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otpnUualrnolo o[[oHeHTa AoKTopa TeXHuqecK]Ix Ha)rK, npoSeccopa M'K' MapaxranoBa Ha

Ar{cceprarlruo AHAper l{ropeBnrra MoryrKr{Ha (MexaH}IKo-MareMarI'IqecKaJI MoAeJIb

Ae$opMaqrft npo(funnpoBtilIgblx gJIeKTpoAoB IIoHIIrIX ABllraTenefi), npeAcTaBneHHylo Ha

coucKaHlre rreHofi cTefleglr KaHAIIAaTa TexELIqecKIIx HayK IIO C[equaIIbHOCTI4 05'07'05 -

<Tenrosbre, SJreKTpopaKerHbre ABprfareJrr4 rr sHeproycraFroBKt4 JrerareJlbHbrx arrlaparoB)'

PeqenSupyeMa5l ALICcepTaIII4t COCTSIIT I{3 161 cTpaHI'IIIbI TeKCTa' BK11IOqarc111erO B Ce6s

109 pucynKoB Ir 6 ra6nuq. Cnucor nr,rreparypbr coAeplrl,Ir 113 HallMeHoBturufi. O$opuJreHl4e

Ar{CoepTaquu cooTBeTcTByeT Tpe6oBaHI,IflM, ycTaHoBJIeHHbIM MrAUUCrepcTBoM o6pasonanur u

HayKLI Poccuftcxofi OeAepaqrau. Pesynrtarsr AllccepTaqufi II3JIoXSHbI s 5-fl'I cTarbtx'

ony6rulronaHHblx B II3AaHI,ID(, peKoMeHAoBaHHbD( BAK Muno6pnayrn P@, a TaKXe B AByX

rraTeHTax Poccuficrofi Oe.4epaqllll' a TaKlrenT-uu AoKJIaAux I{ [IHocTpaHHbIX XypHaJIax'

co4epNanue anrope$epaTa cooTBeTcTByeT coAeplKaHI'IIO AI{CCepTaIII4[.

Arcrya;rblrocrr us6pannofi TeMbr. B nocneAHee BpeMt IIOHHbIe gneKTpopaKerHbre

.4Br4raTeJrr,I CTiurlr TeptTb CBOIO [pI,IBneKaTeJIbHOCTb B rJIa3aX OTOII9CTB9HHbIX yqeHblx' B TO

BpeMr KaK B CIIIA, feprr,rannn vIpI B frnouuu oHlI Ilo-flpexHeMy [oIIyJItpHbI' Hau He cneAyeT

yrrygKaTb HaKO[JIeHHruT npex,Ue orIbIT e paspa6orre UoAo6nrur 3P,{, LI Aa}Ke B 9TOM cMbICJIe

aBTOp O6pan\aercfl K BecbMa aKTyulnbHofi reue'

Hayunan HOBII3Ha padOTbI 3aKIIOqaeTCfl B TOM' qTO COIICKaTeJIb tIpeAnOX'.Iil u

pa3pa6oT4rr op[fl.IHzulbHylo MeXaHI,IKo-MaTeMaTI'IqecKyIo MoAenb pacqeTa Ae(bopMaqufi

fipo(bunupoBaIlllblx gJIeKTpoAoB ]IoHHoIo ABI'IraTeJIfl, B3tB sa ocHoBy BblcoKoqacToTHblft

/IBlrrareJrb. C nouoqrro ilpeAJroxeuHoft r,rM MoAen[ Moxuo oqeHurb BeJrlItI]IHy rlporu6a

gneKTpoAoB LroHHo-orrrrrqecKofi clrcreMbr B 3aBr.rcHMocrll or reMneparypbr, pa3MepoB u

MaTepuala gneKTpoAoB. Pesylltaml [poBepeHbl Ha MoAeJIf,x AB]IIaTens' fnanna"f,

HanpaBneHHocTb pa6 oTbI - yBe[I'IqeHI4e pecypca ABuraTeJU{'

Hayvnrre IIoJIoxeHIIs AllccepTallnur ee B5IBOAI'I Ir peKOMeHAaIIu[ HaAeXHo

o6ogrosaHbr TeopeTr,rqecKr,rM aHaJrra3oM r4 sKclepfiMeHTaJIbHbIMI'I AaHHbIMI'I, rIoJIfreHHbIMI'I npfi

yrracrl,Ill An4per I'lropennva.

