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flj;tHeHHbl&7t- "fHAYK4110HHbIH YCKOpHTeJl~ JlY3K-2G RenReTCR -racr sn «0:,,
JleKTIi1BHprp YCKOpli1TeJl::l 1i10HO~ KYT~-2() /11 ~ npeAHa3Ha4eH AIlR YCKO
peHIi1R 3neKTpOHHO-~OHHb~ KOJle4B Ii1~AYKijMOHHOM 3JleKTp~4eCKOM no
ne , B AaHHOH paõo're 1i13Jlaraf,.1TcR' OCHoBHble Tpe50BaHIi1R, npe~"bRBJ1Re

Mble K napaMeTp.aM MarHIi1THOH CI;fCTeMbI flY3K-ZO; AaeTCR onacaaae ee 
KOftCTPYK4Ptli1 li1 ClftCTeMbI n"naHI<1R «aryure« eenyurer'o MarHIi1THOrO nona 
Bz.; npli1BOARTCR peayns r ara MarHI1tTHblX 1i13MepeHIi1H S nep aoâ o-reperta 
J1Y3K-20 •. 

2 

6600 

PHC. I. CTPYKTYPHaH cxexa MarlUfTHOH CHCTeMbI rrepnoü
 

o~epeAH nY3K-20: 1 ~ KaMepa aAre3aTOpa; 2 - KaTYWKH
 

MarHHTHoro nona aAregaTOpa; 3-~ - 3neMeHTW MarHHTHOH
 

CHCTeMbl; 8 - AHarHOCTI-lt.IeCKaH x axepa ,
 

• 
MarHHTHaR CHCTeMa nepBoH 04epeAK nY3K-20 nOKa3aHa Ha pHc.l. 

OHa COCTOIi1T 143 nepeXOAHoro yl.facTKa /4/ Me~AY AByxceK41i10HHWM 
rpaAHeHTHblM COJleHOIi1AOM npeABapli1TeJlbHOrO YCKopeHIi1R /3/ li1 nepsoH 
HHAYK41i10HHOH YCKopRIO~eH CeKI.tHeH nY3K-20, Tpex YCKOpRIO~Ii1X ceK4j;tH 
/5/, ABYX Me>KCeKLVtOHHbIX COJleHOHAOB /6/ li1 cornacyicurer-o COJleHOH
Aa /7/. 

K MarHHTHOH CHCTeMe nY3K-20 npeA"bRBJlRIOTCR CJleAYIO~li1e Tpe50sa
HIi1R. BeAy~ee MarH~THoe nOJle Ha paAli1yce KOJlb4a /r = 4+4,5 CM/ 
AOJl>KHO HMeTb BeJlli141i1HY 1,3+1,4 T, 4105bl YAep~aTb Ha AaHHOM paAIi1Y
ce 3JleKTpOHW, 3Heprli1R Bpa~eHHR KOTOPWX ( = 16 M3B. BeJlH41i1Ha Bz 
B nY3K-20 3Ha4HTeJlbHO npeBblwaeT ypOBeHb $OKycli1py~ero MarHHTHO
ro nOJlR B 06bl4HblX m1Y, YCKOpfi~Ii1X npflMble 3JleKTpOHHble nY4KIi1. 

'in-CllitietIHWa lIICnnyr I
·1 Utl1BíIX ItcJJe.tl3B!UIII 
., 6H&Jffr!GTEKA . 

> - 
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aB z
B nY3K-20 Ben~4~Hâ \ --- \ He AonmHa npeB~waTb MaKC~ManbH~~az 

rpaA~eHT, np~ KOTOpOM npo~CXOA~T pa3p~a ~OH~O~ ~ 3neKTpOHHO~ 

aB z
KOMnOHeHT 1<Onbl.-'a 13Aecb -- - rpaA~eHT~HAYK4~~-, ycpeAHeHHO~ az 
no	 nnouana ceue aua', oxearu aaeaor-o ' «on ~4oM/. Tax , B nepexonuo» 

aB' 
Y4acTKe'~ B Me}l(Cel<4l-10HHbIX coneuownax \__2_\ ~ 0,23 T/M IMeHb-

a"B . a-z 
z 

rue	 MaKC~ManbHoro 3Ha4eH~R 1--- \ , nonyueuaor-o B rpaA~eHTHoM CO·-.az,·	 . ~ 

neHo~p,e/l/ I. 
CTPYKTypa B AOn}l(Ha oõecnevuaar s ycnoaua An~ YCT0I14~BOrO y'''cz 

KOp.eH~R 3neKTpOHHO-~OHHbIX «oneu B nY3K-20. B YCKOPfllOU\~X cexuuax 
B <t>opMVlPyeTcR c nOMOU\blO «aryuie« 13, _p~c.2/, BCTpoeHHblX ,BHYTPbz 
Ka}l(AOrO nepsrannoe ao ro cepne-uuuca 12, puc , 21. Cyuiec r ayioutne B Ta
KO~ CTpYKType Bap\.1a4~~ MarHVlTHoro nonfl MorYT npl-1BeCTVI K p~30
HaHcHo~ paCKa4Ke Kone6aH~~ nonRp~3a4~\.1 ~,.pa3Mepa Ce4eH\.1fl' 3~eKT-' 

. ~'71"f3zC; / ,,', "," 
fpOHt'lO-~OHHbIX «orieu , ecn~' Ben\.1I.1~Ha ---....-----'- KpaTHa 4aCTo.;r·eKO

.	 À 

v	 • /2/ 3 ne 6 aH~~ 3neKTpOHOB B none \.10HOB W .' AeCb c' - CKOpOCTb CBe-
Ta; f3z - aKC~an-bHafl CKOpOCT b «on bL\a; A - nepaon CTPYKT:YPbl KaTY
uiex. Pac4eTbl nokaaanu , 4TO ATIfl YAoBneTBOpeH\.1"f1 AonycKoB Ha Bz 

