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I,Bae.oeHH e 

PacqeT OTK/IOHSIIOLUeA CHCTeMbl {.oettJneKTOpa) B UHK/IOTpOHe SIS/IS!eTCSI O.llHOJ! H3 oc

HOBHblX aa.oa q np11 npoeKTHpoaaHHH ycKopHTeneA. B HepenSITHBHCTCKHX ( KnaccuqecKHX) 

UHK/IOTpOHBX HBH50IIee ynoTpe5HTe/lbHblM C/IOC050M Bb!BO.ll8 ny'IKB HOHOB MO>KHO C'IHT8Tb 

C03.£l8HHe Me>K.OY nnaCTHHBMH .oettJneKTOpa CH/IbHOrO 3/leKTpH'leCKOrO nO/lSI, CT8TH'leCKOrO 

H/IH BblCOK0'18CTOTHOrO J C ue/lb!O OTKIIOHeHHSI 'IBCTHU C BllyTpeHHeA op5HTbl B o5nBCTb 5onee 

cna5oro MarHHTHoro nonS!. 

XoTSI ypaaHeHHSI .llBH>KeHHSI aapS!>KeHHhtX qacTHU B CKpeweHHbiX 3/leKTpH'leCKOM H Mar

HHTHOM nO/ISIX XOpOWO H3BeCTHbl, HX peweHHe H 8H8/IH3 npH paC'leTe .oettJn e KTOpa S!Bn!IIOTCH 

He cosceM npocTbiMH. Deno a TOM, 1.fTO .anst nonyqeHHSI onTHM8nbHoro aapH8HT8 OTKnOHR 

IOLUeA cucTeMbt Heo5xo.ouMo Bbinonueuue p11.oa .oononHHTenbHbtx ycnoauA. B qacTHOCTH, 

3/leKTpK'leCKOe none .oon>KHO caMo onpe.oenS!TbCSI .llBH>KeHHeM HOHOB. Bxo.ouaSI anepTypa H 

lliKpHH8 K8H8/18 .oettJneKTOpa 38BHCSIT OT xapaKTepa .llBH>KeHHSI '18CTHU H pa35pOC8 H8'18/lbHhJX 

ycnOBHA. npo¢HnHpOB8HHe ll/IBCTHH .ll/ISI C03.£l8HHSI cPOKyCHpyiOJ.J.lero HeO.QHOpO.llHOro 3/leKTpH

'leCKOrO 1!0/ISI T8K>Ke onpe.oenSieTCSI TpaeKTOpHeJ! '18CTHU B 38.ll8HHOM HeO.QHOpO.llHOM Mar

HHTHOM /10/l e . npu 3TOM Cne.oyeT yqeCTb, 'ITO .ll/ISI p83/IH'IHbiX KOHOB H .ll/IS! p83/IH'IHhiX Tpa

eKTOpHA M9HSHOTCR He TOflbKO H8ll8nbHbl8 ycnOBHSI H8 BX O.Oe B .a,eQ:lneKTOp, HO H aenHt.{HH8 

H KOHcPKryp8UHSI MBrHKTHOrO /10/ISI B 30He .oettJneKTOpa. 

TaKHM o5pa3oM1 cTaHOBKTC R O'leBHllHhJM, 'ITO .ll/ISI nony'leHKSI onTHMB/IbHoro peweHHR 

He05XO.llHMO p8CCMOTpeHKe O'leHb 50/lbWOrO 'IHC/18 B8pH8HTOB .oe¢neKTOp8 npH Bbl/10/IHeHHH 

pR.oa .oononHHTe/lhHbJX ycnosKJ!. V1cnonb3yeMbie .oo nocne.ouero apeMeHH rpa¢o-auanHTI!

qecKKe1 II K aHa/IHTH'leCKHe
1 21 

MeTO.llhJ pac'leTa RB/ISIIOTCSI, c o.oHol! cTopoHbJ, npu5nu>KeH

H biMK , 8 C .llpyroJ!, BeCbM8 Tpy.ooeMKKMH, 0C05eHHO .ll/ISI p8C'leTa 50/lblliOrO 'IKC /18 B8pHaH

TOB • .[lononHHTe/lbHbte TPY.llHOCTH S03HHK810T npu paccMOTpeHHH ue 3/leKTpocTaTH'leCKoro , 

a BbiCOKOl{8CTOTHoro BbiBO.aa. Cne.o.osaTenbHO, MO>KHO nocTBBHTh aa.n.At.ty peweHIHI ToqHbiX 

yp8BH8HHt\ .UBH>K8H HSI C llOMOlllbiO 3n8KTpOHHO-C'i8THOA: M8WHHbi, no3BOnRIOlU8A llpOB8CTH 

