
HHEHHbltf 
HHCTHTYT 
ffLlEPHbIX 
~LlOBAHHA 

P4 - 5040 

JI.H. IloHOMapee, T.n. Ily3hlHHHa 

KBAHTOBOR MEXAHHKH 

V. AJ1ropHTM 

1970 

.. 



:-:;h~: 

~ ""'""'-,., 
·1 

· P4 - 5040 

JU1. TioHoMapes, T.TI. Tiy3blHHHa 

3A~AqA ~BYX QEHTPOB 

KBAHTOBOtl MEXAID11ill 

Harrpaaneno B )!(BM II M<t> 



orJIABnEirnE 

I. 06osHaqeHHH ••••••••••••••• . . . . . 
2. BallHCJieHHH p,,( R.), Ai-{R) 11 lfdf, P, 'I; R) 

. . . . . . ' . . . 3. BblllHCJieHHe MaTpHqHIDC 5Jl8M8HTOB 
(cl) 

4. Bbllll:iCJI8HHe ll.HTerpaJIOB Ji/ . . . • • • • • • • • • • 
. I (o1J 5. BbillHCJI8HHe HHTerpaJIOll . . • • • • ~ • • • • • • • • • . . 'J 

6. KoHTPOJID TOllHOCTH Bblq}iCJieHHtt . . . . . . . . . 
7. 3aitmoqemrn •· 

8. nldTepaTypa 

9. IlpunoxeHHe I 

IO. IlpHJIOl!teHHe Il 

II. IlpHJIOl!teHHe ill 

. . . . . . . . . . . . . . . . . . 
............ . . . . . . . 

. . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . 

CTp. 

3 

6 

IO 

15 

21 

25 

26 

27 

28 

30 

33 

.1 

I 
'> 1 

~ t ,, 
\ 

'! 

't 

,I 

na.HaaH pa6oTa CO"Jl8Pl!tHT OilHCaHHe aJiropHTMOB "JJ.JIH BblllHCJI8HHH 

co6CTB8HHblX saaqeHHtt p l(R) H lii(R) 38,D;allH "JJ.BYX I.(8HTPOB KBaHTOBOi 

MeXaHHKH' ee BOJIHOBblX cpyHK~tt 1/i ( 5 I 7; R) ' a TaKllte H8KOTOpblX 

MaTpHllliblX 8Jl8M8HTOB no STHM cI>YHKI.(HHU. B COOTB8TCTllHH C 

38,D;aqaMH anropHTMa B "JlaHHOtt pa6oTe OTCYTCTByeT o60CHOBaHHe Bbl6opa 

M8TO"JJ.HKH, saTO IlO"Jlp06Ho H3Jl0l!t8Hbl npaKTHqecKHe peuenTbl ee peaJIH38.-

I.(lUi. Ilporpa1n.ia Bblt!HCJieHHll samrnaaa Ha H8HK8 ~OPTPAH - 63 np11-

MeHHT8JlDHO K Bblq}1CJIHTeJIDH0H ManJHHe CDC-I604A, HaxO"JlH~ettcH B pac

nopHl!te~HH nBTA OHHH. 

06osHa-qeHHH 

BOJIHOBafl cpyHKI.(HH lfJ~,7,1.f;R) H C06CTB8HHble SHalleHHH pi{R) H 

Ai(R) Sa"JJ.aqH "JJ.Byx I.(8HTpOB, TO eCTD 38,D;aqH O "JlBHl!t8HHH qacTHI.(bI C 

OTPHI.(aTeJIDHblM sapH"JlOM l3 H Maccott ~ B KYJIOHOBCKOM noJie "JJ.BYX "P.PYrHX 

qacTHI.( C sapH"JJ.aMH i, H l.2. H MaccaMH Mr ~ M2, Y"JlaJI8HHblX Ha paCCTOflH_ID 

