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AHHOTanus. 3a1a4a ONTUMH3AINN aBTOKOMIICHCATOPOB Memaromux m3irydeHnid B PJIC ¢ ObICTpBIM IHHEHHBIM
CKaHMPOBAHHUEM SIBIISIETCS akTyaidbHOU. OCHOBHOI Mpo0ieMoi aBTOKOMIIEHCATOPOB € TPAJAUEHTHBIM CIIOCOOOM
CaMOHACTPOUKHU SIBJISIFOTCS OOJBIINE JIWHAMHYCCKUC OIIMOKU (POPMHUPOBAHHS BECOBBIX KOI(PPHUIIMCHTOB.
Jlyis CHYDKCHHS BIUSIHUS JUHAMHUYECKUX OIMHOOK Ha 3()()EeKTUBHOCTH KOMIICHCAIMU HCIOJIB3YIOT PACIIUPEHUC
MOJIOC TPOIMYCKaHUSI 3aMKHYTBHIX KOHTYpPOB caMOHAcTpoku. OJHAKO B ITOM CiIy4ae yBEIMYMBAETCS BKJIAJ
(GIIyKTyalMOHHBIX OIIMOOK B cyMmMmapHbie OmmOkd. CymIeCTBYIOT ONTHMAJbHBIC 3HAYCHHS MMapaMETPOB
ABTOKOMIICHCATOPa, TPH KOTOPHIX CYMMapHBIC OMIMOKA MHHUMAIFHBL. B CcTaThe MONydYeHBI BHIPAKEHUS IS
ONTUMAIIFHBIX TIAPAaMETPOB [BYXKAHAJIBFHOTO aBTOKOMIICHCATOpPA MEIIAIOIINX W3IIy4eHHH C TpaJrieHTHBIM
crocoOOM CaMOHACTPOHKM TPH TOJABICHHHM CHUTHAIOB JBYX WCTOYHHKOB W3IydeHHs. [l TMPOCTOTHI
paccMaTtpuBaeTcs CiIydail Ieredl caMOHACTPOWKH C TIEPBBIM TOPSIKOM acTaTu3Ma, a OOKOBBIC JICTICCTKH
OCHOBHOH [UarpaMMbl HAINpaBICHHOCTH OIMCHIBAIOTCS TapMOHHYECKOH ammpokcumareit. [lomydeHHBIC
Pe3yIBTATH TOATBEPKIAIOTCSI IMUTAIIMOHHBIM MOJIEITUPOBAHIEM JIBYXKaHAIEHOTO aBTOKOMIICHCATOPA.

Knrouesvie cnosa: HByXKaHaHBHHﬁ ABTOKOMIICHCATOP MEINAIOIUX I/ISJ’Iy‘IeHI/If/’I, OIINOKH CaMOHaCTpoﬁKH,
nmapaMeTpuiueCcKas ONTUMH3AIIUs.

Abstract. The task of optimizing of the compensators of interfering radiations in radars with fast linear scanning
is relevant. The main problem of autocompensators with a gradient self-tuning method is the large dynamic
errors in the formation of weight coefficients. To reduce the impact of dynamic errors on compensation
efficiency, the bandwidth extension of closed self-tuning circuits is used. However, in this case, the contribution
of fluctuation errors to the total errors increases. There are optimal values of autocompensator parameters,
at which the total errors are minimal. The article obtained expressions for the optimal parameters of a dual-
channel auto-compensator for interfering radiations with a gradient self-tuning method when suppressing
the signals of two radiation sources. For simplicity, the case of self-tuning chains with the first order of astatism
is considered, and the side lobes of the main radiation pattern are described by harmonic approximation.
The obtained results are confirmed by the simulation modeling of a two-channel auto-compensator.

