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OT COCTBBHTeneA 

6 CIUl31J C 1<011cpepe1111uel no yc1<op11TenllM BblCOKHX 3HeprHI B ,lly6ue llpe/lCTaBnHeTC!I 

noneaH.blM _co6pSTb OCHOBHble T0pMBH.bl H xapSKTepabie Bblpa>KeHHB, OTHOCBIUHec.s: K ycKOpHTe

nBM H YCKOpRTenbHOA T0XHBK0 H Jl8Tb RX 8KBHBM0RTbl H8 aarnHACKOM B3hIKe, qTo MO>KeT 

OK838Tb u3aecTayro llOMOlllb y11aCTHHK8M KOHcp8peauHH. 

Ll.aaabIA MSTepHM BK.lll01{88T qeTbipe tf8CTH. 8 nepaoa 'i8CTH co.o.ep1KHTCB TepMHHOnorHB 

H Bblpa»ceHHR no cne.ny1011u1M BonpocaM: THilbl yCKOPHTeneA, ycKopn:Tenb, IISCTHIIbl, BX JlBH»ce

HHe, ycxopea11e, MBrHBTbl, B8KYYMH851 KSMepa. 

BTopag 'ISCTb aenocpencTB0HHO OTHOCHTCSI K npo6neMaM, KOTOpbie BXOJlSIT B nporpaMMY 

KOHcpepeH11HH. 

B Tp8Tbe8 'iSCTH npHB0.0.BTCH TBilOBbI0 cppaabl aa pyCCKOM H aarnHACKOM Sl3bIKSX, KOTO

pble MOryT 6bITb none3HhI npa 6ece1:tax C Y'IBCTHIIKBMH KOHcpepeHnHH. 31:tSCb >Ke llBHbl BOllpOChI, 

KOTOpble MO>KHO HCll0."Ib3OBaTb B K8tf8CTBe MO.llenea. 

H. aaxoeeu, B '18TB0pTOA IISCTH npHBO.O.BTCB 0.0.HHHIIhl, npHM0HHl01UH0CH B ycxopuTenhHoA 

T0XHHlte, a TSK>Ke COKp81U0HHB. 

ITpH llOll60pe MBTepHana 6hIJta HCllOllb3OBBHB KHHra Jl.nHBHHrylla •npHHllHllbl pa60ThI 

nHKDH'lecKHX yc1<opeTene1• /pycc1<HI! nepeeo1:t aTol! KHHrH no1:t pe/lBltllHell B.11 • .llaHunoea ue

n.aauo Bblwen ua ne'iaTu/, a T~KJKe ro.noable OTll0Thl UEPHa R cTaThR na ~ypaana "The 

Ile,iew of Scientific Instruments ". 

• 

Sonbwyro noMOlllb cocTaeeTensM O1<aaane B.n.Capau11ea H E.B.CMupaoa, a TBK>Ke B.11 • .lla

IiRnoa, KOTOpbIA npOCMOTpen STPT MaTepaan H C.ttenan KpHTH'lecKHe 38Meqaaus. 

( 

Paa1:ten I. 

TanhI yc1<op11orenel!, 

BhICOKOBODbTH!,18 yc1<opuTeDbHbl8 
YCTaHOBKH 

8llB.KTpOCTBTH~~CKHll reuepaTop 

1<ac1<a1:tHWll 1:;uepaTop 

yCKOPHTenb Bau-1:te-rpaacj:,a 

TBHlleMHblll reuepaTOp 

N -cTyneH'IBThill TBHlleM-reaepaTop 

lll!HellHblll yc1<opHTenb 

, Dl!Hel!Hblll ycKOpl!TeDb C 1:tpellcjJOBblMH 
T,py61taMe' 

IlHKJill'ISCKHe YCKOpHTeDH 

IIHKnoTpOH l11HKJIOTpOH C llOCTOHHHOll 
'IBCTOT08/ 

IIHKJIOTpOH C perynupyeMoA 3Hepruel 

H3OXpOHHhili llHKDOTpOH 

llHKnoTpou ToMaca 

llHKJIOTpOH C B3HMyTanbHOll eap11anHea 
M8rHHTaoro nons 

ne,rnoTpou co cnepanbHOll aapaan11ea 
MaruaTaoro nons 

u.n:xnoTpoH c N cne:panbHbIMH cexTo

paMH 

N ceKTOpHblft H3OXpOHHhII llHKJIOTpOH 

11111<noTpOH C C0KTOpHOA cj:,oKyCHpOBKOll 

cnupanbHO-C8KTOpHbIA naoxpoa·HhIA IIHK

noTpOH 

N -llyaHTHbII! H3OXp0HHbll! IlHKDOTpOH 

cnHpanbHo-rpe6uesol! UBKnoTpoH 

H30XpOHHblll, nmmoTpOH C perynepyeMoll 
aneprHell 

CHHXPOllHKDOTpOH /cpaaoTpoH/ 

qacTo~ao-Mo.a.ynupoaaHHbIA u.uxnoTpoa 

CHHXpOTpOH 

npOTOHHhill CHHXpOTpOH /ceuxpocj:,aao
Tp,ouJ 

aneKTpOHHhIA CHHXpOTpOH 

6es>Kene3Hbll! aneKTpOHHblll CHHxpOTpOH 

cattxpoTpoe co cna6ol! cpoKycnpoaxoa 

CHIIXpOTpOH C CHllbHOJ! cj:,01<yc11poeKOl! 
I '? nepeMeHHbIM rpanneHTOM/ 

CHHXpOTpOH C aynenbIM rpa.a.neHTOM 
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Tues of Accelerators. 

DC accelerators 

electrostatic generator 

cascade generator 

Van de Graaf£ accelerator 

Tandem generator .. 

N-stage tandem generator 

linear accelerator (linac) 

drift-tube Hnac 

cyclic accelerators 

cyclotron (fixed-frequency cyclotron) 

variable-energy fixed frequency cyclotron 

isochronous cyclotron 

Thomas cyclotron 

cyclotron with azimuthally varying magnetic 
field ( AVF cyclotron) 

cyclotron with spiral variation of magnetic 
field 

cyclotron with N spiral sectors 

N-sector isochronous cyclotron 

sector-focused cyclotron 

spiral-secto~ isochronous cyclotron 

N-dee iso~hronous cyclotron 

spiral-ridge cyclotron 

variable-energy isochronous cyclotron 

synchrocyclotron (phasotron) 

( frequency-modulated cyclotron) FM cyclotron 

synchrotron 

proton synchrotron /synchrophasotron/ 

electron syn,chrotron 

nonferromagnetic electron synchrotron 

weak-focusing synchrotron 

strong-focusing synchrotron /alternating-gradient 
synchrotron/ AGS 

zero-gradient synchrotron (ZGS) 



✓ 

yCKOpHT8nH C npocTpaHCTB8HHOA aapaa
UHeA nocTOHHHOro M&rHHTHoro nonH 

paaaanbHO-C8KTOpH~A KOnblleBoA ycKO
pHTenb 

6eTaTpOH 

6eTaTpOH C IlO~MarHHqHB8HH8M 

6eTaTpOH C asRMYTMbHOA aapaanaeA 
MarHHTHoro nonsi 

ycKOPHT8nb co BCTpeqa~MH nyqKaMH 

cToxacTHqecxue ycxopeTens 

KOM61rnnpoaau1me ycKopaTenH 

Ka6epueTaqecKnA ycKopaTenb 

MBKpOTpOH 

penHTHBHCTCKHA UHKllOTpOH 

Il1183M0HHbl0 ycxopHTenu 

YcxopHTenh. 

ycxopHTenH qacTHU 

ycxopurena qacTun Bhlcoxux sueprea 

ycKOpHT0nH qaCTHU csepx-ablCOKUX 
saeprHA 

ycKopaTenb Ha 10 reB 

sanycKaTb yCK0pBT8nb 

BBO.O.HTb B .o.eACTBH8 ycxopHT81Ib 

uaqaTb pa6oTaTb /06 ycKopaTene/ 

cnpoeKTB_pOBaTb YCKOPHT8nb 

llOCTpOHTb ycKopaTenb 

apeMsi, aeo6xoanMoe ansi coopy
>KeHHH ycxopaTenH 

pa6oTa ycKopaTens 

ycToAquaasi pa6oTa 

aeycToAqeaasi pa6oTa ycKopaTensi 

pa6oTaTb RMnynbCHO /eMnym.cuasi p.l 

pa60TaTb B nMnynbCHOM pe>KRM8 
npu Manca c~a>KHOCTR 

MawRua pa6oTaeT ua qacToTe 48 Mrru/ceK 

Mawaua pa6oTaeT npi. saepraa 67 MsB 

RH>K8KUHH qaCTHU ocymeCTBnHeTCH npR 
noMOlllB reuepaTopa Bau-ae-rpaacpa ua 
3 MsB 

npoMbIWneusocTb BhlnycxaeT ycxopaTena 
9TOro TBD8 

• 
YcxopuTenb 9TOro TBll8 BM08T BbUKHhl8 

npeBMyuteCTB8 HS.O. ••• 

aocTOHHCTBOM /ueaocTaTKOM/ yCKOpRTensi 
SToro THUS BBnB8TCH.~· 
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fixed field alternating-gradient accelerators 
(FFAG) 

radial-sector ring accelerator 

betatron 

biased betatron 

FFAG betatron 

two•heam accelerator, accelerator ~itb colliding 
(intersecting)beams 
stochastic accelerators 

hybrid accelerators 

cyheinatic accelerator 

microtron 

relativis-tic cyclotron 

plasma accelerators 

Accelerator. 

particle accelerators 

high-energy accelerators 

ultra,:high energy accelerators 

10 Be V ( Ge V) accelerator 

to start up an accelerator 

to put into operation 

to come intO operation 

to design an accelerator 

to construct (to builcl) an accelerator 

construction time 

operation (perfonnance) of an accelerator 

stable operation 

unstable operation 

to operate in pulses ( pulsed operation) 

to operate on a pulsed basis with low duty 
cycle 

the machine operates at 48 Mc/sec _ 

the machine operates at 67 Me V 

injection is from a 3-Me V Van de Graaf£ 
machine ••• 

these accelerators are available commercially 

Tb.is accelerator presents important advantages 
over ... 

the virtue (defect) of this type of accelerator is 
that ..• 

CTOHMOCTb ycKOpHTenH 

uenoporoA 
noporoA 

COOpKa yCKOpHTenH 

uaxoaRTCH a npouecce c6opKH 

H3rOTOBn8aHe o6opy.noB8HHR 

HCilbIT8HH8 annapaTy"pbI 

HaxO.llHTCR ao,.tt. RCilbI1'.8HH9M 

HCilbIT8HHe MO.neneA 

HCDbIT8HHR Ha npoqHOCTb 

pa6oqRe ycnoBRH 

aneKTPOM9X8HHqecK8H MO]lenb 6eT8TpoH

HhlX KOne68HHA 

paspa60TKa Moaene 

HM8.Q.Ka .yCKOpHT8nR 

.O.HCT8HUHOHHOe ynpaafteHH8 

npono:muTb Ka6enu 

pacnpeJ:tenaTenbHble IUHThl H nauenu 

aoporocTosiwa11 annapaTypa 

uapyllleane IOCTHpOBKH 

Hep:maaerowag cTanb 

}K0CTKRe nonycKH HS nHCT0B00 

}K8ll030 

ua.a,e}KHOCTb ~SWHHbl 

~8WRTH8R CT8H8 ycKopaTenR 

ycKopeTenb pa6o·raeT I 68 qacoa B 
ee.a.enro 

nporpaMMa ycoaepweucTaoaauaA 

. pacwe:peHH8 aKcnepHM8HTMbHbIX 

a·o3MOJK.HOCTeA 

Coopy>KeHHe 3TOro yCKOpHTensi 
Hax.O,llRTCR B CT8.llHH aaaepmeHH5I 

OCT8HOBK8 MSWHHhl 

OCT8HOBK8 /nonoMKa/ M8WHHbI ua-aa 

ueecnpirnHocTeA 

npocTOH /noTepH M8WHHHoro apeMeHRI 
no BIIHe M8WIIHbI 

apeMR, B TeqeHH8 KOTOporo M&WHH& 

aaeT nyqoK 

Y'cKopHTenb MOJK.Ho Hcnonb3oaaTb 

.a.nst aKcnepHMeuToa 

CHHXpOHB38UHSI 

.a.nst nyqwero BCil0nb30B8HHH M8I,llHHHOro 

apeMeHH 
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the cost of an accelerator 
cheap 
expensive 

assembly of an accelerator 

to be in the course of assembly 

;;n,anufacture of equipment 

test of the apparatus 

to he under test 

trials of the models 

reliability tests 

working conditions 

electromechanical betatron oscillation analogue 

the development of an analogo~ 

adjustment of an accelerator

remote control 

to lay the cables 

distribution boards and panels 

costly apparatus 

misalighment 

stainless Steel" 

tight tolerances ou sheet steel 

reliability of the machine 

shielding wall of the accelerator 

accelerator operates 168 hours per week 

improvement program 

experimental flexibility 

Construction of this accelerator is in its 
final stages 

machine shutdowns 

breakdown of the machine 

demurrage Ooss of machine time) due to the 
machine fault 

useful beam• time 

The accelerator can he used for experiments 

timing 

for a better use of machine time 



v 

l.J:ac:r_Hqbr,' HX p.nR>KeHHe, ycKOpeHRe, 

Teopug OTHOCHTenbHOCTH 

~6was TeopHH OTHOCHTenbHOCTR 

cnenuanbHaH TeopHH OTHOCRTenbHOCTH 

npuqaun tpa30BOA ycToA~HBOCTlf\ 
• aBTO9)83HpOBK8' 

