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I. Cxewa ynpaBneHHH B~coxoqacroTHHM reueparopo.v 
CHHXPOUHKHOTpOHa Ha 680 M3B ~~a ocy~eCTBHeHHfl HeKOTOpHX 

cneuHaHbHHX peXHMOB ycKopeHHH 

Mccne~OBaHHe npOUeCCOB yCKOpeHHfl npOTOHOB B CHHXpOUHKHOTpOHe 

Ha 680 M3B noKa3aAH,qTo qacTHUH, 3axBaqeHHHe H3 HCTOqHHKa HOHOB 

Moryr B reqeHHe Hexoroporo BpeweHH o6pamarLca no op6HTaM npouexy

roqHHX p•,nHycoB. 

~HH HCCne,noBaHHH B03MO~HOCTK yBenHqeHHfl HHTeHCHBHOCTH nyqKa 

ycxopeHHHX npoTOHOB npe~nonaraerca cos~aTL raxoH pe~HM ycxopeHHH, 

npH KOTOpOM npOTOHH MHOrOKpaTHO 3aXBaTHBallTCH H3 HCTOqH.KKa HOHOB ! 
sa cqeT ,nonOJIHHTenBHOM qaCTOTHO~ .vo,nyHHUHH ,nHana30Ha BHCOKoqaCTOT-~~ 

. I 

Horo reueparopa, noxa co6crBeHHaa qacrora pesoHaHCHOH cHcreMH c 

Bpa~a~>mKMca BapHaropoM ocraerca sume qacrorH saxBara, a sareM 

~oBo,narca ,no npe,nenLHOro pa,nHyca ycxopeHHH. Bonpoc o cnoco6ax 

qaCTOTHOH .vo,nyJIHUHH s,neCb He pac~~MaTpHBaetca. 

,nJIH OCYJ~eCTBHeHHH TaKOrO HaKOnKTeJibHOrO 

peJ:HMa He06X0,11;HMO pemHTb HeCKOJiblCO sa,naq: 

I. Cos,narL cxeMJ ynpaBneHHa .vaHHnyJiaropoM no 3a~aHHOH npor

paMMe. 

2. Cos,narL MaHHnynarop, cnoco6HHH pa6orarL no nporpa:u:ue 

cxeMH ynpaBneHHH. 

Pa6oraDII{HH ceHqac THparpoHHb!H :uaHHnyJiarop 

BCJie,D;CTBHe 60HbWOit nOCTOHHHO:ti BpE:MeHH H HHepnHOHHOCTH THpaTpOHOB 

He MOJ:eT sanHpaTLCH H OTflHpaTbCH Ha HHTepBanH BpeMeHH ,11;JIHTenL

HOCTbll B COTHH MHKpOCeKyH,n. 

I 
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2. Pa3paoorxa cxew yrrpaB.JieHHB 3JieKrpoaau:u: 
MaHHIIYJIBTO)O:U: 

JlJIB ynpaBJieH.HJi MaHHny JIBTOpOM B pe:J:HMe HaKOIIJieHHJi HeOOXO,IJ;IIIMO 

cos~aTh cxe:u:y, BH~av~v cne~v~rD nporpaMMY Ha uaHHnyJiarop: 

8-I2 BKJii)qaDJi(HX.H OTKJIDqaDIJtHX HlliiYJihCOB, CJie.l{yiOII(HX ,npyr sa ~pyrou 

qepe3 200+ 400 MCeK H sa IIOCJie.l{HHM OTKJll>qaDII(HM HMnyJihCOM STOH 

cepHH CJie,nyeT 00HqHHH BKJIDqaDII(H~ HMnyJihC, COOTBeTCTBYDIJtHH BepxHeH 

rpaHH~e qacroTH saxaara no qacrcTHOH xapaxTepHCTMKe pesoHaHcaoA 

CHCTeMH YCKOpHTe.DB. 

TaKHM oOpa3o:u:, cxe:u:y JnpaBJieHHR :u:oxao pas.neJIHTh Ha ~Be qacrH: 

I. YnpaB.DeHHe no oOuqaoD nporpau:u:e aenpepuauoro pezH:u:a c 

MaHHny.DBD;Hel. 

