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Konorpusos B.A., I'epat K.A.

«HecucremaTnueckoe MUKINYECKOE KOJUPOBAHUEY: Y UeOHO-METOANYECKOE
nocobue 1Mo JIabOpaTOpHOM M CaMOCTOSITENIbHOW padoTe U NPAKTUYECKUM
3aHATHSAM I CTYACHTOB HampaBiieHus «H()OKOMMYHUKAITMOHHBIE TEXHOJIOTUN

u cucteMsbl cBsi3m». — Tomck: TYCYP. O6pazoBarenbubiii moprtan, 2018.- 19 c.

Y4eOHO-MeTOAMYECKOe IOCOOME COJEPKUT OMUCAHUE (PYHKIIMOHAIBHOM
MOJIEJIM KOJ€Ka, OCHOBAHHOTO Ha OJIOYHOM HECHUCTEMATHYECKOM IIMKIMYECKOM
KOJUPOBAHUM, BBIMOJHEHHOTO B cpefe (YHKIMOHATHLHOTO MOACIUPOBAHUS

Simulink cuctembl U1l MH)KEHEPHBIX U HAyYHbIX pacueToB MatLab.
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AHHOTAIUA

JlabopaTtopHas pabdota «HecucrtemaTndeckoe IMUKINYECKOE KOIUPOBAHUE)
MIOCBSIIIIEHA OSKCIIEPUMEHTAILHOMY HCCIIEAOBaHNI0 (YHKIIMOHATBLHOW MOJENN
KOJIeKa, OCHOBAaHHOTO Ha  OJIOYHOM  ITUKJIMYECKOM  KOJUPOBAHUU  C
UCTIONB30BaHUEM TaKeTa (PYHKIIMOHAIHHOTO MOJSIUpOBaHus Simulink cuctembl
JUIS MHKCHEPHBIX M HAYYHBIX pacueToB MatLab.

Pabora «Hecucremarnueckoe NUKIMYECKOE KOIUPOBAHHE» OTHOCUTCA K
UKy JabopaTopHbIX paboT mo pasaeny «llomexoycroifunBoe KOAMpPOBAHHEY,
BXOJAIIIEMY B JUCIUIUIMHBI 110 HampaBlieHUIO0 «MH()OKOMMYHUKAIIMOHHBIC
TEXHOJIOTUH M CUCTEMBI CBSI3HY.

B ommcanun cdopMmynupoBaHa 1eidb paOOThl, TPHUBEICHBI KpaTKHE
TEOPETHUECKHUE CBEJCHUS O IUKINYECKOM KOJUPOBAHUH, KpaTKas XapaKTePUCTUKA
nakera Simulink cuctembl Matlab, onucanue 1a0OpPaTOPHOTO MaKeTa H
UCIIOB3YEeMbIX OJIOKOB OuOnuorexku Simulink, a Takxke TpeOOBaHUS K
AKCIIEPUMEHTAILHOMY HCCJICIOBAHUIO W KOHTPOJBHBIC BOMPOCHI, OTBETHl Ha

KOTOpbIE HEOOXOIMMBI JJIs1 YCIEIIHOM 3allUThI JIA0OpaTOpHOU PabOTHI.
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1 HEJIb PABOTbBI. KPATKUE TEOPETUYECKHUE CBEJIEHMUS 110
HECUCTEMATHUYECKOMY IUKJIMYECKOMY KOAUPOBAHUIO

[leab pabOThI: M3y4YEHUE CTPYKTYpPhl M MPUHLMUIIA OPraHU3aLUU KOJEKa C

HCITIOJIb30BAHHUECM HECHUCTCMATHYCCKOT'O OUKIMYCCKOI'O KOAUPOBAHUSA IIpu

UCIOJIb30BAaHUU NaKeTa (PyHKIIMOHATILHOTO MOAeIUupoBanus Simulink.

TeopeTuueckue CBCACHUSA HCCUCTCMATHYICCKOI'O MUKJINYCCKOI'O

KOJHUPOBAHUA

[{ukinyeckre KOJbl COCTAaBJISIOT OOJBUIYIO TPYIIY Haubojee MIHUPOKO
UCIIOJIb3yeMbIX Ha TPAKTUKE KOJIOB. X OCHOBHOE CBOICTBO, [aBlliee UM
Ha3BaHHWE, COCTOMT B TOM, UYTO KaXKJbId BEKTOp, MOJYYAE€MbId W3 HMCXOJHOTO
KOZIOBOTO BEKTOpa MYyTEM IUKIMYECKOW MEPECTaHOBKUA €ro CHMBOJIOB, TaK»Ke

ABJIACTCA pEBpGIHéHHbIM KOJOBBIM BCKTOPOM. HpI/IHHTO OIMKUCBhIBATh HUKINYCCKUC

KOJIBI TIPU TTOMOIIIA TIOPOKIAFOIINX TOJUHOMOB g(X) cTrenean r = n— k, e r
— YHCIIO IPOBEPOYHBIX CHMBOJIOB B KOJIOBOM CIIOBE.