Macca llOKOH 

CKOpOCTb CBeTa 

lJ:aCTHilbl B YS:_~~{>HTen_~ 

qaCTHll.8 

aapsmeHHSH tf8CTHU8 

penHTRBRCTCK8H qacTRil8 

. ycKopeHHSH qaCTHU8 

ycKopeeu:e 38p5DKeHHblX '18CTIIU 

nyqoK 11{8CTHU 

cryCTOK qaCTHU 

llBH:>K9HHe '18CTBU 

aao.n/uH>KeKnus/ qacTe:u 

~ '-lacTanhl u:ll>KeKTnpyroTCH a ycKopuTenb' ••• 

npHpa~eaue aaepruu 

'18CTHU@ OCTaHaBnHB8IOTC8 

qacTHIU>I npoxo.nHT qepea ycKopsuowuA 
npoMe>KyTOK 

qacTHUbl JlBHraroTCa C fi0CTO8HHOA -CKOpOCTblO 

•qaCTHUhl B IlHKnH'lecKRX yCKOpHTenax 

npu ycKopeeuu no Kone11uoa aaeprHH 

apoxoi:u1T 6onbll1He paCCTOSIHHB' •• 

y '18CTHUbl CKOPOCTH CBeTa 

'18CTHII8 JlBH>KeTCa no B8KOTOpoa Hepaa-

HOaecuoa Tpaex.TopHH c nepeMeHHbtM pann:y

coM 

.anuua TpaexTopHH 'IBCTHUhl 

qaCTIUlbl y.aapsnoTCg O nosepxHOCTH .ayaHTOB 

H.'lH O CTeBltH aaxyyMnoa KSMepbI H Teps10-r

CH /suna.aaroT ua ycKopeaug/ 

11acTH11a coaepwaeT nonHbU'i o6opoT 

'18CTHll8 llCllhlTUB88T ycKopeHHe 

'ISCTDIILI y.nep>KIIB8IOTCH Ha KpyroaoA 
TpaeKTOPHH npH llOMOlllH MSf'HIITllOro 
DOJ!ll 

ycKopeuHe nponon~aeren a Teqeuue 

apeMeKH nopsa.axa 0,01 ceK 

'qacTBilLI .aocTa'ra10T aaeprHH BO MHOro pa3 

npes1,1wa10myro auerpu10 1 nonyqeuajro RMB npa 
npoxo>K.oeHHH ~am:.a.oro npoMea<:yTKa' 

MSTp«na npeo6paaoaaHn8 npa npoxo>K.o,eilBH 
qacTuuea cexTopa 
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Paeticles1 Motion of P~icles, AcceleratiC)!.1• 

relativity, theory of ~elativity 

general relativity 

special relativity 

the principle of phase stability 

rest mass 

velocity of light 

Particles in Accelerators 

particle • 

charged particle (ion) 

relativistic particle 

accelerated particle 

acceleration of ions (charged particles ) 

a beam of particles ( particle beam) 

a bunch (burst) of particles 

motion of particles 

particle injection 
"The particles are injected into the machine". 

energy gain, energy increment 

particles cottte to rest 

a particle crosses the accelerating gap 

the particles travel at constant velocity 

"Particles in magnetically guided accelerators 
travel a long way ~ fore reaching final energy" •. 

the velocity of particles becomes almost that of light 

a particle follows some nonequilibrium path of 
varying radius 

the length of path 

the particles hit the surfaces of the dees or lbe 
walls of the vacuum chamber and are lost 

the particle makes a complete revoluti.on 

the particle undergoes acceleration 

the particles are held in a circular path by a 

magnetic field 

acceleration takes place over a period of the 
order of 0.01 sec. 

"the particles attain (acquire) an energy many 
times tbe energy gained at each gap" 

the matrix !"asformiag through a single sector 

'laCTBIUI IIPHXOllBT B yCKOplllOWHA 

npoue>KyToK 

TonbKO ae60JibWall '18CTb HH>KeKTHpyeMblX 

'18CTBa yCKOplleTCB • 

.D.nll 38XBaTa B pe>KHM yc1topeHHll 
K8~ MO>KHO 6onbwero KOnH110CTB6 qac

THil, Hy>KHO, 11T06M OHll HM0IlH He6onb

woA p836poc no suep,HB 

ny'IOK c6paCb1B~~TCll 

p8BHOBecHall op6aTa 

paauoaecaas 11acTaua 

saMKHyTall op6HT8 

M8.C.H8HH8SI nnocKOCTb 

pa.ouanbHoe .a.m1m:euue, aepTHKwtbHoe 
llBH>f{eHH0 

6eT8TpOHHble Kone68HHB aapll>KeHHblX 

qacTHil 

crna;)KeHHYe 6eTaTpOHHbl~ Kone6aaaB 

pe30H8HCH8ll p8CK8'1K8 6eT8TpOHHblX 

KOne68HllA 

cao6ol1Hble 1tone6aHHll 

p8llHMbHble 6eTaTpOHBble Kone6aBHH 

aapBa<0HH@X 11.aCTHll 

ypaBH8HH8 B0pTHK8nbHOro .D.BH>KeHHB 

s neHeAHOM apH6nH>KeBBH 

nonepe'IHble,Kone6aHHll 3apll>Kesublx 

118CTHll 

npo.oonbHhl0 Kone6aHHSI aapBlK0BHblX 

'18CTHI1 

cjla30Bble KOne6aHHll 

CHHXpOTpOHHble KOne6aHHll 

pallHallbHOtp830Bble Kone6aHHll 38pll

>KeBB.blX. '18CTHil 

ycTOA1lHBOCTb .ll.BH>K0HRB -q:aCTHU 

nonepequag ycToAqHaOCTb 

p8JlHMbH8R ycTOil'IHBOCTb .0.BBJK8HUSI 

'18CTRil 

p8llllMbH8ll ycTOll'IHBOCTb 

~aKCHMbHasl ycToftqaBOC~b ABR)K8HHH 

'18CTRtl 

a1tcuanbaasi" ycToAq°uaOCTb 

apoaonbHall ycToAqHBOCTb JlBH>K8HBll 

llf.SCTBJl 

paBHOBecHall tp838 

BblBOJl 'IBCTBU 

3axB8T 3-SpB)!C0HBblX '18CTHll 

WHPBH8 o6nacTH 38XB8T4 

6eTaTpOHHblA 38XB8T llf.8CTHU 
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the particle arrives at an accelerating gap 

only a small fraction of the injected particles 

are accelerated 

In ~rder that as large a fraction as possible of all 
the injected ions shonld be _accepted (captnred), 
they'"should have a small spread in energy ••• 

the beam spills out 

equilibrium orbit 

equilibrium particle 

closed orbit 

median plane 

radial motion, axi~l motion 

betatron oscillations of ions 

smooth betatron oscillations 

resonant build-up of betatron oscillations 

free oscillations 

radial betairon oscillations of ions 

the first--oi'der equation of axial motion 

transverse oscillations of ions 

longituJinal Oscillati~ns of ions 

phase oscillations 

synchrotron oscillations 

radial-phase oscillations of ions 

stability of particle motion 

transverse stability 

radial stability of particle motion 

radial stability 

axial stability of particle motion 

axial stability 

longitud_inal stability of particle motion 

synchronous phase angle 

ejection (extraction) of particles 

acceptance (capture) of charged particles 

the width of the band of phase acceptance 

betatron acceptance (capture) of particles 



6eTaTpouuoe ycKopeuue 

ycnoeue .o;ea K O.!lHOMY 

M8TpHqHbIA M0TOA 8HMH38 

yCTOll'IHBOCTH 

noTepH '18CTRU npH 6eT8TpOHHhlX 
JtOne6aHHKX 

cryCTOK '18G:TRU MO>K0T 6hlTb 
no.o;eeprHyT BCeM BH.!l8M B03MyweuaA 

'18CTHUbl ABHr81OTC51 no •tacoaoA 
cTpenKe 

npOTHB '18COBOA CTpenxH. 

cj:,aaoeaH ycTOl'IHBOCTb o6ecne'IHB80TCH 

npoXO.!lHTb qepea /o '18CTRU8X TSK>Ke/ 

'18CTHUbl MoryT y.o;ep>KRB8TbCII y cy6-
pe30H8HC8 

nocne.oosaTenbHble nepeceqeHHH 

38pK>K8HH8R '18CTHU8 neTHT no npHMOA 

peaouaHCbI 

pe3OHSHCbl CB513H 

p83HOCTHhl0 p030H8RCW 

•ycnOBR0 pe30H8RC8 6y.o;eT coxpaRHTbCII 
.uacTonbKO .oonro1 ~To Kone6aHRR o.a.uoro 
BHJ:lQ 38TYXHYT, 8 .o;pyroro paCK8'1810TCII, 
npH'18M 8MDnHTf.ll8 noc:ne.OHHX MO>K0T 

llOCTHrHyTb 3H8'1HT8nbHoA senH'IRHbI' 

p83OH8HC HM80T M8CTO 

peaouauc YonKnuuioy 

peaOHSHCbl OWH60K 

cyMMOBhle peaouauchi 

acne 3Heprua. HS6Hp88M8R '18CTRU8MH 
aa o6opoT, Mana, TO MO>KeT npoaaoATH 
'18CTHIIH8R HnH nonuaa noTepR HOHOB 

118CTHUbl Bblll8,a8lOT H3 CRHXpOHH3M8 ·c 
yCKOpHIOWRM uanpH>K0HHeM 

HSCTYnaeT npouecc aaMe.nneuuR 

ope nepexo.ne aueprHH OT ••• K : •• 

orpaHH'l0HBR no npocTp8HCTB0HHOMY 
aapa.o;y 

'18CTHUW HSXO.[lHTC>I B cj:,aae C uanps
.)K0HH0M 

B8pbHpOB8HH0 'ISCTOTbl reuepaTopa 

'18CTHUhl 06paay10T crycTOK, HM010WRA 
6onbWylO npOTll>K0HHOCTb no 83RMYTY 

nepao.o; o6paweuRH 

npnHnR~ .o;eACTBHll aeTocj:,aaepOBKR 

npocTp8RCT.l0HH00 ynnOTH0HH0 op6BT 

cj:,oKycepOBK8 

Kpaea8ll cj:,oKyCRpOBKa 
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betatron action 

"2-to•l" rule ( the two-to-one rule) 

matrix method of calculating stability 

particle loss by betatron oscillations 

a bunch of particles can be subjected to all 
kinds of perturbations 

particles mov~ clockwise 

counter-clockwise 

phase stability occurs (is obtaiJed) 

pass through 

particles may •tock in' at a subresonance 

successive crossings 

an ion follows a straight line 

resonances 

coupled resonances 

difference resonances 

"the resonant condition is maintained long enough 
for the oscillations to die down in one mode and to 
build up in the other to disastrous magnitude" 

resonance oc'curs, resonance is encounted 

Walkinshaw resonance 

imperfection resonances 

sum resonances 

if the energy gained per tum is so low, partial 
or total loss of ions may occur 

ions fall out of step with the dee voltage 

deceleration process sets in 

when the energy is transferred from ••• to 

space charge limit. •• 

particles are in phase with the voltage 

variation of the oficillator frequency 

particles ~e spread out into a column pf ap
preciable azimuthal length 

period of revolution 

the way in which phase stability acts ..• 

momentum compaction 

focusing 

edge focusing 

nOCTOHHHorpa.o;HeHTH8ll cj:,oKycupoBK8 

nepeMeHHOrpa.o;eeHTHSH cj:,oKyCRp0BK8 

ny'IOK 

HHT0HCHBHOCTb nyqK8 

COCT8B nyqxa 

cpe.o;HHll TOK ny'IK8 

cj:,opMHpOB8HH0 nyqKa 

}K0CTKOCTb nyqKa 

~CTt:,0"1Hble ny~KH 

3axaaqeHHhlA nyqoK 

yrnoeoe pacnpe.o;eneuee ny'IKa 

M0T0.0.HK8, npHMeHR0M8Sl .ona 
pacw11pemrn nyqKa 

ora6a10was nyqKa 

MarHHT, 

p83Mep M8rHHT8 

SlpMO MarHHT8 

TOpeu. ·MarHHT8 

MarHH~H8SI npOHHD.80MOCTb 

MBrHHTHbl0 CHnOBbI8 nHHHH 

'Mar-HHTHble cunOBb18 nHHHH Bbinyqg

B810TCH uapy>Ky B npllMOHHHCilHhlA npo
M8>KYTOK, 06pa3yg Tax-H83b1B88M08 xpa

e.soe none' 

