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B pa6oTe 6bmo noKa3auo, 'ITO B u.euTpaJibHOH o6nacTu 

CHJibHOTO'IHoro <jla3oTpoua "<I>" ua nepBbiX Tpex -qeTbipex 

o6opOTaX B03M0)1(Ha O'leHb CHJlbHaj( aKCHaJibHaj( <jloKyCHpOBKa 

yCKOp}IIOIIJ.HM BbiCOKO'IaCTOTHbiM noJieM .D.YaHTa. 0)1.HaKO, KaK 

H )1.11}1 KJiaCCH'IeCKOrO IJ.HKJIOTpOHa, <jJOKyCHpOBKa nO}(BJI}(eTC}( 

B CJiy'lae, eCJIH <jla3a BhlCOKO'IaCTOTHOrO Hanpj()l(eHHH, npu 

KOTOpOH HOH npOX0)1.HT yCKOpj(IOIIJ.HH npoMe)l(yTOK, }(BJIHeTC}( 

noJIO)I(HTe Jib H on. 

B <jla3oTpoue "<I>" 121 , KaK u B cuuxpou.uKJioTpoue, 

rnupuua ycKopj(JOIIJ.ero npoMe)l(yTKa cpaBHHMa c .D.HaMeJpOM 

nepsoro o6opoTa, npu JTOM <jla3a uoua nocne nepsor·o o6o

poTa CTpeMHTC}( K HYJIIO He3aBHCHMO OT HCX0)1.HOH Ha'laJibHOH 

<jla3bl. 3TO 06CTO}(TeJibCTBO, npH HCnOJib30BaHHH aKCHaJibHOH 

<jloKycupoBKH ycKopj(JOIIJ.HM noneM, 3acTaBJij(eT co3.D.aBaTb 

MeXaHH3M, C)1.BHraiOIIJ.HH CTapTyiOIIJ.He H3 HOHHOrO HCTO'IHHKa 

HOHbi B o6JiaCTb noJIO)I(HTeJibHbiX <jla3. Bo3MO)I(Hbi uecKOJibKO 

BapuaHTOB TaKoro MexaHH3Ma. 0)1.HH H3 HHX ycnelliHO HCnOJib-

3yeTC}( B U.HKJIOTpOHaX 1 :J, 1 / H OCHOBaH Ha npHMeHeHHH 

nynnepa, ycTauasnusaeMoro Me)l(.ll.Y KPbilliKaMH .D.YaHTa. 

)l.pyrou cnoco6 cMeiiJ.eHHj( uaqaJibHbiX <jla3 B noJIO)I(HTeJib

uy10 o6nacTb 3aKJIIO'IaeTCj( B no.D.a'le nocTO}(HHoro noJIO)I(H

TeJibHoro noTeHU.HaJia Ha pa3p}(.ll.HYIO KaMepy HOHHOrO HCTO'I

HHKal 5/. lloTeHU.HaJI Ha pa3p}()1.HOH KaMepe C03)1.aeT pa.D.HaJib

uoe, pe3Ko cna.D.aiOIIJ.ee no pa.11.uycy. JJieKTPH'IecKoe none, 

KOTOpoe H3MeH}(eT 'laCTOTY o6paiiJ.eHH}( 'laCTHU. TOJibKO Ha 

ue CKOJibKHX nepBbiX o6opoTax. Heo6xo.D.HMOCTb npuMeHeHHj( 

)1.pyrHX JJieMeHTOB B YCKOpj(JOIIJ.eM 3a3ope .D.YaHTa npH TaKOM 

MeTo.D.e oTna.D.aeT. 

B HaCTO}IIIJ.eH pa6oTe HCCJie,l],yeTC}( .ll.BH)I(eHHe HOHOB B 

U.eHTpaJibHOH 06JiaCTH CHJibHOTO'IHOrO <jla30Tpoua B CJiy'lae, 

KOr,ll,a Ha pa3p}()1.HYJO KaMepy HOHHOrO HCTO'IHHKa nO,ll,aeTCj( 

noJIO)I(HTeJibHbiH nOCTO}(HHbiH noTeHU.HaJI. 
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3neKTpHqecKoe none, ao36y~~aeMoe npH no~aqe no
TeHu;Hana Ha pa3pJI~H}'lO KaMepy HOHHOrO HCTOqHHKa, 3KBH
aaneHTHO pe3KO cna~aiOII.\eMy no pa~Hycy a u;eHrpanbHOH 
o6naCTH ycKopHrenx MarHHTHOMY nonw ~ B z . 

~B = .s_ - ~ ... , I 1 I 
z f3·c r"" 

r~e ~Bz - aKCHanbHaJI KOMnOHeHTa 3KBHBaneHTHOrO Mar
HHTHOrO nonx, Er- pa~HanbHaJI KOMnOHeHTa 3DeKTpHqe
CKOrO nonx, f3 = vIc. 