[Tpu nuKIMYeckol nepecTaHOBKE CUMBOJIBI KOJIOBOTO CJIOBA MEPEMEIIAI0TCs
ClIeBa HAIPaBO HA OJIHY MO3UIHIO, IPUYEM, KPalHUH CTipaBa CUMBOJ IIEPEHOCUTCS
Ha MECTO KpPAarHEro JIEBOTO.

Omnepanmu KOJUPOBAHUS U IEKOJAUPOBAHUS IIUKINYECKUX KOJOB CBOAATCS K
U3BECTHBIM TIPOIEypaM YMHOXEHHS H JeleHus monuHoMoB. CormacHo
OIpEJIEICHNIO0 BCE MHOTOWIEHBI, COOTBETCTBYIOIINE €r0 KOJAOBBIM KOMOMHAIUM,
JOJDKHBI JIeUThCs Ha g (x) 6e3 ocraTtka [1].

Ha mpakTtuke ucnonb3yroTes ABa crnocoda konupoBanusa. O0a MCHOIB3YIOT
[UKJIAYECKHE KOABI C OPOXKAAIOIIUM ITOJIMHOMOM
gx)=ap+a;x+-+a,_x""1+x", KoTOpbIi  YIOBIETBOpAET  IBYM
YCIIOBUSM:

1) g(x) siBseTCSI HETPUBHAIBHBIM JCTHUTENEM MmoJimHOMa X" — 1;

2) ero crTemeHb 1 CBfA3aHA C YUCIOM HH(POPMAIMOHHBIX pa3panoB k

paBeHCTBOM: k = n — .



B nmaGoparopHoii paboTe paccMaTpuBaeTCsi TOJbKO OJUH M3 CHOCOOOB
IUKITTIECKOTO KOAUPOBAHUSI.

Hecucremarnueckoe KOIHPOBAaHME 3aKIIOYACTCS B  COMOCTABJICHUM
UH(OPMAITMOHHOMY BEKTOpY (X4, ..., X)) KomoBoro cioBa (bg, by, ...,b,_1) 1O
MPaBHITY, KOTOPOE OIUCHIBACTCS HA SI3BIKE TTOJJMHOMOB B BHJIE:

by + bix + -+ b1 x™ 1 = (x1 + %% + -+ x, x5 - g(x),
T.C. 3aKIIOYaeTCsi B YMHOXEHHH «MH(OPMAIIMOHHOTO» TOJMHOMAa Ha
MOPOXKAAIOIIUI TOTUHOM. [Ipu 0anHOM ude KOOUposanus 6 KOOOBOM CUMBOJIE He

co0epaHcUmMcs UCX0OHbIU KOO [2].

I naénvim  naocom UMKINYECKUX KOJOB SBIIAETCS BO3MOXHOCTB, IIpHU
HEOOJBIION M30BITOUHOCTH W TPOCTON amnmapaTypHON peaju3aliy, MOJTy4YeHHE

8bICOKOU 8EPOSIMHOCMU OOHAPYHCEHUSL OUUOOK.

OOHapVyKEHNUE OJMHOYHBIX OIITUO0K

JIrobast mpuHATas MO KaHATY CBSA3HM KOJAOBas KoMOMHamus h(x), BO3MOXHO
coJieprkaliasi OmuOKy, MOXKET OBbITh MPEACTABICHA B BUIE CYyMMBbI 110 MOAYJIIO JBa

HEUCKaKCHHON KoMOMHaIuu koaa f (x) u Bekropa ommoku E(x):

h(x) = f(x)®E (x).

[Ipu nenenuun h(x) Ha oOpa3yrouuii MHOTOWIEH g(X) OCTaTOK, YKa3bIBAIOIIUN Ha
HaJIMYME OIUOKKM, OOHApPYKMBAeTCsl TOJNBKO B Cllydae, €CIIM MHOTOYIEH,
COOTBETCTBYIOIIHMIA BEKTOPY OIIMOKH, HE eauTcs Ha g (x): f(x) — HeHCKaKeHHas
KOMOWHAaIIMS KOoJla, CJIeIoBaTeIbHO, nenuTcs Ha g (x) 6e3 octaTka [3].

