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PASPALOTKH

MAUKHOCTPOEHHE

Paspaborka

NPOrpaMMHO-aNMApPATHOro
KOMIMJIEKCA HO OCHOBE
CUCTEM pPeasibHOro BpeMeHHU

Anekceri Mapycos

B cratbe paccmatpueaetcs npumeHeHne OC peanbHoro spemenn On Time RTOS-32
NPY NPOEKTUPOBAHMMU CUCTEMBI YUCNIOBOTO Nporpammuoro ynpaenenus (CHIY).
OcHoso# gns crateun nocnyxmn onbit OOO HIMO «Py6ukoH-MHHOBALMSY, NOonyYeHHbIH
B npouecce paspabotkn CHIMY «Penukc».

NMPUMEPDLI 3AAAY

B Hacrositiiee BpeMsi MBI HCIIOJTb3YeM
Bc€ OOJIBIIIE JIEKTPOHHBIX YCTPOUMCTB, K
paboTe KOTOPBIX MPENBSIBISIOTCS Tpeho-
BaHUS XECTKOTO PeaJlbHOTO BPEMEHU.
DTO U MeIUIIMHCKOE 00OpyloBaHUE, TIe
BpeMsT paboOThl MOXKET OIpPeneNsaTh M03Y
MOJYYEHHOTO OOJIy4eHUs, U METaI000-
paboTKa, TIe BpeMs IBIKEHUsI pabodero
opraHa CTaHKa OTIpe/iesisieT pa3Mepsl Mo-
JIydeHHBIX IeTajiell, 1 aTOMHasi SHepreTu -
Ka, TOe 3aIepKKa Ipy YIpaBIeHUN peak-
TOPOM TIPUBOAWT K U3MEHEHUIO BhIpada-
THIBAEMOW MOIIIHOCTH pPeaKkTopa, K TOJ-
HOI OCTAHOBKE WJIU HaXe K TeIUIOBOMY
pa3pylIeHuIo.

Kpome TOro, MOCTOSHHO TOSIBIISIIOTCS
YCTPOMCTBA [ HE CTOJIb OTBETCTBEHHBIX
MPUMEHEHUI, KOTOpbIE TI0 CBOEMY Ha3-
HAUYE€HUIO CIOCOOHBI CHENaTh HaIly
KHM3Hb 00Jiee KOMGMOPTHOI, HO Ge3 cuc-
TEM peajbHOTO BPEMEHU OHU TPOCTO He
Mornu 6wl paborats. Komy HyxkeH MP3-
jieep, KOTOPBIi IepUOANYECKH OCTaHAB-
JIUBaeT MpourpsiBanre My3biku? [Tonpa-
BUTCSI JIU COTOBBIN TesiedOH, KOTOPHBIit
MpeKpaliaeT nepeaady CUrHaga Ha BpeMst
MEePeKITIoUeHNUsT MeXIy 0a30BbIMU CTaH-
mmsiMu? KoHewuHo Xe, Jydlie, Koraa ycT-
poiicTBa paboTalOT CTAOUIBHO.

Yno06cTBO M CTaOMIBHOCTD PabOTHI CO-
BPEMEHHBIX YCTPOUCTB BO MHOTOM OITpe-
NIeJISIETCST TeM, UTO OHU TIOCTPOEHBI Ha Oa-
3¢ onepaimoHHbIX cucteM (OC) peanbHO-
rO BPEMEHU: BHYTPEHHME MEXaHU3MbI UX
paboTbl He BAUSIIOT Ha CKOPOCTb BBIXOM-
HOTO IOTOKA JaHHBIX (My3bIKa UTpaeT 0e3
3a7epXeK, Ha PeakTop CUTHaJ yIpasie-
HUs nepeaaéTcs ¢ 3aJaHHOM YacTOTOM He-

3aBUMCHUMO OT JIMCTBUI orepaTopa U T.I1.).
Tak namaiite 3arisiHeM BHYTpb 31X OC,
MOCMOTPUM, KaK OHM HCIIOJb3YIOTCS TPU
MPOEKTUPOBAHUM YCTPOMCTB aBTOMAaTH3a-
LIMM Ha TpUMepe CUCTEMbl YMCIOBOTO
nporpammHoro yrnpasiaenust (CUITY).

OnNPEAENEHUE CUCTEMBI
MXECTKOro PEAJIbHOIO
BPEMEHM

Jns Havana pa30epéMcsi, UTO XKe TaKoe
«peaTlbHOe BpeMsi». DTOT TEPMHUH YacTo
BCTpEYaeTcsl B JINTepaType, HO Orpenese-
HUe emy Aaércs peako. [Ipuyém oH yacto
WCTIONIb3YeTCSl He JUIST ONMCAHUS TEeXHU-
yeckux ocobeHHocteit OC, a I MapKe-
TUHTOBBIX 1iefieil. Takum 06pa3oM, TIosIBU-
JIOCH TIOHSITUE CUCTEMBI «MSATKOTO» PeaTb-
HOro BpeMeHU. B manbHelimem, paccyx-
nast 06 OC peanbHOTO BpeMeHU, MBI OyIeM
OTMpaThcs Ha CIEAyIoliee OrpenesicHue,
CUHTE3UPOBAHHOE 13 orpeaeyeHuit B [1]:

OC peanvroeo epemenu — amo OC, 6 Ko-
mopoil ycnewnocmos pabomol 1000l npoe-
PaMMbl 3a8UCUM He MOAbKO OM e€ n02uyec-
KOl NpaguabHOCMu, HO U OM 8peMeHU, 3a
KOmopoe OHa NOAYHUAa IMOM pe3yabmam.
Ecau cucmema ne moscem yooeremeopums
BDEMEHHbIM 02PAHUYMEeHUsIM, 00AdceH Obimb
3aghukcuposar cooii 6 eé pabome.

HMmenno takme OC yacTo Ha3bIBAIOT
CHCTeMaMU XECTKOTO pealbHOTO BpeMme-
HU. VX MBI 11 OyzieM paccMaTpuBaTh fajee.

Taxxe, roBopsi 00 ycTpoicTBax peasib-
HOTO BpeMeHU, OyaeM UMeTb B BUIY yCT-
policTBa, KOTOpble OOecreunBaioT pe-
3yJIbTaThl BBIUKMCICHUN 32 (PMKCUPOBAH-
HBIII TIpOMeXyTok BpemeHu. Ecim pe-
3yJbTAT MPEAOCTABIEH CIUIIKOM TO3IHO

(WU CIMILIKOM PaHO B HEKOTOPBIX CUCTE-
Max), T0JIKeH ObITh 3apUKCUPOBaH COOM.

KOONEPATUBHAS
U BLITECHAIOLLAA
MHOTFO3AAAYHOCTDb

[lpakTnyecku J000€ SIAPO MHOTOIMO-
TOYHOU CUCTEMBI PeaJIbHOTO BPEMEHU pa-
0OTaeT Mo TUTIOBOMY aJTOPUTMY: TIEPUO-
IUYECKU BBI3BIBAETCSI TUIAHUPOBIIUK —
cHUCTeMHas 3ajada, KOTopasi OTpeiesier,
KakoW M3 3amay IMoJb30BaTess] OTIATh
CIIEIYIONINIT KBAaHT BpPEMEHU; 3aTeM YII-
paBiieHue mepenaéTcs 3amaye Moyib30Ba-
TeJst, TAe W TPOU3BOJIUTCS HEIMOCpPe-
CTBEHHO TMOJie3Hast paboTa; 3aTeM CHOBa
BBI3bIBACTCS MJIAHUPOBIIUK U T.K. OTin-
yatorcsi OC peabHOrO BpeMEHU 110 Bpe-
MEHU TIePEKITIOUCHUS 3a/1a4, Habopy cep-
BHMCHBIX BO3MOXHOCTE 1 MOMEHTY, KOT1a
MPOUCXOANT TIepekIoueHue 3anad. Eciau
repeiava yrnpasjieHust OT MOTOKa K MOTO-
Ky MoxeT npousBoautbcsi OC, TroBOPSIT,
yto OC paboTaeT B CUCTEMe BBITECHSIIO-
et MHorosagauHoctu. Eciu ke mepe-
KJIIOUYEHHUE 33724 BO3MOXKHO TOJILKO MOC-
Jie BbI30Ba CUCTeMHOM (yHKIUU (OAHON
U3 HECKOJbKHUX CUCTEMHBIX (DYHKIIMIA),
MMeeT MECTO KOOTlepaTMBHAsSI MHOTO3a-
JIaYyHOCTh. B KakoMm W3 pexXuMOB Jiydliie
ucrnoibs3oBaTth OC, 3aBUCUT B IEPBYIO
ouepesib OT MPOEKTUPOBIIUKA CUCTEMBbI.
W y Toro u y 1pyroro pexuma ectb CBOU
IUTIOCHI U MUHYCBI. [Ipu MCroNb30BaHUM
KOOIEpaTUBHOM MHOT03aauyHOCTH BCE
MOTOKU HY>XHO pa3pabaThiBaTh TAKUM 00-
pazoM, 4TOObI OHU TIEPUOAMUYECKU TIepe-
JaBaJiv yIpaBIeHUE IAHUPOBILIUKY CUC-
TEMbl, a 3aBUCHUMbIE OT CTaOWJIBHOCTHU
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BpEeMEHU OTepalny MePeHOCUTh B TIpe-
peiBaHUs. [1py UCTIONE30BaHUY BHITECHST -
follleli MHOT033IaYHOCTH, KaK TPaBUIIO,
TTOBBINIAIOTCSI HAKJIaMHBIE PAacXOIbl Ha
nepeximoueHue 3amad OC, a Takke 3Ha-
YUTEJLHO BO3PACTaeT CJIOXHOCTH IMPOT-
paMMUPOBAaHUSI CUCTEMBI: UIsl oOparie-
HUS K JI0O0OMY M100aJbHOMY OOBEKTY
HYXHO MCTIOTBh30BaTh KPUTUUECKYIO CEK-
uio uiu Mbloteke [2]. borbmmuacTBOo OC
peaslbHOTO BpeMEeHU MOTYT paboTaTh Kak
B peXuMe BBITECHSIONIEN MHOTrOo3amau-
HOCTH, TaK M B pexXuMe KOOTepaTUBHOM
MHOT033Ja4HOCTH, ¥ BBIOOP pexkuMa Jio-
JKUTCST Ha TUIEYU TTPOEKTUPOBIITUKA.

