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Orsrrn
ne4yrqefi op raHrr3a rlrr{ Ha Ar{ccepra rlroHHyro pa6ory

Kyuepona Hurcnrrr ArerccaHApoBnrra

<<(DopvrupoBaHr{e Arrc[epcHbrx rroronoB AJrfl rrpoqeccoB cMeceo6pasonaru{s B

KaMepax cropaHrrq BPAn, [peAcraBJreHHyro Ha corrcKaHr{e y.reuofi crerleHu

Ka HAr.rAara rexH r{rrecKrrx HayK rr o c[equaJrb Hocrn 2.5. 1 5. <<Ten.ltonrre,

3JrerflpopaKeTHbre..ABrrraTeJru rr 3HeproycTaHoBKH JreTaTeJrbHbrx aIIIIapaToB>)

Anrvarruocrb
,{zcceprarlLr oHHar pa6 ora Ky.rep ona Hurzrrr ArerccanApoBlrqa rrocBf, IrIeHa

gKcrreplrMeHTurrrbHoMy r,rccJreAoBaHHK) Soprr,rzpoBanvrfl. Lr AllcrreprupoBaHu.a

4nyx$a:Hux froroKoB rrpr{MeHlrreJrbHo K KaMepaM cropaHzs Bo3AyIuHo-

peaKTr4BHbrx 4nurarenefi. Pa":sllrue aBLrarlnoHHbrx 4er,rrarerefi Hep€L3pbIBHo

cB.rr3aHo c coBepueHcrBoBaHraeM opraHLr3arIVV [poreKaloqux B Hr{x Qzsuuecrux
npoqeccon. B .{acrHocrrr oro Kacaercs noAroroBKLr ronJrLrBo-Bo3AylrrHofi claecz e

ocHoBHbrx u SopcaxHux KaMepax cropaHlrr BPA. OAnuu Lr3 Bo3MoxtHbIX

cnoco6os co34aHvrfl, TorrJrr4BoBo:4yrunofi cMecrr, o6naAaroulefi

ALTCrrepcHbrMLr xapaKTepucTlrKaMu, flBrrfleTcfl IacIIoJIb3oBaHLIe

rroroKoB. Buecre c reM TaKoe perreHze ereq6r sa co6ofi neo6xo4zMocrb pacudra

noAo6nux ycrpoficrB, r{To ynupaercfl, B pfl,A rpo6reu, cBt3aHHbIX co cJlo)KHocrbro

[onHorleHHofo rrr4cJreHHofo MoAenyrpoBaH.trfl noAooHbrx ycTpovcTB, a TarcI(e efo
HeAocraro.{Hofi AocroBepHocrbro. lloerovry B Hacrorrqee BpeM-s upoeKTupoBaHue

no4o6nrx ycrpoficrn B 3HaquTeJnnofi creueHl,I onupaerct Ha

gKcrrepkrMeHT€LrrbHbre [ccneAoBaHtrs. Taruu o6pa:ovr, I{x [poBeAeHue,

HanpaBJreHHoe Ha pacuLrpeHLT e cyu{ecrByroqero HayrrHo0ft;rf},fiil,frfi +i?ilorH3$AeJla,
oSecneeeHun MALI

rpe6yerrarrir,rz

4nyxSasHnx

HecoMHeHHO, tBJIteTCt aKTy€LnbHbIM.

"12, lI zoL*



HayvHan HoBH3Ha

1. flpone4eno KoMrrneKcHoe I4CCJIENOBAIIVTE lpoqecca pacrrbrJra

4ryxQa:noro rroroKa B MoAenlr cMecureJrr (rap6roparopa) Sopcaxuofi KaMepbI

cfopaHr4r BPA c HcrroJrb3oBaHueM n€Bepno-orrrr,rqecKux vr 3oHAoBbIX MeroAoB,

rro3BoJrHBrxee ycTaHoBlrrb fa3oKaneJrbHyro cTpyKTypy tIoToKa, rloJlrr}ITb IroJIq

cKopocrefi $as r4 pacnpe.qeneHlrrr AlraMerpoB KarreJrb n Qarene pacrlblJla, a raKx{e

TIOJI.f, CTATLII{ECKOTO AABIIEIILI'. LI KOHIIEHTPAI\UU BAONb OC?I YCTPOVTCTBA.

