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KiZbKOCTi (YHKI[iOHa/IBHUX Pajioe/IeKTPOHHNUX 3ac00iB IPU3BOIATH 10
HOCTiTHOTO 30i/blIIeHHS PiBHS 3aBaj] HAa BXOJAX IPUIIMaIbHNX IPUCTPOIB
i 3arocTpeHHs npobmeMn 3aBafoCTIKOCTI. 3 mpo6reMaMy 3aBafo3axuiie-
HOCTI Ta 3aBaJOCTIMIKOCTI TiCHO IIOB sI3aHi 3aBJAaHHA 3a0e3IeYeHHA eJIeK-
TPOMArHiTHOI CYMiCHOCTI Ta IIPOIYCKHOI 3JaTHOCTi CUCTEMM Pafiio3B S3KY.

EdextusHictp poboTn cucreM pajioss’si3Ky BU3HAYAETbCS (ibTpa-
Lji€l0 3aBafl, cepefl AKMX 3HAUYHY YaCTMHY CK/Ia/JaloTh By3bKOCMYTOBI 3aBa-
OV BiJj OJHOYACHO INPALIOKYMX palionpucTpoiB. [lifd By3SbKOCMYTOBKX 3a-
BaJl IPU3BOJUTD 10 3HAYHOI'O 3HVDKEHHA 3aBaJOCTIIKOCTI Py IPUIIMaHHi
KOPUCHMX curHaiB. ToMy 3aXMcT cucteM 3B’SI3Ky BiJj BIUIMBY BY3bKOCMY-
TOBUX 3aBa/l, 1J0 Jil0Th B pajlioKaHasaX, € BAKIMBYUM Ta aKTyaJbHUM Ha-
YKOBO-TEXHIYHMM 3aBJaHHAM.

AmHasi3 oCTaHHIX ZOCTiTKeHb i myOmiKkaniii, B AKNX 3aI09aTKOBAHO
BHpillIeHHA JaHOI MPo6/IeMM Ta Ha AKi ONMMPAOTHCA aBTOPU. MOXIIN-
BOCTi KOMITeHcallil 3aBaj yrepiue cOpMyIbOBaHi pafsiHCbKUM Y4eHUM
H. [I. [Tananexci, a moTiM posmupeHi i po3po6/eHi OCHOBY afalTHBHUX
cucTeM KoMIleHcalil 3aBaj ¢asoBanoi antenHol pemitku S. JI. Illupma-
HoM, A. A. ITicTronbkopcom, Anenbbaymom, Yigpoy. Metonu o6po6ku cur-
HaJIiB, B OCHOBI AKVX JieXkaTh Moy dikallii 3araTbHUX METOHIB, 3 ypaxyBaH-
HAM crenniky pisHUX BUJIB 3aBaj], i NIPUHLMIN afanTalii afropuTMis
HPUITOMY Bijj peasbHMX 3MiH ITapaMeTpiB KaHaly i 3aBaZloBOi 00CTaHOBKY,
posrspaoTscs B poborax P. JI. CrparonoBuya, b. P. Jlesina, JI. M. ®inka,
I. C. Aupponosa, H. C. Tennosa, B. B. Hlaxrinbasana, B. I. Pemina,
I. TI. Taprakoscokoro, [I. II. Knoscpkoro, 10. C. Illinakosa, A. I1. Tpudo-
HOBa, A. I. @anpko, A. A. Cikapesa, B. . Kopxuxka, I. A. Ilikixa, B. @. Ko-
MapoBMYa.

Mertor0 CTaTTi € IPOBEieHHs aHAIi3y METOMIB aMITITyZHO-(a30Bol
KOMIIeHCallii 3aBaj| alalTBHOI CUCTEMM IIPOCTOPOBO-4aCcOBOI (pinbrparyii.

