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KaHAuAara Qzsur<o-MareMarkIr{ecKIIX HayK no cneIII4aJIbHocrl4

l.3.19 - <<Ilazepnafl $aauxa>

l. ArcryaJrsHocrb Arrcceprallura

Teparep{onrrfi Arrarra3oH rracror 3neKTpoMarHI{THoro Ll3nyqeHrafl. B Hacro-

-fl[Iee BpeMq npr4 BJreKaer BHkrM aHr4e MHorkIX I4ccneAoBarenefi B eBssvr c nce 6o-

nee nupoKr4M nplzrMeHeHzeM 3Toro r'r3nyqeHlzs B HayrIHbIX u [paKTzqecKzx npv-

JroxeHr4rx. Be4yrcx pa6orbr fro co3AaHr{rc HacroJrbHbIX TeparepIIoBbIX ycKopl{-

relefi iuct"q, r4crroJrb3oBarruro repareprloBr,rx uorefi Anfl cnepx6ucrporo

ynpaBneHLI{ HaMarHzrIeHHOCTr,Io MaTepkIaJIoB 14 MoHI4TOpI4Hra KBaHTOBbIX IIepe-

xoAoB B BerrlecrBe. Texuura reparepqosofi c[eKTpocKotItII4 [pI4MeHflercfl. [,ns.

o6uapyxeHzfl 4e$erron B KoMrro3nrHbrx Marepr4aJlax, KoHTpon-fl KauecrBa v

ToJrrrlt'rHbr noKpbrrufr, s asrovo6unrsofi v SapualleBTnrrecxofi npoMbIruJIeHHo-

cTr4, vI3MepeHZt Harrp,{)KeHI|II|I B'refrJror,r3onr4pyloql4x noKpbrTLIf,x aBI4aIILIOHHbIX

nBrrraren eit, u KoH'rponq KarrecrBa npoAyKToB rrr4TaHkrs.. TepareplloBat crleKTpo-

cKorrr4f, npr4MeHreTcr npr4 AocMoTpe nepeBo3r'rMbrx lpy3oB c Ilenbro ooHapyxe-

Hrzs B3pbIBqaTr,IX I4 I{apKOTr{r{eCKI,IX BeITIeCTB, a TaKX(e B MeAIIIILTH9 AIIfl. AI{aI'HO-

crr{Kz sa6oresauufr. uyrewr asarru3a crreKTpoB nornolrleHn.a BbrAblxaeMoro Bo3-

Ayxa. Cy5'r'epareprloBr,rit u repareprloBr,rit guanazollbl rrepcrIeKTrIBHrI e o6racru

zu$oxoul,ryHzraqufi Anq co3A arryrA 6ecnpono,qHrlx cerefi eBfl3vr HoBbIX floKo-

tennit. c p e KopAr{brM kr cKop o cr.{M Ir n ep eA av z zH S o pMar\r4vr.



Pageurze repareprloeofi TexHurKrr Frerlo3Moxuo 6es paspa6orKl4 MeroAoB

reHeparlrlr'r, BpeMeHHoro kr crreKTpaJrbHoro upeo6pa3oBaHLrfl, a raKx{e AereKTI4-

p oBaHI{.rI Tep af epIIoBo f o v3 lryl{eHl/fl .

B cn.sgt't c 3rr4M Ar4cceprarlr4oHHa-fl paiora KypHlarona M.A., qenblo Koro-

pofi flBrrflercfl pa3Burrr4e uelzuefrHo-orrr4rrecKr4x MeroAoB reHepaquu, cneK-

TpanbHo-BpeMeHrroro npeo6pasonaur4s. v trereKTtrpoBaHI4q reparepqoBoro I43ny-

qeHr4t, ocHoBaHHbIX Ha HeKoJIJTIaI{eapr{oM Qa:onovr czHXpoHI43Me Me}KAy repa-

feprloBbrMrr BOJTHallll.l Lr ynbTpaKopoTKr4Mur na3epFIbIMI4 zMIIyIIbCaMIl B KpI4CTan-

Jrr4rlecKr4x cpeAax, 6e:ycro.eHo, tlBJlqercq axryalruofr .

