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BBEJIEHUE

MerTouuecKre yKa3aHHs COCTOSAT M3 JBYX YacTei. B mepBoii 4yacT U3oKe-
HbI OCHOBBI MojeupoBanus B cpeae MATLAB Simulink: B kpaTkoMm BHe OIUCHI-
BACTCS MPOIIECC CO3aHuUs MOJIEIeH U HACTPOMKH MapaMeTpOB MOeIHpoBaHus. Bo
BTOPOM YaCTH JAIOTCS MHAMBHIyadbHBIC 3aJaHUS IS BBITOJTHEHUS J1a00PaTOPHBIX
pabot. Bpemsi Ha BbImomHEHHE 1Ta0OpaTOPHBIX pPa0bOT omperAensercs y4eOHOI
(paboucii) mporpaMMoi IUCHUTLINHEL.

1. OCHOBBI PABOTHBI B SIMULINK

MATLAB (Matrix Laboratory) — sto maker mpuKIaJHBIX TPOTPaMM, MPEI-
Ha3HAUEHHBIN [T PeIICHHS 3a/1a4 TEXHUUYECKUX BBIUMCIICHUH .

Figure D =)

File Edit View |nsert Tools Desktop Window Help N

NEEHL |V RIODLEL-|E|0E| D

Pucynok 1.1 — Jlororunmn MATLAB, BeIBeIeHHBIN Ha SKpaH
py IOMoIIY KoMaH 1kl 10go

Kax s3pix mporpammupoBanust MATLAB 611 pa3zpaboran B xkonie 1970-x
ronoB Knmusom Moynepom B yHusepcurere Heto-Mekcuko. MATLAB — 310 BbICO-
KOYPOBHEBBI HMHTEPINPETUPYEMBIN S3BIK IPOTPAMMHUPOBAHUSA, OTIWYUTEIBHON
0COOEHHOCTBIO KOTOPOTO SIBJISIETCSl OTIEpUPOBAaHUE C BEKTOpaMu W Mmarpuiiamu. Ha
CETOJHSIIHUN JIeHb HACUWTHIBAETCS OoJjiee OJHOTO MUJUIMOHA TOJIh30BaTENEH
MATLAB.

Simulink — 310 cHcTeMa MMHTAIMOHHOIO OJ0YHOTO MOAEIHMPOBAHUS IHHA-
MHUUYECKUX cucteM, sBisitomasica noacucremornr MATLAB. CpenctBa moaenupoBa-
uHust Simulink ocHoBbIBatoTcst Ha mporpammubix cpeactBax MATLAB, Ho mo3Bo-
JISIFOT 000MTHCH 0€3 Mcmoib30BaHusd B ABHOM Buae s3bika MATLAB u co3maBarth
MOJIENIM U3 CTaHIApPTHBIX OJ0KOB B rpaduueckomM Buze. IIpu HeoOxoaumocTu 10-
MOJIHUTENbHBIE OJIOKM MOTYT OBITh HAIMMCAHBI MOJIb30BaTENEM Kak Ha si3bike MAT-
LAB, Tak u Ha apyrux s3bikax (C, VHDL u np.). BusyansHoe npeacTaBieHue 1aet
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BO3MOKHOCTh 3HAYUTENIBHO YIPOCTUTH MPOIECC CO3JAaHUS MOJENH, TOWCKA OIIIH-
00K, MOAM(PHUKAIUN MOJEIH APYrUMH IOJIb30BATEISIMH, YTO B IEJIOM IO3BOJISET
n00UBaThCS PE3yJbTAaTOB ToOpa3fgo OBICTpee, YeM MpU HCIOJIh30BAHUU SI3bIKA
MATLAB B unctom Bujae. Kpome TOro, mojib3oBarTesto MpeaoCcTaBiIseTcs] BO3ZMOXK-
HOCTh aBTOMAaTHYECKOM reHepaiuu koga Ha s3eikax C, VHDL, Verilog o co3nan-
HOM MOJIEH, YTO TO3BOJISET MEPEHOCUTh MOJICIh CHCTEMBI Cpa3y IMOCIE OTJIATKH
Ha kpuctamt (MukpokoHTposuiepsl, [IJIMC). Co MHOTUMH APYTMMU BO3MOKHOCTSI-
M MATLAB u Simulink moxHO nmo3HakoMuThcs Ha caiite kommanuu | heMath-
Works (http://www.mathworks.com/).

1.1 3amyck Simulink

3amyctuB rpaduueckuii uaTepderic MATLAB, BeimonHuTe KOMaHIy Simu-
link mm 3ammyctute Simulink mpu momomm kHONKK Ha BepxHel nmanenu (puc. 1.2).

4\ RZ0T1b =lalx)
File Edit Debug Parallel Desktop Window Help
& j| t BB ||7|!jf' ﬂ|@||fdev |v||:|@
Shortcuts [#] How to Add  [#] Wh Simuliie
Curr.. = O & X | I Workspace [ A X
[« devr v 0 (i) Mew to MATLAB? Watch this Video, see Demos, or | ﬁ' Ta &3 @Sel... - ®
Name ¢ | >>a=[01:0.01 :2*pil; Name © Value
block > = h=3s51n( a); e 00011
bsg 7| > c=cos (a); HH d <1%629 double>
bus - >>d=b .7 c; He <1x629 doubles
char >> e =sun (d) b <1x629 double>
disk o - Ha <1x629 double>
dri
fd -0.0011
input
net = sinulink q = | ©
pts ﬁﬁ ......
shm Command I-[Iis[;ory [;)_TQJE A ox
=2 [ [ 1 ( SR a = ;0. :
uskee o 00 b =sin ( a);
R | [ i I c=cos ( a):
vbosuse 4} e d=1h .* c;
adsp - |l e =sum ( d)
Details , p | T |
Busy

Pucynok 1.2 — 3anyck Simulink uz MATLAB

[pu 3amycke Simulink otkpoetcs okno Simulink Library Browser (karanor
oubarorexkn Simulink). B neBoii maHenu okHa MPUBEACH CIUCOK OMOIMOTEK Simu-
link (puc. 1.3). IIpaBas manens conepxkut Tpu Biaaku: Library (Conepxanue
oubnuotexn), Search Results (Pesynprarser moucka), Most Frequently Used Blocks
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(Hamboutee yacTo ucIoib3yeMble OJIOKH).

Bo Brmagke Library otoOpaxkarorcs 31meMeHThI OMOIMOTEKH, BHIOPAHHOW B
JIeBOM TaHe M OKHa. B manpHeimem 3TH 371eMEeHThI MOTYT ObITh MCTIOJIB30BAHBI JIs
CO3JIaHMsI HOBOW MOJEIIH.

Jl7isi yCKOPEHHOTO TMOWCKAa HY)KHOTO 0JIOKa HEOOXOJMMO HCIIOJIB30BaTh I10-
uckoByro cucremy (Enter search term). PesymbraTel momcka oToOpa)aroTcsi BO
BTOPOI BKJIaJIKe nipaBoii manenu (Search Results).

B mporecce padoter B Simulink dhopmupyetcs Habop Hambojiee 9acTo HC-
MOJIb3YEMBIX OJIOKOB, KOTOPBIA OyaeT oToOpakaThCs B TPETbEH BKIIAJIKE MPaBOM
naneau (Most Frequently Used Blocks).

w Simulink Library Browser oBEE
File Edit Wiew Help

0 &= = Entersearchterm \ar . Wt

Libraries Library: Simulink = Search Results: (none) = Most Frequent[E]
Commonly i
~Commonly Used Elocks :ﬂ " Used Blocks Continuous
- Continuous
~Discontinuties \ Discontinuities !"‘: Discrete
~Discrete
~Logic and Bit Operations = Logic and Bit
~Lookup Tables ﬁ‘% Operations yflul Lookup Tables
~Math Operations
~Model Verification +-| Math ® Model
- ModelWide Utilities <= x OpErahUnS @ Verification
~Ports & Subsystems — - Model Wide T £] Ports &
~Signal Aftributes =1 Utilities el  subsystems
~3ignal Routing
- Sinks 2 Signal . .
wi|  Attributes h? Signal Routing
Sources
~User-Defined Functions
bLd . ta
+-Additional Math & Discrete [ Snks 1s|  Sources
+E Aerospace Blockset _ 3
+ﬂ Communications System Toolb... =it ) lL:.Isert-.Defmed — ,:idgllonal tMat-
unctions E i iscrete
+ﬂ Computer Vision System Toolb...
- Control System Toolbox
+- W DSP System Toolbox E

Showing: Simulink

Pucynok 1.3 — Karanor oubnmrorexu Simulink

['maBHOE MeHIO OKHa KaTanmora oubmuoteku Simulink comepkut crenyromnue
DIIEMEHTEHI:
File (Paiin) — padota ¢ daitnamu moxeserr Simulink:
New (Hogsrit) — co3manue HoBoro aiina moaenu (Model) wnn Ou6-
auoteku (Library);
Open (OTKpbITh) — OTKPBITH paHEe CO3TaHHBIN (aii;
Close (3akpbITh) — 3aKpbITh OKHO KaTajora onbnmorexku Simulink;
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Preferences (Hactpoiiku 1o ymondanuio) — oOrre HacTpoiku Simu- link
(mapameTpsl IPUGPTOB, HACTPOHKU OTOOpaKeHHUS TpadUIECKOro
uHTepdeiica Mmoip30BaTensi, HadyallbHbIe HACTPOWKHA BHOBB CO3JlaBac-

MBIX IPOEKTOB U APYTHUE).

Edit (PegakTupoBanue) — npoOaBiieHue B MOJIeNb BbIIeIcHHOTO Ooka (Add

Selected Block to a New Model), mouck 6moka B oubimoteke (Find).

View (Bum) — HacTpoWKH OTOOpaKEHHUS DJIEMEHTOB OHMONMHMOTEKH (pasmep
mpudTa, BUI 3HAYKOB AIEMEHTOB U JIp. ).

Help (ITomomp) — cnpaBounast cucrema MATLAB Simulink.

Heobxonumo ormetuth, uto MATLAB nMeer oueHp X0poiIyro BCTPOEHHYIO
CUCTEMY JOKYMEHTAIIMH, KOTOpas MOCTOSHHO COBEPIICHCTBYETCS WU JOTOHSICTCS
HOBOH MH(popMaIriell. 3HaHWe TEXHUYECKOTO aHTIMICKOTO SI3bIKa M YTEHUE JOKY-
meHTaniuu MATLAB — 310 nyumuii cmoco6 pa3odpaTthcsi BO BCeM MHOT000pa3uu
(GyHKIMI 1 OJIOKOB.

Jﬂ Simulink Library Browser E]@]@\
File Edit View Help
0= + @ ~ #a [
Libraries Library: Simulink/Sources  Not found: 'chac’ = Most Frequently Used Blocks
4. il simulink («] o
Band-Limited ) .
- Commonly Used Blocks ]|'||-I‘\[ White Noise ﬂm Chirp Signal Clock
- Continuous
e Y i iti _ Ii
Discontinuities Constant me Counter Free lm Qognter
- Discrete Running Limited

~Logic and Bit Operations =) Source Block Parameters: Constant

Constant

- Lookup Tables

--Math Operations .
Output the constant specified by the 'Constant value' parameter. If

- Model Verification . :
~Model-Wide Utilit stmin 'Constant value' is a vector and 'Interpret vector parameters as 1-D' is
odelvide Ltlites on, treat the constant value as a 1-D array. Otherwise, output a matrix

;
1234
~Ports & Subsystemns jﬂ_ﬂ with the same dimensions as the constant value.

~Signal Attributes

~Signal Routing B ] Signal Attributes
- Sinks
Constant value:

--User-Defined Functions e
-Additional Math & Discrete
+--E Aerospace Elockset

Smal
+ﬂ Communications System .. j Sampling mode: Sample based =
+E Computer Vision System ..
E Control System Toolbox
W DSP System Toolbox
+- W EDA Simulator Link @
. W Fmhaddad Cadesr
Showing: Simulink/Sources

Interpret vector parameters as 1-D

Sample time:

< oK Cancel Help N Apply

Pucynok 1.4 — Onucanue 3neMeHTa cranaapTHOH oudmmorekn Simulink

[Ipy nBOMHOM Ha)XaTHM JIEBOW KHOIMKON MBIIIA MO MHTEPECYIONIEMY OJIOKY
OTKPBIBAETCSI OKHO MMapaMeTPOB, B KOTOPOM MPUBEIACHO KPATKOE OMUCaHUE OJIOKa U
nepevncieHbl ero napameTpsl (puc. 1.4). Ha nanHoM 3rtane mapamerpsl 0Jioka J0c-
TYHHBI TOJIBKO i uTeHus. [loce nepemenieHus 0J0ka B MOJIEIb MOSIBUTCS BO3-
MOXHOCTh UX U3MeHeHUs. [Ipu He0OXOAMMOCTH MOYKHO BOCIIOJIB30BaTHCS KHOIKOM
Help mist OTKpbITHS MOAPOOHOTrO OmMUCaHWs OJIOKa B CHCTEME JOKYMEHTAIUU
MATLAB.



1.2 Co3nanue Mmoaeu

JInst co3maHusi HOBOM MOJICNU BBINIOJIHUTE KOMaHAy riiaBHoro mexio File,
New, Model (puc. 1.5) niau Haxxmure Ctri+N.

Edit View Help

Model Ctrl+N
= Open Ctri+0 Library
Close Chrl+W —ErBrErVJ.Simulinthiscrete . Search Results: (none) Mh »
L " —
Preferences.. i}
e —— R 3z b Delay | Z b Difference
z

- Continuous
- Discontinuities J Kizt | Discrete | 05052 1| Discrete FIR
Te z Derivative 1 Filter
~Logic and Bit Operations ; Sisorete Fiter (o) Discrete PID
—_— z

Lookup Tables 14082 -1 J Controller
- Math Operations
-~ Maodel Verification o Rl Discrete PID oo Discrete State-
~ModelWide Utiliies ~ s T controller (2... Space

Showing: Simulink/Discrete

AN

Pucynoxk 1.5 — Co3nanuie HOBOM Mojienu

[To xomanme oTkpoercst HoBoe Oe3biMsiHHOE okHO (Untitled) monenu (puc. 1.6).

Pucynok 1.6 — ITycroe okHo HOBO#M Mozenu Simulink

[pexae yem MpHUCTYNaTh K CO3MAHHIO MOJCIH, HEOOXOAUMO HACTPOMTD Ma-
pamMeTphl MOJICTUpOBaHus. BrimonHuTe KoMaHIy riiaBHoro meHro Simulation, Con-
figuration Parameters (MoaenupoBanue, [lapamerpbl KOH(UTYpalliu) WM Ha-
xwmute Ctrl+E.



Sty ‘Configuration|Parameters: untitled/Configuration (Active)
|select: Simulation time [~]
Start time: 0.0 Stop time: |10.0
- Data Import/Export
+-Optimization )
. Diagnostics Solver options
-Hardware Implement... | Type; Variable-step ~ Solver: ode45 (Dormand-Prince) -

- Model Referencing
-Simulation Target

-Code Generation Min step size:  auto Absolute tolerance: auto
-HDL Code Generation

Max step size: auto Relative tolerance: le-3

Initial step size: auto Shape preservation: Disable all -

Number of consecutive min steps: 1

Tasking and sample time options
Tasking mode for periodic sample times: Auto -

Automatically handle rate transition for data transfer

Higher priority value indicates higher task priority

Zero-crossing options

Zero-crossing control:  Use local settings ~ Algorithm: Nonadaptive -
Time tolerance: 10%128*eps Signal threshold:
Number of consecutive zero crossings: 1000
(«1 | (1]
J_ oK Cancel Help Apply

Pucynok 1.7 — ITapameTpsl KoHGUTYpauu

[Ipomecc HACTPOMKHU 3aKIIOYAeTCs B 33JaHUU MAapPaMETPOB PEIIAIOIIETO MO-
ayns (Solver):

Simulation time (Bpemsi MmomenvpoBaHusi) — 3aaeTCs BPEMEHHONH HWHTEpPBa
MOJICIIUPOBaHUS B CeKyHaax. JIeBas rpaHuIla Mo yMOJYaHUIO paBHA HYIO, TIpaBas
MOJKET PUHHUMATH JTII000¢ 3HAYCHHE, B TOM 4ncie U 0eckoHeuHocth (inf). B ciy-
Yae, eCJIM Ha4aJlbHOE U KOHEYHOE 3HAYCHHS COBIAJIAIOT, OYIET BBIMOJIHEH TOJBKO
OJIUH IIar MOJICITUPOBAHHSI.

