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Llenmpanonviti  HayuHO-UCCIE008AMENLCKULL UHCIMUMYM  8OOPYHCEHUSI U BOCHHOU MeXHUKU

Boopyaicennvix Cun Ykpaunwvi, Kues

INOTEHHUAJIBHAA TOYHOCTD INIEJIEHTI'AIIUA B HU®POBbBIX AHTEHHBIX
PEHIETKAX B YCJIOBUSAX I/ KUTTEPA AL

IIpeonooiceno svipasicenue 01 8bIYUCTEHUSI HUIICHEU 2PAHUYbL OUCHEPCUU OYEeHKU Yena OJis 3a0ayu neieHeayuu
6 YUMPoBoU IUHEUHOU aumeHHOU pewemke 6 ycaosusx oxcummepa ALl Pabomocnocobrnocms npeoyodiceHHo20
8bIPAdICEHUSL NOOMBEPIICOEHA YUCTIEHHbIM dKCnepumenmom. T10ka3ana He603MONCHOCHIb KOMNEHCAYUU UCKACEHU,
BbI3BAHHBIX OXHCUMMEPOM 30 CHEN NOBLIUEHUS IHEPLEUKY CUSHAIA.

Knrouesvie cnosa: ananozo-yughposoii npeobpazoeamein, Oxcummep, Yyuhposas aHMeHHAs peutenKa, OMmHOUeHUe

cuenan/uiym, nuscnsisi eparnuya Kpamepa-Pao.

BBenenune

ITocTosIHHBINM POCT CTEMEHH HWHTETpaIi CXEeM
nUu(ppoBoii 00paOOTKH TPU CHWKCHUU HX YICIbHON

CTOMMOCTH BC€IET K BCEC 0ojee HMHTECHCHUBHOM y
HCITI0JIB30BAHHUIO TECXHOJIOTUH IlI/I(l)pOB oro
I[I/IanaMMOO6pa3OBaHI/IH B paauoIoKaluun.

[loreHnmanbHbIle BO3MOXKHOCTH CHCTEMBI, 3aBUCSIIUE
OT OTHOUICHUS CHT'HAJI/IIYM, BO MHOTOM OTPEIENSIOTCS
KayecTBOM  Y3JIOB TNpeoOpa3oBaHMs CHTHajla W3
aHayioroBoit opmsl B nudposyto [1].

OnHUM U3 BHUJOB HCKaXXEHUH, OrpaHUYUBAIOIINX
OTHOIIEHWE cHUrHajd/mym B Tpaktax ALIL, sBistoTcs
WCKa)XEHUS!  BCJEJNCTBUE  HECTAaOWIBHOW  paboTHI
TeHepaTopa TAaKTOBBIX MMIIYJIBCOB U IIYMOB B IIEMAX
cunxponmzaruu  AIIl.  Onm  mposBAsSioTCS B
HECOBIAICHUH 3HAYEHUI UCTUHHOTO U PEaIbHO B3ATBIX
orcyeroB HampsbkeHudt Ha Beixoge AIIl. C pocrom
4acToThl (HOPMHPYEMOro BXOJHOTO CHTHaja U3-3a
pPa3HUIIBI MOMEHTa BpPEMEHH, B KOTOPOM pEalbHO
pou3BOIUTCS (OpMHUpPOBAHHME IHCKPETHOTO OTCUETa
AIIIl, 1 MOMeHTa BPEMEHH, B KOTOPOM 3TO COOBITHE
JIOJDKHO OBUIO MTPOM30MTH, YPOBEHb NCKAXKEHUH PACTET,
NPUBOAS K YMEHBUICHHIO OTHOLICHWS CHTHAN/IIyM. B
pe3ynbTate MOAEIMPOBaHUS OBUIO IOKa3aHO, 4YTO
MOAOOHBIE MCKaKEHHs B pe3yNbTaTe HECTaOMIBHOCTH
takta ALl B uudpoBBIX aHTEHHBIX pelIeTKax
MIPUBOJAT K MOSABJICHUIO MTOTPEIIHOCTEN MeJIeHralluu, He
MOJTHOCTBIO YCTPAHUMBIX TIOBBIIIEHUEM 3HEPTeTUKU
curxasna [2].

Hwxusis rpanuna Kpamepa-Pao (HI'KP) s
3a/1a4yM TeJICHTalluy, MoJydeHHast 6e3 yuera 3¢dekros,
CBSA3aHHBIX C JDKUTTEPOM, JAeT 3aBBIIICHHYIO OLIEHKY
TOYHOCTH JUIS JIMHEHMHOW aHTEHHOW pelIeTKH, II0
CPaBHEHHIO C JOCTM)KUMBIMU Ha NMPaKTHKE 3HAYSHUSIMU.
B nanHoit pabote mpemnaraercss MomuQuIMpOBaHHOE
BBIpa)KEHHE HWKHEH TPaHUIIbl JUIsl TMHEHHON aHTeHHON
pEIIeTKH B YCIOBHUSX aJAUTHBHOIO LIyMa U JUKUTTEpa
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AIII, mno3BojsioNee MPOrHO3UPOBATH IOBENECHUE
OIICHOK MpPH HW3MEHEHUH TMapaMeTpoB aJJTUTHUBHOIO
ryMa 4 JDKUTTEpa.

