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A H H 0 T a U K H 

TB HOHOB B yCTOl!'iiiBbiB pB,llllllllbHO-cpa30Bbl9 KOne6aHIIH HBUH

KTOpOB, onpenen5IIOUlHX Beni.PHiHY TOKB JCKOpSieMbiX qaCTHU 

nn$l onpe.aeneHHH B03MO>KHOcTeA nanbHeAwero yseni.PieHHSI 

np0113BB,ll9H 6onee TO'!Hbll! KOilii'IBCTBBHHb!l! pllC'iBT 9cpcpeKTHB

Mb!l! 118 OCHOBe 8Hilllll38 cp830BOrO ypBBHBHIIH, 3TOT p8C'i9T 

bHO-cp830Bb!X TpaeKTOplll! 110!108 B UBHTpllilbliOli o6nBCTII CIIHXpO

nocpe,llCTBBHHO 113 peWBHRli ypaBHBHI!l! ,llBII>KBHRSI 110118 B 

8Jl9KTpOHHO-c1..feTHOA M8WH'He. 

38XBBT8 B 38BRCRMOCTH OT napaMeTpOB CHHXpOUHKUOTpOHa; 

bl YCKOpS!IOWero H8llpSI>KBHRS1 0 38KOH8 113MBHBHHSI M8r'HHTH0r'O 

'IBCTOTbl yCKOpHIOlllero HllllpH>KBHHSI, nony'IBHB K8pTHH8 Mexa

yCKOpBHHb!X HOHOB B HB'lllilbHOl! o6naCT>! YCKOpeHRSI, 

Abstrac 

the ion capture into the stable radial- phase oscil!a

things determining the magnitude of ·the current of the 

the synchrocyclotron. 

of increasing further the current of the 

accurate quantitative calculation of the capture 

than that carried out by the phase equation. This 

the analysis of the radial- phase ion trajectories in 

synchrocyclotron. The trajectories, in their turn, 

the solutions of the equations for the ion motion in 

The latter equations were solved with an electronic 

been determined as a function of the 

aperture, the amplitude of the accelerat-the dee 

the magnetic field, the rate of change of the acce

A mechanism of formation of the accelerated ion 

of acceleration has been obtained. 

BseneHHB 

PaccMoTpeHHB cpaaosoro nBH>KBHHH 11 npouecca aaxsaTa 'lBCTKU s ycKopeHHe s CHHXpo-

/1 2/ UHKilOTpOHB ' OCHOBBHO HB 8H8ilii3B cp830BOrO ypSBHBHHSI, 0llHBKO cp830B09 ypBBHBHHB, 

llOCTBTO'lHO TO'lHO OnHCb!BBIOWBB npOUBCC yCKOpBHHB B CHHXpOTpoHe, npH 8H8illl39 npOUBCCB 

saXBBTB II I!CCilB,llOBBHHSI HB'lBilbHOA CT~llHK ycKOpBHHSI B CHHXpOUHKilOTpOHB MO>KHO npu

MBHHTb nHWb B ):lOCTBTO'lHO rpy60M npa6nH>K9HHHo CyuteCTBBHHOB OTilll'lHB HB'lBilbHOrO npo

uecca ycKopeHHH B CHHXpOUHKilCIITpOHB OT TBX HllBBil113HpOBBHHbiX npennonolKBHHA, KOTOpblB 

.uenanHcb npH BhiBone H peweHBS cpaaosoro ypasHeHHH, noasonSieT c.uenaTb swaon, 'ITO 

nono6HOB p8CCM0Tp9HHB npoueCCB 38XBBT8 B. CHHXpOUHKilOTpOHHbiA pe>KHM llBBT TOilbltO 

Ka'lecTseHHo-npasanbHYIO KBPTHHy. B 'lBCTHOCTH npH swsone cpaaosoro ypasHeHHH, a aa

TBM npu ero peweHHH 6&mH cnenaHbl cnenyJOWHe nonyweHBSI: C'lHTanocb cnpasennus&IM 

np116ilii>KBHIIB nepsoro nopS!llKB H npHHHMBnHCb nOCTOSIHHb!MH K09cpcpHUHBHTbl 9T0r'O ypaBHe

HRSI B UBHTpBnbHOA o6naCTH yCKOpHTBllSio 0co6eHHO nonqepKHBM, 'ITO HB HB'!BnbHOA CTBlliiH 

yCKOpBHHH op6BTbl HOHOB 3H8'lBT9ilbHOB BpBMSI IIBXOllSITCSI B· o6naCTH BbiCOKO'lBCTOTHOrO 

aneKTpH'lBCKOrO nonS!, n03TOMY M8KCBMBnbHO-B03MO>KHbiA Ha6op SHeprHH 38 o6opOT SIBnSI

BTCH cpyHKuneA panuyca. TaK, Hanpul\Aep, nnH wecTHMeTposoro cnHxpounKnoTpoHa OYIHYI 

M8KCHM8ilbHO-B03MO>KHb!A H86op 9HeprHB nocTeneHHO B03p8CT89T H CTBHOBHTCSI 6nH3KHM 

K utenesoMy TOnbKO HB pan aye aX 60- 8() CM, 3JtcnepBMBHTBnbH09 H3Y'l9HHB onTHMBnbHbiX 

/3/ ycnosHA 3BXB8T8 TBK>KB YKB3b!B89T HB npa6nH)l(9HHOCTb pesynbTBTOB, Bb!TBKBJOWHX H3 

"" ' 6 /1/ 
peweHHH ... aaosoro ypaBHBHHH, nposeneHHoro s pa oTe • 

YfccnenoBBTb 38,llB'lY 0 cp830BOM llBH>KBHHH B UBHTp8ilbHOA o6naCTH CKHXpOUHKilOTpo

HB H 06 9cpcp9KTHBHOCTH 38XBBTS MO>KHO COBepWBHHO npyrKM MBTOllOM, HenocpellCTBBHHO 

peWBSI yp8BH9HH9 ,llBH>KBHHSI 38pSI>KBHHbiX 'lBCTHU B aneKTpOMBrHHTHOM none yCKOpHTenH HB 

6bJCTpOnel!CTBYIOWBA aneKTpOHHO-C'lBTHOA MBWHHB, 

I. :YpaBHBHHSI llBH>KBHHSI 

:YpaBHBHHe ,llBH>KBHHSI 38pSI>KBHHOA 'lBCTHUbl B sneKTpOMarHHTHOM none B np8KTH'le

CKOA CHCTBMB B,lliiHHU HMBBT BHll 

dp~ e(E+[V'BJJ, ( 1) 

dt 
~ ~ 

rne p , V , e - COOTBBTCTBBHHO HMnynbC, CKOpOCTb H 38pH.ll 'lBCTI!Ubl, E - HanpH>KeH
_. 

