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3annaTHH H.Jl., CaMCOHOB E.B. P9 - 8257 
8bi5op napaMeTpOB MarHHTHOH CHCTeMbl LlRSI BbiBOLl8 'iaCTHU 

H3 sneKTpOHHOH MOLleRH KQnhUeBOrO UHKROTpOH8 MeTOLlOM 

paCWHpeHHSI 38MKHYTbiX op5HT 

B pa5oTe npHBeLleHbi peaynhTaTbi pac'ieTOB no Bhi5opy napaMeTpOB ao-
nonHHTenhHbiX TOKOBbiX 05MOTOK MOLleRH LlRSI C03Ll8HHSI Tpe5yeMOrO 

H3MeHeHHSI B8pH8UHH MarHHTHOrO nORSI !18 KOHe'iHbiX paaaycax. 

BbmonHeH aaanHa B03MO:lKHb!X B03MYWeHHH oT paanH'iHbiX sneMe!ITOB 

TOKOBOll CHCTeMhlo DpeLlRO:lKeHH8SI CHCTeMa KOHUeHTpH'IeCKHX o5MOTOK n03BD

nS!eT C 50nhWeH TO'IHOCTh!O c!jlopMHpOB8Th CpeLlHee MarHHTHOe none MOAenH. 

Coo6JneHHe 06be.QJIHeHHoro HHCTHTyTa s,nepHhiiX HCCJJe,nosaHHit 

,lzy6Ha, 1974 

Zaplatin N.L., Samsonov E.V. P9 - 8257 

Choosing of the Parameters of the Magnetic 
System for Particle Extraction from the Ring 
Cyclotron Electron Model by the Method of 
Closed Orbit Expansion 

The results are presented of calculations for choosing 
the parameters of complementary windings of the model to 
create the required changing in the magnetic field 
variations at final radii. The analysis of possible pertur 
bations arising from different elements of current system 
is performed. The suggested system of concentric windings 
allows the average magnetic field to be formed more accura
tely. 

Communications of the Joint Institute for Nuelear Researeh. 
Dubna, 1974 

BeeoeHue 

H3 TeopeTHqecKoro Hccne.D.oBaHHH /I/ HJBeCTHo, qTo 

B YCKOpHTenbHbiX ycTaHOBKaX C BapHaU.HeH MarHHTHOrO 

nonH /U.HKnoTpOH, $a30TpOH/ llpH yMeHbiiieHHH rny6HHbl 

BapHaU.HH B)].Onb pa)].HyCa YCKOpHTeml npOHCXO)].HT paciiiHpe

HHe 3aMKHYTbiX op6HT, qTo MO)KeT 6b1Tb HCDOnb30BaHO )J.nH 

3~eKTHBHOrO BbiBO)].a qacTHU. H3 YCKOpHTeneii C 6onbiiiOH 

(c-Y)senHqHHOH BapHaU.HH MarHHTHOro nonH. 

- ~nH 3KcnepeMeHTanLHoro eccne.D.oBaHHH 3Toro 3~eK-
Ta Ha 3neKTpOHHOH MO)].enH KOnbU.eBoro U.HKnOTpOHa 

/3MKU/ / 2•3/ Jla6opaTopee H.D.epHLIX npo6neM OlUIH co

J.D.aHa cHcTeMa, noJsonHIOIIJ.aH perynuposaTb xapaKTep H3-

MeHeHHJI BapHaU.HH Ha KOHeqHblX pa)].Hycax. 

Ha pee. 1 /KpHBbie 5 H 6/ noKaJaHLI ;JaBHCHMOCTH oc

HOBHoii, 8-oii rapMOHHKH DOnH H ee $a3bl OT pa)].Hyca. 