8H8/IH3 MHOrHX B8pH8HTOB npu p83/IH'1Hh!X 3H8'leHHRX napaMeTpOB .QecjJneKTOpa H p83nlf'IHblX 

HB'IB/IbHblX y cnosHSIX .llBH>K e HHSI uouos. T aKoA no.oxo.o K npo5neMe B b!BO.oa 5btn He.oaauo 

onucau s pa5oTe Oaeuca
131 

8 HBCTOSILUeJ! pa50Te npe.O/IO>KeHbl .088 CIIOC05a OIIHCBHHSI .llBH>KeHHSI HOHOB B OTK/10-

HHJOUleA CHCT9M9 1 npHrO.UHbte B p8BH Olt Mepe K8K D.nSI aneKTpOCT8THl.I8CKOrO, T8K H BbiCOK0-

'18CTOTHOrO Bbtso.oa. TaKoe onHcaHHe npe.ocTaBnS!eTCR HaM 5onee y.oo5HbJM, 'leM npHHSITOe 

B pa50Te/
3
/. C /IO MOlUbiO .ll8HHOrO MeTO.ll8 pacqeTa 5htn npose.QeH KOHKpeTHbJJ! 8H8/IH3 

3 /le KTpOCTBTH'leCKOJ! H Bb!COK J'l8CTOTHOJ! CHCTeM Bh!BO.ll8 .ll/ISI UHK/IOTpOHOB C .llH8MeTpOM 

/10/IIOCOB J20 H 150 CM. 
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2 .YpaBHeHHSI .llBH>KeHHSI HOH8 B Me.llHSHHOll 
nnOCKOCTH .ne~neKTOpa 

BeKTOpuoe ypaaueuue .llBH>KeHHSI HOH8 c Maccoll m H aapSI.IlOM Ze B aoue .ne~neKTO~ 

pa HMeeT BH.Il: 

dil 
m dt ze{E + f[l1HJ). (I) 

Ero MO>KHO aanHC8Tb B UHnHH.IlpHqecKOll CHCTeMe KOOp.llHHST r, 8, Z , CBSI38HHOII C 

MaruuTHbiM ueaTpoM ycKopuTenH (npu aTOM y.no6uo nono>KaTb Hz .:.0 )
1 

a au.ne cucTeMbi 

Tpex ypaaueuull (ToqKoll o6oauaqeuo .nu~epeuuupoaauue no apeMeuu): 

mr -mrll= i!e (E,. + cHHz- i.H8 ) .. . c c 
mr8 +2mr8=2:e(E + .i.H -.iH) 

. o c ·" c z mz = Ze(Ez+fH8 -"c_BH,.). 
(2) 

B .nanbHellweM 6y.nyT p8CCM8TpHB8TbCSI TOnbKO TpSeKTOpHH HOHOB, ne>KSIUHe B Me.llHBH

HOll nnOCKOCTH ( Z'" Z •0 J.npu 3TOM 6y.neM npe.nnonaraTb, 'iTO MBrHHTHOe none B 3TOII 

nnocKOCTH o6na.naeT aKcuanbuoll cu'MMeTpuell ( H8 I = H,. I = 0 ) , a nnacTHHbi .ne~neK-
Z•O Z:O 

Topa CHMMeTpHqHbi OTHOCHTenbHO nnocKOCTH Z=O • T.e. £z.lz.::' 0 .Uau>Keuue noua onu-

CbiBaeTCSI TOr.na ypaBHeHHSIMH: • 
·· ·• reH) ml' -m,.B ... Ze (E,. + c z 
.. . . ;. ) 

mf'8+ 2mr0 = Ze (£8 - c Hz · (3) 

npH .llBH>K9HHH B Me.llHaHHOll nnOCKOCTH .non>KHO TO>K.IleCTBeHHO BbiUOnHSITbCSI COOTHQ-

weuue: 

;. £,. + riJ £8 = 0. 
(4) 

TaKHM o6paaoM 1cucTeMy (3) ua.no pewaTb npH .nononHHTenbHOM ycnoBHH (4 ). 

HopManbHOe K B9KTOpy CKOpOCTH HOHa aneKTpuqecKOe none, KaK H MSrHHTHOe none, .He 

npc;>H3BO.IlHT pa60Tbl. noaTOMY 3HeprHSI 'iBCTHU, a, cne.noaaTenbHO, H KBa.npaT ee CKOpOCTH 

OCTaiOTC SI nOCTOSIHHblMH npH .llBH>KeHHH no K8Hany .ne~neKTOp8 

z ·1 ·a·~ 2 t v = r + r = v; = cons . 
(5 ) 

3.necb VO - a6coniOTHoe auaqeuue CKopocTH uoua, axo.nHmero a uaqano .ne~neKTopa c 

Koop.nuuaTaMH ~ , ~ • B cymecTaoaauuu aToro HHTerpana .nau>KeHH!I ueTpy.nuo y6e.n11Tb-

CA H Henocpe.llCTBeHHO C nOMOIUbiO ypaaueHHll (3) H (4). 

