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BacellbeB A.A. H AP• ~9 - 11584 

UexnoTpOHHblll KOMnnexc AP.SI ycxopeHHSI MHoroaapMHbiX HOHOB 

AO penSITHBHCTCKHX SHeprHl! 

PeccMoTpeH ycxopHTellbHbrl! xoMnnexc AnSI nonyqeHHSI nyqxoe MHoroaa

pS!AHbrX HOHOB BRl!OTb AO ypaHa C KOH9'!HO!l SHepreel! llO 300 Ms8/HyKJl, 

flpeAyCMaTpeeaeTCSI ecnonb30BaHHe miHei!Horo ycxopHTeJJSI THna Bellepos Ha 

H8'!3JlbHOM y'!SCTKe ycxopeHHSI (Ao 0,59 MsB/HyKn.), )lanee - H30XpOHHoro 

ceKTopHoro UHKJlOTpoKa c o6br'!HbiMH o6MOTK8MH (llo 10 MsB/ayxn.) H e 

Ka'!eCTee nocneaaer1 CTynene ycKopeHHSI - ceKTOpKoro UHKJJOTpOHa co ceepx

npoeoliSiliiHMH o6MOTKSMH, Bbr6paHHall CTPYKTYPS ycxopHTen!>P.oro KOMnl!eKca 

06CCJl9'1HBSeT Bb!COKYIO i!HTeHcr-:HOCTb YCKOpeHHOf'O Uy'IK8 KSK )ll!SI KOHe'IHOI\ 

SHepl'HH 300 ,\138/HyKJJ, (- 10 IIOHOB B CeKYHllY AJlSI ypaHa) 1 T8K H AJ!ll 

npOMe>KyTO'IHOi! 9HeprKH, paBHOll 10 ,\hB/ P.YKJl, ( - 10 g HOHOB B CeKYHAY 

AJlll ypaHa). 

npHBe)leHbl OpHeHTHpOBO'IHble napaMeTpbl OT)leJl~Hb!X CTyneP.el! YCKOpH

TellbBOl'O KOMRJleKC8, 

Pa6oTa Bbrnonaeaa e Jia6opaTopnH l!AepHbiX npo6neM O¥UU1. 

npenpHHT 06ballHH9HHOf'O HBCTHTyT8 llllapBbiX HCCJl9l!OB8HHl!, lly6Ha 1978 

VasUyev A.A. et a1. D9 • 11584 
A Cyclotron Complex for Accelerating Multicharged 
Ions up to Relativistic Energies 

The accelerating complex for the production of the multi
charged ion beams up to uranium vvith a final energy of 
300 MeV/amu is described, It is supposed to use a Wideroe type 
accelerator at the first stage of acceleration {up to 0,59 MeV/amu), 
a conventional isochronous cyclotron at the second stage (up 
to 10 MeV/amu) and an isochronous cyclotron with superconducting 
magnet coils at the final stage. Such a structure of the accelerat
ing complex provides hi(;1,h beam intensity at the full energy of 
300 MeV/amu (about 1013 particles per second for uranium) and 
U1e intermediate energy of 10 MeViamu (about 10-14 particles per 
second for uranium), Some preliminary parameters of the acce
lerator are presented, 

The investigation has been perfonned at the Laboratory 
of Nuclear Problems, JINR. 
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© /978 06'beJlHB8HHblil IIHCrHryr RJiepHblJC HCCneJIOBBHHil Jly6Ha 

BBE,[fEHHE 

ilOBLIWeHHLIB HHTepec I< HCIT01IL30BaHHIO MHOrOJapJI.I(

HLIX HOHOB WHpOKOrO CITeKTpa MaCe B HCCJie,I(OBaHHJIX 

ITO peJIJITHBHCTCKOB JI.I(epHOB ~H3HI<e npHBe11 I< pa3pa60TI<e 

H peaJIH3aiJ;HH MHOr01.fHC1IeHHLIX npoeKTOB YCKOpHTeJILHLIX 

ycTaHOBOK Ha 3HeprHH oT 6-:-8 M3B/HYKA . .no peJIJITHBHCT

CKHX 3HeprHii B .nHanaJoHe 2-:-10 F3B/HYKA. 
B 061IaCTH OKOJI06apLepHLIX 3HeprHii/.no -10M3B/HYKA./ 

B Ka1.feCTBe YCKOpHTeJILHLIX YCTaHOBOK C O.I(HHaKOBLIM ycne

XOM HCIT01IL3YIOTCJI IJ;HK110TpOHLI H 1IHHeBHLie YCKOpHTeJIH. 

,D,11.11 3HeprHH 2-:- 10 T3B/HYKA., KaK npaBHJIO, HcnonL

JYJOTCJI paHee C03.I(aHHLie npOTOHHLie CHHXpOTpOHLI llpH 

COOTBeTCTBYJOIIJ;eB nepecTpOBKe 1.faCTOTHOrO ,I(HanaJOHa H 

ynyqweHHH BaKYYMHLix ycnosHii, o6ecne1.fHBaJOIUHX MHTen~a

HLiii I ceKyH.nLI/ npo:u;ecc ycKopeHHJI 6e 3 HJMeHeHHJI 3ap.11.n
HOCTH HOHa/ 4 /. 

llepexo.n oT HenpepLIBHoro HJIH KBaJHHenpepLIBHoro 

ny"'I<a MHOrOJap.II.I(HLIX HOHOB /B IJ;HK110TpOHHLIX H 1IHHeBHLIX 

YCKOpHTeJIJIX/ I< HMITY1ILCHOMY pe~HMY /B CHHXpOTpOHaxj 

o6yC1IOBH11 yMeHLWeHHe HHTeHCHBHOCTH ITY"'KOB llpH61IH3H

Te1ILHO Ha TpH-1.feTLipe ITOp.II.I(Ka, "'TO onpe,I(eJIJieTCJI OTHOWe

HHeM BpeMeHH HH~eKIJ;HH I< IT01IHOMy IJ;HK1IY MarHHTHOrO 

IT01IJI CHHXpOTpOHa. TaK KaK BpeMJI H~eKIJ;HH /MHOroo6opoT

HOB/ Tpy.nHo c.nenaTL 6onLwe 100 MKC, a nonHLiii UHKJI 

MarHHTHOrO ITOJIJI H3MCp.IICTCJI ,I(eCJITLIMH .I(01IJIMH H e,I(HHH

IJ;aMH CCKYH.I(, TO yKaJaHHLIB ~aKTOp CH~eHHJI 6y.I(eT 

XapaKTepeH ,I(JIJI BCCX CHHXpOTpOHOB, ,I(~e 6e3 yqeTa 

BaKYYMHLIX ITOTepL. ,lJ,JIJI C1Iy1.faJI 0.I(H0060pOTHOB HH~CKIJ;HH 

B CHHXpOTpOH HHTeHCHBHOCTL ,I(Oll01IHHTe1ILHO CHH3HTCJI 

eiiJ;e Ha .nsa nopJI.nKa. 
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HeCMOTpJI Ha yKa3aHHOe CHH>KeHHe HHTeHCHBHOCTH MHO" 

ro3apJI,D,HbiX HOHOB npH YCKOpeHHH B CHHXpOTpOHHOM pe>KH· 

Me, a o6nacTa 3HepraB: 2 710 F3B/HYKA. npa coapeMeHHOM 

COCTOJIHHH pa3BHTHJI yCKOpHTeJibHOH TeXHHKH 3TOT pe>KHM 

npe,D,cTaBJIJieTCJI Haa6onee uenecoo6pa3HbiM, TaK KaK npe

,D,eJihHbiH pa,D,ayc (R ) npa .D.OCTH>KHMbiX HH.D.YKUHJIX MarHHT

HOrO ITOJIJI COCTaBJIJieT ,D,eCJITKH MeTpoa·. 