Solver Options (ITapameTpbl peliaroIero MoOIyis) — mapaMeTpbl MO,
pearu3yomero oOAUH M3 METOJOB YUCIEHHOTO WHTETPUPOBAHHS OOBIKHOBEHHBIX
muddepeHranbHbIX ypaBHeHUH. Boienstores aa tumna (Type) perraronmx Moay-
Jei: ¢ puKCUpoBaHHBIM IaroM MozenupoBanus (Fixed-step) u ¢ mepeMeHHBIM I1a-
roMm MmoxaenupoBanus (Variable-step). Beibop BToporo BapraHTa MO3BOJISET CHUCTE-
M€ aJanTUBHO W3MEHSATh BPEMEHHOW IIar MOAEIUPOBAHHSA B Iporecce paboThI.
[Tpu 3TOM MOXHO 3a7aTh BEJIMYMHBI MUHUMAJIBHOTO WU MAaKCHMAJBLHOTO IIIara Mo-
JCTUPOBaHKS, a TAKKe HAYaJbHOTO Ilara MOJEIMPOBaHUsA B cekyHaax (Max step
size, Min step size u Initial step size). ITpu HeOOXOIUMOCTH MOKHO 3a7aTh OTHOCH-
TEIbHYIO U a0COJIIOTHYIO MOTPEIIHOCTH YUCIEHHOTO MeTona peuieHus: nuddepen-
nuanbHbix ypaBHenuii (Relative tolerance u Absolute tolerance). B Brimagaroriem
criiricke Solver mMeeTcss BO3MOKHOCTP 3aJIaTh THIT PEIIAIOIIETO MOIYJIS IS MOJIe-
JUPOBaHUs aHATOTOBBIX cucTeM (Ode ...) WM BbIOpAaTh PEHIAOINUAN MOIYJb IS
MOJICIIMPOBaHMsI TUCKpeTHBIX cucteM (Discrete (no continuous state)).

Ha mepBoe BpeMsi peKOMEHYeTCsl OCTaBHUTh IapamMeTpbl KOHMUTYpAIUH IO
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YMOJTYaHHIO, U3MEHSIS JIMIIb MPAaBYIO TPAHMIY BpeMeHH MojenupoBanus. [Ipu He-
00X0IMMOCTH MOXKHO 00JIee TIOAPOOHO 03HAKOMHUTHCS C TTapaMeTpaMu KoH(Hrypa-
1y B cripaBouHoi cucreme MATLAB Simulink.

L] SimulinklibrarylBrowsen DE
File Edit View Help
O = @ Scope ~ #a
Libraries Library: Simulink/Sinks Found: 'Scope’ Most Frequently Used Blocks
L. simulink [+] | Simulink 3 ®|

~Commonly Used Blocks
- Continuous E Scope E Floating Scope E Scope
~Discontinuities

~Discrete | Aerospace Blockset 1 @|
~Logic and Bit Operations

Three-axis
~Lookup Tables
Gyroscope
~Math Operations
~Model Verification | Communications System Toolbox 3 @|
~ModelWide Utilities ) ) ) ) ) }
Ports & Subsyst == Discrete-Time oo Discrete-Time @ Discrete-Time
Orts & sSubsystems =~ | Eye Diagram.. s | ScaterPlotS.. 8 | signal Traject..
~Signal Attributes LA
~Signal Routing | DSP System Toolbox 3 ®|

Spectrum
~Sources P Time Scope Vector Scope
FET Scope - et

~User-Defined Functions

-Additional Math & Discrete | SimEvents 5 @|
+E Aerospa;e leCKSEt o 150wl Attribute Scope sl @l ek Instantaneous . Instantaneous
+ B Communications System .. # P # Entity Countin... # Event Countin_..
- B4 Computer Vision System _.
E Control System Toolbox e 3 o [, XY Aftribute - x X2 Signal
Fl Signal Scope & ZoUTh Scope i z Scope

W DSP System Toolbox
- | EDA Simulator Link @

Matches for 'Scope’ & blocksets 0 subsystems 16 blocks

Pucynok 1.7 — Pe3ynbrathl Houcka 1o cjaoBy «Scopex»

CoxpaHUTE HACTPOWKU CUCTEMBI U MepeluTe K okHy oubimoteku Simulink.
Beenure B ctpoke moucka (Enter search term) Scope (ocrmmiorpad) u HaxmuTe
knasuiny Enter. Bo Bkmaake Found: ‘Scope’ orpakaroTcs pe3yibTaThl MOWCKA,
crpymnnupoBaHHbie o Oubarorekam (puc. 1.7). B 6a3zoBoit o6ubimoreke Simulink
ook Scope HaiimeH aBaxkael: B pasmeiae Commonly Used Blocks (maunbonee wacto
ucrnosb3yemble 0yiokn) U Sinks (cpeacrtBa aHanm3a curHajioB). Pasymeercs, 3To
OJIMH M TOT ke 0JIoKk ocumiiorpada. B cnucke HailieHHBIX OJOKOB TaKXe MPUCYT-
CTBYET YacCTO MCIOJB3yeMblii 010k Spectrum Scope (AHaau3aTop CIeKTpa), Haxo-
asmuiicss B OuOnamoreke 1udpoBoir obpabotku curnaioB (Digital  Signal
Processing).

Jlo6aBuTh BHIOpAaHHBIM OJIOK B MOJEIb MOXHO HECKOJBKHMH CIIOCOOaMM:
NepeTalrB ero Ha JIMCT Mojeau uin BeiopaB myHKT Add To Untitled konTekcTHOTO
MCHIO, Ha)KaB IMPAaBOM KHOIIKOM MBIIIH Ha OJI0Ke. AHAJIOTHYHBIM 00pa3oM J00aBbTE
om0k Sine Wave u3 pasaena Sources (McTouHHKH CHrHaa).

CoenuHeHre OJIOKOB MEXKIYy COOOW MOXKET OCYIICCTBIIATHCS JIBYMS CIIOCO-
Oamu. PydHoli crioco0: HaBeAsS Kypcop MBIIIM Ha BBIXOJ HMCTOYHHMKA CHUTHAJA, 3a-
KMUTE JIEBYIO KHOIIKY MBIIIH ¥ TPOBEANTE JTUHUIO 0 BXoja ocmuniorpada. AB-
TOMAaTHYECKUH CITOCO0: BBIJICIMB OJIOK UCTOYHHKA CHTHAJIA OJJHOKPATHBIM HaXKaTH-
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€M JIeBOI KHOIIKM MBIIIH, 3akMUTe KHONIKY Ctrl n HaxkMuTe J1eBOi KHOIIKOW MBIIITN
Ha BTOPOH OJIOK, COEAMHEHNUE OYAET BBIIIOJHEHO aBTOMAaTHYECKU.

JIist HaCcTpPOMKM TIapaMeTpOB I'€HepaTopa CHHYCOMJAIBHOIO CUTHAJIA JBOW-
HBIM IIEITYKOM MBIIIH OTKPONTE OKHO MapameTpoB Oioka (puc. 1.9.).

w Source Block Parameters: Sine Wayve
Sine Wave

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

Sine type determines the computational technique 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: Sample based -
Time (t): Use simulation time -
Amplitude:

1

Bias:
0

Samples per period:
10

Number of offset samples:
0

Sample time:
1

® Interpret vector parameters as 1-D

0K Cancel

Apply

Pucynok 1.9 — Hactpoiika napametpoB 010ka Sine Wave

YcranoBute 3HadeHue napametpa Sine type Sample based (Meron dopmu-
poBanus curHana — Jluckpernoe mpeacrasieHue). [Tapamerp Sample time ompene-
JSET TIePHOJ] TUCKPETH3AIMK CUTHAJA, JJIs TpUMEpa YCTAHOBUM €TI0 PaBHBIM OJI-
HOM cekyHne. Takum oOpazom, mpu 10 BbIOOpKax Ha OJMH TEPHOJ] CHHYCOHUIbI
(Samples per period) u npu neproje AUCKPETH3AMH B 1 CEKyHIy, IEPHO]] rapMo-
HUYecKoro konedanus coctaBut 10 cekyH.

3amyctuTe nporiecc MoaeaupoBanus Simulation, Start (Ctrl+T) na Bpemen-
HoM npomexyTke 0...10 cek. JIBOWHBIM MIETYKOM MBIIIA OTKPOUTE OKHO OCIIHILIIO-
rpada (puc. 1.10).
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rd

Simulink Library Browser

- Commonly Used Blocks
- Continuous

Display

dl

- Digcontinuities

- Discrete
~Logic and Bit Operations

- Lookup Tables > Cut1

- Math Operations

--Model Verification [ Scope
~ModelWide Utilities

- Ports & Subsystems Stop

- Signal Attributes Simulation
- Signal Routing

_ Terminator
- Sources

- UUser-Defined Functions

+-Additional Math & Discrete @ To File

5. B A nracnann Dlankont

Showing: Simulink/Sinks

Floating Scope

DEE]

File Edit View Help

0= = @ Enter search term >~ # [
Libraries Library: Simulink/Sinks =~ Se

= W Simulink

1]
EETEEE I

&

. untitled *

LD )

File Edit Miew Simulation Format Tools  Help

F— 1

Sine 'Wave Scope

Scope SEE

Time offset; 0

Pucynox 1.10 — [Ipumep MoenupoBaHusi ICTOYHUKA
JTUCKPETHOTO CHHYCOUAIBHOTO CUTHAJIA

Kak BugHOo Ha pucynke 1.10, ocrmmmorpaMma cCHrHaiza COOTBETCTBYET 3a-
JaHHBIM TTapaMeTpaM rapMOHHYECKOTo KoJeOaHusl B HacTpoikax Oyioka Sine Wave.
[Ipyn HEOOXOAMMOCTH MOKHO YBEIUYUTh YYACTOK C TpeOyeMbIM (PparMEHTOM CHTI-
HaJIa TIPY TOMOIIM KHOTIOK yIpaBiieHusl okHa Scope. Kuonka Autoscale mo3sosier
aBTOMATUYECKHU MOJ00paTh MacIITad 1Mo JIBYM OCSIM JjIsl OTOOpaKeHHsI BCEr0 HaKO-
mieHHoro curHana. [Ipu momoru kHomok Zoom X — axis u Zoom Y — axis umeercs
BO3MOXXHOCTh M3MEHEHHUS MaciiTada TOJbKO MO OJHOW U3 KoopauHaT. B HacTpoii-
Kax OJioka SCOpPe MOXKHO 3a/aTh KOJHMUYECTBO Bx0j0B ocumiutorpada (Number of
axis), mapaMeTpsl aeruMaiui Bxoanoro curuana (Decimation, mpopexuBaHue BbI-
00poK), HacTpoiiku oObema Oydepa xpanenus uHdopmaruu (History, Limit data

points to last) u apyrue.

1.3 buoanorexkn Simulink

®opmuposanue curHamoB B Simulink ocymecTBisieTcst mpyu MOMOIIM TeHE-

paropoB curHaiioB Sources (puc. 1.11).
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Simulink Librany Browser =2 EE

£l

File Edit View Help

O = 2| Enter search term - 4 _‘2]'_

Libraries Library: Simulink/Sources | Search Results: (none) | Most Frequently Used Blocks
<. Simulink [+] —
Band-Limited . )

- Commonly Used Blocks ]|'||-|"‘r White Naise % Chirp Signal @ Clock
- Gontinuous
- Discontinuities ; Constant _ﬂﬂ Counter Free- “ﬂﬂ I Cpgnter
- Discrete Running Limited
- Logic and Bit Operations Enumerated
- Lookup Tables 1234 b Digital Clock Conetart From File
- Math Operations
-Model Verification From
- Model-Wide Utilities L | [} Workspace Ground ) "
- Ports & Subsystems — Pulse Random
~Signal Aftributes ﬂ_ﬂ Generator Ramp ‘Nl Number
- Signal Routing
- Sinks /M/I Repeating Repeating Se- h_|-L|_ Repeating Se-
Seguence guence Interp... guence Stair
- User-Defined Functions ;
+-Addiional Math & Discrete snarp Signal Builder o glgrr:zlrator ﬂ\; Sine Wave

ﬂ Aerospace Blockset

- communications System ..

; - Computer Vision System .. @
T Control Svstem Toolbox
Showing: Simulink/Sources

Uniform Rand-

Step om Mumber

= [

Pucynok 1.11 — bubnuoTeka HICTOYHUKOB CUTHaja

B Oubnmorexy BXoAsT cieayromue 0JI0Ku:

Band-Limited White Noise — renepaTop HOpMajIbHOTO O€JIOTO IIymMa C paB-
HOMEpHOW (PMHUTHOW CHEKTPAIBHOH IIOTHOCTHIO MOITHOCTH ¥ 3aJIaHHBIM BpeMe-
HEM KOPPEJISAINY IS aHAJIOTOBBIX CHCTEM;

Chirp signal — renepaTop cuHycOMIAIBHOTO KOJICOAHUS C JIMHEWHO BO3pac-
TaroIIe MTHOBEHHOMN YaCTOTOH,

Clock — ¢popmupoBaTesib aHATIOTOBOTO CHTHAIA TEKYIIETr0 BPEMEHH MOJICIIH-
poBaHus (B COOTBETCTBUH C IIArOM MOJICIIMPOBAHUSI);

Constant — nCTOYHMK MOCTOSIHHOI'O CHTHAJIa;

Counter Free-Running — ¢popmupoBatenb curHana Ha ocHoBe N-pa3psiiHoro
CUETYHKA U CO COPOCOM TIO TIEPENOTHEHUIO;

Counter Limited — ¢opmupoBaTeNlb CHrHaia Ha OCHOBE CUCTYHKA C IPOM3-
BOJILHBIM 3HaY€HUEM cOpoca;

Digital Clock — ¢bopmupoBatens AUCKPETHOTO CHTHAJIa TEKYIIETO BPEMEHH
MO/JICITUPOBAHUS (B COOTBETCTBUH C IIATOM MOJICIIUPOBAHUS);

12



|4 untitled [=IET=]]-) Scope QO )
File Edit Yiew Simulation Format Tools  Help = ”g@ Ji | i = | & % »

Y

]

Step

H

Y

e

Sine Wawve

A

Y

Counter

Free-Running w

Fepeating
oooo Seouence
[13

Y

Y

Signal

Geterator M

Fiandarn

w Murnker

Unifarm Rancdom
Tumkber Soope

Y

Y

Time offset:

Pucynok 1.12 — [IpumMeps! HCTIOIB30BaHUS HICTOYHUKOB CUTHAJIA

From File — 6ok uMmnopTa curnasia u3z mat-aiios,;

From Workspace — 6110k nmmopra curnana u3 odnactu nmamsata \Workspace;

Ground — ¢popmupoBaTeNb HYJICBOTO CUTHAIIA;

In — BXOHO MOPT U1 CUTHAJIOB TOJCUCTEM;

Pulse Generator — renepatop neproIU4YeCKUX MPSMOYTOIBHBIX HMITYJIbCOB;

Ramp — renepatop TMHEHHO U3MEHSIOIIETOCS CUTHAIA;

Random Number — renepaTop HOpMaJIBHOTO OEJIOTO IIyMa C 33JaHHBIM Ma-
TEMaTUYECKUM OXKHJIAHUEM U TUCTIEPCHEH;

Repeating Sequence — reHepaTop MEPHOAUYESCKOTO CHUTHANA TIO 33JaHHOMY
BEKTOPY C JUHEWHOW MHTEPIIOJISALNEH;

Repeating Sequence Interpolated — rereparop meproaANYECKOro CHrHasa Io
3aJJaHHOMY BEKTOPY € 3aJJaHHOW UHTEPIOJISALUEN;

Repeating Sequence Stair — reHepaTop MepHOAUYECKOTO CHTHAJIA 10 3a/1aH-
HOMY BEKTOPY H MEPUOLY TUCKPETH3AINH;

Signal Generator — reHepaTop CUIHAJIOB: TAPMOHHYECKOTO, TPAICICH IATb-
HOTO, NMJI000PA3HOIo U CIy4YailHOTO;

Sine Wave — renepaTop rapMOHUYECKOTO CHTHAJIA;

13



Step — renepaTop CTYNEeHYATOTO BO3JCHCTBUS;

Uniform Random Number — renepatop paBHOMepHOro 0eyoro Iyma ¢ 3a-
JAHHBIM MaKCUMAJIbHBIM 1 MUHUMAJIbHBIM 3HAUCHHUSIMU CITyYaliHON BETUYUHBI.

Anamms curnanoB B Simulink ocymectBnsiercss nmpu momomw 6510K0B Ou0-
mroteku Sinks (puc. 1.13).

=) simulink Uibrary Browser Q@)

File Edit Wiew Help

O = » | Enter search term > M

Libraries Library: Simulink/Sinks ~ Search Results: (none) = Most Fre{E]

-8 simulink

~Commonly Used Blocks xIEl Display L] Floating Scope

~Continuous

...-D?SCUHTIHUITIES > outi ] Scope

~Discrete

~Logic and Bit Operations Stop .

- Lookup Tables Simulation Terminator

~Math Operations

“Model Verification Huntitled. mat|  To File A simout | To Workspace
~ModelWide Ulilities
~Ports & Subsystems
AL
- Signal Attributes A XY Graph
- Signal Routing
- SouUrces

- User-Defined Functions
+-Additional Math & Discrete
+E Aerospace Blockset @

=8 'EI Communicatinng Swetem

Showing: Simulink/Sinks

Pucynok 1.13 — bubnmoTeka 6J0KOB aHaIM3a CUTHAJIOB

B Oubnmorexy BXoasT cieayromue 0JI0Ku:

Display — 610k oToOpaXkeHHsI YMCACHHBIX 3HAYEHUI CUTHAJIOB;

Out — BBIXOTHOW TIOPT JJIsi CUTHAJIOB MOJICUCTEM,;

Scope — ocrmmtorpad;

Stop Simulation — 650k TIpepsIBaHUs MpoIecca MOJISIUPOBAHUSI ITPH TIOCTY-
TUICHUU Ha BXOJI HEHYJICBOTO CHTHAJIA;

Floating Scope — 6ok ocumutorpaga, CriocoOHOro B MPOLIECCE MOJICIHPO-
BaHUS MMOKIIIOYATHCS K Pa3IUYHBIM CUTHAJIAM;

Terminator — Harpy3ka Juisi HeUCIIOJIb3YeMbIX CUTHAJIOB,;

To File — sxcropt curnaia B mat-caiin;

To Workspace — skcriopt curnana B Workspace;

XY Graph — AByXKoOpMHATHBIN OcIiorpad.

