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Teoperiuni ocroBn eTBopers i BUKopHcTanu:A indyopmanifimx Texuosoriii

YIOK 621.396.93

M.B. Maasapuyx,
B.1. Carocap

NEPCNEKTUBHI IHOOPMALLIUHI
TEXHONOTII 3B'A3KY 3 BE3MNINOTHUMMU
AITARBHUMU ANNAPATAMM

IcToTHe posmIMpeHHA 3aCTOCYBaHHA 0e3Ii-
JOTHUX JgitanbHux amapatiB (BIIJIA) B inTe-
pecax 30poiiHMX CUJI OPOBigHMX KpaiH cBiTy
00yMOBJIEHE IIMPOKMMM MOSKJMBOCTAMM IX-
HBOTO BUKOpMCTaHHA. B Toii sxe uwac BILJIA,
10 € Ha 030poeHH] B YKpaiHi, icTroTHO Bincra-
I0TH Bij] PIBHA PO3BUTKY 3aKOPJIOHHUX CUCTEM,
yepes II[0 BXKMBAETHCA HM3KA 3aXOMIB, CIIPsA-
MOBaHUX Ha OcHaIleHHA 30poitanx Cua YK-
painn soBumu BILJIA. Sokpema, y 2008 p. Oy-
Ja 3[ilicHeHa 3aKymiBJiiaA OesmijioTHOro asia-
LITHOTO KOMILJIEKCY i3paisibChbKOro BUPOOHMIT-
TBa IJIA OTPMMAaHHA JOCBILYy eKcIIyaTallil i1
3a0esneyeHHsa BUPOOHUIITBA  AHAJOTIYHUX
KOMILJIEKCIB Ha BITUMBHAHUX IIiNIPUEMCTBAX.
OxpeMyMH 3 HUX BeOyThCsA iHiIiaTUBHI pobo-
T 31 CTBOpeHHA HOBiITHIX 3pas3kiB BIIJIA.
Pospobsiena Konuennia ocuamienHsa 30poii-
Hux Cui Yrpainu 6e3misoTHMMY aBiamiiHIMMT
KoMILIeKcaMu Ha mnepiox mo 2025 poxry.

OcHoBHMMM TOpPOOJEMHVMMY NUTAHHAMU, 3

AKMMMU 3IIITOBXYIOTbCA po3pobHuKy BILJIA, €:
— HeoOximuicTs ocHamenusa BILJIA cy4acHum
PEeTPaHCIALIMHNM 1 pO3BiLyBaJIbHUM 00T~
HaHHAM, CTBOPEHHA B3aXMIIIEHMX Bif 3aBaj
KaHAJIB YIIPAaBJIHHA Ta Mepefadi NaHUX;

— HM3bKAa PO3BIA3aXUIIIEHICTb KaHAJIB 3B’ A3KY;

— 23abesreyeHHA B YMOBaX 00MEsKEHOro JacTOT-
HOTO pecypcy BUCOKOI IIIBMJIKOCTI Ilepeaayi
JaHNX y KaHaJi 3B’A3Ky (no 50 Mbit/c, Biamo-
BinHO 110 crannapty HATO STANAG 4609).

Tomy akTyaJbHMM HAIPAMOM HAYKOBUX
JIOCJIIYKEHDb € MOUTYK MEeTOiB MOJYJIALII cur-
HaJIiB, II0 IO3BOJIAIOTH BUPIIINTY 3aBIaHHA:
— 30isbIlIeHHA PO3Big3aXMIIEHOCTI KaHAJiB

3B’A3KY i1 KepyBanHAa BILJIA;

— MiIBUINEHHA 3aBaJI03aXMUIIEHOCTI pajioka-
HaJIB Ilepefiadi JaHMUX Ta IXHBOI IIPOILYyCK-
HOI 3/IaTHOCTiI B yMOBax 3aBag,.

Memoto craTTi € OOIpyHTYBaHHA 3aCTOCY-
BaHHA IIEPCIEKTMBHUX 1HPOPMAITHUX TeXHO-
JIorint i 3abe3redeHHA 3B’ A3KY 3 0e3MiIoTHM-
MU JITaJBHMMM anapatamy 3paska 2025 poky.

