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Monesponaye NONOPSUHHX KoyedaHmlt oTHeJbHOf BapaAmemHoft IacTHIM
OpA IPOXOXLSHEE €€ Yepes MATHHTHOS IoJe B= ﬁ(Bx B, »Bg) CBOJIETGH/ Y
K DeleH:D 3amawe Koms 1A CHCTOMH KBYX HOJMHOHHHX OGHKHOBOHHHX ypaB-
HoHER BTOpPOrO MODHIKA ‘
Xy = g [ 80 Baxss) - By G +K s Bugs)] (g
RN g“;-[x;-ss (x,a,sr(f*géz):&( (45) +Xs 4 By (x.3,9)]
¢ BavaNRRNMM yowoBmmm: x(S) =x,, y6&) =y,, x'6) = x 7 &)=y, .
B (I) Bp - MarHATHAA ®eCTKOCTH WacTmmi, A = V1+X\'w&®, ocp S:-Z .
SHas pacrnpeneJieHEe METHMTHOT'O IOJT I_B(Bx By ,Bs) W3 BKCHEpEMeHTA W
H3 THCJGHHHX pacieToB, cmcTeMy (I) MomHO wcieHHO pemmrs ma DBM,
HCIOVBSYA, Hamp¥Mep, MSBOCTHHE airopuTM Pyxi'e-KyTTa/ 2-4/ . B arom
caydae, EMeA HAYATLHO® desoBoe MEOEeCTBO M ={x,, x/, ¥, , ¥,}, nomy-
YEM C NOMONED BTOrO AJIFOPHTMA KOHEUHOE MHOESCTBO MR={XK,x;lg,,g;j,ﬂp0r-
PaMMHAR POANHSAIEA OPeMUOJATAST 340CH OpPOBOISHMe NUCKPOTESAIMA MHO-
mectBa M, . Taxmm o0pasoM, IyJOK 38DAXSHHHX YACTHI] NPOLCTABIASTCA B
BHZe Hadopa Tpaexropmit. |
Ha puc.I OmpEBefieHA CX6MA TPAHCHODTHPOBKE UACTHI IyYKA Yepes3 Lo—
BOpoTHHE MATHET, TXe o, - YTOJX BIeTAa YACTHIH, A, - yrox mwiera, €, -
oOKTUBEAA INEHA MATHETA, h, - carmrra.
MaTeMATHYOCKO8 MOXEJEDOBAHHE MHOTOOGODOTHOI'O IBAESHEA SAPAESH—
HHX YACTHI C ACHOJHbSOBAHAEM YHCHSHHOT'O MHTeIpEpoBaHus cuctemu (I),
KAaK IpaBmio, OPABOIHET, C OXHOR CTODOHH, K GHCTPOMY HAKOMIOHWD OmKUGOK
pacyeTa, a ¢ Fpyroff cTopoHH, TpedyeT MHOTO CYSTHOIO BpeMeHH Ha JBM.
OGHYHO IPE YCKOPSHHM IYIOK B YCKOPHTEJe—~CAEXPOTPOHE IPOXOJHT
HECKOIBKO COT THCAY 0GOPOTOB.
B cBA3E C STEM BOSHEKAST HOOGXONEMOCTH DA3pAGOTKM TAKAX YMCHSH-
HHX QJITOPHTMOB B Sa1aYax Tpaxcnop'n‘!poam Ny9Ka 3apA¥SHHHX YACTHI,
KOTODHE OH, yAOBIGTBOPAIM TPeCOBAHEAM TOYHOCTH ¥ MEHUMAJBHHM SATDATAM
MANPHHOT'O BDOMSHM.

x|
gb‘bﬂinuftuilfﬁiu HHCTE‘F}’Y )
SR<PNLL BOCseRoBaRaH
Ea b= 114 v 7ol A



AN 40, b/
£,60) & Co)
he ' S
A 5% d
a
oot X
W 6 f

| S

Prc.I. Cxema ODOXORISHEA YACTHL Iy9Ka 9epe3
OOBOPOTHHR MATHHT,

HamGosee monyJApHHM QITOPHTMOM ydeoTa HeomHOPONHOCTS# B pacmpe-
ASJICHAN MATHATHOTO NOJIA OpE TPAHCHOPTEDOBK® NYUKA BAPARSHHHX TACTHIL
ABNAGTCA COr'ONHA pasyomeHme B pax Tefropa mia BexTopa VEVO‘M,'M’,?)
KOHeYHOI'0 a30BOI0 MHOERSCTBA 10 HAYAJLHHM fasoBHM kooOpmEHATAM Vo :

