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A H H o T a u K g 

. 8 pa6oTe paCOMSTpHBSeTCR BIIHRHHe p8311HqHhiX B03MymeHHi!: MS!'HHTHOI'O llOIIR Ha llOIIO)!{e

HHe nyqKa B KSMepe yCKOpHTeliR C 83HMYT8llb.HO-HeOLIHOpO.llHhiM MS!'HHTHhiM llOlleM. YfanaraeTCSI 

MeTO.ll HSXO)!{.lleHHR llOIIO)!{eHHR paBHOBeCHhiX op6HT B npOCTpaHCTBeHHO-HeO.OHOpO.llHhiX MSI'HHT-

Hh!X llOIISIX. npHBe.OeHhl peayllbTSTbl 9KCnepHMeHT8llbHhiX HCClle.llOBSHHi!: HS UHKIIOTpOHe C UpOCTpaH

CTBeHHOi!: aapHSUHei!: MS!'HHTHOI'O llOIIR na6opaTOpHK SI.O epHbiX npo6neM OYIHYI. 
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Bs e.aeH H e 

8 JCKOpiiTenSIX UHKnOTp OHHOrO . THna .B e JJ.THKaJlbHb i e C OC TSBnSI IOW.He KB83HynpyrHX CHn c o a-

.aaiOTCSI, B OCHOBHOM, KOMnoHeHTOA nonS! H, .. B 3TOM . cnyqae nose pxHOCTb H, 

nOnO)I{eHHe paBHOBeC H biX op6HT B JCKOp,w~ene. ViCKS)I{eHHSI nosepXHOCTH 11 t - 0 

0 on p e .aenSieT 

MoryT npHsec-

TH K aHa'lHTenbHbiM noTepSIM ycKOpS!eM~ro nyqKa . qac'l'HU, B ' ycKo pHTenS!x c aaHMyTanbHo-cHMMeT

pH'lH biM MSrHHTHbiM noneM nonO)I{eHHe paBHOBeCHOA 38MKHJTOA op6H'l'bl onpe.aenSieTCSI TOnbKO 

cpe.aHHM 3Ha'leHHeM OTKnoHeHHA nosepxH.OC TH H, 0 OT reoMeTpH'leCKOA nnOCKOCTH, COBna-

.08IOW.eA C cepe.OHHOlt anepTJpbl KSMepbi. · rapMOHHKH OTKnOHeHHA Bbl3b!B8IOT HCK8)1{eHH• p8BHO

BeCHbiX op6HT, npH'leM senH'lHHa HC.K8)1{E'HHSI onpe.aenS!eTCSI aMnnHTJ.OOA COOTBeTCTBJIOW.eJl rapMO-

HHKH. 

Cne.aosaTe nbHO, .anSI onpe.aeneHHSI nono)l{eHHSI pasHosecHoA o p6HTbi .aocTaTO'lHO H3MepliTb 

cpe.aHee 3Ha'leHHe OTKnoHeHHA nosepxHoc'I'.H · · H, :" 0 oi- cpe.aHeA nnocKOCTH. 

HacTOSIWSSI pa6oTa noCBS!W.eHa lfCCn~.aosaHHIO noJlo )l{eHHSI pasHosecHbiX op6HT B npocTpaH-

CTBeHHO-HeO.OHOpO.OHbiX MarHHTHbiX nOnSIX, 

TeopeTH'leCKHe peaynbTaTbi no.aTBep)i{.aaiOTCSI 3KcnepHMeHTaMH, npose.aeHHbiMH Ha UHKno

TpoHe C npOCTpaHCTBeH!iOA B8pH8UHeA MSrHHTHOrO nonS!, yCK OpS!IOW.ero .aeATOHbl .00 3HeprHH 

12 M3/ 11
• 

l. nonO)I{eHHe paBHOBeCHbiX op6HT B npOCTp8HCTBe HHO-HeO.OHOp0.0HbiX 

MarHHTHbiX nOnSIX 

YpaBHeHHSI .OBH)I{eHHSI 'l8CTHU . 38.08HHOrO HMnynbC8 B UHnHH.OpH'leCKOA CHCTeMe KOOp.OHHST 

121 
HMeiOT BH.O 

r" -

z" -
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r.ae t
1 
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1 

- o603H8'l8eT .0HcPcPepeHUHpOB8HHe no ¢ ; H., JI, ,11¢- C OOTB e TCTBJIOW.H e KOMnOHeHTbl 

HanpS!)I{eHHOCTH MarHHTHOrO nOnS!; p - HMnynbC 'l8CTHUb l, .[lnSI HCCne.aOB8HHSI BnHSIHHSI HCK8)1{e-

HHA n o s e pxHOCTH H, = 0 .aocTaTO'lHO paccMOTpeT b nHHeAHo e npH6nH)I{ eH He . EcnH HCKa)l{eHHSI 

' 
OTCJTCTBYIOT, BepTHKanbHbie KOne6aHHSI npOHCXO.OSIT OKonO paBHOBeCHOA 38MKHYTOA op6HTbl 0 n e)l{ lf-

w.eA B nnOCKOCTH Z = 0 

PaccMoTpHM CHH~CoH.aanbHYIO ·npocTpaHCTBeHHYIO sapHaUHIO MarHHTHoro nonS!, npH 3TOM 

pacnpe.aeneHHe nonS! B cpe .aHeA nnocKOCTH 6y .aeT onpe.aenS!TbCSI Bbipa)l{eHHeM 

TI.(r,o,¢) ll ( r) I 1 + f Sin [a ( r) - N ¢ ] I , (2) 

3 



rne f - rny611H8 B8p118U1111 H8npS!>KeHHOCTI1 M8rHI1THOrO nonS!; a(r) - onpenenS!eT 38BI1C11MOCTb 

¢a3hi sapH8U1111 nonS! OT pan11yca; N - xapaKTepH3yeT nepHOLlliqHOCTb cTpyKTyphi nonS! no a311-

