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BO BTOPOM npH6nH~eHHH no MeTOAY KphlnOBa - Eoron~6oBa 

ITocTpoeHhl ycpeAHeHHhle ypasHeHH.R 6eTaTpOHHhlX KOne6aHH11 
B oKpeCTHOCTH P03HOCTHOro pe30HaHca CB.R3H vz - vx= 0 An.R 
HyKnOTPOHa OlliIH BO BTOPOM npH6nH~eHHH no MeTOAY KpblnOBa -
Eoron~6oBa c Hcnonb30BaHHeM CHCTeMhl aHanHTHqecKoro npor
paMMHpoBaHH.R REDUCE-3. 2. ITonyqeHbJ AOCTaTotJHbJe ycnoBHH 
cy~eCTBOBaHH.R yCTOHqHBb~ pemeHHH H caMH pemeHH.R B nepBOM 
HBO BTOPOM npH6n~eHH.RX, 

Pa6oTa BhlnonHeHa B na6opaTopHH BhlqHCnHTenbHOH TeXHHKH 
H asToMaTH3aUHH OlliIH. 
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ITepeBOA aBTOPOB 
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The Averaging Equations of Betatron 
Oscillations in the Vicinity of Coupling 
Difference Resonance in the Second Approximation 
of Krylov-Bogolubov Method 

The averaging equations of betatron oscillations in 
the vicinity of tne coupling difference resonance 1~-1•1 = 
= 0 for JINR nuclotron in the second approximation of the 
Krylov-Bogolubov method with the help of REDUCE-3.2 ana
lytical system are generated. The sufficient conditions 
for the existence of stable solutions and the solutions 
in the first and in the second approximations are produ
ced. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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,!$Hlitemrn sapJtiteHHOH tiaCTJ~bl B OKpeCTHOCTll pesommca 

k,/Jx + K:'l,. Yi. =q, , r.ne l:x,k-., q, - ~eJI;8• omrcuBaeTCJI cucTeMoti: He-

.'IHHeiiJillx .n:rrtI1)epermrrMoHHX ypaBHCHHi-i /I• 2 : 

x" + n x ( 0 )x = e F;,, + e/'- f'x.t + 

z11 + nr (0)r = e~
1 

+ c.1..flu. + 

. . . , 

... ' 
(I) 

r,Ile nx(0), nl (0)- ITepno,rt.ntiecKne ITO 0 g)y1m:r~m, ~k , F1.k 

( 1C = ,( J, . . . ) - ITepHO,I(Il'!GCKl'.Ie ITO () cJ.iyH~ H ITOJIHHOMH 
' ' OT X , X 1 , Z: , r. 1 

, e ._ MMb!H ITapaMeTp, IllTPI1X O3HatiaeT 

,n;n(ipepeIrn;upoBaHI-Ie ITO f) 

l-!cCJie,n:onamrn TaKofi sa,n:a'!ll - o-qem, Tpy;n;oeMKaJI pa6oTa ,n:aJ1te B 

.mmelmoM ITp.r6mrJKemm. IIoaToMy wm: HaxOJK,JJ;eHHJI o6JiaCTll ycTomma: pe

Ille~H MOlKHO BOCITOJio3OBaToCJI M8TO,ll;OM ycpe.nHeHHJI KpwroBa-Boro.mo6o-

Ba 13 ,41, ITOCTpO!IB ycpe,ll;Hemme ypaBH8HlIJI, ROTOpb!e JIH6O I-IHTerpupY!QT

CJI, JilI6O ITO3BOJI.filOT HCCJI8,ll;OBaTo ,ll;BI1lK8HH8 Ha QJa30B011 ITJIOCROCTH. 

il HaCTO.IIll.\8il: pa6oTe ,lJ;JIJI CHCTeMH (I) ITOCTpO8Hb! ycpe,n:HeHHUe ITO 

M8TO.lJY l,pL!JIOBa-BorOJII06OBa ypanHeHUJI BO BTOpOM rrpu6JIIDX8HID'I (T.e. C 

TO'IHOCToIO ,ll;O 'V!8HOB rropgn;Ra &:. BRJIIOtnIT8JioHO) B ORpeCTHOCTH pesoHaH

ca 

(2) 

PesyJioTaTbl 8TOii pa6oTbl rrpe,n:Ha3Ha'l8H11 ,lJ;JIJI MO,I{eJillpOBaHHJI IIOB8,Il;8'

HHJI sapR.1KeHHOi1 -qaCTHIW B ORpecTHOCTH pesrsrca (2) B HYKJIOTPOHe 0Hffi1. 
3Ta rrpo6JreMa JIBJIJI8TCJI BeCoMa aRTy-8.Jl:oHOfi B , T.r,. B yCROPHTeJIIDC Ta1w

ro THIIa pa6O'IM JO~lta '.(lbl6HpaeTCJI lrM8HHO B OKpecTHOCTH pasHOCTHoro 

peSOHaJiCa CBJI3H 9 • 
11paBb!8 "IaCTII ( I) ID,1eIOT Blf,ll; 

F =A (e)z.+A 12 c0J22 +A13 f0Ju.+A,'f(0)x
2 + 

X1 tr 

t A15 (8J Cz.'>2 + A1c (0) C~'/-

~t = A
21 

(0)l 3 + A.21. (0)xz 2 +A23 (0)zx 2 + A2,.,(6)x
3 

+ (3) 

