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TenAenqrau pa3Bkrrufl KocM[qecKLIx noJleroB rroKa3blBaror Bce 6oree aKTLIBHoe
pIcrIoJIb3oBaHI{e gneKTpopaKerHbrx Agnrarereft. rlarqe Bcero oHIE [pr4MeHrrorcr KaK ,4BLIrarenI{
KOppeKIII4I,I JIeTaTeJIbHbD( a[[apaTOB, a TaKXe .qnf nOMepXaHLIt IIJII4 Ia3MeHeH[t BIICOTbI LIX Op6ur.

OcnosHrrN,Ir4 AocrorrHcrBaMll gneKTpopaKerHbrx Aerararereft tBrtlorcs gxoHoMl{rrHocrb, HaAexHocrb,

errcorufi pecypc, lpocrora sKcrrnyararlnu. Tarxe HeMaJroBax(nrru SarropoM .rrBnrercf, Bo3Mo]KHocrb

ux pa6omr [paKTr]qecKI,I Ha nro6ou ra3e, B ToM rrr,rcJre r{ rzcrroJrb3oBaHue [apoB TorrJILrBa xI,IAKocrHbrx

.qnzrarerefi, ocraBrrrrrxc{ B 6axax. fnasHHM rrpeuMyrqecrBoM gneKTpopaKerHbD( Anprrarereft
tBrserc.fl nrrcorufi yAenrnufi r.rMnynbc rsru. OH 6oree qeM Ha nopflIoK rrpeBbrrraer yAemurrfi

r4Mrrynbc xr4AKocTHoro paKeTHoro ABr.rraTen[.
SnexrpoparerHbre ABr,rrarenr,r co3Aiuor cpaBHrdrenbHo ne6onrlrlto rflfy. Oguaxo, c

pa3BI,ITrreM 6opronrx gHeprerr4rlecKux ycraHoBoK, BeJrr/Frr{Ha rflfvr Mo)Ker 6rrm cyqecrBeHHo

yBenLFIeHa, I4 TorAa gnerTpopaKerHbre ABzrareJrr{ 6yayr [peAcraBffTb HecoMHennrrft r.ruTepec Ant
zcnoJlb3oBankrs. vx B KaqecrBe MaprrreBbrx 4nrararerefi Anr MexnnaHerubrx r,r Ai]JrbHrax KocMr,rqecKl4x

lepeneToB.

Oco6oe Mecro e celaeficrBe aneKTpopaKerHbrx 4nurareneft 3aHuMaror r.roHHbre ABLIrarenI,I.

Ouu o6ecneql4Balor sara6onee BbrcoKoe 3Haqenlre yAenbHoro vMrrynbca rsrIa. B rroHHoM ABl4rarene
pa6ovee reJro lroHr43r4pyercr B rasopaspr4nofi KaMepe, a 3areM rroHhr ycKoprrorcfl

sneKTpocrarlrqecKr4M noJreM. 3nerrpocrarr,rqecKoe [one co3Aaercfl. r{oHHo-orrr[qecrofi cucreuoft,

cocroxqefi r,r3 noJroxzreJlbHofo gMr4cclroHHoro gneKTpoAa, orpLrrlarenbnoro ycKoprrcqero

3neKTpoAa I4 3aMeAn{roqero 3eMrsHoro oneKTpoAa. Irluenno r{oHHo-orrrrrqecrar crrcreMa rro3BoJlter