2. Hayvual HoBH3Ha H Aoc'roBepHocrb

ocrroBrrblx BbIBoAoB I,I pe3yJrbTaToB AI{CCepTaIIHlr

Hayuuan rroBu3rra AaraceprarJnpr 3aKrloqaerc.s: B aosp.aHuvt qepeHKoBcrofi

cxeMbr orrrr4Ko-Tepafeprlonofi xonnepc:r:a B ciroe nonynpoBoAHl4KoBoro KptlcraJrlra)

zrrleroulefr HeocnopzMbre npeuMyrrlecrBa no cpaBI{eHZIo co craHAapruofi KonnvHeap-

Hofi cxeuofi; n pa:pa6orKe orrrr4Ko-repareprloBblx npeo6pa:osarerefi c ilonyKoHl,Iqe-

cKr{Mr4 KpeMHzeBr,rMI4 gJreMeHTaMr,r, odecue.{uBaloqrrMl4 eQ$errunurrfi sHeoA Tepa-

feprloBoro u3nyqeHvrfl kr3 Kpl4cranna LiNbO3, B npelJIoxeHI.IV cuoco6a co3AaHu-s B

Kprrcrannax $ponroB r4or{r43 ar\krLr c peryntrpyevrofi cKopocrblo ABI,IxeHlzfl. 14 6onrruofi

4lznofi pacrrpocrpaHeHnfl Ha ocHoBe vrHoroSoroHHoro norrlolqenprfl, Ira3epHbIX I,IM-

[ynbcoB co cKorueHrrbrM $ponrovr zHTeHcI{BI-IocrLI; n paspaSorKe reopl4l4 gJIJII4[co-

Merpr4rrecKoro oneKTpoorrrrrqecKoro crpo6r4poBaHnfl TeparepIIoBbIX BoJIH Qevrroce-

KyHAHbrMh na3epHbrMlr HMrryrbcaMvr B pex{I4Me IIeKoJIn}IHeapHoro Qasonoro cI4HXpo-

FIII3MA.

{ocroncpnocrb u o6ocrroBaHnoc'rb pe3ynbraron o6ecneilklBarorct rIpI4MeHe-

Hr.reM anpo6rapoBalll{brx oKclepurMeHTaJIbHbIX, Teoperrrr{ecKl4x 14 qI4cJIeHHbIX MeroAoB,

corJracoBaHrreM pe3ynbraroB Arrccepralll4oHHofi pa6oru B rracrHblx cnyqasx c rrMero-

IIII,IMt4ct TeOpeT[r{eCKLIMI4 II 3KCIepIIMeHTaJIbHLIMI{ AaHHbIMH ApyrZX aBTopOB, A TaK-



x(e anpo6arJvreir pe3ynr,TaroB Ha MexAyHapoArrr,rx KoHoepeHr\vrflx v ny1nuKa\LrflMLr tt

BbrcoKopefirusroRrrx MexAyHapoAHbIX peqelr3l4pyeMblx )KypHarIax.

3. I{curroc'rb AJIrI HayKu rr rrpaKluKlr rlpoAelannofi pa6orst

Hayuual rleHHocrr, paboru 3aKJrroqaercq B pa3Blrrr4zr HeKoJIJIzHeapHbIX Mero-

AOB feHepa\vrr4 rr AereKTprpoBaHzfl TepafeprloBofo vrcilyqeHvIs, rro3BoJlqroqzx cyqe-

crBeHHo pac:lnvpr4rr, ua6op r4cnonr,3yeMbrx [pr,r gToM uerunefinblx cpeA I4 I,IcroqHI4KoB

o rrTI,Iqe c K o f o I4 3 nyq errr4tr.

flparcruvecKarr 3Harrr{Moclr, paSorr,r 3aKJrroqaercs. B co3AaHuz: eS$errznnofi

r4 npaKTur{ecKr4 y,qo5nofi cxeMr,r feHepaur a repareprloBoro LrcnyqeHvrs. c HaKaqrotz

cro-s nonyilpoBollHrrKoBoro Kpt4cr€rlna na3epHblMrr rrMrrynbcaMr cpeAHero VIK Auana-