Buxnan ocHOBHOro Marepiany fgocmifkeHHsA. BigmosimHo o Bu-
KOPVICTOBYBAHUX KPUTEPIiiB AKOCTI HailOI/IbIII OIIMPEHNM € TPU METOLY
YIpaB/liHHA aJalTUBHUMY aHTEHHMMU periTkamu [1].

1. MeTtop nepeTBOPEHH: OLiHKM KOPE/ALIHOI MaTpulli 3aBaj, I'pyH-
TYETbCA HA PO3PAXyHKY OLIHKM KOpeIALiHOI MaTpuLi HUIAXOM ycCepes-
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HEHH 110 k-B1OipKax BXiiHMX CUTHAJIIB Ta B IIOAA/IBLIOMY Ii IIepeTBOpeHHi
Ta PO3PaxXyHKY BaroBux KoeilieHTis:

Ry =5 X 00X (). 0

R .y sk »
Ie Ryy — KopeAliliHa MaTpuLid,

— 3HAK KOMIIJIEKCHOT'O CIIO/Ty4YeHHs, X — BXifHU
CUTHAaI.

2. MopuikoBaHMIT aITOPUTM BUIIAJKOBOTO IOLIYKY — METOJ, IPYHTY-
€TbCA HA BUKOPUCTAHHI BilOMMX aITOpUTMiB BUIIAIKOBOTO HOIIYKY [2] i
nepep6ayae OL[iHKY 3MiHU ITOKa3HMKa AKOCTi. [leit MeTox € 6ibII mpocTUM
i peanizyeTbcs AK aHATIOrOBMMY, TaK i nydpoBuMu Metogamu. Hegomixom
J1oro € 6ipImit yac 36i>xHoCTi [1].

3. KopenauiitHuii MeTofi — OCHOBAaHMII Ha BifoMiil Ipolenypi Haii-
IIBYJIIIOTO CITYCKY. BUKOpucTOByIOUM Iieii MeTosi, HeOOXiTHO 3aiaTu I0-
YaTKOBe 3HaYeHHs BaroBux KoedilieHTis. BenmunHa rpafieHTa MokasHmuka
AKOCTI, AKUIT 0OYUCTIOETHCH 200 OTPUMYETbCA Y BUITIALI CUTHAJIIB, BU3HA-
YJa€ HAIPsMOK IOJA/IBIIOrO MOIIyKy. MeTox 3abesnedye MakcuMartisalio
BiTHOILIEHH:I PiBHA CUT'HAJI/LIYM Ha BUXOJI PeIIiTKM.

IIpoananisyemMo BKasaHi METOAM 3 TOYKM 30PY IPAaKTUYHOI peanisanii
CXeM aJalTMBHIUX KOMITeHCaTopiB 3aBaj. HaiibinbIie mommpeHHs B afar-
TUBHMX PELIiTKaX, IPU3HAYeHNX /151 POOOTH B pajioNOKaLiIHUX CUCTeMaX
i cucremax 3B’A13Ky, Ofiep>KaB KOPEJIALIIHIIT METO, IO IIPeACTABICHNIT Ha
pucyHky 1 [3, 4]. Ieit MeTox 6a3yeTbcs Ha BUKOPUCTAHHI IIPOLIelypy Hali-
IIBYJIIIOTO CITYCKY. Y HbOMY HeOoOXifjHe 3a[jaHH:A ITOYaTKOBOTO 3HAYEHHs
BaroBux koeginieHTiB. HalpsAMoK IONIYKY BUSHAYAETHCA LIUIAXOM 004MC-
JIEHH TpaJlieHTa IIOKa3HMKa AKOCTI.