/1/ ~. R. s .. v 2 ~1!.-·~.o.P~wj_ 
ec 

r,D,e ~ .• q/A, q • OTHOCHTeJihHbiH 3ap.II,D, HOHa, Wn - 3HeprH.II 

Ha HYKJIOH, E op - 3HeprH.II noKOJI HYKJIOHa, B - cpe,D,HJIJI 

HH.D.YKUHJI MarHHTHOrO ITOJIJI. H3 Bblpa>KeHHJI /1/ CJie,D,yeT, 

'ITO aeJIH'IHHa MarHHTHOH >KeCTKOCTH B · R .D.JIJI 3HeprHH 

10 F3B/HYKA. a ~ =0,5 cocTaanJieT 73 T. M. 
B cnyqae JIHHeHHoro ycKopaTeJIJI co cpe,D,HHM noroHHLIM 

Ha6opOM 3HeprHH Ha 3apJI,D, DO ,D,JIJI ,D,OCTH>KeHHJI 3HeprHH 

Ha HYKJIOH W n Heo6xo,D,aMa .D.JIHHa 

L=~ 
~Do 

/2/ 

,lJ;JIJI peaJILHbiX aeJIH'IHH Do"' 1 7 3 M3B/M npa ~ :::; 0,5 

,D,JIHHa JIHHeHHOro YCKOpHTeJIJI 6y,D,eT 60JihWe 10 KM. 
0.D.HaKo a o6nacTH cpe,D,HHX 3HepraB: ( 300 7 

400 M3B/HYKA.) ycKopeHHe MHOr03apJI,D,HbiX HOHOB B 

CHHXpOTpOHHOM pe>KHMe He JIBJIJieTCJI OITTHMaJibHbiM, TaK 

KaK ,D,JIJI 3Toro ,D,aana3oHa 3HepraB: MoryT 6b1Th C03,D,aHbl 

npaeMJieMble no ra6apaTaM UHKJIH'ieCKHe ycKopaTeJIH, pa-

6oTaJOmae a HenpepbiBHOM pe>KaMe. B qacTHOCTH, Ha 

6a3e CBepxnpOBO,IJ,JIJUHX MarHHTOB C HaiTpJI>KeHHOCThiO ITOJIJI 

4 7 5 T B03MO>KHa pa3pa6oTKa UHKJIOTPOHHOH ycTaHOBKH, 

pa6oTaiOmeB: a HenpepbiBHOM pe>KHMe, Ha 3HeprBIO 300-

400 M3B/HYKA. npa cpe,D,HeM pa,D,ayce ycKopeHHJI, He 

npeBbiWaiOI.QeM 4 7 4,5 M. llpH 3TOM npe,D,eJihHble ITJIOTHOCTH 

3apJI,D,a ITY'IKa (K) ,D,JIJI O,D,HHaKOBbiX 'iaCTHU, npH paBHbiX 

3MHTTaHcax H 3HeprHJIX B UHKJIOTpOHHbiX H CHHXpOTpOHHbiX 

YCTaHOBKaX, 6y,D,yT OTHOCHThCJI KaK 

4 

Q -
K ~ ~~ q c. Rc 2 

- = --( --=--) ' /3/ 
Kc Qc q~ ·R~ 

r,D,e Q~ II Qc - COOTBeTCTBYlOUUie 'iaCTOTbl CB060,D,HbiX KOJie· 

6aHHH. 

H3 COOTHOWeHHJI /3/ CJie,D,yeT, "'TO ,D,a>Ke ,D,JIJI CJia6ocilo· 

jKYCHpylOI.QHX UHKJIOTpOHHbiX CHCTeM (Q~<l).D.OITYCTHMaJI ITJIOT" 

HOCTh 3apJI,D,a 6y,D,eT B HeCKOJibKO pa3 npeBbiWaTb CHHXpo

TpOHHylO. 

TaKHM o6pa3oM, y'IHTbiBaJI OTCYTCTBHe MaKpocKBa>KHoc

TH, 'ITO npHBO,D,HT K yBeJIH'ieHHlO HHTeHCHBHOCTH ,D,O Tpex 

ITOpJI,D,KOB, a TaK>Ke 60JILWYIO npe,D,eJILHYlO ITJIOTHOCTh ITY'II<a, 

He06XO,D,HMO ITpH3HaTb cymeCTBeHHble npeHMYIUeCTBa UHK" · 

JIOTpOHHOB YCTaHOBKH CO CBepxnpOBO,IJ,JIJUHMH o6MOTKaMH 

AJIJI YCI<OpeHHJI T JI>KeJibiX HOHOB BITJIOTh ,D,O ypaHa B yKa3aH • 

Hoii o6nacTa 3HepraB: I- 300 M3B/HYKA/. 
Ha coapeMeHHOM 3Tane orpaHH'ieHae HHTeHCHBHOCTH 

UHKJIOTpOHHOrO KOMITJieKca 6y,D,eT onpe,D,eJIJIThCJI B03MO>K" 

HOCTJIMH HOHHbiX HCTO'IHHKOB, I<OTOpble, O,D,HaKO, npH HeBbiCO" 

KOH CTeneHH HOHH3aUHH MOryT o6ecne'IHTh TOKH ,D,O ,D,eCJIT· 

KOB MHJIJIHaMnep. ,lJ;JIJI yaeJIH'ieHHJI 3apJI,D,HOCTH HOHOB B 

npouecce ycxopeHHJI MoryT 6b1Th :acnoJIL3oBaHbl xopomo 

pa3pa6oTaHHble /TeopeTH'ieCKH H 3KCrrepHMeHTaJihHO/ Me· 

XaHB3Mbl 06,D,HpKH Ha TBep,!J,biX HJIH ra3006pa3HbiX MHWe" 

HHx151 . 

3TH C006pa>KeHHJI 6biJIH ITOJIO>KeHbl aBTOpaMH B OCHOBY 

npe,D,JiaraeMOrO BapHaHTa UHKJIOTpOHHOrO KOMUJieKCa MHO" 

ro3apJI,D,HbiX HOHOB. 

Hapa,D,y c npaHuanaan&HbiMH coo6pa>KeHHJIMH, H3Jio>KeH

HbiMH a~a~me, cymecTaeHHYlO ponL .D.JIJI Bbl6opa Tana yci<o

paTeJI.II arpalOT: 

a/ TPY.D.OeMKOCTL H3roToaneHH.II KoMnJieKca a uenoM; 

6/ 3KCITJiyaTaUHOHHble H 3HepreTH'ieCKHe 3aTpaTbl npa 

HenpepbiBHOH pa6oTe yci<opaTens:; 

B/ I<OJIH'ieCTBO 3KCDJiyaTaUHOHHOrO nepCOHaJia; 

r/ KaJieH,D,apHoe apeM.II pa3pa6oTKH a coopy>KeHHJI Ta

Koro I<OMITJieKca. 

