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MATEMATUYECKOE U UH®OPMALIMOHHOE OBECIEYEHUE
MHOIOCTYMNEHYATOIO V-OEPA3HOIO YNPABJIEHUA YACTOTOMN
NMPOCTPAHCTBEHHO-PACMNPEOENEHHOW NEPEOAIOLLENA CUCTEMbI

IIposooumcs kpamxuii 0030p MemMo008 POKYCUPOSKU INEKMPOMASHUMHO20 U3LYHYEHUSI PAOUOTNEXHUYECKUMU
CUCTEMaMU HA OCHOBE B3AUMOCO2IACOBAHHO20 NPOCTNPAHCIMBEHHO-AMNIUNMYOHO-(A3080-4ACMOMHO20 YNPAGLEHUS
uznyuaemoimu cuenaramu. Paccmompen memoo gopmuposanus nociedosamenvHocmell cQOKYCUPOBAHHBIX NPO-
CMPAHCTNBEHHO-BPEMEHHBIX UMNYIbCO8 NPU UCTIONb30BAHUU MHO2OCHYREHYAmMOo20 V-00pasnoeo 3akoHa pacnpede-
JIeHUsl HeCYWUX YACmom 68 MHO2ONO3UYUOHHOU cucmeMme uziydyameneil. [Ipoeeden ananuz napamempos nouryyeHHoix
nocnedosamenrbHoOCmell CQOKYCUPOBAHHBIX PAOUOUMNYTILCOB U BO3MOICHOCTNEU USMEHEHUSL UX CKBAJICHOCTILL.

Knwuesvie cnosa: IJIEKMPOMACHUMHOE U3TY4YeHue, paduomexHutteCKue cucmemsl,

npocmpancmeeHHOo-

6p€M€HHOuV UMNYJIbC, MHO2CONO3UYUOHHAA cucmema u3./ly'—lam€./l€uv, CKeas#CHocCnb, ¢0Kycup061<a.

BBepeHue

Cucrembl CBsI3U MEXIy OOBEKTaMH B 3aJaHHBIX
JIOKAJIBHBIX O0JIACTSAX MPOCTPAHCTBA, CUCTEMBI IIepe/ia-
yu sHeprun CBY-nydom n popMupoBaHus B JIOKaJIBHOM
00JIaCTH TPOCTPAHCTBA BBICOKOH IUIOTHOCTH 3JIEKTPO-
MarHuTHo# sHepruu [1 — 5] Moryr ObITH CO37aHBI Ha
0aze pamUOTEeXHUYECKHX CHCTEM, OCYIIECTBIISIOIINX
(hOKYCUPOBKY 3JICKTpOMAarHuTHOro msnydenus (OMMN).
BonbimHCTBO 33724, pemaeMbpIX CHCTEMaMH ¢ (JOKYCH-
POBKO# M3ITydeHHs, TpeOYIOT OOJBIIYI0 MOIIHOCTh U3-
Jy4eHHs, YTO JOTIOJHHUTEIbHO HAKIIABIBAET JKECTKHUE
TpeOOBaHUSI K JIIEKTPHUYECKOH MPOYHOCTH OT/AEIBbHBIX
9JIEMEHTOB M y4eTy UX B3aHMMHOI'O BIMSHHS. B cBsizu C
STHM IIPEACTABISIET WHTEPEC HUCCIEIOBaHHE METOJIOB
MIPOCTPAaHCTBEHHO-aMILTUTYAHO-(a30BO-4aCTOTHOH (o-
KYCUPOBKH CHTHAJIOB B MHOTOIO3HMIIMOHHOW CHUCTEME
m3nydareneit (MCH).

AHanu3 MocieHNX UCCIeNOBaHUNA M MyOIUKanii
MOKa3bIBAET, YTO ()OKYCHPOBKA B 3€pKaJIbHBIX aHTEHHAX
u (¢a3upoBaHHBIX aHTeHHBIX pemerkax (PAP) mocra-
TOYHO XOpOILIO M3y4eHa U cTaja Kiaccudeckoi. Jlms
ocymiecTBiieHHs] (POKYCHPOBKH HCIOJIB3YIOTCS Pa3Jiny-
HBIE METOJBI YIPABJICHUS IapaMeTpaMH H3ITy4aeMbIX
CHTHAJIOB.

B [5] mpemnokena knaccudukanus MeTomoB ¢o-
KYCHUPOBKH 3JIEKTPOMAarHUTHOTO M3JIy4EHUsI 10 UCTIONb-
3yeMBIM CTEIeHSIM CBOOOJBI MPU YIPABICHUU U3ITyde-
HUEM CUTHAJIOB B KaHanax (ha3sMpOBaHHBIX aHTEHHBIX
PEIIETOoK.

