
OT3hIB

BeAylqeft opraHll3allu\r Ha Ar.rccepra{nro LlIeBrIoBa AMrrrplls BaneHrr4HoBr4rra <Pa:pa6orxa
cBepxBbrcoKoBaKyyMHoro KoMrrJreKca AJrfl rroJryrreHrrfl u in situ nccJreAoBaHnfl
HaHocrpylcTyp MeroAoM crleKTpaJrbnofi uarunroorrrrrrrecrcofi l;r.rrnncoMerpr{[ B rtrr.rpoKoM
TeMrreparypHoM Arrana3one>>, [peAcraBneHnyro Ha corrcxaHrae yrenofi crerreu]r KaHA]rAara
TexHl,rqecKlrx HayK rlo cneqranblroctv 01.04.01 - flpu6opu ri MeroAbr oKcneprrMenranrnofi

lpnsurr.r

ArryamHocrr pa6oru. .{nx [poBeAeu]rJr r.rccJreAoBaHuit s odnacrr.r HLt3KopuBMepHhD(

cTpyKTyp He3aMeHLIMbIM LIHCTpyI\IeHTOM SBJI'TOTCT CBepXBbrCOKOBaKyyMHbre KOMrrJreKCbr,

oplreHTl,IpoButHHbre Ha I{ccneAoBalr}u r l.ro4nQuKarlruo o6serron HaHoMerpoBolo piBMepa,
ucrlonmyeMble Ant co3AaHlrt yrrops.UoqeuHbx roMo- n rerepocrpyKTyp c aroMapuofi ro.urocrrro,
a raKxe ycrpoficrn Ha vx ocHoBe. flpn npoeKTr,rpoBaHlrlr Ir co3AaHr{r{ TexHoJror?rqecKoro
o6opy4oranlul I,IHTepec rpeAcraBJurror He roJrbKo cnoficrsa co3AaBaeMbrx crpyKTyp, Ho lr
Bo3MoxHocrb Hepa3pymatoqefi Ar.raruocrr-rKr.r Marep[zrJroB B rrpoqecce ux co3Aarilur, Koropat
[o3BoJr]IJIa 6u norry.uarb crpyKTypbr c )KeJraeMbrMLr xapaKTepr,rcr]rKulM]r. .{m raroro rrrrra
AI,rarHocrlIKr,I xopomo 3apeKoMeHAoBarra ce6s. orpaKareJrbHrrr gJrJrrrlcoMerprrt, KaK
nepaspymatoquft in situ MeroA aHurr43a floBepxuocr]r. OAsurra as Aocro]rHcrB Aannofi
rrontpl,rsallr,ronnoft onrrrqecKoft naero,qgKr.r .f,Brsercs ro, rrro oua rro3BoJr.f,er rrpo]r3Boprrb
Mafnl{Toonfll.recrr.Ift aHaJI[r3 ToHKr{x nn€nor rrpu rroMerqenuu QeppoMarHrrrHoro o6parqa no
BHeIrrHee MarHI{THoe rIoJIe. Tar xe xopomo r.r3Becrrro, rrro HeKoropbre xapaKTep}rcr}rKlr
HauocrpyKTyp Montrro I,IccneAoBarb nplr [poBeAeHr,ru ]rsMepeHraft ronrro [pr.r H]r3Krrx r,rJrtr roJrbKo
npll BbrcoKl{x reMrleparypax o6pasqa. B ce.flsr,r c gTrlM, aKTyturbHbrM sBtrflerc .Bolpoc o co3Aarrwr
in situ crreKTpanbHbD( MttrHlrrogJurmcoMerprrqecKr{x cvcreM c Bo3Mo}r(Hocrbro 3qanils,
reMrreparyprr o6parqa B mr,rpoKoM Ar4arra3oHe.

Kporrae rofo, BIDKHrIM frBlrrrercs, pa3B[T]re ficcneAoBarelrcroft afl[aparypbr,
flo3BoJrlrorlefi s eApIHoM TexHoJlorrtrecKoM rI]rKJre cr,rHTe3r.rpoBarb rr rroJrfrarb nn(foprraaquro o
rr,rop(fonorulr rloBepxHocur o6parqa, ero crreKTpzlJrbHbx orrrr{rrecKux u MafH}rroofiTnrrecKr.rx
napfMerpzx B mr.rpoKoM TeM[eparypHoM Ar,ra[a3oHe.

