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BoB.BOJlOHEHH, B.BoBHHOrpaJtOB 

[J-1-~11~ 
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B IIY3HP:t>KOBOki KAMEPE 
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BBEJlEHHE 

!IpM: M:CCJie,li;OB8JU'IH cneKTpOB 3qxpeKTJriBHHX Mace A r -KOM-

6M:Han;H:tt B pa6oTax II, 21 6WI o6napY»=eH nHK B o6.nacTH (1300+ 

1400) M3B, KOTOpHI 8.BT0pa.MH pa60T / 1, 2, 3/ 06DSICHSieTCSI OT-

e ( A I') )* paxenM M pacn~a npe,ltno.naraeMoro ''{ pesonaHca c 

Macon - 1680 M3B no cxeue: 

(A~}f-A+~ 
'--...,. r +r 

ID!H 6WIO noKa3aHO, t[TO Ha6JID,ltaeMLIA nHK He SIBJISieTCSI KHHe­

MaTmqeCKHM 3~KTOM HH O,li;HOrO H3 panee H3BeCTHHX pe30HaH-

COB. 

AHa.norHqnse 3K(:nepHMeHTH npoBO)(SITCSI na ueTpOBO:tt 

nponanoBo:tt Krua:epe /lV. 

Ue.n:&D )(aHHOit pa60TLI S:BJISIJIOC:b :U:O)(eJIJripOBaHHe CIIeKTpOB 

3cpcpeKTHBHhlX Mace A r - KOM6HHaD;Hit C yqeTOl4 3qxfleKTHBHOCTH 

perHCTpaD;HH ,li;JISI BWWHeHHSI B03MOXHOCTH nOSlBJieHHSI "JIOXHOro" 

rrm&a B o6.nacTH (13~)+1400) M3B, o6ycJIOB.nennoro xoneqnHUH 

pasMepaum H ~pMo:tt :taueps 141. 
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MOJ{EJIUPOBAHHE .~YJThCHHX 11 YI'JIOBllX PACIIPE,llEJIEHI1Vl 

A - riDIEPOHUB 11 y - KBAHTOB -

v* K+,o • l(-r - ~. x-·" 
. l -/\1(0 

, 
l ... rr 

___.,. y* K+,o - o 0 1{ I 

\ 

---A K to Jt- JC.o ' 

\--.-rr 

B KOHetiHOM CUCTOSIHHH B:OTOpHX: &eDTCSI A -rHnepOHJi H 

'(- KBaHTH. 

Huny~DCHHe H yr~OBHe pacnpe~e~eHHSI B ~aHHRX peaK~HSIX 

MU~e~HpOB~HCD C fiOMO~DD nporpaKMH "~pcn/S/ (¢oH pe30HaHCHHX 

COCTOS:HHI!). 

ilpH MO~e~RpOBaHHH YtiHTHB~aCh Ha6~D~aeMaa B pa3~HtiHHX 

3KCnepKM6HTax f 6,B/ yr~OBaa acHMMeTpHa 6apHOHOB. ~SI 3TOrO 

yro~ 6 i B CHCTeKe ~eHTpa Mace JCp MeJ:~y HanpaB~6HH614 Y~ 
A H KMTIY~hCOK nepBHtiHOro Jt-- :uesoHa cornacHo /S/ pa3urpu­

B~ca no fPopMy~e : 
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* 
J{Jia pe30HaHCOB CO CUHHOM f (Hanpmtep, ~J. 1385), KpOMe 

Toro, yqmTsBanacD m yrnoBaa acKMMeTpma npo~yKTOB HX pacn~a: 

d.N 

JtJia qero yro11 pacna.)ta 9
2 

B cHcTeMe noxoa pe3onanca oTHOCH­

TeJIDHO HanpaBJI6HHH ero ,ltBHX8HHH pa3HrpSBaJICH no ®opMyJie: 

ct, 2 3 - cnyqaftnae qm~Jia, paBnouepno pacnpe.n;eJieHHHe B KH-, . 
TepBaJie (o + I;. 