[Tpu 5TOM BO3MOXXHBI Pa3IMYHBIE METOJBI YIPaB-
JIeHust (POKYCHPOBKOM.

Lean craTbn — pa3BUTHE METOJOB (POKYCUPOBKH
OMMU Ha OCHOBE yNpaBJIEHUS MMapaMeTpaMH H3Jydae-
MBIX CUTHAJIOB B KaHajax IPOCTPaHCTBEHHO-pacIperie-
JICHHBIX NIEPEIAlOLIUX CUCTEM.

OcCHOBHbIe pacyeTHbie COOTHOLLeHUA

PaCCMOTpI/IM CUCTEMY U3 IIPOU3BOJIBHO pacClpeac-
JICHHBIX B IHPOCTPAHCTBE HCTOYHUKOB M3JIYUCHHUA

(puc. 1). YuursiBasi ycioBue |zn| << R (orpannuenune

obnacTu pacronoxeHus uanmydarenei) B [1, 5] momyue-
HO CJICYIOIee BHIPAKEHHUE I HAIPSIKCHHOCTH 3JICK-
TPHYECKOro Mmojis, co3maBaeMoro MCHU B Touke HaOIIIO-
JICHUS B 33JJAHHBIN MOMEHT BPEMCHU:

N

E(x,y,z,t) = Z

n=1
_j 27‘cfn(Xn,yn,Znst)(t - Rn/c) +
+¢n (Xn’yn’zn’t)

Jn(xnsynsznst) X
R

n

(1)

X exp

rie R, = \/(X - Xn)2 +(y - yn)2 +(z- Zn)2 — pac-
CTOSIHAE MEXIy TOYKOW HAONIONEHUS (Xy,VYy,Zy) U LIEH-
TPOM N-TO U3Ny4aTens (Xn,¥Yn.Zn); Jn(Xp»>Y¥Yn-Zp-t),
Xy, Yn52Zn,t) s 0n(Xy,YnsZy,t) — COOTBEICTBEHHO
pacripezieieHie aMIUIUTY/, YacTOT M HadalbHBIX (a3
KoJIeOaHuH, MOJBOMUMBIX K N-My H3JIydaTento; N — 00-
miee konuuectBo uanydareneit MCH.

W3 ananuza Beipaxkenus (1) ciemyer, 4To 3a cuer
CHELUaTIbHOIO0 BBHIOOpA B3aMMOCOIIIACOBAHHOTO pac-
Npe/ieNIeHNs] aMIUTUTY/I, YacTOT M HayalbHBIX (a3 wiu
BpEMEH 3aJIep>KKU CUTHAIIOB MOXKHO JOOUTHCS TOTO, YTO
B BBIOPaHHOW TOYKE MHPOCTPAHCTBA C KOOPAWHATAMH
(Xus Yus Zi) B OKPECTHOCTH MOMEHTA BPEMEHH tp BO3MO-
KEH CKauoK (DYyHKUUH |E(xH,yH,zH,t)|. Takum obOpa-

30M, YCIOBHEM cyulecTBoBaHUs (pokycupoBkun OMU B
MHOTOTIO3UIIHOHHBIX TEPENAIONINX CHCTEMAaX SBISCTCSI
MakcuMmu3aIims (Hpa3oBoro MHOKHTENS (cuH(pa3HOE CIIo-
»KEHHe MoJIeH OTACTbHBIX UCTOYHHKOB M3IYUCHUSI COOT-

BETCTBYIOMUX 4acToT f,(X,,¥,,Zp,t))-
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(X2,¥2,22)

P(X1, Y1,21)

(X1,y1 ,Zl)

(X Yaza)

v

Puc. 1. K pacuery nomns uznydenns MCU

DTOro MOXKHO JTOOMTHCS 3a CUET yNpaBJICHHs Iia-
paMerpamMH M3JydaeMbIX CHI'HAJOB B IepelaloluX Ka-
Hanax MCU, T.e. 3a1aHueM pacrpeeseHIi HadalbHbIX
(a3, HeCyIIMX YAaCTOT U YIPABICHUEM BPEMEHEM H3IIYy-
YEeHHs B Pa3IMYHBIX KaHAJaX C y4€TOM pacIpe/eieHus
WCTOYHHUKOB W3JIY4EHHUS B MPOCTPAHCTBE U BUJAA U3IY-
YaeMBIX CHTHAJIOB.

