
••• 
OB'bE~HHEHHY0 HHCTHTYT H~EPHYX 11CCJIE~OBAHH0 

CTEOAHOB 
AJJb6epT 8JJa)lHMttpoBtt4 

9-80-203 

PA3PABOTKA l1 l1CCJIE,l],OBAHl1E lll1KJIOTPOHOB 
,ll,JIH f1Pl1KJIA~HhlX IIEJIEM 

Cneu,ttaJlbHOCTb : 01 .04 .13 - ')Jlf'KTpcxpwrnKa 

Aaropecpepar nHcceprau1m Ha co1-1cKa1me Y'JeHOM 
CTeneHH il0KT0pa reXHHqeCKHX HayK 

ny6Ha 1980 



Pa6oTa BlmOJIHeHa :a Hay'IHO-HCCJie.no:aaTeJlhCKOM HHCTHTyTe 
3JieKTpO/llH3H'leCKOA annapaTyp1,1 HM, Jl,B,E)ppeMOB6, 

0pHUH6Jl&Hl,le onnoHeHTH: ,llOKTOp /llH3HKO-MaTeMaTH'leCKHX HayK 
B,B,KoJI&ra , 

,llOKTOp TeXHK'leCKHX H6YK 
A,1',,ApsyMaHo:a, 

,llOKTOp T8XHH'leCKHX HayK 

C.K.ECl!H. 

Be.nymee H6J'IHO-KCCJie,llOBaTeJI&CKOe yqpe~eHHe - PH3KK0-
3HepreTH'l8CKHA HHCTHTYT, r.06HKHCK,. 

3allUIT6 COCTOHTCJi 11 11 ______ 1980 I', B __ '16COB 

Ha sace.naHHH Cneuna.,m3Hl)OB8.HHOI'O Y'J8ROI'O COBeTa ,ll-04?.0I.03 

IlpH Jia6opaTOpIDi roi;epHHX npo6JieM 06'I>e;n;mI8RROI'O 1,!RpTHTyTa roi;epHHX 
'l{CCJie;n;oBa.Hlrlt, r. ,IJ.y6Ha, MoCKOBCROil o6JiaCTH, "-~· , 

C .nHccepTauKeA MOMHO osHaKOMHT&Cli B 6H6JlHOTeKe OHHH. 

A:aTopeipepaT pasocJiaH 11 II 

Yt1eHHA ceKpeTap& CrreD;liaJm3Hl)OBaliHOI'O 
COBeTa KaH,llH,llaT 1H31'1KO-MaTeMaTH'leCKKX 

H6YK 

1980 r. 

ll,A,EaTyco:a 

3a nocxe~HHe ro.n1,1 sHa'IHTeJI&Ho pacmHpHnac& cipepa npHMeHe-
• 

HHJi ycKopHTexeA B pJi.lle OTpacxeA Hapo.nHOI'O X03HACTBa l'I B Me-

.llHUHHe, flBJllIRC& HOCHTeJIHMH nepe.no:aoA T8XHOJIOI'l'll'I, HOBl:IX M8TO

,llHK l'I Bl:ICOKonpOH3BO,llHT8JI&Hl:IX npoueccoB, JCKOpHT8Jll'I pa3Hl:IX Tl'l

noB HCnOJI&3JDTCJi ,llJIR pa.nHaUHOHHOA o6pa60TKl'I MaTepHaJIOB I'[ nH

l!l8BliX npo.nyKTOB, CTepHJIHSaUKK Me,lll'IUl'IHCKl'IX npenapaTOB l'I HHCT

pyMeHTOB, npH l'ICnliTaHHl'I M6T8pHaJIOB 6es paspymeHHH, 3Jl8M8HT

HOM aHaJIH3e COCTaBa -BemecTBa, npH Jiyqe:aoA TepanHH onyxoJieA, 

,llHaI'HOCTHKe sa6oJieBaHHA
0

H T,,ll, 

KpoMe Tp6,lll'IUl'IOHHOI'O HCnOJI&SOBaHKJi ,llJlJi 3Tl'IX ueJieA BliCOKO

BOJlbTHliX H Jll'IH8AHliX 3Jl8KTpOHHliX ycKopHTeJieA Ha6.mQrcaeTC/I BCe 

6oJiee nmpoitoe HCITOJII,30BaHH8 D;liKJIOTpoHOB, OTKJlW38TQU!ITT" 60Jll,11Il{8 

B03MOMHOCTH pemeHHR 111Hp0KOI'O Kpyra npHKJl6,llHliX S!l,l!a'I, 

ITo .naHHliM cocToHnmeAcli :a a:arycTe 1975 ro.na :a UDpHxe MeM

.nyHapo.nHoA KOHT,epeHUHH npaKTH'l8CKH Ha Kall\ZIOM 1'13 6oJiee '18M 70 

.neACTBJDl!ll'IX UKKJIOTpOHOB npe.nycMOTpeHO npo:ae.neHHe npHKJl6,llHliX 

l'ICCJie.nonaHHA, 6 O,llHa Tp8Tb 1'13 o6mero 'IHCJia U8Jll'IKOM opHeHTH

po:aaHa Ha BlinOJIHeHHe TaKHX pa60T, 

ITapaMeTp!i nyt1KOB UHKJIOTpOHOB, HCnOJlb3J8MUX ,llJlR npKKJl6,llHl:IX 

ueJieA, OTJIH~aDTCH 6oJI&mHM pasHoo6pa3HeM. TaK, eCJIH ,llJlH peme

HHJi MHOI'HX sa.nat1 :JJieMeHTHOI'O aH6JIH3a nO,llXO,lll'IT He6oJI&moA UK

KJIOTpOH C Bl:IXO,llHOA 3HeprHeA nyqKa .neATpOHOB BJ M:iB, TO ,llJlJi 

npo:ae.neHHH pa6oT no Jiyt1e:aoA TepanHH 3JlOKa'leCTBeHHliX HOB006pa-

30BaHHA 61iCTp!iMH HeATpOHaMH 3H8pI'HR nyt1K6 npoTOHOB Ha MHmeHH 

.llOJlMHa COCTaBJIHTb .no 70 M:iB, Eme 6oJiee BliCOKHe Tpe6o:aaHHR 

no 3H8pI'HH (.no 200 + 220 M:iB) npe,ll'I,RBJIHDTCJi K JCKOpHTeJIJiM, 

npe.nHasHat!eHHliM ,llJIJi TepanHH onyxoJieA Henocpe,llCTBeHHO npOTOH

HliM nyqKOM H ,llJIJi pa.nHorpa/llHK, 

T 061.t~,et; c.,;.:.:.:,1bli.!: 1mrn:rryr 
QCp!i.Ll~ l~ri-."ltJ\OB3.H?Ifl 

6l-JE,Jiv lC)TEKA 
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Pa3nlllqHu TaKlKe Tpe6oBaHHR K TOKY ny~Ka y 3TIIIX Mam111tt. MaK-

CHMan&HaR IIIHTeHCIIIBHOCTb He06XOAIIIMa UIIIKAOTpottaM C 3Hepr111eA 

22 - 28 MaB, npeAH83HaqeHHUM ~nR np01113BOACTBa paAIIIOHyKnlllAOB, 

Ha MHmettHX T8KIIIX ycTaHOBOK 1KenaTe~bHO J/IMeTb TOKJ/1 nyqKa, AO

CT111ra1Jm111e IOOO + I5JO MKA III nume, ecn111 3To oKalKeTCR npaKT111-

qecK111 B03MOlKHHM. C ApyroA CTOpOHU, Ha .ycKoplllTene C 3Hepr111eA 

200 + 220 MaB TOK nyqKa O,I ~ I,O MKA nnonHe AOCTaToqett AnH 

nonyqeH111~ 6on&m111x nornomeHHHX A03 B TKatt111 •. 

B HacToamee npeMa B pa3n111qHux HayqHux ueHTpax HameA cTpa

HH Ill CTpaH C:JB npHKAUAHHe pa60T1J BeAyTCR Ha OTeqecTBeHHlJX 

UIIIKnOTpOHax C Alll8MeTpOM nonllCOB I20 Ill I :0 CM, B nRTIIIAeCRTHe 

rOAH 3Tlll ycKop111Ten111 6un111 pa3pa60T8HlJ AAH npOBeAeHJ/IR 3Kcnep111-

MeHT8AbHlJX pa6oT no RAepttoA ~1113111Ke. Hx MOAeptt11138UIIIR, ocy

mecTnnettHaR KBan111~111u111ponattHHM 06cnyliilllna1Jm111M nepcoHanoM B oc

HOBHOM B nanpanneHJ/1111 BBeAeHJ/IR peryn111ponaHIIIR 3Hepr111111 Ill 1113Mette

HIIIR Tlllna ycKopHeMHx qacTJ/IU, no3BOnHeT 111cnon&30BaTb ycTaHOBKJ/1 

AnH npo1113BOACTB8 P8Alll08KTIIIBHHX 11130TOnOB, aneMeHTHOro anan1113a, 

1113yqeHIIIH 1113HOCa, Kopp03111111 Ill T,A, B CBR3111' C Mopan&HUM CTape

HJ/leM UIIIKAOTpOHOB, I/IX ManuM q111cnoM Ill ttenp111rOAHOCTbll K 3KCnnya

T8Ullllll B Hecneu111an1113111ponaHHHX Hayqttux yqpel!l,ll,eHIIIRX MacmTa6u 

npoBOAIIIMlJX pa6oT orpaH111qe1J1J Ill He COOTBeTCTByllT COBpeMeHHlJM 
'· 

Tpe6onaHIIIHM. 

Eonee Toro, CIIICTeMaT111qecKIIIA nOAXOA K p~meHlllll pHAa npo6neM 

B RACPHO~ MeAHUIIIHe (nyqeBaR Tepan111H 6ucTpHM111 HeATpOHaMJ/1 Ill 

npOTOH8Mlll, np01113BOACTBO paA11108KTIIIBHlJX 11130TOnOB T8nAIIIR-20I Ill 

IIIOA8-I23) noKa noo6me He MOlKeT 61JTb ocyuiecTnneH B CBR3111 C 

OTCJTCTBJ/leM HylKHHX yCKOplllTeneA. He RBnReTCR BlJXOAOM 1113 nono

~eHlllR 111cnon&80BaH111e AAH yKa3aHHUX ueneA yHHKanbHlJX CIIIHXpO

UIIIKAOTpOHOB OHHH, ]HffP III npoTOHHoro c111Hxp0Tpotta HT3:P, 
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napaMeTpH nyqKOB KOTOpHX He ncerAa OTBeqalJT onTlllManbHlJM Tpe-

60BaH1rnM. 

HacToamaR pa60T8 noCBRmeHa pa3pa60TKe UIIIKAOTpOHOB, npeA

ll83HaqeHHHX ARR npoBeAeHJ/IR np~KnaAHHX pa6oT B Hayqttux yqpelK

AeHIIIRX Ill Ha KpynHHX npoMumneHHlJX npeAnplllRTlllHX. Uen&ll pa60T1J 

RBnaeTCR o60CHOBaHllle TexttonorlllqecKoro pHAa UIIIKnoTpOHOB AnH 

np111KnaAHHX ueneA, pa3pa60TKa Ill 111ccneAOBatt111e BXOARmlllx B Hero 

ycKOplllTenelL 

np111 pemeHllllll nocTannettHHX 3aAaq 6uno He06XOAIIIMO o6ocHOBaTb 

MlllHlllManbHOe q111cno T"lllnOB nplllKAMHHX UlllKnOTpOHOB, pa3pa6oTaTb 

COBpeMeHttlJe 3KOHOMJ/lqH1Je ycTaHOBKIII, COOTBeTCTBy1Jm111e ypoBHIJ 

nyqm111x sapy6e1KHHX Mamllltt, o6ecne'l111Tb rro.n:yqemre Ha IDIX tteo6xo

AlllMHX napaMeTpOB ny'lKa no 3Hepr111~ Ill lllHTCHClllBHOCTIII, a TaKlKC 

npeAyCMOTpeTb Mepu no IIIX tte,nelKHOA Ill 6e3onaCHOA 3KcnnyaTaUllllll. 

C 3TOA uen&ll 6Hnlll o6octtoBaHH Ill BHCApCHlJ op111r111ttanbtt1Je.npeA

no1KeHlllR no pa~pa60TKC pasnlll'lHlJX CJ/ICTCM Ill ysnoB U~KnOTpOHOB, 

Ottlll CBR3aHH KaK C ~opMlllpOBaHJ/leM Heo6XOAlllMHX MarttlllTHlJX noneA, 

1113yqeHHeM AHHaMIIIKlll ny'lKa B nonax eneuHan&ttoA ~opMu, nonyqettlll

eM Tpe6yeMOA lllHTCHCIIIBHOCTJ/1 ny'lKa Ha MlllWCHRX, 06ecne'lett111eM 

BlJCOKO~~eKTIIIBHOrO BHnycKa, onpeAeneHHeM noneA AOnycKOB Ha 

aneMeHTlJ MarHlllTHOW Ill ycKopRllmeA CIIICTCM, TaK Ill C peweHHCM pR

Aa 3M8'l no noauwettlllll o6meA TCXHH'leCKOM llaz\ClKHOCTlll pa60TU yc

KOplllTeneA. 