Ha pucynke 1.14 moka3aHbl 3J€MEHTbl OMOJMOTEKHM MAaTEMaTHYECKHUX IMpe-
obpazoBanwuii — Math Operations.
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=) Simulink library Browser 2E
File Edit View Help

0 & = Entersearchterm - M E

Libraries Library: Simulink/Math Operations =~ Search Results: (none) = Most Frequently Used Blocks
-8 Simulink || Algeb
ebraic )
- Commonly Used Blocks )IE}: Abs Add Cc?nstra\m Assignment
~Continuous
~Discontinuities ) ~luf Complex to M- rRep  Complex to x -
- Discrete Bias ““iup  agnitude-Angle “imp  Reallmag s p Diide
Logic and Bit Operations Find Nonzero |u} Magnitude-An-
Fird b i S,
Lookup Tables D Dot Product ' Elements )D> Gain gle to Compl...
W \ath Operations
~Model Verification Math Function I‘éﬂatnxt . MinMax * minfuy vp M'”;;"a" ?“gln"
~Model-Wide Utilities 2 oncatenate i ng Resettable
~Ports & Subsystems
Permute Product of
0= P b i !
- Signal Attributes ey Dimensions Polynomial Product Elements
~Signal Routing
Sinks Rewy Real-Imag to 1 | Reciprocal | Rounding
im P Complex M sqrt U(:)p  Reshape floor Function
- Sources L
~~User-Defined Functions _ _ Sine Wave _ )
-Additional Math & Discrete Sign = /ulp  Signed Sqrt @ Function Slider Gain
E Aerospace Blockset
E Communications System .. . Sqrt %» Squeeze Subtract @ Sum
- Computer Vision System ... ~
18 Gontrol System Toolbox Z Sum of Trigonometric ) Vector
b b ) Unary Minus
E DSP System Toolbox Elements Function Concatenate
W EDA Simulator Link Weiahted
- Embedded Coder wTsh  ogniedsa
mple Time M
E Fuzzy Logic Toolbox
E Image Acquisition Toolbox

Showing: Simulink/Math Operations

Pucynok 1.14 — bubnunoreka 6JI0KOB MaTeMaTUYECKUX MPE0Opa3oBaHUI

B 6ubmunoreky Math Operations BxoasT ciaeayroriye 010K :

ADbs — 610K B3SITHS MOYIIS CUTHATIA;

Add — 0710k MATPUYHOTO WJTH MTO3JIEMEHTHOTO CIIOXKEHUS;

Bias — 6110k 700aBICHHS MOCTOSHHOM COCTABIIAIONIEH K BXOJHOMY CHTHAIY;,

Complex to Real-Imag — 0710k BbIe/ICHUS PeaTbHON U MHUMOM COCTABJISIO-
ITUX KOMIUIEKCHOTO CUTHAJA;

Divide — 6J10k MAaTpUYHOTO WJIH ITO3JIEMEHTHOTO JCIICHUS;

Dot product — 610k BEIYHCIICHHS CKAISPHOTO MPOU3BEACHHS BEKTOPOB;

Gain — 0JI0K MMO3JIEMEHTHOTO I MAaTPUYHOTO YMHOXKEHHUS Ha KO DUITHCHT
(ckassap, BEKTOP WM MaTPHUILY);

Magnitude-Angle to Complex — 610k mpeoOpa3oBaHus CUTHAIOB aMILTUTY/IbI
Y yIJIa BEKTOPa Ha KOMILIEKCHOMW IJIOCKOCTH B KOMIUIEKCHBIN CUTHAI;

Math Function — G0k BeIYHMCIICHHSI MaTEeMAaTUYECKOH (YHKIIUHU (IKCIIOHCH-
Ta, JJorapu(mM, BO3BEICHNE B CTCIICHD U JIp.);

Product — 6710k BBIMOJIHEHUS] MATPUYHOTO HITH ITO3JIEMEHTHOTO YMHOKEHHS,

Product of Elements — 610k BeIuMCIICHHS TPOU3BEICHUS DJIEMEHTOB MATPH-
Bl,

Real-Imag to Complex — 610k npeoOpa3oBaHus peabHOrO U MHUMOTO CHT-
HaJIOB B KOMILICKCHBIA CUTHAI;

Rounding Function — 6510k okpyriieHus;

Sign — 010K BBIYMCIICHUS 3HAKa BXOIHOTO CUTHAIA;

Slider Gain — 6510k yMHOXCEHUSI Ha KOHCTAHTY, 3HAY€HUE KOTOPO 3a/1aeTcs
MOJIOKEHUEM TTIOJI3YHKA,
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Substract — 6110k MAaTPUYHOTO WITH TTO3JIEMEHTHOTO BBIUUTAHUS,

Sum — 670K MaTPUYHOTO WJIH MOAJIEMEHTHOTO CIIOKEHHSI;

Sum of Elements — 6510k BbIYKCIICHUS CyMMBI 3JIEMEHTOB MaTPHIIbI;

Trigonometric Function — OJI0OK BBIYKCICHHUS TPUTOHOMETPHUCCKUX (YHK-
L,

Unary Minus — 610k HHBEpCHH BXOJHOTO CHTHAJIA.

Ha pucynke 1.15 nokasansl cpecTBa yrpasienus curaaiamu B Simulink.

B Simulink Library/Browsen QE
File Edit View Help
O = = Entersearchterm ~ # [&
Libraries Library: Simulink/Signal Routing = Search Results: (none) = Most Frequently Used BIOEE]
5. W Simulink [=]
- Gommonly Used Blocks _E::::: i:zignment ;H} Bus Creator % Bus Selector
- Gontinuous
- Discontinuities — Data Store T Data Store T Da_ta Store
- Discrete _ Memory _ Read _ White
~Logic and Bit Operations o Environment
- Lookup Tables )I Demux e Controller [A] »» From
- Math Operations L
~Model Verification [A] Goto A} S.OTO. Tag a_' Index Vector
- ModelWide Utilities Isibility =]
- Ports & Subsystems 5 -
- Signal Attribufes ::“‘o—> Manual Switch Mege Merge g ;‘Ix::[[lcphor‘[
-~ Sinks :I> Mux g Selector [ od Switen
- Sources —
--User-Defined Functions Vector
+-Additional Math & Discrete :H’ Concatenate
+ﬂ Aerospace Blockset E
DB~ osaeuninotions Cuntom
Showing: Simulink/Signal Routing

Pucynok 1.15 — Cpencra ynpasienus curHanamu Simulink

Haubosee yacto ucnosib3dyeMbie 0oku Signal Routing:

Bus Creator — o0beqiHEHHE Pa3IMUHBIX CUTHAJIOB B IIIMHBI;

Bus Selector — BbieneHre CUrHAIOB U3 LIUHBI,

Mux — oObearHEHUE CKAISPHBIX CUTHAJIOB B BEKTOPHBIN CUTHAT,

Demux — BeIeNieHUE U3 BEKTOPHOTO CUTHAJIA CKAJIIPOB M/WJIH BEKTOPOB;

Goto — 610Kk GecTpOBOIHOM TTepeauu CUTHAIOB K From;

From — 6ok mpuema curnanos ot Goto;

Manual Switch — pyuHoii nmepekrouaTeb CUTHAIOB,;

Switch — aBTOMaTHYECKHI TEPEKITI0YaTEh CUTHAJIOB;

Selector — 6510k BBIZEIEHHS DJIEMEHTOB BEKTOpA MM MATPHUIBI M HX IIEpe-
YIIOPSIOYUBAHUS.

[Monxcucremoii (Subsystem) B Simulink Ha3pIBalOT mpencTaBICHHYIO B BHIE
OJTHOTO OJIOKa MOJIENb, COCTOSIIIYIO U3 HECKOJIbKHUX OJIOKOB. B mpocreiinmem ciydae
CO37aHUE TIOJICHCTEM II03BOJIIET 00Jiee KOMIAKTHO MPEACTABIIATH MOJETH CJIOXK-
HbIX cucteM. Ha pucynke 1.16 moxa3zaHbl 35ieMEHTHl OMOJMOTEKHM OpraHU3ALUU

IIOACHUCTEM.
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B Simulink ibrany Browsen BEE
File Edit View Help

O = = Entersearchterm v &

Libraries Library: Simulink/Ports & Subsystems = Search Results: (none) = Most Frequently US{B
=T Simulink
4{: v Used Block B Atomic CodeReuses- IIl Configurable
ommanly Use ocKs | Subsystem ubsystem Subsystem
- Continuous
- Discontinuities (S

Enable i Enabled - Enabled and T-
Subsystem riggered Sub...
'

- Discrete

~Logic and Bit Operations For Each For lterator <Lf> Function-Call

~Lookup Tables | Subsystem Subsystem Feedback Lat .

- Math Operations

- Model Verification ) b Function-Call Function-Call Function-Call
Generator Split Subsystem

- Model-Wide Utilities

wForts & Subsystems
- Signal Aftributes

- Signal Routing

If Action 1 n
Subsystem §

=
=
=

-~ Sinks Model Model Variants > outt

- Sources

- User-Defined Functions Subsystem

. - Subayeten Yy :

+-Additional Math & Discrete Subsystem Examplee | Examples Switch Case
+E Aerospace Blockset ] .
+- W Communications System ... "% Sw',mh Case A Trigger . ¢ ) Inggered
. Action Subsy... Subsystem
+E Computer Vision System ...
E Control System Toolbox Variant n. While Ilterator
+E DSP System Toolbox | Subsystem - | Subsystem
+- ¥ EDA Simulator Link E

Showing: Simulink/Ports & Subsystems

Pucynok 1.16 — DaeMeHThI OMOIMOTEKH I Opranu3anuu moacuctem B Simulink

brok Subsystem mo3BosisieT co3maTh MPOCTYIO MOACUCTEMY C HEOOXOIUMBIM
KOJIMYECTBOM BXOIHBIX M BbIXOAHBIX mopToB (IN m Out). Ilpu HEOOXOaUMOCTH
yIpaBJICHUE IOJCUCTEMOW MOXKET OBITh OpPraHW30BaHO TPU TIOMOIIM DJIEMEHTOB
Enable u Trigger. ITonoxurensubiit curnan Enable paspemaer padoty moacucre-
Mbl. [Ipu Haguuuu smeMeHTa Trigger cucTeMa 3amyckaeTcsl 1Mo nepeaHeMy QpoHTY
YIPABIISIONIETO CUTHAIA.

CrannmaptHas 6ubmmoreka Simulink comepuT 37eMEHTBI JTHHEWHOW 0o0pa-
oorku curnajioB (Continuous, puc. 1.17) m HenuHelHOW 0OpPaOOTKM CHTHAJIOB
(Discontinuous, puc. 1.18).
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W Simulink Library Browser OED
File Edit View Help

00 & » Entersearchterm = #& [Z

Libraries Library: Simulink/Continuous ~ Search Results: (none) ~ Most F[E]
2. Simulink [+ ]

~Commoenly Used Blocks Aduidtp  Derivative — P Integrator

| =

=p  Integrator,
Second-Order

W
W
5]

- Discontinuities 1 f Integrator
~Discrete s Limited

Y=
[=
=
.

~Logic and Bit Cperations
«p  Integrator, Se-
S g : PIXie) b PID Controller

Lookup Tables “Z faxb cond-OrderL...

- Math Operations

~Model Verification Relnsy p D Contoller  fe-aesu | g0 gpace
~ModelWide Utilities (2DOF) Y= oy

~Ports & Subsystems ; Transport

- Signal Attributes b - B Transfer Fcn 0%( b Delay

~Signal Routing

- Sinks b Variable Time b Variable Trans-
-~ Sources >{ﬂ(> Delay >9%(> port Delay

~User-Defined Functions =)
+- Additional Math & Discrete 1 B(e+1)
+E Aerospace Blockset @

Showing: Simulink/Continuous

b Zero-Pole

Pucynok 1.17 — brioku nuHeitHOM 00paOOTKK CUTHAJIOB

[Tpu co3maHuM CUCTEM ABTOMATHYECKOIO PEryJIUPOBAHMS YacTO HCIONb3Y-
IOTCSL PETYISITOPBI C TPeMs MapajlieIbHO BKJIFOUEHHBIMH 3BEHBSMH — MPOIOPIIHO-
HAJIBHBIM, UHTETPpabHBIM U auddepermmansabiM ([T /I-perymnsaropsr). s mome-
nupoBanus Takux cucteM B Simulink ects otnmenereiii 610k — PID Controller
(puc. 1.17).

OnHuMHu 13 HanboJiee YacTo HCIOJIb3YEMbIX HEIMHEWHBIX OJIOKOB SIBIISIOTCS
OJIOK orpaHMueHHs cuTHaya Saturation m OJ0K KBaHTOBaHHS CHUTHAJA IO YPOBHIO
Quantizer (puc. 1.18).
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File Edit View Help

» | Enter search term

Simulink Library Browser

ar

Libraries

Library: Simulink/Discontinuities

=W Simulink

| i~Commonly Used Blocks

‘Continupus
Discorarutes
i ‘Discrate
i-Logic and Bit Operations
i~Lookup Tables
i~Math Operations
i~Model Verification
i~ModelWide Utilities
i~Ports & Subsystems
-Signal Attributes
-Signal Routing
- Sinks
i~Sources

i“User-Defined Functions

| @-Additional Math & Discrete [
+- W Aerospace Blockset =

Y

Backlash

A

b Hit Grossing

Showing: Simulink/Discontinuities

7 Dead Zone :

b Rate Limiter u
>:$:> Relay
R Saturation
:u:plc 4 .
Ao Dynamic

Search Results: (none) Mol‘ "l
N L Coulomb & Vi-
;I scous Friction
| ~ | Dead Zone
) .
Dynamic
b Quantizer
| Rate Limiter
?l Dynamic
ff-p Saturation
3 _lZL b Wrap To Zero
A4

Pucynok 1.18 — bnoku HenuHeitHON 00paOOTKU CUTHAIOB

Simulink Library Browser

File Edit Wiew Help
O & » Entersearchterm |~ #& (&
Libraries Library: Simulink/Discrete | Search Results: (nonej | Most Frequently Used Blocks |
= Simulink ™
4-c ly Used Block: 5 7 b Dela =1L Difference kizy | Discrete
ommonly Used Blocks Y - Ts z Derivative
- Continuous
D inuiti 1| Discrete FIR Discrete PID
Discontinuities 0540 52 _ 1 Discrete Filter PID(z)
wDiscrete 1 Filter 1+0.5z -1 Controller
Logic and Bit Operations RHP{ID , Discrete PID Discrete State- q Discrete
5 b byl s —_—
Lookup Tables ! Controller (2. o= [ gpage 0.5 Transfer Fen
- Math Operations
-Model Verification | (2-1) Discrete Zero- KTs Discrete-Time j\’ First-Crder
- ModelWide Utiliies zz05) | FPole 21 Integrator Hold
~Ports & Subsystems 7
0.05z Transfer Fcn
. : el
- Signal Attributes I Memory ayep  Tapped Delay . First Order
- Signal Routing
T Transfer Fcn Transfer Fcn
Sinks 207 =02} 1 L UnitDelay
-Sources 20,66 Lead or Lag Real Zero z
~User-Defined Functions Fero-Order
+-Additional Math & Discrete J—L‘- Hold
i Aerospace Blockset
+E Communications System ... E
+EI Cammtar Mizinn Swetam i

Showing: Simulink/Discrete

Pucynok 1.19 — brnoku 06pab0TKH TUCKPETHBIX CUTHAJIOB
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Ha pucynke 1.19 noka3anbsl 6510ku 00paOOTKH AUCKPETHBIX cuUrHaioB. Hau-
00Jiee 4acToO MCIMOJIb3yeMbIM OJIOKOM B 3TOM IpyMIE ABISETCS OJOK 3aJEp>KKH CUT-
Haia Delay, mpu momormm KOToporo MOKHO 3aiepkath curHai Ha N TakToB.

