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1 JABOPATOPHA POBOTA Ne 1

Tema: [lepie 3naitomctBo 3 SIMULINK
Hins: [IBuakuii crapt

1.1 3amyck nemoHcTpamniiiHoi Momesi

Il mikaBa aeMOHCTpalliiiHa mporpama B cepemouini Simulink
MOJICIIFOE  TEPMOAMHAMIKY  OYIMHKY. [Ilo6  3amyctuTu  1CH
JIEMOHCTpALiiiHUI TIPUKIIA/1, BAKOHAETE HACTYITHI KPOKH:

1) Bamycrure MATLAB.

2) Buxinure [AeMOHCTpamiiHy MoOJenb, apyKyrouw thermo y
komauaHoMy BikHi MATLAB. 11 komanza 3amyckae Simulink i
CTBOPIOE BIKHO, IO MICTHTB ITIO MOJIENb.

E!thermn =] B3

File Edit “iew Simulation Format Tools Help

OEE& + B2 BmES|» = [Nom -]

Dollar
Gain

@ "
! .
Celmius t Indoor vs. ]
alsius °_ Outdoor Temp.
Fahrenheit

H
ouse Therme
Flots

Themostat

SetPoint ¢ frenheit
to Celsius

Heater
Blower

FAorg Jutdoor
Temp

Fahrenheit
to Celsius

Daily Temp
Variation

House Thermodynamics Couble click
(Double click on the " for more info) here for

Simulink Help

To start and stop the simulation, use the "Start"
selection in the "Simulation" pull-down menu

Feady [100% [ I |oded5 G

3) Kuarmite aBa pasu mo 6701 ocumnorpada (SCOPE), mo3HAYEHOMY
Thermo plots.

4) Bbnok Scope mokasye KpuBi, mo3Hadeni Indoor vs # Outdoor
Temp (Bepxue BikHo) i Heat Cost ($) (HmkHe BiKHO), BiIIIOBIIHO.
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5) II{o6 modYaTu mporec MOICIIOBAHHS, KIIUKHITH Y TOJIOBHOMY MEHIO
Simulation=>Start (abo HatuchiTe ikoHKy Start Ha mnaneni
iHcTpymeHTiB. Ilicns 3amycKky mporiecy MOZIENIOBaHHS Ha eKpaHi
octmmorpada 3'sBISIOTECS BHYTPIITHS i 30BHIIIHS TeMmepaTypH (
BekTop Indoor vs it Outdoor Temp ) i BapricTs onanenus ($)

6) I[Io0 3ymuHATH TIPOIEC MOJCIIOBAHHS, BHOEPITH KOMaHIY
Simulation=Stop y rosoBHOMY MeHIO, a00 HATHCHITH KHOIKY
Pause na maneni iHcTpymeHTiB. ko Bu xouere mociimkysatu
IHIII YacTWMHM  MOJeNi, TeperisHeTe po3min  «  Jleski
EKCIIEPUMEHTI.

7) Konu Bu 3axodere 3aKiHUUTH CeaHC pPOOOTH 3 TAHOKI MOJEILIIO,
3aKpuiiTe Hel, BuOpapuM B ronoHomy merto File=>Close.

1.2 Omnmuc [JemoHCTpaniifHOro mpukJaaa

JeMoHCTpaliiHuil TPUKIAA MOJAEIIOE TEPMOAWHAMIKY OYIHHKY,
BHKOPHUCTOBYIOUH TPOCTY Mojeib. Thermostat 3 ycranoskoro 70 rpamycis
o dapeHreiTy, Ha KW MTOAAETHCA CUTHAJ 30BHIIIHBOT TEMIIEPATYPH, 110
3MIHIOETBCA 10 CHHYCOiIl 3 aMInIliTymoro 15 rpamgyciB momo 0azoBoi
temneparypu S50 rpamyciB. lle wMozemoe TIOACHHI TeMIepaTypHi
KOJIMBaHHSI.

VYV nawiii Mmojeni BuUKOpHCTaHi mimcuctemu (Subsystems), o6
CIPOCTUTH CTPYKTYpy W CTBOPHTH TMepeHaNlaroJKyBaHy CHCTEMY.
[Mincucrema (Subsystem) — me rpymna OJ0KiB, 110 TpeacTaBieHa OJIOKOM
Subsystem. Jlana mMozenb MicTUTh M'ATh MigcuUcTeM: ofaHy Thermostat,
onny House, i Tpu Temp Convert mizcucremu (IBi 3 HUX NEPETBOPIOIOTH
rpanycu nio @apenreiity B rpagycu mo Ienscuro (Fahrenheit to Celsius),
TpeTsi mepeTrBoproe rpaxycu no Llenmscuio B rpagycu mo dapeHreuty
(Celsius to Fahrenheit)).

CurHanu BHYTPIITHBOT i 30BHINIHBOI TEMIIEPATypH IMONAIOTHCS B
nigcuctemy House, 1m0 BCTaHOBIIOE BHYTpIlIHIO TemmepaTypy. KianHite
mBa pasu Ha Omormi House, mo6® mnoOadnTH OCHOBHI OJIOKHM B IIii
nigcucTemi.



1 iihite)

Indoor Temp
Tin
1t

House subsystem

1/Req Themodynamic odel
forthe Hous=

Cutdoor Temp
Tout

[MTincucrema Thermostat monenroe mit0o TepMocTaTa, BU3HAYAOUH,
KOJIM CHCTeMa HarpiBaHHS TIOBHHHAa OyTH BKJIIOYEHAa U BiAKIIOUEHA.
Knamuite nBa pasu Ha Onor, mo0 moOayuTH OCHOBHI OJIOKM B IIii
iICUCTEMI.

() Thermostat subsystem

Terr Bl e
aniitch

I 30BHIMmHS, 1 BHYTPIITHS TEMIIEpaTypy NMEPETBOPEHi i3 TpaayciB 1o
®apeHreiTy B rpagycy 1o Llenbcuio iIeHTHIHIME TiICHCTEMaMH.

"
Fahen b (1) | Fahrenheit to Celsius conve rsion (F2C)
in Celsius

out

Koau cucrema oO0IrpiBy BKJIHOYEHA, OOYMCIIOIOTHCS BHUTpaTH Ha
OmaJICHHs1 1 BiIOMBAaIOThCs Ha ekpaHi ocumitorpada Thermo plots kpusiit
Heat Cost ($). Buyrpinius # 30BHIiIHS TemMieparypa 1mokasasi sk Indoor
vs it Outdoor Temp.
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1.3 [lesiki ekcnepuMenTn

CrpobyeMo TMOAMBUTHCSA, SK MOJAECIH BIiAMOBiga€ Ha 3MiHY PI3HUX

napameTpiB:

1)

2)

3)

Koxen Scope Onok wictuth omHy abo Ouiblie oOnacTei
BiJOOpakeHHsI ¥ KOHTPOJIIO CHTHaly, 10 jAa€ BaM MOXIHBiCTh
BUOpaTH Jiama3oH 300pakeHHS CHTHaly, 3MIiHIOBaTH MaciuTad
300pakeHHsT  3aMaHoi MUISSHKH CHWTHAly W BHKOHYBATH 1HIII
KOpHCHI Tpoleaypu. ['opr3oHTalbHA BICH TPEICTABISE Yac, a
BEPTUKAIbHA BiCh NPE/ICTABIISIE 3HAYCHHS CUTHAY.

brok Constant, mosnavenuii sk Set Point ( auB. y niBomy
BEPXHBOMY KyTi MOJEJTi ) YCTaHOBIIOE OakaHy BHYTPIIIHIO
Temreparypy. BinkpuiiTe 1iei OJ0K i mepeycTaHOBUTE 3HAUCHHS
koHctaHTH Ha 80 rpanyciB. IloguBuTecs, SK 3MiHIOIOTHCS
BHYTpIIIHS TeMIeparypa W BHTpaTH Ha ONaJNeHHSA. Takox
BiZperymoiite 30BHIIHIO TeMmepatypy (Avg Outdoor Temp 6ok
y LEHTPi aiarpaMyd MOJeNi) 1 TOAMBHUTECS, SK 1€ BIUIMBAE Ha
CUMYJIAIIITO.

PeryuroiiTe 3MiHy II0JICHHOI TeMIiepaTypH, Biakpusimu Sine Wave
6nok, mosHadenuit sk Daily Temp Variation, i 3miHO0YH
napameTp Amplitude .

1.4 o ueii neMoHcTpaliiHN NPUKIIA] iTHOCTPYE

Leii ameMoHCTpamifiHWH UpUKIaL 1IIOCTpyE KilbKa —3aB/aHb,

3BHYAIHO BUKOPUCTOBYBaHUX NIPU CTBOPEHHI MOJIEIIEH:

1
2)

3)

Xim mporecy  CHMYJISIii BU3HAYAETBCA HOr0  3aJlaHuMU
napaMeTpaMmH, a HOTo MOYaToK — KoMaHaow Start.

Bu MoxeTe MHKaICYyIHpOBaTh CKIJIHI TPYIH 3B'I3aHUX OJIOKIB B
OJIH OKpeMHUii OJI0K, Ha3MBaHHH migcucTemMoro (Subsystem).

Bu Moxere CTBOpIOBaTH I1KOHKM KOpPHUCTyBaya i poO3poOIIsATH
JIiaJloTOBl BiKHA, BHUKOPHUCTOBYIOUHM MOXIJIMBOCTI MAacCKH, III00
HacTpoiTH Giroku. Y mozeni thermo Bci 010KH MiICHCTEM MarOTh
KOPHCTYBAJILHUIIBKI IKOHKH, CTBOPEHI 32 JOMOMOTOI0 MaCKyBaHHSI.



8

4) bnoku Scope BimoOpakaroTh BHXiAHY rpadidny iH(boOpMAILio
MOJIeNi B TIM 00Cs31, y IKOMY ii poOuTh (hakTuaHmiA ocumiorpad.

1.5 CrBopenHs npocToi Moaesi

Iletti npuknaxg mokasye Bam, gk 1oOyayBaTd  MOJENb,
BUKOPHCTOBYIOUM 0arato XTo 3 KOMaHj i JIii CTBOpPEHHS MOJeli, siki Bu
Oynere BHWKOpHUCTaTH, MO0 OymayBaTh CBOI BiacHI Moneni. Y JaHii
nabopatopHiii poOOTi NaHI KOPOTKiI IHCTPYKIil 31 CTBOPEHHS  MOZETI.
binpm mokmagHO O3HaHOMUMOCS 13 LUM 3aBIAHHAM Yy HACTYIHHX
nmabopaTopHUX pPoOOTaX.

Ll Mozenpb iHTETpy€e CUHYCOINy W MOKa3ye pe3yibTaT iHTeTpyBaHHS
pa3oM i3 cuHycoinor. Jliarpama 010Ky MOJIEN MTOKA3YeE, SK 11 POOUTHCSI.

N ol
1% v L1
Sine Wisue
Scope
1
=
Integqrtor

[Ilo6 crTBOpPUTH MOJENb, CrHOYaTKy Haapykyiite simulink y
koMaHaHOMY BikHI MATLAB a060 HaTHUCHITH BIANOBIAHY IKOHKY Ha MaHei
IHCTpYMEHTIB, III0 BUKJIMYE NOsBY Opaysepa Oiomiorekn Simulink:

ZLibrary: simulink3 [_ O] =]
File Edit “iew Format Help

il S 2 + - LT nF
(202 (3561 I [ 35 e T ] e

Sources Sinks Continuous  Discrete hiath Functions Monlinear  Signals Subsystems
& Tables & System=

Blochzets & Simulink Blodk Librany 4.1 b
Toolboses Copyright (¢) 1990-2001 The Mathilfames, ne. smas




[ simulink Library Browser
File Edit ¥iew Help
[ = <& Find ||
| Continuous: simulink3/Continuous
= Ngh| Sirnulink. /\_
----- 2| Continuous
----- | Discrete
----- 2| Functions & T ables _|F1'" Dizcrete
..... | Math
----- | Monlinear y=fivu] Functions & Tables
----- y Signals & Systems
..... 2 Sinks : ; Math
----- M Sources )
Eﬂ---m Subzystems "qﬂn )
. Monlinear
- Nl S-function demos \,
E]---EJ Sirnulink. Extraz
* | Signals & Syztems
3 s
At
=t
—n—=>| Sources
#
I
y Subsysterns
" C
Ready v

11106 cTBOproBaTH HOBY MoJeib, BuOepiTh kHorKy New Model na
naHesi iIHCTpyMEHTIB Opay3epa 0i0TioTeKH .
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E!SimulinkLibrﬁryBruwser = B3
File Edit “iew Help

New model button —p 1y (5 4 s |

| Continuous: simulink3/Continuous

= W] Simulink.
- P3| Cortinuous /\_

. 2 Discrete

m Functions & Tables
B Math
y Warlinear y=fixu]  Functions & Tables
- B Gignals & Systems
- B3| Ginks r= I ath
2 Sources s
- 2 Subsystems
- B Sfunction demas
- W Simulirk Extras

Dizcrete

5

Manlinear

Signals & Systemsz

[+
L2 :
T

b a
—=us—| Sinks
A%
=t
<#=>| Sources
o
nF
¥ Subsystems
*C
Feady 4

Simulink BigkpuBae HOBe BiKHO ISl CTBOPEHHS MOJIEIT.

untitled1 [_ O] %]

File Edit “iew Simulation Format Toolz

o sE& sm=r oy « | &

11003 7
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1106 cTBOPHUTH ITF0 MOJIENh, HEOOX1THO CKOITIFOBATH B MOJIEITH OJIOKH

3 Hactynaux Simulink - 6i6mioTex 6J10KiIB :

1)
2)
3)

4)

Sources library (Sine Wave block) - 6i6mioTeka mxeper;

Sinks library (Scope block) - 6i6mioTeka npuiimauis;

Continuous library  (Integrator block) - 6i6mxioreka
OesmepepBHUX OJIOKIB;

Signals & Systems library (Mux block) - 6i6mioreka curuamis i
CHUCTEM.

Bu moxere komitoBatu 0ok Sine Wave 3 6i6mioreku [[xeper,

BUKOPHUCTOBYIOUH Opay3ep 0i0ioTexu abo BiKHO 0i0MI0TEKH IKepell.

