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1. BBegeHue

B HacTosiLEeM AOKYMEHTe NPUBOANTCA onvcaHme 6a3oBbIX MPUHLUUMIOB U MEXaHU3MOB paboThl
WCMONHUTESNBHOMO A4pa NporpaMmMmMpyemMoro fiorm4eckoro KOHTponepa ¢ BO3MOXHOCTbLIO 3arpy3ku B HEro
NoNb30BaTENbCKMX TEXHOMOIMYECKNX NPOrpaMm, NOCTPOEHHbIX B BUAE (PYHKLUMOHANbHO-6IOKOBLIX
Avarpamm ctaHgapta IEC 61131-3.

B ookyMeHTe npuHATHI cneayoLmne CokpalleHns:

NC — ncnonHutensHasa cuctema;

VA — agpo ncnonHUTENbHOM CUCTEMBI, OHO € UCMOMHUTENBbHOE A4p0;
OC - onepauuoHHasa cucTema;

MK — nepcoHanbHbI KOMMbIOTEP;

MJIK — nporpaMmmupyembIin IOrM4ecknii KOHTPOInep;

TM — TexHonorn4yecknin moaynb;

Tl — TexHonornyeckasa nporpamma;

&b — yHKUMOHANbHbIN BIIOK;

&b/} (FBD) — dpyHKuMOHanbHO-6nokoBas gnarpamma (functional block diagram);
SoC — System of Cristal (Cuctema Ha Kpuctanne)

Cnoea, Hane4aTaHHble HaK/TOHHbIM UJpU(meM, ABNAKOTCA TEpMUHaAMU, Oanee no TeKCTty 6y,lJ,yT
neyaTaTbCs OObIYHLIM IJJpVI(bTOM NOJIHbIM Ha3BaHMEM U NMPUHATbIM COKpallEeHNEM.

1.1. UcnonHuTenbHoOe AApPO

UcnonHumenbHoe si0po (NA) npeactaenset cobon nnatopMeHHO-HE3aBUCUMbIA MPOrpaMMHbIN
cepsuc, npegsaputensHo 3anyleHHbin B OC MJIK, nu6o B OC IMK unu cepeepa, 1 B3aMMOAENCTBYOLL MM
C ero annapaTHOMW 4YacTbio NOCPEACTBOM CTaHAaPTHbIX obpalteHni Kk pyHkumsam OC. B UA cogepxutcsa
peanu3aumsi CTaHOapPTHbIX NPUKIALHbIX NPOTOKOSIOB B3aUMOAENCTBUSI C BHELLHMMMW YCTPONCTBaMMU,
cepBepamu BBoAa-BbIBOAA, U APYrMMU NOCTaBLLMKaMW, 1 NOTpebuTensamMm onepaTtMBHON MHGOPMaLINK;
Modbus-RTU, Modbus-TCP(UDP), MQTT, OPC UA.

OcHoBHble yHKumn UA:

- obecneyeHune KOPPEKTHOW 3arpy3ku, COXpaHEHUst 1 aBTOMATMYECKOro 3arycka CnpOeKTMPOBaHHON
nonb3oBaTenemM TEXHONOMMYeCKoW NpUKNaaHon NporpamMmel;

- UMKNUYEecKoe BbINOMHEHME TEXHOMOrMYECKON NporpamMmmbl B peXXrmMe peanbHOro BpeMeHu;

- obecneyeHve BO3MOXHOCTW OTNagKM 1 nomcka owmnbok paboTbl TEXHONOMMYECKOW NporpamMmmbl B
peanbHOM BpPeEMEHMW U MOoLLaroBOM pPeXuMe;

- dopmmnpoBaHMe BXOAHbIX MapameTpoB U3 YCTPOWCTB, MOAKITHOYEHHbIX MO CTaH4APTHBIM
NpuKnagHbIM NPOTOKONaM C onpegerneHneM ux ka4ecTsa no pasfnnyHbIM KpUTEPUSM;

- dopmmnpoBaHmMe BbIXOOHbBIX NapaMeTpoB AN noTpeduTtenen, NoAKIoYaemMbIM MO CTaHAAPTHBIM
NpuKnagHbIM NPOTOKONaMm, C NPUCBOEHNEM METOK BPEMEHU 1 NPU3HAKOB kavyecTBa B paMKax
MCMonb3yeMbIX MPOTOKOJIOB;

- obecneyeHune B3aumoaencTBUs No annapaTHO-3aBUCUMbIM MHTepdencam BBoAa/BbiBoAa
(Hanpumep, GPIO);

- obecneyeHune cxeMbl NMMLEH3NPOBaHNS NPUKNaAHON TEXHONOMMYEeCcKow NporpaMMbl NOMb30BaTeNs.
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Tl paspabaTbiBaeTcs, 3arpykaeTcs 1 OTnaxmnBaeTcs B creunanm3MpoBaHHOM peaakrope
®DiademLogic, ncnonb3yoLwmmM NpUHLMN NOCTpoeHus cxeMbl FBD 13 Habopa ¢yHKUUOHaIbHbIX 6510K08
(®B). bonblwmnHcTBO ®B peanunayloT obLLENPUHATYIO NTOTMKY cuctem ctaHaapTa IEC 61131-3 (TOCT P
M3K 61131-3-2016). CoBokynHocTb A n Habopa ®b ansa nocTpoeHus NpuKagHoN TEXHONOMMYECKON
nporpammel sBAsieTcs ucrnonHumensHol cucmemod (MC) n Hocut HasBaHue ®DiademCore. ©b B AaHHOW
WNC HasbiBaeTcst mexHonnoaudeckum modynem (TM), KoTopbIi MMeeT CBOU OCODEHHOCTM NO CPaBHEHUIO C
b, onncaHHbIM B cTaHgapTe IEC 61131-3.

