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~ B036~eHKR p~HanbHHX óeTaTpOHHHX KOfleÓaHRll ~acTRU, nocTyna

IO!JUOC B OTKJIOHmOIItYIO C11:CT8M,Y, HCnO~l>3yeTcH, KaK npaBRJIO, pe30HaHC rpa

rsero nopamca 3 Q)( ::: -rri: • HIVKe npasenea paC1JeT pe30HaHCH1:lX YCflO

BRfi R nOflY'tJ8HH OCHOBHH8 3aKOHOM8pHOCTR, n03BOflHlOmH8 OueHRTn awweK

THBHOCTl> H C.n;8~aTl> BH60p pa601JHX napaMeTpOB CHCT8MH BUBO.n;a. 

I. PaC1JeT peSOHaHCHHX	 YCflOBHll 

IIp11: 1JaCTOT8 6eTaTpOHHbIX KOfleÓaJlll:fi Q)( ~ mj3 ropH30HTaJIl>HOe 

OTKJIOHeHH8 11: yrOfl 1JaCTIDU>I C RMIIYfl:bCqM pt I:J P (A p/ p «I) MO]l{HO 

npe.n;CTaEHTb B BHJJ;e: 

f/2	 ).x-= (21j3x) cos (m (J/3 ~ j)( ,+ qJ + 4-) (tJp! p) ;
 
, 112[ ,J ;1, (I/ 1)7 I (1)


X =-R (21j3;() ri" cos{meI3~i1o({j+sLn mO,) +j,( + CP/J+ lf(tJp/p))' 

3.n;eCl> IlITpHX - np0113Bo.n;HaH no a3iLvryTY 8 ; j3x ~ rIt)( - napaM8TpH 

fim:cca, R - cpe.n;HHfi P8,lUiYC YCKopHTeJIR; j x ="f 'd BIf3x - Qx e 
aprYM8HT ~YJIKUIDf ~flOKe; "fi - ,IUl:CnepCHOHHM ~YH:KUHH, m - HOMep 

p8S0HaRCHOfi rapMOImYJi ceKcTynOJIl>HOrO BO3MYmemUI • 

B n8pBOM npHó~8HHH MeTo.n;a ycpe.n;HeHRR Me.n;~eHHO M8HHIDma8CH 

~yHKWm 1(8) li CP({}} y;nOBJI8TBopmoT ypaEHeHIDIM (CM., HanpHMep{I/) 

r 1== 3 (21)312/;2 sin (3'P-/z) + 3(ZI)51lsi n (3CP-lil) ; 
(2)

I	 fl2 J/Z
cp :: tl tl+ " tE3 (Z1)+"3(Z I) '62 (;0 s(3<P-!z) t 5 (21) cos(3 fj)- !'t} . 

B ypaEH8HIDI ' (2) BX~MT Cfl8.n;Y1OmMe nap8JVIeTpH • .1lHH8:M1llifi c.n;BHr 1JaCTOTH 

óeTaTpoHHHX KOJIeÓaHRll paB8H 

Cl Q = Qx- r; + ( tE i+ ée ) Y!.	 (3)
v z p . 

XpoMaTH1JeCKR8 a68ppauaH paCC1JRTHBaIDTCH no'wopMyJIaM: 

Otn~elUiiieüH~A EHCTH1'JY I 
f.iR~lUd! BtCJfellDsaul~ 

6l1S/f!1CTEKA 



j Z'TT . f ~ 
e, ,=.(-1) R !j3 \.f/J- J1JlL.d9 (4) 

J LtrrBp O x ÕX J / 

r~e BjO - MarHllT~aH ~eCTKOCTb; 8 2 - BepTllKanbHaH KOMTIOHBHTa 

MaI'HllTHOro noaa: J == 1,2. K08qxpllUMeH'l' se3 xapaxrepasyer BJII1HHHe 

OKTyrrO~bHOfi HeJII1HellHOCTH; 

2íT 3 
;;e - R f' ~ z a Bc de (5) 

3-J'''ll:T'a,.... oJx ox 3 . 

