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O Hanpaaleuilrl or3blBa Ha .tlt{cceprauu}o

oT3brB BEAyrrIEfr Opr-AHrr3Arlr,rrr
Ha AucceprarlvoHHyro pa6ory Kuzupugu flaera flerponuua

<<VupanreHIre rrapaMerpaMr.r Hr.r3Ko3HepreruqecKrrx cr{Jrr,HoroqHr,rx SJreKTpoHHbrx rryqKoB,

feHepupyeMblx B lryrrrKax co B3pbrBoSMrrccrroHHbrM KaToAoMD,

rlpeAcraBneHHylo Ha colrcKaHue yvenofi creIIeHlI KaHAr,rAara rexHrlqecKr,rx HayK rro cneqlrilJrbHocrr4

0 I .04.04 - $nsu.recKzur oneKrpoHlrKa

ArcryarrHocrr, TeMbr Arrcceprarrun

Arryamnocm pa6oru onpeAensercs norpe6socrrro B rronf{eHlrr4 HoBbrx r{HcrpyMeHToB

Anfl nonepxnocrnofi o6pa6orru MarepvanoB r4 rroBbrrrreHrrr{ r.rx napaMerpoB. I-{elt
BbIrIoJIHeHHofi 4Ircceprauuousofi pa6orbr BrroJrHe coBpeMeHHa. Mo4z$zKarlus [oBepxHocrHbrx
cJIOeB MaTepl{anoB [yrrKaMr4 3aprxeHHbrx qacrr.rq 14 rroToKaMr4 rrJril3Mbr sBlqeTcq oAHr4M r43

BaxHbIX HanpaBneHufi pasyurvfl HayKpr r{ TexHI,rKr4, Koropoe c KOK,qbrM fo4oM HaxoArar scd
6olrure o6lacrefi [pI4MeHeHr4r rr no3Bor.ser perrrarb o6urupnuft Kpyr 3aAaq B

rIpoMbIIlneHHocrI4, ceJIbcKoM xo3rficrne, MeAprrlvHe a Apyr[x orpacnrx. Ocuonnrrun
rIpeLIMyIrIecrBaMu rlyqKoBo-rrJra3MeHHhrx rexHonon,rfi ssrsrorcfl vx pa3Hoo6pasue, BbrcoKat
3Heprerl,IqecKilt etp(percruenocrr v gKoJrorr.rtrecKuur qprcrora. llpuuenenue LrMnynbcHbx
BbIcoKoLIHTeHcITBHbIX nyrIKoB 3aprxeHHbrx qacrvu Anfl ronepxuocruofi rrao4ra$nraquu
MarepI,IaJIoB rlo3BoJlter npoBoArlTb oqr4crKy rroBepxuocrefi, r4x rronr4ponry, $opvrr4poBaHr.re
HepaBHoBecHbIX rloBepxHocrHbrx cnJraBoB vr3 npeABaplrreJrbHo nanec€nurrx uor<prrruft,
u3MeJIbrIeHLIe Kpllcranrnrecrcoft crpyKTypbr MerrrJuroB r4 cnnaBoB 4o cy6rvrurpoHHoro ypoBH.[ r4

T..II.

Cpe4z I,IcroqHHKoB TaKI,IX nyr{KoB cneAyer Bbr,4eJII,ITb IrcrorrHr4Kr,r Hlr3KogHeprerr.rqecKux
(lo 40 xB) cznrnoror{Hblx (rc 25 rcA) anerrpoHHbrx rryqKoB (HC3|I). Osu uruercr qelufi pr1
npeuMylrlecrB: peHTreuo6e:onacHocrb, rrpocrora o6ecneqeur4t BblcoKogomrHofi vsolrflr\Lrv pt,

KaK cJleAcrBve, Jlyqrrrzu HaAexHocrb r,r orHocl4TeJrbHo He6omuraq crol,IMocrb trcroqHuKa.
Hecltorp.a Ha 3Har{larerlrusrfi nporpecc s o6racrn pa:pa6orru r4 co3AaHlrfl r.rcroqHr.rKoB

HC3|I, Aocrl4rHyrrtfi x MoMeHry Harriura pa6orsr co[cKarens Kusupu4u fl.fl., uepeA Hr4M



l.

2.

crotrJlt4 AOCTarogHo rpaApIIrUOHHbIe 3aI.aqv, HarrpaBneHHble Ha AiurbHefirxee piBBr4Tr4e Qusurcu u
rexHrnKlr reHeprrpoBauu.s HC3[I, a uMeuuo:

- ynyqlxeHl4e OAHOpOAHOCTZ pacnpeAeneHar rrJrorHocrLr sHepruvt r7o ceqeHr{ro nyqKa;
- IIoBbIIIreHue cla6utrcHocrt4 3MHccI4oHHbx xapaKTepu crr4K Karo.qa r4 rroBbr[eH ufl pecypca

ero pa6orrr;

- rIoI4cK HoBbrx MeroAoB ynpaBneHzt [apaMerpaun HC3II npl4MeHLrreJrbHo K HeKorophrM
HoBbIM 3aAalIaM uonepxHocrnofi uo4u$zraqzu Marepr{ilJroB, Hanpr4Mep, npu o6pa6orre
Maccr,rBHbrx MeraJrJrr4 qecrcux us4elzfi .