~nJI o6ecneqeHHH paJ.D.eneHHH op6HT L'lr "' 3 CMHeo6xo

.D.HMO C$OpMHpOBaTb BapHaU.HIO MarHHTHOrO nonH )J.nH r = 

dH 
= 97,5 CM TaK, qT06bl --8- = -2,7 3/CM npH npHMepHO 

dr d 
u "' u ¢s 0 DOCTOJIHHOH '!'a3e OCHOBHOH rapMOHHKH, T.e. de = · 

1. Cnoco6 co30aHU.R cnaoa eapuaijuu 

PaccMaTpHBanHcb )].Ba cnoco6a coJ.D.aHHJI Heo6xo.D.HMoro 
cna.D.a sapeau.HH. 

llepBbiB 3aKnJOqanCH B I!JopMHpOBaHHH Hy)KHOH BenHqHHbl 

aMDnHTY.ll.bi 8-oii rapMOHHKH BO BCeM )1.Hana30He pa.D.HYCOB, 
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Puc. 1. AMnAUIIfyc:)a 1--1 u (Jaaa I--- -I 8- ou zapMOHUKU 
noAJi 3MKa c:)A.R I ocH. = 766A u napaMelllpoa c:)onoAHUIIIeAbHOU 
aapUaijUOHHOU 06MOIIIKU, npuaec:)eHHbiX 8 IIIQ6AUfl€. 

BKJIIOqaJI KOHeqHbiC, C llOMOillhiO nnoCKOH o6MOTKH C nepe

MCHHOH yrnoBOH npOTH)I(CHHOCTLIO MC)I(,I:\y npOBO,I:\HHKaMH. 

TaKa.H o6MOTKa, 6naro,I:\ap.ll ee nnocKoii crpyKrype, Morna 

6LlTh cpaBHHTCnLHO llpOCTO H3rOTOBneHa. 

BTopoii llO,I:\XO,I:\ COCTOHn B Bb16ope BapnaUHOHHOH o6-

MOTKH, ,1:\0llOnHHTenLHOH K y)l(e cymecTBYIOilleii B 3MKI.J. 

H HMeiOilleH uenLIO C03,I:\aHHe noKanLHOrO H3MeHeHHH BapHaUHH 

MarHHTHOrO non.ll B 30He KOHeqHLIX pa,I:\HYCOB/90 7 100/ CM. 

BLI6op KOHtllurypauuii o6MOTOK B o6oux cnyqagx npoBo-

,1:\HnCH Ha 3BM c ucnonL30BaHHeM nporpaMM 'LININT H 

4 

VACUW cooTBeTcTseuno. llepBa.H nporpaMMa na ocnoBe 

3aKOHa liuo-CaBapa n03BOn.HeT paccqHTbiBaTb MarHHTHOC 

none, C03,I:\aBaeMoe nHHeHHLIM TOKOM npOH3BOnbHOH tilopMbl, 

H npOBO,I:\HTh rapMOHHqecKHH aHanH3 paccquTaHHOrO non.11. 

BTopa.ll nporpaMMa npoH3BO.L\HT pacqeT rapMOHHK MarHHTHO

ro non.11, C03,I:\aBaeMoro HCCKOnbKHMH nepHO,I:\HqecKHMH o6-

MOTKaMH, COCTOJIIllHMH H3 ,1:\yr OKpy)I(HOCTCH H COe,I:\HHHIOillHX 

:ax oTpe3KOB cnnpaneu ApxuMe,I:\a. /KpaTKHe onHcaHHH npo

rpaMM ,1:\aHbl B npHnO)I(eHHH/. 

B pe3ynhTaTe npoBe,I:\eHHbiX pacqeToB 6blna noKa3aHa 

HeB03MO)I(HOCTh ¢opMHpOBaHHH He06XO,I:\HMOrO rpa,I:\HeHTa 

cna,na BapHa:QHH C nOMOI:QbiO nnOCKOH 06MOTKH BCne,I:\CTBHe 

TOrO, qTo no KOHCTpyKTHBHbiM C006pa)l(eHHJIM OHa He MOrna 

6b1Th pacnonO)I(eHa Ha paCCTOJIHHH MeHbWe qeM 6,5 CM OT 

Me,I:\nanno:B nnocKocTn. Cne,I:\yeT TaK)I(e OTMeTHTb, qTo Bblc

rnue rapMOHHKH nOIIJII, C03,I:\aBaeMble TaKOH 06MOTKOH, ,1:\0CTH

raiDT 3uaqnTenLHbiX BenuquH. HanpuMep, aMnnuTy,I:\a 16-ou 

rapMOHHKH B cpe,I:\HeM Haxo,I:\HIIacL na ypoBHe 50% oT aMn

IIHTY.L\bi OCHOBHOH, 8- ou rapMOHHKH, qTo npHBO,I:\HT K ycno)l(

nenuro ananu3a ,1:\BH)I(eHHB qacTH:Q B TaKOM none. 