NMocTaHoBKa 3agaun MoaernnmpoBaHus

Kak mnokazano B [5-11] o0s3aTenbHbIM ycIIOBUEM
(okycupoBKHU (CHH(pA3HOIO CIOXKCHUSA IOJIEH OT BCeX
WCTOYHHMKOB U3JIYYEHUS B 33[aHHOI TOYKE IMPOCTPAHCT-
Ba) SBISIETCS 3aJaHUE 3aKOHAa IPOCTPAHCTBEHHO-
¢dazoBoro (I1d) ympamnenus (T.e. oOecrieueHHe Kore-
peHTHOCTH M3iydenwus). Mcxons uz aroro, MCHU nmosmx-
Ha OBITH MpOCTpaHCTBeHHO-KorepeHTHOM [10]. Ecmu
MCH paccuntana Ha pabOTy B ONPEICICHHBIX HHTEP-
Bajax BPEMEHHU, TO NPOCTPAHCTBEHHAss KOTE€PEHTHOCTH
JIOJDKHA COXPAHSTHCS B K&KAOM M3 3THX HHTEPBAJIOB.
[Neproanyeckyt HEOOXOIUMO MPOBOAUTH KOPPEKTUPOB-
Ky (a30BBbIX CABHIOB C IOMOIIBIO KaKOro-JIMOO OIop-
HOT'O CUTHaJIa, HAIpUMEp, OT KaJUOpPOBaHHOTO MCTOY-
HuKa u3nydenus [11] nnm Toueunoro orpaxarens [12].

IIpoctpanctBenHo-korepenTnyto  MCHU  moxHO
paccMaTpuBaTh KaK €IMHYIO Pa3peXEHHYI0 aHTEHHYIO
pelIeTKy 3aaHHOH MPOCTPAHCTBEHHON KOH(UTyparmu.
[lpu sToM st MONMyYeHHs TPUEMIIEMOH CTPYKTYPHI
chokycupoBanHbix [IBU TpeOyercs m0cTaTodHo 00Jb-
1I0€ KOJMYECTBO ITO3ULMH (TOpsAKa HECKOJIBKUX JIe-
caTkoB u Oomee [5,11]). Kpome Toro, s mpocTpaHCT-
BeHHO-KorepeHTHIX MCU MOMKHBI BHIOMPATHCS TaKHE
0a3bl MEXIy MO3ULUSIMU, PU KOTOPBIX €lIe HE Hapy-
LIaeTcsl MPOCTPAHCTBEHHASI KOTEPEHTHOCTh M3ITy4aeMbIX
CHTHAJIOB, JHOO TNPHHUMAaTh CIELHaIbHbIE MEpbI IO
00ecTeueHHIO TIOCTIeTHEH.

Kak 0pu10 mokasano B [10, 13], pacuer mojst u3iy-
yeHruss MCU MOXXHO MPOBOAWTH Ha NATbHOCTAX, Ipe-
BhIIAONMX pasMmep 3((eKTUBHON (IKBUBAJIECHTHOM
anepTypel) 6a3bl L,g. IIpn 3ToM HEOOXOAUMO YYHUTHI-

BaTh B aMIUIUTYIHOM MHOXHTene BeipaxkeHus (1) pac-
cTosiHue R, OT Ka)K/10ro MCTOYHUKA U3ITYYEHHUS IO TOY-
KU (POKYCHUPOBKH.

Jlisi cokpalieHusi BBIYMCIUTENBHBIX 3arpar 0e3
yuiep0a Juisi BBISIBIICHUS OCHOBHBIX (DU3MYECKHX 3aKO-
HOMEpHOCTEH TNpOBEIEM MaTeMaTHYeCKOe MOIEIHUpPO-
BaHue nojs mnydenuss MCU ¢ mapamerpamu: Koaude-
CTBO HMCTOYHHKOB U3IydyeHus N=33; usnyyaemasi MOI-
Hocte P, =10 kBt (P, = P,N =330xBt1). Pac-

H3J1.

CMOTPUM (PYHKIMOHMPOBAHHE UCTOYHHUKOB H3JTy4EHUS,
pacrpenelieHHbIX 0 CIy4aiiHOMY 3aKOHY BHYTpH ce-
pst ¢ quamerpom 10000 m. [lnst oGecnieuenus: TpeGoBa-
HUA K TOYHOCTH TPUBSI3KU U COIOCTHPOBKU ITO3HILIMIH
BeIOEpeM A=0,2 M. PacmonoxuMm Hadaiao IpsMOYroiib-
HOW cucTeMbl koopauHat B neHrpe MCHU (cwm. puc. 1).
Ocp 0Y pacrnonoxeHa IO BEPTUKAIH K IOBEPXHOCTH
3emun. [lpu pacnipesienieHun UCTOYHUKOB M3ITy4EHHS 110
CIly4aiHOMY 3aKOHY BHYTPH BBIOPaHHOH cpepbl MOXKHO
HPEANONoKUTh, 4To 3 dekTuBHas 6aza MCU L,y mpu
BbIOOpE TOYKH (POKYCHPOBKH B JIIOOOM HAarpaBiIeHUH
Oyner paBHa muamerpy cdepbl. B coorBercTBuM ¢ (1)
BBIpa)KEHHUE ISl pacyera IJIOTHOCTH ITOTOKAa MOIIHOCTH,
cozngaBaemoiit MCH, umeer Bu;

