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6enOWH~KHH n.~. H AP· P9 - 12830 

0 KOMnpeccope 3neKTPOHH~X Kone~ C ~COKOH 
~HKnH4HOCTbiO 

06cy~AaeTC.A BapHaHT KOMnpeccopa 3neKTpOHH~X Kone~ C B~
COKOH ~HKnH4HOCTbiO. KoMnpeccHR ocy~ecTen.AeTc.A npH npoABH
~eHHH KOnb~a BOnHOH HMnynbCHOro MarHHTHOro non.A B HapacTaiQ
ll\ee cTaTH4ecKoe none. MeTOAOM 4HcneHHoro MOAenHpoeaHH.A npo
BeAeHo HCCneAOBaHHe AHHaMHKH C~aTH.A KOnb~a B CYMMapHOM 
MarHHTHOM none C y4eTOM BnH.AHH.A 3KpaHHpOBaHH.A HMnynbCH~X 
MarHHTH~x noneH. PesynbTaT~ 4Hcne~Horo MOAenHpoaaHH.A no
Kas~aaiOT B03MO~HOCTb nony4eHH.A 3neKTpOHH~X KOne~ C napa
MeTpaMH, 6nH3KHMH K HMeiO~HMC.A B HaCTO.A~ee BpeMR, npH Cy~eCT
BeHHO fiOnbWeH ~HKnH4HOCTH pa60T~ KOMnpeccopa. 

Pa6oTa e~nonHeHa e 0TAene Hoa~x MeTOAOB ycKopeHH.A OHRH. 

Coo~W8HKe 0~b8QHH8HHOrO HHCTKTyTa HaepHbiX HCCneaOB8HHA, ny~H8 1979 

Beloshitsky P.F. et al. P9 - 12830 
A Varient of High Intensity Electron Ring 
Compressor 

A high intensity electron ring compressor is discussed 
The increasing cycle of operation of the compressor is 
achieved by using a static magnetic field for compression 
and pulse magnetic field for moving of a ring in a region 
of a strong static field. The results of a numerical study 
of dynamics of an electron ring are presented. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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C ~en biO nOBbiWeHHfl ~H KnH 4HOCTH KOnneKTH BHOrO yCKOpHTeJ1ft 
HOHOB e pa6oTe/1/ 6~na npeAno~eHa cxeMa KoMnpeccopa, ocHo
eaHHaft Ha COBMeCTHOM HCnOnb30BaHHH CTaTH4eCKOrO H HMnynbc
HOro MarHHTH~x noneH. B MeTannH4ecKyiO KaMepy noMe~anacb 
cnHpanbHaft 3aMeAJ1ft~aft nHHHfl, B KOTOPOH pacnpOCTpaHftnCfl 
TOKOB~H HMnyJ1bC. CHapy~H pacnonaranCfl coneHOHA, C03AaiO~HH 

CTaTH4eCKOe MarHHTHOe none. 3neKTPOHHOe KOnb~O, noMe~eHHOe 
BHYTPH cnHpanbHOH nHHHH, noA AeHCTBHeM eonHbl Br /sHaK " " 
3AeCb H B AanbHeHWeM 03Ha4aeT npHHaAne~HOCTb K HMny11bCHbiM 
eenH4HHaM/ npOABHranocb e o6nacTb cHnbHoro cTaTH4ecKoro 
MarHHTHOrO nOJ1fl, OAHOBpeMeHHO C~HMaftCb no cpeAHeMy paAHYCY 
H pa3MepaM Ce4eHHfl. ~a3a KOnb~a no OTHOWeHHIO K HM-
nynbCHOMy MarHHTHOMy non10 B~fiHpanaCb TaK, 4T06bl o6ecne4HTb 
~KyCHpOBKY KOJ1b~a H yeenH4eHHe Bpa~aTe11bHOH 3HeprHH 3neKT
pOHOB. UenbiO HaCTOft~eH pa6oTbl ftBnfteTcft MOAenHpoeaHHe AHHa
MHKH c~aTHfl 3J1eKTPOHHOrO KOnb~a C y4eTOM 3KpaHHpOBaHHfl HM
nynbCHbiX MarHHTHbiX noneH. 

1. PAC4ET HMnYnbCHOrO nonR KOMnPECCOPA 
C Y4ETOM 3KPAHHPOBAHHR 

B pa6oTell/ 6~n npeAno~eH cnoco6 pac4eTa HMnynbCHbiX 
MarHHTHbiX noneH, C03AaBaeMbiX ABH~Y~HMC.A no 3aMeAn.A~eH nHHHH 
TOKOB~M HMnynbCOM. npocTeHWa.A 3KBHBaneHTHa.A CXeMa, BKnl04aiO
~a.A B cefi.A OCHOBHble 3neMeHT~ nHHHH, H306pa~eHa Ha pHC. 1. 
npH paC4eTe TOKOB lk B BHTKax Y4HT~BaJ10Cb HX nonapHOe 
B3aHMOAe~CTBHe 4epe3 B3aHMH~e HHAYKTHBHOCTH. H3MeHeHHe Be
nH4HH I k(t) BO BpeMeHH OnHCbiBaeTC.A CHCTeMOH CHMMeTpH30BaH
HbiX 11HHe~HbiX ypaBHeHHH, peweHHe KOTOpO~ HaXOAH110Cb nyTeM 
pa3110~eHH.A no COfiCTBeHHbiM BeKTOpaM CHMMeTpH4HbiX MaTpH~ /l/. 
4HCJ10 BHTKOB B 11HHHH /H ypaBHeHHH/ B HqCTO.A~e~ pafioTe Bbl-
6paHO paBHbiM 161. 

Cyll\eCTByiO~He e HaCTO.A~ee epeM.A cTaHAaPTH~e 6H611HOTe4Hble 
nporpaMMbl HaXO~AeHH.A C06CTBeHHbiX BeKTOPOB H C06CTBeHHbiX 4H
Ce11 Bell\eCTBeHHO~ CHMMeTpH4HOH MaTpH~bl C pa3MepHOCTbiON-150 
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PHc. 1. 3KBHeaneHTHa~ 3neKTPH4ecKa~ cxeMa 3aMeAnA~~e~ nHHHH. 

