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Paapa6oTKa cKopocTHbiX cpoToyMHO)!OITeneii II cpoccpopoB c ManbiM · apeMeHeM 

BbicqeqiiBaHIIH ncxmoniina nocTpoiiTb cxeMbi coanaueaiiii, paapewarow;ee rlpeMSI 

KOTOphlX He npeBhlWaeT HeCKOJlb~IIX H8HOCeKyHU. BcneUCTBIIe Toro, qTo llOJlH8SI 

UJlHTeJlbHOCTb IIMllYJlbCa, CHIIMaeMOf'O C 8HOU8 cpOTOyMHO:>KIITenH, OfibiqHo OK83biBaeTf

CSI 6onhwoii, unH uocTII)KeHIHI BbiCOKIIX paapewaromux cnoco6HocTeii cxeM coanaue

HHii npiiXOUIITCSI npiiMeHHTb cneUII8JlbHhle Mephl yKopoqeHIISI IIMllyJlbCOBo 

H au6onee pacnpocTpaHeHHbiM MeTouoM cpopMIIpoBaHIIH IIMnynbcoB a MIIKpo-

ceKyHUHOH II HalloCeKyHUHOH o6naCTSIX SIBJlHeTCSI KJ18CCIIqecKIIA 0 38KJliOqaiOWIIHCSI B 

cpopMv.poBaHHH HMnyn&ca c nciMOlllbiO KopoTKoaaMKHyToro Ka6enH. OumiM ua Ba:>K

H efiWIIX CBOfiCT B TaKoro cpopM IlpOBaHlH!; SIBJlHeTCSI Toqaoe BOCllp0Il3 BeU eHIIe cpopM bl 

IIMllYJlbCa OT Haqana ero UO MOMeHTa 't = 2.,'[Jtlfl I 0 rue f"'.,Q, - 9JleKTpHqecKaH 

uniiHa cpopMIIpyromero Ka6enH. AMnniiTyua II uniiTenhHOCTb IIMnynhca npii cpopMu

poBaHHII 9THM MeTOUOM 38BUCSIT OT UJliiHbl cpopMIIpyrowero Ka6enH, 38UHero cppoH

Ta IIMllYJlbCa II 0 oco6eHH0 0 OT nepeuHero cppOHTa cpopMIIpyeMoro IIMllYJlbCa. n epeu

HIIH cppoHT IIMnynbca, B caoro oqepeu& 1 onpeuenHeTcH paaopocoM apeMeH nponeTa 

aneKTpoaoB II apeMeaeM BbrcaeqiiBaHIIH cpoccpopa. Ecnu aa uniiTenbHOCTh · nepeuHer_o 
rr 

cppOHTa I l.p I npiiHHTb BpeMH HapacTaHIIH IIMnynhca oT 0,1 uo 0,9 ero aMnnii-

TYUbi0 TO, HanpiiMep, BeJliiqiiHa 'l"flt UJISI ¢3Y-33, pa6oTaromero CO CTaHuapTHOfi 
xl 

cunHTIInniipyromefi nnacTMaccofi , 6niiaKa K 4 HCeK. 

npii cpopMHpOBaHIIV. HMllYJibCOB 38KOpoqeHHb!M Ka6eneM UJliiTe.TibHOCTb ccpop-

MIIpOBaHHbiX IIMllYJibCOB paBHa: 

' t f'o/MI 1 Ill 

rue llOU t;,,_ llOHIIMaeTCSl BpeMH OT Haqana cpopMIIpOB8HIISI IIMllyJihCa UO MOMeH• 

Ta, Korua aMnniiTyua ccpopMHpoBaHHOro IIMnynhca paaHa Hynro lpiic.I I. B'eniiql!Ha 

t l • r:-
~ll',..,npu6mi3l!TenbHO paBHa nnHTen&HOCTll. cppoHTa l!Mnynbca I ~,e. I, ecnu aneKTpu: • 

qecKaH uniiHa cpopMIIpy!Omero Ka6enH cymecTBeHHO MeH&we Z"" ¢ Ia 3-4 paaal. 

