
Matlab â íàó÷íûõ èññëåäîâàíèÿõ

Ëåêöèÿ �7.Symboli
 Math Toolbox

Í.Þ. Çîëîòûõ

ÍÍ�Ó, ÂÌÊ, ñåíòÿáðü�äåêàáðü 2008



Ñîäåðæàíèå0.1 Ñîçäàíèå ñèìâîëüíûõ ïåðåìåííûõ èç ñèìâîëüíûõ ñòðîê . . . . . . . . . . 51 Ñîçäàíèå ñèìâîëüíûõ ïåðåìåííûõ 61.1 Ñîçäàíèå ñèìâîëüíûõ ïåðåìåííûõ èç ñèìâîëüíûõ ñòðîê . . . . . . . . . . 61.2 Ñîçäàíèå ñèìâîëüíûõ ïåðåìåííûõ èç ÷èñëîâûõ çíà÷åíèé . . . . . . . . . . 82 Âñïîìîãàòåëüíûå �óíêöèè 113 Àðè�ìåòèêà ïåðåìåííîé òî÷íîñòè 124 Óïðîùåíèå àðè�ìåòè÷åñêèõ âûðàæåíèé 134.1 Ïðèìåíåíèå �îðìóë óïðîùåíèÿ . . . . . . . . . . . . . . . . . . . . . . . . 134.2 �àñêðûòèå âûðàæåíèé . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144.3 �àçëîæåíèå íà ìíîæèòåëè . . . . . . . . . . . . . . . . . . . . . . . . . . . 154.4 Ïîäñòàíîâêà çíà÷åíèé . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165 Ìàòåìàòè÷åñêèé àíàëèç 17



5.1 Ïðåäåëû . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175.2 Ïðîèçâîäíûå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185.3 Èíòåãðèðîâàíèå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196 �åøåíèå óðàâíåíèé è ñèñòåì óðàâíåíèé 207 �åøåíèå äè��åðåíöèàëüíûõ óðàâíåíèé 218 Ëèíåéíàÿ àëãåáðà 229 �ðà�èêè �óíêöèè 2410 Ïðÿìîå îáðàùåíèå ê ÿäðó MAPLE 24



Ñèìâîëüíûå âû÷èñëåíèÿ, àíàëèòè÷åñêèå âû÷èñëåíèÿ, àíàëèòè÷åñêèå ïðåîáðàçîâàíèÿ



Ñèìâîëüíûå âû÷èñëåíèÿ, àíàëèòè÷åñêèå âû÷èñëåíèÿ, àíàëèòè÷åñêèå ïðåîáðàçîâàíèÿÄî âåðñèè 2008a äëÿ ñèìîëüíûõ âû÷èñëåíèé â Matlab'å èñïîëüçîâàëñÿ MAPLE.



Ñèìâîëüíûå âû÷èñëåíèÿ, àíàëèòè÷åñêèå âû÷èñëåíèÿ, àíàëèòè÷åñêèå ïðåîáðàçîâàíèÿÄî âåðñèè 2008a äëÿ ñèìîëüíûõ âû÷èñëåíèé â Matlab'å èñïîëüçîâàëñÿ MAPLE.Ñ âåðñèè 2008b � muPad



Ñèìâîëüíûå âû÷èñëåíèÿ, àíàëèòè÷åñêèå âû÷èñëåíèÿ, àíàëèòè÷åñêèå ïðåîáðàçîâàíèÿÄî âåðñèè 2008a äëÿ ñèìîëüíûõ âû÷èñëåíèé â Matlab'å èñïîëüçîâàëñÿ MAPLE.Ñ âåðñèè 2008b � muPadÌû áóäåì ãîâîðèòü ïðî âû÷èñëåíèÿ íà îñíîâå MAPLE.



1. Ñîçäàíèå ñèìâîëüíûõ ïåðåìåííûõ1.1. Ñîçäàíèå ñèìâîëüíûõ ïåðåìåííûõ èç ñèìâîëüíûõ ñòðîês = sym('x')s = sym('x','real')s = sym('x','unreal')sym('x') � sym('x','unreal')



Ïðèìåðû:x = sym('x'); x*xpi = sym('pi'); 
os(pi)i = sym('i'); sqrt(i)f = sym('sin(x)')x = sym('x'); 
onj(x)x = sym('x','real'); 
onj(x)syms s1 ... snsyms s1 ... sn realsyms s1 ... sn unreal



1.2. Ñîçäàíèå ñèìâîëüíûõ ïåðåìåííûõ èç ÷èñëîâûõ çíà÷åíèés = sym(x)s = sym(x,flag)



�ag Òèï ñèìâîëüíîé ïåðåìåííîé� Òî æå, ÷òî è 'r'.'f' Òî÷íîå ïðåäñòàâëåíèå ÷èñëîâîãî çíà÷åíèÿ â âèäå �1:F � 2e, ãäå F� ñòðîêà èç 13 øåñòíàäöàòèðè÷íûõ öè�ð, e � öåëîå ÷èñëî.'r' Ïîïûòêà íàéòè ïðåäñòàâëåíèå âèäà p=q, p�=q, pp, 2q, 10q.'e' Òî æå, ÷òî è 'r', ñ îöåíêîé ïîãðåøíîñòè ïðåäñòàâëåíèÿ.'d' Ïðåäñòàâëåíèå âèäà p:q; îáùåå êîëè÷åñòâî öè�ð óñòàíàâëèâàåòñÿêîìàíäîé digits.



