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CHCTeMa M8.IJ:JI8HHOro Bh!BO,n:a rryqRa H3 CHHXpoi}a30TpOHa OlliiM OCHOBa

Ha Ha I!CITOJI:b30B3HHH CBOMCTB pe30H8HC8 pa,n;uaJI:bHhiX 6eTaTpOmThiX ROJie6a

HUii 3\1 =2 

Bpa6oTaX/5-IO/pac'IeT ITpHOJOOKSH!ThiX 3H8'I9HUif ITapaMeTpOB BHBO.IJ:HOM 

CHCT8Mhl ITpOH3BO,IU1JICJI RaR 'IUCJISHHO, TaR li aHaJIIITH'I9CRH B ITepBOM ITpH6-

JOOK8HHH MSTO.IJ:a ycpe,n:HeHHR KpUHOBa-Eor~oBa/3/. 
B HSCT~SM pa60T8 KCCH9.IJ:OBaHKe npOBO.n;KTCJI B Tp9T:b9M npH6~HHH 

no MeTo.n:y ycpe~e~3/. 
IlpK aHaJIHse pesoHaHca 3 v x=2 .n;BIDiteHHe 'IaCTKU paccMaTpKBaeTC.II 

B M8.n:H3HHOM IIJIOCKOCTH ( z = 0 . ) 
6 

II03TOMY ypaBH8HH8 6eTaTpOHHHX KOJI8-

6aHHif MO.lltHO sanHcaT:b B BM.ll:/I,2,I I 
x"+ v;x =E.Fx1+ £2Fx2+ €3Fx3 ' {I) 

r,n:e F x 1 , F x 2 , F X) - ITOJTI!HOMH OT x, X' C IT9pUO.IJ:H'I8CKRMII ITO 9 

Koa))rrureHTaMir Akj (9l. ( 1 osHa'!aeT .n:H:J.'¢epmm;rrpoBaHHe ITO 9 ) , 
6 - r',q Trf.Jl1 n,qn~MCI'J'In l~r>CI 1'"\r:f"'\.-,TT•"HTt"H.,..r,..... •• -~~-·~ ---- y___ ~ "' 

CMOTpU B. pa6oT~I01:. --- ----"~ •vwu• .. JLO"'"' D¥1,1J, 'li.Yrtli.J.l.l1.. ·xk 

Akj (9) ITpe,n:CT8B.1JH8TCJI B BM.ll:8 pJI.IJ:a 'lJyp:be: 

ao 

Akj (9l = ~ 1~9 Lak."'- e T 
ot:-00 J 

(2) 

!IocTOJIH!Thle akjo<. H ITepHo.n: T CBJI3aHhl c peaJII>HOM MarHHTHO:ii CTPYKTYPO:ii 

KOHKp9THOro YCKOpHTSJIJI. 

Bee npeo6pasoBaHHJI, cBJI3aHHhle c peaJIIIsa~e:ii MeTo.n:a ycpe.n;HeHK.II, 

6HJIII Bh!ITOJIH8~ C ITOMOm!>ID CHCT8Mbl aHaJIHTH'ISCKOrO rrporpaMMlfpOBSHKJI 
REDUCE-32 /II/. 

B nepBOM rrpH6JIIDiteHH!f ycpe,n:HSHHhle ypaBHSHK.II KM9IDT BH.IJ: 
• 2 
a = a (o<. Sin3'P + a-cos3'f' ) 