Peanisanis KOpeALiifHOr0 MeTOAy 3a aITOPUTMOM POOOTH 3 BUKO-
PUCTAHHAM fIK KPUTEPil0 — MAKCMMYM BiJHOLIEHHs PiBHA CUTHAJI/IIyM,
OINICYEThCs PiBHAHHAM:

Tdv:i/—t(t)+(1+uRXX YW(£) =S, )

e T — mocTiitHa 9acy GinbTpa HUSHKMX YacTOT, R — KOpenATiifHa MaTPUILS BXiTHIX

CUTHAIB, S — Kepylounil BeKTOP-CTOBIIELIb, 110 3aja€ HeOOXiHY Aiarpamy crpsmoBa-
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HOCTI aHTEHHOI PelLiTKM IIPY BiICyTHOCTI CIIPSMOBAaHUX 3aBafi, b — KoedilieHT 301k-

HOCTI, 1[0 BU3HAYA€E CTIMKICTh i MBUKICT 301KHOCTI a/ITOPUTMY.
Po3B’s130K piBHAHHS (2) Ma€ BUITIAL:

1 -
VI/ycm :(E_._RXX) 1S° (3)
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Puc. 1. CrpykTypHa cXeMa peasisallii KopenALiiiHoro MeTopy:

X,—X_ — BXi[iHi CUTHa/IN; S| — CUTHAJI KEPYBAHHS [iarPaMOI0 CIIPAMOBAHOCTI aHTEHHOT
PEIiTKY TP BifICYTHOCTI CIPAMOBAHMX 3aBa/; w-w, - Barosi Koe(biuieHTM, Y-
BUXifgHMI curHas, X — BEKTOP BXiTHUX curHamiB, W — BeKTOp KoedillieHTiB mepenay

HepomnikoM JaHOTO anropuTMy € Te, 0 Ha BYMCOKMX i HaIBMCOKMX Yac-
TOTaX BYHUKAIOTD TPYJHOLLI, SKi OB sI3aHi 3 MaJIO0 IIBYUJKICTIO 30DKHOCTI.

Monudikaliiero KOpesLiiiHOro MeTOLy € MeTOJ, MiHIMyMy CepefHbO-
kBagpatryHoi nomunku (CKII), mo moganmit Ha pucyHky 2 [5].

Mertop npunyckae HaABHIiCTb Y CCTeMi OCHOBHOI'O Ta OIIOPHOTO BXO-
miB. I/ OLiHIOBAaHHA CUTHAIy B TaKill CMCTEMi CUTHAJI 3 OTIOPHOTO BXOZY
IPOIYCKAIOTDb Yepe3 aflalTUBHUIT (iIbTp i BUPaXOBYIOTb JIOTO i3 CUTHAITTY,
SIKVIL [iie Ha OCHOBHOMY Bxofi. ONTMManbHNUI BEKTOp BaroBoro Koediri-
€HTa BUOMPAETHCS BiAMOBITHO [0 IBOX OCHOBHMX KpuUTepiiB sikocTi. Kpim
kpurepito Minimymy CKII, onycanoro B po6orax Yigpoy, 3acTOCOBYeTbCsA
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KpUTepiil MaKCMMYMY BifIHOIIEHH:A PiBHSA CUTHAJI/IIYM Ha BUXO[i CUCTEMH,
a00 eKkBiBaJIeHTHUII IOMY KpUTEPiil MAKCMMYMY IMOBIpHOCTI IIpaBU/IbHO-
rO BUSBJIEHHS CUTHaTy npu GiKcoBaHiil IMOBIPHOCTI IOMUIKOBOI TPUBO-
ru. Llert Kpurepiii 3alIpOIIOHOBAHMI Y IIpalX.

X Xn

...n

A

Puc. 2. Cxema peanisanii merony minimymy CKIT

Metopu mpucKopeHoi 301KHOCTI KOpe/ALiIHUX aITOPUTMIB afilanTa-
L[iI B aHTEHHMX PelIiTKaX NOJiAITbCA Ha JBa OCHOBHI BUA:

