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Pa6oTa BblllOJIHeHa B 06m,eJIIHCTH'IYI'CKOM HaY4HO-MeTO,m,tlJ.eCKOM 

OT.zteJieHJIIJII 06be,m,tHeHHOf0 JIIHCTHT)'Ta SUtePHblX JIICCJienoBaHMA. 

HaY'-!Hb!R pYJ(oBo,m,tTeJib: 

KaH,m,t~T o.\Jll3JIIKO-MaTeMa'I'H4.eCKMX Ha)'I( .l[oJr6MJrOB feHHa,m,tA BapJraMOBJ/14 

Oo.)1111J,HaJibHhl8 onnoHeHTbl: 

noKTOP TeXHJ/14.eCKJIIX Ha)'I( MelllKOB AHaTOJIJ/lA H111KoJraeBJ114 

KaH,m,t~T (liJll3MKO-MaTeMa'I'H4.eCKJIIX Ha)'I( KoBaJreHKO AJieKCaHJU) .l[MHTPJlleBJ/14 

Be.lC'ID,ee HaY4Ho-111ccJienoaa-reJlbc Koe Y4pe:a:.zceH111e: 

HaY4Ho-111ccJrenoaaTeJlbCKJ11A HHCTHTYT SUtePHOA w111a111K111 np111 ToMCKOM 

noJlJ/lTeXHJ/14.eCKOM JIIHCTHT)'Te. 

3a~Ta ,m,tCCePTa.lJ,HM COCTOJIITCSI " ____ __,_990 ro~ 

B Ha aace~HJ/1111 CnelJ,HaJlJ/l3JIIPOBaHHOfO COBeTa .l[-047.01.02 np111 

Jia6opaTOPJIIJII BblCOKJIIX 3Hepr111A 06be,m,tHeHHOfO MHCTHT)'Ta SUtePHblX 

111ccJienoaaH111A. 

C ,m,tccepTa.lJ,HeA MO:&:Ho oaHaKOMHTbCSI B 61116JIJlloTeKe OH~H. 

ABTOpe«>epaT pa30CJraH " 

Y4.E!Hb!R ceKpeTapb 

CnelJ,HaJlJ/l3JllpoBaHHOro COBeTa 

'-,_; 

" ____ 990 ro~. 
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osmA~ XAPAKTEPHCTHKA PA60T~ 

A&'.I~a.1112.HQ~'.Il2..:. B HaY4HblX 111ccJienoaaH111S1X III TeXHHKe 111111poKoe 

npMMeHeHJlle HaXO.l[SIT JlJ/lHeHHhle JIIH~IJ,HOHHble YCKOPJIITeJlJ/l- OCHOBHblM 

HanpaBJieHJlleM pa3BJIITHSI JIHY B nocJre~Jlle ro~ S!BJLSleTCSI nOBbllll8HJlle 

MODl,HOCTH nY4KoB. 

O~a 1113 Ha11160Jree CJrO:EHblX aa~4. B03HJIIKalO~X np111 3TOM, COCTOJIIT 

B «>oPMHPOBaHJIIJII MODl,HblX JIIMnYJlbCOB HaHOCeKYH~Oro ,m,tanaaoHa .lLl[5I 

YCKOPeHJIISI CJIIJibHOT04HblX nY4KOB aapS1:&:eHHblX 4aCTHU- Oco6hl8 TPY~OC'.ll1 

B03HJIIKalOT npM «>oPMHPOBaHJIIJII YCKOPSIIO~X JIIMnYJlbCOB ,l{JD,1TeJibHOCTbll 

HeCKOJlbKO ~eCSITKOB HaHOCeKYHn )II MeHbme. nYTb yaeJlJ/llJ.eHJIISI KOJlJ/llJ.eCTBa 

Tpa,m,tlJ,HOHHblX HaHOCeKYH~blX reHepaTOpOB npenCTa.BJLSleTCSI MaJronepcneK

TI1BHblM. 4TO C He11136e%HOCTblO npJIIBO,m,tT K He06XO~MOC'.ll1 paapa60TKJII 

HOBblX THnOB reHepaTOPOB ,llJl5I JIHY. 

YcneDIHoe pemeH111e 3TOA aa~'-iM noaBOJlSleT no6111TbcS1 CYJllecTBeHHoro 

nporpecca He TOJibKO B pa3BMTI1M JIHY. ' HO )II B ,lij)YfJIIX o6JraCTSIX 

YCKOPMTeJibHOM (B 4aCTHOCTI1, (liOPMlo1POBaHMSI MMnYJlbCOB .lLl[5I OTKJrOHSIIO~X 

CMCTeM) M BhlCOKOBOJibTHOM IIIMnYJibCHOM TeXHJIIKJII. 

U~.1112._Qa.~2'.Il!I aaKJrIOtraJracb a 111ccJrenoaaH111111 cxeM yc111JreHJ11S1 

JIIMnYJibCHOM MODl,HOCTH C npJIIMeHeHMeM HeJlJ/lHeMHblX o.iePPQMafHJIITHblX 

3JieMeHTOB np111 60JibllDIIX (108 +109 BT) YP0BHSIX MODl,HOCTeM, paapa6oTKa Ill 

C03~HMe Ha 3TOM OCHOBe MODl,HblX MarHMTHblX reHepaTOpoB JIIMnYJibCOB 

HaHOCeKYH~oro ,m,tanaaoHa )II MMnYJibCHOM CJIICTeMbl JIHHeAHoro 

JIIH~IJ,HOHHoro YCKOPMTeJISI CHJIYH.l[-20. 

