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MNOTEHLUMANbHLIE BO3SMOXHOCTU USMEPEHMSA ASUMYTA
BO3YLUHbIX LLEJIEM MHOTOMO3ULMOHHOM CUCTEMOMH
C TENEBUSMOHHBIM MO CBETOM

.. O6on, A.Jl. ®ropos, O.B. I'aBpenTtiok, U.B. Kopans

(XapbkoBckuif yHuBepcuteT Bo3gymmsrx Crur)

Ilpusooumcesa cpasnumenvHbvlli anaiuz nokasamenell Kayecmea O08YX an2opum-
MO8 U3MepeHUs KOOPOUHAM 8030YUIHbIX Yelell 6 MHO2ONOZUYUOHHOU cucmeme ¢
menesu3UOHHBIM HOOCEEMOM.

paouomexHuueckue cucmemvl HaOA0eHUs, KOOPOUHAM 6030YUIHBIX Uenell

MocTanoBka 3amaun. Pamquorexunyeckue cucremsl HaOmonenus (CH) B
3HAYUTENBHON CTENEeHU OMNpEeNeNsioT pelleHHe 3ajaad, crodmux nepen Bos-
naymraeiMu Cunamu (BC). EcrectBennast apomonust CH npuBonuT k o0bennHe-
HUIO PaJMOJIOKAIIMOHHBIX CHCTEM WJIM MHBIX IaTYNKOB MH(OpMAaIMH, paccpe-
JOTOUYEHHBIX Ha OINpPEAENIEHHOM YYacTKe KOHTPOJIHUPYEMOIO NMPOCTPAHCTBA, B
nHpopmanuonnyio cetb (MC). Takas 3BOJIONNS MOTHBUPYETCS BOZMOXXHOCTHIO
CIUSIHAA OOJBIIOro 00BbEMa JAaHHBIX, TOIYY4aeMbIX 3JIEMEHTaMH CHCTEMBI Ha-
OtoeHust, paboTaONIMMK HE3aBUCUMO JPYT OT Apyra U o0iajaroiuMu 10 He-
KOTOpPOH CTENEHU B3aUMOJAOMOJHAIOIMMHI BO3MOXKHOCTAMH. 3ajada COCTOUT B
TOYHOM OTOOpa)KEHHH OKpYXalomied oOCTaHOBKM M CBOEBPEMEHHOM OOHapy-
JKEHUU WM3MEHEHHH B Heil. Takoe COMpOBOXKJAEHUE BO3AYLIHBIX IeJIed Ipen-
CTaBJsieT co00il OOIEN3BECTHYIO CHCTEMHYIO KOHIIETIINIO, TOKa3aBIIYIO CBOIO
MIOJIE3HOCTh NPU PEIICHUU KaK IPaKJaHCKHUX, TaK U BOCHHBIX MPUKIATHBIX 3a-
Jla4y IpaKTUYECKU BO BCEX Pa3BUTBIX rocygapcrtsax [1].

IlepBuuHBI pafgnOIOKAaTOp, KaK MOKAa3aldd IOCIEJHUE BOEHHbIE KOH-
(IUKTHI, TIpEeBpaTHIICS M3 MHPOPMAIMOHHOTO CPEACTBa B CPEACTBO ONACHO-
CTH. DTO BBI3BAHO OIpPEJEICHUEM KOOPAHHAT PaANOIOKaTOpa U HAaHECEHUEM
OTHEBOTO y/apa Mo HEMY H3-3a 30HbI ero BUAMMOCTH. OnHuM u3 3¢ eKTuB-
HBIX CIOCOOOB CHIDKEHHSI YS3BHMOCTH PaJMOJIOKAIIMOHHBIX CHCTEM K OrHe-
BOMY BO3JEHCTBUIO SIBISAETCS MEPEXOd OT OJHOMO3UIMOHHOI'O K MHOI'OMNO3HU-
uuoHHomy (MII), B 4acTHOCTH K CETEBOMY, IOCTPOEHHIO mocieaHux. Hc-
MOJIb30BaHUE B PA3HECEHHOM DPaJHMOIOKaTOpE BHEUIHUX (HE paJuOoJIOKalMOH-
HBIX) HMCTOYHHKOB IIOJCBETA, B YAaCTHOCTH IEpEJaTUMKOB TEJIEBU3NOHHBIX
LEHTPOB, MEPEeJaTYNKOB HAaBHUTALMOHHBIX CHCTEM, CYIIECTBEHHBIM 00pa3oMm
MOBBIIIAET KUBYUECTh CPEACTB MEPBUUHON pagNOIOKaIUN.
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Takum 00pazoMm, OTMEUEHHBIE BBIIIE OOCTOSATENBCTBA TPEOYIOT paccMoOT-
penust BonpocoB coznanus MC CH BC [1] ¢ BkitoueHneM B ux coctaB HH}OP-
MaIMi pa3HOPOJHBIX PaJUOTEXHUUYECKUX CHUCTEM, B yacTHocTH, MII panuorno-
KaI[MOHHBIX CHUCTEM C TEJIEBU3MOHHBIM NojcBeToM. IIpu 3ToM cieayer oTme-
THTh, YTO HCIIOJIb30BAHHE TEJIEBU3MOHHOTO IOJCBETA HMCKIIOYAeT HEoOXOIH-
MOCTb IIPOBEAECHUS IPOCTPAHCTBEHHON CUHXPOHU3AIMU NIPUEMHBIX ITYHKTOB.

