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Pa6oTa BhlnoJ1HeHa e,na6opaTopHH ~epHhlX peaKQHA 06t.eAHHeHHoro 

HHCTHTyTa ~epHhlX HCCJI0AOBattH8. · 

Haytmble pyKoeonHTeJIH: 

AOKTOP ¢H3HKO-MaTeUaTHqecKHX HayK 

npoqieccop 

KaHAHAaT·¢H3HKO-MaTeMaT~eCKHX HayK 

Mn~8 Hayq!ibrlt COTPYAHHK 

Od>HgKMbHhle onnoHeHThl: 
AOKTOP TeXHHqecKHX HayK 

~TapwHa Hayq1rua COTPYAHHK 

KaHAffAaT ¢H3HKO-MaTeMaT~eCKHX HayK 
CTapum:8 Hayqttbla COTPYAHHK 

~pHa QoJiaKOBHq orAHECHH 

CeaTocnae WeaHoe~:K03JIOB 

ApTeM ApMe~aKoeHq AP3YMAfiOB 

]eoH ApceHoeHq CAPKWCHH 

Benymee ttayqHo~HccnenoeaTeJibcKoe yqpelitlleHHe: 

ttHcTHTYT ~ep~hlX HCCJieAOBattHa AH YCCP, KHee. 

'1. 

3all{HTa AHCCePT~HR COCTOHTCH" " 1982 roAa e" " 
qacoa Ha aaceAattHH Cn~QHMH3HpoeattHoro coeeia ~-04?.0l.02 npH ]a6o
paTopHH BhlCOKHX 3HeprHa 06t.eAHHeHHoro HHCTHTyTa ~epHhlX Hccneioea
HHa no B,Ilpecy: r.~6Ha,MocKOBCK08 o6JiaCTH, ]a6opaTOPHH BblCOKHX 

3HeprH8. 
C AHccepTal\lfe8 MOlKHO oaHaKOMHTbCH a 6H6JIHOTeKe ]B3 OIDIB. 

ABTopeqiepaT paaocJiaH " " 198 . roAa• 

y~ CEKPEl'APh CfIEUIWlWSID'OBAHHOro COBEl'A 

~"~tVtl ]IDCJ\l!EB M.~. 
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.llli!!IBH_XAPAKI'EP~GTMKA P.ABQTU 

.illi'!'.Y~~ 
YcnexH, AOCTHrttyTble B ¢113HK0 TH~eJJhlX HOHOB 38 ITOCJJe,nttHe 

10-15 JieT, CTHMYJIHpoeam~ paapa6oTKY H C03ABHHe YCKOpHTeJJeH HOBOrD 
ITOKOJI0HHH, Ilp0AHa3HaqeHHblX JJ,Jlfl ITOJJyqeHttH rryqKOB THmeJINX'\11HOB ecex 
sJieMeHTOB Ta6JI114hl A.W.MeHAeJieeea. 0AHO 113 ocHOBHHX ttarrpaeJieHHH B 
pa3B\1T\1H ycKop11TeJiett THmeJiblX HOHOB ITOJJyqttJI Q\1KJI0TpOHHblH crroco6 YCKO
peHHH. OTO o6ycJIOBJI8HO TeM, t!TO QttKJIOTpOH OTJJttqaeTCfl IlpOCTOTOK YOH
CTPYKQHH, HaAe~OCTblO pa6oru H Bb!COKOH HHTeHCHBHOCTblO rryqKOB HOHOB 

ITO cpaeHeHHlO C APYrHMH yc'{opnTeJI.RMH. 
HaH6oJiee CJIO~OH 3aAaqeH npH C03AaHHH H30XpOHHOro QHKJIOTpoHa 

TameJINX HOHOB .f!BJIHeTciI ipOpMHpoBaHHe ero MarHttTHOro ITOJI.fl. BoJJblIJOI! 
o6'LeM 11 BblCOKM TOqttOCTb 113M8peHHH ITOJI.fl CTaBHT Q8Jlbltt PHA upo6JieM, 
CBH3aHHblX C MeTO~HKaMH H~MepeHH.R H ipOpMttpOBaHttH ITOJIH. 

BoJiblllHHCTBO 3KCrrepHM8HTOB Ha QHKJIOTpoHax TIDKeJ!blX ½OHOB rrpo
BOAHTCH C Bb1B8A8HHblMlf ITyqK8MH. Ilo3TOMY pa3pa6oTKa CHCT8Mbl aipipeKTHB
Horo BblBOAa ITyqKOB HOHOB HBJ!fl0TCH OAH08 113 Ba~ 38Aaq rrptt coopyme
HHH ycKOpHTeJia. HapffAY C rrpHMeHeH11eM.KJiacc11qecKOPO crroco6a BblBO~a 
HOHOB 3JI8KTpDCTaT11qecKttM ITOJieM pa3pa6aruea10TC.fl H HOBble M8TOAhl BblBO-· 
Aa. 0AHHM H3 H\1X HBJIHeTCH Bb!BOA \10HOB rrepe3ap.RAKOH, rrpenJiomeHHblH B 
]c6opaTopttH M8PHblX peaKQHHx>. OTOT M8TOA, OTJIHqa10llll1HCH npoCTOTOH, 

HaA8mHOCTb10 H BblCOKOH 3ipipeKTHBHOCTb10 BblBOAa 110HOB, AOCTHraromeA 100%, 
peMH30BaH Ha'pMe QHKJIOTpOHOB Tfl~CJ!b!X HOHOB. 

CaMhlM KPYITHhlM QHKJIOTPOHOM HBJIH8TCH B HaCTonmee BpeMH qeTH
peXMeTpoBb!H H3oxpoHHbltt QHKJIOTpoH TH~eJ!blX HOHoe OIDIB (Y-400),3anymeH

Hhltt B 19?8 roAJ. l\HKJIOTpOH IT03B0Jlfl8T YCKOPHTb HOHbl OT reJittH AO ypa
Ha AO KHH8THqecKoa 3HeprHH l-35 M3B/ttyKJIOH. OcHOBHblM Attarra30HOM HB
J!HlOTCH HOHhl oT Ne AO Xe c 3HeprHea 6-IO M3B/HyKJJOH. 

