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111y111 J1oepnb1x ucc11eooea11uii J{y6na 

BBB,4BHHB 

Haqano 3KcnepuMeHTanLHoro OCYJileCTBneHHJI KonneK
THBHoro MeTOAa ycKopeHHJI C HCnonL30BaHHeM 3neKTpOHHO
ro KonLua B KaqecTBe ycKoparoinero crycTKa 6i.mo 
nonmKeHo pa6oTaMH B.H.BeKcnepa H AP· B O6'Le~HeHHOM 
HHCTHTyTe JIAepHLIX HccneAOBaHHH. Pe3ynLTaTL1 pa6oTLI 
no C03AaHHIO 3neKTPOHHOro KOHL:Qa ony6nHKOBaHLI B 1967 ro
AY /II. 3KcnepuMeHTanLHoe noATBep)IC'AeHHe MeTOA · nonyqun 
nocne ycnemaoro ycKopeHHJI HOHOB a3oTa H renuJI / 2, 3~ 

Ilocne 1967 r. uccneAoBaHHJI no KonneKTHBHOMY MeTOAY 
nonyqunH mHpOKOe pacnpocTpaHeHHe. npuqeM B OCHOBHOM 
pa3pa6aTL1BaeTCJI cxeMa YCKOPHTenJI, npeMO)KeHHaJI 
B OH.HH, no KOTopoi KOMnpecCHJI 3neKTPOHHOro KOHL:Qa 
npoHCXOAHT B HMnynLCHOM MarHHTHOM none B cneuuanLHOH 
BaKyyMHOH KaMepe, HMeHyeMOH aAre3aTopoM HnH KOMnpec
copoM. 

IlepcneKTHBHOCTL KonneKTHBHOro YCKOPHTenJI, no Kpai
Hei Mepe AHJI ycKopeHH)I TJl)KenLIX HOHOB, oqeBHAHa, H no3-
TOMY He YAHBHTeneH HHTepec, npOJIBneHHLIH K HeMy co 
CTOPOHLI ci>H3HKOB MHOrHX CTpaH. B 1972 rOAY B .IJ;y6He · 
COCTOJIHCJI CHMn03HYM no KonneKTHBHLIM MeTOAaM ycKope -
HHJI /4(' Ha KOTOPOM BLICTynHnH C 063opHLIMH AOKnaAaMH, 
HnnroCTPHPYIOJnHMH pa3BHTHe MeTOAa, ci>H3HKH OH.HH, HT3«1> 
/CCCP /, liepKnH H MepHne:nAa /Cm.Al, rapmHHra H Kapn
cpy3 /«l>Pr /, a TaK)Ke npeACTaBHTenH cltpaH:QHH H .HnoHHH. 
HaqanHCL pa60TLI no KonneKTHBHOMY MeTOAY B KaHaAe 
H HTanHH. Bee nepeqHcneHHLie HHCTHTYTLI HMeIOT 3KCnepH
MeHTanLHLie ycTaHOBKH MJI OTpa6oTKH Y3HOB 6YAYJnHX 
YCKOpHTenei. B 1971 roµ;y Ha Me)IC'AyHapOAHOH KOHcl>epeH:QHH 
no HCTOqHHKaM H YCK0PHTenJIM MHOro3apJ1AHLIX HOHOB B 
raT.J]HH6ypre / 5/ 6Linu npeACTaaneHLI TPH npoeKTa KonneK
THBHLIX YCKOPHTenei TJl)KenLIX HOHOB • .... 
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HH:>Ke paccKa3LIBaeTC11 0 K0JIJieKTHBH0M ycxopHTeJie 

T11:>Ken~x HOHOB, xoTopLiii co3naeTc11 B OHMY OHJIH, H 

nepcneKTHBaX ero HCilOJIL30BaHH11. 

HepcneKmUebt ucc.11eooeauuii ua ny11Ka?' ycKopume.11J1· 

YcxopeHHLie 11npa y)Ke MHOro JieT WHPOKO HCilOJIL3YJOT

C11 ~JI peweHHJI pa3H006pa3_HLIX 3ana~ 11nepHOH q,H3HKH. 3a 

3TO Bpe114JI. onpe~eJIHJIHCL TeHneHIUIH pa3BHTH11 ycxopHTeneii 

TJl)KeJILIX. HOHOB:. B. nepByIO oqepenLJ OHH CB113LIBaIOTCJI 

c yBeJIH'leliHeM Macchi ycxop11eMLIX 11nep· H HHTeHCHBHOCTH 

Il}"IKOB. HaMeTHJiaCL TeMaTHKa q,H3H'leCKHX HCCJienoBaHHH 

Ha HHx; ee nonpo6Hoe paccMoTpeHHe npoBeneHo B f epH' 

ny6JIHKaIU1i Jla6opaTopHH 11nepHLIX peaxIU1ii OHJIH 
5 -s. 

HeT Heo6xo~HMo·cTH 110BTop11TL conep)KaHHe 3THX pa -

6oT, · y6eiiuTeJILHO npo,l{eMOHCTp11poBaBWHX wupoKHe nep

cneKTHBLI HCCJienoBaHHH Ha ycxopHTCJl11X T11:>KCJILIX HOH0B. 

UenL BBO'AHLIX naparpaq,oB Haweii cTaTLH cocT0HT B TOM, 

'IT06LI HH~opMupoBaTL.'IHTaTen11 o HeKoTopLix H0BLIX Bo3-

MO)KHOCT11X: B q,H3H'ICCKHX HCCJienoBaHHJIX C T.H)KeJILIMH . . ' . 
HOHaMH, .cneIU1ciiH'IHLIX nn11 .K0JIJICKTHBH0r0 ycxopHTeJI11. 

Oco6eHHOC1flU ny'IK0B K0.11/leKmUBH0Z0 yc1<opume.11J1 

KonneKTHBHLIH ycxopHTCJih TJl)KCJILIX H0HOB HMeeT oco-

6eHHOCTH /no cpaBHeHHIO C HCilOJIL3yeMLIMH B HaCTO.HI.Qee 

BpeM11 UHKJIOTpOHaMH HJIH JIHHeiHLIMH ycxopHTeJI.HMH/, Ko

TOpLie MOryT OTKPLITL nyTL . MJI nocTaH0BKH COBepweHHO 

HOBLIX 3KCnepHMeHTOB HJIH 'AJIJI npHMeHeHHJI HOBLIX MCTO'AHK 

HCCnenoeaHHJI y)Ke -H3BeCTHLIX npo6neM •. HanpHMep, TaKoii 

ycKopHTeJIL Il03~0JI.HeT, B. npHHUHne, noJiy'laTL .Hnpa T.H:>Ke-: 

JILIX 3JieMeHTOB, noJIHOCTLIO JIHWCHHLie 3JieKTJ)OHHOH o6onoq~ 

KH. :3neKTP~HLI KOJILUa aBT0Ma TH'ICCKH npoH3BO'AJIT HOHH3a -

UHIO TJl)KCJILIX aTOMOB, 3axBa'leHHLIX B KOJILUO. 

. HeB03M0)KH0 nepeoueHHTL 3KCnepHMCHTaJILHYI0 B03-

M0:>KH0CTL npoBeneHHJI uccnenoBaHHH C "rOJILIMH" ycxopeH

HLIMH .HnpaMH TJl:>KCJILIX .3JieMCHTOB /9 /. HaJIH'IHe ny'IKOB T.H-
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:>KeJILIX 3JieMeHT0B co CB06onHLIMH 3JieKTP0HHLIMH o6onoq

KaMH n03BOJI.HeT nonoiiTH BnJI0THYIO K uccnenoeaHHJIM B HH

TepecHeiiweii o6naCTH KBaHTOB0H 3JICKTP0'AHHaMHKH, CB.H3aH

HOH C CHJibHLIMH nOJIJIMH, rne "He pa6oTaeT" TeopH.H B03My

(UeHHH. 
O'1CBH'AHLIM nocT0HHCTBOM K0JIJICKTHBHoro ycK0pHTeJI.H 

T.H:>KCJILIX HOH0B JIBJI.HeTCJI ero cnoco6HOCTL YCKOP.HTL JII06Lie 

.H,n;pa pa3JIH'IHLIX 3JieMCHT0B BnJIOTL ,n;o caMLIX T.H:>KeJILIX. 

MeHee O'ICBH'AHLIM, HO qpe3BLI'laiiHO Ba:>KHLIM M.H 3KcnepH

MeHT0B nocT0HHCTBOM TaKoro YCK0pHTCJI.H JIBJI.HeTCJI npo

CTpaHCTBeHHaJI /H, C0OTBCTCTBeHHO, BpeMeHHaJI/ CTPYKTypa 

ero ny'IKa. ~JIJI ycxopeHHJI 3apJl:>KCHHhIX qacTHU K0JIJieKTHB

HhIM MeTO'AOM Heo6xonHMO C03naHHe IlJIOTHOH 3JICKTpOHHOH 

cpenLI, K0TopaJI ynep:>KHBaeT HOHLI. B KaqecTBe TaKOH cpenLI 

HCn0JIL3YCTCJI KOJILU0 3JICKTP0HOB B MarHHTHOM none. EcJIH 

pa3Mep ce'leHHJI KOJILUa COCTaBJIJleT HeCKOJILKO MHJIJIHMeT

POB, a CKOpOCTL ycxopeHHhIX HOHOB /3 == 0,1, TO BJlCMJI 

B3aHMoneiiCTBHJI C MHWCHLIO OKa3LIBaeTCJI == 10 - l ceK. 
CTOJIL KOpOTKHH c6poc nyqxa Ha MHWeHL no3BOJIJICT HMCTL 

cTapTOBLIH CHrHan nns 3anycxa annapaTypLI, H3Mep.HIOI.Qe:e: 

HHTepean BpeMeHH MC)K'AY B3aHMoneiiCTBHeM HOH0B C MH

WeHLIO H nona.n;aHHeM nponyKTOB B3aHMone:e:cTBHJI Ha ,n;eTeK

THPYIOIUYIO annapaTypy c TO'IHOCThlO no== 100 HCeK. 3Ta 

oco6eHH0CTh YCKOpHTeJIJI, n03BOJIJIJI no BpeMeHH nponeTa 

H3MepJITh CKOP0CTL,.'laCTHU H o6ecne'IHBa.H OTJIH'IHLie ycno

BBJI nns HX cenapauHH, cyI.QeCTBeHH0 pacwHpseT apceHan 

MeT0.IJ;H'leCKHX B03MO)KHOCTeii 3KCnepHMeHTa, OTKPLIBaeT 

HOBble nYTH B 3KCnepHMCHTaJILHOH ct,H3HKe TJl:>KeJILIX HOHOB 

/B qacTH0CTH, 'AJIJI HCC.ne.n;oBaHHJI npo6neMbl cyriiecTBOBaHHJI 

"OCTPOBa" CBepxT Jl)KCJILIX 3JICMCHT0B c Z == 110- 126 - O'AHOH 

H3 HHTepecHeHWHX 3anaq .HnepHOH q,H3HKH/. 