B cymeCTBCHHOM CTeneHJ/1 pacCMOTpeHHlJC B AIIICCepTau11111 aonpo-

cu RBRRIJTCR 06m111Mlll AAR pa3pa60TKIII UIIIKROTpOHOB, no3TOMY ee 

pe3yn&TaT1J MoryT 6HTb 111cnonb30B8Hll Ha ACMCTByllmHx MUWIIIHUX Ill 

nplll coopy1Kettllllll HOBlJX UIIIKnOTpOHHHX ycKopHTCAbHUX KOMnneKCOB. 

i111ccepT8UIIIR COCTOlllT 1113 BBCACHlllR, WCCTJ/1 rnaB Ill 38Knll'lCHJ/IR. 
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Otta co.neplKHT 2IO CTpaimu TeKCTa H 58 pHCYHKOB, OlHCOK He..:'· 

□ OJib30B8HHOH JIHTepaTypbl COCTOHT H3 I74 H8HMeHOB8HHA. 

B IIEPB011 rJJABE .n1rncepTaUHH paccMoTpeHbl o6nacTH npHKJIEIJlHo

ro npHMeHeHHR UHKJIOTpOHOB, B Heil npoaHaJIH3HpoBaHbl Tpe6oBa

HHR, npe.n~RBJIHeMble K napaMeTpaM nyqKOB UHKJIOTpOHOD, HC□OJib3ye

MblX D p03JIHqHbfX OTpacJIRX npoMl:lmJieHHOCTH H B Me.nHUHHe, H npe.n

JIOlKeH TeXHOJIOrHqecKHH pa.n UHKJIOTpOHOB np»KJIEIJlHoro H83HaqeHHH 

(Ta6JI, I H 2). 

Ta6JIHUa I 

ITapaMeTpbl H o6JiaCTH npttKJIEIJlHoro npHMeHeHHH UHKJIOTpOHOB 

ITapaMeTpbl nyqKa UH K-
JIOTDOHa 

3HeprHR, 06JI8CTb npttMeHeHHR ITpHMeqaHHe 
z 2/A, TOK,MKA 
M::iB 

T 2 3 4 
6-12 20- ':O 3JieMeHTHblA aHaJIH3 

I2-I6 20- .':O ITpOH3BO)tCTBO CBepxKopoT-
KOlKHDJIIIHX H30TO□OB 

IO-I2 20- ':O HsyqeH»e »sHoca, Koppo- HcnOJib3YJOTCH 
3HH, MOHHTOpHpOBaH»e a.nepHHe pe-
)tBHlKeHHR .lteTUJieA Mam»H aKUHH BH)t8 

(A, n) 
20-25 5)-IOO ITpOH3BO)tCTBO KOpOTKO-

lKHBJIIIHX H30TOITOB )tJIR 
Me.n»UHHCKOA .nHarHOCTHKH Hc□OJib3JllTCR 

22-28 200 ITpOH3DO)tCTBO H30TO□OB a.nepHb1e pe-

Cf~6)H mttpOKoro npHMeHeHHH aKUHH BH,na 
~A,2n5 » 
A,3n 

30 20- ':O HMHTaUHH pa,nHaUHOHHblX 
ITOBpelK,lleHHA ITpe.nnonaraeT-

IOO I0-20 HsyqeHHe pa,nH8UHOHHOA ca ycKopeH»e 
THllteJiblX HO-CTOAKOCTH KOHCTPYKUHOH- HOB HblX MaTepHaJIOB 

70 20-':0 TepanHH 6blCTpb1MH HeilTpo- ITyqoK Hcnom,-
HaMH syeTca Ha 6e-

pttJIJIH eBOA MH-
meHH 
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I 2 3 4 

60 I0-20 ITpoH3Bo,ncTBO »o.na-I2J HcnoJib3yeTcR 
a.nepttaa 5eaK-
u1-rn (A, n) 

2.~o 0,I-I,0 TipOTOHHaa Tepan»R H 
pa.n11orpai(JHR 

Ta6nHua 2 

TexHOJIOrHqecKHA pa.n UHKJIOTpoHOB )tJIR npHKJIU)tHblX UeJieA 

THn UHKJIO- XapaKTepHCTHKH BHemHero nyqKa ,llHaMeTp 
TpOHa 3tteprHR, z c.; A , 

ITOJillCOB 
TOK, MKA CM 

M::iB 

.llU 6 IOO 60 
AU I2 50 80 
MIU-20 5-20 50-IOO IOJ 
P11U 28 200 

(DHYTPH I :DO) 
I :£l 

MMU 70 20 mo 
KU 220 I KoJibUe-

.· BOA UH-
KJIOTpOH 

B qacTHOCTH, noKa3aHO, qTo )tJIR perneHHR 3a_naq no ::JJieMeHT-

HOMY aHtlJIH3Y, npOH3BO)tCTBY H30TOITOD, Hsyqemm pa,nHtlUHOHHOH 

CTOHKOc°TH MaTepHaJIOB H HMHTamrn HX PEIJlHOUHOHHblX no_BpeJKJJ,eHHt:l, 

Jiyqenon TepanHH B MC)tHUHHe H T.,n. ,nOCTaToqHo HMeTb rneCTb 

THnOB UHKJIOTpOHOB, nepeKpb1B81llliHX .n»anasoH ::JHeprHil OT 6 .no 

220 M::iB (no npoToHaM), AHanasoH 6onee BhlCOKHx.::itteprHA, 

T8KlKe HC□OJib3yeMllA ,nJIR npHKJIEIJlHblX uenen, He BKJIIJqeH B npe.nno

lKeHHblH TeXHOJIOrHqeCKHH PM· B HaCTOHmee BpCMH ,nJIR pa60T B 

::JTOM .n»ana30He, HanpHMep, no JiyqeBOA Tepa□HH Jt - Me30H8MH H 

TRlKeJIUMH HOHaMH HJIH no npOH3BO)tCTBY "a.nepHhlX i(JHJibTpOB 11 C HCilOJll,-

30:samieM TJDlteJillX H0H0B ~e.n:ecoo6pa3H0 npnMeHJITI, ycIWpHTemI, coopy,iieH-
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m1e ,nJifl npoBe.nem!fl ¢ytt.naMeHTaJ!bHHX l-!CCJie,noBaHl-!ll B fl,nepHollc' 

~H3HKe. POCT MacmTa6oB npoBe,neHHfl no.no6HHX pa60T MOJKeT, ec

TeCTBeHHO, npl-!BeCTH HK Heo6xo,nHMOCTH pa3pa60TKH cneuHaJIH3Hpo

BaHHHX MamHH. 

TipaKTHqeCKHM pe3yJibTaTOM pa60TH no KJ!aCCH~HKOUHH UHKJIOTpO

HOB /lBJI/leTCfl B03MOJKHOCTb npoBe,nellHfl YHWPHKaUHH HX Y3JIOB H 

CHCTeM. YHH1HK8UH/l cnoco6cTByeT COKpa~eHHID CpOKOB npoeKTHpO

BaHl-!fl, H3rOTOBJieHHll, BBO,na B .nellCTBHe ycKopHTenell, O TaKJKe 

CHHJKaeT' HX CTOHMOCTb H pacxo,nH Ha :::lKCnnyaTOUHID. 

BO BTOP01 f]ABE ,nHccepTaUHH npHBO,nHTCfl TeXHHqecKoe onHca

HHe Tpex THnOB Ul-!KJIOTpOHOB TeXHOJIOrHqecKoro pfl,na: .nellTpOHHO

ro Ul-!KJ!OTpOHa nu, UHKJIOTpOHa C perynHpyeMOll :::lHeprl-!ell qacTHU 

MfU-20 H pa,nHOH30TOnHoro Ul-!KJIOTpoHa PMU, pa3pa6oTaHHHX no.n 

PYKOBO,nCTBOM aBTOpa B nepHO,n c 1968 no 1978 ro,n. 

TipH pa3pa60TKe ycKopHTeJiell 6HJI HCnOJ!b30BaH HaKOnJieHHHll B 

Hl-1"JI>A m.i. n.B.E~peMOBa OnHT C03,naHHfl "KJiaCcHqecKHX" UHKJIO

TpOHOB THna P-7, Y-120, Y-I~, Y-300, a TBKJKe H3oxpoHHoro 

UHKJIOTpoHa Y-240. ABTop npHHHMaJI Henocpe,nCTBeHHOe yqacTHe B 

npoeKTHpOBBHHH 60JibWHHCTBa :::lTHX MBWHH J,! B nonyqeHHH Ha HHX 

npoeKTHHX napaMeTpOB nyqKa. 

M3 UHKJIOTpOHOB HODoro noKOJ!eHHfl XpOHOJIOrHqecKH nepBHM 6uJI 

pn3pa6oTaH 103-CM UHKJIOTpOH MfU-20 (1968 + 1970 r.r.). OH 

npe,nHa3HaqeH ,nJI/l ycKopeHHfl npOTOHOD, .nellTpOHOB, HOHOB 3He+2 

H 4He42 B ,nHana3oHe :::itteprHll OT 5 .no 20 z 2/A M:::iB. TipH pa6o

Te Ha BHyTpeHHIDID H BHemHIDID MHmeHH HHTeHCHBHOCTb nyqKa COOT

BeTCTBeHHO cocTaBJifleT 200 + JOO H 50 + 100 MKA. B 1972 ~ 

1973 r.r. 6HJIH ycnemHO npoBe.neHH CTeH,nOBHe HCnHTaHHf! rOJIOB

HOro o6pa3ua UHKJIOTpoHa, a B 1974 r. BTOpoll o6pa3eU ycKOpH

TeJifl COBMeCTHO C pa3BeTBJ!eHHOll CHCTeMoll TpaHcnopTHpOBKH nyqKa 
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K y.naJieHHHM MHmeHflM 6HJI c,naH B A6o AKa,neMHH (r. TypKy, ifHH

JlllH,nJ,!11), ,r.ne yJKe B TeqeHHe 6oJiee nllTH neT :::lKCnJiyaTHpyeTC/l B 

IJ;eJIJIX peaJrn3au;ID! 06rrrnpHOii Hay,nmii ll rrpHKJia,D;HOH rrporpaMM. 

CpOBHeHHe UHKJIOTpOHa MfU-20 C 3apy6elKHHMH attanoraMH no

Ka3HBaer, qTo oH He ycTynaeT ycKopHTeJiflM Be,nymttx 1ttpM 3ana.n

Holl EBponH H CIBA, 6 no OCHOBHHM noKa3aTeJ!flM (TOK H KaqecTBO 

nyqKa) npeBocxo,nHT 60J!bWHHCTBO H3 HHX. 

ij 1974 r. HaqaTO npoeKTHpOBaHHe 6()-CM UHKJIOTpOHa THna 

nu. 3TOT UHKJIOTpOH npe,nH63HaqeH ,nJI/l ycKOpeHH/l ,nellTpOHOB ,no 

:::lHeprHH J M:::iB npH HHTeHCHBHOCTH BHemHero nyqKa 100 MKA. Yc

KOpHTeJib 6y,neT HCnOJib30BaH ,nJI/l :::lJieMeHTHOro aH6JIH38 HH3KHX 

KOHUeHTpaUHll JierKHX 3JleMeHTOB (6op, yrJiepo.n, a30T, KHCJIOpo.n 

",np.) B MaTpHuax Tf!JKeJIHX MaTepuaJioB. 8Ta npo6neMa UMeeT naJK

Hoe Hapo~HOX03JIBCTBeHHoe 3Haqemre UC tteo6xo,nuMoll TQqHOCTbID 

He MOJKeT 6HTb pemetta ,npyrUMU MeTO,naMU. K UUKJIOTpOHy lll npo

flBJl/lIDT HHTepec He TOJ!bKO HayqHHe yqpeJK,neHUll, HO J,! aHaJIJ,!TJ,tqec

KJ,te na6opaTOpHU KpynHHX npoMUmJieHHHX npe.nnpUllTUll CTpaHH. no.n

cqJ,!T8HO, qTo TOJ!bKO 38 cqeT CHHJKeHHfl CTOJ,!MOCTH attaJIH30B B Ta

KHX Jia6opaTOpUflX ro,nOBOll :::lKOHOMHqecKUll ~~eKT OT BHe,npeHU/l 

UHKJIOTpOHa npeBHmaeT era CTOUMOCTb. 

B 1977 r. HaqaTO npoeKTUpOB8HUe UHKJIOTpOHa TUIIO Hill, npe,n

H83HaqeHHOrO ,nJI/l npOH3BO,nCTB8 mupoKoro Ha6opa pa,nUOHYKJIH,nHOll 

npo.nyKUUl-! B nonynpoMumJieHHHX MacmTa6ax (HeCKOJ!bKO COT KIDpH 

B ro.n). OcHODHOll pelKUM pa6oTu UHKJIOTpotta PMU - ycKopettue 

npoTOHOB .no 3Hepruu 28 M:::iB. 0rJIHqJ,tTeJ!bHOll oco6eHHOCTbID Mamu

HH flBJif!eTC/l 6oJibW8fl, J,!HTeHCHBHOCTb nyqKa Ha MumeHflX. 
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B npoeKTe JCKOpHTeJJH 31lJJOlKeHa B03MOlKHOCTb noJJy'leHHH H HCnOJib-

30BllHHH Hll BHyrpetttteil MHWeHH n,Y'IKll MomHOCTbID ,no 25 ¼ JO KBT, 

Ha BHemHeH Ml1DleHH MomHOCTb n,Y'IKll COCTllBJJHeT 5 ¼ 6 KBT. 