Cxoin BKazaTu, 110 CUTyallid 3 PO3POOKOI0
pazniosacobiB pna 3B’asky i3 BILJIA y cBirti
CBOTOJIHI XapaKTepU3yeETbCA PISHOMAHITTAM
ninxonis. [IeBHY 94aCTKY MidKHAPOJTHOTO PUHKY
3aliMalOTh CUCTEMU i3 TpaaUIliiHMMIY, ITIepeBi-
PeHUMM MIPOTATOM 0araThboX POKIB MeTomaMu
MOJYJIALIl CUTHAJIB.

Paszowm 3 ™M, 3a3Ha4eHi BuUIIle BMMOIM 11100
MIPOIIYyCKHOI 37JaTHOCTI pajioJiHiil 3B’A3KY i3
BIIJIA 3MylUIyoOTh PO3POOHUKIB IITyKaTU HOBi
OiXoaM no BUPIIIeHHA MPoOJeMu IigBUIIeH-
HA LIBUJIKOCTI Iepenadi JaHmx 3 OaraToceH-
coprux naatdopm y ckaani BIIJIA. Onanm 3
e(peKTUBHMX HaIpAMIB € BUKOPUCTAHHA
OFDM wmopnymnariii curHasiB. Cepen mepiimx
MIPOEKTIB, B AKOMY JOCJiJ’KyBaJach MOMKJIV-
Bicte 3actocyBanHa OFDM wmopymanii gma
3B’a3ky 3 BILJIA, coixg BrasaTu IIPOEKT
MinuteMan, mo c¢inancysaBca Office of
Naval Research (ONR) i 3miricHioBaBcA 3
2000 pory menapTaMeHTaMM eJIETPOTEXHIKU i
KOMITBIOTEPHUX HayK yHiBepcuTtery Kasidop-
Hii y Jloc-Anxenoci UCLA [1] (puc. 1). MeTa
IPOEKTy — PO3POOKa CUCTEMM PAIiO3B’A3KY I
o0MiHy mamyMy cui JoTy 3 6e3miJoTHMMM T0-
BITpAHMMM, HAJBOJHMMM i HA3eMHUMM arnapa-
Tamn. Cepe; HAIPAMKIB IIPOEKTY CJIi BUMIJIATHI
HACTYIIHI: pOo3po0Ka (PYHIAMEHTAJbHIUX OCHOB

M:
Conto! o

Minuteman: Algorithms and Protocols for
Network of Autonomous Agents

©

Puc. 1. Cymnicms npoexkmy MinuteMan
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opranizariii pyxomoi 6e31poToBOi iIHTEJIeKTyaIb-
HOi Mepesxi 3B’ABKYy — “iHTepHeT y Hebi”; Ha-
JIaHHA OUHAMIYHUX [IOCIYT AJA IIoTped Mepesk-
HOTO OOYMICJIEHH; OpTaHi3allisa BiMOBOCTIIKOTO
3B’A3KY 1 caMopeKoHpiryparii Aj1a po3momiry
indpopmariii B peasibHOMY MacuiTadi gacy, Kepy-
BaHHA 337]aUaMl, CUTYaTUBHA IIOBEIHKA B CyM-
HIBHOMY HaBKOJIMIIIHBOMY CepeIOBUIIL; IIepeia-
4a roJiocy, Bimeo, 300pasKeHb, JaHUX Y Peaib-
HOMy MacITabi gacy 3 aganTuBHUM QoS (Qua-
lity of Service) i kepyBaHHAM pecypcamy; me-
penaua rosiocy, Bizeo, 300paskeHb, JaHUX Y pe-
aJIbHOMY MacHITadi gacy.