OcHoBHAA YacTh

PaccmoTpuM nuHENHHYI0 aHTEHHYIO pemeTrky u3 N
aneMeHTOB (puc. 1), pacronoXeHHBIX ¢ WHTepBajioM d
MEXIy HUMH. YTon [} HampaBieHHs Ha HCTOYHUK
cUrHaja OylleM OTCUMTHIBATH OT HOPMaJId K DEIIETKE.
[TycTh mMpUHUMaEMBbIi Ka)KIbIM aHTEHHBIM DJIEMEHTOM
CHTHaJ ¢ 4yacToTod F mepeHocuTCst Ha MPOMEXYTOUHYIO
gyactrory f ¢ OAZHOBpeMEHHHIM (HOPMHPOBAHUEM
aHaJIOTOBOT'0 KOMIIIEKCHOT'O CUTHAJIA.

BousHosoit B

¢poHT 4
.

P Hamnpasnenue Ha

’ HCTOYHHK

cee UN—Z UN—l
-9 1

(N-1)*d

Puc. 1. JInHeiinasi aHTeHHas pemIeTKa

Torz[a, HaIllpsOPKCHUE Ha  BBIXOAC INPUEMHOIO
KaHalla I KaxXaoro 3JIEMCHTa aHTCHHbBI MOXHO
3aImMcaTb B BUC

un(t):Aexp(j(wt—Qn@HpD, (1)

rJie n — HOMep PUEMHOTr0 KaHala;
A — aMIUTUTy/a CUTHAJIA;
®=27f — Kpyropas MpOMEKYTOUYHAS YacTOTa,;
Q=2nF -
CUTHANa;

KpyroBass 4YacTtoTa HNPpHHUMACMOI'O

C — CKOPOCThb CBE€TA,



3/2010

¢ — HavyanbHas (asza curHaja Ha BBIXOZE
MIPUEMHOr0 KaHaa.

[Tycth Ha BBIXOZE NPHEMHBIX KaHAJIOB CHUTHAJ
JUCKpETU3UpyeTcs c TTOMOIIIBIO CHHXPOHHO
TAaKTHPYEMBIX aHAJIOrO-IU(PPOBBIX IpeodpazoBareneit
(ALIT). Ilpu osToM Oymem cyuTaTh, YTO MOMEHT
¢dbopmupoBanus orcuera kKaxkaoro ALl caeuHyT Ha
CIy4aliHyI0 BEJIMYMHY ' OTHOCHTENHHO HACANBHOTO
MOMEHTa BPEMEHHU, COOTBETCTBYIOIIETO IEPUOTINYECKOM
JIUCKPETU3AINN

: _77C 7S
Un,k _Un,k +]Un,k’ (2)
e n — HoMep MPUEMHOr0 KaHaa;
U ,,C U ;,9 ¥k — orcuerel  cuH(}asHOro U
KBAJpaTypHOIO  CHTHAJOB,  COOTBETCTBEHHO,  HA

BBIXOJIaX N-TO MPHUEMHOI0 KaHama;
k — HOMep oTcuerTa.
COOTBETCTBEHHO, BBIPAKEHUS [UISI HANPSDKCHUMH

U,,C’k u U,‘zk HMEIOT BH]]
U,,C’k =Acos(®g—‘1’nsin[3)+nik, 3)
Uni = Asin(®;§ ~Ynsin [3)+ Mok » (4)

e @E = (o(Tk + rf’k )+(p ;
®}§ = (o(Tk + Tg,k )+(p ;
v-ad.
Cc
T — mepuon JUCKpeTU3aIlH;

C N ooy .
Tpks Tk — CIIyYaiiHbl BPEMCHHOM CIBUI IPH

(hopMHpPOBAaHUHU k-TO OTCUETa 7-TO MPHUEMHOI'0 KaHaa
cuH(a3HOH W KBaApPaTypHOH  COCTABJISIONIHX,
COOTBETCTBEHHO;

ns,k’ T];S’k — HaIIpsOKCHUE aJAUTUBHOI'O HIymMa

npu (HopMHpPOBaHMU k-rO OTCYETa #-TO IPUEMHOTO
KaHaJla CHH(a3HOM M KBaJpaTypHOH COCTABISIOLIMX,
COOTBETCTBEHHO.

