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ABSTRACT

Nowaday, the medical evolution has developed. It was discovered that Malaria is caused
by parasites of the genus Plasmodium. There are 4 types; Plasmodium falciparum, Plasmodium
vivax, Plasmodium ovale and Plasmodium malariae. Plasmodium falciparum and Plasmodium
malariae destroy red blood cells at all stages but Plasmodium vivax and Plasmodium ovale
destroy only red blood cells which their growths are not completed. Most Malaria cases in
Thailand are due to Plasmodium falciparum and Plasmodium vivax. This disease is usually found
in Africa, South America and Asia. It is usually found in tropical and sub-tropical countries. In
Thailand, Malaria is found in the forest area. It is found along the border of neighbor countries,
ie. the border of Thai-Burma and Thai-Combodia. Most Malaria patients are found in Tak,
Kanchanaburi, Trad, Ratchaburi and Mae Hong Son. Malaria is not found in urban areas.
Anopheles is the epidemic vector of Malaria. In this research, the transmission of Plasmodium
vivax malaria will be studied with the commuting of population. The mathematical model of
human and vector populations are formulated. After that, the application of standard dynamical
modeling method is used for analyzing the behaviors of solutions. The stability conditions of

parameters for each equilibrium state are shown and the way for controlling the Malaria is given.

Keywords : Malaria, Plasmodium vivax, Mathematical model, Anopheles, Standard dynamical
Modeling
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2 2 s ’ 2
Vin =Y, +(a +a))bf +a,ah’ [, +a,pR [, f +ah [?f“ +aﬂfxyf+-2-—fwf J+
ymmizudu ) = £ (x,y) o y(x,)=y, oynsumdinessen x =x, 14
Wo.OW s : A
Taomsfioudunlsz@ng y(x,,) woz y,, 18 a,+a,=1, a,a =% : a2ﬂ=%
1.8 a, =l,a2 =l,ﬁ=a =114
2 2
- +lkl +lk
Yia =N 2 2 2

kl =hf(‘xi’yi‘)
k, =hf (x,+h,y,+k)
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1 1
2=y, +—k +—k
yl+] y: 4kl 4 ]
kl :hf(xi’yr')

2 2
k,=hf|x,+=h,y, +—
2 f(xr 3 yl 3k|)

1
}’}+1=%+g(kl+4k2+k3)
ky =hf(xisJ’i)

k —hf(x +lh +lk,)
2 it » Vi >

ky=hf(x,+h,y,+2k,— k)

Vi =Y, +%(k, +2k, + 2k, +k,)
k] =hf(x,.,y,)

1 1
ky=hf| x,+=hy, +—
A f[x,+2 y+2k1]

1 1
k,=hf|x +=hy +—
3 f(xf 2 yl 2k’2J

ky=hf(x,+hy +k)

o o da - ey - d o d’
gasja-pamsnsuid Whugasnldluauimniiniinivil



2.7 jN803IN (Routh-Hurwitz criteria)
INNINIADI FaYn 38l (vector notation)
N'=F(N) (2.9
MY N =(N,, Nyooou N, ). F = (£, froeens £ ) ToUTUAREHASY £, ..., , 92
J LY = ) -
Yueghuynyianiouawiiaves N, N,,..., N,

vnaumaFudu 2.9) wldnladouves F(N)eglugluuudsi

oF
J=—(N
)
n3e
(oh o . A
N, oN, ox,
T
% o .. Y%
\6N| oN, axw

Tauit Jifhuam3ngvunn & x k A191299 (cigenvalue) A YoIMSnFIzrOARABIM
det(J - A1) =0
&4 A azdoscoandosfuaumsdnuaiian (Characteristic equation) Hieglugiliuy
A+aid ' +a, A+ +a, =0 (2.10)

NNAUMITANFAUIRWIE (2.10) Amualdil & wnsnd 921891

=(a)

q, 1
H, =
a a

H
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(a, 1 0
H,=|a; a, aq
\d; a, a
(a 1 0 0 0
i = a, a, a, 1 0
as a, a, a, 0
LCZZj—I Gyja Gy 3 Gy, a;
(@, 1 0 ... 0
H=|® %% O
U ¥ o . il

1 a o
Tavhimenves (Lm) luamsng H, fie
ay_, #miu 0<2l-m<k
1 dm3y 2l=m
0 dmiu 21<m %38 21>k +m
1 v = 1 = = - a
udamasnnizesszdesiidiusiuiluay an1nenafl  (steady-state) N vziadosnIng
4 . & _ 4 '
aoiloAmesTuuuniveannuning Huwiz  szdouiluuin  dsfdedet 4, >0 Taod

i=12,3,...k

.
2.8 MAUNUENUGIU (Basic Reproductive Number)

e

=D
@

AL

e
=h.
)

¥ v
AdFURUFAUFIU (Basic Reproductive Number) 138 R, Minufeiuiumaoues

L] dl L) - o n; =) J U ' 3
elnilulszrnsi liligiduiu Mnavusindilosousnunsiye 1w
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1. Anopheles dirus

2. Anopheles minimus

3. Anopheles maculatus

4. Anopheles sundaicus
2.9.2.1 Anopheles dirus @21¥931110 ( proboscis) L1 AAOWMNTE1AA ( maxillary palpi )
wazdnawen (scutellum ) 9z 18aFouhifl soomdn dauveznimons 3 § dodeszninteng
¥A4ATIAIU Tibia U0 Tarsi seitinunemn i lddamy

o

Anopheles Dirus Wuluthiiuyeveen limmuusnitisdsmusssuna dnvuziidoie
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2.9.2.3 Anopheles maculatus dn¥a1z11n, 320137110 uazauawvesenndiu Anopheles dirus
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2.9.2.4 Anopheles sundaicus an¥az11n,52013710 uazaMa1vve30n AZ1Y Anopheles dirus
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+22,0,05 + 2019,95 + AG; +4,q; +34,q5 + 244,95 +44,9,9; +24,,95 + 4,95 + 44,9,
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aa, —ay, = 2’11.3 "‘3'1;,241 + jv.‘hz +3lhzqz +44,9,9, + ‘112‘12 ""11.4'22 +‘?1‘1§ & 3’11,2‘?3 +42,9,9;
+q12 4 +24,9,9; +29,4,9, + '11;%2 + ‘II‘]:: * 327.2‘15 +22,9,95 +42,9,9; +29,9,9;
+4545 + 42,03 + 29,095 + 209,95 + 4595 + M s + oG5 + s + 524, 1, +SA4q.4,
G M, + SA G4, + 3001, + Gy M, + S A, + 34, G5 1, + 20,031, + @3 4, + S q s,
+2q,qsk, +3G5q5H, + 3GsqsH, + G5 1, + 2 ) + QUL + Qo) + Gapl +Gopt,
-22,9,P4, - 99,59, — 4 22 B4, — 4,989, — 4,9:89, — 24, NN 50, =N, N, v9'|5;,5v’
—N,N,4,6,0, — N,N 4,6,6, - N,N,qs6,0, — 4,8, 4, - N,N, 6,0, 1,

fiufe aa, —a, >0 il

24, 4342 q,+ Aq! +34,7q, + 44,09, + 419, + Ads + 44 +34, 6, + 444,95
+41qs + 22,0,0: + 24,9:95 + 4ds +4d5 +34,q5 + 224,995 + 44,4,9; + 24,9,
+43qs + 42,4395 + 26,9395 + 20,9395 + 4395 + Ads + 045 + 434 + 58 1, + 5A4q,4,
G, + S, 3G DM, + Gy, + SAGH, + 301, + 205G 4, + G, + S AqsH,
+2q,qstt, + 30,G5 k4, + 3G, + G5 1, + 2A 1 + QU+ Qo p + Gty + G

> 22,9,84, + 4984 + 4 B4 + 99,54, + 4,9584, + 24,N,N,5,8, + N, N 4,5,0,
+N,N,4,6,6, + N,N,q:6,0, + N, N 46,0, + q,Pqp1, + N,N,5,6, 1,

v) 191501 a,a,0,—a,’ >0 %30 A,a, >0 90

A, = 2/1}:3 + 3’11,2‘11 * A’thz * 3/11.292 +44,9,9, + ‘I|2‘12 L ;{1:‘15 + ‘hqg + 321.293 +44,9.9;
+Q’1243 +24,4,9; +29,9,9; + ’?7.‘132 P ‘Iﬂ: * 3’11.2% +24,q,95 + 44,9,95 + 29,9,9;
+435 + 42,0395 + 29,495 + 29,9505 + 4395 + Ads + 4aGs + s + 54 1, + SA4,q,4,
Gyt + SAqol, + 3G D1, + G, + SAaGath, + 300k, + 20,951, + 431, + S,
+2G,qsH, +30,G5k, + 3GsH, + G5 1, + 2 + QL+ Gop + Gy + s,
~22,9,89, — 1984, — 4 P9, — 1:9:59, — 4:9s84, — 24, N, N, 5,6, - N, N,4,8,,
-N,N,4,6,0, — N,N 46,6, — N,N 4,6, — 4,594, — N,N, 5,6, 41,

a, = N,N,5,6,(%, +q, +q,)—(q,(4, + g, + q,) + (4, + @, )(4, + ;) + 4, (4, + 95 — Bq,))u,

wldh aa,a -a’=
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24,'N,N,8,8,+34,'N,N 8,5, + 4’N,N /8,6, + 54’ N,N,q,5,8, + 14N, N 4,9,8,5, + 24,N,N,q!q,8,8, + 44’ N, N 4:6,3,
+54,N,N,q.4,6,8, + NN @/ 0:8,8, + W NN, 45,8, + N,N,4.4:5,8, + 54,'N,N,q,6,5. + 14, N,N,4.9,5,0, + 24,N N, 4{q,5,8.
+84,’N,N,4,9,5,8, +104,N,N,4,9,9,8,8, + 2N, N 4, 9,9:5,8, + 34N, N 4,4:8,8, + 3N, N 4,4:9,5,5, + 43, N, N 4:8,5
+54,N,Nq@i6,8. + N,N,g/¢.8,8, + 34,N,N,4,4:6,5, + 3N,N,4.9,4,5,5, + 4,N,N,5,5, + N,N,4.¢8,5, + 34,'N,N 4,5,
+2}:~:.N.qﬂs‘$;6: + 7’11.:Nan‘7ﬂs§;5: +44,N,N,q,9,9:6,8, + S&Nthq:qsﬁ;b: + 2Nk-qﬂ§qs‘3;5: +N,N,4:9,6,5,
+74,’N,N,4.9,6,5, + 44,N,N,4,9,4,5,8, + 104,N,N,4,4,4,5,8, + 4N, N 4,4.9,4,5,, + 3N, N 439,4.5,8. + 54N, N 4:4.5,5.
+2N,N,q,419:5,0, + 3N, N,4,4,9:6,8, + N,N 419,868, + 4,'N,N 4.8,8, + 24,N,N,,4.5,8, + N,N,4:4;6,6, + 24, N,N,4.4,5,5.
+2N,N,9,9,4:8,5, + N,N,q19:8,8, + 42,9, Pq, 1, + 64,'q,q,Pa, 1, + 22,9,9, 84,4, + 64,'q; a1, + 84,0, Pa,p, + 24.9; g, i,
+22,4,844, + 2.0 P41, + 64’00, 8.4, + 84,8.9:9. 89, + 24,0041, + V419, 8G M, + 49,49 a,1, + 22,9, Pa 4,
+24,9.9: BaH, + 64,'9.9.8,1, + 42,9,9:9.Pq,1, + 84,q:9,Pq, 1, + 49,09 Pa, + 29,9, 8,1, +84,9,9:9.Pq\ 1, + 49,9.9,9: P, 1,
HG:q:9.Ba4, + 20,0984 4, + 24,3,9, Pa K, + 20,0 Pa M, +24,:0,9; Bau, + 124 N, N, 88, 1, + 84N, N,q,8,5.1,
+24,N,N,q' 8,81, + 134’ N,N,q,8,8, 1, +124,N,N,4.0:8,5, 1, + 2NN g 0,8,8,1,+ TAN,N 38,8, + 4N, N,q.4:5,8. 11,
+N,N@:8,8,, + 134N, N,q,8,8,11, +124,N,Nq,4,8,6, 4, + 2N, N,q{q,8,8. 1, + 144, N, N, q,4,5,8,18, + 8N, N,4,4,4,5,5. 4,
+3N,N,4;0:8,8,1, + T4, N N,q,8,8,1, + AN N q@:8,0. 4, + 3NN, 0:0:8,8, 41, + N,N,q,8,5.1, + 84N, N 48,51,
+44,N,N,q,q:0,8,, +124,N,N,q,q:6,8, 4, + 4N, N,4,4,4,6,0,14, + 4N, N ,4,9:8,6, 1, +124,N,N,q.q,8,5,11, + 4N, N 4,9,9:5,5, 11,
+8N,N,0,::4:5,0.1, + AN, N 495,81, + 24, N, N, qi8,5.11, + LN, N 4. 0: 85,8, 11, + 2N N g, @i 8,8, 1, + 43,7, Paq ui] + 44,09, Pq,]
+4, 0B} + 4G Pau] + 2.0 Pa K + GEGH] + 4400 Pa4] + 24,0984 + 24,484, + 4,91 Pa k] + 4400,9: a1}
+24,9:9:P9 1, +29:9:PG 1, +20:9:95Pa,1 + .95 Ba ] + 34 NN, 8,811, +24,N,N g, 8,8,41; +44,N,N,q.85,8, 1]

+2N,N, UQqué:s:#f +N,N rq: 80,48, + 44N, N q.5,54; + 2N, N, v%%‘s‘;a\zﬂf +2N,N, quq,ézﬁ:y: +N,N,g:8,8.

+24,N,N 4,86, +2N,N,q,q.8,6,41; + 2N, N,q.q 8,0, + 24,0, 84,40, + 4:0,89.18 + G a1, + 0,4, 89,48, + 4:95Pa,1,
-24,'N,N ,4,$4,8,8, - 4,N,N,4.9,84,6,6, = 34N, N4, $4,6,8, - N,N,4.a: a,8,5, - 424,04, — 4/ a5,

-N,N,q:$4,8,5, - 34N, N,4,4,84,5,5, - N,N,4,.9,:9,84,5,5. - 2N, N 4:4,84.5,8, - N,N,40.4: f4:8,5. - 4,N, N 4.9,84,5,5.
-N,N,4i4:84,5,5, - N\N,0,0,9,84,8,0, - 34’ N;N}8;'8 - W, NiN g8, '8, —5AN;N}q,5,'8 = N;N}qq.5,'8," -2N; N};8,'8"
-54,N;N}q:5,'8 - N;N]4,q,6,'8] — AN Nlq,q,5,'8]" —~2N;Nq}8,'8] - % N;N}q:8,'8," - NiN]q.:98, 8, - N;N}q,:5,'8)"
=200, -5 qp, - 40 q - Al a = SA au, — 124,q.q.m, 94 4 .1, — 2480, ~ A4 G 1, - O a3 1, — 64,4 a3 1,

~G @K, ~ DR, = 2AG@H, ~ GG, ~ 5A G, ~ 122 4,00, - 94 a0, ~ 220,01, -84, 0,q.0, — 184, 04,4,
~124,979,q,1, - 24,9:9:4, — 34,4344, — 649,030 44, — 3G, 0:q,14, — 42 @1 4, — 94 QG 1, — 640 G 4, — 40 14, — 340,00 1,
~64,0,0:03 1, — 3G R, — A B, — 2H8GH8, — BB, ~ 54 a4, ~ 84 a g, 324 g qp, — 122 g9, - 1847 q.9,9.0,
~64,019:954, — 94’0954, ~ 124,0,03954, ~ 36, 92954, — 2402951, — 24,0954, —124,'q:9.4, —184,'4,9.9.4, — 64,4,9,9.4,

~182,’ 000,14, - 2020,0:0:9: 1, — 64, 9:0:95 1, ~ 64,819,951, — 6,039,954, — 94439544, ~122,0,43954, ~ 34,9394,

~64,0:41954, ~ 64,:9:93954, — 22419514, — 20:9395H, — 44 a1, =344 1, — 947 q:a 1, — 620,40 1, — OAG3a5 1, 39,0305 1,
~G295 4, ~ 94, 4,45 1, ~ 6A4,0,9:0 1, —122,0,G,95 1, ~ 64,9:9:G5 1, — 3G,0:95 1, — OAGI G5 4, — 3G@ 1G5 1, — 30,0305 4, — T4 1,

~A Gol, - 200G, — GGl — 20,01, — 20,0503 1, — G50 K, — 22003 G 1, — 40 B 1, ~ PG K, ~ 49,59, 14, ~ 439554, 4,
-34,N,N,0,84.5,5.18, - N,N,aa. Ba0,0.1, — 20,0951, — G4 — Ao ) = Ry — Gods b, = Ao b, = Qs 4, =34 qp8]
-2N,N,4;a,8,8.18, - 2N, N,4,4.84,8,5,14, = NN, 0,998,014, = ANy N 8,8 1, — NyN},8,'8 1o, — NN q. 8,8 1, = 42" 1]
-8, g4} = S 1 — A1} — 82 a ] — 14441} TAG G — @4 524G = TG @is = 24 G~ A — 4
-84, g} ~142,7qqusl — 1A4ai 0.1, - G — 104 Q.08 ~ 144,008 = 44,0 0:4, — 3G9, ~30:0:9:4 — 54 ¢ p]
“TAQ@ =240 45 = 3G, — 39001 — gl — aait, 84 gyl — 1047 q g - 3Aglqu —1424,'q,q.0] ~ 144,99,
=391 0,95, = TAqiqs, — 44,0195 — D954, — 144, q,q.01] —1824,9.9,9.4, — 369,95 —1424,0,0,.9:45; —8,0,9,9514; —34,9:9544,
144394 — 4941048 — 30,4398 — @44 ~ SA G 34801, — 14441 - 300:95 1] 20,0548 ~ TAGG K, ~ 309,951
~49,0.0: 1 = 2400 1 — A — G — GG — NN GBS, =23 18 =34 8] = 41 1, = 32" Qi) — 440,008 — 41 018,
24,0,9:4, — 29,891, — BGS 1 — Q45 1, — 30 G ~ 22,0958 — VA0,9348, ~ 299,954, — G05H — A0, — 2495954,

.
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24,'N,N,8,8, +34,’N,N 48,8, + ' N,N 4]86,8, + 54,’N,N,4,6,8, + TAN,N,4.4,6,8, + 24,N,N 4. q,8,8, + 44, N, N 4;6,6,
+54,N,N,q.4:6,8, + N, N4/ 38,5, + AN, N,0,6,8, + N,N,4.0:6,5, + 54’ N,N,4:8,8, + T4’ N,N,4,4:8,5, + 24,N,N 4.q.5,3.
+84,’N,N,4,4,8,6, + 104, N, N 4,4,4,5,5, + ZNanquz‘hJu'a: + S&NANV‘T;?:E;‘S: + 3Nu-41‘?:‘?35;5: + 411.sz~.‘1325;‘5:
+54,N,N,q.4:8,8, + N,N,4/q;8,8, + 34,N,N,4,4:6,5, + 3N,N,4.9,4,8,0, + 1, N,N 46,5, + NN ,q,436,3. + 34, N,N 4,5,
"'217:2 N,N,q,9:6,6, + T’LZNA N,9.9:6,6, + 44, N, N 4,9,9,5,5, + SA*N.N_q;qSS;JJ #*: ZNAN.;%?;%":E: + NANV‘?:%J;J:
+14,'N,N.q,.98,8, + 42, N, N 4,:4:9,5,8, + 104, N, N,4,4,9,5,8, + 4N, N,4,9,4,4,5,8, + 3N,N,4:4,4,5,8, + 54,N,N,4:9,5,5,
+2N,N,q.4:9:5,8, + 3N,N,4,4,4:8,8, + N,N,4,q,8,8, + 4’ N, N 4.8,8, + 24,N,N,4.4;5,8, + N,N,4:4;8,8, + 24, N, N 4,4,5,5,
+2N,N,0:9,4:8,5, + NN, @103 8,8, + 42, q. Baup, + 64,7 q,a, B, + 22,4, 9.Pq,1, + 64, g, 1, + 84,993 Pa,i, +24,9; Pa, 1,
+24,4,89,4, + 24,9, a1, + 64,'4,9, 84,11, +84,0,9:9: 89,14, +24/0:0: a1, + 44439.P, 1, +49.930:89,4, + 24,0, Bai 4,
+2,9,9: Ba 1, + 64,'q,9.8q, 1, + 44,,9.9.8a,1, + 84,:9.Pa, 1, + 49,9,9.Pa,u, + 24,9 Pa,u, +84,9,9,9,8q,4, + 44,4,9,9.8a, 1,
+4919,9.89,1, +24,9:9:9,1, + 24,8,9, B 1, + 24393 Pa i, + 24,9,9, Bayu, + T4’ N, N, 8,6, 1, + 84, N, N q,6,6,1,
+24,N,N,g'8,8.1, + 134’ NN 9,8,8,1, +124, NN 4,0,8:8, 4, + 2NN 4 0,8,8,p1, + T4, N, N 4;8,8,p1, + 4N, N,0,0:8,5,11,
+N N, g16,8.41, + 134, N, N,q. 8,5, + 124, N, N,4,9.5,5, 1, + 2N,N,q/q,5,0.u, +144,N,N,q,9,8,0.11, + 8N, N,4,9,4,5,5. 11,
+3N,N,giq:08,1, + TAN,N,g;8,6,1, + 4NN 4.0 8,8.1, + 3NN 0.4, 8,8, 1, + NN, 416,8,11, + 84, NN q.5,8,11,