Hesap padoTsl — CpaBHUTENbHBIA aHANNU3 IOKa3aTeleld KauecTBa HU3Me-
peHus azuMmyTta Bo3aymHbIX 1eneil B MII PJIC ¢ TeaeBU3MOHHBIM MOJCBETOM
IIpU pa3JIMYHON peann3aluyi U3MepUTeNeH.

OcHoBHas 4yactb. PaccMoTpum MII PJIC ¢ TeneBU3MOHHBIM MOACBETOM,
cocTodAlyo U3 M TeneBU3MOHHBIX nepenatunkoB. Ha mpuemHom nynkte MII
PJIC ocymiecTBisieTcsi CKaHUPOBAaHHME MPOCTPAHCTBA M OCYILIECTBISETCS CHUH-
XPOHHBIM NpUEM 3X0-CUTHAJIOB, BBI3BAHHBIX Ka)KIbIM U3 M CHUTHalOB MOACBE-
ta. CTpyKTypa U3MEpUTEIS a3UMyTa BO3AYIIHBIX IeJIel MOXKET ObITh IBOSKOM:

— B K&XJOM M3 KaHaJOB 00paOOTKU OCYIIECTBIAETCS M3MEPEHNE a3uMyTa
BO3AYIIHBIX IIeJIei 1Mo Mayke OMHAPHO-KBAaHTOBAHHBIX CUTHAJIOB, M 3aTE€M MEX-
KaHaJIbHOE BECOBOE OOBEIMHEHHE PE3YJIbTATOB U3MEpEHUs (IIEpBhIl BapUaHT);

— BECOBOE 00BEIUHEHHE CUTHAJIOB KaXkJIOTO U3 KaHaIOB 00paboOTKHU U 3a-
TeM HM3MEpEeHHe a3MMyTa BO3AYIIHOM IeNn 1Mo nayke OWHapHO-KBaHTOBAHHBIX
CUTHAJIOB (BTOPOW BapHaHT).

B usMmepurene, peaau3oBaHHOM IO IEPBOMY BapUaHTY, OJHOBPEMEHHO
MIPOU3BOJNTCS OLIEHKAa BEKTOpa M3MepeHHus: o B M KaHaiax oOpabOTKH IIpH-
emHoro nyHkrta MII PJIC. Ecnu 3anatbcsi HOpMalbHBIM 3aKOHOM pacmpee-
JIEHUS! KOKJOW M3 COCTaBJIAIOIIMX BEKTOpPA O M YYHTHIBAass HEKOPPEIUPOBAH-
HOCTb HW3MEpPEHHH B KaHajax oOpaboTkH, JiorapudM OTHOIIEHHS NPaBaOIO-

I[O6I/IH C TOYHOCTBIO 1O IMOCTOSTHHOM BEJIMYMHEI MOXKHO 3aIlicaTh Kak
M

1nl=§1nlk =2{—%(a—&kfék(a—&k)}, (1)
k=1 k=1

rac &'k u Ck — OLCHKH U MATpHIllbl TOYHOCTHU OLICHUBAHUSA IO CUT'HAJIAM Ka-

KJO0T0 U3 PACCMATPUBAEMBIX PAJAHOIOKATOPOB.
Mo>HO MoKa3aTh, 4TO BeIpaxkeHue (1) ¢ TOYHOCTHIO 1O MOCTOSHHOU Be-
JIMYMHBI TPUBOIUTCS K BUIY

