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Cnoco6 cj,OpMupoaaHHll 3neKTpOHHblX Konen B CTSTH'leCKOM 

H HMJiyllbCHOM MarHHTflblX nonl!X 

C nenb!O nOBblWeHH!I IIHKnH'IHOCTH pa60Tbl KOnneKTHBHOro ycKOPHTenll 

HOHOB paCCMOTpeH BapuaHT KOMnpeccopa 3n8KTpOHHblX Konen co CTSTH'l8CKIIM 

MSrHHTHbIM noneM. nnll npOABHlKeHHll KOnbllS B o6naCTb CHnbHOrO CTSTH~ . 

~ecKoro nonll acnonbayeTCll uMnynbcHoe MarHHTHOe none a BHAe 6erymeil 

B0nHblo Eerywall BOnHa .C03ASeTCll TOKOBblM HMnynbCOM, pacnpocrpaH!IIOWIIMCll 

no 3SMeAnllIOWeil nHHHII c cocpeAOTO'leHHblMII napaMeTpSMH. O6ecne'IHBSIOTCll 

ycnOBHll Ha6opa BpawaTenbHOi! 3HeprHH 3n8KTpOHOB H IIX cj,oKyCHpOBKHo 

npuBOAllTCll peaym.TaTbl 'IHCneuuoro MOAenupoaaHHll AHHSMHKH 3neKTpOHHoro 

KOllbllS H o6cylKASIOTCll H8KOT0pb18 TeXHH'leCKH8 AOCTOIIHCTBS KOMnpeccopa. 

Pa6ora BblnOnHeHa e OTAene HOBblX M8TOAOB yCKOpeHHll O11.SUi. 

Coo6meHae O61>eL1BH8HHOro HHCTHTyTa llLIBPHblX HCCnenoaaHHll. Ll.y6Ha 1978 

Barabash L.s., et al. 

On a Formation of Electron Rings in Static 
and Pulse Magnetic Fields 

pg - 11776 

With the aim of increasing cycle of operation of the ion col
lective accelerator a compressor for electron rings with a static 
field is considered. For ring moving into the region of a strong 
static field a pulse magnetic field in the form of a running wave is 
used. The running wave is created by a current pulse travelling 
over the distributed parameters line. The conditions for electron ro
tational energy gain and their focusing are provided. The simula
tion results of electron ring dynamics are presented and some 
technical advantages of compressor are discussed. 

The investigation has been performed at the Department 
of New Acceleration Methods, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

@ 1978 O62,e11HHeHHbli1 HHCTHTyT HJlepHblJC HCCnell0BBHHi1 /1y6Ha 

Ilocne nepBoro coo6ll.\eHH.H o cnoco6e <liopMHpoBaHH.H 

IlJIOTHbIX 3JICKTPOHHbIX KOJieu B )].HHaMH'ICCKHX a)].reJaTopax, 

r)].e KOJlbIJ;a C)KHMaIOTC.H B HMilYJibCHOM MarHHTHOM none/1/ ' 

cpa3y )KC IlO.HBHJIHCb pa3JIH'IHbie npe)].JIO)KCHH.H CTaTH'ICCKHX 

cnoco6oB KOMnpeccuu /2-5/. B CTaTH'leCKHX a)].reJaTopax 

3JICKTPOHHbie KOJlbIJ;a <liopMHPYIOTC.H npH )].BH)KCHHH 3JICKTpo

HOB B CTaTH'ICCKOM MarHHTHOM none. OCHOBHOe )].OCTOHH· 

CTBO CTaTH'ICCKHX a)],reJaTopoB COCTOHT B TOM, 'ITO OHH no-

3BOJI.HIOT <liopMHPOBaTb KOJib:Ua C 60JibWOH qacTOTOH IlOBTO· 

peHHH H, CJIC)].OBaTeJibHO, Ha BX OCHOBe MoryT CTpOHTbC.H 

KOJIJICKTHBHhle YCKOpHTCJIH C 60JibWOH HHTCHCHBHOCTblO yc

KOpeHHhlX HOHOB. ll.HKJIH'IHOCTb pa60Tbl )].HHaMH'leCKHX a)],re

JaTopoB orpaHH'leHa 6oJibWHMH 3Ha'leHH.HMH Il0Tpe6JI.HCMOH 

H pacceHBaeMpii MOll.\HOCTeii. 

O6Jia)],a.H O'ICBJf.i\HblM npeHMYll.\CCTBOM - BblCOKOH UHKJIH'l{· 

HOCTbIO, CTaTH'ICCKHe a)].reJaTOPbI, 0)1.HaKO, ycTynaIOT )].H· 

HaMH'ICCKHM B CTeneHH KOMnpeccHH 3JICKTpOHHbIX KOJie:u;. 

