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Yuebno-memoouueckue mamepuanvl no02omogneHvl 8 pamxkax
UHHOBAYUOHHOU 0Opazoeamenvhol npoepammul HHI'Y: Obpazosamenvho-
HayyHblll yenmp <HnpopmayuorHHo-menreKomMmyHUKaYUoHHble

cucmemvl. QusuiecKue 0CHOBbL U Mamemamuieckoe obecnederue

JIlynos C.}1O., Myskuma C.U., IllapkoB B.B. LabVIEW B mnpumepax u 3amauax. YueOHO-
METOIMYECKHE MaTepUalbl 10 MporpaMMe TMOBBINICHUS KBaTu(pukauu «OO0ydeHrne TEXHOJIOTUSIM
National Instruments». Huwxuuit Hosropo, 2007, 101 c.

«LabVIEW B mpumepax u 3amgadax» - 0a30Bbli Kypc TI0 OCHOBaM rpadUvecKkoro
nporpaMMHupoBaHus B rpadudeckoit cpene nporpammupoBanus LabVIEW 8.20. ITaker LabVIEW
¢dopmanu3yeT 3Tan co3AaHUS AITOpUTMa pabOThI MPUOOPa, ONMMCHIBAs 3TOT aJTOPUTM B BUAE OJIOK-
cxeMbl. B yueOHO-MeTOAMYECKOM MaTepHaje OTPaXEHbl BCE JTalbl CO3JaHUS BUPTYaIbHOTO
npubopa: perucTpanus curraiga, oopadorka, orobpaxenue. IlepBbiii pasmen ydeOHOro mocoOus
MOCBSIIIEH OCHOBAM IPOTPaMMHPOBAHUS, BTOPOl — OCHOBHBIM IpPUHIMIAM IH(PPOBOIl 00pabOTKU

CUTHAJIOB, TpeTI/Iﬁ — CO3JaHHUIO CUCTEM 060pa JaHHBIX.

©Jlynos C.1O.,Myskmun C.U.,lHlapkos B.B.
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HPEANCJIOBHUE

LabVIEW (Laboratory Virtual Instrument Engineering Workbench) - cpema pa3paGoTku
NPUKITIHBIX TIporpamM, co3nanHas ¢upmoit National Instruments (CILIA). B Heii ucmons3yercs
MHTYUTUBHO TOHATHBIN $3bIK Tpaduueckoro mporpammupoBanus G. Ero ocBoenue He TpeOyer
3HAHHS TPAJAUIMOHHBIX TEKCTOBBIX S3BIKOB mporpammupoBanus. LabVIEW mnpenocrasiser
[IMPOKHE BO3MOXKHOCTH JJISi MPOBEACHUS BBIUMCICHUH M MaTeMaTHYecKOro MoOJenupoBaHusi. B
stoMm otHomreHnn cpena LabVIEW koHkypeHTOCTIOCOOHa C TaKMMHM HM3BECTHBIMH CHCTEMaMHU
KoMIbIOTEepHOM MaTeMaTuku, kak MATLAB, MathCAD, Mathematica, MAPLE.

Onnako Hambosiee TOJHO Bo3MoxkHOCTH LabVIEW packpeiBatoTcst mpu co3laHuu npruOOpOB U
CHUCTeM Uil U3MepeHHH (HU3MUECKHX BEJIMYMH B HAyYHBIX OSKCIEPUMEHTAaX, JIAOOPAaTOPHBIX H
NPOMBINUICHHBIX YCTaHOBKax. BaxHeiM jgoctomHcTBOoM L8bVIEW  sBisietcss BO3MOXKHOCTB
yIpaBieHHUS TPOLECCOM M3MEPEHUS B aBTOMATHYECKOM WJIM HHTEPaKTHMBHOM pexume. Jlns
00paboOTKM M aHalW3a JAaHHBIX HCHOJb3yeTcs OOMIMPHBIA HAOOp (YHKIMOHATBHBIX OHOIHMOTEK
(oOmiero Ha3HaveHWsT M CICIMAIM3UPOBAaHHBIX). B3aumozeiicTBue ¢ uccienoBaTesieM —HITH
OTIEepPaTOPOM OCYILIECTBISETCA C IMOMOMIbIO MPOAYMAaHHOTO M MPOCTOTO B MPOrpaMMHPOBAaHUH
rpajpuveckoro wmHTepdeiica. C nomompo mporpamm-apaiiBepoB  LabVIEW  sddexTuBHO
B3aUMO/ICHCTBYET ¢ pa3HOOOPA3HBIMHU IUIaTaMU BBOJIa/BbIBO/Ia AaHATIOTOBBIX U IIH(POBBIX CHUTHAJIOB,
MOJYISIMA BBOJIA BHJICOCHTHAJIOB, a TAaKXK€ CO CIEHAIM3UPOBAHHBIMU MOAYIbHBIMH MPUOOpaMu
(ocumnorpadml, aHATM3aTOPbI CIIEKTPA, TEHEPATOPHI CUTHAJTIOB H T.1.).

[Mocnennne Bepcun LabVIEW  opueHTHpOBaHBI Ha  CO3JaHHE  PACIPECICHHBIX U
JMCTAaHIIMOHHBIX CHUCTEM HU3MEpeHU. DTO TO3BONIAET OOECIeUHTh JOCTYIl Ha PAcCTOSHUM K
YHUKAIbHBIM OSKCIHEpUMEHTAIbHBIM CTEHJaM W OpPraHu30BaTh AMCTAHLIMOHHOE OOyYeHHeE.
Bo3MokHOCTH 0a30BOro makera MOTYT OBITh PAaCIIUPEHBl C TMOMOIIBI0 CHEHUATU3UPOBAHHBIX
MoOyJeH ¥ PYHKIIMOHAIBLHBIX OMOINOTEK.

bazogsrii maker LabVIEW nporen 20-TH JeTHUH SBOJIOIMOHHBIHN MyTh Pa3BUTHS U OOHOBJISICTCS
MPaKTUYeCKH Kaxaplii ron. Ha MomeHT Hawanma paOOThl HaJd JaHHBIM MOCOOMEM aKTyaJbHOMN
sBysiack Bepeus LabVIEW 8.20.

Llenp nmaHHOTO MOCOOMS - TMO3HAKOMUTH C OCHOBAaMH pa3pabOTKH MNpPUIIOKEHHH B cpene
LabVIEW, Bxitovasi co3iaHue MPOCTBIX CHCTEM cOOpa W 0OpabOTKH JaHHBIX C HCIIOJBb30BaHHEM

DAQ-kapt. M3noxxeHre B OCHOBHOM clieayeT Kypcam (upMbi-paspaboTunka "Basic |" u "Data
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acquisition”. OtzmenpHBIE TEMBI PACKPBITHI HECKOJBKO MIMPE, YTO OTPa)KaeT COOCTBEHHBIN OIBIT
npernoaBanus npeameta. Kak sBcTByeT u3 Ha3BaHUs, 00y4eHHE OCHOBAHO Ha IMpUMepax YacTUYHO
OpUTMHAJIBHBIX, YACTUYHO 3aMMCTBOBAHHBIX U3 MCTOYHHUKOB, NepedyncieHHbIX Huxke. ComepixkaHue

OpPUTMHAJIBHBIX IPUMEPOB U 33/1a4 OTpakaeT crneuupuky Pagnodusmyeckoro gaxynprera.
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1. OCHOBBI IPOTPAMMMPOBAHUS B TPAOUYECKOM CPEJIE

LABVIEW

1.1. I'paduueckas cpena nporpammupoBanus LabVIEW

1.1.1 OcHoBHBIE dJ1eMeHTHI cpeabl nporpaMmvupoBanus LabVIEW
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Puc.1 I'padpmyeckas cpena nporpammupoBanus LabVIEW

Co3snanue nporpamm B rpaduyeckoii cpene nmporpammupoBanus LabVIEW npousBoauTes B AByX
OKHaX, Ha3bIBAEMBbIX:

Front Panel (sumeBas nmanesns);

Block Diagram (6:10k-miarpammay).

Ha nuneBoil manenu pa3pabaThiBacTCsl BHENTHHN BHJ OyAylIero BUPTyalbHOTO Ipubopa (Bce
nporpamMmbl  pa3pabotanneie Ha LabVIEW HaswiBatorcss BupTyansHeiME mpubopamu  (Virtual
Instruments). Ha Heil co3maroTcsi 3JIEMEHTHI YIPABICHUS M OTOOPaXKEHUS, KOTOPBIC SIBIISIOTCS
MHTEPaKTUBHBIMU CPEICTBAMU BBOJIA M BBIBOJA JAHHBIX 9TOT0 BUPTYaJIBHOTO Ipubdopa.

Onemenmul ynpaesnenus (ControlsS) — KHONKK U Apyrue yCTPOWCTBA BBOIA JaHHBIX.

Dnemenmol omobpadcenus (Indicators) — rpaduku, cBETOMOABI U APYTHUE HHIUKATOPHI.

DneMeHTHI yIpaBlIeHUs MOJCIUPYIOT YCTPOMCTBA BBOAA JAHHBIX M MEepeAaloT JaHHbIe Ha OJOK-
muarpammy BII. DnemeHTHl 0TOOpaXkeHHS MOJETHPYIOT YCTPOICTBa BBIBOAA M OTOOpakKeHUs

JaHHBIX, KOTOPBIE MOJIy4aeT WM FeHepupyeT Ook-auarpamma (puc.l).
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Ha Gnox-muarpamme pa3pabarbhIBaeTCsi MCXOJHBIM KO Oyayllero BUpPTyalbHOTO TpHOOpa. B
OTJINYUHU OT KJIIACCUYECKUX S3BIKOB MporpaMMupoBanusi, Takux kak Cu, Ilackans, ®OPTPAH,
ucxoaueii koa LabVIEW mpexncraBnsier co0oil OI0K-Auarpammy, Iie Bce KOMaHJbI, ONEepaTopbl
IIUKJIOB M CPaBHEHUsI M300paxkaroTcs rpaguyeckumMu 0003HaUeHHAME. bok-1uarpaMMa COCTOHT U3
y3JI0B, TEPMUHAJIOB ¥ MPOBOTHUKOB JaHHBIX (puc.l).

Vaner (Node) (puc.l) — 370 00BEKTHI Ha OJIOK-AMAarpamme, KOTOPbIe MMEIOT OJHO WM 0oJjee
noJiel BBOJIa/BBIBO/IA TAHHBIX M BBIMOJHSIOT AJITOPUTMUYECKHE OTNIEpallii BUPTYAJIBHOTO TPHOOPA.
OHM  aHaJTOTMYHBI omeparopaM, (YHKIHAM ©  TMOANPOrpaMMaM  TEKCTOBBIX  S3BIKOB
NpOorpaMMHUpPOBaHuUs. Y31kl BKIIOYaroT B cebs Gynkuum (functions), mommporpammsr (SUbVI) u
crpykrypsl (Sructures). Iloanmporpamma - BupTyanbHblii npubop (BIIII), koTopblii MOMXKHO
UCIIOJIK30BaTh Ha Onok-muarpamme npyroro BIT B kauectBe moamporpammbl. CTPYKTYpEI
(Strucures) - 310 ByIEMEHTHI YIpaBICHUST MPOLIECCOM, TaKHe Kak cTpykrypa [locnmenoBaTenbHOCTH
(Flat sequence), crpykrypa BapuanTa (Case), uuki mo yciaosuro (While) u T.1.

OOBeKTHI JTUIEBON TaHENW Ha OJOK-TuarpaMme OTOOPaKaloOTCs B BUIE MEPMUHANO8 OAHHLIX
(Data terminals) (puc.l). Tepmunanst Oannbix 00SCIEYMBAIOT OOMEH JAHHBIMH MEXIY JIALICBOM
MAaHEeNbI0 M OJIOK-AuarpaMmoii. Pa3nmuaror TepMuHaNIBl IAHHBIX CIEAYIONIMX THUIOB. TEPMUHAJIBI
YIIPaBJICHHUS W OTOOPaXCHUS JIaHHBIX, TEPMHUHAIBI Y3JI0B. TepMHUHAIBI YIIPABICHUS U OTOOPaKEHUS
OTHOCSITCS K CPEACTBAM YIPABICHUS M OTOOpPaXCHUWS JaHHBIX Ha JHIEBOW mNaHenu. JlaHHbIe,
BBE/ICHHBIC B AJIEMCHTHI YIPaBIICHHUS Ha JIMIIEBOW TAaHENH, TIOCTYAT Ha OJIOK-IuarpaMMy 4epes
TEPMHUHAJIBI YIPABJICHUS.

JlaHHBIE MEXIy 0OBEKTaMM OJIOK-IHarpaMMBbl TEPElaoTCsl M0 COCAWHHUTEIBHBIM JIMHUSAM - TIO
nposoonukam oannwvix (\Wires) (puc.l). [Iposoonuk oannwix aHATOTUYEH NIEPEMEHHBIM B TEKCTOBBIX
S3bIKAX MporpaMMHUpoBaHus. Kaxiplii MPOBOJHHMK JAHHBIX HMEET EIWHCTBEHHBIH HCTOYHUK
JAHHBIX, HO MOXET IepeaaBaTh UX KO MHOTUM (yHKIUsM. [IpOBOMHHMKM JaHHBIX Pa3IAYAIOTCS
[[BETOM, CTHJIEM U TOJIIMHOW JINHKUH, B 3aBUCUMOCTH OT THIIA MIEPEIaBaCMbIX JTaHHBIX.

B cpene LabVIEW 00beKThl COEIMHSIOTCS MPOBOJAHUKAMHU JAHHBIX MOCIE WX MMOMEIICHHS Ha

OJ0K-arpamMmy.

3anmycTuM  rpadHuecKyl0 Cpely paspaboTdyMka mporpamMmHoro obecredeHus National

Instruments LabVIEW 8.2. B nosiBuBmemcs okue BeioepeM paszaen Blank VI (mycroit BupTyanbHbIN
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npubop). ITocne vero otkpororcs aBa okHa (puc.l): nuneBas manens (Front Panel) u Gmok-
muarpamma (Block Diagram).
[MepekarouaThCst MEKIY OKHAMH MOKHO HECKOJBKHMH CIIOCOOaMHU:
- MIEJIKHYB MBIIIKOM 10 COOTBETCTBYIOIIEMY OKHY;
- KoMOuHarue kiasuin <Ctrl><E>

PHI[ KHOIIOK, pacnonomeHHmﬁ 1101 I'JIaBHBIM MCHIO, Ha3bIBA€TCsA PIHCprMCHTﬁJ'II:HOﬁ IIaHCIBbIO.

Knonka omHOKpaTHOTO 3amycka Run - 3amyckaeT BUPTyalibHBINA TPUOODP.

Knomnka HenpepsiBHOTO 3amycka Run Continuously — BupTyalibHBIH TPUOOP BBIMOJHACTCS

G| |

MHOT'OKpPAaTHO 1O MOMCHTA HpHHyHHTeHBHOﬁ OCTaHOBKH

Bo BpeMst BBINOJIHEHHsT BUPTYaIbHBIA TPHOOp akTHBHpYyeTcst kHomka Abort Execution. Dta

@

KHOIIKA UCIIOJIB3YCTCA IJIA HCMCI[JICHHOP'I OCTAHOBKH BbIIIOJIHCHH S BUPTYaJIbHOT'O an60pa.

1.1.2. [lanuTpa 3/1eMeHTOB yNpaBJieHUs] U HHAUKATOPOB

Q;, Search | oo View =

[+ Modern
E H Habe b »
iii‘.‘éé e Fatn) |11 ]
g
»
= A
OO
|| » System
[ ¥ Classic
[ '» Express

| »  Control Design & Simulation
[ » addons
|| » User Contraols

| Select a Contral...
[ » MET & Actives

Puc.2 [TanuTpa 31€MEHTOB yIIpaBiIeHUS H OTOOPAKEHUS
Jist pa3MenieHusl AJIEMEHTOB YIPAaBJICHUS M OTOOpaKCHHs JAaHHBIX Ha JIMIEBYIO TaHEIb
UCTIOJB3YETCsl MaJUTpa 3JICMEHTOB yIpaBieHHs W oToOpaxeHus (puc.2). [lamutpa s5eMeHTOB
YIpaBICHHS U OTOOpaXEHHsI JOCTYITHA TOJIBKO C JIUIEBOM MaHe . J{Jis BEIBO/IA MATUTPhI HA DKPaH
CJIEAyeT IMIEIKHYTh MPAaBON KHOIKOW MBIIITH B pab04eM MPOCTPAHCTBE JTUICBOM MTaHEIIH.

Bce sinemeHTHI YIpaBJICHUA U OT06pa}KeHI/I${ Ha MaJMTpe CrpyNIUPOBaHbI 110 pa3aciaM.
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Modern — sneMeHThl yIpaBieHHs ¥ OTOOPaXKCHHS MMEIOT COBPEMEHHBINH CTHJIb (B JaHHOM
nocoOuu Oy/IeT MCHOIB30BaThCsl B OCHOBHOM 9TOT pa3ziel);
System —sieMeHThl YIpaBJIeHUsT U OTOOPaXKEHUST UMCIOT CTHJIb COOTBETCTBYIONIMN JaHHOMN
OTEPAIHOHHOM crcTeMe (KHOITKH, TTOJIOCHI MPOKPYTKHU U T.J11.);
Classic — aneMeHTBI yIpaBIeHUsI U 0OTOOPAKEHHS HMCIOT KIIACCHYECKHI CTHITh (IbTepHATHBA
crumo Modern)
EXpress — pacripoctpaHeHHBIE HIEMEHTHI YIPABICHUS U OTOOPaKCHUSI
U T.I.
Kaxmplii pasmen MOXET JENUTHCs, B CBOIO Ouepeb, Ha MOAPa3eibl (YHUCIOBBIC, CTPOKOBBIC

WHJIUKATOPBI, KHOTIKU H T.1I.).
1.1.2. lanutpa pyHkumii

Functior k|
Q Search I S Wi I
| »  Programming

| ¥ mMeasurement Ijo
[ ¥ Instrument IfC

[ ¥ wision and Motion
[ ¥ mMathematics

| » signal Processing

| » Data Communication

[ » Connectiviey

[ »  Contral Design & Simulation

| » signalExpress

|| » Express
[ » addons

| » Favorites

[ '» wser Libraries
I Select avl...

Puc.3 ITanmutpa QpyHKmmit
Kaxk Ob110 cka3aHO paHee Ha OJIOKe - AUarpamMM pa3padaTbIBaeTCs UCXOTHBINA TEKCT MPOrPAMMBI.
Jlns aToro ucnonbdyercs nanutpa ¢ynkuuii (Functions pallete). /lns BeiBoga ManuTphl Ha dKpaH
CJICTYeT IIEJIKHYTh MPABOM KHOMKOM MBIIIX B pab04eM MPOCTPAHCTBE OJIOKA-IHATPAMM.
Bce a1eMeHThI Ha ATUTPE CrPYIMITUPOBAHBI [0 pa3/ieiiaM:
Programming — 31ech coOpaHbl BCe OCHOBHBIC (DYHKIMH, CTPYKTYPHI IMKJA, CPaBHEHHS,
OTIEePATOPHI CIIOKEHHU S, BBIYMTAHHS, HEOOXOAUMBIC sl CO3AaHuUs OOJIBITMHCTBA MPUIIOKCHHI;
Instrument 1/O — 31eck coOpanbl GYHKIMH A5l pabOThI C Pa3IMYHBIMH YCTPOWCTBAMH BBOJIa-

BbiBo1a (COM-niopT 1 11p.);
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Mathematics — 3aece coOpanbl (GYHKIHH Ul MaTeMaTHYECKMX BBIUMCICHHUH (pelieHue
CHCTEMBI YpaBHEHUH, perieHue aubQepeHratbHbIX YpaBHEHUH U JIp.);
Sgnal Processing — 3mech coOpaHbl (YHKIMH CBs3aHHBIE ¢ HUPPOBOH 0OpabOTKOU |
aHAJIM30M JMCKPETHBIX CHTHAJIOB (1ridpoBbie GHILTPHI, ObICTpOE mpeobpasoBanue Dypbe u
ap-);
Express — pacmpocTtpaHeHHbIE (QYHKIUH, CBS3aHHBIE KaK C BBIYHCICHUSAMH, TaKk U C
00pabOTKOM JaHHBIX;

Slect a V... — hyHKIMH CO3AaHHBIE MTOJIb30BATEIICM.

1.1.3. ITaauTpa UHCTPYyMEHTOB

DR[A
> A=k
@&

7]

Puc.4 [anmuTpa HHCTPYMEHTOB

Co3nmaBarh, U3MEHATh M OTiaxuBaTh BIl MoXHO, ucmonw3ys nanutpy wHCTpyMeHtoB (TOOIS
Palette). mamuTpa MHCTPYMEHTOB JOCTYITHA KaK Ha JIMIEBOI MaHENH, TaK M Ha OJIOK-IHarpaMmme.
TepMUH HHCTPYMEHT HOJpa3yMeBaeT CIEUATBHBIN ONEepPalMOHHBIN PeXXUM Kypcopa MbImu. lpu
BBIOOpE ONpeleNeHHOr0 HMHCTPYMEHTa 3HAa4OK Kypcopa H3MEHsSeTCs Ha 3HA4OK JIaHHOTO
uHCTpyMeHTa. [lamuTpa MHCTPYMEHTOB BBI3BIBACTCSl OJTHOBPEMEHHBIM HakaTueM KiaBuiu <Shift>
U TmpaBoi KimaBUIIM MbIIK. [lamutpy MHCTpYyMEHTOB MOXKHO pasMmemiaTb B Jr000# ob6iactu
pabodyero npocTpaHcTBa OJOK-TUarpaMMbl M JIUIICBOW TTaHEIH.

Ecnu BKIIIOUYEH aBTOMAaTHUYECKHH BBIOOP MHCTPYMEHTA, TO NPU HaBEICHHM Kypcopa Ha OOBEKT
JMIIEBON MaHenu Wik Onok-auarpammbl LabVIEW aBroMaTHyecku BbIOMpaeT COOTBETCTBYIOIIMM
MHCTPYMEHT W3 MAJIUTPhl WHCTPYMEHTOB. ABTOMAaTHUYECKHI BBHIOOp HHCTPYMEHTA BKIIIOYAETCS
HakaTheM Ha KHomKy Automatic Tool Selection nmamuTpbl HHCTPYMEHTOB (IIPSAMOYTOJIEHUK B IPAaBOM
BEPXHEM YTy TAJHTPBI: 3eJICHBINA — BKIIOUCH, YePHBIH — BBIKITIOUCH) WM HaKaTHeM KiaBui <Shift-
Tab>.

Wncrpyment VIIPABJIEHUE (<naneir™) UCHOJb3YeTCsl I M3MEHEHUsI 3HAYCHHS SJIEMEHTOB
yhpaBlIeHUs] WM BBoJa TekcTa. [Ipum HaBeoeHHMH Kypcopa Ha TakOW 3JI€MEHT KaK CTPOKOBBIN

3JIEMEHT YIIPaBJICHUS, 3HA4YOK HHCTPYMECHTA MCHACTCH.
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Wncrpyment [IEPEMEIEHUE (<cTpenka>) HCIOJB3yeTCsl Ul BHIOOpA, MEPEMEIICHHS WIIH
U3MEHEeHHs pa3MepoB 00bekToB. [Ipy HaBeaeHUHM MHCTpyMEHTa Ha OOBEKT M3MEHSEMOTro pa3mepa
3HAYOK MHCTPYMEHTA MEHSETCS:

Wncrpyment BBO/] TEKCTA (<A>) ucnonb3yeTcst Uil PeIaKTHPOBAaHHS TEKCTAa M CO3JaHHS
cBOOOIHBIX MeTOK. [IpH co3nannu cBOOOIHBIX METOK 3HAYOK HHCTPYMEHTA MEHSETCH:

Uncrpyment COEJUHEHUE (<kartymika>) co3JaeT MPOBOJHHUKU JTaHHBIX, COSIUHSS 00BEKTHI
Ha OJIOK-THarpamme.

Wncrpyment BAI3OB KOHTEKCTHOI'O MEHIO (<MeHI0>) BBI3bIBAa€T KOHTEKCTHOE MEHIO
COOTBETCTBYIOILIETO 0OBEKTA MO MIETYKY JIEBOI KHOTIKH MBIIIIH.

Wncrpyment BhICTPAA [IPOKPYTKA DKPAHA (<pyka>) UCIOJIb3yeTCs ISl IPOCMOTPa OKHA
0e3 NCTI0IB30BaHMUSI MTOJIOCH TPOKPYTKH.

Unctpyment BBOJ KOHTPOJIbHOH TOYKH (<kOHTpoIbHAs TOUKA™>) TI03BOIISET PACCTABIIATH
KOHTpOJbHbIE Touku Ha BII, ¢yHkmuax, ys3max, NOpOBOJHMKAX MJAaHHBIX, CTPYKTYpax H
IIPUOCTAHABJIMBATH B HUX BBIOJIHEHUE MPOTPAMMBI.

Wucrpymentr VCTAHOBKA  OTJIA/JOYHBIX  HH/[UKATOPOB  (<upoOHHMK>)  maeT
BO3MO>KHOCTb HCCIIEIOBATh IOTOK JAHHBIX B MIPOBOJHUKAX OJIOK-IHArpaMMsl

Hcnonp3yercs uid MpocMOTpa NPOMEXYTOUYHBIX 3HAUEHUM MPU HAIWYMM COMHHUTENIBHBIX WIIU
HEOXXHJIAaHHBIX pe3yabTaToB padboTs BIL.

Wncrpyment KOITUPOBAHHUE [[BETA (<nunertka>) npeaHa3HAueH s KOTIMPOBAHUS IBETA C
nocrieayromiel BcraBkoid ¢ nomorbto nHcTpyMeHTa PACKPAILIMBAHUE (<kucth>).

Uncrpymenra PACKPALLIMBAHHUE (<kucTh>) MO3BOJSIET U3MEHUTH LBET 00BbekTa. OH TaKke
oToOpa)kaeT TeKyIuil MepeJHUH TIaH U TapaMeTpbl HACTPOUKHU IBeTa (POHA.

Ecnu aBTOMarnyeckuii BbIOOp MHCTPYMEHTA BBIKIIIOYEH, MOKHO MEHATh MHCTPYMEHTHI MaTUTPhI
MHCTPYMEHTOB C MOMOMIIbI0 KiaBuimu <7ab>. Jlng mnepexiroueHHss MeXIYy HHCTPYMEHTOM
IIEPEMEIIEHUE w COE/[MHEHHUE wa Onok-muarpaMMe WIA MEXKIYy HMHCTPYMEHTOM
IHIEPEMEIEHUE v YIIPABJIEHUE na nuueBoi naHeNy - T0CTaTOYHO HaXKaTh PO oOe.

1.1.4. CnpaBoynasi cucrema B LabVIEW

Oxno koHTekcTHOW cnpaBku (Context Help) BbiBoauTCS Ha SKpaH M3 MyHKTa TJIABHOTO MEHIO

[Momomps (Help® Show Context Help) wu BBoom <Ctrl-H> ¢ kaBuatypsi.
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[Tpu HaBeneHUM Kypcopa Ha OOBEKT JIMIIEBOI MaHEN! WM OJOK-AuarpaMMbl B OKHE KOHTEKCTHOM
cupaBku (Context Help) mnosiBinsitorcss mkoHka mnoanporpammbl  BIl, ¢GyHKIHMM, KOHCTaHTHI,
AJIEMEHTOB YIPABICHUS WM OTOOpaXEHHs IaHHBIX C yKa3aHHMEM BCEX NoJel BBOJa/BhIBOJA
naHHbIX. [Ipy HaBeleHWW Kypcopa Ha OTIMH JHAJOrOBOrO OKHA B OKHE KOHTEKCTHOH CIIPaBKU
(Context Help) mosmasiercs omucanue dTHX omnimid. [lpu 3TOoM OIS, OOs3aTeNbHBIC IS
COCIMHEHWUSI, BBIICIICHBI JXUPHBIM HIPHU(TOM, PEKOMEHTyeMbI€ JJIsl COSAMHEHUS MOJIS TPECTABIICHBI
OOBIYHBIM IPH(TOM, a TOMOJHUTENBbHBIE (He00s3aTeNIbHbIE) MOJIS - BBIACICHBI CEPBIM HJIH BOOOIIE
HE MOKa3aHbI.

Jlnst oroOpaxenust BerpoenHoi momonn (LabVIEW Help) moxxHo Haxkats kHONKY Detailed Help
B OKHE KOHTeKCTHO# cripaBku (Context Help)

Bcerpoennas momomis LabVIEW conepxut petanbHble ONMMCaHus OOJIBIIMHCTBA MAIUTP, MEHIO,
MHCTPYMEHTOB, BHPTYAJIbHBIX TPUOOPOB M (DYHKIWH, BKIIFOUAECT B ce0s MOMIATOBYI MHCTPYKIIUEO
ucrosik30Banus ocodenHocredt LabVIEW u cBsizana ¢ pykoBoacTBom mosb3oBarens (LabVIEW
Tutorial), PDF Bepcueii yueOnunka LabVIEW u texaunyeckoit moanepkkoii Ha Web-caiite National

I nstruments.
1.2. IlpuMepbl MPOrpamMM Ha si3bIKe rpaguueckoro nporpamvuposanus LabVI EW

1.2.1. llepBasi nporpamma

| : I [=[[E3)| & untitied 1 Block Diagra =1l =1
|Ele Edt wiew FProject Operate Tools Window Help File Edit View Project Operate Tools Windo @
Ql@l @IE| 13pt Application Fank |vl |ﬂ>|{§}| @IE|HQ|'E’|D9 H 1
Thermometer Thermometer 2 _AI d
100 3 100 3
a0 - 80 ' hermometer hermorneter 2
Bl — 60— 00~ 00
402 402 sq-d i § sf'q
204 204
| E E
hd -
i Kl | Biei | Bl

Puc.5 INepBas mporpamma

COSI[aI[I/IM nporpamMmmy, KOTOpasA BBIBOAWT HA HHAHUKATOP 3HAYCHUA C IJICMCHTA YIIPABJICHHA

(puc.5).

JIast 3TOro Ha JIMIEBOW TMaHEeNW pa3MecTHM JBa HHAMKaTopa Thermometer (ma mammtpe
3JIEMEHTOB YIIPaBJICHHS U WHAUKATOPOB BhIOepem: Modern® Numeric® Thermometer). Ha 6ok —

AuarpaMme IMosIBUJIMCh JIBC MKOHKH, HA3bIBACMbIC TCPMUHAIAMUA JJAHHBIX, KOTOPBIC COOTBETCTBYIOT
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pa3MeIIeHHBIM Ha JIMIEBO NaHenu uHaukaTopam. OIMH U3 MHIMKAaTOPOB HEOOXOJMMO CHeaTh
AJIEMEHTOM YrpaBiieHus. [y 3Toro, HaBeJeM Ha Hero Kypcop MBIIIKH (3TO MOXHO CJIejaTh, KaK Ha
JIMIIEBOM TIAHENW, TaK W Ha OJIOK — JIuarpamMMe) W, Ha)kKaB TPaBYIO KJIABHIIY BO BCILTBIBAIOIIEM
MmeHto, BeiOepeM myHkT Change to Control (cmenuts Ha snemeHT ynpasienus). [Ipu sTom neiictBun
Ha OJIOK — inarpaMme y COOTBETCTBYIOIICH HKOHKH TPEYTOJIBHHUK C IIPAaBOW CTOPOHBI EPEMECTHIICS
Ha JeBylo (puc.5). Y WMHIMKATOPOB TPEYroJbHUK O3HAYaeT BXOJ, Ha KOTOPBIH HEOOXOIUMO
M0JIaBaTh COOTBETCTBYIOLIME 3HAYCHHS, a Yy JJIEMCHTOB YIPABJICHUS — BBIXOJ, C KOTOPOTO
CUUTBIBAIOTCS 3HaueHus. [Ipu moaBeaeHHH Kypcopa MBIIIKKA K TPEYroJbHUKY (BBIXOIY) SJIEMEHTa
yIIpaBJICHHs, Kypcop MpUMET BHJ KaTylmlku. [locie OHOKpaTHOrO HaKaTHs JICBOM KJIABUILIU
MBIIIKH, TOTSHUTE MBIIIKY KO BXOJy HHIMKaTopa Thermometer 2. 3a KypcopoM TOTSHETCS
npoBOAHUK. [lo/1BeIeM MPOBOHUK K BXOJy HHIMKATOPA U, KaK TOJILKO KypCOp MPEBPATUTCS CHOBA
B KaTyIIKY, TIPOU3BEIEM OJJHOKPATHOE Ha)kaTHe MbIIKK. [locie aToro 010K auarpaMma U JIMIeBas
naHeNnb OyayT BBIMISICTh Kak Ha pHC.S.

PaGotocnocoOHOCTh MpOrpaMMbl JIydllie TPOBEpATh HakarheMm KHomku Run Continuoudy
(umknmaeckuii 3amyck). [Ipu n3MeHeHUH MBIIIKOW 3HAUeHHUs deMeHTa yrpapienus (Thermometer)
M3MEHSIOTCS 3HaYeHUs Ha nHaukatope (Thermometer 2).

3ananne:

OcraHoBHTE TPOrpaMMy Ha)KaTHEM KJIAaBUIIM SOP, pa3opBUTE MNPOBOJHUK COCIUHSFOLIMI
AJIEMEHT YIPAaBJICHUS W HMHIMKATOP (ISl 3TOTO BBIACIHMTE €r0 MBIIIKOW M HAKMHUTE KIIABHIILY

<Delete>). 3amycTuTte nporpaMmMy HUKIMYECKH €IIIe pa3 U CPABHUTE PE3yIbTaT paboThI.
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1.2.2. lIporpamMma npeodpa3yoiiasi TeMInepaTypy npeiacraBjieHHyo B rpaaycax Leabcus B

TeMneparypy no ®apenreiry

2 i =10] x| |53 =10 x|
File Edit Wew Project Operate Tools ‘window Help ] File Edit ‘Miew Project Operate Tools bindo 3
b gl = b

‘ » [ [@[n][9][25] ba B ot [

Kl

100-
80

B =
40 =
0=

n-

100 -
&l -
6l <

40—

20 =

o-

=

Iré

Kl

]

Y

0 Fl
M b

1,5H [=

By

Puc.6 IIporpamMma, KoHBEpTHpYIOIIAs TeMITepaTypy B rpaaycax Llenscus B Temmneparypy mo @apeHreidty

Co3maauM MpoCTyIO MporpaMMy, KOHBEPTUPYIOIIYIO TeMIepaTypy IpeACTaBIeHHYIO B Tpalycax

Lenbcust B Temnepatypy o d@apeHreity, Ucrnob3ys GopMyiy:

F=1,8C+32,

rae F —remneparypa no ®@apenreiity, C — remneparypa B rpagycax Llenbcust.