~1 YCKopRIOU\ee 3IleKTp\.14eCKOe norte E z Heo6xOA\.1MO ~MeTb CpeAH\.1~ pa
t\~Yc «ar yuie« R == 9 CM ~ À == 2,5 CM. Ilpa 3TOM B YCKOpfllOU\~X ce xuu

, aBz., 
ax H<3' paA~y~e «onsua annrnrryna KOIleõaH~1(1 1~ I < 

1O-3 TI /2/· B	 • .< 1, 3• M. paC4eTax ~cnOIlb30BanHCb npo.eKTH~e napaMeT11/ . 
p~ 3neKTpOHHO-\.10HH~X KOneL\, CQOPMYIl~pOBaHH~e B ~a60Te 

YBenVl4eH~e aMnn\.1TYA~ Al-1nOnbH~x Kone6aH\.1~ B Konb4e MO}l(eT npo
~1cXOA~Tb ~ ~3-3a CIlY4a~HbIX B03Myw.eH~~ B B ' CBfl~ÇjH~bIX c paaõpcz 
COM aMn:n~TYA TOKoB B «ar yuncax oI" ~ pa36poCOM B reOMeTp~4eCK\.1X 

paa-iepax MarH~THO~' C~CTeMbl aL. Hcnonb3YfI pea yn s r arst pa6oTbl/ 3/, no
ny •.ràe"M, -rro 'AnR nep aoú 04epeA~ nY3K":20 oi-Hoc~Te~bHbl~ cpenuexaan
paT\.14Hbl~ pasõpoc aMnn~TYA TOKOB B KaTYWKax He' A'dn}l(eli npe asuuar s 
Ben~4\.1Hb' 5·10 -3 101 == ±22A/, a B reoMeTp~4ecK~x paanepax MarH~T
HO~ C\.1CTeMbl - 1,4.1O-2/aL= ±0,3 MM/. 

nonY4eHHble B paõor ax /1 + 4/ pe ayrrs r a'ru 6bln~ nonoxeuu B OCI-/OBY 
np~ npoeKT~pOBaHl-1\.1 MarH~THO~ C\.1CTeM~ nY3K-20. 

1.	 HHAYKUHOHH~E YCKOPRID~HE CEKUH~ 

Ka}l(Aafl YCKop~lOw.aR ceK4~R COCTO~T \.13 18 OA~HaKOB~X \.1HAYKTOpOB. 
YCTpO~CTBO OAHoro ~HAYKTopa nOKa3aHO Ha pHc.2. B ~pnyce Itl 

2 

4 PHc.2. KOHCTPYKUHH HH~YKTopa: I 
KOpi1yC; 2 - nepnarrrroensre Cep~el.IHH

KH; 3 - KaTymKH; 4 - BWCOKOBOJIbT
nsre H30JIHTOpbl; 5- - KarrpOJIOHOBaH 
o6óHMa. 

aaxpenneau ABa nepxannoeeux cepne u
H~Ka 12/. BeAyU\ee MarHl-1THOe none 
<t>opM~PyeTc~ c nOMOU\b~ KaTyweK 13/~ 

BCTpoeHHblX BHYTP b cepAe.4H\.1 KOB /no 
4 KaTYWK\.1 B ~HAYKTopel. An~ YAOB
neTaopeH~~ Heo6xoA~M~X AonYCKOB 
Ha Bz ~ E z 6blnM Lo1arOTOBneHbl KaTYW
K\.1 co CIleAY~U\~MLo1 napaMeTpaM\.1: aK
c~anbH~~ pa3Mep 19 MM, paA~anbH~~ 

- 12 MM; 3a30p Me}l(AY KaTYWKaM\.1 
6 MM, BHYTpeHHK~ paA~Yc 85 MM. Ka
TYWK~ HaMOTaH~ MeAHO~ IleHTO~, 4~C

IlO B\.1TKOB 10. BeHyU\ee MarH\.1THOe na
ne	 <t>opM~PyeTcR BHYTP~ KepaM~4ecKo~ 

YCKOp\.1TenbHO~ TPy6K~, ~Me~U\e~ BHYT

100	 

peHH~~ A\.1aMeTp 130 MM, BHeWH\.1~ R 
(,Q 145 MM \.1 An~HY 1aOO MM. B CeK4\.1~ 
~., 

3an~9aeTC~ TpaHc<t>opMaTopHoe MaCIlO, 
KOTopoe cnym\.1T KaK An~ 06eCne4eH\.1~ 

3neKTp~4eCKO~ np04HOCT~ ~HAY~TOPOB, 

TaK .\.1 AIl~ OTBOAa Tenna OT KaTyweK 
.t l \.1 APyr~x 3neMeHTOB KOHCTpYK4\.1~ \.1H

AYKTOPOB. 

2.	 nEPEXOAH~~ Y4ACTOK, MEmCEKUHOHH~E H COrnACY8mH~
 
COnEHOHAbl
 

np\.1 pa3pa6oTKe nepeXOAHoro Y4aCTKa InYI ~ cornacy~ero COIle
HO~Aa ICCI 6~n ~cnonb30BaH on~T pa60T~ ~a ~HAYK4~OHHO~ YCKOP~IO

U\e~ ceK4~~ npOTOT~na KYTH, rAe 3T\.1 Y3n~ 6~Il\.1 np~MeHeH~ Bnep
aue /5/. 