3oHa B ycnoBrrxx e$Ser<ra Bprocrepa v BbrBoAoM TIoJIoBI,IHrI qepeHKoBcKoro KJTLIHa re-

pafeprloBr,rx BOJIH ur3 croq no FlopMaJrur, KoTopar MoxeT oblTb I,Icronb3oBaHa B Kaqe-

cTBe AOCTynHOfO rlCTOr{Hr4Ka Tepafepr{OBOTO r43nyrreHl4t; BblcoKoesQerrraBHblx oflTz-

Ko-TepareprloBr,rx KorrBepropoB Ha ocr-IoBe Kprrcr€Lnna LiNbO3 c rIonlKoHI{qecKkIMI4

KpeMHr4eBbrMr4 sJreMeHTaMrr Anq BbrBoAa Lr KOJIJII.IMaTIVVI TepatepIIOBOfO r43IIyqeHVIfl,

nepc[eKTHBHbrx An'I uoloJrb3oBaFrr4q B TepafeprloBr,rx crleKTpoMeTpax. cnoco6 co3.qa-

HLrs.B rplrcrannax cppouron SorouotLrcarJrkr c peryJrrIpyeMblMl4 cKopocrbro ABI4)KeHI4.I

u gtruuow pacnpocTpaHer{urr r4MeeT lrepc[eKTzr]y I4cIIoJIb3oIraHI4tI Ans. AOnnepOBCKOTO

npeo6pa:oBaHvrfl. TepareprloBr,rx r4Mrlynbcon c qenbro orrrulMl43arJvrv IIX crIeKTpaJIbHo-

BpeMeHHbrx xapaKTepucrr4K. Teopz.a oJrJrr4rrcoMerpHqecKoro 3neKTpoorITlIqecKoro

crpoSzpoBaHvrfl TepareprloBbrx BoJrH Seurocer<yHAHbIMI4 na3epHblMr4 r4MrrynbcaMlI B

pexrrMe HeKoJrnr,rHeapl{oro $a:onoro cr4HXpoHI43Ma Mox{er 6rrrr vcrloJlb3oBar'a Alrfl.

onrr4Mr43arllrr4 pex{r4Ma AereKTrrpoBaHrrr rryreM nr,IOopa Kpl,Icranna-AereKTopa, p€BMepa

3OHAr4pyrOUefO OrTUr{eCKOfO ry/r{KA 14 ytnA nepeKpblTl4,'I TepafeplloBoro 14 orlTl{qecKo-

ro [yrrKoB.



4. Oueu rca coAeplKaH rrq A uccepra rryrv t ee 3aBeprleH HocrI,I

fzcceprarlkrt cocrol4T r43 BBeAeHr4-s, qe'rbrpex rJIaB, 3aKJIrorIeHVfl., ctrr4cKa Irr4-

reparypbr rr crurcKa ty6lnxaryvri no reMe Aurccepraqlrz. OSrquir o6'sewr Avrcceprar\krkr

cocraBJr-fler 1 18 crpanzrl, BKJrroqar- 32 pvcyrrKa, crrkrcoK Jrr4Teparypbl 143 100 naunaeuo-

r,a;ruir. rr cfrrrcoK ny6nzraqwit to [vcceprarJvrLr u3 14 rtauvenoea]Iufi.

B o B eed er ruu o6ocHoBaHa aKryanbHocrb Azcceprarll4oHnofi pa6orrt, cQopMynl4-

poBaHbI qenb 14 3a[aqv uccneAoBarll4fl. yKa3aHLI ELayHHas. HoBI43Ha, TeOpeTZqeCKAfl V

lpaKTr4rrecKa_fl 3Frar{r{MocTb Ar4ccepTaIIIII4, KpaTKo orrr4caHo ee coAep)KaHLIe, \pvBeAeHbI

OCHOBHbIe nO JIO)I(eHULI, BLIHO CI'IMLIe Ha 3alIII4Ty.