Ile.rrrro pa6orrr lllesqoea A.B. sBrraracb paepa6orra cBepxBbrcoKoBaKyyMHoro
KoMlJIeKca, rlo3BoJulrolqero B eAr,rHoM TexHoJrofrrqecKoM rIr{KJIe npoBoAI,ITb cr4HTe3 u in situ
I{ccneAoBarl}re HaHocrpyKTyp MeroAoM crreKTparrbnofi uarnuroorrrr4rrecxoft snnvncoMerpr.ru B

reMrreparypHoM Arrarra3orre or 85 ao 900 K.
B xoAe BbmoJrHeHI{t ,ryIccepraquonnofi pa6orrr AJrr Aocrr,rireHfir rrocraBJreHnofi rlerul

aBTopoM 6rur pemeu prA 3aAarr:

1. Brua onpeAeneHa KoMnoHoBKa rexHoJror?FrecKofo KoMrrJreKca Nu peuugarrupr
cBepxBbrcoKoBaKyyMHofi rexnonorurr c]rHTe3a Hrr3Kopa3MepHbx crpyKTyp c Bo3Mo)Kuocrbro
[poBeAeHI,IrI in situ oAHoBonHoBbx u cleKTpirJrbnrm (300-900 uu) sJrJrr{[coMerpuqecKrD(
uccne.uoeaHr.rfi.

2. Pa:pa6orana MarHr.rrHrur clrcreMa Ans, peanr.Barllru
MttrHr,rro gJrnr{[coMerpllqecKrrx uccne4onanzft .

in situ



3. Paapa6oraHa cl{creMa MaH}Ilryn-tlTopa-.qep}Karerrr, no3BoJrflrorqarr npoBoAuts in situ
MarurlTogJlnlrncoMerpllqecKrre uccneAoBanr{Jr B TeMrreparypHoM Ar,rarra3oHe 85-900 K.

4. Pa:pa6omna u anpo6uponana MeroAr{Ka neparpymaroqefi in situ
MarH[TogJlnl{[coMerplaqecroft AllarHocrr.rKr{ HaHopa3MepHbD( crpyKTyp B TeMrreparypHoM
.rrr{arra3oue 85-900 K.

B xoAe pemeHrr{ raN,qoft }rs 34Aarr [onfreHbr HoBbre ]r Ha1na16-3HarrriMbre pe3ynbrarbr.

,{uccepraqnt [peAcraBneHa na 131 crpanuqe ]r cocro]rr r,r3 BBeAeHr4rr, qerrlp€x ruran,

3aKrloqeHlr.f, rr crllrcKa Ilarl,IpyeMoft nuteparypu (142 HarrMeHoBaHrax) co4epN2rr(efo o6mzpnyro
LI AocraroqHylo 6u6nuorpa(fnro no BceM BorrpocurM, paccMorpeHHbrM B Alrccepra\vr4. Tercr
Arlccepralluonnofi pa6orrr Aocrarowro r4JrJrrocrprrpoBaH pr coAepx$.rr 45 pucynxon.

Bo nseAeHrrrt rl3noxeHhr IIeJrb Ir 3aAarrr,r pa6orrr, o6ocnonrmaercfl. e€ arryanrHocrb,
[peAcTaBneIIbI BbtrIocI4MbIe Ha 3aIq]ITy rroJroxeHl{g. v ollvcaHa IIpaKTI,IqecKil{ 3HarII,IMocTb
nonrreHHbD( pe3ynbTaToB r{ccneAoBaHufl.

rlepnar rJraBa ArIcceprallllu tlocBrrrleHa AocrarorrHo [oApo6uorrry o6sopy n]rreparypbr,
aBTop paccMarplrnaet 6onrmofi cnr.rcor< noAoAoB r{ MeroAoB rroJrfreHr,rJr roHKr{x nJreHoK r{
llccneAoBaHrrt oJrJrrllcoMerp[qecKrrMl,r rr MarH]rroolrruqecKrrMl{ MeroAaMr,I, a raKxe 4an o6sop
TexHoJIoruIqecKuM pemeHlrrrM Nrfl rrpoBeAeHw{ TeMneparypHbrx gJrJrr,rucoMerpr4qecK}rx u
MarHI,IToo[TIrrIecKax I{ccJIeAoBaHnft uanocrpyKTyp. Ananrag Jr}rreparypHbD( AaHHbD( rro3BoJr}rJr