HOCTb sneKTpH'lBCKOrO nonH, B - HHAYKUHSI MBrHHTHOro nonS!, 
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npH npoBetleHHH 'IHClleHHb!X pac'!eTOB Ytl06HO IIOllb30BaTbCst ypaBHeHHeM tlBH)f{eHHst, 

3anHCaH!IbiM B UHIIHHtlpH'IeCKOll CHCTeMe KOOptlH!IaT B BHtle CHCTeMbl 06bJKHOBeHHblX tlH\tJ<j:le

peHUHMbHblX ypaBHeHHll C BbJ,lleneHHbiMH CTapWHMH I1pOH3BOtlHhJMH/
4 /, Jlnst Ollpe,llelleHH'~ 

o6nacTR ycTOli'IHBOCTH " s<j:l<j:JEKTRBHOCTH 3axsaTa orpaHH'IHMCst paccMoTpeHHeM tlBII)f{eHHst 

3apst}J{eHHhiX 'laCTIIU B IIIIOCKOCTII Z = 0 , .Y'IHTbJBast, 'ITO MarHHTHOe none l!BllsteTCst 

8KCH8nbHO- .... MMeTpHlfHbiM, HMeeM 

B 
r 

1J = 0. 
0 

Toraa BeKTOpHhlll noTeHuaan nonst A. = 0 , a ypaBHeHHe tlii!IR)f{eHHst 

r· =A (1 -B 2 )o;, [A (1 
0 r 

-r 2 • 2 
J- A0 ra 1 + = 

'I 

(J) llpHHHMaeT Blltl 

(2) 

(/ = + { Ao (1 - tJ2) y, [ ,10 (1 - a2)- A r ; a 1- 2 a i I . 

3aecb TO'IKaMH o6o3HB'IeHo AH<j:l<j:lepeHUHpoBaHae no c t ·, 

TOHa, 8 = V/ C - ero OTHOCHTellbHast CKOpOCTb, a = r 0 , 
Z- HMlletlBHC CB060,llHOro npOCTpaHCTBa, 

0 

A =_<:_ 4 m- Macca noxost npo-
o mc2 ° · 

A r = E r + a B • • Z 
0 

, A0 =EO -t B • • Z 
0 

, 

a) AHaliHTH'IeCKOe OIIHCaHHe SlleKTpH'IeCKOrO II MarHHTHOrO IIOllell B UeHTpallbHOll 
o6nacTH ycxopHTeng 

To'!Hoe npeacTasneHae 3aBHCHMOCTH BhJCOKO'IaCTOTHoro snexTpH'Iecxoro nong OT xoop

tlHHaT tlllst cywecTBYJOWell reoMeTpHH ycxopl!JOWero· npoMe}J{,yTKa (c y'!eTOM nna3MeHHoro 

CTOII6a ROHHOro IICTO'IHRKa) npe,llCTaBIISieT 3Ha'IHTellbHbJe Tpy tlHOCTR, 0tlHaKO RCClle,llOB8Hke 

pacnpetleneHRst SlleKTpR'IeCKOrO IIOllst B neHTpallbHOll 06li8CTR CRHXpOUHKIIOTpOHa yKa38IIO 

HO B03M0}J{H0CTb anpOKCHM8J!HII ero B cpetlHell IIIIOCKOCTH ClletlyJOWHMii BhJpa)f{eHHSIMH 

...... E __ ]_ __ _ 
0-

E . o . !': 
y 

(3) 

rae 

1 + JL2Y2 
[)2 

!': 0 = _!.;, , V0 - BMnnstTy aa ycKopl!JOWero Hanpst}J{eHHll, D - anepTypa AYBHTa ( ocb D . . 
y B STOM BhJpa)f{eHHK nepneHtlHKynllpHa ycKopl!JOWeMy npoMe>KyTKy AYBHTa). TorAa oT-

HOCHTellbHblll H860p SHeprHH, paCC'IHTBHHhlll H8 OCHOBaHHH ( 3) B npeAIIOIIO>KGHHH, 'ITO op-

6HT8 RMeeT <j:lopMy OKpy}J{HQCTH, MO>KH'Q llp8ACTSBHTb CIIGtlYJOlllHM o6pa30M: 

e Vmax 

eVo 
v!!.+1 

r2 
(4) 

(e = ~-
11 

, e V 
mu MaKCHM8llbHO-B03MO>KHhlll Ha tl8HHOM patlHyce Ha6ap SHeprHH 3a 

nonyo6opOT), 1-Ja pHC, J IIOKa3aH OTHOCHTellbHhlll Ha6op SHeprKH tlllll pa3IIH'IHbiX D B 

<j:lyHKUHH r , onpe.z;teneHHhlll C OtlHOll CTOpOHhl aHBIIHTH'IeCKH H3 ypaBHeHHSI (4) H C Apy

roll - flO KapTHH9 IIOTeHUHBnbHOro IIOIISI, CHSITOll MOAeJIHpOBaHHeM yCKOpliJOlUera npoMe

}J{YTKa wecTHMeTposoro CHHxpauHKIIOTpoHa OvUIYI B sneKTponHTH'Iecxoll saHHe. CpasHeHHe 