Tpe6y~T cy~ecTBeHHo~ onepaTHBHo~ naM~TH 38M. TaK, HanpHMep, 
nporpaMMa KIM Tpe6yeT 2x Nx(N + 1) MaWHHHbiX cnoe. npH 4HCne 
ypaeHeHH~ N= 161 3TO cocTaen~eT oKono 140000 8 cnoe I- 48KI. 
C l.lenb~ fionee 3$<)leKTHBHOrO HCnOnb30BaHHA onepaTHBHO~ naM~TH 
38M OAHHM H3 aBTOPOB lo. r ,IJlHHOBbiMI C03AaHa 6H6nHOTeKa npo
rpaMM, BKn~4a~~a~ nporpaMMy HaXO>KAeHH~ C06CTBeHHbiX BeKTOpOB 
H C06CTBeHHbiX 4Hcen Be~eCTBeHHO~ CHMMeTpH4HO~ MaTPHl.lbl ITpe-
6yeT onepaTHBHO~ naM~TH N x(N +2 ) npH npHMepHo TaKHx >Ke, 
KaK H e KIMe, 3aTpaTax epeMeHH lleHTpanbHoro npol.leccopal 
H P~A CepBHCHbiX nporpaMM An~ o6MeHa C AHCKaMH. oonee nOAP06-
HOe OnHCaHHe 6H6nHOTeKH AaHO B npHnO>KeHHH 2. 

XapaKTepHble napaMeTpbl 3aMeAnA~~e~ nHHHH: war BHTKOB -
2 CM,eMKOCTH KOHAeHCaTopoe- 15·10-g <!J, Hanp~>KeHHe Ha BXOAe 
3aM~~~lR~~e~ nHHHH U(t)= U 0 sinwt , w = ~17 

, t ::;T
0
/ 2, U(t)= 0 , 

0 0 
t' >-2- c U0 = 50-'-70 K8, T0 =10-'-30 MKC. KoHKpeTHoe 3Ha4eHHe 

BenH4HHbl T0 Bbi6HpanoCb C y4eTOM MHHHManbHbiX HCKa>KeHH~ <)lop
Mbl HMnynbCa npH ero pacnpOCTpaHeHHH B nHHHH npH QAHOBpeMeH
HOM AOCTaT04HO 6onbWOM 3Ha4eHHH aMnnHT_}'Abl BOnHbl Br lc yee
nH4eHHeM nepHOAa T0 aMnnHTYAa eonHbl Br naAaeT, KaK 3TO o4e
BHAHO H3 3HepreTH4eCKHX C006pa>KeHH~I. MaKCHManbHO AOnyCTH
MOe 3Ha4eHHe U 0 onp'eAen~nOCb ycnOBH~MH <)loKyCHPOBKH 3neKTpOH
Horo KOnbl.la npH <)lHKCHpOBaHHbiX paAHyce H Ha4anbHO~ 3HeprHH 
HH>KeKTHpyeMoro ny4Ka. 

CneAY~ pa6oTe 121, Y4TeM enH~HHe 3KpaHHpoeaHH~ MarHHTHoro 
v~ f2 

non~. YcnoBHe KBa3HcTal.lHOHapHoCTH -- 2-<<-~-2 I v<P - <)la3osa~ 
c .~..o 

CKOPOCTb BOnHbl, npH Bb16paHHbiX napaMeTpax nHHHH V<tJ-10 7 CMIC, 
~ o - AnHHa 3KpaHa, f - xapaKTepHbl~ pa3Mep o6nacTH, s Ko
Topo~ none OTnH4HO OT Hyn~l BblnonH~eTc~ c 6onbiUHM 3anacoM. 

4 

nyCTb a3HMyTanbHOe Ce4eHHe 3KpaHa 3aAaHO B BHAe rnaAKO~ 
KpHBO~ r=«~· TorAa nnOTHOCTb TOKa B 3KpaHe l6eCKOHe4HO TOH
KOM H HAeanbHO npoBOAR~eMI 

j A (r, z)= -~-- --~}; _L¢. (r, z) r A ,~.(r', z ',t)y~-, ¢. (r ',z ')f(z ')dz ', I 1 I 
'f' ~~ yr i \ 1 £ 'f' I 

rAe HHTerpHpoeaHHe BeAeTC~ no KOHTYPY a3HMyTanbHOrO Ce4eHH~ 
3KpaHa ~, !Acp - BeKTOPHbl~ noTeHl.lHan non~ B OTCyTCTBHe 3Kpa-

dr' 2 
Ha, f( Z ')=y'1 + (---;-) , cpi H A i - C06CT BeHHble <)lyHKl.lHH H C06CT BeH

dz 
Hble 4Hcna ~Apa G(r, r ', z, z ') . f(z '). 

G(r,r ', z, z') = -~[( 1- ~ 
2
)K(k) -E(k)], k2= __ 4rr' 

(r+r')2+(z-z') 2' 

A i ¢i (r ,z) = i- J ¢i (r', z ') G(r,r', z,z ')f(z')dz ', 
0 ~ 

121 

4epe3 K H E o6o3Ha4eHbl nonHble 3nnHnTH4eCKHe HHTerpanbl nep
soro H BTOporo POAa, 3Ha40K }; 03Ha4aeT CYMMHPOBaHHe no BCeM 
i= l,2, ... ,N , N- 4Hcno co6cTBeH.HbiX <llYHKl.lH~. 