+ Au ( () )~ (];' /· + A2 , (fJ)'J:. CX'/ + Az1 (0)x (x'/ + Au (0)x (x' /-, 

Fi"l., = B
11 
(0)x + B1,._ (0)1.i.+ 8,3 (0)xi: + B,1t (0)x2. , 

Fu= B.2., (0)l 3 + Bu (8) x r.2 + 523 (0) zl + B.zv (0)x
3 

+ 
+ B,1s (6) 'f: (x.' ):. + 8).6 (0) ~ (x'/·+ 5:i.:, (0) X ("i. 1

/' + Bo1.,1, (0)x (x
1r\ 



r;a;e Aki (e) ; Bk-(0) 
~ J 
\WH~-

( k = 1 ,:;. ; j=f,.1 , ... ,8)- ITepno,nrr'!ecm1e ITO fJ 

3aMeTUM. '!!TO B cpopMyJiax ( 3) rrpIICYTCTBym: 70ITClJTIIlfTeJII,IDie. ITO 

CpaBHemno C aI!aJIOI'lI"lllliMII ypaBHeHHm.m B pa6oTe / 7 
t "17Ierur, "ITO il03DO~ 

JIJieT y-qecTI> B .IJ;aJII>Hef.lll]eM B ycpe.D;Hemmx yprumemr.llX BYJia,n; sa C"IeT 

:0830HaHCHblX ROMIIOHeHT De30HaHCa (2). 
- B or,peCTHOCTH pe30HaHCa l:x vx + '/er Yr =i + S- , r.ne b « 1. 

nx(B)= rixo CB)+ c ·L1x· ~x (0) , 

ni (OJ= nzo (8) + c.. Ll'l. ~i {IJ), 
(4) 

r;a;e Llx (Llii!)_ paccTpofuca (oTKJIOHeHHe oT.n;n;ea.m,noro pe3omrnca) n 

n.x0 (fJ)=nx (0) ( nz0 (0) ""Yl:1.(0)) TotJ:Ho B pe30HaHce, T.e. 11pn L1x=0 
(runr Ar= 0 ) ; jx ( 8) , ~ ;1: {{}) -· 3apaHee 3a,n;amrue ,ne:HcTBHTeJThHble 

IJlYHI~, 3aBl!CJill!IIe OT HatiaJThHHX YCJIOBUil II OT ITepuo;a;,1-qecmcr ITO 0 
@'H~it Jx (8) (HJ.III t,1;. (0) , COOTB6TCTDemro)-i[\YHJtq[1ti ~1or,e, KOTOpHe 

CBJIBB.Hl.l c pememrnM o.D;Hopo.IJ;Horo 7£J13Hemm x" + n"0 C0) x = 0 
(F.JIIII 'z:u + n.'i.o (0) r: = O ) • Bne.n;emrn paccTpofacrr ..1x IT03BO-

JIJieT B .n;a.m,HeflllleM pa6oTaTI> c pe30Ha.HcaMu Bn:.n;a lex Vx = 1t , CtIJ,ITM 

J~=O • 
13no.n;R paccTpofiey B CHCTeMy (I), ITOJIY"!aeM 

X
11

+fl.x0 {0)x =E, (f°'x 1 -Llx·~x(fJJ,x)+c.2.PxJ. 

'l:.
11 + n,zo (0)1. = E- ( F'l1 - L1r.·~:;,_(0)·i)-t- c..2. Fl:,_. 

J];:,m CUCTeMH Y.PaBHeH!Ifi 

X(8J{ =X0 
0=0 

'i.(0)1 ==- "Zo 
0::0 

(5) paccMaTp1maeM 3a,n;a-gy Kornn:: 

x'r0J{ =< 
0=0 

?..
1
(8)/ ="J:.'o 

0=0 7 

(5) 

(6) 

r.n;e ITOCTOJIHHhle XO , X ~ , 1:. 0 , :1. ~ 88BHCHT OT RHllt8~ '!aCTm::c B 
YCKOpMT6JTh. 

~R 3a,n;atm (5)-(6) c ITpaBh!MII -qaCTRMH (3) 6y;n;elv! HCKaTI, orpamr

tieHH11e pemeHHR M0TO,ll;OM ycpe.D;HeHHR BO BTO,POM ITpI16.JniiKemrn B OI,peCTHOCTI1 
pe3oHaHca (2). 

Ycpe,n;Hemru:e ypaBHemm 6wru ITOJIY.'l'.~ c IIOMOl!{~IO ITporpaMM 161, 
peaJIH30BaHHb!X Ha R3h!Ke REDUCE :--3.215 II UMeIOT BH;a; 

2 

c
1 

=- ,S:1 c1 +S13 c3 +S,,,c:ci.+~Jfc;c,,+·~.tlc;cv t 

+S c1 c.ic~ +S c1 c3 cy 
131 . 13-' ' 

. 1. .t s .t c.t = s,.t.t C.,t + s.t'( Cy + SUJ. c, C.,t .,. s.i.u CJ. c, + ~Jo C.3 Cy t 

+ ~.n c, c.t c'I + s.2. c.z c, cy 
J'f ' 

C3 :. 331 C1 + $33 C3 + ~ 19 c;c,. + S.3JG C.z c! + S.3.t;. c: C'f t . 

+ S3 , c1 c.zc., + S c,c.,c., 
->1 333 

c.., = s'IJ. C,1. + SI/¼ c'f + s.,u c, c1 + s'f,tl, c, c~ + SVJo c~ c., + 

t Svu c,c.1.c., t s'13'( C,1.c.,c., 
1 

(7) 

r.n;e c, , C1. , c~ , c., - HOOOe H68aI3HCHM!le ItoMnJieRCHHe ITepe-

MeHmi:e, He 3aI3HCSIDlll6 OT fy , lI R08~6HTH S ¼ ( /;_ = I,2,44; 
J = I,2, ••• ,34)·- 'IHCJIOBh!e ROMIIJieKCHHe R08qqlm:J;R6HTH, CB.1138.HHile C 

peaJII>HOfi Marnl!THOtt CT.PYRTYpofi ROHRpeTHoro ~It1IH'1!6CROro YCROpRTeJIJI. 

flBmdi BR.It . ROaqxfJm:tl'leHTOB SKi llp.HBe;a;eH B ITpwIOJltemm. 