R "P.PYr OT "Jlpyra,onpe"JJ.eJIHIDTCH Ha ypaBHeHHH llipe"JJ.HHrepa /I-3/ 

( - ~1. ll-;;: - rt.,r,;3 
- ~~~3) lfJR ;7!) = EjR) lf,· (R; 7i:) , (I) 

r"JJ.e "l1 Id "t. .t - paCCTOHHHfl Of sapH"JJ.a ½ "P.O sapH;ZJ;OB lf H Z.z. COOTBeT

CTB8HHO, a Ei{R)- IlOJIHaH SHeprHH (TepM) C~CTeMH B KBaHTOBOM COCTOHHW 

t 6ea yqeTa OTTaJIKHBaHHH qacTHU~,H l~. 
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B cq,epoll;zt8JII>HWC KOOp;ztllHaTax 

t, + Z'i . 
§= -R-, 

r., - Z'.t 
'? = ~ 

{ 6:. 5,:: co - I :. t; t= ( 

O ~ 'f 1: 1J - yroJI noBopoTa BOKpyr BeKTopa R 
q,yHKIOUO 1/t· ( ~ ; R) MOlltHO npe;ztcTaBllTI, B BH;zte: 

'fi(-;;zi·R) =-ydf,?,lfi R) ·= NiXi(f;R)Yi(7; R.)et~lf 

IlocJie no,ncTaHOBKH paaJiollteHHH (2) B ypaBHeHHe (I) B MeaoaTOMHWC 

e;ztHHHUax 1i, :: :l.3 = }I : i . 

I I 1 -=-+--
f _!'f!J M{+ Mi. 

(2) 

no11yqaeM CliCTeMy ;ztllqlq,epeHUHaJII,HWC ypaBHeHHll, KOTOpbie CBH3aHH-Mellt;ztY 

co6ott qepea CO6CTBeHHHe 3HaqeHllfl Pi (R) H KOHCTaHTH paa;zteJieHHfl Ai _(R.): 

· d [( ,I d x,1 [· l 1 2 , 1 , . m 2. I · 
dJ r- ~ df .,. -pq5 - f; + t f I Ai - 5z - ( 'xi = 0 

cl~[(1-71)~;1,"J+[-p/[f-71)+C7-~i-- l~;1]Yi =0 

1.,.-~ .:._e><>, -i -E"c{l. 

3;zteci BBe,neHH o6oaHaqeiiHH · 

t = R{lr ~,) t' == R('l: + 2,) 

a HOPM~po:13Ka Nj_ onpe;ztem1eTCfl H3 yCJIOBlifl 

)tf/(J,7·;·R)d1: = i 
"" f 

jd1: = -~RJ'Jdfj d7{7i 2 - ?2). 
'-c :, _( .. _,, • ~ f . 

m= /m}, 

·_ ·,lfdJ'/-7; "R) ··oc lfi X t. {J; rt) Yi (7; R). 

(3a) 

(36) 

(4) 

(5) 

B ;ztaJII>HetlmeM npe;ztno11araeTcH'; qTo qacTHUH i, li ~1. noMe~eHH B · 

TOt{KH ? = -I H 'l = I COOTBeTCTBeHHO, npHqeM BCer;zta i, ,c. !tz. 
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Co6cTBeHHhle aHaqemrn aa.naqH f, (R) H A,(~), a TaKllte TepMl:l 

E,:(R) 3aBHCflT OT O]tHOro HenpepblBHoro napaMeTpa R, KOTOpbltt H3Me

HfieTCH B HHTepBaJie O ~ R 1 O<> ' H aa;ztaHHOro Ha6opa i KBaHTOBbIX 

qnce11. 

Ilpll HSMeHeHHH R OT O ;ztO 00 ' TepM CliCTel,Hl ~, Z2. l3 £, (R) 

HenpepblBHO nepexo;ztHT ll3 YPOBHH o6~e;ztHHeHHOro aTOMa C aapH;ztOM ~,+~l 

H 11a6opoM cqieplilleCl:CliX KBaHTOBbIX llllCeJI i = { t-lem j B ypOBHH li3Om1-

poBaHHHX aTOMOB C aapH]taMH ;t 1 li 1 .t• C Ha6opa;m napa6oJIHlleCKHX KBaHTO· 

BWC 1rnce11 

i, = [ ft n{ n., m] .f { I I I J l = n n, nt. m . 

B_ COOTBeTCTBHli C 8THM Bee TepMbI CliCTeMl:l Z1l2Z~ paa~eJIHIDTCH Ha 

_t,-TepMl:l li Zz-TepMl:l. B CJiyllae t,-TepMOB npaBHJI8 COOTBeTCTBHH Mellt]{y 

H86Op8.Mli KBaHTOBWC qHceJI i = { IV tmj H i = {n, ttr n1 m 1 aa,naJOTCH 

q,opuynauH /
5 I: 

. ~ I 

t= 

~2 
ecJIH n- i, = ~eJIOMY 

T.lliCJIY 

{

2 h.1. +m + n Il2-~t 

2 n..t .. rn + I+ Ent(n, .t.1 - 2',l,eCJIH 
<', / 

n- .Z.z. 
I{( 

; ueJIOMY· 
llHCJIY 

n. = n1 + nl. + m + I 

N=n 1 +ltl 

B CJiy-qae -l.z. -TepMOB q)opMyJil:l ( 6a) npHHliMaIDT BH;zt: 

n2. .. m , · 

{ 

I . 

t= ' 
n/ + tn + 1 .,. Eni ( n/ -

/'I, I ::. fl,: + n,/ + f11,, t { 

l'l=n'+t~I 
f 

5 

ecJIH n.f L 11,, :l.t. - 2, 
22 

I zz - 71 ) 
fl, - :l~ J ecJIH 

n/ ~ n '· !Z..z - 'lit 
~l 

(6a) 

(66) 



B oco6oM cnyqae i,= lz cne~yeT paanzqaTb qeTHble Tepuu, ~nH 

KOTOPIDC 
' e = ln1. + m 

? (7a) 

H HeqeTHble, ~nH KOTOPlll'. 

~ = 2ni + m + 1 . (76) 

B npaKTHqeCKHX npHHOlKeHHHX HaH6onee BaJKeH cnyqaJi T6PMOB C ,. 

paBHl:U! Hyn10 M~rHliTHllM KBaHTOBblM llHCHOM ( m,,; 0). B 3TOM cnyqae 

BOHHOBble WYHKizy!H 3~aqH He 3aBHCHT OT asHMyTaHbHOro KBaHTOBoro 

qzcna r, H BblpaxeHHH ~nfi HCKOMIDC MaTpHqHWC 3H6M6HTOB llpHHRMaIOT 

BH~: 

l(J ( R):: J drr 'fdJ, '?; R) (- ti."R) ~-(r, 'l; R) 

. . l . . 
Q (,i r R):: T J d7: !ft· fr, 7; R) (-vt') ¼· { J, ?; R.) (8) 

f<,j' (R)~ 1}dr (fi·(f,? i R) f'! 'IJ'{J, ?; R) 

Vi//12)~ :f di- t/tfJ, ?; R)[(z,+tJJ+(zz-7,)?]lf;-(J,?; R.) . 

Ilpli 3TOLI BOHHOBble WYHKUHH 0· ( J ' ? ; R ) ~OHlKHbl y~oBneTBOPHTb COOT

HOmeHH!O opToroHa~bHOCTH 

S,j(R)= jdTlfi(J,7iR)~·(J,t;;R),. Otj. 

Bu~cneH]te ·Pf (kl), j,· (R) .H ¼O ,?, !{ ;R) 

PemeHHe CHCTeMbl ypaBHeBHM (3) H~eM B BH~e pR~OB /I-4/ 

X(,):: {rl- 1) "1/t(J~ t)()e_P(i-r)E rs({:: XS 

-p{l·p) -i, m 
Y{ ?) = e. L Cs Pr,m {7) 

S;o 

gt 
o=.2p -(m~I} 

6 

(9) 

(IOa) 

(IOCS) 

I 

l\ 
I 
j 

ir, 

t 

I 
I 
! 
r 

I 
:/ 
11 
I\ ,:, 

I ; 

IlocJie UO)tCTa.HOBKB paaJIOl:OBd (IO)~ ypaBBeBBH (3) npB_Kal:~011 

4)HKcBpoBaBBOII R a~aqa O C06C!B8BBJiX 3:1aq1aaa p H ),., CBO~HCR K 

pemeBHD CHCTew aJire6paHllecrmx YPaBBeBHI 

{() 
LJ,(p;.)= °ti,,., ( P, ~) = o (Ila) 

~J.(p.A}= ~~i ( p, ~) == o .. (II6) 

~YB~IUI• !!,,t.C p, A ) (cx = I,2) BH'lll!CJIBD!cfl Ha peeyppeHBHX 

COOTB01118BBI: 

r~e 

(1) · (4)- (1) d,. y 
o;tl :: o;_ '/>NrK - ~-I • 111-K I N,-K.-d 

6: {l) . (l}""' · (tJ .;,.:. p .. 
K•t = OK A,.,,_K - ~-f /N,.-,c ON1.-K•f 

e,(at)"' O . '5:(ot) · 
-, / 0 : Ii K ,:- 0, f, .2,. •. Hao! ,· oL ,:- ,J_ ,.2 • 

I I 

- { ~)-'k - - ( -l)-~. - - f .q-½ oLs = ol.s {+ fi, ; /Jr -/>s {+ P~ , ~ -{s t 11}sJ 

d.s = (9•,J (s+m.,.,) 

fas= 2si- m.{m+ ,)->.- &1
+ (;s+m.-1){2p-(1") = 

= 2s{t~ 2p- rr) ~~ - 2.per-(m+lj(m~(f") 

fs = {s- 1- cr)(s- m-1-6-J 

AaanorHllBo: , 

j, == Js(t;A;)-~ ; l ~ ~s {r+iJ r ~. 
I . J 

,Ps- = (g+.2m,i)[t-.2.p{S'+m + 1)] 
.2(1+m,)+3 

A_; = A +(snn){s+ni+ 1) 

. fs = s [& +2p{s•m)] 
.2(s+m)- 1 

7 

!, ~ tf;{I+ ~J f ~-

(I2a) 

(!26) 

(I2B) 

. (I3a) 

(!36) 



PemI,!B CHCT8MY (II)·, KOSq,q>ldIUfeHTbl paanoxeHHH fs H C:, H8X0]1.HU H3 

peKyppeHTHHX COOTHOmeHHI 

ol.s ~.1•1 -Js 91 + fr fs-1 = 0 

J.1C1 , 1 -\.Cs~ drCs-f =O 

npH Haq8JII,Hlil ycnOBHlDC 

9- { = c._f = 0 

jo = Co = i, 

(I4a) 

(146) 

(IS) 

nocne qero npH KaJE'AOU aHaqeHHH R BonHoBse qiyHK1.uu1 Xi ( f ; R) H 

Yi ( ? ; R ) MOEHO BblqJdC1IHTD C TQqffQCTI,JO, KOTopaH orpam1qeHa JIHWI, 

. TQqHQCTDID BblqHcneHHH COCiCTB8HHiil aHaqeHHit f,: ( R ) H ,\, ( R ) • 

nnH COBUeCTHOrO pemeHHH CHCT8Mbl ypaBH8HHit (II) CTpOHM 

q>yHKUJdOH8JI 

2 .1. 

s = E. woL v~ "'~ { 

W~=[(!f )z +(J;flJ-f (16) 

0 /6/ 
H H8XO]J.HM ero MHHHUY14 smin. ueTO]J.OM HaHCKopezmero cnycKa • 

3HaqeHHH fi ( R ) H ,.1£ ( R), KOTOpble peanH3YIOT MHHl'IMYU <PYHKUHOH8Jia 

JJ.aIOT pemeH111e KpaeBon aa]J.aqH (3) npH KalltJJ.OM aHaqeHHH R , l.1 , Z-1. H 

3a]J.aHHOU Haeiope KBaHTOB!il qHC81I l. nnH BliqJdC1I8HHH HeOCiXO]J.HMO aa]J.aTI, 

Ha q8JII,HHe nP,HCiJIHeHHH H CKOMHX rrapaMeTpOB fi (RH) H ~ i ( I< n) rrpH HeKo

Topou aHaqeHl'IMI RH £ I , mar tJ R TaCiynHpoBamm qiyHKI.\Hit Di ( R ) H 
. . p .L O f' 

A,;(/( ) 
1 

a T8Kllte aHaqeHHH rrpmrnBO.ll;HHX -a'ff H i!ff I KOTOpble nerKO 

s ' 

H8XO.ll;HTCH 113 BHp8.llteHHli (I2) H (I3). 
HaqaJII>Hoe rrp116m1xemrn rrp111 R. = RH L i sa]J.aeTcH q,opuyJiau:111: 

p :: : [.2E 

=- {11 ~2.iJ'_.2.R..t Z121(Z;-1-~zJ1- .[f-
f . .2/IL . . H·Y1l-1}{1l~{}(1l+3) 

8 

.3m1 
] 

e(t~ I} 
(I?) 

\}I. 

\ !1 

I 
'..,,_: 'i 

i 

ii 
', __ , .. 1 t 
'.j! 

, l 

\! 
I 

\ 
l 
1 
r 
j 

. l 
), : 
(\ 
11•-· J f 

•· I 

A :: - t(l+ 1)-_-f p.1.[1 + lll+:)1-t p_l~:-i1Y [1 - t;t:~J 
nnH KOHTpOJIH Bbl'QECJI8HHtt TepUOB UOlEHO cpaBHHTI, IIOJIYqeHHbli 

Tepu c ero ·ac11111nTOTHqec1rnu BHpaxeHHe:u rrpH R;;., I /?I. ;llJIH ~, -TepuoB: 

1,z. :e .3.z. z .t ;l' 3 { 

E = --f!;:z - R.z t- #;, - .!R:;/ ( 6 L>
1
-n1 

+ 1) + IC :,~R' Z, 1:,. { 10§ A J. -

-jSn,L- 9m1 -1-sgJ- flzti{f.tn/-3.d'--gm.t~ fg)j + O(R-s) 

A·=1.,:,+-1..- ..il/i.+~.,. h:. )--1 {1K 3+2Kz-+...:l(3K!n:)+ t'-K. }-.2p p ( J 2p '1/'.t. . -<f . 'ffl 

r]J.e 

-3;3 [ 5K 'It X 
2

+ 6Kt1: + 7:-l.,. 2~ (101:. 3 -, 6K-'C -t K).,. i: ( C,:,'-.,. h:} t 

+ C3K.j- _f_ f~Ks~rli:3+3. 7: +.23·;;; + (J 4'-1.l...(' ICS K, v~ 
tp3 {CpV .z .z, K, .z. .tp I/ 

+ fl JC'-+ r;g l{!y; + {J '{;'-+ ..:2.7:) -,...J..:. (!JJ.fc' -,.11 K+::!i.1:,7:) t 
J/ 2. . I/ . .2 . 'Ip'- .t 'I . J. 

C3 C If 5;c} 0(. -s) .,. - (12.c~+ 'l't) + - ·----:- + h. J ~f3 16p'1 'I , 

b. = nf-n1. , K = n.1.+ m-,. I 
,l 

1;: f-tnz 
-7'-

nJIH li. -TepYOB B q,opuynax (18) H80C>XO]J.HYO npOH3B8CTH 38.J.leHbl: 
I I 

n 1 ..,,. ftr , n 2 _., n.z , ;t1 ~ £!.t. 