2. YnpaBJieH.He reaeparopow B ,nHanasoHe BHCOKHX qacTor, oOec

neqHaanmee MHOrOKpaTHHH saxBaT qaCTHD; H3 HCTOqHHKa KOHOB H HX .]{0-

Be,neHHe .]{0 pa,n.KyCOB 00JihWHX qe:u: eoOTBeTCTBYDIJt.Ke 3HeprHH HHZHei 

rpaHHUH oOJiaCTH saxBara. 

Cxe:va ynpaBJieHHJi sJieKTpOHHHM MaHHIIYJIBTOpOM Ha BLICOKHX qac

IOTax reueparopa: 

){JIHTeJihHOCTh BpeMeHH B IOIDqE!H.HJi H BHKJIDqeHHJi BHCOKoqaCTOTHOrO 

reaeparopa BHOHpaeTCR IOO+ 200 MBCeK. B Kaqecrae sa.nanmero reaepa

TOpa HMIIYJihCOB HCIIOJih3yeTCJi "rHC~. HMnyJihCH C "rHC"a IIOCTyiiaDT Ha 

KacKa,n COBna,neHHH. ){JIB CeJieKTHpOBaHKJi KMIIYJihCOB, IIOCTYIIaDII(HX Ha 

STOT KaCKa,n, Ha ero BXO.l{ IIO.l{aDTCJi ll-oOpasHHe HMnyJihCH, OTIIHpaDII(He 

HOpMaJibHO sanepTHH KaCKa,n COBna,neHKH TOJibKO Ha BpeMB, B TeqeHHe 

KOTOporo .l{OJIZeH paOOTaTb B.q.reHepaTop Ha BHCOKHX qaCTOTaX ,I{Hana-

30Ha ,nJia ocymecrBJieHHB :u:HoroxpaTaoro saxaara H .noae.neu.Ha qacrHn .no 

pa,nHyca HaKOnJieHHBo 3TH ll-o0pa3HH3 HMIIYJibCH B TO Ee BpeMB RBJIRDTCJi 
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H HMnynLCaMH CHHXpOHH3anHH, TaK KaK ~na HX ¢opMHpOBaHHH HCnORL-

3YDTCH HMnyRLCbl ¢0TO~aTtfHXa, lla<:TOTa c·JJe~oBaHHH KOTOpblX COBna

,l(aer C qaCTOTOH MOJJ;YJIHUHH B.ll. reHeparopa. 

].{aJiee no JJ;OCTHXeHHH B.q.reueparopoM BepxHeii qacroTH saxBara 

BKRDqaerca 06blqHblH MaHHnyJlHTOp, ROTOpbiM OCTaBJIHeT reHBparop BblK

JIDqeHHblM Ha BeCL UHKJJ ycKopeHHH )(0 npe)(eJJLBOH 3HeprHH. 

EJIOK-CXeMa ¢opMHpOBaiUUI ynpaBJIHDIIUiX HMflYJILCOB H306paxeHa 

Ha pHc. i . BpmEHHI1Jl. ~~·t~:t~aJY,~: ¢opMHpoBaHHa ynpaBJIHDutHX mmyJIL

coB )(Jia pa6oTI:l B BepxHeH qacrH );HanasoHa B.q.reHeparopa Hso6pa-

zeHa Ha pHc. 2. • 

3 •. Paspa6orxa 3nexrpoHHoro MaHHnynaropa 

JlJIH MaHHnynaUHH B. q. reHepe.ropa no CJIOJIHOH nporpauMe, )(aBae

MOH CXeMOH ¢0pMHpOBaHHH ynpaBJlHIIItHX HMnYJlLCOB, He06XO)(HMO 6HJl0 

paspa6oraTL 3JieKTpOHHblH :MaHHny Jl.F..TOp, CB060)l;HblH OT He,l(OCTaTKOB, 

HMeDutHXCH y THparpOHHOro MaHHnyJHTOpa. 

Kax H3BeCTHO (n~1 BpeMa B teqeHHe KOTOporo npOHCXO)l;HT nepeXO)l; 

TpHrrepa H3 OJJ;HOrO COCTOHHHH paEHOBeCHH B )(pyroe, MOXHO npH6JlH

zeHHO oueHHTL no ¢opyYJie 

't, ntp = 2. C fi« 

r,l(e C - BXO)(HaH eMKOCTL JlaMnH M eMKOCTL MOHTaza, fl.a- aHO)(Haa 

norpy3Ka naMnH. BenHtfHHa t~e~ nexHT B npe)(enax e)(HHHU MHKpoce

KYHJJ: JJ:RH R.tl. = 15+ 5 K oN H C = IOOMkPIKt, qro He TPY.D:HO BHnon

HHTL )(JlH TaKHX na:un ·KaK rY-50 H rY-80. 