Bektop onuHOYHOW OMMOKM WMEET €IMHUIy B HMCKKCHHOM paspsjie U
HYJM BO BCEX OCTAIbHBIX paspsaax. Takum oOpa3zom, Tpu JIFOOOM dHCIe
WHQPOPMAIIMOHHBIX PA3PsAI0B HEOOXOIUM TOJBKO OJMH IPOBEPOYHBIA Pa3psil.
3HavyeHWE CHMBOJIA 3TOTO pa3psga Kak pa3 W 00ecrmeurnBaeT YETHOCTh YHCIIA
€IMHUIl B JIFOOOH pa3penieHHON KOJOBOW KOMOWHAIIMM, a, CJIEIOBATEIbHO, U

IEeIMMOCTh ee Ha x™* + 1.
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2 KPATKOE OIIMCAHUE ®YHKIMOHAJIBHON SIM-MOJIEJIA
KOJIEKA OCHOBAHHOM HA FBJOYHOM IUKJIUYECKOM
KOANPOBAHUU

Bapuant peanuzamuu  SIM-monenu  KojJeka, IMPU  UCMIOJIb30BAHUU

HCCUCTEMATHYCCKOT'O HUKIMYCCKOIro KOAUPOBAaHM:, ITPCACTABJICH HA PUCYHKC 2.1.

Wcxonubrii curnan gopmupyercst ¢ momoiisio 610koB «Random Number»
u Onoka cpaBHEeHUs Cc HyJeM. [lanee mHpOpManMOHHBI cUMBOI (OpMUpYETCS
omokom «Buffer» u Onokom «DeMux» pasgensercs Ha Outel. K
MH(POPMALIMOHHON 4YacTU J00aBISAIOTCA JIONOJHUTENbHbIE HYJEBbIE OUTHI,
peanu3yrolmme CABUI  CTENEHHM IIOJIMHOMA, IIOJy4aeMbld B IIpOIEcCe
MOCIIEAYIOIIEr0 YMHOXKEHUsT Ha oOpa3yrommii noiauHoM. biok «Multiport
Switch» wucnons3yercs a8 HM3MEHEHHs] CKOPOCTH IOTOKA C H30BITOYHBIMU
ouTamu.

ITocne kimrouya, OUTHI NOCTYHArOT Ha KOJAEP, BBINOJIHEHHBIH HA OCHOBE
peructpa caBura ¢ oOpaTHOM CBSI3bIO, 337aBAEMbIil MOPOKAAOIINUM OJIUHOMOM.
Hanee ¢ nomoibio 0;10k0B «Pulse Generator» u «XOR» peanusyercs UMUTATOp
OLIMOOK.

JlekonupoBaHHE NPOUCXOAUT TyTEeM JEJEHUS TPUHATHIX OWTOB Ha
MOPOKIAIOLINI MTOJTMHOM B aHAIOTUYHOM PETUCTPE CABUTA C OOPATHBIMU CBSI3SIMH.
Ha BeIX0z€ Aexonepa oOpa3yeTcsi CHHIPOM B BUJIE OCTAaTKa OT JEJICHUS.

biiok «Combination Logic» ycTaHaBnMBaeT COOTBETCTBUE CUHAPOMOB U
BEKTOPOB OIIMOOK. OTH BEKTOpa OIIMOOK MCHOJB3YIOTCS MAJI HCIPABICHUS
omokoM «XOR» mpuHATHIX CUMBOJIOB. [lOCKOJIBKY B JaHHOM cilydae KOJ
HECUCTEMATUYECKU, TO  HCHOPABICHWE  HE  IO3BOJSET  BOCCTAHOBUTH
MH(POPMALIMOHHBIE OUTHI U TPeOyeTCsl IOBTOPHOE IEKOJUPOBAHUE ITyTEM JEJICHUS
HCITPABJIEHHBIX CUMBOJIOB Ha IMOPOKIAOIIMI MOJMHOM. B pe3ynbrare Ha BbIXOJE
BTOPOr0 JEKOJEpa IOCIE OOpPATHOIO M3MEHEHUS CKOPOCTH IOTOKAa IOJy4aeM

MH(GOPMaLIMOHHBIE OUTHI.
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Pucynok 2.1 — ®yuknuonansHas SIM-Moe/b HECUCTEMATHYECKOTO IIMKINYECKOTo Kojeka (6,3)



[TpurnmIn padOThl CXEMBI:

Curnan, mNOCTyHalOUIMM Ha BXOJ, KOAUPYETCS KOAEPOM, Ha OCHOBE
NOpOXKIAIONIEro TojuHOMa. Jlamee CurHal CMENIMBAaeTcsl C OUIMOKaMu U
nocrynaetr Ha jekozep. llocie nexomupoBanust oOpasyeTrcss CHUHAPOM U
reHepupyeTcsi BEKTOp omuOoK. BekTop omuboKk CymMMHUpPYETCs C MNPUHSTHIM
CUTHAJIOM, B KOTOPOM HPHUCYTCTBYIOT OIIMOKHM, W HCHpaBiseT ux. B wurtore
WCIIPABIICHHBI CUTHAJ CHOBA IOCTYIMAeT Ha JEKOJEp, M Ha BBIXOJE MOJIydaeM

HNCXOOHBIC I/IH(I)OpMaIII/IOHHBIC OUTBHI.