(!8) 

T01IBOCTI, BblqJdCJ18Hldll COCiCTB8HHHX anaqeHHit orrpe]J.8JIH8TCH BeJIHqJdHOi 

t = lntvx, 
ol 

I flot.! 

IJ\~/.,. /pf I 
9 

.. 
, ex. = I,2. (I9) 



B 6on:r.mHHCTBe npaKTHqecKWC pacqeTOB ~ocTaTotmo sHaT:r. AH p c 

6-7 BepHb!MH 3HaK8J,!li. nnH ~OCTliZ6HHH 3TO~ TOqHQCTli He06XO~llMO IlOJIO-

XliTI>: 

t = 10-7 N1= 50 N2 = IO0 . (20) 

Ilpz TaKoli peanzsaunz nporp8l,!Ubl BuqzcneHHH co6cTBeHHhlX sHaqeHHli 

npOAOJIZHT6JII>HOCTI> cqeTa napbl [)i(R) H ~i(R) npH Krult~OM 3HaqeHHli R Ha 

uamHH8 CDC-1604A paBHa ~ 3 ceK, a npo~OnlltliT6JII>HOCTD BblqliCJieHlttH BC61'0 

TepMa c marou AR = 0,025 Ha liHTepBane R = 0,025 (0,025) 20 

COCTaBJIH6T ~ 40 YliH. 

B Ta6m1ue I npHBe~eHbl pesyJI:r.TaTbl BblqliCJ16HHli TepMOB / S fi' , ,?.so 

H 2pv 'AJlH CliCT6Mbl !Xr = I' fl.t, = 2, !l5 = i • HeKOTOpble TepMbl CliCTeY 

'l 
1 
= I , 3 £ Z.1. ~ 8 BblqliCJI6Hbl HaMH paHee 121. Tepw /so H ip Cll~Te

Mbl if= ~2. = I C TOqHOCTI>JO E = IO-II BblqHCJI6Hbl IlHKOM /
8
( • 

r'Ae 

Bb!qliCJ16HHe YaTpHtIHblX aneYeHTOB 

«ii (R), &ii r R), lhj( R}. v,i ( R) 

MaTpHtmble aJieMeHTbl (8) Y'A06HO IlP8'ACTaBHTI> B BHAe: 

&ij 

)( 'i 

(-f-1 (-1 

= 62.ii + zQ,j" · 
(t) (-} _,, 

Kif -1- X I{,/ -1- ~l Ki/ 

X= M.1.-M..1. 
M1 +l'f, 

Y~o6HO BBeCTH APYrHe BeJIHqHHbl 

• 
". 
f<t/ = Ki/ - .zgi/ 

Tor'Aa: 

A 

Ki/ = 
~ f+I " (-J . * 
Kij + x l(,i + xz Ki/ 

IO 

(2I) 

(22) 

(23) 

. (24) 

,_ 

, ti 

·•I 

( 
! 
1l 

•iii 

,: 

l. 

\ 

\1 I u 
' f I{ 
l;·• 

! 
I ' 

, . 
H 
\1 

np11qey 

qacTH: 

Kf ·11 Pf uoEHo pasC>HT:r. Ha czuueTpHtmYJO 11 aHTHCHMMeTpztni:y1 

,. (+) (4-1 'i)Q (+-1 

Kt/ = H,i + ~ 

"H 1-1 -:,,Q_f~J 
K·- = H·· + ~ 

iJ 'J . uR 

C YCJIOBHHMH CHUY6TpliH: 

(t) (!:.I 

HiJ = Hii 

Q. (~) - - Q(-:1 
'-J - JL 

B 3JIJIHilTHqecKWC'KOOP~HHaTax 3TH HHTerpaJibl npHMYT BH~: 

Q'+' --Jd?; . ·.!!Ii. + ..1- r di . rs 1. z ~ ~ _ l kJ ii - 1/t. 'ull _ R J jz-p2 l/4 Lftf - f) 'rlf 7(1 ?J op,, 

c~, r_ [ d1: . J,P.· :) ·j 
Qtf =-R°JJZ-?l l/i,{?{r2-1J-rt 4- f{r-72) J~ · 

(25) 

. (26) 

H (~J = jd1: .!!!£ ?!!J.· - .1-.;dr [ J.t;_Jf(j1-1)]!/j_ ,_ 7/1-1)~1+ 
'J ~R. JI! R r-?z ?JR [) vf fJp] 

+ [ f(t-14f- + 7(1-tJ f J -#-} + ;}ji~ &~r-1frrl-1 J~ f ~ c21) · 

+ (1-7t] 'J<4 l!ti_J' "'1f. i? 

. Hir' = ;J,:_;2 {¾br1L1;y· +yr,-1J ~J+[11Jtv4f:1-f(1-71J~)·*J 
_ }:_j d't J~ ((;r.z_l) !!!£. ~ +lf-?ll~ !!;__J 

_£1 fl-?' Li J ut 'Jf <. ; i'l -;7 

II 

------· -----------·---' 



K~- = .LjA [/1 1-11 .£!li.. !!li-+(1-71l ~ ~) •J R.1 
11_72 'I PJ 'Jf I a;, ll? 

IlpaKTBqecn y~o6BO nepelTB K B8BOpUBpOBaBBWI BO;JIBOBWI 

cpyHKUHllU 'fi , np:ne11: 

'ft = ti;, '/li I 

H onpe~enBTA BCnouoraT8HABYD HOpUBPOBKY 

Ni = Ni ( 2f) '/:1. 

Ilocne STOrO Bee BBTerpanH UOllHO npe~CTaBBTA B B~e: 

(+} (1) _j__ (f) -

Q'J- = - KiJ· ., R Qi/ 

a(~' - ..L /111) 
'i - - R Ot,i 

(.,.) -lf (.zJ ..L[ (J} fJJ} ..L {rJ 
Hi/ = - K iJ + K ii - .R Ki/ + KJ" . + 2.z 

1\J 

H _(-:J - .L[ K-151 + K .<~} 1 - 1=.. K _(G) 
LJ - R 'J J'- J Rl LJ 

~ ..L (1) 
(/ = f?.l. Kf 

{,r,J (,c) 
r~e HHTerpam G.iJ H Ki.j onpe~eneHbl cne~YJllltHU 06paso1,1 qepes 

(28) 

(29) 

(30) 

25 BBTerpanoB Ti.("'' no nepeueHHoit · 5 , · 25 auanorzqaHX BHTerpanoB 
lot.) 

J i..i no nepeueBHoit Y/_ H BOpUBPOBKy Ni (~JIB COKP8.llt8BRH sanlr'lCB B 

~8.JI~Bebeu onycKaeu BHlltHBe BH~excs y HHTerpanoB, npe~nonara.H, qfQ 

BX nopll~OK COOTB8TCTBY8T nopll~KY B~eKCOB B HeBoB qacTJll paBeBCTB): 

12, 

·1,1 

f 
l 
.\ 

'i 

I 

J 

{I) [ J Q,;i = Ni ~- y(') I(I) + y(') Jf&) 

&t! = tli ~- [ yr'1 rti1 + T''' Ir~'J 
} - I 

K,r = Ni NJ-[ :r{lf} r'')- 1/f)irfV'+ T(3) I''()- yfff} r'3'j + ~: rl,j 

I(~~~) = ~-1J-{ yftl} rf 1 - J(1J rf'§) +Jfl->} I (111 - J{-lf} 1f1s) + 

+ y('v} y{f-ZJ _ J(a} Jf'vJ+ J(3} 1 r1rJ_ 7 1,,11,s>j + 

~i _ __& (d _ _.:}_ N,; __!!J.. __ - I - ') _ I - I 

+( Nt· ~- . Kt; (R + ,?,: ) ~- I\; 

K(J = t½· ";J-[ :;-r,iJ lt1 + 7f1/ lr,-11_+ Tt'JJfffJ+ 7f111Mj -

"ii-' [ (1) J -___'._'.__L_ Q-- +31' .. T ,, o,r1 / 
'I . _, 

KJ; ,: f'lt·~I 7 rJ511r1 + Jrt11r.u1+ 7 rGJ1rfiJ + :rr,,;1f&J_] + ft-aJJ 

«S' = !Yi !'Ii[ 7/toJ 1(1) + J (111((0) + 7IIJ l(J) + 7{.3)1{11_J . 

- I 

Ktj5) =Ni·~-[ T{fo'J-fz).,. 7MJ(IG)+ 7rs11M .(. j-ff4Jfs1- ~-- -as! 

K_rs,_ .,-1v,-[Tr~'f)1r21+7r1.)Jf-2vJ+rM1~.J) 7M--,M1+ ~·o(i' 
Ji - ,v, 'J . -1- 1. J "111,· '-/ 

'· 

I<. l') = Ni 11,[ 7fgJI(zJ + 7N I(J)) 

t?J '= Iii"~- [ yfl}I{I} -t- 1-r11 Jf'j 

I3 

-----·----

(3!) 



B 60JihIDHHCTBe npaKTHqecKHX pacqeTOB AOCTaTOllHO 3HaTh Ali p C 

6-7 BepHblMH 3HaKaMH. nnff AOCTHXeHHff 3TOli TOqHOCTH He06XOAHMO IlOJIO-

XHTh: 

t = ro-7 ti 1 = 50 N2 = IOO . (20) 

TipH TaKOli peaJIHSa~H nporpaMUbl BblqHcneHHff co6CTBeHHblX aHaqeHHli 

npOAOilXHTeJihHOCTh cqeTa napbl f>i(R) H Ai(R) npH KaxAOM aHaqeHHH R Ha 

uamirne CDC-1604ApaBHa ~ 3 ceit, a npOAOJlXHTeJihHOCTh BblqHCJieHHff BCe1
1
0 

TepMa c marou AR = 0,025 Ha HHTepBane R = 0,025 (0,025) 20 

COCTaBJiffeT"" 40 MHH. 

B Ta6mi1ne I npHBeAeHli peayJihTaTbl Bblqi!CJieHHli TepMOB Is fj' ' .Zso 

H 2pv AJIH CHCTeMbl ;ff = I, ~.t. = 2, !l!, = i . HeKOTOpble TepMbl CHCTeM 

'1
1 
= I , 3 ~ Z.1. ,! 8 Bl:,lql,iCJieHbl HaMH paHee 121. TepMbl Isa H :Zp CH~Te

Mbl i,= l,z = I C TOqHQCTDID C = ro-II Bblql,iCJieHhl n1rnou /
8
/. 

rAe 

Bblql,iCJieHHe uaTpHllHblX aneueHTOB 

«ii (R), &ii r R J, R ii( R}. v,i ( R) 

·MaTpHllHble aneueHTbl (8) YA06HO rrpeACTaBHTh B BHAe: 

&iJ 

)( 'i 

(+J ,-, 

= rJii + zQ~-' 

(t} (- ) ., 

K,i + X J:,/ + ;f.
1 Ki/ 

X= M.1.-M_t. 
M.z +/'f f 

YA06HO BBeCTH APYrHe BenHqHHbl 

• 
/1, 

I<,/ = K,'j - -Zf i/ 
TOrAa: 

" K,i = 
-1 f+I ,. l-1 . * 
Kij + .:e. J(,i + 2:

1 Ki/ 

IO 

(2I) 

(22) 

(23) 

(24) 

/II. · l 
f I 

'! 

r1 

':j 

' 
I 
\ Ii 

!' 

\ 
)i 

it 
'I 11 

\1 ,:J 

) 
} ~i 

11 
' -.~ 

\
. (' 

, 

'j' .·! 

J 

npHqe:r.1 

qacTH: 

K; 1 

H ·K!j' uolltHo paadHTh Ha czuueTplillHYID H aHTHCHMMeTpHllHYD 

K
,. r+> ,.,., oil r~, 
i• = H, · + ~ 
'J J uR 

(25) ,. (-1 - (-} 'lJQt} 
K · - H,J·· + ~ ~J . uR 

C ycJIOBHffUH CHMM8TpHH: 

(t) (:ti 

H9 = Hji 

Q. (~) - - Qf-:J 
"if - ,, 

· (26) 

B 3JlJIHilTHqecKWC Kdop~HHaTa.x 3TH HHTerpanbl rrpHMYT BHA: 

Q~;! =-Jd'it~ ~ t ]j1~1 ¼{f{f1-1}1/j-#7(1-1;~J 

(-) . r. d7; . p . . J 
Qii =- lJ52-7z l/i,{?(r2-1Jff + f{I-?~ ~r· 
H (~> = jdi- J.!fi_ ?!!i - -1.;dr [ ]!fi_Jj(J1-1J!!li__,. ·711-11)})/j_l+ 

'J 'iJR. 'iJR R J1·-7t oR [)_ vf Pf}] 

+[fi(t-ri l!!i._ +fJff-'IJ !Ji.-Jlfrj+ R.
1
i r 1r t~r-1)f[r?..1l3/i._ l!!i.+ > · 'for I v? 'JR · Jj-7zl> /LI JJJ PJ (27 

+ ( r - r/} 1 t/i. !.!/j__j. 
~ 'i7 

. Hit= J j F,z { lbtri14J· +f{l-1) ~}+[?/J?-1-W: 1-J(1-p1) ~) ·*}-

_ Lj J:;: 5~ rr~l-i) !!!£. ~- +/1_711~ !.!f;_J 
_fll Jl-~l LI) 'uf 'JJ (' I P7 ';7 

II 



Rij = II, f/i f [ :r{u) I/lJ - ;rft)J(loJ 

vij = -Ni tl,J· ; [(:tl-,. z,)J'fi} If I} .,.r~.z-l1) J"f,}Jfj 

Si/ = t{ f'J· [ Jf3J I''' - ;;r,, I(!,)] 

N. = [ T(J> I.<~' - J.r~J I f?>JJ - rt, 
i " {,I, " ii . 

(.ti 
flBBHe BblpB.ZeHH!l ;D;Jlll HHT8rp8JIOB T,_i 1r111eJOT BB;a;: 

]j_? = }dJ xi xi ~(:i) = }dJ-f 'ii xi y;_{ =}df J.2.X,· X;· 

y{v)_fdf,("{'1-1lx.!li. . TM- fJ~l~1-1)£li..x- · y(')=}JJr"J!.{'x,.l!i.· 'J - 11, 'I , 'tlJ , i/ -J' 'l> 'I of J , ,1 11 j /. , , 1 , 

· -r.("J_ fJJ·"(f~.11 dli ')(- · TP'=jdr(r!.1l!.li.!fi. · J/'l /J'J.dJ!.f)"lJX;, ?!i_. 
Ji/ -p I 'luj J' .'J. JI} 'I QJ ~, I 'J j"" I{, dJ JJ '(32) 

-p/0{jdntl~?..1)°JX,· ?!i- · J/1~j,ux-1.!i · 
"J '/ J u 'I If d J I ''J ') ' 'rJR I 

,...,..J. ("tjd's--5 x- lii . 
'J - 'I ' oR ' 

{ft} j l _Y,· Ti,·. = dr:; ,;t_ v. ~ . t-J f J Ac 'JI!. I 

7 r1t.)_ f pf,;].%£ X. · Jc/ -J 1 I 'JR JI 

-r~'rJ_ rd'JJ~ r;y;,_x-· 
Jt) -p . ,R 'J' 

T.f!&/=fdJ1'-,1 Hi.~- . J.- ('t Y-'j-5(,:!_1) ;y, -~- -r.(''/,,,jrLJ J.li. li;.'. 
Ji; r u 'l,J PR., 'J J' LJ·'IJJ ;,u ✓'J PR 1R' 

-rf~''= &-J- ~~ lli-!.!i. · T~~
0

1=jdr;. c-ft- X· · . J<J ;i J 'JR JR I b/ / F I, 'J I 
(u} J V h/ = dJ J Xi Xi ; 