TaKHM o6pasoM, K3MeHeHHe napa:uerpoB cxeMH B mHpoxo:u )(Hanaso

He He orpaHHqHBaDT qaCTOTY CJle~OBaHHH HMllYJILCOB, ynpaBJIHDDtHX :ua

HHnyHHTOpOM. 

! 
.• 
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Ina BHacsesxa xapaKrepa sarpysKH, sa KoropyD ~onxeu pa6orarh 

Masxrrynarop 6una csara qacroruaa xapaKrepHcrua sanHpasxa B.q. 

reseparopa. 

0Kasanoch, qro BO BceM ~Hanasose qacror sanpaxeHHe CMe~eHHa, 

sanxpa~mee B.q.reHeparop se npeaumaer 160 BOBht. XapaxrepHc- , 

rua CHJIMaJiaCh npH Ea = 4 KB ( :pxc.31 r9/Aut~ct. I) 
){Jia o6ecneqesxa qerKoro sa:JHpaHHSI B. q. reHeparopa npe,~;nonaraJIH :1 

!It 

HCfl0Hh30BaTh no~aqy flOCTOSIHHOrO CMe~eHHB- 700 B Ha CeTKH resepa- :" 

ropsux na11n B.ll. reseparopa. CHa.qana 6HJIO npoBepeuo, liTO rrpx se

npepHBHOM pexHue pa6ora ue saBIWHT or roro, r~e ycraHoBneHo con

pprHBJieHHe rpH.u;Jiua ( Henocpe~c~~Beuuo B mKa!Py B.ll.reHeparopa HJIH 

Ha paCCTOHHHH 500 11- B mKa!Py 3.11!KTpOBHOrO MaHHITYJIHTOpa). 

llpH napaJIJieJihHOM flO,D;KJII>lleHIIH BHITpHMHTeJIH CMe~eHHS K rpK,ltJIHKY 
i 
I 

H no,n;alle Ha cerKy·HanpaxeHHa- ?00 B reHeparop sanHpanca rronsocthl>i 
i 

H rro.u;aqa Ha CeTKy ITOJIOXBteHhHHX HMITYHhCOB He rrpHBO,D;HJia K ero OT

nHpaHHI>. 

llapaJIBeJIBBee no,n;KJIDlleHHe HcroqHua cMemeHHa qepes rrocne~o

BateJihHOe conporuaneuue HJIH uenccpe,n;crBeHHO K cerKe 6es no~aqH 

nHTaJ>mero Hanpaxesxa sa BHnpaMHteJih nepeBO,D;HJIO uenpepHBHYI> pa6ory 

reseparopa B peJ:HM npepHBHcrol ~o.n;yJian••· 

YcrolliHBOI pa6oru He y,n;anoch .u;o6HTbCa H rrpx no.n;KJIDqeHHH seaa

nxraHsoro BHnpaMHTeJia cMemesxa no cJie.D;ynmel cxeue ( puc. va). 

Kor.D;a cuemeHxe 700 B rro.u;aBanoch ua ceTKH qepes ,n;poccenh c 

xeJie3HHM cep~equHKou, aunJiury~a no~aBaeMHx ua cerKy B.q.reHepa

ropa HunyJihCOB na~ana H He npHBO~HJia K ero ornHpaHHJ>. llpocroe 

mYHTHpoBaHuoe conporHBJieHHa rpH~nHKa ,n;pocceJieM 6e3 no~aqx sanpa

xeHHa nepeBO,D;HJIO HerrpepHBHHK peJ:KII B peJ:HII npepHBHCTOH reuepanHH. 
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B030yz.n;eHHe, 0JIH3KOe lt HOpJtaJILHOMJ y .n;aJIOCL llOJIYtiHTl» TOJILKO 

B cJiyt~ae, Kor.n;a BHXO,D; He3amtraanoro BHnpsnntreJis CMemeaHa myurx
(pv~c ltF). 

pOBaJI npHMepHO O,D;Hy llHTYD tlaCTL COnpOTHBJieHHH rpK,D;JIHKa B §50 OM. 

