OopobKa inpopmayii 6 CKIAOHUX MEXHIYHUX CUCEeMaX

VK 621.396.677.494

A.U. Kosanenko, C.B. Tutos

Xapvkosckas 2ocyoapcmeennas akademust Kyivmypsl, Xapbkoe

METO[ ®OPMUPOBAHUA NOCNEAOBATENIbHOCTEN C®OKYCUPOBAHHbIX
NMPOCTPAHCTBEHHO-BPEMEHHbLIX UMMYJNIbCOB NMPU MHOITOCTYMNEHYATOM
V-OBPA3HOM PACINPEAEJNIEHAN YACTOT MO AMNEPTYPE
MHOIOMO3MLUOHHbLIX CACTEM U3NYYATEJNEN

IIposooumcs kpamxuii 0030p MemMo008 POKYCUPOSKU INEKMPOMASHUMHO20 U3LYHEHUSI PAOUOTNEXHUYECKUMU
CUCTEMaMU HA OCHOBE B3AUMOCO2ACOBAHHO20 NPOCTNPAHCIMBEHHO-AMNIUMYOHO-(A3080-4ACMOMHO20 YNPAGLEHUS
uznyuaemoimu cuenaramu. Paccmompen memoo gopmuposanus nociedosamenvHocmell cQOKYCUPOBAHHBIX NPO-
CMPAHCTNBEHHO-BPEMEHHBIX UMNYIbCO8 NPU UCTIONb30BAHUU MHO2OCHYREHYAmo20 V-00pasnoco 3axkona pacnpede-
JIeHUsl HeCYWUX YACOom 68 MHO2ONO3UYUOHHOU cucmeMme uziydyameneil. [Ipoeeden ananuz napamempos nouryyeHHoix
nocnedosamenrbHoOCmell CQOKYCUPOBAHHBIX PAOUOUMNYTILCOB U BO3MOICHOCTNEU USMEHEHUSL UX CKBAICHOCTIL.

Knrwueswie cnosa: IJIEKMPOMACHUMHOE U3ly4erue, paduomexHuueCKue cucmembul, npoCcmpaHCmeeHHoO-6pemMen-
HOU UMNYbC, MHO2ONO3UYUOHHAA cucmema M3’.7ly'-lam€.7l€uv, CK6AaJX#CHOCNIb, ¢0Kycup061<a.

BBepeHue

Coznanure BEICOKO3((EKTUBHBIX PaJOTEXHHIECKUX
CPEICTB JIOKallMM OJVKHEro JIEWCTBHS, CIEIUAIbHBIX
CHCTEM CBSI3M MEXTY OOBEKTAMH B 33JJaHHBIX JIOKAIBHBIX
00J1acTsIX POCTPaHCTBA, CUCTEM Tiepenaun sHepriun CBU-
JIy4oM U (POPMHPOBAHMS B JIOKAJILHOM 00JIaCTH MPOCTpaH-
CTBA BBICOKOW IUIOTHOCTH BJIEKTPOMArHUTHOH 3HEPTUH
[T — 5] Bo3MOXKHO Ha 0a3e pPaaMOTEXHUYECKHX CHUCTEM,
OCYIIECTBILIIOMMX ~ (POKYCUPOBKY  AJIEKTPOMArHUTHOT'O
m3nmydenus. [ OonmbIMHCTBA 3a/1ay, pelaeMbIX Pajvo-
TEXHUYECKUMH CHCTeMaMH ¢ (DOKYCHPOBKOM 3JIEKTpOMar-
HutHOro wminmydeHust (OMMU) HeoOXxoauma JOCTATOYHO
OoIbIasi MOLITHOCTh M3ITy4EHHs, YTO JOMOIHUTEIBLHO Ha-
KJIa/IbIBAET J)KECTKUE TPEeOOBaHMS K 3JIEKTPHUUECKON NPpoU-
HOCTH OTJENBHBIX M3JIY4YaroliX AJIEMEHTOB U y4eTy HX
B3aUMHOT'0 BJIMSHUS. B CBSI3W € 9THM IIpeJCTaBisieT MH-
Tepec MCCIeIOBAHNE METO/IOB IIPOCTPAHCTBEHHO-aMILTH-
TyAHO-(a30BO-4aCTOTHOH (POKYCHPOBKH CHTHAJIOB B
MHOTOMO3UITIOHHON CHUCTEME U3TyJaTerei.