+44, N, N,qq.5,0.4, + 124N N,4,9.8,8,p1, + 4N, N,q,4,9.5,6,11, + 4N, N, ,q:q,ﬁ;ﬁ:pv +124,N,N,q.9,6,0,u, + 4N, N, 4,:9:5,5, 1,
+8N,N,4,9:4:8,0.1, + 4N, N,41q,8,8,11, + 24, NN 48,81, + 2N, N,0,4;8,6,1, + 2N, N q,q:6,0, 11, + 44, q, B, us; + 42,0, P!
+4, QPG +80g Pa k) + 24,0 Pa i + GPGM +AAGA LA + 200, 0.PGH; + 209.P 8 +0:0: Pa i, +44,9,9.Pq 4
+24,9,9:8q,; + 24,9 Pq 1 +2:9:9:Pa4; + 49 Pa 1! + 34’ NN, 88, 11} + 22, N, N q 8,8, i] + 44N, N 4,8, 1]
+2N5Nv‘11%§:.é‘:ﬂf + NkN.‘I;J;J:ﬂ: +44,N,N,q.86,5,u + 2N, N,q,q,6,0,1, + 2NxNv‘hq35;5:ﬂ: +N,N,gi8,0.u

+24,N, N‘,q,&;&:pf + ZN,N,q,q,J;&'}J: +2N,N,q.4,8,0,4; + 24,9, 8,41, + qlqlﬂqlllj * ‘hlﬂ‘?lﬂv! + qusﬂqlﬂf +q,q.8q.4,

>

z’lnzN WV, ,qlﬂq'lé';é‘: + 4NN vqlqzﬂ9|51:5: +34,N,N -411 ﬂqla.:a: +N,N -qlqgﬁqu;a: it 431?:‘13#3 + 412 q:ﬂ:

+Nk~vq;ﬂQI6l:6‘v + 3AﬁNthq2qJﬂql‘s.:3: + N,N,49,9.9:84,6,5, + 2N5Nﬁ:qiﬂq|5:‘s‘v ¥ Nanqugﬂqla;‘s: + 4,N,N,4.9,89,5,6,
+N,N,439,84,6,8, + N,N,4,4,9,89,6,0, + 34 N]N.8;'8; + A, N;N1q,8,°8 + SANIN .68 + NN4,q,6,'8] + 2N, N}q;6,'67
+5A,N)N1q,8,8" + N;Nlq,q,0,°5," + 4N N:q,q:8,'8" + 2N N qi8, 8] + A, N;N1q6,'8)" + N;N}q,9,6,'8," + N;Nlq,q,6,'6)’
20 1, + 54 g, + 4200 u, + A0q u, + 54, g, 4124 9.0,0, + 94, q] o, + 2A4800,0, + 43,01, + 94 03 1, + 620 a3 14,
G, + A GH, + 2@, + 4Gk, +5A s, +1220 0,0, + 92, G g, + 248004, + 82, 0,q., +182,7 4,0,

124,00 0,9, + 24,9048, + 34, Qa1 + 6AGiq 1, + 3410k, + 42 G 1, + 9247 qq 1, + 6A4G aIH, + 4 03, + 340,00,
HOMG@A, + 3T DG, + A0 G p, + G @, + GG, + SR qsp, + 82, + 32,7 q qp, +122,)q,q., + 1847 9,9.9.4,
+64,0]0,954, + 94, G0k, +124,8.030:1, + 3G GqH, + 2H029:4, + 20,9954, +1224,'q:q4, +184,°q,9.94, +62,4,9,954,
+182,20,0,954, + 287,0,0:9:45 14, + 64,4005 14, + 04430051, + 6,830,954, + 9% 01qsH, +124,0,95954, + 3403954,

H624,0,030504, + 6.0 03a5H, + 240051, + 20,0395, + 44, G 1, + 34, a0l 1, +94,'0,43 1, +64,0,:0,43 1, + 6403051, + 390305 4,
@@, IR GG 1, + 64,890 1, +124,0:0,05 1, + 60,0,0: 03 1, + 3EGGIH, + OHRGG K, + QG + ITEGH, + G5,

A G, + 2A0,00 1, + B A, + 200 H, + 20,0001, + G A K, + 248, B0 1, + G@ PE M, + BB K, + TGP, + 59558 K,
+34,N,N,0,848:5.1, + NN 4.0, P00,5 14, + 20,0,940) + G954, + AGott] + QG110 + Qu@o 1, + AGyH) + Q@i i, +347 .
+2N,N,q; a,8,0., + 2NN 4.9,84,8,5.4, + N,N,9.4.84. 5,011, + AN N}8,8 1, + NiN1q,8,'8] u, + NiN1q,8,2 8, + 44" i}
B4 g + 54,0 q 1) + Mgl + 84, 't} +144, g p} + TAGI Q1] + GG + SR G + TAg@ ] + 20 G+ AGH, + Q@
84, gl +142,'q,q,45] + TAq g1l + @ gl +104°q,q, 1] +144,9.9,9.48 + 44,4048, +3A,839,48) +30,039.48, + 547 q 018

+IAa G107 + 240651 + 348,00 18] + 390,05 1) + @il + @@} + 824 gl +104,7q g’ +3A,g]qu] +144 g 9. +142,9.0.9.40]
3¢, qqu] + 12,0398 + 49039181 + 319,45 +1427 9,1} +1424,0,9.9.40] +3G,9:48] +144,9,9.9.44 +84,4:0:948 +39,9:9:44,
HIAGqs} + 80,0195 +30,830508] + Gasps} + 52 Gl + 3@ + T1A4q.q1 1] +390:90 18 + 230548 + TAGG: 10 + 3909518
Hq,q.00 15 +201q5 1] + Aquis} + @ qops} + @i + NN,@,Sa8,0 48, + 22,115 + 347 quu] + Agi 18] + 32,7 qupa) + 84,040, + G g4,
V20,9340, + 240934 + AGi G + QG5 1y +34°G8 + 2G4, + ARG,q0 +26,G,G50, + Grqsk, + GG + 2,9,G54,

L ¥
@ 1 1 " o L A
MNAUNLIM 4 A1 nunfiauiuauianue urasinasugaiinnuadosnile R, <1



¥ i
2) yaugameldannizsznaiseses 1dyeauea £, (1,,S,,D,.1,) iile

I = (9 + 5 + 4 0Gs + 409, +ds + A, = (qs + H)N,N,60,(9; + 45+ 4) + Baig. )
Y NGUG(1+ B)a, 4~ BNG, — A Xau+ h) ~ (0 + 5+ AN+ AYNG, +2) +4,(gs+ N6, + 4,)))

q4+’1h +Ih "q4+‘1x(1_ﬂ+£‘(gﬂ4l)
g = 9+q;+4,
h — ’
A, +q, +6,N, (—, S LN, J
S1,N, + 4,
Dh = ﬂqllh
g, +q,+ 4,
___&I,N,
" SN, +u,
o2 1@ Tadloummsnaaall
_(q] + qS + ﬂ'h) 5;,1va qZ a;;NvSh
I = 4 — 94, — Pq, _(ﬂ'h+§}:1va+Q4) (‘h“h) "'é‘f:NvSh
3 By, 0 “(9'2 +q;+ ”“h) 0
O.N, (1 - ]v) 0 0 —(5;],,Nh +yv) BB, 8
_(ql +45 +Ah)—1 5;IVNU q2 J;stﬁ
4.-49,—Paq, —(Ab+‘si:Iva+q4)_;" (% —%) -o,N,S,
det(J, —AL)=
( " ) Pa, 0 _(qz +4 +’iﬁ)_’l 0
SN, (1-1,) 0 0 ~(8 LN, +1,)-

(7453 03.1,)

(1-1)N,6,(-2—q, —q; — 4, AN,S,6, + N 4,5,0, + N,S,6,4,) +
(-I,N,(q,- Bg,-4,)6; +(-A-¢,— s -~ ZLX-A—q, - N5, - 4,))
(-A—9, -9, 4) + Pq,(Aq9, + 4,9, + I,N 4,6, + I,N 4:6, — I,N,q,0, + 4,4,))
(-A-I,N\6, —p,)=0
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(=4,’N,N,S,8,5. —24,AN,N,S,8,5. = A*N,N,S,8,6. + 2,'I N,N,S,5,5.
+24,AI,N,N,S,8,8. + A’ I, N,N,S,5,6. - A,N,N,q,S,0,6. — AN,N,q,5,5,6.
+4,I,N,N,4,5,6,6, + AI,N,N 4,5,6,0, — 2,N,N,4;8,0,0, - AN,N,4,S,5,0,
+4,1,N,N,q,5,0,6, + I N, N 4,5,6,6, — 4,N, N 4,5,6,0, - AN,N 4,5,6,0,
+4,1,N,N,4,8,6,6, + AILN,N q,5,6,0, - N,N 4,4,5,6,9, + I,N,N,4,4,S,0,9,
-N,N,4,4,5,0,0, +1,N,N,4:4,5,6,0,) + (-1,N,(q, — B9, — 4,)0, + (A —q, - g5~ 4,)
(~A=4, = L,N.G, = 4)N-A =4, = 45 = %) + P44, + 4,9, + I,N 4,8, + I,N 45,
—I,N .46 + ;4)(-A - I,N, 6, — 11,) =0

(=4,’N,N,S,6:6. —24,AN,N,S,6:6. — A’N,N,S,8,8. + I N,N,S,8,5. + 24,AI N,N,S,8,8. + A’ I N,N,S,5,5.
-4N,N,4,5,6,0, = AN,N,4,S,6,6, + 4,1, N,N q,5,6,6, + A N,N q,S,8,6, — 4,N,N,4.5,8,6, — AN, N 4.S,6,6,
+4,I,N,N,q,5,6,8, + A N,N,q,S,0,6, — 4N, N,q.5,0,6, - AN,N 4.8,6,0, + 4,I N,N,q,5,0,6,
+AI,N,N,q,5,6,0, - N,N,4,4,5,6,0, + NN ,4,4,5,6,6, - N,N,4,4,5,6,0, +i,N,N,9:4,5,5,0,) +

(4 =34’ A-344° - A’ - A)q, - 24,Aq, - A°q, - 'q, - 24, Aq, - A°q, ~ 40,9, - A4, — 4,9, — 2, Ag, - A'q
~499 — 4G = 4G4 — 2429, - °q, - 4,94, — 499, — 20,9, — A9, — 49,9, — %959, — 499, — 9,9:,

~A"qs = 24,9 - A5~ 29,95 — 29,9, — 44:95 — 20,95 — 49,95 — 29,95 ~ 0,995 — 9:9.95 + 43,84, + 19,84,
+,9,84, - 4,’1,N,8, - 24, A N8, - A’ N6, - 41N 4,6, = ALLN 4,6, - 41N 4.6, — AN 4.6, = 4,1N 4.6,
-AI,N,q.6, - 1,N,9,9.0, - I,N,4:9,8, — 4,1,N 40, = AI N 46, — I N,q,q:6; — 1,N,4,9:5, — 4,1, N, Bq,6,

v

-AIN, Bqd, - 1,N,q,Bq6,X-A—1,N,6,—p,)=0
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AINN 58~ AANNSEE - NN SEE+ ATNN S+ A NNSEE + FINN S50

~ AN N4:5,0,0, — ANN,4,5,85,0, + 41 N,N,0,5,5,6, + AL N,N,4,5,8,8, — A,N,N,4;5,5,6, — AN,N,4;5,5,6,

+4,1 N,N.4:5,6,0, + U N,N 4,558, - 4,N,N 4,550, - AN,N 4,580, + 41 N\N4,5,5,8,

+AI NN ,4,5,5,0, - N,N,3:4.5,60, + | N,N,9.4,5,8,6, - NN,4:q:5,5,0, + L N,N,4,:4,5,6,9, + A AN
B+ A+ 400 + 20,09, + X g+ 2 Ag, + 24,70, + g, + 444, + X9, + 47 Ag, + 24,07, + X'q, + A Aqq,
+A Gy + 424, + 22,479, + A4, + 409, + X4, + A0, + XG0, + 29.0.4, + 4294, + X9, + 29,4,
+3,4q, + 24, °q, + X'q, + A4 Aq,9, + A4, + 4799, + A'q.q, + 4,249 + X'q,9, + A9,9,95 + 29,095 — 49,54,
~7'q,P9,— 29,9.89, + 4 M N8, + 24’ N8, + XIN,8, + A N,g.8, + XIN 4.8, + 41N g.6, + 1,N,g,6,
+A4AN 4.8, + X1 N g8, + N 4,48, +ALN,giq8, + AALN,g8, + MIN, 5, + AN, 9,99, + AN 4956,
+4ALN, BaS, + X 1N, BaS, + AN, Bad, + 3 1N, + 34 ALNG, + AN LN, + LN, + A I,N,gJ,
RAALNGS, + A 1,N,g6, + £1,N,q,8, + 24,1, N, 4,0, + L1NGS, + 4 1,N,49,8, + A,N,gq,5, + 4'1,N,g:3,
RN, + 1N, + 41,N,q4:0, + AL NG a0, + 4 1,N,g0, + 241, N,q 0, + AI,NgS,+AN,340,
+ALN,g9.0, + A4 1,N,9:9.8, + A, N,a,9.8, + ,N,0:9:9.0, + A1, Nig:q.8, + ALLN,,q,8, + ,N,9.9:9.0, + 4 1N,a5,
R24ALN,g0, + Z1LNgS, + 4 1,N,0:9:0, + AL, N,g.48, + 4 1,N,4:q:8, + AN, 8, + A1,N,4.96, + ALN,.q:5,
+,N,0.4.99, + 1,N,2.995, - A1, N,a.548, - A1 N,4.48, - 1,N,9.9.548, + A I N,N.53, + 2411 N,N. 5,8,
+A’ LI NN,83, + 41,1 N,N.g,8,8, + AL IN,N,g58, + 411NN 950, + ALIN,N g9, + 41,1 N,Ng.86,
+ALIN,Ng.&88, + 1,1 N,N,9.9.5,5, + I, N,N.4:a. 5,0, + 41,1 NNN4G6, + AL ILN,N,g8,8, + 1,I,N,N 4,9:5,0,
+1,1,N,N,a.48,8, + AL NN BaS,8, + ALI NN BaS,8, + 1,1 NN PGS, + A 1, + 347 A, + A+ A,
A qutt, + 2R, A0, + Aty + Aot + 220014, + X Qo + Aoty + A ott, + A G, + 242050, + Ao,
A, + AGGH, + 2 Guth, + 222G 40, + Gty + AG G, + GG, + GG, + A0, + GGG, + A0,
A Gk, + Gt + A sk, + 2AAG 544, + X Gufl, + AGGsth, + AGnGpt, + Aot + AdsGsth, + AQuGsth, + 24,51,
GG, + GG, — G Bk, — APk, — 0.9 Bk, + A LN G, + 2N Sypt, + RLNSypt, + 41N 40,1,
+AILN, @008, + A1 N, g0, + ALN g8, + AL N g G, + LN, S, + LN.9,0, 83, + LN G0, 0344, +

AL N9, + ALN,g O, + N4 0,4, + 1N 49014, + AN, BaSps, + AN, B S, +1N.9.84:6,1) =0

td
saguaumsIniiez 18t

(4. I,N,6, + 2’ I,N,q8, + X' I,N,q,0, + 4,1,N,q.4,0, + A 1,N, g8, + 4,1,N,q,q,5, + 4,'1,N,q.,0,
+4,1,N,4,4.9, + 4,1,N,0,9.0, + 1,N,4,9,9,0, + 4,1,N,4,4,0, + I,N,9,:9:4.9, + A 1,N,g56,
+4,1,N,9,9:0, + 41,N,0:4,0, + 4,1,N 9,90, + I,N,9,9.9:0, + ,N,4:9.9:0, — %,1,N,4.84,9,
~1,N,9,9.840, + 4 1L,1,N,N 5,8, + 4,1,IN,N 4,6,6, + 4,1, N,N,q,6,8, + 41,1 N,N,q,6,5,
+1,I,N,N,4,4,6,0, + I,I,N,N,4,4,0,3, + 21,1 N,N 46,6, + 1,1 N,N ,4,456,6,

+1,I,N,N,:9:6,8, = 4,"N,N,8,8,8, + 4,'I1,N,N $,8,8, - ,N,N,4,5,8,8, + 4,1,N,N 4,5,8,5,
-4N,N,4;8,8,8, + 41NN 4,5,8,0, — 4,N,N q.,5,6,6, + 4,1,N,N,q,5,6,8, - N,N 4,4,85,6,6,
+I,N,N,4,4,5,6,0, — N,N 4,4,5,6,6, + ILN,N,4,4,5,6,0, + 41,1 N,N Bq,5,6, + 1,I NN ,q,54,5,0,
At + X G, + A @b, + AGiGa b, + A1, + M@ sl + A A, + @G, + oGt + 4192900,
Qs Guth, + GGsGaby + Ay sty + BGalsH, + B Gsdstt, + Mo GsH, + D949sHy + 439495k — 4@ PaiH,
~0,q.844, + X' LN S, u, + 41N q,6,48, + 1N q:8,44, + X,1,N 9. 6,1, + N 4,45,
+I,N,q.9,0,4, + (I N ,q0,p, + 1N, q,q;0,4, + N 4,98, 14, + 41N, Bq 8,1, + I,N 4,Pa,6,1,)
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A+ A9+ 49, + 4,919, + A + 40,9 + 490+ 444y + 299, + 01929 + Mdi9. + 9929,
+2,205 + 40295 + 28395 + Y9495 + 929495 + 99495 — Y989 — 9.9.89, + 4’ 1,N, 8, + 4,I,N 4,6,
+4,1,N 9,6, + 1,1 N 9,6, + Iva‘h‘hJ;f + IvNVQJQ«c‘s;: * ’lthqus's;. ¥ Iva‘hQS‘S; +1,N 4,96,
+4,1,N, 84,8, + I,N,q,9,8, + 34, I,N,0, + 24,I,N,q,6, + 24,1,N,q,5, + I,N,9,9,6, + 24,I,N,q,5,
+Ib~h‘?l‘]35: i ZAthth‘sﬁ: +1,N,4,9,0,+I,N,q.,9,0, + I,N,q,9,6, + 24,I,N,q.6, + I,N 4,90,
+I;.N1.‘13‘Is§: * IhthAQS§; = IhthzﬁQIJ\: + 21hIthNth5;5: + IthNth925;5: + 1,1 ,N,N 46,0,
+1,I.N,N,q,6.8' + I,I.N,N,q.8,8. - 24,N,N,S,8.0. + 24,I,N,N,S,8,5. — N,N,4,S,5,5!
+1thNszSn5;.5: -N,N.g,8,6,0, + I.N,N 4.5,6,0, - Nthq4Sh5;§:, + IvN“qu"S,,cs;,(s:
+1,1,N,N Bq,8,6, +324," 1, + 24,4, + 2,q, 4, + §u@r 1, + 2,14, + Qi@slt, + 224G, 18, + GG 1,
o qul, + @i, + 2, + @G, + GG, + QG5 — B M, + 24,1 N S u, + 1IN ,q,8,4,
+I,N,q,0,1, + I,N q,6,u4, + LN ,qs6,u1, + I,N,Bq,6,p1,)A

+34," + 24,9, + 24,9, + 419, + 24,05 + Q1G5 + 24,4, + 4.9 + 9,9, + 59, + 24,95 + 4,95 + G595 + 449
—QZﬂq] + ZA’thNval: + IvaQZé: + Ivaq?iJ; + I‘I’N‘VQ45; + IvaqSJI: + Ivaﬂqlal: + 31}01&Nh5:
+1,N,q,0, + IAN&%‘S: +1I,N,9,0, + I,N,q,6, + LN 9,5, + I,I.N,N 6,8, — N,N,S,5,6,
+IthNvSh6;r5:r * 31#”1: + q!pv + quv + quuv + q4pv + quv + Ivaal:pv)‘;{'z