8 ypaBHeHHH 12/ nepe~AeM OT HHTerpHpOBaHH~ K CyMMHPOBa

HH~, Hcnonb3Y~ <)lopMyny CHMncoHa 

A. ¢<i> = }; ¢(i) G f Q 
1 n m m nm m m' 131 

z !{""' z 1 
Q = ---- q =f:lv.q ' 

m (N-1)~o m m 

rAe HH>KHH~ HHAeKC 03Ha4aeT nop~AKOBbl~ HOMep Ha KOHType ~ 
1 4 2 

ql=qN = 3- ,q2=q4= ... =qN-t=3, q3=q5= ... =qN-2=3-. CHMMeTpH3Y~ 

ypaeHeHHe 131, nony4HM 

A. ¢<i> = a¢<i>, 
I 141 

-(i) - --f- (i) -
¢n - y'Qn n ¢n ' 0 nm- y'QnQmfnfm 0 nm' 

T. e. 3aAa4a ceenacb K onpeAeneHHIO co6cTBeHHbiX 4Hcen H co6-
CTBeHHbiX BeKTOpOB CHMMeTpH4HO~ MaTPHl.lbl 6 *. nepeXOA~ B 111 
K CYMMHPOBaHHIO, OKOH4aTenbHO nony4aeM An~ TOKOB B 3KpaHe 

* 8b14HcneHHe 3neMeHTOB ann npoBeAeHO B npHno>KeHHH 1 • 
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H C03AaBaeM~X V.MH none~ 

. c 1 1 - (i) -(i) qkr k 
Jcf>(r n • zn) =- yf':..v _L - . cf>n cf>k y--Ak(t). /4/ 

o -' f r l,k AI fk 
V qn n n 

F(r, z) =.!.f':..v-~ 0 Ljr~-.(r, z )G (r, z) -qn = c n 'I' n n n 
/51 

=-f':..vLy~G (r,z) L ...!._¢(i>j~i)y q~k Ak(t), 
n f n r n n i ,k A i n f k 

rAe G - reoMeTpH4eCKHe C!>aKTOPbl /3 / , COOTBeTCTBYIOIJ1He Bbi4HCnRe
MO~ eenH4HHe F, KOTopafl o6o3Ha4aeT B r ' Bz H T. A. npv. pac
CTOfiHHH Me~AY 3KpaHOM H cnv.panbiO B 10 CM BenH4HHa 3KpaHHpo
BaHHfl MarHHTHOro nonfl B o6naCTH TpaeKTOPHH KOnb~a COCTaBnR
na -20%, a nepHOA BXOAHOrO CHrHana - -25 MKC, npv, paCCTOR
HHH B 5 CM 3KpaHHPOBaHHe yeenH4HBanoCb npv.MepHO BABOe. 
XapaKTepH~~ BHA HMnynbCH~x none~, B03HHKaiOIJ1HX npv. pacnpocTpa
HeHHH TOKOBoro HMnynbCa BAOnb nHHHH, noKa3aH Ha pv.c, 2. 

8,.,3 

100 

0 ~~·II), ~ :...._ tnnTY sc:7<>y;;v.\: A 1 __ Z c"" 

-100 

-200 

Pv.c. 2. PacnpocTpaHeHv.e eonHbl BHYTPH KoMnpeccopa. Cnnow-
H~MH nHHHfiMH npeACTaeneH~ HMnynbCHble nOnfl B 3KpaHHPOBaHHOM 
KOMnpeccope, WTpHXOB~MH - 6e3 y4eTa 3KpaHHpOBaHHfl. 3KpaH 
pacnono~eH Ha paCCTOfiHHH 1H CM OT BHTKOB nHHHH, nonfl B~-

4HCnflnHCb Ha paCCTOfiHHH 8 CM OT BHTKOB. 1 - nonR B MOMeHT 
t= 0,4T 0 = 10 MKC; 2 - t = 25 MKc; 3 - t = 32,5 MKC, 

6 
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2. PAC4ET CTATH4ECKOrO nonR KOMnPECCOPA 

npv. c~aTHH nono~eHv.e 3neKTPOHHoro KOnb~a /T04Hee, paeHo
eecHo~ 4aCTH~bl/ onpeAenReTCfl ypaBHeHHfiMH / 1/ 

- s 
Br (r, z, t) + Br(r, z) = 0, 

Me/>= r
2 

BzL- rAcf>L= const, 

- s 
Bz L (r, z, t) = Bz (r, z, t) + Bz (r, ·z), 

- s 
Acf>L(r, z, t) = Acf>(r, z, t) + Acf>(r, z), 

/6/ 

171 

3AeCb eenH4HHbl C HHAeKCOM "s" OTHOCfiTCfl K CTaTH4eCKHM nonfiM. 
B ypaeHeHHH /7/ v.MnynbCHble eenH4HH~ e Te4eHv.e ecero npo~ec
ca C~aTHfl OCTaiOTCfl MHOro MeHbWe CTaTH4eCKHX. 3TO OfiCTOR
TenbCTBO 3Ha4HTenbHO ynp0111aeT 3aAa4y C!>OPMHpOBaHHfl CTaTv.-
4eCKOro nonR, Heo6XOAHMoro Anfl ABH~eHHfl Konb~a no 3apaHee 
Bbl6paHHO~ TpaeKTOpHH r = r 

0
(z). 

nycTb B HeKOTOPO~ OKpeCTHOCTH TpaeKTOpHH CTaTH4eCKOe Mar
HHTHOe none HMeeT BHA 141 

2 A¢<r, z) = A
0
(z) +A 1(z)(r- r

0
(z)) + A

2
(z)(r- r

0
(z)) . 

Ko3C!>C!>H~HeHT~ pa3no~eHHfl onpeAenv.M H3 ypaeHeHH~ 

/8/ 

r 0
2 (z)B I () -r0 (z)Ar~-. l () =const=r 2 B2i-r.A~=C, /9/ z rs= r z '+' r= r z 1 1 'P 

0 0 

Br 1r=ro(z)=-Bo-B1 (z-zi)-B2(z-zi)2, /10/ 
aBr aBz 
--1 =-1 ' /11/ 
az r=r0 (Z) ar r=r0 (Z) 

rAe HHAeKC '1, 03Ha4aeT B3fiTHe BenH4HH~ B MOMeHT HH~eK~HH 
ny4Ka. PewaR cv.cTeMy /9/-/11/, nony4aeM 

A (z) =- _c_ + B (z-z.) +.!. B
1
(z-z. ) 2 + l.s

2
(z-z. ) 3+r. B i, 

0 r O (z) 0 I 2 I 3 I I Z 

c /12/ 
A1 (Z) = r 2 (z)' 

0 

Ao(z) A (z) 
---- 1 r2( - -- (1+ r'2) 

A

2

(z) = o z) r
0

(z) 0 -B1-2B2 (z-zi) 

2(1 +r' 2) 
0 
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Br(r, z) =-A~(Z)+A 1 (z)r~(Z)+[A2 (z)r~(z)-A;(z)](r-r0 (z)), 

