UTOo M KakK «BMAMT» reopapap

INepen Bamu nBa npocbusst, cHATbe Ha OHO U TOM XKe Tpacce, npo-
XoasAllel Hal ABYMSA MeTa//IM4eCKUMH Tras3oBbIMH TpPyGaMM AHaMeTpoM
400 mm, Ha ry6use, 3.1 v 3.4 M, ¥ IPAMOYTO/ILHBIM 6ETOHHBIM TOTKOM
¢ KabensAMM Ha riy6ute 2.7 M.

[Nepsritt npocounb (Prc. 13) — usMepeHHas 1Mo Tpacce ¢ MOMOIIBIO
chriiokcMeTpa BepTHKa/IbHasA KOMITOHEHTa 3/1eKTPUYECKOTO MO/IA Ha BbICO-
Te 1.2 M. oT 3emmn. 370 TO caMoe rore, Ha KOTOpOe pearHpyer /71030-
xozell. Peakumsa onepatopa-103oxo/ua anech He NpHBeneHa, MOCKO/b-
Ky, eCu YeCTHO MPU3HATLCH, He 3Halo, KaK 3TO cAenaTh: MEeTPO/IOrHIO
H.H. CoueBaHosa He ocpauBan. Mory Tonbko ckasaTh, U4TO peakLms /10-
30XO/ILIa, eC/iM OH ABUAKETCA C MOCTOAHHOM CKOPOCTBIO, MPONOPLIMOHA/b-
Ha NMPOM3BO/HOH NMpHBeAeHHOM OYHKLIMK 071, TVIIOC KaKOH ~TO «TIopoD,
KOrZla CHrHavl MpeBbllllaeT orpesesieHHOe 3HaueHHe, M paMKa HauMHaeT
Bpalartscs. Bo Beskom cryuae, Haa BceMH TpeMs o6beKTaMH peakLvst
030X0Ala ABHO BblpaxkeHa (3aech B PO/H /1030X0ALa BhICTYTIaz aBTop).

Ha npusenerHoM rpacdrke TpeM o6beKTaM COOTBETCTBYIOT TPH 3KC-
TpeMyMa TMPH3eMHOTO 3/IeKTp1YecKoro rnors. CpaBHUBas 3TH pesyrnbTaThl
C TeOPETHYECKMMH KPHBBIMU PHC. 3 1 pHC. 4, MOKHO BHAETh, YTO HArps-
KeHHOCTb N0/ Haa TPYGaMH COOTBETCTBYET MOA3EMHOMY OGBEKTY C To-
BbIlLIEHHOH NMPOBOAMMOCTHIO, @ Hall /IOTKOM C KaBe/aAMH — C MOHHMMKEHHOIH.

C ToukM 3peHHs MHPOPMATHBHOCTH, AaHHbIE 103bI U dmokcMerpa
NPUMEPHO OAHMHAKOBBI, MOCKO/IbKY B OGOMX C/Iy4asiX pe3y/IbTaToM fB/Is-
eTcs (pYHKLMA OAHOM NepeMeHHOM — PacCTOSIHUA 110 Tpacce. Hamepenus
¢mokcMerpa Goriee OGBEKTUBHBI, TIOCKO/IBKY He 3aBHCAT OT OIMBITHOCTH
orepatopa, ero HaCTPOeHHs, XKelaHUA (MK HexenaHus) cchanbcrudu-
LMpOBaTh pe3y/IbTaT, 3IOPOBbA, a TaKkKe, He MCKIOUeHO, OT LIeHB Ha
apoBa B 6yxTe TuKcH.

Ha puc. 14 npusenen eme oaux npoduas, ues KOTOPOro, Kak U
BCeH KHIKKH B LIe/IOM,, OTB/eub Bac ot n03oxomiectsa, urpas Ha pyky
LIepKBH 1 reop13HKe, HO 3aTo MPHB/IeUb K reonoKalmu. (Pycckas npaso-
C/raBHasA LIepPKOBb M re0bH3KKa OueHb HerIoXo OTHOCATCH K reopazgapy
My Hac ecTb 6orathii OMNbIT COTPYAHUYECTBA C OGEHMH).
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E, Vim

Puc. 13. Onexk-
TpUYecKoe I1o/1e

B/O/1b TPAcCChI.