C - o6paauhlll MSrHHT 

ill -o6pa3HblA MS rHHT 

nyn1aCupy10wue Marm1Thl 
H8ChIIU8HHe >Keneaa 

cxopoCTb pocTa MBrHHTHoro nonst 

none· uapacTaeT oT O .o;o ••• 

c yaenHqeuueM pa.nuyca none yMeHb-

waeTCll /cna.o;aeT/ · 

Hanpaanuromee MarauTHoe none 

HanpsnKeHHOCTb MBrHHTHoro nonst 

no.n.a.ep>KHB88TCH eanpSl>K0HH8 MBrHHT

·aoro nons a 18 Kraycc 

o.n.ttopo.a.aoe none 

_noCTOSl~H08 BO apeMeHH MBrBHTHOe 

none 

IlOK838T8llb cna.oa MBrHHTHOrO nonst 

H0Dp8BHllbHO yCT8HOBll0HHhl8 MBrHHTbl 

.aeACTBH8 MBrHHTHOro nonH B8 aapu
>KBHHYIO '18CTHny 

nHHBB MarHBTHOro IlOTOKa 

11 

constant-gradient (CG) focusing 

alternating-gradient (AG) focusing 

beam 

bea;;.. intensity 

beam composition 

ave!age current of the beam 

beam formation 

rigidity of a beam 

colliding (intersecting) beams 

a caught beam 

beam profile 

technique for broadening the beam 

be am envelope 

Magnet. 

the size of a magnet 

a magnet yoke 

a magnet end 

penneability of the magnetic field 

the magnetic lines of force 

"The lines of force bulge outward into the 
straight section, fonning the so-called fringing 

field ... 

C-shaped magnet 

H-shaped magnet or ( picture-frame) shape 

pulsed magnets 
saturation of the steel 

the rate of rise of the field 

the field is built up from zero to ••• 

. the field falls with increasing radius 

guiding magnetic field 

magnetic field strength 

the field of 18 kgauss is maintained 

unifonn field 

steady magnetic field 

field index 

misaligned magnets 

action ~f the magnetic field upon an ion 

flux·lines 



8JtCU8nbHO-CHl:4M0TPH'IHOe MarHHTHOe 

none 

M4rHjlTO-JJ.BH>KyW4ll c11na 

BHXp0Bb10 TOltH 

'MarHUT co6Hpa0TCH, .no.o.o6HO TpaHc

q>0pM8TOp8M BLICOKoro H8IIpS>K8HHH, H3 

TOBKHX IIllSCTRH" 

MarBBTBble 6noKR 38MKHyToro TB.Ila 

llBT8HB8 nonIDCHblX o6MOTOK 

Mawuaa .a.na npoaepKH 6n0Koa MaruuTa 

c6opKa yanos MarHaTa 

MarHHT TaKOA KOHCTpyKnHH coa.o.aeT 
.aoc~aToqao o.a.aopo.o.uoe none a.o ••• 

Kraycc i, 

JKeneao MarHBT8 H K8TyWKH lK0CTKO 

cxpenneHbI 

M4rBHTH4ll HHJJ.YKllHll 

HCKa>K0HH0 MarHHTHOrO nong 

IlKTSHH0 MarHHT8 

MarHHT ua6HpaeTCH H3 WHXTOB8HHOro 
meneaa 

WHXTOBSHHoe meneao 

annpre:s1, aanaceaxas MarHBTHLIM noneM 

q,opMa MarHHTHoro nona 

H8M8rHB't8HHOCTb 

OCT8TO'tH8B H8M8rHH't8HROCTb 

KoppeKIIHll /COOTB8TCTBy10wee WHMMHPO

BaHHe/. Mar~HTHoro nona 

MSrHHTHble B3M0p0HH51 

xa17wu IIBTaJOTCH OT H038BBCHMblX 

HCTOqftHJtOB ••• 

KHTyllll<H IIHTHIOTCll K0p0TKHMH HMIIynb
CGM.H 

9TB Jt4TYWlOI coa.amoT none s 

SJJCT8JJ. 

06M0TKH B036y>KJJ.8HHll 

noTepa.s o6MOTKHX 

uonIOCBb10 o6MOTJtB 

nonlOCBble H8KOH0qHBltH 

BOlUIHO0 oxna.>KJJ.0HHe o6MOTOlt 

JJ.ep>KaTena OOMOTOK 
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azimuthal magnetic field 

magnetomotive force 

eddy currents 
11the magnet is fabricated from flat laminations, 
after the manner of alternating current transformer" 

closed type magnet blocks 

pole lace winding power supply 

magnetic block measuring machine 

magnet unit assembly 

such a magnet design produces a uniform field 
up to about ••• kgauss 

the magnet iron and coils are rigidly clamped 

magnetic indu~tion 

field distortion, tilt, /field abberations/ 

magnet power supply 

the magnet is made up of laminated iron 

laminated iron 

the energy stored by the magnet field 

magnetic field shape 

magnetization 

remanent magnetization 

correction (proper shimming) of the magnetic field 

magnetic field 'survey, 
check of the magnetic field 
/ check of the operation of the field- producing coils / 

coils are energized with independent supplies ... 

coils are powered by short pulses 

these coils produce a field of ..... oersted 

exciting coils 

coil dissipation 

poleface windings 

pole tips 

coil water cooling 

coil supports 

B.aKyyMHBH KBMepa, 

"repMeTuqHOC'l'b TSKOa KOHCTpyKUHH 

06ecne1tHB80TCH BHeWHHMH ynnoTH8HHH

MH B3 cHHTeT~qecKOa pe3HHLI" 

•B KocMOTpoue saKyyMH&ll KaMepa 
K8}KJlOro MBrHHTHOI"O Kaa.npaTa HM80T 

JJ.nHRy 14,4 M, BHYTP0HHIOIO WHplIHY 
65 CM H Bb!C0T)" ··15 CM" • •, 

•npo8KTHP0B8HH8 ~8KYYMHOII ~aMepb! 

ycKOpHTenH C nynbCHPYIDlllHM MSI"HHTOM 

CBB3SHO c peweHHeM 6onbworo x.onu:-

1tecTaa cno>KHLIX npo6neM" 

nonyqeHH0 BblCOKOr.o B8KYYM8 

-8 
BaKyyM s 10 pTyTHoro CTOn6a 6bln 
nonyqeH 

CT8nbH8H BAJCyyMH8SI K8M8pa, IJ.B8M0T

p0M 1,2 M 

"BaKyyMHSH K8Mepa COCT8BJ12Ha H3 
U -o6pasub!X pe6ep H3 cnnasa M8JJ.H e 

H11Keng, yKpemieHHblX ea ·nepeJJ.eell cree-
Ke H3 uep:maBeIOUieA CTanH ••• ! • 

• Pe6pa CH86>K0Hbl ynnoTH8HHllMR H3 
BOnOKHHCTOro CT0KJ18 B anoKCH.QHOA . 

CM0nb1" 

aneKTpMHTH'teCK~SI nonHpOaKa 

BHyTpenHSIH nosepxHOCTb B8KYYMH0A 

K8M8pb1 

.[lnll nonyqeeell eymuoro BaKyyMa IIpa

MeHHeTCs llBYX-CTyneH1t8T8SI CHCT8M8 

OTKSqKH 

0cHOBH8ll K8Mepa 0TK8'1HB88TCll 508-Man

nHM8Tp0BblM M&CnllHblM J:IHq,q>Y3HOHHb!M 

HaCOCoM, npa:coe.a.«HeHHblM B Il8HTpe HH:m

Hell Kpb!WKH 

nposepKa BHKYYMH0ll KHM0pbl Ha Te'lb 

Pa3JJ.en TI. 

TipoTOHHbte u: sneKTpOHHbie CHHXQOTbOHbl HS 

9Hepr1rn no 10l l 9B. 

c,mxp0Tp0H 

np0T0HHblll CRHXP0Tp0H 

CRHXpoq,asoTpOH 

9n8KTp0HHblll CHHxpoTp0H 

6eamene3Hb(ll aneKTP0HHblll cnexpoTp0H 

anex.TpOHBblA ceuxp0Tp0H c CHnbHOA 
q,oKycaposKoll 

npOTOHBbIA CHBXpoTpOH C cnnbHOA 

q>OKycapOBKOl! 
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Vacut!__m~. 

This 'framework is _made vacuum-tight by an 
outer covering of sy~thetic rubber sheeting 

In the Cosmotron the vacuum chamber within 
each magnet quadrant is 47 feet long, Z6 inches 
wide, and 6 inches high1 inside. 

The design of a vacuum chamber for an accele
rator with a pulsed magnet offers many complicated 
problems. 

the obtsining of the high vacuum required ••• 

10•·!1 Hg have been reached 

A steel vacuum chamber L 2 m in diameter 

The vacuum chamber is composed of U-shaped 
riba of copper nickel alloy fastened to a stsinless 
steel front wall ••• 

A vacuu111 tight skin of fibre glees and epoxy resin 
encloses the ribs 

electrolytic polishing 

the inner surface of the vacullm chamber 

To get the required vacuum _ the chamber is 
evacuated in two parts 

The main chamber is pumped by a 20-in. oil 
diffusion pump auached to the centre of.the 
fiat bottom plate 

leak testing of the vacuum chamber 

Sec. I. 

Proton and Electron Syncbrotrons for Energies 11p 

to 1011 eV. 

synchrotron 

proton synchrotron 

synchrophasotron 

electron synchrotron 

nonferr_omagnetic electron synchrotron 

alternating gradient electron synchrotron 
. ' 

altemating gradient proton synchrotron 



CHHXPOTpOH C ayneBblM rpa.a.HeHTOM 

CHHXpOTpOH THna pel!c-TpeKa, 

BCllOMoraTenbHbIA CHHXpOTPOH C KO -

pOTKHM llHX..'lOM 

napaMeTpbI ycKOpHT81Iel! C CH11.bHOJ! 

cf,oKycupoBKOH 

M8KCHMMbHSSI SHeprHH 

SHeprHH HH>J<:eKUlIH 

M8KCHM8nbHOe MarHHTHOe none 

none npH HH>J<:0KUIIH 

noKaaaTen& nonH 

qacToTa 6eTaTpOHHblX Kone68HHA 

paLtuyc op6HTbI 

~rncno npHMOnHH8A.HblX npOMemyTKOB 

apeMSI H8p8CT8HHH 

qncno HMnynbCOB B MHHYTY 

'IHCJIO ycxopHIOlUHX npoMe>KyTKOB 

nopH.llOK rapMOHHKH 

qacToTa reHepaTopa 

B8KYYMH8H KaMepa 

aec M&rHHTS 

sec M0.D.R 

ffH)K8KTOp. 

WHpHHS 

BbICOT8 

npupocT aaeprHH aa.o6opoT 

qucno qaCTHU B HMnynbCe 

HH>KexnHH no aanpaaneHmo 1taca
TenbHol! K op6HTe 

Toqxa K8C8HHSI 

KB8Llp8HT 

npnMonuaeAHbie npoMe>KyTKH 

8BTOM8TH118CK8SI RSCTpoa_~a 118CTOTbl 

CHCTeMa 8BTOM8TH'leCKOro D0Jl.ll8p

>K8.HRH 8MllnHTfJlbl 

8BTOM8TH'l0CKBH cpaaupOBK8 BOJIH 

MOLl01lb YCKOpllIOUlHX yanoa 

CRCT8M8 ynpaaneHHS CHHXpOTP?HOM 

cepao-reeepaTop 

neeel!HbIA npeo6pa30B8T01lb qaCTOTbl 

CHCT0M8 ynpaaneHHll nyqKOM 

CHCT8Ma ynpaaneHHll. nyqKOM - q,aao

BO-CODpSl>K0HH8H, C npeJlB8pRT8nbHoA 

nporpSMMOA 

MOLtenb q>a30BblX K011008HRJ! 
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zero-gradient synchrotron 

race-track synchrotron 

fast-cycling 'booster' synchrotron 

p~ameters of alternating-gradient synchrotrons 

maximum energy 

injection energy 

maximum field 

injection field 

field index 

betatron frequency 

orbit radius 

No straight sections (the number of straight sections) 

rise time 

repetition rate per minute 

No accel. stations ( the number of accelerating stations) 

harmonic order 

oscillator frequency 

_vacuum chamber 
width 
height 

magnet weight 

copper weight 

injector 

en~rgy gained per tum 

1>.articles per pulse 

tangential injection 

the point of tangency 

quadrant 

straight ,oections (straights) 

automatic tuning system 

automatic volume control circuit 

automatic phasing of the wave 

a prototype of accelerating units 

proton synchrotron control system 

servo-controlled generator 

linear-frequency-voltage converter 

beam control system 

The beam control system is of the phase-locked, 
preprogrammed type. 

phase oscillation analogue 

M8W810UlB8 p030H8HCbl 

CRCT8M8 MHOrOKSHMbHOro nepeHOC8 

JlnH JlRCTBHDROHHOrO ynpaaneHRH HS 

0011blllRX yCKOpHT01lllX . 

