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IIpakTHKYM M3 pauyyHapCcKe aHaJIn3e KoJ1a

Muiika ITorpeouh MBanuim

Hwuxkoma bacra




Pauynapcku (copTBEpCKH) ajnaTu

Mathematica, WolframAlpha, MuPAD,
Maxima, SymPy, SymPy Live, SymPy Gamma

MATLAB, Scilab, Octave, FreeMat, Julia
L Tspice, QucsStudio, ngspice, Xyce, XCircuit
Python, MathCAD, MAPLE, GeoGebra

Symbolab, SpeQ Mathematics, meta-calculator,
Desmos, ...

Free/Libre Open Source Software (FLOSS)
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I Ipatnan HamoHa

OapeauTy HAIIOHCKO MOjayamke KoJia ca CIIHKE,
Koje ce Ha3uBa mpatwiall HarmoHa (Voltage follower).
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SymPy Live

Symbolic Python Live, http://live.sympy.org/

£) SymPy Live - Mozilla Firefox
Fle Edt View History Bookmarks Took Help

wymPy Live ! + |

&

vz sympy.org cl - Pln

Python console for SywPy 0.7.1 (Python 2.5.2) &

These commands were executed:

»»> from _ future_ import division

>»> from sympy import *

s> %, ¥, Z, t = symbols('x ¥ z t!

>»> K, m, n = symbols('k m n', integer=True
s> £, g, h = symbols('f g h', cls=Function

Docuwentation can be found at

>»»> # Pratilac napona (voltage follower
. vari'iug, iR, i10P, iZOP, ug, uR, ulQOP, uzQP, R'
. jednacine = [
. Egiliug + i10P, 0), Eq{iZOP - ilOP + iR, 0),
. Egqiug - uloP - uzOP, 0), Eq(uzOP - uR, 0],
.. EqiulOP, 0), Eq(ilOP, 0], EgiuR - R7iR, 0)
-1
. promenliive = [
.. diug, iR, ilOP, iZ0P, uR, ulQOP, uzoP
coo
>»>> odziv = solve(jednacine, promenljive
>>> odziv

{nup;o. 120?;7%. a'R:%. fug: 0, uwlOP:0, u20P:ug, 'uR:'ug}

»»» pojacanie = (uR/ug) .subsiodziv)
»»> pojacanie

Clear

Fullscreen
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Python console for SywPy 0.7.1 (Python 2.5.2)

These commands were executed:

#rrx from _ future  import division
>»» from sywpy import ¥

Frr X, ¥, E, L = symbols('®x ¥ z t')
x> k, m, n sywhols('k m n', integer=True) @
*>»> £, g, h symhols('f g h', cls=Function)

Documentation can be found at o —+

>»> # Pratilac napona (voltage follower) u
. war ('iug, iR, i10OP, iZ0OP, ug, uR, uldP, uZ0OP, R') g
. Jjednacine = [
. Egqiiug + i10P, 0}, EqiizZOP - il0P + iR, 0}, L =
.. Egiuy - uldP - u2CF, 0), Eg{uzCP - uR, 0],
... EqiuloP, 0), Eg(ilOF, 0), Eg(uR - R*iR, 0)
-1
.. promenlijive = [
. iug, iR, 1i10P, iZOP, uR, uloP, uZoP
e ]
Frx o ood
Frx o ood

i10P - 0, -iQOP:—%, -iR:%, iug:0, wlOP:0, w20P:ug, uR:ug

>»> pojacanie = [(uR/ug).subs(odziv)
>r» pojacanie

B D:\eKolaW birka\Alatita3 Pratilac\PratilacNapona. py - Notepad-+ g@@l
X

Fle Edit Search Wiew Encoding Language Sefttings Macro Run Plugine Window 7
&

ZURBELON ROE 0 ¢ @A HBE 2T
[= PratilacHapona.py }
1 # Pratilac napona (voltage focllower)

var('iug, iR, 110P, i20FP, ug, uR, ulCP, uZoP, RE")
jednacine = [

Eg(iug + ilop, 0), Eg(izop - 110P + iR, 0),

Eg(ug - ulCP - uZ0OP, 0), Eg(uZ0P - uR, 0),
Eg(ulop, 0), Eq(ilop, 0), Eg(uR - R*iR, 0)

