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0§!!!@ XAPAKTEPliCTIDiA PABOTil 

AKTYBJibHOCTb 

Cos~aHHe HOBblX ycKOpHTeJiell H peKOHCTPJKI.lHH ~ellCTBJlO~HX HB

JIHDTCH CJIO!tHOH HHllteHepHO-q>H3HqecKOll rrpo6JieMOH H qacTO rpeOyDT 

pemeHHR HeJIHHCHHblX s~aq, OCHOBaHHOro Ha MaTeMaTHtlCCKHX HCCJie~o

BaHHRX H TOHKHX qHCJICHHblX pacqeTax. MaTeMaTHqecKoe MO~CJIHpOBaHHe 

B ~H3HK8 ycKOPHTeJiell I1pHBO~HT K B8ll[HblM H HHTepeCHI& MaTeMaTHqe

CKHM s~aqay. MHorHe H3 HHX HaCTOJlbKO CJIOEHl1, qTo e~HHCTBCHHM 

B03MOEHOCTb HX pemeHHR COCTOHT B paapa~OTKe qHCJICHHblX a.nropHT

MOB H pea.JIH38.I.\HH ITOCJIC~HX Ha SBM. 'K JKa3aHHI& H8JIHH8HHI& 3~a
qaM OTHOCHTCR, B qacTHOCTH, onpe~eJieHHe OilTHMBJibHblX (B CMl1CJl8 

KaKHX-JIH6o KpHTepHeB KaqecTBa) napaMeTpOB CHCT8M11 TpaHcnopTHpoB

KH sapHECHHblX qacTHq C yqeTOM pasHoro po~a HCJIHHellHblX a~KTOB, 

pacqeT corJiaCOBaHHblX ("HeB~HMblX") npoMeEyTKOB B ycK~pHTCJIRX, 

MO~CJIHpOBaHHe HeO~HOM8pHoro ~BHECHHJI sapHECHHblX qacTHq C yqe-

TOM peaJibHblX XapaKTepHCTHK MarHHTHOro ITOJIH, a TaKEe MO~eJIHpoBa

HHe MarHHTHblX noJiell HCJIHHellHdX MarHHTHblX CHCTeM, B TOM qHcJie H 

o6paTHblX 3~aq MarHHTOCTaTHKH. lisBeCTHO, qTo CJiyqaH,_KOr~a MOE

HO HallTH TOqHJ1e pemeHHH ~JIR JKa3aHHblX npo6JieM, BeCbMa pe~KH. 

Il03TOMY paspa60TKa 3~KTHBHblX MCTO~OB H a.nropHTMOB qHCJICHHOro 

pemeHHJI HCJIHHeHHblX s~aq - O~HO H3 Ba.llCHIDC H aKTyaJibHHX HarrpaBJie

HHH B COBpeMeHHOH BJ1qHCJIHT8JlbHOll MaTeMaTHKe. BoJibmyD pOJib B paa

BHTHH 3TOro HanpaBJieHHR c11rpa.nH COB8TCKH8 MaTeMaTHKH~ illHpOKO H3-

B8CTHl1 pa60T11 TaKHX B~aD~HXCH yqeHwc., KaK A.H.TuxoHoB, A.A.Ca

MapcKHll, r.¥1.MapqJK, H.H.HHeHKO. 

0nTHMH3aqHR CHCT8Ml1 TpaHcnopTHpOBKH CBO~HTCR K B1:16opy HH

~qHH B IlOBOpOTHblX MarHHTax H JIHH3ax·H paccTaHOBKe,HX Ha Tpac

ce B11BO~a TaK, qro611 no 3~aHH11M HaqaJibHOH Koop~HHaTe H HanpaBJie

HHD nyqKa Ha BXO~e CHCT8Ml1 noJiyqHTb nyqoK C s~aHHOH KOH8qff0H 

KOOp~HHaToll H HanpaBJI8HH8M Ha BllXO~e. B COBpeMCHHblX CHHxpOTpOHax 

001.,~;$.iit:., .. ;Hll mfr~ 
CQ;p~ llf'r~'lalt~ 
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opraHH3al.\HH CHCTeMbl BBO,IJ,a-BblBO,IJ,a nJl!Ka, pa3Me~eHH8 YCKOpHIO~en 

ceKl.\1111' H T.,u,. TpeelylllT ,IJ,JIHHHb!X CB06o~mx npoMeJKyTKOB. CTpeMJieHl-18 

c,u,eJiaTb npoMeJKyTOK corJiaCOBaHHb!M,T.e. He BO3Myll(al01:ll1M peryJIHpH~ 

CTpyKTYPY ycKop11TeJIH - aKTJaJlbHaR npo6JieMa, K KOTOpOH B nocJie,IJ,-

11ee BpeMH CTa.JIH o6pa~aTbCH 11CCJI8,U,OBaTeJIH. CJI8AJ8T OTM8THTb, qTo 

6oJiblliHHCTBO pa60T no q11cJieHHb!M pacqeTaM Cl1CTeM TpaHcnopTHpOBKH 

11 corJiaCOBaHHblX npOM8lKJ'TKOB OCHOBb!Ba.JIHCb Ha JI11HeHHOH TeopHH. 0,u,

HaKO B pea.JibHblX Cl1CTeMax c~eCTBeHHO npoHBJIHIOTCR pa3HOPO po,u,a 

HeJil1HenHble orpf,eKTbl,H nO3TOMY BCTaeT npo6JieMa MaTeMaT11qecKoro MO-

,u,eJIHpOBaHHH 3THX 3a,JJ,aq C Jl!8TOM HeJIHHeMHOCTen. -

Cpe,u,11.q11cJI8HHblX M8TO,IJ,OB perneHl1H H8JIHH8MHblX 3a,JJ,aq 60Jiblli08 

pacnpocTpaHeHtte noJiyquJI o6o6~eHHblH MeTo,u, CTa611JI113al.\HH no Henpe

pb!BHOMY napaMeTpy, Ha3b!Ba8Mblll TaKJKe HenpepbIBHb!M'aHa.JIOPOM M8TO,u,a 

HblOTOHa (MH)*' • ,[(OCTOHHCTBOM 3TOPO M8TO,u,a flBJIHeTCH CBe,IJ,eH11e ,u,o

CTaToq11O npOl13BOJlbHOn H8JIHH8HHOA aa,u,aqu K CTporoit 11 cpaBHHTeJibllO 

JI8PKO pean11ayeMOA Ha 8BM nocJie,IJ,OBaTeJibHOCTH JIHHeHHblX aa,u,aq, Me

TO,IJ,bl peweHHR KOTOpb!X, KaK.npasA'lio, xopomo paapa6oTaHbl. 8t:fxf,eKTl1B

HOCTb Henpepb!BHOPO aHaJiora MH 6blJia noKaaaHa Ha pR,I.1,e qll131148CKHX 

l1CCJI8,ll,OBaH11H, npHBO,ll,R~HX K perneHHIO 06blKHOB8HHblX ,IJ,Hrp:flepeHl.\11aJibHblX 

H 11HTerpa.JibHblX ypaBHeHHtt**'. • 

0TOT MeTO,IJ, nOJIOJKeH tt B OCHOBY peweHHR aa,u,aq TpattcnopTHpOBKl1 

aapHJKeHHblX qacTl11.\ H corJiaCoBaHHR npRMOJIHHeHHi.,IX npoMeJKyTKOB. B npe,u,

JiaraeMOM M8TO,IJ,e HCITOJib3~TCH ITOJIHb!e ypaBH8HHH ,ll,B11JKeHHH 3apHJKeHHblX 

qacTl1l.\, 4TO .nO3BOJIHeT B 3JI8M8HTax Cl1CTeM Y,1HTb!BaTb H8JI11H8HHOCTH 

JII06oro nop.H,IJ,Ka. 