Ao (z) A1 (z) 
Bz(r, z) = -r-+ A1 (z)+[-r-+~(z)](r-r0(z)), 

0 

aB A 0 (z) A1(z) 
__ z I =----+--+ 2A (Z), 
ar r=r 0 (Z) r2(z) r

0
(z) 2 

0 

aBz I = Ao(z) +A'(z)-[~(Z) +2A2(z)]r~(z). 
~ r=r 0 (z) r

0
(z) 1 r

0
(z) 

3. AHHAMHKA C~ATH~ 3nEKTPOHHOrO KOnbUA 

/13/ 

np~ ~ccneAOBaH~~ A~HaM~K~ c~aT~R 3neKTPOHHOro KOnb~a era 
nono~eH~e /KOOPA~HaT~ r, z I e Ka~A~~ MoMeHT epeMeH~ onpe
AenRnocb nyTeM 4~cneHHoro peweH~R ypaeHeH~~ /6/, /7/ co 
CTaT~4eCK~M noneM B~Aa /8/, /12/, /13/. YpaeHeH~R pewan~cb 
B nocneAOBaTenbH~e MOMeHT~ epeMeH~, B Ka~Abl~ ~3 KOTOPbiX B~-

4~CnRn~Cb een~4~Hbl TOKOB e n~H~~ ~ 3KpaHe. C ~enbiO 6onee 
KOMnaKTHOrO xpaHeH~R ~H~OpMa~~~ 0 TOKaX B nOCJleAH~X OCTaBJlR
Jl~Cb nepe~e 4 ~~~P~. nocne 4ero oH~ ynaKoe~ean~cb no 4 e OA
HO Maw~HHoe cnoeo. np~ B~4~cneH~~ none~ 3To o6ecne4~eano 
T04HOCTb He xy~e 0,05%. H3MeHeH~e MaJlbiX nonypa3Mepoe KOJlb~a 
a 1 , a 2 e npo~ecce c~aT~R onpeAenRnocb ~3 ypaeHeH~~ 

. 2 
2 4 II 1,2 Q 

y a 1 2 (--- - ------ ) = const, 
• r2 a1,2(a1+ a2) 

/14/ 

4v Ne e 2 Vr~-. 
rne Q=-- v=-_--- y- peJlRT~B~CTCK~~ "'aKTOp {3=---Y 

H {32y 3' 2rrr mc2' ~ ' c ' 
Ne - 4~CJ10 3neKTpOHOB B KOnb~e, v 1,2 - 4aCTOTbl HOpMaJlbHbiX 
Kone6aH~~ 141, 

8 

2 
II 1,2 

n 

p 

=~ ±v~+p2 -n(1-n), 

r aBz2 r aB r~ /15/ 

- Bz~ --ar-=- Bz~ az 
aBz~ r aBr~ 

B z~ ··az Bz~ ar 

) 

• 

B KOH~e c~aT~R p 2- n2 <<n<< 1, vi-:::.1- n , vi ::: n << 1, 
4TO np~BOA~T K He06XOA~MOCT~ AOnOJlH~TeJlbHO~ aKc~aJlbHO~ ¢Q
KyC~POBK~ KOJlb~a, Hanp~Mep c noMOll\biO "6en~4bero Koneca"/5/, 
np~BeAeM T~n~4Hble napaMeTpbl 3I!eKTpOHHOro KOJlb~a ~ CyMMap
HOro MarH~THOrO nOJlR B OAHOM ~3 Bap~aHTOB MOAeJl~pOBaH~R C~a
T~R KOJlb~a. TpaeKTOP~R KOnb~a B KOMnpeccope ~3o6pa~eHa Ha 
p~c. 3. napaMeTp~ B Ha4aJle C~aT~R: R= 22,4 CM;a1:f1 CM;y= 6; 
Bz~=457 3. napaMeTp~ B KOH~e c~aT~R: R= 3,1 ci-1; ~1= 0,2 eM; 

y = 17; Bzf9,2 Krc. 4~cno 3JleKTPOHOB e KOJlb~e N 8 =10 13 •. 
H3MeHeH~e Man~x nonypa3Mepoe a 1, a2 ~ penRT~B~CTCKoro 

~aKTopa y e npo~ecce c~aT~R npeACTaeneHo Ha p~c. 4. 
HccneAoBaH~e pa3n~4HbiX pe~~Moe c~aT~R KOJlb~a noKa3~BaeT 

cna6y10 3aB~C~MOCTb KOHe4H~X era napaMeTpOB OT B~6opa Ha4aJlb
H~X yCJlOB~~ - BpeMeH~ ~ T04K~ ~H~eK~~~. Hx B~6op B OCHOBHOM 
onpeAeJlReTCR YCilOB~RM~ YCT0~4~BOCT~ KOnb~a. np~ He6onbW~X 

Ha4aJlbH~X 3Ha4eH~RX v 2 /B 60JlbW~HCTBe Bap~aHTOB v2 ~0, 15/ 
KyJlOHOBCKOe paCTaJlK~BaH~e orpaH~4~BaeT M~H~MaJlbHO AOnyCT~
MYIO een~4~HYYi · ~opMa cn~pan~ e o6nacT~ c~aT~R KOnb~a e~-
6~panacb B B~Ae A exp(-az) + 8, KaK nOA06HaR TpaeKTOp~~ KOJlb~a. 
B TO ~e epeMR Bbt6op onT~ManbHO~ ¢opM~ npeACTaBnReTCR cno~

HO~ 3aAa4e~. TaK, np~ pacw~peH~~ cn~pan~ c ~enbiO 6onee AJl~
TeJlbHoro C~aT~R KOJlb~a /Ri ~34 CM/ KOHe4H~e BeJ1~4~H~ a 1,2 
OKa3aJl~Cb TeM~ ~e, 4TO ~ B np~BeAeHHOM Bap~aHTe, 4TO CBR3aHO 
c 6onee MeAJleHHbiM Ha6opoM 3Hepr~~ y /np~4eM Ha4aJlbHaR 3Hep
r~R yi B 3TOM Bap~aHTe AOn~Ha 6b1Tb B 1,5 pa3a B~We, 4eM 
e np~BeAeHHOM paHee/. B ~enoM pe3yJlbTaTbl 4~cneHHoro MOAen~po
eaH~R noKa3~BaiOT B03MO~HOCTb noJly4eH~R 311eKTpOHHbiX KOne~ 
C napaMeTpaM~, 6J1~3K~M~ K ~MeiOli\~MCR B HaCTORll\ee BpeMR All, 
np~ cyll\eCTBeHHO 6onbwe~ ~~K11~4HOCT~ pa6oT~ KOMnpeccopa. 

