TexHurka 11 rexHosioruda, Ne 3, 2007

PagpmnortexHuka m cBA3b

PaduomexHuUKa, 8 momMm 4Yucsie cucmemabl
u ycmpoulucmea mesiesuoeHUSs

Apmémoea T.K., kaHOudam ¢bu3uko-
MamemMamu4deckux HayKk, 0douyeHm Spo-
C/1aBcko20 20cydapcmeeHHo20 yHUB8epCcu-
mema um. .. Jemudosa

ABEPPAIIUU KOTEPEHTHOM CUCTEMBbI PAJAUOBUIEHUS
CO CKPEIIEHHBIMU AHTEHHBIMU PEHIETKAMMUA

[TocTpoeHsl MaTeMaTUYECKUE MOJETH UCKAKEHUM OTCUETOB OMPEESIEMOTO IEKTPOMATHUTHOIO TIOJIS, pac-
CESTHHOTO TOYEYHBIM OOBEKTOM, /T PAa3IMYHBIX KOH(HIYpalnii CKPEIIEHHBIX PEIIeTOK aKTHBHOW CHCTEMBI pa-
JIOBHJICHUS: CKPEIIICHHBIC PEICTKU C MOBIKHON IPUEMHOMN, KPECTOOOPa3HO CKPEIICHHBIC TUHEHHBIC PEIIICTKH.
[NomyueHsl peKOMEHIAIMK TI0 BHIOOPY pa3MEpOB CHHTE3MPYEMOM amepTyphl B 3aBUCUMOCTH OT HEOOXOIMMOTrO
YPOBHS TOYHOCTH OIIpenesieHus mojs. [IpoBeeHHpI aHaIn3 UCKaXKEHHUH TO3BOJISET PEKOMEHIIOBATh aHTCHHYIO
CHCTEMY B BHJIE KPECTOOOPa3HO pacIioiiOKEeHHBIX Tiepenaronieii 1 npueMHoit JIAP. Pa3zpaboTaHHble MOAEN SBIISI-
FOTCSI OCHOBOM ISl pa3pa0OTKy MeTona MU(PPOBON KOMITCHCAIIMK abeppalii CUCTEMbI paTHOBHUICHHS, KOTOPBIH
YIYYIIUAT TOYHOCTh perucTparpi DMII 1 OBBICUT BCIEICTBHE ATOTO Pa3peIaroIIy 0 CIIOCOOHOCTh CHCTEMBI.

CucteMbl aKTUBHOTO paJMOBUIECHUS, B TOM YHUCIIE PagHOrosorpapuueckue, mo3BoJsSOT peru-
CTPUPOBATh PACCESIHHBI 0OBEKTOM CUT'HAJI C HEKOTOPBIM KaueCTBOM, 3aBUCSIIUM HapsIy C JAPYTH-
MU (akTopamu, oT reomeTpun anteHHoOU cucteMsl (AC). B nutepatype [1] onucana cxema peruct-
pammu, MCIoJb3YIONIas He IByMEPHYIO0 aHTeHHYIO pemeTKy (AP), koTopas 0OBIYHO HCTIONB3YeTCS
JUIs TakuX 3a/ad, a CKpELEHHbIE Mepelalollyl0 U MPUEMHYIO JIMHEHHbIE AHTCHHbIE PEIIEeTKU
(JIAP). Ilpu sToM ympomiaercss U yJEIIEBIAETCS KOHCTPYKLMSI CUCTEMBI paJUOBUIEHUS, OJHAKO,
MIOCKOJIbKY Takasi aHTEHHasl CCTeMa He MOKPHIBAEeT B MPOLECCEe PErucTpaly Bcel o0iacTu mpo-
CTpPaHCTBa, B KOTOPOH omnpeaensercs dekrpoMarauTaoe noje (OMII), Hem30eKHbI HCKaKEHUS.

