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BBE.D:EHHE 

B Jia6opaTOpHH MepHhIX npo6neM B HaIJane 1968 ro)la 6hlna BBe)leHa B ,lleii

CTBHe :meKTpOIIHrul MO)leJJb ycKOpHTem1 HOBOro nma - pemlTHBHCTCKOro KOJJhUe

BOro UHKJJOTpoHa c )KeCTKOH cpoKycHpOBKOH [1]. Mo)leJJh HMeeT OJlHHaKOBYIO c 

MO)leJJHpyeMblM npOTOHHhIM ycKOpHTeJJeM KOHe'IHYIO SHeprnIO H Ha6op SHeprnH 3a 

o6opoT (B e,llHHHUaX SHepnrn TTOKO.H), a TaK)Ke IJaCTOTbl 6eTaTpOHHhlX KOJJe6aHHH 

H cpa30BOYIO npOT.H)KeHHOCTb ycKop.sieMOro crycTKa nyqKa. OcHOBHbie napaMeTpbl 

SJJeKTpOHHOH MO)leJJH CJ1e)lyI01UHe: 

3ueprn.si HH)KeKUHH - 6 KsB; KOHelJHrul sueprn.si - 409 KSB; 

paAHyc HH)KeKUHH - 18 cM; KOHe'IHhitt paAnyc - 100,7 cM; 

IJacTOTa o6pameHH.H f = 39,625 Mfu; 

Qr= 1,045+ 1,9; Qz= 1,15+ 1,32. 

3neKTpOHHrul MO)leJJb npe,nHa3HaIJanach )lJ151 HCCJJe)lOBaHH.H JlHHaMHKH CHJlbHO

TO'IHOro nyqKa B peJJ.HTHBHCTCKOM UHKJ10Tpo11e. 

Ha nepBOM srnne HCCJJe)lOBaHHH onpe)leJJ.HJJHCh JlHHaMH'leCKHe xapaKTepHCTH

KH nyqKa H BJJH.HHHe npOCTpaHCTBeHHOro 3ap51)la Ha JlBH)KeHHe nyqKa H ero xapaK

TepHCTHKH, npe)leJJhHO JlOCTH)KHMrul TTJJOTHOCTh ycKop.sieMoro nyqKa 6e3 noTepb, 

BJJH.HHHe npocTpaHCTBemwro 3ap.si)la Ha 'laCTOTY neKorepeHTHhlX 6eTaTpOHHhIX KO

ne6aHHH nyqKa npH ero ycKopeHHH OT HalJaJJhHOro JlO KOHe'IHOro paAHyca. B npo

uecce HCCJJe)lOBaHHH B KOHCTPYKUHIO ycKopHTeJJ.H HenpephIBHO BHOCHJJHCh H3Me

HeHH51 lf .IlOpa6oTKH. B JlaJJhHeiimeM npH SKCnepHMeHTaJJhHhlX HCCJJe)loBaHH.HX Bhl

BO)la nyqKa H3 UHKJJOTpoua C HCTTOJ1h30BaHHeM scpcpeKTa pacmHpeHH.H op6HT, 

OTKphIToro B OH5IH B 1972 r. [2], 3TH JlOpa6oTKH H H3MenenH.si KOHCTPYKUHH 

3MKU HMeJJH KapJlHHaJJhHhitt xapaKTep KaK npH cpopMHposaHHH Hosoro JaKoHa 

MarHHTHOro non.si ycKOpHTeJJ.H, TaK H B cxeMe ycKop.siromeii BhICQKO'laCTOTHOH CH

CTeMbl, KOTOpru! npeo6pa30BaJJaCb lf3 0,llHO,llyaHTHOH C 90° JlyaHTOM CHCTeMhl B 

Tpex)lyaHTHYJO, HCTTOJ1h3YJ01UYIO pe)KlfM flat-top ycKopeHH.H C aBTOMaTHIJeCKOH no,ll

CTpOttKOH OCHOBHOH IJaCTOThl co BTOpoii rapMOHHKOH. OnHCaHHIO 3THX lf3MeHe

llHH, BHeCeHHhIX s OCHOBHbJe CHCTeMhl ycKOpHTeJJ.si, TTOCB.HIUeHa HaCTO.Hlllrul pa6o

Ta. 

MAfHHTHA5I CHCTEMA 

MarnHTnoe none 3MKU [3] B nnocKOCTH CHMMeTpHH z = 0 HMeeT BHJl 

Bz(r, <I>)= B(r{ 1 + E(r).sin ( f- N<I>)], 

Ob 1.Ci:iu:t:;rMB li'u~l'fl ~ 
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me 21tA H N = 8 - pa,QHaJJbHbIH mar H nepH0JlH4HOCTb cTpy1<Typb1 MarHHTHoro 

non51, £ = B8(r) / B(r). Pa.uHaJJbHIDI JaBHCHM0CTb HJoxpoHHoro cpe;mero non51 H 

Tpe6yeMoi1 sapnauHH £(r) pacctJHTbIBaJJacb no cpopMynaM 
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B nepsoM npH6nmKemm n, n', £ H c', Heo6xo)lHMb1e )ln51 pactJeTa 'C(r), onpe
JlenHnttcb HJ (2) tt (3) nptt 'C(r) = I: 
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)lm1 napaMeTpOB YCKOpttTen51, npttse.ueHHblX Bblllle nptt Bb16paHHOM 3Ha'leHHH 

.1Q = ± 0,09, .uonycK Ha BemttJHHy Bapttal.{HH MamttTH0ro non51 Ha K0HetJH0M pa-z . 

m1yce pasen ± 0,07 re. )lonycK Ha sentttJttHy cpe.llnero non51 nptt MaKCHManbHOM 

na6ope 3Heprntt Ja o6opOT - 1,5 K3B cocTaBn51eT ± 2,5· I0-3. 

Marmnnoe none 3MKU cpopMttpyeTc51 c noM0ll.{bIO cne.uYJOmttx cttcTeM T0Ko
BbIX 06MOTOK: 

1) o6MOTKH ).(n51 C03,UaHtt51 0CH0BHOH rapM0HHKH MamttTHfO non51. (8 cntt
paneii, H3fOTOBneHHbIX H3 Me.llHOH Tpy6Ktt 0 8x5 MM); 

2) KOnbl..leBbIX o6MOTOK rpy6oj:i K0ppeKUHH (13 nap o6MOTOK); 

3) KOnbl.{eBbIX 06MOTOK TOHK0H KoppeKL{ttH (24 napbl o6MOTOK) wrn Kop
peKL{HH «no nyqKy» cpe.uHero MarHttTHoro non51; 

2 

'j 

4) .llBYX CHCTeM np51MOnttHettHblX 

np0B0)lHHK0B wrn KoppeKUHH nepsoii 

rapM0HHKH pa.uHanbHOH K0Mn0HeHTbl 

MarHHTH0ro non51 3eMnH H H0pManb

HOH K0MTT0HeHTbl non51 B).(0nb TpaKTa 

BHemHeH HH)l(eKUHH. 

O6MOTKa Jln51 C03,!laHH51 OCHOBHOH 

rapM0HHKH MamttTH0fO non51 npe)l

CTaBmleT co6oi1 CHCTeMy .usyx CHMMeT

ptt4H0 pacnono;+;eHHblX 0TH0CHTeJlbH0 

TTJl0CK0CTH 0)1HH04HblX npoB0)lHHK0B 

(0 8x5 MM), yno;+;eHHblX no JlHHH51M 

cnHpaneii Apxm.1e.ua 't = N A.<l> H .uyraM 

OKpy)KHOCTett Ha pa.uuycax Rn= 10 CM 

n Rk = I 14 CM (pHc.l). Yron Me~.uy 

np51MblM H o6paTHblM npoB0.UHHK0M 

3JleMeHTa nepH0.UH'lH0CTH o6MOTKH 

P11c.l. <l>opMa OCHOBHOii Bap11auuo1111oii o6MOTKII 

n B ~ 51BJl51eTC51 noCT051HHbIM H paBH,blM N" epTHKaJJbHblH 3a3op Me)K)ly npoB0)lHHKaMH 

2h(r) H3MeH51eTC51 B C00TBeTCTBHH C Tpe6oBaHH51MH K xapaKTepy 3aBHCHM0CTH Ba

pHaUHH OT pa.uHyca. 

Cpe)lHee MarHHTH0e none, K0T0poe cpopMHpyeTC51 C n0M0ll.{blO o6MOTOK rpy-

6oii KoppeKUHH, onpe.uen5IeTC51 KaK pa3H0CTb Me)K)ly Tpe6yeMbIM H30Xp0HHbIM no

JleM H CJMMOH cpe.UHHX noneii rapMOHH'leCKOH o6MOTKH H sepTHKaJJbHOH K0Mno

HeHTbl MamHTH0ro TT0J151 3eMJlH, npHIDITOH paBHOH 0,5 re. Haxo)KJleHHe Heo6-

X0.UHM0f0 pacnpe;:teneHH51 T0Ka B 3THX o6MOTKax npoH3B0;:tHJl0Cb Ha 3BM. 