KOHKPETU3ALMS 3ANAHM —
uny

OmHOi1 13 BOCTpeOOBaHHBIX 3a1a4 B MU~
pe aBTOMaTM3alMU B TOCJAEAHUE TOMAbI
cTajia TeMa YMCJIOBOTO MPOrpaMMHOTIO yII-
pasienus (UITY). [deiicTBUTEIbHO, paHb-
e npu paspadotke YI1Y mpuxoaunochb
TIOCTOSTHHO CJIEUTh 32 OOBEMOM BBIYMC-
nennii. Konrposuiepsr 80-90-x romoB He
MOTJIV TIOXBACTAThCS U IECSATON TOJIeH BbI-
YUCIIUTEJIbHON MOIIHOCTH CPEHEro COo-
BPEMEHHOTO KOHTPOJUIEPA, a YacTOTa BbI-
A4’ YTIPABIISTIONIETO CUTHAIA OTIPEIeIsi-
JIach 3aJaHHOUW TOYHOCTHIO 0OPabOTKU U
WHEPIMOHHOCTHIO MPUBOIOB Tonad. Ha-
npuMmep, Uil u3BecTHoil paHee CUITY
HII-31 ata yactora cocrasisuia 100 Iix. [To
3TOil mpu4mHe anroput™ padoter CUITY
TpeOOBAIOCH XKECTKO ONTUMU3UPOBATH, a
Ha0Op CEepBUCHBIX (DYHKIIMI OTpaHWIM-
Batb. [IpuMensTe OC B TakMX CUCTeMax
OBLIO TTPOCTO Helleecoo0pa3Ho.

Bo3moxxHOCTH COBPEMEHHBIX KOHTPOJI-
JIEPOB TAKOBBI, YTO TIO3BOJISIIOT HE TOJIBKO

KPUTEPUU

WINDOWS EMBEDDED

CPABHEHUA

Vno6cTBo HanucaHus
ApaitBepoB

YHuduMUMpoBaHHbI MHTEpeiic Ans ApaitBepa — HanucaHue fpaiisepa
nepexoauT Ha YpoBeHb peanu3aunu HecKonbkux dhyHkumin. 06meH Mexay
MoJIb30BaTENbCKOI 3aAayeit U fpaiBepoM Npy NOMOLYM MEXaHI3MA COOBLLEHM

CYIIECTBEHHO PACIIMPUTH BO3MOXKHOCTH
CUIlY, Ho u ucnojs3oBath OC, 4TO B
3HAYUTENBHON CTEMEH! YIPOIIaeT 3a1auy
MPOeKTUPOBaHUs. BOJNBIIMHCTBO mMpor-
paMMUPYEMBIX JIOTUYECKUX KOHTPOJIIE-
POB Aaxke peau3yloT 3a1ady YIpaBIeHUs
anekTporpuBogoM. Ha pwiHKe Takke
npucytcTBytoT pemeHuss CUITY, Bbimon-
HEHHbIe Ha 0a3e 0OBIYHOTO MEPCOHATBHO-
ro KoMIbioTepa. PaccmoTrpuMm nompoGHee
3a1a4y TpoeKTupoBaHus cucteMbl UITY
Ha OCHOBE CHCTEMbl PEAIbHOTO BPEMEHMU.

CPABHMTEJNIbHBIE
XAPAKTEPUCTUKMU OC
PEAJILHOIrO BPEMEHM
(Winbows, QNX, OnN TiME),
BblIBOP CUCTEMBLI

Bribepem onHy 13 HamboJjiee MomyJsip-
HbIX OC peayibHOTO BpeMEHU JITS PEIIeHMST
Hareii 3anauu (rmoapobHee ¢ MHGOPMALIN-
eift 06 atux OC MOXHO O3HAKOMUTBCS
3neck: http://embedded.prosoft.ru/prod-
ucts/types/3995/).

Hauném ¢ Windows Embedded. Jlerko
3aMeTHUTh TTpenMytecTBa 3Toit OC: HanM-
CaHO OrPOMHOE KOJIMYECTBO JpaiiBepoOB
IIJISI CaMOT0 Pa3HOOOpa3HOro 0bopymoBa-
HUSI, W TIPU KeJIAaHUU TTOIKIIOUNTh K Ha-
meit CYITY, ckaxkeM, IpUHTEP JOTIOJTHHU-
TeJbHOU pa3paboTku He moTpedyeTcs. [da-
K€ TIOCJIe BBIXOJA CUCTEMBI JJIsT TIOIEPK-
K HOBOTO O0OpYHOBaHMSI HYXHO JIWIIb
OyzeT cKayuaTh JpaiiBep ¢ caiita IIpou3BO-
nutensa. Jpyroe HeCOMHEHHOE IpeuMy-
IIECTBO — pa3BuUTasi rpadpuyeckast IMoa-
cucTeMa U coBMecTuMocTh e€ ¢ OC mist
TepCOHAILHBIX KOMITbIOTepOB. Pa3paba-
THIBaTh MHTEP(EIC C OrepaToOpoOM MOXKHO
B JII00OI cpele TPOEKTUPOBAHMS TPOT-

CpaBHuTenbHaA xapaktepuctuka 0C peanbHOro BpemMeHu

QNX

paMM Ha TMEpCOHAJbHOM KOMIIbIOTEpE.
K Hemocratkam 3101t OC MOXHO OTHECTH
BBICOKME TpeOOBAHMS K pecypcaMm.

Paccmorpum QNX. [lpakTuyecku Bcé
CKa3aHHOE MOXHO OTHeCcTH U K aToi OC.
JpaiiBepoB nepudepritHoro od6opymoBa-
HUSI, KOHEYHO Xe, MEeHbIe, HO BCE OC-
HOBHBIC TTPOM3BOAUTENN MepudepruitHO-
ro o0opynoBaHUsI He 3a0bIBAIOT U TTPO ITY
cuctemy. Cpena MpOeKTUPOBAHUS TIPOT-
pammM nioctasisietcst BMecte ¢ OC. Pa3Bu-
Tas rpadpuyeckas MmoacucTemMa, IUpPOKUi
HabOp CEPBUCHBIX BO3MOXHOCTEH — BCE
3T0 no3Bojiyio QNX 3aHATh ITOBOJBHO
LIIMPOKYIO HUIILY Ha PBIHKE OIepaloH-
HBIX CHCTEM peajbHOro BpeMmeHM. [lo
npousBoauTenbHocTu 31a OC npeBocxo-
aut Windows Embedded, Ho 11eHa BecbMa
cyniectBeHHa Ha ¢oHe RTOS-32 (On
Time Informatik).

RTOS-32 (On Time Informatik), wiu
On Time RTOS-32, ornnyaercs HUBKUMU
TpeboBaHUsIMU K pecypcam. OHa mpen-
cTaBisieT coboii Habop OMOIMOTEK U He
SIBJISIETCSI CPEAOiA TSl BBITTOJIHEHUSI TTPOT-
paMM, KakK TPHUBBIYHbIE COBPEMEHHbIE
OC. Koa koMnuaupyeTcst B cpelie pa3pa-
6otk nporpamm Ha ITK, 3atem roroBblit
JIBOMYHBIN (haiiy 3arnCchIiBaeTCs Ha TjiaT-
dopmy. Takast peanuzaunsi OC oObsICHSIET
€€ OCHOBHbIE TTPEUMYIIECTBA U HENOCTAT-
KW: C OJHON CTOPOHBI, OYEHb BbICOKAS
MPOU3BOAUTENBHOCTh, 3aMeTHO OoJee
HU3Kas lieHa, HU3KKe TpeOoBaHUS K MPO-
1eccopy (Hy>Ho ToJibKo umeTh BIOS), a c
JIPYTrOii, MEHbIIIUI HAOOP CEPBUCHBIX BO3-
MoxHocTeil. Kpome TOro, peamusanus
JipaiiBepoB Bcero rnepudepuitHoro 0oopy-
JloBaHus1, He nojuepxaHHoro B OC, Jjo-
JKUTCS Ha TUTeYM pa3paboTInKa.