1
promenlijive = [

% iug, iR, 110F, 1i20P, uR, ulCOP, uzOP
10 1
11 odziv = solve(jednacine, promenlijive)
12 pojacanje = (uR/ug) .subs (odziv)

»

Notepad++, http://notepad-plus-plus.org/

Co =1 gy U1 = Lo D

Python file length : 369 lines : 12 Ln:l Col:l Sel:0 Doswindows AMST INS
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MATLAB: Symbolic Math Toolbox

clear variables

syms iug iR il10OP i20P ug uR ulOP u20P R
promenljive = [iug, iR, 110P, 120P, uR, ulOP, u20P]

promenljive = (iug iR i1OP i20P uR ulOP uZOP)

jednacine = [iug + i10P == 8, 120P-110P+iR == @, ug-ulOP-u20P == @,
u20P - UR ==@, ulOP == @, i10P == @, uR == R*iR]

jednacine = (ilOP +iug =0 i20P —ilOP+iR =0 ug —u20OP —ulOP =0 w20P—uR =0 ulOP=0 ilOP=0 uR=RiR

odziv = solve(jednacine, promenljive)

odziv =

iug: @ ()
iR: ug/R

il0P: @ @

i20P: -ug/R + FQ
uR: ug u

uloP: @ g

uZ0P: ug

pojacanje = odziv.u20P / ug

pojacanje = |l
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MATLAB: Simscape

i ratsaupers T T g TeRAeye
File Edit Miew Display Diagram Simulation  Analysis Code Tools Help
s - & @ -2-40 P ORGE Normal ] @~ &

Model Browser ~= PratilacNapona
-

(%] Pratlacapor @ [BalPratiiachiapana

e e

Foundation Library, Utilities

Electrical Reference2

fix)=0
Solver l
Configuration |

Voltage Sensor

4"_>_= ﬂ@p > PS S ]

Op-Amp —»
DC Vdltage Source Resistor PS-Simulink Scope
Converter

: z‘
= =

Electrical Reference1 Electrical Reference
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MATLAB: Simscape
Foundation Library, Utilities

fx) =0 rn Scope - l‘:}J l':' | (=] |_ﬂh]
Consﬁ(;::reartion 1 IE @ M{" ';‘ IE' % % |E| E] -Et

Voltage Sensor

—  Electrical Reference2

>
> >IPS S » ]
5 —
DC Voltage Source Resistor PS-Simulink Scope
] Converter L
_L L i
— Electrical Reference1 — CElectrical Reference Block Parameters: Resistor
Resistor

Block Parameters: DC Voltage Scurce g

The voltage-current (\V-I) relationship for a linear resi R B ---------- """""" """"" """""
ohms. : : : :

The positive and negative terminals of the resistor are
convention, the voltage across the resistor is given by
flowing through the device from the positive to the negifjfiii=ti==a00]
absorbed by a resistor is always positive.

View source for Resistor
DC Voltage Source
Parameters
The ideal voltage source maintains a constant vo
flowing through the source. The output voltage if | Resistance: 1000] Ohm -
real value.
View source for DC Voltage Source |
L oK ] [ Cancel ] [ Help Apply
Farameters =
Constant voltage: 1 v -
oK ] [ Cancel ] [ Help Apply
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Maxima

Maxima: http://maxima.sourceforge.net/

wxMaxima: http://andrejv.github.com/wxmaxima/index.html
CESGA Maxima on line: http://maxima.cesga.es/

@ wxMaxima 12.01.0 [ PratilacNapona.wxmx ] g@JEl
File Edit Ce| Maxima Eguations @lgebra Caleulus Simplify  Plot  Wumeric Help

Ned o« VB 6@ > O @

E Pratilac napona (voltage follower)

7Figure 1:

(311) jednacine: [iug + 110P = 0, 120P - 110P + iR = 0,

ug — ulOP - uZ0P = 0, uZ0OF - uk = 0,

uloP = 0, 110P = 0, uR = R*iR];
(2o01) [110P+iug=0,iR+i20P-110P=0,-uZ0P-ulOF+ug=0,uZ0FP-uR
=0,ulCFP=0,1i10FP=0,uR=1RR]

(%$12) odziv: linsolve (Jjednacine,
[iug, 1R, 110P, 120P, uR, ulOP, uzOPl);

