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AOKTOp TeXHEqeCKLTX HayK,

OT3bIB

BeAyulefi opraHr3arlur{ Ha ArrcceprarlrroHnyro pa6ory XapueHrco A.rerccaHApa

Cepreenu.ra <<I4nrepaKTr{BHafl crrcreMa 3Hepropecypcoc6epe}r(eHufl rrpu

BbrrrJraBKe qyryHa B AoMeHHbIx lleqax, ocHarrleHHbrx JroTKoBbrM

3arpy3orrHbrM ycrpoficrBoM: HayqHo o6ocnonaHHbre rexHoJrornqecKl{e

perrreHr{s)>, rrpeAcraBJreHHyro Ha corrcKaHrre yueHofi crerleHu AoKTopa

TexHuqecnlrx HayK rro c[eqrraJrbHocrrr 05.16.02 - Mera"nJryprufl rrepubrx,

rIBeTHbrx r{ peAKr{x MeTaJrJroB

1. AKTYAJTbHOCTb

{raccepraqnx Xap.renrco A.C.

PAEOTbI LI EE COAEPXAHI4E

rrocB{rrleHa pa3pa0orKe HayqHo

ooocHoBaHHbrx cllocoooB sHepfopecypcocoepexreHr4r cHr{xeHr4eM yAeJrbHofo

pacxoAa KoKca Ha [por{3BoAcrBo MeT€urJra, rroBbrrxeHr{eM rrpor43BoAr4TeJrbHocrrr

AoMeHHbrx ueuefi, yryqrueHueM KarrecrBa qyryHa, yMeHbrueHlreM u3Hoca

Syrepoer<H u yBenr{rreHr{eM Me)KpeMoHrHoro rreplloAa pa6orut arperaroB. OHa

co4eficrnyer perxeHr{rc crparerr.rqecKr,rx sa4arr, yKa3aHHbrx MuHucrepcrBoM

npoMbrruneHHocrlr r4 ToproBru Pocctrficxofi (De4epaqvrkr rro pa3Bururo uepHofi

Mer€urJryprr4rr .qo 2030 rr. [nr ororo pa":pa6oraHa u npHMeHeHa opI4rHHaJrbHafl.

MeTOAOnOfLrrr, BKJrroqaroqar r,rHTepaKTHBHyro crrcTeMy, rro3BoJrfrorqylo Bbr.f,BJrf,Tb

ni{Mr4Tr4pyrorque 3oHbr r4 npoqeccbl AoMesuofi rrJraBKr4, BosAeficrBueM Ha HI4x

Aocrl{rarb rIeJII4. Cncreua BHeApeHa Ha .qoMeHHbrx rreqax, ocnalqduHux

3arpy3orrHbrM ycrpoficrsola HoBoro rroKoJreHlrr B Mr4ponofi uparrl4Ke - JlorKoBoro

TI4na.

Bo BBeAeHr4Lr o6ocuogaHbr aKTyaJrbHocrb, qenb v 3aqa.uv EccJreAoBaHvrfl,,

rroKa3aHa HayqHaf, HoBr43Ha Lr npaKTlrqecKar 3Harrl4MocTb, npeAcTaBJIeHbI



cBeAeHr4r 06 alpo6arlun, AocToBepHocTpr [oJlyqeHHblx pe3ynbTaToB, JILITIHOM

BKJraAe aBTOpa.

B rnaee 1 upvneger alaJru3 coBpeMeHHoro cocrotHrlfl uccne4osaHzfi uo

paccMarplrBaeMoMy Borrpocy. llora:aHa Ilerecoo6pa3Hocrb paepa6orKu HoBbIX

HayrrHo o6ocnosaHHrrx rexHoJrorr4rrecKllx peureHufi, crpyKTypl4poBaHHble B

HHrepaKTHBHyro ctrcreMy.{Jrr sHepropecypco6epeNeulat B Mer€LJllryplwu rryryHa.

ltana 2 [ocBrrrleHa Snsr,ruecKoMy r4 MareMarl4qecKoMy MoAenLIpoBaHLIro

3arpy3Kr4 rrruxToBbrx Marepkr€rJroB B AoMeHHyIo nerlb 6ecxouycHblM 3arpy3oqHblM

ycrpofrcrBoM JrorKoBoro ruffra.IlonyueuHbre 3aKoHoMepHocrl4 IIo3BoJI.f,[or pelrrarb

3aAarry JroKaJrbHoro sosAeficrBnfl. pelxr,rMaMl4 3arpy3Kla Ha JIIlMLITLIpyrcqI4e 3oHbI I,I

upoqeccbr rrpoMbll[nesuofi Aouennofi rtequ.

