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oQfiqrarbHoro onrloHeHTa Ha AlrccepraqrronHyro pa6ory Kurupuqr [asra

rlerponHua <<Vnpan.rreHue lapaMeTpaMrr H r.r3 KO 3H ep f eru q ecKnx

CIIJIbHOTOTIHbIX SJIEKTPOHHbIX NYqKOB, TEHEPIIPYEMbIX B IIYIIIKAX CO

B3pbrBoSMtrccrroHnbrM KaroAoM)>, [peAcrasleHHofi Ha colrcKaHue y'reHofi

cTefreHr{ KaHArrAaTa TexHrrrrecKHx HayK fro c[eqlraJrbHocTrr 01.04.04

<<@r.rsuqecKaq gJreKTp oHuKa>>.

I{e"rrrro pa6orsr flBrrflercfl. r4ccJreAoBaHue u pazpa6orKa HoBbIX MeroAoB

ynpaBneHlls napaMeTpaMu HLr3KoSHepreTprIIecKpIX OI4JIbHOTOIIHbIX SJIeKTpOHHbIX

IDTqKOB, reHepvpyeMblx B IIyIIIKaX CO B3pbIBOSMI4CCLIOHHbIM KaTOAOM.

Anrya.rrrHocrb Arrcceprarluu oflpeAentercr Bce nospacrarotqeft poJrbro

r4MrD/nbcHbrx rrcrorIHI4KoB rrynrKoB 3ap-flxeHHblx qacrull B $yn4arvreurutrlbHblx I4

npLrKJraAHbrx HayqHbrx r4ccneAoBaHnflx, paspa6ome HoBbIX TexHoJIorI,IqecKI,Ix

IlpoqeccoB B pa3[LrrrHbrx oTpacnf,x [poMbIIrHeHHOCTI4, MeALIIILIHe, CeJIbCKOM

xo g.f, fi cre e, p e[reHI{I4 oK oJI orrlr{ e e KI{x 3aaaq.

flay.rHan HoBrr3Ha pa6orur II.II. Kusr4pvI.u cocrol,Ir B cneAyloqeM:

1. flpeano)KeH u paspa6oraH Mero4 SopvrkrpoBaHnfl. nJI€BMeHHoro aHoAa c

MaKcr4MyMoM KoHrIeHTparJvrLr 3apf,xeHHblx qacrl{Il Ha uepraSepuu [Jra3MeHHoro

crol6a Ha ocHoBe orpaxarelrurtft pa3ptA u BaKyyMHoro pa3pflAa.

2. Ha ocHoBe npoBeAeHHbrx r4ccJre4onauzfi paspa6oraH rnl{poKoaueprypnufi

B3pbrBosMzcczonnrrfi KaroA c peszcrunnofi pasnxsrcoft gMrITTepoB, roropuft

BbrloJIHeH Ha ocHoBe o6leunrrx pe3r,rcropoB, [poBonorrHble BbIBoAbI Koropblx

r4cnonb3yroTcr B KarrecTBe 3Mr4TTepoB SneKTpOHOB IIpU BenHrII4He yCKOpf,tOIIIefO

HanprxeHprfl.Io 40 rB.



3. Buepnue [peAnox(eH 14 peilnrz3oBau cnoco6 nsprrnuoft ?Mtrccuvr oJreKTpoHoB

c [oMorrlbro AyroBbrx r4crorrHr4KoB nfasusl, BcrpoeHHbIX B r<aroAnrrft y3en v

pe3r4cTr4BHO pa3Bfl3 aHHbrX.

4. PewtusoBaH noAXoA ynpaBneHnfl, paanpeAeneHr,reM frJrorHocrl4 3Heprvn ro

cerreHr4ro lyrrKa c froMorrlbro QeppovrarHl4ToB, Bblcrynarcrrll4x B poJII4

KOHTIeHTpaTOpOB Ma|HI4THOTO [OJrr V pacflOnafaeMblx HenocpeAcTBeHHo 3a

MUIIIEHbIO.

ilparcru.recKyro rleHHocrb pa6oru MolKHo cQoprvrynupoBarb B cneAyroql4x

fIOJIOX{EHI4-flX:

1. Paspa6oraHrr MeroAbI, ynyquarouue oAHopoAHocrb pacnpeAelreHprfl

fIJIOTHOCTI,I 3HepfLII4 fro CeTIeHIItO CI,TJTbHOTOqHOTO 3IIeKTpOHHOTO nyqKa, KOTOpbIe

Moryr npprMeH-flTbcs KaK no orAenbHocrkr, TaK 14 s KoNa6uualJvrkr Apyr c ApyroM.

