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METOIU 3ABE3IIEYEHHS 'APAHTO3JJATHOI'O 3B’ SI3KY
3 BILJIA 3 BPAXYBAHHSAM E®EKTY JOHIIJIEPA

Poszensnymo memoou xomnencayii 0onniepiecbko2o 3¢y8y 4acmomu, KUt GUHUKAE 6 NIIHIAX 36’ 53Ky 3 be3nino-
muumu nimanohumu anapamamu (BIUIA) uepes éenuxi wieuoxocmi ix pyxy 6iOHOCHO HA3EMHUX KOPECNOHOEH-
mis. 3anpononosano eUKOPUCMAaHHs Heopmo2oHatbhoi yacmomnoi ouckpemnoi mooyaayii (N-OFDM) cuena-
718, KA 0A€ 3MO2Y 3ACHMOCO8YSAMU CYKYNHICIb MeMOo0i6 KOMNEHCAYii OONNAEPIBCbKO20 3CY8Y YACMOmU Ha
nepeoasanviili cmoponi (6unepeddicysanvoi komnencayil) ma na nputiomuiit cmoponi (komnencayii Ha emani
yughposoi 0bpobKu), wo 2apanmysamume MaKCUMatbHe epaxyséanus epexmy Honnnepa.

Knrouosi cnoea:. 6esninomnuuil aimanehutl anapam, egpexm Jlonniepa, HeOpmo2oHAbHA YACMOMHA OUCKDEem-

Ha MOOYJIAYISA, NEIOM-CUSHAL, YACMOMHULL 3C)8.
Beryn

Bynp-sika TexHiYHA cUCTeMa paHo YH Ii3HO 3acTapi-
Bae€, 1 Ha 3MiHy ¥ MPUXOANTH HOBA, MOCKOHAIA. [Tomi-
OHI 3MIiHH BiJTHOCHO aBiaIlii Bke BigOymucs B cBiTi. CTBO-
PpIOEThCs Bee OUbIIE 1 OUTBIIE JIITAKIB, SKi YIPABIISIFOTHCS
6e3 monomoru mijoTa. Ilepen UMy OE3MiIOTHUMU JIiTa-
npHuME anapatamu (BILJTA) craBuThesl Garato pisHHX
3amad, y pisHuX chepax cydacHOro KUTTS. Tak, omHUM 3
MEpPCIIEKTUBHUAX HAMpsMIB PO3BHUTKY TEJIEKOMYHiKaIlil-
HUX CHUCTEM, 1110 OKPECIIMBCS B OCTaHHI POKH, € BUKOpHC-
TaHHA Oe3MIOTHUX JiTanbHuX amapaTiB (BILJIA) y skoc-
Ti PETPaHCIATOPIB, 10 BUKOHYIOTH 3aBJIaHHS 3 OpraHi3a-
il pamio3B's3Ky 1 PEeTPaHCHALIl IMOBIIOMIICHh Ta JaHHX
[1, 2]. Omnak, Bucoki mBuakocTi pyxy BIIJIA BigHOCHO
3eMJII TIPU3BOIATH JIO BUHHMKHEHHs edekry Jlommiepa,
TOMY, HaTPHUKIIAJ, ITpU 3acTocyBaHHi Moayisiuii OFDM y
crcTeMax 3B’ 13Ky HEO0OXiIHO BpaXxoBYBaTH IIEBHi il Biac-
TUBOCTI [3]: 3aJI€KHICTh MPABUJILHOTO JEKOTYBAHHS Jia-
HUX BiJ edekry Jlommuiepa; HeonTHMaIbHE BUKOPUCTaH-
HSl YaCTOTHOI'O [lialla30Hy; OCOOJIMBOCTI BUKOPHUCTaHHS
mBuaKoro meperBopends @yp'e (LUTID) st popmy-
BaHHS YaCTOTHUX (IIBTPIB.

Tak, npu 30UTBIIEHHI TONIIEPIBCHKOTO YaCTOTHOT'O
3CYBY I BIITIOBITHOCTI BUMOraM HaJiHHOCTI 3B’ sS3KY
HeoOXimHWi JocTaTHii 3axucHuii inTepBan OFDM-
CHTHAly, OJHAK SIK HACNIJIOK BiJOYBAaeTbCsl 3pPOCTaHHS
HEBHKOPHCTaHOI 00J1acTi 3aisIHOr0 YacTOTHOTO Jiarna3o-
Hy. /o mporo edexry Takok NPHU3BOIUTH 30LTBIICHHS
KUIBKOCTI ITiIKaHAIiB.