TEOPETHT/ECKAR H 3KCHEPHMEHTAJIJ,HAJI 
CHTY ~lll.l B KOJIJIEKTHBHOM MET0,4E 
YCKOPEHH.H 
Teopemu11ecKue 011enKu oonycmuMbtX napaMempoe 

ycKopume.llJI TflJIJICe.llblX U0H0B 

~JIJI KOJIJICKTHBHoro YCKOPHTCJIJI MH0ro3ap.H'AHLIX HOHOB 

onpenenHIOIUHMH .HBJI.HIOTCJI cnenyroI.QHe nea napaMeTpa: 1/Ha -

6op 3HeprHH Ha HYKJIOH Ha CnHHHUe .D;JIHHLI 
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2v I U = K --- • Z*/A /M3B/cM, 
a + a 

/1/ 
-13 ,. z 

r.ne v = 10 Ne/ 2 r o - noroHHLIH 3JieKTPOH, Ne - 'IHCJIO 
:1neKTPOHOB B KOJILUe, r 0 - 6onLmoii pa,nuyc, ar,z - pa
,nHaJILHLIH H aKCHaJILHLIH pa3MepLI Manoro ceqeHHJI KOJILUa, 
Z * - 3apJ1AHOCTL HOHa, K - OTHomeHHe -BeJIH'IHHLI:ycKopeHHJI 
K npeAeJILHO AOnyCTHMOMy; 2/ 'IHCJIO YCKOpJieMLIX HOHOB N .• 

•· • 1 

EcnH CTaBHTCJI 3aAa'la - nony'IHTL Ha AJIHHe ycxopeHHJI 
= 1 M 3HeprHIO Ha HYKJIOH == 7 - 10 M 3B npH 'IHCJie ycxopeHHLIX 
HOHO:e B HMnynLce 10 11 , To; noACTaan,i,i a 4>opMyny /1/ 
Ka)Kymuec,i cero,nHJI peanLHLIMH napaMeTpL1 xonLua ar, z = 
= 1-2 MM, ro= 4 CM H BLI6Hpa,i (Z*/A) =1/10 HK= 1/5 
/no oueHKaM /IO /, npH K ~ 1/5 ycxopeHHe HAeT 6e 3 noTepL 
HOHOB/, BHAHM. 'ITO He06XOAHMOe 'IHCJIO 3JieKTpOHOB B KOJIL -
ue AOJI)KHO 6LITL Ne=S-1O 13 - 10 14• B npouecce 4>opMHpo
BaHHH TaKHX HHTeHCHBHLIX ny'IK0B MeTOAOM aAHa6aTH'lec
KOro C>KaTHJI B aAre3aTope H ycxopeHHeM HaH6onee TPYAHO 
o6ecne'IHTL BX ycTOH'IHBOCTL. CaMLIMH onacHLIMH npe,ncTaa
JIJIIOTCJI a3HMyTaJILHLie HeyCTOH'IHBOCTH. 

Iloporoaoe 'IHcno qacTHU N e AJIJI iaxux HeycTOH'IHBo
ci-eii nponopuuoHaJILHo :1HepreTH'lecxoMy pa36pocy :1nexT
poH0B B KOJILUe H o6paTHO nponopUHOHaJILHO TaK Ha3LIBae
MOMY HMneAaHcy KOJILUa B KaMepe zk. YaeJIH'leHHe 3Hepre -
TH'lecxoro pa36poca . Heuenecoo6pa3HO, T.K. OHO ae,neT· 
K. pocTy ar H, a COOTBeTCTBHH c /1/, - K yMeHLmeHHIO 
u. 1Io3TOMY noBLimeHHe Ne o6ecne'IHBaeTCJI yMeHL-

meHHeM HMne,naHca. Tax xax BeJIH'IHHa Zk xapaKTe
pu3yeT OTHOWeHHe a3HMyTaJILHLIX 3JieKTPH'leCKHX noneii 
K C03AaIOI.IlHM BX TOKaM, TO, O'leBHAHO, yMeHLmeHHJI Z k 
MO)KHO A06HTLCJI, pacnonaraJI MeTaJIJIH'leCKHe 3KpaHLI B6JIH3H 
KOJILUa. Ha 3KpaHax H B HenocpeAC~BeHHOH 6JIH30CTH OT 
HHX 3JieKTPH'leCKHe nOJIJI 3Ha'IHTeJILHO MeHLme, 'leM B nyc

TOM npocTpaHCTBe. 
IIpu6nH)KeHHe MeTanJIH'leCKHX noa~pxnocTeii K KOJILUY 

npH ero C>KaTHH HMeeT H OTPHUaTeJILHLie- nocneACTBH.ll. 

Bo-nepaL1x, MeTannuqecxa,i xaMepa aAre 3a Topa :1xpa11HpyeT 
BHeWHHe MarHHTHLie non.H, C)KHMaIOI.IlHe KOJILUO, 'ITO orpa.HH
'IHBaeT AOnyCTHMYIO qaCTOTY BHeWHHX noneii /AJI.ll BLI6pa11-
HOH ceii'la\; KaMePLI .nonyCTHMaJI qacTOTa £~1000 r11/. 

6 

\ 

J ; 
! 

II 
i 
j 
I 

Bo-BTOPLIX, npH6JIH)KeHHe OOKOBLIX CTeHOK KaMepLI x KOJILUY 
yxy,nmaeT yCJIOBHJI O,l\HO'laCTH'IHOH YCTOH'IHBOCTH H3-3a 
nonei H3o6pa)KeHHH B CTeHxax, KOTopLie Heo6xoAHMO KOM
neHcupoaaTL COOTBeTCTBYIOIIUiM BLI6opoM reoMeTpHH BHem

Hero nonJI. 
-'B KOHUe C)KaTHJI KOJILUa H npH ero ycxopeHHH B03HHKaeT 

ona.CHOCTL pe30HaHCHLIX HeycTOH'IHBOCTeH Ha co6CTBeHHLIX 
MOAaX KaMepLI /l I/ H BOJIHOBOAHLIX pe3oHaHCOB. ,l(JI.R no
AaBJieHH.R 3THX HeycTOH'IHBOCTeH npeAnonaraeTC.R HCnOJIL30-
BaTL MeTaJIJIH'leCKflO Tpy6y, paAHYC KOTOpOH MeHLme r / 12 /, 
H yMeHLWaTL A06poTHOCTL Ha pe3oHaHCHLIX MOAaX AO 3Haqe-
HHH Q=4O. . 

H3 3JieKTPOHHO-HOHHLIX HeyCTOH'IHBOCTeii HaH6onee 
onacHaJI - mnaHroaa.R. IIpeAeJILHOe qucno ycxopeHHLIX T.R)Ke
JILIX HOHOB, onpeAeJI.ReMOe TeopeTH'i:eCKHM yCJIOBHeM ycToi
'IHBOCTH no OTHOmeHHIO K H3rH6aHH.RM THna "3MeHKa", npH 
THnH"'IHLIX napaMeTpax :1neKTPOHHLIX xoneu cocTaan.ReT=1O 1~ 

Eonee CHJILHOe orpaHH'leHHe 'IHCJia HOHOB CB.R3aHO 
c MarHHTHLIM cnoco6oM ycxopeHHJI xoneu. ,l(n.R Toro 'IT0.6LI 
pa3MepLI KOJILUa He H3MeH.RJIHCL 3Ha'IHTeJILHO, Tpe6yeTC.R 

( N . IN ) < 1 o -3 
l e :::::, • 

Pe3yAbm£l11lbl 3KcnepuMeHmoe no KOAAeKmU6HOMY 
Memooy YCKOpeHUJI 

B HaCTO.Rmee apeM.R ony6JIHKOBaHLI pe3yJILTaTL1 HeCKOJIL
KHX 3KCnepHMeHTOB. / 3, 4 • I 3 - 15 / no KOJIJieKTHBHOMY 

MeTOAY, ycTaHaBJIHBaIOI.IlHe peaJILHOCT~ C03AaHH.R ycxopu
Tenei Ha ero ocHoae. 

IIpH ycxopeHHH a - qacTHU B MOAeJIH KOJIJieKTHBHoro 
ycxopHTen.H OHJIH napaMeTpLI KOJILUa 6LIJIH cneAYIOI.IlHMH: 
Ne"' 5-8.10 12 , r O"' 6 CM, a"' 0,1 _ CM. 3TO 03HaqaeT, 'ITO 
Ha o,nHo3ap.RAHLiii HOH AeiicTayeT cuna AO 37 M3B/M(T( -=D. 
Ha AJIHHe ycxopeHHJI 0,4 M a-qacTHULI npuo6peTaJIH 3Hep
ruro 30 M3B. B OAHOM UHKJie. ycxopeHH.R noTOK a -qacTHU 
,l\OCTHran ""10 9 • . 

34>4>eKTHBHOCTL xonneKTHBHoro ycxopeHH.R onpeAeJI.ReTc.H 
B03MO)KHOCT.HMH 3JieKTPOHHOro KOJILUa B COOTBeTCTBHH C 
/1/. B coapeMeHHLIX ycTaHoaxax KOJILUa, AaIOI.IlHe 40 M3B/ M, 
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.nnJI paBHOMepHoro pacnpe.neneHHJI nnoTHOCTH no ceqeHHIO 
H 20 M3B/M - 'AilH rayccOBCKoro, nonyqaroTCJI H BOCilpOH3· 
BO,llJITCJI JlOCTaToqHo yBepeHHO. TaK, B CillA /EepKmi/ 
B 1969 ro):ly 6hinH nonyqeHLI KOnLua c N e=4 • l 0 1 2 , a .,; 2 MM, 
r0"' 3,5 CM /13/u, KaK cne.nyeT H3 nocne.nHero coo6IUeHHJI /14/, 
Bee 3KCnepHMeHTLI HJ:lYT C qucnoM qacTHU"' 7 .10 12• rpynna 
B EepKnH, Hccne.nya B3aHMO,lleHCTBHe KOnL:ua C ra30M 
KCeHoHa, 110Ka3ana oTcyTcTBHe 3neKTpoH·HOHHLIX Heycioii
quBOCTeii BilnOTL ~o nonHOH HeiiTpaJIH3aUHH 3apJI,lla KOnLua. 

IIocKoni.Ky .nnH ycKopeHHJI TJI:>KenLix HOHOB He Tpe6yeTCJI 
penJITHBHCTCKoii cKopocTH nocTyria TenLHoro JtBH:>KeHHJI KonL
ua, cneuuanHCTLI B , o6naCTH KonneKTHBHOro YCKOpHTenJI 
cquTalOT npHeMneMLIMH KOnLua C YCKOPHIOIUeii cunoii 
60 M3B/M (Z:I).nnH coopy:>KeHH.H Ta.Koro YCKOpHTenJI. ,lJ;nJI 
3Toro Tp~6yeTC.H KO.IlLUO c qucnoM qacTHU 7 - 8• 1012• IIo.n
qepKHeM, qTo 3KCnepHMeHTanLHLIH MaTepuan, co6paHHLIH 
B HaCTO.HIUee BpeM.H, .naeT OCHOBaHHe rOBOPHTL O nonyqeHHH 
Koneu c qucnoM qacTuuN ,,,2-3.10 13• 

e 

IlpoeKmbl KOAAeKmUBHblX YCKopumeAeil mRJICeAblX UOHOB 

B HaC:TOHW:ee BpeM.H pa6oTa Ha.n npoeKTaMH YCKOpHTe -
neii T.H:>KenLIX HOHOB. Be.neTC.H B pa.ne na6opaTopHii. O.nHH H3 
nepBLIX npoeKTOB npe.nno:>KeH B EepKnH /16~0pHeHTHpyJICL 
Ha KOnLuo U/K = F = 150 M3B/M H ycKopeHHe 238 U c 
Z * = 23, a.aiopLI 3Toro npoeKTa cquTaroT, qTo ycKopJiroIUHii 

coneHOHJ:l ,llJIHHOH · 1,1 M o6ecneqH_T HM npHpOCT 3HeprHH 
i'o M3B/nyKAOH. B .nanLHeiiweM npe.nnonaraeTcJI yBenuqe
HHe coneHou.na .no 120 M c ueiILro nonyqeHHH KOHeqHoii 
3HeprHH 300 M3B/HyKAOH. HenponopuHoHanLHOe YBeJIH
qeHHe 3HeprHH CB.H38.HO C yBenH'leHHeM 6onLruor.<? pa.nuyca 
KOnLua np:e' YCKopeHHH B cna.naroIUeM MarHHTHOM none' 
H3 • 3a qero 3cW>eKTHBHaK KynoiioscKag CHJI~ yMeH·LwaeTc.H. 
IInaHHpyeTC.H HMeTL B TaKOM KOJILUe 10 , HOHOB ypaHa 
H qaCTOTy noBTOpeHH.H UHKJIOB,;, 100 I'iJ. YMeHLWeHHe 34>
q>eKTHBHOH YCKOPJIIOIUeii CHnLI 3JI~KTPOHHOro KOJILUa KOMneH -
CHpyeTCJI B TaKoM YCKOpHTene yBeJIHqeHHeM .nnHHLI ycKopgro-
w:ero coneHOH.IIa. · · 