~ = a(-'(Sin31ji +oe.Cos31f' )+ 8 

r.n:e a H l.jJ - rrepeMeHHhle, COOTB8TCTBYIDillll8 aMIIJIHTY.IJ:9 H qJa3e, H 

• it.Vir:itlt:';;; ,~·,;::;:~-~ 
~~~'nv.~. 

o~·'t=.N·· . - ~..:!-~ • :_~-~ ~-- . __, ..... 

(3) 



s (Sin} 
ol.. :.- '8'V: a 112 

X 

v __ S 
8

(Cos} 
~ - '8'"'V: 11 2 x. 

a =+4r 8 too 
X 

( 4} 

a(Sin}=i(a11 +2- a11,-21 ' 112 , 
(Cos) 

8 112 = 8 11,+2 + 8 11,-2 (5) 

r;u.e a,,, ±2 - Ro~eHTR psma Qy"p:&e (2) , H 

(2), COOTB9TCTB,1ID~ paccTpOHI<e. a~~~n}, a~~~s) 
a 100 'IJieH psma 
- COOTB9TCTByroT 

KO~~eHTaM npB paan~eHRR ~j(e) B PM ~p:&e 
KOCKeycaM. 

no cn:eycaM II 

r;u.e 

,lT.mt Cl1CT9Mli ( 3) ITOCTpOeH RHTerpaJI ,!(BIDK9HID!: 

A Cos3~ - B Sin3~ = - l 0 l + C !_ 2 a 
8

3 

A= - 8 (Sin) 
112 

,,..,..eo\ 
B '"' - 8 112-' 

D = 4a100 

(6) 

( 7) 

C - npOH3BanbHaR ITOCTOflHH8H, onpe;u.e~eMaH 113 H8'!8JI:&HRX ycJIOBRM. 
llpe.l(ITOHOXKB, 'ITO a~~~s)= 0 , OT CKCTeMR ypaBHeHHH (3) rrepexo-

;u.KM I< CHCTeMe 

a '"'a.a2 Sin3'i' , 

~=a~.. a co.s3'i'- 8 

a HHT&rpaJI ,!(BRJ!t9HIDI ( 6) ITpHHIDA8 eT BR,D; 
3 D 1 C 1 

cos3'41 = - .,.. .,.. - + - -~ " a A 8 3 , 

COBna;u.aeT C pesyJI:&T8TOM pa6oT~9/. 'ITO 
C;u.eJiaB saMeey nepeMeHHHX 

u=a cos IV v= a Sinlj! , 

OT CHCT9MR (8) rrepeXO;u.HM I< CHCTeMe ypaBHeHHH 

2 

(8) 

(9) 

(IO) 

... 

.. 

• 2 2 
v =-d..(v -u l- Bu 

u = 2o(,uv - Bv 

Ha ITJIOCROCTH (v,u) 

TO'IKII: 

F
0 

= ( o,o ) 

F3 
a too 

( -2 V3 (Sin) ' 
a112 

(II) 

.lJ:.nH STOli CHCT9M11 ypaBH8Hl!ft HBXO.l(l!M OC06h!e 

F1 

2 

atoo 
o,-4·---rsin> 

a112 

a100 
a (Sin) ) , 

112 
Fz 

(I:2) 

atoo a,oo 
( 2 V3 -:Ts'Iiil , 2:1STri') l • 

a112 a,, 2 

ii!OlltHO ITOR838T:b, 'ITO F0 HBAAeTCH YCTOii'nmoit TO'IKOH THITa IJ;8HTp, 
a OCT8JI:bH119 TpH - H9YCTOMliHBllMH TO'IKBMTA THITa C9;u.JIO. I1CIIOJib3YH HHTerpaJI 
;D.BlL'K8HID!, MOJKHO ITOCTpOliT:b Ha QJ830BOf:i ITJIOCKOCTH TpaeRTOpHH ;D.BRJ!t9HID!. 

(Sin) HarrpiDAep, .IT,.JIR o1. < o , e < o HJIH a 112 > o , a
100 

> o <DasoBh!e 
TpaeKTOpim HM8IOT BH;u. 

u 

·"\.~·~N·#/• ' I I v 

PHc.I 