100
120
140
160
180 Puc. 14. I'eo-

padapHbIH po-
200  ¢bH/IB TPAcCHI.
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Ha pucyHKe BUAHBI He TONBKO TPYOBI M /I0TOK, HO U CTPYKTYpa C/I0eB
TIOYBHI.

Ecnu kpatko ¥ 06uIMMH C/1OBaMM — reopazap MOXKeT BCe, YTO MOXKeT
11033, TVIIOC ellle O4YeHb MHOTOe, NMOCKO/BKY ero AaHHble — PYHKLIUA ABYX
NepeMeHHBIX: PaCCTOSHMUS I10 Tpacce, KaK IpH /1030X0a4ecTBe, U BpeMe-
HU MpUXO/Ja CUrHa/ia, CBA3aHHOTO C IMTYOHHOM pacrio/okeHrs o6beKra.

[eopanap — 3TO CBepXIMPOKOMO/IOCHBIA PaAMOIOKATOP, KOTOPHIM
v3nyyaer Moa 3eMII0 KOPOTKHM PaZWCHUMITY/IBC C UIUTE/IbHOCTHIO B
@IWHHLIBI-AeCATKH HaHOCeKYH/, UMEIOLIMI BCero OaHO KornebaHue a/eK-
TPUUYECKOTO TMo/A. XOTH PadHOBO/IHA — 3TO 3/IGKTPOMAarHWTHoe Korie-
6aHve, B KOTOPOM CVIIeCTBYeT KaK 3/IeKTpHUYecKasi, Tak M MarHHWTHas
KOMITOHeHTa, Mbl Aasiee 6yaeM yaille TOBOPHTb 00 3/1eKTpUYEeCcKOM, Io-
CKO/IbKY OCHOBHOE B3aHMO/IeVICTBHEe PaAHOBO/HBI CO Cpeoi MPOHCXO-
WT UMEHHO uepe3 Hee.

[Tapamerpb! cpesbl, KOTOpbIe BAUSAIOT Ha 3/IeKTPHYECKYIO KOMITOHEHTY —
3TO AMA/IeKTpHUYecKas NPOHHLIAeMOCTb U MPOBOAMMOCTD - Te XKe CaMble
XapaKTepUCTHKH, YTO OMNpefe/sioT pacripesie/ieHHe B MPU3eMHOM Crioe
371eKTPOCTaTHUECKOTO N0/11, Y, B KOHLIe KOHLIOB, PeaKLIHMIO /1030X0/L1a.

MarnutHoe nose paauoBO/HBI B3aUMOZCHCTBYET CO CpeloH, KakK MU
MarHuTHoe rosne 3eM/H, Yepe3 MarHUTHYIO MPOHHULIAEMOCTb, TTO3TOMY U
37ech MPOCcneXUBaeTCH aHa/IOTUA C /1I030X0AYECTBOM, TpaB/ia, 3aMeTHOe
B3aMMO/EHCTBYE MMPOHUCKXOANT AOBO/IBHO PeaKo, B OCHOBHOM Ha Ivia-
cTax ¢ 60/BIUINM conepKaHreM XKenesa, v 1o 3TOM NPUYHHE B BOTHOBOM
yYpaBHEHUH OObIMHO He paccMaTpHBaeTcs. @

B onHopoaHo# noaseMHo# cpese BosiHa paclpOCTPaHAESTCS CO CKOPO-

CThIO MeHbllle, YeM B Boaayxe. Ee ckopocTs yMeHbllaercsi B n =+/£ pas.
c
V=—7 (32)
Ve

M3 o6bruHbIX MPUpOAHBIX cpea Hanborbliee 3aMeaneHre HabmonaeT-

ca Y Bodbl — B 9 pas3 10 OTHOLIEHHUIO K BO3AyXY (a1 Boabl £ = 81).