[Ilo6 xomitoBatu Onok Sine Wave i3 Opaysepa 06ibmioTekwu,

CMOYaTKy PO3KPUBAIOTH JepeBO Opaysepa O0i0mioTekw, 100 moOaunuTH
Oyioku B Oi0mioTerni jxepen. 3poOiTh 1€, KIAIHYBIIM Ha By3Ji SOUFCES.
Haperrri, kmannite Ha 3Hauky Sine Wave, o6 Bubpatw 1ieii 0J10K.

Tax Burnsgae 6paysep 6i0T10TEKH TICIIS TOTO, K BU 3pOOWIIH TIe:

ﬂSimulink Library Browser [ |C] <]
File Edit “iew Help
[ = 4a Find ||
Sine Wave: Output a sine wave where the sine type determines the ﬂ
comoutational techniaus used, The parameters in the bwo bvoes are related =
oW Simuink Lussisiad-mst | FremeFi o Simulink library
----- 2+ Continuous
----- #1| Discrate Inil
----- 2+ Functions & Tables
..... 2+ Math
..... 2 Norlinear Fulze Generator
----- 2+ Signals & Systems
..... ] Sinks Ramp
..... ] [Sources ¢ Sources library
(- 2 Subsystems @ Random
- T S-function demos Number
51 ] Simulink Evtras Repeating
Sequence
uo|:|°|:|u Signal
Generator
EVI 4—— Sime Wave block
E Step
||\I"'\I' Urifarmn j
Ready 5
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Tenep TsaruiTh 670K Sine Wave i3 Opaysepa, i momictute ioro y
BikHi Mozemi. Simulink ctBoproe kormito 610Ky Sine Wave y tim wmicrii, e
Bu 3anummim 300paskeHHs OJIOKY.

MoxHa 3poOuTH Te X camMe B TaKWi CHOCIO: KIIAalHITH HpPaBOIO

KHOITKOIO MHII Ha By3Ji SOUrCES, moTiM Ha MOBiZOMIICHHI « Open the
‘Sources’ Library».

ElLibrary: simulink3/Sou__. M= E
File Edit “ew [ormat Help

oooo
> | o0
In1
Constant Signal
Generatar
_/ ¥, { The Sine Wave block
Ramp Sine Wigve Step
Fepeating Fulse Chirp Signal
Sequence Generator
@ 12:34 b
Clack Digital Clodk
untitled.matl} | simin };
From File From
Wafespace

T S 1

Randem  Uniform Random Band-Limited
Number Number White Moise

IToTiM TATHITH OJIOK y BIKHO MOJIENI, SIK y ITOTIEPEAHBOMY BUTIAJIKY.
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untitled M= E3

File Edit “iew Simulation Format Tools

JD|E—”EI§|E§:::: J{:J

i

Sine Wize

| |Dde-‘1 4

Ckomiroifte 1Hmi OJOKM IOMIOHMM YHWHOM 3 IXHIX BIQIIOBITHUX
0i0sioTek y BikHO Mojieni. Bu Mojkere nepeMiniatu 0JIOK 3 OHOTO MICIs Y
BiKHI MOjleJi B iHIIIe, mepeTacKytouu O1ok. Bu Moxkere mepemimaru 610k
Ha HEBEJNWKY BiJICTaHb, BUIIIUBIIA OJIOK, a MOTIM HATUCKAIOYM KPYTOBi
KITIOYi.

3 yciMa CKOmifioBaHUMH OJIOKaMH BIKHO MOJIENI MIOBUHHE BUTJISAATH
B TaKWH C1ocio:

ANY
¥

Sine Wane 1
- | Soope
s
Integmtar

Axmo Bu pmocmimxyere 300paxkeHHs Onoky, Bu Oaunmre KyTOBY
Iy’KKy TpaBopyd Bix Oioky Sine Wave i nBi miBopyd Bin Oioky Mux.
CuMmBOII >, CTIpSMOBAaHUH 13 OJOKY — GuxiOHuti nopm (output port) ; SKIIO
CUMBOJI yKa3dye Ha OJIOK, 1€ exionuii  nopm (input port). Curaan
nepeaaeTbes 3 BUXITHOTO MOPTY B MOPT BXOAY 1HIIOTO OJIOKY Yepes3 JiHilo
3'ennanHs. Komum 6710k 3'€1HaHI, CAMBOIIN MTOPTY 3HUKAIOTH.
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1
Input part = - st (U
=z

Integrator

Tenep npuiimos vac 3'exnyBaTu 010Ku. 3'enHaere 610Kk Sine Wave 3
BepxHIM nopTtoM Bxony Oioky Mux. I[TomicTuTe MOKa)XUUK HA BUXiTHHUHA
MOPT Ha TMpaBiii cTopoHi 610Ky Sine Wave. TTomiTeTe, 1110 Gopma Kypcopy
3MIHIOETHCS Ha TOHKHH XPECT.

_ } =

Sine Waue

1 Soope
- B

=
Integmtor

YTpumyiiTe KHONKY MHIII W IEpPEeMiCTUTE Kypcop y BEpXHiil mopT
Bxoay 650Ky MUX.

3BepHiTH yBary, IO JiHis OyAe NepepuBYaCTOi, ITOKH HATHCHYTO
KHOIIKY MHIII, 1 0 )opMa Kypcopy 3MIHIOETHCS Ha 3]IBOEHWUH XPECT MPHU
HaOKeHHi 10 010Ky Mux:

™ _
7 S ]
Sine Wawe
q Smope
- F
=
Integr=tor

Temnep BiMycTHTE KHONIKY MUII. biioku 3'eqHani. Bu MoxkeTre Takox
3'€AHYBaTH JiHIIO i3 0JIOKOM, BiAMYCTUBIIN KHONKY MUII, KOJIU MOKAXIUK
Oyne ycepenuHi 300paxenHs Onoky. SIkmio Bu 3pobute mie, minis Oyze
3'eIHaHa 3 IOPTOM BXOY, HAMOIMKIMM JI0 TTO3HITII KypCopy.
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™,
W

Sine Wanwe

q
-

=
Integre=tor

Smope

Sxmo Bu 3HOBY moAMBUTECS Ha MOJEJb Ha MOYATKY LBOTO OMUCY
(CTBOpenHs mpocToi Mojeiti), Bu 3amerere, 110 OUIbLIICTD JMiHIH 3'€qHYE
BUX1/HI TOpTH OJOKIB i3 BXiIHUMH TIOPTaMK 1HIKX OJokiB. OfHAK, OHA
JiHIST TPUEAHYE JiHil0 A0 BXIOHOTO TOPTYy iHmOro Omoky. Llg miHis,
HasWBaHa JiHiclo- eanyssio, 3'€aHye BuUxim Omoky Sine Wave i3 Giokom
interparopa (Integrator block), i Hece TOii ke camuii curHaj, MO
npuxouTh Bix Sine Wave 6ioky 1o 610Ky MuUxX.

MautoBaHHs JIiHIT-rany3i 3JIerka BiZpi3HSI€ThCS BiJ] MaJIIOBaHHS JIiHiI,
mo Bu Timpku Tarmm. 11106 BUKOHATH TpHWEAHAHHS A0 iCHYIOUOi JiHii,

3po0iTh HACTYIIHE:

1) CnovaTKy NOMICTHTE MOKXYUK Ha ainii Mix Sine Wave 010kom

1 0stokom MUX.

I,
i

Sine Wae

h 4
]

Seope

2) Haruchith 1 yrtpumyiite kmou Ctrl

MOKAXXYUK Ha TMOPT BXOJYy OJIOKY
Integrator 6e3mocepeaHbO.

(abo KkHauUHITH TPaBOIO
KHOMKOI MuIni). HaTHCHITP KHONKY MHMINI, TOTIM TATHITH
Integrator abo B 070K
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™
W 'I> L]
Sine Wawe
|_ il Seope
_Ir_

Integrmtor

L

3) Biamyctute kuomky wmwumi. Simulink mamamioe JiHiIO MiK
BiJIIPAaBHOIO KParKomw i moprom Bxoay O1oky Integrator.

ﬁu. =

Sine Wizwe

1 Seope
- F
=
Integqmtor

4) Orxe, 3B'13Ky M Oiokamu BcraHoBieHi. Komu Bu ue 3po6min,
Ballla MOJIEJIb IOBUHHA BUIVISLAATH B TAKHUH CIOCIO:

A
¥ ]
Sine Wawe
Seope
1
=
Integmtor

Tenep, BimkpuiiTe OJIOK SCOpe, 1100 IOIUBUTHCS PE3yJbTaTH
MOJENIOBaHHs. 30epiraloud BiAKpUTHM BIKHO SCOpE, yCTaHOBUTE
Simulink na tpuBamicts cumymsamnii 10 cekynma. JIs IBOr0 BCTAaHOBHUTE
napamMeTpyu  MOJEJIIOBaHHS,  BUOMpAarOYd 3  TOJOBHOTO  MEHIO
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Simulation=Simulation parameters=Stop time=10. 3BepHiTh yBary,
110 33 3aMOBUYYBAHHSAM TpUBAIICTh cuMyrsiwii Stop time=10.

<} Simulation Parameters: untitled _ (5] %]
Salver | \Woarkspace I.n’Dl Diagnusticsl Advancedl
Simulation time
Start time: | 0.0 Stop time: I 100 ‘ SIOP time P“W'“e'ﬂ
Solver optiong
Type: IVariabIe-step j Iode45 [Ciormand-Prinee] j

tlaw step size; I auto Relative tolerance: | 1e-3
tin step size: I auto Abgolute tolerance: I auto
Initial step size: I auta

CDutput aptions

Refing output j Refing Factar: I 1

Ok, | Cancell Help | Applyl

3akpuiite BikHO miamory Simulation parameters, knanHyBiu Ha
kuorii OK. Simulink 3acrocye mapameTpu ii 3aKpH€e BIKHO iajiory.

Bnbepitb Start 3 meHo Simulation ( abo HaTUCHITL KHOMKy Start
simulation Ha naHeni iHCTPYMEHTIB ) i noaMBMTECS KpUBI Ha BXOAi Gnoky
Scope.

<) Scope =] E3
lemlrep AER B E &
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Cumynsnis 3ynuHsI€ThCs, KOJIM MOTOYHUHM 4ac gocsrae dacy Stop
time, 3a3nauenoro B giasoroBomy BikHi Simulation parameters a6o kosiu
Bu BuGepere I'osioBHe Menw=>Simulation=Stop ( abo HaTucHeTe
KHOTIKY StOp Ha maHeli IHCTPYMEHTIB BiKHA MOJIEN).

o6 30eperTH 110 MOAEIb, IOMICTHTE HOTO Y CBOIO OCOOHMCTY MaNKy
Ha CTyJCHTCbKOMY aucKy. Bubepite T'onoBHe menro=>File=Save as i
yBeliTh iM's (aiiny i foro Micue posramryBanHs. Lleii ¢aitn MicTUTh omuc
MoOJeIi.

106 3axinumtu ceanc pobotu 3 Simulink it MATLAB, Bubepith
T'onoBHe MeHi0—=>EXit MATLAB. Bu Moxere Takox HaJpyKyBatd quit
MicIisl 3HaKa 3ampomeHHs » y komannHoMy BikHI MATLAB. Skmo Bu
xouete Bty 3 Simulink, aige ve 3 MATLAB, Tinbku 3akpuiite BCi BikHa
Simulink.

Lls BmpaBa mokasye Bawm, sk BHKOHYBAaTH JsKi THIIOBI 3aBIaHHS
noOynoBU 1 cuMyItoBaHHs Mojene. 1i ¥ iHmm 3aBnaHHs OyayTh ONMuUcaHi
mi3Hime OiIbII JOKJIAJHO.

1.6 Ycranoska Simulink Preferenceces

Hianorose Bikno MATLAB Simulink Preferenceces no3sonse Bam
ycranoButi ©Oarato ommiii Simulink. I[o6 mob6auutu BikHO giaiory
Preferenceces, su6epits I'oioBHe mento=File=Preferenceces.
Simulink Preferenceces

Bikno mianory Preferenceces no3Bossic Bam ycTaHOBHTH HACTYIIHI
onuii Simulink:

Window reuse - BusHauae, um Bukopucrae Simulink icmyroui
BiKHa a00 OTKPBIBET HOBI, II00 MOKA3aTH MiJICUCTEMH MOJIEIII.

Model Browser - Bu3nadae, um mokazye Simulink nepeso, komu
Bu BiakpuBaeTre Monenb i UM TMOKa3zye OepeBO OJIOKH, IMIIOPTOBaHI 3
IMCUCTEM 1 3MICT 3aMAaCKOBAHUX ITIICUCTEM.

( Display - Bu3navae, uu BUKOpUCTATH TOBCTI JIiHii, 1100 MOKa3aTH
HECKaJISIPHI 3B'SI3KM MK OJIOKaMH ¥ 4M 1MOKa3yBaTH THIIM JaHUX MOPTY Ha
Jiarpami OJI0Ky.

Callback tracing - Bu3Hayae, YM TIIOKa3yBaTH IIOBEPHEHHS
Mozenel, siki Simulink BUKIIMKae mpu cUMYyIIALIIT.

Simulink Fonts - Bu3nayae mpudry, siki HOTPIOHO BHKOPUCTATH
JUIs OJTOKY 1 SIpJTUKIB JIiHIT i aHOTAIli#t miarpam OJIOKiB.



Solver - Bu3Havae ol CUMYJISIIIT TSI peIaTesis.
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Workspace - BusHauae omitii pob040ro mpoCTopy Ui CHMYJISIIi

MoOJENI.

Diagnostics - Bu3Havae Omilii JiarHOCTHKY JJIs1 CUMYJISIIT MOJIETI.
Advanced - Bu3Hauae migBHIIEHI BAMOTH TIPH CUMYJISIIIT MOJIEITI.