2. Cozaau rur4poKoaneprypHbrfi (orcono 20 cwr2) B3pbrBooMnccaoHHbtft xaroA c

pe3lrcrlrBHofi pasexsr<ofi vrerarurzqecKrrx gMI4TTepon, o6la4arorqufi ora6utrcrtrrvrz (or

r4Mnynbca K r4MnyJrbcy) uaparuerpaMr4 c 6oree BbIcoKI,IM pecypcoM no cpaBHeHl4ro c

Apyfr4Mr4 rrrnpoKoanepTypHbrMr{ B3pbrBo3Mr4ccrroHHbIMI{ KaToAaMuI, 14 CfIOJIb3yeMbIMpI

B I4CTOIIHI4KAX HI43KOSHEP|ETIqECKI4X CIIJIbHOTOqHbIX 3NEKTPOHHbIX IIYIIKOB.

3.Karorurufi y3eJr cl4JrbHororrHoro 3neKTpoHHoro 4no4a, nr<nro.raroruzfi

B3pbrBogMzccprouurrfi KaroA pr BcrpoeHHble B Hero pe3I4crI4BHo pa3B.BaHHbIe

AyfoBbre r4crogHr4KLr frJra3Mbr, rro3BonfleT cyrqecrBeHHo y[pocTI,ITb KoHcTpyKIIvrc

I4CTOqHUKa Hrr3KO3HepfeTI4qeCKr4X Cr{JIbHOTOTIHbIX 3neKTpOHHbIX nyqKOB 14 [IOBbICI4Tb

EIO HA,IIEXHOCTb.

4.Pazpa6oraH MeroA e$$exrzenofi o6pa6orrcz HI43Ko3HeprerI4rrecKI4M

CI,IJIbHOTOIIHbIM SNEKTPOHHbIM rIYqKOM MACCI{BHbIX HEMA|HI4THbIX METAIII4qECKLIX

uzgettuit, TonrqrrHa Koropbrx cpaBHr,rMa r4nr4 npeBocxoAkIT rny6uuy [poHIrKHoBeHkIfl

cr4JI oBbrx ttulauit uMrryJIb cH oro BeAylrlero MarHI4THo ro no JLfl .

Brrno4rr v pe3ynbrarbr r4cclreAoBarruit, npeAcraBJIeHHbIe B Ancaeprar\r4v1

{BJrflIorcr AocraroqHo o6ocuoeaHHbrMr4 v noATBep}KAarorct cLIcreMarI,IqecKI{M



xapaKTepoM r4ccJreAoBaHr4ir, v c[oJrb3oBaHI{eM He3aBl,rcr,rMbrx SKcleprlMeHTutrrbHbrx

MeroALrK. Pesynrrarrr pa6or ony6nzrcolbaurr B 6omurovr KoJII4qecrBe ctarefi B

BeAyqr4x HayqHbrx x(ypHarrax r4 HeoAHoKparHo rrpeAcraBJr.f,Jrr.rcb u o6cyN4atruab

aBTopoM Ha Me)KAyHap AHbrx u poccuitcKr4x HayrrHlrx xou$epeHrlr4f,x.

[uccepraqun lI.lI. Kusnpu4r4 cocrorrr r43 BBeAe:e:zfl,4-x rnan, 3aKJrrorreHr4r,

crrr4 cKa Jrlrreparyp H us I 43 uoszqnfi , npr{noxeH Lrfl Ha 2-x ctpaur4rlax.

Bo BBeAeHr{r{ o6ocnosaurr aKTyaJrbHocrb Lr rlenb nocraBJreHHbrx 3aAarr,

npor,r3BereHa orIeHKa uayuuofi HoBr43Hbr 14 ilpaKTr4qecrofi rIeHHocrI4 pa6oru.

llepe.rzcr eHbr HafrHbI e IIoJI olreHr4q, npeAcraBJreHHbr e K 3 aqr,rre.

B nepnofi rJraBe, cocrorrqeit uz nsrpr pa3AenoB, trpl{BeAeH Jlureparypurrft

o6sop c r{3Jro}KeHraeM npr4HrlkrnoB reHepr4poBa:aufl Hr43Ko3Heprerr.rqecKoro

cr4JrbHoroqHoro SJreKTpoHHofo nyrrKa B Ar4oAHbrx cr4creMax c rrJIa3MeHHbrM aHoAoM I4

B3pbrBo3MLlCCkr OHHbTM KaTOAOM.