2. Ha ocHoBe nonyqeHHbrx AaHHbrx yA€t[ocb ycraHoBLITb Bo3pacrarorlee

rroJre crarr,rqecKoro AaBneHr4rr BAonb ocr4 ycrpoficrna, ilpl4BoA.fluree K

HepaBHoMepHbrM noJr-flM cKopocrrd r4 KoHqeHTparrkrLr n Sarene pacrlblJra, kr Aarb
peKoMeHA ar\uu ro ynyqueHuro ycrpofi crna.

3. Ha ocHoBe sKcnepr{MeHTzrrrbHoro Marepvura, rronyqeHHofo ilpvr

uc cne,qo B aHr4kI Ar4 cllepf llpoBaHr4r rry3 brpbKo B o f o B rxllp oKoM Avraila3oHe BXOAHbIX

lapaMerpoB [oroKa, co3AaHbr npocTbre MoAenv, [o3BoJrlrBrrrue cKoppeKTLIpoBaTb

MoAenu uporHo3lrpoBaHr4rr rcoeSSzqL4eHTa pacxoAa lr cpeAHero Ar{aMerpa 3ayrepa

kr 3HaqkrreJlbHo yBenI4r{HTb I4x ToqHocTb.

flparcrnvecKaq rleHHocrb pa6oru cocrouT B nonfreHlru HoBbIX

gKcrreplrMeHT€LrrbHbrx AaHHIIX Al,rcleprurpoBaHr4f, rroroKoB ra3oKalremnofr u

uysuprronofi crpyKTyphr, co3AaHr4LT Ha ocHoBe rrpoBeAeHHoro LrccJIeAoBaHLrs.

opHfr4HnrrbHofo ypaBHeHur npofHo3lrpoBaHr{r napaMeTpoB HcxoAHofo

rry3brpbKoBoro rroroKa ilpvr 3aAaHr4r4 3HarreHurfl cpeAHero AuaMerpa 3ayrepa, a
rarc(e oilpeAenenzx roe$Suquenr a pacxoqa.

Crpyxrypa r coAeplr(aHrre pa6oru

,{racceprarllroHHar pa6ora cocror.rr u3 rrATLr rJIaB, 3aKrloqeHvrfl. v crrucKa

nlrreparypbr (54 HauMeHoBauut). Pa6ora H3Jro)KeHa Ha I28 crpaHLIIIax

MarlLrHorrr4cHoro reKcra, coAepx{Lrr 154 pucyHKa H 16 ra6nzq.
Bo nneAeHrrr{ aBTopoM rrpeAcraBneHa KparKaq xapaKTepucrLrKa pa6orrr,

o6ocnosaHa ee aKTyarrbHocrb vr lnay.unafl. HoBr{3Ha, uoKa3aHa [paKTLIqecKaq

r{eHHocrb. C$opuylr4poBaHbr rlenu 14 3a4a'tkr Ar.rccepralll4oHHoro LIccneAoBaHr4fl.

B uepnofi rJraBe aBropoM upone4€n o6sop cyqecrByroqvx uoAeleft
nporHo3npoBaHr4fl rrapaMerpoB ucrelreHLlfl AByx$asnoro rroroKa (roe$$uqI4eHroB

pacxoAa - p€BAen 1.1, cpe4nero ALraMerpa KarIeJIb - pa:aen 1.2).

Bo eropofi r.lrase orrr4caHa oKcnepr{MeHT€LrrbHatr ycraHoBKa, BKJlroqarcula{

creHA, rrpeAHa3Ha.{eHnrrfi An-f, co3AaHvrfl.4ayx$aeHbrx rroroKoB Ha neo6xo4uurrx
pexr{MHbrx [apaMeTpax, a TaKx(e clrcreMy coBpeMeHHbrx Jra3epHo-olTl{rlecKl4x

M eroAoB Lr 3Mep eHrr s. ilapaMerp o B p acrrbrnr{eaeN{ofi xtr4 AKo crI,I. Tarxe Ao craroqHo



noApo6Ho rrpeAcraBrreHbr caMvr MeroAbr (PIV rzr reHeBofi MeroA Qrzpvmr La Vision)
r{ TexHoJr orkrs. [poBeAeHr4r SKcnepvIMeHTa.

