PROCEDURA DE SORTARE A TERMENILOR DIN NUMARATORUL
SI NUMITORUL FUNCTIEI DE CIRCUIT IN FORMA REDUSA
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Rezumat: in proiectarea circuitelor electrice §i electronice, adesea, este mai convenabil ca laturile circuitului sa fie descrise prin siruri de
simboluri, iar rezultatul analizei s fie obtinut sub forma unei expresii algebrice depinzind de timp sau frecventa si de parametrii simbolici ai
circuitului. Aceastd informatie sti la baza optimizirii asistate de calculator a acestor circuite, in raport cu performantele urmdrite, oferind
posibilitatea obtinerii unei imagini de ansamblu asupra comportérii circuitului, a controlului erorilor, a evaludrii senzitivitatilor, in scopul
imbundtétirii unor topologii de circuite.

Pentru circuite complexe, functiile de circuit sunt de dimensiuni mari (numar mare de termeni) §i sunt greu de urmdrit gi de interpretat. O
sortare a termenilor din numardtorul i numitorul functiei de circuit permite o vizualizare adecvatd §i usureaza modul de simplificare al
acestor funcfii prin eliminarea unor termeni mai putin semnificativi, cu pondere mica.

Cuvinte cheie: functie de circuit, circuite electrice §i electronice, circuit liniar, circuit in formd redus, procedurd de sortare, analiza
simbolicd a circuitelor, optimizare circuit.

1. Introducere

in proiectarea asistata de calculator a circuitelor electronice, primul pas il reprezintd calculul functiei de

circuit, urmatorii pasi fiind reprezentati de determinarea senzitivitatilor functiei raportatd la diferiti parametri ai
circuitului precum si determinarea valorilor polilor §i zerourilor.

O metodd unitard de studiu a raspunsurilor naturale, fortate, tranzitorii, de regim permanent, a raspunsului
complet, precum si a raspunsului in frecventa al circuitului, il reprezinté utilizarea functiilor de circuit.

1.1. Definirea functiilor de circuit

Fiind dat un circuit liniar invariabil in timp, alcatuit din rezistoare, bobine cuplate magnetic sau nu,
condensatoare si orice tip de surse independente sau comandate, semnalul aplicat x(t) si raspunsul circuitului
y(1), sunt, in general, legate printr-o ecuatie diferentiala liniard de forma:
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unde ~0 mosi 0 by sunt coeficienti (numerici — reali, sau simbolici) ale céror expresii depind de
parametrii circuitului.

In domeniul Laplace, ecuatia de mai sus ia forma:
D(s)Y =N(s)X
unde D(s) si N(s) sunt polinoame in s de gradul n, respectiv m, n > m; X si Y sunt imaginile, in conditii initiale
de zero, ale mirimii de intrare (excitatie) si, respectiv, ale raspunsului circuitului.

Mirimea

H(S)i_li_N(s) _a,s" +..+as+ag
X D(S) bnSn+...+b1.5'+b0

se numeste functie de circuit (de retea sau de transfer).

in functie de natura lui x i y, ca si de poarta la care se aplica x si se determind y, se obtin diferite functii de
circuit ce pot fi clasificate in doud categorii: functii de intrare (impedante si admitante denumite generic
imitante) si functii de transfer (impedante, admitante, amplificari in tensiune i, respectiv, in curent).

in general, se numeste functie de transfer de la latura j la latura k, pentru un circuit liniar pasiv cu conditii
e
initiale de zero, raportul dintre marimea de iesire din latura k, iy (sau transformata Laplace a acesteia) si

1
. . o . LMy TR
mirimea de intrare (de excitatie) din laturaj, 7 (sau transformata Laplace a acestei marimi):
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unde "% poate fi o tensiune sau un curent, iar =/ poate fi o sursi de t.e.m. sau o sursd de curent.

2. Procedura de sortare a termenilor din numaritorul si numitorul functiei
de circuit

Procedura de sortare a termenilor din numaratorul si numitorul functiei de circuit in forma redusa in ordine
descrescitoare a puterilor §i modulelor coeficientilor lui s a fost realizata in limbajul de programare Borland
Pascal 7.0.

Procedura are ca date de intrare functia de circuit in forma redusd, ea fiind un figier de tip ex.ixt, §i este
rezultatul programului ASINOM (4naliza SImbolici bazati pe metoda NOdala MOdificatd). fn acest figier, se
pot introduce diferite valori pentru elementele de circuit. In cazul in care pentru un element de circuit nu i s
atribuie nici o valoare, atunci valoarea impliciti care va fi luata in calcul este valoarea 1.

Metoda folosita pentru procedura de sortare este numita metoda bulelor, metodi care va fi descrisa in continuare.
Procedura de sortare contine urmatorii pagi:
»  Pasull:

- se citeste din fisierul ex.fx? de pe liniile de la inceput atribuirile valorilor pentru variabilele cunoscute (daci
acestea nu existd, fiecirei variabile i se va atribui valoarea 1);

- se transforma fiecare linie a figierului initial astfel incat sa avem pe fiecare linie cate o expresie, adicd, dacd
se intdlnesc semnele ..+, -, /*, se va trece pe linie noua.

= Pasul 2:

- se fac transformari asupra fisierului obtinut la pasu/ I astfel incdt se va trece pe 0 noud linie dacd se
intalnesc caracterele ,,)*s”, ,,(”.

«  Pasul 3:
. se determina factorul comun si se distribuie la termenii care {i apartin tinand seama si de semn.
« Pasul 4:

- se evalueaza expresiile, se sorteazi si se scriu in figierul de iesire expresiile si valorile lor.
Parcurgerea primilor 3 pasi este necesara pentru a aduce figierul initial intr-o forma convenabild.

Algoritmul de sortare este:
Pentru i=1,n-1 executd
Pentru j=i+1,n executd
Daci exp(aux[i])<exp(aux[j]), atunci
Interschimb cele doua valori:
(n este numarul de termeni, aux[i] sunt termenii fiecarui factor de forma (expl+exp2+...+expn)s™X.
Acest algoritm este folosit de 4 ori deoarece sortarea s-a impértit in 4 parti astfel:
sortarea numiritorului pand la factorul liber;
sortarea factorului liber;

sortarea numitorului pan la factorul liber;

P

sortarea factorului liber de la numitor.
in programul principal, se apeleazi cele 4 proceduri in ordinea dati.

Fisierul de iesire ex. 4 va fi rezultatul céutat.
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Algoritmul pasl
Nrv=0
Repetd
Citeste s din figier
nrv=nrv+1
Nume[nrv]=nume variabild
Valoare[nrv]=valoarea variabila
Pana cénd s incepe cur
Repeta
Citeste s din figier
Prelucrez s si se scrie in noul figier
{adica se impart expresiile pe linii diferite la intalnirea semnelor +, - ,/}
Pani cind se sféirgeste fisierul
Algoritm pas2
Repeta
Citeste s din figier
Prelucrez s si il scriu in noul figier
{adica verific dac# s contine ,,)*s” , daci contine ,,(", daca se termina cu ,,)"}
Pani cind se sfarseste fisierul
Algoritm pas3
Citeste s {factorul comun}
Dacd  incepe cu—semn=1
Altfel semn=0
Fc=s {Fc este factorul comun}
Fes=x {la ce putere este s in factorul comun , dacé nu exista este 0}
Repetd
Citeste s din fisier
Pana la ,,/” prelucrez expresiile {adicd numai la numaréator distribuim factorul comun}
Péana cand se sfargeste fisierul
Algoritm pas4
Repeti
Sortez la numiritor pana la termenul liber
Scriu in fisier si expresiile si valorile
Sortez la numéritor termenul liber
Scriu in fisier si expresiile si valorile
Sortez la numitor pana la termenul liber
Scriu in fisier si expresiile si valorile
Sortez la numitor termenul liber
Scriu in fisier si expresiile si valorile

Pana cand se sfargeste fisierul

Revista Roména de Informatica si Automatica, vol. 15, nr. 2, 2005



__.1_,3'
Hl 12

i
e1s=015 (6=l
15=55 Vs 46

3 y Lf\f > _
Be=18 © §y=78 Na=15 1'13=513‘14f14:%f14 1,25
11
2

Figura 1. Diagrama circuitului

Exemplu de calcul

Functia de circuit in formd redusa pentru circuitul din Figura 1 in format ex.xt impreund cu valorile numerice
ale elementelor de circuit arata astfel:
RI1=1000
L2=0.001
C3=1E-9
R4=2000
L5=0.002
L6=0.003
L7=0.004
Y8=0.005
C10=3E-9
¥Y11=0.00033
Yié=I
Yi5=0.5
Yi4=1
Yi3=5
R17=4000
CI18=2E-9
Cl19=IE-9
R20=1000
L21=0.004
C22=2E-9
rezl := {Aei = C3*s"4*Y14*CI8*C22*L21*((L5 XL 6*C10*Y15+L5*CI0*L7*Y15+L6*CI0*L7*
Y15)*s"2+(L7*CI0*RI7*Y15+CI0*L7*RI T*Y16+L5*C10*Y15*R17)*s+L5*Y15+YI11*R4*L7*Y15

+L7*Y15)/((C3*L2*CI19*Y14*Y11*Y15*L6*L2] *C22*CI8*L7+C3*L2*Y14*Y11*Y15*L5*CI8*
C22*L21*C10*L6+C3*L2*Y14*Y11*Y15*L5*L2] *C22*CI8*L7*C10+C3*L2*Y14*Y11*YI5*L21*
C22*CI8*L7*CI10*L6+C3*L2*C19*Y14*Y11*YI5*L5*L2] *C22*C18*L7+C3*L2*CI9*Y14*Y 1™