B r:raee 3 npegcraBJleHa co3AaHHat u aupo6upoBaHHat s IIAO (MMK)

HOBaTI QTATrZrCT:?rreCKafl MeTOALIKa Onpe.{eneHua rcoeoouquenra, orpa}Karoqefo

cooTBercTBpre TexHoJIofHqecKoMy pefJraMeHTy pac[peAeIreIILrs. ITIHXTOBbIX

Mareprr€LnoB u r€r3oB rro oKpyxHocru ,qoMeHHbIX ue.Iefi. Bne4peuHe B IIAO

(MMK) paspa6oraHHbrx AtrccepraHroM parlrroH€ulbHblx napaMerpoB 3arpy3Kvr 14

,qyrb{ na erofi ocHoBe o6ecne.{uJro pecypco H eneproc6epexeHl4e cHI4xeHIzIeM

yAenbHoro pacxoAa KoKca I,1 rIoBbIIrIeHneM IIpOH3BOAI,ITeJIbHOCTI{.

l{erneprax rJraBa rrocB{rqeHa o6ocHosaHllm 14 LIccneAoBaHI{Io pexrlMoB

3arpy3Kr4 ruLTXToBbrx Marepu€rrroB, o6ecue.ruBaroql4x ycrpaHeHue ucraNegufi

pa6ouero upoSralx AoMeHHofi nequ. ,{uccepraHroM paspa6oraHbl I4 BHeApeHbI

paqrroHanbHbre pexr{Mbr 3arpy3Kr.l MaTepr4aJloB, ooecllequBaloull4x yAaneHl{e

sacrulefi B rrraxre rreqr4, rrpeAorBparrdeHue I43JIrIIIrHero I4crupaHr4fl. Syrepoercra a

nefi, QoprraupoBaHlae 3auILITHoro rapHucalxa B ropHe.

B n.srofi rJraBe rrpeAcraBJreHbr pe3yJrbrarbr JroKanbHoro nos4eficreux

rrapaMeTpaMr4 3afpy3Ktl Lr AyTbfl Ha Jrr{MrrTlrpyrox{yrc Ilpoqecc BbIIIJIaBKLI rlyryHa

rro ra3oAr,rHaMr4Ke 3oHy, pacflonafaroqync.fi B BepxHefr, qacru.qoMeHHbIx ue.Iefi.

Pa:paboraHbr palllroH€urbHbre rexHoJrofr4rrecKl4e peuIeHu.f,, BHe.qpeHI{e Koropblx

TIOBbIIIIEHI4Eo6ecue.{zro cHrDr(eHue yAeJlbHoro pacxoAa KoKca 14

np OI43BOAI4TeJIbHO CTLI.

B ruecrofi fJraBe npeAcraBJreHbr pe3ynbrarbr rro JroK€uIbHoMy Bo3Aeftcrnzro

napaMerpaMr,r 3arpy3Krr Lr Ayrbfl Ha xoA rrpoqeccoB B Ileqax npl4 onpeAensrcqefr

poJrr{ ropHa c rpraMeueHr4eM Mapxoncrux qeuefi (uareuatuuecrux) u

neftpocereBbrx ruo4elefi. HayuHo o6ocsonaHo Lr BHeApeHo HoBoe HanpaBneHl{e

cHr{xreHr{s y.4enbHofo pacxoAa KOKCA COBMCCTHbIM IIOBbIIUCHI4EM EfO



peaKrlr{oHHofi c[oco6nocrn ra uorpe6rreHufl, rrpr4poAHoro rasa. Pa:pa6oraHHbre

nHegp€Hubre rexHoJrorriu 3arpy3Ku rrpoMbrBorrHbrx MareprdanoB B 3oHy ropHa c

uauxy4urefi Apeuaxnofi cuoco6nocrbro o6ecne.{znu AonoJrHr4TeJIbHoe

oH eprop e cypco c 6ep exe Hr{e.

