
OT3bffi 
o$HIJ.HaJibHOfO OIIIIOHeHTa Ha ,LJ;HCCepTal(HIO "lfypHKOBa ,lJ;MHTpHH 

BHKTOpOBH"'a «MeTO,ll;bl U.H$poBOH o6pa60TKH CHfHaJIOB Ha OCHOBe 

aTOMapHhiX <l>YHKU.HH H R-<l>YHKU.HH, ae:H:aneToB B pa,n;Ho$H3HqecKHX 

IIpHJIO:>KeHHHX», npe,n;cTaBJieHHOH Ha COHCKaHHe yqeHOH CTeiieHH KaH,LJ;H,LJ;aTa 

$H3HKO-MaTeMaTHqecKHX HayK IIO CIIel(HaJibHOCTH 01.04.03- «pa,n;HO$H3HKa» • 

.l(HccepTa~HOHHaH pa6oTa lJypHKOBa /];MHTpH.R BHKTOpOBH"'a IIOCB.H~eHa 

MCCJie,LJ;OBaHJnO, pa3BMTMIO M pa3pa60TKe MeTO,LJ;OB aHaJIM3a $M3MqecKHX CMCTeM Ha 

ocHoae Teopn:H: aToMapHbiX R- <l>YHKU.MH, ae:H:aneTOB H WA-cHcTeM <l>YHKU.HH, 

rrocTPoeHMIO anropHTMOB o6pa6oTKM H Mo,n;enHpoaaHIDI npou.eccoa 

,LJ;MCTaHI(MOHHOfO 30H,ll;HpOBaHMH M pa,n;MOaCTPOHOMMH C l(eJihiO ynyqrneHMH 

$M3MqecKMX xapaKTepHCTMK nepe,n;aqM, BOCCTaHOBJieHMH M paCII03HaBaHMj{ 

MHOfOMepHbiX CMfHaJIOB. 

AKTyanLHOCI'b TeMLI HCCJie,a;ooaHH.R. B cs.H3H c aKTHBHhiM pa3BHTHeM 

COBpeMeHHbiX ~H<l>pOBbiX CHCTeM o6pa60TKH HH<l>OpMa~HH aK'fYa.TibHbiM 

HBJIHeTCH C03,U.aHHe HOBbiX H yJiyqllleHHe cy~eCTBYIO~HX aJifOpHTMOB 

~H<l>pOBOH o6pa6oTKH O,ll.HOMepHbiX H MHOfOMepHbiX CHfHaJIOB B 

pa,ll.HOJIOKa~HOHHbiX CTaH~HHX, KOTOpbie OCHOBaHhl Ha COBpeMeHHhiX 

BblqHCJIHTeJihHhiX MeTO,U.ax B pa.,li;HO<l>H3HqecKHX IIpHJIO:>KeHH.HX: 

pa,ll.HOaCTpOHOMHH, ,lJ.HCTaH~HOHHOe 30H,U.HpOBaHHe, MO,U.eJIHpOBaHHe 

rrpoxo)K,ll.eHHH cHrHaJIOB s CJIOHCThiX crpyKTYPax, HOHoc<Pepe H Tponoc<Pepe. K 
HHM MO:>KHO OTHeCTH pa3BHTHe MeTO,U.OB BeCOBOH o6pa60TKH, BeHBJieT-aHaJIH3, 

KOTOpbiH HallleJI lllHpOKOe I1pHMeHeHHe I1pH 06Hapy:>KeHHH KpaTKOBpeMeHHbiX 

3HaKOIIepeMeHHhiX H CBepXlllHpOKOIIOJIOCHbiX npo~eCCOB, a TaK:>Ke 

KOHCTPYKTHBHhie B03MO:>KHOCTH R-<l>YHK~HH ,lVI.H onHcaHH.H MHoroMepHhiX 

06'beKTOB I1pOH3BOJibHOH reoMeTpHH. 