fIx BapianT 3actocyBanusa OFDM curnasis
B paxiosiniax “BIIJIA — nasemHi aboHeHTN”
JIOLIIJIBHO HaBEeCTU IIPOEKT IHCTUTYTY eJek-
TPOHIKM Ta 3B’A3KYy YKpaiHcbkoi axagemii
HAyK 31 CTBOPEHHA CUCTeMMU Ilepeniadi TaHUX
Ha 0asi BucoruHoro BIIJIA (CIII “daeton”).
IIpu nepenayi naHNX y NpAMUX KaHAJaX B IIbO-
My IIPOEKTi IIPOIOHYETHCA BUKOPMCTOBYBATH
craggapt DVB-S 3 mogyasariero OFDM-256, a
IpM Iepefadi y 3BOPOTHMX HaIpAMKax (3
3emJi Ha 6opT BIIJIA) — cTaHgapTy MHOYKUH-
Horo poctynry TDMA ta FDMA. [ianazon
gactor OFDM curnanie craggapry DVB-S,
BUIIPOMIHIOBAaHMX y 30HY OOCJIyrOBYBaHHA,
cranoBuTbh 11,7—12.5 I'T'11, cmyra oHOro pamio-
kaHaJy 3a piBHeM Minyc 30 gb carae 40 MI'.
T'parnunmii pagiyc 30Hu 006CIyroByBaHHSA Of-
HOIO ILieHTpaJsibHOI0 craHIliero BILJIA mpu za-
OesnevueHHi yMoBM NpAMOI pasioBUAMMOCTI,
noryskHocTi nepenasada 50 MBT Ta inTeHCUB-
HocTi ortafiB 710 40 MM /TOJT 3aABJIEHO Y MeKaX
50—60 kM. Paszom 3 TuM, 3a paxyHOK 306iJb-
IIIeHHsA IIOTYKHOCTI 6GopToBOro mepenaBaua
paziyc B30HM IIOKPUTTA CUTHAJaMM OJHOTO
BILJIA moske OyTu 30inbiienuit no 250 xm.

Coig BKasaTu, 110 B3araJi BiliCbKOBUII Ha-
npam 3actocyBanaa OFDM curxasisB moctiiino
posumproetbed. Tak, dpipma Nova Engineering
BiK€e KIJIbKa POKIB IIPOIIOHY€E KOMILJIEKTU 3B’ A3-
ky gia BMC CHIA, axi peasizyoTb ITPUHITAI
OFDM Ta BunyckatoTbeda cepitno (HDR LOS
Radio Modem). ¥ cyxomyTHux Biricbkax HATO
3’ABUJINCHE CHCTeMU 3B’A3KY, 110 BUKOPUCTO-
BYIOTH BiliCBKOBY Bepciio npotokosy 802.11g
(OFDM), ii BupobHMIITBO OCBOiJa HimepJsaHg-
ceka pipma MobiComm.

AMepukaHcbKa koMIaHig Aeronix Inc. mpo-
IIOHy€ TOTOBiI MOJEMHIi pillleHHA NIJIA IBOCTO-
porHbOrO 3B’A3KYy 3 BIIJIA B cyuyacHOMYy cTaH-
mapti WIMAX 802.16.2004 [2]. IIpn npomy Ha
BizmcTaHi 10 75 MOPCBKMX MUJIb 3a0e3I1euyeThb-
cA IUBUJIKICTL mepenaui maHmx Bixg 12 1o
65 Mb6ir/c. T'abapurai posmipn mMozmema cra-
HOBJIATH 24 KybOiuHmMx pmroiimiB, Bara — OJm-
3bK0 360 r. Icuye I miHiBepcia monmema aJia
cunopamxenasa manux BILJIA,| axka BnucyeTrbesa
B 00’em 10 kyOiuHMx nroiiMmiB i Mae Bary Osm-
3bK0 150 r. MoneMy mpalioTh B Jiala3oHax
5,725—5,825 I'T'i1 ra 4,5—4,8 I'T'11, B HUX hop-

My€eTbCcA BinmnosimHo 4 Ta 9 KaHAJIB 3B'A3KY 3
IIMPUHOI0 cMyru npomnyckanHa 17 MI'm Ilpnu
00po0Ili CUTHAJIB 3aCTOCOBYIOTHCA MIBi IIPOMIK-
Hux gacrory: 20 MTI'1p ta 570 MTI'. 3ageskHo
Bif maspHOCTI 3B’A3KY, mBUAKOCTI pyxy BILJIA
Ta 3aBaJI0BOI 0OOCTAHOBKM MOKYThb 3aCTOCOBY-
BaTUCh pidHi Buau moxpysAnii. Ilpu 1ibomy Big-
TIOBIJHO 3MIHIOETHCA MaKCUMaJIbHA IIPOITYCKHA
3naTHiCTE A0 BesmumH: 6,0 Mo6it/c (BPSK);
15,0 M6ir/c (QPSK); 22,5 Mbir/c (8PSK1);
30,0 Mbit/c (QAM16 abo 16PSK1); 65,5 Mbirt/c
(QAMG64). CyTrreBo, 1110 HaOiliHNI 3B’ A30K 3a-
OesneuyeTbCA MIPY MAaKCUMAJIbHOMY JIOMILIEPiB-
CbKOMY 3pYLIEHHI 4acTOTH, 110 BiATIOBiga€ B3a-
€MHIiI IIBUJKOCTI IIYHKTIB IpuiioMy Ta Iepe-
maui maamx 2500 Mmab /rom.