Via (5) cne.nyeT: 
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{) 
(6) 

J.1cnonb3y!l ypaaHeHHe (4), MO>KHO Tor.oa HaATH : 

£ =£It- ,;• 
f' ~z (7) 

r.oe a6comoTHa!l aemi'tHHa :meKTpH'teCKor o non11 : 

(8) 

CooTHoweHHe ( 7) oTpa>KaeT a !IBHOM Bf! .Oe TOT <PaKT, 'ITO HanpaaneHHe aneKTpHqec

Koro non11, a , cne.ooaa TenbHO, H <PopMa nnacTHH Jle<iJrreKTopa onpe.oen!IJOTC!I TpaeKTOpHeA 

HOHa. no.ocTaBn!l!l ( 6) fl ( 7 ) B nepsoe ypaBHeHf!e Cf!CTeMbl ( 3) , nonyqaeM .OnH pa.OHanb-

HOrO .UBH>KSHHH tf8CTHUbl 1 C8MOCOrn8COB 8HHOrO C Sn9KTpK'l8CKHM noneM 

;;_v•{f-i:..t )=uw(t - r•(Hz+ c£) 
r v:• • • • H II • (} tTo o v;, no (9) 

3.oeCb li
0
= -Hzo"J0 ; Z- KOMnOHeHTa MarHHTHOrO nong Ha KOH e 'tllOM pa.ouyce r. , r.oe 

Haxo.oHTC!I Haqano .oe<PneKTOpa. CooTseTCTBy JO w aH napMoposcKaH qacToTa w = zeH. · • me 
YrnosaH KOOp.OHHaTa TpaeKTOpHH qacTHUbi 8 {t) np01 aTOM Bbipa>KaeTCH npocToA 

KBa.op aTypol\ OT peweHf!!l r (t) ypaBHeHHH ( 9): 
t~ 

B, -r u-. j vf~£::- dt 
() 

( 10) 

Y .oo6Ho nepeATH K 6eapaaMepHbiM nepeMeHitbrM 

r 
f=r. ( 11) 

Tor.oa .on11 pa.oHanbHOro .llBH>KeHHH ypasHeHHe (9) npHM eT BH.ll (wTpHXOM o6oaHa-

'teHo .ou<P<iJepeHu>~posaHHe no ?: ) : 

!¥ _; ( 1- f'zl = /t-!'2 [err:-, J..) - lz 1fl) 
( 12) 

r.oe sse.oeHbl o6oaHa'teHHH e paccTOHHHe, npoA.oeHHOe q acTuueA BHYTPH KaHana 

.oe<PneKTOpa) : 

~(f) 't ('t,.l) 
(13) 

KaK y>Ke OTM e qanocb Bhtwe, anecb npe.anonaraeTCR, 'ITO C T8TH'IecKoe MBrHHTHoe 

none 06na.oaeT aaHMyTanbHOA CHMMeTpHel\ B Me.OHaHHOI\ nnOCKOCTfl. 3neKTpf!'leCKOe none 

MO>KeT K4K aaBf!CeTb Henocpe.OCTBeHHO OT speMeHH (BbiCOKO'taCTOTHbll\ Bb!BO!l), TaK H 

H3MeH!ITbC!I B!lOnb nnaCTHHbl .oe<iJneKTOpa, ecnH WHpHHa KaHana OTKnOHHJOl.lleA CHCTeMbl He 

!IBn!leTC!I nOCTO!IHHOI\, <l>aKTH'teCKH 9TO OaHa'taeT .OOnOnHHTenbHYIO aaBHCHMOCTb OT BpeMe-
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HH. AeliCTBHTellbHO, TaK KaK CKOpOCTb HOHa B 30He .necjmeKTopa nocTOHHHa, TO .nnHHa 

npoA.neHHOro nyTH npocTo nponopuHoHallbHa speMeHH : t=vt 
0 • nosTOMy 

.A= llt) = ~ 
r;, Wo 

't ( 14) 

