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Theoretical Basis for the &'gqtion' and Use of 'Infomaﬁon Technologie_s

Muxauno Bacuavosuun Maaapuyx,

Badum Ieanosuu Carocap

TMNEPCNEKTUBHI IHOOPMALLIMHI

TEXHONOTII 3B'S3KY 3 BE3NINOTHUMM
AITANBHUMMU ANAPATAMM

IcToTHE PO3LIMPEHHA 3acTOCYBaHHA Oeasr-
JIOTHUX JitanbEuxX anapartis (BIIJIA) B iHTe-
pecax 30pOMHMX CUJ NPOBIAHMX KpalH CBITY
00yMOBJIEHE IUMPOKMMM MOSKJIMBOCTAMMU IX-
HbOI'0O BMKOpMcTaHHSA. B Toit ke uwac BILJIA,
IO € Ha 030po€HHI B YKpaiHl, iCTOTHO BiacTa-
I0OTH BiJ PIBHA PO3BUTKY 3aKOPAOHHUX CHUCTEM,
yepes 10 BXKMBAETLCS HM3Ka 3aXO0J1B, CIIpA-
MOBaHMX Ha ocHamjeHHA 30ponHux Cun Yx-
painn HoBuMmu BIIJIA. 3okpema, y 2008 p. by-
Na 3ailicHeHa 3aKyHiBJjasa 0e3ImiJIOTHOro aBla-
[{ifHOr0 KOMILJIEKCY 13paiJbChbKOro BUpPOOHMI(-
TBa AJA OTPUMMaHHS AOCBIAY €KcIIyaTaiil %
3abe3rnieyeHHa BHMPOOHMLITBA  AHAJIOTIYHUX
KOMILJIEKCIB Ha BITYUM3HAHMUX MIAIIPUEMCTBAX.
OxkpeMyMu 3 HUX BeAyTbCA iriuiaTusHi pobo-
T 31 cTBOpeHHA HOBITHIX 3paakis BILJIA.
Pozpobaena HKoHuenuisa ocHaieHHA 30poii-
HuxX Cujy Yxpaigy 6e3nI0THMMHM aBlaliliiHUMHU
KOMILIeKcaMy Ha rnepiox ao 2025 poky.

OcHOBHMMM NpPOOJIEMHMMM NUTAHHAMMU, 3
AKUMHU 3IIITOBXYIOThCA po3pobunuky BILJIA, €:

— HeoOXxigHicTs ocHaulenHAa DBIIJIA cyvyacHum
peTpaHCAALiiEMM i po3BigyBaIbEMM 00Nad-~
HAHHAM, CTBOPEHHA 3aXMIUeHMX BiX 3aBaj
KaHaJIB YIIPaBJiHHA Ta Ilepezadl JaHKX,

~ HM3bKa PO3IBIA3aXMINEHICThL KaHAJIB 3B A3KY,

— 3abesneyeHHA B yMOBaX 00OMeeHOro 4acToT-
HOTO pecypcy BMCOKOI LIBMAKOCTI repepayl
JaHuX y kaHaji 3B’Azky (mo 50 Mbit/c, Binno-
BigHo mo crangapry HATO STANAG 4609).

TomMy aKTyaJIbHMM HanpsaMOM HAYKOBUX
NOCJIIIPKeHb € NOIIYK METOJIB MOAYAALil cur-
HaJIB, {0 JO3BOJIAIOTb BUPIIIUTH 3aBOAHHA:
— 30lMBbILIeHHA PO3BiABaXMILEHOCT] KaHaJIB

3B’A3KY 1 KepyBaHHA BILJIA;

— MDiABUIIEHHA 3aBaJ03aXMIEHOCT] pajloKa-
HaJIiB epefayi ZaHMUX Ta IXHLOI IPOIYCK-
HOI 3ZATHOCTI B YMOBaX 3aBajl.

Memoro crarTi € OOIPYHTYBaHHA 3aCTOCy-
BaHHA MEPCHeKTUBHMUX HQOpMAINHUX TEXHO-
JIOTiit 1A 3abe3neueHHA 3B’ A3KY 3 Oe3miyIoTHM-
MM JITaJbHUMMU anapaTamy 3paska 2025 poky.