OcttciBHUe xapaKTepHCTl1Kl1 J3JJOB Ul1KJJOTpOHOB J\U, MfU-20 H 

H1U np11ne,neHU B Tll6JJ, J. 

Ta6n11ua J 

OCHOD!ille xapaKTCpHCTl1Kl1 J3JIOB UHKJIOTpOHOB .1\U,MfU-20 11 mu 

Y3JI!l Ul1KJJOTpOHll 

I 

3JieKTpOM!lrHl1T: 

Tl1n 

,l\HllMeTp noJJVCOB, CM 

B03,l\JDlH!le 3!l30p!l ("XOJIM
,l\OJJl1Hll11), CM 

'll1CJIO ceKTOpOB (nap) 

cpe,nttee none, T 

'IHCJJO KOHU,06MOTOK, nap 
'll1CJJO rapMOHH'leCKHX 06-
MOTOK, rpynn 

Bl!-c~icTeMa: 

'll1CJIO ,nyaHTOD 

yrJJOBllH npoTHll(elfHOCTb 
,nyaHTOB, rpM 

anepTypa ,nyaHTOB, CM 

ycKopHnmee ttanpH~en11e, KB 

,n11ana30H 'lllCTOT, Mfu 

MOmHOCTb IBl!, KBT 

JACTO'IHl1K l10HOB: 

Tl111 

BBO,l\ B KaMepy 

MomttocTb pa3pH,na, KBT 

8 

.1\U 

2 

EpoHeBOH 

60 

6,5/IQ,J 
J 
I,4 

2 

I 

mo 
2,9 
25 
10,7 

6 

MfU-20 

J 

m-o6p. 

IOJ 

7,2/12 
J 
0,7 t 
+I ,45 
4 

2 

2 
mo ... 
140 
I,9 
JO 
8 5 + 
-i-26,0 
50 

mu 
4 

EpotteBoA 

ISO 

14 ,2/22 ,2 
4 
I ,IS 

4 

2 

I 

mo 
5,0 
50 
17,J,:t0,5 

100 

c"ropH'll1M11 _KllTO,l\OM 

EIKCl11lJibHUil 

0,7 I o, 7 I I ,5 

l 2 J 4 

CrtcTeMa B!lllJCKEI: 

,neqJJieKTOp 

yrnoBaH npoTHJKeHHOCTb ,- rpa,n 40 37 40 
MllKC,nOTeHUl11lJJ, KB 45 45 50 
MarHHTHUH KllHllJJ 
,l\Jll1Hll I CM 20 JO 50 
MllKC, rpa,n11eHT, T/cM 0,15 0,I 0,07 

Bee Ul1KJI0Tp0Hll, T 7 27 90 

n0Tpe6nenr1e 0neKTpo0nepr1111, 
KBA 50 170 380 

OT,neJJbH!lM naparpa~ noCBHWeH nporpaMMe CTeHAOBOil HllJ!llAKl1 

J3JJOD Ul1KJJOTpOHll, Tpe60BllHl1HM K noMemeHHHM, B KOTOp!lX npeA

nonaraeTCfl ycTaHOBKll MllDlHH, H nporpaMMe npHeMO-CAllTO'IHUX HC

mnaHHH ycKOp11TeJJeil. 11x BLinOJJHeHHe n03BOJJfleT npOBO,l\l1Tb MOH

TlllK UHKJJOTpOHOB KllK CTllH.l\llPTHOro GJJeKTpOTeXHH'leCKOrO o6opy

AOBllHl1fl, 'ITO COKpamaeT CpOKl1 DBOA!l ycKOpHTeJJeH B ,neHCTBHe, 

Hanp11Mep, B <J?11HJJHff'Al1H UHKJJOTpon MfU-20 611n co6patt r1 nepeAaH 

B GKCnnyaTaUHV 38. 9 MeCHUeB, np11'1eM AO noCTllBKl1 MaWHH!l pa6o

Tll C ny'IKOM He npOBO,l\l1Jll1Cb. 

B TPEJ'bEtl f]ABE np11Mett11TeJJbHO K ttepeJJHTHBHCTCKOMY cny'laID 

CHCTeMllTl13HpOBaHa ,l\l1HllMl1K!1 ny'IKll B ceKTOpH0~0Kyc11pyIDm11x 

Ul1KJIOTp0HllX, JtaHll OCHOBH!le BllBO,l\!l Teopr111, KllCaIDmHeCH pac'le-

Tll ycJJOBl1H (!)OpM11pOBllHl1fl n,Y'IKll Bl:lCOKoro Ka'leCTBa B ueHTpe 

Ul1KJJOTpoHa, o6ecne'leHl1H H30XpOHHOro H CTa6HJJbHOro ycKopettl1fl, 

a T8.KlKe ajJ~eKTl1BHOro Bl:lnJCKll, np11BO,l\l1TCfl npe,nJJOlKeHHaH llBTO-

poM MeTOAHKa onpe,neneHHH HCXO,l\HOH pa,n11aJJbHOH 31lDHCHMOCTl1 

cpe,nnero MarHHTHOro nOJJfl, peaJJl131lUHH KOTopoil ,naeT B03MOlKHOCTb 

cymecTBeHHO CHl1311Tb "IHCJIO aMIIep-BHTKOB KOHUeHTpn~eCIWX o6MOTOK rrpH 

non,Y'lett11r1 nv6oro pelKl1Mll ycKopett11H. 
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lJETBEPTAf1 fJIABA nocBRl!!.eHa o6ocHoBaHHIO Bll6opa y3JIOB UHK~o

TpoHOB THna JJ,U, Mr:J-20 11 Pifl. B Hefl co6paHll pe3yJioTaTll pac

qeTHllx H 3KcnepHMeHTOJlbHUX pa6oT Ha MoneJIRX, BUnonHeHHIJX B 

npouecce pa3pa60TKH UHKJIOTpOHOB. 

Ha1160JibDJl1\:i 06'beM HCCJienoBOHHfl no o6oCHOBaHHJO napaMeTpOB 

Y3JIOD BllnOJIHeH npH npoeKTHpOBaHHH UHKJIOTpona MI'U-20, C He

KOTOpUMH MonwJJHKBUHRMH, BIJ3B8HHIJMH oco6eHHOCTRM:l'l npyrnx yc

KOpHTeJiefl, npenno*eHHHe TexH11qecKHe pemeHHR 6UJIH HCITOJ1b30B8-

Hll HO UHKJIOTpOHaX ,l\U H Hl[l, 0CHODOl1 Bll60pa xapaKTepHCTliiK y3-

JIOB UHKJIOTpOHOB CJiylKl1T BeJIHqHHa npHpOCTa 3HeprHH 38 o6opoT, 

KOTOpaR, C onHoi:i CTOpOHIJ, onpenenReT THn nyaHTHOi:i CHCTeMIJ, 

aMnJIHTyny YCKOpRJOmero HanpRMeHHR H, cnenonaTeJibHO, DeJ111q11Hy 

3830pa nyaHT-nnaKHpOBKa~ C npyrofl CTOpOHIJ, 3anaeT q11cno 060-

pOTOB qacTHUIJ no AOCTHMeHHR MOKCHMOJlbHOA 3HeprHH, nonycTHMIJe 

OTKJIOHeHHR KpHBOA cpenH ero MarHHTHoro noJIR no pan11ycy OT 

H30XpOHHOfi 30BHCHMOCTH, a TOK*e CTa6HJibHOCTb OTOro noJIR BO 

BpeMeHH. YqeT anepTyp~ nyaHTa, ero KOHCTPYKTHBHOi:i BUCOTIJ H 

TOJl~HIJ 6JIOKOB KOHUeHTpHqecKHX o6MOTOK C nJiaKHpOBKOi:i no3BO

JIReT oueHHTb MHHHMOJlbHllA BosnymHIJi:i 3830p 3JieKTpOMOrHHT8, 3a-

30p B "AOJIHHe" H nepHon11quocTb MarHHTHOi:i CTpyKTypu onpenenReT

CR Ha OCHOBe ynoBJieTBOpeHHR Tpe6oBaHHfi K CTa6H~bHOCTH H 1130-

XpOHHOCTH ycKopeHHR, C~OpMyr.HpOBaHHIJX B npenHnymeA rnaBe. 

TaK, npH paspa6oTKe UHKJIOTpoHa MfU-20 anepTypa nyattTOB 

6una Bll6patta paBHOA 2 CM. ~3 onHTa pa60TIJ C Monenr,JO UHKJIO

TpOH8 Y-240 61JJIO oqeBHnHo, qTo YK830HHaR anepTypa nocTaToq

Ha nnR nonyqeHHR HOHHIJX TOKOB B HeCKOJlbKO COT MHKpOaMnep, 

ecJIH qacTOTa BepTHK8JlbHIJX KOJie6aHHA B soue ycKopeHHR He 

onycKaeTCR HHge 0,1. KoMnJieKCHOe paCCMOTpeuHe nepeq11cJieHH1JX 

B!Jme ~aKTOpOB COBMCCTHO C pacqeTaMH uaqaJII,HIJX op6HT IlOK8.3aJIO, 
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qTo HaH60Jiee npHeMJieMUM BapHOHTOM ycKopRJOmeA CTPYKTypH UHKJIO

Tpoua MI'U-20 RBJIReTCR nByxnyaHTHOR CHCTeMa C noTeHUHaJIOM JO KB. 

B ueHTpe yrJIOBaR npOTRMeHHOCTb nyaHTOB COCTaBJIReT 180°. K KO

ueqHoMy Pll.llHycy ycKopeHHR AJIR pasMemeHHR CHCTeMIJ BHnycKa nyq

Ka yrnoBaR npoTRgeHHOCTb nyaHTOB yMeHr,maeTCR no 140°. TaKHM 

o6pa30M, 61JJIH onpeneneHIJ THIT nyaHTHOA CHCTeMIJ, BeJIHqHHIJ 3830-

poB 3JieKTpoMarHHTa B 11XOJIMe" (72 MM).· "noJIHHe" (120 MM), a 

TaK•e sasop non BlJ-c11cTeMY (60 MM), KOTOplle 06ecneq11naJOT npH

pocT aHeprnH nnR onHosapRnHoA qacTHUIJ 100 + 120 KaB. 

MaKCHM8JlbH6R pa6oqaR HttnYKUHR B sasope 3JieKTpOMarHHT8 

(l,45 T) 61JJI8 Bll6paHa B npouecce MonenHpOBBHHR MarHHTHOl'O 

ITOJIR. Pe3KOe ycHJieHHe BJIHRHHR 3,[l~eKTOB Hac1JmeHHR noJIJOCHIJX 

HaKoHeqHHKOB np11 Bos6y•neHHH aJieKTpoMarHHTa CB!lme yKaSaHttoro 

suaqeHHR npHBonHT K uenponopUHOHBJlbHO 60JibillOMy pocTy aMITep

BHTKOB KOHUeHTpHqecKHX 06MOTOK HK npyrHM HeMeJiaTeJibHIJM no-
' 

cnencTBHRM HS-38 HeJIHHeAHOCTH xapaKTepHCTHK MarHHTHOl'O nOJIR. 

TaK 61JJIH onpeneneH!l KoHeqHIJA pan11yc ycKopettHR (4 5 cM), nHa

MeTp ITOJIJOCa aneKTpoMarHHTa (103 CM) H qacTOTa o6pameHHR HO

HOB B n11ana30He H3MeHeHHR 3Hepr1111 (5,5 + 22 Mfu). 