xl 
CTaHuapTHaH CUIIHTHnnHpyromaH nnacTMacca npeucTaBnHeT co6ofi TBepuhrii 

pacT Bop 2% TepcpliHIIJla li 0,02% "PO POP" B nonucTIIpone. 
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npu clJopMiipOB8Hiiii IiMllY.TlbCOB , 38LlHiill cPPOHT KOTOpb!X niHllb He3H8'IHTe.TibHO 

~ ~' np esocxo.unT l_,. , speM .II c:PopMnpoBaHH.H I C..,.,,._ I yMeHbwaeTc.H TeM 3Haqw• 

Te.TibHee, qeM 6onbwe aneKTpnqecKa.H .unnHa clJopMnpyrowero Ka6en.H H '!eM MeHbllle 

.unnTenhHOCTb sa.uHero c:PpoHTa. Dn.H Ha6nro.ueHH.H 9THX ac:Pc:PeKTOB 6brnH npousse.ueHbJ 

H3MepeHnsr, cxeMa KoTopbiX npe.ucTasneHa Ha puc. 2. 

CBeTOB8.1I BCllbllllK8 OT CUiiHTii.Tl.TIHPYI9lll9ll nnacTM8CCbi, o6nyqaeMoii Co 
60

, qepe2 . . 
cncTeMy cseToso.uos us rrneKcnrnaca nona.uana Ha c:PoToKaTo.u ¢8Y-33. AHOLlHOii 

narpysKoii c:PoToyr.mo:>KHTensr .HB.TI.Hnc.H Ka6enh PK-50 c cornacosaHHOii HarpysKoii. 

YfMnynbcbr, cc:PopMnposaHHbie Ka6eneM PK-50 .unnHofi 50 H 90 eM, no.uaBamicb 

na LlBOHHYIO cxeMy cosrra.ueHIIH !18 KpiicTannuqecKIIX .uno.uax. Paspewaromee speMS'! 

r lrronywHpHH8 KpHBOH H8 IIO.TIOBIIHe BhlCOThll COCT8B.TISieT 7 II 6 H8HOCeKYHLl npii 

.unnHe ¢opMnpyromero Ka6en.H .90 II 60 eM, cooTBeTcTBeHHP lpnc.31. Pas6pocoM 

cPPOHTOB IIMIIY.TlbCOB B H8lll9M cnyqae MO:>KHO npeHe6peqb no aByM npH'IHHaM. Bo-nep-

BbiX1 9T8 Be.TIH'IHH8 3H8'IIiT9.TlbHO M9Hbllle paspelll8IOlllero BpeMeHH CX8Mbl 1 BO-BTOp:&IX,. 

OIIbiTbi C o6eHMII Ll.TIIIH8Mii cPOPMHpyiOllliiX Ka6eneit IIpOII3BOLlii.TIIICb B 0LliiH8KOBblX 

ycnosnsrx. Cne.uoBaTenbHO. , MO:>KHO C'IHT81'h 1 '!To :B aToM cnyqae paspewaromee _, 
BpeMSI B OCHOBHOM onpe.uen.HeTCSI Ll.TIIiT9.TlhHOCThiO cclJopMiipOB8HHb!X HMnynbCOB 1,,"1... ul • 

TaKHM o6pasoM, yMeahweHne .unHHbi ¢opMnpyromero Ka6ensr B 1,5 pasa npii-

BOLliiT K yMeHblll9HiiiO 

B9TCTBHii C clJopMynoit 

paspewaromero BpeMeHn cxeMbi scero nnwh Ha 15%. B cooT

r.-
!1 I, 9TO osHaqaeT, 'ITO' npn yMeHhlll9HHH 2 '1;,.1 B 1,5 pasa, 

speM.H clJopMnpoBaHH.H yBenH'IHBaeTC.II Ha.35%. Cne.uoBaTe.TihHo, 9TOT 9KcnepnMeHT 

IIOLlTBep:>K,ll8eT BbiCK838HH08 paHee C006pa:>KeHlie 0 TOM, 'ITO Ll.TIIIT8.TlhHOCTh CcPOPMH

pOB8HHOrO 3aKopO'I8HHb!M Ka6e~eM HMIIynhca MO:>KeT 3H8'IHTe.TibHO npeBb!lll8Th 2?;"34$J 

rrpnqeM aTo rrpe:sbrwenne I t .. r:~p.,.. I saBncnT oT ¢opMbi ·nMrrynhca .u .unHHbi ¢opMn

PYIOlllero Ka6ensr. 