60 % Revista Romana de Informatica si Automaticd, vol. 15, nr. 2, 2005



YIS*L5*L6*CI8*C22*L21+C3*L2*CI9*Y14*Y 11 *YI5*L3*L21*C22*L7*C10+C3*L2*C19* Y 14*
YIT*YIS*L5*L21*C22*C10*L6+C3*L2*CI9*Y14* Y11 *Y15*L6*L21*C22*L7*C10+C3*L2*C19*
YI5*YI4*LS*Y8*L21*C22*CI10*L6+C3*L2*C19*YI5*YI4*L5*Y8*L21*C22*L7*C10+C3*L2*C19*
YIS*YI4*L6*L21*C22*L7*C10*Y8) *s"T+(C3*R4*¥L2*CI19*Y14*Y1 I1*YIS*L21*C22*C10*L6+C3*
R4*L2*CI9*YI4*Y11*YIS*L6*CI8*C22*L2 1 +C3*R4*¥L2*CI9*Y14* Y11 *YI5*L21*C22*L7*C10+
C3*R4*L2*CIO*YI4*Y11*YIS*¥L21*C22*CI8*L7+C3*L2* Y1 [*CI9*YI4*YI6*RI 7*L21*C22*C10*
L7+C3*L2*Y] ] *CI9*YI4*YI6*RIT*L7*L21*CI8*C22+C3*L2*Y] I*Y 4 *L21*C22*CI8*CI0*L7*
RI7T*YI6+C3*R4*CIQ*Y14*Y I *YIS*L6*L21*C22*CI8*L7+C3*R4*CI9*Y14*Y1 I*YI5*L5*L21*
C22*L7*C10+C3*R4*CI9*VI4*YI 1 *Y15*L5*L21*C22*CI8*L7+C3*L2*Y14*Y11*Y15*C10*CI8*
C22*R20*L7*L6+C3*L2*¥YI4*Y1 1 *Y15*CI8*L7*RI7T*C22*L21*C10+C3*R4*Y14*¥Y11*Y15*L5*
L21*C22*CI8*L7*C10+C3*R4*CI19*Y14*Y11*YI5*L6*L21*C22*¥L7*C10-1. *C3*L2*C19*Y14*
Y11*YIS*L5*Y8*L7*C22*L21+C3*L2*CI9*Y14*Y 11 *Y15*L5*L6*R20*C22*C10-1. *C3*L2*Y14*
CI9*Y16*R17*Y8*LE*L21*C22*¥CI0+C3*L2*Y14*Y] 1*Y]5*L5*CI0*CI8*RI7T*C22*L2]+C3*L2*
YI4*Y11*Y15*L5*C18*R20*C22*CI10*L6+C3*L2*Y14*Y11*YI5*L5*C10*CI8*C22*R20*L7-1.*
C3*L2*C19*Y14*Y 11 *YI5*LI*Y8*L2] *C22*¥L6+C3*L2*C19*Y14*Y11*YI5*CI8*L7*RI7*C22*
L21+C3*L2*CI9*Y14*Y] [*YI5*L6*C10*R20*L7*C22-1. *C3*L2*CI19*Y14* Y11 *Y15*L7*C22*
L21*L6*Y8+C3*L2*CI9*Y14*Y11*Y15*L6*CI18*C22*R20*L7+C3*L2*CI9* Y I4*Y11*YI5*L7*RI7
*C22*¥L2]*C10+C3*L2*CI9*YI4*YI 1*Y15*L3*CI10*RI7*C22*L21+C3*L2*CI19*Y14*Y11*YI5*L5
*C]0*R20*L7*C22+C3*L2*CI9*V14*Y1 1*Y] S*LS*L6*CI8*R20*C22+C3*L2*CI19*Y14*Y11*Y]5*
L3*CI8*RI7*C22*L21+C3*L2*¥CI9*Y14*Y 1 I *YIS*L5*CI8*C22*R20*L7+C3*L2*CI19*Y15*Y14*
L5*YS*CI0*RI7*C22*L2]1+C3*L2*C19*Y15*YI4*L21*C22*CI8*L7+C3*L2*CI9*YIS*YI4*L5*Y8
*[6*R20*C22*CI10+C3*L2*CI19*YIS*YI4*L5*Y8*CIO*R20*L7*C22+C3*L2*C19*Y15*Y14*L6*
C10*R20*L7*C22*Y8+C3*R4*Y14*Y1 1 *Y15*L5*CI8*C22*L21*CI0*L6+C3*RA*Y14*Y11*Y15*
L21*C22*CI8*L7*CI0*L6+C3*RA*CI9* Y 14*Y 11 *YI5*L5*L6*CI8*C22*L21+C3*R4*CI9*Y14*
Y11*YI5*L5*L2]1*C22*CI0*L6+C3*R4*L2*Y14*Y11*YI5*L21*C22*CI8*L7*C10+C3*R4*L2*Y14
*Y11*Y15*C18*C22*L2I*CI0*L6) *s"6+(Y11*YI5*CI9*Y14*L6*L21*C22*CI8*L7+C19*Y15*
YI4*L5*Y8*L21*C22*C10* L6+ Y1 1*Y]S*CI9*Y14*L5*L21*C22*L7*CI10+Y11*YI1S*CI9*Y14*L5*
L21*C22*C10*L6+Y1I*¥YIS*CI9*Y14*L5*L6*CI8*C22*L2I+Y11*Y15*C19*Y14*L5*L21*C22*
CI8*L7+YI1I*YIS*CI9*Y14*L6*L21*C22*L7*CI10+Y14*Y1 1*Y15*L5*L21*C22*CI8*L7*C10+Y14
*YIT*VIS*L21*C22*CIS*L7*CI0*L6+C3*L2*CI9*Y15*Y14*L6*CI10*L7*Y8+C3*L2*C19*Y15*
Y14*C18*C22*R20*L7+YI4*Y11*Y15*L5*CI18*C22*L21*C10*L6+CI19*YI15*Y14*L5*Y8*L21*C22
KLT*CI0+CI9*YI5*Y14*L6*L2] *C22*L7*C10*Y8+C3*L2*¥Y14*Y1 1 *Y1S*L5*CI8*L7*C22+C3*L2
XY I4*Y11*¥YIS*L5*CI8*¥C22*L21 +C3*L2*YI4* Y1 [*YI5*L6*CI0*CI8*L7+C3*L2*YI4*Y1I*Y15*
L21*C22*CI8*L7+C3*L2* Y1 I*C19*Y14*Y16*RI 7T*L7*C22*¥R20*CI8+C3*R4*YI 1 *C19*Y14*YI6*
RI7*L21*C22*C10*L7+C3*R4*YI I1*C19*Y14*Y16*RI7*L7*L2]1*CI18*C22+C3*L2*Y11*C19*Y]14*
R20*L7*RI7*YI6*C22*C10+C3*L2*Y1 1 *Y14*YI6*RI7*L7T*C22*R20*C18*CI10+C3*R4*Y 1 1*Y14*
L21*C22*C18*C10*L7*RI7*Y16+C3*R4*Y14*Y1 1 *Y15*L5*C10*CI8*RI7T*C22*L2] +C3*R4*Y14*
Y1I*YI5*L5*CI8*R20*C22*CI10*L6+C3*L2*¥Y14* Y1 I*YIS*L6*CI8*L7*C22+C3*L2*Y14*Y11*
YI5*R20*C18*L7*RI 7*C22*C10+C3*R4*L2*C19*Y14*Y11*YI15*CI0*R20*L7*C22+C3*R4*L2*
CI9*YI4*Y]1*Y]5*CI18*RI7T*C22*L21 +C3*R4*L2*CI19*Y14*Y] I*YIS*L6*R20*C22*C10+C3*R4*
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L2 *CI9*YJ4*Y]1*YJS*L6*C]8*R20*C22—].*C3*R4*L2*CJ9*Y14*YH*Y].S*YS*LZJ*C22*L6+C3
*R4“‘L2*C19*Y14*Y]1*Y]S*C]O*RI7*C'22*L21+C3*R4*L2*C19*Y14*Y11*Y15*CIS*C22*R20*L7
+C3*L2*YI4*Y11*YIS*L5*C10*C18*L7-1.*C3 *RA*XCI9*YI4*Y11*Y15*L5*Y8*L21*C22*L6-1.*
C3*R4*CI9*Y14*Y1] *Y15*L5*}’8*L7*C22*L21+C3*R4*C!9*Y14*}’11*Y]S*LS*L(S*CIS*RZO*CM
+C3*R4*CI9*Y14*Y1] *Y15*L5*L6*R20*C22*C10-1.*C3*R4*CI19*Y14*Y11 *Y15*L7*C22¥L21*
L6*Y8+C3*R4*C]9*Y14*Y11*YU*L5*C18*C22*R20*L7+C3*R4"‘C'!9*Yi4*YI]*YI5*L5*C18*RJ7
*C22*[21+C3*R4*C19*Y14*Y1] *Y15*L5*C10*RIT*C22*L21+C3*R4*C19*Y14*Y 11 RYIS*LE*CI0
*R2O*L7*C22-J‘.*C3*L2*Y]3*Y15*L5*Y8*C10*L7*C22-}.*C3 ¥ 2*Y]3*Y15*L6*CI0*L7*C22*
Y8+C3*LZ*YI3*Y]5*CI8*L7*R17*C22*C'10-1.*C3*L2*Y13*YH*YI5*L6*CIO*L7*C22-].*C3*
L2*Y13*Y]S*L5*Y8*L6*C10*C22+C3*L2*C19*Y14*YH*Y!5*L6*C]O*L7-]‘ *C3*L2*¥YI3*Y1I*
Ylj*L5*L6*CIO*C22+C3*LZ*YM*YH*Y]S*LS*C!O*L?*C22+C3*LZ*YM*YI]*YIS*LG*CJO*L?*
C22-1 *C3*L2*Y14*C19*L21*C22*CI8*RIT*Y16-1. *C3*[2*Y14*C19*R20*R17*Y16*C22*C10*
L6*Y8+C3*L2*Y]4*YH*YIS*L5*L6*CIO*C22+C3*L2*Y14*YH"‘Y}5*L5*L6*C!8*C22+C3*L2*
YI4*YII*YI5*LS *C]O*CZZ*CIS*RZO*RI7+C3*L2*YI4“‘YH*YJS*L5*L6*CIO*C18—1A*C3*L2*
Y13*Y]1*Y15*L5*C10*L7*C22—1.*C3*L2*CI9*YI4*Y]J*Yl'5*L5*Y8*R20*C22*L6+C3*L2*C19*
YIS*YI4*L5*Y8*C10*L7+C3*L2*C}9*Y15*Y14*L5*Y8*C10*L6+C3*L2*C19*Y]5*Y]4*L5*Y8*
Cl()*R20*R17*C22+C3*R4*Y14*YH*YIS*C]S*L7*R}7*C22*L2]*C10+C3*R4*Y]4*YU*YJS*L5*
CIO*CIS*CZZ*R20*L7+C3*R4*Y]4*YH*Y!5*C1G*C]B*C22*R20*L7*L6+C3“L2*C]9*}’]4*}’11 Y
Y]5*L5*CI8*L7+C3*L2*C19*YI4*YH*Y15*L5*L6*C18+C3*L2*C19*Y14*YH*Y].‘)""LS*C]O*L7+
C3*L2*C19*Y14*Y1] *Y1S*LS*C10*L6+C3*L2*C19*Y14*Y1I1*YI5*L5*L2] *C22+C3*L2*CI19*Y14
*yll *Y15*L6*C18*L7+C3*L2*C19*YJ4"‘YH*Y]S*L7*C22*L2]+C3*L2*C19*}’I4*Y11"‘Y15*R20*
C18*L7*R17*C22+C3*L2*C19*}"1‘4*YH*YIS*R20*L7“R1 T*C22*C10+C3*L2*CI9*YI4*YII*YI5*
L5*C22*CI8*R20*RI7-1.¥C3*L2*CI19*Y14*Y1] +Y]5*R20*L7*C22*L6*Y8-1. *C3*L2*C19*Y14*
Y1I*Y15*L5*Y8*R20*L7*C22+C3 [ 2*C]9*Y14*Y]1]*Y15*L5*C10*R20*RI7*C22+C3*R4 *GI9*
YM*}’U*YI5*L6"‘C18*CZZ*RZO*L7+C3*R4*C!9*Y14*Y11 *Y]5*L7*RI7*C22*L21*C10+C3*R4*
CJQ*YM*YH*YI5*L6*CJO*R20*L7*C22+C3*L2*Y]5*Y]4*L5*Y8*L6*C10*C22+C3*L2*Y15*YI4
*L5*Y8*C10*L7*C22+C3*L2*Y15*Y]4*L6*CIO*L7*C22*Y8+C3*LZ*C]9*Y15*Y14*L5*Y8*L21*
C22+C3*R4*L2*Y14*Y11*Y]5*C10*C18*C22*R20*L7+C3*R4*C]9*YM*YU*Y15*CI8*L7*R17*
C22*L2]+C3*R4*L2*Y}4*YH*Y]5*C]8*R20*C22*C10*L6+C3*R4*L2*Y14*Y11*Yl5*C10*C]8*
RI 7*C22*L2]+C3*L2*YI3*C22*C18*R17*Y16*C10*L6+C3*L2*Y13*L7*C22*C]8*R17*Y1‘6*C10)