'T_(nJ_jr1.,5:r::s-X·'f·· 7!3·3~jdJ-~-x-1X,. 
J 'J. - ' • J , •f - ' J 7R ' 7/'-t W,rt5l1llii.1.li · 'J J' I{ '/ of?. JJ , 

1cJuJ~-jdJ-J(y-1) w w . 
I4 

I 
I 
;i 

.J 

ii 
Ii ( 

I 

l 
I 
I 

(J.} ("'-) 
°LiHTerpaJIH I;,i O'flIHqaJ)TC!l OT HHTerpaJIOB :r.J 38118H8JIH: 

'J-- 7 Jl.-1 ➔ 1- 71. '1,-~Yi 
00 ( 

}d5 -jd7 
·J -1 . 

(oL} 
BHUCJ1e1n1e KH!erpaJIOB T.:l 

(33) 

{.L} 
IlpB BblUCJleHHH KHTerp8JIOB J. y;a;o6HO nepettTH K H83aBHCHIIOtt 

nepe11eHHOA X: 

X .:: .l!:J. 
2. 

f~i~c;,0, (34) 

nocJie qero pasnozeHH!l ;a;Jlll ~YHltnHH X (5 ;R) Hee npoHsBo;a;Hwc npH

oCSpeTaroT.BH;a;: 

-.2p-(t-f) t, , 
xi (Ji R) = e • L · tJt) X o;--sr x-1) 

9 

$=0 

0 X, [ -2p.(x-1)L rt) o;-1-1{ ) r __!:_-.L-2n,V•+(T.-e 0s X X-f + g ,: - .,l r< AL £ 1• . 
l , fl=O 

-:lp.-{,-1) ~ M f5i·-s-f.( •l 1-11 
+ e L s 9s X x-.11 

$:o 

'lJXi --2. 'JI£( ,,v. -Jp.-(x-1), J{l/'-J er.-.1( ,,: 
uR , W- X-f., "' + e L JR X • x-f.1 + 

I5 

1~0 . 

pff;; fn, X· Xi 
+ ~R 

--•c--

(35) 



Koa\lK])HnHeHTH paanozeHHH 9s onp'e]lenHDTCH H8 peKyppeHTHblX COOTHOmeHH~: 

9s = oL :_ 
1 

[} 1-1 ~-f ~ fs-1 91-.zJ (36) 
r. 9-, = 0 jo = I , 

nputi:eu ]lnH :aenHti:HH oL5 , p, H {s no-npeZHeuy cnpa:ae~nu:au q,opuynu 

(I3a). 
{cl) 

Hcnoni,aya paanoxeaHH (35), :auti:HcneaHe HHTerpano:a I:;· uoxao 

C:BeCTH K ti:HCTO anredpaHti:eCKHJI onepanna11,'ec;im npe]l:BapHTen:&HO onpe

]lenHT:&.:BenHqHHH: 

A = ,/- o ro &-J 
~ L ·n-s a, 

f:.o If' 

,J 

1>;;; E (J-s}ff~ ;f) 

J J r,J 
D* ' '9J-s (iJ 

J:::L -r-fs 
S=fl R 

J -;; r.-, ::i r;J 
HJ=L ~- pgr_ 

s:o 'iJR TR-

-J J 'i} (ii 

R J :o L r. .!!jjj_ oflJ 
S=o 'JR (/J 

ll :BHtlHCnHT:& HHTerpanH: 

-J (t) (J) 
8~ = L SfJ/-s f~ 

S:o 

J ') ti) 
~ fr} p~ 

])-J = L l/-1-s 7R . 
S:o 

J 

. Fr= '£s(l-s}9~~; 9/') 
S=o 

J ) 
.. R1 = L (i-s)ofiJ 'Jff_ 

ti Y-S '"JR 
s:;o V 

raJ j'."' . -.2;(;-:-,J o+r-J I s~ = dx· e X {x-t} 
( 

(1) j"°d d. -.2.p{x-f) v+f-J{ J 
/).J : X mX· e X x- 1) 

I . 

16 

(37) 

(38) 

i 
·1 

''j 
I .. , 

·I .. 
i' 

' \ 
f 
1 

f 
'j 

f I 

{ 
l 

\'J . I 

. ,l ' 
I I 

n. 
_i }. 

j 

I. 

... 
-,:(r}_Jd· IL1. - 2p(1-1)·0-+1-~r ,IJ 
LJ,J - JCc,n.xe X X-l.1. 

( . 

8]leC:&: 

P=-P,+Pi · a- .. <7;+6j· 

..:.if) 
HanpHuep, ]lnH HHTerpana J nony"iDiu: 

"° .,0 

Ji}11:: ! dJ X,; xi ::: 2} dJ x, xi = :,_ 
I .,.. ·• 

tK 'ls 1 } = IJ '\ ') r/'-J (J} ,,1.. -2p{x-f ff"- K-S( ) Jt.+S _ 
~LL "iJK 91 ~e x x-1 -

l::O I:() ( 

i J 00 

; 2 ~ > 0 (i) o&Jjdx _.2p(x-l} o-lr ,l J -T=o 7=";, d Y-$ 1J e X x-11 -
( 

't1 
= 2 [ // sfo) 

J=o J ~ 
= z II S f"J ,) v . 

(B Jlan:&He~meu aHaK cyinra: dy]leY onycKaT:&). 

3HaqeaHe 'l1 onpe]lenaeTcH pa:aeHCTBOY 

"t1= min f 'rx , 'is] 

a aaaqeHHH iK H i$ onpe~enHDTCH Ha ycno:aH~ 

/9~: / L / 9t:, l 
I fJ}I I Iii I fij L fi,rt 

npHqeu npoue]lYpa cpa:aaeaHH (42) aati:HaaeTcH nHm:& co asaqesH~ 

't· -nfiJ_,.3 ' - { 

r,j::.nf'J-,.3_ 

17 

(39) 

(40) 

(4I) 

(42) 

(43) 



!AHTerpamiI 7i/o{1BhlpaJKaIDTCH qepe3 BeJIJiilillHI-1 (37) Iii pa), HM8IOT 

,1(0BOJII,HO rpOM03,1(KHH BH,1( Iii BllilHCaHI-1 B IlpHJIOXeHHH I. HCilOJIIi3Yfi 
Ii) 

illOPMYJII-1 (36) H (I3a), npOH3B0,1(Hl-18 ~ MOXHO BHpa3HTI, ttepe3 

npOH3BO~Hl-18 OT napaMeTpOB ;~· H w . IloCJI8,1(Hll:e BHlillCJIHIOTCfi no 

npH6JI~lK8HHOH illOPLIYJie ]arpaHJKa ,1(Jlfi ttHCJieHHOro 'AliiWillepeHJ.zy!pOBaHHfi C 

n = 4 (IlHTI, y3JIOB) / 9/. EcJIH TepMH pi (e) H 'A;(/?) B~ttHC~eHl:1 C marm.1 

t:,. R = 0,025, TO norpemHOCTI, BHlillCJI8HHfi npOli3B0,1(HblX ;~i H ~ 
7 / 'i)f'. . ;:)f',-1,} 

MeHiime, tteu ro- maa:.. - 'Jf; } 'pR_S ' T.e. orpaHll'leHa JIHWI, TOttHOCTI,IO 

BlilillCJieHHfi TepMOB. 

HHTerpaJII-1 (38) no,1(,1(al0TCH ;l(aJIIiHettmeuy ynpo~eHm10: 

8,1(eCii 

(J') J n n. 
s~ = L {-) C1 Vs 

h=o 

J:i~rJ = t r-rc; w, 
It= 0 

i_~J:: t (-)"'C7 W, 
n;o 

C n. _ J U-f). • · (l-n+ fl 
,J • I n. 

S= o+ J'-1 { -n, 
co 

- 6HHOMJiiaJII,HHe KOS~illHUHeHTH, 

f -.tp{x-1) r-1 
~ = dx e x = ~ ( 1) 

{ 

f.., -2,f,-IJ ~, j"° d.f ( w s = dx tn x e x = 7 ¼ x) 
( f 

. ~ ~ "' j ;__ -1f/,-1 !l-t j cu W1 = hcn/·xe, X ~,;_ 7/n,xV,(x). 
f ( 

il>YHKUHH V, (x) BHpaxaeTcH ttepe3 HenoJIHYD r➔yHKUHD/IO/: · 

oO 

J .L .-.2p(,- ,) .s-1 :!px1 -s ( ) 
V!l(t}= ~e x .:: e c2p) I' t,2px 

. X 

H IlO~ttHHfieTCH peeyppeHTHOMY COOTHomeHHIO: 

I8 

(44) 

( 45) 

(46) 

(47) 

I 
I 

I 
I 

:I 
I 
!' 
t 

l 
I , I 

'.r 
-r 

l1 
': 

1 

I 
! I 

! \ i 
' f ! 

I, j 
Lt 
) '1: -I 

r , ! 

1 __ - l : I 

V () _j_[ -.2.p(x-r) .r-1 V { )1 l s X = :zp e X -t-{.t-1} J-f X '.J (48) 

KOTOpoe Il03BOJIHeT BllttHCJieHHe 11HTerpaJIOB ( 46) CBeCTH K BhlttHCJieHUIO 

"' TpeX HHTerpaJIOB: Vl -f , Wl-l , W £.- f , r,1(e BeJIHttliiHa { Y'AOBJieTBOpHeT 

ycnoBHIO O ,!f E :!!: I lil onpe;l(enneTcH cooTHomemi:eu: 

S= E+[sj 

[sJ = [ni (s) (49) 

IlocJie 8Toro peeypP.eHTHHe COOTHOmemm ,1(JIH HHTerp81:[0B ( 46) IlPHLIYT 

BH,1(! 

np11 [s] >✓- o K = O, I, 2, ••• [s] 

Vt_+K = 2~[r+ ({+k-1) vt;K-1] 

w[+K = -<.~ [ Vc+K-{ + {c+K-1} Wt.,.K-r] (50a) 

('\.. {[ f\, J Wl•K ~ Jp. 2 W l-+-K-f _,. {t-t-K.-1} W l+K-f 

npn [ s] ~ - 2 k = -2, -3, ••• [ s J 

v[,K =~[.2p v€.,K.tf -1] 

w[,K = f.~K [ 1p wl+K•r- vu Kl (506) 

r- 1- rv 

Wt+K =:=-;;; L 2P Wc+K ... , - . .2 Wr ... KJ 

19 
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Ilocne BBe'AeHHR qiyHKUHH 

F(-t,J = - 1 V {:.L) t E-1 ./; 
(5I) 

HCKOMble HHTerpaJI!i npzoopeTaIOT npOCTOli BH'A: 

V€-t = F{f} 
f 

W£-r = j F(-t} dt 
. (52) 

II f 

Wr:-1 =-2] ~(i}tn,i-d£ 
0 

( oL) 
Tamm oopaaoM, BCH aa.ztaqa BblqHcJ1eHHH i.mTerpaJ1~ Ji/ ( ex'.' =I,2, •• 25) 

CJ30,ItHTCH K BblqHCJiefflUO. !m l'IHTerpaJIOB W,-f H WE-/ OT IIJiaBHOll 

qiyHKUHl-1 F ( l) J3 KOHelllibIX npe,nenax O ~ -6, ~ I l'I K zcnom,aoBaHl'IID 

npOCTbJX peKyppeHTHblX COOTHOmeHHli. 

r,ne 

~YHKUHH F (t) onpe,neJIR8TCH nerrnoli ,npo61,ID /II/ 

f-E .21'(1-.f) 
r(-1;) = i e. 

Jp + i L11-1 

Iv+{-!(- [ 

LK = -f,(il-k) 
I+ 1.p-riLK.-1 

k = o, i, 2 , . . . , ti - I 

L= 0 

N-t I- c 
-i·lv 

1+ -;;-

20 

£ =O -, 

(53) 

(54) 

l , 
, I 
. I : I 

'j. 

I 

·,' 
; \! 

l 

i 
. I 

I • 

\t 
f 

qTOO!i o6ecneqHTI, TOtmOCTI, c = ro-9 npH Blilll'ICJI8HHH WYHKIUIH F(t) , 
I"" 

;ztOCTaTOtmO nOJlOlltHTI, N = 200 • HHTerpa.Jili W E-t H WE-f B!itlllCJIHIITCR 

no I6-ToqeqHo~ cxeue raycca, oneHKa TotmocTH npoBepHeTcH no pas~ 

HOCTH pesyJII>TaTOB B!itn!CJI8HBH no I6-Toqetmo~ H 8-ToqetmoR cxeuau 

raycca 

Bo H808lltaHHe 
'g'h_ . 
7R, V,,., Ws 

-(.2. 
W{16) - W(3) ~ lo 

(55) 

HaKOilJ18HHH norpemHOCTe~ npB Blilll1CJ18HHR B8JIH'IBH 9s' 
H Ws zs peKyppeHTHHX cooT~omeHHU, 3TH B!i'IBCJleHHH 

npOHSBO,ZJ;HJIHCI, C 'ABOHHOH TQtIHOCTI>Rl. 

(ol) 
BH'IBCJieHMe HHTerpanoB It,,-

("-} 
3a;ztaqy Bbllll'ICJleHHH irnTerpaJioB I,d (ol = I,2, ••• ,25) y;ztaeTcH 

CB8CTJ/1 K qzcTO anre6paHqecKHU onepaUBHU, 8CJIH BM8CTO pasJIOl:8HHH 

( I06) ,nna BOJIHQBO~ qiyHKUBH Y, ( ? ; R ) ~HcnoJ1:r.sonaTI> pasJ1oaeaee: 

yi = e, -pi(l+?JL c/i1{ I+ '1 ) 9 
np:a -I :5 ? ~ o 

s 

Yi /7; R) = (56) 

{(. = e.-p.(1-p)L c/J (1-'l) r npB O -~ ? 6 I . 
' s . 

06a paSJIOllteHHH MOlltHO BCilOJII>30J3aTI> BO Been OoJlaCTH HSUeHeHHH nepe

YeHHOU -I ~ 7 ~ I, O;ztHaKO npH STOY Tpy,nHee o6ecne'IBTI, HX CXO,ZJ;H~ 

MOCTI,. IlpH 7 = 0 o6a paSJIOllt8HHH (56) COBna;ztaIDT H BblilOJIHH8TCH oqe

BB,ZJ;HOe paBeBCTBO: 

v (~ j = v Co) ' . (57) 

HS KOTOporo CJle;ztyeT COOTBOW8HHe: 

'Les =·Le, 
r s 

(58) 

2! 



P8.B8HCTBa (57) H (58) 8.BTOMaTHqecKH npHBO'AHT K YCJIOBHHK Ha npOHB~ 

BO'AHH8 

- r--Y' (o) = Y' {o) (5_7a) 

pd r... cli1.,. r.. t r,JJ = L... s cw+ r. s c (i,) 
SS SS .!! SIS. 

(58a) 

IlpH "/? - 0 pasJIO:at8HHfl (56) 'AOJI:atHH HenpepHBHO nepeXO'AHT:& B COOT

B8TCTBYDll!He IlOJIHHOKH ]eEaH'APa, 'AJIH KOTOPl:DC cnp8.B8'A.1IHBH p8.B8HCTBa 

p {{) = I . 
e PeJ-1) = (-/ . (59) 

c·yqeTOM ~OpyYJI (58) H (59) Y'A06HO BB8CTH HOBH8 K08~HUH8HTH C3 , 

KOTOpHe onpe'AeJIHDTCH @OPKYJIOi-

-cf,)_ -c. cr,J s - c, s 