(N-1)/2
Sx.y.zt)=| Y
n=—(N-1)/2

Xe xp{—j [Enf(:m (t - Rn/c) + ¢0nJ }‘2 ,

rae P, u G, — u3nyyaeMass MOITHOCTE ¥ KO3 (PHUIIUEHT
YCUJICHHS OTACIBHOTO0 MCTOYHMKA HM3TydeHHs; A(X,y) —
aMIUTUTYIHOE pacIpeaesieH e mois 1o atemenTaM MCH.

OTHOCHTEIBHO (DYHKIIMHM aMILTUTYIHOT'O pacrpe-
neneHust o 1o 3aemeHTaM MCH 00BIYHO JenaroT
MPENONIOKEHUE, YTO OHA SIBIIACTCS pa3lelIIoNICHCs,
1.e. A(X,y)=A(X)A(y). B aTOM criyuae HanGonee oo0IeH,
TPaJULIHOHHOW W IIMPOKO HCIONIB3yeMol (yHKIuMeH
AMIUTHTYJIHOTO PACIPEICICHHs MOl 0 HM3JIydaTessiM
siBisiercs [14]:

2
A’(x.Y)P, Gy

2
4nR (2)

n
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AGGY) = [y + (1= 1) 008% (X /L) | %

X |:My +(1- My)COSB (nymn/Ly)J )

rae py, by € (0 1); o, B=0,1, 2,

€)

BriOupast mapamerpel W, Hy, O, B, MOXHO ¢

JIOCTATOYHOM MU MPaKTUKH TOYHOCTBHIO alNpOKCUMU-
pOBaTh BCEBO3MOKHBIE pealIbHBIE PACIpEaAeICHHUS.
MHoroctyneH4atslii  V-00pa3Hblii  3aKkOoH TIpo-
crpancTBeHHo-uactotHoro (ITY) ynpamieHust curnana-
mu B MCH, nipu yuere cpaBHHUTEIBHO HEOOIBIIOTO KO-
JIMYECTBA UCTOYHUKOB M3JIYUEHHUs, 3aIIUCBIBAETCS KaK

fon = 1o + y[|n|/y} AF, ; 4
e ne [—(N - 1)/2, w0, (N = 1)/2}; Y — K03-
(UIMEHT YMEHBIICHHS CKBAXKHOCTH; [|n| /y} — omepa-

TOp OKPYIJICHHS pe3ylbTaTa A0 OMiKaiiiero 6oIbIIero
nenoro uucna. Ko3(h(GuImeHT yMeHBIICHUS CKBa)KHO-
ety = AF,, /(AF,Q) = (N -1)/(2Q) onpenenser
KOJIMYECTBO H3Jydyareliedl ¢ OJWHAKOBBIMH HECYIIUMH
YaCcTOTAMH B OJIHOW CTYMEHH YaCTOTHOTO pacrpeierne-
HUs. 3aKOH pacrpeseNieHns] HadalbHBIX (a3 maas ocy-
[IECTBIICHUS] KOTEPEHTHOTO CIIOKEHHS TMOJied B BBI-
OpaHHOH TOYKe (POKYCHPOBKH OyIeT UMETh BUI:

don = 21, (g /c — Ry /c) 5

2 2 2
rie Rpy = (Xg = Xp)2 + (Y = ¥n)? + (25 — 27)
paCCTOHHI/Ie Me)KI[y TO'-IKOﬁ (bOKyCI/IpOBKI/I C KOOpZ[I/IHa-

©)

TaMU Pp(Xp,Yp,Zp) ¥ LEHTPOM N-IO UCTOYHUKA U3ILY-

YeHUS ¢ KOOpJAUHATAMHU (X, ,Y,,Z,) -

Pe3yn bTaTbl MaTeMaTU4Y€CKOro
MoaenupoBaHusa

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

Jlis mpencraBiieHnst pe3ylibTaTOB MOAEIUPOBAHUS
B o0IeM BHje ObUIM BBE/ICHBI PUBE/ICHHBIE KOOPIHHA-

o XV = X/Lag » yM = Y/Log » ™M= z/L,y, -

Ha puc. 4 nmpuBeneH Bua HOPMUPOBAHHOTO 3HAYE-
HUS IUTIOTHOCTH MOTOKa MOIIHOCTH n3nydenus MCH o
ocu 0Z S, = S(X,¥,2,1)/Spax 1PH PaBHOMEPHOM pac-
NpEe/ICIEHNN U3JTYYaroliX 3JEMEHTOB BHYTPU c(epsbl
Ui TOYKH  (DOKYCHPOBKH zgp = 6,0L, Ipu
Xp =0 u yp = 0. AHanu3 pe3ynbTaToB NPOBEACHHO-

