHSA eHepreTuYHol e)eKTUBHOCTI BUSHAYAIMCS IJI
3a/laHOTO 3HAUeHHA P =107°.

By, AB
6 4
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Puc. 2. Eneprernuyna eeKTUBHICTH 6AraTONO3UIIHNX CUTHAJIB

IIpu mnopiBHAJIBLHOMY OI[iHIOBAHHI e(eKTHUBHOC-
Ti cucreM 0araTOHO3UIIIMHMX CUTHAIIB, 3a €TaJIOH
IOIiabHO OpaTu cucremy i3 curmajgamu ®PM-4, 110
HaJIeKaThb [0 KJjacy OioproromainbHuX npu M = 4.
3-IOMiK IPOCTUX CHUCTEM I cucTemMa Halie)eKTUB-
Himia. AKII0 MOYaTOK KOOPAUHAT IePEeHEeCTU B TOUKY,
1o Bigmosimae @M-4, To B HOBiii cuCTeMi KOOPAUHAT
10 BePTHUKAJIbHIiN oci Oyae BigyriuyBaTucs eHepreTuu-
Huii BUrpam AB, POSTIAHYTUX CHUCTEM MODiBHAHO
3 ®M-4, a 0 TOPU3OHTAIBHIN oci — BuUrpam Af, 3a
OUTOMOIO INBHUAKicTIO. TakumM umHOM, yci cucremu
mepefaBaHHs MOKHA YMOBHO IIOiJINTH HA YOTUPU
T'pyIu, IO BiAIIOBiZAIOTH YOTHUPHLOM KBaJpaHTaM Ha
TJIOIIMHI.

1. Manoedpextusui cucremu (III KBagpanr), 1110
MaioTh BifHocHO ®M-4 mporpam 3a B, i B, (manpu-
kaan, AM-2, YM-2).

2. CucteMu 3 BHCOKOIO €HEPreTHUUHOI0 e(peKTuB-
micrio (I KBagpanT), M0 3a6e3MeYyIOTh BUTpaI 3a B,
i mporpam 3a B, (cucTemMu nepemaBaHHA 3 KOPHUTY-
BaJILHUMU KOJaMu).
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3.CucreMu 3 BHCOKOIO UYACTOTHOIO e(eKTUBHic-
tio (IV kBagpanT), 1o 3abesnedyoTs BUTPAII 3a P
i mporpam 3a B3, (cucremu 3 6araromosuniiinoro OM
Ta KAM).

4. BucokoedextuBHi cucremu (I KBagpaHT), AKi
O3BOJIAIOTH OJHOYACHO NOCATTH BUTpaIlly 3a 0060-
Ma IOKasHUKaMu edeKTuBHOCTI B, i B, (curHambHO-
KOJOBi KOHCTPYKIIiT).

IloBepratouuch q0 puc. 1, 3ayBasKuUMO, IO HaBe-
IeHi TaM KpuBi e()eKTUBHOCTI AJIA IIUKJIIYHOTO KOIY
(ITK) i sroprroBoro koxay (3K) 3 mekomyBaHHAM 3a
anroputMom Bitep6i, ge n — mOBKMHA KOIOBOI II0-
CJiIIOBHOCTi; V — KOZOBe 0O0Me:KeHHA; R — IIBUI-
KicTh KOZy, IOKa3yioTh: 3acTocyBauusa IIK mosBoJise
OTPUMAaTHU eHepreTuuyHuii surpam AR, = 2...3 1B, a
3K — AB; = 5...6 1B B 00MiH Ha 3HMKEHHA 4acTOT-
HOl edexTuBHOCTI BABiui (Ha 3 ngB). 3acrocyBaHHSA
KacKaJHUX KOMiB J03BOJIAE MOCATTHU Ille OiJIBIIOTO
€HEePTeTUYHOT0 BUTPAIy I iCTOTHO HAGJU3UTHCA HO
rpaHnvHoOl KpuBOI AJnd ABifikoBux cucrtem. Enepre-
TUYHUN BUTPAIII ABE BiJl 3acToCcyBaHHA 3aBaJlOCTii-
KOr'0o KOAyBaHHsA Oyae TUM OibIInii, YUM BUIIA Bipo-
rifuicTh nepefaBanud (Yum Menue P ).