M oc-i:m In :mationfTecbnolo jes in the Sphere of Security and Defence Nel(7 )/2010

Caning BKa3aTu, L0 CUTYALA 3 PO3podKO0
paaiozacobis gna 3B’A3ky i3 BILJIA y cBiTi
ChOIOAH] XapaKTepu3yeThCA PI3ZHOMAHITTAM
MIAXOAIB. IleBHY 4aCcTKy MIKHAaPOOHOrO PUHKY
3aMIMaiOTh CUCTEMU 13 TpaaULIMHMMH, TIepeBi-
peHyMM OpoTAroM 6araThbOX POKIB MeTonaMu
MOXYNAILIl CUTHANIB.

- PazoMm 3 TumM, 3a3HaudeH] BUILE BUMOTH LIOJ0
IPONYCKHCI 34aTHOCTI pajyioJiHifi 3B’A3KY 13
BILJIA amyuyioTh po3pOoOHUKIB HIyKaTH HOBI
MAXO0AU OO0 BUPIIIEHHA npobiaeMu MNigBuUIlleH-
HA IIBUAKOCTI Nepefadl gaHux 3 daraToceH-
copHux nuardopm y ckinaal BILJIA. Ogsum 3
edbeKTUBENX HaNOpPAMIB € BUKOPMUCTAHHA
OFDM wmoaynanii curmanis. Cepen neprumx
IIPOEKTIB, B AKOMY JIOCHI/PKyBaJlaCh MOXKJIN-
BicThb 3actocyBanHa OFDM wmopynanil nns
3’'A3Ky 3 DBILJA, ciig BxazaTu NOPOEKT
MinuteMan, mo ddinancysasca Office of
Naval Research (ONR) i1 3szailicHioBaBcs 3
2000 pory nenapraMeHTaMlu eJIeTPOTEXHIKHU 1
KOMIIBIOTEPHUX HAaYK yHiBepcuretry Kamdop-
Hii y Jloc-Arxxenoci UCLA [1] (puc. 1). Mera
NIPOEKTYy — PO3pobKa cucTemMu panio3B’A3Ky 1
oOMiHy maHuMu cuJ oty 3 6e3ninoTHMMY No-
BITPAHMMM, HaJBOAHMMM 1 HA3EMHMMM arapa-
tamMu. Cepen HalIpAMKIB IIPOEKTY CJI BUALINTU
HaCTYIIHI: po3poOka (hbyHIaMeHTaJILHMX OCHOB

A AL g e L

,,,,,,,

Minuteman: Algorithms and Protocols for
Network of Autonomous Agents

Puc. 1. Cymuicms» npoexmy MinuteMan
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opraHisauii pyxomoi 6e3Ap0OTOBO] IHTEJIEKTYAb-
HO1 Mepesxi 3B'sA3Ky — “iHTepHeT y HeOl”, Ha-
NaHHA IMHAMIYHMX [OCAYT OJIA I0Tped Mepex-
HOro OOYMCNEHHA, OpraHisalis BIAMOBOCTIAKOrO
3B’A3Ky i camMopeKkoHgirypauil AN pPO3IORLTY
iHpopMmalii B peasbHOMY MaciaTabi yacy, Kepy-
BaHHA 3aJa4aMy, CUTYaTHBHA IIOBEAIHKA B CyM~
HiBHOMY HaBKOJIMILIHBOMY CEepPeOBHUILI; nepena-
ya roJjiocy, Bizeo, 300pax<eHb, JaHUX y peab-
HoMy MaciTabi yacy 3 aganruBHMM QoS (Qua-
lity of Service) i KepyBaHHAM pecypcamy, Ie-
peznada rosuocy, Bifeo, 300paseHs, JaHUX Y pe-
aJbHOMY Maciurabi dacy.

B pa,mommﬂx “BITIJIA — Ha3eMHi abouenTn”

,uomm:Ho HaBecTu npoem' In¢TuTyTy e.nerc-?