+(34, +q,+4, +q3 +q, +qs + N8, + LN, O, + p)A* + A* =0

(4’I,N,8, + 4’1,N,q,8, + 4,’I,N,4,6, + 4,1,N,4,9,0, + A 1,N,g,0, + 4,1,N,4,9,6, + 4’ I,N,q.0,
+40,N,4.9.0, + 4 1,N,4:4.0, + 1,N,4,:9,4.0, + %1,N,4:9.0, + I,N,4.9,4.9, + 4’1, N,40,
+4,1,N,9,96, + 4,1,N,4,4:0, + 4,I,N,9.9:6, + 1,N,4,4.,9:0, + I,N,4,9,9,0, + A'LIN,N,G,6,
+4,1,I,N,N,q,8,, + 4,1,I.N,N,q,6,6, + 4,1, N,N 4,6,0, + I,]N,N 4,4,6,0, + I,I,N,N ,4:4,5,0,
+4,1,1,N,N,q6,0, + I,IN,N,q,9,6,0, + I,I NN ,4,q,6,0, + /T.thVN,,NVS‘J;J: +4,1,N,N,q,S,6,0,
+41,N,N,4,5,8,0, + 4,1 N,N q,5,6,0, + |LN,N,4,4,5,6,6, + LN, N 4:4,5,6,0, + 1,1, N,N, 45,6,
HLINNG.B6,8, + 4’1, + A7q 1, + Ao, + Ba Gt + 4G, + @G, + A Gt + MG,
GG, + GG, + st + Dty + Aol + DaGaslt, + Gt + A Gk, + 095K,
+4:9.954, + B’ LN, G,p, + BIN g 0,p, + B 1N ,q.0,u, + HIN,q8p, + 1,N,9:q.0,4, + 1N 4:9.5,,
+4,1N,as0,p, + I,N,4,4,0,1, + IN,q,q:6,11, + 4,1, N, Bq,8,p1, + 1N ,9,84,5,1,)

+-4,I,N,9,84,6, - I,N,4,4.84,6, - 4,’N,N,S,8,8, = 4,N,N,4,5,6,8, - 4,N,N,4,5,6,0,
-4,N,N,4,5,6,0, — N,N,4,4,5,6,0, - N,N,4,9,5,6,0, - 4,0.89.1, — 9.9.P9.1,)
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H(A + 40+ 40, + 40,9, + 44 + 2410y + 44 + 20190 + 44929, + 01929, + 4G4 + 41929,
+2,°qs + 24295 + 48305 + 44,95 + 9,9495 + 49495 + A LN,5, + 41N 0,6, + 4,1 N g6,
+24,1,N,q,6; + I,N,4,4,6; + I,N,9,4,8, + 4,1,N 4,8, + 1,N 4,4:6; + I ,N,q4,9,6, + 4,1 N, Bq,5,
+I,N,q,04q,6; + 3j'hZIIrNh5: +24,1,N,q,0, +24,I,N 4,6, + I,N,4,9,6, + 24,1,N 4,6,
+JhNh‘?I%§: +24,1,N,q,6,+1,N,q4,0, +I,N,q,9,5, + Ih‘NhQanla: + 2’1'nIhNnQ55: + !hNanQ'sﬁ;
+I,N,q,q:6, + I,N,q,9:6, + 24,1,I N ,N 6,6, + 1, N,N q,5,6, + ILI.N,N q.5,5,
+1,IN,N,q,8.5! + I,IN,N,g. 8.8 + 24,1,N,N,S,8:8. + I,N,N,q,5,8:5. + I,N,N 4,5,6,5
+I,N,N,q,5,8,8, + I,IN,N,q,5,8, + 34", + 24,q.44, + 20,0, 14, + 0,14, + 2HG: 14, + 4,4, 14,
F2Aqu 1, + Qul, + GGk, + Gty + 2050, + QoG5 + QiGsH, + qiqstt, + 241N S,
+I,N,q,0,p, + LN q,0p 11, + LN, q, 6,18, + L, N,q 010, + 1,N g, 53 1,)

+= k%ﬂ‘h = 429'4)6‘11 = IerhQZﬁqla: - 2J'hNthSh5!:5: - Nth%Sh‘sI:‘s: - N,,qulsh&:b‘:
"Nthq4Sh5;|5: - q,Bq,u,))A

H(BA +22,9,+ 24,9, + 4,4, + 22,9, + 4,0, + 24,9, + 4,9, + 4,9, + 44, + 2495 + 4,95 + 495 + 4.4
+2R’!f1v‘Nv§!: + IVN ‘?2'5:: * lvaqJJ;: + IvN q46’: + Ivaqial: + IvaﬂqIJ; * 3’?‘b‘[hNh§|: + IhthIJ\:

v v

+I,N,q,0, + I,N,q,0, + I,N,q,6, + I,N,q:6, + I,IN,N 6,6, +IN,N,S,6,8 +34,u,+qu,
+q2#v + ql#v + Q4ﬂv + Qs#v i II'NVJ:IPV) + (_qlﬂql - NthSha:lal: ))12

+(34,+¢,+q, +q;+q, +g;+ I, N,6, + ,N, 5, +u,)A +4'=0

LN,((4 + 4, + @, XA + 4. XA, + G, + q) + LN (A, + G, + @ XA, + 94 + 45) + (4, + 4,)84,)6,)0,
+(A, + Gy + @, )(A, + g N4, + 4, + ), + LN, 6,(N,S,8,(4, + (4, + q,)q, + ¢,(4, + 4,) + 4,9,5,5,0,)
H(A, + 9, + @ XA, + 9, +g5) + (4, + 9,)B9)1,)

~(4 + 9N, (1,489, + N, (4, + 4, + 4,)5,6,)0, + ¢, 5q,11,))

+((2‘h3 * ﬂhqu + ’lhz‘h + 4,99, + '{h2QJ + 4,99, + ’tf‘h + 4,99, + 49,9, + 99,94 + 499, + 9,99,
+2,°q5 + X295 + Mdsds + Aduds + 929495 + 959,95 + A LN, + 4,1 N q,6; + 41N ,q;5,
+/1vaqu45; + IvaQﬂA‘s; +1,N,q4:9,6, + 4,1 N g6, + [N q,9,6, + [N 4,96, + 4,1 N, Bq,5,
+1,N,q,89,0, + 3112IAN55: +24,1,N,q,6, + 24,1,N,q,0, + I,N,q,9,8, + 2,1, N,q,6,
+I,N,q,9.6. +24,I,N,q,6. + I,N,q,9,6. + I,N,4,4,0, + I,N,4,9,0, + 2A4,1,N,q.6, + I,N,q,45,
+I,N,4,4:6, + I,N,q,9,6, + 24,1, N,N 6,6, + I,I,N,N ,q,6,6, + I,I N,N q,5,5,

+I,I N,Nq,6,6.+1,IN,N,q,8, +24IN,NS,368, +IN,N.q,S,0,0, +IN,N.q,S,6,5,
+1,N,N,q,8,8,6, + LIN,N Bq,8,8, + 33" 1, + 22,q,1, + 20,01, + QG214 + 2H,G. 1, + 4,031,
V20,901, + GGl + Dok, + GGty + 200, + GG 1, + GGk, + 4uqsH, + 221N, G,
+I,N,g,0,4, + ILN,g,0, 11, + 1N ,q, 6,11, + IN,q. 0,1, + I,N Bq,5,11,)

+(=4,9.84, - 99,849, — 1,N,9.49,8, - 24,N,N,S,8,8, — N,N,q,8,8,6, — N,N 4,5,6,8,

=N, N,4,5,6,6, — 4,8q,1,)A
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+H(34, + 24,9, + 24,9, + 4,9, + 22,G; + 4,5 + 24,4, + 4.4, + 49, + G394 + 24,95 + QoG + 439 + 4495
+24,IN 6, + I N q,6, + I N g6, + IN q,0, + I.N g6, + I.N Bqé, +34,I,N,06, + I,N,q70,

+I,N,q,0. + I,N,q,6. + ILN,q,6. + I,N,q,6, + I,I NN 6,6, +IN,N S,6,6 +34u,+qu,
oty + G, + Quph, + qsph, + LN 6 p1,) +(=,89, - N,N,S,8,8,)A°

+(34,+q,+q, + g5 +q, +qs + LN, S, + LN, 8, + p, ) A’ + A* =0

fmuald

a, =[N, (A + ¢, + )X Ay +q WA + ¢, +9)+ LN, (4, +q, + ¢ X4, +q, +4,)+(4, +9,)89,)8,)5,
HA, + G, + 4, )4 + 4 XA, +q,+9)u, + N8 (N,S,8, (4 +(4, +4,)4, +4,(4 +4,) + 4,9,5,8,5,)
(4 +q, + @ XA +9,+9) + (4, +49,)B89,)n,)

(4, +q, XN, (1,3,89, + N, (4, + 4, +4,)5,6,)0, + 4, Bq,11,))]

@ = [('11.3 % Ahz% + ﬂhz‘h +4,949, + A‘bz‘h +4,49,9; + j‘hth + 4,919, + %9295 + 919294 + 49394 + 4929,
+23 05 + HydaGs + Y 0yds + Aydads + 92945 + 939495 + 4 LN, + 21N, + 4,1,N 4.6,
+4,1,N,q,0, + 1,N,q,9,6, + I,N,q:4,6, + 4,1 ,N,qs6; + I LN 4,46, + N 4,46, + 4,1 N, Bq,5,
+1,N,9,849,8, +3%’1,N,8, +24,1,N,q,8, +22,1,N,q,8, + 1,N,4,9,8, + 22,1,N,4,6,
+1,N,4,4:9, + 24,1,N,q,0, + I,N,4,4,0, + 1,N,4,4,0, + I,N,4,4,0, + 24,1, N, 46, + I,N,4,450,
+1,N,9:9,0, + I,N,9,9:0, + 24 1,IN,N,6,6, + I,I,N,N,g.6,0, + I,I,N,N,g,6,6,
+I,I,N,N,q,6,0, + I, N,N,q;6,6, + 24,1 N, N,§,0,0, + IN,N,q,8,6,6, + I,N,N,4,5,6,6,
+I,N,N,q.8,8,8, + LI N,N,Bq8,5, + 34, 11, + 220,14, + 220G, 4, + Q\0s 14, + 2200514, + G514,
V22,91, + Qu b, + Db, + GGty + 21, + GaGsh, + GGsH, + GGt + 241N, 5,1,
+1,N,q,0,4, + [N, q,6,1, + I,N,q,8,1, + I,N 4s6, 14, + I,N, Bq,5,14,)

H-40,84, — 9.9.89 — 1,N,9:84:0, —24,N,N,5,6,0, - N, N 4,5,6,6, - N, N ,4,5,6,0,
—N,N,4,5,6;0, — 4,89, 1,)]

a,= (B4, +24,g,+ 24,9, + 419, + 24,0, + 4i4s + 240, + 14 + G294 + 0394 + 24,95 + 0295 + 4295 + 4,95
+2A4,I N8, + I N q,6, + I N q,0, + I N,q,6, + N g0, + I N, Bqd, +341,N,6, +1,N,q0,
+1,N, 4,0, + I,N,q,0, + [,N,q.6, + 1,N,qs6, + I, N, N,5,6, + LN, N ,S,5,6, +34, 14, + q. 1,
@, + G, Guth, + GsH, + LN, 1)+ (=,84, — NyN,S,6,6))]

q =(3'1h+‘?| T4, +q;+q,+4;s +Iva5}:+IhNh6:+duv)

VInauMIAnYazmwIzezeylugll A+al+a, At +a A +a, =0
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W93 a, >0 9N

a, =[1,N, (4, + 4, + g, X4, +q. )4, + 4, +q;) + LN, (4, + 9, + ¢ )4, +q, +9:) + (4, +4,) q,)6,)F,
HA + 4, +q, XA, +4, )4, +q, +g)p, + IN,5,(N,S,6,(4 +(4, +4,)q, +4,(4, +4,) + 4,4,5,8,3,)
H(A, +q, + @, (A, +4, +45) + (4, +4,)B9,)1,)

(4, +q,XN, (1,989, + N,(4, +q, +4,)8,6,)0, +q,q,1,))]

31dn

LN, (4 + 9, + @ XA + 9. )4 + g, + ) + LN (4, +q; + @:)(4, + 4, +95) + (4, +4.)$4,)5,)6,
+H(A, +q, + @, N4, + 4,04, + g, +q5)u, + N5, (NhShsz(j'hz + (4, +4,)9, + 4,(4, +9,) + 4,4,5,6,6))
H( A + @, + G N4 + 4y +45) + (4 +4,)P9)p,)

~(4 +4.)(N, (1,489, + N (4, + 4, +4,)5,6,)8, + 4,Pq,1,)) > 0

LN,(&, + 4, + @ XA, + g )4, + 9, + )+ LN, (4, + ¢, + X4, + g, +45) +(4, +4,)84,)8,)5,
HA, +q, +@; XA, +q (A4, +q, +q5)u, + IvaJ;(NhSh‘s;(ﬂhz +(A4, +4,)q, + 4, (4 +q,) + j'hqashé‘;a&:)
H( Ay + g, + G N A + 9, +95) + (4, +9.)Ba)u,) >

(A4 +9.)N,(1,9,89, + N, (4, + a4, + 4:,)8,6,)0, + @, Pq.14,))

o A

)
Hunoe a, > 0o

LN, (A4, + g, + ¢ XA + g XA + 4, + 4) + LN, (4, +q, + g, XA, +q, +9,) + (4, +¢,)89,)5,)5,

H Ay + Gy + 4 XA + 4 XA + G, + ), + LN, S, (N, S, 8, (47 + (4, + 4,4, + 4, (A, +4,) + 4,4,5,5,6,)
H( A+, + @) A + 4, +45) +(4, +9,)Bg,)1,) >

(A +9.)(N,(1,0,89, + N,(A + 4, +4:)5,6,)8, + @,8q,14,))

W9158) @, >0 3N

ay =[(4 + 4’9+ 40+ 494, + 470 + 4019, + A 44 + 4819 + 49a90 + 01929 + Y4 + 91959
+2' s + 249295 + G305 + 4095 + 09,95 + 39495 + AILN,GS, + 41,N 6, + 4,1,N,q.6,
+4,1,N,q,0; +I,N,q,9,0, + I,N,4,q,0, + 4,1,N 46, + I,N,4,456, + 1,N 4,40, + 4,I,N, Bq,6,

+1,N,q,84,0, +34°1,N,0, + 24,1,N,q,0, + 24,1,N, 4,0, + I,N,4,9,0, + 24,1, N,q,0,

+1,N,q.9:6, + 24,1,N,q,0, + I,N,4,9,0, + 1,N,4,q,0, + I,N,4:9,0, + 24,1,N, 46, + I,N,,4,4,0,

+I,N,q:9:0, + 1,N,q.,9s0, + 24,1, I N,N 6,6, + I,LI,N,N 4,68, + LI NN 4,5,6,

+1,I,N,N,q,6,8, + I,1,N,N 46,6, + 24,1,N,N,S,6,6, + I,N,N q,5,6,6, + I,N,N ,4,5,6,0,

+1,N,N,q,8,8,0, + LIN,N,Bq 6,5, + 34 1, + 22 q, 11, + 220G, 4, + Q1o 14, + 24434, + 4,05 1,

24,01, + DGkl + Drakty + Dday + 2 A5, + QoG5 My + GiGsth, + Guqsth, + 241 N, S, u,

+I,N,q,0,4, + LN, 0,44, + 1N, S, 14, + N g8, 4, + 1N, B, 5,14,

H-24,49,84, ~ 4,9,89, — 1,N,4,84,6, — 24,N)N, S, 6,8, — N,N 4,5,6,6, — N,N 4,5,6,5,

~NiN,4,8,6,0, — 4,89, 14,)]
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wldn

(A + 420+ 420, + 4,019, + 4703 + 2909 + 294 + 29190 + 29290 + 019294 + 29394 + 9959,
+4 45 + @205 + Ad30s + 444495 + 9,995 + 99495 + 4’ LN,8, + 41N 4,6, + 4,1 N q,5,
+4,1,N,q,6, +1,N,q,9,6, + I,N,4,9,6, + 4,1,N 46, + I N, q,9.5, + I N, g,9.6, + 4,1 N, Bq,5,
+1,N,q,84,6, + 34’ 1,N,8, + 24,1,N 4,6, + 24,1,N 4,6, + I,N ,4,9,8, + 22,1,N ,4,5.
+I,N,0,4:6, + 24,1,N,q,6, + I,N,q,9,0, + I,N,9,4,6, + I,N,4,4,6, + 24,1,N,q:6, + 1,N,4,90,
+I,N,4:456, + I,N,4,9s0, + 24,1,I,N,N 8,0, + I,1,N,N,q,6,6, + I,I,N,N ,4,5,6,
+I,I,N,N,q,6,6, + I,I,N,N 4,6,6, + 24,1 N,N,S,8,5, + I,N,N 4,5,6,8, + I,N,N q,S,5,6,
+1,N,N,q,8,0,0, + LIN\N,Bq, 5,6, + 34, 11, + 220,18, + 22,0111, + A\ 0a, + 220314, + 0191,
22,401 + QM + Gdutty + Gdubl, + 2R 1y, + QoG5 + 45G5 1, + 4udsk, + 24,1 N S, u,
+1,N,q,8,u, + I,N ;6,11 + IN g, 8,14, + 1N g6, 11, + [N Bq,8,1,)

+(=44.84, — 4.9.89, — 1,N,4.849,0, — 24,N,N,S,6,6, — N,N q,8,6,6, — N, N q,5,6,6,
-N,N.4,5,6,6, - ¢,Pq,1,) >0

(’T-h3 + ’11-2‘11 G 5 j'f;z'?z + 4,49, + 1}-293 + 44,9 + Ah2q4 + 44194 + 49294 + 019294 + 4994 + 41929,
+2,°qs + 240,95 + 4 9aqs + 49495 + 929495 + 9:9495 + 4 I,N, S, + 4,1,N 4,8, + 4,I N q,5;
+4,I,N,q,8, + N 4,9,5, + I N ,q.9,6, + 4,1 N 46, + I,N,4,4,6, + I N 4,4:6, + 4,1,N,Bq,5,
+I,N q,Bq,6, + 3‘1n21nNn5: +24,1,N,q,6, +24,I,N,q,6, + I,N,q,9,6, + 24,1,N,q.0,
+I,N,9.49,6, + 24,1,N,q,6, + I,N,q,9,6, + I,N,q,9,6, + I,N,q,9,6, + 24,1,N,q.6, + I,N,q,9,5,
+I,N,q,9,0, + I,N,q,9,6, + 24,1, N N 6,6, + I,I,N N q,6,0, + 1,I,N,N q,6,6,
+1,1,N,N,q,8.8' + II.N,N ,q,6,5! +224,1,N,N,S,8,8. + I,N,N,q,5,8,6. + I,N,N,4,S,6,5!
+1,N,N,q,8,8,6, + L,IN,N Bq,8,8, + 34, tt, + 24,q, 44, + 24,4, 4, + 410, 14, + 22 14, + 4. qs 1,
Y22,q, 1, + QGult, + GquH, + Gty + 2450, + Goqsph, + GG, + G qsp, + 24,1 N S p,

+I,N .04, + LN 46,1, + LN q,0,pt, + N ,q 6, + 1N Bq,0,pt,) >

(49,84, + 9,9.89, + 1,N,q,B4q,0, + ZJ.hN,,NvS,‘J,:(S'; 2 NhN\-QzSna;a: + N,N,q,8,6,6,
+N,N,q.5,8,9, + 4,8q,1,)