AHanu3 MocieHNX UCCIeNOBaHUNA M MyOIUKanii
MOKa3bIBaET, YTO (POKYCHPOBKa B 3€pKaIbHBIX aHTEHHAX
u (a3upoBaHHBIX aHTeHHBIX peuietkax (PAP), Ha cero-
JHSIIHUKA J1eHb, JOCTATOYHO XOpOIIO M3Yy4eHa W CTaja
knaccuyeckoit. [t ocymiectBiieHus (pOKyCHpPOBKU HC-
TIOJIB3YIOTCSl Pa3JIMYHbIE METOJIBI YIIPABIICHHUS MTapaMeT-
paMu U3IIydyaeMbIX cUTHajoB. B [5] npemioxeHa kiac-
cudukamms MetonoB QokycupoBkrn IMU mo wucmosns-
3yeMBIM CTeIleHSIM CBOOOJbI IPU YIPABICHUU H3ITyde-
HueM curHanoB B kaHaiax ®AP. Ilpu 3ToM BO3MOXXHBI
pa3IM4HBIE METO/IBI YIPABIEHHs (POKYCHPOBKOIA.

Leas craTbn — pa3BUTHE METOJOB (HOKYCUPOBKH
9JIEKTPOMArHUTHOTO HM3JIy4eHUS Ha OCHOBE ITPOCTpaH-
CTBEHHO-aMIUTUTYIHO-(a30BO-4aCTOTHOTO YIIPABJICHUS
rapameTpaMH H3JIy4aeMbIX CUTHAJIOB B KaHaJlaX MHO-
TOIO3UIMOHHBIX IEPEIAIOLIUX CUCTEM.

OcCHoOBHbIe pacyeTHbIe
COOTHOLUeHuA

PaccMoTpuM cucTeMy U3 MPOU3BOJIBHO pacrpere-
JICHHBIX B MPOCTPAHCTBE HCTOYHUKOB M3JIyYEHUS, T.€.
MHOT'OITO3UIIMOHHYIO MEPEIaroIyio cuctemy (puc. 1).

YuuThIBast yClioBHE |Zn| << R (orpannuenue 00-

JIACTH PACIIONOXKEHHsl u3nydarenei) B [1, 5] momydeHo
Cllelyolee BhIPAKEHUE ISl HAIPSHKEHHOCTH AJIEKTPH-
YEeCKOro MOJIs, CO37aBaeMOr0 MHOTOIIO3UIIMOHHOMN CHC-
temori m3nydarener (MCU) B Touke HaONIOICHHUS B
3aJJaHHBI MOMEHT BPEMEHH:

N
J b b ’t
E(x,y,2t) = Z—“(X“Ry“ Zn0)
n=1 n

()

Xe‘j{znfn (Xn,¥n»Zn at)(t_Rn /C)+(Pn (XnsYn»Zn ,t)}

b

2 2 2

rne an\/(x_xn) +(y_yn) +(Z_Zn) — pac-
CTOSIHHE MEXKIY TOYKOW HAOJIOACHUS C KOOPIUHATAMU
(X4 Yi» Zy) U LEHTPOM N-TO HM3IIyYaTeNs ¢ KOOPJMHATA-

MH (Xn’ yna Zn)’ Jn(xnaynaznat)a fn(xnaynaznat)a
On(Xp,YnsZyst) COOTBETCTBEHHO DACIIPE/IE/IEHUE

aMIUTHTY, YacTOT ¥ HadalbHBIX (a3 KojeOaHMi, MOJI-
BOJMMBIX K N-My H3lly4darento; N — o01ee KOJTHIeCTBO
n3JIydaresneil MHOTOMO3UIIMOHHON CUCTEMBI.

W3 aHanm3a BeIpaxeHus (1) ciemyer, 4To 3a CyeT
CHELHUaIbHOIO0 BBIOOpA B3aMMOCOIIIACOBAHHOTO pac-
NIpe/ieNIeHNs] aMIUIUTYII, YacTOT M HavyalbHBIX (a3 wiu
BpEMEH 3aJIep>KKU CUTHAIIOB MOYKHO JOOUTHCS TOTO, UTO
B BBIODaHHOH TOUYKE MHPOCTPAHCTBA C KOOpAWHATAMH
(Xus Yus Zu) B OKPECTHOCTH MOMEHTA BPEMEHH tp BO3MO-
KEH CKauoK (YHKIMU |E(xH,yH,zH,t)|. B cioydae xo-

POTKUX IMPOCTBIX CHUI'HAJIOB TaKas (l)OKyCI/IpOBKa J0CTHU-
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raercs 3a cueT BO30YKAEHHS HCTOYHUKOB H3ITydEHHS
UMITYJIbCaMU C 3aJIep)KKaMH, 00eCIeUNBaIOIIMMHU OTHO-
BPEMEHHBIN Npuxoj B TouKy P(X,,y,,Z,) CHUTHaIOB
OT BCEX M3IydaTeseH.