cQopuynupoBarb qeru pa6oru ll orrpeAenrrrb rrocneAoBareJrbnocrb perrreHr.rs ocHoBHbD( 34Aaq.
Bropar rJraBa rIoJIHocrbIo rlocBrrqeHa paspa6orre recroBbx cr,rcreM HafpeBa u

oxJrDK,ueHI{t o6pasqon B TeMneparypHoM .q}rala3oHe or 85 ao 900 K, n roropofi rar xe
[poAeMoHcrp]IpoBauHo MoAennpoBtur[e rrpoqeccoB HalpeBa pu. pazpa6oraunoft recrosoft
KoHcrpyKrlr4r4 Aepxarenx o6pasqa.

B rperrefi ruraBe A[cceprarum rpr{BeAeHbr peynbrarbr paapa6om}r r4 r{3roroBJrenfirr
ocHoBHbx cl{creM }r y3JIoB, a raKxe cleq[arrbHofi ocnacrrr,r cBepxBbrcoKoBaxyyr,rHofi raveprr,
neo6xo.qlrubD( Ant rIpI,IMeHeHlIrI MeroAa cneKTpaJrbnofi uarnuroolrr,rqecKofi grrr,rncoMerprrlr B

[I,IpoKoM ALIarIa3oHe reMrleparyp, u p$yJrbrarbr npoBeAeHHbrx r,rcurrranrEft. [ana oqeHKa
pa6otocuoco6nocru: gJlJlll[coMerpuuecrofi crlcreMbr, c]rcreMbr HarpeBa 14 oxJrax,qeHr4rr,
HarrbrJrr,rreJmnoft n rraarnzrnofi clrcreM.

rlerneprar HraBa onrlcblBaer peaJrl{3oBauHoe [paKTr4qecKoe rrp[MeHeHlre [oJrfreHrrbD(
pe3ynbraroB, a LIMeHHo recrrrpoBaHlre paapa6oraunoro Marnr.rrogJrnlr[coMerpuqecKoro
KOMIIJIeKCa B eAIHOM III,TKJIe Ha [prrMepe floJryrreHr.rr fi rrccneAoBaHprr cTpyKTyphr
Fe/SiOz/Si(100).

B KoHIIe raxlofi HraBbr Aenarorcr KparKrre BbrBoAbr, B 3aKJrrorreHrrrr pa6oru
rlpeAcraBJleHbr ocHoBHbIe p€ynbrarbr lrccneAoBturuft. O6r€rra florfreHHbD( pesynbrzrroB pt vtx
KoJII,IqecrBo BTIoJIHe Aocrttrormo Nu.,ryrcceprarluonnoft pa6orrr Ha cor4cKauue yrOnofi crerreHr{
KttrrAllAara rexHrqecKux HayK rro cleqlraJrbnocrr.r 01.04.01 <flpn6opu v MeroAbr
sKcneplrMenranrnoft lpusuxu>.

Cne.qyet orMerlrrb, rrro ttBTopy yAanocb rrpoBecr}r nonnrrft qr,rKJr rrccJre4onarenrcxoft
pa6orrr, BK;rroqar pacqgrHyro qacrb rr co3AaHr{e 4eftcrnyroqefi ycranonxu.

O6ocnosaHuocrb vt AocroBepHocrb p$ynbraroB [oATBep)KAarorcr rrpr.rMeHerrrreM

coBpeMeHHbD( MeroAoB I,IccneAonanzft, TeoperrrecKrrMrr pacqerurMrl r.r MoAen]rpoBaur4eM, a
Tarc(e p$ynbTaTaMlr MrrororMcJrerrHbD( gKcrrepr.rMeHToB.