Ha pucynke 1.20 mokazanbl OJIOKHM JIOTMUECKUX OIepanuid Haa IudpPOBBIM

CHUTHAJIOM.
=) Simulink Librany Browsern 2 EE
File Edit View Help
O = » | Enter search term > 34 E‘L
Libraries Library: Simulink/Logic and Bit Operations = Search Results: (none) = Most Frequently U[:E]
= simulink - Bt
Clear ; St - itwize itwise
gon':lmonly Used Blocks bit 0 Bit Clear o Bit Set QPDE Operator
- Continuous
- Discontinuities [ ] Combinatorial . Compare To 0 Compare To
<= <=
- Discrete ! Logic Constant Zero
W ogic and Bit Operations - Detect Gh L Detect en Detect Fall
~Lookup Tables -t'= p Delecthange "* | Decrease P Negative
-~ Math Operations
-~ Model Verification U=0 Detect Fall U U Detect Us=p Detect Rise
& NOT =z & NOT
-~ ModelWide Utilities Uiz <=0 Nonpositive Increase Uiz =0 Nonnegative
-~ Ports & Subsystems s Detect Rise
-Signal Atiributes 3 wor Positive - Extract Bits I Interval Test
- Signal Routing
- Sinks uth Interval Test AND Logical - Relational
u . =
- Sources o Dynamic Operator Operator

- User-Defined Functions

+ﬂ Aerospace Blockset

+- Additional Math & Discrete

+- B Communications System ...
i M amnutar Viicinn Suctam

Showing: Simulink/Logic and Bit Operations

b Shift Arithmetic

Pucynox 1.20 — brioku nornyeckux oneparui

Hawnbomnee yacTo UCHONB3YIOTCS CIAEAyIONe OJI0KU:
Bit Clear — cOpoc i-ro Outa BXOJHOTO CUTHAJIA;
Bit Set — ycraHoBKa I-ro OMTa BXOTHOTO CUTHAJIA;

Bitwise Operator — moouToBas JJOrHuecKas orneparus;

Combinatorial Logic — peanmu3arusi 3JIeMEHTOB KOMOMHATOPHOW JIOTUKUA Ha
OCHOBE TaOJIMILI UICTUHHOCTH,
Compare to Constant — 610k cpaBHEHHUS BXOJHOTO CHUTHaja C 3aJIaHHON KOH-

CTAHTOM,

Compare to Zero — 6510k cpaBHEHUS BXOJHOTO CUTHAJa C HYJIEM;

Logical Operator — 6710k peanu3amnuy JOTHYECKUX JJIEMEHTOB;

Relational Operator — 610k cpaBHEHHS.

20



w Simulink Library Browser D EE)
File Edit View Help

O = » | Enter search term - 34 E‘L

Libraries Library: Simulink/Lookup Tables = Search Results: [nDnEEE]
J Simulink B — -

e 1-D Lookup P 2-D Lookup
~Gommonly Used Blocks ,I_/_, Table 1. é Table
- Continuous
- Discontinuities _ Y Direct Lookup

Ao emFpruih Cosine

- Discrete 3 Table (n-D)

~Logic and Bit Operations .'.' TTH Interpolation U- , Lookup Table
A=dat T

Lookup Tables sing Prelookup .. | Dynamic
- Math Operations

~Model Verification

, “ Prelookup o anmup Sine
~Model‘Wide Utilities :
~Porns & Subsystems o o] n-D Lookup
- Signal Attributes f@ Table

~Signal Routing

-~ Sinks

- Sources

~User-Defined Functions
+-Additional Math & Discrete

+E Aerospace Blockset @

Showing: Simulink/Lookup Tables

Pucynok 1.21 — Peanuzanus tabymi uctuaHOCTH B Simulink

MoynsTopsl THPPOBBIX CHCTEM CBSI3M PEaTU3yIOTCS Ha OCHOBE TaOJHUIL CO-
OTBETCTBUIl (MCTHMHHOCTH), KOTOPBIE MOTYT OBITh CO3J@HBbI MPH MOMOIIU OJIOKOB
rpymnnsl Lookup Tables (puc. 1.21). B npocretiniem ciydae i Co3aaHust UPPO-
BOTO MOJYJISITOpa MOXET ObITh HCIIOIh30BaHA OJHOMEpHAs TalJHIla UCTUHHOCTU
(1-D Lookup Table), B mapameTrpax KOTOpO# 3a1aeTCsl BEKTOP BXOIHBIX BO3JCHCT-
BUH (maHHBIC 11 Mepefadyd) ¥ BEKTOP KOMILICKCHBIX TOYEK CUTHAJIBLHOTO CO3BE3-
sl

B ciydae HE0OXOAMMOCTH €CTh BO3MOXHOCTb CaMOCTOATENIBLHO CO37aBaTh
HOBbIE 0J10KkH (puc. 1.22). [Ipr qBOWHOM Ha)KaTUU B MOJICIIH JICBOW KHOIIKOHN MBIIIIN
no 6moky MATLAB Function otkpeiaetcs okno MATLAB Function Block Editor,
¢ omucanueM co3naBaemor (pyHkimu (puc. 1.23). Jlas peanu3aiuu MpOCTHIX BbI-
paxenuil Ha s3pike MATLAB npennasnaduen 6y0k FCn, mo3Bossironiuil 3anucaTh
(YHKIIMOHATIPHOE BBIPAKEHHUE 3aBUCHMOCTH BBIXOJHOTO CUTHAJIA OT BXOJHOTO.
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+- Additional Math & Discrete
+E Aerospace Blockset

-

Showing: Simulink/User-Defined Functions

0] Simulink Library Browser DEG
File Edit Wiew Help
00 = » Entersearchterm  ~ # (2]
Libraries Library: Simulink/User-Defined Functions = Search F{esults:[E]
- Discontinuities B
) merpetea | INterpreted M-
~Discrete 1 fw p Fen MATLAR Fen [ ATLAB Funci..
~Logic and Bit Cperations
~Lookup Tables A matlabils b Level-2 Mﬁ:TL— 4 . MATII_AB
~Math Operations AB S-Function £n Function
- Model Verification s S-Function
~Model-Wide Utilities 3 system p S-Function 11 Builder
-~ Ports & Subsystems
~Signal Attributes SFunetion | S-FUNCtion
- Signal Routing CISmPes | Examples
- 3inks
- SOUrces

Pucynok 1.22 — ITons3oBatenbekue 6oku B Simulink

. MATLAB Function Block Editor - Block: untitle (] (O] ®\

Eile Edit Text Debug Tools Window Help |?' x
SEFTTEY- T Y-T =

1 function y = fen (u ) |

2

3- y=abs (ul;

Ready Ln 1 Col 22 ||INuEEiE=ES

(4 untitled * oo Scope 2E@E
File Edit Wiew Simulation Fomat Tools Help =] ||E}83 §3 | dh E2 | g &
>
H
a4 >
Kt fen
sine Wave MATLAB Function —

Pucynok 1.23 — [Ipumep onucanus HoBoro 6s0ka Ha si3pike MATLAB

[Tpu MoxenupoBaHuM ITUGPOBBIX CUCTEM Tepeaadn HHPOPMAIUUA UCIIOTb3Y-
ercs OubOmmorexka Communication System Toolbox, na pucynke 1.24 moka3aHbl
ook (hopMUpOBaHMS Pa3IMYHBIX TOcieaoBarenbHoCTel (Koabl Bapkepa, I'onna,
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Kacamu u ap.).

Ll Simulink|liBrary Browser DEE
File Edit View Help

0 & » Entersearchterm  ~ # [

Libraries nox/Comm Sources/Sequence Generators [ﬂﬂ
i W Simulink [+
E A Blockset N Barker Code
+- erospace Blockse b
P Fenara Generator
—--E Communications System ..
- Ghannels Geld Sequanca| Gold Sequen-
- Comm Filters s | ce Generator
-~ Gomm Sinks
¢l card Hadamard Co-
—].. -4
G:nmm Sources code Gersrater | A (Sanarator
--MNoise Generators |
-~Random Data Sources Jooam | Kasami Sequ-
Sequence Generators Generaior ence Genera...
~Equalizers S OVSE Code
+-Error Detection and Corre... senerme [ Ganerator

+-Interleaving

~MIMO P Sequenca | T M SEQUENCE
Fane raar Generator

o

+-Maodulation

~RF Impairments waenceas | WWaISh Code
~Sequence COperations ener Generator
~Source Coding E

+-- Svnrchronizatinn

Showing: Communications System Toolbox/Comm Sources/Sequence Generators

Pucynox 1.24 — I'eneparopsl ocieoBaTeIbHOCTEN
oubmmorexn Communication System Toolbox

DnemenThl 6ubanoreku Random Data Sources MoryT ObITh HCIIOJB30BAHbI B
KauyecTBE MCTOUYHMKOB CIIyUYalHBIX JaHHBIX JJIS TIepefadn 1Mo KaHary cBsi3u. B pas-
nene Noise Generators pacronioskeHbl OJ0KH (OPMHPOBAHUS PA3THYHBIX BHIIOB
nryma.

[Tpu ananmuse curHaoB IUGPOBBIX CHCTEM CBS3H HCIOJIB3YIOTCS TJIa3KOBBIC
nuarpammbl  (Discrete-Time Eye Diagram Scope), auarpaMMmbl —pacCesHUs
(Discrete-Time Scatter Plot Scope) u mocTpouTenud TPaeKTOPHH BEKTOpa KOM-
TiekcHo# ormbaromeii curnana (Discrete-Time Signal Trajectory Scope). Biokw,
peanu3yonme AaHHble (QYHKIMH, MOXHO HaiTh B 3akimaake Comm Sinks (puc.
1.25).
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L) Simulink|Library Browser, DEE)
File Edit View Help

0 & » Entersearchterm ~ # &

Libraries 'munications System Toolbox/Comm Sinks EE]
+E Simulink B Discrete-Time
+E Aerospace Blockset | <> T —
—E Communications System ..
- CGhannels =z Discrete-Time

- Comm Filters Scatter Plot 5.

+-Comm Sources ’ @ Signal Traject...
~Equalizers
+-Error Detection and Corre... | A"cwnw | Eror Rate

o esdanoe Calculation

i--lnterleaving

- MIMO
+-Modulation

-~ RF Impairments

~Sequence COperations

~Source Coding
+-Synchronization

- Utility Blocks

+E Computer Vision System .. E
W Cnntrnl Svstem Tnnlhny -
Showing: Communications System Toolbox/Comm Sinks

Pucynox 1.25 — brioku ananm3a curHainoB U(POBBIX CUCTEM CBSI3U

baok Error Rate Calculation ucmonbs3yercst st cpaBHEHHSI TIepe1aBaeMbIX U
NPUHAMACMbIX JaHHBIX, pacueTa 4Yucja CMMBOJBHBIX OIIMOOK. [Ipu HeoOXomumo-
CTH JaHHBIN OJIOK MOKET OBITH HACTPOEH IS aBTOMATHYCCKONW OCTAHOBKH IPOIICC-
ca MOJEIMPOBAHMUS MPHU JTOCTIKCHUN 3aJaHHOTO YKCIIa OIIMOOK mepeaadn HHQop-
MaIIHH.

aKHEHIIMe 3adayd MPH Iepenadye W IpueMe CHrHaia — (GOpMHUPOBaHHUE
CIIEKTpa B MEPEJaTYMKEe M COTrNIacoBaHHas (MIBTpAIlUs B MpHeMHHUKe. [l peasu-
3allid 3TUX 3a[a4 UCIOJB3YIOTCS (POPMHUPYIONIHE M COTIaCOBAHHbBIE KOMILIEKCHBIE
GbuIbTpHI, IpeacTaBICHHbIC B 3akiaaake Comm Filters (puc. 1.26).
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File

Edit

View Help

¥» |  Enter search term

Libraries

- Simulink

+E Aerospace Blockset

—E Communications System ..
-~ Channels

- Gomm Sinks

~Comm Sources
~Equalizers

-Error Detection and Corre...
-Interleaving

- MIMO
~Maodulation

-~ RF Impairments
~Sequence COperations
~Source Coding
~Synchronization

Utility Blocks

+E Computer Vision System ..
EI Cnntrol Svetem T onlhny

(]

o

- A g

munications System Toolbox/Comm Filters EE]

N

U s sian

-

Factangul ar
Pulza Filtkr

Intagrats
and Dump

i

N

Soquans rool

S

Squane oo

.

Wt e oo
Imtegrator

w

Gaussian Filter

ldeal Rectang-
ular Pulse Filt...

Integrate and
Dump

Raised Cosine
Receive Filter

Raised Cosine
Transmit Filter

Windowed
Integrator

Showing: Communications Systemn Toolbox/Comm Filters

Pucynok 1.26 — bnoku ¢popmupoBaHus CieKTpa u

COTrJIaCOBaHHOW (PUIIBTpAIMU CUTHAJIA

Raised Cosine Transmit Filter — 6ok opMupoBaHus CIIEKTpa U WHTEPIIO-
JSILMK TIEPEIaBaeMoro CUTHaa.
Raised Cosine Receive Filter — 0mok cormacoBaHHOW (UIBTPAIIUN B JCIU-
Maliy MPUHAMAEMOI'0 CUTHaJIA.
OnHoli W3 HamOoJjiee YacTO MCIONB3yeMbIX OmOmmotek Simulink sBisercs
oubroTeka 010K0B 1 pPoBOi 00padoTku curHanoB (DSP System Toolbox), moka-
3aHHas Ha pucyHke 1.27.
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w Simulink|Library Browser D EE)
File Edit WView Help
O = » | Enter search term - 4 E‘L
Libraries Library: DSP System Toolbox = Search Results: (none) [E]
+ Wl Simulink (=] 1
+E Aerospace Blockset 2z -1 Estimation ;I! Filtering
+E Communications System ...
ji Ax=b
! E Computer Vision System ... T Math Functions , E "' Quantizers
E Control System Toolbox

—-- DSP System Toolbox 31 signa 5 Signal

#I-Estimation Management "'@' Operations
+-Filtering B

+-Math Functions Signal Proces- .;_“‘tﬂ-, Signal Proces-
-~ Quantizers sing Sinks [ sing Sources
+-Signal Management p—

~Signal Operations }H Statistics L] Transforms

- Signal Processing Sinks
~Signal Processing Sources
- Statistics

- Transforms

+- @ EDA Simulator Link @

I =1 [ S R P R

Showing: DSP System Toolbox

Pucynox 1.27 — bubnuoteka 6;10k0B 1u(ppoBOit 00paOOTKH CUTHAIIOB

B paznene Filtering mpucyTcTByeT OOMBIIOE KOJUYECTBO OJIOKOB (HIBTpaA-
iy curHana. B pasmene Signal Operations Haxoastcss OJ0KH TOBBIMICHHS U T10-
HWwkeHus 4yactotel auckpernzanuu (Upsample u Downsample), 6moku 1enounc-
JeHHOM W npoOHo#t 3ameprxkek (Variable Integer Delay u Variable Fractional
Delay). B pasnene Signal Processing Sinks naxoautcst 0JIOK aHanu3aTopa CrieKTpa
(Spectrum Scope).

Bonee monpoOHO 03HAKOMHUTBHCS ¢ Bo3MOxHOcTAMU Simulink MoxxHO TpH
MOMOIIY JOKYMEHTALUU U JAEMOHCTPAaMOHHBIX MpoekToB. B okHe MATLAB Ha-
xmute kHonku Start, Simulink, Demos. Otkpoetcst okao momomu MATLAB Si-
mulink co cnrckoM IEMOHCTPAIIMOHHBIX MPOCKTOB, KAKIBIA U3 KOTOPBIX OTKPBIT
TUTSL U3Y9ICHHSL.

1.4 Ilpumepsbl MOAEIMPOBAHNUS

Co3naiiTe HOBBIM MPOEKT M MOMECTUTE Ha JIMCT cienyromue omoxu: Gaus-
sian Noise Generator, Digital Filter Design, Spectrum Scope (puc. 1.28).
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L Untitled * B EE]

File Edit “iew Simulation Format Tools  Help

FDaTool
! R e o ————— ™
Gaussian
B-FFT
Gaussian Moise o Shect
Generator Filter Design Srope

Pucynok 1.28 — [Ipumep moaenupoBanus 1uppoBoro ¢puibTpa

B Hactpoiikax reneparopa myma ycranoBure Sample time 1/100000 (pwuc.
1.29), g0 cooTBeTCTBYET YacTore quckpern3zamuu 100 kI

=] Source/BlockParameters: Gaussian|loise Generator
Gaussian Noise Generator (mask) (link)

Generate Gaussian distributed noise with given mean and
variance values.

Parameters

Mean value:
0

Variance (vector or matrix):
1

Initial seed:
41

Sample time:
11/100000

Frame-based outputs
Interpret vector parameters as 1-D

Output data type: double -

Cancel Help Apply

Pucynox 1.29 — Hactpoiiku rereparopa mryma

VYcranoBuTe HacTpouku Oyioka MUGPOBON (PUIBTPALMUA CUTHAJA B COOTBET-
ctBuM ¢ pucynkom 1.30.
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Block Parameters: Digital Eilter Design

File Edit  Analysis  Targets  View Window Help

DEHSR 2P LXK T K RNE#+0 BRI N

——

) Lowpass - ]
) Highpass - :

1| Differentiator -

Cl Equiripple -

Columns as channels (frame based)

Pucynox 1.30 — Hactpoiiku 6510ka iudpoBoil puiibTpaiivu curtaia
Jlis mpumepa BeIOpaH pexxekTopHblid (Bandstop) ¢umsTp ¢ KoHEYHOH HM-
nyiascHoM xapaktepuctrkoi (FIR) 80-ro mopsiaka (Specify order), HopmanuzoBan-
ueivu yactotamu 0,3; 0,4; 0,6; 0,7. ITo Haxxatuio kaHonku Design Filter mpousso-
auTcst pacuet ¢puibTpa (puc. 1.30).

Ha pucynke 1.31 moka3aHbl HACTPOWKH OJI0OKA aHATIM3aTOpa CIIEKTpPA.
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L Sink Block Parameters: Spectrum Scope =
Spectrum Scope

Compute and display the mean-square spectrum or power spectral
density of each input signal.