KonL:u;a c Han6onLweii ycKop.HIOll.\eii cnoco6HocTLIO nony'leHLI 

B HaCTO.Hll.\CC BPCM.H HMCHHO B )].HHaMH'ICCKHX a)],reJaTo· 

pax/6/_ 

B )].aHHoii pa6oTe npe)].JiaraeTc.H cnoco6 KOMnpeccHH 

3JICKTPOHHhlX KOJie:u;, KOTOphlii )].OnycKaeT H BbICOKyIO UHKJIH'l{· 

HOCTb pa60TbI a)],reJaTopa, H )].OCTaTO'IHO 60JibWyIO IlJIOTHOCTb 

C)KaTblX KOJie:u;. TaKHe KaqecTBa IlO.HBJI.HIOTC.H Ja C'ICT HC· 

IlOJlb30BaHH.H )].JI.H KOMnpeccHH KOM6HHaUHH cTaTH'ICCKoro 

H HMilYJibCHoro MarHHTHbIX noneii, npH'ICM 3Ha'leHH.H Hanp.H • 

)KCHHOCTH HMilYJibCHoro MarHHTHoro IlOJIH 3)1.CCb 3Ha'IHTCJlb. 

HO HH)Ke, 'ICM B ,IJ;JIHaMH'ICCKHX a)].reJaT_Opax. B OTJIH'IHC OT 

H3BCCTHblX CTaTH'ICCKHX a)],reJaTopoB npe)].JiaraeMbIH BapHaHT 

Il03BOJI.HeT yBeJIH'IHTb Bpall.\a TCJlbHYIO 3HeprHIO 3JICKTpOHOB 

3a C'ICT )].CHCTBHH BHXPCBOro 3JICKTPH'-ICCKOro IlOJIH, CB.HJaH· 
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mfro C BMnyn:bCHbIM MarHBTHbIM noneM. Yaenu11eHBe Bpama
TenbHOH :rneprBB 3neKTPOHOB npBBO,D;BT K ,nononHBTenbHOMY 
no cpaBHeHBIO C BO3MO>KHbIM B CTaTB'leCKBX a,nre3aTopax 
no,D;>KaTBIO Manblx pa3Mepoa KonLua, K ocna6neHmo Tpe6oaa
HBii Ha 3Hepru10 BH>KeKTBpyeMoro 3neKTPOHHoro ny11Ka B K 
c~eCTBeHHOMY ocna6neHBIO KynOHOBCKoro pacTanKBBaHB.fl 
B KOnbl{e. 

Kompurypauu.a CTaTB'leCKoro B BMnynbCHoro MarHHTHbIX 
noneii Bbl6HpaeTC.fl TaK, 'IT06bI B MeCTe HaXo>K,D;eHB.fl KOnbl{a 
BblnonH.anHCb ycnoBH.fl (pOKYCBPOBKB 3neKTPOHOB. 

1. OCOEEHHOCTHPAEOTMA4I'E3ATOPA 
CO CTATHt/ECKHM H HMIIYJibCHhlM 
MAI'HHTHhIMH IIOJIJIMH 

IlpHHl.{HnBanLHa.a cxeMa ycTaHOBKB ,nn.a (pOpMBPOBaHH.fl 
3neKTPOHHbIX Koneu B3o6pa>KeHa Ha puc. 1. HapacTa10mee 
B,D;Onb OCH Z CTaTB'leCKOe MarHBTHOe none B CT CO3,naeTC.fl 

. z u 

coneHOB,D;OM, pacnono:>KeHHbIM CHapy:>KB MeTannB'leCKOH Ka-

~ 

~~ 
Puc. 1. Ilpu111,1unua11bHaJ1 cxeMa ycmaHoeKu: 1 - 3AeKmpoHHoe 
KOAbflO; 2 - 3aMeOAJ110UlaJI AUHUJI; 3 - MemaAAU'l€CKaJI KaMe
pa; 4 - COAeHOUO, C03oa10111uu cmamu'leCKOe MaZHU111HOe noAe. 

4 

B, 1 
Puc. 2. Ilpor/JUAb 80/IHbl UM

nyAbCHOZO MaZHU171HOZO nOAJI. 

1. - Vq:, t 

MepLI, BHYTPH KOTopoii noMemeHa cnupanLHa.a 3aMe.nm110-
ma.a nHHB.fl C cocpe,D;OTO'leHHblMB napaMeTpaMB. HMnynLC • 
Hoe MarHHTHOe none 06pa3yeTc.a npu pacnpocTpaHeHBH no 
nHHHH ToKoaoro BMnynLca, reHepupyeMoro cneuuanLHoii 
cxeMoii, no,nKn1011eHHOH KO BXO,D;Y nBHBH. 

Cnoco6 pac11eTa HMnynLcHoro MarHHTHoro non.a npuae -
,neH a IlpUAOJIC€HUU 1, xapaKTepHbie napaMeTpbI ycTaHOBKH 
npHBe,D;eHbl ll pa3,nene 2, r,ne o6cy:>K,naIOTC.fl pe3ynLTaTbl 'IHC • 
neHHOro MO,nenHJ}OBaHH.fl ,D;HHaMHKH 3neKTPOHHOro KOnbl{a. 

