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Calculition of the Accelerating Magnetic System 
for the Compressor of the Heavy Ion Accelerator 

The calculation procedure is presented for the 
accelerating magnetic system of the compressor for the 
collective heavy ion accelerator of the Division of 
New Methods of Acceleration (JINR). The process of 
acceleration has been simulated on a computer. 

The investigation has been performed at the Division 
of New Methods of Acceleration, JINR. 
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3<l><l>eKTHBHOCTh KOJIJieKTHBHoro ycKopHTeJI.H MHoro3a -

p.HAHWX HOHOB onpeAeJI.HeTC.H ABYM.H napaMeTpaMH: I/ Ha-

6opOM JHeprHH Ha HYKJIOH Ha eAHHHU.e AJIHHbl 

2v Z · 
~ E · = k e -A- /M3B/11y1<A. CM/, 

a + a 
/I/ 

r z 
rAe 1.1e -=4,5 .10-14 N,J R - noroHHbIH JJieKTpoH, Ne - 'IHCJIO 

JJieKTp0HOB, R - 6oJihlllOH paAHYC, ar,,,. - paAHaJihHhIH n aK

cnanhHhIH pa3Mep~I Manoro ce'leHH.H K0JJLU.a, Z · H A · -
3ap.HAHOCTh H Macconoe 'IHCJIO HOHa, k - KOJ<l><l>nu.neH'i:, 

onpeAeJI.HeMWH H3 ycJJ0BH.H OTCYTCTBH.H noTeph HOHOB npH 

ycKopeHHH; 2/ 'IHCJJOM ycKopeHHhIX HOH OB N i HJJH OT -

AM N. -
HOUJeHHeM f = __ N.!.._-, rAe m H M - MaCChl JJJeKTpOHa 

1ny ., r 

H npoTOHa, COOTBeTCTBeHHO, y - pen.HTHBHCTCKHH <I>aKTOP 

npameHH.H 3JJeKTP0HOB ~ KOJlhU,e. 
. ' B HaCTO.Hmeu pa6oTe napaMeTphl JJJeKTpOHHoro KOJlhU,a 

BhI6paHhl COOTBeTCTBYIOU\HMH 3Ha'leHH.HM, nonyqeHHhlM B 

pac'leTe /I/ AJJ.H•' :rneKTp0HHOro. KOJlhU.a B KOHU,e C)KaTHH: 

R= 4 CM; . a ::.a,, = 0,2 CM, y = 40-:-50, Ne = 
= I0l3-,- 5•1()13. r ·· · ' 

3arpy3Ka HOH0B B C)KaToe KOJlhl.1,0 B paccMaTpHnaeMOM 

ycKopHTene T.H)KeJihIX HOHOB /YTM/ npOH3B0AHTC.H C no

MOU\hlO HMilYJJhCHOH cTpyH HeuTpanhHOro ra3a/
2

1.HaKon

neHHe HOHOB n TaKoM pe)KHMe HccneAcrnanoch n pa6o

Tax 13 ,41 )].JI.ff ynpomeHH.H aHaJJH3a Mhl He 6yAeM y'lHThIBaTh 

pacnpeAeneHHe . H0HOB no 3apHAHOCT.HM, a npHMeM OAHO 

xapaK1:epHoe 3Haqemie. ZIA= 1/10 •. O6cy)l(AeHHe TaKoro AO·. 

nymeHH.H coAep)KHTC.11 B / 4/. 
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IlpH 3arpy3Ke JneKTpOHHoro KOnLu;a HOHaMH pa3Mephl 

JneKTpOHHO·HOHHOro KOnLu;a MoryT CYIQeCTBeHHO yMeHL· 

lllaTLCJI /s/. He IIPHHHMaJI 3.IJ,eCL BO BHHMaHHe JTOT 4>aKT, 

Mhl c 6onLlllHM JanacoM o6ecnetmaaeM ycnoBHe yJJ,ep:»caHHH 

HOHOB npn ycKopeHHH. B COOTBeTCTBHH c pacqeTaMH /5 ,6 /, 

BLI6paHo 3Ha'-leHHe k == 1/ 4 * . XapaKTepHhle 3Ha'-leHHJI Ha· 

6opa JHeprHH t1 E KaK 4>YHKQHH v e npHBeJJ,eHLI Ha puc. 1. 
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Puc. 1. Kpuebte 1,2 - 3aeucuMocmu Ha6opa .JHepzuu i\E,. om 
(fla1<mopa 3Q2PY31<U ( , 1<pU6bte 3- 5 • 2paHUl/bl OUnOAbH020 
U KBaOpynOAbH020 pe30HQHC06 U nomepb 3Ae1<mpoH06 U3· 3Q 
pacceJIHUJI HQ UOHQX. llyHl<mUpHblMU AUHUJIMU no1<Q3QHO Co
OT!l6eT!lcmeue MeJKOy MQl<CUMQAbHO oonycmUMblM i-Ja6opoM 
:mepzuu u ee:11u'-1uHou ,~ •. 