11

3 KPATKOE OIIMCAHUE ITAKETA SIMULINK n

NCHOJBb3YEMBIX BJIOKOB

s 3anycka cuctembl Simulink HE0OX0UMO MPEIBAPUTEIIBHO BBIMOIHUTD

3amyck cuctembl MatLab. Ilocie oTkpbITHsI KOMaHAHOTO OKHa cuctembl MatLab

HY)KHO 3amyCcTuTh cuctemy Simulink. DTo MOXHO caenate OZHHM U3 Tpex

CII0CO0OB:

HaxkaTh KHOMIKY (Simulink) Ha manenu nunctpymenToB cucteMbl MatLab;

B CTpOKE KoMaHIHOTO oKkHAa MatLab naneuarats Simulink u HaxaTh KJ1aBUITY
Enter;

BBITIOTHUTE om0 Open B meHI0 File u oTkpbITh aitn moxenu (mdl-daiin).

[Tocneauuii crmoco® MpPEeANnoYTUTENeH MpPH 3alyCKe YXKEe TOTOBOM U

OTJIQX)KCHHOU MOACIIN, KoTrJa Tpe6yeTc;1 JUIIb ITPOBCCTU MOACIHMPOBAHHWEC MW HC

HY’)KHO J00aBJsiITh HOBbIE OJOKM B MoJeib. [Ipu mpuMeHEeHHUH ABYX MEPBBIX

CrIOoCOOOB OTKpBIBaeTCSI OKHO oOo3peBarenst Oubmuorexkn OsokoB (Simulink

Library Browser) [4].

Pa6ora Simulink npoucxoaut Ha ¢poHe OTKPHITOrO OKHa cucteMbl MatLab,

3aKpbITHE KOTOPOTO MPUBEIET K BhIXoAy u3 Simulink.

KpaTkoe onmcanne UCIob3yeMbIX OJ0KOB:

Hwuxe onrcanbl ocCHOBHBIE OJIOKM 0a30BBIX pazjaesioB oumdiroreku Simulink,

HCIIOJIB3YCMBIC B (l)yHKIII/IOHaJILHOﬁ CXCMC:

i,

Random

wmesr Random Number — WCTOYHMK CIyYalHOTO CHUTHajda C HOPMaJIbHBIM
pacupeneneHueM  ypoBHs. Hasnadenwe: ¢opMmpoBaHWE CUTHaJIA C
paBHOMEpHBIM pacrpezenenueM yposHs. [lapametpsr 6oka: Mean — cpeanee
3HadyeHue; Variance — nucnepcus; Initial seed — HawanbHoe 3HauYeHUE

reHepaTopa CllydailHOTO CUTHajia; Sample time — TaKT TUCKPETHOCTH; (DIakoK
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Interpreted vector parameters as 1 — D uHTeprnpeTUpOBaTh BEKTOP KaK MacCUB

CKaJISIPOB.

=l

Si

" Sign — OOk ompenereHUs 3HaKa cUrHaia. HazHaueHue: ompenenser
3HaK BXOJHOTO CHUTHaJa, TP ITOM, €CJIM - BXOJHOM CUTHaJ, TO CUTHAal Ha
BBIXOJIE OTPEENISIETCS] BRIPAXKEHUEM

-1 npu x<0,
sign(x)=4 0 npu x=0,

1 npu x>0.
[TapameTpsl Onoka: ¢uaxxkok - Enable zero crossing detection mo3BossieT

(UKCUPOBATH MPOXOXKICHUE CUTHAJIA YepPe3 HYJICBOW YPOBEHD.

r1
L=

(=3
p=

=

e

=z

Scope — 6nok ocummiorpada. Haznauenue: mocrpoeHue rpadukon
UCCIICyeMbIX CHUTHAJIOB Kak (QYHKOWA BpeMeHH. OTKpBITHE OKHA
ocrmiorpada mpou3BoAUTCS ABOMHBIM menukoM JIKM Ha mukTorpamme
Omoka. B ciydae BEKTOpPHOTO CHTHajla Kaxaas KOMIIOHEHTa BEKTOpa
oToOpakaeTcs OTACNBbHBIM IBeTOM. Hactpoitka okHa ocrumiorpada
BBIMIOJTHICTCST C  TOMOIIBI0 TIaHEeNed HWHCTPYMEHTOB,  IO3BOJISIFOIINX:
OCYIIECTBUTh T€4YaTh COJACPKHMOIO OKHa ocuuwuiorpada; yCTaHOBUTH
napaMmeTpsl, B yactHocTd, Number of axes - uucio BXoAoB ociuuiorpada,
Time range — oToOpakaeMblli BPEMEHHON WHTEpBAJI M JPYTHe;, WU3MEHUTH
MacmTadbl rpaduKoOB; YCTAHOBHTh W COXPAHUTh HACTPONKHU; TMEPEBECTH B

l'IJIaBaI-OHlI/Iﬁ PECXKHUM H TaK OaJICC.