<) Preferences M= E
- General Simulink Preferences
- Command Window ; :
- Editor/Debugger Window reuse: |rmixed [
- Help ~ Model Browser
— Current Directory [™ Show masked subsystems
—WWaorkspace . 5
) ™ Show library links
— Array Editor
| GUIDE [ Browser initially visible
—Display

':Simulatian

4

[" ‘wide nonscalar lines

™ Show pott data types

[T Callbacktracing

oK

Cancel

Help
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2 JABOPATOPHA POBOTA Ne 2

Tema: bibmioreku 6mokiB Simulink
Hinek: OzHaifomuTuCs i3 MpUHOMIAMHM OpraHizamii i 3micToM 0i0mioTeK
anpa_Simulink i cTBOpeHHAM Mozeeii Ha iXHili OCHOBI

2.1 OcHosBHi Baacrusocri mincucremu Simulink

Cepen BEIHMKOI KUTBKOCTI MAKETIB Bi3yaJbHOTO MOJCIIOBAHHS IMaKeT
Matlab 3aiimae ocobmuBe wmicime. CHo4aTKy Opi€HTOBaHH  Ha
JMOCTIAHUIBKI TIPOEKTH, TAKeT B OCTaHHI pPOKH CTaB pPOOOYUM
IHCTPYMEHTOM 1HXKCHEPiB-MPOCKTYBAILHHUKIB, BHUKIAJa4iB 1 CTYJCHTIB.
OpHi€l 3 OCHOBHUX NPHYMH IIMPOKOrO BHKOpHCTaHHS makera Matlab e
IMIIPOKUI CHEeKTp 3aco0iB, HaJaBaHUX KOPHCTYBAueBi [UIs PillleHHS
PI3HOMAHITHUX I1H)XXKEHEpHHX 1 HayKoBHX 3aBaaHb. Cepen ImMx 3aco0iB
ocobuiuBe mictie 3aitmae migcucrema Simulink.

[Mincucrema Simulink - e iHTepakTHBHE CEpEIOBHINE IS
MOZEJIOBaHHA ¥ aHali3y MIMPOKOro KJIacy JIWHAMIYHHX CHCTEM, MIO0
BUKOpHUCTAE rpadivHy MOBY OJIOK-IIiarpam.

ITincucrema Simulink:

- HA/Ia€ MOKJIMBICTH MOJIETIOBaHHS O€3MepepBHUX, TUCKPETHUX 1
riOpUIHUX K JIHIHHKUX, TaK 1 HEJIIHIHHUX CUCTEM;

- MICTHTB Y c001 BenHKy 0i10mioTeky 0110KiB (Oe3nepepBHi elIeMeHTH,
OUCKPETHI €JeMEHTH, MaTeMaTW4Hi (YyHKLIi, HeJTiHiHHI eJlleMEeHTH,
JDKepeNa CHTHalliB, 3aco0y BiZOOpaXKeHHS, TOJATKOBI OJOKH), SKi MOXKHA
BUKOPHUCTATH JUIsI CTBOPEHHSI HOBUX CHCTEM;

- JIO3BOJISIE TIOENHYBATH OJIOK-IiarpaMd B CKJIAJeHI OJIOKH,
3a0e3neuyoun iepapXiuHe MoJaHHs CTPYKTYPH MOJEN;

- MicTUTh 3aco0y sl CTBOpPEHHs OJIOKIB 1 010:110TeK, 00YMOBJICHUX
KOpPHCTYBaueM;

- 1a€ MOXKIJTMBICTh TIPOEKTYBATH ITiJICHCTEMH, [0 MAIOTh 3MiHIOBaHY
B 49aci CTPYKTYPY, aJie Il MOKJIMBOCTI JOCUTh OOMEKEHI.

Iporec mobymosu momemi Simulink MicTurs y co6i KOMIOHYBaHHS
Mojeni W 3aBOaHHs HEOOXimHWX mapaMeTpiB. KoMmoHyBaHHS mojsrae y
BruOopi 3 6ibmorek Simulink HeoOXimHMX OJOKIB, iXHE PO3MIIIEHHSA Y
BiKHI, [0 BIAKPHJIOCS, 1 3'¢qHAHHS MiX c00010. Jlami i KOKHOTO OJOKY
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BCTAHOBJIIOIOTBCS BIMITOBITHI IMapaMeTpH, IO BIAMOBINAIOTh BHUMOTaM
MozeoeMoi cuctemu. Jis toro, mo6 mobyayBatu mozaenr Simulink,
HEOOXiZHO 3HATH, SIKi THIHU OJOKiB HAJAIOThCSI KOPUCTYBAYEBI.

2.2 Bioaiorexn 6a0kiB Simulink

OcCHOBHUM «OyZiBETPHIM)» €JIEMEHTOM Y MPOIeci TOO0YI0BH MO
B naketi Simulink € 6s0x. brok siBisie cO00K0 cUCTEMy THITY «BXiJ| - BUXI]
- cran» (abo TpOCTO «BXiJ - BUXiA») 1 MOKe OYTH SIK MPOCTHM, TaK i
CKJIa/IOBHM.

3a aHanoriero i3 KiacaM, BUKOPHCTOBYBaHUMH B OOBEKTHO-
OpHEHTOBAaHUX MOBaxX, MOXXHa CKa3aTH, 10 KOXEH OJIOK 3 OyIb-siKOl
6i6miorekn Os0kiB makera Simulink e kmacom. SIK TiTbKH KOpHCTyBad
TIEPEHOCHUTH OJIOK 3 0i0IioTekH y BiKHO 1MOOYIOBH MOJIENI, BiH THM CAMHM
CTBOPIOE EK3EeMIUIAP NAHOTO «Kjacy». Y IbOMY €K3eMIUISIpi BiH MOXe
3MIHIOBATH 3HA4YCHHs MapaMeTpiB  OJOKY 3aJeXHO BiJ BHUMOT,
HPOITIOHOBAHMX JI0 MOJIEITIOEMOW CHCTEMH.

3a JIOTIOMOTO0 3B'SI3KIB €K3EMILISIPU OJIOKIB TMOETHYIOTHCS B €JTUHY
CXEMy, III0 CTBOPIOETHCS Y BIKHI MOOYIOBH MOJENi, abo Moxe OyTH
3i0paHa Bifpa3y B CKIaJICHOMY MPHUCTPOi - KOHTEHHEPi, eK3eMIUISIP SKOTO
TIOTIEPETHBO MICTUTKCS Y BIKHO.

IMpoueaypa mouryky # mepeminienns 06okiB 3 6i6mioTex Simulink y
BIKHO Mojeni Oarato B YOMy Haraaye orepariii KOIlIOBaHHA W
nepeminieHHst ¢ainie y cepemosunyi Windows. 3okpema, TEXHOIOTis
podoru B Simulink Library Browser (Puc.2.1) ananoriuyaa po6oTi 3
Windows Explorer. JIns Ttoro mo6 mepeMiCTUTH HeOOXimHHMHi OIOK 3
0i6mioTekn y BIKHO MOOYI0BM MOJIEIi, HEOOXiTHO 3HAWTH IIei OJIOK cepes
cnucky craHgaptHux OnokiB Simulink. [Ins meoro y Bikai Simulink
Library Browser neo0OxigHo BuOpatu mynkt Simulink, motim BuGpatn
BIJMOBIAHUN MYHKT Yy CIHCKY, IO BiIKpHBCS, 010J1i0TEK 1 PO3KPUTH HOTO
(aHanoriyHo TOMy, AK po3KpuBaeThcs Katanor B Windows Explorer). ¥V
pesynbtarti, Bikno Simulink Library Browser npuiimMe By, aHaioriqHui
nokazanomy Ha puc. 2.1. Jlnsg mepeMilieHHS Kypcop MUIIKH
BCTaHOBIIIOETbCA Ha MOTPiOHMI Onok. IloTiM, HakaBIIM JiBY KiaBilly
MHUIITKH, OJOK TEpeMilaeThcs y BIKHO Mojem. Takox, KpiMm
0e3rmocepenHbOr0 TepersIay BMICTy 010J1i0TeK, Oymb-aKuii OJOK MOXKeE
OyTH 3HaliieHHH MO iMEHi, YBEIGHOMY B TEKCTOBE II0JIe, PO3TAIlIOBAaHE B
npasiit BepxHiii wactuni Simulink Library Browser. ITicis Toro, sk 6ok
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3'SIBUBCS y BIKHI TOOYIOBH MOJETi, MOXXHA BCTAHOBHUTH I HBOTO
BIAMOBIMHI mMapaMeTpH. T mMbOro JXOCHUTH 3POOMTH TOABIMHHUI ITUTIIHK
7iBOi KHOTIKM MHIIKH IO MIKTOTpaMi OJIOKY W YyCTaHOBUTH HEOOXimHI JUIs
nmaHoro Onoky mnapamerpu. Ha wmam. 2.2 mpeacraBiieHe BIKHO ISt
penaryBanHs napametpi 0oky «Ilocriiina» (Constant):

..... 0 Derivative

----- 0 Integrator

..... & Memary

..... iy State-Space

..... 0 Transfer Fon
----- 0 Transport Delay

----- O Wariable Transport Delay
----- iy Zero-Pole

.- 3 Discrete

.- 2+ Functions & Tables
- # Math
F
F

- B Monlinear

- 3 Signals & Systems
.. F2 Sinks j

*Simulink’ loaded

[ [ [ ]

Pucynok 2.1 — «Jlepeso» Simulink
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Block Parameters: Constant : |

— Constant

QOutput & constant.

— Parameters
Congtant walue;

f1
0k I Cancel Help Lpply

Pucynok 2.2 — BikHo 3aBnanHs mapamerpis 6ioky Constant

Simulink mictuth y co0i HacTymHi 6101i0TeKH OJIOKIB:

2.2.1 J:xepena (Sources)

Jana OiOmioTeka MICTUTh y coOl JpKepella CUTHATIB, Taki SK
«reHepaTop iMIYJbCHHX/CHHYCOIJATbHUX CHTHAJIIBY, «TeHepaTop
BUIAJAKOBUX YMCeI», «TeHepaTop MNHJIKONOAIOHUX CHTHAJIBY;
«TOMUHHHKMY 1 T.JI.

Tlpuknan 1

OpnHuM 31 crioco0iB ofep>kaHHs KOCHHYcouaanbHoro curHainy Cos t
MOJKE TOCIYKUTH Y3SITTS 1HTerpaja Bij cuHycoigm. s 1poro JA0CHTh
MoJjaTh Ha BXiJ IHTErparopa curHai 3 Buxojay OJioky «I'eHepaTop
cunycoimm» (Sine Wave) (3poOuBIIM B HBOMY HOIEPEIHI YCTaHOBKH
BIMOBIAHUX mapamerpiB). Ha Buxomi iHTerparopa Oyae HeoOXijHa
KOCHUHYCOMJIa, III0 MOXKHA CIIOCTEpIraTd, MiAKIIOUUBIIN 0 BHXOIY
iHTerparopa 610k «Ocuuaorpady»(Scope) (puc. 2.3):

| U [ 1 P .,l:l
z
Integrator

Sine Wave Scope

Pucynoxk 2.3 - Ilpuxnan 1
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2.2.2 Kinuesi 610ku ( Sinks)

Jana 6i6mioTeka MicTUTH y co0i 3aco0y BimoOpakeHHS CUTHAIIB,
10 BUHHUKAIOTh HAa BUXOMAI 070KiB. CroAu BXOASATH OJIOKH «ocHuaorpadg»,
«BHUBiJ pe3yJabTaTiB y ¢aiiny, a Takoxk OJ0K «3yNMHHKA BUKOHAHHS.

[puknan 2

ImtocTparmiero 10 3actocyBaHHs 070Ky «ocumiaorpad» (SCope) moxe
MOCTY)KUTH TonepenHiii mnpuknaa. Hactymuuit mnpukman —imocTpye
3aCTOCYBaHHs OJIOKY «3YyNHUHKA BHKOHaHHs» (StOp). Sk TiNbKK 3HAYCHHS
yacy craHe Oinmbime abo JopiBHIOE 15 cexyHmaMm, MOJIENb MPHITHHSE
BUKOHYBATHUCS:

O——

Clok

*}=
_p.

Relational Stop Simulation
15 Operator

Caonstant

Pucynoxk 2.4 - IIpuknan 2

2.2.3 Juckperni 60ku (Discrete)

Jana 06i0mioTeka MICTUTh y co0i OJIOKH, MO (YHKIIOHYIOTH Yy
OUCKPETHOMY 4Yaci, Taki $K «iHTerpaTop 3 [IMCKPeTHHM Yacom,
«auckperHuii ¢inbTp» 1 T.A. Y Oibmioreni BTpUMYIOTbCS OJOKH, SIKi
JTO3BOJISIIOTh BUPINIYBaTH CHUCTEMH, OMMCYBAaHI PI3HWUIEBUMH PiBHSAHHAMH
3a JOMIOMOT0I0 JUCKPETHOTO NepeTBOpeHHs Jlamaca abo Tak Ha3UBaHOTO Z
- TepeTBOpeHHs. Y IbOMY BHIIQJKY, PIICHHS piBHSHHS HepeOyBae 3a
JIOTIOMOT'OF0 TIepeaaTHOI (DYHKIIII, IO Ma€ BH/T

num(z) _numyz" +num,z"* +...+num, z""
den(z) den,z" +den,z"* +...+den,

H(z) =
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JIe YHCEeIbHUK 1 3HAMEHHUK MICTATh BIAMOBIAHO M+1 # n+l wo
CKIIQ/Ial0Th, IO TPEACTaBIAIOTH CO0OI0 craTedHi (QYHKIIl Big z 3
BIAMOBIAHUMH Koedirientamu. 3minai Num # den sBistioTe co00f0
BEKTOpa KOoeQillieHTiB 4YMCceNbHUKA I 3HAMEHHWKA BiAMOBiAHO.  IXHi
3HaYEHHS BCTAHOBIIOIOTHCA KOPHUCTYBadeM y iaJOrOBOMY BiKHI OJIOKY.
JHomxuHa BekTopa Oen moBuHHA OyTH Oijblie abo JOPIBHIOE JTOBKHHI
BEKTOpa num.

puknazg 3

Y nmaHOMy TpuWKIami, aHaJOTIiYHO TpHWKIamy 1, iHTEerpyerbes
CHHYCOI/1a, aJie BXKe 3 BUKOPUCTAHHIM IHTETpaTopa 3 JUCKPETHUM YacOM:

AV —
| U -LT(ZH:' (TR _.,l:l

[
Ll

Ll
Sine WWaved 2z 1)

Scoped
Driscrete-Time

Integrator

Pucynok 2.5 - [Ipuknan 3

2.2.4 Be3nepepsHi 610ku (Continuous)

Jana 6ibmioreka MicTHTB y co0i Oe3lepepBHi €NeMEeHTH, TakKi sK
«iHTerpaTop», «auddepeHuuaTop», «IiHiliHA cuUcTeMa BXiI-BHXil-
cTan”, 1 1HIII, 110 33JIaI0Th 3a JOIOMOTO0 HepeaaTHuX (QYHKIIIH.

