Dr. Bob Davidov

CTeHp Ans pa3paboTKu anropuTMoB BbICOKOCKOPOCTHOIO YNpaBneHus
LIaroBbIM NPUBOAOM

Ilenv pabomwr. ocBOeHHE TpaBWI pa3pabOTKH AITOPUTMOB BBICOKOCKOPOCTHOTO YIPABICHHS
JEMCTBYIOUIUM IIPUBOJIOM C UCIIOJB30BaHUEM Cpeabl IpoekTupoBanus MatJIAD.

3aoaua pabomur: ocTpoeHue ObICTPOACHCTBYIOIIECH CUCTEMBI YIIPABJICHUS LIATOBBIM IPHUBOIOM.

Ilpuéopwvr u npunaonexncnocmu: Ilepconanbueiii komneotrep, MatJIAB, Simulink, uatepdeticHas
PCI kapra Sensoray model 626Gyaroserii nurarens AM1524 ¢ penykropom, HUQpOBOH TaTYHK
yrinoBoro nepemerienuss HED5540,npaiisep nsurarens UMC BAG845FS.

BBEJIEHUE

CylllecCTBEHHO IOBBICUTH CKOpPOCTb JIBWJKEHUS PEBEPCUBHOIO IIArOBOTO IPHBOJA MOXKHO
OTIEPEIKAIOIINM BKIIOUYCHHEM OOMOTOK, KOT/Ia BEJIMYMHA OTIEPEKEHUS TPONOPIHOHATIEHA CKOPOCTH
JOBUKEHUS TPUBOJA. JOTIOJHUTENBHOE MOBBIIIEHUE CKOPOCTH MOYKHO IIOJIyUYUTh YBEIUYEHHEM
HaNpsDKEHUs JIBUTATENS MPOMOPLUOHATIBHO YacTOTE JBMKEHHUSA. Y TaKoro NMpHUBOJA C 0OpaTHOM
CBSI3bI0 T10 MOJIOKEHUIO TIOMHUMO TOJIE3HOTO CBOWMCTBA y/EpKaHUs HAarpy3KU MIPU HYJIEBOW CKOPOCTH
MOSIBJISIETCSI U BBICOKOCKOPOCTHOE IBMKEHHE, XapaKTEPHOE AJIs IPUBO/IA IIOCTOSIHHOTO TOKA.

B sT0ii paboTe paccmaTpuBaroTCs CpelcTBa pa3pabOTKH U OTIAAKH aJrOPUTMa BHICOKOCKOPOCTHOTO
yIOpaBJIEHUS LIaroBbIM IPUBOAOM, M IOKa3aHbl XapaKTEPUCTHKU NPHUBOJA, IAOCTUTHYTHIE IIPU

IMOMOIIIH 3TUX CPCACTB.
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Puc. 1. [Ipumep CTpyKTYpbl BBICOKOCKOPOCTHOT'O YIIPABJIEHUS IIIarOBOTO JIBUraTelNs. Y IpaBIECHUE
10 YaCTOTE COOTBETCTBYET YIPABICHUIO PA30OMKHYTHIM KOHTYPOM. YTIPaBJIEHUIO 1O (a3ze TpedyeTcs
JAaTYMK MOJI0KEHUsT (0OMOTOK JABUraTEIs).

XapakTepuCTHKHU IIAaroBoro apurarenas AM1524.

* KonnuecTBo maroB Ha 000poT:
*TOYHOCTB:!

* Y aepKUBAOIIMA MOMEHT:

* Ocrarounsiii (ResidualMomenr:
* MOMEHT UHEPLMH POTOpA!

* Pe3oHaHCHas yacToTa:

® 3JI€KTpI/I‘IeCKa$I IIOCTOSAHHAA BPCMCHHU.