,{octonncreou pa6orrr flBlllLercs, To, rrro ee pesymrarrr 6ruru }rcrroJrb3oBaHbr rrpr{
BbnOJIIIeHIIII HeCKOJIbKI{X HafmO-ECCneAOBaTeJIbCKITX UpOeKTOB, a TaKXe TeM, rITO IIO TeMe

AlrcceprallIEonnoft pa6orrr 6ruru [olyrreubr 2 nateuraPO u saper]rcrpr{poBaHo 2 cnngereJrbcrBa
o rocyAapcrnennofi perurcrpaqnr,r rporpaMM AJrr 3BM

Teua ArIccepraIII4I,r coorBercrByer cneqlranbHocrn 01.04.01 - <flpu6opu 14 MeroAbr
gKcnepl,IMenranrnofi QusvrrE>. Ocnonnrre pe3ylbrarbr Ar,rccepraur{}r ony6nuxonanrr s 7
pa6omx. Co4epxanue anrope$epara coorBercrByer ocHoBHbrM LrAerM r.r BbrBoAzlM Ar4cceprar\lau.



Honngua p$yJrbraroB, rroJrfreHHbD( lllenqonrnvr .{.B., 3aKrroqaercr B ToM, qro
6naro4apr oco6ennoctm,r parpa6oranHoft n cogAannoft r,rM KoncrpyKrlrr B

cBepxBbrcoKoBaKyyr{Hoft pocronofi rauepe yA€rnocb B paMxux o.u{oro gKcrrep}rMeHTa coBMecrrrrb
He roJIbKo Bo3MolcHocrb rlpoBeAenus, in situ uccll,eposaHufi olrr{qecKltx rr MarHLtrnrx cnoftcrn,
cr.rHTe3r.rpoBaHHbD( HaHocrpyKTyp B Ar.rurrra3oHe ronrqr.rH or I Ao 100 nu B rrrupoKoM Ar,ra[a3oHe
TeM[epaTyp, Ho rr Bo3MoxHocTb co3AaHrlur HarraJrbHbD( ycronufi (foplluponaHr.r.f, 3Tr4x crpyKTyp,
c rloMorrlbro 3a4antrs. HarIarIbHbD( TeMrreparyp or 85 ao 900 K a uarnrarHoro rroJrr B Alrarra3oue
or -6 ao +6 x3.

Ilparrn.recKafl 3HarrrrMocrb noJryrreHHbrx aBTopoM pe3yJrbraroB.

Koncrpyru4BHble pelueHlat n pa:pa6oraHHoM fllenqonrnvr ,{.B cnepxBbrcoKoBaKyyN{HoM
KoMrIJreKce [o3BoJUIror LtcKJlrotl]rrb Brrl{f,Hrre arrraoc(fepsr Ha rroJrfraeMbre HaHocrpyKTypunpu in
situ MarHLIToorITuqecKux I{3MepeHI{JD( B rtrrrpoKoM Ar{arra3oHe reMrreparyp, rrro Mo)Ker
cuoco6crsoBaTb [oJrrreH]Ilo HoBbrx (fyH4arvreuraJrbHbx sHauuft o pa3nuqHbx MareprrzrJrax,

TzlKr{x, HarIpI,IMep, KaK Haquulo (foprranponau}Ir MarHr.rrHoro cocrornr4.f,, TeMrrepary)br ABriDr(eHr{t

AoMeHHbD( creHoK, o[peAeneHr{e ycnoBltfi cnaenrr rr4rra pocra npu MoneKynrpHo-nyrenofi
grrrrTaKcrru r,r Ap.

I4grotosrennrrft HanbrJrlrrenrnrul cBepxBbrcor<onaryyunrrfi KoMlJreKc Moxer 6rrrr
lprrMeHeH B TexHoJror[qecKrrx rrpoqeccitx noJryrreunr us4erutrr HarrooneKTpoHr{Krr, rpe6yroqux
cBepxBhrcoKoro BaKyyrvra (uoprlra 104 tta) r.r reMrreparypHbD( pexvMoB (or 85 K Ao 900 K).

Paspa6otanHat KoHcrpyKrlru MaHlrnyJrrropa-Aepx€Terrs.v raccneAoBareJrbcKarr MeroAlrKa
AaIoT Bo3MoxIIocTb [olyqeHI'IJI HaHOCTpyKTyp c MeTaJIJIaqeCKIIMLI, [oJIy[poBoAII]IKOBbIMI{ II
AlrgneKTpr,IqecKLIM[ cJlotMrr, cosMerq€HubrMrr na o4noft rroAno)KKe MoHoKp]rcrzurJra KpeMHr{Jr.