ocnosHrre 3aAarrn ArrccepTallnn c(lopuywrpoBaHbl flCHO vr BbIIIOJII{eHbI

r4crrepnbrBarolle: or pmpaoorKr,r rpe6onanuft K y3naM lloHuo-orlTlltlecKofi cl4creMbl Ao

pa3pa6oTKr,r KoHCTpyKrIUfi y3noB cr,IcTeMbI C pa3HbIMlI TlllopzulMepaMll. Mexly 9TI'IMII

KpaftHflMr.r 3a(arraNtur HaAnexarqee MecTo 3aH[MaeT MexaH[KO-MaTeMaTI{IIeCKaJI MOAenb

AeOopMaUuI,I 3JIeKTpo.4oB. Pacrrer noAqIIHeH ycJIoBI{Io' trro HarpeB 8006

I



HaIpeB, B qaCTHOCTI,I, IIpHBOA'T K BO3HI,IKHOBeHI4IO AOIIOJIHI,ITeJTbHbD( [pOfI,r6OB gneKTpOAOB H

Hapylreur{ro 6ezar;apuirrroft pa6orrr ABr{rareJrr, yMeHbrrreHrrro ero pecypca.

Ilparcrn.recKafl rleHHocrb Arrcceprarlrru cocror,rr B ToM, rrro, fioJrb3yrcb [oJrfreHHbrMr.r

n nefi AaHHrIMLI, MoxHo npeAnoxr4Tb pacqerHyro MoAeJrb, yrrpoqarcqyro Bonpocbr

rIpoeKTI,IpoBaHHfl. [I LrcroroBJreHzr npo(fr.rJrr.IpoBaHHbrx gJreKTpoAoB r{oHHo-orrr}rqecKofi cracrelrrr

Anr ABr4rarenefi c ptBlr.rrrHbrM Ar4aMerpoM ycKopeHuoro uoHHoro rr] rKa.

Pery;rrrarrr pa6orrr, 6erycronno, AocroBepnbr. Jlnqnoe fracrr,re aBTopa B

I4HTepecHbIX I{ Irone3Hstx H?IP ((orrarruBaro)) ero yMenr,re pa6orarr c r{oHHbrMr4 ABurrarerflMv4

HanoJIH{JIo [paKTl4rlecrofi qennocrbro KarrecrBo ero plccJreAoBaJruft. MarepuraJrbr, r{EJroxeHHhre

B Allcceprarlvftr, aBTop non) rLIJr caM, B co6creeHHbrx pacqerax lr gKcrrepraMeHTax.

Ily6.rrnrcaqlrft Ia AorcnaAoB, ocBerqarcuux coAepxaHvre v peyJrbrarbr Aausofi pa6orri,

cAenaHo B[oJIHe AocraroqHo (14 HaI,IMeHoBanuit) gnx ee 3arrlHTbr B KaqecrBe ran4z4arcroft

AHcceprarlul{. B ALIccepraIIu[ npLIBeAeHbI cBeAeHHr o npaKTr{qecKoM r.rcnoJrb3oBaHr4r.r

rronf{eHHbrx pe3yJrbraroB, 3ttrrJraH}rpoBaHHoM Ha prAe npe4upuatufi .

,{zcceptaqur loarrvcana co}IcKareJreM caMocrorreJrbHo, Hecer qeprbr BHyrpeHHero

eAuHcrBa, coAepxc4T HoBbIe HafrHbre pe3ynbrarbr r4 noJroxreHrir, Koropbre y6e4urenrno

apryMeHTHpoBaHbr.

fluccepraqur cocro]IT r.r3 BBeAeHr{ fl, vr nflTu rTraB.

BneAenne flocBtlrleno o6ocuoeaHzro Ar,rcceprarluoHHoro uccJreAoBaHr4r, KparKoMy

oflucarrl{Io npo6leurr ycroftuueofi pa6oru sJreKTpoAon u (foprrlylupoBaHr.rrc ocHoBHbD( 3a,qaq.

B nepnofi rJraBe Al{cceprallnu (18 crp. reKcra) npe4cranneH Marep}rzrJr no Borpocy

co3nankrs. rIoHHbx 4nnrateileft pa:ln[qHbrx clrcreM KaK y rrac B crpaHe, TaK H sa py6exona.

PaccnrorpeHbr reHAeHr\w pa3Bprrr.rra r4oHubx 3P[ c rrvraHfieM rffiopa3prAHofo HcrorrH]rKa

BblcoKoqacrorHblM ToKoM, oIIeHeHbr rrpeuMyrqecrBa r{ HeAocrarKra raroft cxeMhr ABr{rareJrrr.

