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(54) CNOCIB LULN®POBOIO KOMIMJIEKCHOIO PAAIONENEHIYBAHHA

(57) Pedbepar:

Cnoci6 undpoBOro KOMNIEKCHOrO pafioneneHryBaHHs HanexuTb 40 PagioenekTpoHiku Ta Moxe OyTu
BUKOPWUCTaHWA Yy papioeneKkTpoHHUX 3acobax pi3HOro npusHayveHHs, 30Kkpema B pafjioHasiraui,
paaionokauii, pagioacTpoHOMIi, pafiOMOHITOPUHrY. Y cnocobi 34iACHIOKTbL BUOIPKOBUIA NPOCTOPOBUIA
NpUAOM PafioBUNPOMIHIOBAHHA ANA CYKYNHOCTI MOXMIUBUX HAaNpPsSMKIB Ha WOro [PKEpeno fiHinHO0
Hha30BaHO aHTEHHOK PELLITKOK LUMNSXOM YTBOPEHHS MacWBY KOrEpeHTHUX 4YacoBMX BiAmNiKiB
BUXIAHWX pafjiocurHanis ycix npuiManbHWX pagiokaHanisa Ta Woro uUudpoBOro KOMMMEKCHOro
CreKkTpanbHoro aHanisy, oTpMMYyKYM KOMMIEKCHI amnniTyan CnekTpanbHUX CKNagoBuX i3 yacToTamu,
Lo BIiANOBIAAI0Tb CYKYMHOCTI MOXITMBMX NOMNEpeHIX HanpsMKIB Ha SKepeno pagdioBUNpOMIHIOBaHHS.
BusHavaloTb ekcTpemaribHy 4acToTy, kil BiANOBigae MaKCUManbHWA piBEHb MOAYMS KOMMIIEKCHOT
aMmnniTyaum cnektpanbHOoi cknagosoi. [dani BMAINSAKTbL NiAMacUB CnekTpanbHUX CKNagoBux, LLUO
MICTUTb CKINafoBYy 3 €eKCTpemaribHOK 4acToTow. BCTaHOBMIOKTb HyMbOBE 3HAYEHHSI apryMeHTIB
KOMMMEKCHWUX aMnmiTy4 YCiX CnekTpanbHWUX CKNagoBuX BuAineHoro nigmacuey. Po3ginsoTs Moro Ha
AOINCHY Ta ysiBHY CKNaaoBi BiAMNOBIAHOrO KOMNIEKCHOMO aHaniTuyHoro curbany. BusHayaioTb 3Ha4YeHHS
aprymeHTy BiAMNOBIAHOMO KOMMIEKCHOrO aHaniTU4HOro curHany, Lo BiANOBI43E NPOCTOPOBOMY
pOo3TallyBaHHIO aHTEHHOro enemeHTa (pasoBaHOl aHTEHHOI peLliTku. 3a eKCTpeManbHOK 4acTOTo
Ta 3 YypaxyBaHHAM 3HAYEHHS aprymeHTy BiANOBIAHONO KOMMMEKCHOrO aHamniTM4HOro curHany
BU3HaYaloTb OCTATOYHWUIA HanpsiMOK Ha AXepeno pagioBUNPOMIHIOBaHHSA. TEXHIYHUM pe3ynbTaToM €
NigBULLEHHSA TOMHOCTI NeneHryBaHHs 6e3 JoAaTKOBUX YacoBMX Ta anapaTypHuxX BUTpaT.
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BuHaxig HanexwTb [0 ranysi pagioenekTpoHikM i Moxe ByTu BUKOPUCTaHWIA B pagioeneKkTPOHHUX
3acobax Ppi3HOro npu3HayeHHsi, 30KpemMa B pagioHasirauii, pagionokauii, pagioacTpPoOHOMIT,
pafioOMOHITOPUHTY.

Bigomuit cnoci6 uncpoBoro KOMNMIEKCHOro pagioneneHrysaHHs [1], Wwo B BubpaHui Sk NpoToTun
BUHaxony.