TO MaTEeMaTHYCCKOro MOACIUPOBAHUA ITOKA3bIBACT, YTO
pu BI)IGOpe TOYKHU (l)OKyCI/IpOBKI/I Ha JaJBHOCTIAX
Zg > 3, oL

Horo I1®Y ynpaBieHus: CUTHAJIaMU ¢ MHOTOCTYIEHYa-

x » 1IPU HCIIOJIb30BAHUHU B3aHNMOCOIJIaCOBAaH-

TBIM V—00pa3HbIM pacIpeAeNeHHeM 4acToT, OpMUpY-
ercs Jokanu3zoBaHHbIM [IBY, npononsHbIl pasmep Ko-

TOPOro cooTBeTcTBYeT AZp ~ ¢/AF,. .

Fon, MU
O 0
;oubTHub
ZEE+O0
s Fptetuy
SOE+0O0
;UL UY
S'5E+00
yazottul
faTaY=dWala
T TUTHoU T

16 12 -8 -4 0 4 8 12 n
Puc. 2. Pacnpenenenue Hecynmx yactor B MCU

Pomn, Pan

D NELN?

FIEEtUO

-6 -12 -8 -4 0 4 8 12 n

Puc. 3. Pacnpenenenune HadansHbix a3z 8 MCU

Sy 1,0
0,8 / \
|
06 I
[
04 [
Lo
02 loo
fo
0,0 ’_\_/ \f
Vad

Puc. 4. Pacnipenenenre HOpMUPOBAHHOTO 3HAYECHUS
IJIOTHOCTHU MTOTOKa MOIIHOCTH u3nyuenuss MCU

Ha puc. 5, a npuBeaeHo pacmpeneneHue IUIOT-
HoctH moToka MorHoctd MCHU B miockoctu X0Z (ro-
pHU30OHTaNbHAs), paccuuTanHoe 1o (2) ¢ yuerom (4) u
(5), mpu WCHONB30BaHUM MHOTOCTYIIEHYATOro V-00-
Pa3HOrO pacHpeAeseHus HECYIIUX YacTOT IO 3JIeMEH-
TaM CHUCTEMBI B I0cKOcTH X0Z 11 TOUKU (HOKYCHPORB-
KU C KOOpAUHATAMHU

Pe(xg =0; yp =0; zg =4,0L,).
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Ha puc. 5, 0 npuBeneHo pacrpenesieHue IUIOTHO-
CTH TMOTOKa MOIIHOCTH u3nydeHuss MCU B miockocTu
X0Z nna Touku doxycupoBku zp = 24,0L,

AHanu3 pe3ylbTaTOB MaTeMaTHYECKOrOo MOEIH-
pOBaHUS, NMPEICTaBIECHHBIX Ha pHUC. 5, MOKAa3bIBaeT BO3-
MOXHOCTh (opmupoBanust kopotkux I[IBU Ha nanb-

Hoctd z = 3,0L, . JlocraToyno GonbInoii ypoBeHb 0O-

KOBBIX MAaKCHMYMOB OIIPENENAETCS Pa3pEKEHHOCTHIO
MCHU u cpaBHUTETHHO HEOONBIINM KOJIHMYECTBOM U3IY-
qaTesneH.

AHanu3 pe3ynbTaToOB MOAENMPOBAHUS IOKA3bIBa-
€T, YTO IIPU BBIOOPE TOUKU (POKYCHPOBKH Ha JaIbHOCTH
zg = 4,0L; ¥ HMCII0Ib30BaHMU B3aMMOCOITIACOBAHHOIO

[1®Y ynpaBieHuss CUrHaJaMHd C MHOTI'OCTYIEHYAThIM
V—00pa3HbIM pachpenesicHueM dYacToT Buma (4) ¢

AF.x =100 MI'y dopmupyeTcs TONbKO OIMH JIOKa-

nm3oBaHHb [IBU Ge3 yrioBoro ckaHUpOBaHUsL.