Tabauya 1

ON TIME RT0S-32

EAMHOe aapecHoe NpocTpaHCTBO U NpAMON AOCTYN K
nopTam no3eosisioT pa3paboTats Apaisep C NobbIM
nHTepceiicom

Ha6op 6u6nuorex

Bonbloe konnyecTBo nopaepKUBaeMbix YCTpOiCTB, GyHKLUN paboTsl ¢ 6azamu
AaHHbIX, MPOCTON AOCTYN K (haitnoBbiM pecypcam (ROCTYN K daliny Ha yaanéHHom
MaLMUHe OTANYAETCA TONLKO YKAa3aHWeM NOMHOIO MyTH), eCTb CUCTEMHbIN XypHan
OWKOOK, BO3MOXKHO NpuMeHeHue Nto6bix Gubnnotek C/C++

Hu3koypoBHeBble fpaitBepbl, MUHUMANbHASA NOAAEPIKKA
nonb30BaTeNbCKOro UHTepdeiica (OkHa, rpaduka)

WUHTepdeicol

USB 2.0, IEEE 1394, 802.11x, IrDA, UPnP, RDP, Bluetooth, CAN, PROFIBUS u gp.
Xopowas nopaepxka creka npotokonos TCP/IP

USB, RS-232. Moppepika cTeka npotokonos TCP/IP
peanu3oBaHa B MEHbLUEM 0ObEME N0 OTHOWEHMIO K

Windows Embedded n QNX. OcTanbHble npoToKonel

peanu3yioTca Npu NOMoLLM ApaiiBepoB

®daitnosble cucTembl M
KOTOPOro HeT fpaiiBepa noj

Windows

MpakTuyecku sce. TpyaHO HaNTH
YCTPOWCTBO XPaHEHUs AaHHBbIX, AN

Linpokuit cnekTp aiinoBbIX CUCTEM,
BK/l0Yas 06pasHyto (aiinosylo cuctemy,
taiinosyto cucrtemy B 03Y unu Ha naw-
aucke, daiinosble cuctemsl QNX, Linux,
DOS, CD-ROM, DVD, NFS, CIFS, nakeTHyto

CO Catnem

Mogaynb taiinosoro BBoga-sbiBoga RTFiles 32 nossonser
CNoNb30BaTh CTaHAAPTHbIE YHKLMM PaboThI C
chaiinosbiMu cuctemamu FAT 12, FAT 16 1 FAT 32 1 pabotats
¢ ntobbimu Tunamu Hocutenein (HIML, HXML, dnaw-
AVUCKY, cTaTuyeckas namsats, USB-gucku, CD ROM n DVD).
taiinosyto cuctemy 1 dainosyio cuctemy | HectaHgapTHoe 060pynoBaHNUe MOXET NOAAEPIKNBATLCS
Yepes AipaiiBep C NpOCTbIM UHTephecom

JnyeHsumn

0TYnCneHmsa ¢ Kaxao npofaHHoi
KONWW C NpefBapuTENbHbIM 3aKa30M

OTyncneHus c Kaxpnoi NpoaaHHoN Konun
C NpeABapuUTENbHbIM 3aKa3oM (2—4 Hepenu)

Het otuncnenmii. Mokynaetcs Habop pa3paboTku

CroumocTb Habopa

Camas HU3Kas u3 paccmaTpuBaembix

[loBO/ILHO BbICOKas

KomnnekTyeTcs ons KOHKpeTHOM 3agauun. [ins

paspa6oryuxa cucTem npoektuposanusa CHIMY BaBoe Huxe, yem y QNX
:zg:‘;g;‘;:aem"e Tonbko x86 (kak B 1K) ARM, PowerPC, MIPS, x86, SH x86, nto6as nnarcopma ¢ BIOS
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B 1abn. 1 cBeneHbl OCHOBHBIE, C TOUKU
3pEeHUS POSKTUPOBAHUS aBTOMATU3UPO-
BaHHOW CUCTEeMBI, XapaKTePUCTUKU pac-
cmotpeHHbIX OC.

Ectb emi€ omHa xapakTeprucTrKa, KOTO-
past B 3HAQUUTELHON CTETIeHU BIUsIET Ha
BeIOOp OC, — 3T0 3(h(PEeKTUBHOCTL HC-
MoJIb30BaHUS pecypcoB. [1pu e€ omperne-
JICHUU HEOOXOIMMO YUUTHIBATH BPEMSI
MepeKTIoYeHNsT 3alady, MUHUMaTbHYIO
KOH(MUTYPALIUIO CUCTEMBI UISI COOTBET-
ctBytoteit OC, BpeMsl peakilud Ha CHC-
TeMHOe coObITHE (cemadop), BpeMsT BXO-
I1a ¥ BeIX0za u3 pepoiBanus. Kak mpasu-
10, OC peabHOTO BPeMEHU WCITBITHIBA-
IOTCST HAa pa3HOM 00OPYIOBaHUM, KOTOPOE
BHOCUT TIOTPEITHOCTh B aHATU3UPYeMble
NAaHHBIE, TTOTOMY TOYHO OIEHUTH KaX-
Iy1o cucteMy He monyuantcs. OgHako, 03-
HaKOMUBIINCH C WCCIEIOBAHUSIMU (UC-
cnenoBanue Dedicated System Experts
Windows CE 6.0 Embedded na Intel
Pentium MMX 200 MIi1, nokymeHnt EVA-
2.9-TST-CE-x86-62; HCCaeq0BaHne
Dedicated System Experts QNX Ha
PowerPC MPMC7410 333 MIi, noky-
MeHT EVA-2.9-TST-QNX-PPC-01-101)
u opuanbHOM IOKyMEHTaluen
(http://www.on-time.com/rtkernel-
32.htm), MOXHO MPUITH K BBIBOMY, YTO Y
Windows Embedded cpaBHUTENIBHO HM3-
Kas apdexkTuBHOCTH, y QNX cpemHss, ay
On Time RTOS-32 camas BbicoKasi 3¢-
(beXTUBHOCTh UCIOJIB30BAHUSI PECYPCOB
Cpelu paccMaTPUBAEMBbIX CUCTEM.

PaccMoTpeB Bce Tpu cUCTEMBbI, MOXKHO
clenaTb BBIBOA: AJISI MPOEKTUPOBAHUS
YITY, ocobeHHO Ha IIepBOM 3Tare, JyJiie
Bcero noaxoaut On Time RTOS-32. Bor
OCHOBHbIe KauecTBa 310l OC, MOBIUSB-
LIKMe B HallleM ciyvae Ha e€ BbIOop:
® TTOIePKaHbl COBPEMEHHBIE HAKOTTUTE-

JIA I KaHAJTBI TIepelaurl JTaHHBIX;
©® HU3KHWE HAKIJIQJHBIE PACXOIBI TPU BBI-

30Be CUCTEeMHBIX (DYHKITHIL;
® HEBBICOKAsI, 10 CPAaBHEHWIO C OCTaJIb-

HeiMU OC, CTOMMOCTB;

@ ToIIepKKa JIIOOOTO TIPOMBIIIIJIEHHOTO

KOHTpoJUIepa.

PASAENEHUE 3AAAUYM HA
BJIOKU, ONMUCAHME OCHOBHBbIX
BJIOKOB C NTPUMEPAMM
UCNOJIb3OBAHMSA
MEXAHM3MOB OC

OCHOBOI ISl peaju3ally CUCTEMBbI
YITY na 6a3e On Time RTOS-32 moxer
CIIYXWUTb JIIOOOW TMPOMBIILIEHHBII TpPO-
ueccop. [Ipouecc anantupoBaHus onepa-
LIMOHHOW CUCTEMbI K KOHKPETHOMY MpPO-
1IeCCOpy CBOAMUTCS K HACTPOliKe (pusnuec-
KOTO KaHajia OTJamunka (HOMep U CKO-

pPOCTB TTOCIIENOBATETLHOTO TTOPTa WM afl-
pec u nopt miast TCP/IP-coenuHeHus).
Hns padoter ¢ OC, Kak, BIpoueM, W It
paspaborku YIIY, mnorpedyercs cpena
pa3paboTKu mporpaMm. DTO MOXKET ObITH
Microsoft Visual Studio mm6o Borland
Developer Studio, Tak kak On Time
RTOS-32 nonmepxuBaer Win32-koMIu-
sngTopsl oT Borland u Microsoft (1o naH-
HBIM oduumaibHoro caiita On Time
Informatik).

Ternepb Bce MHCTPYMEHTHI TTONTOTOBIIE-
HBI, MOHO TIPUCTYMATh K MPOEKTUPOBA-
HUIO CUCTEMBI.

Paccmotpum paboTty abcTpakTHOM cuc-
tembl UITY, obpaias BHuMaHue (B TeKC-
T€ BBINEJIEHO KypCUBOM) Ha BXOAHbBIE U
BBIXOJHBIE TAaHHBIE MPOEKTUPYEMOIl cucC-
TeMbl. [laHHbBIE TTOCTYMAIOT WU U3 MeXHO-
A02uteckoli npoepammst (padboTta B aBTOMa-
TUYECKOM peXMMe), WU OT Oleparopa
yepes Hadcamue KAaguul Ha nyavme ynpag-
AeHuss cmaunkom (PyIHOH pexum). DTU
NaHHbIE TPEoOPa3YIOTCSl B HepemeuleHusl
UCNOAHUMENbHbIX MEeXAHU3M08 U paboueco
opeana cmauka, TAaHHbBIE O TEKYIIEM TO-
JIOKEHUU  KOTOPOro  TMPUHUMAIOTCS
CUITY ot damuuxoeé obpamuoii ceés3u.
Aneopummol ynpaenenus 31eKmpoooopydo-
6anuem cmanka padoTalOT MOCTOSTHHO U
obecreunBaloT HOpMaJIbHYI0 paboTy cuc-
Tembl. Harpumep, mocTostHHO OTCIeKuBa-
10TCSI 6X00Hble cUeHaNbl ABAPUITHBIX KOHIIE-
BBIX MEpeKIoYaTesieil, KOToOpbie cpadaThl-
BalOT MpPU BBIXOAE paboyero opraHa 3a
npeaenbl padoueil 30HbI. B aTOM ciyyae
paboTa ocTaHaBIMBAETCs, gbldaémes co00-
wenue 06 owudke. Pabora CUITY onpene-
JIIeTCsl TaKXKe Habopom HAcmpausaembvix
napamempos.