YcTaHoBKH B EepKJIH H Kapncpy3 /l 7/ HMeroT cxeMy, 
u,neHTHqHyIO co cxeMoii ycKopHTeJIJI OH.HM~ Mo,nH$HKaUHH 
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TaKOH KnaccuqecKoii cxeMLI ocyIUeCTBnJIIOTCJI B JI,60Pf.To
PHJIX MepuneH,na /ClliA/ /lB/ H rapwuHra /<l>Pr / 19 • O6e 
3TH MOJ:lHqlHKaUHH HHTepecHLI C ToqKH 3peHHJI coopy:>KeHHJI 
6y,nyw;ux KonJieKTHBHLIX yCKOPHTeneii TJI:>KenLIX HOHOB. 

B rapWHHre nyqoK HH:>KeKTHpyeTCJI B MarHHTHOe none, 
C03,naaaeMoe OJ:lHHM TOKOBLIM BHTKOM H 3KpaHOM cne
UHanLHOrO npoq>HnJI. IIpH HapacTaHHH TOKa B BHTKe KOnLUO 
C)KHMaeTCJI H OJ:lHOBpeMeHHO BbIBOJ:lHTCJI. XOTJI YCKOpJIIOIUHe. 
B03MO:>KHOCTH TaKoro KOnLua OTHOCHTeJILHO HeBenHKH -
3KCnepHMeHTaTOpLI nonyqHJIH KOnLUO C N"'5°1O12,a"'O,35 CM 

e 
H ro"' 2,3 CM - TaKaJI CxeMa KOMnpecCHH npocTa H 3KOHo-
MHqHa. 

B MepuneH,ne u,neT 3anycK TaK Ha3LIBaeMoro cTaTH· 
qecKoro a,nre3aTopa. 3neKTPOHHbIH nyqoK HH:>KeKTHpyeTCH 
B nocTOHHHOe MarHHTHOe none no.n yrJIOM K CHnOBLIM 
nHHHJIM H o6pa3yeT ,nnHHHLIH UHnHH,npuqecKHH cnoii. Cne
uuanLHOe MarHHTHoe o6pe 3a101Uee ycTpoiicTBO ,nenaeT H3 
3Toro cnoH Ha6op Koneu, KOTopLie nona,naIOT B HapacTaro
w:ee B npocTpaHCTBe MarHHTHOe none H C:>KHMalOTCJI. B Mo
MeHT c:>KaTHJI KOJILUO Harpy:>KaeTCJI HOHaMH H YCKOpHeTCJI. 
ABTOPLI O:>KH,llaIOT nonyqeHHJI Koneu c YCKOPJIIOIUeii cu7oii 
115 M3B/M/sl.B «l>espane 1973 ro,na rpynnaMepuneH,na 181 

IIpHCTynuna K 3KcnepHMeHTaM C nyqKoM. TaKaJI· cxeMa 
KOMrrpecCHH opna,naeT, 110-BHJ:lHMOMY, 6oJILWHMH B03MO:>K· 
HOCTJIMH B rrnaHe II0BTOpeHHJI UHKnOB ycKopeHHJI. 

B cTa,nHH TeXHH'leCKOH 110,nrOTOBKH 3KCnepHMeHTOB Ha
XOJ:lJITCJI B ,naHHLIH MOMeHT rpynrrLI 3KCnepHMeHTaTOpOB 
<l>paHUHH, .HIIOHHH, HTanHH H KaHa,nLI. 

YCKOPHTEJil, T .R)l(EJihIX HOHOB OHMY OH.RH 
IlapaMempbl ycKopumeAJI mRJICeAblX UOHOB 

MarHHTHaJI CHCTeMa a,nre3aTopa YCKOPHTeJIH 1103BOnJieT 
q>opMHPOBaTL KOJILUa C qucnoM 3neKTPOHOB N "'1013 -5-10 13 
H nnoTH0CTLIO 3neKTpOHOB Ile"' /0,5-2,5/•\o 13 1/cM 3 • 
3THMH UHq>paMH BO MHOrOM onpe,nenHIOTCJI .npyrue O:>KH,nae
MLie napaMeTphl YCKOPHTenJI, 3HaqeHHJI KOTOpLIX rrpHBe,neHLI 
B ma6A. 1. 
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Ta611u11a 1 

HeKOTOpLie napaMeTpLI KOJIJieKTHBHOro YCKOPHTemi 
TJl>KenLIX HOHOB . 

1. Y CKOpHeMLie H.n;pa - OT Xe .n;o U 
2. 3HeprHH HOHOB - E :S 10 M3B/amu -3 10 
3. KonuqecTBO HOHOB B HMnyn1,ce -N.,,,10 N ,,,5.10 

l . e 

4. qacToTa nocLinOK - 1 - 5 I'11 
5. II~TOK TH>KenLIX HOHOB - Ni"' .n;o 2 .10 11 1/ceK. 
6. 3HepreTuqecKHii cneKTp -(~E/E) .,,5.10-2 

7. 3MHTTaHC - TT a 0 "'30 MpaO. CM -l O 
8. BpeM.H B3aHMO)teiicTBHJI c MHWeHLIO ~ t"' 10 ceK. 

YCKOPHTenL Ta:>KenLix HOHOB, OCHOBaHHLIH Ha KOJIJieK
THBHOM MeTo,n;e, COCTOHT, no cyTH .n;ena, H3 .n;ayx KpynHLIX 
ycTaHOBOK. Cum~HoToqHLiii nHHeiiHLIH HHAYKUHOHHLIH ycKo
PHTen1, 3neKTpOHOB HBnHeTC.ff HH>KeKTOPOM KOJIJieKTHBHOro 

YCKOPHTenH. A,n;Ha6aTuqecKHH reHepaTop 3ap.H>KeHHLIX TO
poa-A,IJ;i'E3ATOP /KaK Ha3aan ero B.H.BeKcnep/ npe.n;
Ha3HaqeH ,n;nH 4>opMHponaHHH 3neKTPOHHLIX Konen, 3arpy3KH 
HX HOHaMH H npe.n;aapHTenLHOro ycKopeHHJI KOnLna. YcKope
HHe Kon1,na .n;o KOHeqHOH 3HeprHH npoH3B0,IJ;HTCJI coneHOH,IJ;OM 
B cna.n;a10meM no ,n;nHHe MarHHTHOM none. HH>Ke OCHOBHLie 
y3n1,1 YCKOPHTenH onucaHLI no.n;po6Hee. 

HHJ1CeK111op - CUAbH01/IO'IHblU UMnYAbCHblU AUHeiiHblU 
ycKopu111e11b 3AeK111POHOB 

3neKTPOHHLIH HMnynLCHLiii ycKopuTenL, ucnon1,3yeMLiii 
B KaqecTBe HH>KeKTOpa, CKOHCTPYHPOBaH, HCXO,IJ;Jl H3 Tpe6o
BaHHJI o6ecne-..i:HTL cne.n;y10mHe napaMeTphl · ycKopeHHoro 
nyqKa: 

10 

3HeprHH qacTHU B nyqKe - E = 3,0 M3B 
MaKcHManLHi.Iii TOK B HMnyn1,ce - I "' 1000 A 
,IJ;nuTenLHOCTL HMnyn1,ca .; r = 10-15 HCeK 
qaCTOTa noBTOpeHHJI HMnynLCOB - f = 10 ru 

II 
·l ·, 

_I 

i 

3HepreTuqecKHH pa36poc 3neKTPOHOB npu E = 3 M3B 
( LlEiE) = 31c,. 
3MHTTaHc npH E = 3,0 M3B.E = TTa0.::;0,1 CM.pao. 
B OCHOBe KOHCTPYKUHH ne>KHT npHHUHn HHAYKUHOHHoro 

ycKopeHHH Boyaepca '/20/. · 
YcKOPHIOIUee none C03,n;aeTCJI CHCTeMOH H3 pH.n;a nocne

.n;onaTenLHO coe,n;HHeHHLIX HMnynLCHhlX TpaHctl>opMaTopoa
HHAYKTOPOB, BLinonHeHHLIX Ha TopoH.n;anLHhlX tl>eppHTOBLIX 
cep,n;eqHHKaX C O,IJ;HOBHTKOBOH nepaHqHoH o6MOTKOH, B03 -
6y>K.n;aeMOH np.HMOyronLHhlMH HMnynLcaMH HaHOCeKyH,IJ;HOH 
,n;nHTenLHOCTH. reHepaTop HMnynLCOB COCTOHT H3 cocpe.n;o
ToqeHHLIX eMKOcTeii, ao.n;opo,n;Horo THpaTpOHa H KoppeKTH
py10meii HenHHeiiHoii nHHHH, BKnroqeHHoii nocne.n;oaaTen1,Ho 
B pa3pH.n;HLiii KOHTyp. B KaqecTae HCToqHHKa. 3neKTPOHOB 
Hcnon1,3yeTCH xono.n;HLIH Ka To.n;. cl>oKycHpOBKa nyqKa o6ecne
qHaaeTCH coneHOH,n;anLHhlM HMnynLCHhlM MarHHTHhlM noneM • 

06111ee onucauue · ycKopu111e.li11 

HH>KeKTOP COCTOHT H3 5 ycKopHIOIUHX ceKUHH no 18 HH
AYKTOPOB B Ka>K,IJ;oii. 0.n;Ha H3 3THX CeKUHHKOHCTpyKTHBHO 
061>e,n;HHeHa C HCTOqHHKOM 3neKTpOHOB. BHyTpH ceK:nHii 
HMeIOTCJI ,IJ;Hatl>parMHpOBaHHbie ycKOPHTenLHhle Tpy6KH c 
anepTypoii 40 MM~ KOTOPLie CTLIKYIOTCJI /puc. 1/ nocpe.n;
CTBOM nepeXO,IJ;HLIX KaMep, CBJl3aHHhlX C BaKyyMHhlMH Ha
cocaMH. B KaMepax ycTaHoaneHLI nocne.n;oaaTen1,Ho coe
,IJ;HHeHHLie coneHOH,n;anLHLie KaTyWKH .n;nH C03,IJ;aHHJI tl>oKycH
pyromero MarHHTHOro nonH, noHC PorOBCKOro, H3MepHIOIUHH 
TOK ny'IKa, BeHTHnL-HaTeKaTen1,; n03BOnHIOIUHH ,IJ;HCTaH
UHOHHO H3MeHHTL .n;aaneHHe BHYTPH ycKopHTen1,11oro TpaKTa, 
H MaHOMeTpHqecKaH naMna. Ka>K,n;hle TpH HH,IJ;YKTOpa nHTa
lOTCJI OT o,n;Horo HMnynLcHoro reHepaTopa, co6paHHoro Ha 
THpaTpOHe THna TrHl- 2500/50, a KaqeCTBe HaKonHTenH 
3HeprHH Hcnon1,3yeTC1:I 6noK BLICOKOBOnbTHhlX KOH,IJ;eHCaTo
poB o6meii eMKOCTLIO 37 .000 nc/>,. KOTOphle pa3pH>KalOTCJI 
Ha TPH Henu11eii111,ie nHHHH, BKn10qeHHhle napaJIJienLHO. BLIXO,IJ; 
Ka>K,n;oii nHHHH nocpe.n;CTBOM Tpex napaJIJienLHO coe.n;uHeHHLIX 
Ka6eneii c o6IUHM BOnHOBhlM conpoTHBneHHeM 17 OM H ,n;nH
HOH 1,5 M coe.n;HHeH c HHAYKTOPOM. 
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Ha BHyTpeHHeii 06pa3yrome:e: HHAYKTopa pa3MemeHhl Ka

TYWKH MarHHTHOro nom1, KOHCTPYKTHBHO o6'Le~HeHHhle 

C HHM. cl>oxycHpyromse KaTyWKH HHAYKTOPOB coeAUHeHhl B 

CeKJUIH IlOCJieAOBaTem,Ho H o6pa3yroT COJieHOHA C IlJIOTHOCTl,IO 

HaMOTKB 1,6 6U111Ka/cM • . IlHTaHHe COJieHOHAOB H KaTymeK 

B nepeXOAHhIX KaMepax - noceK:UHOHHOe. 