* 11cnoJlL30BaHHe (pOKycupyIOIQCH CUCTeMLI THila "6e • 
nU'-ILe KOJleco" '7, f1<>3BOnHeT, no-·BHJJ,HMOMy, IIOBbICHTL 3Ha
'-ICHHe k ,no 3/4 J8, 
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B YT11 npHHHT ·MarHHTHLiii cnoco6 ycKopeHHH KonLu;a. 

IlpHHQHnHanLHaJI cxe~a YCTi}HOBKH COJJ,ep)KHTCJI a pa6o

Te /2/. ,UnH noJJ,aaneHHJI a3HMyT_anLHLIX ueycTOH'-IHBOCTeH 

a YCKOpHTenL JJ,OnOJIHHTenLHO BBeJJ,eHa TOHKOCTeHHaJI Tpy6a 

H3 Hep)KaBeIOIQeii CTanH /9, IO/, npo3pa'-IHaJI JJ,nH BHelllHHX 

MarHHTHLIX noneii. HanH'-IHe B Tpy6e TOKOBoro H306pa)KeHHH 

KOnLu;a npHBOJJ,HT. K noHBneHHIO 6onLlllHX TOPMO3HIQHX CHn 

B uaqane ycKopeHHH /l I-l 3 /, noJTOMY u;eHTpanLHaH~ qaCTh 

Tpy6LI HMeeT pa3pe3LI BJJ,Onh o6pa3yIOIQeii. 

,YcKope1me KOnLu;a ocyIQeCTBnHeTCJI B paBHOMepHO cna

JJ,aIOIQeM no JJ,nHHe z H nO'-ITH OJJ,HOpOJJ,HOM B paJJ,uanLHOM 

uanpaaneHH.H MarHHTHOM none B H conpoBO)KJJ,aeTcH yae -
z ·l/2'14-

nH'-leJmeM 6onLlllOro pa;;i:nyca R ,nponopu;noHanLHLIM B ' · 
IlpHMepuo TaK )KC M_eHHIO:rCH H MaJILie pa3Mephl, BCJie.r(cTBHe 

qero JJ,onycTHMLie JHa'-leHHH /.'l E naJJ,aIOT KaK B . IloJTOMY :} . •. '·•, ' , ' ' z 
pa3yMHO orpaHH'-IHTLCH. He6onLlllHM OTHOCHTenLHMM . pac-

~HpeHH~M. K_onLu;a .15 ,,,_!.'lRR «l .. B ·cxe~~,12,: BeJIH'-IHHa /.'lR 

orpcl.HH'-leHa -·eme u KOHCTPYKTHBHO. iieJIH'-IHHOH !.'l R m~x 2 C:M. 
IlpH 3aJJ,aHHLIX; 3Ha4enHHX .K H JJ,nHHL{ ·ycKopeHirn I> C>T • 

HOCHTenLHLIH rpa)].HCHT MarHHTHOro nonH COCTaBnHeT 

1 

Bz 

aB 2 2K --- --dz ... L 
/2/ 

. ,, y CKOIJCHHe . u:e'krpa Mace 3neKTpOHHO • HOHHOro' KOnLu;a 
' ... • ,- ~ .. , ! • . ' .. 

B cnaJJ,a101QeM MarmiTnoM none 

JE z . 1 --- ---
'1'2B,;; ·-az I+[ 

w 
c2 

/3/ 

a COOTBCTCTB}'IOIQHH ua6op JHeprHH Ha HyKnOH ua e,nUHHIJ;e 

JJ,JIHHLI, c yqeTOM /21/, paaeu ,,-

~E 
r 

K 10
3 

LO+ f) /M3B/Hyl<A.CM/. . . . ; 
/4/ 

3aiiHCHMOCTL ··,1_ E , OT f rrpe,ricranneua ua puc. 1 
JJ,~JI napaMeTpOB l:, = rl02 CM,K,:.1/ 4 /Kpnna~ 1/, K~,1/8 /Kpn

BaH 2/, KOTOphIM 'cooTae:rcTByIOT OTHOCHTenLHLie rpaJJ,HeH -
Thi 5•10'-3 n' 2,5- lQ-3 . . ', - . ·. _ 

..; . ' : . ,: ·-. . 
,UanLHeHlllee YMCHLIIIeHHe rpaJJ,HeHTa orpaHH'-ICHO Tex-

·~• , ,::,, , _ I'• , -, • ' ' I-''• l ;"\ ... f' 

HH'-leCKHMH Tpy,nHOCTHMH, CBH3aHHLIMH C C03JJ,aHHeM OJ],· 
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HOp0,!1,HbIX MarHHTHhlX none ii Ha 6oJihlllOH ,!l,JIHHe. KaK BH,!J, • 
HO H3 puc. 1, npn 3a,!l,aHHhIX xapaKTepHCTHKaX 3JieKTPOH· 
Horo KOnhl{a H MarHHTHOro non11 ycnonne KOMnaKTHOCTH 
3neKTpo11Ho-uo0Horo Kon&ua(AEr5~E)o6ecnequnaeTCJI Bhl· 
6opOM Heo6XO,!l,HMOH BennqHHbl ipaKTOpa 3arpy3KH e. 

