MoaesiMpoBaHHE NPOCThIX PAANO03JIEKTPOHHBIX
cucteM (cxeMm) B cpege MATLAB

Heanb padoTsl: n3ydeHne uHTEpPeEiica 1 OCHOBHBIX BO3MOKHOCTEH
nporpammMuoro moayiisi Simulink; 3HaKOMCTBO ¢ pa3aenamu OHOIUOTEKH
SimPowerSystems, npegHa3HAYEHHBIMUA [JI1 MOJEIIMPOBAHUS SIIEKTPO-
IHEPreTUUYCCKUX OOBEKTOB.

Pa6oyee 3agaHue

MATLAB no3BosisieT mpoBOAUTh B JUAJIOTOBOM PEKUME BU3YAJIb-
HbI€ MCCJIEIOBAHMS BO BPEMEHHU (BU3yalbHOE MPOrpaMMHUPOBAHUE) AUHA-
MUYECKHX XapaKTEPUCTUK HEITMHEWHBIX CHUCTEM C MOMOIIBIO MPOrpPaMM-
Horo Mmoayisa Simulink. Ilpu sTOM Mozaens wHcCCaEayEMOW CHUCTEMBI
IPEACTABIISIETCS B BUJE S-MOJENHN U COXpaHAETCs B (paiiie ¢ paciiupeHu-
eMm .slx (mms 6osee paHHUX Bepcuit — ¢ pacmuperrem .mdl).

Mopaenu co3matorcst mo TexHonorun Drag-and-Drop (nepetrsinu
U OCTaBb) W3 OTIEIbHBIX OJOKOB (Momysei). CaMu MOIYIH XPaHSATCS
B Oubnmorekax mporpammHoro monyis Simulink, koTtopsie uMmeroT ue-
PapXUUECKYI0 CTPYKTYPY M MOTYT PacCIIMPATHCS IMOJIb30BATENIEM 3a CYET
pa3paboOTKu COOCTBEHHBIX OJIOKOB. Jjisi HAOMIOJCHHS MOACITUPYEMbBIX
MPOIIECCOB MCIOJB3YIOTCS CeUalibHbIe 0J0KU («0030pHBIE OKHAY), BXO-
e B coctaB onoanorek Simulink.

1 3anycture mnporpammy MATLAB ¢ nDoMOmb KOMaHIbI
Home—=>New—=Simulink Model (111 Bepcuu ¢ MeHIO — 3TO KOMaHJa
File=New—Model), B pe3ysbTaTe OTKpOETCS HOBOE MycToe OKHO untitled
(pucyHOK 5.1), B KOTOpOM OyA€T OCYIIECTBIATLCSA COOpKa S-MOJEH.

% untitiedl R

File Edit View Display Diagram Simulation Analysis Code Tools Help
BE’.'F o %E @ x 8 » 10.0 [ Normal v] @ - ﬁ -
| Model Browser = | untitled1 | I
Pl untitledl @ |[Pafuntitledl -
&
E3
=1
| Ready 100% ode45
Pucynok 5.1

50



Bribepute B oTkphIBiIeMcs okHe KomaHay File=>Save As... u co-

xpanute (aitn mox umenem modell Ha qUCKe B CBOEH Marike.

]
2 C nomoinpto kHonku EE (1 Bepcum ¢ MEHIO — 3TO KHOTIKA )

otkpoiite okHO Oubnunoreku Simulink Library Browser (pucyHok 5.2),
B JICBOM YacTH KOTOPOro MpeacTaBiieH mnepedeHb Simulink-oubnuortek,
BXO/SIIIUX B COCTAaB YCTAaHOBJIEHHON KOH(UTypaluu MPOrpaMMHOIO MO-
nysna Simulink. B npaBoii yactu okHa Ha 3aknagke Library: Simulink
B 3aBUCHUMOCTH OT BBIOpAaHHON OMOJIMOTEKH MOMEIIAIOTCSI COOTBETCTBYIO-
M€ MUKTOrpaMMBbl ee pa3fesioB. UToObl pacKphITh NEPEUEHb pa3/eiioB
KaKou-1100 U3 OMOIMOTEK CIIETyEeT BBIINOJHUThH JBOWHOH IIETYOK Ha €€
UMEHH.

Simulink Libran,Browse b | S

File Edit View Help
P, 3 »  Enter search term - A
Libraries Library: Simulink | Search Results: (none) | Frequent 1 | P
“ Simulink i Commaonhy Conti
Commonly Used Blocks :ﬂ " Used Blocks ontinuous
Continuous
Discontinuities Discontinuities j."'_‘— Discrete
Discrete =
Logic and Bit Operations > Logi ;
[Ty ogic and Bit
Lookup Tables 1= Operalions y=flu) Lookup Tables
Math Operations ®
Model Verification — +- Math Model
. e = x 0 ti Werificati
Model-Wide Utilities perations @ erfication
Ports & Subsystems s Model-Wide M #] Pors &
Signal Attributes Utilities $xC Subsystems
Signal Routing = Sional
- 1gna . .
Sinks h Attributes h'? Signal Routing
Sources
User-Defined Functions b . +
- _ =8 Sinks Haw Sources
> Additional Math & Discrete Pl e :1(
> [%al Aerospace Blockset
y C P L S Toolb - User-Defined B Additional Math
DmmunlcaTlgns ystem Toolbox Functions & Discrate
» Computer Vision System Toolbox -