YcKOPR101JIUU 3AeMeH111 - UHOYK1110P 

Ycxop,i:romee 11acTH:Uhl auxpeaoe 3neKTpH11ecxoe none 

C03AaeTCJI nepeMeHHhIM MarHHTHhIM IlOTOKOM, B036y.>K,D;ae

MLIM B 4>eppoMarHHTHOM cepAe'IHHKe HHAYKTopa IlOA Aeii

CTBHeM HMnyni.ca TOKa, .ii:poTeKaromero B nepBH'IHOM BHTKe, 

OXBaTh1Ba10I1leM cepAe'IHHK /puc. 2/. Tpe6oBaHHe M.OH0-

3HepreTH'IHOCTH ycxopeHHoro ny11Ka onpeAeJIJieT AOilYCTH

MYIO HepaBHOMepHOCTh IlJIOCKOH 11aCTH HMnyni.ca ycxop,i:10-

Illero IlOJIJI: . ( 8 U
1 
/U;) <3~. )];JIJI IlOJiy'leHHJI IlJIOCKOH BepWHHhl 

1 vtv1 

,. >"}>f 

ct>(t) 

~ 

Pnc. 2. CxeMaTn:'IecKoe nao6pa)KeHHe HHAYKTopoa. 
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RMnynLca cne.11yeT 06ecne11HTL JIHHeiiHhlii pocT MarHHTHoro 

IlOT0Ka ell ( t) B cep.11e11HHKe H~YKTOpa. no 0THomeHRIO 

x reHepaTopy RH.IIYKTOp npe,IICTaBJIRCT co6oii HeJmHeiir~yro 

RH.IIYKTHBHOCTL L 'myHTHPOBaHHYIO aKTHBHhlM conpOTHB

JieHReM Rb, y11uTfIBaIOIIU1M noTepH :rneprHH Ha nepeMarH&-

11HBaH&e. · · 

,l(JII npaBRJILHOro Bhl6opa napaMeTpOB R~YKTOpa He-

06xo,11RMO 3HaTL BeJIH'IHHY MaKCHMaJILHO B03MO>KH0ro H3-

MeHeHHR HH.IIYKIUIH B WIHaMH'leCKOM pe)KHMe fl B H 3aBHCH

MOCTL HMilYJILCHOii MarHHTHOii npOHHilaeM0CTH OT qacTOThl 

µ ( E) • ,l(ns cep.11e11HHKOB H3 l}>eppHTa MapKH 200 HH2 npH 

"'"'2,5-10 +0
ceK-11lBcocTaBnseT 5000 rc.OTcro,11aMo>KHo 3a- · 

KHIO'IHTL, 'ITO .IIJlH HeHCKa:>KeHHOH TpaHC:l}>OpMa:QHH HMilYJILCa 

.IIJlHTenLHOCTLIO 1,5• 10 -B ceK H aMnJIHTy,11oii 35 KB, Heo6xo

.11HMO 6paTL ce1JeHHe cep.11e11HHKa s~ 10 CM 2• 

Ha puc. 3 u306pa:>Keila Bhl'IHCneHHaR H3 H3MepeHHii 

3aBHCHMOCTL HH.IIYKTHBH0CTH nepBH'IHhlX BHTKOB HH.IIYKTopa 

OT BpeMeHH L = Laµ< t) , 3Has KOTopyro, MO:>KHO onpe.11e

JIHTL. HaMarHH1IHifaroIIU1ii TOK HH.IIYKTOpa: 

i ( t) 
µ U1 r/Lµ. /2/ 

B HameM cny11ae HH.IIYKTOp / puc. 4/ BhlilOnHeH Ha .IIBYX 

l}>eppHTOBhlX KOnLuax THna 200 HH2 pa3MepaMH 180 x 

X 110 X 20 MM. IIepBH'IHaR o6MOTKa COCTOHT H3 Tpex 

CHMMeTpH'IHO pacnono:>KeHHhlX no a3HMYTY IlOJIOCOBhlX BHT

KOB ce11eHHeM 80 MM 2 . Ka)K.llhlii. ',l(ns pa3MarHH11HBaHHR 

l}>eppHTOBhlX Koneu HMeeTCR OT,lle.JILHhlii BHTOK, 3aITHThlBae

Mhlii OT CHCTeMhl pa3MarHH11HBaHHR HMnynLCHhlM TOKOM 

100 A .IIJIHTenLHOCTLIO 250 MKCeK. cf>eppHTOBhle KOHL:Qa 

BMeCTe C BHTKaMH IlOMe~eHhl B MeTannu11eCKHii KapKac 

H 3aJIHThl 3IlOKCH,IIHLIM KOMnayH,IIOM~ Ha BHemueii noaepx

HOCTH xapxaca HMeeTCH TpH BLICOKOBOJILTHLIX cornacoaaH

HhlX pa3~eMa .IIJlR IlHTaHHR nepBH'IHLIX BHTKOB, HH30JIHpO

BaHHLlii BLIB0.11 BHTKa pa3MarHH11HBaHHH, RBJIHIOIIUIHCH O.IIHO

BpeMeHHO TO'IKOii ,IIJIH H3MepeHHR napaMeTpOB HMilYJILCa 

Hanps:>KeHHR HH.IIYKTOpa. 
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I'e11epamop UMnyAbC06 6blC0K020 11anp.11J1CeHUJI 

OCHOBHLie Tpe6oBaHHH K napaMeTpaM HMilYllbCOB, WOp

MHpyeMLIX reHepaTopoM, cne.nyro11U1e: aMilnHTY.Ila HMilYllbCa 

u,., 35 KB, .IlllHTellbHOCTb - T ""10-15 HCeK, KPYTH3Ha Ha

pacTaHHH TOKa B Harpy3Ke f3 ~ 10 
12 A/ceK, conpOTHBlleHHe 

Harpy3KH 6 OM, qaCTOTa IlOBTOpeHHH HMilyllbCOB - 10 I'll. 
B KaqecTBe KOMMyTaTopa HCilOllb3yeTCH BO.IlOPO.IlHLIH THpa

TpOH THila TrH 1-2500/50, KOTOpLIH YCTOHqHBO pa6oTaeT 

B pe)KHMe KOMMyTaUHH HMilYllbC0B "TOKa C aMilJIHTY.IlOH AO 

10 KA H .IlllHTellbHOCTblO 5•10-
7 CeK, 0.IlHaK0 KPYTH3Ha 

HapacTaHHH TOKa f3 =-di/dt =- 5.10
10 A/ceK, T.e. IlPHMepHO 

\ B 20 pa3 HH)Ke Tpe6yeMOH. )J;ns nonyqeHHH Ja.naHHOH 

KPYTH3HLI HapacTaHHH TOKa HCil0llb30Ba.H 3~eKT yKopoqeHHH 

WPOHTa HMnynLca, HMeIOllUIH MecTo npH pacnpocTpaHeHHH 

ero B HenHHeiiHoii nHHHH / 2 2~ B HaweM cnyqae HenHHeiiHaH 

llHHHH, o6ecneqHBaIO(UaH 3al(aHHYIO KPYTH3HY TOKa,npe.n

CTaBnHeT co6oii OTpe30K KOaKcHana .IlllHHOH 75 CM, Ha 

neHTpanbHLIH npoBO.IlHHK KOTOporo Ha.neTLI cpeppHTOBLie K0nb

na MapKH 600 HH, pa3MepaMH 40 x 25 x 8 MM; BHyTpeHHHH 

IlOllOCTb llHHHH 3anonHeHa rnHnepHHOM. Harpy3oqHaH xapaK 

TepHCTHKa HenHHeHHOH llHHHH IlOKa3aHa Ha puc. 5. 
CxeMa reHepaTopa c 3KBHBaneHTHOH Harpy3KOH n~Ka3a

Ha Ha puc. 6. Ha puc. 7 npHBe.neHbI THnHqHLie ocnHnnorpaM

MLI B pa3nHqHiix TO~Kax cxeMLI reHepaTopa. OneHHM BllHHHHe 

Kone6aHHH TOKa Ha npHo6peTaeMyro 3lleKTP0HaMH 3HeprHIO. 

yqHTLIBaH 3aBHCHMOCTb /2/ no Harpy3oqHoii xapaKTepHCTHKe 

nHHHH / puc. 4/, Haii.neM, qTo Ja cqeT HenHHeiiHLIX cBoiic.TB 

nHHHH 3HepreTHqecKHH pa36poc oKa3LIBaeTCH B ABa pa3a 

MeHbWe Kone6aHHH T0Ka. 

4>opMHpoBaHHe .IlllHTellbHOCTH HMilYllbCa npoHCXO.IlHT aB

TOMaTHqecKH 3a cqeT HenHHeHHLIX CBOHCTB'HHAYKTOpa, TaK 

qTo IlpH 3a.IlaHHOM B HeM IlOilepeqHOM ceqeHHH weppHTOBLIX 

Konen BLIIlOllHHeTCH ycnoBHe: UH • T = const. )J;na Kop

peKUHH IlllOCKOH BepWHHbl HMilYllbCa BBe.neHa nerrb Il0.IlMar

HHqHBaHHH nenHHeHHLIX llHHHH, perynHpya BenHqHHY TOKa 

B KOTopoii, MO)KHO npOH3BO.IlHTb Ha.nne)Ka(UHH ·BLI6op pa6oqee: 

TOqKH Ha neTne rHCTepe3HCa. 

3anycK THpaTpOHOB npOH3BO.IlHTCH OT naMilOBLIX reHe

paTopoB, HMeIO(UHX Ha BXO.Ile Ka6enbHbie llHHHH 3a.nep)KKH 
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PHc. 7. THIIH'lHbie OCUHnnorpaMMbI HaIIp.SI>KeHH.SI: a) Ha BXO

.cte HenHHeliHOH nHHHH r pasa. = 50 HCeKICM; 6) Ha BbIXO.cte 
HenHHeii:Hoii: nHHHH; a) Ha HH.ctyKTOpe 6es Harpy3KH. 
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AilHTenhHOCTbIO AO 130 HCeK c AHCKpeTHOCTblO peryJIHpOBKH 

1 HCeK /A>KHTTep MeHhme 0,5 HCeK/. 3anycK JiaMilOBbIX re

uepaTOPOB npOH3BOAHTCH OT ycTpOHCTBa CHHXPOHH3aUHH. 