*s"5+(C3"L2*C19*Y]5*Y14*L5*Y8*R17*C10+C3*L2*C]9*Y]5*Y14*CIS*L7+C3*L2*YJ4*YH*
YIS*L3*CI0*CI8*RI7+C3*L2*Y14*Y11*Y15 *L5*C18*R20*C22+C3*R4*Y11*CIQ*Y14*R20*L7*
RI 7*YI6*C22*CIO+C3*R4*YH*C19*Y!4*Y]6*R17*L7*C22*R20 *C18-1.¥C3*L2*Y1]*YI13*L7*
C22*CI8*RI7*Y16+C3*L2*Y11*Y14*C22*L7*R] THYIG*CI10+C3*L2*Y11*Y14*CI0*Y16*RI7*CI8
*[ 7+C3*R4*Y11*Y14*Y16*R] 7*L7*C22*R20*C]8*C10+Y11*CI9*Y14*Y16*R1‘7*L21 *C22*C10*
L7+YH*CI9*Y14*L2]*CZZ*L?*C]S*RJ7*Y16+C3*R4*L2*C19*Y]4*YH *Y15*C22*CI18*R20*R17
+C3*R4*L2*CJ’9*YI4*YH*Y15*C18*L7+C3*R4*L2*C]9*Y14*YH*Y15*L21 *C22+R4*CI19*Y14*
YH*Y]S*Lé*CIB*CZZ*LZ]+R4*C19*Y14*Y1’I“'YI5*L21 *C22*L7*C10+R4*C19*Y14*Y11*Y15*
L21 *C22*C]8*L7—1."‘C3*R4"‘L2“C19*Y14*YH*Y]5*Y8*R20*C22*L6+C3*R4*L2*C19*YJ4*Y]1 *
Y15*L6*C18+C3*R4*L2*C19*Y]4*Y11*Y15*C10*R20*R1 7*C22+C3*R4*L2*CI9*YI4*YI1*YI5*
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CIO*L7+R4*CI9*Y14*Y1[*¥15*L21*C22*CI0*L6+C3*R4*L2*C19*Y14*Y11*Y15*CI0*L6+C3*R4
KV IRV *Y]S*L5*CI0*L7*C22+C3*R4*Y14*Y11*Y15*L2] *C22*CI8*L7+C3*R4*Y14*Y11*Y15*
LS*LE*C10*C22+C3*R4*Y14* Y 1 *Y15*L6*CI0*L7*C22+C3*L2*Y14* Y1 1*Y15*CI0*CI8*LT*R17
S C3*LO*Y14*Y1]*Y15*CI8*C22*R20*L7+C3*RA*L2*Y14*Y1 1 *Y15*L6*CI0*C18+C3*L2*Y11*
Cl9*YI4*L7*RI7T*Y16*C10+C3*L2*Y11*C19*Y14*Y16*RI7T*CI8*L7+C3*R4*L2*Y14*Y11*Y]15*
CI8*C22*L21+C3*RA*L2*Y14*Y11*Y15*CI8*L7*C22+C3*R4*L2*Y14*Y11*Y15*C10*C22*CI8*
R20*R17+C3*R4*L2*Y14*Y11*Y15*L6*CI8*C22+C3*RA*L2*Y14*Y11*Y15*C10*L7*C22+C3*R4*
L2*Y14*Y11*Y]15*CI0*CI18*L7+C3*R4*CI9*YI4*Y11*Y15*R20*CI8*L7*R17*C22+C3*R4*CI9*
Y14*Y1I*Y]15*L5*CI0*L7+C3*R4*CI19*Y14*Y11*YI5*L7*C22*L2] +C3*R4*Y14*Y 1 1*Y15*L5*
CI8*C22*L2]+C3*R4*Y14*Y 1 I1*Y15*L5*CI18*L7*C22+C3*R4*Y14*Y1 1 *Y15*L6*C10*CI8*L7+C3
SRA*YI4*Y][¥V15*L6*CI18*LT*C22+C3*R4*Y 14*Y1 1 *Y15*L5*C10*CI8*L7-1. *C3*L2*Y13*Y1]
*Y]S*CI8*L7*RI7T*C22-1 *C3*L2*Y13*Y1 I *YI 5*C10*L7*RI7*C22+C3*R4*Y14*Y11*Y15*L5*
L6*C10*CI8+C3*R4*Y14* Y11 *YI5*L5*L6*CI8*C22+C3*R4*Y14*Y11*Y15*L5*C10*C22*CI8*
R20*R17-1.*C3*L2*YI3* Y1 I*YI5*L5*CI8*RI7*C22+C3*L2*Y13*Y11*YI5*L7*C22*L6*Y8+C3*
L2*YI3*YI1*YIS*L5*Y8*C22*L6+C3*L2*YI3* Y1 1*YIS*L5*Y8*L7*C22-1. *C3*L2*Y13*Y11*
YIS*L5*CIO*RIT*C22+YI4*Y11*YI5*LS*CI0*CI8*RI7*C22*L 21+ Y14*Y11*Y]5*L5*C10*C18*
CZZ*RZO*L7+YI4*YH*Y15*L5*C1‘8"‘R20*CZZ*C]0*L6+C3*R4*C19*Y14*Y!J'*Y15*R20*L7*R17*
C22%C10+C3*R4*CI9*Y14* Y] 1 *YIS*L5*CI18*L7+C3*L2*Y14*Y11*Y1S*CI0*L7*RI7*C22+C3*L2
*Y14*Y]1*YIS*CI8*L7*R17*C22+C3*L2*Y14*Y 1 ¥Y15*L5*C10*RI7*C22+C3*L2*Y14*Y1I*Y15
KLS*CIS*RIT*C22-1. *C3*L2*YI4*Y1 1 *YIS*LS*Y8*LT*C22-1. *C3*L2*Y14*Y11*Y15*L7*C22*
L6*Y8-1. *C3*L2*Y14*C19*Y16*R17*C10*L6*Y8-1. *C3*L2*Y13*Y15*CI10*RI 7*C22*Y8*L5-1.
*C3*L2*Y]4*Y]]*Y1S*L5*Y8*C22*L6-1. *C3*L2*Y14*C19*CI18*R20*RI7*Y16*C22+C3*R4*C19
FYI4¥Y1I*YIS*L6*CI8*L7+Y11*Y14*C18*L21*C22*CI10*L7*Y16*RI7+C3*R4*CI19*Y14*Y11*
Y1S*LS*L21*C22-1 *C3*R4*Y13*Y11*Y15*L5*C10*L7*C22-1. *C3*R4*Y13*Y11*YI5*L5*L6*
C10*C22+C3*L2*Y15*Y14*CI18*L7*C22+Y14*Y1 1*Y15*CI§*L7*RI7¥C22*L21*CI10+Y14*Y1I*
YI5*CI0*CI8*C22*R20*L7*L6+C3*L2*CI9*YI4*Y1 1*Y15*CI8*L7*RI 7+C3*L2*CI9*Y14*Y11*
Y15*R20*L7*C22-1.*C3*L2*Y14*Y16*RIT*C22*C10*L6*Y8+C3*R4*Y14*Y1 1*Y15*R20*CI8*L7
*R17*C22*CI10-1. *C3*L2*C19*Y14* Y1 1*Y15*L5*Y8*L7+C3*L2*C19*Y14*Y1I*YI5*L5*RI7*
C10-1.*C3*L2*C19*Y14*Y11*Y15*L5*Y8*L6+C3*L2*C19*Y14*Y11*Y15*L5*R20*C22+C3*L2*
Cl9*Y14*Y11*Y15*LS*CI8*R17-1.*C3*L2*CI9*YI4*Y11*YIS*L6*LT*Y8+C3*L2*C19*Y14*Y1]
XY15*L7*RIT*CI0-1. *C3*R4*Y13*Y 11 *Y15*L6*C10*L7*C22+C3*R4*C19*Y14*Y 11 *Y15*L5*
C22%CI18*R20*R17+C3*R4*C19*Y14*Y I*YIS*L6*C10*L7+C3*R4*CI9*Y14* Y11 *YIS*L5*L6*
C18-1. *C3*R4*L2*Y13*Y1 [ *Y1S*C10*L7*C22+C3*R4*C19*Y14*Y1 1 *Y15*L5*C10*L6-1.%C3*
RA*LI*¥YI3*Y1I*YIS*L6*CI0*C22-1.*Y14*C19*YI6*RI7*Y8*L6*L21 *C22*C10+Y11*Y15*CI9*
Y14*CI18*L7*RI7*C22*L21+ Y11 %Y1 S*C19*Y14*L7*RI7T*C22*L21*C10+Y11*Y15*C19*Y14*L5*
CIO*R20*LT*C22+ Y11 *Y15*C19*Y14*L5*CI8*RIT*C22*L21+Y11*Y15*CI19*YI4*L5*CI10*RI7*
C22%L2]1+ Y11 *Y15*CIO*YI4*L5*C18*C22¥R20*L7-1 ¥V 11 *Y15*CI9*YI4*L7*C22*L2]*L6* Y8+
Y11*Y15*C19*YI4*L6*CI0*R20*L7*C22+Y11*Y15*CI19*YI14*L6*CI8*C22*R20*L7-1.*YII*Y15
KC1O*Y I 4*L5*¥Y8*L2I *C22*L6-1. ¥V 11 *Y15*CI9*Y14*LS*Y8*L7*C22*L21+ Y11 *YI15*CI9*Y14*
LS*LE*R20*C22*C10+Y11*Y15*C19*Y14*L5S*L6*C18*R20*C22+C3*L2*CI9*YI5*Y I4*L5*Y8*
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RZ()*C22+C3*LZ*YIS*YM*C]O*R]7*C22*Y8*L5-I.*C3*R4*C19*Y14*Y11*YI5*L5*Y8*R20*L7*
C22+C3*R4*C19*Y14*Y11*Y15*L5*C10*R20*R] T*C22+R4¥YI4*Y11*Y15*L2]1*C22*C18*L7*CI10
+R4*Y14*Y11*Y15*C18*C22*L2] *C]O"L6+CI9*1’]5*YM*L5*Y8*C1G*RZO*L?*C22+C]9*Y]5*
Y14*L6*C'10*R20*L7*C22*Y8+C]9*Y]5*YI4*L5*Y8*L6*R20*C22*C10+C]9*Y]5*}’14*L5*Y8*
CIO*RIT*C22*L21+C19*Y15*Y14*L2] *C22*C18*L7-1. *C3*R4*CI19*Y14*Y1] ¥Y15*L5*Y8*R20*
C22*L6+C3*R4*L2*YI4*YH*Y15*L6*C10"C22-1.*C3*R4*C19*Y14*YH*YIS*R20*L7*C22*L6*
Y8+C3*L2*¥ I *YI14*L7*C22*CI8*RI7*Y1 6+C3*L2*Y13*Y]6*R17*C22*C]0*L6*Y8-i.*CS*LZ*
YI1*Y13*C22*L7*RI17*Y16*C10) *s"4+(—1.*YB*Y15*L5*YS*L6*CJO*C22-I.*Y]3*Y]5*L6*
C10*L7*C22*Y8-1.*YIS*YIS*L5*YS*CJ‘0*L7*C22+C3*L2*Y14*Y]1*YIS*C]S*L5+CB*L2 *Y14*
YIJ*YJS*C]S*L7+C3*L2*Y!4*YI1*YJS*L7*C22+Y11"‘Y15*C19*Y14*L5*C18*L7+Y13*Y]5*CI8*
L7*RI 7*C22*C]0+Y11*YI5*C19*Y14*L5*CIO*L?-I.*C3*L2*Y14*C19*C18*R17*Y16-].*Y]3*
YH*Y15*L5*CIO*L7*C22+YH*Y]S*C]9*YJ4*L5*L2]*CZZ-].*Y].?*YH*Y]S*L6*C10*L7*C22-\
I.*C3*LZ*YIS*Y]S*C22*Y8*L5+YI]*Y]5*C]9*Y14*L5*L6*C18-1. *C3*L2*YI3*¥Y1I*Y15%C22*
L5+YH*Y].i*CJ9*YI4*L5*C10*L6-1.*CS*LZ*YM*CZZ*CIB*R]7*Y]6—].*C3*L2*Y13*Y11*}’I5
*[7*C22+YI4*Y1I*YI5*L2] *CZZ*C]S*L7+YJ4*YH*YI5*L6*C18*L7*C22+YM*Y]1*Y]S*LS*
CI(]*L7*C'22+YI4*YJ’1*YIS*L5*L6*C18*C22+Y14*YH*YIS*L5*C18*C22*L21+YI4“YH*Y15*L5
*C18*L7*C22+}’]4*Y11*YIS*LG*CIO*L7*C22+Y]4*Y}1*Y15*L6*CIO*C]8*L7+C3*L2*C19*Y15*
Y14*Y8*L5+C3*R4*Y11 *C]9*Y14*L7*R17*Y]6*C}0+C3*R4*Y11*C19*Y14*Y!6*R17*C18”‘L7+C3
*RAXYI*Y14*CI0*Y16*RI 7*CI8*L7+C3*R4*YH*YI4*L7*C22*C18*R17*Y]6+R4*C19*Y14*YU
*Y15*L6*C18*R20*C22+R4*C19*Y]4*YH*Y]S*C]O*RJ7*C22*12]+R4*C]9*Y]4*YH*YI5*C]O*