Inl = —%(a _&)'C@—-a),

rae O — pe3yiapTupyromas oneHka; C — MaTpulla TOYHOCTH, KOTOPhIE MOKHO
ONPEACIUTh U3 CIEAYIOINX BBIPAKECHUI:

- —- - ~ - M -
a=C">Cai;  C=D0Cy. ()
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Takum oOpa3oM, Ha OCHOBaHHUM BBIpaXeHHH (2) BO3MOXHO (hOpMHpOBa-
HUE pe3yJbTUPYIONEH OLIEHKH a3uMyTa BO3AYIIHBIX OOBEKTOB INPH HCIIOIb-
30BaHHMH OLEHKH a3MMyTa B KaXkJIoM U3 M KaHaJI0B 00paboTKH.

Peanuzanuu u3mepurens asuMyTa 1O BTOPOMY BapHaHTy 3HAYUTEIBHO
npouie. JlefcTBUTENbHO, TIPU BECOBOM MEXKaHAJIbHOM OOBbEAMHEHHH CUT'Ha-
J0B TpeOyeT TONBKO OJWH HU3MEpUTEIh a3uMyTa MO Madke OWHapHO-
KBaHTOBAHHBIX CHUTHAJIOB. [l0Jy4ynM ONTHMAaNBHBIN aJTOPUTM OLIEHKH a3uMYy-
Ta el MO NMayke OMHApPHO-KBAHTOBAHHBIX CUTHAJIOB C M3BECTHBIMH CTaTH-
cruueckumu xapakrepuctukamu B MII PJIC ¢ TeneBU3MOHHOM NOACBETOM
MIPU MEXKaHAIbHOM BECOBOM OObEIMHEHUH CUTHAJOB.

OnTuMajbHble aJITOPUTMBI M3MEPEHMs YIIOBOW KOOpAWHATHI CHHTE3H-
pYIOTCS, KaK MpaBWIO, MO KPUTEPUI0 MaKCHMaJIbHOTO MpaBaomnonobus. Bun
(YHKIUN TPaBAOINOAO00MS 3aBHCUT OT CTATHCTHYECKHX XapaKTEPHCTHK CHT-
HAJOB W IoMeX, (OpMbI JUarpaMMbl HAIlPaBIEHHOCTH aHTEHHOW CHUCTEMBI U
cnocoba ckanupoBanus anteHHsl PJIC B mpoiecce u3MepeHus.

[Ipu MexKkaHaTbPHOM BECOBOM OOBEAMHEHWH CHTHAJOB C BBIXOJa OOHApY-
KUTEINsT CHUMaeTcs OWHapHO-KBAHTOBaHHAS IOCIEAOBATEIBHOCTh CUTHAJIOB.
@OyHKIUMIO MPaBIONIO00Hs OLIEHUBAEMOTr0 MapaMeTpa, Py TaKoM IpejcTaBiie-
HUU IPUHUMAEMBIX CHTHAJIOB, MOXHO ONPEAETUTH CIEAYIOUINM 00pa3zom

N
L(By) = [ TP ()= Py, (x )17, (3)
i=1

rac N — gncno HUMITYJIbCOB B IAaYKeE.
BXOI[HIJ_IaH B 3TO BBIPAXKCHHEC BEPOATHOCTH O6Hapy)1(eHI/I$I curuana Ha i

IIO3UINHU PCI'Ii ONpeCaACIAOTCA C YUCTOM BLIGpaHHOFO KpUuTepusd 06Hapy)1(eHI/IH

B YCTPOUCTBE MEXKKAaHATHLHOTO BECOBOTO O0BCIMHEHUS CUTHAIOB.
Jlorapudm QyHKIIMH MPaBIOTONO0US MOKHO 3aMKUCATh KaK

InL = ixi {InP,;(x;)—In[1-P;(x;)]} + iln[l —P.i(x)]. 4)

i=1 i=1

[Mocne muddepennupoanus (4) MO COOTBETCTBYIONIEMY MapaMeTpy U
COOTBETCTBYIOLIMX MPeoOpa30BaHU MOMYyYUM CIENyrollee ypaBHEHUE MpaB-
JIOTOA00US TSl OLEHKH a3UMYyTa BO3JYIIHOW [[ETH