TPOHIKM Ta 3B’A3KYy YKpaiHCbKOI axazemil
HayK 31 CTBOPEHHS CUCTeMM lepenadl JaHuX
Ha 6a3i Bucorroro BILJIA (CII “draeTor”).
ITpu nepenadi JaHUX y NPAMUX KAHAJAX B L[bO-
My IIPOEKT] IIPOIIOHYETBCA BUMKOPUCTOBYBATH
crangapT DVB-S 3 mogynsauiero OFDM-256, a
npu rnepejgadi y 3BOPOTHUMX HampsAMKax (3
seMni Ha GopTt BIIJIA) — cTaBmapTit MEHOMXMH-
Horo goctyny TDMA ta FDMA. [ianasoH
gyactor OFDM cursanais craugapry DVB-S,
BUIIPOMIHIOBAHUX Yy 30HY O0DOCIyroByBaHHA,
cranosuTs 11,7—12,5 I'T'11, cmyra ogHOTO pagio-
KaHaJsy 3a pisHeM MiHyc 30 nb carae 40 MI'L.
I'paHnyHMIt pajiiyc 30HM 0DCIyroBYBaHHA OX-
HOK ueHTpaJabHOO cTaHuicw BIIJIA npu 3a-
fesrnedyeHHi yMOBM NpAMOi panioBUAMMOCTI,
NOTYM¥HOCTi nepegasaya 50 MBT Ta 1HTEHCUB-
HocTi onaziB o 40 MM /ron 3aABNEHO Y MeXKaX
50—60 kM. PazoM 3 TuM, 32 paxXyHOK 301ib-
HIeHHA MOoTy»HocTi OoproBOoro mnepegasadva
paniyc 30HM IIOKPUTTA CHUTHAJaMM OXHOTO
BIIJIA moxe 6ytu 3b6inbiuerun no 250 xm.

Cnin BKasaTyu, LII0 B3araJi BiMICBKOBMII Ha-
npam sacrocyBanusg OFDM cursaJis nocTifHO
posmmmproeTses. Tak, dipma Nova Engineering
B2K€ KiJIbKa POKIB IPOIIOHYE KOMILJIEKTA 3B’ A3-
ky nna BMC CIIOA, saxi peamsym'rb IIPUHUAI
OFDM ra BumnyckawTbea cepiyino (HDR LOS
Radio Modem). ¥ cyxonyTHux Biiicekax HATO
3'ABMJIMCH CUCTEeMMU 3B’A3KY, 1[0 BUKOPUCTO-
BYIOTb BiﬁCBKOBy BepCiio MPOTOKOJTY 802.11g
(OFDM), ii BupoOHMIITBO ocsoma HmepnaH,r.z-
csKa ipma MobiComm. :

AMepUKaHCbKa xomnaHia Aeronix Inc. npo-
[IOHy€ TOTOBI MOJEMHi pilleHHA AJA ABOCTO-
POHHBOTO 3B 'a3Ky 3 BILJIA B cyyacHOMY CTaH-
RapTi WIMAX 802.16.2004 {2]. IIpu usomy Ha
BificTaHi il 75 MOPCBKUX MUJIbL saﬁeaneqye'rb-
ca IIBUAKICTS mnepepaul JaHux Bixg 12 1o
65 M6it/c. TabapuThi poamipn MoneMa CTa-
HOBJATbL 24 Ryﬁi"“ux moumua Bara — OJn-
3pk0 360 r. Icuye 1 MiHIEEpcia monema AnA
crropamKesaa Maaux BIIJIA, sika srucyeTheA
B 00’em 10 kyGiusmx aroiimis i'mMae Bary 6sm-
3bk0 150 r. MogeMu npallioOTk B flanas3oHax
5,725—5,825 I'T'ny ta 4,5—4,8 Ty, B Bux dop-
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 Cyuacyi tngopmayitini mexnoaozii
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My€ETbCA BiiMOBiAHO 4 Ta 9 KaHaJB 3B'A3KY 3
IIMPUHOIO cMyru nponyckaHesa 17 MI'n. Ilpwu
06pobLii curHaJIB 3aCTOCOBYIOTBLCS Bl IIPOMINK-
Hux vactoTu. 20 MTu Ta 570 MI'u 3anexHo
Bil MAJILHOCTI 3B’A3KY, mBuAKoCcTi pyxy BITJIA
Ta 3aBaJI0BOl obCTaHOBKM MOYTb 3aCTOCOBY-

-BaTUCh p1:3H1 BUAW MOXYJALIL Hpu ILOMY Bl1A-

[TOBIJTHO 3MIHIOETBECH MAaKCHMMAJIbHA MIPOIYyCKHA
snaTHiCT #o BemwuuH: 6,0 M6it/c¢ (BPSK);
15,0 Mb6it/c (QPSK); 22,5 Mo6it/c (8PSK1);
30,0 Mbir/c (QAMI16 abo 16PSK1); 65,5 Moir/c

-'(QAM64) Cy'I"rese, 1110 Haniiiauy 3B’'A30K 3a-

GesneuyeTncs 11924 Maxcmanbﬁomy JONILIepiB-

Ak BaplaHT 3aCTOCYBaHHH OFDM CPII'Ha JIIB CLEKOMY 3py11[E."HHI H&CTOTH 10 anoamae B3ad-

"€MHifl IBUAKOCTI MYHKTIB NpuiioMy Ta Iepe-
-paui pgaaux 2500 muae /roj.