B ciyuae ke JIMHHBIX paJiiOMMITYJIHCOB (OKY-
CHpPOBKa JOCTUTaeTcs 3a CYeT YCTAaHOBKH IpeJHame-

(X2,¥2,22)

peHHBIX (Da30BBIX pacrpezeneHuid mo aneprype. Cka-
YOK MOJYJISl HANpsDKEHHOCTH TOJsl B JIOKAJIbHOH 00-
JIACTH TIPOCTPAHCTBA MPHUBOJAUT TaKXKe K CKayKy 3Ha-
YeHUs MOy BekTopa Ymosa-IloiiTunra, T.e. BO3-
MOXHO CO3JIaHHE OOJNBIION IUIOTHOCTH MOTOKa MOII-
Hoctu OMU.

P(X1, Y1,21)

(X1,y1 ,Zl)

(X Yaza)

v

Puc. 1. K pacuery nomns uznyuenuss MCU

Takum o0pazoM, ycIIoOBHEM CyILECTBOBaHHS (DOKY-
cupoBkM OMI B MHOTOMO3UIIMOHHBIX TMepeaaronx
cuUcTeMax SBJISIETCS MakCHMMu3anus (Ha3oBOr0 MHOXKH-
Tens (cuHpa3zHOE CIIOXKEHHE TOJIeH OTACIbHBIX UCTOY-
HUKOB M3ITyICHUS COOTBETCTBYIOIIUX  YacTOT
f,(Xy5>YpsZpy,t)). DTOr0O MOXHO HOOMTBCA 3a CUeT

yIpaBJICHUs] MapaMeTpaMU H3Iy4aeMbIX CHUTHAJIOB B
nepenatomux kananax MCH, 1.e. 3amanuem pacnpeje-
JICHUH Ha4YaJbHBIX (Da3, HECYIIMX YacTOT U YIPaBJICHU-
€M BpEMEHEM M3JTyJYCHHUS B PAa3JIMYHBIX KaHajJaX C yde-
TOM paclpeaeiicHUs] WCTOYHUKOB H3JIYUCHHUS B IIPO-
CTPAHCTBE U BHJIA U3JTy4acMbIX CUTHAJIOB.

NMocTaHoBKa 3agaun MoaernimpoBaHus

Kak mokazano B [5 — 11] o0si3aTenbHBIM yCIIOBHEM
(oxycupoBkH (CHH(pA3HOTO CIOKEHHS IOJIeH OT BCex
WCTOYHHMKOB M3JIYYEHUS B 33aHHOI TOYKE MPOCTPAHCT-
Ba) SBISIETCS 3aJaHUE 3aKOHA IPOCTPAHCTBEHHO-
¢dazoBoro (I1d) ympamnenus (T.e. oOecrieueHHe Kore-
peHTHOCTH M3iydenwus1). Mcxons uz aroro, MCH nmomx-
Ha OBITh MPOCTPAHCTBEHHO-KOTEPEHTHOH, T.€. (a3oBbIe
CIIBUTH HU3JTy4aE€MbIX CUTHAJIOB IOJIXKHBI OBITh N3BECTHBI
U COXPAHATHCS MPAKTHYSCKH HEM3MEHHBIMU B TECUCHHE
BpEMEHH, HAaMHOIO IPEBBIMIAIONIEM JIHUTEIbHOCTD
(bopMHUPYEMBIX TPOCTPAHCTBEHHO-BPEMEHHBIX UMITYJIb-
co (IIBM) [10]. Ecniu MCH paccunrana Ha pabory B
OIpe/IeJICHHBIX WHTEpBajax BPEMEHH, TO MPOCTPAHCT-
BEHHAsl KOTEPEHTHOCTh JIOJDKHA COXPAHATHCS B KaXKIOM
W3 9THX UHTepBaJIoB. [lepuoandeckn HEOOXOAUMO IIPO-
BOJIUTH KOPPEKTHPOBKY (Pa30BBIX CABHIOB C ITOMOIIBIO
KaKoro-JIm0o OIMOpHOTo CHUTHAJIA, HAPUMEp, OT KaJluo-

POBAaHHOI'O MCTOYHHKA M3MydeHus [11] umu ToueyHoro
orpaxarens [12].

IIpoctpanctBenHo-korepenTHyto MCU  MoxHO
paccMaTpuBaTh KaK €IUHYIO Pa3peXeHHYI0 aHTEHHYIO
pelieTKy 3aaHHOH MPOCTPAaHCTBEHHON KOH(UTyparuu.
[lpu sToM st MONMydeHHsT TPUEMIIEMON CTPYKTYPHI
chokycupoBanubix [IBU tpebyercs m0cTaTouHo 00JB-
1I0€ KOJMYECTBO ITO3ULMH (TOpsAKa HECKOJIBKUX Jie-
caTkoB U Oonee [S5, 11]). Kpome Toro, mjist mpocTpaHCT-
BeHHO-KorepeHTHhIX MCH noImKHBI BEIOMPATHCS TaKue
0a3bl MEXIy MMO3ULUSIMU, IPU KOTOPBIX €lIe HE Hapy-
IIaeTCs MPOCTPAHCTBEHHAS! KOT€PEHTHOCTh U3Ty4aeMbIX
CHTHAJIOB, JHOO INPHHUMAThH CHEUHaJbHbIE MEPHI I10
00ecIeueHHIO TToCTIeTHEH.