!:l.a~~rna~LHQal:1~-Ha npMBe.zteHHblX B ,m,tCCePTa.lJ,HM peayJlbTaTOB 

onpeneJ!SleTCSI MX CBSl3bl0 C pa3BJIITHeM HOBoro HanpaBJreHJIISI TeXHMKJII JIHY. 

xapaKTePlll3YJODJ,efOCSI npJIIMeHeHJlleM cxeM YCJIIJreHJIISI JIIMnYJlbCHOM MODl,HOC'I14 Ill 

o.iOPMlo1POBaHJIISI HaHoceKYH~blX JIIMnYJibCOB Ha HeJIHHeMHblX 0-)eppoMarHJIITHblX 

3JreMeHTa.X. BnepBble C03~Ha JIIMnYJibCHaSI CJIICTeMa JIHY Ha OCHOBe cxeM 

c:a:an1S1. 

IlQa&'.Il:1~~~&a~Ll.1~HHQ~'.Il2..:. HaY4Hhl8 pe3YJlbTa.Tbl, nOJ[Y49HHhl8 B 

,m,tccepTa.lJ,HOHHOM pa6oTe. JIICnOJib30BaHhl np111 npoeKTHPQBaHJIIJII Ill C03~HJIIJII 

JlJ/lHeAHoro JIIH~IJ,HOHHoro YCKOPJIITeJISI CHJIYH.l[-20, KoppeKTHPYJOm.ero 

YCTPOMCTBa CJIICTeMbl o.\OPMHPOBaHMSI 3JreKTPOHHblX KOJreU Ill noJIO:EJIIJIH 

Ha4aJIO paaa111n110 Hoaoro KJracca JIHY - JIHY c 111cnoJlbaoaaH111eM npHHUHna 

c:a:aTHSI BO BpeMeHJII 3JreKTPOMafHJIITHOM 3Hepr111111. 

AllQQ~al.11:1~LQa~Q'.Il!I.:. 0CHOBHhl8 peayJlbTaTbl pa6oT aBTOpa, CBSl3aHHblX 

c TeMoA ,m,tccePTa.UHH, noKJra.l[blBaJIHCb Ha HaY4HblX ceMHHapax OHMO OH~H, 

Ha Coae~HJIIJII no npo6JreMaM r<:oJrJreKTHBHblX MeTOnoB ycKopeHJIISI ( MHa, 

1982r. ) • Ha IX Bcecol03HOM COBe~HJIIJII no YCKOPJIITeJISIM aapSl:EeHHblX 

4aCTHU ( .l[y6Ha, 1984r. ) , Ha Me:a:nYttapo~oA K:OHo.iePeHLJ,HM "JIHHAK-86" 
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( CTaHfl)Op,ll. CIIIA. 1986r. ) H Ha XIII MeS.11YH3.PQ.l(HOH KOHfl)epeHIJ,MJ.1 no 

YCKOPHT8Jl5IM aap5tl:8HHblX '-mCTHU BblCOKHX 3H8PrMA ( HoBOCM6HpCK. 

1986r.). 

U:t6.,1111is.au1111.!. OcHoBHbl8 peaYJlbTaTbl .l01Ccep-ra1J,M1o1 ony6.101KosaHbl a 9 

pa6o-rax, npJ.1B8.ll8HHblX B cnHcKe JUIIT0PaTYPbl-

C.ID.:i!S.U'.D.a_,Z1l1~~e.D.Iau1111- Pa6o-ra COCTOHT J.13 BB8.ll8HM~. Tpex r JiaB 

M aaKJIJ04.8HJ.1~- 06uo,1A 06beM COCTaBJ£5JeT 90 CTpaHMU. BKJIIO'-m~ 26 

HJIJIJOCTpaLJ,MA. cnHCOK JUIITePaTYPbl HaCY.HTblBaeT 47 HaMMeHOBaHMA, Kas..na~ 
rJiaaa aaKaHY.HaaeTC~ BblBO..naMM-

coaEPIAHYIE PA60TM 

B.Q._~ae..lle.lH111 noKaaaHa aKTYaJlbHOCTb T8Mbl,, CllloPMYJUIIPQBaHa US.Jib 

pa60Tbl Ill ,llaHO KpaTKoe co.nep:m:aHMe OCHOBHblX pa3.ll8JIOB ,l!J,fCCepTa!J,MM. 

Ue.,0.aa.a_r,11a.aa. nocBSllllE!Ha pemeHMIO npo6JieM YCMJieHM~ MMnYJ!bCHOR 

MOlll,HOCTH Ill fl)OPMMPOBaHM~ MMnYJlbCOB B HaHOC8KYH.llHOA o6JiaCTH ,ltJD,1T8Jlb-

HOCT8H C noMOlllblO KOaKCMaJ!bHblX H8JIMH8HHblX JUIIHMR, aanoJIHeHHblX 

fl)eppMTOM. 

B TaKOH JIMHMM Ha fl)poHTe MMnYJibCa MO:Z:9T o6pa30BblBaTbC~ y,.napHa~ 
* -p 

3JI9KTPOMafHMTHa~ BOJIHa C KOPOTKMM ( ~10 C9K) nepena.noM Hanp5tl:9HMSL 

Ill TOKa. 8 c.nyqae, Kor..na OTHOCJ.1T8JibHa~ MafHMTHa~ npOHJ.1[.la9MOCTb Ha 

fl)pOHT8 BOJIHbl µ/>1. aap51.l[Ka JIMHMM npOHCXO,l!J,fT aa ape~ MHOro 60.IIbme, 

4.9M ee paap5U[Ka Ha HarpyaKy, TO ecTb B03MO:EHO YCMJieHM9 MMnYJibCHOR 

MOIIIHOCTJ.1. 

noKaaaHi81 , 4.TO MaKCMMaJ!bHb!H K03(l)fl)HLJ,MeHT YCJ.1JI8HM~ np1,1 pa6oTe Ha 

corJiacoaaHHYIO HarpyaKy .noc111raeTC~ a c.nyqae MaKCMMaJlbHOro 

aanoJIHeHJ.1~ JIMHMM fl)eppMTOM M aaBMCMT OT aMnJIHTY.llbl Hanp5tl:8HHOCTI1 

MarHHTHoro noJISI y,.napHoA BOJIHbl HY (p1o1c.l). 