Hpuknan 4

Hano nmudepenuianbHe piBHIHHS:
X' ()=-2x(t)+u(t),

ne u(t) — mpssMokyTHA XBHIA 3 aMmIuTiTyot0 1 i wacrororo 1 pan /cek. Jlis
pillleHHsT LHOTO 3aBAaHHSI HEOOXiIHO BHKOpHCTAaTh iHTerpatop. Ha Bxin
IHTErpaTopa MOJA€ThCS MOXiaHa X', a HA BUXOJi OJCPKYIOTh BEIUUNHY X.
IBa inmux 6mokn — «CymaTop» (Summator) i «IMigcuaosauy (Gain) —
HeoOXimHi st GopMyBaHHS 3Ha4YeHHs X' BIAMOBIAHO 1O BHINEOIMCAHOTO
piBusiHHg. [l omepkanHs curHanmy U(f) BUKOpHCTaeThes — OJIOK
«eneparop curnamgisy» (Signal Generator), y sskomy He0OXimHO 3poOHTH
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BIIMOBIIHUM yMOBaM 3aBJaHHS ycTaHOBKM. OTpuMmaHe B pe3yJbTari
3HaueHHs X(t) moaaeThes Ha BXix OJIOKY «ocuuaorpady:

¥

¥

oooo 1
: |:|
=

Signal Integrator Scope
Fenerator Summater

¥

Pucynox 2.6 - IIpuxnan 4

2.2.5 Hedniniiini 6;0xu (Nonlinear)

Jana 6ibmioTeka MIiCTUTh y co0i OJOKHM, IO peani3yloTh HelNiHiiHi
(yHKIII1, Taki SK «peleiHa JJaHKa», «IIepeMUKadi» i T.1.

Ipuknan 5

Jomyctumo, HeoOXiJHO ojaepkaTh curHai, mo mnepur 20 cekyH
Oy/e MPSIMOKYTHOKO XBWJICIO, a HACTYMHHUHA 4Yac — MUIKONomiOHuM. [Ins
poro HeoOxigHo Bukopuctath «Ilepemuxau» (Switch). VYV 6o
«TmepeMHuKaY» YCTaHOBIIIOEThCS I'paHUYHA BenuuuHa 20, HA TEpIIHA BXij
MOJIAETHCS MUIKOMOIOHUI CUTHAN, HA APYTH — FOJMHHUKY, HA TPETiHd —
npsMokyTHa xBwis. Ilepmii 20 cekyHJ 3Ha4YeHHs dYacy Oyjae MeHIe
rpaHAYHOTO, TOMYy OyJe aKTHBHUM TpeTi BXiag. Sk Tineku dYac
MEPEBUIIUTH TPAHUYHE 3HAYCHHSI, AKTUBHUM CTA€ MEPIIMHA BXiJ] 1 Ha BUXO/I
3'IBJISIETHCS MIKOIIOMI0HUI CUTHAT.

oooo
Lele)

Signal
Generatar

Bioes Switch Scope
oooo
Lele)

Signal
Genaeratort

Pucynoxk 2.7 - Ilpuknan 5
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2.2.6. MaTtemaTuuHi ¢pynkuii (Math)

Hana 06iOmioTeka MicTuTh y co0i OMOKH, WIO peali3yroTh
MaTeMaTH4Hi QyHKIIi, Taki K «a0CcoJI0THe 3HAYEHHA», KKOMOiHATOpHA
JIorikay, «BHIiJIeHHs] PeYOBHHHINi i MHMMIll cKJIag0Bili KOMIJIEKCHOTO
qyucaay i T.J.

IIpukman 6

Hesiki Omoku i€l 6i0TI0TEKH BUKOPHCTANHCS B paHille OIMHMCAHUX
npukiaaax (tak ook «Binnocunm» (Relational Operator) BukopucTascs
B npukiazi 2, a onok «IlizcmmoBau» (Gain) — y npuknani 4). e oqaum
MIPHUKJIAJIOM BHUKOPHCTAaHHS ONOKy O0i0mioTekn «MaTeMaTH4yHi OJOKH»
MOXE  TOCHYXHTH  paHille  ONUCAaHWH  TMPHUKIAA  OJIEpXKAHHS
KocHHycooAanpHoro curnamy Cos(t). s mporo MOCHTH MoaaTh Ha BXij
onoky «Tpuronomerpuuni ¢ynkuii» (Trigonometric Function)
BUXifHUi curHan romuH «roguHHukn» (Clock) (momepemHbo B
ycraHOBKax O5oky «TpuroHomerpuuni ¢yHkunii» BHOpaBIIM ITyHKT
«C0S»). Y pesynbrari, Ha Buxodi O5oky «Tpuronomerpuyni ¢yHkmii»
Oyze HeoOXiTHa KOCHHYCOH/IA, III0 MOYKHA CTIOCTEPIraTH, MiAKIIOYUBIIH JI0
Buxoay 650k «Ocumnorpady (Scope):

C'—)—’ cos —.-IZl

Clock

Trigonometric Scope
Function

Pucynok 2.8 - [Ipuknan 6

2.2.7. be3nepepsHi ii Ta6auuni pynkuii (Functions & Tables)

Jlana 0iOmioTeka MiCTUTh Yy CO001 OJOKH, IO JIO3BOJIAIOTH
peanizoByBaTH (QYHKINT ¥ mpamroBaty 3 TabmuisiMu. CroaM BXOMSITH Taki
Omoku, sK BUKIMK «QyHKHmiH makera Matlaby, «S-gyunkuii», 6ok
«IHTepnonsAuiay, MmO BigoOpakae BXiAHWHA BEKTOp y BHXITHUHA (3
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BUKOPHUCTAaHHSIM JIiHIHHOI 1HTEpHOsmii 3HaUeHb, MEBHUX y IapaMeTpax
0JI0KY) 1 T.1I.

Ilpuknan 7

HeoOxigHo omepxatu piteHHs QyHKIIT
sin(cos(t)-exp[2.1:(-sin(t))]) .

e myxe mpocTo 3poOWTH, BHKOPUCTOBYIOUH OJOK «MYHKIID»
(Fcn). Jis miporo qocuTh moaaTh Ha BXix 010Ky «@yHkmii»y (FCn) BekTop,
MepIIMM eIeMeHTOM skoro € 3uadenus Cos(t), a apyrum — Sin(t). B
YCTaHOBKax OJIOKy HeoOXimHO ommcaTd (YHKIiIO, 3HAYEHHS K01 Tpeda
onepxatu. Y pe3yibTari, Ha BHXOJI OJOKYy Oyle OTpHMaHe IITyKaHe
3HA4YeHHS (QYHKIIi, 110 MOXHA CIIOCTEPIraTH, MiIKIIOYUBIIA O BHXOAY
610k «Ocuuiiorpad» (Scope):

@—b oo
Elock Trigonometric I:l
Function Lz fiu) -

Fcn Scope

zin

Clockl Trigonometric

Function

Pucynoxk 2.9 - Ilpuknan 7

2.2.8. CurnaJju i cucremu (Signals & Systems)

[aHa 6i0ioTeka MICTHTh Y cO01 OJIOKH, Taki SIK «MYJIbTHILIEKCOP»
(Mux) i «pgemyasTumiiexkcop» (DeMux), «Bximnmii curmam» i
«BUXITHHH CHTHAM», «migcucremay (Subsystem), «momyk Kpamku
nepemukanns» (Hit Crossing) i .x.

IIpuknan 8

Y momepeaHbOMY TPUKIAAI 7 TPEACTaBICHUH OIWH 3i CIOCOO0IB
BUKOPHCTaHHS OJIOKY «MYyJabTUILIeKkcOpP» (MUX) 11i€i 6i0moTrekn. Takox
HaWOiIbIIEe YacCTO BUKOPHUCTOBYBAHHM OJIOKOM € OJIOK «migcucTeMa
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(Subsystem) . Moro 3pyuno BuKopucTaTH s MOOYIOBH iepapXidHoi
Ook-miarpamMu. Bumiisroun HEOOXiIHI YaCTHHH CHCTEMH B ITJICHCTEMH U
PO3TAIIOBYIOYH iX y OJ0Kax-KoHTeiHepax Subsystem, MokHA YHUKHYTH
3axapallieHHs JiarpamMu 3alUTyTaHHMH CXEMaMH, Y XUTPOCIUICTCHHIX SKUX
BaXXKO po3iOparncs HaBiTh caMOMy aBTOpOBi. Tak, HampuKiIald, Hexai
HEOOXiMHO oOJepXaTh pIlIeHHsS OMHMCaHOi B TIOMEPETHBROMY MPUKIIAIL
¢byHKIil

sin(cos(t) -exp[2.1- (sin(t))]),

a TaKoX JIBOX (PYHKIIIH, IO BiJIPI3HSAIOTHCS B JAaHOI TIJIBKU 3HAUCHHSIM
KoeillieHTa B TOKa3HUKY EKCIIOHEHTH —

sin(cos(t) -exp[1.1- (-sin(t))]) i
sin(cos(t) - exp[3.1- (-sin(t))].

Hagith y 1pOMy NIpOCTOMY HPHKIAAl 3pyYHO CXEMY, LIO OIUCYE IMEpIIY
GyHKII0, MOMICTUTH B OKpemuil OJIOK «migcucTemay (Subsystem), a
MOTIM, CKOIIIIOBAaBIIU 1€ OJIOK, 3pOOMTH B CXeMi MiHIMaJIbHI 3MiHH
(3MIHUTH 3HAYCHHS BIAMOBITHOTO KoedilieHTa B onucax 00Ky « DyHKIIID»
(Fcn). Jliist 3py4HOCTI MOYXKHA MIEPETITHYTH OTPUMAaHi PilllEeHHs HA OJJHOMY
ocuwiorpadi, BHKOPHUCTOBYIOUH MpPHU LBOMY OJIOK «MYJbTHILIEKCOPY
(Mux). Bua 0CHOBHOTO BiKHa ITPU IIbOMY OyJle HACTYITHHM:

Out1
Subsystem
i
Ot 1 T - I:l
o
Scope
Subsystem 1
Out1
SubsystemZ

Pucynok 2.10 - Ilpuknaz 8 - Mozielb CUCTEMH
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Bun xokHOTO 3 TMiOKOH, IO MICTHTh y co0i mifcucremy, Oyme
OJTHAKOBHM:

huz

¥

@—b [ H
Clodk A 1
Trigonometric
Function o
Out1
. Fen
{ :}—h =in

Trigonom etric
Funetiond

Pucynok 2.11 - Ilpuknaz 8 - Mozens miacUCTEMHU

2.3 O6'ennanus 0JI0K-AiarpaM y ckiaaaeHi 6JI0KH

SIk y>xe roBopmiiocs paniiie, 6mok-miarpamu Simulink moxyTs 0yTn
ol'emHaHi B CKIIafieHi OJIOKW, IO JO3BOJISIE BUKOPUCTATH i€papXidHe
HOJaHHS CTPYKTYPH MOJIEIII.

Jns Toro, mo0 BUIIIMTH YacTWHA CHUCTEMH B CKIaJeHH OJIOK,
MOYKHA TITH CTaHJAPTHHM IIUIIXOM: TIepeHecTH 3 0i0moTekn OJIOKIB OJI0K
«ITizcucrema» Subsystem (came i ckiageHHil OJIOK, IO HPEICTABIISE
€00010,) i, pPO3KPUBIIN HOTO BIKHO, CPOPMYBATH HOTO CTPYKTYPY B IIbOMY
okpemoMy BikHi. Anie B makeri Simulink mepen6a4enwuii it iHmmii crocio:
BUOY/yBaBIIN OJIOK-TiarpaMy B OCHOBHOMY BiKHI CTBOPIOBaHOI MOJEI,
MOXKHa BUAUTUTH ii 4acTuHa (Ty, IO HEOOXIJHO 00'€qHATH B CKJIAJIEHUI
610K) i, mimoBIK B MeHr0, Bubpatn nmyHkT «Edit/Create Subsystemy. ¥V
pe3yibTaTi B OCHOBHOMY BiKHI aBTOMAaTHYHO YTBOPHUTHCS CKIIaIeHUN OJIOK,
y skoMy Oyae yKJiaJieHa Ta yacThHa OJOK-Iiarpamu, 1o Oyna BHIIEHA.
Buninennss HeoOXiJHOT dYacTHMHHM OJIOK-JiarpaMd MOJXKHA 3pOOWTH,
Ha)KaBIIH JIIBY KHOIIKY MHIIKH B OJJHOMY 3 KYTIB Iepe/10aqyyBaHOi PaMKH
(sixoi HEoOXiIHO OOBECTH BHIUIIOBAHY YaCTHHY Aiarpamu) i, YTPUMYIOUH
JBY KHONKY MHIIKH, PO3TATTH PaMKy, IO 3'BHJIACS, 10 HEOOXiIHUX
po3MipiB. I1icis IILOT0 KHOMKY HEOOX1THO BiIITyCTHTH.
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2.4 Be3nepepBHHii i TUCKpPeTHUI Yac

VY makeri Simulink po3pi3HsitoTh aBa «dacw»: OesnepepBHE i
auckpetHe. [lo0aunuTH PO3XO/DKEHHS MK IIMMH JIBOMa CIOCOOaMHU
3aBJaHHS Yacy MOJKHA Ha HAWMNpOCTINIOMY NPWKIAAi: B3ABIIN OIOK
«Commanukm» (Clock) i 6ok «/{nckperni romunnuxmy» (Digital Clock),
NOAaMO iXHi BUXOJM Ha BXOJIM MYJbTUILICKCOpA, @ BUXiJ MYyJIbTUILICKCOpA
3'€HAaEMO i3 BXOIOM «ocuuaorpaday (Scope).