Kak 6110 mokasano B [10, 13], pacuer mosst u3iy-
yeHruss MCU MOXXHO MpOBOAWTH Ha NATbHOCTAX, Ipe-
BhIAONMX pasMep 3((eKTUBHON (IKBUBAJICHTHOM
anepTypel) 6a3bl L,g. IIpn 3ToM HEOOXOAUMO YYHUTHI-
BaTh B aMIUIMTYIHOM MHOXHTeNne BeipaxkeHus (1) pac-
cTosiHue R, OT Ka)K/10ro MCTOYHUKA U3ITY4EHHUS IO TOY-
KU (OKYCHUPOBKH.

Jlns  cokpallleHHsi BBIYMCIUTENBHBIX 3aTpar 0e3
yiiep0a Juisi BBISIBIICHUS OCHOBHBIX (DU3MYECKHX 3aKO-
HOMEpPHOCTEH IPOBEIEM MaTeMaTHYecKOe MOJEIUpO-
BaHue nojs mnydenuss MCU ¢ mapamerpamu: Koaude-
CTBO HMCTOYHHKOB U3IydyeHus N=33; usnyyaemasi MOIL-
P, =10xBr (P, =P,N=330xB1). Pac-
CMOTPHM COBMECTHOE (pYHKIIMOHUPOBAaHUE HCTOYHHUKOB
W3Iy4EHUs, paclpeleseHHbIX MO0 CIy4alHOMY 3aKOHY
BHYTpHU cdepsl ¢ auamerpom 10000 m. [{nst mpakTude-
cKoro obecneueHusi TpeOOBaHMHA K TOYHOCTH KOOPIIH-

HOCTb
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HATHOW TIPUBSI3KM M COIOCTHPOBKU MO3WIMH BbIOEpeM
2=0,2 M. Pacrionoxum Hayayuo HpsIMOYTOJILHOM CHUCTe-
MbI koopauHaT B IeHTpe MCHU (cm. puc. 1). Ock 0Y
pacrionoxeHa O BEPTUKAIM K TMOBEPXHOCTH 3EMIIH.
[Ipu pacnpeneneHuy MCTOYHUKOB HM3Iy4EHHS IO CIIy-
YaiilHOMY 3aKOHY BHYTPH BBIOpaHHOH cdepbl MOXHO
HPEANOoNoXKUTh, 4To 3 dekTuBHas 6aza MCU L,y mpu
BbIOOpE TOYKH (POKYCHPOBKH B JIIOOOM HArpaBiIeHUH
Oynmer paBHa AuameTpy chepsl.

B coorBerctBun ¢ (1) BeIpakeHWe IS pacuera
IUTIOTHOCTH TIOTOKAa MOIIHOCTH, co3naBaemoii MCHU,
UMeeT BUJ:

N

>

1

S(x,y,z,t) =

n=

N-1

)

2
. R
xexps—j| 2nfy, (t —T“j + Qo ;

rae P, u G, — u3iay4aemasi MOIIIHOCTb U KO3 PUIIUEHT
YCHJICHHUS OTACIBHOTO MCTOYHHMKA M3TydeHus; A(X,y) —
aMIUTUTYJIHOEC paclpeneieHue TONIsA IO 3JIeMEHTaM
MCH.

OTHOCHUTEIBHO (DYHKIIMHM aMILTUTYIHOT'O pacrpe-
neneHus oyt 1mo 3nemeHTaM MCH 00BIYHO JenaroT
MPENONIOKEHUE, YTO OHA SIBIIACTCS pa3leIIIONICHC,
1.e. A(X,y)=A(X)A(y). B aTOM ciiyuae HanbGonee ooOIeH,
TPaJULOHHOW W IIMPOKO HCIONIB3yeMol (yHKIueH
aMIUTHTYJTHOTO PACHpPECIICHHs MOl 0 HM3JIydaTesIsiM
siBisiercs [14]:

A(x,y) =] iy +(1—py ) cos® Zmn |
X
3)
Ty
x +(1- cosP Zmn. ;
Hy +(1-py) L,

Tae Hy,Hy e(0;1); a,p=0,1,2, ....
BeiGupast mapameTpsl HysHy, O, B, MOXHO ¢ J0C-

TaTOYHOM MAJIs1 MPAaKTUKU TOYHOCTBIO AIPOKCHUMHUPO-
BaTh BCEBO3MOJKHBIE peasIbHbIE PacIpeaAeIeHNUS.
MHoroctyneH4atslii  V-00pa3Hblii  3aKOH TIpo-

crpancTBeHHo-uactotHoro (IT4) ynpamneHust curhana-
mu B MCH, nipu yuere cpaBHHUTEIBHO HEOOJIBIIOTO KO-
JIMYECTBA UCTOYHUKOB U3TyUEHUs, 3aIIIChIBAETCS B Clle-
JYIOIIEM BUJIE:
i

AF,, ;

n

Y

fon =fo +v

(4)

-1 -1
rie ne[—NT;...O;...NT}; Y — ko3hUIMEHT

YMEHBIIECHUS] CKBAaXXHOCTH; [|n| / y] — omepaTop OKpyrie-

HUS pe3yibTara J0 OJvKailmero OONBIIEro IeNoro
quca.