KOHTponh H8Jl HHT8HCHBHOCTbJO nyqga 
HS OTLtenbHbIX MHW8HSIX 

TO'IBOe onpeJleneHae nonomeuaa MHW0HH 

ycKOpHIOIUee sneKTpuqecxoe none 

MSKCHMMbHO 

TO'IHSH cu~xpouuaauua epeM~HH nponeTa 

orH08IOIUrul HanpSl>K8HKH BblCOXOA 118CT0Tbl 

6eTaTpOHHbll! pe>KBM 

HH)K.8KUHB snexTpOHOB B 6eT8.TpOHHbIA 

pe>KHM ycKopeHHll ocymeCTBnll0TC"1 

npe aaepraa oKono X KaB 

ycKopeaee B 6eTaTpOHHOM pe>KHM0 

npOJlOn>KaeTCH B T8'18HH0 '18TB8pTH 

nepHO.D.8 'C{8CTHllbI 

'ISCTBilbl MOryT paaaopa11BB8TbCSI HS 

BH8WHlOIO HnH caopaqJ!B8TbCH ua Mu-

W8Hb ••• ., 

'l8CT~llbl H86Rp8IOT SHeprHIO, MHOI"O

Kp8THO npOXOJlH O.D.HH HnH ueCKOJibKO 

yCKOpllIOUlHX npoMe>KyTKOB 

cTanbHoA aaKyyMHbil! 6aK 

yKpennBJOlllH0 , CTBnbHbI8 KOn bll8 

CHHXp0TpOHHhl0 OOMOTKH 

L18p>KaT0nR CHHXpOTpOHHblX OOMOTOK 

M0L!Hbll! KO>KYX 

BblBO/lhl CHHXpOTpOHHblX OOMOTOK 

CTHrRB8IOUlH8 6onTbl 

noaywKa oxna»<LtaeMall q,peoHoM 

rnaaHhll! aaKyyMHbIA aacoc 

neHTpanbHhlll UHnRHLIP 

Tpyobl BOLl!IHOro oxna>KL18HH!I 

00T8TpOHHhlX OOMOTOK 

perynapoaKa BhlCOTbl CHHxpoTpOHHblX 

OOMOTOK 

CHCT8M8 H8COCOB Jl,nB OTKS'IKH 

K8Mepb1 ycKOpHT0n!I 

BcTp0'1Hbl0 nyqKft H H8KOilHT8nbilbI8 CHCTeMbJ, 

Maruu-r-HaKonuTenb 

Ycxopa10lllas c11cTeMa c nepeceKSIOlllBMCB 

nyqKOM 

UeeTp Mace LIBYX qac:ren 
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hum resonances 

a multiplex carrier system for remOte control in '· 
large accelerators · . .,,, · 

individual target beQ.m intensity monitorin~ 

pt,ecise target positioning and control 

accelerative electric field is at its peak 

preci~e timing of the flight time 

R.F.:envelope 

betatron phase 

In the betatron phase, the electrons are injected~ 
into the orbit region at an en~rgy of X ke V 

Acceleration in the betatron phase continues for 
a full quarter cycle 

particles may be expallde~ or contracted onto a 
target 

'particles gain energy by passing repetitively 
through one or more accelerating uD.its 

steel vacuum tank 

reinforcing stell bands· 

synchrotron coils 

synchrotron coil supports 

cc:,pper liner 

synchrotron power leads 

tie holts 

freon cooled baffle 

main vacuum pump 

centering stack _ 

betatron water leads 

synchrotron coil height adjustment 

orbit pumping system 

Intersecting Beams and Storage systems. 

Storage magnet 

lnt,ersecting-beam accelerating system 

The centre of mass of the pair of particles 



.ll~a ·nepeceK8IOUlHXCH H81t0llHTenbHbIX 

KOnblla, aanonueHHbIX npOTOH8MH C 
aHeprHell 25 rss, e c YJ'noM nepece 
'leHHH 0,26 paJlHSH /15. / o6ecne'laT 
nonyqeaae a CHCTeMe n8uTpa Mace 
saepraa 1 ~sKsHaaneuTuoA saepruu 
CTOnKHOBeHHH Up0TOHOB 1300 rss 
/1,3 Tse/ c neno)leH>KHOI! MHWeHblO, 

uen0,[lBR>KH8H MHW8Hb 

o6nacTb nepeceqeHHn /2 ny'IKos/ 

anuua o6rtaCTB B38HM:>.neACTBBR 

BCTp8'1Hble nyqxa 

npoTaaononomuo uanpaaneau1:.1e ny1.11ta 

H8KODHTenbHaB CHCTeIMa 

· ,[1B8 KOnbila, conpHK8C8IOlllRXCR TSK, 

'ITO 

)lBa conpHK8C8IOWHXCH ycxopHTenn 

. O~WHII npHMOnHHellHblll npoMe>KyTOK 

IIHpxynHpyIOWHe nyqxH e XOHHeHTpH
'-lecox HQKOilHT8nbHblX K01lbll8X 

Tpe6yeMbll! TOK 1IHp1tynHpyIOWHX 

'ISCTHII 

pas6poc eMnym,cce 2,5% 

ua1tonneene 

'UICJIO H8KOll110HHblX HMnynbCOB 

H8K.Ollll.eHRhl8 rpynnbl 'lacTBII 

uaxonneune nyqga 

naitonHTb 6on&woe 'IHcno rpyna 
llHPKtUBP7IOWHX tfBCTHll 

npeMh11ta10wee Konbllo 

Mhl HH>KeKTHpyeM e xonblIO 

Il03HTp0Hhl 

aepOHTHOCTb B34HMO,QeAcTBRH C 
'IBCT•!llAMH ll.pyroro ycxopnTens 

eHyTJ;><lHHHR ycitopHTenb 

DR9UlRRA yc1topHT81lb 

ll3/ll"c.iOJl8IICTeyIOlllH8 ny'IKR 

nonuasa: aHeprnR a CHCTeMe neaTpa 
M8CC 

a aanpaaneauu JlBB>Kemrs 11y111ta 
6onee BblCOKOA SHeprHH 

'IHcnO B38HMOJlellcTBHA B ceityHJlY 
ana .i:tBYX OJlBOpOJlHhlX no 83HMYTY 
IIJ''lltOB 

nn.oru8Jl& nonepe'illoro ce11eaxa 

ny'IKS 

nonaoe ucno 118CTHll, U.BpKynHpya:>lllBX 

e KS>KJlOM ycitopeTene 
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A pair of intersecting storage rings stacked with 
protons of energy 25 Ge V and intersecting at 0.26 
radians 05°) would provide an available energy in 
the centre-of-mass system equivalent to that of 
protons of energy 1300 GeV,( 1.3 TeV) impinging 
on a stationary target 

Fixed target 

intersecting region ( region of intersection) 

The length of the interaction region 

intersecting, colliding beams 

the opposing beams 

storage system 

two rings tangent so that 

two accelerators side by side 

common straight section 

circulating beams in the concentric st~rage rings 

the required circulating current 

Momentnm spread of 2.5 percent 

storing (stacking, accumulation) 

the number of stacked pulses 

the accumulated groups of particles 

storing of the hem 

to accwnulate a large number of groups of circulat• 
ing particles 

adjacent ring 

We inject into a ring po&itrons 

Probability of interacting with the particles of the 

other accelerator 

Inside accelerator 

Ontsibe accelerator 

reacting beams 

total energy in the centre-of-mass system 

111 the direction of motion of the higher energy 
beam 

The number of interactions per-second for two azimu 

tha1ly uniform beams 

the cross sectional area of the beam 

the total number of particles circulating in each 

accelerator 

,.N~. 

+ -e e - CTOnKHOB9HHR 

qHcno CTOIIKHOBPHHA qaCTHU 

TToTepa ny'IKS 

CTOnKHOB0HHSl C Sl.llp8MH 8T0M0B 
OCTSTO'IHOro rasa 6yJlyT.Jl8B8Tb 
q:>OH He>KenaTenbHh:X co6blTHA npR 
9Kcnepn:MeHT8X C nepeceKSIOlllH -
MHCSl ny'IK8MH 

Mnoro1tp8TH08 1tynoHOBCK08 pac
C0HHH0 nyqxa' • • 

BpeMR >Kft3HR ny'IKS 

CpeJlHee epeMH meaHe ny'IKa 

BnHQHH8 oneoKp8TH0ro pacceHHHB 

HS apeMSI >KH31'H nyq:Ka 

n11HeRHbI8 ycKOpHTenH 1 

nuaellHblA; ycitopaTenb BRJlepoe 

nHxeJ1e1,1A yc1topHTen& AnbBapeaa 

npoTOHHbllt nuHeAHl.rA yc1topHT8Hb 

sneKTpOHHblll naaeAHLIA ycKOpHTenb 

neHei!Hhl~ yc1top11Tenb, TS>KenblX HOHOB 

naaellnbll! yc1topRT8Hb c oeryllleA eon-
HOA . 

nRHeAHblA ycxoparenb co CTOR'18A BOIi" 

HOA 

'.an11HHhIA' yc1topaTen& 

pe30H8TOP 

MeXaHu11ecu aacTpaeablMble peaoHa
TOpbl 

JlpeAq:>OBble Tpy6xe 

enyTpeBBHe OTB8pcTH>1 Jlp&llq:>OBLIX 
Tpy60K 

p83H0CTb noTeHURMOB 

·npoxo>K)l8HH0 '18CTHH8II p83HOCTH 
noTeHUHMOB 

npoTHBOnonomuhle sa>KRMLI reaepaTopa 
nepeMeHBoro H8IIpiUK0HIISI npa:coe.ctHHRIO":'CSI 

IC••• 

no npstMHA nHHHH pacnono>1<euhl nonble 
M8T8JUlH'lecKR8 Tpy6KK 

aqeAita /Tpy61ta R npoMe>KyToK/ 

nonoBHHILblll 6eTa-nRM6)la nHBel!HLIII 

ycitopuTen& 

aanpg1KeHae 1 npuno»ceuaoe 1t n.peA

cpoeblM Tpy61t8M 

yc1topaIOlllHll npoMeH<yTOK 
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e + e - collisions 

The number of encounters between particles 

The loss of beam 

Collision~ with residual gas nuclei will c~use 

a background of undesirable events in experiments 

wtth intersecting beams 

Multiple Coulomb scattering of the beam 

Beam life 

The mean life of the beam 

The influence of single sc~ttering on beam life 

Linear Accelerators (Lina~. 