Ha cTa.D.HH ciiH3H'iecKoro o6ocaoaaaa.11 aa nepeqacneH

Hble BbiWe BODpOCbl HeJib3.11 OTBeTHTh C Y.D.OBJieTBOpHTeJib" 

HOB CTerreHhiO TO'IHOCTH, O,D,HaKO OITbiT COOpy>KeHJiUI H 

3KCITJiyaTaUHH UHKJIOTpOHHbiX H CHHXpOTpOHHbiX ycTaHOBOK 
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B CCCP H 3a py6e)I(OM noKa3blBaeT, "'TO UHKnoTpouuble 

CHCTeMbl OTllH"laiDTCR OTHOCHTellbHOH npOCTOTOH, "'TO o6-

nerqaeT ux H3rOTOBneuue H 3KcnnyaTaUHID. 3uepronoTpe6-

neuue UHKllOTpOHHOrO KOMDlleKCa B cnyqae HCfi0llb30BaHHR 

CBepxnpOBO,!J,RIIUIX 06MOTOK OCHOBHOrO MarHHTa 6y,IJ,eT BeCb

Ma ueBenHKO. 

1. IIOJIYqEHHE HOHOB BhiCOKOH 3AP Jl):fHOCTH 

CyiUeCTBYIOIUHe B HaCTORIUee BpeMR HCTO"'HHKH MHOro-

3apR,D,HblX HOHOB, TaKHe KaK HCTO"'HHK THna IleHHHHra 

(PIG)'6; 3neKTpOHHO-UHKllOTpOHHOrO pe30Hauca (ECR)
171 

HllH 

3lleKTpOHHo-ny"leBOH (EBI8)181 
, o6ecne"'HBaiOT OTHOCHTenL

HO BblCOKYID 3apR,ll,HOCTb HOHOB IBDllOTb ,!J,O q "'13 -'- 141, 
O,IJ,HaKO BblXO,!J, MHOr03apR,!J,HblX HOHOB 6blCTpO na,IJ,aeT C 

yBenH'IeHHeM 3apR,IJ,HOCTH. TaK, HanpuMep, ,IJ,nJI HCTO'IHHKa 

PIG npoueHTHblH cocTaB HOHOB ,IJ,aHHOH 3apJI.D.HOCTH na,IJ,a

eT npu6nH3HTellbHO KaK 2 q C MaKCHMallbHbiM BblXO,!J,OM 

uouoB 5-;- 7 3apR,D,HocTeH. )l.nR CBq-ucTo"'HHKa c 3neKTpoH

HblM UHKnoTpOHHblM pe3oHaHCOM H HCTO"'HHKa THna EBIS 
MaKCHMYM BblXO,IJ,a HOHOB MO)I(eT 6b1Tb CMeiUeH Ha 2 -'-4 3apg

,IJ,a, O,IJ,HaKO npH ,IJ,allbHeHWeM yBellH"leHHH 3apR,ll,HOCTH BblXO,!J, 

na,IJ,aeT 6onee pe3Ko. 

0CHOBHOH xapaKTepHCTHKOH, onpe,IJ,enRIOIUeH BblXO,lJ, HO

HOB, JIBllJieTCJI $aKTOp HOHH3aUHH lle·r, r,IJ,e ne- nnoT

HOCTb fiOTOKa HOHH3HPYIOIUero 3neKTPOHHoro TOKa, r -
BpeMJI y,IJ,ep)l(aHHJI HOHa B 3lleKTpOHHOM fiOTOKe /

9
'. 

Ilpe,IJ,ellbHble 3Ha"leHHR $aKTOpa HOHH3a:UHH ,!J,llJI pa3llH"l

HblX THllOB HCTO"'HHKOB npHBe,IJ,eHbl B 11106/IU(#e 1. 

83 ma6/IU(#bl 1 cne,IJ,yeT, "'TO $aKTOp HOHH3a:UHH TBep,IJ,OH 

IHnH ra3006pa3HOHI nepe3apR,ll,HOH MHWeHH npaKTH"leCKH 

He,IJ,OCJiraeM ,!J,llJI HCTO"'HHKOB uenpepbiBHOrO ,IJ,eHCTBHJI. HCTO

"'HHKH HMDYllbCHOrO ,IJ,eHCTBHR MOryT npu6nH)I(aTbCJI DO 

3$clJeKTHBHOCTH K o6,D,Hp0"1HblM MHWeHJIM, O,IJ,HaKO OHH He 

npHrO,!J,Hbl ,!J,llR UHKllOTpOHHbiX pe)I(HMOB YCKOpeHHR HOHOB. 

3aBHCHMOCTb paBHOBeCHOro 3apJI,D,a (<f) OT 3HeprHH 

HOHa npH 06,D,HpKe Ha TBep,D,OH MHWeHH npHBe,IJ,eHa Ha 

puc.1. 

6 

~+ 
I 

;-

60T 

10 

Ta6nu:ua 1 

THfi HCTO"'HHKa ne • r 

PIG 7•1016 CM-2 

ECR 10 18 CM-2 

I 
"KpHoH" 2 "10+1 9 CM - 2 . 

MHllleHb ( TBepJlaH 
6 ·1023.,Zp d HnH rasoaaH) A 

--- --- -------

d - TOlliiUIHa MHweuu I cMI, 
P - nnoTHOCTb MHweuu I z/cM 3 I, 

Z , A - HOMep H Bee aTOMOB MHWeHH. 

It 

Xe 

Kt 

C'« 

w 
~--+ +-+--t--t-1--+-+-+-J I I I I j I I I I ),fJ~.f 

Puc. 1. 3aeucuMoc•b paeHoeecHozo 3ap.11()a o• 3Hepzuu 
uoHa npu o6()upKe Ha •eep()oii MuweHu. 
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3ToT Jap.H~ onpe~eneu no $opMynaM/
101 

- 8 q/z 
0 

-[ 1 + (v/3,6 ·10 • z ~,45 )-1,661 ;-0,6 

-:z-
v=cv1-(1+Wn/E0P) . /4/ 

z 0 - Jap.H~ JI~pa aToMa. 

HMeiO~BecJI JKcnepHMeHTanLHble ToqKo/
5

·
101

. uaueceu

Hble Ha rpa$BKH, yKa3biBaiOT Ha B03MO>KHOCTb BCnOnblOBa· 

HBJI pacqeTHbiX ~aHHbiX npH npoeKTHbiX pa6oTaX. 

lliHpBHa JapJI~OBOrO pacnpe~eneHHJI nyqKa B OTHOCB· 

TenLHoe KonHqecTBO HOHOB paBHOBecuoro Jap.H~a nocne 

npOXO>K~eHBJI qepe 3 MHllleHL COOTBeTCTBeHHO paBHbl I 
11 

I: 

d,. 0,5yq[1-(q/zo )1,667]. 

1 0,5 (z-(1)2 
f • --==- J exp [ --

2
-] dz . 

dy2 77 -0,5 2d 
/5/ 

3uaqeHBJI 3TBX BenHqBH ~nJI ~BYX CTa~HH o6~BpKB 

npuBe~eHbl B ma6Au~e 2. 

Ta6nHua 2 

-
l1oa q1 d1 ( 1 q2 d2 f2 f 1. f2 

u 34 2,62 0,15 73 2,42 0,17 0,025 
Xe 23 2,33 0,17 46 3,08 0,13 0,022 
Kr 18 2,04 0,19 32 2,53 0,16 0,03 
Ar 10 1,25 0,31 17 0,62 0,58 0,18 

8 

Hl ma6Au~&a 2 cne~yeT, qyo HHTeHCHBHOCTL nyqxa c 

paBHOBeCHblMH Jap.H~OM (q 1 ) 6y~eT COCTaBnJITb - 30~ 
~JI nerKHX HOHOB H yMeHblllaeTCJI ~0 -15~ ~nJI TJI>KenhiX 

HOHOB BnnOTb ~0 U . 
,lJ;nJI nonyqeHHJI paBHOBecuoro Jap.H~a HOHOB npH 

f3 < 0,1 TOJIIQHHbl MHllleHeH Bbl6HpaiOT B npe~enax /11/ 

- 107 100 MKZ/cM 2 , qyo n03BOnJieT HCnonb30BaTb KaK 

TBep~hle (10740 MKZ/CM
2

),TaKHra30Bble (-100MKZ/cM
2 ) 

MHllleHH. IloTepH JHeprHH, a TaK>Ke yBenHqeuHe JMHTTauca 

nyqxa npH npoxo>K~eHHH TaKHX TOnii\HH npeue6pe>KHMO 

Manhl. 