"
o

“ A
uune a, >0 we
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(A + 44+ 4" + 4819, + 445 + 4019 + A0 + 29190 + 2294 + 019294 + Andida + 019594
+4'qs + XydyGs + X395 + Ydi9s + 42995 + 09495 + 4 1N ,8, + 41N 4,6, + 4,1,N,q,5,
+4,1,N 4,6, + I,N,q,4,6, + N 4,q,8, + 4,] N 46, + I,N,q,q4,0, + I ,N 4,q,5, + ,1 N Bq,5,
+I,N,q,89,6, +34,° 1N, 8. +24,1,N,q,6. + 24,1,N,q,0. + I,N,4,4,6. + 24,1,N,q,5.
+1,N,9,4,6, + 24,1,N,q,6, + 1,N,9,9,0, + ,N,4,9.6, + I,N,4,9,6, + 24,1,N,q,5, + I,N,4,45,
+I,N,q,9,0, + I,N,q,4:6, + 24,1, I.N,N 6,6, + I, N,N q,6,6, + I,I,N,N q,6,5,
+1,I,N,N,q,6,6, + I,I,N,N 46,6, + 24,1 N,N,S,6,6, + I,N,N,q,S,6,0, + I,N,N,q,5,6,0,
+I,N,N,q,S,0,8. + I,I.N,N,Bq, 8,8, +34,° 1, + 2A,q,14, + 2A,q, 14, + qq. 14, + 22,4 14, + 4,414,
T2 4uky + Gidabty + QoG+ GsGably + 2Rl + QrGsH, 435ty + 4uds iy + 2H1N 8,4,
+,N, @, 6,4, + LN, @61, + LN 4, Sppt, + 1N g6, 11, + LN, Bq,0,1,) >

(49,849, + 4,9.54, + I,N,4,84,0, + 24,N,N,8,6,6, + N,N 4,5,6,0, + N,N 4,S,6,6,
+N\N.4,8,89, + ¢,hq.1,)

W58 @, >0 90

a, = [(3’1»2 +22,q, + 24,9, + 4,9, + 22,q, + 44y + 24,9, + @19, + @294 + 4194 + 24,95 + 4295 + 495 + 4495
+24,1,N,6, + I ,N,q,6, + I,N 4,6, + IN,q,0, + N 46, + I.N,Bq,8, +34,I,N,6, + I,N,q,6,

¥

+1,N,q,0, + [, N,q,0, + I, N,q,0, + [,N,q,0, + [, | N,N,8,9, + I,N,N,S,3,0, + 34,4, + q, /1,
ol + Qb + G, + g, + 1N G 1)+ (=9, 59, — N,N,S,6,6,)]

weldn

(3’31.2 +24,q, + 24,9, + 4.9, + 24,4, + 4,q, + 244, + 4.9, + §:9, + 394 + 2445 + §.95 + G295 + 4495
+2A4,1N 6, + 1IN q,6, + I N g0, + I Ngq,0,+INq,+IN,pBqd, +34IN,05. +1,N,q0,
+1,N,q,0, + I,N,q,0, + I,N,q,0, + I,N,q,0, + 1,IN,N 5,0, + I N,N,S,8,0, + 34,1, + q, 4,
ol + G, + qult, +qsph, + LN G u,) + (=489, — N,N,S,6,6,) >0

(BA +24,9, + 24,0, + 4, + 22,0, + 4,0 + 22,4, + 44, + 4.9, + G4, + 24,95 + 4,95 + 4,95 + 9,95
+2'1thNv5; + Iva‘Iza; + Iva%a; + Iva‘h‘s;r + ]vaq_r“S: + IvaﬁQ'r‘si: + 3’11:1}1Nh5; + IhNh%J;
+I,N,q,0,+I,N,q,6,+I,Nq0, +I,N,q0,+1,I NNG,6, +1N.NS,3 +34u +qu,
+qo M, + Gy ph, + G, + qspd, + LN O ) > (9,59, + N,N,S,8,5,)

3
ol

- &
HUAD a, >0 o

(A, +24,q, + 24,9, + 4.9, + 24,9, + q.q, + 22,4, + 4,4, + 4,9, + 439, + 2495 + 4,95 + 4595 + 4,9
+2A’thNv§:| =+ IVNVQZJA; + Ivaq35; o IPqu45:l £ Ivaqsé‘!: =+ IvaﬁQIJI: 7+ 3Z'hIhNh5: = IthQI‘S:

+Ihth25: + IhNﬁq35\: + Ihthtlav' + Ihth55£ + IthNth5;5: + IthNvSﬁ5;5: + 32’]!#\! + qlluv
@4, + Gl + qu, + g, + LN, G 1) > (9,09, + N,N,S,0,0,)
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n 4
W g, >0 wo
@ =34, +q,+q,+q,+q,+q4s+ N6, + ,N,6, + u,
¥
w2 1ddmanenily 4 Sanduuanimueasdawald g Sanduuomaue
b4

WunAMIANIANM a,,a,,a,,a, WuhmnmiisuAngue

91 The Routh-Hurwitz Criteria ‘nz'lﬁ"i"l

(a, 1
Hl:(al) H,= : J
\% o
( 1 0 0
a 1 0 a, 1
a, a, a
H,=la, a gq H, = 03 aj a; 2
0 a, a
L0 0 0 gq
w14
detH, =aq

detH, =aa, —a,
det H, = a,a,a, —a,a] —a;

_ 2 2 2
det H, = aa,a,a, —a,a; —a,a;
a = d1 A a da o . . > -y
JATUAAUANUTDYININNADINDANDIULLUUAVDY Hurwitz matrices “Qﬂﬂﬂuﬂuﬂuﬂﬁﬂ

W o’: o 4
Al gadugalANUAtYININAABIID

det H, =g, >0
detH,=aa,—a, >0
det H, =a,a,a, - a,a —a. > 0

det H, = aa,a,a, —a.a’ —a,a. >0
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AMMNNALS

) ' deydnwol Tely
Y8R (AR)

(M) (AD) (Av)
sas s Wvesdiloidadorianaraly g 0.333333 Ay !
oy land
AT INTONINDONYDILSZHINT m, 0.057 au !
Sasnsseneadosiiawaa Tudoy lund 5 0.004 A g
v1n)szyns gy

M3 U IAADY
O — - (R, <1) - R= (N,N,6,6,(q, +q; + 4,) + Bqq,1,)
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m, +4,
= L

8 Th+p,
7 S 1L
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L

-~ a d 4::‘
'nz"lﬁ'ﬂﬂﬂmuuuminm 3

r—(m‘,, +q,+4s) é';?v q, 0 0 J;Ea
(1-8)q, ~(m,, +6,1,) q, q. 0 -8, 8h
J = Ba, 0 —(m, +q, +q,) 0 0 0
. 9 0 0 ~(m+q) 0 0
-85 0 0 0 ~(8In+p) O
L 8,8 0 0 0 o\ 1n ~Hy )50 Be RS
—(m,+q,+q,)— A 6;7v q, 0 0 5,:&
(1-8)q, ~(m, +6,1.)- A q, q, 0 -8, S
PR Paq, 0 —(m,+q,+q,)-4 0 0 0
E o qs 0 0 ~(m, +q,)-A 0 0
-85, 0 0 0 & Ta+pm)-4 0
35, 0 0 0 8T A=A s B AT
—(m, +q,+¢,)- A a1, 4, 0 0 5.5
(1-B)a  —~(m+51.)-4 a, a 0 5,5
B _ Pa, 0 —(m, +q,+q,)- 4 0 0 0
detl/y, =24} = g, 0 0 ~(m, +g,)-A 0 0
-8'S, 0 0 0 (S Th+p)-A 0
8'S, 0 0 0 .1 M= A 5 B AR

(-A-m,—q,—q;)(-A-m, —q, )gva\:("law:‘sﬁhi - mhai:a:-i"gh) F
A=u= ‘5:7" (A=, (A —my, —q, —q;)q,955, I+ (-A-m,—q,)
(Ba,(Ag, + Mg, + 4,81y +:8,1,) + (A —m, — g, - g, X(~(1- B)g, 5, I +
(~A—m, g, g )\~A=m, =8, 1))~ (-A—m, - q, —g;(~A—~m, - q,)
5!(A8,S, +m,5.5,)S,) =0
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-18,62 18,5, -34*m, 8,62 148,5, - 3Am35,62 18,5, - m’5,62 145,35, - Aq,6,62 11S,S, - 2Am,q,8,62 115,
-m}q,6,5° 148,35, - 2q,6,62 148,53, - 2Am,q,8,6° 13,5, - m}q,8,6: 15,3, - 1°q,8,6°1+5,S, - 2Am,q,8,621:5,5,
-m,q,8,5, Tbghgv ~29,9.6,5, 7"§h§v -m4,9.6,5, 7*§a§v - 24,4,5,8, T"'g»s-v -m,4,4,5,5, T*S-bgv +

(~A=p, =8, I N(=A - (~A-m, —q,~q, )q‘q,é‘,jv +(=A=m, -q,(Pq,(Ag, + mq, +q26,,7v +¢,0, 1)
H=A-m, —q, - g, }~(1- P)g,8, 1. +(~A—m, — g, —q,N~A—-m, -8, 1.)) ~(~A—m, —q, g, (~A~m, —q,)
5,(48,5, +m,5,5,)5,)=0

R8T, -3XmES S5, ~34m 85 1,5, - maa 15,5, - A58 15,5, - 2mg 58 1S,5, ~-ma 55 1S5, - Ka 88T 1,5,
“2imq 85 1S3, ~mig S50 18,5, - g 557 1,5, - 2Amq 857 15,5, - mg 5,57 15,5, - Ag.0. 5,87 11,5, -ma.a. 507 13,5, - 449,557 1,5,
M50 TS, S, + A5 +42°m, +64' g + 40 + Aomif + g + 34 mg, + 30 mi g, + Umig, + A'q, +34'mg, +34'nig, + Pmig, + A'qq,

24 mgq, + migq, + X'g,+34'mg, + 3 mg, + A'mg, + 1'qq,+ 20 mgq, + Xmiga, + A'q, +34'mg, +32'mq, + Vmg, + A'qq,

+2/1’m,,q ds+ '11"':%‘14 + rq'zﬁ +24'm,g.9,+ Azm:q'z% * As‘ﬁ?ﬂq ¥ 11"'1;9'&?4 + A‘Qﬂq +24mg.q, + ,‘L’nﬁqsq‘ * A,qﬂ)qt +Amgaqq, + J.’q,

+34'mg, +32°mg, + g, + A' .9, + 20°mg.q, + X mig,q, + A'aq,+ 2°mg.q, + X' migg, + X'qq,+ 24 ma,q,+ A mag,+ £4,9.9,

+A'mg,q.9,+ '9.0.9, + ' ma,a.9, - X' .54, - 28 mq, a, - ¥'mq.Bg, - 1'a.4.59, - X' mq.q.pa + 24 1, +8A o, +124°mg 1 + 84 mp,

+2Amiypu, + 20 g, + 62 mguus, + 62 Mg, + 2Amquu, + 22", +OX Mg, + O MG +2AMGG 14, + 2R G, + AN MGG, + 2AMG 1,

+22'qua, + 64 mguu, +6° Mgy, + 24mguu, + 24 Gy, + A MG + 2Am Gy, + 24 quit, +OX MG, +O Mg, +2Amg , + 20°q 1,
LM Q + 2mqq 0+ 20°G, 8, + A2 MG, 00, + 2AmG,q, 10, + 2A° GGG+ MGG, + 28 G, + AN MGG, + 20,1,

V24, + 2Am Gy + 20 G, + O g, + 62 MG, + 2Am g g, + 2 G ph, + AX MGG, + 2AM G p8, + 2 G, + AL MGG
+24mq,q, 1, + 22°q, 9, + 42 Mg, + 20ma,G 4, + 244,904, + 2AMGq.. 0, + 290,94, + 2AmG..9,4, ~ 22 'GPy, ~ A’ g, P,
-24mq, Pa s, - 27°q,q.q 4~ 2Amg.q, P, + A1 +AXmC + O ML + AAmLuL + iyl + gl + 34 mg s +3Aniq L +nogus

+ gl + 3 mgul + 3l + mgl + Pgg .l + 2Amgq il + nigal + gl + 3 mgyl + 3Angl + migyl + Lqgul + 2Amgqul

g qul + X gl +30°mgul +3Amqul +mg s + aqul +2Amgqul + maqul + Xaqul + 2ma,q.8 + ma.qul + 249,945

MG QGsE + A GGl +22ma.ql + maq sl + Aaaaus + maaaus +A'qus + 3 mayl +3Amgyl +mayd + X.qul + 2imaq 8
59,946 + X998 +2Ama,qu8 +ma,9u8 + Xagul + 20ma,9,8 + M, +19,9.948 + maagL +A9,0,94 +M9.9.948

-A'q,Pa.u - mn‘hﬁ%ﬂf _"’:Q:uﬁ‘ﬁ#: - 0,9, 84,14} ~ m,q,q, Pt + A8, 15+ 42 m, 8, u + 64 m 8, [n + AL M8, n + AmyS] 1 + r‘ﬁsj' + 3’1,"%%5.‘7'
34 mg 8 Th+ Amg S Ta+ A @8 Ta + 34 m,qud. T + 32 M3t T + Amiigs 8. In + A4, 8. 1n + 2°m,0,q,8. 15 + Amig,q,8.1» + A'q,8.1x +38°m,g,8, 1
34 mi g8 Tn + A8 Th + P qq,8.0n +24°m,q,q,8. Tn + Amiqq, 8. Tr + ', 8,15 + 3°mq 8. 1n +34°miq 5. 1n + Amlq,8:11 + A'qq, 8 Tm + 247 m,q,q, 5011
AN QS Th + X @yq BT+ 20°m,q,9,8. T + Amiq,q, 515 + 22,0, 5.1 + Amg,0,,5. 1 + 2 4,9,8, 11 + 20°mq,q,8. 11 + Amiq,q, 8.1 + Xq,9,9,8. 1
+Am,g,q.q 8. Tn + A'q. 815 +32°m,q, 8. 1n +30°m1 g, I + Amq,S. Tn + 0,8 Tn + 2°mg,q, 8,10 + Amiq,q, 811 + 2 q,q,8, 1n + 20°m,g,q,8.1» + Amiqyq, 8.1
20,8 Tn+ 22 m,q @8 Tn + Amiq.gy8. T + A2a,q,qs5. T + Am,giq @ Th + A24,0,9,8. s + Am,g,q,9,5.1s — g, q,5.1s —24°m,q. Bg 5.1» — Amlq, fg 5.1
— 29,0, 848, — Am,q,q Ba,S.Ts + A8, Tn + 40°m, 8. g1, Tn+ 6 °m38%pt, T+ AAm 8041, T+ miS.pt, Tn+ Aq 81, Tn +34°m,q, 80, Tn + 3Amiq 81,1
S, Tn+ A @8t In + 30 muquSops, T+ 3Amqu8.p Tn + mgu 8., Tn + A2qq,00, Ton + 2Am, .0, 541, Tn + miqq,8oaa, T+ g8, Tn + 30 m,q, 841, 1n
+3Amig, 8., Tn + mig S, Tn+ A2qqu0us In + 2Am,quq g, Tn + miqq, et Tan + g, 800, v+ 347 mg 81, In +3Amiq. 8.1, Tn+mq 8 In+ A2qq,50u, 1
+2m,g,0. 8 Tn 4 wigq S Tn 4 Rq,q 8, Tn+ 22m,q.q.5.00, T+ m30,9,8,00,Tn + A4,9.9.58, 1+ Mg, 5,1+ 9,801, Ts + 2Am,g,9,8.p1,1n

ARG B, T + A q St T + Mgy @u i, n + g, T +30°m,g 80, In + 3Am2q 8,1, Tn + gL, In + A2q,q,8pa, T + 22m,0,q,8,41, T

+mig.q, 0 Tn+ A aq Bt Tn + 2Am,q,q, 8., Tn + migsq s, Tn + A°q,q,88,Tn + 2m,q,q.8., T + miq. a8 11, Tr + A0:9.9:5.8, 1 + m,q.4,9,5.11,T»
20090, Tn + My 0,0,955 04T — 224, By, T —20m g, BaSLus, T — mi, Pa8 i T — 24,8 1,11 ~ mg:q PGS A + X8, 434 m 5,1

F3AME L+ mE 1+ PAG ST + 2 mg ST + BB T + A g8, 1. + 20 mg,5,1. + A'miq, 8,1, + BAa,q,5,1. + PAm,g.g,5.1, + X'q,8,1.
+20°mg,8, 1. + A'miq, 5.1, + PAgq,5, 1. + PAm,g g, 1. + A'q S 1, + 2°mq Sl + miq S0 + PAqq.Sils + BAmag g ST + g, 801

+A'mg,q 81+ P40 50+ 00,1 + A'mgq, 51 + B4 q. 01 + A'a 8,1+ 28°mg 8 1. + A'mig 8,1, + Xg,q 0,1+ 'mg,q 8,1+ F4:9.8,1
+A M q,B, s — A gy BB, T — Ao, P8, 1 — A BB, 1v — Am,q, Ba S 1+ — 14,9, 885, 1 — 2 q,q,Ba By 1+ + 22 5,11, Tn + 62" m .41, Tn + 6 m 81, T
+2Am8 T+ 2PA g8 1, Tn + 454 m,q, 5 11, T + 2 PAm3q S pa, Tn + 22000 0a, T+ 447m, 8, Tn + 2Am2qu 801, Tn + 2 BA2quq80pt, To + 2 PAm,g,q,81pa, 1

22 8,1 + A m g, S, T+ 24miq S, T + 2 A qq S T + 2 Am g g 8o T + 200, 5,1 + 4 mg S T + 24mq S 1.+ 2Aqq, 5 1
2m g g, B, T +20°0,q Sups, T+ 2Am, g9, 84, 1. +28A0,g,9,5 1. + 24°q,q,v+ 2Amg,q, 5, 1. + 28Ag,9.9, 5 1. + 20 g 81, 1.

A mg S T+ 2Amq S, T+ 229,80 1+ +2Amg.q. 5 u 1. +20°q,q.8, 1. +2Amg.a. 5 1. ~24°q, fa,Su 1. - 2m g, Ba S 1.

22, Pa S 1. ~2Am,g.BaSup I, - 240, PaSu 1. ~23g.9,Pa S 1. + A ST, + 347 m Sl T, +3m; Syl T, +msui 1, + PAg Sl
+2pimg 5 yC 1+ Prig Sk Ty + g0y T, +2amg S T+ mig ST, + PAgqOus T+ Bmg a0 T+ Aadys T +2Amg,dyc T +mig L1

+BAg .Sl T + PmgaSul Ty + g Syl T, +2Amg Suil, +miq 82 1 + PAgq Sui T + Pmga Suil, + Aqq, 88T, +maq Sull. + Bag.q. 55 1.
+Aq,q. 58T+ maq Syl T+ Paga Syl + Xq.8u8 T +2imq Sl T+ miq Syl T + Aaq il +maaSulT. + Aa.q 50 1.+ mag ST,
~AquBa Sl T - mg Pa Sl T. - g, fa St T, —mg, fa St l. —4.q,8a 4L 1. ~aq Padui 1. + XS . +38mE8 11, +38m S8 In].
+Am S8 T+ PAGSS I + 2 mg S S T, + fAmig 8,8 Il + A q 88 s 1 +24°m,g. 58 In I + Amiq. 8,8 1o + BAqq, 88, 1] + PAmg g 818 Tl s
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+2q 88 1. +20°mg, 88 1. + Amiq, 8,8, 1h 1 + B2, 58 1. + PAmg 518 n T + A'q 518 T, + 20°mg 857141 + Amiq 55 Iu 1. + PAqq 58 s ]
+Bimgq S8 I+ X qq ST+ Amgq 55T + PAggq 68 11+ qq S8 1. + Amqq 8811 + PAggq S8 T+ A'q, 88l

20 mg S8 e+ Amiq 8,8 ]y + A2q.q. 8,8 I ]« + Am,g,q, 85,8 1l + A qq 5.8, 1s I+ + Amg,q 85,5 Iy = 1°q, Bq, 8,85 11+ ~ Amyq, g, 515 1 1 = Aq, Bg 515 Th T,
—am,g,Bg, 5811~ 49,9, 89,516 1v 1 — 24,8485 Tul o+ X884 Tul o 43 7m S8, To T+ +3AmE S8 0, Tod o+ 8,8 40, Tl o PA 8,541, Tol o

+2Amg 88 u, 11, + priig 88 Ind + g, 8,8, s 1 +2Am,q, 8,81, 11+ + miq,5.80u, n 1, + PAGG, 518 08, 1T + PG g, 818t In o + g 8180 I 1
+2Am,q. 8.8 il + Mg 8.5, 11+ PAgg S8 Tul o + fmqaSi5, In T+ A2q 88, Ta s + 24m,q 818, T 1. +miq 518 Tnl o + PAgq 5.8 1s 1.
+ﬂm,q,q,b]5’,;4jaf. + Aq,q,é}b‘,pj.f. +m,q,q.5§é',p,f.?. + ﬁq,q,q,é}é",pjaf o+ Aq,q‘éja',gj. 1. +m,q,q,é:é"_ﬂ,?.7- + Bq,q,q‘é;é‘,ﬂ,h I+ g 88 u 1
+2Am,g B8 1, Inl v + i85, InT o + Agyq B5ua, TnT o +myg g Bi8 i, In T+ Agyq 5157 ua, T T+ + mgyq, 81848, 1T — A, Bg 55 ps, Ts 1« ~myq, P58 I,
44,848, 1s1. ~myg, B 88 1 1. ~ 4.9, 845,511 ~4.9.Pa S8 u 1 1. + 28853, +30°mEES,S, +34'm 5855, + am 5,5 5,5,