Jlanee cuutaeM, 4yTO OTCUETH! CIy4alHOTO COBHra

Ts’k, Tik o amneprype peuieTKu HE3aBUCHUMbI U

HMEIOT HOPMAaJIbHOE paclpelielieHue C PaBHBIM HYIIIO
CPEIHNM 3HAdYeHHEM M IHCIEPCHEH o,°, OXMHAKOBOI
nns Beex ATl pemeTku. AHaJOTHYHOE JOMYIICHHUE
NIPUMEM B OTHOILIEHUM OTCUYETOB AJIUTUBHOTO IIymMa

nik, n;s;’k “MeroIuX oAuHakoByro st Bcex AILII

peleTKy, B TOM 4HCJIE€ B KBaJpaTypHBIX KaHajax,
JTUCTIEPCHUIO a,,z.

B orcyrctBum mxurTepa, (QyHKIMH IUIOTHOCTH
pacnpenenenus BepositHoctd ([IPB) s orcueros
AUII cuH}a3HOr0 M KBaJpaTypHOTO KAaHAJIOB MOXKHO
3amnucaTh B BUJE
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ol , (5)

1 (U,fn — Acos(®) — W, sin B))2

xXexp| ——
2 0,2]
s 1
p(Uk,n)_\/ﬁX
oy, (6)
2
(o, ~as np)f
1 U, — Asin(©) —¥,, sinp)
xexp| —— >

On

rae ®k =oTk+o.

3amuieM (QYHKIMIO TPaBIONONO0MS B BHAC
MIPOU3BENCHUSI BEPOSATHOCTEH JIi BCEX OTCUETOB IO

aneptype, COOPMHPOBAHHBIX B  OJUH  MOMEHT
BpeMenu k
NI
L= TS, blog, ) @)
n=0
Hubdepenuupys sorapuhm G yHKIMN

MPaBJONON00Hs 1O yrily f§ W NPUPAaBHUBAsI TPOU3BOJI-
HYIO HYJIO, IIOJIy4aeM ypaBHEHHE IPaBAONOAO0MS AL
HanpaBJIeHUS HA UCTOYHUK CUTHala

;Bm(Lk):;(m(’ﬁ'p(Uﬁn b, )]J C®

[Tocne mozacraHOBKM B ypaBHeHHWe (8) 3Ha4YCHUIA
HanpspkeHuit U nC k. U ;? & A7 KOHKPETHOHU peanu3alu

curHaia, peureHue (yron f5) MoxeT OBITh HaifleHo,
HaIpUMep, C ITOMOLIBI0 TOCIIEI0BATENBFHOTO epedopa
3HaYeHUH.

HwxHsis rpaHuna JUCHEpCHU OLCHKH [ MOXET
ObITh HaiiieHa B BHUAE HWKHeH rpanuipl Kpamepa-
Pao [3]

3 -1

Lo 9

2
cR =
B 6[32

e {} — omepaiys BBIYHMCIEHHS MaTeMaTHYECKOro
OXKHIAHUS.
C yuerom dopmyn (5) — (8) Beipaxkenue (9)
MIPUHUMAET BUJT
2
60,

> .
A*1®N(N —1)2N —1)cos? B

(10)

2
op

Ha puc. 2 npowmmtoctpupoBana 3aBucuMocTb (10)
CKO orienku yria 3 B 3aBUCUMOCTH OT HaIpaBJICHUSA Ha
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HCTOYHUK CUTHaNA (0Ch aOCIIUCC B TPaIyCHOU Mepe) |
OTHOIIEHHs1 cUrHay/mryM. 1o ocM OpAMHAT OTIOXKEHO
cpennekBaapatuueckoe orkioHeHue (CKO) oueHku
yrma f B rpagycax. Ha pucyHke IpeacTaBlieHO TpH
MIPOHYMEpPOBaHHbIE cepuu U3 4-X rpaUKoB Kaxaas.
Cepust 1 COOTBETCTBYET OTHOIICHHIO CUTHA/IryMm 20
b, cepust 2 — oTHoOmIeHHIO curHai/mym 14 1b, cepust 3
— curHan/mym 6 nb. CromHas JTUHHS OTOOpaXkaeT

sKkcnepuMeHTanbHylo  oueHky CKO, mnomydeHHyO
peleHueM METOJIOM nepedopa ypaBHEHUSI
npapromomobust (100  peammzammii A KaXKIOro