OKOHqaTeJibHOe ~OploMpOBOHHe MarHHTHOl'O noJIR npoBeneHO Ha 

roJIOBHOM 06pa3ue aneKTpOMarHHTa. C ueJiblO COKpameHHR 06'beMa 

H3MepeHHA 8BT0pOM npennoMeH HOBIJR KpHTepHi:i Bll6opa qHcJia TO

qeK no pan11ycy H 83HMyTy. OH OCHOBaH Ha ycJIOBHH noJiyqeHHR 

HHTepnOJIRUHOHHIJX naHHIJX B JID60A TOqKe MenHaHHOA nJIOCKOCTH 

3asopa C ToquoCTbJO, He ycTynacmeA ToqHOCTH H3MepeHHA. Ta

KHM cnoco6oM rapaHTHpyeTCR Heo6xonHMaR ToqHOCTb HH~opMBUHH 

0 M81'HHTHOM none B JIJ060A TQqKe npH HHTerpHpOB8HHH ypaBtteHHA 

nBH~eHHR H npH BIJqHcJieHHH rapMOHHK fflD8 - pB3JIOMeHHR no 

63HNyTy. flpeABapHTCJibHllA aHaJIH3 H8H6onee xapaKTepHllX 
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3aBHCHMOCTen MarHHTHoro nonH, CHHIDX no pa,nnycy H no a3HMy...: 

Ty C MHHHMUnbHIIM maroM, Il03BOJIHJI onpe,nenHTb MBKCHManbHO 

.nonyr.THMIIH HHTepBan H3Mepettnn. no pa.n.Hycy OH 611n B116paH 

paBHIIM I,5 CM. no a3HMyTy H3MepettHe MarHHTHoro noJIH '!epe3 

s0 (45 TO'leK) H ,noilonHHTenbHO Ha O,ZlHOM H3 :meMeHTOB nepHO

.ZlH'IIIOCTH '1epe3 4° (IS TO'!eK) o6ecrrei:m:sa.eT 11eo6xo,nHMYKl TO'I

IIOCTb onpe,neneHHH rapMOIIHK iIJY.pbe - p63JIOJKeHHH. H3Mepe11He 

BKna,na KoppeKTHpyill!IMX o6MOTOK ,ZlOCTBTO'IIIO 611no npOBO,Zll1Tb Ha 

3neMeHTe nep110,Zll1'1HOCTH '1epe3 12° (IO TO'leK). B pe3ynbTaTe 

cyMMapHIIH o6~eM 113MepeHttH, BKJlil'l6ilWl1H CHHTl1e IO Tonorpa~11n 

noJIH Ha pa3Jll1'1HIIX YPOBHHX D036j'lK,ZJ,eH11H 3JteKTpOM6rHttTa,rro.nyqe-

H:lre ,nrumux O IlOJI.IIX mecTH KOppeKTHpyiooiHX o6MOTOK rrpn Tpex 3HatJ:elill

HX TOKa OCHOBHOH o6MOTKl1 11 KOHTpOJibHlle 113MepeHl1H C DKJIKJ'leH-

HIIMl1 o6MOTK6M11, COCTaD11JI OKOJIO 4 5000 TO'ICK ,' '!TO Ha nopMOK 

MeHbme o6~eMa 113MepeHl1H, npODO,ZlHMIIX npH ~opMHpoBaHHH nonen 

no,no6H11x ycKop11Tenen. 

Ha UHKJIOTpOHe MfU He 611no Tpy,nHOCTCH C nonytJeHHeM Heo6xo

,ZlHMIIX VOKYCHpyK>IUHX CDOHCTB nonH. YKa3aHHIIC Dume B03AYWHIIC 

3U30p11 11 ,cnttpBJibHOCTb MarHHTHOro noJIH (J6°) onpe,neJtl1J111 3HB

'ICHHC DepT11KaJlbHOPO ,1;0Kyc11pyilmero 'IJ!eHa Fz (0,055 ¼ 0,060) 

11 '16CTOTII 6eTaTpOHHUX KOne6aHHH Ha116onee peJIHTHDHCTCKHX npo

TOHOD ( 0 ,12). IT03TOMY OCHODHOe BHHMaHHe 611no y,neJteHO cpopM11-

poDaHHD cpe,nHero MarHHTHOro CTOJIH B DHAC, onpe,neneHHOM 6H6Jll1-

TH'ICCKH B npe.nu.nymen rnane. PeBJitt3aU11H 3TOro Tpe6oDaHHH C 

TO'IHOCTbD, onpe,neJIHCMOH TCXHOJIOPH'IHOCTbD 113POTODJieHHH CeKTo

poD, no3DOJIH.Jla Cll,11311Tb MOlllHOCTb CTl1T!l.HHH KOHUCHTpH'ICCK11X 06-

MOTOK .no I% OT MOWHOCTl1 n11TaHHH OCHODHO~ o6MOTKH. y JIY'I~ 

WHX aHanorl1'1HIIX 3apy6elKHUX UHKJIOTpOHOD 3TOT noKa3aTeJlb co

CT6BJIHCT IO ¼ I 5 %. 
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, IlpII IICilOJib30Ba.HIIU ,namrnx MfU'IDITHUX ll3Mepemrn JI C IIOM01$IO 

paspa60TaHHOro KO!,filJ.leKca BU'IllCJIJITeJII,HHX rrporpru.iu .1(JIB 3HM, rrpn:

Be,neHoro B ,ll;IICCepTaIJ;IDI, 6h!Jia BCeCTOpOHHe H3ytJ:eHa ,ll;UHBMima rrytJ:-

rm ll 0IITl!Ml13UpoBami: YMOIDIJI BmrycKa. 

TipelK,ne Bcero, BO DCCX pelKl1Max ycKopeHHH 611J1a pacCMOTpe11a 

D03MOlK!IOCTb ue11Tp11ponaHl1H op6HT TOJlbKO DHyTpe1111eii rpynnon 

rapMOHH'ICCKMX o6MOTOK. I!anpHlKe1111e Ha .nyaHTBX np11 3TOM no,n,nep

lKMDBJ!OCb D6Jil1311 M6KCHM6JlbHOro 3Ha'leHHH, a nonoJKe1111e HCTO'IHl1Ka 

11 nynnepa coxpaHHJIOCb 11eH3Me111111M, JJIH onpe,nene1111oro 11a'l!l.J1b

Horo 3MHTT6HC6 ny'IK6 (200 MM Mpa,n) 11 CTapTODoro 11HTepnana 

~63 (-JO¼ 10°) D pe3yJibTaTe pactJeTOD HaA,neHa onTHM6JlbH6H 

KOH~11rypauHH ue11Tp6JibHOH HOHHO-OnTH'ICCKOA CHCTeMU, y,noDJICTDO

pHKllllaH nocTaDJieHHIIM YCJIODMHM. AH!l.JIH3 ,ZlDHlKCHHH 301111 ueHTpoD 

op6HT, n11311naeMoro npoueccoM ycKope1111H, DJittH1111eM nepnon rap

MOHHKH MarHl1THoro noJIH D ueHTpe 11 ,neACTDtteM "pe3011a11ca nepe

cetJeHHH 3a3opa", onpe,nen11n 11eo6xo,n11Moe cMeme1111e pa3pH,n11oro 

KaHana HCTO'IHHK6 HOHOB OTHOCHTeJibHO OCH nOJIKJCa (14 MM) 11 

napaMeTpu rapMOHl1'1CCKHX o6MOTOK. BuHylK,ZleHHOe DBe,ne1111e nep

DOA rapMOHl1KH D ueHTp6JibHOH o6JiaCTl1 MarHHTHOro noJIH CT03DOJIHJIO 

peml1Tb npo6JieMy nonytJeHttH 6JIH3Koro K 1130Xp011HOMY pa,nHaJibHOro 

npcxp11JIH cpe,n11ero M6PHl1THOPO CTOJIH np» HCnOJib30DaHHl1 MOWHOro 

HOHHOro 11CTO'IID1Ka 6KCHaJtbHOro THna. 

TaKHM o6pa30M, pac'leTHIIM nyTeM, 6e3 nepecTpoAKH noJIOlKeHHH 

HCTO'IHHKa 11 nynnepa' D pa3JIH'IHIIX pell(ttM6X ycKope1111H 611J1a o6oc

HOD6Ha D03MOlKHOCTb nony'leHHH 11HTeHCHDHoro 11 ueHTpHpOD6HHoro 

ny'IKa C 6MllJIHTy,non HCKOrepeHTHIIX KOJie6aHHH AO J MM. 

B yKa3aH11on nocTaHODKe TaKaH 3a,na'la 6una nnepnue pemeHa 

D npaKTHKe COOpJJl(eHHH UHKJIOTpOHOD. Pe3yJibT6TII HOCHT 06m11n 

xapaKTep 1111cnOJib3YK>TCH np11 pa3pa6oTKe nocne,nyKJIUHX ycKop11Tenen. 
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Oco6eHHOCTbll ycKopeH11H ny•ma D U11KJIOTpOHe MTil RDJl.fleTCR ,, 

11e60J1bWOe ,l\l1HllMl1'IeCKOe CMC1lleH11e pan11onecm1x op611T OTIIOCl1TeJ1b

llO ueHTpa MarHl1THOro noJJR. [3o3MOlKHOCTb TUKOf'O ycKopeHl1R Yac-

Tl1U 118 Ul1KJIOTpo11e nnepm,e OTMelJeHa M.rop,ll,OHOM 3E). K ,l\l1HaM11-

lJCCKOMY CMemeHl110 nyYK8 np11BO,l\RT HCCKOJlbKO np11'111H. 11pe1!\,l\e 

ncero, 11am1Y11e ncpnoti rupMOlll1Kl1 8311 MJ'rEIJlbHOl1 HeO,l\HOPO.llHOCTl1 

n peanhHOM none. Bo-nTop11x, 11a u11KJ10Tpo11e Mill n cDfl311 c 

OUCTpi.lM pOCTOM nup1iau1m n OJIH Cl1JlbHO npoHBJIHeTC.fl 3KBl1DaJleHTHIIH 

.llel1cTBl1IO nepnofl rapM01111K11 "pe3011a11c nepeceYe1111.fl 3830pa". 

K0Mne11cau11R JK[l3UHHUX D03MYlllClll1tt rapMOlll1YCCK11Ml1 o6MOTKaMl1 MO

lKeT npoBO,l\11TbCH 'I-OJlbKO ycpe,l\HCHHO Ha Tex pa.ll11ycax, f',l\C 01111 

:fCTUHODJICHU. Oo3TOMY 11a6J1!0.ll6CTCH ,llpenq, 30HU ueHTpon, COCTUB

JIR\1U\11tt l!CCKOJlbKO Ml1JIJll1MCTpOD. J3 CD.fl311 C 6Jil130CTb!O Y8CTOTU 

pa.lll18JlbllblX KOJ1e6a1111n .J,. K e,l\11Hl1UC Im U11KJIOTpOHe MTil ycKo

peH11e CMemeHHblX op611T He conpOBOIK,l\UCTC.f! yxy,nwe1111eM KUYCCTBa 

nyYKU, D TO npeM.R KUK Ha 60JibWl1X Maw1111ax OHO MOlKCT .f!Bl1TbC.f! 

O,l\11011113 np11Yl111 0Pp8Hl1YCHl1.f! CTapTOBoro 11HTepDUJl8 cpa3, a 

CJIC,l\OBaTeJibHO, 11 11HTeHCl1DHOCTl1 nyYKa. 

Cl1cTeMa nunycKa nyYKa U11KJIOTpoHa MI'U COCTOl1T 113 KOpOTKOf'O 

3JleKTpOCT6Tl1YeCKOro ,l\eJ)JieKTOpa 11 pa.n11aJ1bHO--<poKyc11pynmero Maf'

Hl1THOPO K8HaJ1a. ttx B31ll1MHOe nOJIOlKeHl1e tpl1KC11p0B6HO KQHCTpyK

u11en .llJllHTHOM Cl1CTeMu. nocne OTKJIOHe1111R .lleif1JI CKTOpOM, .no 

BXO,l\a B MarHl1THbltt KaHaJI, nyYOK npOXO,l\11T B ,nyaHTe yYaCTOK Mar

Hl1THOrO nOJI.f! C 60JlbWl1M nonepeYHIIM rpa,n11eHTOM, ,l\BPOKyc11pynw11M 

ere n pa,n11aJibHOM 11anpanne111111. BeJ111Y1111a 3Toro rpa,n11e11Ta 3an11-

c11T OT 6311MyTa. Otta M8KCl1M8Jlbll8.B o6JI8CTl1 MaJIUX 3asopoB, 

3f) M.Gordon. 11Singl turn extraction", IEEE Trana. on 

Nucl.Sci. NS-13, No.4, 1966, p.48-57. 
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B 11XOJIMax", li Ml1H11MaJibll8 B 11.ll0Jll1Hax", Pa3JI11YHII T8KlKe BCJ111YHHbl 

OTKJIOHeHHtt, Dp0ll3BO,!UfMHX ,naj>JieKTOpOM C HCl13MeHHO~ Hanp.RlKCH

HOCTbll 3JICKTpHYecKoro noJIR (IOO KB/cM) npH ere ycTaHOBKe B 

o6JiaCTH ceKTOpOB linH 11,nOJil1H 11
• PaCYeTHall OllTHMH3aUl1.f! llOJIOlKC

HH.f! .ne:l>JICKTppa OTHOCHTCJlbHO MarHHTHOA CTpyKTypbl noKasaJia, 'ITO 

B cny•iae ere YCT8HOBKl1 11a rpaHHUC. 11 XOJIM-,nOJIHH811 118 Bxo.ne B Mar

HHTHIIM K8H8JI pasMep nyYK8 6JIH30K K MHHHMaJlbHOMY, a BCJIH'll1H8 

OTKJIOHCHl1R ,nOCTaTOYH8 ,nJI.f! BblllJCK8 nyYK8 napaJIJICJlbHO OCli ,nya11-

TOB, T.e. H8H6oJiee Y.ll?6HUM o6pa30M C KOHCTpyKTl1BHOA ToqK11 spe

HH.f!. PMHaJlbHO--<poKycttpyllUlHll K8H6Jl COCTOHT 113 Tpex 6pyCKOB ' 

KpyrJIOf'O ceYeHli.f!, C03.ll61ll!l}IX B anePType 5 X 2 cM2 llOJIOlKHTeJlb

HIIA rpa.nHeHT llOJIR, nponopu11011aJ1blllltt 1111.nyKUHH. Ha .llJIHHe K6H8-

Jl6 JO CM MaKc11Man&1111n rpa,n11e11T pane11 O,I T/cM. 