Ha nnocKOCTH -~ E, e I puc. 1/ pa6oqa.11 o6nacTh pac
nono)KeHa no,!], KpHBOH 3, COOTBeTCTBYIOIL{eii rpaHHUe aK
cuanbHOro .u.unonbHoro pe3oHaHca /1 5 / ,!l,JIJI napaMeTpon, 
yKa3aHHLIX Ha pncyHKe. rpaHnua paccquTaHa no npn6nn
)KeHHoii ipopMyne O •· 1- 0 i "' 1 , r,!l,e 0" - qacToTa nonepeqHhlX 
Kone6aHHH 3neKTPOHOB B none HOHOB B e,!l,HHHL{aX qacTOThl 
o6pameuuH ,,1 0 .,,c /R, O i - 6e3pa3MepHa11 qacToTa Kone6aHnii 
HOHOB B none 3neKTpOHOB. rpauuua KBa,!1,pynOJihHOro pe-
30HaHca (0 1-O. =1/2) npe.u.cTanneHa ua puc. 1 Kpunoii 4. 

p I 

Ha 3TOM )Ke pncynKe nocTpoeHa KPHBaH 5, CBJl3auHaJI 
C orpaHnqeHHHMH, BHOCHMhIMH MHoroKpaTHhIM pacceJIHHeM 
3JieKTPOHOB ua uouax /1<;/ Ha MaJihle. yrJihl. PacqeT KpHBOH 5 
npoBo,!l,uncH ,!l,JIJI Kceuona no cxeMe, H3JIO)Keuuoii B /3. /, 
npnqeM nennquua- ( npHHHManach pannoii A_M ~-~ z 

my Ne: 
r,!l,e N z - qncno HOHOB 3apH,!1,HOCThlO Z. CqnTaJIOCh, qTo 
nnOTHOCTh HMnyJibCHOH CTPYH ra3a ,D)lHTem.nocThlO Ti = 
= 50 MKC Bh16paHa MeHhllleii, qeM npe,!1,eJihHO ,!l,OnycTHMaH 
(nnpnA"" l ,2· 10 I 1 }, npn KoTopoii 3a xapaKTepuoe apeMH Bhrno.u.a 
H ycKopeHHH KOnhua Ll t = 300 MKC noTepu 3JleKTpOHOB 3a 
cqeT MHOroKpaTnoro pacceHHHJI Ha Ha.KonneHHhlX HOHax 
COCTaBJIJIIOT 5 -:-1 0o/o. 

MarHHTHaH CHCTeMa BhlBO,!],a B ycKopeHHJI KOJihl{a B 
YTH o6ecnequaaeT C)KaTue 3JieKTPOHHoro KOJihUa OT pa.u.uy
ca r = 9-:-11 CM .u.o KOHeqHoro pa.u.uyca R = 4-:-4,5 CM, 

BhlBO,!I, Koni.ua, Harpy)KeHHOrO HOHaMH~ B o6naCTh JIBHeHHO 
cna.u.aroll{ero MarHHTHoro non11 H ycKopeHue BOHOB .u.o 
3Heprnii 1-5 M3B/HYKA01J. . 

3neKTPOTeXHffqeCKHe napaMeTphI CBCTeMhl Bh16paHhl Ta
KHM o6pa30M, qTo6hl aMnJIBTY.L\Hhie 3HaqeHBJI TOKOB He 
npeBhllllanu 10 KA, a 3HaqeHBJI HanpH)KeHBJI Ha KOMMyTaTo
pax ·- 30 KB. B KaqecTBe HaKonuTenbHhlX eMKOCTeii uc
ITOJlb3YIOTCH 6aTapeu KOH.U.eHcaTopon HM5-140_Hnu l:IC5-200 
c eMKOCTJIMB 90 u 128 MK(fl, COOTBeTCTBeHHo/l7/ Pa6oqaJI 
qacTOTa MarHBTHOH CHCTeMLI orpa1rnqeHa ycnoirneM, f :::: 

6 

::;0,5 KI'i/18/_ CucTeMa BhlBO,!l,a n ycKopeHBJI BKJIIOqaeT B 
ce611 I I I cTyneHL a.u.re3aTopa u coneHou.n. 

CxeMa CHCTeMhl nuTaHHJI KaTyllleK I I I CTyneHH nOKJl.-
3aHa Ha puc: 2. CxeMa c lllYHTBpoBKoii: o.u.Hoii: BJ Ka TyllleK I 9/ 
Bh16paHa KaK Han6onee npocTa11, He Tpe6y10ma11 .u.ononHn
TenhHoro HCToqnuKa IlHTaHHJI H .u.ononHHTeJihHhlX BHTKOB. 

L;, 

c,u 

Puc. 2. CxeMa e,c.1110'leHw1 ,camyweK I I I cmyneHU. 