3HA4YCHUSA [5); MyHKTUPHAS JHHUSA — HIKHIOK TPaHMILY
Kpamepa-Pao mj1st 3a1aHHOTO OTHOIICHUS CUTHAJ/TITYM;
IITPUX-TIYHKTUPHAS JIMHUSA — HIDKHIOIO TPaHHIY
JIOBEPUTEIPHOTO HMHTEpBajia, INTPUXOBAs JUHHUA —
BEPXHIOIO TPaHUI)y JOBEPHUTEIBHOTO HHTEPBAJIA.
JloBepHUTeNbHBI  WHTEPBAJ  CHOPMHPOBAH I
JoBeputenbHON BepoaTHocTH 0,999 ¢ ucmonb3oBaHueM
pacnpenenenust x> (xu-kBampar). [ 100 peanusarmii
ko3 unueHT a1 BepXHEH I'paHHIBI JOBEPUTEIHHOTO
UHTEepBasia coctapiseT 1,29, a it HIKHEN TpaHUIIb —
0,808 [4]. B xaxmoil U3 peanusanuii BXOJHOW CHUTHAI
MIPEICTABIILT COOOM CMECh CHHYCOUAAIBHOTO CUI'HAJIA U
aJTUTHBHOTO IITyMa (KUTTEP OTCYTCTBOBAI).

0 10 20 30 40 50 lll

gt B
Puc.2. 3aBuCHMOCTB OLIEHKH YTJIa [} OT HanpaBJIeHHsI Ha
HCTOYHHUK CHTHAJIa

TlostBenue
BO3HUKHOBEHUIO

JDKUTTEpa TIPUBOJUT K
MYJIbTUILUTUKaTUBHOT O ryma,
BBI3BIBAIOLIETO POCT JUCIIEPCUH OLIEHKH. B aTOM ciydae
OTCYTCTBHE YydeTa JDKUTTepa B Bbipakenuu (10)
MOPOXKAAET  CIUIIKOM  ONTUMHCTUYHBIE IPOTHO3BI
MIOBEJICHNS OLIEHKHU, HE COOTBETCTBYIOIINM Pe3ybTaTaM
SKCIEPUMEHTA.

K mnpumepy, Ha puc.3 wusobpaxkenst HI'KP wu
JIOBEPUTENBHBIA WHTEpBAJ Uil CIydash OTHOIICHHS
CUrHaJ/aInTUBHBIN 1yM, paBHoro 20 nb. CrtomHas
JUHHUA COOTBETCTBYET JKCIEPUMEHTATIbHOM OIleHKe
CKO Ha OCHOBE UHCIEHHOI'O pELICHHUS YpaBHEHUS
NpaBAoONoNoO0Ms  JJIsl  YKa3aHHOTO  OTHOIICHHS
CHTHAJI/aJUINTUBHBIN IIyM, HO JMCKPETHU3MPOBAHHOTO
AUIT c¢ mkurrepoM, paBHbiM 1/320 or mnepuoxa
BXOJIHOT'O CHUTHAJA.
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T30 40 50

el
il a 'ﬁ
Puc.3. Huxnsist rpannna Kpamepa-Pao n 1oBepuresbHbIii
MHTEPBAJ JJIs CJIy4asi OTHOIIEHHUSI CHTHAJI/aJJIMTHBHbIIH
mym, papaoro 20 1b

B cayudae, ecniu mxutrep Mman, orcueTsl AIIII
crH(pa3HOTO W KBaJpaTypHOro KaHaioB (3),(4) MOXHO
NIPE/ICTABUTh B BUJE pasiokeHus B psa Teitnopa B
OKPECTHOCTSIX TOUYEK AUCKpeTHu3aluu [S] mo mapamerpy
okuTTepa T. OTOpachiBasi Bce WIEHBI C ITOPSAKOM
MAaJIOCTH BBIIIE TIEPBOT0, MOXKHO 3aIicaTh

C .
U, = Acos(@ —Wnsinp |-
" ¢ ) . an

- Amrs’k sin(@k —Wnsin [3)+ nf’k

S . .
U i = Asm(@ —Wnsinf |+
n,k k ) (12)

Aot cos(@k —WnsinB |+ n3

C y4eToM MalloCTH JKUTTEepa, 3HAUEHHE OTCUETOB
Ha Beixoge AIIIl mMoxHO paccMaTpuBaTh Kak CyMMY

JABYX CHy‘IaﬁHLIX BCJINYUH, COOTBETCTBYIOIIUX
HaIpsKCHUAM ATJUTUBHOI'O myma u myma,
BbI3BAHHOI'O  JDKUTTCPOM, a  TaKXe nacajlbHOIroO

3HaYeHUsl CUTHala B OTCyTcTBHMEe Inyma. llpu atom, B
CHJly  HOPMAJBHOCTH  3aKOHOB  pacIpeieseHUs
CIydalHBIX BEJIMYUH T U 1), paclpeleleHHe oTcueTa
AIII Taxke MO)KHO CUUTATh HOPMAJIBHBIM [6].

MoXHO MOKa3aThk, YTO B 3TOM CIIydae BbIpakKeHUE
JUISL CpeHeH MOIIHOCTH IIyMa B IIM()POBOM CHTHAJIE Ha
Beixoge AIIIl ¢ mKUTTEpOM TpU CUHYCOUTATHHOM
BXOJTHOM CHUT'HAJIE UMEET BU]]

2 AY 5 0 o
c =70) o7 +0y- (13)

Momudunupyem Boipakenue (10) mms HIKP,
3aMeHs s G

n
BbI3bIBAEMOI'O IDKUTTCPOM. HOJ'IY‘II/IM COOTHOHICHHUCE!