"’A!‘Tz‘s:.a'jri + 21""'1.415;5;'5_‘:5_‘- +: lﬂfq:fﬁﬁliﬁ + A’?:‘s:y-gng- * 2"’"‘-4:'5;‘51515- *: j.m:qﬁ;ﬁ'j,g, +* "Jquhsr‘i‘i + ZA’WWJLESLS—-

""M:QJJ;E:E n§- + R'z‘hq RO _i§v +Amg ,4.5;6‘3,57, * lz%q 5.8, :§n§- + Am,q.q,5,8, _A§- o "’Fid:ﬂvgjr + 3l’m,6;6:u,§,,§, + 31’"‘:6;5:ﬂv§a§v
+m8,01,5,5, + Aq,8,61,5,5, + 2Amq,8,8,1 5,5, + miq,8,5.15,5, + q,8,6,u,5,5, +24mq,8,5,u55, + mig.5,5,u8,5, + 1'q.8,5,13,5,
+2am,q.8,5.1,5,5, + mlaS,5.u5,5, + 24,:4.8,5.15,5, + maq 55155, + 24,080,155, + maqso.uS5, + X557 15,8, +34m,5,5 15,5,
3am557 18,5, + mssr 1S5, + g, 8,07 1,55, + 2Am,q.5,5° 15,5, + mq,5,8°1:5,5, + 14,8,67 15,5, + 24m,g,5,57 TS, + m*q, 5,57 1:5,5,
+‘124q515:27*§n§- +24m,q,8,57 I"E»E- +mq,8,6145,5, + Aq,q,6,6" Lg&"’_‘- + m,,q,q,ﬁ,j&_"?.&’,.'s‘_ +44,q,5,8" 7»§,,§_ & m,,qaq.&ﬂa:’hib_', =0

¥
dagaunmsiniez 1ddsil

(12} + oG + MG il + MGG + MG + MG QL + MG + MGG + MGG ] + MG Gaqu i, + MGGt + MG q g,
QL + MG s + MG.Gs + Mg G+ mG,q,9 8 + MG qu; ~ Mg e ~m;q. B +mu,Tn + mig.Su T

+m,q, 0.4, Tn + Mg, 0., 1+ mq 8., T + miq,q, 00, I + mg O, T + miqq, 8.8, Tn + m,q,q, 8,18, T + m,g,q,q, 8,18, 1 + miq,q, 541, T
+m,q.q:q.0., 11 + 15,8041, T + mq.q 0.1, Tn + miq,q 8.1, Tn + mq,q. 0018, Tn +m,0,q,9.6. 18,11 + m,0.q, 9,008, 11 — 1, B 6.0, T
-m,q,9.89,9,4, In+ m:cﬁ',:p: 1.+ ﬂ"’:ﬁ‘xﬂ: 1, +m:q25,:pf I+ ﬁmr.‘J'ﬂ:Jl:Ff I+ ’":%5;#-1 1. +ﬂm.q.q,5,',ﬂ: I+ "’:‘145;”-2 L+ ﬁmﬂﬁ.ﬂlf A
+m, @0 O T, + Pag.a ous 1. + maq Sl T, + Pagsq O 1. + miq S 1. + m,g,q 008 1. + mg.q 0,48 T, —m,g, Pa S, 1.

-ma,Pa 1. - 4.9.8a50 1. - 4.9, Pa S T + mE S In1. + B 8,8, InT. + miq,5,8.u, 11, + Bmgq.8,5., In1. + miq. 8,8, 111,
+fm,q,q.6,6. 4, L.+ mq, 5,8, Il + Pm,g,q.8,0.u, Tl + m,q,9.0,5. 1, Inlm+ Ba.a,9.5,6.4, Il + mq.q.0,0.4, L. + Ba.a,:9.5,6.1, I,
+mq 8., Tnl, + mg,q 8,6, 1T, + m,q,q.6,8u, 11, - myg, P56, 11, — m,g,Bq8,6u, 111 - 4,4,Pa:5,8.,1n 1.

-4:9.89.5.8.,1s 1.+ m5,6,.5,5, + mlq.5,6.1,5,5, + miq.8,0.u,5,5, + mq.5,6.u5,5, + mg.q.8,0.n5,5, + mg.q.5,5.15,5,)

H2my 1, + 2 g, + 2o, + 20 G G, + 2, 20 G L, + 2, 200G, + 20G,G L, + 2MGiG:q. 4, + 20 g,

F2M GGG, + 2Gs 1, + 200G, G, + 20 GG, + GG, + 2 GGG, + 2MG,q,Gs I, — 204, B, — 2m,4:q, Ba 4,

AL + 300G, 4L + 30,4 + 2G4 + 3G +2m GG L + MGG +2m G q L + 2ma.q L + Qg +2m g, s
GG + I +2m g, qu sl + 2m GG + 2ma G + BT + UGS~ 2m G P~ G + M T + g ST
+mq,0/ 14 +mq,q.51s +mq, 0 1s + mq,q.5.1s + mq,8.1s + mq,q, 5.1 + mg,,5 11 + m,g,4:9,5. 11 + mq,q, 5.1 + m,,9,9,5. s
+1q,8. In +15.9,,0, In + miq,,6. In + m5q,q,5. In + m,g:q,9,8. In + m0,q,9,8. 11 ~ m5,q, By, In —m,0,q, Py, 1 + 46,4, I
30,0044, 1n + 30,044, T + 2m, G0, pt, Lo + 35,51t 1+ 2m, @@, 510, 1 + 3mq, 8. 1, T +2m, 0,9, 5,14, In +2m, 0,9, 5,14, T
G040, 1n +2m .0, 008,11 + 00,08, In + 305,511 T + 2m,q,9.6.48, T +2m, G, 0,818, T + 2m,q,9. 5., T + 4,9, 9,514, T
+4:0,90.14, 1 —2m,0, B9, Tn — 0,4, Ba 5., Tn + 25,11 T + 2B .8, T + 200,814 T+ 2m, .18, T + 20 q, 81 T
+2Bm, .8, Tn + 205,001, T + 2m,q,q, 818, Tn + 2m, 0,98, In + 2,,9. 5.1, Tn + 2m,q., 514, Ts +2B,9,:9,5. 14, T

+2m0 9,014, T + 2m, 3,981, T + 2m, 508,14, In — 2m,q, B O pt, Tom — 2, P 114, T — 20,9, 80,18, T ~ 24,9, P08, T + 3 5,4 T
+2Pmg O 1, +2m,q, 8,48 + Pa gl 1 + 2mg 5L 1. + Pag, ol 1. + 2mq, 8L 1. + Paq. S 1 + @905 1. + 4.4, 58 1
2ma Sl 1. +q.q. 08 1 +aa 8,18 T - 4. P 1. ~q.Ba Sl 1. + MG 1. + Prig Sl T, + mig, 5,8 1u1. + Pmg g, 5,8, 1s 1.
+m.a, 8,8, 11 1. + Pmgq, 5,511, + mq, 5,511, + fm,gq, 5,0, 1u 1. + mg.q,5,8 ] + Baq,a. 5,0 s I, + ma,q, 8,8 1u1. + Paa:q.5,5 141,
+1q 8,511, +mg,q.8,5.1s1. + mg,q. 8,511 ~mg, Bg 5,8, 1s 1. ~mg.Bq,5.1n I — 4,9.84.5,8.1s I+ - 4,9, P4 50, Ts .

+I S5, In 1 +2Pmg 880 11, +2m,q, 8,00, 1n 1. + Bay@n 88,8, Tn 1. + 2m,q, 8,008, In T + By B,0. 4, In T, + 2m,q, 8,601, TnT.
+Paq. 8,011 1, + :9,8,5,u 31 +q.a. 50,4 In 1. +2mq 5,8, Inl. +q.q 8,81, In1. + 4, 8,0u, 11, ~ 4, 45,8, 1n 1.
-0.848,0.u, 11, + 555,53, + mq,5,0.5,5, + mq,6,85,5, +m.q.8,8:5,5, + ma,q.5,85,5, +ma.q.6,6.5,5, + m5,5u5,S,
+2mq,8,8,15,5, +2mq, 8,5, 5,5, +2mq,8,6, 15,5, + 4.9.5,5.15,5, + 44,505,524
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Hmy + Mg, + Mg, + Mqq, + g, + LG G, + MG, + MGG, + MGG, + MGG,q, + MG, + MGG, Mg+ mg.qs + Mg
+"’:Q4qs +m,q,q,9; +m,q,q,9 +8m:ﬂv + 6"':‘1““' "'6”':‘1:[‘- +4m,q,q,4, +6"’:4;ﬂ. +4m,q,q,4, +6"':Qaﬂ. +dm,g,q,4,
+HAm, g q i, + 209,90, 1, +AM GG H, +2G,Gq,H, + MG, p, + Am g i, + Amgiq , +4mq.q. 1, + 24:4.9: 1, + 24,995 K,
+6m:p,’ +3mu'7uu3 + 3’"&%"‘3 +: qﬂz}‘f +3mk%ﬂ.z 'H’lq)ff +3m.q.y,’ +q|qalf +Q:‘h”-1 +q;44lé * 3’”.‘15”3 +QzQsﬂ3 * Q;fi'sﬂf
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+2m,qiq,0, Tn +3mq, 5.4, Tn + 2m,q,q 8210, To +3miq. 8,08, T+ 2m,q,0, 8141, Tn + 2m, G0, 818, Tn + 10,4144, T + 2m, .9, 5148, T
+aa O, T+ I S Tn + 2m,q,q. 8 Tn +2m,.9.5008,Tn+ 2m, 0, 9818 Tn + 4,0, GO0, In + 4,0, 9018, Tn + 2m, 5,14, T
V2Pl S, I+ 2mq, 008, T +2 g0, 5008, Tn + 2 q. 5,48, Tn + 2.Pm, g0 a8, T+ 2miq 5,14, Tn + 2. Bm, .0, 8,11, T
+2m,q.4,5.Ts +2Paa.a, 5 Tn + 2mq,a. S Tn + 28a0,.58, T+ 2mg s, Tn + 2m,0,9. 818 Tn + 2m, 0,9, 5,08, T+ 3me5u T,
+2Bm,g ST, +2mg, 5485 + PaaSuily +2ma, Syl T, + Paadui T+ 2mg Syl T, + Pag Suil. +q.9.548 1. +q.q. 5L 1.
+2mg Sl T +q gl T +qa 8yl o +moyl T, + Prig Syl T, +mig. 5,81l + Pmg 8,6 1n 1, + mig 55 n1,
+Pmga, 58I+ ma S8 Inl. + Pmgq S5, +mg.q. 5,5 1n1.+ Baa.a. 50, nl. + maa 5,0, 1n1. + Paga. 50l
+g 5.5 Inly +mq.a 5.5 Inly +ma,q 8,8 Inls +3m 88, Inl, +2Pmg 8i8 s InT, +2m,g, 8,8, In1, + Paig, 5,54, In1
+2m,g. 5.8 Inls + Pag S8, Inly +2mg 584, In 1. + Paq 81008, Inlo +4,0.8,8, M \ + @0, 8,008, 1]y + 2mg 5:8. 8, Tn,
+40 50 In ]y + @S MIn T+ MESS,S, + Mg 5,555, + ma 5555, + ma 55,5, +ma.a. 55,5, + maa 85,5,
+3ImE51S,S, +2ma.5,8515,5, + 2ma.55u,5,5, + 2mq 8,515, + 4.9.55.15,5, +4:9.5015,5,)
~(mq,B9.8.1n+mg.q PaSTn +2mg, Padius, In+ .. PaSuss, In + 2m,q, Pa 8.1t Tn +,9,84:6,14, T+ 2m,q, B, 8.t T
¥2m,g. Lo, In+24,9.84.8.1, 1 + 24,0, 845,15 + 4, P43 I+ +4.Badupi 1. + mg. Ba S8, In 1, + myg, fg 5,8 Inl
+4,4,89,6,0,1n 1+ +q,4,9,8,6,In 1 + 4,548,014, In1v + g, 5q,5,0,p4,In1v)
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a, = (m, +mg, +mq, + mg.q, + mg, + ma,q, +mag, + maq, +maq, + mag.q, +ma,q, + mgd.q, +mgs +ma.q; + mag,
G5+ MG,0 G5+ MGq,ds + M, +6mq L +6miqu, +Amg g, +6mg s, +Amg g, +6mqu, +4maq.u,
Mg, + 249,90, + MG, + 2004, + OMGL +Amg.qn, +Amg.qus, +Amg.qun, +29,9.94, + 20,954,
+6m 16, +3mug 6] + 3mg sl + G@ots) +3mGul + GGk +3mg L + QAL + a8 G +IMGUL +a:q48 +a948
GG +4m8 T+ 3mq 8 Tn +3m .8 Tn + 2m,g,q, 611+ 3m .5, 1n + 2m,q,q,5.Tn + 3miq 5.1 + 2m, ., 5. Tn +2m,q,4,5.
""‘llqqu‘z-i" "'2”'1.‘1:44'5:?* + ‘1'1‘?:‘745:7" +3”':‘15‘5: In+ 2'”&'72‘755:?* * Z"ﬂﬂs‘gﬁ* +2’"ﬂﬂ!‘$:-i" +q:44§'s‘5:'1-* "'93‘14‘155:7*
16»{5’,;1,7;. - 3m,q,6‘,;4,7* +3m,,q,é",A,7;. + q,q,ﬁ',;gf.s +3m,q.0.1, Tn+ q,q,&j;J. + 3m,‘q45‘,;4ja + q,q‘.ﬁ'v}.l,-ia +q1q4§:;471.
a0 8 In+3mq 8, T + 4,088 Tn + 4sq s, Tn + 4.0, 5.8, T +mod, 1. + g8, 1 + miq, 8, 1, + Pmyg,q,8, 1.+ migy 3, 1
+Pmaq. 5L, +mg, 51+ Pmaa il +ma.q. 51, + Pag.a Sl + maq Sl + Pagq.s, 1. + mad, 1. + mg.q,1,
+m,q.q Sl +6miS 1. +4pmg.Si, I +4mq.5uu I +2 Bag,0u, 1. + dmg. S, I + 2 Paa. S, 1 +4myg S 1
2aq.5,1v+2,9.5, 1 +29.9.5, 1, + Amg S 1o + 29,95, 1 + 24,48, 1o +3mSul I + Ba Syl ls + a6l
+q 0l T +q Bl T, +q Byl Ty +3m 88 Inly + 2 fmq 818, InTs + 2m,q,8,8, In s + Pa g, 8,8, In 1, + 2mg,5,8. 11,
+Ba.a,0.8 nls +2mg 8.5 InTs + Pgq 58 Inls + @0, 58 v ] + 4 8,8 In Ly +2mg 8,8 In T + @858, In 1 + 4,9, 8,8 In ]
3ImSS Il + BaSiou Inly + 880, Inlu +q. 818, InTu +q, 88, In 1 + g8, Inl +3m 8,5°5,5, + 2m,q.5:55,5,
+2"'»‘?s‘5;‘5'jn§v +7J"ﬂaé:5'v§u§~ +‘?ﬂ46:5:§n§u +qjq-|é;‘s:§l§v +3'"16:§'J&§h§.- +‘1:‘5:‘5‘J‘v§k§- x ‘i‘sﬁsﬂni +q“6:|6:;lv§ﬁ§u)
~Amq.Pass, +20:9. 5914, + 20, Pa,51n +4,9.84:0, In + 4, Pa. 58, T+ mg, Pa S, 1.+ ma, Pa 5, 1. +4:9,84.51> +9.9.P4.5,1
24,P464,1.+24.a 0T + 4, Ba 5,0, n T +4,a S0, InT + . Pad + mia,Pg, + ma,q.54)

&= (4’": + 3”':0'1 + 3’":‘12 +2m,q,q, + 3"':‘1: +2mg,q, + 3mq, +2mgiq,+2mg,q, + 4.4, + 2mG:q. + GG, + 3"':?5 +2m,g.q
A2 G,Gs + 2M G G + 0,995 + Gids + 124, + OmGus, +6mygo 14, + 2G,Go 44, + 6y, + 20,054, + 6 + 29G4, + 209,
V2, + MG, + 20,9544, + 2G5k, + 2G5, + AL + G+ Gopl + Gl + G + st +6m 8 T +3mg 8, Tu+ 3m,g, 5,
+q,q,0 10 +3mg 3 In+qq. 5 In+3mg, 0. 1n + g0, In+ .98 1n+q.q,0. 11+ 3mg. 8, 1n + 4,4.8, 1+ 4.0, 1 + 4,98,
+4m, 8 g1 T+ qSLpt, In+ @8, Tn + @8, In+q, S, In +q O In+3028, 1, +2Pmg S 1, + 2mg, 8,1, + Pag, 0,1, +2mg8,1,
+Baa:0, 1 +2ma, Sl + Paa, S lw +3.9,0,1 + 99,01+ 2mg 8.1, +q,g. 8,1 + ¢.a. 8,1, +6mSu 1, +2g 5 1. +2g.5u 1
129,88 T + 24,58 T+ 295 v + Sl T+ 3mB 8 In L + Pg S8, Inly + 88, Inl + g S8 I +q 88 1]+ B8 Inl.
+O, 8 Iuly +3mEFS,S, + 0055, + 40055, + 45855, + 6515,S,)
~(2mq.Pa; + 99,54+ 3,545,1 + 0 Pad ]+ 0,40+ 2, PHA)

a, =H6m, +3m,q, +3m,g, +q,q, +3mg, +4.q, +3mg, +qq, + 4,9, +4d, +3Mgs + 45 + 9,9 +4.9
V84, + 24+ 2004, + 208, + 24,84, + 2514, + 1 +m 0 1n +G 0 I + 4,0 Tn + 4,0 n +q, 0 Tn
+q 8 In+8 I +3m,B 1 + Py 1v +q, 0,1 + @8 1y + 8,1 + 0,1 + 28,4, 1 + 8,8, In1s + 8,3S,S,)

~@.P)A’
a, =4m, +q,+q,+q;+q, +4g; +2u,+68In +5;7v

vnaunsanvuzmwizezeglugl A +ad’ +a,4' +a,4’ +a A’ +ad+a =0
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W91581 g, >0 9N

a, = (myp} +magul +mguul +migquul + mgyul +mig gl +mig ul +miqgul +miq,qul +mgig.q.ul +migqul +mag.q.u)l
gl +miquq ul +miqyquul +migqul +mg,qq.nl +ma,q.qul +miSiu Ts+miqSu, Ty + mqSiuTs+miqq,8u, Ty
+mg, S, T+ myq,aySiu, o+ mlq 8, Ts+ miqq,8.u,Ts+miqq.u,Ts+maq.q.8u,1s+miq,qduls+magqqduls
+mq 8, T +miq g Sin,Ts + miq,qdim 1o+ miqq8.u,Ts+mq,q.q.8.8,Ts + mg,q.q,8u,Ts+ mb,ulT, + fmiq8uT,
+miqSiull. + Pmgq. Sl + miq S, + Pm,gq Sl T. + miq S ull. + Pm,gq SiulT, + myg,q, 8,611, + Pg,g.q.O,ul T
+m,q,q SoulT. + Baa,q il 1o+ miq S ulT. + mqq8iulTe+ mg,q 8ol Ty + mi8,8.p, Tsl. + Pmiq,8,8.u,Ts1. + miq,5,5.u, 1,1,
+Pm,qq, 8,81, 1T, +mlq 884,11, + Pm,g,q, 8184, TsT. + miq 88,0, Ts1. + Pm,q,q 8,8.u,Ts 1. + mq,q 8,80, Tr]
+B4,0:9.8:8. 1,11, +myg,q. 880,141+ Pg,g,q 516,111, +migq 818, Tu 1. + m,q,q.8,8:m, 141, + m,q,q,8,8., 141,
""":";J:#.iti : 5 M:?za;‘s:ﬂ.giE- + "’:‘hﬁ‘xﬂ.ii + m:q,a;ﬁ:p,g.g, + mquqIGJ;a:”ingv * m.‘iﬁ.ﬁlr’:ﬂjj.)
~(m}q.Pq.u} +mqq.Bqu} +miq,Pq,5.u,Ts+mq.q.pq,8m,Ts+mg.pqbul. +,9.89.06,u T + 9,989 8,1
+m,q,Bq. 531, +mq, P58 u, 1. +m,q,Bq88,u, 1. +q,9,84,8,6.u, s 1. +4,9,8q.8,6.u,1:1.)