TaKHe Ba:>KHhie xapaKTepHCTHKH cospeMeHHhiX pa,u.HoJioKa~HOHHhiX craH~HH 

KaK pa3pelllalO~aH CIIOC06HOCTb pa,U.HOJIOKa~HOHHhiX H306pa:>KeHHH, 

TQqHOCTb H3MepeHHH KOOp,U.HHaT H CKOpOCTH o6~eKTOB, 

IIOMexoyCTOHqHBOCTh onpe,u.eJIHIOTCH xapaKTepHCTHKaMH 30H,U.HpyiD~HX 

CHfHaJIOB, a TaK:>Ke aJifOpHTMaMH o6pa60TKH pa,u.HOJIOKa~HOHHbiX ,U.aHHbiX. 

TaK, BhiCOKaH pa3perna10~aH cnoco6HOCTb rro ,u.aJihHOCTH Mo:>KeT 

o6ecrreqHBaTbC.H HCIIOJib30BaHHeM lllHpOKOIIOJIOCHbiX 30H,U.HpyiD~HX 

CHfHaJIOB, a 60JiblllOH ,lJ.HHaMHqecKHH ,U.Haiia30H pa,U.HOJIOKa~HOHHOfO 

H306pa:>KeHHH o6ecneqHBaeTCH <PoKycHpOBKOH f JiaBHOfO H HH3KHM ypOBHeM 

60KOBhiX JieiieCTKOB <l>YHK~HH Heorrpe,u.eJieHHOCTH 30H,U.HpyiD~ero CHfHaJia. 

CHH:>KeHHe ypoBH.H 6oKOBhiX JienecTKOB ,u.ocTHraeTcH HCIIOJib30BaHHeM 
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cor nacosaHHOH cpHJibTpai..ViM M secoso'H o6pa6oTKM. B 3TOM CJiyqae CHM:>KeHMe 

60KOBbiX JieneCTKOB OCHOBhiBaeTCH Ha Cr Jla:>KMBaHMM nepeXOAHbiX npou;ecCOB 

MO,LzyJIHIJ;MM 30HAMPYIO~Mx cMrHaJioB npM cpopMHposaHHM H o6pa6oTKe. TaK, 

HCllOJib30BaHHe IIIHpOKOllOJIOCHbiX H CBepXIIIHpOKOllOJIOCHbiX 30H.IJ:Hp)'IOIUHX 

CHfHaJIOB MOryT o6ecneqHTb BbiCOK)'lO pa3peiiiaiOIU)'IO CllOC06HOCTb llO .IJ:aJibHOCTH. 

KpaTI~Oe CO;:J;ep~auue pa60Tbl. )l;HCCepTall;IDI COCTOHT 113 BBe.n;eHIDI, qeTbipeX 

rnaB, 3aKJIIOqeHIDI, npHJIO)I(eHIDI H cnHcKa JIHTepazypoi. OcHOBHoie pe3yJioTaTbi 

pa60Tbl H3JIO)I(eHbl B BbiBO.IJ:ax, KOTOpoie HaXO,LVITC.H B KOHU:e Ka)I(.IJ:OM rnaBhi, a 

TaK)I(e 3aKmoqeHHH. 

MaTepHan .n;HccepTau;HoHHOM pa6oThi H3JIO)I(eH Ha 188 crpaHHu;ax, BKmoqa.a 124 

pHCYHKa, 24 Ta6JIHll;bi, H 6H6JIHOrpacpH10 H3 92 HaHMeHOBaHHM. 

Bo BBe;:J;enuu o6ocHoBaHa aKTYaJihHOCTh pernaeMoii npo6neMhi. 

CcpopMynHposaHhi u;eno H 3a.n;aqH Hccne.n;oBaHH.H. Onpe.n;eneHhl HayqHa.a HOBH3Ha 

H TeopeTHqecKa.H 3HaqHMOCTb llOJiyqeHHbiX pe3yJioTaTOB H HX .IJ:OCTOBepHOCTb, 

OCHOBHbie llOJIO)I(eHH.H, BbiHOCHMbie Ha 3aiUHTY, a TaK)I(e npHBe.n;eHbi .n;aHHbie 0 

cTpyKType H o6oeMe .n;HccepTau;HoHHOH pa6oTbi. 