Aocrr,rqb raKr.rx BeJrrrrrnH yAenbuoro lrMnynbca. IrlcuomgonaHr.re 6ecraroAHbx cxeM r.roHr4ga\vu

pa6overo reJra (nanpnrvrep, BbrcoKorracrorHoe nos6yx4enue nnasurr) rro3BonnJro 6rr r4Merb

lpaKTr.rqecKlr HeorpaHra.reHHrrfi pecypc ABvrarer-fl. IrI ronrxo Hturr4rrr,re y3na ycKopenvrs, a rrMeHHo

r.roHHo-orrTraqecKoft clrcTeMbr, SToT pecypc orpaHuqr4BaeT. Bo npelrr pa6oru gneKTpo.4hr r{oHHo-

orrrrdrrecKoft crEcreurr rroABepfarorcfl Heo.uHopo.qHbrM TepMr,rqecKprM Hafpy3rau. .{nr e(pSerrznnofi

pa6oru ycKoprrcuefi cprcreubr 3a3op Mex.{y gMr,rccrroHHbrM r.r ycKoprrcquM oneKTpoAaMrr AonxeH
6rrru ur,rnraMzrJrbHbrM 14 rrocrorHHbrM 3a Bce BpeMr sKcnnyararluu. OAnaro repMuqecKrre Harpy3Kr.r

[pI4BoArr K Hepaenorraepnofi .qe(popnraqrau gneKTpoAoB v, KaK cJreAcrBue, K r43MeHeH[Io

MexoJleKrpoAHoro 3utsopa. Peurenrne eroft npo6JreMbr n paspa6arbrBaeMbrx KoHcrpyKrlurtxVl[ HoBoro

noKoneHur sBrtercfl aKTyanbHofi sa4a'rcfi .

B Hacrosrqefi 4ucceprau[u paccMutptrBaercfl, Bo3Moxnocrb rrpofHo3krpoBanprfl ae(bopuaqufi

npo$unr,rpoBaHHbD( 3JreKTpoAoB lr y3noB LroHHo-onrra.recrofi ct4creMhr r{oHHoro ABr4raren.s [pI4

pa6ovux renJloBbrx Harpy3Kax. 3ro onpegeJrrer aKTyanbHocrb r4 rrpaKTrlqecKyro rleHHocrb pa6oru.

,{uccepraqra.a Morymusa A.kI. nocBrrrleua pa-:pa6orre MexaHuKo-MareMarraqecrofi MoAeJII4

repMoMexaHr.rqecKr,rx npoueccoB 4e$opulrpoBaukrs. npo$zrnpoBanHbx



onTriqecKux cr4cTeM rrepcneKTr,rBHbrx I,IoHHbrx ABI,IraTenefi IIpI,I rlx TerInoBoM HarpyXeHI'IlI Lr

rrporHo3lrpoBaHr.rro AeoopMupoBaHHoro cocTosHlll , [poBeleHulo qI4cJIeHHOrO MOAenupOBaHLIt y3noB

I'IOHHO-OTITI,IqECKI4X Y3NOB I,IOHHbD( ABI,ITATEJIEfi PA3NVqHOfi PA3MEPHOCTI4.

OurosHrre pe3ynbrarbr pa6orrr lr3JroxeHbr B rlf,Tll HayqHbIX crarb.f,x, ony6nzronaHHblx B

vt3 ralvrflx, peKoMeHAoBaHHbrx crrrlcKoM BAK.

,{uccepraqus cocro[T r.r3 BBeAeHrrr, 5 rraB, 3aKrloqeH[fl.n crrvrcna IIIlTI4pyeMoft rtIareparypu.

B AucceprarlraN 16I crpaurrrla, TeKcr xoporuo nporannrccrplapoBaH rpa$nrarr,ru, pIlcyHKaMpI u

ra6rurqaun.

Bo sneAeHuu o6ocnosaHa aKTyanEHocrr pa6orbr, [epeqI4cJIeHbI ocHoBHbIe pemaeMble e Hefi

npo6neuu, rrora3aHa crpyKTypa Aucceprarluu, c$opuynlrpoBaHbl HoBLI3Ha [onyqeHHbrx pg3ynbraroB

r4 ocHoBHbre rronoxeHl{q, BbIHocI4MbIe Ha 3aIrIlITy.

