> restart;
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> with(plots):
with (plottools) :

: $opMaT rpadmxos

> frm:=axes=boxed,gridlines=true,labeldirections=[horizontal,vertical],h labelfont=[TIMES,
BOLD,16] ,titlefont=[TIMES,BOLD, 18] ,symbol=solidcircle,symbolsize=18,size=[900,600];
Jfrm = axes = boxed, gridlines = true, labeldirections = [ horizontal, vertical |, labelfont = | TIMES, BOLD, 16 |, titlefont (1)

= [ TIMES, BOLD, 18], symbol = solidcircle, symbolsize = 18, size = [ 900, 600 |
OnpenesieHMe OIepPaTOpPOB
1. Omeparop - 3T0 MPABUIO, ¢ MIOMOIILIO KOTOPOro Kaxaas GyHKIUI 13 (yHKIIMOHAILHOTO IIPOCTPAHCTBA H

COTIOCTABIISICTCS APYTOi (DYHKITUU U3 TOTO e IIPOCTPAHCTBA.
e
2. Jlunetinpiii oneparop: Onepatop A Ha3pIBaeTCs JIMHEWHBIM, €CITH JIIS JTIOOBIX IBYX (QYHKIUN Y(X) 1 @(X) U3

MIPOCTPaHCTBA H : W, E H U TIPOK3BOIILHBIX KOMILIEKCHBIX IHCEN 8 B b (a,b &€ () BEIMIOIHAECTCS PaBEeHCTBO:
A (ay(x)+bo(x))=ad y+bA ¢
+
3. ComnpsixeHHBIN omiepaTop. OnepaTtop A " masemaetes COIPSDKCHHBIM ( 9pMUMOBO CONPANCEHHBIM ) OTISPATOPY
A, ecm s mOOBIX ABYX GyHKIMH (X ) ¥ O(X) U3 mpocTpaHcTBa H: Y, & € H BBHIIOIHACTCS PAaBSHCTBO :

i (v.40)= (1 "v.0)

4. Oniepatop A Ha3bIBAETCS CAMOCOTIPSKEHHBIM ( 9pMUMOGbiM ), €CITH



Omnepartop nHBepCHHU

_ Ty(x) =y(-x)

> pfl:=plot([sin(x) ,-sin(x)], x=-Pi..Pi, frm,6labels=["x","f(x)"], color=[red,blue]):
> tl:=textplot([Pi/2,0.25,"f=sin(x)"], font=[TIMES,BOLD,20]):
> pf2:=plot([exp(x) ,exp(-x)], x=-2..2, frm,labels=["x","£f(x)"], color=[red,blue]):
> t2:=textplot([1,4.5,"f=exp(x)"], font=[TIMES,BOLD,20]) :
> £:=(x) > (x*"2+x+2) / (x*2+1) ;
X +x+2
K ;o |
> pf3:=plot([f(x) ,£f(-x)], x=-4..4, frm,6 labels=["x","f(x)"], color=[red,blue]):
> t3:=textplot([2,0.5,6"f=(x*2+2x+2) / (x*2+1) "], font=[TIMES,BOLD,20]) :
> LvO:=(hb,ht)->1ine([0,hb], [0,ht] ,color=black, thickness=3) ;
Lv0 := (hb, ht) — plottools:-line( [0, hb ], [0, ht], color = black, thickness =3 ) 3
> display(pfl,Iv0o(-1.1,1.1).%El);

f:: xX— (2)



> display(pfl,Lv0(-1.1,1.1),t1);
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=> display(pf2,Lv0(0,exp(2)),t2);
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=> display(pf3,Lv0(0;2.3) ;£3);
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X

Ta\p(x) =y(x +a),Im(a)=0

> pfl:=plot([sin(x) ,sin(x+1l)], x=-Pi..Pi, frm,6labels=["x","f(x)"], color=[red,blue]):
> tl:=textplot([Pi/2,0.25,"f=sin(x)"],font=[TIMES,6BOLD,20]) :
> pf2:=plot([exp(x) ,exp(x+2)], x=-2..2, frm,labels=["x","£f(x)"], color=[red,blue]):
> t2:=textplot([1,4.5,"f=exp(x)"],font=[TIMES,BOLD,20]) :
> £f:=(x) > (x*"2+x+2) / (x*2+1) ;
2
Fo x_,Xﬂ:;H @)
x +1
> pf3:=plot([f(x),£f(x+2)], x=-4..4, frm,6 labels=["x","£f(x)"], color=[red,blue]):
> t3:=textplot([2,0.5,"f=(x*2+2x+2) / (x*2+1) "], font=[TIMES,BOLD,20]) :
> LvO:=(hb,ht)->1ine([0,hb], [0,ht] ,color=black, thickness=3) ;
Lv0 := (hb, ht) — plottools:-line( [0, hb ], [0, ht], color = black, thickness =3) 5)