Scope Properties  Display Properties  Axis Properties  Line PrtEE]

Parameters
Spectrum units: dBW/Hertz -
Spectrum type: Two-sided ((-Fs/2...F5/2]) -

% Buffer input

Buffer size: |iEL

Buffer overlap: 0

4

Treat Mx1 and unoriented sample-based signals as: One channel

Window: Hann -

Window sampling: Periodic -
Specify FFT length

Number of spectral averages: 2

J Cancel Help Apply

Pucynok 1.31 — HacTpoiiku 610ka aHagu3aTopa CreKkTpa

B nacTpolikax aHanM3zaTopa CIEKTpa HE0OXOJIMMO BKJIIOUYUTH Oydepusanuio
BXxoaHoro curraina (Buffer input) u ycranoButs pasmep Oydepa (Buffer size).

3amyctute MoaenaupoBanue (Simulation, Start), aBromartndecku OTKpoOeTCs
OKHO aHanu3aTopa cnekrpa. Haxxmure nmpaBoil KHONIKOW MBIIIM B OKHE aHAIU3aTO-
pa crnektpa, BeiOepuTe myHKT Autoscale. Ha skpaHe mosmkeH OTOOpa3suThCs OT-
(GHIBTPOBAHHBIN CIIEKTP CUTHAA reHeparopa oenoro myma (puc. 1.32). Kak BugHO
Ha PHUCYHKE, CIIEKTP MOBTOPSAET aMIUIUTYJHO-YACTOTHYIO XapaKTEPUCTUKY (HUIIBT-

pa.
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= SB8E

File View Axes Channels Window Help N

AR PN

-50

-B0

-70

-80

-390

-100

=110

Magnitude-squared, dB

=120

-130

-140

-150
] ]

-40 -30 -20 -10 1} 10 ] 30 40 50

Frame: 977 Frequency (kHz)

Pucynox 1.32 — OtdunsTpoBaHHBIN CIIEKTp TeHEpaTOpa OEI0r0 IrymMa

JlomomHUTE MOJIEh COrIacCHO pUCYHKY 1.33.

& DEE
File Edit View Simulation Format Tools  Help ‘
FD&Tool
Giaussian Moise - Product
Digital
Generator Filter Design Spectrurm

Scope

Real-Imag to Complex to
Cornples Feal-Imag 1

Sin Wawve

Camplex to
Feal-Imagy 2

Scope

Cos Wave

Pucynok 1.33 — ®opmupoBaHuEe KOMILIEKCHOTO CUTHAJIA U CMEIIIEHUE CTIEKTpa

Jlyis BU3yallbHOTO BbIeNIEHUsI OJIOKOB MPUCYTCTBYET BO3MOXKHOCTH H3MEHE-
HUS UX LIBETa, JJISl 3TOr0 HYXXHO Ha)XXaTh MPABOM KHOIMKOW MBIIIN 1O OJIOKY U BBI-
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opats 1BeT (Background Color).

[poniecc popMupoBaHUS KOMILIEKCHOTO CHUTHANA 3aKJIIOYACTCS B T€HEPUPO-
BaHWU TApMOHHYECKUX KOJIeOaHUI OJHOW 4acTOThI co cABurom ¢asel Ha 90°. [ns
ATOTO MCHOJIB3YIOTCS OsIoKH Sine Wave, HacTpoeHHBIE COOTBETCTBYIOIIAM 00pa3oM

(puc. 1.34).

=

Sine Wave

Source Block Parameters: Sin Wave x|

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

Sine type determines the computational technique 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: Sample based -

Time (t): Use simulation time -

Amplitude:
1

Bias:
0

Samples per period:
40

Number of offset samples:
0

Sample time:
1/100000

® Interpret vector parameters as 1-D

Cancel

Jlic3

Help Apply

Source Block Parameters: Gos Wave!

Sine Wave

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

Sine type determines the computational technique 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: :Sample based R

Time (t): Use simulation time -
Amplitude:

1

Bias:

0

Samples per period:

40

Number of offset samples:

40/4

Sample time:

1/100000

® Interpret vector parameters as 1-D
Cancel

Help Apply

Pucynok 1.44 — Hactpoiiku ¢popMupoBaTeNieid CUTHAIOB

KOMILIEKCHOTO TeHepaTopa

[Tpu momomm 6stoka Real-Imag to Complex u3 nByx cocrapistonux Gpopmu-
pyeTcst KOMIUICKCHBIN curHai. biok Product BeImosiHSICT MepeMHOKEHUE CUTHAJIOB,
YTO B JIAHHOM CITy4yae MPUBOAUT K KBaJApaTypHOMY MEepeHocy cnekrpa. Ha pucynke
1.45 moka3aHbl OCIMJUIOTPaMMBbI CUTHAJIOB MOJieNd, Ha pucyHke 1.46 m3oOpakeH
CMEIIEHHBIN CIIEKTP CUTHAJA.
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Scope

BEE

Time offset: 0

1]
gBE| L L0 ARBE Pa S

]

Pucynox 1.45 — OcuusuiorpaMMbl CUTHAJIOB MOJIEIN

File  View Axes

AL PN

Channels

Window Help

BEE

-40]
-50
-60
-70
-80
-30

-100

Magnitude-squared, dB

110

-1z0

-130

-140

-40
Frame: 126

-0 -0 -10 0 10

Freguency (kHz)

z0 30 40 a0

Pucynok 1.46 — CMenieHHbII CIIEKTp CUTHaIa
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2 IABOPATOPHBIE PABOTBI

[TpakTHdeckas 4acTh M3YYCHHS Kypca BBIIIOJHACTCS B IPOIPAMMHOM IaKeTe
O6mouHoro mMutaroHHoro moxaenuposanus Simulink MATLAB Bepcun R2011Db.
Jiis Toro utoObl oTKphITh Simulink, 3aiinure B MATLAB U BBITTOJIHATE B KOHCOJIH
komanay simulink (puc. 2.1).

- MATLAE R2011b CI@ 6]
Eile Edit Debug Parallel Desktop » =
9 aoclngal - = T — —
& RR9 &~ = »
| % - | | File Edit View Help
Shortcuts (2] How to Add (2] What's New O = Ent hi -
» er search term - g
O a x| CommandWindow -+ 0 2 x| | O & X e =
5 @ Newto MATLAB? Watch this Vi & [Dsi| | Libraries Library: Simulink | Search @
| > siwink Name 2] | || 5 TS | S
S>> ""Gom.monly Used Blocks & Used Blocks
~Continuous
Discontinuities Continuous
- Discrete
~Logic and Bit Operations
ik -Lookup Tables \ Discontinuities
e - Math Operations
—Model Verification P" Discrete
~Model-Wide Utilities T
----P_orts & Su.bsystems e Logic and Bit
~Signal Aftributes In= Operations
- Signal Routing
- Sinks y=flu) Lookup Tables
-~ SOUrces
~User-Defined Functions 3+ — Math
+-Additional Math & Discr... +x Operations
o +ﬂ Aerospace Blockset
0 e +- I Communications Syste... ® MGF‘?' )
Q.. - @ Verification
0) +ﬂ Computer Vision Syste... @ @
; El Tantral SQuetam Tranlhawv I 1 [ PR T
Deta Showing: Simulink

Pucynok 2.1 — Oxkno MATLAB u 6utmuoreka Simulink

Jlnst cozmanus HoBoi moaenu Haxkmute File, New, Model (Ctrl+N). Heo6xo-
JMMBIC 3JICMEHTBI MOJICIIN IePETACKUBAIOTCSA M3 OMOIMOTEKH B MpoekT. HacTpoliku
MoJIeTUpoBaHus 3aaaroTcs yepe3 Simulation, Configuration Parameters (Ctrl+E).

B mporecce BbIMOMHEHHS 3aJaHWii HEOOXOJMMO HCIIOJIB30BaTh OJIOKU W3
obmrero makera (Simulink), Communications System Toolbox u DSP System Tool-
box. Jlns momcka OJIOKOB HEOOXOAMMO HCIIOJIB30BaTh BCTPOEHHBIM mouck (Enter
search term). Ocnossi pabotel B MATLAB Simulink npusesnens! B pa3uene 1.

33



JlaboparopHasi padotra Nel. MoaenupoBanue nepeaarmmeil 4actu HuuQpoBoi
CHCTEMBI CBSI3H

Heap padoThl: HU3yyeHUE NPUHLUIIOB (POPMUPOBAHUS CUTHAIA B CUCTEMAX
11U POBOH CBS3U.

3agauu padoThI: ONMKCAaHUE TEOPETUUECKON MOJEIN HCCIEAYEeMONW CHCTEMBI
nepeaayd JaHHBIX; CO3JJaHHE MOJENU NEepeAarollero ycTpoicTBa UPpPOBON cuc-
tembl cBsi3u B Simulink; moxenmpoBanne paboThI CHCTEMBI NMPH Pa3TUYHBIX Ha-
YaJIbHBIX YCJIOBMSIX; U3MEPEHUE OCHOBHBIX IapaMeTPOB pabOThI Mepenaroleil cuc-
TEMBI.

Hcxonusle gannbie ans paboTsl mpuBeaeHsl B Tabmuie 2.1. BapuaHnt BbiOU-
paeTcsl CorjaacHo nociaeaHe nudpe 3a4eTHON KHUKKU WM Ha3HA4YaeTcsl Mpenoja-
BaTEJIEM.

HMcxonHpie TaHHBIC

Tabmuma 2.1
Bun ITo3unuonHoCTH KparHocrb
Bapuanr

MAHUNYJISIMH co3Be3aAus co3Be3aAus

0 BPSK 2 1

1 QPSK 4 2

2 8PSK 8 3

3 16PSK 16 4

4 32PSK 32 5

5 16QAM 16 4

6 32Q0AM 32 5

7 64QAM 64 6

8 1280QAM 128 7

9 256QAM 256 8

J171s1 BBITIOJTHEHUS 33JJaHUsI HEOOXOAMMO MCIIOJIH30BATh CIIEIYIONTUE OJIOKU:

Random Integer Generator — reHepaTop CiydailHbIX LEJIBIX YHUCET;

1-D Lookup Table — tabmuria cooTBEeTCTBHI (MCTUHHOCTH);

Raised Cosine Transmit Filter — popmupytorumii GpuiabTp ¢ XapakTepUCTUKOM
KOPEHb U3 MPUIOTHATOTO KOCHHYCA;

Gain — ycuiuTens CUrHaia;

Complex to Real-Imag — 6ok BbIZCICHHS peabHON U MHMMOM 4acTH KOM-
MJIEKCHOTO CUTHAJIA,;

Scope — ocmmmorpad;

Discrete-Time Eye Diagram Scope — 070k OTOOpa)KCHHS TJIa3KOBOH jaua-
IpaMMbl CUTHAJIA;

Discrete-Time Signal Trajectory Scope — 60Kk 0TOOpakeHUsI TPACKTOPUH
BEKTOpa KOMIUICKCHOM Orubaromeil curaajia Ha IJI0CKOCTH,

Discrete-Time Scatter Plot Scope — 610k oToOpaskeHus1 TUarpaMMbl paccesi-
HUS CUTHAJA;

Subsystem — mojacucTema, mMo3BosIsIeT O(OPMHUTH YaCTh MOJEIH B BHJIE OT-
IEIBHOTrO OJI0KA;
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Spectrum Scope — ananu3aTop CIeKTpa CUurHajia.

W3 ykazaHHBIX OJOKOB HEOOXOMUMO cOOpaTh MOJENb, MOKA3aHHYI Ha pPH-
cynke 2.2. Modulator — moxcucrema dopMupoBaress curHansa nuudpoBoro mepe-
natuuka (puc. 2.3).

-

[ Modem EEE

File Edit Migw Simulation  Format Tools  Helg

nre ™
Fandom P Dotin  Signel out
Integer
Random Integer adulator
Generator ]
B-FFT
Spectrum

Scope

>
o]
o

Cormplex to
Real-Irnag

Scope

Pucynox 2.2 — OOmuit BUJ MOJIETH TIEpEIAoIIel CHCTEMBI

B Hactpoiikax reHeparopa CIy4alHBIX YMCel HEOOXOIUMO 3ahaTh TO3HIIH-
OHHOCTH co3Be3aus (M-ary number) cornmacHo BapuaHTy M 9acTOTY JUCKPETH3AIUU
(Sample Time) 1/9600, 4uTo COOTBETCTBYET CHMBOJILHOW CKOPOCTH TIepeaayM JIaH-
Heix 9600 Oox/cex. B HacTpoiikax aHamu3atopa crekTpa (Spectrum Scope) HeooO-
XOJIMMO BBICTaBUTH pa3zmep okHa BII® 1024 u BrmrounTh Oydepusamuio BXOIHOTO
curnana ¢ pasmepom Oydepa 1024 orcuera. BxogupiMu curnaizamu ocumiorpada
SIBJISTIOTCSl CUTHAQJI JTAHHBIX W COCTAaBJISIFOIIME BBIXOJHOTO KOMIUIEKCHOTO CHUTHAJA
nepeaaTyrKa, KOTopble BBIACISIOTCS pu oMoty 6joka Complex to Real-Imag.

Ha pucynke 2.3 mokazaHa mojnenb ¢popMupoBaress curHaiga. B HacTpoiikax
taOmunbl uctuHHocTH (1-D Lookup Table) HeoOxommmo yka3aTh COOTBETCTBHE
MEKy BEKTOPOM BXOJHBIX CUMBOJIOB U TOYKAMHU CHUTHAJILHOTO cO3Be31us. B cTpo-
ke Breakpoints ykaxure BEKTOp BXOJHBIX CHMBOJIOB COTJIACHO TIO3MIIMOHHOCTH CO-
3Be3aus, Hanpumep, it QAM16: [01234567891011 12 13 14 15 ]. B crpo-
ke Table Data ykaxute TOUKH CO3BE3/Ms, COOTBETCTBYIOIIME BXOIHBIM CUMBOJIAM,
st QAMIL6 aro: [ -3+3*i -3+1*1 -3-3*i -3-1*1 -1+3*i -1+1*i -1-3*i -1-1*i +3+3*i
+3+1*1 +3-3*1 +3-1*i +1+3*1 +1+1*i +1-3*i +1-1*i ]. [Ans maHUOynIuuil BBICOKO-
ro TOpsiKa HEOOXOMMO UCIOJIB30BaTh METO/BI aBTOMATHYSCKOW T'CHEpaluy BEK-
topoB B MATLAB, narpumep [0:1:255 ] u t. 1.
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+ Modem/Modulator DEE

File Edit Miew Simulation Format  Tools  Help

1-0 T{u)
o——
Drata i Souare oot Signal out
Faised Cosine
1-0 Lookup Transmit Filter
Table Gain
y <= » <>
Dizcrete-Time Dizcrete-Tirme
Eve Diagram Eve Diagram
Scope 1 Scope 2
Dizcrete-Time Dizcrete-Tirme
Signal Tralectory Signal Tralectory
Scope 1 Scope 2
| |
Dizcrete-Time Digcrete-Tirne

Scatter Plot Scatter Plot
Scope 1 Scope 2

Pucynox 2.3 — ®opmupoBarens curHaia

OrpaHWYCHHE CIIEKTPa CUTHAJIA BBIMOIHACTCS MPH MOMOIIU (POPMHUPYIOIIETO
GUIBTpa ¢ XapaKTEPUCTUKON KOpEeHb M3 NPUIOTHATOro KocuHyca (puc. 2.3) co
creayrommMu Hactpoiikamu: tun ¢unbtpa (Filter Type) — kopeHb U3 MPHUITOAHSTO-
ro kocunyca (Square Root); rpymmoBas 3aaepikka, ompeaessomas gmHy WX
¢unetpa, (Group Delay) — 5 cumBonoB; koad¢uiment ckpyrienus (Rolloff
Factor) — 0.8; xoadduineHT moBsiieHNss 4acToThl auckperusamuu (Upsampling
factor) — 8; xapakrep o0padoTku curnaia (Input Processing) — sample based.

KommuiekcHbiit curHan ¢ Beixoja Gopmupyomero QpuibTpa Mmoctynaer Ha
YCUJIMTENb, B KOTOPOM BBIMOJHACTCS €ro HOpMupoBka. Koaddumment nepemaun
yeunmrenst paseH 1/K, rae

K 18 .
- /W§|Si| :

rae N — Mo3UIHMOHHOCTh CO3BE3AMSL.

Jl1st uiccneoBaHus MpoiieccoB (PopMUPOBaAHUS CUTHANIA HEOOXOIMMO HC-
MOJIH30BaTh OJIOKU OTOOpAKEHUS TJIA3KOBBIX JUArpaMM, OJIOKH OTOOpaKeHus Tpa-
EKTOPHH BEKTOPA KOMIUICKCHOM OTHOAaroIIe 1 OJI0KH 0TOOpaXKEHUs JUarpaMMBbl
paccesinus (puc. 2.4).
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Pucynox 2.4 — bioku otobpaxeHus: ”HGOpPMAIMK O CUTHAJIAX

Ha pucysnke 2.5 nokaszan npuMmep padOThl aHaIU3aTOpa CIEKTpa.
[Ipn momoum TpexkaHaIbHOrO ocHuuIorpada UMeeTcss BO3MOXXHOCTb CO-

[IOCTaBUTh CHTHAJ JaHHBIX M KOMIIOHEHTHI CHTHAlla KOMIUIEKCHOW OTrHOaroIieit
(puc. 2.6).