I o
{_

= a
Relatiznal

Dperator

Relational Operator — OIOK BBINOJHEHUS ONEpaluii OTHOIICHHUS.
Ha3nauenme: cpaBHEHHWE  TEKyNIMX  3HAYCHWA  BXOJHBIX  CUTHAJIOB
noctynaromux Ha Bxonabl. IlapameTrpbl Osoka: Relational Operator —tun

oncpanm OTHOIICHHA BBI6PIpaCMBII>’I N3 CIIMCKaA.
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== - TOXJICCTBEHHO PAaBHO;
~ = - HE PaBHO;

< - MEHBIIIE;

<= - MCHBIIIC W PaBHO;
>= - QOJIBIIIC WJIN PABHO;

>_- QOJIBIIIE.

Constant

Constant — MCTOYHHMK TIOCTOSIHHOTO curHana. HasnauyeHue: 3amaer
CHTHall TOCTOsIHHOTO YypoBHA. [lapamerpst Omoka: Constant value -
NOCTOSIHHAST ~ BEJIMYHMHA, 3HAYEHHE KOTOPOH MOXeT OBITh  3a7aHo
JNEUCTBUTENBHBIM WM KOMIUIEKCHBIM YHCIIOM, BBIYHCIISIEMBIM BBIPAKCHUEM,
BEKTOPOM WM MaccuBoM; (naxok Interpret vector parameters as 1 - D —
MHTEPIIPETUPOBATh BEKTOP KaK MacCuB CKaysipoB; Quaxok Show additional
parameters — IMoka3aTh JONOJHUTENBHBIC IIApaMeTpPhbl, B HAIleM CiIydae He

UCIIONB3YEeTCsl.

Unit delay — 6110k qucCKpeTHOU 3anep:kku. Ha3zHaueHue: BBIMOJIHSICT
3aIepKKy JUCKPETHOTO CHUTHaJa Ha 3aJaHHBId TaKT JIUCKPETHOCTH.
[Tapamerpsr Omoxka: Initial conditions — HavambHOE 3HAYCHHE BBIXOIHOTO
curHaia; Sample time — TakT AUCKPETHOCTH (MpU 3aJaHUM 3HAYCHUS
napameTpa paBHOTO -1 TaKT TUCKPETHOCTU HACIEAYETCS OT MPEIIECTBYIOIIETO

0J10Ka).

Pulse generator — OIOK WCTOYHHMKA WMITYJIbCHOTO CHUTHAjA.
Haznauenue: ¢popmupoBaHue curHanga B ¢GopMe MPSIMOYTOJbHBIX HMITYJIbCOB.
[Tapamerpsr Gmoka: Pulse Type — cmoco6 ¢opmupoBanus curHaiga, MOMKET
MpUHUMATH JBa 3HaueHus: Time-based — no TekyiieMy BpemeHu; Samplebased

— IO BCJIMYMHE TaKTa AUCKPETHOCTH M KOJHMYCCTBY IIAaroB MOACIMPOBAHMA.
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Bun okHa mapameTpoB 3aBHCHUT OT BBIOPAHHOTO cIocoba (OpMUPOBAHUS
curnana. Amplitude — ammnutyna; Period — nepuon, 3amaercst B CeKyHaax Npu
criocobe Time-based mauM KOIMYECTBOM TaKTOB Mpu crocode Sample-based;
Pulse width — mmpuna umnynbca, 3amaeTcss B MPOLIEHTaX OT Mepuojaa Mpu
cnocobe Timebased mnam kommuecTBOM TakTOB TpH crmocobe Sample-based,
Phase delay — dazoBas 3aaepikka, 3amaercss B CeKyHaax npu crocode Time-
based miaM KOIMYECTBOM TaKTOB MpH crocode Sample-based; Sample time —
TakT JAUCKpeTHOCTH; (uaxkok Interpret vector parameters as 1 - D —

HHTCPIPCTUPOBATH BEKTOP KaK MaCCHUB CKAJIAPOB.