BBH.L\Y 3TOrO 6onee nO,I:\XO,I:\HillHM OKa3ancB BTOpoii cno

co6 - C HCnOnb30BaHHeM ,1:\0nonHHTenbHOH BapHa:QHOHHOH 

Puc. 2. KoH¢uzypafiU.R c:)onoAHUIIIeAbHOU aapuat~UOHHou o6-
MOIIIKU. 
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Puc. 3. 3aeucuMOC111b aMnAUIIIYObl u rjja3bl 8- oil zapMOHUKU 
nOA.JI 0111 paouyca OA.JI 6b16paHHOU KOH~uzypa!IUU oonOAHU
meAbHOU eapUaiiUOHHOU o6M0111KU. 

o6MOTI<H. 0TMeTHM, qTo Tai<aJI 06MOTI<a ~aeT B03MO)KHOCTh 
accne~oBaHHJI pa3naqawx pe)KHMOB BhiBO~a qacTH~ nyTeM 
perynapoBaHHJI cna~a aapaa~aa. ~ononaaTen&HaJI o6MOTI<a 
~nJI co3~aHHJI cna~a aapaa~aa npe~cTaBnJieT co6oi cacTeMy 
~BYX CHMMeTpaqao pacnonO)KeHHhiX OTHOCHTen&HO Me~HaH
HOB nnoci<OCTH o~aaoqayx npoao~HHI<OB, yno)KeHHhiX no pa
~aan&HhiM nHHHJIM a ~yraM oi<py)KHOCTei /pac. 2/. B npo
~ecce Bhl6opa reoMeTpaqeci<ax pa3Mepoa 3Toi o6MOTI<H 
pa~aan&aoe a a3&MyTan&aoe pacnono)Keaae ~yr oi<py)I(HOCTei 
HeO~HOI<paTHO H3MeHJinOCh B COOTBeTCTBHH C pe3yn&TaTaMH 
qacneHHhiX pacqeToB ~BH)KeHHJI qacTH~. ~nJI anmocTpa~aa 
aa pac. 1 npaae~ea pJI~ I<pHBhiX cna~a aapaa~aa, nonyqe&Hhlx 
npH «<IHI<CHpOBaHHOM MeCTOnOnO)KeHHH I<OHeqaoro pa~ayca 
06MOTI<H H pa~ayca nepeceqeHHJI Cpe~HHX nHHHB 3neMeHTOB 

6 

nepHOAHqHOCTH OCHOBHOB H ~ononHHTen&HOB Bapaa~OHHWX 
06MOTOI< /pa~HYC npHBJI3I<H/. reoMeTp&qeCI<He pa3Mepw 
o6MOTOI< yi<a3aaw B Ta6na~e aa pac. 1. 

Bw6paaahle ~JI 3MKIJ, reoMeTpaqeci<ae pa3Mephl o6-
MOTI<H cne~yroiiUie: ~yra oi<py)I(HOCTei pacnono)KeHhl aa pa
~cax R H "" 100 eM a R K "" 111,5 CM, paccTOJIHHe o6MOTI<H 
OT MeA&aHHOB nnOCI<OCTH h "" 7,05 CM, pa~ayc npHBJI3I<H 
R rrpJID = 103,9 eM, yron Me~y npJIMhiM a o6paTHhiM npo
BO~HI<aMa 3neMeHTa nepao~aqaocTa cocTaBnJieT a= 22,5 °. 

Ha pac. 3 npaae~ea rpa«<lai< aMnnaTy~w a 4la3w 8-oi 
rapMOHHI<H CYMMapaoro MarHHTHOrO nonJI OCHOBHOB H ~0-
nonaaTem;,aoi aapaa~aoaawx o6MOTOI< c Toi<aMH Ioclf' 760 A 
a I ,qorr "" 1000 A cooTBeTcTaeaao. IIpaae~eaawe xapai<Te
pacTHI<H aapaa~aa nonJI acnon&30Banac& ~nJI pacqeTa pacwa
peaaJI 3aMI<HYTOB op6aTw. 6wna noi<a3aaa npaeMneMOCTh 
nonyqeaahlx napaMeTpoa aapaa~aa. 