BrinosHuM crienyromye qeHCTBUS:

Co3naiite HOBBII BUpTYasbHbIN prbop (Blank VI);

Ha numeBo#i maHenmu pa3mecTuTe [Ba WHAMKATOpa Thermometer (Ha maauTpe 3JIeMEHTOB
yIIpaBJIeHUs U MHAUKAaTOpoB BbiOepeM: Modern® Numeric® Thermometer);

JIBOIHBIM Ha)kaTHEM JICBOM KJIABHIIM MBIIIKH MO METKAM WHAMKATOPOB BBIJCIHUTE UX U
nepeumenyiite B “C” u “F”;

Nuaukarop ¢ metkoii “C” cienaiite 21eMEHTOM yIIpaBJICHUS,

[epetinute Ha OIOK-TUATPAMMY.

Beioepute ¢ynkimun Ymuoxenue (Multiply) u Cnoxenue (Add) w3 mamutpbl QyHKOWi B
paznene Apudpmernyeckue Gpynkuuu (Programming® Numeric);

[TomecTuTe BoIOpaHHbIE (QYHKIIMN HA OJIOK-HarpamMMy.

Co3paiiTe 4YHMCIOBYI0O KOHCTaHTY Yy COOTBETCTBYIOIIECTO BXOJa (DYHKUUH yMHOXeHUs. s
3TOTO MOJBEIUTE KypCOp MBIIIKK K 9TOMY BXO/Y, YTOOBI MOSIBUICS MHCTpYMEHT KaTyiika u

OIHOKpPAaTHO HAXMUTC IPaBYIO KIIABUINY MBIIIKHA. Bo BCIIJIBIBAKOIIIEM MCHIO BI)I6epI/ITe
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Create® Congtant. [locne pa3menieHHs 4YMCIOBOH KOHCTaHThI Ha OJIOK-AHarpamme IoJjie
BBOJA €€ 3HAYEHUH IOJCBEYMBACTCS M TOTOBO M penaktupoBaHus. [IpucBoiite el
3Hauenue 1,8.
ToyHO Tarke co3faiiTe BTOPYIO KOHCTaHTY U MPUCBOTE eil 3HaueHne 32, Kak MOKa3aHO Ha
puc.6
3amycTuTe mporpammy, Haxkas kiaBuiry Run Continuoudly.
3apanns:
1. V3menure mnporpammy Tak, 4TOObI OHa MpeoOpa3oBhHIBaja 3HAUCHHE TEMIIEPATyphl II0
@apeHreinTy B rpaaycsl Llenscusi.
2. Cozpmaiite HOBYIO mporpamMmy. Ha nuueBoil maHenn pa3MecTHTE JBa YHCIOBBIX 3J€MEHTa
yrpagiieHust, HazoBuTe ux “X’ u “Y’ U 1Ba 4MCIOBBIX HHAMKaTOpa (puc.7). Ha Gimok-muarpamMme
peanusyiTe alropuT™, Takoi, 4ToObl HA OJHOM HHAMKATOpE BBHIBOJMIACH CyMMa, a Ha IPYTOM

Pa3sHOCTb 3Ha‘leHHI>i, BBCACHHBIX B 3JICMCHTHI YIIPABJICHHA.

Untitled 1.vi -0l x|

File Edit Wiew Projeck Operate Tools  Win 3
==

-

4 | oz

Puc.7 JIunieBas manenb BUPTYATLHOTO MPHOOpa JIJIS MTOCIICTHETO 3aTaHUs

1.3. IukJabI

I[J'ISI BBIIIOJIHCHUA IIPOTrpaMMbl UJIW YaCTU IMMPOTrpaMMBbI OIIPCACIICHHOC KOJINYCCTBO pa3 WJIM IIOKa

HE BBINOJHUTCS KaKOe-TO YCIIOBHE, HANpUMep, HaxaTHe KHomnku 0p, B LabVIEW, ucnonb3yrorcs

LFKJTBI
1.3.1. Huka no Yeaosuro (While)

Luxn no ycnosuro (While) ananmormuen nukiay While, ucnosnbp3yeMoMy B TEKCTOBOM SI3BIKE

nporpaMMupOBaHuA CLI, BBITIOJIHACT MHOT'OKPATHOC IMMOBTOPCHUC OIICpAlMU HAAd ITOTOKOM HOaHHBIX,
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MOKa HE BBIMOJIHUTCS JIorndyeckoe yciaoBue Beixoaa. [k While pacriosiosken Ha nanutpe QyHKITHA
B paznene Ctpykrypsl (Programming® Structures)

[MTocne Toro Kak UK HaiJIeH U BBIOpaH Ha MaNIUTPe QYHKIUMA, CIEAYeT ¢ MOMOIIBI0 Kypcopa
WU3MEHUTh TPOMEXKYTOYHBIC TPAHHIBI CTPYKTYPBI Ul BBIACJICHHUS YaCTH OJIOK-THArpaMMBbl,
KOTOPYIO HEOOXOAMMO MOMECTHUTD B ITUKII. [10CIe OTIYCKaHUsI KHOTIKH MBIIIH, BbIICICHHAsE 00J1aCTh
OJNOK-MarpaMMbl TIOMenIaeTcs B Telo Imkia. JloOaBieHHe OOBEKTOB OJIOK-AMArpaMMbl B TEJO
IIMKJIa OCYIIECTBIISIETCS TIOMEIICHHEM HJIH TIepeTaCKUBaHHEM OOBEKTa.

bnok-auarpamma mmkiaa no yciosuto (Whil€) BeimosHseTcs 10 TeX mMop, Moka HE BBITOTHHUTCS
yCIOBHE BBIXOJa. 10 yMOJSYaHWIO, TEPMUHAI YCIOBHS BBIXOJA YKA3bIBaeT, YTO IUKI OymeT
BBITIOJIHATBCS 10 TIOCTYIUICHHs Ha TepMuHai 3Hauenus JIOJKD (FALSE). B sTom ciiydae TepMHHAT
YCIIOBHS BBIXOJIa Ha3bIBaeTCs TepMUHATIOM <« Ipodonacenue Eciu Hemuna (Continue If True)».

TepMuHAn CcUETYMKA HUTEpalMid, TOKAa3aHHBIA CJIeBa, COJCPXKHUT 3HAYCHHUE KOJIUYCCTBA

BBITIOJTHEHHBIX UTepanuii. HauanbHoe 3HaueHHe TepMIHAIa <I> Bceria paBHO HYJIIO.

Mpumep nuxaa While:

B Unti ™ =] 4N ) untitled 1 Block Diagra o ] 54

File Edit Yew Project Operate | File Edit Yew Projeck Operate .,..ﬂ
e

o[ | [ple] e [welE]

Wik (ms)

Muneric

stop

m_rup 23]

-

4 vl 4 |4l

Puc.8 briok-auarpamMma u JIMIieBast maHens nporpammsl ¢ koM While

[Tporpamma (puc.8) yBenuumBaer 3HaueHue wHauKaropa NUMEric Ha 1 ¢ MHTEPBAIOM B OJHY
CeKYH]IY.

Co3paiiTe mporpammy, MpUBEICHHYIO Ha prcyHke 8. UuncnoBoi mamukatop NUMEriC U KHOMKY
Sop ymoOHee co3math Ha Omoke-auarpamM. J[mst 3TOTO TOJABEAMTE KYpPCOpP MBIIMIKH K

COOTBCTCTBYIOLIEMY TCPMHHAJY, IIOKa KYypCOp HC IPCBPATUTHCA B KaTYHIKY, I[IPOU3BCAUTC
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OJTHOKpATHOE Ha)KaTHe Ha MPaBYIO KJIABHMITY MBIIIKK 1 BbiOepuTe Create® Indicator s trepmuHana
«i» unm Create® Control mis TepMuHaia yclioBHsI BBIXO/IA.
GOynkuus Wait HaxomuTess B manutpe QyHKUWi B paszgene Programming® Timing. BxonHoit
napameTp OnpeiesisieT BpeMs 3aJIeP’KKU B MIUJUTUCEKYH/IaX.
3anyckarh MpOTPaMMy Ha BBINIOJHEHHE CleAyeT KHOMKoW Run, pacnonoxeHHO# Ha

I/IHCprMeHTaJ'II)HOI\/'I naHCJIM, a OCTaHaBJIMBATb — KHOIIKOM Sop, CO3Z[3HHOI>1 Ha J'II/IIICBOI\/'I IIaHCIIN.

W3MeHnTe MPEABIIYIIMNA OpPUMEp Tak, 4YTOObI MK TMPEKpaIlal BBIMIOJHATHCS MOCIE CTa
UTEpalui, eclii 10 3TOro He Obla Haxkara KHOmka top. J[ms 3Toro cieayer HCIOJIB30BaTh
¢ynkuuto Equal (paBencTBo) B pazmene Programming® Comparison u ¢pynkuuto Or (Joruueckoe
HJIN) B paznene Programming® Boolean.
=10l x|

File Edit Wiew Project o J File Edit “ew Project Operate Tools ‘window Help J
= =

| igleid| (ol ofnplallels [

N T Wait {ms)

[ g | [ 1|

e

] '_>ij;_<l | =

Puc.9 Momudukarus BUpTyaILHOTO MPHOOpa, MPEICTaBICHHOTO HA PHC.8

1.3.2. Huki ¢ pukcupoBaHHBIM YncI0M utepamnuii (For)

[uxst ¢ GuKCUpOBaHHBIM YUCIOM HTeparuii (FOr) BBIMOJHIET MOBTOPSIONIMECS OMEPALH Ha
MOTOKOM JIAaHHBIX OMPEICICHHOE KOJUYECTBO pa3. LIMKI ¢ (pUKCHPOBAHHBIM YHCIOM HUTEpaLlUi
(For), pacnonoxen Ha mnanutpe ¢GyHKuuii B pasgene Programming® Sructures. 3nauenwue,
MPHUCBOCHHOE TEPMUHATY MAKCHUMAJILHOTO YMCIIa uTeparmii «N» IHKiIa onpeaeseT MakCuMalbHOe

KOJIHN4YCCTBO HOBTOpeHI/II\/'I onepaunﬁ Hag IIOTOKOM OaHHBIX. TepMI/IHaJ'I CUCTUYHKa I/ITepaIII/II\/'I «i»
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COJIEP)KUT KOJIMYECTBO BBIMIOJHEHHBIX MTepaluii. HaganbpHoe 3HaYeHHE CUETUYHNKA UTEPAIHii BCeria
PaBHO HYIIIO.
[ukn ¢ ¢pukcupoBaHHbIM unciioM utepanuii (FOr) ornmuaercs ot nukia mo ycaosuio (While)
TEM, YTO 3aBepIacT paboTy, BHIOJIHHUB 3aJaHHOE MaKCUMajibHOE Yncio ureparwii «N». IIuk mo
Yenosuro (While) 3aBepiiaet paboTy mociie BBIMOJHEHUS 33JaHHOTO YCJIOBHS BBIXO/1a U3 ITUKIIA.

Mpumep uukia for:

=10l x| =101.x]

File Edit Yew Project Operate 'ﬁ File Edit Wew Project Operate
o

=] [@[n] > -I*

Murneric

e

-

i v |1 | B4

Puc.10 BJ'IOK-Z[I/IanaMMa " JIMLICBAA MaHCIIb ITPOrpaMMbl ¢ TUKJIOM For

[Mporpamma (prc.10), Takke Kak U MpeapLIyIas, yBeIHUHMBaeT 3HaUeHUe nHankaropa NUmeric c

0 10 9 ¢ marom B 1 11 ¢ UHTEPBAJIOM B OJIHY CEKYHY.

W3mennm npeasinymmuii mpumep (puc.10) tak, 4to0bl Ha MHEKaTOp NUMES|C BEIBOAMINCH YHCIIA

ot 10 o O ¢ marom -1.

-0 x|
File Edit Yiew Project ] File Edit Yiew Project Operate Tools ‘Window E
'\-:."t" '\-:.‘t"
>[@] @[m] [ 2 [@] @ [m][] 28] bl [
] 2l
Murneric N
L Decterment
a W aik {ms)
1000

P —
K ol |l | o[

Puc.11 BuptyanbHsiif mpubop otoOpaxaromuii Ha nHAMKaTop yrcna ot 10 no O
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1.3.3. CaBuroBble perucTpbl

CABUTOBBIE PErHCTPhl HCIOJB3YIOTCS HpU paboTe ¢ HUKIaMH Ul Tepeladyd 3HAaYeHUH OT
TEKyIled uTepauuu IuKia K cieayrouied. CIBUTOBBIM PETMCTP CO3AAETCS IIETYKOM IpaBOd
KJIABUIIIY MBIIIKH HA IpaHuUIle IMKIa 1 Beioopom myHkra Add Shift Register u3 KOHTEeKCTHOTO MEHIO.

CHBUTOBBII PErwcTp BHITSAWUT Kak Mapa TEPMUHAIOB; OHU PACIIOJIOKEHBI HETOCPEJACTBEHHO
Apyr MPOTHB Jpyra Ha MPOTUBOIOJOXKHBIX BEPTHKAIBHBIX CTOPOHAX TIpaHHUIbl HUKiIa. [IpaBbiit
TEpPMUHAJ COAEPXKUT CTPENKY <BBEpX> U COXpaHSET JaHHBIC MO 3aBEPIICHUIO TEKYIIEH UTepaluy,
LabVIEW nepenaer qaHHbIe € 3TOTO PErHCTpa K CIACAYIOIICH UTepaliu.

CHBUTOBBII perucTp nepeaaeT 000N TUM JAHHBIX U aBTOMAaTHYECKH NMPHHUMAET TUM MEPBBIX
’Ke TaHHBIX, IepeJaHHbIX Ha Hero. JaHHble, meperaBacMble HA TEPMHHAIBI CIIBUTOBOTO PETHCTA,
JOJDKHBL ObITH oAHOTO THma. lIpegycMoTpeHa BO3MOXKHOCTH CO3/JaHUS HECKOJIBKHX CIBUTOBBIX
PETUCTPOB B OJHOU CTPYKType Lukia. K TOMy e COBUTOBBI PETHUCTP MOXET MMETh HECKOJIbKO
JIeBBIX TEPMHUHAJIOB CABUIOBOTO PETUCTPA IJISi BOSMOKHOCTH pabOThI ¢ HECKOJIBKHMHU 3HAUCHHUSIMU
NPEABLAYLINX UTepaLUii.

CaBUrOBBIE PETUCTPHl MOKHO HCIOJIB30BaTh JJIsl 3allOMHHAHHUS 3HAYCHUH MpeIblayIinX
UTepaluii, YTo TMOJIE3HO NPU CO3[AAHUU AITOPUTMOB YCPETHEHHS. YCTaHOBKA IOMOJHHUTEIbHBIX
TEPMHUHAJIOB CIOBUTOBOTO pErucTpa s TepeHoca 3HA4YeHUl Ha CIEAYIOIIYI0 HTEpaIHio
OCYIIECTBISIETCS IEYKOM MpPaBOW KHOTIKOM MBIIIKKM Ha JIEBOM TepMUHaie W BbiOopom Add
Element u3 xonTekcTHOro MeHto. Hanmpumep, ecii 100aBUTh JiBa JOTOJHUTENBHBIX TEPMHUHANA K
JIEeBOMY T€PMHHAIy CIBHUTOBOTO PETHCTPA, TO 3HAYEHUS MOCIECTHHUX TPEX HTEpaluil MOCTyHSAT Ha
TEKYLIYI0 UTEPALHIO.

YtoObl MHULIMATH3UPOBATH CIIBUTOBBIA PETHCTpP, HEOOXOIMMO MepeaTh Ha €ro JIEeBbIi TepMUHAI
nroboe 3HaueHHWE H3BHE Tena IMKiIa. EciaM He MHMIMANW3UpOBATh PETrUCTp, LMK HCIOJIB3YET
3HA4YeHUE, 3alMCAaHHOE B PETUCTP BO BpeMs MOCIECTHETO BBINOJHEHUS LUKIA WIM 3HAuYCHHE,
UCTIOJb3yeMOe M0 YMOJYaHUIO Ul JaHHOTO THIA JAHHBIX, €CIM LUK HUKOIJA HE BBHIMOJHSJICS.
Hamnpumep, ecnu THIT JaHHBIX CIBUTOBOTO perucrpa jormdeckuii (Boolean), HauanbHOe 3HaYCHUE
JIO)KbH (FALSE). TouyHO TaK e, €CJIM THII JAHHBIX CABUTOBOTO PETUCTPA YMCIOBOM, TO HAYaJIbHOE
3HaueHue - 0.

[[uk;1 ¢ HEMHULIMATW3UPOBAHHBIM COBHUTOBBIM DPETHCTPOM HCIOJIB3YETCs NMPH HEOAHOKPATHOM
3amycke BII 1 mprcBOeHHs BBIXOAHOMY 3HAUE€HHIO CIIBUTOBOTO PETMCTpa 3HAYEHUS, B3SITOTO C

IIOCIACAHEIO  BBIIIOJIHCHUSA BIl. Ytob6nl COXpaHUTb I/IH(i)OpMaIII/II-O 0 COCTOSAHHUU MCKIY
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MOCICAYIOIIUMHA 3allyCKaMU BH, CJIICAYCT OCTABUTH BXOZ JICBOI'O TCpMUHAJIA CABUTOBOI'O0 PErucCTpa

HC OMPCACIICHHBIM.

IIpuMep nuKIa CO CABUTOBBIM PErHCTPOM

N
-EDEII:I
Murneric 2
.....
Mumeric 3

Puc.12 [Ipumep mukina co CABUTOBBIM PETUCTPOM

Ha pucynke 12 npuBejieH npuMep, 1eMOHCTPUPYIOIIUN pabOTy CABUTOBOIO PErUCTpa.

Ha unaukatope Numeric3 ¢ muTepBaniom 2 cekyHIbl OyayT mosiBisAThCs uuciaa ot 0 mo 9, Ha
uHaukatope NUMEricC2 ¢ TeM ke UHTEpPBAIOM OyAyT MOsBISAThCS uucia oT -1 jmo 8,
COOTBETCTBYIOIIME 4KciaaM HHauKaTopa Numeric3 Ha mpensiaymieii uteparmu (-1 — HavajgbHOE
3HAUCHHE CIBUTOBOTO PErucTpa), Ha MHAMKaTope NUMEric yncinoBoe 3HaYeHUe 9 MOSIBUTCS MOCIE

BBITIOJIHEHH BCETrO UKJIA.

IIpumep BeruncaeHust cymmsl ot 1 10 N

T

Puc.13 Ilpumep Beraucinenust cymmsl oT 1 o N

[~

Ha pucynke 13 npuBezaeH npumep BbraucieHust cyMmsl ot 1 1o N.
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1.4. MaccuBbI

MaccuBbl 00BEIUHSIOT TPYIIIY IEMEHTOB OJJHOTO THIA JaHHBIX. MacCHBBI 3JIEMEHTOB MOTYT
UMETh pa3Hyl pPa3MEpHOCTh. ODJIEMEHTAMH MacCHBa HA3bIBAIOT TPYIIYy COCTABISIONIMX €ro0
00BbeKTOB. Pa3MepHOCTh MaccHBa 3TO COBOKYITHOCTB CTOJIOLOB (miHA) U CTpoK (BbicoTa). [myOnHa
— o011ee KOJIMYECTBO IIEMEHTOB B MaccHBe. MacCHB MOXET HMETh OJIHY U 0oJiee pa3MepHOCTEH, 10
2% 571eMeHTOB B KaKI0M HANPABIICHHH, HACKOIBKO MTO3BOJISET OMIEPATHBHAS TTAMSTH.

JlaHHBIE, COCTaBJIAIOIINE MAacCHUB, MOTYT OBITH JHOOOTO THIIA: LEIOYHCICHHOTO, JIOTHYECKOTO,
ctpokoBoro (integer, Boolean, string).

Hcnonp30BaHHe MacCMBOB YAOOHO MpU pabOTe ¢ TpylNnaMd JaHHBIX OJHOTO THUMA W IpH
HAKOIUICHHH JAaHHBIX II0CJIC MOBTOPSIOMIMXCS BBIYHCICHUH. MacCUBBI HICANBHO MOAXOMAT IS
XpaHEHUsl JaHHBIX, HAKOIUICHHBIX BO BpeMs paOOThl IMKIOB, MPH 3TOM OJHA HMTEpalUs LUK
CO3/1aeT OMH DJIEMEHT MacCHBa.

Bce anemeHTBl MaccuBa yrmopsimodeHbl. KaoMy 3JIEeMEHTY MacchBa MPUCBOEH HMHJCKC, YTO
obecrieynBaeT JIETKHI K Hemy aoctyn. MHaekc mepBoro smemeHTa maccuBa Beerda 0. Taxum
o0pa3oM, WHIEKCHl MaccuBa Haxoasarcs B nuana3zone oT O mo N-1, rme N — 4mcino snemMeHTOB B

MaccuBe. Hanpumep, mist N=10, uanexc Haxoautcs B npeaenax ot O mo 9.

1.4.1. Co3nanue MaccuBa 3JIeMEHTOB YIIPABJICHHS U 0TOOPaKeHHUs

File Edit Yiew Project Operate Tu:u:uls Eile Edit  Wiew Er|
u =

| | IE“ 13pk Applicatio N -‘.;, 1

Array

B
:)rlju ;}lzz J

SNEMEHT HHAEKCOE MACCHES
INEMEHTEI 3HEI'-IEHHH

-

Kl | »,;,;_<| v[ 4

Puc.14 MaccuB YHCITOBBIX JIEMEHTOB YIIPABJICHUS

JIst co3maHusi MaccuBa 3JIEMEHTOB YIPABJICHHS WM OTOOpa)XCHUs, KaK IMOKa3aHO Ha MpuMepe,
HEoOX0MMO BBIOpaTh ero mabiaoH W3 mamuTpbl anmeMentoB (Controls) B pasnmene «MaccuBsl,
Martpunst 1 Knacreper» («Modern»® «Array, Matrix & Cluster»), momMecTuTh €ro Ha JIHIEBYO

MaHenb. 3aTeM IOMECTUTh B IMIAOJIOH MAacCHBAa JJIEMEHT YIIpaBJICHUA 0o OT06pa}KeHI/IH. Eciu
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MPOM3BOJUTCA TONBITKA IOMECTUTh B IIA0JOH MaccHBa TAaKOW DJIEMEHT YIpPaBJICHUS WIIH
OTOOpaKeHHs1, KaK JABYKOOpJMHATHBIN Tpaduk ocipuuiorpamm (XY graph), To pa3MecTHTh Takoii
3JIEMEHT HE yAacTCsl.
ITomecTuTh 0OBEKT B IA0JOH MacCHUBa CIeyeT A0 TOTOo, Kak OH Oy/eT UCIOJIb30BaThCs Ha OJIOK-

AuarpamMmme. HMnaue Ha 6J'IOK-Z[I/Ial"paMMe mrabJI0H MaccuBa He 6y;:[eT HWHUTHAJIN3UPOBAH.

1.4.2. iIBymMepHbIe MacCUBBI

File Edit “ew Project OQperate Tools !!_!EL File Edit “Wiew Er|
D[] @[] | 130t applcatiof = = =
B =)

Kl I>dﬂ [

Puc.15 JIByMepHBIH MacCHB YHCIIOBBIX 3JICMEHTOB YIIPABJICHUS

JIBymepubIii (2D) MacCHB XpaHHT 3JEMEHTHI B BHJIE MATPHIIBL. TakuM 00pa3oMm, sl pa3MeleH s
aNeMeHTa TpebyeTcsl yKazaHue MHAEKCa CToNOna u cTpoku. Ha WILTIOCTpaluu moKas3aH JAByMEPHBI
MacCHB, COCTOSIIIHI U3 2 cToJ00B (unHa) U 3 cTpok (BbicoTa). KOMM4ecTBO 37IeMEHTOB B MacCHBe
(rmyouna) — 6 (2>8=6).

Jlnst moGaBIEHUST MAacCHBY Pa3MEPHOCTH HEOOXOJMMO INENKHYTh MPaBOM KHOMKON MBIIIK Ha
SJIEMEHTE WHJEKCAa W BBIOPaTh M3 KOHTEKCTHOro MeH NyHKT JloGaButs Pasmepnocts (Add
Dimension). Taxke i g00aBieHHs Pa3MEPHOCTH MOKHO — HCIIOJIB30BaTh ~ HMHCTPYMEHT

IIEPEMEIIEHHUE (<ctpenka>), "3BMEHUB pa3Mep dJIeMeHTa HHICKCA.
1.4.3. Co3nanue MaccuBa KOHCTAHT

Ha 610k-nuarpamMe co3iaTb MacCHB KOHCTAHT MOYKHO, BBIOpaB B MajnuTpe QYHKIUIA B pa3zere
Maccussl (Array) - 1lladnon MaccuBa Koncrtant (Array Constant) u moMecTuB B HEro YHMCIOBYIO

KOHCTaHTY WJIH Jpyroi o0bekT nanubix (Boolean, string).
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1.4.4. Co3nanue MaccuBa ¢ MOMOIIBIO IIUKJIA

Puc.16 IIpumep co3naHus MacCHBa ¢ IIOMOIIHIO ITHKJIA

[ukn ¢ ¢uxcupoBaHHbIM uyuciioM utepauuii (FOr) m nwmkn mo ycmosuto (While) moryr
ABTOMATHYECKU HAKAIUIMBAaTh MAcCCHUBBI U TPOBOAWUTH MX HMHJCKCAIMIO Ha CBOMX TpaHHIAX. DTO
CBOMCTBO Ha3bIBacTCsl aBTOMHJAEKcalued, [locie coemMHEHWs TepMHHANA JAQHHBIX MacCHUBa C
TEPMHHAJIOM BBIXOJa M3 IMKJIAa KaK[Jas UTEpalus [UKJIa CO3JaeT HOBBIM 3JIeMEeHT maccuBa. Ha
puc.16 BUIHO, YTO MPOBOJHUK JAHHBIX, COCAMHSIONIMNA TEPMHHAI JTAaHHBIX MAaCCHBA C TEPMHUHAIOM
BBIXOJIa M3 LMKJIA CTaJ TOJIIE, a CaM TEPMUHAJ BBIXOJa M3 IIMKJIA OKpAIleH B IBET TEPMHHAJIA
JaHHBIX MAaCCHBA.

ABTOMHJIEKCAIIMSl OTKIIIOYAETCS MISTYKOM PaBOil KHONKH MBIIIA Ha TEPMHHAJIE BXOJa/BbIX0O/a
u3 nukia u BeioopoM OtkimounTh ABToMHIekcanuio (Disable Indexing) u3 kKoHTEKCTHOTO MEHIO.
ABTOMHJEKCAIMS OTKIIOYASTCS B ClIydae, KOTr/ia Ha JIEMEHT OTOOpPaKeHUsI He0OX0JMMO TIepeaaTh
TOJILKO TOCTICTHEE 3HAYCHHE.

[Mpumeyanue. BBuay TOro, 4TO LMK C 33JaHHBIM YKciIoM utepanuii (FOr) yacto ucmonbs3yercs
s co3manus  1ukioB, LabVIEW  ocymiecTBisieT  aBTOMHIEKCAIIMIO — ABTOMATHYECKH.
ABTOMHJEKCAIMS Ul LUK C 3aJJaHHBIM YHCIOM urepanuii (FOr) BritodeHa o ymosryanuto. s
mukta no yciosuto (While) mo ymonyanuio aBToMHIEKcanus OTKIOYEHA. YTOOBI BKIHOYHTH
ABTOMHJICKCAIINIO, HEOOXOMMO HICIKHYTh MPABOIl KHOTIKOM MBIIIN HAa TEPMUHAJIE BX01a/BBIX0/1a 3

IIMKJIA U BBIOPATh B KOHTEKCTHOM MeHI0 Brurouums Aemoundexcayuro (Enable Indexing).
1.4.5. Coznanue 1ByMepHbIX (2D) MaccHBOB ¢ MOMONIBIO IIUKJIA

I[J'ISI CO3aHusA NBYMCPHBIX (2D) MacCcCHUBOB HCO6XOI[I/IMO HCIIOJIB30BaTh JBa IHKJIA C 3aJaHHBIM

yuciiom utepauuid (FOr), omuH BHYTpH Ipyroro.
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14.6. Ilpumep BHPTYaJbHOTO TPHOOPA, CO3JAOIIEr0 JABYMEpHbIii MaccuB 5X5,
3amoJIHEHHBIH yncjamu ot 1 go 25
- |0l x| =10l x|
File Edit Miew Project Operate Tools Window File Edit Wiew Projeck Operate Il:u:ul.|
I Begeofi b £
@] @[] [ 130t Appication Fort [~ ’
] T O T B A B
[ Arra ﬁ
InNE B
:—_JU.' 1 z 5 4 5 T
#
L 7 g g 10 —
11 12 13 14 15 — i1 e-nm
16 17 15 12 Z0 —-
21 2z 23 24 75 - s =
A ' -
Kl I vl |1 | o[

Puc.17 IIporpamma co3maromasi AByMEpHBIA MaccuB 5X5, 3anoHeHHBIH yrciaaMu ot 1 go 25
C nmomomipio UKIOB CO3/IaMM JBYMEPHBIH MaccuB 5X5 u 3amoiaHuM ero yuciamu ot 1 go 25.

OnuH U3 BapHaHTOB TaKOW MPOrpaMMBbl peICTaBleH Ha puc.17.

1.4.7. Ilpumep BoIYHCcIeHUs Yuce]] DuboHAYIH

; =101 %] =101 x|
File Edit Wiew Project o J File Edit Yew Project Operd .,..ﬂ
@ @[] [ D=L INIE] -

fraw

orEay

Ez=]

(=11

LIbY

|

-

AP

Puc.18 IIpumep Bermciaenus cymmsl ot 1 1o N

Kl

Yucna ®uOOHAYYM — ATO YMCIA, BBIYHCISEMBbIE MO CIEAYIOIMIEMY alrOpUTMY. KaKJ0e HOBOE
YHCIIO0 BBIYHMCISETCS KaKk cyMMa JBYX mpeabiaymux. [lepsoie aBa uncna o6eruHo 6epyt O m 1. Ha

pucynke 18 npuBenen npumep Beruucienus 10 nepBoix uncen OuboHaTYH.
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1.5. ®ynkuuu padboTsl ¢ MACCMBAMH

I[J'ISI CO3IaHMA U YIIPABJICHUA MACCUBAMHU HCIIOJIB3YIOT (I)YHKIII/II/I, PAaCIIOJIOKCHHBIC Ha IMAJIUTPEC

¢ynkuuit B pasznene Maccusbl (Programming® Array). @yakuun 00paOb0TKH MacCHBOB BKITFOUAIOT

B ceod:

Paszmeprocme maccusa (Array Sze) — nokasblBaeT KOJIMYECTBO 3JIEMEHTOB MacCHUBa B KaXKIOMH
pa3mepHoct. Eciam maccuB N-MepHbIif, Ha Bbixoae QyHkuuu Array Size Oymer MaccuB u3 N

3JIEMCHTOB. HaanMep, IJIL TIPUBEACHHOI'O HUXKE MAaCCHUBa (I)YHKIII/ISI Array Size BbIJACT 3HAUYCHUC 3.

Puc.19 Tpumep ucnons3oBanus Gyukuuu Array Sze

Hnuyuanuzayus maccusa (Initialize Array) — co3mgaer N-MepHbI MacCcuB, B KOTOPOM KaIbIi
SJICMEHT HWHHIMAIM3UPOBAH 3HAYEHHWEM I[IOJS BBOJA JaHHBIX «element». Jlns yBenndeHwus
pa3MEpPHOCTH MacCHBA JOCTATOYHO J00aBHUTH MMOJISI BBOJIA JAHHBIX, pacTsSHyB (yHKIui0. Hamprmep,
byukus Huuyuanuzayus maccusa (Initialize Array) ¢ 3agaHHBIME TOJISIMEA BBOJIA JJAHHBIX — B TIOJIC
«onemenm» («element») 3nauenue 4, B mosie pasmeprnocms (dimenson Sze) 3uauenue 3 U Tpu

HAJIMYHUU OJTHOTO TMOJIS BBOJIA TAaHHBIX pazmeprocms (dimension Size) - BeIAaCT MacCHB, TIOKa3aHHBIN

Ha puc.20.

=10l x| =101 |

File Edit Yew Project Operate Tools  in File Edit Yew Project Operate T
| '

'-J;>lf§l @IEH 13pt Application Fantf — 1 m@l ©|E|] =

initialized array ﬁ

™

| »

4 |0 itialized |
Initialize Array [T 2eC array

= f 1z3
L { II—'kf:-B

B T B —

Puc.20 [pumep ucnons3osanus Gpyuximu Initialize Array

NEn

Komnonoexa maccusa (Build Array) — oObemuHSICT HECKOJBKO MACCHBOB WM J00aBISCT
SJIEMEHT B N-MepHBIA MaccuB. V3MeHeHHe pasMepa (YHKIMH YBEJIMYHBAET KOJUYECTBO IMOJIEH

BBOJA OAHHBIX, YTO IMO3BOJIACT YBCIUYUTHL KOJIUYCCTBO I[O6aBJ'I$IeMI)IX 3JIEMCHTOB. HaanMep, CCJIn
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OOBEAMHUTH JIBA MPEABIIYIIUX MaccuBa, T0 QyHKIMS Komnonoska maccusa (Build Array) Beimact

Ha BBIXOIC CJ'ICZ[YI-OHII/Iﬁ MacCCHUB.

i =101 x| | 3
File Edit Wiew Project OCperate Tools  Win 3 File Edit Yiew Project Operate Tools  Windo 3
= =

m@l @IEH 13pt Application Font|| — E{}I@l @IE lbul'ﬁ’luﬂ [ -

appended array

Untitled 1 Block Diagram

b | |-

— _ _ I
S 200 [puld rray]
o CE
________________________________________________ N
!

Kl |

Puc.21 IMpumep ucnonb3osanus Gpyuximu Build Array

| v

Jlnst 0ObeqMHEHHsT BXOJHBIX JaHHBIX B 0ojiee UTMHHBIM MAacCHB TOH e pa3sMEpHOCTH, Kak
MOKa3aHO HIDKE, JAOCTaTOYHO MIEIKHYTh MPAaBOM KHOMKON MBIMK Ha (YHKIHHA W BHIOpPaTh W3
KOHTEKCTHOTO MEHIO yHKT O6wbedunums 6800br (Concatenate I nputs).