V (8= R, V) +Z Ty V(o) (o) +
4 4 gk 9% 4 (2)
*Zy Cojue Y, (0 V(o) (o) + oo

3necs noix S’ MOEST OHTH OGOSHAYSHH KPOM® BEJHIHHEH OTHIOHOHMA
YACTEN 1O MMIyJbcaM &= 4P/p g JPyTHe BOSMOXHHE NepeMcHHHe, Tak,
Bampmsep, aBropy pacor’ oY/ Eetomsynr 451 ¢, ¢}, rae € - mpomom-
HO® OTKTOHEHE® TDASKTOPHH DACCMATDEBAGMOR JACTHIN OT DaBHOBECHOR.

KosdfrmrenT™d B (2) OpE WieHAX CTeNOHN BHME neimoﬂ (T, jk v Coggrees)
HASHEARTCA alePPaIOHHEME ko3(pfUIHeRTaME BTOPOrO, TDOTHETO X 'rd.n.
nopAnxa. I9TE KOQIWIMEHTH ABIANTCA (YHKONAME OT BOJYHEH HOOTHODOX~

HOCTof MATHWTHOTO NoJd. OCNYHO STy 3aBHCEMOCTE HEXOJAT C,IOMOIBD

i R 47 I T

T

SHAIMTAYCCKEX BHIMCJIGHZR (IDH HOKOTODHX YIPONAKIAX TPOIIOIORSHAAX)

BpYIHyD, He mpmBierad JIBM, a saTeM yke NOJyYeHHHE BHDAROHHA IPOT-
PAMMEDYDT. Jimeosrorms 9TOI0 METOXA IJIA BHIMCICHEA K03 PIMIMEeHTOB T.'.,'.c
© y4eTOM DASJIORSHAA IOJA B CTENERHOR pdAg DO X 1O BTOPOI'0 HODALKA
BRIDYATEJHHO peamaoBaHa B padoTax /5-9/ .

B nanHOR padoTe paspadaTHRAETCA CIOIyHUAS CXema /12/ yieTa HEOR-
HODOZHOCTeR B pAcCHpPONSJSHER MATHATHOI'O NOJA IDE TPARHCOOPTEPOBKS

Oy9Ra SapAROHHHX YACTHEM.
I) YacTEOW ®3 HAYANBHOTO (ASOBOrO MHOESCTBE M, C HOMOIBY TACH

JOHHOTO EHTOTPHPOBAHEA MeTORoM Pymre-Kyrra cHcTeMy IEPPeDpeHIMANBHHX

ypanaeHER nBEReHER (I) "TpaHCHOPTEPYOTCA" 9eDe3 HCCIOAyeMuR MATEHT-

HHR SAeMBHT, IOJIE KOTOPOI'O MOXOT COXODEATL K OPOMSBOJIBHHE HOOMHO-

porEocTH., Ha ®TOM 9TAN® NOJNYyYEM KOHeTHOe JA3S0OBOe MHOXSCTBO

My ={ Xy Xigr o Tie§ -

2) Tomywms xomeYHOS {asoBoe MHORECTBO Mx' IpOBOXEM OGPACOTKY
POSYJALTATOB C HEJbD MOAYISHEI QHAINTHISCKOR SABHCEMOCTE KOHSYHHX
$asoBux KOODIMHAT X, x;c,'_yk. y,ft OT HAYANBHHX (B30BHX KOODIHHAT
Xgs Xgo Yo» Yo B BeVETEHN HOOXHODOZHOCTeR moud.

3) Ha TpeTheM 9TAIS NOJYYSHHHE SABHCAMOCTH MOEHO HCIOJB30BATH
OpE TPAHCIOPTEPOBKe IyIKA Y6pes HNONOCHHE MATHHTHHE BJSMBHTH X IiaJee
OpH PACCMOTDOHNE MHOI'OOCOPOTHOTO NBHXSHEA.

~

TpenToxeHHYD CX6My TPORLINCTDEPYyOM HA KOHKDOTHOM IpEMepe. IIpoMo-
JeJIEPyeM LBEXOHES IyIKA NPOTOHOB Wepes HNOBODOTHHR MATHAT DeryJApHOR
OTPYKTYPH JCKODHTEJA~-CHHXPOTPOHA /10/ . Kak ® B GOJBLIEHCTBE COBpEMeH-
HHX HeflcTByNmEX M TeM 60Jee NMPOSKTHPYeMHX CEHXDOTDOHAX,3TOT MATHHT
PMPOT MATHATHYD OCh B BEN® npamoR Jemwm (cM. puc,I), a He NyTH OK-
PYXHOCTH, RAK 9TO NDHEMMASTCH B DASVMYHHX yUpomeRMAx cHcreMd (I).