AMnnRTY~H H ~asH nn -ux rapMOHHK ceKcTyrro~bHoro H ~eKarrO~bHoro 

BOsMYmeHHH orrpe~eliHIDTCH KaK 

6 ih::: _R_ 2[7T'(J.3/2 aJ.B~ e-i(m8+3jx) d {} . (6) 
z e "811' BP o r x ax ~ l, 

/"("- R 2'ir 5/2 a"Bz. -i(m()+3j.~)dl1
B4 e -1&811'8p oJ J3x a:" e 17. (7)ô 

PaCCMOTpllM rrponecc Me~~eHHoro BHBo~a ~aCTKU, orpaI~HBa5ICb HeJII1

HeIDioCTHM11: no sroporo nopanxa BRJIIO~HTe~1HO ( se3 == o; 131( == O). 

~ rro~eHHH OCHOBHHX COOTHorneHHfi ll,e~eC006pa3HO c~e~aTD c~e~myID 

SaMefr,( KaHOaaqeCKMX rrepeMeHHHX; 

U == - (2 I) 
1/2 

5 i n (CP - /2 /3) ; 
(8) 

7f = - (2 I ) 
i./2

cos ( tp- 12/3) . 

YpaBHeHIDI (I. 2) B 3TOM c~ae HMeIOT BH,D; 

U I == IJ. a7)+ 3 B (U 2- 'if ~) ;z 
(9) 

?f 1== - 11 Qu - 6B2 U u: . 

MSBeCTHO, ~TO rrpn óQ ~ o ~aSOBaH rr~OCKOCTD ( LÃ , tr ) pas6RBaeTCH 

Ha,~Be o6~aCTH: YCTOKqHBym - BHYTpH rrpaBH~DHOro Tpeyro~bIDn{a R 
HeYCTOMHByID - BHe ero. Koopnaaaru sepnaa 'rpeyro~DHHKa .( OC06bIX To~eK 

TRrra "ceMO") paBHH 

u -==~Q, -A.fl-. . Q (Ia)
t,:l 2V35) 1.fJ, 2 - 6 a ) U3 ";:. O ~ -:::: ~ 

;?, . 02 / 3 Bz 

2 

..' 
\. 

llpH CMemeHHH ~aCTOTH 6eTaTpOHHHX Ko~e6aHHfi K JII1HHR peSOHaHCa 

J flx ;::. m nnouiam rpeyroasanxa YM8HbrnaeTCH H npa paBeHCTBe ee 3MHT

TaHCY éx unpKYJII1pymrnero rryqKa Ha~HHaeTCH BHBO~ ~aCTMll, c ~aHHHM 

llMTIY~DCOM. 3Ha~eHHe C~BRra ~aCTOTH ~ Q , COOTBeTCTByrornee 3TOMY 
MOMeHTY, paBHO

I' I to 
. 112 

óQH==2(VJé)(} &2' (II) 

nanDHefilliee a,n;na6aTR~ecKoe YMeHbllieHHe óQ rrpHBO~T K rroc~e~OBaTe~b

HOMY BHTeCHeHHIO ~acTKU HS 06~aCTll YCTO~HBOCTH H POCTY RX ah~TY~ 

BIIAOTD ~O rrorr~aHllH ~aCTKU B sasop BHBO'Horo YCTpoficTBa. C xopollieft 
CTerreHDIO TO~HOCTH MO~O rrpe~rro~o~Tb /3 , ~TO OKOffqaHHe BHBop,a HMeeT 

MeCTO npa 4QK~O. 
3aBRCHMOCTb C~BRra ~aCTOTH OT HMTIY~bca (3) TIpHBO~T K TOMY, ~TO 

Ha~ano H KOHell, BHBo~a ~aCTKU c paSHHMM MMllY~bCaMH rrpoHCXO~llT rrpH 

pa3JIKtIHhIX SHa~eHHHX Qx ' T. e. HeO~HOBpeMeHHO. llO~Iillfi naanaaoa 
H3MeHeHIDI ~aCTOTH Â QB 6eTaTpOHH1IX Ko~e6aHHft sa BpeMfl BHBo~a ~ac
TIDJ; B HHTepBane HMIIY~bCOB !tAp/p/.$ fl1P/P)ma;< R Heo6xo)U1MbIe ~.1m 
3TorOBe~HIill rp~eHTOB B KB~pyrrO~bHbIX ~HSax COCTaBJlíIIOT 

. 277 

41Q{(= t)QI-4~ 2 (!U!.J. /;;ei+J22/=/J f<B /Jf,J( CriO/ (I2)
P--'max ,.,,8" 'P o . 