nPHnO~EHHE 1 

Bbl4~cneH~e A~aroHaJlbHbiX 3JleMeHTOB MaTp~~~ G 

Hcnonb3YR ac~MnTOT~4ecK~e Bbtpa~eH~R A11R 311n~nT~4ecK~x 

~YHK~~~ K ~ E, B~AeJl~M oco6eHHOCTb e RAPe G(r,r',z,z') np~ 
r-.r',z-.z'. · 

64r
2 

_ -4. 
G (z, z - [ (dr'/ dz') , z -') - 1n - 2 ] ( ' z) 

0 1+ z=z 
/n. 1/ 

Tenepb ypaeHeH~R /2/ ~ /4/ MO~Ho 3an~caTb e B~Ae 

.\. ¢. (r, z) = -t- I ( G(r, r', z, z ')[¢(r', z')- ¢(r, z)) f(z') dz' + 
1 1 

o £ /n. 21 
+ ¢(r, z) f [G(r,r ',z, z ') f(z ')- G ( z, z ')f( z)]dz '+ ¢ (r, z) f(z) f G 

0
(z, z ')dz 'I. 

£ 0 £ 9 
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P~c. 4. H3MeHeH~e Man~x nonypa3Mepoe a 1 , a 2 ~ epa~aTenbHO~ 
3Hepr~~ y np~ cmaT~~ Konb4a. 
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• 

A.¢ ( i ) = G ¢ (i) . 
I ;n.3/ 

n n n ' nm - ' 
¢~i) = / Qf¢ (i) G -1 .j Qn Qmfnfm Gnm • n .f m 

fn (An-k~nG kn Qk)' n = m, ;n.4/ 
64r~ 

l + (dr'/ dz')2 , -
2
]-

z =zn 

A =-L ( G ( z z ') dz'= - L I(z -z . )[ln 
n s.' 0 n' s.' f 1 

0 s.' 0 

- ( z r- z ) ln (z r- z ) 2 + (z .- z ) ln( z .-z ) 2 1. n n 1 n 1 n 

3AeCb Zi ~ Zf - Ha4anbHafl ~ KOHe4Hafl KOOPA~HaT~ 3KpaHa. 

nPHnO)I(EHHE 2 

On~caH~e nporpaMMbt HaxomAeH~fl co6cTBeHH~x 4~cen 

~ co6CTBeHHbiX BeKTOpOB 6onbW~X C~MMeTp~4eCK~X 
MaTP~4 (RMSEVEV) ~ KpaTKoe on~caH~e 6~6n~oTeK~ LIBRMS 

MeTOA ~Ko6~, ~n~ MeTOA epa~eH~~. flBnfleTCfl OAH~M ~3 Ha~6o-
nee ~3BeCTH~X ~Tepa4~0HH~X MeTOAOB HaXOmAeH~fl C06CTBeHH~X 

4~cen ~ co6cTBeHHbtX eeKTopoe c~MMeTp~4HbtX MaTP~4. HccneAoea
H~~ MeToAa ~Ko6~ ~ ero np~MeHeH~~ Ha 3BM nocefl~eHo 6onbwoe 
4~cno pa6oT /eM., Hanp~Mep, 17 ·10 / f. 

H3BeCTHbl OCHOBHbte AOCTO~HCTBa MeTOAa ~K06~: 
1/ npOCTOTa anrop~TMa ~. cneAOBaTenbHO, OTCyTCTB~e KaK~x

n~6o TPYAHOCTe~ np~ Han~caH~~ nporpaM~, 

2/ 6e3yCnOBHafl ~ AOCTaT04HO 6~cTpafl CXOA~MOCTb MeTOAa, 
3/ np~MeH~MOCTb MeTOAa 6e3 ero ~3MeHeH~fl Anfl Bbi4~CneH~fl 

6n~3K~X ~ KpaTH~X C06CTBeHH~X 3Ha4eH~~. 

0AHaKO Anfl AOCT~meH~fl XOpowe~ T04HOCT~ CXOA~MOCT~ Heo6xo
A~MO coeepw~Tb 3Ha4~TenbHoe 4~cno 3neMeHTapH~X noeopoToe, 
4TO np~BOA~T K 60nbW~M 3aTpaTaM BpeMeH~ 4eHTpanbHOrO np04eC
copa /CP/ ~ ow~6KaM oKpyrneH~fl. 4To6bt yMeHbW~Tb 4Hcno noeo
poToe, MOmHO 6btn0 6bt OTbiCK~BaTb 1-1 ~CKn~4aTb MaKCHManbH~~ no 
a6con~THO~ een~4~He HeAHaroHanbHbt~ 3neMeHT. Anfl 3Toro npH
wnocb 6~ nepeA KamA~M epa~eHHeM npocMaTp~eaTb ec~ MaTPH4Y, 
4TO HemenaTenbHO 1-13-3a AOnonH~TenbH~x 3aTpaT epeMeHH CP. 
npeAnomeHO ABa OnT~M~3~poBaHHbiX MeTOAa nOHCKa 3neMeHTa, 
noAnemal!lero ~ cKn~4eHH~. nep Bbt~ - onT~MH3~poeaHHbt~ MeTOA napa
roe /6apbepoe/ f.l / , B KOTOPOM npocMaTpHBa~TCfl nOAPflA BCe 
HeAHaroHanbH~e 3neMeHT~ ~ ~CKn~4a~TCfl Te 1-13 H~X, KOTOp~e no 
MOAYn~ 6onbwe HeKoToporo ~KcHpoeaHHoro 4Hcna, Ha3~BaeMoro 
6apbepoM. 3aTeM een~4~Ha 6apbepa yMeHbwaeTCfl cornacHo He-
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KOTOPOH ene~HanbHOH npo~eAype /eM.~/ /, AOeTHraR noene 
HeeKOnbKHX 4aeTH4H~X npeo6pa30BaHHH HeXOAHOH MaTpH~~ Tpe-
6yeM~X 3Ha4eHHH T04HOeTH AHaroHanH3a~~~~~~~. TaKHM nyTeM YAaeTeR 
onTHMH3HpoeaTb B~4HeneHHR Ha 30 7 40 %. BTopoH MeTOA npeAnO)f(eH 
B.B.BoeBOAHH~M Ill r.KHMOM~~OHH 3aMeTHnH, 4TO MO)f(HQ npoeMaT
pHBaTb He n(n-1)/ 2 3neMeHTOB, a nHWb 2n-L AeHeTBHTenbHo, ee
nH He06XOAHMO HeKni04HTb 3neMeHT a ij , TO MaTpH~y npoeTOrO 
noeopoTa e~6epeM B BHAe 