Tenepb 3anuieM BXOJHbIE U BBIXOAHBIE
NAHHbIE M KPAaTKO PAaCcCMOTPUM KaxKAblid
U3 3TUX HAOOPOB JaHHbBIX.

BxonHble naHHbIe:
©® TeXHOJIOTHUYeCcKasl TIporpaMma B KoIax

s3pika 1SO 6983;

@ JIATYUKU TIOJIOXKEHUST KOOPIMHATHBIX
ocelt;
© KJIaBHUATYpa;

® CUTHAJIBl OT BJIEKTPOOOOPYIOBAHUS
CTaHKa;

® AJITOPUTM  YIIpaBJICHUS CHUTHaJaMu
3JIEKTPOABTOMATUKU,

©® Ha0op MmapaMeTpoB, aJalTUPYIOLIUX
YITY K KOHKPETHOMY CTaHKY.
Beixonunie nanusie CHITY:

©® CUTHAJIBI YTPABIECHUSI 3JEKTPOOOOpY-
JIOBAaHUEM CTaHKa;

©® CUTHAJIBI YIIPABJICHUS] IPUBOJAMU OCEM
nojav;

® nHdopMmalus, orodbpaxkaemast Ha MyJib-
Te oreparopa.

TexHomornyeckass TporpaMma TIpem-
CTaBJIsIeT co00il TeKCTOBBIN (haiin u ompe-
JeTISIeT ITOPUTM IBVDKEHUST pabovero op-
raHa CTaHKa, a TakKe IOPSIOK BBITTOTHE-
HUS TEXHOJIOTMYeCKUX KoMaH 1. st pazoo-
pa TPOrpaMMBbl HaM TTOTPeOyeTCs] MHTEPIT-
perarop. [lasee 3amaHue Ha repeMeleHne
HyXHO TIPeo0pa3oBaTh B CKOPOCTH BIKE-
HMsI paboyero opraHa CTaHKa — 3TO TUITHI-
HBII BXOIHOM CUTHATT OOJIBIIMHCTBA TIPU-
BOIOB. 1151 3TOTO HY>KHO B COOTBETCTBUH C
3aJaHHBIM MaKCUMAaJbHBIM YCKOPEHUEM
pabovero opraHa CTaHKa PacCUUTaTh CKO-
POCTHYIO XapaKTepUCTUKY ABMXKeHUs. JlaH-
HOI1 3aj1aueil 3aHMAaeTCst MHTEPIIOJSITOP.

1151 KOHTpOJIs TIo3uliuu paboyero op-
raHa craHka M OpraHU3aluu OOpaTHOM
CBSI3U UCTIONIb3YETCS] MOMYJTb PEryasiTopa
nonoxenust. Kak mpaBuio, B cucreMax
YITY perynupoBaHue MPpOBOAUTCS € MOC-
TOSTHHBIM CUCTEMHBIM TaKTOM, TaK Kak
TPU 3TOM 3HAYUTETHHO YIPOIIAIOTCS 3a-
KOHBI PEryIMpOBaHUsI U Jierye n30exarhb
camMoBO30yXkneHnus: cucteMbl. OOBIYHO
HCTIONB3YeTCsT MPOMOPIIMOHAIBHO-UHTET -
panbHO-IubGEepeHIMANBHBII PETYISTOD
nonoxenus (ITUJ-perynsitop).

Jns Bcero mepudepuitHOoro o60pyno-
BaHUST HAM TTOHAA00STCS ApaliBEPHI.

Jlns1 06pabOTKM JaHHBIX C MyJIbTa OIle-
paTopa W WHOMKAUWU BBIBOAUMOW WH-
dopMal HYXXHO TMPerycCMOTPeTb MO-
IyJib uHTepdeiica monab3oBaTens.

HyxXHO MOMHUTBH, YTO KaXIbIii cTa-
HOK — CJIOXHBIA MEXaHU3M, KOTOPbIU
MMEEeT MHOXECTBO XapaKTePUCTUK, a YeM
MEXaHU3M CJI0XHEee, TeM MEHbILIe BEepOsIT-
HOCTb HalTU ellE OAUH, B TOYHOCTU €ro
noBTopsitonnii. [Toaromy obast ynooHast
cucrema, CIpoeKTUPOBAaHHAs UIsI KOHK-
pEeTHOro CcTaHkKa, OyZeT MPUMEHSIThCS
TOJIBKO Ha 9TOM CTaHKe (1a ¥ TO B JIy4IlIeM
ciayvae). Takast cynpba MpoekTa Hac He
yCTpauBaeT, O3TOMY MPU MPOEKTUPOBA-
HUU OyIeM OpUEHTUPOBATbCS Ha TPYMITY
CTaHKOB, a 3HAUUT, TPUAETCS AATh MOJb-
30BaTeNI0 BO3MOXHOCTh aJalTUPOBATh
CUCTEMY K KOHKPETHOMY CTaHKy Mpu
MOMOIIM OmNpeaeNéHHoro Habopa mapa-
METpOB.

Jns toro utodsl YITY MoXHO ObLIO
aJanTUpPOBaTh HE TOJBKO K Pa3HbIM CTaH-
KaM OJTHOW CepUU, HO U K JIIOOOMY CTaHKY
dpe3epHOi MM TOKAPHOM TPYIITbI, HYX-
HO YYMTBIBaTh, YTO B Pa3HbIX CEPUSIX
CTaHKOB UCITOJIb3YIOTCSI Pa3Hble 2JEKTPU-
YECKME CXeMbI, HAOOPbI CUTHAJIOB U aJlro-
PUTMBI yIPaABICHUST 3JIEKTPOOOOPYIOBa-
HueM. CnenoBaresbHO, HAM HEOOXoauMa
BO3MOXKHOCTD 3a/1aBaTh 3TOT aJITOPUTM U
MEHSITh €ro 1o Mepe HeOOXOTMMOCTH.
brok, pemaroiuii 3Ty 3amavy, Ha3blBaeT-
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Ccs TIPOrpaMMUPYEMBIM KOHTPOJUIEPOM
3JIEKTPOABTOMATUKUA  (WJIM  MOIYJIEM
sjeKkTpoaBToMaTuku). [lporpamma mist
KOHTpOJIIepa 3JIEKTPOAaBTOMATUKKA TOTO-
BUTCS Ha OJHOM W3 SI3BIKOB CTaHIapTa
IEC 61131.

Ha puc. 1 npuBeaeHa ynpouiéHHas
cTpykTypHasi cxema cuctembl YITY, moct-
POEHHOI 110 OTMMCAHHBIM ITPUHITUTIAM.

ITpu pa6ore CUITY mukiInyeckud BbI-
TIOJTHSIETCSI TIPOTPaMMa IIeTIeif 2JIeKTPOaB-
TOMATUKH, pe3yIbTaT KOTOPOU mepenaéT-
cs IpaifBepaM TUIaT 2JIEKTPOaBTOMATUKU
B BUJIe BBIXOMHBIX CUTHaNOB. C 3THX Xe
TJIaT Yyepe3 ApaiiBep Ha MOMYIb JIEKTPO-
ABTOMATUKU TPUXOAUT WHMOpManus o
COCTOSTHMY BXOJIOB.

[Monoxenue paboduero opraHa craHka
KOHTPOJIUPYETCST PETYISITOPOM TIOTOXKE-
HUSI: CUTHAJ C JaTYMKa OOpaTHOU CBS3U
yepe3 AL u npaiiBep MomyJsst yripaBie-
HUST IPUBOJAMMU TTOCTYTIAET Ha BXOJ PEry-
JIATOPA, BBIYUCISIETCS 3HAUYEHUE OLINOKU
TMoJIoXeHus1 pabouero opraHa. [lanee, B
3aBUCUMOCTHU OT MapaMeTPOB PErysiTopa,
TUTSL KQXJIOW U3 OCEM CUCTEMBI PACCYUThI-
BAETCSI CUTHAJT YIIPaBIEeHUsI. DTOT CUTHAI
yepe3 npaiiBep nepenaércs Ha AT u na-
Jiee Ha MPUBOI.

Monynb koHTposist coctosHust CUITY
coOupaeT JaHHbIE O COCTOSTHUU CUCTEMBbI
1 uHGOPMUpPYET 0 HEM omeparopa uepes
uHTepdEeiic Moab30BaTES.

[lepeuncieHHple MOAYIU MOJHOCTHIO
OTHUCBIBAIOT CUCTEMY B COCTOSIHUM PABHO-
BecHUsl, MOKa He MOCTYMUT 3aMpoc Ha Bbl-
MOJHEHUE KOMaH/bl WX MPOTPAMMBI.