Keywords: two-channel auto-compensator of interfering radiations, self-tuning errors, parametric optimization.
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BBenenune

3ajmaya  pacyeTa  ONTHUMAJBHBIX  3HAYEHMH  [MapamMeTpoB  IeNed  CaMOHACTPOWKH
ABTOKOMITEHCATOPOB MEMIAIOIINX H3IIyYeHUl, MPH KOTOPBIX CyMMapHBIE OMIMOKH CaMOHACTPOWKH
MHUHHUMAJIBHBI, SIBJISIETCS aKTyaJIbHOM. J{J1s1 cily4yast OlHOKaHaJIbHOTO aBTOKOMIIEHCATOPA IIOMEX aHAJIN3
omK1OOK CaMOHACTPOMKH U MapaMeTpryecKasi ONTUMH3ALUS HEeH CaMOHACTPOMKN MPOBOANIACKH
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B [1, 2]. AHanu3 OmMOOK CaMOHACTPOWKH JIBYXKaHAJIHHOT'O aBTOKOMIICHCATOpPA IIYMOBBIX IOMEX
0Py HAJIWYAH CUTHAJIOB JBYX IMOMEXOBBIX HMCTOYHHKOB mpoBomwics B [3, 4]. lauHas craThs
MOCBAILEHA  MApaMETPUYECKOM  ONTHUMM3alMM  LENEed  CaMOHACTPOMKM  JIBYXKaHaJbHOIO
ABTOKOMITCHCATOPA IIYMOBBIX IIOMEX, PEATU3YIOIICIO TPAJUCHTHBIN aJrOpuT™M (POPMHUPOBAHHS
BECOBBIX KOY(PHUITMEHTOR ¥ IMEPBHIH MOPSAOK acTaTH3Ma IETe caMOHACTPOUKH.

OmudKu caMOHACTPOHKH ABTOKOMIIEHCATOPA MeLIAIOIIMNX M3JTYyYeHMit

JInst MBYXKaHAJBHOTO ABTOKOMIIEHCATOPA MEMIAIOIINX HM3IYYEeHHH C IMEPBBIM IOPSAIKOM
acrtaTM3Ma KBaapaTbl MOJYJEH IMHAMHYECKMX OIMHOOK HM3MEPEHHS BECOBBIX KO3((PHIIMEHTOB
[0 CKOPOCTH B MPEANOJI0KEHHH TAPMOHHUYECKON armmpOKCUMAaIliK OOKOBBIX JIEIIECTKOB JHarpaMMbl
HAIpaBJIeHHOCTH OCHOBHOM aHTEHHBI B 9KBUBAJICHTHOM OPTOHOPMHUPOBAHHOM 0a3uCe OIPEIeIIIOTCS
BeIpakeHusamu [3]: )
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BCKTOpD aMHHI/ITYIIHO-(l)aSOBOI“O pacnpeacicHd Ha KOMIICHCAIIMOHHBIX AaHTCHHAX, CO031aBacMOI0

H 2 2 2 o
CUTHAJIOM |-TO IIOMEXONOCTAHOBIIHKA; * =3t — CPEAHUC MOIIHOCTH KaXXJO0U H3 IIOMEX

B KOMITCHCAIIMOHHBIX KaHaax; N = 2 — 4nciio KOMIIEHCAI[HOHHBIX KaHAJIOB.

BennuuHbl  yJABOEHHBIX JuUcriepcHid  (QIYKTYalMOHHBIX OIIMOOK H3MEPEHUs BECOBBIX
KO3 PHUIMEHTOB JBYXKaHAIBHOTO ABTOKOMIIEHCATOPA MEIIAIOIIMX H3IyYCHHH B SKBUBAJIICHTHOM
OPTOHOPMHPOBAaHHOM 0a3nce HEe 3aBHCAT OT HOMEpa SKBHBAJICHTHOTO KOHTYpa CaMOHACTPOHKH

1 onpeacCIAOTCA BBIPAXKCHHUECM 4
IpECIOL A P [4]
C LT )
-1, R 'f 2

m
rae * ° — MOIIHOCTh OCTATKOB KOMIICHCAIMH MEIIAOIIIX HU3JIy4YE€HUN Ha BBIXOJIE aBTOKOMIIEHCATOPa
ITyMOBBIX TIOMEX B TIPEAIIOJIOKEHUU OTCYTCTBHS OIMMOOK CAaMOHACTPOMKH; * — TIOCTOSIHHBIN
K03(OULUEHT, 3aBUCAIINN OT (GOPMBI KOPPEISILIMOHHOM (QYHKIMU LITyMOBOM moMexu; *f, — mupuHa
CIIEKTpa IIyMOBOU MTOMEXH.