!leJiblO HaCTOH~ea pa60Tbl HBJIH0TCH: 
l. ~pMHpOBaHHe H HCCJieAOBaHHe MarHHTHOPO ITOJIH qeTblpeXMeTpOBO

ro H30XpOHHoro QHKJIOTpOHa TIDK0Jlb!X HOHOB /1/. 
2. TecpeTHqecKoe HCCJl0AOBaHHe AHHaMHKH BblBOAa HOHOB M0TOAOM 

nepe3a~KH H3 CeKTOpHoro QHKJIOTpOHa Y-400 /2,3/,~anpaBJJeHHoe Ha 
IlOBblllleHHe 3ipip0KTHBHOCTH BblBOAa HOHOB. 

3. Pa3pa60TKa KOMilJ!eKca BbltrnCJIHTeJJbHblX nporpaMM AJIH HCCJl8AO
BaHHH MarHHTHoro ITOJIH /4,5/ H AHHaMHKH BblBOAa HOHOB ycKOpHTeJJH. 

4. OKcnep11MeHTMbHOe HCCJI0AOBaHHe no ycKOpeHHlO H Bb!BOAJ HO
HOB Ha QHKJIOTpoHe • 
xt -

r.H.&JJOB, D.Q.OraHeCHH, r.H.~JJepoB, OIDill,1884,~6Ha,1964. 
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Ha_ytrHaH HOBl13H8 pa60Tbl 

I. CqiopMHpoBaHo Maf'Hl1THOe IlOJie Ca.Moro KpynHOI'O 1130Xp<)HHOI'O 

411KJIOTpoHa THJKeJINX HOHOB - ycKop11TeJIH Y-400 /1/. 

2. BnepBble accne.u.oaatta ,U.11HaMMK8 BblBO,U.a 110HOB .U.BYMH 11 Tp8Mil 

o6opoT8.Ml1 113 411KJIOTpoHa C as11M.YTaJibHOH sap11a411eH Maf'HMTHOI'O noJIH, 

3. 06HapY*8H sqxpeKT npocTpaHCTBeHHOI'O pas,u.eJieH11R op6~~ BblBO

.U.11MblX 110HOB pa3Hb!X 3apRAOB /3/, n03B0JIHIDUUIH peaJIH30BaTb BblBO.U. .U.BYJC 

nytIKOB, qTO np11BO.U.11T K yaeJI11qeHl1ID sqxpeKTl1BHOCTl1 BblBO,U.a 110HOB 113 

4MKJIOTpotta Y-400. 

1JpaKT11qecKM yeHHOCTb pa6oTbl 

1. CqiopMMpoBaHHoe M8f'HHTHOe noJie l\HKJIOTpoHa Y-400 o6ecnetrnBa

eT ycTOHqasoe 11 1130Xp<)HH08 YCKOpeHHe BCeY. l!OHOB 3a,D,8HHOI'O .u.11ana30Ha. 

3. TeopeT11qecKae HCCJI~,U.OB8HHH .U.HH8MHKH BblBO,U.a 110HOB HaJIIJil1 no.u.

TB8P*AeH11e npa BblBO,Il.8 110HOB H3 4MKJIOTpOHa Y-400. C pa,n;aycoa 

150-170 CM ycKop11TeJIH ocymeCTBJI8H Bb!BO.U. nytIKOB HOHOa (oT 160 .u.o 
5QTL ) C 3qxp8KTHBHOCTbID - 50-Bm. 

3. IloJiyqeHHble peayJibT8Tbl no RblBO,Il.Y l10HOB MeTO,Il.OM nepe3apRAKl1 

MOI'YT 6b1Tb ncnOJib30B8Hbl Ha .U.PYI'l1X ceKTOpHb!X 4HKJIOTpoHax. 

Aripo6aqHR pa6oTbl 

Pa60Tbl, noJIOJKSHHble B OCHOBY .u.accepTa4HH,, ,U.OKJia,D;b!BaJIHCb Ha MeJK
.u.yHapo,u.HOM coaemaHHH no TeXH11Ke H30XpOHHblX 411KJIOTp<lHOB (KpaKOB, 

1978) 11Ha611 7 BcecOID3HhlX coaemaHMRX no ycKopaTeJIRM aapRJKeHHblX 

qacTH4 (,lzy6Ha,l978, 1980rr). 

Ily6JIHK8IJl1H 

OcHoaHoe co.n.ePJKaHae ,u.accepTa4Mu ony6JIHKoaatto a 7 pa6oTax. 

06'I,8M pa60Tbl 

~ccepTa41IB COCTOHT H3 BBe,u.eH11R, Tpex I'JI8B 11 38KJIDqeHl1H. 

OHa CO,U.8plKl1T 126 CTpaH114 MBlIIHHOilHCHOI'O T8KCTa, B TOM qacJJe 52 p11cyH

Ka 11 4 Ta6Jil14bl H CnHCOK JJHTepaTypbl, COCTORmMH 113 90 Hal1M8HOB8Hl1H • 

CO,AEPJKAIB1E PABOT!l 

Bo aaegeHMH .u.aeTCR KpaTKl1H 063op pa3B11THH 4MIUIOTpOHHOI'O cno

co6a YCKOpeH11R TRJK8JlblX 110HOB H paccMaTpHBaDTCR o6mae Tpe6oBaHHH K 

-MBI'HMTHOM.Y nOJID 411KJJOTpoHa. tisJIOJKeHbl OCHOBHble peayJJbT8Tbl .u.11ccepTa-

4MH no rJJaBa.M. 

IlepaM I'JJasa .u.accepTa41111 nocaameHa ¢opMMpoaaH11D 11 11ccJie,u.oaa

HMD M8f'HHTHOI'O nOJIH /1/ 1130Xp<lHHOI'0,4MKJIOTpoHa THJK8JlblX 110HOB Y-400. 

XapaKTepHaH oco6eHHOCTb 4HKJIOTpOHa - B8CbMa BblCOK8H HanpRJKeH-
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HOCTb Cl,JeN:ero M8f'Hl1THOI'O no~H, COCT8BJIHIDmaH 21,3 Ko 11 ,U.OCTl1I'HYT8H 

onT11M113a4aeH MarHHTHOH 4en11 3JieKTPOMarHHTa. 