c,+l'/ 
'Lc<•J 
s .s 
I:. cr•J 
s s 

H BHtmCJIRDTCH Ha peKyppeHTHl:DC COOTHomeHH~: 

I''A8 

(i) _j_ [' (i} fl (i) 1 
Cs = ,PJ-1 ll.1-1 C,_, - Os-1 Cr-.z 

Ps =2.{s+1){1+m-,.1) 

A1 -= Ai +s(s-r1) + & -,.(2.s+mtf}{:lp,+m) 

fs ~&+2pi{f+m) . 

22 

(60) 

; ~' 

(6I) 

(62) 

I J 
' ( 

I 11 

. : I , I I.' 
. ~ l 

.\ \I 

\, t 
' ~ 

,, 

[·~-!~ I ' 
·'- : 

... ,· __ , .. , 
' 

I 

"f 
rj\ 

ll ; r, ,• ,,, 
;~_,., 

r 
J 

'I 
:1 

'.1 

"'ci.J 
Koa~HIU(8HTH cs onp8'A8JIHDTCH HS aHaJIOI'Hqffl:DC peKyppeHTHIDC COOT-

HomeHHI nocne saweHH i,_, - f, B 4!opyYnax (62). 

KaK H npz BHtmCJI8HHB HHTeI'paJIOB 7(o1.J, Y'A06HO BB8CTH Ha6op 

K08(M/HIU(8HTOB 

-J ~ - \ ,., (i) "'(jJ 
a,J - L C..;-s Cs 

l:o 

1 * = f_ {,l-sl c (,) c riJ 
O,J 'I -/-S J 

s:o . 

I"-! .J ')"'/?/ 
d! = L (/CJ-s CIJJ 

S=O OR ! 

,,., .J Jc m iJ"'rj, 
h = [ ~ ~ 

.; r=o iJR ~R 

J ·/"(i) 
i;i =Ls. cJ_., . cr,J 

1=0 PR s 

,.,., -J t =- r:. s criJ ,,,fJJ 
.; s=o J-s C,s 

,M -} 

d" = E er'): Jc/SJ 
.r:o '1-s 7'i["" 

~ y f ,J = L s(l-s) C fi} f {J} 
S:o I-! ! 

(63) 

.J 
r-1 = [ (J-s J z M icPJ 

S=o ,J-s gf! 

H aHaJIOI'Hqff~ Ha6op a/, t,; , ••• , "'/ , KOTOpHii OTJIH'll88TCH OT Ha6opa 

(63) 58.MeHOit c/'l_ c/'J. Onpe'AeJIHM T8Kllt8 HHTerpaJIH 

(64) 

. f 0 

J -P/1-t;) J j -P{ft-'J) J 
.11; = e (!-?) dp = _ e {I?) dp , 

0 -J. 

I''Ae,. KaK . o6uqao, p = pi .,. Pi • 3T~ RHTerpanu BHtmcJIHDTCH no

cne'AOBaTeJIDHO Ha peKyppeHTHblX COOTHomeHHit 

. . -I (·1T.·. -p) T., "' p , -1-1 - e J 

T. - ...1..(1- e -p, · ,.,., - rr - o 
O - p j / 1-f - 1-.i_ -

(65) 

23 



i. 

IlocJie STOro BCe HHTerprum I {.L)BliJHutaDTCH qepea B8JIHtmHH (63) H (65) 

anre6paHtI8CKH. HanpHMep: 

I O 1 

- ,,1 j j" - - jd ~ rv -1 ij = d7 Y~ Yi = C{, 7 Y, ~- t- 'l Y;, ~- -
-{ -( 0 

0 
"ti:: ~ . · 1 . ( 1: t', 1 

= ~ ~ c '" c- <JJ d b -p {t"?>( . ., ,us ~ [ ,,.c "'""cQJ~,1h -Plf-?J. ./': 
L L i:: s 9 ..,, 1+ 'll +- L c .r ...,1e 11- 'll -
(=O S=o C=O !=o 

-, 0 

1:2 t~ (66) 

= L Z[,i T-1 -t- L ai Ti = a.~ 11 Ta, T~ = 
l=o ~::o 

" J. '.') + 1-'~' lJ tJ 

{cl} 
B 06111eu cJiyllae JIID6o~ HHTerpaJI LJ npe:z.tcTaJ.1J1HeTCH B BH:z.te 

CYMW 
(.L} • - (ol) ~ {ol) 

IiJ• = co1. I.. + I .. 
'J 'J , 

r:z.te c,J. = ±. J 

lo(_.= { +l 
-l 

B 88.BHCJ!MOCTH OT tieTHOCTH HHTerpaJIOB J fol}: 

npH o!.. 0= l,3,6,7,8,l0,II,l2,l4,l5,I7,I8,l9,2l,25 · 

npH ol. = 2,4,5,9~13,16,20,22,23,24 

(67) 

(68) 

- (.t) r-'(ol) 
npHtieM HHTerpaJili I OTJlHtiaJOTCH OT HHTerpaJIOB I JIHllll"> 8a.MeHO£! 

?i" -a-1, 8t ➔ C~ H T.:z.t. Bee oHH BWIHCa.HH B IlpHJioaeeHH II. TaK xe, 
(cl) - 06 ,,_ 

K~ H B cxyqae BHtmcJieHBH HHTerpaJioB T , BeJIHtmHH Cs, TR , Cg , 
oC · .. · · . · ·. · · iY- . H T; BHtmCJlH!OTCH H8 peKyppeHTHHX COOTHOmeHH" C ].tBO"HO" 

ToqaocT1>10. 

l!~iC]IO tIJieHOB '!-.z. l3 CYMMe (66). onpe].teJIH8TCH paBeHCTBOM 

't.2 = l'l1i,ri { 'tr I 't_rJ (69) 

24 

''· 

a 8HalleHHH ti H 'ls onpe:z.teJIHIOTCH H8 ycJIOBHii 

l-(i/1 ,-r-11 -{{ C-rc , Ct~ .6 10 (70) 

H aHaJIOrHqaQ ].tJIH K03q>(})HUH8HTOB ci'J H cfJ) • 

KOHT.QOJil"> TO'IHOCTH Blll1Il.CJI8ll_Hii_ 

nJIH KOHTpOJIH TQqaQCTH BHtmCJieHH~ HCilOJih80BaHli CTpOrHe aHaJIH

THtieCKHe COOTHomeam1, KOTOpue ].tOJilKH.l:l BbIIlOJIHHTl">CH HeaaBHCHMO OT 

cnoco6a pea;nHaauHH nporpaMw ButmcJieHHii. 

I. CoOTHOmeHHe opTOrOHaJihHOCTH 

Si/= }drr tf&"{f,'li R) ¼I f,7,- R) = o,/ 
BunoJIHHeTCH :z.tJIH Hcnon1>ayeMHX BOJIHOBbIX qiyHKUHii c ToqaocT1>10 

ro-6 - ro-8 • 

2. II pH KWlt].tOll 3Ha ll8HHH R TeopeMa BHpHa;na /I2/ 

i Ki; {R) + Vii (R) == Ei(R.) 

BWioJIHaeTcH c Tot1HocTh10 10-7-ro-9• 

3. COOTHomeHHe 

" " d &,i(gj 
KiJ° {R) - Kj,(R) = 2 dR , 

(7I) 

(72) 

KOTOpoe CJie:z.tyeT H3 onpe~eJieHHfi (27), BO BCefi 06JiaCTH MSMeHeHHfi R 

BUilOJIHHeTCH c TO'IHOCTl">!O ro-6-ro-8• 

08 STHX npoBepoK c;ne:z.tyeT, 'ITO aoCOJI!OTHaH TO'IHOCTl"> ~HCJieHHWC 

8HalleHHii MaTpHtIHWC 3JI8M8HTOB l ,v I0-6. 

25 



3aILJIIOtI6Hlle 

1-'iSJIOJiteHHhlii aJirOpllT!J BUtIHCJieHlrn C06CTBeHHUX 3Hatiemtii pd K} ll 

~i ( R.), BOJIHOBbIX q>yHKUllll lfi (f ,? , r; R) 38.,1\atill ;n,Byx U6HTpOB, a ,, 
TaKJite MaTplltIHblX aJieMeHTOB K tj" ( R ) ll a,;e R), II03BOJIHeT peaJill30BaTJ:, 

ero Ha 8BM ll saTeM llCil0JlD30BaTD IIOJIYtieHHUe ;n,aHHUe B pasJilltIHUX 

IlpllKJia;n,HblX 38.,1\atia.x qlll3llKll aTO!JHhlX CTOJIKHOBeHnii. 

:UaHHaH pa6oTa SaBepmaeT UHKJI llCC.Jie;n,oBaHHii aBTOPOB / 2/, HatiaTlra 

B I964 ro;n,y. 3a llCTeKmee BpeMH IIOHBllJICH pn;n,- pa60T XaHTepa, rpea H 

ITplltiap;n,a / 4/, B KOTOPUX ;n,aHa ;n,pyraH peaJIHSaUHH IIporpaMMhl BhltIHCJieHllii. 

B 3TOii IIporpaM!Je llCII0JlD3Y6TCfl tillCJieHHoe ;n,nqi~epeHUllPOBaHHe BOJIHOBUX 

qiyHKUHii Xi ( J ; R) ll Yi (? ; R ) , tITO Ha nam BsrJia;n, HBJIHeTcn ee He

;n,ocTaTKOM. :UJIH CIIpaBOK IlpllBO;n,llM COOTHOmeHHe MeJit;n,y o6osHatieHllflMll 

Hameii pa60TU ll pa60Thl XaHTepa ll ;n,p. 

{t-) 
H .. = - H (R) "J . 

. Q,? = - f I (R) 

/-) J 
HiJ ==- 2 l(R) 

(-) 
QiJ =-f T(R) 

(73) 

I<.*. - - _j_ Q{R.) lJ - I/ 
~j' = f_ V(P-) 

Qia° " l>M (R) .'.l,=.2ot. 

CJie;n,yeT OTMeTllTD, tITO SHaK tIHCJieHHblX 3HatieHllii MaTplltIHUX 

aJieMeHTOB 1 ( R) ll T ( R) B pa6oTe / 4/ onpe;n,eJieH HeBepHO •. IloaTOMY 
0 (-r) (-) 

IIPll cpaBHeirnll tillCJieHHhlX 3HatieHllll Q,j' H Q irf , IIOJiytieHHhlX pasHm.m 

MeTo;n,a.1.rn, sHaK I ( R ) n T ( R) B Ta6mn~ax pa6oTu / 4/ :zlOJIJKeH 6UTD 

llSMeHeH Ha o6paTHUii. 
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:[/:oJ.,, 2/1/[tsfJ- 12.stz'.,-6sj1l-sJ01j 
'd 

J,,/uJ = .2Ay[l6Sf'1- 3.zsr1-t.21/S~lJ-J'.S~I] + s~•'] 

7;/"' =- 1.11,[32sf31-Jost1+J'o/~1_J/os/1!,..1os;'1 - s/] 

r{t3} T(IJ) [- I]~ ll1S(.t) ~ sf{} J6; II 1\(1) 1 
.Ii/ = - Ji/ + I/ -.< J"f? 1,1 r .u, 1 + Jll 1 ..... , J 

,- (.zy) { fj" (JJ Jo,· /-IJ -1/: 1,1 ~ t~) J'J° = I/ 'lff R 11;$>',J -J.oj-,rll1S;,1 -.2 R fJ;SN-.Zfq•]),S.,,f + 

~ {I) . "" M_-< 'JUl w Jo} t,J Jv;- /•J 7 
-+Oj1J,1Sh1-,. R; S; l;/Fll;l),.,,f +6J W-ll1A1+1-,. JR /311),1 J 

7 (1sJ _ (z'I} [ JfJ{__ _ {v) _ !J!i.. (J) p . (l) ~ {J) 
.1,;J - -:Ttl +t! 'lfi---w--ll181,1 -io/ JR l!;s1~2 -2-¥f131 s,+, -.lp/1>,s,,, + 

,.._ (.tJ "" (I} . dffi: (3) ~ ,4 fl} #Vr: i/111 
+eij]),S1t,+R,s1 -if'd·7ff,4,ti,,,+ffi"W- _,,1,,,-f-uf>1 1-1 

IlI?,J,UIOJ:eHHe II 
rv 

HH:le BHIIHCaml BHpazeHHH ,ItJIH 25 HHT8I'paJIOB t-1 no nepeueHHOit? 
"""" ~ ,w* ,...,,. "" ,...,. ~ ,,,._ . -.y. 

11epea Kos~HQHeHTH a"' , t 1 , 8-1 , d, , d;, /, , 1,,1 , 'l-1 , ii , a TaKZe 

HHTeI'paJIH T,, • BHJ)8.Z8HHH ,ItJIH HHTerpaJIOB liJ OTJIHllllllTCH OT npH:Be,IteH

HHX HHllte 3aMeH8J4H a,,- a, , 1v- B, H T.,It. 

~{I) ~ 
Iii = a, T1 

~ (t) ,.., ( T. ) Iii = a,, T-1- -/t-f 

,..,I(~>= a.,(T1-2T-1t-1+T1t1.) ~, . 
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I 
! 
I 
i., 

' f 

~ (Y} ~ ( . ) ', (. ) I;,j = Pj ai 2, ~tf -T1+2, - o,J 2.T.; - T-1-t1 

,..,(S) ,.,. r.rr ~* IiJ° =pia.; .O'/tl -T-1+2)+ 6" (ZT-1-T.;u) 
. 

~~ ~ ) ~ Iij "'Pia.;{2T.;1"{-.;T,;+1, .,.T-1,3 -t-1{2Tr.3T-1.,1 +T.;+2 ) 

,..,('1) ,., _,* ( a7. ) J '<I. =p,a1(2T.,+1-.5~+1 +T-1 .. 3)- t,-1 21-1-"' -1+1+T-1 .. .t _ 

~ ~ -*/ ~ rit =/lf;f a-1 (.t~.,f- T.,.,..t)-f1,·t-1 {2T.;-T-1+ ,)-pit, (2T;- T1+1) +fi/2.~-,-T-.,) 

'fJJ= p,11/;,,r2r-1♦,-.3~,:2+ 7i+.,J -p, ir.zr;-3r,,;+ rhJ>- ti I;r2r1 -

- .3 rh1 + T.,t.z)+ ~ (rr,_1_ - :3 T1 + 1i+1) 

'iit)= P•f!·a,(.2Tt+f -5TitJ. +I/T,,..J - Tv,1/)-pi 'i-l{tT1-5T1N+I/T,,.,,2-~ .. .,)

-P;. 1: (2T., -5T;,., +-J/T1+2. -T1,3) + j:[.z~-1-5T-J I '/T,1-1-T,+2.) 

,JI {(I} !Pi..,., ,..,. 
iJ =- ... Pl a, T,+1+ d.; T-1 

"' rm JPi...,., ~* I ,1 = - TR a I T.; +, + d, T1 

~110) lei. ,v ;ov J .. = - :in a1 (T;,., -1;,,.1 )+ dl(T1-T1-11) Y v~ . 1/ . 

'j_ffVJ 1#,., ~ 
ij = - 'IR. a.,(~,1 -2T1+2. + Tt+3)-td-l{T-1-27j1-1 + T-1+1.} 

J;~s) = - ;f· a-1(T1+1-2T-1t2+ T;1-3).,. d: (~-:n;.,, + T-hi) 

,., gp. "' (. . ~ ) i~'-' = - fi" ul a" -<-7 -1+2 - ~ ... 3) + p,· d-1(.?. T;,.1 - T-11-2 + 