4 

xpHBbtX aa6apa saeprHH (pHc. I) roaopHT o B03MOlKHOCTH 

qecxoro non11 B cpeAHeA nnocxocTH ycxopaTenR, 

8H8nHTH'IeCXOrO ODHC8HHII 9JieXTpH-

'-

Tax xax a caaxpouaxnoTPOHe "18CTOTa ycxoptnomera HallpHlKeHHJI a npouecce ycxope-

HHJI yMeHblll&eTCll, TO 38BBCBMOCTb snexTpH"'eCJCOrO nonll B nnOCXOCTB ~ = 0 OT npOCTpaH-

CTBeHHbiX K00pAHH8T H BpeMeHB MOlK8T 6b1Tb 38DBC8H8 B 4lopMe 

rAe w 

E ,. 1 1 dt· - 2 2 E cos wr 
1 

+ .._,7 
o o D 

- xpyrosa11 'laCTaTe reaepaTopa, Bp8MJI, 

(5) 

YlaMeHeHHe "18CTOTbl reHepaTOpa B Te"'eHHe UBJtJ18 yCICOpeHHR onpeAenJieTCR KOHCTpyiCUHel 

B8pH8TOp8 H pe30H8HCHbiMB 
caolcTB8MH nepeAaJOmel nnaan, Ha pac. 2 npaae.aeaa o.aaa 

H3 pa60"'HX xapaKTepHCTBIC 6> (t) .QJIII CHHXpoUBICJIOTpoBa 01-UIYI, 

)lnll HBXOlK.QeHHII .QH8D830H8 "18CTOT1 B BHTepaane KOTOpora npOBCXO.QBT 38XII!I8T "'&C-

THU 1 
11!1 38BHCBMOCTB OT npOH3BO.QHOI 11!1 H8"18ne yCXOpBHHII (c.) ) Ha"', 6bln ll!lb16paB naael-

Hbll 381t0H B3M8H8HHSI "18CT0Tbl ycKOpRJOUlero H8llpii>KeHHR 

(o) •6> 
d (o) t ---- (6) 

II dt 
r.ae 6> II- KpyrOII!I8JI "18CTOT8 reHepaTapa 11!1 MOM8HT Bp8M8HH t •0· • 

0603H8"1HM H8"18JlbH08 OTnH"'HB "18CT0Tbl sne&TpH"'eCKOrO nanR OT "18CT0Tbl o6p8Ul8HHR 

HOH8 B ueHTpB yCKOpHTenll K8lt <{> TarAS 
II 

(7) + ~ ~ (o) - (o) 
- II II 0 

r.ae w
8 

- KpyrOB8ll "18CTOT8 o6p81U8HHR HOH8 B QeHTpe yCKOpHTeng, Yl3 ypdBHeHHI (6) H 

(7) .an11 w nony"'BM 

(o) (o) + </> 
0 - H 

~~ 
dt 

(8) 

BIIB nocne npeo6pa30B8HHA C TO"'HOCTbiO .QO qneHOB BTOparo I10pli.QK8 

(9) 

(o) 
<i>· dlU 

= w ( 1 i. ~) ( 1 - ...L • -- w 0 t) • 
0 "'\, ,; dt 

( 9) 11!1 (5)' H HHTerpapyll~ nony'IBM .Qllll CQCTBBIISIJOUlell SlleKTpH'IeC)tO-
naACT8BIIHSI ypi1BH8HH8 

ro non11 E,. cneAyJOmee BblpalKeHHe 

E ,. 
rAe 

2 
.....ba,f._ ooa( 1 + A }( l - y lU t) lU t , 
t2.+y2 - o o 

A = </>a (ep =til= A·ruJ 
(U H 

0 
. dw 

y =%·-L·-
"'2 dt 

0 

5 

(tO) 

• ( 11) 
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06&1'1110 M8rHBTHOe none B ueaTp&nbHOI OISnaCTH CHHXpoUHKHOTpOHa .llO pa.oayca 
r 

1 
xapa&· 

oao cna.oaeT naaeA-
TepaayeTCa ua.opaTH'IHbiN aa&oaow, aa pa.oaycax >Ke ISonbWax r 

1 
ItO, T.e. 

D ~B(1-!.Lr 2 
• 0 2 

B •· a + br • r > r 
I 

r < r 
I 

rae h b , r - ROCTORHHbl&, 
I 

a 

llna MarHHTHoro nona caaxpouHKHOTpoaa 0J.1SH1 9TH ROCTORHHble p8BHbl 

h -I -2 • 4,008•10 M 
l 

a- '" 1,68485 TO I 

-2 -1 b •-4,85• 10 TH,M 
I 

r • 0,10 M, I 

IS) Ha'l&nbHble ycnoaaR 

( 12) 

( 13) 

llna peweHHR ypaaaeaaJI (2) aeo6xo.oaMo aa.oaTb H&'lanbHble ycnoaaa, T,e, Koop.oa-

HaTbl H KOMDOHCHTbl CKOpoCTR HOHa RpH t- 0 

TaK KaK ypaaaeHHH (2) npa r = 0 HM&IOT ocoiS eaaoc:rb, TO MO>KHO C'IHTaTb, 'ITO s 

Ha'l&nbHbiJI MOMeHT BpeMeHH HOH HaXO.llHTCB Ha .llOCTaToqao ISHR3KOM 
paCCTOSIHHH OT ll&HTpa, 

HanpHMep, HS I Ha'l, •1 CM, 3aMeTHM, 'ITO, so-nep&biX, 9TO COOTBeTCTByeT peanbHbiM ycno-

BBSIM, noc~OnbKY .llyra HOHHOrO HCTO'IHBK8 HMC&T nonepe'IHble·paaMepbl (.oaaMeTp .llyra 

nopa.o&a 2 CM) a, ao-aTop&tx, 'ITO npa B&t!Sope r aa11, =0,1 CM peweaae ypaaaeaaJI (2) 

