
' 
P9 - 8227 

I II 
3 . r . raapH~OBa , r .A.HBaHOB 

~A3HPYIDmAH CHCTEMA 

~nH KOnnEKTHBHOrO YCKOPHTEnH 



pg - 8227 

3.r.raapH~OBa, r.A.HBaHOB 

~A3HPYIDWAH CHCTEMA 

~~H KO~~EKTHBHOrO YCKOPHTE~H 



B KonneKTHBHOM ycKopaTene npa Hanaqaa 

YCKOpJIIO~eB CHCTeMbl O~HHM H3 u;eHTpaJihHhiX 

BHewHeif 

YCJIOBHH 

JIBJIJieTCJI CHHXpOHH3aUHJI KOpOTKOrO cryCTKa C HanpJI)I(eHHeM 

Ha ycKopJIJO~X npoMe)l(yTKax. BpeMeHHOH c~BHr I JJ.JIJI HM

nynhCHOB ycKopJIJO~eii cacTeMbll HJIH 4Ja30BhiH c.u.aar I JJ.JIJI 

alq CHCTeMbii Me>K~Y COCe~HHMH YCKOpJIIO~HMH 3JieMeHTaMH 

MO>KeT 6b1Th Japaaee paccqaTaH. 

Cno>Kaee o6cTOHT ~eno c CHHxpoHHJau;aeif MOMeHTa 

HH>KeKu;HH crycTKa B nepBbiB ycKopJIIO~Hif npoMe)l(yToK. 

B ~aHHOB pa6oTe paccMaTpaaaeTcJI B03MO)I(HOCTh TaKoif 

CHHXpOHH3al.lHH ~nJI alq ycKOpJIJO~eB CHCTeMbl, ODHCaHHOH 

B/l/. llpH OTCYTCTBHH CHHXpOHH3aUHH MeXaHH3M 3aXBaTa 

MO>KHO paCCMaTpHBaTh aHanoraqHQ 3aXBaTy qacTHU B pe)I(HM 

ycKopeHHJI B o6blqHbiX ycKopaTenJix c nponl)l(eHHbiM nyqKoM. 

MaKCHMaJihHaJI aenaqaHa o6nacTH JaxaaTa npa 3TOM cocTaa

JIHeT 3¢ , r~e ¢ - paBHOBecHaJI 4Ja3a. s s 
C u;enhiO yaenaqeHHJI Ko34l4lauaeHTa JaxeaTa nepe~ 

ycKopaTeneM o6blqHo ycTaHaBnaaaeTCJI rpynnupoBaTeJih aon

HOBOJJ.Horo HRH KpHCTpOHHOrO THDa, c4Ja3HpoBaHHhiH C YCKO

pJIIO~eB CHCTeMOB. llo.u.6opOM 3aKOHa H3MeHeHHJI DO z 4Ja-

30BOB CKOpOCTH H aMDJIHTY~bl YCKOpJIIO~ero DOJIJI o6ecneqa

BalOT 3aTyXaHHe 4Ja30BbiX KOne6aHHH H nonyqaroT Ha BbiXO~e 

rpynnHpOBaTeJIJI cryCTOK 4Ja30BOH DpOTJI)I(eHHOCTH MeHhWe 

90°. 
B rpynnapoBaTenJix ~nJI JIY3 H3MeHeHue 4JaJoBoii cKo

pocTH Ofihi~HO KOJie6JieTCJI B npe~enax OT 0,39-0,41 )].0 

0,98-0,99 2 /. AMnnHTy~a ycKopJIJO~ero nonJI & z = 

20-30 KB/cM, ~nHHa BOnHhl ne>KHT B caHTHMeTpoaoM ~a
naJoHe. 
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rpynnHponaTen& xapaxTepH3yeTcJI cne.D;yiOUUIMH napa
MeTpaMH: ¢ 

5 
- paBHOBeCHaJI 4la3a; f'... ¢ BX - pa3HOCTb 

Me)I()J.y KpaiiHHMH HaqanbHbiMH cila3aMH qaCTHU, KOHeqHble 
cila3bl KOTOpbiX HaXO~JITCJI B o6naCTH npo~OnbHOH yCTOHqH-

BOCTH; 
f'...¢ BX 

s = ---
2 Tr 

- napaMeTp 3axnaTa, noxa3b1Bal0-

UUIH ~on10 qacTHU, 3axnaqeHHbiX B pe)KHM 3aTyxaiOUUIX clla-
30BbiX xone6aHHii; f'... ¢ BblX - ne)KaUUiii B o6nacTH npo~onh
Hoii ycToiiqHBOCTH clla30Bblii HHTepnan, B npe~enax KOToporo 

f'...¢Bx 
3aKniOqeHbl qaCTHUbl Ha BbiXO~e rpynnHpOBaTenJI; ----- -

f'...¢BblX 
napaMeTp rpynnHpOBKH. 