=> display(pfl Iw0(-1.1,1.1) ,%l) ;

1 —
NN
| J
| \ f=sin(x
g o
-0.5 \
| 7 \ \.
I i/ |
-1
= oz _x 0 x = 3% "
4 2 4 4 2 4



=> display(pf2,Lv0(0,exp(4)) ,t2);
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> display (pf3,Lv0(0,2.3) ;£3) ;
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Omneparop MacmTaGupoOBaHHS

M\c\p(x) = L\|I(cx), ¢>0

Je

pfl:=plot([sin(x) ,sin(2*x) /sqrt(2)], x=-Pi..Pi, frm,labels=["x","£(x)"], color=[red,
bluel]):
tl:=textplot([Pi/2,0.25,"f=sin(x)"],font=[TIMES,6BOLD,20]):
pf2:=plot([exp(x) ,exp(2*x) /sqrt(2)], x=-2..2, frm,labels=["x","£(x)"], color=[red,blue]
)i
t2:=textplot([1,4.5,"f=exp(x) "], font=[TIMES,BOLD,20]):
f:=(x)->(x*2+x+2) / (x*2+1) ;
x2 St 2
X =X

pf3:=plot([£f(x) ,£(2*x)/sqrt(2)], x=-4..4, frm,labels=["x","£(x)"], color=[red,blue]):
t3:=textplot([2,0.5,"f=(x*2+2x+2) / (x*2+1) "], font=[TIMES,BOLD,20]) :
LvO:=(hb,ht)->1ine([0,hb], [0,ht],color=black, thickness=3) ;

Lv0 := (hb, ht) — plottools:-line( [0, hb ], [0, ht], color = black, thickness =3 ) @)

[ ©)



=> display(pfl ,Lv0(-1.1.,1.1) ,¢tl) ;
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=> display (pf2,Lv0(0,exp(4)) ,t2);
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> display(pf3,1Lv0(0,2.3) ,£3) ;
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Oneparop nuddepennupoBanusi

N

B w(x) = L),

X

> pfl:=plot([sin(x) ,cos(x)], x=-Pi..Pi, frm,6labels=["x","£f(x)"], color=[red,blue]):
> tl:=textplot([Pi/2,0.25,"f=sin(x)"], font=[TIMES,BOLD,20]) :
> pf2:=plot([exp(2*x) ,2*exp(2*x)], x=-2..2, frm,labels=["x","£f(x)"], color=[red,blue]):
> t2:=textplot([1,4.5,"f=exp(x) "], font=[TIMES,BOLD,20]):
> f:=(x)->(x*2+x+2) / (x*2+1) ;
X Ax+2

e + 1
> pf3:=plot([f(x) ,diff(f(x) ,x)], x=-4..4, frm,labels=["x","£f(x)"], color=[red,blue]):
> t3:=textplot([2,0.5,"f=(x*2+2x+2) / (x*2+1) "], font=[TIMES,BOLD,20]):
> LvO:=(hb,ht)->1ine([0,hb], [0,ht] ,color=black, thickness=3) ;

Lv0 := (hb, ht) — plottools:-line( [0, hb], [0, ht], color = black, thickness =3 )

fi=x—



> displavipfl, In0({-1.1,1.1),t1);
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=> display (pf2,Lv0(0,exp(4.7)) ,t2);

100

/

/

£(x)

40

/
A

, - =exp(x)




=> display(p£f3,Lv0(-0.6,2.3) ,t3);
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] DYyHKIHH OT ONIepaToOpoB

[Tox ¢pyHKIMEH OT omepaTopa MOHUMAETCS CTEIIEHHOM psI omtepaTopa ¢ KoddpuimeHTaMu, paBHEIMU
KkoahduimenTam psa Tednopa nanHoit GyHKImu:
n A 1 n 2 n2 3 = nk
F(4)=r)1 + LrMo0ya + L L pBloy a4 =S L0y 4
1! 21 3! =o k!