B uacTOJIII\ee BpeMJI y>Ke pa6oTaiOI.l.lHe HCToqHHKH noJBO

nJIIOT nonyqaTb HH3K03ap.H~Hble COCTOJIHHJI HOHOB C HHTeH

CHBHOCTbiO, n~eBbllllaiOII\eH 10 l4 ( u+7 C HHTeHCHBHOCTbiO 

7 • 1014 c- 1/ 21 . IlpH ~ByKpaTHOM npOXO~eHHH qepe3 

MHllleHb /TBep~yiO HnH raJOByiO/ npe~enbHOe yMeHbllleHHe 

HHTeHCHBHOCTH nyqKa Ha OCHOBaHHB BbllllenpHBe~eHHbiX 

pacqeTOB He npeBbiCBT K03<}l4lB~BeHTa 50, TO eCTb BHTeH· 

CBBHOCTb HOHOB C MaKCBManbHOH 3ap.H~HOCTbiO Ha BbiXO~e 

yCKOpBTenbHOrO KOMnneKca MO>KeT ~OCTBraTh 10
13 

C -
1 . 

0TMeTBM, qyo MeTO~ nonyqeHHJI BOHOB TJI)KenbiX JneMeH

TOB C npoMe>KyToqHbiM yCKOpeHHeM B nepe3apJI~KOH npHHJIT 

B npoeKTe ycKopeHBJI ypaua ua "CynepxaiinaKe". H3 ucToq-
+7 

HHKa nonyqaJOT U , 3aTeM C nOMOII\biO ceK~HH YCKOpHTenJI 

Bo~epo3 yBenoqoBaiOT 3HeprBIO HOHOB OT 12 ~0 113 K3B/HYKA. 
Ilocne nepe Jap.H~KB U +11 HH)I{eKTHpyiOT B "CynefxaiinaK". 

BhlHrpbllll B HHTeHCBBHOCTH U +11 - oKono 100
11 

/. 

TaKHM o6pa3oM, cxeMa nonyqeuuJI BhiCOK03apJI~HhiX 

BOHOB C npoMe>KyToqHbiM yCKOpeHBeM H nocne~YIOII\eH 
nepe3ap.H~KOH Ha MHllleHB o6na~aeT HeCOMHeHHbiMB npeBMy· 

11\eCTBaMH no CpaBHeHHIO C HOHB3a~HeH ~0 BbiCOKOrO 3apJI~a 

Henocpe~CTBeHHO B BOHHOM BCTOqHBKe. 

2. YCKOPHTEJibHbiH KOMIIJIEKC 

MHOr03AP JI,D;HbiX HOHOB 

MBHBManLHaJI 3HeprBJI ycKopeHHbiX HOHOB ~OD)I{Ha npe • 

BbllllaTh KynOHOBCKBH 6apbep ~nJI BCeX JneMeHTOBnepuo· 

~qecKOH CHCTeMhl • qHCneHHO 3Ta BenHqHHa ne>KBT B 

npe~enax 67 10 M3B/HYKA. 
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3HeprH11 10 M3B/HYKA., onpe.IJ.engromag ypoaeHL nepaoH: 

CTa,li,HH YCKOpeHH11, KpOMe 11,ll,epHO-~HJHqecKHX Tpe6oBaHHH 

,li,HKTyeTC11 ycnOBH11MH BTOpHqHOH HOHH3aiJ;HH HOHa, KOTOpag 

npH ,ll,allbHeHUieM UHKllOTpOHHOM YCKOpeHHH ,li,OIDKHa 6b1Tb 

6nH3Ka K MaKCHManLHOH ((i ::; z 0 ). TaKHM o6pa3oM, onTH

ManLHa11 CXeMa UHKllOTpOHHOrO KOMnneKca ,ll,ll11 YCKOpeHH11 

HOHOB BllllOTb )l,O ypaHa ,li,Omt<Ha COCT011Tb H3 Clle,ll,yiOIIJ;HX 

YCTaHOBOK: 

a/ HCTOqHHKa HOHOB HH3KOH 3ap11,li,HOCTH )l,ll11 nonyqeHH11 

BbiCOKOH HHTeHCHBHOCTH nepaHqHoro nyqKa, )l,ll11 ypaHa 

3ap11)l. HOHa paBeH ceMH (U + 7) ; 
6/ llHHeHHOH ycKOp11IOIIJ;eH CHCTeMLI, o6ecneqHBaiOIIJ;eH 

Heo6xo.IJ.HMYJO 3HeprHJO HyKnoHa .n.m1 nonyqeHH11 jnocne 
nepaoH: nepe3ap11.IJ.KH/ paBHOBecHoro Jap1I.IJ.a, .IJ.OCTaToqHoro 

.n.n11 ycKopeHH11 B UHKnoTpoHe .IJ.O 3Hepruu 10 M3B/HYKA. 
/B .n.aHHOM cnyqae :na 3HeprH11 Bhl6paHa 0,59 M3B/HYKA./; 

B/ UHKllOTpOHHOH ycTaHOBKH nepBOH CTa,li,HH YCKopeHH11; 

r/ IJ;HKllOTpOHHOH ycTaHOBKH BTOpOH CTa)l,HH ycKopeHH11, 

no3BOn11JOIUeH: nonyqHTL 3Hepruro 300 M3B/HYKA . .IJ.n11 acex 

HOHOB. 

CxeMa TaKoro KOMnneKca npHBe.IJ.eHa Ha puc. 2. HoHHhiM 

HCTOqHHKOM MO)I(eT CllY)I(HTb ll1060H HCTOqHHK HenpepbiB· 

HOrO HllH KBa3HHenpepbiBHOro ,ll,eHCTBH11, KOTOpbiH o6ecne

quaaeT cpe,li,HHH TOK HOHOB Ha ypOBHe 1 MA. TaKHe TOKH 

He 11Bll11IOTC11 peKOp,li,HbiMH )l,ll11 H3BeCTHbiX HOHHbiX HCToq

HHKOB, B qacTHOCTH HaH6onee pacnpOCTpaHeHHbiH HCTOqHHK 

Tuna PIG nonHOCTLJO Y.IJ.OBneTBOp11eT 3TOMY Tpe6oaaHHJO. 