MyTy, 

Ecn11 no K8KHM-nH6o np11q11H8M nosepxHOCTb HeCKOnbKO OTKnOHS!eTCSI OT cpenHeA nnoCKOCTH, 

TO STO npHBOnHT K nOS!BneHHIO BhiHY>KLleHHhiX KOne68HI1il: qacTHU OKOnO cpenHeil: nnO'C KOCTH, 0603" 

Haqag OTKnoHeHHe nnocKOC TH II, = 0 qepe3 8 (</:>) , ypasHeHHe sepTHKanbHoro nsH>KeHHSI nocne 

npeHe6pe>KeHHSI M8nbiMI1 qneH8MH MO>KHO 38nHC8Tb B BHne: 

z" + N
2

1 
4 

a,. - 2 q Cos [a ( r) - N ¢] l [ z - 8 ( ¢)] 

r!le 
f 2 R 2 a , 2 ___ _ 

- 4 1- n + ---r----- ] 
a.- lP 2 [N - ( 1 + n) 

ell (R) • R pc q 

n = ( E ) 2 
- 1 , E -aHeprHR HOHa. 

Eo 

0 ' 

__2._ f R a' 
N2 

(3) 

EcnH pa3nO>KHTb ¢yHKUHIO 8(¢)a pS!Ll cf>ypbe, TO eepTHK8nbHbie Kone6aHHSI 6ynyT onHCbi-

B8TbCSI yp8BHeHHeM 

z" + !L2 
[ a z - 2 q Cos (a N- N ¢ ) ] z 

4 
.!Y_2

[a -2qCos(a -N¢)] I 80 Sin(f¢+yn). 
4 • N f=o L L 

( 4 ) 

npH OTCy TCTBHH B03MyllleHHA MenH8HHOil: noeepXHOCTH ( 8£ 

nHCbiB8eTCSI B BHLle 

0) peweHHe ypaeHeHHSI ( 4) 3a-

z "" k "" k C
1

_ I (-1) A
2
kCos(Q. + kN)¢ + C

2 
I (-1) A 2~in(Q,.+kN)¢, Jt=-oo Jc--oo 

(5) 

Cos }!!._ G 
N ·• 

Cos rr ..;a; _ !!._2 Sin rr ,_;--a; q 2 

4 rr.._!a,. 1-a. 

J1 9 rKO nOK838Tb, qTO npH 3H8qeHHSIX qaCTOTbl sepTHK8nbHbiX KOne6 8HH il: Q • < 0,5 , li:Me!OWHX 

M e CTO B UHKnOTpOH8X ~ npOCTp8HCTBeHHOil: B8pH8UHeil: M8rHHTHOrO nonS!, Kos<i:J<i:JHUHeHT np11 BhlC-

WHX rapMOHHK8X <i:JyHKUHil: MaTbe COCT8BnS!eT MP~ee 1,0% OT KOa<i:J<i:JHUHeHT8 A
0 

nocne npeHe6pe>KeHHSI Bb!CWHMH rapMOHHK8MH B B e pT11K8nbHhiX KOne68HI1SIX 1 ypaBHeHHe ( 4) 

MO>KHO npenCT8BI1Tb B BHne: 

z" + Q 
2
z • 

N2 
4 

[a •- 2 q Cos (aN 
"" 

N¢)]· ~ 8£ Sin(£¢+ Ye)• 
f= 0 

(6) 

TaK KaK Q • < 0,5 , TO B Ll8nbHeil:weM 6y LleM p8CCM8TpHB8Tb TOnbKO Hepe30H8HCHbie s<l:J-

<i:JeKThi, 8 HMeHHO CMellleHHe op5HThl B BepTHK8nbHOM H8npaeneHHH non ne!!cTBHeM OTKnOHeHHSI no-

sepxHOCTH II r = 0 oT cpenHel!: · nnocKOCTH, 

nocTOSIHH8SI COCT8BnSIIOlll8SI qaCTHOrO peweHHSI yp8BHeHHSI ( 6) OnpeLlenS!eT nonHOe CMellleHHe 

op511Tbl B BepTHK8nbHOM HanpaeneHHH 

z = ~(-n + Q:)-~ 8NSin(aN+YN) · 
2Q. 2 Q. 

(7) 

B cnyqae aKCHanbHo-cHMMeTpHqHbiX noneil: ¢opMyna ( 7) Ll8eT z = 8
0 

• BnHSIHHe onpene-

neHHhlX rapMOHHK noeepXHOC TH II = 0 
~ 

H8 CMeWeHHe op5HThl B eepT11K8nbHOM H8llp~BneHH11 

S!BnS!eTCSI X8p8KTepHOil: OC05eHHOCTbiO, npHCylllel!: M8rHHTHbiM nonSIM C npocTp8HCTBeHHOl!: B8pHa-
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TH 1 

503" 

:ne 

38-

5) 

lHX 

ae ( 4 ) 

(6) 

re HH51 no-

(7) 

on peJle-

~neHHII 

u11ell. Ecn11 a Bbrpa>KeHIIII Jl/151 MarrmTHoro no/151 (2) 6yJly T npHc y T CTLI C)[I8 T b Bt ,rCWIW r a p MO IIH KII 

2N 1 .JN II T.Jl. 1 TO H8 BepTHK8/lbHOe CMeweHHe op6HTbl 6y Jly T B/liH!Tb rapM O HHKH ri OBe pXII OC TH 

ll, = 0 nop51JlKB 2N , .3N II T.Jl. 

~3MepeHHe C B W COKOil TO~HOCTb~ N Q.!!. 11 6onee BbiC OKHX rap!'v! OHHK n o a e pxHocnr !I = 0 
r 

npeJlcTaan51eT cywecTBeHHbre TPY JlHOCTII, no3TOMY u enecoo6pa3 HO HCI1 0 ilb3 0B8Tb Jlpyro i1 M e T on 

OnpeJle/leH!f51 UO/lO>KeHH51 pa~HOBeCHOti op6HTbl B 83HMYT8/lbHO-He OLIH O p 0 LlllblX M8rllH TI-I blX U 0 /151X. 