PeureHue rIocraBJIeHHbIX 3araq flBrflercfl. aKTyanbHbrM Anr npr,rMeHeHr,rq lonyqeHHbrx
pe3ynbraroB rlpu pa:pa6orxe HoBoro KJIacca ucroqHrrKoB TexHoJrofr4rrecKr.rx nyvron. Ife6
Al'Iccepralluosuofi pa6oru, KaK 9To cSopnrynupoBaHo aBTopoM, 3aKrroqanacb B rror4c6e v
paspa6orxe HoBbIX MeroAoB ynpaBneHpl{ napaMerpaMr.r Ht43Ko3Heprerr.rqecKhx cr,rJrbHoroqHbrx
sneKTpOHHbIX nyrIKOB' IeHepvpyeMblx B nyIxKaX cO B3pbIBO9MI4CCI4OHH6IM KaTO.II9M.

Ilo,ryveHubre pe3yJrbrarsr [r trx HoBrf3Ha

Buepnrre Ha ocHoBe cl'IcreMarlrr{ecKr.rx uccreAonaHufi noKa3aHa eqpt[exrunuocrr
ru6pu4uoro pa3pflAa, corleraloqero cl{irbHoroqHufi orpaxarenrnrrft pa3pqr c BaKyyMHbrMr4
AyraMu, KaK MeroAa $opuupoBaHLrfl, [na3MeHHoro aHoAa c MaKcr.rMyMoM KoHrleHrparlrrlr
3apffI(eHHbIX qacrHII Ha nepu(fepuz nJIa3MeHHoro crol6a. Zcuo6gosaHue raKofo
nJIa3MeHHOrO aHoAa rIo3BOJIter 3Har{r4TeJrbHo ynyquurb paBHoMepHocrb pacnpeAeneHr.rs
TIJIOTHOCTI,I 9HEP|I,II4 TIO CCIIEHI,IIO CI,IJIbHOTOTIHOTO SJICKTPOHHOTO NYqKA.
Am reHepalluu Hl'I3KogHeprerl4qecKr4x rrrrKoB paspa6oran u ycnerxHo LrcrrbrraH
Illl4poKoalleprypuufi B3phlBo3Ml'IccuosHrrfi KaroA c pe3r,rcrt4nnofi pasnsgxofi oMr4TTepoB,
srrnorHeHHHfi Ha ocHoBe o6reunux pe3l4cropoB, rlpoBoJrorrHbre BbrBoAbr Koropbrx
vcnoJlb3ylorc.fi B KaqecrBe sMvrrepoB. flpo4euoHcrpt4poBaHa ero ycroftvunax pa6oia n
ckIJIbHoroqHoM rrna3MoHarroJrHeHHoM IVoAe. florryueHo, rrro cpeAHeKBa.{parnrlrufi pas6poc
IIJIOTHOCTI{ 3HepD4I'I nyr{Ka or I'IMrrynbca K r.rMnyJrbcy, KaK npaBr4Jro, HLrXe, a cKopocrb
HapacraHvt roKa Ha nepeAHervr $ponre l4Mnynbca :aa20-30Yo Bbrrrre aHaJrorrrsHbrx BeJrr4qr4H
.4rq Hara60ree qacro ucnonb3yeMoro MHofonpoBonoqHofo MerHofo KaroAa.
Bnepnue lpernoxeH I4 peanll3onaH e$Qer<rusHrrfi cnoco6 rrHt4ur4r.rpoBaHux nsprrnuofr
sMLICCI4LI C IOMOIITbIO BCTpOeHHbIX B KaroA pe3ucrI4BHO pa3Bq3aHHbrx AyroBbrx r4cror{HrrKoB
IIJI€I3MbI' 3aXI{raeMbIX BbICOKOBOJIbTHbIM LIMnynbCOM yCKoptrcqefo HanpqxeH14r 11116,11A.Cpe4Hrr rlJlorHocrb 3Ml4cct4oHHofo roKa Karo.4a, co3AaHHoro no 3ToMy cnoco6y, npvMepHon 1,5-1,7 pa3a [peBocxoAr.rr aHarorurrH]'ro Benr.rq[Hy, xapaKTepHyro rnfl TparkrqnouHoft
cxeMbl rIyIIrKrr c rna3MeHHbIM aHoIOM vr MHOfOlpoBoJIOqHbrM MeAHbrM
B3pbIBogMI4ccI4oHHbIM KaroAoM. Elaro4apx He3aBI,IcIrMocrr4 I,rHkIrIutrpoBaHkrfl, nspunnofigMI'IccuI{ or BerI4r{t4HbI 3a3opa Mex{ry KaroAoM rr aHoAoM (xolnerropou) z nanolnfioqefr
sTor 3a3op cpeAbl, AaHnrrfi cloco6 Mo)I{er ycnellrHo ucnonb3oBarbcr Anr feHepr,rpoBaHr4t
crIJIbHoroqHbIX 3JIeKTpoHHbx nyqKoB Ia 6e: [peABapLITeJIbHoro 3arIoJrHeHLrr npocrpaHcrBa
MexAy KaroAoM u KonneKTopoM nla3uofi, T.e. B pexr.rMe BaKyyMHoro vrvl
f a3oHarroJrHeHHof O I.IIIO na.
floxasaHa Bo3Mo)KHocrb ynpaBneHllf, paclpeAeneHr.reM rrJrorHocrt4 sHepruv no ceqeHr,rrcrlyqKa c [oMolrlbro @eppon'ranrl4THbx reJI (ronqeHrparopoB MafHr{THoro rors).
pacnonaraeMblx HelrocpeAcrBeHHo 3a KoJrJreKTopoM (uzuieHrro) u crffnnalorlt4x Ha ce6q
cr4noBbre Jrvtrvru BeAyrrlero MarHr4THoro noJrr. Merol pennr.r3oBaH B ToM qr4cne nJu
MaccpIBHbIX HeMarHI4THbx MeraJIJIHrIecKrrx uraueuefi v r4MnynbcHoro BeAyulero noJr{.