B cnyqae cosna.neHHH ueHTpa KpHBH3Hbi TpaeKTOpHH npu sxo.ue s .necjlneKTop C M8rHHTHbiM 

ueHTpOM, SIBIISIJOlUHMCSI HaqaJlOM Bb!6paHHOI! CHCTeMbl KOOp.UHHaT, ~::1 
r.~ 

pasHa 7: B qac ~HOCT!i, .nnH nnocKoro .necjlneKTOpa c KoscjlcjluuueHTOM 

' H ..t npOCTO 

yrnosoli pacxo-

.llHMOCTH tk , T.e. eCIIH paCCTOSIHHe Me)I(.Qy liJlaCTHHaMI! d H3MeHSieTCSI, K8K 

d_ (.A.) = d
0 

(1+- aA.) 
I 

( 15) 

x) ( 6y.QeM HMeTb V w,f 
' - aM!11lHTy.Ua, 'laCTOTa II cjlaaa Bb!COKO'IaCTOTIIO!"O l!anpSI)I(eHHSI): 

t (r, J..(r-J) == 
cV 1 

----- WJ 
V. H.Jo 1-1- Sr-

r. (1)0 

( w 'C + 'f} • 
"'• ( 16) 

Bbipa)l(eHHe .llllSI yrnosoli nepeMeHHOli e npHHlfMaeT B 6eapii3MepHblX o603Ha'leHHSIX 

BH.Q ( liOJlO)I(eHO e. = 0 ) : ' 

"~ 
8(r:} "'; ~ Jr:. 

. I ( 17) 

3.uecb no.n 3HaKOM HHTerpana CTOHT pe weHI!e f ypasueHHH ( 12). 

<l>opMa nnaCTHH .uecjlneKTopa o npe.nenHeTCH, o'leBH.UHO, ocesoli TpaeKTopueA ny'IKa 

HOHOB, .O.nH KOTOpOA aaqanbHhiMH ycnOBHSIMH RBnRIOTCR: 

f (o) b 1 j'(o) = !.' ' ( 18) 

r.ne • ~I< f - KOHCTaHTa, 3aBHCHLUaSI OT uanpaBJleHHSI TpaeKTOpHH HOHa npH BXO.Qe B .ne-
0 

cjlneKTop. B cnyqae cosna.neHHH ueuTpa KpHB113Hbi op6HTbi c MarHHTHbiM ueHTpoM ycKopu-

' TellS! ;: =0 • VlTaK, ypaBHeHHe ( 12) .ll01l)I(H0 pewaTbCSI npl! HaqaJlbHbiX y CIIOBIIHX( 18). 

Hai!.neuHaH TaKHM o6paaoM cjlyHKUIIH f {r:} H nony'leHHaH aaTeM H3 ( 17) cPYHKUHH 

B(r) noa son HJOT nocTpoHTb cjlyH KUHJO f (0) , T.e. cjlopM y ocesoA TpaeKTopHu, a , cne-

.nosaTenbHo, H cjlOpMy !11laCTifH .necjlneKTOpa. 
/4/ 

KaK H3BeCTHO _, pa.nHallbHaSI .ne<I:JoKyCHpOBKa nyqKa B OTKIIOHSIJOLUeli CI!CTeMe ua-aa 

CHilbHOII HeO.D.HOpO.UHOCTH Ma!"HHTHOI"O liOIISI MO)I(eT 6b1Tb CKOMneHCI!pOB8Ha I1pH.UaHHeM IIIlaCTHHaM 

.neciJneKTOpa l"Hnep601ll!'leCKO!"O liPocPHIISI. napaMeTp !"Hnep601!H'IHOCT!f a(. 

I1pOcPllllb !11laCTHH 

, onpe.nenHJOLUIIA 

x) d. 6naro.napH ~nocTH wupHHbl KaHana .necpneKTopa no cpasHeHHJO c pa.nnyco~o~ ero KpH-
BH3Hbl R , { R «1) .nnH nnocKoro .necjmeKTOpa Bblpa)l( eu-.:e E "'-J- H!lllHeTcH xopowHM 

I1pH6JlH)I(eHHeM. 
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( l.J. -+- .1 ) - !!3..2 
d ae d~ ( 19) 

H pacnpeaeneHHe 9lleKTpUqecKOrO nOllR B MeaHaHHOll nnOCKOCTH 

E = 1 (t +Zae-4:_) 
d d (20) 

MOryT 6b!Tb nerKo BbttiHCneHbl 1 KaK cpyHKUHH aaonb nnacTHHbt aecjlneKTopa. JleliCTBHTellbHO, 

/4/ 
HMeeM 

(}Hz oe v d E v + =--- I• (21) 2c Eo o!t 0 
d 

rae :J - KOOpaHHaTa B MeaHaHHOl! nnOCKOCTH, HOpMallbHaR K TpBeKTOpHH, H 

IJHz 
== . (22) 

H3B9CTH8 1 T8K KBK H3B9CT9H cnaa OOnH, 8 npOH3BODH8H 

(23) 

T.e. RBllReTCR BellH'IHHOll , HenocpeaCTBeHI!O BblqHCllReMOll npH peweHHH ypaBHeHliR ( 12). 