<I?opM11pOBaHl1e Tpe6yeMOPO MaPIJl-!THOPO f!OJIH ycKOp11T8JIH HBJIH8TCH 

HaH60Jiee CJIOJKHOA H TPJ,ll,08MKO~ aa.r1aqen. Ilo3TOMY HapHAJ C 3KCnep11-

M8HTaJibHb!MH M8TO,IJ,aMH HCCJI8,ll,OBaHHH MarHHTHblX no~en B' HaCTO~ee 

BpeMH 11HT8HCHBHO paaBHBaIOTCH H rnttpOKO 11cnOJib3~TCH qucJieHHb!e Me

TO,ll,bl C npHM8rleHl1eM 6blCTpO,ll,eHCTB~~HX 8BM. HacKOJibKO BeJIHK HHTepec 

11CCJie,ll,OBaTeJieH K qucJieHHOMY MO,ll,eJI~pOBllH11IO MarHHTOCTaTuqecKHX H 

3JI8KTpOCTaTttqecKHX 3a,JJ,aq,MOJKHO CJ,ll,11Tb no 60JiblliOMy KOJIHqecTBy pa- ' 

6oT, nOHBHBIDHXCH TOJibKO B nocJie,ll,HHe PO,ll,bl. flptt npoeKTHpOBaHHH Mar

HllTHb!X cttcTeM oco6bltt HHTepec npe,ll,CTaBJIHeT Bonpoc MaTeMaTuqe

CKorg ~OA8JIHPOBaHl1H o6paTHbl)\: 3a,JJ,a4. MaBeCTHO, qTo OHH OTHOCHTCH 
*j M.R.I aayp11H. HeJI1111e11Hble ipyHKl.\110HaJibHble ypaBHeHHR H 11enpep1rn-

Hh1e a11aJior11 HTepaTHBl!hlX M8TO,IJ,OB. lfaB. BJ3OB. MaTeMaTHKa, 5, 
(6), CTp.18-JI, 1973. -

**' E.Il .. KH,IJ,KOB, r.11.Ma1rnpeH~O, M.B.fly3b!H11H. 3\ffifl, T.4, Bbln.I. 
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K HeKopppeKTHb!M 3a,JJ,aqaM, OCHOBHble npHHI.\Hllbl pemeHHR KOTOpblX 6b!JIH 

npe,IJ,JIOJK8Hbl A.H.THXOHOBb!M*) H'B HaCTO~ee BpeMH HHTeHCHBHO pa3BH-
BaIOTCH H .ztpyrmm aBTopru.rn1UE) • · .• 

Bee 3TO onpe,ll,8JIR8T·aKTY8.J!bHOCTb paapa6OTKH aqxf,eKTHBHblX Me

TO,ll,OB peweHHR npo6JieM, BO3HHKaIO~HX B CBH3H-C pa3BHTH8M ycKopH

TeJibHOn TeXHHKH. 

ijeJib HaCTomyen 8HccepTagtttt cocToRJia B paapa6oTKe.qucJieHHbIX 

M8TO,ll,OB pemeHHR H8JIHHenHJ,IX' 3a,JJ,aq B qJH3HKe ycKopttTenen, CO3,IJ,aHHH 

Ha HX OCHOBe nporpBMMHoro o6ecneqeHHR tt BblllOJIHeHHH KOHKpeTliblX 

pacqeTOB, CBH3aHHblX C pa60TaMH no pa3BHTHIO H ycoaepmeHCTBOBaHHIO 

CHHXpOqJa30TpoHa RBS OIDIH, _a TaKXe C npoeKTHPOBaHH8M MO,ll8JIH HODoro 

ceepxnposo~ero ycKopttTenR Ha I,5 raB, 
B qacTHOCTH: 

I. Pa3BHTtte 11enpepble11oro aHaJiora MH ,IJ,JIR pemeHHR 3a,JJ,aq Tpattc
nopTttpoBKH /I/; 

2. Pa3pa60TKa nporpa.MMHoro o6ecne~eHHH 3Toro MeTo,u,a; 

3. Pa3pa6oTKa qucJieH11oro aJiropHTMa MaTeMaTnqecKoro MO,ll,eJittpo-

BaHHR H8O,IJ,HOMepHoro_ MHOroo6opbTHOro ,ll,BHJK8HHR aapHJKeHHblX qac-

THQ B CHHXP,Or30Tp0H8 C Jl!8TOM reOM8TpttqecKHX HCK8.J!t8HHM MarHHTa 
yCKOpHT8JIR12 H M8TO,IJ,a pacqeTa KoppeKTHPYIO~ero noJI/31; 

4. Co3,IJ,attHe nporpaMMHoro o6ecneqeHHH H qncJieHHoe MO,ll,eJittpo

BaHHe MarHHTHblX H 3JI8KTp11qecKHX noJien pR,IJ,a BaJKHblX HeJIHHenttblX Mar

HHTHblX C~CTei.CHHXpOqia30TpOHa/4 , 5/ H MO,IJ,eJIH ceepxnpoeo,u,~ero yc
KOpHTenH16•7. 

Ha:rrnaH HOBl1:'llia pa60Tbl 

I. flpe,IJ,JiaraeTCH qHCJieHHblH MeTO,IJ, pemeHHH H8KOTOporo KJiacca 

o6paTHblX 3a.r1aq MaPHHTOCTaTHKH/7 ,a/, Kor,u,a Tpe6yeMoe MarHHTHOe no

Jie CO3,ll,aeTCR C nOMO~blO npOBO,ll,HHKOB, ,IJ,JIH KOTOpblX eapbttpyeTCH KaK 

BeJIHqHHa TOKa, TaK H KOOp,IJ,11HaTbl l1X pacnQ)IOJKeHHR B 3a,JJ,aHHOM 06Jiac

Ttt.Pa3pa60TaJ1Hbli1 Ha OCHOBe ·MeTO,ll,a peryJIRpH3aQHH 3TOT MeTO,ll, no3-

BOJIReT cpaBHl1T8JibHO JI8PKO npeO,ll,OJI8Tb Tpy,ll,HOCTH, CBH3aHHble C pewe

HHeM nJIOXO oelyCJIODJieHHUX Cl!CTeM,K KOTOpb!M 06b1QHO CBO,ll,RTCR o6paT

Hbl8 3a8aqH. 

*'A.H.T11XOHOB • .llAH CCCP, T.153, JfJ I, 49-52, I96J. 