JicnoJs3yeM IpeJCTABISHES pPACHPEREJOHNA MATHMTHOI'O HOJA BHYTDR
anepTypH MATHHTA B BENe (¢yphe-pasjioReHAS /11,12/ :




2\
By(z2,6)= By -[1+ 5 bu(E) - cos )],
Ba(20) =8, F b (2] s enys (3
Bs=0,

TRe B, - OCHOPHAfA, KHNONbHAA COCTABRIANNAA, XapaKTOPHSyNmas CpemHuit
YpoBeHE ROJIA (B,, = 2,751 Tx), fn -~ OTHOCHTeJbHHEe BeJIMIMHH aMILUIATYH
BHCIIAX TApMOHHK II0JIf, ONpPeneJeHHHX Ha Kpaw pacdousit odxacru: 7,=2,5 cM.
SamerEM, uTO B (3) aMWMTYHH qupbe—rapiuom NOCTOAHHH BLOJE JJIAHH

MATHATE (HE 3aBHCAT OT S ). 9TO MEPOKO ECHOJB3YEMOS npno.menne/ 5-9/ .

Ha HOro OpHeHTHDOBAHO ¥ poBeneHHe mamepemmdt /1 3/ warmurEOro moua
B TAKOM MATHHTS.

Honcrasnan ewpaxenns (3) B ypaBHenma nsumerus (I) ® EHTErpHpys
¥X IpE DASIFYHHX SHAUGHEAX &, W HAYATLHOT'O $ASOBOTO MHOXECTBA
My ={ x4, X34 ¥ Yo } , MORHO NONYMHTS BABECEMOCTE KOHeWHOTO das0-
Boro MuoEecTEa My = { Xy, Xz, Vg, yr’ci or peumumed 6, = Xo» Xg»
Yo Yo - Ha DHC. 2 npEBeNeH BUR {yHEIEE 5—(xo.x£)=-g—) ={(x,) =
Xy - Xg , OONyNeHHHH C NOMOIBD AIropaTMa PyHre-KyrTa maroro mopamka
LA caydYad, KOTZa IyYoK NapaieleH H HOJe MATHETE CONGDEET TOXBKO
3-0 WK 5-0 WM 7-0 TAPMOHHUKY g,‘(xpome ocHoerRO# B, ). 3mecs x'g -
KOHeTHAA KOODAMHATA X, LIA CJyYas, KOIZA BCe @,L:O (mefuuft cjy-
walt: Noxe ONEODOEHO, Xy OmperedseTca.mo dopuymam (4) ), a‘xg - KO-
HOTHAA KOODAMHATA X, IDPE yKasaHHOM B (3) HeOZHODONHOM DACIpeIeNeHEH
ooy, G-’? 50 - yroua, Ha KOTODHR MArHAT 3aBOPAYMBA®T NMy9YoK., IaA op-
HOPOZHOTO moas (By B,= const, B, = Bg =0 ) mssecTmH /14/ BHpA-

.mmmmc.nemx‘nnyﬁ: .

X2 Xo Yy } Yo
— x ] — . ‘,
xal =M x|, gl =M e, (4)
{ 1 1 !
4

—— s 45 aper——— . .

S i g

e s

"

THe
o3 B+5inB g, $5in & $(4- o36)
y (4045 BE ) 495, kBB YE (1-Gs8)esiud
M | . Sw6 +Co3p. BE - ’
» £
0 0] . 1
(5)
1= 6t3£1 .9& o
Y| o€ 4{GE, i
M=- 391(1_5.1135') }F 1-6 ¢, o (.
o . 8 1

Ina samero caygag &i=& I,

lloxygeHnte HA 9Tame HHTerpApoBaHES cHcTeMmd (I) pesymbraTy (oM.
pEC. 2 ) Owum odpaGoTaHH. Ha »ToM 3Tame IpemIOXeHA cJey mmas
AHATATHIOCKAA BABHCEMOCTS § (X,) MIA IAHAHX aMIUETYZ BHCIMX TapMOHEK

moxd 4, ¢ nomomen Hadopa kosdfummenTon 5’“, L P S

§(Xo) = 3 Sy 8. [J\u "'An‘. (Xo- Xc;“-)"-1 ] (6)
Cipar x, = 2/3 cararTs hg = 0,706456 cm :
x;,5 = 0,426825 oM, X, , = 0,407875 om. Kospfmmmenms S, =2,0- 10 %cu,
85 = 2710 cu, & =4,1-10° om, A= 0,526 o, & -
0,08724 oM™, A, = 0,01752 cu®.