PaccMoTpuM BbIMOTHEHHWE OTHON KO-
maHibl. Onepatop (popMupyeT KOMaHIy
Ha MyJbTe YMpaBleHUsl, IPU 3TOM peak-
LMl HA HaxaThe KHOTOK M OoToOpaxae-

MBIl pe3yabTaT MOJHOCTbIO HaXOIsTCS B
30HC OTBETCTBEHHOCTH UHTep(eiica
noab3oBatenst CUITY. Korma BBom 3a-
KOHYEH WU oIlepaTop Haxal KHOIMKY
«ITyck», KOMaH1a MOCTyIaeT Ha BXOI UH-
TepIipeTaTopa, Tjie nNpeodpa3oBbIBACTCS B
YAOOHYIO IIJISI CUCTEMBI CTPYKTYpPY NaH-
HbIX (BBIYUCIISIIOTCSl 33JaHHBIE TepeMe-
LIEHUS TI0 KOOPJAMHATHBIM OCSIM, BEKTOD
MOJATrOTOBUTENbHBIX (DYHKIUI, NeHCTBY-
JOIIMX MPU OTPAOOTKE KOMAH/Ibl, OTAESI-
ercs MHdopMalus sl CUCTEMbl 3JIEKT-
poaBTOMaTUKM). PazoOpaHHbIE TEXHOJIO-
ruyecKue KOMaH/abl MOCTYNalOT B MOMIYJIb
9JIEKTPOABTOMATUKU. JlaHHbBIE O HOBOM
MOJIOXKEHUU paboyero opraHa nocTymnaroT
B MHTEPIOJISITOP, I1ie C YYETOM pealbHbIX
OrpaHUMYEHUI cTaHKa (MaKCUMalbHOM
CKOPOCTU [IBUXKEHHUSI paboyero opraHa,
3aKOHAa M3MEHEHUsI YCKOPEHMsI, MaKCH-
MaJIbHOTO 3HAY€HMsl YCKOPEHUsS U T.II.)
BBIYUCIISIIOTCS 3aJaHUs] Ha TiepeMeleHUst
IJISE KaXJA0ro CUCTEMHOTro TakTa. MIMeH-
HO MHTEPHOJIITOp OTBEYaeT 3a TO, YTO
rnocjie OTpaboOTKM KOMaHIbl pabouuii op-
raH CTaHKa OKaXXeTCs B MOJIOXEHUM, 3a-
JTaHHOM OIlepaTopoM. 3afaHusl Ha Iepe-
MelleHus noctynaloT Ha Bxon ITU/-pe-
TyJsiTopa B BUJIE U3MEHUBIIIEHCS 3aJaH-
HOI KOOpAWHATHI, U CUCTEMA MPUBOAUT-
csl B IBUXEHUE.

PaccmoTpum, Kakum o6pa3oM BbIOpaH-
Hasg OC MoxeT MmomMoYb peaau30oBaTh
MPUBEAEHHYIO CXEMY.

OueBUIHBIM pelleHueM JJisg OJIOKOB,
KOTOPBIE BBIMOJHSIOT HUKJINYECKUE BbI-
YUCUTEIbHBIC 3a[a4l, SIBJISETCS MpUMe-
HeHue notokoB. [loa Takoe onucaHue B
MPOrpaMMHOI 4aCTU CUCTEMBbI MOAXOISAT
Bce Mony/u. [Ipu 3ToM npaliBepsl jyuiie
OTHECTU B OJMUH IMOTOK C HaWBBICIIUM

MPUOPUTETOM — CTAOMJIBHOCTb TAKTa BbI-
Jlayu ynpasisiomeil iH(popMaluu v rnpu-
€éMa curHaia oOpaTHOM CBSI3U OINpeAesieT
TouHocTh CUITY.

On Time RTOS-32 mpemocrasisier
BecbMa TIPOCTON MHTepdeiic I co3ma-
HUS ¥ YTIPABJICHUS TTOTOKAMMU:
® RTKCreateThread 1 RTKRTLCreate-

Thread — cosmanue motoka (BTOpast

yHKIIMS MCTIOTB3yeT MHOTOITIOTOYHYIO

BEepCUI0 OMOJMOTEYHBIX DYHKUUI MTpr

CO3/TaHVNH TIOTOKA);
® RTKResume — 3amyck;
® RTKSuspend — nprocTtaHOBKa BbITOI-

HEeHUS;
® RTKTerminateTask — yHuuToxeHue.

B nuctunre 1 mpuBenéH npumMep cosna-
HUSI U YTIpaBJIEHWsI TIOTOKOM TIPU TTOMO-
LU 3TUX PYHKIIUIA.

[pu poekTrpoBaHNY HAM TIOTPEOYIOT-
Cs1 TOJIBKO JiBe (DYHKIIMU: CO3IaHNE TTOTOKA
1 3aITyCK €r0 Ha BBITIOJTHEHNE. YTIpaBIeHne
MOTOKAaM¥ TIPY TTIOMOIIIM BHEUTHUX (QyHK-
it RTKSuspend/RTKResume nydire He
UCTIONb30BaTh. Hampumep, mpencraBum
TaKylo cutyanuio. [10TOK, BEMUCISIOIINI
3aKOH M3MEHEHUST KOOPAMHATHI (MHTEPITO-
JIATOp), OBLT OCTAHOBJIEH TIPU TTOMOIIN
¢yukmu RTKSuspend. Ilepen ero 3arryc-
KOM B CHCTEME YMEHBIIWIOCh 3HAUYECHUE
MaKCUMAaJIbHO [TOTTYCTUMOTO YCKOPEHWSI.
[Mocrne 3armycka MHTEPIIONSTOP MOXET Ha-
yaTh TEHEPUPOBATh HECOTIACOBAaHHBIE
TAHHBIE [UTST PETYIISITOPA TIOTOXEHUST, WIN
He yCIleeT OCTAHOBUTH pabouuii opraH
CTaHKa BOBpEMsI, WIA B OOBIYHO BEPHBIX
dopmynax BO3HMKHET OIIMOKa (meneHue
Ha 0, KOpeHb W3 OTPUIIATESILHOTO YHMCIa
u T.11.). B o01em ciyyae moseneHue crcte-
Mbl B TaKOW CHUTyalluu He OIPenesieHo.
YT0o0bl M30€XKaTh ITOr0, HYXKHO JIMOO MH-
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Puc. 1. CtpyKTypHas cxema cucrembl YNy

JIEKCUPOBATh BCE MAPAMETPbI, OT KOTOPBIX
3aBUCUT MOTOK B KAXIOM €ro LUKJIE (XOTs
JTake 9TO He M30aBUT OT BCEX MEPeUnCIIeH-
HBIX [TPO0JIEM), TMOO 3a0bITh PO YIIPaBJie-
HME TOTOKaMU TIPY TIOMOIIM BHEITHUX
dyakumit ynpasneHust cocrostHuem. OT-
Meuy, YTO TIPUBENEHHBIE PACCYKIEHUS Ka-
catorcst mo6oit OC.

AJNBTEpHATUBON BHENTHEMY YIIpaBiie-
HUIO TOTOKAMU SIBJISIETCSI YIpaBJeHUE
BHYTpeHHee, KOT/a IIOTOK U3MEHSIET CBOE
COCTOSTHHE B 3apaHee OIPeNeEHHOW MM

TOYKE, a M3BHE €ro TOJBbKO 3aITyCKaroT
WU «TIPOCST» OCTAHOBUTHCS TIPU TTOMO-
I KaKOTO-JIN00 MeXaHW3Ma CUHXPOHU-
3anun. B On Time RTOS-32 mist cuaxpo-
HU3alUU TTIOTOKOB TIPEIyCMOTPEHBI Clie-
IYIOIIMEe MEXaHU3MBbI:

® TIOYTOBBIE SIITUKM;

® ceMadophl.

[Mpu MpoeKTUPOBAHUU CUCTEMBI yIO0-
HO TIOJIb30BaThCS U TEMU U ApyruMu. Bot
KaK BBIIJISIAUT Oe30TacHBIN MeXaHU3M
VIpaBIeHUsT TOTOKOM TIPU MCTIOTBh30Ba-
HuU ceMadopa:
® TI0TOK XIET ceMacdopa;

® korja cemadop yCTaHOBJIEH, MOTOK Ha-
YrHaeT paboTaTh.

W 310 BCE. [Ipowue He ObiBaeT. s ym-
paBlIeHUs] TaKUM TIOTOKOM IOCTaTOYHO
yCTaHABIMBaTh U COPAcHIBATH COOTBET-
cTByltommii cemadop. 3ameHuM npensimy-
LU TIPUMEp, UCTIONB3YsT YIIPaBIeHMe TT0-
TOKOM TIpU MomoIu ceMacdopa (cM. Jmc-
THHT 2).

[MpumepHO TaKkoil Ke MeXaHNU3M MOKHO
WCTIONB30BATh TIPY CUHXPOHU3AIINY C TI0-
MOIIIBIO TIOYTOBBIX SIIUKOB:

@ TIOTOK BBI3BIBACT CMHXPOHHYIO (DYHK-
LIMIO TIOJyYeHUS COOOILEHUS U3 TOYTO-
BOTO SITIINKA;

® NOTOK 00pabaThiBaeT TMOJTYYEHHbIE
JIaHHBIE.

[TouToBBIE SIIIUKU, OYEBUIHO, TaKXKe
SIBJISTIOTCSI UJI€AJTbHBIM CPEICTBOM JJIST 00-
MeHa CTPYKTYPUPOBAaHHBIMU MTaHHBIMU
MeXIy TTOTOKaMH U TIO3BOJISIIOT OpTaHU-
30BaTb OPMEHTMPOBAHHYIO Ha COOBITHS
Mozieb 00paboTKu MHGOPMAIIUH.