Oqenrca coAepr€Hrrff Arrcceprarlllll, ee 3aBepmeHnocrrr

,{zccepraqpls. flBrrnerc .3aBeprneuubrM HafrHbrM rrccneAoBaHr,reM u coAepxr,rr perrreu}re
Bcex nocraBJrelrHbD( 3aAaq. Co4epNanlre A[rcceprarl[]r rroJtrrocrbro coorBercrByer [aclopry
cnequarlbHoctu 01.04.01 - <flpu6opu lr MeroAbr eKcrrepr,rMenranruoft (pusuxu>. Pesynrrarrr
r.rccne4onanr.rfi rro reMe A]rccepraq]r]r ony6nr.rxonanrr B 9 pa6orax, r,r3 Hrrx 7 crarefi
ony6ruronalro B pellercIrpyeMhD( xq{pHarrrx, BxoArrqrx B cr}rcoK BAK PO. O neo6xo4.ruou
ypoBHe ocBetrIeHl{t [oJrrreHHbD( Har[rbD( pBynbTaToB B fleqaTr,r cBr{AerenbcTByeT crr}rcoK
ny6nuraquft. Ony6nrKoBaHHbre pa6orrr coorBercrByror reMarlrKe, ocHoBHbrM rroJroxeHr4rM Ir
BbrBoAilM Ar{cceprarluoruroft pa6orsr.

Ka.recrso otfoprrrnenux Ar{cceprarlnr BbrcoKoe. flo raNAoft fJraBe cQopuynupoBauhr
coAep)KareJlbHEre BbrBoAbr, qro o6nerqaer rroHrrMarrne fi aHaJrlr3 Marepvana. Anrope(fepar
rroJrHocTbro n [paBlrnbHo oTprDKaeT coAepxaHr{e ArrccepTu[Idv.

3aue.rauns rro A[ccepraqrroHrrofi pa6ore:

l) Irl3necrno, rrro rrpu yrete srrcorofi qyBcrBr,rreJrbHocr]r oJur]rncoMerplrqecKr.rx
uarraepenuft K cocro.lHl,Ilo noBepxHocrl4, uaneftmue geQerrrr Ha rroBepxHocrr4, Hapy[iuorqfie ee

rrJrocKocrb, MorJrr caMbrM raracrpo(fu.recKnM o6pasorra cKiBarbcr Ha p€ynbrarrx lcMepeHr.rt
onrl,IqecKrlx [ocro.f,HHbD(. B E{cceprarluu He roBopr{Tbcr o cocrorur{r4 rroBepxHocrar -
mepoxoBaTocTll lI lc.utr4rrr4rr TolrKlrx 44cop6upoBaHHbD( un€nox, Koropbre Moryr Bo3Hr'rKaTb B ToM

rlllcJre nplr Kp]IoreHHbD( TeMrreparypax. He [pr,rBeAeubr orIeHKr4 rro cKopocr]r octurAeupr;r
a4cop6upyrorquxcr ra3oB.

2)B auccepraql,Ill yKa3auo, rrro rrpll HarpeBaHr,rr rroAno)KKu ao 600 K ranrencr,rsHocrs e€

co6crseHHofo rerrJroBoro rr3JrfreHrdrr Ha noprAKrr rrpeBbrrtraer r{rrreHc}rBuocrb 3oHAr{pyrorqero
Jr)4Ia. KaK o6ecue.u,rsaercs. Totllrocrb gJrnrarrcoMerpnrrecKr{x usuepenrEfi rrpv reMleparypax (85-
900) K, yKa3aHHbD( rar pa6o.ufi 4uanaron co3AaHHoro cBepxBbrcoKoBaKyyruuoro KoM[nerca?



3) t3 pa6ore He npotsejre}{br cpaBHHTeilrrHrrlc ficcJer:loBallug [I Hc o6cyx.eaerc, B-rt]ltlt{}lc

npOt'eKaHHl IoKa Ltepe3 Hpe\lltrreB\,ro lo,rl.'lox(K)'tta rpotlct:cbl pocTil I'ljlctll(!'l l'e' ga trlp)'Kr)'p)'
':rrlfi n.r€urll lt pe:lt-.ilbTa-I'bl Mat-llI.{TO)iUIHIICOI{c"rpt{qecKllx t't:lNtCpettnfi'

4) I( rave"laHlrf,M Motfitro otHecTH To. qTo He 6brxn rlpoBeAeHbl ilt sittt ncc.r-legoBfihultl

cfopulrpclnarrws rurEuoqHbrx c'fp,vru),p npu npe,(e;tbHo Hlt3KHX H BblcoKllx rel\'tneparYpax lJ

.:rlrfl t lil30fl e ( 8 5-900 ) l{.
Clgc"lattur,rc :1[rMeqaHl{rr Hc c;rHTr(aror o6ueil HatyttHofi H npaKTHqecKotYl tlell]locl't'l

.'1 11 ggrrp'r auH o H fr o l"r paooTbl.