PaCCMOTpHM CHatiaJia Clil'.CTeMY (7) B rrepBOM np.H6.7Illltemm: 

c\ = s13 c~ , 

C.1, = sl'fc'I, 

c 3 = s.!,1 c 1 + s !, ?, c .. , 

c'f =- SI/:. C,1. + SI/I/ c'I . 

EcJm B.!IDOJIH6HO yCJIOBRe 

~ ~ 
}. -= - 4 s,~ S31 - S.,3 > o 

3 

(8) 

(9) 



TO pememi:e CHCTeW (8) HMeeT BJm 

c=K +S. 'I· -fe[-c· a. .A A 
1 3 13 a,;, + ;ia. • e . 1<1 I + l<:z. "1.) C05 7. e + 

+ ( K1 ¾ -Ki.!) Jin, ¾ e}' e 7 

(IO) 

. ea 
- * If 19

{( * a. :!' ;i ). 
C,%,-K.3 +S.i/ a.J..+,ii.i·e K1 i-k:z.::)w,,;;0 + 

+ ( K: ¾ + K; ~J $in ¾ 8} l: 
-a:e { .:l · ~ J c3 = e ;I. K1 CQ.rp:0 + K~S1,n..~6 ' 

a.e{ If ,A k* .A } C 'f = e ::i: K. 1 W1 J:. 0 + ;_ Sin ;~J) , 

r.n;e K1 , K:z. , K3 - ROHCTa.HTH HHTerpHpoBa.HHJI, 
jt- • 

H3 Ha'tJ:aJ.ll,HHX yo.rromrfi; S13 = S~v (cM. II.PHJ.IOJKeHHe); 

C 1 = c: ; 80 - Ha'I8.ThHOe 3Ha-qemi:e 0 
cil:oe corrpimeHHe. 

II 

K1 = c.;o 
Q,c· a. . 

K .,_ =: ;i' c30 + X c 30) ' 

K - C +S Lt [a. .) (. a.. \] 
3 - 10 13 a,1.+}." °J:C.!>o - r C30 + -~ C3ol 

C10 = c~ le=o· 
Q=--S3~ . 

, Cso = c3 /e=o 630 = c\ le=o 

? 

orrpe'A eJIJieM!:l e 

C3 = c" '( 

¥- - ROMll7I9R-

(II) 

(12) 

ROHCT8.HTH C10 , C30 C30 - CBJI3a.Jl11 C l!CXO.IJ;HWIII! Ha-qaJII,HhlMI! 

.n:ammMI! ( 6) • 
PaCCMOTPIIM, Kalt B8.IJYT ce6JI pememm C1 ' c.,_ ' c3 ' Cv 

1!3 (IO)• T .R. a, - Be.Jm'!J:l!Ha '!J:l!CTO MHIIMaJI (CM. IlpWIOJK8HI!8), TO 

C1 , C2, , C3 , Cy - oCql!.JIJilIIJYIWIHe qiyl-rn:rnm, orpamr_tieHHHe 

sHa'tJ:eHIISIMI! KoHCTa.HT K 1 , K .2. , K. 3 , KOTopue onpe.n;8JLRJOTCJI 

YCJIOBII.ffi,11! Imllt9Kro!Il • 

4 

'l'aror1.1 o6_paso!.I, rrpu BHIIOJIHemm ycJioB;m ( 9) cy1QeCTByeT pememre 

CUCTOUl.l (8) BH,I{D. (IO), ROTOpoe OOT88TCf! orpamr-qeHHHM rrpH y.n;a-q-

H0,.1 sa.TI:amm HatraThHilX yc.'Iom1i1. 

Pacc:sioTpm.1 TeITep1, mrcTeMy (8) B .n:efiCTBll'.TeJIT>lillX ITepeit.emrux: 

a.~ = a. 2 ( H11 Sin lf + H14 Co!. Cf') , 

a~== a.x (H,M si:nc.f + HJ.v COJlf)" 

1 
. / [( ). 2.) . 

lf == axa.1. H3.1. ax+ H33 ac. 5t1z.tf. + 

+ (H3s a: + H36 a,~ C0-5 tf)] + H3,3 

(13) 

r.n;c a, X ' a~ - ITepeMeHHL1e·, COOTBeTCTDYJ{l'Uie a/JIIJI!ITY.D:aM 6eTaTpOHHHX 

ROJie6am1il ITO ocm.1 X, 2: ; <P = lflr. - If x , r.n;e t.p i! , l/lx - ITepe1.1eHHUe, 

· cooTneTcTny1011urn qiasaM. ,neficTm1TeJI1,mre 'I!ICJIODHe r<oa(YDm~ueHTH H Kj 
OITpe,n:eJLRJOTCJI ITO giopMyJiaM, ITprme.n:em-Iill,l B ITpIL7IOlK8HI!1I. 

Harma.rumaJI orpam-r-qeHTJJI BJI.n;a 

I) l I H11 + H11 I ~ E:l., 

(14) 

2) l(H1'f+H.2.vf.!:e.2., 

CTpOI!M rrepBblir IIHTerpM CHCT8Mbl (13): 

2. 2. t O 2. 
Q.x + a.'Z "° COM + (£)' _(15) 

'tITO coBrra.I{aeT c pesym,TaTaMu pa6oTbl /II. _ 
HHTerpa.n: .D:BIIJKeHirn ITOICEl3h!BaeT' 'ITO 8M11JIHTY.n:.bl 6eTaTpomrux I-OJie-

6amrit orpam1-qemr. 

IIepeimeM RO BTOPOA]Y ITpII6.mrJKemno. PaCC)·AOTPlIM CUCTeMy (7) B .'IJIHetl
IIOM npu6mr'1temrn:. 