SqxjJeKTl1BHb!M MeTO,Il.OM, Il03BOJIHIDllll1M onpe,u.eJil1Tb OilTl1MaJibHhle reo

M8Tp11qec1me napaMeTpbl 3J!8KTpOM8I'Hl1Ta, RBJIH8TCH q11cJ1eHHOe MO,JJ.eJI11po

aaH11e ero MarHl1THOro IlOJIH Ha 3BM. 3Ta 3a,naqa CBO.U.11TCR K perneHl1ID 

ypaatteHHR Ilyaccotta 

_jJJ._ uA_)-;--L(L oA_) = _ 4§} 
?X {)t iJX/ j}!J J'I ?!I/ · C 

(l) 
8 ---' ilA - B __ 8A 

_,- iJY J y - ?X ' 

r;:r.e ff~./' (BJ - M8I'Hl1THaJI npoH11r.;aeMOCTb CT8Jil1 3JI8KTPOM8I'Hl1Ta, 38B H-

CHutaH OT IlOJIR B, A - l -KOMIIOHeHTa BeKTOpHoro IlOTeH4MaJia, 

j -IlJJOTHOCTb TOKa 8 06MOTKe B036YJK,!l.8H11H. pa3pa60TaHHM nporpaMMa 

q11CJI8HHOI'O perneHHH ypaaHeH11H (I) /4/ ycnemHO 11CilOJib30BaJJaCb np11 C03-

,U.8Hl111 3JI8KTpoMarH11Ta_411KJIOTpOH8 Y-400. 

0nTl1MH3a41m 3Jie!tTpOM8I'Hl1T8 4l1KJIOTpoHa CBO,U.11JJ8Cb K CJie,IIYJOmeMY: 

1. fu6opy reoMeTp1111 o6MOTOK B036YJK,D.eHHH 11 Ml1H11M8JJbHOI'O paccTo

HHl1H MeJK,Izy H11M11 C 4eJibID CO:c>i\8HHH MaKC11MaJlbHOI'O IlOJJH. 

2. &r6opy Ha11MeHblli8H .u.onycTHMOfi BblCOTbl,B03.Il.YlliHOI'O 3a3opa. 

3. 0nT11MBJJbHOM.Y Bb16opy ceqeHl1H MarHMTonpoao.u.a, Ilp11BOJ)JlllleMY 

K YMeHirneHHD IlOJJH pacceHHl1R. 

C03,Il.8Hl1e 1130XpOHHOI'O M8I'Hl1THOI'O noJJfl yc1top11TeJJH Y-400 RBJJHeT

CH Tpy,u.oeMKOH 11 CJIOJKHOH 3a,n;aqefi. OTO o6ycJIOBJJeHO TeM, QTO ¢opM11poaa

Hl18 TTOJJH ocymeCTBJJR8TCH M8TO,D.OM IlOCJie,n.osaTeJJbHHX npx6JJl1JK8H11tt, KOTO

pblH CBO,D.11TCH K MHOI'OKpaTHO IlOBTOpH8MOtt cxeMe: 113M8peH11e ITOJJH ---,. o6-
pa60TKa 11 aHaJil13 pesyJibTaTOB 113M8peH11R - KOppeK411H TIOJJR. 3TO np11-

EO,Il.l1T K 60JJblliOM.Y o6'beM.Y M8I'H11THblX M3MepeH11tt, COCT8BJIHIDlll8MY 

- 2. 106 ToqeK. OqeHb Bh!COKl18 Tpe6osamm npe,n'bHBJIRIOTCH 11 K TOqHOCTl1 

¢opM11posaH11fl IlOJIH, MarHl1TH08 ITOJie ~11KJIOTPOH8 ,U.OJIJKHO 06e~neq11aaTb 

npocTpaHCTB8HHYD 11 apeMeHHYD ycTonqaaoCTli ,D.B11JKeHl1H 110HOB np11 11X yc

KOpeH11H OT HaqaJihHOI'O ,n.o KOH8qttOf'O pa,n;xycoa. ,i.vIH o6ecnetJ8Hl1H BpeMeH

HOH ycToHqasocTl1 ,Il.B11JK8H11H 110HOB, aaKJITOqaTOmeHCH B IlOCTOHHCTB8 qacTo

Tbl 06pameH11H 110HOB B ql1KJIOTpOHe, OTKJIOHeH11e pa6oqero ITOJIH OT 1130X

poHHOI'O He ,U.OJIJKHO npeBbllll8Tb_±IO o,D.JIH OCHOBHOI'O ,n.11ana30Ha pa,n;11ycoa. 

,i.vIH npocTpaHCTBeHHOP. YCTOttqffBOCTl1 ,Il.B11JKeHl1H 110HOB rpa,u.11eHT cpe,n.Hero 

Maf'H11THoro rionH a o6JiaCTH KoHeqtth!X pa,u.11ycoa ycKOpeHHH ,u.oJIJKeH JJeJKaTb, 
B npe,u.eJiax O < di(t/r < ti a/CM, YKa3aHHble Tpe60BaH11H K TOqttOCTl1 ¢op