,{auo onucanr.Ie oco6eHHocrLr KoHcrpylquft rEonno-orrlrrrecKofi cr,rcrerrarr u [poreKaroqr{x B

nefi Srasu-recrux [poqeccoB. O6ogroBaHo, rrro repMr.rqecKalr 4e(fopvraqza eneKTpoAoB

crlcreMbl flBlrserc . oAHLIM r43 ocHoBHrx SarcropoB, orpaHntrrrBarotq[x pecypc Asrararers. llo

pe3ynbraraM srofi o6sopnoft manrr o6oqroBaHa aKTyirJrbHocrb rrocraBJreHuofi saAaqv -

IzccJle,qoBaHue repMoMexaHllqecKoft ge(poprraarlr.ru gneKTpoAoB B troHHo-o[Tzqecrofi c]rcreMe

I{OHHOIO,IIBUTATEJI'.,

Bo nropoft HraBe (37 crp. rercra) 4au o6sop anaJrurlrrrecKux pemenuft ptga3aAaq ro

reunoeofi 4e$opnraqrEu nJlacrrrH ra o6o"[o.reK, rJraBHbrM o6pa:orvr nep(fopupoBarrHbrx. Ocrronnas

Sopua o6ono.Irr - cQepruecxHfi cnoft (nma csepuqecKzft cerMeHT, KaK B guccepraquu).

flpeAcranneHa (fusuvecrax Morenb gJreMeHTa ronrocrennofi o6olouxu, a raKxe

clrcreMa auQ0epeuqrraJrbnbrx ypanuenzft repMoyrpyrocrr.r Ans orpeAeJreHr{.f, 4e(fopuaquz



o6ono.rxu. 3a[a,ra [peAcraBneHa KaK ocecr,rMMerpvrqnas., cnoco6rr peffeulls roropoft

paccMorpeHbr 3Aecb xe. flpoanaJrlr3rapoBaHu ra nrt6parlbl rpaHLIrIHbIe ycroBl,Is Ha KoHTypax

paccMorpeHHbrx gJreKTpoAon. B nu6ope KpaeBbrx ycronuft orpaxeHbl, Ha[pI.{Mep, oco6eHHocrll

gKcrrJryararlrru troHHo-orrrnqecKofi cucreurr IryreM ytlera Bo3MoxHocrI,I yrJIoBbIX rloBoporoB

gneKrpoloB o6ycloeleHubx Aeftcrnueu BHerrrHlrx lparropon Ha oflopHbre gJIeMeHTbI.

Paccuorpena 4e(foprr,rarlufl gJreMeHToB, HaxoA-alqilxct B ycJloButx HepaBHoMepHoro HarpeBa rlo

PaIVyCy v roJrrrlr4He.

,ftr pacuem 4e$oprr,rarlLtu sneKTpoAa 6rurpr Hc[oJrb3oBaHbr uHTefpaJIbHbIe ypaBHeHI{t,

npr.rBeAennbre aBToporvr r 6espasuepHofi $oprrre. B pesyffiraTe npoBeAeHHoro ncaneloBarvrfl.

nafiAeno perneHlre cficreMbr ypannenufi n 6espasuepHoM Btr4e vIlrr4 B KpHTepI,IiubHbD(

aprryeHTax. 3ro MoxHo crr[Tarb nayrnofi sacryrofi An4per I4ropenzva, no:nolnolqeft

o[peAenr,rrb HaquurbHyro , $opr"ry upo(fr.rur,rpoBaHHoro gJIeKTpoAa, o6ecueuuBalo[tyrc

cra6r.rnrnocrr MexsneKTpoAHofo 3a3opa HoHHo-olrrr.r.recrofi cllcreMbl rrp]I pa3nl4qHbrx

TerrJroBbx Harpy3Kax.

B rperreft HraBe (23 crp. rercra) npeAcraBneH Marepr{aJr, }rJullocrpllpytoquft

Bo3MoxHocrlr rrlrcJreHgoro MoAeJrnpoBaHr.rs $oprrau oJreKTpoAoB [p]I ]Ix HarpeBe c [oMoIrIbIo

npeAJroxeHnofi uexaulrKo-MareManr.recroft MoAeJIIlt 4eQoprraaqufi. [tn gneKTpoAoB pa3Horo

AlraMerpa, BbrrroJrHeHHbx !r3 pa3rurrHbrx Marepr.IanoB c pa3nLItIHbIM HaqarIbHbIM nporn6our