2. HA)ruTHA.'I HOBI,I3HA LI AOCTOBEPHOCTb PE3YJIbTATOB

PAEOTbI

Anropou rroJrlnreHbr cJreAyroq[e nau6oree BaxHbre, HoBbIe HayaIHbIe

pe3ynbTaTbr:

- AononHeHa reopr4{ JroKaJrbHoro eosAeficrBvrfl. Ha JrLrMr4Tr{pyulr4e 3oHbI 14

npoqeccbr AouenHofi rrJraBKH Anf, oHepropecypcoc6epe)KeHlrr B MeraJIJIyprI,II4

qyfyHa npHMeHeHHeM r.rHTepaKTLrBHofi czcreurr c npueuarura qHspoBr43aqrrr4;

- ycraHoBJreHbr 3aKoHoMepHocTr4 coBMecTHofo rrocTyrrJreHr4{ }Kene3opyAHbIX H

.qo6anoqnbrx Marepr4anoB r{3 6ynxepa JrorKoBoro 3arpy3otlHoro ycrpoficrBa B

KoJIorxHI4KoBoe [pocrpaHcrBo AoMesnoft ner{H ;
- paspa6oraHa reoperr4rrecKr4 o6ocHoeaHHaf, MeroAr.IKa oIIeHKpI

HepaBHoMepHocTr4 pacllpe.{elreHufl. ruLrxToBbIX MaTepl4anoB 14 fa3oB IIo

oKpyxHocru AoMeHHbrx neqefi Ha ocHoBe X2 - crarl4crl{Kn, I4cfloJlb3yf, KBaHTurrLr
) ^

Z; - crutkrcrkrKlr AJrs Bbrqr{cJreHurfl.p= pQi), AorroJrHf,rcrrlafl Teopr{ro AoMeHHoro

npoqecca;
- o6napyxeHo u HayqHo o6gcnoeaHo rrprMoe n o6parHoe BJrr4nrze ropx.refi

npoqHocrra KoKca rro CSR u ero pearquoHuofi cnoco6nocru ro CRI Ha

- BbIgBJIeHa, HayqHO

paqr4oHaJrbHofo ypoBHfl

cnoco6uocrlr KoKca.

.{nr 4ocru}KeHufr. rlenu aBTop npaBr4JrbHo nrr6pan MeroA a.qanrr{poBaHHoro

MareMaruqecKoro u SusuuecKoro MoAenr{poBaHus c [poBeAeHr4eM olbrrHbrx

ruraBoK Ha KpynHoM rrpeAnpvflTl'{Id H BHeApeHr.reM [oryqeHHbrx pe3yJrbTaToB B

TexHoJroruro AoMegnofi nJIaBKr4.

fiocroeepHocrb pe3yJrbraron pa6oru noATBepxAaercr cneAyroqr4 M :

roe S $ raqueHT corrp orHBJreHLr.rr uurxrbr ABrrx{eHraro ra3oBoro rr oroKa;

o6ocnosaua

rroTpe0JreHl4fl

kI AOKa3aHa HOBag 3aBLICI{MOCTb

rrpr4poAHoro ra3a or peaxquounofi

- KOppeKTHOCTbK) TTOCTaHOBKH 3aAarr IIpU npOBeAeHLrV I4CCJIeAOBAHVTU;



- r{crroJrb3oBaHr{eM Arrfl. rra6oparopHbrx r4ccneAoBaHuiT, yHr4K€rJrbHofi Sz:ravecrofi

MoAeJrr{, Lr3roroBJrenHofi B lracura6e 1:5 3arpy3oqHbrx ycrpoficrn,

ycraHoBneHHbrx Ha .qoMeHHbrx [errax N 2, 4 u 6IIAO <MMK>;

- co6nro4eHueM rpe6onauufi rpurepl{eB uoAo6ur ;
- cxo,qr4Mocrbro pe3ynbraron Qrz:rEuecKoro r4 MareMarl,IqecKoro MoAeJII{poBaHLrfl. c

rrpoMblllneHHbrMr{ SKcIrepraMeHTaMu;

- r4crroJrb3oBaHkreM coBpeMeHHbrx nr4rleH3r4poBaHHhrx r{3MeplrrenbHblx upz6opon ra

MareMarl4r{ecKofo a[[apara;

pa6oru B 4eficrnyroqee rpoMbrrlneHHoe- BHeApeHr,reM pe3ynbraroB

rrpeArrpl4rrHe.

l{: pacciraorpeHra{ Ar{cceprarluolruofi paborrr cneAyer, rITo Bce HayqHble

pe3ynbrarbr [onyqeHbr Ar4ccepTaHToM caMocro.[TeJrbHo.