**>A.H.THXOHOB, B.H.ApceHHH. MeTo,u,~ pemeHHR HeKoppeKTHblX aa,JJ,a~. 
· lfa,u,-eo "HaJKa", M., 1974. . 
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2. BnepBHe sa.o,aqa TpattcnopTHpOBKH sapmKeHHulX qacTHQ paccMaT
PHBaeTCH KaK HeJIHHei1ttaH KpaeBM sa,o.aqa JJ.JIH CliCTeMH ,O.Byx Hi/HHei1-
HblX o6HKHOBeHHblX JJ.HqxpepeHQHBJibHblX ypaBHeHHH 2-ro nopHJJ.l(a/ • ITo
Kasatta BHCOKruI 3qxpElKTHBHOCTb HenpepHBHOrO attaJiora MeTo,o.a Hb!OTO
Ha )J.JIH pemeHHH 3THX sa.o,aq. 

3. AoKasatta Teopeua CYII!eCTBOBaHHH pemettHH TaKOi1 sa.o,aqH B 
npe,o.rronoJKeHHH, qTQ MarHHTHOe none, B KOTOpOM JJ.BHllteTCH nyqoK, onH
C!ilBaeTCH O)J.HOH BepTHKBJibHOH KOMITOH9HTOH B (x,y,z)i=nst , a KOMno-
H9HTH B H B nOHMR!OTCH sa cqeT pasaop

2 
OTa MarHHTOl/9/. .Q;IH 

X . y 
6onee o6~ero cnyqrui: onHcaHHH MarHHTHoro nonH pemeHHe nonyqetto 
qHcneHHHM nyTeM. 

4. BnepBHe pacqeT CHCT9MH TpaHcnopTHpOBKH npOTOHOB npH 6ucT
poM BHBO,O.e nyqKa Ha CHHXpOcpa.30TpOHe H OnTHMH3aQHfl "HeBHJJ.HMblX 11 

cornacOBaHHblX npoue~JTKOB ycKOpHTenH npOBOJJ.HTCH C yqeTOM HeRHHeA
HblX 3qxp9KTOB B aneMeHTax CHCTew. PesynbTaTH 3THX ~cqeTOB nocny
~MH OCHOBOH npH C03,0.aHHH Ha3BaHHWC BWJie CHCTeM/IO,II/. 

ITpaKTHqecKruI geHHOCTb pa6oTH 

I. Ha ocHOBattHH npe,D.JiaraeMHX MeTo,o.oa paspa6oTattH tmcneHHHe aJiro
PHTMH pemeHHH HeRHHettHblX sa.o,aq, B03HHKaIOl!lHX B ¢H3HKe ycKOpH
Tenen, KOTOpHe peBJIH30Ba.Hbi B BH,D.e KOMnneKCOB nporpaMM, HanHcaH
HblX Ha HSHKe ~OPl'PAH H nocTaaneHHmc Ha MamHHax B3CM-6 H CDC-
6500. 0TH nporpaMMH c I972 ro,o.a HCilORb3J!OTCH JJ.JIH MaTeMaTHqe
CKoro wo,o.enHpOBaHHH sa.o,aq no peKOHCTPYK~H CHHXpOcpa.30TpOHa H 
paspa60TKe M0,0.8RH CBepxnpOBOJJ.fllll8roycKopHTena Ha I,5 raB. ap
~KTHBHO pemeHH cnepy!l~He ¢HsHqecKHe sa.o,aqH: 

I. 0nTHW!3a~H IlOBOpOTHO-q>OKYCHPYIO~en CHCTeM!il TpaHcnopTHpOB
KH npOTOHOB npH 6HCTpOM BHBO,O.e nepBHqttOro nyqKa Ha CHHXpOcpa.30Tpo-
He oHHJ.IIO/. . 

2. CornaCOBaHHe npRMORHHeAHoro npoMeJKyTKa ,IVIH M0,0.8RH CBepx
npOBO,O.fllll8rO CHiifJTPOHa C yqeTOM HeRHH8HHblX a6epp8.qHH B KBa,D,py-
IlORbHblX RHH3ax • , .. 

3. qHcneHHoe uo,o.enHpOBaHHe TpexuepHoro MHoroo6opoTHoro 
,0.BHlll:8HHH sapllllteHHblX qacTHQ CHHXpo4J!!.3oTpOHa C yqeTOM reoMeTpffqe
CKHX HCK8Jlt8HHH uarHHTa ycK~~,Tensf2/ H pacqeT Tpe6yeMHX KOppeK~' 
uarHHTHOro IlORfl ycKOpHTenfl' • 
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4. 4HcneHHoe MO,O.MHpOBaHHe JJ.BJM8pHblX H TpeXMepHblX MarHHTHblX 
H 3R8KrHqecKHX nonefi HeKOTOpblX HeRHH8HHblX CHCTe~ CHHxpOcpa.30TpO
Ha/4,5 H CBepxnpOBO,O.fllllero YCKOpHTenH Ha I,5 rant61. 

5. ~OpMHpOBaHHe ,O.HnORbHblX noneA C 3a,D,aHHOH ~erHOpO,D.HOCTb!O 
npH IlOMOmHnnocKHX o6MOTOK npaMoyronbHOro ceqeHHsr 7 • 

rr. Paspa6oTaHHH8 qHcneHHHe anropHTMH H C03,0.aHHOe Ha HX OC!!OBe Ma
TeMaTHqecKoe o6ecneqeHHe MOryT 6HTb HCilORb30BaHH JJ.RH pemeHl1H 
ttenHHeAHblX sa.o,aq Hasaattttoro Knacca np11 Mo,o.en~poaatt1111 ,o.pyr11x 
ycKopHTenen. 

Anpo6ag11H pa6oTH 
Pa60TH, nonoJKeHHHe B OCHOBY ,o.11ccepTaQ1111, ,O.OKna,o.~BBJIHCb Ha 

MeJK,IzyHapOJJ.HblX COBe~aHHRX no nporpaMMHpOBaHl1!0 11 MaTeMaTHqecKHM 
MeTOJJ.aM pemeHl1H ¢HsHqeCKl1X sa.o,aq(,L\.y6Ha, I973 r., I977 r.), Ha 
HayqHblX C8MHHapax ABTA H nro OMffii. 

ITy6n11Kag11n 
no MaTep11anaM ~11ccepTaq1111 ony6n11Koaano 'II pa6oT, B TOM q11cne 

B Tpy,o.ax BHllieHa3BaHHHX COBe~attHH TT B coo6~eHTTRX Oillll1. 

06oeM pa6oTH 
~11ccepTaQl1fl COCTOHT 113 BBe,o.ett11a, weCTl1 rnaB, 3aKn10qeHl1fl 11 

co,o.epJK11T IJ3 CTpatt11qw M8IDTTHOil11CHOro TeKCTa, 4~ p11CJHKOB H II Ta6-
n11q, cnTTCOK n11TepaTypu, Hacql1THBaI0~11i1 73 Ha11MeHOBaHl1R. 

CO.@,PJKAH11E PABOT 

Bo BBe8eHl1H ,o.aeTCH KpaTK11H o6sop n11TepaTypu no BonpocaM Ma
TeMaT11qecKoro MO,O.enHpOBaHl1fl Hen11nei1HblX sa,o.aq Marn11TOCTaTl1Kl1 11 
Tpancnop_T11pOBKl1 sapflJKeHHblX qacT11Q B ycKOpHTenHX, a TaKJKe 113ROJKe
Hl1e OCHOBHblX pesynbTaTOB ,o.11ccepTaq1111 no rnaBaM. 