(%02) [iug:O,iR:%g,ilOP:O,i2OP:f%g,uR:ug,ulOP:O,u2OP:ug]

7

(
(

13) pojacanje: uR/ug, odziv;
03) 1

oo oo

Ready for user input
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MHCTpyMEHTAlMOHU IOjavyaBay

* OnapenuTu HaIoH V4 OTIIOPHUKA Rg?

e Hanprartu rpaduk HanoHa V,

otnopHuka Ry y dyHkuuju Bpemena? w.(
« Koumuka je cHara u3popa? ®
Ry
BpenHocTH eneMeHaTa Cy Mo3Hare: Wh—
@ 6

R,=R;=R,;=R;=Rs =R; =Ry =R
R=1kQ, R, =2k, Ry=R,=1kQ
Ugr (1) = U h(t), ugy(®) = U h(t=T)
U=10V,T=1s
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MoanprukoBaHa METO/1a MOTEHIIHM]ala YBOPOBA

() Jgu +(V,=V5)/Ry = 0

(2) jgo +V, -V, )/R;, =0

3)j, -V, -V,)/R, +V, /R, =0
(4)—(V, -V, )/Ry, +iy, =0
(5)—(V, =Vs )/Ry, +iy, =0

6) j, +(\V, -V, )/R, —(V, -V,)/R, =0 e
(7) j,+(V, =V, )/R, +(V, =V, )/R, =0 i, =0

(8)_ iul2 _(Vg _VS)/Rl T (Vs _V6 )/Rz =0 iu|3 — Vl - ugl
(9) - iu|1 _(V7 _V9 )/ R3 T (Vg _V8 )/ R, = 0 V5 =Vg Vz = Uy,
(10)_(\/6 — Vi )/R4 + iu|3 +V10/R6 =0 V, =V,

11) - (V7 —Vy )/ Ry — iu|3 + (V11 —V, )/ R, = 0 Vi =V,
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MATLAB: Symbolic Math Toolbox
[IpoMEHIBUBE, J€IHAYNHE, PCIIABAE

clear variables

syms R R1 R2 R3 R4 RS R6 R7 R8 Rgl Rg2 iull iul2 iwl3 j1 j2 j3 jgl jeg2 ugl ug? vi vie vil w2 v3 vd w5 ve v7 v8 vo
jednacine = unique([jgl + (v1 - v5)}/Rgl == sym(@),
vl == ugl, jg2 + (v2 - v4)/Rg2 == sym(@),... Y
v2 == ug?2, j3 + v3/R8& - (v11 - v3)/R7 == sym(@),... Syms
-((v2 - v4)/Rg2) + iul2 == sym(@), -((vl - v5)/Rgl) + iull == sym(8),
j2 + (v6 - v1e)/R4 - (v8 - vB)/R2 == sym(@), j1 + (v7 - v11)/R5 + (v7 - v@)/R3 == sym(@),
-iul2 - (v9 - v8)/R1 + (v8 - w6)/R2 == sym(8), -iull - (v7 - v2)/R3 + (vO - vB)/R1 == sym(@),...
~((v6 - v18)/R4) + v1B/R6 + iul3d == sym(8), -((v7 - v11)/RS) + (vl - v3)/R7 - iul3 == sym(®),... Sym
iull == sym(@), iuvl2 == sym(®), iul3 == sym(@),
vE == v9, v4 == v8, v16 == v1l])

jednacine =
’ Vio Ve — Vo . V3 V3— v L Vg Vg Vg VP . V1V V¥ . . . . Vi — Vs .
Vi=Ugp Vi =UZy V=W Ws=1W¥y V=¥, illj+————=10 +—=+ =0 jhp+—+—=10 + + =0 iul;j=0 iul,=0 iul;=0 iul, - =0 i
(\ 1 21 W2 g2 Vi & Vs s Vi 1 3 Re R, J3 Ry R J2 R R, A R R, I 2 3 1 2,
assume(B < Rgl & 8@ < Rg2 & ® < R1 & B < R2Z& @ <R3 &8 <R4I&BCRERXRBCRE&BCRY &O <R8E&B <R) assume
promenljive = [v1, v2, v3, v4, v5, vb, v7, v&, vo, vie, vii, ji1, j2, j3, iull, iul2, iuwl3, jgi, jg2]
promenliive = (v vy V3 vy Vs Vg V3 Vg Vg Vig Vi i Jo ja iulp iuly iuly gy jgo)
odziv = solve(jednacine, promenljive) SOlve
odziv =
wl: ugl
w2 ug2
v3: -(R1*R4*R7*ugl - RI*R5*R6*ug2 + R2*R5*RE*ugl + RI*RE6¥*R7*ugl - R2Z*R5*RE*ug2 + R3*R4#*R7=ugl - RI*RE*R7=ug2 + R2*RG6*R7=ugl - R3*R4*R7=ug2 - R2*RG6¥R7=ug2 + R3*R6#R7*ugl - R3*R6#R7*ug2)/(R1%
vd: ugl
51 ugl
6: (R1%ug2 - R2*ugl + R2Z*ug2)/R1
w7: (R1%*ugl + R3*ugl - R3*ug2?)/R1
w8: ug2
w9 ugl