Ha rpanuue paszseng aByx cpea ¢ pasHo# AW3/IeKTPUUECKOM NMPOHH-
LIaeMOCTBIO, BO/THA YaCTHYHO OTpaKaeTcs M MZeT Ha3ald, K NNPUeMHUKY,
a oCTasIbHasl YacTb MPOoAOMKaeT PaclpOCTPaHATLCA Briepes, A0 TeX Mop,
MOKa He OTPa3UThCH OT OYepeIHOM MPaHHLbl, WIH He 3aTyxHeT. [Ins reo-
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pazapa Bce cpeslbl, KpOMe MeTa/1a, MoAyrpo3payHbl, MO3TOMY paszie-
Asollve UX TpaHMLbl HabmoaaloTcsa Ha Npodou/ie OAHOBPEMeHHO.
KoaddmimeHT oTpaxkeHHs OT rpaHHULbI ABYX cpea MMeeT BUA:

i
R—\/EJF\[&; (33)

KoadduimeHT npoxoxaenus
2,¢,

T=—0N"2_
Ve e o9

KoadduimeHT npoxoxaeHusi Bceraa ronoxuTesieH, B TO BpeMs Kak
K03 HLIMEeHT OTpaxKeHHsI MOXKeT ObITb 3HaKONepeMeHHbIM. DTO O3Ha-
YaeT, 4To Mpolllesuas Yepe3 rPaHMULY BO/IHAa HE MeHseT CBOIO Moasap-
HocTb (hasy). OtpaxeHHas Bo/Ha ocTaercs B chase ¢ 30HAUPYIOMMM HM-

Ny7IbCOM, e &, > &, (OTpaXkeHHe OT MOTO/Ka MOA3EMHOTO X04a, OT
AHa BOZ0eMa) B MPOTHUBHOM C/lydae OTpaxKeHHbIM MMIYbC MeHseT CBOH
3HaK MO OTHOLIGHHIO K 30HAMpYIOLIeMY (OTpaeHHe OT MeTa/llIM4ecKoil
TPYObI, OT B/IAarOHACHIIEHHOTO C/1081). 3HaK CUrHazla He 3aBHCHUT OT TOrO,
KakOB Obli1 ero 3Hak NMpH OTpaxKeHHM OT Bhlllle3asieraloliiell MpaHHLbl K1
MOeT aHa/IM3UPOBATHCA He3aBUCHMO.

[eopanap pervcrpHpyer BpeMsi pacrpoCTpaHeHHUs UMIy/bca A0 Ipa-
HULIBI U 06paTHO, IMYyOHHa 3a/leraHys ee CBA3aHa C 3aperMCTPUPOBaH-
HbIM BpeMeHeM uepe3 CKOPOCTb PaclpOCTpaHeHWs BO/HBI, KOTopas
MoxeT MeHATbcA noutd B 10 pa3. Bo cronbko xe pas, Teopervuecky,
MOXHO OLIMOUTLCA B IMyOMHE 3a/1eraHHs MPaHHLIbI, eC/IM He 3HaTb IU3-
NeKTPHYeCKYIO MPOHULIAeMOCTb C/IOS.

Yaime Bcero auaneKTpruyeckas MPOHHLIA@MOCTh /IeXHT B paiioHe 10
e/IMHMLI, TIO3TOMY CKOPOCTb PaAHMOBO/IHBI B CpeHeM B TPHU pasa HUXe,
4YeM B BO3ayXe. JTO 3HaueHWe CKOPOCTH, eC/ld HeT 3adauyd TOYHOTO
orpesiefleHyd IMy6UHBI 3aeraHua o6beKTa, Kak MOKashbiBaeT NMpaKTHKa,
naet oMOKRY 1o raybrHe He 6ortee 10 npoLieHToB.