N
> xn; (B;.8,) =0, (5)
i=1

" 1 dPey, (xi)
rae ;i (B;. 6, = L i=1,..,N, (6)
! PCHi (Xl)[l - Pcr[i (Xi )] dﬁu

ni(BiﬁH) — BecoBas (GYHKITUS MO3UIIUH CUTHAIBHOW MaYKH MPU OI[CHKE a3M-

MyTa LEeNH.
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JuckpeTHyto ¢pyHKIMIO (6) MOXKHO pacCMaTpuBaTh Kak (QYHKIUIO Beca 1O-
3UIUI CUTHAIBHOW ITAYKH B OLEHKE asuMyTta nenu. Orubaromas 3Toi GyHKIHN
XapaKTepu3yeT KOIMYeCTBO HMH(popMalUu 00 a3suMyTe LM, COAEepialleecs B
HMITYJIbCaX, PACIIOIOKEHHBIX HA Pa3IMYHBIX PACCTOSHUSX OT IIEHTPa MavKH.

Taxum oOpa3oMm, B paccMaTpUBAEMOM Cllydae ONTUMAJbHAs OLEHKA YIJIO-
BOM KOOpPAMHATHI CBOAUTCS K 00pa3oBaHUIO CyMM 3HAUYEHHH BECOBBIX KOd(PQU-

LUEHTOB ni(BiﬁH) Ha NO3MIUAX, TAe X; =1, T.e. HA TeX MO3HMLMAX, A€ CHUT-

HaJIbHbIE UMIYJILCHI MPEBBIIAIOT MOPOrOBBIM YPOBEHb, CIIpaBa U CJI€Ba OT HyJe-
BOT'O 3HAauYCHUS BecoBOM (yHKIMHU. OICHKa KOOPIUHATHI (PUKCHpYyeTCs TpHU pa-
BEHCTBE B YCTAHOBJICHHBIX JOMYCKaX HAKOIUICHHBIX TAKUM 00pa3oM CyMM.

JI7st cpaBHUTENBHOM OLIEHKM TOYHOCTU MU3MEPEHUS a3UMyTa BO3AYIIHBIX Iie-
JIel JIByX paccMaTpUBAaEeMbIX HM3MEpUTENIEH, MOJYyYUM BBIpAaXEHHE I CpelHe-
KBaJIPATUICCKON OIMMOKN M3MEPCHUS a3uMyTa 10 Mayke OMHAPHO-KBAHTOBAHHBIX
UMITYJTBCOB 32 PE3yIbTaTaMU MEKKAHAJILHOTO OOhEIMHEHNS CUTHAJIOB.

Jlnst onpeneneHusi HUKHEN TpaHUIlbl TUCIIEPCUU OLIEHKH a3uMyTa MO Mauke
OMHAPHO-KBAHTOBAHHBIX CUTHAJIOB BOCIOJIB3YEMCSl U3BECTHBIM BBIPAXKCHUEM

N
op =1/ (dPy; /dB)* {1/[Py(1- Py},
i=1
rae P2i — BepOHTHOCTL 06Hapy)KeHI/I$I CHUTHAJIOB HA BbBIXOAC yCTpOﬁCTBa MCXK-

KaHaJIbHOTO0 O0beAMHEHMsI CUTHANOB. JJis ynoOcTBa BBIYMCIEHUN MpejcTa-
BUM npousBoanyto dP,, /dB B cienyromem Buie

dPy; /dB = (dPy; /dP;;)(dP;; /dg; )(dg; / dB).
BenuuuHa ¢; MOXXeT ObITh 3allUCaHa KaK
q; = qo8(0) ,
rae g(o;) — AuarpaMMa HaIpaBICHHOCTH AHTEHHOM CUCTEMBI IPUEMHOIO

nyHkta MII PJIC ¢ TeneBU3MOHHBIM MOJCBETOM.
AnnpoxcumMupyeM AMarpaMMmy HalpaBJIEeHHOCTH aHTEHHOH CHUCTEMBI ra-

yccoBoil kpuBoil g(a;) =exp(—oci2) U UCIOJNb3YEeM JUIsl YHCIEHHBIX PacyeToB
o; B cleayromeM Buje (npu HeueTHOM N)
o; =1AB/ @, [-(N-1)/2<i<(N-1)/2],
re (¢ — MOJOBHHA IIMPHHBI AWArpaMMbl HAaNpaBlIEHHOCTH aHTEHHOH CHCTEMBI
NpUEeMHHKA; A — YIJI0BOE pacCTOSHUE MEXY COCETHIUMU UMITYJIbCAMH TauKH.
Hcnonp3yst [2], pe3ynbTaTsl BbluMciIeHHs OpousBoaHbix dP;/dq; u
dq;/dp ompenensem dP,;/dP;;, 4To m03BOIAET OHPENENUTh BBIPAXKEHHUE JUIS