OCHOBHOIO TIPOOJIEMOIO BUKOPUCTAaHHS orepaii
[II1®, o He 3ragyeThes B OMHUCAX CTAHAAPTIB 3B S3KY
Ha ocHoBi OFDM, i mpo HasBHICTH SIKOi HE BKa3ylOTh

aBTOPH MyOJTIKaIlil, 1110 TIOBEPXHEBO PO3IIISAIAIOTH (i3H-
Ky Tporiecy o0poOkH, € mapasuTHi (a3oBi BUKPUBICHHS
KOMIUIEKCHUX aMIUTITYZl cUrHamiB. Lli BUKpuBIEHHS Cy-
npoBokytots IITI®. TIlpu Bukopucranni QAM-
JITOPUTMIB MOJYJISILT BOHU HE JIO3BONISIOTH IOCTOBIPHO
nekonyBaTtu iHdopMariito. OTxe, SKIIO HE BXHUTH 3aIl0-
ODKHUX 3aXOJiB, JOIIUIEPIBChKI 3CYBU YACTOTH MOXYTh
BHUKJIMKATH TOTIpIICHHSA sKocTi aemoxnyisii OFDM-
CHTHATIB 1 YacTi BiAMOBHM KaHaiiB 3B's3Ky [3], mo He
JIO3BOJISIE TAPAHTYBATH SIKICHE HAJAHHS TTOCIYT 3B’ SI3KY.

AJBTEpHATHBHUM IiJXOJOM JO YacCTOTHOIO PO3-
MOAITY BY3bKOCMYTOBUX 1H(OpPMAaIIHUX ITiJ-KaHAIIIB €
3aCTOCYBaHHSI METOJY HEOPTOrOHAJIBHOI YacCTOTHOL
muckpernoi Moayssiuii (N-OFDM), o 6a3yerbest Ha
BUKOPHCTAaHHI HaJ[PENEiBCHKOr0 YaCTOTHOTO YIiIbHEH-
HSl CUTHAJIIB TIPH JIOTPUMAaHHI BUMOT 0 SIKOCTI 3B’ SI3KY
[4,5].

CyTT€EBOIO BiJIMIHHICTIO LBOTO IiJXOAY € T€, IO
YaCTOTH MiJKaHAIIB MOXKYTh HE CHIBIAJaTH 3 MaKCHUMY-
MaMH  aMIUTITYJIHO-4YaCTOTHUX XapakTepuctuk (AYX)
4acTOTHHUX (PUIBTPIB, cuHTE30BaHKX Npu omnepauii [HTID,
i OyTH pPO3HECEHUMH 3a YaCTOTOIO MCHIIIC, HIXK Ha IIAPH-
Hy OKpeMo B3siToro (inbtpy. Lle mo3Bomsie nocuth opra-
HIYHO BpaxyBaTH IOMNIUIEPIBCHKHN 3CYB 4acTOTH y pasi
Horo BunukHeHHs. KommeHcauist BBy edexry donm-
nepa npu Bukopuctanni N-OFDM curnasiiB ckiagaeTbes
3 JIBOX €TaliB.

OcHOBHA YacTHHA

[TouaTkoBHM eTarioM, sIK BiJIOMO, € OIliHKa BEJH-
YHHH [[LOTO 3CYBY Ha €Tali BXOKEHHs Y 3B'5I30K 3a
Jlonomororo mioT—curHaiis. s 1IbOro Mo>xe BUKOPH-
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CTOBYBATHCs, HAIPHUKIAA, BIINOBITHA MOTUQIKAIlL
METO/y OIliHIOBaHHS [6].

Sk HalimpocTiMi BapiaHT KOMIIEHCAMIl JOMIlIe-
PIBCBKOTO 3CYyBYy MOXKE PO3IJIIAATHCS IONEPEAHs 3MiHa
Hecy4oi YacTOTH BUIIPOMIHIOBAaHOTO CHTHAJILHOTO IMaKe-
Ty Y CTOPOHY, ITPOTHJIEKHY HAIPSIMKY JOMILIEPIiBCHKOIO
3cyBy. Taky BuIEpemKeHY KOMIICHCAII0 TOCHTh He-
CKJIQJIHO 3po0uTH y Tporecopi (GopmyBaHHS HUPPOBHX
CUTHAJIB, IO MAalOTh ITOJABaTHCh HA BXiX LUPO-
aHamoroBux meperBoproBauiB (IIAIl) mepemaBaibHOrO
CETMEHTY.

