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1 OnucaHue d)yHKLI,VIOHaIIbeIX XdPaKTEepPUCTUK

1.1 BcTpoeHHoe nporpammHoe obecnevyeHune nnatbl ynpasneHuns ATB-21 (ganee MO)
npegHasHayeHo ANA ynpaBaeHua paboTon NaaTbl ynpaBaeHUa nog ynpasaeHnem
MUKPOKOHTpoAnnepa ATMega2561 B coctaBe annapata ATB-21. lMnata ynpaBneHus
oCyLlLecTBaAeT noAa ynpasneHnem gaHHoro Mo:

1) onpoc gaTtunkoB., Npeobpasyrowmx GpusmMdyeckne BeNnYMHbI (TemnepaTtypy, AaBAeHue,
AeNCcTByoLEee 3/1EeKTPUYECKOE HaMNPAKEHNE B 91EKTPMUUYECKOMN CETU, YacTOTY NEPEMEHHOrO TOKa,
3HaYeHMe TOKa) B 3/IEKTPUYECKME CUTHA/bI, NOCTYNatoWMe Ha aHaorosble U UMdPOBbIE BXOAbI
KOMMOHEHTOB NeYyaTHbIX NAaT;

2) ynpaBaeHue UCMNOIHUTENbHbIMM YCTPONCTBaMM (LUaroBble ABUraTeNun, HarpesaTesb,
KaTyLIKa 3a*KUraHKUsA);

3) B3aumopaencTeme ¢ NaaTon KoHTpoaepa annaparta ATB-21;

4) peanusaumio npoLeayp UChbiTaHUA, onucaHHbIX B ctTaHaapTax FOCT P EH UCO 2719
(meToabl A n B), TOCT ISO 2719 (meTtoabl A n B), ISO 2719 (meToabl A n B), ASTM D93 (meToap! A
n B), FTOCT 9287.TOCT 6356 B aBTOMaTUYECKOM peXKUME.

2 ApxuTeKTypa nporpammHoro obecneyeHus

2.1 Opansepbl ycTponcts. ObecneunsatoT nonyyeHme MHGOPMaLUM C ATYUKOB M yNpaBaeHue
NCNONHUTEIbHBIMW YCTPONCTBAMM

2.2 PerynaTtop Temnepatypbl. CUCTeEMa aBTOMaTMYECKOro ynpaBaeHus, obecneymsatoas
nogAep’kaHue 3afaHHON TeMnepaTypbl 06BbEKTA ynpasBieHua

2.3 Moacuctema obmeHa MHPopmaumen no uHtepdelicy RS-485 ¢ nnaTtoi KOHTpoAiepa
2.4 KoHe4HbI aBTOMAT, peanm3yowmin aaropuTMbl UCNbITAHWUA COMIACHO PeaIN30BaHHbIM

CTaHZapTam
[IporpammHoe oOecrieueHre
HassaHue OnucaHue Ccbinka
AD7718.CPP Opansepbl yctporicts: ALM, warosbix | https://gitflic.ru/project/ao-bskb-
AD7718.h Asuratenen. neftehimavtomatika/atv-21
Step.c
usart.cpp LpaiiBep, obecneymnsatowmin obmeH
usart.h nHbopmaumer c nnaTomn
KOHTpoAnepa
main.cpp KoHeuHbIl1 aBTOMaT, peanunsytowmm
main.h aNropuUTMbl UCNbITaHUA COrTAaCHO
peann3oBaHHbIM CTaHAapTam
regulator.c MporpammHas peanusaumsa
HenunHelnHoro MU perynatopa

3 OCHOBHbIE BO3MOXHOCTH

NHuumanmzauma nHtepdeiicos, HaCTPOMKA, ynpasaeHue, nepesada u npuem napameTpos no
YCTaHOB/IEHHOMY NPOTOKONY 06MEHA AaHHbIX.