16 

)J.o MOMeHTa lllYHTHpOBKH npn pa30MKHYTOM Kn10qe 
K cxeMa npe.u.cTa~nHeT co6oii 06b1qHLiii Kone6aTenhHhiii: 

KOHTYP co cna6hIM 3aTyxaHneM H nepH0,!1,0M KOne6aHBH 
T '"'. 2" yLC, r.u.e L - cyMMapHaH HH.ll.YKTHBHOCTh I I I cTy
neun. C yqeTOM CBJl3H M Me)K,!l,y KaTylllKaMH B paBeHCTBa 

L
5 

"'L 6 HH.U.YKTBBHOCTh L = 2 ( L 5 + M ) . Ilpn 3ToM I I I cTy
neHh pa6oTaeT B pe)KHMe C)KaTHJI /MarHBTHOe none CHM
MeTpnqHo OTHOCHTenhHO Me,!],HaHHOH IlJIOCKOCTH KaMephl/. 

Ilocne 3aMbIKaHHJI KJIIOqa B MOMeHT BpeMeHB t 111.S. T / 4 
TOKH B KaTylllKaX MOryT 6bITh onpe.u.eneHhl H3 COOTHOUieHBH: 

U Cos4tm 

15 p Cos¢ 
5 

t -t' 111 Sin(2TT ---+¢ ), 
Ts 

1
6
=~(1 +~)sin-~ 

p L5 T 
M 

T 1
s 

5 

/5/ 
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r,IJ,e - U - aMrrnuTyJJ.a ttarrpH)KeHHH Ha eMK0CTH C , p =V L/C, 

I ' ' [ I 2 - T5 2 7T t Ill -
p ca\!L5C T ""2rr,/CL l--(ML5)]tgcp=-tg----. 

5 ' 5 5 T T 

AMIIJIHTYJJ.H0e 3HaqeHue T0Ka 15 JJ.0CTHraeTCH rrpu tmax = 

= tm + T 5 /4(1 - 2
"¢-). 

Ka TYDIKaMu (M/L « 1 ) 
Ilpu ycnoeuu cna6oii: ceHJH Me)KJW 

TOK I 6 rrocne lllYHTHP0BKH He Me -

HHeTCH BO epeMeHH. 
TaKHM ,o6pa30M, TOK B OJJ,HOH H3 KaTyllleK rrocne rnyH

THp0BKH HapacTaeT 6blCTpee', Bhl3hIBaH rrepeMell{eHHe Mar
HHTHOH IlOTeH:QHaJihHOH HMhl B CT0P0HY OT Me,IJ,HaHHOH IlJI0C -
K0CTH u yMeHhllleHHe Il0TeH:QHaJihH0ro 6aphepa e Harrpae
JieHHH BhIB0,IJ,a. K M0MeHTY Haqana ycKopeHHH t V Il0TeH
:uuaJihHhIH 6aphep CHHMaeTcH, u K0Jih:Q0 ycKopHeTcH e crra
,IJ,a10ll{eM none coneH0H,IJ,a. MoMeHT lllYHTHP0BKH t Ill BhI6u

paeTCH H3 YCJI0BHH r < rn , r,IJ,e r II - pa,IJ,uyc BhIB0JJ.H0ro 
rraTpy6Ka, paeHhiii 6 CM. 113 :rnepreTuqecKnii coo6pa)KeHnii 
HCH0, qTo K M0MeHTY t y T0KH B I I I CTyrreHH H coneH0H,IJ,e 
,!J,0JI)Kllhl 6hITh 6JIH3KH K aMilJIHTYJJ.HhIM 3HaqeHHHM. l13Meue
HHeM tw eenuquuhI T0K0B B KaTylllKaX I I I CTyrreHH M0)KH0 

eaphnpoeaTh B rrpeJJ,enax: 

t = o.:. T 
III - -4' - "' _ll_( v'2 -'-1) , 

p - -15 I 
l"' l max 

Ha puc. 3 Il0KaJaHhl THilHqHhie 

1,-1111, 15 ,16 OT epeMeHH: 

16 I =o :._!I_ 
p 

t=lma:\. 

JaBHCHM0CTH T0K0B 

OcHOBHhie rrapaMeTphI I I I cTyrrettu eh16paHhI cne,IJ,y10-. 
ll{HMH; 

cpeJJ,HHii pa,IJ,uyc KaTyrneK 

pacCT0HHHe :ueuTp0B KaTyrneK OT 
Me,IJ,HaHHOH IlJI0CK0CTH 
K0JiuqecTB0 BHTK0B 

paJMephI ceqeuuH 
HHJJ.YKTHBH0CTH 

cyM~apHaH HHJJ.YKTHBH0CTh 
rrepno,IJ, Kone6auuii rrpu 
C=l28 /6e3 lllYHTHpOBKH/ 
HarrpH)KeHue Ha K0H,IJ,enca TOPHOH 
6aTapee 
aMilJIHTy,IJ,a T0Ka 6e3 lllYHTHP0BKH 

8 

14,5 CM, 

±8,1 CM, 
6xl2, 

6,4xl3,O cM; 

L,, = L6 = 1,2 MI'II, 
,J 

L = 3 MI'II, 

T= 3-,88 MC, 

U ~30 KB, 
I ,c.6,2 KA. 