MrHoBeHHHfi HMIIY~DCIillfi pas6poc BHBe~eHHoro rryqKa B COOTBeTCTBHR c (3) 
H (lI) orrpe~e~eTcH HS HepaBeHcTB: 

(I1 Qu - Qx+ m/3)/{ a':~ + ~2)1 i; -mI3)/(~! +IY-1) 
mo« ~ ~~ min (I3){ 

-{tAp/p)(hO}( P (áp/p)tnax-

Ha pRC. I rrOKaSaHH HSM8HeHHH ~asoBoro rropTpeTa (a) R HMIIY~bCHoro 

pas6poca (6) rryqKa B rrpo~ecce BHBo~a •. 

T.K. B ~~bHeftrneM Hac 6Y~YT HH~epecoBaTb ~aCTHUH, TIOrraBillHe B 3a

sop B~BO~Horo YCTpoficTBa, cerrTYM KOToporo pacrro~o~eH Ha paccToHHHH 

UC OT opoars ~aCTKU c RMIIY~bCOM p + L1 p , TIPORHTerpRpyeM 
ypaBHeHIDI (9) B,nOJID rrpRMoit V = -ó'Q/6!Jz (pIC. I ). Ilpapoc r 
OTKJIOHeHIDI aa TpH ooopora OT TO'tIKll U = U~ , ~e~a.rneit na 8TOfi 
rrpHMoit, paBeH 

li/) -- {u:-uiJ[e,xp(36rrhu f )- f] 
(I4)c - Uc.+ U-/ - (Uc - U-i) exp [36fT fJ2 til) 

3 



T	 O\. 
I	 't~!	 ~
 

.
 

(2) - KORUY). 

a)	 PRC. I. H3M8H8Hll8 wa30Boro 

rtopTpeTa (a) II flMllY~1cHoro 

pa3ápoca (á) rryqKa B rrpOnecc8 

M8~~8HHoro BNBo~a (rrpHMH8 (I) 
COOTB8TCTByroT Ha~~ BHBo~a 

~aCTKU c ~aHHHM llMITY~1C~M, 

u 

õ) 

• 

QX-m/3 

MfllillMaJIbHOe 3Ha~8lill8 À Uc COOTB8TCTBY8T óQ LJ.Q,., , a 
MaKCllMalIbHO 8 -' ô Q - O: 

Â Uc -= f8íT 8;. u//(1- 18IT!Jz uc ) (I5) 

ITep8XO.I:( OT rr8p8MeHHbIX Li , 7J K KOOp.IJ;llHaTaM ~aCTKUH X II Xl 

ocyrq8CTBJm8TCJl c rrOMOmbIOIIp80ápa30BaHllH (I) II (8)': 

-fIZ
 
·X ::: J3x [u sin 'l"- V"'COs I) + 'f (4. p]p) J
 

X'= Rp:J/tu (cos t-s, sin'f)t zr(sint-«, cosT)]+ '{I'(IJ p/p) / (16) 

r.rt8 7:= rne/3.f/x +-12/3. 

Ha BXO~8 B BHEO~H08 YCTpOi1CTBO ( 8c =0) paCCTOJlHH8 OT C8rrTYMa .I:(O 

paBHOB8CHO:tt OpáHTIX X c ; r~áI1Ha saopoca Â Xc li: wasa ~ 

COOTB8TCTB8HHO, paBHH: 

1/2 
Xc -= J3c ( lJc si n ~ - ~~ COS 7:::)+ ~ (J1p/p)/

:i)~ 
I , 1/2 . ~
 

f).Xc =j3c LlUc 5 Ln l C j (I7)
j
 
L
 Te = jc ~ /2 /3 . 