GB B cjeayromeM BUIC:
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[¢” exp(z5/2)]
Gp = (N-1)/2 > (4)

20ABzgqp{2 Y, exp(—qp)Ii(qze)k g (qy) /Py (1 - Pyt
k=1
rae ZO — BCINYHUHA nopora 06Hapy>KeHI/I$I OAWHOYHOI'O CUTHAJIa B KaXXJ0M U3

KaHaJloB 00paboTku, obecrieunBaeMoe TpedyeMoe 3HaueHHE YCIOBHOH Bepo-
SITHOCTH JIOKHON TPEBOTH.

IIpousBeneM cpaBHUTEIBHBIM aHAIU3 TOYHOCTH H3MEPEHUS a3uMyTa B
MII PJIC ¢ TeneBU3MOHHBIM MOACBETOM MPHU HCHOJIb30BAHUU PACCMOTPEH-
HBIX BapUMaHTOB U3MepuTened. Pe3ynbTaThl pacuera cpelHEKBaJApPaTUUECKOU
omunOKM U3MEpEeHHs a3UMyTa NpeacTaBieHbl Ha puc. 1. Kak cnenyet u3 npen-
CTaBJICHHBIX 3aBHCUMOCTEH, TOYHOCTh OIICHKH a3UMYTa M3MEPUTEIEM C 00b-
€/IMHEHUEM pe3yJbTaTOB H3MEpPEHUs] a3uMyTa YCTYNAeT TOYHOCTU OUEHKHU

a3uMyTa H3MEpUTENss ¢ 00be-
Cg JUHEHUs curHaioB. B wactHo-
CTH, TIPU OTHOIICHWH C/II paB-
HOM 4, TOYHOCTb B U3MEPEHUU
05 P a3uMyTa BTOPBIM aJTOPUTMOM
o }“x..,_ 1 B 1,8 pa3 Bblllle 10 CPaBHEHUIO
/ ~ Al C MEPBBIM BapUAHTOM.
02— P~ BeiBoasl. Takum o0Opa-
30M, HCXOJS M3 MOJYYEHHBIX
2 24 2% 52 54 4 pE3yabTAaTOB CIEAYET:

— QJITOPUTM OLIEHKH a3UMY-
Ta Bo3AyIHbIX 1eneit B MIT PJIC
C BHEIIHMM IOJICBETOM C BeECO-
BBIM MEKKaHAJILHBIM OOBCIMHEHUEM CHUTHAJIOB IMPOIIE B PEaH3aIiK MO CpaBHE-
HUIO ¢ 00bETUHCHUEM Ha KOOPIUHATHOM YPOBHE;

— 00BEIMHECHNE HA CHUTHAIBHOM yYpPOBHE MPU M3MEPECHUU a3MMYyTa BO3JIYIII-
seix 1eneit B8 MII PJIC ¢ BHENIHUM MOACBETOM MO3BOJISIET MOBBICUTH TOYHOCTh
M3MEpPEHUsI a3UMYyTa BO3AYIIHBIX IEICH M0 CPAaBHEHUIO C OOBCIUHEHUEM Ha KO-
OpJINHATHOM YpPOBHE.

L]

Puc. 1. Pe3ynbTaTsl pacueTa cpeHEKBaI-
paTHYECKOW ONIMOKN MU3MEPEHUS a3uMyTa

JIMTEPATYPA

1. Teopemuuni ocHosu noOydosu 3a6a003aXUUEHUX CUCTEM THOOPMAYIUHO20 MOHIMO-
punzy nogimpsanoeo npocmopy / B.B. Trauee, FO.I'. Janux, C.A. XKykos, 1.I. 0600,
1.0. Pomanenxo. — K.: MOY, 2004. — 271 c.

2. Kysebmun C.3. OcHosbl npoekmuposarusi cucmem yug@posoi oopabomku paouoioka-
yuonnou ungopmayuu. — M.: Paouo u cesnzv, 1986. — 362 c.

Ilocmynuna 4.04.2005

Penen3enT: qokTop TexHHUEeCcKuX Hayk mpodeccop 10.I'. [lanuxk,
HanmonansHas akaneMust 000poHbI YKpauHsl, Kues.

120