Bo nropofi rJraBe, cocroxrqefi r43 qerbrpex p€B,qeJIoB, npeAaraBJreHbl

aljo4a vr

ocHoBe

pa:pa6oranHbre r,r LrccJreAoBaHHbre aBTopoM MeroAbr QopnrzpoBaHvrfl rJIa3MeHHoro

pe3ynbrarbr r4x npr4MeHeHLrfl. npv reHepvpoBa:arrur 3neKTpoHHbIX rtyqKoe. B

pa3paooraHHbrx MeroAoB Jre)KLIT $opvrupoBaHLIe nlasuenHofi

MaKCT4MyMOM KOHTIeHTpaUUU 3aptxeHHbrx qaCTI4II Ha

Tperrn rJraBa Lrs rpex pa3AenoB rrocBf,IrleHa BorlpocaM ynyqureHl4fl

cra6znrnocrr4 pa6oru uzpoKoafleprypHblx B3pbIBooMI4ccI4oHHbIX KaroAoB.

llor<asaHo, rrro paspa6oraunrrfi raro4nrrfi y3eJI co BcrpoeHHbIMI4 B Hero pe3I4crLIBHo

pzt3B.ffiaHHbrMr4 AyfoBblMur I,rcToqHI,rKaMI4 [Jra3Mbr MOXeT I'ICnOJrb3OBUTbCfl. n.nfl

reHeprapoBa:ulzfl, crrJrbHororrHbrx 3neKTpoHHbrx nyrrKoB 6eg npeABapI4TeJIbHoro

3arroJrHeHr4f, npocrpaHcrBa MelKAy KaroAoM Lr KoJIJIeKTopoM nlasuoft or BHeIUHero

r4crorrHLrKa, T.e. B pex(LrMe BaKyyMHoro r4Jrr4 riBoHaIIoJIHeHHoro Avro4a. llpu erovt

o6ecueqzBaerc.rl BblcoKaf rroBTop{eMocrb roKa u Harlp.f,xeHl4.a or I4Mnynbca K

I4MNYJIbCY.

rllrJrkrHApr4qecr<ofi o6nacru c

nepu$epuu.



B qerBeprofi rJraBe, cocro.f,rqefi u3 Tpex pa3AenoB, npeAcraBJreHbr

pe3yJrbrarbr I4ccJreAoBartuit rro ynpaBrenfiro cuJrrHoroqHbrM oJreKTpoHHbrM [yqKoM c

noMorrlbro MarHrrrHoro noJrr. B er<cuepr,rMeHTax AocrarorrHo rrrr4poKo r4cnoJrb3yerct

TeIIJIOB[3kIOHHafl. MeToAI4Ka, LI3JIOXeHbI pe3yJIbTaTbI BbITIOJIHeHHbIX B CpeAe

COMSOL Multiphysics qracreHHbrx pacueroe.

B sarcrro.renkrllr rpeAcraBJreHbr e o6o6qeHHoM Br4Ae pe3ynbraru pa6oru.

Anropou [peAcraBJreHa K 3arrlrrre pa6ota, BKJrroqarouas B ce6r pe:yJrbrarbr

unoronetreft pa6orbr no pa:pa6orxe v uccneAoBaHr4ro r4crorrHt4KoB

HkI3KO3HepreTI,IqeCKLrX 3JIeKTpOHHbIX IIy{KOB.

3apre.raurlq rro pa6ore:

1. Anrop AocraroqHo BoJrbHo rpaKTyer floHsrue esprmuoft gMvrccuu

3neKTpoHoB B AkroAe, H€I3brBar 3Tr,rM TepMLTHOM SMr4CCr{rO 3neKTpOHOB r43 AyIOBO|O

rIJIa3MeHHo ro 14 crorr :uvrna, p ac rr on o x eHH o ro B KaroAH o it o6 tacru.

2. BrreoA 4 pa3Aena tro rpaKTuqecroft rleHHocrlr pa6orrr [r3JIox{eH

HeKoHKperHo, HeBo3MoxHo rloHrrb BbrBoA aBTopa u orleHrrrb ero 3HaqkIMocu. B qeu

3aKrroqaerca <eS$eKrr4BHocrr o6pa6omu>? Tonqzna o6pa6arrrBaeMbrx o6pasqon,

rAe rrpor4cxoArrr uo4rzSuqvpoBaHr4e ceoficre

rrofJro[IeHrr{ SHepfr4z 3neKTpoHHofo nyqKa L\

6onule krrrkr MeHbIIre uv6znu

KaKoBa oTa cB{3b c rnv6nHofi

rrpoHrzKHoBeHr,rr cltJroBbrx tuttuit MarHr.ITHoro noJI{, o6cyx4aeMblx B pa6ore .