Ioomnooicecmeo maccusa (Array SUbset) — BelmaeT 9acTh MaccHBa, HauWHas C HWHJEKCA,

BBEJICHHOTO B TioJ1e indeX, u [uinHoH, yka3zaHHo# B noJe length.

=101 x| =10l x|

File Edit Yiew Project OCperate Tools  Win ] File Edit Yiew Project Operate Tools  ‘Windo 3
i i

= @ | 13pt Application Font |~ BE @ T [ =

1
B
subarray

m T

Puc.22 Ipumep ucnonb3osanus Gpynxiuu Array Subset

Onemenm maccusa no unoexcy (Index Array) — BbIIaeT 3JIEMEHT, COOTBETCTBYIOIIUI HHICKCY,
HOMEp KOTOpOro BBejeH B moJjie index. Hampumep, mpu HCHOMBb30BaHUM MPEIBLIYIIETO MACCHBA,

¢byukius Index Array Beiact 200, ecu B moJie BBoja AaHHBIX index BBectH 1.
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_iolx||E3 . ol

File Edit ‘Wiew Projectk Operate Tools  Win 3 File Edit Yiew Froject Operate Tools  ‘Windo 3
= i

m@l IE” 13pt Application Font| — E{)l@l IEI lbul'ﬁ’ off [ bl

B
subarray

o Wsoo om0 Jsoo Joso Joso 0

]

ut
ot T

Kl |  ml4||al

Puc.23 Ipumep ucnons3osanus Gyakimu |Index Array

Gynkuuro Index Array MOKHO KCIOJB30BaTh Ui BBIACICHHS CTPOKM WM CTOJOINA U3
JBYMEPHOTO MAacCHBAa U JAIbHEHIIEro OTOOpakeHUs] B BUAE MOJAMAaccuBa. JJis ATOro JAByMEpHBI
MacCUB HaJ0 MOJATh B TOJIC BBOAA AaHHBIX QyHKIwH. OyHkius Index Array mommkHa UMETh J1Ba
noJsisi index. Bepxuee mosie index ykaspiBaeT CTpOKY, a BTOpoe mosie indexX ykaswiBaeT CTOJIOEL.
MoskHo 3azeiicTBoBaTh 00a moisi indeX it BBIOOpa OTAENBHOTrO 3JIEMEHTA WM TOJIBKO OJHO, JJIS
BbIOOpa CTpOKM WiM cTonOua. Hampumep, B mosie BBOJA JAHHBIX (DYHKIMH I1OJIAETCS MACCHB,
MOKa3aHHBINA Ha puc.23.

Touck 6 oonomepnom maccuee (Search 1D Array). JlanHas (yHKUOMS BBITIOJNHSET TOHMCK
3aJaHHOTO JJIEMEHTa B OJHOMEPHOM MAaCCHBE HAuWHAas C 3aJaHHOTO MHIEKca. BXOIHBIMH
3HAUCHUSAMH JaHHOM (yHKImM sBistoTCsA: BepxHud Bxoj (1D array) — maccuB, B KOTOPOM
MPOM3BOAUTCS TIOUCK, cpenHuid Bxox (€lement) — 3HaueHne KOTopoe HeOOXOMMO HAWTH, HIKHUN
BxoJ (Start index) — ¢ kakoro WHAEKCca MacCHMBa HaYMHAThH Mouck. DyHkiMs Bo3Bpaiaer (index of
element) mHIEKC SMeMEHTa MaccWBa 3HAYE€HHE KOTOPOTO COBIAJAaeT CO 3HAYEHHEM Ha BXOJE
“element”. Eciu arieMeHT He HaiiJIeH, TO BO3BpAIllacTCs 3HaUeHue - 1.

[Tpumep BUpTYyasIbHOTO MPUOOPA, UCTIONB3YIONIETO AaHHYIO () YHKIIUIO, IPUBEIICH Ha puc.24.

JlaHHBIN BUPTYaJbHBIN pubop co3aaer MaccuB 3 1000 menbIx ciydaifHBIX YHceNn B AMaNa3oHe
or 0 mo 100, B koTOpOM HIIIETCS TIEpBOE BXOXAeHUE unciaa 55, OyHkius [ enepamop cayuatinbix
yucen om 0 0o 1 (Random Number (0-1)) pacmonokeHa B mnanutpe (yHKIUH B pasiene
Programming® Numeric u ¢pyukmus npeodpa3oBanus B 8-pazpsaHoe neinoe 6e33nakoBoe urcio (To
Unsgned Byte Integer)  pacmonokeHa B mamurpe — QYHKOME B pasjene

Programming® Numeric® Converson.
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s =101/ Kz =10 x|

File Edit Yew Project Operate Tools  bindow ] File Edit Miew Project Operate Tools window  Hel ]
ali i

E{)I@ﬂ IE | 13pt Application Font |~ 2 m@l @w:ﬂ} W =
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Puc.24 Tpumep ucnonb3osanus Gpynxumu Search 1D Array

N

IIpumep BUpPTYaIbHOro NMpudopa B KOTOPOM peajiM30BaH MOMCK BCeX MHAEKCOB MacCHBa

SHAYCHHE KOTOPBIX COBMAAAET € 3a1IaHHBIM 3HAYCHUM

_{of x|
File Edit “ew Projeck Operate Tools wWindow Help .,..ﬂ
qﬂ@l @u@ |E*mﬂﬂ [ 13pt Application Fort |~ ][9] s
e
B
N .ﬁ.rray|
=]
=9 rg
i To Unsigned 55

Evte Integer

Search 10 Array

4 | v 4

Puc.25 Ipumep ucnonb3osanus Gpynxiumu Search 1D Array

B ormnmmuum ot mpemsiaymiero mnpumepa (puc.24) B AaHHOM BHUPTYaJIbHOM HpPHUOOPE TMOMCK
npoucxoaut BHyTpH nukia While. TTocne BeimonHeHus: paboThl BUPTYabHOTO Tiprubopa (puc.25) B
MacCHBE MHIUKATOPOB Array 2 OyayT 3HauCHHS MHICKCOB MacCHBa MHAUKATOPOB Arfay B KOTOPBIX

3HAUEHUSI paBHBI YHUCITY 55.
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1.6. Ilepenaya MmaccuBa JaHHBIX B IHUKJI

Ecan MNPOTAHYTH MMPOBOJHHUK OT MACCHUBA, PACIIOJOKCHHOTO Ha OJI0Ke AuarpaMm BHC LUKIIA 1O
r'paHulbl OUKIIA, TO HAa TPAHUIEC [UKJIA 06pa3yeTc;1 TOHHCJIb (pI/IC26) ToHHENs MOXKET OBITH HH

nexcupoBaHHbIM (pric.26) u HenHAeKCUPOBaHHBIM (puc.27).

File Edit Yew Project Operate I|

SN

0 |

4] | Elz

eKCI/IpOBaHHI:Jﬁ TOHHCIIb

File Edit Yew Project Operate I|

SN

0 |

4] | B

Puc.27 Ipumep nepeaadn MacchBa JaHHBIX B UK fOr uepe3 HeMHAEKCUPOBAHHBII TOHHEIb

B ciyyae HEMHIEKCHPOBAHHOTO TOHHES MAacCHB MepefaeTcss B LMKI LEIHKOM, B Cilydac
MHJICKCHPOBAHHOTO — MOJJIEMEHTHO (Ha KaKIOH WTepaluH LHKIa U3 MaccuBa OepeTcsi OHO
3HAYCHHE C WHICKCOM, COBIAJAIONIMM CO 3HAYCHHEM TMepeMEeHHO# ImKia i). TOHHETb MOYHO
CleaTh WHACKCHPOBAHHBIM M HEHHICKCHPOBAHHBIM. J[JIsi 3TOTO HEOOXOJMMO MOJBECTH K HEMY
KypcOp MBIIIKH M OJHOKPATHO HaXaTh MPaBYI KIABHIIY MBIIIKH. BO BCIUIBIBAIOIIEM MEHIO
BbIOpaTh myHKT Enable Indexing (Brarouums undexcayuro) wim Disable Indexing (Buixouumes
uHOekcayuio). 3aMeTHM, 4TO €CIIM HCIOJb3YeTCsl MHICKCHPOBAHHBIA TOHHENb, TO YCTAHABINBATH

3HaueHne N HeoOs3arenpHO. KommyecTBo uteparuii, KOTopoe OyJeT BBIMONHATh UK, OyIET paBHO




29
pasMepHOCTH MaccuBa. Ha puc.26 mukia BBIMOTHUTCS 5 pas. Eciom ucmosib3yercs HECKOJIBKO
WHJCKCUPOBAHHBIX TOHHENEH W 3amaeTcst 3HadueHWe N, TO KoJW4ecTBO WTepanuii LuKiIa OyneT
COOTBETCTBOBAaTh HAaWMEHBIIEMY MACCHUBY WM 3HaueHHIO N, eciii OHO MeHbIIe pa3MepHOCTH

MaCCHBOB MEPCAAHHBIX B IUKII Y€PEC3 MHACKCUPOBAHHBIC TOHHECIIHN.

HpHMepbl HUCMOJIB30BAHUA UHACKCUPOBAHHOI'O TOHHEJIH

JlanHbIl BUPTYanbHBIN mpubop cosznaet mMaccuB u3 1000 menbix ciyyaifHBIX YKcen B AUama3oHe
or 0 mo 100, B koTOpOM HIIETCS TIEpBOE BXOXkAeHUE uncaa 55, DyHkiwus [ enepamop cayuatinbix
yucen om 0 0o 1 (Random Number (0-1)) pacmonokeHa B mnanutpe (yHKUIUH B pasjiene
Programming® Numeric u ¢pyukmus npeodpa3oBanus B 8-pazpsaHoe nenoe 6e33nakoBoe urcio (To
Unsgned Byte Integer)  pacmonokeHa B~ mamurpe — QYHKUME B pasjene
Programming® Numeric® Converson. B oTiuuuu oT BUPTYabHOTO MPpHOOpa M300paKEHHOTO Ha

puc.24, B taHHOM npubOpe He ucnonbyercs ¢pyHkius Search 1D Array.

i =10 x|
File Edit Wiew Project Operate Tools Mindos  Help '-w
= |{§_}I @l@ |£im ¥ | 13pt Application Fork N

Rndu:um Mumber {0-11]
-:J>_: To Unsigned
I g 1

i ey

Puc.28 HpHMep HCIIOJIb30BaHUA BXOOAHOI0O HHACKCUPOBAHHOI'O TOHHEIIA

Bo Bropom mnpumepe (puc.29) peann3oBaH aIrOPUTM IOUCKA OJJIEMEHTa B MacCHUBE C
MaKCHMaJbHBIM 3HaueHHeM. B mepBom mukie cosnaerca maccuB U3 1000 4uCIOBBIX IIEMEHTOB CO
3HAYEHUSMH pacroyioskeHHbIME B tuanazoHe ot 0 1o 100. Bo BTopoM mukie peaan3oBaH alrOpUTM

IIOHCKa.
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Puc.29 HpHMep HCI0JIb30BaHHA BXOJJHOTO HHACKCUPOBAHHOI'O TOHHEIIA I HAXOXICHUA MAKCUMAJIbHOT'O
3JIEMEHTA B MAaCCUBE
YucnoBasi koncranta Negative Infinity, cooTBeTcTByIOmas MHHUMAIbHOMY YHCIOBOMY
3HAUCHHUIO, PACIIOJIOKEHA B ManuTpe QyHKuuil B paszaene Programming® Numeric. ®ynkims Salect
BO3BpAIllaeT 3HaYCHKE, COOTBETCTBYOIIECE BepxHeMy Bxonay (t), ecrmu Ha cpeanuii BXon (S) moaaHo
3naueHne TRUE wm coorBercTByromee HmwkHemy Bxony (f) , ecnu Ha cpemnmii Bxox (S) momaHo
sHauenue FALSE. ®Oynkmus Sdect pacnonokena B namutpe (QYHKUMH B pasjene

Programming® Comparison.

1.7. llomumop puszm

Apudmerndeckre  QyHKIMH, paclOJOKEHHbIE Ha NanuTpe (QYHKOUE B paszene
Apupmemuueckue ¢ynxyuu (NUMeric) nonumopdHsl. 10 03HAYAET, YTO MOJISI BBOAA JAHHBIX ATHUX
(GYHKIHH MOTYT pa3iIHyaThCs 10 CTPYKTYpEe JaHHBIX (CKaIsSpHbIC BEIMYMHBI, MaccuBhI). Hampumep,
MOXHO Hcnoib3oBath (QyHKuuio Croocenue (Add) mis nmpubaBieHHs CKaIIpHOW BEIUYMHBI K
MacCHUBY WJIM CJIO’KEHHS JBYX MaccuBOB. Eciu B oHO mosie BBoja MaHHBIX QYHKIMH CrooceHue
(Add) moaTh ckaSpHYIO BEIMYHMHY 2, & APYroe COSAMHUTH ¢ MACCUBOM, TO (DYHKIIUS TIPUOABUT 2 K
KaX/IOMY 2JIEMEHTY MacCHBa.

Ecnu Ha Bxon ¢ynkuun Croowcenue (Add) momaTh Ba mpeAbIIYyIIMX MacCUBa, (YHKIUS CIOKUT
KaX/IpIid 3JIEMEHT MEPBOT0 MAacCUBa C COOTBETCTBYIOIINM 3JIEMEHTOM BTOPOTO U BBIAACT PE3YJbTaT

B BHJC MaCCHBaA.
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Eciu ¢ nomometo ¢pynkuun Croocernue (Add) cinoxuth aBa MaccuBa pa3HO# pa3MEpPHOCTH, TO
(YHKIHS CITOXKHUT KaKIIBIA AJIEMEHT IEPBOTO MAaCcCHBA C COOTBETCTBYIOLIMM 3JICMEHTOM BTOPOTO U

BBIJACT PE3YJIbTAT B BUJAC MACCHBA PA3MEPHOCTBIO MEHBIIIEH U3 ABYX.

1.8. Ucnosib30BaHue TpauKoOB 1151 0OTOOPAKEHUS TAHHBIX

MaHene Y¥NP3IENeHHA CEOACTEAEMH QCUHANOrpams

ZobCTEEHHAA METKAE rpadkia (Plok legend) \
0"

Waweform Graph Plok

0,25-

amplitude
(o]
1

-0,25-

B 2w
e

ManuTpa aNeMEHTOE YNPSENEHMA MDagHIKOM
(Graph Palette)

Puc.30 I'paduueckuit snement otodpaxenus Waveform Graph

C nomonipto rpadMKOB BUPTYaIbHBIH NPHOOpP OOBIYHO OTOOpaXkaeT HAKOIUICHHBIE B MAacCUB
JaHHble B BUje ocipuiorpamM. Ha puc.2l mpencTaBieH OJUH M3 3JIEMEHTOB TIpaduku: rpadux
ociuiorpamm (Waveform Graph).

I'paduk ocumiuiorpaMM pacroiOXKEH Ha TaJUTPE DJIEMEHTOB YIPABICHHS M OTOOpPaKCHUS B
pasnene [paguxu (Modern® Graph). I'padpuk ocimmiorpamm (Waveform Graph) oroOpaxaer
TOJIbKO OJHO3Ha4HbIe (YHKLUH, Takue Kak y=f(X), ¢ ToukamMu, paBHOMEPHO pacrpeeIeHHBIMH TI0
ocu X, JIBykoopnuHatHbiii rpaduk ocumuiorpamm (XY Graph) otoGpaxaer mo0oit Habop TOUeK,
OyIlb TO pAaBHOMEPHO pacripe/ielieHHasi BBIOOPKa MIH HET.

JInst  oToOpaykeHHsT MHOXKECTBAa OCIMJLIOTPaMM  HEOOXOJMMO HM3MEHHUTh pa3Mep MaHeIH
ynpaBieHus cBoicTBamu ociuuiorpamM  (Plot legend). I'paduk MHOXecTBa ocHHLUTOrpaMM
UCIIONIB3YeTCsl C LENbI0 DKOHOMHHM MPOCTPAHCTBA Ha JIMIEBOW MAaHENIW W JUII CPaBHEHUS

OCIJUIOTpAaMM ~ JIaHHBIX Mexay coboi. ['paduk ocummiorpamm (Waveform Graph) wu
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JIBykoopauHatHbIi rpaduk ocipuuiorpamm (X-Y Graph) aBromMaTtuuecku MOJUICPIKUBAIOT PEXUAM
OTOOpaKEHHSI MHOXKECTBA OCLIMIUIOTPAMM.;

Oounounwitl epagpux ocyuinoepamm paboOTaeT ¢ OJHOMEPHBIMH MAcCUBAMH W TPEJICTABISACT
JaHHbIE MacCUBa B BHJIE TOYCK Ha rpaduke, ¢ mpHupamieHreM mno ocu X paBHbM 1 1 HavanoMm B X=0.

I'paghux mHodcecmea ocyunioepamm padboTaeT ¢ TByMEPHBIMA MAaCCHBaMH JIAHHBIX, TJ€ KaxIast
CTPOKa MacCHBa €CTh OJMHOYHAs OCHUIIOrPaMMa IAHHBIX U TPECTABIISICT JaHHBIC MaCCUBA B BUJIC
TOYEK Ha rpaduke, ¢ mpupamieHueM 1o ocu X paBHbIM 1 n Hadanom B X=0.

JIost peIcTaBICHUs KaXKIoTo CTOJI0Ia IBYMEPHOTO MacCHBa JaHHBIX B BUJE OCIMILIOIPAMMBI Ha
rpaguke HEOOXOIMMO COCAMHHTH TEPMHUHAJ IaHHBIX MAacCHBa C TEPMUHAJIOM IpHeMa IaHHBIX
rpaduka, 3aTeM HIEIKHYTh TPaBOW KHOIKOM MBIIIK B TOJe Tpaduka U BeIOpaTh U3 KOHTEKCTHOTO
MeHIO yHKT Tpancnonuposanue Maccuea (Trangpose Array).

Jsykoopounamuvle epaguxku  yHUBEPCAIbHBI, OHM NpPEAHA3HAYCHBI JUII  OTOOpa)KECHUsI
MHOTO3HAYHBIX ()YHKIMI B IEKapTOBOW CHCTEMe KOOPIUHAT (3aMKHYThIC KPHBBIE, PAaCIIpEICIICHUE
OCIIMJUIOTPAaMMBI BO BPEMEHH C TIEPEMEHHOW BPEMEHHO# 0a30ii).

Oounounviti J{gykoopounamuwiii epaguk  ocyunroepamm (XY graph) pabortaer ¢ rpynmnamu
JaHHBIX, COJCPKAIMMH MacCHBBI X M y. JIBykoopamHaTHbIN rpaduk ocrmmiorpamm (XY graph)
TaKKe BOCIIPUHMUMAET MAacCCHUBBI TOYEK, I'Jie TOUKH — IPYIIIBI JaHHBIX, COJCPIKAIe 3HAYCHUS TI0
IKaJiaM X 1 Y.

Jsykoopounamuvle  epaguxu  MHONMCECMEA — OCYULIOZpAMM — PabOTAIOT C  MAacCHBaMH
OCIIMJUIOTPAaMM, B KOTOPBIX OCIIMJIOTPaMMa JJAHHBIX — KJIacTep, COJACPIKaIIi MAaCCHUBBI 3HAYCHUH X
U y. JIBykoopmuHaTHbIE TpapUKH MHOXKECTBAa OCLMIUIOTPAMM BOCIIPUHUMAIOT TaKKe MacCHBBI
MHO’KECTBa OCLMIUIOTPAaMM, TJle¢ KakKAas OCHMLIOrpaMMa IpeicTaBisieT co0OW MacCHB TOYEK.

Kamnaﬂ TOYKa 3TO I'pylIia JaHHBIX, COACPIKAIIasA 3HAYCHHUA 110 X U Y.
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1.8.1. Ucnosib30BaHHE MAJUTPHI 3JIEMEHTOB yNpaBJieHus: rpapukom

P Untitled 1 Fro B [=] 3 % untitled 1 Block Diagram * 1Ol x]
File Edit WYiew Project Operate Tools ‘Window Help File Edit Yiew Project Operate Tools Window Help 50&}
[]&@] @[] t2et application Fort |~ 2] [>]@] O[] [@][2:] [ba]@P] s [ 120t Appicatiol =
[
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Puc.31 IIporpamma oTobpaxaromas uHa rpaduke 100 nepruogoB CHHYCOUIBI

Co3pmaiite BUpTyalbHBI MHpuOOp u300pakeHHBIH Ha puc.25. ['paduueckuii 31eMeHT
Waveform Graph moxHo Haiitu B paznesie Modern® Graph, ¢yHkiino Sne, BRIYUCISIONYI0 CHHYC
4KCII0BOTO 3HaYeHus: — Mathematics® Elementary.

YcraHOBHTE NATUTPY 2JEMEHTOB yIIpaBieHUs rpaduxom. JIJis 3TOro BO BCILIBIBAIOIIEM MEHIO Ha
rpapuvyeckom  wmumukarope ~ Waveform  Graph  ycraHoBute rajlky B IIYHKTE
Visble Items® Graph Palette.

Bri6epute cnoco6 BeiaeneHus yqactka rpaguka (prc.26).

Wavefarm Graph Plot 0 m
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Time
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Pwuc.32 Bri6op criocoba BeIIeIeHus yaacTka rpadukab
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Beinenure HeOobIION yuacTok rpaduka (puc.27).

Waveform Graph Flot 0 m

Arnplitude

-1 I I 1 I
3656 3500 3900 4000 4100 4227
Tirme

Puc.33 Beigenennslii yaacTok rpaduka

1.9. Crpykrypa Bapuanra

Puc.34 BrigeneHnslit yaacTok rpaduka

Crpykrypa Bapuanra (puc.28) umeeT ne uiam Oosiee moyiuarpaMMbl BapuanToB. TOJbKO OJiHA
nojauarpaMMma BapuaHTa BHIWMMa B JaHHBIA MOMEHT BPEMEHHM M TOJIbKO OJIHA TOJIHarpaMma
BapuaHTa pabOTaeT TpU BHINOJHEHHH AaHHOW CTpykTyphl. BXomHoe 3HaueHHE TepMHUHANIA
CENIeKTOpa CTPYKTYphbl BapuaHnTta onpenenser, kakasi moaararpamMma OyJIeT BBITIONHITHCS B JAHHBIN
MomeHT BpeMenu. CTpykrypa BapuanTa aHanormyHa omeparopam Bapuanta (Switch...case) wiun
noruueckuMm orneparopam (if... €/SE) B TeKCTOBO-OpHEHTUPOBAHHOM f3bIKE ITporpamMMupoBanus Cu.

Cenekrop cCTpyKTypbl BapuaHTa, pacrmoJIOKEHHBIA CBEpXy TIpadUiecKoro w300paKeHus
CTpyKTyphI BKJIFOUACT B ce0s1 yKa3aTelu: 3HaYCHUsI BAPHAHTA B IIEHTPE U CTPEIIKU YMEHBIIICHHS WITH
YBEIIMYCHUS 110 CTOPOHAM. DTH CTPEJKH UCTIOJIB3YIOTCS ISl POCMOTPa BO3MOYKHBIX BAPHUAHTOB.

BxomHoe 3HaueHWe TepMHHAlIa celekTopa BapuaHTa omnpenenseT, Kakas IOJIHarpaMma
CTPYKTYpPbl WM BapuaHT OyAeT BBIMOJHATHCA. JIOMyCTUMO WCIOJIB30BaTh IEIOYHCICHHBIN

(integer), noruveckuii (Boolean), crpokoBsiii (StriNg) THIIBL, a TAKXKE THIT IEPSUHCIICHUS B KAYECTBE
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3HAuCHUs TepMUHana Bapuanma, Tepmunan Bapuanma MOXeET pacroliaraTbCsi B JIOOOM MecTe
neBoi rpanuibl CtpykTypel Bapuanrta. Eciu tepmunan Bapuanma JOTHYECKOTO THIA, TO
CTPYKTYpa COCTOMT W3 ABYX Jiornueckux BapuantoB MCTHHA (TRUE) u JIOJKh (FALSE). Ecnu
TepMHUHAI Bapuawma OJHOTO W3 THIIOB: IIEJIOYUCICHHBIN, CTPOKOBBIA WIIM TEPEYHCICHHS, TO
KOJIMYECTBO BAPHAHTOB MOXKET JOCTHraTh 2°'-1 BapHAHTOB.

Jnst ucnionb3oBanuss Cmpykmypsl Bapuanma HE0OXOAUMO OTMETHUTh BApUAHT IO YMOJIYAHHUIO
(default case). BapuanT mo yMOI4aHUIO WJIM TOAJMArpaMMa MO yYMOJYAHHUIO BBITIOIHSETCS, CCIIH
3HAUCHHE TEPMHUHANIA Bapuanma BBIXOIUT 32 TPEeibl AUAa30HOB MM HE CYIIECTBYIOT BAPHAHTEHI
ISl BO3MOXHBIX 3HaYECHHI TepMuHaia Bapuanma.

[MpaBblii menuok M™MbK Ha TpaHune Cmpykmypwsl Bapuanma 103BONIsieT 100aBIATH,
AyOIHpOBaTh, EPEMENaTh U YAAISTh BapUaHTHI (MOJAMArPAMMBI), a TAKKE OTMEYaTh BAPHUAHT IO
YMOJTYaHHIO.

Cmpyxmypa Bapuanma nonycKaeT HCIOJIb30BaHHE TEPMUHATIOB BXOIHBIX U BBIXOJHBIX JaHHBIX.
TepMuHanbl BXOJHBIX [TAaHHBIX OCTYIIHBI BO BCEX TMOAAMArpaMMax, HO HX HCIIOJIb30BaHUE
NOJIMArpaMMOi  CTPYKTYpbl HeoOsi3atenbHO. CoO3[MaHUE BBIXOJHOTO TEPMUHAIA Ha OJHOM
noJyIMarpaMMe MPUBOIUT K €r0 MOSBICHHIO HAa JPYrHX TOAAMarpamMMax B TOM K€ CaMOM MecCTe
rpaHuIlbl CTPYKTYphl. ECii XOTs ObI B OJHOM MOAIMArpaMMe BBIXOJHON TEPMHUHAT HE OMpe/escH,
MOJIE 3TOrO TEPMHHAJA OKpAIIMBAeTCs B OCJBIA IBET, YTO XapaKTEPU3YeT OIMIMOKY OINpeeIeHUs
CTpyKTypbl. HeoOX0auMO OmpenensiTh 3HA4YEHHs BBIXOJHBIX TEPMHHAIOB BO BCEX BapHaHTax
(mommuarpammax). Kpome TOro, BBIXOIHOM TEPMHUHAI JODKEH UMETh 3HAYEHHE OJHOTO U TOTO e
THIIA.

JIist ompefeNieHns] 3Ha4YeHHsT BBIXOJHOTO TEPMHHAIA CIEAyeT MPaBbIM IICTYKOM MBIIIK TIO
TEpMUHATy BbI3BaTh BCIUIBIBAIONEE MEHIO © BbiOparh myHkTh: Create® Constant wim
Create® Control.

1.9.1. lIlpumepst

Crenyromye mprMephl TIOKa3bIBAIOT, Kak 3HAUYCHHUSI BXOAHBIX TepMuHAIOB CTpyKTYyphl BapuanTa

CKIIaJIbIBAXOTCS WJIM BBIYUTAOTCA B 3aBUCUMOCTH OT 3HAYCHUA TCPMHUHAJIA BApHUAHTA.
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Jlornyeckas Crpykrypa Bapunanra

JQIJ

File Edt ‘iew Project Operate Iools

File Edt View Project Operate Tools ‘Window lg
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Puc.35 Ilpumep normueckoii Ctpykrypsl Bapuanra.
Ha pucynke 29 npumep norudeckoit Ctpykrypsl BapuanTa.
Ecau TepmuHan noruveckoro 3jieMenta ynpasienus (Boolean), coemHeHHOTO POBOIHUKOM C
tepmunaiom — MCTHHA (TRUE), BbimosHsieTcss mpeoOpa3oBaHUE TeMIEpaTypbl, 3aJaHHON B
rpanycax llenbcust B Temmeparypy mno ®apenreiity (Osmok-guarpamma B neHrpe (puc.28)), ecnu

JIOXKb (FALSE), - BeImONHSIETCS — IPe0Opa3oBaHue HE BBHITIOIHACTCS (PUCYHOK CIIPaBa).
Jlornyeckas Crpykrypa Bapunanra

W3menum mnpeapinymuii nmpumep. Jlormueckuid syeMeHT yrpasieHus Boolean zamenum Ha
LEeJIOUNCIeHHbIN. [IJi 3Toro, Ha NHIEeBON MaHeau HaBeJEeM Ha HEro KypCOp MBIIIKH M BBITIOIHUM
OJHOKpAaTHOE Ha)kaTHe NpaBOW KIABUIIM MBIIKH. Bo BCIUIBIBAaIONIEM MEHIO BbIOEpPEM ITyHKT
Replace® Modern® Knob. CrHoBa HaBenemM Ha HEro Kypcop MBIIIKA W CHOBA BBITIONIHUM
OJHOKpAaTHOE Ha)KaTHe NpaBOW KIABUIIM MBIIKH. Bo BCIUIBIBAaIONIEeM MEHIO BbIOEpPEM ITyHKT
Representation® Byte (uenbie uncna or 0 go 255). Ilpu sTom Ha ONoke auarpaMMm TEPMHHAI
U3MEHUT OKPacKy C OpaHXeBO#W (COOTBETCTBYIOLICH BEIICCTBEHHBIM 4YHCIaM) Ha CHHIOK
(COOTBETCTBYIOIIYIO LIEIBIM YHCIIAM).

[Tpu Takoii 3aMeHe Ha ceNneKTope CTPYKTYphl BapuanTa 3Hauenue MCTHHA (TRUE) usmenurtcs
Ha uncnoBoe 3HaueHue 1, sHauenue JIOXKD (FALSE) — na 3nauenue O, koTopoe OyzeT 3HaueHHUEM

M0 YMOJIYaHHIO.
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Puc.36 IIpumep nemounciiennort CTpykTypsl BapuanTa.

JlaHHBIA BUPTYaJbHBIN MpUOOp OyIeT BBINOJIHATH MpeoOpa3oBaHUE TEMIIEPATYPhl, 3aJaHHOU B

rpaaycax llenbcus B Temmnepatypy nmo dapeHreity TOJNBKO, eciii Ha dyeMeHTe yrnpasieHus Knob

YCTaHOBJICHO 3HaueHHe 1, BO BceX OCTAIbHBIX Cllydasx IpeoOpa3oBaHKUe MPOU3BOJIUTCS HE OyIeT.

Yrtob6bl 106aBUTH B Cmpykmypy eapuanma €lie BapuaHT HEOOXOAUMO BO BCIUIBIBAIOILIEM MEHIO

Ha cenektope Cmpykmypwvt Bapuanma BeiOpats nmynkr Add Case After wnu Add Case Before.

Hamnpumep, 4ToOBI U yCTAaHOBJICHHOM Ha dieMeHTe ynpasieHus Knob 3Hauenuu 5 Ha nHAMKaTOpE

oToOpaxanock 3HaueHue 5. J[7151 5TOro HOBBIN BapHaHT B CTPYKTYpE MOXKHO clieNaTh Kak Ha puc.31.

Puc.37 Monudukanus BUpTyaIpHOT0 IpHOOpa n300paskeHHOro Ha prc.30

£ Untitled 2 Block Diagram™®

File Edit Wiew Project Operate Tools
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1.9.2. Onpenesienne Bapuanron

Omnpenenenne Bapuanma ocyuiecTBisiercss 1100 BEIOOPOM 3HAaUYEeHUsS Ha cenekrope Cmpykmypobi
Bapuanma nm6o BBOmOM 3HaueHust ¢ nomoineio uHCTpyMeHTa BBOJI TEKCTA (<A>). Dro
3HAYEeHUE CceNeKkTopa Bapuanma wucmonb3yeTcs B JanbHeimeMm npu BbiOope Bapuanma. llpu
omnpeneneHn Bapuaxma MOTYT WCHOJb30BATHCS. €IUHCTBEHHOE 3HAYCHHE, CIUCKU U JHAaIa3oH
3HaueHud. CHMCKU 3HAYEHHWH MpPEeICTaBIAIOT COOON BBEAEHHBIC 3HAUCHHS dYepe3 3alsTyo, K
npumepy, - 1, 4, 6. Jlunanazon 3Hauenuil ompenenserca kak 10..20, T.e. BapuaHT ompenencH
3HaueHusMH B quamna3one ot 10 no 20 BxmrounrtensHo. [Ipu onpeneneHny BapuaHTa Takke MOTYT
UCTIOJIb30BaThCsl OTKPBITHIE Auana3onbl. K mpumepy, nuanaszon ..100 mpucBauBaer Bapuanrty Bce
3HaueHus: Menpuie uian pasHble 100. Tarke MOXHO Hpu ompeneneHHd BapuaHTa HCHOIB30BaTh
KOMOHMHAIIMIO CIUCKOB W auamna3oHoB. Hampumep, .5, 6, 7..10, 12, 13, 14. Ecniu Bwr BBOAMTE
3HAUEHUSl CENeKTOopa, BKIIOYAIOUINE MepeceKaroliyecs: JMamasoHbl, CTpyKTypa Bapuanta
npeoOpasyeT 3amuch 3Ha4YeHHUs B Oosiee KommakTHyO (opmy. Ilpensinymuii npumep Oyner
npeoOpasoBax k ..10,12..14.