Showing: Simulink

Pucynok 5.2

B 3aBucuMocTH OT BepcuM W BBIOpaHHOW KOH(HUTyparuu Mpo-
rpammHoro moayis Simulink oxkno OuOmmoreku Simulink Library
Browser MoXXeT coaep)kaThb pa3Hoe 4YHcio OubimnoTek. Snpom makera
Simulink sBrsercs ognonMenHas Oubnuoreka Simulink, kotopas npen-
CTaBJISIET COO00M HaOOP BU3yaJIbHBIX OOBEKTOB, IPEAHA3HAYCHHBIX JJISI T1O-
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Ty4yeHUs: GYyHKIUOHAIBHBIX OJIOK-CXeM J000ro yctpoictBa. OcTanbHble
OMOMMOTEKH TPH HEOOXOAMMOCTH MOTYT BKJIIOUATHCS IMOJIh30BaTElIEM
B COCTaB 00111el OMOINOTEKH.

3 O3HaKOMbTECh C OCHOBHbIMU Osiokamu pazzena Sinks (IIpuemuu-
k) Oumbnuoreku Simulink. Ha pucynke 5.3 mokazanbl OJIOKH pazzena
Sinks, KOTOpbIE UCTIONIB3YIOTCS KaK 0030pHBIC OKHA MPU MOJCITUPOBAHUM.
OHU TO3BOJISAIOT YIPABIATH MPOIECCOM MOJCIUPOBAHUS, 00ECTICUMBAIOT
COXpaHEHHE MPOMEKYTOUYHBIX M MCXOJHBIX PE3YJIbTaTOB MOJCIUPOBAHUA.
bnoku paznena Sinks UMEIOT TOJIBKO BXOJIbl 1 HE UMEIOT BBIXO/IOB.

E Simulink Library Browse EE—c-

File Edit View Help
P 3 » | Enter search term ~ G
Libraries Library: Simulink/Sinks | Search Results: (none) | Fri 4| »

4 P3| Simulink -

Commonly Used Blocks —|| =] Display L Fioating Scope
Continuous

Discontinuities > Out1 L] Scope

Discrete

Logic and Bit Operations Sto
P .
Lookup Tables Simulation — Terminator

Math Operations
Maodel Verification untitted. matf To File simeout To Wgrkspace
Model-Wide Utilities
Ports & Subsystems
Signal Attributes

Signal Routing

Sinks

Sources -

1

XY Graph

Showing: Simulink/Sinks

Pucynok 5.3

B kadecTBe 0030pHBIX OKOH IPH MOJICIMPOBAHUHU BBICTYMAIOT ClIe-
nytoiue 0J0ku paszzena Sinks:

— 0JIOK Scope ¢ OJIHUM BXOJOM BBIBOJUT B rpaduueckoe OKHO Irpa-
(UK 3aBUCUMOCTH OT BPEMEHHU M0JIaBa€MON Ha €r0 BXOJ| BEJIMUUHBI;

— 0ok XY Graph ¢ nByms BxojgamMu 0OECHEUMBAET MOCTPOCHHUE
rpadguka 3aBHCHMOCTH MOJCIHUPYEMOU BEIMYHMHBI, MOJaBAEMOW Ha €ro
HW>KHHUM BXOJ1 OT BEJIMYMHBI, IOJaBA€MOM Ha BEPXHUM BXO/I;

— 0ok Display ¢ ogauM BX0A0M IpeaHa3HA4YEH JJII OTOOpaKCHHS
YHCJICHHBIX 3HAYCHUN BXOHON BEINYNHBI.
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JU1st coxpaHeHus pe3yJIbTaTOB MOJIETUPOBAHUS HUCIIOIB3YIOTCS Cle-
nytomue 0J0ku pazaena Sinks:

— To File obecnieunBaeT coxpaHeHUE Pe3yJIbTATOB MOICIUPOBAHMUS
Ha qucke B MAT-daiine;

— To Workspace coxpansieT pe3yJbTaThl MOJEIUPOBAHUSI B pado-
yeM npoctpanctee MATLAB.

JIist ipepbIBaHUs MPOIECCa MOJEIUPOBAHUS MPU BBITIOJHEHUH TEX
WIN UHBIX YCIIOBUM Hcmonb3yercs Ojok Stop Simulation, cpabatbiBato-
IIUI TIPU MTOCTYIJICHUU HA €T0 BXOJ HEHYJIEBOI'O CUTHAJIA.

4 O3HaKOMbTECh C OCHOBHBIMM Osiokamu pasnena Sources (Mcrou-
Hukn) 6ubnuoteku Simulink. Ha pucynke 5.4 mokaszansl 610Ku pasjaena
Sources, npeaHazHaYeHHBIC 1711 POPMUPOBAHUS BXOIHBIX CHUTHAJIOB, KO-
TOpbIE 00ECIEUNBAIOT pabOTy S-MOJIETU B IIEJIOM WJIM OTACIIbHBIX €€ Yac-
TE€W IPU MOJICIIMPOBAHNH.