Ho cymectByIoT MeToanku TouHOro orpenenenys ray6HUHbI IPH Npo-
chunMpoBaHMK, Korza reopagap repeMeliaeTcs Kak eauHoe Liefioe
(IUTaTHBIA peKuM), ec/ii OTpaKaIoWKI OGBEeKT TOKA/TM30BaH B POCTPaH-
cTBe: Kabenb, ra3oBas Tpyba, TpaHiles, KaMeHb U T.4. Bokpyr o6bekra
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BO3HHKAIOT MMMepOo/ibl, MO KOTOPbIM MOXKHO BBIYUC/IMTL KaK UCTUHHYIO
ray6uHY ero 3aneraHus], Tak U AU/IEKTPUUYECKYIO NPOHHLIAEMOCTh BMe-
watoutero cnod. Bo3HMKHOBeHHe rHnep6on BOKPYr /I0Ka/IbHBIX OTparxKa-
Tenelt oOBACHACTCA Ha/M4MeM KOHEUHOM AWarpaMMbl HarpabB/IeHHOCTH
aHTeHH Mo yraaM vanydeHus. Koraa Mbl aBHKeMcs 1o Tpacce, TO «6o-
KOBBIM 3peHHeM» HauMHaeM BHAeTb [peMeT HeMHOIO paHbllie, UeM /s
TOUKHM Npodu/ifA, KoTopas HaXOAWTCA Haa HUM, 3TO M eCTb IPHYHHA BO3-
HUKHOBeHHus runep6orn. Ha puc. 14 oHM XOpoIlO BUAHBI.

[1nA M/IOCKHMX reo/IOrMyYecKUX IpaHuLl, TZe HeT /I0Ka/bHBIX OTpakaTe-
neM, 1, O3TOMY, HeT r1nepbo/1, UCo/Mb3YeTCs CrelMa/bHBIN MeToa orpe-
AeNeHUA UICTUHHOM IMYOUHbBI MPaHULL U IM3/1eKTPHUYECKOM MPOHULIA@MOCTH
C/I0eB — MeTOA 30HAHPOBaHHA, WIH MeTo/ MOCTPOoeHHs roaorpada.

[lpn 3oHAMpOBaHMM NepedaTUMK KM NPHUEMHHMK pa3belHHAIOTCH U
repeMeltlaloTcs B MPOTHUBOIO/IOKHBIX HarlpaBneHusX. BosHuKaer roao-
rpac — 3aBUCHMOCTb BpeMeHH 3a/lePKKH CHIHazia OT PAcCTOSHUSA MeXay
Nepenalollled ¥ ITpHeMHoM aHTeHHOH. ['onorpad — 1o Toxe runepbona,
M yKe 110 Hell MOXKHO OIlpe/ie/TMTh UHTepecyiolliHe MapaMeTphl.

B nutepatype ynomuHaerca 06 o6HapyXKeHUH 1030X0ALUaMH  PYIHBIX
Ten no riny6uH B 700 MeTpoB u 6onee. Bo3MOXHO N1 AOCTHKEHHe TaKUX
rny6UH reopagapom? )

K HacTosileMy BpeMeHH C MoMoubio reopasapa «/loza» Mbl hHKCH-
pyeM ray6uHsl B 250 MeTpoB. DTO COOTBETCTBYeT MaKCHMa/IbHOM 3a-
nepxKe OTpaKeHHOro curHazia B 4 MKC, Ha KOTOpYIO Gbl paccuMTaH
npubop. Celuac NMPOBOAMTCA €ro MOAGPHH3ALIMSA C Lie/bio YBeTMueHHs
PerucTpyupyeMbIX 3aZepiKex.

PaccMotpuM TeopHio pacnpocTpaHeHHs paaHoOBO/NH, KOTopas MOXKeT
AaTh OTBET Ha BOIIPOC, Kakue I'I'Iy6VIHbI AOCTHZKHMMBI reopaJapoM, M Kak
3TO MOXHO OCYHICCTBHTD.

BorHoBoe ypaBHeHHe /151 3/1eKTPUYeCcKOi KOMIIOHEHTHI B cpelie C 13-
HeKTpPl‘-{eCKOﬁ npOHHuq@MOCTblO € W MMPOBOAHUMOCTBIO O BBIITIAAWUT TakK:

MC !
VZE—ia—E—yOG%‘?:O (35)
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3aech ¢ = 1 CKOPOCTb CBeTa B BaKyyMe.
VHo€p
[TpoBoauMoOcCTh cpeabl G MPUCYTCTBYET B BO/THOBOM YpaBHeHHH (35)
KaK KO3(pULIMeHT MNepea MepBOH MPOH3BOAHOM [0 BPEeMeHH, KOTO-
pas onpe/enseT AXCCHINALIMIO (NoraoleHye) BomHoBowM sHepryun. Cob-
CTBEHHO TI'OBOpPS, AUCCHITATHBHBIA Y/eH U OrpaHUYMBaeT BCe BO3MOXK-
HOCTH TMOZI3eMHOM PaZMO/IOKaLMM, BK/IOYasA [MYOUHY 30HAMPOBAaHHA W

MPOCTPaHCTBeHHOe paspellieHHe (npy o = 0 paanoBO/HBl B cpesie He
3aTyXaloT, a 3TO O3HAYaeT BO3MOMKHOCTb IOCTUYB /MOBOM TYGHHBI U M0~
60ro paspelleHus).