)J.nJI cnyqaJI o~uoqublx crycTKOB nocne~HHe MO)KHO 
paCCMaTpHBaTh KaK OT~enhHble qaCTHUbl B HenpepbiBHOM 
nyqxe H, TaKHM o6pa30M, rpynnHponxa qacTHU B uenpe
pbiBHOM nyqKe OKOnO cila3bl ¢ s 6y~eT COOTBeTCTBOBaTh llO~
TJirHBaHHIO K 3TOH 4la3e O~HHOqHorO cryCTKa, KOTOpoe Mbl 
Ha30BeM "cila3HpOBKOH". 

0qeBH~HO, qTQ B HameM cnyqae BepOJITHOCTh 3aXBaTa 
O~HHoquoro cryCTKa B yCKOpJIIOIUYIO CHCTeMy 6y~eT paBHa 

f'...¢ 
W = BX • 100~. 

2rr 

YqHTbiBaJI oco6eHHOCTH xonneKTHBHoro ycxopHTenJI, a 
HMeHHO: 

a/ ~nJI ycxopeHHJI Hcnonh3YIOTCJI YTJI)KeneHHble 3nexT
poHHble xonLua I y J... = 30-40/; 

6/ cymecTnyeT orpauHqeHHe ua nenHqHHY npo~on&Horo 
3neKTpHqecKOrO llOnJI H3 ycnOBHJI HeOTpbiBa HOHOB; 

B/ npH HCllOnb30BaHHH pe30HaTOpHOH YCKOPJIIOIUeii CHC· 
TeMbl He06XO~HMO HMeTb pe30HaTOpbl ~OCTaTOqHOH 3Hepro

eMKOCTH; npe~CTaBnJieT HHTepec paCCMOTpen. CHCTeMy 
c napaMeTpaMH 

f3 ¢ = 0,2-0,5 
5;z = 10 Kfl/CM,A =2M. 

B HacToJimeii pa6oTe Hccne~yeTCJI ~HHaMHKa ~BH)I(eHHJI 
O~HHOqHoro cryCTKa B 3aMe~nJIIOIUeii CHCTeMe npH pa3nHqHbiX 
3aKoHax H3MeHeHHJI f3 r:b H 5: z c uenLIO nonyqeHHJI y~onneT-
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BOpHTenLHOrO K03cllcilHUHeHTa 3aXBaTa S H napaMeTpa cila

f'...¢BX 
3HpOBKH <IJ = ----- • 

f'...¢BblX 
Jf3BeCTHO, qTo npouecc cila30DbiX KOne6aHHH OllHCbiBaeT· 

CJI HenHHeHHhlM ~HcilcilepeHUHanhHbiM ypaBHeHHeM C nepeMeH
HbiMH K03cllcilHUHeHTaMH: 

__i_ ( 1\1 _j_<£_ ) + F (sin ¢ - sin¢ s) 
dr z d r 

0 ' /1/ 

r~e 

2 2 -1 /2 
1\1 =m f3 ; m =m

0
(l-{3 ) , 

z z sr z &, sr A 
F = 2 rrm 0 a f3 · a= ....!:.__].._ \ 1 = ~, T = -

sr• mo c2 ' I c 

m z - npo~onLHaJI Macca qacTHUbl, 1 - 6e3pa3Mepuoe npe
MJI, T - nepHo~ xone6aHHii reuepaTopa, m 

0 
-· Macca noKOJI, 

a - napaMeTp HanpJI)KeHHOCTH, {j - aMllnHTy~a YCKOpJIIOIUeii 
rapMOHHKH, {3 - CKOpOCTb paBHOBeCHOH qaCTHUbl, ~eneH-

. s r 
HaJJ Ha CKOpOCTh CBeTa. 