IIepB!dt BapHaur cxew »aHHnyJiaropa H3o0paxea ua pxc. s~ . 
Maaxnynsrop cocroaJI H3 3-x naun rY-80, .n;Be H3 Koropwx cocraBJIRJIH 

TpHrrep, ynpaBJIReMHH BltJIDtlaDotHKll H OTKJIDqaDotHMH HMllYJILCaMH,TpeTLR 

Jia»na rY-80 crosna B pezHve KaTO,D;itoro noBropHrens .n;ns cornacoBa

HHR uarpy3KH yaaxny JIHTopa co BXCt,D;HHM conpoTHBJI euHeK reueparopa. 

Ha pean~»HOH uarpy3Ke cxe»a paOoiaJia aecradHJILHO. 

EhiJI onpodoBau .n;pyroit BapHaFT cxew, r.n;e BMecro Karo,nuoro 

nOBTOpHTeJISI CTORJI YCHJIHTeJILHHH BaCKa,n; C aaO).{HOA Harpy3KOH (pHc.58) 

HcnurauHSI oOexx cxe» ( pHc. Sa.. H puc. 58 ) noKa3aJIH, tiTO 

MOIJtHOCTL O,ltHOH JiaMnH rY-80 He,D;OCTaTOtiHa ).{JISl ynpaBJieHHR reueparo

pOM ua JID0Hx qacrorax .n;xana3oaa. BropoA BapHaHT cxeMH MaHMnyJIRTO

pa COCTORJI H3 5-TH JiaMn ( pHC. ~~ ). Tpxrrep 0HJI COdpaH Ha JiaK

nax rY-50. TI-o0pa3HHe HMllYJILCH tpHrrepa yCHJIHBaJIHCL O).{HOH JiaMnOH 

rY-80 H no,naBaJIHCL Ha KaTO,D;Hbllt liOBTOpHTeJIL Ha 2-'X Jiaunax rY-80 , 

coe.n;Haeuuux napaJIJieJI:&Ho. MaHanyJiarop, paoora~mMH no 3TO~ cxeue, 

no3BOJiaer 3anHpar:& B.t~.reaeparop aa doJiee BHCOKHX qacrorax, qeu 

T.HpaTpOHHHH, HO TpeOyeuoro OT Hero 3~~eKTa ( 3anHpaTL H OTnHpaTL 

reHeparop Ka~we I00-200 uxcex) nonytiHTL ae y,naJioc:&. 

EHJIO npOBe).{eHO 3KCnepHMeHTan:&HOe HCCJie,noBaHHH CBOHCTB 3JieK

TpOHHOrO MaHHnyJISlTOpa. BHSlCHeHO,qTQ MaHHllYJISlTOp MOXeT 3an.HpaTL 

H OTmtpaTL B • tl • reueparop B lliHpOKOM cneKTpe qaCTOT , ; .... 

(<:11 rpa~Hlt pHC • 1 ) • 
Ha 3TOii cxeue ( p.Hc. B ) 0H7IO ycraHOBJieHo, tiTO B ,l(HHaMHt~ecKo:u: 

peZHMe yCTOHtiHBOCTI» paOOTH MaHHllJJIRTOpa orpaHHtleHa TOJILKO HHTep

BaJIO:U: Bpe:u:eHH KeX,D;y BKJIJ)qa[)Jll.Hil H OTltJII)qaJ)II(H:U: HMny JII»CaMH H He 
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3aBHCHT OT qacror, Ha KOTOp~X npJHCXO~HT BRnnqeHHe H OTKBDqeHHe 

reaeparopa. Ha pHc. '! noKa3aa::~ spe:w:eHHble HHrepsanbl, aa xoropux 

y~aJlOC:b ~OOHTbCSI yCTOHqiiBOH paOo·ru B ~Hana30He paOoqHX qaCTOT. 