M11poaaH11R MarH11THOI'O ITOJIH onpe.u.eJIHIOT Tpe6oaaH11H K ToqHOCTl1 113Mep11-

T8JibHOH annapaTypbl, C03,U.aHHOtt .U.JJH 411KJJOTpOHa Y-400 /6-?/. OCHOBHble 

ee oco6eHHOCTl1 CJie,I1YJOUU18: 1) MarH11THOe IlOJie :rnMepHJIOCb .u.ecHTb!O ,u.aT
q11KaMl1 XoJIJJa, 2) 113MepeH11e MarHl1THOI'O noJIH npoBO,U.11JIOCb B CTapT-CTOil~ 
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HOM pellCHMe (,n,aTqHKH HenoABmtHl,J B MOMeHT H3MepeHHn), 3) ,IJ,a~HKH no 
pB.,D,Hycy H 8.3HMYTY nepeMell!aJIHCb aBTOMaT~ecKH. H3MepeHHR no pa~ycy 
npOBOAHJIHCb c maroM 20-40 MM, a no 8.3HMYTY c yrnOBblM HHTepBaJIOM 
0,9375°. Cpe'AffRH CKOpOCTb H3MepeHHR nonn B O'AHOA ToqKe COCTaM.HJia 
0,6 c. J]/ln H3MepeHHH HCilOnb30BanHCb Aa~HKH H3 aHTHMOHHAa HHAHR. 
TOqttOCTb H3MepeHHR MarHHTHoro nonn B ToqKe COCTaBJI.HJia-2.ro-4. Pe
ayn&TaThl H3MepeHHR MaI'HHTHoro nonn B mr.n;e a~C XOJIJia BllllO,lUIJIHCh Ha 
nep:poneHTy, a 3aTeM o6pa6aTb!BaJIHCb Ha 8BM "MHHCK-32". JJ/!n MaTeMaTH
qeCKoA o6pa6oTKH MarHHTHoro nonn paapa6oTatta 6n6nnoTeKa nporpaMM, 
noasonHJOillaR nonyqaTb cne,DyIOieyIO HH¢opMaQHIO O none: I) aaBHCHMOCTb 
cpeAHero nonn H !pJ!aTTepa OT pa,D,Hyca; 2) 3HaqeHHH OCHOBHWC H HH3111HX 
rapMOHHK paanoJKeHHH nonn B PAA ~yp&e; 3) qacTOTbl pB.,D,HaJibHblX H aKCH
aJibHblX 6eTaTpOHHblX KOne6aHnA; 4) ¢aaosoe 'ABIDKeHHe HOHOB. 

I.{eHTpaEbHa.JI MarHHTHan CTpyKTypa QIIKROTpoHa Y-400 npe'ACTaMe-
Ha Ha pnc. I. 4eThlp8 napbr ceKTOpOB,C03'ABJ:lll!HX a3HMyTaJib~ Baplia~IO 
MarHHTHOro nonn, HM8IOT npRMb!e rpattH~ H yrnOBYIO npoTmiteHHOCTb 45°. 
Hx BblCOTa, cocTaMRDil!a.JI 90MM, Bb16HpaJiaCb H3 Tpe6oBaHHA aKCHaJlbHOA 
¢oKycnpOBKH HOHOB, ycKopneMblX 'AO 3HeprHH 30-35 MaB/HJKHOH. MaKCHMaJib
Han BennqnHa !pJ!aTTepa MarHHTHoro nonn pasHa ~ 0,09. 

H30xpOHHM ¢opMa MarHHTHOro nonn C03'AaeT~H KOnbQeBmm H aan
MJTaJibHblMH (Ha rpattHQax ceKTOpoB) IIIHMM&rn, a TaKEe A8CRTbIO napaMH 
KOnbQ8BblX KoppeKTHpYIOil!HX KaTymeK. J]/ln KOppeKQHH aMnnHTYAH H ¢a3bl 
nepBDR rapMOHHKH 8.3HMyTaJibHOA H80'AHOPO'AffOCTH MaI'HHTHoro nonn Hcnonb-
3Y8TCH !2 nap rapMOHHqecKHX o6MOTOK. 

3aBHCHMOCTb cqiopMHpOBaHHWC MaI'HHTHblX noneA OT pB.,D,Hyca ~MOT
poHa ,IVIR HOHOB c A/l =4;5,4; IO (A - MaCCOBOe qncno HOHa,z - aa
PAA HOHa B e~HHQax aapR,IJ;a npOTOHa) npe'ACTaBJieHa Ha pHc.2. 0TMOHe
HHSI'. MarHHTHblX noneA,cqiopMHpOBaHHWC lKM83HblMH MaCCaMH, OT H30xpOHHblX 
COCTaBJI.flllT ±IO - 30 a ,IVIR pB.,D,HyCOB ycKopeHHR 40 - !75 CM. KpyrOBb18 
KOpp8KTHpYIOil!H8 KaTymKH n03BOn.flllT YM8HblllHTb norpelllHOCTH c¢OpMHpOBaH
HOro non11: 'AO ±-5 -20 a.JJ/111: 'AOnonHHTenbHOA B8pTHKaJibHOA ¢oKyCHpOBKH 
HOHOB B Q8HTpaJibHOA o6nacTH ~KnOTpOHa (0 - 20 CM) MaI'HHTH08 none 
Bb!IlOnHeHO cnB.,D,BJ:lll!HM c rp8.,D,H8HTOM -40 8/cM. 

Hccne'AOBaHHSI'. nOK8.3aJIH, ~o c¢opMHpOBaHHOe MaI'HHTHOe none 
~KnOTpOHa Y-400 Y'AOM8TBOp11:eT Tp860BaHHSl'.M npocTpaHCTBeHHOA ·11 spe
MeHHOA yeTOAqlfBQCTH 'ABHllteHHSI'. HOHOB. 4acTOTbl 6eTaTpOHHblX Kone6attHA 
cocTaansmT -y,. =0,98 - I,03, 'h =O,I5 - 0,25. CABHr ¢aa HOHOB paBeH 
±IO - I5° ,IVIR Bcex ycKop11:eMWC HOHOB c A/l =4 - IO. 

Bo BTopoA rnaBe npHBe'AeHH peayn&TaTu TeopeT~eCKHX nccneAo
BaHHA no 'AHHSMHK8 Bb!BO'Aa HOHOB MeTO'AOM nepeaapR,IJ;KH H3 ceKTOpHoro 
~KnOTpOHa Y-400. 
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Pnc.I. MarHHTHblA aaaop ycKopnTenn. I - KpbllllKH saKYYMHOA KaMe
pb!, 2 - ceKTOpbl, 3 - KoppeKTHPYIOil!He o6MOTKH, 4 - Q8H
TpaJibHble WHMMbl, 5 - Q8HTpaJibHbl8 npo6KH, 6 - rapMOHH
qemme 06MoT1rn·. 