XapaKTepHblH npo(pHnb pa,nuanbHOH KOMnOHeHTbl Hanp.a
:>KeHHOCTH HMnynLCHoro MarHHTHoro non.a 8r /cBMBOn"." 
3,D;eCb H B ,nanLHeiiweM yKa3bIBaeT Ha TO, 'ITO BenH'IHHa OT· 
HOCHTC.fl K HMnynLCHOMY non10/ noKa3aH Ha puc. 2, r,ne 
V cp · (pa30Ba.fl CKOpOCTb BOnHbl. B MeCTe Haxo>K,D;eHH.fl 

KOnbl{a pa,nuanbHa.fl KOMnOHeHTa Hanp.a:>KeHHOCTH HMnynLc· 
HOro non.a KOMneHCHpyeT COOTBeTCTBY10my10 KOMnOHeHTY 
CTaTH'leCKoro non.a BCT ' TaK 'ITO BblilOnH.aeTC.11 ycnoaue 

r 

-
Br (r,z,t)+B~T(r,z).,,Q, /1/ 

3,D;eCb r • pa,nuyc KOnbl{a. YcnoBHe npo,nBIDKeHH.ll KOnbl{a 
B HapacTa10mee cTaTu11ecKoe none ecTL B >0 /a MecTe r 
HaXO>K,D;eHH.ll KOnbUa/. BTopbIM ypaBHeHIIeM, onpe,nerunomHM 
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nono)KeHHe KOnLna, BBnBeTCB ycnoBHe coxpaHeHHB MOMeHTa 
KonH'leCTBa ABH)KeHHB: 

6 

M ,.1.. = r 2 B - r A ,.1.. .. cons t , 
'f' z:s 'f'I 

CT ~ 
Bz (r,z,t)=Bz (r,z)+Bz(r,z,t), 

I 
CT 

A¢ (r,z,t) =Acp (r,z)+A¢(r,z,t), 
I 

/2/ 

r,ne A';/, A¢ - a3HMyTanLHLie KOMnOHeHTLI BeKTOPHLIX 

noTeHnHanoB CTaTH'leCKOro H HMnynLCHOro MarHHTHLIX no

neii. 

,lJ;H<W>epeHnHpyg /1/ H /2/ no BpeMeHH, nony11HM ycno
BHB C)KaTHB H npo,nBH)KeHHB KOnLna B CHnLHOe CTaTH'leCKOe 

none B BHAe: 

r 
0 

r 

BzI 

~ ~ 
aBr aBz l aA¢ 

p- +n(------) 
at at r at . 

0 < 0 
n(l"'."n)-p2 

asz 1 aA¢ aii 
p(a-- -·~-)+(1-n)--r 

t ro at at 
n(l-n)-p2 > 0, 

r 
z - --0 - BZI 

/3/ 

/4/ 

r,ne r aBz~= -n =- 8 ar r aBrI - -a-- - noKa3aTenL cna,na n~m1, 
Brr Z 

r 
P=-B 

ZI 

zI 
aszI 

az 

.•}: 

r asz . . 
___ I , EcnH Bee BenH'IHHLI HM. 
B ar 

ZI 

nynLCHoro nong 3aBHCBT OT Z H t, KaK f( z-v cp t), a CTaTH-, 

11ecKoe none BLI6palio nHHeHHO paCTYIUHM no z TaK, 'ITO 
CT 

CT r aB z 
B =---- TO 

r 2 az ' 

n 
r z-V --

0 qi n(l-n)-p2 

1 

CT 
r aB ____ z_ 

B az 
ZI 

r CT 

z O = v qi I 1 - n ( 1-n) - p2 73-[p~~ 
zi a r 

/5/ 

CT 
a Br_] I. 

-(1-n)az 

/6/ 

H3 /5/ BHAHO, 'ITO npH p 2<n(l-n) ycnoBHe C)KaTHB 
BLrnonHBeTCB Ha y11acTKe BonHLI Br c O < n < 1 . B o6na
CTH AOCTaTO'IHO CHnLHOrO nong Bz ~ CKOPOCTL KOnLna, KaK 
3TO cne,nyeT H3 /6/, npHMepHo paBHa cl>a3oBoii cKopocTH 
BOnHLI. 

YBenH'leHHe BpainaTenLHOH 3HeprHH 3neKTPOHOB npoHc
XOAHT no,n ,neiicTBHeM BHXpeBoro 3neKTPH'leCKOro nong 

~ 1 aK¢ 
E,.1.. =-- --- .,IJ;ng yBenH'leHHB 3HeprHH.He06XOAHMO, 'ITO-

'f' C at 
6LI B MecTe HaXO)K_neHHB KOnLna BLIITOnHBnOCL ycnOBHe 

~ 
~ ~ ~ at > o .. ,D;ng BOilHLIA<p(z,t)-Alz-vcpt) 3TO ycnoBHe BLI-

nonHBeTCB Ha_cpa,ne A¢ H YAOBneTBOpBeTCB OAHOBpeMeHHO 
c ycnoBHBMH Br >0 H 0< n < 1. 