Oxpim moxynsanii OFDM ocHOBHUII aKIJeHT
Mae OyTum 3pobjeHMiT Ha BUKOPUCTAHHI Me-
TOAiB GaraTokaHaJbHOI 0OPOOKM CUTHAJIIB, 1110
y cuctemax 3B’aA3Ky 3 BILJIA moske 3xiiicHIO-
BaTHMCA 3a ABOMa Hampamamu. Ilepmii 3 HUX
b6asyeTbcAa Ha 3aMiHI TpaAULIHUX aHTEH
muPOBUMN AaHTEHHMMM pPeIIiTKaMu (CKOpo-
ueHo ITAP) 3 Bukopucranaam Texsosorii MIMO
[3]. Opyruit HanmpaAM IOJATAE y IIiABUIIEHHI
MIPOIIYCKHOI 3JaTHOCTI KaHAJIB 3B’A3KYy IIpU
oOMesKeHill CIIeKTpaJIbHIM cMy3i 3a paxyHOK
BUKOPMCTAHHA HaJpeJeiBCbKOro yIijJbHEeHH:
CUTHAJIB 3a 4aCTOTOIO.

Y Bumagky sacrocyBaHHA TexHosorii ITAP
HiABUIITYETHCSA 3aBaJIOCTINKICTE 3B’ A3KY. Ilepe-
xin mo ITAP no3Bosisge 3a0e3meunTyt 0HOYACHY
pobory 3 kimbrkoma BIIJIA Ha OonHYy aHTEHY B
MHOPIBHAHO IIIMPOKOMY IIPOCTOPOBOMY CEKTOPI,
110 TO3BOJIAE PO3IIMPUTH KiJBbKICTb B3a€MOiI0-
4yx 3ac00iB peTpaHCALii Ta po3BiAKIL

BaratonpoMeHneBe IOMMPEHHA pPajioXBUJIb
Ha IlepecideHili MiClIeBOCTI 71 MHOYKMHHI IIepe-
BiIOMTTA CUTHAJIB POOJIATE aKTyaJILHIM BUKOPV-
cranHa A 38’a3Ky 3 BILJIA Texnosorii MIMO,
1110 TaKOK 0a3y€eThbCA Ha 3aCTOCYBaHHI B 3aCO-

0ax 3B’ABKY IM(PPOBUX AHTEHHUX PEIIIiTOK.

OnHMM 3 IepIINX IPUKJIAIIB BUKOPUCTAHHA
MIMO TexHOJOriI 134 3B’A3KY 3 JITAJbHUMU
armapaTtaMy € peaJisaliis IBOAHTEHHOI Ilepe-
Jadi TeJeMeTPUYHMUX JAaHUX 3 0opTa JiTajsib-
HOTO amnapaTa Ha Ha3eMHY CTaHII0 TeJje-
MeTpii [4]. IToyaTok MKy ITyOJiKalii 3 JaHoi
TemaTuku paryerbesa 2002 p. Toxi B [5] Oyia
IPOJEeMOHCTPOBaHa e(EeKTUBHICTE 3aCTOCy-
BaHHSA HaMIIPOCTIIIOI cXeMM IIPOCTOPOBO-Ya-
COBOTO KOJYBaHHA 3a aJITOPUTMOM AJaMOyTi
I BapiaHTa “2 60PTOBI aHTEHM — OOVH Ha-
semMHnit npuiimad”’ (cxema MISO, “Gararo
BXONiB — oauH Buxin’, puc. 2). HaasHicTb
IBOX aHTeHH Ha kopryci BIIJIA possosmia
BUPIIIMTY IIpO0JIeMYy WiATPUMKM HaOIHOTO
3B’A3KYy IIPM pPIBHMX OpI€HTALIAX KOPIyCy
BIIJIA BiZHOCHO HaNpPAMKY Ha Ha3eMHY
cranniro. Hamani B [6, 7] na cxema mmpocTopo-
BO-YacOBOIO KOZYBAaHHA OJlepskaja OiJjbIl
rauboKe TeopeTMdHe OOIPYHTYBaHHA, a BU-
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hys, (t _To)