E it iy .=

File Edit View Help
Pl 3 » | Enter search term ~ % 1%
Libraries Library: Simulink/Sources | Search Results: (none) | 4
4 Cal Simulink ul Band-Limited Chiro Sicnal
Commonly Used Blocks White Noise Irp =1gna
Continuous
Discontinuities @ Clock ’ Constant
Discrete
Logic and Bit Operations :ﬂﬂ Counter Free- “ﬂﬂ Counter
Lookup Tables Running Limited
Math Operations
o - Enumerated
Model Ve_rlflcatl_o_n_ Digital Clock e
Model-Wide Utilities |
Ports & Subsystems 3 - ) From
Signal Attributes From File m Workspace
Signal Routing
Sinks E’? Ground In1
-
User-Defined Functions Pulse /
- . Ram
> Additional Math & Discrete ﬂ-ﬂ Generator .
> P4l Aerospace Blockset
! . P = bl c Toolb M Random M/I Repeating
ommumcajclgns ystem Toolbox b Number Sequence
> Computer Vision System Toolbox
Control System Toolbox V\_\ Repeating Se- hj‘l_l_ Repeating
Y DSP System Toolbox quence Interp... Sequence Stair
> [2al Embedded Coder ZrIe _ _ oooo]  Signal
» [Pl Fuzzy Logic Toolbox Eg ==y Signal Builder oo Generator
> [%al HDL Verifier
Image Acquisition Toolbox a Sine Wave | Step
Instrument Control Toolbox V
Model Predictive Control Toolbox M Uniform Ran-
> [%a] Neural Network Toolbox dom MNumber
Pucynok 5.4
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OHM UMEIOT MO0 OJTHOMY BBIXO/Y, HO HE UMEIOT BXO/IOB.

B nannoii naGopatopHoil paboTe OyayT HCIIOIB30BATHCS CIEAYIO-
e OJIOKU-UCTOYHUKHU:

— Sine Wave renepupyeT rapMOHUYECKHM CUTHAI,

— Pulse Generator — reHepaTop HENPEPBIBHBIX MPAMOYTOJIbHBIX
UMITYJIbCOB;

— Ramp co3maet TMHEWMHO BOCXOASIINK (MM HUCXOISIINM ) CUTHAT
(mu1oo0pa3HbIi);

— Signal Generator co3maer HENMpepHIBHBIA KOJEOATEIHHBIA CHUT-
HaJl OJHOW M3 BOJHOBBIX ()OPM: CUHYCOUJATBHBIN, MPSIMOYTOIbHBIN, Tpe-
YTOJIbHBIN WJIHA CITyYalHbIN;

— Clock (Yacbl) — HCTOYHHUK HENPEPHIBHOTO CUTHAJIA, MPOMOPIUO-
HaJIbHOT'O BPEMEHH MOJICIUPOBAHUS;

— Random Number — UCTOYHUK DUCKPETHOIO CUTHaja, 3HAYCHUS
KOTOPOTO SIBJISIFOTCS CIy4YaWHOW BEIMYUHOMW, PACHPENCICHHOM IO HOp-
MaJIbHOMY (rayCCOBOMY) 3aKOHY.

BJIOKM-UCTOYHUKM MOTYT HAcTpamBaThCA MOJb30BATENIEM, 3a HC-
kimouennem 61o0ka Clock, pabota KOTOporo ocHoBaHa Ha UCIOJIH30BAHUU
anrapaTHOro TaiMepa KOMIBIOTEPA.

5 Tloctporite Onok-cxeMy S-Mojienu, cojepkamier Ojoku Sine
Wave u Scope, nepetsiHyB OJIOKM U3 COOTBETCTBYIOIIMX pa3/iesioB OuO-
JMOTEK. Y CTAaHOBUTE YKa3aTellb MBIIIU B 00J1aCTh BBIXOJHOTO MOPTa OJI0Ka
Sine Wave (nipu 3ToM yka3zaTeiab NPUHUMAET BUJI KPECTUKA) U, YJIEPIKU-
Basi HAXKATOM JIEBYIO KHOIIKY MBIIIIH, IEPEMECTUTE YKa3aTelb K BXOJHOMY
nopty 650ka Scope. [locie oTImyckaHusi KHONMKA MBIIITH TOSIBUTCS COEIH-
HUTEIIbHAS JIMHUSL CO CTPEIKOW Ha KOHIIE, YKa3bIBAIOUIEH HaIpaBIICHHE
nepesayn curaaina (pucyHok 5.5).

f -
*4 modell * - : I {‘='|E|Li&]
File Edit View Display Diagram Simulation Analysis Code Tools Help
%~ 8 =X - R=IENCY = » @ v &~
I| Model Browser = modell
& modell ® |*amodell hd
A - -
[ \V
— | Sine Wave Scope T
4 1 3
Ma=l
Ready 150% oded5
Pucynok 5.5
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6 BrinosiHuTEe 1BOMHOM IETYOK 10 070Ky Sine Wave u ycTaHOBUTE
B MOSBUBIIEMCS OKHE (PUCYHOK 5.0) 3HaU€HHE aMIUTUTYAbl TapMOHUYE-
ckoro curHaina (Amplitude) paBHbIM TpeM, OCTaBUB OCTAJIbHBIE MTAPAMET-
pbI 0€3 U3MEHEHMsI. 3aKporTe OKHO, HaxkaB kiaBuiny OK.