* HoMuHansHOE IIOCTOSTHHOE HaIpsKCHUC.

e HomMuHaNBHBIH TOK OOMOTKH:

* IHIyKTUBHOCTh OOMOTKH:

» TemmepaTypa OKpyXaromero Bo3ayxa:
* TeruioBoe cONPOTUBIICHUE:!

e TenoBas mocTosTHHAS BpPECMCHHU.
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Puc. 2. 3aBUCMMOCTh MOMEHTA W MOIIIHOCTH JBUTATEJsl OT CKOPOCTH BPAICHUS U TOPSIOK TUTAHUS
00MOTOK JBUTATEIIA.
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Puc. 3. Pazmeps! maroBoro ABUraTelis ¢ PEIyKTOPOM.

XapakTtepuctuku cuursiBateasa HED 5540 yrioBoro natumnka

* KonnuecTBo MITyIbCOB HA 000POT 500

* Hanpsxenue nuranus 45.. 5.8
e TlorpebneHue Toka S57TMA

* Bpewms nepexosaa cursaia Mexy ypoBHIMHU 0.25mKkcek

* Jlunama3oH 4acTOT BBIXOJIHOTO CUTHAJIA 0 .. 10&I

* JlnamazoH pabo4ux TemiepaTyp 0. 70C
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Puc. 4. KonoBblii JUCK YII0BOTO JaTurKa (3aKperuieH Ha BBIXOJHOM Bajly pEAyKTOpa) U
CUMTBIBAIOIIAs TOJIOBKA (HETIOABHIKHA).

Xapakrtepuctuku UMC apaiiBepa marosoro asurartenasi BA6845FS

* Hanpsxenue nuranus 2.7..9.8
* MakcuManbHbI BBIXOIHOW TOK 1000mA
* MakcumanbHas paccenBaemast MoIiHOCTE  800MBT

* JluamazoH pabo4ux TemmepaTyp -25 .. +75C
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Puc. 5. Coopka aBuraTesns ¢ peyKTOpoM H yIJIOBBIM JATYHKOM.



Puc. 6. Buenrnwuii Bua c6opku nBurarens AM 1524c¢ pexykTopom u KoJ10BbIM natuukom HED

MatLAB control
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Stepper motor

Puc. 7. DnexTprueckas cxeMa MUTaHUs ABUTATENS U MOAKIIOUeHus apaiisepa BA6845FSha miare

Motor interface card.



Xapakrtepuctuku PCl nntepdeiicHoii kapThl Sensory 626

* llecth 24-pa3psIHBIX CUSTYMKOB JJISI HHKPEMEHTAIBHBIX JaTYMKOB, HAIIPHMEP, TaTYUKOB
MOJIOKECHUS

* 48 uudposix BXx010B/BbIx0210B (40 c 00HApyKEHUEM MEPEKITIOUYCHUS)

*  Yersipe 14pa3psaausix DAC cuacroroit nepesamucu 20 KI'ig

e Illecrramars 16-pa3psaasix quddepennnansasix ADC ¢ gacToToit mpeodpazoBanus 15
Kl

* Croposxesoii Taiimep, Watchdog timer,afimapatao peanuzoBaHHas cxeMa KOHTPOJIS 32
3aBUCAHUEM CHCTEMBbI) C MEXaHHUYECKUM pelie TS 3aMBbIKaHUS BHEITHHUX LICTICH.

* PesepBHOE NHTaHUE CYCTUYMKOB

Puc. 8. PClmnara Sensory 626/paiiBep miaTsl MOKHO 3arpy3HTh C C CaiiTa MPOU3BOAUTENS
http://www.sensoray.com/products/626.htm




Puc. 9. I[IpuBoj ¢ utaToii ApaiiBepa, TepMUHAIBHOMN TU1aTOM U MHTEpdericHON TaToi Sensory 626.
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Puc. 10. CrpykrypHast cxema mpuBoja. [IpuBoj BKiIOUaeT OJIOK CpaBHEHUS M PEryisTop Ha 0Oaze
mozaenmun MatJIAB-Simulink, untepdeiic Sensoray 626apaiisep asuratens UMC BAG6845FS,
maroBelid  nBuraten’s AM1524 co BCTPOCHHBIM pPEAYKTOpPOM, IU(GPOBON JATYUK YrIIOBOTO
nepemerenuss HEDS540.