113 ypaaHeHHJI /1/ cne~yer, qyo aae~eHHe pa-
~HanhHoro 3neKTpHqecKoro nonx B u;eHTpe ycKopHrenx ~on~
Ho npHBO~HTb K pe3KOMY CMell{eHHIO dJa3bl HOHa Ha nepBbiX 
o6opoTaX, 6e3 CKODbKO-HH6y~b 3aMeTHOrO BDHJIHHJI Ha ero 
.n;aH~eHHe a nocne~yromeM. YpaaHeHHe ~nx ou;eHKH aenHqHHbi 
nono~HTenbHoro noreHu;Hana Ha pa3pH~Hoii: KaMepe HOHHoro 
HCTOqHHKa, npHBO~JIII.\ero K CMell{eHHIO dJa3bl HOHa Ha yron {, 
npe~cTaBHM B BH~e IS/ . 

"c2 {: 4mE (r ) r w2e2 
~ + w ~ + ·- r 0' 0 2 2 = 0 

eV0(t-t0 ) (1-b)2 ' /2/ 

r~e Er ( r0) - HanpH~eHHOCTb 3neKTpHqecKoro nonH Ha 
noaepxHOCTH pa3pH~Hoii: KaMepbi, Vo- aMnnHry~a ycKopxiO
mero Hanpx~eHHH ~yaHra. 113 ypaaHeHHH /2/ Haii:~eHo, qyo 

0 
~nJI C~BHra HOHOB Ha 20-30 Ha pa3pJI~HYIO KaMepy Heo6xo-
~HMO no~aTb nono~HTenbHbiH noreHu;Han aenHqHHOH 5-:-8 KB. 
Hanpx~eHHe TaKoii: aenHqHHbi anonHe peanH3yeMo Ha npaK
THKe H He ycno~HJleT Cyll\eCTBeHHO KOHCTPYKUHIO HOHHOrO 
HCTOqHHKa. 

.6onee roqHo aenHqHHa nono~HrenbHoro rroreHu;Hana Ha 
pa3pH~Hoii: KaMepe HOHHoro HcroqHHKa orrpe~enxnacb H3 pe
IIIeHHJI ypaBHeHHH ~BH~eHHJI B Me~HaHHOH IIDOCKOCTH /B KOOp
~HHaTaX xy / Ha 3BM. PeiiianHcb ypaaHeHHJI cne~YIOII.\ero 

BH~a: 

2 YL "2 • • . 
"i =.£..( 1- f3 ) L [ E ( 1- ~)cos(wt+a) -E -~cos(wt+a) -yB ], 

mo x c2 Y c2 z 

/3/ 

4 

2 ~ ~ • • • f =~(I:-{3) 2 [E (1--)cos(wt+a) -Ex.!Y,..cos(wt+a) +XB ]. 
mo Y ~ c"" z 

3~ecb 

Bz =Jtexp[ 0,359-( x
2 

+r)]+ ~B[ _!!._( x2 + y ~~ ], 
X2+Y 2 2d 

k k 

6 -3 ( 2 2 ~B= • 10 T, xk + yk) =2,7 M , B 
0 

= l, 1902 T , 

d=O,l2 M, E =-<avo av1 av'};.. x a +-a + __ -, 
X X ax ' 

E =- ci.~o avi av2 
y ay + ai + -a-y>' 

V 1 - Hanpx~eHHe nocroHHHoro cMemeHHJI Ha ~yaHre I VI = 

= -2 KB/, V 2 - Hanpx~eHHe Ha pa3pJI~HOH KaMepe HCTOqHHKa 

HOHOB. 
Pacnpe~eneHHe noreHu;Hanoa or V0 H VI a u;eHrpanbHOH 

o6naCTH dJa30TpOHa, KOTOpoe CHHManOCb Ha 3DeKTpODHTHqe
cKoii: aaHHe c aaTOMaTHqecKHM ynpaaneHHeM 1 6 ~ 3a~aaanoch 
ra6nHqHo no 630 roqKaM. Pacnpe~eneHHe noTeHu;Hanoa or 
nono~HTenbHoro Hanpx~eHHJI Ha pa3pH~Hoii: KaMepe HOHHoro 
HCToqHHKa B npHcyTCTBHH 3KpaHHPYIOII.\HX noaepXHOCTeH 
~yaHra H KaMepbi MO~Ho 6hmo ra~e 3a~aaarh ra6nHqHo 
no 630 roqKaM. O~HaKo ~nx ynpoll\eHHJI onepau;HH no~roroa
KH ~aHHbiX ~nx pacqera ~BH~eHHJI B nnocKOCTH ( XY)H oco-
6eHHO ~nH onpe~eneHHH aKCHanbHOH KOMnOHeHTbl 3DeKTpHqe
CKOrO nonx, BblqHcneHHe KOTOpOH nyTeM ~BOHHOrO ~HdJdJe
peHu;HpoaaHHH 3KcnepHMeHTanbHoii: 3aBHCHMOCTH V2 (r) 
npHaeno 6bl K 6onbiiiHM norpeiiiHOCTJIM, u;enecoo6pa3HO 
BOCnODb30BaTbCJI aHanHTHqeCKOH annpOKCHMau;Heii:. 