B nepsoii rJiaBe paccMorpeHbi MeTO,ZJ;bi secoso:H o6pa6oTKH pa,n;HoJioKa~HOHHbiX 

c:H:rHaJioB, KOHCTPYK~MJ1 BeCOBhiX <l>YHK~HM, a TaK)I(e yJiyqmeHHe HX <I>H3HqecKHX 

xapaKTepHCTHK. nocTpoeHbl HOBbie KOHCTPYK~HH KHX-<I>HJibTpOB Ha OCHOBe 

aToMapHbiX <l>YHK~HH H npoBe,n;eH HX <Pw3wqecKHM aHaJIH3. HccJie,n;oBaHhi 

o606I.l.\eHHbie pH,ll;bl OTCqeTOB Ha OCHOBe aTOMapHbiX <l>YHK~HM. PaCCMOTpeHO 

HenapaMeTpHqecKOe O~eHHBaHHe <l>YHK~HH IIJIOTHOCTH BepOHTHOCTH H ee 

1IpOH3BO,ll;HbiX 1- H 2-rO IIOpH,D;KOB IIOCJie,D;OBaTeJibHOCTeM CJiyqaMHbiX BeJIHqHH C 

IIOMOI.l.\blO IIpe,n;JIO)I(eHHbiX ,ll;OIIYCTHMbiX BeCOBbiX <I>YHK~HH. 

Bo BTopoii r nase paccMoTpeHo nocTpoeHHe opToroHaJibHhiX WA-cwcTeM 

<l>YHK~HM H HX IIpHMeHeHHe B ~H<l>poBOH o6pa60TKe CHrHaJIOB H H306pa)l(eHHM 

pa3JIHqHoH <l>H3HqecKOM IIpHpO,ll;bl. nocTpoeHbl aHaJIHTHqecKHe WA-CHCTeMbl 

<l>YHK~HH, <l>YHK~HOHaJI KaqecTBa Bbi6opa BeHBJieTHOrO 6a3HCa ,D;JIH aHaJIH3a 

CHrHaJIOB. noJiyqeHHbie CHCTeMbl IIpHMeHeHbl ,ll;JIH aHaJIH3a BpeMeHHbiX pH,ll;OB 

pa,D;HOaCTpOHOMHqecKHX H KJIHMaTHqeCKHX ,D;aHHbiX. 

TpeTb.H rJiaBa IIOCBHI.l.\eHa TeOpHH R-<l>yHK~HH H CHHTe3y MHOrOMepHbiX 

~w<l>poBbiX <l>HJibTpoB KpaBqeHKo-Psaqesa co CJIO)I(HOH reoMeTpweii onopHbiX 

06JiaCTeH. npe,D;JIO)I(eH aJirOpHTM, a TaK)I(e IIOCTpOeHbl .D;ByMepHbie <l>HJibTpbl C 

KOHeqHoH HMIIYJibCHOM xapaKTepHCTHKOH H aHaJIHTHqecKHe ,D;ByMepHbie 

WA-cwcTeMhi <I>YHK~Hii. 

B qeTsepTo:H r nase npoBe,n;eHo wccJie,n;oBaHwe B03MO)I(HOCTH npHMeHeHHH 

IIpe,D;JIO)I(eHHbiX BeCOBbiX <l>YHK~HH K ~H<l>pOBOM o6pa60TKe CHrHaJIOB B pa,n;apax C 

CHHTe3HpOBaHHOM anepTypoH. PaCCMaTpHBaeTCH IIpHMeHeHHe <l>YHK~HM 

KpasqeHKO-Kaii3epa K 3a,n;aqaM secoBoro ycpe,n;HeHHH pa3HOCTHOH qacTOThi. 

npe,D;JIO)I(eHO H 060CHOBaHO 0606I.l.\eHHe <l>YHK~HH Heonpe,n;eJieHHOCTH IIO BpeMeHH 
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H ttaCTOTe Ha OCHOBe CeMeHCTBa aTOMapHbiX <i>YHKQHH npHMeHHTeJihHO K 