Wideroe linear accelerator, 

Alvarez linear accelerator 

proton linear accelerator 

electron linear accelerator 

linear accelerator for heavy ions 

travelling-wave elec~n linear accelerator 

standing-wav~ linear accelerator 

'long' accelerator 

cavity, resonator 

mechanically toned cavities 

drift tubes 

inner holes of drift tubes 

potential (voltage) difference 

an ion falls over a large potential hill ••• 

opposite tenninals of an AC generator are 

connected to ... 

a straight-line array of hollow metal tubes ... 

cell ( a tube and a gap) 

'half beta lambda' linac 

voltage applied to tke drift tebes 

gap 



Bp8MD non~Ta 

cpaxTop apeMeHH noneTa 

CUCT8MS BOa6ym:.naeTCH OT re•e
paTopa 

<pH.llBp 

.ll06pOTHOCTb 

sHeprus, aanaceHHSR B xouType aa 
nepHOLl 

sueprus, paccesu11ru1 B IKOHType aa 
nepHO.ct 

W)'HTHPYIOlllee conpOTHBll0HH0 

pa6oTaTb IIMD)'llbCHO , 

pa6oTBTb e IIMD)'llbCHOM pe>KHMB 
npu MMOA CKBS)KHOCTH' 

no.a..nep1KHB8Tb HanpB1K8HH0 npoTHBO

nonO}KHOro 3H8KS 

kor.aa ~OKH npoTeKaIOT cneaa aanpa-

eo no Tpy6xaM, TO 

Tpy6KH yxpennHIOTCH a cpe.aHeA qaCTH 
OJlHBM HnH JlBfMB CTepmHBMH 

no.a;cTpoeqahle sneMeHTM 

nHCTbl MG,llR 

TOnlllHHS 
1 CKRH-cnoB' 

y.a.enbHoe conpOTHBneuue 

Bb1COK0'18CTOTH8.9 MOillKOCTb B HMnynbCe 

pa.aHBllbHBH !pOK)'CHpOBKB npH _nOMOlllll 
CeTOK 

BblXOLI.HbI0 OTB0pcTHSI 

rpynnHpOBBTBllH 

apeMeHHOA npephlBBTBllb 

TOpM03HUl80 IlOJ18 

npocTpBHCTBeHH08 rpynnHpOBBHHB 

paarpynnHpoaaTenH 

suep~eTH11ecxas ueo.a.uopo.a.uocTb 
nyqxa 

llHHBAHhlA ycxopJtTBllb np11M8HH8TCH 
B xaqeCTBB HH>KeKTOpa CHHxpoq,aao
TpOHB 

Kor.aa nHHeAHhlA ycxopHTenb Hcnonb
ayeTCs He K8K HHJK0KTOp, 8 KSK caMo

CTOSITenbBblA ycxoPuTenh, TO ... 

npoTOHHbie nuueA:Hble ycxopHTenu MoryT 

uaATB CB00 HSCTOSUUee 6y.nymee TOnbKO 

KSK HH>K0KTOpbl CHHXpoqJaaoTpOHOB, ,a He 

K8K C8MOCTOSIT0nbHbl8 YCT8HOBKH JlnH 

Hccne.aoeanaA 

q>OpHH>KBKTOp 

peaHaTpOH 
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transit time 

tran~it time factor 

a system is driven by an oscillator 

the feed line 

a quality factor 

2 "energy store«:1 

21renergy lost per cycle 

shunt resistance ( impedance ) 

to operate in pulses ( pulsed operation) 

to operate on a pulsed basis with low duty cycle 

t9 charge something to opposite sign 

when the charging currents flow to the right along 
the tnbes then ... 

the tubes are supported at th~ir centres by one or 
two radial rods 

tuning elements 

sheet copper blisters 

'skin depth' 

resistivity 

the RF energy 'per p_ulse 

transverse focusing by grids 

exit holes 

bunchers 

a timed chopper 

decelerative field 

bunching in space 

debunchers 

energy inhomogeneity of a beam 

a linac is used as an injector for a synchrotron 

when linac ls employed not as an injector but as 
an accelerator in its own right ••• 

proton linacs may find theit greatest future usefulness 
as injectors for synchrotrons rather than as instmmenbf 
of research to be used alone .... 

forinjector 

resnatron 

TeTpo.a .. 
KOSKCUanbHble p030HST0pbl 

MHOroo6opoTH8SI UH)K0KUHSI 

.anuTenbHOCTb HMnynbCa COCTD9n9eT 

250 Mx/ceK 

xaa.npynon&HbJe nHH3bl pa60TSIOT HenpepbIBHO 

n HX o6MOTKH BblllOJIH0Hbl H3 Tpy6oK, oxna:»e
.oaeMbIX sonoh ... 
_CHJlbHQ-TO'IHhill nnHeAHblil ycKopnTenb TRna 
Anbeapeua · 

MawHua pa5oTeeT Ha qacToTe 48 Mru n 
ycxopHeT .aeATpOHhl .ao 7,5 MaB npn TOKe 
nyqxa 100 MHnnHaMnep 

TaKoA )'CKOpllTBllb COCTOIIT H3 LlB)'X 
CBICilllA 

oTcex nuueAuoro ycKopuTenR 

UHllHH.llp <l>apa.aeH 

CHCT0MQ OTKSqKH 

reHepaTop BbIC"OKOro H8DpR>KeHHH 

q,aaoeo-epalllBTenu 60HbWOA MOlllHOCTH 

cepBO-H8CTpoe~Hbl0 CHCT8Mbl 

annapaTypa .llllH KOHTpOnH BblCOKOA 
'18CTOTbI. 

ycxopnTenbHBll Tpy6xa 

HHT0HCHBHOCTb TOK8 ny'IK8 B UMDynbCe 

BOnHOBO.Q 

auyTpeuHRR noaepxaocTb aonuoao.aa 
can bHO roq,p11poeaua 

BOllHOBO.ll; Harpy>KeHHhlA .a11aq,par-MBMH 

CTPYKTypa K11eeepHoro nHCTB 

CTPYKTypa C nonepe'IHhlMH CTBp>KHSIMH 

'10TB8pTbBMHOB8SI nayxnpOBOJlHSR 

nHHHSI 

nonyaonHOBbl0 KO8KCHMbHbl0 pe3OH8TOpbI 

TO'IH8H CHHXpOHH38UHSI epeM0HH nponeTa 

OTJl0nbHOro cryCTKS 

npOCTp8HCTB0HH00 paaneneaue cryCTKOB 

npOTOHOB 

xonbuesb1e JlHCKH ua npoao.nawero 

MaTepuana, 06bl'IHO H43b1B88Mb10 .a.e

aq,parMBMH 

ycxopeHHB .apeA<pOBblMH Tpy6KBMH 
061,eMHhlM peaoHBTOpOM 
C8TK.8MH 

KBBLlpynonbHhlB nHH3bl 
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tetrode 

coaxial resonators 

multitum injection 

pulse is 250 microseconds long 

• quadrupoles are activated continually and their 

windings are formed of watercoll~d tubing 

a high-intensity linac of the Alvarez type 

the machine operates at 48 M~/sec and produces loo 
milliampers of 7.5 \leV deuterons 

This accelerator is often built in two sections 

the wing of a linear accelerator 

Faraday cage 

pumping system 

high tension generator 

high-power phase-shifters 

servo-tuners 

H.F. monitoring equipment 

accelerating column 

the pulsed beam intensity 

waveguide 

the inner surface of the waveguide is sharply corru
gated 

disc-loaded waveguide 

clover leaf structure 

crossed-bar structure 

quarter wavelength twin line 

half wavelength coaxial resonator 

precite timing of the flight time 

proton burst spacing 

annular discs of conductin'g material are often called 

irises 

acceleration by drift tubes , 
by cavities 
by grids 

quadrupoles 



YcKopHTenH c B3HMyTanhHOA aapHaµHeA 

M.Br'HHTHOro nonst_, 

H30XpOHHhlA nHKlIOTpOH 

uuKnoTpou c ceKTopuoa 4'0Kycupoa
KoA1 ceKTOpBblA llHK1lOTpOH 

UHKnOTpOH C 83HMyTMbHOA B8pH8UHeA 

IlOJ'lSI 

llHKnOTpOH C 2 J:ly8HT8MH 

penstTHBHCTCKHA UHKJIOTpOH 

CllHpMbHhl8 UHKJ'lOTpOH 

cnnpanbuo-rpe6ueahlA UHKnOTpou 

rpe6e11b 

~:mc~o C8KT0p0B 

N -ceKTDpHl:rle llMIOCHbl8 H81COHeqHa-

KH 

cnupanbHHH op6HTH 

MOCK8H cn11panb 

passepTbIB8IOWruI CilHpanb 

HOHHhI8 HCTO'IHHK., ,aruol.UHA TOKH 

BnnOTb J:lO 100 MH 

BLIT9rHB8JOUlll8 aneKTpO.a,bI H0HH0ro 
HCT0'IHHK8 

uea:panbHasi o6nacTb 

Ha'tanbH8SI o6naCTb 

MBKCHM~bHrul 3HeprHSI 

fiOT8HllHSJ1 llYBHTOB OTHOCBT8JlbHO 

aeMJUI 

uanpsJKeaHe ua .nyaaTax 

no>Kni.IA J:lyauT 

N - llY8HTH8SI CHCT8M8 

'rpy6an H8CTpoAKa J:lyaHTOB 

TOHKM H8CTpOAKa ,a;yaBTOB 

KpOMK8 J:lyHHTa /KpaA/ 

auepTy pa. J:lYHHTa 

.aua.MeTp nonrocos 

Tonorpaq:>us MaruHTH0ro nong 

Heo.c.Hopon11ocTh Mara11Tnoro nons 

K03cp¢HUH8HT Mo.nynstUHH IlO!UI 

HOJl.CTpOAKa MartlRTHOI"'O llOllSI 

4'oK:ycapoaKa ToMaca 

Mo.nenb 6onee xpyauoA Mau.IHHhI 

Me30HHbla renepaTOp /yCTD.HOBKa/, 

renepaTOp M03OHOB 

ycTofiquaag op6HTa 
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Accelerators with Azimuthally Varying Magnetic: 
Field. 

isochronous cyclotron 

sector•focused cyclotron 

cyclotron with azimuthally varying field 
(A VF cyclotron ) 

_ two-dee cyclotron 

relativistic cyclotron 

spiral cyclotron 

spiral ridge cyclorton 

ridge 

the number of sectors 

N-sector pole tipa 

spiral orbit 

flat spiral 

rolling out sgiral 

ion source with output currents up to 100 mA 

ion source feelers 

centrai region 

initial ·motion region 

p.ealc energy 

dee-to-ground voltage 

dee voltage 

!aloe dee 

N- dee system 

coW'Se dee tuning 

fine dee tuning· 

dee edge 

dee aperture 

pole diameter 

magnetic field topography 

oonuniformities of magnetic field 

flutter 

trimming of magnetic field 

Thomas focusing 

model for larger machine 

meson factory 

stable <><bit 

yJ:lnHHeHHe p8BHOB8CHOA op6HThl_ 

MSI"'HHTHO~ none C CHMM0TpHeA 

qeTaepToro nopB.o.Ka 

B03Bp8W810lll8SI .cena 

IlOT0p!i1 nyqKa IlpH H0KOT0pOM D 

nocneny10IUHA p43HOCTHbl8 peaoHaHC 

38TYX8HH0 

'nenble pe30H8HCbI' 

sTopoa nenbIA pe3oHaac Ha-aa ne
ohHoponnocTeA MarHHTHoro nong 

nopRJlOK HenHHeAHoro peaoeaaca 

qaCTOTa aepTHKMbHbIX Kone6aHHA, 
H8'1HHaH c onpe.n eneuttoro pa.nn
yca1 OCT80Tcg nOCTOHHHOA 

nonyuenhlA peaouau c 

pa60THTb Ha BTOpoA rapMOHHK8 
'18CTOTbl 

soa6y .llHTenb, nenep 

Bbraon, dJoKyCHpOsKa, cenapaµHSI 

. Ilf'IKOB H npo6neMbl 38WHThI. 

BbIBOS IIf'IKOB, 

a11yTpennHA nyqoK 

qe:cno ycxopeHHbIX qaCTHll B HMnynbCe 

· 8.10 11 npoTOHoa B 11MnynbCe 

BHT0HCHBHOCTb '18CTHU 

cneKTpbl HMilynbCOB 

yrnoaaH pHCXOJ:lHMOCTb .ny'IKH /pacxo>K
J:l8HHe/ 

npoTOHbl na.aaroT ua MRW0Rb 

OTK110H0HH0 ny'IKa 

OTg;J_OH0HH0 sneKTPH'l0CKRM · noneM 

OTKllOHfflOI.U851 CHCT0M8, OTK110HRIOU108 

ycTpoACTBO, J:le¢neKT0p 

OTKJIOBSUOutHA MarRHT 

BNBOll nyqK~ B T81tRX yc1topHTenHX 

OTB0pcTB0 .anH BNUycKa nyqKa 

paaMep nyqKa 

BblBO.ll C paCTSIJKKOA 

6hlCTphlA BblBOJ:l 

CllCTeMa BblBo.m.a 

nunynbCH8H sneKTpOCT8TH'l0CK451 

CHCT0M8 

cxeua BblB0,lleHHblX B s1tcnepHM8HTEUlbHblA: 

naaunbOH nyqKoB 

npe.anonaraeM&1e BTOp11qable nyqK.a 
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lengthening of equilibrium orbit 

magnetic field with fourfold symmetry 

restoring force 

the beam blow-op at some n 

succeeding !ifference resonance 

damping 

1integral resonances' 

the second integral imperfection resonance 

the order of the non-linear resonance 

the frequency of radial oscillations, beginning with a 
certain radius, remains constant 

half-integral resonance 

to operate on the second harmonic of the frequency 

peeler 

Extraction, Focusing and. Separation of Beams. 

Problems of Shielding. 