Oxpim monynsauii OFDM OCHOBHUM aKLIEHT
Ma€ OyTm 3pobJsieHuit Ha BUKOPMCTAHHI Me-
ToniB 6araTokaHaBHOI 06pPOOKM CHTHAJIB, 10
y cucremax 3B’A3Ky 3 BILJIA Moxxe 3xaiiicHIO-
BaTHCHA 3a JBOMa Hanpsamamu. lleprmumin 3 HuUX
fa3yeTbcss Ha 3aMiHi TpaguMIifiHUX aHTEeH
1P POBMMM AHTEHHMMM pelITKaMMu (CKOpO-
yeHo I1AP) 3 Buropucraguam rexyosorii MIMO
[3] Apyrmit HanpaAM IOJATa€ y IJABMILEHH]
NPOITYCKHOI 3ZAaTHOCT! KaHaJIB 3B’A3KY Npu
obMexkeHili cneKTpaJibHIM CMy3i 32 paxyHOK
BUKOPUCTAHHA HazpeJyelBCbKOro YIIIJIbHEeHHHA
CUTHAJIB 3a 4aCTOTOIO.

Y sBumajgky 3acrocyBaHHA TexHosoril ITAP
MiABMIIYETLCA 3aBaJOCTIMKICTL 3B’ A3KY. Ilepe-
xin no HAP nosBonsie 3abe3neumTn OQHOYACHY
poboty 3 kinmbkoma BIIJIA Ha onHy aHTEHY B
[IOPIBHAHO IIMPOKOMY IPOCTOPOBOMY CEKTOpI,
1110 JO3BOJIAE PO3IUMPUTH KIJIBKICTE B3a€MOAII0-
yyx 3acobiB peTpaHCJAI] Ta PO3BIAKU.

BaraTornmpoMeHeBe NOUIMPEHHS PaAiOXBUJb
Ha [epeciyeHid MICHEBOCT] 1 MHOMMHEHI Iepe-
BiIOMTTA CHMrHAJIB POOJIATL aKTYyaJIbHUM BUKOPU-
crauHA s 3B’A3Ky 3 BILJIA rexsxonorii MIMO,
o Takox Da3yeTbCHd Ha 3aCTOCYBaHHI B 3aCo-
Oax 3B’A3KY HU(POBUX AHTEHHMX PEIUITOK.

OnaMM 3 NepLInX NPpUKJIIaZIB BMKOPDUMCTAHHSA
MIMO rexsnonorii gna 3B’Haicy 3 JiTaJbHUMU
arnapaTamu € peaJidalid ABOAHTEHHOl nepe-
Jadl TeJleMeTpUYHUX JaHUX 3 6op'ra JIiTanb-
HOrO anapara Ha Ha3eMHY CTAHIO TeJe-
meTpii [4]. IloyaTok UUKIY nmy6sikaiiit 3 faxoi
remaTukyn paryerbea 2002 p. Toni B {5] 6yna
IPONEMOHCTPOBaHa €(EeKTUBHICTL 3acToCy-
BaHHA HAMMIPOCTILIOI CXeMM NIPOCTOPOBO-da-
COBOTO KOAYBaHHA 3a aJirOPUTMOM AJIaMOyTi
1y BapiaHTa “2 OOpPTOBi aHTEeHM — OAUH Ha-
3eMHUA IpunMad’ . (cxema MISO, “barato
BXOIIB — OJAMH BHXI,D; 'PHC. 2). HaHBHICTh
[BOX aHTEeHH Ha Ropnym BILJIA possosmna
BMplI.HMTM npooneMy m,quuMRM HaJITHOTO
3B’ A3KY pu p13me oplem*amnx xopnycy
BIIJIA BifHOCHO HaNpAMKY HA HaseMHY
CTaHNio. Hanam B [6 7] 1A cxema npocTOpPo-
BO-4aCOBOTO RO,I{yBaHHH ozepxkana Olabil
rinboke TeopeTuyHe OOIPYHTYBAaHHA, & BU-
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Puc. 2. Tunosa cucmema MIMO 3a cxemorw
“241”7 npu eupiwenni 3asdand 60pmosoi
meanemempii