'J 

J.Ri_ ,.,~ ~ (. ·) + 1~ C" (.2T1+,- T,.,,.z) - "t.~ .2.Ti-T1 ... 1 

3! 



,J (tl} ..?ei 'V (. ) "" ) Iii =--fi, 0~a,.,, 2.Tuz-3T1,3 +fi+'I +p,;d,(.z~+r -.BT.,,,.2. +T1,.., 4-

lei"'*(. ~ 
+ 7R. t, 27i+t -8T.,-,.z + Tt+.,)- "t,1 (.21;-JT.,.-1 rT1a) 

"'(II} P.f!i:_ ~P,,· ., 'J · )pj_"" ~ 
I,i = oR. l!fi-~~t.t. - -// d17i 11 - PR d.,, T,,+,+h'I T., 

"'r,11 1E 'df!.i. ~ ( J/!i- d,.,, ( I~- =- ;JR uR av T1+1. -.Z7i,..3 + T.,,.v)- 'JR 'I T,;,,-.l.T,,.2 + J;,.3)-

·-J z~rT.;+,-1 ~,.J..,. °Ty+.3),. i, (T; '-,?,T,,,-t- Tt,..zJ 

,., (lo) ~ ·• 
J'°i = t;, 1 (T,; -3Tt.,1+ 3T'lt.t -T-11-.1) 

I~~,):: ar {~ -J/T'I+( +CT.,;.1. ~ If Tv1-J -1- T,H) 
';J 

Jr)= a, ( T.,, -5~,.f +fOTt,;, -f{}Ty.,J +5 T,,y- °Tt+s) 

,., (ZJ) lei.-,,, . ) d.,( ) I,'i =~- 0R.a,(T.,t1-Tf,.1. + 1 ~-T,,.1 

:.rz,J !JPe" ,.,, ( , d,..." (. · T. ) l,j' = -fi~a, -<-Tt,.1-1,,.?>;+fi r .rr.,+,- t•.t + 

a·,., ,v( ) 
+ ff t,, (:rr;,. 1 - T,+1.) - i: 2 T1 -T-01 

Ir:~~sl~ -pl !ff av(2TM. -3Tv+J r htif) + Pi J; (J.T./fr-3Tv+2+ r;,,.5) +

+ ~~ 'h(2-r,y1-3T,,:z+ T,,J)- -;; (:rr, -3 T,,r+ Tr+.t}: 
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Il£HllOZBHHe m 

HHEe npe,ztCT8.l3JleHH Ta6JIHI\H uaTpHqHHX 8JIBYBHTOB no BOJIHOBWI 

~YHKIU!RU a~atm ~yx ~BHTPOB, BHtIHCJleHHHe no ~opuyJlaY ,ltaHH01 

pa60'rH. Bee BeJIHtIHHH ,ltaHH B e,ztHHHI\ax a~allli (1i = l.t=yt= I) K8Jt 

~YHKIU!H uena,ztepH~ro ~aCCTOHHHR R ~ HHTepBaJte 8HaqeHH1 

R = 0,I (0,I) 5 (0,2) II (0,5) 20. BH.zt Ta6J1HI\ onpe.zteJ1H8TCR 

SHa'lleHHRMH aapH,ltOB 't1 H !'t.t, ' a TaKze Ha6opauH KBaHTOBHX llliCe.JI 

i={Ni/i,ml H i=f1;~
1
mjcooTB8TCTB8HHO Tep~oB Ei(R) H Ej(R). 

CJie,ztyeT paSJIH'llaTI> '118THpe paSJIH'IIHHX CJly'llaH. 

1 • l 1 = i.z.= r; Nt = Ni , ei : er· 
0TJIH'IIHH OT Hy.JIH BeJIH'IIHHH: 

R,E, HM, I<,,, V, W, A, N. 

2. 11= l2.; Ni "f Ni HJIH t,· "f l/. 
a) qeTHOCTI, op6HTaJII>Hf MOMeH'rOB ft: H t/ 0,ltHH8JtOBa: 

R, QM, Hr.,.,, Kr.,.,, K". 

6) qeTHOCTI, op6HTaJII>HHX MOKeHTOB t,· H l/ paaJllt'IIHa: 
'\ 

. · n M-1 H(-J Kf-l P· · 
K., (;(. J , J tJ . 

3. 1d l1. ; II,= Iii , ti·= lj 
RHf+J H(-J K* V NE) 

J 1 J JI IJ • 

4. :lf"fl,1.; lt't"f/'./J HJIH t,r;ei 
/\ " ( R K(t] K(-} "" Q{t) Q -J 5 H(t} Hf-} V R · · 

' '" I I\ ./ , J J I , I 'I '• 
KaE,ztH1 JIHC'r Ta6J1Hn mueeT aarOJIOBOK,B KOTopou yKaaaHH aapH.ztH R,ztep . 
H CHYBOJIH COOTBBTCTByJOll(el napu TepMOB. Hanp1r1uep, ,ItJIR napH T8PYOB 

rsu - 2pv', i1.= 2 aaroJ10BoK mueeT BH.zt: 

N L M RMJI lf [a_ NI #2. NM 
I 0 . 0 I 2 I 0 0 I 
2 I 0 0 I 2 0 0 I , 

r].te N == N , L =: t , M = m , RM A - npHaHaK Tepua ( RM/I = 0 }.tllli 

.e.l1-Tepua, RM.4 = I .ztllR -t' l.z. -Tepua), lf= Zt ''12.EE Z.z, Nf= n,1 ,~ , . , 
Nl =- rLt., 1111 En,. 
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B itaHKO~ pa60Te l(JIB BlllIJlCTpaIUIB paaBHToro U8TO~a npHBe~em 

Ta6mutii uaTpBtmHX 8Jl6M6HTOB CHCTeM.I:l Li =I, i.2~=2 it.IIH ClI8itYlllltBX nap 

TepuoB: 2.s6'-.2so? ~po-if6', :ls6'-'-p~ ~pc;-Jg(). 

Eonee IIOJIBI:18 Ta6.IIHIUi H8l(aBI:l B HaitaT8JILCKOU OTite.ne ORlm B 

Hax:OitHTCH B dH6.IIHOTeKe ORHH. 

PyKOIIHCL nocrynHHa B H3~areHLCKHR OT~e~ 

14 anpeia 1~70 ro~a 

'.34 

H 

.1u 

.2u 
,30 
,4U 
• !,U 
,6U 
.7u 
,BU 
.9u 

1,0U 
1.1u 
1,2u 
1,Ju 
l.4U 
l.':>U 
1, l>ll 
l.7ll 
1.8U 
1.9u 
~.OIJ 
~.lu 
;>. 2u 
< .JtJ 

< • 4Ll 
;>.5u 
;/. 6U 
~.71J 
t:.BJ 
2.9u 
-5. 0 u 
J,lu 
J.2u 
..:i.311 
,I• 4 U 
.s • ., u 
,j • OU 

.S. 7 u 

.,'I. 8v 
J.9u 
4. ll:J 
4,lu 
tt. c'.:u 
4,3u 
4.4u 
4.5u 
4.6!J 
4.7u 
4. bll 
4.9J 

E 

-1 • .!.138311 
•1 •. 9 79BC 
-1. 64~691 
-1 •. 375556 
•1 •. 1lS52C 

-.987925~ 
-.965591~ 
-.Y449145 
·,925796S 
-.9 8118~ 
-,8917552 
-,1!765891 
-,t!625C:9S 
- • 8494174 
-.837220S 
-.o.;5e3s, 
-.6151964 
-.a ~~295 
-.7,5e784 
-.7d7~90o: 
-. nae 11. 
-.IIH16f 
-./t3649~ 
·,/066824 
-./5 L82E 
-,74.SE22i 
-, 1Ue761 
-.i.l2<21t 
- • 7,:68363 
-. ld7 1< 
-,ilb8 Of 
-. 7121174 
-.I lt.37'< 
-.i .!3471 
-.6~9,34~ 
-.b~j289~ 
·• 6>15 ·; us 
-,oc/P59E 
-,6d43'>71 
-.otj <;85~ 
-,bl/737c 
-.6,46 54 
-,0115841 
- • Mbf67~ 
-.oe5e49f 
-.6t.S1259 
-.oc 4914 
-.~o/941~ 
-,h::?4731 

N l. ·M 
2 0 0 
2 0 0 

K(+) ~<-> 

.355956 -.3!'4703 

.456725 -.401682 

.504039 -.418787 

.52 L25 -.4~4476 

.52 57t, -.448576 

.513965 -.4~1202 

.50429l -,472511 
, 49:S515 -.4e2637 
.482568 - .4a6a7 
.471868 -.499746 
• 461581 -.506885 
• 45°.753 -,513168 
.442382 -.!:i18655 
,433445 -.5.3404 
,424917 --~<7472 
,41677!:> ' -.5J0916 
.40<>002 -.!:>J3795 
.40'.585 -.5J6161 
,394516 •,5J8U71 
.387786 -.!>J9574 
,31'~389 -.540718 
.37~317 -,!>41!>49 
.369563 -,!>42107 
.364117 -.~42431 
.3'>8968 -.542553 
,354105 -.542505 
.349516 -.542312 
.345188 -.541999 
,34'..1G6 -,541585 
,331259 -.541090 
.33.1631 -.540528 
,J,I 211 -·.539913 
,32i,995 -,539256 
• 32.<941 -.'>38568 
,32cC68 •,5J7857 
.31A353 -.537129 
,31'>787 -.536391 
• 31,1361 -.!>35648 
,31'064 -.!>J49n4 
.3(;<888 -.534163 
.3iJIJ825. -.533426 
,3G486~ -.!>32698 
,30,101" -.531979 
,3u:c245 -.531271 
,2QQ565 -.5J0576 
.29796~ -.!>,9894 
.29t,446 -.5,9226 
,29•995 -. 5,8572 
• 29.S611 •• ~, 7<}34 

35 

9.~i;- ·.HG" 
R A Ll Z2 Nl N2 NH 

1 2 1 1 " 2 
1 2 1 1 ll 2 , 
Kl•l J V l.AHBDA NORH 

.547.,21 -2.208484 •,0020446 .923601 

.'>191Q5 -2. 130,\87 -,0078543 .829921 

.491116 -2.047700 •,0168175 .759346 
• 466113 -1.969~82 •,0283395 .706095 
.443e40 -1.899632 -,0419024 ,665243 
.424414 •1,836753 -,0570648 .633335 
.407.,72 -1.780736 •,0734512 ,607997 
.392945 -1. 730«04 -,0907414 ,587578 
.3BC~OO -1.686197 •,1086623 .570906 
.369·,57 -1.646"31 •,1269818 .557129 
.359.-77 -1.610.110 •,1455033 ,545616 
, 350•·64 -1.,;77,;17 -,1640619 .535~91 
.343 51 -1.548f11 -,1825209 ,527591 
.J36,97 -1. !>22"11 -,2007684 ,520436 
.. 13C,R5 -1,497/91 •,2tR7146 ,514204 
,324~1 ◄ -1.47">1·67 •,2362892 ,50872!> 
• 32C •,99 -1.455.\9', -,2':i34387 .503862 
• H5t68 •1,436i6!, -,2701238 .499505 
•. 311•57 -1.419~9.1 -,2863180 .495570 
•. 1oe.,14 -1,403119 -,3020046 ,49198/ 
, .IQ5;·93 -1,389 1'04· -,.5171757 .488701 
•. 102, '55 •1 .J75,\27 ·,331R3o.? ,485668 
.299<66 -1.362582 -,.54597?3 ,482851 
• 296'•98 -1.Jso~1e -,3">96108 ,480222 
.294124 -1.339'>31 -,.S727573 ,477/58 
.292•25 -1.329!>72 ·,JA542F>2 ,475439 
,?9C~80 -1,319<3/ -,.S976332 .473249 
.~5s,;75 -1,309471 -,4093954 .471175 
,287194 •1,301<24 •,4207302 ,469206 
,285•26 -1. 292954. -,4316555 .46733.S 
,284,t,O -1.285121 -,4421889 • 465!>48 
.282/87 -1.277,.91 -,452J4tll .46384!> 
.281•98 -1.270c3:1 -,4621500 .462217 
,?.80,86 -1.263~19 -,4716112 ,46065'1 
.279145 -1.257~24 -,4807477 ,4=>916/ 
.?7f-, 68 -1,2'>1426 -,4895747 ,457731 
·.·277· 51 -1.245!:-04 •,4981067 .456364 
,276,.90 •1,2401l39 -,'>063576 .455046 
• ?7">1 79 -1.234110 -,':>143407 .4'>3180 
.?74•16 -1.229~11 -,!>220684 .4'>2!>6.S 
.273«97 -1.224130 -,!>295576 ,451.192 
.n2,1s -1,220,.42. -,5368043 .4!>026':> 
, 271••78 -1.21!>'•40 -,'>438342 • 44917'1 
• 271~73 -1.211;,14 -,!>506523 ,448134 
.210,02 -1.201,•'>3 ·,'>5726AO .447126 
.?69••62 •.1 • 2U3' 49 ·,'>,,3o9n;;> ,446153 
.269,51 •1,19919,l •,?t,9927.S ,445~1!> 
,261,167 -1. 195• 76 -,?759813 ,44431U 
• 26f1:.-1 n -1,191t·9? •,?A11'7l6 .443435 



2 p("'..ZpG" 

L ~ fl A i1 Z2 "-1 N) NM 
N 
2 l 0 0 1 2 0 1 

2 1 0 0 1 2 l, 1 
N L "' R A L1 Z2 Nl N2 NH 
2 0 0 1 2 1 1 q 2 

Kl•> _J V l.AMflllA NORM 
2 0 0 1 2 1 1 2 E: K(+) ~I•> q ~ 

-.377989 ·'•67 07 -2.262· 17 -2,00325/1 .07833? 
R E K(+) ~,-, Kl•> l V LAHBDA NORM .10 •l.:28tf3f 2DU.0Db392 

-.3E6757 • ~}81'•,31 't -2.29a,.e5 -2. 0131144 ol?8~9d 
* -1.,.in22~ ',Q.024529 .241b~U .. v .20 .no2,43 -2.3',746', •2,0?.98295 

5,ou -.653081~ ,292290 -.5:27310 ,2671,76 -1-188434 •,5876053 ,442590 v'.3u ·l.'..~1979E 22.272734 -.4C0439 
-2.4n,a.1 -2,or;3~241 .324~49 

5,2u -.648514~ ,289822 -.526109. ,266b71 -1,181869 •,5985996 , 4 ◄ 1774 .V • 4U -1.17£5L14 12.~77353 -.417120 .63<' ,91 
-2.0~5t,',?3 .411'>.!77 