4 NMonb3oBaTenu cncrtemsol

KoHdurypuposaHue BCTPOEHHOIO NporpaMmHoro obecneyeHns He TpebyeTca B npouecce
aKcnayaTaumu. B cootBeTcTBUM C HM3HEHHbIM UMKAOM BCTPOEHHOro NporpammHoro
obecneyeHuns, KOHOUIypaLums ocyLLECTBAAETCA B NpoL,ecce NPOn3BOACTBA C MOMOLLbIO
cTeHg0BOro obopyaosaHua cunamu OnepaTopa



Cc60pPOYHOM IMHMN, B COOTBETCTBUMN C TEXHONOTNYECKOM MHCTPYKUMEN, BHEAPEHHOW Ha
npeanpuATUN-U3roToBUTENE.

5 MHdpopmauma no yctaHoBKe (Nnpolumnske)
5.1 Mopsaok ycTaHOBKK B obopyaoBaHme obpasa MNO:
1) nogKnNounUTL pasbem NPOrpaMmMMUpoBaHMA NporpammaTopa K pasbémy USB MK ncnonbsya
coegmnHutens USB A-B;
2) NOAKNYUTb NporpammaTtop K pasbémy HU-7 Ha nnaTe ynpaBieHus;

3) Ons nepeHoca obpasa MO, coaepxKauterocs B daine “main.hex”, Ha npeanpuaTnn
NPUMEHSEeTCA YTUAMTA ANA NPOLWKUBKM «avreal32.exe» (ABTop: Peauyk AnekcaHap, ceobogHo
pacnpocTpaHaemoe MNO). Bbi30B Nporpammbl OCyLLECTBAAETCA Yepes 3anycK Ha UCNONIHEHUE
daitna main.bat
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echo off
echo ATB-21

avreal32 +mega2561 -aft2232:enable=adbus4,acbus2 -010.8MHz -
fCKDIV8=1,CKOUT=1,SUT=1,CKSEL=7,BLB1=3,BLB0=3,0CDEN=1,JTAGEN=1,WDTON=1,EESAVE=0,B
0O0TSZ=0,BO0TRST=1,BODLEVEL=7 -e -wp -v main.hex -%%

pause >nul

5.2 B npouecce paboTbl Nporpamma BblAaeT cO0bLLEHMA, KOTOPbIE MOXHO BUAETb B OKHEe MS-

DOS:
avreal /WIN32 - AVR controllers LPT programmer by Redchuk Alexandr
v1l.27r4 (Oct 6 2009 16:12:37)
Command:

+mega2561 -aft2232:enable=adbus4,acbus2 -010.8MHz -
fCKDIV8=1,CKOUT=1, SUT=1,CKSEL=7,BLB1=3,BLB0=3,0CDEN=1, JTAGEN=1, WDTON=1, EESAVE=0, BOOTSZ=0, BOOTRST=1,
BODLEVEL=7 -e -wp -v main.hex -%
Fuse added: CKDIV8=1
Fuse added: CKOUT=1
Fuse added: SUT=1
Fuse added: CKSEL=7
Fuse added: BLB1=3
Fuse added: BLB0=3
Fuse added: OCDEN=1
Fuse added: JTAGEN=1
Fuse added: WDTON=1
Fuse added: EESAVE=0
Fuse added: BOOTSZzZ=0
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% Fuse added: BOOTRST=1
% Fuse added: BODLEVEL=7
Start address record in HEX file ignored
No FT2232 "port" switch found
device with default description "Dual RS232 A" will be used
% 'ftd2xx.dll' successfully loaded
% FT2232 MPSSE SPI adapter created, SCK frequency 2.00MHz
Adapter enabled
% Reset
% PgmOn reply FF FF 53 00
% Synchronised after 1 try

% GetID reply 00 30 00 1E
% GetID reply 00 30 00 98
% GetID reply 00 30 00 02
% Read ID: 0x1E9802

Device connected, mega2561 detected

o
o
]