B rpernefi rJraBe [peAcraBJreHbr pe3yJrbrarbr gKcrIepI{MeHT€uIbHoro

r4ccneAoBaHns. mnoro$opcyHor{Horo cMecxreJrbHoro ycrpoficrna (rap6roparopa)

$opcaxHofi ravrepbr cropaHr{r. B pe3ynbrare KoMrrJreKcHoro LrccneAoBaHrrs. c

r4crroJrb3oBaHrleM coBMecTHofo rrplrMeHeHus. rra3epHo-orrTr4rlecKllx rI 3oHAoBbIX

Mero.qoB 6:'l:nu [on) reHbr rroJrr cropocrefi KaneJrb vr vx ArlcilepcHble
xapaKTepncrurKkr e Sarene pacrrbrJra, a raKx(e paccqr,rrauu upoQunr4 cKopocrHoro

Hanopa n KoHrleHrpar\Lrkr Qas. llpu anurr43e nonf{eHHbrx

o6HapyxeHrr rpafine HepaBHoMepHbre roJur crcopocrefi

o6pasyrorutrecfl, B pe3yirbrare Alrcneprr4poBanurfl. 4nyx$asHoro rloroKa, rITo He

coorBercrByer rpe6onaHvrflM) rrpe.{btBnqeMbrM K AaHHoMy ycrpolrcrBy.

llpuuunoft raKoro TIOBC,IIEHHE NOTOKA 
'BJI.'IETC'

HepaBHoMepHoe rroJre

crarzqecKoro AaBneHpr[ ilo Anr4He ycrpoficrna. Ha ocHoBaHrru [onfreHHblx

AaHHbrx aBrop peKoMeHAyer crroco6 npo$rznrapoBaHr{s AaHHoro ycrpoficrBa Ant
ycrpaHeHr4r ooHapyxeHHofo HeAocraTKa.

B verndprofi rJraBe LrccneAoB€uc.s [poqecc AlrcleprkrpoBaHlrt
ny3brpbKoBoro rroroKa. B orrtu.rue or rrpeAn4yrqefi rJraBbr AaHHoe LTccneAoBaHue

r,rMeJro 6oree o6qyro 3a.qaqy, a r{MeHHo co3AaHVe AocraroqHo npocrux uoAerefi
rporHo3r4poBaHlTr xos$$nqpreHra pacxoAa vr cpeAHero AuaMerpa 3ayrepa,

rrplrroAHbrx rnfl unxenepnofi rpaKTprKH. [annrre napaMerpbr .flBrrrorc.tr

SyHrquxrraH rpex rpeAr,rKropoB: Maccoeofi KoHrIeHTparIUvr Bo3Ayxa, repenaAa

,qaBJreHr4{ na QopcyHKe ?r ed Araauerpa. B pe3ynbrare aHaJrlr3a, rrpoBeA€HHoro s

rrepBoM pa3Aene, aBTopoM 6uru nrr6paHrr uav6oree coBeprxeHHbre Mo.{eJrLr B

KalrecrBe o[opHbrx. ,{annue MoAenr,r 6ruu aupo6rapoBanbr Ha [onfreHHhlx
3KCnepr,rMeHT€urbHbrx AaHHbrx, pe3ynbrare rrero 6rrryr non1..reHbr

HeonpeAeJreHHocrlr nporHo3LtpoBaHr4r 4nr rcos$Quqnenra pacxoAa u AuaMerpa

3ayrepa paBHbre 14% v 44% coorBercrBeHHo. llocne ororo Mo.IIenI{ 6urn
c zctIoJIb3oBaHrIeM pa3nI4qHbIX rIoI4cKoBbIX MeTOAOB, B"nepeo6y'reHhl"

pe3ynbrare rrefo HeonpeAeJreHHocrrz "uepeo6yqeHHbrx" vroAerefi cocraBlaJlu 5,5Yo

u 7 ,5Yo cooTBeTcTBeHHo.