nepeXOAH~~ Y4aCTOK AOn}l(eH 06ecne4~BaTb cornaCOBaH~e Bz Me}l(AY 
AByxceK4\.10HHbIM rpaA~eHTHblM COIleHO~AOM npeABap\.1TenbHOro yckopeuan 
~ nep aoã YCKop~lO~e~ CeK4\.1e~ nY3K-20, reOMeTp\.1R xaryuie« KOTOpblX 
3Ha4~TenbHO OTn\.14aeTC~ npy r OT npyra /11 Me}l(CeK4~OHHble COneHO\.1
A~ IMCI AonmH~ o6ecneY\.1BaTb cornaCOBaH\.1e Bz Me}l(AY ABYMR coceA
H~M\.1 ceK4~~M\.1 JlY3K-20". AnR 06eCne4eH\.1~ rpeõycao ro aucoxoro aaxy 
YMa B KaMepe aAre3aTopa 110-9 Top//1/ Heo6xOA\.1MO ~MeTb B KOHCT
PYK4\.1~X ny \.1 MC KaMepbl, -recea «oropue AOIlmHa npoaaaonar sca OT'
Ka4Ka YCKop~TenbHoro rpakr a nY3K-20. An~ aror-o HymHo c03AaTb 3a
aop Me}l(AY AeYMFI COCeAH\.1M\.1 KaTywKaM\.1 ny \.1 HC - 30'.;.35 MM. KpoMe 
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Toro, npl-1 npOeKTl-1pOB.aHl-1l-1 HaAO õuno y-recr b ,4TO H KaMepax nY l-1 t1C 

AomKHbl YCTaHaBIll-1BaTbCfI cperic r aa Al-1arHOCTl-1Kl-1. KaMepbl TaK>Ke Aoml<
H~ 06eCne4l-1BaTb B03MO>KHOCTb paCCT~KOBKl-1 COCeAHl-1X YCKOpR~~l-1X ceK
~l-1~. BwnOIlHeHl-1e Bcex 3Tl-1X Tpe60BaHl-1~ l-1 OAHOBpeMeHHoe 06ecne4e

àB z
Hl-1e He06xOAl-1MOrO ypOBHR Bz l-1 ---- RBIlReTC~ AOCTaT04HO CnO>KHO~ 

àz 

3aAa4ei:1. 
np~ paC4eTe MarHl-1THOR CTPYKTYP~ MC OrpaHl-14eHl-1R Ha BeIll-14~HY 

àBz 
norcansuux rpaAl-1eHTOB -- HaKflaAbiBaIll-1Cb c Y·4eTOM arccu arrs acr'o 

àz 

~acnpeAeIleHl-1R 8He ceK4~i:1 Ha paAl-1yce KOIlb4a r YCKopR~~ero 3IleKT
pl-14eCl<OrO nona E z , «oropoe MO>KeT ôur s npeACTaBIleHO Bblpa>l<eHl-1eM: 

. 7T-j-h I (27T j r
2sm--·..:- 0--

M-À . +00 M-Àe+H M.Àe+H
 
E (r, z) = E _[--~ + ~ --------- --------- x
 

z .0 M-À+H j~1 j'7T-(h!À e ) I(2-7T- j R )
e o ---- 

M - À:e + H 
. M-7T\,-j /1/s1o--

M- Àe +H 27T·j Z
 
x ------- ----- l.
- cos
 

.7T-Àe- 3 M· .\e + H
 
s1O---

M-Àe + H
 

3AeCb M - 4l-1CnO YCKOpRIO~l-1X 3a30pOB B Ce K4l-1l-1; À e - nepuon YCKO

pR~~ei:1 CTPYKTYPbl; H - aKCl-1aIlbHbIR p aaxep Me>l<CeK4l-10HHbIX COJleHOl-1

AOB; h - pa3Mep YCKopRIO~ero 3a30pa; R - 8HYTpeHHl-1i:1 paAl-1Yc KaTY


weK MãrH~THoro nOIlB; lo - MOAH$l-14l-1pOBaHHaR $YHKl\l-1R GecceIlR;
 

E o = U/h; U - aMnIll-1TYAa HanpR>KeHl-1R Ha lIIHAYKTopax.
 
~aIlee OCHOBHWM C4l-1TanOCb BwnOIlHeHl-1e YCIlOBl-1R
 

Ez(z) /2/O(z) 1g \ - go· (1 - 1--- I) s. O,
E z max 

1 aB z -3 -1 
go = 1,5·10 CM ~ 3Ha4eHl-1e cpeAHero OTHOrne g --- .~

Bz ilz 

Cl-1TeIlbHOro rpaAl-1eHTa B COIleHOl-1Ae npeABapl-1TeIlbHOro YCKopeHl-1R,
 
E-z max - 3Ha4eHl-1e E B ue-rr pe ceKl\l-1I'l. no 3aAaHHOMY 3Ha4eHl-11O Bz
 

z 
B cepenaue COCeAHl-1X c HCCeK4l-1i:1 / Bz = 1,36 T/ Bbl41>1CIlflIlCR TOK
 
B KaTYWKax ceK4l-1i:1. YtCKOMbIM~ napaMeTpaMl-1 RBIlRIll-1Cb CpeAHl-1e paAl-1Y


Cbl KéFyweK coneuouna l-1 aMnIll-1TYAbl TOI<08 B Hl-1X l-1, npl'l He06xoAl-1

MOCT~, 8 6Ill-13Ile>Ka~l-1X KaTYWKax CeK4l-1~. Ha~aIlbHwe 3Ha4eH~~ paAl-1Y

COB KaTyweK 3aAaBaIll-1Cb l-1CXOAR l-13 TeXHOIlOrl-14eCKl-1X Tpe60BaHl-1~
 
/YA06cTBO C60PKl-1 l-1 pa36opKl-1/ l-1 $l-13l-14eCKl-1X cooGpa>KeHl-1~.MaKCl-1MaIlb

H~e paAl-1Ycw l-1Me~T KaTYWKl-1, HaXOAfI~l-1eCR Y BaKYYMHO~ ~eIll-1. Ha4aIlb

4 

1 
I 
I 
I ~aTVW~14 
I nepSOH 
I CeKuH101 

PHc.3. CTPYKTypa rrepexDgHoro y~acTKa. 