J.
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Hay.rHan tl [paKT[qecKas 3naqrrMocrr pa6orrr



1. Pa:pa6oraHbl MeroAbI, ynyqt'aloull4e oAHopoAHocrb paclpeAeneHzr rrJrorHocrr4 sHeprr4lr
IIo ceqeHulo CI4JIbHOTOTIHOfO 3neKTpoHHOrO lyqKa, Koropbre Mofyr npvMeHsrbcr KaK rro
orAeJrbHocrz, TaK V rOtrouuupoBarbc.s Apyf c ApyroM B 3aBr4Cr4MOCTr,r OT ycroszfi pr

NOCTABJIEHHbIX 3AIIAI{.

2. Cosla]F' IxllpoKoaneprypnufi (- 20 cv? Ha Hacrosrqufi ir,rouenr) n:punoguzccpronnrrfi
KaroA c pe3l4crl'IBnoft paenxsxofi lrerzullnqecKl4x gMI,ITTepoB, o6la4arolqrafi 6onee cra6zlrnrrlrr,t(or plMrlynbca K uunynrcy) [apaMerpaMLr u noxa:unarorqufi 6olee nporoDKr.rrenbHyro
be:orrasHyro pa6ory tro cpaBHeHI{Io c ApyrprMr.r mrrpoKoaneprypHbrMLt B3pbrBogMr4ccr{oHHbrMr.r
KaTOAaMpI' UCnOnb3yeMbIMI'I B I4CTOqHLIKaX HU3KOSH9pIOTIAq€CKVX CI,IJIbHOTOIIHIIX gneKTpOHHbIX
IIyqKoB.

3. BoglroNHocrb pa6oru HoBoro KarorHoro y3lra cunbHoro.{Hofi 3neKTpoHHofi nyu6z,
BKrloqaloqero B3pbIBoSMt4ccI,IoHnufi rcaro4 x BcrpoeHHbre B Heto pe3r4crr,rBHo pa3BffaHHbre
AyroBble I'IcroqHI'IKIl rIJIa3MbI, uHzrr\lz,upyeurre npo6oeM rlo noBepxHocrr4 AI4gneKTpvKa, B
pexl4Me BaKyyMHOfO Vtrv fiBoHanorHeHHOfO InOAa rro3BoJrrer cytuecrBeHHo ynpocrr{Tb
KOHCTpyKIII4IO I4CTOtIHIrKa HV3KO3HepfeTV qecKux cr.rJrbHoToqHbrx gneKTpoHHbrx nyr{KoB vl
IIOB6ICI4Tb eto HaAelKHOCTb.

4. Paspa6oraH vI ycnelxHo npvMeHeH B 3KcneprrMeHTe MeroA, rro3BoJrrrorqzfi ocyrqecrBr.rrb
e$$errunuyro o6pa6orry Hl43KogHepferrrqecKr4M clrJrbHororrHbrM 3neKTpoHHhrM nr{KoM
MaccI'IBHbIX HeMarHktrHbIX MeraJIJItrqecKVX uzgerruit, Tonrrlr4Ha Koropbrx cpaBHr4Ma vrrur
lpeBocxoAur uy6vHy npoHI{KHoBeHLIs cLIJIoBbIX rru:eufr r4MrrynbcHoro BeAyrueto MafHr4THoro
IIoJIt. CyTb uero.qa 3aKnloqaerct B pa3MerrleHm Ha rroBepxHocru o6ryvaeMoro v3renvfl
KonblleBoro vtru paMoqHoro [ocroqHHoro MafHr4Ta. llpu gToM HanpaBJreHrre cr4JroBbrx tusufi
IIoJIt rlocrotHHoro MarHvra BHyrpIr KoJIbua (paurcu) AonxHo coBnaAarb c HarrpaBneHr4eM
CI4 JIOBbIX IZ'IHNilT I4MNYNbCHOTO BCAYIIICIO M AIHU THOTO IIOJI'.