METO.lU1KA YliETA 39.>PEKT.L1BHOCTi1 PErHCTPAU1Utl 1\ '0- IIAP 
----------------------------------------------

Yt~eT s~KTHBHoc·rm permcxpa:q:am npoH3BO~HJica JtBywi cno­

co6aMH: 

I. J{Jia nocTpoenma pa3JIHllHHX pacnpe,lteJieHmH oT6mpanmcL 

JIMDIL Te A r - ItOM6mtan:a:m, ItOTOpHe 0Ita3HBMHCL "3apermcTpHpo­

BaHHWH", T.e. pacna.)t A -rmtepona H KOHBepcma r - ItBaHTa 

npOiiCXO,ltHJIH BHyTpH 3tPfleKTHBHOro o6rr,eua KauepHo 

J{Jia sToro K npor)a.we "WPC" 6WI no~coe,nmHeH cnel.\HaJID­

Hiil 6JIOK, B KOTOpO:U: pa3HrpHBaJIHCL TOllKii p01:,lt6HHSI H CJiy-qaftHHe 

np01l6THHe ,ItJIHHLI A -r:mepOHOB H r -EBaHTOB. IIapa "r CllHTa­

JiaCL,"3apermcTpHpOBaHHOH" npH O,D;HOBpeMeHHO:U: BWIOJIH8HPIH ycJIO-

BHI: 
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r,Ite ~m.in- MHHID!a.JI:&HM rponeTHM ,ItJnma .ItJIJI 1\ -rimepoua m 

¥ -KBaHTa, 

;;(,.,t - COOTBeTCTBYJ)D(He nOT8HI.lH8JI:DHHe ,ItJIHHH, r--,.,r 
r~~n- HeKOTOpOe rp~ffiH~HOe 3HaqeHHe ,ItJIH HMnyJI:&Ca 

l -KBa.HTa. 

2. JJ,na nocTpoeuma rmcTorpa.M:MH mcnon:&soBaJIHC:& Bee creuepH­

pOBaHHHe 1\ V -napu, HO lta.JC,Ita.Ji C "BeCOM" \lV • W r - BepoaT-
Q "\' A 

HOCT:& perHCTpai.lHH A¥ naps - BWIHCJISieTCJI B 6JIOKe yqeTa 3qxpeK-

THBHOCTH perHCTpai.lHHe 

06a cnoco6a ,ItaBa.nJa: pesyn:&Tats, coBna,ItaDilUie B npe,IteJiax 

HX omu6ox. 

Koop,D;HBaTLt TO~ex :po:ac,ll;eHHa 1\ -rHnepOHOB H r -RBaHTOB 

(Toqex B3aHKO,D;eiCTBHH J(- -Me30HOB nyqKa C pa6oqHM BemecTBOM 

KaMeps) pa3HrpLtBaDTCH B COOTBeTCTBHH C pacnpe,IteJieHHeM UJIOTHOC­

TH qacTKI.l B nepBHqHOM ny~xe. no ocHM X H Y B nnocxocTH, 

nepneB,D;HKYJIHpHOI ny~KYt 3TH pacnpe,D;eJieHHR HMeDT (npH6JIH3HTeJI:&-
c:po~NY 

HO JYrayCCOBHX Kp:W3llX • OHH MO,D;eJIHpYJ)TCH CyuMHpOBaHHe:U m CJiy-

qaiHHX BeJIHqHH, pacnpe~eJieHHHX paBHOMepHO BHyTpH HHTepBaJIOB 

( ~H + ~8 ) t rpa.IUID;l:l ItOTOphtX Onpe,l(eJIJIDTCH H3 COOTHOmeHiiH /I2/ 

& :X :t II.6 
8,H m V;;; J1. ,n;nst X H aua.norHqno ,ltJIJI Y , r,11;e 

X , 6" , Y, ,, - cpe,li;EHe suaqeuma H cpe,Itue-ItBa,ItpaTH~Hl:le ot-

KJIOHeHHa B pacnpe,JJ;eneunoc no X H Y • BH6HBanme qactHn H3 

nyqKa npH B3aiiMO,JJ;eiCTB~(H iiX C pa6oqm1 BemecTBOM yqHTHBaeTClt 

npH MO,tteJIHpOBaHHH Z l:oop,ttHHaT Toqex poz,tteHHa A -rHIIepouoB 

H ¥ - KBaHTOB no ¢opl~Jie: 
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z =- j__ fn g ' 
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r~e 6 - ceqeHHe B3aHMO~eiCTBHSI nepBHqHHX qaCTHn C pa60qHM 

