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B aacToRmee ape~R yny'lweaHe aq,~KTHBHOCTH pa6oTbi CHH

xponuKnoTpoaa MO~Ho npoaonHTb no cnenyromHM aanpaaneHHRM: 

L noabiWeHHe cpenaero TOKa BHyTpeaaero ny'l:Ka,' 

2,, YaenH'IeHHe nnHTenbHOCTH HMnynbcos crycTKOB BTOpH'IHbiX 

.'laCTHUo 

a, YaenH'IeHHe Koaq,q,HuHeHTa Bb!Bona ny'lita 'laCTHU H3 yc~to

pHTenbHOlt KaMepbi, 

4, .noabiDleHHe nnOTHOCTH BbiBeAeHHbiX nepBH'IHbiX H BTOpH'I-

HbiX ny'IKOB, 

LlHCCepTaUHS! IiOCBS!DleHa ~ BOnpocaM UOBbiDleHHS! HHTeHCHBHOC

TH ny'I:Ka H aq,q,eKTHBHOCTH pa60Tbl CHHXpOUHKnOTpOHa OH.R,H · H 

cocTOHT H3 aaeneHHR, 'leTbipex rnaa, aaKniD'IeHHR H. npHno~eHHR, 

Bo BBeneHHH H3nO?Kelta KpaTKSS! ~CTOpiiS! C03~8HH.II H coaepmeHCT

BOBaHHSI CHHXpOUHKnoTpoaa OH.RH H o6maR xapaKTepHCTHK!i nyTei!: 

pa3BHTHSI yCKOpHTe.nbHOi!: TeXHHKH B na6opaTOpHH .~~nepHbiX npo6neM, 

B · nepaolt < rnaae OUHCbiB8IDTCH .aneKTpH'IeCKOe. H .Mai'HHTHOe 

nonS!, neltCTBYIDDlHe Ha 3apg~eHHble 'ISCTHUbl npH HX· ABH~eHHH 

B UeHTpanbHOlt o6naCTH ycKOpHTen.ll •. " 
Bo aTopolt rnaae paccMoTpeHhi aonpochi' q,aaoaoro haH~eHHR 

ycKOpS!eMhlX npOTOHOB B UeHTpanbHOlt o6naCTB.CHHXpOUHKnOTpOHa 

C y'leTOM 38BHCHMOCTH yCKOpS!IDDlei'O non~T ~pOCTpaHCTBeHHblX 

KoopnHHaT, a TaK~e .aKcnepHMeHThl no o6ecne'leHHID onaoapeMeH

ao OUTHManbHhlX ycnOBHlt 38XBaTa H yCKopeHHS! ny'IKa npOTOHOB 

no KOHe'laoro. panuyca 6e::r q,aaoabiX noTepb, 

B TpeTbelt rnase npOH3aeneH nonpo6ahllt aaanua aepTHKanh-· 

HbiX q,oKyCHpyiDDlHX H neq,OKYCHPYIDDlHX CHn. AnSI UeHTpanbHOlt 06-
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nacTH ycKopaTenst H aa ocaose aToro aaanaaa ASHbi oueHKH npe

AenbHO AOCTHJKHMOA HHT8HCHBHOCTH. B STOlt JKe rnase OnHCSHbl 

aKcnepHM8HTbl no ABYKpaTHOMY ysenH'IeHHIO TOKa BHyTpeHHero ny'I

KS nyTeM·BB8A8HHSI AOnonHHTenbHOA aneKTpOCTSTH'I8CKOA ~OKYCH-

pOBKH. 

l.{eTsepTaSI rnasa nocsmueaa sonpocaM noBhiWeHHSI a~~eKTHB

HOCTH pa6oTbi wecTHMeTpoaoro CHHXPOUHKnoTpOHa OHRH. 

3aKniO'I8HHe COAepJKHT KpaTKYIO ~~·OAKY nony'IeHHbiX o6o6me;_ 

HHA H OCHOBHbiX peaynbTSTOB no nOBblW8HHIO HHT8HCHBHOCTH H a<}

. ~KTHBHOpTH pa60Tbl IUe<;THM8TPOBOro CHH.XpOUHKnoTpOHa ~HfiH. 

B npHnOJK8HHH H3nOJK8Hbl HCnOnb30BSHHbi8 B psute pa3AenoB 

I 
AHCCepTSUHH pac~eTbi MarHHTHOr? H aneKTpOCTSTH'I8CK.OrO nonelt 

OT TpeXMepHbiX paBHOMepHO 3apS~JKeHHbiX npliMOyrOnbHOA H UHnHH- . 

. APH'IeCKOA: KO~~lfrypauaA. ... 

1. 8neKTpH'IeCKOe H MarHHTHoe nonSI B 

UeHTpanbHOA o6naCTH CHHXpOUHKnOTpOHa 

3~BHC.HMOCTb • n~~emiuana aneKTpu'IeCKoro nonst B ueHTpanb

aoA o6nacTu cuaxp~UHKnoTpOHa OT.BpeMeHH H npocTpaHCTBeHHbiX 
i';,.;-• ' 

j{OOpAHHST MOJKHO npeACTSBHTb B ·cneAyiOIUeM BHAe: 

. . .. ·.·· I .. , . CM ... , 
V(y,z:,t)=V

0
(y;z)cos [ J ca(t)dtl+V

0 
(y,z), 

. ., . ., • . . . ' 0 . 
( 1 ~1) 

·CM 

rAe V0 (y,z)- s.'I. ycKopstromee HanpHJKeaue, V
0 

(y,z)-·oTpuua-

Tenbiloe HanpSIJK8HH8 CM81U8HHSI1 <ll (t) - KpyrOBSll 'ISCTOTS .B. 'I. 
. . 

a~eKTPH'IecKoro nonst. 

. H~ puc. ~1 · noKaaaa ueHTP cu.axpouuKnoTpoHt;t OHRH. 

0TCyTCTBHe CHMMeTpHH aneKTpH'I8CKOrO nonSI OTHOCHTenbHO : '-_. . :-- . . ' 

BepTHKanbHbiX nnOCKOCTeii, . npOXOAS!IUHX. KaK napannenbHO, TaK H 
..... 

nepneHAHKynllpHO KpOMKe AY~HT8 1 AEmae:r1 no:-BHAHMOMy, npaKTH'I8CKH 

H8B03MOJKHbiM CTporait paC'IeT COCTaBnliJOIUHX nonSI Anll peanbHOH 
; • • . • • -. : ·• ~ . ' J .' -; .._ • - • • 

reoMeTpHH UeHTpa,nbHOii .. o6naCTH CHHXpOUHKnOTpOHa. 
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. Puc.l. reoMeTpHSI UeHTpanb.IIOH o6naCTH CH.IIXpouaimoTpO.IIa OHRH. 
1 ~ 'oc.IIOBHOlt AYS.IIT1 2 .- HOHHbiH HCTO'IHHK, 3 - aneKTpo-. 

Abl AOnonHHTenbHOil ~OKyCHpOBKH1 4 .: noniOCHble HSKOH8'I
HHKH. 
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. . . . /1-6/ 
B aacTomuee apeMH aaaecTeH psut pa5oT . · , nocaHnteH-

HbiX pac'leTy aneKTPH'IeCK~x noneli i:tnH KOHijmrypaua_li aneKtpoAoli, 

re'oMeTpHH KOTOpblX C HeKOTOpblM npHOnHlK~HHeM MOlKeT C'IHTSTb

CH 5nH3KOli K reoMeTpHH UeHTpanbHOli.oonaCTH CHHXpOUHKnoTpOHS,· 

nnH npa5naJKeHHoro pac'leTa aneKTpH'IeCKoro nonH a nnoc-. 

KOCTH Z = 0 acnonbaosanacb cne.i:tyiOmae BbipalKeHHH 

E 
.. Y 

v . 1-
=--0 -----· 

D. Ch . "Y 
D 

. . v . 1 E' .·. o . 
• y = I)'"" •1 (.!!L )2' 

. . + __ D 

(1.2) 

(1.3) • 

I'Ae y -KOOpAHHaTa, .OTC'IHTbiBaeMaH no OCH, nepneHAHKynHpHOli 

KpoMKaM AYaHT~, D:- anepTypa _AyaaTa, ·Va - ~MnnaTyA~ ~anpH-

JKeHHHo .. 
TaK KSK H?TeHUHan AnSI ABYMepHbiX noneli YAOBneTBOpSleT, 

ycnoaa~ V ( ~, z ) = V( y,-'2' ), To, acno~3YH. ypasaeaae nannaca AnH 

BepTHKSnbHOH COCTSBnHIOnteli nonH BO~H3H CpeAHeii nnOCKOCTH, MOlK

HO aanacaTb' 

E. ,_ < aE ) 
. ~y 

z. ( 1.4) 

HenocpeACTaeaaoe. acnon~>aoa£uiae ~ ljlopMyn ( 1.2 )-( 1.3) Tpe-

6yeT KOppeKTHpOBKH HS OCHOBe SKCnepaMeHTanbHO CHHThlX pacnpe-
. . . /8/ 

AeneHHH aneKTpH'IeCKOI'O nonH .• 

Ha_ pac. 2 noKaaaaa KpaaaH · "1" pacnpeAeneHHH aneKTpH'I_ec;

Koro nonH no OCH ·• y ; B nnOCKOCTH Z = 0 AnSI paOO'IeH I'E!OM~TpHH 

UeHTpa C~HXpOUHKnOTpOHS, 3KcnepHMeHTanbH'aH KpHBS~ .,1., annpOK,;_ 

CHMHpoaaHa cooTao~eHHHMH ( 1 .2) H · ( 1 .3) no MeTOA~ HaHMeHbiUHX 

. 6 /9/ 
-KBaApaTOB_ C nOMOntbiO anropHTMa, OnHCSHHOI'O B pa OTe , II 

nporpaMMb11 COCTaBneHHOH 11. CHnHHbiM, 

npoaeAeHHbiii aaanHa noKaaan, 'ITO BbipalKOHHH (1.2)-(1.3) 

MoryT 6biTb HCnon~>aoaaHbi AnSI oimcaHHH aneKTPH'IOCKoro nonH 

B ueHTpanbHOii o6nacTH ycKopii:TenH c norpemHOCTbiO, He npeBbi-

IUSIOnteH 20...;.30%. 
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npJ:i 9TOM ~ Jln.lf paC'leTa COCTaBnmoWKX B nnOCKOCTH' ~. = 0 . 

aeo6XOJlHMO BBeCTH ~ aljl4JeKTHBHYIO anepTypy JlYSHTa, D atjl = f (D) •. 