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'l?a30Bble Tpaer<Topmr eosna.naroT c rroJIY'!e!IHHMH B pa6oTe /?I. 
Ha pHC. I BJUJ:HD, <ITo BOKpyr TD'IKU F 

0 
CYJI\eCTBYeT o6JiacT:& ycToi1'!u

soro ,I03IDK9H>f...fi, B KOTOpOii: C''fl30Bbl9 TJl8BKTOpHH flBJli!!OTC.ff 3aMR!fYTHMH Kpl'!

BbiMH, H OOJI8CTb H9YCTOli'IlffiOrD }l,BIDK9HH.ff, B KOTOpO:!i r}'a30BH9 TpaeKTOpH>i 

YXO~T B 6eCKOHB'lllOGTb. fpaHm~efi 3THX 06JI8CT9H !IBJI.ff8TCJI TpeyroJIDHHK 

C B8pllli!H8MU B TO'Il\8X HeyCTO!':i'IllBOI'O paBHOB9CRfl, B KOTOpHX 'l:8CTOT8 

pa,IU18JibHHX 68T3TpOHHh!X !WJI968IUUI ~X =2/3 

(Stnam.lep 06JI8CTli YCTO:i'I!!BOCTU CTp9MHTCJI K lfYJilO IIpH a 100- 0 

a 112 ) --- 1:lO • CJI8,IJ;OBOT8.1Ib!!O, BbiBD,ll, rry'lK8 MOJKBT 6HTb OCYJI18CTBJI9I! 

M3!.1eH91lli9M IIOI\838T9JI.fi Marl!!!TtlOTO IIOJI.fi DT pa6o'Jero 3.H8'I8Hlffi: )J,D :;::>930-

l!3!{CI!OTO ( a 100-+-0 ) , ~TOT Jl83YJIDT8T .COBIIa,ll,89T C ]_}93YJIDT8T81.IH pa60-

TJ:l7/. 
Jo BTOpOM ITpc!(lJ11 9;:0!I'~'l ycre.I\II9HII8fl CI1CT9!,18 ypaBH9HMSI >lM99T Bl!,ll, 

a = a 2 
(o(. Sin3'f/ + XCosJijl } + 0 a 3 , 

~=a <-YSin3'P +~CosJI!'~ + B +Aa2 

r,ll,e c(.' B I r rrp!!BP-,:r:;:eml E ( 4) , a 

_£ 2 D- 4 a130 (aH0+3 V xa13ol 

s2 
2 A=-~ (~x a230+Ja210) 

X 

11H'l'8I'IJ8JI liBUlltB!rnfl l!I~88T BTU 

A Cosllfl -B Sin3!p =- l D l + c L - l Ea + 0 ( c:"> 
2 a a3 4 

r,n:e A , B U D .I''JHU B ( 7), 3 

E = S{ ~ ~ a230 + 3a210) 

IT 3 2 A 3 :"12 0 L pn a210 Et- 2~x -L.l~- 2 vx +A), r.u;e !J.= (cd 

a~;~sl = 0 , 110.JIY1I8('f·.l Cl!•~TeMy ypaBHOH!I:t: 

a =<><..a 2 
Sin3't' 

tj1 =ala cosJijl + 8 + Aa2 

II HHTerpaJI ,l{BIDKeH:HI: 

101 E ] C1 () L Cos3'!' =-3 2A a + 4A a + A 3 + (£ ) • 
a 

I( 

IlepeXO,JJ.fi C TIOMOIIU>TO 3at5PHH rrepeMeHHHX (!0) H3 g}330BJTO ITJIOCltoCTb, 

IIOJIY'i8eM. CHCTBMY y:paBH8H!1] 

v = cl(u2-v2 )+Bu+ ftU{u2+v2) 

u = 2 otuv - Bv -,A v (u2+v2 ) 

1 

{I3) 

(!4) 

(!5} 

(I6) 

(I7) 

(I8) 

(I9) 

(20) 

1 

I 

n HHTerpnJI ,nBJIJJ(eHUJI: 

3 22 3D 22 3E222""0.t 4u -3u(u +V )=- 2 A (u +v )- 4 x<u +v-) +C+ (8 l 

"' c 
r.ne C= X 