Jlu.{Hrrfi BKJTaA aBTopa 3aKJuoqaerc{ B pa:pa6ome MeroAoJIofI4I4

I4CCJIeAOBaHr4fl., yI{ACTVIIiI B MaTeMaTI4TIeCKOM MOAeIT4pOBAHUH, a TaKXte B

[poBeAeHuu ta6oparopHbrx r4 orrbrrHo-npoMbrr[JreHHbrx vccneAoBarruit,. Onurrro-

rrpoMbrrxJreuuufi 3KcrrepHMeHT BbrrroJrHeH Ha AeftcrsyrcqeM rIpoI,I3BoAcrBe.

3. 3HAIILIMOCTb AJIfl HAYKI4 I,I fIPOI43BOACTBA

tI ONYqEHHbIX ABTOP OM AIIC CE PTAIII4II PE3YJIbTATOB

Hay.rnrru pe3yJrbraroM Ar4cceprar\ur4 {BJr.f,rorcs reoperlrrrecKlre [oJIox(eHI{rI

HHTepaKTHsuofi clrcreMbr oHeptopecypcoc6epexeHr4t [pI4 BbInJIaBKe rlyfyHa B

.qoMeHHbrx fleqax. Atts AocrLIXeHr{f, r{eJlr4 oHa BKrroqaer ,qr,rafHocrr4Ky 14

noKanbHoe no:4efrcrnrae napaMerpaMr,r 3arpy3Kr4 v Ayrbr Ha rrlrMlrrr4pyroql4e

3oHbr H rrpoqeccbr rrJraBKrz. llpra oroM pacrur4p{er 3HaHH-f, o 3aKoHoMepHocrf,x

ABr4X(eHr4r CbrIlyqux MaTepu€uroB vr f€l3oB, TenJroMaccoooMeHe MexAy HLrMvI,

ropeHr4r4 TorrJrHBa, QoprvrupoBaHntr qyryHa H rrrJraKa, nos4eficrBlll4 tlpoqeccoB Ha

$yreponr<y. O6nacrrro [pr{Jrox{eHr.rrr reopuu fiBulrucb AoMeHHbIe Ileqz,

MOAepHH3r{pOBaHHbre B COOTBeTCTBT4T,T C MI4pOBbIMI{ TeHAeHIIHflMTI.

3Ha.ru\aocm paSomr .qnr [por43BoAcrBa 3aKnroqaercs B cJIeAyIouIeM :

- peaJrr{3oBaHbr HoBbre TexHoJrofr{qecKne pentl4Mbl,

oHepropecypcoc6epex{eHne rtpu npoBe.qeHr4r4 Aouennofi

oxapaKTepr{3oBaHbr 9 arrauu pHeApeHVr;

- ronyr{eH rrareHr Ng2700977 Poccuftcxofi (De4epaquu Ha

cBr4AerenbcrB o rocyAapcrseHHofr perr,rcrparluu uporpaMM AJII

o6ecne.ruBaroql4e

IIJIaBKI4, KOTOpble

uso6pereuue u 5

38M;



- IIOJTHOe I4CIIOnb3OBaHr.re p€BpaooToK, TecTI4poBaHHhx ycleIIIHbIMI{ otIbITHbIMH

nJraBKaMr4, o6ecnevvrBaeT oKoHoMlltlecrufi e$Qerr oKoJIo 200 py6h qyryHa;

- pe3ynbrarbr urclonb3yrorcr n yre6HoM npoqecce npu noAroroBKe 6aralanpon,

Marr4crpoB I'I KaApos nHcurefi raanuQuxagn.

