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apicTiH MAKCOTDI

© Q
HakTbl yOkbIT XKyMenepiHiH (Real-Time OnapgbliH Herisri kacmeTTepi meH
Systems, RTS) MaHiH TyCiHAOIPY epeKLuernikTepiH Tangay

i ac
HakTbl yOKbIT XKyMenepiHiH TypepiH XKoHe YaKbITTbIK LLIEeKTeVJ1ep, NKocrapsiay,

KOJ1O0HY COJIAIAPbIH KAPACTbIRY CeHiMAOiNIK NPMHUMNTEPIH TyCciHAaipyY



KinT cespep

HakTbl yOKbIT XKyneci

HakTbl yOkbIT
pexKMMiHOeri NKyMmcak,
pexxmm

EHOipinreH xxynenep

deTepMUHMpIIeHreH
MiHe3-KyblK

KecTeney

Mepsimaoep

HAkTbl YOKbIT
pexxmmiHgeri KATAH,
pexxmm

Kigipic

Backapy ymenepi



1. Kipicne

HakTbl yakbIT Xynenepi — 6yn aknapaTtTbl 8HAEY HITMXKECI
6enrini yakbIT iliHAE anbliHYbl TUIC XXynenep. MyHpan
Xyrenepge oypbiC HOTUXKe FaHa eMec, COHbIMEH bipre OHbIH,
yakbITbiHOA bepinyi ae eTe MaHbI3Abl.

YaKrbIT — 6yN XXyMeHiH Heri3ri bargapbl XXaHe cana napaMeTpi.

byn xyrenep kebiHe annapaTTblkK KYpPaiAapMeH Tbifbl3
MHTerpaumnsanaHagbl XXoHe HaKTbl yakbIT peXnMiHae
KOpLUAFaH OpTaMeH speKeTTeces,.



AHbIKTAMO

HakTbl yakbIT )yneci (RTS) — 6enrini 6ip yakbIT apanblfblHAA CbIPTKbl HEMECE iLLKi OKMFanapFra gep
Ke3iH[e XoHe AeTePMUHMPIEHTEH TYPAE XKayan bepeTiH ecenTey XyMeci.

Mbicanbi:
ABTOKeJ1liIK ABS YLLIOKTApObl 6AcKkAapy MeaonumHaAnbik XKypeKk
TeXKeriLl XKyMeci ymenepi COfbICbIH KO OdraS 1Ay
KYObIJIFbICbI
OHepPKacin pooboTTAPbI Apporbik peaKkToP

kAyincisaoik xxymenepi



1. HOKTbl YOKbIT NKyMeCiHIH Heri3ri
epeKLueniKkTepl

Epekweniri TyciHpipme

[leTepMUHUPIEHTeH SpeKeT YXayan 6epy yakbITbl anfbiH ana HakTbl 6enrini
YakbITTbIK, LLEKTeYep 9pbip npouecc ywiH deadline 6enrineHepi
Xepengik (Low latency) Kigipic eH TemeH 60nybl THic

CeHimginik Xyre kaTenepre Tesimai 601ybl Kepek
Y3giKci3gik 24/7 xyMbiC icTey KabineTi

Kayinci3gik KayinTi cueHapuinnepae gypbic xxayan 6epy MiHBETTI



1. HOKTDbI
VCOKbIT
NKymenepiHiH
TyIepi
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1. KOTOH HOKTbI YOKbIT . L. =
wymenepl (Hard Real-Time B s
Systems)

[J YakbIT TanabblH opbiHAAMay KaTacTpodasnbik HaTWxKe bepepi. 1

Mbicanpadp: “h‘hl.'llh‘.I|.|”||||h||l||||.I|I
: = -

. “"4 s L
e Oye KeMmeciH 6ackapy of % = (%= (X
e MeguuMHanbiKk UMMANAHT (MencMenkep) PO - \)

° aCKepI/I 3biMblpaH HaBUraynAcobl

e Snponblk CTaHUUS Kayinci3gik xyneci

Deadline 6y3b1a4bl = XXyNe iCTEH LWBIKTHI.
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1. NKymcadk HOKTbl YOKbIT
wymenepl (soft Redl-Time

Systems)

YakbITTaH a3gaFaH aybiTKyFa pykcaTt 6epinegi, 6ipak xyue

canacbl ToMeHaens,.