OcKiJbKY 3aBAAKU CydYacHi# eseMeHTHil 0asi Bu-
TpaTu Ha peasisaiiro IpUCTPOIB KOAYBAHHA i JeKOAY-
BaHHS 3HAYHO 3MEHIIIUJINUCH, TO «BaPTiCTh» BUTPAIILY
AP 332 pPaXyHOK KOQYBaHHA MOsKe OyTH iCTOTHO MeH-
mia Bifi BAPTOCTi TOTO caMOTO BUTPAIIY, OTPUMAHOTO
3a paXyHOK 30iJIbIIIEeHHA e HEPTEeTUKY KaHATIY 3B’ ABKY
(moTysKHOCTi IepefaBayua abo po3MipiB aHTEH).

CroinbHe 3acToCyBaHHA 0AaraTOMO3UIIMHUX CUTHA-
JIiB i 3aBalOCTINKUX KOAiB (IIMKJIYHOTO KOAY B KaHA-
i 3 @M i sropTroBoro Koy B KaHaii 3 KAM) mosso-
JIs€ OOHOUYACHO OTPUMATHU BUTPAII AK 34 €eHepreTuy-
HOIO, TaK i 3a YacTOTHOIO e()eKTUBHIiCTIO (260 IpUHAai-
MHi BUTrparil 3a OZHUM i3 ITIOKa3HUKIB).

V¥V pasi HesaJIeXHOTO PO3IOALNY MOMUJIOK Y KOIO-
BUX CUMBOJIaX 3 iMoOBipHicTioO momMmunku P iMOBip-
HiCTh TOTO, 1110 BUHUKHE MOMMJIKAa KPATHOCTI j B KO-
IOBill KoMOiHAIIl JOBXKUHOIO 1

ne
= ¢} PL(1-P) "
Ockinbru RO,ZI BUIIPABJIAE BCi MOMUJIKYU KPATHOCTI

(@-1)

BOI KoMOiHAaIii 3 HeBI/IHpaBJIeHI/IMI/I IIOMUJIKaMMI
3.

j=s;+1

IIpu nbomMy IMOBipHiICTH TOMUJIIKOBOTO IEKOAYBaH-
HsA KOJOBOI R0M61Hauii
n—j
IIOM .

jpi
IIOM KK — ch PHOM(
j=s;+1
Toni moxkasuuku edextuBHocTi cuctemu i3 CKK
BU3HAYAIOTHCA TaK:
Be=Bry +ABE, +ABE, >

Pr= BFM - ABFKK ’

s, = i MeHIII01, TO UMOBipHICTH OTPUMaHHA KOJO-

l'IOM KK —

()

(6)
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ne By, i Bp, — NOKASHUKM ePEKTUBHOCTI cuUCTEMU
MozayaaIii (aHcamMOJII0 CUTHAJIB);

AP gy — €HEPreTUYHUIl BUrPAI KOAYBAHH;

AB Fgg  BTPATH 4acTOTHOI e()eKTUBHOCTI 3a paxy-
HOK KOIYBaHHs (BU3HAUAIOTHCA IIBUIKICTIO KOOY-
BaHHA R);

AB g, — €HEPreTHYHUIl BUTPALI Bijl 3aCTOCYBaHHA
ONITUMAJBHOTO MAaHIMIYIAIiHHOTO KOAY.

HacamKinenp 3a3HaumnMo, IO IIPU IIO0Y0BI BUCO-
KOe(eKTHUBHUX CHCTEM HA OCHOBi CHUT'HAJIbHO-KO[O-
BUX KOHCTPYKIIifi OCHOBHUM OOMEXKYBAJbHUM (Pax-
TOPOM € HeMUHYyUe 30iIbIIIeHH CKJIAIHOCTI CUCTEeMH.
3aBIaHHA IOJATAE B TiM, abu mOOYAyBaTU CUCTEMY,
sAKa 3a0e3meuye BUCOKI MOKa3HUKU e(DEKTUBHOCTI 3a
MiHiMaIbHOI (IPUIYCTUMOI) CKJIAJHOCTI Ta BAPTOCTi
CUCTEMU.