5,4(1 -.6442147 ,287565 -.5H968 ,265160 -1.175734 •,6090195 .440984 -1.1'i71~,,, e.091402 ,.4?3743 ,h6b"ij6 •2. 531'•24 
.479-151 V • 5U ~2.6-Hl'>4 •2,1?593~3 

5,6u -.64-159< ,285493 -,523887 ,264\<15 -1-169989 •,6189095 .440221 v 06U •1.~ib3 2~ ':i.661902 -.446540 , 70<' ,91 
·2,17',2716 .543061 

-.451901 • 734,,37 ·2. 725656 5,8U ·,636327E ,283589 -.522864 ,264136 -1-164600 •,6283093 ,439481 v. 7u •1. i',65,821 4.181118 · -2.h0?404 ·2,234147;;> .593H52 
-.44724~ .159-,AO 6,0u -.632701 ◄ ,281834 -.521895 .263416 -1-159533 •,6372550 ,438766 v. Bu •l.2d6443t 3.22~024 

•2.863<··J6 ·2, 30287:>5 • 6,l0?59 
6,2U ·,6292645 .20•,212 -.5,0979 ,262/49 -1-154762 • ,6457789 .438073 v 09lJ •J .,H4166~ 2 .5M358 -.4a4s9 .774134 

•2,JR1!>61J4 • 6!>34 3h • 779.,37 ·2. 097?1 / 
6,4u -,6260022 .278711 -.520113 ,262130 -1.150261 •,6539105 ,437402 ✓ 1.0IJ -1.JJ83421 ,.09j795 -.404~90 

-2.9o6;.4a -2.470131,8 .66377l 
6,6U -.6229014 .277319 -.519295 ,261'>54 -1.146010 •,6616765 .436751 V 1,1u •1 • 358~48t 1. 741\625 · -.3t9182 .774100 

·2,'>i,8J706 .663414 -2.89,FHO 6,8U -.6199503 .276026 -.518520 .261u18 •l.141987 •,6691012 .436121 ✓ 1.20 -1.s12e31s 1.4M383 -.3,6126 ,76C121 
-2.6o1:-87 -2,6759084 .6!>441'> 

7,ou ·,617138 ◄ .274822 -,517788 ,260'>18 ·1,138175 · •,6762067 .435!:>09 t, 1. JU ·i~-l~2t514 1.286695 -.2781;11 , 731< ,17 ~. 
-2;/Q2J067 .638/76 

-.517095 -1.134558 •,6830134 .434915 •l.SM/7162 l.1?609!:> -.2,7471 .11.S"lf,8 ·2 .!.114••',;\ 
.618-11-1 . l ,2U -.6144557 ,273700 ,260U51 1.4U 

-.176192 • o84,,Q4 > -2.7!17,,48 ·-2,9170600 
7,4U -.611893] ,272651 •,516438 ,259H4 ·1-1311;23 •,6895398 .434339 ,., l.51J •1,,lbij440~ .994997 

.,53,,95 · -2.6Q,3121 -3,0496243 .594591 
7.6u ·,6G9◄ 443 ,271671 •,515817 ,259205 •1,127654 •,6958030 .433780 

. l v 1.60 •l • .>h:i3304 ,eil,;733 -.l,599ij .568\101 -2.024173 -3,1~9437? 
7,8u ·,6071001 .27c752 -.515229 ,258H21 -1.124742 -,7018186 .433237 •!.,1. 7u -J. • .)/8~30~ • 79:1211\ -.078188 ,622··21 • 542£7-l o591h76 •2.?53129 -3,-135934:> 
s,ou •,604854e ,269890 •,514669 ,258460 ·1,121775 •, 7076011 ,432709 vi.au -1. J697 77t • 7H~31 -.0~3b60 

•2.4b1170 ·3,4~856?', • !>15491> 
-1.118944 •,7131638 .432196 •1 • .l',83771 .64~798 .OC7058 .'>61•·96 .4tl915t 6,2U -,6:12701' .269081 ·•,514139 ,258121 ',1.9U 

.043747 .'533110 -2.411"!]';, ·3,6467916 
B,4U -.6Co635c .268320 -.513636 .257~02 -1.116238 •,7185191 .431698 V ~. OU ·1.. ,,4'>185] .58;,792 

•2.J42~'>1 •3,d101202 .4o3o4/ 
ll, 6U -.59ae5o7 ,267603 -.513158 .2!57,01 -1.113652 •,7236783 .431213 y < .1IJ •l • .l3 H51 .53~681 .076425 .-;oo, 73 i/ 

-3,9780816 • 4.l9<'>1 
.105277 .481 17 -2.277• 16 8,8U -.5967430 .266928 •,512703 ,257216 -1.111l76 •,7286521 .430741 y ,.2~ -1.,1498H •◄ 91389 •4,150?450 .41612J 
.130596 .457•79 ·2• 213'•66 9,0u ·,594907~ , 266290. -.512271 ,256'148 -1.108604 -,7334503 .430282 , C.3u -J.(9tit,:8~ .45.ICC6 

-2.1'>3~97 •4,J?62l>,6 .3~4J4l 
9,2u ·, 5931412 .265688 -.511860 .256694 -1.106529 -,7380821 .42983!> ,/ £.4u •l .,dl729~ .419751 .1~2730 ,430·;34 

•4,'>0',63~4 .373~21 
9,4U -.591439, .265118 -,511468 .256453 ·1-104347 •,7425559 .429400 J <','>U •1.264547C .39 944·) .172051 • 410.113 ·2 • [\Q]l 74 

• 3'>4b_5b 
.1E8925 •. '19tJ, 27 · -2.Q43,;7<i -4,68818'>9 

9,6U -.5897983 .264578 •-511094 .256r.26 -1.102250 •,7468798 .428976 ',. , • nu -1.~4/225C .36~994 .·4 • d 73~6h2 .3,l7U8U 
9,Bu -.5882153 ,264067 -.510738 .256u10 -1.100235 •, 7510611 .428564 \ '<. 7 u ·l .n96964 ;J44383 .2C3697 • '181•• 70 -1. 9921 36 

.3/0!>Jl -1.945, Jo· •5,0hl~148 
10,0U •• 586t873 .263582 -.510399 •255HQ5 -1.098297 -,7551068 ,428161 ,J,:.HU -: • 212t67, .3?½667 .21661\b .l6t ·,·3? .31l51J~ -1.900i29 -',.2~17930 
HI ,2U •• 5852113 ,263122 -.510074 ,2551l10 -1.096431 -,7590233 .427769 (, i • 9U •l.~95t?Ot .3t,Q46C .2r.8174 • 15;,,,04 ,?90bCY -1.B'>7S90 -5,44418'>2 
10,40 -.5837848 .262684 -.50976, -255424 -1.094634 -,7628169 .42738/ V ,1. 0 LI •l .11He2Jc .29'>431 .2~8414 •. 13\I .. R3 

.277470 •. 127, 70 -1.hll!, 6" -~.6384962 
10 1 6U -.5824053 ,262268 -.509468 .255.148 -1.092902 •,7664931 .427014 'CJ.lU -1 •• t~325s .28.1298 .24762? .2o504v 

.255987 •. '117.,73 •t. IHll'·lli ·5,tl345490 
10,8u -,5810705 ,261872 -.509185 o255ueo -1.091231 -,7700574 .426650 J,2U -:.;46164,: .27?B19 

.3Q7l09 •1·.14?,87 -6,0321825 ·• 2'>3441 
11,ou -.5797783 .261495 -.508914 ,254~20 -1.089618 •, 773514 7 .426295 \,,6. Ju --~,.~~.! ~69.! .<bi785 .2t3670 .242601 -1.112163 •6.l312500 -, 1,5u -,5167212 .26,,626 -.508285 .25 ◄ ,51 -1.085823 -,7817206 .• 4259.49 "1 J.4u ., • 114960t .-2~6021 .,008:18 .?9h'·01 .2J24~2 -1.6Hlil2 .t,.431H70 
12,0U •,5738897 ,259852 -.507720 .254i22 -1.082334 -,71193539 .425611 -1. ~995H .24<>376 .2775lfi • ?.90• llO .2?2YJ1 , /.:,. ?u •1.b52'•19 •6.6331600 
12,5U -.5712599 .259159 -.507209· .253'127 ·1 • 079114 •,7964725 ,425280 ·I J • 6<J H?~ ~!E .2•.'1719 .2E3896 .:>a3·,H3 

•(>,1>~576~4 .21397'1 .?76•,<;5 -1.6?5,74 13,0u ·, 568B10f .258537 -.506746 ,253~62 -1.076133 -,8031268 .424957 v~ ., . 7J ·1. il164I .2.l~93Q .2S002'> 
-1.5,;9/7H -7.019J2~0 • 2"'>~44 

13,5U ·,5665245 .257975 -.506326 .253•22 -1.073368 •,8093606 .424642 './ ,l,!\J ·!. 57391S • 21H941 .2S5973 .?7C•,43 
-7,243750,S. ,1'17~76 

14,0U •. 564385:i! .257467 -.505943 .253.!05 -1.070795 •,8152126 .424334 -" .i.9u ... •4,32, .23<639 .3C1796 -26?"01 -1.'>75: 3~ 
.190030 .26L•·h9 -1.'>'>?,'6fJ •7,4489418 

l4.5U -,562379< ,257006 -.505594 ,253008 -1.068396 -,8207167. .424033 V 4.ou -1. ~jlL81~ 022h962 .JC7'>39 
-1.'>J0~71 -7,6',4!:<1/8_ .1<!2b67 

15; OU -.56J494J ,256586 -.505274 .252M29 -1.066152 -,8259031 .423739 •1. 1H~34S .226846 .313240 .;,5t,, 6R .17604Y 4,1U 
.318'12" ! .~5~f04 -1.'>10194 -7,tl61<!994 

1~,5U -.5587200 ,256203 -.504981 ,252665 -1.064050 ·,8307984 .423451 4.2u 63864 • 22"233 
-1.491~?8 •b,0~8J124 .109'>42 

16, OU -.557046f ,255852 -.504710 • 252-,14· -1. 062076· ·,8354266 .423169 4.J1J -.~'14628t .,~r.L72 .J,:4024 .~4~ ... ,,4 
-d.2757874 .103310 

16,50 - • 55.54663 .255530 -.504461 · .252~77 -1~060220 -,8398087. .422894 'i. 4U - • n3,534 .2n319 .J~O.l43 • :?4~~}?2 -1.4/4,·97 
.1'>7-144 -1.4">7,'>0 -8 04A31'593 

1 7, 0 u ·,553970S .255233 -.504231 ,252.!50 -1.058470 -,8439639 .422624 ,. 4 • '>U - • ,; /~~.~?.~ .22~929 .336097 • /4£· ,49 
• 1'>1o01 -1.44?.''>~ •b,69lh666 

17,5u -.5525541 .254960 -.504019 .252132 -l.056B20 -,8479095 .422360 4 .btJ - • qi,H16S .£i?.66~ .34ld91 .~4c,;,1 
-8.YnoJ518 .14606'> 

18, Ou ·.5512G97 .254708· -.503821 .252u24 · -1.055258 ·,8516607 .422102 •.7u -.,;;1337~ 022_109l .J47l?'> • ;,3t-:•15 •1,4?7 6H 
.14011'> 

.-i~3'>95 .23t ... og -1.414 24 •9,1090608 1b,5u -.549932J .,254474 -.503638 0251'124 -1.053780 -.8552317 .421849 4.8u -.·:1414<.5[ .,2.l569 

.J~94Q7 . .23,,-R, •1,4G1 76 .9,J17<,4;,9 .1s5,3b 
1<J.ou •• 5487171 .254258 -.503468 .251~31 -1.052380 •,8586351 .421602 4,90 -.sJ1ei9S • 2?427l' 
19,5u -.547559f ,254056 -.503309 -251145 ·1 • 05H48 ·,8618824· .421359 
tO,Ou • .546 ◄ 55S .253869 -.503161 .251~65 -1-049785 -,8649840 .421122 

l 37 
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N L M R>'A '1 Z2 .Nl N2 NM 
2 1 0 0 1 2 0 1 1· J ~ S<;"-Jf G' 2 1 0 0 1 2 o. ,1 1 

H E Kl+) Kl•) Kl•) V LAMBDA NORM 

t' ~.ou -,9225429 ,225161 .365418 .233H6 -1,389776 •9,'5269505 ,130511 
N L H RHA Z1 Z2 Nl N NH 

~.2u -.9.49549 ,227390 ,377272 ,231187 -1,368~30 -9,9451682 , 125626 2 0 0 1 2 1 1 2 

V ~.4U -.8885655 .23 021 l .3e903Q .230178 -1,350122 •10,3633968 ,120872 2 1 0 0 1 2 0 1 

~.6U -.8732999 ,232862 ,400546 ,230453 -1,334?07 •10,7813675 ,116238 J,11+> HI•> 1 V SIJ 
,,au -.859084t ,235706 ,411663 ,230~84 -1,320452 •11, 1988596 ,111716 K( +) Kl•> Kl") o,., QI-) 

" " 6,0U -,e45e4n ,238406 ,422230 ,231,'47 ·•1,308~42 ·11,6156992 • ,107300 •4.972009 •,075734 •,00035\ • .1J9694 l 