Mbicanpap:

OHNAMH obIHO AP
(multiplayer)

Bunpeo/ayouno
CTPVNMWHI

I BuneyLui po6oTTap




(Firm Redl-Time
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Systems)

Deadline xibepince, HOTMXe apaMchbi3, bipak Xyue iCTeH
LW bIKManabl.

Mbicanpap:

e OHpipicTik backapy xynenepi e JlOrMcTUKanbik
aBTOMATTaHAbIPY




1. RTOS (Redal-Time
Operating System)

HakTbl yakbIT onepauusanblk Xynenepi yakpiTka cesimran
npouecTepni backapyra apHasfaH.

n Mbicanpaop: TananTop:
e FreeRTOS e Deterministic task scheduling
e VxWorks e Interrupt latency TemeH 6oy
e QNX e Memory management CEHiMAINIri
e RTLinux

nC/0OS



1. NKocnapnay (Scheduling) sgicTepi

oaic CunatTaMachbl
Rate-Monotonic Scheduling (RMS) Cratukanbik npuopuTteT

Earliest Deadline First (EDF) YXakblH deadline angbiMeH opblHAanaabl
Round Robin KaTap Ke3ekneH

Priority-based MaHbI3ablNbIK 60MbIHLIA



1. HOKTbI YOKbIT XKyernepiHiH KoNgoHbl1yY
casianadpobl

Cana KongaHy
Kenik ABS, cruise control, aBTONMAOT
YWKbIWCbI3 annapaTtTap UAV, gpoHgaap
MegnumHa PeaHnMauuna MOHUTOPAAPbI, UMMAHTTapP
©HepkKacin PoboTTaHabipy, PLC, SCADA
KopFaHbIC 3bIMbIpaH, pagap Xynenepi
Kapxbl High-Frequency Trading (HFT) anroputmaepi
Telecom 5G 6a3anbik CTaHUMUsAp

Smart city TpadukTi 6ackapy, Kayincisgik xynenepi



LLIbIHObI YOKbITTAFbI O27141IK
CeHiMpainik XKeHe kayincisaik
KopLUOFraH OpTAMEH Te3 6ANJ10HbIC

KpnnTumkasnbik npouecrtepni
OBTOMOTTAHObIPY

BargapsiamManay Kypoeni
NAordpbl ANNAPATTbIK TAANTAP
TecTiney KkMbiH

Bbaracbl XKOrFdpbl



KOpbITbiHODI

HakTbl yakbIT XXynenepi — Kayincisgik neH xblngamablk
Tanan eTifieTiH 3aMaHayn aBTOMATTaH4bIPbINFAH S/1IEMHIH,
Heri3ri 6eniri.

YakbITThIK LLEKTeyai cakTaMay KenTereH cananappaa agam
eMipiHe Kayin TeHAipyi MYMKiH, COHAbIKTAH by Xynenepain
XX0banaHybl MEH TECTiNEeHYi epeKLle MaHbI3/bl.




O1 02

HakTbl yOkbIT XKymeci gereH He? KOTCIH NKoHE NKYMCCIK HOKTbl YOKbIT
NKymeriepiHiH anbipMdacCbl KAHOAIN?

O3 04

HakTbl yOkbIT XKyMesiepiHiH Heriari RTOS pereH He XKoHe MbICOJ1 KesTipiHi3.
KOCNeTTepiH ATAHbI3.

05 06
EDF xxaHe RMS »«ocnapray HakTbl yOkbIT XKymesepi kaHoam casianapod
asiropnTMaepiHiH, AnbiPMALLUbISIbIFbI KOJ1OOHbIIOObI?

KOHOAIN?
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