R20*L7*C22+R4*C19*Y!4*Y1I*YIS*Lé*R20*C22*C]0+ YII*CI9*Y14*C22*R20*L7*CI8*RIT*
Yl 6+C3*R4*Y]1*YI4*C22*L7*R17*Y16*C10+R4*C19*Y14*Y1I*YI.S*CIS*RI7*C22*L21+YH*
Cl19*Y14*R20*L7*R] 7*Y]6*C22*C10—1.*C3*R4*L2*CI9*YI4*YH*YJS*YS*L6+C3*R4*L2*C‘19*
YI4*YH*YI5*R17*C]O-I.*R4*C1'9*YI4*YH*Yij*YS*LZI*CZZ*L6—1.*C3*R4*Y]4*YH*Y15*
L7*C22*L6*Y8+C3*R4*Y14*Y 11 *¥]15*CI10*L7*RI7*C22+C3*R4*L2*C19*Y14*Y1] *Y15*R20*C22
L C3*R4FL2*CIO*Y14*Y11*YI5*CI8*RI 7+C3*R4*YI4*YI]*Y!5*C18*L7*Ri7*C22—1.*C3*R4*
}’M*YH*Y]S*LS*YS*C22*L6-1.*C3*R4*Y]4*YH*Y]j*LS*YS*L7*C22+C3*R4*YM*YU rY15*
L5*CIO*RJ'7*C22+C3*R4*Y14*YI]*Y15*L5*CI8*RI?*C22+C3*R4*Y]4*Y]I *Y]5*CI18*C22*R20*
L7+C3*R4*CI9*Y14*Y1] *YJ5*L5*R17*C10+C3*R4*C}9*Y14*YH*Y]5*L5*R20*C22+C3*L2*Y15
*Y14*C22*Y8*L5+C3*R4*Y]4*YJ‘]*YIS*LJ'*C]O*C]B*R]7+C3*R4*CIQ*YM*YH*Y]S*L?*R]?*
ClO+Y14%Y11*YI5*L5*L6*C10*C22-1.%C3 *R4*L2*Y13*Y11*Y15*CI0*R] 7*C22-1.*C3*R4*L2*
Y13*Y11*YIS*CIS"‘RI7*C22+C3*R4*C]9*Y14"‘Y11*Y]5*R20*L7*C22+R4*C]9*Y14*Y1]*Y15*
C]S*C22*R20*L7—]<*C’3*R4*C19*Y]4*YH*YI5*L5*Y8*L7+C3*R4*C19*Y]4*Y1]*YIS*CIS*L?*
Ri 7—].*C3*R4*C]9*YI4*YH*Y15*L5*Y8*L6+C3*L2*CI9*YI4*YH*Y]S*L7+C3*R4*Y]3*YH*
YI5*L7*C22*L6*Y8-1.*C3*R4*Y13*Y1] *F]S*CI10*L7*R17*C22-1.*C3*R4*Y13*Y11 LS *CI8Y
L7*R17*C22-I.*YIS*YH*Y15*L5*L6*C10*C22+Y11*Y]4*C18*C22*R20*C10*L7*Y]6*R]7+Y]4
*YH*Y]5*L5*C]O*CZZ*CIS*RZO*RI7+Y14*Y11*YI5*L5*L6*C10*C18+Y14*Y11 *Y15*R20*C18*
L7*RI7*C22*C1'0+C3*R4*Y14*YH*Y]5*L5*CJS*RZO*C22+C3"R4*Y14*Y1J*Y15*C1‘0*C]8*L7*
RI7-1. *C3*R4*Y13*Y11*YIS*LJ’*CIO*RJ?*C?E-I.*C3*R4*Y]3*YH *YIS*L5*CI8*RI7T*C22-1.
*C3*R4*YU*Y]3*C22*L7*R]7*Y]6*C10+C3*R4*Y13*Y11*YIS*LS*YS*L?*C22+C3*R4*YI3*YH
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KY[5*LSHYEHC22XLE6+CI*L2*CI9*¥Y14* Y1 1¥Y15*L5-1. ¥C3*R4*L2¥Y14* Y11 *YI15*Y8*C22*L6+
C3*L2*V14* Y] 1*Y15%C22*L5+C3*RAXCI9* Y1 4*Y11*YIS*L5*CI8*RIT+C3*R4*L2*Y13*Y11*Y15
*Y8*C22*L6-1. *CI*R4*C19*Y14*Y1]*Y1S*L6*L7*Y8+Y11*YI5S*CI9*YI4*R20*L7*R17*C22*
CIO+Y1]*Y1S*C19*Y14*R20*CI8*L7*RI7*C22-1. *Y14*CI9*R20*RI7*Y16*C22*C10*L6*Y8-1.
XY 1I*YIS*CI9*Y I 4*L5*Y8*R20*C22*L6-1. *Y 1 I*Y15*C19*YI4*L5*Y8*R20*L7*C22+ Y1 1*Y15*
C19*Y14*L5*CI0*R20*RI7*C22+Y11*Y15*C19*Y14*L5*C22*CI8*R20*R1 7-1.*Y11*Y15*CI9*
Y14*R20*L7*C22*L6*Y8+C3*RA*LI*¥Y14*Y1 [ *Y15*C10*RI7*C22+C3*R4*L2*Y14*Y11*Y15*CI10
*CI8*R]7+C3I*R4*L2*Y14*Y11*YI5*CI8*RI7T*C22+C3*R4*L2*Y14*Y 11 *Y15*CI8*R20*C22+R4*
Y14*YI1*Y15*CI8*R20*C22*C10*L6+R4*Y14*Y11*Y15*C10*CI8*RI7T*C22*L21 +R4*Y14*Y11*
YI5*C10*CI8*C22*R20*L7+CI19*Y15*Y14*L6*CI0*L7*Y8+CI9*YIS*Y14*CI18*C22*R20*L7+C1I9
XYIS*Y14*L5*V8*CIO*L7+C19*Y15*YI4*L5*Y8*L21 *C22+C19*Y15*Y14*L5*Y8*C10*L6+CI9*
Y15*Y14*L5*Y8*C10*R20*R1 7*C22-1. *C3*R4*Y 11 *Y13*L7*C22*CI8*RI7*Y16+Y11*Y15*CI9*
Y14*L6*C10*L7+Y11*Y15*CI9*Y14¥L7*C22*L21+YI1*YI5*CI19*YI14*L6*CI8*L7-1.*Y14*C19*
L21*C22*C18*RI7*Y16+C3*L2*Y13*C22*CI8*RI7*Y16+YI13*L7*C22*CI8*RI7*Y16*CI0+Y13*
C22*CI8*RIT*YI6*C10*L6+YIS*Y14*LS*Y8*L6*CI0*C22+Y15*Y14*LS*Y8*C10*L7*C22+YI5*
YI4*L6*CI0*L7*C22*Y8+Y14*Y11*Y15*L5*C10*CI8*L7)*s"3+(Y1 1 *YI4*CI8*L7*C22*RI T*
Y16-1.*YI4*YI6*RI7*C22*C10*L6*Y8+R4*CI9*Y14*Y11*YIS*CI8*L7+R4*CI9*YI4*Y11*Y15*
C10*L7-1.*Y13*Y15*C10*RI7T*C22*Y8*L5+Y13*Y 11 *Y15*L5*Y8*L7*C22-1. *Y13*Y11*Y15*L5
*CO*RIT*C22+Y13%Y11*YIS*L7*C22*L6*Y8-1. *Y13*Y11*Y15*L5*CI8*RI7*C22-1.*Y13*Y11
SYIS*CIO*L7*RI7*C22-1. %Y1 3*Y11*Y15*CI18*L7*RI 7*C22+Y13*Y 11 *Y15*L5*¥Y8*C22*L6-1.*
C3*R4*Y13%Y]11*YI5*L7*C22-1. *C3*R4*Y13*Y 1 | *Y15*C22*L5+C3*R4*Y14*Y11*Y15*CI8*L5+
Y1I*YIS*C19*Y14*CI8*L7*R17-1.¥Y11*YI5*CI19*Y14*L6*L7*Y8+Y11*YI5*CI9*YI4*L7*RI7*
Cl1O+Y14*Y11*YI5*LS*CI0*RI7*C22-1. ¥Y14* Y I*Y]1S*L5*Y8*L7*C22-1. *Y14*Y11*Y15*L5*
Y8*C22*L6+Y14*Y11*Y15*L5*C10*CI18*RI7+Y11*Y15*CI9*Y14*R20*L7*C22+C19*YI5*Y14*L5
XY§*¥RIO*C22+Cl9*Y15*YI14*LS*Y8*RI7*C10+Y11*Y14*C22*CI10*L7*RI7*Y16+R4*C19*Y14*
Y1I*YI5*CI0*R20*RI7*C22+R4*C19*Y14*Y11*Y15*C22*L21+Y11*Y14*CI18*CI10*L7*Y16*RI7+
R4*CIO*Y14*Y]]*Y]5*C22*CI8*R20*RI 7+C3*R4*CI9*Y14*Y11*Y15*L7+Y15*Y14*CI8*L7*C22
L C3*RA*LI*YI4*VII*YI5*C22+ R4*Y14*Y 1] *Y15*C10*C22*CI18*R20*RI 7+ R4*Y14* Y11 *Y 1 5*
Cl1O*L7*C22+R4*Y14*Y11*YI5*CI0*CI8*L7+R4*Y14*Y11*Y15*CI8*C22*L21+R4*Y14*Y11*Y15
XC18*LT*C22+R4*Y14*Y1 [ ¥Y15*L6*CI8*C22+R4*Y14* Y1 1*Y15*L6*C10*C22+R4*Y14*Y11*Y15
*[G*C10*CI8+RAXCIO*Y14* Y11 *Y1S*L6*CI8-1. *R4*C19*Y14*Y 11 *Y15*Y8*R20*C22*L6+C19*
YIS*YI4*CI18*L7+C3*R4*CI9*YI14*Y1 ¥V 5*L5+C3*R4*L2*YI4*Y11*YI5*C18+C3*R4*Y14*Y 11
*Y1S*CI8*L7-1 *Y11*Y15*C19*Y14*L5*Y8*L7+C3*R4*Y14*Y 11 *YI5*¥L7*C22+C3*R4*Y14*Y11
¥YIS*C22*L5+R4*CIO*Y14*Y11*Y1S*CI0*L6+YII*YIS*CI9*Y14*L5*RI7*C10+C3*R4*L2*CI9*
VI4*Y11*Y15-1*Y11*Y15*CI9*Y14*L5*Y8*L6-1. *Y11*Y13*C22*CI0*L7*R17*Y16-1.*Y11*
YI3*Cl18*L7*C22*RI7*Y16+Y11*C19*YI4*L7*RIT*YI6*CI0+Y1I*YI5*CI19*Y14*L5*R20*C22+
YI1*CI9*YI4*L7*CI8*RI7*Y16-1.*Y14*CI19*Y16*RI7*C10*L6*Y8+Y1I*Y15*C19*Y14*L5*CI8
*R17-1.*¥14*CI19*CI8*R20*R17*Y16*C22-1 *C3*R4*L2*YI3*YI I *Y15*C22-1. *R4*Y13*Y11*
YIS*CIO*L7*C22-1. *R4*Y13*Y1 [ *Y15*L6*C10*C22+YI3*Y16*R17*C22*C10*L6*Y8+Y14*Y 1] *
YI5*LS*C18*R17*C22+Y14*Y11*Y15*L5*CI8*R20*C22-1.*Y14*Y11*Y15*L7*C22*L6*Y8+Y14*
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Y11*Y15*C10*CI8*L7*RI 7+Y14*Y11*YIj*CID*L?*R]7*C22+}’]4*YH*Y15“C}8*L7*R17*C22+
YM*Y]]"‘YI5*C]8*C22*R.20*L7+Y15*Y]4*C10*R]7*C22*Y8*L5)*s"2+(-1.*Y13*YU*YJ'5"‘C22
*L5+R4*C19*YI4*YH*Y]S*C]S*RI7+R4*C19*Y]4*Y11*YI5*R20*622+R4*C19*Y}4*YH*YJ5*
CI0*RI 7—].*R4*C19*Y14*Y]1*Y15*Y8*L6+Y14*YH*Y]5*C22*L5+CI9*Y]4*YH*Y]j*LS-I.*
YII*L7*C22*Y13*Y15+CI8*Y1] *L7*YI4*YJ5+YH*L7*Y14*C22*F15+YH*L7*YJ4*CI9*Y]5+
Y14*Y]I*Y15*CJ8*L5+C’]9*Y15*YI4*Y8*L5-J'.*Y14*C22*CIS*R]?*YM-E-YI.S*YM*CZZ*Y8*L5+
R4*Y14*YH*YJS*C]O*RI7*C22+R4*YI4*YJI*YIS*CIO*C]S*RJ7+R4*Y14*Y11*Y15*C18*R1' 7*
C22+R4*YI4*YI]*YIS*CIS*RZO*CZZ-J.*R4*YI4*YU*Y15*Y8*C22*L6+Y]3*CZZ*CJ’S*RJ?*YM
+R4“Y13*YH*YIS*YS*C22*L6-].*R4*Y13*Y11*Y15*C10*R1 7%C22-1 *R4*Y13*Y11*Y15*CI8*
RI 7*C22-I.*Y14*C19*C18*R17*Y16-1.*YI3*Y]5*C22*YS*L5)*5+R4*C]9*YI4*YH*YIS-].*
R4*YI3*YII*Y]S*C22+R4*Y14*Y11*YI5*C22+R4*Y14*YH*Y15*_C18)};