HpI/IMe‘-IaHI/Ie: I[J'ISI YIIPOUICHUA aJITOpHUTMA YIPABJIICHUA I_ICJ'ICCOOGPEBHO BBIGI/IpaTB KpaTHBbIC
OTHOIICHUA MCKAY KOJIMUCCTBOM IIAroB Ha BBIXOAC PCAYKTOPA U COOTBCTCTBYIOIIUM
KOJIMYCCTBOM UMITYJIBCOB JaTUMWKA IMMOJIOKCHUS.



Stepper motor

Sensory 626 AM1524
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Angle sensor ) Sensoryﬂ626
Puc. 11. Cxema snextpudeckux coenunennii. J2u J5 —pa3zpémbl PCluntepdeiicHoil muate
Sensoray 626.

MMOPAAOK BBIITIOJIHEHUSA PABOTbI

3aganue 1. MI3smepeHne pe30HaHCHOM YacTOThI JBUTATES.

1. VYo6emutech, uro wunTepdeiicHas rmiara Sensory 626 Ruc. 8) moaxmouena k PCl mune
KOMIIbIOTEpa W JBHraTesb ¢ AardukoM mnomxiroueH k PCl unTepdeiicHol miare, miate ¢
npaiteepom BA6845FSu 6ioky nuranus (Supply unit) + 3.B kak nmoka3ano Ha Puc. 9u Puc.
11.

Bxirounte KOMObrOTED.
CosnaiiTe pabouuii KaTaor.

3arpysute MatJIAB u HacTpoiite ero Ha pabo4Hii KaTaJor.

a > DN

3arpysute Simulink 1 oTkpoiiTe OKHO MOJIEITH.



Bxiounte B 0KHO MojieH OJIOKM MHTEPEHCHONM KapThl A1l CUNTHIBAHUS MOKA3aHUN CUETUYMKA
HMMITYJIbCOB JaT4yMKa YIVIOBOI'O TIIOJIOKCHMS JBUrarels W U1 BBIBOJA CUTHAJIOB IMTaHUSA
obmorok gapuratens. bimoku Encoder Inputu Digital Output maxonstcs B OuOIHOTEKE
Real_Time Windows Target

J Block Parameters: Digital Output

FoX

) Block Parameters: Encoder Input

— RTvin Encoder Input (mask) (link)

Real-Time Windoves Target encoder input.

— Data acquisition board

[ Install new board ]

[ Delete current board ]

|Sensoray Model E2E [auto]

v| [ Board setup ]

Maximum missed ticks:

|1D

O

[ ield ©PU when waiting

— RTWin Digital Cutput (mask) (link)

Real-Titme Windovwes Target digital output.

— Data acouistion bosard

[ Inztall newy hoard ] [ Delete current bhoard ]

|Sensora\,f Model 626 [auto]

Vl [ Board setup ]

— Timing — Timing
Sample time: Sample titne:
|Smp| | |smp| |

Maximum mizzed ticks:

fio

|:| Showy "Mizsed Ticks" port
[[] ield CPU when waiting

— Inputioutput

Input channels:

I

— InpLt Ot put

Cutput channels:

| I3 |
Quadrature mode: |quadruple V| Channel mode: | Bit V|
Reset input function: |gate V| Initial value:
Input filter clock frequency: |D |
|Inf | Final value:
Cutput data type: |d0uble V| |U |
[ ov  J[ conce J[ rvew ][ mpew | [ ok [ cance |[ Hew ][ mpoy |

7. B Opaysepe monenu &> sakinanka Callbacks >mynkr InitFct* (kox BImonHsEMbII nepen

3aIycKOM MOJIeNN) 3aaaiite nepemernyro smpl = 0.005period = 0.1

Ha6JIIOl[eHI/IH 3a COCTOSIHHEM OOMOTOK M IOJIO)KEHHEM JABHUIaTCIIA.