Beam Extraction. 

internal beam 

the number of accelerated particles per pul~e 

8. 10 ll protons per pulse 

particle intensity 

momentum spectra 

angular spread of beam ( divergence ). 

protons strike target 

beam deflection 

electrostatic deflection 

deflector 

deflecting magnet 

beam extraction in such accelerators 

beam hole 

beam size 

slow ejection 

fast ejection. 

extraction {ejection) system 

the poised electrostatic system 

layout of beams in the experimental hall (area) , 

secondary bean.s expected 



llOTOK BTOpaqa~x qacTHll 

cneKTP BTOpaqu~X qacTHU 

MarHHT .ctn~ OTIUlOHeHHff nyqKa 

MBrHHT KOppeKTHPOBKR nono>KeHHB nyqKa 

pe30HSHCH8H pacKaqxa p8.tlHWlbH~X 

KOne6aHHA 

pereHepaTHBHhlA M8TO.ll 

aHaq11TenbH8ll nonH napKynapyrowero nyqKa 

MarHHTHbIA K8Han 

o6nacTb
1 

aKpauupoaauuas OT Marua,

aoro nons 

·aa.llaKaTop aanpasneHHH nyqKa 

<l>oKycRpOBKS nyqKOB, 

cj:,oKycaposaTb 

cj:,0Kyc11pyro1UaH c11na 

llHH38 

cj:,oKyCHpOBK8 KBB.llpynonbHhlMH nHH3aMH 

cj:,oKycupyIDIUIIA MarHHT 

cj:,oKyCHOe paccTOHHHe 

cpOKyC 

q:,0Kyc11pyromee .1:1eAcTsne 

ODTRqecKH8 CBOACTBS 

.llBOAH8ll cj:,0Kyc11posKa 

OCb 

sepTHKMbH8ll cj:,oKycapOBK8 

ropH30HT8llbll8ll cj:,oKycapoBK8 

Cenapaµns nyqKoa, 

CenapaTOP .aaeT qacThl8 nyqKu 8THX qaCTRU 

C HHT8HCHBHOCTbl01 no.nxo.nsweA .a.mt pa60Thl 

C ny3blpbKOBbIMH KSMep8.MH, HCKp0BhlMH Ka

MepaMH H cqeTqHKSMR 

CHCT8M8 TpaucnopTHpOBKH nyqKa 

KOJUlHMaTOp 

KSHM nyqK8 

BbICOKOBOnbTHhlA aneKTpOCT8THq8CKHA cena

paTop 

BbLCOKoqaCTOTHhlA cenapaTop 6y.lleT paa.1:1enHTb 
TT H K -M830Hhl C HMllYllbCOM .llO 50 raa/c 
H TI-MeaOHbI H npoTOHbI C BMnynbCOM .a.o 

100 ras/c 

aneKTPO.tlHHaMHqecKBA cenapaTOP 
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flux of secondaries 

spectrum of oecondary particles 

beam-bending magnet 

beam-positioning magnet 

resonance swinging of radial oscillations 

the regenerative method 

considerable fraction of the circulating beam 

magnetic channel 

magnetically shielded region 

beam direction indicator 

Beam F ocusin.s_, 

to focus 

focusing force 

lens• (lens) 

focusing by quadrapoles 

focusing magnet 

focal length · 

focal spot { focus ) 

focusing effect 

optical properties 

double focusing 

axis 

vertical focusing 

horizontal focusing 

Beam SeE.aration. 

Separator- provides separated beams of these particles 
of intensity suitable for use with bubble chambers, 
spark chambers or counters 

beam transport system 

collimator 

beam channel 

high voltage electrostatic sepal'ator 

radi~frequency sep~rator will separate 11'-and K me• 

sons up to a momentum of 50 GeV/c and 11'mesons and 
protons up to 100 Ge V / c, · 

electrodynamic separator 

I 

I 

3amRT8 

3SWHT8 1 38lllHTHhlA 

38WHT_HhIA MSTepnan 

38IURTHWI cneuo.a.emna 

38WIITHoe CBOACTBO 

38WHTH89 CT8H8 

noa11anpyromee eanyqeaHe 

BblCOKOp8.llHO~aKTHBHblft 

OCT8ToqH8H 8KTHBHOCTb 

OCT8Toquoe.n3nyqeuue 

onacuoe uanyqeuue 

onaCHMA ypoeeeb 

.ll.038 

Jl.OilyCTRMWI .0.038 

MOWHOCTb .0.03bJ 

,o.onycTnMSB MOWHOCTb .tl03bJ 

.ll03RM8Tp 

nneHotJHblA ll03HM8Tp 

R3M8pHT8nb MOWHOCTb .ll03bl 1 

.ll03HM8Tp 

8KTHBRp0B8Tb 

8KTBBHpOB8HHhlA 

8KTRB8URH ycKOpHTellH R oxpy>Karowux 
ero ycT8HOBOK 

raMMa-aKTHBHOCTb 

p8.0.H,tiI1HOHH8B onaCHOCTb .o.ns nHII, 

pa60T8IDIUHX B aaaope MarHHT8 

yM8HbWHTb eanyqeeue .ao .a.onycTuMoro 

fpOBH!I 

38WBTHbI8 6eTOHHbI8 6noK.H paanuquoA 

. cpopMhl 

381..UHTS 9KcnepHM8HTMbHOrO aana 

CBHHUOBbIA 6noK 

B8nHqHH8 pa.nnoaKTHBHOCTH 

KonuqecTBO nanyqeuu~ .LI.038 aanyqeuug 

HHTerpanbH8B .0.038 

HHTerpanbHaB nornoweHuaB .0038 

P8ijHOaneKTpOHHK8 R M8T0nbl Ha6nJOpe_

HRH H KOHTponB 38 nyqKO_M_ 

ycKopsnomee H811psl>K8HH8 Ha OTKpbITOM 

KOHne qeTBepTbBOJIHOnoro pe30H8TOp8 

ycxop11romne aneKTPO.llhl 

yCKOpHIDIUHe peaoHaTOphl 
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~elcling 

shielding 

shielding material 

protective clothing 

shiel
0

clingproperty . 
shielding wall 

ionizing radiation 

highly radioactive 

residual activity 

residual radiation 

dangerous radiation 

hazardous level 

dose {dosage) 

tolerance dose (level), pennissible dose 

dose rat~ 

tolerance rate 

dosimeter 

dosifilm 

dose rate meter 

activate 

activlited 

activation of the accelerator and its surroundi.ngs 

gamma•ray activity 

radiation hazard to persons working in the gap of the 
magnet 

to re~uce t11e radiation to the tolerable level 

shielding concrete blocks of different designs 

sMelJing of experimental area 

lead brick 

intensity of radiation 

quantity of radiation 

cumulative dose 

integral absorbed dose 

Radioelectronics and ~1ethods of Observation and 
Coetrol of Beam - -----

accelerating voltage across the open end of a quarter
wave resonator 

accelerating electrodes 

accelerating caviti~s 



aMnnHTY .aa BbICOKO'l8CTOTHOro uanpsr

>KeRBB 

KpaTHOCTb 

'IBCTOTH0-38.1181011188 ycTpOl!CTBO 

qaCTOTH89.MOllynaitHH 

aaqanbHaB qaCTOT8 

Kouequa.s qacToTa 

K8'l8HB0 '18CTOTbI 

apeMB IUtKna 

'18CTOT8 llOBTOpeHHR 

noneauas qacTb HMitynbCa 

WIOCK8H '18CTb HMnynbCa 

ycTpoACTBO, 34.0.8JOlU88 MarHHTH.bIA 

IlHKn 

onopHhll! Bp8M8HHOI! HHTepsan 

nepeC'l8THO8 ycTpol!CTBO 

uacTprutaaeTC.s c noMOlllbIO apawa-

10werocs: Kou.neacaTopa 

MOX8HH'l8CK8H H8CTpOAKa_pe30HaTopa 

M8X8HH'l8CKH H8CTpaHB88M8R B.q~ 

yCKOp>11O1118!1 CHCTeMB 

6noK apeMeuuoA cenemuu 

C-o6p83Hhll! sneKTpo.n 

cj,yHKilHOHaJibHhll! reaepaTop 

Kyna'IKOBbll! perynHTOp 

sneKT.POHHlilA KJIIO'I 

CM8CHT8Jlb 

aneKTpOHHUA 38TB0p 

paaHOCTHLIA caruan aoa.neilcTayeT Ha ••• 

CilS.0.8Tb /o KPHBOA, 0 xapaxTepHCTHK.e/ 

cepnonpe:ao.ll 

aneKTpo.asuraTenb 

M8KCHMani:,H8H BblCOKO'l8CTOTH8B MOlll -

HOCTb 

CpellHSUI B.'I. MOI.IlHOCTb 

reuepaTop nOCTOBHHOa '18CTOTbl 

reHepaTop C o6paTaOI! CBH3bl0 

38,0.SIOWHA reuepaTOp 

reuepaTOp 6ueaul! 

KBapneshll! reaepaTop 

reuepaTop ynpaBJIHIOUlero aanpst)KeHHSI 

yCHJIHT8'1b MOUlHOCTH naMna I ... I 

npenycH1tHTenb 

llHTSHH& 
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peak radio-frequency voltage 

harmonic order 

frequency-controlling equipment 

frequency modulation 

initial frequency 

final frequency 

frequency swing 

cycling period 

repetition rate 

duty cycle (duty period) 

flat top of pulse 

magnet cycling unit 

comparison time interv~l 

scaler 

to be tuned by a rotating condenser 

mechanical cavity tuning 

mechanic_ally tuned radio--frequency accelerating system 

timing unit 

cee 

voltage function generator 

cam 

electronic switch 

mixer 

electronic gate 

difference signal actuates 

drop 

serv~ve 

motor 

peak radio-frequency power 

average r&dio-frequency P~wer 

fixed-frequency oodllator 

feed-back oscillator 

master oscillator 

heat-frequency oscillator 

crystal generator 

control voltage generator 

power amplifior tube ( ••• ) 

preamplifier 

power supply 

f 
DBfXT8KTHbIA yCHnHT8llb 

K8TOllHbII llOBTOpHTenb 

BblXO.O.HOA HMnynbC 

C&TOIIHbIA TOK 

C0TO'IH00 CM01U0HH8 

ecnu: HCll0nb3YIOTCB Il8HT0llhl 

llllR Toro, 'IT06bl nonyqHTb 38,QSH

Hy!O nepe.naTO'IHy10 cj,yiiKUHIO 

T8K K8K C0TOllHOe CM0W8HH0 ecer.aa 

OTpn:uaTeJibHO 

eMKOCTb pacc0HHHR 

C pa3pelll8HH8M 0,4 H8HOC0KYH.11 

nepe.aaTO'IHOe IlOJIHOe conpOTHB

neHHe 

pe30H8HCHhll! Tpaaccj,opM8TOp 

noHH>K810lllHA TpaHccj,opMaTop 

nOBhlllla!OlllHI! Tp8HCcpOpM8TOP 

Koscj,cj,HnHeHT Tpai<ccj,opManeu 

Tpa~ccj,opM8TOp CB!l3H 

H~nocpe.aCTB0HHaa CBH3b 

ecnu: peaouaTop c11nbHO aarpy>KeH 

ny11xo~ qacTHn ••• 

peaKTHBHSH Harpy3K8 

nonuas npOBOllHMOCTb 

peaKTHBHBH npOBO,llllMOCTb 

BXO.tlHOe Hanpst>KeHHe 

cTau.o.apTHoe onopuoe uanpsr»ceuae 

nenuas nHHHH /cxeMa/ 

npa llOCT8TO'IHO BblCOKOA aanpH>KeH

HOCTH B~COXO'IBCTOTHOro nong 

aMnnHTY .11H8H . / cj,83088!1/ xapaKTepHCTHK8 

ropa3OHTanbHAH /nnocKas/ xapaKTepHCTHKa 

CHI'HaJI o6p8THOI! CBS3H 

nonoca nponycKauug 

WHPHHS nonOCbl 

WHpOKononOCHbIA yCHJIHTenb 

y3KOilOJIOCHbIA reuepaTop 

nep0Jl8IOIU8H JIHHHS: 

OJJ.HOpo.auas qeTB0pTbBOnHOB8S nHBHB 

nonyBOltH0B8H JIBHHH 

yCHJIBT0:JlbH1dft K8CX8Jl 

38.0.BIOIUHA KSCK4.n 

K.OH0'1H&IA K8CK.8J1 

norepa /pacceHnHe/ MOlllHOCTH 
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push-pull amplifier 

cathode follower 

output pulse 

grid current 

grid bias 

lf pentode tubes sre employed 

in order to obtain a given transfer function 

since the grid bias is always negative 

stray capacity (capacit~ce) 

with a resolution of 0.4 nanosecond. 