Be~ecTBOM, oruecennoe K I MoneKyne, 

- q:acno MoneKy.ri pa6oqero BeDteCTBa B I cM3, 

- DJIOTHOCT:& H rpAMMOAeKyAA pa6oqero Be~ecTBa, 

- qHcJio .ABora.n;:~o, 

- CJiyqaAHJie Be.IIHqHBH, paBHOMepBO pacnpe,IteJieHHJie B 

HBTepBa.ne ( ~k + ~8 ) , rprun1n;• Koxeporo onpe,Ite-

1IRDTCS H3 CO)THOmeBHI: 

z -- J_, 0 0 
1,2 - 6 t'l ut OB,H 

CnyqaHnae npoJieTH:Jte ,n;JU1Hii A -rHnepoHOB H KBaHTOB pa-

3llrpb1BaJOTCSI no <POpMyJial4 fg,IO/: ~A,'f =-L..~\rtna.A1 }' ' 

r,n;e Q 1\, r - CJIJrqaftHHe BeBHtiHHH, paBHOMepHO pacnpe,Ite-

JieHHJie B HHTepBaJie (0 + IJ, 

----------------------JEt) .M:L1 npeue6pera.JIH HCK]HiBHeH.rJ.t:l4 TpaeiCTOp.HI nepBHqHRX: qacTHit 
B uarnHTHOM noJie. 
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X o - paJJ:Ha.n:aoHHM .ItJIHHa, 

r-(f~)- BepOSl THOCT:b KOHBepCHH r -EBa.HTa C :mmyJI:&­

COM J)r Ha PaAHaUHOHHOl ,ItJIHHe, 

L.A~«" p" - cpe;tEst.fi nponeTHast .n;JIHHa A -rmepona, 

O.A.-z t":~~ c ; p:»A., 1:"0". , MA - mmyJI:&c, cpe;tnee BpeMs: 
Ml\ 

ZH3HH H Macca 1\ -rmtepona, 

C - CKOpOCT:b CBeTa. 

BepO.IITHOCT:& perH(:TpaUHH napll A~ BbNHCJisteT C.II no tPoPMYJie 

w,..(: w"·wr , 

- ~mt.n - ~E "~l 
r,D;e WA,~: e t.,.,l _ e '-A~ 

,li;JlS: jO ~ <. JO ~ min -:3epO.IITHOCTil perKCTpaUHH 1\ -rmiepona 

H r- KBa.HTa. 
/4 ·~/ 

,lL.n:.a np.lllloyron·:r:wc KaJtep 1 

r;te 

{ 
x1- )( e > o t Y.! -Y m > o 

P= t , ) Q=~ rfl. ' I 

~,-)( '(.0 Y,-Y m<.O 
D ) l. J I 1 J ... ... m 

{ 
zl.- z. o n> R= , , , 
z..-z n<..O 

) ) n 



r.n;e 

X , Y , Z 

L ., m , n 

.. 8 -

... KOOp}.(HHaThl TOqKH pOJ:}.(eHH.II qacTMI.thlt 

- ee HanpaB~.e:DmHe KOCHHYChl, 

XL ) Y, , Z, ; X 2.. 1 y 1 , 2 2 - uma:uHe H nepxuHe rpaHHUhl 

3~KTHBHOro o~eMa xauepu. 