'ﬁ Modem/Spectrum Scope: = EE
File Wiew Axes Channels Window Help u
&8 P X

-40
m  -B0
rai
-
=
= g0
-3
&
=
2 -100
=
far) |
[}
=

-120

-140

-30 -20 -10 0 10 20 a0
Frame: 63 Frequency (kHz)

Pucynox 2.5 — Cniektp ¢popmMupyemMoro curaaina
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= Scope DEBE
SE LLL ABB| PA S >

0.738 0.739 0.a 0801 0.803 0.804

Time offset: 0

Pucynok 2.6 — OcumitorpaMmbl IIMHBI TAHHBIX ¥ KOMITJIEKCHOW OTHOAIOMIEH
c(hOpMUPOBAHHOTO CUTHAJIA

IHopsAiOK BBINOJHEHUS PA0OTHI:

1) CoriacHo NMPUBEACHHBIM BBIIIC PUCYHKAM, CO3AMTE MOJIEIb MEPeIaTIH-
ka B Simulink, yoenurecs B ee pabOTOCIIOCOOHOCTH.

2) YcraHoBUTE KOX(PQUIMEHT CKpyrJIeHUs (GopMUpYyromero (uibTpa pas-
HeM 0 u 3amyctute Moaens. CoxpaHuTe JJIs OT4eTa Bce TpaduKH, MOTydeHHEIE B
xoJie MoenmupoBanus. [[pon3BenuTe ONEHKY MIWPUHBI CTICKTPa CUTHAJIA, KPYTH3HBI
CKaTOB, YPOBHS MEPBOT0 OOKOBOTO JICTIECTKA M 3aHECUTE ITH JaHHBIC B TAOJHILY.
[Tpu momonm ocrmiorpada OIEHUTE aMILTUTYy KBaJpaTyPHBIX COCTaBIISIONIUX
JUTSI BHEUTHUX TOYEK CHTHAJIBLHOTO CO3BE3AMs (TOUEK C MaKCHMaJIbHOW aMIUIUTY-
JI0M) M JIJI BHYTPEHHHMX (TOYEK ¢ MUHHUMAJIBHON aMILUIUTYIOH). 3aHECHUTE TOJY-
YCHHBIC JaHHBIC B TAOJIMITY, HAMJIUTE OTHOIICHUE MAaKCUMAJIBHOTO 3HAYCHUS K MH-
HAMAaJILHOMY.

3) [MoBTOpHUTE 3aaHKe MyHKTA 2 JJ1s1 KOOPPHUIIMEHTOB CKPYTJICHUs QHIbTPa
0.2,04,0.6,0.8u 1.

4) Tlo pe3ynbTaTaM BBITOJHEHHS MOJICIIMPOBAHKS COCTABbTE OTYET, KOTOPBIH
JIOJDKEH COZep)KaTh: IeNM M 3amadu padothl, Bua moaenud B Simulink, rpadukwy,
MOJIyYCHHBIC TPU BBHITOJHEHUH MYHKTOB 2 M 3, BBIBOJBI MO pe3yibTaTaM MOJEIIH-
pOBaHUS.

Cnucok TeM JJ1sl MOATOTOBKH K 3allUTe:

1) OOm1ast CTpyKTypa CUCTEM LIHU(PPOBOI CBS3H.

2) CTpykTypHas cxema mepefardrka HuGpoOBOH CHUCTEMBbI CBSA3H, BApUAHTHI
pealn3aluu.

3) Jluckperusaiius ¥ KBAHTOBAHHWE CUTHAJIA.

4) KogupoBaHue UCTOYHUKA.
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5) KanasiibHO€E KOAMpPOBAaHHUE.

6) Teopema lllenHoHa.

7) Ipenen lllenHoHa.

8) dopMupoBaTeslb KOMILICKCHOM orubaroieii curana (MoIysasTop).

9) AMmmutynHas MaHumyssiusa. YacrotHas MaHumnyssiius. CUrHaJIbHBIC CO-
3Be3aus BPSK, QPSK, QAM16, 8PSK. XapakTepuCTHKU U CpaBHEHHE Pa3TMYHBIX
BUJIOB ITU(POBON MOIYIISIIUY.

10) KBanpatypHblit MOTYASTOP.

11) Iepenaya qaHHBIX B KaHAJIE ¢ OTPAHUYCHHON TTOJIOCOH.

12) Teopema HatikBucta 0 MCHU.

13) Uneanpubiii ¢puiabTp HaiikBrcra. B3anMHOE BIUSHHE HMITYJIBCOB IIPH
nepenade yepes Guiastp HaiikBucra.

14) ®opmupyrommii GUIBTP CUCTEMBI CBSI3U. DUIBTP MPUIIOAHATOTO KOCH-
HyCa U €r0 XapaKTEePUCTUKH.

15) I'mazkoBas auarpamma. /lmarpaMmma paccesiHusl.

JlabopaTtopHasi pa6ora Ne2. MoaeiMpoBaHue KaHAJIa CBSI3H

Leapb padoThI: UccIeOBAHUE SBJICHUM, BOZHUKAIONINX B KaHAJIE CBSI3U CUC-
TEMBbI nepeaayu uppoBoi HHGOPMAIIIH.

3amauyu padoThI: ONUCAHHE TEOPETUUECKUX MOJIENIEH MPOLECCOB, TPOUCXO-
JSIIAX B KaHAJIE CBS3M; MOJICIIMPOBaHKE KaHaia cBs3u B Simulink.

J11s1 BBITIOJTHEHUS 33]aHUsT HE0OOXOMMO HCITOJIB30BATh CIICIYIONTUE OJIOKH:

AWGN Channel — xaunan ¢ ABI'I;

Phase/Frequency Offset — 6ok, ocyriecTBiastoNMil (Ha30BbIi ¥ YaCTOTHBIN
CIBUT BXOJHOTO CUTHAJA;

Variable Fractional Delay — 610k 1poOHO# 3aep:KKH CUTHATIA,

Constant — HCTOYHUK HEU3MEHAEMOT0 cUrHayIa (KOHCTAHTa);

Complex to Real-Imag — 6ok BbIZCICHHS peabHON U MHMMOM 4acTH KOM-
IJIEKCHOTO CUTHAJIA;

Scope — ocmmmorpad;

Discrete-Time Eye Diagram Scope — 0j0k 0TOOpakeHHs TIJIa3KOBOH jua-
IpaMMBbI CUTHAIA;

Discrete-Time Signal Trajectory Scope — 6710k 0TOOpakeHHsI TPACKTOPUHU
BEKTOpPa KOMIUICKCHOM OrM0OaroIel Curuajja Ha IIOCKOCTH;

Discrete-Time Scatter Plot Scope — 6110k 0TOOpa)KeHUsT AUarpaMMbl paccesi-
HUS CUTHAJIA;

Subsystem — moacucrema, Mo3BoJIsIONIAas 0(QOPMUTH YacTh MOJICIIA B BHIE
OTEJIBHOTO OJIOKA;

Spectrum Scope — ananu3aTop CreKTpa CUrHala.

s monenupoBaHus KaHana cBsizu B Simulink HeoOxomuMo co3math OT-
JeNbHYI0 Tocuctemy (Subsystem) u moaKIIIOUNTh ee K BBIXOY MepeaaTyuka (puc.
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2.7).

E) Modem) 2E

File Edit View Simulation Format Tools Help

I e P

Random

ot

¥
E

Datein  Signal out

¥

Integer

Random Integer Modulator Channel

Generator
B-FFI'| B-FFT

Spectrum Spectrum
Scope Scope 2

Walill l:l  Fe
S im S im

Complex to Scope Complex o Scope 2
FReal-Irmag Feal-Irmag 2

¥

¥

Pucynok 2.7 — LludpoBoit nepenaTyuk U KaHaJl CUCTEMBI CBSI3U

Mogens kaHala CBSI3U MOKa3aHa Ha pUCyHKe 2.8, OHa BKIIIOYAaeT B ceOs OJI0K
noGasnenna k curHainy ABI'I, 610k yactotHoro u ¢azoBoro ciaspura U OJOK
TPOOHOM 3a7epKKH, KOTOpast 3a0aeTCsI KOHCTAHTOM.

4 Modem/Channel == EE
File Edit View Simulation Format Tools Help ‘
b Rl N Phases .
( - AWGHN ™ Frequency ™ n
" Dffsat —_— LT
N Phasel Y - Cut
Ll Frenuercy ariable
AN Offset Fractional Delay
Delay
e =]
Discrete-Time Discrete-Time Discrete-Time
Scatter Plot Sigrial Trajectory Eye Diagram
Soope Scope Scope

Pucynok 2.8 — Monenb kaHana cBs3H

B nactpoiikax 0moka AWGN Channel Beioepute pexxum (Mode) SNR u 3a-
naiite otHomenue curHan/mym 13 nb. Ycranosute HyneBoii (aszoseiii (Phase off-
set) m wacroteiii caur (Frequency offset) curnmasa B HacTpoiikax OJioka
Phase/Frequency Offset. Beibepute peskum nuneitHoi natepnosiuu (lterpolation
mode - Linear) B 6ioke npoGHoit 3agepxkku Variable Fractional Delay. 3anyctute
MOJIEJIb ¥ TIPU MOMOIIH OJIOKOB 0TOOpaxkeHust HH(OpMaIMKi O CUTHaJe yOeIuTech B
ee paboTtocnocobHocTu. Ha pucynke 2.9 nmokaszansl rpadyiku cUTHaIa ¢ BO3JICUCT-
BueM ABI'TI. Kak BUAHO Ha BEpXHHUX PHUCYHKAX, /1aK€ B OTCYTCTBUE IIIyMa TOUYKH
CO3BE31MsI PA3MBITHI, YTO CBSI3aHO C OTCYTCTBHEM COTJIACOBAHHOW (DMIBTpalnuu
curHaia. JloO6aBieHue myMa B KaHaJle CBS3U MPHUBOIMUT K €IIe OOJbIIEMY pa3Mbl-
THIO TOYeK co3Be3aus. Ha pucynke 2.10 nmoka3aHo BIMsSHHE YaCTOTHOTO paccoria-
COBaHUS HA CUTHAJ, B PE3YJIbTaTe KOTOPOTO CO3BE3AME HAYMHACT BpamaThcs. Tak-
K€ YaCTOTHBIN CIBUT CUTHAJIA MOXHO HaOIIOaTh HAa aHAIU3aTope CcrekTpa (puc.
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2.11). JIpoOHas 3a7epkKa B KaHaJIe CBSI3M, KaK U (pa30BOE paccoriacoBaHue, MPHU-
BOJSIT K TIOBOPOTY CHTHAJIBHOTO co3Be3mus (puc. 2.12). B cuiy oTcyTCcTBHS METIH
CICKCHMSI 32 CHMBOJBHOW YacCTOTOM JEMOMYJSIINS CHUTHAjda CTAaHOBUTCS HEBO3-

MOYKHOM.

(B Modem/Modulator/Discrete-Time Eye Diagram Sco (=) (D) (x| (B Modem/Modulator/Discrete:Time Signal Trajectary ) (@) (X | ﬁ Modem/M TimelScatter Plotiscopl =)
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Pucynox 2.9 — Bmusiaue Bo3zaeiicTeus Ha curaan ABI

(B ModemyModulator/DiscreteTime Eye Diagram Sco[_](0)(X)| (B Modem/Modulator/Discrete-Time Signal Trajectory (=) (0) )| [l Modem/Modulator/Discrete-Time Scatter Plot Scop () D) (X
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Pucynok 2.10 — BiimsiHuE 4aCTOTHOTO paccoriacoBaHUs
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Pucynok 2.11 — Bo3znetictBue Ha curnan ABI'II u cmerienue criekTpa
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Pucynok 2.12 — Jlpobnas 3amepxka
IMopsiiok BbINOJTHEHNUSI PA0OTHI:

1) CornacHO TpUBEICHHBIM BBIIIIE PUCYHKAM M OMHCAHUIO, CO3/aiiTe MOJICITh
kaHaia cBs3u B Simulink, moakirounTe ee K mepenaTynky U yoeauTech B ee pado-
TOCTIOCOOHOCTH.

2) YcTaHOBHTE HYJCBOE YaCTOTHOE W (pa3oBoe paccoriacoBaHue. 3ajaiite
HYJIEBYIO JIDOOHYIO 3aJICp)KKy B KaHalie CBs3u. [IpoBequTe MOJCTUPOBAHUE TPU
orHomrenusix curnai/mym 0, 10, 20, 30, 40, 50, 60 nb. Ouenure 3nauenne OCIII,
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IpU KOTOPOM pa3INYeHHE TOYCK B CO3BE3IMM CTAHOBHUTCS HEBO3MOXKHBIM. I[IpoBe-
JUTE JOTMOJHUTEIBHO 6 M3MepeHuid Bo3je 3Toro 3HaueHus. CoXpaHuTe s OTYeTa
BCe rpaduK, MOJYICHHBIC B X0JI¢ MOJICTUPOBAHMUS.

3) Ycranoute OCIII B kanane paBasiM 100 ab. 3amaiite HyaeByIO IpOOHYIO
3anepxky. IIpoBenure momenupoBanue mpu (pazoBom paccormacoBanum (0°, 45°
90°, 135° 180°, 270° u 360°. [IpoBenuTe MOAETMPOBAHNE MPHU YACTOTHOM Pacco-
rimacoBanuu, paBHoMm 10 I'm, 100 I'm, 1 xI'u, 3 k['u. CoxpaHuTe ajis OTYeTa BCE
rpaduky, OTydeHHBIC B XOJI€ MOACINPOBAHU.

4) Ycranosure OCIII B kanane paBabiM 100 nb. 3anaiite HyneBoe 4acTOTHOE
u (azoBoe paccormacoBanue. [IpoBenuTe MoaeTupoOBaHUE NPU IPOOHON 3aJIePiKKeE,
pasuoii 0.1, 0.5, 1, 2, 3. CoxpanuTte Ay oT4eTa BCe TpadUKu, MOJIYICHHBIC B X0JI€
MOJICTIHPOBAHHUSI.

5) Ilo pe3ynbTaTaM BBITIOJHEHHS MOJICIMPOBAHUS COCTaBbTE OTYET, KOTOPHIH
JIOJDKEH Coaep:KaTh: Ledd W 3afaud pa®oTel, BuA moaenu B Simulink, rpadukwy,
MOJIYYCHHBIC MIPU BBITIOJIHEHUH MYHKTOB 2, 3 U 4, BBIBOJIBI MO pe3yibTaTaM Mojie-
JUPOBAHUS.

Cnucok TeM JJIS IOATOTOBKH K 3alllUTe.

1) O6mmme BOmpoCckl MOJICIIMPOBAHNSI KaHAIA CBSI3H.

2) 3aTyxaHue CHTHaJla B KaHaJIe CBSI3M.

3) Bozneticreue ABI'LI Ha curnaan.

4) YacToTHBIN 1 Pa30BbIi CIBUT CUTHAA.

5) 3agepikka B KaHase CBA3M (IUCKpETHAs, IpOOHAs, aHAJIOTOBas).
6) MHoromy4deBoe pacpoCcTpaHeHUE CUTHAIA.

JlabopaTopnasi padora Ne3. MoaesmpoBanue NnpueMHoOi yacTu uugpoBoii
CHCTEMBI CBSI3U

Heab padoThl: M3yueHHE OCHOB pabOThl MPUEMHHUKOB IU(POBBIX CHUCTEM
CBA3HU.

3agaum padoThI: ONKMCAHUE TEOPETUUECKUX MOJENIEH MPOLECCOB, TPOUCXO-
JSAIMIMX B IPUEMHUKaX HU(QPOBBIX CUCTEM CBSI3U; MOACIUPOBAHUE CUCTEMBI CBS3H B
Simulink.

Jl7is MofenMpoBaHus MPUEMHON YacTH CUCTEMBI CBSI3U HEOOXOAMMO HCIOJIb-
30Bath cieayromue oaoku Simulink:

Error Rate Calculator — 6710k mojcueTa KoJMYecTBa OMKMOOK MPH TpUEME
uH(popmaIuuy,

Display — 6;10k oTo6pakeHust HHGOPMAILUU (CUTHAJIOB);

To Workspace — 6110k BeiBoJia 1aHHbIX B cpeaxy MATLAB;

Gain — ycuiuTelns CUrHaia;

Raised Cosine Receive Filter — npueMHbIii GUABTP C XapaKTEPUCTHKOMN MPH-
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MOTHATOrO KOCHHYCA,;

Downsample — 6,10k MOHMWKEHUS YaCTOThI AUCKPETH3AIINH;

Add — 6110k cyMMHUpOBaHHs/BEIYUTAHHS CUTHAJIOB,

Constant — uCTOYHUK HEM3MEHAEMOTO CUTHAJIA (KOHCTaHTA);

Complex to Real-Imag — 6110k BbIIeACHHS pealbHOM U MHUMOW 4acTH KOM-
TUIEKCHOTO CUTHAJIA;

Product — 6;10k iepeMHOXCeHHUSI/ ICIICHUS] CUTHAJIOB;

Minimum — GJIOK TTOWCKa MHHUMAJIFHOTO 3HAY€HUsI BEKTOpa/MAaTPHIIBI CHT-
HAJIOB;

n-D Lookup Table — 610k Nn-pa3mepHOi TaOIMIBI COOTBETCTBUN (TaOJIUIIBI
HUCTHHHOCTH);

Scope — ocummtorpad;

Discrete-Time Eye Diagram Scope — 00k 0TOOpa)XeHHs TJIa3KOBOH jHa-
rpaMMbl CHTHAJIa,

Discrete-Time Signal Trajectory Scope — 60K OTOOpaXeHHUsI TPACKTOPUH
BEKTOpa KOMIUIEKCHOM OTHOArOIIeii CUTHAIA Ha TUIOCKOCTH;

Discrete-Time Scatter Plot Scope — 6110k 0TOOpaXXeHUsT TUarpaMMbl pacces-
HUS CUTHAJIA;

Subsystem — moncucrema, mo3BoIsIONIAs 0QPOPMUTE YACTh MOJICIIA B BHJIC
OTJEJIBHOTO OJI0KA;

Spectrum Scope — aHanu3aTop CIeKTpa CUrHaja.