Y cnocobi-npoToTuni, sik i B 3asiBneHoMy cnocobi, 34iicHI0Tb BUOIPKOBUIA NPOCTOPOBUIA MPUIAOM
pagioBUNPOMIHIOBAHHA ANS CYKYNMHOCTI MOXIMBUX HanpsiMKiB Ha MOro [Xepesno NiHinHow dhas3oBaHoo
@HTEHHOIO PELUITKOK LUMSIXOM YTBOPEHHS MacuBy KOTEPEHTHUX 4YacoBWX BIiAMIKIB  BUXIOHUX
pagiocurHanie ycix npuiiManbHUX pagiokaHanie Ta Moro LUupPOBOro KOMMMEKCHOro CrnekTpanbHOro
aHanisy, OTPMMYKYM KOMMMEKCHI aMnniTygu ChnekTpanbHUX CKMafgoBMX i3  4actoTamu, Lo
BIANOBIAAIOTb CYKYMHOCTI MOXMVUBUX MOMEPEAHiX HanpsIMKIB Ha [Kepeno pagioBUNPOMIHIOBaHHSA, Ta
BMU3HA4alOTb eKCTpemarnbHy 4acToTy, siKil BiANOBi4ae MakCUManbHWWA piBEHb MOAYNs KOMMIEKCHO!
amMmnniTyan cnekTpanbHOi CKNaaoBoi, Aani BUAINAITb NigMacuB CNeKTpanbHUX CKNagoBux, WO MICTUTb
CKNajoBy 3 eKCTPeManbHOK YacTOTOK, PO3AINAI0Tb MOro Ha AiCHY Ta ysBHY CKNagosi BiANOBIAHOMO
KOMMMEKCHOro  aHaniTU4HOro CcurHany, BWU3HAYalTb OCTATOMHWWA HanpsMOK Ha  [DKEpPero
pafioBUMNPOMIHIOBAHHS 3a EKCTPEMAanbHOK YacTOTOH0.

Ane Ha BigMiHY Bif 3asBneHoro cnocoby, B cnocobi-npoToTUNi BU3HAYaKOTb PIHULIIO aprymeHTiB
KOMIMIIEKCHOrO aHaniTU4HOro CUrHamy Ta BpPaxoBYHOTb ii Mpu BU3HAYEHHI OCTATOYHOrO HanpsMKy Ha
[pKeperno pagioBUNpPOMiHIOBaHHS.

Ak BiAOMO [2], KOXXHE 3HAYEHHSI apryMEHTIB KOMMIEKCHOro aHaniTU4HOro CUrHany € BUNagkoBuM |

BM3Ha4yaeTbCca 3 BIANOBIAHOKW Aucnepcielo noxubku. MNpu ubomy gucnepcis "iw noxmobKkn pisHULi

2

2 » TOOTO:

aprymeHTiB JOPIBHIOE CYyMi IX OKpeMUX Aucnepcin 031 Tac
2 2 2
Gay =Oy1+0y2- (1)

Lle 3ymoBnioe BWCOKWIA piBEeHb MOXUOKW MENneHryBaHHs B Cnocobi-npoToTumni, gucnepcia sKoi
OOPIBHIOE:

(0\2v1 * 0\2;;2)' d?
(ny—n,)?-m? . (2

ae: ngPOT - Avcnepcis Noxubku OLiHKM HanNpsiMKy Ha AXeperno pa,qic‘n?amnpomiHroBaHHﬂ cnocoby-
npoTtoTumny;

6\2|11’ o\zvz - pucnepcii Noxubok nepllioro Ta [Apyroro 3HayYeHb apryMeHTy KOMMIEKCHOro

aHaniTMYHOro curHany BignoBifgHoO;
d - KPOK NiHINHOT ha30BaHOi aHTEHHOI PeLUITKY;
Ny, N, - HOMEPY NPOCTOPOBOrO PO3TALLYBaHHS ABOX @HTEHHUX ENEMEHTIB aHTeHHOT PeLuiTkv, Ans

AKNX BU3HAYalOTbCH 3HAYEHHSA apryMeHTy KOMMNMEKCHOro aHaniTM4HOro curHany.