,Q.,IR peweHHH sa.o.aq TpaucnopTHpOBKH sapHlKenHoIX qacT11q 11 corna
~0BaH11H npJIMORHHei1HblX npoMeJKyTKOB npe,D.JiaraeTCH HenpepHBHHH atta
nor MH np116n1111tenttoro pemeH11H Hen11uei1ttoro onepaTopnoro ypaatteH111I: 

A(s) =O, A : s - u ( s, u - B - npocTpaHCTBa). (I) 

KaK 113B8CTHO, B MeTo,o.e Hb!OTOHa paCCMaTp11BaeTCH HTepaQHOHHHH npo
qecc T11na: 

sn+l = sn - t:n <f( sn)' O< 'l:',,fl, 
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lf s -s H t.f(sx) = 0 , 

rAe sx - pemeHHe ypaBHeHHR (I). 
Ero HenpepbIBHbIH aHaJIOr HMeeT BH,D,: 

ds(t,s
0
)/dt = - lf(s(t,s

0
)) , 

s(O) = s
0 

, O<. t <.c,0 , 

- cpyHKL\HR co 3Ha4eHHeM B s . 

(2) 

(j) 

s(t,s
0

) 

Pemettwe sx 

(J): 
noJiyqaeTcn Ka.K rrpe,D,eJI np11 t-oo pemeHHR 3a,1J,aq11 Kom11 

lim// sx - s(t,s )// = O. 
0 t.._oo 

B paccMaTpHBaeMOM CJiyqae L\8HTpaJibHb!M" 6y,D,eT HenpepblBHbltt aHaJIOr MH: 

ds(t,s0 )/dt = - A' (s)-l A(s) • (4) 

).(JIR pemeHHR o6paTHblX HeJIHHellttblX 3a,D,aq MarHHTOCTaTHKH npe,D,Jia

raeTCR MeTOA/
5 ,?/, KOTOpbill RBJI/I8'l'CR pa3BHTHeM 4HCJI81!HblX M8TO,IJ,OB 

pemeHHR HeKoppeKTHblX 3a,D,a4. 

B rJiaBe l ,D,aeTCR MUTeMaTH40CKa/I ITOCTaHOBKU CJie,JzyJO~etl 3a,D,a4H 

TpattcrropTHpOBKH: 

y" = __E.._[z'B - (l+ y 12) B + z' y' B J 
XX BJ X X X Z X X y 

K [ 2 . 
z" = - y'B - (1 + z' ) B + y'z' B J 

XX Bf X X X y X X z 

(5) 

y(xo) = Yo y~(xo) = y~ = tgo(. (6) 
z (x0 ) = z0 z~ (x

0
) = z~ = tgol

0
, 

y(¾l = yk = a y~(¾) = yk = tg«k = c 

z(¾) = zk = b z~(¾) = zk = tg°'kJ. = d 

r,D,e BJ= const , 

Bx , By , Bz - KOMITOH8HTbl MarHHTHOr'O ITOJI/I; a,b,c,d,yo,zo,xo - aa-

,D,aHHbie BeJIH4HHbl. YrJibl o(o H cx'o,, G(_t H ol..KJ. onpe,D,eJiffiOT Ha4aJibHOe H 

KOH84HOe HanpaBiiemrn AB11JK8HH/I aap.fIJKeHHOtl 4UCTHL\bl. 

. B § l 3TOtl rJiaBbl ,ll,OKU3UHO c~eCTBOBaHHe peme~HR KpaeBoll 3a

,D,a4H (5)' (6)' KOTopoe OCHOBaHO Ha TOM, 4TO ,ll,JIR CJiyqaR B (x,y,z) = 
z 

const KpaeBa.a 3a,D,U4a (5)' (6) HMeeT UHaJIHTH4eCKOe pemeHwe • .[\JIR 
ITJIOCKoro cJiyqan ,ll,OKa3aHa cne,nyKJ~an TeopeMa. 
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'; 

TeopeMa. IlycTb B HeKOTOpoll 3a,D,aHHOll OOJiaCTH SI cpyHK~H y(x) 

H y(x) Y,ll,OBJieTBOpmoT ypaBH0HHRM 

y', = _ _l_ (l + y'2)3/2 B (x,y) 
XX Bf X Z (?) 

y' , = _ _l_ (1+ y' 2 ) 3/2 B , 
XX B.l' X 

r,D,e B = const,y(x)H y(x) - q>yHKL\HH, y,D,OBJieTBOpmo~He Ha4aJibHblM ycJIO-
Zo 

BHRM: y(x ) = y = c y(x ) = y = c 
0 0 0 0 

y' (x
0

) = y~ = d y~(x
0

) = y~ = d (8) 

,na.nee, nyCTb BO Been OOJiaCTH S2 B K8.JK,Jl,Oll ee T04Ke BclITOJIHR0TCR 

COOTHOmeHHe: 

Bz(x,y)~Bz/ o (9) 

YTBeplK,I\eHHe TeopeMhl COCTOHT B TOM, 4TO 

y~(x)< y~(x) H y(x).c y(x) (IO) 

B K8.JK,Jl,OH T04Ke OOJiaCTH 52 . 
B H80,IJ,HOMepHOM cnyqae ypaBHeHHR ,ll,JlR npoeKL\HH TpaeKTOpHH HU ITJIOC-

KOCTH "XOY" H "XOZ" HM8KlT BH,D,: 
. r::-::::r 2 3 /2 ~ . 

y" = - y_ J.~_ ( l+ y' ) B (x y z (y)) xx BJ> X z , , 

. '-3.1 2 v 2 2' ~ 
z" = - ~

2 
z'z' - C B (x,y (z),z) 

XX C•Bfx x z 

( II) 

r,D,e C - KOHCTaHTa HHTerpHpOBaHH/I ,ll,JIR ITOJIY48HHR CB/I3H 
V 2 I z'=Cl+y' 

X x, 02) 

a H i - npoeKL\HH cpyHKL\HH B (x,y,z) 
z z z 

Ha ITJIOCKOCTH "XOY" H 

"XOZ" COOTBeTCTBeHHO. 

IlOlta3aHO, llTO ypaBHeHHR (II) Y,ll,OBJieTBOpRIOT ycJIOBHRM TeopeMbl 

H,CJie,IJ,OBaTeJibHO, ,ll,OKa3attO c~eCTBOBUHHe pemeHHR KpaeBotl 3a,D,UllH 

,ll,JIR TpexMepHoro cnyqan. rpa1m1~ OOJIUCTH c~eCTBOBaHHR pemeHH/I 

onpe,D,eJIRKlTCR H3 cpopMyJI: 

max /Llol.." I~ Ac<.+ max lotn I , (I3) 

r,D,e ol 0 - yroJI noBopoTa MarHHTa,onpe~enneMun H3 COOTHOIDeHHR: 

max I sin~ I = f M • max f B r. / 
L . 2. 8 ye . R !IC . 