Rezultatele procedurii de sortare 2 termenilor din numardtorul si numitorul functiei de circuit in formi redusi in ordine
descrescitoare a puterilor si coeficientilor lui ,,s” pentru circuitul din figura 1 aratd astfel:

rezl = {Aei=

(«

+C3%Y14*C18*C22¥L2 1¥L6*C10*L7*Y15 + 2.88000000000000E-0043
+C3¥Y14*C18*C22*L21*¥L5*C10*L7*Y15 + 1.92000000000000E-0043
+03*Y14*C18*C22*L21*L5*L6*CL10*¥Y15 + 1.44000000000000E-0043

)*s"6

+

+C3*¥Y14*C18*C22*L21*C10*L7*R17¥Y16 + 7.68000000000000E-0037
+C3*Y14*C_18*C22*L21*L5*C10*Y15*R17 + 1.92000000000000E-0037

YESAS

H

+C3*¥Y14*C18*¥C22*¥L21*L7*Y 15 + 3.20000000000000E-0032

+C3*Y 14*C18*C22*L21¥Y 1 T*RA*LT*Y15 + 2.1 1200000000000E-0032
+C3*Y14*C18*C22*L21*L5*Y 15 + 1.60000000000000E-0032

Vs

)

((

+C3*L2*C19¥Y 15%¥Y 14¥L6*L.21*C22*L7*C10*Y8 + 7.20000000000000E-0049
+C3*¥L2*C19¥Y 15%Y 14¥L5*Y8*L21*C22+L7*C10 + 4.80000000000000E-0049
+C3*¥L2*C19¥Y 15¥Y 14¥L5*Y8*L21*C22*C10*L6 + 3.60000000000000E-0049
+C3*L2*Y14%Y 11¥Y15*L21*C22*C18*L7*C10*L6 + 9.50400000000000E-0050
+C3FL2*¥Y14*Y 11*Y 15*L5*L21#C22*C18*L7*C10 + 6.33600000000000E-0050
+CI¥L2*C19*¥Y 14*¥Y 11¥Y 15*L6*L21*C22¥L7*C10 + 4.75200000000000E-0050
+CI*L2*Y14*Y 11¥Y 15*L5*C18*C22*L21*C10*L6 + 4.,75200000000000E-0050
+C3*L2*C19¥Y14*Y11*¥Y15*¥L6*L21#C22*C18*L7 + 3.16800000000000E-0050
+C3*L2*C19*Y 14*Y 11¥Y 15*L5*L21*C22*L7*C10 + 3.16800000000000E-0050
+C3*L2*C19*Y 14*Y 11*¥Y 15*L5*L21*C22*C10*L6 + 2.37600000000000E-0050
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+C3*L2*C19*Y 14*Y11¥Y 15¥L5*L21*C22*C18*L7 +2.11200000000000E-0050
+C3*L2*C19%Y 14*Y11#Y 15*L5*L6*C18*C22*L21 + 1.58400000000000E-0050
Y*sn7

+(

LC3*L2*Y14*C19%Y16*R17*Y8*L6*L21*C22*C10 - 1.44000000000000E-0042
+C3*L2*C19¥Y15*Y 14¥L5*Y8*C10*¥R 17#C22*L.21 + 4.80000000000000E-0043
+C3¥L2*Y 11*Y 14¥L21#C22*C18*C10*L7*R17*Y 16 + 2.53440000000000E-0043
+C3*RA*Y14*Y 1 1#Y 15%L21*C22*C18*L7*C10*L6 + 1.90080000000000E-0043
+CIFL2*C19¥Y 15*Y 14*¥L6*C10*R20¥L7*C22*Y8 + 1.80000000000000E-0043
+C3*¥L2*¥Y 14*¥Y11¥Y 15*C18*L7*R17*C22*L21*C10 + 1.26720000000000E-0043
+C3*RA*¥Y 14*Y 1 1*Y15*L5*L21*C22*CI18*L7*C10 + 1.26720000000000E-0043
+C3*L2%Y11*C19%¥Y 14*Y 16*R17*121*C22*C10*L7 + 1.26720000000000E-0043
+C3*L2*CI9*Y 15¥ Y 14*L5*Y8*C10*R20*¥L7*C22 + 1.20000000000000E-0043
+C3IFRA*FY14*Y 11*Y 15*¥L5*C18*C22*L21*C10%L6 + 9.50400000000000E-0044
+C3*RA*C19*Y 14*¥Y 11*Y 15*L6*L21*C22*L7*C10 + 9.50400000000000E-0044
+C3*L2*C19¥Y 15*Y 14*¥L5*Y8*L6*R20*C22*C10 + 9.00000000000000E-0044
+CI*L2*Y 1 1*CI9¥Y 14*¥Y 16*R 1 7*L7*L21*C18*C22 + 8.44800000000000E-0044
[C3*L2*C19*Y 14*Y11*Y15*L7*C22*L21*L6*Y8 - 7.92000000000000E-0044
+C3I*L2¥Y14*Y 11*Y 15*L5*C10*C18*R17*C22*L21 + 6.33600000000000E-0044
+C3*RA*C19*Y 14*Y 11¥Y15*L5*L21*C22*L7*C10 + 6.33600000000000E-0044
+C3*L2*C19*¥Y 14*Y 1 1*¥Y 1 S*L7*R17*C22*L21*C10 + 6.33600000000000E-0044
+CI*¥RAX¥L2FY 14*Y 11#Y 15*L21*C22*C18*L7*C10 + 6.33600000000000E-0044
+C3*RA*C19*Y 14*Y 11¥Y15*L6*L21*C22*C18*L7 + 6.33600000000000E-0044
SC3*L2*C19*Y 14*Y 11*Y15*L5*Y8*L7*C22*L21 - 5.28000000000000E-0044
LC3I*RA*C19*Y 14*Y 11*Y 15*L5*L21*C22*C10*L6 + 4.75200000000000E-0044
+C3*RAXL2FY 14*Y 1 1#Y 15*C18*C22*L21*C10*L6 + 4.75200000000000E-0044
+C3*L2*CI9%Y 14*Y11¥Y15*C18*L7*R17*C22*L21 + 4.22400000000000E-0044
+CI*RA*C19¥Y 14*Y 1 1¥Y 15*L5%L21%C22*C18*L7 + 4.22400000000000E-0044
LC3*L2*C19%Y 14¥Y 1 1#Y 15*L5*Y8*¥L21*C22*L6 - 3.96000000000000E-0044
+CIFL2*C19¥Y 15*Y 14*L21*C22*C18*L7 + 3.20000000000000E-0044
+C3*L2*C19*Y14¥Y 11#Y 15*L5*C10*R17*C22*L.21 + 3.16800000000000E-0044
+C3*FRAFL2*C19*Y 14*Y 11¥Y 15*L21*C22*L7*C10 + 3.16800000000000E-0044
+C3*R4*C19*Y 14*Y 11¥Y 15*L3*L6*C18*C22*L21 + 3. 16800000000000E-0044
+C3*L2*Y14*Y 1 1¥Y 15*C10*C18*C22*¥R20*L7*L6 + 2.37600000000000E-0044
+C3*¥L2*C19*Y 14*Y11*Y 15*¥L5*C18*¥R17*C22¥L.21 + 2.1 1200000000000E-0044
+C3*RAFL2*¥C19*Y 14*¥Y 1 1¥Y [5¥L21*C22*CI8*L7 + 2.1 1200000000000E-0044
+C3*L2*Y 14*Y 1 1#Y15*L5*C10*C18*C22*¥R20*L7 + 1.58400000000000E-0044
+C3*R4*L2*C19*Y 14*Y11*¥Y 15*L6*C18*C22*¥L21 + 1.58400000000000E-0044
+C3I*L2*C19*Y 14*Y 1 1#Y 1 5*L6*C10*R20*L7*C22 + 1.18800000000000E-0044
+CI*L2*Y 14*Y 1 1Y 15%L5*C18*R20*C22*C10*L6 + 1.18800000000000E-0044
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+C3*L2*C19% Y 14+Y 11#Y 15*L5*C10¥R20*L7*C22 + 7.92000000000000E-0045
+C3*L2*C19%Y 14%Y 11¥Y 15¥L6*C18*C22#R20¥L7 + 7.92000000000000E-0045
LC3*L2*C19*Y 14%Y 11%Y 15*L5¥L6¥R20*C22*C10 + 5.94000000000000E-0045
+C3*L2*C19%Y 14+ 11¥Y15¥L5*C18*C22*R20¥L7 + 5.28000000000000E-0045
LCIFL2*C19*¥Y 14%Y 1 1Y 1S¥L5*L6*C18*R20*C22 + 3.96000000000000E-0045
J*s76

+

+C34L24Y 13¥L7*C22*C 18*R17*Y 16*C10 + 9.60000000000000E-0037
C3*L2%Y13%Y15*L6*C10*L7*C22*Y8 - 9.00000000000000E-0037

+C3*L2*Y 13 %C22*C 18*R17+Y 16+C10*L6 + 7.20000000000000E-0037
+C19%Y15%Y 14¥L6*L21*C22*L7*C10¥Y8 + 7.20000000000000E-0037

(C3*L2*Y 13*Y15*L5*Y8*C10*L7*C22 - 6.00000000000000E-0037
LC3*R4*Y11#Y 14¥121#C22*C18*C10*L7*R17*Y 16 + 5.06880000000000E-0037
+C19%Y15%Y 14*L5*Y8*L21#C22*L7*C10 + 4.80000000000000E-0037
+C3*L2*Y 13%¥Y15*C18*L7*R17+C22*C10 + 4.80000000000000E-0037
C3*L2*Y13#Y154L5*Y8*L6*C10*C22 - 4.50000000000000E-0037
LC19%Y 15*Y 14*L5*Y8*1.21#C22*C10*16 + 3.60000000000000E-0037
_C3*L2*Y14*C19*¥R20*R174Y 16+¥C22*C10*L6*Y8 - 3.60000000000000E-0037
LCI*RARY 1 1*C19¥Y 14%Y 16¥R17#L21¥C22*C10¥L7 + 2.53440000000000E-0037
LC3*RAFY14%Y 11#Y 155C18*LT*R17*C22*L21#C10 + 2.53440000000000E-0037
LC3*L2*Y15%Y 14*L6*C10¥L7+C22*Y8 + 1.80000000000000E-0037

