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16.1. BeruucnurenbHasg craructuka B Matlab
(https://www.youtube.com/watch?v=Qshi5W-p1Jw )

16.2. Hauamo pa6otsl B Simulink
(https://www.youtube.com/watch?v=_gDsghQ-Y1s )
(https://www.youtube.com/watch?v=K61Ix2WKklyl )

16.3. I[Ipumep monenupoBaHus pusndeckoro mpormecca B Simulink

NHdopmauma no Kypcy:
https://portal.tpu.ru/SHARED/a/ALEX1479/study/Matmod/Tab



https://www.youtube.com/watch?v=Qshi5W-p1Jw
https://www.youtube.com/watch?v=_gDsghQ-Y1s
https://www.youtube.com/watch?v=K61lx2WklyI
https://portal.tpu.ru/SHARED/a/ALEX1479/study/Matmod/Tab

16.1 BIUHCINTEIbLHAS CTATUCTHKA

(https://www.youtube.com/watch?v=Qshi5W-p1Jw )

4\ MATLAB R2013b
HOME

L;ﬁ 'irl; J L] Find Files
k"wewﬂmm.1

FRE

<S> HA N> ﬁudy»'
Workspace

Name « Value

i carData 2595x24 table

< m

Current Folder

Name

)

Contents

mylmportm

| Statistics Toolbox | Statistics Toolbox [ + |
Search Documentation
w
> Exploratory Data Analysis
Data import and export. descriptive statistics, visualization

> Probability Distributions
Data frequency models, random sample generation. parameter estimation

> Hypothesis Tests
t-est, F-test. chi-square goodness-of-fit test, and more

> Regression and ANOVA
Linear and nonlinear regression, generalized linear models. ANOVA

> Machine Learning
Supervised, unsupervised, and ensemble leaming

> Multivariate Data Analysis
Multivariate regression, PCA. factor analysis, clustering. dimension reduction, visualization, and more

[T

“pp.m
= App Installer > Industrial Statistics
Fuel Economy Analysi. . Design of experiments (DOE); survival and resabiity analysis; statistical process control
= MATLAB Compiler for Stan
& Untitled1 prj Speed Up Statistical Computations
& Untitled2 prj Paraliel or distriouted computation of statistical funcions \
= Package App Project Functions Classes L] PDF Documentation ’
& Fuel Economy Analysi...
MainAnalysis.m (Script [ ,|
!1114] Click and draq to move Command @ 1054.5013 The MalhWors inc S I N e V7 P SR

10p3 | AlojsiH puewwio) ©


https://www.youtube.com/watch?v=Qshi5W-p1Jw

16.2 Hauauo pa6otsl B Simulink

(https://www.youtube.com/watch?v=_gDsghQ-Y1s )
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16.2 Hauaguo pa6otnl B Simulink

(https://www.youtube.com/watch?v=K61Ix2WKklyl )
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16.3 Ilpumep MoaeINPOBAHUSA
¢uzunueckoro nmpomecca B Simulink

16.3.1 IIpuMep MoaeTMPOBAHUSA NMPOLECCA TEIJIONEPeaady B
IJIOCKOM IJIACTUHE

o°T 82T g (16.1)
YA Py o> |
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1 kY5 xS X35 45 55

T1a o4 T
x1,4 o2,4 03,4 OT4’4 )z-5,4
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¥ 13 523 0> o043 W53

XT1,2 (7)-2,2 (7)-3,2 OT4'2 )2'5,2 =h = hy - 0'25
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16.3.2 MeToa KoHeYHbIX pa3HocTed U popma Komu

rde,z _ T3,2 B 2T2,2 +T1,2 n T2,3 o 2T2,2 +T2,1
dt h? h?
dT3,2 _ T4,2 o 2T3,2 +T2,2 n T3,3 o 2T3,2 +T3,1
dt h? h®
dT4,2 _ T5,2 — 2T4,2 +T3,2 n T4,3 o 2T4,2 +T4,1
dt h? h®
dT2,3 _ T3,3 o 2T2,3 +T1,3 n T2,4 - 2T2,3 +T2,2
dt h? h®
) dT3,3 _ T, 2T, +T,, N T, — 2T, + T, (16.2)
dt h? h®
dT4,3 _ T5,3 o 2T4,3 +T3,3 n T4,4 B 2T4,3 +T4,2
dt h® h®
dT2,4 _ T3,4 o 2T2,4 +T1,4 n T2,5 o 2T2,4 +T2,3
dt h? h?
dT3,4 _ T4,4 B 2T3,4 +T2,4 n T3,5 B 2T3,4 +T3,3
dt h? h?
C”—4,4 _ T5,4 B 2T4,4 +T3,4 n T4,5 B 2T4,4 +T4,3
| dt h?® h?
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16.3.3 YuTeM HCTOUYHHMK TeILIa