H(K9) 

21,5 

21,0 

2qs 

20,0 

19,5 

19
•
0 

20 ~o 60 50 100 120 1-10 160 180 R(CM) 

Pnc.2~ CpeAttHe MarHHTHble nonn QHKROTpOHa, c¢opMHp0BaHHble 
KOnbQ8BblMH H a3HMJTaJibHblMH WHMMaMH, ,ll)IH HOHOB C OTHO
meHHRMH I - A/2 =IO, 2 - A/l =5,4, 3- A/2 =4. 
___ naoxpoHHble nonn, ___ c¢opMHpoBaHHble nonn. 
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OTOT cnoco6 BhlBO,D,a snepswe peaJIH30BaH Ha ~HKJIOTpOHe TIDKeJiblX 
HOHOB Y-20ox>. CYJ1VIOCTb BhlBO,D,a (pHc.3) COCTOHT s CJie)zy!OllleM. liOHhl c 

sapMOM li , yc1<0peHHwe ,ll,O p~Hyca R qHKJIOTpOHa, npoXO,D,lIT -qe
pe3 TOHKYJO (20 - 100 MKI'/cM2 ) M,WieHb (HanpHMep,H3 yrnepo,D,a),nOBhl

malI CBOtt sapM ,ll,O l . Ilocne nepesapMKH p~Hyc KpHBH3Hhl TpaeK
TOpHH HOHa pe3KO YMeHbmaeTClI, ,ll,BHllteHHe HOHa H3-3a pa3HWX HanpIDKeH
HOCTett MarHHTHblX nonen B "XOJIMe" H ",D,OJIHHe" qHKJIOTpOHa CTaHOBHTClI 

p~HaJlbHO HeycTOttIIHBblM H HOHhl BhlBO,ll,lITClI H3 BaKYJMHOtt KaMepu ycKOpH

TeJilI. B 3aBHCHMOCTH OT OTHOIIIeHHlI sapMOB :l.i/% ,p~HaJlbHOro H 
a3HMyT8JlbHOro llOJIOllteHHtt MHmeHH ny-qoK MOllteT BhlttTH H3 qHKJIOTpOHa,co
BeplllHB O,D,HH,,D,Ba H 6onee o6opoToB nocne nepesapMKH. Ilocne npoxoll(,ll,e
HHlI ny-qKoM MHIIIeHH B HeM ycTaHaBJIHBaeTClI pacnpe,D,MeHHe HHTeHCHBHOC-

TH no 3apMaM I/L = f {%) , r,D,e Ia - HHT8HCHBHOCTb ny-qKa 
C sapMOM ;;_, ' I - HHTeHCHBHOCTb HOHOB' HMeJODµiX sapM 

l • ~KQHlI f(l) saaHCHT OT KHH8TH1IeCKott 3HeprHH HOHOB, 
TOJIIIIHHli MHllleHH H He 3aBHCHT OT HallaJibHOro sapMa l., .3ppeKTHB
HOCTb BhlBO,D,a HOHOB onpe,D,eJilI8TClI ~TeHCHBHOCTbD rpynilbl HOHOB C saplI
,ll,OM l: •. ECJIH ,D,JllI HOHOB OT He ,ll,O Ne ' ycKOpeHHliX ,ll,O :meprHH 
6-IO MsB/HyMOH,HHT8HCHBHOCTb I/Io HOHOB C 3apMOM '% 6JIH3Ka 
K 100%, TO ,IVllI HOHOB OT Al' ,D,O Xe C Tott lite KHH8TH1l8CKOtt 3HeprH
ett 3Ta HHT8HCHBHOCTb paami 60 - 15%. ','o,D,HaK,o ,IVllI HOHOB A,..- Xe 
HapMJ C HOHaMH,HMeJOil\HMH 3apM l ' o6pa3JDTClI rpyllilbl HOHOB C aa-
PMaMH ~'!cf , 'b:2 H HHT8HCHBHOCTlIMH I/Ia ()VllI HOHOB C aa-
PMaMH l± 1 ), paBHblMH 30 - 15%. IloaToMy ,IVllI ~HKJIOTpoHa Y-400 
HM88TClI B03MOlltHOCTb O,ll,HOBpeMeHHoro BbIIlYCKa ,D,Byx-Tpex ny-qKOB HOHOB 
pa3Hb!X aapMOB. 

,ll,HHaMHKa BhlBO,D,a HOHOB HCCJI8,D,OBaJiaCb 1IHCJI8HHblM MO,D,MHpoBaHH
eM ,ll,BHllt8HHlI HOHOB B MarHHTHOM IlOJie qHKJIOTpoHa. YpaBH8HHlI ,ll,BHllt8HHlI 
HOHOB 

d~ (!mVj ~ e;[v,il], 
(2) 

r,D,e Am , e2 - Macca H aapM HOHa, V' - CKOpDCTb HOHa, 

ii - HallpS!llt8HHOCTb MarHHTHOro llOJilI, C - CKOpOCTb CB8Ta, t - ape
MlI,HHTerpHpoBaJIHCb Ha oBM M8TO,ll,OM PyHre-KyTTa 1l8TB8pToro IlOPMKa. 
lleJI& pacIIeTOB Tpa8KTOpHtt BhlBO,ll,HMblX HOHOB COCTOlIJia B CJie,D,yDl{eM: 

l. HcCJI8,D,OBaTb oco6eHHOCTH O,ll,H0060pOTHOrO,,D,Byxo6opoTHOro 
K Tpexo6opoTHOro BhlBO,ll,OB HOHOB H3 qHKJIOTpOHa. 

2. HccJie,D,OBaTb npocTpaHCTBeHHoe pa3,D,8JI8HH8 BhlBO,ll,ID/lblX Dy-qKOB 
HOHOB paaHUX aapMOB. 

x>H.A.llienaea,B.C.AJI(pees,C.H.KoaJios,P.l{.OratteclIH.IITo ~ 3,1970,53. 
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3. Onpe,D,MHTb paaMepw BhlBO,ll,HMIDC ny-qKOB. 
4. Onpe,D,MHTb ,ll,Halla30H peryJIHpDBaHHlI 3HeprHH HOHOB. 
5. Onpe,D,MHTb KOOWJ,HHaTH nepeaapMHOtt MHIII8HH npH BliBO,ll,8 HO

HOB O,ll,HHM,,D,BYMlI H TpeMlI o6opoTaMH. 
PHcyttoK 3, Ha KOTOpDM (B Ka1!8CTB8 npHMepa) npHB8,D,8Hli pacIIeT

Hhle TpaeKTOpHH HOHOB 48ca, noKaaHBaeT oco6eHHOCTH BliBO,D,a HOHOB H3 
~HKJIOTpOHa Y-400. Paa,D,eJieHH8 ny-qKOB npH O,D,H006opoTHOM BHBO,ll,8,COCTaB-

Y(CN) 

250 

48 ~20 
Co. 