1 1 

T ij = 

. 1 . 
• • '? 1 . -s. 

. 1 c ... ... 1 . • . • j . s. 

. 1 

rAe c=oos¢, s =sin¢ , ¢ - yron noeopoTa. 
npeo6pa3oBaHHaR MaTpH~a Bij paeHa: 

B = Tji AT ij • 

B~nonHHB 3TO npeo6pa30BaHHe Ill eoeTaBHB eyMMY KBaApaTOB He
AHaroHanbH~X 3neMeHTOB npo1113 eonbHOH CTpoKH k =I i, j, MO)f(HO y6e
AHTbeR, 4TO OHa paBHa eyMMe KBaApaTOB eOOTBeTeTBYIO~HX 3ne-

n 
MeHTOB HeXOAHOH MaTp~~~~~ A, T. e. I_ '(b 

2
kp- a ~r ) = 0, WTpHX 03-

f= 1 
Ha4aeT f f, k, a k =/ i, j. no3TOMy 3neMeHT, nOAnelf(a~HH HeKnl04eHHIO, 
MO)f(HO HaXOAHTb eneAYIO~HM o6pa30M: eHa4ana ~~~~eM eTpOKy e MaK
eHMan bHOH eyMMOH KBaApaTOB He AHa roHan bHbiX 3neMeHTOB, a B HeH 
HaXOAHM MaKeHManbH~H no MOAYniO HeAHaroHanbH~H 3neMeHT. 

HMeHHO e y4eTOM 3TOH MOAH$HKa~~~~~~~ MeTOAa HKo6H HanHeaHa 
nporpaMMa KIM, HMeiO~aReR e 6H6nHoTeKe nporpaMM CDC-6500 
111 63CM-6 OHHH. 

,l\nR AanbHeHwero ey~eeTBeHHO OTMeTHTb, 4TO B 060HX MeTO
AaX nonolf(eHHe cneAyiO~ero HeKnl04aeMoro 3neMeHTa npeAeKa3aTb 
HeB03MQ)f(H0, 

Bee ~WeH3nO)f(eHHOe OTHOeHTeR, B006~e rOBOpR, K MaTpH~aM 
n106oro nOPRAKa, 0AHaKO npH nepeXOAe K 6onbWHM MaTpH~aM, 
e pa3MepHoeTbiO n > 200, Heo6xOAHMO Y4HT~BaTb orpaHH4eHHOeTb 
onepaTHBHOH naMRTH (CM) 3BM. Aeno e TOM, 4To o6~4HO e npo
rpaMMax, oeHOBaHH~X Ha 'MeTOAe HK06H, Henonb3YIOT ~ MaTpH
~~ pa3MepHOeTbiO ll x ll: OAHa 1113 HHX HeXOAHaR, APyraR enylf(HT 
AnR pa3Me~eHHR B~4HenRe~X B nporpaMMe eo6eTBeHH~X BeKTOPOB. 
TaK, npH n = 200 Heo6xOAHMO 80000 = 234 200 8 cnoe e rn,. 4TO 
npee~waeT AOeTynHyiO nonb30BaTeniO naMRTb Ha 3BM OHHH. TaKHM 

• 

o6pa30M, ylf(e npH n = aJ0 He06XOAHMO xpaHHT b 4aeT b HH$QpMa~~~~~~~ 
Ha BHeWHHX HOeHTenRX, HanpHMep Ha AHeKaX. 

06MeH e AHeKOM Ha CDC-6000 npoHeXOAHT 4epe3 nepH$epHHH~H 
npo~eeeop /PP/, xapaKTepHoe epeMR pa6oT~ KOToporo e 10 pa3 
6onbwe, 4eM xapaKTepHoe epeMR CP. BpeMR, e Te4eHHe KOToporo 
3aAa4a nonb30BaTenR HaXOAHTeR e CDC-6500, paBHO eyMMe epe
MeH pa60Tbl CP 111 PP /nn10e epeMR Ha BBOA-BbiBOA/. 0Tei0Aa ene
AYeT, 4To 4111eno o6MeHoB· He AOn>KHO 6b1Tb enHWKOM 6onbWHM. 

6~na eAenaHa eneAYIO~aR non~TKa BHAOH3MeHHTb nporpaMMy 
KH~. Ha AHeKe xpaHHnaeb OAHa H3 MaTpH~ - MaTpH~a eo6eTBeH
HbiX BeKTOpOB, :ha MaTplll~a B MeTOAe HK06H nony4aeTeR 1113 eAH
Hio14HOH npeo6pa30BaHHRMH 

uki = c . u ki + s. u kj , 

Ukj =- S·Uki • c-Ukj, k = 1, 2 .... , n, 

Ha Kalf(AOM ware HeKnl04eHHR. B npeo6pa3oBaHHH y4aeTByiOT ABa 
eTon6~a, n03TOMy 06MeH e AHeKOM npOHeXOAHn eTon6~aMH: ABa 
Maee111ea pa3MepHOeTIII n 4HTanHeb AD npeo6pa3oBaHHR 111 ABa 3a
n!lle~eanHeb noene npeo6pa3oBaHIIIR. B npo6H~x pae4eTax npH 
n = 100 H T04HOeTH AHaroHanH3a~~~~~~~ 10-5 Tpe6oeanoeb npH6n!II-
3HTenbHO - n 2 3neMeHTapH~X nOBOPOTOB, T.e. npOHeXOAHnO 
- 40000 o6pa~eHHH K AllleKy. Ha 3TH ~~4HeneHHR Tpe6oeanoeb 
-·4 MHH pa6oTbl CP 111 - 20 MIIIH pa6oT~ PP, 4TO eoeepweHHO . HeyAoB-
neTBOpHTenbHO. 