1) MeTomM MigBUINEHHA MIBULKOCTI 36DKHOCTI, OB’ A3aHi 31 3MiHOIO
koedinienta 30DKHOCTI Y Ha KOXXHOMY TakTi ajanTaunii. Metogu manoi
rpynu 6a3yloTbcsl Ha BUKOPVCTAHHI YHIBepCaJTbHUX aITOPUTMIB JIiHITHOT
anreOpy mpy MOOYHOBi MIMPOKOro KIacy MaTpullb i3 3alaHUM PO3TaIlly-
BaHHAM BJIaCHUX 3Ha4eHb. i MeTomM MaloTh eKCTpeMasbHy HMIBUIKICTD
30DKHOCTI, He3a/Ie)HO Bij mopsaaky Marpuni. OfHaK HeO0OXiTHICTh TOYHOT
OLiHK) BJIACHUX 3HA4Y€Hb KOPEJIALINHOI MaTpulli 3aBaji He JO3BOJAE [O-
CATTM IIBUAIKOCTI, fIKa 3a0e3Mevye icTOTHe IPUCKOPEHHS alanTallii;

2) MeTOiM TPUCKOPEHHS afamTallii IUIAXOM MOoMepefRHbol 06poOKu
BXiIHMX cUTHaJIiB. 3a JaHUM METOZIOM JI/I IPUCKOPEHHs afjanTallii 3acTo-
COBYETBCS IIPUCTPIl IonepeHbOI 00POOKY, Ha BUXOJI SIKOTO, B ilea/bHO-
MY BUIIQJIKY, BUXOJATb HEKOPENbOBAHI CUTHAIN, IIOTY>KHOCTI AKUX JOPiB-
HIOIOTh B/IACHUM 3HAY€HHSAM KOPESALINHOI MaTpulli R , 110 TEOPETUIHO
JO3BOJISIE 3aBEPILINTY IPOIlEC BCTAHOBJIEHHS BaroBux KoedilieHTiB 3a

163

Ne1(63)
2015



TEXHIYHI HAYKI

onyH TakT. ITpoTe mpaKTN4HO mpolec afganTauii TpUBa€e geKiabKa TaKTiB.
Kpim 1jporo, MeToy, BMMarae 3Ha4HOTO YCKIaJHEHHA cXeMy 00poOK, 110
0c00/IMBO HeOaKaHO y BUIIAJKY BEMMKOI Ki/IbKOCTi KaHaIiB.

BucHOBKIL. Y pesynbTaTi JOCTIIPKEHb iCHYIOUMX METOMIB i KpUTepiiB
a[JalITUBHOI aMIUTITyAHO-(}a30B0i KOMIIeHcallii MOXKHAa 3poOUTH Taki BU-
CHOBKI:

1. IcHyrO4i MeTOAM afalTMBHOIO KEPYBaHHA aHTEHHVMM PEeUIiTKaMM
MO)KHa PO3JUINTU Ha TPY OCHOBHI I'PYIIM: METOJ, IIepeTBOPEHH:A KOpesii-
LilTHOI MaTpuLi 3aBaji, KOPE/IALiHNUIT METOJ, i METON, KNI BUKOPUCTOBYE
MozMbiKOBaHNMI AITOPUTM BUIIAJKOBOTO IIOLIYKY.

2. B ajanTuBHMX CHCTEMaX IPOCTOPOBO-4acoBoi QinbTpartii Ha6iIbI
IepCHeKTYBHE BUKOPUCTaHHA METO/IIB, IO I'PYHTYIOTbCA Ha KOPE/IALiHIN
06po6ui curHasis, 30kpeMa Ha jioro Mopudikaisx, mos’s3aHux 3i 3MiHOIO
KoedirienTa 3061>KHOCTI i onepeHHOI 0OPOOKOIO BXIJHUX CUTHAIIB.

3. Hait6i/p111 3py4HMM METOZOM aBTOMATUYHOTO Pery/TIOBaHHS BeKTOP-
HUX KoedillieHTiB € a/IropuT™ MiHiMi3arlii cepefHbOro KBagpaTa MOMIUIKIL.