,//
S, MKBT/CMZ//
1,62E+05"

oo mu«u‘m'n

' |Imy ” ’
NI “'\-H."IM |,’|
':':’u"m"’,‘u:uu"r,'un ’4%'””“‘,1#,5,!,”"

1,30E+05-"

9,72E+04-"

6,48E+04-1

3,24E+041"

| ﬁl%”"”lh’”ml”

0,00E+00 &
3,990

C yBenmMueHHEM AaJbHOCTH JI0 TOUYKU (HDOKYCHPOB-
KU B NIPOCTPAHCTBE (YOPMHUPYETCS MOCIIEAOBATEIEHOCTD
cdokycupoBanHbix [IBY, piaurensHOCTh U epuoJ ciie-

JIOBAHHSI KOTOPBIX OIPENEISIOTCS KaK Typy ~ I/AF .
AF, N; -1

u Ty, = 1/AF, , ckBaxsoctp Q = —12&% = 1L '
YA, 2y

KOJIMYECTBO UMIYJIHCOB ATOH MEPUOANUECKON MOCIE0-
BaTEJILHOCTH YBEIMYMBACTCS C YBEIMUCHUEM 3HAUCHUS
zg . Kak nokasanau mONONHUTEIHHO IPOBEICHHBIE pac-
4eTsl, A1 POPMHUPOBAHMS IEPHOIUUECKOM MOCIe0Ba-
tenpHOCTU [1BU, cocrosieii n3 He MeHee kK MITyIbCOB,
HEOOXOIUMO BBIMOJHUTH YCIIOBUE

keQ _ ki Azp
AFpax K, ch

max

rae k — Komu4ecTBO MMITY/ILCOB MEPUOANIECKOM mocie-

JosatensHOCTH; ki = 45 k,, = 0,8.

S, MkBT/cm?

4526403
3,62E+03 1"

2,71E+034"

1,81E+034"

0.008

-0.008

Puc. 5. IInotHOCTH MTOTOKA MOIIHOCTH M3y4eHust MCU B OKpeCTHOCTH TOYKH (DOKYCHPOBKH:

a—z=4,0L,;

HUccnenosanue ¢doxycupoBku curHanos B MCH nokaza-
710, 4TO 0COOEHHOCTH (POPMHPOBAHHUS MOCIIEOBATENBHOCTEH
[1BU onpenensitorcsi, B OCHOBHOM, HEOOJBIIMM KOIAYECT-
BOM IO3MIMI M MajJbIMH JAJIBHOCTSMU JIO0 TOUKH (DOKYCH-
POBKH (CpaBHMMBIMH C pa3Mepamu 3(PQeKTUBHONH 0a3bl
MCH). Ilpu 5TOoM CyIIecTBeHHO cKa3biBaercsi Bivsiaue 11D
ynpaBieHns (OKyCHPOBKOH Ha (opMHUpOBaHUE IIOCIIEAOBA-
tenpHOCTH [IBU. MonemipoBaHuie Moka3aio BO3MOXXHOCT
¢dopmupoBanmst  omuHouHoro [IBU  mHa  mambHOcTH

> 3,0Ly u nocnenosarensHoctn TIBU Ha nanenOCTH

z > 10,0L,

BbiBoabl

1. AHanu3 pe3yabTaToB MaTEMaTUYECKOIO0 MOJEIH-
poBanus mons uznydenuss MCHU mipu ucnonb3oBaHUM
MHOT'OCTYIIEHUATOr0 V—00pa3Horo pacrpeneieHus He-
CYIIIUX YacTOT IO amepType MoKasall, YTo MpU U3IIyue-
HUU HETIPEPHIBHBIX CUTHAJIOB B kaHanax MCU B 3anan-

0 — zp=24,0L,

HOM YIJIOBOM HampaBiieHHH (popMmupyercsi mocienoBa-
TeNBHOCTh choxycupoBaHHbIx [1BU.

2. TIpoBeneHHBIE HCCIENOBaHUS MOKA3aJId, YTO MpHU
WCIIONIb30BAHUM ~ MHOTOCTYIIEHYaToro  V—00pa3Horo
pacnpenenenus Hecymumx yactor B MCU Ha nanbHOCTH

2 3,0L,4 ¢dopmupyercs nokanuzoBanubiii [IBU 6e3

YIJIOBOTO CKAaHMPOBAaHMSA M €ro NPOAOIBHBIA pa3zMep
onpezensiercss kak Azp ~ ¢/AF, .. . C yBennueHueM

JAJBHOCTH JI0 TOYKH (DOKYCHPOBKH B IPOCTPAHCTBE
(hopMHpYETCsl TIOCIIEIOBATEIBHOCTL C(HOKYCHPOBAHHBIX
[IBU, niuTenbHOCTh W MEPHUOJ CIEAOBAHHUS KOTOPBIX
ONPENEISIOTCS KaK Ty, ~ I/AF . u Ty, = 1/AF,

Pasmepsr chopmupoBannbsix [IBU mo ocam 0X u 0Y
OIPEIEIISIIOTCS, HE3aBUCUMO OT BBIOpaHHOT0 3akoHa [14
yIPaBJICHUs] CUTHAJIAMH B TICPBOM IPUOIIKCHUU H3-