.llnS! CHHXpouilxnoTpoHEi OlHIH D aljl = 20 CM (re.oMeTpH'lec..;. 

KSH anepTypa JlYSHTS COCTSBnHeT 12 CM), 

c.:·-y'leToM. aToro a. 'I.· ycKopmomee none a~ nongpHoii CHc'i'eMe 

KOOpJlHHST MO~HO OnHCSTb KSK: 

vo 
Eo =.)) 

vo 
E =-n r 

vo "z E -z D D 

rne ·' D ·. A. = D 
. 9'¥ 

t . 
cos ru cos( ru t + .P ) 

ch ..!!_ (a+r sin rut )J ·. D .. 

sin rut cos {ru t+if>) • 

ch.-!..(a+rsinwt) 
D 

Slif(a+rsinwt) cO.s ( wt+ if>), 

ch 2 ..!!..__(a+ r sin ..;t) 
~ D . . 

~· (1.5) 

( 1.6) 

(1.7) 

.. 
if> - ljlaaa 'laCTHUhi OTHOCHTenbHo s,'l. aneK;,;. 

TpH~ecKoro nonS!, napaMeTp a xapaKTepHayeT nono~eHHe, HOH-

HOI'O HCTO'IHHKa, 

. nocKO~Ky ljlyHKUHH 

E
0 

:.:E
0

. (r,t,.p>, E . = E r (r,t, ¢>, 

.E ~ ·=E z (r,t,cp) HBnSIIOTCH nepHOJlH'leCKHM,H, H .. B ~.t:;>6f!.SCTH 3S~BaTa 
KpyroBaH.'18CTOTS aneKTpH'leCKOrO nonH C ;~'IH~CTbiO Jl~ 0,5% 

OCTaeTCSI. HeH3MeHHOH1 TO B aanbHeHWHX pac'leTaX COCTaBnH!OWHe~ 

a,'l, nonH npencTasneHhi a BHJle cooTHowe.imii, nony'leHHhl~ nocne 

paano~eHHH (1,5)-(1.7) a pSIJlhl TeAnopa H Cl>ypbe, 

TaK KSK .'op6H;a YCKOpSieMOI'O HOHS 6nHaia K Kpyrosoii, TO 

Ha6op SHeprHH .'18CTHUeH 38 o6opOT~6yJleT onpenenHTbCH B OCHOB

HOM 0 -cocTasnmomeii B,'l. nonH cnenyromHM o6paaoM: 

L\E=e~E 0 df. (1.8) 

I'Jle e - 3SpSIJl yCKOpHeMOH 'ISCTHUbl,~ 

8 

.I 
npH pacnpeneneHHH B.'l. aneKTPH'lecioro nonH a tjlopMe (1.3) ~ 

npH a ,;~ 0 HMeeM: 

L\E =2e V0 __!!.._cos¢>[ vi +<~> 2 - II. 
· "r D ( 1.9) 

· Ha ManbiX panHycax 

L\L= e V (~>cos .p [1--l < "nr )
2 +··· 1, 0 D 4 

(1.10) 

a· Ha 6onbWHX panHycax H3 ( 1.9) c;nenyeT , 

L\'E =2eV 
0 

cos¢>. (1.11) 

Ha pRe. 3 npHseneHw aasHCHMOCTH oTHOCHTenbHoro Ha6opa 

9HeprHH 38 o6opOT OT pSJlHyca B . :nn~CKOCTH Z = 0, ~ 

!13 npHBeJleHHhiX KpHBhiX BHJlHO, 'ITQ OTHOCHT.enhHhlH Ha6op 

9Hepi'HH B UeHTpanbHOH o6naCTH yCKOpHTeng SIBnHeTCSI nHHeHHOH 

WHKUHeii panHyca • .llnSJ CHHXPC?UHKnoTpoHa OHHH c .TO'IHOCTbJO no 
15% npH r ::::_ .6-8 CM - e V 

0 
= r~ H nHWb TOnbKO Ha panHycax, npe

~BhiWaiOWHX B HeCKOnbKO pa3 aneprypy JlYSHTa, Ha6op aHeprHH HQ

HSMH 38 060pOT CTSHOBHTCH meneBbiM .( r·"' 60 CM), 

8neKTpH'lecKoe none,· o6ycnosneHaoe orpHUaTenbHhlM HanpH-. ~ 

~eHHeM CMe!lleHHSI Ha i:tyaHTe, TSK~e OnHCSHO C nOMOillbiO ljlopMyn 

( 1 ,2) H ( 1,3) • 

nony'leHhl Bblpa~eHHH, OnHCbiBS!OWHe pacnpelleneHHe M8I'HHT

HOI'O nonS! B pSJlHSnbHOH H BepTHKSnbHOH nnoCKOCTHX, 3HSHHe KO

TOphlX He06XOJlHMO JlnSI JleTanbHOI'O aaanH3a. OC06eHHOCTeii JlBH~e~~ 

HHSI 3SpSI~eHHhiX 'ISCTHU ~B ,ueHTpanbHOH o6naCTH CHHXpOUHKnOTpOHa, 

n • Ha'lanbHSSI o6naCTb ycTohHBbiX dJa30BblX 

KOne6aHHH B CHHXPOUHKnOTpOHe 

Bo BTOpoA rnase HccnenosaHa aana'la o ljlaaosoM JlBHMeHHH 
/10/ 

'ISCTHU B UeHTpe CHHXpOUHKnOTpOHa HenocpeJlCTBeHHhlM pe-
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Pnc.3,·3aBHCHMOCTb OTHOCHTenbHOro Haoopa SHepPHH HOHOM 38 
o6opoT. oT paAHyca. no ti>opMyne (1,1),. 

no <jlopMyne ( 1.2). · 

,, 

10 

I 

.· 

llieHHeM ypaBHeHHli ABH~eHHn npOTOHOB B sneKTpOMaPHHTHOM none 
·' /11 I 

yCKOpHTenn C noMOinb!O 38M · , 

YpaBHeHHe ABH~eHHn aapn~eHHoli 'IaCTHUhi (cncTeMa MKC) 

HMeeT BHA: 

dp 
dt 

.. .. 
=eiE+[~Bll (2.1) 

.. 
.rAe p v - nMnynbc n CKopoCTb qacTHUhi, E H B Belt-

TOphi sneKTpH'IeCKOPO H M8PHHTHOPO noneli COOTBeTCTBeHHO, 

3neKTPH'IeCKoe none ~ nnocKOCTH z = 0 aaAaBanocb paBHhiM 

' 'l 1 ~ . . . ' 
-- ros[(l + ~)(1-yw0 t) w t I.\ 

TTY 2 ' - ' 0 ·, 

1 +<-> 
D 

E =~ 
D (2l2) 

npn 9TOM H3ME)HeHHe 'IaCTOTbl reHepaTopa npeAnonaPanOCb 

nn_HeliHhiM, a napaMeTphi 

1 l 
~-</> /w •Y=Z-2 

- H o ·wo 

dw_p· 

dt 

rAe cf>w(wr) H _:_ w o 

KOPO nonn <w r:) H 

YCKOpHTenn, 

Ha'!anbHOe OTKnOHeHHe 'laCTOTbl 9neKTpH'IeC-, 

OT '!aCTOTbl OOpameHHn HOHa W O B UeHTpe 

YpaBHeHHe ABH~eHHn (2,1) pewanOCb B nonnpHOli CHCTeMe 
' /12-13/ . 

KOOpAHHaT C 38AaHHhiMH Ha'lanbHhiMH ycnOBHnMH Ann UeHT-

pa ycKOpHTenn, 

Ehma HCcneAoBaHa· aaBHCHMOCTb o6nacTH aaxBaTa OT napa-

MeTpoB V 0 , B(r) D . , onpeAennJOmnx aaxBaT qacTnu B yc-

KopnTene. 