transfer impedance 

tuned transfonner 

step-down transfonner 

step-up transformer 

trsnslormation (transfonning) ratio 

coupling transfonner 

direct coupling 

if the resonator is heavily loaded by the particle beam .•• 

reactive load, 

lldmittance 

susceptance 

imput voltage 

standard reference voltage 

ladder network 

at sufficiently high radio-frequency field strength 

amplitude ( phase) response 

flat response 

feedback signal 

band pass 

band width 

wide-band amplifier 

narrow-band oscillator 

transmission line 

unifonn quarter waVelength line 

half wavelength line 

smplifier stage 

driver stage 

final stage 

power dissipation 



9KOHOMHH 3HaqHTenbHoro KOnHqecTB8 
BbICOKOIISCTOTitoa MOlllHOCTH 

aanaceuHaSI sueprHH 

' KOH0'1Hhn1 K8CK8.0. yCHnIITenSI Mom-

HOCTH 06bltlffO 6bIB80T llBYXTSKTH!1IM 

curHan nepeaaeTcH xa6enHMH aHaqH

Tenbuoa .o.nHHbl 

npOBO.O.HMOCTb npH TOKe H8CbIW0HIISli 

K03cpqmuHeHT B ypaaaeHHH "Tpex
BTOpbIX' 

ynpaansnomaH /npe.ooxouett~ag/ naMna 

naMna co cxopocTHOA MonynHuHeA 
/nyqKa sneKTpOHOBI 

8HOD.HbIA TOK 

pacceHHHe Ha auoi::xe 

p.eaoaa.~oµ-Upo,<O;!lHOrO.TYn& 

peaoHaTop earpy>KeH.Hhlll cpeppHTOM 

HBCTpaeqHhlll nopweHb /nnyH>Kep/ 

BhlCOKOJl06po;rH1,1e pe30H8T0phl 

uanpHJK0HH0 Ha p03OH8TOpe 

noTepH a peaoua~ope 

Il0Tpe6neHH0 MO IUHOCTH 

UllllHHllP <l>apaaeH 

ua5nroneHHH sa npoueccoM ycxopeHHH 

ycTpOl!CTBO JlnH Ha6moaeHHH 38 
xapaxTepHCTHKaMH npouecca ycxopeHHH 

CHrHMbHbI0 sneKTpO.O.bl IHH.O.YKUHOHHbie/ 

onpe.a.ensnoT nono>KeHHe If HHT0HCHBHOCTb 

npoTOHHOr~ nyE!KS 

H30nHp0B8HHhie · O't 38MnH sneKTpO.O.hI 

nHHe~HaSI xapaKTepHCTHKa 

H3M8pHTb B0pTHK8nbHbl0 nepeM0lll0HHSI 

nyqKa 

ypoaeHb IlOMeX 

napa3HTH8H eMKOCTb 

qyBCTBHTenbHOCTb 

HHTerpanbHhiil THD HHJIYKllHOHHbIX 

sneKTpOJIOB 

JlHcpcpepeHUHMbHhlll THU HHllYKUHOHHhlX 
sneKTpOJIOB 

HHJlYUHpOB8Tb aapsJI HS H30nHpOB8HHblX 

'sneKTpo,aax 

MeaneHHSH paaaep;Ka /ocuHnnorpacpa/ 

aaTyxauue, 

B03MYlll0HHSI Dy'IK8 

cnyqallHhle WYMhl 
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saving of a considerable amount of RF power 

stored energy 

the final stage of a power amplifier is in general 
a push-pull stage 

signal is transmitted by cables of considerable 

length 

perveance 

driver tube 

velocity-modulated tube 

plate current 

anode dissipation 

reentrant resonator 

ferrite-loaded resonant cavity 

tuning plunger . 
. I 

high Q cavities 

cavity voltage 

cavity losses 

power consumption 

Faraday cup 

observations o' acceleration 

device for observing the characteristics of 
acCeleration of the beam 
pickup electrodes measure the position and 
intensity of the proton beam 

electrodes insulated from ground 

linear response 

to rneasurevertic~lmovements ol the beam 

noise level 

spurious capacity, 

sensitiVity 

sum type ·pickup electrodes 

differential type pickup electrodes 

induce charge on insulated electrodes 

slow sweep 

damping 

beam disturbances 

random noises 

\ 

Paaaen III 

Tunoabte d,paabt , 

Y M0RB 0CTb K B_aM eonpoc 

PaapewuTe MHe aa,a.aTb aaM aonpoc? 

rbaaonbT0 Mae OTB0TRTb aa B8W aon

poc, 

.H He Mory oTaeTHTh Ha aaw aonpoc. 

EcTb eme K8Kue-aa6yJlb BODpOChl HUH 
38M0'118HIISI? 

EcnH HeT 6onbwe aonpocoa, To Mbl 

nepeAJieM K ••• 

H xoqy TOnbKO CJienaTb uec.KOnbKO 

1tpaTKHX aaMeqauua o ••• 

Y M0HSI 0CTb 38M8"q8HH0 

Mae 6hl XOTenocb npHBeCTH npocTOll 
npHMep, llOKS3bIB8l0UlHA ••• 

Y M0HB eCTb' aaMeqaHHe, OTHOCHT8nbHO ••• 

H OCTSHOBnIOCb HS pa6oTe, npoae.a.eu

HOll COBMeCTHO c.a-poM X 

He MornH 6ht BM aen11caT& aTy cpopMy
ny? 

noaBDnbT8 MH0 CK838Tb 

Mue 6bl XOTenOCb y1taaSTb Ha eme OllHO 

o6CTOBTenbCTBO ••••• 

Mue 6hl XOTenocb TOllbKO o6paTHTb BaW'! 
BHHM8HH0 Ha ••• 

TI03BOnbT0 MH0 HaDOMHHTb 

Bo10Cb
1 

'ITO ae coaceM nouan Bae. He 

noaTopuTe nu Bbl eme paa? 

HaBHHRTe, SI He COBC0M ynasnHB8IO xo.a. 

Bawell Mh!Cn11 ••• 

LJ.eno B TOM, "qTO ••• 

Mue 6bl XOTenocb H3BHHHTbCSI aapaeee 

HacKonbKo MHe HasecTHo ••• 

A '!TO Bbl · MomeTe cxaaaTb no noao

JlY ,., ? 

About work; 

3Ta pa6oTa H8XOJlHTCH B npeaaapHTen&
HOA CT8JlllR ... 

Pa6oTa Bblnonueua .... H ••• 

MbI·eme ue c.a.enanu aToro.aKcnepaMeHTa 

H8H6DnbWHll HHTepec JlllH MeHH npeacTas

naeT ... 

Bb!BOJlbl cneay101UHe ••• 
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Sec. III 

Standard Phrases, 

I have a question 

May J ask you a question? 

Let me answer your queslion. 

I cannot answer your question. 

Any other questions or comments? 

If there are no more questions we shall go to ... 

I only wish to make a few short comments aho~L •• 

I have a remark. 

I would like to give a simple {example) illustrat
ion showing ••• ·.-

1 have a comment concerning ... 

I shall comment { be concerned ,;ith) on work done 
in collaboration with Dr. u• 

Would you please write down this fonnula? 

Let me say ••• 

I would like to point to another thing ... 

I would just like to call your attention to the 

fact that ... 

Let me remind you ... 

I am afraid I didn't quite catch what you said. 
Will you, please, repeat it again? 

I am sorry, I don't quite follow you, 

The point is ••• 

I would like to apologize beforehand ... 

As far as I know ... 

Wb at about ... ? 

This work is in a pteliminary stage. 

Work has been carried out {done) by .... and ... 

We have not yet done this experiment ••• 

I am most interested in ••• 

The conclusions are the following .... 



Il03MO)KHO,. H MOr 6bl .ao6aBHTb eme 
H8KOTOphle cse.aeHHSI ••• 

Y nae 6LmH TP)'llHOCTH c ••• ? 

C npoeKTHpOBaHHeM? 
coopyJKeHHeM? H T.ll. 
H8 0118Hb MHOro •• ; 
MHOro .... 

SI npeneny np11Mep, ••• 

MesH 6ecnoKOHT ••• 

rnaBHbIM npensiTCTaueM' ea nyTu npor

pecca -senseTcSI:·• 
H8.QOCTSTO'UI00 3H8HHe ..... 

, )onbKO nocne OTKpblTHH ... 

CTMO HCHO, 'ITO ..... 

BhlcTi:ioe pa3BHTRe ••• npeseno K peaynb
TBTaM, KOTOpbie CBH.0.eTenbCTBOBBntf B 

nonb3y ••• 

SI XO'I)' KpaTKO OCTaHOBRTbCH Ha ••• 

SI ue Bbl'IRCnwt aToro ••• 

SI aa6h!n )'ll<>MHH)'Tb 06 0,!lHOM BalKHOM 
06CTOSI.Te;IbCTBe ..... 

Bwnonueuae aToA nporpaMMbl OKaaanocb1 

O,QHSKO, HCKnI011HT0nbHO Tpy .O.HOA aa.aaqeff:. 

'3TH 'pe3)'llbTaThl KalK)'TC!I MHOf'Oo6ewa10nm
MH ••• 

Kor.a.a Bbl roaope:Te 0 ••• 1 Bbl uMeeTe a ee:-,~ . 

ll)' •••. 
Jla, ••• /HeT, H RMe10 B eeny •• ;/ 

3To caMo no ce5e ae oco6euuo CTpawao ••• 

ff .a.yMalO, qTo Hf.a<BO H3M8HHTb caMy 
IlOCTB.llOBKy nonpoca ••• 

EcitR MO)KHO, Bblpa3HT0 9TO .opyrHMH 
CnOBSMH~ .. 

no-MoeMy 3TO He ony6naxoaauo a ne-
1lBTH, •• 

t{To Bbl MO>KeTe CKaaaTb no IlOBOJly ..... 

BnHHHHH T0Milepa-rypHhlX 
xone6aaea Ha pa6oTy yc
xopaTenH. 

st cornaceu c eaMH ...... 

H nonuocTblO cornacea c TeM, 1lTo Bbl 
CK83MH., .... 

KaK 6bl BaM CK838Tb, 6orocb, 1JTO Si He 
Mory nonHOCTblO ·cornacu:TbC8 c BaMH. 

OauaqaeT nu aTo, 'ITO B1:,1 aaaeTe np3-
BHnhHoe auatieuu:e ..... ? 

SI JlyMaJO TaK ••• 

Ka1ta11 p~uaua Me}l{ay ..... H ..... ? 

.Qeno B TOM, 'ITO ..... 
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Perhaps, I can add the extra piece of infonnatiori ... 

Had you difficulty with ... 

design? 
constraction? etc ..... 

Not very much ••• 

A lot of ••• 

I'll give you an example .... 

I am worried about ... 

A major obstacle to progress was ..... 

lack of knowledge of ••• 

It was only after the discovery of ... 
that it became clear that .... 

The rapid development of•••• led to results which all 
gave strong support to ••• 

I want to describe briefly ••• , 

I haven't calculated this ••• 

I forgot to mention one important point ••• _ 

The fulfilment of this program turned out, however, 
to be an eaonnously difficult task. 

These results look promising 

When yon speak of.... do you mean •••• ? 

Yes, I do. (No, I mean ••• ) 

This in itself causes no harm .... 

I think the very formulation of the problem should be 
changed ••• 

II possible, say it the other way around ••• 

In my opinion this has not been published ••• 

What can yon ·say about ••• ? 

the effect of temperature variations on 
the operation of the accelerator? 

I agree with you ••• · 

I agree completely with what you just said about ••• 

Well, I don't think I qnite agree with yon • 

Does this mean that you _know what the correct value 

of ... is ? 
I think so. 

What is the difference between •.• and ••• ? 

_Th_e point is .... 

KaKHe llp0RM)'WeCTBa naeT MeTOll 
...... ? 

Hacxon&x.o MHe aaeecTuo .... 

Kax Bhl 6opHTecb c napaaHTHhlMR• 

p030HSHC8MH? C ............... ? 

c ..................... ? 

3Ta CHCTeMa MOlK0T 6b!Tb ycosep
W0HCTBOB8H8. 

Henpe,!lBR,!leHHhle Tp)'JlHOCTR aanepJKa
nH Bb1Il0nH0HH0<, nepaOH8'18nbHOA nporpaM
Mhl 

HMeIOTCH TPR MeTo.o.a npeoll,oneHHH 

STOA Tp)'llHOCTR . 

TpeTHA MeTOll 6h!n paapa60T8H HellBBHO 

Jlpyroa MeTOll peweaH11 11po6neMhl ·npen-
nonaraeT Hcnonb3oBaHHe ceToK, I ........ I. 

1 •••• .1 

Bonpoc1:,11 

KaxoeaocHoeHaH oco6eHHOCTb ycKopeTenea 
Ha caepx-ab1coKHe auepr1-rn? 