He HMe&T aaM&THblX OTHH'IBli npa npO'IHX paBHbiX yCHOBHSIX, 

3a HS'I&nbHYIO <j:>aay HOHS MO>KHO npBHSITb 

nocne 38XBST8 BCe HOHbl nepece&aiOT OCb 

.llyaaTe, 

J: 

rp = 0 , TaK KaK 11epea I - 2 o6opoTa 

B MOMCHT MSKCHMYM8 H8RpR>KCHHSI HS 

JlJlR onpe.oeneHHII pa.oR&nbHOli COCTaBJl!IJOLUell CKOpocTH HOH8 BOCDOnb3yeMCII ypasae-

HBeM 

~= 
dt 

ceV ..... 
(14) 

~re~.r(1-nJ 

3Ha'I&HHSI eV H n 
no,llCT8BnRR B Hero H3B&CTHbl& 

6 (~ Ha'l, •2,93756 •10 CM/CeK, 

. ... s. npa r .. I CM, nony'IHM 

6 

Ha'la.llbHall <j:>a30Ball CKOpOCTb HOHOB pasHa Kpyroaol '!aCTOTC oiSpaLUCHHR Hb~OB B 

.llSHHOM MSrHHTHOM none H8 Op6H19 p8.llHYC8 r •I CM, r.:p Ha'l,'" ru0 •J,60363•10
8

pa.o/ceK 

TaK KBK B ypaBHCHHIIX (2) He38BHCHMOII nepeM&HHOII SIB.IIli&TCSI ct 1 TO KOMnOHeHTbl aa-

'IBJibHOll CKOpOCTH HOH8 C.IIC,lly&T aaRHCSTb B BH.llC npOH3BO.llHbiX no ct , 'fnr.oa 

-4 
t •0,97086· 10' 
• HS'I, -3 -1 
(J =5,34911·10 pa.ll,CM 

Hall. 

\ 

Pa.oaanbao-<j:>aaoe&Je TpaeKTopaa 

AaanH3 ypaBH&HHA ,llBH>KeHHSI B ueHTpanbHOA oiS.naCTH CHHXpOUHKJJOTpOHa 

PeweaHeM ypaBHCHHI ( 2) RBniiiOTCll TpaeKTOpHH p8.llHanbHO-<j:>a30BbiX KOne6aaull HOHOB 

B nnOCKOCTH Z = 0 , Jl.nll DOJJy'leHHll COBOKynHOCTH ,llaHHbiX, xapaKTepH3YIOWHX ,llBH>KCHHe 

HOHOB, aa ne'laTaiOLU&e ycTpOICTBO 9HCKTpOHHOI C'I&THOI MaWHHbl B 3aBHCHMOCTH OT T&Ky-

mell K00p.llHH8Tbl ru t BbiBO.llBRHC b cne.oyJOlUHC napaMeTpbl: ; • e . r • (J • E • "'-I. • 
0 \ 'I' 

Ha6op 9THX ,llaHHbiX nOHHOCTbiO OnHCbiBSCT KOOp.llHHaTbl, CKOpOCTb H 9!feprHIO liOHOB B RIO-

• 
!Soil MOMeHT Bp&M&HH, Ha pHC, 3 npHBC,lleHbl xapaKTCpH&Ie TpaeKTOpHH pa,llH8HbHblX H <j:>aao-

BbiX KOHe6aHHll ,llHSI O.llHOli H3 aa,llaHHbiX nporpaMM AeMCHCHHR 'laCTOTbl yCKOpSIIOLUero HS

npli)KCHHSI, Ha pac, 3 BH.llHO, 'ITO <j:>aaa ltOHa a c~oeemaeTCSI aenpep&IBHO 8 oTpauaTenb-

1 
HOM aanpaeneHHH B cpeaHeM C HapacTaiOIU&li CJtOpOCTbiO HnH, CCHH BOCnOnb30BaTbCSI H3BCCT-

HOll aaanoraeA C MSSITHHKOM, <j:>aaa HOHa coaepwaeT apaLU8T&nbH08 .llBB}I(CHHC, J.1oH a Bbi-

6&IB8eT na o6nacTn ycToii:'IHBo.cTH H co6cTeeaao aa npouecca yc&opeHHH, coaepmaH Jtone6a

HHH OTHOCHTCHbHO opiSHTbl noCTOSIHHOrO p8.llHYC8, npn CMCI.UCHHH no <j:>aae B nOHO)KHTCQb

HOM H8npaeneHHH HOH 6 6biCTpO RORS,ll&T B oiSnaCTb TOpM03RLU&r0,9H&ItTpH'I&CKOrO n011SI 1 

BCHe,llCTBHe 'l&ro OH TCpSICT 9HeprBIO H B03Bp8LUa&TCll K UCHTpy, Pa.llH&nbHO-<j:>AaOB&JC Tpa

CKTOpHH Ll11ll HOHOB a H IS MOryT TaKHM o1Sp830M'1>npe.llenl1Tb ,llBC TO'IKH H8 rpaHHUC 

o6nacTH ycToA'IHBOCTH npa ycnoaaa, 'ITO TpaeKTOpHH npyrax aoaoa s HHTepaane aaqanb

H&IX <j:>aaOBbiX CKOpOCT&A M&>K.llY (i J HS'I, H(~/)) HB'I, 38XaaT&IBaiOTCll B npouecc yCTOli'III;

BOrO yCKOpCHHSI (HOH B ), 

3a.oaaaH napaMeTpbl yc~topaTenH ~ , n , B
0 

, D H w H aapbBpyH casar qac-

TOTbl 06p81UCHHII HOHOB OTHOCHTCJJbHO 'laCTOTbl reHepaTOp8 1 M0)KH0 ,llHll Jli060r0 KOHK
1

peT

HOrO CJJY'ISII nony'IHTb rpaHHUbl o6.nacTH 3a~aaTa B YCTOII:'IHB~e LlBH)KCHHC, JlnH, y.oo6CTB8 

paC'ICTS 9TH 06JJSCTH HSHOCHnHCb Ha n.nOCKOCTb C KOOp.llH.HaTHbiMH · OCSIMH /1. I H y ( CM, 

ypaaaeaae (II)), Ha pnc, 4 npe.ocTaaneH&I o6.nacTH HS'IanbH&IX yc.noaall, npa KOTopblx 

npoHCXO,llHT 38XBaT HOHOB ,ll.IISI <j:>HKCHpOB_8HHbiX. 3H8'18HHll V H n 
0 

,llJISI Tpex p8311H'IHbiX 

napaM&Tpoa D , xapa&TepnayJOIUHX pacnpe.oen~aae sneKTpH'ICcKoro nonH no pa.onycy, 