KJazeHl B [8] ekcriepumeHTaNIBHI pe3yibTaTH
MATBEPAMIIN MO0 CIIpaBedJMBICTh. ¥V MIACYM-
Ky OyJla eKcriepMMeHTAaJIbHO JOBeJeHa cTallio-
HapHICTb KoediuicHTiB nepegayi MISO kana-
Jy TIPOTATOM AEKUIBKOX CEKYHJ MmiJ| yac Bix-
CYTHOCTI MaHeBpy JiTaJjabHOro anaparta. lle
CTBOPWJIO IIEPERYMOBU IJIA PO3pobKu Oinbiu
npocynytux MIMO-pimeHss, 1110 BMKOPUCTO-
BYlOTb DaraToesleMeHTHI aHTEeHH] pPeLiTKH.

Hpuruun MIMO BuMKoOpucToByeThCs, Ha-
IPUKJIAA, AJIA NPUIAOMY JaHUX Bij OGOPTOBMX
ceHcopis BepToJiTHOro Mini-BIIJIA, po3pob-
JieHOro PpayHroepcbKMM iIHCTUTYTOM XiMiy-
Hux rtexnogorin (PPH). BignosigHa 4-ene-
MEHTH& aHTe€HHa CUCTeMa NpuiMaJibHO-Nepe-
AaBaJibHOl cTaHUll 3B’A3Ky i3 BILJIA vy niana-
3oH! yactot 2,4 I'T'y (puc. 3) 6yna npencrase-
Ha Ha BucrtaBul “TechDemo 08”, uio nposogu-
nacsi 'y BepecHi 2008 p. ra BIiJiCBKOBO-MOP-
CbKIN Dasl IxkepHdwopne (PPH) y pamxax
Pobouol nporpamun HATO no 6opotsbi 3 Tepo-
pusmom (DAT) Kordepenuil HailiOHaJbLHUX
nupexTopis 030poens (CNAD).

OCHOBHOX YMOBOIO YCIIIIIIHOTO 3aCTOCYBaH-
A MIMO-cucrem, fK BIOMO, €' CTalioHap-
HiICTb KoedilieHTIB nepezadvi pagiokaHany 3
MOMEHTY 1XHbOr'O OL{IHIOBAHHA A0 3aBepIIeHHA
nepegayl MacMBY HaHMX. 3PO3YyMIJIo, L0 AJA
masiomiBuakicEux BILJIA ni ymoBu norpumaTty
HabaraTo npocrinie, HisK JJIA IIBUAKICHUX, OX~
HaK IIpU [PUIOMI CUTHAJIB ¥ PeXKUMI BigCyT-
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'Puc. 3. Anmenna cucmema 3e’asxy 3 BIIJIA
3a npunyunom MIMO
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npsamol Buammocti (N-LOS) ymosa
nceBAOCTallOHAPHOCTI KoedilieHTIB nepeayi
CHUTHAJIIB II0 Tpaci IXHbOro NOIUMPEHHA TaKOMX
MoxKe OyTu npuiinaTa i ans BIIJIA, o pyxa-

IOTHCA 3 BEJIMKOIO NIBUIKICTIO.

IlepcnekTuBa nmommpenHs BIIJIA B 6Goiio-
BUX [IOPAZIKaX Cy4YaCHMUX BIMiCbK poOuTh Heob-
XiAHMM 3abes3neyeHHA OQHOYACHOTO 3B'A3KY 3
Kiibkoma BILJIA, 1o nepebyBaioTs y noasori.
Y HbOMY BMIIAKY 3aCJYTOBY€E Ha yBary yasa-
raJbHeHHA TexHoJsoril MIMO, uio ogepxana
HaliMeHyBaHHA MynbTu-MIMO. IIpnknagom ii
e(peKTUBHOIrO 3acTOCyBaHHA € pobora [9], y
AK DaraTOKOPMUCTYBAJLHUIBEKE y3araJbHeH-
HAa MIMO sanponoHoBaHe mia TpornocdepHOro
38'A3Ky. Tpeba oaHaK BiA3HAYWTM, ILUO [IPO-
OneMHuM nmrraHHsAM 3abe3anedeHHA 3B'A3KY i3
BIIJIA B 6oiioBux ymoBax € 3a0e3nedeHHs Hal-
1IiHO1 Tlepefayl JaHMX B YMOBAX BILIMBY aKTUB-
HMX Iepemkof. JoHenasHa it npobsiemi npu-
IUIANacA HenocTaTHA yBara. Tomy riopebye ysa-
I'M PO3TJIAN MOMJIMBUX IIAXOOIB 40 NPUAYIIEHHA
AKTMBHMX [epPemIKoA y OaraToOKopUCTYyBaJbHM~
neKI1 crcremi MIMO, mio 3abesmnevyye oguHo4ac-
HMIT 3B’A130K 3 KlabkoMa BILJIA.