de,z T3,2 o 2T2,2 +T1,2

T2,3 o 2T2,2 +T2,1

(16.3)

dt h” h®
dT;, _ T,— 2T2’2 +T,, Ti5— 2T§,2 +T,,
dt h h
d;-i[t,z _ T5,2 o 2:]-4;,2 +T3,2 n T4,3 o 2;:21,2 +T4,1
d;—i’g _ Ty — 2;;3 +T,, N T,,— 2'hl'i3 +T,,
dgi’s _Tia- 2};3 +Tos, Toam 2;2,3 +To QC
m. -
dg:,g _Toa- 2;;3 +Tos | Taa™ 2;:,3 AT, A"
dT,, _ Ty, — 2T§’4 +T, T,5-— 2T§4 +T,,
dt h h
dT,, _ T, 2T2, st T, T ZTS;, st T35
dt h h
d;—i[m _ T5,4 o 2:]-;,4 +T3,4 n T4,5 T 2:]:;,4 +T4,3

Q — UCTOYHUK Tenna, BT (Ox/c),
m, — Macca UCTOYHMKA TENNa, Kr,
C, — TENJI0EMKOCTb MaTepuana,

xx/(kr-°C)



16.3.4 ®opmupyeM rpaHu4YHbIe 1 HAYAJIbHbIE YCJIOBUSA

® | Command Window

Jx >>

EDITOR PUBLISH

o O H @FMFB I"smag C - > & (=] Run Section

T ol o |/ compare = Comment % 4z 4 ||ﬂ@)1—0“ ) P Y @

-~ v EM‘ 'ﬂm. I I 'H-M - - v  Tme Advance h
FILE EDIT NAVIGATE | BREAKFOINTS RUN

| create_T.m ><|

= |clc;

&= T = zeros(5,5);

3

4 — T(i,1) = 0; T(1,2) = 0; T(1,3) = 0; T(1,4) = 0; T(1,5) = 0;

5 — T(5,1) = 100; T(5,2) = 100; T(5,3) = 100; T(5,4) = 100; T(5,5) = 100:

& — T(2,1) = 25; T(3,1) = 50; T(4,1) = 75;

7= T(2,5)= 6.25; T(3,5) = 25; T(4,5) = 56.25;

8

O]

B& Variables- T

Tr

FH T <5x5 double>

o olo o
[=RR=NE=RK~]

- R B - LR B T
2
—
s
2

o olo o

62500
25
56.2500

|>

Workspace
Name « Value
T <5%5 double>

< | [T [

Command Histery

BE-%-- 16.12.2020 19:11

10
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16.3.5 Co3zpanue S-pynkuuu B Simulink

» | S-function

v #h &

Libraries.

Library: Simulink/User-Defined Functions | Found: "S-function®

Ak

WO R W

A P g e P

~ [P simulink

Commonly Used Blocks
Continuous
Discontinuities

Discrete

Legic and Bit Operations
Lockup Tables

Math Qperations

Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes

Signal Reuting

Sinks

Sources

User-Defined Functions
Additional Math & Discret
Control System Toolbox
D5P Systern Toolbox
Fuzzy Logic Toolbox
Instrument Control Teolb
Maodel Predictive Control
Meural Metwork Toolbox
OPC Toolbox

Robust Control Toolbox
Simscape
Simulink 3D Animation

Simulink Coder
Ciranlinl Evtrac

<]

m >

4@|

Simulin
(
—— -
it _— aJEEm b
‘- hMTLA - Fu -

K
lzbilz b S-Function
S-Function S-Function
Builder Examples
[ simulink Coder 23]
S-Function Generated 5-
Target Function

Matches for “3-function”

2 blocksets

1 subsystems 5 blocks

File Edit

bz - &

Model Browser

View

11

Display Diagram  Simulaticn  Analysis  Code  Tools

Help

LB E GOP @@ -

E model_T

M matiabfile [+

LevelZ MATLAB
5-Function




16.3.5 Co3zpanue S-pynkuuu B Simulink e

File Edit Wiew Display Diagram Simulation Analysis Code Tools Help

-8 ¢ 4| am@- G > m @~ |0 |=»
Madel Browser = | model_T | M-5-Function
model_T User-definable block written using the MATLAB S-Function APL

Specify the name of @ MATLAB S-Function below. Use the Parameters
field to specify a comma-separated list of parameters for this block.

Farameters

S-function name: |mymodel

3 matlabfile

B L E® e

Parameters |

Level2 MATLAB
S~ Function

Insert E E = E %
nt 94 S .-: .