v18: (R6*(R1¥ug2 - R2*ugl + R2*ug2))/(R1*(R4 + RE))
v1l: (R&®*(R1*ug2 - R2*ugl + R2Z*ug2))/(R1*(R4 + RE))
j1: -(R1#R4*ugl + R1*RE&*ugl + R3*R4*ugl - RI*RE*ug2 + R2*R6*ugl - R3¥*R4*ug2 - R2*R6*ug2 + R3*RE*ugl + R4*R5*ugl - R3I*RE*ug2 - R4*R5*ug2 + R5¥*R&*ugl - R5*RE*ug2)/(R1*R5*(R4 + RGE))
j2: -{R1*ug2 - R2*ugl + R2*ug2 - R4*ugl + R4*ug2 - RE*ugl + RE=ug2)/(R1*(R4 + RE})
j3: (R1*R4*R7*ugl + R1*R4*RB*ugl - R1*R5*R6*ug2 + RZ*R5*R6*ugl + R1*R6*R7*ugl - R2Z*R5*R6%ug? + R3I*R4*R7*ugl - RI*RE*R7*ug2? + RI*R6*RB*ugl + R2Z*RE*R7*ugl - R3I*R4*R7*ug2 + R3I*R4*RB*ugl - RI1*F
iull: @
: L

sl
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MATLAB: Symbolic Math Toolbox
3aMeHa NPOMECHJbUBUX U BPEAHOCTHU

zamena = [R2 == R, R3 == R, R4 == R, RS == R, R6 == R, R7 == R]

zamenz = (R =R R;=R Ry=R R;=R R;=R R;=R)

odziv.v3

ans =

Ry RyRyug, — Ry Rs Rgug; + Ry Rs Rgug, + Ry Rg Ryug, — Ry Rs Rgugy + Ry Ry Ryug, — Ry R Ryug; + Ry Ry Ryug) — Ry Ry Ryug; — Ry R Ryug; + Ry Rg Ryug, — B3 Ry Ryug;

Ry Rs (Ry+ Rg)

subs(odziv.v3, lhs({zamena), rhs(zamena)) SUBS
ans =

4R ug, — 4R ug, + 2 R* R ug, — 2 R* R, ug,

2 R*R,

v350l = simplify(subs(odziv.v3, lhs(zamena), rhs(zamena))) Slmp|lfy
v350l =

2R+ R,)) (ug; —ug,)

R

syms T U £ uRS(t) ugl(t) ug2(t)
assume(® < U & @ <T &8 < t);
pobude = [ugl == U * heaviside(t-T), ug2 == U * heaviside(t - 2*T)]

pobude(t) = (ug(t) = U heaviside(r—T) ugy(¢) = U heaviside(r —2T))

subs(v350l, lhs(pobude), rhs(pobude))

ans =
(2R + R,) (U heaviside(r — T} — U heaviside(r —2T))
R




ap Muuika ITorpeonh Banum, pen. npog., ap Huxoua Bacra, nouent, Ilpakmukym u3 pauynapcke ananuse kona, Y uusep3urer y bBeorpany — Enexrporexnuuku ¢axkyirer, 2022.