(O,

Clack Tl —l-|:|
12:34 L Scope
Drigital Clock

Pucynok 2.12 - Mogens 1uis OPiBHSHHS «Oe3MepepBHOTO» i «IUCKPETHOT0» Yacy

=10 x|

L2102 AlE -] 8

Pucynok 2.13 — ITopiBHAHHS CUTHAJIB «O€3MIepEePBHOTO» I «IUCKPETHOTO» Yacy Ha eKpaHi
610Ky Scope

Sk BugHO 3 puc. 2.13, Oe3mepepBHUI Yac 3aqa€ThCs JIIHIMHOIO
¢yHKOiero Y = 1, DUCKpeTHHUH yac SBJIsiE COOOI0 CXiIYacTy 3pocTaiody
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dyukmiro. Y makeri Simulink auckpeTHHit Yac 3ama€ThCs CKAISPHOO
BEJIMYMHOIO, 110 BH3HAYAE BEIMYUHY «CX0oam». ToMy 1o B AaHiii poOoTi
OCHOBHUM TIPEIMETOM PO3IIISAY € TiOpuAHA CHCTeMa, TO BCTA€ MUTAHHS
npo Te, IKUM 00pa3oM BiOYBa€ThCS CIONyYeHHSI poOOTH Oe3nepepBHUX i
JUCKPETHUX OJIOKIB y paMKax OaHi€i Mojemi?

VY maketi Simulink 3 norisay 3aBmaHHS 4Yacy iCHy€ KijibKa THITIB
OJOKIB:

- besmepeprui 0Omoxku (taki sk «Integrator», «Derivativey,
«Transfer Fcny i 1.1.) npaiirooTh y 6e3mepepBHOMY daci.

- bnox «Komncranra» (Const) miaTpuMye Ha BHXOJi 3agaHe
MOCTiMHE 3HAYCHHS 1 € HEHTPaJIbHUM.

- Huckpetni 6moku (taki sk «Zero-Order Hold», «Unit Delay»,
«Discrete Transfer Fcn» 1 T.1.) npamioooTh y AUCKPETHOMY 4aci,
napaMeTpH SIKOTO 33Jal0ThCs B JIaIOTOBOMY BiKHi OJIOKIB.

- I 6710ku (Taki sk «Gainy.) MaroTh HESIBHY YCTAaHOBKY Ha pOOOTY
B IMCKpEeTHOMY 4Yaci. Ase sikio 6110k «Gainy tpebda 3a iHTerpaTtopoM, BiH
npaiioe B Oe3nepepBHOMY dYaci (TOMy WIO IHTerparop € OJIOKOM 3
Oe3mepepBHUM YacoM), X04a SIKIIO Iei e camuii 6ok «Gainy tpebda 3a
6mokom «Zero-Order Holdy, BiH niparitoe ik TUCKPETHHI OJIOK, TPUIOMY
B TiM K€ JIJMCKPETHOMY 4Yaci, 110 i 6ok «Zero-Order Hold».

Sxuro Ha BXoJu OJIOKY MOJAIOTHCS CUTHAIN 3 PI3HUMH yCTaHOBKaMHU
JMCKPETHOTO Yacy, TO OJOK aBTOMAaTUYHO BUOMPAE 3 HUX JUCKPETHHH d4ac
i3 MIHIMAJTBHUM KpPOKOM 1 TMpaimoe came B HOro pexuMi. Bakimuso
BiJI3HAYMTH, 1110 OJ10kH «MUX» i «Demuxy» mpocTo rpynyrTh ONepaTopy -
CUTHAJIM, M0 TPOXOAATh 4Yepe3 HHUX 30epiraroTh CBOIO iH(OpMAIi0 PO
CHUHXPOHI3AIIIIO TUCKPETHOTO Yacy.

2.5 Curnauau

Jns  peamizarii ribpuaHoro moBoKeHHs B maketi  Simulink
nepeadaueHi cremiagbHi OPUCTPOi, IO pearyloTh Ha TEBHI Homii #
CHemianbHI CUTHAW, MO BUPOOISIIOTE. Jlo HHX CTaBiAThCS OJOKH
«Enable» («Hemoctymumii»), «Trigger» («Ctpubok») i «Hit Cross»
(«moIIyK KOpeHs»).

Ilepmmii, «HemocTynmHuii», pearye Ha MOsSBY B 3MIHHOT HETaTUBHUX
3HA4YeHb, 1 BIAKIIOYAE OJIOK, YCEpEAMHI SIKOTO BiH PO3TAlllOBaHUN IOTH,
MOKM 3HA4YeHHs 3MiHHOi 3HOBY HE cTaHe NO3UTHBHMM. [lpukian Horo
BUKOPHCTaHHS i poOOTH HaBeneHui Ha puc.2.14.
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Hpyruii, «CTpudok», Mae Ba BXOIHW, 1 pearye Ha «CTPHOOK»,
MONaBaHWH TIO0 CIEeHMiaTbHOMY BXO/i, 3alaM'ATOBYIOYH TMPH IHOMY
3HAa4YeHHS 3MIiHHOI, MOAaBaHOi MO JApyroMy Bxomi. Ilpuxiaxg poGoTu
HaBeJleHHi Ha puc. 2.15.

Tperiit, 3gaTHUI 3HANTH 3HAUEHHS Yacy, IPH IKOMY BXiTHUI CHUTHAI
MpUiiMae HyJIbOBE 3HAYCHHS, 1 BUIATH BiATIOBIAHUI CUTHAI.

~

J Scope (=] B3 {11 ] untitled * =] B3

File Edit “iew Simulation

“’E'@ 4®|ﬂ EIQ Format Tools Help
h=eE& =i

|
Vi P
Sine Wave Scope
n
Subsystem
J Scopel =10] x|
T e e L l 1

“ﬁ R L ‘ #hEB ‘ S I~} untitied/Subs... M[=]E3

File Edt “iew Simulation
Format Tools Help

DEEHS &3

1]
Enable Scoped ;‘
. 0 F[100% | [/

PucyHok 2.14 — Tlpukiazn Bukopucranss 6inoky Enable
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3 JABOPATOPHA POBOTA Ne 3

Tema: biomiotreka Power System Blockset. Inctpymenrapiii  Power
Electronics

Hins: MogemoBaHHS €JICKTPOMArHITHAX TIPOIECiB B OAHO(DA3ZHUX
MIPUCTPOSX CHIIOBOI CIIEKTPOHIKH

Eneprernuni cucremMu - 1ie KOMOiHAIS €NEKTPUYHUX JIAHIIOTIB W
CIIEKTPOMEXaHIYHUX MPUCTPOIB, TaKUX SK JBUTYHH, T€HEpPaTopH,
KOMYyTalliiiHi amapatu i 1.7. [HkeHepHi po3poOKH B IIiii 00JacTi MOCTIHHO
BUMAralOTh MOJINIICHHS PIBHA NPOEKTYBaHHS JaHWX CHCTEM. Bumorun
KapIWHAJIBHOTO  TIONIMIICHHS  €(EeKTUBHOCTI  CHCTEM  CHEPreTHKU
NPUBOJUTH 10 HEOOXiTHOCTI BHKOPHUCTATH MOTYXHI €NEKTPOHHI MPUCTPOT
W CcKJagHI KOHIENINi CHCTeM KepyBaHHS, SKi, ¥ CBOIO Uepry, BUCYBalOTh
MiBUINCHI ~ BUMOTM  JO0  TPAAUI[HHMX  1HCTPYMEHTIB  aHai3y
€JIEKTPOIMHAMIKH MOTYKHHUX €JIEKTPOCHEPTeTUUHUX I eJIeKTPOMEXaHIuHUX
cucteM. llomampmme minBUIeHHS piBHSA KBamidikamii ¢axiBiiB y Il
o0nacti BUKIMKAaHO TUM (AaKTOM, IO CHCT€Ma € YacTO HACTLIBKH
HEJHIMHOT, 0 €JIMHUM CIIOCOOOM 3'ICyBaTH BCi il pSKUMHU B JMHAMIKY €
MOJICJTIOBaHHS.

biomioreka Power System Blockset npusnavena st 3a0e3nedeHHs
BYCHUX U IHKEHEPIB-TIPOCKTYBAaJbHHUKIB CYYacHHM 1HCTPyMEHTapieM
MPOEKTYBaHHS, IO JI03BOJISIE MIBUIKO U JIETKO OYyJIyBaTH MOJEINi CHCTEM
€HEPreTUKH, eJICKTPOHIKH, eleKTpoMexaHiku i T.1. Llg 6i0mioTeka mpaitoe
nin kepyBanusM Simulink, BukopucToBytoun sik 0i0mioTekn OJIOKIB sapa
Simulink # inmmx qoxaTkiB, Tak i BiacHi 6i0Ji0TEKH KOPHCTYBaYa.

Power System Blockset MICTUTH MoAel THUIIOBOT'O
CJIEKTPOCHEPIreTUYHOTO  BCTATKYBaHHS: Tpancopmaropu,  JiHii,
CNICKTPOJBUTYHH,  TPHIAJH  CHJIOBOI  €JIEKTPOHIKM, PpI3HI  BHIU
HaBaHTaXXEHb, IO TIEPEMUKAIOTh IPUCTPOIB 1 T.II.

3.1 Cucrema oguHHIBL

B Power System Blockset Bukopucraetbes MikHapoana Cucrema
Opuunne (SI), a TakoXX BIJHOCHI OAMHMII (p.U.) Ui BM3HAUCHHS MOJEIBHHX
napameTpis.
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Ilo3navenns

Yac CEeKyH1a S
JoBxuHa METP m
Maca KiJIorpam kg
Eneprin JOKOYITH J
Crpym aMmrep A
Hanpyra BOJIBT V
AKTHBHA NOTYXHICTb BaTT W
I'anana notyxkHicTh BOJIbT-aMIIEp VA
PeakTuBHA NOTYXKHiCTH Bap var
IoBHuii omip oM Ohm,
AKTHBHUI omip oM Ohm,
InaykTHBHICTH reHpi H,
€mHicTh thapan F,
IloTokocuenieHHst BOJIBT-CEKYHIa Vs,
IIBuaKicTh 00epTaHHSs pajiaHu B CEKYHIY rad/s,

00epTH y XBUIIUHY rpm,
MomeHT cuiu HBIOTOH-METP N.m
MomeHT iHepuii KUIOTpaM-MeTp Y KBaIpari kg.m?
Koediuient Tepta HBIOTOH-METP-CEKYH/1a N.m.s

BaxxmuBoro ocobnusictio Power System Blockset € ii 3garwicTs
CHUMYJIIOBAaTH TIpolLleCH a0o 3a JONOMOIOI0 ANTOPUTMIB 1HTETPYBaHHS 3
Oe3nepepBHOI0 3MIHOIO KPOKY B Haci, ab0 3 JUCKPETHHM peliareiaeM
(solver). /11 HEBEMKMX CUCTEM AJITOPUTMH 31 3MIHHUM KPOKOM 3BHYAITHO
HIBHJIIIE, HIX METOJW 3 (DIKCOBAHMM KPOKOM, TOMY IO YHCJIO KPOKiB
YHCeIbHOr0 1HTEerpyBaHHS MeHme. OnHak, Jsi OUIBIIMX CHCTEM, Y SIKUX
Oarato craniB abo Oararo HemiHIHHMX OJIOKiB, TakuX SK TIOTY>KHI
€JIEKTPOHHI MePEMHKAY1, BUT1THO JIUCKPETU30BATh CIICKTPUUHY CHCTEMY.

Komu Bu gmckpernsyere Banly CHCTEMY, TOYHICTh MOJICIIOBAHHS
Oyze ymnpaBmaTucs KpokoM uacy. Skumio Bu BukopucTaeTre 3aHanTo
BEJIMKUH KPOK Yacy, TOYHICTH MOKe OyTH HenoctatHs. €amHuii cmocid
JOBIJATUCSl, YW INPUMHATHO 1€, NOJAra€e B TOMY, 1100 IOBTOPUTH
CHUMYJIIOBaHHS 3 PI3HUMH KPOKaMH 4acy W 3HaUTH KOMIIPOMiCHE 3HAYCHHS
KpPOKY 4Yacy. 3BHUYaiiHO THM4acoBi Kpoku Bij 20 Mc 10 50 Mc naroTh rapHi
pe3yNbTATH TIPH MOCITIOBAHHI TIEPEXITHUX MPOIECIB B EHEPrOCUCTEMAX 13
gactotoro 60 rir a6o 50 11 abo B cucTeMax, y SKAX YCTaHOBJICHI JIHINHI
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KOMYTAIliifHI €NeKTPOHHI MpHUIaau THUITY HiOAiB 1 TupucTopiB. Bu Oynere
3MYyIIEH] 3MEHIIIUTH KPOK Yacy JJIsi CUCTEM, [0 BUKOPUCTAIOTH IPUMYCOBY
KOMYTalil0 MOTY)KHUX EJIEKTPOHHUX mepeMukadiB. Lli mpuiaam, Taki sk
OinonspHuii TpaH3ucTop 3 i3ompoBaHuM 3aTBOpoM (IGBT), momboBuit
TpaH3uCTOp 3 i30;mpoBaHuM 3aTBopoMm (MOSFET), i nBoomnepamiiHuii
tupuctop (GTO) npairoroTh Ha BUCOKHX YacTOTaX HEPEMHUKAHHS.

Hanpuknan, cuMymiolodd  iHBEPTOp 13 IIHPOTHO-IMIYJIBCHOIO
monyistieto (PWM), mo mparroe Ha 9acToTi 8 Kri1, moTpiOHO BCTAaHOBUTH
4acOBHU KPOK MiHIMYM 1 Mc.