BaBECEMOCTE ;'(x ) =x 8 - x;" amanormma (5) (cu. pme. 3 ):
§(xa) =

~ ~ o w~1
gn [_é\,\ *AK'(XO_XCK) ]
Taxmu ®e 06])890“ HAXOINATCA 3aBHCHMOCTE H OT x

xc'3 = 0,47I1075 cm,

(7)

o* Jor yo .
JlauHOE ncc.nanoaamzxe OPOBONOHO C NOMOMBY HAMKCAHHOR aBTOI)OM

Qoprpar-mporpesm MITRA , peammsosamrolt Ha 9BM CDC-6500 OWTH.

Harerpepopanme crcTeMd (I) OpOBOEWIOC: MeTONmOM TEIA Pyrre-KyrTa

HNATOTO mopAmKa (monmporpaMMa RK5FIY) /12/ OPEKTHIECKE C MAMEHHOR
TOTHOCTSD (MamMHEO® CIOBO 3BM CDC-6500 cogepmar 60 paspafios) . B rad~




Joage OPOLEeMOHCTPEPOBAHH HA TECTOBOM BAPMAHTE BOSMOEKHOCTH -BHIHC~

JETEJHHOTO MOTOIA. B KA9eCTBE TECTOBHX BSATH (yHKIME Woos

$1x6,10% Fox)mean

| I |

N
N\

A\

Bl0"
\ T b0/
AN 27
N

L

252 45 4 -05 0 05 § 15 2 Xoem

-2 - 0 1 2 Xoem

Prc.3 . Bun qyminm {(x,)
(BesmmefiRoe INpHpANOHES X) -

Puc.2. Ben gymapm § (x,)
(HeumHeRHOE IDHPANGHES X, ) -

TaGmma

3aBHCHMOCTE OT WAra EHTETPEPOBAHEA } omEGH® mpoBoIEMHX BHTECIS-
guft Au=f‘1m,’ur.s,[ H BpeMeHE t B CeKyHIAX, 3aTPAYeHHOTO HPHT-
PaNbHNM TPONSCCOPOM INPE EHTETPNDOBAHEM CHCTOMH NmjjepeHIEATHHEX
ypaBHOHER U7 TECTOBHX yHKMER W, =SlkX H Uz 3 SiuXx +CefX

B ¥HTEepBadle 0 £ X < 4%

) AL{.:I(/(.“",“(/LA,/
"L’ ped- Taf f, e
Au, (U,zStux) | AUy (UypT Siux +cosx)
0,1 <1076 <1,4-1078 ! 1,6
0,01 <102 e1,4-10712 7,8
0,00I < 10716 <1,4-10716 69,1
0,000I | <107l «1,4-107%1 679,9
6

[

T e —

e S

———

——, e

- —
[ —

U, =Sux B U=Siux +@sx . UarerpEposane cECTeMH muddepeHIHATEHHEX
ypapHeHuft 1A 9TEX JyEKOER NpPOBORAIACE HA IPOTARCHMH IBYX NEDHOLOB:
Or X =0 J0 X = 4% . B radumuiie I mpEBemeHH OMECKA MHTOIPEDOBAHER
Al =y, - Uras) B BpeMA { HeHTpATLHOrO IpOIecCOopa, BATPAYSHHO® HA
NpoBeNieHAe KHTOrDHDOBARMA OPM DASJMIHHX mATAX WHTEIDEDOBAHEA h
HaTerpAposanEe ypaBHeHER IIA TeCTOBHX (yHkmu#t U.,, TaK X6,KaKk A
BHIHCJIGHE® Urg, TPOBONWIOCH C YABOGHHOM TOYHOCTED.

CHopMyIEpyeM OCHOBHHE DPe3yJALTATH, NOJNy4YeHHHS B IaKHO¥ padoTe
OpE paspaGoTKe HOBOTO IOZXOIA (121 K pemeHED NAffepeHIEATLHHX ypaB—
HoHmit IBAXOHRA 3apAKSHHHX YACTEN B YCKODHETEJ6-CHHXPOTDOHe.

I. Noxasara BHcokaf 3{feKTHBHOCTE NPEMEEOHHA MeTOxa PyHre-Kyrra

IPE YACIEEHOM EHTOIDEDOBAHWE CECTOM OGHKEOBSHHHX MuddepeHIHAIEL—

HHX ypaBHeHufi. IIpEBeneHa OIGRKA TOYHOCTH METOIA.