Puc.2. 06111aJ1 cxe..wa ycKopumeA&Hozo KOMnAeKca. 
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HcToqHHK ycTaHoaneH Ha nnaT~opMe ~opHH)I(eKTopa c noTeH

IJ;HanoM 0,5 MB, o6ecnequaaiOIUHM HaqanLHYIO 3HeprHJO 

u+7 paBHOH 14,7 K3B/HYKA. 
Hau6onee npe,ll,noqTHTenLHhiM HH)I(eKTopoM .IJ.ll11 nepaoro 

UHKnoTpoHa 11Bn11eTC11 nuHeHHhiH ycKopHTenL THna Bu.n.epo3, 

ycKopgromag cucTeMa KOToporo nyqme ,ll,pyrux npucnoco6ne

Ha )l,ll11 pa60Tbl B HenpepbiBHOM HllH KBa3HHenpepbiBHOM 

I- 25 -:-30o/o/pe)I(HMax Ha qacToTaxa.n.uanaJoHe 20-:- 30M Til. 
IlpOTOTHllOM TaKOrO YCKOpHTeng MOryT CllY)I(HTb ,li,Be nepBble 

ceKUHH ycKO£HTeng BH.IJ.epo3 B ycKopHTenLHOM KOMnneKce 

"YHHnaK" /l~ 11CXO,ll,11 H3 xapaKTepHCTHK 3THX CeKIJ;HH, MO)I(HO 

OpHeHTHpOBOqHo OIJ;eHHTb 3HaqeHH11 napaMeTpOB llHHeHHOrO 

yCKOpHTeng·HH)I(eKTOpa, KOTOpble llpHBe,ll,eHbl B ma6AUije 3. 

N~N~ HaHMeHOBaHHe rrapaMeTPa JIHHeliHoro 
yCKOpliT8JISl: 

1. M3MeHeHHe 3HeprHH HOHa rrpu ycKopeHHli 
( K3B I HYKJI,) 

2. M3MeHeHue CKOpOCTH HOHa ('Yo) 

3. 4acToTa ycKopsnomeli cucTeMbi ( Mfu) 

4. CpenH~~ Harrp~~eHHOCTb Ha 3a3opax 

npeli¢OBhlX Tpy6oK (KB/cM) 

5. illyHTOBoe corrpoTHBJieHue ( MOMIM) 

6. 84-rrorepu B MaKpOHMITyJibCG ( MBT) 

7. UJIHH8 (M) 

B: CyMMapHoe s¢¢eKTHBHOe Harrp~~eHue 
(MB) 

9. MaKpOCKBa~HOCTb ( o/o) 

10. HopMaJIH30BaHHbiH 3MHTTaHc (cM,Mpaa) 

11. PaBHOBeCHa~ ¢a3a 

Ta6nuua 3 

BeJIH'lHHa 

15-:-590 

0,56 + 3,54 

22,5 

60 

50+ 60 

0,4+0,6 

12 + 15 

20 

25-+- 100 

(0,1--0,17) 

-30 ° 
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Ocuoauwe napaMeTpbl MarHBTOB ~nJI ~ayx cTyneueii: 
ycKopeHBJI npuae~euw a ma6Auf.#e 4. 

Tat5mma 4 

N9N'9 HaHMeHOBaHHe napaMeTpa eeKTop- I II 
HOI'O M8I'HHT8 eTylleHb eTylleHb 

1. "lfHeno eeKTOpOB eHCT8Mhl 
2. HaqanbHbiH panHyc (eM) 

3. Koue"'HbiH pallHYC (eM) 
4. Yrnoaa51 npoTR>KeHHOCTb nomoea 

( rpanycbi) 
5. Me)lmonrocHbiH aaaop (eM) 
6. l1 HllyKUH51 (T) 
7. BbieoTa M8I'HHTa (eM) 
8. illHpHHa M8I'HHT8 llO 5IpMy (eM) 
9. nnHH8 M8I'HHT8 (eM) 

10. Bee onaoro eeKTopa (T) 
11. AMnepBHTKH aa eeKTop 
12. MowaoeTb nHTaHH51 (KBT) 
13. 3anaeeauag auepi'H51 aa eeKTop 

< Mn)l() 

4 
75 

460 

28 
8 

1,7-+-1,9 
600 
240 
700 
500 

250·10 3 

125 

6 
75 

440 

20 
10 

4,5+5,0 
800 
370 
700 

1000 
8 •106 

20 

MarHBTHble CBCTeMbl KOMnneKca, KaK 3TO cne~yeT 

B3 cxeMbl I puc. 2/, cocTOJIT B3 ceKTopuwx MarHBTOB, KOTo

pwe npu npJIMonuueii:uwx o6pa3yiO~Bx o6ecne"'BBaiOT 
He06XO~BMYIO ~eCTKOCTb ~OKYCBpOBKB BOHOB B 3a~aHHOM 
~uana3oue 3Hepruii:. 

IIpoToTunaMB npe~nmKeuuoro ycKopuTenJI I cTyneuu 
MoryT cny~Tb TaKue B3oxpouuwe uuKnoTpouw, KaK: VICKS! 
/K=l20/, GANIL /K=400/, Oak- Ridge /K=440/,co
opy~aeMwe a uacToJI~ee apeMJI/2-14/. 

B nocne~uee apeMJI pa3pa6oTaH p.H~ npoeKTOB B3oxpou
uwx uuKnoTpouoa c ucnonb30BauueM caepxnpoao~JI~x 

o6MOTOK /uanpBMep, Michigan, Chalk River / 1151. B 3TBX 
yCKOpBTenJIX BapBaiJ;BJI nonJI B cpe~Heii: nnOCKOCTB~OCTB

raeTCJI C nOMO~biO CeKTOpHWX HaKna~OK Ha IJ;BnBH~pB"'eCKBX 

12 

non10cax Ill- o6pa3uoro MaruuTa c o~uoii: napoii: Kouu;euTpH-
1.feCKHX caepxnpoao~JI~Bx o6MOTOK. IIpHHJITble cxeMw Mar
HHTHbiX CBCTeM o6ecne"'HBaiOT cna6y10 ~OKyCHpOBKY B aKCB
anbHOM uanpaaneuuu. 

IIpe~nonaraeMaJI MaruuTHaJI cucTeMa II cTyneuu KOMn
neKca ycKopeuuJI I puc. 3/, cocTOJIIUaJI H3 mecTu ceKTopuwx 
MarHHTOB, B OTnH"'He OT ynOMJIHYTbiX BbllUe, o6ecne1.fHBaeT 
)l(eCTKYIO ~oKycupoaKy ny"'Ka B o6oux uanpaaneuuJix. Yrno
aaJI npOT JI)I(eHHOCTb llOniOCHOrO HaKOHe"'HHKa, paBHaJI 20 °, 
aw6paua ucxo~JI H3 Tpe6oaauuii:, npe~'bJIBnJieMwx KaK K 
MaruuTuoii: /rny6uua aapuau;uu, cpe~uee none/, TaK H K 
BbiCOKO"'aCTOTHOB /KpaTHOCTb YCKOpeHBJI/ CHCTeMaM YCKO
pHTenJI. Yaenu"'euue nonepe"'uoro ce"'eHHJI MarHBTonpoao~a 
/eM. puc. 3/ ueo6xo~uMo ~nJI CHH)I(eHHJI Tpe6yeMoro Konu
"'eCTBa aMnepBHTKOB o6MOTKH B036y)l(~eHBJI 3neKTpOMarHB
TOB. 

Ha OCHOBaHHH ony6nHKOBaHHblX ~aHHbiX no C03~aHHbiM 
H npoeKTHpyeMblM CBepxllpOBO~JI~HM 06MOTKaM Ha nOCTOJIH
HbiX TOKaX nnOTHOCTb TOKa, ycpe~HeHHaJI no Ce"'eHHIO KaTym
KB, BKnJO"'aJI aaKyyMHblii: KO)I(yx, npuHJITa paauoii: 25 A/..wMY1?" 
B 3TOM cny"'ae nonepe"'Hble pa3Mepw KaTymKB cocTaBJIT 

2 - /20x80/ CM. 06MOTKH MOryT 6b1Tb BblnOnHeHbl H3 npoao~-

JM__. 