TaKHM o6paaoM, a o6oaaaqeH"Rx ( 13) HMeeM oKoaqaTenbHO ( 0 = d 
r. 

(24) 

3, npi!Mep pacqeT8 aecpneKTOpa 

B KaqecTse npuMepa pacqeTa aecjlneKTopa no onHCBHHOMY BhiWe MeToay 6bina pac-

CMOTpeaa 9lleKTpOCTaTHqecKaR H BblCOKOqaCTOTHaR CIICTeMbl BblBOaB nyqKa YCKOpeHHblX 

IIOHOB 113 UHKllOTpOI!a C aHaMeTpOM nOniOCOB !20 CM/
5/ 

HanpR»<eiiHOCTb MarHHTHOrO nonR B ueHTpe UHKllOTpOHa B3RTa paBHOll 14200 9, qTo 

COOTBeTCTByeT HOpM8llbHOMY pe»<HMY ycKopeHHR ael!TpOHOB. npH 9TOM BellllqiiH8 cnaaa Ha 

KoaeqaoM paa11yce 1"'0 • 52,5 CM paaaa I, 5% • 

P acqeTbl npo11aaoa11nHCb aa aneKTpoaao-cqeTaol! Maw11ae OJ.1.HJ.1. Ocesbie TpaeKTOpllll 

aaxoa11n11cb no cjlopMynaM ( 12) 11 ( 17), np11qeM MarHIITHoe none ft(f) aaaaaanocb a a11ae 

Ta6n11Uhl, a aneKTpllqecKoe none onpeaenRnoch cjlopMynoA ( aecjlneKTOp c nocTORHHhiM pac-

CTORHIIeM Me~ay OllBCTIIHaMII) 

t ('r) = j + o( ~Tl (f:-+ rp) ' 
rae 

mel! 

(25) 
napaMeTpblj II o( OTBeqaiOT COOTBeTCTBeHIIO DOCTO!IHHOl! II BblCOKoqacTOTHOA COCTaBllRIO

noTeHUH8ll8), noaaaaeMoro H8 nnBCTIIHY ( 13). 
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A6conJOTHBSI senH'IHHa nonHOll HanpSI)!(eHHOCTH aneKTpH'IeCKoro nonit £ orpaHH'IHBanacb 

.aH<>neKTpH'IecKoll npO'IHOCTbJO BaKyyMnpro npoMe)!(yTKa H 6brna. npHHSITa pasHoll 

!TpH 3ileKTpOCT8TI!'!eCKOM BblBO.Oe H 125 KB/CM np11 Bb!COKO'I8CTOTHOM B8p1!8HTe • 

100 KBICM 

npH pac'!eTe C: ITOCKOrO 3ileKTpOCT8TI!'IeCKOrO { 0( =0) ,aecpneKTOpa 6binll p8CCM0TpeHbl 

. I~ 
3H8"1eHHH 1 , ne>KBlUHe a HHTepaane 0.2 ':"" 0,3 , ttTO cooTeaTCTeyeT B03MO>KHOCTH 

•4 •5' +6 
YCKOpeHHSI H8 .08HHOM UHKilOTpOHe KpOMe .ael!TpOHOB T8K)!(e II ~~tOHOB c12 , /11,., 1 Of6 

nony'leHHbte peaynbT8Tbl n oK838Hbl na PHC. I. KaK H cne.ayeT O>KH.08Tb, 6onee TSI)!(eilbte 

IIOHbl C 60ilbWHMH ~ npH 38.08HHOM MarHHTHOM none Bb!BO.OSITCSI 6onee 3cpcpeKTIIBHO. 

no3TOMy .OilSI HX Bb!BO.aa MO)!(HO HCnOilb30B8Tb .aecpneKTOp C MeHbWell yrnOBOll npOTSI)!(eH-

HOCTbJO. 

npOH3Be.neHHbte pac'!eTbl .OilSI Bb!COKO'IBCTOTHOrO (j =0 ; o( =0,2S) B8p118HT8 ,aecpneK-

TOpa IT 03BOilHilH HCCile.OOB8Tb 3cpcpeKTHBHOCTb OTKilOHeHHSI ,ny'IK8 J.; B 38BHCHMOCTH OT 

H8'18ilbHOll cp83bl OTKilOHSIIOWero HanpSI)!(eHHSI Cf Ha sxo.ae s .aecpneKTop. CooTseTcTByiO-

Wile 38BHCHMOCTH .OilSI nn8CTHH p83ilH'IHOl! yrnOBOll npOTSI)!(eHHOCTH &, B npe.aenax H3Me

HeHHSI (}1 = 40•-7- 90° npHBe.aeHbl H8 pHC. 2. 