0TK/lOHeHIIe noaepXHOC TH li , 0 OT Cpe AHeti nllOCK OCTH 3KBHB8/leHTHO T OMY 1 ~TO 0 C p CJl-

Hell U/lOCKOCTH U 0 51B/151eTC51 OT/lii~H851 OT HY/151 K OMUO He HT8 !I, 

CneAoBaTe nbHO nono>KeHHe paaHoaecHoii op6HTbl MO>Kl.IO onpe AenHTb 6 e3 Haxom n e tHHr a:-.JJ o;.K-

H OI! cj:JOpMbl MeJlH8HHOll UOBepXHOCTH 1 nyTeM H3M e p e HH51 aenH~HHbl H , B cp e AH e A - U/lOC K OC TII 

3a3opa. 

YpaaHeHHe aepTHK811bHoro JlBii>KeHH51 np11 3TO~M c T eM H }J<e npH6nHm e HHHMII, ~To 11 a ypaaHe

HIIH ( 6) 1 MO>KHO 38UHC8Tb B BHJle 

z" + Q.
2
z = ll~R) (1 + 2 iff) H, 0 (9) 1 

(8) 

rJle . ll ,
0 

ll, I z = o , p _!._!!_*(R) - .'VQ]_ OTK/lOHeHHe p8BHOB eC HOH • o p6HT bl OT OKppKHOC:: TH 

N - ( 1 + n) 

p8JlHyCa R Pa3nara51 ll,
0 

(¢) a p51Jl ct>ypbe 11 ocTaB/15151 a npaa o ll 'IBCTii ypaaH e HII51 ( 8 ) T On b -

• KO He 38BHC51llllle OT cp '1/leHbl, UO/ly'IHM: 

211 

2 
z"+Q.z= R In,. + 

ll (R) 
£ ll(N)I 

--2----- ro l 

N -(l+n) 
(9) 

rAe 
(N) 

ll, B U/lOCKOC TII Z = 0; ll,0 - 8Mil/lHTy -1 f H (cp)d¢ -cpeAHee 3H8'1eHIIe KOMnoHeHTbi 
211 o ro . 

JlB N 9A rapMOHHKII KOMnoHeHTbi H ~ a nnocKOCTII z = 0 • np11 p e 8/lbHblX 3H8 '1eHIIHX B e /lll'IHI-I b l 

(N) 
ll,

0 
BTOpb!M ~/leHOM B npaaoJt '18CTII ypaaHeHIIH (9) MO>KHO npeHe6pe 'lb H CMeweHH e o p6HT bl 

B aepTHK8/lbHOM HanpaaneHIIII 6yJleT OnpeJle/151TbC51 C/leJly~lllHM '18CTH blM p e weHH e M ypaOI·I e iii1H (9): 

z = R 
( !O J 

(!.
2 

ll(R) 

Bbrpa>KeHHe ( 10) MOryT 6b!Tb, C Jl0CT8TO'IHOQ Jl/lH npaKTHKH TO'IH OC TbiO , IICUO/lb30B8H O LlllH onpe- -

JleneHH51 UO/lO>K eHH 51 paBHOBeCHOJt o p6HTbl B ycKOpHTe /151X C npOCTp8HCTB e HH O H B 8p118UH e A M8rHHT-

Horo non51. 

2, 3KCnepaMeHT811b.J:Ible IICC/leJlOB8HII51 UO/lO>KeHII51 paBHOBeCHblX o p6HT 

B UHK/lOTpOHe C npocTpaHCTBeHHOll aapHaUHeJt 

¢opM11pOB8HIIe U0/151 BIIJl8 (2) B UIIK/lOTpOHe (Jlii8MeTp UO/l~Ca = 120 CM) 6bll10 o cyweCTB/le-

HO CIICTeMOJt CU11p811bHb!X II KO/lbUeBblX WHMM II TOKOBblX 06MOTOK . 

CHCTeMa TOKOBbiX o6MOTOK COCT051118 113 6-TH nap KBTywe;. . pacnono>KeHHblX Me>Kny Cnll -

p811bHbJMH lllHMM8MII H KpblWK8MH K8Mepbl CIIMMeTpH'IHO OTHOCHTe.'lbHO U/lOCKOCTH z =0. 

Ka>KJl851 K8TYWK8 II Mella p8JlH8/lbHbl.lt p83Mep \ R = 5,2 CM 1 Bb!COTY .\11 =0, 7 CM II COCT051 " 

118 113 115 BIITKOB, CepeJliiHbl KO/lbUeBblX 3q_H COOTBeTCTBY~llliiX KaTyWeK pacnono>KeHbl H8 p8JlHy-

cax r ""13,6 CM; 20,6 CM; 29,0 CM; 35,8 CM; 42,4 CM; 49,2CM, 

5 
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,· 

noganeHH·e OTnH'iHbiX OT Hyng 3HS'IeHHlt KOMnOHeHTbl H, B Cpe.aHelt reoMeTpH'ieCKOlt 

nnOCKOCTH CBR38HO C HeTO'iHOCTRMH B H3rOTOBnC:!'fU U yCTSHOBKe CUMMeTpU'iHbiX aneM9HTOB Mar

HUTHOlt CUCTeM!.I. llnR onpe.aeneHHR nono)!{eHUR ,PSBHOBeCHOlt op6HTbl npOU3BO.OUnUCb U3MepeHUR 

'H, - COCTaBnsiiOWelt nong B nnOCKOCTU Z "' 0 M8rHUTOMeTpOM 0 OCHOBSHHbiM H8 aci>cPeKT9 Xon-
/3/ - (N) 

na • Benu'iHHbi H,
0 

H 11,
0 

Ha paanH'iHbiX pa.aHycax Haxo.aHnuc& ua rapMOHU'iecKoro aHanHaa 

aaHMyTan&HbiX H3MepeHult H, -KoMnoHeHTbi no 36 TO'iKSM 

HOCTb onpe.aeneHHR H,
0 

cocTaan~na :!:_0,5 a. 

llononHHTenbHOe CMeWeHHe, o6ycnoaneHHOe yqeTOM 

( 11 cp "" .1JL ) • 8 aTOM cnyqae TO'i-
36 

(N) 
H ,

0 1 
Ha acex pa.auycax He npeabiwa-

no HeCKOnbKHX .QeCRTbiX MHnnHM9Tpa H B .QSnbHeltweM He Bbl'iHCnRnOCb. 