Puc. 2. Tunosa cucmema MIMO 3a cxemoro
“291” npu eupiwenni 3a80aHb 60PMOEOL
meaemempii

KJazeHi B [8] eKcriepuMeHTaNbHI Pe3yabTaTu
OiATBEPANJIN JI0TO CIIPaBeIJINBICTE. Y MHifIcyM-
Ky OyJia eKCIIepyMeHTaJIbHO JJOBEeJIeHa CTallio-
HapHicTBb KoedinieHTiB nepenaui MISO kana-
JIy MIPOTATOM [EeKIJIbKOX CEeKYHJ IIif Jac Bin-
CYTHOCTI MaHeBpPYy JITaJbHOTO amaparta. Lle
CTBOPWJIO IIEPEeNyMOBU NJIA PO3POOKM OisibImn
npocyryTux MIMO-pimniens, 1110 BUKOPUCTO-
BYIOTb DaraToesieMeHTHi aHTEeHHI PelIiTKN.

IIpuummun MIMO BUKOPUCTOBYETBCA, Ha-
IPUKJIAM, AJA IPpUiioMy HaHUX Bixm 60pToBMX
ceHcopiB BeprosiTHOro MiHi-BIIJIA, po3pob-
Jenoro @payHropepcbKUM iHCTUTYTOM XiMiu-
uux texuHosoriii (PPH). Binmosigua 4-eje-
MeHTHa aHTeHHa CUCTeMa IIpuiiMaJbHO-IIepe-
IaBaJbHOI cTaHMii 3B’a3ky i3 BIIJIA y miama-
30Hi gactot 2,4 I'T'11 (puc. 3) 6yna npexncrasie-
Ha Ha Buctabil “TechDemo 08”, 110 mpoBoam-
Jaca y BepecHi 2008 p. Ha BIifICBKOBO-MOP-
cbKiil 0asi OxkepHpbopae (PPH) y pamrax
Pobouoi nporpammu HATO nio 60porsbdi 3 Tepo-
puamom (DAT) Koudepenriii HallioHaJbHUX
IupekTopiB 036poens (CNAD).

OCHOBHOIO YMOBOIO YCIIIIIHOTO 3aCTOCYBaH-
ua MIMO-cucreM, AK BiZIOMO, € CTaIlioHap-
HicTb KoedilieHTIB mepemadi pajsiokaHasy 3
MOMEHTY IXHBOTO OIliHIOBaHHSA J]0 3aBEPIIIEeHHA
nepejadi MacuBY JaHUX. 3PO3YMLJIO0, IO JJIA
magomByakicHux BIIJIA 11i yMOBU IOTPUMaTH
HabaraTo mpocTillle, HIdK JJIA IMIBUAKICHUX, O-
HaK I[IPM [IPUIIOMI CUTHAJIB y peskuMi BigcyT-

Puc. 3. Aumenna cucmema 36’a3xy 3 BIIJIA
3a npunyunom MIMO

HocTi mpamoi Bummmocti (N-LOS) ymosa
IICeBJOCTAIlIOHAPHOCTI KoeillieHTIiB nepenadi
CUTHAJIIB II0 Tpaci iXHbOro IOIINPEHHS TaKOMXK
Moske OyTu npuiinATa it gia BITJIA, o pyxa-
I0TBCA 3 BEJUKOIO IIIBUIKICTIO.