BelpakeHueM (13), mis ydera mryma,

2
4
6 —0)20% +o2
2 n

(14)

0% > .
A*1®N(N -1)2N —1)cos? B
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70 ’8
Puc.4. Bo3M0OKHOCTH MPUMeHEHHsl Bbipaskenusi (14) B
KayecTBe HUKHell rPaHuIbI JUCTIEPCUH OLeHKH yrJa B

Puc.4 nnmocTpupyeT BO3MOKHOCTH IPUMEHEHUS
BolpakeHust (14) B KadecTBe HIKHEH TI'paHHIIBI
JUCIIEpCHU  OLIEHKH yriaa B B UuQpoBol aHTEHHOM
penietke B ToM ciydae, ecnu xkutTep ALIIl B kanamax
pelIeTKH MOXHO CcuuTaTth MaibiM.  CIUIOIIHBIMU
JUHUSIMA U300paKeHbl HKCIIEPUMEHTAJIbHBIE OLIEHKH
CKO yrma [, mMOMydYeHHBIC YHCICHHBIM pEIICHUEM
ypaBHeHuss npaBaonogoous (100 peanmzammii s
kaxnaoro 3HaueHus f). IlyHkTupHoW  nMHUEH
n300pakeHa HIDKHAS TPaHWIA, pacCUMTaHHAs IO
BeIpakeHuto (14). JloBepuTenbHBI HHTEPBAJ MOCTPOSH
st noBepurenbHoil BeposTHocTH 0,999. OtHomeHnue
CUTHAJI/aJVIMTUBHBIN LIyM JUIsi BCeX cepuidl rpadukoB
cocraBisieT 40 nb. Cepust | COOTBETCTBYET JKUTTEPY,
paBHOMY 1/320 OT mepuoaa BXOMHOI'O CUTHANIA, cepus 2
COOTBETCTBYET JUKUTTEPY B 1/160 OT meproia BXOIHOTO
curHaia, cepus 3 — 1/80 ot nepuona.

PaBeHcTBO  nmucmepcun  JKUTTEpa HYITIO B
BolpakeHnu (14) oOecrieumBaeT Nepexoa K HUKHEH
rpanune  Kpamepa-Pao (10), He yumThIBaromei
JOKUTTED.

Ananu3 BelpaxkeHuss (14) ToOkasbIBaeT, UTO
yBEJIMUEHHE AaMIUIUTYAbl BXOAHOTO CHTHaJa IpHU
Hamuuuu kutrepa ALl He MOXET HONTHOCTBIO
CKOMIIEHCHPOBATh POCT AUCIEPCUH OLIEHKH yIIIa, JaXKe
0e3 yuera OrpaHUYEHHOCTH BXOAHOro nuamna3ona AlIIT.
[penenvHblii  mepexonq B Bblpaxennu (14)
OECKOHEYHOH aMIUTUTy[Ae MAaeT HIDKHIOK TPaHUIly
JUCTIEPCUU OLIEHKH YTJIa, HE 3aBUCAIIYIO OT aMIUTUTYAbI
BXOJIHOT'O CUTHaJa U MOIIHOCTH aJIUTUBHOIO IIIyMa
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2
6A 20 . 2

7 Q) G‘E + Gn
lim =
Ason| A2T2N(N —1)2N —1)cos” B
(15)
_ 60)203
nzN(N—l)(2N —1)0052 B
3akjoueHune
I‘II/ICJ'ICHHLIM Z)KCHepI/IMEHTOM ITOKa3aHa
BO3MOXHOCTH HpI/IMeHeHI/IH npez[,nomeHHoro

BBIPKEHHUS JIs1 HKHEW TpaHUIbl JUCIIEPCUH OIEHKU
yria TpUxoja CHUTHajla B 3ajJaye TeJeHTalud C
MIOMOIIBIO JIMHEHHOW HM(PPOBOA aHTEHHOW pPEIIETKH,
nMmetomedt ALl ¢ maneim  mxutrepom. Ilokazana
NPUHIUIHAATIBHAS ~ HEYCTPaHUMOCTh  IOrpeurHocTen
MeJeHraluy, BbI3BaHHBIX  JpkutTepoM Al ¢
TIOMOIIIBIO TTOBBIIIIEHHS SHEPTETUKU CUTHATIA.