K; 
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P1o1c.1. 3aBMCMMOCTb MaKCMMaJibHOfO 

K03~J.11J,M8HTa YCMJieHJ.1~ OT aMnJIMTY.llbl 

Hanp5tl:8HHOCTI1 MafHMTHOro noJISI B JUIIHHM: 

1 - paC4.9T no M3M9P~HblM 3Ha4.eHM~ µy 

J,1 µOTP' 2 - 3KcnepHMeHTaJlbHbl9 '1'04.KMI 

3 - paCY.eT .llJISI BOJIHbl, OTpa:a:eHHOA OT 

0 ' l'l 16 to ~) KOPOTK03aMKHYTOfO KOH[.la JIMHJ.11,1. 

TTOJIY4.9Hbl TaK:Z:e aaBMCMMOCTH OTHOCMT8JlbHOH MafHHTHOA npoHM[.la8MOCTI1 

Ha fl)pOHTe y,.napHOA (µy) M OTpa:iteHHOH (µOTP) BOJIH OT Hy. 
TTPHB8.ll8Hbl fl)OPMYJlbl ,ZlJISI MH:Z:eHepHoro paCY.eTa fl)eppoMarHHTHblX JIMHMR C 

•</'. 
J.1CnOJlb30BaHJ.18M noJIY4.8HHblX 3KcnepJ.1M9HTaJibHblX ,llaHHblX-

* Ka-raea YI. r. "Y ..napHbie 3JieKTPOMarHHTHble aoJIHbI". Coa. pa.lOfO. 1963 • 
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BTOpoR pa3.ll8JI nepaoA r JiaBbl noca~H aonpocaM fl)opMMpoBaHM~ MOlll.HblX 

MMnYJlbCOB HaHOC9KYH.llHOH ltJG1T8JlbHOCTH ( ~20-30HC9K) .ltJl5I JIHY. 
TTpo6JieMa WOPMMPQBaHJ.1~ HaHOC9KYH.llHblX HMnYJlbCOB S1BJISl8TC~ 0.l(HOH M3 

HaJ.160Jiee CJIOSHblX B MarHMTHblX reHepaTOpax J.1 T8CHO CBSl3aHa C 

npo6JieMOA YCMJieHJ.1~ MOlll,HOCTH B HaHOC9KYH.llHOM .llJ.1ana30He-

c U8Jlbl0 pemeHM~ 3THX npo6JieM 6blJia npe.ztJIOS9Ha191 CX9Ma ( PMC. 2), 

BKJIIO'-mlOllta~ B ce6~ a~JI, 0.llHO J.13 nJieY.eR KOTOpoA aanOJIH9HO fllePPMTOM, 

1,1 HeJIMHeRHhlR flleppoMarHMTHhlA .npocceJib Lac• KOTOPblR 1o1rpaeT poJlb 

KOMM)'TaTOpa. a~JI aap5tl:a9TC~ P830HaHCHblM 06pa30M OT HaKonMTeJlbHOH 

eMKocn1 CH, np1o16J1M3J.1T8JlbHO paaHoA CYMMaPHoR eMKocn1 nJieY.eA. B 
. 0611l8M CJl)'4.8.9 9MKOCTb CH S1BJISl9TC~ 3JieMeHTOM uen1,1 csan1~. a .llPQCC9Jib 

LH 1,1 KOMMYTaTOP K aaMeH~TC~ HeJIMHeAHbIM .npocceJieM, 

LH K r iH 
( 

H<t>Jl 

Jl<Pll 
J 

¢)Jl 

J, 

'' .. In 
1,1 

P1,1c.2. TTPMHLJ,MnMaJlbHa~ cxeMa ycTpoAcTBa .ltJl5I fl)opMMpoaaHM~ 

YCKOP~IJO,'IX MMnYJ!bCOB. 

B HatmJibHOM COCTO~MM fl)eppMT B JIMHJ.1M M HarpyaKe (MH,ZlYKTOJ) /'JIYIY) 

3aMarHJ.14.eH J.1 a~JI aap5tl:a9TC~ KaK COCP9.llOT04.eHHa~ 9MKOCTb. TTpM 3TOM 

.llPOCC9Jlb LI( H9HaCbllll,9H M 06Jia..naeT 3Ha4.HT8JlbHblM J.1Mn9,llaHCOM- 8 MOM9HT 

.l[OCTHS9HJ.1~ MaKCMMYMa Hanp5tl:eHM~ .npocceJlb LI( HaCblllta9TC~ J.1 Ha BXO.ll8 

a~.11 o6paayeTC~ nepena.n Hanp5tl:eHM~- TTp1o1 pacnpocTpaHeHMM no HeJIMHeA

HOCi /J.iOPMMPYIOlll8A JIJ.1HMM (H~.11) OH npeo6paayeTC~ a 6oJiee KOPOTKMCi no 

ltJil,'ITeJibHOCTH J.1 Ha J.1H.l(yKTOpe /J.iOPMMPY8TC~ np~oyroJibHb!H J.1MnYJibC. 