On Time RTOS-32 1mo3BoJisieT KCIOJIb-
30BaTh CJIEMYIOINE TUTTH ceMadhOpOB:
® OuHapHbIif — cemadop ¢ aBTOCOPOCOM

(1St TOTO YTOOBI TEJIO TIOTOKA B OIH-

CaHHOM MeXaHHM3Me BBITTOJIHWJIOCH BTO-

Ppoii pa3, Hy>KHO eIlI€ pa3 MoiaTh CUTHAI

Ha 3TOT cemMadop; Mmociie KaxkIoro Mmpo-

XO0J1a TIOTOK OCTAHOBUTCSI CaM);

lpeaHa3Ha4yeHbl AnA paboTbl B XXECTKUX YCNOBUAX
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@ CUETHBIN — CKOJIBKO Pa3 MOJANM CUTHAT
Ha cemadop, CTOIBKO Pa3 OH U CpabOTaeT;
® COOBbITHE — TTOCJIE YCTAHOBKU TaKOTO Ce-
Madopa OH OCTaETCs B aKTUBHOM COC-
TOSIHUU JI0 TeX TMOp, MOKa ero He copo-
CAT BPYYHYIO (ecid paccMaTpuBaTh
MpUMEHEeHKe TaKoro ceMadopa s ym-
paBJieHUs] TIOTOKOM, TO, YCTaHaBJIMBAasi
ceMadop, MbI 3amyckaeMm paboTy MoTo-
Ka, a cOpacbiBag — OCTaHABIUBAEM, HO

TOJIBKO TMEPE]] CAECIYIOLIUM LIUKIIOM);
® pecypc — 3TOT TUN cemadopa creuu-

aJIbHO TMpeAHA3HAYeH IS YIpaBIeHUS

pecypcamu; OC OTCleXuBaeT, YTOOBI
3aXBaT U OCBOOOXIEHME TaKUX CeMa-

(GopoB MPOU3BOAUIUCH OJHUM U TEM

K€ TOTOKOM; TaKXe TapaHTUpYyeTCs,

YTO MPUOPUTET MOTOKA, 3aHSBILETO pe-

cypc, OyleT 1o KpailHeil Mepe MaKCu-

MaJIbHBIM U3 MPUOPUTETOB IMOTOKOB,

3TOT PeCypc OXUIAKOLIUX;

@ MbBIOTEKC — THUII pecypcHOro cemacdopa,
€MHCTBEHHOE OTJINYME KOTOPOTro 3a-
KJIIOYaeTcss B TOM, 4YTO BJaleOLIUN
MbIOTEKCOM TMOTOK MOXET 3aXBaTUTh
MbBIOTEKC el1I€ pa3.

Crnenytoue QyHKIIMY TTPEIOCTaBISIOT
YIOOHBIIl COTJIaCOBaHHBbI UHTEpdeiic
IUTSI ICTIOJTb30BaHUsI ceMadopoB:
® RTKCreateSemaphore — co3nanue ce-

madopa;

® RTKSignal — 3anuch B ceMaop oaHO-
ro COOOIIEeHUS;

® RTKWait — cuHXpoHHOE OXuaaHue ce-
macdopa;

® RTKWaitCond — acuHxpoHHOE OXuaa-
Hue cemagopa;

® RTKWaitTimed — oxunanue cemado-
pa B TeUEHME 3aJaHHOTO MPOMEXYTKa
BpEMEHU;

® RTKPulse — 3amyck Bcex MOTOKOB,
oXuaaBImnx ceMadop, U HeMeUIEHHbII
cOpoc aroro cemadopa;

® RTKResetEvent — copoc cemadopa;

® RTKDeleteSemaphore — ynaneHue ce-
madopa.
J1st paGoThl C IMOYTOBBIMM SIIITUKAMU

WCTIONB3YIOTCS CeaYIOKe (PYHKIINU:

® RTKCreateMailbox — coznaHue nouro-
BOTO S1IIMKa;

® RTKDeleteMailbox — ynajneHue rmou-
TOBOTO SIIINKA;

® RTKClearMailbox — o4uncTtka MmouTo-
BOTO SIIMKA.
J1s1 yrpaBieHUST COOOIIEHUSIMU €CTh

Takue QYHKIIU:

® RTKPut — cunxpoHHasd QyHKuUS 1e-
penayu cooOleHus (IMMOTOK, B KOTOPOM
OblJIa BbI3BaHA 5Ta (hYHKIIUS, OCTaHAB-
JIUBAETCS IO TEX TTOP, TT0Ka B IIOYTOBOM
SIIUKE HE TOSBUTCS MECTO IJIST CO00-
IIEHUS);

® RTKPutCond — acuHxpoHHasi (GyHK-

LU OTHpaBKU COOOUIeHUs (eciau B

TIOYTOBOM SITIIMKE MECTa HET, TO CO00-

IIeHue He TepeaacTcs; 3Ty (YHKIUIO

MOXHO HCHOJIb30BaTh IS Iepeaayu

JMAHHBIX U3 TIPePhIBAHUN IpaiiBEPOB);
® RTKPutTimed — coobiiieHue He mnomna-

JIaeT B 0Y€epe/ib, €CIU MO UCTEYEHUU 3a-

NAaHHOTO BpeMEeHU B Ouepenud Tak W

HEe TIOSIBUJIOCH CBOOOIHOTO MecTa

(dbyHK1UIMST BO3BpalIaeT yIpaBlieHUE,

KaK TOJIbKO TIOCTaBUT COOOIIeHNE B

ouepenb MW KOTIA MCTEUET 3amaHHOe

Bpems).

AHajornyHas rpyrmna (QyHKIUAR ecTb
st ipuéma coobmenuii: RTKGet, RTK-
GetCond, RTKGetTimed.

st ympaBieHUsT COOOIIEHUSIMU €CTh
emi€ aBe GYyHKINH, KOTOPBIE TAKKE MOTYT
OBITH OYEHb TTOJTE3HBI:
® RTKPutFront — coobieHue kiaaercs

B Hauaso ouepenu ((pyHKIUST CUHXPOH-

Hasi, e€ MOXHO WCITIOJIb30BaTh IS Tie-

penayu CpoUYHbIX COOOIIECHUIA);
® RTKNextCond — mpocMoTp coobiiie-

HUS U3 MOYTOBOTO SuIMKa (3Ta QyHK-

mus orimdaercss oT RTKGetCond Tewm,

YTO He BEIOMpaeT COOOIIeHNE, a TOJTHKO

CO3Ia€ET €ro KOMuIo).

Paccmotpum, roe mis ynpasieHuUs Mo-
TOKOM JIy4llle MUCTIOJb30BaTh ceMadop, a

« BbixogHas mouHoctb 200/400/800 Bt

« [IporpamMmmHas kanuéposka

Cepus ZUP

« BeTpoeHHblin nHTepdoeiic RS-232/485 (GPIB no 3akasy)
* YHuBeEpcanbHbIi BX0 85-265 B nepeMeHHOro Toka
* BbixogHble HanpshxeHus no 120 B, Tok Harpy3ku fo 132 A

IDK:Lambda NMPOrPAMMWUPYEMbIE UCTOYHUKU NMUTAHUA -
WO 51 s TEJ 2T

« BbixoaHas mowHocTb 750/1500/2400/3300/5 000/10 000/15 000 Bt

« BcTpoenHbiil nHTepdeiic RS-232/485 (GPIB IEEE488/488.2 SCPI, LAN no 3akagy)
« BoIxogHble Hanpshxenuns 1o 600 B, Tok Harpy3ku go 1000 A

« KoHchurypuposaHne nocpeSCcTBOM BHELLUHEr0 HanpshxeHus/Toka u M0

« [Ipaiisepbl LabView n LabWindows

« Bbicota 1U, 2U n 3U

Cepus Genesys™

O®ULNANDBHBIA AUCTPUBLIOTOP NPOAVKLUM TDK-LAMBDA
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JIMCTUHT 1

void RTKAPI threadInterpolator(void«)
{

while(true)

{

// BuinonHexue paboTbl

}
}
void taskControl(void)
{

// VHALMANU3ALUS [aHHbIX

RTKTaskHandle handleInterpolator = RTKRTLCreateThread(

// Teno
threadInterpolator

// npuoputeT
INTERPOLATOR_PRIORITY,

// pasmep cTeka. Ecnu 0 - pasmep cTeka
// onpefenseTcs HacTPOAKAMU CUCTEMbI

0

// nocne cospaHus noTok “cnuT”

TF_SUSPENDED

// napameTp, KOTOPHI NepefaeTcs B Teno noToka

NULL,

// wma noToka

"Thread interpolator™);
RTKResume(handleInterpolator)

ﬁlTll(Suspend( handleInterpolator);
}
JIUCTUHT 2
RTKSemaphore semaphoreInterpolator

rae 0OJIblIe MOAXOAAIT MOYTOBBIN SIIUK U
cucTeMa COOOILEHUI.

Ecnu npu nepenave naHHbIX ApaiiBepy
BOCIIOJIb30BAThCS CUCTEMON COOOILIEHUI
IOYTOBOTO SIIITUKA, TO HyXHa OymeT mo-
MOJIHUTENIbHAsE 00paborka. BeposiTHO,
HY>KHO 00paboTaTh BCe COOOIIEHUS U, CO-
OTBETCTBEHHO, MEPECYUTAThb PE3yJbTaT
KaK CyMepIio3uiinio nHGpopMamu, KOTo-
past HaXOIUTCSI B HUX. A JeJIaTh 3TO TIPU-
NETCST yXe TOoCTe TIONyYeHUST TaHHBIX.
Jlydiie TOTOBUTH TaHHBIE 3apaHee, a TI0

void RTKAPI threadInterpolator(voidx)

{

while(true)

{

}

RTKWait(semaphoreInterpolator);
// BbinonHeHue paGoTh

void taskControl(void)

{

// VHMUMANM3auMa AaHHbIX

semaphoreInterpolator = RTKCreateSemaphore(

ST_EVENT, 0, "Interpolator control");

RTKTaskHandle handleInterpolator = RTKRTLCreateThread(

// Teno

threadInterpolator,

// npuoputeT

INTERPOLATOR_PRIORITY,

// pa3amep cTeka. B paHHOM cnyyae 0 -

// pasmep cTeka ONpeaenseTcs HaCTPOAKAMA CUCTEMbI
0,

// nocne co3maHus nOTOK cpady paboTaeT

0,

// napameTp, KOTOphil nepeaeTcs B TeNo noToka
NULL,

// wma noToka

"Thread interpolator™);
// sanyck notoka
RTKSignal(semaphoreInterpolator);

// "npocbb6a” MOTOKY OCTAHOBUTHCS.
// 0CTaHOBMTCA MOTOK TOMbKO B Hayane uukna
RTKResetEvent(semaphoreInterpolator);

}

CUTHAJTy CUCTEMHOTO TaliMepa (CUTHATUM
ceMadOpoM U3 MpephIBaHUS) Cpa3y HaAuU-
HaThb 0OMeH. DTO MO3BOJIUT CAETATh KECT-
KMM CHUCTEMHBI LMKJI UM [EPEHECTU
CJIOXHYI0 00OpaOOTKYy AaHHBIX B KOJ C
MEHBLIMMHU TPEOOBAHUSIMU K OBICTPONEIA-
CTBHUIO.