Hanuuue oOlleHOK MOTEHIMAIBLHOM TOYHOCTH
PaIUOTEXHUYECKUX CHUCTEM, YUUTHIBAIOIIUX JDKUTTED,
MTO3BOJIMT CHOPMYITMPOBATH TEXHUUECKUE TPEOOBAHUS K
COCTABJIIIONIUM CHCTEMBI TaKuM 00pa3oM, YTOOBI
MPaKTUYECKH peajn3oBaHHAs CcHCTeMa JIocTUrayia
3aIUIaHUPOBAHHBIX TOYHOCTHBIX TTOKa3aTeNeH.
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HOTEHIIAHA TOYHICTb IEJEHTALII B IA®POBUX AHTEHHHX
PEIIITKAX B YMOBAX JUKUTEPY AL

B.I. Carocap, M.B. Bonnapenko

3anpononosano eupaz Ona GUPAXYBAHHA HUICHBOI epaHuyl OUCNEPCIi OYiHKU KYMA HANPAMKY HA 0dcepeno cueHany Ois
AiHiHOT  yughposoi pewimku 6 ymosax Oocumepy ALl Pobomocnpomodichicmes eupasy niomeepodicena HucenbHuM
excnepumenmom. Iloxazana Hemodcausicmo KOMREHCAyii cnOmEOpIoganb CUSHANLY, CNPUYUHEHUX OJICUMEPOM, 34 PAXYHOK
nIOSULYEHHS eHepeemUKU CUSHATLY.

Knrwouoei cnosa: ananozoso-yupposuii nepemeoprosay, oxcumep, yu@poea aHmeHHa peutimKd, GiOHOUEHHS CUCHATI-ULYM, HUMCHS
epanuysa Kpawepa-Pao.

DIRECTION-FINDING POTENCIAL PRECISION FOR DIGITAL ANTENNA
ARRAY IN ADC JITTER CONDITIONS

V.IL Slyusar, M.V. Bondarenko
The expression for lower bound of variance estimate of the bearing to a source of signal for linear digital antenna array in
ADC Jitter conditions is proposed. The efficiency of this expression is examined by numerical experiment. The impossibility of
Jitter distortion of compensation by increasing of signal amplitude is shown.
Key words: analog-to-digital converter (ADC), digital antenna array, signal-to-noise ratio, Cramera-Rao lower bound.
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[LA. KpykoBcbKHit

AKumomupcoxuii giticokosuti incmumym imeni C.I1. Koponvosa HayionanvHoeo asiayitinoeo
yHigepcumemy, Kumomup

YJIOCKOHAJIEHI BUMOT Y 10 PEAJII3AIIIL OLAP Y DSS JUISI YACTKOBHX
MPOBJEMHUX OBJACTENA TH®OPMAIIMHO-AHAJIITUYHOI POBOTH

Yoockonaneni sumocu 0o OLAP y DSS 6iopisnusiomscs 6i0 iCHYIOUUX BUHAYUCHHAM HeOOXIOHOCMI 3a0e3neyenHst
axmuenocmi ingpopmayii 'y OLAP, it cunepeemuunocmi, MONCIUBOCMI peniikayii 3amicme KIi€eHmM-cepeepHol
MexHoN02ii — a0ekeamuo 00 4acmkosux npoobremuux obracmeil iHgopmayiino-anarimuynol pooomu. Bukonarnms
sumoe 3abesneuye niosuwjents epexmusnocmi DSS 3a paxynox: 06’eonanns OLAP 3 excnepmmuoio cucmemoio,
cunepeii 3namb y KopnopamusHiti cucmemi DSS na moOynbHo-yHIQIKOSaHUX MOOensx, yiricHocmi 0asu OaHux
(3HAHB) NPOMA2OM MPUBALO20 YACY NPU 3MIHAX Y CKAAOI KOPUCIYBAULE, KPAU020 8PAXYSAHHS NPULOMIE I Memooie
pobOmMU KOPUCMY 8aYi8-AHANIMUKIG.

Knrouosi cnoea: OLAP, FASMI, Data Warehouse, Data Mart, Data Mining, DSS, Expert system, Business
Intelligence, cucmema niompumky RPUHAMMA PileHb, eKCNEPMHA CUCIEMA, CUCTNEMA YAPABTIHHS 3HAHHSIMU.

kiockamu naHux (Data Marts, DMarts) i 3acobamu

Beryn

AHaNi3 ocCTaHHIX AocJiIxkeHb Ta MyOJiKamii.
IMocranoBka mpodaemu. 3acodM  IHTEPaKTHBHOI
aHaymiTHyHOi 00poOku (On-line Analytical Processing,
OLAP [1]), sixi TakoX Ha3WBalOTh 3aCO0AMH IIBUIKOTO
aHayizy  posfmineHoi  OararoBuMmipHOi  iH(opMmaii,
BUKOPHCTOBYIOTBCS Y 3HAYHIN KiJIBKOCTI MpPOOIEMHHX
obnacreii iHQopMmauiliHo-aHamiTHYHOT pobotn (IAP):
momrykoBa cucremMa Google mo 3amuty  «OLAP»
noBeprae Gins 4 - 10° 3armmciB. PasoM 3i cxoBHIAMH
nannx (Data Warehouses, DWH), Bitpunamu ¥