Hf>le 3Ha4eHl-1R aMnIll-1Typ, TOKOB Bbl'~l-1CIlflIll-1Cb l-13 YCIlOBl-1R B z = i, 36 T= 
= consta HCKOMwe napaMeTpw HaXOAl-1Ill-1Cb nyTeM Ml-1Hl-1Ml-13a4l-1l-1 KBaApa

Tl-14HOrO $YHK4l-10HaIla Bl-1Aa 

1 N 
F = _ "'" (a.l ) 2N k __o 

i= 1 e i ' 

Gi ; Oi 2 o, /3/ 
ai = { 

O; Oi < O, 

rAc N - 4l-1CIlO T04eK; (i - a6COmOTHaR norpeWHOCT b B i -i1 T04t<e o 

CxeMa pa60TaIla 60Ilee 3$$eKTl-1BHQ npl-1 4epeAOBaHl-1l-1 l-1TepBl\l-1i:1 no reo

MeTpl-14eCKl-1M ~ TOKOBWM napaMeTpaM. 
Pac4eT napaMeTpoB MarHl-1THO~ Cl-1CTeMW nY npOBOAl-1flCR no CXOA

HOMY aIlrOpl-1TMY. B Ka4ecTBe ~CXOAHO~ l-1Cnonb30BaIlacb MarHl-1THaR 
Cl-1CTeMa MC, AononHeHHaR 4eTblpbMR KaTYWKaMI>I AIlR CTbl1<OBKl-1 rpa
Al-1eHTHOro MarHl-1THOrO nOIlR COIleHOl-1Aa 2 c OAHOpOAHWM B cpeAHeM 
BeAY~l-1M MarHl-1TH~M nOIleM CeK4l-1l-1. n 06IlaCTl-1 ny Tpe60BaIlOCb BwnOIl
HeHl-1e YCIlOBl-1R /2/, a B 06IlacT~ COneHOI>lp,a - ycnOBl-1R 

[go + g 1 s e , /4/ 

Ha pl-1c.3 npl-1BeAeHW reOMeTpl-14eCKaR CTpYKTypa pa3pa60TaHHoro 

nepeXOAHoro Y4aCTKa, paCC4l-1TaHHWe 3Ha4eHl-1R CpeAHl-1X Al-1aMeTpOB 
5 



dBz
KaTyweK H KpHB~e 3 z ( z ) ~ ---- Ha paAHyce r = 4 CM. BenH4HHa Z

dZ	 ' 

OTC4HTblBaeTCFI OT MeAHaHHO~ nnOCKOCTH anre aarop a. PaC4eTH.aFl aM
nm1TYAa TOKa B cone aoane 2 COCTaBHna 7,8' KA; a aMnnHTYAbl TOKOB 
B KaTYWKax ny H nepBO~ YCKopFl~~e~ ceK~HH nemaT B HHTepBane OT 
2 AO 5 KA. 

dBz1,65+5 KA. npH pacue r e aerui 41i1H Bz(z) H --- B ny H MC BnHFlHHeaz 
HX	 KOHCTPYK~H~ H HHAYKTOPOB He y4HT~BanQCb. 

KaTYWKH H3rOTOBneHbl ~ 3anHTb1Ba~TCfl TOKOM TaK me, KaK H Ka
TYWKH ny. KaMepa Me caenaaa H3 Hep>KaBelow.e~ CTanH Ton~HHoli1 0,5 MM 
H oxnamAaeTCFI BOAO~. OHa TaKme HMeeT BH/.13Y naTPy60K AnFl nOAKn~

4eHHFI BaKYYMHoro Hacoca H HeCKonbKO AHarHOCTH4eCKHX naTPy6KoB; 
~OpMHp~BaHHe Bz 06ecne4HBaeTCFI c nOMO~b~ 16 KaTyweK, HMe~~HX 

aKCHanbH~~ pa3Mep 19 MM H 3a30p 6 MM IA = 25 MM/. KaTywKH HaMO
TaH~ MeAHo~ nono~ WHHO~ Ino 10 BHTKOB B KamAo~1 H oxnamAa~TCFI 

BOAO~, npOTeKa~~e~ BHYTPH WHH. KamAaR napa coceAHHX KaTyweK 3a
nHT~BaeTCR TOKOM nocneAoBaTenbHo. 3a30p MemAY lO-~ H 11-~ Ka
TywKaMH ny HMeeT BenH4HHY 36 MM. 3TO n0380nHno CKOHCTPYHpoBaTb 
KaMepy, B KOTOPO~ npenycaorpeuu naTPy6KH Anfl nOAKn~4eHHR BaKYYM
Horo Hacoca, pacnonomeHHoro nOA ny, H YCTaHOBKH B He~ AHarHOCTH
4eCKHx cpencr B. KaMepa c.ienaua pa360pHO~ TaK, 4TO 5nOK c nep au
MH AeCFlT~~ KaTYWKaMH ny MO>KeT 6blTb or coenauea OT 6J10Ka c no cnen
HHMH weCTb~ KaTYWKaMH. 

Ha pHc.4 npeACTaBneH~ reOMeTpH4eCK~F1 CTPYKTypa MarHHTHO~ CHC
TeMbl MC, paCC4HTaHHble 3Ha4eHHR cpenuux AHaMeTpOB AnFl acex KaTY

dBz 
urex MC, a TaK>Ke Kp/.1Bble Bz(Z) H -- Ha panayce r = 4 CM. PaCC4H

dZ 

TaHH~e 3Ha4eHHR aMnnHTYA TOKOB B KaTYWKax '1C ne>KaT B HHTepBane 

, 2 

2CM 

15 20 

t----
I 
I 
I 

1 

PHc.4. CTPYKTypa Me)l{CeK~HOHHoro COJleHOH1\a: 1 H 2 
KpaHHHe napsr Ka:TYllIeK cocezntax YCKOPHlO~X CeKI1;HH. 

6 

) 
KOHCTpYK~HFI ee CAenaHa pa360pHO~. 