ITp11MeHHTCJlbHO K YCJIOBl1RM ycKope1111.11 118 Ul1KJIOTpo11e, f'.llC B 

so11e nunycKa coxpaHReTC.f! ,neAcTBlle "peso11a11ca nepeceYeHHR 3a3o

pa" 11 nepBOA rapMOHHKH peaJlbHOf'O MarHl1THOf'O ITOJl.f!, n0Kasa11a 

B03MOlKHOCTb BblllJCK8 IlyYK8 C 3HepreTl1YCCK11M pa36pocoM, He npe

Ilb1W8DW11M npHpOCT 311epr1111 sa o6opoT. B UliKJIOTpOHe MTil C OTHO

Cl1TCJlbHO BIICOKl1M np11pOCTOM 3Hepr1111 3a o6opoT oco6e11110 ;,cp•peK

THBHO HC110Jlb30BaHHC .llJl.f! p83.lleJleHl1.f! op611T 118 cenTyMe Mexa1111s

M8 npeueccHH B _cna,nanmeM none nocne npoxol!\,l\eHHR n11ew11ero pe-

3011a11ca pa.llH6JlbHIIX Kone6a11HA Jr- = I. no ycnon11.11M 1IJa3onoro 

.llBHlKeHllll ycKopeHHe ,l\OnycKaeTCR .llO pa.llHyca. r,l\e J,.... = 0 ,8 11 

C.llBHr 'P8311 npeuecc1111 3a o6opoT COCTaBJIReT np116Jll1311TCJlbHO 

l PM• Jl'O np11BO.lll1T K pa3.lleJleHliD .llBYX llOCJle.llj'lOUll1X op6HT 118 

BeJll1YHHy 8MllJll1TY.llll KorepeHTHblX pa,l\HaJlbHIIX KOJ1e6a1111n, 'ITO co

OTBeTCTByeT pacYeTHOA 3cpcpeKTl1BHOCTH BblnycKa nyYK8 70 ¼ 80 %.. 

PasMepu llyYK8 Ha BIIXO.llHOM cpna11ue np11 3TOM He npeBUW8DT 2 CM 
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B ,nHaMeTpe, a pacxo.n~MOCTb COCTaBJJHeT Mettee 0,02 pa.n. B 

Kal!i;D.OM KOHKpeTHOM CJIJ'Iae tteo6xo,nHMble B03My1UeHHH MaI'HHTHOI'O 

noJJR. BHOCHMble HapylKHOfil rapMOHH'leCKOH 06MOTKOfil. MOI'YT 6b1Tb 

onpe.neneHbl pacqeTHblM nyTeM. MsnecTeH TaKlKe 3aKOH H3MetteHHR 

noTeHuHaJJa .nei>neKTopa B 3aBHCHMOCTH OT THna H 3HeprHH ycKo

paeMblx qaCTHU. TaKHM o6pa30M, pac'leTHblM nyTeM 6blJJa peruetta 

sa,na'la ajli>eKTHBHOI'O BblnycKa ny'IKa C MHHHMaJlbHblM 3HepreTH'lec

KHM pas6pOCOM npH HeH3MeHHOM ITOJJOJKeHHH 3JleMeHTOB CHCTeMbl Bbl

nycKa B pa3JJH'IHblX pell(l,!Max ycKopeHHR • 

K BonpocaM, HMeDWHM BaJKHoe npaKTH'leCKOe 3Ha'leHHe, OTHOCRT

CR onpe.ne.neHHe He06XOAHMblX BpeMeHHblX CTa6HJJbHOCTefil TOKOB 

nHTaHHR o6MOTOK 3JJ eKTpoMaI'HHTa' noTeHUHaJJOB Ha .nyaHT8X 1,1 . 

.najlneKTOpe, a TaKlKe TO'IHOCTb H3I'OTOBJJeHHR 1,1 MOHTalKa 3JJeMeH

TOB MarHHTHOfil H ycKOpRDIUefil CHCTeM. B03MOlKHOCTb y,noBJJeTBope

HHR Tex l,IJ!l,I HHblX .nonycKOB AOJ!lKHa Y'IHTblBaTbCR B npouecce npo

eKTHpoBaHHR UHKJIOTpOHa. B nepByD oqepe.nb 3TO KacaeTCR 3Jle•• 

MeHTOB, ~opMHpyDWHX M8I'HHTHOe none B sasope 3JJeKTpOMarHHTa, 

r.ne .nonycTHMble OTKJIOHeHHR or HOMHH8JlbHblX pasMepoB He npeBbl-. 
maDT 0,05 + O,I MM, 1,1 n03TOMY TexHOJJOI'H'IHOCTb H3I'OTOBJJeHHR 

Y'IHTblBaeTCR C H8'18Jla npoeKTHblX pa6oT. 

YKa38HHble B TeKCTe ,nHCCepTaUHH .nonycKH Ha OTKJJOHeHHR OT 

HOMHH8JlbHblX pasMepOB 1,1 HO BpeMeHHble CTa6HJJbHOCTH CHCTeM nH

T8HHR RBJIRDTCR JKeCTKHMH, HO npaKTH'leCKH peaJJH3yeMblMH. 

B KOHue qeTBepTOfil I'JJaBU npHBe.neH MaTepHaJJ no o6ocHOB8HHD 

npHBe,neHHblX Bblme OCHOBHblX y3JJOB UHKJIOTpOHOB lU H Jll1U. Bhl

XOAHIJe napaMeTpbl nyqKa 3THX MaIDHH onpe.neneHbl cneuHaJJH3HPO.

BaHHblMH o6JJaCTRMH HX npHMeHeHHR Ha OCHOBaHHH TeXHH'leCKHX 38-

.naHHfil 38K83'1HKOB. BapH8HTbl BblITOJ!HeHHR ycKOpHTeJJefil, onHCaH

Hble B AHCCepTaUHH. paccMaTpHB8DTCR KOK 6a30Bble '. HMeDU\lie 
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60JJblUHe B03MOJKHOCTH AJIR pa3JJH'IHblX MOAWPHKaUHfil. flpH Bb16ope 

3THX BapH8HTOB, npHHHM8R BO BHHM8HHe 6JJH3KYD K npoMblmJJeHHOfil 

3KCnJJyaTaUHn YCKOpHTeJtefil no ITOTO'IHOMy 3JJeMeHTHOMy aHOJIH3Y 

o6pa3UOB" ITJIOHOBO~ Hapa60TKe PMHOHYKJJH,nHOM npo.nyKUHH, 6uno 

pemeHO npen eJJbHO orpaHH'IHTb tta6op yc1ropReMUX HOH OB. OTKa3aTb

CR OT perynHpOBaHHR BblXO,nHOfil 3HeprHH H, TaKHM o6pa30M, paspa-

60TOTb npocTue" Ha,nelKHble B pa6oTe ycTaHODKH. 

llHKJIOTpOHU m-1eDT ueJJblfil pa.n o6mHx KOHCTpyKTHB~X oco6eHHOC

Tefil: 8KCHaJJbHblfil BBOA HCTO'IHHKa HOHOB, 180-rpa.nycHue o.nHo.nyaHT

Hble pesoHaHCHble CHCTeMbl C aHaJJOI'H'IHblM nocTpoeHHeM B4-TpaKTa, 

1,1.neHTH'IHUe CHCTeMU BblnycKa ny'IKa, 6poHeBue 3JleKTpOM8I'HHTbl C 

no.n~eMOM BepxHero noJJyRpMa AJIR peBH3HH ycTpOi'!CTB B8KYYMHOfil 

KOMepbl, 8HUJIOI'H'IHble ycTpofilCTBa nHT81:1HR H ynpaBJJeHHR. 

illHpOKO HCnOJJb30BaJIHCb TeXHH'leCKHe pemeHHR, npe,nJJOJKeHHble H 

peaJJH30BUHHble B npouecce C03AUHHR UHKJIOTpOHU MI'ij, 3TO OTHO

C.HTCR K onpe.neneHHD KOH(j)HrypaUHH ceKTOpOB. <PopMHpyDWHX Be.ny

mee MaI'HHTHOe none, onTHMH3aUHH Ha'laJJbHblX op6HT H :meMeHTOB 

CHCTeMbl BblnycKa nyqKa, ynpaBJJeHHD y.neJtbHOfil MOWHOCTbD ny'IKa 

Ha BHyTpettHefil MHWeHH H T,.n. B CBR3H C noBblmettHeM Tpe6oBa-

HHfil K peaJJH3aUHH pR,na·napaMeTpOB, HanpHMep, npH onpe.neneHHH 

i>opMU ceKTOpOB H3-3a OTKa3a OT HCITOJlb30BaHHR KOHUeHTpH'leCKHX 

o6MOTOK HJIH llpll Heo6xo~OCTH pa.60TH C I!Y'lKOM, MO!IUIOCTl, KOTOpo,

ro B HeCKOJ!bKO pas npeBumana AOCTHI'HYTYD Ha OTe'leCTBeHHblX 

UHKJIOTpOH8X, noTpe6oBaJJOCb .lJ,8JlbHet-imee COBeprueHCTBOBaHHe npe.n

JIOlKeHHblX MeTo.noB. 

OCHOBHOfil npoeKTHOfil oco6eHHOCTbD UHKJIOTpoHa !U RBJJReTCR 

Bb1COK8R HHTeHCHBHOCTb ny'IK8 .nefilTpOHOB npH cpaBHHTeJJbHO HH3KOfil 

otteprHH (3 MsB) H MOWHOCTH (I,5 KBT). YKa3aHHble napaMeTpY 

nyqKa peaJIH30BaHbl Ha UHKJIOTpOHe MI'U, no3TOMY 6blJIO pemeHO 
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COXp8HHTb KOMnOHOBO'l.HYKl CXeMy UHKJIOTpOHa UI'U y HOBOA MamHHl_l, 

ynpoCTHD 11 YJIY'Iffi}IB ec npHMeHHTeJlbHO K ycKOpHTeJIKl C qlHKCHpo

ll8HHOV. 311 epnien. Eb!JIO coxpaH eHO no.no611e MarHHTHllX CTpyKTYP 

11 _ ycJIOBl1H cpopMnpo1mHl1fl Ha'l.aJlbHUX op6v.T, 110 np11 HeKOTOpOM yne

Jll1'l.eHl111 anepTypu .nyaHTa (.no 29 MM), nepTHKaJibHllX 3a3opon 11 

nepexo,n.e K 0,ll,HO,ll,yaHTHOH 180-rpa,n.vcHOtt pe30HllHCHOtt Cl1CTeMe. 

Ewe 6onbmaR anepTypa .n.yaHTa (50 MM) nu6paHa ,n.JIR Ul1KJIOTpo

Ha PHU. HcnoJib30BaH11e c11cTeMH cKaH11ponaH11R nyqKa no nepT11-

Kon11, a TaKme 11CKyCCTBeHHOe B036ym,n.eHl1e pa,lll18JlbHllX KOJ!e6a

HHH Ha BHyTpBHHBM pe30H8HCe ✓~=IC 11X nocne,n.yvmen Tp8HC

<popMau11en B HeKorepe11THble n npouecce ynpann,i:eMoro He113oxpoH

Horo ycKopeHl1fl no3BOJlf!KlT ,IJ,OBeCTH Ce'l.eH11e ny'l.Ka Ha BHyTpeH

HeA Ml1meHl1 ,IJ,0 40 + 50 cM2 • 3T11 Mepll cymecTBBHHO ynyqmaKJT 

Tennonon pem11M M11llieHl1 11 ,ll,OJl*Hll o6ecne'l.11Tb B03MOlltHOCTb 3KCn

JIY8T8Ul111 M811111Hll C MOWHOCTbIO IIy,ma )J;O 25 + 30 KBT. 

ITony'l.eH11e Ha UHKJIOTpoHe PHU n11eruHero nyqKa c MOruHocTbKl 

5 11 6onee Kl1JIOB8TT B03MOlltHO TOJlbKO np11 aj)cfleKTl1BIIOCTl1 Bllnyc

Ka, COCT8BJlflIOlliett 70 T 80 %. 3T11 YCJIOBl1fl MoryT 611Tb y,n.OBJleT

BOpeHll npn nony'l.eHl111 BHYTPl1 M8W11llll ny'l.Ka C 11HTeHCl1BHOCTbKl 

2 50 + 300 MKA 11 3Ml1TT8HCOM, He npeBllW8JOW11M I 5 + 20 MM. Mpa,n. 

B 06e11x nJIOCKOCTf!X. ITpoeKTOM npe,n.yCMOTpeHll nee 113BeCTHlle 

Mepll nony'l.eHl1fl ny'l.Ka CTOJ!b BllCOKoro Ka'l.eCTBa: TW8Te~bHOe 

ue11Tp11ponaH11e op611T, orpaH11'l.ett11e Ha'l.aJlbHoro 3Ml1TTaHca nyTeM 

qia3onon ceneKu1111 Ha nepnoM nonyo6opoTe, 11CKJIK,J'l.eH11e "pe3oHaH

ca nepece'l.eHHR 3El3opa" 3a c'l.eT n116opa 'l.eT11pexnep110.n11q110J;1 

MarHl1THOA CTpyKTyp11, no,n..nep11taH11e CTpororo 1130XpOHl13M8 B npo

uecce ycKope1111R 11 B03MOlltlWJI JimtllH,IJ;~ HH3111WC rap.iiomm nOJIJI. 