· B o6IUeM BH~e ypanueuHe /1/ He pemaeTcJI., PemeHHe 
B03MO:lKHo MeTo~oM MaH~en&mTaMa H llananexcH 131 B cny
qae Manblx BenHqHH ( ¢ - ¢ s) H npH ycnoBHH, qTo M( r) Me~
neuHo MeHJieTcJI. B 3TOM cnyqae qacToTa cila30BbiX xone6aHHii 
w ¢ H aMnnHTy~a B 3anHmyTcJI: 

w ¢ = wO V __ a/2rr m --
z m;; {3 sr 

cos¢ 
s /2/ 

const 
B 

mz 3 y -- f3 a cos¢ mo s r s 

/3/ 

H3 Bblpa:lKeHHH /2/ H /3/ B~HO, qTo ~nJI TOro, qTo6bl 
cila30Bble KOne6aHHJI 6blnH 3aTyXaiOUUIMH, He06XO~HMO: 

1/ yBenHqHBaTb {3 cp = {:3 s r ; 

2/ ynenHqHBaTb HanpJI)KeHHOCTb ycxopJIIOIUero nonJI 5:; 
3/ pa6oTaTb npH ManOM 3HaqeHHH paBHOBeCHOH cila3bl ¢ . 

s 
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P=oH ----------...._ as 
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a* P= a25 
-~ 
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Puc. 1. H3MeHeHue (Ja3oeou cKopocmu, 3aoaeaeMoe npu 
UHJiezpupoeaHUU CUCJieMbl ypaeHeHUU /4/ OAJI pa3AU'lHbiX 
p e tjopMyAe 

2 P77 
{3 ¢ = - arc tg [ - + D ] 

7T 2rr 

B aaweM cnyqae a3 ycnooas MaKcaManLaoro 3axoaTa 
¢ - ¢ 5 - 7T , D03TOMY aaanHTa'leCKae MeTOAbl AHR nony'leHaR 
Kona'leCTBeHHbiX pe3ynbTaToo aenparOAHhl. KapTaaa ~3o
BbiX KOne6aaaii npa TOM ana aHOM 3aKOHe a3MeHeHaR (-3 ¢ a 
& CMOTpenaCb npa qacneHHOM aHTerpapooaaaa CaCTeMbl 
ypaoaeaaii ua 3BM 

dE 
dz 

d¢ 
dz 

- e & sin¢ 

k(_! ___ l) 

!3¢ 73; ' 
E - nonaas 3Hepras, E 0 - 3Hepras noKoR, 

yE2- E5 
k=2rr/A; {3r = 

E 

{3 c;bHa'{aHbHOe = {3 Ha'laHbHOe 'laCTaUbl = 0,2. 

6 

/4/ 

!' 

Puc. 2. tl>a308bH? mpaeKmopuu OAJI pa3AU'lHbiX Ha<~aAbHbiXdia3 
npu p = 0,15 U 3AeKJIPU'leCKOU aMnAUIIIyoe 80AHbl f. = 
= 10 K8/CM. 

llpeAeHbl a3MeHeHHR (:3_ ¢ Bb16apanaCb OT 0,2 AO 0,5. 
llpeAenbl a3Meaeuas c~ - OT 5 KB/cM AO 15 KB/cM, 

A =2M. 
Pe3ynbTaTbl 'lacneuaoro C'leTa coeAeHw B Ta6nauy rpa

~aKoo. B nepowx oapuaaTax cacTeMa ypaoaeaaii /4/ ua
Terpapooanacb npa cneAyroi.I(eM 3aKoae a3Meaeaas (3 ch 
I CM. puc. 1/ 
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Puc. 3. cftaaoewe •paeK•opuu npu p 0,25 U 6_=10 K6/CM. 

f3 
2 P71 ¢ = - acr tg[- + D ] 
17 217 

npa pa3JIB'IBWX p /oT 0,01 

.AO 0,45/. llapaueTp p noxa3wuaeT cTenea~o pocTa f3 ¢ . 

71 = k z k = 217/ A ; D = 0,325B3YCROBBJI f3¢H0,2. 

C'leT npoa3BO.IJ;BRCJI npa Tpex 3Ha'leHBJIX aanpJilKeHHOCTB 
ycxopJirotUero nonJI. 