B nepsoft rrane Aucceprarlrur paccMorpeHbr ocHoBHbIe npo6leurr co3AaHI,It t4oHHo-

OITI4qCCKLIX CI4CTEM AJUI I,IOHHrIX ISI TATEIEft :

- noKinaHbr rrepcrreKTr.rBbr lrcrroJrb3oBaH[r gneKTpopaKerHblx 4nrararelefi n coepeuennoft

KocMrrqecKofi rexHraxe u o6ocnoBaHo rrper,rMyrrlecrBo r,roHHrrx ABl{rarelefi to BeJII{rIIrHe yAelsnofi

TflTT4;

- paccMorpeHbr $raau.recrue u KoHcrp).KTr4BHbre oco6ennocru TIoHHIIX Aswrarerrefi, c

pil3prAoM nocTo.sHHolo ToKa, BbrcoKoqacToTHbrM Lr cBepxBblcoKoqacToTHbM pa3pgAaMI,I, a TaKXe

TeHAeHrIUrr rr II ep cn eKTI,IBbI I,IX pA3Bprrlrfl;

- ollplcaHbl ocHoBHbre [poqeccbr, npolllcxoA-f,rll,Ie B I4OHHO-OilTpIqeCKUX CI{CTeMaX, V

npo6revmr KoHcrp),t4poBaHr,rs [oHuo-orrrr.IqecKl4x crlcreM ;
- cft opuynlrpoBaHa 3araqa uccreAoBaHl,Is.

Bropas rrana .qracceprarlrra rrocBflrrleua paspa6orrce MexaHl4Ko-MareMarzqecroft MoAenIl

4e(popuaqufi upolpunupoBaHHbrx gneKTpoAoB r,roHuo-onrl,IqecKrx crlcreM c I{cnoJIb3oBaHIreM

ocHoBHbrx au(f$epenrlrraJrbHbrx lpanuenufi reopr4ra ToHKocreHurrx o6oro.rer. Ilpone4eu o6:op

nrareparypbr no MeroAaM pacqera uep(fopupoBaHHbrx o6onoqer rI nJIacrI,IH c yqeroM TeMneparypHo-

clrJroBoro HarpyxeHr.rr KoHcrpyruufi. OcnosHoe Harpy)KeHLIe cBt3aHo c HepaBHoMepHbIM HarpeBoM

oneKTpoAoB rro paAr{ycy. Ha ocHoBaHr4r.r rpaHr.rtrHbrx ycronuft Ha KoHTypax sneKTpoAoB aflnapar

MarplrrrHbrx KpaeBbrx [HTerpanbHbrx kr rrHTelpo-AllS$epenqzanbnbrx ypanneHraft ilIrfl

ocecrrMMerpraqHofi 3a4arru cBeAeH r paspa6oraHHoMy anropI4TMy pacqera repMoycroit'iur,ocru u

nelranefinoro usrula npo$unnpoBaHHbD( gJreKTpoAoB r.roHno-orlTuqecKl4x clrcreM, roroplrft

rrpeAcraBneH B Br{Ae nenunefinoro a;lre6pa}rqecKoro ypaBHeHr,rr rperrefi crerIeHLI orHocI,ITeJIbHo

6espa:uepuofi seruqunrr uporu6a. 3ro oArrH r,r3 Ba)KHbrx p*ynbraroB Al4cceprallvtvL 3narlvtreJlbHo

ynpouarcrquft npoqe4ypy orIeHKu ge(f opnaupoBaHHoro cocro.f,Hl4t sneKrpo.qa.

OrAelrno crouT orMer[Tb yver uep(poparlurr gneKTpoloB KoppeKTHbrM LIcnoJIb3oBaH[eM

ros(f (puqueHroB KoHcrpyKrunnofi oprorporlulr.