Encoder Input

Encoder

Input

Sensoray

Miodel 626 [Eute]

position, bit

cail state

Puc. 12. Mozaenb pa30MKHYTOTO YIPaBICHHS MEPEMEIICHUEM JIBUTATENS C TIOCTOSHHON

L Scope?
III A Liigital
> Output
B
Sensoray
hdodel G26 [auta]

CKOPOCTBIO.

PaspaboTaiite Momens Simulink mis mepeMeriieHust IBUTATENsl C MOCTOSHHONW CKOPOCTBIO H




10.

11.

JInst paboTel MOAENHM B peajbHOM BPEMEHHM IMOIKIIOUMTE K Mojenu dain rtwin.tlc: menro
mozenu > Simulation > Configuration parameters > Code Gamen > System targdtle u
Hakmute kHonky Build (Ctrl + B). HabGnronmaiite pe3ynbraT KOMIMIISIIUM MOJCTH B OKHE
KOMaH]I.

JIitst 3amycKa MOJICIIH IEPEBEANTE €€ B PEKUM [Esternal ﬂ HaxxmuTe kHonKy Connect To
Target? ¥ 3aTeM KHOIKY Start real-time cod ¥ .
3anuinnTe TEPEeXOAHBIC TMPOLECCH JBIKCHHS JBUTATENsA. [l0 MEpeXOqHBIM MpOIleccam

OIpeleauTe IMEepepPEeryJupOBaHUEe M PE30HAHCHYIKO 4YacTOTy JBMrarels C Harpy3kou —
PEAYKTOPOM U KOJOBBIM JUCKOM YIJIOBOT'O JaTYMKA.

Puc. 13. [lepexoanslii mpoliecc pa3oMKHYTOTO MTPUBOA.

3ananme 2. 3mepenue modra npuBoa.

1.
2.
3.

Brikarounte 00OMOTKH IBATATENS.
3amycTuTe MOJIENb B PEXKUME PEaIbHOTO BPEMEHHU C OTOOPaKEHHUEM TIOJIOKEHUS ABUTATEIS.

AxkypaTHO (0€3 W3JIMIIHEro YCWIWS) PYKOW OTKJIOHSHTE BBIXOJHOW BaJl PEAYyKTOpa OT
HAYaJIbHOTO TOJIOXKEHHUS WU OTIIYCTUB Basl (PUKCHUPYHTE BEITUYMHY HEBO3BpaTa JBUTATENs B

Ha4YaJIbHOC IT0JIOXKCHHC.



Crigital
Output

Sanzoray
odel 626 [auto]

Puc. 14. 3oHa yCTONYMBOTO TOJIOKEHHS BBIXOHOTO BaJia peaykTopa -1 .. +10uT (B enuHHIIAX
JaT4YMKa YTI0BOTO MEPEMEUICHUS) TIPU OTKIIIOYEHHOM JIBUTaTEJIC.

4. 3anuraiiTe 0OMOTKY JBUTATENsl U MOBTOPUTE SKCIIEPUMEHT.

Lrigital
Output

L

Sensoray
Whedel 626 [auto]

Puc. 15. ObmoTka A BBIKITIOYEHA, 0OMOTKAa B — moa TokoM. 30Ha yCTOWYHMBOTO MOJIOKEHUS
BBIXOJIHOTO Baya peaykropa: 4 out (ot 4 1o 8 6ur)

5. 3anwuraiite JABC 00MOTKH ABUTATCIIA U TIOBTOPUTC SKCIICPUMCHT CO CMCIICHHUEM BBIXOJHOTO Bajia

penykropa.



Crigital

* Output

Sensoray
hdodel 626 [auta]

Puc. 16. O6moTkn A u B — mox TokoM. 30Ha YCTOWYMBOTO TIOJIOKECHHSI BBIXOJHOTO Baja
penykropa: 2 6ut (ot -9 10 -7 OuT)

3amanue 3. GwibTpanys myMoB (MEXaHUUECKHX KOJIeOaHUIT) B 0OpaTHOM CBSI3H MPUBO/JIA.