AMIIJIHTYAHa.H CTa6HJibHOCTb HMilYJibCOB /6e3 ny11Ka/ 

3aBHCHT, rnaBHblM o6pa3oM; OT CTa6HJIH3aUHH 3apJ1AHOro 

Hanp11:lKeHHJI. HaKOilHTeJibHOH eMKOCTH H IlpH OTCYTCTBHH ,IJ;O

IlOJIHHTeJibHblX CHCTeM CTa6HJIH3aUHH onpeAeJIHeTCJI CTa-

6HnbHOCTbIO nHTaromeH uenH. 

Hcmo'IHUK 3/leKmpoHOB 

<l>opMHpoBaHHe ny'IKa npOHCXOAHT B KepaMH'leCKOH Tpy6e 

IS 50 MM,.D;JIHHOH l,5 M, IIOMemeHHOH BHYTPH 5 YCKOp1110meH 

CeKUHH. AHOA H3 Hep:lKaBeromeii CTanH - ceTKa C pa,IJ;HaJILHhlM 

pa3pe3OM .D;JIJI YCTpaHeHHJI H·cKa:>KeHHH qlOKyCHpyromtfro Mar

HHTHOro IlOJI.H Ha BXO,IJ;e B nepByIO nepeXOAHYlO KaMepy. 

HCTO'IHHK MO:lKeT pa6oTaTI:,; B .D;BYX pe:lKHMax. B nep

BOM /23, 24/ KaTO.D;, npe.IJ;CTaBJI.HIOIUHH co6oii BOJibq>paMo

ByIO Hrny i 0;5 MM, ycTaHaBJIHBaeTC.H CHa BXO.D;e ceKUHH, 

TaK 'ITO paCCTO.HHHe Me:>K.D;Y aHOAOM H KaTo'.noM L"' 1,2 M, 

a ,IJ;aBJieHHe B o6naCTH KaTOAa pk "' 10 - 2 mop. Ha KaTOA 

IlO,IJ;aIOTC.H HMilYJibCbl nanp.s:il<eHH.H AJIHTeJihHOCTbIO 

0,5·10 -6 ce~ H aMnJIHTY.D;OH 60-80 KB. HMnynbc rronnoro 

TOKa 3ana3AblBaeT OTHOCHTeJibHO Hanp.H)KeHH.H Ha BpeM.H, 

paBHOe BpeMeHH HeiiTpanH3aUHH 
-1 

'u=<noaiv) ' 
rAe no - KOHUeHTpaumi: HeiiTpanbHblX aTOMOlil pa6011ero 

ra3a, ai - ce11eHHe HOHH3aUHH 3neKTPOHHbIM y,IJ;apOM, v -

CKopocTb 3neKTPOHOB, v = y 2 .£.. vk ·• . m 
Ha HMilYJibCe nonuoro TOKa MOil<HO BbI,IJ;enHTb TpH CTaAHH: 

1 - aBT03MHCCHOHHyIO; KOrAa Hanp.s:il<eHHe Ha npoMe:>KyTKe 

paBHO Uk, a TOK Man , I "' 50-70 A; 2 - cTaAHIO "ra30-

cqioKycHpoBa11110ro 3neKTpo1111oro ny11a" /25, 27 / , KOr.D;a 

nanp.s::lKenHe na · pa3p.s:hHoM npoMe)KyTKe eme .D;OCTaTO1111O 

nenHKO /no Menbme u k /' a TOK npeBblmaeT BeJIH'IHHY' 

AOIIYCKaeMyIO 3aKOHOM i = eU 3 / 2 ; 3 - CTa,IJ;HlO npo6o.s:, 

KOrAa Harrp.nil<eHHe Uk= 0, a TOK nenHK. HcIIOJib3yeTC.H 2 
CTa,IJ;H.H, .D;JIHTeJibHOCTb KOTOpOH MOil<eT MeH.HTbC.H B 3aBH

CHMOCTH OT pe:lKHMa pa6oTbl HCTO'IHHKa H B OilTHMaJihHOM 
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cnyqae COCTaBmieT 150-200 HCeK. EcnH npH 3TOM :ineKT
PH'leCKOe none ceKIUIH E z = 0, TO 3a aHO.IJ;OM perHCTpHpyeT
CJI :ineKTPOHHLIH TOK = 200 A, 'ITO COOTBeTCTByeT KPHTH
'leCKOMY TOKY .IJ;nJI p;auuoii CHCTeMLI. IlpH BKmo'leHHH Mop;y
nJITOPOB TOK pacTeT, H npH E z = 1 KB/cM COCTaBnJieT 
1,5 KA. ,lJ;nHTem.HOCTb HMnym.ca TOKa paBHa .IJ;nHTenLHOCTH 
HMnynLca ycKOPJIIOI:u;ero nonJI. 

Bo BTOpOM pe)KHMe ycTaHaBnHBaeTCJI paccTOJIHHe Me)K.IJ;y 
K8TO.IJ;OM H aHO.IJ;OM - 2 CM. BaKyyM B CHCTeMe nop;p;ep
)KHBaeTCJI He xy)Ke 10-5 mop. HcTo'IHHK, nHTaro~ii KaTo.IJ;, 
OTKmoqaeTCJI, a YCKOpJIIOI:u;aJI ceK:a;HJI pa6oTaeT B pe)KHMe 
HMnynLCHoro TpauccliopMaTopa, BTOpH'IHOH o6MOTKOH KOTO
poro JIBnJieTCJI BHTOK, o6pa30BaHHLIH KaTO.IJ;HLIM WTLipeM 
H MeTannH'leCKHM 3KpaHOM HH.IJ;YKT0P0B. B 3T0M pe)KHMe 
HMnynLc TOKa noBTOpJieT no cliopMe HMnynLC CYMMapHoro 
HanpJI)KeHHJI HH.IJ;YKTopoB H npH aMnnHTyp;e nocnep;Hero 
400 KB HMeeT aMnnHTYAY 1,2 KA. 

<l>oKycupoeKa ny'lKa u cucmeMa numanu.R Maznumnozo .no11.R 

BLI6op napaMeTpoB clioKycupyroi:u;ero MarHHTHoro nonJI 
npOH3B0.IJ;HnCJI Ha OCHOBaHHH pacqeTOB ,IJ;BH)KeHHJI ny'IKa 
B napaKCHanLHOM npH6nH)KeHHH BO BHemHeM none c KOM -.
noHeHTaMH" E z H Bz • PaccMaTpHBanacL HecaMocornacoBaH
HaJI 3ap;aqa, KOMnoueHTLI E r H Be co6cTBeuuoro nonJI 
nyqKa C'IHTanHCL B npH6nH)KeHHH Kpyrnoro ny11Ka c paBuo
MepHOH no Ce'leHHIO nnoTHOCTLIO. Pe3ynLTaTL1 pacqeTa 
ony6nHKOBaHLI B / 28/, r~e noKa3aHO, 'ITO .IJ;nJI uap;e)KHOH 
TpaHcnopTHpoBKH ny'IKa c TOKOM I = 1,5 KA H uaqanLHLIM 
pa.IJ;HYCOM p = 1 CM, aMnnHTyp;a npop;onLuoro coneHOH.IJ;anL
Horo MarHHTHOro nonJI ,IJ;Oil)KHa 6LITL Bz ~ /0,2±0,01/ T. 
C :u;enLIO yMeHLWeHHJI TennOBLIX Harpy30K. HCnonL30BaHO 
nHTaHHe clioKYCHPYIO~X coneHOH.IJ;OB HMnynLCHLIM TOKOM 
B pe3ynLTaTe pa3pJip;a Ha coneHOHA eMKOCTH qepe3 THpH-

CTOPHLIH KOMMyTaTop. PerynHpOBKa BenH'IHHLI nonJI B oT
p;enLHLIX ceK:a;HJIX ocyi:u;ecTBnJieTCJI nocpe.IJ;CTBOM H3MeHeHHJI 
3ap;ep)KKH 3anycKa THPHCTOPOB OTHOCHTenLHO IlY'IKa,. npH 

3TOM p;nJI o6ecne'leHHJI Hap;ne)Kai:u;eii cTa6HnLHOCTH nonJI He
cTa6HnLHOCTL 3ap;ep)KKH ,IJ;Oil)KHa 6LITL He Xy)Ke ±2,5.10-6ceK. 
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Mexanu'lecKue ycmpoiicmea ycKopume11.R 

YcKopHTenL ycTaHoBneH Ha paMe pa3MepaMH 6,2xl,2 M. 

O61:a;aJI .IJ;nHHa O.IJ;HOH YCKOpHTenLHOH ceKIUIH 1,0 M, .IJ;HaMeTp 
HHAYKTOpOB - 270 MM. Me)K.IJ;y ycKOPHTenLHLIMH ceK:a;HJIMH 
HMero'PcJI npoMe)KyTKH .IJ;nHHOH 0,3 M, B KOTOPLIX ycTaHOBneHLI 
nepeXO.IJ;HLie KaMepLI. OcL YCKOpHTenJI npoXO.IJ;HT Ha BLICOTe 
1,8 M. 

reHepaTOPLI HMnynLCOB BLICOKoro HanpJI)KeHHJI pa3Me
i:u;eHLI Ha TOH )Ke paMe B .IJ;Ba p.Hp;a no 12 WTYK /cneBa OT 
yc~opJIIO~X ceK:a;Hii u nop; HHMH/. OTKa'IKa YCKOPHTenLHoro 
TpaKTa ocyi:u;ecTBnJieTC.R IlJITLIO Mc1icliY3HOHHLIMH BaKYYMHLI
MH arperaTaMH THna BA-O5-4, IlO.IJ;BemeHHLIMH K paMe 
cnpaBa B np0Me)KyTKaX Me)K.IJ;y ce.K:U:HJIMH. BHyTpH paMLI 
pacnono)KeHo TaK)Ke BcnoMoraTenLHoe o6opyp;oBaHHe reHe
paTopoB HMnynLCOB. OcranLHOe o6opy.IJ;OBaHHe, He06XO.IJ;HMOe 
p;nJI HOpManLHOro cliYHK:U:HOHHpOBaHHJI YCKOPHTenJI, pa3Mei:u;e
HO B 6noKaX H CTOHKax, ycTaHOBneHHLIX PJIAOM. 

~onycTHMLie oceBLie CMeI:u;eHHJI YCKOPJIIO~X :ineMeHTOB 
He .IJ;On)KHLI npeBLIWa TL O, 15 MM. P eanH3a:U:HJI Tpe6yeMLI;X 
p;onycKOB o6ecne'leHa TO'IHOCTLIO BLinonHeHHJI MexaHH'lec
KHX pa6oT npH H3rOTOBneHHH HHAYKTOPOB H HanH'IHeM 
Heo6xo.IJ;HMLIX npHcnoco611eHHii, cnoco6HLIX o6ecne'IHTL Hap;
ne)Kai:u;yro IOCTHPOBKY Bcex :ineMeHTOB. <l>oKycHpyro~e Ka
TYWKH B HHAYKTOpax ycTaHOBneHLI C TO'IHOCTLIO He Xy)Ke 
±0,1 MM, HeCOOCHOgTL }'CKOpHTenLHOH Tpy6KH c MarHHTHOH 
CHCTeMOH - He 6onee 0,1 MM. YcKOPJIIOI:u;aJI ceK:a;HJI 3aKpen
neHa B no.IJ;BH)KHLIX onopax, o6ecne'IHBaIO~X perynHpOBKY 
B npep;enax ±100· MM c TO'IHOCTLIO He Xy)Ke ±0,05 MM 
B Tpex HanpaBneHHJIX. IlepeXO.IJ;HLie KaMepLI MoryT 6LITL 
ycTaHOBneHLI c T0'IH0CTLIO He Xy)Ke ±0,2 MM. IOCTHpOBKa 
ceK:u;Hii H KaMep npOH3B0.IJ;HTCJI no BLIHOCHLIM Te03HaKaM, 
TO'IH0CTh npHBJl3KH KOTOpLIX K MarHHTHOH OCH He Xy)Ke 

±0,02 MM. 