H3 aaanaaa Eblpallt8lillH (14, 15 11 17 ). C~8~Y8T, ~TO npz Xc"? O 
r~áY'IHa 3aápoca B rrpOn8cce BhIBo~a H3M8HH8TCJl OT MaHHMMbHoro B Ha

~M8 (AQ== L\ Q~ /. óp/p = (t1P/P)max ) no MaKCllMalIbHOrO B KOHIJ;8 

( b Q :::1O; ..1 p/p ==-( .L\ p/p) m a K ). IIpM 38,Il;aHHOM rrO~OJK8HHM cerrryua 
.J:.~c M r~áMH8 aaopoca ti XmaJ{ 8JIJIII.1illTy,n;a c8KcTyrr0:ITbHoro B03MYJ.1..l8HHJl 

pacc~llThIBaeTcH rro WOPMY~e 

.	 1/2t :: t3Xrnc)J( f3c 5in~ (I8) 

z f2rr[xc + tfc(Ap/P)tnox][Xcl- '!1:{4P/P)max+IJXmttx] . 

r~állHa aacpoca ~JIff .moõcro npyroro MOM8HTa nasona ( .1:1 () /:. O) 

paBHa 

_ (rcl.- r/)[exp (6rr(Y~ 0)-1] (I9)
ó Xc - ......:...-"----------:;;".-------- 

rc -+ ri - (fé - Ij) exp (6 7T113'IJ O) / 

rne f'c~Xc-j3;12L1QCt)5Íe/6g2 -1fe(.1p/p), 
1./2 Q , ~ /2 ,r:;. /1 

1 
r, -z: fie ~ sin i; v30;;. 

Yr~hI ~aCTK.U Ha Bxo~e B BIXBO~Hoe YCTPOHCTBO Ha paCCTOHHHll jCc OT 

PaBHOB8CflOH OpállTIX orrp8~8~TCH ll3 BIXp~eHHJl 

x; ~ 1\ R. , ~[r; (CtJ~ 7c - Jc sinTc)- á3 r; (siní;; i-c1c tOS í";:}.rtJI'4PI (20) 
c SLn {,c	 3 ~. V: 

I1x r'paaaxaae 3Ha~em1J! B 3aBllCHMOCTll OT B8Jlli~llHhI sxonsnax B (20) 

rrapaM8TpOB COOTB8TCTBYIQT Ha~arry RnH koHnY BhIBo~a ~aCTHn c Kpa1UlliMll 

3Ha~8HHJlMH llMTIY~bCOB .1p/p == :!: ( A p/p)ma» . 

:1 2. 3~KTHBHOCTb M8~eHHoro BhlBo~a 

IIpll KOpp8KTHOn HacTpoãKe M~8HHoro BIXBo~a 8ro 8WW8KTHBHOCTb 

orrpe~e~eTcH llOT8PJIMa ~aCTKU Ha cellTYMe llepBoro BIXBO~Horo YCTpoficTB8t 

KOTophle, B·CBOIO o~8pe~b, C~~B~TCH H3 llOTepb Ha TOpne cerrTYMa, 

BH8illH8H CTOpOH8, r~8 8~8KTpffqeCKOe MAR MaI'HllTH08 rrO~8 OTCYTCTBY8T, 

VI BHYTpeHH8i1 - c HarrP.ffJK8HHocTbIO E e HJm llH,n;yx:uH8n Be . 

·i	 5 



~'tr .~,II 
'ft P II~ 
), . ~ 

nBHmeHHe B O,n;HOpO,n;HOM rro~e orrHCllBaeTCH ypaBHeHHHMH 

t Z 
$1-= ~ + elo e+ ,/0) J. =~ + cio - (21).ópc jc 

rne ~ 'I H rJ;:::: ri;;!clt - ropH30HT8.JIllHOe OTKJIOHeIDIe ,H yro~ OTHO
CHTe~llHO BHYTpeHHefi CTeHK11 cerrTYMa, t - ero rrpo,n;O~llHaH OCll, 

jPc - Pa.n;HY.C KpMBH3HH TpaeKTopHH B 9~eKTp~eCKOM H~ MarIDITHOM rro
~. ~ pa3,n;e~eIDIH UHpKymrpyromero H BHBe,n;eHHoro rryqKoB Ha Bxo,n;e B 
c~e,n;YIDmee cerrTYMHoe YCTPOHCTBO yro~ rrOBopOTa otn B rrepBOM H3 IDIX 

,n;o~eH OhITll OO~Lrne rro~oro yr~oBoro pa30poca rryqKa: 

Jn =te/pc "7boL , (22) 

r,n;e te - 9~eKTHBHaH ,n;mrHa BHBo,n;Horo YCTpOHCTBa, 

lJ.d = d rn a s -ri, m in = (clxldsJ -lclz/t/jJc /17/11 B BhIpWKeIDIH
(.20) • ~tn())() 