© I.A. KpykoBchkuii

IHTENeKTyalbHOro aHaiizy ganux (Data Mining, DM)
BOHH YTBOPIOIOTh CyYacCHI CHCTEMH MiIATPUMKH
NpUiHATTA pimeHs cneuiansHoro tumy (Decision
Support System, DSS), ski TakoX Ha3HBaIOThH
iHpopMariiiHo-aHaTI THYHUMU cucTeMami [3, 4]. DSS e
OCHOBOIO  3aco0iB  Oi3Hec-po3Bimkum abo  Oi3Hec-
aHamiTUKU, Oi3Hec-iHTenekTy (Business Intelligence,
BI)[5,6]. 3acoobum BI BigHOCATBCS g0 cHCTeM
yrnpasiinas  3HaHHsamu  (Knowledge Management
System, KMS) i cTBOpeHi, Hacamiepel, Ha OCHOBI
CHCTEM VNpaBIiHHSA pesINiHHUMHE  0a3aMu  JTaHWX
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3MICT

PO3POBJIEHHA TA MOJAEPHI3ALIA OBT

CucreMsl NOAACPIKKU MPUHATUA peHIeHI/IfI " 3aJa4i Ux
OPTOHOMUYCCKOTO MMPOCKTUPOBAHMS. ....vvivirniiiiiiitititiiiieieeieieeetteeeeieteeeenenenes

OcobamBocTi MOOYJ0BH aBTOMaTH30BAHOTO KOHTPOJIEHO-
BUNPOOYBAILHOIO KOMIUIEKCY ISl JIOCTI/PKEHb XapaKTePUCTUK
TPAHCIIOPTHUX 3aC00IB apPTHIIEPIHCHKUX TIIPO3IIITIB. ..cvevereineenrenreneeneereenens

YAockoHaneHun metog TPonocgepHoOro 38’a3ky 3 MynbTU-MiMO
cucTeMoto Ha 6asi Nnockoi LM poBoi aHTEHHOT
PELLITK . ...oeevreviriirire v

MosximBi MeToau (POpMYBaHHS KOMIUIEKCHHUX TEIJIOBI31MHUX 300pakeHb..

HOTeHHI/IaJ'H)HaH TOYHOCTH IICJICHTalluu B HI/I(l)pOBI)IX AHTCHHBIX

penierkax B yeaoBUIX JDKUTTEPA ALITL......ooovviviieiiiiiiiie e

Y nockoHaneHi BuMoru j1o peamizanii olap y DSS st wactkoBrx
npoOsieMHUX obJyacTell iHpopMamiHHO-aHATI THYHOT POOOTH. ....c..cevvveneenee.

[epcriekTrBY pO3BUTKY reoiH(OpMamiifHUX TEXHOIOTIH
JULSL BIECBKOBHUX BAMAU. ... evevereerrierreeneseeseseeseneesesteneatenenteseesenesseneneeneaseneasenen

IopiBasnbHa xapakrepuctuka METO/IIB crBopeHHs Tonorpadivyamnx
KapT JUI aCy BIHCHKOBOTO MPU3HAUCHHM. ......vvveevereeereereneeuennsuennniesenaesenaens

BrutuB 3akoHIB popMyBaHHS KpOKY KBAaHTYBaHHS Ha
HEPEIIKO03aXUIIEHICTh CUCTEMH HEPENAUL JAHUX. ...c..crvrverereerereererierenenenne

Meronrka KOMITIEHCAIMU Aperida HysIsl 1 MOJCTUPOBaHHE
IYyMOB MUKPOMEXaHUYECKOT0 THPOCKONAa HMHEPIIMATILHOTO
HU3MEPHUTEITBHOTO OJTOKA.....ueeuevitiieeueeuirtiniesiesteeestententeneesaenesiebesaeseenbenseseeneen

[epcriekTHBY Ta OCHOBHI HaNpsIMKH PO3BUTKY IapalryToOyAyBaHHS B
VYxpaini

BOMOBE 3ACTOCYBAHHSI OBT

JlocmimKeHHs! BIVIMBY HYTalliHHUX KOJMBAaHb CHApsAiB (MiH)
HA JATBHICTD TX TTOTBOTY...c.eeueureurerenterentereneereneerentenessesessenesseneeereseenesenensenenne

[TigBuIeHHST O0MOBUX MOMIJIMBOCTEH Ta TEXHIYHUX XAPAKTEPUCTUK
OPOHCTAHKOBOT TEXHIKHL. ......veevverveeseesseessesssessesseesseessesensssssesssessssnsenssessesssenses

AHai3 TEXHIYHUX XapaKTEPUCTUK 1 MOXKIIMBOCTEN O€3MiIOTHIX
aBiallifHIX KOMILIEKCIB ONIEPaTUBHO-TAaKTHYHOTO

Ta TAKTUYHOT'O PAJiyCy Mil apMii PO3BHHEHUX KPATH.....c.veverueruerrereenrenrereanees

ABTOMaTHU3AIIIS MisUTBHOCTI KOMaHUpPa, MTa0y Npu
MIPUIHATTI PIMIEHb HAa OHEPALIIO (OOHOBI JTIT). v euvevveeieeeieiieericieie e
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Ceprienko P.B.