KoadduimeHT yMEHBIICHNS CKBaXKHOCTH
AF, N-1

Y= —max _ - -
AF,Q ~ 2Q
Teneﬁ C OJMHAKOBBIMH HECYIIUMH YaCTOTaMH B OI[HOﬁ
CTYIICHH YaCTOTHOI'O pacCpeacICHUs.
3akoH pacnpeacicHusa HadaJlbHBIX (1)33 A 0Cy-
INECTBJICHUA KOI'€PEHTHOI'0 CJIOKCHUA r[oneﬁ B BbI-

OpaHHO# Touke (POKYCHPOBKH OYIET UMETh BUJI:

z R
Pon = _2nf0n (_F ——fn j 5
C C

OINpeaAcCIACT KOJIUYCCTBO H3JIy4da-

)

2 2 2

rne RFnz\/(XF_xn) +(YF—Yn)” +(zF —2p) -
PAaCCTOAHUEC MCKIY TOYKOH (bOKyCI/IpOBKI/I C KOOpAauHa-
tamu Pp(Xp,Yp,Zp) M IEHTPOM N-TO UCTOYHHMKA HU3ITY-

YeHUS ¢ KOOpJAUHATAMHU (X,,,Y,Z,) -

Pe3yn bTaTbl MaTeMaTU4Y€CKOro
MoaenupoBaHusa

Pacripeniennenust HecymmxX 4YacTOT W HavaJbHBIX
¢az 8 MCH ¢ L,3=10000 M, pacCUUTaHHBIX B COOTBET-
cTBUM C BhIpakeHusiMH (4) u (5), Ipu paBHOMEPHOM
pacronoxeHuy u3nydarenei no ocu 0X u BeIOOpE TOU-
ku ¢okycupoBku c¢ koopauHatamu (Xg=0, yF=0,
zg=4,0L,), npuBeneHs! Ha puc. 2 U 3 COOTBETCTBEHHO.

FOm rrl—'a
1-60 -+
1,;OuuETyY
1. 5Z5E+)!
1,017 oETY
e E5O0F+0
;00U Ty
- ¢ o
1. 526K+
1029651y
1 E00E+0
T HOUUETY

16 12 -8 -4 0 4 8 12 n

Puc. 2. Pacnpenenenue Hecynmx yactor B MCU

JInst mpefcTaBieHusl pe3ynbTaToOB MOJIEIUPOBAHUS
B HamOosiee 00IIeM BHJC OBUIM BBEICHBI MPHUBEICHHBIC
KOOPJIHATHI:
XM=X,M=y,ZM=Z.
Lag Lag
Ha puc. 4 npuBeseH BU1 HOPMUPOBAHHOT'O 3HAUeE-
HUS IJIOTHOCTH TIOTOKA MOIIHOCTH u3iaydeHust MCH o

ocu 0Z S, =S(X,Y,2,t)/Smax TPH PAaBHOMEPHOM pac-
MpeeICHNN HM3IYYaroluX dJIEMEHTOB BHYTPH Cepbl
IS (OKYCHUPOBKH zgp =6,0L

TOYKH npu
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Xg =0 u yp =0. AHanu3 pe3ynbTaToB NPOBEIECHHOTO

MAaTEMaTHYCCKOrO MOACIMPOBAHUA IIOKAa3bIBACT, UYTO
Tpu BI)IGOpe TOYKHU (l)OKyCI/IpOBKI/I Ha JaJBHOCTIAX
Zg > 3,0L

Horo I1®Y ynpapieHusi CUTHAIaMU ¢ MHOTOCTYIEHYa-

x » [IPHU HCIIOJIb30BAHUM B3aUMOCOIJIACOBAH-

THIM V—00pa3HbIM pacIpeAeNeHleM 4acToT, (OpMUpY-

ercs Jokanu3zoBaHHbIM 1B, npononsHbIl pasmep ko-
TOPOro COOTBETCTBYET AZp ~ ¢/AF, .\ .