OTKnoHeHtte ccpopMHpOBaHHOfO cpe;:tnero non51 OT 3a,QaHHOro H~ npeBb!lllaeT 

±0,01 re. Pe3yJlbTaTbl cpopMHpOBaHH51 cpe)lHero MarHHTH0ro n0Jl51 B H OCHOBHOH 

rapM0HHKH Bg npe,ncTaBneHbl Ha pHc.2. KaK ynoMHHan0Cb Bb!llle, nocne 1972 r. Ha 

3MKU Ha'lanHCb Hccne,nosaHH51 3cpcpeKTa pacmHpeHH51 JaMKHYTblX op6HT. 

B nepBblX 3KCnepHMeHTaX no HCCJle)l0BaHHIO 3cpcpeKTa pacurnpeHH51 3aMKHy

TblX op6HT (3PO) Ha 3MKU [4] Ha6n10.nanocb JBellH'leHHe pa3.ueneHH51 op6m c 

3+4 MM )10 3-+4 CM. O.nHaKO O)lH0BpeMeHH0 C 3THM 6b1Jl0 OTMe'leH0 YBenH'leHHe 

paJlHaJJbH0fO pa3Mepa nyqKa. OJlHOH H3 B03M0X<HbIX npH'IHH ysenH'leHH51 pa3Mepa 

nyqKa M0fnH 6bITb «pa3pb1Bbl» B 3aBHCHM0CTH K03qJ!pHUHeHTa pacmHpeHH51 op6HT 

OT paJlHyca H3-3a HecosepmeHcTBa cpopMHposaHH51 Tpe6yeMoro cna.ua sapHaUHH B 

pattoHe pacmHpeHH51 npH noMOll.{H OJ:tHOH o6MOTKH cna.ua BapnauttH N~ 1. B )lallb

HeiimeM ,nn51 o6ecne'leHH51 HenpepbIBHoii JaBHCHM0CTH Ko3cpqmuneHTa pacurnpe~ 

HH51 op6HTbl OT pa,nHyca C03)laHa CHCTeMa ;:tononHHTeJlbHblX BapHauH0HHb!X o6Mo

T0K. Pac'leTbl )lBHX<eHH51 noKa3anH TaKX<e, 'ITO B 30He )lettCTBH51 3PO KorepeHTHble 

Kone6aHH51 nyqKa He .nomKHbl npeBbllllaTb 5 MM, a a~mnHTy,na HH3lllHX rapM0HHK 
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PHc.2. Cpe1rnee MaI1!HTHOe noJJe 8 H OCHOBHllll rapMOHHKa Bs B JaBHCHMOCTH OT pa.n11yca 

aKCHaJibHOH COCTaBmnomeii MarnHTHOfO IlOIT51 He nom1rna npeBbllllaTb uonycKa: 

Bl, B2 < 0,05 re . .[l.n51 BbIIlOITHeHll51 3THX Tpe60Bam1fi 6hlna CMOHTMpOBaHa CHCTeMa 

o6MOTOK KOppeKUHH HH3IllHX rapMOHHK, pacnono)KeJ-IHa51 B nuana3OHe PMHYCOB 

ycKopeHH51. 

Ko3cpcpnutteHT pacI11HpeHll51 op6HT a CB513aH co cpeJlHIIM pMHYCOM op611Tbl R 
H napaMeTpaMH MarnHTHOfO non51 cneuyromnM COOTHOilleHHeM [5]: 

1 _ Ji EP_ = - R dA ' 
a - p dR 1 + n A dR 

(6) 

R dB 
me p = eBRA - 11Mnyn1,c qacTnUhI, n = 8 dR - noKa3aTen1, pocTa MarnnTHoro 

IlOIT51. 

1 ✓ 1 e
2 

( 3 R de ) A~2+ 4+ 2N2 2+n+£ dR . (?) 

flocKon1,Ky nptt yMeHbllleHHH A pa3nene11ne op6nT yBenuquBaeTc51 nponopmrn

HaJihHO K03cpqmuneHTy 

K=a(l +n) 
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(8) 

M51 uaxolKJie!IH51 napaMeTpoB ManmT11oro non51, o6ecneqnBaJOillllX ysen11'1e1rne 

pa3nenemrn, 1-1eo6xonnMo ttaHTH coBMeCTnoe pewem1e ypaBne1111i'i (6 )-(8) npn 

1a.na1-111u cooTBeTCTBYJOillero BHJla cpyHKUHH K(R). TaK KaK np11 11 = const pewe1rne 

CllCTeMbl ypaBJ1e1-11rn He BblpcUKaeTC51 3neMeHTapHblMH (p)'llKUll51MH, TO MOlKHO no

JlytlllTb ero nyi-eM 'IHCJJeHHOfO llHTerpHpoBaHll51, npnBeJl51 CHCTeMy ypaB!leHHii 

(6)-(8) K BHJlY 

-=-(l+n) --1 dA A ( l ) 
dR R k • ' 

') 

de=2N~ (A2-A)-3+211 
dR RE 2R E, 

(9) 

Ha pnc.3 npeJlCTaBneHbl pe3ymTaTbl HHTerp11poBa1-11rn CIICTeMbl (9) B 3OHe KO

He4Hb!X pM11ycoB 3MKU. B 3TIIX pac4eTax M51 3Ha4eHH51 11 ncnon1,3OBaJ1OCb 

JlOCTaTO4HOe npH6JJtt)KeHne, COOTBeTCTByJOillee ll3OXpOHHOMY TIOJIIO B OTC}'TCTBHe 

Bap11amm: 

R2 
n= 

( 

C )2 • 
2rtf -R2 

(10) 

rue C - CKOpOCTb CBeTa, j - 4aCTOTa 

o6palllemrn 4aCTHU. 

3MaHtIM B 3TOM pacqeTe cpopMa 

H3MeHemrn k(R) TaK)Ke noKa3aHa Ha 

pttc.3. Pac'!eT JlBH)KeHH51 4aCTHU B Jlll

HaMuqeCKOM pe)Kl!Me JlIT51 nonyqeHHOH 

aMnJIHTYJlbl Bs(R) (pttc.3, KpHBM 2) 

noKa3bIBaeT ysen114e1rne pa3nene1-11rn 

op6HT B 8+ l O pa3, '!TO HaXOJlllTC51 B 

COOTBeTCTBIIH C BeITH4llHOH K, 3aJ:(aH

HOH npH llHTerpupoBaHIIH CIICTeMbl (9) 

(pllc.3, KpHBa51 2). 
Pac4eTbl CIICTeMbl BapnaUIIOHHbIX 

o6MOTOK, C HOMOlllb!O KOTOpOH 6b1JJO 

CO3JlaHo Tpe6yeMoe H3Meue1-111e sa

pnau11n s 3oue pa3ueneun51, npo

sonnnnc1, c ncnonb3OBa1meM nporpaM

Mbl V ACUW [6]. 
B Ta6nuue l 11cnon1,3osaHh1 cne

llYJOillHe 0603ua4e1-11rn: R H R - na-n K 

26 

';fr 22 --~..::.:_-...:::::.=--..., 
,;: 20 ~ 

18 '~ 
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90 92 9L. 96 

\ 
\ 
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P11c.3. XapaKTepl!CTIIKH ~tafllHTIIOrD IlOJJll s JOHe 

)lel!CTBHll 3<jlcjleKTa pacwnpemlll: I - aMll!IIITYJla 

BOCbMOi"I rapMOHIIKII Bg(R) B pelKIIMC 6e3 pacm11-

penm1 op6in; 2 II 2' - paC'ICTlll,IC "laBIICIIMOCTII 

B
8
(R) 11 K(R) B pe:>Km1e pacu111pe111lll; 3 11 :r - 3KC-

nepnMe1na%Hhle 3aBIICIIMOCTII BxtR) II K(R) B pe-

'laITbllblH II KOHe'IHblii pan11yc1,1 o6MO- lKHMe pacwnpellHll 
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Ta6mma 1. IlapaMeTpbI uapnaunouubIX o6MOTOK, tf>opr,mpywmnx cnllJl uap11a111rn 
B lone pal)leJICHHll op6HT 