( 
I 

~ 

J (KA) 

10 

8 

6 

4 

2 

t 

1,5 12 
trn 11m ty 

0 0,5 1 ( MC) 

Puc. 3. 3a6UCUMOCmU moK06 6 cmynellJlX CJICamUJl U C01Ze110u
oe om epeMeuu. 

Pa,IJ,uyc H AJIHHa coneH0H,IJ,a orrpe,IJ,eJIHJIHCh KOHCTPYK:QHeii 
KaMephI a,IJ,reJaTopa YTtt/2/. OrpaHuqeHHH Ha eenuquuy 
ioi<a - HaKJia,IJ,hIBaJIH B03M0)KH0CTH K0MMyTaTopoe /5-
6 KA/ /I 7 i~ TeilJI00TB0Aa. ,!J;JIH C03,IJ,aHHH MarHHTHoro Il0JIH 
c uarrpJI)KeHH0CThlO 20-25 K3 JJ.0CTaToqno HMeTh qeT1>1pex

cnoiiuy10 IiaMOTKY C rnaroM - 1 CM. OrrTHMaJihHhie YCJI0BHH 
,IJ,JIH Bhll30,IJ,a H ycKopenu,1 K0Jlh:Qa C03,IJ,aIOTCH npu ,IJ,JIHTeJih
H0CTH rronynepuo,IJ,a Kone6auuii B :uenu conenou,IJ,a :.. l Mc. 

,!J;JIH Toro qTo6hI o6ecrreqHTh TaKOH nonyrrepH0JJ. rrpu eMK0CTH 
- KOHJJ.eHcaTopuoii 6aTapeH C = 128 MK,Ji, rrpnHHTa cxeMa 

rrapanneJihH0 -rrocneA0Ba TeJih_Horo coe,IJ,ufleHBH cnoen 06-

9 



MOTKH coJieHott.11.a /puc. 4/. Ilptt cpe.11.HeM pa.11.uyce Re = 
= 10,5 CM H 'IHCJie BHTKOB 74x4 HH.11.YKTHBHOCTb coneHOH.11.a 

L ., = · 1 MI'11, noJiyneptto.11. KOJie6aHHH T,. / 2 = 1,1 Mc. 
CyMMapHhIH TOK I., = 5,4 KA nptt HanpH)KeHHH Ha KOH.11.eH

caTopHoii 6aTapee Uc = 15,5 KB H le= 8,7 KA nptt Uc= 
= 25 KB. TaKHe TOKH TT03BOJIHIOT YCKOPHTb 3JieKTpOHHbie 

KOJibUa C 3HeprHHMH HU)KeKUHH B a.11.re3aTop 2,2 M3B H 

3 M3B, COOTBeTCTBeHHO. CoOTHOIIIeHHe TOKOB B CJIOHX MO)K

HO napbttponaTb nyTeM TT0.11.KJIIO'IeHHH .11.onoJIHHTeJihHOH HH

.11.YKTHBHOCTH L HOii • 

L .non 

BHyTpeHHlfe CJIOlf 

BHewmi:e CJIOH 

C 

Puc. 4. CxeMa coeou11e11uR cAoea o6MomKu co/le11ouoa. 

)],JI.ff 3(pqleKTHBHOro HCil0Jib30BaHHH Bee ii .11.JIHHbl ycKope -

HHH /iipH .11.JIHHe BblBO)J.HOro na Tpy6Ka 1 M .11.JIHHa ycKope -

HHH - 80 CM/ 6hIJI paCC'IHTaH coneH0H.11., C03.ll.aIOIQHH noJie 

C rpam1eHTaMH, .6JIH3KHMH K 100 3/cM. Heo6X0.11.HMa.H KOH-,, 

turypautt.11 MarHHTHoro _noJIH nonyqeHa 3a cqeT HepanHo

MepHoii TTJI0TH0CTH HaM0TKH B .11.~YX BHeIIIHHX CJI0HX:, 'ITO 

ocyIQeCTBJIHJI0Cb npoCTbl_M Y.11.aJieH~eM onpe.11.eJieHHblJC; BHTK0B • 

HoMepa y.11.aJieHHblX BHTKOB /npH HyMepauHH B CJI0HX B Ha -

. npaBJieHHH OT Me.11.naHHOH TTJIOCKOCTH/ npune.11.eHhl n ma(5A. 1. 
OTHOCHTeJibHhlH cria.11. ,1 B z / B.z O Ha .11.JIHHe ycKopeHHH 

C0CTaBJIHeT rrpHMepH0 3Oo/o. 