C1 =: s11 C1 + s1.!> C3 

(16) 

c1 = S,tl. C.1. + s.,_'I c~ 

C3 == S.;1 c1 + S c?, 
3:!, 

C - S C 4- S C" ~ - 4'- .,_ . ~'I 

5 



ECJIII BIDIOJIHeHO YCJIOBirn 

~ . ~ 

J'\. == 4 (s11 S33 - s13SJ1)- (S11 + S33) > 0, 0:7) 

To pernemre crrcTet:u ( I6) m.1eeT BH.n; 

1 'I -~fJ { A 
C1=K.,+ 8 ·-~--2.·e.a.. -(C!fr+S/'J.)eo:s-0 + 

31<:t+/\ ""J, J. 

+ ( C1 -Si )Sin. 1_-{J] i() 
0o 

(I8) 

"'-* 
C - K"~ + _1 ~ . -r 0 { ( ,,. o(,• * A A 

.t - :!, s~:i. (ot'F+.lr' e - C ;: + s ~:-) -~a: 0 + 

-(*./\. *ol"") A })e + 1_C J; - S' T S-in Tf) 
00 

- 2 0 /'J. . L\. ol { c
3

=e K
1

CJJ,5-rB +K..z.un.-:ie] 1 

ol* -y0{ If- .I\. * A 1l c 
11 

== e K 1 Co!J J: 0 + K..3. sin. -;r 0) 

3,nem:, K
1 

, K ;i,. , Kl - r:oncTB.HTLI mtTerpH}10Bamm, orrpe.n;e-

.we1.'lb!e us Ha-qam,HHX yc.nomrit 

C=KJ(!fyt- (4/-]-tK,.(:i·1)-~3(K2.1-K1~), ·(I9) 

s = K,.[(1/- c1,t] + ~ K1 (1. 1) + s3~ (Ki.i -t K/1); 
* S

31 
= S

11
,_, (CM. IlpHJIO:!t81-ITI8) JI 

CX, =- - s11 - so 3 (20) 

IIoBe,nemre penemm ( I8) aHa."IOI'II'tJ:HO rroBe,n;emno pemerni:lt (IO) , T. e. 
c,. , C:r.. , C

3 
, c., - OCD;lL717IliiTjI(l!IJre cpyl!~m, orpam1-qemrue 

sHati:emtm.m JtOHCTa.HT C, S u K ?> , samrnm1in:x OT Hati:anI>llliX yc.nomiit. 

6 

' 

il ,n;ei\cTDIITe.7II,HIDC IIepeMeHHHX CHCTeMa (7) m,ieeT B!IJJ: 

a.; = a1 { ( H11 + a; H,2 + a! H13 ) .Jin tf +· 

. 2 ~ ] · + ( H1q + Q,x· f'1s + Q,l: H1, ) W:J if + 

{ .J. z 1 + a,x . H1, + t2x Hn +- a..2 H1g , 

a.~ = a.x { ( Hu + a.; Hzz + a! H23 ) sin tf t

+ ( H2'f +- a; H2S +- a! Hu) c.o:s tf J + 

[ 
2 . 2 1 

+ a.z H2.1 + QxHZI + Q.i! H2.9 , 

I. { { . r, t (H 2. ) z (H z H Cf= a.xa..e ~<ft!lx .3V+axH3s +a,,. 3,+-a,. ~) -f-

+ Cl~ a! H3J + coJ<f[a;(H3,.,+a: H31v) + 

+ a: ( H016 + a~ H.,,,) + a,~ a.~ HJ1s] J + 

+ { H319 + a.; H.,J.o + a~ H3.1., J 

. (2I) 

r.ne cpopMyJIH ~SI BH"tJ:HCJie:mm, 'Il!CJIOBHX KO~eHTOB 

j = f, 2, ... , 21 ) Il!)HBe,nemi B Il!)HJIO.lltemm. 
Hk. (k=I 2 3 • J ' ' , 

IIpu Bl:i!IlOJilieHim .nocTaTO'IHIDC yCJIOBHfi 

I) J. / H11 + H 21 I ~ E. J 

2) 2 / H12 + H22 I 6 G., 

3) 2, I H1~ + H23 I 6 E.
3 

4) 2 / H 1~ + Hz11 / 6 E. 3 , 

5) 2 I ·H1s t H2s I ~ £
3 

, 
6) 2. I H 1G + H 2d 
7) 2.1 HH + H:i.d 
8) J. I H,g + Hl&I 
9) J, I HH + Ha,9 I 

6 E,3 

~ E,3 
. , ., 

~ E. • 

~ E, 3 • 

7 

(22) 



nepBHfr IIHTerpaJI Cl'.JCT8Mb! (2I) HMeeT BII,IJ; 

QJ, + 
X 

a.3. = CoMi 
c 

+ 0 ( f,3) 

TaK!IM o6pasoM, HaMu _nruzy,:relill CJie,ICY1(11flrn pesyJII,TaTH: 

(23) 

a) rrruzy,:reHH B SIBHOM BH,D;e orprurntJ:eHHoe pememre (IO) JI nepBufl: 
JIHTerpaJI .JJ:BlilK8HII.fI (I5) ;IJ)I.fI CJICT8MH (7) B nepBOM npn6JII1Jite:mrn; 

6) IlOJIYtJ:eHo B SIBHOM BJI,IJ;e orpamrneHHoe pememrn ( I8) m1cTeMI1 ( 7) 
c .mme:tiHoil npaBoir tJ:aCTI,IO BO BTOPOM npu6mllltemm; 

n) IlOCTpOeH rrepBb!:E: lIHTerpaJI (23) ;rr,.ruI CHCT8/AJ1 ( 7) BO BTOpOM 
rrpII6JII1JKemrn. · 

IlpoBO.IVITC.fI ,n;aJII,Hefamrn IICCJie,n;oBillIIIH IIOJIYtJ:emrn:x ycpe,IUremmx ypa.B
Hemrii. 