Tpaaumiisum miaxoaoM [o HIPUAYLIEHHS
nepewrkos y cucremi MIMO moxke 6yt dop-
MYBaHHA HyJIB y fiarpami cropsaMoBaHOCTI
BTOPMHHMX I[IPOCTOPOBUX KaHAJIB I PpOBOI
auTeHHol penntkyu (IJAP). AnbTepHaTHMBHUINA
BaplaHT, 3alIPOTIOHOBAaHMIA, HanpuKaand, B [10],
[IOJIATA€ Y 3aCTOCYBaHHI IBOETAIIHOl IMIPOile-
Aypy IJeMOnyJsAUll aMIUITyd 10 BUXOIAM
npurMansanx kaHaais I[AP. CTocoBHO MYy JIb-
T™-MIMO cucremMu npu upboMy MOXKHA PO3-
TTIALATH [IBa BUITAOKUA;

a) CUrHaJ IIepelIKoAM BiJi TOUKOBOro JxKepesa
[OIUUPIETLCA De3 rnepeBiIiOUTTIBE 1 TPOXO-
OUTh Y BULJAL] IIJIOCKOI XBUJIL;

0) curHaJMIM nepelIKon MiAAalOTbCA MHOMKMH-
HUM [epPeBiADUTTAM 1 NPUXOOATEL HA NPUH-
MaJbHy AP y suraazl cynepnosmuii
KIJIBKOX IJIOCKUX XBUJB (Y LbOMY BUNALKY
3aBaJlOBUI1 CUrHAJI Bl OAMHOYHOro IKepe-
JlJa MOKHA pPO3IJIAZATH AK EKBIBAJIEHTHY
CYKYIIHICTL MHOKMHM II€PEeLIKO).

3a3HaueHl MozeJl IpUIoMy CUTHaJIiB Ha TJIi
3aBaj LIJIKOM JOPeYH] 1 y BUIIaJIKy 3B’ A3KY i3

BIIJIA. IIpn nromy nepenbadaeTbes, IO Ha

eTalll BXOJPKEHHA y 3B’ A30K POPMYIOTLCSA OLi-

HKJY KYTOBUX KOOPAMHAT [2Kepes 3aBaj], He-

06Xi11HI1 A1A 1IXHBOI IIPOCTOPOBOI ceJeKIii.

Buxopaym 3 aHamnmay HNepCrnieKTMBHUX Me-
TOAIB UMppoBoi 00pobKM curHaJiB, B OCHOBY
dbyHKUiOHyBaHHA 3acobiB 3B'aA3ky i3 BILJIA
BapTO IMOKJIACTHU 3aCTOCYBaHHA METOAY Heop-
TOTOHAJbHOI YaCTOTHOI AMUCKPETHOI MOAYyJiA-
uili (Hagam N-OFDM), 3 HeopoTOroHaJIbLHUM
PO3MILIEHHAM YACTOT MNiZHECYIMX, LI0 03BO-
JIA€ 3BY3UTU CIEKTPaJILHY CMYry CUTHAJIB
[11]. Ogsak ixTErpanisa 3a3HadYeHUX MiAXOAIB
B 1HTepecax pillleHHA 3aBJaHb 3B'A3KY 13
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BILJIA panime He npopobasanaca. 3 OrIAAy Ha
BMIECKa3aHe, MOXXHa KOHCTaTyBaTH aKTy-
aJIbHICTB NOCJINMEHDb 3 LbOTO HANpAMY.