Pe)KHM BblB0.11.a paCC'IHTbIBaJICH Ha 3BM CHa'IaJia 6e3 

· yqeTa CBH3eii Me)K.11.Y KaTyIIIKaMH H HCKa)KeHHH noJieii, BHo

CHMblX KaMepoii a.11.re3aTopa. IlpH 3T0M COOTH0IIIeHBH Me)K.11.y 
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TOKaMH B KaTyIIIKax H COJieHOH.11.e no.11.6ttpaJIHCb H3 yCJIOBHH 

TTOJIO)KHTeJibHOCTH Br Ha pa.11.ttycax R = 4-:-4,5 CM H z '2. 0, 
Heo6XO.ll.HMOro .II.JI.ff ycKopeHHH. 3aTeM ycTaHaBJIHBaJIHCb aM

IlJIHTY.11.bl TOKOB H MOMeHT IIIYHTHpOBKH. 

Ta6AUija 1 

HoMepa BHTKOB, y.11.aJieHHbIX H3 o6MOTKH C0JieHoH.11.a 

HoMep 
BHTKa 
B CJIOe 6 27 36 44 45 52 54 60 61 65 66 

HoMep 
CJIOH 3-4 4 3-4 4 3-4 3-4 3-4 3-4 3-4 3-4 3-4 

OKOH'Ia TeJibHaH KOppeKUHH npOB0.11.HJiaCb npH pacqeTe 

npouecca BblB0.11.a KOJibUa. BHeIIIHee Manrnn10e IlOJie Bbl'IHC

JIHJIOCb C y'IeTOM HCKa)KeHHH, BHOCHMbIX KaMepoii a.11.re3a -

TOpa H BHyTpeHHeii Tpy6oii, no MeTo.11.y/20,21//cM. npttJio

)KeHHe/. 

BbIB0.11. KOJibUa H3 MarHHTHOH noTeHUHaJibHOH HMbl Mo

~· .11.eJIHPOBaJICH C HCilOJib30BaHHeM CHCTeMbl ypaBHeHHH: 

2 " R (B,,, -Ae/R) =Const, 

/6/ 

B ( R,z) =0, 
r 

r.11.e A e - neKTop-noTeHuuaJI BHeIIIHero non.11. YpanHeHHH /6/ 

onpe.11.eJIHJOT a.11.ua6a TH'IecKoe HJMeHeHHe cpe.11.Hero pa.11.uyca 

H II0JI0)KeHHe aKCHaJibH0ro ueHTpa Mace 3JieKTp0HH0ro K0Jib

ua B npeHe6pe)KeHHH co6CTBeHHblMH noJIHMH 3JieKTPOH0B H 

H0HOB. 

He Y'IHTblBaH BJIHHHHH H0H0B Ha H3MeHeHHe cpe.11.Hero 

pa.11.uyca npu ycKopeHHH (Br >0) 3JieKrpoHHO - H0HHoro K0JihQa, 

Mbl HCTT0Jib30BaJIH cne.11.yIOIQHe ypanueHHH .11.BH)KeHHH: 
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•· R a A0 • aBZ Br 
R = - - [- ( B - -) +z ( -- + - )] 

Bz at z R az R ' 

~.i__ __ le_j_ u B _l_ 
d t - mcy2 0 r 1 +f 

dy2 = 2(-e_/ RB aA0 
d t mc2 z at ' 

2 2 • 2 
uo=r -1- .!!__ z

2 

c2 -2, 
C 

, 

/7/ 

r.u.e Z - KOOp,!1,HHaTa aKCHanhHOro ll,eHTpa Mace 3neKTpOHHo
HOHHOro KOilhll,a. IlpH f = 0 CHCTeMa ypaBHeHHH /7 / OilHChI
BaeT YCKOpeHHe 3IleKTPOHHOro KOilhll,a 6e3 HOHOB. B pe3ynh
TaTe pactJeTa Bhl6paH pe:lKHM BhlBO,IJ,a u YCKOpeHHJI, KOTo
phIH, npu onpe.u.eneHHhIX BhIIIIe xapaKTepucTuKax I I I cTy
neHH H coneHOH,IJ,a, 3a.u.aeTcJI napaMeTpaMu 

t Ill = t 
C 

t III + 410 MKC , 

Um=21,6KB , l5=7,lKA ,l6=1,9KA ,Uc=l5,5KB ,lc=7KA 

( E in""2,2 ~bB ) 

um =30KB ,l5~9,5KA , l6=2KA, Uc=25 KB , lc=l0KA 

(Ein =3 M38 ) 

Pe3yilhTaThl pac11eTa: pacnpe.u.eneHHJI Bz H aB z/ az 

OTHOCHTeilhHhie rpa.u.ueHThl, conyTCTBYIOlll,He KOilhll.Y' a TaK:lKe 
H3MeHeHHJI cpe,IJ,Hero pa.u.uyca H aKCHanhHOH CKOPOCTH KOnh
u.a - npuee.u.eHLI Ha puc. 579. 
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10 20 30 40 50 E>0 70 80 90 ( CII) 

Puc. 5. PQcnpeOe/leHUJl Bz(z) e MOMeHm CHJlmUJl JlMbl t ½ 
HQ l(OHe'-lHblX pQOUycQX 1(0/lbijQ: R = 4,5 CM /Ein= 3,M:JB/ -
KpU8QJl 1, R = 4,2 CM / E. = 2,2 M:JB/ - KpU8QJl 2. 