-

Sine Wave -

Output a sine wave: |
O(t) = Amp*Sin(Freg*t+Phase) + Bias |

Sine type determines the computational technigue used. The parameters in the two types are related through:

Samples per period = 2*pi / (Frequency * Sample time)

Number of offset samples = Phase * Samples per period / (2*pi) |

Use the sample-based sine type if numerical problems due to running for large times (e.g. overflow in absolute time) occur.

Parameters |

Sine type: [Time based "

1l

Time (t): |Use simulation time v|

Amplitude:
3

Bias:

0

Frequency (rad/sec):

1

Phase (rad): |
0

Sample time:

0

[¥| Interpret vector parameters as 1-D =

[ OK H Cancel H Help || Apply

Pucynoxk 5.6

7 YcTaHOBUTE MapaMeTpbl MOJCIMPOBAHUSL C MOMOIIBIO KOMAaH/IbI
Simulation—>Model Cofiguration Parameters=Solve. 3agaiite B 00-
nactu Simulation time 3HaueHust HayabHOTO (Start time:) U KOHEUYHOTO
(Stop time:) BpemMeHM B COOTBETCTBMM C pHUCYHKOM 5.7. B obOnactu
Solver options (cM. puCyHOK 5.7) BbIOEpUTE paBHOMEPHBIN IIIar JUCKPETH-
3anun Fixed step u tum rpaduka moaenupyemoro mporiecca odel (Euler).
3anaiite B obnactu Fixed step size 3HaueHue miara TUCKpeTHU3AIMU PaB-
HbIM «0.01».
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E Configuration Parameters: modell/Configuration (Active] | |

Select: Simulation time il
Solver Start time: 0.0 Stop time: 10.0
Data Import/Export =
> Optimization Solver options I
» Diagnostics . Type: [Fixed—step '] Solver: [odel (Euler)
Hardware Implementati...
Model Referencing Fixed-step size (fundamental sample time): 0.01
> Simulation Target
» Code Generation . Tasking and sample time options
> HDL Code Generation
Periodic sample time constraint: lUncon strained
Tasking mode for periodic sample times: [Auto
< | Il | »
(9] [ OK ] l Cancel ] l Help ] l Apply
Pucynok 5.7

8 Haunnrte MozenrpoBaHue ¢ MOMOIIBI0 KOMaHAbl Simulation—Run.
Jlis monyyeHus: nzo0paxkeHusi rpadyika U3BMEHEHHUS BO BPEMEHU CHUTHANa
(pucyHOK 5.8) BBITIOJIHUTE IBOWHOM HIEITUOK 0 OJIOKY Scope.

Time offset: 0

PucyHnok 5.8

[TapameTpsl OKkHa Scope MOXXHO HacTpauBaTh C MOMOIIBbI KHOIOK,
HAXOJIAIIMXCS HAa MaHEIX WHCTPYMEHTOB B BEPXHEHW 4acTU 0030pPHOTO OK-
Ha. Hampumep, mendok mo BTOPOM KHOIIKE NMPUBOAUT K IOSABJICHHUIO HA
JKpaHe JuajoroBOro okHa 'Scope' parameters (pucyHOK 5.9).
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"Scope’ parametersJ ""—_-‘l-":'" =
General || Histary || Style
Axes
Mumber of axes: |1 Floating Scope
Time range: 10 Legends
Tick labels: all -
Sampling
Decimation = |[1

‘ Ok ‘ ‘ Cancel ‘ ‘ Help ‘ ‘ Apply

Pucynok 5.9

VYcranoBute B okHe 'Scope' parameters Ha Bkiagke General:

— konuuecTBo rpaduueckux nosieit (Number of axes — 1);

— MHTEpPBAJI BpeMEHU MojiepoBanus B cekyHaax (Time range — 10);

—noanucu ais Beex ocelt (Tick Labels — all).

Bri6epute u3 cnucka Sumpling B okHe 'Scope' parameters 3Haye-
Hue Decimation u 3anaiite B coceiHeM mpaBoM OkHe 3HaueHue «1», 00o-
3HAYalollee KOJIMYECTBO HHTEPBAIIOB JUCKPETU3AIMH, YEPE3 KOTOPHIE IO~
Jy4YEHHbIE JaHHBIE MOJEIUPOBaHUS OyAyT HCIOIb30BAThCS IS
OCTpOEHHUs rpauKoB.

Ecnu BwiOpaTh u3 cnucka Sumpling B okHe 'Scope' parameters
3HaueHre Sumple time, To B cocenHeM MpaBOM OKHE HEOOXOIMMO yKa-
3aTh MPOMEXYTOK BPEMEHH, KPATHBIA MHTEPBAIy TUCKPETHU3ALMHU, Yepe3
KOTOPBI TIOJyYEHHBIE JAHHBIE MOJETUPOBAHUS OYIyT HCIOJb30BaThHCS
JUTsl TOCTPOEHUS TPaUKOB.