2. KoMneHcai,u.JI cpecmezo MazHumHozo noA.JI 
OOnOAHUIIfeAbHOU eapUaiiUOHHOU 06M0111KU 

Cpe~aee MaraaTaoe none co3~aeTcJI oTpe3I<aMH ~yr 
oi<p~aocTei o6MOTI<H. Ha pac. 4 npaae~eao cpe~aee Mar
HHTHoe none o6MOTI<H npa TOI<e I ,qorr"" 1000 A. Kpaawe 1 
a 2 npe~cTaBnJIIOT nonJI, co3~aaaeMwe oTpe3I<aMH ~yr, pac
nonO)KeHHhiX Ha pa~aycax 100 H 111,5 CM COOTBeTCTBeHHO, 
I<paaaJI 3 - cyMMapaoe none. 

PaccMaTpaaanac& pa3Hhle cnoco6w I<OMneaca~aa cpe~
aero nonJI 06MOTI<H, a HMeHHO: C nOMO~hJO 13 06MOTOI< 
rpy60B I<Oppei<~HH ,-2/, HMeJOIIUIXCJI Ha MO~ena /CM. Ta6n. 1/ 
I<OH~eaTpaqeci<ax BHTI<OB, 6n&3I<O pacnono)Keaawx I- 1 eM/ 
I< oTpe3I<aM ~yr o6MOTI<H. O~aai<o aenaqaaa aeci<oMneaca
poaaaaoro nonJI B n106oM &3 3TBx cnoco6oa 3aaqaTen&Ho 
npeaywana ~onyci< aa H3oxpoaaoe none Ill, aenaqaaa I<o
Toporo B 30He pa~ayca 100 CM COCTaBnJieT -0,05 3. 0T
MeTHM, qTo I<OMneaca~HJI nonJI Tai<HMH CHCTeMaMH o6na~aeT 
Hey~06CTBaMH, CBJI3aHHhiMH C He06XO~HMOCThJO nepecTpOBI<H 
CHCTeMhl nHTaHHJI 06MOTOI< npa H3MeHeHHH TOI<a ~OnOnHH
Ten&HOB Bapaa~HOHHOB o6MOTI<B. 

7 



:s: 
:s: 
::! 
::<: 
(J) 

0.. 
g. 
::<: 

>:S: 
0 

10 
;;.., 
0.. 
t:... 

::<: 
0 
f.< 
0 
:::: 

10 
0 

:a 
0.. 
f.< 
(J) 

:::: 
tU 
0.. 
tU 

t:: 

..... 
(lj 
::r = t:: 

10 
(lj 

E-< 

M 
H 

H 
H 

0 
H 

m 

co 

t--

t.O 

1.{) 

""' 
M 

~ 

H 

~ 
0 

~ 
0 

~ 

8 

~ t--.. 
H t--

""' .. 
t.O 

lO 

tB t-.. 
N 

H H 

lO 
lO ~ m 

H 

~ ~ 
H 

1.{) 

te ~ 
H 

~ 1.{) 
t.O 

H 

1.{) 
lO £:"--
lO N' 

lO 

""' 
1.{) ~ M 

H 

1.{) 

lO ~ 
N H 

1.{) 
N ~ H 

H 

""' 0 .. 
H t.O 

:::: :::: 
0 0 . -
~ ..s::: 

H 

H 

~ 

~ 
~ 

J: 
"~ ~ 8 Q:: 

0 
t.O 

0 
M 

0 
M 

0 
M 

0 
M 

M 

0 
1.{) 
H 

~ 
H 

<::) 
J:Q ...... <::) ~ 52 <::) g ~ (\') 
E-4 ":1:.,.. ra 
~ 

::s 
:.: 
II! 
0 
~ 
10 
0 

'::S 
0 
:z: 
:z: 
0 
::s 
::s-
0 ::s 
~ 
0 
c:o 

'::S 
0 
:z: 
.0 
~ 
~ 
II! 
::s 
:z: a 
s:: 
0 
'0 

~ 
~ 
0 
s:: 
~ 
~ 
:z: 
'0 
~ 

~ 
<::to 

u 
::s 
a.. 

52 <::) 

I ~ 

Puc. 5. 06.wo111Ka c noAHoii Ko.wneHcaijueii cpecmezo noAJI. 