BaNnrru pe3ynbraroM crzlno rou6unzpoBaHHoe r4crlonb3oBaHr4e B crlJrbHoro.rHofi
slexrponuofi nylxKe MHoroocrplaftnoro B3pbrBogMr,rccraoHHoro KaroAa o pe3ncrr4BHbrMrz
pa3Bs3KaMI4 pr nJIa3MeHHoro aHoAa B pexr.rMe ru6pu4Horo pa3pflra, coqeraroxrero
culrHoroqnrrfi orpaxareJlsurrft pa3ptA c BaKyyMHbrMr,r AyraM:a) noKanr.r3oBaHHbrMrr no
oKpyxHocrl'I KoJIbIIeBoro aHoAa, reHepupyrcqr4Mr.r [na3My. Ilpone4eHrr LrccreAoBaHr4q,
no3BoJrI4BrXIZe ynyqmuTb napaMeTpbl ArzoAa v gneKTpoHHOrO nyr{Ka, a TaKXe AOCTr.Iqb
ycrofiuunofi pa6orrr KaroAa v KparHo yBenvqlarb ero pa6o.rvfi pecypc.

flepeuzcleHHble BbIIrIe pe3ynbrarbl HMeIor 6omruoe npaKTlrqecKoe 3HarreHr4e Ant
co3AaHI4q I,I 3Ko[nyaTarlut4 r,rcToqHuKoB 3neKTpOHHbrx nyr{KoB, rrpeAHa3HarreHHbrx An, perueHr{,
TexHonondqecKl'Ix U MarepllnnoBeAqecKr'rx 3aAaq. Pe:ylrrarH Ar{cceprarluosnofi pa6oru
MoxHo peKoMeHAOBarb Ans vcIIoJrb3OBaHur B TaKrzx opraHr43arlv{x KaK HI4I43OA r4M.
['B' E$pen'rona (Canrr-flerep6ypr), I4ucruryr (fuszKr4 rpoqHo crvt vr Marepr4anoseAeHlrq CoPAH (Torr,rcr), I4ncruryr ererrpo$usuru ypo pAH (Exarepzn6yp.), XyHaurcrzfi
yHLIBepcI'ITer r. qanura (KHP), a raKxe B Apyrl4x HayqHbrx opraHz3arlarflx ut4HHoBarluoHHbrx
rlpeArlpI4trvlflx,B Koropblx npoBoAtrct I4ccneAoBanvIflu paspa6orxu e o6racru enerrpoSu3vrKvr,
Qu:zxz nr{KoB 3apt)KeHHbIX qacrLtll, aos4eficrnz fl, ulTelcrrBHbrx oneKTpoHHbx 11yqKoB Ha
MeTaJrJI4 qecKr,re MaTep r4arrbr.

locronepnocrb HayqHbrx pe3yJrbraroB

flolyveuurre n xoAe pa6orrt pe3ynbrarbr gKcnepr.rMeHTaJrbHo ooocuonanrr. l4x
AOCrOBepHocrb noITBepx{Aaercfl cr4creMarr4qecKrlM xapaKTepoM uccle4onanufi,
t4cIIOJIb3OBaHUeM coBpeMeHHbIX MeroAoB AzafHocrr4Kr.r pt o6pa6orxu IaHHbrx,
BOCnpoH3BOAI4MOCTbIO pe3ynbraroB SKCnepr4MeHTOB, COTOCTaBJIeHpTeM gKCnepr4MeHTilnbHO
[onyrIeHHbIX pe3ynbraroB I'I rrI4CJIeHHbrx orIeHoK, Henporr,rBopequBocrbro noryrreHHbrx
pe3ynbraroB' a raKxe peanl'I3alll4efi nayvurx rloJloxe:auit u BbrBoAoB B orcnepvMeHTax 11o
UOAHST XAUPILI NOBEPXHOCTHbIX CIO€E METIUINI4qECKI,IX MATEPI4tIJIOB.



OcHoeHHe [oror(eHvq v BbIBo.qbI rucceprarlzouuofi pa6oru rocraloqHo rxr4poKo r{
nonHo anpo6uponaHbl Ha npoSralrnrrx MexgynapoAHbrx z Bcepocczftcrux r<onsepeuquxx.
Kpoue roro' Marepl'Ianbl I,IccneAoBaHzfi ony6nrrKoBaHbr n 18 nayvnbrx crarbqx, u: roroprx g
ony6rurronanu B uglLaHtflx, BxoArrqrdx B neperreHr BAK, lonyrreH 1 nareur pO Ha
u:o6perenue u | [ono)KI,ITeJIbHoe perrregue PocnareHTa rto 3arBKe Ha [one3Hyro MoAeJrb.

O6uaq orteHKa coAeplr(anr.rn pa6orsr

lzccepraqht cocrol4T Its Bne4eHur, qerbrpex uan, 3armoqeHufl,n flpuroNe H]ils, cooulzu
o6reuopt 143 crpauuubl, coAepxnr 89 plIcyHKoB u 5 ra6nwl. Cnzcorc q"t"py"rofi nzreparypu
BKJrroqaer I 43 naunaeHoBaHr.rr.

Bo BBeAeHnI'I o6ocHonana aKTyanbHocrb reMbr At4cceprarluouHofi pa6oru,
c$opn'rylzpoBaHbl Ilenb I'I 3ara.rrv pa6orrr, rroJro)KeHr4r, BbrHocrzMbre Ha 3arrlr4Ty, HayrrHuur
HOBI43Ha noJIyqeHHbIX pe3ynbraroB, Lrx [paKTr4r{ecKar 3HaquMocrb 14 AOCTOBepHOCTb,
orMer{aercq ru.{HHfi BKnar aBTopa, npeAcraBneHa crpyKTypa Ar{ccepr a\vu.