Komannae! Ha Bkinaake Data history B okHe 'Scope' parameters no-
3BOJISIFOT 33/1aTh MAaKCUMaJIbHOE KOJIMYECTBO JIEMEHTOB MAacCHBa JIAHHBIX,
UCIIOJIB3YEMBIX JIJIsl ToCcTpoeHus rpadukos (pucyHok 5.10).

Komannp! Ha Bkiazke Style B okHe 'Scope' parameters mo3BoJistoT
3a7aTh UBET 11l Purypsl, poHa U Ocei, TUM, TOJNIIUHY U LBET JUHUU, TUI
MapKepa B TOUKaxX JAUCKPETHU3aILMH, UCTIOIb3YEMbIX JIJII MOCTPOCHHUS Tpa-
¢ukoB B okHE Scope (pucyHoK 5.11).
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Bl ‘Scope’ paramete

General

History

Limit data points to last: [1000

|| Save data to workspace

Style

ScopeData
Structure with time -
| Ok | | Cancel | | Help | | Apply

Pucynok 5.10

IS

B 'Scope’ paramete

General

History

Style

Figure color: Axes colors:

Properties for line: |1 v
Linez. |— ¥|1 -
' ' Line width
Marker: none ¥
‘ DK ‘ ‘ Cancel ‘ ‘ Help ‘ ‘ Apply

Pucynoxk 5.11

CpenHsis KHOTIKa £l Ha MaHeJIN WHCTPYMEHTOB OKHa Scope M03BO-
JISI€T aBTOMATUYECKH YCTaHABJIMBATh ONTHUMAIBHBIN MacIiTad OCei.

9 Iloctpoiite OOK-cxeMy S-MOAEIU AMHAMUYECKOW CHUCTEMBI, CO-
nepxkamieid 610k Random Number u 0Onokx Scope (pucyHok 5.12) u
MIOCMOTPUTE COAECPKUMOE 0030pHOr0 OKHa Scope (pucyHok 5.13).
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S0 == =

ER NI R ~
[*a modell v
Y -
F-t.andon-ﬁ Scope
Mumber
Pucynoxk 5.12 Pucynok 5.13

10 IMoctpoiite O10K-cxeMy S-MOAENN TUHAMUYECKON CHUCTEMBI, CO-
nepsxameit 61oku Signal Generator, Clock u XY Graph (pucynok 5.14).

O =

Clock >
XY Graph
gooao
00
Signal
Generator

Pucynok 5.14

11 OTkpoiiTe 0OKHO HacTpoilku mapameTpoB Osioka Signal Generator,
BBITIOJTHUB MO HEMY JIBOMHOM IIETYOK (pUCYHOK 5.15).

Source Block Parameters: Signal Generator —

Signal Generator

Output various wave forms:
Y(t) = Amp*Waveform(Freg, t)

Parameters

Wave form: | sine - |

Time (t): |Use simulation time v|

Amplitude:
2

Frequency:
1

Units: |Hertz -

v| Interpret vector parameters as 1-D

[ OK H Cancel || Help || Apply |

Pucynok 5.15
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B oGnactu Wave form: 3anaiite cuHycOMJaNbHBINA BOJTHOBOW CHI-
Han (sine) ¢ amrumntyaoii (Amplitude), paBHoit AByMm, u yactoToil (Fre-
quency), pasuoit 1 I'm.

12 OtkpoiiTe oOkHO HacTpoiiku nmapameTpoB 0sioka XY Graph, BbI-
MOJIHUB IO HEMY JABOMHOM IIENYOK. 3a/1aiiTe rpaHUlIbl U3BMEHEHUsI 00enX
BXOJIHBIX BEJIMYMH W WHTEpBaN QucKperuzauuu (Sample time:) B cooT-
BETCTBUHU C PUCYHKOM 5.16. 3akpoiite 0kHO, HaxxaB KkiaBuiry OK.

XY scope. (mask) (link) m

Plots second input (Y) against first input (X) at each time step to create an X-Y
plot. Ignores data outside the ranges specified by x-min, x-max, y-min, y-max.

Parameters

¥-min:

0

1

X-MaX:

y-min;

y-max:
3

Sample time:
0.01] N
OK l [ Cancel ] l Help ] [ Apply

Pucynok 5.16

13 Haunure MOJICJTUPOBAHHUE C IIOMOIIBIO KOMAaH/IbI

Simulation—=Run. B pe3ynbTaTe Ha 3KpaHe MOSBUTCS HOBOE OKHO OJOKa
XY Graph (pucynok 5.17).