Dnsr nony'leHU.H paspewaromero BpeMeHH cxeMbi 1 HarrpuMep, 3 nceK, o'leBIILlHO 

neo6xo.uuMo no.uaBaTh Ha Hee IIMnynhcbi npnMepno TaKoii :>Ke Llni!TenbHOcTu. On
HaKo .uniiTenhHOCTh c¢opMupoBaHHhiX IIMny.rrhCOB I !'~ I ne Mo:>KeT 6biTh · MeHbwe 

. . t' . r.-
BpeMeHH clJopMnpoBaHIISI I ti/Up<M I, cTpeM.Hllleroc.H . B npe.uene K BenH'IHHe l..,. 

H II09TOMY IIO.Tiy'leHIIe HMriY.TlhCOB Ll.TIHT8.TlhHOCThiO 3-4 HC9K OT cPOTOYMHOlliiiTe.TI.H 

¢8Y-33, pa6oTa!Omero ·co cuiiHTnnnnpyromeA. nfiacTMaccoit, rrpe.ucTaBn.HeT co6oit 

nenerKyiO sa.uaqy. !lnsr .uocTII:>KeHHSI TaKoro paspeweHnsr Tpe6yeTcsr yMeHhwenue 

BpeMeHH 
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cpopMHpOB8HIHI, T,e, B KOH8'!HOM C'!8Te YM9HhW8HHe rrepeaHel"'O cppOHTa HMITyJihC8, 

3TOI"'O MO)l<HO .[(00HThCSI 1 HCITOJlhSySI oonee CKOpOCTHbre cpoTOyMHO.>KHTeJIH HJIH U.[(Sl 

ITO rryTU ".ucrrpaBJI8HUSI" rrepe.[(H8I"'O cppOHT8 HMITyJihC8 M8TO.[(OM LlBOHHOI"'O c!:JopMHpo-

/2/ . 
BaHHSI 

B HacToSirueii paooTe obma rrpearrpHHSITa rrorrbiTKa ucrronhsoBaTh MeToa aBotl

Horo cpopMHpoBaHHSI Ha cxeMe, rrpeacTaBJISIJOIUefi coooii aucpcpepeHuua.rthHhrii ycunu

Tenh /puc. 4 I. 

YJMrry.rrhC C cpOTOyMHO>KUT8.11SI ITOCTyrraeT H8 C8TKy J18MI1bl JI} B MOM8HT Bpe-

M8HU t =Q H 38T8M 1 saaepmaHHblH KaoeneM t_~ H8 BpeMH 2 'G.,41 1 paBHOe 

y .[(B08HHOMY BpeMeHU saaepmKU cpOpMHi>YIOIU9l"'O Kaoe.rrSI tA., , rrorraaaeT Ha ceTKy 

~ 
naMrrhr n2• B TO'!Ke A, Hll'IHHaSI c MoMeHTa BpeMeHH 2 "ts4$ 

Hue LlBYX HMITYJlhCOB OTpHU8T9JlhHOtt 110JISipHOCTH 1 a 

, rrponcxortHT c.rrome-

HM9HHO: sa-

aep>K8HHOT"O Ha Bp9MSI 2'1:,4$ 11 rrpoweawero '!spes naMny JI
2

, 11 IlMrrynbca, 

rrpoweawero tiepe3 J18MITY JI
1 1 0Tpa>I<8HHOI"'O OT KOHU8 KOpOT',i038MI<HyTO!'O cpopMH

py!OIU8I"'O Ka5enSI !, . OrtHOBpeMeHHo, HatJ:HHaH c MOMSHTa BpeMeHil 2 '&,4 1- , STOT 

YLlB08HHblti 110 8MI1JlHTYLl8 OTpHU8T8JlhHb!H IlMrryJibC CKJ18.[(b!B89TCSI C ITOJIO}}{lf'f8JlhHb!M 1 

B03HHKWHM H8 8H0.[(8 

MOMSHTa Bp8M9HH t 
naM.rrbr JI 1 B MoMeHT t = 0, TaKHM o6pasoM 1 HatJ:l!HaSI c 

~ 
= 2 'G.M,. 1 rrpOHCXOrtHT cpopMHpOB8HH8 rrepertH9!'0 cppOHTa OTpil .. 