B neprofi rJraBe, flpeAcraBnslouefi co6ofi nureparypurrfi o6sop, r43JroxeHbr rrpr.rHur.rrrbr
reHepl'IpoBaHIas HCSII n nyume c TIJIa3MeHHrIM aHoAoM t4 B3pbrBogMrrccrloHHbrM KaroAoM.
PaccnaorpeHbl MeroAbI SopnrraponaHvs, rrra3MeHHofo aHoAa Ha ocHoBe AyroBbrx (rovevnrrx)
I{croqHLIKoB IIJIa3Mbr pr Ha ocHoBe o6reunofi uonv3a\uvt pa6overo ra3a c rroMoulbro
cI'IJIbHorotIHoro orpaxareJlbHoro (neuuunroecroro) pa3pfl4La. PaccuorpeHbr raKxe MexaHr43Mbr
no:6yN4eHIar n:punuofi oMllccuu rIoA ura3uoft, co3ftaH:zs. KaroAoB cr4JrbHoroqHbrx
3neKTpoHHbrx IIyrreK, ocHoBHbIe rBreHlrs kr 3aKoHoMepHocrr.r $opnauponaHur vl
TpaHcIIopTI'IpoBKI4 HLI3KogHepIeTI,IqecKI{x cI,IJIbHoTotrHbx gJIeKTpoHHbrx rr)^{KoB B
TIJItBMOHANOJIHEHHbIX ILI OAAX.

Bo eropofi rJraBe npeAcraBneHbl pa:pa6oraHnrre u r4ccneAoBaHHbre cor{cKareneM
MeroAbI Qoprraupoeanrar IIJIa3MeHHoro aHoAa u pe3ynbrarbr r4x npr4MeHeHr4 t rrpu
reHepl4poBaszz HC3|I. Cyrr AaHHIIX MeroroB cBoAt4Tcr K co3AaHr4ro rrJra3MeHHoro crol6a c
MaKCHMyMOM 3aprxeHHbrx qacrr4rl Ha nepuQepuu, qro ueo6xognuo Anfl yryrrrxeHr4q
oAHopoAHocrr,r nyrrKa Ha Mr4rrreHr.r (xonnerrope).

Pasden 2.1 nocnnt\en rz6pu4HoMy pa3prAy Ha ocHoBe cr4rbHororrHoro orpaxareJrbHoro
pa3pfl!.a (OP) z BaKyyMHbIX Ayr, JroKaJIv3oBaHHbrx no oKpyxHocrrr KoJrbrleBoro anola op.
vrccreilosaHbl rlpocrpaHcrBeHHarl crpyKTypa cBeqeHr4r u rvrHaMvtr<a ru6pu4Hofo pa3prAa.
zsuepenrr pacnpeAeneHl'It KoHIIeHTpaIIuu 3aprxeHHbrx qacrurl r4 rrJrorHocrr4 gHeprr4r4 rro
ceqeHzlo rIJIa3MeHHoro crol6a u nyqKa, coorBercrBeHHo. Onzcau npprHur{n usuepenuft
paruiulbHoro npo0znt IIJrorHocrI,I gHeprfiu nyqKa c rroMorrlbro renJroBr,r3uouuoft Ar4afHocrLrKr4.floragano, rrro pacnpeneneHl4e KoHIIeHTparIvu 3aprxeHHbrx rracrurl c MaKcr,rMyMoM Ha
nepu(fepuu IIJIiBMeHHoTo crol6a ua6no4aerc.rr lpaKTr.rqecKr.r c caMoro HarraJra r.rMnyJrbca roKa
pa3pflra 14 coxpaH-tlercs' Ha npors)KeHr,rr,r Bcero r{Mnynbca. Yserrr.{eHze no cpaBHeHvro c
npuocenofi o6lacTbro Moxer cocraBrsrb 2,5 paza.3ro no:eoruno [pr4MepHo B 2 pasa(ao 5 cu)
yBenI{qI'ITb AI{aMerp oAHopoAHoro paclpeleJreHr4tr nnorHocrrr 3Hep|I4r.r no ceqeHuro ny.rr<a (uo
ypoBHIo 0'9) n cpaBHeHI'IrI co cnyqaeM LIcIIoJrb3oBaHLr-s cunbHororrHoro Op 6es BaKyyMHbrx Ayr.B pasdene 2.2 npeTctaBJleHbl pe3ynbrarbr r{ccneroBaHuq roN.{6uHr4poBaHHoro pa3pqra,
coqeralouefo pa3p{A B nnaHapHOM MarHerpoHe, BCTpOeHHOM BO B3pbIBO3Mt4CCr4OUUrrfi KaroA,
reHepl4pylouleM KonblleBoe o6laro IIJIzL3MrI s6r[:u KaroAa, v craltHoro.lnrrfi Op. LIx
npI4MeHeHI4e IIo3BoJITIJIo yBenl4rrl4Tb KoHrleHTparlurc nna3Mbr Ha nepu$epzr.r nnuBMeHHoro
cron6a no cpaBHeHuto c ero qeHTptrnrnofi qairbro npr4MepHo B 1,2-1,5 paza, oAHaKo 3Toro
oKa3aJIOCb He.4OCTarOr{Ho Anfl olrlyrt4Mofo ynyqrxeHur oIHOpOAHOCTT{ pacnpereneHr{,
IIJIOTHOCTT,T SHeprr4u [o ceqeHr4lo [yr{Ka.