IIPRJIOli!EHIDI 

s11, ..• - Kf3.:,i,l'!u,EHT11 SKj ; . ~ * 
FLX ' FlX~ , FLZ , FLZS - 1>YHK1iM1 $/10KF. fx, ~ll. 1?:- 11 ft . COUT11ETcTREHHo; 

OfLX , llFLll'; , DFLZ , !>F~lS - 11P0,13BOAHME OT 3T~X <1>Y4Kuv,~ <1>t10KF rtO e , 
T E. £/ , (f:)' • f; M (Jt)', C'lOTBHCIBtHHO; 

Nx , rJZ - 4,'CT~T!I 6ETATl'Ut1Htl~ f.J/lioAHv!i:l 'VX 1•· Vi!: 
Gx I GZ .;: c:,YlfK.111:1 ~Je), ~cf~; 
e10 - K00,11>"1,11vFHr , coo,:icr~T~~~J.111J ;,ACCyp0;1KE hi . AiO- A~j 
I - HH~MAA FA~HMUA 

Koa<1>0,1.111Euri· SKi 

1
'1l. ·. 

S 1 1 ; =.!. ~( _ c F. p S 
2 
* A 11 •FL X:; J • ( iH Sc,, 1 •FL l 5 + II 2 4, 1 •FL 2 » / < l • 1 1J g 1 

:lJi' I ?. . 
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i'li O~I - 'IX 4 , 1 • 1l 1 1 • t L ,0 .. E PS• FL l '; • ~ L 2 • 8 1 ~ • G 7 ' / ( 2 • l l J d 0, 
i ' l :=- ( ([p<; ·•FLL~•c - 2·r•l2-,•>FLXS• .V.•FLX - Fll~*FI XS• 

l\'1 . 2 
0 11 3 *'I 7. S 2, 1 1 - F L 7. ,; • H 1 3 * ti L ·;ii, 5 •FL X - 2 • Fl ~ S * 

.l"li 

==Mf 
0 

]14•Nc\1~,11 - FL~S•FLZ,ij13 ■ i~1.11 - 3•FLYS• 

l .? 2 
3L,,. •FL ;(c! - FLYS*B..;e*!)FLX • FLXS•n~:1•'.1''. *FLX 

- 2•FLx~-~,~~~·4S;2,5,FLx - l•FlxS,B!4•~x~,11 

,FLx - ;LZ+81?,,FL,;.·ll;1,s - 2•;J21'•'lFL•(S•f1Flx• 

FLX - ~•ij1!,••1;.:,1,;;•FLX
2
>l_l(l*I>jd0, . 

CEPS-•FLLs•< - 2•r•FLftS*FLZ•~ :?'UFLZ•,? - FLlS• 

c L XS• I ZS L!, 1.• • 8 1 3 - 2 • FL l :; •FL l • ~: l ~ ~ , ii , r11 ?. - 2 

•rLXSl•~xss, 13 ■~,~ • FLXS•FLZ<!•P22 + FLXS• 

2 t! . 
cLZ *327* IZ - FL,;s•FtZ•'lX511,ll•l:ln - FLXS* 

FLZ•~2~,,J.H1J - ..:.Ftxs.~(3,13•B~4.FLx - FLXS 
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t! 2 
•3!7*JFLl • z•FLi •~z10,i•B12 - FLZ ■ ,11.B• 

~ 
r113•Fto,,cz ■ r>JdG, . 
... - 2 2 :=.! ( ([ps· •FLZS•< - 2*I*FLl •B2s•DFLZS•NZ - 2•FLZS • 

lfl •1ZS12,13oi312 • Fi.lS.FLXS•'l'l(S5,13•B13 • FLZS•-
0 

Jnt 
: :!.{ ( 
~) 

0 

~ 

:if{ 
0 

~ 

2 l ' .? . 
rt2 •a2:;• IZ, • J•FLZS•Ftl •B21 - 2•FLZS*FLZ• 

q12•NZ7,13 - z•FLZS•FLZ~B12•~ZSB,10 - FLZS• 

<! -
Bz5*0FLZ - tLZS•JXJ,13•t113*FLX - FLXS•FLZ* 

2 
,x•12,1o•J13 - ,Z*FLZ *81l*IIZ~.,o - z•FLZ•B25* 

iFLZS.rlFLl - FLl ■ ,IX12,1o•g13*FLXJ)/«!oI>Jde, 
? • 

CEPS ·•FLZS*(l•I•~tXS•FLZ•B26•JFLX•NX • 2*I•FLZ• 

126•0FLXl•NX•fLC - FLZS•FLXS•IIZS5,6•Bl3 - 2• 
• FLZS•Fll•g12•HZ38,5. FLZS.NZSJ,6•81JoFLX. 2 

•FLXS
2

•Nxs2,a•B14 - 2*FLX!*FLZ•Rz6•NX
2

•FLX • 

2•FLxS•F~Z.B~3.FLx - FLxS•FLZ.NZY,6•B1J -

FLXS•Fll•813•"xs,l,5 - 2•FLxS~NxS11,3.A14•FLx 

2 
• 2*FLXS•~Xr,6*814*FLX - Z*fLZ, *B1Z*NZ8,5 -

2•FLZ.02b ■ DfLxS•DFLx - Fll•NZ10,H.n13.•Lx -

FLZ•B1J*'IX1Z•s•FLX .- i•rix, •8*fl14*FLl<
2
>'1(2*l>]Jfl, 

CEP5 2•FLZS*Ct•I*~LZS•Uz7*DFLl•NZ*FLX - 2*I*FLZ• . . 
~27•0FLZS•'lZ*FLi - 2*FLZS

2
•NZS5,6•~12 - FLiS• 

FLxS•iiS~,6•H13. 2•FLZSoFLZ.NZ9,6 ■ ,12. 2• 

FLZS•Fll•012•~zs,~.~ - 2•FLZS•FLl•B22 ■ FLx - 2 

2 
•FLZS•FLl•B2r•MZ •FLX-- FLZS•NX7•6•B13*FLX • 

FLZS•~ZS~,10•61J•fLX. FtiS•FLZ•B11•NXS1,7. 