IIpotsrom 1iei nabopatopHoi poboru Bu Oynmere OynyBarw,
aHaJIi3yBaTH, 1 MOJICJIIOBATH HEJIIHINHI BEHTWUJIbHI CJICKTPHYHI JIAHIIOTH. Y
mporieci  poOOTH  BH  3MOXET€  O3HAHOMHTHCS i3  MPHHIUIIOM
¢dyukuionyBanHs, OnokiB 6iomiorekn Power System Blockset it Power
Electronics Toolbox, cTBoproBaTH MOz MEPETBOPIOBATIBHUX PHCTPOIB
Ha iXHI OCHOBi, HA0yJJOBYBaTH MapaMeTpy CUMYJISIii CTBOPEHOI MOETI,
BepU(UIPOBATE i THTEPNPETYBATH PE3yIHTATH MOJICITIOBAHHS.

3.2 Mopae/iloBaHHSI HEKEPOBAHOT0 0AHO(A3ZHOT0 OIHOMIBIIEPHOTHOTO
BUIPSAMJISIYA 3 AKTHBHO-IHIYKTUBHUM HABAHTAKEHHSIM

30epiTh MOEIb BIAOBIAHO 10 puc. 3.1.
braoku Voltage Measurement (E2,V load) i Current Measurement (I
load) mnpusHauyeHi IS BHMIpY HAmpyra W CTpyMy, a TaKkoX JUIs
Y3TO/DKEHHST BHMIpIoBalbHHX OoKiB simpa  SimulinkLib i3 6ioxamu
6i6miorexn Power System Blockset. Jlani 610ku mepeOyBatTh y po3zisi
Measurement.
bnoxu Fourier (Fourier V load, Fourier | load) ycranosneni 3
METOI0 BMMIpy TOCTIiMHMX CKIIafOBi HANpPyrM i TOKH HAaBaHTAKEHHS. IX
MOJKHA 3HAWTH 3a ampecoro: powerlib_extras/Measurement. [lani 610ku
TpU3HauYeH] g po3kianaHHs B psg Dyp'e mepiouvHO, MO 3MiHIOKOTHCS
curHamiB. s onepaHHS MOCTIHHOI CKJIaI0BOi HEOOXiTHO BCTAaHOBUTH
mapameTp IbOTro OJIOKY
Harmonic n=0.
Jist BUMipy [ir04Oro 3HAYCHHS CTPyMY BEHTHIS (HABAaHTaKCHHS)
ycranosienuit 6ok RMS (powerlib_extras/Measurement).
Jani BHIIE3ralaHMX BUMIpIB y [HU(PPOBOMY BH/II BiIOMBAIOTH OJIOKH
Display (Display Ud, Display Id, Display | FRMS).
ITapamerpu 6ioky Diode:



38

magnitude

signal 5.746
angle hd

Dizplaw 1d

Fourier | load

signal mms H G021 ‘
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b

Pucynok 3.1 - Moniens HekepoBaHOTO OJHO(A3HOTO OJHOIIBIIEPUOIHOTO BUIIPSIMIIYA 3
AKTHBHO-IHyKTUBHUM HAaBaHTa)KCHHIM

Ron=0.001 Ohms;

Lon=0 H;

Vi=0.1V;,

Ic=0 A;

Rs=10000 Ohms;

Cs=inf.

ITapamerpu 6iokis E2 # Series RLC Branch 3asuaueni Ha puc. 3.
ITapameTpu cCHMyJIAIII:

Start time = 0.0; Stop time = 0.04;
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Type - variable-step; ode 23t(mod.stiff/Trapezoidal);

Max step size - 0.00001.

[H111 mapaMeTpu 3a 3aMOBUYBAHHSIM.

Tenmep 3amyctute Monenb Ha cumyismio. Crocrepiraite KpuBi

CTPYMIB 1 HampyT y CXeMi Ha eKpaHi BipTyalsHOTO ocImiiorpada, a cepeani
W nirodi 3HAYEHHS 3a3HAYCHWX CTPYMiB 1 Hampyr Ha eKpaHax OJOKiB
BiZJOOpasKeHHS.

3MiHHUTE MapaMeTpy HaBaHTAXEHHS i IPOCTEXUTE, SIK 1€ BIUIMHE Ha

XapakTep MPOIECiB y JOCTIHKYBaHIi CXeMi TepPeTBOPEHHS.

JocnipkyiiTe BIUIMB MapaMeTpiB AioAa HA CTPYMH W Hampyru y

BUTIPSMIISYI.

3.3

MopesoBaHHS HEKEPOBAHOT0 0)]H0(1)33H01"0 [[BOX]'[iBl'[epPIO}]HOl"O
HYJbLOBOI'0 BUIIpSAMJIAYA 3 2KTHBHO-iH}IyKTI/IBHI/IM HAaBAaHTA’KCHHAM

30epiTh MO/ETH BIATIOBIAHO 0 MastOHKa 3.2.

[Tapametpu 610Ky Diode:
Ron=1e-2 Ohms;

Lon=0 H;

V{=0.8V;

Ic=0 A;

Rs=10000 Ohmes;

Cs=inf.

ITapamerpu 6iokis E2a, E2b, Ld # Rd 3a3naueni Ha puc. 3.2.
[NapameTpu cumyJIsmii:

Start time = 0.0; Stop time = 0.08;

Type - variable-step; ode 23t(mod.stiff/Trapezoidal);

Max step size = 0.00001.

[HI1i MapaMeTpy 3a 3aMOBUYBAHHSIM.
Tenmep 3amyctute Monenb Ha cumyssimio. Crocrepiraiite KpuBi

CTPYMIB 1 HaIIPyT y CX€Mi Ha eKpaHi BipTyaJIbHOrO ocLuiiorpada.

3MiHHUTE MapaMeTpH HaBaHTAXEHHS i IPOCTEXUTE, SIK 1€ BIUIMHE Ha

XapakTep MPOIECiB y JOCTIHKYBaHIN cXeMi ITepeTBOPEHHS.

HocnimpkyiiTe BIUIMB MapaMeTpiB AiONIB Ha CTPyMH U Hampyra y

BHIIPSIMIISI.
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3.4 3mMict 3BiTY N0 J1aGopaTopHiii podoTi
3BiT Mo JabopaTopHili poOOoTi oQOpMIIETECS Ha KOMITTIOTEpI
€H MICTHUTH:
HasBy, Temy i b poboTw;
HocnimkyBary Mozenb BiIOBITHO 10 11.3.2;
HiarpaMu pe3ynbpTaTiB CUMYILIT €IEKTPOMAarHiTHUX MPOILECIB y
cxeMi i AaHi TU(POBUX BUMIPIOBATBHUX MPUIIAIB;
Hiarpamu pe3ynbTaTiB CHMYIALIi €IEKTPOMArHITHUX IIPOLECIB Y
cxemi W maHi IUQPOBUX BUMIPIOBAIBHUX MPIIAAIB MPH 3MiHi
nmapaMeTpiB  HaBaHTAXCHHSA #  MioAiB  (3HAYCHHS 3MIHCHUX
napaMeTpiB MOBUHHI OyTH 3a3Ha4eHi);
BuBomn 1mo 1m.3.2 TIOBHHHI
EKCIIEpUMEHTIB;
Mo . 3.3 BUMOTH 710 3BiTY Ti %, 110 ¥ 10 1. 3.2.

IOACHIOBATH

pe3yabTaTH

k 4

vl | load

-

vz

Clulres

¥

Terminator

[emusx

m

a]ﬂjk

m
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Se-2 H Se-2H
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Ezh
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=

PI/ICyHOK 32- MOZ[CJIL HCKEPOBAHOI'O OHHO¢)a3HOF0 Z[BOXHiBHepHOIIHOI‘O HYJIBOBOTO

BUIIpsIMIIAYA 3 aKTI/IBHO-iHI(yKTI/IBHI/IM HaBaHTAXXCHHAM
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4 JABOPATOPHA POBOTA Ne 4

Tema: biomioteka Power System Blockset. Inctpymenrapiii  Power
Electronics. Yactuna 2

Hias: MomenoBanHS eIESKTPOMArHITHUX TIPOIECiB B  OomaHO(Da3HUX 1
TpU(a3HUX MPUCTPOSX CUIOBOI EICKTPOHIKU

4.1 MopenoBaHHS KEPOBAHOI0 0AHO(A3HOI0 OHONIBIEPUOTHOTO
BHNIPAMJISYA

30epiTh MOETH BiATIOBIAHO 10 puc. 4.1.
[MapameTpn HaBaHTaXKEHHs W JpKepena >KHMBJICHHS IIOKa3aHi Ha
puc.4.1.
[MTapametpu tupuctopa (Thyristor):
Ron=1e-3 Ohms;
Lon=0;
V{=0.8 V;
Rs=10000 Ohmes;
Cs=inf.

[TapameTpu reHeparopa Kepyrounx immyiscis (Pulse Generator):
Pulse type - Time based;

Amplitude - 1;

Period - 1/50 secs;

Pulse width - 50%;

Phase delay - 1/400 secs;

Interpret vector parameters as 1-D.

[MapameTpu cumysii:

Start time = 0.0; Stop time = 0.06;

Type - variable-step; ode 23t(mod.stiff/Trapezoidal);

Max step size - 0.00001;

[HI1i mapaMeTpu 3a 3aMOBUYBaHHSIM.

Tenep 3amycture mMozens Ha cumyisidito. Crocrepiraiite KpuBi
CTPYMIB 1 HAIPYT y CXeMi Ha eKpaHi BipTyaJIlbHOTO ocrmiorpada.
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JochimkyliTe BIUIMB BENWYMHU KyTa KEpyBaHHS Ha CTpyMH H
Halpyru y BUOPSAMIIAYI.

30epiTh MOACTH BIAMOBIIHO 0 puc. 4.2.
[Mapametpu €2, Rd, Cd 3a3nayeni Ha puc. 4.2.

IMapametpu 610kiB Thyristor i Pulse Generator ycranoBuTH sik
IUIs MoJteni Ha mail. 4.1, kpiM mapamMeTpa

Phase delay - 0 secs.

3amycTute Monenp Ha cuMmyirmiro. Crioctepiraiite kpusi Toku 1T,
DJIC €2 , nanpyru Ud cTpymu akKTHBHOI i €MHICHOT raiy3eil HaBaHTa)KCHHS
(Ir, Ic) Ha expani BipTyaimbHOTO OcImiIorpada.

HocnipkyiiTe BIUIMB BEIMYMHU KyTa KEpPyBaHHS Ha CTPYMH
Hapyru y BUOPSAMIISAYI.

HocnipkyiiTe BIUTMB TapamMeTpiB HaBaHTAXKEHHS Ha CTPYMH
HANpYTH y BUIPSAMIISIYI.

=ic

=i¢

4.2 MozenoBaHHS HEKEPOBAHOT0 TPU(PA3HOI0 MOCTOBOI0 BUIIPAM.IAYA

30epiTh MOAEIb BIAMOBIIHO 10 puc. 4.3
YcraHoBute mapametpu OJIOKIB BiAMOBiAHO 10 puc.4.3.
[MTapametpu 610Ky Universal Bridge:

Number of bridge arms - 3;

Port configuration - ABC as input terminals;
Rs=2000 Ohms;

Cs=inf;

Power electronic device - diodes;

Ron=5e-4 Ohms;

Lon=0 H;

Vf=0.8 V;

Measurements - all voltages and currents.

Hactpotite mapamerpu 60kiB Multimeter BigmoBiaHo 10 IXHIX BHXiZHHX
CUTHANIB, TokazaHuMH Ha puc. 4.3. [nsa onepxkanHs mectudasHoi
cucremu mirianx DJIC Ha Buxoxai 6moky Multimeter2 nepenecits miHikHi
O/JIC y mpage BikHO (BIKHO Bi0OpakyBaHUX CUTHAJIIB) 1BA pa3H: 31 3HAKOM
«+» 1 31 3HAKOM «-».
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ITapametpu cumysii:

Start time = 0.0; Stop time = 0.6;

Type - variable-step; ode 23t(mod.stiff/Trapezoidal);
Max step size = 0.00001.

[HII1 MapaMeTpr 3a 3aMOBUIYBaHHSIM.

3amycTuTe mpolec CUMYISALil # mpoaHamizydTe il pe3ynbTaTH.
OpepXuTe OCIIJUIOTpPAaMMBI CTPYMIiB 1 Hampyr Ha OCTaHHBOMY TMepiofi
HaATIPYTH MEPEexKi.

Po3paxyiite yac, 3a AK€ MpOLEC JOCATHE KBa3UYCTAHOBUBILETOCS
crany. Po3paxyiiTe il ycTaHOBUTE MapaMeTpU HABAHTAKEHHS TAKUM YHMHOM,
mo0 Tporec yCcTaHOBUBCA 3a 3amanmid dac cumyisimii 0.06 cek i cTpym
HaBaHTA)KCHHS 3aJIMIIABCS 17€aTbHO 3TIaPKEHHIM.

4.3 Mogen0BaHHS HEKEPOBAHOI0 TPH(PA3ZHOT0 HYJILOBOI0 BUIIPAMJIAYA
i3 TpancopMaTOPHUM BXOAOM

30epiTh MOJIEIb BIAMIOBIAHO 10 pUCYHKA 4.4,
[TapameTpu HaBaHTa)KeHHS 3a3Ha4eHi Ha puc.4.4.
[MTapametpu 610kiB Diode (VD1, VD2, VD3):
Ron=1e-2 Ohms;

Lon=0;

Vi=0.8 V;

Ic=0;

Rs=10000 Ohms;

Cs=inf.

ITapameTpu 610Ky Tpua3HOTO HKEepesia >KUBIICHHS:
Phase-to-phase rms voltage - 380 V;

Phase angle of phase A - 0 deg;

Frequency - 50 Hz;

Internal connection - Y;

Source resistance - 0.1 Ohms;

Source inductance - 0.