B nsrofi rJraBe rrpeAcraBJreHa KoHcrpyKrllrr cMecvrrerrt 4nx Sopur4poBanvrfl
4nyxQa:noro rry3brpbKoBoro rroroKa r{ MeroAr{Ka ero pacvera. B parr,rrcax AaHnofi

MeroAr4Kr4 6uro peaJrr{3oBaHo peueHr4e o6parHofi sa4a'r^v c I4crIoJIb3oBaHueM

nonrreHHbrx B rrpeAbrAyrrleM pa3Iene MoAeneu.

B sa rurrcrreH rrrr c$opvrynprpoBaHbr ocHoBHbre pe3ynbramr .qannofi pa6oru.

,{ocronepHocrb pe3yJrbraroB rrccJreAoBantrfl, oSecuequBaerc-s

LrcfroJrb3oBaHkreM coBpeMeHHbrx arrecroBaHHblx cpeAcTB l43MepeHr4rr, rrqarenrnofi

pe3ynbraroB 6ruz
u KoHqeHTparrypr,



orpa6orKofi MeroAoB onpeAeneHu{ napaMerpoB, ron1^{eHrIeM 6olrurofi
crurLtcrkr.recxofi nu6opru c MulrrbrM rrraroM rrpu r,r3MeHenurpr Bcex onpe.qen.srculI4x

npoqecc pacrrbrna [apaMerpoB, co6nroAeHueM Mero4onorlll,I oIIeHKI4 Kar{ecrBa

npLr co3A aHnkr rraoAerefi u4enruQzKaltruu.

Ily6lurcaquu n anpo6aqnr pa6oru
Marepualbr Ar4cceprarluoHHofi pa6omr ony6rzxoBaHbl s 9-tu rleqarHblx

pa6orax, vr3 Hr4x 2 crarsvr B xypHztrax Ir3 crII4cKa BAK P@, 1 - n Haf{HbIX

u3uaHLrAX. r4HAeKcrapyeMbrx Me)KAyHapoAHbrMI'r 6asarru Web of Science n Scopus.

OcnoeHrre pe3ynbrarbr r{ccneAoBayuit, rz3Jro)KeHHbIe B Allcceprarlllr{, 6rrlu
rpeAcraBJreHbr sa 6 -ru roHSepeHIIHf,x.

Pesy.nrrarbr, rroJryqeHHbre B Arrcceprarl[[, Moryr 6rrru I4crroJrb3oBaHbl B

HAYIIHO-UCCJICAOBATEJIbCKI,IX I,IHCTI4TYTAX U KOHCTPYKTOPCK}IX 6TOPO

clerlr4anr43npyroqnxcr B o6lacru co3AaHur Bo3AyIuHo-peaKTr,IBHbIX 4uarareleft
(Ofyll IIAfI4, fHIl OAy I-U4AM zvr. lI.I4. EapaHoea, fIK <<Camor>> AO (OAK)

OKE uvr. A. Iroltru, IIAO <O[K-CarypH), AO (Orut-Astra4surarerlb), IIAO
<<Tynoleu, IIAO <<Anuaqzonuufi KoMrrJreKc urr,renu C.B. I4rrroruuna>>, IIAO
<O!K-KpHeIIoB) H Ap.).

Pesylrrarrr npoBeAeHHbrx r{ccneAoBarruit raK)Ke qelecoo6pa3Ho

peKoMeHAoBarb An'I cryAeHToB By3oB vr acnkrpaHroB B yue6nou [poqecce npu

uoAf oroBKe cneqIa€L[rr croB coorBercrByro u{ero npo $ranx.

OcnoeHrre 3aMeqaHrrfl no pa6ore rl [o?KeJraHrlfl

1. B uepnofi o6sopnofi rrraee (o6rerra r<oropofi Bcero 8 crpaHzu) upune4eurr

o0cyx{AeHbr ToJIbKo HecKoJrbKo ocHoBHbIX uolelefi orrpeAeneHr4s

xoeQSuqueHTa pacxoAa, cpeAHero AuaMerpa KaIIeJIb vr cpeAHero .{I4aMerpa

3ayrepa ilpr,r AByx$a":nux rerreHr/r.f,x. llpn 3roM coBeplxeHHo orcyrcrByer o6:op

SKCrrepLrMeHTUurbHbrx M eToAtlK u p e3ynbTaToB r4ccJIeAoB aHufl, AaHHbIX IIap aMeTpoB

r43 rrpeAbrAyrrlr4x r43BecrHhrx pa6or. Hanpzuep, gKcnepLIMeHT€LIIbHbIX MeroAuIK,

paspa6oraHHbrx e OITIBT PAH u VITo- VpO PAH, Anf, onpeAeneHl4rl pa3MepoB

KarreJrb e 4nyx$asHbrx rroroKax.