NC ®DiademCore n pegaktop ®DiademLogic aBnAlTCA YacTaMmM 06LLLEero KoMmnnekca nporpammv
®NNALOEMA, paspaboTaHHbim komnaHueinn OO0 «ACY-JIMOEP».

NC moxeT BbinonHaTeCa B coctaBe OC Microsoft Windows, Linux (¢ Bepcueii libc He Huxe 2.24 n
nogaepxkon SystemD), QNX Neutrino, Free RTOS. AnnapaTHas nnatdopma B cnydyae yCTaHOBKU Ha
Hee Bblleyka3daHHbix OC orpaHuyeHnin He umeeT. A nogaepxuBaeT cTaHAapTHbIE MHTEPdENChI CBA3M:
nocnegosaTenbHbin UART (B BUAe annapaTtHbIX Ui BupTyanbHbix COM-NOpPTOB) M CETEBOW MNPOTOKOS
TCP/IP (paboTatowen Ha Ethernet, WiFi, GPRS u 1.4.). Ina ncnonb3oBaHnss 0COGEHHOCTEN HEKOTOPbIX
annapatHbIx nnaTgopm B cocTaB cBoncTB TM anst 3Tux nnatdopm MoryT OblTb BHECEHDI
He3HayMTenbHblE U3MEHEHUS NMbo JobasneHbl cneunanmanpoBaHHbie TM.

Ha gaHHbI MOMEHT cywecTBytoT 4 peanusaunm NC:

- UniPlatform — NC, paboTatowwas Ha ntobor TMNOBOM yka3aHHOW Bbllle NporpaMmMHo-annapaTHom
nnatgopme;

- Raspberry — C, paboTatoLas Ha cemencTee nNpoLeccopHbix mogynen Raspberry Pl;

- ESP8266 — NC, paboTtatowasn Ha SoC Espressif Systems ESP8266;

- E2K-ELPLCD - NC, paboTatowas no ynpaeneHnem OC “Onbbpyc” Ha NpoLecCopHON apXUTeKType
Elbrus-2000, 4yepes cepBuC B3anMOAENCTBUSA C annapaTypoi BBoda/sbiBoaa elplcd.

1.2. MpuHUMNBbI TEXHONOrM4YeCcKoro nporpaMmmMmpoBaHus

OCHOBOW TEXHONOIMYECKOro NporpaMmMmmnpoBanns ssnsetca TM. TM Takke siBnsieTCcs OCHOBHOM
eaunHnuen kongurypuposanus UC. Mopg koHdurypmposaHnem NC B gaHHOM criydae NnoHuMaeTcs
HacTpowka cpefibl MICMOMHEeHUS (Co3daHue 3agad, paccTaHoBKa NpUOpUTETOB, ANWH odYepeden T.4.),
HaCcTpoWka KOMMYHUKaLMOHHbIX MHTEpdencoB, (hopMMpoBaHMe KaHanoB BBoAa/BbiBoga No npuknagHbim
npoTtokonam. TM obecneunBaeT nepuognyeckoe BbIMOMHEHNE HEKOTOPOrO BHYTPEHHEro anroputma. TM
COCTOUT 13 (PUKCUPOBAHHOIO Habopa KOHCMaHm, yHUKanbHOro Ans kaxagoro murna TM, a Takke 8xo008 1
8bIx0008, NpeAHa3HavYeHHbIX Ans PoPMUPOBaHUA MEXMOAYIbHbLIX accoyuayul. Accounaums MoxeT
ObITb NOOKMOYEeHUEeM unn omHoweHuemM. [NodknyeHus npegHasHayveHbl AN nepegayn anemeHma
OaHHbIXx OT Bbixoga ogHoro TM Bo Bxog gpyroro TM BHyTpu NC otgensHoro yctponctea. OmHoweHus
OPMUPYIOT NOrMYECKY0 rPYNNMPOBKY CXOAHbLIX NO Ha3HayeHnto TM Bokpyr ogHoro rpynnosoro TM.
HekoTopble Bxoabl TM MOryT MMeTb aHanornyHble no Ha3HaYeHMto HacmpouUkKu, KOTOpble OTNMYalTCs OT
BXOZOB TEM, YTO UX 3HAYEHMS MOryT ObITb n3MeHeHbl U3 pegaktopa Tl 6e3 HeobxoamMMocTu
nepesarpysku BCero npoekta B YyCTPOMCTBO. YacTb HACTPOEK CRYXUT AN HayanbHOW YCTaHOBKM
onpeferneHHoro coctoaHua TM nocne BkntoveHUs ycTponcTea. MNoaknoyeHHble He coXpaHsieMble B
HacTpoWkax BXoAbl B Ha4arbHbI MOMEHT BpEMEHWN YCTaHaBNUBAIOTCSH B HyNeBoe JOCTOBEPHOE
3HaveHue. HenoaknoyeHHble BXoObl YYUTLIBAOTCH UMW HE YYMTLIBAKOTCA B 3@8BUCMMOCTH OT
peann3oBaHHOro anropMtTMa paboTbl KOHKpeTHoro Tuna TM. MNogkntoveHHbI Bxoa TM Takke
Ha3sbiBaeTcH 3adelicmeo8aHHbIM.