3aBHCHMOCTL pa,nHanLHOH KOMnOHeHTLI HHAYKUHH OT pa
AHyca ( p ./,. 0) npHBOAHT K TOMY, 11To ManLie Kone6aHHH 11ac -
THULi OKono paBHOBeCHOro nono)KeHHB BBnBIOTCB CBB3aH
HLIMH, a 11aCTOTLI HOpManLHLIX Kone6aHHH B npeHe6pe)KeHHH 
npocTpaHCTBeHHLIM 3aPBAOM KOnLna paBHLI / 4 / 

2 1 7 
v 1 2 

= - ± y - + p2 - n ( 1 - n ) 
• 2 4 

/7/ 

,D;ng ycTOH'IHBOCTH ManLIX Kone6aHHH Heo6XOAHMO, 
'IT06LI B o6naCTH HaXO)l(AeHHB KOnLna BLIITOnHBnOCL ycno-
BHe 

p 2 < n(l-n). /8/ 
1 

B 11acTHOCTH, 3aae,n0Mo AOil)KHO aLrnonHBTLCB ycnoaHelP1<2 · 
YcnOBHe /8/ BMecTe c ycnoBHBMH npOABH)KeHHB KOnLna 
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B o6nacTL HapacTaromero cTaTH'·IeCKoro nom1 H yBeJIH'leHHB 

BpamaTeJibHOH 3HeprHH 3JieKTPOHOB HBJIBeTCB onpe,neJIBIO

mHM npH Bbl6ope pe:>KHMa pa60Tbl C HMnyJILCHblM noJieM. 

H3MeHeHHe MaJiblX nonypa3MepoB KOJILUa a p a 2 B npo-

uecce c:>KaTHJI onpe,nenseTcB ypaBHeHHBMH 
2 

2 4 Vt 2 
Y a12<-2-'-• r 

Q 
----) = const , 

a1,2 (a1 +a2 ) 
/9/ 

4v N e
2 ~ 

r,ne Q = ~ . V = _e_ -- • y - peJIBTHBHCTCKHH tliaK-
/3 y 2rrr mc2 

Top, Ne - 'IHCJIO 3JieKTPOHOB B KOJibUe. YpaBHeHHB /9/, 
nony11eHHLie B MO,neJIH C paBHOMepHblM _pacnpe,neJieHHeM 

nJIOTHOCTH 3aps,na no ce11eHHIO KOJibUa/ 7/, cnpaBe,nJIHBbl AJIB 

WHpOKOro KJiacca pacnpe,neJieHHH, ecJIH a nOHHMaTb KaK 

cpe,nHeKBa,npaTH'IHbIH pa3Mep /a/. 

, KaK BH,nHo H3 ypaBHeHHii /9/, B paccMaTpHBaeMoM 

cny11ae MaJible pa3Mepbl KOJibUa yMeHbWaIOTCB /Kyno

HOBCKHM pacTaJIKHBaHHeM npeHe6peraeM/, KaK B ,nH-. 

HaMH11ecKHX a,nre3aTopax, nponopuHoHaJILHO BeJIH'IHHe ..Jr7y, 
T.e. 3Ha'IHTeJibHO CHJibHee, 11eM B CTaTH'leCKHX a,nre3aTopax. 

BJIHBHHe KYJIOHOBCKOro pacTaJIKHBaHHB Ha KOHe'IHOM 3Tane 

C:>KaTHB CHJibHO OCJia6neHo POCTOM y • 

2. t/HCJIEHHOE MO~EJIHPOBAHHE 
~HHAMHKH 3JIEKTPOHHOI'O KOJibaA 

IlpH pac11eTe HMnyJibCHoro noJIB 6hlJIH Bb16paHbl CJie,nyro

mHe napaMeTpbl ycTaHOBKH: cnHpaJib COCTOBJia H3 100 BHT

KOB, Ka:>K,nblii H3 KOTOpbIX 11epe3 KOH,neilcaTop 6blJI coe,nHHeH 

C MeTaJIJIH'leCKOH KaMepoii, pa,nHyc BHTKa JIHHeHHO yMeHb

waJICB C BO3pacTaHHeM ero HOMepa, HanpHMep OT 34 .no 

9 CM, war BHTKOB - 2 CM. EMKOCTH KOH,neHCaTOPOB nonara

JIHCb Bee paBHblMH 15-10-9 '1>, TaK '-ITO co6CTBeHHaB 11acTo-

Ta LC-KOHTYPOB, nocne,noBa TeJibHOCTb KOTOPblX H3o6pa:>Ke -

Ha Ha puc. 9, we = 107 r11. Hanps:>KeHHe Ha Bxo,ne 3aMe,n

JIBIO~eii JIHHHH BbI6HpaJIOCb B BH,ne U ( t) = uo sin w t , 

211 To To u - 50.:..60 B w = ""'I'.:"" , t < -- , U(t)= 0 , t > - C o - · K , 
o 2 2 

8 

To= 10+15 MKC. IlpH 3TOM B JIHHHH BO3HHKaJI TOKOBbIH HM

nyJILC, KOTOpblii pacnpocTpaHHJICB co CKOpOCTblO vqi ... 