MATLAB: Symbolic Math Toolbox
I pacuk pemema

syms T U t uR8(t) ugl(t) ug2(t)
assume(B < U & @8 < T &0 < t);
pobude = [ugl == U * heaviside(t-T), ug2 == U * heaviside(t - 2*T)]

pobude(t) = (ug(7] = U heaviside(t — T) ugsir} = U heaviside(r —27T)) 10 T T T
ug1
| ug2
subs(v350l, lhs({pobude), rhs{pobude)) 5t uRsS
ans =
(2R +R,) (U heaviside(t — T') — U heaviside(1 —2T))
R, 0
vrednostl = [U == sym(1@8), T == sym(1l), R == sym(16@a), R1 == sym{28e8)] St
vrednosti = (U =10 T=1 R=1000 R,=2000)
10t
UR8(t) = subs(subs({v3Scl, lhs(pobude), rhs{pobude)), lhs({vrednosti}, rhs(vrednosti) )
uR8(t) = 20 heaviside(z — 2) — 20 heaviside(z — 1) -15¢
ugl{t) = subs(subs{ugl, lhs(pobude), rhs({pobude)), lhs{vrednosti), rhs{vrednosti))
_20 L | L] H L
ugl(t) = 10heaviside(r — 1) 05 1 15 2 25

ug2(t) = subs(subs{ug2, lhs(pobude), rhs{pobude)), lhs{vrednosti)}, rhs(vrednosti
g2(t) ( (ug (p ) (p M) ( ) ( M)

ug2(t) = 10heaviside(r —2)

fi "
oo an figure
o e ton fplot
fplot(urs(t), [@.1, 3], '-*")

hold off

legend({'ugl’, 'ug2', 'uR8'});

pg = subs{jgl*ugl + jg2*ug2, odziv)

pg(t) = 0
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MATLAB: Simulink o

sources -

Simulink/Sources

S8 Simulink Library Browser — O 2 [~ simutink ~ Kl KN P
Commeanly Used Blocks

- o Continuous Counter Counter

Enter search term bl | &( A .EJ *1 3 R L?_.:' Dashboard Free-Running Limited

Discontinuities
Simulink Discrete * SiDemoaSign.Positive D

Logic and Bit Operations

¥ Simulink A Lookup Tables Digital Clack
Commeonly Used Blocks ET :Eltjh lD\?er;tiDqs
. odel Verification
Continuous :ﬂ @ Model-Wide Utilities [
g:’ﬁhhﬂ.ﬂ rd. . E‘_’ns lani_:s:;tems From File From Spreadsheet
- . - . Ignal 1 S
Iscontinuites Commanly Continuous Dashboard  Discontinuities d

. Signal Routing "

Logic and Bit Operations o

From Ground

Looku p Tables = — User-Defined Functions Workspace
Math Operations Till 52 yofia) : Additional Math & Discrete

i X - x Aerospace Blockset, InBussignall @ ( )3
Model Verification Audio System Toalbox
Model-Wide Utilities B : . Communications System Toolbox In Bus Element In1
Ports & SUbS‘y'StEITIS Discrete L‘:'g": ar!'j Bit Loc'kulj Mat'_-' Communications System Toolbox HDL Sy
Signal Attributes Operations Tables Operations Computer Vision System Toolbox .. .

. . Control System Toolbox

Signal Routing

" ; Data Acquisition Toolbox Pulse Ramp
Sinks Misc ® E » | E 2 DSP System Toolbox Generator

Sources @. INT DSP System Toolbox HDL Support
. Embedded Coder P

User-Defined Functions _ _ Fuzzy Logic Toolbox

Additional Math & Discrete Model-Wide Model Ports & Signal HDL Coder Random
Aerospace Blockset Ukilities Verification Subsystems Artributes HOL Verifier

- e — Image Acquisition Toolbox
Audic SY-StErTI Toalbox i Instrument Control Toolbox Vh‘ f
Communications System Toolbax _:: .:_' _}:;_:- Model Predictive Control Teolbax Repeating
Communications System Toolbox HOL Sy LY ,{‘ Neural Network Toolbox Sequence
Computer Vision System Toolbox OPC Toalbox Interpolated

- - Phased Array System Toolbox Group 1
Control System Toolbox Signal Sinks Sources User-Defined Report Generator E Signal L
Data Acquisition Toolbaox Routing —— Functions RF Blockset
DSP System Toolbox Robatics System Toolbox Signal Builder
Robust Control Toolbox
DSP System Toolbox HDL Support —_— SimEvents
Embedded Coder Simscape '
Fuzzy Logic Toolbox Simulink 30 Animation )
HOL Coder v Simulink Coder Sine Wave
< 3 Additional Math Simulink Control Design
B Digreats Simulink Design Optimization
?muyn& E)es?gn V‘Enﬁ?r_. A Unifarm Random Waveform