Puc.3. CeKmop ..wazHUIIIHOii cucmeMbJ emopozo f.#UKAompoHa. 
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HHKa pa3MepaMH /2x3,5/ ..w..w 2 • co.nep>Kamero 300 caepx

npoao.nsmux >KHn H3 NbTi -50 c npe.nenbHblM TOKOM -2,3 KA. 
fipHMepOM KOHCTpyKTHBHOrO peweHHS MO>KeT cny>KHTb Ka

TYWKa MarHHTa ny3b1PbKOBoii KaMepbl UEPHa 
1161

. 

cl»opMHpoaaHHe cpe.nHero MarHHTHoro nons MO>KeT 6b1Tb 

o6ecne'leHO npotiiHnHpOBaHHeM 3a3opa H ycTaHOBKOB WHMM 

Ha 60KOBblX noBepXHOCT SX noiDOCHOrO HaKOHe'IHHKa.)J.ns C03-

,IJ;aHHS Tpe6yeMOB KOHtiiHrypaU,HH nons B U,eHTpanbHOB o6nac

TH MO>KeT 6b1Tb HCnonb30BaH o6paTHblB MarHHTOnpoBO,IJ;,KO· 

TOpbiB TaK>Ke 6y,IJ;eT noMoraTb pa3rpy>KaTb KOHCTpyKD,HIO OT 

ycunu:ii, .ne:iicTBYIOI.QHX Ha nomoc. llpuae.neHHble B 111a6Aut1e 4 
napaMeTpbl ceKTOpHbiX MarHHTOB ,IJ;On>KHbl yTO'IHSTbCS npu 

,IJ;eTanbHOB npopa6oTKe H MO,IJ;enHpOBaHHH CeKTOpOB MarHH

TOB KaK nepBOB, TaK H BTOpO:ii CTyneHH. BbiCOKO'IaCTOTHaS 

YCKOpSIOI.Qas CHCTeMa U,HKnOTpOHOB ,IJ;On>KHa o6ecne'IHBaTb 

npupocT 3HeprHH ycKopseMblX qacTHU. - 1 M3B/o6opo111 
Ha e,IJ;HHH'IHblB 3aps,IJ; B ,IJ;Hana30He pa,D;HYCOB - 0,9 74,3 M. 

B paCCMaTpHBaeMOM cnyqae onTHManbHOB sanseTCS BblCO-. 

KO'IaCTOTHaS CHCTeMa /Bq/, COCTOSI.QaS B nepBOM U,HKnOT

poHe H3 ,IJ;ByX, a BO BTOpOM - H3 Tpex pe30HaTOpOB C yCKO

pSIOI.QHMH 3neKTpO,D;aMH B BH,IJ;e /'1 - 06pa3HblX ,IJ;yaHTOB. 

MarHHTHaS CHCTeMa BTOporo ycKOpHTens, o6pa30BaHHaS 

weCTbiO ceKTopaMH 20-rpa.nycHo:ii yrnoao:ii npoTs>KeHHOCTH 

B Me,IJ;HaHHOB nnOCKOCTH, no3BOnSeT pa3MeCTHTb B Me>KCeK

TOpHOM npocTpaHCTBe YCKOpSIOI.QHe 3neKTpO,D;bl TOnbKO 

30-rpa.nycHo:ii npoTs>KeHHOCTH. Ha6op 3HeprHH a 3neKTpo.ne 

6y,IJ;eT MaKCHManbHbiM npH KpaTHOCTH q =6, O,IJ;HaKO no 

C006pa>KeHHSM ,IJ;HHaMHKH yCKOpeHHS npHXO,IJ;HTCS orpaHH'IH· 

BaTbCS q =3 H, cne,IJ;OBaTenbHO, Ha6opOM 0,707 OT MaKCH· 

Man~>Horo. Pa6o11as qacToTa npH 3TOM pasHa 22,5 Mrf.l. 
TaKOB pa6oqe:ii 'laCTOTe COOTBeTCTByeT 14-s KpaTHOCTb 

a nepaoM ycKopHTene, H .nns o6ecne'leHas MaKCHMan~>Horo 

Ha6opa 3HeprHH yrnoaas npoTR>KeHHOCTb ycKopsromero 

3neKTpo.na .non>KHa 6b1Tb - 13°. KaK a nepaoM, TaK H so 

BTOPOM YCKOpHTensx ,IJ;Hana30H pa60'IHX pa,IJ;HYCOB COCTaBnS

eT npHMepHO 'leTBepTb ,IJ;nHHbl BOnHbl yCKOpSIOI.Qero Hanps>Ke

HHS, 'ITO npHBO,IJ;HT K He06XO,IJ;HMOCTH HCnOnb30BaTb nony

BOnHOBYIO pe30HaHCHYIO CHCTeMy C aepTHKanbHbiM pacnono

>KeHHeM pe3oHaHCHblX nHHHii. Bo H36e>KaHHe 3Ha'IHTenbHoro 

H3MeHeHHS Hanps>KeHHS B,IJ;Onb YCKOpSIOI.Qe:ii KpOMKH H ,IJ;nS 

yMeHbWeHHs MOI.QHOCTH Bq -noTepb cTe6enb pe3oHaHcHo:ii 
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nHHHH ,IJ;On>KeH HMeTb pa,D;HanbHYJO npOTS>KeHHOCTb, cpaBHH

MYIO c pa.nuanbHblMH pa3MepaMH 1'1 - 3neKTpo.na. 

Moi.QHOCTb Bq-noTepb a pe3oHaTopax B 3Ha'IHTenbHO:ii 

Mepe 6y,IJ;eT onpe.nenSTbCS eMKOCTbiO Me>K,IJ;Y /'1 - 3neKTpO

,IJ;OM H Hapy>KHbiM 3neKTpO,IJ;OM,H n03TOMy He06XO,IJ;HMO npH

HSTb Mepbl K MaKHManbHOMY ee yMeHbWeHHIO. 

B nepaoM ycKopHTene paccTOSHHe Me>K,IJ;Y MarHHTaMH 

TaKOBO, 'ITO YCKOpSIOI.QHB 3a30p MO>KeT 6b1Tb o6pa30BaH 

KpOMKOB /'1 - 3neKTpo,D;a H BblCTynaMH H3 Hapy>KHblX CTeHOK 

pe30HaTopa /puc. 4/. fipH 3TOM OCHOBHYIO ponb HrpaeT 

A:A 
tl 

/lf" 

Puc.4. BbrcoKot~aC1110111HbiU ycKOPJIIOUIUU pe3oHa111op nepeozo 
f.IUKA0111pOHa: J - HapyXHQJI C111eHKa pe30Ha111opa; 2 - ~ -
3AeK111poo; 3 - c111e6eAb A - 3AeK111pooa; 4 - ycKopu111eAbHaJI 
KaMepa; 5 - 6b1C111ynbl, (JopMUPYIOUIUe yCKOpJIIOIIIee noAe; 
6 - CeK1110p MQ2HU111a. 

eMKOCTb 60KOBblX KpOMOK, o6pa3oBaHHaS eMKOCTbiO ycKops

IOID,eB I.QenH H ropH30HTanbHblX 'laCTe:ii /'1 - 3neKTpO,D;OB, 

a TaK>Ke BblCTynOB, K HHM npHMbiKaiOI.QHX. EcnH ,IJ;OnyCTHTb, 
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qTo ,nnJI ycKopJIIO~ero HanpJI>KeHBJI c aMnJIBTY,IJ;Oii 250 KB 