~.a UMRHH}.(pHqecxol xauepu 1141 

~f'oi: ; mLn { p, Q} ' 

{

X 2.- X, l '> 0
1 

z 1 ~ _ z m(Zm- Yn) ± V(RnY{n~+m~ )-[n(Zm-Yn)J2. 
p =- t Q = -- , z~ = 1 l. · 

X,-x,f<.O, n m +n 
t 

+ rrpH n > o , 

- rrpH n <. c , 
z = o ua ocMl rtMmt}.(pa, 

R. - pa,n;Niyc rtiD.J IDI.JtpHqecxoil qacTH 3tJxPeKTHBHoro o~eua. 

IIporpamre. yqeTa. 3qxpeKTHBHOCTH perHCTpartHH "r -nap 

IIpHBe,n;eua B IIpMnOJ:eH~K I, HCIIO~:D30BaHHhte B Heft KOHCTaHThl - B 

IIpHJIOJ;eHHK 2. 

IIPUBEPKA ~TUJ(11Rn Y'tlETA 3M.r;KT 11BHUCTn .P~rHCTP AUIDl 

/',a -IIAP -------
Ha pHc.I rrpHBe.zteHH HMIIYJI:DCHHe p~ , fA 

Cos8~Aa~,CosQA~~pacrr~e}.(eJieuK.e: ~ -rHrrepouon K 

MO)I;eJIHpyeM!le rrporpa.MUOit "<K>PC" ,ltJIH peaKrtHM 

- \/* + 
1( p-- Li(1385) K It- ' 

1 • A Jto 

.__l -· ¥)( 

H yrJIOBHe 

r -KBa.HTOB, 
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a ra.De pacnpe.:zteJieHHSI xoop.:ztHHa.T X , Y , Z 

B3aruiO,D;eltCTBHI li CJiyqHIHHX npJIJI9THHX ,D;JUIH 

pOHOB lti ¥ - KBaHTOB, MO,D;eJIHpyeMLte B 6JIOKe 

TH perHCTpaD;HH ,ItJISI Ka.ueps /4~ 

TO'C19K nepB:HqHa;x: 

':Z:.,..
1
¥ A -rHne­

yqera 3~KTHBHOC-

Ha pHc.2 - pacnpo,D;eJieHHSI BLtqRCJISie¥HX B arou 6Jioite noreH-

D;HaJIJ,HHX: )tJIHH ~pot \' , '.ipot 1\ , B9pOSITHOCTelt perHCTpaD;HH 

A -r~mepOHuB - w,.. ' ¥ - KBa.HTOB- wr ' 1\0 -nap- WAr 

H COOTB9TCTBYJ>lltHX B9COB V '::: w • 
,IlJISI cpa.BB9HHSI llJHKTHpOM Ha.HeCeHLt rHCTOrpa.w.m, noJiyqeH-

Hll~ 6e3 yqeTa 3qxjleKTHBHOCTH perHCTpaD;HH (eCJIH OHH 3a.M8THO He 

COBOa,D;aDT) • 

CTaTHCT~IKa cooTBI~TCTByer ,..._. !OUO "3aperHcTpHpOBaHHUX" 

C06HTHI C A - rHIIepi)HOM H no KpaiHelt Mepe O,D;HHM ¥ -KBa.H­

TOM (~KCHpOBaHHHM,H9 JID6LIM H3 ,D;Byx!). 

~3 pHCYHKOB !,2 B~HO: 

I. IDmyJIJ,CHllH c:IeKTp y - KBa.HTOB corJiacyercSI co 

cneRTpOM OT pacna,n;a 1(0 
_. ~ r . 

2. Pacnpe,D;eJieHHi! no X , Y , Z 

yRasaHHW B npHJio:m:eHH~ 2. 

OTBeqaor napaueTpaM, 

3. BaperHCTpKpOBaHHLte C06LtTHSI HM9DT no cpaBH9HHD CO BC9MH 

creuepHpOBaHHllMH B cpe,D;HeM 60JIJ,WHe HMnYJIJ,CLt ¥ -RBaHTOB H 

HecROJILKO MeHLmHe -A·- rHnepoHoB, MeHLmHe yrJILI 9~ Jia6, 6oJiee 

Kpymolt Cna,D; B pacnpe;teJI~HHH Z KOOp,ItHHaT TOqeK nepBHqHHX B3aH­

MO,D;~ICTBHH, l49HLmHe npOJieTHLie )tJIHHLI, 60JIJ,m:He noT9HD;HaJibliLI9 

,D;JIHHLI H BepOSITHOCTH perHCTpaD;HHo 

3TO CBH,lt9T9JIJ,CTByeT 0 npaBKHJ,HOCTH npm4eHSI9MOI M9TO,D;HRH 

yqera 3qxpeKTHBHOCTM perHcTpaD;HM A r -nap. 
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lXH npOBepK~ 3aKOHHOCTH npHMeHeHHH MeTO~a fiOTeH~HanhHHX. 