6u.nu qHcJreHHo o[peAeJreHbr 3HarreHr.rff AonoJrHlrreJIbHbD( (uo oruoureHrlro r ucxoAuouy)

nporu6on rrppr rennoBoM HarpyxeHr.ru. Peayrurarrr qLrcJIeHHoro MoAeJII{poBaH}IlI rIoKaJII,I, qro

paapa6oranHa"f, MareMarlrqecKar MoAenb [o3BoJrrer orrpeAeJr]rrb, upra raroft na.ramuoft (foprrae

norrycQepuqecKoro gneKTpoAa efo rerrJronar 4e(lopMarlllt JIexr,IT B npeAeJlax 3aAaHuofo

AonycKa. flpe4noxeyuas niepuoMexaHr.rqecKrur MoAenr aeQopuaqull oJIeKTpoAoB oKetaracb

npocroft 14 e(f{errznnoft. Ha ed ocHoBaH}rrr 6utm parpa6oranu peKoMeHAaIII,IH AJrs.

KoHcrpyr.rpoBauns. gneKTpoAoB y3Jra rroHHo-orrrrrrrecroft clrcreMbr Anfl uepc[eKTI4BHbx rroHHbrx

Asr,rrarerefi , paspa6arurBaeMbrx s HVII4 IIM3 MAI4 AJrt rlpoMbrruJleHHocrl4.

B .rerneprofr r.lrase (11 crp. TeKcra) npe4craBJreHbr peyJrbrarbl MoAe[upoBaHI,Is

rerrJroBbrx ae(boprraarlufi euexrpoAoB B nporpaMMHoM KoMnnerce ANSYS u Iax cpaBHenvIfl. c

pe3ynbraraMlr qucJreHuoro MoAenr4poBaHr4fl rro [peAnox(eHHoMy aJInopI,ITMy. flana coAepxur

uso6paxenlrs 9[eKTpoAoB c ueeronofi r4JrJrrocrpauueir tx 4e$opnraqulvl, a rarxe rpa$uroe,

r4JrJrrocrpltpyrouux orKJroHeHr.re pe3ynbraroB, rrporHo3upyeMbrx pa3pa6oranHofi (unxenepHoft)

irleroAnrofi u noJryqeHHbD( B rrporpaMMHoM KoMIIJIeKce ANSYS. Creuenr cxoAl{Mocrrl

pe3ynbraroB BbrcoKa (cnrrqe 90 %). fpaQuuecrr4e r.rJrJllocrpaqu?I BbITIoJIHeHbI c BbrcoKLIM

KAqECTBOM.



3arcmoqureJrbHas rrflTaq rJraBa (45 crp. rcxcra) caM€ur 6onrlras B Ar{ccepraqura. B uefi

[poBoArrrcr cpaBHeHr{e pe3yJrbraroB, rroJrfreHublx krg pacveruofi MoAeJr}r 4eipoprraaquft

npo(fnnnpoBarrHbrx enerrpo4oB r.roHHbrx 4uararenefi, c pe3yJrbraraMrr ux ra6oparopHbx

r,rcnrrrauuft, B3srbrMlr lr3 pa3n[qubrx nr.rreparypHbrx AaHHbx. I4.cnr;trar.us npoBoAr,rnr{cb B prAe

opraHr,r3arlufi, e rou qrrcJre u fipn fracrr,r]r aBTopa.

Cpanuenze noKrBaJro, qro B AByx cJrfrarx (4nnrarem RIT-22 Ir ABr,rrareJrb Ar,raMerpoM

300 unr) pa3Hr4rla MexAy pe3yJrbraraMr4 pacqera r{ AaHHbrMr{ r43MepeHzr 4e(foprvraqzft

gneKTpoAoB cpaBHrrrenbHo HeBeJrr.rKa, rrro o6yclonneuo rz6o ycnoBllrMl4 gKcrrepr,rMeuta, nu6o

TexHoJror[eft upor.rsnoAcrBa sneKTpoAoB. B rperuerra cryqae (Anrararem Ar.raMerpoM 200 nrrr,r,

Xaprroncxuft anuauuonnrrfi zHcuruyr) pacqerHbre v gKcrrepr4MeHTaJrbHbre pe3yJrbrarbl

oKa3aJrr.rcb AocraroqHo 6rusrurvrr,r (ne 6oree 20 %). B pacuere Ha yAoBnerBoplrreJrbHyro

cxoAlrMocrb pe3ynbraroB, B MAI4 6srna pa:pa6orasa KoHcrpyKTopcKarr .4oKweuTarlkrfl, Arrfl,

px4a na6oparopHbrx nroAenerl BbrcoKoqacrorHbrx LtoHHbD( ABr{FareJreft c Araauerpou nyrxa 80,

100, 160 u 450 rurrr. Ona repeAaHa s KB (XilMaBroMarrrKa)) rr B KB <(Dareu. ,{nrarareru 80 u

160 urrr LrcrrbrraHbr e MAI4. Coracrarenb [p]rH]rMarr aKTr{BHoe fracrr{e KaK n pa:pa6ome

AoKyMeHTarIuvr rar r4 B r{crrbrraHflsx .qer.rrarereft .