EcnH a peiiieHHH ypaaHeHHii: 

1 a aEz 
-- -- ( r E ) + -- = 0, r ar r az 

/4/ 

aE aEz 
-=.L- -- = 0 az ar 
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,IJ,JIH paccMaTpuaaeMbiX ycnoau:H npuHHTb 

E (rz)=E.f(r) ¢(z), 
r /5/ 

TO $yHKIJ,UU f( r) 
ypaBHeHUH 

u ¢(z) npe,IJ,cTaBJIHIDT co6o:H peweuue 

_a 2qJ..,z) + ( ~ )2 ¢( z) = 0 , 
az 2 

_q..li!L_ + ~ a f.{_!:} _ [ ]_ +(E-)
2 f(r) 1 = o, 

ar2 r ar r2 D 

r,IJ,e D - anepTypa ,IJ,yauTa. 

/6/ 

.Hcxo,IJ,H U3 BU,IJ,a dJyuKu.uu MaK,IJ,OHaJib,IJ,a npu u.enbiX 3ua

qeuunx( rr/0), HBJIHIDIIJ,eHCH O,IJ,HHM U3 'laCTHbiX pemeHHH no

CJie,IJ,Hero ypaBHeHHH /6/, MO)t(HO pemeuue ,IJ,JIH E( r z) 
annpOKCUMUpOBaTb cyMMOH 

"" A rr E (rz) = ~ _u_ cos(--) z. 
r n= I r n D /7/ 

EcnH orpaHU'IHTbCH TpeMH 'IJieHaMH, TO pacnpe,IJ,eJieHHe 

llOTeHIJ,UaJia B Me,IJ,HaHHOH llJIOCKOCTU 3anumeTCH B BH,IJ,e 
•) 

r q ro 1 rn 3 
V2(r) ='!w[ 1-pPn-t--(------- -.-) ]. r0 r0 r 4 r2 q /8/ 

Ko3$$uu.ueHTbi p u q onpe,IJ,eJIHIDTCH U3 3KcnepuMeHTaJibHOH 

3aBUCUMOCTU V 2( r) . 
)J.JIH pac'leTOB ,IJ,BU)t(eHUH B Me,IJ,UaHHOH llJIOCKOCTU MO)I(HO 

orpaHU'IUTbCH TOJlbKO ,IJ,BYMH 'IJieHaMU, U TOr,IJ,a llOJIY'IUM 

en...!:.__ 
r 

V 
2

( r) = V (1- _ ___]L_ __ ) , /9/ 
20 r 

rn _Q_ r -
I 

r,IJ,e r = 0,5 CM, r - = 5 eM. 
0 I 

Ha puc. 1 noKa3aHo pacnpe,IJ,eneuue noTeuu.uana OT ua

npH)KeHUH Ha pa3pH,II,HOH KaMepe UOHHOrO UCTO'IHUKa, CHHTOe 

ua 3JieKTPOJIHTU'IecKoii aauue. Ha 3TOM )Ke pucyuKe uaue ceua 
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Puc. 1. 3Ha<JeHue nomeWLIUaAa 6 3Q6UCUMocmu om paouyca. 
To<JKaMu noKa3aHbl 3Ha<JeHUJI, noAy'leHHble 6 :JKcnepuMeHmax 
Ha :JAeKmpoAumu<JecKoli 6QHHe, cnAoumou AUHueu- pac<JemHoe 
pacnpeOeAeHue no KoopOuHame x , nyHKmupHoli - no Koop
ouHame y. 