CornaCYID~H~ coneHOHA 'pacnonomeH B KOH~e TpeTbe~ YCKopFl~e~ 

ceK~HH H COCTOHT H3 4eT~pex KaTyweK, nepHOA CTpYKTYP~ H cpeAHH~ 

AHaMeTp KOTOp~X cOBnaAa~T c n~pHoAoM A H cpeAH~M AHaMeTpOM B YC
KopFl~~e~ ceK~HH. CornaCY~li.\H~ coneuoan cnY>KHT AnFl YMeHbWeHHij Be':' 
nH4HH~ pacceflHHoro Bz B 06naCTH nepMannoeB~X cepge4HHKoB nocneA

;:
1.	 HHX /.1HAYKTOPOB, a TaKme Anfl B~HeceHHFI 3a npeAen@ ceK~HH T04K~ 

pa3AeneHHFI 3J1eKTpOHHO~ H HOHHO~ KOMnOHeHT Konb~a. AMnnHTYA~ TO
KOS B KaTYWKax CC MorYT MeHFlTbcFl B 3aBHcHMOCTH OT ycnoBH~ 3'KC
nepHMeHTa, TeM caM~M MorYT H3MeHflTbCfl KOOPAHHaTa T04KH H ycno
BHR pa3AeneHHR KOMnOHeHT KOJ1b~a. 

3.	 C~CTEMA n~TAH~R KATYWEK BEAymErO MArH~THoro non~ 

nEPBO~ 04EPEA~ nY3K-2D 

CxeMa oTAenbHo~ R4e~KH, 3anHT~Ba~w.e~ KaTYWK~ BeAy~ero MarHHT
uor-o nons , pacnonoxe-n-ue 8 ABYX cocenuux HHAYKTopax, noxaaaae 
Ha pHC.S. 3Aecb Lo - HHAYKTHBHOCTb AByX nocneAoBaTenbHo 3anHTaH
H~X coceAHHx KaTyweK. B Te4eHHe nepBoro nonynepHoAa HaKOn~TeJ1b
HaR eMKOCTb Co c nOMOli.\blQ yrtp aenaenoro õnoxa THpY1CTOpHbIX KOMMY
TaTopoB pa3pRmaeTcfl 4epe3 KaTywK~ BeAy~ero MarHHTHoro nOnfl, 
a B. Te4eHHe BToporo nonynepHoAa nepe3apR>KaeTCFI 4epe3 APoccenb 
LApH BeHTHnb O.AnR 3anHTK~ Bcex KaTyweK OAHO~ YCKopR~w.e~ ceK
~Y1H Hcnonb3yeTcA 9 TaKHX F14eeK. B Ka4eCTBe HaKOnHTeJ1bH~X eMKO
CTe~ B OAHO~ A4e~Ke Hcnonb3Y~TCR 4eT~pe napannenbHO coeAHHeHH~X 

KOHAeHcaTopa ~1{-6-150 I Co = 600 MK4>/. onOK THpHCTOpHblX KOMMYTa
TOPOB COCTOHT H3 weCTH nocneAOBaTenbHO coeAHHeHH~X THpHCTOPOS 
r ana T-630 27- ro ~nacca, 3a~H~eHHbIX RC-~en9YKaMH, OH n03BonReT 
KOMMYTHpOBaTb TOK AnHTenbHocTb~ 1 MC H aMnnHTYAO~ - 9 KA. 

Pile.S. CxeMa 3anHTKil KaTymeK.
L~,P T 

l 

~] 
CHHXPOHH~~ 3anYCK Bcex AeBFlTHLo THpHCTOpH~X KOMMYTaTopOB npOH3

BOAHTCR OT OAHoro 6nOKa 3anycKa
Lo c, nOMO~b~ HMnynbcHblX TpaHC$OpMa

t: 

TOpOB, HaMOTaHH~X Ha nepMannoe
B~X cepAe4HHKax. B Ka4eCTBe BeH
THne~ npHMeHFI~TCFI 8 nocneAOBa
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PHC. 6. BTOpOH BapHaHT cxensr 3a
nHTKH KaTYllleK. 

Lo 
Lo 

(r < -- :ti 

u	 

,/
i élftI-iiP' 

PHC. 7. OCll;HJlJlOrpaMMbI H3MeHeHHH 

HanpmKeHHH M TOKoa: 1 - narrpaxe-: ~ I ~ 
HMe Ha eMKOCTM Co l ; 2 - Hanpfl- 1# 
JKeHHe na eMKOCTH 3 - TOK 'ICo2 ; 

B KaTYlllKax; 4 - TOK B'BeTBH pe- ~ D~ 
xyrrep auaa 3HeprHH. 2õbNC 

TenbHO coeAHHeHHWX AHOAOB B4~2-200 10-ro Knacca, KOTopwe 3a~H
~a~TC~ orpaHH4HTen~MH.Hanp~*eHH~ THna OHC-5 HnH RC-4en04KaMH. 
~HAYKTHBHOCTb Ka*Aoro APoccen~ BeTBH peKynepa4HH COCTaBn~eT 

- 1,2 MrH u OXna>l<AeHHe THpHCTOpHblX KOMMYTaTopo,B, a TaKH{e aeHTH
ne~ D ocy~ecT8n~eTC~ npoT04HO~ BOAO~. 

CYMMapHa~ HHAYKTHBHOCTb HarpY3KH B cxeMe, nOKa3aHHO~ Ha 
pHc.5, npH pa60Te Bce~ CHCTeMW nHTaHH~ KaTyweK paBHa 150 MKrH; 
BonHOBoe conpOTH8neHHe Ka*Ao~ ~4e~KH p = 0,5 OM. AnHTenbHocTb 
nonynepuona TOKa B karyuncax T Vz = 940 MKC; aMnnHTYAa TOKa B Ka
TYWKa~, cOOTBeTcTBYIO~a~ npoeKTHOMY 3Ha4eHHIO Bz = 1,36 T, cOCTaB
naer aern- l.I~HY 4,23 KA o 3TO CB~3aHO c TeM " 41'0 BHxpeBble TOKVl, Ha
BeAeHHwe B 3neMeHTax KOHCTpYK4HH HHAYKTOPOB IB nepMannoe8wx cep
Ae4HHKax H Kopnycax/, YMeH.bwalOT -semll.1HHY HHAYK4HH Bz tia 36% no 
cpaBHeHHIO c ee paCl.leTHWM 3Ha4eHHeM o ~3MepeHHwe CYMMapHwe nOTepH 
3HeprHH a a OAHH l..\\.JIKn An~ 3TO~ cxenu coCTaBHnH -.60%. 