Cy~ecTBeHHbiM npeHMy~ecTBOM no cpaBHeHHIO c pac

CMOTpeHHoii BapHaD;HOHHOH 06MOTKOH H ynOMJIHYTbiMH cno

co6aMH KoMneucau;HH co3,naBaeMoro ero cpe.nuero noJIJI 

o6na,naeT BapHaD;HOHHaJI 06MOTKa, COCTOJIID;aJI H3 ,D;BYX H,D;eH

TH'IHbiX BeTBeii, C,D;BHHYTbiX Ha nonnepHO,D;a CHCTeMbl /22,5 °/, 
C npOTHBOnOJIO)I(HbiMH HanpaBJieHHJIMH TeKyiD;HX B HHX TOKOB 

'/pHC. 5/. 
Bo-nepBbiX, TaKaJI o6MoTKa, npH ycnoBHH H,D;eHTH'IHOCTH 

H3rOTOBJieHHJI BeTBeH, B npHHD;Hne, He C03,D;aeT cpe,nuero 

nOJIJI, T .e. OTna,naeT 3a,naqa KOMneHCaD;HH, 'ITO 3Ha'IHTeJILHO 

ynpo~aeT 3KCnJiyaTaD;HIO ,nonOJIHHTeJILHOH 06MOTKH. 

Bo-BTOpblx, ,nnJI co3,nauHJI Tpe6yeMoii aMnJIHTY,D;bi 8-oii 

rapMOHHKH MarHHTHOrO nOJIJI C nOMOID;biO 06MOTKH, co

CTOJIID;eH H3 ,D;BYX BeTBeii, Tpe6yeTCJI TOK npaKTH'IeCKH 

B ,D;Ba pa3a MeHLWe, 'leM npH HCnOJib30BaHHH o6MOTKH, 

npHBe,D;eHHOH Ha pHC. 2. 
Cne,nyeT OTMeTHTL, 'ITO, KaK BH,nuo H3 pHc. 5, TaKaJI 

06MOTKa HMeeT nepece'leHHJI npOBO,D;HHKOB, Jie)KaiiJ;HX B o,n

HOH nnocKOCTH. 3To o6CTOJITeJILCTBo H Bb13Bano nonbiTKH 

HCnOJib30BaTL 06MOTKY H3 O,D;HOB BeTBH /pHC. 2/ H KOMneH

CHpOBaTb ee cpe.nuee none. 
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3. Co3oaHue nepeoii zapMOHUKU aKcuaA&Hoii cocmaeA.RIOUieii 
nOAJI HU KOHe'lHbiX paouycax /807100/ CM 

HcKa>KeHHe $opMbl op6HTbl, HMeJOII\ee .uenbJO npa6nH3HTb 

qacTH.Ubl K .D;e$neKTOpy, MO>KeT 6b1Tb C03.D;aHO C nOMOII\biO 

1- OR rapMOHHKH aKCHallbHOH COCTaBnJIIOII\eH MarHHTHOro 

nom1. 
Ha pac. 6 H3o6pa>KeHa cxeMa o6MOTKH, npe.D;Ha3Ha'leHHoii 

.D;ll.ll C03.D;aHHJI nepBOH rapMOHHKH. 06MOTKa COCTOHT H3 

qeTblpex H.D;eHTH'IHbiX 3lleMeHTOB, yno>KeHHblX B O.D;HOH nnoc

KOCTH no .D;yraM oKpy>KHOCTeii H pa.D;HanbHbiM nHHH.IIM. 

A3HMyTanbHblii pa3Mep O.D;Horo 3neMeHTa, cocTaBn.IIJOI.QHii 

120 ° , 6hln Bb16paH H3 ycnOBHJI OTCYTCTBHJI 3-eii rapMo

HHKH, C03.D;aBaeMOH 06MOTKOH. TOKH B .D;HaMeTpanbHO npo-

If It 

Puc. 6. 06MOJIKa OAJI C030UHUJI 1- oii zapMOHUKU MaZHUJIHozo 
noA.R. 
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Puc. 7. PaouaA&Hble 3aeucuMocmu aMnAumyo&l 1- oii zapMo
HUKU 06MOIIIOK puc. 6. 

THBOnOllO>KHbiX 3lleMeHTaX paBHbl no BellH'IHHe H npOTHBOnO

no>KHbl no HanpaaneHHIO. PerynapoBKa $a3bl 1- oii rapMoHHKH 

.D;OCTHraeTCJI 3a C'leT H3MeHeHHJI TOKa B COCe.D;HHX 3neMeHTaX. 