... 10 7 CM/C. THnH'IHbIH BH,n noneii, nony11aromHXCB npH 

pacnpocTpaHeHHH TaKoro HMnyJILCa no JIHHHH, npHBe,neH Ha 

puc. 3,4. 
KaK BHAHO H3 puc. 3, 11epe3 BpeMB - 4 MKC aMnJIHTy,na 

Hanps:>KeHHOCTH MarHHTHOro nonB ,noCTHraeT BeJIH'IHH, 6JIH3-

KHX K MaKCHMaJibHblM. CpaBHeHHe puc. 3 H puc. 4 noKa3bl

BaeT, 'ITO BO3MO:>KHbl pe:>KHMbl, npH KOTOpblX nocne OKOH'la

HHB nepexo,nHoro npouecca, T .e. ,nOCTH:>KeHHB MaKCHMaJibHOH 

aMnJIHTYAhl HanpB:>KeHHOCTH nonB, nocne,nHBB OCTaeTCB npH

MepHO noCTOBHHOH. YMeHLWeHHe aMnJIHTYAhl Ha puc. 4 
MO:>KHO o6'b.lICHHTb 6onee paHHHM no cpaBHeHHIO co cny11aeM, 

COOTBeTCTBYIOII\HM puc. 3, BblKJIIO'leHHeM BXO,nHoro CHrHa

na. ,IJ;pyroii npH'IHHoii, yMeHLwaromeii aMnJIHTYAY non.11, 

BBJIBeTCB OTpa:>KeHHe HMnynLca OT KOHUa JIHHHH. KaK BHAHO 

H3 puc. 3,4, Bnepe,nH OCHOBHOH BOJIHbl 6naro,nap.11 HH,nyKTHB

HblM B3aHMo,neiiCTBHBM 6JIH:>KaiiWHX BHTKOB HaBOABTCB 

&,.3 

JOO 

200 

lOO 

0 ~ _ Ln t~ -

Puc. 3. PacnpocmpaHeHue UMnYllbCHOZO MaZHU111HOZO nOIIJI 
no 3aMe011J110U1eii 11uHuu: 1 - npocmpaHcmeeHHOe pacnpeoe-
11eHue nOIIJI 'lepe3 3 MKC noc11e noOa'IU BXOOHOZO CUZHa/la 
/To = 15 MKC/, 2 - 'lepe3 9 MKC, 3 - 'lepe3 15 MKC, 4 -
'lepe3 21 MKC. BeAU'IUHbl HanpRJKeHHOCmeu no11eu Bbl'IUC/leHbl 
Ha paCCIIOJIHUU 6 CM 0111 8UIIK06 3aMeOIIJ110llleU /IUHUU. 
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iir,3 

Puc. 4. Pacnpocmpaueuue UMny/lbCHOZO MOZHUmHOZO nOllJI 
no 3aMeo11J110111eii 11uuuu: 1 - npocmpaucmeeuuoe pacnpeoe
.11euue no.11J1 11epe3 2 MKC noc.11e nooa11u exoouozo cu2ua.11a 
/To = 10 MKc/, 2 - 11epe3 6 MKC, 3 - 11epe3 10 MKC, 
4 - 11epe3 14 MKC, 5 - 11epe3 18 MKC. Be.llU'IUHbl HanpJ1J1CeH
Hocmeii no.11eii Bbl'IUC.lleHbl Ha paccmOJIHUU. 6 CM om eumKOB 
3aMeo.11J110111eii .11uuuu. 

npOTHBononO)KHLie no 3HaKy TOKH H non.11. Kor,z:i;a HaBe,IJ;eH

HLie TOKH ,IJ;OCTHraIOT KOHI~a IlHHHH, OHH MoryT c~eCTBeHHO 

HCKa3HTb 4JopMy BOilHLI. KaK BH,IJ;HO H3 cpaBHeHH.11 puc. 3 H 

puc. 4, .o;ucnepcu.11 curHana BO BTopoM cny1.1ae npo.11Bn.11eTc.11 

ropa3,z:i;o cunLHee. KpoMe Toro, ywupeHue BMnynLca npu 

pacnpocTpaHeHHB ero no IlBHBB npBBO,IJ;BT K yMeHbWeHBIO 

rpa.o;ueHTOB non.11, a cne,z:i;oBaTenLHO, K yMeHLWeHBIO noKa3a· 

Ten.11 cna,z:i;a n. 3TOT 34J4leKT MO)KHO KoMneHCBpOBaTb yMeHb· 

weHBeM wara cnupanu. 

IIpB 1.fBCileHHOM Mo,z:i;enupoBaHBB ,IJ;BHaMBKB 3IleKTpOHHoro 

KOilb~a CTaTBl.feCKOe MarHBTHOe none 3a,IJ;aBanocb aHailBTB· 

1.feCKB B BB,D;e 

10 

CT r CT 
A¢ (r,z) = 2 Bz (z), 

CT i 2Br 2 
Bz (z)=Bz +--(z-zi)+a(z-zi) 

ri 

/IO/ 

I 

i 

1/, 

1\ 

:! 

f, ~r 2 

IP» I\ 

100a 

0 I ?n --..n '"' •n flflrl ,,.,~,,;,n11 .. , "" l ,,. 
' I 

-20, 

Puc. 5. Pacnpocmpaueuue eo.11u&1 A; no 3aMeo.11J110111eii 11u
uuu: 1 - npocmpaucmeeuuoe pacnpeoe.11euue eeKmopuozo no
meu11ua.11a 11epe3 3 M Kc noc.11e nooa11u exoouozo cu2ua.11a 
/To= 15 MKC/, 2 - 11epe3 9 MKC, 3 - 11epe3 15 MKC, 4 -
11epe3 21 MKC. 