B CBfl311 C orpaHl1'l.eHl1eM npeMeHHOH ,ll,Jll1TeJibHOCTl1 crycTKOB TOKa 

(.no IO+ rs0) non11rue11a MOWHOCTb pa3pR,ll,a 11CTO'l.H11K8 110HOB 

(.no I, 5 KBT). 
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ITpe.nycMaTp11naeTcR ynpanneH11e U11KJIOTpOHOM PHU c noMOWbKJ 

He60J1bmOA J3M, OCHOBH8fl ueJlb np11MeHeHl1fl KOT.open COCTOl1T B 

ynen11'l.eH1111 pecypca pa6o'l.ero npeMe1111 MaWl1Hll 3a c'l.eT pa60T11 

HO'l.bKl 11Jll1 B BllXQ,ll,HllB ,IJ,Hl1. 

B ITRTO~-r]ABE np11ne.neH11 pe3ynbTaT11 0Kcnep11MeHT8J1bHoro 

11ccne.nonaH11R npouecc.on ycKopeHHR 11 n11nycKa ny'l.Ka, nonyqe11-

H11e Ha .nnyx o6pa3U8X UHKJIOTpOHa MI'U~20: npoTOTHne, BBe,ll,eH-

HOM B .neAcTB11e B Htttt:tPA B 1972 r., 11 IJ;llKJIOTpoHe, 

nocTaBJleHHOM B PHHJlf!H,ll,HKl B 1974 r. 3TH pa60Tll nO,ll,TBep,ll,11Jll1 

paC'l.eTHlle npe.nnocllJIKH, 38JIOllteHHllB B npoeKTe yCKOpHTeJlll:. Ha 

BHyTpe11Hen H BHeWHHX M11meHRx B npoeKTHOM ,n.Hana3.0He peryn11po

BaHHfl 3HeprHH 6llJIH nonyqe1111 rapaHT11pOB8HHlle TOKH Bcex THnOB 

'l.aCTHU. Pa60Tll npOBQ,ll,11Jll1Cb .c pac'l.eTHblMl1 TOK8MH B KOppBKTl1-

pyvm»x .o6MOTK8X, pac'l.eTHllMl1 ,IJ,8HHllMl1 no CHCTeMaM BllnycKa H 

TpaHcnopTHpOBKH nyqKa K y.naneHHllM Ml1meHRM. 

ITp11 HOpM8JlbHOH pa6.oTe UHKJIOTpOHa 11HTeHCl1BHOCTb ero BHyT

peHHer.o nyqKa onpe.nenfleTCfl peEHMOM pa3pfl,ll,8 HCTO'l.HHK8 110HOB 

·11 B8Jll1'l.HHOH ycKopRKlmero 11anpR11teHHR Ha .nyaHTax. CymecTBBHHO 

pa3HllA n.oTeHUl18JI HQHl13aUHH BO,ll,Opo.na 11 ,ll,ByX38pR,ll,H.Oro reJ!Hfl 
e 

.naeT Ka'l.eCTBeHHO pa3Hlle 3amtCRMOCTH BUX:O)J;a TOKB. IIy,ma OT MOillHOC-

TH pa3pfl,ll,8 11CTO'l.Hl1K8 HOHOB npH nOCTOflHHOM HanpRllteHHH 118 .nyaH

Tax. . Ha UHKJI.OTpoHe MrU TOK npOTOH.OB :00 11 6onee M11Kp08Mnep 

MOlltHO noJly'l.HTb npH MOIJlHOCTH pa3pfl,ll,8 HCTO'l.HHK8 IOO + 200 B-r, 

B TO BpeMR K8K ,ll,Jlfl nony'l.eHHfl ~ - 'l.aCT11U C HHTeHCHBHOCTbD 

I:O MKA MOWHOCTb pa3pfl,ll,8 B03pacTaeT ,ll,0 600 BT. 

B pa3JIH'l.HblX pemMax ycKopeHHfl MHOrO'l.HCJIBHHlle ,ll,8HHlle no 

H3MepeHHD pacnpe.neneHHfl HHTeHCHBHOCTH no pa.n11ycy CBH,ll,eTeJlb

CTBOB8JIH 06 OTCyTCTBHH noTepb ny'l.Ka B OCHOBHOA 30He. EJIH3-

KHM K pac'l.eTHllM OK838J!Cfl BH,ll, nycKOBllX xapaKTepHCTl1K Ha 
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U11KJIOTpOHe. 3HaqeHl1e aMnJil1TY.IJ.U noporoBoro HanpH1KeHl1H Ha .D.Y-

8HT8X CBH38HO C. KOHC!mrypau11eA HaqaJibHOA 110HHO-OOTl1qecKOA 

Cl1CTeMU 11 38B11Cl1T OT KOHeqHoA OHepr1111 ycKOpHeMoro 110Ha. 

}l.lmol - qaCTl1U C MaKCl1M8JlbHOA OHepr11eA OHO paBHO II KB, .D,JIH 

npoTOHOD - B.D,DOe 60Jibme. AHaJIU3 peSOHaHCHIDC KpliBIDC 

Il0Ita3a.7I xopomee COOTB9TCTBl1e BpeMeHHOA CTPYKTypu nyqKa pac

qeTHblM npe.D,nOCHJIK8M. TaK, Ml1H11M8JlbHOe 3HaqeHl19 CTapTOBOA 

cpa3H 6uno 6Jil13KO K -(20 t 30)0 , M8KCl1M8JlbHOe - K +(IO t 20)0 , 

1I111pmia cpa30BOA noJIOC!l COCTaBHJia (40 ¼ '.Il)0 • 

lfaMepeH11e aMnJil1TY.IJ.U PaAl18JlbHblX KOJie6aHl1\;l CBl1.D,eTeJibCTBOBa

Jl O O BUCOKOM KaqecTBe nyqKa U11KJIOTpOH8; AMnJI11Ty.D,a HeKore

peHTHHX pa.D,118JlbHUX KOJie6aHl1A He npeBHmaeT 3 MM. Io 30HU .D,eA

CTBl1H BHemHero pe30Hattca v,., = l aMnJI11Ty.D,a KOrepeHTHHX KO

ne6aH11tl He npemiwaeT HeKorepeHTHue. Ila cenTyMe .IJ,e:pJieKTopa 

p03.D,eieHHe BHTKOB 38 cqeT npeuecc1111 MOmeT 6UTb .D,OBe.D,eHO .D,O 

5 MM. 

CTp11 ycKopeHHl1 npoTOHOB 11 .D,eATpOHOB Ha U11KJIOTpoHe MOrJil1 

6uTb nonyqeHbl TOKl1, npeBHmanm11e IOOO MKA. CTp11q11Hotl, npe

nHTCTByIDmeA pa6oTe C T8KHM nyqKoM, HBJIHeTCH pa3pymett11e Ml11J1ett11. 
;, 

Buxo.D, MHWeHl1 113 CTpOH CBH38H C qpe3nuqaiHIO BHCOKOA y.D,eJibHOA 

MOll\HOCTbD nyqKa, .D,OCT11r_anmeA np11 MaKCl1M£\JlbHOA 3Hepr1111 

20 ¼ 30 KBT/cM2 • CTpe.D,eJibHUe TOKl1 HOHOB reJil1H Ha UHKJIOTpOHe 

MITI orpatt11qettbl MOll\HOCTbD pa3pH.D,B 11CTOqHl1K8 110HOB. 

np11 yqaCTl111 8BTOpa 6uJI npe.D,JIO*eH 11 3am11meH £1BTOpCKl1M CBl1-

.D,eTeJibCTBOM cnoco6 nOBUllieH11H Ha.D,e*HOCTl1 M11llleHl1 38 cqeT CKB

H11pOBBHl1H nyqKa no BepT11KBJll1 nepeMeHHon·ropH30HT8JlbHOA co

CTaBJIHDWeA Marttl1THoro noJIH. 0.D.HOBpeMeHHO C B036~.D,CHl1eM pa

.D,118JlbHHX KOJie6aHl1A B ueHTpe, HB pe30HOHCe v,., = I, 11 BU6opoM 

onTl1MaJibHOro (I5°) yrna no.D,XO.D,£1 nyqKa K o6nyqaeMOA noBepxHOCTK 
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TaKaH Cl1CTeMa no3BOJll1JI8 .D,OBeCTl1 MOll\HOCTb nyqKa HB M11meH11 .D,O 

4 KBT (200 MKA np11 OHepr1111 npoTottoB 20 MoB). 

B OCHOBHblX peiKHMax OKcnnyaT8U1111 U11KJIOTpOHB ocpcpeKTl1BHOCTb 

nunycKa COCTaBJIHJia 55 t 70 %. np11 CHl1*eH1111 11HTeHC11BHOCTK nyima 

3'.f)cpeKTKBHOCTb nunycKa B03pacTana. TaK, OH£\ .D,OCTKrana 

90 t 9 5 % npK ycKopeHKK r:,l., - qacTKU .D,O 3Hepr1111 20 MoB, ec

JIK TOK nyqKa He npenuman 0,5 MKA. CTpK 3TOM KaK CHl1*eH11e .D.Y

aHTHOro HanpH~eHKH .D,O IS KB, TaK 11 HK3KBH MOll\HOCTb B pa3pH

.D,e 11CTQqHKKB 110HOB (70BT) cnoco6CTBOB8Jll1 yMeHbmeHKD Haqanb

Horo OMl1TTBHCa nyqKa 11 KHTepnana CTapTOBHX cpa3. 3HepreT11qec

KKA cneKTp BHemHero nyqKa (0,2 ¼ 0,3 % FWHM) 11 K3MepeHHaH 

Ben11q11Ha OMKTTaHca (45 K 90 MM MpaA B nepTKK8JlbHOA 11 rop11-

30HT8JlbHOA nJIOCKOCTHX) 6UJil1 6Jil13Kl1 K ·olKK.D,aeM!lM 11 no.D,TBep.D,11JIK 

cpaKT O.IJ.Hoo6opoTHoro nunycKa. 

ttHTeHCl1BHOCTl1 BHelllHl1X nyqKOB npOTOHOB 11 .D,etlTpOHOB Ha U11-

KJIOTpOHe orpaH11q11BaDTCH .D,onyCTl1MOtl TenJIOBOA sarpy3KOtl cenTy

Ma .IJ,eq>JleKTOpa (I,5 KBT) 11 MoryT COCT8BJIHTb np11 MaKCl1MBJlbHOA 

OHepr1111 60 -t 70 MKA .D.JIR npOTOHOB 11 IOO t 140 MKA .D,JIH .D,ellTpo-

HOB. 

ToK BHemHero nyqKa 110Hon 4He+2 11 3tte +2 onpe.D,enHeTcR 

ero 11HTeHCl1BHOCTbD BHYTPl1 B8KYYMHOA KaMepu. 

B KOHUe rnaBH npKBe.D,eHH pe3yJibT6TH pa6oT no TpaHcnopT11-

pOBKe nyqKa K BHemHl1M Ml11lleHHM Ha U11KJIOTpOHe MI'U B Ado AKaAe

MKl1, rAe 6HJIO nonyqeHo xopomee COOTBeTCTBl1e pacqeTHHX 11 OKC

nep11MeHT8JlbHHX 3HaqeHKA TOKOB B cp0Kyc11pyvm11x 11 nonopoTHHX 

oneMCHTaX TpaKTa. 

B03MO*HHe MO.D,11cpl1K8U1111 pa3pa60TOHHHX U11KJIOTpOHOB ~U, 

MrU-20 11 mu, a TaKJKe npe.D,Bap11TeJibHHe napaMeTpU OCT8JlbHHX 

U11KJIOTpOHOB TeXHOJIOr11qecKoro pH.D,a np11Be.D,eHH B nocne.D,HeA 

rnaBe .D,11ccepTau1111. 
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ITocTaHOBKa Bonpoca O MO.n,WPHKaUHRX UHKJIOTpOHOB CBR38Ha .C· 

~eJiaHHCM noKa3aTb pa3Hoo6pa3Hue B03MO~HOCTH MamHH. no.n. MO

.n.mfl11Kau11en nOHl1MaeTCR 3aMeHa HCKOTOpux y3JIOB ycKOp11TCJIR np11 

coxpatteHHH OCHOBHOl'O npoeKTa, 'ITO MO~eT 6UTb BunoJI_HCHO B 

npouecce 06R3aTe_JibHOH no.n,rOTOBKH pa6oqeR ,ll,OKyMCHT8U111f nepe,n 

113l'OTOBJICHHCM Ha 38BO,lle. no MHCHHD 8BTOpa, HaH60JibmHA npa~

Tl1'ICCKHA 11HTepec npe,nCT8BJIRDT cne,nyDmHe BapHaHTU MO,lllt~HKa

UHH K8lK,lJ,OA MaIDl1HU: 

U11KJIOTpOH THna ~ij - HCnOJib30B8HHe B Ka'ICCTBC HH*CKTOpa 

CHJlbHOTO'IHOl'O KOJlbUCBOl'O UHKJIOTpOHa co cne,nyDW11MH DUXO,llHUMH 

napaMeTpaMH ny'IKa npoToHoB: eHepI'RJI - I MeB,TOK - ,Ito IOOO MKA • 

U1tKJ10TpOH THna MfU-20 - noBumeH11e ~Hepr1111 Bcex 'lacTHU ,no 

2 5 z 2; A M3B npH qmKC11pOBaHHOM 3H8'1CHlrn. llp11 TaKOA MO,lllf~l1Ka

Ulflf no napaMeTpaM ny'IK8 OH npeB30i1,lleT aMep11KaHCKYD MamHHy 

cs-22, Ha1t6onee mHpOKO np11MCHHeMyD B H8CTOHlllCC BpeMR B MC,lll1-

Ul1HCKl1X yqpelit,llCHl1RX. 