B nepeoir anale AvrcceprarJkrLr Ha npurMepe Kpr,rcranna GaP c HaKaqKoit:na gttuue

BoJIHbr 1,54 lrr<na nprlBeAeHr,r pe3ynr,Tarbr l4ccneAoBaHr4A nepcrIeKTLIBHocrLI npI4MeHe-

r-rr4.rr nonynpoBo/{rrr4KoBbrx KprrcrannoB B Karrecrne paSouefr cpe4br Anfl. qepeHKoBcrofr

cxeMbr orrrr{Ko-Tepareprlonori xounepcvvr. lIpcTlnoNeIIa upaKTl{qecKrr yAo6sas cxeMa

Tepareprlonoft reHeparlr4u, pa6orocnoco6socrb Koropofi rIoATBepx{AeHa rrI4cJIeHHbIM

MoAenupoBar{raeM MeroAoM FDTD. [ano orrr4carrve oKcnepI4MeHTaJIbHofi ycrauoBclr vr

npnBeAeHr,r nonyrleHHr,re pe3ynr,Tarbl Z:tuepeuurre MeroAoM gneKTpoollTl,IqecKoro

crpo6upoBaHr4fl BoJrr{oBr,re $opur,r repareprloBoro r43nyqeHl4-fl zMeror xaparrepuufi

4nx uepbHKoBcKoro r43nyqe:urfl. r'r41 6unorxpuoro rrMnynbca c nupuuoit cleKTpa

-2,5 Tfq. ,.{ocrurHyrafl MaKcrrMarrbnafl, eS$errznHocrb orlrl4Ko-reparepuosofi xoH-

Bepcvv oKa3aJracb rra [opr4ox 5orr,[re, qeM ilnflTpa4nqzouuofi KonnrrHeapuofi cxenau

KOHBepCr4r4.

B m o p an e,,ra 6 a no c Bfl rqe Ha p asp a6orKe r4 3Kcnepr4 M eHTaJIbHo it anpo6arJLrr4 otr'tv-

Ko-TepareprloBr,rx KoHBepropoB Ira ocHoBe Kprrcranna LiNbO3, cleqzaJrlz3l4poBaHHblx

noA HaKavr<y SenaroceKyHAHr,rMr4 orrrr4qecKrrMll oclll4rnqropaMl4 3a crrer l4cnoJlb3oBa-

HI,I-{ KpeMHI'IeBLIX nOnyKoIIycoB IIOJIHOTO BHyTpeFII{ero oTpaX{eHIIs' Anfl' BLIBOAa Tepa-

reprloBoro r43nyrreHr4fl v3 Kpr,rcranna. flpu HaKarIKe Kol-IBepropa rl4TaH-canSzponr,Ivt

ocrlurn.sropoM Aocrr{rHyra peKop \Hafl, (;1ru ocqunnqropoB) e$Serrl4BHocrb KoHBep-

cuu 0,06Yo, \tupwra crreKTpa rrMrryJrLcoB Aocrr4faer 6 Tfu. Ilpe4noxeHHarl cxeMa

KoHBep'fopa c ABycTopoIlHI4M IsbIBo/{oM I43JIyqeHI,I tr LI3 cIIofl Kpl4cTanna LiNbO3 qepe3
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ABa KpeMr{r4eBbrx nonyKoHyca, npr4KperrJreHHbrx K cJroro c o6er4x cropoH, fIo3BoJIteT

reHepr4ponarb reparepqoBr,re HMrryJrr,cbr 6es rarrrep$epeHulroHHoro [poBaJIa B c[eK-

rpe.

B mpemueti utaee npurBeAer{br pe3yJrbra'r'br r4ccJre.r{oBaHnfl. Bo3Mox{Hocrefr co3Aa-

Hr4.{ B Kpr,rcrannax ZnS Qponron nrasN{oo6pa3oBaHr4r c perynzpyenrofi cKopocrblo

ABrrx{eH[q u 6olr,urofi (n corrrv ntzxporr) 4rlrrrofi pacnpocrpa:aeHr4fl. B ycnoBztx MIro-

ro$orouuoro rrorJrorqerrr4rr cKorrreHrrr,rX Jr&3ep[IbIX l{M[ynbcoa. VccteAoBaHa crleK-

TpanbI{o-BpeMeIIIIa.s TpalIcQopMal\vrfl, TeparepIIoBI)IX I,IMII}JIbCOB npl4 oTpax{eHI4I'I oT

raKr4x Spouron.