U8T8JlhHOI'O HMIT-yJihC8, npu STOM 8MIT.TII1TYLl8 cpOpMHpyeMOI'O HMT!y.TihC8 1 BOOOIU9 

I"'OBOpSI 1 yMeHbW89TCSI H TSM CUJlbH99 1 'ISM Ll.T!l1HH99 38LlHHH cppOHT llOJIO}}{lfTS.TlhHO!'O 

IlMITyJ1hC8, C MOM9HT8 Bp9M8Hl! t = 4 f',q,. H8'-!IlH89TCSI cpopMHpOB8H!19 38rtH8!'0 

cppOHTa OTpHU8T9J1hHOI"'O HMIIy,TihC8 ITOJIO}}{HTSJlhHb!M IlMIIy.TihCOM 1 rrpOWSrtUJilM. qepe3 

J18MIIY JI2 l! OTpa.>KeP.Hb!M OT KOHU8 KOpOTKOSaMKHYTOI'O cPOPMilpy!OIUS!'O K808J1Sl t~, 
Tipouecc cpopMl!pOB8Hl!SI l!MilyJlhC8 rpacpn'"!sCKl! l!S06pameH H8 pnc,6, llnfl rrpOCTOTb! 

C'!HTaeM 1 'ITO KOScpcpl!Ul!SHT rrepeaa'll! Jl8MI18MH JI
1 

Il rr 2 paBeH } 1 a apeMfl npoxo

X( Ll9HUSI HMIIYJihC8 '!epe3 118M II bl 'O,[(IlHilKOBO, 

.llnH ItccneaoBaHl!SI cpopMnpiJOruero KacKarta , npnae qeuuoro Ha prw. 4, 6bt.TlO 

BhlrronHeHo rtBa sKcrrepnMeHT~ B rrepB9M onhlTe ucnonhsonanacb cxeMa 1 npeacTaa

neHHaSI H8 pile, 2, C TOll .TlHWb pa3HHUSfi 1 'iTO HM!lY.TlhCb! a STOM CJlY'lllO cpopMllpO

B8JlHCb MSTOJ:tOM .[(BOHHOI"'O cpopMHpOBilHHfl, ll.Til!Hil K809,T!ll eZ. O~t.Tlll aht6paHa 

paBHOti 90 CM, nony'"!eHHilSI KpHB8fl pa3petueHHfl 1 npeacTaa.rr eHHilfl H8 p!iC, 61 !lORa"' 

3b!B88T 1 'iTO pa3peWaiOruee BpeMSI f:' a STOM CJly'"!ae COCTila,TJSI9T 314 HCeK, T,e, 

B aaa pasa MeHbwe, '"!eM npn OObi'"!HOM cpopMHpoBaHHH, 
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Bo BTOpOM ODhlTB UCDOnbaOBa~ich CXBMa TpOHHhlX COBDaneHUH /puc.7/. 3Kcn~ 

puMeHT npouasonuncH Ha ny'!Ke npoTOHOB c 9Hep:ruel 630 M 9B. UenhiO 9To:ro onbr

Ta HBnH.TIOCh uccnenoBaHUB pa60Tbi cpopMHpy!OLUBI"O KacKana CO CXBMOH COBnaneHUH 

Ha Dy'IKB aapH:>KBHHbiX 'IaCTUU B ycnOBHHX 6onbWOH UHTBHCtiBHOCTU U 60.TihWOH cfJOHOBOil: 

aa:rpyaKu, onpeneneHue paapewaiOme:ro speMeHu cxeMbi cosnaneHua npu nona'!e Ha 

HBB UMDy.TihCOB OT ¢3Y-33, ccpopMUpOBaHHbiX o6bi'IHbiM U nBOHHbiM MeTonoM, U 

OUBHKa 9cpcfJBKTUBHOC!U CXBMbi. 