3HavyeHus cenekropa BapuanTa MOHKHO OBITH TOTO K€ THIA, YTO U THI JAaHHBIX OOBEKTa,
COEIMHEHHOTO C TepMHUHAJIOM cellekTopa BapuanTa. 3HaueHue cenekropa BapuaHra, okpaiieHHOe
KpPacHbIM IIBETOM, IMOKa3bIBAET, YTO HEOOXOIMMO YAAIUTh WM OTPEJAKTHPOBATH ITO 3HAYCHUE
nepes 3almyCKOM CTPYKTYpHI, MHaue BUPTYyalbHbI Hpubop He OyAeT BbHIMOIHATHCS. Henmbss
UCTIOJIb30BaTh BELIECTBEHHBIC YHCTIa B KAUeCTBE 3HAYCHUS celeKTopa BapruaHTa, Tak Kak BO3MOKHbI
OomMOKM OKpYIJeHHS W BO3HUKHOBEHHMS CHTYyalluH HeompeneneHHOCTH. Ecnmu Bwl coenunsere
BEIIIECTBEHHBIN THUII C TEPMUHAIOM cenekTopa Bapuanra, LabVIEW okpyrisier 3T0 3HaueHHe 10
Omwkaiiiero 4etHoro uenoro. Ecnu BeliecTBEHHOE 3HAYEHHE BBEJCHO HEMOCPEICTBEHHO B
cenekTop BapuaHTa, TO OHO OKpamIMBaeTcs B KPacHBI IIBET M JOJDKHO OBITh yAAJCHO WIIH

OTPCAAKTUPOBAHO.
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2. TEHEPAIIUSA, AHAJIU3 U OBPABOTKA CUT'HAJIOB

2.1. T'eHepauusi CHTHAJIOB

B cpene LabVIEW paznuyaror mudpoBeie M «aHanoroBbie» curHaibl. Lludpossie moryr
MPUHUMATH TOJIbKO 1Ba 3HaYeHus O mm 1. Takue CUTHABI XapaKTEPU3YIOT COCTOSIHME BXOI0H HIIN
BBIXOJHON HU(GPOBOW JMHHUU, WM HECKOJbKHMX JuHHU (peructpa). K 1udpoBbM curHaiam
OTHOCATCSL TaKXe TOCJIeOBAaTeIbHOCTH HMITYJAbCOB. [lMdpoBBIM cHUrHaIaM COOTBETCTBYIOT
noruueckre (Boolean) uCTOYHUKH/MPUEMHUKH JaHHBIX. «AHAJIOTOBBIE» CHUTHAIBI MPUHHUMAOT
MHOYKECTBO 3HAYCHHM, TOMYCKACMbIX UX YUCIIOBBIM pezcTaBieHrueM (NUMEriC), U MOTYT SIBIISATHCS
(YHKIHMSIMHA BPEMEHH, YaCTOTHI, TPOCTPAHCTBEHHBIX KOOPAMHAT U T.1I. Hrke MbI OyZieM UMETh JeI10
TOJIBKO C «aHAJOTOBBIMM» CUTHanaMu. KaBbIUKM B JaHHOM Clly4ae O3HA4YaroT, 4TO pPeabHbIN
AQHAJIOTOBBIA CHUTHAJI MPEJCTABIICH B JOCTYITHOW KOMITBIOTEPY UGPPOBOH dopme, T.e. — KOHEYHBIM
YHUCIOM OTCYETOB, MPOKBAHTOBAHHBIX IO YPOBHIO. be3 mnpuBssku ko BpemeHH (WK JAPYroi
HE3aBUCHMOM TMEPEMEHHHOW) TaKOW CHUTHAI €CTh MPOCTO YHCIOBOW MaccuB. B mureparype mo
LabVIEW mist Takux CHTHAJIOB HCIOJB3YeTCS Takke TepMuH «Pattern», 4ro mepeBoauTCs Kak
nocnedosamenvrhocms (omcuemos cuenana). OuudpoBaHHBIA AHAJIOTOBBIN CHUTHAJT MOXET OBITh
nonyyeH ¢ ALl Bo Bpems u3MepeHUH M Takke SBIsETCS MaccMBOM. HeckonbKko CHrHaios,
noctynuBimmx 4epe3 Al ¢ OgHOTUMHBIX JaTYUKOB (KaHAIOB), 00pa3ylOT 2-MEpHBIH MAacCHUB.
CrietoBarelbHO, MOKHO TOBOPHTH 0 2-MepHOM curHajie. B LabVIEW cymecTByer cnenuanbHbIH
dopmar (kmactep) manueix — Waveform (HeynauHbIi «TIepeBO» — OCHUILIOIpPAMMa), B KOTOPOM
coxpansercsi uHpopMmarus 00 abCOTIOTHON BpeMEHHOM MPHUBSI3KE CUTHANIA: BPEMs IIEPBOT0 OTCUETa
u mar Mexnay nocienyromumu. BIT uz 6ubnuoreku DAQMX momyckaroT YTeHHE M 3alHCh Kak
MacCHUBOB, TaK U OCHHJUIOTpaMM. B mocnenHem ciydae 3a00TUTHCS 00 yKa3aHUU YacTOTHI MOJAYH
nanHpix Ha LIAIl Her HeoOXOAMMOCTH: €CIM JTO JOMYCKAaeTcs ero TeXHUYECKUMH
XapaKTepUCTUKaMH, Ha BBIXOJE TMOJYYUTCS aHAJOTOBBIM CHUTHAJI C MPaBUIBHBIM BpPEMEHHBIM
macmTabom. Takum 0Opa3zom, «crenepupoBaTh curHam» B LabVIEW o3Hauaer «co3math MaccuB».
Ero BpemeHHOE MacmITaOMpOBaHNWE MOXHO BBITMOJHHUTH TMO3HEE, WM BOOOIE 000UTHCH 6e3 3TOrO.
Crnenyer yd4ecTh elle OJHY TOHKOCTh: 10 yModaHuio, Ha Bbixoae BIT DAQMX Read momy4arorcs
JeUCTBUTENBHBIE YHACTIA C TUIABAIOLIEH TOUKON. J(Mana3oH UX U3MEHEHUsI U 3HAaYEeHUs OTIPEEIIAIOTCS
MaKCHMaJIbHBIM M MHUHHMMaJIbHBIM 3HaueHusMH, BeIOpanHbiME B BIT DAQMX Create Channel.vi u

paspsigrocTsio AL (THmHaHOE 3HadeHHe — 16, YTO JaeT AMAIA30H LEMbIX YHCE CO 3HAKOM OT —2°
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g0 +2%). BII DAQmX Read Moxer mepemaBaTh Ha BBIXOA H Ie/ble 9HCIA 03 BCSKHX
npeoOpa3oBaHui.

Jlns TeHepalMd CHTHAJIOB - MaccuBOB (wiu mocnenoBarenbHocTel) B LabVIEW wumeercs
HIUPOKHI BBIOOP BO3MOXKHOCTEH. Bo-IepBBIX, MOXXHO NPUMEHHUTH BCTPOCHHBIC (DYHKIHH W3
nanutpbl NUMEric, BBI3bIBast MX IUKIMYECKU. Hanuyue reneparopa ciydaifHbIX YUCEN YK€ Ha 3TOM
aTare Mo3BoJIseT A00aBIATh K HUM IiyM. Mcnonbe3ys y3iasl Expression Node u Forme Node, mosxHo
OTIPEACITUTh KAXK]IBII OTCUET CUTHaja B BHAC (GOPMYIbI Kak (YHKIHIO ero Homepa. Bo-BTOpBIX, C
oMot Habopa pynkuuit Sgnal Generation u3 manutper Sgnal Processing MoxHO co31aBaTh
pSIl CTAaHIAPTHBIX CHUTHAIOB. DTH (YHKUUH TEHEPUPYIOT TOCIEAOBATEIBHOCTH OTCUETOB. B-
TpeThHX, ¢ momoiuplo OubmuoTekn BIT Waveform Generation u3 mamutpsr Signal Processing
CHT'HAJIbI MOKHO Cpa3y CO37aBaTh MaclITaOMpOBaHHBIMH BO BpemeHH. OTMeTnM, 4to naHHblie BII

HaMKCcaHbl ¢ cnojb3oBanueM Gynkimii Sgnal Generation B kauectse BITII.

2.1.1. I'enepanus ¢ noMoubi0 pyHkuuii u3 maaurpbl Numeric m mukiaa For Loop
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Puc.38 Coznanme cHHYCOMIBI M KOCHHYCOHIBI C IIOMOIIBIO (POPMYITBI Ditiepa
OOparuTe BHUMaHHE Ha UCIIOJIh30BAHNE KOMITAYH THOW apu(hMETHKY JUTS 3aaHus (Pa3bl KOMIICKCHOM

OKCIIOHCHTBI.
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2.1.2. T'enepanusi ¢ ucnoab3oBannem cnenuajsHbix BIT u3 Signal Processing® Waveform

Generation
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Puc.40. TeHepauusi OCHMIUIOTPAMM pPAa3JIMYHBIX CTaHIAPTHBIX CHTHAJIOB C J00aBJICHHEM IIymMa C
nomomsto BIT Basic Function Generatorvi n Gaussian White Noise Waveform.vi
(Wave_form _gen.vi). Tlapamerpbl kBaHTOBaHusi Ha o0a BIl mocrymaioT ¢ ofHOro
yhnpapistomiero  siaementa «KpantoBanue». s CyMMHpPOBaHHMs CUTHajda H  IIyma
ucronb3yercs: monuMophHas (GyHKUUS cilokeHus. Ecnmu mapamerpbl KBaHTOBaHHS OyIyT
OTJIMYATBCS, IPH CYMMHPOBAaHHHM BO3HHKHET omMOKa. JIocTym K BpPEMEHHBIM MHapaMeTpam
CreHepUpOBaHHON ocimuIorpamMmel gaer ¢Gyakuuss Get Waveform Components ¢ mamurpbl
Waveform.  Unamkarop «/lata» myct. YUroObl 3ammcath B HEro CHCTEMHOE BpeMs
KOMIIBIOTEPA, MOXKHO BOCHOsb30BaThes (Qyukuueir Get Date® Time in Second ¢ manuTps
Time&Dialog u Build Waveform ¢ namutpsr Waveform, BximounB ee B pa3pbiB BBIXOJHOTO

npoBoanrka BII — reneparopa craHmapTHBIX (DYHKITHA.
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2.2. AHaau3 CHTHaJIOB B YACTOTHOH 00JacTH ¢ TOMOIIBI0 JTHCKPeTHOro ®Mypne-

npeodpazoBanus (AIIP) u 6picTporo ®ypoe-npeodpazoanus (BI1D)

ANTOpUTM, HCHONB3YIOUIMHCA A TMepeBojJa BBIOOPOK IaHHBIX W3 BpPEMEHHOM obOnacTu B
YaCTOTHYIO, W3BECTeH Kak /JJuckpemuoe IIpeobpazosanue @ypve wmm JIIO. OH mmpoko
UCTIONB3YyeTcsl B 00JacTAX CHEKTPANbHOTO aHalM3a, MPUKIAJHOW MEXaHWKH, aKyCTHKH,
BOCIIPOM3BEJICHUN H300paKeHUH B MEIUIMHE, YHCIEHHOTO aHalu3a, MpHOOPOCTPOEHUS U
TEJICKOMMYHHM KA UK.

Eciau curnan oumdpoBbiBacTcs ¢ 4acToToil BhIOOpKM (kBaHTOBanus) fs I'm , To BpeMeHHOM

HHTEPBAJI MEX1Y OTCUeTaMu (TO eCTh, MHTepBaJ BeIOOpKH ) Oyaet Dt , rae :

Beibopku curnana o6osnayenbl X[i], O £i£N-1 (ro ectb, umeercs N orcueros). [lpu
UCIIOJIb30BaHUU JIUCKPETHOTO TpeoOpazoBanusi Mypbe 3Tux N OTCUETOB, OCYIIECTBISIEMOIO C

MIOMOIIBIO (POPMYIIBI

1%t
X[k] =Na xi]e 12PHN k=012, N-1
i=0

pesynprupytomuii Beixoano curaan X[K|, 0 £ KEN-1 sBisercs 4acTOTHBIM npeacTaBiIeHueM X[i].
3aMeTuM, 4TO M BPEMEHHOE MPEACTABICHUE X , H YAaCTOTHOE mpejicTaBieHne X umerT Bcero N
OTCYETOB. AHAJIOTHYHO 8pemeHHoMy unmepsany Dt Mexay BEIOOpKaMM X BO BPEMEHHOH 00acTH,

MBI IMEEM YaCTOTHBIN HUHTCPBAJI

Df = L = i
N NDt
MCKIY KOMIIOHCHTaMH X B YaCTOTHOH O6HaCTI/I. I/IHTepBaJI Df TAKXKEC HM3BCCTCH KAK uYacmomHoe

paspewenue. JIns yBeIUYeHUs] YaCTOTHOM pasperiaromieit crocodHoctu (ymenbiierue Df ) HyxHO
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mbo yBennuuth 4uciao orcyetoB N (¢ Toii xe fs ), mibo ymeHbIuTh 4acToTy BBIOOpPKH fs (IpH
noctostHHOM N).

[Tockompky [AII® — mocCAeAOBAaTEIBbHOCTh KOMIUIEKCHBIX YHCEN, OHO HECceT JBa
MH(POPMALMOHHBIX cooOmIeHns — 00 ammuutyae u  Qase. s aelicTBUTenbHbIX curHaiaoB 1D
cuMmeTpryHO oTHOCcHTENbHO N/2 (moka3zarens HaitkBrcra) co cieayronMu CBOCTBaMu:

IXIK]|= XN =K]|
u daza (X[K]) =—ddaza ( XIN—K] )

B TepmuHax, KOTOpbIE HCIIONB3YHOTCS Il ONMCAHUSL ITOM CUMMETPUH, MBI TOBOPHUM, 4YTO
BesmmunHa X[K] wemna, a ¢aza (X[K]) — neuemna otHocutenpHo uactothl APN/2. KoneunbsiMm
spdexTom 310 cummerpun B JIIID nelcTBUTENBHBIX CUTHAJIOB SIBISETCS TO, YTO CYIECTBYET
Komnusl moJie3Ho uHpopmanuu, coxepskaimeiicss B N kommiekcHbix BeiOopkax JAII®. braromaps
TOMY MOBTOPEHHUIO HHGPOPMALUU HEOOXOJUMO BBIUUCIATH WM BHU3YaJM3HPOBATH TOJIBKO
nosioBuHy otcueToB /III® peanpHOro curHaia, a Ipyras MoJOBHHA MOXET ObITh HaiifieHa, UCXO
U3 CBOMCTB CUMMETPHH.

Ipsivoe mpumenerne JII® w1 N BHIGOPOK JaHHBIX TpeOyeT MpHOTH3HTENbHO N? CIOKHBIX
onepanuii. OfHAKO, €CIM pa3Mep MOCIIEN0BATENLHOCTH ecTh 2 B HekoTopoii crenenn, N = 2™, rie
m=1, 2,3, ... eruncienue JI[1D moxer ObITh cokparieno mpumepHo 10 N l0gx(N) oneparwmii. 1o
nenaet Beruucienus JI1® namHoro ObicTpee, U B IUTEpaType Mo LU(poBOil 00pabOTKe CUTHAIIOB
(DSP) stn anroput™mbl BeTpewarotcst oz HazBanueM breictporo IlpeoOpazoBanust @ypre (BIID).
BII® ecTh He 4TO HMHOE, KaK alrOpuT™M ObIcTporo BerumcieHus JAI1PD, ecnu KOIM4eCTBO OTCUETOB
(N) paBHO 2 B HEKOTOpOU I1eNiol cTerneHu. B HekoTopbix ciydasx BIID mMoxeT ObITh MPUMEHEHO
IUIsl TIOCIIEIOBATEIIBHOCTEH €O CeU(PUISCKUMHU TMHAMHU (HalmpuMep, PaBHBIMH IMPOH3BEICHUIO
HEOOJIBIINX MIPOCTHIX YUCE).

[TpeumymectBa BII® BkmouaioT B ceds CKOPOCTh M 3PPEKTUBHOCTH HCIOJIb30BAHUS MAMSTH.
Pasmep BXOQHOW TOCIENOBATEIBLHOCTH, OIHAKO, JOJDKEH ObITh cTeneHbto uncia 2. 1D moxer
00pabaThIBaTh MOCIEI0BATEIBHOCTh 000K miuHbl, HO 1D meanenunee, uem BIID, u ucnonb3yer
OoJbllle TaMSATH, TaK KakK JOJDKHO PE3epPBHPOBATH MECTO IMOJ MPOMEXKYTOUHBIE PE3yAbTaThl BO

BpeMsi 00pabOTKH.

B MNPAKTUYCCKUX IIPUMCHCHUAX, IJIA TOIO, YTOOBI pasMep BXOJHOM TIOCJIENOBaTEILHOCTU
COOTBCTCTBOBAJI CTCIICHU YHCIIa 2, Haao I[O6aBI/ITI) B €€ KOHCII CTOJIBKO Hy.]'Ieﬁ, YTOOBI O6HICC quCJI0

0TCYETOB OBLJIO paBHO OOJBIIEMY OMMyKaiieMy 3HaUeHHIO 2-X B cTenenu. Hanpumep, ecnu ects 10
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OTCYETOB CHUT'Hala, MOXKHO NOOaBUTh 6 HyNell M MOIy4uTh OOIIee YUCIIO BBIOOPOK, paBHOE 16-TH
(=2"— uro ects 2 B crenenn). Jlns peatM3alMM STOH HPOIEIYPHl MOXKHO HCIOIb30BATh ZEr0
Padder.vi u3 Sgnal Processng® Sgnal Operation.

B noGaBnenue Kk ToMy, 4TO OOIIee YHCIO BHIOOPOK TOBOAUTCS 10 2-X B CTENEHU M TOT/A IS
YBEIMUEHHUS CKOPOCTH BBIUYMCICHHH MOXHO wHcnois3oBath BII®D, nobamnenue Hymel Takxke
YBEJIMUYUBACT YACTOTHYIO pa3peliaronlyro crnocooHocts (Hamomuuaem, urto Df=f4N) myrem
yBeIHueHHs KonudecTBa oTcyeToB N. DTOT MeTOl, 0OHAKO, HE 0COOEHHO YBETHYMBACT OILIEHOYHOE
paspelieHue YacToThl, a B 0OJIbIICH cTeneHn obecrneyrnBaeT HHTEPIOJSAINIO B YACTOTHON 00J1acTH.

@®opmyna ans BII® moxer ObITh oOparieHa, T.e. MO IUCKPETHOMY CIEKTPY MOXET OBITh

BOCCTaHOBIJICH I[HCKpCTHI:Iﬁ K€ CUrHaJI.

N-1
. o i 2pi
xi| = & X[kje'>*/™
k=0
D10 mpeoOpasoBanue HaszbiBaeTcss OOpatHbM JluckperHbiM [IpeoOpazoBannem @ypoe (OAIID).

[Tpu N=2" ero Berumcisror ¢ nomomsio OBIID (IFFT).

2.3. Bupryauasnbie nputopsl BII® (FFT u FFTY) B naautpe Signal Processing®

Transforms

Hapsiny ¢ wnabopom BII renepamum curnamoB Sgnal Processng® Sgnal Generation,
paccMoTpeHHbIM B maparpade 2.1., OubOnmoreka Sgnal Processng coaepuT Mojpas3ieibl
Transforms, Sgnal Operation, Filters u Windows. BII, kotopsie Bbrumcisior AP u OAID
curnana, Haxozstcs B noapasaene Ignal Processing® Transforms. ITpu N=2" stu BII peanusyrot
anroput™m bII®, B nporuBHoM ciyyae — Bbrumcisierca JAIID. Ha Bxox /IIP moxHO monats
JeHCTBUTEIBHBIN U KOMIUIEKCHBIN (aHanmuTH4eckuii) curnanel. Ha Beixoae kak JI1®, tak u OAI1D,
BCerJia MOJIy4UTCS MOCAEA0BATENLHOCTh KOMIUIEKCHBIX yrceln. 1P u OAI1D npuHumaioT Ha BXOJ
OJIHO- U IByMEpPHBIE MTOCJIEI0BATEIBHOCTH.

BoNbIIMHCTBO CUTHANIOB, MOPOXKIAEMbIX (pU3MYECKUMU 00BEKTaMH, JeHCTBUTEIbHO-3HaYHbI. Ho
B pamuMo- U  THUIPOJIOKAIUH, B TEIEKOMMYHMKAallMOHHBIX CHUCTEMax B IIpoLecce
MOIYJISIIMA/IEMOTYIISIIMA  CUTHAJIBI OYEHb 4YacTO MPEACTABISIOT B BHIC <«CHH(A3HOW» WU
«KBaJIpaTypHOI» KOMIOHEHT. B 3ToM ciyuyae cuH(pasHas KOMIIOHEHTa JOJDKHA WIpaTh poJb
NeUCTBUTENBHON cocTaBisioLel BxoaHoro curHana aus bII®, a kBagparypHast — mHMMON. CriekTp

TaKOTO CHTHajla aCCHMETPUYEH, B ATOM Cllydae OH YK€ He COJCpP)KUT M30BITOYHOM HH(popMaImu.
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[TpuBeneHHass HU)KE CXeMa MJUTIOCTPUPYET MPOILECC OTHOIMOJIOCHOW MOMAYJSAIMU, KOTOpasi, €ciH
OTBJICYbCS OT TEXHHUYECKUX TOJPOOHOCTEH, MPEACTABISCT COOOM CIBHUT CIIEKTPAa HU3KOYACTOHOTO
curaia X(t), comepikaiiero nepeaaBacMyr0 HHGOPMALMIO, TI0 YaCTOTHOW OCH Ha Beau4yuHy Wo.

YMecTHO BCIOMHHTB 37I6Ch COOTBETCTBYIOLIEE CBOIICTBO Dypbe-npeoOpazoBaHMUs.
€jmot
Jeo IlepemHoOXHTEID

X(1) »é/ » V(1) = X(t) cos(wqt) —Jx(t) sin(wqt)

3apanme. Paszpabotats BII, KOTOpBII MoAenupyeT airopuT™M OJHOMOJIOCHOM MOIYISIMH.
JIist reHepan HHPOPMAIMOHHOTO CUTHAJIA MCIIOJIb30BaTh Kakoii-mbo BIT u3 HaGopa Sgnal

Processing® Sgnal Generation, reHepHpyYIOINil CUTHAJI C IMIHUPOKUM creKTpoM. CpaBHHUTH

criekTpbl curaajioB X(t) u y(t) mpu pa3nUYHBIX COOTHOIICHHUSIX MEXIy Hecylleld yactoToi Wy

U mupuHoi criekrpa X(t).

B mompaznene Sgnal Processing® Spectral mpencraenen Taike psin BIT Gonee BbICOKOTO
YPOBHSI, TNpEIHa3HAYCHHBIX Ul CIIEKTPAIBbHOTO OlleHWBaHus: Power Spectrum.vi, Auto Power
Sectrum.vi, Cross Power Spectrum u .1, Hekotopple MaremaTuueckue NpeoOpa3oBaHUS:
I'mnebepra (Fast Hilbert Transformvi u Inverse Fast Hilbert Transform.vi), Xaptiu (FHT.V u
IFHT.M) u T.1. conepxkarcs B moamamutpe Transforms. Mx paccMoTpeHHE BBIXOJHUT 33 paMKH

nanHoro noco6us. [IpeobpazoBanue ['nnbpOepTa OyaeT pacCMOTPEHO HHUXKE.

2.4. TIpeoOopa3oBaHue U AHAJN3 CUTHAJIOB BO BpeMEHHOI1 00/1aCTH ¢ MOMOIIBIO CBEPTKH U

koppeJsiuuu. [IpeodpazoBanue I'mib0epra U AHAJINTHYECKUI CUTHAJL.

Kax yxe roBopuiioch BbIIIIE, HApsAy ¢ MHCTPYMEHTAMH YacTOTHOTO aHaiuu3a, B manutpe Sgnal
Processing conepkarcs BII ananuza curnanoB Bo BpemenHoi oonactu: Sgnal Processng® Sgnal
Operation. MbI orpann4umcst 311ech TOJbKO cBepTkoit (Convolution.vi) u B3auMHOW KOppessiueit
(Cross Corréation.vi). Ormerum, uto npu N=2" cBepTka u Koppensus BeHUcIsoTes yepe3 BIID
u OBII® (BcrioMHHTE cooTBeTCTBYIOMIHE TeopeMmbl!). [IpuBeneHHBII HIDKE TPUMEp WILTFOCTPUPYET
COTJIACOBAHHYIO (DMIBTpAIMIO, KOTOpas, Kak HM3BECTHO, BO BPEMEHHOH OOJACTH CBOAUTCS K
BBIUKCJICHUIO B3aUMHOM KOPPEJIIINHU 3a/Iep)KaHHOT0 U3ITY4EHHOTO M MIPUHITOTO CHrHAIOB. HinkHMiI

rpaduk Ha puc.4l mokassiBaeT, uro JIUM curHanm ¢ ucxomHoW AnUTENbHOCTHIO 128 oTcueToB u
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aMHHHTyHOﬁ 1 cxumaercs J0 KOPOTKOT'O HMIIYJIbCA, aMIINIMTyJd KOTOPOTO BO3PACTACT B ACCATKHU

pas. /I cpaBHEHMs TIOKA3aHO, YTO CBEPTKA HE JAeT HYKHOTO PE3ylbTaTa.
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Puc.41 CpaBHeHne KOppeNsIiy 1 CBEPTKH Ha IIpUMepe corsiacoBaHHOH (rbTpanun JIYM-curHana

3apanue. Ha ocHoBe BII puc.41 pa3zpabotaTs MOJEIb UMITYJIbCHOHM JIOKAIIMOHHON CHCTEMBI.
JInst 5TOrO BBECTH OJIOK F€HEpaldu HECKOJIBKUX XOCUTHAIOB C PA3IUYHBIMU 33/1€PKKaMH U
aMIUTUTyaMH ¥ J100aBUTh K HUM aAOUTUBHBIA IIyM. CpaBHUTH pPE3yAbTaThl BBIICICHUS
HXOCHUTHAJOB M3 IIyMa C HKCIOJB30BAHUEM COTJIACOBAHHOW QuibTpauuu U 0e3 Hee.
Hccnenoarh pasHble THITBI CUTHANOB (TpocToii pamuoumiysibe, JIUM, mrymoBo# curHai c

NepEeMEHHOM IUPUHOM CIIEKTPa).

OOpaTuM BHHMaHHE Ha HECKOJbKO BII, KOTOpBIE OCYIIECTBISIIOT ONEpanuH, MOJIC3HbIE MPU
obpaboTke 3xocuraanoB. Peak Detector.vi uieT nuku (MM IpoBalbl) B CUTHAJIE HE3aBUCUMO OT HX
ypoBHs. Ilpy 3TOM HCHONB3yeTCs KBagpaTH4HAs aNlpOKCUMAIMS B OKPECTHOCTH JIOKAIBLHOTO

MakcuMyma (MHHHMyMa). DTO JaeT BO3MOXKHOCTH OMPEACIUTH IOJIOXKEHUE MuKka (mpoBajia) ¢
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JYYIIUM pa3pelieHrueM, 4eM [ar BpeMeHHOH auckperu3aiuu curnana. Treshold Peak Detector.vi
UILET MUKH, PEBBILIAIONINAE 33 JaHHBIH YPOBEHb.
[MpeoOpazoBanue ['mnpbepra - Fast Hilbert Transformvi (BII pacnonoxen B Sgnal
Processing® Transforms) ocymecTBiseT mnpeoOpa3oBaHWE CHTHAIOB BO BPEMEHHOW 00J1acTH
(mpuBeneHbI BBIPOKEHHS JUISI HENPEPBIBHBIX (DYHKLIUH BpPEMEHH, WHTErpaln OEpercsi B CMBICIIEC

TJIABHOTO 3HAYCHUS):

1 Y. S(t9dte 1 *.Q(t9dte

t)=— ] S(t) ==
Q( p_m psIMOE U (t) p_m

- oOpartHoe.

W3 npowusBonbHOro naeiictButenibHOro curuaga Jt) wu ero mpeoOpasomanus [mnsbepra Q(t)
MOYKHO COCTaBUTH T.H. «aHanuTHyeckuii curnam». Z(t)=t)+jQ(t). OH mupoko HCHONb3yeTCs A
TEOPETUYECKUX MCCIICOBAHMUI B TEOPHH CBSI3H, paaro- Tuapookanun. Yepes neiictButenpuyro t)
u MMy Q(t) cocTaBnsomMe MOTYT OBITh BBIpaKeHBI ero «orubaromas» E(t), «daza» @(t) u

«MTHOBEHHast yactota» Q(t)=da(t)/dt:

E(t) =/S)*+Q()* , F(t) =arctg(S(t)/Q(t)), W) =(SQ- SQ9/(S(t)* +Q(1)*).

OnHO U3 3aMedaTeIbHBIX CBOMCTB aHAIMTUYECKOTO CUTHAJIA WIUTFOCTPUPYET CIEAYIOUIUI IpuMep
(cm. puc.42). B Hem cpaBHHMBAIOTCSA CHEKTpbl JneiicTBurensHoro JIYM — curHama wu
COOTBETCTBYIOIIETO €My CHUIHajla aHaJIWTHYeCKoro. BuaHo, 4Yro croekTpajbHas amIUIUTy[a
UCXOJIHOTO CHTHajla CHUMMETPUYHA OTHOCHTENBHO 4YacToThl f42, Torma kak crekTpaibHas
aMIUINTyJa aHAJIUTUYECKOI'O CHUTHaJla YK€ HECMMMETpHUYHA M CYIIECTBEHHO OTIMYHA OT HYJ
tosibko B obmactu f42<f<fs. Eciiu Bxoapl y31a Re/lm to Complex moMeHsITh MecTaMu, TO CIEKTP

nepemectuTcs B oonacth 0<f<fy2.
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2.5. Indposas puabTpanus (Signal Processing® Filters)

OubTpanys — 3TO NPOLECC, C MOMOIIBI0 KOTOPOr0 U3MEHAETCS YaCTOTHBIN CIEKTP CUTHANA. JTO
onHa u3 HauOoJiee IIMPOKO HCIOJIB3yeMBbIX NpoueAyp o00pabOTKH CHTHaJOB B HAy4YHOM
SKCHEPUMEHTE, paguo- U TUIPOJIOKALMH, TEXHUKE CBS3HM, AaBTOMATUYECKOM pEryJupOBaHUH,
MEJMIIMHCKON IMAarHOCTUYECKOM ammapaTrype, ayAauo- M BujaeoanmnapaTtype u T.A4. B cBs3u ¢ Bce
Oojlee MIMPOKUM MPOHUKHOBEHHEM B ATH 00JacTH IU(PPOBOTO MPEJCTABICHUS CUTHAJIOB
aHajoroBas (QuiIbTpalus BbITecHseTcs nuppoBoil. Teopuu, mMporpaMMHONW U ammapaTHOM
peanuzanu mUPpoBbix ¢GuibTpoB (LIPD) mocesiena oOmuMpHas nuTeparypa. M3moxuth maxe
OCHOBBI A3TOTO CHELHAILHOTO HANpaBJICHUS B paMKax JaHHOTO IMOCOOMsS HEBO3MOXKHO. byaem
MpEeANoiaraTh, YTo U3y4aroIui 3TO MOCOOKHe OCBOMI KYPCHI BBICIIEH MaTEMaTUKH U TEOPETUYECKUX
OCHOB PaJIMOTEXHHUKHU (TEOPUU LIETNel ¥ CUTHAJIOB) M HATIOMHUM OCHOBHBIC TIOHSTHSI U OTIPENICIICHUS,

KOTOPEIC HCO6XOI[I/IMI)I JUIA IOHUMAaHU A [IPUMEPOB U BBITTOJIHCHH S pra)KHeHHﬁ.

1) OunbTpbl U3MEHSIOT WM YHAISIOT HEHY)KHBIE YacTOTHl. B 3aBHCHMOCTH OT 4YacTOTHOTO
JMara3oHa, KOTOpbId (PUIBTPHI JIMOO MPOIYCKAKOT, JIMOO OCIAONISIOT, OHH MOTYT OBITh
KJIacCU(HUIMPOBAHBI Ha CIEAYIOIINE TUIIBL:

Huskouacmommnbtit puiomp — npoIrycKaeT HU3KHUE YacTOThI, HO 0CIa0IIsIeT BBICOKHE.
Buvicokouacmomnwtit punpbmp — NpoIrycKaeT BBICOKHUE YaCTOThI, HO OCJIa0IsieT HU3KUeE.
ITonocosoi punvmp —nponyckaeT ONpesIeNICHHYIO 0JI0CY YacToT.

3azpasicoarowuil punvmp — ocnadnseT onpeaeseHHYHo M10JI0CY YacToT.

Ha puc. 43 cxemaTHyecKkd TIOKa3aHbl YACTOTHBIE XApAaKTEPUCTUKU MEPEUHCICHHBIX
¢mieTpoB. O6o3Hauenus: IIII - momoca mnpomyckanus, IIP — mosoca pexekuuu
(menponyckanwusi), [10 —nepexomHas obnacts, fc—dacrora cpesa.

2) UmnynecHas xapakrepuctuka L[® h[K] — 3To ero oTkimk Ha eAMHUYHBIA HUMITYJbC, T.C.
cHUrHal, 3a1aHHbIN mocaenoBarenbHOCThIO: X[0]=1 u X[i]=Ompu i * O.

3) HAI®D oT uMIynbCHON XapaKTEePUCTHKU €CTh YaCTOTHAsI XapaKTEPUCTUKA WM KO3(DPHIUCHT

nepenauu puibTpa HIN):

N-1
H[n] :%é h{k]>exp[- j2pkn/ N]

k=0
4) Tlo Buny ummnynbcHo# xapakrepuctuku LI penstes Ha nee rpynmbsl: KUX-¢punspsr (FIR-

filters) - GunbTpeI ¢ UMITYTBCHON XapaKTEPUCTHUKON, HMEIONIEH KOHEYHYIO UTUTEIBHOCTD, U
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BUX-punetper (IIR-filters), y koTopbix uMIyabCcHast XapaKTEPUCTHKA JUTUTCS OSCKOHEYHO

J0JIro.

BricoKOUaCTOTHEIR GMAETR

A

1 1
N o ne no M
- el —

-

MNonocoeoi guAETR JarpasnanwHiE fMneTp

Puc. 43 Cxemarnueckuii BUJl YaCTOTHBIX XapaKTEPHUCTHK Pa3iIMIHBIX (HIBTPOB

5) Ilo aHamoruu ¢ JIMHEHHBIM aHAJOTOBBIM (PUIIBTPOM, KOTOPBIA ONHUCHIBACTCS JMHEHHBIM
middepeHnaTbHBIM ypaBHEHHEM C MOCTOSIHHBIMU Ko3(durpentamu, udpoBoil GuibTp

OINHNCHIBACTCS JTUHECHHBIM YPaBHCHHEM B KOHCUYHBIX Pa3HOCTAX:

YIK] :g'g B{m] X[k - m]- % ANY[K - n]%ﬁ

sneck: X[ N] u Y[K] - BXoaHas u BeIXoHAs TIOCHen0BaTenbHOCTH (curHaier); B[m] —
«apsimbie» koaddurments (Forward Coefficients); A[n] — «oOpaTHbie» K03(hPHIUEHTHI

(Reverse Coefficients).