BximrounTs B 0TY4ET Mo JabopaTopHOil padoTe cojep-

0 KUMOE pabOYHMX OKOH ¢ S-MOJEISAMH, MOJYYCHHBIMH IIPH
muem

BBITIOJTHEHHH TITT. 5—13, a TakKe COOTBETCTBYIOIIHE 0030p-

Hble okHa 0J10k0B Scope u XY Graph.
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Y Axis

Pucynoxk 5.17

14 O3nakoMmbTeCh € pazaenoM 6udimnoreku SimPowerSystems, ko-
TOpasi MpeACTaBIIsIeT cOO0M HaOOp BU3YaIbHBIX OOBEKTOB JJISI MOJICIIUPO-
BaHUS TUIIOBBIX YCTPONCTB CHUIOBON 3IEKTPOIHEPTETUKU, TAKUX KAK DJICK-
TPUYECKHE JABUTATENIN, TEHEPATOPHI, TpaHC(hopMaTopsl, Mpeodpa3oBaTeH,
JIMHUM 3JIEKTPOIIepeaay, a TAKKe 3JIEMEHTbI CUIIOBOM 3JIEKTPOHUKH.

Onementsl u3 pasnenoB Electrical Sources 1 Elements 6ubnuotexu
SimPowerSystems npuBeneHsl Ha pucyHkax 5.18-5.19.

‘ﬁ Simulink Library Browser = E X
File Edit View Help
ke 3 »| Entersearchterm  + §#f§ &4

Libraries Library: Simscape/SimPowerSystems/Electrical Sources

“ ESImEDW?rSYSFemS_ : AC Current AC Voltage

I» Application Libraries Source Source

I» Control and Measurements Library =
| Batery Controlled
Elements = Current Source
Interface Elements Controlled DC Voltage

I> Machines Voltage Source Source
Measurements
Power Electronics

Utilities Ll

- Three-Phase - Three-Phase
. Programmabl... . Source

| - - -
Showing: Simscape/SimPowerSystems/Electrical Sources

Pucynoxk 5.18

61



%ulink Library Bro

File Edit View Help
B T3 = Enter search term ~ + M s

Libraries Library: Simscape/SimPowerSystems/Elements Searc ¢
b Simulink bt e e Bresl O Connection
I &l Aerospace Blockset ol b e Port
[» Communications System Toolbox u
> Pal Computer Vision System Toolbox ~—— . Distributed Pa- L
Control System Toolbaox ————+ famelers Line e
[ DSP System Toolbox T+ ] Grounding 'EIE: i
P Embedded Coder 1 Transformer SlE:  Transformer
& [%a] Fuzzy Logic Toolbox : o g
B — e e
Image Acquisition Toolbox = i :
Instrument Control Toolbox i -%_ Parallel RLC
Maodel Predictive Control Toolbox t Branch
I [l Neural Network Toolbox
OPC Toolbox frd. PerelelRLC = i Section Line
Real-Time Windows Target
Report Generator j! Saturable Series RLC
o YT e
' Robust Control Toalbox 3 &  Transformer Branch

m

I> [%a] SimEvents Series RLC

ey SimRF s W = tiad a—]|||—= Surge Arrester
4 [B] Simscape
I> Foundation Library “t{_!”' Three-Phase :©“ Three-Phase
[ SimDriveline o=l Breaker 4 Dynamic Load

I+ [Pal SimMechanics

Three-Phase ° Three-Phase PI

4 [ SimPowerSystems *

f> S!mEIECTan_'ES :.- Three-Phase Three-Phase

& [*a] SimHydraulics 1 Fault Harmaonic Filter
=l
——
-

L1 =] jf | o L] F: ;
> Application Libraries Mutual Induct... - J. Section Line
> Control and Measurements Library ofn :]* Threa-Phase Three-Phase
Electrical Sources ke - Parallel RLC... {f} Parallel RLC._
Elements - b
L] glm
Interface Elements T 1 fofe Three-Phase Three-Phase
b ; sl cla Series RLC... Series RLC L...
| > Machines
Measurements s ,%E Three-Phase 3 Three-Phase
[ Power Electronics S Transformer (... [ 2= Transformer (...
Utilities = Three-Ph =%  ThreePh
i [Pal Simulink 3D Animation ows el 195 FEEs Tiae
: i : : Transformer._. ELR Transformer |
I ["&] Simulink Coder HES 2
> [a] Simulink Control Design [ T Three-Phase Ex | Ziozag Phase-
I [Pl Simulink Design Optimization = -w vt lransformerl. ... Shifting Tran...
Lt B Cimudink Nacian Varifiar
Pucynok 5.19

O6parute BHUMaHue, 4yTo Mojeinu B SimPowerSystems (P-mMonenn
C p-BXOJaMH M p-BBIXOJIAMHU) UMUTHUPYIOT MPOIECCHl B AJIECKTPUUECKHUX
HEMsAX U OTJIWYAIOTCS OT OOBIYHBIX S-Mojeneil (¢ m-BXoJaMu U C m-BbI-
X0JlaMH ), B KOTOPBIX BXOJIHBIC U BBIXOJIHbIC BEJIMUMHBI HE UMEIOT (pu3nye-
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CKOT'O COJICp)KaHMS, a JUHUHM COCAMHCHUS TIEPEHOCAT HEKOTOPHIA HH(OP-
ManuoHHBIN curHai. [Toaromy P-0710KkM HE MOTYT HEMOCPEACTBEHHO ITO/I-
KJII0YaThCs K S-0JI0KaM.