CHCT9M8 (20} KM99T CJie~e OC06He TO'IKII: 

- c:A,~Jcl'- -4aJt' 
F

0
=(0 10) F 1=!01 2 /\ ) 

r3<-oc+.fd. 2-4a).' -ol.+ I ""2-4aA' 
F 2= ( 4)\ 1 4 .A 

F = (- {3{-:<:A.+ {;_~) 
3 4 I 

F=(O -d-+{<k 2
-4B},.' 

4 , 2). 

~~ 

- cl+ V o<.-~-48-A 
4A 

F = ( {3(~+ ~ ot. 2-4B)

1

) ol+ ~;;; 
s 4X • 4A. 

F =C r3(ot. + ~4;;: 
6 4,A 

oc +~-~-a;.' 
4). 

(.2I) 

;,IOJKHO ,ll,OK833Tb, 'ITO OC06ble T.T. F
0

1 F4 1 F 5 1 F 6 RBJiit!OTC:ff ~81ITpaMH, 

a T'l'. F 1 1 F 2 • F J - CB,I(JI8MM.. 3HaJI 'JTH TO"'KH H RCTIOJII>3fJI KHTerpaJI 

J(BI:l7.\.81U1ff, MtllltHO H8pHCOB8TL lt330Bble Tp38KTOpiD'l IIJIOCKOCTH ( v,u ) • 

llarrpm,mp, !IpH Ol <. 0 , B ( 0 , ..1) .Q ('ITO COOTB9TCTBf8T ai~~n) > 0, 

< ~! ) . 
a 100 > o H a 210 - - 3- a 230 r.rca3ome TpaeKTopo RMeJOT BK.D; 

u 

~-v 

PHc.2 
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C:~wTeMa ypaBHemdi (IS), (20), l!HTerpa.JI ,IUl~emm (I9), (2I) II 

rpa30BH8 Tp88KTOpMH Ha pl!CYHK8 2 COBIIa,I\3~ (c TOtrHOCT:biO ~0 tr.JI8HOB 

IIOp~UKa BHIIl€ e .t, ) C pesy.JI:bTaTaMH pa60Thl 7 ' 9 /. 

ITpH Cp8BH8HHH cpasoBHX TpaeKTOpHH B 0Kp8CTHOCTI! peSOHaHCa B rrep

BOM (pHCYHOK I) H BO BTOpOM (pHCYHOK 2) IIpHO.JIKmemLqx XOpOlliO B~HO, 

KBK YC.JIO~STC.ff KapTMHa Ha rpasOBOM II.JIOCKOCTI!. ~eHTpa.li:bH8ff OO.JiaCT:b 

YCTOfP!HBOCTH CTaHOBHTC.ff KpHBO.JIHHSllHHM Tpe;)CrOJI:bHHKOM, C KOOp~HHaTBMH 

B8plllHH ,.JieJKaiiiRX BHYT.P.Id TpeyrOJI:bHHKa, COOTB9TCTBYJOIII€rO OO.JIBCTU ycTOH

trHBOCTH B rrepBtlM IlpHd.JI:IVKSHHH. C.Jie~oBaTe.JI:bHO, HCC.JI8~0B8HH8 IIOB9~9ID!Jl: 

traCT~ B 0Kp€CTHOCTH p830HaHca Ha cpa30BOE II.JIOCKOCTH BO BTOpOM rrpu6-

~8HMH II03B0~8T IlpOBSCTM 6o.Jiee TOtriDn1 ITO cpaBHSHUIO C rrepBID~ IlpH6-

~8HH8M Katr8CTB8HHHH aHa.JI:I!3 06 yc.JIOBII.HX BUBO~a rrytrKa J!3 YCKOpiiT9.Jiff. 

0TK838BllliiC:b OT orpaHIItreHJ.!Jl: (I7) H OT IIpe~O.JIOiKSHHff, 'ITO a~~~s) =0 , 

MOiKHO C~8.JI8T:b STOT 8HaiD!3 81118 dO.Jiee TOtrHU!\1, Tart KaK pa3.JIOiK8HH9 (2) 
Il9plf0~8CKHX Ko3].:4JIIIUi8HTOB MCXO,ll;HOrO ypaBH8HHff (I) II03BO.JI.ff8T IIOJJYtrHT:b 