IlepcniektuBa nommpenua BILJIA B 6oiio-
BUX IOPAAKAX Cy4acHUX BificbK pobuTb He0b-
xXimHUM 3abe3redYeHHsa OJJHOYACHOI0 3B A3KY 3
kinbkoma BIIJIA, 1110 mepebyBaTh y MOJIBOTI.
Y npoMy BUITAJIKYy 3aCJIyrOBy€ Ha yBary ysa-
rasibHeHHA TexHosorii MIMO, 1o omepsxaja
HaviMernyBaHHA MyJabTN-MIMO. Ilpuraanom ii
edeKTMBHOrO 3acTocyBaHHA € pobora [9], y
AKiT 0araToOKOPUCTYBaJIbHUI[bKE y3araJbHeH-
A MIMO 3amporioHoBaHe AJ1A TPOIOC(EPHOTO
3B’aA3Ky. Tpeba, omHak, BiA3HAUMTHM, III0 IIPO-
OJIeMHMM TIUTAHHAM 3abe3nedyeHHA 3B’A3BKY i3
BILJIA B 6oii0oBUX yMOBax € 3abe3ledyeHHA Hal-
1/iHOI nepenadl JaHUX B YMOBaX BILIVMBY aKTUB-
HUX Tepelnkop. JloHenaBHa il mpobJieMi mpu-
JiyAnaca HemocTaTHA yBara. ToMmy nopebye yBa-
IV POBIJIAL MOMKJIVBUX ITIIXOJIIB JIO ITPYTYIIIEHHA
aKTMBHUX II€PEIIKON y 0araTOKOPMCTYBaJIbHI-
npkint cucremi MIMO, mo 3abe3nedye omHOYaC-
HIIE 3B’AA30K 3 KinbkoMma BILJIA.

TpaaumiiHUM MAXONOM 10 MIPUAYIIEHHSA
nepemxkon y cucremi MIMO moske 6yt chop-
MyBaHHS HYJIB y fiarpaMmi cHpAMOBaHOCTI
BTOPMHHMX IIPOCTOPOBUX KaHAJIB HUEQPOBOI
anTeHHol pemriTkn (ITAP). AsnbprepHaTUBHUINA
BapiaHT, 3aIIPOIIOHOBAHMII, HaIpuKIaz, B [10],
IoJIATa€ y 3aCTOCYBaHHI ABOETAIHOI IIpolie-
OypU JOeMOnyJAlil aMIUITy[d II0 BUXOJaM
npuiiManbpHux kKaHatis IJAP. CTocoBHO MyJIb-
Tu-MIMO cuctemm npm IIbOMYy MOXKHA PO3-
TJIANATY OBa BUIAIKMA:

a) CUTrHAJ IEepelIKO M BiJl TOYKOBOTO JIXKepeJsia
TIOIMPIOETECA Oe3 mepeBiAdUTTIB 1 mpuxo-
IUTb y BUIVIALL IIJIOCKOI XBIJI;

6) curHaJIM IIepelIKoJ, Iial0ThCA MHOMKMH-
HIM MEePeBigdUTTAM i IPUXOOATH HA IIPUii-
maspry ITAP y Burmani cyneprosuiiii
KIJIBKOX IIJIOCKMX XBWJIb (Y IIbOMY BUIIAJIKY
3aBaJIOBUII CUTHAJI BiJl OAMHOYHOIO JsKepe-
Jla MO’KHa pO3IJIANATH AK EKBiBaJIEHTHY
CYKYIIHICTb MHOKVIHM II€PEIIKO.).

3a3HaueHi MoJieJi IPUItoMy CUTHAJIB Ha TJIi
3aBaJI I[IJIKOM JIOPEYHi i1 y BUMTAKY 3B’A3KY i3

BIIJIA. IIpu 1ibomy mepeznbadaeTbes, 110 Ha

eTarli BXOJKEeHHA Y 3B’ A30K (POPMYIOTHCH OLTi-

HKM KYTOBMX KOOPAMHAT JsKepeJs 3aBal, He-

00ximHi 1A iXHBOI IIpPOCTOPOBOi cesekIii.

Buxongauu 3 aHaJi3y IEepCIEeKTUBHUX Me-
TOZiB 1MpPOBOi OOPOOKM CUTHAJIIB, B OCHOBY
dyHKIioOHyBaHHA 3acobiB 3B’aA3ky i3 BILJIA
BapTO MOKJACTU 3aCTOCYBAaHHA METONY HEOpP-
TOTOHAJIbHOI YaCTOTHOI AVICKPETHOI MOOYyJs-
nii (magasi N-OFDM), 3 HEOpPOTOrOHAJIBHUM
PO3MiIlIeHHAM YacTOT MiJHEeCYy4MX, IO TI03BO-
JIA€ 3BY3UTU CIEKTPaJIbHY CMYTY CUTHAJIIB
[11]. Opnak, inTerpania 3a3Ha4YeHNX MTiAXOMIB
B iHTepecax pimeHHA B3aBJaHb 3B’A3KY i3
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BILJIA pasiire He mpopobianacda. 3 oryiAay Ha
BlUIIleCKa3aHe, MOYKHA KOHCTaTyBaTU aKTy-
QJIbHICTb JOCJiPKeHb 3 IIbOTO HAIPAMY.