st cBsa3u P-0JI0KOB ¢ S-0JI0KaMM MCTIOJIB3YIOTCS JIMIIb OT/ICIbHbBIC
osoxku Oubnmoreku SimPowerSystems:

— B pazaene Measurements (pucyHok 5.20) pa3merniatorcsi OJIOKu-
U3MEPUTEIU, UMEIOIINE p-BXOJbl U m-BbIX0jbl (ammnepMmerpbl Current
Measurement, BosibT™MeTpbl Voltage Measurement u 1.1.). 9T 0JIOKH
UMEIOT p-BXOJbI JIJIS TOJKIIOUCHUS U3MEPUTENS K DJICKTPUYECKOM IIEIH,
a TakKe M0 OJHOMY m-BbIXony (B OJIOKEe amIiepMeTpa OH 0003HAYEH «i»,
a B 0JIOKE BOJIbTMETPA — «V»);

—B paznene Electrical Sources pasmerniatorcsi 0JOKM HCTOYHUKOB
AJIEKTPUUYECKUX CUTHAJIOB, UMEIOIIUE M-BXObl U P-BbIXO/Ibl, BXO/IBI.

Esmans oo I -

File Edit View Help
B 3 » | Enter search term ~ 4 G4

Libraries Library: Simscape/SimPowerSystems/Measurements 14

4 S!mMEChamcs 2 i Current o Impedance
4 SimPowerSystems " -|o Measurement % Measurement
> Application Libraries .
> Control and Measurements Library ﬁ Load Flow Bus
Electrical Sources

Elements . = Three-Phase V-
Interface Elements ‘ | | Measurement
> Machines i

Measurements

Power Electronics
Utilities -

W
o

Multimeter

o
H
d

+ Voltage
= Measurement

oo
=
v

m |

Pucynok 5.20

Hpyrue O50Ku, NMpeAHa3HAYEHHbIE ISl TpeoOpa3oBaHusi, B JAHHOU
paboTe HE UCTIOIB3YIOTCS.

15 Co3naiite Mojaenb OJHOKOHTYpHOU RLC-uenb (pucyHok 5.21)
C MCTOYHUMKOM cuHycouganpHoro HamnpspkeHus AC Voltage Source.
B kawectBe RLC-uenu ucnons3yiite 0mokx Series RLC Branch, npen-
CTaBJISIIOUINI OO0 MOCIeA0BATEIbHOE COEIMHEHNE CONPOTUBIICHHUS, UH-
OYKTUBHOCTH M €MKOCTH, KOTOPbIM MOXHO 3aJaTh JIOObIE, B TOM YHUCIIE
HyJIEBbIE M OECKOHEYHO OOJIbIIME 3HAYEHUs IapaMeTpoB (CUCTEMHas
KOHcTaHTa inf).

OtpenakTupyiite 0003HaYEHHS 3JIEMEHTOB HA CXEME B COOTBETCT-
BHUM C PUCYHKOM 5.21.
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. al., ™
J: C|e—
P . Current
5sin(314t)B v >
a
o v Scope
1000m
100 MIH
30 mkD T

o -

Pucynok 5.21

st u3mepeHusi caBura no ¢asze MeXIy BXOAHBIM HapsHKEHUEM
U TOKOM, MPOTEKAIOIUM B IEMH, HCIOJb3YHTEe IBYXKaHAJIbHBIA OJIOK
Scope, Ha BXOJ1bI KOTOPOT'O MOJIAIOTCA CUTHANBI C 71-BBIXOJIOB aMIIEpPMETPa
u BosibT™MeTpa: 0ok Current Measurement u Voltage Measurement
cooTBeTCTBeHHO. 3anaite a1t 6;10k0B AC Voltage Source u Series RLC
Branch 3HadeHus napameTpoB, yKa3aHHbIE B COOTBETCTBYIOIIEM OKHE TMa-
paMeTpoB (pUCYHOK 5.22-5.24).

Block Parameters: AC Voltage Source ﬁ
AC Voltage Source (mask) (link) A

Ideal sinusoidal AC Voltage source.

Parameters

Peak amplitude (V):
5

Phase (deg):

0

11

Frequency (Hz): |

50) |

Sample time:

0

Measurements [None v] 3
OK ] l Cancel ] [ Help l l Apply ]

Pucynoxk 5.22
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@ Block Parameters: ltllﬂum- ;g

Series RLC Branch (mask) (link) 4

Implements a series branch of RLC elements.
Use the 'Branch type' parameter to add or
remove elements from the branch.

Parameters

Branch type: [RLC v

11

Resistance (Ohms):
100

Inductance (H):
0

[] Set the initial inductor current B
Capacitance (F):

inf

[ OK H Cancel ” Help ] Apply

Pucynok 5.23

E Block Parameters: 100 mI'H 20 Ma m
 — wilh

Series RLC Branch (mask) (link)

Implements a series branch of RLC elements.
Use the 'Branch type' parameter to add or
remove elements from the branch.