TpancnopmupoeKa u aaxeam 311eKmponoe e aozeaamop 

TpaucnopTHPOBKa nyqKa :ineKTP0H0B Bap;re3aTop ocy
i:u;ecTBnJieTCJI a coneHOH.IJ;anLHOM MarHHTH0M none. B o6na-
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CTH pacceJIHHblX none:e: aAre3aTopa AilJI yMeHLWeHHJI HX 
BnHJIHHJI Ha nY'{OK HCnOJIL3yeTCJI 3KpaHHPOBKa )Kene3OM. 
Ha. KOHe'IHOM yqacTKe TpaHCIIOPTHOH CHCTeMLI, B6nH3H 
paAHyca HH:>KeKUHH qacTHD; B aAre3aTop, KOMneHCaUHJI Mar
HHTHOro nona npOH3BOAHTCJI neTne:e: C TOKOM /HHq>neKTOp/. 

B onLITax /3/ no YCKOpeIIHIO a -qacTH:U 6LICTp04f• /Hea
AHa6aTH'leCKOe/ MarHHTHOe none CMei:uano paBHOBeCHyIO 
op6HTY /3a Te HeCKOilLKO o6opOTOB, KOrAa HH:>KeKTHpyeMLie 
3neKTPOHbl MornH npOXOAHTL, 6naroAapJI 6eTaTpOHHHM KO· 
ne6aHHJIM, MHMO HH<l>neKTOpa/ TaK, 'ITO KOilL:UO 3aHHMano 
nono:>KeHHe, He nepeKpLIBa10i:ueecJ1 c HHcl>neKTopoM. B Me· 
TannH11ecKoii KaMepe aAre3aTopa YTH H3·3a 3KpaHHPOBKH 

CTeHKaMH 6blCTponepeMeHHblX noneji TaKOH MeTOA 3axBaTa 
TPYAHO peana3yeM. BMecTo Hero npeAnonaraeTca npHMe
HHTL KOppeKD;HIO MrHOBeHHOH op6HTbl 3IleKTPOHOB B TO'IKe 
nepece11eHHJI ee C paBHOBeCHOH op6HTOH, npH 3TOM paAHYC 
HH>KeKD;HH Bbl6HpaeTCJI 6onLllle paAHyca paBHOBeCHOH op6HTLI. 
KoppeKTOP npeACTaBnaeT co6oii Y'laCTOK MHHHOH IlHHHH, 
B KOTopo:e: B036y)KAaeTCJI 6eryi:uag HaBCTpeqy ny11Ky 3IleKT· 
POMarHHTHaJI TEM-BonHa / puc. 8/. 

Aoze3amop - cucmeMa ¢opMupoeaHUJI 3AeKmpoHHblX KOAell 

AAre3aTop /Apyroe ero Ha3BaHue - KoMnpeccop/ Bbl· 
nonu.s:eT B KonneKTHBHOM ycxopuTene cneAYIDID;He qiyHKUHH: 

• 4>opMHPOBaHHe npeABapHTenLHO ycxopeHHoro 3IleKT· 
POHHOro lllHypa B KOilLD;O C paAHYCOM ro H MailbIMH pa3Me
paMH Br H a z; 

• C>KaTHe 3neKTPOHHoro KOilLD;a B HMilYilLCHbIX MarHHT· 
HLIX IlOilJIX npu OAHOBpeMeHHOM yMeHLllleHHH ero pa3MepoB 
r 0 , a r , a z H yBenu11eHHH 3uepruu; 

- BBOA B o6'beM C:>KaToro KOilLD;a He:e:TpanLHblX MOileKyn 
unu aToMOB :ew6paHHoro An.II npoBeAeHHJI 3KcnepnMeH:ra 
XHMH'leCKoro 3neMeHTa H HOHH3aD;HJI BX 3a C'leT CTOilKHOBe ~ 
HHH C 3neKTpoHaMH KOnLu;a; 

• ycKopeHHe ABYXKOMilOHeHTHoro /3neKTPOHbl H HOHLI/ 
KOnLu;a B paBHOMepuo cnaAaroi:ueM BAOilL OCH MarHHTHOM 
none· 3a C'leT nepeXOAa Bpai:uaTenLHOH 3HeprHH 3neKTpOHOB 
B 3HeprHIO Z -ro ABH:>KeHH.S:. 
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Puc. 8. CxeMa pacrrono)KeHHH ycTpoilcTB saxBaTa aneKT
poaaoro rryqKa B aaresaTop. 1 - HH~neKTop; 2 - KoppeK
T~. 

MazHumHoe noAe aoze3amopa u pac'iemHble napaMempbl 
KOAblJQ 

Ha 3Tane c:>KaTHJI xonLu;a aAre3aTop pa6oTaeT KaK 
KOilLD;eBOH 3neKTpOHHLIH ycxopHTenL C MJ1rKo:e:4>oxycupoB
KOH /Tuna 6eTaTpoHa/ c HeBLIIlOnHeHHLIM, o;:uiaxo, 6eTa
TpOHHLIM ycnOBHeM B s = 1/28 /. B s - HHAYKUHJI MarHHTHOro 
nong ua paBHOBecuo:e: op6HTe, B- HHAYKUHJI, ycpeAHeHHaJI 
no nnmu;aAH, orpaHH'leHHOH 3Toii op6HTo:e:/. MarHHTHoe 
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none a.nre3aTopa pacclJHTblBanocL TaK, 'IT06bl o6ecne'IHTL 

ycJIOBH.11 ,D;Jl.11 l)JopMHPOBaHH.11 Konen C 'IHCJIOM 3JieKTpOHOB 

OT 10 13 
,D;O 5•10 13 H C pa3MepaMH, KOTOpble n03BOJIHJIH 

6bl HMeTL Ha6op 3HeprHH HOHaMH B cnap;aro~eM MarHHTHOM 

none nop.11.nKa U"' 6 M3B/HYKAOH. CHcTeMa HCTO'IHHKOB 

MarHHTHoro non.II/ puc. 9/ COCTOHT H3 KaTyweK nocTO.IIHHO

ro non.11, KaTymeK Tpex cTyneHeii c:>KaTH.11, l)JopMHpyro~x 

HMnynLCHLie MarHHTHLie non.11, H BLIBO,D;HOro YCKOp.llro~ero 

COJieHOH,D;a. reoMeTpH.11 BX H TOKH BLI6paHLI C yqeTOM 3Kpa

HHPOBKH MarHHTHblX noneii MeTaJIJIHlJeCKHMH CTeHKaMH KaMe

pLI. BpeMeHHa.11 ,D;HarpaMMa BKJIIO'leHH.11 TOKOB B KaTymKax 

rIPHBe.neHa Ha puc. 10. IIepepacnpe.neneHHe TOKOB B o6MoT

Kax nocne.z(Heii cTyneHH c:>KaTH.11 npH t = 1,5 MCeK, ape,D;Ha3-

Ha'leHHOe ,D;JI.11 BLIBO,D;a KOJILna H3 ap;re3aTopa, npOH3BO,D;HTC.II 

myHTHpoBaHHeM TOKa B KaTymKe .N26. ,D;mr npoxo:>K,D;eHH.11 

onaCHLIX no pe3oHaHCHLIM YCJI0BH.IIM yqacTK0B r -TpaeKT0-

PHH K0JILna MoryT 6LITL HCn0JIL30BaHLI K0ppeKTHp0BO'IHLie 

BHTKH. 

HcTO'IHHKaMH MarHHTHoro non.11 .11Bn.1110Tc.11 MHoroBHTKo

BLie KaTyWKH C MHOrOCJIOHHOH H30JIHnHeii BHTK0B CTeKJI0MH

KaJieHTOH H CTeKJIOJieHTOH, 3aJIHTLie 3IlOKCH,D;HOH CMOJIOH 

rop.1111ero 0TBep:>K,D;eHH.11 no.n BaKyyMoM c no.na11eii 3aTeM 

BHemHero p;aBJieHH.11 4 amM. OCHOBHLie napaMeTpLI Ka TyIIIeK 

npHBe,D;eHLI e ma6A. 2. 

PaCC'IHTaHHLie 3Ha'leHHH V r, z -TpaeKT0PHH / V - 6e3-

pa3MepHLie qacT0TLI 6eTaTpOHHLIX KOJie6aHHii/ noKa3aHLI 

Ha puc. 11 /H3 pHCYHKa BH,D;H0, 'IT0 ,D;JI.11 10 13 < Ne< 5 .1013 

"r, z He npoxo.naT 11epe3 HaH6onee onacHLie pe3oHaHCLI 

1 H 1/2, eCJIH Ha'laJILHaH 3HeprHH 3JieKTp0H0B Y"' 5- 7 /. 

rpal)JHK H3MeHeHHH BO BpeMeHH MarHHTH0ro Il0JI.8, Be -

.nyinero 3JieKTP0HH0e K0JILno, H pap;Hyca K0JILna npHBe,D;eH 

Ha puc. 12, C00TBeTCTBYIO~e pac11eTHLie t - 3aBHCHM0CTH 

,D;JIH MaJILIX pa3MepoB K0JILna H 3HeprHH 3JieKTPOHOB - Ha 

puc. 13 /ManLie pa3Mepbl K0JILna Ha KOHe'IH0M pa.nnyce 

i-o"' 4,5 CM,. ar, z"' 0,15 CM, K0He'IHaH 3HeprHH 3JieKTpOHOB 

Y"'50-60/. 
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CucmeMa numanwi uMnyAbCHbrx Kamywe1< aoze3a111opa 

,lJ;JUI nony'leHBJI BMilYllLCHblX MarHHTHblX noneii B a,Are-

3aTope BCil0llL3yroTCJI KOHTYPLI, COCTOJIUUle B3 KOH,AeHca

TOpHoii 6aTapeu, KOMMyTaTopa B BH,AYKTBBHOH Harpy3KB, 

BellH'IBHa KOTOpoii Kone6neTCJI ,AJIJI pa3HblX KOHTYPO.B OT 

1,5 ,AO 3 MI'H. Ka>Y..;:i;aa CTyneHL C)KaTUJI· COCTOUT B3 napbl 

KaTymeK, BKllIO'leHHblX nocne,AOBaTenLHO, Ha KOTopyro pa3-

PJI)KaeTCJI KOH,AeHCaTopHaJI 6aTapea. 