ITocTaBuUM 1IETIBbIO OLIEHUTD M UCCIIEI0BATh UCKAXKEHHS PErUCTPUPYEMO KOMITIEKCHOM aMILIUTYIblI
paccesiuaoro OMIIL, BHOcumble reomerpreil AC B BUJIE CKPELIEHHBIX PEIIETOK, [0 CPAaBHEHUIO C JBY-
MepHoi AP, uto He0OX0aUMO AT TTOCeayIoIel pa3padoTKH MeTo/1a X HU(GPOBOM KOMIIEHCAIIUN

1. Mozaean paauoun3odpaxeHus

HYCTL MMOJIOKCHUEC CTAIMOHAPHOTO TOYCHYHOI'O 00BbEeKTa OTHOCHUTEJIHHO ﬂeKapTOBOﬁ CHUCTCMBbI

~0,.0 .0 _O
KOOP/IMHAT XAPaKTEPU3YETCs PaIryC-BEKTOPOM 7 (X~ ,) ,Z ), @ €ro oTpakaTelbHas CIoco0-
HOCTh — KOMIUIEKCHOW OMCTaTUYECKON TUarpaMMoil paccesiHusl, KOTOPYIO B JJaHHOU paboTe Oyaem

nosarats pasHomepHoit (6, ¢),60>,07) = a°.

HYCTL OOBEKT O6J'Iy‘IaCTC${ MOHOXPOMATUYCCKUM CHUT'HAJIOM C ,I[J'IPIHOﬁ BOJIHBI /1 OT TOYCYHOI'O HC-

) —1 .
TOYHHKA, UMEIOIIEro aMIMTyy £, 1 Haxonsmerocs B Touke 7 . B COOTBETCTBMM C MMITYJILCHOM
o — ik ,7: —
XapaKTEPUCTHKOK cBOOOIHOrO mpocrpanctea [2] h(7)=e i Ar‘, rne k=2m/A — MOCTOSHHAs
i
pacIpocTpaHeHH s, OCBEIIAKoIIee HOJIe ONpeIeNsSeTcsl MHTErPaloM 110 001acTH HCTOYHUKOB V' :

E(F)= [ E'-8GF —F)-h(FO —F)aV' = E'-h(F0 —F), 1)
Vi
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o r
Torma pacCCAHHOC 00BEKTOM II0JIE B TOUKE nprueMa, Xapakrepu3zyeMou paanyC-BEKTOpOM 7° , C

—-I =0
Y4€TOM TOT'0, YTO 491 , (0] — KOMIIOHEHTHI IIPOCTPAHCTBEHHOI'O YIJIa MEX/y BEKTOpaMU 7'~ U 7'~ , a (92 s

() — yriia Mex/Iy BeKTopamu 7* % u 7", onpenemsiercs nrrerpanom o obmactu oGsexta VO :
Ez(Fr) = f El(?o)-5(F -7%)- d'O(Z(Fi,?O);Z(FO,F’))-h(?r —7)aV° =

Ve 2)

=E W0 -7 60 - hF —F0).

[TocTpoum mMaTemaTnueckue Monenu peructpupyemoro IMII st Tpex koHuUrypanuii aHTeH-
HOI1 cuctemsl (puc. 1).

Puc. 1. Uccaedyemvbie ceomempuu aumennot cucmemvl. a — 0gymepuas AP, 6 — ckpewennvie JIAP
C nepemewarowenica npuemMHoU peutemkotl, 6 — kpecm uz JIAP

JIBymepHasi aHTeHHasi pemieTka (puc. 1 a). ITycTh perucTparus mois OCyIIEeCTBIAETCs IByMep-
HOM NPUEMHO} aHTEHHON PENIETKON TOYEYHBIX AHTEHHBIX SIEMEHTOB ¢ PABHOMEPHBIMH JIMArPaMMaMH
nanpasnenHocT. Ilycts M X N sneMeHTOB, pasMeleHHBIX B IPOCTPAHCTBE ¢ MHTEpBANaMU X MO
ocu Xu dy mo ocu ), 06pasyror B coBokynHoctu aneprypy AX B, tne A= Mdx, B= Ndy.