Read Lock

Chip not locked

Read Osccal
Erase reply

command 58 00 00 00,

command 38 00 00 00,
00 AC 80 00

reply 00 58 00 FF

reply 00 38 00 98

rased

% Reset
% PgmOn reply FF FF 53 00
% Synchronised after 1 try

Device e

% GetID reply 00 30 00 1E
% GetID reply 00 30 00 98
% GetID reply 00 30 00 02
% Read ID: 0x1E9802

Device connected, mega2561 detected
% Read Lock command 58 00 00 00,
% Read Fuses command 50 00 00 00,
% Read Fuses command 58 00 00 00,
% Read Fuses command 58 08 00 00,
% Read Fuses command 50 08 00 00,

reply 00 58 00 FF
reply 00 50 00 D7
reply 00 58 00 FF
reply 00 58 08 D1
reply 00 50 08 FF
Fuses
OSCCAL = 98
_LOCK = OxFF
BLB1 =
BLBO =
_LOow = 0xD7
CKDIV =
CKOUT =
SUT =
CKSEL =
_HIGH = 0xD1
OCDEN =
JTAGEN =
WDTON
EESAVE
BOOTSZ
BOOTRST =
_EXT = OxFF
BODLEVEL =7
Programming CODE memory
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done (1.67s)

Verifying CODE memory

from 0x0 to OxFFF
from 0x1000 to Ox1FFF
from 0x2000 to Ox2FFF
from 0x3000 to Ox3FFF
from 0x4000 to Ox4FFF
from 0x5000 to Ox5FFF
from 0x6000 to Ox6FFF
from 0x7000 to Ox7FFF
from 0x8000 to O0x8FA9

o°

Verifying
Verifying
Verifying
Verifying
Verifying
Verifying
Verifying
Verifying
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done

Verifying

(0.87s)

Programming fuses
°
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New fuses

Write Fuses
Write Fuses
Write Fuses
Write Fuses
Read Fuses
Read Fuses
Read Fuses
Read Fuses
value

OSCCAL = 98
_LOCK = OxFF

BLB1 =3

BLBO =3
_LOW = 0xD7

CKDIV =1

CKOUT =1

SUT =1

command AC A0 00
command AC A8 00 F1
command AC A4 00 FF
command AC EO 00 FF
command 50 00 00 00
command 58 00 00 00
command 58 08 00 00
command 50 08 00 00

D7,

reply 00 AC A0 00
, reply D7 AC A8 00
, reply F1 AC A4 00
, reply FF AC EO 00
, reply FF 50 00 D7
, reply 00 58 00 FF
, reply 00 58 08 D1
, reply 00 50 08 FF




CKSEL
_HIGH = 0xD1
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OCDEN =1
JTAGEN =1
WDTON =1
EESAVE =0
BOOTSZ =0
BOOTRST =1
_EXT = OxFF
BODLEVEL =7
Verifying fuses
% Read Fuses command 50 00 00 00, reply 00 50 00 D7
% Read Fuses command 58 00 00 00, reply 00 58 00 FF
% Read Fuses command 58 08 00 00, reply 00 58 08 D1
% Read Fuses command 50 08 00 00, reply 00 50 08 FF
passed

Total time 3.3s
Reset pin released
Adapter disabled

4) oTCoeaAnHUTb Weid NporpaMmUpPoOBaHUSA, BbIKAKOYMTL annapar.

6 UHdopmauyua no akcnayaraumm MO

6.1 B cootBeTcTBUM C KM3HEHHDBIM LMKAOM BCTpOEHHOro NporpammHoro obecneyenus,
akcnayaTtauma sctpoeHHoro MO ocywecTeaseTca B coctase ATB-21 B CTpOrom cooTBeTCTBUM C €50
PyKoBoAcTBOM 3KcnayaTaumm, pasmeLl,éHHOM Ha cauTe:
https://www.bashnxa.ru/upload/iblock/3fb/3fb115a2a5c571eabdd26c8a32677dd2.pdf
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