3aBUCUMOCTb, onpe,IJ,eJIHeMaH ypaaueuueM /9 I. 11.3 puc. 1 
au,IJ,HO, 'ITO npuae,IJ,euuan annpoKcuMau.u» anonue y,IJ,oaneTBo

puTeJibHa ,IJ,O pa,IJ,uyca r = 57 6 CM. 
TpaeKTOpUU UOHOB B Me,IJ,UaHHOH llJIOCKOCTU, llOJiy"leHHbie 

pemeHUeM ypaBHeHUH /3/ Ha 3BM npu pa3JIU'IHbiX 3Ha'leHUHX 

Ha'laJibHblX $a3, llpUBeAeHbl Ha puc. 2. 11.3 puc. 2 BU,IJ,HO, "'TO 

B cny'lae no,IJ,a'lu noTeuu.uana ua pa3pH,II,HYJO KaMepy V 2= 8 KB 
UOHHblH UCTO'IHUK oru6aiDT UOHbl C Ha"laJibHblMH $a3aMH 

¢ 0 = -50"+55° . llpu Toii )Ke reoMeTpuu u.euTpanbuo:H 

o6JiaCTU YCKOpUTeJIH, HO B OTCYTCTBUe llOTeHIJ,HaJia Ha pa3-

p.K,II,HOH KaMepe UOHHOrO UCTO"'HUKa 3TOT ,IJ,Uana30H Ha"laJibHbiX 

$a3 UOHOB Cy)KaeTCH ,IJ,O - 50-::-+25° 
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Puc. 2. TpaeKmopuu uo1we e MeOua1moi1 nAoc~eocmu OAJI 
<Jemblpex 3Ha<JeHui1 cmapmoebiX tjJa3. 

Ha pHC. 3 IIOKa3aHa 3aBHCHMOCTb $a3bl HOHOB OT HOMepa 

o6opoTa. IlpH OTCYTCTBHH IIOTeHIJ,Hana Ha pa3p.!I,IJ.HOH KaMepe 

Ha rrepBhlX .D.BYX o6opoTaX $a3hl rrpaKTHqeCKH BCeX HOHOB 

CTaHOBHTC.!I 6nH3KHMH K HYlliD /oTnHqHe OT HYllH COCTaBnHeT 

±5° /. IlpH HanHqHH IIOTeHIJ,Hana Ha pa3pH,IJ.HOH KaMepe OHH 

OKa3biBaiOTCH paBHblMH 10 - 40° B ofinaCTH IIOllO:>KHTellbHblX 

3HaqeHHH, KaK 3TO H cne.n.yeT H3 ypaBHeHHH /2/. 
C IJ,ellbiD orrpe,IJ.eneHHH 3aBHCHMOCTH B03,IJ.eHCTBHH IIOTeH

IJ,Hana Ha pa3pH,IJ.HOH KaMepe Ha BenHqHHY C,IJ.BHra HaqanbHOH 

$a3bl 6binH paccqHTaHbl TpaeKTOpHH HOHOB ,IJ.llH HeCKOllbKHX 

3HaqeHHH IIOTeHIJ,Hana. Pe3yllbTaTbl 3THX pacqeTOB IIOKa3aHbi 

Ha pHc. 4 H 5. AHanH3 pacqeToB .n.n.s~ ,IJ.Harra3oHa HaqanbHMX 

$a3 ¢
0 

= -507 90° IIOKa3biBaeT, qTo rrpH IIOllO:>KHTenbHOM 

IIOTeHIJ,Hane Ha pa3pH,IJ.HOH KaMepe, paBHOM 8 KB, HOHbl C 

8 

u2 =•81<6 
U2 =0 

-----: 

s 
Vo~ 

Puc. 3. 3aeucuMocmb ifja3bl uoHoe om HOMepa o6opoma: 
CnAOWHQJI AUHUJI - npu HQAU'lUU nomeH~UQAQ HQ pa3pJI0HOU 
KaMepe, nyHKmupHaJI - npu omcymcmeuu nomeH~UMa. 

HaqanbHblMH $a3aMH -30..:. +60 ° OrHfiaJOT HCTQqHHK H IIOCne 

rrepaoro o6opoTa rronHOCTbJO rrorra.n.aJOT B o6nacTb rrono:>KH

TenhHbiX $a3, r.n.e ,IJ.eHCTBYIOT $oKyCHpyiDIIJ,He B aKCHanbHOM 

HarrpaaneHHH CHllbl OT YCKOp.!IIOIIJ,ero BhlCOKoqacTOTHOrO Ha

IlpH:>KeHHH. 

<I>OKYCHpyiOIIJ,He CHllbl OT YCKOpHIOIIJ,ero BhlCOKQqacTOTHOrO 

HaiipH:>KeHHH, cne,IJ.yH/1,6/, MO:>KHO OIJ,eHHTb cne,IJ.yiDJ..IJ,HM o6-

pa30M. 3neKTpHqecKo·e none, coJ,n,aaaeMoe .n.yaHTOM B Me

.IJ.HaHHOH IlllOCKOCTH, Bhlpa:>KaeTCH qepe3 IIOTeHIJ,Han <f.l B 

BH.IJ.ef 7/ 

<f.l _ 2V 
0 

sh _:ri!:_ -b) 
- --;;- arctg ____ D -- x 

[ 1 + ch :: ( 1- b)-- --- · 
0--x] 