Ecmu Bce AlN]=0 monyunm KUX-punetp, ecnmu A[N] * 0 — BUX-punbtp. Tlockonbky mis
BBIUMCIICHUS] BBIXOJHOTO CHTHAJa MCIOJB3YIOTCS €ro K€ MpeIblAylIue 3HAUYEHUs, Takou
GHIBTp Taxke Ha3bIBAIOT peKypcuBHBIM. OObIuHO 3HaYeHHe Mg paBHO Na, a nopsaoox dpunsrpa

paBeHn Na — 1. B BUX-¢ubtpax, peammzoBannbix B LabVIEW, A[O] Bcerna pasen 1.
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CuHTe3y UM MPOEKTUPOBAHUIO (PHIBTPOB, T.€. METOIaM pacuyeTa K03(h(HUIIEHTOB, IPU KOTOPBIX
ero AUX u OUX ynoBIeTBOPAIOT ONpe/ieNeHHBIM TpeOOBaHUM, IOCBSIICHA OOIIMpHAs
mutepatypa. BUX-puapTpbl Xopomm TeM, 4TO TO3BOJSIOT MOJYYHTh 3amaHHbIA cran AUX mpu
MeHblIeM uyucie KodpduueHtoB mno cpaBHeHuo ¢ KUX-dunbrpamu. Omnako BUX-(umastpsr
CKJIOHHBI K HeycToiumBocTH. [losTomy paxe ecnu ¢opManbHO (QUIBTP YCTOWYMB, OIIUOKH
BBIUMCIICHUH MOTYT MPEBPATUTh €ro B «reHeparop» curnana. Kpome storo, @YX BUX-¢punstpos
nenuHeiHa. Jlng KUX-gunstpoB xapaktepHa nuHeiHas ®UYX, urto obecredunBaeT MOCTOSHCTBO

I'PYIIIOBOH 3a€PKKH.

2.5.1. 0630p KUX-¢puasTpoB u3 mamautpel Signal Processing® Filters.

KUX — ¢unbTpsl npenctaBiens Habopom u3 4-x BII, kaxIplii U3 KOTOPHIX peaqnu3yeT OUH U3
4-X TIepedrCIIeHBIX BhIIIE TUIIOB (PUIBTPOB C OJWHAKOBHIM YPOBHEM HEPAaBHOMEPHOCTH B MOJIOCAX
nporyckanus U pexxekipn: Equi-Ripple LowPass.vi ... Equi-Ripple BandStop.vi. Otaenbhsiit BI1
FIR Widowed Filter.vi sBnsiercst yauBepcainbHBIM U B 3aBHCUMOCTH OT 3Ha4eHus Bxoja filter type
MO3BOJISICT PEaTM30BaTh JIF000H TN GuabTpa. 3HaueHHe BXxoaa «OtBoap» (Taps) MOHKHO OBITH
YEeTHBIM JUISI BBICOKOYACTOTHBIX M 3arpakJaromuxX (HIbTPOB, TaK KaK €CIM OHO YETHOE, TO
aMIUTUTYHasE XapaKTEpPUCTHKAa CTPEMHUTCS K HYIIO MPH NPUONIKEHHM 3HAYEHUS YacTOThI K
MOJIOBUHHOMY 3HAYE€HHUIO YacTOThl JUCKpeTH3auuu. Yem Oojblie 3Ta BelIWYHMHA, TeM IJIHHHEE
UMITYJIbCHAsE XapaKTepUCTHKa (UIIbTPA M, COOTBETCTBEHHO, JOJIbIIE JIUTCS MEPeXOTHBIN Mpolecc
(Tem GoutbIe 3a/eprKKa MOSIBJIICHUS] CUTHAJIA HA BBIXOJIE (PUIIBTPA).

[TpuBeneHHBIN HIXKE MPUMEpP MO3BOJISIET IO3HAKOMUTHCS C XapaKTepUCTUKaMU YHHBEPCATIHLHOTO
KUX-¢punsrpa. Kommentapuu: 1) 3nauenue f Bu Bimsier Ha paboty BII TosbKO Al TIOJIOCOBBIX
(GuUABTPOB (MPOITYCKAIOMIETO M 3arpaJAloIIero) M ONpEAeNsSeT BEPXHIOI YacTOTy IIOJIOCH, 2)
omuOKa OTIMYAECTCS OT HyJs, €CIM 3aJaHO COYETaHUE MapaMeTpoB, MPH KOTOPOM HEBO3MOKEH
cunTe3a puibTpa; 3) oOparute BHUManue, yto GUX (puiibTpoB Beeraa nuHelHa; 4) sl MOJTyYeHHs
HENpephIBHOM 3aBHCUMOCTH (a3bl OT 4acTOThl Hcmoib3oBaH BII Unwrap Phasevi; 5) mns
MOJIy4eHHUS Ha BBIXOZE (MIbTpa UMITYJbCHON XapaKTEPUCTUKH Ha €ro BXOJ MOJAeTCs OAMHOYHBIN
umIysbe, renepupyembiii BIT Impuls Pattern.vi; 6) gactoTHas xapakTepHCTHKa BBIYUCISCTCS Kak

BII® ot uMIyIeCHOM.
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2.5.2. 0630p BUX-¢puabTpoB n3 naautpsl Sgnal Processing® Filters.

[Mepsoiit psin mamutper Signal Processing® Filters  conepxxut nHatop BIT BUX-dunbrparmm
pa3IUYUHBIX BUIOB (CM. HMXKE Tabiuiy). Tun GuibTpa BRIOMPAETCs COOTBETCTBYIOLIMM 3JIEMEHTOM
ynpasnenus. He pekomennyercs BeiOupath nopsaok bUX-¢unetpos 6ompiie 20, T.K. 3T0 MOXET

IMPHUBCCTHU K HeyCTOﬁQHBOCTH.

CnopaBa pacrojioxkeHnbl Bxonabl B moamaiautpsl BII cunreza kosdduumenroB BUX u KUX-
¢mieTpoB, a Takke BII, peanusyrommx pasindHble AITOPUTMBI BBIYMCICHUN INpHU IU(PPOBOI

¢unprpamnuu. Pabota ¢ HuMuU Tpedyer Oosiee rirydokoro nonnmanus teopuu L.

Mopens BIX- YacTtoTHbIE Hupuna nepexoanoit | TpeOdyemblii mopsaoK s
¢upTpa XapaKTEPUCTUKHU o0macTtu s YIOBJIETBOPEHUS
YKa3aHHOIO MOPAAKA | 3aJaHHBIM TEXHUYECKUM
¢dubTpa TpeOOBaHUAM
barrepBopra Her BonHmCTOCTH Camas mmpoxas Campblii BBICOKUH
YeObImeBa Bomnucrocts B I111
WNHBepcHBbIi Bomnucrocts B [IP
YeObImieBa
DM TUYECKUN Bonnucrocts B IIIT 1 | Camas y3kas Camblil HU3KUI
1P

2.5.3. Hemneiinplii Mequanubliid puabtp (Signal Processing® Filters)

Hapsiny ¢ nuneitapivu ¢punbTpamu, B LabVIEW Bkirouen T.H. «vmemuansbiid Guistp» (Median
Filter.vi). Ero ocHOBHOe Ha3HaueHHE — YCTPaHATh M3 CHTHAJIOB MMITYJILCHBIC MOoMexu. [Ipu sTom
Takoil GpuIbTp MpaKTUUYECKH 0€3 NCKAKEHHUN MPOIyCKaeT «CTYNEHbKY». JTO CBOWCTBO JENaeT €ro 2-
MEpHBIA BapHaHT HE3aMEHHMBIM INPH OYHCTKE M300paKeHUH OT KOPOTKUX HUMIYIBCHBIX MOMEX.
KoHTypsl 371eMEHTOB H300pakeHUs MPH 3TOM HE pa3MbIBaioTca. [IpuMeHeHue TpaaulMOHHOTO

@®HY npuseso Obl K pacIUIBIBAHUIO H300pasKEeHUSL.
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Puc.45 VYnanenue MMIyabCHOM MOMEXH M3 CHTHANA C MOMOIIbI0 MemuanHoro ¢unbtpa (Fir_med.vi).
OO6paTuTe BHUMaHHE HA KCIOJNB30BAHHE TeHEpaTopa CIydYalHbIX YWCEN ISl 3aJaHHs TOJIOKCHHS
UMITyJbca M CIBHIOBOTO DPErUcTpa W CYMMHpOBaHUS B Iwmkie FOr LOOp st co3maHus curHana,
cocrosiero u3 ummyibcoB. B BIT Sine Wavevi gacrora 3agaercs kak f= uuciio mepuoaos / 4uciio

OTCUCTOB.

26. Hcmoab3oBaHWe OKOH TNPHM  CHEKTPaJLHOM  aHaju3e curHajoB  (Signal
Processing® Windows).

CriexTpaibHOE OKHO — 3TO BecoBast (DYHKIIMS, Ha KOTOPYIO BO BPEMEHHHOMN 00JIaCTH YMHOKACTCSI
UCCIIEAyeMbIii CUTHAN Tepen crekrTpaibubiM aHanu3oM (CA). HeoOXoauMOCTh MPUMEHEHHS OKOH

00ycIoBJIeHa CIeAYIONMMH TPUIUHAMH.
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Bo-mepBbiX, 3TO SIBICHHE «IIpOCAaYMBaHUs» CrieKTpaibHON 3Hepruu (Spectral Leakage). Ero
MOYKHO MPOWLTIOCTpHpOBaTh Ha mpuMepe CA  oTpe3ka cuHycoupl. Eciiu B OKHO yKi1aJpIBacTCs
1eJI0€ YHCIIO TIEPHOJIOB, TO AMCKPETHBIM CHEKTP OTIMYCH OT HYJISl TOJIBKO B OJIHOM Touke. Eciu ke
YHCIIO TIEPHOJIOB HE IIEJI0e, CIIEKTP OTJIMYEH OT HyJIsl BO BeeX Toukax. HeTpyaHo yOemuThes, uTo B
ATOM Cllydyae Ha KOHI[aX OKHA aHalii3a B CHTHAJe BO3HHKAIOT Pa3pbIBBL. J[JIsl YMEHBIICHHS HX
BJIMSIHUSI CHTHAJI YMHOXKAIOT Ha (DYHKIIMIO, CIIA/IAIONIYI0 HAa KOHIIAX HHTEPBajla aHaJn3a.

Bo-BTophiX, npu ucnonb3oBanun CA s BBIACICHHS Ca00T0 rapMOHMYECKOTO CHTHajga Ha
(oHe cHIIBHOTO C OJIM3KOHM 4acTOTOH, YMHOXEHHE Ha OKHO IO3BOJISICT TOOUTHCS OBICTPOroO Crajaa
CIIEKTPAJILHOTO OTKJIMKA TPH OTCTPOIKE OT YaCTOThI CHIIBHOT'O CUTHAJIA.

B mamutpe Sgnal Processng® Windows pacnonaratorcss BII, ymHOXaromye BXOJHYIO
MOCIIEZI0BATEIFHOCTh Ha pa3nuuHble okHa: Hamming Window.vi, Hanning Window.vi, Flat Top
Window.vi u T.1. [IpuBeneHHbIi HUXE TiprMep (cM. puc.45) 3HAKOMHUT CO CBOMCTBAMU HEKOTOPBIX
U3 OTUX OKOH TMPUMEHUTEIBHO K YIOMHUHABINECHCS BBINIE 3aJaue BBIACICHHS CJI1aboro

rapMOHHUYCCKOI'0 CUI'Hajia Ha (1)OHC CHJIBHOTIO.
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3. BBOA U TEHEPALIUSA AHAJIOT'OBbBIX CUT'HAJIOB

B aToM pasnene mMbl onuiieM penieHus, HEOOXOUMBIC /IS OJTy4EHHUST aHAJIOTOBBIX CUTHAJIOB U
3alUCH WX Ha JUCK, a Takke psa Bo3MmoxkHocredl LabVIEW, koTopble MOKHO HCIOJIB30BATh

COBMECTHO C BUPTyallbHBIMU TIpubopamu npaiisepa NI-DAQMX.
3.1. AHaJioroBblii BBOJ

[udpoBas o6paboTka CHUTHAJIOB OONAagacT MHOTUMH TPEUMYIIECTBAMH, IOITOMY IEpe
00paboTKOI B KOMITBIOTEPE aHATIOTOBBIE CUTHAJIBI TpeoOpa3yroTcs B udpoByto ¢popmy. Ludposeim

CUTHAJIOM Ha3bIBACTCS TAKOW CHI'HAJ, KOTOPBIM MOXKET MPUHUMATh OTPAaHUYCHHBINA PSIJ] 3HAYCHUH.
3.2. Ucnoan3oBanue BII DAQmx Read

Bupryansnbiii npudop (BIT) DAQmMX Read (DAQMX UteHue), pacnosioKEHHBI B HalUTPe
DAQmx - Data Acquisition, cunTbiBaeT BEIOOPKH M3 3aJaHHOW 3aJa4d WM KaHayia. BBOIbI 3TOrO
nommopguoro BII 3agaror ¢opmar Bo3BpamiaeMbIix BEIOOPOK, CYUTHIBAHUE OJHON UM HECKOJIBKHUX
BBIOOPOK, M CUMTHIBAHHE W3 OJHOTO WJIM HECKOJBKHUX KaHajoB. Vcmonb3yiiTe BBINaAaroliee MEHIO

JJIA KOH(i)I/IpraLII/II/I BBOJa 3TOro BH, KaK INOKa3aHO Ha PUCYHKE HUIKCE.

AHHBIE
DaQmx

sanavalkadant Read.vi [':I oWMAKS

e

 Analog » | Single Sample F | Waveform
Liigital Mulkiple Channels  » Multiple Samples — »
Counter Unscaled |
Mare

B nepBoM MeHIO BBl MOKETE BHIOPATH CIICAYIOIIME THITHI BBOJIA:

* Ananorosebiii (Analog)

* [udposoii (Digital)

* BBoj cuetHbix curnanos (Counter)

* JlononuutenbHbli (HeoOpaboTanusie nanubie) (More (Raw Data))

Bropoe MeHI0 uMeeT crenyromye ONIUK: OUH KaHau Juis yrenus (Single channel), meckonbko
kaHanoB Juis yreHust (Multiple channels) u cunTeiBanue NaHHBIX HEMOCPEICTBEHHO C YCTpOiCTBa
0e3 mpenBapuTeNbHOrO MaciitabupoBanus (Unscaled). B TpeTbeM MeHIO BBIOMpAETCs pekuM cOopa
JaHHBIX. OJHOTOYeYHbIH (Single sample) mnu muorortoueunoro (Multiple samples). Ilpu BeIOOpE

OJHOTOYCYHOI'O c6opa JaHHBIX HCHOHBSYﬁTC YETBEPTOC MCHIO [JId 3aJaHuAd (1)0pMaTa
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BO3BpalllacMbIX JIAHHBIX. oOcHWuorpamMma (waveform) wnmm 9ucno ¢ IUTaBaroIiel  3amsToi
ynBoeHHoit TouHoct (DBL). [Tpu BeIGOpe MHOTOTOUEYHOTO cOOpa JaHHBIX HCHOJIB3YUTE 3TO MEHIO
IUIsl BO3BpaTa JaHHBIX B BHJC OCIMJUIOIPAMMBI MJIM MacCHBa YMCIIOBBIX 3HAYCHHUI C IUIaBaroLIeH
3arsTOW yABOCHHON TOYHOCTH.

[Tpu ampecanuu aHAIOTOBOTO BBOJA HMJIM BBIBOJA, BO3MOKHO, BaM MOHAAOOMTCS 0OpaIiaThcs
OJTHOBPEMEHHO K HECKOJIBKMM KaHaslaM. Ecin 3TH KaHaJIbl HIMEIOT OJIMHAKOBBIC THITBI TAKTUPOBAHUSI
U TPHUITEpOB, OOBEAMHHTE HMX B 3aJady. B MNPOTHBHOM clly4ae HCIOJNB3YHTE WHCTPYMEHT
¢unbTpanun umenn (I/O Name Filtering) B KOHTEKCTHOM MEHIO BJIeMEHTa YIPaBJICHUs/KOHCTAHTHI
umenu NI-DAQMX 3amgaum winu kanana u Beioepute omnnuto Allow Multiple Names (PazpemmnTs
HECKOJIbKO WMeH). PasnensiiTe MMeHa KaHaJIOB 3amsThiMH. BBl He cMokeTe oOpamarbesi K

HECKOJIbKHM 3aJiladyaM O THOBPEMCHHO.

B+l Filter Names

DaQme Channel v

Allow Undefined Mames Show Invalid Mames

Allows Mulkiple Names Include "Mew..." option in Browse

[ JLimk ta Device:

1
%

I/ Twpe
| Al v |

[ OF ] [Cancel l [ Help ]

II/U Input Signal 1, Input Signal 2 _vI

3.3. Tun AaHHBIX OCHHIOTPaMMa

Tun gaHHBIX 0CUMIUIOTPaMMa — KJIacTep, COCTOSIIINI U3 CIEIYIOIIMX JIEMEHTOB:
* Y — OmHOMEpHBI MacCHB YHCIOBBIX JaHHBIX, KOTOPHIMA MOTYT OBITh €IMHCTBEHHAs TOYKA
WIM OCHUJUIOTPaMMa, B 3aBUCUMOCTH OT OIepamuy cOopa JaHHBIX. DJIIEMEHThl MacCHBa HUMEIOT

NpE/ICTaBICHUE YHCEN C TUIABAIONICH 3arsaToi yaBoeHHoi Tounoctu (DBL).
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* t0 — CkanspHoe 3Ha4YeHHE, TPEACTABIAIONIEe BpeMsl MOIy4yeHHs MepBOi TOYKM MaccuBa Y B
COOTBETCTBHU C CHCTEMHBIMH YacaMH. DTOT 3JIEMEHT Ha3bIBal0 TaKKe€ HadalbHBIM BPEMEHEM HIIH
OTMETKO# BpeMenHu (timestamp).

* t — CxansipHOe 3HaueHHE, MPEJCTABISIONIEEe BPEMEHHOW MHTEpBAI MEXKIY TOUYKAMHU JAHHBIX
MaccuBa Y.

o Attributes (Atpubytel) — Crpoka, TO3BOJSMOmIAsS J00ABIATh K  OCIHHIOrPaMME
JOTIOJTHUTENbHYI0 HH(POPMAIIUIO, TAaKyI0 KaK HOMEp YCTpOHCTBA MM KaHasa.

Tun [MaHHBIX OCHMJUIOTPaMMBI HMMEET MHOTO TPEHMYIIECTB Tepel OOBIYHBIM MacCHBOM
MaciTaOMpOBaHHBIX TaHHBIX.

» Hanmuuue t0 — Kora sToro Tuma naHHBIX HE CYLIECTBOBAJIO, BBl HE MOTJIU ONPENCIUThH BpEMs
MOJlydeHUs] JaHHBIX. Temepp e TUN JaHHBIX OCHWIJIOTpaMMa aBTOMAaTHYECKH BO3BpallaeT
peanbpHOE Bpems B Buze anementa t0.

* bBonee nerkoe ortoOpaxeHue Ha rpaduke — Tum AaHHBIX OCHIJUIOTpaMMa yHOpPOIIAeT
nocrpoeHue JaaHHbIX Ha rpaduke. [pempiaymue Bepcun LabVIEW TpeGoBanmu oO0beauHEHUsS
3HaueHMs HavambHOUM ToukH (XO) M mHTEpBana Mexay Toukamu (X) ¢ maHHbIMH (MaccuB Y). Tun
JAHHBIX OCIMJUIOTPaMMa COAEPIKUT BCE ATH AIIEMEHTHI, TaK YTO BCE, YTO BaM OCTAETCs clenaTh —
3TO TMPUCOEAUHUTD THII JAHHBIX OCHMIIIOTpaMMa K TpauKy OCIHILIOrPaMM.

* bonee nerkoe mocTpoeHne HECKOJIbKUX IpaukoB — THUIT JaHHBIX OCIIJUIOTPaMMa yIpOIIaeT
MOCTpOoeHUE HecKoJbkuX rpadukoB. [Ipenpiaymme Bepcuu LabVIEW tpeboBanu oobemunenus X0,
X ¥ MaccuBa Y IS KaXAOTO M3 TpadHiKoB, 3aT€M IMOCTPOCHUS U3 ITHX KIACTEpPOB MaccHBa IS
0TOOpaXeHHUsT HECKOJBKUX TpadukoB. Vcmonmp3ys TUIN [MaHHBIX OCIIJUIOTPaMMa, BbI IPOCTO
npucoenunasere 1D maccuB ocruuiorpaMm K rpaguueckoMy HHIUKATOPY Ui MOCTPOCHUS HA HEM
HECKOJBbKUX TpadukoB. Ecnu BbI cobupaere NaHHBIE W3 HECKOJbKMX KaHaJoB mpu momoiu BII
aHaJOrOBOTO BBOJA, TO MOCIEAHUN Bo3Bpamaer 1D maccuB, KOTOPBIM BBl MOXeETE IMOJICOCAUHUTD

HETIOCPEJCTBEHHO K rpaduyeckoMy HHAUKATOPY.
3ananue:

[Tonmy4nTh aHATOTOBBINA CUT'HAJ, UCTIONB3Ys YCTPOHCTBO cOOpa JaHHBIX.
B pesynbrate momkeH ObITh co3mad BII, u3Mmepsiromuii HampsbkeHHe B HYIEBOM KaHajle IIaThl

cOopa TaHHBIX.
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Pemenne:

JInmeBas ma"enb

1. Otkpoiite HOBBIN BII 1 co3maiiTe ciaenyromyro JMIEBYIO TTaHEb.

HacrtpoiiTe mkany cTpenoyHoro wHIuKaTopa st otoopaxenus nuanazoHa 0.0 — 0.4. JBax bl
nienkaute Ha otMeTke 10.0 n maneuataiite 0.4. Bo3M0oXXHO, BaM TIPHUIETCS YBEIHMYUTh MHAUKATOP
JUTst 00JIee TOJPOOHOTO OTOOPAKEHHS IIIKAITBI.

brnok-guarpamMmma

2. Cozpnaiite cieayronryro OJIOK-aruarpaMmy.

D Crn CTRENDHHEIR HHAHKATOP
Create Virbual DAGQm Start DAQm Stop Simple Errar
tHzHHECKHE KaHank! Channel, vi Task. vi DAGmx Read.vi Task.wi Handler i
i e - &8 u
v o i o

Al Yolkage ~ Analog DBL

1Chan 15amp

‘ait Unkil Mext ms
Multiple

q skop
== Gl @

Onucanue:

BIT DAQmx Create Virtual Channel, pacnonoxennsiit B mamurpe Functions»All Functions»NI
Measurements»DAQmMX — Data Acquisition, co3maet BUPTYaJIbHBIA KaHAT TAKOTO THIIA, KOTOPBIN
3aJaeTcsl B BhINAJAloeM MeH0 KoHpurypatopa storo BII. Beidbepure Tunm Al Voltage u3z storo

BbIIIaJar0IECro MECHIO.
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BIT DAQmMx Start Task, pacmonoxkenHslii B mamutpe Functions»All - Functions»NI
Measurements»DAQmMx — Data Acquisition, 3amyckaet H3MEPHTEIBHYIO 3a1a9y.

BII DAQmMx Read, pacnonoxennslii B mamurpe Functions»All - Functions»NI
Measurements»DAQmMx — Data Acquisition, BBITIOJHSET ONepanuio YTEHHs, 33JaHHYI0 BaMH B
MeHI0 KoH(purypatopa. Beibepute cremyrome omnuuM HacTpodku BBoga: Analog»Single
Channel»Single Sample»DBL. [Ipu Takoii HacTpoiike npruOop BO3BpaIlaeT OJHY BEIOOPKY TaHHBIX
B BUJIC YKCIIa YIBOCHHON TOYHOCTH C TUIABAIOIICH 3aIsITOM U3 OHOTO KaHaJa aHAJIOTOBOTO BBOJIA.

BIT DAQmMx Stop Task, pacnonoxennsiii B mamurpe Functions»All - Functions»NI
Measurements»DAQmMX — Data Acquisition, ocTaHaBIUBACT BBIMOJHEHNUE H3MEPUTEIBHON 3a1a4H.

Ha nuriieBoii maHenu ycTaHOBUTE JUIsl (pu3Mueckoro kaHaia sxadenue Dev X/al0, rae X — 310

Homep Bamrero DAQ ycrpoiictBa B MAX.
3.4. TepmuHoJIOTHS1, IPUMeHsieMasi IPH AMCKPETU3ALUM CUTHAJIOB

TakroBbiii TeHepartop BbeiOopku (Sample Clock) — TIlocnemoBarenbHOCTE HMIYIBCOB,
UCIIONIB3yeMBbIX JUIsl 3amycka cOopa maHHbIX. KaxIplii pa3, Korja TaKTOBBIA T'€HEpaTOp BBHIOOPKU
(TI'B) BBIIAECT MMIYIBC, IPUHUMAETCS OJTHA BBIOOPKA M3 OJTHOTO KaHaJIa.

TakroBbIii TeHeparop mpeoOpasoBarens aHanoroBoro Beojaa (Al Convert Clock) (TTTI) —
[TocnenoBaTeIbHOCTh HMITYJIBCOB, HCHOJIB3yeMbIX st 3amycka ALIT.

JlnurenbHocTh BhIOOpKH (Sample Duration) — Bpewmsi, koTopoe 3aHMMAaeT MOJIy4EHHE OJHOTO
Habopa BBIOOPOK M3 KaHaANOB. Mcnosbp3yiiTe ciaeayromyto GopMyiTy Ui BBIYACICHHS JUTHTSTLHOCTH
BBIOOPKH:

JlnurenbHOCT BBIOOpKH = (# KaHaoB — 1) X neproa uMmyiscoB TTTI
3.5. UnTepBaibHas BbIOOPKA

HpI/I OHI/I(i)pOBKe CUTrHaJla IPUMCHAIOTCS PA3JIMIHBIC CII0COOBI JUCKPETHU3alMH. HHTepBaHBHBIﬁ,
HI/IKJ'II/I‘ICCKI/Iﬁ u OI[HOBpeMeHHI)II\/'I. Cneny}omaﬂ HWILTIOCTpalysl IMOKAa3bIBACT MPUMED HHTepBaHBHOﬁ

BBIOOPKU.
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KaHan 0

kaHan 1

— |ﬂ—|'|epw:u:|, Hranynecos TITT = Bk
-t

Henurent cMrHana BpereHHOEN
pazeepTEl TTB =1

B Hanbounee pacnpocTpaHeHHOM METOJIe MHTEpBaILHOM BhIOOpKH (interval sampling) Bce kaHasbl
ycTpoiictBa ucnonbiyet ogud ALIL. DTy apXuTekTypy MOKHO HallTH B OOJIBLUIMHCTBE YCTPOHCTB E-
cepun. [lpu stom s ympaenenus: mynbTHIDIEkcopoMm (multiplexer — MUX) wucnons3yrorcs
TaKTOBbIE T€HEPAaTOPHI BEIOOPKU U MpeoOpa3oBaTess aHAIOroBOTro BBojA. [ TOro 4ToObl MOHATS,
KakuM 00pa3oM B3aMMOJEHCTBYIOT 3TH I'€HEPAaTOPhl, PACCMOTPUM MpPUMEp MOTYYEHUs JaHHBIX U3
IByX KaHaioB. Korya renepaTop BHIOOPKH JaeT CUTHAJ O Hayajie cOopa JaHHBIX, MYJIbTHILIEKCOD
noakitrouaer mepBelid kaHan kK ALIl, um onHOKpaTHO cpabaTbiBaeT TaKTOBBI T'€HEpAaTOp
npeobpaszoBatens. Kak Tonapko TI'TI moceumaer ummynsc, ALIT momydaer oAHy TOYKY JaHHBIX W3
nepBoro kaHaina. Ilepen tem kak TI'TI cHOBa nomuIET UMITYJIBC, MYJIBTUIIIIEKCOP 110 IKIIFOUUT BTOPOI
kaHan k AIIIL Kak Tonpko 3To npousoiiaer, co cienyromum umnyiascom TTTI ALII Bo3sMeT onny
TOUKY JTAHHBIX Y)K€ M3 BTOpOro kanaia. [lo 3aBepuieHnn BpeMeHH (IIuTenbHOCTH) BBIOOpKH, TI'B
CHOBA I€HEPUPYET UMIIYJIbC, U LUKI noBTOpsiercd. TI'B 3amaer yacTory, ¢ KOTOpPOH YCTPOMCTBO
MPOM3BOJUT BBIOOPKY MaHHBIX M3 BCEX KaHANOB. A TakTOBBI TeHepaTop mpeoOpazoBaTes
dakTHyecku ympaBiseT TMOJyd4eHHeM BbIOOpOK. [locKonbKy TpM HMHTEpBaIbHON BBIOOpKE
ucnonb3ytores TI'B u TI'TI, ycTpolCTBO MOKET MPOU3BOAMUTH BHIOOPKY M3 KaHAJIOB 32 KOPOTKUI

MMPOMCIKYTOK BPCMCHHU.
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3.6. MHoroTO4euHbIii (0y(epr3npPOBaAHHBIN) AHAJIOTOBbI BBO/

JInst TOro 4YToOBI TOJIYYUTh HECKOJIBKO TOYEK JAHHBIX 3a pa3, BBIOCPUTE HACTPOMKY
koHpuryparopa Bxono BII DAQMX Read, oTBeuaromryto 3a cYMThIBaHHE HECKOJBKUX BBIOOPOK.
Jnst cosmanus BIT st Oydepr3upoBaHHOTO aHAIOTOBOTO BBOJA C alllapaTHBIM TAKTHPOBAHHEM
ucnone3yiite BII DAQMX Read coBmecTHO ¢ BuUpTyaidbHbiMEH Tpubopamu DAQMX Timing,
DAQmMx Start Task u DAQmXx Stop Task.

» COOp DaHHBIX C anmnapaTHbIM TAKTHPOBaHHEM — CUTHAIIBI, CTCHEPUPOBAHHBIC allllapaTHO, TAKUE
KaK MMIYJIbChl TaKTOBOTO T'€HEpaTopa BBIOOPKH HIIM IMPeoOpa3oBaTes, YIPABISIIOT CKOPOCTHIO
cOopa nmaHHbIX. [loIOOHBIE TaKTOBBIE TE€HEpPATOpPBHl TOpa3fno 0Oosiee OBICTPBI, YE€M CO3JaHHbBIC
NPOrpaMMHO C MCIOJIb30BaHUEM IMKIOB. [I03TOMY BBI MOXeTe OLM(pPOBBIBATH CUTHAT B OOJIBIIEM
JMara3oHe 4YacToT 0e3 OmaceHMs, 4TO BO3HHKHET 3(D(eKT HaloxeHHs crekTpoB. Kpome storo,
anmapaTHbIC TAKTOBBIE TEHEPATOPhI OOJIee TOYHBI, YeM MPOrpaMMHBIe IIUKIIBI. Ha nocieinie Moryr
OKa3bIBaTh BIIMSHHE pAa3JM4YHbIe JCHCTBUS C KOMIIBIOTEPOM, TaKHe KakK OTKPBITHE APYroi
NpOrpaMMBbI, B TO BpeMsl KaK TAKTOBBIH T'€HEpaTop He MOIBEPIKEH MOJOOHOTO po/ia BO3ICHCTBHSM.

* BydpepusupoBannsiii cOop aaHHbIX — [loaydyeHre HECKOJIBKUX TOYEK JAHHBIX 332 OJWH BBI3OB
ycrpoiictBa. Ilepen cumthiBanmem B LabVIEW, BwiOOpku mepeparoTcsi W3 YCTpOMCTBa B

MIPOMEKyTOUYHBIN Oydep B mamsTy.
3.7. Bl DAQmx Timing

BIT DAQmMx Timing (BII DAQmMx TakTupoBaHHe) HACTpaMBaeT YacTOTy BBHIOOPKH, YHCIIO
BBIOOPOK JIJIs1 cOOpa WM TeHepanuu U co3aaet Oydep B ciyuae HeoOxomumoctu. KoHduryparop
atoro moiumopdroro BII 3amaer TMn TakTHpOBaHMS, HCHOJNB3yeMOro B 3amaude. CymiecTBYIOT
cnenyromue tunbl TaktupoBanus: Sample Clock (TakroBbie mmmynbebl BeiOOpkH), Handshaking
(Keutuposanue), Implicit (Hesieroe) u Use Waveform (HMcnonp3oBars ocuuiiorpammy).

JIst BBOZIa aHAJIOTOBOTO CHTrHaja, BeiOepute onimio Sample Clock B BeimamaromeM MEHIO 3TOTO
BII. Ilpu takoii HacTpoiike koHpuryparopa BII comepkut cienyromue napamMmerpsl:

» sample mode (pexwum BbIOOpKH) — Onpezersier, OyIeT U 3a7a4ya BBIIOJIHITHCS HEMPEPHIBHO
WM B TEUCHHE OTPaHIMUYCHHOTO MTPOMEKYTKA BPEMEHH.

» samples per channel (kxonmuecTBO BBHIOOPOK Ha KaHai) — 3a7aeT KOJUYECTBO BHIOOPOK st

cOopa uim reHepaiuu, eciau Bxoa sample mode nmeer 3nauenue Finite Samples (Orpanndennoe
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KOJI-BO BBIOOPOK). DTa BEJIMUYHMHA ONpPEesieT pa3Mep MPOMEeXyTOYHOro Oydepa mamsTu, KOTOPbIi
XpaHUT JaHHbIe BO BpeMs ux nepenaun u3 DAQ ycrpoiictea B LabVIEW.

* rate (wacrora) — 3amaeT yacTOTy BBHIOOPKM B €IMHHIAX KOJMYECTBA BHIOOPOK Ha KaHal B
cekyHIy. Eciu BBI HCIOJIB3yeTe BHEIIHMI MCTOYHHK TAKTOBBIX UMITYJIbCOB BBIOOPKH, YCTAHOBUTE
3HAYEHHE 3TOTO BXOJa B MAaKCHMAIbHOE 0)KUIaeMOE 3HAUCHUE BHEITHETO IeHepaTopa.

* source (MCTOYHHK) — 3a7aeT TePMHHAI HCTOYHUKA TaKTOBBIX UMITYJIbCOB BBIOOpKH. OcTaBbTe
ATOT BBOJ HENOJKIIOUSHHBIM JUISl MCIIOJIb30BaHUsI CTaHIAPTHOTO TeHeparopa, BcrpoeHHoro B DAQ
YCTPOMCTBO.