3a3HaueHU BapiaHT KOMIIEHCAIIIT JO3BOJISIE JINIIIHU-
T He3MIHHUMU aiaroputMu nemonysiiii N-OFDM cur-
HaJiB Ha MpUHAMANBHIN cTopoHi. Takuii crocid BTpy4aH-
Hs y Tporec ()OpMYBaHHs CUTHAJIB Ha Ieperady MOoXKe
BHUKOHYBATUCh y CIIPOILIEHOMY BHUIJISII, KOJW JUIS BCIX
CHTHaIiB 0araTo4acTOTHOTO TAKETy BUKOPUCTOBYETHCS
OJTHAKOBHUI YaCTOTHHUH 3CyB, OLIHCHUI 3a YaCTOTOO IIi-
JIOT-CUTHAITY, SIKWi HapxoauTs 3 6opty BITJIA.

[lincraBoro Wit TAKOTO HEXTYBaHHSA PO30DKHOCTS-
MU HOMiHadiB migHecydnx 4actor y N-OFDM mnaxkeri €
BiZTHOCHO MaJli piBHI YaCTOTHMX pPO3HECEHb CHTHAJIB y
MIOPiBHSHHI 3 a0COMIOTHIM 3HAUEHHSM HECY4Ol YaCTOTH.

OpHak, y pasi HeoOXiJHOCTI TapaHTyBaHHS OMTH-
MaJIbHOTO MPUIMaHHS, Uil KOXKHOI 3 TiTHECYYHX MOXKe
pO3paxoByBaTHCh CBili 4acToTHWE 3cyB. [lpu mpomy

OLlIHKA JIOTIUIEPIBCHKOIO 3CYBY YacTOTH Fdop’ oTpU-

MaHa 1o niunor-curHany 3 BITJIA, mepepaxoByeTtbes y
a0COJIOTHE 3HAYEHHS PajliajbHOI IIBUIKOCTI PYXOMOTO
Hocis (BITJIA) 3a Bupazom:

Vr =] >Fdop’ D
ne | — moBxyMHA XBWII IIJIOT-CHUTHAIY, Fdop

OLIiHKA JIONTIJIEPiBCHKOT0 3CYBY YacTOTH.

Jam mis KoXKHOT i-01 TiIHECY40i PO3paxoBYETHCI
YaCTOTHA ITONPaBKa 33 BUPA30M:

Fdop,i :Vr /1 i (2)
ne || — moexuHa XBUII i-0f MiJ HECy4ol; siKa 3 IPOTH-
JISKHUM 3HAKOM BUKOPUCTOBYETHCS IIpH (OpPMYBaHHI
yacoBux BijutikiB LIAIl y ceanci nepenadi gaHux.

[leBHUM HEHONIKOM METONY BHIIEPEIKYBAIBHOI
KOMITEHCAIlii JIONIJIepiBCHKUX 3CYBIB YacTOTH Yy Iiepe-
JaBadi € HEOOXIJHICTh PO3LIMPEHHS CMYTH YacTOT, B
SKii Mae 30epiraTuch JIHIHHICTh aHAJIOTOBOTO TPAKTY
nepeaBaIbHOrO CErMEHTY.

Xoua 3a3HayeHe po3MMPEHH poOOY0i cMyry Yac-
TOT € TIOPIBHSHO HEBEJUKHUM, TPH 3HAYHIM MOTYKHOCTI
CUTHAJIIB KOXKEH JTOMATKOBHMIU KiJOTepIl JHIHHOI Iepe-
Jladi MO>Ke KOILITYBATH JIOPOTO.