1. TlocTtpoiiTe HHU3KOYACTOTHBIA (PUIBTP MEPBOTO MOPSAKA U (HUIBTP CKOJB3SIIETO CPEIHErO B
Simulink.

2.8

I K T=

feighted
Moving Average

Puc. 17. HY ¢unbetp: ycunenue paccornmacoBanust — 500pa3; mocTosHHass BpeMEHH — 2 MCEK
(1/500)Dunbtp ckonb3simero cpeanero: ([0.1:0.1:1 0.9:-0.1:0.1].*0.1).



2. TlocrtpoiiTe OTKIMKM (HUIBTPA HA €IUHUYHOE CTYIIEHYATOe BO3ICHCTBHE.

0005

Puc. 18. 3aBucumocTs BbIX0a (GUIBTPOB OT BPEMEHH MPH CTYNIEHYATOM BXOJJHOM BO3JICHCTBUHU.

3. Toakmounrte GUIBTPHI K BBIXOJY JaTYMKa YrJIOBOTO NepemenieHus. M cHUMuTe mnepexo Hbli

npoIIecc.

2
[o =

¥

AL Crigital Encoder
Ll

coil state I:I
Ll

position,

position, bit Scopez

Output Input

B K T=
Ll Sensoray Encoder Input 1 -
Madel 626 [auta]  Sensoray % z1
Model B26 [auta]

[
Ll

ottt

Weighted
fowing Average



Puc. 19. Gunprpanus MeXxaHUYeCKUX KOJIeOaHU, BOSHUKAEMbIX TIOCTIE TIEPEMEIICHUS

ABUTaTCIId HA OAUH IIar.

4. ]lng ycTpaHeHUs MepeperyiupoBaHus yBelndbTe MOCTOssHHY0 Bpemenn HY ¢unbTpa.

o
III—D—D

¥

coil state

Crigital
Output

Encoder

|
Lasl

position, bit

position, bit ScopeZ

Input

Sensoray
tlodel 626 [auto]

Encoder Input
Sensaray
tiodel 626 [auto]

K T=




position, bit

L2 0.04 L LI 0.08

Puc. 20. unbrpanus urymoB HU ¢unbrpom ¢ mocrosiHHo# Bpemenu 4 mcek (1/250).

5. nsa yBenuueHus: OBICTPOAEHCTBHUS BOCCTAHOBUTE IMOCTOSIHHYIO BpPEMEHH 2 MCEK M CHUMHUTE
IIEPEXOIHBIE IPOLECCHI.

POz, ol

0.0z 0.04 .06 0.08

Puc. 21. ®unbrpanus urymoB HU ¢unbrpom ¢ mocrosiHHo# Bpemenu 2 mcek (1/500).



3aganue 4. I3mepeHne HENMMHEHHOCTH MTPUBOJIA.

1. IlocTpoiiTe 3aBUCHMOCTb pa3HHUIBI MEXKIY H3MEPSIEMBbIM IMYTEM U IIyT€M, HPONIECHHBIM
UJI€AJIbHBIM IIPUBOJIOM.

Position error agaist Position
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Position, bit

Puc. 22. Ommbka u3MepeHus MyTd YIrJIOBBIM JATYUKOM OTHOCHTEIBHO ITYTH OIPENEIIeMOTO
M0JICYETOM HACATbHBIX I1arOB JABUTaTENs.

2. CocuuTaiiTe MakCUMAJIbHYIO HEJIMHEHHOCTh B MPOLEHTaxX OT mara apuratens. KommuecTBo
maroB Ha 00opot neurarens: 24. Penykrop 1:14.4. Jlaruuk: 20000TcyeToB Ha 060POT.

3aganue 5. /[uHamMuKa 3aMKHYTOTO NIPUBOJA.