QH<i>pOBOH o6pa60TKe CHrHaJIOB B aHTeHHbiX CHCTeMaX. ,aaH aHaJIH3 ee OCHOBHbiX 

<l>H3HttecKHX csoM:cTB. PaccMoTpeHhi KoM6HHHposaHHbie MeTOAhi 

KOppeJIHQHOHHOH o6pa60TKH paAHOJIOKaQHOHHbiX CHrHaJIOB, OCHOBaHHbie Ha 

TeOpHH aTOMapHbiX H WA-CHCTeMax <i>YHKQHH. npeAJIOJKeHbl aJirOpHTMbl HX 

OTITHMaJibHOH o6pa60TKH, AHCKpeTHOH KorepeHTHOH <i>HJibTpaQHH, a TaKJKe 

onpeAeJieHHH AOTIJiepOBCKOH ttaCTOTbl. 00CTpOeH <i>YHKQHOHaJI KatteCTBa, 

TI03BOJIHIO~HH OQeHHTb 3<P<i>eKTHBHOCTb o6pa60TKH CHrHaJIOB AJIH KOHKpeTHbiX 

<l>H3HttecKHX MOAeJieM:. 

B npuno>KeHHH npeAJIO:>KeH H o6ocHosaH rH6pHAHhiH MeTOA BhiAeJieHHH 

KOHTypOB 3arnyMJieHHhiX H306pa:>KeHHH, OCHOBaHHhiH Ha npHMeHeHHH aTOMapHbiX 

<i>YHKQHH, seM:sJieTos, KOHTypHbiX cHrHaJioB H <i>YHKQHH B.JI. Psaqesa. B npoQecce 

o6pa60TKH H306pa:>KeHHH npOHCXOAHT BhiAeJieHHe OCHOBHbiX KOHTypOB H HX 

KOppeKTHpOBKa. Ha OCHOBe HH<i>OpMaQHH 0 KOHTypax H306pa:>KeHHH 

npOH3BOAHTCH r Jiy6oKaH <i>HJibTpaQHH H BOCCTaHOBJieHHe o6JiaCTeH H306pa:>KeHHH, 

6JIH3KHX K KOHTypy. OpoBeAeHHbie ttHCJieHHhie 3KCnepHMeHTbl TIOKa3aJIH 

3cp<i>eKTHBHOCTb H HaAe:>KHOCTb ero npHMeHeHHH B YCJIOBHHX TIOMeXH BbiCOKOH 

HHTeHCHBHOCTH. 

Hayquag HOBH3Ha pa60Tbl 

1. PaCCMOTpeHO npHMeHeHHe HOBOfO KJiacca BeCOBbiX <f>yHK~HH (OKOH), 

OCHOBaHHbiX Ha TeOpHH aTOMapHhiX <f>YHK~HH K 3a~aqaM o6pa60TKH 

cHrHaJioB ~HcTaH~HOHHoro 30H~HposaHHH. Ha HX 6a3e nonyqeHhi 

<f>HJibTphi C KOHe'-IHOH HMTIYJibCHOH xapaKTepHCTHKOH (KHX). 
2. PaccMoTpeHhi '-laCTHhie cnyqaH npHMeHeHHH o6o6I..I.\eHHOH TeopeMhi 

OTC'-IeTOB Ha OCHOBe aTOMapHbiX <f>yHK~HH ~JIH OTKJIOHeHHH qaCTOThl 

~HCKpeTH3a~HH OT 3~aHHOH, KOHe'-IHOfO '-IHCJia OTC'-IeTOB, 

npOH3BOJibHOH '-laCTOTHOH TIOJIOChl, a TaK:>Ke aMTIJIHTY~HO- H qacTOTHO-

MO~JIHpOBaHHbiX pa~HOTeXHH'-IeCKHX CHfHaJIOB. floJiyqeHhl 

Bblpa:>KeHHH ~JIH O~eHKH B03HHKaFOI..I.\HX norpeiiiHOCTeH npH 

BOCCTaHOBJieHHH CHrHaJIOB B KaHaJiaX CBH3H. 

3. IlocTpoeHhi HOBbie KJiaCChi opToroHaJihHhiX H aHaJIHTH'-IeCKHX WA

CHCTeM <f>yHK~HH (BeHBJieTOB Ha OCHOBe aTOMapHbiX <f>yHK~HH), a TaK:>Ke 

TIOKa3aHO HX npHMeHeHHe ~JIH aHaJIH3a CHfHaJIOB H H306pa:>KeHHH 

pa3JIH'-IHOH <f>H3H'-IeCKOH npHpO~hl. IlpHBe~eHhl npHMepbl o6pa60TKH 

CHrHaJIOB pa~HOJIOKa~HH, OTITHKH, ~HCTaH~HOHHOfO 30H~HpOBaHHH, 

pa~HOaCTpOHOMHH. 