_ Pansr Teiinopa
> Order:=7;

Order == 17 (10)
o series (exp (X) ,X) ;
Lo, ls La, 1 s 1 6 oo
l+x+2x+6x+24x+120x+720x+0(x) (11)
> series (cos (X) ,Xx) ;
ig, &g I 5, .rn
= 2x+24 720x+0(x) (12)
S series (cosh(x) ,x);
1 1 1
1+ —x+——x"+ 2 +0(x®) 13)

2 24 720



> series(sin(x),Xx);

r— o+ o +0(x) (14)
=> series(sinh(x) ,x) ;
1
x+?x3+ — x> +0(x") (15)
5 series ((1+x)*(-1) ,x);
1—x+x2—x3+x4—x5+x6+0(x7) (16)
| Oneparop HHBepCHHI
sy g Ll 1 pl210) 32 4 L g3 0y 5 N L TK g h
B(I)=F) 1+ —F (0)1+2'F (0) I+ )7 oy
= | k] S 2k—1] A
- +. 0) 7/
S o+ S
F(zl‘)(O) 1 cosh(1) + F2*¥~ 1 (0) 7sinh(1) 17



>

_ IIpumepsl pyHknmii
exp(x): exp( 1 )=cosh(1) 1 isinh(1) 1

exp(inx): exp(in 1 )=cos(m) 1 +isin(m) I =- 1

"

sin(x): sin( 1 )=sin(1) I

A

cos(x) :cos(i)Zcos(l) 1

cos(1) 1 (18)

(x + 1)_1 : He cymecTByeT



| Omneparop caBura

IIpumepnl

fﬂkaqwx+ar=25lak‘f-w(x)=eXp(a;1)HNX)

cosh(a%)\u(x) = %exp(a%)w(x) 23 %exp( —G%)\V(x) = %(\u(x +a) +y(x-a)) =

8

=%(Ta+f )W)

—a



Omnpenesienne aeiicTBUsI ONEPATOPOB

oIphi:=(x)->phi (-x) ;
olphi := x—( -x)
oTphi:=(x,a)->phi (x+a) ;
oIphi == (x,a)—=0(x + a)
oMphi:=(x,c)->phi (c*x) /sqrt(c) ;
0(cx)
Iz

oMphi == (x,c)—

oDxphi:=(x) ->subs (z=x,diff (phi (x) ,x)) ;
oDxphi = x—>subs(z =% % O(x) )

oPxphi:=(x,hbar)->-I*hbar*oDxphi (x) ;
oPxphi == (x, 72) = -1 % oDxphi(x)

oEkphi:=(x,hbar,m) ->-hbar*2*subs (z=x,diff (phi(x) ,x,x))/(2*m) ;

2
7 subs[zzx, d2 (l)]
dx

oEkphi = (x, o, m) — —% -

(19)

(20)

21

(22)

(23)

(24)



=> oIeta:=(x)->eta(-x);
oleta == x—n(-x)
> oTeta:=(x,a)->eta(x+a) ;
oTeta :== (x,a)—=n(x+a)
=> oMeta:=(x,c) ->eta(c*x) /sqrt(c) ;
n(cx)

I

oMeta == (x,c)—
=> oDxeta:=(x) ->subs (z=x,diff (eta(x) ,x));
oDxeta = x—>subs(z=x, % n(x) )

=> oPxeta:=(x,hbar)->-I*hbar*oDxeta (x) ;
oPxeta = (x, 72) = -1 % oDxeta(x)

=> oEketa:=(x,hbar,m) ->-hbar*2*subs (z=x,diff (eta(x) ,x,x))/(2*m) ;

2
fzzsubs[zzx 4 n(x)J
) mz

m

oFketa == (x, 7, m) — )

(25)

(26)

27

(28)

(29)

(30)



3amaeM BHJ BOJIHOBOMH ()yHKIUH

phi:=(x)->exp (-x*2/2) ;
eta:=(x)->exp (I*x) ;

B
Q = x—¢

n =x_)eIx
oTphi (x,1) ;

——(x+1)2

e
oPxphi (x,h) ;

12
Ihxe

oEkphi (x,h,1) ;

3D

(32)

33)

(34)



IIpoBepka (caMo)cONPSIZKEHHOCTH

0 (e0)

J (eta(x))*iphi(x)dx=J [ Bemta))® ehiita)ds

— 00 — 00

Jm Cefa()) %aphi(x)dx:J‘_oo (T_eta(x))" phi(x)dx

> int (conjugate (eta(x)) *oIphi (x) ,x=-infinity..infinity)-int (conjugate (oIeta(x)) *phi (x) ,x=
-infinity..infinity); # OnepaTop mHBepcum
0 35)
> int (conjugate (eta(x)) *oTphi(x,2) ,x=-infinity..infinity)-int (conjugate (oTeta(x,-2)) *phi
(x) ,x=-infinity. .infinity)
0 (36)