* active edge (aktuBHBIA QpoHT) — Omnpenenser, Kakod (POHT TaKTOBOTO HMITYJIbCa
UCIIOJIL30BATh JUIS MOJYYCHHUSI WM TeHepaluu BhIOOPOK. MOKHO BBIOpaTh Hapactaromuii (rising)
win cnagarommii (falling) dponter ummynsecos TI'B.

* task/channels in (Bxomnast 3amaua/kanansl) — 3agaeT UMsl 331a4d WIH CIIMCOK BHPTYaJIbHBIX
KaHaJIOB, B KOTOPBIX OyAeT MPOBOJUTHCS cOOp MaHHBIX. [Ipu ucnonap3oBaHuu cnucka kaHamoB NI-
DAQmMX aBTOMaTHYECKH CO3/IACT 3a/1a4y.

Omust Handshaking (Keutuposanue) konduryparopa BII DAQmMX Timing ompeaenseT 4ucio
BBIOOPOK JMCKPETHOTO CUTHANa Ui cOOpa WM TeHEpali C WCIIOJIb30BAHHEM TOATBEPKICHUS
yCTaHOBJICHUS CBsi3U (KBUTHpOBaHUs) Mexy DAQ ycTpoiicTBOM U nepudepuitHbIM YCTPOHCTBOM.
3a Oombuiedt wH(opMammel o JaHHOW HacTpoiike koHduryparopa BIT DAQmMX Timing
oOpainaiirech K BOCbMOMY 3aHsTHIO, L{1ppoBoii BBO/BBIBO/.

[Tpu Be1OOpE HesiBHOTO (IMPlicit) THIA TaKTHPOBaHHS MOXHO 331aTh TOJIBKO YUCIO BBIOOPOK ISt
cOopa uu reHeparun 0e3 Kakoi-1m60 nHpopMaIu 0 BpeMeHHbBIX apaMerpax. OObIYHO 3Ta ONITUs
UCIIONIB3YeTCs, KOTZa 3ajaya He TpeOyeT TaKTHpPOBaHWs BBIOODKH, HAmpuMmep, B Clydae
UCIIOJIb30BaHMSI CYETYMKOB JUTsi Oy(hepHU3UPOBAHHOTO M3MEPEHHSI YaCTOTHI/IEPHO/Ia WM TeHEPaIuU
MOCIIEA0BATEILHOCTH HMITYJIBCOB.

[Tpu BeIOOpe ommmu Use Waveform (Mcmonps3oBath ocrmiuiorpammy) KoHduryparopa BII
DAQmMx Timing mis onpenenenust yactotel TI'B ucnonb3yercss kommoHeHTa Of ocnmiuiorpammel,
MOIKITIOYEHHOM K BXoy Waveform. dt — 3to Bpems Mexly BRIOOpKaMH, BEIPRKEHHOE B CEKYHJaX.
Ecmu Ha Bxoa sample mode noxano 3unauenue Finite Samples, To NI-DAQMX reHepupyet cTOJIBKO
BBIOOPOK, CKOJIBKO HX €CcTh B ocipyuiorpamMmMe. O1oT BIT Ha camoMm zene He reHepupyeT HU OJHOM

BbIOOpKU. J[11 TOro 4T00BI CreHeprpoBaTh CUTHAJ, HeoOXoaumMo coennHuTh 3ToT BII ¢ BIT DAQMX
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Write. 3a Gonbiiedt mHpopManmeil o aaHHOW HacTpolike kKoHduryparopa BIT DAQMX Timing

oOparaiTech K ceIbMOMY 3aHATHIO, AHAIOTOBBIA BBIBO/I.
3.8. Baok-cxema 0y epu3NpoOBaAHHOIO cOOPa JAHHBIX

Ha cnenyromeii O10k-cxeme OTOOpa’keHbI OCHOBHBIE MOMEHTHI OydepusupoBanHoro cbopa
nanHbIX. OH TpeOyeT 3aaHus ONpeIeIEHHOTO KOJIMYEeCTBA TOYEK VIS TMOJIYYSHHUS C ONpeIeSICHHON
gacToToi. [l HacTpolku BpeMEeHHbIX MapaMeTpoB U Oydepa ycrpoiictBa ucmonbsyiite BII
DAQmMx Timing. [{ns 3amycka cOopa manubeix npumensite BIT DAQmMx Start Task. [anee, BIT
DAQmMx Read »xnmer, moka Bce BBIOOPKH KaXIOTO M3 KAHAIOB HE OYIyT TMOJydYEHBI, 3aTeM
BO3BpAILlaeT JaHHBIC U TPOABHTacT 3a1auy nanbie. BII DAQMX Stop Task ocranariuBaet 3anauy
M BBICBOOOXKIACT pPECypchl, BBIICICHHBIE ycTpoiictBy. OOpabotumk ommbok Error Handler

IIOKa3bIBACT BCC OHII/I6KI/I, BO3HUKIOIUC ITPH BBIIIOJHCHUU.

CcTaHoekKa
=00a4K

v '

OToBpaEskeHue [Er'r':'ﬂ
OWKEOkK

Hactpoika
YCTROHCTER

Janyck cBopa
DaHHEIX

;

CYMTHIEAHKE
OEHHEX 12

Eytepsa

3.9. [Ipumep Oy pepu3HPOBAHHOTO COOPA TAHHBIX

Crnenyromuii mpumep aeMoHcTpupyeT cosnanue BII mms OydepusupoBaHHOTO cOOpa TaHHBIX.
BIT DAQmXx Timing 3amaet 3agauy/kaHall, TAKTUPOBAHHE U KOJMUYECTBO BEIOOPOK HA KaHal (pa3mep
Oydepa). 3atem, BIT DAQmMX Start Task 3anmyckaet coop nanubix. [lociae 3Toro nporpamma xaeT Ha

sranie BIT DAQMX Read, moka He 3amonnutcs Bech 0ydep. Koraa ato mpomsoiiner, BIT DAQMX
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Read Bo3Bpamiaer nannsie u3 6ydepa, BIT DAQMX Stop Task ocranasiuBaer coop manubix, 1 BIT

Simple Error Handler moka3siBaeT BO3HUKIIIHE OIIHOKH.

#EEIOOPOK HA KaHan

PasEepTEa OCLHANOrpattbl
]

Finite Samples ~

‘;‘::aﬁﬁw DAQMX  DAGmx Start  DAGQmx Daomx Stop Simple Error
Timing. i Task. vi Read.vi Task.vi Handler . vi

{am E -E

HaCTOTA BbIEDDKH

} Sample Clock, "I Analog 1DDEL _

1Chan N3amp

[MTockonbky BBOA umcia BeIOOpok Ha kaHan (number of samples per channel) BIT DAQmMx Read
ocrancs HenoakmoyeHHbIM, NI-DAQMX aBToMarndecku ompeaesiseT KOJIMYECTBO BBIOOPOK IS
YTeHHs, OCHOBBbIBasicb Ha KoH(urypaumun BII DAQmMx Timing. NI-DAQMX aBToMaTHYecKH
OIIpeeNsieT ATO 3HAYCHUE M yCTaHaBIMBaeT BBOJ number of samples per channel B 3nauenue —1.
BIT DAQmx Read Bosppamiaer 2D maccuB, KOTOPBIH MOKHO HEMOCPEICTBEHHO TI0/IaTh Ha rpaduk.
B ornuume OT THMa AaHHBIX «OCHMJUIOTPaMMa», MAacCHB HE COJAEPKUT HUKAKOW BpPEeMEHHOM
uHpOpMAaLUH.

Bcerna coenunsiiTe BXOAHbIE M BBIXOJHBIE TEPMHUHAJBI KilacTepoB omrbok BII mexmy co6oii.
Ecmu Ha Bxoa error in xakoro ju6o u3 BIT DAQmMx Start Task, DAQMx Read wiin DAQmXx Stop
Task moctynut omunodka, To BI1 Bo3Bparut nrdopmanuio 06 ommdke Ha CBOM BBIXOIHOW TEpPMUHAI
error out u He OyaeT MPOJOJKATh BBIMOMHATHCSA. Hampumep, mpeamnonokum, 4Tto Bo3HUKIA B BII
DAQmx Start Timing. Drot BII npekpaTuT BeIoOJHEHHE U NepenacT HHGopMaIuo 00 ommoKe B
BIT DAQmMx Start Task. [TocienHuil BBIMOJIHATBCS HE OyAET — OH MPOCTO IEpeiacT OUIMOKY B
cnenyroumii BII. Takum oOpaszom, uHpopMamms 00 ommOke mpoxoauT depe3 Kaxapld BII u
nocrymaer B Error Handler miist oroOpakeHnusi.

UYroObl MOHATH, YTO MPOUCXOTUT NpU OypepH3sUpoBaHHOM cOOpe JAHHBIX, PACCMOTPHUM €ro
0oJee moaApoOHO.

[Tpu monydyeHNH aHATOTOBBIN CUI'HAJ MPOXOAMT Yepe3 MHCTPyMEHTaNbHbIM ycunurens B ALIIL.
3atem oH moctymaer B FIFO (ot First In First Out — nepBbIM NOCTYIUII — MEPBBIM BBIBOUTCS)
Oydep, pacrmoyio)keHHbIE B YCTPOICTBE, KOTOPBIN XpaHUT AaHHBIE IO TEX MOp, OKa OHU He OymyT

nepeaHbl U3 YCTPOMCTBAa B KOMIBIOTEp. [locie 3Toro JaHHbIE MOCTYMAOT U3 yCTpoicTBa B Oydep
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I[IK mo kanamy mnpsmoro pgoctyma k mamstu (Direct Memory Access — DMA) wmm ¢
UCIIOJIb30BaHKEM 3arpoca npepbiBanus (I nterrupt Request — IRQ).

Bydep nepconansHOro KOMIbIOTEpPa MPEACTABISAET cOO0M 00JacTh MaMATH, B KOTOPOH XpaHATCS
JaHHBIC TIOCTIC MOJydeHUsT WX U3 ycTpoiictBa. BBoa number of samples per channel BIT DAQmMX
Timing (umu buffer size 8 BIT DAQmx Configure Input Buffer) sanaer 6ydep I1K, koTopsrit xpaHuT
nanubie, moka BIT DAQMx Read He Oyzaer rotoB cuutarh ux. [locime storo BIT DAQMx Read
nepenaeT naHHeie B Oydpep LabVIEW, koTophlii 3aTeM MOXeT OBITh OTOOpaKEH Ha JIMIICBON
na”enu. bypep LabVIEW mosker nepenath JaHHbIE Ha TpapuK OCHUILIOIPAMM, B MacCHUB WJIH B
BHJIE THIA JAaHHBIX «OCIHUIOTpaMMa» B 3aBUCUMOCTH HacTpoliku kKoHduryparopa BIT DAQMX

Read 1 cnoco6a nmoakiroueHus BeixoqHbIX Tepmunanios BIT DAQmMX Read.
3.10. Me:x0y(depHas nepenada JaHHbIX

[Mepenaua nanHbix Mexay Oydepom IIK u Oydpepom LabVIEW sisiercst 0HO#M U3 BaKHEHIIHX
omepanuii aHaioroBoro BBoaa. Bmom number of samples per channel BII DAQmMx Timing
HaszHauaer Oycdep IIK. Ilpu BbimonHeHuu OydepuznpoBaHHOTO cOOpa IaHHBIX OH HaYMHaETCH,
korza BbI BezbiBaeTe BIT DAQMX Start Task. [Tocne Hayana c6opa nannsix 0ydep IMK 3anommsercs
JTAHHBIMU JI0 T€X MOp, MOKa He CTaHeT MOJHbIM. CKOpPOCTh HAMOJHEHHS OMPEAEIIeTCs 4aCcTOTOH,
KoTopyto BbI ycTanoBwm B BIT DAQMX Timing. [Tocne 3anonnenus 6ydepa [TK BIT DAQMX Read
NePeHOCHT JlaHHbIe U3 Hero B Oydep LabVIEW. Ilpu 6ydepusupoanrom coope BIT DAQmMX Read

nepeMeniaeT Bce JaHHBIC 3a pas.
3ananue:

[TomyunTs MaccHB JaHHBIX, HCHOJB3YS KoHpurypamuo Oydepu3npoBaHHOTO BBOJA
OTPaHHYEHHOTO KOJIMYEeCTBA JaHHbIX.

[Ipu wucnons3oBaHuu  Oyepu3NpPOBAHHOTO BBOJA OrPAaHMYCHHOTO KOJIMYECTBA JAHHBIX
LabVIEW 3anmaer, ckoibKO TOYEK HEOOXOIMMO MOJYYUTh M C Kakoil vactoToi. [locie sToro Bes
3a0oTa o0 TakTHpoBaHUH JOXuUTcs Ha DAQ yctpoiictBo. IIpu OydepusupoBannom BBome DAQ
YCTPOICTBO ympaBiiseT BCEMHU acleKTaMH cOopa JaHHBIX. B MpOTHBOMOIOKHOCTE 3TOMY, IPU cOOpe
JAHHBIX C IPOTPaMMHBIM TaKTUPOBAHUEM 3a YIIPAaBIICHHE COOPOM OTBEYAET TOJIHKO KOMIBIOTEP, YTO
MO>KeT ObITh MPOOIEeMaTUYHO, €CITU KOMIIBIOTEP BAPYT HE CMOXKET JaTh JOCTaTOYHOTO MPUOPUTETA

nporeccy coopa JaHHBIX.
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1. Otkpoiite HOBBINM BII 1 co3aaiite cienyroniyro JUIEBYIO MaHEb.

MrA DAQm: KaHana
[
#EHIBOPOK Ha KaHan
i);l 1000
.‘-I-EIIZTEITEI BblﬁDDKH
LJ'J 1000, 00

I{:, Sine W' ave

PEI3BE|:ITKEI QCUHAnorpaMmMel
-
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Flot 0 LA

[
100

Epema

BoibmIMHCTBO TIOKAa3aHHBIX BBIIIEC DJIEMEHTOB YHIpaBJICHHUA Bbl MOXKCTC CO34aThb C 0JI0K-

AuarpaMmbl, BbI3bIBask KOHTCKCTHOC MCHIO COOTBCTCTBYIOIIUX TCPMHUHAJIOB BUPTYAJIbHBIX HpI/I60pOB

u BbIOUpas B HuX onuuto Create»Control (Co3narb»neMeHT ypaBlIeHHUs).

brnok-guarpamMmma

2. [TocTpoiiTe cnenyronyro OJ0K-Iuarpammy.

#EEIOOPOK HA KaHan

Ma DACImx

PasEepTEa OCLHANOrpattbl

faHana A DAGIm: Start DAGm:: Dacmsx Stap  Simple Error
Timing. i Task. vi Read.vi Task, vi Handler . vi

. I

JarToTa BeIGOpKK "'".[ﬁ S .{ﬁ

' Sample Clock, "I

Analog 10 DBL
1Chan N3amp

3. [lepexmrounTech Ha nuueBYyIo maHenb u 3anycture BIL. Ha rpaduke nomken oToOpa3uThes

CHUT'HAJI.
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3ananue:

[TomyunTes  ocUMJIIOTpaMMbI,  HCHOJB3YS  Oypepu3supoBaHHbIM  cOOp  JaHHBIX, U
IIPOAHAIM3UPOBATh 3T JJaHHbIE JJIS HAXOKJACHHUS MAaKCUMAJIbHOTO M1 MUHUMAJIBHOTO 3HAYEHUH.

Jannbiii BII no3BoguT BaM HaWTH MakCUMalbHOE U MUHMMAJIBHOE 3HAYEHUs CUHYCOUIAIBHOTO
CUTHaJa. DTU 3HAYEHMsI IOMOTYT OIpPENeNuTh, paboTaeT JI TeHepaTop B Mpeenax 3asiBICHHBIX

TEXHUUYECKUX XapaAKTEPUCTHK.
Pemrenne:

2. CoznaiiTe ciaeayronyr OIoK-1uarpaMmmy.

PaseepTEa OCLUMANOrpartbl

HoMep E&I0paHHON DCUMANOrPEMME! Simple Errar
[I52H)  1ndes waveform Handler.vi

Array.vi
(3 ¥

amplitude and
Lewvel

Measurements
Signals MHHHMANEHOE OTPHUATENBHOE MHEOS:

Meqgative Peak  +r=tr

Positive Peak, >1Mar<cnmanbhoe NONOHHTENEHOR MHMKOE

¥

#EEIGOPOK Ha KaHan

MMA sagauH
Dz
| ImE

DACHE: Stop |
Task.wi H

DAz DA Skart Dbz
Timing.vi  Task.vi Read.vi

-
YACTOTA BeIDOpK] e

; G
A
K Sample Clack ~ Analog 10 Wm
MChan M3amp

{=

Okcnpecc-BIT  Amplitude and Level Measurements, pacnoiokeHHbIi B  MajJUTpe
Functions»Signal Analysis, onpesenseT MakCUMaJIbHOE M MUHUMAJTBHOE 3HAYCHHSI CUTHAJA.

— B mumanorosom okue Configure Amplitude and Level Measurements (Hactpoiika u3mepeHuii
aMIUTATY/IbI ¥ YPOBHSI) MOCTaBbTE OTMETKM HApOTHB ommuit Maximum peak u Minimum peak.

— Haxxmurte KHOIIKY OK AJIsI IPUMCHCHU S U3MEHCHUMN U 3aKPbITUA AUAJIOTOBOI'0 OKHA.
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3.11. Biok-cxema HenpepbHIBHOTO ¢H0Pa TaHHBIX

OcHoBHOE oOTIIMYKME Oypepu3upoBaHHOTO CcOOpa OrPaHUYCHHOTO KOJUYECTBA JAHHBIX OT
HETPEPBIBHOTO OYy(pepH3UPOBaHHOTO cOOpa NAHHBIX 3aKIOYAETCS B KOJIWYECTBE TOYEK, KOTOPOE
HE00XO0IMMO MOJYYUTh. B IepBOM cityuae BbI MOJIy4aeTe HEKOTOPOE YHCIIO ToYek. Bo BTOPOM — BbI
MOXeTe coOpaTh HEOTPAaHUUEHHOE KOJIMUECTBO JaHHBIX. Cremayromas ONoK-cxeMa JeMOHCTPUPYET

HENpepbIBHBIN Oy(]epu3npoBaHHbI COOp TaHHBIX.
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o CUMTeIESHKME [T
HCaTETmeDCT;z @ I — OAHHEX 1= rﬁ: —
TR Gyepa

¥

Janyck cBopa [0
OEHHBIX =

BrinonHeHo?

S—
OtoSpaokerie  |(Error) ‘ CJcTaHoEkKa I?E:m
OWKEDK _,'_ zana4du 1=

[lepBpie Tpu oSTama Ha OTOH ONOK-CXeME€ COBMAJAlOT C OHBIMH Ha OJOK-cXeme
OydepusupoBanHoro cobopa nanubix. OHK 0TBevaroT 3a HacTpoiky DAQ ycTpoiicTBa BUPTyalnbHBIM
npudopom DAQMX Timing, 3a 3amyck c6opa mannsix BIT DAQmMX Start Task u moarotoeky k
cuntbiBanuio nanHeix BIT DAQMX Read. Ilockoibky BBl coOMpaeTe HaHHBIC HENPEPHIBHO, M
CUUTBHIBATh JaHHBIC TAKKe HEOOXoauMo HenpepbiBHO. [loatomy momectute BIT DAQmMX Read B
UK. LUK 3aBEpIIUT BBINOJHATHCS, €CJIM BO3HUKHET OIIMOKA, MM €CIHU Bbl OCTAHOBHUTE €r0 C
nuneBoi nanenu. [Ipu kaxaom BeimosiHeHnu mukina BIT DAQmMX Read OGynet Bo3Bpamiars JaHHBIE.
Korma e BbeimosnHeHue 1wmkia 3akoHuntces, BIT DAQMx Stop Task ocraHoBUT 3amady u
BbIcBOOOAMT pecypebl. BIT Simple Error Handler mokaxker ommOKH, BO3HHKIIHE B IIpOIECCe

BBITIOJIHEHHS.
3.12. HenpepsbiBHBIii 0ydepu3upoBaHHbIii cOOp TaHHBIX

Cnenytomas 6mok-guarpamma BII HenmpepbiBHOTO Oydepu3npoBaHHOTO cOOpa JaHHBIX MOX0XKa
Ha Oyhepru3upoBaHHBIN cOOp JAaHHBIX CO CIETYIOUTUMH U3MEHEHUSIMHU

* BIT DAQmMX Read HaxoauTcss BHYTPH IUKJIA 110 YCIOBHIO.

* BBog umcno BBIOOpOK Ha KaHal ompezessiercss mosb3oBaTeneM. [Ipu cOope orpaHHYeHHOTO

qHucia JaHHBIX NI -DAQmX ABTOMATHUYCCKHU OMPECACIIACT KOJIUICCTBO BI)I60pOK JJIs1 YTCHUA. Ecau BBl
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OCTaBUTE 3TOT BBOJ HEMOAKIIOYEHHBIM MM BbicTaBuTe 3HaueHHe —1, NI-DAQMX cuuTaer moxHoe
KOJINYECTBO BBIOOPOK, UMEOLIUXCs B Oydepe.

* OTCIeKHUBACTCS KOJIMYECTBO BEIOOPOK, TOCTYIHBIX 11 cunThiBanus (backlog).

HHEND BbIEDDDK Ha EaHan

YMcno BeIBOpOK, AOCTYMHEL:
ANA CHMTEIEAHHA

" =z DAGQMx Read &
AvailsampPerChan W

padimi OCUHANOTparel

DAQe  acgme Stark DA ] DAQm:x Stop Simple Ervor
Timind.vi  Task.vi Read. vi W: Task., vi Handler wi
. e b
S i
__________________ ey {2
Al voltage = Sample Clock * Analog Wm
1Chan MSamp
YACTOTE BbIGOpKK
C

skop

@

JIist mprMEHEHHsI HePePBIBHOTO Oy(hepH3UpOBaHHOTO cOOpa TAaHHBIX BHavase Ucnoib3yite BII
Timing, HacTpauBasi TAKTUPOBAHHUE, YKCIO BEIOOPOK Ha KaHa Jyis uteHus (Oydep) u yacToTy coopa
nanubix. [lanee ucnonssyiite BIT DAQMX Start ans 3amycka coopa nanubix. 3atem BIT DAQMX
Read, momenieHHbIi B UK IO YCIIOBUIO, Oy/IET CUNTHIBATh IaHHBIC U3 Oydepa.

JIist mpenoTBpalleHus IeperoTHeHus Oydepa Ynuciio BHIOOPOK Ha KaHaw it uteHus (number of
samples per channel to read) He MoxeT OBbITH OOJBIIMM WM PaBHBIM pa3zmepy Oydepa. OObIYHO TpH
HENpepbIBHOM cOOpe JIaHHBIX YCTAaHABJIHMBAIOT 3HaueHHe BBojaa Number of samples per channel to
read paBHBIM 4eTBepTH OO TosoBHHE pasmepa Oydepa. [Tockonpky LabVIEW HenpepbiBHO
OTHpABISET JaHHbIE B Oydep, BaKHO MOCTOSHHO CICAUTH 32 YHCIOM JOCTYIHBIX BBIOOPOK B
Oydepe, 4TOObBI OBITH YBEpEHHBIM, YTO Oy(ep OMycTOIaeTCs JOCTATOYHO OBICTPO.

Ecnu ke KomuecTBO TOCTYMHBIX BEIOOpOK Ha KaHau (backlog) mocTosiHHO Bo3pacTaer, To Oydep
MOYET TIepPETIOIHUTHCS, M BO3HUKHET omnOka. L{uki mo ycnosuto, coneprkamuii BIT DAQMX Read,
MOXeT ObITh OCTAaHOBJICH JIMOO MOJIb30BaTEIEM, HaXKaBIIMM KHOIIKY Ha JIMICBO# MMaHeH, TU00 Mpu
Bo3HHKHOBeHHH ommOku B BIT DAQmMX Read, Takoii kak nepenonnenue oydepa. [Tocie octaHOBKH
mukia BIT DAQmMx Stop Task ocranoBuT 3amauy u BbicBoOOAMT pecypekl, a BIT Simple Error

Handler otoOpasut Bce BO3HUKINNE OIIAOKH.
3.13. HHukauueckuii 0y dep

Omnepanus HempepbIBHOTO OydepusnpoBaHHOro cOOpa JaHHBIX JOCTATOYHO CJIOKHA, OCKOJIBKY

KOMITBIOTEP HCIOJIL3YeT oAuH Oydep, a BBl MoJydaeTe OOJIbIIee KOJIMUYECTBO JAHHBIX, YeM MOXKET
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BMecTUTh Oydep. UTOOBI BBIMOIHUTE ATO, UCIIOJIB3YHTE TUKINYECKUi Oydep. Caemayronmii pucyHOK

WJUTIOCTPUPYET padOTy MUKINYECKOTO Oydepa.

HaHHEIE, Homep Tekyweid Tekywee MeCTO
NOCTYNAHWKWE  Caman "ceexan” epifopka EEISOpKHK CHHTEIEEHM A

M= HC;T‘IIJI?CTBEL / L # i

1
\/\/\-.'I BriBopKM, NEpEOaHHEIE M3
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[Muknugyeckuit Oydep NOX0K Ha OOBIYHBIM, TOJBKO BMECTO 3aBepIIEHHUs pabOThl IMpU
JOCTIKEHUH KOHIIA IIMKIINYecKoro Oydepa, Bbl HaunHaeTe 3anmyck cHadana. bygep 1K nasnagaercs
NP 3aJaHUM 3HAUCHUs Ha Bxozae samples per channel (#Bbi0opok Ha kanan) BIT DAQMX Timing.
Korma BII DAQmMx Start Task 3amyckaer cOop nanHbiX, Oydep IIK HaumHaeT 3amosHATHCS
naHHbIMU. [Iporiece momydeHus JaHHBIX IPOUCXOAUT BHYTPU IIUKIIA TIO YCIOBHIO.

[TpeamnosioxumM, 4To BbI 3aalT YKCI0 BRIOOPOK it urenus (number of samples per channel to
read) paBHBIM 3HAUCHHIO MEX/Ty YETBEPTHIO U MOJOBUHOM pa3mepa Oydepa. Korma dncio BEIOOpPOK
Ha kaHan B Oydepe IIK craner paBHBIM KoJIM4ecTBY BbiOOpok ais utenus, BIT DAQmMX Read

NepeMecTUT 3TO0 4ucio BbIOOpok u3 Oydepa I[IK B Oydep LabVIEW. BII DAQMx Read
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ycTaHaBiuBaeT ¢iar (MEeTKy), Ha3bIBaeMblil TEKYyIlee TOJI0KEHHE BBIOOPKH, YTOOBI B AalbHEHUIIIEM
MPOJOJKUTH CUUTHIBAHHUE C MECTA, I'JIe OHO OBIJIO OCTAHOBIICHO.

Mexnay tem, Oydep IIK mpomomkaer 3amonHAThCsS naHHBIMU. [loka 3T0 mpoucxoaut, BII
DAQmx Read nponmomkaer nepenaBaTh aaHHbie U3 Oydepa [1IK B Oydep LabVIEW. Korna merka
KOHIIa JaHHBIX AocTuraer mpenena Oygepa [IK, To HOBble NaHHBIC HAYMHAIOT 3alUCBHIBATHCA B
Hayase 3Toro Oydepa. Pazuuma Mex 1y METKOM KOHIIA BBIOOPOK U TEKYIIHUM IOJIOKEHHEM BBIOOPKU
paBHA YHUCIy IOCTYMHBIX BeIOOpok Ha kanan (backlog). LabVIEW nomkHa cUMTHIBATH JAaHHBIC
JOCTaTOYHO OBICTPO, YTOOBI M30EeKaTh Ciydas, KOTJa METKa KOHIAa JAAHHBIX JOTOHHUT TEKyllee
MOJIOXKEHHUE BBIOOPKH. B MpOTHBHOM ciydyae, HOBBIE JaHHBIC 3alUIIYTCS TOBEPX CTapbIX, H

LabVIEW Bbimact ommoky.
3.14. Ommoxka Ha0KeHHUs 3amucei

HaubGonee pacmpocTpaHeHHas OmMOKa, ¢ KOTOPOH BBl MOYKETE CTOJIKHYTHCS MPU BBIOJHEHUU
HeTpepbIBHOTO Oydepu3npoBaHHOTO cOOpa JaHHBIX, 3TO OMIMOKa HAJIOXKEHUs 3amuceil (overwrite
error). Dra ommOKa BO3HHKHET, KOTJa METKa KOHIIA BBIOOPOK JIOTOHHT TEKYILEE ITOJIOKCHUE
BBIOOPKH, M JIaHHBIC OYIyT HaKJaJablBaThCs APYT Ha apyra. Dto mpoucxoiut, eciu LabVIEW we
JOCTaTOYHO OBICTPO cuMThiBaeT naHHble U3 Oydepa I[IK. CymiecTByeT HECKOJIBKO CHOCOOOB,
MOMOTAIOMMUX M30eXaTh 3TOM OIMMOKH, HO HE BCE M3 HUX MOYKHO HPUMEHSTH B KOHKPETHOMH
CUTYalluH, TaKk KaKk HEKOTOpbIE cpadaThIBAIOT JIy4llle, YeM ApYTHUe.

* YBenuubTe YMCI0 BBHIOOPOK Ha KaHan (pasmep Oydepa) B BII DAQmMX Timing. DTa mepa He
CHMMET Ipo0seMy, ecH BBl He oIycTomIaere Oydep ¢ JOCTaTOYHON CKOPOCTHIO. 3alIOMHUTE HOPMY
quciaa BHIOOPOK Ha KaHAN Il CUMTHIBAHMA: OT YETBEPTHU JO IMOJOBHHBI pazmepa Oydepa. Ecmu
yBeIHUeHHE pa3Mepa Oydepa MpHUBENEeT K BHIMOJHEHHIO YKa3aHHOTO YCIOBHSA, TO 3TO HCKIIOUUT
OLINOKY.

* Omycromaiite Oydep ObicTpee, yBeTMYMBas YHCIO BBIOOPOK HA KaHA JUIS CUUTHIBAHUS
(number of samples per channel to read). He ycranaBmuBaiiTe 3TOro 4yucia CIMIIKOM OOJIBIITUM,
MOCKOJIBKY TPH 3TOM BO3HHKHET nay3a B BII DAQmMX Read no Tex mop, moka KoJIM4ecTBO BEIOOPOK
B Oydepe He mocTUrHeT umMciaa BHIOOPOK AJsl CUMTHIBaHHUS. Bpems, 3aTpaueHHOE Ha OXXKHIaHUE
3amnoJsiHeHus Oydepa BbIOOpKaMu, MOTJIO OBITH MOTPAYCHO Ha oIycTolIeHne Oydepa.

* YMEHBIIUTE YacTOTy BbIOOpOK Ha kanai B BIT DAQMX Timing. Dta Mepa 3aMeUTUT CKOPOCTb,
C KOTOpOW JaHHBIE OyIyT OTHPaBIATHCA B Oydep. OmHako 3To He Bcerzaa MOXKET ObITh JOCTYIIHO,

€CJIM BaM HCO6XOI[I/IMa OMpCACIICHHAA YaCTOTa JUCKPECTHU3AINN.
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* M30eraiiTe 3amMe/yICHUs BHITIOHEHUS IMKJIA M3-32 HEHY)KHOTO aHAJIN3a JAHHBIX BHYTPH HETO.
3.15. Ommoka nepenoiHeHUs

Jpyras ommuOKa, KOTOpasi MOXKET BO3HUKHYTh IPU HEMpepbIBHOM OyQepu3upoBaHHOM cOope
JaHHBIX, BhI3bIBaeTcs nepenoinenueMm FFO 6ydpepa DAQ ycrtpoiicTBa. Dta ommbka HE HACTOJIBKO
pacrpocTpaHeHa, Kak OIIMOKa HaJOKEHHS 3aluCH, HO €e W He TaK Jierko wucrpaButh. OHa
nosiBisiercs, koraa FIFO Gydep He omycromaercs gocrarouno OvicTpo. Ilpu mepenade maHHBIX B
Oydep kommbrorepa cocrosiure FIFO Oydepa 3aBucut win or DMA uwmm ot |RQ, mostomy, xorma
FIFO Oydep omycromaercss HEOOCTATOYHO OBICTPO, €CTh BCEro JIMIIb HECKOJIBKO CIIOCOO0OB
MPEIOTBPATUTD OLIUOKY.

* Y6enurech, uto, ecnmu DMA noctynen, Bl ucnons3yere kaHan DMA s nepenavyn JaHHBIX.
[Mpsimoit moctyn k namsiti (DMA) paboTtaer GbicTpee, yeMm 3anpoc npepsiBanus (IRQ), u 3To Mmoxer
3HAYUTENBHO YBEIWYHUTH ObIcTpoaelcTBHe. 3a Oonplieil mHpopmarmeid 06 ucnonb3oBanuun DMA
obpamaiitece kak cnpaBke NI-DAQMX Help u y3my cBoiicteB DAQMX kanana (cBoiictBo Data
Transfer Mechanism (Mexanu3m nepefaun JaHHBIX)).

* YMeHbIIUTE 4acTOTy BBIOOpKHU Ha kKanai B BIT DAQMX Timing.

* [Ipuobpetute ycrpoiictBo ¢ Gonbmmmm FIFO O0ydepom. OmHako 3TOT crmoco® MOXKET TOIBKO
OTTSHYTb MOSIBIICHHE MPOOIEMbI BMECTO €€ PEeIlICHHS.

* IIpuoOpeTtute KOMIbIOTEp ¢ Oojee ObICTPOI MIMHOW, YTOOBI YCKOPUTH MepeAavy AaHHBIX U3
FIFO 6ydepa B Oydep xommbrotepa. Ilepenonnenre 00yCIOBICHO TeM, YTO CHCTEMa HE 3a0upaer
JaHHBIE U3 YCTPOMCTBA ¢ Ha/uIexameil ckopocTbio. [1o3ToMy KoMIbIOTEp ¢ Gojiee OBICTPO IIUHOM

MokeT nepeHocuTs nannsle u3 FIFO Oydepa ObicTpee.
3ananne:
HenpepriBHo mosnyvaiite nanusle ¢ nomouisio DAQ ycrpoiicTBa u 3anuchiBaiiTe ux B aiii.
Pemenne

JInuieBasa nmanein

1. Otkpoiite HOBBINM BII 1 co3aaiite cienyroniyro JUIEBYIO MaHEb.
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Sine Wave m
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brnok-guarpamMmma

2. [TocTpoiiTe cnenyronyro OJ0K-Iuarpammy.