R,cM 
,, 

.30 

20 

JO 

0 50 JOO 150 200 

Puc. 6. Tpae1<mopuJ1 1<011&11a npu ezo oeuxeuuu e cmamu-
11ec1<0M u UMnyllbCHOM MQZHUmHblX nOllJIX: 1 - eumKii 3a
Me<:>llJ110U1eii 11uuuu; 2 - mpae1<mopuJ1 KO/l&fla: 

2' CM , 
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R,CM l 

20 20 

JO /0 

0 

0 4o 80 120 /60 200 l,'i~ 

Puc. 7. H3MeHeHue paouyca KOAblla /1/ u apa111ameAbHOil 
3Hepzuu 3AeKmpoH06 /2/ npu 06UJICeHUU 6 o6Aacmb CUAbHOZO 
cmamu'lecKozo noA.R. 

a,,2,c.-, ~,.2. 
I 

i',2 
I 

l.0 to 

OJ 0.8 

46 0.6 

a.4 

0.2 

O./i 

"'-- L.2 
0. 

0 40 80 J20 (60 200 l,CM 

Puc. 8. H3MeHeHue noAypa3Mepoa a1, a 2 u co6cmaeHHblX 
'lacmom V1 , V2 6emampOHHblX KOAe6aHuil npu 06UJICeHUU KOAb-
11a 6 o6AaCmb CUAbHOZO cmamu'leCKOZO nOAJI. 
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i i 
rAe Br , B z - 3Ha'leHH.8 noneii B T0'IKe HIDKeKIJ;HH r i , 
z i , ti ; a - K031)il)iuu;ueHT, H3MeHHBWHHC.8 B npeAenax 0_5a~0.04, 
TaK 'IT0 npu z = 2 M /KOHeu; ycTaHOBKH/ 0TH0WeHue KBaApa -
TH'IHoro 11neHa K nuHeHHOMY 6hlno 3O<'/o An.JI a= 0,04 .Ko31)i
l)iuu;ueHT a HCnOnb30Banc.H, KaK CB060AHbIH napaMeTp, An.JI 
ynpaaneHH.8 ABIDKeHHeM l<Onbu;a /3aMeAneHH.H, C)KaTH.8/. 
Hanp.H)KeHHOCTb paAHanbHoro CTaTH'leCKOro nona Bbl'IHCn.H
nacb no l)iopMyne 

r B CT ( r • Z) = - 2 r 
a 3 ~T(z) 

az /13/ 

TpaeKTOPH.8 KOnbu;a B r - z nnoCKOCTH onpeAen.Hnacb 
B Ka)KAblH MOMeHT BpeMeHH nyTeM qucneHHoro peweHH.8 
ypaaHeHHH /1/, /2/ co CTaTH'leCKHM noneM /12/, /13/. 
THnH'IHblH BHA TpaeKTOpHH npeACTaaneH Ha puc. 6, Ha puc.7,8 
noKa3aHo H3MeHeHue 6onhworo paAuyca K0nbu;a R, ero 
3Hepruu y , Manb1x nonypa3Mepoa a 1 2 u qacToT HopManb
HbIX Kone6aHHH v1 2 npu ABH)KeHHH K0nbu;a a o6nacTb cunb-
Horo BzI non.JI. ' 

OTMeTHM HeKOT0pbie TeXHH'leCKHe A0CTOHHCTBa pac
CMOTpeHH0ro cnoco6a l)iopMHpoBaHH.8 3neKTP0HHblX Koneu. 
BHyTpeHHee pacnono)KeHHe CHCTeMbl T0K0BblX BHTK0B no-
3B0n.HeT noBblCHTb MexaHH'leCKYIO np0'IH0CTb KaMepbl aAre-
3aTopa u 06nerlfaeT.,,nony11eHue BhlC0Ko.ro aaKyyMa a ycTa
H0BKe. linaroAap.H ABH)KeHHIO K0nbu;a c 6onbWOH CK0P0CTbIO, 
6blCTpo npoXOA.HTC.8 pe3oHaHCbl 6eTaTpOHHblX KOne6aHHH. 
i(HKnH'IHOCTb pa60Tbl paccMaTpHBaeMoro aapHaHTa aAre3a-

21 .;(,, '3" ;i" 
II~ 
11 rl 

...1. I I Cn 
c...,_ '3TI I_] uCtl '•! ~I l I 

0 

Puc. 9. 3KauaaAeHmHa.R 3AeKmpu'lecKa.R cxeMa 3aMeOAJ110111eil 
AUHUU. 
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Topa AOIDKHa 6LITb -100 I'll, 'ITO npaKTH'IeCKH HeAOCTYilHO 
B AHHaMH'IeCKHX aAre3aTopax. 