Ha pnc. 4 noKa3aHa aaBHCHMOCTb s~eK~HBHOCTH aaxBaTa 

£ OT y Ann napaMeTpOB, COOTBeTCTBY!OinHX CHHXpOUHKnOTpOHy 
' /14/ 

01-HIH. KpHBan NaN onpeAeneHa no TeopHH EoMa H <f>onAH · , 

KpHBan '6' - 9KcnepHMeHTanbHan, KpnBan 'B' nony'leHa na npo-

BeAeHHhiX pac'!eTOB, 

11 
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P!!c.4. 3aBHCHMOCTb atjltjleKTHBHOCTH aaxBaTa oT .. H3MeHeHHSI · qacToT

Hoi!: nporpaMMbl CHHXpOUHKnoTpoHa. KpHBaSI "a .. onpenene
Ha no TeOp!!ll EoMa H. <!Jonnll, Kp!!BaSI "6* - SKCnepl!MeHTanb
HaSI, Kpl!BaSI 'B .. nony'leHa paC'IeTHbiM nyTeM. 

12 

.I 

TeopeTl!'leCK.H pacc'IHTaHHaSI atjltjleiTHBHOCTb aaxsaTa · .£ 

(Kpl!BaSI ,·B") nocTaTO'IHO XOpomo cornacyeTCSI C SKCnepl!M9HTanb

Hb1Mll naHHblMllo 

· Ha aHanHaa nonyqeHHhiX peayn&TaTOB BbiS!CHeHa KapTBHa tjlop.;. 

Ml!pOBaHHSI nyqJta. ,Uo r::; 10-12 eM rtpoTOHbi. o6paayroT cnnowHoi!: 

BpaiUa!Ollll!i!:CSI nHCKo 3aTeM OT Hero OTpbiBaeTCSI Uyr npOTOHOB C 

yrnoaoi!: npoTIDKeHHOCTbJO 1,2 " ·11· panHan&Hoi!: IUHpHHoi!: 12 eM; 

K T = 50 CM ny'IOK ClKl!MSeTCSI no, a3HMYTY no 0,9 1T •• , , ·a no 

p~nHycy - no 7. CM. 

Tip!! ycKopeH~H .'IaCTHU .oT i:xeHTpa no 50 eM HOHhl. cosepmaroT 

OKOnO 8000 060pOTOB ll 3a STO BpeMSI npO!!CXOnHT 14 panHanbHO

tjla30BbiX Kone6aHHi!:. 

Y'leT aaBHCHMOCTH ·s.q. aneKTpH'IecKoro nonS! He. Ton&Ko· oT 

BpeMeHH 1 HO ll OT npOCTpaHCTBeHHbiX KOopnHHaT.np!!BOnHT K onpe

neneHHIO CBSI3ll MelKny panl!yCOM paBHOBeCHOrO l!OHa ll BpeMeHeM 

ero ycKopeHHSI B cnenyromeM BHne: npH 1.1a6ope aHeprl!l! 

V 'fTT 
~E=e o T 

28 0 D 
t.=---- r ' 

V0 cos ¢. 

a np11 menesoM Ha6ope ~E=3eV0 

"B 0 2 t = . r 
2V 0 cos ¢ 

(2.3) 

(2.4) 

YcTaHosneHHe aaBHCHMocTei!: (2.3) 11 (2.4) sec&Ma saJKHo, · 

TaK KSK BpeMSI npe6biBaHHSI YCKOpS!eMOrO l!OHa B UeHTpanbHOi!: 06-
;> 

naCTll Cl!HXpOUHKnOTpOHa S!BnSieTCSI onHHM !13 OCHOBHbiX napaMeT-

poB, npenonpenenSIJOIUHX npenen&Hyro l!HTeHCHB!.JOCTb nyqKa. 

3HaHHe OCHOBHblX OC06eHHOCTei!: tjla30BOro nBHlKeHHSI B UeHTpe, 
·•;• ' . 

YCKOpl!TenSI ll03BOnHnO B peayn&TaTe SKCnepHMeHTanbHOi!: pa60Tbl 

no KOppeKUllll napaMeTpOB B.'l. Cl!CTeMbl yCKOpHTenSI noBbiCl!Tb , 
' /15/ 

l!HTeHCHBHOCTb yCKOpS19MblX qaCTHU C 0,3 no 1,1-1,2 MKa 

KaK nepsbli!: sTan pa6oTbi (ynyqweHne ycnoBHi!: aaxsaTa), 

TaK 11 BTOpoi!: (nHKBHnauHSI tjlaaoBhiX noTepb B npouecce ycKope-

13 



/. 

., ' 

HHSI) COCTOSI1IH B 4JopMHpOB8HHH . T8KHX 38BHCHMOCTeli til = til ( t) 

H V0· = V0 (til ) ," npH KOTOpbiX HHTeHCHBI{OCTh '18CTHU, ycKopSieMhiX 

no KOHe'1HOrO panHyca,6yneT M8KCHM81IbHOli. 

CooTaeTCTayromue KpHBhie til =til (t) noKa3aHhi Ha puc. 5. 

KpHBaSI "a" cooTB.eTCTByeT nony'1eHHoli 38BHCHMOCTH.til = til ( t) 

CO 3Ha'1eHHeM (dtil /dt) HS'1. 1 61IH3KHM K 01ITJ;IM81IbHOMy 3Ha-

ffl/ . 
'1eHH!O B H8'181Ie yCKOpeHHSI1 'ITO npHBeliO ·K yBe1IH'1eHH!O TOK8 

c 0,3 no 0,8 MKa.: KpnaaSI "6" - pac'1eTHaSI o6ecne'1HBaeT onHo-
. J 

apeMeHHO onTHMalibHhie ycnoaHSI 3axaaTa a nocnenyromee ycKope-. 

aae HOHOB no KOHe'1Horo panayca 6e3 ¢a30BhlX noTeph. KpaaaSI 

"a" nony'1eHa sKcnepHMeHTalihHO a Koaue 1961. rona nocne ycTa~ 

HOBKH naKeTOB HOBOli 4JopMbl Ha CT8TOp BapHaTopa '18CTOThi.' Dpa 

3TOM 6hl1IH ycTpaHeHbl 4Ja30Bble liOTepH B 061IaCTH panHyCOB 

30-80 CM 1 'ITO npHBeliO K yBe1IH'1eHH!O TOK8 C ()_,8 ~p 1,1-1,2 MKa. 

Ill. OueHKH npenenhHOli HHTeHCHBHOCTH B 

CHHXpOUHKliOTpOHe 0J1.f!J1 

i1HTeHCHBHOCTb B CHHXpOUHKliOTpOHe onpenenSieTCSI COBOKyn

HOCTb!O aepTHKalihHhiX ¢oKycupyroiimx a ne¢oKycapyromax can, neli

CTByromux B UeHTp81IbHOli 061I8CTH yCKOpHTeliSI •. 

K '1HCny 4JoKyCHpyiOIUHX CH1I OTHOCSITCSI MarHHTHhie CH1Ibl 1 

o6ycnoaneHHhie cnanoM MarHHTHOro nonSI n onpenenSieMbie cooT-

HOIUeHHeM 

M 2 .2 
F =-m

0
til

0 
hMr z 

z • (3.1) 

rne hM - noKa3aTenh cnana MarHHTHorci nonSI a6na3H ueHTpa 

YCKOpHTeliSI. 

t aon01IHHTe1IbHOe yBe1IH'1eHHe cnana MarHIITHOrO ll01ISI MOMHO 

nony'1HTb C 1IOMO!Uh!O K01IbUeBbiX IUHMM 
/16/ 

HliH BBeAeHHeM npOCT-

- /17-18/ 
paHCTBeHHOH BapHaUHH 
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.. 
::;::10 
0:: • 
::;:: 1>: 
0 0! Ill· 

0! = :::·Cl. 
0 :<: 
g. • 
0 S1 
1:: ,Q 
:<: 0: = .ll ::1 1:: 
0 0! 
P."' 
~ 0: 
::: Q) = ::E 
0 = Cl. = Q) :<: J:: 
:s:.O 
I- :<: 
0 (1) 

= Cl,l 
Q) 
I- • 
:<: Ill 
0! • 

~= 
~ • 
~ ,Jtal nf 
0: Q)' 0! 

~ :0 ~ 
I- Ill Q) 

0 = :r 
0! Cl. 0 
:r ~ g_ 

~-
0 

= 0. 



OueHKH cfloKyCIIPYlOIUHX CHn, ooycnoBneHHbiX .. ~pOCTpaHCTBeHHOii 

Bapnarme:ii, noKa3biBalOT, 'ITO B CHHXpOUHKnOTpOHaX, y KOTOpbiX 

anepTypa AYaHTa cocTaBnHeT 10-12 CM, Heuenecoo6pa3HO ncnonb

aoBaTb Ha ManhiX paAnycax MarHHTHoe none c npocrpaHCTBeHHo:ii 

Bapaaune:ii• TaK KaK He YAaeTCH Ooecne'IHTb AOCTaTO'IHO oonbiUYlO 

aMnnaryAy Bapnauna oea 3Ha'laTenb!Ioro yMeHbiUeHHH anepTyphr 
/19/ 

AYaHTa 

.llnH BepTHKanbHbiX CHn1 ooycnoBneHHbiX B,'l, yCKOpHlOIUHM Han-

piDKeHHeM H OTpnuaTenbHblM HanpHlKeHII:eM CMeiUeHHH, HMeeM: 

Bo'lo eVo"Z. 
F = =---=----

02 

sh -ij- (a+rsinco t) 
--------- cos (cot+ cf>) , 

ch 
2 -if (a+rsin cot) 

F CM 

CM 
eV 0 "z sh _!!_ ( a+r sin cot) 

D. . 
.. 

z D2 
di 

2 ~(a + r sin cot) 
D . 