KpUBbiB paapeWBHUH TpOil:HOli CXBMbi COBnaneHUH CHUMa.TIUCh MBTOnOM BK.TI!O'IBHUH nor-

honHuTenhHbiX aanepmeK B onuH ua ee KaHanos. VIa nony'IeHHbiX KpUBbiX · U 2, 

npencTaH.TIBHHhlX Ha puc. 8 COOTBBTCTBBHHO nnH cny'IaH nBOHHOI"O U KnaCCH'IBCKOI"O 

cpopMuposaHUH, cnenyeT , 'ITO paapewaiOmee speMH '{;~ s nsa paaa MeHhW~ 2:"2. 
IT COCT~BDHBT 2,8 HCBK. hpu 9TOM npennona:raeTc~, 'ITO KpHBhlB CUMMBTpU'IHhl OT

HOCUTB.TibHm MaKCUM~Ma. llonO.TIHUTBnhHO Ha puc. 8 npencTaB.TIBHa KpUBaH paapewe

HUH nBOIHOH CXBMhl ~OBDaneHUH, DO.TIY'IBHHaH DpU aHa'IUTBnhHO MBHhWBil: HHTBHCUB-

(';'". 
Hoc'i'u ny'!Ka npoToHoB, nanaiOmux Ha MUWBHh. PaapewaiOmee speMH ~3 nsol 

HOll CXBMbr COBDanBHUH C cpOpMHPY!OLUUMH KaCKanaMU T8K)K8. OKaaa.TIOCh paBHblM 

2,8 HCBK. llallie HB aHaH a6co.TIIOTHOH 9cpcpeKTUBHOCTU CXBMbi COBDanBHUH C 06bi'IHbi!v1 

cpopMupoBaHueM 90 cM Ka6eneM PK-50, MO:>KHo KOHCTaTupoaaTh, 'ITO aaMeHa o6br'I

Ho:ro rpOpMUpOBaHUH nBOHHbiM npaKTU'IBCKU HB OTpa:>KaeTCH Ha 9cprpeKTUBHOCTU pe:ru

CTpaUUU CXBMbi. CnenyeT OTMBTUTh TaK:>Ke, 'ITO nprl aaMeHe 06bi'IHOI"O rpOpMuposa

HUH nBOHHbiM, He DOTpe6oBa.TIOCh ysenU'IBHUH HanpH:>KBHUH DUTaHHH rpOTOYMHO:>KUTe-

neli, 'ITO csuneTenbCTByeT o coxpaHeHuu a¥-nnuTynbr uMnynhca. 

VJa paCCMOTpBHUH puc. 1 H 5 cnenyeT, 'ITO DO.TIHbiH UUK.TI rpOpMUpOBaHUH HMDJm-

Ca COOTBBTCTBBHHO nnH 

T'= 
T''= 

cny'IaH Kn8CCU'IBCKOI"O U nBOHHOI"O rpopMUpOBaHUH paBeH: 

tr 
t~o~.~.~. 

'C H. II, + 4 f" lA 1 1 
r.-' 

:rne £:_ 1-1. U. - BCTb nnUTBnhHOCTb HBCcpOpMHpOBBHHOI"O HMDY.TihC.a. 

x/ 
npUMBM aa MepTBOB BpBMH UHTBpBan Me:>Kny nByMH nocnenoBaTB.TthHbiMU 

UMDy.TihCBMU, DOCTyDaiOLUUMH Ha BXOn rpopMUpy!OLUBI"O KaCKana, B TB'IBHUB KOTOpOI"O 

x/ B ne:iiCTBUTBnbHOCTH MBpTBOB BpBMH aaBUCUT TaK)KB OT BpBMBHU BOCCTa-

HOB.TIBHUH rpopMupyiOLUBI"O KaCKana, 'IYBCTBUTBnhHOCTU CXBMbi COBDaneHUH, ypOBHH 

nucKpUMHHBUUH U T.n. 
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aMunnTyaa c¢opMnpoBaHHoro nMuyn&ca yMeH&waeTcH aa cqeT BoaaeficTBHH Ha Hero 

coceaHero HMUY1lbCa. npoBeaeM 8H81JH3 9Toro B03aeficTBHH B 3BBHCHMOCTH OT Beni>o-

qnHbl HHTepBana ( t. / Me)Kay_ aBYMH nocneaoBaTenhHbiMH' ,nMuyn&caMJ!; 
' <'. 