Pomn: PaA

-16 -12 -8 -4 0 4 8 12 n

Puc. 3. Pacnpenenenune Hagansubix a3z 8 MCU
(mst z=4,0Ly)

Ha puc. 5, a npuBeneHo pacrnpeneneHue IIOTHO-
ctu noroka MoutHoctd MCHU B mmockoctu X0Z (ropu-
30HTaJIbHAS IUIOCKOCTH), PACCUUTAHHOE 110 (2) C yueToM
(4) u (5), Upu HUCMOIBL30BAaHMH MHOTOCTYIICHYATOI'O
V-00pa3Horo pacrpezeseHns] HeCYIIMX 4acToT IO dJie-
MEHTaM CHCTeMBI B IockocTH X0Z it TOYku (OKy-
CHUPOBKH C KOOpAUHATAMU

Pp(xp =0, yg =0;zg =4,0L, ).

S, 10

0 [
06 I
04 [
02 Lo
00 ~/

5,99

6,00 6,01

ZM
Puc. 4. Pactipenenenre HOpMUPOBAHHOTO 3HAYECHHUS

IJIOTHOCTHU MTOTOKa MOIIHOCTH u3nyuenuss MCU
B OKPECTHOCTHU TOYKH (DOKYCHPOBKU

Ha puc. 5, 0 npuBeneHo pacrpenelieHue IUIOTHO-
CTH TMOTOKa MOIIHOCTH u3nydeHuss MCU B miockocTu
X0Z nns touku ¢oxkycupoBku zp =24,0L, . Anamus

pe3yabTaTOB MaTEMaTHYECKOI'O MOJEIUPOBAHUS, Mpes-
CTaBJICHHBIX Ha PHC. 5, MOKa3bIBae€T BOZMOXXHOCTH (op-
MupoBanusa kopoTkux IIBU na manpHocTH z >3,0L, .

JlocraTouHO OOJBLION ypOBEHb OOKOBBIX MaKCHMYMOB
onpejensercs pa3pexkeHHocThio MCH 1 cpaBHUTENBHO
HEOOJBIIIMM KOJIMYECTBOM H3JTydaTelIe.

PaccMoTpuM BiMSIHWE aMILIMTYJHOTO pacipeze-
nenust Ha Gopmy [1BU.

Ha puc. 6 npencraBieHsl 3Hau€HUS HOPMUPOBaH-
HOM HarpsbkeHHOCTH 1osisi MCU B OKpECTHOCTH TOUKHU
(hOKYCHPOBKH TIPH Pa3HbIX aMIUIUTYIHBIX paclpesese-
HUSIX:

1 — paBHOMEpHOE aMIUIUTYAHOE paclpeiecHue
A(x,y)=1 c napamerpamu py =py =1, a=f=1;

2-py =py =05, a=p=1;
3-px =py =02, a=p=1.

Kak Buano u3 puc. 6, a, npUMeHEHHE aAMILTUTY/-
HOT'O pachpe/ieNieHns1, CIaIaloiero K Kpasm, IpUuBOJIUT
K CHH)KCHHIO OTHOCHTEJILHOI'O YPOBHsS OOKOBOTO H3Jy-
yeHHs 1o ocu 0Z, KOTOpBIA ompesensercs mapaMmerpa-
Mu A(X,Y).

Ha puc. 6, 6 mpencraBicHbl aOCONIOTHBIC 3HAYe-
HUs HanpsbkeHHocTU mosis MCH B OKpECTHOCTH TOYKHU
¢dokycupoBku. M3 puc. 6,0 BUIHO, YTO CHIKCHHE
YPOBHS OOKOBOI'O HM3JIYYCHHS COIPOBOYKIAETCS YMEHbB-
meHueM 3HaueHus Makcumyma I[IBU BcrienactBue cHu-
KeHus Ko3dduitmenTa HampaBIeHHOro ACHCTBHSA Tepe-
JIaoledl CUCTeMbl MPH OTIMYUU aMIUIUTYIHOTO pac-
npeneieHus oT paBHOMepHoro [1].

AHanu3 pe3ylbTaTOB MOJETUPOBAHUS TOKAa3bIBa-
€T, YTO MPH BBIOOpE TOYKU (JOKYCHPOBKU HA JAJBHOCTH
zg =4,0L; ¥ HMCIONBb30BAHUM B3aUMOCOITIACOBAHHOIO

[1®Y ynpaBieHuss CUrHaJaMH C MHOT'OCTYIEHYAThIM
V—00pa3HbIM pachpenesicHueM dYacToT Buma (4) ¢
AF

max = 100 MI'y popmupyercst TONBKO OTUH JTOKAH-
soBauHbIi [1BU 6e3 yrimoBoro ckanupoBanus. C yBenu-
YEeHHEM JAIbHOCTH A0 TOYKH (DOKYCHPOBKM B IIpO-
cTpaHcTBEe (DOPMHpPYETCsl MOCIIEAOBATEIFHOCTE C(HOKY-
cupoBaHHbIX [IBU, minTensHOCTh M MEpUOJ CIIEAOBa-