EMKOCTL KOH,AeHCaTOpHOH 6aTapeu BLI6paHa U3 ycnOBBJI 

o6ecneqemia onpe,AeneHHoii ,AnuTenLHOCTU BMnynLca TOKa 
-4 

B KaTymKax a,Are3aTopa B cocTaBnaeT 10 tP. KoH,AeHca-

TopHaa 6aTapea cocTaBneHa B3 ,AeBJITB napannenLHO 

BKllIO'leHHblX CeK:nuii, Ka)K,AaJI CeKUUJI CO,Aep)KBT 'leTblpHa,A

naTL nocne,AOBaTenLHO BKlllO'leHHblX KOH,AeHCaTopoB TBna 

HM5-14O. 3Heprua, 3a:ttacaeMaa B Ka)K,Aoii KOH,AeHcaTopHoii 

6aTapee, COCTaBnJieT 40 K,lfJIC. CxeMa coe,ABHeHBJI KOH,AeH

caTOPOB B 6aTapee Bb16paHa U3 ycnOBUJI Ha,Ae)KHOH pa60Tbl 

KOH,AeHCaTOPOB HM5-14O npB ,AllUTellLHOCTU BMnynLca TOKa 

2 MCeK u 'laCTOTe cpa6aTLIBaHBii CUCTeMLI, paBHOii 5 r11. 
llpu. 3TOM TeMnepaTypa KopnycoB KOH,AeHcaTOPOBB03pacTa

eT Ha /1O-15/°C. 

,D;na KOMMy-ranuu ToKa Harpy3KU pa3pa6oTaHLI ,ABa 

KOMMyTaTopa: urHUTPOHHO-,ABO,AHLiii u TUpUCTOpHLiii. B ur

HUTPOHHo- ,IIUO,AHOM KOMMyTa Tope UCilOllL3YIOTCJI Tpu no

cne,AOBa TenLHO BKlllO'leHHblX urHUTPOHHblX pa3pJI,AHUKa Tuna 

HBC-2OO/15. ,lJ;na UCKlllO'leHUJI B03M0)KHOCTU npo6oea B. 

o6paTH.OM HanpaBneHUU nocne,AOBaTenLHO c urHUTPOHaMU 

BKllIO'leHbl 24 CUllOBLIX KpeMHUeBLIX ,AUO,Aa Tuna B-5OO. 

KoMMyTaTop paCC'IUTaH Ha HanpJI)KeHue 30 KB u TOK 

B UMnynLce 10 KA npu ,AllUTenLHOCTU UMilYllLCa 2 MCeK. 
O6paTHaa nepe3apa,AKa KOH,AeHcaTopHoii 6aTapeu nocne 

cpa6aTLIBaHUJI CUCTeMbl npOU3BO,AUTCJI qepe3 ,ApoccenL u 

HeynpaBnaeMLiii KOMMyTaTop, COCTOJIUUIH U3 24 BeHTUneii 

Tuna B-5OO, BKlllO'leHHblX nocne,AoBaTenLHO. 

llpu. TOKax 4-5 KA BpeMJI BOCCTaHOBneHUJI UrHUTPOHHblX 

pa3pJI,AHUKOB COCTaBnJieT 5 MCeK. II03TOMY ,AllJI .UCKlllO'leHBJI 

Il0BTOpHbIX cpa6aTLIBaHuii Heo6xo,AUMO cyxnecTBeHH0e yBe

llU'leHue UH.AYKTUBHOCT.H ,Apoccena o6paTHoii nepe3apa,AKH 

/'ITO yxy,AmaeT ,Ao6poTHOCTL CUCTeMLI/. HrHBTpOHHLie pa3 -
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PJIAHBKB BMeIOT BHyTpeHHee conp0TBBJieHBe 1O-
2
OM npB 

T0KaX 5 KA B HeCTa6BJILHOCTL 3anycKa ±0,75 MKt;eK. 

TupecTopHLIH KOMMyTaTop paccquTaH Ha HanpJ1)KeHHe 30 KB 
B TOK 5 KA B COCTOBT B3' 40 DOCJieAoBaTeJILHO BKJIIOqeHHLIX 

TBpBCT0pOB TBDa T-32O. BpeMJI BOCCTaHOBJieHH.11 TBPBCTo-. 

poa T-32O nocne npoxo)l(AeHBJI qepe3 HBX ToKa 5-6 KA 

He 6onee 500 MKceK, BHyTpeHHee conpoTBBJieHBe - 10-bM 

B HecTa6BJILHOCTL 3anycKa COCTaBJI.lleT 0,1 MKCeK. TBpB

CTOpHLIH BapBaHT KOMMyTaTopa BCil0JIL30BaJICJI B pa6oTe 

no d>opMBPOBaHBIO MarHBTHOro Il0JIJI B npopa6oTaJI 6e3 

BLIXOAa 3.JieMeHTOB B3 CTPOJI HeCK0JILKO COT TLIC.Rq BMilYJIL

COB. 

Ka-wepa aoze3a111opa 

MeTaJIJIBqecKa.R KaMepa aAre.3aTopa npeACTaan.11eT co-

6oii caapHyIO K0HCTpyKU:BIO, BLIIl0JIHeHHYIO B3 JIBCTOBOH He

p)Kaaeromeii cTanB TOJIIUBHOH o = 0 ,5 MM / puc. 14/. Ilo • 

BepXHOCTB 60KOBLIX CTeHOK KaMepLI c4>epuqeCKBe. B o6e-

. qaiiKe BMeeTCJI P.RA naTpy6KoB, npeAHa311aqeHHLix WI.II BBOAa 

3JieKTPOHHoro K0JILU:a B3 CHJIYH,D;a, pa3MemeHB.R B3Mepu

TeJILHLIX ycTpOHCTB, K0ppeKTopa TpaeKTOpBH 3JieKTp0HOB 

B aaKYYMHOH OTKaqKB KaMepL1. . 

B u:eHTpe 60KOBLIX .CTeH0K pacnonaraIOTC.H AB8. na Tpy6Ka 

/7 B 8/, npeAHa3Ha1IeHHLie, COOTBeTCTBeHH0, AJIH BBOAa 

B 3JieKTp0HHOe KOJILn;a CTpyH HeHTpaJILHLIX a TOM0B B BLIB0Aa 

B3 KaMepLI ycKopeHHOr0 3JieKTP0HHO-H0HHOrO KOJILU:eBoro 

crycTKa. 

YCBJIBJI, 0Ka3LIBaeMLie Ha noaepxHOCTL KaMepLI aTMo

c4>epHLIM AaBJieHBeM H IlOHAeP0M0T0DHLIM B3aHMOAeiicTBH

eM BHAYU:HPOBaHHLIX B MeTaJIJie KaMepLI BHXpeBLIX TOKOB 

C BHeWHBMH MarHHTHLIMH IlOJIJIMB, nepeAaIOTC.H .Ha ,D;Ba CTeK

JIOTeKCT0JIHTOBLIX KOJILU:a 9, yKpenneHHLIX Ha IlO,D;CTaBKe 11 

H )KeCTKO CB.H3aHHLIX Me)l(Ay co6oii. 

Ha crone DOACTaBKH /10 H 11/, BLIIlOJIHeHHOM H3 

TeKCTOJIBTa, D0MBMO KaMepLI pa3MemaeTCJI )KeCTKHH cra

nenL H3 CTeKJIOTeKCTOJIBTa, B KOTOpOM KpemITC.H o6MOTKH, 

d>opMHPYIOID:Be Il0CTO.RHHOe B HMilYJILCHLie MarHHTHLie Il0JI.R. 

KoHCTPYKU:H.R KaMepLI, IlO,D;CTaBKH H cranem1 npeAYCMa:TpH-
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BaeT ycTpOHCTB0 ,D;n.H IOCTHp0BKH H)K8CTKOH~HKCalUIHMe

~aHHOH nnocK0CTH KaMephl H o6MOTOK OTH0CHTenbHO 6a30-

BhIX oceH ycK0PHTena T.H)K8IlblX H0HOB. 

BapHaHT KepaMHqecKoH KaMepbl a,D;re3aTopa pa3pa6a-

TblBaeTc.H. 
BaKyyMHa.H cHcTe~a a,D;re3aTopa paccqHTaHaHanonyqe

HHe BaKyyMa "' 10 Top. Ilo oueHKe, HaTeKaHHe. ra3a 

B o6'beM KaMepbl cocTaBnaeT 2-10-5 11. Top/ceK. )];na OTKaq

KH ra3a HCIIOilb3yeTCJI reTTepHO·HOHHblH Hacoc rHH-5 B 

KOM6HHaUHH C BaKyyMHbIM arperaTO.M ABrH-5-3, CKOpOCTb 

OTKaqKH KOToporo COCTaBn.HeT 5000 11/ceK. 

PHc. 15. AllresaTop. 

·36 

3azpy3Ka KO/lbija UOHQMU 

CyllleCTByeT HeCKOilbKO cnoco6oB 3arpy3KH 3neKTpoH

Horo KOilbUa HOHaMH. Bee OHH OCHOBaHbl Ha TOM, qTo :1neKT· 

POHbl KOilbUa HOHH3HPYIOT HeHTpanbHble aTOMhl, npeBpalllaJI 

HX B nonO)KHTenbHO 3ap.H)KeHHble HOllbl, KOTOpble y,D;ep)KH• 

BaIOTC.H B KOilb:Qe ero KynoHOBCKHM noneM. B OIIHCblBaeMOM 

a,D;re3aTope npe,D;nonaraeTc.H OCYllleCTBHTb npouecc HaKonne

HH.H HOHOB H3 HMnynbCH0ro IIOTOKa aTOMOB Bb16paHIIOro ra3a, 

nepeceKa1011lero KOilbUO Ha KOHeqHOH CTa,D;HH C)KaTH.H. ·TaKOH 

BapHaHT 3arpy3KH 1103BOn.HeT perynHpOBaTb H KOnHqecTBO 

3arpy)Ka8MblX HOHOB H BpeM.H 3arpy3KH /.D;pyrHMH cnoBaMH, 

3ap.H.D;HOCTb HOHOB/. PacqeT HaKonneHH.H H0HOB B 3,eKT· 

P0IIHOM KOilbUe KonneKTHBHOro YCKOPHTen.H BblIIOnHeH B 29 ' aJ ~ 

YcKopenue uonoe e cnaoa10111eM no ocu z MaznumHOM no11e 

3neKTpo1111oe KOnLuo, 3arpy)KeHHoe HoHaMH, BblBO.D;HTC.H 

H3 KaMepbl a,D;re3aTopa B HanpaBneHHH CBOeH OCH ( z) B cna

,D;aIOlllee 110 z aKCHanbHO·CHMMeTpHqHoe MarHHTHOe none. 

YcKopenHe K0nbua OCyllleCTBn.HeTC.H 3a cqeT HaKonneHHOH 

B HeM 3HeprHH BpallleHH.H :1neKTpOHOB. B paccMaTpHBaeMOH 

ycTaH0BKe KOilb!(O YCKOp.HeTC.H Ha ,D;nHHe "' 1 M, .D;OIIYCTHMOe 

yBenHqeHHe ero pa,D;H}'Ca COCTaBn.HeT 0,5 CM. 