#ebifopoK Ha KaHan Yucno BeI00p0K, A0CTYMHEL
EE7 ANnA CHHTEIEaHHA
(Continuous Samples |
PasBEpTES OCLHANGrPaHHE!
Uit DAGm: DAQMX  DAGmx Start DA Y| DAGm Skop  Simple Errar
KaHana Timing. vl Task,yi Read, vi W Task.vi Handler vi
IE m Pey E_z B =t DAgMx Read & ]
YarToTa ebifopkH {m iy AvvailsarmpPerchan - [ {5
¥ sarmple Clock = Analog Wim
1Chan MSamp
stop E

V3en cpoiictB DAQmMx Read Property Node, pacnonoxennsiii B mamutpe Functions»All

Functions»NI Measurements»DAQMx - Data Acquisition, wucmoss3dyercs mis TOJXYYCHUS
JOTIOJIHUTENLHON HMH(pOpMaIMK 0 cocTosiHuK Oydepa. BBI30BUTE KOHTEKCTHOE MEHIO Y3iIa |
BbIOepuTe omuuio Properties»Status»Available Samples per Channel. 3to cBoiicTBO oTCiekHuBaeT
KOJINYECTBO HETIPOYMTAHHBIX BHIOOPOK Ha KaHal B Oydepe.

3. Tlepexmrountech Ha JHIEBYIO maHenb. 3amyctute BII. HabGmromaiiTe 3a maHHBIMH, KOTOpBIC
otoOpaxaeT pas3BepTka. [laHHble 3anodHSIOT Oydep (PUKCHPOBAHHOTO pa3Mmepa B MaMATH, 3aTE€M

MIEPETMCHIBAIOT 3HAUCHUS, 3aOTHsIsI Oydep ¢ Havana.
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4. TlonaGmopaiite 3a BeauunHOW Yuciaa BBIOOPOK, MOOCTYMHBIX ISl CYATBIBAHHS TPU
YMEHBIICHUU YaCTOTHI WJIM KOJIMYECTBA BHIOOPOK Ha KaHaI. YHMCIIO JOCTYMHBIX BHIOOPOK HA KaHaI
OTIpeAeNsIeTCs KaK KOJIMUECTBO BEIOOPOK Ha KaHaJl, IPUHATHIX B Oydep, HO ellle He CYMTAHHBIX. JTa
BEIIMYMHA SIBJSICTCS MEPO, HAaCKOJBKO YCHEIIHO BBl CIPAaBIISICTECh C HEMPEPHIBHBIM COOpPOM
nanHbIX. Ecnm Hempounrtanuble nanHble (backlog) HempepbhlBHO BO3pacTaroT, TO 3TO MpPH3HAK
HEJIOCTATOYHOW CKOPOCTH CUUTHIBAHUS NaHHBIX U3 Oydepa, 4To, B KOHIIE KOHIIOB, MPUBEICT K HX

notepe. Eciu ato mpousoiiger, BIT DAQMX Read Bo3BparuT ommokKy.
3aganmue:
Hcnons3zoBath mudpoBoii TpUTTEp LIS 3allycKa ONepaluy HEMPEPHIBHOTO cOOpa TaHHBIX.
Pemenue

brnok-guarpamMmma

Co3pnaiite cnenyomnyro OJI0K-aUarpaMmy:

Kon-e0 Ebibopok,

#BLIGOPOK HA KaHan

Lita Dacme
KaHana

HCTOYHHE

PaseepTra OCULHMANOrPamMbl

’FEI

DAGm:
Read.vi

AOCTYAHER 4N8
CHUTEIEAHHA M3
KkaHana

DaQm:x Stop Simple Errar
Task., vi Handler vi

= I ; mzl B = DA Read G i oo -
EElS T ) ee— ) ) SR ] S 1}69%: ﬂ ..;lvai|Sam|:nF'erChan.;'Dj (P ] M-
L Sample Clock ™ Skart Analog wim f
Digita?rEdge M l%ﬂ
top o +
= g
BIT DAQmMx Trigger, pacnoioxeHnelii B mamutpe Functions»All  Functions»NI

Measurements»DAQmMx — Data Acquisition, HactpauBaer Tpurrep. BbI30BUTe KOHTEKCTHBIE MEHIO

BBO10B edge u source, Beioepute Create»Control, u BBequTe clieayronme 3HaYCHHUS:

* Ucrounuk: /DevX/PFIO, raoe X cootBercTByeT HOMepY Bariero DAQ yctpoiictea B MAX.

» ®ponT: Rising

3.16. ApxuTeKTYpa BbIBO/Ia AaHAJIOTOBBIX CHTHAJIOB

BonbmmHCTBO ycTpoiicTB M-cepun UMeroT nudpo-aHaioroBblid mpeodpasosatenb (LIAIL) mus

KaXJJ0ro M3 KaHAJIOB aHAJOI'OBOI'O BEIBOJA. HI/I(i)pO'aHaJ'IOFOBI)Ie npe06pa303aTeJm OOHOBJISIOTCS

OIHOBPCMCHHO, TaK 4YTO IJIA onepaum?l BbBIBOJA HCO6XO}II/IM JJMIIb OJHUH TaKTOBBIN reaeparTop.
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TakToBBIf TeHepaTop AaHAJOTOBOTO BBIBOJA cO3JaeT curHan pereHepauun (update clock).
BrIxo/iHbIe CHTHAJBI KaHAIOB aHAJIOTOBOTO BBIBOJIA CHHXPOHHU3UPOBAHBI TAKKM e 00pa3oM, Kak u

KaHaJIbl aHAJIOTOBOI'O BBOJa IIpH OI[HOBpeMeHHOI\/'I BI)I60pKe CHUTHAJIOB.

KaHan 0 Kanan 0

K.aHan 1

KaHan 1 r\/\/

LTAIT umeet pabounii nuamnazoH, onpeaeIseMblid OMTOPHBIM HallpsbKeHHEM. B kauecTBe OMOpHOTO
HaTpsKEHUST MOXKET ObITh BHYTPEHHHMM MM BHEIIHUI curHai. BHyTpeHHee omopHOe HampshKeHUe
paBao + 10 Boabram. PaGoumnit muamazon LIAIl MOXHO YCTaHOBUTH OJHOTOJISPHBIM JINOO

OUTIOJISIPHBIM.
3.17. bunoasipublii padouuii AMana3zoH

bunonspHeIii CHrHaN HMEET IWana3oH, COJCPXKAIIUI IOJOKUTEIbHbIE W OTpHIIATEIbHBIC
3HaueHus1. ECITM BBl yCTAaHOBHUTE YCTPOMCTBO B PEKUM OHMIIOJSIPHOTO CUTHAJA, TO pab0vnii 1uana3oH
LIAIT onpenensieTcst CASAYIOMUAM 00pa3oM:

* MakcumasbHoe Hanpspkenue = +Vref

* MunuManbHoe HanpspkeHue = —V ref

Hampumep, ecim Bbl MCHOJB3yeTe BHYTPEHHEE ONOpHOE HampsbkeHue Benmuunoi +10 B, To
paboumii muanazon LIAIT Oynmer ycranonen or —10 mo +10 B. Omgnako ecnu curHan Oyxaer
U3MEHAThCA 0T —5 10 +5 B, TO BBl HE cMOXKeTe MCIOJB30BaTh MakcuMaibHOe paszpenieHue LA
YroObl paspemieHue JOBECTH JI0 MAaKCHMyMa, MOJKHO YCTAaHOBUTH BHYTPEHHEE OIIOPHOE
HanpspkeHue BenmuuuHOM +5 B. Temepn pabouuit nuamazon LIAIl Oyzer paBeH ot —5 mo +5 B,
COBIAJAsl C TMAra30HOM U3MCHEHHUSI CUTHANA, ¥ BBl OyJeTe IeJTMKOM UCIOJb30BaTh Pa3pelIatomlyto

ciocobHocTh LJAIT 1y1st renepaiiy curHana.
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3.18. OanonosipHbIii padoumii AUana3oH

OIHOMOJNSIPHBIA CUTHAJI UMEET IMAIa30H M3MEHECHWi, COAEpIKAIIUi TOJBKO MOJIO0KUTEIbHBIC
3HaueHHs. EciaM BBl YCTAHOBHUTE YCTPOMCTBO B PEKHM OJHONOJSAPHOTO CUTHANA, TO PabO4Mit
muanazoH LAIT onmpenenseTcs ciexyromum o0pa3om:

* MakcumasbHoe Hanpsokenue = +Vref

* MunumanbHoe HanpspkeHue = 0 B

Hampumep, ecinm BbI MCHOJIB3yeTe BHYTPEHHEE ONOpHOE HampsbkeHue BenmuuHoi +10 B, TO
paboumii nmuanason I[IAIl Oymer ycranoBineH ot O mo +10 B. Opnako ecnu curHan Oymer
nm3MmeHsaTees oT O 1o +5 B, To BBl HE CMOKETe MCIOJB30BaTh MakcuMmalibHOe paspemieHue LA
YroObl paspemieHne JOBECTH JIO MAaKCHMyMa, MOJKHO YCTAaHOBUTH BHYTPEHHEE OIIOPHOE
HanpspkeHue BennuuHo +5 B. Temepp paboumii aumamason LAIl O6yzmer pasBen ot O mo +5 B,
COBIAJAsl C TMAra30HOM U3MCHEHHUSI CUTHANA, ¥ BBl OyJeTe IeTMKOM UCIOJIb30BaTh Pa3pelIatomlyto

criocobHocTh LAIT 11 TeHepaluu cUrHaa.
3.19. Ucnoan3oBanue BII 3anucs DAQMX

BIT DAQmMx Write, pacmonoxennsiii B mamutpe DAQMX - Data Acquisition, 3amuceiBaeT
BBIOOPKH B OIpE/eCHHbIC BaMH 3aauy Wi KaHaibl. KoHguryparop sroro mosumMopduoro BII
3amaet (opMat BHIOOPOK JJIS 3alIMCH, 3AITMCHIBATD JIX OJHY WUJIM HECKOJIBKO BBIOOPOK, U 3aIUCHIBATh
JM B OJIMH WM HECKOJBbKO KaHasoB. Ha JaHHOM 3aHATHH OyIyT ONMCAHBI HACTPONKH aHAIOTOBOTO
BeiBosia BIT DAQMmx Write. [Tnst Bei6opa Hactpoek storo BIT ncnosns3yiiTe Beinaaroniee MEHIO.

CymectByet uetbipe MeHIO BbiOopa mapamerpoB BIT DAQMX Write. TlepBoe MeHIO 1Mo3BOJISET
BBIOpATh THIT BBIXOJTHOTO CUTHAJA:

* AHaJOTOBBII

* Hudposoii

* HeoOpaboTaHHbIe TaHHBIC

Bo BTOpOM MeHIO MOXHO 3aJaTh YHCIO KAHAJOB JUIS 3allUCH, a TAaKKe 3alucCh IaHHBIX
HETIOCPEJICTBEHHO B YCTPOWCTBO 0Oe3 mpenBapuTelibHOro MacmrtabupoBanus (unscaled). Tpetse
MEHIO TI03BOJISIET BHIOpATh I'eHepanuio oxHoi (Single sample) mim Heckoipkux BeIOOpok (multiple
samples). Ilpu BbIOOpE OJHOTOYEHHOW T'EHEPAIMM JAHHBIX HCIIOJIB3YHTE YETBEPTOC MEHIO IS
3amaHus (opMaTa 3alHMChIBAEMBIX JTaHHBIX: ocIiuiorpamMa (waveform) wimm umcio ¢ raBaroniei

3amsitoi ynBoeHHoi Tounoctu (DBL). IIpu BeIOOpe reHepaiuy HeCKOJIBKUX TOUSK HCIIOIB3YHTE ATO
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MEHIO JUIS 3allMCH JaHHBIX B BUJIE OCHMJIJIOTPAMMBI MJIM MAcCHUBA YHCIIOBBIX 3HAYCHHH YBOCHHON
TOYHOCTH.

[Tpu renepanyu oJHOW BBIOOPKM TepMHUHAT aUtO Start mo yMoYaHUIO MMEeT 3HaYCHHE UCTHHA.
DTO MPOHCXOJUT TOTOMY, YTO MOJENb COCTOSHHS 3aJla4ll MOXET MOJHOCTHIO HESIBHBIM 00pa3oM
KOHTPOJIUPOBATh FCHEPAIMIO OTACIBHOM BEIOOPKH. OJJHAKO MPH BBIBOJIE HECKOJIBKUX TOYEK JIAHHBIX
TepMuHaT auto start mo yMoYaHWIO MMEET 3HAUeHHUE JIOXKb. DTO OOYCIOBIEHO TEM, YTO TeIephb
HEOoOX0MMa HACTPOMKa JOTOJHUTEIIBHBIX TapaMeTPOB TaKTHpoBaHus npu nomomnun BIT DAQMX
Timing, u B 3TOM ciydae moHanooutcst ucnonb3oBanue BIT DAQMX Start Task 1 DAQmMX Stop
Task. 3a Gonbureit nadopmanueii o moaenn cocrosauss DAQMX 3agaun oOpamaiTech KO BTOPOMY

3ansATUIO0, O60pYAOBaHKE U IIPOrpaMMHOE 0OecIIeueHne CUCTeM cO0pa JaHHBIX.
3.20. I'enepauusi 01HO# BbIOOPKH

B ciyuasx, korma ypoBeHb CHTHaja ropa3zio 6ojee BakeH, 4eM CKOPOCTh T'€HEepalliy, BEIXOJHON
CUTHAJI TPEACTaBIsAeT CcOOOH TONBKO OJAHY BBIOOPKY. Takum oO0Opa3oMm, eciu BaM HYKHO
CreHepHpoBaTh MOCTOSHHBIN CHUTHAJ TeHEPUPYHTE OAHY BHIOOPKY 3a pa3. YNpaBisiTh MOMEHTOM
reHepaluyl MOKHO MpU IOMOUIM NPOTPAaMMHOIO TaKTUPOBAHUSA, a TaKKe TAaKTUPOBAHUA C
HCIOJIb30BAaHUEM aIIIapaTHBIX CPE/ICTB.

* [IporpamMHO ympaBisieMoe TakTHpoBaHHEe — CKOpPOCTh, ¢ KOTOPOH T'€HEepUPYIOTCS BBIOOPKH,
ompenenseTca MpOorpaMMON M OMNEpallMOHHON CHCTeMOW, HO He YCTpOICTBOM cOopa JaHHBIX.
IlockosbKy B 3TOM cCilydae TEHEepalus BCELENO 3aBUCUT OT PECYPCOB Balllell OINEpallMOHHON
CHCTEMBI, JII0ObIe MPEePHIBAaHHS CUCTEMBI MOTYT BIIHSTH HA TEHEPALIUIO.

* AnmapatHo ympasiseMoe TakTupoBaHue — TTJI curnan, Takol Kak TaKTOBbIE HMMITYJIbChI
rereparopa DAQ ycTpoiicTBa, yrpaBisieT CKOpOCTbIO TeHepalui. B 3ToMm ciydae renepariisi Mo>xeT
MPOUCXOANTH C TOpas3ao OOblIel CKOPOCTHIO U TOYHOCTBHIO, YeM MPH MPOrPaMMHO yIPaBISIEMOM
TakTUpoBaHUU. He Bce ycTpoiicTBa moanep KUBAIOT TaKOW peKHUM TaKTUpOBaHMsA. YTOOBI y3HATH,
MOJJIEPKUBACT JIM Ballle YCTPOWCTBO aIapaTHO YIPABISIEMOE TaKTUPOBAaHUE, IOCMOTPUTE

JOKYMEHTAIIUIO K YCTPOMCTBY.
3.21. HacTpoiiku TAKTUPOBAHMS NPH I'eHEPAIIMU AHAJIOT0OBOr0 CUTHAJIA

Jlnst uapopmupoanust DAQMX 00 UCTOIB30BaHUU POTPAMMHO HIIM QlapaTHO YIPaBIIEMOTO
takTHpoBaHus ucnonbdyiite BII DAQMX Timing u/unm y3en cBoiictB DAQmx Sample Timing.

Beibupas Hactpoiiky koHduryparopa Sample Clock BIT Timing wiu ycraHaBnmBas Ui y3ia
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croiicte Sample Timing Type 3unauenne Sample Clock, B roBopute DAQMX, 4TO XOTHTE
ucrosb30Bath reHepatop BeiOopku (Sample Clock) Bamero DAQ ycrpoiicTBa Ui yrpaBJICHUsI
reHepanueit. [Ipy mporpaMMHO yrpaBiseMOl reHepalyH YCTaHOBHUTE Ul y3ia CBOMCTB Sample
Timing Type 3nauenne On Demand. Eciu BBl He 3ajajii TUO TaKTHpOBaHWs mpu nomoum BII
DAQmMx Timing umu y3ma coiicte DAQMX Sample Timing Type, To OyaeT HCHIOJb30BaThCsS
NPOrpaMMHO YIpaBJisieMasi TeHEePALIHsL.

Kpowme storo, BIT DAQmMXx Timing coxepxut onmuto Use Waveform B mento kondurypartopa. B
ATOM CITy4ae JUisi OMpEACIICHHs YaCTOThI BBIOOPKU HCIOJIB3YETCsS KOMIOHEHTa OcHuuiorpaMmel df,
KOTOpasi paBHa BpeMeHH (B CEKyHIax) Mexnay BbiOopkamu. C Takoil HacTpoiikoil Oymer
OCYIIECTBILSITBCS allapaTHO yIpaBlisieMas TeHepalus aHaJoroBoro curHaina. Ha camom jerne,
ommus Use Waveform BIT DAQMX Timing He 3acTaBisieT BBIBOJUTH 3HAUCHUS OCIHILIOIPAMMBI,
OHa JIMIIb WCIOJB3YEeT OCHWIUIOrpaMMy JUIsi HAacCTPOWKM TakTupoBaHus. s TOro dTOOBI

CTeHEepUPOBaTh CHTHAJ, MPHCOoeTuHNUTE ociutorpammy k BIT DAQmMx Write.
3aganmue:
Cosznate BII, renepupyromuii curaai BEJIMYUHON + S BOJIBT.
Pemenue:

Ortkpoiite HOBBIK BII 1 moctpoiite cnenyromryto 610k-auarpammy. [is co3maHus 3JIEMEHTOB
YIPaBJICHUs] U KOHCTAHT IIEJIKHUTE MpaBOW KHOIMKOW Ha BXonax W BeiOepure Create»Control wim

Create»Congtant B KOHTEKCTHOM MEHIO.

SHAYeHHE
[ T

PHBHYECKHE KaHanke!
/0 vy
G

] — B
At ey
AD Voltage ~ Analog DEL

1iChan 15amp

3ananue:

CO3I[aTI) BII U TCHEpaly IEPEMECHHOTO HAIIPSIKCHUS .
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Pemrenne:

brnok-guarpamMmma
W3mennre 6J0K-AuarpaMMy U3 MpeAbLAyLIero 3alaHns, KaKk T0Ka3aHo Ha CIEAYIOIIEeM PUCYHKE.

¢IH3H‘-IEIZKHE KaHankel s
I/0 w2 -
st g e e
a0 voltage - Analog DBEL

1Chan 15amp

[Mockonbky B Hcnonb3yere BIT Start Task, Bbl 107KHBI KI3MEHHTH 3HaYCHUE BXO/a aUto start Ha

JIoXKE.
N3menuTe muieByro naHelb Kak MOKa3aHO Ha CIEAYIOUIEM PUCYHKE.

PHEHMYECKHE KaHank! CKOpOCTE
% & A
| I DL L L L |
0 2 4 8 & 10

3.22. BII 0ydepu3upoBaHHOTO AaHAJIOTOBOI0 BbHIBOJA
JIst TeHepali HeCKOJIBKUX BHIOOPOK aHAJIOrOBOTO CHI'HAla BBIOEPHTE B BBINAJAIOIIEM MEHIO
koHpuryparopa BIT DAQMX Write omuro multiple samples. Takoit Tvn renepanum UCob3yercst
IUIs BBIBOJIA CHTHAA, W3MCHSIOIIETOCS BO BpPEMEHH, TaKOro KakK CHHYCOHMIAbHas BOJIHA

MHoroToueyHas reaepanusa HM3BCECTHA TaKKE KakK 6yq)epH3HpOBaHHLIﬁ aHAJIOTOBBIN BBIBOJ
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BydepusnpoBaHHbIii aHATOTOBBIN BBIBOJ MOKET OCYILECTBIATh HEMPEPHIBHYIO T€HEPAIHIO JAHHBIX
U TeHepaluio JaHHBIX KOHEYHOW UIMTeNbHOCTH. B o0oux crmywasx mpouecc Oydepuzanuu
COZEPKUT CIIeIyIOIUe IBa HTana:

1. 3anuck BbIOOpPOK B Oydep. Touku nmanubix 3abuparorcs u3 LabVIEW u nomemarorcs B
poMeKyTOuYHbIN Oydep B mamstu nepen ornpaBkoid ux B DAQ ycrpoiictBo. bydepusuponannas
reHepalusl HallOMUHAET OTHpAaBJIEHHE BCEro 3JEKTPOHHOTO MHUChMa 3a pa3 BMECTO OTIPaBKU
COOOILEHHUS 1I0 OTHOMY CIIOBY.

2. Ilepememienre BBIOOpOK U3 Oydepa B ycTpoiicTBO cOopa AaHHBIX. CKOPOCTh MEpeMenieHHs
3aBUCUT OT 33/IaHHBIX MApaMeTpoB TaKTHUpoBaHus. Kak M mpu oAHOTOYEUHOW T'eHepaluH, 3/eCh
UCTIOJIb3YeTCsl MPOrpaMMHOE HIH allllapaTHOE TAaKTHPOBAHUE.

[lpym ammapaTHOM TAaKTUPOBAHHHM TAKTOBBIM CUTHAJ, Ha3bIBAEMbI CHTHAJIOM pEreHepaluy,
yIpaBlsieT CKOPOCThIO TeHepaluu. AMNMapaTHBI TaKTOBBI TeHepaTop MOKeT paboTaTh ropasiao
ObIcTpee, YeM MPOrpaMMHbIE IIUKIIBI, TaK YTO BBl MOYKETE CO3/[aBaTh CUTHANBI Pa3IMyHON (HOpPMBI B
OoJipIleM JMana3oHe 4acToT. Kpome 3Toro, TakToBBI reHepaTop Oojiee TOUEH MO CPaBHEHMIO C
IporpaMMHBIME  LUKIaMu. llocneaHue moaBepraioTcs BIUSHUIO Pa3IMYHBIX JIEHCTBUH €

OTIEPALIMOHHON CUCTEMOH, TaKMX KaK OTKPbITHE APYTUX MPUIOKEHUH.
3.23. By¢epuznpoBaHHasi reHepanusi CUTHAJIOB KOHEYHOM /UINTEJIbHOCTH

Crenyromias WUTIOCTpaLUs MOKa3bIBaeT OJIOK-cXxeMy Oy(hepH3upoBaHHON IeHepalui CUTHAJIOB.

ChrpoaHKne
KDHCIJHI'?FIﬂU.Hﬂ — -] 2BEEPIWEHKA
YCTRoRACTER reHEpaLMIA
Sanuce
i OcTaHoEKA
Bumep ZaaadM

Y ¢
|| OToBpaxeHuE @
OBk,

Janyck
rEHEpELAK
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Crnenyromuii pPUCYHOK TIOKa3bIBACT MPUMEP THIWYHON TEHEpalid CHTHAJIOB KOHEYHOM
JUTUTETIBHOCTH C MCIIOJh30BAHNEM TAKTOBBIX HMITY/IbCOB BEIOOPKH (Sample Clock) u maccuBa uucen

ynBOCHHOfI TOYHOCTH AJIs1 BBIXOJHBIX JaHHBIX.

PEXHM ERIDORKHK

Finite Samples =
acToTa

K

Mamros|  35TOsANYCR
I v

k

IPHIHHECKHE KaHankbl

DA
A

R
Junn
AC Yolkage Sample Clock * fnalog 10DBL

1Chan MSamp

.

Bbel MOkeTe HCHOJIB30BaTh TAaKXKE THII JaHHBIX «OCOWJIIOrpaMmMa» IJjisd 3aJjaHusA BPEMCHHBIX

napaMeTpoB I'CHECpAlIU U BI)I60pOK JaHHBbIX. OTta CUTYyallys IMOKa3aHa Ha CJICAYIOIICM PHUCYHKE.

PEXHM BEIBOPKH

|Finite Samples "l
brumnnorpanma
I ¥ SETOZAMYCE irnenuk (sec

PH3HHECKHE KaHANbI

DA
L

R
Jnn
AC Yoltage * Ise Waveform ~ Analog Wm

1Chan M5amp

CymectByeT HeOONbIIAs pasHHUIA MEXKAYy OBYMs YKa3aHHBIMH THUIIAMHU TE€HEpali CHUTHAJIOB
KOHEYHOH JUIMTEIbHOCTH — HCIOJIb30BAHHUE MACCHBA YHMCENl YABOCHHON TOYHOCTH COBMECTHO C
TaKTOBBIM T'€HEPATOPOM BBHIOOPKU M MCIIOJIF30BAHUE TUIA JAAHHBIX «OCHMIIOTpaMMa» IS 3a1aHUs
pexrMa paboThl TAKTOBOTO TeHepatopa U BbIOOpok. Omuun koHduryparopa BIT DAQmx Timing
U3MEHSIOTCS BMECTE C IAHHBIMH, TIOAKIF0UaeMbIMU K Tepmunairy data BIT DAQmx Write. O6a Tumna
TeHepaluil UMEIOT, B OOIIeM, OJMHAKOBYIO CTPYKTYpY, K ONHCAaHHIO KOTOPOH MBI ceidyac H
MIEPEXOTUM.

Jlji IpOrpaMMHOTO YIpPaBiI€HUs CO3/JaHUEM BUPTYAJbHOTO KaHajla aHaJIOTOBOT'O BBIBOJIA MOKHO

ucnosb3oBath BII Create Virtual Channel. Eciu Bbl yoke co31amu BUPTYaTIbHBIN KaHAT WM 33124y C
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ucnonb3oBanreM [lomomunka no coopy manueix B MAX, Bel Moxere mpomyctuTh 3T0T BII u
MPUCOCTUHNUTE UMs KaHaa/3anaun K cieayromemy BIT — DAQmMx Timing.

BIT DAQmMx Timing umeer aBe omuu KOH(Uryparopa, KOTOpPbIE MOXKHO HCIIOJB30BaTh B
oIepalMsaX aHaJOrOBOTO BBIBOJA, — TAKTOBBIC UMITYJIbChI BEIOOpKH (Sample Clock) u ucnons3oBath
ocipuiorpammy (Use Waveform). TlockonbKy MbI T'eHEpUpyeM KOHEYHOE YHCIO BBIOOPOK,
ycraHoBute mis onuuu Sample mode 3nauenue Finite Samples B oGomx ciyuasx. Ilpu
UCIIOJIb30BaHUU TaKTOBBIX UMITYJIbCOB BBIOOpKH (Sample Clock) mMbl 1ODKHBI TakkKe 331aTh YaCTOTY
perenepaimu rate u uncio Beibopok number of samples. KonmdectBo BEIGOPOK ompenesnsieT pa3mep
oydepa. [Ipu rcnonp3oBanuu xe onmmu Use Waveform npocto nprcoeMHUTE OCHMILIOTPaMMYy K
tepmuHary waveform. B aTom ciyyae 4acToTa TakTOBOTO reHepaTopa BBIOOPKH U YHCIIO BBEIOOPOK
(pa3mep Oydepa) OyayT onpeaensaThcst Ha OCHOBE TAHHBIX, COACPKAIIUXCS B OCHUILIOTPaMME.

BIT DAQmMx Write ¢akTrdecku oTIpaBisieT TaHHbIe B Oydep MepcoHaTbHOTO0 KoMIbloTepa. Bl
MO>KeTe BhIOpaTh MeHEPALMIO B BUJE OCHMIIIOIPAMMBI THOO MaccuBa YMCes YIABOCHHOW TOYHOCTH.
ITpu BeI6Ope onumu Use Waveform B koudurypatope BIT DAQMX Timing BeiOepuTe reHepanuio B
BUJE OCIUUIOrpaMMbl B Bhimanatomem MeHro BII DAQmMx Write. Ilpucoeamuure Ty XKe
OCIIIJUIOTPAaMMY, KOTOPYIO MCIIOJIB30BalIM Ul YCTAHOBKM TaKTHPOBaHMS, K TepmMuHany data BII
DAQmMx Write. Ilpu wucnosb30BaHUM BCTPOEHHOTO TeHepatopa BeiOopku (Sample Clock) mms
TaKTHPOBaHWs, BbIOepUTE B Bhinaaaromem MeHo BIT DAQmx Write BeIxo B BHIe MacCHBa YHCElN
YIBOCHHOW TOYHOCTH. B 3TOM ciydae, MpHCOEIMHUTE MAacCUB YHCET YABOEGHHONH TOYHOCTH,
NPUTOTOBJICHHBIN [UIs reHepanuy, kK Tepmunainy data BIT DAQmx Write.

[Ipu renepamuu 3a pa3 HECKOJBKHUX BBIOOPOK MapaMeTp auto Start mo yMoJ4aHUIO HMEEeT
3Hauenue Jloxp. [lockonpky Mbl OyaeM SIBHO 3aIlyCKaTh 3aJady, OKHAaTh €€ 3aBEepILEHUs U 3aTeM
OCTaHaBIIMBATh 3a7[a4y, TO OCTaBUM 3HaueHHe aUto start B coctosHuu JIoxKb.

BIT DAQmMXx Start 3amyckaer renepanumto. BII DAQmMx Wait Until Done oxunaer 3aBepieHus
3aJayMl, MHa4Ye BO3HUKHET May3a. B mobom ciydae ympasienue nepexoaut 3areM k BIT DAQMX
Stop Task, koTopblii ocTaHaBIMBaeT 3a1a4y. 1, kak 00bI4HO Mpu nporpamMupoBanmu Ha LabVIEW
B TE€UEHHE JAHHOTO Kypca, Bce BII coeaunser kiactep omubokK, mo3ToMy B clydae BOSHUKHOBEHUS

OIIMOKH BO3HHUKHET COO6HICHI/IC.
3.24. BII DAQmx Reset

B oncpanrAax aHaJOrOBOI'O BbIBOAA IMPU 34IIMCHU 3HAUCHUS B BI)IXOI[HOﬁ KaHaJI OH IMPOAO0JIKACT

BbIJAaBATh 3TO HAIPsIKCHUC OO TEX IIOP, IIOKAa HOBOC 3HAUCHHUEC HC 6YI[CT 3allMCaHO B 3TOT KaHal,
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00 yCTPOWCTBO HE OyAeT MpHBEIEHO B MCXOIHOE coctosiHue ¢ momoribio BIT DAQMX Reset
(pacmonoxken B manutpe DAQMX - Data Acquisition»DAQmMx Device Configuration), mu6o
YCTPOICTBO HE OyIET BBHIKIIOYEHO COBCEM.

[IpennosnoxxuM, 4To BBl 3aITUCHIBAETE CUHYCOMIAIbHBIA CUTHA B KaHaJl aHaJOTrOBOTO BBIBOJA, U
nocjenHee 3HAYCHHE, COXpaHeHHoe B Oydepe paBHO cemH. Bbl reHepupyere OCHMIIOIpaMMy
LEJIUKOM, M TOCJE TOro, KaKk I'eHepalys 3aBepliniach, KaHaj aHaJIOrOBOTO BBIBOAA IMPOJOJDKAET
BBIJIaBaTh HAIPSHKEHUE B CEMb BOJIBT. BMECTO MOCTOSTHHOrO MPUBEACHUS YCTPOWCTBA B UCXOJHOE
COCTOSIHME, IpOLIE 3amucaTh HyJ€BOE 3HAYEHHE B KaHaJl IOciieé OKOHYaHus reHepauuu. C 3Toi

1ebio MoKHO Hcnonb3oBath BIT AO Write One Update, pacrionoxennsiit B maiutpe Utility.
3.25. YacToTa reHepupyemMoii 0CHLIONPAMMBbI

YacToTa reHepUpYeMOH OCIIJUIOTPaMMBbl 3aBHCHT OT YacTOThI pereHepanuu (update rate) u

quciIa IUKI0B OCHMIONPaMMBl, HaXoAdmuxcs B Oydepe. Ota cuTyarys oka3aHa Ha CIeIyIoleM

PHUCYHKE.

1000 Touek B GYdepe

# UMkNoE B ByYdepe =1

e HacToTa pereHepauud = 1 kly
YactoTacurHana=11y

b
-
|

”
|

HacToTta pereHepaumi = 2kl # LMKNOE B Bydepe = 2

v ~\/\

YacToTacurHana =2 My, YacToTacurHana =2y,

YacToTy BBIXOAHOTO CHTHAJIA MOKHO BBIUHCIIHTE IO CIIEAyIONIEei hopmyre:

Yacrora curnana = [(mukuien) [ (gactoTta pereHeparnmn)]/(ko-Bo Touek B 0ydepe)

Crenyronuii mpuMep HUTIOCTPHPYET, Kak 4acToTa pereHepanin (0OHOBICHHS) M YKCIIO IIUKIOB
OCIIIJLIOrpaMMbI B Oydepe BIMSAIOT Ha YacTOTy curHama. [Ipeamnosoxkum, uro y Bac umeercs 1000
TOYeK B Oydepe, KOTOpbIE COCTABISAIOT OJWH IMEPHOJ OCIMUIOrpaMMbl. ECiyM BB TPOM3BOAUTE
reHepaIfio0 CUTHANA ¢ YacTOoTOi 0OHOBIeH!US 1 KI'I1, TO YacTOTa CHrHAJIA OTIPEICISACTCS KaK

[(1 muxor) (1000 Touek B cexkynmy)]/(1000 Touex) = 1 I'ip

Eciu BBl yIBOUTE YaCTOTY pereHEPaIid, a BCE OCTAIbHbBIC TapaMeTPhl OCTABUTE MPEKHUMH, TO

4acToTa CUTHajla U3MCHHUTCH .
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[(1 muxor) (2000 Touek B cexkynmy)]/(1000 Touek) = 2 'y

Ecnu BBI YABOUTEC YHCJIO TUKIJIOB B 6y(1)epe, a BCC OCTAJIBHBIC ITapaMETPbl OCTABUTC NPCIKHUMMU,

TO 4acTOTa CUrHasa OyleT paBHa!