Pac4.9Tbl TaKoro aaeHa noKaaaJIM, 4.TO MaKCHMaJibHblR K03WWMLJ,MeHT 

nOJie3HOro .ll8HCTBJ.1~ .l[OCTHraeTC~ np1,1 YCJIOBJ.1J.1 paaeHcTBa BOJIHOBbJX 

conpoTHBJieHJ.1H H8JIMH8£1Horo J.1 JIMH8£1Horo YtmCTKOB (po=P,) M 

onpe.ll8Jt5JeTC~ OTH01119HM8M .l(JIMTeJibHOCTH nepena..na Hanp51:1:8HJ.1~ Ha BXO.II9 

H~.11 Tax K ltJG1TeJibHoc111 MMnyJ!bca Ha HarpyaKe TM: 

r----------~ z 

7)~ l~~~~t.ax.~~!11~~i:ax.~~!11~:~~-!l __ ~<~~!!~:ax.~: . (1) 
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flpose.neHw 1,1cnbl'l'aHl,fS1 TaKoro WOPMMPYIOm.ero aseHa. noKaaasUMe 

B03MO::l:HOCTb ero 1,1cnOJlb30BaHl,fSI B MO.llYJISITOPe ]HY HaHOC0K)'H.llHOrO 

JD,1anaa0Ha (T1,1~0HceK). 

fiIQ..122.8_r.,1HUl.a nocssuneHa sonpocaM npaKTw-1ecKoro 1,1cnoJlbaosaH1,1si 

H0JfflH0MHblX cxeM YCl,fA0Hl,fSI MODl,HOCTM B YCKOPl,fTeJlbHOM TeXHl,fKe, 

flpe.lIJIO::l:eHa cxeMa MarHl,fTO-TMpaTPOHHOrO reHepaTOpa MODl,HblX BblCOKO

BOJlbTHblX l,fM!lYJlbCOB C KOPOTKl,fM cna,llOM l,f Ma.JlblM YPOBHeM nocAel,fMllYJ!b

COB (p1,1c.3) .lL1ISI n1,1TaHl,fSI KOPP0KTMPYIOI11,MX nJlaCTMH Cl,fCTeMbl aaxBaTa 

3.lleKTPOHHOro nyqKa. noBblllla.lOill,MM TpaHCWOPMaTOP C HaCbllJJ,a.lOlll,MMCSI 

cep,ll04Hl,fKOM C~l,fT O.l!HOBP0M0HHO l,f 3A0M0HTOM 3BeHa c::a:aTMSI, KopOTKl,fM 

( ~lHceK) cna.zi: WOPMMPY0TCSI KOPOTKoaaMKHYTOR JfflH1,1eR 41. aano~eHHoR 

wepp1,1TOM, 

.11,, 

I C, 12H 

P1,1c. 3. CxeMa reHepaTOpa MODl,HblX BhlCOKOBOJlbTHblX l,fM!lYJlbCOB 

C KOPOTKMM cna.zi:oM, ]1- TI1paTpOH TfHl -2500/50. 

Onpe.zi:e~eHhl OCHOBHble np1,141,1Hhl B03HMKHOBeHl,fSI nocAel,fM!lYJ!bCOB B TaKOR 

cxeMe l,f YKa3aHhl nYTl,1 MX YM9HbJil9Hl,fSI. B peayJlbTaTe HaJla,llKl,f nOAY40Ha 

peKOP.l!HaSI .lL1ISI TaKoro 'llfna reHepaTO.DOB MMllYJ!bCHaSI MODl,HOCTb ~150 MBT. 

feHepaTOp WOPMMPYeT 1,1MI1yJlbcb1 aMI1AJ,1TY.llOR .zi:o 100KB Ha HarpyaKe 75 OM, 

co cna.zi:oM 10-"ceK. YpoBeHb nOCJlel,fM!lYJlbCOB He npesblllJaeT ±15%17 /. 

feHepaTOp pa60TaeT C 48.CTOTOR noBTOP0Hl,fSI .llO 50fu. BpeMeHHaSI 

HeCTa61,fJlbHOCTb noA0::1:eHMSI cna.l13. l,fM!lYJlbCa Ha HarpyaKe At 

onpe.neAS!eTCSI H0CTa6MJlbHOCTblO 3apS1.D:Horo HanpSl::l:9Hl,fSI l,f np1,1 

C)'lll.0CTBYIOlll,eR B HaCTOS!lll,ee BP9MSI Cl,fCTeMe CTa61,fJffl3al.ll,fl1 ( AU/U <0. 1%) 

He npeBbDilaeT lHCeK. C03,llaHHbM reHepaTOp no~OCTblO Y.llOBAeTBop~eT 

Tpe6oBaHMs:Df, npe,llbSIB~eMblM K l1CT04H~1KY nMTaHl,fSI KoppeKTOPHblX 

nJlaCTMH c·1,1cTeMW 3aXBaTa 3A9KTPOHHOrO nyqKa. .l{Al'!TeJ!bHaSI 31':CnAYa-

Tal.ll,fSI noKa3aJla ero BhlCOKYIO Ha.zi:e::a:HOCTb, 
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Bo BTOPOM paa.ne.110 BTOPQR rJlaBhl paCCMOTP0Hhl Bonpocw paapa60TKl,f H 

C03.lI3.Hl,fSI MarHHTO-TMPaTPOHHOro MO.llYJISITOPa .lIJISI JfflHeRHoro l,fH.llYKJ..tHOH

Horo YCKOPMTe~ HaHOC0KYH.lOiOro JD,1anaa0Ha. Onpe.ne.110Ha o6utaSI 

Tpe6yeMaSI MOo/OCTb MO,DyJISITOpa, BKJIJ048.SI nOTePH Ha nepeMarHH'-lHBaHl,10 

HH.l!YKTOPOB/2 • PacCMOTP0Hhl OCHOBHble xapaKTePMCTMKl,f S140MKl,f C::l:a'llfSI C 

cocpe,llOTO'-leHHWMM napaMeTPaMH Ha 3Hepr1,110 ~10 2.llz (eMKOCTb O,lMK~ np1,1 

HanpS1::1:eH1,11,1 ~50KB. cep.ne4HMK .zi:pocce~ c M3MeHeH1,1eM noTOKa 

A4!~·10-
9
B·ceK). noKaaaHo, 4TO MaKCMMaJlbHbiR K03WWMLtHeHT yc1,1.110HMS1 

MODl,HOC'llf TaKOro 3BeHa ( K~ ) ,llOC'llfraeTCSI np1,1 ~TeJlbHOCTSIX 

BblXO.lOiOro l,fM!lYJlbCa T)300HCeK. 3KcnepMMeHTaJlbHO l,fCC.110.llOBaHW npe

.l[0JlbHble no speMeHl,f 1,1 MODl,HOCTI1 xapaKTePl,fC'llfKl,f MMllYJlbCa np1,1 pa6oTe 

-Ha pe31,fCTMBHYIO HarpyaKy. 