Ha puc. 1 npe.acTaaneHo pacnpe.aeneHue H,
0 

-KoMnoHeHTbi MarHHTHoro nong npH CHMMeT

pH'iHOM nHTSHHH KSTyWeK H COOTB9TCTBy10Wee nonO)!{eHHe paBHOBeCHOlt Op6UTbl 1 paCC'iHTSHHOe 

no <PopMyne ( 10). PeaoHaHcHoe cpe.aHee none a aToM cnyqae 6bino BbiiiOnHeHo c TO'iHOCTbiO 2.10-4 

B HHTepaane pa,aHyCOB ( 10-50 CM) • KaK BH.OHO H3 puc. 1 aepTUKSnbHOe CM9WeHUe paBHOBeCHOlt 

opCSHTbi a HHTepsane pa.auycoa ( 15-20 CM) npeabiwaeT nonyanepTypy .ayaHTa, pasay10 2 CM. 3To 

OTKnoHeHue CSbino ocTasneHo c Il:enbiO .aanbaellwea aKcnepHMeHTanbHOlt ' npoaepKH. KpoMe Toro 

H3 cPOpMynbl ( 10) BU.QH0 0 'iTO YM9HbW9HHe OTKnOH9HUR paBHOB9CHOlt op6UTJ:;I OT nnOCKOCTH Z = 0 

MO)!{eT CSbiTb .aocTurHyTo nyTeM yaenH'ieHUR qacTOTbi aepTHKanbHbiX KoneCSaHHlt. 

TaKoe uaMeHeHue Q. u 6binO ocywecTaneHo coa.aaHueM cna.aa10wero a.aonb pa.auyca 

MarHUTHoro nong .ao r .. 24 CM nyTeM yMeH&WeHUR TOKa a Il:eHTpanbHoll KaTywKe. YMeH&we-

HHe TOKS H8 senH'iUHY - 15 A npHBO.OHT K noganeHUIO rpa.aueHT8 Cpe.aHero MSrHUTHOrO n()ng 

dll T"'" 7,5 a/eM a HHTepaane r •(15-20 eM). npH aTOM npeabiWeHue nonR a Il:eHTpe Ha.a 

peaoHaHCHbiM aHa'leHHRM cocTasngno - 200 a. Pac'ieT&I no <PopMyne ( 10) noKaabiBSIOT, 'iTO 

OTKnOH9HR9 p&BHOB9CHOJl Op6HTbl OT nnOCKOCTU CUMM9TpHU B aTOM cnyqae He .OOn)!{HO npeB&I-

W8Tb Z -(),5 CM. 

3KcnepHM9HTbl C ny'iKOM nOK&3anH, 'iTO npu HOMUHSnbHbiX TOKSX B K8TyWK8X Tc;>K H8 MHWe

HH HC'ieaan Ha r ""15 CM 38 C'i9T nona,aaHHR ny'iKS Ha HH)!{HIOIO nnOCKOCTb .ayaHT81 'iTO corna

COBSnOCb C peaynbTST&MH MSrHUTHblX. H3M9p9HHJl. npH yM9HbW9HUH TOK8 B nepaolt KaTyWKe H8 

x) 
p8C'i9THYIO B9nH'iHHY, 6onbWHX OTKnOHeHHlt ny'IKS OT nnOCKOCTH Z ,.. 0 He Ha6niO.OSnOCb • 

. npH aTOM xopowo ccpoKyCHpoaaHH&Ill ny'ioK ycKopRncg .ao KOHe'iHOro pa.auyca, r.ae paaMep ero 

no aepTuKanu He npes&Iwan 4 MM. Bonbwoe OTKnoHeHHe cpe.aHero MarHUTHoro nong OT peaoHaHc· 

Horo 38KOHa B Il9HTpanbHOlt o6naCTH yCKOpuTeng He npUBO.OHnO K 38M9THbiM cP830BbiM nOTepRM 

'18CTHil 1 6naro.aapg UCnOnb30B8HHIO B aTHX aKcnepHMeHTSX OTHOCHTenbHO BbiCOKOrO Hanpg)!{eHaR 

Ha .ayaHTe ( V
0 

= 35 KB ) • 

llnR npoaepKU BbiBO.OOB TeopUH 6&InH npoae,aeHbl T8K)!{e aKCnepuMeHTbl no onpe.aeneHHIO 

eoa.aeltcTBHR Ha nono*eHHe nyqKa cpe.aHero aHa'leHUSI pa.auan&Holt cocTaanSIIOWelt nong if,
0 

, aHo-

CHMoro CSea HCK8)!{9HUSI cpe.aHero nonS! (Q: = Const). VfaMeHeHHe ii,
0 

.aocTuranocb nyTeM 

nepepacnpe.aeneHHR TOKOB a CHMMeTpu'IHbiX KaTywKax. Ha puc. 2 npe.acTaaneH&I pacnpe.aeneHHSI 

H-, 0 COCTSBnSIIOWHX nOnS!, U3MepeHHbl9 B U9HTpanbHOlt nnOCKOCTH, .OnSI KSTYW9K Ng 3 U Ng 6 npu 

111 • ~.8 A u tl.( • :!:_2,0 A, cooTBeTCTBeHHo. Ha puc . 3 npHae.aeHo cMeweHHe paeHoeecHolt 

op6HTbl 0 paCC'iUTSHHOe no cPOpMyne ( 10) 1 KOTOpoe o6ycnaenUB89TCSI pa.aHan bHOlt COCTaBnSIIOW9Jl 

x) nono)!{eaHe ny'iKa a KaMepe ycKopuTenSI onpe.aenHnocb euayanbHo no cee'leHu!O Keapuesolt 