ABTOPLI 6naroAapHLI IO.H.AneKcaxuuy 3a none3Hbie 06-
CY)KAeHH.ff H B.A.CeH1IeHKO 3a IlOMOIUb npH 1IHCneHHOM MO
AennpoBaHHH Ha 3BM. 

IIPHJIO)l(EHHE 1 

Pac11e111 1110Koe e 3aMeo11.1110111eu 11u11uu 

,[l;n.H pac1IeTa TOK0B B 3aMeAn.HIOIUeii IlHHHH 'C cocpeA0TO - · 
1IeHHbIMH napaMeTpaMH BOCil0ilb3yeMC.ff npocTeiimeii 3KBH
BaneHTHOH cxeMoii, H3o6pa)KeHHoii im puc. 9 H BKn101Ia10meii 
B ce6.H 0CHOBHhle 3IleMeHThI IlHHHH. 

Hapuc. 9.11,12 , ... ,ln , C1 ,C2 , ... ,Cn , L1,L2,••·•Ln-
TOKH, eMK0CTH H HHAYKTHBH0CTH COOTBeTCTBYIOIUHX 3IleMeH
T0B. 

B KBa3HCTanuouapH0M cnyqae T0KH onpeAeil.HIOTC.ff H3 
CHCTeMLI ypaBHeHHH [ 9 (: · 

t 
dl1 1 dim 

Li--+ - f(I 1-12)dt+!. M1 -=U(t), 
d t C1 O m~ 1 ,m d t 

di 1 t 1 t di 
L2--=-:J!-+- f(I2 -I 1)dt+-f(I 2-I 3)dt+I Mz --=-in=o, 

dt C 1 o C2 o m~2 ,mdt ............................ 
t ' t' 

dlk 1 . 1 dim 
Lk-- + - _{i(Ik-lk-l)dt+-j:(Ik-lk+i)dt+I. Mk,m-=0, 

dt Ck-1 Ck o mlk dt 

t . 
di n-1 1 t 1 

Ln-1--+ -- -b On-1-ln_2)dt + -- t (In_i-In )dt+ 
dt Cn_2 Cn-1 

dim 
+ I ~-1 m-- =0, 
mln-1 ' dt 

di 1 t. 1 t di m 
Ln-n+- f (I -1 l)dt+- fl dt + !. M -- =o. 

dt C O n n- C O n m=/n n,m dt 
n-1 n /Il.1.1/ 

14 

IlpH HanncaHHH CHCTeMLI /1/ y'ITeuo, 'ITO Bee BHTKH no
napuo B3aHMOAeHCTBYIOT qepe3 B3aHMHbie HHAYKTHBH0CTH 
~k· IlpOAHcpq,epeunupyeM CHCTeMy /IT.1.1/ no BpeMeHH :; 

Ii 
1 .. 

!. M1mlm +--(1 1-1 2 )-U (t) 
mzl C 

1 

n~ •. 1 1 1 1 
!. M 2J m- - I 1 + (-+-)I 2 - - I 3,.. 0, 

m•l C 1 C 1 C 2 · C 3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . 
n~ •· 1 1 1 1 
!. Mk I - - lk_1+(--+-)Ik-- lk+l.,0, 
m-1 m m C C C C 

k-1 k-1 k k+l 

n - 1 1 1 1 
I Mn-1 m Im- -- 10-2 + (-- +--.-) 1n-1--C 1n"'0 

m-1 ' . C n-2 C 0 _2 C0 _1 n 

n - •. 1 1 
I Mnm I1n - -- 10 _1 + (-- + 
mzl 1C0_1 Cn-1 

_1_) In'"' 0, 

Cn /Il.1.2/ 

rAe 

- : M ik • 
M.k"' L 

l i i ' 

i,k k • I 

i-k 

CHCTeMy /Il.1.2/ YA06Ho 3ailHCaTb B MaTpH1IHOM BHAe: 

-- .. 
MI+ CI=U, /IT.1.3/ 

rAe MaTpHna CH CTOn6en U HMeIOT BHA: 
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1 1 - -- 0 0- ... 0 0 
ct 02 

1 1 1 1 
0 0 0 

I Ct) -- -+- -- ... 
ct c2 c2 c2 

1 1 1 1 
0 0 I· ~ (t)- : • 

C •I 0 -+-
Ca c.i c2 Ca 

0 
I 

1 1 1 
0 0 -- -+-0 0 

Cn-tCn-tCn 

11yCTh e-<k) H ,\ k - co6CTBeHHhle BeKT0pa H C00TBeTCT • 
BYIOII.\He HM co6cTBeHHL1e qHcna Ma TpH:u;L1 M , 

I M e (k) =A e (k> 
f if e k i . 