tlIm 3anHT KH «aryuie« nepexonuoro Y4aCT xa , Me>l<CeK4H,oHHbIX H CO
rnacYIO~ero coneHOHAOB npHMeH~IOTc~ TaKHe }/{e ~4e~KH, KaK H An~ 

3anHTK14 xaryure « YCKOP~IO~HX ceK4H~ IpHcu 5/. OAHaKo BenH4HHbl Ha
kona ren suux eMKOCTe~ H HHAYKTHBHOCTH HarpY30K B HVlX 6blnll1 nOAo6
paHbl TaK, 4roõu C<POpMHp08aT.b TOKH c aMnnHTYAaMH, 6nH3KHMH K pac
4eTHwM 3Ha4eHH~M. OKOHl.IaTenbH~~ nOA6op napaMeTpOB 3THX ~4eeK 

npOH3 BOAHnc~ B npouecce MarHHTHblX H3MepeHH~. Bcero An~ <lJOPMHPO
BaHH~ B B nepBo~ Ol.lepeAH

z 
Me~eHHwe B n~TH CTO~Kaxo 

oSlna TaK)I(e HccneAOBaHa 
TYllleK YCKOP~IO~HX ceK4H~, 
4eHHe nepBoro nonynepHoAa 

nY3K-20 Hcnonb3Y~TC~ 42 ~4e~KH, pa3

paõor a npy r or'o r ana ~4e~KH nHTaHH~ xa
cxeMa KOTOPO~ npHBeAeHa Ha pHc.6. B Te
HaKonHTenbHa~ eMKOCTb COl c nOMO~blO 

ynp aanae ao ro 6nOKa THpHCTOpHblX KOMMYTaTopOB pa3pmKaeTC~ -repes 

8 

KaTYWKH Ha eMKOCTb	 = 300 MKet>/. B Te\.leH!Ile aropor-oCO2 I COl = C O2 

nonyneouona eMKOCTb CO2 p aapnxaer ca -repes aooccens L AP H BeHTHIlb 

Dl Ha eMKOCTb C o l· XapaKTepHwe oC4HnnorpaMMw H3MeHeHH~ B Te4e

HHe 4HKna Hanp~}/{eHH~ Ha eMKOCT~X H a TaK)/{e TOKOS B Ka

/

COl Co 2 ,
 

TywKax Lo H B BeTBH peKynepa4HH 3HeprHH nOKa3aHw Ha pHG.7. B Ka

-rec r ee 8eHTlI1ne~ D' 2 Hcnonb3YIOTC~ 6 nocnenoaaren suo coenaneuuux 

I, AHOAOB THna B~-lO 12-ro Knacca. BeHTHnb D2 He06xoAHM An~ 06ecne
4eHH~ 3ap~AKH eMKOCTH AO pa604ero\ ,~ COl 

npeHMy~ecTBoM 3TO~ cxenu ~Bn~eTC~ 

Hanp~*eHHe Ha 06KnaAKax KOHAeHcaTopOB 

41'0 n0380Jl~eT YBenH4HTb pecypc paõoru 
3HepreTHl.IeCKHe no r epn Ha - 15%0 

Hanp~*eHH~o 

TO, 41'0 B 1eyeHHe 4HKna 
H Co~ He MeH~eT 3HaK,COl 

KOHAeHcaTopOB H YMelibWHTb 

4.	 ~E3YnbTATbl et>OPM~P06A~~~ BE~YmErO MArH~THoro nonR 
B nEPBO~ OYEPEA~ nY3K-20 

MarHHTHbl~ H3r-iepeHH~ B nepsoa o-repena TIY3K-20 6blnH npoaenenu 
c Hcnonb30BaHHeM HMnynbcHoro xonnOBCKoro MarHHTOMeTpa M~X-2Mo 

Oblna TaK}I(e C03AaHa cneuuansuaa aBTOMaTH3HpOBaHHa~ CHCTeMa, no
aaoria suiaa 6blCTPO oõpeôaruaar s pes ynararu H3MepeHH~, oroõpaxar s 
HX Ha 3KpaHe AHCnJ1e~ \IIm1 BblBOAHTb Ha ne-rar s , ~HAYK~H~"Bz H3Me
PRIlaCb B r ovxe c OTHOCHTe.RbHO~ TOl.lHOCTblO 5. 10-4, a rp anaenr 

aa z	 -3 16.1 
---- - c T04HOCTblO 2 010 T/M" Oxo-r-taren s ao pacnpenenexne

-<Jz 

Bz Ha paAHyce «onsua lt>OPMHpoBanocb B npouecce MarHI-1THblX H3Mepe
HHt1 nYTeM l<oppeKTHpOBKI-1 B Fl4ei'1Kax nHTaH\I1~ BenHl.IHH HaKomnenbHblX 
eMKOCTe~ H 6annaCTH~X HHAYKT~BHOCTe~. 

I 
I 

J
 2"'1 
PHc.8. ilHP;YKIJ;HH B z H rpa


aBz 
p;aeHT -- , H3MepeHHhleaz 
B paHOHe nepexoAHoro yqac~

II ',- ""'" '-.''C' ''C' ~ I /11I lln~ \ I\p ..

1';f)I; .......,.. AA ~ 

,25

,23.	 

í!CI'1
 Ka: A - HaqanO coneHOHAa 2; 
B - HaqarrO nepeXOAHoro 

l1. 

yqaCTKa; C - HaqarrO nepBoHt , ~ 

YCKopHID~eH ceK~HH nY3K-20. 

l
\ I

j 

~	 
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PHC. 9. I1HP;YK~HH Bz H rp8AHeHT~T 
aB Z 
---, H3MepeHHhle B Me)KCeKIJ,HOHHOM

éJz 
COneHOHp;e. 