3aaHCHMOCTb MarHHTHOrO nonS! 8• OT panayca r COOTBCT~TayeT pe81!bHOMY pacnpe-

.a.en&HHIO NarHHTHoro nonH a wecTHM&'rpoBOM caaxpouHK.IIOTpoHe OHSIH ( IJ, ) aanpSI)KCHHe 

Ha .llyaHTC BbiiSpaHO p8BHbiM 12 1[8, Bee Tp~ ~.naCTK ( pHC, 4) HMCIOT RpHMCpHO O.C.HH H TO'r 

>t<e xapaKTep a CM&LU&Hbl npyr OTHOCHTenbHO .opyra no ocn 11. I • Ha npaee,ll&HH&IX rpa<j:>n-
1 . 
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KOB BH.OHO, 'ITO npil YM9HbW9HHH anepTypbl ,oyaHTa 06/laCTb 3aXBaTa CMeutaeTCSI B CTOpoHy 

oTpnuaTe/lbHbiX auaqeHnll 1'1.! • nocne.oHee CBH3aHo c yaenuqeuneM aa6opa auepruu 3a o6t¥" 

poT (eM. ypaaueuue (4)) ua nepaoll cTa.oun yc~topeaast. Ecna C'IHTaTb, 'ITO op.oaaaTa o6-

nacTH ycTOli'IHBOCTH no OCH f'1. f npH nOCTOIIHHOM y nponopnHOHa/lbHa 'IHC/Iy HOHOB1 3aX

aaqeHHbiX B npouecc ycKOpeHHII, TO MO:lKHO nOCTpOHTb rpacpHK acpcpeKTHBHOCTH 3aXBaTa X) 

a 3aaucuMocTu oT anepTypbt .oyaaTa .01111 3a.OaHHbiX 3Ha'lennll eli' , n n y. (puc, 5), . ' . 
Bn.ouo, 'ITO c yaennqeuneM anepTypbl .oyaaTa D acpcpeKTRBHOCTb 3axaaTa B03pacTaeT 

He3Ha'IRTe/lbHO (aa 10-12%), 3TOT pe3yllbTaT ,(\1111 uenell yBe/IR'IeHRII RHTeHCI!BHOCTH YCKo

peHHbiX qacTRU ue npe.ocTaanHeT oco6oro HHTepeca, TaK KSK yaennqeuue anepTypbl .oyaaTa 

aneqeT 38 co6oll cooTaeTcTay~wee yaenuqeune 3a3opa aneKTpoMarunTa, 

llnH npaKTIIKU none3HO paceMoTpeTb KaK 113M9HII~TCH o6nacTH 3axaaTa npu 6onee 

6blcTpoM cna.oe MaranTnoro non11 c pa.onycoM. B 'ISCTHOCTR, TaKoe none MO)I{eT 6btTb nc

nonb3oaaao c uenh~ ynyqweHHII aepTnKallbHOll cpoKycnpoBKH nyqKa a ueaTpanbHOll o6nacTH 
' . 

ycKopnTenH. Yaenuqeane cna.oa MarHuTaoro non11 (puc, 6) npuao.OHT If B03pacTaHH~ UHTep-

aana 'laC TOT, onpe.oenii~LUHX 3llXBllT UOHOB, B V k2 /k t paa, a MliKCHManbaoe 3Haqeaue 1'1. I 

CM91U89TCSI B CTOpoHy 60/lbWHX y nponOpUHOHS/IbHO OTHOW9HH~ k
2 

/k t , 3.0eCb 

k = 1 + _n_ • _1_ ( n - nOK83aTe/lb cna,oa MarHHTHOrO nO/Ill), 3aBHCHMOCTb 3cpcpeKTRB-

I- n f3 2 

HOCTH 3llxaaTa oT anepTypbt .oyaaTa npn none B npnae.oeaa aa puc. 7, 
2 

Ecnu aMnnuTy.oy ycKOPH~wero aanpH)I{9HHSI yaenH'IHTb a.oaoe, TO, KSK 11 cne.oyeT 

O)I{H.OSTb, o6nacTb 3axaaTa pacwnpHeTcH no ocu y (puc. 8) a.oaoe. 1-iHTepaan qacTOT 

npu KOTOpbtX eLUe npoucxo.ouT 3axaaT a ycKopeaue yaenuqnaaeTCH .01111 aToro cnyqaH a 

nonTopa pa3a, 

' i-13M9HeHH9 LUHpHHbl o6naCTH 3llXBaTa no OCH y Bbi3B8HO H3M9HeHH9M MaCLUTa6a 

cos<j> , 3Ha'leHue KOToporo paaaoe e.oHHIIne onpe.oenSieT npaay~ TO'IKY rpaHHUbi ycTollqn
• 

BOCTH ( npH COS cp 
0 

> 1 KOne6aT911bH09 .OBH)I{9HH9 MSSITHHKa nepeXO.OHT BO apaLUaTe/lbHOe), 

L!nH CHHXpOUHKIIOTpOHa 3Ha'I9H119 COS </J0 
MO)I{HO 3anHC8Tb B BII.Oe: 

ttE w (15) 
cos<~>. 

e V k w 2 

• • r.oe na.oeKc s xapaKTepn3yeT paaaoaecay~ qacTnuy. 

nepennweM 3TO paaeHCTBO cne.oy~WHM o6pa30M; 

ros<j> "'~-• ( 16) 
k v 0 ,. 