R, CM R. CM 2/r, CM <1>, rpan. 0, rpan. I , A MaTep11aJl 
ti • JIOM 

100,0 I 15,S 14,1 9,5 45 469,S Tpy6Ka M8x5 

2 99,S 106,S 9,0 3,3 45 122,S Tpy6Ka M6x4 

3 94,S 88,S 9,0 2.2 45 37.S Tpy6Ka M6X4 

4 93,S 95,S II 1,4 45 7,5 npoBOJl. M-4,QQ 

TOK; 2h - 3a3op Me)Klly o6MOTKaMH; <t> - yron, OTC411TbIBaeMblH OT OCH KaMepbl, 

npoxonmueii 4epe3 ueHTp HH)KeKTopa, no cepe1111ub1 3neMeHTa nep11on114HOCT11 

o6MOTOK no uanpasneHHIO spameHml cn11paneii OCHOBHOH Bap11au110HHOH 

o6MOTK11; e - nep11011; / - HOM11HaJJbHblH TOK. 01111H nomoc Bap11au110HHOH HOM 

o6MOTKH COCTOHT 113 nsyx 1111eHTH4HblX BeTBeii, yno)KeHHblX no llYTaM 0Kpy)KHOCTl1 

H panHaJJbHblM nHHH.SIM (p11c.4 ). BeTBH C11B11HYTbl npyr OTHOCHTenbHO npyra Ha 

non0B11Hy nep11011a Cl1CTeMbl - 22,5°, 11 no Hl1M nponycKalOTC.SI TOKH npOTHBono

nO)KHOro nanpasneH11.si. '.:ho np11sO-JlHT K KOMnencau1111 cpenHero nona 11 K ynso

enmo aMnmny.llbl sap11au1111 no cpasneH1110 C o6MOTKOH, COCTO.SllUeH 113 OJlHOH 

seTBl1. Ha p11c.3 11 (KpHBhle 3 H 3') noKaJaHbl pe3ynbTaTbl 113Mepeu11ii Marn11Tnoro 

non.SI np11 TOKax sap11aUHOHllblX o6MOTOK, YKaJaHHblX B rn6n. l. Ha puc.3(3) 

BH.llllO, 4TO 3KCnepHMeHTaJJbHO nonY4eHHM KpHBM 3aBHCHMOCTH K03<pqrnuue11Ta 

pacumpeHH.SI op6HT HMeeT BH.ll HenpephIBHoii <pyHKUHH, a MaKCHMaJJbHOe 3Ha4e1me 

,,.,,-_. __.,-· t/2 
~ ~l;P!iBJ5!11.!JP-
~----~. llf 

"--
------- IE½ 

Jz;/'efibi 

Pnc.4. reoMeYpHSI )lOflOJJHIITeJlbllblX eapnaunoHHblX 
06MOTOK 

6 

K03<pqmuueHTa pacurnpett1-1.si coorneT

crnyeT ysen1-14eH1110 3HepreTH4ecKoro 

wara op61-1T B 8+ IO pa3. 

B03MyllieHH.SI . ccpopM1-1posaHHOfO 

MamttTHoro non.SI 3MKU, Bbl3h1Bae

Mble HeT04HOCT.SIMH H3fOTOBneHH.SI 1-1 

H3MeHel!I-I.SIMH reOMeTpHH ycKOpHTeJJb

HOH KaMepbl npH BaKyyMHOH OTKa4Ke, 

sntt.SIIOT 11a 3PO JlBO.SIKHM o6pa30M: 

a) Ha Ha4aJJbHblX 11 cpe.llHHX pa

m1ycax, f.lle 4aCTOTa CB060JlHblX 

panHaJJbHblX Kone6aimii 6nH3Ka K I, 
B03MymeHH.SI Bbl3blBalOT pacKa4KY KO

repeHTHblX Kone6aHHH, KOTOpbie 3aMa-

3blBalOT 3<p<peKT pacurnpemrn s JOHe 

KOHe4HblX pan1-1yc0B, na)Ke B CnY4ae 

1-1neanbHO ccpopMHpoBaHHOro non.SI B 

aToii 101-1e; 

6) B 30He neiicTBH.SI 3<p<peKTa pacw1-1peHH.SI B03MyllieHH.SI OHH Bb13blBalOT 

ysen114e1me panHaJJbHOro 3MHTTaHca nY4Ka, 1-1ecM0Tp.Si Ha OTCYTCTBHe KorepeHT

HblX Kone6a1mii nY4Ka B 30He, npenwecrnyIDmeii pacw1-1peH1-110. 

AHaJJH3 pac4eTOB Ha 3BM 3<p<peKTa pacw1-1peHH.SI llOKa3aJJ, 4TO KorepeHTHble 

KOne6aHH.SI nY4Ka B 30He KOHe4HblX pan1-1yc0B He non)l(Hbl npeBbJWaTb 5 MM, a 

aMnnHTY.llbl nepsoii u BTopoii rapMOHHK MafHHTHOro non.SI non)l(Hbl 6hITb He 6onee 

0,05 re. Jlna KOMne1-1cau1-1H nepsoii rapMOHHKl-1 B03MyllleHlIB aKCHaJJbHOH COCTaB

n.SIIOllleH MaTTIHTHOro non.SI Ha nnaHHpOBKe B~KYYMHOH Kru-1epbl pacnono)KeHbl 

12 nap o6MOTOK, napaMeTpbl KOTOpblX npHBe.lleHbl s rn6n.2. 

Ta6JJttQa 2 

N~ napu I 2 3 4 s 6 7 8 9 10 11 12 

R,,, CM 22 25 30 35 40 45 so 60 70 80 90 95 

/',.R, CM 2,5 5 5 5 .5 5 5 10 10 10 10 5 

2/t, CM 8 8 8 8 8 8 8 8 8 8 8 8 

0, rpau. 60 60 60 60 60 60 60 60 60 60 60 60 

<1>, rpau. 60 60 60 6Q 60 60 60 60 60 60 60 60 

w 

/max s 5 5 5 5 5 5 5 5 5 5 5 

k 

B Ta6n.2 1-1cnonb30BaHhI cne.llYIDlllHe 0603naqeHn.si: R8 - Ha4aJJhHbiii pannyc 

o6MOTKH; M - panHaJJbHa.SI npoT.SI)KeHHOCTb; 2h - 3l130p Me)l(Jly o6MOTKaMH, 

0 - ymoBa.SI npOT.SI)KeHHOCTb; <1> - yron 
Me)KJlY OCblO KaMepbi l1 OCblO o6~0TKH; 

W - q1-1cno BHTKOB; /max - MaKCH-

MaJJbHblH TOK qepe3 o6MOTKY, k - HO

Mep rapMOHHKH MamHTHOfO non.SI, co-

31laBaeMoro o6MOTKOH. Ha pnc.5 

npuse.lleHa reoMeTp1-1.si naphI TaKHX 

o6MoToK, o6ecne4nBalOlUHX spamett11e 

!pa3bl nepBOH rapMOHHKH B HHTepsane 

O+ 360°. Jln.si )KeCTKOCTH see o6MOTKH 

KOMlleHCaillll-1 KOMnaYH.llHpOBaHhl 3110-

KCHJlHOH CMonoii l1 3aKpbiTbl MeJlHblMH 

I 
I 

~ 
I : 

I 
<""', I 

'-" ",., I 
;-....J . 

I~ I 

,-......, I 
l )'-~"1 

':><- ' 
I ''\,.) 

. ,OCb ~-
nnaKHpOBKaMH no sceii llJIOCKOCTH HX Pnc.5. fooMeYpHSI o6MOTOK KOMneHCaQHH HH311IHX_ 

pacnono)KeHH.SI. rapMOHHK 
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BhICOKOY.ACTOTHA51 Cl1CTEMA 

furn npmrnnemrn ::icpcpeKTa paJJlenemrn Il0MHM0 Jl0nycK0B Ha aMnmnyJlhI Bhl

Hy;,KJleHHbIX H CB060)lHblX KOJie6anuii tJaCTHU nyqKa, a TaK)Ke Jl0ilYCK0B Ha HH3WHe 

rapM0HHKH MarttHTH0ro ll0Jl51 cymecrnyJOT orpattH'lemrn Ha 3HepreTH'leCKHii pa3-

6poc tJaCTHU B ycKop51eM0M nyqKe, K0T0phiii na Kotte'IHOM pam1yce 3MKU B Jm1e 

BhIB0Jla tte Jl0JI)Kett npeshIWaTb ~w;w:::; 10-3
. 3To )KeCTKoe Tpe6osaHHe np1rno-