IIpn Bukopucranui Texnosorii MIMO, ak
BiZIOMO, BMHMKAIOTH TPYAHOII y (popMyBaHHI
mppoBOi miarpamMm CIOpPsAMOBAHOCTI aHTEHHOI
peliTky, noB’A3aHi 3 MiABUITIEHHAM IIIBUAKOCTI
OIM(PPOBYBAHHA CUTHAJIB (YacToTa IMCKPETM-
3amii 1o 100 MTI'1 i Gisplie), 1110 IPUBOIUTD IO
30isbIIeHHA (piHaHCOBMUX 1 MacorabapuTHUX I10-
Ka3HMKIB pasionpuiiMaJbHIX IIPUCTPOIB.

Bimomi nBa ocHOBHUMX BapiaHTM 00pPOOKM
CUTHAJLY: KBaJpaTypHU i 6e3KBagpaTypHUIL.
Hna smenmenHa 6oprosoi anaparypu BILJTA
IlepeBary BapTo BiggaTu Oe3KBaApaTypPHIi
cxemi. OgHaKk BOHA XapaKTepPU3YEThCA BUCO-
KM piBHeM OiYHUX MEJIOCTKIB aMILIiTyIHO-
4acTOTHOI xapakTepucturyu (AUX), mo npu-
BOAWTB JI0 3HVDKEHHA 3aBajios3axuirieHocTi. Kpim
TOr0, HEOOXIIHICTh BpaxyBaHHA KOMILJIEKCHO-
crnosrydenoi cknanosoi (KCC) y curmajabHOMY
BiZJIiKYy, 3HAYHO yCKJAAHIOE 0OpPOOKY CUTHAIY.

Tomy B [12] 6yB 3ampONOHOBaHUIT YIOCKO-
HaJIEHUII MeTOJ IOJATKOBOIO CTPOoOyBaHHSA
Binmikis AIIIl i3 BuMKOpMUCTAHHAM IIOIEpen-
HbOI 1M poBOI (hinbTparii, 10 pa3zoM yTBO-
pUIM TaHAEeMHY MpOlLeAypy PO3KBagpaTy-
PeHHA curHaJjis y npuiiMasbHux ITAP.

s po3paxyHKY BaroBux KoedillieHTiB
TaHAeMHOro (pinbTpy OyJia po3podieHa MeTo-
IVKa CUHTe3y IUQPOBUX KBAAPATYpPHUX Je-
MOIYJIATOPIB JTOBLIBHOTO MOPAAKY [13].

Posraanytnit TaggeMuanii Metos inbrparnii
Bingyikie AIIIl xapakTepusyeTbcsa BifCyTHiC-
TIO aMILITYyZHMX IIOrpinrHocTel i Mmammx da-
30BUX IIOMUJIOK y MEKaX OCHOBHOTO II€JIIOCTKA
AYX. 3azHaueHi mepeBaru TaHAeMHOI (piabT-
palil ImoCay:KMUaM MifcTaBolO IJid iHTerparii
IIEPCIEeKTUBHUX 1H(MOPMAIHNX TEXHOJIOTi
OaraToxkaHaJ bHOI 0O0POOKM CUTHAJIB y OaraTo-
KOPUCTYBAJbHUIIBKOMY pPeKUMi (MyJIbTH-)
MIMO 3 ypaxyBaHHAM TaHAEMHOI (piigbTpa-
mii. ITe yzmockoHaJI€HHA TO3BOJIAE:

— BHUBUTYU II03aCMYTOBUII IPUIIOM CUTHAJIIB
(ma 40 i Gineie nBb);

— 3abe3neunTy ogHOYACHY pobOTY 3 KiJIbKO-
ma BILJIA (mo 16 i Ginbiie);

— 30iJBIIMTY TPOIIYCKHY B3MaTHICTL KaHAJY
3B’A3KY B yMOBaX 3aBal.