Ha	 p~c.8 np~BeAeH~ ~3MepeHH~e 

aBZ
3aB~C~MOCnl Bz ~ --- B ny. Koop

aZ 
A~HaTa z, OTC4I1lTbrBaeTC.R OT MeAlI1àH

HO~ nnOCKOCT~ aAre3aTOpa. Ha 
,-r, ZCMI 

' ) I. '1"1'" I "\/I I Pt r- p~c.9 noxaaeua ~3MepeHHble 3aB~C~

aBz 
MOCT~ B~ ~ ----- B OAHOM 1Il3 MC. a·z 

. Bce	 ~3MepeH~.R npOBOA~n~Cb Ha pa-

A~~ce	 r = 4 CM ~ ypOBHe 17% ÓT HO
Mli1HanbHOro 3Ha4eHli1.R aMnn~TYA TOKOB B KaTYWKax. COOTBéTCTBYIOI1\~e 

3Ha4eH~.R aMnnli1TYA TOKOB B KaTYWKax ny ~ MC OTnli14an~Cb OT paC4eT
HblX sena 4~H He õonee 4eM Ha 10%. MaKc~ManbHoe OTKnOHeH~e ~3Me

peHHblX aMnn~TYA TOKOB B KaTYWKax t1C OT paCqeTHblX 1'20%1 -: Y Kpa~

H~X 10T MeA~aHHo~ nnocKocTII11 KaTyweK. 3TO CB.R3aHO c 3KpaH~PYIO~~M 
Bn~.RHli1eM Ha Hli1X li1HAYKTOPOB COCeAHli1X CeK4li1~. 

aa, aB /5/
3aMeTli1M, 4TO MarHli1TOMeTp li13Mep.ReT ----, a He __z_ • B ne-' 

az az 
pli10Ali1~eCKO~ CTPYKType MarH~THO~ C~CTeM~ CB.R3b Me~AY 3Tli1Mli1 Benli1

4li1HaMli1 Ha paAli1yce r Mo~eT 6~Tb npeACTaBnCHa B Bli1ne B~pa~eHli1.R 

_I aB z_ I aBz_ = .!!.:.r1	 151 
õ õz z À 

Iloacr aanaa B 151 r = 4 CM li1 À = 2,5 CM, nOJlY4aeM cnE;AYIOI1\YIO oueu
aBz aBz

Ky~i--I--l = 5. TaKli1M o6pa30M, li13 rpa<t>li1KOB, npl-1BeAeHHblX Ha 
õ õz z ' 

pl-1c.8 1-1 pl-1c.9, BI-1AHO, 4TO Tpe6yeMoe BeAYl1\ee MarHli1THOe none B r1Y
 

1-1 MC C<t>OpMl-1pOBaHO. Ha pl-1c.10 npl-1BeAeH~ pe3ynbTaT~ li13MepeH~~ B
z 
B OAHO~ 1-13 YCKOp.RIO~li1X CeKLtI-1~. C~eAHeKBaApaTI-14H~~ OTHOCI-1TénbH~~ 

·1 
" 

paaõpoc TOKOB B' K.;=iTywKaX: ~eK41-11-1 . IHa Rna~-d Bzf He ~'~'eBbIWaI1 Benl-1-''\ 
I	 41-1Hbl ±5·10.~3. a.C?THOCI-1Te.I1bHa.R Benl14l1Ha a3.!'1/'r'1.YTo:.Il:fHOH HeoAHopOA


HOCTI-1 Bz Ha paAl4yc-e xon bLta He npeesnuane ±3· LO ,. (";blna OCYl1\eCT

ane-ra TpaHCnOpTli1pOBKa 3neKT-p0~HbIX KOIleLt' B YCKopl-1TeIlbHOM r paxre
 

JlY3K-20 npu 4acTqTe nOBT'0peHI-1.R -paõoru acex- clo1cTeM ~ ~ 1 TLi." s .:
 

ir> 

3AKIlI0li EHVI E:f 

:I 
oi 

6~Ila pa3pa60TaHa, C03AaHa I-1.Hana~eHa· CI-1CTeMa <t>OpMl-1pOBaH~~ Be
nyutero MarHI-1THOrO nOIl.R nepsoã 04e.peAI-1 JlY3K-20. Ilpoaeneauue 1-13Me'1' 
peHli1.R no~a3anl-1 YAOBIleTBop~TeIlbHoe COBnaAeHl-1e pa~4~ToB c 3Kcne

pI-1Me~TanbH~MI-1 pe3YIlbTaTaMli1, a TaKme -TO, ~TO ~OHCTPYKLtI-1.R C03AaH
HblX Y3IlOB MarHI-1THO~ C\>1CTeMbl JlY3K-20 cnocoõaa 06eCne4l-1BaT-b <t>o.PMH
po BaHl-1e Bz c He06xOAI-1'MbIM~ napaaerpa-st , \'. f'., ., ' . '-, 

C03AaHHa.R I4MnynbCHa.R CI-1CT€Ma nI-1TaHM~'06ecne4HBaeT np~ 4aCTD
Te paõoru 11 = 1 rU, nonY4eHI-1e Ha paAl-1yce KOIlbu.a SeIlH41-1Hbl B z ::: . ' . 

=1~3fl,4 T. B pe3YIlbiaTe 1-13MeHeHK~ I-1HAYKTI-1B~Ocil-1 ~ eMKOCTI-1j • 
B Fl4e~Kax nl-1TaHII1f1 MOH<HO Ao61-1TbCfl $opMl-1poaàHI-1f1 He06xOAI-1MblX aMnIlI1-~ 

.... t , ,,' J..)..~ 

TYA TOKOB B KaTYWKax MarHKTHoro nOIlfl. 
Ilpo aene aaue 3KCnepl-1MeHTbl no npOBOAKe «oneu B YCKOpl-1TenbHOM 

TpaKTe nepBo~ 04epeAI>1 JlY3K-20, 1-13MepeHI-1e I>1X 60Ilbworo ll-1 MaIloro 
paAVlyCOB 1-1 nonoxe aaa OTHOCIo1TeIlb.HO OCI-1 Yc+<opI-1TeIl.R nOATBepAli1IlI-1, 4TO 

õun AOCTl>1rHYT ypo se a s nona B z z: 1,36 T c AocTaT04H~~ a3HMYTaIlb

H01':1 OAHOpOAHOCT blO" Kon bLta rpaucnoprupoaàna C,b B YCKQp'.I-1TeIlbHOM 
~paKTB 6e3 I-1CKa~eHII1F1 II1X 60Ilbworo VI MaIloro paAI-1YCOB ~ 6e3 CMe~e

HVifl no r , 

llVlTEPATYPA 
... 