[Mapametpu Onoky Tree-phase Transformer (two windings) (ma
mai. 380/140 V 10kVA) HaBezieHi 10 BiTHOCHUX OAUHUIL. Mozemtoema
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cxemMa 3aMillleHHd TPEACTABJICHA 1IeadbHUM TpaHCHOpMATOpoOM 3
BUHECEHHUMH €JIEeMEHTaMH, IO XapaKTepPHU3yIOTb BTpPaTd B OOMOTKax
(R1,R2), nmorokm po3scitoBanHs obomotok (L1,L2) 1  maHmror
HamarHiuyBaHHs Tpancpopmaropa (Lm,Rm).
BinHocHI mapameTpu MOXHa po3paxyBaTd 3a HAcCIIOPTHUM JaHUMHU

tparcdopmaropa SH, Uk3%, Px3, Po, [0% y Takuii cioci6:

bazoBwii omip

RO=U/l1p;

Howminaneauit cTpyM nepBUHHOT OOMOTKH

l1h=Sh/ Usp;

KoedimieHT MOTYKHOCTI PU KOPOTKOMY 3aMUKaHHI

cos@y= P/( Ux3%" Sp);

[ToBHUi1 omip KOPOTKOTO 3aMUKAHHS

Z.= Uk3%" RO;

AKTHBHHH OTTip KOPOTKOTO 3aMHUKaHHS

M= Zis' COSPy;

PeakTuBHHH  OIip KOPOTKOTO 3aMUKaHHSI

Xis= Ly SINQy;

BigHOCHI onopu mepBUHHOI if BTOPHHHOT 0OMOTOK

R1=R;=r,/(2 RO);

BigHOoCHI 1HZYKTHBHOCTI PO3CilOBaHHS TEPBUHHOI U BTOPHUHHOI
00MOTOK

L:=L>= X./(2 RO);

BigHocHI omip # iHAYKTHBHICTH JIAHIIOTa HAMArHiYyBaHHSI

Rmzl_mz SH/P0.

Y MozgenmoeMoil cxeMi PEKOMEHJIYEThCS BCTAHOBHTH HACTYIIHI

3HAYEHHS MMapaMeTpiB TpaHchopMmaTopa:

Pn(VA), fn(Hz) - [50e3, 50];

Winding 1 (ABC) connection - Y;

V1 Ph-Ph (Vrms), R1(pu), L1(pu) - [380, 0.004, 0.02];

Winding 2 (abc) connection - Yn;

V2 Ph-Ph (Vrms), R2(pu), L2(pu) - [140, 0.004, 0.02];

Rm=100(pu);

Lm=100(pu);

All measurements.
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Crpymu i Hanpyru, BuMiptoBani Oiokamu Multimeter, 3a3naueni
Ha puc. 4.4.
[MapameTpu cumymsLii:
Start time = 0.0; Stop time = 0.12;
Type - variable-step; ode 23t(mod.stiff/Trapezoidal);
Max step size = 0.00001.
[HII1i mapaMeTpu 3a 3aMOBUYBaHHSIM.
CuMmymioiiTe eneKTpOMarHiTHI mporecu B cxemi. Jlocmimkyiite
BIUIMB TapaMeTpiB HaMarHidyBaHHS Ha XapakTep CTPyMiB 1 Hampyr y
MepEeTBOPIOBAYI.

4.5 3micrt 3BiTY 1O J1a00opaTOpHiil podoTi

3BiT N0 TabopaTopHili poboTi ohopMIIIETECS HA KOMITIOTED T
MOBUHEH MICTHUTH:
1) HasBy, Temy i 1inb poboTH;
2) JocmimkyBani Mojesi BiamoiaHo a0 mi.4.1-4.4;
3) MHiarpamu pe3ysbTaTiB CUMYJISIIIT €IEKTPOMArHiTHUX MPOIIECIB y
cxeMi 1 1aHi MU POBUX BUMIPIOBaJIbHUX TPUIIAIB;
4) Pe3syiabpTaTi pO3paxyHKIiB;
5) BuBOaM TOBHHHI MOSCHIOBATH PE3yJIbTaTH CKCIICPUMEHTIB.

5 IABOPATOPHA POBOTA Ne 5

Tema: OpHOkaHaJdbHA Ta  JBOKaHAJbHA CHCTEMH BEPTHKAIBHOTO
KepyBaHHS IPUCTPOIB CHIIOBOI EJIEKTPOHIKH.
Hinb: MonemoBaHHS cucTeM KepyBaHHs 3a joroMororo nakery Simulink.

5.1 IIpuHIMI BEPTHKAJIBHOIO0 KepyBaHHA

OpHi€el 3 HAMBAXKIMBIIIUX 0COOIUBOCTEH KEPOBAHOTO BHUIIPSAMIISYA €
HOro 3aTHICTH PETYIIOBATH CEPEHE 3HAUCHHSI BUIIPSIMIICHOT HAIIPYTH TIPU
3MiHI KyTa KepyBaHHs o. [Ipu 3miHi kyTa o Bix 0 mo 180° BuxigHa Hampyra
Ud nepeTBOproBada peryItoeThCs BiJi MAKCUMAIBHOTO 3Ha4YeHHS Ugm 110 0.
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Hns peamizarii ¢a3oBoro KepyBaHHSI CITy’KUTh CHCTEMa KepyBaHHS
nepeTBoproBadyeM. PosrissHeMo  BepTHKAIBHUN  cmoci®d  KepyBaHHS,
3aCHOBaHMH Ha TOPIBHAHHI OMOPHOI HANpyrd MHIKOMOAiIOHOT (opmu i
MOCTIHOT HAIlPyTH CUTHaNy KepyBaHHA. PiBHICTH MUTTEBMX 3HA4Y€Hb IHX
Hampyr Bu3Hadae (asy o, MpH Kl cxemMa BHPOOISIE IMITYyIBC, SIKUM
3aITyCKa€eThCs TeHepaTop-hopMyBad iIMITYJIBCIB, MO BKIFOYAIOTh THPHCTOP.
3miHa (a3 o Kepyrudoro iMIyibCy AOCITAETHCS 3MIHOIO PIBHSI OMOPHOI
Harpyrd. OyHKIIOHATbHA cXeMa TaKoro KepyBaHHsS HaBeleHa Ha puc.S.la,
a jiarpamu - Ha puc.5.10.

OnopHa Hampyra, 010 BUpOOJIsie TeHepaTop MUIKOMOAIOHOT HANpyTH
SVG (Sawtooth Voltage Generator) i CHHXpOHI30BaHE 3 HAIIPYTOH MEPEKi
Us 3a momomororo npuctporo cuaxponizamii SU (Synchronization Unit),
nogaetecsi Ha cxemy mnopiBasHHI CU (Corporation Unit), Ha sKy
olHOYacHO HaaxoauTh curHan kepyBanHs Ucon ( Control Voltage).
Curnan 3 Buxony CU HagxoIuTh Ha reHepaTop iMITynsciB kepyBanas CPG
(Control Pulse Generator), moTim - Ha po3MoAUTEHUK iMITynbeiB PD (Pulse
Distributor), Ha ¢popmyBau immyibciB kepyBanHsi GPF (Gate Pulse Former),
3BIIKM y BHUTISAII TOTYXXHOTO, IO BOJOJMIE€ KPYyTHUM (POHTOM i
perymupyemMoro 1mo ¢asi iMIyiabcy MoJaeTbess Ha KEPYHOUYHH ENeKTPO.
Jlamana ctpinka mix 6iokamu PD it GPF mo3nauae ransBaHiuHy pO3B'S3KY
MK CHCTEMOIO KEPYBaHHS i CHIIOBOIO CXEMOIO.

CucremMH  KepyBaHHS MOXYTb OyTH  OJHOKAaHAJbHUMH |
OaraTokaHaJIbHANMHU.

BaraTtokananbHa  cHcTeMa  BePTHKAJIbHOIO  KepyBaHHS
OyIyeThCsl TaKUM YHMHOM, IO KOKEH KEepOBaHWU CHUJIOBHH mpubop (abo
rpyna mnpuOOpiB) Mae He3aJleXHy BiJl iHIMX mnpubopiB (abo rpymnu
npuOOpiB) amapaTtHy cHCTeMy (OPMYBaHHS IMITYJILCIB KEpyBaHHS, TOOTO
YHCIIO KaHANIB KEpyBaHHS JIOPIBHIOE 4YHCIY  KEPOBAHUX CHJIOBUX
npudopiB.

Ha Bux0/1i 0M1HOKAHAJIBLHOI CUCTEMH BEPTHKAJIBLHOTO KEPYBaHHS,
IO Ma€ OJIHy amnapatHy cucreMy (OpPMYBaHHS IMITyJbCiB (OJIUH KaHAI
KEepyBaHHA), BHUPOOJSETHCS IOCIIAOBHICTh IMITYyJIBCIB KepyBaHHS BciMa
TUPUCTOpPaMH CHJIOBOT cxemH. [IoTiM mi iMITyJbCH PO3NOAIISIOTHCS 3a
JIOTIOMOTOI0  CTICTIAIbHUX TIPUCTPOIB (PO3MOAUILHUKIB IMITYJIBCIB) Ha
reHepatopu-hopMyBadi KEpYIOUHX iIMITyJIbCIB U1 KOKHOTO THPHCTOPA.
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5.2 MoaeJil0oBaHHSI ABOKAHAJBHOI CUCTeMH KePyBAHHS OAHO(AZHUM
MOCTOBHM BHIIPSIMJISTYeM

30epiTh MO/IEIH BiATIOBIAHO IO PUCYHKIB 5.2 # 5.3.

[Tapametpu 610Ky Universal Bridge:
Number of bridge arms - 2;

Port configuration - ABC as input terminals;
Rs=1e5 Ohms;

Cs=1e-6 F;

Power electronic device - thyristors;
Ron=0.001 Ohms;

Lon=0 H;

V{=0.8 V;

Measurements - all voltages and currents.

st cunosoi cxemu (puc.5.2):

[MTapametpu 610kiB €2(t), Ld i Rd 3a3naueni na mai. 5.2.
[MapameTpu cUMyIIALIIT:

Start time = 0.0; Stop time = 0.04;

Type - variable-step; ode 23t(mod.stiff/Trapezoidal)

Max step size = 0.00001.

[HI1i MapaMeTpu 3a 3aMOBUYBAHHSIM.

s cucremu kepyBanHs (puc.5.3):

baoku Hit Crossing (HC):

Hit crossing offset - 0;

Show output port;

Enable zero crossing detection;

Hit crossing direction: for HC — falling; for HC1 — rising.

bnoxu Relay:

Switch on point - 0;

Switch off point - -0.01;

Output when on: for Relay2, Relay3 — 18000; Relay, Relayl —1;
Output when off - 0;
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broku Integrator:

External reset - rising;

Initial condition source - internal;
Initial condition - O;

Absolute tolerance - 2e-4;
Enable zero crossing detection;

3ammyctute nporec cumyiimii. [losicauTe mpuHIMIT poOOTH CHCTEMH
KepyBaHHS BiJIOBITHO JI0 AiarpaM OIOKY Scope MiJICHCTeMH.

3MiHUTE MiACUCTEMY TAaKUM YHHOM, 1100 OJIep>KaTH Ha BUXO1 BY3bKi
IMITYJIbCU KEPYBaHHSI.

5.3 MopaeaioBaHHSI OJHOKAHAJIBHOI CHCTEeMH KepyBaHHS OHO(a3HIM
MOCTOBMM BHIPSAMJISIYEM

30epiTh migcUCTEMY KepyBaHHS BiIMOBITHO 10 pHc 5.4.
HacTporoBanHs 0JI0KiB MPOBECTH BIAMOBIIHO J0 pUC.5.4 1 BKa3iBOK,
JaHWMH B 1I. 5.2.
3amycture mpouec cumymsnii. [loscHure mnpuHmMn poGoTH
CHCTEMH KepYBaHHS BiJIIIOBIJHO JI0 AiarpaM OJIOKY Scope miJicucTeMH.
3anpornoHyeTe CBii BapiaHT MO MiICUCTEMU KePYBaHHS.

5.4 3mict 3BiTY IO J1a00opaTOpHiil podoTi

3BiT mo naboparopHiii poOOTI ohopMIIETECS Ha KOMM'OTepi U
MOBUHEH MICTHUTH:

1) Ha3sBy, Temy it e poOoTH;

2) JocmimkyBani Moeni Biamosiguo a0 mm.5.2 - 5.3;

3) Hiarpamu pe3yJbTaTiB CHUMYJIAIIl €ICKTPOMATHITHHX TMPOIECIB Y
cxeMi i alropuTMy poOOTH CUCTEM KEpyBaHHS;

4) TanuBimyanbHO pO3pOOJCHI MOIeNni MiJCHCTEM KepyBaHHS 3
JiarpaMamu pe3yibTaTiB CUMYIIAIIT €JIeKTPOMAarHiTHUX TPOIECIB Y
cxemi i aropuTMaMu poOOTH CUCTEM KEPyBaHHS.
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6 IABOPATOPHA POBOTA Ne 6

Tema: MojnenroBaHHs aBapiiHUX TPOIECIB Y Tpu]a3HUX HEKEPOBAHUX
MPUCTPOSX CUIIOBOI CIICKTPOHIKH.

Hinb: JocnimkeHHs peXUMiB 30BHIIIHFOTO ¥ BHYTPIITHHOTO KOPOTKOTO
3aMUKaHHS HEKEPOBAHOTO BHUITPSMIITYA

6.1 MopneaoBaHHS 30BHIIIHBO0T0 KOPOTKOI0 3aMHKAHHSA TPU(a3HOTO
MOCTOBOI0 HEKEPOBAHOI'0 BUIIPAMJISTYA

30epiTh MOJICIb BIAMIOBIAHO 10 pUCYHKA 6.1,

ITapameTpy HaBaHTaXKEHHs, JpPKEpesaa >XUBJICHHS N IIPUBEICHUX
¢hazHux

oTopiB MoKka3aHi Ha puc.6.1.

[Tapametpu 610Ky Universal Bridge:

Ron=5e-4 Ohms;

Lon=0;

V{=0.8V;

Rs=20 Ohmes;

Cs=inf.

IMTapamerpu 6ioky Breaker:
Ron=0.001 Ohms;

Initial state - O;

Rs=1e6 Ohms;

Cs=inf;

Switching times - [1.02] s.

[MapameTpu cumyJIsIIii:

Start time = 1.0; Stop time = 1.08;

Type - variable-step; ode 23t(mod.stiff/ TR-BDF2);

Max step size - 0.00001;

[HIIi MapaMeTpu 3a 3aMOBUYBaHHSIM.