I[IpucBouM 311eMeRTy AP MHIEKC 1A, TOTIa MECTOIONIOKEHHE IPUEMHOTO SIIEMEHTA XapaKTepU3yeT-
o N ST T
CSL PaIHyC-BEeKTOPOM 7y (X005 Vyym»Z ) - Paccestroe mone £y (X', )" ) B IIOCKOCTH perucrpa-
roor y

uin (X', ) ) mpencrasiser coOoi CyMMy MPOCTPAHCTBEHHBIX OTCUETOB:
e M r r r S F T
Ey(x',y") =2 X Ep(x',y' 2 ) 6(x—x ,y—y ,z—z )=E(x .y ).03)

nm nm nm nm nm

n=lm=1
B cooTBercTBUH C (2),

ik[ oz 7o }
ED " y=E.6°.8 4)
2 nm nm =0 =i |=r =0
FO—F Py — T
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BriOupas cucremy KoOpAuHAT Tak, 9TOOBI €€ HAYaJIO COBITAJIO C IIEHTPOM MPUEMHON aHTEHHON

r
PCLICTKH, ONHMUICM KOOPAMHATHl NPUEMHBIX OIEMCHTOB B BHue: X, =—A/2+mdx;
r r . o [ i
Yy =—B/2+ndy; z' =0. Paccmorpum yactHslif ciy4aii, korga X =) =0, a 06bekT nmeer
0 y
xoopaunatsl (0; 0; z7). Torma Mozenb KOMILIEKCHOM aMIUIATY/Ibl OTCYETOB PACCESIHHOTO OIS
(4) npuHUMAaET BU:

o
z

ik

eik\/(mdx—%)z+(ndy—%)2+202

| \/(mdx — ALY + (ndy - B1)? + 207

Ckpeuiennsie JIAP ¢ aBukymieiicsi npueMHol pemerkoii (cxema 2, puc. 1 6). [lycts ucrou-
HUKH pacrojiaratorcsi B BeprukansHoil JIAP. Toraa mecrononoxkenue 7 -ro ucrounnka uz N xa-

ED g0

2nm

)
ZO

VA R |
PaKTEPU3YETCS PAJUYC-BEKTOPOM 7y, (x", Yn-Z ). IlycTh npueMHbIe 351eMeHTHI (pHC. 1) ¢ HoMepoM

n=1,N pacnonaraiorcss B OpTOroHaIbHOM TOpu3oHTATLHON JIAP, epeMeriaeMoii CHHXPOHHO C

. =7 (. F r _F
EPEKIIFOYCHIEM U3Iy4aTeNeii, i XapaKTepU3yIOTCs PajyC-BeKTOPOM 75y, (X5 Vi »Z ). Torma

ik [72 =7l 7|
~(2) _ i ~0 =i\ 0 7 =) [ .59, e
E\Y =E, -h(F° —7)- 67 h(F, —7°)= E . (6)
2 7 ’7;11"711];% 7

[IycTh aKTUBHBIA M3JIyYaIOIIMI 3JIEMEHT BCEra HaxoAWTCsA B LeHTpe npuemHoil JIAP, Torma

r i i o o
Yum =Yy =ndy — B/2, u, B uactnom ciywae x' =x” =y =0 u cummerpuunoro pacmosno-
xenus JIAP oTHocuTeNnbHO HaYalla KOOPAUHAT, (6) MPUBOIUTCS K BUIY:

sz(ndy By 2% 4 [(mds— 4 +(ndy-B)? +202}

£ _ NG

2nm \/(ndy By +2°%. \/(mdx ALY+ (ndy - B/)? + 2°

Kpecr u3 Henoasmwxubix JIAP (cxema 3, puc. 1 B). MecTononoxenue 7-ro uctounuka uz N
3JIEMEHTOB BepTHKalbHOU JIAP XapakTepusyercs, Kak U B MPEIbIAYIIEM clydae, paguyc-BeKTOpOM

P (X', ¥5,,2"). Onmako mpueMHBIE AHTEHHBI PA3MEMIAIOTCS HA HEMOJBHKHOM TOPH3OHTANBHON
JIAP Tak, 4TO UX MECTONOJIO)KEHHE B MPOCTPAHCTBE (UKCHUPOBAHO WU JJIA M1-TO TIPUEMHOTO dJe-
MEHTA PEIIETKH XapaKTEPH3yETCst Ay C-BeKTOPOM 7o (X1, 12 ).