Kpim Toro, He ciig 3a0yBaTH mpo 1M03acCMyroBe BU-
MIPOMIHIOBaHHSI, JUISl IPUTHIYEHHS SIKOr0 O0a)KaHO MaKCH-
MaJIbHO 3BY)KYBaTH e(eKTHBHY CMYTy niepeaadi. Tomy sk
anpTepHaTuBHUE miaxin y Bunaaky N-OFDM  moxe
MIPOIIOHYBATUCh KOMIIEHCALlisl JIOMIIEPIBCHKOTO 3CYBY
YacTOTH Tepe] ACMOIYJAINE0 Ha erami IdpoBoi 00-

pOOKM NPUHHATUX cUrHANMB. SIK 1 y BUNAAKy BHIEpe-
JOKYBaJIbHOI KOMIIEHCAL MpU TIepesiadl CUTHaNlIB, yCy-
HEHHsI BIUTUBY JOIIUIEPIBCHKHUX 3CYBIB YacTOTH Yy IpH-
HMadi paioniHii 38’ SI3Ky CIIUPAEThCS HA OLIIHKY 4aCTOTH
Hommiepa Fyop 110 nistor-curxany.

Hanani aHanoriyHo MoXKe BHKOPHUCTOBYBATHUCS
CIPOIICHUIA BapiaHT kKoMIieHcalli epekty Jommiepa 3a
YMOBH IMPUMNYIIEHHS PO 1HBapiaHTHICTH JOMILIEPiBCh-
KHX CBOJIIONIN HECY4ol YacTOTH 10 HOMIiHAJY IiJHECY-
yux N-OFDM mnaxery.

[MosicanMo e Ha MpUKIal BiOMOI HpoLERypH
JIEMOIYJISALIT CUTHAIIIB Y MpUAMayi, 10 BUKOPUCTOBYE
METOJ MaKCUMAJILHOI MPaBIOMOAIOHOCTI 32 PUITYIIICH-
HS TPO HEKOPENbOBAHICTh 1 TayCCOBCBKUH pPO3MOILT
IIyMiB.

Bignosimuuii iHGoOpManiiHuiA eKBiBaIeHT §YHKIIIT
MpaBJOIONIOHOCTI It AiCHOT (pOpMU TpencTaBICHHS
cyMu M rapMOHIWHUX CHTHAJIiB Ma€ BUTJIS.

N .2
_2 1 M fi
L=4 [Ug- & amcos(met(s- 1)+fm)y , (3
s=11 m=1 b
200, AKIIO TO3HAYUTH
(o S _ ; _
am =@y, cosf , ay, =a, sinf ., pms—,TO
=w,,, Dt(s- 1)
(dbopmyna Mae BHI;
N .2
_Si Mo S H
L=a [Ug- & [&y C0SPpg - 8p SNPygly (4)
s=11 m=1 b
- =min,

ze, Ug — Hampyra CUrHAIIBHOI CyMillli B S — Y 4acoBo-
MY BiJUTIKY;

&m _ aMIUTITyJ]a M-ro rapMOHIYHOTO CUTHAIY;

S — 3arajiipbHa KUIBKICTh YaCOBUX BIJUIIKIB, IO M-
JaroThest 06pobir (S3 2M);
S — nopsiikoBuit HoMep Bimtiky ALl B Mexax curha-
JILHOT BUOIPKH;

Wiy, — BiloMa pajiaibHa yactora M-i migHecy4oi 3

MHO)KUHH 33/IJaHUX 32 YMOBHU BiJICYTHOCTI JIONILIEPiBCh-
KOro edeKry;

f m= IIo04YaTKOBa (1)8,33 M-ro CUrxHaiy.

[MpuBenena mporeaypa KOMIEHcAIl JonIuiepiB-
CBKOT'0 3CYBY YacCTOTH Ha eTarl 1u¢poBoi 00poOKH mpu-
WHATUX CUTHAIIB MOXKe OyTH Moau(ikoBaHa BBEACHHSM
Y YacTOTHO 3aJCKHUI apryMEeHT PjygIONPABKH JOMII-

JIEpiBCBHKOI'0 3CYBY 4acToTu Dp , a came:
Pms = Wy, +Dp) Dt(s- 1), (5)
ne Dp = Zdeop' (6)

Binbm TouHe BpaxyBaHHS JONILIEPIBCHKOTO 3CYBY
YaCcTOTH TOJISATa€ Yy 3aMiHI YaCTOTHOIHBapiaHTHOI MO-
npaBku (6) Ha BeMUYUHY:

Db, m = 2PFyop,m ()
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10 3aJICKHUTH BiJl HOMEpa MiHECYJY0i YaCcTOTH 1 BU3HA-
YaEThCS BIAMOBIIHUM JOMIUICPIBCHKUM 3CYBOM Ta BHU-
KOPUCTOBYETHCS MPH (POPMYBaHHI CUTHAIBHUX MATPHUIh
JMEMOAYJIALIT TaHHUX.