Takvum YUHOM, CYTTEBUM HELOMIKOM CNOCOBY-NPOTOTUNY € HEAOCTATHS TOYHICTb NENeHryBaHHs.

B ocHoBy BuHaxody nocTaeneHo 3agayy BAOCKOHaNeHHs1 cnocoby LMdpoBOro KOMMIEKCHOro
pagionenenryBaHHs, LWob 3abe3neunTy nigBuULLEHHSA TOYHOCTI NENEHryBaHHs.

[MocTaBneHa 3apgava BUpiWyeTbCS TUM, WO Yy cnoci® UudpoBOro  KOMMMEKCHOro
pafioneneHryBaHHsA, 3rigHO 3  SKUM  34INCHIOITb  BUOGIPKOBMA  NPOCTOPOBUIA  NPUIOM
pafioBUNPOMIHIOBaHHS AMA CYKYMHOCTI MOXIIMBUX HANPSIMKIB Ha MOro MKEepero NiHinHOoK da3oBaHo
@HTEHHOIO PELUITKOK LUMSXOM YTBOPEHHS MacuBy KOTEPEHTHMX 4YacoBWUX BIiAfiKiB  BUXIAHUX
pagiocurHanie ycix npuiManbHWX pajiokaHaniB Ta Noro UuMgpoBOro KOMMMEKCHOro CneKTpanbHOro
aHanisy, OTPUMMYKOYM KOMMMEKCHI aMnniTygu ChnekTpanbHUX CKNafjoBMX i3 4acTtoTamu, LWo
BiANOBIAAOTb CYKYNHOCTI MOXIIMBUX NMONEPEHIX HanpsiMKiB Ha DKEpeno pagioBUNpOMiHIOBaHHSA, Ta
BW3HA4YalOTb eKCTpemarnbHy 4acToTy, SKil BiANOBI4AE MakCUManbHWUWA PiBEHb MOAYMS KOMMMEKCHOT
amnniTyan CnekTpanbHOI CKNagoBoi, Aani BUAINATb NiAMacuB CnekTpanbHUX CKNagoBux, WO MICTUTb
CKNagoBy 3 eKCTpemMarnbHOK YacTOTOK, PO3A4iNalTb MOro Ha AICHY Ta YSBHY CKaAoBi BiANOBIAHOMO
KOMMJIEKCHOrO  aHaniTU4HOro  CurHany, BW3HA4YaKTb OCTATOYHWA HaNPsSIMOK Ha  DKepeno
pagioBUNPOMIHIOBAHHSI 3a EKCTPEMarbHOK YacToTol, BBEAEeHi HOBi CyTTEBIi O3Haku. 3rigHo 3
BWHaxo4OM, BCTaHOBMIOIOTb HyNbOBE 3HAYEHHS aApPryMeHTIB KOMMMEKCHUX amnniTyd  ycix
CrneKkTpanbHUX CKNagoBuX BWAINEHOro nigmacuey nepen Po34ifieHHsIM MOoro Ha AiNcHY Ta YsABHY
CKNaaoBi BiANOBIAHOrO KOMMMAEKCHOr0 aHaniTMYHOro CurHany, a nicns Lboro po3aineHHs BU3HavawTb
3Ha4YeHHss aprymeHTy BIQNOBIGHOrO KOMMJIEKCHOrO aHaniTU4HOro curHany, WwWo Bignosigae
NPOCTOPOBOMY PO3TaLLyBaHHIO aHTEHHOrO enemMeHTa )a3oBaHOl aHTEHHO! PELLITKN, IKe BPaxoBYOTb
NpW BU3HAYEHHI OCTATOYHOrO HaNpPAMKY Ha [Kepeno pagioBUNPOMIHIOBaHHS.