[TockoNbKY B 3TOM Cllydae CHTHAJ KaKIOTO M3 UCTOYHHMKOB, TU(PPAarupoBaB HA OOBEKTE, MPH-
HUMaeTcsi oHOU U ToH ke JIAP mpueMHHKOB, TO MOXKHO 00pa30BaTh (GUKTHUBHYIO MaTpPHUILY EZ ,

3aI1MCaB B KaXAYIO €€ 71 -F0 CTPOKY MOJIC, paCCEIHHOEC 00BEKTOM npu O6J'Iy‘leHI/II/I 00BeKTa ¢ M -TO



TexHurka 11 rexHosioruda, Ne 3, 2007

pakypca, XapakTepu3yeMOoro yriioM MEeXAy paJnyC-BEeKTOPAaMH, COCAMHSIOIMMHU LEHTP JIMHEUKU
HCTOYHUKOB C LIGHTPOM OOBEKTA U TEKYILIUH N3Ty4aTesb ¢ IEHTPOM O00beKTa:

ik[ 7o _fildlrr e }
E‘(3) _Ei h(7° —~i\ -0 " El 0 €
—Ln- (I” —I”n)-O' ) (rm_ ) o il l-r -o (8)
nm ro—rmi\\tm—r

i o 0
B uactHoM ciyuae X' =X =) =0 u cummerpuunoro pacnonoxenus JIAP 0THOCHTENBHO
Hayana KoopAuHart (8) mpeobpasyeTcs K BUAY:

ik[\/(ndy—%)z 4292+ [(mdv—4)2 4y +2% }

E® =Els . )

Znm \/(ndy B/) +29%. \/(mdx fy) +y" 2420

Bripaxkenue (9) otnuuaercs ot (4), cienoBaTeNnbHO OINpenessieMoe B cooTBeTcTBUU ¢ (9) pacce-
STHHOE TIOJIE SIBJISIETCS MCKAKEHHBIM, OJTHAKO XapaKTep HCKAKEHHUHA OTIMYAETCS OT BHOCUMBIX B (7).

Wtak, KOMIUJIEKCHAs! aMIUTUTYAa PacCeIHHOTO 00BEKTOM MO (2) Ui clydaeB TPeX BBILICOIHU-
caHHbIX KoH(purypanuiit AC mozaenupyetcs: BolpakeHussMuU (4), (6) u (8), KOTopble B YaCTHOM CIIy-
yae cuMMeTpuuHoi AP u pacnonararoiierocs Ha OCH Z TOYEYHOrO0 00beKTa MPUHUMAIOT BUT (5),
(7) 1 (9) cOOTBETCTBEHHO.

2. UckakeHHus1, BHOCHUMbIE AaHTEHHOM CHCTEeMOH B BH/Ie CKPEIleHHbIX PelIeTOK

; i
IIpesncraBuM H3MEpsEMyI0 KOMILICKCHYIO aMIUTHTYAy CurHama B Buge Ey) = A4,.e Prm ,
nm

rae A, —ammmryna orcaeroB OMII, @y, — ux daza. [Iycts ammuryna orcuetoB B £y  o1-
nm
KIOHSCTCS OT aMIUIHTY bl 1ojist Monenu (4) Ha Benuunny A4, , a ¢aza — Ha Bemuunny A, .

Torma uckakeHus B OTCUETAX E2 MO>KHO TIPEACTABUTH B BUJIC:

AEy =(A+A)e P = fy (AP —1)+ A4 B0 P (10)
Beenem KOOpI[I/IHaTBI TOYCK HAOIIONECHUT X, ) | I/ICCJ‘IGI[yeM pacrpeie/icHie aMIUTHTYIHOM |
(ba3oBoii OMIMOOK 10 00JIACTH ONPEAEITIEHUS OIS {)_c, )7} :

Ab6comotras A4, u otHOCUTenbHas £A,,, OLMOKH ONpENENCHHS aMILIMTYbl OTCUCTOB
OMII cocrasar ans Bropoit (puc. 1 6) u Tpetseit (puc. 1 B) konpurypamuit AC cOOTBETCTBEHHO:

R =[5 e =B m
A = |ESD —ED) |0 2 4$3) = AA(3)/ ‘ (12)

Ab6comotrast dasosas ommbka A@ cocraBur:
2]~ o8~ 02 A3~ 0B oS3 @
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B gactHOM CJIyda€ HCTOYHHKA, paCIlOJIOKCHHOI'O Ha OCH Z,