Parameters

Branch type: ’RLC ~

Resistance (Ohms):
0

Inductance (H):
0.1

[] Set the initial inductor current
Capacitance (F):
0.00003

OK H Cancel ” Help ] Apply

Pucynok 5.24
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16 YcranoBute TpeOyembie mapaMeTpbl MOJCIUPOBAHUS B COOTBET-
CTBYIOIIIEM OKHE (cM. pucyHok 5.7). Haunwmte MopeaupoBaHHE C ITOMO-
mplo0 koMaHasl Simulation=Run, a 3atem ABa)xabl IICIKHUTEC Ha H30-
OpaxxeHuu Oyoka Scope. B pe3ynbTaTe Ha SKpaHE MOSBUTCS HOBOE OKHO
Scope ¢ uzo0OpaxeHUs MU TpaMKOB U3MEHEHUS] BO BPEMEHU TOKA U Ha-
npsbKeHus (pUCyHOK 5.25).

Bsope ol i
S0« RN EaF% -

=100

Time offset: 0

Pucynok 5.25
BxitounTh B OTYET O J1labOpaTOopHOM padboTe coiep-
KUMOE€ pabounX OKOH C MOJIEJISIMU, COOPAHHBIMU INPU BbI-
noHeHuH mm. 14—16, a Takke COOTBETCTBYIOITHE 0030PHBIC

OKHa 0JI0KOB Scope.
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HUHauBuAya/bHOE 3aJaHue

1 Paccuutars B cpene MATLAB as5ieKTpUUeCcKyIO 1I€1b, TPUBECH-
HYIO Ha PUCYHKE, B KOTOPOW B 3aBUCUMOCTH OT HOMEpPA BApUAHTA OTCYT-
CTBYIOT 3JIEMEHTBhI, YKa3aHHBIE B TAOJIUIIE 3HAKOM «—».

€1 () €3

R, R, R;

Ll L2 L3
Cl C2 C3

=

2 [lapameTpsbl leNU B 3aBUCUMOCTH OT HOMEpA BapuaHTa «/NV» uMe-
10T CJIEIYIOIINE 3HAYCHUS:

e = E, sin(o*t + y),

rae ammutyaHbie 3HadeHuss DJIC B BoJIbTaX paBHBI COOTBETCTBEHHO
Elm = N, Ezm = 2N, E3m: 3N,

— HavanpHbIe pa3br IJC (y; = y, = y3) paBabl 0°;

—gacTtoTa Bcex nctounnkoB DJIC paBHa f= N*50 B I'11;

— R =R;=(N+20)Owm; R, =(N+30) Owm;

—Li=L;=02/(N+1)I'm; L,=0,3/(N+ 1) I's;

— C,=50/(N+1)Mx®; C; =C; =100 /(N + 1) mxD.

K pacueTHbIM 3HaUCHUSIM MMAPAMETPOB MPUMEHUTH OOBIYHOE OKPYT-
JIEHHUE C MOMOIIbI0 PyHKIMK round.

3 [locTpouTh MO pe3yabTaraM pacyeTa SJICKTPUUECKOW LIEMUA COOT-
BETCTBYIOIIYIO BEKTOPHYIO AUArpaMMy TOKOB JUIsl JIFOOOTO U3 y3JI0B.

4 CmopnenupoBars B cucreme Simulink paccuuTaHHyro 3neKTpHUye-
CKYIO LIETIb W TIOJYYUTh B OO30PHOM OKHE H300pakeHUE HAMPSLKEHUM,
yKa3aHHBIX B Ta0JUIE B 3aBUCUMOCTH OT HOMEpa BapHaHTA.
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g |9 |2 @ bbb aa] o] e e
1 — - | - uro (1) ug; ()
- - - u3(?) ugs (1)

3 - | - - uc (1) ugs (%)
4 - - - ucs (1) ugy (2)
5 — - | = up(?) ugs (1)
6 — - - uci(9) Uy (1)
7 — — - up(?) Ugy (1)
8 — - - uc (1) ug; (7)
9 — - | - — uo () ugs (1)
10 - il ucx(t) ugs (7)
11 - — - ucs (1) ugs (1)
12 — i ur3 (9 ug; ()
13 - ol up(?) ugs (1)
14 - - | - uci(?) ugy (%)
15 - | - - () Ugy (1)
16 — - | = ucs (1) ugs (1)
17 — - - uo () ug: (1)
18 e uzs(9) ugy (7)
19 - - | = uc (1) ug; (7)
20 — il ucs (1) ugs (7)
21 — - - ur(9) ugs (1)
22 — uci(9) ug; (1)
23 — uro (1) ugs (1)
24 - uc (1) ugy (1)

5 CocTaBUTh OTYET IO UHAWBUIYATbHOMY 3aJJaHHIO, BKIIFOYMB B HE-
r0 TUTYJIBHBIN JIUCT, COlepkuMOe KomaHIHOro okHa MATLAB c pe3yiib-
TaTaMH pacyeTa, CBOIO CXEMY, CMOJEIMpPOBaHHYIO B cucteMe Simulink,
rpauk ¢ BEKTOPHOU JUArpaMMOU U COAEPKMUMOE 0030pHOr0 OKHA.
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