ypaBH8HH.ff (3), (I3), HM8IOIIIJ!8 OOJiee OdiiiHH BH,ll;, '18M HCCJf8~0BaHHH9 CMCTe

MU ypaBHeHHH (S) H (IS). 

B TpeT:b8M IlpH6~eHHM CHCT8Ma ycpe,D;HSHHhiX ypaBHeffi!i1 IlpHID~AaeT 

BH,ll; 

a= a 2 b(S1n3\f + (Cos31ji )+a
4 ct1sinJI!' + ) 1cos31/' )+ f 1a

3 

• 3 2 'IJ =a(- r Sin3\jl +otCos31f/ )+a CJ2Sin3ljl +:f2cos31jl )+8+..:l1a 
(23) 

r,11e ot, 8 , ( rrpHBe,D;eHH B ( 4) , 

0 0 e 3 2 
,= - 16 y2 a,oo<a,o+3 ~ x a13o> 

X 

&3 2 
/\,= ~- 8 a100a13o<a,o+3 ~ x a13ol 

l:' = L._{ 3 (a a ) (Cos)_ ~3a(Sin) _ 3V (Sin)] 
S1 

32
.,12 112 212 X 342 xa3l2 

X 

~ = ~ { 3 (a a l (Sin)_ ~3a(Cos) + 5~ a(Cos)J 
52 32V2 112 212 X 342 X 312 

X 

! = __£__ { _3 (a a ) (Sin)_~ 3a (Cos)_ 3y a (Cos)J 
1 32V2 112 212 X 342 X 312 

X 

'l" 6 3 { (Cos) _-,3 (Sin) .\ (Sin) 1 
J2= ~ 3 (a112a212) + vxa342 - 5Yxa312 J 

X 

a b H A rrpHBe,IIeHH B (I4). 6 

3.12 3.'\2 • ) 
ITpe.J:(liO.JIOiKHB, trTO a 110 € (- 2vx -A , - 2v x +A) , (25 

r,11e A = 0 < £. 3 l , n rrpeHe6pera.H Be eMu trJieHauu rrop.H,ll;Ita BHIIle f. 
3 

, 

MOiKHO IIOCTpOI!T:b HHTerpaJI ,IIBHiK€HM.ff -

ACos3'V -' BSin3o/ =-3 ( ¥ ~ + l a} + C ~ + 0 ( e 3 ) , (26} 
a 

r,11e A, B H n sa,D;mm B (7), a E=Jl1/8vx. 

3Haff HHTerpaJI ,IIBHiKSHH.ff (26) , MOJKHO npoBSCTH OOJI88 IIO.JIHHn 

Katr8CTB8HHHM 8HaJI:I!3 CHCT8~MH (23} HB ~a30B0ll II.JIOCKOCTH. 

ilOJJY'ISHHHe B HaCTOffllleM pa6oTe pesyJinTaTH rro3BO.JimOT P.neltaT:b trHC

JieHHHe 0~8HRI! OCHOBHUX rrapaMeTpOB peaOHBHCHO}i CUCTeMU H llOJ.IYtrHT:b 

H9KOT0pll8 xapaJ(TSpHCTHKH rrytrKa Ha BXO,I\8 B IIOJI8 OTR.JIOHmOIIISrO CSIITYM-

MBrHHTa. 

JinTeparypa 

I. KO.JioMeHcKIDI: A.A., Jiede,IIeB A.H. TeopM IJ;HKJIHtrSCKHX ycKOpHTeJieirl. 

<ll:asMaTrH3, M •• 1962. 
2. EpyK r. $KJIH'I8CKH9 ycKopHT8JIH 3ap.HiKeHHhiX -qacT~. ATOMK3,II8T. 

MocKBa, I970. 
3. Eoro.mo6oB H.H., MaTporroJI:bcm IO.A. AcHMIITOTKtrecxne MeTo,nH B Teopm 

HeJIHHSHHHX KO.Jie6amtiL HayKa, MocKBa, 197 4. 
4.Schoch A. Theory of Linear and Non-linear Pertarbations of Betatron 

Oscillations in Alternatinq Gradient Synchrotron , CERN 57-21 , 

Geneva. 