3aMeTHM, 'ITO TaKa.ll o6MOTKa TaK>Ke He C03,IJ;aeT cpe.D;

Hero non.11. Ha pac. 7 npaae.D;eHbl KpHBble aMnnHTY.D; 1-oii 

rapMOHHKH B 3aBHCHMOCTH OT pa.D;HyCa .D;ll.ll 06MOTOK pa3HbiX 

pa.D;aanbHhlx pa3Mepoa a pacnono>KeHawx Ha pa3Hhlx pac

CTOJIHHJIX OT Me.D;HaHHOH nnOCKOCTH. Bb16paHHOH KOH$Hrypa

.UHH 06MOTKH COOTBeTCTByeT KpHBa.ll 3. 

4. Co3oaHue u3oxpoHHozo noA.R 3MKa 

Hap.II.D;Y c Bbl6opoM cnoco6a co3.D;aHH.II cna.D;a aapaa.uaa 

MarHHTHoro non.11 6hlnH npoae.D;eHbl .IJ;eTanbHble p_acqeTbl no

neii HeKOTOpbiX 3lleMeHTOB MarHHTHOH CHCTeMbl 3MKIJ.. 
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Puc. 8. cJ>opMupoeaHue U3oxpoHHozo noA.R . 

B qaCTHOCTK, 6blnK paccqHTaHbl nonJI TOKOBbiX BBO,!J,OB 06-

MOTOK rpy6oii: KOppeKUKH M1 ,12,13 /CM. Ta6n. 1/ K noKa3aHO, 

qTo BHOCHMble 3THMH 3neMeHTaMH HCKa~eHKJI MarHKTHOrO 

nonB npeBbiWaJOT ,IJ,onycKH. 

BBK.IJ.Y 3TOrO OKa3allOCL uenecoo6pa3HbiM KCKnJOqKTL K3 

CXeMbl C03,IJ,aHHB H30XpOHHOrO nonJI 3TK 06MOTKK npK BBe

,IJ,eHHH MHoroBKTKOBOH o6MOTKH rpy6o:B: KoppeKUHK M 14, 
pacnonaraeMOH Ha paCCTOBHHH h = 27 CM OT Me,IJ,KaHHOH nnoc

KOCTH K KMeJOIUeH pa,IJ,KYC r = 122 CM. 

Ha pHc. 8 npKBe,IJ,eHo Heo6xo,IJ,KMoe K3oxpoHHOe none 

/KpHBaB 1/, paccqHTaHHoe no 4JopMyne: 

H (r) = H o • r (r) 
2 yl- [ /-r (r)] 

00 

r,IJ,e Ho=14,06 3, roo= 121,226 CM, r(r) xapaKTepK3yeT K3-
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MeHeHHe cpe,l(Hero pa.l(HyCa paBHOBeCHOB op6HTbl BBH.l(y 

npHCYTCTBH.H BapHa:QHH IKpHBa.H 51 ,KpHBa.H 2 - cpe.l(Hee none, 
C03.l(aBaeMoe BapHaUHOHHOB 06MOTKOB npH TOKe I OCH = 
= 766 A, KpHBa.a: 3 - paJHOCTb KPHBbiX 1 H 2. Ha 3TOM )Ke 

pHCYHKe noKa3aH peJynbTaT IKpHBa.H 41 nepBOrO 3Tana 

~OpMHpOBaHH.H - Bbi60pa OnTHManbHbiX 3HaqeHHB TOKOB B 

o6MoTxax rpy6oii xoppeK:QHH M3 uM14 I I 3 = 114 A, 114 = 
= 1000 A/. IIone, xapaxTepuJyeMoe paJHOCTbro KpHBbiX 3 

H 4 pHC. 8 ~OpMHpOBanocb KaK C nOMOI:QbiO OCTaBUIHXC.H 

o6MOTOK rpy6oii xoppeK:QHH, TaK H o6MOTOK TOHKoi xoppex

:QHH I Ta6n.2 H 31~ HJ peJynLTaTa ~opMHpoBaHu.a:, npuBe
,l(eHHoro Ha pHC. 9, cne,l(yeT, qTo Cpe,l(Hee none C03,l(aHO 

B 060HX cnyqa.a:x C He06XO.l(HMOB TOqHOCTbiO Ha BCeX 
pa,nuycax. 