LOIFRAFYT1*C19%Y 14*4Y 16*R17+L7*L21*C18*C22 + 1.68960000000000E-0037
_C3*RA*C19%Y 14%Y11¥Y15¥L7*C22*L21*L6*Y8 - 1.58400000000000E-0037
+C3*RA*C19¥Y 14 11¥Y 1S*L7*R17*C22¥L21*C10 + 1.26720000000000E-0037
LC3*RA*Y14¥Y11#Y 15¥L5*C10*C18*R17*C22*L21 + 1.26720000000000E-0037
LCIFL2*C19%Y 15%Y 14*L5*Y8*C10#R20¥R17+*C22 + 1.20000000000000E-0037
+C3L2%Y 157 14*L5*Y8*C10¥L7*C22 + 1.20000000000000E-0037
_CI*RA*C19¥Y 14¥Y 11%Y 15¥L5*Y8*L7*C22*L.21 - 1.05600000000000E-0037
LY14¥Y 11#Y154L21#C22*C18¥L7*C10*L6 + 9.50400000000000E-0038
+C3*L2*C19%Y 15+Y 14*L6*C10¥L7* Y8 + 9.00000000000000E-0038
LC3*L2¥Y15¥Y 14*L5*YS*¥L6*C10*C22 + 9.00000000000000E-0038
LC3*RA*C19¥Y14¥Y11%Y 15*C18¥LT*R17*C22%L21 + 8.44800000000000E-0038
LCIFRAFCI9¥Y 14¥Y11¥Y 15*¥L5¥Y8*L.21¥C22¥L6 - 7.92000000000000E-0038
C34L2¥Y14*C19%L21*C22*C18*R17*Y 16 - 6.40000000000000E-0038
Y14%Y11¥Y15*L5*L21*C22*C18*L7*C10 + 6.33600000000000E-0038
LCIFL2*Y 1 1¥Y 14%Y 16*R17¥L7*C22*R20*C18*C10 + 6.33600000000000E-0038
LC3*RA*C19*¥Y14¥Y 11¥Y 15¥L5*C10*R17*C22*L21 + 6.33600000000000E-0038
LCIARAFL2FY14¥Y 11¥Y 15*C10*C18*R17%C22%L21 + 6.33600000000000E-0038
LC3*L2*C19*Y 15¥Y 14¥L5*Y8*C10¥L7 + 6.00000000000000E-0038
LC3*L2*¥Y13*Y11+Y 15*L6*C10*LT+C22 - 5.94000000000000E-0038
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+C3*RA*Y 14*¥Y 11¥Y15*C10*C18*C22*¥R20*L7*L6 + 4.75200000000000E-0038
+Y14*Y11¥Y15¥L5*C18*C22*L21*C10*L6 + 4.75200000000000E-0038
+Y11¥Y15%C19¥Y 14*L6*L21*C22*L7*C10 + 4.75200000000000E-0038
+C3*L2*C19¥Y15*Y 14*L5*Y8*C10*L6 + 4.50000000000000E-0038
+C3*RA*CI9¥Y14*Y 11*Y 15*L5*C18*R17*C22*L21 + 4.22400000000000E-0038
+C3*FL2*C19%Y 15%Y 14*L5*Y 8*¥L21*C22 + 4.00000000000000E-0038

SC3*L2*Y 13¥Y11*Y 15*L5*C10*L7*C22 - 3.96000000000000E-0038
-C3*R4*L2*C19*Y 14*¥Y11¥Y 15¥Y8*L21*C22*L6 - 3.96000000000000E-0038
+C3*L2*Y14*Y 1 1*Y 15*R20*C18*L7*R17*C22*C10 + 3.16800000000000E-0038
FY11FY15*C19%Y 14*L5*L21*C22+L7*C10 + 3.16800000000000E-0038
+C3*RA*L2*C19*¥Y 14*Y11*Y 15*C10*R17*C22*L21 + 3.16800000000000E-0038
+C3*L2*Y11%C19*Y 14*R20¥L7*R17*Y 16*C22*C10 + 3.16800000000000E-0038
+C3*RA*Y 14*Y 1 1Y 15*L5*C10*C18*C22*R20*L7 + 3.16800000000000E-0038
-C3*L2*Y 13¥Y 1 1¥Y 15¥L5*L6*C10*C22 - 2.97000000000000E-0038
LCI*RA*C19*Y 14*Y 11¥Y 15*L6*C10¥R20*L7*C22 + 2.37600000000000E-0038
FY11*Y15*C19¥Y 14*L5*L21*C22*C10*L6 + 2.37600000000000E-0038
+C3*RA¥Y 14*Y 11¥Y15¥L5*C18*¥R20*C22*C10*L6 + 2.37600000000000E-0038
FY11*Y15*C19%Y 14*L5%L21*C22*C18*L7 + 2.11200000000000E-0038
FC3*RA*L2*C19%Y 14*Y 11¥Y 15%C18*R17*C22*L21 +2.11200000000000E-0038
+C3*L2*Y 11*C19%Y 14*Y 16*R17*L7*C22*R20*C18 + 2.11200000000000E-0038
_C3*L2*C19%Y 14*Y 11¥Y 15*R20*L7*C22*L6*Y8 - 1.98000000000000E-0038
LC3FL2*Y 14*Y 11#Y 15%L5*C10*C22*C18*R20*R 17 + 1.58400000000000E-0038
+C3*RA*L2*Y 14*Y 11¥Y 15*C10*C18*C22*R20*L7 + 1.58400000000000E-0038
LY 1I¥Y15*C19%¥Y14*L5*L6*C18*C22*L21 + 1.58400000000000E-0038
+C3*L2*C19*Y 14*Y 11#Y 15*¥R20*L7*R17*C22*C10 + 1.58400000000000E-0038
+C3*RA*C19*Y 14¥Y11¥Y 15*¥L5*C10*R20*L7*C22 + 1.58400000000000E-0038
+C3*RA*CI9*Y 14¥Y 1 1¥Y 15*L6*C18*C22*R20*L7 + 1.58400000000000E-0038
_C3*L2*C19%Y 14*Y11*¥Y15*L5*Y8*R20*L7*C22 - 1.32000000000000E-0038
+C3*RA*L2*Y14¥Y 11*Y15*C18*R20*C22*C10*L6 + 1.18800000000000E-0038
+C3*RA*C19*Y 14*Y11*Y 15*L5*L6*R20*C22*C10 + 1.18800000000000E-0038
LCIFL2¥Y 145 Y T1*Y 15¥L6*C10*L7*C22 + 1.18800000000000E-0038

£C3*L2¥Y 14*Y 11¥Y 15*L6*C10*C18*L7 + 1.18800000000000E-0038

FO3*¥L2FY 14%¥Y 11#Y15%¥121*C22*C18*L7 + 1.05600000000000E-0038
+C3*L2*C19¥Y 14¥Y11¥Y 15*R20*C18*L7*R17*C22 + 1.05600000000000E-0038
+C3*R4*C19*4Y 14*Y 11*Y 15*L5*C18*C22*R20*L7 + 1.05600000000000E-0038
.C3*L2*C19*Y 14¥Y 11*Y 15*¥L5*Y8*R20*C22*L6 - 9.90000000000000E-0039
+C3*L2*C19*Y15*Y 14*C18*C22*R20*L7 + 8.00000000000000E-0039
+C3*L2*Y14¥Y 1 1¥Y 15¥L5*C10*L7*C22 + 7.92000000000000E-0039
+CI*RA*L2*C19¥Y 14¥Y 11¥Y15*C10*R20*¥L7*C22 + 7.92000000000000E-0039
+CI*L2*C19*Y 14*Y 11#Y 15*L5*C10*R20*¥R17*#C22 + 7.92000000000000E-0039
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+CI*L2*¥Y14*¥Y11¥Y15*L5*C10*C18*L7 + 7.92000000000000E-0039
+CI*L2*Y14¥Y 1Y 15*L6*C18*L7*C22 + 7.92000000000000E-0039
+C3*R4A*C19¥Y 14*¥Y 11*Y 15*L5*L6*C18*R20*C22 + 7.92000000000000E-0039
+C3¥L2*C19*Y 14¥Y 11#Y 15*L6*C10*L7 + 5.94000000000000E-0039
+O3*L24Y 14*¥Y 11%¥Y 15¥LS*L6*C10*C18 + 5.94000000000000E-0039
+C3*R4*L2*CI9*Y 14¥Y11*Y 15*L6*R20%C22*C10 + 5.94000000000000E-0039
+C3*L2*¥Y14%Y11*Y15*L5*L6*C10*C22 + 5.94000000000000E-0039
+C3*¥L2*C19*Y14*¥Y 11*¥Y15*L7*C22%L21 + 5.28000000000000E-0039
LC3*RA*¥L2*C19%¥Y 14*Y11*Y 15*C18*C22*¥R20*L7 + 5.28000000000000E-0039
+C3*L2*Y14¥Y11¥Y15*L5*C18*C22*L21 + 5.28000000000000E-0039
+C3FL2*C19*Y 14*Y 1 1¥Y 15*L5*C22*C18*R20*R17 + 5.28000000000000E-0039
+C3*¥L2*Y 14*¥Y11¥Y15%L5*C18*L7*C22 + 5.28000000000000E-0039
+C3*L2*C19¥Y 14¥Y 11¥Y 15%L5*C10*L7 + 3.96000000000000E-0039
+O3*L2*C19%Y 14¥Y 11¥Y 15%L6*C18*L7 + 3.96000000000000E-0039
FC3*RAYL2*C19*Y 14*Y 11#Y 15*L6*C18¥R20*C22 + 3.96000000000000E-0039
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LC3*L2*Y13*Y15*C10*R17*C22*Y8*L5 - 6.00000000000000E-0031
+C19*Y15¥Y14¥L5*Y8*C10*R17*C22*L21 + 4.80000000000000E-0031
-C3*L2*Y14¥Y16*¥R17*C22*C10*L6*Y8 - 3.60000000000000E-0031
+Y11¥Y14*C18¥L21*C22*C10*L7*Y16*R17 + 2.53440000000000E-003 1
+C19*Y15*Y 14*L6*C10*R20*LT*C22*Y8 + 1.80000000000000E-0031
-C3*L2*Y14*C19*Y16*R17*C10*L6*Y8 - 1.80000000000000E-0031
[C3*L2FY11%Y13*C22*L7*R17*Y 16*C10 - 1.58400000000000E-0031
+C3*RA*Y11*Y 14*Y 16*R17*L7*C22*R20*C18*C10 + 1.26720000000000E-0031
+Y14¥Y11*Y15*CI8*L7*R17*C22*L21*C10 + 1.26720000000000E-0031
FY11*C19*Y 14¥Y 16*R17¥L21*C22*C10*L7 + 1.26720000000000E-0031
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SY11¥Y15*%C19*Y 14*¥L7*#C22%L21*¥L6*Y8 - 7.92000000000000E-0032
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FY11%Y15*C19*Y 14*C18*L7*R17%C22*L21 + 4.22400000000000E-0032
-C3*R4A*C19*Y14*Y11*Y 15*R20*L7*C22*L6*Y8 - 3.96000000000000E-0032
-C3*R4*L2*¥Y13*¥Y11*Y15*C10*L7*C22 - 3.96000000000000E-0032
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FRA*CL9*Y 14*Y 11%¥Y 15*L21*C22*L7*C10 + 3.16800000000000E-0032
LC3*RA*L2*Y13*Y 11*Y15*L6*C10*C22 - 2.97000000000000E-0032
[CI*L2*Y13¥Y11*¥Y15*L5*C18*¥R17*C22 - 2.64000000000000E-0032
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LCI*L2*Y14*Y11¥Y15*¥L5*Y8*L7*C12 - 1.32000000000000E-0032
+Y14%¥Y11¥Y15¥L5*C18*R20*C22*C10*L6 + 1.18800000000000E-0032
+Y11¥Y15%C19*Y 14*L6*CL10*R20¥LT*C22 + 1.18800000000000E-0032
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SC3*RA*Y 14*Y11*Y 15¥L5*L6*C10*C18 + 1.18800000000000E-0032