OrpaaKqeHHeM B paOore Ma.HHnynRro:pa RBJlReTCR aeB03MOZHOCTL 3aneperL 

reHeparop Ha speuR, MeHbmee qe:w: .[,5- ~ cex ( ~JlR pa3J1HqH~x yqacr

KOB ,n1uina3oHa qacror), xoTopoe o:Jpe~enSiercSI ae napaMerpa:r.rH ca:a40ro 

MaHHTIYJlJITOpa, a nepeXO~H~MH uenRilK, CBJI3blBaDJQHMH uaHHnyJlJITOp C 

s.q. reHeparopoM. 

llepe~ 3JleKTpOHHblM :MaHHny HRropo:v 1jblna nocTaBneHa yHHBepcanbHaSI 

3a,naqa ocymecrBJlRTb ynpasneHHe r~~aeparopo», xax B pe:z:Hue uaoro

xparHoro 3axsara B paiioHe BllCOKH:< qacroT ~Hana3oaa, rax H B oOuq

HOM pezH.ue ycxopeHHR, xor~a reHeparop 3anepr so BpeMR H3MeHeHhSI 

qaCTOT ,nHana30Ha OT HH3RHX K BblCI).D. llO-BH,JtHYOMy, pemeHHe raKOH 

3a,na11H npH nouomH o.naoro :u:aHHnyn.lropa 3arpy~HH.TenLHO. !eHCTBHTenL

HO , ynpaBneHHe reaeparopov B.q, B oOuqHo:u: pe:Z:HMe ycKopeHHR Tpe

Oyer nepe,naqH n-oopa3HLIX HunyJibCOB ~nHTeHLHOCTbJJ 3-4 liCeK npH 

TIOMOIUH 00JlbillHX nepeXO,D;HblX eMKOCTI~H, KOTOplle C03~aJJT OOJibmHe TIOC

TOJIHHlle Bpe:w:eHH nepexo.nHLIX uene:K. !JIR ynpasneHHR ze B pezHue uaoro

xparaoro 3axsara Ha BLICOKHX qacrorax B.11.,a:Hana3oaa, HeoOxo.nHuo 

H30eraTb OOBbWHX TIOCTOJIHHblX BpeMaHH B nepeXO,JtHblX uenSix, H.OO B 

npOTHBHOM CJiyqae reHepaTOp B.q. He Oy,a:eT no,n,naBaTbCJI ynpaB~eHHD 

uaHHnynRropou. 3nexrpoHHblH uaaHn:rnRrop paOoTaer B cJie,nyvmeu pezHMe: 

Ea.= I, 212~. .Yet.= t 6«. z;, == 6 tJO ~ 

B nponecce aacrpoiKH 3nexrpoaaoro uaaHnynRropa O~no oOaapyxeao,qTo 

OH paOoraeT ycroiq.HBO B oOuqaoM pexHue paOOTLI s.q.reaeparopa c 

MaHHTIYJ1JITOpOY npH qacTOTe MO~yJIJil{HH OKOJlO 110 ru H He o0ecneqJ4Baer 

HOpMaJlbHOH paOoru s.q.reaepaTopa B o.naopa30BOM pe:z:HMe paoor~,xor.na 
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BKBDqaD~He HKllYRbCH nocrynavT Ha MaHHflYRHTOp O~HH pas B 5+ IQ CeK 

H pexe. HeycroHqHsaa pa6ora uaaHnynaropa 6Hna cBasaaa c re.u:,qro 

npH pa6ore B O~HOpaso8oM peXHMe na.u:na rY-80 ( D 4 pHC. g ) 
OKa3UBanaCb OTKpHTOH, llO~TOMY aMnBHTy~a BKnnqanmero HMnynbCa pes

KO na~ana, qro ae o6ecneqxBano aopuanbHYD pa6ory oKoaeqaux Kac

Ka~oB uaaxnynaropa. ~na ycrpaaeaHa ~roro He~ocrarKa aa cerKy ll4 

6uno no~aao npHHy~mrenbHoe orpHnarenbHOe aanpaxeaHe cMe~eaxa, 

nocne qero uaaHnynarop cran ycroaqHBO pa6orarb B o~aopasoBOM pe-

XH.u:e. 
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IIPKJIO!EHKE 

TexHHqecxaa xapaxrepHCTHKa 
CHCTeMH llHtaHHH MaHHllYHHTOpa i I 

I. CHcre:va nHtaHHH :vanHnynaropa i I CMOHTHpoBana B 3aKpHTOM 

mxa¢y C my i 2; nan.4 ). !~epL m~~$a HMeer MexaHHqecxyn 6noKHpoB

xy, XOTOpaa He ll03BOHHeT BKHDqHTb KOHTaKTOp aHOAHOrO llHTaHHH npH 

OTKp~TOH ABepH mxa¢a. 