4. Ha ocHoBe aToMapHhiX <}>yHK~HH nonyqeHa cxeMa HenapaMeTpH'-IecKoro 

O~eHHBaHHH <f>YHK~HH TIJIOTHOCTH BepOHTHOCTH TIOCJie~OBaTeJihHOCTH 

CJiyqaHHhiX BeJIH'-IHH. 
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5. CI1HTe311posaHbi ,n;syxMepHhie secoBhie <PYHK~I111 co CJIO:>KHOH 

reOMeTp11eH OIIOpHOH 06JiaCTI1, 11Me10~11e 60JibiiiOe 3HaqeHI1e np11 

aHaJII13e, <PI1JibTpa~l111 11 npOCTpaHCTBeHHO-BpeMeHHOH o6pa60TKe 

MHOfOMepHbiX Cl1rHaJIOB. IJoJiyqeHbl aHaJII1TI1qeCKI1e MHOfOMepHbie 

WA-c11cTeMbi <PYHK~I1H 11 11ccne,n;osaHhi 11x <P11311qecK11e cso:HcTBa. 

,lJ;OCTOBepHOCTb H3Y'JHbiX BbiBO,ZJ;OB. IlocTpOeHHbie aJirOp11TMbl 11MeiOT 

cTporoe MaTeMaTI1qecKoe o6ocHoBaHI1e. Ilpose,n;eH aHaJII13 11 cpaBHeHI1e 

IIOJiyqeHHbiX pe3yJibTaTOB C 113BeCTHbiMI1 B pOCCI1HCKOH 11 3apy6e:>KHOH 

JII1TepaType MeTO,[I;aMI1, 11Me10~11MI1 KaK TOqHhie, TaK 11 I1p116JII1:>KeHHble 

peiiieHI1H. KoMnhiOTepHoe Mo.n;en11posaH11e 11ccne.n;yeMbiX o6'heKTOB 11 IIpou;eccos 

IIO.LJ:TBep)l(,n;aeT OCHOBHbie BbiBO.LJ:bi 11CCJie,n;oBaHI151. 

llpaKTHqecKaH 3HaqnMOCTb IIOJiyqeHHbiX pe3yJibTaTOB 3aKJIIOqaeTC51 B 

peamnaQHH aJirOpHTMOB U:H<PpoBOH o6pa60TKH pa,n;I10JIOKaQHOHHbiX CHfHaJIOB H 

pa3BHTHH Teopw:H: aToMapHbiX H R- <PYHKQHH B pa.n;wo<jl11311qecKHX npHJIO)I(eHH51X. 

J10Ka3aHO, qTo pa3pa6oTaHHbie MeTO.LJ:bi H aJirOpHTMbi MOryT HaHTH IIpHMeHeHHe 

IIpH peiiieHHH IIIHpOKOfO KJiaCca 3a,n;aq pa,n;HO<jlH3HKH, BKJIIQqa5£ 3a,n;aqH o6pa60TKH 

CHfHaJIOB pa,n;HOJIOKaQHOHHbiX CTaHQHH C CHHTe3HpOBa~HeM aiieprypbi, 

pa,n;HOBH,n;eHHH, pa,n;HOaCTPOHOMHH, .LJ:HCTaHQHOHHOM 30H.LJ:HpOBaHHH, 

MO,n;eJIHpOBaHHH IIpOXO)I(.LJ:eHH51 CHfHaJIOB B CJIOHCTbiX CTPYKTypax, HOHOC<jlepe H 

Tponoc<jlepe. 

ITpe,n;JIO)I(eHHbie H o6ocHoBaHHhie MeTO.LJ:bi w anropHTMbi .n;ose.n;eHbi .n;o qwcneHHOH 

peanw3au;ww. ITpoBe.n;eH <jlw3wqecKHH aHaJIH3 nonyqeHHbiX pe3yJihTaToB, 

IIOKa3biBaiOrn;HH OIIpe,n;eJieHHbie KaqecTBeHHbie npeHMyrn;eCTBa npe,n;JIO)I(eHHbiX 

IIo.n;xo.n;oB no cpaBHeHHIO c H3BeCTHbiMH. HcnoJih30BaHHe IIpe,n;JIO)I(eHHbiX H 

pa3pa6oTaHHbiX COHCKaTeJieM MeTO.LJ:OB npe,n;CTaBJI51eTC51 nepcneKTHBHbiM .LJ:JI51 

pa3BHTH51 H IIOCTPOeHH51 QH<jlpOBbiX CHCTeM pa,n;HOJIOKaQHH H .LJ:HCTaHQHOHHOrO 

30H.LJ:HpOBaHH51. 