Bucnosku

ITokaszaHo, 1[0 TOJIOBHUU HAIPAMOK ITiJBUIIEH-
Ha mBuakocti B8 CP3 i3 OFDM 6e3 3HMKeHHSA eHep-
reTuuHol e(@eKTUBHOCTI IOJsrae y BUKOPHCTaHHI
CUTHAJIbHO-KOMOBUX KOHCTPYKIIill, OTPUMYBAHUX HA
OCHOBI 3aBaOCTINKUX KOIiB i aHCcaMOJIiB CUTrHAIIB i3
HiIBHUM yKJIaganHEAM. Oco0I1MBO BICOKOI e(PeKTHUB-
HOCTi B ITIPOKOCMYTOBUX CHCTeMAax IlepelaBaHHsd iH-
dopmairii BIaeThcA JOCATTU 3aBAAKU BUKOPUCTAHHIO
3TOPTKOBUX KOMIB ¥ MOETHAHHI 3 aHCAMOJIAMU CUTHA-
aiB iz KAM.

Jlireparypa

1. Bnwnescknii, B. M. [lnpokononocHsle 6ecnpoBogHbie
cetu nepenaqn uHgopmaiun / [B. M. Buwresckmi, A. U. Jlsxos,
C. J1. loptHon, U. B. LLlaxHosny] — M. TexHocghepa, 2005. —
592¢.

2. IpuropseB, B. A. Cetv un cvctembl paguwogoctyna /
B. A. puropees, O. W. [arytenko, f0. A. Pacnaes.— M.: 3ko-
Tpenn3, 2005.— 384 c.

3. BonkoB, JI. H. Cvctembl uuchpoBovi pagmocsssu: 6a3o-
Bble METO/bl 1 XapakTepucTuku. y4e6. nocobue /J1. H. Bonkos,
M. C. Hemuposckwi, 10. C LLnHakos.— M: 3ko-TpeHgs, 2005.—
39%2¢.

C/10B0 HAYKOBUS

4. Cuerembl nogsuxHoi  paguocssan / [lep. ¢ nosbck.
W. [l. PyauHexoro; nog pen. A. W. Jlegosckoro.— M. [opsiyas
nmHns—Tenexom, 2006.— 536 c.

5. MMomexoycToHynBOCTL 11 3CHHEKTVBHOCTL CHCTEM nEpesda-
un uHehopmaum / Mox pen. A. T. 3ioko.— M. Paguo n cB3b,
1985—272¢.

6. Kyswnnos, 0. B. OcHosu Teopii 3aBaf0CTIVIKOro KofyBaHHs:
Hagy. nociunk / 0. B. Kyswwnos, O. I1. Jlexwiok, C. 1. IligeH-
yes.— K.: BITIHTYY «KTll», 2001.— 72 c.

7. Ungerhoeck, 6. Channel coding with multilevel: phase sig-
nals / G. Ungerboeck // IEEE Trans.— 1982.— Vol. IT-28, N°1.—
P. 55-67.

8. Hemuposcknii, 3. 3. [NonocHo-3chhexTnBHOE KOAMPOBAHYE
¥ Mogynaums s rayccoBckoro kaxana cesian. Y. 1./ 3. 3. Hemmpo-
Bekwia, C. I1. [NopTHont // 3apy6exHas pagnoanextpoHmka.— 1984.—
Ne8—C. 3-18.

9. Mopruok, €. JI. CurdanbHo-KofoBble KOHCTPYKUMMA Ans
BbIcOKOCKOpOCTHbIX Mogemos / [C. J1. MoptHow, C. Y. Opriokos,
L. A. ®nopkosckuii, 0. A. [pugres] // Paguorexunka.— 1997 —
N2 —C. 91-95.