CyMMapHble BEIWYUHBl aMIUIMTYAHBIX 3HAYCHUM yJBOEHHOM MOIIHOCTH  OCTaTKOB
KOMITCHCAIH 2* °

* IHHMax

, OGYCHOBHGHHBIX JANHAMHYCCKUMH OIINOKAMH 3KBUBAJIEHTHBIX KOHTYpPOB

CaMOHACTPOMKH, W YJABOCHHOM MOIIHOCTH OCTaTKOB KOMIIGHCAIlUH  2* ,zqm ,

(ITyKTyalMOHHBIMH OLTMOKaMH SKBUBAJICHTHBIX KOHTYPOB CAMOHACTPOMKH, B COOTBETCTBHH C [3, 4] 1
BeipaxkeHusiMu (1) u (2) umeroT crenyrommii BU:

00YCIIOBIIEHHBIX
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CyMMapHO€ aMIUIMTYJHOE 3HAYCHUE YJIBOCHHON MOIIHOCTH OCTAaTKOB KOMIICHCAIIUU
2 ,Zmax =2 ?mmax +2 _qu , OOYCJIOBJICHHON KaKk JIMHAMUYCCKHUMH, TaK U (QIIyKTyallMOHHBIMH
OIIMOKaMH CaMOHACTPONKH, 3aIUILETCS B CIICAYIONIEM BHIC:
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ITapameTrpuueckasi ONTHMH3ALMS ABTOKOMIIEHCATOPA MeIUAIOIIMX H31y4eHH i
110 MUHMMYMY MOILHOCTH OCTATKOB KOMIIEHCALMH

OnTtuMansHOe 3HaueHHWe Kod(hdummeHTa mpeodpa3oBaHWs WHTETpaTopa IO CKOPOCTH
Kv - opt, TIPA KOTOPOM IHCTIEPCHS OCTATKOB KOMIEHCALMHU, OOYCIOBICHHBIX CyMMApHBIMU OLIMOKAMH
CaMOHACTPOWKH, MPUHUMAET MHHUMAJIbHOE 3HAYEHHE, B COOTBETCTBHH C [5, ¢. 354] ompenensercs
BBIpAKEHUEM
R . Y 2,
Ky ot = Ki 4...|.—'. ﬁ A—l'l'i . (6)
7 1 2 DR | 2"
C y4eToM pe3yibTaToB, MONyYSHHBIX B [3], BRIpaXKeHHE A1 OTHOCHTEIBHOTO ONTHMAIBHOTO
Kod(durrenTa npeobpazopanus o ckopocty K . MOXKHO 3amucath B CIIETYIOLIEM BUJIE:

K . 1 A2 2,
K = ML ﬁ+i (7)
OTH K (.:.) (.+. ). f .
Veopt \ 1 2 1 2 1 2
I'pacduk 3aBUCHMOCTH BenH4MHBI K~ OT yIJIOBOrO paccoriacoBaHHsi **=*, ** MEX LY
JIByMsl HCTOYHMKAMH TIOMEX Ul ciydas o, =1, 2] , =1000, dy =La/2 (pa3HOC (pa3OBBIX

[ICHTPOB KOMIICHCAIIMOHHBIX aHTeHH O paBeH MosoBUHE 3()(EKTUBHOIO JIMHEWHOTO pa3Mepa
OCHOBHOM aHTeHHBI) mpuBedeH Ha puc. 1. M3 puc. 1 BuIHO, YTO TpHU HYJIEBOM YIJIOBOM
paccoriacoBaHuM MEXAy IOMEXaMH BEIWYMHA OTHOCHTEIFHOTO ONTUMAILHOTO KOod(QuIMeHTa
npeoOpa3oBaHus MPUHUMAET, KaK U OKHJIAIOCh, €INHUYHOE 3HaueHue. [Ipu yBeln4eHU: yriIOBOTO
PAcCOrIacoBaHMsl MEXIy MCTOYHHKAMHM mnoMex o Bemuumnel 0,03  mpomcxXomuT yBenmueHue
koadduimenTa npeodpazoBaHusl JO MAKCHMAIBHOTO 3HaueHHs 13, 4TO KOMIICHCUPYET CYIIECTBEHHOE
yBeIMUEHHE THHAMUYECKUX OIIMOOK CAMOHACTPOUKH.