U11KJIOTpoH T11na PMU - nepeBo,n B pell01M ycKopeHHH npoTOHOB 

.n.o 3Hepr1t11 35 + 40 M3B H ,neATpoHOB- ,no eHepI'IDi 20 + 22 MeB 

npH TOKe BHemHero ny'IK8 50 + 70MKA, B T8KOM BH,llC UHKJIOTpOH 

PMU Mo~eT HBATH np1tMeHeH11e npH HeRTp0HHOli Tepamm 3JIOKa~e

CTBeHHlllC onyxo~ett. 

Pa3H006pa3HUC Tpe6oBaHl1H K napaMeTpaM ny'IKOB, KOTOpUe npe,nb

HBJIHJlTCH B HaCTOHmee BpeMR co CTOpOHU R,nepttol! MC,llHU11HU, .n.ena

DT Heuenecoo6pa3HUM 11X y.n.o_BJICTBOpeHHe C noMOlllbD 0,llHOl'O JCKO

pHTCJIR, HaH6onee 3KOH_OMl1'IHUI! nyTb_ pemettl1H 3TOI! npo6neMu 3a

KJID'IaCTCH B pa3pa60TKe JCKOpHTCJlbHOl'O'KOMnJieKca, COCTORUlero 

113 OT.llCJlbHUX U11KJIOTpOHOB, pemaDlllHX onpe.n,eneHHUll Kpyr 3a11aq, 

TaK, npe,nno*eH ycKopHTCJlbHUll KOMnneKc, COCT0Hllll1A H3 UHKJIO

TpOHa MTU It KOJlbUCBOl'O UHKJIOTpoHa C M8KCl1M8JlbHOll 3Hepr11ell 
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n 70 M3B. U11KJ10TpoH Mru o6ecne'IHBaeT pemettHe 3a.n,a'I no 3Jie

MettTHOMY 8H8JIH3y, npOH3BO,ztCTBy KOpOTKOll01BJlllHX H30TOnOB ,ll,JIH 

.l11181'HOCTHKH, no 06.nyqe:amo H8liTp0HaMll onyxMeH,8aJieraK!Jtl{X Ha 

He60JibIDOA rny6HHe. 0.l1HOBpeMeHHO OH HCnOJib3JCTCH K8K HHMCK

TOp KOJlbUCBOl'O UHKJIOTpotta C 3ttepr11ei1 ,no 70 M3B, npoTOHHUH 

ny'IoK c 3tteprnen OT 28 .no 70 M3B, nonyqaeMuA Ha ycKopHTene, 

HCnOJib3yeTCH ,llJIH Hapa60TKl1 pa.n,HOHJKJIH,ll,OB (20ITI, l 2JJ) H ,ztJIH 

TepanH11 onyxonen 6ucTpUMH Hel!TpoHaMH. 

Ha KOJlbUCBOM UHKJIOTpotte eme 60JibIDHX pa3MepoB paccMOTpetta 

B03MO*HOCTb ycKopettHH ·npoTOHOB OT 70 .n,o 220 M3B ,llJIH npHMe

HeHHH npH npOTOHHO~ TepanHH H pa.n,Horpa~HH • 

npe.n,no~ettHUA ycKOpHTCJlbHUH KOMnJieKC COCTOHT H3 UHKJIOTpo

HOB, BXO,lJ,RlllHX B TBXHOJIOl'H'ICCKHH pH,zt, B03MO*HOCTb noGTanHoro 

BBOna JCKOpHTBJIBH B .llCHCTBHC, cpaBHl1TBJlbHO He60JiblliHB ra6apH

TU H noTpe6nettHe 3JleKTp03tteprHl1 HBJIRDTCR ero npeHMymecTBaMH. 

OcHOBHUe pe3JJlbTaTbl HCCJIB,ll,OBaTCJlbCKHX pa60T aBTOpa MO*HO 

c¢opMyn11poBaTb cne.n,yDlllHM o6pa30M. 

r. Paspa6oTaH TBXHOJIOl'H'ICCKHA pR.n, UHKJIOTpOHOB npHKJl8,lJ,HOro 

H83Ha'leHHH, IToKaJaHO, 'ITO D .n,Hana30He 3tteprHA OT 6 ,no 220M3B 

,ll,OCTaTO'IHO HMCTb meCTb THnOB UHKJIOTpOHOB, HCnOJib3yemx ,ll,JIH 

3JICMBHTHOl'O aHaJIHJa COCTaBa BemeCTBa, np0113BO,lJ,CTBa pa.n,Ho

HJKJIH,ll,OB, HMHTaum1 pa.n,HaUHOHHblX noBpelK,ll,eHHA, H3J'ICHl1H KOH

CTpyKU110HHOA CTOAKOCTH pa3JIH'IHblX MaTep11aJIOB, JIJ'IBBOA Tepa

nHH 6blCTpb1Ml1 HeATpOHaMl1 H BblCOK03HepreT11'1HblMH npoTOHaMl1, 

JTOT pH.n, _n03DOJIHeT yttwfn11u11poBaTb ysnu 11 Cl1CTeMbl U11KJIO

TpOHOB, 'ITO COKpamaeT cpOKH npoeKT11pOBaHl1H, 113l'OTOBJICHHH 11 

BBO,ll,a B .n,eACTBl1C ycKOpHTBJieA, a TaK~e CHl1~aeT HX CTOl1MOCTb H 

pacxo,ll,bl Ha 3KcnnvaTaui1D. 
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2. Pa3pa6oTaHa IIHlKettepHaR MeTO,Zl.llKa BU6opa y3nOB UIIKnOTpo

HOB npllKn~HOPO Ha3HaqeH11R. - Ha OCHOBaHIIII :JTOA MeTO,Zl.llKII 

o6ocHOBaHu napaMeTpu Tpex TllnOB UIIKnOTpOHOB TexHonor11qecKo

ro pR,na: JU - UIIKnOTpOHa, npe,ntta3HaqeHHOro ,nnR GneMeHTHoro 

attan113a nerKHX GneMeHTOB; Mru-20 - YHIIBepcanbHOro IICTOqHIIKa 

ycKopeHHUX nerKIIX IIOHOB ,nnR GneMeHTHoro attan113a II np0113BO,n

CTBa KOpOTKOlKIIBYIIll1X pa,n,110HyKnll,D.OB, 11cnonb syeMUX B Me,D.IIUIIHCKOA 

,n11arttocT11Ke; PHU - u11Kn0Tp0Ha, cneu11an11311poBaHttoro .nnR nony

npoMumnettttoro np0113BO,Zl.CTBa pa,nllOl130TOnHoA npo,nyKUIIII WllpOKOPO 

Ha3HaqeHIIR. 

3. npoBe,neH KOMnneKC pacqeTHUX II 3KCnep11MeHTan&HUX 11ccne

,nOBaHIIA no onT11MHsau1111 ~11311qecK11x npoueccoB, npo11cxo.nR1I111X B 

ycKop11TenRx, no o60CHOBaHIID BU6opa OCHOBHUX KOHCTpyKTIIBHUX 

pemeH11A II no onpe,neneHIID noneA ,nonycKOB Ha_ToqttocTb pean113a

u1111 GneMeHTOB MaPHIITHO~ II ycKopRDl!ICA CIICTeM. fnaBHUM HanpaB

neHlleM :JTl1X pa6oT RBnRnOCb cos,natt11e npOCTUX. KOMnaKTHUX. 3KO

HOMllqHUX II Ha,nelKHUX ycTaHOBOK, C 3TOA uen&D 6un11 pean11so

BaHu cne,nyDl!llle npe,nnOlKCHIIR. 

a. no MaPHl1THOA CIICTeMe. 

npe,nnow.etta II o60CHOBaHa B03MOlKHOCTb BBe,neHIIR B ueHTpanb

HOA 30He ycKopeHIIR noKanttsonaHHOA no p~11ycy nepBoA rapMO

HIIKII MarHHTHOPO nonR, qTo n03BOnttno 11cnonb30BaTb Ha,neJKHue 

II MOl!IHUe aKc11anbHUC IIOHHUe IICTQqHl1KII, ynyqwllTb 1130XpOHHOCTb 

ycKopeHIIR B ueHTpe II peml1Tb npo6neMy nonyqeHIIH Ha UIIKnOTpo

Hax HHTeHCIIBHUX nyqKOB IIOHOB pa3HUX T11nOB, 

Pa3pa6oTaHa MeTo,n11Ka nu6opa KOH~11rypau1111 CCKTOpoB, ~OpM11-

pyDl!ll1X Be.nYl!lee M6PHl1THOe none B 3a3ope GneKTpOMaPHIITa. Ee 
11COORb30BaHHe np11BO,Zl.llT K cymecTBeHHOMy CHIIJKeHl1D 1lllCJia 

awrep-BHTKOB KOHnCHTpll':ICCKlll o6MOTOK H HX MOIIIHOCTH rmTamm, 
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06oCHOBaH Kp11TCp11A nu6opa q11cna ToqeK 113MepemHl M8PHl1THO

ro nonR no a311MYTY 11,pa,n11ycy, no3BOnllBllil1H B HeCKOnbKO pa3 

COKpaTl1Tb 0611111n o6~eM 113MepeHl1A 6e3 yxy,nmeHIIH TOqHOCTII pe-

, 3yn&TaTOB, Kp11Tep11 CM nu6opa q11cna TO'!eK RBnHCTCH nonyqett11e 

IIHTepnonRUIIOHHUX ,naHHUX C ToquocTbD, He ycTynaDmeA TOqHOCTII 

113MepeHIIA MOPHIITHOPO nonR. 

6, no ,nllHOMIIKC nyqKa, 

npe,nnOlKCH HOBUA cnoco6 UCHTpHpOBOHIIR op611T B UHKnOTpOHC 

C peryn11pyeMoA 3Hepr11eq qacTIIU p83HUX Tl100B, ITpH M8KCIIManb

HOA aMnn11Ty,ne ycKopRDl!lero HanpRlKeHHR II pacqeTHOM nonOlKCHHII 

GneMeHTOB HaqanbHOA HOHHO-onT11qecKOil CIICTCMU UCHTpHpOBaHHe 

op6HT npOH3DO,Zl.HTCR rapMOHllqecKHMII o6MOTK8MII, pacnonolKeHHUMII 

Ha BHyTpeHHIIX pa,n11ycax ycKopeHIIR, Peanll38UHR 3TOPO cnoco6a 

RBnReTCR Heo6xo,nllMUM ycnoBHeM nonyqeHIIH IIHTCHCHBHOPO nyqKa 

BUCOKOPO KaqecTBB BO BCCM ,n11ana30HC 113MCHCHllq 3Hepr1111. 

B, no ycKopRDl!leA CIICTeMe. 

B pc3yn&TaTe 11ccne,noBaHllil ycKOpRDl!IIIX CTpyKTYP c_ pasn11qHOA 

yrnonot.l npOTRJKeHHOCTbD o60CHOBBHU npellMYl!ICCTBa !80-rpa,nycHUX 

0,Zl.H0-11 ,nnyx,nyaHTHUX pe30HOHCHUX CIICTCM, ITpll MIIHIIMOnbHOA 

aMnn11Ty,ne ycKOpRDWCPO HanpR~CHIIR 180-rp~ycuue ycKOpRDl!IIIC 

CTpyKTypu 06ecneq11naDT BUr.OKIIA TCMO npOXOlK,Zl.CHIIR nyqKoM ueHT

panbHOil o6naCTII II 003,Zl.BDT Ha11nyqw11e ycnoBIIR nonyqeHIIH IIHTeH

CIIBHOPO nyqKa BUCOKOPO KauecTBa. Oco6eHHO 38MeTHU npe11My

mecTBa T8KIIX CHCTCM B UHKnOTpOHax C peryn11pyeMoil 3HeprHeil , 

qacTIIU pa3HUX TIIOOB, 

r. no c11cTeMe nunycKa, 

06oCHOBaH BU60p ,nnR UIIKnOTpOHOB npHKna,nHOPO Ha3HaqeHHR 

CIICTeMU nunycKa nyqKa, co.nepJKameA KOpOTKHA GnCKTpOcTaTllqec

KIIA ie<flneKTOp H naCCIIBHUA pa,n11anbHO-q>OKyc11pyDm11A MaPHHTHUA 
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Kattan. ITp11 nOMep)!(aH1111 aMITnl1TY.11U CB06o.nttux 'Kon e6att1111 tta'· 

ypoBHe 2 + J MM 11 11cnonb30Batt1111 MexaHl13Ma pa3.11enett11n op611T 

Ha cenTyMe, octtoBaHHoro Ha npeuecc111111 cna.nanmeM none nocne 

npoxo)!(.1J,eH11R BHemttero pe3ottattca /~=I, TaKaR c11cTeMa 06ecne

tJ11B·aeT Ha.ne11rnun. BUCOKoaj,cfleKTl1BHUA ( ({) + 70 %) B1-1nycK nj'tJKa 

113 BaKyyMHOH KaMepu U11KnoTpOHa. 

060CHOBaH 11 peanl130BUH MeT0.11 onT11M113au1111 nonoJKeHl1R .nefJneK

Topa OTHOCHTenbHO ceKTOpOB, n03BOnl1Billl1H yMeHbilll1Tb anepTypy 

warHl1THoro Kattana 11 ynytJml1Tb napaMeTpu nytJKa Ha Buxo.ne 113 

U11KnOTpOHa. 