Axp = (k/LX)JF;

. KonnuectBo HUMITYJIBCOB JTOH IIe-

BU

BCCTHBIMH

Ayg = (k/Ly) “Zg

COOTHOIICHUAMMU
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pPIOZ[PI‘IECKOﬁ MOCICA0BATCIIbBHOCTU YBCIIMYUBACTCA C
YBCINYCHUEM 3HAYCHUS Zf . HpI/I IMPOMU3BOJIBHOM HEOK-

BUJUCTAHTHOM pPAa3MEIIEHUH HCTOYHHUKOB H3IIy4EHUS
MCH mpouCcXoauT CYIIECTBEHHOE CHIKEHHUE YpPOBHS
OOKOBBIX MaKCUMYMOB.

3. IIpemnoxeHHbIi MeTON (OPMUPOBAHUS TOCIIENO0-
BaTtenbHOCTEN chokycupoBaHHbIX [IBU Ha ocHoBe mc-
TIOJIB30BaHUSI MHOTOCTYIEHYaToro V—o0pa3HOro pac-
IpeeneHns Hecylux yacTor no kasaiamMm MCH no3so-
nsieT (OpMHUPOBATH B MPOCTPAHCTBE IMOCIIEAOBATENBHO-
ctu cdokycupoBanHbix [IBU ¢ 3amaHHON MIHTENBHO-
CTBIO, ONpeNeNsIeMoil MaKCUMaJIbHBIM Pa3HOCOM Hecy-
IIMX YacTOT II0 TepeAaloluM KaHajaM, u Jro0oH 3a-
JTAHHOW CKBa)KHOCTBIO. ['MOKOE ymnpaBieHHe CKBa)KHO-

AF N-1
ctpi0 Q = —1&X = OCYILECTBIIAETCS 33 CUET
YAF 2y

YBEITUUCHHSI IIara 4acTOTHl MEXKAY COCEIHUMH CTyIIe-
HSIMH 3aKOHA YacTOTHOTO pacrpesesieHus (MId yBelu-
YCHUS KOJMYECTBA IMEPEAAIONINX KAaHAJIOB C OTUHAKO-
BBIMH HECYIIUMHU YaCTOTAMHU B OJHOW CTYIICHH 4aCTOT-
HOT'O PACHpEACICHHS) TPH COXPAHCHUM HEHU3MEHHOM

JUIMTEIBHOCTH Ty & 1/AF . .

Cnucok nutepatypbl

1. @oxycuposka 21eKmMpOMASHUMHOZ0 U3TYYEHUSL U ee
npumenenue 6 paouodnekmponnvix cpeocmeax CBY. / I1oo
peo. B.U. I'omoszosa. — X.: KII «I'opodckas munocpagusy,
2011.-330c.

2. 3uonxoecku P.B. Hoevle umnynbcol HanpagieHHou
anexmpomacnumnoi suepeuu / P.B. 3uonxoscku // SPIE. Mi-
crowave and Particle Beam Sources and Propagation. 1988.
Vol. 873.

3. @envcen JI.B. Memoowr ¢poxycuposku iyua om pac-
npedenennvix anepmyp / JI.B. @envcen, E. Xeviwman // SPIE.
Microwave and Particle Beam Sources and Propagation.
1988. Vol.873.

4. Modenuposanue KpynHoanepmypHvlx pPeKmeHH KOc-
muueckux snepeocucmem / B.M. Iloxano, A.M. Peibanxo,
M.A. Omapos, [1.B. I'peyxux // Paouomexuuxa. Bceykp. medic-
6e0. nayu.-mext. c6. — 2002. — Boin. 125. — C. 139-144.

5. T'omozoe B.H. Hoewiti memoo ¢oxycuposku snex-
mpomacnumnvix usnyuenuit / B.U. T'omoszos, A.B. ['omoz06 //
Aumennwt. — 2001. — Boin. 3(49). — C. 54-60.

6. T'omoszoe B.U. Ilpocmpancmesento-amnaumyoHo-gaso-
60-4ACMOMHAA (POKYCUPOBKA UBTYYEHUS NpU MHO20CHYNeHYa-
mom V—-obpasnom pacnpedenenuu uacmom no anepmype MHo2o-
nosuyuonnwix cucmem uziyyameneii / B.U. 'omozos, A.B. T'o-
mo3z08, C.B. Tumos // Ipuxnaouas paduosnexmponuka. Bce-
VKp. medceeo. nayy.-mexn. co. —2006. —T. 5, Ne 2. — C. 21-27.

7. T'omoszoe B.U. Ilpocmpancmeenno—gpazoso—uacmom-
nas goxycuposka cuernanog 8 niockux QAP npu V-obpasnoti
ouckpemuszayuu wacmom / B.H. Tomozo8, A.B. I'omosos,
C.B. Tumog // Paduomexnuxa: Bceykp. medceed. nayy.-mexn.
¢6. — 2001. — Bon. 122. — C. 201-207.