4. PEKOMEHAAIIUU IIO nCIOJIb3OBAHIIIO PE3yJIbTATOB LI

BbrB oAoB ArIC CEPTATIT4II

Pelylrra6t, [onyrreHHble XapueHro A.C. B Al4cceprar{?IoHHoM

r4ccneAoBaHvrpI, peKoMeHAyeTcf, r{cnoJlb3oBaTb B cneAyloqux ocHoBHbIX

HanpaBneHuflx:

1. Ha npe.qnpr4rrvrflx, BbIfIJraBJrf,rotrIHX rryryH B .{oMeHHbIX rreqax, ocHaIrIeHHbIX

JrorKoBbrM 3arpy3oqHbrM ycrpoficrnou: IIAO (HJIMK), IIAO <Cenepcrarlb),

IIAO (EBPA3 HTMK), nAO (TyJIATIEPMET).

2. B IIAO (EBPA3 3CMK) B ycnoBn.rrx 3aMeHbr cyqecrByloqlax poropHblx

3arpy3oqHbrx ycrpoficrs Ha JrorKoBbre, c yt€rorra oco6ennocreft pa6orbl rte'{efi no

rur4xToBbrM M arepl{€ulaM, AyTbeBbIM [apaMeTp aM, fIoJIe3H oMy o obeMy.

3. Ha AorrleHHbrx rreqax, r4Meroqux npo6nelarr B cBt3I,I c QopultpoBaHlleM

nacrruefi na $yrepoBKe, 3arpoMox{AeHLreM ropHa, I43HocoM orueynopnofi rna4ru

r4 xonoAr,rJrbHr4KoB: nAO <<Meqel>>, AO <Ypa;rrcras Cralr>>.

4. B yue6norra rrpoqecce [pr4 rroAroroBKe 6araranpon, MarllcrpoB ro

HarrpaBneHr4ro <Merallyprun) vr KaApoB Brrcruefi xeanu$uxalJvrvr rro

HanpaBnenIaro <<TexHoJIorIaLI Marepl4€LnoB).

5. 3AMETTAHVIflIIO AUCCEPTAUTIOHHOfr pAnOrn

1. B ycnoBuf,x IIAO (MMK)) Airr sHepropecypcoc6epexeHl{t repepa6orrofi

uecruoio rr{TaHoMaruernToBoro cbrpbs qerecoo6pa3Ho, .qorIoJIHI4TeJIbHo K

cyqecrByloulefi TexHoJrorllu, Harrurnurb p€BBLITI4e HelpepblBHofo

MerannyprurrecKoro npoqecca crpyfi Ho-sMynbclloHHoro ̂rvila (C 3P).

2. B Ar4ccepTar\ur4 He oTpaXeHbI [purII4HbI 3Har{I{TeJIbHoro OTCTaBaHI{.I

MeraJrJryprrarrecKr4x lpe4upuarufi Poccuficxofi (De4epaquu ro MI4HI{MI43aIJHr

yAenbHoro pacxo.qa KoKca n Cpanuenlll4 c nyqurl{M MI4poBbIM ypoBHeM.



3 . B pa6ore He orpaxeHa rrpuMeHraMocrb pa3pa6oraHHofi

raHTepaKTnnuofi cncreMbr JroK€LJrbHoro eos4eftcreur [apaMerpaMr4 3arpy3Kl4 H

Ayrb{ Ha JruMlrrr4pyroque 3oHbr t4 rrpoqeccbr AoMeHHbrx ueuefi, He HMelotqrtx

JrorKoBbre 3afpy3orrHbre ycrpoft crsa.

4.Pa6ora BbrrJuAeJra 6u etqe BecoMee, ecJru 6st, orrl{caHl{e Aeitcrskrs

r43MeHeHur{ pexrlMa lrcrroJrb3oBaHufl, JrorKoBofo 3afpy3orrHofo ycrpoficrna Ha

yAenrHrrfi pacxoA KoKca conpoBoxrA€rJrocb 6u yKa3aHr4eM MexaHI{3Ma ero

BIIKIflHVTfl.

5. He r43JroxeHa MeroAr4Ka Bbr{BJreHLrfl JroKturbuofi soHrr ropHa c nazxy4ruefi

ApeHaxHofi cnoco6Hocrbro roKcosofi HacaAKI,I.

6. B pa6ory cneAoBaJro 6rr orpa:urr Heo6xoAr4Mocrb ynyqueHr4r KaqecrBa

cbrpb.rr rr KoKca.