OTcro,D;a cne,D;yeT orpaHHqeHHe na rpa~eHT MarHHTnoro 

non.H 

_l_ ~ < 2 · 10 - 3 
B a • /3/ 

z z 
,D.onycTHMOe qHcno HOH0B B KOilb:Qe, xapaKTepH3yeMoe 

napaMeTp0M l·oTHOWeHHeM CYMMapHbIX MaCC HOHOB H 

:1neKTpOHOB C00TBeTCTBeHHO, oueHHBaeTC.H KaK 

1 10-3 g I Z 
-- = ----K. /4/ 
1 + g az + ar A 

3.D;eCb I - TOK HH>KeK:QHH BA, g· K03clxl>HIU1eHT·3axBaTa 

npH HH>KeKUHH, K,:Sl/5 - OTHOWeHHe ycKopeHH.H K npe,D;enbH0 

.D;0llYCTHMOMy. 3HeprH.H, npHo6peTaeMa.H HYKHOHOM Ha 1 CM, 

~E = 
1 

1 + f /M3B/cM/. /5/ 
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Ilpu cTonpoueHTHOM 3axaaTe, TOKe HH)KeKUHH 600 A; 

-1 Z 1 1 
-=- K = - a "' A 10 , 5 z a "' r 2.10 CM Ha6op 3HeprHH 

/1 E"' I0-1 M3B/cM, /6/ 

a OTHOWeHHe Mace t "'10, 'ITO COOTBeTCTByeT ));ml A=::1OO 
OTHOWeHHIO 

N- -3 
--

1 
"' 2•10 • 

Ne 

Ynpae.11e11ue ycKopu111e.11eM, ouaz11oc111uKa ny11Koe 
U U3MepeHUJI 

IlpeJJ;yCMaTpHBaeTCJI aBTOMaTH3HpOBaHHOe ynpaBneHHe 
KonneKTHBHLIM ycxopHTeneM TJl)KenLIX HOHOB C IlpHMeHeHHeM 
cpeJJ;CTB BLI'IHCnHTenbHOH TeXHHKH. Hcnonb30BaHHe KOMII
nexca 3neKTpOHHOH annapaTypLI, pa60Ta10meH COBMeCTHO 
c ManoH 3BM, 1103aonHT onTHMH3HpoaaT_b pe:>KHM pa6oTLI 
ycxopHTens~ HMeTb HarnsJJ;Hoe npeJJ;cTaaneHHe o·npouecce 
ycxopeHHJI BO acex· 3BeHbJIX CHCTeMLI, Ha6nioJJ;aTb H perynH
poBaTb 6LICTpbie npouecCbl H napaMeTpLI, "ycxonb3aIOIUHe" . 
OT onepaTopcxoro KOHTpons. ,Il;ns 3TOH uenu annapaTypa 
BKn1011aeT B ce6JI J];aT'IHKH, H3Mepsromue napaMeTpLI CHCTeM 
YCKOpHTens, a TaK>Ke HCIIOnHHTenbHLie 3neMeHTLI, o6ecne
'IHBaIOmHe Heo6xOJJ;HMOe perynupt>BaHHe . 3THX napaMeTpOB 
no KoMaHJJ;aM ann:apaTypbI ynpaaneHHJI. 

3neKTpOHHaJI annapaTypa- ynpaaneHHJI HCITOnHJleTCJI B 
ocHOBHOM B CTaHJJ;apTe KAMAK, BXOJJ;JIIUHe B ee cocTaB 
ManLie-'3BM" T~na TPA/i H M-6OOO o6opyJJ;OBaHLI Heo6-
XOJJ;HMLIMH BHeIIIHHMH ycTpOHCTBaMH /TeneTaHn, 'IHTaromee 
YCTpOiiCTBO, nep4,opaTop, ;:J;HCIIneii H T .;:i;./' a TaK)Ke COOT
BeTCTBYIOmHMH MOJJ;ynJIMH HHTep4,eHca H JJ;paHBepaMH, nu
HHeii CBJl3H ;:i;ns JJ;BYXCTOpOHHero o6MeHa HH<l>opMauHeH KaK 
C 6m~Ka.MH annapaTypbl ynpaaneHHJI, TaK H C 3BM H3Mepu
TenbHO-BLI'IHCnHTenbHOro KOMnnexca OHMY. 

3neKTpOHHaJI annapa Typa ynpaaneHHJI xonneKTHBHLIM 
ycxopuTeneM TJ1>Kenb1x HOHOB BKn1011aeT B ce6s cneJJ;YIOIUHe 
4,yHKUHOHanbHLie y3nbI: ycTpOHCTBO CHHXPOHH3aUHH, 06ec
ne11HBa10mee cpa6aTbIBaHHe Bcex CHCTeM YCKOpHTenJI H 

38 

KOHTpOnbHO-H3MepuTenbHOH annapaTypLI B 3a;:i;a11HOHBpe
MeHHOH nocneJJ;oBaTem,HOCTH C 3a;:i;aHHOH TO'IHOCTbIO /npe
;:i;ycMaTpHBaeTCJI nepecTpOHKa ;:i;nHTenbHOCTH H nocne;:i;oaa
TenbHOCTH apeMeHHLIX HHTepaarioa/; annapaTypy, H3Meps10-
my10 H perynupyromyro BpeMeHHOH H aMnnHTYJJ;HLIH pa36poc 
HMnynbCOB Mo;:i;ynJITOpOB nHHeiiHoro YCKOPHTens; ycTpoH
CTBa KOHTponJI H JJ;HCTaHUHOHHOro ynpaaneHHJI BaKYYMHLIMH 
CHCTeMaMH nHHeHHOrO ycKOpHTeng Ha,nre3aTopa; an:napaTy
py, 06ecne'IHBa10my10 KOHTponb H ynpaaneHue CHCTeMaMH 
nuTaHHJI ycxopuTens; annapaTypy .nuarHOCTHKH COCTOJIHHJI 
CHCTeM ycxopHTenJI H ny'IKOB; Manyro 3neKTPOHHO-BLI'IHCnu
TenbHYIO MaIIIHHY,. pa60Taromy10 Ha nHHHH co BCeM KOMn
neKCOM 3neKTPOHHOH annapaTypLI; ycTpOHCTBa npe,ncTaBne
HHJI ,naHHLIX /.nucnneH/ Ha nynLTe ynpaaneHHJI ycxopHTeneM 
.nns onepaTopcxoro KOHTpons; BLIHOCHOH nynbT ynpaaneHHJI 
.nns Hana,no'IHLIX pa60T Ha YCKOPHTene. 

CucTeMa ,nuarHOCTHKH H H3MepeHHH IIOCTpoeHa Ha 6a3e 
3neKTPOHHOH BLI'IHCnHTenbHOH MaIIIHHLI M -6000. 3neKT
poHHaJI annapaTypa BLinonHeHa B cTaH,napTe KAMAK HnH 
.a coaMemeHHOM cTaH,napTe KAMAK- BHIIIH.H . 

H3MepeHHe ToKa ny11xa B ycxopuTene CHJIYH,Il; npoao -
.D,HTCJI Ha BbIXO.IJ,e Ka)K)J;OH ceKUHH npu noMOIUH nOJICOB 
PorOBCKOro, IlOMemaeMLIX BHYTPb CTLIKOBO'IHLIX KaMep. 

., u p 
HMeeTCJI CHCTeMa .IJ,nJI nepe.IJ,a'IH noKa3aHHH nOJICOB oroa-
CKoro B 3BM M-6OOO • 

H3MepeHHe napaMeTpoa ny11xa a a.IJ,re3aTope Ha nepBoM 
o6opoTe ocymecTanseTcJI c noMomLro ,nayx /AH B / cucTeM 
MHmeHeii, nonHOCTbIO nornomaroIUHx 3nexTpOHLI. Ka)K)J;aJI 
MHIIIeHb CO.D,ep>KHT .IJ,Ba ps.IJ,a 3neKTpo,noa-naMeneii, CHrHanLI 
C KOTOPLIX .IJ,aIOT pacnpe.D,eneHHe ny11Ka no .IJ;BYM KOOP.IJ.HHaTaM, 
H O.IJ,HH 3neKTPO.IJ,-MOHHTOP, CHrHan C KOTOporo nponopuuo
HaneH nonHOMY TOKY ny11xa. CHCTeMa A H3MepseT npo4,Hnb 
no y , z -xoop.D,HHaTaM H nonHLIH TOK ny11Ka npH BLIKilIO'leH
HOM MarHHTHOM none B a.IJ,re3aTope B 4,yHKUHH paCCTOJIHHJI 
e OT HH>KeKTopa B npe.IJ,enax /0-300/ MM. CHCTeMa ·B H3-
Mep.HeT npo4,Hnb ny11xa no r , z -xoop.IJ,HHaTaM H nonHLIH 
TOK ny11Ka npH .BKn1011eHHOM MarHHTHOM none B a.nre3aTope 
B 4,yHKUHH yrna c/J B npe.D,enax /0-300/ 0 

• 
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HHd>OpMaUHJI C JiaMeJieii: H M0HHT0pa B BH,IJ;e HanpJI::>KCHHJI, 

nponopUH0HaJILHoro 3apJ1,ny 0CTaH0BHBWHXCJI B HHX 3JICKT

P0H0B, nocTynaeT Ha 6noK MHoroKaHaJILHoro aHanoroBoro 

MYJILTHnnexcepa, co,nep::>Kamero 75 KaHanoB xpaHeHHJI HH

d>opMaUHH C BpeMeHeM xpaHeHHJI 3 MCeK. IlpH pa3pa60TKe 

ananoroBoro MYJILTHnJieKcepa 0CH0BHLIM Tpe6oBaHHCM JIB

JIJIJI0CL ycJI0BHe pacWHpeHHJI ,IJ;Hana30Ha BX0,IJ;HLIX CHrHaJI0B 

C TeM, 'IT06LI HMCTL B03M0::>KH0CTL HCCJie,noBaTL ny'IKH 

B WHp0K0M ,IJ;Hana30He HHTCHCHBHOCTeii: H oueHHBaTL BJIHJIHHe 

KYJI0H0BCKoro B3aHMO,neii:CTBHJI 3JICKTP0H0B ny11Ka Ha ero 

noBe,neHHe B a,nre3aTope. 

,D;nJI H3MepeHHJI napaMeTpoB ny11xa B npouecce C::>KaTHJI 

npe,nnonaraeTC-JI HCn0JIL30BaTL UHJIHH.IJ;PLI <l>apa,neJI, ,naT'IHKH 

CHHXp0TP0HH0ro H3JIY'ICHHJI H MarHHTHoro noJIJI K0JILUa, 

perHCTpHpyromero cBq -H3JIY'ICHHe H T .,n. 

)J;JIJI npoBe,neHHJI MarHHTHLIX H3MepeHHH B a,nre3aTope 

co3,nana MarHHT0MeTpH11ecKaJ1 CHCTeMa, CBJI3aHHaJI c 3BM 

M-6OOO H n03B0JIJIIOIUaJI ynpaBJIJITL T0K0M B o6MOTKax H 

BpeMeHeM BKJIIO'ICHHJI K0MMyTaTopoB. TO'IHOCTL H3MepeHHH 

HMnynLCHLIX MarHHTHLIX none ii nyqme O, l "/o. 

3AKJIIOT/EHHE 

TeopeTu11ecxue pac11eTLI, npoBe,neHHLie B OH.HH H B 

pJI,ne ,npyrHX HHCTHTYT0B / 3- 5 ' 9 - 19 .! no,nTBep::>K,naIOT B03-' . 

M0::>KH0CTL C03,IJ;aHHJI onHcaHHoro 3,IJ;CCL YCKOPHTCJIH. 3Kcne-

PHMCHTLI no d>opMHPOBaHHIO 3JICKTP0HHLIX K0JICU H no ycxo

peHHIO a -qacTHU K0JIJieKTHBHLIM MCT0,IJ;0M noKa3aJIH peanL

H0CTL npoeKTa K0JIJICKTHBH0ro YCKOPHTCJIJI, 3anycK K0T0-

poro 0TKpoeT H0BLie B03M0::>KH0CTH nepe,n 3KCnepHMCHTaTo

paMH B HHTepecHeiiWHX o6JiaCTJIX JI,nepHOH d>H3HKH H d>H3HKH 

3JieMeHTapHLIX 'laCTHU. 
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