2 
?•FLXs••~s12,1o•B14*FLX • 2*FLZ *B12•,z3,7 -

FLZ•NZ8,1J•813•FL;.: 

2 
'IX12,1o•t114*~LX 

- FLZ•113•NX11,7•FL, - 2• 

Z * 8 2 7 • ,IF L ZS• 0 F L Z • F L X l > / C ,! • I >JJ 0, 
:c!.f f cErs'•FLZ*:<lX9,2•B11•Ft/4 • EPS*FLXS•FLZ•B11>1<2•1>3d0, 

.t.'lt!~ri 2 
::.J. J f CcPS •FLZ*CFLXS•NX$4,4•B11 - FLZ*B10*NZ11,t,•GZ + 

~ 0 · "xo,4•B11•FLxi - E;,S•FLZS•FLZ•B1c•GZ>lc2•I>JJ0 r ' :s!. [ CEPS 2•FLZ•C • 2*1•F~XS
2

*BZB*OFLX*NX + FLZ5*FLXS* 
~ . 2 -

0 A13•Nzsa,s. + FLZS ■ NZS1,12•B13•FLX •. J•FLXS • 
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2 2 : 
a~4•FL• + FL~S •B~s•~l( •FLX + z•FLXS •Q14• 

~xs12,s + FL~S•FLL•B13•Nld,5 + 2•FLX••qXS8,1l 

•D14•FLX + 2•FLXS,R26•DFLc!•~FLX + 2•FLXS•H14 

'•1lX12,5•fLX '+ Fll"IJZ2, 12•:113•FLX + 2 ■ •Jv1o, 1~• 

2 2 I~ 
~ · ri14•FLX + B~;i•.>Ft.XS *FLX)l/Cz•I>)d17' 

.!~{ 2 2 :=~ <EPS •FLZ*< - 2•1<FLZS ■ a27•0FLZS•:lZ•FLX + ?"Fll~ 

.! 2 t! 
0 •U12*NZS10,7 • FL~S •~zz•FLX - FLZ! •n27•Nl • 

FL)(+ FLl~oFLxS~813•~XS1,7 + 2•FLZS•FL7•B 1 2• 

NZJ,7 + ~LZS ■ HZ37,14•B1J•FLX + FLZS•B•1• 

NX11,7•FLx + z•FLiS•iXSJ,14•ij14•FLx + FLZ• 
~ 

NZ12•14•U1J•~L' + 2*1ll(5,14•B1~•fLX- + ~i7• 

~ '.lFL2S 2 • ► Lx»,c2•I,Jde, 
:=it f (EPS

2
•FLZ•< - 2*l•FLZ:/•B.:s•OFLL•;-jz + FLZ,; 7 *FLZ* 

~} 2 2 ? 
0 B2S•NZ + 3*~LZ~ •FLZ•B21 + 2•Fll! *R12• 

~ZSB,10 + FLlS ■ FLiS••iSJ~,10 ■913 + 2•FL7SoFLZ 

.~ZS7,14o312 + l•iLZSoFLl•B12 ■ NZ~,10 + 2oFLlS 

,U25•1FLlS•D~LZ + FLZS ■ NX12,10 ■ R13oFLx + FlxS 

<! 
•FLZ*iXSJ,14*B13 • 2*FLZ •~Z12,14•R12 • FLZ* 

~ 

:=~~ 

0 

'!XS, 14•s·,3•FLx • FLZ*l32s•;iFLZs
2
»·1<2•pJd9, 

(<EPS
2

•FLZ•( - z*!•FLZS•FLXS•8.'6*~FLX*NX + ?*I* 

FLZS•Bz~•aFLXS••X•FLX • 2•Flls
2

•B12*NZS~.5 + 

~lfi 
; .. !..f [ 

:zriJ 
0 

2*FLlS*FLXS*dz6•N~
2

•FLX + 2*FLZS*FLXS•R23•fLX 

... FLZS.~LxS•[;:J.:1zs10,7 + FLZSoFLx5 .. 0J3• 

'lx512,s + 2• ► LZ3•fLl ■ B12•lZ8,5 + FLZS.HZSQ,Y. 

B13.FLx + 2• ► LZS.uz6 ■ JFLx:i•DFLx + FLZS+B13. 

2 
'IX12•S*FLX + 2*FLAS *B14*iXS1,1 + FLXS•FLZ• 

91JoNZ3,f + ~•FLXj•~XS7,Y ■ B14 ■ FLX + ~oFLXSo 

~,4.Nxi,,7.FLx + FLZ ■ NZS,9•81J•Flx + 2•~X2,Y• 

R14*FLX
2
1u<2•I> JJ0, 

? 
(EPS-•FLZ•( - z*t•FLZ&*FLXS•U~?*DFLZ*'IZ + z*I* 

FLXS*FLZ•az7•[1FLZ::; ■ Nz· + 2•FLZS 2
•"lZ~3.11•R·,2 +. 