&1 = 10 KB/cM npa scex 71 
5;

2
= 15 KB/cM npa ucex 71 

5 KB/cM npa 71 = 0 
~ 3 = 15 + 5 71 I Ke/cM npa 0 < 71 :s_ 2 

15 KB/cM npa 2 < 71 • 

Ha puc. 2-6 noxa3aaw nepuwe ItBKnW ~3ouwx xone6aaaii 
.IJ;RJI pa3nB'IHWX p B ·~ • 
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Puc. 4. cftaaoeble mpaeKmopuu npu p = 0,35 u & =10 Ke/cM. 

Ha puc. 2, 3 H 4 p = 0,15; 0,25; 0,35; COOTBeTCTBeHHO 
a 5:"" & 1. puc. 5 I p = 0,15; 6_. = 8: 2 I. , puc. 6 I p = 0,25; 
(i;=(i;3 I. 

Ha scex rpa~axax oc~o op,AHHaT - oc~o Ha'lan~oawx ~a3, 
T.e. ~a3a, B KOTOpyro nona.n;aeT cryCTOK B Ha'lanLHblH MO· 

217 MeHT. OcL a6cuacc 11 = A z 

B nocne.n;yro~x sapaaaTax C'leTa 3a.n;asancJI rpa.n;aeHT 
caaxpoaaoii ~3w no z. C'leT 6wn npo.n;oiDKeH .n;o 71 = 18 
I- 6 MI. Caaxpoaawii crycToK sw6paa c ¢Ha1.!. = 0. 
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Puc. 5. 4Jo3oewe •pae~e•opuu npu p = 0,15 u 6: =15 ~ee/cM. 

PaeyHKB 7- 11 noK&3WBaJOT KapTBHW l)a3oBwx Kone6auaii 

npa pa3nB'IHWX rpa,ll ¢ s. 
' Ha puc. 12 B3JIT nepe:w:euuwii rpa,ll ¢ s no z, a a:w:euuo: 

0,02 zpai:J/CM ,llnJI 0 < 1J < 4 ; 
0,04 zpai:J/cM ,llnJI 4 < 11 < 9 ; 
0,06 zpai:J/cM ,llnJI 11 2: 0 ; 

w = 88~ ; 
!i ,l, = 720 . 

'f' Ibl X ' 

1J = 20 
COOTBeTCTByiODlee H3:w:eueaae 4»a3osoii eKopoeTB sonuw, 

3TBM rpa,ll ¢ s, np&Be,lleBo aa puc. 13. 
H3 rpacl»BKOB BB.IlBO, 'ITO Ko3cltclt&IUieHT 3&XB&Ta ysen&'l&

saeTeJI npa NeBbmeii eTeneBB poeT a f3 ¢ /Manwe p B Ma
nwe rpa,ll ¢

5
/ np& o,llHoii B Toii )l(e a:w:nn&Ty,lle ycKopJIIODlero 
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Puc. 6. 4Ja3oewe •pae~e•opuu npu p = 0,25 u ·~ = 6: 3 • 

non•. C:u. puc. 2 I W = 8~; <I> 71 = 4 = 1,78/ B puc. 4 
I W =791ft; <I> 11 = 4 = 1, 74/, a TaJOKe puc. 7 I W = 88~; 
<I>.,= 12= 2,02/ B puc. 8 I W = 83~; <1> 17 = 12= 2,11/. 

Jiom.m&JI &Mnn&Ty,ll& . y.CKOpJIIODlero nonJI 3&Ne,llneHHOH 
BOnBW yny'IID&eT yenOBBJI cl»a3BpOBKB npB O,llHOM B TOM )l(e 
3aKOBe B3MeBeHBJI f3 ¢ , eN. puc. 2 I <1> 71 =4= 1,78/ apuc.S 
I <~».,=4 = 1,67/, a TaJOKe puc. 7/ <1>.,=12 =2,02/ B puc. 10 

I <I» 'TL== 1 T 3,06/. 
XopomBe pe3ym.TaTw MO)I(BO nony'IBTb, oeYfileeTBnJIJI 

nepeMeBBWi: no z rpa,ll ¢ s /eN. puc. 12/. 
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Puc. 7. KapmuHa 
0,05 zpao/cM, 

'!p 

~· ~ I 

, 

diaao·er.zx KOAe6aHuu npu zpao ¢ s 
{j, = 10 K6/CM. 