1. TlocrpoiiTe neTiio ynpaBjieHus IaroBbBIM NMPUBOJAaM, Kak Moka3aHo Ha Puc. 23Hmxe.

Filoanu(1y4) floaru1y)

anfoftl

lul

Terminatar
anfoft

ol A

phase
cal B

FHASE/FR
control

STOP cail cantralt



smpl=0.0001; > limit Tresh: 0.5_
1= Amplitude: 200
Bias:5.787*400.5
Frequency: pi/10
Phase (rad): 0

. . " Digital
= 2 PHASE/FR ¥
bhode! t
Gain:1 Amplitude: 200 sonttol STOP cail contral1 el 636 [auto]
Bias:0. Tresh: 18 bit | 429 step. Encodar | |
Frequency: pi/10 Tresh: & bit [

Fhase (rad): O
hiadel 626 [auto]

.2 J

Gain:2500
< o.0e
Valle

7 Tresh: 0
|
Delay length:  |0.01/smpl — | (1.19°5.757 ) T -
Initial candition: |5.787*400.5 sRED z —n_.

Sign’

Puc. 23. IlerneBoe ympaBieHHE MEpPEeMENICHHEM IIaroBoro mpuBoja. IlocTosiHHAas BpeMeHHU
¢unprpa OC: 2 Mmcek. Cuctema u3MepsieT MOJIOKEHHUS JABUTATENs], YTOOBl BBIYUCIHUTH, KAKYIO
0OMOTKY HEOOXOAMMO BKJIIOYHTH JIJISi HEMPEPBIBHOTO IMepeMelnieHus. Eciu paznudure MexIy
3aJJaHHOW M (paKTUYECKOW TO3HIIMEH ABUTaTeNs yBenuuuBaercs Oosee ueM Ha 10 6ut mardmka,
HOMEp OOMOTKH (IIar JBUTATENs) BBIYUCIACTCS J0OaBICHHEM (UKCUPOBAHHOTO CMEIICHHUS K

TEKYIIEMY TOJIOXKEeHHIO BUratesnis. Mojens: position_control 3 5 stepper.mdl

2. VYBenmuuuBass YacTOTy HW3MEHEHHs 3aJJaHHOTO IIOJIOKEHHUSI TMOCTPONTE TpauK IBUKCHUS
MIPUBOJA B 33J]aHHOE TMOJIOKEHHUE U IPaUK U3MEHEHHUS CKOPOCTH MPUBO/IA.
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Puc. 24. [TIpumep nemxenus B 30ue 1000 .. 3000 bitMakcumanbsHas ckopocTs arkenus: 5000

11aroB B CEKYHJY - 3HAYUTEJIBHO BBIIIE PE30HAHCHOM Y4aCTOThI IPUBOJA.



GO0

400

200

Puc. 25. [Tpumep camoBO30YKIeHHS TPUBO/IA MOCIE IBMKEHUS 5.2 cek.
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Puc. 26. [Ipumep nBrxeHus B 00patHoM (HEIPaBHILHOM) HAIPABICHUY [IPU YBEITUUCHHUU (a3bl
Oouiee uem Ha 10 Owur.

WHorma MOTOp OCTaHAaBIMBAETCA B MOJOXKEHMU Koraa (haza HeIoCTaToyHa, 4YTOObI chenaTh
crnexytomuii mar. JJopaboraite anroput™, 4ToObl YCTPAaHUTh HE3aIUIAHUPOBAHHBIEC OCTAHOBKU U

JBMKEHUE B 00paTHOM HaIpaBJICHUH.
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4. B nopaboTaHHOM anropuTME MHOTAA HAOIIOAAIOTCS KOoJeOaHUs TOCie BBIXOJa B 3a/JaHHOE

nosioxkenue. [lonpiTaiireck HaliTH NPUYKNHY BO30YKICHHS TPHBOA.
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Puc. 28. IlpumMep perucTpaluu CMEIICHUs BBIXOJHOTO Baja PEIyKTOpa C KOJIOBOM IHCKOM
JaTYMKa HA BEIMYMHY JTIO(TA MO ACHCTBHEM WHEPIUH MTPH TOPMOKCHUU JIBUTATEIIS.