(14) 

lM - ,ll,JIHHa MarHHTa, _B ~c. 
- ITOJie ycKOpHTeJIH, R~,. - pa,D,HYC ye-

KOpHT8JliI. 
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B § 2 nepaon rRaBbl ,[\HCCepTaQHH onHCblBaeTCH qHcReHttbln Mro

pHTM pemeHHH KpaeBOH 3~aqH (5),(6) C noMombIO HenpepblBHoro atta..no

ra MH. CHcTeMa ypaBHeHHH (5) CBO,[\HTCH K CHCTeMe I-ro nopMKa~aa

Metton 

y~ = Y1 z~ = z1 (!5) 

3aTeM HCXO~aH KpaeBM 3~aqa (5),(6) CTaBHTCH CReAYJOmHM o6pa-

30M: 

Heo6xo~MO no,[\o6paTb napaMeTpbl CHCTeMbl TpaHcnopTHpOBKH ( pi 
Tal(, qT06bl 

yk(Pi) = a 

yk(Pi) = C 

7,;CPi) = b 

zk(Pi) = d 

(!6) 

i = 1 -:- 4 , T.K. ,[\RH O,[\H03Haqttoro onpe,[\eReHHH pi mieeM CHCTeMy H3 

j qeT~ex ypaBHeHHA. 

3Ta CHCTeMa ypaBHeHHH pemaeTCH MeTO,[\OM BBe,[\eHHH napaMeTpa t, 

ecim 

pi =Pi(t) 
0 

a Pi= Pi(to) - 3~am,1. (!7) 

Ha OCHOBaHHH 3TOro MeTO,[\a HMeeM 

(y )' P! + (y )' P.' +•(y )' P' + (y)' P' = - f 
k P. Jt k Pe et k Pm mt k P n nt 1 

J 

(y') P! + (y')' P' + (y')' P' + (y')' P' = -f 
k Pj Jt k Pt 4 k Pm mt k Pn nt 2 

(IS) 

(zk)P P! + (zk)P Pe' + (zk)P Pi:i + (zk)P P' = - f 
j Jt e t m t n nt 3 

(z')' P! + (z')' P' + (z' )' P' + (z')' P' = - f 
k Pj' Jt k Pe ft k Pm mt k Pn nt. 4 

r,[\e f 1 = yk(Pil - a , f2 = yk(Pi) - C • 

f 3 = zk(Pi) -b f 4 = zk(Pi) - d 
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.I 

ft 
:) 

j 
I 
;\ 

ti') {I 

I 
1 ·, 

j 
I 
I 
I 

,[l.nH noRyqeHHH CHCTeMbl (IS) pemaroTcH 3~aq11 Kom11 ,[\RH Ha6opa na

paMeTpoB 

(Pi + A Pi • P q ) 

i = 1 74, q = 1 ~ 4, ii q, 
(!9) 

.!l Pi - mar npHp~eHHH no i -MY napaMeTpy. 
Oripe,[\eReHHe HCKOMblX napaMeTpOB P. C 3~aHHOH TOqHOCTbIO € 

l. 

. npOH3BO,[\HTCH MeTO,[\OM HTepaqHA. 3HaqeHHH napaMeTpOB pi Ha Bpe-

MeHHOM mare B~HCRHIOTCH no qiopMyRaM: 

p(n+l) •= p(n) + ;l t(n) P(i:1) \ 
l. l. l. 

C HX noMO~bIO MO*HO onpe,[\eRHTb;lt t (onTHMMbHOe), COOTBeTop 
CTByromee MHHHMYMY BeRHqHHbl 

t = f_ S;_ , 
i ... 1 

£, = yk ._ a = fl • . £z = Yic - c = f2 • 

e3 = zk - b = f 3 , t;, = zk - d = f 4 • 

Ilpe,[\RaraeM~ MeTO,[\ n03BORHn 3ipfieKTHBHO pemHTb PM BaJKHblX 

~H3HqeCKl1X 3~aq. fnaBbl 2 H 3 ,[\HCCepTa~H nOCB~eHbl OnHCaHHIO 

,[\Byx TaKHX 3~aq. 

Bo BTopon rnaae o6c~WJTCH pesyRbTaTH qHCJieHHoro pacqeTa 

noBOpOTHO-qJOKYCHpyro~en CHCTeMbl TpaHcnopTHpOBKH npOTOHOB npH 6blCT~ 

poM BblBO,[\e nyqKa Ha CHHXpoipa.30TpoHe. B pe3yRbTaTe 6~11 onpe,[\eRe

Hbl napaMeTpbl CHCT8Mbl 11 npoBe,[\eHbl oqeHKH ,[\OnyCKOB Ha TOqHQCTb yc

TaHOBKH noaopOTHblX MarHHTOB Ha Tpacce BblBO,[\a nyqKa. Ha OCHOBaHHH 

3Tl1X pacqeTOB CKOppeKTHpOBaHa BblmeuasBaHHM CHCTeMa CHHXpOipa.30-

TpoHa. 

B TpeTbeA rnaBe ,[\HCcepTaQHH onHCblBaeTCH MaTeMaT11qeCKOe MO,[\e

nHpOBaH11e np.RMon11tteAttoro npoMe*YTKa caepxnpoao~ero ycKopHTenH 

Ha I,5 f3B. IlpHqeM 11ccRe,[\yeTCH He TORbKO sqxfieKT paccornacoBattHH 

YJ!{e corRacoaaHHOro n11HeAHb!M pacqeTOM npoMe~yTKa, H~ 11, qTo HBnH

eTCH HOBblM, paccq11TblBaeTCH Henpep~BHhlM aHaJIOrOM MH npoMe*JTOK, 

cornacoaaHH~ C yqeTOM uen11HeAHblX a6eppaQHH B qJOKJCHpyIO~HX KBa,[\

pynORbHblX RHH3aX. PacqeTbl n0Kasa..n11, qTQ H8Rl1H8HHOCTH B nHH3aX 

Bb13blBWJT saMeTHoe paccorRacoaatt11e npoMe*YTKa (~ononHHTenbHble Ha6e

ru rflaa B ropU30HTanbHOH 11 BepTHKanbH0!.1 nnocKOCTHX COCTaBnHIOT I i2° 
11 -4° COOTB8TCTBeHHO). ,ll.nH ycTpaHeHHH 3TOro 3~eKTa Ha116onee on