JlaHHbIe OT ApaiiBepa MmyJibra MOTOKY UH-
Tepdetica ¢ monb3oBaTeneM Jydllie repena-
BaTh B BUJIE COOOLLEHUI, BEIb ITOKA Orepa-
TOp HE MPOU3BEN HUKAKUX NEHCTBUM, HE
HY>KHa M OTBETHAs1 PEaKLMs.

Oyepesb CO06LLEHNI

Wntepdheiic
nonb30Barens
noTOK
¢ ) Komangp! =
aMneKTpoasTOMaTKe éé
Kazpbl CTaHka 23
TexHonorn- 29
4ecKoit 3
nporpammbl

CuCTeMHbIii TaliMep
(cobbITne 0
cemachopa)

OxwaaHue cemadopa

9NEKTPOaBTOMATUKMN

OxupaaHue cemadopa

Moy [lparigepbl (NOTOK)

(noTok)

[lpariBepbl Moaynei

Co061LieHna 06 oLInOKax

9JIeKTPOABTOMATNKI

Oyepeab COOGLLEHMI

HTepnpetatop
(noTok)
[lanHble
INA nepemeLLeHns
Ha 0fUH CUCTEMHbIi TaKT

[laHHble

Bydep aaHHbIX

04epenb coo6LLIEHNI

KoHTponb
coctosHma CHMY
(notok)

nepemeLLeHns
0yepeab COOGLLEHMI [ipaitBepbl Moaynei
ynpasesus
04epenb co06LLIEHNI Perynstop npusBoaamm
il
VHTepnonsTop 110TOK - - _
oo (* ) Bychep AaHHbIX
[paiisep
nynbTa ynpasnenus

Puc. 2. CTpyKTypHas cxema cuctembl CHMY «DeHuKe», noctpoeHHoi Ha 6a3e On Time RT0S-32

[ToTokoMm perysiTopa MOJOXEHUS JTyd-
1Ie YIpaBIsATb TIPM TIOMOIIM cemacdopa,
TaK Kak ero HeoOXOAMMO 3aITyCKaTh pery-
JIIpHO. JlaHHBIE IS 3TOTO MOTOKA JIOTUIHO
nepenaBatb B BUAE COOOIIeHUiA. B 3TOoM
ciaydae cemaop — CHUHXPOHU3HMPYIOLIUIA
3JIEMEHT, a TTIOYTOBBIN SIIMK UCTIOIb3YeTCs
TOJIBKO KaK MEXaHU3M TiepeiauM JaHHBIX.

HMHTrepripeTaTop HyXXEH JUIIb TOTaA,
Koraa Tpedyercsi pa3obpaThb KOMaHAY, KO-
TOpas MOCTYMUT OT MHTepdeiica ¢ MoIb30-
BaTesieM, a 3HAYMT, 3TUM ITOTOKOM JIydIlie
YIPaBJISITh MPY ITOMOIIM OYepen COODIIIe-
HUIA 1 TTIOYTOBOTO SILIMKA.

3amnycK MHTEePIOJISITOpa Hy>KHO MPOU3BO-
IUTh TIPY MepeMellieHUr pabovyero opraHa
craHka. Takoe mepemMelieHre MOXET ObITh
PE3yJITaTOM BBIMIOJHEHMST TEXHOJIOTUYEC-
KO mporpaMMbl WJIM pabOThl MTPOrpaMMBbl
9JICKTPOABTOMATUKM CTaHKa. JlaHHbIE AJIst
MHTEPIOJSITOpa YIOOHO TepeaaBaTh B BUIE
ouepear COOOILEHUI, BTOM e Ouepenblo
YI0OHO CUMHXPOHU3UPOBATh €ro padoTy.

B xone 310 Oynmer BBHITISAETh TaK, Kak
MOKa3aHo B JINCTUHTE 3.

OnucAaHuE CHNMY «DEHUKCY,
CNPOEKTUPOBAHHOM
HA OCHOBE ON TiME RTOS-32
[To onucanHbiM npuHuunam B HITO
«PybukoH-WMHHOBanus» Obl1a pazpadbo-
TaHa cuctemMa UYITY «DeHukc». Yipo-
MEHHAsT CTPYKTypHAsl cXeMa 3TOU cucTe-
MBI TIOKa3aHa Ha puc. 2.
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JIUCTUHT 3

RTKSemaphore semaphorePIDRegulator;
RTKSemaphore magneticsSemaphore;
RTKMailbox consoleBox;

RTKMailbox interpretatorBox;

RTKMailbox interpolatorBox;

RTKMailbox regulatorBox;

RTKMailbox magneticsBox;

// BpEMS CMCTEMHOro TakTa - napameTp CHMY
unsigned machineCycle;

void RTKAPI userInterface(voidx)

runTech(frame->magnetics());
// vHDeKcupoBaHue Kapapa,
// ocBoboxaeHne pecypcos

}

techStep();

chainStep();

// 06paboTka faHHbX OT 3NEKTPOABTOMATUKM,

// ecnn npousownu ownbku - reHepauus CoobuweHuii

}
}

{ typedef void (RTKAPI «TinterruptHandler)(void);

TConsoleMessage data; void RTKAPI timerInterrupt(void)

while(true) {

{ static unsigned ticks = 0;

// obpaboTka HaxaTus Knasuum ++ticks;
TUserFrame userFrame; if (ticks >= machineCycle)
RTKGet(consoleBox, &data); {
// o6MeH faHHbMM C 060pYHOBaHMEM
if (frameExecuteRequest(data)) refreshSignals();
RTKPut(interpretatorBox, &userFrame); RTKSignal(semaphorePIDRegulator);
RTKSignal(magneticsSemaphore);
} }
} // Bb30B CTaHmapTHOro oGpaboTyuka npepbiBaHus
void RTKAPI interpretator(voidx) ((TinterruptHandler)0ldHandlerTimer.D.Local)();
{ }
while(true) void initResources(void)
{ {
TUserFrame userFrame; // VHMUMaAnM3auus [aHHbX
RTKGet(interpretatorBox, &data);
TInternalFrame* frame = parse(data); semaphorePIDRegulator =
ASSERT(frame != NULL); RTKCreateSemaphore(ST_BINARY, 0, "Regulator™);
if (!frame.geometry().Empty()) magneticsSemaphore =
RTKPut(interpolatorBox, &frame); RTKCreateSemaphore(ST_BINARY, 0, "Magnetics");
if (!frame.magnetics().Empty())
RTKPut(magneticsBox, &frame); consoleBox = RTKCreateMailbox(
} sizeof(TConsoleMessage),
} CONSOLE_BUFFER,
void RTKAPI interpolator(voidx) "Console messages”);
{ interpretatorBox = RTKCreateMailbox(
while(true) sizeof(TUserFrame),
{ FRAMES_BUFFER,
TInternalFrame* frame = NULL; "IS0 frames™);
RTKGet(interpolatorBox, &frame); interpolatorBox = RTKCreateMailbox(
// pacyeT anwp CKOpocTeH sizeof(TInternalFrame=),
calculate(frame->geometry()); MOVE_DATA_BUFFER,
do { "Interpolator data");
TRegulatorTickTask+ tickTask = regulatorBox = RTKCreateMailbox(
new TRegulatorTickTask; sizeof(TRegulatorTickTaskx),
frame->geometry().nextTick(tickTask); REGULATOR_BUFFER,
RTKPut(regulatorBox, &tickTask); "Regulator data");
} while ( magneticsBox = RTKCreateMailbox(
| frame->geometry().Empty() && sizeof(TInternalFramex),
! frame->Stopped() ); MAGNETICS_BUFFER,
// KOHTpONb Kapgpa, 0CBOGOXAEHWE Pecypcos "Magnetics data");

} RTKRTLCreateThread(userInterface,

} INTERFACE_PRIORITY, 0, 0,
void RTKAPI PIDRegulator(voidx) NULL, "Interface thread");
{ RTKRTLCreateThread(interpretator,

while(true) INTERPRETATOR_PRIORITY, 0, O,

{ NULL, "Interpretator™);
RTKWait(semaphorePIDRegulator); RTKRTLCreateThread(interpolator,
TRegulatorTickTask* data = NULL; INTERPOLATOR_PRIORITY, 0, O,
if (RTKGetCond(regulatorBox, &data)) NULL, "Interpolator™);