KaK BH.OHO H3 pHC. 2, .anSI peanbHoro cny'laSI, Kor.aa npOTSI)!(eHHOCTb nnacTHHbi 

cocTaBnSieT 90 HnH 6onee rpa.aycos, HaH6onee Bbtro.aHo pacnono)!(HTb sxo.a s .aecpneKTop 

no,a yrnOM 60° K OCH pe30H8HCHbiX ilHHHll. 

C noMOlll-f?IO cpopMynbt ( 24) 6bwa c.aenaHa oueHKa napaMeTpa rHnep6onH'IHOCTH npocpu-

ilSI Oil8CTHH ,ami 3neKTpOCT8TH'IeCKOrO (o( = 0) B8pH8HT8 Bb!BO.aa. npH 3TOM napaMeTp 

,j 6btn nono)!(eH paBHbtM 0, 16. Pacc'IHTBHHoe H3MeHeHHe npocpHnSI s.aonb .anHHbt nnac-

THHbl A noKaaaHo Ha pHc.3. Ha aTOM )!(e pHcyHKe yKaaaHa cooTseTcTsyiO!llaSI senH'IHHa 

OTKnOHeHHII Ll.f 
ro (ce:::: o,J) 

• CymecTsosaHHe .asyx o6nacTell c ManoA sapuauuell .3f oKono Mano-

H MBKCHMBilbHOrO ( df mar:~ ~ 2!f) 3H8'1eHHll YK83b!B8eT H8 B03MO)!(HOCTb 

uaroTosneHHSI nnaCTHH B su.ae .asyx ceKUHll, nnocKoro a:'= 0 H rHnep6onH'IecKoro npo-

cpHnH df =:at' mt:t:r = CO!lSt , TBK KBK H3rOTOBneHHe nnacTHH C nepeMeHHb!M B.OOilb nnaCTHH 

npocpuneM, KOHe'IH0
1 

38Tpy.OHHTeilbHO, 

4. 8Topoll cnoco6 onucaHHSI .asH)!(eHHSI s .aecpneKTopax 

V!Hor.aa .anSI aHanHTH'!ecKoro pac'!eTa .aecpneKTopa y.ao6Ho ucnonb3osaTb .aHcpcpepeH

uuanbHhte ypas HeHHSI .aBH)!(eHHSI s HHOll cpopMe. Pa.auyc KpHBH3Hbt TpaeKTOpHH uoHa s .aecp-

neKTOpe B Me.OH8HHOll nnOCKOCTH onpe.aenHeTC!I 

1<0 
Bbtpa)!(eHHeM: 

r.ae R0 

lz (r) ~ H(rj 

Ho 

R 
lztrJ- Ur;B) 

J (26) 

!lB.OHYC KpHBH3Hbl KOHe'IHOll op6HTbl HOH8 nepe.a BXO.O OM B ,aecpneKTOp; 

M8f"HHTHOe none 38 KOHe'!Hb!M pa,aHyCOM, HOpMHpOB8HHOe K e.aHHHUe npH r:r;,; 

t (r ,e) E (r,B) 

= }~ 
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}=f 6e3p83MepH8Q CKOpOCTb ROHS; 

E{r,B) HanpSDKeHHOCTb 3ITeKTpH'ieCKOI""O nang B )lecpneKTOpe. 

06b!'iHO CO OTHOWeHtre (26) CITY)KRT OCHOBOA l""pacpo-aHSITRTH'ieCKOI""O MeTOilB p8C'ieT8 Jlecp-

neKTopa. 

0CHOBY 8H8ITRTJ<'ieCKOI""O MeTOil8 pac<teTa OTKITOHQIOLUeA CKCTeMbl MOI""YT COCTBBKTb llK#epeH-

UHBITbHble ypSBHeHKQ TpaeKTOpHK HOH8 B CITellyiOLUeB C!JOpMe, npOCTO BblBOili<MOA 1<3 l""eOMeT

pK<tecKKX C006pa)KeHHA: 

d.x J-in r; 
dff (27) 

dr cos!' K K = K0 (/z - £.) 
do X 

) (28) 

dO c.o-sl' 
do ;c (29) 

0603H8'ieHKQ H CMblCIT ypaBHeHHA (27-29) nel""KO ITOHQTb H3 pKc.4. O<teBKilHO, 3TJ< ypas-