i Demux — 610k neMmynbsTHILIEKCcOopa. HazHaueHue: pa3iencHne BXOHOTO
BEKTOPHOTO CUTHAJIa Ha COCTABIISIONINE (TTOCIEIOBATEILHOTO MPEACTABIICHUS B
napasuienbHoe). [lapameTpsl 6110ka: Number of output — KOJIUYECTBO BBIXO/IOB;
Display option — cnoco® oToOpaskeHusi BbIOMpaeTcss U3 CIHCKa: bar —
BEePTUKATBHBIN y3KUU MPSMOYTOJIBHUK YEPHOTO I[BETA; NONE — MPSMOYTOJIBHUK
c 6enbiM (oHOM O€3 OTOOpaKEHHSI METOK BXOJHBIX CHUTHAJIOB. Dmaxkok Bus
Selection Mode — pexum pas3neneHus BEKTOPHBIX CHUTHAJIIOB B IIIHHE,

HUCIIOJIB3YCTCA IJIA pa3ACICHUA CUTHAJIOB, O6T)C,Z[I/IHCHHI>IX B IINHY.

Combinatorial

Legic

Combinatorial ~Logic — 010K KOMOMHAaTOpPHON  JIOTHKH.
Hasnauenne: mpeoOpa3yeT BXOJHOW BEKTOPHBIA CHTHAT B COOTBETCTBUH C
Tabnuieil uctuHHOCTH. Tabiuia MCTUHHOCTU MpPEACTaBISIET COOOM CIHCOK
BO3MOXKHBIX BBIXOJHBIX 3HaueHUW Onoka. Kaxaomy COCTOSHHIO BXOJHOTO
BEKTOPHOI'O CHUI'Haja COOTBETCTBYET OIPENEIICHHOE JIOTMYECKOE COCTOSIHUE

BbIXO/IHOTO curHaia. [Tapametpsl 6;10ka: Truth table — Tabnuiia UCTUHHOCTH.

=t Logical Operation - OIOK BBITOJHEHHS JIOTUYECKUX OIMEPALIU.

Ha3nauenue: peanusyer oJiHy U3 0a30BbIX JIOrHYeCKUX oneparuii. [TapameTpol
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onoka: Operator - BUJ peaqu3yeMoil JJOTHYEeCKOW orepanuu — BeIOUpaeTcs U3
cnucka: AND - noruueckoe ymHOxeHue (omepanus joruueckoe M), OR-
jJorudeckoe cioxenue (omeparus yorudeckoe MJIM), NAND- onepanus U-
HE, NOR - onepauusa MJIM-HE, XOR -onepauus ClOXEHUS 1O MOAYIO 2
(omepamss UCKIIFOUAIOIIEE  WMJIM), NOT - noruyeckoe OTpHUIIAHHE
(mormueckoe HE); Number of input ports-koau4ecTBO BXOAHBIX IOPTOB;
®naxok Show additional parameters — moka3aTh AOMOJHUTEIbHBIE TAPAMETPHI
(B HammeM ciydae He ucnoisdyercs); Gnaxok Require all inputs to have same
data type- ycTaHOBUTBH OJMHAKOBBIN THN BXOJHBIX AaHHBIX; Output data type
mode - BBIOOp THIIa BBIXOJHBIX JAHHBIX W3 cmucka: Boolean (IBOWYHBIN),
Logical (noruueckuii), Specify via dialog (3amaBaeMblii J1OMOTHUTEIHLHBIM
cnuckoMm). B mocnennem ciydae nosiBuTcst okHO criricka Output data type- tum
BBIXOJTHBIX JAHHBIX. BXOAHBIE CUTHAIBI MOTYT OBITh KaK JEHCTBUTEIHLHOTO, TaK
u joruyeckoro tumna (Boolean). BerxogueiM curnanom 6ioka sisnsiercs 1, eciu
pe3yabTar BbluuciaeHusa joruyecko omeparuu ecth MCTUHA, u 0, ecnu

pesynbTaT —JIOXKD.

curHasia. Hasnauenue: mnpeoOpazyeT TUN BXOJHOTO curHana. llapamerpbl

Data Type Conversion — 070K mpeoOpa3oBaTels TUIa

Omoka: Data type — TN JaHHBIX BBIXOJHOTO CHTHAJa, MOXXET NPUHUMATh
3Ha4YeHus1 W3 mucka: auto; double; single; int8; intl6; int32/ uint8; uintl6;
uint32; Boolean. Saturate on integer — nMoJaBiIATh MepenojHeHue uenoro. [pu
YCTaHOBJICHHOM (hJIaKKE OTPAHWYCHUE CUTHAJIOB IICJIOTO THITA BBIMOJTHACTCS
KOppEKTHO. 3HaueHwe auto mnapamerpa Data type wucnonb3zyercs Ipu
HACJICJIOBAHUM BBIXOJHBIM CHUTHAJIOM THUIIA BXOJHOrO CUTHajna. BxomgHou
cUrHayl 0Ji0Kka MOKET ObITh JIEUCTBUTENIbHBIM WJIM KOMIUIEKCHBIM, B Cily4ae
IIOCJICTHETO BBIXOJHOW CHUIHAJl TAaKX€ KOMIUIEKCHBIM. BXOIHBIE CHUIHaJBI