~ 

+ 

~ 
¾ 

I~ 

l 

Pttc.6. bJJOK-CXeMa YCK0plU0IUero B!.ICOK0'laCT0TH0ro nimurnll 3MKU. O6oJ

Ha'!elUill: R - aKTHBHasJ cornacyromasi HarpY3Ka, M - M0T0pHl,IH npHB0JJ, V 

- BOJJl,TMeTp, CT AE - 6JJOK anToMaTH'leCK0ii ll0JJCTpoiiKH '!aCT0Tl,I, PT -
peJ0HaHCH!.IH TpaHccpopMaTop, M - HCTO'IHHK MeKTp0HOB, YC B'I - ycn
JIHTeJJ!, BlJ, CIJB - cjJaJ0Bpama1en1,, <DJ], - cjJaJ0B1,1ii 11ereK1op, CIJB3 - cpa
J0Bpama1en1, aaeKrpottn1,1ii, YJJ.B - YJJB0111en1, 'lac1011,1, MOIUH.YC 
M0IUH!.111 ycHJJnTeJJ!., PET.YC.BlJ - perynnpyeM1,1ii yc11n111en1, B'I 
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)lllT K Heo6xO)lllMOCTH HCil0Jib-

30BaTb npu ycKopemm pe)KIIM 

flat-top ycKopemrn [71, a TaK

A<e armapaTypHble MeT0Jlbl 

CTa6HJIH3aUIIII napaMeTp0B 

BY.-CHCTeMbl C npm,1e11e11neM 

aBT0MaTH'leCKHX Ka!HlJIOB C 

o6paTHOii CB513bl0. BY.-CHCTe

Ma 3MKU H3 OJlHOJlya11nwii c 

90° uyaHT0M CHCTeMbl 6hina 

npeo6pa3osatta 11 11,10uepHH3H

posa11a B CHCTeMy, C0CT05llllj'I0 

113 JlBYX 45° uyaHT0B C )l0il0JI-

Ci 

~t5 
R2QO CS ~~If 

lj+-100 

c~ 

I C4 I Rlld.50 

(0 B•~ I, I 

• Pnc.7. np1111u1111ttaa1,11rui cxeMa peJotta11cttoro 1pa11ccpopMa-
TOpa 

HJITeJlbHblM rapM0IIH'leCKHM 

JlyaHTOM CJIQ)KJIOH cpopMbl, 

06ecne'lHBa10my10 npn onpe

ueneHHhlX YCJI0BlUIX pa36poc 

3Hepnm 'laCTIIU B ycK0p51eM0M nyqKe, 11e npeBblWaIOmHii 10-
3

_ Tion11a51 6JIOK-CXe

Ma BbICoKo<JacToT11oro nnTaHH51 3MKU npeJlCTasneHa ua puc.6. 

OcHOBllble uyaHTbl ycKOp51IO!UeH CHCTeMbl B036y)KJlaIOTC51 OT 0JlH0ro reHepaT0-

pa BblCOKOii 'laCT0Tbl (f = 39,609 Mfu). ,[I.JI51 He3aBIICHM0ro ll3MeHeHH51 BblC0K0'la

CT0TH0ro 11anp51)KeHirn 11a oc110BHhIX JlYaHTax 3MKU pa3pa6orau pe30HaHCHhIH 

Tpa11ccpopMaTop, ll03BOJI51IOIUHii [1QJIY4l1Tb 11a ero BbIX0)le usa pa3HbIX 3Ha'leHH51 

Hallp51.lKeHll51 C B03M0.lKH0CTbl0 no)l6opa BeJIH'lHHbl v, H v3 H pa3H0CTII cpa3 Me.lKJlY 

lUIMH B npe)lenax 3llJ.{aHHblX )l0nycK0B. Pa3HOCTb cpa3 Me.lKUY 0CH0BHblMH JlyaHT3MH 

noll)lep.lKHBaIJaCb npH Il0M0IUH IlO)lCTpOHKH PY<JHbIM npHB0Jl0M ll0il0JIHHTeJibHblX 

K0H)leHcaTopoB, 003B0Jl51IOlllHX uacTpansaTb Ha pe30HaHCHYIO tJaCT0TY Ka:;+;)lhlii JlY

aHT. TipmmnnHaJihHa51 cxe11,rn pe3oHattcHoro TpauccpopMaTopa npuse)letta Ha 

pnc.7. 

Pe30HaHCHblii TpaHc<popMaTOp npeucTaBJI51eT co6oii K0aKCHaJibHYIO JIIIHIIIO, 

3aMKI-IYTYIO Ha 0JlI-I0M K0HUe OO)lBH.lKHOii 3aKopOTKOii, cJiy.lKa!Ueii )lJl51 HaCTpoiiKH 

pe30HaHCH0ro TpauccpopMaTopa 11a pa6otJyIO 'laCT0Ty. BTopoii K0Heu K0aKCHaJib

HOii JIHHHH Harpy.lKeH Ha nepeMeHHblH BaKyyMHblH K0H)leHcaTop c, TO'IHOH Il0)l~ 

CTpoiiKH H JlBYX eMK0CTHbIX ueJIHTeJieii, C0)lep.lKalllllX )lBa nepeMellHblX K0H)le11ca

T0pa c4 H CS' ll03B0Jl51IOlllHX H3MeH51Tb K03!pQ)HUHeHT TpanccpopMaUHH. 3KCilJiya-

TaUH51 onuca1moii CHCTeMbl noKa3aIJa, 'IT0 mm Bblll0JIH5ieT npe)l11a3natJeHHYIO ).IJlll 

Hee p0Jib, o6ecnetJHBa51 Ha peanbHOii Harpy3Ke paBeHCTB0 ycK0p51IOIUll)5- 11a11p51-

.lKeHHii V
1 
= V

3 
= 1440 B C T0'lll0CTbIO ±5 B ll CTa61IJibllOCTb pa3110CTII cpa3. Me)K-

JlY IIHMH C T0'lH0CTbIO ±I O 3a speM51 pa60Tbl nop51)lKa 11ecK0JlbKHX 'laC0B nocne 

llBYX'-taC0B0ro nporpesa BCeH CHCTeMbl. 
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PHc.8. ct>yHKUHOHaJJbllllil cxeMa ycTpoiicTBa cTa6HJIH3aUHH B'-I-Hanp~JKemu1 

<l>yHKUHOHaJlbHa51 cxeMa ycTpOHCTBa CTa6irnttJaUHJ-1 BblCOK0'-!aCTOTHOro Ha

npi!)KeHll! npttse)leHa Ha pttc.8. PaHee ttcnoJibJOBaHHllil cxeMa crn6HJIHJaUHH 8"4-
Hanpi!)KeHHil o6JiaAaJJa TeM He)l0CTaTKOM, '!TO o6paTHM CBi13b no CTa6HJIH3aUHH 

6brna JaAeiicrnosaua TOJibKO Ha OJlHH JlyaHT ycKOpi1101uei-f cttcTeMbI. ,U.rrn nosb1-

wemrn Hatle)KHOCTH 3KCnnyaTaUI-IH II CTa6HJibHOCTll Bll-HanpmKeHHil Ha OCHOBHblX 

JlyaHTaX 6JIOK MaJIOMOlllHblX KaCKMOB (EMK) BblCOKO'!aCTOTHOro reHepaTopa 

«IlHHrBHH» C 3JleKTpOBaKyyMHblX JiaMn CTaporo o6pa3ua nepeBe)leH Ha cospeMeH

HYIO nonynpOBOA!IHKOBYIO 3JleMeHTHYIO 6aJy [8]. ,Uni! nepe)la'!IiBl!-MOlllHOCTH OT 

npe)lBapHTeJibHOro ycHmJTeJiil Ha ceTKY Jia~mbl rY-43E npeJlOKOHe'!H0ro KaCKMa 

reHepaTopa npHMeHeHO cornacy10mee ycTpOHCTBO. Y CHJIHTeJib nOJBOJiileT 

pa3BHBaTb 11a ceTKe JiaMnbl fY-43E - 25 B, '!TO JlOCTaTO'!IIO AJlilBOJ6y)KJleHHil Ha 

ocHOBHbIX Jlya11arax BY-HanpmKemrn JlO - 2 KB. Ilocne JlByxqacosoro nporpesa 

3JleMeHTOB re11epaTopa II cra6HJill3HPYIOlllero ycTpOHCTBa CTa611JibHOCTb ycKOpi!IO

mero BY-Hanpi!)KeHHil 11a JlyaHTax ycKopi!IOllleii cttcTeMhl 3MKU He x~e 

0,1%. 
B CBil3ll C HaJlll'!HeM Janaca MOlllHOCTH y OCII0BHOrO BY-reuepaTopa AJ!il 

pe)KHMa flat-top ycKopeHHil 6blJIO peweHO HCIIOJlbJOBaTb Ha6op HJ nepBOH H BTO

poii rapMOHHK ycKOpi!IOlllero 1ianpi1)Kellllil, KaK o6ecne'!IIBaIOlllllH MaKCHMaJlbHYIO 

yrnosy10 np0Til)KeHHOCTb 30Hbl «nOCTOilllHOrO» Ha6opa 3HeprnH. Ilo)lo611bIH Bbl-

6op JlllKTyeTCil TaK)Ke coo6pa)KellllilMH paAHOTeXHHKH, TaK KaK •BBHJlY KOHCT

pyKTlfBllblX oco6emwcTeii 3MKU ycKopeHll! B Hei-f MO)KeT ocymecTBJiilTbCil TOJib-
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KO C nOMOlllblO nyaHTOB, nporn)KeHHOCTb KOTOpblX )la)Ke )lJlil nepsoii rapM0IIHKH 

C0H3Mep11Ma C pa6o'leii JlJllfHOH BOJIHbl ycKOpi!IOlllero Hanpi!)KeHil_il, '!TO npHBO)lHT 

K JaMeTHOMY paAllaJlbH0MY pacnpe)leJieHHIO Hanpi!)KeHHil. 