Yc~oBHe (22) T~e 03Ha~aeT, ~TO ~ BHYTpeHHeil CTOpOHH cerrTYMa 
rpaHKqHHMM Me~y oT~oHeHHon 11 rroTepHHHofi ~aCTHMM rr~a HBnflIDTCH 
~aCTlnUl, KaCaIOI1lHeCH ero CTeHKH. CBH3b MeJK,D;y Ha~MLHhIM OT~OHeIDIeM H 
yr~OM 9THX ~aCT~ rro~aeTCH rrpHpaBIDIBaHHeM/HY~ rrpaBHX ~aCTeH 

ypa.BHeHHn (21) ; 'lo =Pc d;/2 . ~ BHelIlHen CTOpOHH cerrryxa rpa
JllIlIHHMH HBJIHIOTCH HOllli c xoopnaaaraaa na sxone $/0 = te eLC) • 

~a30BhIn rropTpeT cerrTYMa Ha Bxo,n;e B rrepBoe BblBo,n;Hoe YCTponcTBo B 
COOTBeTCTBIDi C yKa38.HHHMH rpa.mru;ro.m npanenea aa pHC. 2. OTKy,n;a 
c~e,n;y'eT, ~TO ero 9~eKTMBHaH TOJImHHa pasaa ~Oma,IU1 3aUITpnOBaHHOH 
oo~acTll, ,n;e~eHHoH Ha rro~H yr~oBon pa30poc: 

rJ]f/XP:: de -+ 2iJ. (ft:ti;ax + Pc/ol;"n /3) I (23) 

~IrnMaJIllHOe saaxeaae O' 9qq> rro.rryqIDJI aapsapoaaanea d mar H 
cLmin B ~PMY~e (23) npll ÓrJ., = C(f)f15 t : 

J-max -== dn + J1 ~ - J{l:;;TJn + 2 /)rJ./; er5mt'11 = -IAc/.-oGmtJx) (?4) 

C yqeToM (24) orrTHManbHHH yro~ Hm~OHa rrpo,n;o~bHOn OCll cerrTYMa K 
opoare aa a3HMyTe Bc paasa 

(5:)opt = (;f?~,mo~ - (,ln ~ 1!J)~ Vh7.tn+ ,24.tJ. (25) 

~eHMM Terrep:o a~e1tTHBHOCTll BblBO,n;a, orrpe,n;eJUIeMY1o K8.K OTHornemre 11H
~fJ TeHC11BHOCTe~ BblBe,n;eHHoro 11 UHpE.ymrpyromero rry<IKOB: 

~l 
E:= Jt1 IN ':. (N- ~;V)/IV z: /- LlN/IV / (26)

~ 
, I 

r,n;e ~~ - Be~HHa llHTeHCllBHOCTH, rroTepHHHoM Ha cerrTyMe. 

eLo 

~ 
E 

-& 
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.J 

E 
-d 

Ucclmax .1-_1 - ..~ "'W"'_ 

~o 

PHC. 2. ~a30BhIH noprpsr cerrryaa sunonaoro ycrpoãcma. . 

IIafi,n;eM Be~llHY rroTepll ~aCTHU B rrpe,n;rro~o~eHHH, ~TO rroc~e rrpoxo~

,n;eHHH rppOHTOM rryxxa TO~Kll LL = LLc "'" 6 Uc. (pHC. I) B oozacra 
BHBo,n;a YCTaH~BaeTCH KBa3Hc1auHoHapHoe pacrrpe,n;e~eHae nnOTHOCTH 
nysna D ,o6paTHo nponopuaonansaoe U' npn Vi = O (9)' : 

[1) COf1 S t 'u c:: U ~ U + /\ U (27) 
I" 

D(U) o = uZ- uf (8)) c - - c ~ c > 

I 

nOCKO~llKY tAl 3a TpH ooopOTa MelmeTCH HecymecTBeHHO, MrHOBeHH~e 

OTHOCHTe~llHble rrOTepa Oy,nYT paBHhI 

J'N(B) lu 
~ N(B) -:: 187TB [ú/' - U2 (B)] . '(28) 

Uc'.tt.U,

3,n;ecll jV(8) == in (u)[})du - "tlliC~O ~aCTH:O; B anrepsane ~l: 
z 1 

[ Uc ; Uc -+ tJ U
.
c] J' 