[lns1 BoisicHeHHs 0COBE@HHOCTel pacrpOCTPaHeHH st PAIUOBO/H B MPO-
BOAfAIEH Cpesie NepeiileM M3 BpeMeHHOM 06/1acTU B YacTOTHYIO, I10-
CKO/IBKY 3TO YIpoluaer gasbHerure pacyetbl. C 3Toi Lienbio pellieHre
BO/THOBOTO YpaBHeHus (35) 6yzaeM HcKkaThb B BUZE 3aTyXalolleii MOHOXPO-
MaTHYeCKOM BO/IHbI

E =exp(— px —ikx +iot) (36)

3necs p — KoabpHLIMEHT 3aTyxaHus, K — BOMHOBOE UMC/IO,  —
KpYyroBas 4acToTa.
[loacraBuM (36) B McxonHoe ypaBHeHHe (35) 1 MonyunM HOBOe YpaB-
HeHHe, CBsi3bIBalolllee MapaMeTphl BO/HBI € ITPOBOAUMOCTHIO cpeabl O .
2
. E@W .
p’ —k* +2ipk + — —iou,c =0 (37)
c
[lpyupaBHMBaHHe HYMO AEHMCTBUTE/NBHOM M MHMMOM Yacteit (37) npu-
BOAWT K OGMKBaAPaTHOMY YpaBHEHHIO
0’ o’ uio’
P+ p -2 o (38)
c

Pemerue ypaBHenus (38) sanucbiBaercs Kak

2 2.2 .2
e’ |g'w' upicle
-t —+
2c 4c 4
3HaKM Mepen KOpHAMH BLIGPaHb U3 YCIoBUS PU3MUECKO peaHaye-
MOCTH pesy/sTaTa.

(39)

p:
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B o61acTi HU3KHX YacToT (71 [IOAMOCKOBHBIX 1ToUB — MeHblle 20 MI 1)
KO3(ppHLIMEHT 3aTyXaHHA BblpaxkaeTcss hopMynon

HoOW (40)
2

3aTyxaHHe 3aBUCHUT OT YacTOThl M MpPH ee CHHKEeHWH MoxeT ObiTb
CKO/1b YrOAHO Ma/lbiM.

NonyueHHbIH pe3yrsTaT TOBOPHT O TOM, UTO C TOUKM 3peHHs pacripo-
CTpaHeHHsl PaAHOBO/H, TeOPeTHYeCKOro Ipeaesna MyOUHbI MPOHMKHO-
BeHHsl BO/IHBl B TPYHT He cyuiecTByeT. [IpOBOAMMOCTBIO MBI YpaB/ATh
' He MOMeM, OHa-TO KaK pa3 M MOV/IeKUT Ofpese/leHUIO, HO CHYKATh LIeH-
TPA/bHYIO YacTOTy 30HAMPYIOIIEro MMITY/Ibca B COCTOSHMM. JTO Aenaer-
Csl IyTeM YBe/M4eHHA [A/IMHBI aHTeHHH. 3aTyXaHue B cpe/e MOXeT TaKKe
KOMIeHCUPOBaThCs HapalllMBaHHeM MOILIHOCTH MNepenatyuka. Ha stom
NMyTH Y reopaguo/IOKaliMH elle a/1IeKO He BCe BO3MOXHOCTH HCUepIIaHbl.

YBenvueHre AnMHBI @aHTEHHB TTPUBOAUT K PaclIMpeHUIo N0 BpeMeHU
30HAMPYIOLIEro UMIY/bCa, a Koraa 06 beKTOB MHOTO, ¥ BCe OHU Pacrio/o-
JKeHbl I0CTAaTOYHO O/IM3KO ApYr K APYry, UMIY/IbC HadyUHaeT HaK/a/bl-
BaThCA Ha Coce/lHWe, YXyAllas paspelleHre.