2. PaspadoTaHa IpOTpaMMHAA DEaESaAmEA TPOJJIORSHHOTO B[Iz] non-

Xoa K pemeHMD CEcTeM In{iepeHNEANEHNEX ypapHeHuwl NBAXGHRA Sa—

PAXGHHHX YACTHI B YCKODETEJEe-CEEXPOTpoHe ((PopTpaH-mporpaMMa

MITRA ), ¢ moMompm KOTOpO# OPOBEIOHO TECIGHHO® MONEEPOBRHES

TPAaHCOOPTHPOBKE IyIKa OPOTOHOB Y6pe3 CYmecTBeHHO HEOXHODOXHOO

MATHETHOE IIOJ6 IOBOPOTHOI'O MATHHTA yCKODHTEJA-CHHXPOTDOHA.

3. [IpoBemeHa ONOHKA pAAA AaCOPPAINNOHHHX KO3@fWIMeHTOB BTOPOIO,

YeTBOPTOr'0 H MECTOro mopdAmwa. IHoayyeH amaymaTEyeckmi BHN Qysxmmd

fxy) ==k -x} = ;(xo) = x;® - x;', nosBonTamER ¢ pocrom

gmeia 060pOTOB LAA JAHHHX BEJNYEH HeOZHOPOIHOCTef 6’,L OIeHETH IDZ

+

ORKINYOCKOM IERECHME OyYKa B KOIBLS YCKODETeNd  DOCT (aSOBOTO
odésema  (x,x',y,¥’), DOTepH EHTEHCHBEOCTH Iy4KR, BpeMA XZSEE
Oy9Ka W OPYTHEEe XaDAKTODRGTHKE,
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06 opHOM nogxoae K peweHun AudGEPEHUUANbHLIX yPaBHEHUH
RBUKEHWA 3IAPAMEHHBIX HACTUY B YCKOPUTERe-CHHXPOTpoHe

P11-87-349

C nomowbl NOCTPOEHHOro anropuTma Tuna PyHre-KyTTa naToro nopagka nony-
UeHO C BLICOKOW TOYHOCTBO YUCNEHHOE peuwleHHe CUCTEMN AUGPEepeHlManbHHX ypaB-
HeHWIA, OonucHBaKWKMX nonepeuHue /GertaTpoHHsie/ KoneGaHMA 3apAKEHHbIX JacTuy
NPH MX NPOXOKAEHWM Yepe3 MOBOPOTHLI MAarHMT, MarHWTHOE none KOTOporo cofep-
KUT, KpOMe AWMNONbLHOW COCTaBNAWEN, aMNIMTYAw TpeThei, NATON U ceabMoil dypbe-
rapMoHuK. [lpeanoweHa aHaNMTHYECKaA 3aBUCUMOCTbL MONYYEHHOrO YUCNEHHOro pe-
WeHWA /KoHeYHbie Ba30Bue KOOPAMHATH X, X%, Yy, Y& / OT HauanbHex $asoseix
KOOPAMHAT W NapaMeTpoB MarHUTHOro nona. PaspaboraHa NPorpaMmHas peannaayua
NPEANOKEHHOro NOAXOAa K peweHWio AnddepeHyUanbHsX ypPasHEHMI ABUKEHWA 3apA-
MEHHBX UYacTUy B YCKOpUTEJle-CUHXPOTpPOHE.

Rabora swinonHeHa B [laBopaTopun BuiCOKMX 3Hepruii OUAWU,

. .
Mpenpinit O61eaNHENHOr0 HHCTHTYTA AREPHBIX HecnenoBaHui. [ly6ra 1987

Nepeson asTopa

Yudin 1.P.

On an Approach to Solving Charged Particle Motion
Differential Equations in Accelerator-Synchrotron

P11-87-349

A numerical solution of a system of differential equations describing
transverse (betatron) oscillations of charged particles when they pass
through a bending magnet which magnetic field contains, besides the dipole
component, the amplitude of 3th,5th-and 7th Fourier harmonics is obtained
with a high accuracy by means of constructed the Runge-Kutta type algorithm
of the 5th order.An analytical dependence of the obtained numerical solution
(final phase coordinates Xg» Xg 5 Yg» Yi ) upon the initial phase coordina-
tes and magnetic fleld parameters is proposed. Program realization of the
proposed method for solving differential equations of charged particle mo-
tion in the accelerator-synchrotron is developed.

The investigation‘has been performed at the Laboratory of High Energies,
JINR. '

Preprint of the Joint Institute for Nuclear Research. Dubna 1987
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