1. I1 HTepBan t '= 27:,.,, ; + t;~ ... ~ . 
' B 9TOM cnyqae BTopofi HMnyn&c uonHOCTbiO yHnq TO )KaeT c¢opMnpoBaHHbifi 

rrepBbifi, a Bbi6poc o6paTHofi uonHpHocTn uepBoro HMnyn&ca yHHqTo)KaeT c¢opMnpoBaH· 

HbiH BTOpOfi HMUyn&c, TaK KaK UpOHCXOaHT ClJO)f{eHne HMUY1lbCOB UpOTHBOU01J0)f{HOfi 

U01JHpHOCTH 0 

2. npn yBennqeHHli HHTepBana ao senuqnHbi 

aMnnnTyaa uepBoro c¢opMipoBaHHoro HMuynhca He aocTnrHeT 

CBOero MaKCHM81JbHOrO 3HaqeHHH na-aa Bbi6poca o6paTHOfi U01lSTpHOCTH uepBoro 

nMuyn&ca. 

3. B MOMeHT , Koraa HHTepBan t MeTh:ay HMUY1lbCBMH paBeH 

t /~ ~ tn ( ~ H } =- ~ (, 3q I + 'l N.ll. - 2. 4(Jop- - /l, l- '"#- + t, .,.~.,., .... 
U01JO:l'KHTen&Hbifi Bbi6pOC OT UepBoro HMUyJibCB yTh:e He B03aeficTByeT Ha BMU1JHTyay 

c¢opMHpOB8HHOrO BToporo HMUyJI&Ca. 

Ecnn annTen&HOCTb ·c¢opMnpoBaHHoro HMnyn&ca, KOTopaH oupeaengeT paape

warow.ee BpeMH, He BKmoqaTb B MepTBOe BpeMH, TO B CJiyqae ai\OHHOrO ¢opMHpo-

BaHHH MepTBOe BpeMH OK83hlBaeTCH paBHhlM: 

t " - l'r 
.A-t - ~ N.i.t. /2 I 

B cnyqae KnaccnqecKoro ¢opMnpoBaHHH MepTBoe speMH paBHO 

t~ = 'l:H.u. - ( 2.'i:atl$. + t ~op~ ). /3/ 

CpaBHHBaH cooTHoweHHH /2 I H /3/, MOTh:HO CK838Tb 1 qTQ Upli aBOHHOM cpOpMHpOBaHHII' 

MepTBOe Bp9MH ysennqHBaeTCH 
. tr 

npnMepHo Ha 2 ~311f 

B aaKnroqeHHe cneayeT ao6 aBHT&, qTo upHMeHeHHe MeToaa asofiHoro cpopMnpo-

BaHHH aaeT B03MOTh:HOCTb uonyqaTb HMUY1lbChl He T01JbKO OTpliUBTe1JbHOfi U01!Hp-

HOCTH, HO li II01JO>KHTe1JbHOfi. 3TO MO>KeT 6biTb aoCTHrHyTO UO[laqefi Heaanep>KaH

HOrO liMUY1lbC8 C cpOTOyMHO:l'KHTenH HB ceTKy 1JBMUbi JI
2

, a aaaep>KaHHOrO - Ha 

c eTKY 11 1 /puc. 4 I. 
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cJ;:lopMHpyiOllUiti: KaCK8Ll He TpeoyeT npaKTHt:IeCKH HHK8KOti: HaJiaLlKH, 

ABTop nonbayeTcst cnyt:IaeM 'BbipaaHTb 6narouapHoCTb E.M .ronoBHHY H 

B.n.Jl*enenoey aa HHTepec K paooTe H ueHHbie yKaaaHHst, a TaK:tKe 3HHOBy B.r., 

Oaepoey E.E., CaTap6ey B.Yi., CnMoHoBy IO.H. aa noneaHbie aaMet:IaHHst, cuenaHHbiE 

npH OOCY:tKLleHHH peayllbTaTOB paoOTbl, 

PyKonHCb nocTynuna B uauaTellbCKHti: oTuen 
9 Mast 1960 rona. 
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