TaKaSI Sl4eAKa MO:l:eT 6bl'I'b 1,1cnOJlb30BaHa .ltJ[SI aanMTKl,1 OKOHe4HblX 

KacKa.zi:os MO.llYJISITOPa, swno~eHHblX no cxeMe p1,1c.2, 4TO 1,1 6W10 

peaJffl30BaHO Ha roAOBHOM o6paaue YCKO.DMTe~ CH]YH.ll-20111 , r .ne B 

MO.llYJISITOPe 1,1cnOJlb30BaJfflCb 12 HeJfflHeMHblX .ll~] C KOMMYTJ.1.DYIOill,MMl,f 
.zi:pocce~ Ha ~PPMTOBblX Ce.D.ll04Hl,fKax. 

flp1,1se.zi:eHhl on1,1caH1,1e cxeMbJ 1,1 npMHJ..tHna pa6o'l'hl MO.llYJISITO.Da, WOPMYJlhl 

.lIJISI paC'-leTa HanpS!lteHl,fSI Ha HarpyaKe (nyqKe), OCHOBHble TeXHl,f'-leCKl,f8 

xapaKTePl,fCTJ.1Kl,1 3A9MeHTOB l,f Y3AOB, Ha .DMC. 4 noKaaaHhl MM!lYJlbC 

HanpSl::l:eHMSI Ha BXO.lle B MH.l!YKTO.D (a) 1,1 l,fM!lYJlbC TOKa (6) B 

_pe31,fCTMBHOM HarpyaKe MH.l!YKTO.DOB (3KBMBaJleHT nyqKa). 0TJffl'-01e MX no 

WOPMe CBSl3aHO C BJfflSIHMeM l,fH.llYKTI1BHOCTeM pacceSIHMSI l,f KOHe4Horo 

speMeHl,f pacnpoCT.DaHeHl,fSI CMrHaAOB no ~PPMTOBblM Ce.D.lle4Hl,fKaM 
l,fH.llYKTO .DOB. 

111 ~=A t ~ I 
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1---l--i---w.;;d:--+---t---t---f P1,1c. 4. 0CLtHJIJIOrpaMMW l,fM!lYJlbCOB: 

a.. 1---4-....... q......-+-~-~t::-t ·- - HanpszeH ... "" BXO .. ~ MHJICl'l<TOl>I 
. - - -- - - - 6.- TOKa Ha 3KBMBaAeHTHOl,1 HarpyaKe. 
L.i_..L-J-....L...-L-_L____J_---' PaasepTKa 17HceK/.zi:eA, 

°" t \ \ft\ \ I l 
np1,1B9.l[0Hhl 3KCnep1,1MeHTaJlbHble Harpyao4Hble xapaKTePMCTMKl,f O.lOiOM 

YCKO.DSIIOm.eR ceKl.ll,fl,1, KOTOPble HaXO.llSITCSI B xopomeM COOTBeTCTBl,fl,1 C 

paC'-leTHWMM, noAY4eHa l,fM!lYJlbCHaSI MODl,HOCTb ~400MBT B nyqKe np1,1 TOJ<:e 

~ lKA ( o6m,a.SI BblXO.l!HaSI MODl,HOCTb ~600MBT). M0.DYJ151TO.D 6WI aanym.eH Ha 

roAOBHOM o6paaue YCKOPl,fTe~ CIUYH.ll-20 COBMeCTHO c 3.lleKTPOHHblM 

MCT04Hl,fKOM l,f npopa6oTaA ~10
9
48.COB C l.ll,fKJffl4HOCTblO 50fu. TeM caMblM 
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BnepBble 6bIJia 3KCnepKM9HTa.JlbHO 1I.OKa3aHa B03MOlCHOCTb 1,1cnOJlb30BaHl1S! 

H9.JOIIH9IiiHblX cxeM YCl1Jl9HKS! 11MnYJlbCHOiii MOID,HOCT!ll B MO~J151TOpax 

JOIIHe!iiHblX KH~l..l,KOHHblX YCKOPKTeJ!eiii. B MJlbHeiiimeM Ha roJIOBHOM 

06pa3ue 6bIJia 3anym,eHa BTOPaS! YCKOP5IIOJD,aS! ceKl..l,KS! C aHa.11or111.1HblM 

MO~JI51TOPOM, a 3aTeM o6a MO~JI51TOpa 6bIJrn 06'be~H8Hbl B O~H C 06DlJ,1M 

KOMMYTa.TOPOM 0 

J:J2e.'.rl2.iLf..!HHl.i! nocs51111,eHa pemeHKIO npo6AeMbl C03MHKS! 11MnYJlbCHOiii 

CKCTeMbI JOIIHeiiiHoro 11H~l..l,KOHHoro YCKOPKTeJ151 CHJIYHlI-2012- 51 , KOTOpasi 

BKJIIOt.raeT B ce6si 5 MarH11TO-T111paTPOHHblX MO~JI51TOPOB C KH~l..l,KOHHb001 

YCKOP5IIOD01Mlll C9Kl..l,K5001, C!,1CT9MY pa3MarHK1.ll1BaHl1S! H9.JOIIH8IiiHblX ~eppoMar

HKTHblX 3Jl9M9HTOB 1,1 YCTpoiiicTBo CTa6KJ01131,1POBaHHOiii P930HaHCHOiii 3ap~11-