3.oec b C = oonst , a y onpe.oenHeTcR ypaaaeHneM (II). Bbtpa)l{euue ( 16) onpe.oenHeT 

cl\.leweane npaaoll TO'IKR rpaHHUbt o6nacTH 3axaaTa npu pa311H'IHbtX napaMeTpax ycKopnTenH 

v.K " D. 

x) 
3TO cnpaae.anHBO 11pH nHHeAHOM K3MeHeHHK '18CTOTbl YCKOpSUOUlero HaflpA>KeHHR H 

fiOCTORHHOJt 'IBCTOTe MOLlYilHUHH. 

8 

y = 
k 

k.v o 

E C 
(17) 

B Ka'leCTBe npnMepa npnao.onTCII Ta6nnua 1, a KOTopoll .oaHbi 'IHCneHHbte 3Ha'leHHH 

cos .p • , onpe.oenHJOWHe rpaHR'IHble TO'IKH o6nacTell aaxaaTa no ocn y , aall.oeaHbte us 

peweHHII ypaBH9HHll (2), 

T a 6 n H u a 

Q6naCTH 
D h D h D h D 2 ~2 D3h 2 ycTOll'l>t- t t . 2 2 3 t D 1 h 2 

'BOCTH 

rlpe.oenb- neaaH 0,03 0,04 0,03 0,05 0,05 0,05 
Hoe 3Hatte- rpaanga 

nne npaaall 0,88 0,975 0,99 0,985 n,995 0,92 
cos "'· rpaaana 

TaKHM o6paaoM, rpaHII'IHbla· TO'IKH o6nacTH 3axaaTa nt> OC!f y c .oocTaTO'IHOll TO'IHO

CTb~ onpe.oenH~TcR aenn'IHHoll cos¢ • nnn napaMeTpoM, nponopunouanhHbiM cos</> 0HecKOIIbKO 

nuaqe o6CTOHT .oeno npu paccMOTpeHHH rpaHRUbl o6nacTH ycToli'IRBOCTII no ocu 1'1. f, MaK-

• Ill 
CHMa/lbHOe 3Ha'I9HU9 '</> B pa6oTe onpe.09/1119TCSI Bblp8)1{9HUeM 

"' 
2 

.; ~Vokwo v sin¢ •- q, • coscp • . (18). :!: 
tr E • 

Ill 
EC/IH COBMeCTUTb HH)I{H~~ rpaHUUY o6naCTU 38XB8Ta, nonyqeHHY~ B pa6()'re C O.OHOl! 

. I 
H3 paCCMaTpHBa9MblX B .OaHHOJI pa60T9 (puc. 9), TO MQ)I{HO yan,oeTb, 'ITO 3TH rpaHUUbl 

npaKTH'IeCKU COBna,oa~T. 0.0H8KO Op.OUH8Tbl COnOCTBB/IIIeMblX o6nacTell pa3/IU'IS~TCII B 

1,5-2 pa3a, 3TO pa3/IH'IH9 MO:lKHO 06'bSICHHTb a·nepay~ O'lepe.Ob OTCyTCTBHeM •LUe/leBOro• 

Ha6opa 3HeprHH 3a o6opoT B U9HTpe CHHXpOUHK/IOTpOHll, TaK KSK npH yae/IH'I9HHH na6opa 

aueprnn 3a o6opoT rpaHHUbt o6nacTH 3axaaTa no ocu 1'1. cy)l{a~TCH 11 CMew_a~TC!I a cTo

poay OTpRUaTe/lbHbiX 3Hll'I9HHll y 

Ha pHC, 10 npe.OCTaBII9Hbl KpHBbte, OOKa3btBa~LUHe 3aBHCHMOCTh MSKCHMB/IbHO .OOny

CTIIMbiX Ha'la/lbHbiX 3HaqeHHl! f'1. f , onpe.09/ISI~LUHX 3aXBaT HOHOB B npouecc yCKOp9HHSI, OT 

y npn pa3nH'IHbiX 3HaqeaRRX V , D, n • 
0 

Ha puc. 11 noKa3aHht 3aBHCHMOCTH acpcpeKTHBHOCTH 3axaaTa • oT y .onR ycnoanll, 

cooTaeTcTay~LUHX cnaxpouRKIIOTpoHy OHRI-1, OnTHManbHOe 3Ha'leHHe < npu H3M9H9HHH 

y ( W ) II DOCTOSIHHbiX 3Ha'leHHSIX V 1 n 1 

0 
onpe.oenReTcR cpyHKUHell L( oos q, )/a>s</> , r.oe . . 

9 

D 
0 

H F ( F - qacToTa Mo.oynRUUH) no Teopaa 



1!111 
'' 

f 

L m 4 (cos </> • ) P (cos </> •) 

G ( cos </> ) = 1/ sin ¢ • - </> • cos ¢ • 0 
• 

p (cos</>.)- ¢YHKUIIS1 0 Y'IIITblBSIOUlSSI LlOniO IIOHOB, B03BpSUlSIOUlHXCSI B nepBOM ¢S30l!OM 

Kone6aHIIII a ueHTP ycKOPIITeng. MaKCIIMYM ¢yHKUHH L( cos.p 
0

) I coscp • ( KPIIBSSI a 
-6 

cooTBeTcTayeT y =1,2"10 npH "meneaoM" Ha6ope SHeprHH H V ~12KB. KaK JKS3braa-

/3/ 0 ' 
nOCb B pa6oTe I 3HS'i9HHe y ,ang onTHMSnbHOil s¢¢eKTHBHOCTH 38XB8TS B.J:HHXpOUHKno-

TpOHe OVflU1 oKaaanocb cymecTBeHHO MeHhWHM, 'ieM :9To cne.aoaano H3 TeopHH ( KpHBBSI 6), 

3aBIICHMOCTb s¢¢eKTHBHOCTH 3SXB8T8 OT y , nonyqeHHSSI B HSCTOSIUlHX p8C'i9TSX, 

XOpOWO cornacyeTCSI C :9KCnepHM9HTSnbHb!MII peaynbTSTSMH (KpHBBSI a), 

AH~;~nna 6onhworo 'IHcna p~;~cqeTHblX pa,aa~;~nbHo-<Pasoabrx TpaeKTOpHII noaaonSieT. npe.a