< > Number Generator
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MATLAB: Simscape
Foundation Library
Electrical, Electrical Sources

'bi Librrary:

File  Edit

-3

fl_lib

fl_lib - Sirnulink

View  Display

Diagram  Analysis

ggv@v

Help

® |[*alnib »

| @
P4 Library: simscape - Simulink — O X I
El Electrical Gas Hydraulic
File Edit View Display Diagram Analysis Help ‘ —
r TH —— —~
P - - H=MIOK 4
i simscape
@® @simscape v Elecirical Elements Electrical Sensors Electrical Sources
| I | 1 T I
@ ®3, Library: fI_lib/Electrical/Electrical Saurces - Simulink - m} X
| File Edit Wiew Display Diagram Analysis Help
- BE-o-8 €0 ¢ B8BE2-0-
- ] EE
@ Foqndation Utilities Driveline Ele| Eectrical sources v
D L‘brary (] ﬁ_Il'b » Electrical » Electrical Sources -
EI @ AC Current Source é?‘) AC Voltage Source @ g;:zhd Cuuset @ g:un:kad Valtage
E = =
Multibody Power System -
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MATLAB: Simscape
Utilities
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MATLAB: Simscape

Foundation Library, Utilities, Simulink | sov.. | o

Step function

Step function

Block Parameters: Step Block Parameters: Stepl
Output a step.
Main  Signal Attributy Main  Signal Attributes
Step time: Step time:
1 2
Initial value: Initial value:
lo [0
Final value: Final value:
|10 [10
Sample time: Sample time:
[0 [0
—_- . L —- .

ugi

[ . . .
Numericki signal
+ konvelzija

I_"—»

Simulink to
PS Converter

Elektricni signal

©

'lnﬁ v

ug1

konverzija
+numericki signal

J

4”—1 v

ug2

5lyyy

PS to Simulink
Converter

ug2
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ABCD mapamerpu mpexe

e OtmopHocTH oTropHuKka u a-napamerpu (ABCD-
mapaMeTpH) MpEKe ca JiBa IPUCTYIa Cy ITO3HATH.

* OnpeauTu:
— Konnunuk namona A = U,/ U
— VYna3ny otnopHocT Mmpexe R, = U,/I;
— Crpyjy Iy
e Cmarparu Ja cy a-mmapaMeTpu MPEKE peaiHd 1
pa3JInuYUTH OJ1 HYJIE.

I 1 I-.-z

R,
+ —WN—=— >
Uy 1 a U2 R,
.
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MATLAB: Symbolic Math Toolbox

clear variables

syms R1 R2 all al2 a21 a22 il i2 ul u2 ug
jednacine = Jug == R1 * i1 + ul, u2 + R2 * 12 == sym(8), ul == all * w2 + al2 * -i2, i1 == a21 * u? + a22 * -i2]

jedr‘ac".ne = I:Ug=ﬂ-|+R| f.| u2+R:f_']=U H]=ﬂ||u1—|‘.f]:._vj: J-| =ﬂj|u2—ﬂj']f.1:
promenljive = [ul, u2, i1, i2]

promenljive = (W; w; i) i)
assume(all*a22-312%321 ~= @ & R1:8 & R2»8 & ug~=@)
odziv = solve(jednacine, promenljive)

odziv =
ul: (al2*ug + R2*all*ug)/{al? + R2*all + R1*a22 + R1*R2*a2l)
u2: [RZ*ug)s{al2 + R2*all + R1*¥a22 + R1*R2Z*all)
i1: (ug*(a2? + R2*a21)}/(al2 + R2*all + R1*a22? + R1*R2*a2l)
i2: -ug/(8l2 + R2*all + R1#*322 + RI1*R2*a32l)

A = odziv.u2/ug

I=
[l

Ry
app+ Roapy + Ryap + Ry Ryay

Ru = simplify(eodziv.ulfodziv.il)

Ru =
ap + Roay,
ay + Ry ay,

simplify(odziv.il)

ans =

ug (dx + Ryay)
ap+ Ryay + Ryap + Ry Ry ay