3. B pa6ore AocraroqHo rxrrpoKo r,rcnoJrb3oBaH TenJloBl43zonHrrfi MeroA

AprarHocrvrra. Cyrb ero 3aKJrroqaercr B <Szxcaqur4)) TerrJroBlr3opoM paclpeAelreHvrfl

TeMrreparypbr Ha murnofi cropoHe MlrrrreHla qepe3 1 c [ocne cpa6arblBannfr

ycKoplrrenx. Anrop yrBepxAaer o Bo3Mo)r{Hocrr4 ero r4cnoJrb3oBaHl4t He roJIbKo An{

orHocr'rreJrbHbrx, no u a6coJrrorHbrx rr3MepeHr4fi (clr. c. 55) 14 I4c[oJlb3yer oro B psAe

cnyqaeB l.nfl npeAcTaBrreHprfl. Kaprr4Hbr pacnpeAeJreHl,lt nJIoTHocTI4 3HepfI4I4 no

cerreHr.rro nyqKa (cvr. uanprrMep puc.2.11), rae Ha6lro4aerc.f, rrJrorHoerb 3Hepfr4r,r

BnJrorb ao 9 ilxlc*' ^nt 
Ha pr4c 4.5 ao 12 fixlcwr'. An ps1a MeTaJIJIoB (nre4r, rvrraH,



AropitlroMr4Hvrir), I4crronb3yeMblx B KaqecrBe ruracrvH npkr raKr4x rrJrorHocrflx

3Heprvv Ha6rroAaerct nJIaBJIeHr4e r4 r.rrfreHcr4BHoe pranapeHkre. Ee3 yrreTa oHeprLrr4

Qasonrrx [epexoAoB pacqer rrJrorHocrr4 sHeprr4lr rro reMneparype sa4Hefi

noBepxHocrvr Bkr4vrrcs ouz6orlHblM. Tarxe yrBepx{AeHr,re o elrufllnLlr4 3JreKTpoHHbrx

crpyfi (ct. c. 55) Ha MLIrueHrI no cpaBHI4TeJrbHo oAHopoAHoMy pacrpeAeJreHkrro

TeM[eparypbr Ha gaAHeft [oBepxHocrr4, usuepeHuofi qepe3 I c, 6es yqera

auQ$yszoHHbrx renJroBbrx rpoqeccoB rrocJre nos4eftcrerza [yrrKa He flBrrflerefl

yoeAr4TenbHbrM AoKa3aTeJrbcTBoM 3ToFo.

4. Bpel,rennofi xapaKTep ocrlr4JrJrorpaMM ycKoprroqero Harrpfl>Kenarfl, ToKa

ur4oI;a u roKa rryqKa Ha KoJIneKTop (ctr. Hanpr4Mep prac. 3.9) He noH.rrreH.

Vcrcopxroqee Harrpf,xeHpre r4 ToK p:vop.a yxe nepeceKJrr.r HyneByro rprnprro, a roK

Iry^rKa npucyTcTnyer?

Vxagannrre HeAocrarKr4 He 3arparllBaror ocHoBHbrx Ha)qHbrx rroJroxesuit u

BbIBoAoB no pa6ore, a coBoKynHocrb npeAcraBJreHHbrx pe3yJrbraroB r4ccneAosauuiT,

Moxer 6rrrr xnanuQuqvpoBaHa KaK perxeHr4e Bax{Hofi HayrHo-TexHr,rqecxoft 3aplaqv,

zuerouefi npkrHrlr{nuarrbHoe 3HalreHlre [nfl pasBkrrkrfl. rexnoloruft [onyqeHLrf,

r4MrryJrbcHbrx ilyrrKoB 3JreKTpoHoB AJrfl HayqHbrx r4 ilpaKTr,IqecKrrx qeleft.

AnropeQepa'r [paBr{nbHo orpaxaer ocHoBHoe coAepxaHr4e \vcceprarluv,

c oAep)Krrr o 6o cuoe aHHbre BbrBoAbr r4 peKoMeHA ar1.vu.

luccepraquoHHa-r pa6ora coorBercrByer rpe6onauzxvr BAK PO,

lpeAb.flBnfleMbrM K KaHAr4AarcKr,rM 4rcceprarlrlflM, a ee aBTop, Kurr.rpu4u flane.n

Ilerponuq, 3acJlyxtkrBaer rrpr4cyxAeHr4"f, yqeHofi creneHvr KarilLrAara rexHr4rrecKr4x

HayK rro cnerlr{arrbHocrr,r 0 I .0 4 .0 4 - < @zgu.recKa-s oneKTpoHr{Kil).

O$uqzamnrrfi orrrroH eHT,

3 ane4yronl vrfi. nayuuo-npor,r3B oAcrBeHHofi n a6oparoprEeft

LIMIIyJIb CH O -IIyqKOBbIX, 3JI eKTp Op a3ptAHbIX I4 IIJI a3MeHHbfX

TexH o Jr or ufi klnxesep uo fi rrrKoJrbr H o B brx np o kr 3 B oA crB e HHbrx



TexHonorzfi Toucroro rroJrr,rrexHuqecKoro yHLrB epcr4Tera,

AoKTop rexHr4rrecKr{x HayK, upo$eccop P€unee f enua,4uft E$ranroBl,Iu

634028, r. Tonacrc, up-r JIenuHa, 2a, ropnyc 1 I r,

Ten.: 8(913)-882-4494

e-mail : remnevO 6 (d,mall.ru
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