.{8t18 
Co. 
c:i1g 

'C~20 

50 ,..__ __ ___. ___ __._ ___ _._ ___ _._ 

0 50 100 150 200X(CM} 

PHc.3. TpaeKTOpHK HOHOB 48ca,BHB8,D,8HHhlX C ~eyca 172 CM 

QHKJIOTpoHa Y-400. l - nepeaapMffalI wuueHb, 2 - ceKTop, 
3 - BaKYYMHM KaMepa, 4 - MHOrOJiaMMbHblit TOKOBwl npo6-
HHK, 5 - TOKOBlitt npo6HKK - CKattep. 

Jl/Ulll\ee 3-4 CM, ,ll,OCTHraeTClI TOJlbKO aa CIIeT pa3HUX aapMOB HOHOB.Ilpu 
BliBO,ll,8 HOHOB ,ll,ByMlI H 6oJiee o6opOTaMH CYllieCTByeT ,ll,OilOJIHHT8JibHblit Mexa
HH3U pa3,D,M8HHlI Ily-qKOB, KOTOpw\ lIBJilI8TClI npeo6JI~8.lltqm! no CpaBH8HHD 
C aapMOBblM pa3,D,M8HHeM. OTO pa3,D,8JI8HH8 ,ll,OCTHraeTClI npH Ta.KOM IlOJIO
llt8HKH MHW8HH, KOr,D,a qeHTp op6KTli O,D,Horo H3 BhlBO,ll,ID.WX ny-qKOB ,D,pett(fur-
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eT KaK B'A0Hb.pa,IIHaJibH08, TaK H a3HMyTaJibH08 rpaHHQ ceKTopa. »ccne'AO
BaHHH noKa3aJIH, qTo ~H HOHOB OCHOBHOro 'AHMa30Ha ( Ne-Xe ),ycKOpHe
MhlX 'AO KOH6'IHOro pa,IIHyca, a3ID.IYTaJibHOe nonOllteHHe MHIIleHH, npH KOTOpOM 
OCYllleCTBHR6TCH 'AByxo6opoTHbl8 Bb!BO'A 'AByx nytIKOB H 'AOCTHraeTCH Pa3'A6-
neHHe M6lK,lzy' nytIKaMH B 35-40 CM (3apff'Ab1 nyqKOB OTnHqax)TCH Ha I-3 6'AH
HHQU) nelltHT a npe'Aenax O - 11° OT cepe'AHHbl 'AOHHHbl (no XO'AY nyqKa). 
iloHbl nerKHX 3n6M6HTOB (He- 0), ycKopeHHble AO 3HeprHH 30-35 MaB/ttyKn., 
Bb!BO'ARTCH O'AHID.I ooopOTOM (O'AHH ny'tloK). ropH30HTaJibHble H aepTHKaJibHble 
pa3Mepb1 nyqKOB 3a BaKYYMH08 KaMepoa ~MOTpOHa (oea !pOKYCHPYlllllero 
KattaJia) He npeabllllaDT IO CM. 

l(HMOTpOH Y-400 HMHeTCH ycKOPHTMeM C perynHpyeMo8 3HeprHe8 
_BblBO'AHMUX nyqKOB HOHOB. ~HCKpeTHOe perynHpOBaHH8 3HeprHH HOHOB 'AOCTH
raeTCH H3MeHeHHHMH ypOBHH Cpe'AHero MarHHTHOro nonH ~MOTpOHa H aapH
'Aa ycKOpH8MblX HOHOB. 3'ro'no3BOnHeT H3MeHHTb HX 3HeprHD OT 6 'AO 35 
MaB/HyMoH. I1JiaBH08 perynHpOBaHH8'3HeprHH HOHOB 0Cyn{8CTMH8TCH H3M8-
H8HH8M pa,IIH8JibHOro H a3HMyTaJibHOro nonollteHHn MHlll8HH. IloKa3aHO, qTQ 
npH Bb!BOA8 HOHOB 'ABYMH ooopoTaMH npe~enbl perynHpoBaHHH 3H8prHH Ha 
~MOTpOH8 Y-400 COCTasiHDT.30-35%, qTo B 3-4 pa3a OOnbme,qeM npH 
O'AttOOOOpOTHOM Bb1BOA8 • Bb1B0'A HOHOB C BHYTP8HHHX pa,IIHYCOB ('AO R = 
!50 CM) 0Cyn{8CTBHH8TCH npH nonollt8HHH MHIIl8HH 12° "-' Ip ~ 25° OT cepe'AH-

Hbl 'AOHHHbl. . . 
B TpeTbe8 rnaae npHB8'A8Hbl akcnepID.18HTaJibHble pe3ynbTaTbl no H3Me

peHHD p!J'Aa napaMeTpOB ycKopeHHblX H Bb1B8A8HHblX ny~KOB HOHOB QHMOTpO-
Ha Y-400,Tarurx, KaK: · 

I. 3aBHCID.IOCTb HHTeHCHBHOCTH nytIKOB HOHOB OT P~HYCa ycKOpeHHH 
npH pa3HmHblX HanpHllteHHHX Ha 'AYaHTaX H 'AaBn8HHH B KaMepe ~MOTpoHa. 