Y cnocobi-BnHaxodi 3Ha4HO 3MEHLLYETLCA HaANMLLIKOBa anpiopHa iHopmauiiHa HeEBU3HaYeHICTb
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BiJHOCHO abCOMOTHUX 3HAYEeHb apryMeHTIB KOMMMEKCHOro aHanitudHoro curHany. Lle gocsiraetbes
BCTAQHOBMIEHHAM HYNbOBUX 3HA4YeHb apPryMeHTIB KOMMMEKCHUX aMnmiTyg Yycix ChnekTpanbHUx
CKNafoBux BUAINEHOro nigMacuey, WO MICTUTb CKNadoBY 3 €KCTpemanbHOK 4actoTow. pu ubomy
30epiraeTbcs BCS AOCTynNHa iHopMauis npo HanpsiMok Ha [Keperno pagioBUNPOMIHIOBAHHSA, L0
MICTUTBCS! B 3HAYEHHI TiNbKW OAHOK BIAMIKY apryMEHTy KOMMMEKCHOro aHaniTM4Horo curHany. B

pesynbTaTi crnoyatky (OPMyeTbCA anpiopi BiAOME HyMbOBE MNOYATKOBE 3HAYEHHS apryMeHTy

KOMMNEKCHOrO aHamniTUYHOro curHany ;=0 3 HYNbOBOK AWUCnepcielo noxubku cﬁn =0. Ue pae

MOXNUBICTb B noganbLlomMy BU3Ha4YaTu OCTaTOYHUN HanpaMoOK Ha [mpKepeno paﬂiOBMﬂpOMiHl‘OBaHHﬂ 3

ypaxyBaHHSAM TiflbkM OAHOro iHhopMaUiiHO CyTTEBOro BiANiKy NOro aprymeHTy V2 Buacnigok uboro
piBHSIHHSA (1) Habyeae Burnsay (3):

2 . D
GA\;} _0w2 : (3)
Lle 3abesneuye cyTTEBE 3MEHLLEHHS NMOXWUOKM NENeHryBaHHa y cnocobi-BuHaxoni, gucnepcis akoi
[OpIBHIOE:
2 2
Gwz N d
2 2
(ng—ny)”-m* , (4)
e Ggavm - Aucnepcia NoxXmbKN OLHKM HanpsiMKy Ha OXepeno pagioBUNPOMIHIOBAHHS Cnocoby-
BUHaxon[y.
MopiBHANBHWUI aHani3 Bupasis (2) Ta (4) nokasye, WO noxmbka neneHryBaHHa cnocoby-BuHaxoay
3HaYHO MeHLLUa, HiX y cnocobi-npoToTuni.
Taknm YnHOM, 3anpOmnoHOBaHWA cnoci® UMdPOBOro KOMNMEKCHOrO MeneHryBaHHs 3abesrnevyye
CyTTEBE NiABULLEHHS TOYHOCTI NeneHrysaHHsa 6e3 4oaaTKoBUX YAcoBUX Ta anapaTypHuX BUTpaT.
3aaBneHnnt  cnoci® UUpPOBOIC KOMMMEKCHOTC pajioneneHryBaHHa BUKOHYIOTE Y Takild
MoCnigoBHOCTI.
1. BukoHytoTb BUBIpKOBMIA NPOCTOPOBUA MPWUIAOM PafiOBMNPOMIHIOBAHHS S(t) ANA CyKynHOCTI

MOXIMBUX HanpsMKIB Ha WOro [pKepeno MNiHIMHOK (a30BaHOK aHTEHHOK PELUITKOK  LUMASXOM

{S()}

YTBOPEHHSA Macusy n=0N—1 KOrepeHTHUX 4YacoBWX BiamikiB BUXiALMX papiocurHanis ycix

2 -
GgBuH =

npuimanbHWX pagiokaHanis Ta Woro UM@POBOro KOMMIIEKCHOrO CMeKTpanbHOro adanisy Ta