B rperuefi rrase rpoBeAeHo rrucreHHoe MoAeJrrlpoBaHrre reMneparypHoro 4eSopmupoBaHll{

eneKTpoAoB y3na ZOC no paspa6orannoft uexanuKo-MareMaruqecrofi MoAenu r anropplrMy. Brnu

paccMoTpeHbr 3neKTpoAbr piBnr,rqHoro Ar{aMeTpa, r43roToBJIeHHbIe vI3 pa3Hbx MaTepLIanoB.

floly.rennue 3aBvcr{Mocrrr r.r3MeneHr4.f, AorroJrHr.ITeJrbHoro uporz6a gneKTpoAoB or v3MeHeH}Ir

HatrirJrbHoro rexHoJrorlrqecKofo nporH6a Ans pa3rutrHbrx [epelaroB TeMrleparyp no3BoJltlor

IIpOrHo3I,IpOBaTb IiBMeHeHI,Ie M€XSI9KTpOAHOIO 3a30pa u, KaK CJIOACTBI4O, I43MeHeHLIe nJIOTHOoTII

I,IOHHOIO TOKA.

Ha ocnosaHr4r.r [poBe.4eHHbD( pacqerHbrx r{ccJreAoBaHuit 6wnu nrrpa6oranbl peKoMeHAaII[LI K

IIpoeKTI,IpoBaHLIIo sneKTpoAOB lI y3nOB LIOHHO-OIITI'IqeCKI4X clICTeM.



rlereepraq rrana nocBrrrlega pacqergoMy r4ccneAoBaHLIIo LTMeHeHLIs $opurr gneKTpoAoB c

LrcrroJrb3oBaHr.reM rporpaMMHo-BbrrrurcJrlrreJrbuofo KoMrIJIeKca ANSYS. Teunoerre 4e(foprr,raquu 6:ststu

paccqprraHbr Anr 3nerrpoaon Br{14[-16 u BTII4A-45M c AllaMerporvr neplpopuponannoft qacru 160

MM lr 450 unr, coorBercrBeHHo, rr3foroBJleHHbrx rI3 pa3nl,Iqnbrx Marepilanon (BT1-0, T8-36, BM-2,

vvKM).
Pesynrrarrr rerrJroBbrx ge(foprraaquft, nolyrenHblx no pa:pa6oraHnoMy anropl{TMy, floKzl3uLll{

xopomee corJlacl4e c pe3ynbraraMl4, paccqrITaHHbIMI4 s ANSYS.

B uqrofi rraee [poBeAeHo cpaBHeHr{e pacqeroB MexaHuKo-MareMaruqecrofi MoAenI'I c

u3BecrHbrMvr vIg Jrvrreparypbr gKcrrepr.rMeHTaJIbHbIMI,I AaHHIIMI,I. Ctour orMerl{Tb, qro KoppeKTHuu{

rrocraHoBKa gKcrrepuMeHTa rro rerrnoBoMy 4etfopuupoBaHl,Ilo gneKTpoAoB LIoHHo-orruqecroft

crrcreMbr r<paftue cJroxHa. flosrorr.ry roJrbKo B cnyqae c oKcrlep[MeHTaJIbHbIM IrccJIeAoBaHI4eM

repMoycrofiqrsocru csepuuecrux oneKrpoAoB Anr ABlIrareJIt [VIA-200 flonyqeHo xopouee

corJracr{e Me)rqy 3KcrreplrMeHTarrbHbrMlr I,I pacqeTHbIMI{ AaHHbIMI{ rlo AonoJIHI4TeJIbHouy uporu6y u

r.r3MeHeHuro MexgneKTpoAHofo 3a3opa.

lloly.rennrre peKoMeHlLa'!:.zrla 6rrnu ucnoJrb3oBanbr AJUI KoHcrpyI..IpoBaHI{fl BblcoKoqacrorHblx

lrcror{HtrKoB LtoHoB Ar4ar\lerpoM 80, 100, 160, 450 u 500vu. Otrae.reno, tITo creHAoBble LIcnbITaHLIfl

rroKa3anu pa6orocnoco6nocrr la6oparopHbrx MoAenefi B[?I{- 8 z Br{I'I[- 1 6.