Vemeepmatr ztrana nocB-srqeHa pazpa6orKe reopvv onnuilcoMerpl4qecKoro Ae-

TeKTr4pOBalgr4tr repafeprloBr,rx BoJTII B ycnoBr4.sx HeKornzHeapHoro pacnpocTpaHeHzq

r43MepfeMofo TepafeprloBofo r4 3oFrllr4pyrorrlefo Jra3epHoro I4MIIyJIbcoB B 3neKTpOOr-

Tr4r{ecKoM Kpr'rcralne. Teopug. artarr4'tr,rqecKr{ oflr4orlB&er MoAynf,III4Io lonflplrcarJvrkr

Seurocenyrr.qrroro 3orr/U4pyrouero r{Mrrynbca KaK pe3ynbrar ero Henl,IHefiI{oro B3aI4-

vo4eficrnLrfl. c repareprloBbrM rroJreM. llpone4err anarrkr3 npaKTur{ecKl4 BaxtHbIX cnyqaeB

r-reKoJr.rruueaprroro rereK'rr4polarrr4r repareprloBbrx BoJIII ulMrrynbcatru ep6ueBoro Bo-

JroKoHFroro na3epa n Kpr,rc'l'alrrre GaAs 14 HMrryJrbc€IMZ lvrar'can$uponoro na3epa I3

Kpl{cranne LiNbOr.

B 3 arcn ua et t uu anrop n oAbrrox{v n p e3ynLTarr,I AI4 ccepralll4oHHofi p aSour.

Co4epxanne ilkrcceprarluu H3Jrox{eFro rrocJre,qoBareJlbHo, MeroAI4qecKI,I npa-

BI4JIbIIo I'I AocTaTorIIIo IIoJIIIO pacKpblBaeT pexlelll4e TIOCTaBJIeHHLIX HayqHbIX 3a\aq.

[uccepra\Lrt t{tsrrfl.erc-s 3aBeprueHHbrM HayqHo-KBanLr$I{KaIILIoHHbIM IzccneAoBaHI{eM

rrocraBJreHHofi HayqHofi 3anaqvr. Pa6ora HantraaHa rpaMorHo. OSopuJIeHI4e pa6orbl

coorBeTcTByeT yc'f aIIoBnelIIII)IM IropMaM.

flo pe:ynb'raraM r4ccJre4oBauuil ouy6nrzxoBallo 14 ruayuul,Ix pa6or, B ToM .r^vrcre:

6 crarefi B xypHanax, BKJrroqerrr.rbrx n llepeuerlr IJAK rro creIII4aJIbHocrI4 1.3.19 w

[pr4paBHerrHbrx K rrr,rM, oArdrr rrarerrr u 7 ny6tuxa4uit B MarepzaJlax Mex(AyHapoAI{bIX

u BcepoccvitcKvrx Korr$eperrqufi. An'rope$epar AocrarorrHo noJIHo orpaxaer ocHoB-

HOe COAepX{aHI4e ALICCepTaIIUI4.



5. 3anacqanntr r.r Borrpocbr rro pa6ore

1. B rexcre 4nccepraqkrlr FreAocraroqHo uogpoSHo orrzcaHbl MareMarl4qecKl,Ie [o-

CTaI{OBKII pemaeMLIX 3aAaq, B qaCTHOC'M, He ilpI4BeAeHbI fpaHLIqHbIe I'I Harla[b-

Hbre ycnoBvrfl., vrcfroJrb3yeMbre npr4 perxelrr4z rrr4cJreHHbIMI4 MeroAavua 4z$se-

peHrlkr aJrbHbrx yp aB uelr'ufr,.

2. HeuonqrHo, KaK o[pe/{enqlrr4cb MorrlHocrvr na3epa v ycvilLrrelrfl, yKa3aHHbIe Ha

puc. 1.4.

3. Crp. 30: HenoH.srHo, KaK B Mo.qenr4 yr{rrrbrBaJrocb HacbIIrIeHkIe e$SercrznHocrl4

ofrrrrKo-Teparepuonoli xonn epcuu?