MHW9HU. 
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:HOA 

3TO 

·o 

l = 0 

rca 

flSl 

Il 

0 

::orna-

Ke Ha 

x) 

.ep ero 

e30H8HC' 

repSlM 

~HHIO 

fi 
1 

aHo-
ro 

'TeM 

c.eneHHSl 

.f9 6 npH 

1eCHOll 

!SilO Well 

)ueaoA 

nons wecToA KaTywKH npa !11 = !_2 10 A. Ha aTOM )f{e pHcyHKe eTopaSl xpaaas xapaxTepa3yeT 

cMeweHHe ny'IK81 onpeiJ.eneHHoe no H3MeHeHHJO nono)f{eHHS cae'leHHs Ha KBapueaoA MHWeHH npH 

H3MeHeHHH TOK8 B WeCTOll K8TYWKe /',.J '8 !_2 1 0 A. KaK BHIJ.HO H3 cpaaHeHHs sTHX KpHBbiX 1 

pacqeTbi nono)f{eHHs paeHoeeCHbiX- op6HT no <jlopMyne ( 10) xopowo cornacy!OTCS c sKcnepHMeH

TOM B npeiJ.enax TO'IHOCTH BH3y8nbHOrO onpe.ae~eHHS nonO)f{_eHHSl ny'IK8 ( • !_ 2 MM) • 

n poBeiJ.eHHb!MH HCCneiJ.OB8HHSlMH ROK838H8 uenecoo6pa3HOCTb npHMeHeHHSl TOKOBb!X KSTyweK 

IJ.nSl perynHpoeaHHSl nono)f{eHHSl ny'IKa e aaaope MarHHTa. npHMeHeHHe cacTeMbi xaTyweK noaeo

nSleT B03IJ.ellCTBOBSTb H8 nono)f{eHHe yCKOpSleMoro nyqKa 6e3 HCK8)f{eHHSl c<j>OpMHpOB8HHOro 38KO

H8 cpeiJ.Hero MarHHTHOro nonSl. 0KOH'18TenbHaSl KOppeKUHSl nonO)f{eHHSl p8BHOBeCHb!X Op6HT MO)f{eT 

npOH3BO.OHTbCSl nocne aanyCK8 yCKOpHTenSl . Henocpe.aCTBeHHO no ny'IKY ~yCKOpeHHb!X HOHOB. 

npa <jlopMHpOB8HHH M8rHHTHOrO nonSl CnHpanbHOrO UHKnOTpOH8 6e3 HCnOnb30B8HHSl TOKOBb!X 

/4/ 
K8TyweK 1 WHMMiilpOB8HHe pa.aHSnbHOll COCT8BnSl10WeA MarHHTHOro nonSl OCyWeCTBnSlnOCb nyTeM 

nepepacnpeiJ.eneHHSl )f{ene3Hb!X M8CC (ceKTOpHb!X u:rHMM H UHnHHIJ.pOB Manoro IlHSMeTpa) OTHOCH-

TenbHO cpeiJ.HeA nnocxOCTH. Ha pHc. 4 noKaaaHa KpHeaSl II ro r ) ·1 H3MepeHHSSl nocne coo~ 

BeTCTBYJOWero WHMMHpOB8HHSl p8IJ.H8nbHOll COCT8BnSlJOWell noml 1 H 38BHCHMOCTb z(r) 

T8HH8Sl no <jlopMyne ( 10). 

paCC'IH-

PacqeTHbie oTxnoHeHHSl oT nnocKOCTH z - 0 B STOM Cny'lae ae npeBbiW8JOT 0,5 CM, 'ITO 

SlenseTCSl enonHe .aonycTHMbiM. 

BHayanbHbie Ha6nJOIJ.eHHSl 38 ny'IKOM noxaaana, 'ITO OTKnoHeHHe ny'IKa oT cpeiJ.HeA nnocxoc-

TH He npeBb!W8eT 0,5 CM H COOTBeTCTByeT X8p8KTepy 38BHCHMOCTH 

H8 pHC. 4. 

z(r) , npeiJ.cTaaneHHOA 

TaKHM o6p830M npH HCnOnb30B8HRH H3nO)f{eHHOro MeTOIJ.8, BMeCTO onpe.aeneHHSl KOH<j>Hrypa~ 

uHH noeepxHOCTH H, = 0 Heo6xo.aHMO. HallTH cpe.aHee aHa'leHHe KOMnoHeHTbi nonSl B, e cpe.a

HeA nnOCKOCTH ( Z "' 0) • nocne STOrO CMeWeH~e p8BHOB_eCHOll op6HTbl B aepTHK8nbHOM Hanpae

neHHH nonHOCTblO onpeiJ.eneHo. npoae.aeHHSSl sKcnepHMeHTanbHaH npoeepxa noKaaana IJ.OCTaTo'I

HYIO TO'IHOCTb paccMoTpeHHoro MeTOIJ.a H uenecoo6paaHOCTb npHMeHeHHSl ero K ycKopHTenSlM c 

npocTpaHCTBeHHOA aapHauaeA MarHHTHoro nonSl. 