B cnyqae IICl10Jlb30BaHHil nepsoi-f II BTOpOH rapMOHHK ycK0pi!IOlllero Hanpi!

)KeHHil npH 0IITIIMaJlbHbIX cpa30BblX COOTHOilleHllilX Ha6op 3Hepnm Ja o6opoT 6y

neT paseu 

1 
LlW / LlWOI = cos q>.- ~ cos 2q>, (11) 

me LlW0 onpeJleJiileTCil aMnJIIITYJlOH ycKOpi!IOlllero 11anpm1<eHilll U0 11 cpaJosoi-f 

npOTil)KeHHOCTblO JlyaHTa 0 

LlW0i = 2U0i sin 0/2, 

«a» - ornoweH11e ua6opos: a~ LlW0/ LlW02' 

(12) 

B JaBHCHM0CTII OT «a» Bb!pa)KeHl!e ~11) onpe)leJiileT CIIMMeTpll'!HYIO OTH0-

CHTeJibHO <p = 0 O)lHOrop6y10 (a~ 4) HJIII JlByrop6y10 (a< 4) KpllBbie. IloJIO)KeHl!e 

H BeJIH'!HHa 3KCTpeMyMOB H )lllanaJ0H cpa3, B KOTOpOM pa36poc 3Heprn11 np11 Ha-

6ope He 6yneT npeBblillaTb )lOllYCTIIMOro, MOryT 6b1Tb onpe)leJieHbl aHaJJHTll'!eCKII. 

Y nsyrop6oii Kp11soi1 3KctpeMYMbl 6yJlyr np11 <j> 1 = 0 (min) 11- cos $2 =±a/ 4 

(max). 

OTHOCIITeJibHbIH 3HepreTll'!eCKIIH pa36poc Me)KJlY MaKCIIMYM0M II MIIHHMYMOM 

JlByrop6oi1 KpllBOH 

o. =~(~J ·-(~J ]i[(-~J mrn l LlWOI LlWOI LlWOI 

~ ~ ~ 

+( ::,, 1 l 
c)>l 

(13) 

orpaHH'!IIBaeT B03MO)KHblH Bb16op JHa'!eHHH «a», T.K. ,uonyCTIIM0e 3Ha'!ettlle pa3-

6pocos O )l0Jl)KH0 6h1Tb 60Jibille IIJIII paBHblM O . : 0 ~ 0 .. mm mm 
Han11q11e Manoro napaJIITHoro cpaJosoro CJlBHra rpaHccpopM11pyeT (11) B 

1 
LlW / LlWOI = cos q>-~ cos (2q> + 2\jl) = 

cos 2'J' - sin 2'1' . = cos q> - cos 2\jl + sm 2\jl, 
a a 

(14) 

TO eCTb llOilBJlileTCil C)lBllr 3KCTpeMYMOB II aCHMMerpll'!Hail. '!aCTb, npmiOJlillllail K 
nepeKocy llJiaTO, 'ITO, s CBOIO O'lepe,llb, npHBO)lllT K c~eHIIIO ,llOnyCTHMOH o6JiaCTII 

cpa3. 

IloJIO)KeH11e 3KCTpeMYMOB II w11p11tta JlOnycT11Moi1 cpaJosoi-f 06nacT11 ,llJlil JaAa

saeMbIX JHa'leHHH Q)aJOBOro C)lB11ra «\jl» H OTHOCIITeJibH0ro pa36poca Ha6opoB «o» 
MOryT 6b1Tb HaH,lleHbl B 3TOM cnyqae nyreM 'IHCJieHHOro peweHllil TpaucueH,lleHT-
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t:,. ..,. 

40 

35 

30 

b =0,001 

1 '+'·=o.ooo 
2 '+' 0 = 0,050 
3 '+' 0 = 0,075 
4 '+' 0 = 0,090 
5 'i-'

0 

= 0,100 

25 L-.~~,........,.--,,.........,----,--r--.---.----.-----.----.--r----.--
3.90 3.95 4.00 4.05 a 

Puc.9. OrnorneHHe Ha6opos a= t.W01 / t.W02, t.<j> - a:ittMyranhHM npornJKe11-

H0CTh crycTKa n}"!Ka, 0 - cjla:iOBM npornJKeHH0CTh nyaHTa, o - OTHOCHTeJJhHhIH 

:mepreTH'JeCKHH pa:i6poc MeJKny MaKCHMYM0M H MHHHMYM0M, 1J1 - cjlaJOBhIH CllBHr 

0TH0CHTeJJhll0 0CII0BH0ro ycKopiuomero HanplllKeHHll 

HhIX ypaBHeHHH. Pe3yJJhTaThl pacqeTa .r1onycTHMOH o6nacTH cpa3 B 3aBHCHMOCTH OT 

OTHOIIIeHH5l na6opoB «a» ,LIJ151 8=0,001 H 'I' B ,LIHanaJOHe OT 0 ,LIO 0, I 0 

(0::; 'I'::; 0, 1 °) npe,LICTaBJJeHhl Ha pHc.9. 

KaK y)Ke OTMeqanOCh Bhlllle, 6naro.r1ap.11 BhICOKOH pa6oqefi qacTOTe 

/ 06P = /
1 
= 39,6 Mfu, B.LIOJJh pa.nHyca Ha ycKopmomeii KpOMKe HMeeTc5l JaMernoe 

na.ne1rne ycKopmomero uanp.H)KeHH5l, npHqeM ua BTOpoii rapMOHHKe 0110 .LIOJJ)KHO 

6hITh 3Haq11TeJ1hHO 60JJhlllHM, qeM Ha nepBOH. B 3TOM cny,-iae BapbttpoBaHHeM yr

JJOBOH npOT5l)KeHHOCTH .r1yanTa BTOpOH rapMOHHKH MO)KHO no,LI.Llep)KHBaTh 

OilTHMaJJhHhle 3HaqeHH5l ua6opOB 3HeprnH na .r1yaHaTax nepBOM H BTOpOH rap

MOHHK: a -4. 
Heo6XO,LIHM35l yrnoBM npOT5l)KeHIIOCTh rapMOHHqecKoro .r1ya11Ta 8(r) 6bIJJa 

onpe.r1eneHa OYTeM nocne,LIOBaTeJJhHhIX nptt6JJH)KeHHH 3KCnepHMeHTaJJhHO-pacqeT

HhIM cnoco6oM HCXO.L15l HJ ycnoBH5l, qTo npH r = r max «a»= 4, a 8(r ma)= 45°. 

12 
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Pttc.11. ITpHHUHl!HaJlhHall cxeMa pery;rnpyeMOfO ycHJ1HTem1 MOIUHOCTH Ha 80 Mru 

ITpH 3T0M 8(r . ) C0CTaBm1eT 0K0JI0 20°, H npH OTH0illeHHH aMJ1JIHTY.!l ycK0-
mtn 

p.S!IOIUero Hanp.S!)KeHH.SI VOl(r . ) / vo2<r . ) = 3,32 3KCnepttMeHTaJibHbie 3Ha'-leHH.SI mm mm 

«a» Jie)KaT B .uttana3011e 3,904 :S: a :S: 4,018. 

l-h rpacpttKa pttc.9 cne.uyeT, '-!To B 3T0M cnyqae .uonycTHMhlii cpa30Bhlii mrnna-

3011 AIi.Si O = 0,00] 6y.UeT: 

30,3 :S: <p :S: 40,5 J1pH \j/ = 0, 
/lOII. . 

28,3 :S: <p :S: 34,5 npH \j/ = 0,09. 
/lOII. 

Bepn!KaJibllble pa3Mepb1 ycKOpHTeJibHOH KaMepb! J103B0JI.SIIOT pa3MeCTHTb B 

HeH .uyaHT BTOpoii rapM0HHKH c paccTommeM ;Q0 J1JiaKHp0BKH h = 23 MM. 

YBeJIWleHHe 3T0ro pa3Mepa uenecoo6pa3HO C T0'-IKH 3peHH.SI yBMeHbilleHH.SI M0IU

II0CTH J10Tepb H, cne.uoBaTeJibH0, M0IUH0CTH reHepaTopa BTOpoii rapM0HHKH. 