Pasden 2'3 ilocB.'ueH l4ccne.qoBaHl,Iro Bo3MoxHocrt4 I'cnonb3oBaHl4r r4MnyJlbcHofo
(HecKonbKo Ml'InnuceKyu4) ulr4yxqnoHHoro Bg pa:pr4a Hrr3Koro AaBJreHr,rr a-rrr rfoprranpoBaHr.rt
nna3MeHHofo aHoAa. floxagana Bo3MoxHocrb 3axrlraHr,Ir raKofo pa3prAa BlJrorb Ao AasreHr,rfi
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aproHa oKono 0,5 uTopp npv ucrroJrb3oBaHlru BcnoMorarelsuofi cra6oro.rHofi r{cKpbr.

Couacno 3oHAoBbrM r.r3MepeHr.rrM, KoHrleHTpaur4r gneKTpoHoB rrJril3Mbr, cogAasaeN{ofi
r4MrryJrbcHbru BH piupsAgM, cpaBHr.rreJrbHo Hr43Ka (ne 6oree 5x10ltcvr-3) u npaKTr4r{ecK}r He

r.r3MeHrercr c pocroM AaBneHrlr. HeAocraroK KoHrreHTparJvrv rrJra3Mbr 3arpyAHrer pa6ory
B3pbrBogMlrccltoHHoro KaroAa, Aenaer e€ xpafine Hecra6umnofi. Teu He MeHee, ucrloJlb3oBaHple

rrJra3MeHHofo aHoAa Ha ocHoBe lrMnynbcHoro r4HAyKrlr,roHHoro Br{ paepraa B coqeraHlalt c

ynpaBnseMbrM B3pbrBogMlrccr4oHHbrM KaroAoM, o[vcaHHbrM B pa3Aene 3.2, Mox(er 6sIrr
IIepcrreKTrrBHbrM.

OcnosHofi BbrBoA aBTopa no .qannofi rJraBe 3aKJlloqaercr B ToM, rrro, Ha Hacrorrqufi
MoMeHT, Hau6oree [epcrreKTr{BHbrM cnoco6ou co3qanvs. nJra3MeHHoro aHoAa c MaKcLIMyMoM

KoHrIeHTparIuu 3apsxeHHbrx t{acrr4rl Ha ueputfepnu, o6ecneuvBaroulrM ynyqueHlte
oAHopoAHocrr.r rrfrKa, flBrrflercfl. ru6pu4nufi pa3ps1' coqerarorunfi cursnotoqnrrfi
orpaxarenurufi pa3pqA c BaKyyMHbrMt4 AyraMu, JroKzurrl3oBaHHbrMr4 y noBepxHocrz aHoAa

oTpaxaTenbH o f o p a3p fl /J\a.

Tpersn rJraBa nocBrrrleHa Bonpocy ynyqrneHr.rs cra6uJlbHocrLt pa6oru
rxr4poKoanepTypHbrx B3pbrBo3MrrccrroHHbrx KaToAoB.

B p@dglg_lJ paccMorpeHbr KaroAbr c pe3r4crr4Bnofi parnxgxofi qucro MeraJrJrlrqecKr.rx
gMlrrrepoB. Anroporur rlccneAoBaHo ABa Bapr,raHTa raKoro KaroAa. B nepnou KaroAe gMprrrepaMrr

cnyxar [poBonoqHbre BbrBoAbr pe3vcropon TBO-1, no nropoM - Hr{xpoMoBble IIpoBoJIoKtr,

BcraBJreHHbre B KepaMr4qecKue rpy6xu. floraaano, qro AaHHbre KaroAbr o6laAaror yneruveunofi
cKopocrbro HapacraHr4r roKa Ha nepeAHeM $ponre uurymca (n cpeAHeM ua 20-30%o),
yMeHbrxeHHbrM cpeAHeKBaAparr,rqHbrM par6pocovr rrJrorHocrlr gHeplrllr flyqKa or LtMrlynbca K

r.rMrrynbcy, yBenr,rqeHHrrnr (n HecKoJrbKo pa3 pecypcorrr) no cpaBHeHr.rrc c MHorolpoBoror{HbrM
MeAHbrM KaroAoM, nau6olee qacro Lrclonb3yeMbr B r.rcrorrHr.rKax HC3|I. C yv€rorvr ynyuurennofi
oAHOpOAHOCTT4 pacnpeAeneHr{r rrJroTHocTr.r 3Heprrrr4 ro cerreHr4ro nyqKa npeAnoqTeHlrro oTAaHo

KaroAy na 6ase pe3r4cropon TBO-1.
B p@dgne 3.2 onr4caH cuoco6 vHur\uurpoBanus. n:punHofi 3Mr,rccrru c floMorrlbro