LA i . '~.-
HESPE 4 Find -

“| mymodelm = |

1




16.3.5 Co3znanue S-pynknuu B Simulink
(HAacTpolika BX010B U BBIXO/IOB)

rmyrmodel.m® ><|

1 function mymodel (block)

2 — setup (block) ;

] function setup(block)

4 %% Register number of input and output ports
5 — block.NumInputPorts = 1;

& — block.NumQutputPorts = 9;

.
8
9

%% Betup functional port properties to dynamically
%% inherited.

10 block.SetPreCompInpPortInfoToDynamic;

11 block.SetPreCompOutPortInfoToDynamic;

12

13 block.InputPort (1) .SamplingMode = 'Sample’
14 block. InputPort (1) .Dimensions = 1;

15

léa block.OutputPort (1) . SamplingMode 'Sample
17 block.OutputPort (1) .Dimensions

18 block.OutputPort (2) .SamplingMode 'Sample
15 block.OutputPort (2) .Dimensions 1:

20 block.OutputPort (3) . SamplingMode 'Sample
21 block.OutputPort (3) .Dimensions 1;

22 block.OutputPort (4) . SamplingMode 'Sample
23 block.OutputPort (4) .Dimensions 1:

24 block.OutputPort (5) . SamplingMode 'Sample
25 block.OutputPort (5) .Dimensions 1;

26 'Sample

block.

LI |

OutputPort (&)

—_ — LY

.SamplingMode



16.3.5 Co3znanue S-pynknuu B Simulink
(HAacTpolika BX010B U BBIXO/IOB)

myrnodel.m®

s

28
29
30
31
32
33
34
33
36
37
38
as
40
41
42
413
44

block.outputPort (7) .SamplingMode = 'Sample
block.OutputPort (7) .Dimensions = 1;
block.OutputPort (8) .SamplingMode = 'Sample
block.OutputPort (8) .Dimensions = 1;
block.OoutputPort (9) .SamplingMode = 'Sample
block.OutputPort (%) .Dimensions = 1;

%% Bet block sample time to inherited
block.SampleTimes = [0 0];

%% Register methods
block.RegBlockMethod ('
block.RegBlockMethod (' Cutputs',
block.RegBlockMethod ('
block.NumContStates = 9;

% endfunction

Derivatives',

InitializeConditions',

BInitConditions) ;
@output) ;

EDerivatives) ;

14



16.3.5 Co3nanue S-pynknuu B Simulink
(HacTpoiiKa HHUIHAJIH3AIMH, HaYaJIbHbIE YCJI0BHA)

rmymaodel.m ><|

a0 — plock.RegBlockMethod({ "'Derivatives ", dDer.
41 — block.NumContStates = 9;

42 %% endfunction

43

44

45

45 function InitConditions (block)

47 %% Initialize Dwork

48 — T = evalin{'base',"T"');

49 — block.ContStates.Data{l) = T(2,2);
50 — block.ContStates.Data{2) = T(3,2);
51 — block.ContStates.Data(3) = T(4,2};
52 — block.ContStates.Data(d4) = T(2,3);
53 — block.ContStates.Data({5) = T(3,3);
54 — block.ContStates.Data{e) = T(4,3);
55 — block.ContStates.Data(7) = T(2,4};
56 — block.ContStates.Data(8) = T(3,4);
57 = block.ContStates.Data({9) = T(4,4);
S8




o8
28
&0
61
62
63
G4
]
66
67
c8
69
70
71
T2
T3
T4
T3
Ta
77
78
79
g0
81
g2
83

16.3.5 Co3nanue S-pynknuu B Simulink
(3anmuch cucteMbl ypaBHeHu# B (popme Koiin)

function Deriwvatiwves (block)
— owalhin{ "hasat T
h = 0.25;

m = 0.02; Cp = 460;

T(2,2) = block.ContStates.
T(3,2) = block.ContStates.
T{(4,2) = block.ContStates.
T(Z2;,3) = block.ContStates.
T(3,3) = bloeck.ContStates.
T(4,3) = block.ContStates.
T{Z2,4) = block.ContStates.
T(3,4) = block.ContStates.
T(4,4) = block.ContStates.

2 = block.InputPort (l) .Data;

dTZ22 dt = (T(3,2)-2*T(2,2)+T
dT32 dt = (T(4,2)-2*T(3,2)+T
dT42 dt = (T(5,2)-2*T(4,2)4T
dT23 dt = (T(3,3)-2*T(2,3)+T
dT33_dt = (T(4,3)-2*T(3,3)+T
dT43 dt = (T(5,3)-2*T(4,3)+T
dT24 dt = (T(3,4)-2*T(2,4)4T
dT34 dt = (T(4,4)-2*T(3,4)+T
dT44 dt = (T(5,4)-2*T(4,4)+T

+ + + + + + + + +

(T(2,3)
(T(3,3)
(T (4,3)
(T(2,4)
(T(3,4)
(T(4,4)
(T (2,3)
(T(3,3)