IIpu suxopucranuai Texmosorii MIMO, sk
BiloMO, BUHMKAIOTbL TPYRHOLIl Yy qaopmysaﬂm
umcbposm marpamm CIIPAMOBAHOCTL aHTEHHOI
pelNTKY, [0B A3aH] 3 MiABUIEHHAM LIBMUAKOCTI
oL POBYBAHHA CUTHAJMIB (4acToTa AUCKpeTu-
garii go 100 MTI'1x i Oisibie), 1110 IPU3BOAUTE A0
36inblueHns idasHCcoBuX i macorabapUTHMX I10-
'Ka3HMKIB paziionpuitMalbHUX [IPUCTPOIB.

Binomi aBa ocHOBHMX BapiaHTM 06poOKM
CHMTHAJIy: KBaJApaTypHui 1 0e3KBagpaTypHUN.
Ilna amesnmeHHA OopToBoi anapatypu BIIJIA
nmepesary Bapro Bigmatu 6es3kBaapaTypHIiX
cxemi. OfHAK BOHA XapaKTepuU3yETbCA BUCO-
KM piBHeM OiYHMX IENIOCTKIB aMILIITYAHO-
yacToTHOol XapakTrepuctuxu (AYX), o npu-
3BOJMUTD JIO 3HIDKEHHA 3aBajio3axmiieHocTi. Kpim
TOro, HeoOXiHiCTh BpaxyBaHHA KOMILJIEKCHO-
criony4denoi ckaanosoi (KCC) y cursajibHOMY
BIAJIIKY 3HA4YHO yCKJIALHIOE 0OPODKY CurHasmy.

Tomy B [12] OyB 3anporloHOBaHUM YAOCKO-
HaJIeHUI MeTon IOXAaTKOBOIO CTpoOyBaHHA
Binnigis AIIIl i3 BMKOPMCTAHHAM IOIIepen-
HeO1 umdposoi dinvTpanil, 10 pa3oM yTBO-
puaM TaHAEMHY MNOpPOUeAYyPY PO3KBajapaTy-
PeHHA CUTrHaJIB y npuiimanbHux IAP.

Ina po3paxyHKY BaroBuxX KOEMILIEHTIB
taggeMHoro giaprpy Oyna pospobieHa MeTo-
OMKa CUHTE3y UMQPOBUX KBagpaTypHUX He-
MOJIYJIATOPIB AOBLJIBHOTO nopAnxky [13).

Po3rasaeyTuii TaHaeMHUA MeTo inbTpalii
Biguikiez AI[Il xapakTepmuayeTbCA BIACYTHIC-
TIO aMIJITYZHUX HOOrpimuocTen 1 mammux da-
30BUX IIOMUJIOK ¥ Me>XaX OCHOBHOTO IIeJIIOCTKA
AYX. 3azHa4eHi mepesBaru TaHAeMHOI (PIAbT-
palii MOCAYyKMJIM IMIACTABOIO AJA IHTErpaii
MepcreKTUBHMX 1H(POPMaNiiHMX TeXHOJOr1H
faraToKaHaJILHOI 00pPOOKM curHajis y barato-
KOPUCTYBAJNLHULIBKOMY pPeXumi (MyJBTHU-)
MIMO 3 ypaxyBaHHAM TaHAEMHO1 QlibTpa-
uii. lle yaockoHaneHHA NO3BOJAE!

— 3HMU3UTHU II03aCMYTOBMI IPUAOM CUTHAJIB
(Ha 40 i 6inbnre nb);

~ zabesneudmTy ORHOYACHY PODOTY 3 KLUIBKO-
ma BIIJIA (mo 16 i Ginbiue);

~  30IBIIMTU NPONYCKHY 3MAaTHICTL KaHAJTYy
3B’'AA3KYy B YMOBAaX 3aBaj.

Hocaruyroro pisaa npuaymuensa KCC curna-
JiB y 3anpoMOHOBaHii TaHAeMHiN (labTparmii
(Big 80 mo 270 nb, 3aneKHO BlJ NOPAAKY
1/Q-nemMonynaTOpa) JOCUTH, 1100 BIIMOBUTH-
ca Big BpaxyBanusa KCC cursajis npu IXHIA
06pobui y 6esxBazpaTypHux npuiiMavyax HAP.
IIpn ubomy Mmoxce OyTH y 2 pasy CKOpO4YeHa
kinsricts monyais AllIl, y 2 pasu 3ameHeHa
KiJIBKiCTh MiACUJITIOBAYIE ITPOMLIMKHOI YaCTOTH,
1[I0 JKO3BOJAE CIPOCTUTH INpuiiMaJibHe obJyan-
HAaHHA 1 3[eIleBUTH Jioro BUPOOHULITEO.