(3.2) 

(3.3) 

B.'l. CM 
Pac'leThi ljloKycnpyromnx cnn Fz n F z noKaaann, 'ITO AnH 

napaMeTpOB CHHXpOUHKnOTpOHa 011.Sll1 HaaoonbWH:ii BKnaA B BepTH

KanbHYlO ljloKycapOBKY OT 9TaX CHn 6yAeT onpeAenHTbCH ycpeAHeH-
. B.'l, CM 

HhiMH no: ooopoTy aHa'leHHHMa can <~ > · n < F z > 

Ha pnc. 6 npeACTaBneHbi 3aBHCaMOCTH ljloKycnpyromnx cnn, 

Ae:iiCTBYlOIUHX B ueHTpanbHO:ii oonaCTH CaHXpOUHKnOTpOHa OT paAHY
CM 

Ca, 113 npnBeAeHHhiX KpHBhiX BHAHO, 'ITO npn noAa'le V o =-18 KB 

cfloKycapyromne cnnhr npn r ~ 2 cM B 5 paa oonbwe cyMMhr can. 
FB,'I, FM . 

< z . :;> + z , a Ha paAayce 
CM· • 

< Fz ·. >' paBHa cfloKycapyrome:ii 

= 7 CM ljloKycapyromaH cnna 

cane < F B,'l •. > .• 
z 

HeooXOAHMOCTb AeTanbHoro aHannaa aTaX cun ooycnoBneHa 

TeM, 'ITO B OKpeCTHOCTH HOHHOro HCTO'IHaKa npOTOHbl COBepWalO·T 

COTHH OOOpOTOB, noaTOMy 3HaHae OCHOBHhlX 3aKOHOMepHOCTeii pac~ 

npeAeneiinH BepTI!KanbHbiX cnn no paAnycy npeAcTaBnHeT nyrn 

yBenn'leHaH BepTHKanbHOii ljloKycapOBKH B UeHTpanbHOii o6naCTH 

CHHXpouaKnOTpoHa, 
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P·ac.6, 3aBacaMOCTb BepTaKanbHhiX ljloKycnpyrownx can OT 
B UeHTpanbHOii oonaCTII CifHXpOUHKnOTpOHa. --
ljlopMyne (1.1), - - - no cflopMyne (_1.2). 

paAnyca 
no 



3TH nyTH cnenyiOmue: 

1) yBenu'leHHe oTpuuaTenbHoro liimpSilKElHHSI unu ucn~nb3oBa

HHe KOM6HHaUHH UOCTOSIHHOI'O HaUpSilKeHHSI COBMeCTHO C HMUynbC

HbiM, UOllaBaeMblM Ha BpeMSI 3aXBaTa; 

2) onTHMH3aUHSI reoMeTpHH sneKTpOllOB UeHTpanbHOfi 'laCTH 
- ' - FBo'lo' 

CHHXpOUHKnOTpOHa C UenhiO yBenH'leHHSI «floKyCHpyiOIUHX CHn z 

CM -
H fz npH nOCTOSIHCTBe Ha HHX COOTBeTCTBYIOIUHX noTeHUHanOBj 

3) HCUOnh30BaHHe nononHHTeribHOfi sneKTpOCTaTH'leCKOfi «PoKy-

CHpOBKH ·c UOMO!Ub!O OTpHUaTenbHOI'O HanpSIJKeHHSI, UOllaBaeMOI'O 

aa llBa sneKTpona, ycTaHOBneHHblX C npOTHBOnOnOJKHOfi CTOpOHbl 

OT OCHOBHOI'O )lyaHTa CHMMeTpH'IHO OTHOCHTenbHO cpellHefi nnoc-· 

'KOCTH KaMepbl CHHXpOUHKnOTpOHa, 

npuMeHeHHe nocnenaero cnoco6a Ha CHHXpouunoTpOHe 01-HUI 

U03BOnHfl0 yBeflH'lHTb HHTeHCHBHOCTb yCKOpS!eMhlX ~pOTOHOB C 1,1 -

- /20/ 
1,2 llO 2,2-2,3 MKa • 

3HaHHe OC06eHHOCTefi BflHSIHHSI OTpHUaTeflbHOI'O HanpS!lKeHHSI 

non · V -" , npHnOJKeHHOI'O K sneKTpOllaM aneKTpOCTaTH'leCKOfi «PoKyCH-
'l'OK 

pOBKH, Ha HH'feHCHBHOCTb yCKOpS!eMblX IIOHOB B CHHXpOUHKnOTpOHe 

U03BOflSieT HCUOnb30BaTb tjJOKYCHpyiOU!He sneKTpOllbl KaK ycTp_OfiCTBO 

llflSI nonneplKaHHSI HHTeHCHBHOCTH CHHXpOUHKnOTpOHa Ha OllHOM ypoB-

/21-22/ -
He 

npu HCCnellOBaHHH 3aBHCHMOCTH HHTeHCHBHOCTH OT yCKOpSIIO-

m~~o aanpSIJKeHHSI ucnonb3oBanocb ypaaaeaue BepTHKanbaoro llBH

JKeHHSI B cnellyiOIUeM BHlle: -

m z = F M +< FB,'l, > + < F CM > + F np.3 
0 z z z . (3.4) 

F
M FB,'l. ...CM ( - ) ( ) I'lle ,< > , < r >onpeneneHbl COOTHOWeHHSIMH 3.} - 3,3 , 
z z z 

a ne«PoKycupyiOIUaH cuna npocTpaacTaeaaoro 3apS!lla npencTaBneaa 

KaK 

__ np.3 4 e J B D 2h + R(t) -v'R 
2
(t) +4h 

2 

F . = - - o --- o - -- o-

z l 2h 2 cf> V ens </> r l 2 h 0 0 0 0 0 s 3aX 

(3.5) 
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I 
{ 
t 
f 
l-

j 
\: 

.I 
f 
ii 
: 

3neCb 2h.
0 

, 2cp O -- Bb!COTa H yrnOBaSI npOTSIJKeHHOCTb Uy'lKa npo- · 

TOHOB B BHlle UHnHHllpH'leCKOI'O CeKTOpa, £ -a«P«PeKTHBHOCTb,3aXBaTa, 

onpeneneaaaH no TeopHH EoMa H -_ cl>onnu, l 0 ..;. nusneKTpH'lecKaSI 

noCTOSIHHaSI 

40 Eo dw 
cnscf>s= - 2 2 

C v 0 r 3aX • CLIO + h M C 
dt 

Vcnscp 
R(t)=--'0'----

2R0D 
pallHYC paBHOMepHO 3apSIJKeHHOI'O UHnHHllpa. 

(3.6) 

npu onpeneneHHH COS lp s B «PopMe (3,6) npou3aeneao ycpen-

aeaue aa6opa saepi'HH HOHOM _ 3a ofiopoT anSI ueaTpanbaoA 'o6nac-

TH CHHXpOUHKnOTpOHa no HHTepBany pallHYCOB Q- r • napaMeTp 
- - 3U -

r onpenenSieTCSI KaK pallHYC paBHOBeCHOI'O·HOHa B KOHUe Bpe-
3aX _ , 

MeHH 38XBaTa. llnH cymeCTBYIOIUHX napaMeTpOB CHHXpOUHKnoTpOHa 

01--!fll--1, KaK UOKa3aflH 'lHCfleHHbl9 p8C'l9Tbl 0 f-aa:x _= _10 CMo 

' '/23-24/ /25/ 
B pa6oTaX MaK-KeH3H H noycoaa 6bma cnena-

Ha nOUbiTKa TeopeTH'leCKI_I aafiTH 3aBHCHMOCTb- TOKa yCKOpHeMb!X 

HOHOB OT. aanpSIJKeHHSI Ha llYSHTe C y'leTOM CHn UpOCTpaHCTBeHHOI'O 

aapHna. 

TaK, MaK-KeH3H B npenn-onoJKeHHH, 'ITO- MarHHTHbie cunhi 

Ha'lHHaiOT nefiCTBOBaTb CKa'lK006paaHO C HeKOTOpOI'O panuyca rm , 
- _- - 3 

nony'lHli, 'ITO TOK 3aBHCHT OT yCKOpSIIOIUei'O HanpHJKeHHSI KaK j"' V o 

npu y'leTe nefiCTBHSI Mai'HHTHblX CHfl C CaMOI'O ueHTpa • noyCOH Ha-

, J v 5!3 ', 
wen, 'ITO- TOK nponopuuoaanea- - = - 0 • - - -

' /26-33/ 
OnaaKO He TOflbKO B yKa3aHHbiX, HO H B llPYI'HX pa-

6oTaX, HCnOflb3yeTCSI «Pop Myna, Bb!paJKaiOIUaSI CBSI3b BpeMeHH- yCKO-

pS!eMoro paBHOBecaoro noaa· c panuycoM KaK t = r 2 H cnpaBell-

nuaaH nnH aaanuaa llBHJKeHHH B uitKnoTpoae ~eM. BbipaJKeaue (2 .4), 

a He B CHHXpOUHKflOTpOHe; llflSI KOTOpOI'O Ha Maflb!X panuycax B 

peaynbTaTe nuaeAaocTH aa6opa saepruu uoaaMH aa o6opoT c panuy

coM- t = r. 
·' ~ . 