)ax.tro.tculte o coo f llc-Icl-Btru .'lilcccp't rlurllt Kptl'l eP1lil$r! \'c'I:ll{oll.lellll},lM
I I o' lttine ltu eM o | | o ptl'lKc n p lt c)'ili,te ll lr tl \' 1l e H bl )i' c I ellc ll eil

lla ocrroeaHl4!t Bbt[IeH3-toxeHHoro Moz(Ho c;'lerarb Bttl]o,,{l o "loi\'.I. qro,illcccp-raurrll ,ll'fJ'

llleurtoua tB;tJ{ercrr gayr111u-oo*rNrl.rnxa[ronnoii pa6oroil. B rco'ropoit coilep){(l{Ictt pclxull14c

liUir,t. l.lt\{cr()tunx, c},ulecrrJeHHoe lllalretll,te n o6lnurH pir'lpn6trrru tl co3ilill lIltl

)liclep}tilleHliLtbHl:tX !C'fatIOBOt( .:t-rl8 IIpOIJ$teH['lR ')KCtleP]l:vlel{'1'tUtbHtrl-\ ltCCleloRaHnt'i tt

pit jxltLthtblX r.rCt,:tAc;nx clrr.rf uxH H ,l-1tt ;lg-rtbttci.ituet o pillBl.t lt4tl IgXtlCljlorHll Il3l olOB-tlgltt.ltl

.l c r poi;r clo c fi l'l tli'poH Hl(t't tiA h.peM I{ H e Bo i't ocu o ee.
''farug obpil:or,r. cqgraeu. r{'fo:lHcceprall14fl Il.B.LLIeaqclslt coolBercrBver Bce}l

rpc6otuuuniy lSAK u rpe6otalylv n.9 r<llo.qoarerrHr o nopltirKc npt{cyil(,'leuHtl )''tctlt,lx
c'r'crrcrrcr.i2. \'lJcp7rijleHnqro IloclarroB.:lcttttev Ilpirnlrrc,rttrc"t tJ[l P<ll tl't-2{cetrrsOpl ]0li r'. ilir:8'll
(c !ri\reHc[{}ulMr.t. Bgeceltrtr)t\{rt Ilocrautlujleur{er.t Ilpaeule.lr,c.tua P0 or ?l attpr:.iur ]016 r. 'Ns

i3-5j. ilpefr,rRJfle:v{htM K.'(r.tcccp-rauHn\.1 rril corjcKailr'Ie,vuettotli c'rcllcllM Ktlt{jlH;:titl'tl Havli. tl cc

ilgrop A.B. lllcnuoB']lcny;.rclorlc't flpnc)')K.leHHs ttctttltrloft yqeuofi cl'enellH KilH;lt'lJilra

re\Hurl!'cKnx Hii)-r( lo cneuttii.:tt,HoclH 0l.04.01 IlplrClopbt t4 Nlero.ilbt ')KcltcPt'tltctt't'A-'tt,ttttti

q)il ]r{ril.I.
().r lurr Hi'r;Ulccc'pratlno illcurtonl.t /l.Li. oirct'z<.lcn r'r oio6pelt llil pelcult{pcllHo}l l"lA\(lJio}t

ccN1l..ptrlpc :rairopalopu[.t nvqKoBo-trlil']l.tc-ttttctit 14tlil(crlepiln lloBcPx]{ocl"ll l'lnc rtl rt ttt

cr.l"iu,lrolorrHoft:l;rr:x'r'pounrcu CO PAH s [aqec'l'uc OT't]LtBa Beilytrrefi opfau]l3ol{}'tu (trpo'roror Is
ll04 or 27 anrvc'ra 2019 r.).
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