OrMe.reHHbIe HeAocrarK?r He oKa3brBaror cyrqecrBeHHoro Blrufllc.ufl. Ha ordeHKy

KarrecrBa BbrrroJrHeHHbrx r4ccJreAonaHufr Lr He H3MeH{ror ocHoBHbIe reoperr{trecKr{e

14 rrp aKTr4rr e cKr.le p e3ynbTaTbr Ar,rccepTarluoHHo r4 p a0 oTbr.

6. 3AKJIIOTIEHI4E

llpe4cranJreHHaf, K 3arr{HTe Aracceprarlr{s BbrrroJrHeHa Ha BbrcoKoM HayqHoM

ypoBHe H rrpe.qcraBJrrer co6ofi caMocro.rrrenbHyro 3aKoHqeHHyro HayqHo-

rnanu$nxarlrroHHyfo pa6ory. Ee BbrBoAbr vr peKoMeHAar\uu AocrarorrHo

o6ocHosaHbr, r4Mear HayrrHoe HjrpaKTr4r{ecKoe 3HaqeHr4e. C$opuynr4poBaHHbre B

Ar4CCepTarIr4I4 Har{Hbre BbrBoAbr rroJrHocTblo oTBeqaIoT ee co.qepxaHl4ro LI

HerrocpeAcrBeHHo cneAyror Lr3 ocHoBHbrx pe3yJrbraroB. Ona coorBercrByer

rpe6oearuaf,M, rrpeAbf,BJrfleMbrM K AoKTopcKr{M Alrcceprarlr{trM B rrrr. 9-ll,13 u 14

<<floroNeHus o npr4cyxAelnvru ytreHbrx creueuefi>>, yrBepxAeHHoro

rrocraHoBJreHr4eM llpanurenbcrBa PO }lb 842 or 24 ceurs6px 2013 r. B nefi

coAepxarc{ Hayr{Ho ooocHoBaHHbre rexHoJlorl{rlecKI4e

3Har{uremusIfi BKJIaA B pa3BI{TI4e oKoHoMLIKI4

npoMbrrxneHHocrlr crpaHbr oHeprcpecypcoc6epe)KeHr4eM B pe3ynbrare cHl{xenvrfl

yAeirbHofo pacxoAa KoKca, rloBbrlueHu.rfl npou3BoAr{TeJrbHocTrr,qoMeHHbrx neuefi,

ynyqrxeHr{{ KaqecrBa qyryHa, yMeHbrueHr{r r{3Hoca Qyrepoerv Lr yBenvqeHkrfl.

perueHr4f,, BHoctrIIIue

MeraJrnyprz.recKofi

MexpeMoHTHofo nepHoAa paopTbr afpefaToB.



Xapuenxo Anerccan,4p Cepreenu.r 3acJryxr4Baer npr4cpKAeHurfl, yuenofi

crerreHkr AoKTopa rexHrar{ecKlrx HayK no cnerluaJrbHocru 05.16.02 - Merarryprvrfl

qepHbrx, rIBeTHbrx H peAKr4x MeT€urJroB.

,{ucceprarlzr paccMorpeHa u o6cyN.qeHa, or3blB Ha Hee yrBep)KAeH Ha

3aceAaHr{ra rca$e4pbr Mer€lrrJryprr,ru qepHbIX MeTaJIJIoB nporoKoJl Ns 1 or 22 rnyapn

2020 r.

flp egc e4arenb crByroqur fi ua 3aa e glalnlzr4

xaQ e4prr Meralrnypn4u rrepHblx Mer€LrrJroB
npopeKrop ilo HayqHofi pa6ore
14 IIHHOBAUI4trM

<Cn6rapcxrafi rocyAapcrneHurrfi
r4HAycrpr.raruurrfi yHr4Bepcrrrer)
AoKTop rexHnr{ecK}rx HayK, npo$eccop
(0s.16.02
rIBeTHbrx

- Meraruyprufl qepHbrx,

r4 peAK?rx uerarron)

Orsrrn cocraBnJr
npo@eccop xa$e4pu
MeT€Lnnypfr{H qepHbrx MeTaJrJroB,

AoKTop rexHurrecKrrx HayK, npoQeccop
(05.16.02 - Merarryprnn rrepHbrx,
qBerHbrx 14 peAKHX verarroe)
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