Ha pucynke 2.13 moka3aH BuJ 3aKOHYEHHOW MOJEIU CHCTEMbI IH(PPOBOIA
cesizu B Simulink.

& Modem DER
File Edit Wiew Simulation Format Tools Help |
0.050216720654134
T
Error Rate 1286
o Calculation
Random W=\ Datein  Signal out *in Out B sigralin - Dafaout Ll 25609
Integer

Random Integer Channel Errar Rate
P Madulator Demodulatar Caleulation

eeeee tor j .
™ - :
Spectrum Spectrum s |:|
Ta Workspace

¥

Soope Scope 2

oI i
Falit .~ Fie -
s Im s I Signal Scope

Comple to Seope Complex 10 Seope 2
FReal-Irnag FReal-lmag 2

Pucynok 2.13 — 3akoHUeHHas MOJCIIh CUCTEMBI ITU(DPOBOM CBSI3U

bnokx mpueMHO# yacTH MOJENN CUCTEMBbI CBSI3M IMOKa3aH Ha pucyHke 2.14.
Koaddunuent ycunenus Gain Beionpaercss 00OpaTHbIM KOIPPHUIIUEHTY YCHICHHS B
nepenatarke. CoriiacoBaHHasi (UIBTpAIMsl CUTHAJA BBITOTHICTCS MPU TOMOIIN
GuIbTpa ¢ XapaKTepUCTUKOW KOopeHb W3 mpunoansroro kocunyca (Raised Cosine
Receiver Filter) co ciaenyrommmu Hactporikamu: tun ¢unerpa (Filter Type) — ko-
pPEeHb U3 MPHUIOAHATOr0 KocuHyca (Square RoOt); KoJM4ecTBO BXOJHBIX OTCYETOB
Ha oaud cuMBoa (Input samples per symbol (N)) — 8; rpynmnoBas 3amepskka, onpe-
nensromas gmHy X ¢unerpa, (Group Delay) — 5 cumBosioB; koadduiueHt
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ckpyraenus (Rolloff Factor) — 0.8; kosddunrenT noHWKEeHUsT 4aCTOTHI AUCKPETH-
sanmu (Output Mode) — None; xapakrep o6pabdotku curHaia (Input Processing) —
sample based. Ilepen moHMXeHHEM YacTOTHI AWCKpeTn3anuu O0iokoM Downsample
CUTHAJI BBIBOJUTCS Ha OJIOK OTOOpa)XCHUs TJIA3KOBOW TUarpaMMbl B OJIOK oToOpa-
’KCHUS TPACKTOPHH BEKTOpa KOMILJICKCHON Orubarorieil Curaia.

i —
4 Modem/Demodulator = =
File Edit “iew Simulation Format Tools  Help
Hard decision —.‘{I}
Jﬂl‘- - ‘1‘8 ) irput singal Data out
Sigral in diguare root soft decision [
Fiaised Cosine Downsample
Feceive Filter LAMIE
Gain Hard Decision
A=R wln
&P | == >
RLEL -
Dizcrete-Time Dizcrete-Time Dizcrete-Time
Signal Trajectory Eye Diagram Scatter Plot
Seope Seope Scope
Data

Pucynok 2.14 — CornacoBanHas (puabTpaus 1 IeUMAaIIs CUTHAIA

JleMomyJsilivsl CUTHAJIA OCYIIECTBIISICTCSI HA OCHOBE IMOJICYETa METPUK (pHC.
1.37) u BBINOJHSAETCS B BUJIC YHUBEPCAIBHOTO JAemoayisaTopa (puc. 2.15). Marpu-
a (BEKTOp) co3Be3us 3aaaercs npu nomoinu koHctanthl (Constellation na puc.
2.15). Tlonck MUHUMAJIBLHOTO 3HAYCHUS METPUKU OCYIIECTBIIACTCS MPH MOMOIIH
6moka Minimum.

& Modem/DemadulatorQAMI6N Hard Decisian) =
File Edit “iew Simulation Format Tools Help
w >
Input singel - i I e —
Sub Comples to Walue of minimal metric
Real- Imag Finding rminimal value of metric
. Inclex of minimal metric
Conztellation
[ 343 | 13 | 1+3] | 3+ 3i T
- u
[ |l 111 | 1] [ 3+ 11 prag il J
—*| 311 | <] | -] | 3-1i »u2 i —
[ -l 1 -3 Il 331 = Hard decision value
Mapping
Caonstellation matrix
[ 1569 ] [ 1384 ] | 1699 [ 28.14] L
[ 7834] | 2983 | 6.133] | 17.28] Hardl ciecision
[ 4.977] 01259 ] [ 3.277] | 14.43]
[ 10.02] [ 5271 | s42] [ 1957] D)
Sioft decision
Matrix of metrics

Pucynok 2.15 — JleMoaynsiTop CUTHaia
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CooTBeTCTBHE MEKAY HHIEKCOM MHHUMAIBHOW METPUKH M CHMBOJIOM 3a]1a-
etcs B 0;10ke N-D Lookup Table (puc. 2.16).

=) Function/Block Parameters:Mapping) ]
Lookup Table (n-D) sl
Perform n-dimensional interpolated table lookup including index searches. The table is a sampled representation of a
function in N variables. Breakpoint sets relate the input values to positions in the table. The first dimension corresponds
to the top (or left) input port.
: Table and Breakpoints : Algorithm = Data Types
Number of table dimensions: 2 -
Table data: [04128;15139;371511;261410]
Breakpoints 1: [1234] o
Breakpoints 2: [1234]
Edit table and breakpoints...
Sample time (-1 for inherited): -1 @
oK Cancel Help Apply

Pucynox 2.16 — OnpeneneHne COOTBETCTBHI MEXTY
WHJICKCAaMH MaTPHIIBI co3Be3us i cuMBosiamMu (st QAM16)

Ha pucynke 2.17 noka3zansl AuarpaMMbl IPUHUMaeMOTO CUTHaJIa C BbIXOZA
COTJIACOBAaHHOTO (PUIJIbTpa MPU OTCYTCTBUU ILIYMOB, 0€3 4acTOTHOrO U (ha30BOTO
paccoryacoBaHusl U 0e3 3a7iepKKU B KaHaje CBA3M. 13 pucyHKOB XOpOULIO BHUJIHO,
YTO Ha MPUHUMAEMOE CO3BE3JHE MPAKTUYECKH HE OKa3bIBAET BIUSHUE MEKCHUM-
BOJIbHASI UHTEPPEPEHLINS.

’n Modem/Demodulator/Discrete-Time Eye Dia (| [0 (¥ | Iu Modem/Demodulator/Discrete Time Signal 1| @) [X]| ﬁm i dul. scretesTime Scatter =05
File Axes Channels Window Help k] File Axes Channels Window Help L File Axes Channels Window Help ]

Eye Diagram Signal Trajectory Scatter Plat

al + + + .

0 =il 40 60 a0 100

CGuuadrature Amplitude
=1
Guadrature Amplitude

! (=]

3|+ . . .

o 20 40 60 a0 100 5 2 il (I 2 3 3 2 A 0 1 2 3
Time (ps) In-phase Amplitude In-phase Amplitude

Quadrature Amplitude  In-phase Amplitude
\ \

Pucynok 2.17 — CornacoBaHHBIH pUEM CUTHAIA

JoOasnenue k curnany ABI'LL npuBoAUT K pa3MbITHIO TOYEK B CO3BE3IUU U
MOBBIIICHUIO BEPOSITHOCTH OIIMOKY Tpu ipueme curHania (puc. 2.18).
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Pucynok 2.18 — Bo3zneticrue ABI'IL Ha npuHUMaeMblii curHa

YacToTHOE paccoriacoBaHWe MPUBOJUT K BPAIICHUIO CUTHAIBHOTO CO3BE3-
JUsl, 4TO TIOKa3aHo Ha pucyHke 2.19. da3oBoe paccoriacoBaHue MPUBOAUT K MOBO-
poty curHanbpHoro co3e3aus (puc. 2.20). PaccuHXpoHHU3aIMsI TPUEMHHUKA [0 CHUM-
BOJILHOW YaCTOTE MPUBOIUT K pa3MbITHIO co3Be3aus (puc. 2.21).
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Pucynox 2.19 — Pe3ynbTaT 4acTOTHOTO paccoriiacoBaHus MPpHU MpUeMe
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Pucynoxk 2.20 — Pe3ynpTaT (ha30BOr0 paccoriacoBaHus NpU MpUeMe
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Pucynok 2.21 — Pe3ynbTaT paccoriacoBaHus Mo
CUMBOJIBHOM YaCTOTE NP MPUEME

Ha pucynke 2.22 mokasaHbl OCITWJIIOTPaMMEI IepeaBacMoro U NpUHUMAE-
Moro curHaioB. He TpynHo mojacuuTaTh, 4TO OOIIasi 3alepkKKa B CUCTEME CBSI3U
paBHa 10 mepuonmam cienoBaHMs MUMIYJILCOB JAaHHBIX. J[aHHYIO 3a/IepKKYy HYXKHO
y4ecTh B OJIOKE MojIcyYeTa KOJMYecTBa ommobok nepenayn uadpopmaruu (Error Rate
Calculator — Receive Delay).

= Sianallseope DEE
EEIR R EEIEEE »

5479

Time offset: 0

Pucynok 2.22 — ConocraBieHue nepe1aBaeMoro u NpuHIMAaeMOTro CUTHAJIOB

IHopsinok BbINOJIHEHUS PA0OTHI:

1) CoryacHO PHUBEICHHBIM BBIIIE PUCYHKAM W OIHUCAHMIO, CO3JaiTe MOJIEb
3aKOHUYCHHOM crcTeMbl cBsi3u B Simulink, yoenurtech B ee paboTOCIOCOOHOCTH.

2) YCcTaHOBHTE HYJEBOE YacTOTHOE W (pa3oBOE paccorjacoBaHHe. 3aaiTe
HYJIEBYIO JAPOOHYI0 3anepkKy B kaHajie cBs3u. YcranoBute OCII pasubim O 1b,
OIICHUTE CTATUCTHYECKYIO BEPOSTHOCTH TOSIBICHHS OIMMOKH TMPHU TIOMOIIU OJI0Ka
Error Rate Calculator.Ysemuunsaiite OCII ¢ marom 5 ab 10 JOCTHXKEHHUS 3HAUe-
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HUS BEPOSTHOCTU CHMBOJIBHOW OIIMOKK HE Oosee 10, [IpoBenute psia 10MOJIHU-
TEJNBHBIX HM3MepeHuil (He MeHee 5 Touyek) B 00J1acCTH HU3KHMX BEPOSTHOCTEH CHM-
BosbHOM omm6kn (1072...10°). JlanHble 3aHECHTe B TAaOJHIy U OCTPOIiTe rpaduK.
CoxpanuTte 1151 oTUETa BCE TpaduKH, MOJYyYEHHBIC B XOJ€ MOJICIIUPOBAHUS.

3) [IpoBenuTe MoJEIMPOBAHUE COTIACHO MYHKTY 2 mpHu (a30BOM paccoriia-
coanum 5° 10° 85° 175°. JlanHble 3aHecuTe B TaOJMIy W MOCTpoTe rpaduk 3a-
BUCUMOCTH CHUMBOJIbHOM OIMMOKK OT (ha30BOr0 paccoriacoBanus. [Ipu HeoOxomu-
MOCTH CKOPPEKTHUPYWTE AHMama3oH YrioB (a30BOTO pPACCOTNIACOBAHUS ISl KOH-
KPETHOTO BUJa MAaHUTYJISIINU.

4) TIpoBeanTe MOACIUPOBAHUE COTIACHO MTYHKTY 2 MPH APOOHOM 3a/IepiKKe B
ka"ane cesa3u 0.1, 0.5, 1, 3.9. /lanHble 3aHecuTe B TAOJIUIly U MOCTPONTE Ipaduk
3aBHCHUMOCTH CHMBOJBHOU OIIMOKM OT JAPOOHOM 3ajepKKu B KaHane cBsizu. [lpu
HEOOXOAMMOCTH CKOPPEKTUPYWUTE JHMAMMA30H 3aJePKEK JUIsi KOHKPETHOTO BHJIA Ma-
HUTTYJISIIH,

5) Ilo pe3ynbTaTaM BBITIOJHEHHS MOJICIHUPOBAHUSA COCTaBHTE OTUYET, KOTOPHIH
JOJDKCH COoZep KaTh: ICJIM U 3aJa4d padoTel, BUI Mojaean B Simulink, tabmuisr
rpaduKy, MOTydeHHBIE NMPU BBIMOJHEHUHU IMYHKTOB 2, 3 U 4, BBIBOJBI 110 pe3yiIbTa-
TaM MOJICIIUPOBAHUS.

Cnucok Tem JJIS NOATOTOBKH K 3alllUTE:

1) O61me BOpoChl MOCTPOCHUS IPUEMHBIX CUCTEM IIU(PPOBOI CBSI3H.

2) ApXHTEKTypa MEePBOro MOKOJICHUS [U(DPOBBIX TPUEMHHKOB.

3) ApXHuTeKTypa BTOPOTO IMOKOJICHHsI U(PPOBBIX MPUEMHUKOB.

4) ApXUTEKTypa TPEThETro MOKOJICHHS U(DPOBBIX MPUESMHHUKOB.

5) CornacoBanHasi (pUIIbTpaLIUs CUTHAJIA.

6) Hdemonynsuusa curnana. Pacuer merpuk. Msrkoe pemienue. JKectkoe pe-
HIEHUE.

JlaGopaTopHasi padoTa Ned. MoeiupoBaHue CHCTEMbI BOCCTAHOBJIEHUS
HeCcylero Kojedanms

Leanb paGoThl: HCCIEIOBAaHUE CHUCTEM CHUHXPOHU3AIMU TPHEMHBIX YCT-
poMCTB IM(PPOBOM CBA3H.

3amayu padoThI: ONMCAHHE TEOPETUUECKUX MOJIENIEH MPOIECCOB, MTPOUCXO-
JATMX B OJIOKaX CHHXPOHM3AIMU MU(PPOBBIX CHCTEM CBS3HU; MOJCIMPOBAHUE CHC-
TEMBbI IIU(PPOBOI CBA3M C OJIOKOM BOCCTAHOBJICHHS HECYIIEro KojeOaHus B Simu-
link.

Jlst MmonenupoBaHus 6JI0Ka BOCCTAHOBIICHUST HECYIIETO KOJICOAHMSI CUCTEMBI
CBSI3U HEOOXOIMMO HCIIOJIB30BaTh cieaytomue ook Simulink:

Delay — 6710k AMCKpETHO# 3aIeP)KKU CUTHAIA;

Sign — 610K, BeIIaroMi +1 ISt MOI0KKUTEILHOTO CUTHANIA U -1 JUIs OTprLa-
TEIBHOTO.

Math Function — 610k MaTemMaTHdeckoir 00paboTKu curHaia (Moaysib, Jiora-
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pudM, 3KCIIOHEHTA U T. [1.);
Gain — ycunuTelns CUrHaa;

Add — 6110k cyMMHpOBaHHs/BEIYUTAHHUS CUTHAJIOB,

Constant — KICTOYHHUK HEU3MEHSAEMOTO CUTHaJIa (KOHCTAHTA);
Complex to Real-Imag — 6110k BbIIeACHHS pealbHOM U MHUMOW 4acTH KOM-
TUIEKCHOTO CUTHAJIA,
Product — 6710k iepeMHOXeHHUSI/ ICIEHUS] CUTHAJIOB;
Scope — ocmmmorpad;
Subsystem — moacucrema, mo3BostONIas 0POPMUTH YACTh MOJIEIH B BHJIC
OTJIENBHOTO OJIOKA.
Ha pucynke 2.23 moka3aH BHJ MOJEIH CHCTEMbI IIU(PPOBOI CBsA3M B Simu-
link ¢ meTueli BoccTaHoBjIeHHS Hecymero konebanus (merist Kocraca).