2. B pa6ore He rpeAcraBJreHa orIeHKa rrorpelxHocrLT (no noaovry fOCTy
34100.3-2017 <neorpeAeneHHocru>>), ronfraeMbrx B oKcreprlMeHre rlapaMerpoB.

He4oyvreHue or gTofo o6crosreJrbcrBa erq€ 6oree ycunllBaercfl B cBt3LT c reM, qro

ocHoBHar qacrb pa6orrr flBrrflercfl. sKcnepuMenrartrnofi. Haupuuep, TorlHocrb

rz3MepeHr4r napaMerpoB rroroKa c uoMorrlbrc ocnoeHofi gKcnepllMenralrnofr

MeroAlrKr{, LrcrroJrbsyerr,rofi B pa6ore (vrero4a PIV), 3aBvrcvrr or Sz:uuecrrax
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cBoficrB crrnorrrHofi cpeAbl 14 AlIcrepcHofi Qa:u, pa3MepoB vr KoHIIeHrpaWu
qacrl4u.

3. B ruacceprarlr4lr He rrplrBeAeHa ran$opuaqus o6 ocHoBHoM Bnl4.arouleM

napaMerpe Ha ToqHocTb olpeAeneHlrfl pa3MepoB KaleJIb c rloMolrlbrc KaApoB

BLTAeOCbeMOK O BpeMeHLr 3KCrrO3Lrqr4Ll BLIAeOKaMepbI B TIpOBeAeHHbIX

sKcrrepr,rMeHTax. Tarxe He Ao KoHrla oSocnosana vr flcna MeroALIKa nu6opa

rropora o6pa6omr4 KaApoB, or Koroporo fJraBHbIM o6pa:ovr 3aBLIcI{T olpe,4eneHlIe

Ko Jrl4qe crBa KarreJrb, rryreM "era3ya.rtlH oro o rlp eAeneH?Ifl o rlepatop ov"
4. B KaqecrBe pa6overo reJra [pu 3Kcnepr{MeHT€urbHoM r4ccneAoBaukrur

MoAeJrLr cMecrlTeJra {opcaxHofi xauepbr cropaHprfl, prcrrolrb3oB€urc.fl 4nyxSa"eurrfi

noroK BoAa-Bo3Ayx, B To BpeMrr KaK B peanbHblx ycnoBl4tx pa6ouzvr renoM

flBrrflercfl. TorrJrr4BoBo3AyrrrHaf, cMecb. Xorerocr 6s uo.{cHeHkIfi IIo rIoBoAy

Koppen.srlr4lr pe3ynbTaToB krccJreAoBaHvrfl, c peaJrbHbrMu ycnoBkItMl4 kr

Bo3Mo)KHocrr4 Lrx [epeHoca Ha pea[bHble o6rerru.
5. Pa6ora r{Meer prA TeKcroBbrx He4opa6oroK ra ourz6or. Hanpvrrraep, Ho

prlcyHKax pa3Aena 3.4 rto BeprurK€rrrrnoft ocpr orJlox(eHo orpLIIIareJIbHoe qLIcJro

qacrrarl. A n ra6Jrlrqax, TaKlKe coAepx(arqkrxcs. B p€B.qene 3.4, ilpeAcraBJleHbl

3HaqeHr,rr cpe.{Hrrx AHaMerpoB KarreJrb rr AuaMerpon 3ayrepa c roqHocrblo Ao

eAr4Hr4r{ HaHoMerpoB, B To BpeMf, KaK, r43 AaHHbrx tlo Macllra6y KaApoB AJUI

orrpeAenelrturfl, AvraMerpoB KaneJrb Ha crp. 40 4ucceprarllrll B 1 urarcele KaApa

coAepxlrrcx 8,1 MKM.

6. [lx o6lerqenus npoqreHlrr vr rroHlrMaHr{s ocHoBHbIX pe3ynbraroB

pa6orrr cneAoBzrJro 6u BbrAenlrrb B orAeJrbHbre noApa3Aenbl BbIBo,{bI no raxAofr
|JIABE.