OmrnKO cepbe3Hb!M npen.SITCTBHeM AIi.Si J10JIYtJeHH.SI He06XOAI-IMOro Hanp.S!)KeHH.SI 

14 

M0)KeT CTaTb pe30HaHCHblH BblC0K0'!aCTOTHbIH pa3p.S1.U, ycJI0BH.SI AIi.Si B03HHKII0-

BeHH.SI K0TOporo nepeCTalOT Y.U0BJieTB0p.S!TbC.SI TOJibK0 npH h :S: 10 MM. CneuHaJibHO 

npose.ueHHblH 3KcnepHMeHT Ha MaKeTe .uyaHTa J10.[lTBep.UHJI cnpaBe.[lJIHB0CTb 3THX 

onaceHHH, J103T0MY B Ka'-leCTBe pa6o'-lero BapttaHTa 6biJI npHH.SIT .UYaHT C 3a30p0M 

.uo nJiaKHp0BKH, paBHblM 8 MM . 

MOIUHOCTb noTepb B .uyaHTe H BX0.UH0e conp0THBJieHHe co CT0p0Hbl pe3o

HaHCHOH JIHIIHH paCC'-IHTblBaJIHCb pa36HeHHeM .uyaHTa Ha K0p0TKHe 0Tpe3KH, B0JI

H0Bbie conp0THBJieHH.SI K0T0pbIX C'-IHTaJIHCb J10CT0.SIHHbIMH, H J1YTeM CillIIBaHH.SI 

pe111eHHH Ha rpaHHUe. PaCC'-IHTaHHa.SI no.uo6~b!M o6pa30M M0IUH0CTb J10Tepb, 6e3 

yqeTa nonepe'-IHblX 111B0B H noTepb B 3aKopa'-1HBalOIUeM ycTpOHCTBe, C0CTamma 

- 80 BT npH aMnJIHTy.ue B ueHTpe, paBHOi-i - 1 KB . 

Jln» peaJIH3aUHH pe)KHMa flat-top H3fOT0BJieH CJIO)KHblH K0M0JieKC annapaTy

pbl B .uonoJIHeHHe K cymecTByIOIUeMy Ha 3MKU. Ha pttc.10 npHse.ueHa 

npHHUH0HaJibHa.SI cxeMa Bq-reHepaTopa BTopoi-i rapM0HHKH, a Ha pHc.11 -

peryJIHpyeM0fO ycHJIHTeJI.SI M0IUH0CTH Ha 80 Mfu. feHeparnp BTOpoii rapM0HHKH, 

so36~.uaeMblH Ha '-laCT0Te 79,2i8 Mfu, Ha caMocornacosaHHYIO Harpy3KY 50 OM 

M0)KeT pa3BHBaTb M0IUH0CTb .uo 500 BT, o6ecne'-IHBa.SI Ha Kp0MKe rapM0HH'-leCK0ro 

.uyaHTa Hanp.H)KeHHe .uo 1 KB. 

ABTOMaTH'-leCKa.SI 00.!lCTpo_iiKa '-laCT0Tbl rapM0HH'-leCK0fO .uyaHTa K OCHOBHOH 

'-laCT0Te ycKOp.S!IOIUeii CHCTeMbl np0H3B0.[lHTC.SI nepeMeHHblM K0H.UeHcaT0p0M, ycrn

H0BJieHHb!M s BaKYYMH0M ofue~te KaMepb! Ha CTe6ne rapM0HH'-leCK0fO .uyaHTa. 

PoTop K0H.UeHcarnpa nepe.usHraeTC.ll npHB0.U0M c .UBHraTeJieM YP-6, ynpaBJI.lleMblM 

.UBYXKaHaJibHOii 3JieKTpOHHOH cxeMoii C cpa30Bl,JM .ueTeKTopoM, pa6oTa KOTOpoii 

no.upo6Ho onHcaHa B [8]. 

11H)KEKTOP 

CHcTeMa BHenrnei-i HH)KeKUHH 3MKU [9,10) cocTOHT HJ '-leTh1pex caM0CT0.ll

TenhHblX Y3JI0B: 1) 3JieKTp0HHOH ny111KH, 2) CHCTeMbl cpopMHpOBaHH.SI K0p0TKHX 

3JieKTp0HHblX crycTK0B HaHOCeKyH.UHOii .[lJIHTeJibH0CTH, 3) 3JieKTP0CTaTH'-leCK0fO 

TpaKTa C nepHO.[lH'-leCKOH cpoKycHpOBKOH, 4) 3JieKTp0CTaTH'-leCK0ro ycTpoiicTBa 

J10B0p0Ta nyqKa C .!lBOHH0ii qJOKYCHpOBKOH. . 

l1cnoJib30BaHHe CHCTeMI,J qJOpMHpoBaHH.ll 3JieKTp0HHblX cryCTK0B BO BHellJHeM 

HH)KeKTOpe 3MKU o6ecne'-IHBaeT Bbrno.u Ha nepsy10 op6HTY UHKJI0TpoHHoro ycKo

peHH» HMJ1YJibC0B T0Ka .UJIHTeJibH0CTblO 2,5+4 HC (36+57 ,5°) Ha J10JlyBblC0Te 

MHKp0HMnynhca, npH nepHo.ue OCH0BH0H '-laCT0Tbl ycK0p.llIOIUero J10JI.ll 25 HC. ITpH 

ycKopeHHH nyqKa '-laCTHU .uo K0He'-IH0ro pa.uHyca UHKJI0Tp0Ha .[lJIHTeJibH0CTb 

MHKp0HMJ1YJihCa 0CTaBaJiaCb npaKTH'-leCKH J10CTO.SIHHOH B illHp0K0M .UHaJ1a30He 

H3MeHeHH.ll cpe.uHero TO Ka nyqKa [ 11 ]. MHKpOHMJ1YJibCbl .!lJIHTeJibH0CTI,IO .uo 1,5 HC 

J10 0CH0BaHHIO 6h!JIH nonyqeHbl npH nepexo.ue CHCTeMbl cpopMHpOBaHH.ll cryCTK0B 

c '-laCT0Tbl .upo6neHu» 20 Mfu Ha '-lacrnry 40 Mfu. ITpH cpe.uHeM T0Ke ycKopeH

Horo nyqKa .uo 120 MKA Ha pa.uttycax 80+ 100 CM ua6JIIO.[laJIHCb MHKp0HMJ1YJibCbl 
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ycKopeHH0ro nyqKa c )ln11TenbH0CTbl0 1: = (2,2 ± 0,2) HC. O)lHaKO YBen11t.Jett11e 

cpem1ero T0Ka CBblllle 220 MKA np11B0)l11no K y11I11peHl1IO )ln11TenbH0CTH 

M11Kp011Mnynbca )l0 BenHt.Jl1Hbl (3,5 ± 0,3) HC. Tiocne aHanH3a B03M0)KHblX np11'111H 

}'Ben11t.JeHl151 )lmITenbH0CTH M11Kp011Mnynhca ycKopeHH0ro nyt.JKa B 3aBl1C11M0CTl1 OT 

Ben11t.J11Hbl cpem1ero T0Ka 6blJ10 C)lenaH0 npe)lnono)Kett11e, 'ITO y11I11pe1rne 

M11Kp011Mnynhca npoHCX0)ll1T Ha yqacTKe TpaKTa 11H)KeKUl111 )l0 nepeB0)la nyqKa B 

pe)Kl1M U11KJ10Tp0HH0ro ycKopemrn. KaK y)Ke 0TMet.JaJJ0Cb Bblllle, )ln51 100% 0T)le

neHl151 op6HTbl C 11cnonh30BaH11eM 3cpcpeKTa pac11I11peHl151 op611Tbl Tpe6yeTC51 M0H0-

3HepreTl1t.JH0CTb t.JaCTHU B nyqKe - 1 o-3
, t.JT0 np11B0)ll1T K Tpe6oBaHl110 11MeTb 

)lJJHTenbH0CTb M11Kp011Mnynbca B npe)lenax 0,3+0,7 HC (4+8°) )ln51 CHHYCOl1)laJJbHOH 

cpopMbl ycK0p5110IUero BblC0K0t.JaCT0TH0ro non51 nn6o )l0 10+20° - )ln51 ycK0p5110-

IUero non51 C nnoCKOH BeplllHHOH (flat-top). 3THM Tpe6oBaHl151M cymecTByJOIUa51 

Cl1CTeMa BHelllHett 11H)KeKU11H YJl0BneTB0p11Tb He Morna. 