THMMbHblM HBRH8TCH npHMeHeHHe COOTB8TCTc;10m11X KoppeKTHpyro~HX He

RHHeHHblX sneMeHTOB. 
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4eTBepTaH rJiaBa )J,HCCepTaQHH IlOCBHllleHa HCCJI0)],0B8.HHID MHoroo6o

poTHOro npocTpaHCTBeHHoro )J,BIDKeHHH 3aproKeHHhlX qacTHQ B ycKop11Te

JIHX C yqeTOM reoMeTpHqecKHX 11CKaJKeH11H MarH11Ta 11 MaTeMaT11qec1toMy 

MO)J,CJIHpOBaHl1ID KOppeKTHP~lllero MarHHTHOro IlOJIH ,D,JIH CHHXpOq>a30TpOHa 

JIB3. 
HttTeHCl1BHOCTb nyqKa JCK0p11T0JIH )J,O HaCTOHlI\ero BpeMeHH OCTaBa

JiaCb 3HaqHT8JlbHO HHllte BeJIHql1Hbl, onpe)J,eJIHeMOH pa3MepaMH BaKJYMHOH 

Ka.Mepbl H TOKOM HHJKeKQHH. B TO ~e BpeMH xapaKTepHCTHKH MarHHTa 

ycKOpHTeJIH 3HaqHT8JlbHO OTKJIOHffiOTCH OT npoeKTHhlX,H B8JIHq11Ha 3THX 

OTKJIOH8HHl1 c<rnTaeTCH H0)J,C1IJCTHMOH Ha )J,pyrax JCKOpHT8JIHX KJiacca 

CHHXpOipa30TpOHa. Ha CHHXpOipa30TpOHe Ha6JIID)J,aJIHCb noTepH qaCTHQ B 

npoqecce HHJK8KQHH H HaqaJibHOli CT~HH ycKopeHHH, npeBbllll8.IOlI\H8 pac

qeTHble. reo)J,e3HqecKtte H3MepeHHH noKa38.JIH HaJIHqHe 3HaqaTeJibHhlX 

reoMeTp11qecKHX HCKaJKeHHH MaPHHTa CHHXpOipa30TpOHa. 8 CBH3H C 3THM 

H B03HHKJia Heo6xO)J,HMOCTb HCCJl8,[\0BaHl1H BJIHHHHH 3Tl1X HCKa.J!teHHH Ha 

)J,11HaMl1KY qacT11Q. C 3TOH Q0JlbID 6hlJIO C,[\8Jl8.HO qacJieHHOe MO)J,eJIHpOBa

Hl1e ,[\Bl1JK0HHH qacT11Q C yqeTOM peaJibHOro pacnpe)J,eJieHl1H MarHHTHOro 

IlOJIH JCKOpl1T8Jlfl H q11cJieHHblli pacqeT Tpe6yeMhlX KOppeKQHM MarHHTHO

ro IlOJIH. Ha1160Jiee CJIO~HOH '11 sa~HOH 3~aqetl HBHJIOCb on11caH11e pe

aJibHOPO IlOJIH ycKop11TeJIH. 

B pe3JJibTaTe 3Tl1X 11CCJI0)],0B8.HHH ycTB.HOBJieHo, qTo HeToqHQCTb 

IlOJIOJK8Hl1H KBa,11,pB.HTOB JCKOp11T0JIH BJil1fleT Ha )J,B11JKeH11e qacT11Q, Bbl3bl

Bafl l1CKaJKeH11e BepTHKaJibHblX op6HT, a TaK~e np11B0,[\11T K B03Hl1KHOBe

HHID CBfl311 MeJK,Jzy pa,11,HaJibHblM 11 BepT11KaJibHblM )J,Bl1JK8Hl18M qacTl1Q. dTO 

HBJIH0TCH npaq11HOH pe30HaHCOB CBH311 6aTaTpOHHhlX KOJie6aHHH. ,ll.nH 

ycTpaHeHl1H TaKHX 3qxp8KTOB He06XO)J,HMO BBe,11,eH11e ,[\OilOJIHl1TeJibHOli ro

p1130HTaJibHOH COCTaBJiffiOlI\8H MarHHTHOro IlOJIH ycKOpHT8JIH. ITpe,11,Jio~eH

HaH Cl1CTeMa KoppeKQHH MarHHTHOPO IlOJIH B npHMOJIHHettHhlX npoMeJKyTKax 

JCKOpHTeJIH Il03BOJil1Jia JM0HbmHTb HCK8.l!t0Hl1H BepTHKaJibHhlX op611T',11,o 

I CM ( 6e3 KoppeKQHH 3TH HCK8llt01111H npeBbl!IlaIDT 5 CM). 

B nHTOtt rJiaBe ,11,11ccepTaQH11 nposo,11,11TCH q11cne1111~ attaJil13 pfiAa 

BBJKllhlX H8Jil1H0HllhlX MarH11TllhlX CHCTeM cm1xpoipa30Tpo11a JIB3 H CBepx

npOBO)J,H!llero ycKop11TeJIH 11a I ,5 rsB. Ha OCHOBaHHH MeTo,11,a KOHeqmnc 

pa3IIOCTeH C03,[\alla, B qaCTIIOCTH, CHCTeMa nporpa.MM POISSCN - Ma

TeMaTmecKoro MO)J,0JI11p0BaHHH )J,BJMepllhlX MarHl1TOCTaTaqeCK11X H 3JI0KTpo

CTaT11qeCKHX 3a,naq. MO)J,HW11KaQ11H 3TOH CHCT0Mbl pa3pa60Ta11a aBTO

poM ,izyiccepTaQHl1 COBMeCTIIO C rpynrron COTpJ,[\1111KOB JifilI H IlOCTaBJie

Ha Ha 3BM COC-0500 c yqeToM oco6eHHOcTe» MaTeMaT11qecKoro 06ecne
qeH11H :non MamHl!bl 11 OTJIHq11!1 B H3b1Ke CDIPASS. C l!CilOJJb30IlaHHeH 3TOil 
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c11creMbl rrporpaM11 c.ueJian 'IJ1CJieH11un auamrn Marmirnoro rroJIH cenryMa -

MarHHTa )J,JIH Me,JJ,JJeHHoro · BblBo,11,a nyqKa Ha c11HXporpa30TpoHe, a Ta1ute 

CBepxnpOBO,JJ,fllllero )J,11ITOJIH Tl1na 11 0KOHHOH paMb111
• Pa3pa60T8.H aJirOp11TM 

q11cJieHHoro pacqeTa TpeXMepttoro pacrrpe)J,ene1111n 3JieKTpHqecKoro nonn 

npHMoyroJibHblX 3JieKTpO)J,OB ,D,JIH JCKOpHIDllleil Cl1CT8Mbl CHHXpOipa30TpOHa, 

KOTOpLM Il03BOJIHeT BWIHCJIHTb KOMIIOH8HTbl IlOJIH 11 OQ8H11Tb BJ!l!HHl1e He

TOqHQCTH ycTaHOBKl1 )J,peH~oBon Tpy6KH c11cTeMbl Ha sen11q11Hy nonyqae

Moro llOJIH. B OCHOBe anropnnia Jie~HT MeTO)J, KOHeqHblX pa3HOCTeil*). 

ITp11Be)J,eHHUe B )J,aHHOil rJiaBe IlO,JJ,p06HblH. pacqeT H aHaJI113 HeJIHHCHHblX 

3~aq MarHHTOCTaTHKH IIOKa3b!BaroT 3ifxpCKTHBHOCTb npHM8118Hl1H npe,JJ,Jia

raeMhlX q11cJiellHblX MeTO)J,OB, 3anycK H HaJia,11,Ka CHCTeM IlOKa3aJIH, 4TO 

nonyqettn~e tIHCJieHHble pe3JJibTaTbl xopomo corJiacyroTCH c 3KCnepHMeH
TaJihHb!MH )J,8.HHblMH. 