TaKOH pe3ynbTaT nony4HneR H3-3a Heo6XOAHMoeTH eoeepwaTb 
4 o6pa~eHIIIR K AHeKy noene Kalf(AOrO noBOpOTa, 4TO, B eBOIO 04e
peAb, RBnReTeR eneAeTBHeM HenpeAeKa3yeMOeTH nonO)f(eHHR ene
AYIO~ero MaKeii!ManbHoro 3neMeHTa /KaK ylf(e OTMe4anoeb Bblwe/. 
0AHaKO eXOAHMOeTb MeTOAa He 3aBHeHT OT Taro, 6yAeM nH M~ 
!lleKnl04aTb Kalf(AbiH pa3 MaKeHManbHbiH 3neMeHT HnH ni060H 3neMeHT, 
KOTOPbl~ 6onbwe EPS /To4HOeTH AHaroHanH3a~~~~~~~/. ,l\nR Taro, 
4T06bl y6eAHT beR e 3TOM, BbtnHweM $QpMynbl npeo6pa3oBaHHR AnR 
3neMeHTOB MaTPH4bl B: 

2 2 
bii ~ c aii + s aii + 2csaij , 

b . . = s 2a .. + c 2 a .. - 2 c sa .. , 
JJ 11 JJ 1J 

b ik = c a ki +- sa kj l 
bjk = -saki t-ea kj 

b ii = - s c a ii + c s aii 

k 1.2 .... , n ; k f, i, j, 

2 2 + c a ii - s a ij , 
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c ..;~ 2 , 
1- K 

S=£..j--, K=..j1-
2 

eCJlH a ii =a jj , 

(2 a ij ) 2 
2 2 , 

(aii-ajj) o+-(2a 1j) 

~ 
sign a ij , 

£ = sign aii -ajj 
B npOTHBOnOJlO>KHOM CJ1y4ae. 

aij 

Bb14HC11HB KBa,qpaT cyMMbl H pa3HOCTH b ii 
noJ1b3YH paBeHCTBO bij =O,nerKO noJ1y4HM 

H b jj , a TaK>Ke He-

2 2 2 2 2 
b ii + b jj = a ii + a jj + 2 a ij , 

T. e. cyMMa KBa,qpaTOB ,qHaroHan bHbiX 311eMeHTOB nocne npeo6pa3o-
n 2 n 2 

BaHHH yBeJ1H4HBaeTCH. KpoMe Toro, l'b e= l'a £,cne,qoBaTenb-
£ = 1 k £= 1 k 

HO, CyMMa KBa,qpaTOB He,qHaroHaJlbHbiX 3JleMeHTOB yMeHbWaeTCH Ha 
TY >Ke BeJ1H4HHY 2a~j • 3TO 03Ha4aeT CXO,CIHMOCTb K ,qHaroHaJlbHOH 
MaTpH~e He3aBHCHMO OT nocne,qoBaTeJlbHOCTH, B KOTOpOi1 npOHC
XO,CIHT HCK11104eHHe HeHyneBbiX He,qHaroHallbHbiX 311eMeHTOB. OcHo
BbiBaHCb Ha 3TOM ¢aKTe,nocTpOHM HOBbiH anropHTM C HCnOJ1b30Ba
HHeM o,qHoi1 MaTpH~bl B CM cne,qyiO~HM o6pa30M. Hcxo,qHaH MaTpH~a 
A HaxQA;TCH B CM. Ha ,qHCK 3anHCb1BaeTCH e,qHHH4HaH MaTpH~a U. 
npocMaTpHBaeM 3JleMeHTbl MaTpH~bl A noo4epe,qHO H HCKJ1104aeM 
3JleMeHTapHbiMH nOBOpoTaMH Te H3 HHX, KOTOpble no a6COJ110THOH 
Be11H4HHe 6onbwe 3a,qaHHoi1 EPS. Y4HTb1BaH CHMMeTpH4HOCTb MaT
PH~bl A, npocMaTpHBaeM JlHWb n(n-1)/ 2 He,qHaroHaJlbHblx 311eMeHTOB 
B HH>KHeTpeyronbHOi1 4aCTH MaTpH~bl. B ee BepxHeTpeyronbHYIO 
4aCTb A, Ha MeCTa, CHMMeTpH4Hble HCKJ1104aeMbiM 3JleMeHTaM, 3a
nHCb1BaeM CHHYCbl npeo6pa3oBaHHH, CoBepwHB MaKCHMYM n(n -1)/ 2 
npeo6pa30BaHHi1, aanHCbiBaeM BCIO MaTpH~Y A Ha ,CIHCK, noMe~aH 

Ha ee MeCTO B naMHTH MaTpH~y U. 
C4HTb1BaeM c ,qHcKa B pa6o4Hi1 MaccHB pa3MepHOCTH n nepBbli1 

CTOJ16e~ •A, HaXO,CIHM KOCHHYCbl npeo6pa30BaHHH H BblnOJlHHeM He-
06XO,CIHMble npeo6pa30BaHHH MaTpH~bl U. noBTOpHeM 3TOT npo~ecc, 
C4HTb1BaH B TOT >Ke pa604HH MaCCHB BTOpoi1 CTOJ16e~ A H T.,q. 
Bb1nOJ1HHB Bee npeo6paaoBaHHH c U, 3anHCb1BaeM ee Ha ,qHCK H no
Me~aeM B CM MaTpH~Y A. BHOBb npocMaTpHBaeM Bee n(n-1)/ 2 3ne
MeHTOB A, OTbiCKHBaH H HCKJ1104aH Te, a6COJ110THaH BeJ1H4HHa KO
TOpbiX 6onbwe EPS. EcnH TaKHX 311eMeHTOB HeT, npo~ecc Haxo>K
,qeHHH co6cTBeHHbiX 4Hcen H BeKTopoB 3aBepweH. B npoTHBHOM 
CJ1y4ae noBTOpHeM 06MeH C AHCKOM TaK, KaK OnHCaHO BbiWe. 