L
92'1édn
(s + muguual + Mg pil + muquq ] + Mg, il + muququ el + mug el + MGl + MGy ]+ MGG ] MGG G g
MGl MGyl + MGGl + MGG M aq, ] + maa sl + mySp, Tu + g Sl Tn+ mg, S p, i+ migq, S, I
+my g Bl g, Lo+ myq g8, 1o+ myq Sip, Tn + myqq ip, In + miq,q, 8,1 + myqiq,q,8,1, 1n + myq,q, 8,1, 1n + m,q,q,q,8,1,1n

3

+mq i, T +miq,q,8.p,Tn + miq,q,80u, Tn + miq a6, Tn + m,q,q,9,5.1, T + myq,9,9,8.u,Ts + myS,ul T, + Bmiq, 6} T

+mlq, Sl Ty + Pmyg, g, 602 T, + miq, 800 T + fmyg,q, 8002 T + miq 8487 T + Bmyg,q, 848 1o + myg,9,8,02 T+ + B4,9,9,8 44 T
+m,0sq 52 T + Pa@s @ Ooul T + miq Supl T + myqaq 5ol T + mygq Syl To + m8 S, In 1o + Py 8,80, Tn 1 + miq, 8,8 p, 11
+Bm,q,q,8,8.u, v 1. + miq 8,8, Ta T + fm,g,q, 85,8, Tn 1, + miq 8,8,u, Tn ] + Pm,q,q 8,5, InT e + myq,q,8,8,1, Ts T v
+8,9,:0.6:0., v 1, + m,q,q,8:5.m, s 1. + Bq,a,0,8,8.u,1s 1. + miq,8,8.u,Ts 1. + m,q,q,8,8.u,Tu1 + m,q,q,85,8,u,Tn1,
+m8,8,8,5, + miq,8,6.1,5,5, + miq,6,5.u,5,5, + m}q,5,5.u,5,5, + mq,q.5,6,1.5,5, + mq,9,5,5.1,5,5,)

~(miqBa,ul + m,q,q, P9, +miq,Pain,Ts + mg,q, fa 8, Ts + mq,Ba S T, + 4 ,q. Padi 1o + a0, PaSip T

+m,q, a5, T + m,q, Ba,8,8.u,Tn T, + myq, B, 5,81, s 1> + 9,9, 89,5,5. 1, 11+ + 4,9, P9, 5,81, 1412) > 0

(mp il + myqpu + Mgyl + myquq el + Mgyl + myqa s + MGl + MGG MGG+ MG G, ]+ mgg ]+ ma,gyg,
MG} + MGG} MGG} MGG + G g+ myg,q, gl + mySiu Tn + mig S, Tn+ miq, 8, In + miq,q,8.u, I
+mq, 8o, Tn +miq,q, 8, T + mig 8, Tn + miq,q 50, T + myq,q, 800, T+ m,q,0, 4.6, 15 + mia,q, 8, Th + m,q,9,9,8.1, I
+myq, S, T+ miqyq Sum Tn + miqyq, 6, T + miq,qu8.m,Tn + myg,q,q,8,,Tn + myq,q,q,8, 4,1 + myS,ul T + Bmiq, 5, T,

+ml 8l Ty + Pmgiq, 8,12 T, + miq, 8, T + Pmygiq Siul s + miq 8 3 T + Pmyg,q, Sou 1o+ myg,q, 8,1 1 + B4,9:9.0,45 1
+m, g q Su i T + BeasqOipsi 1o + Mg it T + myq,q S Ty + mgyq Sup Ty + maSi5 p, In o + mliq 8,80, Inl, +miq,8,8.u,1n1,
+Bm,q,a,8,8.1,1n T, + miq 8,8, Tn T, + fmyq,q, 6,6, u,Tn s + miq 8,8,u,Tn 1o + Pmyg,q, 5,8, Ta T, + m,q,q,8,5.,1s ]
+89,0,0. 5,8, 1 1. + mq,q. 8.8, 1s 1. + Pq,q,q. 8,80, T 1. + miq 8,8, T 1o + mg,q. 8,8, In1+ + myq,q,8,8.p, 11
+m8,5.4.5,5, + mlq,6,6:u,5,5, + m}q,5,5:u,5,5, + m;q.5,8,u5,5, + m,9,q.5,6,1,5,5, + m,9,9,8,5.u,5,5,) >

(Mg, Ba, 1 + mya,q,Ba 2 +myqy Pa,Sip, Tn +m,q,q,Bq,5,1,Ts + g, Ba ol T + 4,9, 9,5, 1+ + 4,9, B9, 6,1 T

+m,q, B Sl T, + myg, Ba, 8,6, Tn 1, + myq, Ba,8:8. 1, 1n 1. + 4,4, Pa,8,8,1,1n 1+ + 4,9, 89,6,8.4,141+)

o A -
UuAo a, >0 1o

(mya} +myguul + muguul + migugoul + mygapl +migugul + miqgul £ migg ¥ Mg+ Mm@y )+ miayg s + M dyq.
+migul +mig,quud + miqqu’ + miq.a 4 mg,q.q.ul + ma,q.quul - miSin Ty + miq8iu,Tu + miq, 8, Tu + miq,q,8.u,1s
+m}qSlp,In + miq,ay8iu,Ts +miq 8.u,In + miq,q 8u,Ts + miq,q,8.u.Ts + m,q,9,q.8u,1s + miq,q,8.u,1s + m,q,q,9.5.p,1
+mq 8, Tn + miq,q,8.m,Ts + miq,q,86.u, T + miqq,8.p,Ts + m,q,q,a,8u,Ts + m,q,q,q,8.0,Ts + m&,ul T, + Pmiq,5,ul 1,
+miq, S ui T, + fmyq,q, 8,02 T, + miqy8iul T + Pmyq,q 8 ul 1. + miq 8, ul Ty + Bmyq,q 61 ul 1. + mg,q. 5,01 1. + Ba,q:9.8,u1 T
+m,g,q. 5. ulT. + Bq,q,q 8 uiT. + miq 8, ulT. + ma,q.8.ulT. + m,q,q 5, ulT. + m}58.u,TsT. + Bmlq,5,8.u, 1T, + mlq,8.5u,Is1.
+Bm, g, g, 000, Tals + miq, 88,0, Talv + Bm,g,q,8,8: 1, TsTs + miq 8,8, T 1. + Bm,q.q, 8,81, 1s10 +m,q,q,8,8.1,1x 1
+84,4,9,8,8.1, 10Ty + m,a,q, 8.8, Tv 1. + ,0,0,8,8 0, Tn 1. + m}q 884, ToT. + m\q,q. 8,8 u,TsT. + m,q,q,8)8u,TsT.
+m8,8,1,8,5, + m)q,8,5,u,5,8, +miq,86,8/u5,5, +miq5,6.u5,5, +mq.,q,6,5,15,5, +mq,q,8615,8,)>
(miq,Bau} + m,q,q,Bq,u0 +ma,Baq,8.u,Tr +m,a,q,89,60,1s + mq,pa8,p2 T, + 0,898,121, + 4,q9,8q,6,u 1.

+m,q,fq 8.1 + myq,fa,55.u,Tr1. + mq,pq,8,8,u, 11, + 4,484,851, T+ 1. + 4,9,89,6,8u,1:1,)
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W39 g, >0 1N

a; = (2mp, + MGy, + 2G4, +20,G,Go 4, + 2G4, + GG, + 2G4, + 2GS+ 200G, + 2 G GG, + 2G G,
2mGGquH4, + 2MGu, +2mG,qiH, + MGG, + G, +IMG0, 9, +2MmG0 G, — 2, P~ 2ma:q.P9 4,
i +3mq 8 +3miqu i +2mqiq,48 +3mgul +2mg gl +3m,g 0 +2mg Gl +2mG g + g8 +2mgq. 8
44,948 +3mqul +2m, .98 +2mg, gl +2mg gl +.9.904 +89948 ~2ma,Pa - a:9.Pal +md,1n+mg Ty
+m,q,0,1+mgq,0.1n + mg 8. In + miga,0. o +mq & In+migq & Inn +mig,q, 0 In+ mgiq.q,0. s + miq.q. 0,1 +mgg:q, 0, In
+mg 8.1 +mq..8, 11+ migg 0, 1 +mq.q.8 s + ma,q.9.5, 11+ mg.q.q.8, T+ 4m3lp 1+ 3iq S i T+ 3m5ig, 0 i T
+2mq .81, 1n + 3m0q.S. T+ 2mg .S T + 30 q S Tn + 2mqq S T+ 2mq.q S, Tn + @@ O, Tn + 2mga St I
+4a4 T+ 3mq 01,1+ 20,98 1 T+ 2m,q.q. 58,1 + 2m g, 81 1+ 49,901 T+ 4,9.988, T+ 2m 5,1 T
2P pa T+ 2,8 44, T+ 2m .64 T+ 20,518 T+ 2Pm, 0,808, T+ 2miq 8L, T+ 2Bmygiq S T
+2m,0,0.818, T+ 280,0,:q.54, T+ 2m,g.q, 8.4, Tn + 20,00, Tn+ 2mq 811, T+ 2mg,q. 50, Tn + 2m,g,q 88, Tn+ 3n554C T,
+2mg Sl Ty +2mg, 640 + BagOul T +2mg.ul T+ PagOul Lo+ 2mg Sul T, + PaqSuls +¢.4. 5L T +a,q. 5L T
2mag Sl 1v+a.a0u8 1o +aq8ul 1 +moul 1.+ PrigS i 1. +mig.58 In1. + fmgq. 5,5 141, +mig 55 11,
+mg g S8 Inl, +miq S8 InL + Pmgq S Inls +mg.q, 88 Inl. + fga.a S8 Inls + mgg S5 vl + Paga S0 nl.
+m g 88 Il +mg.q 88 Inl. +mga S8 Inl, +3n 88w InT, + 2Pmg 88 Inl. + 2mg, 880, Tl + P, 88, Inl
+2m,g. 88 vl + g g S0 Inks +2mg S5 Il + Pag S0 In] + 6,885,144\ + 00,551 1]+ 2mg 55 I I,
+4.900u, 11 +4q. 58 m In] +MEIS,S, +mq.555,5, + Mg oSS, + maS0S5,S,+ maadASS, +maad,05s,
+IMESUS,S, + 2ma S8 uS,S, +2ma SO uS,S, + 2ma S0 mSS, + a4 58 1SS, + 4450455,
~(m9,Pa:3 s+ mg,q, 59,1+ 2mq, Bad i 1 +4,9,a.5. 1,1+ 2m,q, Pad 1 1 + 9,9, 0.1 1n +2m,q, Pgd 1 T
+2m,q. 8.0, 1s+ 20,9084 1 + 20,9541, 1n + @, fa Sl 1. +q.Badul 1.+ mg. g 8,8 Inl. + mg.Lad.0 TnT
+0,0.8488 1n1. +9.4,84.58 11, +q,Pa 88 In1. +q.Pa 80 In1.)

wldn

(2my 1, + 2 14, + 2G4, + 20,0, 14, + 20, 4, + 2,1, 4, + 20 H, + 2G4, + 20, G L, + 20,0, + 20,
+2m g i, + Mg, + 2mq,q 4, + 2mq,q 1, + 200,G,G, 1, + 2m,0,9,9. 1, +2m,9.9,9. 1, — 2mq, Ba, 1, —2m, .9, Bg, 4,

Hm 44 +3mq 8 +3mqu 48 + 2mgiqo 18 + Imgu i + 2m Gy 18 + 3G + 2mGq L + 2mG g, 8 + gL + 2ma,qu 8
WIQJ‘FJ‘E +3m:‘151§1 +2’"ﬂﬂsd +2’"ﬂ3?jlé +?J”ﬂﬂs/é 'Hh‘ﬁqsfd +Qﬂ4%‘é -h’ﬂzﬁqlﬂi _qz‘hﬁ‘ﬂ"é +m:5:7" +”<‘]15:7‘
+1q,0, In + m.q,q,8,Tn + mq, 8, 11 + miq,qy5, In + mq, 8. 11 + mq,q, 5. T s + miq,q,0 I + m,G,0,0,5, 11 + miq,q, 5, In + m,q,q,,5, I
+mq,0.1n + m,9,9.51n + m,q,q, 8. In + m,q,9,5, Inh + m,q,q,9:5, In + m,0,q,qs5, In + 4. p1, T + 3mq, 8,18, In + 3miq, 5,18, T
+2m,q,9,804, 1 + 3m,q,8.18, Tn + 2m,q,9, 5,14, T + 303,84, In + 2m,q,q, 818, T + 2m, 0,0, .8, Tn + 4,00, OL14, Tn + 2m, 0,0, 8,8, T
+ 0 qu0 I +3m g8 T+ 2m, 0,0, 8014, T +2m, .0 5,18, In + 2m,q,q, 0. 14, In +4,0,9: 0,18, Tn + 4,9, 0,018, T + 2,5, T
+2mq,8. 1, Is + 203,814, T +28m, 0,4, 5,14, In + 2m2q 5,18 In + 29m, 0,0, 8,18, T + 203,818, T +2Pm,0,4,6,14, I
+2m,4,9,0,8, 11 +2P4,0,0,5,8,Tn + 2m,q,9, 5,18 In +2P,,9, 5.8, Tn + 295,18, In + 2m,0,q.8 1, In +2m, 9., 8.8, T + 3 8,4 T,
+2ﬂmnq16:lé L+ 2’"1‘126.&‘5 i + ﬂqlqlé;#: L+ 2m,q,5,48 L+ Baasi L+ 2m,q.5,48 I+ ﬁ%qqé:lé L+ Qz‘h‘):ﬂf I, 'HBq‘a;lé I
+2m,q 0L o +q,q 00 T + 4sq Sy T, + MBS, T, + P Sl T, + Mg, 8,8, T 1 + Pmyg @, 8,8, 1n 1. +mi g, 56,141,
+Pm,qq,5,8,Inl, +mq 8,8, 1n T, + Pm,gq 8,5, In1. +m,q,,8,5, 11, + P4,a,9,8,8,1s T, +m,q,q,8,8,nT. + Pgg:,8,5, s 1.
+mq 8,8, 11 + mq,q. 5,0 In1 +mg,q. 5,8, 1n . +3m 8,81, In 1. + 2 pm,q. 56,1, Tn I +2m,q, 8,8, 1,11, + Py g 50,18, T,
+2m,q, 0,01, 1n1. + Bag, 5,5, 1n1 +2mq 5,0, s 1. + Paq S0, I 1. + 4,9,8,0, 83 + 60,501, Tn I + 2mg 5,81, T T
+4,0.001 11, + 49581 In]. +m5,85,5, + mq,5,5,5,5, + mq,5,8,5,5, + mq.5,55,5, + mq,4,6,8.5,5, + ma.q.6,6.5,5,
+3m,5,6,1,5,5, +2mq,6,0,1.5,5, + 2mq.5,0,1,5,S, +2mq,6,0, 15,5, + §,.9.5,6,1,5,5, + $,4,5,0,14,5,5,)

_(m:%ﬁ%é:i* +m,q,q,5q,6, In+ 2m,q, P64, In+ ‘ﬁq‘ﬁ%‘;‘:ﬂv}‘ + 2’"A‘sz|5:‘¢7" +4,9,59,0,4, In+ 2’"»?:5915:”;-7’"
+2ma.915?15'v}47‘ +241q4ﬁql'5:ﬂv7‘ + ?-‘hqaﬂ‘ﬁasﬂv I+ ‘hﬁﬁa:rlé I+ ‘I;ﬂ%‘s:lé I+ ml.‘hﬁ‘hé;'s:.i' 1.+ "'a%ﬁqléz‘s:i" .
+0,9.84,50 11 1. + 4,9, Pa 88,11 + 4, Pa. 8,01, 1n 1. +q, g 50,1+ 1.) >0
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(2my 1, + 2mq 8, + 2moq, 4, + 2 G, 14, + 2G4, + 200G G, + 2MG A, + 200,G,G 4, + 210G, + 2m,G, GG, + MGG,
12,4, du 1, + 2G4, + 2, G 1, + 2M,G, G, + 2 G 1, + 2mG,q G5 H, + 2mGiq,Gs K, — 2m,0, g, — 2m,G,q. g1,

A +3mq a8 +3mq, i +2mgiq 4L + 3mgupl + 2m,Gigu i +3miq L +2mgiGuL + 2mG,q G +Gqu i +2mgqu il
19,9598 +3mg sl +2m,q,q 18 +2m,q.qu i +2mG. L + 69,95 +4:9.95 —2mq P sl —0.4.8a,48 +myd, s +mg, 81
+m,q,8. 1 +mlqq,0.1s +mq,8. 1+ mqq,8.1s + mq, 8T + mqq,8 T +mq,q,5. 11 + mg,q,9,8. T + m.q,q,5.Ts + m,q,0,q,5,T»
+m,q,8. Tn + M0, 1n + M0, 8. T +mq, G0, Tnn + 1,G,0,050, 1 + M, 0,0, 0,0, Tn + Am 5., T + 3mi g, 81pa. T + 3m g, 8114, T
+2m, g0 0018, T+ 3,8, T + 2m, o814, Tn + 3002, 81, To + 2m,,0, 818, Tn + 2m, 0,9, 814, T + 41,9, 5,18, Tn + 2m, 0,9, 8,18,
+a0 0. S Tn + 30 8L, Th+ 2m,q,q. 510 T + 2m,q,q, 80, T+ 2m,, 0,00 T +4,0.0,5,8, T + 4,0, 908 Tn + 20385 p1 T
2P, 88 T+ 20,58, T + 2Pm,q, @, 88, Tn + 25,8, T +2Bm,q,0. 5,1, T + 2, O pa, 11+ 2Pm,g,9, 5., 1
¥2m,q,9.5.14,Tn +2B9,0,9. 54,1 + 2m,q,q, 58,11 + 200,95, 11 + 20,08 1 In + 2m g, 4.5 4 T + 2m,g,q. 8,4, T + 3m,54C T,
¥2Pmg 5,8 T, +2mg,6,483, + Paa. S8 1 +2mg 5L T + PaasSud 1. +2ma, 548 1. + Paa S I, + 0,054 1, +8,0,5,4 I,
+2mq 6t 1.+, g0 T + asqs L T + Ml T + Prig 5L T, + mig, 8,8 Ink + Pmygi, 5,8 In 1. + g, 5,8, 1u].

+Bm @S5I, +mq 55 Inl. + mg,q, 58, 1n1 +m,g,q, 85,8141, + Pga:9.5,5.1n1 + mgq. 5,8 Ii 1. + Pga:q 5,5, 141
+12q. 5.5 Tl + mg,q 5,8 n 1 + mug g S0 Tn 1 +3m 8,8 1, Tu 1, + 2Pmg 8,5 1 T +2m g, 58 In . + Bag, 8,5, I T
+2m, g, 584,11 + P g0 In T + 2m,q 5,5, Tul. + Paq, 5,0, 1T, + 40,8813 + 4,558, 1n Ty +2mg 5,81 In I
10,9001 1. +a,q.8,0,m In s + m3,55,S, + mq,5,05,5, + mg.5,05,5, + mq.5,85,5, + ma,0.5,65,5, + mq,4.6,6,5,5,
+3mESNS,S, +2mg, 555,85, + 2mq.50u5,5, + 2mq,5,5,1 5,5, + 1.9.5015,5, +4,4.5,6.15,5,) >

(m2q,4,5.1» + m,0,q,84,5,1n + 2m,q, B, 5.18, T + 4,9, P45, Tn + 2m,0, Pa 618, In +4,9,8a,5,4, 11 + 2m,, P, S\p4, T
+2m,q, Ba S In +20,,Pa, 5T +20,9,9,6,1,Tn + 9, Bg. 58 1. + 4. Pa 04 T +m,g, Bg, 5,8 Tn +m,q, g, 5,5 In I
+0,9.845,8. 111, + 49,845,511 1. + ¢, Pa 5,5, 11 1. +4.Pg 5,51 1n1.)