/11.1.4/ 

PeweHHe ypaBHeHH.H /11.1.3/ 6y,neM HCKaTh B BH,ne 

(m) 
Ik(t) .. I a (t)tk. 

m m 
/11.1.5/ 

110,ncTaBn.H.H /11.1.5/ B /11.1.3/ c yqeT0M /11.1.4/ H HC· 
Il0Ilh3Y.H 0pToroHailhH0CTh C06CTBeHHblX BeKT0p0B_ t (k) ,no· 
nyqHM 

. . 1 (n) (m) _ 
a (t) + I I --- C "k e . e k a (t) ,. 

mik--- 1 1 m . y,\ ,\ 

1 
-I 
...;T i 

n 

n m 

(n) 

U1(t)t1 
/11.1.6/ 

r,ne a (t)-yT:°- a (t). PeweHHe ypaBHeHH.H /11.1.6/ Hll.\eM 
B BH,ne

0 
pa3Il0)KgHHn.H ITO C06CTBeHHblM BeKT0paM e<e) MaTpH· 

Uhl, C0CTaBneHHOH H3 3IleMeHT0B 

16 

1 (n) (m) 

Anm• t,k ----:..~-::.-= C ik f i f k , 

V ,\n ,\ m 

~ 
an (t) - f tle(t)(~) ', 

I I __ 1_ C t (n)l Cm) (p) ~ (p) 

m i,k ...;TT ik i k ( m .. ,\ p' n • 

n m 

110,ncTaBn.11.11 /11.1. 7 / B /II.1.6/, nonyqaeM: 

13·r Ct) +Ar tle(t) ,.. Ye (t). 

1 7 (n) cr) 
Ye (t) -I-=-~ U1 l1 ( n 

n V ,\ 
n 

OTc10,na 

tJ (t) ,_ A (t) cos ( ..jX . t) + B (t) sin ( yA . t ) , 
r r r e r 

1 t ~ . 
Ae (t) - - - _ f Ye (t) sin (y,\{t )dt+Ar (0), 

...; ,\e o 
1 t ~ 

/11.1.7/ 

/11.1.8/ 

/II.1.9/ 

Be (t) -•- _., f/r(t) cos(y,\{t)dt +Be (0). 

V ,\e /II. l.1O/ 

11ycTL B HaqanLHhlii M0MeHT BpeMeHH I k (0) ... 0 . Tor,na 
B CHny 0pToroHailhH0CTH C06CTBeHHblX BeKT0p0B e (k) H 
~m) Ae(0)=0. -:-

Bb1pa3HM Br (0) qepe3 HaqanhHhle JHaqeHH.H U (0) .lfa 
CHCTeMhl /1/ B HaqanhHblH M0MeHT BpeMeHH 

I M
1
k ·1/0) .. U

1
(0) 

k 

Haii,neM BenHqHHhl ) /0): 

. 1 (m) (m) /II / 
I (0) • U (0) I - l 1 l . · 1. ll 

k 1 ,\ . k m m 
C ,npyroii CT0P0Hbl, H3 /II.1.5/ H /II. l. 7 / HMeeM 

.17 



. 1 . (m) ( f) 
Ik(0) = I -{3e (0) i\ ( m • /II.1.I2/ 

m.f Fm 
IIpnpaBHHBa.H /II.1.11/ H /II.l.I2/ H HCil0Jlh3Y.fl 0pToro

HaJILH0CTh C06CTBeHHhIX BeKT0p0B e (m), HaH,IJ,eM 

1 . U (0) 1 (m) ( n) Be co) .. -- /3 e co) ,., ..:::i_ I -- e , . /II. I. I 3/ 
· -- -;:- m\f'X:1 m 

vXe vX.r m 

O6-Le,IJ,HH.Hn /II.1.5/, /II.1.7/, /II.I.IO/ H /II.l.I3/, 
0KonqaTeJILH0 Il0JiyqaeM 

1 - t --
Ik(t) - I --:-- 1-cos(vAet) f u l(t) sin (vAe t )dt+ 

m~f.n VA£ O 

t 

+ sin( vAe ·t) [ f_U1 (t) cos (v'A(t)dt+U1 (0)] Ix 
0 

X l g<n) e(m) ,cf) ,cf) 
1 k n m /II.1.14/ 

VA A 
n m 

IIone cnHpanLnoii 3aMe,IJ,mnomeii JIHHHH nonyqaeTc.H 
nyTeM CYMMHP0BaHBH IlOJieii 0T,IJ,eJILHhIX BHTK0B. MarHHTHLie 
IlOJIJi Br ' B z T0HKoro KpyroBoro BHTKa C T0K0M I, ero 
BeKT0PHLIH Il0TeH~HaJI A¢ H rpa,IJ,HeHThI a Br/a z ,aBz/aZ ,IJ,a
lOTCJI cliopMyJiaMH /9, 10/ 

F (r , z) = _I_ G ( r , z , R , Z ) , 
C F /II.I. IS/ 

r,IJ,e r , z - K00p,IJ,HHaTLI T0qKH Ha6mo,IJ,eHH.fl, R , Z - K0op
,IJ,HHaTLI BHTKa, a G F- reoMeTpHqecKHe cpaKTOphI, C00TBeT
CTBYlOUlHe BhlqHCJI.HeMoii BeJIHquue F ' K0Topa.H o603HaqaeT 
Br, Bz H T.,IJ,. 
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