0 0 -2 =2 02
6 N 1 R B P 7+ : (14)
yz 4 02 \/yz L 502 \/fz 4 02

A¢,S%2=k[|z0 - 72+z02] s
AplD) :k[|zo |+\/)?2 + 32 +2°2 —\/yz +292 —\/)?2 +202] (16)

N3 (14) — (16) BUIHO, YTO MCKaKEHUs BHOCSITCSI B CUTHAJ 3@ CUET MHOTOPAKYpPCHOTO OCBEILIE-
HUS 00BEKTa M HEXBATKU JAHHBIX B 00JIACTH aHAIU3a.

Ha puc. 2-3 npencraBieHsl pe3ynbTaTbl YUCIEHHOTO Mozenupoanus OMII Toueunoro pac-
ceMBaresl, ONpeAesieMOro akTUBHOM CUCTEMON palMOBUICHMS, IIPU CIIEIYIOIUX NapaMeTpax: aH-

TEHHBIC PELICTKH 0 64 aeMenTa, obpasyromue aneprypy 1x1 m?, 4 =0,008 u, 2% =30m

288000

Puc. 2. @opma pacnpeodenenus IMII moueunozo pacceusamens no obaracmu ananuza npu pecucmpayuu AC
pasauunsblx Kongueypayuil. /leymepras AP: a — amnaumyoa, e — gpaza, ckpewenuvie JIAP
¢ nepemewjarowjelics npuemHou: 6 — amnaumyoa, o — ¢asa,
kpecm uz JIAP: 6 — amnaumyoa, e — ¢pasza

)

a o 8 2
Puc. 3. @opma pacnpeodenenus owubru pecucmpayuu IMII moueunozo pacceusamens
no obracmu ananuza npu pecucmpayuu AC paziuunsix Kongueypayuil.
Ckpewgennvle JIAP ¢ nepemewaroweticss npueMHou: a — amniumyoq,
6 — ¢haza; kpecm usz JIAP: 6 — amnaumyoa, e — ¢asa

Amnanusupys BelpakeHust 11t omn6ok (14) — (16) u puc. 3, MOXKHO 3aMETUTh, YTO B HUX NPH-
2
CYTCTBYET CUMMETPHSI, XapaKTepHasi JaHHBIM CXeMaM peructpauuu. Beanmunna SA,Sm) HE 3aBHCUT

. 3
OT KOOpAHMHATHI BAOJb UCTOYHUKOB M SBJISICTCSI CUMMCTPUYHOMU OTHOCHUTCIIBHO OCH y, & A}(ﬂ’}z pas-
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JIMYAeTCs M 0 X , K 110 ), M B CIy4ae CHMMETPUYHOTO PACHOIOKEHNS 00BbEKTa OTHOCHTEIBHO Ha-

YaJjia KOOpJUHAT SBJSIETCS CAHMMETPUYHON OTHOCUTENLHO 00EUX OCEeH, IIPU 3TOM COBOKYITHOCTH TO-
YeK B 00JIaCTH aHajM3a, JISKAIIUX Ha OCAX X U YV, TPEACTABISIOT co00i 001acTh, I/ie Pe3yIbTaThl
peructpanuu kpectooopasnoit AC UACHTUYHBI PACTPOBOM PETUCTPALIUU OIS

Hapymienne cuMMeTpuu B T€OMETPHH AHTCHHOW CUCTEMBI BEIET K PE3KOMY BO3pPACTaHHUIO
omnOku onpeneneauss DMII u pocTy HEpaBHOMEPHOCTH €€ pacIipe/ie]ieHusl 10 00JacTH PerucTpa-
uuu (puc. 4).

a o 8 2

Puc. 4. Uckaoscenus, snocumvle acummempuei AC: a, 6 — hopma pacnpedenenus amniumyonst
u ¢pazvr IMII moueunoeo pacceusamensi no 0bracmu aHAIU3a OJisk KPECMOOOPA3HOU
JIAP npu cosuee npuemnoii JIAP no ocu y na eenuuuny 1,1 m;