/10/ 
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Puc. 4. 3aBUCUMOCmb 003bl UOHOB om HOM epa o6opoma npu 
pa3AU'lHbiX 3HQ'leHUJIX '\' 2 · 

Tor)J.a aKCHaJibHYIO KOMDOHeHTY 3JieKTpHqecKoro DOJIH )J.yau· 
Ta Ez a nuueuuoM npu6JIH)I(eHHH MO)I(HO npe)J.cTaBHTb KaK 

2 rr( 1-b) 
rr V

0
( 1-b) sh[ -- rsinwt] 

E = D .cos(wt+a) z, 
2 2 rr( 1-b) 

D C h [ -- r sin w t] 
z 

D /11/ 

2yb_ + l.1n ( 1+{!:_) = -, 

1-b 1-yb D 

rre 
D= e=4 cM, h=0,345. 
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• 

'I=-30° 

U2K5 
5 fO f5 

Puc. 5. 3aeucuMocm& rjJa3bl UOHOB Ha mpem&eM o6opome om 
Hanp.RJKeHUJI HQ pa3p.ROHOU KQMepe V 2 . 

Ilocne no)J.cTaHOBKH Ez B ypaaueuue aKcuanbuoro JJ.BU:>KeHHH 
npu n =0 /noKa3aTeJib pacTa MaruHTHoro nonH/ H l =0 
joapuauuH MaruuTuoro nonH/ nonyquM ypaoueuue, onHchl· 
BaiOIUee $oKyCHpOBKY TOJlbKO YCKOpHIOmHM 3JieKTpuqeCKHM 

noneM B BHJJ.e 

z"-

2 [ rr( 1-b) . ] rr(1-b) eV0 E 0 sh - 0 -stn(ut 

( eB
0
D) 2 c\ [ rr( 1-oL sin w t] 

D 

cos(wt+a) z=oO. /12/ 

qaCTOTbl aKCHaJibHbiX KOJie6aHHH Q o6ycJIOBJieHHhle )J.eH • 
Z' 

CTBHeM BhlCOKoqaCTOTHOrO DOJIH )J.yauTa B ycTaHOBKe "cl»", 
ahlqucneuuhle ua 3BM, npHBe)J.eHbl ua puc. 6. Ha 3TOM pu· 

II 



CYHKe IIOKa3aHbl 3aBHCHMOCTH QzE OT pa,D.Hyca ,D.nH pa3nHq

HblX 3Ha'leHHH dla3bl HOHa, H3 KOTOpblX BH,D.HO, 'ITO MaKCHMYM 

dloKyCHpyiD~ero B03,D.eHCTBHH OT ,D.yaHTa HaXO,D.HTCH Me*.D.Y 

rrepBblM H BTOpblM 060pOTaMH HOHOB. 

al 

0,20 

O,fS·-

\ 
\ 
\ 
\ 
\ 

f----~ 
. \ 

\ 
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\ 

. \ 
uu J \ - . E =0.67c,~ - . \-3oo Mil!_~ IDO ~ <>--=-'--<~ 

\ 

\, 
', 
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])•4CI4 t=4CI4 

-6 •0.345 Vo=SO~ 

7 8 w rc,., 

Puc. 6. 3a6ucuMocmb Q om paouyca: cnAoumbw I<PU6ble -
(Jol<ycupy101J1ee 6030ei1c'fii6Ue 0ya11ma, nyHI<mUpHa.R I<PU6a.R -
oe(JoKycupy101J1ee 6030ei1cm6ue nome111.1UaAa 11a uoHHOM uc
mo'IHUI<e. 

MO*HO OTMeTHTb, 'ITO HeO,D.HOpO,D.HOCTb, BHOCHMaH pa3pH,D.

HOH KaMepoii: HOHHOrO HCTO'fHHKa B pacrrpe.n.eneHHe YCKOpH

ID~ero BblCOKO'IaCTOTHOrO IIOnH, HeCKOnbKO yaenH'fHT 3Haqe

HHe QzE' TaK KaK IlpH 3TOM dlnaTTep d!YHKUHH aKCHanbHOH 

cHnbi Ha OKPY*HOCTH ao3pacTaeT. 