PaCC!',10TpeH11e aJJbTepttanlBHblX Bap11aHT0B 11H)KeKU11H B U11KJ10Tp0H, o6na)la

lOlll11X B03M0)KH0CTblO cpopM11poBaHl151 M11Kp011Mnynbca C )ln11TenbH0CTblO )l0 )leC51-

TbIX )loneH HC, npHBeno K C03)laHl110 op11rnHaJJbH0ro BblC0K0t.JaCT0TH0ro 11H)KeKT0-

pa Ha 0CH0Be t.JeTBepTbB0nH0Boro K0aKCl1aJJbH0ro pe30HaTopa. Ha p11c.12 H0Ka3a

Ha K0HCTPyKUH51 BhIC0K0t.JacT0THoro 11H)KeKT0pa, np11MeHeHHa51 Ha 3MKU. B 

K0aKCl1aJJbH0M unnHHJlp11t.JeCK0M t.JeTBepTbB0nH0B0M pe30HaTope, C0CT051IUeM 113 

C00CHbIX Me)lHblX Tpy6, np11 Il0M0IU11 neTnl1 CB513H B036y)K)laeTC51 BblC0K0t.JaCT0T

H0e none Ha t.JaCT0Te, paBHOH t.JaCT0Te ycK0p5110IUero Hanp51)KeHl151 U11KJ10Tp0Ha. 

Done K0aKCl1aJJhH0ro pe3oHaTopa pacnpe)leneuo TaK11M o6pa3oM, t.JT0 cnoco6110 

3cpcpeKTHBHO BbIT51rl1BaTb H0Hbl nn11 3neKTp0Hbl 113 11CT0t.JHl1Ka, pacnono)KeHHoro 

Ha pa30MKHYT0M K0HUe ue1-1TpaJJbH0ro 3neKTp0)la B Il}"IH0CTl1 Hanp51)KeHH51, 11 

ycK0p51Tb 11X )l0 3Heprn11 11H)KeKUHl1. BhlnycK ycKopeHilbIX t.JaCTl1U ocymecTBJJ51eTC51 

t.Jepe3 3Ml1CCl10HHoe 0TBepCTl1e B B11)le npope311 B uapy)KH0M 3neKTp0)le pe30HaT0-

pa. Tip11 3T0M 3MHCCH0HH0e 0TBepcT11e pacnono)KeH0 TaK, t.JT0 ero ueHTpaJJbHa51 

0Cb C0Bna)laeT C Me)ll1aHHOH nnoCK0CTblO Marn11Ta U11KJ10Tp0Ha. B ueHTpaJJbH0M 

3neKTp0Jle pe3011aTopa 3MKU pa3Memeu 11cT0t.JH11K 3neKTpo110B B B11)le uarpeBae

MOii n0CT051HHbIM T0K0M BOnbcppaMOBOH HHTl1 HaKana )lHaMeTp0M 0,5 MM. B Me)l-

PHc.12. KoHCTP)'KUHll BlJ-HIDKeKTOpa ,meKTpOHHOH ~l0/leJJH KOJlbUeBoro UHKJ10Tpotta. I - JaKopoTKa, 

2 - Hapy,KHblH 3JJeKTpO/l, 3 - ueHTpaJJbHblH 3J1eKTpO/l, 4 - pe30HaTOp, 5 - roJJOBKa, 6 -
3MHCCHOIIHOe OTBepcrne, 7 - HHTb HaKana 
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Pnc.13. 3aBHCHMOCTb )lJ111TeJlhHOCTII MIIKpommyJJhCa OT !pa3bl HHJKeKUlllt: a) anepTypa )lHacppaf!llbl - 0,5 
MM, 6) anepTypa lUlacppaf!llbl - I MM, I - 3aBHCIIMOCTh )lJ111TeJlhllOCTII OT cpa3bl IJHJKeKUJIH np11 npoxoJK

)lellllH nepBof1 miacjlpaflltbl a= 90°, 2 - 3aBIICIIMOCTb )lJ1HTe.%HOCTII npll npOXO)K)le111111 BTOpoii llltacjlpar

Mbl CX = 180°, 3 - 3aBHCIIMOCTb WIIITeJlbHOCTlt M1tKpOHMHYJ1bCa OT cpa3hl IIHJKeKUIIH, npn KOTOpOii 3Hep

reTll'ICCKHH pa36poc B ll)"!Ke ~ 10-3 

HOM 3Kpaue Ha K0HUe t.JeTBepTbB0nH0B0r0 pe30HaTopa yKpenneHa ronoBKa C 3MHC

CH0HHblM 0TBepCTHeM, 06ecnet.Jl1Ba10IUHM nepB0Hat.JaJJbllYIO K0nnnMau1110 3neKT

pomwro nyqKa. AMnm1ryJla ycKop5110IUero BhlT51rnBa10mero Hanp51)KeH1151 Bh16patta 

paBHOH 6 KB. TaK KaK t.JaCT0Ta ycKop5110IUero BblC0K0t.JaCT0TH0ro non51 Ha 3neKT

pOH1l0H M0)len11 6nH3Ka K 40 Mfu (39,609), TO BC51 K0IICTPYKUH51 BblC0K0t.JaCT0T

H0r0 11ll)KeKT0pa 11MeeT ra6ap11Tbl 2 M np11 )ll1aMeTpe Hapy)KH0ro 3neKTp0Jla, paB

H0M 55 MM. BHYTPl1 K0aKCl1aJJbH0ro pe30HaTopa pa3Memeua Ul1nl1HJlpHt.JeCKa51 

3aK0p0TKa )ln51 HaCTpOHKH pe30HaTopa Ha pa6ot.JyJO t.JaCT0TY, a TaK)Ke Kanu6poBOt.J

Ha51 neTn51 JlJ151 K0HTpOJrn Hanp51)Kem151 pe3oHaTopa B pa60,1eii 30He. )].n51 o6ecne

t.JeHH51 Tpe6yeMOH npocTpaHCTBe1rnoi1 H BpeMeHIIOH CTpyKTypbl Il}"!Ka, HJlylUero B 

ycKopeHHe, Kp0Me ron0BKH HH)KeKT0pa Hcnonb3YIOTC51 naCCHBHble 3neMeHTbl, pa1-

Mememlble B KaMepe UHKJJ0Tpo_Ha (JluacpparMbl nepBoro o6oporn, K0T0pble ycrn-

11aBnuBa10TC51 B MeCTaX MaKCHMaJJbHOH npocTpaHCTBeHHOH II 3Hepren1t.JecKoi1 

)lHCnepc1111 nyqKa - 90° H 180° OT BepTIIKaJJbllOM OCH IIH)KeKT0pa C00TBeTCTBeH

HO), a TaK)Ke a11an111HpYJOIUlle CBOHCTBa Marmn11oro 11on51 UIIKJJ0Tpo11a. 

KaK II0Ka3aJJH pact.JeTbl )lBH)KeHH51 t.JaCTHU B ycKop11TeJJe [ 12], 1131\lemrn anep

TYPY )lllacpparl\lbl OT 0,5 MI\I no 2 MM, a TaK)KC cpa3y HH)KeKUHII ue,npa T51)KCCTII 

I\IHKpocrycTKa cpo OT 62° no 72°, M0)KII0 H3Mell51Tb nmITCJJbH0CTb I\IIIKpocrycTKa 

ycKopeHHblX 'laCTHU OT I O 
no 20° (0,07+ 1,4 HC). Ha puc.13 noKa3allbl 
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3aBHCHMOCTH ,!lJlHTeJJbllOCTH MHKpOHMnyJJbCa ~cp OT cpa3bl HIDKeKUIIH ue,npa Tll
)KeCTH ycKoplleMoro crycTKa, nponycKae~wro 4epe3 irnacpparMy, yCTa110Bne1111y10 

Ila a3HMyTe 90° (KpHBble I), H 4epe3 nHacpparMy, ycTallOBJJem1y10 11a a3HMyTe I 80° 

(KpHBble 2). Ha pHC. I 3 a noKa3allbl 3aBHCHMOCTH llJlll .[lHacpparM C anepTypoH 0,5 

MM, a Ha pHc.13 6 -Te )Ke 3aBHCHMOCTH .!l)lll !lHacpparM C anepTypOH I MM. Ha 

3TOM )Ke pHcyuKe noKa3aJrn nonycTHMal! .!l)lHTeJJbHOCTb MHKpom,myJJbCa B 

3aBHCHMOCTH OT cpa3bl HH)KeKUHH ueHTpa Tll)KeCTH crycTKa , .[lJlll lJaCTHU KOToporo 

BbinOJJHlleTcll Tpe60Ba1rne Ha pa36poc no 311eprnH ~W / W ::=; 10-3 (KpHBal! 3). KaK 

BH.[lHO H3 pHC. I 3, cpa3y HH)KeKUHH MO)KHO H3MeHllTb B npe,uenax OT 67° )lO 72°, H 

npH 3TOM 3HepreTH'leCKHH pa36poc '!aCTHU B nY4Ke, npowenumx 4epe3 n11acppar
Mb1, 6yneT HaXO.[lHTbCll B 3a.[laHHblX npenenax. B CHCTeMe nHTaHHll H KOHTpOJJll 

BbICOKO'laCTOTHOro HH)KeKTopa HMeeTCll cpa30BpamaTeJJb, n0380JllllOIUHH C.[lBHfaTb 

cpa3y ue1JTpa crycTKa OTHOCHTeJJbHO cpa3bl ycKOplllOIUero 11anpl!)Kel1Hll 11a 125° C 

TO'lHOCTblO ycTaHOBKH ll KOIITPOJJll cpa3bl ±2°. 