(4,3)

(T

—Z2*T (2,2
—-2%T (3,2
—-2%T (4,2
—2*T (2,3
—2*T (3,3
—2*T (4,3
—2%T (2,4
—2%T (3,4
—2*T (4,4

)+T(
) +T (
Y+T {
) +T {
)+T(
)+T(
Y+T {
) +T {
)+T(

2,1
3,1
4,1
2,
3,
4,
2,3
3,3
4,3

[ T S T S

))
))
))
))
))
))
))
))
))

/h~2;
/h*2;
/h"2;
/h~2;
/h™~2 + Q/ (m*Cp) ;
/h"2;
/h"2;
/h~2;
/h~2;

16



16.3.5 Co3nanue S-pynknuu B Simulink
(3anmuch cucteMbl ypaBHeHu# B (popme Koiin)

| myrmodel.m

x|

79 —
g0 —
81 —
g2 —
83

g4 —
B3 —
86 —
87 —
g8 —
g9 —
S0 —
81 —
82 —
93

94

83

S6 —
97 —
S8 —
89 —
100 —
101 —
102 —
103 —
104 —

1N&

AL FF L

dr43 dt =
dr24 dt =

dT44 dt =

bBlock.
block.
block.
block.
bBlock.
block.
block.
block.
bBlock.

LIE L R |

Derivatives. {
.Data(
.Data(
.Data (
.Data (5)

(

(

(

(

Derivatives
Derivatives
Derivatives
Derivatives
Derivatives
Derivatives
Derivatives
Derivatives

.Data
.Data
.Data
.Data

Z L\ FrIFJ T L yZfFJ 71 &

Data(l)
2)
3)

4)

e)
7)
g8)
S)

function Output (block)

block.OutputPort (1) .Data
block.OutputPort (Z) .Data
block.OutputPort (3) .Data
block.OutputPort (4) .Data
block.OutputPort (5) .Data
block.OutputPort (&) .Data
block.OutputPort (7) .Data
block.OutputPort (8) .Data
block.OutputPort (9) .Data

(T(5,3)-2*T(4,3)+T({3,3))/h"2
(T(3,4)-2*T(2,4)+T(1,4))/h"2

dT34 dt = (T(4,4)-2*T(3,4)+T
( (

(
(2,4))/h"2
(T(5,4)-2*T(4,4)+T(3,4))/h"2

dr22 dt;
dT32_dt;
dT42_dt;
dT23_dt;
dT33_dt;
dT43_dt;
dT24_dt;
dT34_dt;
dT44 dt;

block.ContStates.
block.ContStates.
block.ContStates.
block.ContStates.
block.ContStates.
block.ContStates.
block.ContStates.
block.ContStates.
block.ContStates.

+ + + +

TLior I =
(T(4,4)-2*T(4,3)4T(4,2))/h
(T(2,5)-2*T{2,4)}+T(2,3))

(T(3,5)-2*T(3,4)+T(3,3))/h
{(T(4,5)-2*T(4,4)+4T(4,3))/h

T NIFrFJ T L\ JFrZ ] T 7IL

r

Data{l}; $5T(2,2)
Data(2)r ET(3,2)
Data(3); 35T (4,2)
Data(4); %%T(2,3)
Data (5} ; 5T (3,3)
Data(e)r FET(4,3)
Data(7); %%T(Z2,4)
Data(8); %%T(3,4)
Data(9); 5T (4,4)
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16.3.6 Paoora ¢ mogeanio B Simulink

File Edit View Display Diagram Simulation Analysis Code Tools  Help
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| model_T
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— L
@ Scope
- —
D isplay
=
3_. mymodel .
Caonstant Displayt
L
Scopei
LevelZ MATLAB
5-Function
p>d
Feady 100% odedd
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16.3.6 Paoora ¢ mogeanio B Simulink

File Edit View Display Diagram Simulation  Analysis  Code Tools  Help

E-Bl ¢ 2 4 | gp@ -2 ) 1> m)| (@ ~ [s

| | Mormal

model_T_F |

=
=

ueEe
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16.3.6 Paoora ¢ mogeanio B Simulink

File Edit View Display Diagram Simulation Analysis  Code Tools Help
E-E | ® 4 EE & - E G B Ik = 8 - |5 | |N|:|rmal 11 - 2 -
| model_T_F | -
- T
@
o
— Step
Output a step.
E p  mymodel Farameters
Step Step time:
E
Initial value:
e E
rﬁ Final value:
Scope2 | 5000
Sample time:
E
> [¥l Interpret vector parameters as 1-D
Ready e [/| Enable zero-crossing detection
oK || Cancel || Help || Apply

20




16.3.6 PaboTa ¢ MOIeJIbI0 B
Simulink

Scope = ] x
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