10. baywes, C. B. [lepcriektyBbl pa3BuTis CUrHanbHO-KO[0-
BbIX KOHCTPYKLWMIA sl rayccoBekoro kanana cesiav / C. B. baywes,
W. E. 3anues, A. A. Skosnes // 3apybexHas pagnoanekTpoHnKa.—
1990 — N2 1.— C. 15-31.

11. baywes, C. B. [TocTpoexne curHanbHO-KoOBbIX KOHCTPYK-
uwi ¢ Hn3Kow BeposiTHoCTwio owmbkn / C. B. baywes, C. B. [pu-
ropwes // Pagnotextmka.— 1996.— N2 12— C. 12-14.

12. Caiixo, B. I. AnantvBHui po3nogin nigHOCIAHMX y nigka-
Hanax cuctem OFDMA / B. . Caiiko, C. B. Torwona // 38’530k —
2012—N21(97)—C. 13-17.

13. Caiixo, B. I. ViccnenosaHme CTaTUCTUYECKUX XapaKTEPU-
CTVK YaCTOTHO-CENIEKTUBHOrO KaHana cyucTeM 6ecnpoBogHO LMpo-
kononocHon paaguocssan / B. . Caiiko, C. B. Tomona, A. B. Xpa-
Herko // 38'a30k.— 2011.— N2 4(96) — C. 5-8.

14. Tomona, C. B. AHaniz meTogis ouiH0BaHHS napameTpis 6a-
raronpomeHesux kaHanig 38'a3ky / C. B. Torona, T. I'. [ypcekui,
A. |. Bockonosuy/ Bichmk YIKT.— 2011.— T. 9, N° 3.
C. 194-204.

15. Tomona, C. B. AHania icHywunx MmetopiB 3abesneyeH-
HS 3aBafo3axuieHocTi 3acobie pagioss’ssky / C. B. Tonmona,
0. M. Maxkap4yk// 3axuct iHgpopmauii— 2011.— N2 3(52]. —
C. 5-9.

C. B. Torwona, B. C. HakoHeunbii, H. B. L{bona
NOBbIWEHNE IO®EKTUBHOCTA CUCTEM PARUOCBA3N C OFDM .
3A CYET ONPEAENEHUASA ONTUMAJIbHbIX CUTHAJIbHO-KOJ0BbIX KOHCTPYKLUA
[penrioxen MeTon peLeHns aKTyanbHoN 3a[a44 — MOBbILIEHNS CKOPOGTY NEPenayn MHGopMaLwmy B CUCTEMAX PaanocBs3n 3a CHeT
COrnacoBaHus hopMbi MEpPeaaBaeMbIX CUTHANIOB M BALa MOGYNAUMN ¢ NapaMeTpoM KaHana cBA3v Ge3 [OM0SHNTENIbHOr0 PAacLLVpEHNS

[10710Cb! NPOMNycKaHna KaHasa v yBesim4ennsd MOLHOCTY Nepeaar4mka.

KnioueBbie cnoea: pagnocBA3b; PagnoTPaKkT; 3P (EKTUBHOCTb; CUTHAbHO-KOLOBbIE KOHCTPYKLMW; MEXCUMBOIbHAS HTEP(EPeHLNS;

KOPPEKTVPYIOLLAA Kof; BrIoyHbIA Kop,

S. V. Tolyupa, V. S. Nakonechniy, N. V. Tsopa
IMPROVING THE EFFICIENCY OF RADIO COMMUNICATION SYSTEMS IN OFDIVI
BY DETERMINING THE OPTIMAL SIGNAL CODE CONSTRUCTIONS IS VIEWED
Proposed a method of solving an actual problem to increase the data rate in radio communication systems due to the shape matching
of the transmitted signals and with the type of modulation parameters of the communication channel without bandwidth expansion and

increasing of transmitter power.

Keywords: radio communication; radio path; effeciency; signal code constructions; symbol-to-symbol interference; correcting code;

block code.
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