{S(jmk )}

BW3HAYalTb KOMMMEKCHWA YaCTOTHWA CNekTp k =0,N—1, Hanpuknag, npv BUKOPUCTaHHI
anropuTMy LUBWAKOTO NMEPEeTBOPEHHs Pyp'e, y BUrMsAAI MacusiB 3HadeHb amnnityaHoro {A(w, )} Ta
¢hazosoro {p(m )} cnekpis [3]:

{S(jx )} = {A(exy )} exp(i{o(ey )}). (5)

ae: {A(o,)} - MacuB 3Ha4YeHb aMnniTyAHOro CneKTpa Macusy KOrepeHTHWUX 4acoBuX BiAsikis

BUXIAHWX pagiocurHanis ycix npuiManbHUX pagiokaHanis;
{o(w,)} - mMacue 3HaueHb ha3OBOro CNeKTpa MacuBy KOrEPEHTHWUX YacoBMX BiASiKiIB BUXIAHWX

pagiocurHanis ycix npuManbHUX pagiokaHanis;
_ 2n
Tp-N  -dacToTa k-of cnekTpanbHoi cknaposol, k e [0;N-1];
Tp=d- nepiof AucKpeTu3auii pagioBMNpOMIHIOBaHHS, O AOPIBHIOE KPOKY d NiHiHOT ha3oBaHOi
aHTEHHOI peLuUiTky;

N - kinbkicTb BIgnikiB MacuBy KOrepeHTHUX YacoBWX BiANiKiB BUXIQHWUX pagiocurHanis ycix
npuiManbHUX pajiokaHarnis, WO AOPIBHIOE KiNbKOCTI KaHaniB NiHINHOI ha3oBaHOi aHTEHHOI PeLUITKY.

{S(jmk )}

yacToTty co; i BIANOBIAHWIA T¥ ekCTpemarnbHUA NoNepeaHi HanpsiMoK, AKMM BiANOBIAAE MaKCUManbHUIA

Wy

2. [Ina KOMNMEKCHOro Y4acTOTHOro CchnekTpa k=0,(N/2-1) BU3Ha4alOTb EKCTpeMasnbHy

piBeHb MOAYNA KOMMMEKCHOI amnaityau max{A(wk)}zA(m;) SKCTPEMArnbHOI  CNeKTpanbHol
CKNanosol S(jm; ) .

{s(j Wy )} {S(jo )}

3. 3 wmacwuBy k=0,(N/2-1) BuginawTs nigmacus k=1m cnekTpanbHux
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CKMafoBuX 3 EKCTPEMArbHOK YacToTOK 03;( e {0}

4. BCTaHOBMNIOWOTb HYNbOBE 3HAYEHHS APryMEHTIB KOMMIIEKCHUX aMmnuiTyd YCiX CrekrpanbHux
CKNafoBUX BUAINEHOTO NiAMACcKBY, LO MICTUTL CKNafoBy | eKCTPeManbHo 4acToTow: ¢(wy, )=0.

S(jo, )j——— . - .
180 k)}k:1,m Ha AiAcHy S(o,,n) Ta ysBHY S(o,n) cknagosi
5 BIANOBIAHOTO KOMMIEKCHOTO aHaniTU4HOro curHany Zq (jo,,n) [21:

Zs(jox,n) = S(awy,n)+ jé(cok,n) , (6)

S(wy,n)= iA(wk )-cos(m, -n)

5. PosginsoTe nigmacue

ae: )
S(@en) = 3 Aley)-sin(wy -n)
k=l R

6. BusHaualoTb 3HAYEHHA apryMeHTy wg(wm,,n,) KOMMIIEKCHOro BiAfiKy aHanmiTUyHoro curHany
10 Zs(joy,n), FKMA  BiONOBIAE NPOCTOPOBOMY PO3TALLUYBAHHIO aHTEHHOTO enemeHTa (asoBaHol
AHTEHHOT PEeLUiTKA 3 HOMEPOM n, :

vg(o,ny) = arctg[é((ok,nz )/ S(ay.ny )]’ (7)