HocaruyTroro piBua npunayiienada KCC curaa-
JIB y 3aIIpOIIOHOBaHIN TaHIeMHIN (inpTparii
(Bim 80 mo 270 pb, s3ajeskHO Bin HOPAAKY
I/Q-memonynaTropa) nocuTs, 1100 BigMOBUTHI-
ca Bixg BpaxyBanua KCC curHasiB mpu ixHiit
06po011i y Oe3xkBagparTypHux npuiimadax ITAP.
IIpu npomy moske OyTu y 2 pasu CKOpoOUeHa
kinbkicTe Monyais AIIIL, y 2 pa3mu 3MeHIIeHa
KIJIBKICTh MiZICMIIIOBAYiB ITPOMIsKHOI 4acTOTH,
1110 JI03BOJIAE CIIPOCTUTH IIpUiIMaJibHe o0Jas-
HaHHA J1 3JIeIIeBUTY JI0TO BUPOOHUIITBO.

udpose obsamgHaHHA [ Ha3eMHUX i 60-
poBux ByaJiB 3B’aA3Ky 3 BIIJIA nmpornonyeTbea

craHmapTudyBaT 3a crnenmcikariero VITA 65.

ITe 3abe3neunTs JOTPUMAHHA BUMOT 110 60PTO-

BOTO 71 Ha3eMHOI'O CEeTMEHTIB CUCTeMU 3B’A3KY

i3 BITJIA 3 BibpocTiifkocTi Ta yIapOMiIlHOCTi, a

TAKOXX CTIMKOCTI JO BIUIMBY KJIIMaTUYHUX

daxropis. Takuit ninxin 7o3BoJAE BUOYLyBaTI

3arajJbHy imeoJioriio amapaTHOI peaJizarnii
1M POBOTO CerMeHTa OOPTOBOTO 71 HA3EMHOTO
yCTaTKyBaHHA KOMILIEKCY 3B’A3Ky 3 BILJIA.
B minomy, cnmparounce Ha PO3IMVIAHYTI
iH(popMalifiHi TexHoJorii, MOMKJINBO 3POOUTHI

HAaCTYIIHI 6UCHOBKU:

— BUKOPMCTAHHA METOIy TaHIEeMHOI isbTparrii
JO3BOJIAE MABUIITY 3aBaI03aXUIIIEHICTD Bif
[I03aCMYTOBMX 3aBaJl, CIIPOCTUTH allapaTypHy
peaJizariito obJsiafHAHHA 3B’A3KY;

— 3a pPaxyHOK NIPUAYIIEHHA KOMILJIEKCHO-
CIIOJIyYEeHOI CKJIAJI0OBOI CUTHAJy MOYKYTb
OyTu 30isblIIeH] 3aBaI03aXUIIEHICTD 1 TPO-
IIyCKHA 3JaTHICTb pajioJiHiii;

— cnupamouuchk Ha MoskJyuBocTi ITAP mono
cynpoBoay BIIJIA makcumymamu giarpammu
CIIPSAMOBAHOCTI, CJiZi po3paxoByBaTM Ha
3POCTAaHHA PO3BIA3aXMIIEHOCTI KaHAJIB
3B’ABKY dYepes3 IIPOCTOPOBI OOMEIKEHHA Y
BUIIPOMIiHIOBaHHI CUTHAJIIB.

3as3HaueHi epeKTH, 110 MPUTAMaHHI 3aCTOCY-

BAHHIO 3aIIPOIIOHOBAHMX II€PCIEKTUBHMUX iH(OP-

MAalIliH/X TeXHOJIOTiN, T03BOJIAIOTL BiAgaTu me-

peBary posIJIAHyTUMM MeTozaM OOpOOKM CUTrHa-

JIB Ta CXEMOTEXHIYHUM PIllIeHHAM IpU PO3P0b-

ni "HoBiTHiX BIIJIA Ha mepiog mo 2025 poxy.
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B cratbe 060CHOBBIBAETCA METOMOJIOIVA VICIOJIb30Ba-
HISI COBOKYITHOCTY YCOBEPIIIEHCTBOBAHHBIX MHHOBAIVIOH-
HBIX MH(OPMALIOHHBIX TEXHOJIOTVI [IJIA PEIleHus 3a1ad

3(pPeKTUBHOI CBA3Y C IEePCIEKTUBHBIMY O€CIMIOTHBIMUI
JIeTaTeJIbHBIMY allapaTaMil.

Katouesvle caosa: DecnmioTHbIE JleTaTeJbHbIE alllla-
paTel, METOJ TaHJEMHOM (OUIbTPALNM, PO3BEA3aILNII[EH-
HOCTB, MeTOJ] 00pabOTKI CUTHAJIOB.
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