[uccepraqLroHHas pa6ora MorynxuHa A.VI. o6laAaer BbIcoKI4M HafrHbIM ypoBHeM, noeugnoft

r{ npaKTr.rqecrofi HarrpaBneHHocrbro. Crour orAeJrbHo orMernTb cneAyloql4e nyHKTbI, n uonuofi uepe

xapaKrepz3yloq[e HayqH]ro HoBLI3Hy Arlccepralluonnofi pa6orrt:

1. Pa:pa6oraHHuu{ Mexan[Ko-MareMarlrtrecKar MoAeJIb, MeroALIKa u aJIropI4TM uoryr 6srrr

lpr{MeHeHbr Anr onpeAeJreHr4r AonoJrHrrrenbHbD( uporra6on Ant sneKTpoAoB pa3nI,IqHbIX pa3MepoB,

I43rOTOBJreHHbrX Lr3 pZl3HbIx MaTepI,IanOB.

2. Ha ocHoBe pacqerubrx uccreAosan[fi c vcnoJIb3oBaHI,IeM paspa6oraunofi MoAeJIII

onpeAeneHbr ycnoBrar o6ecueqenus, ctalutrcnoft pa6orbl y3na I{oHuo-orlTuqecrofi crlcreMbl I4 I,IoHHrD(

Aerararerefi B rlenoM.

,{ocronepHocrb nonyqeHHbD( pe3yJrbraroB xapaKTepl{3yercfl He roJIbKo I,IcnoJIb3oBaHI4eM

ocHoBHbrx au(f$epenur4rrJrbHbrx ypannenuft reoplrl,I rouKocreHHbrx o6oroqeK u KoppeKTHbIM

nu6opou rpaHr,rqHbrx ycnonrafi, Ho rr Bbrcorcoft creueHbro cofJlacoBaHr,It c gKcneplIMeHTaJIbHbIMpI

AAHHbIMI4.

flpe4noxeHHbre peKoMeHIarIvwr u pa-:pa6oraHHbre Ha I4x ocHoBaHI,II,I KoHcrpYKIIuu y3noB

r.roHHo-onrr.rqecKux crrcreM l,r r,roHHbrx Aeurarereft B IIeJIoM, B nonnofi Mepe xapaKTepl,I3yror

lpaKTrlrrecKyro Ha[paBJIeHHocrb AllcceprallzoHHoft pa6omt.

,{uccepraquoHHrur pa6ora flBrflercs. gaxon.reuHofi HayrrHo-KBalu$uraquonuofi pa6orofi.

Marepual B Ar.rcceprarluonnoft pa6ore Lr3JroxeH rpaMorHbrM TexHI{qecK[M.f,3hrKoM, rlerKo o6ogna'reH

nraqnrrfi BKnaA aBTopa B pe3ynbrarbl I,IccJleAosauuir.

OAnaro rro coAep)KaHr,rro Ar,rcceprarluonnofi pa6orrr rlMeerct HecKoJIbKo gaueqanufi:

1. B Ar.rcceprarlnonnofi pa6ore aBTopy cneAoBiulo 6onee nonHo olll4carb rIpI{qI4HbI

Bo3HrrKHoBeHr4r rerrJroBofo HarpylreHlrr. To ecrb cBt3arb ero c rerIJIoBbIM rloroKoM, I,IIyrqI'IM Ha

gJreMeHTbr KoHcrpyKuvtvt 4Bvlr:areJr-rr, Koropbre rpaHr{qar c rIJIa3Moft nrrcoroqacrorHofo pa3ps4a, H

o nlr c arb rrpo q e c cbr o 6pas o n an Ht 14 rIoAAe plKankrs. Ir JIit3MbI p a3p fl [a.