PacCMOTP9Ha 6JIOK cxeMa 11 Ha3Ha4:9H!,19 BalCHeiiimKX Y3JIOB Cl1CTeMbl-

np1,1se1I.eHO on1,1caHKe CX8Mbl (p11c.5) 1,1 KOHCTPYKl..l,KK MO~JI51TOpa 1,1 

11H~KTOPOB, o60CHOBaHbl OCHOBHble 113MeHeHKS! no cpasHeHKIO c 

MO~JI51TOPOM fOJIOBHOro 06pa3~. Bbl3BaHHbl9 60.11ee :&:eCTKKMJII 

Tpe6osaHK5001 no CTa6KJlbHOCT!ll 11 HaJI.elCHOCT!ll-

~ 'CH 
'50H~ ... ! J 

n_ L3~
0

,, 

I I 
I I 
I I C ~ ;2:l2 /llP/112 

I 
I 
I 

~ 
J,, 

P11c. 5. np1,1Hu11n1,1aJlbHaS1 cxeMa MO~JI51TOpa ycKOPl1TeJ151 CHJIYHlI-20. 

BblCOKaS! nOBTOPS!eMOCTb Hat.raJlbHOiii HaMarHl14:eHHOCT!ll ~eppoMa.rHl1THblX 

cepJI.e'-IHKKOB 06ecne1.U1BaeTCS1 .llBYnOJ151PHb001 11MnYJlbCHb001 11CTO'-IHKKaMlll 

TOKa HT, - l1T
9

• KpoMe Toro, ~occeJlb L
2

, Ha1,160.11ee CKJlbHO BJll151JOII01Iii 

Ha 3a1I.9PlCKY BblXOJI.HOro 11MnYJlbCa, pa3MarHK1.ll1BaeTCS! BblCOKOCTa6KJlbHblM 

TOKOM 3ap~!,1 MO~JI51TOPOB. 

Mo~JI51TOPbl ~OPMKPYIOT npS!MOYfOJlbHble 11MnYJlbCbl .l[Jll,1T9JlbHOCTblO 

~30HC9K 11 MOID,HOCTbIO ~600MBT- Pa60t.raS! '-raCTOTa nosTOpeHl1SI II.O 50fu

ll:E11TT9P w.OfoJI.Horo 11MnYJlbCa He npesblmaeT 2HCeK np11 o6meM BPeMeHl1 

3aJI.9PlCKl1 -..3MKCeK OTHOCl1TeJlbHO BPeMeHK KOMMYTal..l,K11 T!IIPaTpoHa. 

6 

:,( 

' f 
/' 

:.:t't ,J 

Bo BTOPOM pa3~Jie TP9Tbeiii r JiaBbl npoBe~H aHaJll.13 TIIIPKCTOPHO-

pe30HaHCHOiii 3ap~11 MO~JI51TOPOB- noKa3aHO, 4:TO OHa He o6JiaMeT 

lf.OCTaTO'-IHOiii YCTOiii1.ll1BOCTblO np1,1 pa6oTe c TIIIPaTpOHHblMYI reHepaTOpaM!,1. 

npe~oxeHa .l(ByxKoHTYPHasi cxeMa 3ap~11 (p1,1c. 6 / 61 , 06.11aM10m,asi 

noBblmeHHOiii noMeX03aDlJ,1ID,eHHOCTblO- CTa611J[l,13al..l,KS! ttanpstm:eHl1S! ocyineCTBJ151-

eTCS! c noMOlll,bIO 3an1,1paeMoro TIIIPKCTOPHoro KJIIOt.ra T, Ha 6y~epHoiii 

eMKOCT!ll C,. 

M,i l'-.~
1 Ir•~: :ti/_ I I I 

' :f : :12i : 
L,; ___ J L ___ '..J 

PKc.6. CxeMa ycTpoiiicTBa 3ap~11 MO~JI51TOPOB-

I 
I 

M, I ~! j_Z, 
L- ---

npoMelC)'TOI.IHaS! eMKOCTb CZ, pasHaS! CYMMaPHOiii 9MKOCT!ll MO~JI51TOPOB, 

3apsi:m:aeTCS1 pesoHaHCHbIM o6pa30M qepe3 ~occeJlb L, 11 TIIIPKCTOPHbM 

KJII04: T
2 

1,1 TOJlbKO noc.11e ero 3aKPblTIIIS! npo1,1cxo~T 3ap~a HaKonKTeJlb

HblX eMKOCTeiii MO~JI51TOPOB- TaKl1M o6pa30M, cpa6aTb!BaHKe T!llPaTPOHOB B 

J11060Iii MOMeHT speMeHK He np11so~T K pelCKMY KOpoTKoro 3aMbIKflHl1S! 

BblCOKOBOJlbTHOro BblnP5001TeJ151. CxeMa 06ecne1.U1saeT 3ap~y 9MKOCT!ll 

~1MK4> II.O 50KB C 1..1,KKJ!lif'-IHOCTbIO II.O 50fu. HecTa611JlbHOCTb HanpsixeH11S! He 

npesblmaeT O, 04%. 4:TO S!BJ151eTCS! II.OCTaTO'-IHbIM ,.!lJISI Toro, 4:T06bl 

MCKJII04:11Tb ero BJll,151Hl1e Ha II.lCMTTeP YCKOP5110II01X MMnYJlbCOB MO~JI51TOPOB-