MBHBMaJILHhlii ycKopJIIO~Bii 3a3op lnpa Rmin I paBHJieTCJI 

5 CM, TO yrJIOBaJI npOTJI>KeHHOCTL 3a3opa a COCTaBBT 

5 • 10-2 pao. Yron nponeTa B ~eJIB 6y,IJ;eT paBHJITLCJI 40° 

a cllaKTop upeMeHB nponeTa F =0,98, qTo JIBJIJieTCJI unonHe 

npaeMneMhiM. PacqeTHaJI eMKOCTL npa TaKOM a cocTaBBT 

- 140 nKcl>. EMKOCTL 3a,IJ;Heii B nepe,D;Heii KpOMOK MO>KeT 

6biTL Haii,IJ;eHa C DOMO~LIO Bhlpa>KeHBH, npBBe,IJ;eHHhiX B /l ?/ 

B COCTaBBT -20 nKfl>. ECJIB npBHJITL, qTo WBpBHa ~eHTpaJIL

HOrO 3JieKTpO,D;a JIBHBB paBHJleTCJI 2 M, a 3a30p B JIBHBB 

paBeH 0,7 M, TO pe30HaHCHaJI ,IJ;JIBHa JIBHBB IKalK,IJ,OH B3 

DOJIOBBHOKI 6y,IJ;eT 2,2 M, a MO~HOCTL UOTepL B JIBHBJIX 

COCTaBBT OKOJIO 40 KBIII. 

B pe3oHaTopax BToporo ycKopaTeJIJI ,IJ;JIJI yMeHLWeHBJI 

MOli(HOCTB UOTepL ~enecoo6pa3HO npociiBJIBpOBaTL Hapy>KHhiH 

3JieKTpO,IJ; B COOTBeTCTBBB C BepTBKaJILHhiM npocilaJieM MarHB

Ta B C,IJ;eJiaTL nepeMeHHOH WBpBHY BHyTpeHHero 3JieKTpO,D;a 

I puc. 51. PacqeT eMKOCTB 3JieKTpo,D;a npa a =5° npaoo,IJ;BT 

Puc.S. BbiCOKot~acmoJtHbul ycKop.RIOUIUU peaoHaJtop eJtopozo 
fiUKAOJtpOHQ. 0603Hat~eHUJI 111e JICe, '11110 U Ha puc. 4. 
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K 3HaqeHBIO C ""200 nK«<>. Pe3oHaHcHaJI ,IJ;JIBHa JIBHBB a cyM

MapHaJI MO~HOCTL llOTepL B JIBHBJIX 6y,IJ;yT paBHJITLCJI - 2,2M 
H 80 KB111 COOTBeTCTBeHHO.MO~OCTL llOTepL B t1- 3JieKTpo

,IJ;aX COCTaBHT OKOJIO KHJIOBaTTa ,IJ;JIJI nepuoro YCKOpHTeJIJI 

H OKOJIO ,IJ;BYX KHJIOBaTT ,IJ;JIJI BTOporo. 

Pa6oTocnoco6HOCTL ycKopaTeJILHoro KoMnneKca TJI>Ke

nwx HOHOB, COCTOJI~ero 83 HeCKOJILKHX KaCKa,IJ;OB, C CHCTe

MaMa nepeoo,IJ;a aoHOB a cornacooaHHJI xapaKTepacTHK 

BCeX BXO,IJ;Jl~HX B KOMUJieKC ycTpOHCTB MO>KeT fihiTL o6ecne

qeHa npHMeHeHHeM ,IJ;OCTaToqHO pa3BHTOH CHCTeMhl ynpaone

HHJI. bOJILWOH OllhiT llOCTpOeHHJI TaKHX CHCTeM HaKODJieH 

llpH COOpy>KeHHH npOTOHHhiX CHHXpOTpOHOB Ha 60JILWHe 

3Hepraa I CERN, FNAL, l1$B3 a ,IJ;p.l. Ha nax ycKopaTenL

HhiX KOMDJieKCaX, TaiOKe COCTOJI~HX 83 HeCKOJILKHX KaCKa

,IJ;OB ycKopeHHJI lcilopHH>KeKTOp - JIHHeHHLIB yCKOpHTeJIL - 6yc

TepHhlit CHHXpOTpOH - OCHOBHOB CHHXPOTpoHI, C03,IJ;aHhl 

a ycnewHo 3KcnnyaTapyiOTCJI cacTeMLI ynpauneHHJI aepapxa

qecKoro THUa C WHpOKHM HCUOJIL30BaHHeM 3BM KaK B Ka

qecTBe HaKonaTeneH. HHcilopMa~aa o pe>KaMax pa6oTM ucex 

cacTeM ycKopaTeJIJI, TaK a ,IJ;JIJI rny6oKoro aHaJia3a no 

nocTynaiO~HM carHanaM ucex acneKTOB pe>KaMa ycKopeHHJI 

H aBTOMaTaqecKoro ynpaBJieHHJI xapaKTepHCTHKaMH pJI,D;a 

OCHOBHhiX CHCTeM CHHXpOTpOHa. 0nhiT UOKa3aJI ~eJiecoo6-
pa3HOCTb llOCTpOeHHJI TaKHX CHCTeM c",IJ;ByX-" H "TpeX3Ta>K

HOH" cTpyKTypoii. CacTeMhl ynpauneHHJI OT,IJ;eJILHhiX cTyne

Heii ycKopeHHJI a pJI,D;a oa>KHeiiwax Y3JIOB ycKopaTeJIJI cTpOJIT

CJI Ha aBTOHOMHhiX 3BM MaJioro HJIH cpe,D;Hero KJiacca. 

YnpaBJieHHe BCeM yCKOpHTeJILHhiM KOMUJieKCOM C ~eHTpaJIL· 

HOrO nyJILTa ocy~eCTBJIJieTCJI C UOMO~LIO 60JILWOH 3BM,oc

Ha~eHHOH ,IJ;HCDJieHHhiMH CHCTeMaMH H CHCTeMaMH CBJI3H CO 

uceMH no,IJ;cacTeMaMH MJia,IJ;wax ypooHeii. YcKopaTeJILHhlii 

KOMDJieKC TJI>KeJihiX HOHOB COCTOHT 83 pJI,D;a "CTaH,IJ;apTHhiX" 

ycTpOHCTB, WHpOKO npHMeHJIIO~HXCJI B 3KCUepHMeHTaJILHhiX 

· ciiH3Hqe CKHX Jia6opa TOpHJIX. Y CTpOHCTBa ynpaBJieHHJI HOHHhiX 

HCTOqHHKOB, cilopHH>KeKTOpOB, JIHHeHHhiX YCKOpHTeJieii, 830-

XpOHHLIX ~HKJIOTPOHOB y>Ke B TOii ana HHoii cTeneHa npopa-

6oTaHhl ana peana30BaHhl. Cne,IJ;ooaTeJILHO, 3a,IJ;aqa pa3pa-

6oTKH KOMUJieKCHOH CHCTeMhl ynpaBJieHHJI B 3HaqaTeJILHOH 

Mepe MO>KeT 6a3HpOBaTLCJI Ha y>Ke HMeiO~eMCJI DOJIOlKHTeJIL· 

HOM OllhiTe H npe,IJ;CTaBJIJleTCJI BUOJIHe peaJIH3yeMOH. 06o-
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PY.D.OBaHHe, Heo6xo,IJ.HMoe ,IJ.JIJI peaJIH3au;HH CHCTeMbl, ceiiqac 