CTBBHTb KSpTHHy ¢opMHpOB8HHSI ny'IK8 npOTOHOB HS H8'18nbHOil CT8LlHH yCKOpeHHSI, !(o pa

Llllyca r • 10 CM ycKOpS19Mb!9 npOTOHb! 06pa3yiOT cnnOWHOil Bp8Ul810WHACSI LlHCK 0 B KO

TOpOM OLlHS 'iBCTb 'i8CTHU yCKOpSieTCSI, ,apyrag - 38Me,anSI9TCSI, nocTeneHHO Bb!6b!B8SI H3 

YCKOpeHHSI, 

C pa.aayca =12 CM OT cnnowHoro LlHCKS OTKpb!B89TCSI uyr npOTOHOB C yrnoBOil 

npOTSilK9HHOCTbiO no 83HMYTY B 1,2 11 pBLlHBH H pa,aHSnbHOil WHpHIIOil 12 CM, !(o pa,aay-

"(:a r • 50 CM :9TOT cryCTOK }'nnOTHSI9TCSI LlO pS3M9pOB 0,89 11 p8LlH8H no 83HMYTY H 

LlO 7 CM no pa,aaycy, 3a :9TO apeMSI 'i8CTHUbl coaepwa10T OKano 12- 14 pa,aaanbHo-<Paao-

Bb!X KOne6aHHil ( 'iHCno pa,aaanbHO-¢S(30BblX KOne6aHHil o6p8THO nponOpUHOHBnbHO CKOpOCTH 

H3M9H9HHSI 'iSCTOTb! YCKOpSI!OUlero HanpS1lK9HHSI W ). 

Onpe.aeneHJ:Ib!ll HHTepec npe.acTaanSieT paccMOTpeHHe npouecca ¢opMHpOBSHHSI ny'IKS 

npoTOHOB ,ang cymecTBYIOlllHX napaMeTpoa wecTHMeTpoaoro CHHXpOUHKnoTpoHa OVIHVI Ha 
... •6 

Ha'ianbHOII cTaLlHH ycKopeHHSI OT r ~ 2 eM ,ao r =50 CM ( o6nacTb D 
1 

h 
1 

, y = 0.5.10 ) 

pHC, (2, VfOHb! npH ycKOpeHHH LlO pa,aayca 50 CM COB9pW810T OKOnO 8000 060pOTOB; npH 

aToM npoacxo,aaT 14 pa.aaanbHo-q,aaoahiX Kone6aHHII. Cne,ayeT oTMeTHTb, 'ITO Ha HS'ianb

HOII cTSLlHII ycKopeHHSI aMnnHTYLlbi pa.aaanbHo-¢aaoabiX Kone6aHHII ManoA aenH'iHHhi oTcyT

CTBYIOT. 3TO XOpOWO BHL!HO H3 npHB<;'Ll9HHbiX rpa¢HKOB HS pHC, 12. 3aBHCIIMOCTb. SMnnH

TY .a pa.aaanbHo-q,aaoabiX Kone6aHHA ( ¢aabi H.· npapameHHSI pa.aayca) oT pa.aayca noKaaaHa 

HS pHC, 13. npa pac'ieTe 'IBCTOTHOII nporpaMMbl CHHXpOUH~tnOTpOHS, o6ecqe'IHB810Weil 

ycKopeHHe npOTOHOB .ao KOHe'!Horo pa.aayca 6ea ¢aaoBbiX noTepb, 6brno npe.anonolKeHo, 

'ITO HHTerpan j = 9 f cf,d¢, SIBnSI!OUlHi!Cil 8LlH868TH'I9CKIIM HHB8p118HTOM npH Me.aneHHbiX 

H3M9H9HHSIX napaMeTpOB CHCT9Mbl, T8KlK9 SIBnSieTCSI HHB8pH8HTOM H HB HB'IBnbHOil CT8LlHH 

ycKopeHHSI a ueHTpe CHHxpouHKnoTpoHa. 

AH8nH3 p8Llll8nbH0-¢830BblX KOne68HHA nOK83an, 'ITO Bblp8>K9llll9 BIIL18 J = f [ ;p d cp 
SIBnSieTCSI HHB8pH8HTOM H 118 H'8'illUbHOil CT8LlHII yCKOp9HIISI. Ha pHC, (4 nOKS38Hbl 3SBHCII-

MOCTII .;, = f(¢) ,ang H9CKOnbKIIX pSLliiYCOB. J.-13 npHB9Ll9HHblX rpa¢11KOB BKL!HO, 'ITO 

10 

OTHOilleHH9 nnomaJ:Ieil 06naCTeil ycTOi!'IHBOCTH HS pSLliiYCSX r = 15 CM H . r =50 CM 
. /3/ 

y noaneTBOpSieT pac'leTy, npoae.aeHHOMY B pa6oTe • TaK, HanpHMep, H3 pac'!eTa cne.ay-

eT, 'ITO nnO!llBLlb o6nacTH ycTOII'iHBOCTK HS = 15 CM .aon>KHS yMeHbWKTbCSI B 1,56 paaa. 

PacqeT nnomanell o6nacTeil ycTOii'IHBOCTH ,anSI yKS3SHHbiX pa.aaycoa ,ang HecKonbKHX aapa

aHTOB ,aaeT HX OTHOW9HH9 B HHTepaane I ,55- 1,62 paaa, 

VIa TpaeKTOpHA pa.ananbHo-q,aaoahrx Kone6aHIIA a ueHTpanbHOII o6nacTII CIIHXponHKno-

TpOHS MO>KHO onpe,aeniiTb :9KCTp9MSnbHbl,El TO'IKII ¢a30BblX KOne6aHHil cp H cp , 3HSHH9 
2 

H CpSB1fHTb ero rpSHII'iHblX TO'i9K ¢a30BblX KOne6SHHil U03BOnSieT HSi!TII 3HS'I9HII9 cos</> . 
c aenH'iHHOA, onpe,aenSieMOil Henocpe,acTB9HHO '1epe3 napaMeTpbl CHHX.pOUIIKnOTpOH8 113 

ypaBH9HHSI ( 15), B KOTOpOM Y'iHTblB89TCSI 38BH~IIMOCTb H860p8 :9HeprHH 38 060pOT OT pa,aa-

yca. 