12 

,[l.ed!OKYCHpYID~ee ,D.eHCTBHe IIOnO*HTenbHOrO IIOTeHUHana 

Ha pa3pH,D.HOH KaMepe MO*HO OIIHCaTb ypaBHeHHeM 

zn_ ~E mw zn z =0. 1131 

KaK Y*e OTMe'lanocb, .n.nH Bbi'IHcneHHH Ezn MO*HO 6bmo 6bi 

BOCIIOnb30BaTbCH pacrrpe.n.eneHHeM IIOnH OT :noro IIOTeH

UHana B Me,D.HaHHOH IInOCKOCTH UeHTpanbHOH o6naCTH YCKOpH

Tenx, rrony'leHHbiM Ha 3neKTponHTH'IeCKoii: BaHHe. O.n.HaKo 

.n.I!oii:Hoe .D.HdldlepeHUHpoaaHHe 3KcrrepHMeHTanbHoii: KpHaoii: 

06bl'IHO IlpHBO,D.HT K 3Ha'IHTenbHbiM IIOrpeWHOCT HM, H II03TOMY 

rrpe.n.cTaBnHeTcx uenecoo6pa3HbiM orrpe.n.enHTb Ezn H3 rrpHHH

TOH paHee aHanHTH'IecKoii: arrrrpoKCHMaUHH 3Toro rronH IBI. 
B 3TOM cnyqae .n.nx o6nacTH a6nH3H Me.n.uaHHoii: rrnocKOCTH 

3aiiHWeM 

-V2o·-L(l-~) 
r 3 r 

E 1141 zn 

H 

2 e v20q ro 
-Q = --,- -;r( 1- -r-). 

zn m cu r 1151 

MaKCHMYM d!YHKUHH 1151 .n.nx Bbi6paHHOii: reoMeTpHH ueHT

panbHoii: o6nacTH HMeeT MecTo rrpu r = 0,665 eM. Ha puc.6 

rrpe,D.CTaBneHa 3aBHCHMOCTb j Q zn OT pa,D.Hyca, Bbl3BaHHaH 

.n.edloKycupyiDIUHM ,D.eHCTBHeM IIOTeHUHana Ha pa3pH,D.HOH Ka

Mepe HCTO'IHHKa HOHOB IIIYHKTHpHaH KpHBaHI. 

11:3 cpaBHeHHH dloKyCHpyiO~eii: CHnbl, C03,D.aaaeMOH BbiCO

KO'faCTOTHblM rroneM ,D.yaHTa, C .n.edloKyCHpyiO~eH CHnOH OT 

IIOnO*HTenbHOrO IIOTeHUHana Ha pa3pH,D.HOH KaMepe HOHHOrO 

HCTO'IHHKa BH,D.HO, 'ITO ,D.nH HOHOB C ,D.OCTaTO'IHO WHpOKHM 

.n.uarra30HOM Ha'lanbHbiX dla3 I- 20 -:+50' I cyMMapHaH cHna 

CTaHOBHTCH dloKyCHPYIDIUeH, Ha'IHHaH C pa,D.Hyca 1,272 CM, 

T .e. Ha rrepaoM o6opoTe .n.yaHTa . .lionee Toro, .n.a*e HOHbl 

C Ha'lanbHOH dla30H -30° Ha TpeTbeM o6opoTe OKa3biBaiDTCH 

IIO.D. pe3ynbTHpyiDIUHM dloKyCHpyiO~HM B03,D.eHCTBHeM H rrpu

ro,D.Hbl .n.nH .n.anbHeii:wero ycKopeHHH. 

llpHBe,D.eHHbie BblWe rrpe,D.aapHTenbHbie OUeHKH 'laCTOT 

aKCHanbHbiX KOne6aHHH HOHOB C Ha'lanbHbiMH dla3aMH +507 

7-30° 6binH IIO,D.TBep*.D.eHbl peweHHeM ypaBHeHHH ,D.BH*eHHH 

B TpexMepHOM none UeHTpanbHOH o6naCTH ycTaHOBKH "~" 
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Ha 3BM. Ha puc. 7 noKa3aHbi rpadJHKH aKcHanbHoro .IJ.BmKe

HH.!I HOHOB C Hal.fallbHbiMH dJa3aMH ¢0 = -30 ° , -20 °, 0 H 

+40° 
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Puc. 7. TpaeKmopuu uoHoe e a~ecuaAbHOii nAoc~eocmu OAR 
<~embtpex 3Ha<~eHuii cmapmoebiX (Ja3. 

IlpH dJopMHpOBaHHH HOHHOH OnTHKH B UeHTpanbHOH ofinac

TH UHKllOTpOHa HUH dJa30TpOHa CTaBHTC.!I 3a,IJ.al.fa ofiecneqe

HH.!I ycnOBHH, npH KOTOpbiX aMnllHTy,IJ.a pa,IJ.HallbHbiX KOnefiaHHH 

14 

Ha KOHel.fH-'l}X OpfiHTaX 6blna fibl MHHHMallbHOH. EcnH TaKyiO 

3a,IJ.al.fy peiiiaTb ,II.ll.!l CHHXpOUHKllOTpOHa, TO Heo6XO,II.HMO Yl.fH

TbiBaTb, l.fTO, KaK npaBHDO, OH HMeeT O,II.HH ,IJ.yaHT, Ha KOTOpbiH 

no,D;aeTC.!I nOCTO.!IHHbiH OTpHUaTellbHbiH noTeHUHan, H 3a3eM

neHHYIO npOTHBO,IJ.yaHTHYJO paMKy. 