· KaK noKa3anu ·pac'leThi aa 3BM, xapaKTepaon oco6eaaocTbiO 

llBHJKeauH B u_eaTpe cuaxpouuKnoTpoaa- ~BnHeTCH 6-biCTpbtft yxon--- -

uoaoB no BepTHKanH H llOCTHJKeHHe HMH npenenbHO llOnyCTHMOfi 
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KOOpllHH8Tbl Z . = + 6 CM Ha pannanbHbiX paCCTOHHHSIX OT 
. M8K - . . . 

HOHHOrO llCTOqHHK8 a OJlHH-Jlaa C8HTHMeTpa; 

3TO 06CTOHTenbCTaO SianSieTCH cymecTaeHHbiM H n03aonSieT 

ynpOCTHTb ypaaHeHne (3,4), npencTaanSISI ero a anne COOTaeTCT

ayromero pMa. 

Tax, a cnyqae, xorna aaannanpyeTcSI aepTnKanbHoe nan*eHne 

npn yqeTe TOnbKO cnn oT MarHnTHoro nonSI n npocTpaHCTaeHHoro 

aapSina, paccMaTpnaaeMoro xax 6earpagnqHhili ·cnoli, nMeeM 
_.,l 

z"+(At 2 -B)z=O,. (3.7) 

rne 

418 D Vooscf> 2 B. e. o .. 
2 J 0 ) =-

A=woh 2BD' !Do.•o2ho2cpoVocoscpsr3ax• 0 

B npocTeliweM cnyqae, xorna nOHhi HH*eKTnpyJOTCSI c Hyne

aoii aepTnKanbH.oli cnopocTbJO z ·= 0, · nnSI aanaHHoii reoMeTpnn 
. 0 . 

UeHTpanb.HOli o6naCTH CllHXpOUHKnOTpOHa nonyqnM CaSI3b TOKa C 

yCKOpSIIOWHM HanpSI*eHneM a anne 

1 v 4. 
0 • (3.8) 

ITpn meneaoM Ha6ope aHeprnn nOHOM aa o6opoT, xorna ape-

MH ycxopeanH paaHoaecaoro noHa 

ypaaHeHnH 

. 2 . 

t = r , na nn«flcPepeHunanbHoro 

z' + <A l t - s I> z 0,. (3.9) 

· rne 

A = w h 
I 0 M 

2V ros </> 
0 s . 

418 D 
0 e 8 = 

I 
.IT B 0 mo . • o2h o 2 cp o V o cos cps r aax • 

20 

cnenyeT, qTo 

1 
I 

2-v 6 
0. (3.10) 

B o6weM cnyqae npn yqeTe coaoxynaocTn ·ljloxycnpyrownx 

'n. neljloxycnpyrownx cnn ypaaHeHne nan*eHnH ycxopSieMoro- npoToHa 

a aepTnKanbHOii nnoCKOCTH MO*HO qpencTaall~b K8K 

z+lr t+r t 
I 2 

rne 

e IT sh 
y = ~-- 1)2 0 mo 

+y lz=O ,. 
o. 

ITa 
CM 

V o' 

l-sh21Ta u sin cp ros cp IT 
2 

r =_E._ I s s 
1 m 4D 

4
8 

21 j,(3.11) 

0 0 di4~ . D 
2 

< (2h 0 ) 2cp o• raax 0 

• 3 • 4 ITa · · 
e smcp s cos cp IT S-sh-(18-sh 2~) 

y =---. s D D . 4 
2 m 12808 8 3 V o 

0 
ch 8 ITa o 

lJ 

ITpencTaanSIH pellieHne (3.11) a anne pMa no cTeneHHM t n 

onpenenSISI npn z 
0 

= 0 MoMeHT ape Mean t Max' xorna noHbi npn 

CaOeM aepTHKanbHOM nan*eHHH JlOCTnraJOT M8KCHManbHOrO 110nyc-

TllMOrO OTKnOHeHHH Z MaK' HaliJleM 3aanCHMOCTb HHTeHcnaHOCTH 

ycxopgeMbiX npoTOHOa oT aMnnnTyJlhl a,q, HanpH*eHnH a cnenyro-

weM anne: " 
1 = C (V CM )3/2 V 1/2 

I 0 o · 
+ C V s/2 2 0 ,. •. .· (3.12) 

rne cl ~ c 2 - llOCTOHHHble aennqnHbl JlnH 38Jl8Hflr .! reOMeTpllll 

ueaTpanbHOii qacTn cnaxpounxnoTpoHa. 

ITonyqeHHbJe peweHiw ganSIJOTCH noneaa T.tnH OUeHKH aoa-

MO*HOCTeii Jl8nbHeiiwero nOabJWeHHH HHTeHCi . .c.,uCTH a CllHXpOUIIK

noTpOH8X1 KOTOpbie HMeiOT MeCTO a TOll nnn HHOll :.!CJlenn aepTH-
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Kanbaoro LIBH*eHHH rrp~ yqere' paanu~aoro pona oco6eaaocrefi 

~oKyCKPYIOIIlKX. H netjlOKYCllpyiOIIlHX Clln. B Uel!Tpanbl!OH o6naCTH 

cnaxpouuKnorpoaa, OnaaKo oaa ae Moryr 6biTb ucrronhaoBaHbi nhH 

qacneaawx pacqeroB BcnencrBue rpy6oro npu6nu*el!HH K peanh-

. : HOH KapTHHe, 

llnH 6onee KOppeKTHOrO H8XO*LieHHH 38BHCHMOCTH HHTeHCHB- ' 

l!OCTH yCKOpHeMbiX HOHOB OT B,q, Harrp~eiiHH HCITOnh30BanOCb LIHtjl

tjlepeHUHanbl!Oe ypaBHeHHe (3,4) 1 B KOTOpOM aepTHKanhHble CHnbi 

rrpenCTaBneHbl COOTHOIIIeHHHMH (3Jl )-(3,3), C ITOMOinbiO 8BM orr

penenHnaCb COBOKYITHOCTb TpaeKTOpHH. HOHOB1 rrpoXOLIHIIlHX ITO Bep

TKKanu B Uel!TpanbHOH o6naCTH CHHXpOUHKrrOTpOHa rrpOCTpaHCTBO,. 

orpaauqeaHoe arreprypofi nyaara~ 

BapbupyH rrapaMeTp J B COOTHOIIIeHHH (3,4) rrpH· ITOCTOH:I-

CTBe ocranhl!biX KoatjltjlauuearoB, Mbi orrpenenunu rrpenen'bl!biH roK, · 

ITpH KOTOpOM BepTHKanb.HbiH tjla30Bblft aKCerrrafic ff.= S z ( Z O 1 Z 
0

) 

o6pamaercH B aynb, 

Ha puc.-7· rrpencraBneHa aaBKCHMOCTb HHTel!CHBHOCTH ycKo

pHeMbiX qaCTHU J OT BenHql!Hbl uaqanhHOH BepTHKanbHOH CKOpOC-

TH Z O , CoBOKyrrHOCTb Kpl!Bb!X . Z O = Z O ~ J) ITOCTpOel!a C HHTep-

BanOM f'1 V o = 2 KB rrpK ycnOBHK, qro !Ia -K8*LIOH H3 HHX Bb!ITOn

HHeTCH ycnoBHe V 
0 

.= const • 

Torna rrorio*eaue roqeK Ha oca a6cuucc nnH Ka*non ~a Kptt

BbiX Z .O = Z 
0 

( j) orrpenenHeT M8KCHManbHO B03MO*HbiH TOK J 1 

KOTOpbl~ MO*eT 6b!Tb n'onyqea nnH LI8HHOH reoMeTpllll UeHTpan_bHOH 

o6naCTH CHHXpOUl!KnOTpOHa, 3aBHCl!MOCTb rrpenenbHOrO .TOKa YC:KO

pel!Hb!X qacrau or B,q, HarrpH*elluH rroKaaaaa Ha puc. 8, 

MareMaraqecKaH o6pa6orKa rronyqeal!hiX peaynhraroB rro Me-

TOLlY H8UMel!biiiifX KBanpaTOB ITpHBena K TOMy, qro 38BifCHMOCTb 

HHTeHCHBHOCTH . J OT YCKOpHIOIIlero H8ITPH*eHUH V o LlnH CHHXpO-

UKKnOTpOl!a OHRH MO*HO rrpencrax:mrb. B cnenyromeM Bane 

2,4+ 0,1 
J =(O,!DS4 + 0,00l4) V - +(1,05 + 0, 32) .• 

-· 0 
(3.13) 
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H3 Kpi!Bbll · z 
0 

,: z 0 ( ;J ) np11 V 0 = IS KB (p11c. 7) Blln-

}{0, 'ITO B .. II8CT0511Uee BpeMSI B03MOJK~a DOCT81IOBK8 BOnpoca 0 MSK-, 

CIIMSlibiiOM C 1,2 no 3,0 MKa ( 6e3 y'leTa nonOliiiiiTenbROll cj>OKYCII

pOBKII) yBelii!'leR~H IIRTeRCIIBROCTII B CIIRXpOUIIKliOTpoae OH.HH 3a 

C'leT ynyqweRiHI YCliOBIIll nBIIJKeRIISI 3apstlKeiiiiblX 'ISCTIIU B UeiiT

palibROll o6naCTII YCKOpi!Tenst, 

Jlnst SKCnepiiMeRT81IbiiOI"O onpeneneRIISI 38BIICIIMOCTII J = J (V ) . . . 0 

6blliii CIIS!Tbl 38BIICIIMOCTII IIIITeiiCIIBIIOCTII J OT' 060p0TOB B8p1!8TO
• ..I 

pa n np11 napaMeTpe U a = const • 

C noMOIUbio 3BM aaxon11nacb 38BIICIIMOCTb J =J ( V O) 

np11 ycnoBIIII n I U a = const , 'ITO Opll·lii!Rel!aol! 38BIICIIMOCTII 

yCKOpSIIDIUei"O aanpstlKeRI!SI vo 
YCliOBIIID cos </> . = const • 

s 

oT aaonaoro u 
a SKBIIBSlieiiT}{O. . 