06paT11an 3a,JJ,aqa MaPH11TOCTaTHKl1 (,JJ,JIH 6e3~eJie3HOH MaPHHTHOH 

CHCTeMbl) B 06lI\eM BH)J,e CBO)J,HTCR K pemeHHID 11HTerpaJibHOro ypaBHeHHH 
~pe)J,rOJibMa I-ro po,JJ,a: 

H(z) = J j (s)G(z,s)ds , ~ ( 20) 
s 

r)J,e zeu, u- o6JiaCTh, B KOTopon 3~atto ·none H(z) (o6blqHo 0110 3a-

,JJ,aeTCH KaKOH-JI1160 O)J,HOH 113 CBOHX KOMilOH8HT H ,H ,H ) 's Es, s -
X y Z 

o6JiaCTb pacnOJIOJKeHHR 3JieMeHTOB Marm!TIIOH CHCTCMbl, j (s) - rlJyHKQ11H 

pacnpe,JJ,eJieHHH IlJIOTHOCTH TOKa B MarHHTHOH CHCTeMe, G(z,s) - 'PYHKQ11H 

I'p1rna, aHaJil1THqecK11n BH,JJ, KOTopon ,11,,·rn KOHl<pemoi1 MarHHTtton c11c·reMbl 

06WIHO H3BecTeH H 3aBHCHT OT reoMeTpHH Cl1CT8Mbl H pacnoJIOJKeHHH 
Toq1rn z E. u. 

,Il,onOJIHl1TeJibHble Tpy,JJ,HOCTH np11 pemeH11H o6paTHbIX 3a)J,a4 MarH11TO

CTaTmrn Bb13b!B8.IOT orpaH11qeHHR Ha Bapb11pyeMble napaMeTpb!, o6ycJIOB

JieHHble TeXH11qecKHMH B03MOJKHOCTHMl1 peaJI113aq1111 CHCTeMbl. 

B mecTon rnaBe AHCcepTau11H npe)J,JiaraeTCH MeTO,JJ,, no3BOJIHIDlI\HH 

cpaBHl1TeJihHO JierKO npeO)J,OJieTh TPY)J,HOCTl1, CBH3aHHble C peme1rneM 

ITJIOXO. ooyCJIOBJieHHllX Cl!CT0M ypaBHem1H. Pa3pa6oTaHHblH q11cJieHHblH 8.JI

rop11TM peaJil130BaH B BH)J,e KOMnJieKca nporpaMM Ha ~OPI'PAHe, C IlOMOlI\bID 

KOTOporo pemen PM BaJKHblX o6paTHhlX 3~aq MarH11TOCTaTl1KH, B03H11K
m11x.npa npoeKTHpOBaHHH HOBOPO CBepxnpOBO,JJ,fllllero YCKOpHTeJIH Ha 
I,5 raB/6,?/. 

1E) 
A.A.CaMapcK11l1. TeopHH pa3HOCTHhlX cxeM. Yl3,JJ,-BO "HaJKa"., M., 
19??. 
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Oco6hlll HHTepec npeACTaBJimia 3~aqa MaTeMaTHqecKoro MOAeJIHpO
B8.HH.11 OAHOPOAHOro MarHHTHOro IlOJl.11 6esJKeJie3HOro CBepxnpOB0,11,Hlllero 
AHnon.11 c nnocKoll o6MOTKon/7/. TeopeTHqecKH HaBecTttbl ABe KOH~Hry
parum o6MOTKH 6esJKeneaHoro MarHHTa, o6ecneqHBaIOIJ1He Tpe6yeMyro OA
HopoAffOCTh ITOJI.11: B BHAe nepeceKaIOIJ1HXC.11 3JIJIHl1COB H QHJIHH,D,pHqecKM 
o6MOTKa c KOCHHYCOHAaJibHb!M pacnpeAeJieHHeM IIJIOTHOCTH TOKa. 06a 
3TH BapHaHTa npeAITOJiarruoT pa3M81J18HHe BHTKOB o6MOTKH Ha reoMeTpH
qecKoti ITOBepXHOCTH BTOporo ITOP.flAKa, qTo Bbl3b!BaeT 3HaqHT8Jlb~e 
TeXHOnorHqecKHe TPYAHOCTH IlpH H3rOTOBJl8HHH o6MOTOK. IlpeMaraeMM 
reoMeTpH.11 06MOTKH (BHTKH o6MOTKH pacnonaraIOTC.11 no nepHMeTpy np.11-
MoyronbHHKa) YA06Ha H npocTa B pea.nHsaQHH. KpoMe Toro, npsrno

yroJibHYIO aneprypy MarHHTa sHaqHTeJibHO nerqe cornacoBaTb c Tpe6oBa-
HH.IIMH K nonepeqHblM pasMepaM KaMepbl ycKopHTen.11. llcnonhsy.11 paspa-
6oTatttthlll MeTOA pemeHH.11 o6paTHblX HenHttetiHblX 3~aq MarHHTOCTaTHKH, 
YAaJIOCb Bb160pOM pacnoJioJKeHH.11 BHTKOB o6ecneqHTb OAHOp0,11,HOCTb Mar
HHTHOro ITOR.11 ,11,HITOR.fl BITJIOTb ,11,0 Ju-6 • 

_OcHOBHble pesyJibTaTbl 8HCcepTaQHH 

I. 3~aqa TpaHcnopTHpOBKH sap.lllKeHHhlX qacTHQ paccMaTpHBaeTC.11 
B 06111eM BHAe C yqeTOM pasHoro po,11,a HeJIHHetlHblX 3qx:peKTOB B aneMeH
Tax CHCTeM TpaHcnopTHpOBKH B OTJIHqHe OT HaH6onee pacnpocTpaHeH
HOro JIHHetlHoro npH6JIHJK8HHR. MaTeMaTHqecKH TaKa.11 3~aqa CBOAHTC.11 
K pewe11mo Henmiei1Hoti Kpaeson saAaqH An.II CHCTeMhl AByx HeJIHHei1Hh!X 
o6blKHoBeHHblX AHqif.JepeHQHaJibHblX ypaBHeHHti 2-ro nop.fIAKa. IloKasaHa 
BblCOKaR aqi:f)eKTHBHOCTb pa3BHBaeMoro HenpepbIBHOro aHanora MeTOAa , 
Hb!OTOHa B npHMeHeHHH K pewemm 3THX 3aAaq. 

2._ ,ll.0Kaaa1-ia TeopeMa CYIJ1eCTBOBaHHR pemeHHR HemrnetiHoti Kpae
Boti 3aAaqH TpaHcrropTHJ)OBKH aapRJKeHHhlX qacTHl1 AJIR cnyqa.11, Kor,11,a 
MarHHTHOe llOJie, B KOTOpOM ABHJKeTC.11 qacTHQa, OITHCb!BaeTC.11 0,11,HOll 

z- KOMllOHeHTOH Bz (x,y,z) 'F const,a KOMl10H8HTl1 Bx H By' 110.IIBJIRIOT
CH 3a cqeT pa3B0pOTOB MarHHTOB. 