Kar oQraquamurrfi orr[oHeHT saMe.raHfift uo cyqecrBy Ar{cceprarlrrn He rrMero, a

pa6ory B rIeJroM o4o6pno. Oco6o orMeqaro e€ rpyaoeMKyro r4 aKKyparHo BbmoJrHeHHyIo

pactreTHylo tlacTb.

@opvra.nrnbrMw HeAo crarKaMrr Ar{cceprarlukt cqr,rraro cneAyrorqee.

1. B nepnofi, nocranonounofi, rJraBe ner o6sopa EoHHbD( 4uararelefi, pa6oraroqr{x Ha op6Hre

KaK B HacrorilIee, TaK 14 B fipexHee BpeMrr. 3Aecr Her coorBercrByrcrqeft ra6rurqrr flapaMerpoB

mrarHbD( 4ernrareneft. Orcyrcrnne noAo6sbD( AaHHbrx 3arpyAHser oqeHKy rexHoJrofrialecKl,Ix

AocrolrHcrB npeAnaraeMbrx KoHcrpynqnft E pactreroB.

2. Bo BBeAeHr4r.r He Merrr{rJro 6rr ynol,rrHyr6, rrro BTopafl [onHopa3MepHar 3P[y c HoHHbrM

ABr.rrareneM SERT-II 6sura 3arryuena B KocMoc B Harrare 1970 r., a paspa6orxa Aezrarenefi

ceMefictsa RIT rnna B To BpeMs y)Ke uoJrHbrM xoAoM.

3. Horraepa naparpaQoB He cneAyer nlrcarb, KaK 1.1.2.3. I,Ix HyMeparlruo AocraroqHo

ofpaHr{qr.rrb AByMr qrz (f pauu.

4. Horrrepa JrilcroB rrlcceprarrvv rpocraBJreHhr HaBepxy fi rrocepeAuHe crpaHr{rlbr. 3to

oplrrr{HiurbHo, Ho r.rcKarb HoMep crpaHrrrlbr HeyAo6Ho.

5. Pucyur<n cneAyer pasgpo6am, ne co6r,rpam 3. ..4 uzo6patxeHrrr noA oAHLTM HoMepoM. Horr,rep

pr4cynKa He .ueJrarb rrerhrpex3HaqHbrM: 2.2.3.4. rlurarenr He AonxeH 3arpy.4Hrrb ce6s.

pa3raAbrBaH[eM cJro)KHbrx HoMepoB.



6. Eyrnrr z qu(ppu Ha pvcyHKax cneAyer uso6paNarb KpyrHee, TorAa r.r prrcyHoK craHer

Bbrpa3rirrenbHee. floAnucu noA pr4cyHKnMkr Aonxubr 6rrrr no4po6uee, 6e3 a66penr.raryp.

floAnucu rroA oc{Mlr rpa([uron 3arrr4cbrBarb raKxe no4po6uee.

7 . He crre.qyer yBneKarbcr a66penzarypaMr4, Harpr{Mep I4OC BqI4A unu kl[IIT, run YYKM,

prnu 33 BqI4A-45M, B TeKcre Ancceprarlfirr, Koropyro Moryr qr.rrarb HerrocBflrrleHHbre nuqa.

B qerorrr cqr{T€rro, rrro AaHHafi rnaru(fuxaq[oHHas pa6ora aKTyanbHa ri noJre3Ha. Ona

coorBercrByer rronoxeHuro BAK MuHo6pHayru PO o roprAKe rrprcyxAeHr,rr yrrenbrx

creuenefi, a ed anrop, Au4pefi I,Iropenn.r Morylxnu, 3acJry)Kr.rBaer rrpucyxAeHr.rfi crerreHrr

KaHAr{Aara rexHr.rqecKr,rx HayK rro cnequanbHocr]r 05.07.05 <Tenrosbre, gJreKTpopaKerHble

AB[rraTeJrr,r H gHeproycTaHoBKr{ JreTaTeJrbHbrx anlapaToB>.

O(puqnanrurrfi onnonenr,
AOKTOp TeXHLrrreCKr.rx HayK, npo$eccop,
3aBeAyroqlrft ra$e4pofi <flrasMeHHbre
ycraHoBKr.r) M|TY uu. H.3. Ba

M.K. MapaxraHoB
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