IJOCTO.!IHHOe Hanp.H)I(eHHe CMeiUeHH.!I Ha ,IJ.yaHTe npHBO,II.HT 

B O,II.HOpO,IJ.HOM MarHHTHOM none K ,II.peii:dJy UeHTpa opfiHTbl B,II.Ollb 

ycKop.HIOIUeii l.L\enu. CKopocTb :noro .IJ.pe:H:d>a H3MeH.HeTcx oT 

V
1
'l,p 2V1 

---=--=2a r Vo 1161 

B Hal.fane ycKopeHH.!I .IJ.O 

v VI 
-#f!- o= v;; ~ a 
r 0 1171 

npH ycKopeHHH B "6ecKoHel.fHO y3Koii" l.L\enH. B cna,IJ.aiOmeM 

HUH pacTyl.L\eM MarHHTHOM none Ha ,II.peii:dJ HaKna,IJ.biBaeTC.!I 

npeueCCH.!I UeHTpa opfiHTbl BOKpyr OCH CHMMeTpHH MarHHTHO

ro non.11. )J.BH)I(eHHe ueHTpa op6HTbi onpe,IJ.enxeTcx napaMeT

paMH MarHHTHoro H 3neKTpH1.fecKoro none:H: Ha op6HTe. 

.D.n.H cnyl.fa.H d>a3oTpoHa c BapHauHeH: non .!I TOJibKO B ol.feHb He-

3HalJHTeJibHOH 'IaCTH nepHO,IJ.a npeuecCHH lnpHMepHO 3-4 nep

BbiX o6opoTa I qacTHUa .IJ.BH)I(eTc.H B ycnoBH.!IX "HemeneBoro" 

Hafiopa 3HeprHH, H no 3TOMY 3THM OT JIHlJHeM OT ycnOBHH 

B ,II.pyrHX 06JiaCT.!IX MO)I(HO npeHefipel.fb. C ylJeTOM H 3JIO)I(eH

HOrO ,II.ll.!l ,II.BH)I(eHH.!I UeHTpa opfiHTbl B dJa30TpOHe MO)I(HO 

HanucaTb cne,IJ.yiOmHe ypaBHeHH.H IB npe,IJ.nono)l(eHHH V 
0

=oeonst;; 

X 
CM 

r w cos¢ 
CM lip ' 

y = r w cos ( rr I 2 + ¢ ) + v , HJIH 
eM eM np AP 

X 
CM 

X W 
CM Tip 

YcM = -yCM wnp +TAP' 

1181 

r,IJ.e w - l.faCTOTa npeueCCHH, V Up - CKOpOCTb ,IJ.peii:dJa. 

CocTa~~M KOMnneKCHYIO dJyHKUHIO Z = XCM + i y. ., CHCTe-

MY ypaBHeHHH I 181 3anurneM KaK eM 
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. . 
z -tw z = v 

np AP 
3 •. 

Yl.fHTbiBaH, l.fTO w = 4aR R 
np 

r,LJ,e 2 
kw "Eo 

a~-----2-, 

8e V0 c 
k~ ~ dB 

r.Bdr--, 

pellleHHe ypaBHeHHH /19/ HaXO)J,HM B BH)J,e 

iaH 4 -iaR4 
Z=e [aie .dR+cL 

cne,LJ,oBaTenbHO, 

4 ;2 . t. 2~ 
r ~[(a I cosaR dR+c' ) + (a I stnaR dR ~c 2 ) ]. 
CM I 

3,LJ,eCb C , C I H C 2 - IIOCTOHHHbie HHTerpHpOBaHHH. 

/19/ 

/20/ 

/21/ 

/22/ 

113 ypaBHeHHH /21/ MO)KHO BH,LJ,eTb, l.fTO aMTinHTy,LJ,a pa

)J,HanbHbiX KOne6aHHH H3MeHHeTCH B IIpOLJ,eCCe yCKOpeHHH, 

H TOnbKO B HeKOTOpbiX l.faCTHbiX cnyl.faHX Ha OIIpe,LJ,eneHHbiX 

pa,LJ,Hycax OHa MO)KeT OKa3aTbCH paBHOH Hymo. 

qT06bl OLJ,eHHTb B03MO)KHbie 3Hal.feHHH aMIInHTY,LJ, pa,LJ,H

anbHbiX KOne6aHHH, B036y)K,LJ,eHHbiX OTIHCbiBaeMbiM MexaHH3-

MOM, C,LJ,enaeM )J,OTIOnHHTenbHbie ynpolll,aiOlli,He npe,LJ,TIOnO)Ke

HHH, KOTOpbie He H3MeHHIOT BbiBO,LJ,a IIO Cylll,eCTBy. A HMeHHO, 

TIOnO)KHM, l.fTO: a/ Hafiop 3HeprHH 3a o6opOT IIOCTOHHeH H 

paBeH eV0 cos¢ 0 , 6/ npH r =0 r =0. 
Tor,LJ,a ypaaHeHHe /22/ MO)KHO 3l[inHcaTb B BH,LJ,e 