2 
2•FLZS*FLXS* ► LZ•6~2 + 2•FLZS•FLXS•FLZ•B27•Nl 
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+ FLL5> ► Lx5•!:(i1 ,,d ■ B13 t FLZS•FLxS•'J7Sll,1Uo 

113 + 2• ► LZSoFLZ ■ .IZS9,9•1!1?. • z ■ FLZSoFLZ ■ 

'f;!1o,:;,..J I~ + ft..ZS~:JX1,~•tl1l*FLX + ;,*FLXsl* 

~XS12,10oJ14 + FL~5 ■ FLZ ■ ~•~7,Q ■ B13 + Flx5oFLZ 

• .I 7. 6, 1 ,o • d 1 3 • .' • F ~ ( S • .'l X 1 t., 1 0 • ~ 1 4 •FL X + .! •FL x°s 

•:.127*,iFLl:,•l»LZ + 2*FLZ
2

• ,z5,9•R12 • FLZ* 

'L.:2,9.R IJ oFL·'> )/ c.:•l ,_1d G 
rl',E ?ff' 

,, .d • 8 i} J' ( - ~ i 1 •FL X 5 
2 

• ~ L Z > I ( <' >I ; ] d £)' 

".X2,,,=!:
0f 1

(c - Fl?~•Ai3*FL-:S
2 •,i~••>1clfl, 

Kl•on , ~ 
~l X J , 1 3 :.£ { C Fl XS >( - 2 • i • I Z * ll FL Z • ,', 1 ~ •Fl Z • rJ Z ••A 1 5 • FL Z. - A 1 2 

~ 
0 2 , Jdn f *HZ - Ll ► LZ •1,13),/(2-X> 1:1, 

";.:4,3=~\ £< - A, 1 ■ FLXS•FLL)/\,'•I>3d6'' 
;l3j r· Nx5,14:f {<FLx5•<2•I•NZ•~FLlS•~1J•FLZS + ,z 2

•111s•FLZS, ~ 
~ 2 .! }de 
~

(l ••<tZS •~1:, - 1112•F~z, l lt<.•*ll ' 

'L"•'•=l f < _ ~H.FLls.FLxi>' <.?•I 1 jf) 
A ~'tirl ·-', 

r,A7,6=\0 f.( - FL~•A13oFL~:;•FLZ)l(.!•l>Jcf0, 
i, 0 . ' ~ 

Nx11, ,,=h '{<Ft~S•< - ?.*I* 1x•,1rLX•.-,.,•FLX • Nx'•A 16 •FLX. - A14 

0 z ,! d 
.,, *FL X - .1 ~ L X • A 1 ..♦ > , / C 2 • nJ (} 

ll:i1 

'lX9•:?'JJ {c'X•Ai 1•FLXs~>,c 2•1; }JGl, 
~.1 jri 

0 ' 2 
ti X 1 n • 1 2 =~ ( ( F 1. X ! • ( z *I~ ,lX * i> F L XS*.; 1 6 *FL XS + rix' • A 1 1, • FL X ~ 

o ,! , - de 'f' 1FLXS *AH, - A~-+*rLXS ))/(~•I_>J , 

11x1,,l=~t (c - F~X•FLZS•A13HL,:;;,, cl•l>Jde, . 
11 X 1 ?. , 5 =t r { ( F L X ~ • ( - I • ,lX • ll F L X S • A , 6 • F L X + t • "IX • D F L X * A 1 6 * F L XS 

~o z 
- "IX •A1o•FL~•FLXJ - UFLX~•DFLX*AJ6 - ~14*FLX 

~~, ••txs1,n}de,. 
NX12,10=~ fcFLISa( - Io~l.D ► tZ5 ■ A15oFLZ + I.~Z ■ OFLZ+A•5 ■ FLlS 

6l'li \ 

O NZ
2

•A15•FLZS*F~Z - DFLl!*rJFLZ*A,s -: A,z• 

~ FLZS•FLZ1)/I }d0, 
NXS1,7=!.~ (<nx 2

•FLZS•A1.s>l<t•Il]J0, 
.lliof'i 

"xsz,"=} )}FL/ •A1J*FLZ11 c2•r > J d0, 
Tof!i 2 z 

Nxs3, 1•=iiil f <FL~" - 2•1•·1z•11FLlS•1115* FLZ5 - riz •A,s•rLZs + 

0 
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tij )FL z s 2 • Al s + A 1 .! * i' L z s 2 ) I /(:!'I ) Jd 0' 
Pl>:S4,4:,!:t { (FLX•~11•FLZS1/(2•I>}d8, 

~lt ~ 
lj XS S , 1 3 = ~J f ( FL X • (;?•I • 'J Z •.,FL t: • f 1 S FL Z - ~I.'•• ~ 1 ~ • ~ L Z 

2 
+ ~ 1 2 • 

0 2 2 IC\ ~ FLZ + J~LZ •t.1:;>,1<2*I>Jd0' 

'j X s b' 3 .!:\ £ ( FL X. ~ 1 1 • FL z) /, ( 2. 1) J d 0 ' 
,ix S7' 9=tr, ( FLx• F LZS•.~ 13•FLx :,) / \ i! .\) 3 d 0' 
.· Zlio~ 2 ·, 
ii'xs11, 12=J.f { (FL'•( - Z*l* lX*IIFL<S ·~16*FLX·; - •jX *A1b·F•.xs' + 

.tiiJ . 
1..rn° 'H L x s 

2 
• A ·1 o + A. 1 ·, • ,= .L x s ' » , c 2 • I > J J 0, 

!l;.S9,1=- fc - •'Y•~1o•FLX >t(2·•I>Jd0', J.~ .! (\ 

.m Jm 0 . 2 . 
II;( S 1 (), 1 1 s !_ { ( FL < • ( 2 •I• ,lX • 1 F L X • A 1 u • FL" - I lC' • I\ 1 6 • FL X • I. 1 4 * 

.fli 
.o 2 ~ Jd n ,tll . FLX + Jft,X •1-ib,ll<z•Il 17, 

ii;( S 11 , 8 i~J c FL ~•A 13 • F L,x ~ • F Lt: > / ( 2 • I l Jd e) 
•J x s 1 2 , s =.4.. } 'f < r L • • c r • -~ x • 1i ► L ~ s • 11 • " • ;: L • - r • , x • ,, F L x • A 1 t, ,. F 1. x s + 

mo 2 ~ 
'IX •A1o•~LX*~L' > • ••FL.<S' DFLX.•A1b + A1t,•FLX• 

lit FLXS11nJd0, 

P'IX S 1 2 , 1 o = !_ { { c Fl ~ ., ( 1* 'I Z • J F L l ~ , 1, 1 5 • F L Z _ I • 'I l • ,, FL l • A 1 5 • F L l S + 
.tr;J1. 