HeHJ<Q UOITHOCTbiO 3KBHB8rreHTHbl ypSBHeHKQM ( 12) H ( 17), ecnH KMeTb B BHilY TQ)KJleCTBB 

j:x I • ,... f = ~no. 
nepeMeHHBQ r KMeeT npocToA reoMeTpR<teCKI<A H cpu3H<teCKI<A CMbrcn. B KB)KJlOA 

r onpellengeT yron OTKITOHeHRQ Tp8eKTOpHH KOH8 OT Kpyl""OBOA op6RTbl, ueHTp 

KOTOpoA COBIT8Jl8eT C ueHTpOM UHKITOTpOHB ( HH~'ie l""OBOpg, npOCTO yron OTKITOHeHRH), 

YpasHeHHH (27-29) yllo6Ho Rcnonb30B8Tb JlrrH onpeJleneHRQ ocesoA TpaeKTOpHK B Jlecp

neKTOpe, OnTK<teCKKe csoACTBa JlecpneKTOpa, cpoKyctrpOBKY ny<tKa B HeM, yrnosy10 pacXOilJ<

MOCTb, WRpHHY nponyCKBHHQ R T.n. xapaKTepHCTHKH Yll06HO HCCITellOB8Tb C !lOMOlllbiO ypas

HeHRA lliTH MBITblX OTKITOHeHJ<A OT OCeBOA TpSeKTOpRH. EcnH B llBITbHeAweM 0603H8'iKTb 

qepe3 .X> r napaMeTpbl OCeBOA Tp8eKTOpKH, a ~pe3 U = liz I< }' = ~I' - MBITble OT-

KITOHeHHH OT /J. K { , TO B nepBOM nopHJlKe nO (,( H .!' 
ypasHeHHH lliTH MBITblX OTKITOHeHHA : 

du = 
d6 

nony<taiOTCH cnelly!OWHe 

(30) 

(31) 

rile - MOilYITb HOpMBITbHOl\ UpOH3BOilHOA K TpaeKTOpHH OT senH'iHHhl c(r,B). 

YpasHeHKH (30) K (31) cneJlyeT llOnonHHTb ypasHeHKeM lliTH Manhrx aKcKanbHhiX OTKno-

(32) 
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CKc T e Ma ypaaHeHKl! ( 27-32) nonHOCTbiO onHCbia a eT .llBl!>KeHKe HOHOB a .lle<PneKTOpe u 

MO>KeT 3¢<PeKTKBHO npHMeHSITbCSI .llnSI pac'!eTa napaMeTpOB .lle<tJneKTOpa • . 

KocKHyc yrna OTKnOHeHHSI co:, r 
X 

MO>KHO npe.llCTaBHTb B cne.llyiOIUell cPOpMe: 

,cojo ! ( j K xdx -r W1 fa) 1 (33) 
1 

OTKy.lla HaXO.IlHM a e n H'IHHY C. 
CTa TH'le CK Or O ,lle<tJneKTOpa. 

, onpe.llen\IIOIUYIO 3neKTpH'I e CKOe n o ne a Ha 'l a n e 3 neKTpo;-

"' 
Ko j.-{ X dx - :r c(/j/1- c.oJ (;, 

1 
[0 (34) K. jx. y x. d.r 

1 € 
( tPYHKUKSI j) = T o n pe.llensteT H3MeHeHI!e 3 n e KTpK'!ecK oro nonst B.llOnb oceaoll nnHHI! 

0 

.lle¢ne KTopa). PaccMoTpHM a c e a oaM O>KHbie 3ne KTpoc T a Tu'l e CKHe .lle¢ neKTOpbi .llnst BbiBO.Ila 

HOH OB 113 T O'IKI! C p a .llHyC o M ' Xo = { K TO'!K e X. npH 3a,llaHHOM yrne OTKnOHeHHst ,/' H 

npH ycnOBKH j" j) X. dx =o ConS C. ( nocne.llHeMy ycnOBHIO y.llOBneTBOpst iO T, HanpHMe p, 

.lle¢neKTOpbi, ; KOTOp biX 3a.llaHo O.ll HO H T O >K e p acnpe .lleneHHe Y(x.j KaK ¢yHKUHst pa.llu-

yea). B aTOM cny'lae noTeHuHan Ha .lle¢neKTope V"' c. 
qanbHOrO yrna OTKnOHeHHSI t;, H y6biBaeT C pOCTOM 

SIBnsteTCSI '!eTHOl! cPYHKUHel! Ha

l r. I . no3TOMY .llnst CHK>KeHHSI 

OTKnOHSIIOIUero HanpSI>K eHHSI npH BbiBO.Ile HOHOB none3 HO <tJopMHpOBaTb nocne .llHHe op6HTbl B 