3. HanpazeuHe nepBHquoA o6xorKH tpauc¢op:varopa 3 x 380/220 B. 

4. HanpazeuHe BtopHquoH o6xorKH rpanc¢opxaropa ( B 3aBHCHMoc

TH OT OTnaHKH): I385 B, I780 B, .?2I0 B, 26I0 B, 2640 Ba 

5. MaKCHManLHUH BHnpHMHeHHUH TOK 3,6 a. 

6. MaKCHManLuaa 3all{HTa uacrp~)eHa ua 3 a. 

B CHCTeMe llHTaHHH tpaHC¢0pMa·rop yctaHOBneH HHAHBHAyanLHOrO 

H3rOTOBHeHHH. BunpHMHTenL C06paH Ha 252 AHO~ax THna ~-204 no 

tpex<f>a3HOH MOCTOBOH CXeMe JiapHOHI)Ba. 

~HH perynHpOBaHHH BenHqHHU BhtnpHMHeHHOrO Hanpa:a:eHMH B uenH 

nHtaHHH nepBHquoA o6:MOTKH rpauccpop:u:aropa ycrauoBneH 3-x cpa3HHH 

rpaHccpopuarop 380/220 B H 3-x ¢a:3HLIH BapHaK 220 B. 

• 



Ta6JUU~a I 

3aBMCH.MOC TJ, HanpUeHiU:l CMeD(eHHH Ha C eTKax BbiC OKOtlaCTOTHOrO 

reHepatopa OT qaCTOTll ,lJ;JjSi peXHMOB OTCYTCTBHH H HaJI.KtfHH 

reHepa~.KH ( cM.pHc.3) 

1 

---::-cYTCTB:: i reHepaUHH 

26,381-340 
26,26 ! 330 
26,20 1 340 
25,78 .

1 

340 
24,80 340 

I 

I I HaJIMQHe re- aunnHty,n;a IT-o6p 
1 Hepa~H.K .KMllYJILCa 
-r---·--+---------+ 
., 250 90 
. 260 70 

270 70 
280 60 
280 60 

23,28 320 2~0 80 
22,20 320 220 100 
21,44 3IO 200 1IO 
20,60 300 160 I40 
19,64 300 140 I60 
18,70 320 250 70 
17,84 370 220 I50 
17,08 340 200 140 
16,42 280 I20 160 
I5,88 280 150 130 
15,45 300 180 120 
I5,08 280 160 120 
14,76 270 I40 130 
14,56 260 115 I45 
14,40 250 I05 I45 
14,23 240 roo 140 
14,10 220 70 150 
13,96 200 60 140 

___________ ._ _____ ~------~----------------------
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I~ A.l.MBH~, ~.X~HeBHZCKBI, E~~.rroxHKOB 

"HeKOTOpNe OC06eHHOCTB B ~CHOBHNe ~aHHRe BNCOKoqaCTOTHOH 

CHCTeMH meCTHIIeTpOBOrO CH:tiXPOUHitliOTpOHa" ~ 

P~HOTeXHHKa H axeKTpOHH&~ -~ 7 CTp~3-I2 (I956r~) 

2 ~ T ·~11. To11mmtaa 

"PeKOHC!pyttlUUI CHCTeii'Ll ynpaMeHHH CHHXpOUHKJIOTpOHOif11 

EI-!986 !y6aa !958 r. 

3~ JtaamxoB B~Jii ~, EaqeBmt~ Jii .E .• m ~P~ 
11Y:BeltJ4qeame ~XHTeJil,HOOTH llllnym,oo:s fiytlKO:B qaOTBU OHHXPO

IUlKJIOTpOHa mum Ha 680 MSl3" ~ P-!985 9 fipenpmHT OJiiffiii 

Jty6aa !965 r~ 

4. A.M.EoHl.l-EpyeB~'ll "IIp.vtMeHeEMe 3JieKTpOHHh!X JiaMn B 3Kcne

pHMeHTaJibHo~ ~H3KKe" 1950 r. roc. ~3~. TeXHHKO-TeopeTK

qecKO« JIHTepaTyph! M-n. 
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