Jlnst pa6o'lei"O pelKIIMS pa60Tbl CIIIIXpOUI!Kli_oTpQRa (n/U a=100) 

. . 2 40 + 0 05 J =(2,06+0,20) v. -. -(46,7+2,9) 
(3.14) 

np11 'lllcne x 2= 12 , xapaKTep1!3YIDIUeM nocToBepa.ocTb Bbi6paaaol! 

/9/ . . . 2 7) 
Monenll ( TeopeTII'lecKoe 3Ra'leHIIe X = . 

Hs nonyqeaHbiX naHHhiX 11 npoBeneHHhiX pac'leToB cnenyeT, 'ITO 

Opll yBeliii'leHII~ YCKOpSIIDIUei"O HanpstlKeHIISI no V 0 =. 40 KB·' C COOT

BeTCTByiDIUIIM noBhiWeHIIeM qacTOThi MonynstUIIII F · .no 300 ru 

TOK ny'IKa B CIIHXpOUIIKnoTpoHe OH.HH MOJKHO noBec.TII no' 10-15 MKa, 

eCliii C aOCTOM IIHTeHCIIBHOCTII He113MeHsteMbiM OCTaeTCSI 38KOH 

l=Vos. 
B TpeTbel! rnaBe n11ccepTaU1111 naHhl TaKJKe oueHKII npenen6-

Ho noCTIIlKIIMOl! IIHTeHCIIBHOCTII, nony'leHHble 113 ycnOBIISI paBeHCTBa 

BepTIIKSlibHblX cj>o-~yCIIPYIDIUIIX II necj>OKYCIIPYIDIUIIX Cllli, Jlnst nonyqe

HIISI STIIX OUeHOK IICCnenoBaHa !"eOMeTpll'leCKSSI KapTIIHS cj>opMIIpo-

/11 34/ ' 
BaHIISI ny'IKa B npouecce 3aXBaTa ' 11 onpeneneHbi KOMDOHeH-

Tbi SlieKTpOCT8TII'leCKOI"O DOllS! OT paBHOMepHO 38pstlKeHHbiX Tpex-

. . ~~WI 
MepHbiX UllliiiHnpll'leCKIIX II npstMOYI"OlibHbiX KOHqmrypaUIIl! ' 
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IV - n OBbiiUeHI!e s!)J!)JeKTIIBHOCTII '· patsOTbl 

CI!HXpoUHKnoTpoaa OH.HH 

Llnl!TenbHOCTb B38l!MO.[teHCTBI!SI ny'IK8 npOTOHOB C MI!WeHbiO 

a cnyqae aenpepbiBHoro cneKTpa pa.r:tHanbHbiX Kone6aHHli MO)I{HO 

onpe.r:tenHTb 1!3 cnenyromero Bblpa)l{eHHSI 

rM 

t = J 
r -t>.r 

M 

dr 

tJt)-rpB(t) 
(4,1 ) 

• .,J 

r.r:te f b - CKOpOCTb paCIUI!peHI!SI paBHOBeCHOll op61!Thlj ;B (t) - CKO

pOCTb ABHiKeHHSI paBHOBecaoli op61!Thi 38 C'IeT BhJHY)K.r:teHHhiX Kone-

6aHHH 

t>.·r =Po + P c np11 ~ 0= 0' .. 
t>.r=p +2p npH i = 0;' 

. 0 c 

p0 .- MaKCHManbHasr aMnnHTy.r:ta pa.r:tHanbHhiX 6eTaTpoHHhiX Kone6a

HHli, p c - M8KCI!ManbH8SI aMnnHTy.r:ta pa.r:tl!anbHO-t!Ja30BhiX KOne6a

HI!ll, 

Heo6xo.r:tHMyro Manyro cKopocTb npo.r:tBI!)I{ei!I!SI ny'IKa no pa.r:tHy

cy Ami yaenH'I.eHI!SI .r:tni!TenbHOCTI! I!MnynbC8 BTOpii~HhlX 'I8CTI!U MO)I{

HO nony'II!Tb. 3a C'IeT paCTYIUIIX BO Bpet-1eHI! ~blHY)I{.r:teHHhiX Kone'6a-

Hllli np11 = 0. 

B CHHXPOUHKnOTpoHe OH.HH B036y)l{.r:teHHe BhiHY)I{.r:teHHhiX pa

AHanbHhiX Kone6aHHH ny'IKa (KaK uenoro) Ha KOHe'IHhiX pa.r:tHycax 

OCyiUeCTBnsreTCSI noKanbHblM nepeMeHHbiM BO BpeMeHH B03MyiUeHHeM 

·137-39/ 
MSI'HHTHOI'O nonsr yCKOpHTensr 

YpaBHeHHe pa.r:ti!SnbHOI'O ABI!)I{eHI!SI B STOM cny'!ae I!MeeT BHA 

2 
d p 

--+(.<)
2 (1-n)p=-r (.<)

2 h(O,t), 
dt2 s 

(4.2) 

I'Ae t!JYHKUIISI h( 0, t) = h ( 0 ) 'f( t ) 

a psr.r:t ¢ypbe BI!Aa 
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H MO)I{eT 6hiTb pa3no)l{eHa 

C I 

. h ( 0) = ·~ . h sin ( 0 ' 1') • 
£ = 0 e 

(4.3) 

n onarasr, 'ITO f( t) = sin n t . I BhJHy)I{AeHHyiO 

ypaBHeHI!SI (4,2) MO)I{HO npe.r:tCTSBHTb KSK 

'ISCTb peiUeHHSI 

P=f 
s 

n 
cos [<£+-)0+ a£] 

~ .h I . (.<) • 

f= 0. e ( £ + ~)2 ~ (1-n) 
(.<) 

. n . . 
·cos_[(£-:-;;;-)0+ ael 

)(£-~)2 _(l:...n) 
(.<) 

I •(4.4) 

. I'Ae (l -'ISCTOT8 B03~Y.IU8IOIUei'O MS~HHTHOI'O nonsr, 

paBHOBeCHOll op61!.Tbl:• 

r -pa.r:tHyc. 
s 

Bo3Mymaromee Mari!HTHoe none B o6nacTH KOHe'IHhiX pa.r:tHY

coa (255-275 CM) C03A8B8nOCb ABYMSI .TOKOBbiMII K·aTyiUKSMH 1 pac:_ 

nonOlKeHHbiMII HS 83HMyTe. ycTaHOBKH MHIUeHH CI!MMeTpH'IHO OTHQ

CI!TenbHO Cpe.r:tHell nnOCKOCTI!o 

Pac'IeT MSI'HIITHOI'O nonsr II Bbi60p napaMeTpOB KSTyllieK npo

. H3BO.r:tHncsr no t!JopMynaM, npHBe.r:teHHhiM B pa6oTe 
/40/ 

Ha pile. 9 npHBe.r:teHa t!Jop~a··Hi.mynbCOB ny'IKa Meaoaoa, .nony

.''IeHHhiX C. I!CITOnb30B8~1!eM ·KaTyiUeK 'II 6e3 HHX, 

LlnaTenbHOCTb 'I!Mnynbca TOKa ny'!Ka np11 STOM cocTaansreT 

2,0-3,5 MCeK no. ypoBHIO 0,5 OT MaKCHMSnbHOI'O 3Ha'IeHI!:SI; 

KaTyiUKH UI!TSIOTCSI C UOMOIUbiO pa3pSIAHOll KOH.r:teHCaTOpHOll 

6aTapeH qepe3 ynpaBnsreMhlli aeHTHnb cHHXPOHHO c npoueccoM yc

/41/ 
KOpeHHSI 

HaKonneHHe 'IaCTHU B CI!HXp.ouHKnoTpoae o6hi'IHO ocymecTansr

eTcsr 1!3MeHeHHeM 'ISCTOTHOll nporpaMMbl TaimM o6pa30M1 'IT06bi 

YCKOpeHHble 'ISCTI!Uhl nepHOAI!'IeCKII AOBOAI!nllCli AO onpe.r:teneHHOI'O 

/42/ 
pa.r:tHyca 

O.r:tHaKo B c11ny TeopeMhl n8ya11nnsr o coxpaHeHHH nnoTHOCTH 

'ISCTI!U B t!Ja30BOM npOCTpaHCTBe BbiBeCTII BeCb HSKOnneHHbil!: riY'IOK 
·. . ·/10/ 

C UOMOIUbiO 06hi'IHOJ!: Bo'Io nporpaMMbl HeB03M0)1{H0 , 

B STOll rnaae OUI!CbiBaeTCSI HOBblll MeTOA .BbiBO.r:ta HSKOnneH

HOI'O ny'IK81 npe.r:tnO)I{eHHblll II OCyiUeCTBneHHblll Ha · CHHXpOUI!KiiOTpo-

He OH.RH I 431 . 
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ci 
0 = 0. 