0TBeT:. 0cHOBHOA oco6eHHOCTbJO ycKOpRTenea 
ua caepx-ablCOKHe auepruu HBnHeTCSI BblCOKSH 

SHeprHH HH>KeKTRpyeM~X qacTHu-nopSI.O.OK 

HeCKOnbKHX MHnnuap.o.oa anexTpOHOB-BOnbT_ .. 

lfTO Bbl npe.o.nonaraeTe HCil0nb30B8Tb B 
KaqecTne HH.a<0KTOpa? 

Kaxoe panayc op6HThl B ,!laHHOA MaWRHe? 

KaKa!I TO'IHOCTb Tpe6yeTC!I llll!I )'CTaHOSKH 
6nOKOB M8rHHTOB R KBK Bbl .a.yMaeTe .O.OCTHqb 
ee? 

Kaxoeh! .paaMephl eaxyyMeoa xaMepbt? 

Kaxoaa npoeKTH8H HHT8HCHBHOCTb? 

Kax ycTpoeaa CHCTeMS HH>K0KIU1H? 

He MOf'llH 6hl Bhl o6pucosaTb CRCTeMy RH>Kex
.ItHH? Meas HHTepecylOT T0XHHEl0CK.He .aeTMH~ 

Ka1rn:e pa5oThl ae.a.yTCH .a.ns:i yaeneqem-1H 
HHT8HCHBHOCTH? 

KaKyIO HHT0HCHBHOCTb Bbl npe.nnonaraeTe 
riony"IJ.HTb? -

Kaxoaa B H8CTOSILU08 apeMH cpe.a.HHSI HHTea

CHBHOC'J'b? 

KaK8g qaCTb '18CTHU TepseTCH B npouecce 
ycxopeHHH? 

Ha K8K)'JO o6naCTb aaepl'HH npHXOll!ITCH 
0CHOBHbl0 IlOT8pH? 

SI .a.yMa101 qTo y Bae ueT pesoaaHcoa .. 

KaKoaw noTepu sueprHa aa o.a.aa o6opoT 
B KOHUS ycxopeHHSI? 
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What advantages does the method of .... offer? 

As far as I know ••• 

How do you overcom·e parasite resonances? 

····-···········? . ... .-· ..... .... :/ 
This syste:i can be improved. 

Unpredicted difficulties delayed the .original program • 

Three procedures are available to circumVent this 
difficulty. 

A third technique has recently been evolved. 

. The second solution involves the use of grids, ( •••• ) 

Questions. 

What is the main feature of the ultra-high energy 
accelerators? 

Answer: The main feature pf the ultra-high energy 
acceleratol'S is the high energy of injected particles-
some billion ev. 

What are you going to use as an injector? 

What is the orbit radi;s in your machine? 

What accuracy is required for the adjustment of the 
magnet blocks, and how are you going to accomplish 
this? 

What are the dimensions of your vacuum chamber? 

What is the design intensity? 

Ho~ does the injection cystem work? 

Will yon describe the injection system? I am interested 
in its technical details .. 

What is being done to increase the intensity ? . 

What intensity are you going to get? 

What is the mean inte~~ity available at present? 

What fraction of panicles is lost during the acceleration 

process? 

What region is responsible for the main losses? 

I think you have no resonances. 

What are the energy losses per revolution at the end 
of the acceleration? 



Kax.ag CHCT8M8 BBO.nt:1 n:cnonb3y0TCH 
B8MH? 

Kaxoao speus Haxonn8uaa? 

Ka1<a<1 cTeneHb aaxyyMa Hy>«Ha .11ne 
sToro? 

-10 -11 
HaM Tpe6yeTCR aaKyyM B 10 -10 MM 
pT. CT. 

KaKHM cnoco6oM ,llOCTHr~:aTCH CTOnb 
Bb!COKBA aaxyyM? 

KaKrut qaCTb ycTaHOBKH OTBeTCTBeHHa 
38 npoCTOR? 

CKon&KO qSCTHll HSKannaaaeTCs? 
'-----· 

3a KSK00 apeMH HHT0HCHBHOCTb B KOnbne 
na.naeT a.naoe? 

_ Kaxoaa xpaTHOCTb qacTOTbl ycxopsuomero 
HSllpSl>K0HHSI? 

11MeeTCll ne cecTeMa perynepoaxe napa
MeTpoa ycxopeTen<1, HCX0.11<1 H3 HH<pOpMa
llHB o ny<1xe? · 

Kaxoaa aMnneTy.11a ycxop,nowero uanp<1>«e
HHS1? 

Cxonbxo ycxope~wex peaoHaTopoa? 

4To 03HaqaeT aTa 6yKBa B aToA cpOpMyne? 

B KSKHX npe.nenax npOH3BO.Z1HTCH HHTer
pepoeaHee? 

HacxonbKO qHCTSH ao.na HCilOnb3yeTCH .nnH 
oxnam.neuuH? 

npuae.nuTe, no.nanyAcTa 1 xapaxTepu:cTHKH 
/}Kene3a, npu:MensrnMoro .nna MarHHTS/ 
/raaa, npeMeirneMoro . .11ne npe6opa/ 

KaKO:Bbl reonorHq:ecxn:e ycnOBHSI B TOM 
MecTe, r.ne npe.nnonaraeTCH cTpOHTb 
ycxopaTen&? 

KaxaH TSM noq:aa? /necox, rnuaa 1 H3B0CT

HHK, cxana, rpaau:T H T.n/ 

Y Hae a .lly6He xneMaTeqecxee ycnoeas 
coaepweHHO: .11pyree, qeM y Bae ••• 

Kax ·ayqwe pacnono>«eTb annapaTypy 
npu aaMei:,eHaB HMnynbCHblX nonea? 

K8Koe apeMH Tpe6yeHCH .nna oTxaqxa 
BaK.YYMH0.11 KaMepbI? 

Paa.11en!V 

EµuHHUbI R3MepeHHH. 

M.~~Aviapo.11aae cllcTe>,<_a e,gaHHll· CH / SI / 

MeTp IMI 
caHTHMeTp /cM/ 
MHKPOMeTp IMKM/•10-BM 

Wha~ injection system do you use? 

How long does the storaging occur? 

What vacuum. do you need for that? 

We need a vacuum of (l(flO _ 10·11) mm Hg. 

How do you reach such a high vacuum? 

Which part of the accelerator is responsible for 
breakdowns? 

How many particles are stored? 

How long does it take for the intensity in the ring to 
become twice as less? 

What is the frequency harmonic order of the accelerating 
:voltage? 

Have you a system for controling the parameters of the 
accelerator starting from the information on the beam? 

What is the amplitude of the accelerating voltage? 

How maay accelerating cavities are there in your machi_de? 

What does this letter in this formula mean? 

What are the integration limits? 

How pure water is used for cooling? 

· Will you give, please, the characteristics of the 
iron for the magnet, 
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gas for the device, •.. 

What a~e the geological conditions in the place where 
the accelerator is supposed to he built? 

What soil is there? ( sand, mu~, limestone, rock, granite 

etc •• ?) 

Here, at Dubna, the climate is quite different from that 
of yours ... 

What is the best lay-out of the apparatus for measuring 

pulsed fields? 

How long does it take to pump out the vacuum chamber? 

What is the pumping time of this machine? 

Sec. IV, 

~ 

meter (m) 
centimeter (c;,,) 

micrometer (µm) • 1<J6 m 

<peMTOMeTp 

KenorpaMM /xr/ 

-15 
/cj:,M/•IO M 

Cexya.11a /cex/ 
9 HauoceeyH.11a /Hcex/•10 cex 

AMnep /a/ 
xenoaMnep /xa/ 
MHnnHaMnep ./Ma/ 
MUpoaMnep ·,MKa/ -15 
cpeMTOaMnep /cpa/•!9

8 
a 

aTTOaMnep /aa/•10 a 

rpa.11yc KenbBBHa t°K/ 

Caeqa /ca/ 

Pa.11eau /pa.11/ 

CTepa.11eau /cTep/ 

repu /ru/ 
xenorepu /xru/ 
Merarep11 _ / Mrur 

HblOTOH /a/ 

.ll>i<oynb / .11>«/ 

BaTT laT/ 

KynoH /x/ 

BonbT /al 

BonbT Ha MeTp fa/M 

OM /oM/ 
MeraoM / MoM/ 

CeMeHc /cnM/•1 Ha OM (1/oM) 

<l>apa.11a /cp/ -12 
nexacpapa.11a /ncp/•10 cp 

ae6ep /a6/ 

reape /ru/ 

Teena ITnl• ee6ep Ha M2 (a6/M2 ) 

AMnep-BHTOK /as/ 

AMnep Ha MHTp (a/M) 

llroMea / nM/ 

HeT /aT/=caeqa Ha M2 (ca/M2 ) 

/lroxc /nx/ 

HeKOTOpbte BHeCHCTeMHbie e.gnHHUbI 

3neKTpOHBOnbT /as/ 
KHnoanexTpOHBOnbT /xaa/ 
MeraanexTpOBBOIIbT / Mas/ 

9 
rH~aaneKTp0HBOnbT /raa/•10

12
a 

TepaaneKTpOHBOIIbT ~\aa/•10 38 
1 as- 1,60207 • 10 .ll>K 

Bap /6ap/ 
5 2 1 6ap • 10 u/M 

_q1 

· femtometer (fm)-l<f15m 

ldlogram_(kg) 

second (s) 
nanosecond (ns) • 10·9 s 

~pere (A) 
kiloampere (kA) 
milliampere (mA) 
microampere (,,A) _

15 femtoampere (fA) • 10 A 
attoampere (aA) • 1~·l8A 

degree Kelvin ("K) 

candela (cd) 

radian ( rad) 

steradian (sr) 

hertz (Hz) 
kilohertz (kHz) 
megahertz (MHz) 

newton (N) 

joule (J) 

watt (W) 

coulomb (C) 

volt (V) 

volt per meter ( V /m) 

ohm (0) 
megaohm (MO) 

siemens (S) • 1 per ohm ( 1/0) 

farad (F) 

picofarad (pF) •-lo" 12 F 
weber (Wb) 

henry (H) 

tesla (1) • weber per m 2 (Wb/m 2 ) 

ampereturo (At) 

ampere per meter (A/m) 

lumen (Im) 

nit (nt) = candela per m2 ( cd/m2) 

lux (Ix) 

electron volt (e V) 
kiloelectronvolt (ke V) 
megaelectronvolt (MeV) 
gigaelectronvolt (Ge V) = 10 9 e V 
teraelectronvolt (TeV) -1a12 ev 
1 e V = 1,60207 lCT 19 J 

bar (bar) 
5 1 bar= 10 N/m2 



Abbreviations 

a. c. - alternating current 

a.g • ..:. air gap 

AGS - ahemating gradient synchrotron 

aux - auxiliary 

AVC - automatic volume cont;ol 

A VF - azimuthal variation of field 

cc - cubic centimeter 

DC - direct .current . 

deg - degree 

FFAG accelerator-fixed feild alternating gradient 
accelerator ' 

FM - frequency modulated 

linac -linear accelerator 

MG -motor,~ generator 

MOPA - master oscillator, power-amplifier 

o.d. .:. outside diameter 

PA - power amplifier 

PLA - proton linear accelerator 

PS -· proton synchrotron · 

RBE - rapid beam ejector 

rf - radio frequency' 

· ZGS - zero gradient synchrotron 

CoKpameHH>J 

nepeMeHHblll TOK 

B03.llYWHblll aaaop 

.cHHXpOTpOH C nepeMeHHblM rpB.llH8HTOM 

MarHHTHOI"O nonst 

BCilOMOI"ATenbHhIA 

BBTOM4TH'IBCKAH perynapOBK8 ycaneHHH 

43HMyTanbHlUI aapuanas MaruuTeoro nonsf 

Ky6H'l8CKHll. C8HTHM8Tp 

DOCTOSIKHblll TOK 

rpa.1:tyc 

ycKOPSITenb C DOCTOHHHblM MBrllHTHblM 

noneM H CHnbHOll cpoKycepOBKOl! /ycKopa

Tenb C npOCTp8HCTBBHHOll BSpHAttHell DOCTO

HHHOrO MArHHTHoro nonH/ 

C 'ISCTOTHOl! MO.llynHUHel! 

nuueAHLIA ycKOpHTenb 

MOTOp-reuepaTOP 

MOWHbll! ycHnHTBnb 38.ll8IOW8rO reHepaTopa 

aapy>KHLIA JlH8M0Tp 

ycunuTenb MOUlJ:10CTH 

npOTOHHbll! naHel!Hbll! YCKOpHT8nb 

':lpoTOHHLIA CHHXPOTpOH, cauxpocpaaOTpOH 

ycTpOACTBO JlnSI 6blCTporo BblBO.ll8 ny'IKA 

BbICOK.811 . t14CTOT8 1 · nblCOK.O'IACTOTBhlA: 

CHHXpOTpOH C HyneBblM rpA.llHBHTOM .MBrllT 

HHTHOro nonH 