Ïðèìåðû:sym(1/10), sym(1/10,'f')sym(1+sqrt(5)), sym('1+sqrt(5)')sym(sqrt(5))sym(pi/2); sym(pi/2,'e')digits(10); sym(1/3,'d')digits(20); sym(1/3,'d')



2. Âñïîìîãàòåëüíûå �óíêöèè� findsym(s), findsym(s,n) âñå ñèìâîëüíûå ïåðåìåííûå, ïîÿâëÿþùèåñÿ ââûðàæåíèè.� pretty(s), latex(s), 

ode(s), fortran(s) ïðåîáðàçîâàíèå ñèìâîëüíîãîâûðàæåíèÿ.� double(s), 
har(s), poly2sym(s), poly2sym(s,'t'), sym2poly(s)ïðåîáðàçîâàíèå ñèìâîëüíîãî âûðàæåíèÿ.



3. Àðè�ìåòèêà ïåðåìåííîé òî÷íîñòè� digits(d) óñòàíîâèòü êîëè÷åñòâî çíà÷àùèõ öè�ð ðåçóëüòàòà.� vpa(s), vpa(s,n) âû÷èñëèòü ñèìâîëüíîå âûðàæåíèå ñ d öè�ðàìè.Ïðèìåð:
lear alldigits(100)vpa(pi), vpa('pi')



4. Óïðîùåíèå àðè�ìåòè÷åñêèõ âûðàæåíèé4.1. Ïðèìåíåíèå �îðìóë óïðîùåíèÿsimplify(s)Ïðèìåð:syms a b 
 xsimplify(sin(x)^2+
os(x)^2)simplify(exp(
*log(sqrt(a+b))))simplify((x^2-5*x+6)/(x-2))



4.2. �àñêðûòèå âûðàæåíèéexpand(s)Ïðèìåðû:expand((x-2)*(x-3))expand(exp((a+b)^2))



4.3. �àçëîæåíèå íà ìíîæèòåëèfa
tor(s)a) �àçëîæåíèå ÷èñåë íà ïðîñòûå ìíîæèòåëèÏðèìåðû:fa
tor(sym(...'6467594980542505781813427713625137641'))fa
tor(sym('1122654295046476831744103'))fa
tor(sym('11111111111111111'))fa
tor(sym('11111111111111111'))fa
tor(sym('1111111111111111111'))fa
tor(sym('11111111111111111111111'))á) �àçëîæåíèå ìíîãî÷ëåíîâ íà íåïðèâîäèìûå íàä ïîëåì ðàöèîíàëüíûõ ÷èñåëfa
tor(x^2-3/2*x+1/2)fa
tor(x^2+1)fa
tor(a^3-b^3)



4.4. Ïîäñòàíîâêà çíà÷åíèésubs(s,x,a)Ïðèìåðû:syms x ysubs(sin(x)+
os(y),x,pi)subs(x^2+2*x*y+y^2,x+y,2)subs(sin(x)+
os(y),{x,y},{pi,sym('alpha')})



5. Ìàòåìàòè÷åñêèé àíàëèç5.1. Ïðåäåëûlimit(f,x,a)limit(f,a)limit(f)Ïðèìåðû:limit(sin(x)/x)limit((1+1/n)^n,inf)



5.2. Ïðîèçâîäíûådiff(s)diff(s,x)diff(s,x,n)Ïðèìåðû:diff(sin(x^2))diff(t^6,6)



5.3. Èíòåãðèðîâàíèåint(s)int(s,x)int(s,x,a,b)Ïðèìåðû:int(exp(-x^2))int(exp(-x^2),0,inf)



6. �åøåíèå óðàâíåíèé è ñèñòåì óðàâíåíèésolve(s)solve(s,x)solve(s1,...,sn)solve(s1,...,sn,x1,...,xn)Ïðèìåðû:syms a b 
 d x ysolve(a*x^2+b*x+
)solve(a*x^3+b*x^2+
*x+d)solve('x^2+x*y+y=3','x^2-4*x+3=0')ans.x, ans.ysolve('x^2+x*y+y=3','x^2-4*x+3=0')



7. �åøåíèå äè��åðåíöèàëüíûõ óðàâíåíèédsolve(eq1,...,eqn,
ond1,...,
ondn,t)Ïðèìåðû:dsolve('Dy+4*y = exp(-t)')dsolve('Dy+4*y = exp(-t)', 'y(0) = 1')dsolve('(Dy)^2 + y^2 = 1')dsolve('(Dy)^2 + y^2 = 1')dsolve('Dx = y', 'Dy = -x')



8. Ëèíåéíàÿ àëãåáðàÏðèìåðû:
lear allsyms x1 x2 x3W = [1 x1 x1^21 x2 x2^21 x3 x3^2℄pretty(W)w = det(W)fa
tor(w)



C =
26664 (a1 + b1 )�1 (a1 + b2 )�1 (a1 + b3 )�1(a2 + b1 )�1 (a2 + b2 )�1 (a2 + b3 )�1(a3 + b1 )�1 (a3 + b2 )�1 (a3 + b3 )�1
37775


lear allsyms a1 a2 a3 b1 b2 b3C = [1/(a1+b1) 1/(a1+b2) 1/(a1+b3)1/(a2+b1) 1/(a2+b2) 1/(a2+b3)1/(a3+b1) 1/(a3+b2) 1/(a3+b3)℄pretty(C)Cinv=inv(C)pretty(Cinv)Cinv=simple(Cinv)pretty(Cinv)



9. �ðà�èêè �óíêöèèezplot(s)ezplot(s,[x1 x2℄)

10. Ïðÿìîå îáðàùåíèå ê ÿäðó MAPLEÔóíêöèÿ maple