B TPeTbeM pa3~Jle np1,1se~Hbl OCHOBHble pe3YJlbTaTbl .l[Jll,1T9JlbHOiii 

(>lO't.racos) 3KCnJIYaTal..l,KM sceiii MMnYJlbCHOiii CMCTeMbl, B ue.110M 

noJI.TBePlCMIODlJ,1e npaBl1JlbHOCTb 1,1 ue.11ecoo6pa3HOCTb Bb16paHHOiii cxeMbI 

nocTpoeHMS! 1,1 TeXHM4:eCKOiii peaJ11,13al..l,KM OT1I.8JlbHblX Y3JIOB-

l1MnYJlbCHaS! cMCTeMa ycKOPMTeJ151 CHJIYHlI-20 06ecne1.U1saeT CYMMaPHYIO 

3Hepr1,110 2M3B np1,1 TOKe HarpysKM lKA 11 pa6oTaeT c t.racToToiii JI.O 50fu •• 

PaCCMOTPeHbl OCHOBHbie pe3YJlbTaTbl pa6oTbl 11MnYJlbCHOiii CMCTeMbl C 

nyqKoM. 8HeDDi11Iii BMII. ycKOPMTeJ151 CHJIYHlI-20 noKa3aH Ha p11c. 7. 
B 3aKJII04:eHMe nepe1.ll1CJ!eHbl OCHOBHbie Bb!B01I.bl no npoJI.eJiaHHOiii pa6oTe M 

o6o6nteHbl pe3YJlbTa.Tbl pa60Tbl B ueJIOM-
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PHC. 7. 8H8DDiHR BHJl YCKOPHTeJISI CHJIYH,ll-20. 

Q~HQ~HW~-Q~~~i~Iaiw~_n2i~~~HHW~_llQH_~wa2iH~HHH 
JH~~~QiaUH2HH20_Qg~QIW~ 

1. Bnepsble B npaK'llfKe C03.llaHHSI JIHY peaJIH30BaHa B03MO:ICHOCTb 

HCnOJ!b30B8HHSI cxeM YCHJ[0Hl,1SI HMllYJlbCHOR MO~OC'llf Ha H8JIHH0AHblX 

W0PPOMarHHTHblX 3J[0MeHTa.X npH WOPMHPOBaHHH YCKOPSIIODu,1X HMllYJlbCOB. 

OpoBe,lleHHble HCCJ[0Jl0B8HHSI sapHaHTOB c.xeM YCHJreHHSI HCnOJlb30BaHbl 

np1,1 npoeK'llfPOBaHHH H C03.llaHMH JIHHeAHoro HH,llYKI.J,l,10HHOro YCKOl)HTeJISI 

CHJIYH,ll-20. 

AK:TY8JlbHOCTh sbl6paHHOro HanpaBJ[0Hl,1SI HCC.110,llOBaHHR no]lTBepx.ziaeT

CSI .llaJ!bHei.1llll,<!M paaBM'llf0M JIHY HaHOC8KYHJlHOfO )lHanaaoHa. 

2. Ope.ltJIOJCeHa paapa60Ta.Ha H C03.llaHa HMllYJibCHaSI CHCTeMa 

.1n,meAHoro HHJlYKUHOHHoro ycK:OPMTeJISI CHJIYH,ll-20 c napaMeTpaMH: 

CYMMapHaSI 3HeprHSI ~2 M38 npH TOK:e ~lK:A, ,llJIHTeJibHOCTb YCK:Ol)SIIODu,1X 

HMnYJlbCOB ~3 -10-
8
CeK:, 1.¾a.CTOTa noBTOl)8HMSI Jf..0 50 fl.I. 

3. Ope.ltJIOZeH, paapa6oTaH H C03.llaH MOJlYJISITOP JIHHeAHoro MH)lyK

I.J,l,10HHOro YCK:OPMT0JISI C MMnYJlbCHOA MODl,HOCThlO ~600 MBT, ,llJIHTeJlbHOCThlO 

~3 -10-•ceK:, ~C')TOTOA nosropeHMSI HMnYJ!bCOB ,llO 50 r1..1. B MOJlYJISITOpe 

npMMeHeHa HOBaSI cxeMa WOPMMPOBaHMSI MODl,HblX HaHOC0K:YHJlHb!X MMnYJlbCOB 

8 

______ _}_ 

C MCnOJlb30BaHM8M H8JIHH8'1Hb1X !lleppoMarHMTHblX JIHHH'1, MMelOlll,aSI 

npHOPHTeTHYIO HOBH3HY, nO.llTB8PZJl8HHYJO aBTOPCK:JIIM CBHJT..eTeJlbCTBOM Ha 

..iao6pe-reH1,1e. 

4. 3K:cnepMMeHTa.JlbHO .llOK:aaaHa B03MOZHOCTh CTa.6MJM3al.J,l,11,1 

B1)8MeHHOro no.110:m:eHHSI HMnYJlbCOB MafHl,1TO-'llfpaTPOHHblX reHeparopoB C 

T04HOCTblO He xyze O. 1% o6m,ero B1)0MeHH aaJT..ePZK:1,1 OT MOMeHTa 

cpa6aT1,JBaHHS1 K:OMMYTaTOJ)a • 

5. Ope.ltJlo:m:eHa, paapa6oTa.Ha H coa.ziaHa c1,1c-reMa peaoHaHcHo-

'llfPHCTOPHOA aapSIJf..K:1,1 MOJlYJISITOPOB, 06~.ziarom,asi nOBbllll0HHOA HaJT..ez-

HOCTbJO. HaJT..eZHOCTh o6ecnel.ll4BaeTCSI .llBYXK:OHTYPHOA cxeMOi-1 aapSIJf..K:1,1. 

6. Ope.ltJIOZeH. paapa6oTaH 1,1 C03.llaH MarHHTHbli-1 reHepaTOp BblCOK:O

BOJibTHblX HMnYJlbCOB C K:OPOTK:HM cnaJlOM. feHeparop WOPMHPY8T l,1~~JlbCbl 

aMnJMTYJT..Oi-1 JlO lOOK:B Ha HarpyaK:e 75 OM, co cnaJloM ~10 ceK:. 