~nHH npH Bsqmcnenmm BepoaTnocTel permcTpa~HH 6uno crenepHpoBa­

HO 8000 C06STHA. M3 H~X OKa3aBHCh "3aperHCTpHpOBaHHHMH" 963. 

"saperHCT~KpOBaHHOro" C06UTHH 6Hn BHqHCBeH Bee 

(pacnpe~enenme BecoB CMoHa pmc.2). CyYMa BecoB 

(0+40) ~a.eT 3HaqenHe 7994. 0TCDJJ;a MOXHO C,D;e.JiaTh 

BHBOJJ;, qTO MeTOJt noTeE~HaHhHHX JJ;BHH BOCCTaHaBBHBaeT HaqanbHOe 

qHCJIO C06HTJdt. 

Cpe.n;naa aqxpeKTHBEOCTh permcxpa~HH A¥ -napw B pacc:u:aTpH­

BaeMoM npo~ecce o:msa.T.:ach paBHOI - I2%. 

P~3Yll1TATH MO~llk~UBAHnfl CITEKTPOB 3~EKTflBHHX MACC 

J(llJI 5 PEAKUmM 
--------------------------------------------
EunH npouo,JteJIHponanu cneETPLI aqxpe:s:THBHLlX :u:acc {\ ¥ -:s:oM-

6HHa~l B YCBOBHSIX Ka.uepH / 4/ ,ltJIH CJie,JtyDIIUU pea.K~HI: 

1. rr-r __,. Y•7ru~) K+ Jt- , 

l -'!P/\1(0 

- L-·a-r 
2. n-p - Y7c,3as) Ko ' 

t .. AJt o 

-L~~~ 

3. n.-p _,. Yo(JSto') l(o 11:' ' 
l ,.. I.OJla 

\ L~_[~ 
l_--~~ 

5. 1Cp- ~ K-t Jt- Jto 

' 
• 
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CTaTHCTHKa COOTBeTCTByeT npHMepHO IUUU "saperHCTpHpOBaH­

HHX" C06HTHI B KaEAO~ C~yqaeo 

Ilo~yqeaaue rHcTorpauYH M A~ 

ITyaKTHpou aaaeceHH r~cTorpaMMH 6es yqeTa a~KTHBHOCTH permcT­

partHH A~ nap. 

Bo Bcex c~yqaax,xpoue 5, aa6nnAaetca 6o~ee xpyxol no~eM 

B cTopoHy BepxHel rpa.H~Itl:l M"~ 

ti CBa3aHHOe C 3THM npeBI:lmeHHe qmc~a C06HTHI B HHTepBa~e 

MAr • (I300+I4uu ) 1:aB no cpaBHeHHD c rHcTorp&wa.MH 6es yqe­

Ta aqxpeKTHBHOCTH perrt.:CTpaJ..tHH, KOTOpOe COCTaB~aeT B C~yqamc 

1,2,3,4 COOTBeTCTBeHEO I4~,Il%, I2%,I6%. 