Mo>KHO O>KH,qaTb, 4TO TOJlbKO 4TO onHcaHHbli1 anropHTM noTpe-
6yeT HeCKOJlbKo 6onbWHX 3aTpaT BpeMeHH CP no cpaBHeHHIO c anro
PHTMaMH C Bb160pOM MaKCHMaJlbHOro 3JleMeHTa, HO Cy~eCTBeHHO 
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COKpaTHT BpeMH HCnOJ1b30BaHHH PP. no3TOMY OH ro,qHTCH H A11H 
MallbiX,H AJ1H ,qocTaT04HO 6onbwHx MaTpH~. Uenecoo6pa3HO HC
nonb30BaTb 3TCT anropHTM H Ha Manblx 3BM, r,qe npo6neMa 
BpeMeHH CTOHT MeHee OCTpO, 4eM npo6neMa naMHTH. 

B ,qaHHoi1 pa6oTe nporpaMMa RMSEVEV, OCHOBaHHaH Ha npe,q
naraeMoM anropHTMe, Hcnonb30Banacb AJ1H peweHHH 3a,qa4H Ha 
C06CTBeHHble 3Ha4eHHH AJ1H MaTpH~ C pa3MepHOCTbiO ,£10 161 
I CM, § 1. I. npH n = 161 H T04HOCTH EPS = 1 o-5 noTpe6oBaJ10Cb 
-70000 3JleMeHTapHbtX nOBOpOTOB H OKOJ10 6000 06MeHOB C ,CIHCKOM 
/cTon6~aMH c AJ1HHoi1 161 311eMeHT/, Bp~MH pa60Tbl ~eHTpanbHoro 
H nepH¢epH4ecKoro npo~eccopoB paBHHllOCb - 15 H - 2 MHH. 

06MeHbl c AHCKOM B nporpaMMe RMSEVEV ocy~eCTBJlHIOTCH 
no,qnporpaMMaMH READCOL, WRITCOL,, KOTOpble no3BOJ1HIOT np04HTaTb 
HJlH 3anHCaTb npOH3BOJ1bHbiH CTOJ16e~ xpaHH~ei1CH Ha AHCKe MaT
pH~bl. 3TH no,qnporpaMMbl B HaCTOH~ee BpeMH HCn011b3YIOT no,qnpo
rpaMMbl H3 6H611HOTeK SL-FORTRAN , REIADMS lo1 WRITMS, ,qaiOIIIHX 
B03MO>KHOCTb HaXOAHTb Hy>KHbiH peKop,q ¢ai111a 6e3 nplo1MeHeHio1H One
paTOpOB REWIND 1o1 BACKSPACE /TaK Ha3b1BaeMbli1 random file access/. 

KpoMe Tpex yKa3aHHbtX no,qnporpaMM (RMSEVEV, READCOL, WRITCOL) 
B 6H6nHoTeKy LIBRMS Bxo,qHT no,qnporpaMMa RMSMATR, HOCH~aH 
yCTaHOB04Hbli1 xapaKTep, H no,qnporpaMMa ·AMULTB, CJly>Ka~aH AJ1H 
YMHO>KeHHH ABYX MaTpH~, O,qHa lo13 KOTOPbiX HaXO,CIHTCH Ha AHCKe, 
a ,qpyraH B CM. 

B ,qanbHei1weM ~enecoo6pa3HO nepenHcaTb BHyTpeHHHi1 ~HK11 
B RMSEVEV Ha COMPASSe, a no,qnporpaMMbt READCOL 1o1 WRITCOL 
nepeCTPOHTb Ha OCHOBe MaKpOCOB 06MeHOB C ,CIHCKOM H3 CHCTeMHOH 
6H611HOTeKH CPC, 4TO npHBe,qeT K ,qanbHei1wei1 onTHMH3a~HH HC
noJ1b30BaHHH CP H PP. 

IlHTEPATYPA 

1. 6apa6aw Il.C. 1o1 ,qp. OHHH, P9-11776, AY6Ha, 1978. 
2. AneKCaXHH ~.H., Ka3apHHOB H.~ .• nepeJ1bWTei1H 3.A. 

~T¢, 1975, T.45, c.933. 
3. IlaH,qay Il.A., Il1o1¢wH~ E.M. 3neKTPOAHHaMHKa cnnoWHbiX cpe,q. 

rocTeXH3,qaT, M., 1957. 
4. Laslett L.Y., Sessler A.M. IEEE Trans. Nucl.Sci., 

1969, NS-16, No.3, p.1034. 
5. Aon6HJ10B r.B. H ,qp. B KH.: Tpy,qbl VI I Me>K,qyHapo,qHOi1 KOH

¢epeH~HH no ycKopHTellHM 3apH>KeHHbiX 4aCTH~. EpeBaH, 1970, 
c. 535. OHHH, P9-4737, Ay6Ha, 1969. 

6. CapaH~eB B.n., nepenbwTei1H 3.A. ¢H3HKa nna3Mbl, 1977, 
T.3, c.449. 

7. KonnaT~ Il., Anb6pexT ~. 3a,qa4H no npHKJ1a,qHoi1 MaTeMaTHKe. 
11 MHp11

, M., 1978. 

15 



8. Bbi41-1CI11-1TenbHble MeTOAbl 1-1 nporpaMMI-1posaH!-1e. C6. pa6oT Bl.l 
MrY. H3A-BO MrY, 1962, c.269-276. 

9. Rutishauser H. In: Handbook for Automatic Computation. 
(J.H.Wilkinson and R.Reinsch, Eds.), Springer-Verlag, 
Berlin, 1971, v.ll (Linear Algebra), pp.202-211. 

10. Birge R.R., Hubbard L.N. Eigenvector Eigenvalue Theory: 

16 

The Diagonal ization of Symmetric Matrices Using a Least
Squares Optimized Threshold Method. J.Comp.Phys., 
1978, v.29, p. 199-207. 

PyKoni-1Cb nocTyn1-1na a I-13AaTei1bCKI-1~ OTAen 
3 OKTR6pR 1979 roAa. 