Ill 

0 10 20 }'J 40 50 6<.' 70 80 90 z 
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-200 

-250 

Ji& I 

ii" (3/CII 

Puc. 6. PQcnpeOe/leHUJl ZPQOUeHmoe aBzl az e MOMeHm 
t y HQ l(OJW'-lHblX pQOUycQX 1(0/lbijQ: R = 4,5 CM /E in = 
= 3 M:JB/ - KpU8QJl l, R = 4,2 CM IE. = 2,2 M:1B/ - Kpu-
8QJl 2. !Il . 
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L aii, 3 _ 
B, in ,o {CN 'J 

60 
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't.O 

3.0 
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0 {0 20 JO 40 50 60 70 80 90 
t{<H) 

Puc. 7. O11111ocumeA bHble 2paoue11mb1, conymcmey10111ue 3AeKm
po11110- uo11110My K0AbllY npu ycKope11uu IE. = 2,2 M3B/. 

IIl 

r(cH) 

50 

H 
4.8 
4.1 

H 

'r.5 

H 

u 

"·' 
lt.1 

~01----------------------0 fO 20 JO 1/0 50 60 70 IO 90 r(cH) 

Puc. 8. H3Me11e11ue cpeo11e20 paouyca K0Ablla npu ycKo
pe11uu /Ein ~ 2,2 M3B/. 
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Puc. 9. H3Me11e11ue aKCUUAbHOU CK0pocmu. K0Abl/U f3 ~ ...!: 
npu ycKope11uu /Ein = 2,2 M3B/. z c 

' 

IIPHJIO)l(EHHE 

Bbt'IUCAe11ue e11eumux MU2HUl/11lblX noAeii 

BHellIHHe MaI'HHTHLie IlOJUI C y11eToM· HCKa:>KeHHH, BHO

CHMLIX KaMepoii a,D;re3aTopa H BHyTpeJiHeii Tpy6oii, Bbl'IHC

mmHCb c IlOMOll.{blO MCTO,D;a, H3nO:>KeHHOrO B pa60Tax/
20

,211. 

EcnH TOnll.{HHa CTCHKH KaMepLI h 3Ha11HTenbHO MeHbWe 

rny6HHLI CKHH.;.CnOB, TO 3Ha11eHH.II BeKTop-noTeHUHana cyM

MapHoro MarHHTHOro non.11 Ha KOHType L, o6pa3oBaHHOM 

nepece11eHHCM CTCHOK KaMepLI C nnocKOCTblO 0-=. const/B uu-

nHH.r(pH11CCKOH CHCTeMe KOOp,D;HHaT ( r ' 0 , z ) /' MO)KHO 

onpe,D;enHTb H3 HHTerpo,D;H<l><l>epeHuHanbHOI'O ypaBHCHHJI; 
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A
0

(e ,t)=A~>(f,t)- .?_I!_ j)_ fG(f,f')A
0
(f',t)rH')df, 

c2 at L . 
/II.1/ 

rJJ,e HHJJ,eKCOM "o" OTMel.feH BeKTop-noTeHI].Han MarHHTHOro 

nom1_ npH OTCYTCTBHH 3KpaHOB, df - 3neMeHT JJ,nHHhl BJJ,Onh 

KOHTypa L, a - npOBOJ],HMOCTb CTeHOK KaMepbI, a <PYHKUHH 

G(r,f ') ecTh: 

G(f ,f' )= -~4 -
k yr (f)r(f' ) 

k2 
[(1- --)K (k )-E(k)l, 

2 

k2= 4r(e)r(f') . 

[r(f')-tr(f')J2+[z(e )-z(e-)] 2 
· 

/II.2/ 

K, E - nonHhie 3nnHnTH1.feCKHe HHTerpanhI. 

PerneH~e ypaB~eHHH /II.1/ mueM B_ B.HJJ,e J)HJJ,a JIO co6-

CTBeHHhIM iiiYHKUHHM HJJ,pa G(f,P,') C K03qJqJHUHeHTaMH, 3aBtt

CHIUHMH OT BpeMeHH. IIo Haii:JJ,eHHOMY 3Ha1.feHHIO BeKTop

noTeHUHana Ha CTeHKe KaMepbI nerKO onpeJJ,enHTb CYMMap

Hoe MarHHTHOe none BO BCeM npocTpaHCTBe120/. 

,[l;nH HaXmKJJ,eHHH co6CTBeHHbIX <PYHKUHH HJJ,pa G( f,P' ) 
6hrna ucnonh3OBaHa cneJJ,yroiua11 npoueJJ.ypa. 