O ·,z 2 •A1S*FLl~•FLZ + ~FLZS•~FLZ•A1s + A12•FLt:S 

.tii 
,FLl))llJj9, 

'l l 1 • 1 1 .~J f C - " • 4 * fl x2 * ~ L ZS 1 , C :! * Il) d 9 
.ml,m ' 

P1z2,1.:=jr°Jf< - ;;~,.•Ftzs•~txs~:,iz•r>Jd9, 

NzJ,7=,fu!f < - P.•vFLX•Fi.o
2
>1c2•1,Jd0, 

Mz4, ,=Jitf'[c - fi1 '.FLpFL£S )I t2•l) jcl0, 
'!fo , ~•zs,?=~!t ( - R11•"Lls··•~L~~l/(~•.>}J6l, 

~ ' 'll6,~=b ~( - B1•.FLlS•FL(S)l(? ♦ 1,}J0 

'J;: 7' • 3 -Jr.~ ( - R, .! • FL/.<;. ► L ~ . , / ( 2 •; ,Jd 0' O 2 

:;r,i 'lj' 
11~a,s.!,

1

~
1 _ 

0
s1•,,.FLx,FLL.;.Ftr:;J11Jd&, 

11.:a,,~•ffi fr - 1<1.,:•FLl.Sl•FLl•,I}de, 

•1~9,6=kS:£< - A1~•FLx•FLt::;•fLZJ/(..:*I>jde, 

r,z,o,ei~c - ;,•:;•FLZS•~Lx:.•FLl>; c2•1,3d 0, 
J. 0 11 ?. 

., ~, 1 , 4 ._ £ , G z •• , <J. FL z s , , c 2. p 1 de 
Xiifi J' 

"l12,14•~J_{< - 1 1 2•FLzs",,<~•r>Jd0, 
0!211 2 

11.:s1 ,12•iiirJ{rn14•FLXS *FLL>/( 2 •t~}d9, 
0 
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fi'ii 2 dn 
•1:s2,11•J.._~f<f.•4•FLX •FL£l/<~•t>1 O'' 
tll53,e=!:~ <~,~·•LXS*<LZ~)/(,~•r>3d0, 

,._rrok.f d('\ 'IL~"''"¾;j C91••<~~S•FLlJ!cl•J>~ O'' 

lcJi l 1 10 'I ZS~ • 1, "iij) CR 1J • FL X • F L l I I C 2 • J) J d ) 

N z s.,, , •~~ c,t Cfl: , • < L X • F L l > , , ? • i ; }J f) · 
~d~ ' 

,,.: s 7., 4 ~£r~, r., i'. F LZ s,. f L.'.), ( ~.;) !d Ii, 
r'•' d fl;:SP.,~=-. {cu~t.•rt,.X•r;:..<S•FLZ>/I3 0 
~ 6fii . ' 

IJ;: 511, i. o::!,. j {c' •? • F lZ S • F LL?.. j /id 0 
. ;!.'iii':; '.J ' Oiz s \I' 9 =l i_J, H '. '. < L ~ s. r- Li(,. FL£ j ; '~ . I; 3 de 

:rn r'' ' •1~s10, 7:'l L<f-• • ,FLX•FLL, ,FLt:, .' (2,r >Jd e, 
OJ~' ,, I 

''~511,3=! (< - 'i-!*01J*fl.l >1,'"••1.!c,e 
;2'ij O ii ' 

r,;: S 1 2, u,.4..'1 'cc R 1 '* ~ L,?) f I..:• I>} de. ~t ' 

H == -Im { S13 ) H12 = f [Im (s,:,)- Im (S
131

)], 
11 ' 

H
13 

= - ~ Im (S
121

), H1i, = Re (S13 ), H1s = i [Re (S12,) + Re (S131 )] 
1 

H1,. =~Re (~:11), H11 =Re (S,1 ), H,8 =~Re (0iJJ, 1/,g=./;Re (Sw), 

H,.1 = Im (S31), Hz; =-;Im (S3,9), lft;=-f;{-Im (S~r,)1-J,.,(~33 )], 

H2~ == Re (S31) , H:is =~Re(S319), flz6 =~[Re (S3,u,) +- Re (S.H)], 

. I 
H2 t· = Re(S3~), Hzr,=.f;Re (S331) H29 = 'ii Ice ( S3;.1) ' , 

H3Y =- - Re CSa1) H3s =- i; Re ( S319). 7 

' 
H 3c;= ([l<e (s1H)-Re.(S131) + f<e (S3~,)- Re (S,H3)] 

H3,,. ;,,-Re (S13 ), H39 =-~Re (Sm), H313 ::Jm(S31 ), 
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H314 =~Im (S319), H31$=~{-Im(S,:u)-lm(Sm)+Im(~.zJ+J,,dSm)], 

H31, = -Im < S13 ) 
1 

H318 ==-.f; Im (Sm.), H319 =Im (St,) - Im (Sn)) 

H3:z.o=-{frm (S119) -lm(S331)], H~1 =-.f;[Im(S133 )-Jm(S'u_9)] 
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