Wufe a, >0 e

(21, + 20 4, + 2,9, 4, + 2m,q,G 14, + 2G4, + 200G, G4, + 2G4, + 2,G,G 4, + 2M,G,G 4, + 2m,G\0G M, + MGG, A,
+2M,G G, + MG, + MGG, + GG, + MGG, + 2m 0,0, G 1, + 2mG,0, 0514, — 20, Ba i, — 2m, g, Pa i,

Hm 18 +3m,q, 48 +3Mg, 18+ 2mGq, 48 +3mqul + 2mgqu L +Imq L +2mg g L + 2mg,q il + G @qu K +2mG,q, 8
GG +IM G+ 2mGu Gt + 2 GG s+ 2m G sl + G99 + 80,95 —2m . Pa s~ 4,9,4,48 +my T + g5 T
+19,5 Tn +mq,q,81n +mq, 5. In + mqq,8.Tn +mq 5. Th + mq,q, 8. Tm + mq,q,5. 11 +m,q,0,q,5, 11 +mq:q,5. 11 + m,,0,4,5,1»
+mq 8.1 +mq,q,0: In + misqs8, 1 + miq,q,8 Ton +m, 0,0, 1s + myg,q,q 8, Th + 48 1, T + 3mq, 5.8, Tn + 3, 8018 I
+2m,qq, .8, Tn + 3,8 T + 2m,,q, 58,1 + 3039, 5,08, T1 + 2m, g0, 818 Tn + 2m, 0,9, 5.8, Th + 4.0,9,5, T + 2m,g.9,5 18T
+04:0. 08, I +3mq 8 Tn + 2,00, 008, Tn + 2mg, 00, T + 2m 0,008, 11 + 4,090 18, T + 40,908, 1 + 2m, 5, T
+2Pmq 8 Tn + 2080, 8, 8, Tn +2Pm, ..., T + 2,84, T +2Bm,qiq,8 4, T + 2mq, S8, s + 2pmygiq, 5,18 1

+2m,0,0,8:8, 11 +2B9,0,0. 5,8, Tn +2m,0,, 58,1 + 20,0, 514, Tn + 29,5248, Tn + 2m, 0,984, 11 + 2m,q.q. 88, T + 305,48 T,
+2Pm,g Ul T, + 2mg,85,4C%, + Paa:0uC 1. + 2mg.6uC T, + Pagdul T, +2mg,5ug T, + Paa Syl T, + 4,58 T, + 4,955 T,
+2mg 8l T +qua Ol To +asqsOul T + ML T, + Priig S,uC T, +mq, 8,8, 1. + Pmyg,q, 5,5, 1s . + mig, 8,5, Is 1.

+Pmg a8 In1 +miq 8801, + Pmygq 50,11, +mq,q 8,8, 11, + Paa,q 50,1 1. + mg,q 58, 1s1. + Paa,a 58, 1n].
+1q 85 In]s + m,g,q. 00 Tn 1 + mg,q 818 In Ty +3m3 8,8 1, In T, +2Pm,g 8181, In T, +2m,q, 8,81, In I, + Pa,g, 5,81, Tn I,
+2m,g, 58,11, + P a8 vy +2mq 8,8, 1n1. + Pgq 56 Tnl +4,0.8,6,831 + 3050 Tnl. +2mg 5851 In1
+0,0:8,0. 4, 1n1. +q,0,5,5. . In 1. + M5, 55,5, + m;q,5,55,5, + m9,5,0.5,5, +m,9,8,8.5,5, + mq.9,8,55,S, +m,g,9,5,6.5,5,
+3m 5,51 5,S, + 2m,q,5,0u5,5, +2mq.5,6.15,5, + 2mq.8,6,15,5, +¢:9.5515,S, +¢:0.58.15,5,)

—("':sz‘h‘sﬁ* + m.q,mﬂq,éﬁh +2m,q, fq,0,44, In+ qz%ﬂql":K?* + 2‘"1.‘12.08%5:.‘&}* +3,9,59,0,14, In+ b&?:ﬂ‘flé:ﬂvi‘"

+2m,q, P81, T +24,9,Pa, 8.8, 1n + 20,9, P8, Tn +a,Pa 5,48 T + 4, P S,uL 1o + myg, Pa 5,8, Tn T + myg, Pg 8,5, 1n I
+4:0.8a58, 101, + 40,085, 1. +4,pa 5,5, Ts 1. +q,Pa. 581 14 1.)
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a, = (my + g, + Mg, + MGG, + Mgy + MGG, + MG, + G, + MG, + MGG, MGG, + MGG, M+ MG ds + Mgy
G5 +MG,9Gs MGG Gs + M, +6mlg u, +6mg,p, +Amgiq,u, +6nggu +Amg g, + Mg, +Amaqu,
HAma,q 8, + 240,94, +AMG G, + 290G, +6m g, +Amagq s, +Am g, +Ama g, + 20,944, + 209,954,
+6m, 46 +3m, gl +3mgy 1 + GG 4 +3mguil + g +3mgul + QUL + GG + GG +3maUl + 4,948 +q.98
+q.qu8 +4m 8,1 + 3 8. I+ 3 q, 5,11 + 2mq,q, 8, T+ 34 qu 8, I + 2m, g, 1+ 3m4iq, 0 In + 2m, .90, In + 2m,,9,8, I
+93,9.51n+2mq,,01s +4q,q.5,1s+ 31q.5, 11 + 2mq.q,5, 1+ 2mq,q,8, 11+ 2mq,.8, 11 + 4,990, In +4,9,9,0, I
68 1 T+ 3mgd T+ 3mg. 0,0, Tn + G, 8, In-+ 3mg, 5,1, Tn + G d T+ 3mg S, In + 4@ S s T +0,,5,8, T
4401 +3ma 8 T+ g0 0, Tn + G S T + 8 T + M, 1 + Prig i1, +mg, 0, 1. + Bmgi a0 1, + mig 3, I
+pma a1, +mq s 1.+ Pmaa il +maqd 1.+ Bagadl +maqd .+ Pagadl +ma sl + maad 1.
+mgqdy 1 +6me S, 1 +4pmag S 1, +ama. o1 +2paq.0m, 1.+ mg S 1. +2Bgqu 1 +dma Su 1.
+2Paa S +20,0.5 1+ 209,50 1 + dmg S I + 20,95 1.+ 2,980, 1 + 3m Sl T, + Pa Sl 1. + g, 848 1.
+a UL T +q Sl T +q Sl Ty + 3888 I T, + 2Pma 88, In ks + 2mq, 8,8, I 1 + Bag: 00, In I + 2mg 88 In I,
+Ba g0 In], +2mg 88 n 1, + Pag 88 Inl, + .4, 88 In 1y +q,q, 58, In1y + 2mg S8 In ], +G,q. 88 In 1y +q.q 08 In I
+3m, 58U, L.+ Padolu, Inl, + @004, I, + 0004, TAA +q,5,0.44, Tilis q:00.4, L+ Mﬂﬂjﬁ, + 2n;q,8;8,5],§,
+2mg.505,5, +2ma505,5, + 4.9.585,5, + 395055, +3mEAuS,S, + 4.5 uS,S, +4SOuS,S, + a5 u1S,S,)
~(4m,q, a1, +29,,8a,4,+ 2m, g0, 1 +4,,84,0,1r + 4, B S T+ ma, Bad, I+ ma.fadi 1. +4,.840,1 + 44, Pad, I
+24,Pa S 1+2q,a 0 1+ 4, Pa80 1+, Bad 0 Inl+q,Bas +mq,fa, +ma.q.5a)

w2ldn

(7} + g, + My + 1, + g + M, + 1, + GG, + MGG, + MG, + MGG, + MGy + MG + 1G9, + Mg

14,05 + G005 + M., + B, +6mq 1, +6m .14, +Am g, + GG, +Ama . MG +AM GG,

HMGAH, + 2000, + MG, + UGG+ M, +Am ., +Ama.q s +Am A, + 20,0,9:4 + 209K,

+6mf 1 +3mg i +3mau 1 + Gt +3mau il + GGyl +3mG s + a4 + @K +3.9uK +3maul + 0,98 + g

+9,054 +4m 8,11 + 38,11 + 30 4,8, 1n +2m,iq,8,Tn + 3mfq, 5, 1n +2m g8 In + 30,8, 1h +2m, G0, 5, I +2m,g,q, 5, In

+0.0,9,8, 11 +2m,q,q,8.1n +0,0,0,8 1n + 3nqy0, In +2m, 0,9, In +2m, 0,9, n +2mq,0,. I +4:9,,6, I +,9,950, I

+6m 8L, Tn +3m g 814 Tn + I, 8L, Tn + GO a4 T +3ma@, Sl Tn + 40l Tn + 3ma St T + 44,81 Tr + 4,0, 8 T

+0q. 8 1 +3ma 8 In + a0 008, 1n +q.a, 8 Tn +a,a. 0 T +mS, 1, + Prig 5, 1 + i, 5,1, + Pmaig, 0,1, +mig,5, 1,

+Pmaadl +mq. 81 + fmaq sl +maq Sl + Paaq Sl +maq sl + Pagad . +mgs L, +maaqd 1.

+m g &y L +6m S 1. +4Pma S 1. +4ma, S 1o +2Ba.g 5 I +4ma i I +2Baa6,1,1. +ama s T,

2Paa Sl +29. 51 1 +2,0,5,8 1 +4ma S u 1. +20,0.6u,1 + 299,841 +3mS K I + Ba S 1 + 484 1.

1@ Ol T +q STy +q Ol T +3m 88 In Dy + 2Pma S8 Il +2mg 8.8, Ink + Pgq, 88 Inky +2mg 88 In ],

+Bqa B8 In T, +2mq 80T 1. + Paq B0 In T, +@q, 88 In I+ + 4 88 In 1. +2mg 88 In Iy +4,g: 80 In Ty + 4,088, In

Bm S uIn ], +Pad S InT, + @804 Inky +q 881 InT. +q, 80 14 In Ty +q 881 Inl, +3n158.5,S, +2m,g,838S,5,

+2ma5,05,5, +2ma,855,5, +¢.0.505,5, +a.4.505,5, +3mSEuS,S, + @80 4SS, +a.5OuS.S, +a584S,S,)

137

~Ama,Pa i, + 20,0504, +2ma0, Pad 1 +0,9,84.0. 1 +q,Pad i 1s +ma, Pad 1. + ma Pad . +¢.q.Pa8 I +4q.5a4d, I

+20, 84811 +24.548 1.1+, BB 8 1 1.+, fa S8 v 1. +4, 41 +ma,Pa +maq.Ba) >0
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(m, +m,q, + g, + Mq,q, + Mg, +m,q,q, + Mg, + Mg q, + Mqq, + Mg q,q, + Mg:q, + MGq,q, + Mgy + Mq,q, +mq.q
GGy + MGy, ds + MyGdyds + 8, + Mg, + Omg 1, + AmGiq, s, + OMLg 4, + Am,gig, i, +6mg u, +4m,Ggiq.H,
HMG,qu 1, + 20,0, H, + MGG, + 200,91, + 6 g, +Amg,q.u, +Amg.q.u, +amg,qp, + 20,994, + 20,9.9:4,
+O 45 +3m,G 4G +3m G, 18 + g1 + 3Gyl + GGy L +IMGUE + G L + AL + G +IMGUL + G + Gqu i
19yt +4m 8 11 + 3mq,8) In + 31,8, 1 + 2m,q,0, 0, In + 313, 8, In + 2m,,q,5, In + 313,011 + 2m,0,9,8, In + 2m,q,4, 8, I
+9,0,9.0, 1n + 2m,q,q,6. 11 +q,0:,0, Tn + 319,05 Ty + 2m,G,q, 01 Th + 2m,q,q:0, In + 2m,q,0,5 Th + 49,950, n +,4,950, T

+6m 81, Tn +3m, ., Tn + 3m,g, 08, Tn + 43,008, T + 3mg, s In + 4@, T +3m,q, 004, Th + 619,018, In +,9,,14, T
+050,0.1, In +3mq 0.1 In + 4,000, Tn + Gsq 008, Tn + @818, In + M, 1. + Prig &y 1, +mig 8, 1 + Pmygiq,0, 1 + gy, 1.
+pmaa,81. +mq, 81, + Pmaq, 5 1. + ma,q, 5.1, + Pag,q.5 1. + maq. 01 + Paga,o I + mqd, . + maq.d,1.
+m,,q. 0, I +6mE S i 1. +4pmg S T, + amg, 0 1. +2Paq, 5 1. +dmg. 5 T, +2Paig, 5, 1. +4m,q, 0,1,
2Paq.0u1s +20,9,5u 1. +20,0,61 1. +4madu 1. + 20,0641 + 24,051 1. +3m8 8 1. + g Sl T +g,844 1.
+g Ol Ty +q Bl T, +q Bl 1 +3m 8.8 Tn 1y + 2Pm,g 816 In 1, +2m,g, 8,6, In T, + Pa,g, 8,8, In Ty +2mq, 818 I 1,
+Paa, 0 1, +2mg B8 I, + Pag, S0 I . +,q, 5,811, +qq 88 1. + 2mg 5,8 In ], +4,9.5,8,In I +¢,q 8,0, s 1.
3m S Inl. + Pa S u T, + .88 4 I, + ¢80 1T, +q,8,5,4 In . +4,5,0u,1s 1, + 3, 5,5/5,5, +2m,q,8,5,5,5,
+2ma:5,05,5, +2mq,5,05,5, + 4,9.5,05,5, + 3,4.505,5, + 3m55uS,5, +¢,5515,5, + ¢.5015,5, +9.5615,5,) >
(4m,q, Ba s, + 20,0, 8a 14, +2m,4, P45, 1n + 4,9, Pa,8. s + 4, . Tn + mg, Pai, 1. + mq, Pa,b, 1 + 4,9, 8,0, 1. +4.9.8a,5,1»
+2, Padp 1 + 2, Pa STy + @, LSO In Ty +4,Pa 8,8 Inly + 4, Pa s +mig, Ba, +ma,9.54,)

o A A
uuno a, >0 o

(m} + g, + Mg, +MG,g, + Mg, + MGG, + Mg, + MG, +Mhyq, + MG Gyd, + MGG, + MGy, + s + Mq,qs + Mgy,
I, + MG, s + MGG, gs + 8L, + Mg 1, +6mg, i, +Am g, 8, + 6myqu i, +4mq,g s, + 6mq,u, + 4mg g,
MG, + 20,090, + MGG, + 2.9 4, + Mg, +Amg,q s, +Amg g, +Am g, g s, +20,0,G5H, + 20:G,9H,
+6m 1 +3m, G 48 +3m,G 46 + Qo1 +3MGu L + Gy +3MGUL + GG + G + L +3MGL + 0 +aas
9,908 +Am8 Th + 308 q, 50 1h + 303 g0, 1h + 2m,G,q,8) Tn + 3,0, 11 + 2my 1,8, n + 31,5, T + 2m, 9,6, Th + 2m,,q., 5, T
+40,9,0 11 + 2m,0,0,01n + ,0,0,8, In + 32 q, 5. s + 2m, 0,9, 1n + 2m,q,q,5, 11 + 2m, 9., Ts + 4,490 Is +4:9,,0, I

o 3, Tn +3m,g 8 Tn + 3mg 8, T + 9@, S 1o + 3mg B T + @, 8 p In +3mg B u T + a8 u T + 4,984 1s

+0,0 0, In +3mq 8 In + 4,q, O Tn + 3., 58, T + 990, In + S 1, + Priq ST, +mq,8) 1. + Pmg g, 5,1, +miq. 6,1,
+Pma a0, 1, +ma b1, + maa, sl + ma,q, 51 + Pga.q,0,1. + maq. 51 + Paa,q. 1 + mg,5, Iy + ma,q.8, 1,

+m g1, +6m sy T, +4Pmg. 5 1. +4mg, 5,1, +2Bg,0,5,m. T, +dma, S T + 2Paa, 8,1 1 +Amg Sp 1,
2PaaSn 1 +29.9.501 +29,9.5u 1 +dmadu 1. +29,95u 1. +24.9,0 1+ 3mSul 1, + Ba Sl T + 4,648 1
+q, Ol T +q, 0l 1o + g, 8L T, + 38,8 Tn I +2Pm g, 8,8 In I, + 2m,g,8,8, v 1 + Pa,g, 88 In 1 +2m,g, 8,8 In I,

+Bag 01, +2mg 88 i1, + Pag 58 In ] + 4,9, 58 In I +4,q, 8,0, In Iy + 2mg, 58 In 1 +4,9,58, In I + 4,9, 5,0, In 1.
3o T + PSS u ol + @801 T + g8 Iy +q 881 I T, + .88 1 In T, +3m8,85,5, + 2mg,5,85,5,
+2ma:5,05,5, +2ma,5,35,5, + 4,4,5,85,5, + .4.535,5, +3m8,5u5,5, +0,5545,5, +4.5515,5, +9.5,515,5) >
(4m,q, Ba, s, + 20,9, 8,14, + 2m,0, P08, In + 4,9, 84,0, 1n + ¢, Bai.,In + g, o, I + mg. Ba S, 1. + 4,4, Pa. 5,1 + 4.9, Padi 1
+2q,Padip 1. +24,8q.5,,1. +q, g o0 s 1. +q.Bg 58, In Ty + ¢, Pa,18 +mq, Pa, +ma:9,54)



139

N93aN a, >0 9N

a, = (4m, +3miq, +3m,q, +2m,q,q, +3mq, + 2m,q,q, +3mq, +2m,qq, + 2mgq.q, +qa.q, + 2mq.q, +qd:q, +3mqs + 2ma.q,
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%E =L-p,8—6:S (1.5)
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THE RELAPSED TRANSMISSION MODEL OF PLASMODIUM VIVAX

Choawaniti Teampae, Puntani Pongsumpun’

Department of Mathematics, Faculty of Science, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok 10520, Thailand
‘e-mail: kppuntan@kmitl.ac.th

Abstract : Malaria in human is due to 4 types : Plasmodium falciparum , Plasmodium vivax ,
Plasmodium ovale and Plasmodium malariae. Plasmodium falciparum and Plasmodium
malariae destroy red blood cells at all stages because Plasmodium vivax and Plasmodium
ovale destroy only the red blood cells. Most Malaria cases in Thailand are due to Plasmodium
falciparum and Plasmodium vivax. This disease occurs in Africa, South America and Asia. In
Thailand, Malaria is found along the border with Burma , Cambodia and Malaysia. In 2010,
the provinces which have a large number of malaria patients are Tak , Kanchanaburi , Trad ,
Ratchaburi and Mae Hong Son. It is found in the forest area only. Malaria is not found in
urban areas. Anopheles vectors transmit this disease to the human. In this study, the
transmission of Plasmodium vivax malaria and the effect of relapsing of Plasmodium vivax
are considered by using mathematical model .The population are separated into human and
mosquito populations. The application of the standard dynamical modeling method is used
for analyzing the behaviors of solutions. The conditions of the parameters for the disease free
and endemic states are obtained. The example of parameter which may reduce the outbreak
of this disease is given.

Introduction: WHO estimated that each year, the malaria cases are 300-400 million persons
worldwide [1]. There are about | million deaths per vear, mostly in Africa. In Thailand,
Malaria is found along the border with Burma, Cambodia and Malaysia. Malaria in human is
due to 4 types: Plasmodium falciparum , Plasmodium vivax, Plasmodium ovale and
Plasmodium malariae. Most Malaria cases in Thailand are due to Plasmodium falciparum and
Plasmodium vivax , the anopheles vectors transmit this disease. The symptoms of this disease
depend on the type of infection. Body aches, nausea, vomiting abdominal pain or diarrhea are
symptoms of the malaria cases. Some people may have a cough or flu-like in 4-5 days of
fever. The breakdown of red blood cells is not the same for all people. However, after malaria
were in the same period. Red blood cells are broken once every 48 hours. Symptom of
patients who be infected with Plasmodium vivax is usually not fatal, so called "benign tertain
malaria”. The Plasmodium vivax cases can be repeated within two years, the longest is 8
vears [2]. Top ten provinces that found malaria patients in fiscal year 2010 are as follows.
Tak (1574.87 people per hundred thousand population), Mae Hong Son(649.49 people per
hundred thousand population), Ranong (506.12 people per hundred thousand population),
Phangnga (338.52 people per hundred thousand population), Yala (328.92 people per
hundred thousand population), Chumphon (207.31 people per hundred thousand population),
Kanchanaburi (184.43 people per hundred thousand population), Trad (171.10 people per
hundred thousand population), Chanthaburi (166.59 people per hundred thousand
population), Prachuap Khiri Khan (91.00 people per hundred thousand population).
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In 2010, there were 25,639 Malaria patients cases. There are 13,425 cases due to
Plasmodium vivax 11,852 cases due to Plasmodium falciparum. The data of Malaria cases
are show in the following figure.

Patent per hundred thousand populatons

[ L

Fiscal year

Figure 1. The graph shows the rate per hundred thousand population,
patients in the fiscal year 2007-2010.