ABTOpbl Bb!p8)1{810T 6narOIJ.8pHOCTb B.n . Jl)f{enenoay H 6.VI. 3aMonOIJ.'IHKOBY 38 ueHHbJe 38Me

'18HHS npH 06Cy)f{.QeHHH pa60Tbl.." 

noSleneHHe KOMROHeHTbl H r B cpeiJ.HeA nnOCKOCTH ( z = 0) CBSl38HO C HeTO'IHOCTSlMH 

B H3rOTOBneHHH H yCT8HOBKe CHMMeTpH'IHbiX sneMeHTOB M8rHHTHOll CHCTeMbi . OueHHM 3H8'1eHHe 

p8IlH8nbHOll COCT8BnSIOWell nons, KOT0p8Sl MO)f{eT B03HHKHYTb B . '710CKOCTH Z = 0 

HOM H3rOTOBneHHH CHCTeMbl CnHpanbHb!X WHMM • PaccMOTPHM cnapanbHbJe WHMMbi (r = 'AN¢), 

CMeWeHHbie OTHOCHTenbHO .apyr IJ.pyra H8 yron 2rr 
'N-

, .anSI KOTOpblX 83HMyT8nbH8SI npOTSI)f{eH-

HOCTb WHMM p8BH8 a + {1 a, p8CCTOSlHHe OT nnOCKOCTH Z • 0 paBHQl h + !1 h H cywecTeyeT z - r 
yrnoeoe CMeWeHHe eepXHHX "N WHMM OTHOCHTenbHO HH)f{HHX H8 yron A¢ 
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B npennono)!(eHJHI p a sHoMepHoro HaMaf'Hli'II!B aHII51 no o c11 z KOMllOHeHThl M8f'HIITHOf'O 

/5/ 
fl 0 1151 T8KOI:t CIICTeM SI B 06ll8CTII - h 

1
< Z <h 1 · M luK HO npeLlCT8BIITb B BIILle 

oo Sin .!ll.(a tl~.r.Y R k . oo -A !':,. t:,. . 
II = 2MN I fm _ _ _ .2._ ____ J Cosm(¢ ±1':,.¢-~J J[e (hi± hz-z>+e-A(hz'i=. hl•'JlrAr)j (Ar')Ar!At1dr1 

• m =o m 0 A o til. m 

00 
· , m(a±l':,.a)R 00 Stn _ _____ k -A(h+t:,.h -•> 

II =- 2Ml'l ~ E fCosm(¢+1':,.¢-Z:....) f[e z- 1 · 
, m=o"' m · O A 0 

( 12) 

-A(h ±.t.h1+•>] 1'1(A.r'i (Ar)A.dA.r1dr' +e 1 m Jm 

H¢= 

00 
( !':,. Rk 

00 -A(h +t':,.h -·> -A(h +t':,.h +•) 
2tl N"i! Sin 11' a± a) fSinm(¢+1':,.¢-{:) f[e z- 1 +e 1

-
1 ]j (Ar)j (At1)dA.r 1 dt 1 

l'm=o m 2 o A .0 m m J 

-¢yHKUII51 6ecce1151
1 rne 

a f = 1 np11 m = 0 11 ( = 2 np11 m > 0 , m = kN ( k =0,1, 2 ••• ), M - HaMarHII-
m m 

'leHHOCTb CIICTeMhi cn11pa11bHhiX WIIMM. l-13 ¢opMy11hi ( 12) BIILlHO, 'ITO cpenHee 3Ha'leHIIe II¢ 

C OCT8B1151IOI1.1ei:t ( 11' = 0) BCerna paBHO Hy11IO. l-13MeHeHII51 cpenHef'O !101151 ll • (r) 11 sap11a-

Ullll OT CIICTeMbl C!IIIp8llbHhiX WIIMM 51Bll5110TC51 HeCyllleCTBeHHhiMII npll paCCMOTpeHIIII Mellii8HHOI:t 

' 
!IOBepXHOCTII. noaTOMy B Ll8llbHei:tWeM 6yneM paCCM8Tp11B8Tb 113MeHeHIIe T011bKO p8Llll811bHOl! 

1 . 

COCT8B1151IOI1.1ei:t H8!Ip51)!(eHHOCTII !101151. np11 YC110BIIII H811XY LlWef'O pacnpeneneHII51 OWII60K ( !':,.a >0, 
' 

t\h
1
>0 Ll1151 0 ~r~R 11 t.a<O , t.h

1
< 0 Ll1151 R < r < R ) 3Ha'leHIIe H B nnocKOCTII z = 0 

- - K t 

C TO'IHOCTbiO LlO 6eCKOHe'IHO M811hlX BTOpOf'O !IOp51LlK8 MO)!(HO H8i:tTII 113 ¢opMy11hl 

In, I 
R 

4MNltl.¢ I EmSin me;. .{Sinm(¢- t/ A) f 
m=o 2 0 

(13) 

e-Ahlj 1 (A.r)j (A.r')A.dA.r 1dr' 
m m + 

0 

!':,. 00 R 00 -A h 
+ __::I EmCos ~~ J Cosm (¢- t/A) f e I i' (At) j (>..t 1 ) AdA.r 1 dr 1 + 

2 m=o 2 o 
0 

m m 

00 s· ma R A 2 
+ l':,.h If __.!_!!__~~ f Cosm (¢ - r/ >..) f e- h1j 1 (A.t)jJA.r 1)A dA. 1dt 1 I. 

1 m m 
m=o m o o 

K aK ihxn o noKa3aHo BhiWe, onpene11R IO I1.111 M Llll51 no110)!(eHII51 MeLlii8HHol:t nose pxHOCTII RB1151-

eTC51 c p e .n Hee 3 H8'1e HIIe 11, _•COCT8BllRIOllleA, KOTOpOMy B ¢opMy11e ( 13) COOTBe TCTByeT '111eH C 

m = 0 , 0TM eTIIM, 'ITO Yf'110B Oe CMellleHIIe BepXHIIX II HII)!(HIIX WIIMM OTHOCIIT e 11bHO LlPYf' npyra 

(;!:: /).cp) npiiBOLliiT T011bKO K !IORBlleHIIIO rapMOHIIK /I, - COCT8Bl151IOI1.1ei:t M8f'HIITHOf'O !101151. 