HUS KOTOPBIX ONPEACTIAIOTCA KaK

Tupn © 1/ AFnax
nu
Togu = 1/ AF, ,
CKBaXHOCTb
AF N; -1
Q= —max _ i ,
YAF; 2y

a KOJIMYECTBO UMITYJIHCOB 3TOM MEPUOIUIECKON Toce-
JTIOBATEJIbHOCTH YBEJIMYHUBACTCS C YBEIUUCHUEM 3HaYe-
HUA Zf .
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Puc. 5. Pacnpenenenue mioTHOCTH MOTOKa MOITHOCTH u3iydeHust MCU B OKpecTHOCTH TOYKH (DOKYCHPOBKH:
a—ma zy=4,0 Ly; 0 — ms zg=24,0 L,

Kaxk moxaszanu J0MOTHUTENBHO NPOBEACHHBIE pac-
4eTsl, 151 GOpMHUPOBAHMS IEPHOTUYECKOM IOCIe0Ba-
tenpHOCTU [1BU, cocrosieii n3 He MeHee kK MITybCOB,
HEOOXOANMO BBITIONHUTH YCIIOBHE

keQ _ k& nz3
AFmaX _k

2 b
Laq)
rae k - Komu4ecTBO UMITYJIBCOB TIEPUOIUUCCKOM MOcie-
~0,8.

Takum o6pazom, uccnenoBanve [1OY dokycupoBku

noBaTenbHOCTH; kg =45k,

curHatoB B MCH mokasano, 9ro 0co0eHHOCTH (hOpMHpOBa-
Hus mnocnenoarenbHocTel T1BU onpenenstores, B OCHOB-
HOM, HEOOJTBIINM KOJTMYECTBOM TIO3HIMIA M MaJIBIMH JIAJTBHO-
CTSIMU IO TOYKH (DOKYCHUPOBKH (CPaBHUMBIMH C pa3MepaMu
apdextuBHOI 6a3p1 MCH). [Ipr Takux YCIOBHSIX CYIIECT-
BEHHO ckasbiBaeTcs BimsiHue [1D yrpaBnenmst doxycupos-
Kot Ha (hopmupoBanue rnocnenoBarensHocTn [TBU. Tpose-
JICHHOE MOJISNIMPOBAHKE TIOKA3aJI0 BO3MOKHOCTH (popMHUpo-
BaHus1 oquHouHoro [1BM Ha mansHocTH z > 3,0L, 1 mocre-

nosarenbHocTH [1BU Ha nansrocn z > 10,01
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Puc. 6. ITone n3inyuenus miockoit AP B okpecTHOCTH TOYKH (POKYCHPOBKU
IIPY pa3HBIX aMIUTATYAHBIX pacHpe/eseHUsIX:
a — HOPMHUPOBAHHbBIE 3HAYCHHUSI;
0 — abCONOTHBIE 3HAYEHHS

YIpaBJICHUA CUTHaJIaMU B IICPBOM HpI/IGHI/I)KeHI/II/I nus-
BECTHBIMU COOTHOIICHUSMM:

BbiBOoAabI

1. AHanu3 pe3yabTaTOB MAaTeMaTHYECKOrO MoJie-
nupoBaHus nons uinyderns MCHU npu ncnosias30BaHUU
MHOTOCTYNEHYaToro V-o0pa3HOro pacnpeneneHus He-
CYIIUX YacTOT IO amepType Moka3aj, YyTo IpHU H3iIyde-
HUM HENpephIBHBIX CUTHAJOB B KaHanax MCHU B 3agaH-
HOM YIJIOBOM HampaBiieHHH (popMmupyercsi mocienoBa-
TeNnbHOCTh chokycupoBanHbix [1BU.

2. IlpoBeneHHbIe HCCIENOBAaHUS IIOKa3ald, 4TO

A A
AXF zL—ZF N Ay]: zL—ZF .
X y
KomnnuecTBo uMInynbCoB 3TOM EpUOANUECKOM TTO-
CJIeIOBATEIbHOCTH YBEJIMUUBAETCSI C YBEIMYEHUEM 3HA-
4YeHUs Zp. lIpy IpPOU3BOIBHOM HEIKBUAUCTAHTHOM

pa3MeleHn UCTOYHUKOB u3nyduenus MCU mpowucxo-
JIUT CYIIECTBEHHOE CHIDKCHHE YPOBHSA OOKOBBIX MaKCH-
MYMOB.