S(onz) = gA(mk)-cos(mk ny)

ae: ;
~ m X
S(wx,ny) =Y Ay ) sin(wy -ny)
k=l \
15 7. BusHayaloTb OCTATOYHUIN HaANPAMOK Ha [KEPEno pagioBUMNPOMIHIOBAHHSI 3a eKCTpemarnbHO

4acTOTO Ta 3 ypaxyBaHHSM BU3HAYEHOrO 3Ha4YEHHSA apryMeHTY KOMMIEKCHOro aHaniTM4HOro curHany
3rifHO 3 PIBHAHHAM:

A‘Uu(‘o;)JFWB(mk»nz) d/n
Ny —Ny , (8) -

Ae. A‘Vu(‘”k): [(n2 —”1)'C°kL;

20 [.]“ - onepadisi BU3Ha4YeHHs MakCMManbHOI YacTUHM onepaHaa, Lo € KpaTHOW T pafiaH.
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6 = arccos

30 SOPMYIIA BUHAXOLY

Cnoci6 undpoBOro KOMMMEKCHOro pafioneneHryBaHHs, 3rigHo 3 SKUM  34iACHIOTb BUOIPKOBMIA
NPOCTOPOBMIA NPUNOM PaLIOBUNPOMIHIOBAHHS ANS CYKYMHOCTI MOXIMBUX HANPSMKIB HA NOro [pKepero
NiHINHO (Pa30BaHOK aHTEHHOK PELUITKO LUMAXOM YTBOPEHHS MacuBy KOrepeHTHUX YacoBUX
35  BIgnikiB BUXigHWX pagiocurHanis ycix npuiManbHUX pagiokaHanis Ta noro yugpoBoro KOMMIeKCHOro
CNeKTpanbHOro aHanidy, OTPUMYH4YM KOMMNIIEKCHI aMnniTyan CnekTpanbHUX CKafoBux i3 YactoTamu,
L0 BigMNOBiAaTb CYKYNMHOCTI MOXMUBUX NONEpEeHIX HanpsiMKiB Ha [Kepeno pagioBUNpOMIHIOBaHHS,
Ta BU3HAYalOTb eKCTPeMarnbHy 4YacToTy, Kl BiANOBIAaE MakCUManbHUN piBEHb MOAYNA KOMMIEKCHOT
amnniTyau cnekTpanbHoi cknagoBoi, Aani BUGINATb NigMacuB CnekTpanbHUX CKNagoBux, WO MICTUTb
40 CKIafoBY 3 eKCTpPEeMaribHOK 4acToTO, PO34instoTh WOro Ha AiCHY Ta YsBHY CKaaoBi BiANOBIAHOMO
KOMMMEKCHOro  aHaniTU4HOro  CUrHany, BWU3HA4alTb OCTATOMHUIA  HanNpPsAMOK Ha  [Kepero
pafioBUNPOMIHIOBaHHA 3a eKCTpemMarnbHOK YacToTO, SKUM BiAPI3HAETHCA TUM, WO BCTAHOBMIOTL
HYNbOBE 3HAYEHHSI apPryMEHTIB KOMMIEKCHUX aMnmniTyd YCiX CReKTpanbHUX CKIafoBUX BUAINEHOro
nigMacuBy nepen po3fineHHsaM NOoro Ha AINCHY Ta YsBHY CKMagoBi BiAMNOBIAHONO KOMMMEKCHOro
45  aHaniTW4YHOro CurHany, a nicns Uboro PO3A4iNeHHA BU3HA4alTb 3HAYEeHHS aprymeHTy BiAnoBigHOro
KOMMMEKCHOro aHaniTU4Horo curHany, Lo BignoBiAae NPOCTOPOBOMY pPO3TalLyBaHHIO aHTEHHOro
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enemMeHTa has3oBaHOi aHTEHHOI PELLITKM, ke BPaxoByHOTb NPU BU3HAYEHHI OCTATOYHOrO HanpsiMky Ha
J)Kepeno pagioBvnpOMIHIOBaHHS.
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