ITo TeMe ,n;11ccepTa~1111 oiiy6JII1KOBaHo 6oJibiiiOe KOJII1qecTBO HayqHhiX pa6oT, 

113 KOTOpbiX 36 - B :>KypHaJiax, BKJIJOqeHHbiX B IJepeqeHb pe~eH311pyeMbiX 

HayqHhiX 113,n;aHI1H, peKoMeH,n;oBaHHhiX BAK MI1Ho6pHayKI1 Pocc1111, 3 - B 

11HOCTpaHHbiX :>KypHaJiaX, BKJIJOqeHHbiX B Me:>K,n;yHapO,li;Hhie CI1CTeMbl 

~11T11poBaHI1H Web of Science w Scopus. 

~eHHOCTb H3}"1HbiX paoOT COHCK3TeJUI oqeBI1,l1;HbiM o6pa30M BbiTeKaeT 113 

BhiiiieyKa3aHHhiX HayqHo:H HOBI13Hhi H: IIpaKTI1qecKoi1: 3Haqi1MOCTI1 pa6oThi, a 

TaK:>Ke IIO,[I;TBep:>K,n;aeTCH ony6JII1KOBaH11eM ee pe3yJibTaTOB B HayqHhiX 

:>KypHaJiax C BbiCOK11M 11MIIaKT-<PaKTOpOM. 

AJnope<jlepaT .LJ:OCTaTOqHo IIOJIHO OTPa)l(aeT OCHOBHOe co,n;ep)l(aHHe .LJ:HCCepTaQHH. 
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llo COAep~aHHIO AHCCepTaQHOHHOH pa60Tbl HMCIOTCH CJICAYIOIII.HC 33MC"'I3HHH: 

1. ,.[(HccepTaQIDI rreperp)')KeHa MaTeMaTWJ:eCKHMH BbiKJia,z:J;KaMH H 

)J;OK8.3aTeJibCTBaMH, qTo 3aTpyJJ:IDieT IIOHHMaHHe Q?H3WJ:eCKOrO CO,n:ep)l(aHIDI 

pa6oThi. 

2. B aBTopeQ?epaTe YK8.3aHbi He Bee HCIIOJih3yeMbie a66peBHazypbi. 

3. HMeiOTC.SI 3aMeqaHIDI pe.n;aKQHOHHoro xapaKTepa. 

YK8.3aHHhie He,n:ocTaTKH He CHH)I(aiOT o6w;eH: rroJIO)I(HTeJihHOH ou;eHKH JJ:HCCePTaQHOHHOH 

pa6oTbi, KOTopa.SI BhiiiOJIHeHa Ha BhiCOKOM HayqHoM ypoBHe. Co~ep»<:aHHe ~HccepTaQHH 

COOTBeTCTByeT CIIeQHaJihHOCTH 01.04.03 - pa~HO<I>H3HKa ( <I>H3HKO-MaTeMaTHqeCKHe 

HayKH). CqHTaiO, qTo rrpe,n:cTaBJieHHa.SI ,n:HccepTaQHOHHa.SI pa6oTa qypHKOBa ,[(MHTpH.SI 

BHKTOpOBHqa OTBeqaeT BCeM Tpe6oBaHH.SIM, rrpe,n:'b.SIBJI.SieMbiM K KaH)J;H)J;aTCKHM 

,n:HccepTaQH.SIM BAK PoccHHCKOH <l>e.n;epau;HH, a ee aBTOp 3aCJIY)I(HBaeT rrpHcy)l(,n:eHIDI 

yqeHOH CTeiieHH KaH)J;H)J;aTa Q?H3HKO-MaTeMaTHqeCKHX HayK ITO CIIeQHaJibHOCTH 01.04.03-
«pa,n:HOQ?H3HKa». 
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