CpenHee 3Ha'leHIIe II - cocTaBl151IOllleA, Bhi3B8HHoe ow116K8MII !':,. h 11 !':,.a Lll151 cn11pan bHhiX 
, 1 

W l!M :vt Bb!C OT bl 2b = h 
2

- h 
1

, MO)!(eT 6 bJTb ll011y'leHO 113 ( 13) B C11eLlyiOI1.1eM BIILle: 

Il,(r,o) = ~liNjQ_c:_.,;_B_[Q (h 1

1

+R
2

+r
2 

" 2 r y, 2Rt- ) 

2 2 2 

Q~,~,(ll 2 +R_+r J] 
2Rt 

+ !1.!1 a 1 -2-
I h 2 R2 2 I h 2 R 2 2 

_1__ [ h Q r .:.:J~ ___ :':..!:._J- h Q ( _t+: __ 2!:.__J] I 
2yrR 1 y, 2Rr 1 V. 2Rr J 

( 14) 

r ne Q
11
, - cc}:Je p11'1 e CK851 cpyHKU11 51 ne)!(8HLlp8 II 

/6/ 
-ro pona Pac'leTw no aToll ¢opMy11e nnR 

/ 2 / 
U II K110 Tp o Ha c napa MeTpaMII cn11panbHhiX WIIM M All = 16,2 CM, 

8 

h l =4 CM, h =1 
2 

CM, 

n 

M 



ro 

lr'dr' 

2) 

>.. r'dr' 

dr' 
) 

>l\ 

~a >0 1 

= 0 

(13) 

qneH c 

• apyra 

IOn5i . 

tnbHb!X 

(14) 

ryne anSi 

CM, 

R
11 

'"58 CM 1 

!._ 0,1 MM H 

a =9· 10-2 
2 

paa. npH aonycKax H8 TO'IHOCTb H3r'OTOBnem!5i H yCT8HOBKH WHMM 

R -30 CM noK83hlB810T, 'ITO M8KCHManbHO B03MO)KH8SI aenH 4HHa H , 
wei\ B nnOCKOCTH Z "' 0 MO)KeT aOCTHr'8Tb 3H84eHH5i 15 3pcTea . TaKHM o6pa3oM a n106ol\ 

peanbHOl\ . M8r'HHTHOl\ CHCTeMe B03MO.)I{Hbl OTKnOHeHHSl MeaH8HHOl\ noaepXHOC TH OT nnOCKOCTH CHM-

MeTp1!1! 1 KOTOpble MOr'yT npeBb!W8Tb aonyCTI!Mbie 3H84eHI!Sl, illiiMMI!pOB8HI!e li - coCT8BnSIIOWel\ , 
MO>KeT 6b!Tb OCyWeCTBneHO C OOMOWbiO nepepacnpeaeneHI!SI TOK OB 11n11 )Kene3Hb!X M8CC 1 CI!MMeT

pHqHhlX OTHOCI!TenbHO nnOCKOCTI! Z -0. 

Jlng pacqeTa H, -cocTaen5iiOllleA Hanpg.)KeHHOCTH MarHI!THOro n o ng OT paaHoMepH o HaM a rHI!-

qeHHOr'O aHCK8 HnH OaHOCnoilHOr'O TOKOBOr'O coneHOHaa paa11yca 

6biTb HCnonb3oaaHa ¢cip"''f n/'
7 1 

R 11 B biCO Tbi h 
2

- h1 MO)KeT 

( 15) 

rae Ko3cl:>ci:>HuHeHT A =2M ang alfcKa H A= 0,21W anSi coneHOI!.aa ( IIV _ - 41!Cno aMnep-

BI!TKOB H8 eaHHHUy anHHbi), Vf3 Bblp8.)KeHH5i { 15) npH 

HJlO ¢opMyny anSi paaHanbHOJl KOMOOHeHTbl M8r'HHTH0r'O 

aHCKa/
61

. 

l!_l.:!!_z << J MO.)KH O nony41!Tb 1!3BecT-

hl 
nong T OKOBOr' O BI!TK8 (l!nH "TOHKOr'O" 

Iln5i KOnbueeoA WII.MMbi ( !1. R = R ,- R 
1

) H, cocTaBnHIOlll85i MO*eT 6biTb pacc'lHTaHa 113 cooT

HOWeHI!SI: 

H,(r) = ll,(r,R,)- II, (t 1 R1 ), 

rae H, (t 1 R) onpeaen5ieTC5i ¢opMynoA { 15). 

EcnH KpHBI!3HOA WHMM HnH TOKOBb!X B.HTKOB MO.)KHO npe He6pe4b 1 TO ang OUeHKH paal!8nb-

HOJl COCT8Bn5ii01UeJl MO.)KHO nonb30B8TbCSI Bblp8.)KeHH5iMH anSI KOMOOHeHT nong np5iMOni!Hel\HblX 

WHMM {HnH TOKOB) HeorpaHH'leHHOA anHHbl, TaK anSi np5iMOni!HeHHOH WI!MMbl p8C4eT 

n5i!OllleA npOH3BOaHTC5i no ¢opMyne 

H = M [en 
y. 

'J 'J 
(y+ c) +h

1 

(y-c)'+ h 1' 

rae 2c TOnlUHHS WHMMbl, 

H cocTaa• · 
Y-

{ 16 ) 

!ln5i TOKOBblX BHTKOB 1 pacnonO.)KeHHblX B "TOHKOM" cnoe npOT5i.)KeHHOC TbiO 2c C n orOHH Oi! 

nnOTHOCTbiO .i A/CM ,Jl y COCT8BnHIOlll8SI M8r'HHTHOr'O nonH 380HWeTC5i B BHae 

H y"' 0,2 i [arct« Y~ - arct" y+:] 6 h " h . 
( 17 ) 

!lnH p8C'leT8 H, - KOMOOHeHTbl M8r'HHTHOr'O nonH OT UHnHHapa Man oro LlHBMeTpa (-* << R) 

MO.)KHO eocnonb30B8TbCSI cneayJOlllHM BbiP8*eHHeM: 

2 2 'J 
~ + R +r 

( _1_______ ) 

2Rr 
+ ( 18) - Q - y, 

+ 
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rLle cp - LlHBMeTp UHIJH HLlpB , R - paLlHyc ycTaHOBKII uHnHHLlpa, Q~'V: (x) ~ _!!._ Q_u (x) 
• dx " 

npH p8C'leTe Jl, COCT8BIJ S110We ll OT f'8311H'IHbJX WHMMHpy!OWHX 31JeMeHTOB 0 pacnonaraeMbiX 

B 3a30pe 31JeKTpOMarHHTa, He06XOLlHMO Y'IHThl BaTb BIJHSIHHe nOli!OCHhlX HaKOHe'IHHKOB Ha HX none. 