1.	 AneKcaHAPoB B"C~ 111 AP. YCKOpl-1TenbHblÇj KOMnIleKC rnxenax VlOHOB 

B OVlRVI. OHRH, P9-83-613, ~y6Ha, 1983. 
2.	 Kaa apnuo a H.IO., Kas avá B.I,L OWH1, 9-83-148, lly6Ha

l 
, 19830 

3.	 Ka3apl-1HOB H.ID., Ka3a4a B.~., nepeIlbwTe~H 3.A. O~fl~, 9-85-176, 

lly6Ha, 1985. 
4.	 AneKCaXI-1H ID.H., Kâ3a4a B.H. O~R~, P9-83-752, Ay6Ha, 19830 

5. Kaaaua B. VI. 1-1 AP o 0J.1R11 , P9-8.1-809, lly6Ha, 198L
 
, 6. rn~~6MaH 3.M.1I1 AP. O~HH~ P10-85-891, Ay6Ha, 1985.
 

,j 

:':. 

PYKOnl-1Cb nocrynana B 1-13AaTeJlbCKI1~ OTAeIl
PHC. 10. l1iIp;YK~HH Bz , H3MepeHHa}l; 

17	 MapTa 1986 rOAa.B OP;HOH H3 YCKOPHro~X ceK~HH. ., 

11 10 



. BET nH· nPOBEnOB B BAWER SHBnHOTEKE? 
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TpyAW V He*AYHaPOAHOro coae11aHMR no npo-
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5 p. " •• 

3 p. 80 •• 

1 p. 75 Ko 

3 p. 30 •• 

5 p. 00 tc. 

2 p. 50 •• 

6 p. 55 IC, 

Z p. DO •· 

ft P• SO K. 

ft p. )0 K. 

S p. SO K. 

7 p, 75 K. 

) p, 50 K. 

I) p.50 K. 

3 p, 75 K. 

3aKa3W aa ynoMHHYTHe KHKrH MOrYT 6YTh aanpasnea~ no anpecy: 
101000 MocKsa, rnasnoqTaMT, n/R 79 

HsnaTenhCKHA OTnen 05benHHeHROro HHCTHTYTB RDepH~X HCcnenosaHH~ 
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~~ 
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AneKcaHApc8 B.C. M AP· 9-86-1~7 

CKcTeMa 40pMMposaHHR 8eA~ro MarHKTHoro nonR nwHeHHOro 
KHAYK~MOHHOrO YCKOPMTenR 3neKTpoHHO-MOHHWX Kane~ nY3K-2Q (1 O~epeAb) 

M3naratOTCR OCH08HWe Tpe6oaaHMR 1 OPeA"bR8nReMWe·, K napaMeTpaM 'Maf"tiMTHoM 
CMCTeMW nMHeHHOro KHAYK~MOHHOrO YCKOpwTenA 3neKTPQHHO-MOHHWX Kone~ fiY3K-20. 
AaeTCR OnMcaHHe KaK MeTOAMKM pac~eTa MaTHMTHOM CMCTeMW, TaK M ee KOMCTpyK
~MM. npwBOARTCR cxeMa nwTaHMR KaTymeK BeA~ero MarHMTHoro nonR Ba. ee napa
MeTpw, a TaKllle pe3ym.TaTW HarHMTHWX M3MepeHMH B nep8C»'i 0\U!J)eAM JJY3K-20. ~a 
AJ'IHHe 6,6 M 6wno_ccllopMMpo8aHO MarHHTHoe none 8z = 1.36 T, a6c0.1110THaR 8enw-

i1B 
~HHa rpaAKeHTa azE He npeswwana 0,23 T/M. 6wna oc~eCTBneHa TpaHCOOPTMpoa-

xa 3DeKTPOHHWX KOneq 8 ycKopMTenbHOM TPaKTe flY3K-20 npH ~aCTOTe nOBTQPeHMR 
pa60TW 8CeX CMCTeM II • 1 fq 6e3 MCKaJKeHMR HX 6onb111orO K Manoro PCIAM)'COB 14 

6es CMI!IIIeHH.II teoneq no pa,qwycy. 

Pa6oTa ewnonHeHa 8 0TAene HOBWX MeTQA08 YCKOPeHHR ~RM. 

CooC5aaealle 0GwuHIIBHoro llllet1lt)'Ta qepKWX IICCJieAoBIIDii. Jly&la 1986 

Depe80A O.C.BwHOrpaA080H 

Alexandrov V.S. et al - ·· 9-86-157 
The leading Magnetic Field Forming System of the LUEK-20 
linear induction Electron ton Ring Accelerator · 

The main requirements on the.parameters of the linear Induction elec
tron-ton ring accelerator LUEK-20 magnetic system are described. The des
cription of the magnetic system deslgn,procedure and Its design is given. 
The feed circuit of the leading magnetic field Bz coils and its parameters 
are presented. The results of the magnetic measurements In the LUEK-20 
first turn are also given. At the 6.~ m length Bz • 1.36 T has been fonne·d, 

as 
the absolute value of the gradient azz did not exceed 0.23 T/m. The elec-

tron ring transport In the LUEK-20 accelerating path was accomplished under 
the repetition frequency work of all the systems "• 1 Hz, with their blq 
and little radius undirstorted and without ·the rina displacement along the 
radius. 

The investigation has been performed at the Department of New Accele~ 
ration Methods, JINR. 
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