MeTOA OCHOBBH TBKJKe_. HB B03flyJKAeHHHH BhiHYlKAeHHbiX pa

AHBnbHhlX KOne6aHHli nepeMeHHbiM BO BpeMeHH MBI'HHTHblM noneM0 

AelicT.BYIOIUHM TOnbKO ~ 38ABHHblli HHTep~an BpeMeHH. 

npoBeAeHHbl9 OI.teHKH noKa3anH0 'ITO npH 'IBCTOTe MOAynmtHH 

cimxpoi.tHKnoTpoHa, paaHoA. 100-200 ru, ua-aa pacceRHHSI Ha raae 

MOlKHO HBKOflHTb 3000 CI'yCTKOB. YcnOB~SI paBeHCTBB BepTHK,Bnb~ 

HbiX clJoKycupyromux .u AeclJoKycupyromux cun AnR. reoMeTpH'IeCKHX 

pa3MepOB ny'IKB BbiCOTOli 12 CM H IUHpHHOli 20 CM HS paAHyCe 
. · . .. ·.· N . 14 
f = 265 CM npeAonpeAenSIIOT HBKOnneHHe.npOTOHOB. = 3•10 : 

(2500 CI'yCTKOB) • 

CymeCTBeHHO OI'pBHH'IHBSeT HBKOnneHHe 'IBCTHI.t B CHHXpOI.tHK

noTpOH·e 0J1.RJ1 MeXBHH~M 4Ja30BOI'O C~IUeHHR, H3-38 KOTOpOI'O 

'IBCTHI.thl 38 KBlKAhlli ltHKn HBKOnneHH~ CMeiUSIOTCSI no .. 9H.epi'HH Ha 

,-.3 Ma·a, T.e. npuMepHo Ha 8 MM .• 

.Lln~ . CHHXpOI.tHKnOTpOHB QJ1,RJ1 .npH aclJ!jleKTHBHOM p83Mepe 

KBTyWeK, paBHOM 10 CM0 H3 pac'leTOB cneAyeT, 'ITO ::I.tenecoo6pa3~ 

HO HSKannHBBTb OKOno 25 cryCTKOB. , 

npoBeAeHHble 9KCnepuMeHTbl noKa3anu, 'ITO npH. 'IHCne ltHK

"!OB0 paBHOM 30, yJKe He .Ha6niOASeTCSI cymeCTBeHHOI'O yaenH'IeHHR. 

HHTeHCHBHOCTH HSKonneHHOI'O nyqKa. 

• . . /44/ 
B 'leTaepTOH rnaae onucaHhi clJoKycupyromue ycTpolicTBa , 

ycTaHaanaaaeMbie B aepa6oqeli o6naCTH MBI'HHTHOI'O nonSI yCKOpH-
.. , ' . ,, /45/ 

Tenst HnH B 3830pe BCflOMOI'BTenbHbiX aneKTpOMBI'HHTOB . 

OnbiTHast npoaepKa noKaaana, 'ITO c noMoiUbiO TBKHX !jloKy- . 

Cllpyromux. ycTpolicTB yAanocb yaenH'IIITb mioTHOCTb npoToHaoro 

ny'IKB B.2,8-3 p8380 IIHTeHCIIBHOCT~~nonstp~30B8HHOI'O ny'IKS npo

TOHOB c aaeprueli 600 Mas.- ·~·3 pa3a, a Meaoaoa c a.HeprHeli 

300 Mas - B 2,7 pa3a, 

nepeHOC OflbiTB I!Cfl0nb3,0BBHIIR clJOKYCHpyiOIUIIX yCTpOliCTB C 

CIIHXpOJ.ti!KnOTpOHB n.Rn HB nonyTopaMeTpOBhlli II TpexMeTpOBblli 

(310 CM) lti!KnOTpOHbl na6opaTOpHH stAepHbiX peSKI.tHli flOK83Sn0 'ITO 

TSKH~ YCTpOli~TBB He T_OnbKO yMeHbWBIOT noTepll ny'IKS np11 npo

XOlKAeHHII 'IBCTIII.t oT AeclJneKTopa AO CIICTeMhl TpaccHpOBKII ny'IKa 

npuMepao a. Tpll paaa, ao u o6ner'laiOT ycnoBI!st conpSilieaull TpaeK-

. /46 47/ 
TOpnli BhJBeAeHHOI'O ny'IKB C OCbiO IIOHOllpOBOAB 

0 
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B pa3BIITIIe 

Mai'HIITHbiH KaHan 

cpyHKUIIII: 

IU:tell «l!oKyCIIPYIOIIlHX ycTpoikTB oniiCaH HOBhiA , 
/48/' ' ' ' ' ' . ' ',,' ' 

1 KOTOpbli! OAHOBpeMeHHO BhlnOnHSieT ABe 

1) OTBOAIIT. 'laCTIIUhl OT nocneAHIIX pa60'IIIX op611T YCKOpiiTenSij 

2) «l!oKyCIIpyeT IIX B ABYX B3aiiMHo-nepneHAIIKynSipHhiX Han-

pasneHIISIX·no nyTII npOXO*neHIISI 3apSI*eHHhiX 'laCTIIU AniiHhl .Mar

HIITHOI'O KaHana AO o6naCTII paA~BnbHOH HeyCTOil'IIIBOCTII. 

B KOHKpeTHOM np11no*eH1111 K c'IIHXpOUIIKnOTpoHy OlHU1 yco

sepweHCTBOBaHIIe CIICTeMbl BhiBOAa ,6yAeT 6a311pOBBTbCS! Ha 11CnOnh-

30BaHIIII KaK Mai'HIITHOI'O KaHana c·~llnbHOA' «l!oKyCIIpOBKOA, TaK 

11 cnenll«l!ll'lecKoro pereHepaTopa, IIMerowero HeniiHeiiHoe pacnpe

AeneHIIe MarHIITHoro nonS!, KOTopoe IICnonb3yeTCSJ AnSI cornacosa-

HilS! paAHanbHOI'O II BepTIIKanbHOI'O'SMIITTBHCOB ny'IKa C COOTBeT~ 

CTBYIOWIIMII aKCenTaHCaMII Mai'HIITHOI'O KaHana. 

KaK noKa3anll oueHKII, UOA6op' Mai'HIITHOI'O nonS! B pereHe-
' .. 

paTope B COOTBeTCTBIIII C 113BeCTHhiMII cneKTpaMII aMnniiTYA pa-

. ' - /49/ 
AllanbHhiX II BepTIIKanbHbiX 6eTaTpOHHhlX KOne6aHIIII- no3BOnSJeT 

B 3aBIICIIMOCTII OT TOnWIIHhl nepeAHeli CTeHKII BTOpoli CeKUIIII Mar

HHTHOI'O KaHana yaenii'IIITb CyWeCTBYIOWIIH KOS«l!«l!IIUIIeHT BhiBOAa 

/50/ 
'laCTIIU 113 KaMephl CIIHXpOUIIKnOTpOHa B HeCKOnbKO pa3 

0CHOBHhle pe3ynhTaTbl pa60Tbl · 

1. AHaniiTII'leCKII onpeAeneHbl COCTaBnS!IOWIIe sneKTpll'leCKOI'O 

nonS! B oonaCTII 1 np11nera10WeA K IIOHHOMY IICOX:O'IHIIKY• 

3HaHIIe KOMnOHeHT sneKTpii'IeCKOI'O nonsr nOCJIY*IInO OCHOBOA 
' . 

AnSI 6onee cTporoli nocTaHOBKII 11 peweHIISI 3aAa'l «l!a3oaoro ABII*e-

HIISJ, a TaK*e AnSI paC'leTa BepTIIKanbHOI'O,ABII*eHIIS! C y'leTOM BniiSJ

HIISI npoCTpaHCTBeHHOI'O 3apSJAa Ha npeAenbHO AOCTIII'aeMyiO IIHTeH

CIIBHOCTb B CIIHXpOUIIKnOTpOHe. 

2. On11caHa 6onee TO'IHBSJ MeTOAIIKa pac'leTa s~eKTIIBHOCTII 

3axsaTa, ocHoaaHHaSJ Ha aHanll3e paAIIanhHo-«l!a3oshlx Koneoa-

HIIH IIOHOB B UeHTpanbHOli oonaCTII CIIHXpOUIIKnOTpOHa, nony'leHHhiX 

30 

aenocpeAcTaeako 113 pell!eHiiil ypasaelmA ABII*eHIISJ 11oaa · s a~eKTpo
Mar HIITHO~' none Y~KOpiiTenSJ c IIOMO~biO 3BM. 

3. '11 ccn~AOBaHhl oGna~TII ; 3S~BaTa B 3'asac~i.t(;cT~ OT . cneAyro

WIIX napaMeTpOB CIIHXpOUIIKnoTpOHa OH.HH: 

"anepTyphi AyaaTa, aMnniiTyahi ycKopSJrowero HanpSI*eHIISJ, 3a-

KOHa 113MeHeHIISI MarHIITHoro 'nonS!,· CKOpOCTII 113MeHeHIIR 'laCTOThi 

yCKOpSIIOWero HanpmKeHIIS!. llony'leHHJole AaHHble S!BIIniiCb OCHOBOH 

nporpa~Mhl'.t:tanhHeriwero· ysenll'leHIISI IIHTeHCIIBHOCTII CIIHXPOUIIKnOT-

poHa OH.HH. 