6,2U ·,8335179 , 24 846 ? .4~2117 ,232~32 ·1,298182 •12,0317573 ,102984 .1u •4,924250 •,202998 ,or·.1115 •• 24H4\! •,007..64 
•2,439209 •,161658 -.002220 . • • 1Jtt581J 

•2, 359858 •,342081 ,001114 • ,241062 -. 022785 •. ""'45,c,~ 
V 6 1 40 -.5220280 .242950 ,441220 ,233.,36 -1,289100 -12;4469466 ,098766 • 2U •• 23168> •,042J02 •1 .,71533 •,240679 •,006095 

,JU •1 ,4640 :3 •, 445233 , OC3048 • ,011850 •,9.l28l1 
6,6U -,8113117 ,244684 .449471- ,234~71 · -1.251r,53 •12,8612177 ,094643 -.989876 •,510883 .oc5925 •• 21969'"' •. 062>40 •1.12:1.441 •,305450 

•,>l917-'l 
6,8u -.a:13062 .246052 .456839 ,236<'61 •1,273829 •13,2745541 ,090613 

,4U 
,0C9528 •. 20556., •, 082842 -.842046 •. 352354 •,01905/1, 

, 5U - ; 692164 -.542601 -,652955 •,380612 •,02703< -.o437J> .., 
7,ou -,1919522 .247081 ,4f3326 ,237~48 -1,267249 •13,6869657· ,086676 -.543669 ,013518 •• 18997,- -,100>91 

, 6U ·,492576 
-.115<1'1 - ,520041 •,392132 -.035004 - • /918~.S 

1,20 -.7631937 .247819 ,4f8965 ,2J8o,86 . •1. 26U67 •14,0984837. ,082832 ,7U - .. 351742 -,5207C9 , 01 /502 •. 17376·1 
·-.425190 •,39,581 •,042210 •. l.i91nc? 

,oe1109 • .157762 - , 126223 

" l,4U - , 774978~ ,248321 ,473812 ',240;,45 -1,255469 ·14,5091541 ,079082 ,BU - , 208559 - • 482311 '-.356815 •,380012. -,048116 •.688U~H 
-,436S77 ,oe4058 • .1'4261\f -,1331,05 

l, 6 U - , 76 7260< ,248641 .477936 ,241•04 -1,250(•68 •14,9190326 ,075427 I 
,9U -.211211 -,137t69 • .306754 •,363863 -,05237\ •• b,\9986 

-.175261 - • 389483 ,0:16186 •• 128754 •,05489J -.51t5"/~4 
7,8U -.7599939 ,248830 • 4e1416 ,242453 -1,244900 •15,3281803 . ,071870 1.0U -.138<00 - , 26Q180 •,344609 

1.1U - , 1>2633 - • 344585 .o,1 ◄ 47 •• 11eJ54 
-.323675 •,05577, - , >5>5,/ 

I 8,0U - , 753140t ,248929 .4!4332 ,243.190 -1,239920 •15,7366599 ,068412 - • 3l3'577 ,0;1eea • .105431 -,1J7e4U - ,240031 
1. :lU -,13/9 8 - .216566 •,3d2687 -,0552s1 -.''1911.10 

8,2U -,746664t. ,248971 .4e6762 ,244;/17 •1,235100 •16,1445329 ,065054 

11 
-.121544 •,267 H , oe 1616 •. 09588a -.135;03 

1, 3U -.196961 •,261703 •. 053536 ,. • 4h614.S 

8,4U -,74,5339 ,248982 .4!8779 ,244'142 ·1,230418. •16,5518580 ,061799 1 0 ◄ U -,119398 -.234863 , 0;6768 •. 08757,, •,130•45 
- ,180117 •,261346 •, 050904 - • '1',62b 7 

- , 112266 •,206836 , 0~5492 •. 08031, •,125752 -.0478>4 -.41'.9096 
6,6U -. 7347199 ,248977 .490450 ,245~72 -1,2251164 •16,9586899 ,058649 1 • 5U •,120 38 - .165239 •, 241694 

- • 1, 5537 • ,182'44 .o,3927 .,07395C - .4n42'1.S 
8,80 -,729196e .2489!51 ,491700 ,245994 -1,221231 •17,3650785 ,055605 l ,6U •.113,57 -.151866 •. 223516 •,04438S 

I l, 7U - ..,. 98949 •,161S67 .0,2194 •. 06A32'1 
-,139766 •,206303 -.04076~ •. Jdl5"' / 

" 9,0u ·,UJ94H ,248950 ,492848 , 246477 -1,216932. •17,7710687 ,052668 - • ;92436 -.14.1493 • o, V:!93 •. 06332• -,107)07 
\· 1.su .· • ,128693 •,190285 -.037202 - • ..St-Ot:- IJ 

9,2u -,718934C ,248955 .493802 ,246~94 -1,212750· •18,1767007 ,049840 1.9U -,.86026 -.121028· ,Ol8E01 •. 05883l. •,101439 
,-118542 •,175450 -.03374~ -.,J4141;,:! 

v' 9,4U -,7141554 ,248966 .494595 ,247;,54 -1,208683 •18,5820100 ,047120 ,; - , 114~( 7 ,Ot6e72 •• 05476, •,095268 ... J~35 d; 2. ou -,./9783 
•• 0~105> •,069"73 -.109222 -.161758 -.030484 

·9,6U -.7,95894 ,248985 .495259 ,247,63 ·1,204730 •18,9870280 ,044509 2.1u -,.73776 - .1~2Q03 , ,01~242 -.149148 •,02746~ • .~"ii; 704tl 
.01J733 •. 04766il - , 083512 - .100661 

9,Bu -.7l52210 ,249009 .495815 ,247~30 •1,200891 •19,3917820 ,042006 2. 2U -,..;68062 •,092831 
•• 044527 •• 078.19 ·-.092800 -.1~n51 -,024710 -.~416"13 

V 1 O ,Ou -.7\!10369 ,249039 ,49628!5 ,248061 •1,197164 •19,7962961 ,039610 <, JU -,~·b2681 -,084 46 .012355 
•,072e16 - • 085583 •.H6893 -.022211 • 0 /l/J,id 

2 • 4U -. J57655 -.07614' ,011109 •• 041627 -.117103 •,019981 •.t64Ui.!J 
1 o ,2u. -,6970251 ,249074 ,4H683 ,248i60 -1,193548 •20,2005915 ,037322 I QC 9990 •. 038934 -,067>10 -.078960 

£, :,u -.,~<992 -,069S41 •',1J8109 -.017966 -.l~l4"fH 
V',o,4u -,6931744 ,249110 ,497022 ,248•33 •1,190042 ·20,6046866 ,035138 -,063Sf9 ,or8,;93 •. 036427 ·,063302' - , O 72884 

~.016214 ... Z.51./ I I I < ,6U -.,48667 •,058<87 • .067309 •,099846 
1U,6U -,689474e ,249149 ,497314 ,248~84 -1,186642 •21,0085978 ,033057 2, 7U - , . 44728 -.058 28 ,0(6107 •• 03408• - , 01464,I -.,t.).b7t:, I 

•• 03190, •. 05h55 -.062193 -.092251 
10,su -,6859173 ,249189 .497566 ,248/15 -1,183347 •21,4123393 ,031078 £ ,8U - •• 41097 - • Q53.'IU2 ,Oc7321 -.057498 •,08'5267 -.013253 ,. 0 2184\ltj 

_.. .11,0_!!.L -,6824934 ,249228 ,497785 ,248N31 -1,180153 •21,8159239 ,029196 <, 9U - •. 37773 -.04h 0 53 , or 6E26 •. 0 2986e -.051193 
-,053187 •,078842 •. 012024 ... ,i!118t,4.j 

3.ou -~J34734 ·-.045 18 , Of 6012 •. 02795" -.047>88 
•,010936 •.1Y~4."1 

11;5"u •,674 ◄ 69e .249325 ,498221 ,249u63 _ -1. 1725.94 •lll,8242695 ,027411 •.041444 ,005468 •• 02617• -.0441<'124 0,049225 •,072927 
-,009973 •. 1.,. Ot>~•i:, 

12.ou •,66713oe ,249414 ,498!144 ,249..!36 -1,165601 •23,8318468 ,025719 .S. 1U - , . 31955 
,0[4967 •. 024501 •. 041,'86 •, 045583 •,067479 

J. 2U -._29415 -,038 86 -.009119 .... 1ti24.~J 

12,su -,66.3907 ,249496 ,498795 , 249,, 70 ·1,159136 •24,8387679 ,024116 • oc 4!i59 •. 022937 •, 038S6U -,042232 •,062457 
J, 3U -, .2IU93 -.035?~9 •.G35S32 - • 039146 •,057826 •,006360 • .1145..,.,1 

1 .S, OU •,654177e ,249562 ,498986 ,249472 -1,153125· •25,8451213 ,022601 - , 032••8C ,004150 •• 021471 •.lt,71,~S - J • 4U - •. 24968 •, 02009• •,033°87 -.036302 •,Q53551 ,.007684 
13,5U •,6484317 ,249619 ,499138 ,249,53 -1:;147539 ."26,8509784 ,021169 s • ~u - , ,23L22 ' - • 0'29073 ,0C.!f42 -. 049603 -.007080 -. 1 t>UU .. ,~ 

•, 018813 •,031-12 - .033678 
14,0U - ,6431011 ,249668 ,499261 ,249~18 ·1,142338 •27,8563981 ,019817 J • OU - , . ,1237 -.027>65 ,ocs540 

o,01760Y .;029 9S •. 031255 •,045955 -,006SSA •• 1"'321'- I 

14,5U -,638142< ,249710 • 499362 ,249t>71 ·1,137485 •28,8614295 . ,018542 J.7u •., 19599 .;025,35 .or3~69 
-.021,2; •,029016 -.042581 -,006051 .. ; J 46B1,; 

J. 8U •.,18l•94 -.023;72 , Ot3026 •• 01648') 
•,039458 •,00561? ~.1406~6. 

1!:i, OU -,6335171 ,249746 ,499446 ,249115 -1,132948· •29,8661141 ,017341 , or 2e 06 •-01'42.1 -.025l..90 - • 026945 
.S.9U -.:167 9 .;021155 •,025027 •. 036566 -.00521'5 •.l-i47JU 

15,50 -,6291930 ,249776 ,499516 ,249152 ·1,128697 •30,8704875 ,016210 4. uu -,.15432 -.020 71 ,or2eo1 •. 01443/ •. 023;61 
-.033887 -. 004854 ... j ;., ',I ti.~/ 

- , 625141< ,249183 •1,124706 •31,8745806 ,015146 • or2 ◄ 27 •. 01350• -.021>68 -.023249 •.1:::"J!:1...,.2 16, OU ,249802 ,499575 4,. lU - •. 14254 -.018'11 -.c20,03 -.Q21600 •• 031402 •.004524 
16,5U •,6213367 ,249825 .499626 ,249a09 •1,120955 •32,8784199 ,014146 4. 2ti - •. 1S166 -.017 63 .'H 2~62 •. 012631 -.004221 -. 11 /j,l')',J 

•. 01181• -.r19J18 • .020069 •, 029097 
1 7, OU - , 6177574 ,24984'4 ,499669 ,249n31 -1,117420 •33,8820285 ,013206 4 • .:Sa •,, 1'159 .... n15119 .orl111 

". 01104P-l -.017'25 -. 018646 •,0269>7 -. 00394, -.1.1.~~,'j 

4.4u -,.112~7 -.{;1447!.. ,or1,;73 -.003691 •• !l•~4lt! 
, 7 ,5u ·,614383E ,249861 ,499706 ,249N50 ·1,114084 •34, 8854272 ,012324 -.ou,,H • (1(1!45 •. 01 Cl32Y - , 016•18 - • 017324 -.024970 

•.1YJ7'f4 
18, OU -,611198f . .249875 ,499738 ,249~66 ·1,110932 •35,8886339 ,011497 4. 5U - , . l 362 

, 0 C 17 27 •• 00965, •,015•9J -.016092 •, 0?3124 •. ll034?"' 
4. t,oJ 9560 -,G12?31 •,021406 •.On323"- "'• ll~'J;?t-HI 

16,5U •,6081864 ,249888 .499766 ,249tt81 -1,107948 •36,8916646 ,010721 -;o1P28 .oc1e1e •• 00902> •,014',36 • .014946 
4. Ju 0816 

•• 0084211 •, 013•53 -.013678 •,01901£ ,•,0030SJ •• (••;4~rU 

l 9, Ou ·,6J53334 ,249899 ,499789 ,249N93· -1:105119 9 37,8945335 ,009994 1. 8!J rl124 -.ou:.95 • Q{'1516 
•. 00787') •,012~3,I -.012883 -,OlA32& ... 00284) •• 1/'-,lf]UO 
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