MOTYT OBITh B CKaJIIPHOM, BEKTOPHOM M MaTpUUHOM (popmax.
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e Switch — OGnok  mepekiouatens. HasHaueHue: MepeKIiOYeHHE
BXOJHBIX CUTHAJIOB IO CUTHaNY ynpasieHus. [lapamerpsr O6ioka: Criteria for
passing first input — ycioBHE MPOXOXKACHHS CHUTHala C IEpPBOrO BXO/a,
3HaueHue BblOMpaeTcss u3 cnucka: u2>=Threshold — curnan ymnpasieHus
OoJipllie WM paBeH IMOporoBoMy 3HaueHuto; u2>Threshold — curnan
yhopaBieHus: OoJjblle MOpOroBoro 3HadeHus; u2~=Threshold — curnan
yhnpaBiieHUs He paBeH moporoBoMy 3HadeHHto. Threshold — mopor; daaxok
Show additional parameters — mokaszaTh JONOJHUTENbHBIC TapameTprl. [Ipu
BBICTABJIICHHOM (hJIa’kKe OTOOpa)karoTCsl JOIOJHUTEIbHBIE OKHA CIIMCKOB, B

HalieMm Ciay4dac q)ﬂa}KOK HC HUCIIOJIB3YCTCA.

Product

Product — 610k ymHOxeHUs1 U JieneHusi. HaznaueHue: BbIUMCICHU
MPOM3BENCHUS TEKYIINX 3HaueHud curHanoB. [lapamerpsl 6oka: Mumber of
Inputs — KOJMYECTBO BXOJIOB, MOXKET 33JaBaThCAd KaK YMCIO WIM KaK CIIHMCOK
3HaKOB. B cmucke 3HAKOB MOXKHO HCIIOJIb30BATh 3HAKHU: * - YMHOXHUTb U / -
pazmenuth. Multiplication — cmoco0 BBITIOJHEHUS OMEPAIUHA, MOXKET
NpUHUMAaTh 3HaueHust u3 cnucka: Element-wise — mosneMeHTHBIN; Matrix —
maTpuuHblii.  ®naxxoxk  Show  additional parameters —  moka3artb
JOTIOJTHUTENbHBIE MapaMeTpbl. [Ipu BbICTaBieHHOM  (uiaskke OTOOpa)kaeTcs
okHOo cmucka Output data type mode, B Hamem caydae ¢Gaaxok He

HCIIONB3YEeTCsl.

Sine Wave — OlOK UCTOYHMKAa CHHYCOMJAJIbHOTO CHUTHAjA.
Hasnauenme: ¢GopMupoBaHHe CHHYCOMJAIBHOTO CHUTHajda C 3aJaHHOU
4acTOTOM, aMILTUTYA0M, da3oit u cMmemeHueM. [lapamerpsr 61oka: Sine Type —
croco0 (GopMHUpPOBaHUS CUTHANIA PEATM3YeTCsS ABYMSI aJrOpUTMaMu: ime-

based — o TekyieMy BpeMeHHU (ISl aHAJIOTOBBIX CUCTEM) WM TI0 3HAYEHUIO
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CUTHaja Ha TMpEeABIAYIIeM IIare W BEIWYMHE TaKTa IUCKPETHOCTH (st
JTUCKPETHBIX cucTeM); Sample-based — mo BenwMYMHE TakTa TUCKPETHOCTH U
KOJIMYECTBY PACUETHBIX IIaroB Ha OJWH MEPHOJl CHHYCOUAAIHLHOTO CHTHAJA.
Bun okna 3amaHus mapaMeTpoB MEHSETCS B 3aBUCHMOCTH OT BBIOPAHHOTO

croco6a popMHpOBaHUS CHHYCOUJATBHOTO CUTHAJIA.

Zero-Older Hold — >kctpanonstop HyJieBoro nopsiaka. Haznauenue:
OKCTPAIOJISIIMS BXOIHOTO CHUTHAJla Ha WHTEpPBaje AUCKPETHU3aluH. biok
(GbuKCUpyeT 3HaYeHHE BXOJHOTO CHUTHAlAa B Hadalle MHTEpBaia IUCKPETU3AITUN
M TOJJCP)KMBACT Ha BBIXOJAE OTO 3HAYEHHE [0 OKOHYAHWS WHTEpBasa
TUCKpETH3aIMK. 3aTeM BBIXOJHON CHTHAT M3MEHSIETCS CKauKOM JI0 BETHYUHBI
BXOJ/IHOTO CHTHAJIa Ha CIEAYyIOIIeM Inare nuckperm3anuu. [lapamerpsl Ojoka:
Sample time — TakT AUCKpeTHOCTH. BiIOK AKCTpamnoisTopa HyJIeBOTO MOPSAKa
MOXXET MCIOJIb30BaThCSl TAaKXXKe I COIVIACOBAHMS PAOOTHI JTHCKPETHBIX

6J'IOKOB, HMCIOIUX PA3HBIC TAKThI JUCKPETHOCTH.