IIndpose o6.na,r.n-IaHHﬂ A HazeMHux i 6o-
POBUX BY3JIiB 3B Haxy 3 BILJIA npononye'rbcs

TeopeTiuni 0CHOBN CTBOPCHHS i BUKOPHCTAHHA iH(OPMAIHIMX TeXHONOLIIH

il

craHmapTu3yBaTy 3a cnermdikamiero VITA 69.
Ile 3abe3nednts JOTPUMAaHHA BUMOT K0 6opTO-
BOTO 11 Ha3€MHOIO CeIrMeHTIB CUCTeMM 3B A3KY
iz BIIJIA 3 BiGpocTiiikocTi Ta yAapPOMIIHOCTI, a
TAKO¥ CTiAKOCTI M0 BIOJIMBY KJIIMATUYHUX
daxropis. Takuii niaxix no3BosAe BudDyLyBaTH
3araJibHy iqeoJioriro  amnapaTHOI  peaaalil
IM(PPOBOTO cerMeHTa OOPTOBOrO M Ha3€MHOTrO
yCTaTKyBaHHA KoMILleKcy 3B’A3Ky 3 BILJIA.

B nimoMy, cHOuMpaloduch Ha pPO3INAHYTI
inpopmatuiiiai TexHosorii, MOXKJIMBO 3pobuTH
HACTYIIHI BUCHOBKU:

— BUKOPMCTaHHA METOLY TaHAeMHOI (lIeTpalil
JI03BOJIAE MABUIATH 3aBAZ03aXMUIIEHICTL Bl
I103aCMYTOBMX 3aBajl, CIIPOCTUTH alapaTypHy
peaJjizalio obsaZHAHHA 3B’ A3KY,

— 3a PpaXyHOK NpPUAYLIEHHA KOMMJIEKCHO-
CIIOJIYYEHOi CKJIAZOBOI CUIHAJY MOXYTh
6yTu 30iNblIeH] 3aBaf03aXUUIEHICT 1 PO~
IIYCKHA 3MATHICTb pajioJiHii,

— cnupawunces Ha MosxxkaumsBocTi AP mono
cynposony BILJIA makcumyMamy glarpamMmu
CIIPAMOBAHOCTI, CJIJI PO3pPaxoByBaTHM HA
3pOCTaHHA PO3BiA3aXULIEHOCTI KaHAaJIB
3B’A3KYy 4Yepe3 IPOCTOPOBl ODMEXKEHHA Yy
BUIIPOMiIHIOBaHHI CUI'HAJIIB.

3a3HauyeHl edpexTH, HI0 [IPUTAMAHE] 3aCTOCY-
BaHHIO 3aITPOIIOHOBAHMX NEPCHEKTUBHUX 1HQOP-
MAallifilHMX TeXHOJIOTiM, JO3BOJAKTL BIAAATH TIe-
peBary po3mIAHYTMM MeTtonaM o0poOKy curHa-
JIiB T2 CXEeMOTEeXHIYHUM DIlLIEHEAM IIpu po3pob-
1 HoBiTHIX BIIJIA Ha neplox go 2025 poky.
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B craThe 00OCHOBBLIBAETCSA METOAOJOTMA MCIIOJNBL30Ba-
HUA COBOKYITHOCTY YCOBEPIUEHCTBOBAHHLIX MHHOBALMOH~
HBIX MHPOPMALMOHHLIX TEXHOJOIMA AN pelieHnus 3anay4
3hheKTUBHOR CBA3M C IEPCHEeKTUBHEIMY GeCcnuIIOTHEIMY
JleTaTeJIbHBIMM alrapaTaMu.

Karwueavie caocea:; OeclMIOTHRIE JeTaTeJbHBIE allla-
paTol, METOJ] TAHIEMHOM (pUILTPalMY, PO3BEA3aLIMILEH-
HOCTh, MeTo[ 00paboTKy CHUTHAJOB.

M

Modern Information Technologies in the Sphere of Securily an

The methodology of use of the set of advanced
innovative information technologies for solving
problems of effective communication with advanced
unmanned aerial vehicles is established in the article.

Key words: unmanned aerial vehicle, method of
tandem-type filtration, intelligence immunity, method
of signal processing.
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