TaK, 1l - KOMPOHeH Ta nOliSI CIJOSI TOK8 (17) C yqeTOM 6eCKOHe'IHOrO 'IHCna OT06pa•eHHll aanH-y . 

WeTCSI B BHLle 

1l ~ 01 2 j l arc tg ( tg 11h th _!!_ ( y + C ) ]-arc tg ( tg TT h th :.E._ (}' - C ) ] + 
v 2Y _ 2P 2£ · 2£ 

(19) 

+ arctg ( ctg rrh th JL..(y +c) ] - arctg ( ctg JLflth JL.. (y- c J) 1, 
2£ 2£ 2£ 2f 

rLl e £ - 3a30p aneKTpOM8rHHTa. 

EcnH WHMMHpyrowHe aneMeHTbi pacnono•eHbi aa CHcTeMoll cnHP,anhHbi X WHMM ( HliH Kp biw

KaMH KaMepbi), pacqeT COCTaBnSI!OllilfX nonS! B pa60'leM aaaope CyWeCTBeHHO OCnO•HSieTCSI H3-3a 

HanH'llfSI 3KpaHHpy!OWero LlellCTBifSI CnHp8nbHbiX WHMM. 3Kp8HHpy!OWee LlellCTBHe npH61JH-eHHO 

MO.eT 6 "b!Tb Y:ITeHO BBeLleHHeM B pacqeTHbJe QJOpMynbi 3MnHpH'leCKOro KO~QJQJHUHeHT8 

K .. H pac. >1 
3Kp. HaKe •• 

OnbiT noKaabxsaeT, 'ITO K03QJQJHUHeHT aKpaHHposaHHSI onpeLlenSieTCSI rcoMeT-

pHell li MarHHTHbJM COCTOSIHHeM 3KpaHa If cna6o 3aBHCHT OT senH'llfHbl If xapaKTepa nonS!, C03Lla-

saeMoro WHMMHPYIOWHMH aneMeHT8MH. Ha pHc. 2 npHBeLleHa aaBHCHMOCTb H,0 o T paLlHyca 

LlnSI 3-A KaTyWKH, pacC'IHTaHHaSI no Q:lopMyne ( 19). CpasHeHHe pac~eTa c aKcnepHMeHTOM noKa-

3biBaeT, 'ITO LlnSI MarHHTHOll CHCTeMbl 3TOrO UHKnOTpOHa K -2 • PacqeTbl COCTaBnSI!OWHX Mar-. 3Kp . 

HliTHOrO nOnS! WHMM If TOKOBbiX KaTyWeK C POCTOSIHHbiM KoacpcpHUHeHTOM 3KpaHHpOBaHHSI KaKp- 2 

COBnaLlaeT C 3KCnepHMeHT8MH C TO'IHOCTb!O - 10% OT M8KCHManbHOro - B03MyWeHHSI nonS! ( pHC.2 ). 
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PHc. 1. o- o- o, x - ;,c-- x - pacnpe.aeneHHe B,
0 

- cocTasnsuowea HanpsnKeHHOCTH MarHHTHoro nonS! npH pall:
HbiX TOK8X B CHMMeTpHqHbiX K8TyWK8X H COOTBeTCTBYIOWee nono)KeHHe p8BHOBeCHOA op6HTbl (no cpop
Myne 10). 
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PHc. 2. x---x~--x, o--o--o - aKcnepHMeHTanbHoe pacnpeaeneHH e ff,
0 

- cocTasnsuoweA nonS! OT KaTyweK 

N9 3 H N2 6 npH 6 1 = 2,6 A H t:.J = ±_2,0 A, cooTseTCTBeHHO. 

- - --- - 3aBHCHMOCTH H,
0 

( t) J;lnSI 3-eA KaTylllKH, paCC'IH TaHHbie no lPOpMyne ( 19) 083 
yqeTa aKpaHHposaHHSI H c Koa<P<PHuHeHTOM aKpaHHposaHHSI K = 2. 

9KP• 

50 

2 Cll/. 
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;o 

10 -co 

0 

PH c. 2. x---x..:.--x, o--o--o - 9KCnepHMeHT81lbHOe pacnpelleneHH e n ro - L;Uv. u~· .. ··-~. - 

N.? 3 H N2 6 npH ~ I = 2,6 A H ~~ = ;t_2,0 A, cooTBeTCTBeHHO . 

I - - --- - 38BHCHMOCTH Hro (r) llnl1. 3-eA KSTyW KH, pacc<iH T8HHble no cpopMyne ( 19) oea 

yqeTa 9KpaHHpOB8HHSI H c KoacpcpHuHeHTOM aKpaHHpoaaHH SI K = 2. 9KP• 

' 

10 20 ~0 flO 

PHc, 3. o---o---o, x---x---x - pacqeTHoe H aKcnepHMeHT81lbHoe CMeWeHHe p8BHOBeCHOA op6HTbl IIpH rrepe-

pacrrpe,tleneHHH TOK8 B 4-oft KSTyWKe Ha ~ J "';t_2,0 A, 

so C C/'1. 
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PH C , 4 , o ---o ---o , x --x--x - pampe .a e neHHe H,
0 

C OC T8Bns!IOWe A H8np5DK9 HHOC T ii M8l'Hii1'HO!'O nonS! li COOT

B9TC TBYIOW99 non0)!{9 Hii9 p8BHOB9CHOA o p6!iTbl nocne nepe pacnpe.aeneHiiSl W li MM , 

'• 
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