3. TlpennoxxeHHbIli MeTON (GOPMHUPOBAHUS TTOCTIE-
noBatenbHoCcTed cdokycupoBanHbix 1B Ha ocHoBe

TIPY UCITOIb30BAHUU MHOTOCTYIIEHYaTOro V—00pa3Horo
pacnpenenenus Hecynux yactor B MCU Ha nanpHOCTH
zp 23,0L,y dopmupyercs nokammsosanneii [IBU Ges

YIJIOBOI'O CKaHHUPOBAHUA M €Tro HpOZ[OJ'HJHHﬁ pasMep

WCIIONIb30BAaHUSI ~ MHOT'OCTYIIEHYATOro  V—00pa3Horo
C yBeIMueHUuEM

pacmpenenendss Hecylmux 4acToT mo kaHamam MCU
1o3BoJisieT (hOpMHUPOBATH B IPOCTPAHCTBE IOCIENOBA-
TenpHOCTH cokycupoBanHbix [IBU ¢ 3amanHol mnu-
TENBbHOCTBIO, OIpefensieMoll MaKCUMaJIbHBIM Pa3HOCOM
HECYIIMX YacTOT MO IepealolluM KaHauaM, U JII000i

onpezensiercss Kak Azp ~c/AF,. .

JAJBHOCTH JI0 TOYKH (DOKYCHPOBKH B IPOCTPAHCTBE
(dhopMHpYETCsl TIOCIIEIOBATEIBHOCTL C(HOKYCHPOBAHHBIX
[IBU, miuTenbHOCTh W MEPHUOJ CIEAOBAHHUS KOTOPBIX
zl/AFrml n T, =1/AFn .

OIpCACIIAIOTCA KaK T

BU X

Pasmepsr chopmupoBannsix [IBU mo ocam 0X u 0Y
OIPEICIISIIOTCS, HE3aBIUCUMO OT BBIOpaHHOTO 3akoHa [14

3aJaHHOH CKBaKHOCTBIO.
I'mOkoe yrpaBieHHE CKBaXKHOCTBIO
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_ AFmax _

YAF

N-1
2y

OCYIIECTBIIETCS 33 CUET YBENHYCHHS IIara 4acTOTHI
MEXy COCCJIHUMHU CTYMEHSIMH 3aKOHA YaCTOTHOTO pac-
npeneseHus (WIH YBEJIMYEHHS KOIUYECTBA IMepeaaro-
[IMX KAHAJIOB C OJJMHAKOBBIMU HECYIIUMHU YaCTOTAMH B
OJIHOW CTYNEHH YaCTOTHOTO PACMpEAEIeHHs) MpU CO-
XpaHEHUH HEM3MEHHOH JUTHTETbHOCTH

~ 1/AFmax °
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METO[ ®OPMYBAHHS NMOCNIAOBHOCTEN C®OKYCOBAHUX MPOCTOPOBO-YACOBUX IMMNYJbLCIB

NMPN BATATOCTYMNIHYATOMY V-OBPA3HOMY PO3MoAIny YACTOT MO AMEPTYPI
BArATONMO3ULUIMHUX CUCTEM BUINMPOMIHIOBAYIB

A.IL Kosanenko, C.B. TitoB

IIpogooumucsi Kopomkuii 02150 Memoois QOKYCY8aHHs e1eKMPOMASHIMHO20 BUNPOMIHIOBANHS PAOIOMEXHIYHUMU CUCTe-
Mam Ha OCHOBI 83AEMOY3200HCEHO20 NPOCMOPOBO-AMNAINY OHO-PA3080-4ACMOMHO20 YRPABIIHHA SUNPOMIHIOBAHUMU CUSHANA-
mu. Poszenanymo memoo ghopmyeanis nocuioosHocmeti COKyco8aHux npocmoposo-4acogux IMRYIbCi6 npu eUKOPUCMAnHi oa-
eamocmynenesoeo V-00paznoeo 3aKony po3nooiients Hecy4ux 4acmom 8 6azamono3uyitiniii cucmemi sunpominiosayis. Ilpose-
0eHO aHanis napamempie OMpumManux nocii006HOCmell cOKYCOBAHUX PAOIOIMIYIbCIE | MONCTUBOCEL 3MIHU IX CKBANCHOCTI.

Knrouogi cnosa: enexmpomacnimmne eunpominio8ants, padiomexuiyni cucmemu, RpOCmopo8o-4acogoi imnynsc, bazamono-
3UYitina cucmema BUNPOMIHIOBAYIB, CKBAICHICMY, (hOKYCYBAHHSL.

METHOD OF FORMING SEQUENCES FOCUSED SPACETIME IMPULSES AT THE
MULTI V-SHAPED FREQUENCY DISTRIBUTION OF MULTI SYSTEMS
IN APERTURE EMITTERS

A.L. Kovalenko, S.V. Titov

The brief review of the electromagnetic radiation focusing methods for radio-technical systems on the base of agreed
space-amplitude-phase-frequency control by signals radiated is done. We also consider a method of focusing space-time
impulses sequences forming when used multi-step V-shape distribution low of the carrying frequencies in multi-position
radiators system. The analysis of parameters of obtained focused radio-impulses sequences and possibilities of their po-
rosity changing is done.

Keywords: electromagnetic radiation, radio systems, space-time pulse, bahatopozy-ment system emitters, porosity, focus.
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