Fpa(bm( 3aBUCUMOCTH OTHOIICHUA CYMMapHOﬁ AUCHICPpCUN  OCTAaTKOB  KOMIICHCAIIUU
IIpu OTCYTCTBMU  OIITUMHU3ALIUN K aHAJIOTUYHOM BEIIMYHUHE Jig cliydas HapaMeTqueCKOﬁ

ONTUMM3AIINN * = ?max (K\,.Opt = Ky opt (-1 = )) I ?max (K\,.Opt) OT YIVIOBOIO PaccoriiacoBaHMs
HUCTOYHMKOB TIOMEX MpuBeAeH Ha puc. 2. M3 puc. 2 BUOHO, 4TO mMapaMeTpuyecKas ONTHMU3ALUSL
MpUBENNa K CHIKCHHUIO BIUSHHS OIIMOOK CAMOHACTPOWKM Ha MOIIHOCTH OCTATKOB KOMIICHCAIN
B TouKe sKcTpemyMa B 90 pas.

Crenyer OTMETUTD, UTO IIPH OOJBLIMX YTIIOBBIX PACCOTIACOBAHMAX [IOMEX ** BO3pacTaHHE
BenM4MHbl K = TpH CHIWKEHHMH YIJIOBOTO PacCOrIACOBAHUS IOMEX HOCHUT OOBEKTHBHBINH XapakTep
1 00YCIJIOBJIEHO 3aTATMBAHUEM MEPEXOAHBIX IponeccoB. IIpu nanpHeimeM CHIKEHHH YTIIOBOTO
paccoriacoBaHusl MEXIy MOMEXaMH HMPOHUCXOAUT MOTEPS UX YITIOBOIO Pa3pelIeHus], U 3aBUCHUMOCTh
BeJIMUMHBI K, OT yIJII0BOTO paccoriacoBaHus HOMEX HauMHACT HOCUTH 00Jiee CIIOKHBIM XapakTep.
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Puc. 2. 3aBHCHMOCTH OTHOIIICHUS CyMMapHOﬁ JAUCIICPCUHN OCTATKOB KOMIICHCAIIUN
Ipyu OTCYTCTBUU ONITUMU3ALINU K aHAJIOTUYHOM BEIMYUHE JIJIS ciry4das napaMeTqueCKoﬁ OIITUMHU3AIIUH

OT YTJIOBOT'O paccorjiacoBaHusg UCTOYHHUKOB ITOMEX

HNmurtaunuoHHoe MoJe1upoBaHue padoThl ABYXKAHAJIBHOI0 ABTOKOMIIEHCATOPA MoOMeX

Jis  moaTBepKIEHWS TIONMYYeHHBIX pe3yJbTaTOB OBUIO MPOBEACHO HWMHTAIMOHHOE
MOJIETTMPOBAHUE JIBYXKAHAJIBHOTO aBTOKOMIIEHCATOpA MEMIAIOIIMUX M3JIYYEHUH C TPpaJUeHTHBIM
CIIOCOOOM CaMOHACTPOWKH JJISI MCXOJHBIX JaHHBIX, HCIIOJNB30BAaHHBIX Juisi puc. 1. B kauecTtse
ANMpPOKCUMAIINH JXarpaMMbl HAIIPaBIEHHOCTH OCHOBHOW aHTEHHEI BEIOpaHa cienyrommast yHKITHS:

A(-)=sinl-;lll-;, (8)

rjie **)5— WIMPHHA JHAarPaMMbl HAIIPABIECHHOCTH aHTEHHBL.

Pe3ynprarel MMHTAIIMOHHOTO MOJIEIMPOBAHHA 10 TApaMETPUYECKONW ONTHUMH3AINH Ha BCEM
UHTepBaje (MapaMeTpuyecKas ONTUMU3ALUs BIIIOJIHEHA B IpeanonaoxeHuy ' = 0') npuBeacHbl HA
puc. 3 B BUJIe IKPAaHOB WHIIUKATOPOB «IAITBHOCTh — yroim»: (@ — J0 BKIFOYCHHUS aBTOKOMIICHCATOPa;
0 —1ocie BKIIOYEHHUS! aBTOKOMIIeHcaTtopa npu ** = 0'; ¢ — mociie BKIIOYCHHSI aBTOKOMIICHCATOPA
mpu ** = 0,275 ; 2 — nocie BKIOUEHHA aBTOKOMIIEHCATOpA TP ** = **().
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a 7] 6 2
Puc. 3. Buasl 3kpaHOB HHIUKATOPOB «IALHOCTh-YTOI»: d — ABTOKOMIICHCATOP BBIKJIIOYCH;