HCCJ[0Jf..0B8Hbl OCHOBHble npHtrnHbl B03HHK:HOB8Hl,1SI noCJ[0HMnYJlbCOB B Ta.K:HX 

reHepaTOpax 1,1 Bblpa60Ta.Hbl peK:OMeHJial.J,l,11,1 no HX YM8HblOOHHIO. ,llocTHrHYT 

MHHHMaJlbHbli-1 YP0B8Hb nocJieHMnYJlbCOB ± 15%. 

7. 0pOB8JT..eHbl HCCJl0Jl0B8HHSI pa60Tbl H8JIHH0'1Hb~ weppoMarHHTHb~ 

JIHHHA B pe:m:HMe YCHJ[0Hl,1SI HMnYJlbCHOA MODl,HOC'llf. 3K:cnepHMeHTa.JlbHO 

noKaaaHo, Y:TO cym,ecTByeT npeJleJlbHbIA K:03WWHUHeHT YCHJieHHSI, 

onpeJT..eJISl8Mbli.1 HenpS1MoyroJlbHOCTh10 neTJIH r1,1c-repea1,1ca. noJ!Yl{eHa 

3K:CnepHMeHTa.JlbHaSI aaBHCHMOCTh K:03WWHI.J,l,10HTa YCHJieHHSI OT aMnJIHTYJf..bl 

MarHHTHOro noJISI s q,epp1,1Te MapK:1,1 600HH. noJIYl{eHO, l{TO MaK:CHMaJlbHb!H 

K:03q,q,1,11.J,1,1eHT YCHJl0HHSI paBeH ~2 JlJlSI npoxo,llSIID,0£1 1,1 ~6 JlJlSI OTpa:a:eHHOi-1 

BOJIH. 

.711,1-repa-rypa. .I' 

1. ropHHOB 6. r. , .l{o.1161,1.110B r. B. , Jie6eJleB H. H. , neTpOB B. A., 

neTpOB B.A., CapaHl..19B B.n., CYM6aeB A.n., ¢aTeeB A.A., 36epJlb Y. 
3K:cnepMMeHTaJlbHOe MCCJieJlOBaHMe CHCTeM 1,1H)lyKI.J,l,10HHOro YCK:OPHTeJISI C 

nOBbllll0HHOi.11.J,1,1K:JIH4HOCThlO CHJIYH.l{ II. OHSlH, 9-12148, .l{y6Ha, 1979. 

2. .l{o.1161,1.110B f. B. , .7Ie6e]leB H. H. , neTpOB B. A. , neTPOB B. A. , 

CapaHl..19B B.n., CYM6aeB A.n., ¢aTeeB A.A. B K:H.: KoJIJleK:THBHble 

M8TOJlblYCK:OP8HHSI. OH51H, .l{9-82-664, .l{y6Ha, 1982, c.101. 

3 • .l{o.1161,1.110B f • 8 . , ,lly60BHK: JI. B . , H HK:MH B • ,ll. , Jie6eJT..eB H • H • , 

HMK:O~eB B. n., neTPOB B. A. , neTpOB B. A •• CaeHK:O T. n. ' CapaHl..19B 

B. n. , CYM6aes A. n. , ¢a-rees A. A. , 1lleyJ1HH A. c. . !llHHOB 6. r. 

KoJIJleK:THBHbli-1 YCK:OPMTeJ!b TS!Xe.llb~ HOHOB KYTH -20. CHJIYH.ll-20, CHCTeMbl 

ynpaBJI0Hl,1SI, K:OHTPOJISll,1,llHarHOCTHK:1,1. OH51H, P9-83-307, ,U-y6Ha, 1983. 

4. AJ[0K:CaHJT..POB B.C., 6eJ10Im11..1K:Hi.1 n.¢., 6eJIS1es JI.H., ••••••• , 

¢a-rees A.A., ••••• , !llopHaK: r. B K:H. YcK:OPMTeJ!bHbM K:oMnJieK:c TSl~eJib~ 

HOHOB B OHJ!,H. OH51H, P9-83 -613, .l{y6Ha, 1983. 

9 



■ 

5. ,lloJl6111JlOB f. 8. , neTPOB 8. A. , ~aTeeB A. A. Jl111HeAHhlA 
IIIH~UIIIOHHb!A YCKOPIIITeJlb SJl8KTPOHOB ClllJIYH,ll-20. OVI.HJ/l, P9-86-290, 
lIY6Ha, 1986. 

6. ,lloJI6111JlOB r. 8. , Jle6e,ll8B H. Ill. , Y3JIOB C. 8. , ~aTeeB A. A. , 
m111HOB 6.f. CIIICTeMa CTa6111Jllll3111P0BaHHOA P830HaHCHOM aapSU[Kl/1 MO.IIYJ151-
TOPQB YCKOPIIITeJ151 CJ/lJIYH,ll-20. nT3, J5, 1986, c .22. 

7. ,lloJ16!11JIOB r. B. , neTPOB B. A. , ~aTeeB A. A. MarHIIITHhM 
reHepaTOp BblCOKOBOJlbTHblX IIIMilYJlbCOB c KOPQTKIIIM cnal(OM. nT3, tl, 
1986, c. 98. 

8. ~aTeeB A.A. YCIIIJieHllle IIIMilYJlbCHOA MOID,HOCTIII B H8JIIIIHeAHblX 
~eppoMarHIIITHblX JIIIIHl/lmt. nn, tl, 1988, c.101. 

9. ,llo.116111.1100 r. B. , ~a Tees A. A. lllMI1yJlbcHasi c111cTeMa JllllHeAHoro 
IIIH~UI/IOHHOrO YCKOPIIITeJ151. ABTOpcKoe CBlll,ll8TeJlbCTBO CCCP » 724065, 
H 05 H 5/00. np111op111TeTOT03.07.78. 610.11.»47. 1986. 

~ 

PyROTIMCb nocTyn11.1Ia B M3~aTenoCRMM OT~en 
6 anpenH I~90 ro~a. 

IO 