[(2 muxoa) (1000 touek B cexkynay)]/(1000 touek) = 2 '

Takum 06pa30M, npyu YABOCHHUH YaCTOTHI PEreHCpaliyi WKW 4YKCJIa OUKJIOB Bbl YJABAWBACTC

4acCToTy BI)IXO}IHOﬁ OCOUJIJIOIPaMMBI.

3.26. HenpepsbiBHasi 0y (pepu3npoBaHHasi TeHepalMsi CUTHAJIOB

['maBHas paszHuIla MEXIy TeHepalueld CUTHAJIOB KOHEYHOUM UTUTENIbHOCTH M HENpPEpbIBHON
OyhepHu3npoBaHHON TeHEpaluel 3aKII0YacTCs B KOJMYECTBE TEHEPUPYEMBIX TOUEK JaHHBIX. [Ipu
Oy(epHu3npoBaHHONW T'eHEpAIllMd CHUTHAJIOB KOHEYHOW JUTMTEIBHOCTH BBl TCHEPUPYETE IaHHEIC,

Haxonsmuecs B Oydepe, koHeuHoe yncio pa3. [Ipu HempepriBHOI Oydepu3npoBaHHOI reHepalnuu

BbI MOJKCTC I'CHCPUPOBATH JAHHBIC HCOTPAHNYCHHOC KOJIMICCTBO pas.

Crnenyromuii pUCYHOK MOXOK Ha Oy(epuU3MpOBaHHYIO T€HEpPAIHI0 CHTHAJIOB, 32 MCKIIOYEHUEM

HCKOTOPBIX OTJINYMIA;

KoHdMrypauma
YCTROHCTES

Janyck
FEHERALMH

.

Januce
OaHHEIX B

SyYchep

DA e
5

ErinonHeHo?

OToBpaskeHKHe
OwWKWE oK

DcTaHoeka
IagaduM




89
* BIT DAQmMX Timing ycTaHOBJICH B peXXHM HenpepbsiBHOW BEIOOpKH Continuous Samples.

* B nukite no yenosuto BMecto BIT DAQMx Wait Until Done ucnonbzyercs BIT DAQMX Is Task

Donre.
pEMHM BEIGOPKH Taos] SETasaNyCK
DHEHUECKHE |Cantinuaus Samples ™ "

K.aHanel

e

[a6 valkage ~]] [Sample Clock + ] [Analog 10 DEL -

1Chan M3amp

k

Hactpoiika BUpTyaqpHOTO KaHala M MapaMeTPOB TaKTUPOBAHUS HAYMHACTCS C MCIOJIb30BAHUS
BIT Create Virtua Channel u BIT Timing. 3arem npoucxoaut 3amnuck B Oydep npu nomoru BIT
DAQmMx Write, u BIT DAQmXx Start Task HaurHaeT BBIMOJIHEHHUE 3a/1a4H.

[uxt mo yeiosuro coBmectHo ¢ BIT DAQMX Is Task Done ucnosnb3yercs ajs onpoca 3a1a4u Ha
npesMeT OKOHYAHUS e BBINOJHEHHs. ['eHepanusi OyneT mpekpaiieHa, Jubo Korjaa MoJIb30BaTellb
HaKMET KHOIKY CTOII, TMOO KOT/ia BO3HUKHET omnOKa. [locne Toro, kak naHHbIe B Oydepe OyayT
LEJTMKOM 00paboTaHbl, OHH OYIYT HENpEepBIBHO pereHepupoBarbes. [locie OCTaHOBKM HUKIA TI0
ycosuto BIT DAQmx Stop Task mpekpaTHT BBINOJIHEHUE 3a/1auyl U, €CIIM OUIMOKH UMEIH MECTO,
MOSIBUTCS COOOIIEHUE 00 OIIMOKaX.

Ha kaxmoit uTepanuu IHMKIa BBl MOXKETE 3allUChIBATh HOBBIC AaHHBIC B Oydep. s storo
HeoOxomumo momectuTh BIT Write BHYTph HMKIa U MPUCOCIUMHHUTH HOBBIC JaHHBIC K TCPMHUHATY
nanueix 9toro BII. Hcmose3dys y3en cBoiictB Write property node, BwiOepute CBOMCTBO
Regeneration Mode u ycranosute ero B coctosiaue don't Allow Regeneration. Bel 10KHBI OBITH
YBEPEHBI, YTO JOCTATOYHO OBICTPO T€HEPHpYEeTe HOBBIE JaHHBIC BO M30eKaHME BbIIAuM U3 Oydepa
CTapbIX JIAHHBIX. JTa CUTYallHsl HATIOMUHACT OIEPAIHI0 HEMTPEPBIBHOTO Oy(hepH3UpOBaHHOTO cOopa
JAaHHBIX. Torja BaM HYXHO ObUIO OBITh YBEPCHHBIM, YTO Bbl CUMTBHIBaeTC MaHHBIC U3 Oydepa

J0CTAaTOYHO 6I)ICTpO, npexaec 4€M OHU 6YJIYT NeperrcCaHbl HOBOH HOpHHeﬁ JaHHBbIX.
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3ananue:
Co3snats BII mis reneparyiu aHaJoroBOro CHUrHaa ¢ UCToJIb30BaHHEM IIM(POBOTO TPUTTEPA.

Pemrenne:

Co3zpaiite 6J'IOK'I[I/IanaMMy, KaK IIOKa3aHO Ha cnez[yfomeﬁ HUJUTIOCTpalvu.

Hann | L AFSo s b oo Inmepna s

-
Lo _ 3 —— - T
-y '
e L = E4 :Q
kg -

208 T3 BE KR

=l F

I el e i

BIT DAQmMx Trigger, pacnoioxenuelii B mamutpe Functions»All  Functions»NI

Measurements»DAQmMX - Data Acquisition, HacTpauBaeT TpHUrTep AJIsl 331a41 aHAJIOTOBOT'O BHIBO/IA.
3.27. CuHxpoHu3anus

Ha JaHHOM 3aHATHHU OIIMCBIBAOTCA SABHOC YIPABJICHUC IMOCICAOBATCIBHOCTBIO BBINNOJIHCHUA

3a/la4ud, CHHXPOHM3AIMS BHYTPH YCTPOWCTBA cOOpa JaHHBIX U CHHXpOHHU3aIUs HecKobkux DAQ

YCTPOMCTB.
3.28. sIBHOE ynmpaBjieHHE T0C/1eI0BATeIbHOCTbIO BHITIOJTHEHHUSI 32/1a4H

NI-DAQMX wucrmoap3yeT MOJIEIb COCTOSHUS JUIsl YIPABJICHUS pacHpeiesieHUEM pPEeCypcoB U
MOTOKOM BBITIOJIHEHUS 3a/1ay. JTa MOJIE]b COCTOSIHUSI HA3bIBAETCS MOJEJIbIO COCTOSIHHUS 3aayu.
Monienb COCTOSIHUS 3a7a4u OYEHb THOKA B UCTIOJIB30BaHKH, U BBl MOXKETE BHIOPATh B3aUMOCHCTBHE
C MOJICNIBIO COCTOSIHHSI 33J]a4d B TaKOW CTEMEHHW, B KaKOW 3TO TpeOyeTcsl BamieMy MPUIIOKEHUIO.
Be3oB Buptyanbubix mpudoopor DAQMx Start, DAQmMx Stop u DAQmx Control Task nepeBoaut
3a/layy U3 OJHOTO COCTOSIHUA B JApyroe. Bbl MokeTe OCYIIECTBIIATh SBHBIM MEpexo]l B KaXIOU U3
3ama4, ucnojn3ys BIT DAQMx Control Task, win sxe mo3sosuts NI-DAQMX coBepiiate nepexo
MEXIy COCTOSIHUSIMM HESIBHO. MoJieiab COCTOSIHMSA 3aJaud COCTOMT W3 TSATH COCTOSIHUM —

Henposepennoro, [Ipoepennoro, 3apezepBupoBanHoro, Haznauennoro u Beinosinenus.
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* Unverified (Henposepennoe) — Kora 3aaua co3ana Win 3arpy’KeHa sBHO MM HESIBHO, TO IO
YMOJIYaHHIO COCTOSIHMEM OylIeT HeNpoBEepeHHOe. B  3TOM COCTOSHMM BBl HACTpauUBaeTe
TaKTHPOBAHHUE, TPUITEPhI U CBOWCTBA KaHANIa B 3aa4e.

» Veified (IlpoBepennoe) — Ilpu mepexome 3amaud W3 HEMPOBEPEHHOTO COCTOSIHUS B
MPOBEPEHHOE MPOBEPSIOTCS MPABUIIBHOCTh HACTPONKH TAaKTHPOBAHMUS, TPUTTEPOB M CBOMCTB KaHaJA.
Ecnu Bce HacTpo#KM MpaBHIIBbHBI, 33[a4a YCICUTHO MOATBEPIKIACTCS M MEPEXOAUT B MPOBEPEHHOE
COCTOsIHME. B MPOTHBHOM Cilydae OHa OCTaeTCsl B HEMPOBEPEHHOM COCTOSHUU. [1is SIBHOTO 3a1aHusI
nepexozaa BezoBute BIT DAQMX Control Task ¢ BeojoM action (neiicTBre) B peskuMe MPOBEPKH
(verify).

* Reserved (3apesepBupoBanHOe) — Pecypchl, KOTOpbIE UCIONB3YeT 3aaadya Uil COBEPIICHUS
OTIPEICIICHHOM OTepaliy, BBIICIISIOTCS TOJBKO TOT/A, KOTJa 3aj1a4a IMEepexXoJuT U3 MPOBEPEHHOTO
COCTOSIHMSI B 3ape3epBUPOBAHHOE. ODTHMH pECypcaMH MOTYT OBITh TaKTOBBIE T'€HEPaTOpHI,
¢du3nyeckue KaHalbl yCTPOWCTBa WM OydepHas maMsaTh B KOMIIbIOTEpe. Pe3epBupoBaHME ITHX
pecypcoB MpenoTBpaIlacT UX MCIOJIb30BaHUE IPYTHMMHU 3aJlauaMM, YTO MOTJIO BBI3BaTh OOl 1100
KOH(JIMKTHI MpU BBINOJIHEHUM TEpBOH 3amaun. Ecnmu 3amauya MOXET MOJMYYUTh JIOCTYII KO BCEM
HEOOXOJMMBIM pecypcaM, OHa MEPEeXOIUT B 3ape3epBUPOBAHHOE COCTOSIHUE. B mMpoTHBHOM ciydae
OHa OCTaeTCsi B MPOBEPEHHOM cocTOosiHUU. [[ys siBHOTO 3amaHust mepexona BbzoBute BIT DAQMX
Control Task ¢ BBozioM action (aeiicTBre) B pexxiMe pe3epBUpOBaTh (FEServe).

» Committed (Ha3nauennoe) — [locie Toro, kak Bce HEOOXOAUMBIE PECYpPChl OBLIH MOJYYCHHBI,
HEOOXOMMO 3aIpOrpaMMHUPOBATh HACTPOMKU ITHUX PECYPCOB. Y CIEIIHOE MPOTPaAMMHPOBAHUE ITUX
pecypcoB MPHUBOINUT K MEPEXOy 3aJaull B HA3HAYEHHOE COCTOsIHUE. [IprMepoM HACTPOHKH MOXKET
SIBISITBCS pazmep Oy(pepHOi mamsaTH B KoMIIbloTepe. Eciu nepexo/1 He mpou301Ies, TO BBIMOJTHEHHE
3a7la4ud TpepbIBacTCs, M OHa OyJeT BO3BpAllleHa B MPOBEPEHHOE COCTOSIHUE. J[Jsi IBHOTO 3aqaHusl
nepexozaa BezoBuTe BIT DAQmMX Control Task ¢ BBogom action (nelicTBue) B pexxuMe Ha3HAYUTh
(commit).

Korpma pecypchl 3amaun uis BBIIOJHEHHS OIPEACIICHHON OIepaluy BBICBOOOXICHBI, 3a/1a4a
OCYIIECTBISIET TIEPEX0]] M3 HA3HAUCHHOTO COCTOSIHUSI B TpOBepeHHoe. J[Js SIBHOTO 3a7aHusl 3TOTO
nepexozaa BeizoBuTe BIT DAQMX Control Task ¢ BBogom action (neiicteue) B pexume Unreserve.
Koraa 3amaua ycremHo ocBOOOAMT BCE 3aHATHIC PECYPCHI, OHA IMEpeineT Ha3aa B NMPOBEPEHHOE

COCTOSAHUC.
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* Running (Beinmosnnenne) — Korza 3aaua HauMHAET BBITMOJHSATE ONPECICHHYIO ONEpPaIlHio, OHA
MEPEeXOIUT U3 HA3HAYEHHOTO COCTOSIHHS B COCTOSIHHME BBINOJIHEHUS. Bl MOXkeTe sIBHO 3a/aTh 3TOT
nepexon, Bbi3biBas BII DAQmMX Start. O6patute BHUMaHKe, YTO 3alyCK 3aJaudl HE 00s3aTeNbHO
O3HayaeT 3amyck cOopa JaHHBIX WJIM TEHEpaluio ocuwuiorpamMmel. Hampumep, cBoiicTBa
TaKTUPOBAHUS M TPUITEpa MOIJIH OBITh 3aJaHbl TAKUM 00pa3oM, uTo BBIOOpKa He OyAeT mojydeHa
o Tex mop, moka He Oyzer BeiBaH BII DAQMX Read, wim ocmwuiorpamma He Oyner
TeHEepPUPOBATHCS JI0 TEX IMOp, OKa He HACTYMUT TpUTTepHOe coObiTHe. Ecnu mepexon B cocrosiHue
BBITIOJIHEHHUST HE TIPOM3OILEN, BBIMOJHEHHE 3a/Jaud TpephIBacTCsi, M OHAa BO3BpallaeTcs B
HPOBEPEHHOE COCTOSHHUE.

UroObl OCTAaHOBUTH 3a/auy Iepes BBHIMOJTHEHUEM OIpenesieHHON omeparuu, BbI3oBUTE BII
DAQMX Stop. DT1o 3acTaBUT MepeTH 3aJadyy W3 COCTOSIHUS BBIIIOJHEHHS B Ha3HAuYEHHOE
coctosiHue. Ecnu 3TOT mepexon Mo KakuM-TO MpPUYMHAM HE MPOU30IIET, TO BBHINOJHEHUE 3a7aud
MIPEKPaTUTCS, U OHA BO3BPATUTCS B IPOBEPEHHOE COCTOSIHUE.

Cneny}omaﬂ HUIUTIOCTpalrs 0606111aeT BCC BBIIICCKA3aHHOC O MOACTIN COCTOSAHUSA 3aJJa4H.

HacTpoika TaKTUPOEAHUS,
THWITEN0E W CEOHCTE KaHana

HenpoeepeHHoe BenonHawweecs

Senada
=anycKaeT/oCTaHaEnM-
ESET ONEpELMH
EECOA/EREDOA

NI-DAL
npoeepaeT Jars
ECE
HACTPOMEKW

BrICEOSOKOEHWE DECYRCOE ERINONHEHD

[NpoeepeHHOE HazHayeHHOoe

\

OWHEKA HAZHEYEHKWA PECYNCOE

oA

HET

Jamaua nonydaet
HeoSx00MMeEle peCYpCE
(pezepEWpYITCA
TEKTOBEIE FTEHERATOL
ByYchEpEl M 7.0,

Pecypckl Ha3HaYEH:

A

3apezepEMpPOBAHHOE

Cwkska FENYCKa 1MNKM OCTAHOEBKK 380344
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3.290. siBHO€ ynmpaBjieHHE TOC/IeI0BATEIbHOCTbIO BHITIOJTHEHHUSI 32/1a4H

B OonpmuHCTBE ciydaeB cOopa AaHHBIX BaM PEAKO MOHANOOUTCS SIBHOE B3aWMOJICHCTBHE C
MOJICNIBIO COCTOSIHUS 337a4l — MOXKHO JIOBEpUTH CaMOM 3aJaue BBIOJHEHHE HESBHBIX MEPEX0J0B
MEXIy cocTosSHUsMU. OJHAKO CYIIECTBYIOT Cllydyad, KOTJa HE0OXOJAWMO HCIOJIb30BaTh SIBHOE
yIpaBieHHE TI0CIEeI0BATENFHOCTHIO BBHITIOTHEHHS 3a0a4H.

* Verify — Eciam mosip30BaTeny Ballero MPUIOKECHUS WHTEPAKTHBHO HACTPAMBAKOT 3ajadvy,
yCTaHaBIHMBasl Pa3IUYHbIE CBOWCTBA KAaHAJIOB, TAKTUPOBAHHUA M TPUITEPOB, TO SBHO OMpEAENsiiTe
3aa4yy, 4ToObI, KOTJa 3TO HEOOXOIMMO, OMOBEUIaTh IMOJIb30BaTeIeH, YTO OHM YCTAHOBWIIH IS
CBOIicTBa HEPAOOTOCHOCOOHOE 3HAUCHHE.

* Reserve — B cienyromiem ciiydae He0OX0IMMO SIBHO PE3€pPBUPOBATH 3a7avy. Ballle MPHIOKEHUE
COJECPKUT MHOTO Pa3IMYHbIX 33/1a4, KOTOPHIE HCIOJIB3YIOT OJJMH U TOT )K€ HaOOp pecypcoB, OJIHA U3
3aJ]a4y HEeTIPEepPBIBHO MOBTOPSIET BBIMOJHEHUE CBOEH OMepaliy, ¥ Bbl XOTUTE ObITh YBEPEHHBIM, UTO B
MOMEHT €€ BBITIOJHEHUS HUKaKas Apyras 3ajadya He MOJIy4aeT STUX PECYPCOB.

PesepBupoBanue OmpeneNeHHONW 3aJaud NPUBOAUT K TOMY, YTO MOCHEOHSS SKCKIIO3UBHO
MOJIy4aeT HEeOoOXOIUMBIE PECYpChl, B TO BpeMs KaK OCTaJbHBIC 3aJaydl HE MOTYT MOJYYHTb 3TUX
pecypcoB. Hampumep, ecnu NpuioXKeHHEe COACPKHUT JIBE 3aJayud, Kakaas U3 KOTOPHIX COBEpIIAET
MIOCTIeIOBATEILHOCTh M3MEPEHUi, M Bbl XOTHTE OBITh YBEPEHHBIM, YTO Ka)Jas 3a/aya 3aBEepIIUT
BBITIOJIHEHHE CBOEH MOCIEI0BATENbHOCTH MPEXK/e, YeM HayHeT Jpyras, TO MOXKETE HCIOJIb30BaTh
SIBHOE pe3epBUPOBAHME KKION 3a/1a41 TIepel HaualloM ee MOCIeI0BaTeIbHOCTH U3MEPEHUH.

 Commit — fIBHOe Ha3Ha4yeHWE 3aJa4yd OyOEeT TOJIE3HBIM, €CIH MPUIOKEHHUE COBEpIIACT
HECKOJIbKO U3MEpEHHUI MIIM TeHEepalHii, OBTOPSS 3allyCK U OCTAaHOBKY 3aJa4d. SIBHOE Ha3HaYeHUE
3aJaydl TpUBEAET K TOMY, YTO OHA SKCKIIO3MBHO MOJYYUT HEOOXOAWMBIE pecypchl, U OyayT
3alporpaMMHUpPOBAHbl HACTPOIMKHU 3TUX pecypcoB. Ilpu SBHOM Ha3zHAu€HHM STH ONepanuud OyayT
COBEpIICHBI JIMIIb OJHAXK/BI, a He KKAbIM pa3 MpH 3amycKe 3aJa4yd, YTO 3HAYUTEIBHO COKPATUT
BpeMs, HeoOXoaumoe sl 3ammycka 3aqaun. Hampumep, eciau mpuioskeHHe MUKINYECKHd COBEpIIaeT
anmnapaTHO CHHXPOHHM3HPOBAHHBIN COOpP OrpaHUYEHHOTO YHCJa BHIOOPOK, TO BpeMs, HEOOXOauMoe
JUISL 3aITycKa 3aJaud, MOKET OUeHb CHJIBHO YMEHBIIUTHCS, €CIH BBl SBHO Ha3HAYMTE 3a/a4y Iepej
UKIaMU 3THUX H3MEpeHHMH. SIBHOe Ha3HaueHHe 3afadyu Takke TpeOyerTcs, eciu HeoOXOIMMBbI
JOTIOJTHUTENIFHBIE ONepalid CYHMTHIBAHUS BHIOOPOK, TOJNYYEHHBIX 3ajaueif, Mocie OCTaHOBKU

3aga4u.
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e Start — Ecin MNPHUIIOKCHUEC NUKIMYCCKU COBCPHIACT OINCpallvi YTCHHA HUJIU 3allUCH, TO 6y;:[eT
MOJe3eH SBHBIN 3allyCK 3aaavu. 3anyc1< 3aauu  pE3CPBUPYCT HUCIHOJIB3YCMLBIC pPECYPCHI,
nporpaMmMupyeT HCKOTOPBIC HaCTpOﬁKH OTUX PECyYypCOB W HAYMUHACT BbIIIOJIHCHHUC SaHaHHOﬁ
orncpanuu. HpI/I SIBHOM 3aITyCKC 3aJla4r OTU HeﬁCTBHH COBCPHIAOTCA CAMHOX/bI, @ HC IIPHU KaK/I0OM
BBITIOJIHEHHNHN onepauﬂﬁ YTEHUS WU 3aUCH. DTOT mponecc MOKET 3HAYUTCIIbHO YMCHBIIUTL BPpEM,
HCO6XOI[I/IMOC JJISA BBIITIOJIHCHUA KaX(HOﬁ ornepanru 4YTCHHUA WJIU 3aIllUCH. HaanMep, MMPHUIIOKCHUC
HNUKIAYCCKU IIPOU3BOAUT BI)I60pKy OI[HOﬁ TOYKU JaHHBIX MWK, YTO TO K€, MIpPOrpaMMHO
CUHXPOHU3UPOBAHHBIC OIICpaAllUU CUYUTHIBAHUA. Torz[a, e nepea 3THMHU LUKIaAMH Bbl SABHO
3allyCTUTC 3aJa4y, TO BPEM:, HCO6XOI[I/IMOC JJIsL KaX(HOﬁ onecpaiuri CUUTBIBAHUA, MOXKET 3aMCTHO

yMeHI)HII/ITI)CSI.
3ananue:

Co3snats BII mis sBHOTO mepexo/ia MexXy pa3anyHbIMU cocTostHUAME 3a1adn NI-DAQmX
CymiecTByIOT ciyyad, KOTJAa MOXKET TMOHAJOOHTCS HCIOIb30BAaTh SIBHBIM MEpEeXoa MEexIy

3a7Ja4aMy B MOJIEJIM COCTOSHHUSA 3aauU.
Pemmrenne:

1. Otkpoiite HOBBIH BII 1 mocTpoiite cnenyonryo 610K-IuarpaMmy:
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3.30. CunxpoHu3anus BHYTPH YCTpoiicTBa c00pa JaHHBIX

Bo wmHorux mnpuinoxeHusx TpeOyeTcsi OJHOBPEMEHHOE BBINOJHEHUE HECKONbKUX THIIOB
n3MepeHnil. CHHXpOHHBIE W3MEPEHHs BOBJIEKAIOT pa3IMYHblE OJHOBPEMEHHO IPOUCXOISIINE
ornepanuy, Takhe Kak IOJydeHHE JAaHHBIX BO BXOJHBIX KaHaJlaX C OJHOBPEMEHHOW reHepanuei
CUTHAJIOB B BBIXOJHBIX. OJJHAKO 3TH ONepalyy HE JOJDKHBI OBITh CTPOTO KOPPETHPOBAHHBI MEXKITY
coboi. Hampumep, BbI MoOKeTe 3almyCTHTh OIEpAIMI0O aHAJOTOBOTO BBOJA OJHOBPEMEHHO C
3allyCKOM TI'€Hepaliy CUTHajga, HO € 3TOr0 MOMEHTa KaKJas OIepalusi MOXKET BBINOIHATHCA
HE3aBHCHMO CO CBOEH YacCTOTOM.

CUHXpOHHBIMH HA3bIBAIOTCSI M3MEPEHUs, MPOUCXOJSIIME B OJAWH MOMEHT BpeMeHU. llpu
CHUHXPOHHBIX M3MEPEHUSX, HalpHMep, MOITYYeHHH CTa 3HA4eHUI TeMmepaTrypsl U CKOPOCTH, BaM
HEOOXOIMMO 3alyCTUTh BCE M3MEpPEHHsS OTHOBpeMeHHO. Kpome 53Toro, m3MepeHHs HOJIKHBI
COBMECTHO HCIIOJIb30BATh OOLIMIA TAKTOBBIN TeHepaTop il (PUKCALIUH JaHHBIX.

Hampumep, B LMKIMYECKH BBINOJHSIEMBIX MPUIOKEHUAX, HEOOXOJMMO B Hadaie IMKIA
COBEPIINTHh HECKOJIbKO M3MEPEHUMH, MPOU3BECTH BBIYMCICHHE HAa OCHOBE IOJYYEHHBIX JAHHBIX U
3aTeM BBIBECTH JaHHBIC, OCHOBBIBAACh HA 3TOM BBIYMCICHHUHU. Takue NPUIOKEHUS TpeOyroT
OJIHOBPEMEHHOIO 3allycKa BCEX H3MEpPEHMH M HUX JaJbHEHIIeH CHHXPOHMU3ALMU IOCPEICTBOM
o0miero TakToBOro curHama. IloxoxuM o00pa3oMm, ecid BBl XOTHTE COOTHECTH W3MEpeHus,
HampuMep, TpaguKOB CKOPOCTH M TeMIepaTypbl TOPMO3HOW KOJOAKH OT BPEMEHH, TO, IpPEex.e

BCEro, He0OXOMMO CHHXPOHU3HUPOBATh MEXKIY CO00I U3MEPEHUsI CKOPOCTH U TeMIepaTyphl.
3.31. OxHoBpeMeHHbIIi 3aIycK H3MepeHMit

Jlisi OTHOBPEMEHHOTO 3alycka OIepaldii aHaJoroBOTO BBOJA W BBIBOJIA MHUIMUPYHTE HX C
MOMONIBIO aMMapaTHOTO WM TPOTPaAaMMHOTO TpHUrrepoB. [Ipw WMCTHONB30BaHMM AamIapaTHOTO
TPUITEpa OIEpallMd aHAJIOTOBOTO BBOJA M BBIBOJA 3aITyCKAIOTCS CHTHAJIOM C OJJHOTO M TOTO K€
xonrtakra PFl nmn RTSI.

Crnenyromasi OnOK-TuarpaMma JEMOHCTPHPYET BBITIOJIHEHUE OIEpalud C JaHHBIM THUIIOM

TpUrrepa.
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[Ipy wucnonb30BaHMKM MPOTPAMMHOIO TPUITEpa OIEpalys aHaJOrOBOIO BBOJA 3allycKaeTcs
BHEITHUM CUTHaJIOM Ha koHTakTe PFl mwmm RTSI, a omepamus aHamoroBoro BBIBOJA 3aIyCKaeTCs
BHyTpeHHUM curHaniom Al Start Trigger. Al Start Trigger — BHyTpeHHHUI CUTHAI, KOTOPBIN ITOIACTCsI
[0 BHYTPEHHEW JIMHUHU, COCAMHSAIOLIEH IOJCHUCTEMBI AHAJOTOBOIO BBOJAA M BbIBOJAA. Meton
MPOrPaMMHOTO TpUITEpa YyTh OoJiee TOYEH, YeM METOJ allapaTHOTO TPHUITEPa, IMOCKOIbKY
BHEIIHUI CHUTHANl JOJDKEH MPONTH TOJBKO MO OJHOM TIJIaBHOM JIMHHMM, YTOOBI JOCTHYh OOEHX
noacucteM. OnHako 3Ta 3a7epXKa, KaK IPaBWIO, HECYLIECTBEHHA Ha 4YacTOTaX, C KOTOPBIMHU
paboTaloT MHOroQyHKIMOHAIBHBIE ycTpoiicTBa cemeiictBa MIO. Cnenyromas Onok-nuarpamma

WUTIOCTPUPYET JaHHYIO METOJIUKY.
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B sToMm npuMepe oncpanuu HaCTPOCHbI TaKUM 06p330M, YTO aHAJIOTOBBIN BBOJ MHUIIUUPYCTCA

TpurrepoMm 3amycka Ha KoHtakte PFIO, HactpoennsiM ¢ momompro BIT DAQMX Trigger.
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AnanoroBblit BeiBoI ucrionbdyer BIT DAQmx Trigger mwis 3amycka o BHyTpeHHeMy Tpurrepy Al
Start Trigger. OOpatute BHUMaHUWE, YTO OIEpaIs aHAJIOTOBOTO BBIBOJA JIOJDKHA OBITH Havara
paHee omepalnuy aHAJIOTOBOTO BBOJA, YTOOBI HE BO3HHKIO TAKOH CHTYyaIlM, YTO BBOJ HAyaJCs U
ObLT OTHpaBiieH BHyTpeHHUi curnan Al Start Trigger, a omepaiusi aHaJIOrOBOTO BBIBOJA €IIIC HE
Obli1a TOTOBA MOJYYUTh CUTHAJ 3aITyCKa.

Jpyroil mpuMmep OJHOBPEMEHHOIO 3allyCKa C HCIOJb30BAaHUEM NPOIPAaMMHOIO TpUITEpa
BO3HMKAET, KOI/IA AHAJIOTOBBIM BBOJ 3aIyCKAE€TCS BBI30BOM IMPOTrpaMMbl, a HE amnnapaTHbIM
TPUITEPOM. AHAJIOTOBBII BBIBOJ, KaK WM B NPEIbIAYIIEM ciyyae, 3allyCKaeTcsi BHYTPEHHUM
curHaiom Al Start Trigger. Crepyromias amarpamMma WDIFOCTPUPYET NpPUMEp TNPUIIOKEHHS C

MOJIHOCTBIO ITPOTrpaMMHO 3aIllyCKaCMbIMHU OIICpallusAMHA BBOI[a/ BbIBOJA.

# BEIGOPOK Ha KaHan

WarepeHue

W |
Analog wim
1Chan M3arp

Continuous Samples )
Input Task
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Ecnu onepaunu Oy 3amyIieHbl OJHOBPEMEHHO, B JajbHEHIIEM OHU He OyayT 00s3aTenbHO
CHHXpOHHM3HpOBaHbl. OmepalMd BBOJA M BbIBOJIA MOTYT OBITh HACTPOCHBI Ha cOOp/reHepaiuro

JAHHBIX C HE3aBUCUMBIMU JIPYT OT APYra 4acTOTaMH.
3.32. CHHXPOHHU3HPOBAHHbIE H3MepPeHMsI

Kornma BeI XOTHTE MOJIHOCTHIO CHHXPOHHM30BATh ONEpAIlMM aHAJIOTOBOTO BBOJA M BBIBOJIA TakK,
9yTOOBI KaXKAas BBIOOpPKA M3 BXOJHOTO KaHala MPOMCXOAMTIa OJHOBPEMEHHO C pereHeparueit
BBIOOPKM W3 BBIXOJHOTO KaHaia, OTEpaIli JOJDKHBI HMCIIOJIB30BaTh OOIIM MCTOYHUK TaKTOBBIX
umnynbcoB. Kak M B ciaydae OZHOBPEMEHHOTO 3alycka OTIepaluid, CYIIeCTBYIOT JBa METOJa

CUHXPOHHU3AI1H.
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B nepBom mertone ucnons3yetcs BHyTpeHHui curnan Al Start Trigger mist 3anmycka aHaIoroBoro
BBIBOJIa OJJHOBPEMEHHO C aHAJIOTOBBIM BBOJOM. B oTiinuMe OT cityyast ¢ 0JHOBPEMEHHBIM 3aIlyCKOM
Tenepb Mbl YCTAHABIMBAEM T€HEpaTOpPbl BHIOOPOK AJIS BBOJAA W BHIBOJA HA OJWHAKOBYIO YacTOTY,
YTO MpPUBEIET K CHHXPOHU3ALUH OIEpaliii B Mpeaenax 0JHOTo yCTpoicTBa. I'eHepaTopsl BHIOOPOK
1715t 00eux omeparuii TAKTUPYIOTCS TeHEpaToOpoOM BPEMEHHOM pa3BepTKH B ycTpoiicTBe. [Tockonbky
o0a reHeparopa SBISAIOTCS TMPOU3BOAHBIMU OT OJHOM M TOH ’K€ BPEMEHHOH pa3BepTKU H
3aIlyCKalOTCsl B OJJMH MOMEHT BpEMEHH, OHH OyAyT CHHXpOHH3MpoBaHbl. HO Tak Kak MOACHCTEMbI
aHaJOTOBOTO BBOJA M BBIBOJA MMEIOT COOCTBEHHBIE CXEMBI AENHUTENEH YacTOTHI A MOTyYeHHUS
COOCTBEHHBIX T'€HEPATOPOB BBHIOOPKH, TO MEXIy T'eHepaTopaMu Oy[eT CyIIecTBOBAaTh HEOOJbIIas
pasHocTh (a3. OmHako 3Ta pa3HOCTH (pa3 HeCyIIeCTBEHHA HA T€X YacTOTax, C KOTOPhIMU paboTaroT
ycTpoiictBa M-cepun.

Jpyroit MeToJ CMHXPOHM3ALMK aHAJOTOBOI'O BBOJA M BBIBOJAA 3aKIHOYAETCS B MCIOJb30BaHUU
o0enuMu orepanusiMHi Kakoro-Iud0 0JJHOro reHepaTopa BEIOOPKH — BBOA MK BhIBOA. Crieayromiast
aMarpamMma  JIeMOHCTPHUpYeT CHoco0 CHHXpPOHHM3allMd AaHajJoroBOrO BBOJAa M BBIBOJA IIPU

COBMCCTHOM HCIIOJIb30BAHWU I'CHEpPATOPA BI)I60pOK aHaJIOIroBOI'O BEIBO/JA.
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I[J'ISI BBIIIOJIHCHHUA CUHXPOHHU3UPOBAHHBIX onepam/lﬁ dHaJIOTOBOI'0O BBOJA MW BbIBOJa C
HCIIOJIb30BAHUECM aAllllIapaTHOI'0 TPUITCpa 3allyCKa, HNPUMCHHUTC OIHY HX IIOKA3aHHBIX BbIIIC
MCTOOUK, U IIPOCTO I[O6aBI)Te aHHapaTHI:Iﬁ TPUTTECP 3aIllyCKa K Bez[ymeﬁ oncpanunu, KOTOpOfI BO BCCX

NpCAbIAYIIHUX IIPUMEPAX ObLIa onecpanursda aHaJIOTOBOI'O BBOJA.
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