B JaxmoqeHue aBTOpbl Bblpa>KaiOT 6naro.l(apHOCTb 

B.II.)J;MHTpHeBcKoMy H B.B.Konbre Ja o6cy)K.l(eHHe peJynL
TaToB, H3nO>KeHHbiX B ,l(aHHOB pa6oTe. 

Hu3-H[3] 

.1 

.08 

.06 

.04 

.02 

-.06 

,. 
I \ 
I \ 

/6tJ--,: ..... 780 \~/ 100 
\ I - R[cH] 

Puc. 9. 011lKAOHeHue ctJopMupoeaHHozo noA.R o• u3oxpoHHozo. 
- UCnOAb306QHbl 06M011lKU lllOHKOU KOppeK14UU. --- -

UCnOAb306QHbl 06M011lKU zpy6oii KOppeK14UU. 

14 

HPHJIO)J(BHHB 
llpozpaMMa UNINT 

IIporpaMMa noJBon.a:eT paccqHTbiBaTL MarHHTHoe none 

>Kene JHO- TOKOBoii CTPYKTypbl, pacnono)KeHHOB Me)K.l(y ~ep
poMarHHTHbiMH nnocKHMH noBepxHOCT.HMH. CqeT MO)KeT 

BeCTHCb ,l(n.H TOKOBbiX npOBO,l(HHKOB KOHeqHOB .l(nHHbl Toqeq

HOrO nonepeqHoro ceqeHH.H H ~eppoMarHHTHbiX 6pyCKOB 

B ~OpMe napannenenune,l(a B npe,l(nOnO)KeHHH HX paBHOMepHOB 

HaMarHuqeHHOCTH. Cyi:QecTByeT BOJMO)KHOCTb npoBe,neHH.H 

rapMoHuqecxoro aHanuJa paccquTaHHoro non.a:. IIporpaMMa 

uanucaHa Ha .HlbiKe FORTRAN ,l(n.a: MaWHH C)J;C-6200 

H 63CM-6. 

B ,l(aHHOB pa6oTe HCnonblOBanaCb TOnbKO qaCTb npo

rpaMMbl, paccqHTbiBaiOI:Qa.a: MarHHTHoe none nuHeiiHoro TOKa 

H npOBO.l(.HI:Qa.H JaTeM rapMOHHqecKHB aHanH3. 
IIo JaKOHY liuo-CaBapa MarHHTHOe none dH, coJ,l(aBae

MoeBToqxe M/x 0 , y 0 , z 0 1 lpuc.10l3neMeH

TOM TOKa ,l(nHHOB I n·J, no KOTOPOMY TeqeT TOK I, MO)KeT 

- [d1. -; ] 
6b1Tb JanucaHo B BHAe dH =k ·I · , r.l(e K -

r 

K03~H:QHeHT, JaBHC.HI:QHB OT CHCTeMbl e,l(HHH:Q, f' - pa.l(HYC

BeKTOp, COe,I(HH.HIOI:QHB 3neMeHT TOKa H TOqKy Ha6niO.l(eHH.H. 

)J;n.a: KOMnOHeHT non.a:, COJ,naBaeMOrO BCeM npOBO.l(HHKOM, 

HMeeM: 

rz 
H=k.J.[,~;;-de 

x ,.. r 3 Y 

r 
- r.. ...:....r. de ] 

,.. r3 z ' 

rx 
Hy=k.J.[9-de 

r3 z ~~dfX], 

r 
Hz=k•l• [~.:!.de r 3 x 

rx 
-~~dey]. 

reoMeTpH.H TOKOBbiX npOBO.l(HHKOB Ja,l(aeTC.H Ta6nHqHO. )J;o

CTH>KeHHe He06XO.l(HMOB TOqHOCTH npH B3.HTHH KpHBOnHHeBHbiX 

HHTerpanOB ,l(enaeTC.H aBTOMaTuqeCKH. rapMOHHqeCKHB aHa· 

nH3 non.H npOBO,l(HTCJI no ~OpMynaM Jieccen.a:. 
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Puc. 10. K onucaHu10 npozpaMMbl LININT. 