2. flpr,rne4ennrre B Arrcceprarlrrtr rpatfnuecru raso6paxeHHrre 3aBLIcI,IMocrLI LI3MeHeHI4fl

IIJIOTHOCT}I I,IOHHOTO TOKA TIPI4 IBMEHEH}II{ BEJIIITILIHbI MEX9NEKTPOAHOTO 3A3OPA CJIEAOBAJIO IPLIBS3ATb

He roJrbKo K TerrJroBoMy HarpyxeHrrro, Ho r{ K noABoArIMofi r zn4yrropy MoIqHocrLI Ia r KlI.{

nepeAarrr,r MorrlHocrr.r B pa3psA, qro rBJrgercs.Lr3nartaJsHofi nprauunoft narpeBa 3neKTpoAoB. flpznrara



K ypoBHrM MoulHocrr,r pa6orbr ABrrrareJrr rro3BoJll{na 6u 6onee rIoJIHo oxapaKTepl43oBarb

IIpeAnaraeMyIO aBTopoM MeTOALIKy.

3. B usroft fJraBe AJrr oKcnepr4MeHTa Ho AeOopMI,IpoBarIlIrc gneKTpoAoB Al4iuvlerpou 200 uu

cror.rJro rrpoLBBecrrr rrprcJreHnoe MoAenlrpoBaHIae AeabopMaquft B nporpaMMHo-BrI.II/IcJII'ITeJIIHoM

KoM[JreKce ANSYS, KaK 9To 6rrno BbrrronHeno B qerBeprofi rrase Ant gneKTpoAoB ABllrarenefi

BTII4A-16 uBHVI[-45M, u s usroft HraBe Arr.fl oneKrpoAoB A]IaMerpoM 300 urrl.

flpune4ennrre Bbrrrre 3aMeqaHr,rfl He cHr,rxaror HayqHofi u nparruvecrofi IIeHHocrI,I

npoBeAeHHoro lrccJreAoBaHr4.f,. Pesynrrarrr AI{ccepraIII4oHHofi pa6oru Morylruna A.14. rr,roryr 6urr

rrpr{MeHeHbr npz paspa6orKe KoHcrpyrquft y3noB lroHHo-orITI,ItIecKI{x c}IcreM I4oHHbx ABI4rareJIeft.

PeqensupyeMafl Avracepraur,roHHas. pa6o'ta yAoBnerBopxer rpe6oBaHI,ItM flonoxenus BAK o

noprAKe npucyxAeHr4Jr freHbrx creueneft, [peAb{BnreMbIX K KaHAI4AarcKIlM A}IccepraI+I,ItM, a ee

aBTop, Morylrran AH4pefi Zropenuu, 3acnyxr.rBaer rrpucyx,4eHvs cre[eHI,I KaHALIAaTa rexHI,IqecKI4x

HayK no crerlr4rrJrbHocrz 05.07.05 <TennoBbre, gneKTpopaKerHble ABI4rareJII{ 14 sHeproycraHoBKu

JIeTaTeJrbHhrx aIIIIapaToB).

llannos Bna4raivuap Bopraconrau

Agpec: II999l, r. Mocrna, yn. JIoHLIHcKTe ropbl, 4. l, crp.2

Tere$on: +7 (49 5)939 -47 7 3
e-mail : vblavlov@mail.ru
cafir: http: .phvs.msu.ru/

Crapruraft uayunrrft corpyAHr.rK raQegprr tpusuuecrofi
sneKrpoHr,rxu, Srnsuuecrcufi Saxynmer, Of EOy BIIO
<MocxoscKrafi rocy4apcrseHHrrfi ).Hr.IBepcLITer LIMeHI{

M.B. JlorvroHocoBa))
KaHAr.rAar Srasuro-vareMaruqecKr.rx HayK

flornucr flanroea B.E. yaocroBepsrc

[exan Ouguqecroro lparynrrera MfY

r.rMeHpr M.B. JlouoHocoBa, upo(peccop

Ilasron B.B.

CHcoee H.H.

44 2or{