BucHoBxku

Taxum ywmHOM, Ha BimMminy Bing OFDM, meron N-
OFDM nosBomsie kommeHcyBatu edekt Jlommiepa He
TIJIBKH [UISIXOM BHECEHHS BHIIEPEDKYBAIBHUX YacTOT-
HHUX 3CYBIB TIpH (DOPMYBaHHI CHUTHAJB y IepeaaBadi
paniodiii, a i Ha erarni oOpOOKM MPUHHATHX CUTHAJIB.
BpaxyBaHHs JOMIUIEPIBCHKUX 3CYBIB NPU LEOMY MOXE
3IIIICHIOBATHCD, SIK JUISI BCHOTO MAKETY, TaK i JUIsl KOXKHOT
ITiIHECY4O0i YACTOTH OKPEMO.

[NoeananHs 000X 3a3HAYCHMX IMiIXOMIB 0 KOMITCH-
calii 4acTOTHOTO 3CyBY T'apaHTyBaTHME€ MaKCHMaJIbHE
BpaxyBaHHs edekTy Jommiepa, 10 T03BOIHUTH MiHIMI3Y-
BaTH MOXHMOKH AEMOIYJAIIl W IiJBUIIUTH MIBHUIKICTH
rapaHTO3/IaTHOr0 OOMiHy JaHWMH 3 OOPTOBOIO amapary-
poto BIIJIA, 1110 MaroTh BUCOKI MBHAKOCTI PyXY.
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HanpionanmbHOro TEXHHYECKOTo YHUBEpcUTeTa YKpaunnsl “ KneBckuii nonmurexHnueckuii mHCTUTYT” , [TonTasa.

METO/Ibl OGECIIEUEHUS TAPAHTOCIIOCOBHOM CBSI3U C BILIA
C YYETOM 29 ®PEKTA JOHIIJIEPA

B.U. Cniocap, A.A. Tpouko

PaccMoTpeHbI MeTOIbI KOMITEHCAIMH AOTILIEPOBCKOTO CMEIIEHHUSI YaCTOThI, BOSHUKAIOIIETO B JINHHSX CBS3H ¢ Oec-
MMJIOTHBIMH JieTaTebHbIMU armapatamu (BITJIA) BeencrBre OONMBIIMX CKOPOCTEN MX JBUKEHUS OTHOCHTEILHO HA3eM-
HBIX KOPPECITOHAEHTOB. IIpeIoKeHO HCIIONB30BAHUE HEOPTOrOHAIBHOM YacTOTHOM auckperHod momynsmmu (N-
OFDM) curnajioB, Mo3BOJSOIIEH MPUMEHSTh COBOKYITHOCTh METOIOB KOMIIEHCAIIUH JOMILIEPOBCKOTO CABHIA YaCTOTHI
Ha Tepearoneiil CTopoHe (orepesKaromieif KOMIIEHCAIIMK) U Ha TIPUEMHON CTOpOHE (KOMITEHCAIMU Ha 3Tare uppoBoi
00paboTKH), 4TO OYIET rapaHTHPOBATh MAKCUMAJIbHBIN ydeT addekTa Jlommiepa npy I1eMOTY I JaHHbIX.

KiroueBble cjioBa: OCCITUIIOTHBIN JIeTaTeabHBIN ammapart, 3¢ ¢ekt [ommiepa, HEOPTOrOHANBHAS YaCTOTHAS
JIUCKpPETHAst MOMYJISIHS, TUIOT-CUTHAJ, YaCTOTHBIH C/IBHT.

METHODS OF MAINTENANCE OF THE GUARANTEED COMMUNICATION
WITH UAV TAKING INTO ACCOUNT DOPPLER'SEFFECT

V.l. Slyusar, A.A. Trocko

Indemnification methods Doppler shift of frequency which arisesin communication lines with UAV because of
the big speeds of their movement concerning land correspondents are considered. Use of not orthogona frequency dis
crete modulation (N-OFDM) signals which gives the chance to apply set of methods of indemnification Doppler fre-
guency shift on the transfer side (advancing indemnification) and on the reception side (indemnification at a stage of
digital processing) is offered, that will guarantee the maximum account of effect of Doppler.

Key words: unmanned aerial vehicles, Doppler's effect, not orthogonal frequency discrete modulation, the pi-
lot-signal, frequency shift.
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