BcrpoeHHbrx B KaroA pe3I,IcrI{BHo pa3Br3aHHbrx AyroBbrx r4crorrHI,IKoB IIJIa3MH. IloxasaHo, rITo

HoeHfi raro4usrfi y3eJr, co3Aasnrrfi rro oroMy cnoco6y, o6ecne.{usaer cpeAHroro rrJrorHocrb
gMI{ccI4oHHofo roKa rrpr4MepHo sa 50-70oh Bbrrrre 3uaveuufi, o6ecuequeaeMbrx rpa4nquonnofi
cxeuoft nyIIrKI,I c rIJIa3MeHHbrM aHoAoM r.r MHoronpoBonoqHbrM MeAHbrM B3pbrBogMr4ccrroHHbrM

KaroAoM. Ornpr.ruremnofi ueprofi Aannoro y3na flBrflercfl, ero rrvraHr,re or oAHoro reHeparopa
BbIcoKoBoJIbrHbrx r4MrrynbcoB, o6ecneuzBalouero rar cpa6arbrBaHr4e AyroBblx r4cror{H[KoB
rrJra3Mbr, TaK u ycKopeHr,re gneKTpoHoB nfrKa K KoJrJreKTopy. Honufi xaroAnufi y:en Moxer
6rrrr ncnoJlb3oBaH Anq reHepnpoBaHr.rr crrJrbHoroqHbrx oJreKTpoHHbrx nyqKoB B pexlrMax KaK

BaKyyMHoro, TaK u firoHarroJrHeHHoro Auo4a. Pe:ymrar, [peAcraBnenurrfi B AaHHoM pa3Aene,
MoxHo cqr,rrarb sau6olee BDKHbTM B paccM arprasaeNaoft AV cceprarlrrrr.

rlerneprar rJraBa [ocBrrqeHa MeroAaM yrrpaBneHr.rr clrJrbHoroqHbrM oneKTpoHHbrM

tryqKoM c noMolrlblo I,I3MeHeHrlfl xoHQuryparlr4r4 BeAyrrlero MarHr.rrHoro noJrr.

B pasdene 4.I [peAcraBneHbr pe3ynbrarbr oKcnepr.rMeHToB rro ynpaBneHtrro
pacnpeAeneHueM nJroTHocTr.r 3Hepn4r4 rro ceqeHr,rrc nyqKa c rroMorrlbro KoHrIeHTpaTopoB
MarHI4THofo rIoJLlr, pacnonoxeHHbrx sa rourofi MeraJrJrlrqecrofi lrumeHbro. floxa:ano, vro
I4C[IOJIb3OBaHI4e KOHIIeHTpaTOpOB Ma|HLITHO|O nonq rrO3BOnreT nepepacnpeAeJl_flTb rrJroTHocTb

roxa (onepruu) uo ceqeHr4ro cr.rJrbHoroqHofo oJreKTpoHHofo [yrrKa H cAenarb ero 6olee
oAHopoAHbIM B rloneperrHoM ceqeHpru. Haluqne KoHueHTparopa He yMeHbrrraer BenuquHy
norsofi gHepI'I4Lr rr)rqKa, [pr4xoAqrueficq Ha MII[IeHr, rtro cBuAerenbcrByer o6 orcyrc:reuu
cyqecrBeHHblx rlorepb 3neKTpoHos sa c.rer orpaxeHr.rq or ((MarHr.rrnofi lpo6ru>.

B pasdene 4.2 npeAnoxeH v nccneAoBaH MeroA, no:nolxrorqufi ocyulecrBnrrb
eQ(per<runnyro o6pa6orKy cl4nbHororrHbrM 3neKTpoHHbrM nyqKoM Maccr.rBHbx HeMarHrarHbx
MerarrllqecKllx I,I3Aell.uit, r'yr.9M paclonoxeHr,rr Ha rroBepxHocrr,r MrlrrreHl,I paMoqHoro unLl



KOnbIIeBOTO IIOCTO'HHOTO MafHI4Ta, Cr4JIOBbre IrurHl'dpr MafHr.rTHoro noJlt Koropofo BHyrpt4
paMKIr/KonbIIa coBnaAaror c HarrpaBneHr4eM cvJroBbrx nvHr4ir. r4MrrynboHofo BeAyrrlero
MarHurHoro noJlt. Bogrr,rQxnocrb KoppeKTr.rpoBKr4 cr,rJroBbrx lunptfi. BeAyrrlero MarHarHoro ronf,
c noMolrlblo rlocrotHHoro paMoqHofo (xorrqenoro) uaruura noATBepxAeHa qr,rcJreHHbrMr.r

pacverauz concKareJrr, BbrrroJrHeHHbrMr.r B cpeAe coMSoL Multiphysics.

B rarcnroqeuuu cQoprr.rynupoBaHbr ocHoBHbre pe3ynbrarbr r{ccneAoBauuit, BbrpaxeHbr
6naro4apHocru, lepeqrlcJleHbr HoMepa ccrrnoK na pa6orrr coucKarenr.