8. Ilpocmpancmeenno-gazoeo-uacmomunas PoKycuposxa
cuenanog 6 yununopuyveckux PAP npu V-obpasnoii ouckpemu-
sayuu wacmom / B.M. T'omosoe, A.B. I'omosos, A.A. Jlockymos,
C.B. Tumos // Paduomexnuka. Bceykp. medxceeo. Hayy.-mexH.
¢6. —2002. — Boin. 127. — C. 4249

9. I'omoz08 B.M. Memoo ¢hopmuposanus nocredosa-
menbHoCmell  COKYCUPOBAHHBIX  NPOCTPAHCIIBEHHO-BDEMEH-
HBIX  UMRYILCOS NPU  UCNONL30BAHUU MHO2OCMYNEHUAMO20
V—obpasnoeo pacnpedenenus uacmom no anepmype NIOCKUX
DAP / B.U. I'omosos, A.B. I'omoszos, C.B. Tumos // Paouomex-
nuxa. Beeykp. meoiceed. nayu.-mexn. co6. — 2002. — Boin. 130. —
C. 33-38.

10. Yepnsax B.C. Mnoeonosuyuonnas paouonoxayus /
B.C. Yepnsix. — M.: Paouo u cesazv, 1993. — 416 c.

11. Napier P.J. The Very Large Array: design and per-
formance of a modern synthesis radio telescope / P.J. Napier,
A.R. Thompson, R.D. Ekers // Proc. IEEE. - 1983. - Vol. 71,
MNe [1.-P. 1295-1320.

12. Steinberg B.D. First experimental results from the Val-
ley Forge radio camera program / B.D. Steinberg, E.N. Powers,
D. Carlson // Proc. IEEE. — 1979. — Vol. 67, Ne 9. - P. 1370-1371.

13. Mnoeonosuyuonnvie PTC / B.C. Kouopamwes,
A.@. Komos, JL.H. Mapkos / I1o0 peo. B.B. [Jeemnosa. — M.:
Paouo u ceazv, 1986. — 264 c.

14. llenyxun O.H. Paduocucmemvl Onudicnezo deticm-
eusi / O.U. Lllenyxun. - M.: Paouo u cesze, 1989. — 237 c.

Tocmynuna 6 peoxonneeuto 28.12.2015

Penensent: 1-p TexH. Hayk, npo¢. U.B. ['pebennrk, Harmo-
HaJIBHBI YHUBEPCUTET PaIOUICKTPOHUKH, XapPHKOB.

MATEMATUYHE TA IHOOPMALINHE 3ABE3NEYEHHA BArATOCTYMNIHYACTOIO V-OBPA3HOIO
YMNPABJIIHHA YACTOTOIO NMPOCTOPOBO-PO3MNMOAINEHOI MEPEAABAJIBHOI CUCTEMU

C.B. Titos, O.B. TiroBa

IIpogooumucs Kopomkuii 02150 Memoois QOKYCY8aHHs eNeKMmpOMASHIMHO20 BUNPOMIHIOBANHS PAOIOMEXHIYHUMU CUCTe-

Mam Ha OCHOBI 83AEMOY3200HCEHO20 NPOCMOPOEO-AMNAINY OHO-A3080-4ACMOMHO20 YRPABIIHHA SUNPOMIHIOBAHUMU CUSHANA-
mu. Poszenanymo memoo ghopmyeanis nocnioosHocmeti ChOKyco8aHux npocmoposo-4acosux IMRYIbCi6 npu eUKOpUCMAanHi oa-
eamocmynenesoco V-00paznoeo 3aKony po3nooilents Hecyuux 4acmom @ 6azamono3uyitiniti cucmemi sunpominiosayie. Ilpose-
0eHO aHanis napamempie OMpumManux nocIi006HOCmell cPOKYCOBAHUX PAOIOIMIYIbCIE | MONCTUBOCEL 3MIHU IX CKBAICHOCTI.

Kniouogi cnosa: enexmpomaenimmne gunpoMiHIO8anHs, padiomexHiuni cucmemu, npOCmMoposo-4acogull IMnyisc, b6azamo-
no3uyitina cucmema BUNPOMIHIOBAUIB, CKBANCHICMb, POKYCYBAHHSI.

MATHEMATICAL AND INFORMATION SUPPORT OF MULTISTAGE V-SHAPED FREQUENCY CONTROL
FOR SPATIALLY DISTRIBUTED TRANSMISSION SYSTEM

S.V. Titov, O.V. Titova

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 se-
quences 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 porosity changing is done.

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