(Costas loop)

Scope

Scope

& Modem/Demodulator = EE
File Edit “iew Simulation Format Tools  Help |
Hard decision —®
- P expiipitd) > | B input singa Data aut
Souare root Soft decision
Fiaised Cosine Downszampls
Fieceive Filter K CAMIE
Hard Cecisian
Dizcrete-Time Discrete-Time :
- h i h Dizcrete-Time
Carrier recoverny Sigral Trajectory Eye Diagram Seatter Flot

Scope
Data

Pucynox 2.23 — [IpuemMHast 9acTh CHCTEMBI CBSI3U C OJIOKOM CHHXPOHHU3AIIUN

0 HEeCyIIeMy KoJIeOaHUIO

ITetns Kocraca (puc. 2.24) cocrout u3 aerekropa Kocraca (2.25), punbrpa
HU3KKMX vactoTr oOparHoi cBszu (PHY OC) m reHepaTtopa, ympaBisieMOro KOJIOM
(Numeric Controlled Oscillator).

L Modem/Demodulator/Carrier recovery (Costas loop) ===l

File Edit Wiew Simulation Format Tools  Help

Out

{1 ——————™n out—]in out »in out———————m{_ 1}

In
Costas detector Loop filter MCO
Err
ez )

Pucynok 2.24 — Ietns Kocraca

Ha pucynke 2.65 nokazan Buj Mmoaenu ¢uiabTpa oOpaTHou cBsizu. [Ipu mo-
MOIIIH OJOKOB YCHJICHHS 3aat0TCsI KOAPDUIIMESHT MPOMOPIIMOHATFHON YacTH U KO-
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3¢ (ULMEHT UHTErpalbHON YacTH 3BE€HA PeryaupoBaHus. Mojens HHTerparopa mo-
Ka3aHa Ha pucyHke 2.27. Ha pucynke 2.28 mokazaHa Mojenb TeHepaTopa KOM-
MJIEKCHOTO CUTHAJA, YIPABIIEMOT0 CUTHAIOM C (pMIIbTpa OOpATHON CBS3H.

Ha pucynke 2.29 nokaszan npumep paOoThl NeTiin cUuHXpoHU3auuu. CBepxy
npuBeneHbI cuH(pa3Hasg U KBaJpaTypHas COCTABIISIONIME BXOAHOTO CUTHAja, 3aTeM
COCTaBJISIONINE CKOPPEKTUPOBAHHOTO CHUTHAJNIA W COCTABJISIFOIINE CHTHATA KOPPEK-
. Ha HokHeM rpaduke mpuBeIeH CUTHAN OMUOKHY ¢ BhIX0OJa (QUiIbTpa oOpaTHOU
CBSI3H.

0 Modemy/../Carrier recoveny (Eostas|loop)/Eostas 2E
File Edit View Simulation Format Tools Help ‘
- _||_ Scope
Sign Fe
o Re
L (D
In Comples to But
Fieal-Imag
Froduct Im
=
=]
Sign Im

Pucynok 2.25 — Jlerextop Kocraca

4 Modem/.../Carrier recoveryl(Gostas loop)iloopifilter ==

File Edit View Simulation Format Tools Help |

In ' Il:od o :E—@

Ki Integrator Add Ot

YY¥YY

Scope

PucyHnok 2.26 — @unbTp netiau oOpaTHON CBA3U
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Pucynok 2.28 — ['eHepaTtop KOMIUJIEKCHOTO CUTHAJIA, YIPABIIsIEMBbIH KOJOM
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Pucynox 2.29 — Koppekius 4acCTOTHOTO paccoriacoBaHUS

IHopsinok BbINOJIHEHHS PA0OTHI:

1) CornacHO NMPHUBEJCHHBIM BBIIIIC PUCYHKAM M OMKMCAHHIO, CO3IalTe MOJICIb
cucteMbl cBs3u B SiImulink ¢ 6;10koM BOCCTAHOBJICHHS HECYIIETo KOJieOaHus, yoe-
JTUTECH B €€ pab0TOCIIOCOOHOCTH.

2) YcTaHOBUTE HYJIEBYIO IPOOHYIO 3aJIep’KKy B KaHalle CBS3M M 3ajaiTe
OCHI paBupiM 100 ab. Ilpu HyneBoM ¢a30BOM M YAaCTOTHOM PacCOTIACOBAHUHU
yoenurech B paboTOCIIOCOOHOCTH Mojenu. 3anaite (a3oBoe paccorimacoBanue 40°
U HaOdrofaiTe Ha OJOKE OTOOPaKEHUS! CUTHAJIILHOTO CO3BE3/Usl MPOIIECC aBTOMa-
TUYECKOTO PETYJIMPOBAHUS. Y CTaHABIMBas pa3IndHOe (a30BOC PacCOrIaCOBAHHE,
CO3/IaiiTe BCE BO3MOXKHBIE CIydau JIOKHOW CHUHXPOHHU3ALUM CUCTEMBI CBsizU. Co-
XpaHUTE 7151 0TYeTa BCe TpadvKh, OTydeHHBIC B X0 MOACIUPOBAHUSI.

3) Ilpu HynaeBoM (pa30BOM paccoriacoBaHWHU 3aJaiiTe YaCTOTHBIA CABHUI CHUT-
Hana 10 ['m, mabmrogaiiTe MEpPexoaHON TMPOIECC CHCTEMbl PETyJIMpOBaHUS. YcCTa-
HABJIMBas PA3IMYHBbIC 3HAUCHUS YaCTOTHOT'O PACCOTIIACOBAHUS, HAWIWTE MaKCH-
MaJbHOE 3HAYCHHWE, NMPH KOTOPOM CHUCTEMa aBTOMOICTPOWKH YacTOTHI pabOTOCIIO-
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coOHa.

4) OueHuTe BIUSHHE W3MEHEHHS KO03(D(UIIMEHTa MPONOPIMOHATLHON YacTH
CHCTEMBbI aBTOMATHUYCCKOTO PEryJIMPOBAHUSA HA JIHTEIBHOCTh MEPEXOIHOIO IMPO-
1ecca ¥ MakKCHMAaJIbHOE 3HAUCHHE YaCTOTHOI'O PACcCOrIacOBaHMUs (COTTIACHO MYHKTY
3). Haiigute u 3adukcupyiiTe ONTUMAIbHOE 3HAUYCHHE KOY(DPHIIMEHTa MPOIIOPIHO-
HAJIBHOM YaCTH ISl MAKCHMAaJIbHOI'O YaCTOTHOTO PaCcCOrIaCOBAHUSA U JUIsI Hanboee
OBICTPOI PaOOTHI METIN PETYIUPOBAHUS MTPU YaCTOTHOM paccoriacoBanuu 10 I'.

5) OreHnrte BIMSHHEC U3MEHEHHE KOA(QHIIMEHTa HHTErPaIbHOM YaCTH CHC-
TEMbI aBTOMATHYECKOTO PETYJIMPOBAHMUS COrTIAaCHO IMYHKTY 4.

6) ITo pe3ynpTaTam BBIIOJHCHHS MOJICIUPOBAHUSA COCTABHTE OTUYET, KOTOPHIH
JOJDKEH COZep KaTh. IeNIM U 3aaa4d pabotel, Bua moaean B Simulink, tabmuis! u
rpaduKu, MOJyYCHHbIC IPH BBIMOJHCHUN MYHKTOB 2, 3, 4 ¥ 5, BBIBOBI IO PE3yJb-
TaTaM MOJICITUPOBAHHUS.

Cnucok TeM JJIS IOATOTOBKH K 3alllUTeE.

1) CucreMbl BOCCTAHOBIIEHUS HECYILIETO KOJICOAHUSI.

2) Iletns ¢ Bo3BeneHuem curHana B kBanpat (nmetis [Tucrombkopca). Cun-
(da3Ho-kBaapaTypHas netis (neras Kocraca).

3) IleTuist CHMBOJIBHOM CHHXPOHH3AIUH.

4) da3oBasi HEOAHO3HAYHOCTH MPH MPHEME CHTHAJIOB C MOJIABJICHHBIM HECY-
muM KojebanueM. CrocoObl petieHust pa3oBoil HEOJHO3HAUHOCTH.

5) CucremMbl aBTOMaTUYECKOTO PEryIMPOBaHUs YPOBHS YCUJICHUS CUTHAJIA.

JlaGopaTopHnasi padora Ne5. MoaeiupoBaHue neTjin CHMBOJIbHOM
CHHXPOHU3ALMHU

Leap padoThl: HCCIIENOBAHUE CUCTEM CHMBOJIBHOM CUHXPOHHU3ALUU MPUEM-
HBIX YCTPOMCTB IIU(POBOI CBS3H.

3amauyu padoThI: ONUCAHHE TEOPETUUECKUX MOJENIEH MPOILIECCOB, MPOUCXO-
JSAIIMX B OJIOKaX CUMBOJIBHOM CHHXPOHU3AIMH IU(PPOBBIX CHCTEM CBSI3H; MOJIEITH-
pOBaHUE CUCTEMBI IU(PPOBOH CBA3U C OJIOKOM BOCCTAHOBJICHUS HECYIIETO Koseba-
HUS ¥ 0JIOKOM CHMBOJIbHOM cuHXpoHu3aiuu B Simulink.

Jns MoaenupoBaHUs CUCTEMbI CHMHXPOHM3ALMM MPUEMHOIO YCTPOMCTBA IO
CHUMBOJIBHOM YacCTOT€ HEOOXOJMMO JOMOJHUTH MOJIECIb MPUEMHUKA METIeH CUM-
BOJIbHOHM cuHxpoHu3anuu (metias [apanepa). Ha pucynke 2.30 mokasaHa MozeIb
NPUEMHOTO YCTPOKCTBA ¢ METJIe CUMBOJBbHOM cuuxponm3aruu (Timing phase re-
covery (Gardner detector)).
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& 'QAMT6/Demodulator ==

File Edit Miew Simulation Fommat Tools  Help |

Out ——
A\ clk i
D, ol Hard decision 1
s Froduct Sepuare root Data W cip(ipiie ) W input singal Data out
rociuc .
P & Soft decision
Receive Filter Timing phase recovery K QAMIE
(Gardnar detectar) Hard Decision
Out
»in
=3 >
Carier recavery p—
Costas | IFcrete-Time
(Costas l2op) Seatter Fiot
-1 Scope
z i Data
Delay

4’{ explipird) - zz

K1 Dizcrete-Time
Eye Diagram
Scope

(o

Discrete-Time
Signal Traigctory
Scape

Pucynok 2.30 — Mozenb mprueMHOT0 YCTPOKCTBA C TETIeH
CHUMBOJIBHOM CHUHXPOHH3AIIH

Ha pucynke 2.31 moka3zaHa mMojenb METJIM CUHXPOHU3AIMH, COCTOSINAS U3
GunsTpa-uHTepnonaropa (¢punetp Pappoy, puc. 2.32), aerekropa ['apanepa (puc.
2.33), dunbTpa metiim odpatHO# cBsizu (puc. 2.34) u reHeparopa, yrnpapisieMOro
kosioM (puc. 2.35).

& QAMI6/Demodulator/miming phase recoveny (Gardner detecton)™* ==

File Edit View Simulation Format Tools Help |

1} ™ in Qut
n N out > 1 )
La b}
Farrow interpolator
Clk
shift ¥ ¥ ¥
Data
£ £ - 4
—zn in (o out in out in » In ot———m{3 )
w Loop filter Gardner detector Dielay Fresample
MCO En
»( a2

Pucynox 2.31 — I[leTist CHMBOJIBHON CHHXPOHU3AINH
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Pucynox 2.33 — [erexrop "apnuepa
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1

QAMTG].. Miming phase recovery (Gardner detector)/l'oop filter *

D EE

File Edit

Miew  Simulation

Format

Tools

Help
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]

In
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J—' tiod

fod

Integratar

0.001

K

Trigger

Ot

Pucynox 2.34 — OunbTp netiau oOpaTHoO CBA3U

[MapameTpsl (unbpTpa memm 00paTHON CBsI3U (KO3 GHUIIMEHTHI MPOIOPIIHO-
HaJHbHOTO M MHTETPAILHOTO 3BEHBEB) MOJOUPAIOTCS IKCIIEPUMEHTAIBHO, MO BUIY
rpaduka nepexoaHOro MpoIecca CUCTEMbl aBBTOMATHYECKOTO PETYIUPOBAHUS.

- F

Samples per symbol [ 2

Ll
-

& ‘QAMIs)miming/phaserecoveny (Gardner detecton)/NEO 2@
File Edit Wiew Simulation Format Tools  Help
> >
™ =0 {2 )
[l o
Cormpare
71 To Zern
sum-1+In Delay ™ e Cil";amtnt
1T

Counter

Triggered K
Subsystem

Pucynox 2.35 — I'eneparop, ynpaBiseMblid KOJJOM

["eHepaTop, ynpaBiseMbli KOJIOM, BBIIIOJIHEH HA OCHOBE CTpyKTypsl Modulo-
1, npennoxennoi ['apaHepom. B cTpykType reHepaTopa mpucyTcTByeT 00K Trig-
gered Subsystem (puc. 2.36), MO3BOJAIONINI MPOM3BOJANTH IMEPEIAUCKPETHIAINIO
CHUTHAJIA.
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Pucynok 2.36 — brok nepeanckpeTu3anny cUrHaia

Ha pucynkax 2.37—2.39 noka3aHbl [uarpaMMbl CUTHAJIOB MPUEMHHUKA CHUCTe-
MBI CBSI3U TIPY PA3INYHBIX 3HAUCHUSAX TPOOHOU 3aIep>KKH B KaHAJIE CBSI3U.
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Pucynku 2.37-2.39 — Buj npuHrMaeMoro co3Be3usi P pa3InIHbIX
3HAYCHUSX APOOHOM 3a/I€PKKU B KaHAJIE CBSI3U
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Ilopsinok BbINOJIHEHUS] PA0OTHI:

1) CornacHo pUBEACHHBIM BBIIIE PUCYHKAM M OMUCAHUIO, CO3IAWTE MOACIH
cucteMsl cBsi3u B SiImulink ¢ 6;10koM CHHXPOHU3AIMH IO CUMBOJIBHON YaCTOTE.

2) YcTaHOBUTE HYJIEBYIO TPOOHYIO 3aJIEp’KKy B KaHalle CBS3M M 3ajaiite
OCHI paBubiM 100 gb. Ilpu nHyneBoM ¢a30BOM M YACTOTHOM PACCOIIACOBAHUU
yoenuTech B pab0OTOCIIOCOOHOCTH MOJIEH. 3a/1aBasi pa3IMyHOE YacTOTHOE U (ha3o-
BOE paccorjacoBaHue, yoeauTech B pabOTOCIOCOOHOCTH TMETIM BOCCTAHOBICHUS
HEeCyliero koyiebanus. 3aiaBasi pa3IMYHOE 3HAYCHHUE APOOHON 3aJepKKU B KaHAJC
CBsI3H, yOeAWTEeCh B MPABHIBLHOW pabOTe METIM CHHXPOHMU3AIMH IO CHMBOJIBHOM
qacToTe.

3) CosznaiiTe TeHepaTOp MENICHHO M3MEHSIONIETOCS CHHYCOUIAIbHOTO CHUT-
HaJla ¢ MUHUMAJIBHBIM 3HAa4eHHEM aMIUTUTYAbl 0 M1 MakCUMaJbHBIM 3HA4YCHUEM 8.
[TomaiiTe curHan reHeparopa Ha BXOJ OJOKa MEPEeMEHHOH IPOOHOW 3alepiKKH B
KaHayie cBsA3W. HaOmromaiiTe Ha ria3koBOM JuMarpamMme IMEpeMEIICHUE CUTHalna U
yOenuTech B MPaBUIILHON PabOTe MET/IM CHHXPOHU3AINH IO CUMBOJIBHON YacTOTE.

4) OueHuUTe CTENCHb BIMSHUS TETIM CHHXPOHH3AIMU 110 CUMBOJBHOW Yac-
TOTE Ha BUJ IPUHUMAEMOT'O CO3BE3IHSL.

5) UckirounTe NETIIF0 CHHXPOHU3AIINY 110 HECYIIel YacTOTe U3 MOJICIU MPH-
eMHHKa. V3MeHsiiTe 3HaueHus1 4aCTOTHOTO U (Pa30BOr0 PacCOIIacOBaHUs, OLEHUTE
BO3MOKHOCTb pa0OThl METIM CHHXPOHU3ALMU 10 CUMBOJIBHOM 4YacTOTE IMpH 4ac-
TOTHOM PacCOTIaCOBAaHUM MepeAaTInKa U MPUEMHHKA.

6) [1o pe3ynbTaTaM BBITOJHEHHS MOJCITUPOBAHHS COCTABHTE OTYET, KOTOPHI
JOJDKEH COoZep KaTh. IeNIM U 3aaa4u padoThl, Bua Moaenn B Simulink, tabmursr u
rpaduKy, MOTYyYEHHBIE MIPU BBHITIOJIHEHUU MYHKTOB 2, 3, 4 1 5, BBIBOJIBI MO PE3YJIb-
TaTaM MOJICIMPOBAHUSI.

Cnucok TeM JJISI IOATOTOBKH K 3alllUTe.

1) CucreMbl CHHXPOHHU3AIIUU 110 CHMBOJIBHON 4acTOTE.

2) JleTeKTophl OIMOKN CUHXPOHU3AIMH 110 CUMBOJIBLHOM YacTOTE.

3) CxeMbl  TOCTPOCHHS  TIeHepaTopa,  YIPaBISIOMETO  (GHIBTPOM-
UHTEPTIOJISTOPOM.

4) dunbTpeI-uHTEPIONATOpSl. PUIBTp Dappoy, nonudasHeiii GUIBTP-OAHK.
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