7. Marepza-n Alrcceprarlulr coAepxuT rag6rrro.{Ho 6oruuoe KoJII,IqecrBo

BcrroMoraremnofi uHSopvraIII4I4, He coAep)Kalqefi nayrHofi HoezgHrr.

O6ruee sarcrloqeHue. C.uerannrre 3aMerIaHI{t He cHLDKaror o6rqyo
rroJrox{r{TenbHyro orIeHKy pa6oru. Teua Ar4cceprarlur4 coorBercrByer yrcasaHnofr

Hay.rHofi clequ€LJlbHocrI4 2.5.I5 <<Tenlonlte,

3HeproycraHoBKrr JrerarenbHblx annaparoB).

c$opvrynupoBaHHbre B HeM BbIBoAbI

rrpeAcTaBJreHHbIM B AH CC epT AII4kr p e3ynbTaTaM

fly6 n zr<arlr4rl TaKXe orp ax aror o c H o BH br e rr o Jr o)K errurfl , ALrc c epr ar\uvr.

3aBeprueHHylo

TpeooBaHr{rM

rrpr4cyx{Aelluvr r{eHbIX cTefleHea>, yTBep)KAeHHofo

rocraHoBJreHlreM llpanurerbcrBa P(D or 24.09.2013 J\b842 (p".q. or 01.10.2018, c

SneKTpopaKerHbre ABHfarenu u

Co,qepxanne anrope$epra 14

NOJIHOCTbIO COOTBETCTBYIOT

r4ccne.rloBanuit.

luccepraqux
rcnanuSnrarllroHHyro

<<lloroxenus o

rrpeAcraBJrser co6ofi
pa6ory, Koropat orBeqaer

Har{Ho-
rrr. 9-4

r43M. or 26.05.2020), a ee aBrop, Kyuepon Hurzra Aner<can4poBllrl, 3acnyxs{Baer



ilpucyxrAeHkrs yqeHoft cTerreHr4 KaHAr4AaTa TexHZqecKLIX HayK no cIeIII4UUIbHOCTLI

2.5.I5 <<TenJroBbre, 3neKTpopaKerHbre ABLrrareJILI v 3HeproycraHoBKLI

JreTaTeJrbHbIX alnapaToB).

Or:rrn o6cyx4en Lr yrnepx46H Ha sace4alnwr raSe4pu 3-3

<fa:oryp6unHue ABurarerrv v rou6vnupoBaHHble ycraHoBKID) 02.12.2022 r.,

rrporoKon }lb 9. 3arffo.reHvre npvrlaflro eAZHorJIacHo.

3ane4yrorqrafi ra$e4pofi 3-3 <fasoryp6znHue
ABr4f aTeJrLr Lr KOMOI4HHpO BaHHbIe yCTaHOBKID>
qneH-Kopp. PAH, A.$.-M.H.
BapaxczH Anerccefi lOprenrau
(rer.: 8 499 265-78-42,
oneKrpoHHa.fl noqra: varaksi n_a@bmstu.ru).

Aoqenr xaSe4pu 3-3 <fa"soryp6unnue
ABr4 rareJlIa u rov6LI HLIpoBaHHbIe ycraHoBKtl>)

K.T.H.

Bacumen Huronafi Burroponrau
(rer.: 8 499 265-78-42,
oneKrpoHHar rroqra: nikvikvas@bmstu.ru).
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Ceederuun o eedyu4eil opzaruusaquu:
@e4epamnoe rccyAapcrBeHHoe 6rcgxernoe o5pasonareJrbHoe yqpelKAeHI,Ie

Bbrcrrrero o6pa:onanur <<MocKoscrcufi rocyAapcrseHHrtfi rexnu.{ecrzil
yHr4Bepcurer HMeHrlr H.3. Eayuana (naquouanrnrrfi I4ccneAoBarelrcrvfi
yHLrBepcrrer)>
A4pec: PO, 105005, r. Mocrna, ynI4IIa 2-xBaywraHcKas,4. 5, r<. 1

TeneSon : +7 (499)263 639 1

@axc: +7(499)2674844
E-mail : b auman@,bm stu.ru
Cafir: https ://bmstu.ru/
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