2. BepTHKaJibHbl8 H ropH30HTWibHbl8 pa3M8pbl ycKopeHHblX nyqKOB B 
3aBHCID.IOCTH OT P~HYCa. 

3. IlpocTpaHCTBeHHble nonOlK8HHH, pa3A8n8HHe H pa3M8pb1 Bb1B8'A8HHblX 
nyqKOB HOHOB pasHblX 3ap!J'AOB. I 

K HaCTOHll{8MY Bp8M8HH Ha QHKHOTpOHe ycKopeHbl nytlKH HOHOB OT 
160 AO 63cu C OTHOW8HHHMH A/l = 7-!0. Cpe'AHHe HHTeHCHBHOCTH llyqKOB 
Ha KOHeqHQM p~ffYC8 YCKOpeHHH !72 CM COCTaBMH OT 4.!013 I/c (~H 
KHcnopo'Aa) 'AO 2.Io12 I/c (~H Me'AH). MaMepeHHH YKa3aHHblX napaMeT
poa noKa3aJIH, qTo C!pOpMHpoaattttoe MarHHTHOe none ooecneqffBaeT !pOKyCH
poBey H H30xpOHHOCTb npH 'ABHlK8HHH HOHOB, ycKOpHeMblX Ha ~MOTpOHe. 
IlpH 'AOCTaTO~O Bb!COKOM BaKyYMe, COCTaBJimO!lleM ~ (5-7) .IO- Topp,HHT8H
CHBHOCTb nyqKOB B HHT8pBWI8 Pa.rlHYCOB ycKopeHHH R=40-I72CM M8HH8TCH 
cnaoo (pHc.4),qTQ YKa3b!BaeT Ha OTCYTCTBH8 noTepb HOHOB B npoQecce yc
KOpeHHH,Bb13BaHHblX ipa.30Bb!MH C'ABHraMH MH HapymeHHeM npocTpaHCTB8HH08 
ycT08qHaocTH 'ABHllteHHH HOHOB. Pacnpe'AeneHHe nyqKa HOHOB no B8PTHKWIH, 
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3aBHCID.IOCTb HHT8HCHBHOCTH ycKO~HHblX IT_¥¥KOB HOHOB 
24 M9+3( I-4), 22 Ne +3(5) • 210 Ar+5(6) H 63 Cu +8(7) 

OT pa,IJ,Hyca ycKopeHHH npH HanproiceHHH Ha 'AYaHTax ?9 KB 
H AaMeHHRX B BaKYYMH08 KaMepe ycKopHTenH (Topp): 
r - P =5.ro-6 , 2 - P =3.ro-6 ; 3 - P = 2.ro-

6
, 

4 - P = ro-6, 5-7 - P = ?.ro-7. 
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ropH30HTaJ!bHOe pacnpeAeneHH8 HHT8HCHBHOCT88 nyqKOB 
HOHOB 4oAr ,BblBeAeHHblX c PaAHyca I60 CM. QHMOTpoHa 

Y-400. 
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l, M3MepeHHOe TpeJCJiaM0JlbHbIM TOKOBl:lM npo6HMKOM {BblCOTa 11eHTpaJibHOH JlaMe
JlM COCTaBJIJJJia IO MM, a aepXHeH M HMlKH0H !5MM) noKa3aJIO, qTO pa3M0pb1 
nyqKa no BepTMKaJIM He npeBhlIIlaJOT IO-I5MM, a Me.n;MattHafl M cpe.n;Hflfl reo
MeTpMqeCKMe MOCKOCTM I.IHMOTpOHa OJIM3KM .n;pyr K ~yry •. H3MepeHMfl aMMM
Ty.n; HeKorepeHTHblX KOJ100aHMH ycKOpfleMblX MOHOB {.n;BYMfl npOOHMKaMH no 
"MeTO~ TeHel\") noKa3aJIM, qTO STM ~MTy.n;1,1 COCTaBJIRIOT ~ IOMM ~fl 

R = 152 CM M ~ 6 MM ~fl R = 170 CM I.IMMOTpOHa. 
Ha ycKOpHTeJie·Y-400 c pa,qeycoB 150-I?OcM BblBe.n;eHbl nyqKH MOHOB 

OT 160 .n;o 48r; • B Ka4eCTBe nepe3apMHOH BblBO.D;HOl\ Mlilll0HH MCnOJib32eT
Cfl qx>Jibra H3 yrJiepo.n;a TOJilllMHol\ 40-60 MKI'/cM2 

M pa3MepoM ~IOxIOMM , 
KOTOpafl YKP0Mfl0TCfl B Me.n;HOH paMKe. ITepeMe~eHMe q>OJlbrM no pa,qeycy 
(oT 150 .n;o IBO cM) M a3MMyTY {oT o0 .n;o 22,b0 OT cepe.n;MHbl ".n;oJIM-
Hbl") oc~eCTMfl0TCfl cne11MaJibHbIM KMHeMaTffq0CKMM ycTpOl\CTBOM. IToJIOllte
HHfl M pMMepbl BblBO.n;MMhIX nyqKOB MOHOB M3MepJJJIMCb TOKOBblM npo6HMKOM, 
COCTOR!qHM 113 24 JlaMeJiel\ (BblCOTa Jla.M0JIM 100 MM M nrnpMHa 20 MM),M TO
KOBblM npOOHMKOM - CKattepoM C BepTMKaJibHblM pa3MepoM IOOMM M ropM30H
TaJibHbIM l MM. IlepBbll\ M3 HMX pacnoJiarancfl y BaKYJMHOl\ Ka.Mepbl I.IHMOT
poHa (pMc.3), a BTOpol\ nepeMe~aJICfl OT Ka.Mepbl .n;o ceKTopa ycKOpMT0Jlfl. 

YKa3aHHble MOHbl Bb!Be.n;eHbl ~BYMfl o6opoTaMM. 3qlpeKTMBHOCTb BblBO
.n;a COCTaBHJia ~ 5(J% ~fl HOHOB 4 71 H ~ Ba% ~fl MOHOB 160. iloJiymMpH
Hbl BblBe.n;eHHb!X nyqKOB (6e3 cpoKyCHpYJOlllero KaHana) He npeBb!WaJIM ~ 5cM. 
BePTHKaJibHbill pa3Mep nyqKa cocTaBJIJJJI ~ lcM. PaCCTORHHe Mell'i,IJ,,Y nyqKa.MH 
HOHOB pMHb!X 3apMOB (OTJlffq8.llll\HXCfl Ha e.n;MHHey) COCT8.BHJIO (~fl MOHOB 
OT /\le.n;o Ca) - 35-40 CM {pHc.5). 