G- =06— =025 20— =g

a o 6 2
Puc. 4. Buzapl 5KpaHOB HHAWKATOPOB «JAIEHOCTH-YTOJI» C TApaMeTPUIECKOil ONTHMH3AIHEH:
a — aBTOKOMIIeHcaTop BeIKIodeH; 6 — ** =0;6— " =0,2' 52— " =",
U3 puc. 3 BuAHO, 4TO NpH YIJIOBOM paccorjiacoBaHuud mnomex 0,2+, HaOIoaeTcs

CYIIECTBEHHOE CHIDKEHHE A(PQEKTHMBHOCTH IIOAABJICHUS IOMEX, OOYCIOBJICHHOE MaKCHMAaJbHBIM
BIIMSIHUEM JUHAMHUYECKUX OIIMOOK CAMOHACTPOMKH.

Pe3ynpTaThl MMHTAlMOHHOTO MOJENUPOBaHMS pabOThl TPAJAUEHTHOIO JABYXKaHAJIBHOTO
aBTOKOMIIEHCATOpa LIYMOBOI MOMEXH IOCJe MapaMeTpUYecKoi ONTHMHU3ALMM Ha BCEM HHTEpBaie
M3MEHEHHUS YTJIOBOTO PACCOTIIACOBAHUS JIBYX TOMEX MPUBEICHBI Ha pUC. 4 (a — 10 BKIIIOYCHUS

aBTOKOMIIEHCATOpA; 6 — MOCie BKIIOUEHHS aBTOKOMIIeHcaropa npu ** =0'; ¢ — HOCIe BKIIOYEHUS
aBTOKOMIIeHcaTopa mpu ** = 0,2+ W Tpu yBenmdeHWH Koddduimenta npeoOpazoBaHUs
TI0 CKOPOCTH B 4 pa3a; 2 — I0CJIe BKIIKOYEHUs aBTOKOMIIEHCATOpa IIPU ** = ** ¢ Y TIPU YBEIHMYCHHUN

koddduumenta npeodpazoBaHus IO CKOPOCTH B 2 pasza). U3 puc. 4, g, 2 BUAHO, YTO apaMeTpuiecKas
onTUMM3aLus KodpuureHTa npeoOdpa3oBaHus MO CKOPOCTH NpPHUBENa K 3aMETHOMY YIyYIIECHHIO
HaOJIO/IEHUSI [TOJIE3HOTO CUTHANIA Ha (DOHE TTOMEX.

3akiIouyenue

Takum 06pa30M, B CTaThC NPOBCACHA MAPAMCTPUUICCKAA OIITUMHU3AI U ueneﬁ CaMOHaCTpOfIKH
TpaAUCHTHOI'O0 ABYXKAaHAJIBHOI'O ABTOKOMIICHCATOPA MCIIAIOMINX I/ISHy‘{eHI/Iﬁ COo CKaHI/IPYIOII_Ieﬁ
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).IPIaI‘paMMOfI HaIpaBJICHHOCTHU. HOKaSaHO, 4qTO JJId o0ecIieueHHs] ONTUMAILHOMI pa6OTH TaKoro
ABTOKOMIICHCATOpa HCO6XOILI/IMO oOecreunBaTh WU3MCHEHHE €T0 mapaME€TpoB B 3aBHCHUMOCTH OT
YTJIOBOr0 paccCorjiaCcoBaHusa MEXAY IOAABISICMBIMH ITOMEXaMM. I[OCTOBepHOCTL TTOJTYYCHHBIX
PE3YyIbTAaTOB MMOATBECPIKAACTCA HUMUTAIMOHHBIM MOACIUPOBAHUCM JABYXKaHaJIbHOI'O
ABTOKOMIICHCATOpA. HCJ'ILIO JTaTbHEUIIIHIX HCCIIeIOBaHMI MOXET ABJIIATHCA aJanTuBHAA
nmapaMeTpruICCKasa ONITHUMU3ALNA nenen CaMOHaCTpOﬁKH ABYXKaHaJIbHOT'O aBTOKOMIICHCATOpa IIOMEX,
KOoraa yrijioBO€ pacCorjiaCoBaHuc MEX1y HCTOYHUKAMU ITOMEX 3apaHEeC HCU3BECCTHO.
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