Crp. 37: roBoprrrcr npo (HaKarrKy r'rMrryrr,caMur orrrrarrecKoro yavnvrrenq)), Ho

He cKa3aHo, qTo .sBJl.f,erc-s feHepaTopoM 3'u4x I4MrIyJIbcoB.

flana 2'. xarc yqr,rrr)rBaJrucb BoJrrroBoArrLre cBoficrBa cnoq KpI'Icranna LiNbO3,

npeA craBnqroulef o co 6ofr ilnaHapHbrfi ourz.Ie cxuit BonHo BoA?

llueer nr4 rrpaK'rr4rrecKoe npr4MerreHrre (pa3ABooHr{r,rfi) TepareplloBblfr ryr{oK,

n onyq ae M uit npu A Bycrop o IrH eM BLIB oA e v3 ny qe:uvrs3

Her<oropue repMkrHoJloruqecKl{e 3aMerr arrvfl:

- crp. 72: ue uoHrlll{o, rrro o3lrar{aer ((B-I4I{TefpanD;

- crp. 78: repnrrzrr ((cKr,rHupyoulzftcq)), or{eBr4.rlrro, rBr.flerc,x x{apfoHl43MoM.

BbIBOAbI

1. luccepraulroHHarr pa6ora Kypuzr<ona Muxazra ArercaHApoBrrrra rocBt-

rrleHa aKTyanbHofr reve vr flBrrterer 3aKoHqensofi HayrlHo-r4ccneAoBarelrcxofi KBaJrI4-

Szraquounofi pa5orofi, co4epxarqefi peruerrue naxlrofi Hayvuofr npo6leuu - pa3Bkt-

"tvrs. Herrvuefiso-onrkrlrecKux MeroAoB reHeparll4t4, crreKTpaJlbHo-BpeMeHHoro upeo6-

pa3oBaHr4r kr AeTeKTr'rpoBarrlrr TepafeprloBofo r43nyqeHwq, ocHoBaHHbIX Ha HeKoJIJIH-

HeapHoM $a:onona cr4uxpoHr'r3Me MexAy repareprlonbrMkr BoJIHaMI4 v ynbrpaKoporKl{-

Mr4 na3epHbrMr4 zMrrlJrbcoMr4 B Kpr{crannr4qecKrrx cpe/Iax. Hay.rurte rloJloxeHLrfl vr Bbr-

BoAbI -fl Br.slorc.g oSocuonaHIIIrIMZ.
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2. Yt<asaHHbre B AaHHoM or3brBe HeAocrarKrr LrMeror qacrHbtfr xaparrep v He

cHr4)Kalor B rlenoM froJr ox{rrrerr,uofi orIeHKI4 p a6 orrr.

LIcxo4r^ u3 Bbllrrez3JroxeFrr{ofo, cqr,rraro, r{To A}rcceprallzoHHa.l pa6ora yAoBne-

TBop-ser BceM rpeSonanraqNa BAK P(D (nxnroqarl il. 9 <llonoxenurfl. o ilopcAKe rlpn-

cylKAeHz.f, yireHbrx creneneft>), npe4r-{Br.seMbrM K KaHAkIAarcKI4M AkIcceprarJr4flM, a ee

aBrop - Kypnzxon Muxaur ArexcaHApoBr'rq - 3acnyxvBaer rpl4cpKAeHufl. eMy yqe-

nofi creneHn KarrAn1ara $r,r:ur<o-uareMarurrecKr4x rrayK no cnequaJlbHocrl4 1.3.I9 -
<Jlasepuar Sz:zxa>.

OQuquansuufi orrflo IIeIIT,

3ane4yrou1ufi raSe4pofi <@ra3!IKa z rexHuKa oflTl'Iqecrofi ce.s3l4)

Of E Oy B O <Huxerop oAcKl'I fr rocy.qapcrnesnrrfi rexsuqecrzfi

yHr{Bepcr4rer r4M. P.E. AlexceeBa) (HfTy),

AoKTop Qraszrco -vtareM aruqeeKlzx HayK, np oS eccop.

Hay.rnax crequanbHocrt : 01 .04.03 - Pa4raoQr43trKa

fI, Paencrufi Arercefi CepreeBr4q, ,qalo cornacvre Ha

AaHHLIX B aTTeCTaIILIOHFILIe AOKyMeHTbI COI4CKaTeJI'

3rrKo-MareMarl,IqecKrrx HayK KypHIzro na Muxauta

BKJIIOqeHZe MOI4X rrepooHanbHbrx

yveuofi crerIeHLI KaHrkr4ara Qu-

AlercanApoBLIqa v r4x 4alrHefr-
st-IIIyrc o0pa0orKy.

A.C. Paeecrcufi.
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