UHKnOTpOHe TaK, 'lT06bi uaqanbHbll! yron OTKnOHeHHst I; 6bin 

Hbll! yron r. TaK>K e CIIH>KaeT £0 , HO u e uol! y.llnHHeHHSI 

60nbWe HynR ( OTpHUaTenb

.ll9cPneKTOpa), HanpuM ep, 

B CTaH,IlapTHOM BapHaHTe nonyTopaMeTpOBOrO UHKnOTpOHa C r;, ::::- GC- 67 CM. MO>KHO 

CHH3 HTb OTKnOHSIICIUee HanpSI>K9HH9 B nOnTOpa - .llBa pa3a npH J;, = qof5 no cpaaHeHHIO 

c J;, = 0 , Jlnst 3 TOrO HY>KHO C.llBHHYTb ueHTpbl KOH9'1Hb!X op6HT nepneH.IlHKynS!pHO OCH 

pe30HaHCHbiX nHHHl! K .lle¢neKTOPY npnMepHO Ha I CM. npn 6onbweM C.llBHre MO>KHO e m e 

6onee CHH3HTb BenH'IHHy OTKnOHSIIOIUero HanpSI>K9HHst, 3TOT C.ll BHr .llOCTHraeTCst COOTB9TCTBy-

IOIUHM a3HMyTanbHbiM B03MYIU9HKeM MarHHTHOrO nonll·, 

Onuca HHbill MeTO.Il I;IpHMeHstncst npu pac 'leTe napaMeTpoa OTKnOHSIIOIUell CHCTeMbi c 

runep6onuqecKoll ¢opMoll nnaCTHH. 

J.1cnonb3oaaHKe caMoro npocToro MeTo.lla KHTerpKpoaaHHSI Tuna 

L)X ::: &<·n./'.Ao 
(35) 

(.llnst ypaaHeHHSI (27) H aHanorH'IHO .llnst .llpyrHx ypaaHeHKll) c maroM Llo,o,t (-60) 

Ha 06bi'IHOl! C'l9TH0ll MaiUKHe THna • MepCe.llec• o6ecne'IKBaeT TO'lHOCTb pacqeTa, .llOCTaTo'l

HyiO .llnst npOeKTHpOBaKKSI .lle<tJneKTOpa ( .ll9CSITbie ,llOnK npOU9HTa, HanpHMep, npK Bbi'IHCneHl!H 

oceaoll TpaeKTopuu). 

0TKnOHIIIOIUee HanpSI>K9HHe cornacyeTCSI C paC'leTHbiM 3Ha'leHK9M C TO'lHOCTbiO nopR.Il

Ka HeCKOnbKif/t npoueTUOB, paCXO>K.Il9HHe CBst3aHO B OCHOBHOM C H9TO'lHbiM 3HaHneM KpHBOl! 

cna,lla ~(xj H HeTO'IHOCTbiO B yCT8HOBKe .lle<tJneKTOpa, 

• B 3aKniO'leHHe aaTopbi BbiPa>KaiOT 6naro.llapHOCTb II.A.CMnpHoaoll 3a npoae.lleHne pac· 

'l9TOB Ha aneKTpOHHO-C'leTHOl! MaWHHe, 
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PHc. 1. Pacc'IHT8HHbie oceebie TpaeKTOpHH HOHHoro ny'IK8 e nnocKoM sneKTpocTa 

TH'IeCKOM .£lB¢neKTOpe UHKIIOTpOH8 C .£lH8MBTpOM M8rHHTHbiX IIOniOCOB 

. . c£ 
120 CM .l:!IIH p83IIH'iHbiX 3H8'1BHHI! rrapaMeTp8 J; -H . K oHe'IHbil! p8.1:!Hyc 

0 u:; 0 

op6HTbi H8 exoae e ae¢neKTOp ro - 52,5 eM. MarHHTHoe none e 

ueHTpe Hu, = 14200 s. 

t=027 

~=024 
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7.SO 

PRe. 2. Pacc'!HT8HH811 38BHCHMOCTb 3¢'PeKTHBHOCTH BbiCOKO'ISCTOTHoro BblBO.ll8 

( j = 0 ) OT H8'18nbHOA !j:l83bl <f OTKnOH!IIOll.lero H8npi!>KeHHII H8 BX0ll6 

B Jlelj:lneKTOp llnll nnacTHH pa3nH'IHOA yrnosoA npOTI!>KeHHOCTH, Pac'!eT 

npoH3BO.llHncR Jlnll o( -o,25, Hu, • 142003, ~ •52,5 CM. 
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