8, 2 — popma pacnpedenenus ouubxku pecucmpayuu IMI1

Ag,Tpar,
£A,% 10°

10 cxema 2 cxeMma 3 M —

g\
AN

_v""—i—.@‘_‘_‘_(

0 10 20 30 40 30 60 70 80 90 ZC:M 0 10 20 30 40 30 60 70 80 90 ZC:M
a 0

Puc. 5. 3asucumocms ouubok onpedenenus amniumyost (a) u gpazol (6) SMIIT

o
MOYEYH020 pacceugameisi Om OAIbHOCU 00 00bekma Z U pazmepa anepmypsl A

C poctom paccTosiHHs OT 00BEKTA JJO CUCTEMBl PAJUOBUICHHUS OTHOCHUTEJIbHAS OUIMOKa OIpe-
neneHust aMmuTy1sl OMIT MOHOTOHHO yMmeHblaercs (puc. 5). ITo 00BICHIETCS TEM, 4TO C POC-

0
TOM Z aMIUIMTynHO-(hazoBoe pacmpenenenue IMII, paccessHHOro 0ObeKTOM, B 00JIACTH PETUCT-

o
panyu BRIPABHUBACTCA U B ACUMIITOTHYCCKOM IIPEACIIC IIPU Z —> 00 CTaHOBUTCA PAaBHOMCPHLBIM H,
CJIICAOBATCIbHO, HCAOCTATOK JAHHBIX B O6J'IaCT$IX, A€ BMECTO Q)aKTquCKOI;'I perucTpanuu 1nMpon3Bo-
AUTCA CUHTE3 MAaTPHUIUbI OTCUCTOB I10JIA, IIEPECTACT CKA3bIBATHCH.

Hanoxus Ha Bennauusl A4, u A@,,, orpauuuenus A4,, <O0A; £p,,, < 0@, u pewas
3Ty CHCTEMY HEPABEHCTB COBMECTHO, TOIy4MM OLEHKY IS IaJIbHOCTH OOBEKTA, HAUMHAS C KOTO-
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poii pe3ysIbTaThl PErUCTPALUHU JAHHBIM METOIOM MOXHO CUMTaTh YKBUBAJIEHTHBIMH PAacTPOBOM pe-
rucTpauuu nosis, Harpumep, A AC B Bune ckpeiieHHbIX JIAP ¢ noaBrxHON IprUeMHOM:

— =2 2
FA-54) ) L T -0k’ -

z2= >
/1—(1—5/1)2 200/ k

VYenoBust (17) IOMKHBL BBITOTHATHCA JUIsL BCEX TOUEK obnacTu aHanuza. [ cioyyast cKpeleH-
HbIX JIAP ¢ noasmxHol npuemHoi AP 3T0 03HayaeT, 4To B HaUXy/IIEM Clly4ae, KaKk 3TO CIELYyET
u3 3aBucumocty rpanun (17)or y, y=B/2 n

(1-SA)B/2 B/4—(5p/k)?

—_—, : (18)
3aKkjIoueHne

[TpoBenenusblit aHanu3 ommobok ompenenenuss IMII ToueuHoro paccenBatelis MO3BOJISIET NPU
MMOCTPOCHUU CHCTEM aKTHUBHOTO PaJUOBHJEHUS ClleNaTh BHIOOpP B IMOJB3Y HEMOABHKHOM CUMMET-
PUYHONM AHTEHHOW CHUCTEMBI B BUIE KPECTOOOPA3HO PACIOJIOKEHHBIX INepelaromieid U MpUeMHOM
JIAP, a Taxxe onpenenuTs rabapuThl CAHTE3UPYEMOM aHTEHHBIMH 3JIEMEHTAMH allepTyphl, oOecTe-
YHUBAIOIIUE OMMOKY PETHCTpalMy B Mpeaeiax 3aJaHHoro ypoBHs. [locTpoeHHbIe MOJENH HCKaxKe-
Huii orcueToB DMII mo3BosI0T paspaborarh MeTO IUGPOBOM KOMIIEHCAIIUN abeppariii CHCTEMBI
pPaavoOBUICHUS, KOTOPBIM YJIy4IIUT TOYHOCTh peructpauuu OMII u MOBBICUT BCIEACTBHE 3TOrO
pa3peaIyo CoCOOHOCTh CUCTEMBI.

Z 2 max
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