TaiOKe HMeeTCJI. Manble H cpe,IJ.HHe 3BM TpeTLero nOKOJie

HHJI, TaKHe KaK cepHJI MaWHH EC, no l}lyHKD;HOHaJILHbiM 

B03MO:>KHOCTJIM H CTeneHH Ha,IJ.e:>KHOCTH BnOJIHe Y.IJ.OBJieTBOpJI· 

lOT npe,IJ.'LJIBJIJieMbiM K HHM Tpe6oBaHHJIM. IlOJIY'IHBWHH 

B nocne,IJ.Hee speMJI WHpoKoe pa3BHTHe B JI,Il.epHoii 3JieKTpo

HHKe cTaH,IJ.apT KAMAK no3BOJIJieT CTPOHTL rH6KHe CHCTeMbl 

CBJI3eii 3BM C ,IJ.aT'IHKaMH CHrHaJIOB H HCnOJIHHTeJILHbiMH 

3JieMeHTaMH Ha OCHOBe CTaH,Il.apTH30BaHHOH, BblnycKaeMOH 

cepHHHO CHCTeMbl 3JieKTpOHHbiX 6JIOKOB. 3TO CyiD;eCTBeHHbiM 

o6pa30M COKpaiD;aeT BpeMJI pa3pa60TKH H peaJIH3aD;HH KaK 

OT,IJ.eJILHbiX nO,IJ.CHCTeM, TaK H BCero KOMnJieKca ynpaBJieHHJI 

B u;enoM. IloJIBJieHHe B nocne,IJ.Hee speMJI 3JieMeHTHoii 6a3bl 

'leTBepToro nOKOJieHHJI/ MHKponpou;eccopoB, HHTerpaJILHbiX 

3JieMeHTOB naMJITH H T .,IJ..j npHBe,IJ.eT K ,IJ.aJILHeiiWeMy COKpa

ID;eHHIO 06'LeMa H y,IJ.eWeBJieHHIO BCeX OCHOBHbiX Y3JIOB CHCTeM 

ynpasneHHJI. 

OcHOBHble napaMeTpbl .D.BYXKacKa.D.Horo UHKJIOTPOHHoro 

KOMnneKCa ,IJ.JIJI ycKopeHHJI T JI:>KeJibiX HOHOB npHBe,IJ.eHbl B 

111a6Au11e 5. 
KaK 3TO CJie,IJ.yeT H3 111a6AU!Ibl 5, CHCTeMa BbiBO,IJ.a ny'IKa 

Ill nepsoro ycKopHTeJIJI nerKo peanH3yeTCJI c noMOID;LIO 

H3BeCTHbiX THnOB :>KeJie3HO·TOKOBbiX KaHaJIOB/l~/ cenTyMbl 

KOTOpblx ne:>Ka T B npe.D.enax 4+ 6 MM. II pH pa,IJ.HaJILHOM ware 

2,6 CM H 3MHTTaHcax BHYTpeHHero nyqKa, He npeBbiWaiOID;HX 

-rr eM. Mpao, HMeeT MecTo nonHoe pa3.D.eneHHe op6HT Ha 

KOHe'IHOM pa,ll.Hyce H K03I}li}JHD;HeHT BbiBO,IJ.a 6y,IJ.eT 6JIH30K 

K 100~. ,llnJI BTopoii cTa,IJ.HH ycKopeHHJI Tpe6yeTCJI ysenHqe

HHe pa3,1J.eJieHHJI 3aMKHYTbiX op6HT UpH6JIH3HTeJILHO B 10-20 
pal, 'ITO peaJIH3yeTC.R C UOMOIU.LIO 31}li}leKTa paCWHpeHHJI 

3aMKHYTbiX op6HT Ha npe,IJ.eJILHbiX pa,ll.Hycax npH yMeHLWeHHH 

BapHaD;HH OCHOBHOH rapMOHHKH Ha 5710«J,/1 9 /. 

Cneu;HaJILHbiX Tpe6oaaHHH K saiCYYMHOH CHCTeMe H3- la 

MaJIOrO KOJIH'IeCTBa 060pOTOB npH YCKOpeHHH /70 H 980/ 
He npe,ll.'LJIBJIJieTCJI. IlpH BaKyyMe B KaMepe Ha ypOBHe 

10·7 Top nepe3apJI.D.Hble .IIBJieHHJI6Y.D.YT npeHe6pe:>KHMO Manbl. · 

CornacosaHHe onTH'IeCKHX csoiicTB ny'IKa Me:>K.D.Y JIHHeii

HbiM yCKOp.BTeJieM H nepBbiM D;HKJIOTpOHOM, a TaiOKe Me:>K,IJ.y 

nepBbiM H BTOpbiM D;HKJIOTpOHaMH OCyiD;eCTBJI.IleTCJI C no

MOID;LIO KBa,IJ.pynoJILHbiX JIHH3 H nosopoTHwx MarHHTOB. Me:>K-

18 

.D.Y nepBWM B BTOp!:i!M .UHKJIOTpOHaMH pacnonaraeTCJI aHa.JI!I• 

3HPYIOIIU!H MarHBT, OT.IJ;eJIJIIOI!U!H HOHLI C Hepe30HaHCHh!M 

3apJI,IJ.OM .IUIJI pa60Tbl Ha «bB3H'IeCKHH 3KCnepHMeHT. 

fipHBe,IJ.eHHble BbiWe napaMeTpbl YCKOpBTeJI:bHOrO KOMn

JieKCa MHOr03apJ!.IJ;HbiX HOHOB /eM. llla6A. 5/ 6y,n;yT YTO'!· 

N9NQ TiapaMeTp 

1. Pa.cmyc HH)!{eKUHH ( M} 
2. Paauyc BbiBo.na ny'l:Ka ( M} 
3. Cpe.llHSISI Hanp?JKeHHOCTh 

MarHHTHoro nong npu 
HH)!{8KUHH (T} 

4. CpellHSISI Harrpg)!{eHHOCTh 
Ha KOH8'LIHOM pcov.yce (T) 

5. Beaymas: "Liacrora ycKo
peHHSI (Mfu} 

6. Kparaocrh ycKopeHHSI 
7. Ha6op aHeprHH sa o6opoT 

(~) 
sap Sill 

8. PaaHanhHbiH war B soae 
BhlBO.Il8 ny"LIK8 (eM) 

9. Koae"LIHas: 9Hepn:g (~ ) 

10~ 
11. 

fl:yK,JIOH 
3Heprust RH)!{8KUHH - 11 

MaKCHManbaoe oraoweaue 
A/q 

12. flpOH3B8Jl8HH8 KpaTHOCTH 

Ha 'IHCJIO o6opoTOB 
13. 3apS1./l H HHT8HCHBHOCTh 

HOHOB ( 'Iagrl 

a) ypaa 
6) KC8HOH 
B) KpHUTOH 
r) aproa 

I -ii 
UHKJIOTpOH 

1,04 
4,3 

0,784 

0,792 

22,5 
14 

1,0 

2,4 
10 

0,59 

7,4 

980 

32; 1014 
23 
18 
10; 1015 

Ta6nHua 5 

II-i% 
UHKJIOTpOH 

0,93 
4,15 

1,60 

2,11 

22,5. 
3 

1,0 

0,13 
300 

10 

3,26 

2940 

73; 1,4·1013 
46 
32 
17;3·10

14 

19 



HJIThCJI B npouecce p;eTaJihHOH pa3pa60TKB B MO,IleJIBpOBaHBJI 

OT,IleJihHhiX CBCTeM KOMUJieKca. TeM He MeHee y)Ke Ha 3TOH 

CTa,IlBB npopa60TKB BB,IlHa npBHUBllBaJIJ.HaJI peaJIB3yeMOCTb 

BCeX CBCTeM KOMllJieKCa. 
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