IIycTh KOHTYP L HBnHeTcH cyMMoii.t~oHTypoB: 

L = L1 + L2 + ... + LN_. jII.3/ 

Co6c:r11eH~b1e <PYHKU~H I ct>i (f) I 6yJJ.yT onpeJJ,enHThCH Tor.11.a 

cneJJ,yroiueii: CHCTeMOH HHTerpanbHbIX ypaBHeHnii:: 

; 16 

. . . .N_. -· 
<1\ (fa) = 1\ L f G (fa. ,e b ) <I\ ( e, b ) rub ) d ei:, , , ; 

h=l 
· Lb /II.4/ 

, . a=;l,2, ... ,N_. 
.._. ·~· ' 

IIpeJJ,nonO)l(HM, '-ITO HaM H3BeCTHhl co6CTBeHHble <PYHK

UHH H co6CTBeHHhle 3Ha1.feHHJI HJJ,pa G Ha Ka)KJJ,OM H3 K.OH

TYPOB, BXOJJ.HIUHX B CYMMY /II.3/: 

a 
¢ (f )=µ 3 J G(e.,e: )¢ 8 (£' )r(f' )de; aa a uu a a a 

La /II.5/ 

TorJJ,a ll>. (f) MO)KHO HCKaTb B BHJJ,e PHJJ,a no I . !¢: I: 

I (C~ )i r/ (f 
1
) 

a a 
f ~ L 1 , 

cf>_ ( f) == 
I 

................... 
I ( C N ) . .ef,N (f N) 
a a I a 

/H.6/ 
r-:: LN · 

noJ],CTaBHM '.JTO Bblpa)KeHHe a ypaBHeHue /H.4/, YMHO)l(HM 
a . . 

06~ 1.f~CTH paBeHCTBa Ha¢ H npOHHTerpupyeM no L C a ... 
Be COM r {f 11 ). 8 pe3ynhTaTe nonyl.fHM /c yl.feTOM COOTHo-· 

rneuu11 opToroua.hbHOCTH 1¢; I / CHCTe_My nHH-CHHbIX ypa·B

HeHuii: J],nH KO'.lqJqJHUHCHTOB pa3nO)KCHHH: 

N b ab 
(Ca)_ =A. ~ I (C). M /fl.7/ 

a , 1 {~ b= I ./J I a{~ 

r)],e 

ah 
Map~= 

, b a 
f J G(£a ,f'b )¢/1 (f~ )¢ (r )r(f' )r(f )df'

1
' df , 

La Lb · a a b a , a 

oa~ 
a 

/1 
a 

a =b. 

o a/3 - CHM Bon KpotteKepa. 

a/ b, 

)J;nH Toro '-ITO6bI CHCTCMa /II. 7 / HMena. He Hy neBbIC 
a 

perneHHH, Heo6XOJ],HMO, 1.fT06bI K03qJqJHUHCHTbl (C. )_, conna-
a I • 

J],anu c co6CTBCHHbIMH BeKTopaMH MaTpHUbl M:t , a 
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,\ i - C ee co6CTBeHHhIMH 3Hal.feHHHMH. MaTpHu.a M:{3 CHM-
MeTpU'-IHa: . 

ah ba 
Ma{~= Mffo ' /II.8/ 

no3TOMY co6CTBeHHhie 3Hal.feHHH Ai nemeCTBeHHhl, a co6-
CTBeHHhie neKTOphI y,nonneTBOPHIOT ycnoBHIO opTOHOpMHpo
BaHHOCTU: 

N 
~ ~ (Ca ): ( C 3 

) • = o .. 
a a=I a I a J •J /.II.9/ 

~ a 
l1cnonh3YH 3TO CBOHCTBO BeKTOpOB (C ). nerKO noKa3aTh, a I 
'-ITO ipy11Ku.uu <l>i ( P ), onpe,neneHHhie no ipopMyne /II.6/, 
TaK)Ke y,nonneTBOPHIOT ycnoBHIO opTOHOpMHponaHHOCTU: 

f<Ii_(e )<t>. (f )r (f )d!' =D .. , 
L I J IJ 

/II.IO/ 

T.e. ipy11Ku.uu I <I)- tf) I HBnHIOTCH co6cTee1111h1Mu ipyHKU.HHMH 
H,npa G(P,f ') 11a- KOHType L. 

B 11ameM cnyqae KOHTyp L HBnHncH cyMMoii ,nnyx Ko11-
Typon. Ilepewii - a3HMYTanh11qe ce'-leHue KaMepw a,nre3a
Topa, ,nnH KOToporo 6hinO U3BeCTHO 30 co6cTBeHHhlX ipyHK-. 
11.HH /cM . .: 20 : /. BTopoii ~ a3HMyTanhHOe ceqeuue BHyT
peHueii KOaKCHan·hHOH Tpy6hI, ,nnH KOToporo 6hinO COC'-IHTaHO 
30 co6CTBeIIHhIX $YHKU.Hii •. 3aTeM no H3nmKeHHOMY anro
pHTMY 6hmo Haii,neHO 60 co6CTBeHHhlX ipyHKl.l,HH .nnH nonHoro 
KOHTypa L, '-ITO nO3BOnHno onpe,nenHTh MarHHTHOe none 
c TO'-IHOCThlO - O,lo/o. 
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