3aganme 6. XapaKTepHCTUKHU IIar0BOTO MPHUBOJIA C OKOHYATEIbHBIM BaPUAHTOM aJITOPUTMA.

1. C yderom wuH(pOpMaIMH, MOTYYCHHOW NPU BBHIOJHEHUU NPEABLAYLIINX 3adaHUM, MMOCTPOUTE
OKOHYATEJIbHBI BAPUAHT IPOrPaMMHOM 4YacTH BBICOKOCKOPOCTHOI'O YIIPABJIEHUS IIArOBbIM

MIPUBOJOM.
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Puc. 29. Ilpumep anropuTma ympaBie€HUS NPUBOJOM. 3elieHble OJOKM 00eCreuyuBaIoT
MHUIMATN3aMI0 NpuBoJa. benble W KpacHble ydacTBYIOT B yIpaBJieHUHU. J[BUratenb HIET K
3aJJaHHOM TMO3UIMM, €CITH a0CONIOTHAS TOTPEIIHOCTh MEXAY 33aJaHHBIM U (aKTHUECKUM
nosioxkeHusiMu MeHbiie 10 6ut. Ilpu Gonbmux ommOKax ABUraTelb JABMXKETCS C MOCTOSHHON

MaKCUMaJIbHOUW CKOpOCThi0. Cepble OJIOKM 3alMINAIOT CUCTEMY OT CIYy4alHOTO JBMXKEHHS B
MIPOTHBOIIOJIOKHOM K 33JJaHHOUM MO3MLIMU HarpaBieHUU. JKenTbie OJ0KH 3aIyCKalOT JBUTATENb,
€CId OH OCTaHOBWJICA C morpemHocTbio Oonee 10 Our. Ecnum cymmapnas omuOka
MHUIMATIN3AIUY TUTIOC HEJTMHEWHOCTh MpuBoja Iuioc mo¢pT menbie 20% ot mara gBuratesns

yIIpaBJIEHUE IBUTATENSI UCIIOIB3YET TOJIBKO Oelble U KpacHbIE OJIOKH.

3amuiure nepeMeucHue mnpuBoaa, €ro CKOpPOCTb U COCTOAHUC 00MOTOK I pas3InYHbIX

HOCJIEOBATEILHOCTEN 3aJaHHBIX OJIOKEHUN.









Puc. 30. XapakTepuCTHKHN JBUKEHUS BBICOKOCKOPOCTHOTO MTPUBOJA.



3. 3anuuinte OCHOBHBIE IMapaMeTphbl IPHBOJA, HATIPUMED,

* (Craruueckasi TOUHOCTb: lmiar

* JluHamuyeckas TOYHOCT: +/-1 mar B [auMana3oHe CKOpOCTei
BxoHoro Bo3aeicTus 0..65000ut/cek.

* Ilorepu maros HE Ha0JII0Jar0TCs

KOHTPOJIBHBIE BOITPOCBI

Kakue npeumyiectsa gaet pazpabotka cucteM ynpasieHust B MatJIAB?

CpaBHMTE IMIAroBBIA TPUBOJX C (ha3HBIM YIPaBICHHWEM C TPUBOJOM Ha 0asze JABHUraTems
IIOCTOSTHHOTO TOKa.

3. Onwumure BIUsHUE JIOPTA HA KAYECTBO MPUBO/A C (Pa3HBIM yIIpaBICHUEM.

BUBJIUOTIPA®UYECKHU CIIMCOK

1. HelpMatJIAB.

2. Dr. Bob DavidovKowmnbioTepHble TEXHOJIOTHU YIIPABJICHHS B TEXHUYECKUX CUCTEMaX
http://portalnp.ru/author/bobdavidov