Hosropoaceka JI1.O., Ilapaxin
C.B., llladan P.I'., JIyuyk E.B.

JleBuenko A.O.

Jlepyenko A.O., [llapunosa
L.B., XaxyJaa B.B.

3anepienko C.1.

3anopoxken B.B.,
Craganyenko B.H.,

Tpoumn O.H.,

Cragnuyenko H.I'., l:xyc P.H.

IcakoB MLA., SIxoBiaer M.IO.,
®T1emoB 10.0., ®yprec O.0.

Jlyuyk E. B., Tumuyk B.1O.,
Yopuuii M.B.

HAIII ABTOPH.......................

BilicbkoBO-TeXHIYHUI 30ipHUK

Orinka epeKTHBHOCTI KOOPIMHATHOTO METOy BU3HAYCHHSI JIUPEKLI HTHUX
KYTiB 3 BUKOPUCTAHHSM CYITYTHUKOBUX PaJiOHABITalliiHUX CHCTEM............

EKCILTYATAIIA TA BIIHOBJIEHHS OBT

OriHKa 3MIHHM [TOKa3HHMKIB HAIIMHOCTI aBlaliifHOIl TEXHIKU
38 YACOM CKCIUTYATAIIIT. ...cuvrereriesrenseessesseessesseessesssessesssassesssensenssensesssensenssenses

[TobynoBa Mozesel MiIbHOCTI PO3MOLTY HMOBIpHOCTEH

HIJISIXOM KYCKOBO-JTIHIHHOT @IPOKCHMAIIIT. .c.vvviieeeeerirecie e

Henapamerpuinuii METO/] BU3HAYCHHS TUHAMIKH y3arajlbHEHOTO
rapameTpy OJHOTUITHOTO 030POEHHS Ta BINCHKOBOI TEXHIKH. .......veueeueerennen.

MaremaTHdHe MOJICTIOBAHHS TiAPOIHHAMIYHOT'0 MAIICHHS 30ipHOTO
KOHIYHOTO MiIIIMITHAKA 3 TIOPUCTHM IIapoM Ha Horo poOouiii MoBepxHi. ..

O MexaHU3Max MOJABMKHOCTH METAJUIOKEPAMHUYECKOTO CIIOSI B
TEXHOJIOTUSAX TPUOOTEXHUUECKOTO BOCCTAHOBJICHUS JACTANICH. .......cceveeee

HIJITOTOBKA BIMCHKOBUX ®AXIBIIIB

Cucrema 60#10Boi TiiroroBku CyxonmyTHHX BiChK 30pOHHUX CHII
VYxpainu: cydacHuil CTaH, OCHOBHI HAaNpsIMK{ Ta TIEPCHEKTUBH PO3BUTKY. ..

THO®OPMANIMHE MOBIIOMJIEHHS

IMepcriekTHBU PO3BUTKY 030pOEHHS Ta BiiicbKOBOT TexHIKH CyXOMyTHUX
BIJICBbK: aHaJI3 MOMISAIB ydacHHKIB cneniamizoBanoi BHTK..................

AJTIOABITHUI TTOKATKUIK .......oooooeoeeeeeeeeeeee e e et et e e eee et e s e es s es et eseeese s e sesesesnseseeen

IO BIJOMA ABTOPIB........

© Axaziemist CyxoITyTHHX BilichK iMeHi rerbmana [lerpa Caraiinaunoro

125

81

106



HAYKOBE BUJIAHHA

BilicbkoBo-TexHiYHHH 30ipHHK

Bunyck 3

Bignosinansuuif 3a sunyck B. M. ITamox
Penaxtopu JI. B. Akramosa, T. B. )KusoToBa
Kopekrop O. M. MineeBa

Komn’totepHa Bepctka B.l.Boxenxo, O. M. Coprap

IMiarmucano po apyky 17.05. 2010 p.

®opwmar nanepy 70x100y,16. [lanip odcernuit
YM. apyk. apk. 8,32

O6:1.-Bux. apk. 14,29

3amopnenns 37

Hakmaa 100 npum.

besxomrroBHO

JApyxapHs AkaneMii CyXxoImyTHHX BiChK
imMeHi retbMana [lerpa Caraiinaunoro
79012, m. JIeBiB, Byn. I'Bapaiiiceka, 32