+C3*L2*Y 14*Y11*¥Y 15*C18*L7*R17*C22 + 1.05600000000000E-0032
+C3*¥L2¥Y11*C19*Y 14*¥Y 16*R17*C18*L7 + 1.05600000000000E-0032
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+C3*¥L2*CL9*Y 15+ Y 14*L5*¥YB*R20*C22 + 1.00000000000000E-0032
.C3*L2*C19*¥Y 14¥Y 11*Y 15*L6*L7*Y8 - 9.90000000000000E-0033
_C3*L2¥Y14*Y11*Y15*L5*Y8*C22*L6 - 9.90000000000000E-0033
-C3*R4*L2*C19*Y14*Y1l *Y 15*Y§*R20*C22*L6 - 9.90000000000000E-0033
+C3*¥L2*Y15*%Y14*C18*L7*C22 + 8.00000000000000E-0033
+C3*L2*Y14*¥Y11¥Y15*L5*C10*C18*R17 + 7.92000000000000E-0033
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LC3I*RA*C19¥Y 14*¥Y 11#Y 15*L5*C18*L7 + 5.28000000000000E-0033
LC3*L2*C19%Y 14*¥Y 11¥Y 15¥L5*Y8*L6 - 4.95000000000000E-0033
+C3*¥L2*C19*Y 15*Y 14*C18*L7 + 4.00000000000000E-0033
+C3*L2*C19*Y14*Y11*Y15*L5*R17*CI10 + 3.96000000000000E-0033
+C3*RA*L2*CLO*Y 14¥Y 11*Y15*C10*L7 + 3.96000000000000E-0033
+Y11*Y 15*C19*Y 14*¥L5*L6*C18*R20*C22 + 3.96000000000000E-0033
+CI*RA*¥L2*¥Y 14*Y11*Y 15*L6*C18*C22 + 3.96000000000000E-0033
+C3*R4*C19*Y 14*Y11*Y15*L5*L6*C18 + 3.96000000000000E-0033
+C3*¥R4*L2*C19*Y 14*Y 11*Y15*C10*L6 + 2.97000000000000E-0033
+C3I*L2*C19*Y 14*Y11*Y15*L5*C18*R17 + 2.64000000000000E-0033
+C3*¥R4*L2*C19*Y 14*¥Y 1 1*Y15*C18*L7 + 2.64000000000000E-0033
+C3*L2*¥Y14*Y11*Y 15*%C18*C22*R20*L7 + 2.64000000000000E-0033
LC3*RA*L2*C19*Y 14¥Y 11¥Y 15%L21*C22 + 2.64000000000000E-0033
+C3*RA*L2*C19*Y14*Y11*Y15*¥L6*C18 + 1.98000000000000E-0033
+HOIFL2*Y 14*Y11*¥Y 15*L5*C18*¥R20*C22 + 1.32000000000000E-0033
+C3*L2*C19*Y 14*¥Y 1 1¥Y 15¥R20¥L7*C22 + 1.32000000000000E-0033
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+Y13*Y15*CI8*L7*R17*C22*C10 + 4.80000000000000E-0025

SY13*Y 15+L5*Y8*L6*C10*C22 - 4.50000000000000E-0025

Y 14*C19¥R20*R17*Y 16*C22*C10*L6*Y$ - 3.60000000000000E-0025
_CI*R4*Y11*#Y13*C22*L7*R17*Y16*C10 - 3.16800000000000E-0025
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_C3*R4*Y11%Y 13*L7*C22*C18*R17*Y 16 - 2.11200000000000E-0025
FC3*RA*Y 13%¥Y 1 1#Y 15¥L7*C22*L6*Y8 + 1.98000000000000E-0025
+Y15%Y 14*L6*C10*L7*C22*Y8 + 1.80000000000000E-0025
.C3*R4*Y13*Y11¥Y15*C10*L7*R17*C22 - 1.58400000000000E-0025
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FY15*Y 14¥L5*Y8*C10*L7+C22 + 1.20000000000000E-0025
+C19*Y15%Y 14*L5*Y8*C10*¥R20*R17*C22 + 1.20000000000000E-0025
[C3*R4*Y13*Y11¥Y15*C18*L7*R17*C22 - 1.05600000000000E-0025
+C3FRAFY13*Y11#Y 15¥L5*Y8*C22*L6 + 9.90000000000000E-0026
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+FY15%Y 14*¥L5*Y8*L6*C10*C22 + 9.00000000000000E-0026
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-C3*R4*Y13*Y11*¥Y15*¥L5*C10*R17*C22 - 7.92000000000000E-0026

Y 14*C19*L21*C22*C18*R17*¥Y 16 - 6.40000000000000E-0026
+Y11#Y14*C18*C22*+R20*C10*L7*Y 16*R17 + 6.33600000000000E-0026
+C3*R4*¥Y11¥Y 14*C22*LT*R17*Y16*C10 + 6.33600000000000E-0026
+CI*RAFY11*Y 14*C10*¥Y16*R17T¥C18*L7 + 6.33600000000000E-0026
+RA*Y 14¥Y11*Y15+C10*C18*R17*C22*L21 + 6.33600000000000E-0026
+C19%Y15%Y 14*L5*Y8*C10*L7 + 6.00000000000000E-0026
Y13*¥Y11*Y15*L6*C10*L7*C22 - 5.94000000000000E-0026
-C3*R4*¥Y13*Y 11*¥Y15*¥L5*CI8*R17*C22 - 5.28000000000000E-0026
LCI*L2*Y13*¥Y15%C22*Y8*L5 - 5.00000000000000E-0026
+CI*RAFL2*¥Y 13 Y 11¥Y15*Y8*C22*L6 + 4.95000000000000E-0026
+C19%Y15%Y 14¥L3*Y8*C10*L6 + 4.50000000000000E-0026

+C3*RA*Y 11*¥Y 14¥L7*C22*CI18*RIT*Y 16 + 4.22400000000000E-0026
+C19*Y15%Y 14*¥L5*Y8*L21*C22 + 4.00000000000000E-0026
SC3*RA¥L2*FY13*Y11¥Y15*C10*R17*C22 - 3.96000000000000E-0026

Y 13*Y11%Y15*L5*C10*L7*C22 - 3.96000000000000E-0026

R4*C19*Y 14*¥Y11*Y15%Y8*L21*C22*L6 - 3.96000000000000E-0026
_C3*¥R4A*Y 14*Y11*Y15*L7*C22*L6*Y8 - 3.96000000000000E-0026
+C3IFRAFY T1*CI9*¥Y 14*LT*R17*Y 16*C10 + 3.16800000000000E-0026
+Y11*C19*Y 14*R20*L7*R17*Y 16*C22*C10 + 3.16800000000000E-0026
FY14*Y11¥Y15*R20*C18*L7*R17*C22*C10 + 3.16800000000000E-0026
+C3*RA*Y14*Y11*Y15*C10*CI8*LT*R17 + 3.16800000000000E-0026
+C3IFRA*Y 14*¥Y 1 1*Y 15*C10*L7*RI7*C22 + 3.16800000000000E-0026
+RA*C19¥Y 14*Y 11¥Y15*C10*R17*C22*L21 + 3.16800000000000E-0026
Y 13*Y11*Y15*L5*L6*C10*C22 - 2.97000000000000E-0026
-C3*R4¥L2*¥Y 13*Y 11*¥Y 15*C18*R17*C22 - 2.64000000000000E-0026
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+Y11*C19%Y 14*C22*R20*L7*C18*R17*Y 16 + 2.11200000000000E-0026
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Y11*Y15*C19%Y 14¥R20*L7*C22*L6* Y8 - 1.98000000000000E-0026
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-C3*L2*¥Y14*C22+C18*R17*Y 16 - 1.60000000000000E-0026
AY11%Y15*C19*Y 14¥R20*L7*R17*C22*C10 + 1.58400000000000E-0026
+C3*RA*Y14*Y 11*Y15%L5*C10*C18*R17 + 1.58400000000000E-0026
SRA*Y14¥Y11*Y15*C10*C18*C22*¥R20*L7 + 1.58400000000000E-0026
+CI*RA*C19%Y 14*Y 1 1Y 15*¥L7*R17*C10 + 1.58400000000000E-0026
+C3*RA*Y14*Y11*Y 15*L5*C10*R17*C22 + 1.58400000000000E-0026
+Y14%¥Y11*Y15%L5*C10*C22*C18*R20*R17 + 1.58400000000000E-0026
.CI*RA*C19*Y 14*¥Y 11¥Y 15*L5*Y$*L7 - 1.32000000000000E-0026

Y 11+Y15*C19*Y 14*L5*Y8*R20*L7*C22 - 1.32000000000000E-0026
FY14*Y11%Y15%L6*C10%L7*C22 + 1.18800000000000E-0026
+Y14%Y11*Y15*L6*C10*C18*L7 + 1.18800000000000E-0026

+FRA*Y 14%Y 11*¥Y 15*C18*R20*C22*C10*L6 + 1.18800000000000E-0026
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+O3*RA*L2FY14*Y 11¥Y15*C10*C18*R17 + 7.92000000000000E-0027
+RA*C19¥Y 14¥Y 1 1¥Y 15*C10¥R20*L7*C22 + 7.92000000000000E-0027
+O3*RA*C19*Y 14*Y 11*Y 15*L5*R17*C10 + 7.92000000000000E-0027
+Y 14%Y 11*Y 15*L5*C10*L7*C22 + 7.92000000000000E-0027
FY14%Y11#Y15%L5*C10*C18*L7 + 7.92000000000000E-0027
LC3*L2*¥Y13*Y 11*¥Y 15%L7*C22 - 6.60000000000000E-0027
FY11*Y15%C19*Y 14*L6*C10*L7 + 5.94000000000000E-0027
FRA*C19¥Y 14*Y 11*Y 15¥L6*R20*C22*C10 + 5.94000000000000E-0027
FY14%Y 11¥Y15*L5*L6*C10*C22 + 5.94000000000000E-0027
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+Y14*¥Y11*Y15*L5*L6*C10*C18 + 5.94000000000000E-0027
SRA*CL9*Y14*Y11*Y15*C18*C22*¥R20*L7 + 5.28000000000000E-0027
+Y14*Y11%¥Y15%L5*C18*C22*L21 + 5.28000000000000E-0027
+C3*RA*Y 14*Y 11¥Y 15%C18*C22¥R20%LT + 5.28000000000000E-0027
+FY11*Y15*C19*¥Y 14*L7*C22*L21 + 5.28000000000000E-0027
FY11¥Y15*C19*Y 14*¥L5*C22*CI18*R20*R17 + 5.28000000000000E-0027
+Y14*Y11*¥Y15*L5*C18*L7*C22 + 5.28000000000000E-0027
+C3*R4*C197Y 14*¥Y11*Y 15*L5*C18*R17 + 5.28000000000000E-0027
FO3*RAFL2*FY 14*Y 11¥Y15*¥C18*RIT*C22 + 5.28000000000000E-0027
+C3*L2*C19*Y 15¥Y 14*Y8*L5 + 5.00000000000000E-0027
-C3*R4*L2*C19*Y 14*¥Y11*Y15*Y8*L6 - 4.95000000000000E-0027
+C3*RA¥L2*¥C19*Y 14*Y 11*Y15*R17*C10 + 3.96000000000000E-0027
+Y11¥Y15*C19*Y 14*L5*C10*LT + 3.96000000000000E-0027
FRA*C19*Y 14*¥Y11*¥Y15*L6*C18*R20*C22 + 3.96000000000000E-0027
+Y14*Y11*Y15*L5*L6*C18*C22 + 3.96000000000000E-0027
+Y11¥Y15*%C19*Y 14*L6*C18*L7 + 3.96000000000000E-0027
SC3*L2*Y13*Y11*¥Y15+C22*L5 - 3.30000000000000E-0027
+Y11*Y15*C19*Y 14*L5*C10*L6 + 2.97000000000000E-0027
+Y11*¥Y15*C19%Y 14*L5*CL18*L7 + 2.64000000000000E-0027
FC3*RA*CI9¥Y 14*Y 11¥Y 15*R20*L7*C22 + 2.64000000000000E-0027
+Y11*Y15*C19*Y 14*L5*+L21*C22 + 2.64000000000000E-0027
+O3*RA*L2*C19%¥Y 14*Y 11¥Y 15*C18*R17 + 2.64000000000000E-0027
+C3*RA*Y 14*Y11#Y15*L5*C18*R20*C22 + 2.64000000000000E-0027
FY11*Y15*C19¥Y 14*L5*L6*C18 + 1.98000000000000E-0027
+C3FL2*Y 14FY11*Y15*LT*C22 + 1.32000000000000E-0027
+C3*L2*¥Y14*Y11*Y15*C18*L7 + 1.32000000000000E-0027
+C3*RAFL2*¥Y 14¥Y11*¥Y15*C18*R20*C22 + 1.32000000000000E-0027
+C3*RA*C19¥Y 14¥Y 11¥Y 15*L5*R20*C22 + 1.32000000000000E-0027
+C3*R4*L2*C19*Y 14*Y 11¥Y15*R20*C22 + 6.60000000000000E-0028
+C3*L2*C19¥Y14*Y11*#Y15*L7 + 6.60000000000000E-0028
+C3*L2*¥Y 14*Y11¥Y15*C18*L5 + 6.60000000000000E-0028
+CIFL2*Y 14*Y 11*Y15*C22%L5 + 6.60000000000000E-0028
+C3*¥L2*C19¥Y 14¥Y 11*Y15*L5 + 3.30000000000000E-0028