Ho B reonorum, Hanpumep, HedpTeHOCHBIX W/IM ra30HOCHBIX T/1aCTOB,
rpaHULIbl pacriofiaraloTcs AOCTaTOUHO Aa7flekKo APYr OT Apyra, W 34ech
TOYHOCTb MX PErMCcTpaLiMi 3aBUCHUT He TO/IbKO OT YaCTOTHOIO AMaria3oHa,
a B 3HAUMTe/bHOM CTeleHH OT MOIUHOCTH MNepeaaTyrka. DTO CTaHOBHT-
CAl TIOHATHBIM, €C/IU MPUHATH BO BHUMaHWe, YTO TOUYHOCTb OfNpeeieHUs
MaKCUMyMa (bYHKLIMH 3aBHCHT He TO/IBKO OT ee «I/IaBHOCTH», HO U OT CO-
OTHoOIUeHUs curHaza/wyM. [Ipu cTpeMaeHuH 3Toro cooTHouleHusi K 6ec-
KOHEYHOCTH, TOYHOCTb CTAHOBUTCS CKO/Tb YTOAHO BBICOKOM.

HaMm oaHaxkawl a0Beioch UCMBITHIBaTh YHUKA/ILBHO MOLIHBIN Mepeaat-
YMK.

B HaueM rocyaapcTBe repHoanuecky BO3HHKAET haesi O KOHBEPCHH —
HCTIOMb30BaHUM OTIBITa Pa3paBOTOK BOGHHOM TeXHHKH B MUPHBIX LIG/ISIX.
[loMHHTE CTapblii aHEKAOT O CEHOKOCH/IKE C BepTHKA/IbHBIM B3/ICTOM M
rnocaakom?
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Paspaboturk aBHaLIMOHHOM 3/1eKTPOHHOM GOMGBI, CITYCKAIOLLENCs Ha
napallioTe M BbIKUIalollell BCIO 3/IeKTPOHHKY NPOTUBHHUKA, U He Npea-
ro/arazi, YTo ee MOXKHO NMPUMEHHTb B MUPHBIX Lensx. O ee mMowHoOCTH
OH CKa3a/l 04eHb TYMaHHO:

— [la k1o XKe ee usmMepsan? Bce npubophl «rmodam. Tem Gonee, uto
OHa ceHuyac MeXWT Ha 3eM71e. Mory TonbKO rapaHTUPOBaTh, YTO B HUM-
My/ibce He MeHee MOMYMW/I/IHOHa BO/ILT.

O6paascs k ['1. Mopo3zosy:

— OT10 TBOA MawrHa? YroHHW-Ka ee Ha Aa/bHIOI0 CTOAHKY M MPHUXOAH
cloZa MeuKoM, a TO BO3BpalllaThbCA A0MOM BaM MpHUaeTCA OOIeCTBeHHBIM
TPaHCIIOPTOM.

— Ecnn 6yaerte npubnmkathes K nepeaatdyrky 6muxke 100 Merpos, Mbi
BaM BblJaJMM 3aLUMTHbIe KOCTIOMBI.

Mei ckasany, 4TO 3TOrO HaM He MOTPeOYeTCH U UTO MOXKHO IMPUCTYIIATh
K 3KCIIepHUMEeHTY).

Curtan ot 60M6b1 6bi/1 0deHb MOLHBIM, OH BBHIXOAW/ U3 OrpaHHUeHHS
TO/IBKO K KOHLY pa3BepTKH. Pervcrpaums rayouH, KOTOPBIX OH AOCTH-
raz1, B HallleM Npubope NpeaycMoTpeHa He Obia. MetoaoM akctparno-
UMM, TIpeario/iaras, uto 3aTyXaHHe PaaHOBO/IH BO BCEHM MOA3EMHOM
CpeZe MPUMEPHO TaKoe e, Kak B MepBbIX COTHAX METPOB, MOAYYH/IH
OLIeHKY ITyOHHBI — IeCTb KH/IOMETPOB.
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