'l 

Puc. 8. tPaaoer.ze KOAe6aHUJI OAJI zpao ¢ s = 0,1 zpao/cM, 
& = 10 Ke/cM. 
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Puc. 9. Kap•uHa 1Paaoer.1x KoAe6aHuil OAJI zpao ¢ s 

= 0,05 zpao/cM, & = & 3 • ,,.., 
' 

3 

, 

]!_uc,c 10. tPaaoewe KOAe6aHuJI OJU zpao ¢ s = 0,1 zpao/cM, 
& = ~ 3• 
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Puc. 11. tPa3oer.re KOAe6aHu.R OAR zpao ¢ = 0,05 zpao/cM, 
A= 1 M, ~ = 10 K6/CM. s 

'ht»f) 

f' 

Puc. 12. Kap•uHa (/ja306biX KOAe6aHui1 c nepeMeHHbiM zpao ¢ s" 

14 

,, 

0.5 

0.11 

Q~ 

o2l ~ io !5 2o "2 
Puc. 13. H3MeHeHue (/ja3oeoi1 cKopoc•u eoAHbl OAR pa3AU'lHt.IX 
zpao ¢ s : Kpuea.R 1 OAR zpao ¢ s = 0,05 zpao/cM; 
KPU6aJI 2 OAJI zpao ¢ s = 0,1 zpao/cM; Kpuea.R 4 OAJI 
zpao ¢s = 0,02 (O<TJ~4) ; 0,04(4<7]<9); u 
0,06 OAJI TJ :::_ 9. 

Cne~yeT OTMeTHTb, qTo K03~HUHeHT JaxsaTa aaa~eH 
C TOqHOCTbiO + 4~, T.e. OWH6Ka pa6oTaeT B CTOpOHY yse
naqeHHJI W HJ· 3a Toro, qTo sapHaUHJI no aaqan&HblM <lla3aM 
6panac& qepe 3 15 o • 

QqeBH~HO, l)alHPOBKa cryCTKOB ~On>KHa conpOBO~aTbCJI 
HeKOTOpblM 3HepreTaqecKHM pa36pocoM. Ha puc. 14 npe~
cTasneaa senaqaaa ( E- E s IE 0 ) B JaBHCHMOCTH OT z npa 
uynesoM aaqan&HOM pa36poce ~nJI sapHaHTa, H3o6pa)l(eHHoro 
Ha puc. 9. J~eCb E 

6 
- 3HeprHJI CHHXpOHHOrO cryCTKa; 

E - 3HeprHJI aecaaxpoaaoro crycTKa; E 0 - aaqan&HaJI 3Hep
rHJI. 

Do rpacllHKaM 9 H 14 MO)I(HO cy~HTb o pa36poce no 
3HeprHJIM H <lJalaM OT~enbHbiX CryCTKOB B nJ060M ceqeHHH z. 

TaK, npH TJ =18 /- 6 M/ !1.¢ = 105°, 
BblX 

E -E= I +3,1% 
s -3,8% 

HaKoaeu, ~JI 6onee nonaoro aaana3a Ha puc. 15 npa
se~eaa cenapaTpaca sapaaaTa puc. 9 ~nJI KpaiiHHX sxo~HblX 
l)al. 
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Puc. 14. H3MeHeHue eeAU'lUHbJ 3Hepzemu'lecKozo pa36poca. 

TaKBM o6pa3oM, MO)I(HO C,Z:{eJiaTb BbiBO.l{ o B03MO)I(HOCTB 

C03,Z:{aHBJI ,Z:{JIJI KOJIJieKTBBHOrO YCKOpBTeJIJI cila3BpYJOII(eH CBC

TeMbl BOJIHOBO,Z:{HOrO TBITa npB napaMeTpax: A = 1-2 M; 
fi: = 5-15 KB/cM; (3 ¢ = 0,2-0,5. 

B 3aKmoqeHae aBTOpbl 6naro,Z:{apJIT E .li. TBTOBa 3a no

MOII(b B ocilopMJieHBB pe3yJibTaTOB. 
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Puc. 15. Cenapa111puca OAJI ¢ BX = 2,98 pao /cnAowHaJI 
AUHUJI/; cp BX = -2,88 pat) /nyHKifiUpHaJI AUHUJI/ U cp BX = 

-1,57 pao /wmpux- nyHKifiUpHaJI AUHUJI/. 
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