4. Iig vac aHami3y cxeM IPaKTUYHOI peanisalii aalTUBHUX KOMIIEH-
caTopiB 3aBaj] HEOOXiHO BpaxoByBaTu 0COOMMBOCTI peanisaliii IpucTpo-
iB, 10 IPALIOOTh B YMOBax peanbHoro yacy B HBY piamasoHi.
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babuii 10. A., Kpasuos V. IO., Puwutckas A.H. AHanu3 MeTOROB
alal TUBHOJ aMITNTYHO-()a30B0iT KOMIIEHCAIIMM IIOMeX

VccnenoBaHme CyleCcTBYIOIVIX METOIOB aflalITUBHON 00pabOTKY CUT-
HanoB B CBY fyanasoHe 1okasasno mepcreKTUBHOE VICIIO/Ib30BaHIe METO-
JI0B, OCHOBAHHBIX Ha KOPPEJIALMOHHON 00paboTKe CUTHA/IOB, B YaCTHOCTU
Ha ero MoaQuKaLMAX, CBA3aHHBIX C U3MeHeHMeM KoadduijmenTa cxonm-
MOCTM ¥ IIPefiBapUTEIbHOI 00pabOTKOM BXOJHBIX CUTHAIOB.

KiroueBble c1oBa: amMniumyoHo-Hasosviii KoMneHcamop, A0anmueHas
0bpabomka, k6adpamypHvili pezyAmMop KOMHNIEKCHbIX KOIPPUUUeHmos
nepedauu, 6anaAHCHbLI AMNAUMYOHO-PA308blil OermeKmop.

Babii Y. O., Kravtsov I. Yu., Rishchynska A. M. Analysis of methods of
adaptive amplitude-phase compensation of barriers

The article deals with the study of existing methods of adaptive process-
ing of signals in superhigh frequency range.

We have determined that according to the quality criteria being used
there are three widespread methods of management of adaptive aerial grat-
ing: the method of transformation of estimation of correlation matrix of
berries; modified algorithm of occasional search; correlation method. The
analysis of these criteria from the point of view of practical realization of
schemes of adaptive barrier compensators testifies that the correlation
method which is based on the usage of procedure of the fastest descent is
the most spread in adaptive gratings designated for work in radar systems
and communications systems.

The modification of correlation method concerns the method of mini-
mum of root-mean-square mistake regarding the presence of main and sup-
porting inputs in the system. This method is the most convenient method
of automated regulation of vector coefficients. To estimate a signal in such
system we pass the signal of supporting input through adaptive filter and
calculate it using the signal of main input. Optimal vector of weight coef-
ficient is chosen according to two main quality criteria.

We have found that these methods of accelerated coincidence of cor-
relation adaptation algorithms in aerial gratings are divided into two types.
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The first type includes the methods of enhancement of coincidence
connected which are connected with coincidence coeflicient change in ev-
ery adaptation chain. They are based on the usage of universal algorithms
of linear algebra while constructing the wide class of matrices with the par-
ticular location of own values and are characterized by extreme coincidence
speed regardless of matrix order. But the necessity of accurate estimation of
own values of correlation barrier matrix does not allow them to reach ap-
propriate speed to ensure a significant level of adaptation acceleration.

The second group includes the method of adaptation acceleration with
the use of preliminary processing of input signals. This method is carried
out by the device of preliminary processing. At the output we can receive,
ideally, uncorrelated signals which powers are equal to own values of cor-
relation matrix. But practically the adaptation process lasts for some chains.
Besides, this method requires considerable complication of processing
scheme which is not very good for a case with a great number of channels.

Our study showed that the usage of methods which are based on corre-
lation signal processing is the most prospective in adaptive systems of space
and time filtration. Particularly we can outline its modifications connected
with changes of coincidence coefficient and preliminary processing of input
signals.

Keywords: amplitude-phase compensator, adaptive processing,
quadrature regulator of complex transmission coefficients, balance amplitude-
phase detector.
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