PeaynhTSTbl cpaaHeHHSI ,anSI o6nacTH h 
1 

D
1 

, y = 0,5.10" 6 
, V0 • 12 KB npaae.aeHbl 

8 Ta6nHue y • Ycpe.aaeaae npoao,aHnocb no TpeM KpHBblM pHc. 12. 

r 
CM 

15 

50 

ti 

2 

3 

2 

3 

</> 
l 

-o,42 

0,35 

0,68 

-o,2 

0,44 

0,78 

</>2 

2,84 

2,34 

2,02 

2,62 

2,12 

1,84 

Ta6n11ua II 

cos 4>. 

0,215 

0,195 

0,205 

0,25 

0,257 

0,245 

cos</>. 

0,203 

0,25 

Pac'leTHoe 

3H8'19HH9 

cos .p. 

0,206 

0,266 

TaKIIM o6paa oM
1 

pacCMOTpealle TpaeKTopHII pa.aaanbHo-q,aaoahlX K01Je6aHHII Ha Haqanb

Holl CTSLlHII ycKopeHIISI B CIIHXpOUHKnOTpOHe, nony'I9J!HbiX npH peweHIIH ypaBH9HHil (2), Ll89T 

HarnHLXHYIO KSpTIIHY ¢opMHpOB8HHSI ny'IKS YcKOp119MblX HOHOB OT U9HTpa LlO pa,aayca 

r =50 CM, nonyqeHbl o6naCTH 3SXBST8 B 38BHCHMOCTH OT pa3nH'iHbiX napaMeTpOB ycKo

p11Teng D , V , n , i1 • HeKoTopbie pe3ynbTSTb! aacTogmell pa60Th! coana,aa10T c 
0 0 

peaynbTSTSMH 06Wenp11HSITOA T90p1111 3SXBSTS H ¢a30BOrO LlBH>K9HHSI, 

CymeCTBYIOT T8K>K9 H paCXO>KLl9HHSI TSK, HanpHMep, B XOL19 rpaHHU o6nacTell ycToA-

lUfBOCTH, OnTHMBnbHOM 3HaqeHHH W H ,ap, 

11 



0nTHMa1IbH<;>e 3HaqeuHe w , uall.aeuuoe .anH c"uxpoUHKnoTpoua Ov1HVI 9KcnepHMe!'

TanbHO, XOpOWO cornacyeTCSI C OllTHMBnbHbiM 3H8tteHH9M y , nonyqeHHblM B HBCTOHlUeAG~ 

pa6oTe, noKa3aHO TaK>K8, qTO HHTerpan .ael!CTBHH SIBUSI8TCH HHBapHaHTOM H Ha uaqanbHOll 

CTa.OHH yCKOp8HHH B U8HTpaUbHOll 06naCT" CHHXpOUHKUOTpOHa, r.ae e V = l(r)., 

B 3aKmoqeH"e asTOpbr cq"Ta!OT CBOHM .aonroM Bbrpa3HTb 6naro.aapuoc~l> 6.VI.3aMo

no.aq"KoBy, C.n. JloMHesy 3a U8HHb!8 COB8Tb! H npe.asapHT81IbHb!8 pacqeTb,l Ha 63CM, na-

6opaHTaM BbrqncnHTenbaoro ueHTpa OVIHVI PaKHTCKDMY A.B.,MaKapeHKosoll A . .[l., MapKo

soll H.<l>. H Ky3H8UOBOll r.<P. 3a UOMOWb B o6pa60TKe .aaHHbiX, nonyqeHHb!X c 91!8KTpou-

HOi! cqeTHOil MaWHHb!, 
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Pac. 8. OCSnacTb aaxoaTa npH 
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D •16 m. h" o. .,_ ,;• 

V •24 KBo 
0 

Q6nsCTH 38XB8T8 B 38BHCHMOCTH OT c;vs y (-- ) pac'leT o6nacTeA no p8LlH8nbHO
<f:Ja30BbiM TpaeKTopHHM, (---) - pacqeT o"6nacTeA H3 ¢aaoooro ypaoueu•u•. 
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Pnc, 10, 06nacTH aaxoaTa o aaBHCHMOCTH oT napaMeTpoB ycKopuTens 

:0, = 16c/f1, JJ2 =fcci'I,D4 =8C/f1. 
I- Vo • !CKO, /, .. o/i,.,·J 
ii- Vo = 12 ~ro ~ • a6n'1 

lH- Vo = 24 ~;J /, = 04 ,., 
R- Vo = c4~ri It • Q6t•i1 
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Puc, 11. 3asucuMoCTb sqxpeKTUBHOcTu aaxsaTa • 

a) TeopeTu'leCKSH aasucuMoCTb L (oos f!J, 
B) 38BUCUMOCTb, nony'leHH8H U3 ots':::!T~I: 

R!<M! tif']WJ 

6/J· 

OT y npu V
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s 12 KB, BtU D t s l6 CM, 

6) 9KCnepUMeHT8flbH8SI 38BUCUMOCTb1 

aaxsaTa (puc, 4), 

R [CH], 6 <p !pOOl 
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Pnc. 12. PannanbHo-cp830Bbie TpaeKTOp>lll >IOHOB nnll \1 = 12 KB, pa6oqero non11 
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Pac. 13. 3aTyxaHRe aMnnRTYJl paJlRanbHo-.PasOBbiX Kone6aHRit oT paJlRyca • 
.pasOBbiX KOne6aHHit, ( --- ) SMnnHTY JlS pailHSnbHbiX K6ne6aHRit. 
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