B~O npOBepeHo, qTo 3qxpeKT He RBXSieTCSl cne~CTBHeM TO~L­

KO HHmL yqeTa yrHOBHX acKMMeTpHI B pOSAeHHH H pacn~e pe30HaH­

COBo .ILna aToro 6HXH rpouoAenHpOBaHI:l cnextpu M,..0 B peaxitHM I 

6e3 yqeTa 3qxpeKTHBHC,CTH perHCTpa,nHM H 6e3 yr~OBOi! acmoa:eTpHM 

B pOXAeHHH H paCllaAE (pHCo4 a ), C aCKMMeTpmel B pOXAeHHH 

(pmc.46), c acmo.teTp}teit B po:m:AeHHH m pacna;te (pmc.4B) • .A.Ha-

normtmue cnextTpl:l C yt:eTOM 3qxpeKTHBHOCTl4 perHCTpaJ..tHH B Kallepe/4/ 

npmBe,n:eaa a a pHc. Sa, Ci, B. 

)J)ISI npoBepKH 3ai:RCHMOCTH OTMeqeHHOrO 3qxp9KTa OT 3~K­

THBHOCTH perHCTpartHH peaKitHSI I 6~a npOMO,lteJIHpOBaHa B YCJIOBHSIX 

Ka.Mep /l 3 / m I 14 1 cooTBeTCTBeHHO c KeHLmel H 6o~Lmel, qeu B 

Ka.Mepe 14/ t 3qxpeKTUBHOCTLI> per.HC'rpartnHo 

COOTBeTCTBYJ)lllH~~ rHCTOrpa.mm aqxpeKTHBHHlC Mace 1\ r npH­

BeAeHH aa pHc.6 A~SI /
13 I H 7 A~a I 14

/. 
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3aBHCHMOCTb OTMetleHHOrO 3~KTa B 06JiaCTH 

M"~ =(I300•I400J M3n or 3qxpeKTHBHOCTH per:actpan:aH ,D;JIR peaK-

naH I npe.n;cTaBJit::Ha Tat5Jio I. 

RaM epa /I3/ /4/ /I4/ 

3qx}leKTHBHOCTb 5% 12% 40% per:urcrpan:ur11 

3qx}leKT i9% 14% IO% 

'la6JIHUa I. 

3~KT y6HBaeT C yBeJIHqeHHeM 34¢eKTHBHOCTH perHCTpaUHH 

1\ O - nap t q'l:Q H CJit::,D;CtBaJIO. OJK:H,D;aTb o 

0TCyTCTBHt:: 3qxpHKTa B peaKUHSiX THna 5 1t1 Ma.JIOCJD ero B 

CJiyqMX l-4 no cpaBHHH1tlD C Ha6JID,D;a.JOU\k'IMC$l B 3KCnepM:MeHTax nlll­

KOM B 06JiaCTH MA~ • \I300•I400) M3B, npeBHWaDll\MM ~OH B 

(I, 5•2J pa3a /I, 2/, :103BOJISieT C,D;t::JiaTb BHBO,IJ; 0 HeB03MOJ:HOCTH 

nORBJieHHR "noxHoro" lHKa B yxa3aHHOR o6JiaCT111 MAr , o6ycnoB­

JieHHoro KOHeqHUMH pa3Mt::paMH 1t1 ~pMOA EaMeps / 4/. 

ABTOp~ 6Jiaro,n;apHH B.B.~JIRrHHY 3a HHRUHHpOBaHHe 11 noc­

TOSIHHHA RHTepec K ,D;8HHOR pa6oTe, Bo~oKOMOJIOBOR 3a MHOroqHc­

JieHHHe KOHCYJibTaUHlll no pa6oTe C nporpaMMOR "~PC", A.r.BoJIO,D;b­

KO H D.<P.noMaKHHY 38. noJie3HHe COBeTH Ha pa3JilllqHJ:l}C 3Tanax 

pa60Tblo 
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liP 11JIOJKEH .1/lE 2 , 

KOHCTaHTH, HCnOBb30BaHHUe B nporpaMMe yqeTa 3~K­

T HBHOCTii perHCTpa~HH /\ ~ - nap 

~A -ro 'v'A • I, 1154 r3B' 't~,. = 2, 51. IO cex, I 
~ 3 1. u.j nb 

~\.P~) = 0,221 f~ - 0,810 f~ + 0,896 f + O,L~3I ) [p3] "c 

Ka:Mepa /4/ /13/ /14/ 

p 6 mtn, r~b/c.. o,o.:s 0,03 0,03 
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