4. B noouecce pa3pa60TK11 UHKnoTpOHOB npe.nno)!(ettu H pean1130-

BaHU Mepu, tranpaBneHHUe Ha noBumeH11e HX o6meA JeXHH'leCKOA 

H6.1J,elKHOCTl1. ITyTeM CTa611n113au1111 pe)!(11Ma pa3pR.na 11CTO'IHHKa no

BumeH CJX)K ero cnyJK6u. 3a C'leT BepT11KanbHoro CKaH11pOBUHl1R 

ITYtJKa nepeMeHHOA ropH30HTanbHOA COCTaBnRnmen MaPH11THOro nonR 
I 

yBen11tJeHa .nonycTl1MaR MOmHOCTb nytJKa Ha BHyTpeHHeA MHmeHH H 

noBumeHa ~a.ne)!(HOCTb ee pa60TU. lnR npe.noxpaHeHl1R .neqineKTO

pa OT pa3pymeH11n BBe.neHa uenb ynpaBneHl1R pe)!(l1MOM pa6oTu 11c

TotJHHKa no TennoBoA 3arpy3Ke cenTyMa. 

5. PB3pa6oTaH KOMnneKc nporpaMM .nnn tJHcneHHoro Mo.11ex11po

BaH11R npouecca ycKopett11R nytJKa 11 ero Bunycxa. Ha ocHoBe 

3Kcnep11MeHTanbHUX .naHHUX no MarHHTHOMY 11 aneKTp11tJeCKOMy nonRM 

KOMnneKc nporpaMM no3BonReT nonytJl1Tb Heo6xo.1111Myn 11HcflopMau11n 

nq .1J,11HaMl1Ke nytJKa. TOK6M B KoppeKT11pynm11x 06MOTKax. pe)!(l1MY 

pa60TU Cl1CTei.u BunycKa .nnR nn6oro npoeKTHoro pellillMa YCKO

peHHR. 

6. B pa3nl1'1HUX pelKHMUX ycKopeHHR .neTanbHO 11ccne.110BaHH xa

·paKTep11CTl1KH BHyTpettHero H BHemHero ITYtJKOB U11KnOTpOHa MI'U-2O. 

ITonYtJeHo xopomee DKcnepHMeHTanbHoe·no.nTBepll(JteHHe pactJeTHo-
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TeopeT11tJecK11x npe.nnocunoK, nono~eHHUX B ocHoBy npoeKTa. 

lOCTl1rHyT .1111ana30H perynv.pOBUHl1R 3Hepr1111 .nnR Bcex Tl1ITOB tJac

T11U (5 + 20 z2/A, MaB), nonytJeHU npoeKTH~e TOKl1 nytJKOB 11 

113ytJ8HH npH'111HU 11X orpaHl1tJ8Hl1A, .1J,OCTl1rHYTH pactJeTHUR ajlqleK

Tl1BHOCTb BunycKa (60 + 70 %) 11 MOHOXpoMaT11tJHOCTb (0,2 +0,3%). 

7. CocTaBneHa 11 oTpa6oTaHa MeTo.1111Ka Hana.11K11 y3non u11Kno-

TpOHOB Ha 3aB0.1J,CKOM CTeH.1J,e. Ee BUnonHeHHe IT03BOnReT npOBO-

.1J,11Tb noCTaBKy ycKOp11TeneA 3aKa3tJl1KY B B11.11e CTaH.1J,apTHOro 

aneKTpOTeXHl1tJeCKOro 06opy.110BaH11R, '!TO COKpamaeT cpOKl1 11 

o6nertJaeT MoHTa* 11 nycK Mam11H. 

Paspa6oTaHa MeT0.1J,11Ka c.11atJ11 UHKnOTpOHOB 3aKa3tJHKY, o6ytJe

HHR nepcoHana npaB11nbHOA 3KcnnyaT8U1111 11 o6c.eymmamno MaWl1H, 

a TaK)!(e nporpaMMa npo(j)11naKTW!eCKHX H peMOHTHUX pa6oT. 

ITepetJ11cnettHUe Meponp11RTHH cnoco6cTBYDT .11n11TenbHOH 6e3aBa

p11AHoA pa6oTe ycKopHTenn B ytJpe)!(.1J,eH11Rx, He pacnonaranm11x 

KBanmp11u11poBaHHUMl1 Ka,n.paMl1 c'neu11an11CTOB-DneKTpocfl113HKOB, 

8. ITpoaHan11s11poBaHu 11 npe.nno)!(eHu nyT11 M0.1111:PHKaUHH paspa-

6oTaHHUX U11KnOTpOHOB, noKa3UBaDmHe pa3Hoo6pa3HUe B03MOlKHOC

Tl1 11X npHKna.nttoro np11MeHeHHH. 

Tipe.nnolKeH yHl1BepcanbHHA ycKOpHTenbHUA KOMnneKC .nnR Me.1111-

UHHCKHX ·ytJpe)!(.1J,eH11A, COCTUBneHHhlA 113 U11KnoTpOHOB TexHonor11-

tJeCKoro pH.na 11 y.noBneTBOpHDWHA COBpeMeHHUM Tpe6oBaHHRM H.nep

HOA Me.1J,11U11HU B" ycxopeHHUX nytJKax HOHOB .nnR np0113B0.1J,CTBa pa

.1J,HOHyKnl1.1J,OB, HeATpOHHOA Tepan1111, aneMeHTHOPO aHan11sa, Tepa

ITHl1 npOTOHHUM nj'tJKOM 11 nPOTOHHOA pa.1111orpaip1111. CpaBHl1TenbHO 

CKpOMHUe ra6ap11TU ycKop11TeneA 11 B03M011(1!0CTb 11X noaTanttoro 

BB0.116 B .neACTBl1e RBnRDTCR npe11MymecTBaMl1 .11J1HHOro npe.nnolKe

Hl1R. 
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9. TTp11 y'lacT1111 aBTopa, 1rnn1rnmeroc.R pyKono.n11TeneM rpynnu ,,. 

cneu11aJJl1CTOB Hm!3-1iA, B COOTBeTCTBl111 C ycnOBl1.RM11 KOHTp8KT8 

npone.nett MoHTalK, nycK 11_ c.na'la u11Kn0Tpotta MITI-20 c pasBeTBnett-

tton c11cTeMo~ TpattcnopT11poBK11 ny'!Ka B A6o AKa.neM1111 (r.TypKy, 

t11Hn.Rtt.n11.R). TaKl1M o6pasoM, 6un11 ycnemtto saBepmettu pa6oTu no 

nunontteHl110 0,llHOro 113 Kpymwx KOHTpa.KTOB BcecOID3HOI'O o6'I,e,iumeHWI 

"TexCHa6:ntcrropT" Ha rrocTaBKy Hay,moii amrapaTypH ns CCCP B pasBH

TYID KaimTaJllIC'l'H'leCKyro CTpaHy • 

MaTep11anu .n11ccepTau1111 6UJJl1 .nonolKeHll H8 BC eCOI03HUX H MelK

.nyttapo.nHux KOHcJ1epeHUH.RX H COBeU!8HH.RX no ycKop11TeJI.RM H HX npH

MeHett1110, a T8KlKe ony6JIHKOB8HU B BH.I(e npenpHHTOB Hl1113PA H CTa

TeR B Hay'IHO-TeXHl1'16CKHX lKypttanax H c6opH11Kax. 

Cn11COK OCHOBHllX ne'!aTHUX pa6oT npHBO.I(HTC.R HHJKe. 

I. Pac'!eT OCHOBHUX 3Jl6MCHTOB ycKop11T6JlbHOro·TpaKT8, CHCTeM 

OTKJIOHCHIIR H TpattcnopT11pOBKl1 ny'IK8 U11KJIOTpOHa Y-120-l. 

npenp11ttT. M., 11T3P, 1961, 20 c. Ant.: A.r.AneKceeB, 

10.r.EacaprHH, P.H.Jl11TyH0BcK11R, 11.M.MaTopa, E.C.MHpotton, 

H.A.Mottocsott, JI.M.HeMetton, A.B.CTenattoB, H.)l.<lie.nopon. 

2. PesyJihTUTU 3KcnepHMeHT8JlhHUX 11CC116.I(OB8HHH MarHl1THUX 

cTpyKTYP ceKTopttoro UHKJIOTpoHa c m11poKHM .n11anasottoM H3-

Mettett11R· 3H.epr~rn. - B c6.: 3neKTpoq,1131-l'lecKaH annapaTypa. 

M., 'ATOMl-13.I(UT, 1963, nun. l, c. 44-50. ABT.: A.r.AneK

ceen, IO. r .Eacapr1rn, P. H.Jl11TyttoncK111l, A.B. CTenatton. 

3. OCHOBHUe xapaKTep11CTl1K11 1130XpOHHOro Ul-lKnOTpoHa C nepe

MCHHOR OHepr11en '18CT11U. - B KH.: Tpy.nu Meli\ZJ,yttapo.nttofi 

KOHqJepeHUl111 no ycKopHTeJIRM. )ly6tta, 1963. M., ATOMl-13-

.naT, 1964, c. 600-603. ABT.: A.r.AneKceen, 10.r.Eacap

r11H, 11. 1> ~]l{yKoB, IO. K.JlanpettTh en, P. H .JI11Tyttonc KHn, 

H.<li.Manuwen, H.n.Henpon, A.B.CTenattoB, 11.B.Tyson. 
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4. OnuT Hana,nKH cep1111 UHKJIOTpOHOB C .I(l18MeTpOM nonIOCOB 

3neKTpoMartt11Ta -120 CM. - B c6.: 3neKTpo,IrnswtecKaH annapa

Typa. M., AToM11s.naT, 1963, Bun. I, c. 53-82. ABT.: 

A.r.AneKceen, 6.TT.Attrenon, 10.r.6acaprm1, JI.H.Bayn11tt, 

M.)l.Becenon, )l.JI.)lott,num, P.H.JI11TyttoBcK11t:1, r.A.Jlan11BafiKo, 

B.B.TT11poroBcK11n, H.A.PoMatton, A.B.CTenatton, B.A.Cycnon. 

5. CeKTOpttun U11KJIOTpOH C ,nl-!aMeTpOM non10con 3JICKTpOM8rHl1T8 

685 MM. "ATOMHBH 3HeprHR", ·1966, 20, 5, c. 429-430. 

ABT.: A.r.AneKceen, ~.H.6apKOBCKl1H, 10.r.Eacapr11H, 

B.H.Bac11nbeB, P.H.JIHTYHOBCKHA, O.A.MHHHen, B.H.H11Konaen, 

A.B.CTenatton. 

6. 240-cm and 68,5-cm variable energy iaochronoua cyclotrons. 

"IEEE Trana. on Nucl.Sci.", 1966, 'NS-13,4, p.515-516. 

Auth.: A.G.Alekaeev, Yu.G.Baaargin, H.N.Litunovaky, 

I.}'. Malyahev, N.A. Monoszon, A. V. Stepanov, I. V. Tuzov. 

7. Experiments on ion acceleration at 685 mm sector cyclotron. 

"IEEE Trana. on Nucl.Sci. ", 1966, NS-13,4, p.J80-J82. 

Auth.: V.N.Barkovaky, V.N.Vaailjev, R.N.Litunovaky, O.A.Mi

njaev, V.N.Nikolaev, A.V.Stepanov, A.S.Fjodorov. 

8. Variable energy iaochronoua cyclotron. In book: Proceedings 

of the V Int.Conf. on high energy accelerators, Fraacatti, 

1965, Homa, 1966, p.426-427. Auth.: A.G.Alekseev, Yu.G.Ba

aargin, R.N.Litunovaky, I.F.Malyahev, N,P.Nevrov, A.V.Ste

panov, I.V.Tuzov. 

9. Ion optical studies of extraction, transport and analyses 

systems for 240 cm cyclotron, "IEEE Trana. on Nucl.Sci. 11
, 

1966, vol.NS-13,4, p.344-348, Auth.: V.N.Barkovsky, Yu.G.Ba

sargin, R.N.Litunovsky, O.A.Minjaev, V.N.Nikolaev, A.V.Ste

panov, A.S.Fedorov. 
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