3AKJ1IOYEHI1E 

l13MeHeHHll B KOHCTPYKUHH 3MKU no3BOJJlllOT o6ecne4HTb napaMeTpbl 

MarHHTHOfO nOJJll, ycKopmomero Hanpll)KeHHll H HH)KeKTHpyeMoro ny'!Ka, Heo6-

XO.[lHMble )lJlll npoBe.[leHHll TIUaTeJJbHblX HCCJJe,UoBaHHH 3cpcpeKTa pacwHpeHHll 

3aMKHyTblX op6HT. 

JII1TEPATYPA 

l.A11ocoB B.H. H np. - A3, 1968, 25, B.6, c.539. 

2.J].MHTpHeBCKHH B .TT. H np. - Ol151l1, P9-6733, JJ.y6ua, 1972. 

3. Bopo)KUOB C.E. H np. - Ol151l1, P9-2852, JJ.y6ua, 1966. 

4. Barnne11Ko A.T. H np. - B c6.: Tpy!lbl IY BcecoI03HOro c0Bema11Hll no yc-

Kop1neJJl!M 3apll)Ke1rnb1X 'lacrnu. M.: «HayKa», 1975, c.205. 

5.3annarn11 H.JI. H np. - Ol151l1, P9-82-416, )ly6ua, 1982. 

6. 3anJJaTHH H.JI., CaMCOHOB E.B. - Ol151l1, P9-8257, JJ.y6ua, I 974. 

7.AKKypaToB B.A. H np. - Ol151l1, P9-84-169, JJ.yfa,a, 1984. 

8. fna3oB A.A. H np. -Ol151l1, 9-89-864, JJ.y611a, 1989. 

9. fna3oB A.A. H np. -B c6.: Tpynb1 BcecOI03Horo c0Bema11m1 no ycKopHTeJJllM 
3apll)Ke1rnblx '!acrnu. M.: Bl1Hl1Tl1, 1970, T.1, c.485. 

10. fna3oB A.A. H /lp. -B c6.: TpyJlbl BcecOI03Horo coBeIUaHHll no ycKopHTeJJllM 
3apll)KeH11b1X qacrnu. M.: B11H11Tl1, I 970, T. l, c.433. 

11. fna30B A.A. H Jlp. -0115111, 9-5206, )ly6ua, 1970. 

12. fna3oB A.A. H ,up. -0115111, 9-82-188, JJ.y6ua, 1982. 

Py1rnnHCh noczymma B H3)laTeJJbCKHii oTnen 
6 mom, 1997 ro.ua. 

18 



r 

I 

r " A'·'A'•, _.; . I' 1 • ,•.00'_97_137 •· . Jla3oB· , <HJlp. , '. • :· '1, i · :- . .·:- . L7' 
• ' ' ' •• ·-- • ' , ••• ,, I '\, ,' \' ' ' ·• ....... , l 

Mo,uep11H3aUH5I aJJeKTpOHHOH MOJleJlH KOJibUeBOfO UHKJlOTpOHa '. . , 
1 

)l]]51 l1CCJIC)lOBa;IH51·•11a Hett \icpcpeKTa. patll!'i.tp~HH51 · 3°a~1K:1yThIJ( op6~T 
',- ( .,· ·:•i.( .. './1 _,.,::, .. ·1, .<·,. ,· ~,,.•··.",',-••, :·,·•~r/;,- ·--~•~-~,,:'. -

'.··· ·.8, .P~bo-ie'.~pHBe~~~10·,~·ntt1;a,11He H3MeHe~HH. ~.1.u?non~~mitt,; Bryec'e,rn~1x/s_.· 
0CHOBllhie Y3J16I 3J1eqpm111011 1,!0)leJJH KOJlbUeBoto UlfKJlOTpOHa: ClfCTef\lY Manmrno-

'. : ) ," ,i. •, \ \ '\; • \ .. '' ,C ,• ,' / \. ; - ' • ~' ,' ( I •. •,. ' ,i,'] '•", ', ', • ._,> I •\ ' j 

ro ~10Jl51;. ycKOJJflI0!1(YI0 BblCOKOlfaCTOTIIYIO. cttc:reMy, B. HH)KeK~HOHHhIH KOMnJJe~c, 
Bi1ece1cnihi~ _B KOHCTPYK!-(IIIO .3MKIJ, H3MeHeH,H~ nb3B0Jl511{}T O6ecne11HTh: nilpaMeTp,hl ' 

, , , 4 ~ ', J . p : ' - 'I • , I ,, 'f • • ', ; • '. : •; ,• ,•'. ' •,,, ',\ f • ' f •• : 

YCKOp51eMO(0 n~Ka, ,Heo6xo,uHl\~ble .JlJ151. npoBe,uernrn. nuaTeJJbHhlX. fiCCJJe)lOBaHHH 
3cpcpeKTa paclirnpe,11-151 3aMK.llY"fhIX \Opfon: . ',. • '._ · • · \ ' .. 
0 ', • • c : • > s ~ /' ( i , . . < _; : '., ~ / tj' ( 'i > I '. ! / . 1· 

'Pa6oTa' Bhinom1e1ia. B na6opaTOpmt ~nepHblX npo6JJeM Ol151l1.; 
'I' ,, .• , \·. l L < .•I' / ·• • ' . ',-. ' 

.'/ 
. ) 

/,.·' 

• ' ! ::, .. / ',, •. '/. .· / : ·, '. ) . '. .• !, . . :_, ,,:: :.! • ' '. ;-: -.- ••. · ·.: ,. 

Coo6me1rne• 061,e111111e1111oro IIIICTIITyTa ll/lepHblX HCCJle/lOBllllllii.1ly611a, 
' . "' '1, , ~ ' 

' ,·'. ,.1-·"' . .>, ·: , _, .,',.,, i·'. "I , , ,, ; .. ~. 'r' · .. I - . ''- ~- ',·-, 

Glazov A.A. et al. 1, . . , ... · " 1 ., , , ..,, ·., 1. , ,, .. , ._ 
• ' I' . ' :. .'. ,, ," ,' • ~.-. 1 l._ ' .. ' '1 • • ' ,, ,f ' .• ·» \ \ 

1 ." A , , -

, Improvement on the Electron\Model of the' Ring Cyclotron· 
, ~fp~~tig~ti°ino~,t.he SJ?.s~d Qr,bit ExP;an~ion E(f~ct/ . 

'_,·::·,· /:: - , _' _.•>'. :.,··. ;• ,I 
1 

\ •:. : •• \ I" _: _,, ✓-• ', \,."\ •< ,,: ... ,.·/, 1 

'1 This· paper describes the improvements introduced into main co·mponents • ori' 
the electr_on •model of the cy

0

cl~trori/ nafuel'y its ~agnetic'.systetn,\ high-f~equency
1 

\ . . • . ! ' . ' . " ,, ' •... • . ' ' ' ' • --. . ' . ' 

system,c injection complex. These, i,nprovemerits provided the paiart1titers .of the' 
' ,. •. ' • • ·/ , •' ',, 'j ,, :. ',:.. ' ' • • • . I • ( • • • ,< •, ' • • ~ ' ! ,, • 

. acc~lern~ed ~~atl1 whi~h are sta9le enoµgh for tpe ,accutat~ inve_stigat1on ·9f th~ closed 
orbit expans10n·.effect. , ,• · , , , · · ·, I 

. t, '.: ' . ,! ~- >: . / _; .. : \.~.''I. , '" ' ]•, /' I ~ .. ,, t_ ·,. - ,... • ,' y -,. ",~- . -~ '. ~,'. :-. :.: 
', The i'nv;~tigation · has :been perfor01pd at _the Laboratory ,of Nuclear Pr.o~l~11_1s, 

JINR~ ; : . ' ·, ' ' / ' . ' ' i' 

(' 
, ·.• ), ·: ', ; ; .' • \ 1 i I > / '.·, ) , '.i ' . j < .\ ' ,·:, l ~ f'; '· • 

· Communication of the.Joint Institute• for Nu~l~ar Research. D;bna·.! i 997 · 
' - ,i' \ . } ' I )° l . 