Tenep 3amycture Monenb Ha cuMmyisiito. CrocTepiraiite Kpusi
CTPYMIB iHAIpPyT y CXeMi Ha eKpaHi BipTyaJIbHOTO ocImIorpada.
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Hocmimite BmmmB Ra i La wa xapakTtep aBapiiiHUX CTpyMiB y
BHITPSIMITSI.

HocnigitTe BIJIMB MMOYaTKy aBapii Ha yAapHi aBapiliHI CTpyMHu
BEHTUIIB.

6.2 MopeiroBaHHSI BHYTPIlIHBOT0 KOPOTKOr0 3aMHKAHHA TPH(A3HOTO
MOCTOBOI0 HEKEpPOBAHOT0 BUIPSIMJISTYA

30epiTh MOJEIH BIAMOBIIHO J0 PUCYHKIB 6.2, 6.3, 6.4.

[TapaMeTpr HaBaHT@KCHHS, JDKEpesia JKUBICHHS ¥ HaBEICHHX
(ha3HUX OMOPIB MOKa3aHi Ha puc.6.2.

[Tapametpu 610Ky Diode:

Ron=0.001 Ohms;

Lon=0;

V=0 V;

Rs=1e5 Ohmes;

Cs=inf.

IMapamerpu 6;oky Breaker:

Ron=0.001 Ohms;

Initial state - O;

Rs=1e6 Ohms;

Cs=inf;

Switching times - [1.02+0.01/6] s.

[MapameTpu cUMYIIALLIT:

Start time = 1.0; Stop time = 1.06;

Type - variable-step; ode 23t(mod.stiff/ TR-BDF2);
Max step size - 0.00001;

a1 mapaMeTpu 3a 3aMOBUYBaHHSIM

3armycTuTe MOJIeNIb Ha CUMYJIALII0, 100 OAep:KaTH KpUBI CTPYMIB i
HANpYT y CXeMi Ha eKpaHi BipTyaJbHOTO ocrmiorpada.

Hocnimkyiite BrumB Ra i La Ha Xxapaktep aBapiiiHUX CTpyMiB y
BUTIPSAMIISYI.

JocmimkyiiTe BIUTMB IOYATKy aBapii Ha yIapHI aBapiiHi CTPyMH
BEHTWJIiB. 3HAWAITh Taki MapaMeTPH CIEMEHTIB CXEMH, NpPH SKUX
aBapiiHMil cTpyM He mnepepuBaerbes. [loscHute, sk U sKi mapamerpu
CHJIOBOT CXEMH BILIMBAIOTh HA JaHMi (HaKkTop.
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Pucynok 6.4 — Mogens migcucremu st Binoopaxenns dasaux EJIC SubSystem Phase
EMF

6.3 3mict 3BiTY IO J1abopaTOpHiil podoTI

3BiT 1Mo naboparopHiii poOOTI ohopMIIETECS Ha KOMM'OTepi MU
MMOBUHEH MICTHUTH:
1) HasBy, Temy i 1isib po6boOTH;
2) JlocmimkyBaHi MoJesi BiAmoBigHo 10 m.6.1-6.3;
3) Jliarpamu pe3yabTaTiB MPOBEICHUX TOCITIHKEHD;
4) BuBOAM TOBHHHI MOSCHIOBATH PE3YJIbTATH €KCIIEPUMEHTIB.

7 JABOPATOPHA POBOTA Ne 7

Tema: MojemoBaHHs aBapiiHUX TPOILECIB y TpU(Pa3HHX KEPOBAHUX
MIPHUCTPOSX CUIIOBOI eNleKTpoHiku. YacTuHa 1.

Hins: ocmimxeHHs pEeXUMIB 30BHIIIHBOTO KOPOTKOTO 3aMHUKaHHS
KEpOBAHOT O BUIPSAMIISUA.

7.1 MopenoBaHHS 30BHIIIHBOI0 KOPOTKOI0 3aMUKAHHS TPU(a3HOTO
MOCTOBOI'0 K€POBAHOT0 BUNPAMJIsAYA 0e3 0J10KyBaHHS KepyBaHHA

306epiTh MOAECITH BiITOBITHO IO pucyHKa 7.1.
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[MapaMeTpu HaBaHTaXXCHHS, JDKepella J>KUBJICHHA W TPUBEICHUX
(ha3HuX omipMB Moka3aHi Ha puc.7.1.

[Mapametpu 6mokiB VSI1 - VS6:
Ron=1e-3 Ohms;

Lon=0;

V=0 V;

Rs=20000 Ohmes;

Cs=inf.

IMapamerpu 61oky Breaker:
Ron=0.001 Ohms;

Initial state - O;

Rs=1e6 Ohms;

Cs=inf;

Switching times - [0.02+0.01/6] s.

[Mapamerpu cumMymnsIii:

Start time = 0.015; Stop time = 0.045;

Type - variable-step; ode 23t(mod.stiff/Trapezoidal);
Max step size - 0.00001;

[HIIi MapaMeTpu 3a 3aMOBUYBaHHSIM.

3amyctute Mojens Ha cumyisidito. Crocrepiraiite KpuBi (hazHUX
Hanpyr Ea,Eb,EC, iMmynbcu kepyBaHHS, IO TOMAIOTHCSA HA THPUCTOPH
VS1 -VS2, crpymu BentwiiB |ty — It 1 Hampyra naBanTaxxenHs Ud Ha
ekpaHi BipTyanbHOro ocuuiorpada Scope. JleraaizoBaHi OCHUIUIOTPaMbI
Ea,Eb,Ec it I1; — I+ BimoOpaxkae Scopel.

OOyMOBTE CTPYMH YCTaBKH CHUCTEMH 3aXHCTy JUIA OJOKYBaHHS
iMmynbeciB  kepyBaHHA 10 1-if komytamii (lyeq) 1 Mk 1- # 2-if
KOMyTamisIMH (lyer2).

JlocnipkyiiTe BIUIMB KyTa KEpyBaHHS O HA yJIapHi CTPYMH BEHTHIIIB.

OpepxuTe KpUBi aBapiiHUX CTPYMIB HpU KEpyBaHHI IIUPOKHUMHU
iMoynbcamu. Jiis 1mporo BCTaHOBUTE mapamerp Omoky Synchronized 6-
Pulse Generator

Pulse width - 100 deg.

3piBHAETE CIieHapii pO3BHTKY aBapii MpuU KepyBaHHI BY3bKUMHU U
MIUPOKUMH IMITYJIbCAMH.
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7.2 Monei0BaHHS 30BHIIHHOTI0 KOPOTKOI0 3aMHKAHHS TPH(a3HOT0
MOCTOBOI0 KepOBAHOT0 BUIPAM.IAYA i3 0J10KYBAHHSAM KepyBaHHS

30epiTh MO/IETH CHIIOBOI CXEMH BIATIOBITHO A0 pUCyHKa 7.2.
[MapameTrpu OJIOKIB CHIIOBOI CXEMH BiJIIOBiNat0Th puc.7.1.
ITapamerpu tupucropis (0aoku VS1 — VS6) 3a3naueHi B 1. 7.1.

[Tapametpu 610Ky Relay:
Switch on point - 0.01;
Switch off point - -0.01;
Output when off - 0;
Output when on - 1.

YcranoBure napametp onoky Hit Crossing:
Hit Crossing offset - lyey;

3amycture Monens Ha cumyisinito. Crocrepiraiite kpusi (hazHuX
Harpyr Ea,Eb,Ec, immysnbcu kepyBaHHS, IIO MOAAIOTHCS HAa THPUCTOPU
VS1 - VS2, crpymu BentwiiB It — lvg i Hampyra naBanTaxxenus Ud Ha
ekpaHi BipTyanpHOTO ocumiorpada Scope. JleranizoBaHi OCIHILIOTPaMBI
Ea,Eb,Ec it I1; — I+ BizoOpaxkae Scopel.

VYcranosute napametp onoky Hit Crossing:

Hit Crossing offset - lycq;

[ToBTOpPHTE CUMYJIALIIIO.

3piBHSETE ClIeHapii pO3BUTKY aBapii i yJapHHUX CTPYMIB THPUCTOPIB
0e3 OoKyBaHHS MOAavi IMITyJIbCIB KepyBaHHS W pe3yJibTaTH BipTyaJbHUX
EKCIIEPUMEHTIB 13 1BOMa CIIoco0aMu OJIOKYBaHHS.

7.3 3micr 3BiTY 1o J1abopaTopHiii podoTi

3BiT mo nabopatopHiii poOOTi opopmiseETbCs Ha KOMM'IOTEpi MU
MMOBHHEH MICTHUTH:
1) Hassy, Temy i 1isib po6OTH;
2) JocmimkyBaHi Mo/l BiAMOBIAHO a0 mi.7.1-7.2;
3) Jliarpamu pe3yabTaTiB IPOBEICHHUX TOCTIKEHE;
4) BuBOIM TOBHHHI MOSICHIOBATH PE3YIILTATH €KCIIEPHUMEHTIB.
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8 IABOPATOPHA POBOTA Ne 8

Tema: MojenoBaHHS aBapiiHUX MPOIECIB y TpU(a3HUX KEPOBAHHUX
MIPUCTPOSX CHIIOBOI eJIEKTpOoHikK. YacTuHa 2.

Hinb: [ocmimkeHHS peXUMIB BHYTPIIIHBOTO KOPOTKOTO 3aMHUKAHHS
KEPOBAHOTO BUIIPSAMIISIYA.

8.1 Mope/1loBaHHSI BHYTPIIIHBOI0 KOPOTKOI0 3aMHKAaHHA TPH(A3HOTO
MOCTOBOI0 KEPOBAHOT0 BUIIPAMJIsiYa 0e3 0JIOKYBaHHSI KepyBaHHS

30epiTh MO/IEIH BiAMIOBIAHO 10 pUCYHKa §.1.

[TapameTpn HaBaHTaXEHHs, JDKEpela JKHUBICHHS W IIPHBEICHHUX
(ha3HuX omopiB Moka3axi Ha puc.8.1.

[Tapamerpu 6mokiB VSI1 - VS6:

Ron=1e-3 Ohms;

Lon=0;

V=0 V;

Rs=20000 Ohmes;

Cs=inf.

[MTapametpu 610Ky Breaker:
Ron=0.001 Ohms;

Initial state - O;

Rs=1e6 Ohms;

Cs=inf;

Switching times - [1.02+0.01/6] s.

[TapameTpu cuMyIALii:

Start time = 1.0; Stop time = 1.06;

Type - variable-step; ode 23t(mod.stiff/Trapezoidal);
Max step size - 0.00001,;

a1 mapaMeTpu 3a 3aMOBUYBAaHHSIM.

3anycture Moneidb Ha cumysamito. Crocrepiraiite Kpusi (asHHX
Harpyr Ea,Eb,EC, immynbcu kepyBaHHS, IO MOAAIOTHCS HAa THPHCTOPU
VS1-VS2, crpymu BentuiiB |t — l1g i Hanpyra naBanraxenns Ud Ha
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eKpaHi BipTyanbHOro ocipiorpaga Scope. [letanizoBaHi OCHMIOTpaMu
Ea,Eb,Ec it I1; — l+¢ BimoOpasxkae Scopel.

BusHaunte CTpyMH YCTaBKM CHUCTEMH 3aXHUCTy Uil OJIOKYBaHHS
iMmyneciB  kepyBaHHA 10 1-if xomytamii (lye) 1 Mk 1-H # 2-i
KOMyTamisiMH (lyerz).

HocmimkyiiTe BIUIMB KyTa KEpyBaHHS 0. HA YIapHI CTPYMH BEHTHUIIB.

8.2 MoaenoBaHHA BHYTPIlIHHOr0 KOPOTKOI0 3aMHUKaHHSA Tpuda3Horo
MOCTOBOI'0 KEPOBAHOI'0 BUNIPSAMJIAYA i3 0JIOKYBAHHSAM iMIIyJIbCIB KepyBaHHS

30epiTh MOJICTH CHJIOBOT CXEMU BIAMOBITHO 10 pUCYHKa 8.2.
[TapameTrpu OJIOKIB CHIIOBOI CXeMH BiJIMOBiNalOTh puc.8.2.
[Mapamertpu Tupuctopis (6moku VS1 — VS6) ykazani B 1. 8.1.

[MTapametpu 610Ky Relay:
Switch on point - 0.01;
Switch off point - -0.01;
Output when off - 0;
Output when on - 1.

VYcranosure napamerp Ooky Hit Crossing:
Hit Crossing offset - lye;

3amyctute Mojens Ha cumylnsinito. Crocrepiraiite kpuBi (asHuX
Harpyr Ea,Eb,EC, immynbcu kepyBaHHS, IIO MOAAIOTHCS HAa THPHCTOPU
VS1 - VS2, crpymu BentwiiB |ty — v 1 Hampyra naBanTaxenus Ud Ha
eKkpaHi BipTyanpHOro ocuuiorpada Scope. JleranizoBaHi OCIHHIOIPaAMH
Ea,Eb,Ec ii I+, — I+ BigoOpaxae Scopel.

VYcranoBure napametp ooky Hit Crossing:
Hit Crossing offset - lycr;

IToBTOpHTE CUMYIISIIITO.

3piBHAETE CIleHapii pO3BUTKY aBapii ¥ yoapHHUX CTPYMIB THPUCTOPIB
0e3 OoKyBaHHS MOAavi IMITyJIbCIB KepyBaHHS i pe3yibTaTH BipTyaJbHUX
eKCTICpUMEHTIB 13 TBOMA CIIoco0aMu OJIOKYBaHHS.
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8.3 3wmicr 3BiTY 1O J1aGopaTopHiii podoTi

3BiT 1o JabopaTopHili poOOTi oQOopMIIETECS Ha KOMITTOTEpI
MMOBUHEH MICTHUTH:
1) Hassy, Temy ii i po6oTH;
2) JocmimkyBaHi Moei BiAmoBigHO 10 mi.8.1-8.2;
3) Jliarpamu pe3yabTaTiB IPOBEACHHUX TOCITIHKEHb;
4) BuBOIM MOBHHHI MOSCHIOBATH PE3YJIbTATH CKCIICPUMEHTIB.
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