PaccuarpzBaeMat Al,Icceprauus o6talaer BHyrpeHHuM eAVHcrBoM, Harrr4caHa rrpocrbrM rr
rcHbIM r3brKoM c MrrHt'l MyMoM CTr4Jrr,rCTr,IqeCKLr x norpeurrocrefi .

3aMeqanflq

floloNurenbHo xapaKTepv3ys pa6ory B rIeJroM, MolnHo cAenarb cneAyrorrlr4e 3aMeqaHzfl:

I . B o6sope nllreparypu (frana I ) orcyrcrByror onr4 caHpre r4 ccbrJrKr4 Ha MeroA
pe:zcrunnofi pa3Bs3KI4 MHoroocrplrftgrrx aMlrrrepoB, paHee LrccJreAoBasnufi vl

I4cnonb3oBannufi B ptAe BbIcoKoBoJIbTHbrx ycxopurelefi, pa:pa6oranurx B

HI'II43OA uu. ,{.B. E$penrona e 70-e - 80-e roAbr nponJroro croJrerux. Ecrr 4ne
ccbIJIKt4 Ha Hero, KaK Ha <nropofi MeroA) Ha crpaHr.rue 85 4accepraquu. flpu
v3YreHuvr Bonpoca o co3AaHr4r.r KaroAoB c pe3r.rcrprnnoft pa:nssrcofi 3Mr4TTepoB

aBTopy cneAoBano 6rr upunecrz 6oruue [pr.rMepoB t4 ccbrJroK Ha LrcrroJrb3oBaHqe

3TO|O npr.rHrlr,rlla.

2. Ha rpa$uxax, rIoJIyqeHHbIX HeoAHoKparHbrMrr r,r3MepeHvrMl{, He orMeLreHbr (ycbr)),
xapaKTepl{3yrourle crarr.rcrt4qecKr.re norperrrHocrr.r (puc.2.76, 2.19, 2.306, 2.376,
2.35), qro He BcefAa rlo3BoJlter orAeJrr4Tb 3aKoHoMepHbre 3aBr.Icr{Mocrt4 or omz6ox
z:lrepenzfi.

3. llper r4ccneAoBaHrir.r rrMrrynbcHoro BrI pa3psta (pasaer 2.3) aBrop npr{BoAr.rr
BbIKJIaAKII, AeMoHcrplrpyrcuue Bo3MoxHocrb ycrrneHrdr npoqeccoB r,roHr{3aguu (a
3Haql4r Lr no:6yxgenzr) Ha nepuQepuu rna3MeHHofo aHoAa. OIHaro Ha
unrerpallnofi $ororpa$uz cBeqeHr,rq rrJra3Mbr (crp.79, puc.2.366), raKoro
ycl/.neHkrfl' He BITAHo - cBeqeHr.re BHyrprl r{HAyKTopa oAHopoAHo. Bo:uoxHo, sro
cBs3aHo c us6rlroqHofi sacserrofi perucrparopa r,r3JrfreHprr, Ho aBTop Hr.rKaK He
KOMMeHTrrpyeT 3To npoTr4Bopeq[e.

3ar<nro.reuue [o Arfcceprallnlr o coorBercrBr{fi ee rpebonaHusM <<floJroxenfis o
rtopqAKe rrpncyxAeHrlfl yqeHbrx crerreHeft>> no rryHKTaM 9 u 10.

[raccepraqvoHHall pa6ora ILII. Kusrapra4z <Yupan.rrenue rapaMerpaMrr
HIr3KO3HeprerIfqecKIrX ClrJrbHororrHbrx 3JreKTpoHHbrx rryqKoB, feHeprrpyeMbrx B rryrrrKax
CO B3PbIBO3MTICCIIOHHbIM KATOAOM) 

'BJI'CTCq 
3ABCPIXEHHbIM HAYIIHbIM IICCNCAOBAHI,ICM IIO

axryalrHofi TeMarvKe. Hecuorpr Ha cAenaHHbre 3aMeqanut, palora BbrrroJlHeHa Ha BbrcoKoM
3KClepI'IMeHTaJIbHOM ypoBHe, coAepxr4T t4HTepecHbre 3neKTporexHr,rqecKr,re perxeHr.rr.
Pe:ymraru npoBeAeHHbrx aBTopoM uccreAoeauufi [peAcraBnrror KaK uay.rHufi, TaK Lr

npaKrlzqecrufi unrepec. AnropeQepat u ry6rrdKarluu rroJrHocrbro orpaxarcr coAepxaHr,re
AuccepTaur4r4.

Pa6ora coorBercrByer rpe6onaHl{flM BAK u, B qacrHocru, t. g <floroxerur o [oprAKe
npucyx(AeHl4t yrreHblx creneneft> (nocratrouenue flpanr.rreJrbcrBa Pocczficrofi Oe4epaquu Jrls

842 s peraKIII4I,I or 24.09.2013 ro4a), a ee aBrop - Kuszpu4z flaser flerponuu 3acny)Kr4Baer



lpr4cpKAeHr,rs yr{eHoft cTerreHlr KaHAl/'AaTa TexHr.rqecKlrx HayK rro clerlr4anbHocTr4 01.04.04 -
$usu.recxax gneKTpoHlrKa.
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