4. 3Kcnep11MeHThl 1 npOBeAeHHble no «l!opMIIpOBaliHIO BbiCOKO'laC- , 

TOTHbiX xapaKTepiiCTIIK pe30HBHCHOA CIICTeMhl 1 ooecne'IIIBBIOWIIX -OAHOspeMeHHO onTIIManhHhle · ycnoa11SJ 3axsaTa 11 nocneAyromee yc-

Kope~lle npoTOHOB 6e3 «l!a30BhiX noTepb, np11aen11 nocneAOBaTenhHO 

K yaenll'leHIIIO IIHTeHCIIBHOCTII c 0,3 AO 0,8 MKa ( onTaManh,HhJe · 

ycnoa11SJ 3axsaTa) 11 c 0,8 AO l,i-1,2 M.~a '(onTIIMa~i.Hbie. ycnos11si 

3axaaTa '11 ycTpaaea11e ¢a30Bhi~ 'noieph. Ha pa.t:t11ycax 60-80 ·eM). 

. 5 •. llpoBeAeH SHanll3 38KOHOMepHOCTeli pacn'pe.t:teneHIISI no paAII

ycy sepTuKanhHhiX Clln, AeliCTBYIOuliiX Ha 38PS!*eHHhl": 'IBCTIIUhl B 

ueHTpanhiwn oonacTu CIIHxpouui<'noTpoaa, KOTOpbiA noKa3an; 'ITO 

oCHOBHhiMII c11naM11 SJBnSIIOTCSI qioKyc11pyrowaSJ c11na OT aanpSJ*eHIIS! 

cMeweHIISI 11 Ae«l!oKycllpyrowaSJ cuna npocTpaacTaeaHoro 3apSI.ua. 

neliCTBIIe STIIX 'Clln npoSIBn~eTb.Sl ~ k aenocpeACTBeHHOH onu~OCTII 

K OCII IIOJIHOI'O IICTO'IHIIKa. 

6. BaeAeHIIEl CIICTeMhl, nepeABII*eHUS! sneKTpOAOB 1 C03ABIOWIIX 

.t:tononHIITenhHOe «l!()KYCIIpyiOWee no 'sepTIIKa~ll ~one, ll03B~n~no 's 

pe3ynbTBTe pSIAa SKCnepiiM9HTOB yserrii'IIITb TOK npOTOHOB Ha KO-. . ,. . 

He'IHOM' p.aAHyce' AO ·2,1-2,2 MK8 1 'ITO .BbiBeno CII~XpOUIIKnOTpOH 
OH.HH n·o ToKy BHyTpeaaero ny'IKa aa o.t:tiro 113 .nep.ahiX M.eci a 

Mllpe cpeAII aHanorii'IJihiX yc~op11Teneli. 
,. . . " ·, 

7.·8 pa3BIITII9 IIA911 npiiM9H9HIISI sneKTpOCTaTII'l9CKIIX noneli 

.t:tnSJ ysen11qeH11S! sepTIIKanhHOH ~OKYCIIpOBK~ BhiABHHyTO npe.t:tno*~~ 
H119 ucnonh30B8Tb IIMnynhCHOe (B HeCKOnhKO A9CSITIW~: KllnOBOnhT) 

~TpiiUBTenhHOe. HanpSI*eHUe, i:JoriasaeMOe Ha AYBHT COBM9CTHO. C 

noCTOSIHHO npllnO*eHHhiM H8llP!!*9HII9M CM9W9HIISI Ha BpeMS! 3ax·saTa. 
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8. npoae)leHllbie pac'IeTbl noxaaaim, '!TO' MBKCHManbHO _803-

MOJKHblll . TOK, KOTOpblll. MOJKeT 6biTb nonyq~m npli cymeC!BYioiUHX 

napaMeTpax CHHXPOUHKnoTpoaa· OIUIH, 6yJleT cocTaBnliTb 3 MKa 

(6e3 y'IeTa JlOnonHHT9nbHOll aneKTpOCTaTH'I9CKOll ~OKyCHpOBKH), 

a pOCT HHT9HCHBHOCTH C yaenH'IeHHeM B,'I, HanplllK9Hiill npH npo

nOpUHOHanbHOM B03pacTaHHH 'IaCTOTbl MOJlynliUiili ( COS cp =WIN.) 2,5 . . .s 

cneJlyeT aaKOHy J = V
0 

• 

3KcnepHM9HTanbHbl9 pe3ynbT8Tbi 0 nony'I9HHbl9 Jlnll_ Cli;'fXPOUHK

noTpoHa OHHH, YllOBneTaopHTen_~o cornacyiOTCll c pac'IeTaMH 

npeJlenbHOl! HHT9HCHBHOCTH H B JlHana30He YCK0pli!OIU9I'O HanpSIJKe-
, . 2,40 + 0,05 

Hlill V
0 

= 13-2B KB OnHCbJBaiOTCll COOTHOIU9HH9M j = V 
0 

. - ' 

9, OnHCaH HOBbil! MeTOJl pacTHJKKH ny'IKa, npeJlnoJKeHHbJll. a 

OTJlene CHHxpouHKnoTpoHa OHHH, 8 ocHoaaHHbill Ha aoa6yJKJleHHH 

BbiHYlKJl9HHbiX paJlHanbHbiX KOne6aiml! yCKOpeHHbiX 'IBCTHU nepeMeH-

HblM BO BpeMeHH Mai'HHTHbiM noneM, .. 
OcymecTaneHHe aToro cnoco6a npHaeno K yaenH'IeHHIO JlnH

TenbHOCTH Me30HOB -c. BOO MKCeK JlO 2,5 MCeK. 

HOB 

npH 3TOM cnenyeT OTM9THTb 0 'ITO B paCTliHYTOM ny'IKe M930-

0TCyTCTByeT BbiCOKO'I8CTOTH8ll CTpyKTypa, 3T00 KBK li OTCyT-

CTBH9 npaKTH'I9CKH noTepb HHTeHCHBHOCTH 0 Bbii'OJlHO OTnH'IaeT JlaH

Hbll! Cnoco6 paCTSIJKKH OT H3BeCTHbiX llPYI'HX, 

Hcnonb30BaHH9 CHCTeMbl paCTlllKKH ny'IKB BTOpli'IHbiX 'IBCTHU 

~03BOnHnO COKpaTHTb OT JlBYX JlO JlBBJlUBTii pa3 Bp9Mll HCCneJlOBBHiill 

M930HHbiX npOUeCCOB 1i OTKpblnO B03MOJKHOCT~ nocTaHOBKH npHH

UHnHanbHO HOBbiX 3KCnepHM9HTOB, 

. 10, npeJlnOJKeH li ocymet:TaneH HOBbll! MeTOJl BbiBOJla HaKon-... 
neHHoro ny'IKa, MeTOJl ocHoaaH Ha aoa6yJKJleHHH paJlHanbHbJX Kone-

6aHHll nepeMeHHbiM BO apeMeHH Mai'HHTHbiM noneM, Ael!CTBYIOIUHM 

no nporpaMMe B . 3aAaHHbll! liHTepaan BpeMeHH, 

11, BpeJlnOJKeHbJ ." onHcaHhl ~oKycHpyromHe ycTpollcTaa AnSI 

nOBbJIUeHHll nnOTHOCTH BbiB9JleHHbiX 'IaCTHU H3 CHHXpOUHKnOTpOHOB 

HnH UHKnOTpOHOB, 

npHM9HeHHe ~OKYCHpyiOIUHX yCTpOl!CTB, JleliCTBHe KOTOpbiX OCHO

BaHO Ha npOXOJKAeHHii 3aplllKeHHbiMH 'IaCTHUBMH cneUHanbHO C~Op~ 
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MHpoaaHHOI'O C nOMOIUbiO ~~pOMBI'HiiTHbiX IUHMM Mai'HHTHOI'O nonS!~ 

noaaon~eT.He.TonbKO yaenH'IHTb a He~iconbKO paa rinoTHOCTb Bbl-

BOJlliMbiX 'IaCTHU, HO H npOBeCTH riy'IOK OT .Ae~eiTopa yCKOpHTe- . 

nll AO .nepabiX nHH3 HOHon.poao.ita npa~THqecK.H 6ea noTepb; . . ~ . 

'12. npeJlnOJKea' HOBblll Mai'HHTH,bll! KaHan c CHin,Holl ~OKYCH-

p~BKOll Anll yaenH'IeHHll K03~HUH9HTa· BbiBOAa ny'IKa qa.CTHil -li3 Ka

Mepb! CHHXpOUHKnOTpOHB, 

' OcHoBHbie peayzn:;aTbl Hccnet~oaaHHll H3noJKeHbJ a pa6o-
. /4,11,15,1B,18-22,34-41,43-4B,48-50/ .

0
· . 
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KOpnTeilliM {)KeH.eaa, 1959),. ·M~JKJlyHapOAHOll KOH~epeHUHH. no yc-

KOpHTenSIM (,D.y6Ha, 19B3 ·r,), ") 
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