{ RTKRTLCreateThread(PIDRegulator,
// obpaboTka 3apaHus REGULATOR_PRIORITY, 0, 0,
NULL, "PIDRegulator™);
} RTKRTLCreateThread(magnetics,
// obpaboTka 06paTHOW CBA3M, MAGNETICS_PRIORITY, 0, O,
// 3anucb B faHHble ApaiiBepa NULL, "Magnetics thread");
} // COXpaHWUnW LECKPUNTOP CTAporo NpephiBaHus no TaiiMepy
} RTKSaveIRQHandlerFar(IRQTimer, &0ldHandlerTimer);
void RTKAPI magnetics(voids) // 3anpeTunu npepbiBaHus Mo TanMepy
{ RTKDisableIRQ(IRQTimer);

while(true) // ycTaHoBMMM HOBbIf 06paboTYMK NpepbiBaHWi Mo TanMepy

{ RTKSetIRQHandler(IRQTimer, TimerInt);
TInternalFramex frame; // paspewnnu npepbiBaHMA MO TaliMepy
RTKWait(magneticsSemaphore); RTKEnableIRQ(IRQTimer);
if (RTKGetCond(magneticsBox, &frame)) }

www.cta.ru CTA 2/2010
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Puc. 3. CraHok CM1M-®3 Ha Pocnasnbckom aBToarperatHom 3asope AMO 3UJ1

CTOUT OTMETUTD, YTO HAIlla OPraHn3a-
us yxe 6osiee 10 et ycrnieirHo padoraet
Ha DPBIHKE W3IEIUil C TOBBIIIEHHBIMU
TpeOOBAaHUSIMU 110 HaEXKHOCTU U YCTOM-
YUBOCTU K KIMMATUYECKUM YCIOBUSIM:
3TO ¥ KOCMUYecKre 60PTOBBIE TTPUOOPHI,
KOTOpBIE YCITEeITHO IKCTUTyaTUPYIOTCS Ha
CnyTHUKax cepuu «Aman», U npubopsl
it aBuanu. Cpey Hallux 3aKa3uMKOB
Takue opraHmzanuu, Kak PKK «Dnep-
rusi», «Poccuiickasi Kopropauusi pakeT-
HO-KOCMUYECKOTO TPUOOPOCTPOCHUST U
nHMOpMaIMOHHBIX cucteM», HWUUW aBu-
almmoHHoro obopynoBaHus, 3A0 «PAA3
AMO 3WJl». [IpumeHeHne OIBITa, Ha-
KOTUIEHHOTO 3a BpeMsI paboThl B 3TOM
cdepe, TMO3BOIWIO MUHUMU3UPOBATH
CTOMMOCTD pa3pabOoTKy amnmapaTHON Jac-
™ CUITY.

Pazbuenne 3amaun Ha MOy U U aKTUB-
HOE MCIOJIb30BaHUE CHCTEMHBIX O0BEK-
toB On Time RTOS-32 no3Boaunu mpo-
eKTHUpOBaTh MporpaMMHyto yactb CYUITY
«@eHNKC» OTHOCUTETHHO HEOONBIIUMU
cunamu. [lomnepxka u pazsutue OC On
Time RTOS-32 na€t BO3MOXHOCTb TIOC-
TEMeHHO HapaumuBaTh (YHKIIMOHAIb-
Hocth CUITY. Ipacduueckast momcucrema,
MOAJEePKKA Pa3IUIHBIX (HhalJIOBBIX CHC-
TeM, cTtek nmpotokoja USB — Bc€ 310 u
MHOTOE JIpYToe SIBJISIETCS 4acThlo orepa-
LIMOHHOM CUCTEMBI.

IIpu paspaborke CUITY «Denukc»
0co00e BHMMaHue ObLIO YAeJeHO U3yde-
HUIO CYILIECTBYIOIIMX HapabOOTOK M CJO-
JKUBIIMXCS MIPABWI B aBTOMATU3ALUU Me-
TaJl;1I000padboTKku. B yacTHOCTH, 3TO OT-
pa3wioch B peaan3aluy CBOOOJHO Mpor-
paMMUpYeMOl 2JIEKTPOAaBTOMAaTUKU Ha
a3bike ST (Structured Text) cranmapta
MBK 61131-3, a TakKe B pas3BUTOI
CTPYKTYPE CUCTEMHBIX MapaMeTpoB. DTO
MO3BOJIMJIO He TOJIbKO npuMeHsaTh CUITY

IUIST 3aMEHBI CTapbIX CUCTEM YITPaBJICHUS
TOKapHBIMU U (pe3epHbIMUA CTaHKAMMU,
HO M IPOBOAMTh MOAEPHM3ALUIO YHU-
KaJbHBIX CTaHKOB. [IprMepoM MoxKeT
CIIyXUTh 3amyck craHka CMIM-®3
(puc. 3), KOTOpbIii MPOBOAUICS COBMECT-
HO pabotHukamu npeanpusatuii 3A0
«PAA3 AMO 3UJI» (MOHTaX U MOAKIIIO-
yenue CUITY) u HITO «Py6ukoH-MHHO-
Bauusi» (Hactpoiika CYITY u 3amyck
craHka). Bpemsi, morpeboBaBlieecst st
HAaCTPOMKM IapaMeTPOB CTaHKa, a TakxKe
IUIST HAITMCAHUST U OTJAIKW IPOrpaMMBbl
3JIEKTPOABTOMATUKM, COCTABUJIO JBE He-
TTeJTn.

Mcnonb3oaHuE CHITY
«DEHUKC»
B METAJIJIOOBPABOTKE

CUITY «®eHUKC» TPUMEHSIETCS TP
MOJIEPHU3AIINUA TaKUX CYIIECTBEHHO OT-
JIMYAIOITUXCST IPYT OT IPYTa CTAHKOB, KakK
DIT17, MA655A3 (puc. 4), MC12-250,
KII-46, 16b16, 16K20. CranmapTHBIiX
SI3BIK TIPOTPAMMUPOBAHUSI DIEKTPOABTO-
MaTUKHU, pa3BUTas CUCTEMa COOOIEHUIT
00 ommbOKax W TIpocTass WHTETPalust C
CAM-cucremMmaMu TIO3BOJISIET CTPOUTH
HeJopoTHe TPOU3BOACTBEHHBIE YYaCTKU
C MaJIbIM BPeMEeHEM U3TOTOBJIEHUSI TOTO-
BBIX U3EJIUN.

B kauecTBe mpumepa MOXXHO TIPUBECTH
MTPOM3BOACTBEHHYIO LIEMTOYKY U3TOTOBIIE-
HUA KopItyca pazbéMa ctangapta D-SUB
(DB-9) co crnermmann3npoBaHHBIMU Pa3-
Mepamu 1 epexonunka DB-9 — USB
Ha 0a3ze uuna FTDI, npeobpasyroiiero
RS-422 oT nmpoMBIIIIEHHOTO YCTPOMCTBA
B BUpTyasnbHbIii COM -mIopT KOMITbIOTEpA
(ripeobpasoBarenb BcTpoeH B DB-9, or-
clola creuraau3upoBaHHbIE pa3Mepbl
Kopmyca pazbéMa). OmnucaHue oo6opymno-
BaHWS: TOPU3OHTAIBHBINA (Dpe3epHbIi

Puc. 4. CraHok MA655A3 ¢ 3ameHEHHOM cucTeMoii ynpasieHua «Kype»

craHoK MC12-250 mon ympaBieHUEM
CUITY «®enukce»; cucrema EdgeCam
JIJIST TIOATOTOBKM TEXHOJIOTMYECKUX TTPOT-
pamMm. Eciu HeT TpéxMepHOU Mozaenu ne-
Taiu U e€ HeoOXOAMMO WM3TOTOBUTH IO
YepTexXy, TO MOJIEIb CTPOUTCA (Ha 3TOM
3Tane OOBIYHO BBIABIASIETCS OOabIIAs
YacTh OIIMOOK, €CJIM OHU €CTh). Y Hallle-
ro TeXHOJIOTa 3Ta orepalius 3aHsiia 1 yac.
Hanee B cucteme EdgeCam onpenensitor-
Csl UHCTPYMEHTBI, KOTOPbIMU OYIeT Bec-
TUCh 00pabOTKa, yKa3bIBAaeTCs IMOCIEIO0-
BaTEIbHOCTb TEXHOJOTMYECKHUX oOIlepa-
uuii (emi€ 2 yaca). [locne aroro EdgeCam
TeHEPUPYET TEXHOJOTUUYECKYIO MpOorpam-
My, KoTopas 3arpyxaetrcs B CUITY «De-
HUKC». DTOT IPOLIECC OTHUMAET 5 MUHYT.
3amyckaeTcsi 00paboTKa (1Be YCTAHOBKHU,
Kaxaasl pacCuyMTaHa MPUOJIU3UTEIBHO Ha
22 MUHYTBI 00paOOTKM), U IeTallb roTOBa!
OoO1ee BpeMst 00pabOTKU, KaK HETPYIHO
MOCYUTATh, COCTABWJIO YyTh MeHee 4 ya-
coB. M aT0 Bpemsi, KOTopoe MpouULIo OT
npuéma yeprexka J0 BblIauu FOTOBOM Ae-
TaJlu.

Takum oOpa3oM, MCIIOJIL30BaHUE TO-
TOBBIX pelieHuit, B yactHoctu OC On
Time RTOS-32, nmo3BosisieT 3HAYUTEb-
HO COKPaTUTb BpeMsl pazpabOTKU Ipor-
paMMHO-aMNIapaTHOro KOMILIeKca, a
TaKxXe 00JieryaeT ero moaaepXKy U pas-
BuTHE. @
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