R 4 2 H 4 2 7j 
r =a [ (I cos a R dR) + (f sin aR dR) ] . 
CM 0 0 

/23/ 

B 3TOM cnyqae aMnnHTy,LJ,a pa,LJ,HanbHbiX Kone6anHH:, Bo36y)K-

,LJ,aeMaH HaTipH)KeHHeM CMelll,eHHH Ha ,LJ,yaHTe, )J,OCTHraeT 

nepaoro MaKCHMyMa /H caMoro 6onbrnoro/, Kor,LJ,a l.faCTHLJ,a 

HMeeT op6HTY pa,LJ,Hyca 

4 -;;-
R= vza /24/ 

H B ,LJ,anbHeH:rneM Kone6neTcH oKono HeKoToporo 3Hal.feHHH, 

16 

HeCKOnbKO. MeHblllero nepaoro MaKCHMyMa, KOTOpbiH, B 

cao10 oqepe,LJ,b, onpe,LJ,enHeTCH H3 

4--
(r ) =a y.!!...-. 

CM max 2a 
-6 

)l.nH napaMeTpOB !lla30TpOHa "<Jl" a = 1 ,65· 10 CM -
4 

V 1 = -2 KB, Vocos¢
0 

=35 KB, a =0,057 (rcM>max 

COCTaBnHeT 1,8 CM H HMeeT MeCTO, KOr,LJ,a pa,LJ,HYC op6HTbl 

paaeH npHMepHo 30-'- 35 eM. Heo6xo,LJ,HMO no)J,l.fepKHYTb, 

l.fT~ B036y)K,LJ,eHHbie TaKHM o6pa30M KOnefiaHHH HeB03MO)KH0 

CKOMTieHCHpOBaTb H3MeHeHHeM IIOnO)KeHHH HOHHOrO HCTOl.f

HHKa. 

qT06bi H36e)KaTb TaKOrO B036y)K)J,eHHH pa,LJ,HanbHbiX KO

ne6aHHH, Tpe6yeTCH CHMMeTpHpOBaTb none CMelll,eHHH B 

yCKOpHIOlll,eH lll,enH, l.fTO B HeKOTOpbiX cnyl.faHX HBnHeTCH 

cnO)KHOH TeXHHl.feCKOH 3a)J,al.feH. 

Ha pHc. 8 npHBe,LJ,eHbl TpaeKTopHH ueHTpa op6HTbl Ha 

f--

! 

i 

I 

r 

~MMi 

r-

L ---

;;,) -,-----------, 

LVI ' ::'>. IJ. =-20·-! ... ' 
~=+20·---1 

-15 

........ @., 
-r-e z:u 

-25 

I 

-20 

--~--_L-

Puc. 8. TpaeKtTIOpuu ijeHmpa op6um&l OAJI cmapmoe&IX ifja3 
+20 u -20°. 
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nepBhiX 150 o6opoTax. TpaeKTopuu nony'leHhi pemeuueM ua 
3BM ypaBHeHHH .D.BIDKeHHH HOHOB B TpexMepHOM none .D.nH 
peanhHhiX ycnoouH: IIJaJoTpoua "<I>". Moirno BH.IJ.eTh, 'ITO 
oueHKH npuBe.IJ.euuoro Bhime paccMoTpeHHH xopomo corna
cyiOTCH c peJynhTaTaMu qucneuHoro pac'IeTa. MaKCHManh
HaH BenH'IHHa aMnnHTYJl.hl pa.IJ.uanhHhiX KOne6aHHH, paBHaH 
2,4 CM, HMeeT MeCTO, KOr.D.a YCKOpHeMhie HOHhl .IJ.OCTHraiOT 
cpe.IJ.Hero pa.IJ.uyca 30 - 31 CM. HecKonhKO 6onhmaH oeJIH'Iu
Ha aMnnHTY.IJ.W no cpaBHeHHIO C paCC'IHTaHHOH no IIJopMyne 
/24/ 06'bHCHHeTCH aCHMMeTpueH Ha6opa 3HeprHH B BhiCOKO
'IaCTOTHOM none .D.yauTa. YcTpaHeuue acuMMeTpuu B03MO)I(HO 
nyTeM HeKoToporo H3MeHeHHH Kou~~Jurypauuu ueuTpanhHOH 
o6nacTH ycKopuTenH. 
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