Multiport
== Multiport  Switch — 0OIIOK  MHOTOBXOIOBOIO  IEPEKIHOYATEIS.

Hasnauenue: BBIMOMHSAET MEPEKIIOYCHUE BXOIHBIX CUTHAJIOB Ha BBIXOJ IO
CUTHAJy YIpPaBJICHHUA, 3a/Jal0IeMy HOMEp aKTHBHOTO BXOIHOTO TOPTA.
[Tapametpsr 6;0ka: Number of inputs — KoJauMuecTBO BXOAOB; (hiakok Show
additional parameters — moka3aThb JOIOJHUTENbHBIE IMapaMETpPbl, B HallleM
ciydae He ucnoiib3dyercs. biiok Multiport Switch npomnyckaet Ha BbIXOJ CUTHAT
C TOro BXOJHOIO TIOPTAa, HOMEP KOTOPOrO paBEH TEKYIIEeMy 3HaYCHUIO
YIPaBJISAIONIET0 CUTHaia. Eciau ynpaBisiomuii CUTHAI HE SBISIETCS CUTHAJIOM
1ejaoro tuma, To 6jg0ok Multiport Switch mpous3BoauT OKpyriieHHE 3HAYCHUS B
COOTBETCTBUM CO CmOcOOOM, BBIOpaHHBIM B Tpade JOMOIHUTEIBHOTO

napametpa Round integer calculations toward.
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4 OKCIIEPUMEHTAJIBHOE 3AJTIAHUE

1. CoOpatb SIM-moznensb TUTS MCCJIEIOBAHMUS MpUHIMIA
(YHKIMOHUPOBAHUSL KOJEKAa OCHOBAHHOIO Ha HECHCTEMATHMYECKOM IUKIMYECKOM
KOJMPOBAHUU B COOTBETCTBHU C PUCYHKOM 2.1;

2. BpyuHyr pacuuTaTh CHHIPOMBI JUI1 HOPOXKIAIOLIET0 I[OJMHOMA
g(x) =x3+ x4+ 1 u uadopmanuonnsx 6uros ‘1 0 1’ 11 HeCHCTEMaTUYECKOTO
koja (6,3) 1 3aHECTH pe3yIbTaThl B TAOIUILy COOTBETCTBUI;

3. BeoicTtaButh mnapamerpsl 05i0koB SIM-Mozenud, B COOTBETCTBUM C
pUCYHKOM 2.1, Ha KOTOPOM YKa3aH OJIMH U3 BAPUAHTOB [1aPAMETPOB CXEMBI;

4. Ilponabmronats, 3a(MKCUPOBATH u HOSICHUTh OCHOBHbIE
OCHWJIJIOTpaMMBbI,  WJUTIOCTpUpyIollMe  paboTy  KoJeKka, Ha  OCHOBE

HECUCTCEMATUYCCKOT'O NUKINYCCKOI0O KOAUPOBAHMA.

S KOHTPOJIBHBIE BOITPOCHI

1. Ha yem OCHOBBIBaETCS LIUKINYECKOE KOAUPOBAHUE?

B uewm 3akioyaeTcst HeCUCTEMaTHUECKOE [IMKIMYECKOE KOIMpOBaHue?
Kakue 1ocTOMHCTBA IUKIMYECKOTO KOJAUPOBAHHMS?

Kak npoucxonut oOHapyKeHHE OAMHOYHBIX OIIUOO0K?

Kakoli BuJ IMeeT BEeKTOp OAMHOYHON OIIUOKHU?

Urto Takoe cunopom u Kak oH obpazyercs?

B xakoMm 6110ke xpaHUTCS TabJIMIIa COOTBETCTBUS?

S B Ul

Kak cBsI3aHBI perHCTp CIABHUTa ¢ OOPAaTHOM CBS3bI0 W IMOPOKIAOIIUH
IOJIMHOM?
9. B 4ewm paznuuue MOJKIIOUEHUS PETUCTPOB CIBUTA C OOPATHBIMU CBSI3SIMH

IPU YMHOXEHUU U JIeJIEHUU Ha 00pa3yIoluii MOJIUHOM?
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