To recognize the importance of people’s lives and property at risk of this infection, we
study the problem of patients from the Ministry of Health from 2007 to 2010. We analyze
and find the solution to the problem by creating a mathematical model for malaria. We use
this as basic information on disease prevention. The output of this study should be the way
for reducing the outbreak of this disease.

Methodology: In this study. We analyzed the mathematical model for the Plasmodium vivax
transmission. The human population is divided into four types. We study the dynamical
change of human and mosquito populations:

S, = the number of population who is at risk of infection,

E, = the number of population who is infected but cannot transmit the infection,
I, = the number of population who is infected,
D, = the number of population who is infected with embedded,

The mosquitoes are divided into two types:
S, = The number of mosquitoes at risk of infection.

I, = The number of mosquito that is infected.
The equations for the dynamics of the human population can be explained as follows.

o f,
ZN, X E, 5 E N, I d
=Tal 1 A Ch p R
SFJ Eﬁ I‘: Dh
iy IS
1 T L l}’hfn I l !
S, Yol Pl £,
~, 0,

Figure 2. The transmission diagram of human
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Si(1)= 2N, +x,D, (1) + x,E, (1)+ x,1, (1)~ (p, + @, (1)) S, (1) ~ox1, (1) , (n

E,(1)=a,1,(1)S,(1)-(p. + &, +%) E, (1), (2
L(1)=&,E, (1)+x,D, (1)~ (P, +x.) 1, (1), (3)
D, (1)=wx1,(1)-(x,+p,+x) D, (1), O]

Q. S\, avSv]h ]v

l
p,S, pl,
Figure 3: The transmission diagram of mosquitoes

S\ (t)=C~(p, +a,1,(1))S,(1). (5)
L()=a,sS,(0)1,(1)-pd, (1) (6)

Where the parameters in the above equations are defined as follows
Z is the birth rate of human population,
P, is the death rate of human population,

N, is the total number of human population,

@ is the percentage of infected human in whom some hypnozoites remain dormant in the
liver,

x is the rate at which a person leaves the infected class by recovering or by entering into
the dormant class,

X is the rate at which the dormant human relapses back to the infected human,

x is the recovery rate of the dormant human,

X, is the rate at which the imfected human can be susceptible human,

a, is the rate at which the P. vivax parasite is transmitted from the mosquito to the
human,

£, is rate of the population who change from an infected person (can not transmit

infection) to become infected (can transmit the infection),
a is the rate at which the P. vivax parasite transmitted from the human to the mosquito,
C is the number of mosquitoes at the beginning,
P, is the mortality rate of mosquitoes.
Wehave N, =S, +E +1, +D, andN, =S +1 .
We assume the total of populations are constant.

ﬂ:[) and ﬂ.ﬂ.:o
dt dt

From (1) — (6) we let
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. S . E . 1 - Q - S - 1
S, == E'=—: I =-; D’ =—2; 8§ =—; 1) ==t
"N, NS ON, A N, N,
These give
SA”(’) =Pyt %Dy (')+xlEh. (’)‘*‘ xJa. (’)"'(Pﬁ +ah‘,v. (‘)Nv)sh.(')_ ox,I", (') (7
E"()=a, (NS, (1) (P, +&,+x )E, (1), (8
1" (1) =6,E, (1)+x,D, (1)-(p,+x)1, (1), (9
Iv" (‘)=av‘§v.(')!h‘(’)"vh _pv"v.(’)‘ (Io)
D,"and S, are obtained from the conditions : D," =1-S,"~E, -1, and S,"=1-1.
A. Steady state

The Steady state (l,,'.S,,',E,,'. 1,') is found form setting the rate of change of each variable
equal to zero [3], this gives:

1) The disease Steady state F, (0,1,0,0) and

2) The endemic Steady state F,(7,’.S, . E,".1,")

where

- pxx, (}-. -K = l")“ lp‘lﬁ(p. +x + r.)4 NN aace (p! -r "n)'F'.’."'. (p‘ * KX )]'

(.‘d_w_ )( X -X +0F )( TR .'J_:,q. + 58 - .'\f_u_t_)

[p. * X v(.ll X 4 oK )I"](F. ‘K 'f.)

5 - ’
] . . =
$ al N al N al N
— e ——he.
P, 8P, 4 2P, BN, ol ALEXL ) M ZATXRSTREL RS .
Pral N PFeal N Peral N
. s . e « TENH T
a N ( a." ”‘ [’l‘.l-(ll‘.ﬂ 1N )Il ](Pp" “o)
PsaiN, ; al N TR a i N
’ P, 0P, 3P PN, . rem N . J‘ PE,vEE, s Ex 5N, =
s Peal N P+al N, Peal N,
' (p,+x +5)
.
. al N
I = ]

Paain,

1, is the solution of the equation A, (7, )2 + A1, =0, where
A =pxx (p. +Xx + 5.)— [p_x.x_ (p. +x +x‘)+ NNaaes, ( P +x+ .x.)+ FEXES (p. +Xx +Xx )]
A=(Na)x -x+ox)(px +xx +Nxa +x5-Nag,) !
1,” >0 when
G ( S = P%X, (P, + X +E,) ]

0 > L G, = e~ !

l 5% (P + 4,48, )+ N N a6, (p, +x,+x, )+ pox(py+x+x,)

The local stability of each steady state is determined by the sign of all eigenvalues. If all
eigenvalues have negative real parts, then that steady state is locally stable. Eigenvalues (7)

for each steady state are obtained by setting
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det(J-nl)=0,
where J is the gradient matrix evaluated at the steady state and | is the identity matrix.
i) The disease free steady state F, (0,1,0,0) the characteristic equation is
(—P;. XX, -ﬂ)(_P,‘ - X —q)(_ph =8y =y ﬂ)(—P, % ’7) =0
SON=—Py =X — X ==Py =X N =Py =&~ X3 =P,
ii) The endemic steady state ;
the correspondent eigenvalues for each equilibrium point are found by solving the
characteristic equation: which is in the form
n+Kn'+Kn'+Kn+K, =0.
By using Routh-Hurwitz criteria, each equilibrium point is locally stable if the following
conditions are satisfied:

K, >0, (n
K.K,-K, >0, (12)
K, (K.K,+KK,)-K; >0, (13)
K, (-K;? + K,K,K, - K,K) >0, (14)

where

K, =384F+X, + X, + X, + X, + I Na,+ I Na_ +s,

Ky=3F 43RP 42X, 4 EX, 4 2BX, 4 P X+ X, Xy 4 2P, X, 4 P X 4 X X 4 2B X 4 FX A X X 4 X, X 4 X, X 42N Fa,+ IN Fa,
+INXa, +INXa, + I N Xa, 3N Pa v INXa +INXa + LN Xa + I NXa +IJNNaa +256,+ 05+ Xe, + X8,
+X g, +INag,+i Nag, - XoX,

K, =Pl A3B P A B X, v 2RPX 4 PX, A2BP X 4 PX X 4 PX X A X 4 28PN 4 BX X 4 PX X, 4 B X 4 2R X, 4 BX, X, + P.X X,
HPX X APX X, + X X X APX X, 4P X 4 X X X 4 INPla, +2 NP Pa, +INFX a, +INFXa, +INEXa, +INFXa,
HINEXa, v INPX g, v INX X a, +INX,Xa, 43N a +20NAXa +22LNAX a +INX Xa »20,NBX a +LNXXa,
S22 NPX a +INX X e +INX Xa vINXXa +20INNFPaa +IINNXaa +IINNXaag +IJNNXaa + Pe,
+2P e +EX e 4 PX &+ X g+ PX 6+ P X e, +F X g, + X X6, + X X g, +INFaeg +INFPae+INXag+INXags,

2 N Fae, v INXae+ I NXae +INXaes +I INNaae-NNSaae+iINNSaag, -FXoX-FX e -XXoX
~INXaoX ~INXawX -~ XooX v NapoX,

K, =PAPYINa Py INa XX + X, 2 X, 4 X, 0 I Na, ve )¢ FINa (=141 N Sa.6+ 1IN+ XX+ X4 X)) IN Xa,
+INXa,+ X g, + X g, I Nag+ X (X, +INa+e,-oX M+ P XX +X(X+ X, +X W INXa +iNXa+Xe+Xe,
+IN @ e, ¥ X (X, 4 I N a, +6,-@X ) PAYX (X, 4 X (X, ~@X ) el X, X 4 X (X, ~@X, )+ I NaiX,(X, e, X, (X, ve,~0X,)
+8,@X )4 N ((=10 7 N S,(X, » X, 0,6, 4 1AX (X, 4 X000, ~@X D46, X, 4 XX, - @X, ) INa (X (X, 460+ X,(X,+6,-0X,)
+€,0X )

From our calculations, we found that the disease free steady state is locally stable for G, <1.
The endemic steady state is locally stable forG, > 1.

The values of the parameter used in this study are as follows : ph=§3?l;7’7per day

corresponds to a life expectancy of 71 years in human. The mean life of mosquito is 35 day :
p,= 315- per day. The parameters are assumed as follows: N, =1000; N, = 900;

1
:xz=L:x,=L°r =L;a =——;a,,=L;s,,=0.001;a)=0.wl.

h= 102" 20" 13" 0s 0.5

14

The conditions of Routh - Hurwitz Criteria are given in (11) - (14).
The conditions (11) - (14) with the above parameter are show in the following figures
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Figure 4: The conditions of Routh-Hurwitz criteria in endemic disease state.

Results, Discussion and Conclusion: In analyzing the mathematical model of malaria, we
found two steady states. The local stability condition of each steady state is obtained. The

basic reproductive number(G, ) is used for reducing the outbreak of many diseases [4, 5]. The

result of this paper proposes an alternative approach, another way to reduce the spread of
malaria vivax. If we can define parameters to meet the conditions above, we can control an
outbreak of malaria.
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Gy =by+ By + b+ by +3my + 2m, + 1, Now +pNyy, + 1+ 4,

Gy =baby, + 2bsmp+ 2bymy + 3mi + 2bymy+ 2bgmy + 6mumy +md +ich:Noyn + EbNoyy +
2igmyNorp + 2igmelorn + iabalNave + inbiNavy + Jiamalnyy + inmoluyve + iaieNallovnye + badn +

by Ay + 2myu A, + ZM'A; + ipN.YhJ* + ipNpyods + (b + by + 3”. +m,+ I""'I’h +igNave + A4 +
by(ba+ by +by+ 2mp + 2m, + ipNpye + Ap) + bai(b, + 2mp+ 2m, + igNeYy + iaNpyy —mby + intAa;)

Gy =babymp + bami + bymE + m} + 2byb,my, + 4ogmamy + dbgmumy + 6mimy, + bomd + bymi +
3y, mE + ipbaby Ny + iobamuNoyp + ibympNovy + i.mEN + 2ipbamelNoyn + 2ighymeNoy, +
4igmam Ny, + i gmENeyn + ixby by Nuve + 2inbamalavy + 2inbymin Nave + 3ipmiNave + iabymeNyy, +
i obymeN gy, + 3ia mpmy Nprp + i picha N Novnye + Eni B NpNevy v, + 2iaiympNeNova v +

i gty NelNown ¥y + by (Ba by + bymp + Bymp + mf + 2bgm, + 2bymy, + 4mpymy, + mi+ ip(by+ by +
2my + my)Nyy, + ba(by + mp + 2my + inNprp —nby)) + babydp + bymp Ay + bymp Ay + mi 4, +
2bomyip + 2bgmyiy + dmamd, + mid + b Noveda + igmaNovada + 2ipm Novuda + i by Navods +
by Navodn + 20 pmpNuyode + inmNoYodn + inioNe Ny vodn +i Neyanbydn + by (bz + by + by +2my +
mg+ipNpipd, + @Bmi+ Impm, + 2iympNyyp + ipgmoNpry + JipmplNare + ipicNoNorave + (2mp +
M+ igNoyn + iaNoyVe)dp + By (Cmy + my + iplNpyp + ialVnvp +Ax) +by(bg +2mp + my +iNewy +

i oNa¥e + Ap A, + Da(mf + m3 + 20 ,mNorp + iameNaye + inioNpNen¥e — 2menby —iplpyanb. —

§ o Navenby + 2moAp + illovads + inllnVedn — MbyAg + [y +icNovn + ExVa¥e — by + 4504y + by (M, +
2mg + ioNevn + inNa¥e + An +4.) + mp(dm, + ipNovn + 2ipNeyp — nby + 4, +24,))

G, =2b3b,m,m, + 2b;mim, + 2b,mim, + 2mim + bab,mi 4+ 1b;mymi + 2bymam; + 3Imimi +

20 babym, Nyyy + 2iypbymym, Novy + 26y hymymy Ny + 26;mimyNoyn + iy bamiNoyy, + ighymiNyyy +
Zil"‘hm;"lrl + ipby by Ny, + “hb!"‘iNI)'i + ihbl"‘”hrv + '-h”g"h?r + i pbgbym Nyy, +

2ipbymym Nyy, + 20 Bomym, Ny, + 30pmim, Nyy, + (G By by NpNoyg v, + I gy NNy vy, +

alo By NuNL T Wy + Ity MANANO R Vi + Unlodaty Ny Nt Ve + 1 aduBu Moy N ¥, +

21 iy MM Np N7 ¥ + 2babymody + 2bampmydn + 2B,mpmoly + 2mimedy + bymid, + bymiA, +
Zmpm@iy + 2ipbymallyvpdy + 2ipMymoNorpde + 1emEN,Yadn + 1nBab Navpdy + ipbympNaredy +

i nbymgNpyeda + iamENG YAy + inbameNYoin + inbamy Nuyode + 20 g mpllpyedn + i nipbalpNoYnyeds +
i ki My NN VYo A + inipMpNaNo oAy + 26pmy Npyanb, & + (3, NNy va vpnibads + (mp(md +

“h(smv +i -‘vir'i oyt mh"h'rv) + 2',”,?‘ (mv o ti"hrr)) + (ﬂli + my, + ‘vavh i 2‘&"’!’:)+

Nyvp (—tn(—1+ 0 )V Sy v, + 1 ,(my — 1, Ny (1 + Sp)¥, #1005 + By(mi + (m, — O Y )N +

An) + Mp(2my + Lo Np¥n — 20a Mgy + Ap)) + Ba(ma + N (my — 1aNRIE) + (M + 1NeYa —
LadlpVeddn + Ma(2my + 1o NoTh — Zlnﬂan'F An) + b, (mp + me + 1NeYa — 0870 + 4An)))Ap +

by (2hgm pmy, + 2mEm, + bymi + 2mami + tabympNey, + 1mENa Y, +inbam Npyve + 2igmam Ny, +
(bymp+ml+bom, 4 2mpm, — iy (b, + 2m INyy, ), + by (m (m, + ipgNpy, )+ (my,— inNpr )4, +

by (2my+ igNyyp + ip) + mu@my+ inNyy, + 40)) + bo(mg +iameNoyy — 2menby — iuNpymby + (m, —
iy, — qby ), + By(2my, + iy Ny, +4,) + my(2m, + iy Nyy, + 1,))) + I’l('-r";n i+

[l m NNy, —monb, — 26,m Nypnby — fm Npyonb, — (L N Noypy by + mody + 20, m Ny dy +
1y Ny 1Ay + Ny Nty Vi — 2monby 4y — G Na by A + (—mnb, + 5 N335 ((— 1 + 0,)N Sy +

nby — ip) + (m, — b )y + L, Ny, (m, + G N(=1+ Sy, — by + 23,004, + mi(@m, + Ny, +4,) +
mp(2mg + 4 N9, (N, ¥n — b, + 4y — 24,) + (1N, — by + Ap)dy + 2m (4, Ny, + N7, — b, +
Ay +A0) + B,0m3 + 1 NpvieltoNeyn + An) + (1eNoTn — taNp¥o + A)Ae + Mma(2my + 1, Nave + Ap) +
mu(2i e Noth + IaNp¥p + 2p + ip)))
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G, = bab.mmv + bzmwp + bymimy + mimg + i bobymiNyy + 'ubz"h”"vaYh *
lgb.m’.mva. +i,mimINgyy + inbabymumyNyyy + inbamim, Nyy, + i ybymimy, Nyy, +
'hmhmthVv % 'hlwb:fhmanN ¥yt 'nlvbamh"'thN Yo : 'hlvb4ﬂlu"lenNsYth
lnls-mhmf.-NthYm + bybymidy + bymymydy + bymympdy +mimid, + lv*’:'"v"vnlh ¥
igMaMaN¥p A + iybabymyNyypds + 1 ubamhmnNanln + ipbymymy Nyypdn + i ymamy Ny v,y +
inipDamy N NpYa Yo iy + n.summgNaNmMg + iymENyyanby Ay + ipipmy Ny Npyivomby Ay +
bybgmymy4; + bamimv% + bymimyd; + mympd, + ipbybymoNoyp Ay + ighamymy Ny Ay +
i b.umnmvaMv + igmimyNoyy Ay — inbabympNuyydy, — inbyMENy Y, Ay — TpbymEN YAy —
inMANy Yo dy — § piybs By N Noyy Yo Ay — i pighamy NyNo¥n ¥ody — in lvhmnNanYnYoiv -
iniyMENGN YR oAy + babymedndy + bymumodpdy + bymymyApd, + mim, A Ay +
igBamoNoyn dn Ay + iympmeNoyy Ay Ay — in by By NpYpdndy, — inbamaNp ¥pdn Ay —
inbymyNy¥oAndy — i mi NuyodpAy — ipipBa NaNo¥ VoApdy — § piompNaNovavpdndy +
inbaNuNoSaYn YodnAy — inipha NaNoSpYa Yodnds — Dnby @ NolNySh v Vodndy +

My N N Sy Yo An Ay — lnlv"luNanSmg?qu 4 ‘h‘vththshY!vajﬁJv +
inipNy NSk ¥ YoAndy — inigNaNG Sp¥a YoAn Ay — ln'v'thN Su¥i Yodndy + igmpNoypnbsdpd, —
inip Ny NoYa ¥y Axdy + by (B3 + My )(by + mp)(m3 — ixNa¥phy + My (ixNpy, + 45)) +

bz (—minb, — iym, Nyy,nb, — iuNh NpSp¥aYody + inipNeNpSpya vedy + ln‘thstuan% »
monby A, + iy Nyypnba 4y + bd.(mv — ixNp¥pdy + my(ialNpyp + 45)) + fﬂn(mv —ipNatpdy +
my(ixNa ¥y + 45)))) + by (—imiN,ypnby — twmeNanrnmb; + lpmvaﬁi Ay +
lulvmvNquYm;h mimb, 4 — igmNyynbsdp — i iNa NG Sp¥avedy + inigNaNG Spyavedy +
ipige, NyNg SkYPtzyvAv iym,Nyypnb,d, + :hlthNnThrv'lhllw + i;myNpyp Apdy —

iipNy No¥a Yodndp — m,nblﬂ.,,l, + ipNy¥pnby Apd, + mi(m7 — 'nNnTr‘v +my(ixNyyp + 45)) +
by(mp+ 1Noyp + A )3 — in Mooy + mo(inNayy + 4,)) + my(mi(—mby +23) +
ixNy¥p((—1 + @, )N,Shya + by — Ax)A, — my(nby — A3 )(in Nayp + Ap) + 1, Npya (m3 +

iV (—1+ Sp)vedy + my(inNpyy + 4,))))

Amuaht i nnlsznnsonma 1500 aw hude Ny, = 1500 au , Uszsnsnilaaviieny

a o a e » a ' v L
N0 65-70 'l.j ‘1u?ﬂﬂ1o11ﬂfﬁlﬂ“]1#0ﬂ51“11lnﬂl“]ffu6”71“1'5“1“1!0\“‘5«11“1 AIUU

A=my =——0 foiu, nmnnwuuﬁmmnounmmnﬁ 14 FunhAuszozavedituen
msthondndulwbnndaiude b, = by = F Aedu, ::uznnﬂdaﬂaﬁaq’hﬁﬂw 10 fu viuite
b, = 1’—4 sotu , szoxnmim$lumsimnen o fuszez na wesms funnnsaadeithi s 20
Turiude by = in’m'-u Snugainn so0 @ vfufie N, = 500 &1 , ganildiiewgdo 35 by
fiom, = —ntﬁu Sovazifamipventszynsniiu 002 vufe 7 = 0.02, Fasmstonoadesngs

hhluﬂmm]ﬁu 0.01 Wude y, = 0.01, gan 1 omear oainils sy llgaiin 0.01 vude

¥, = 0.01
Fnswnionlvns Rouh-Hurwitz Criteria #0fu mnoaums i 3. 1) - 3.5) 1amiiined

Sreduannsouanmamvesemnsil (3.1) - (3.5) WKl
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