a3

+

+Y13*Y16*¥R17*C22*C10*L6*Y8 + 1.80000000000000E-0018
SY13*Y15*C10*R17*C22*YB*LS - 6.00000000000000E-0019

Y 14*Y16*R17*C22*C10*L6*Y8 - 3.60000000000000E-0019

Y 14*C19*¥Y16*R17*C10*L6*Y8 - 1.80000000000000E-0019
SY11#Y13*C22*C10*¥L7*R17*Y 16 - 1.58400000000000E-0019
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+Y15¥Y14*C10*R17*C22¥Y8*L5 + 1.20000000000000E-0019
SY11*¥Y13*C18*L7*C22*R17*Y 16 - 1.05600000000000E-0019
+Y13*¥Y11*Y15*L7*C22*¥L6*Y 8 + 9.90000000000000E-0020
SY13*¥Y11*Y15*C10*¥L7*R17*C22 - 7.92000000000000E-0020
+Y13¥Y11*¥Y15*L5*Y8*L7*C22 + 6.60000000000000E-0020
+C19¥Y15%Y 14*L5*Y8*R17*C10 + 6.00000000000000E-0020
SY13*Y11#Y15*C18*L7*R17*C22 - 5.28000000000000E-0020
FY13*¥Y11*¥Y15*%L5*Y8*C22*L6 + 4.95000000000000E-0020
-R4*¥Y 13*Y11*¥Y 15%C10*¥L7*C22 - 3.96000000000000E-0020
SY13*Y11*Y15*L5*C10*R17*C22 - 3.96000000000000E-0020
+Y11*¥Y 14*C22*C10*L7*R17*Y 16 + 3.16800000000000E-0020
+Y11*¥Y14*C18*C10*L7*Y16*R17 + 3.16800000000000E-0020
_RA¥Y 13*¥Y11*+Y 15*L6*C10*C22 - 2.97000000000000E-0020
SY13*¥Y11*¥Y15*¥L5*C18*R17*C22 - 2.64000000000000E-0020
SY14%Y11¥Y15*L7*C22%L6* Y8 - 1.98000000000000E-0020

-Y 14*C19*C18*R20*R17*Y 16¥C22 - 1.60000000000000E-0020
+Y11*C19*¥Y 14*L7*R17*Y 16*¥C10 + 1.58400000000000E-0020
+Y14*¥Y11*¥Y15*C10*C18*L7*R17 + 1.58400000000000E-0020
FY 14%Y11¥Y15*C10*L7*R17*C22 + 1.58400000000000E-0020
ARA¥Y14*¥Y11¥Y15%C10*C22*C18*R20*R 17 + 1.58400000000000E-0020
-C3*R4*Y13*Y 11*Y15*L7*C22 - 1.32000000000000E-0020
SY14¥Y11*Y15*%L5*Y8*L7*C22 - 1.32000000000000E-0020
+Y 14*¥Y 11%¥Y 15*C18*L7*R17*C22 + 1.05600000000000E-0020
+Y11*C19*Y14*L7*C18*R17*Y 16 + 1.05600000000000E-0020
+C19%Y 15*Y 14*L5*Y8*R20*C22 + 1.00000000000000E-0020
RA*C19%Y 14*Y11*Y 15*Y8*R20*C22*L6 - 9.90000000000000E-0021
Y 14%¥Y 11¥Y 15*¥L5*¥Y §*C22*L6 - 9.90000000000000E-0021
SY11¥Y15*C19*Y 14*L6*L7*Y8 - 9.90000000000000E-0021
+Y15%Y 14*C18*L7*C22 + 8.00000000000000E-0021
+R4*Y14*Y11#Y15*C10*C18*L7 + 7.92000000000000E-0021
+Y11*Y15*C19*¥Y 14*L7*R17*C10 + 7.92000000000000E-0021
+Y14*Y11¥Y15*L5*C10*CI8*R17 + 7.92000000000000E-0021
+Y14*Y11*#Y15*L5*C10*R17*C22 + 7.92000000000000E-0021
+R4*C19*Y14*¥Y11*Y15*C10*R20*R17*C22 + 7.92000000000000E-0021
+RA*Y14*¥Y11*Y15*C10*L7*C22 + 7.92000000000000E-0021
-C3*R4*Y13*Y 11*Y15%C22*L5 - 6.60000000000000E-0021
SY11*Y15*C19%Y 14*LS*Y8*L7 - 6.60000000000000E-0021
+R4*Y 14*¥Y 11*Y 15*L6*C10*C22 + 5.94000000000000E-0021
+RA*Y14*Y11*Y15*L6*C10*C18 + 5.94000000000000E-0021
FY14*Y11*Y15*L5*C18*R17*C22 + 5.28000000000000E-0021
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FRA*C19*Y 14*¥Y 11*#Y 15%C22*C18*R20*R 17 + 5.28000000000000E-0021
SRAFY14¥Y11%Y 15*C18*C22*L.21 + 5.28000000000000E-0021
SY11¥Y15*C19%Y 14*C18*L7*R17 + 5.28000000000000E-0021
SRA*Y14*Y11*Y 15*C18*L7*C22 + 5.28000000000000E-0021
SY11¥Y15*C19*Y 14*¥L5*Y8*L6 - 4.95000000000000E-0021
+C19*Y15*Y 14*C18*L7 + 4.00000000000000E-0021
FRA*CI9%Y 14*¥Y 11*Y 15*C10*L7 + 3.96000000000000E-0021
SY11¥Y15*C19%Y 14*L5*R17*C10 + 3.96000000000000E-0021
+RA*Y 14*Y 11¥Y 15*L6*C18*C22 + 3.96000000000000E-0021
-C3*RAXL2*¥Y13*Y 11*¥Y15+C22 - 3.30000000000000E-0021
SRA*C19*Y 14*¥Y11%¥Y 15*C10*L6 + 2.97000000000000E-0021
FY11*Y15*C19*Y14*L5*C18*R17 + 2.64000000000000E-0021
FRA*CIOFY 14*¥Y 11%Y 15*C22*%L21 + 2.64000000000000E-0021
FRAFC19*¥Y 14*Y 11*Y 15*C18*L7 + 2.64000000000000E-0021
SV 14*Y11#Y15*C18*C22*R20*L7 + 2.64000000000000E-0021
+C3*RA¥Y 14*¥Y 11¥Y 15*C18*L7 + 2.64000000000000E-0021
+C3*RA*Y 14*Y 1 1#Y 15¥L7*C22 + 2.64000000000000E-0021
FRA*C19¥Y 14*Y11*Y 15*L6*C18 + 1.98000000000000E-0021
£V 14%¥Y11*Y 15*L5*C18*R20*C22 + 1.32000000000000E-0021
FC3*RA*Y 14*Y 11¥Y15%C18*L5 + 1.32000000000000E-0021
+C3*RA*Y 14%Y 11*¥Y 15*C22*L5 + 1.32000000000000E-0021
FY11#Y15*C19*+Y 14*R20*L7*C22 + 1.32000000000000E-0021
+C3*RA*¥C19*Y 14*%Y 11*Y 15*L7 + 1.32000000000000E-0021
FY11¥Y15*C19%Y 14*1L5*R20*C22 + 6.60000000000000E-0022
LC3*RA*L2*¥Y 14*Y 11#Y15*C22 + 6.60000000000000E-0022
+C3*RA*C19*Y 14*Y 11¥Y15%L5 + 6.60000000000000E-0022
+C3*RA¥L2¥Y 14¥Y 11#Y15*C18 + 6.60000000000000E-0022
+C3*RA*L2*C19*Y 14*Y 11¥Y 15 + 3.30000000000000E-0022
V*sh2

#

FY13*C22*C18*R17*Y 16 + 8.00000000000000E-0014

Y135 15+C22*Y8*L5 - 5.00000000000000E-0014
FRA*Y13¥Y 11*Y15%Y8*C22*L6 + 4.95000000000000E-0014
RA*Y13*¥Y11*Y15*C10*R17*C22 - 3.96000000000000E-0014
RAXY13*Y11¥Y15*C18*R17*C22 - 2.64000000000000E-0014
Y 14*C22*C18*R17*Y 16 - 1.60000000000000E-0014
FY15*Y14*C22*Y8*L5 + 1.00000000000000E-0014
RA*Y14¥Y11¥Y15*Y8*C22*L6 - 9.90000000000000E-0015
-Y14*C19*C18*R17¥Y 16 - §.00000000000000E-0015
ARAFY14*Y11#Y15*C10*C18*R17 + 7.92000000000000E-0015
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+RA*Y14*Y11#Y15*C10*R17*C22 + 7.92000000000000E-0015
SY11*L7*C22*Y13%Y 15 - 6.60000000000000E-00135

+RA*¥Y 14¥Y11¥Y15*CI18*R17*C22 + 5.28000000000000E-0015
+C19*¥Y15*Y14*Y8*L5 + 5.00000000000000E-0015
RA*C19*Y 14*Y 1 1*Y15*Y8*L6 - 4.95000000000000E-0015
+R4*C19*Y14*Y11*Y15*C10*R17 + 3.96000000000000E-0015
SY13*Y11*¥Y15*C22*L5 - 3.30000000000000E-0015
FRA*CI9*Y 14*¥Y11¥Y15*CI8*R17 + 2.64000000000000E-0015
FY11¥L7¥Y 14*C22*¥Y15 + 1.32000000000000E-0015

+RA*Y 14*Y11*Y15*C18*R20*C22 + 1.32000000000000E-0015
+C18*Y11*L7*Y 14*¥Y 15 + 1.32000000000000E-0015
+Y11¥L7*Y 14*C19*Y15 + 6.60000000000000E-0016
FY145Y11#Y15*C18*L5 + 6.60000000000000E-0016
+Y14*Y11*¥Y15%C22*L5 + 6.60000000000000E-0016
+RA*C19%Y 14*Y11*Y15*¥R20*C22 + 6.60000000000000E-0016
+C19*Y 14*¥Y11*Y15%L5 + 3.30000000000000E-0016

)*s

SRA*¥YT13¥Y11¥Y15*C22 - 3.30000000000000E-0009
FRAFY 14*¥Y 11*Y 15%C22 + 6.60000000000000E-0010

+RA*Y 14*¥Y 11¥Y 15*C18 + 6.60000000000000E-0010
SR4*C19%Y 14¥Y11¥Y 15 + 3.30000000000000E-0010

e

3. Concluzii

in proiectarea circuitelor electrice si electronice, adesea, este mai convenabil ca laturile circuitului sa fie
descrise prin siruri de simboluri, iar rezultatul analizei sa fie obtinut sub forma unei expresii algebrice depinzand
de timp sau frecventa si de parametrii simbolici ai circuitului. Aceastd informatie std la baza optimizarii asistate
de calculator a acestor circuite, in raport cu performantele urmérite, oferind posibilitatea obtinerii unei imagini

de ansamblu asupra comportérii circuitului, a controlului erorilor, a evaludrii senzitivitatilor in scopul
fmbunatatirii unor topologii de circuite.

Analiza simbolica a circuitelor electrice si electronice este, deci, 0 metodd formala de determinare a comportarii
unui circuit, variabilele independente fiind timpul sau frecventa, iar elementele circuitului fiind reprezentate, in
totalitate sau numai partial, prin simboluri. Tehnica simbolicd de simulare a circuitelor electrice si electronice este
complementara analizei numerice, unde variabilele i elementele de circuit fiind reprezentate prin numere. In cazul
circuitelor liniare, invariante in timp, cu parametrii concentrati, analiza simbolica genereaza ecuatiile circuitului in
forma simbolica si functiile de circuit (de transfer) in forma simbolica sau partial simbolica.

Pentru generarea de modele analitice si evaludri repetate ale caracteristicilor este nevoie de forma simbolicé a
functiilor de circuit, deoarece cu ajutorul senzitivitatilor functiilor de circuit raportata la diferiti parametri se pot studia
performantele circuitului la variatia valorilor acestor parametri, nefiind necesara recalcularea de fiecare datd a circuitului.

Pentru circuite complexe aceste functii de circuit sunt de dimensiuni mari (numir mare de termeni) si sunt
greu de urmirit si de interpretat. O sortare a termenilor din numaratorul si numitorul functiei de circuit permite o
vizualizare adecvaté si usureazi modul de simplificare al acestor functii prin eliminarea unor termeni mai putin
semnificativi cu pondere mica.
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