5.Guignard G. A General Treatment of Resonances in Accelerators , 

CERN 78-11, Geneva,1978. 
6. BacKJIIDIIHH E.B., llccK!fCW 11.E., KyJiaKOBa E.LL O}Ifflf, PS-69-72, 

,l{y6Ha, I973. 
7. BacHJIHllilfH E.B., 11ccRHCIOrli ll.E., MnxaitJioB B.A. 01ill!1, 9-7498, 

,IIy6Ha, I973. 
8. Conte M., JINR, E9-4925, Dubna, 1970. 

JINR, E9-6538, Dubna, 1972. 

9. AMlfpXaHOB ll.B., Baclf.JI:beB E.B., JiflmKoB E.IT. Ollffil, PII-9100, ,Uy6Ha, 

I975; II-9922, ,IIy6Ha, 1976. 

IO. AMHpxaHOB H;'B., lKH,ItKoB·E.IT., b,JutoBa H.E. 011.111, PII-87-452, 

,IIy6Ha, I987. 

II. Hearn A.C. REDUCE user's MANUAL, Version 3.2, Rand Corporation, 

Santa Monica, CA 90406, USA, 1985. 

PyRODBCh IIOCTJnala B R3~8TeJihCKZi OT~eJI 
5 aBr7CTa I988 roAa. 

7 



HET JIH riPOBEJIOB B BAlliEA BHBJIHOTEKE? 

B&r MO)f(eTe n onyqHTL no no1fTe nepeclHcneHH&re HHJKe IOfHrH. ecnH OHH He 6&mH 33 · 
KB3&Hhr paHee. 
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5 p . 20 K. 
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YcpeAHeH~e ypasHeHHH AnH HenHHeAHoro 
peSOHaHCa 3vx ""2 B BIJICIDHX npH6JIH&eHHHX 
no MeTOAY Kp~osa - Boron~6osa 
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HccneAyeTCH pe30HaHC TpeT&ero DOPHAKa (311x = 2), KOTOpbiH 
ucnon&syeTCH AnH BbiBOAa nepsuqHoro nyqKa us cuHxp~aso
TpoHa OHHH. MeTOAOM Kp~osa - Boron~osa B TpeT&eM npu-
6nH&eHHH nonyqe~ yKopoqeH~e ypasHeHHH, npoaeAeHo uccne-
AOBaHHe 3THX ypaaHeHHH. 

Pa6oTa BbiDOnHeHa B na6opaTOPHH BbiQHCnHTenbHOH TeXHHKH 
H aBTOMaTH3~HH OHHH. 
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Averaged Equations for Nonlinear Resonance 3vx=2 
in High-Order Approximations 
by Krylov - Bogolubov Method 

The third-order resonance (3v =2) used for ejecting an 
X -

initial beam out of JINR synchrophasotron is investigated. 
The reduced equations are obtained to the Krylov - Bogo
lubov method in the third approximation. These equations 
are studied • 

The investigation has been performed at the Laboratory 
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