X 

IlpozpaMMa VACUW 

IlporpaMMa paccqurLIBaer cpe.n;uee JHaqeuue, aMnnury
.D;LI H <ilalbl rapMOHHK MarHHTHOrO llOJI.R, COJ,D;aBaeMoro He
CKOJibKHMH nepHO,D;HqeCKHMH TOKOBLIMH CHCTeMaMH, COCTO.R
Il.{HMH Hl .n;yr oxpy:>1mocreB: H cnupaneB: ApxHMe,n;a. llporpaM
Ma uanucaua ua .RlhiKe FORTRAN .D;JI.R MaWHH C,lJ;C-6200 
H 1i3CM-6. 

MarHHTHoe none 3JieMeura nepuo,n;uquocru cucreMLI 
npe.n;craan.ReTc.R B BH.n;e 

16 

00 

H ( r , ¢ ) = H ( r) + 2 H cos ( {3 - m ¢ ) , 
(]' m=I m m 

2 2 
H = y (A I +A 2 ) + (B I+ B 2 ) m m m m m 

B mi + B m2 

{3 = arctg A 
m mi 

r.ne m- HOMepa rapMOHHK, Ami , B mi, Am2, Bm2 - <llypbe
KOMllOHeHTbl llOJI.H KOHIJ;eHTpHqeCKBX B CllBpaJibHbiX yqaCTKOB 
3JieMeHra nepuo,n;uquocru. llpe.n;nonaraerc.R, qro cpe.n;H.R.R 
JIBHB.II 3JieMeHTa nepBO,D;BqHOCTB OllBCbiBaeTC.H B llOJI.RpHOH 
CBCTeMe KOOp.D;BHaT ypaBHeHBeM 

r=NA(¢-e0 ), ¢-::_e0 , 

r.n;e N - qscno 3JieMeHTOB nepuo.n;BqHOCTB, e 0 - yron 
Me>K,IJ;y cpe,n;HeH JIBHHeH 3JieMeHTa B OCbiO cp = 0 B Haqane 
xoop.n;uuar, /... - napaMerp cnupanu ApxBMe,n;a. 

PacqeTHble $opMyJibl I 4/: 

~Ami~ 0,41 

~ Bmd=- m1T vJr 

2 sin (m a. I 2) 
I I 

i=I yR. 
I 

2Ri 2 dx. 
-- (x .+X .--1 -l)x 

r 1 1 dr 

dQm_.L (xi) cos(m{3(ri )) 
1 x 2 +Q I(x.)}[ , 

d x i m- 2 
1 

sin (m {3 (r j )) 

RK ~ Am2~= _ __QAI_ f sin ( 

~ B ~ 1T V r RH 

ma){2m cos(m{3(r')) + 
- -Q (x)[ 1 

2 r m -1: sin (m {3 (r' )) -m2 

, dQ m _ 1._<"> sin(m{3(r')) dr' 
+ _1_ [2(x-.!....) 2 + Q I(x)1·[ 11-, . 
- N,\ r dx m-2 cos(m{3(r')) F' 

3.n;ecb: RH e 1T 

{3(ri)=N,\ + o-N, 

RK 
{3 (r ') = - + eo ' 

2 NA 

X= 
r ' 2+ r 2 +h2(r') 

2 r r ' 

r' 
{3(r')=-+e0 , 

NA 

17 



ai - yrnoBa.R llpOT.II)KCHHOCTb ,D;yrB OKpy)KHOCTB Ha pa,D;By

ce R i , R 1 =RH - Ha'lanLHb!H pa.nByc o6MOTKB, Rz:R K -

KOHC'IHbiH pa,D;BYC 06MOTKB, r, - TCKY~BH pa,D;HyC HHTerpHpO

BaHH.R, r - pa,D;HYC Ha6mO,D;CHH.R, h (r,) - BbiCOTa 06MOTKH 

Ha,D; MC,IJ;HaHHOH llllOCKOCTLIO Ha pa,D;Hyce, r ' , Q m _ i-(x) , 

Q ~ _ }-( x) - c«bepH'ICCKa.R «i>YHKl{H.R Jle)KaH,D;pa BTOporo po,D;a 

H ee llpOB3BO,D;Ha.R. 

)J,n.R ax pac'leTa acnonbJOBanHcb npe.ncTaaneHH.R: 

1T 

Q I (x)= J 
m- 2 0 

cosmada 
----=======- ' 
y2x- cosa 

1T 

Q' 
1 

(x )=- J ~~~-a __ 
m-- 0 -

2 y (2x -cosa)3 
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