TpattcnopTHpOBKa nyqKOB HOHOB .n;o ~H3MqecKOH MHWeHH oc~eCTBJIH- · 
JiaCb no HOHonpoBO~ .D;HaMeTpOM IIO MM M ~HHO!\ ~ 15M. )vlfl ~OKYCHpDBKH 
HCnOJib30BaJIHCb KBa,qpynoJibHble JIMH3bl 2MJI-5-2. lloJIOllteHHe H cpopMa nyqKa 
onpe.n;eJIJJJIMCb KaK BH3yaJibHO C nOMO~bID TeJieBH3HOHHOH ycTaHOBKH BAT I.I 
~MpMbl RFT {rW) no CB848HHD KBap11eBOH MaCTMHbl, TaK H CHCTeMOl\ TO~O
Bb!X npo6HHKOB. llHTeHCHBHOCTb nyqKOB Ha KOHI.le HOHonposo.n;a H3M8pJJJiaCb 
1\HJI~OM.~apa,qefl. 3qxpeKTHBHOCTb npoXOJ!t,q8HMR nyqKOB OT BaKYJMHOH 
KaMepbl I.IMMOTpoHa'.n;o ~H3HqecKol\ MHWeHH COCTaBJifleT ~ ?CY%, a. pa3M8pb1 
nyqKOB Ha MHWeHH paBHbl ~ I5xifiMM2. 

OCHOBH!IB PE3.Y]bTATI:l .lfilCCEPI'AWfil 

I. CcpopMHpOBaHO H HCCJ18.D;OBaHO MarHHTHOe none qeTblpeXMeTpOBO
ro H30XpoHHoro I.IHMOTpOHa T.llll[0JlblX HOHOB, o6ecneqHB8.lllI\08 ycTol\qHBOe 
H H30xpOHH08 .D;BHllteHHe ycKOpfleMblX HOHOB. 

2. Ao KOHeqHoro pa,qeyca I.IHMOTPOHa ycKopeHbl HOHbl C OTHOmeHH-
RMH A/t =7-10 c aHeprHRMH 6-12 MaB/HyMoH 11 cpe'AffIDAH HHTeHCHBHOCTfl-

MH 2.1012 - 4.1013 1/c. 
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3. tlCCJ18.D;OBaHa .n;MHaMHKa O'AffOOOOpOTHOro,.n;ayxo6opOTHOro H Tpex~ 
o6opoTHoro B11BO~OB 110HoB MeTo.n;oM nepesapimKH. 

4. IToKa3aHo, qTO ~fl I.IMMOTpOHa Y-400 KaK ycKOpHT8Jlfl C nJiaB
HO peryJIHpyeMOH sHeprHel\ HOHOB HeOOXO.D;MMO Hapfl,ey" C O'AffOOOOpOTHbIM 
BblBO.D;OM HCnOJib30BaTb BblBO.n; HOHOB .D;BYMfl o6opOTaMH, qTO no3B0JlfleT pe
ryJIHpoBaTb 3HeprHD HOHOB B npe.n;eJiaX 30-35%. 

5. C pa,qHycoa 150-170 CM I.IHMOTpOHa oc~ecTsJieH .n;ayxo6opoT
Hbll\ Bb!BO.D; HOHOB 160 - 4877 C SqxpElKTHBHOCTbID 50-8(J%. 

6. 06HapyiiteH aqqieKT npocTpaHCTBeHHoro paa.n;eHeHHfl op6HT BblBO.D;H
MblX HOHOB paaHb!X aapMOB, no3B0Jlfl~Mtt BblBO.D;HTb C KOHeqHoro pa,qMyca 
I.IHMOTpOHa Y-400 o.n;HOBpeMeHHO .n;aa nyqKa MOHOB. 3To npHBO.D;HT K yseJIH
qeHHD aqxpeKTHBHOCTH BblBO.n;a HOHOB a 1,5 - 2 pMa. 

7. Paspa6oTaH KoMnJieKc nporpaMM ~fl SBM BaCM-6 11 "MmlcK-32".,rvm 
HCCJie.D;OBaHHH MarHHTHoro nOJifl H 'AffHaMHKH BblBO.n;a HOHOB I.IMMOTpOHa 
Y-400. 

Pa60TblpnOJIOlK8HHble B OCHOBY µHccepTaUHH: 

l. ID.U.OrattecRH, C.H.KoaJioa,B.A.KneHHH M .n;p. OIDIB, 9-11992, 
Ay6Ha,I978. 

2. B.A.KneHMH, C.H.KoaJioB, M.M.~ijKc.OlliIB, 9-l0652,AY6Ha,I9??. 
3. D.U.OrattecRH, C.H.Ko3JIOB, r.r.ryJib08KRH, B.A.KneHMH. 

OIDIB, 9-11993, Ay6Ha,19?8. 
4. D.C.Aepel:f'AfleB, B.A.KneHMH. OIDIB, Pll-6579,Ay6Ha,l972. 
5. H.A.illeJiaes, C.H.Ko3JloB, B.A.KneHHH.0lliIB,P9-5033,AY6Ha,I970. 
6. A.K.Ea.n;oKHMOB, B.B.3JioKaaoa, C.H.Ko3Jlos, B.A.KneHHH 11 ~-

0.11fil1, 9-9545, Ay6Ha,l976. 
?. P~U.OrattecRH, C.H.KoaJIOB, B.A.KneHHH 11 .n;p.B KH.: BcecoroaHrui: 

HaJ"IBO-TeXH. ROH~. no TeopIDI, M8TO.n;aM li cpe.n;CTBaM li3Mepemra: Ma.I'HHTHIDC 
BeJ!li'IllH. Teanc1,1 .n;oKJia,qOB. Ma.n;. ill0013II AH CCCP, JieIDlHI'p8,ll;, 1977, c. 29. 

PyKonncb nocTyIIBJ.Ia B na.n;aTeJII,CKJrn oT.n;eJI 
25 HOH6J)JI l8bl ro.n;a. 
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