J. Ha OCHOBaHHH HerrpepbIBHOro attanora MeTo,11,a Hb!OTOHa paspa6o-, 
Tai:{ qHcneHH!ffi a.nropHTM pemeHH.11 HeJIHHetiHon KpaeBon a~aqH Tpattc
nopTHp0BKH aap.FDlteHHblX qacTHQ, KOTOpbltl peaJIH30B8.H B BHAe KOMITJieKca 
nporpaMM, narrHcaH11oro Ha .11sb!Ke ~OPI'PAH H nocTaBJieHnoro Ha MamHHax 
63CM-6 H CDC-6500. B KOMilJleKC rrporpaMM BXOAHT naKeT nporpaMM no
CTpoeHH.11 Heo6XOAHMblX r~HKOB ~YHKQHOHMbHblX saBHCHMOCTetl Ha rpa
cponpocTpOHTene "calcanp" • 
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4. Ha ocHOBe paspa6oTB.HHoro KOMnJieKca nporpaMM pemeHhl sa
,11,aqH: a) 011THMH3aqHH TpattcnopTHp0BKH npOTOHOB npH 6hlCTpOM Bbl
BOAe nyqKa H3 CHHXpOip8.30TpOHa H B) cornacoBaHH.11 npRMOJIHHetiHoro 
npoMeJKyTKa CBepxnpOBO,D,Hlllero ycKopHTeJIR Ha I,5 raB. PesyJibTaTbl 

.pacqeTOB ITOCRYJl[HJIH OCHOBOH npH C03,11,8.HHH 3THX CHCTeM. 

5. IlpeMOJKeHa M0TO,D,HKa MaTeMaTHqecKoro MO,D,eJIHpOBaHH.11 MHOro
o6opoTHOro HeO,D,HOMepHoro ,11,BHllteHHR :"IpOTOHOB B CHHXpOip8.30TpOHe C 
yqeTOM peanbHblX xapaKTepHCTHK ITOJl.11 ycKopHTen.11. C03A8.H KOMnneKC 
nporpaMM MR MamHH 63CM-6 H CDC-65()0, BMJOqaIOIJ1Hti naKeT rrporpa.MM 
ITOCTpOeHH.11 rp~HKOB ip8.30Bb!X TpaeKTOpHti nyqKa npH paanHqHblX peso
HaHcax CB.113H, Bbl3BaHHblX reoMeTpHqecKHMH HCKaJKeHHRMH MarHHTa yc
KOpHTeJI.11. 4HCJleHH!ffi 8.HaJIH3 MHOroo6opoTHOro ,11,BHilteHH.fl npoTOHOB B 
CHHxpOip8.30TpOHe ITOKasan, qTO HCKaJKeHH.11 MarHHTHoro ITOJl.11 ycKOpHTe

n.11 MOJKHO qacTHqHo CKOMileHCHpoaaTb ,11,0ITOJIHHTeJlhHblMH KOppeKTHPYJOIJ1H
MH non.RMH B np.llMOJIHHeHHblX CeKQHRX CHHXpOip8.30TpOHa. Paspa6oTaH 
MeTo,11, H anropHTM MaTeMaTHqecKoro Mo,11,enHpoBaHH.fl 3THX nonen. hpo

rpaMMa MO,D,eJIHpOBaHH.11 KOppeKTHPYJOIJ1HXl10JIOO BKJIIOqeHa B KOMITneKC 
nporp8MM HCCJ1e,D,OB8.HH8 MHOroo6opoTHOro npOCTpattCTBeHHOro ,11,BHl!leHHR 
npoTOHOB B CHHXpOip8.30TpOHe. . 

6. C HCDOJlb30BaHHeM MO,l(H~HUHJ)OBaHHOll CHCT0Ml1 nporpaMM POISSOO 

(uaTeMaTHqecKoro M0,1(0JIHJ)OBaHHR .I(ByMepHWC MarHHTHl1X 110Jiell),nocraB
Jl0HHOll aBTopoM ,11,HccepTaQHH coBMeCTHo c rpynnon coTpy,11,HHKOB Ha 
CDC-6500, npoae,11,eHbl q1,1CJ1eHHble pacqeTll HeKOTOpbIX BaJKHblX MarHHTHblX 

CHCTeM, KOTOpb!e B38Tbl B OCHOBY npH peKOHCTpyKQHH CHHXpOip8.30TpoHa 
.llB3 H cos,11,aHHH MO,D,eJIH CBepxnpOBO,D,.111J1ero YCKOpHTeJIR Ha I,5 raB. 

7. Ha OCHOBaHHH KOHeqHo-pa3HOCTHOro MeTo,11,a pemeHHR KpaeBblX 

3~aq MR AH~peHQHMbHblX ypaBHeHHtl annHITTHqecKoro THila paspa6o
Tatt qHCJieHH!ffi anropHTM MaTeMaTHqecKoro MO,D,eJIHpOBaHH8 TpeXMepHoro 
pacnpe,11,eJieHHR 3Jl0KTpHqecKoro ITOJIR npRMoyroJibHblX 3Jl0KTpO,D,OB. Anro
pHTM'peMH30BaH B BH,D,e KOMIIJI0KCa nporpBMM, HaITHCaHHblX Ha R3b!Ke 
\OOPI'PAH. C 110MOIJ1b10 3TOro KOMITneKca nporpaw BblITOnHeHbl qHcJieHHble 
pacqeThl pacnpe,11,eneHHR sneKTpHqecKoro noJIR MR pasJIHqffblX KOH~Hry
paqHtl aneKTp0,11,0B ycKopsm~en CHCTeMbl CHHXpO!pB.30TpOHa. 4HCJl8HHble 
pacqeTbl 1103B0RRDT oqeHHTb MHRHHe HeTO~HOCTH ycTaHOBKH ,D,p08q>OB08 
Tpy6KH (ycKOp.lllO~M CHCTeMa CHHXpO!pB.30TpoHa npe,11,cTaBJIReT co6o8 
,D,pe8tpOBYIO Tpy6Ky) Ha BeJIHqHHy H pacnpe,11,eneHHe nonyqaeMoro nonR, 
norpemHOCTH pacnpe,D,8J18HHR KOTOporo npHB0,11,HT K AOITOJIHHTMbHblM no
TepRM qacTHQ B npoqecce HX ycKopeHHR. 
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8. Ha 6ase npeAJIO~eHHOro A~H.THXOHOBblM M8TOAa peryRHp113a~1111 
peweHHH HeKoppeKTHblX 3~aq paspa60TaH q11cJieHH~ M8TOA peweHHH 
HeKOToporo KJiacca H8JIHHenHblX o6paTHbllC 3aAaq MarHHTOCTaTHKH, KO
TOpue OTHOCHTca K KJiaccy HeycTonq11BbllC s~aq. MeTOA pean11soBaH B 
Bl1A8 Cl1CT8Mli nporpaMM 11 11cnOJib3Y8TCH np11 pemeHHH 3aAaq, CBH3aH
HbllC.C npoeKTHpOBaHHeM MarHHTHbllC Cl1CT8M YCKOpHTeJien. C noMO~bfil 
uToro MeTOAa peweH PR,l?, npaKT11qecK11 B~HhlX o6paTHbllC s~aq MarH11-
TocTaT11K11, q11cJieHHU8 pacqeTli KOTOpbllC ITOCJ!y,itl1Jll1 OCHOBon rrp11 C03Aa
Hl1l1 MarHHTOB. 
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