UC 

Óu - rrpOT.fDi$HHOCTll oceracra noreps na nnOCKOOTHi ( U ; v ) npa V = Vi (d ~< lJ. Uc ). Iloxaue no-repa ROHOB nau 
cenryae sà sce BpeMR: sssona MOJKHO oneaars , ycpenaaa (28) no u ; 

I II b.p/ P : I 

6 
7 



ilIH
(tJ. PI p)rntl¥ I) f 5'N du(..N ___ f f d{ ~J iI i /Iii - Z({).P/P)m(lx f.)JH 	 (29) l-(IJp/p}max 0 

r.n;e U 1H orrpe.n;eJIHeTCH Ha'laJIblillM 3HaQeIU1eM ~ QH ( II). ~. 

C T01JHOCTbIO .n;o 'lJIeHOB ~ (Ll pi p )max rroJIY1IHM, Y1JHTIlBM (1.18), 
cJIe.n;YJOlIIYIO WoPMYJIY .n;J(H Ol\eHKH OTHOCHTeJIbHIDC rro1'epb: 

t:. IV : J, [ J.. ( -( ~ ~(~) )+- .1.... (1+ .If'c (AE) ] x 
N Jq1qJ t:.Xma~ Xc P max Xc Xc P max 

X [1 +- (fie ~) l/2 /cos 'tel] 	 (30) 
:~1! 

l 
,~\ 
}~3V.3 Xc' 
{,. 
'fI,', 

ITOJIY1IeHHHe COOTHoweHHH rr03EOJIHIOT Ol\eHHTb OCHOBHHS rrapaMeTpH pe30
HaHCHOH CHCTeMU:BeJIH'lHHH HeJIHHSHHOCTeH B ceKcTyrrOJIbHIDC JIHH3ax ( 6 H 

IS ), B030YJK.I\aIOll1lU pe30HaHC 3 ax =m ,H3MeHeHHe rpa,IUieHTOB B 

KB~pyrrOJIbHIDC JIHH3ax, C rrOMOll1bIO KOToporo rrspeceKaeTCH pe30HaHCHM 
nOJIoca ( II I 12) ,XapaKTepHCTHKH BHBe.n;eHHoro IIY1JKa ( 13, 19, 
1.20) H 9~KTHBHOCTb Me.I\JleHHoro BHBo.n;a ( 23, 25, 26 I 30) •. 
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KasapHHoB H.m., HRxaAnOB B~A. 9-86-503 
O~eHEa 944eKTHBBOCTH M~8BBOrO BYBOAa nyqKa 
HS CHHxpoTpOHa 

rrpOHSBeAeH aBanRTgqecKHA paCqeT MeAneHHOro BWBOAa c Hcnonb
SOBaHHeM H8nHHeABoro pe90HaHCa ~eTaTpoHHWX Eone~aHHA 3Qz·m. 
rronyqeHH Bwp·a.eHHB ADB o~eHKH aMnnHTY~ H ~a9Y ceKcTynonbHoro 
B09~eHHR, ~ana90H H9MeHeHHB rp~eHTOB B EBaAPynonbHHX nHH
9ax H nOKa9$Ha HX CBB9b C napaMeTpaMH QHPKynHp~ro H BYBeAeH
Horo nyqKOB. HpHBeAeHH TaKKe ~pMynY ADB paCqeTa OnTHMBnbHOrO 
nonozeHHS C~nTYMHOrO YCTpoAcTBa. 

Pa~oTa BllIDonHeHa B Jla~opaTopHH BYCOKHX sHeprHA mum. 

Coo6QleHJIe OIbe,lUlHellHOI'o HBCtIlT)'Ta JlAepBYX HccneAQBIRJIi• .lly&fa 1986 

rrepeBoA O.C.BHHorpaAQBOA 

Kazarinov N.Yu., Mikhailov V.A. 9-86-503 
Efficiency Evaluation of Slow Extraction from 
the Synchrotron 

The analytical calculation of slow extraction using nonli 
near betatron resonance 3Qz· m is presented. The expressions 
for evaluation of sextupole perturbation amplitude and phase, 
quadrupole gradient range are obtained~ the connection with 
circulated and e¥tracted'beam parameters is shown. The formulae 
for calculating septum device optimal position are given. 

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