Bce TM cospatotca BHYTpU npoekTa eguHon TI1 ycTponcTBa, KOTOPbLIN hopMmnpyeTcs B pefakTope
®DiademLogic kak MHOroCTpaHWYHbIN JOKYMEHT 1 3aTeM 3arpyxaetcsi B IC ogHoro yctpoicTea (B
cnyyae pesepBupoBaHusa B napy). B TN gomkHa 6biTb onpeaeneHa ogHa unu 6onee CucmemHbix 3aday,
KoTopble obecneynBatoT nocnenoBaTenbHOE TAKTOBOE BbINOMHEHWE BHYTPEHHWUX anropuTmoB,
npuBs3aHHbIX K HUM TM. Mopsigok obecyeta TM 3agaeTcd npu npoekTnposaHmu. TM, npuBsa3aHHble K
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pasHbiM CucmemHbiM 3adadam, GyayT BbINOMNHATLCA NapannensHo, BblAepXMBas NpMopuTeT CBOEN
3agaun. O6LWn TakT 3agaymn 3agaeTcs B COOTBETCTBYOLLEN koHcTaHTe TM «CuctemHas 3agada»
(onucaHve B COOTBETCTBYIOLLEM pa3gerne).

Ha kaxxgom Takte CucmemHas 3adaqa npoBepsieT HeobxoauMoCTb 3anycka obcyeTa BHYTPEHHEro
anroputma TM B uenoyke, Cymmupysi Bpems nocriegHero 3anycka u Takt oocyeta TM. Takt obcueta TM
3agaetcs B koHCTaHTe atoro TM (PucyHok 1.2.1). 3anyLweHHbIn BHYTpeHHUI anroputm TM aHanuanpyet
N3MEHEHMe 3N1eMEHTOB JaHHbIX CBOMX BXOA4OB, HACTPOEK, obnacten obmeHa ¢ 3agadyamm NpUKNagHbIX
NMPOTOKOJIOB, @ TaKkKe COCTOSIHUSA aKTUBHbIX BHYTPEHHUX TalMepoB, 1 Npu NoboM N3MEHEHN CBOMCTB
BbINOSHAET OAHOKpaTHbIM 06cyeT. PedynbTathl 06cueTa nepenatoTcst Ha COBCTBEHHbIE BbIXOAb!, OTKYAA,
B Criyyae Hanuuus accoyuayul Tuna rnodkoyYeHue, nepenarnTcsa Ha BXodbl APYrnX NOAKMIOYEHHbIX K
Hemy TM.

TM B cocTaBe rpynnel, TO €CTb COEAMHEHHbIE CO CBOUM 2pyrnnoobpa3syrowum TM accoyuayuel
TMNa omHoweHue, obcumTbiBatoTCs B Lienoyke CucmemHoul 3ada4qu, 3agaHHon ansi rpynnoobpasytoLuero.
TM. TM, He coeguHEHHbIE OTHOLLEHWEM CO CBOUM rpynnoobpasyoLwmm, n3 obcyeTta UCKNo4aoTCs.

PucyHok 1.2.1

3apava 3apava
™) T™(+1)
L L
™) M TM(+2)
. '
: | |
: | |
i | |
i | |
| |
| |
eyl TMGD) T™M(n-1)
N2 N2
TM() TM(n)

Kpome TM, npencraBneHHbix B Habope ¢ ucnonb3dyemon C, gonyckaeTcsa co3gaHve
nones3oBaTtensckux TM (Makpomodynell), BHyTPEHHUIA anropuTM KOTOpbIX POPMUPYETCH MO NPUHLIAMNY,
CXOXeMY C MPUHLMNOM NOCTPOEHNS OCHOBHOMO JOKYMEHTa, HO C HEKOTOPbIMU OrpaHu4yeHnssMu. AnNroputm
Makpomogayns, opmupyemoro nonb3oBatenem, HadbiBaeTcs mMakpowabnoHom. MogpobHo o
dhopmMrpoBaHUn Makpomodyrield oN1caHo B COOTBETCTBYIOLLEM pasferne. JKk3eMnnisapbl MakpoOMOAynen
o6o3HavatoTcsa npu noctpoerumn T, a cosgatotcs B VIC aBTomMatmyecku npu nHMLManusaumm
3arpyxeHHown B ycTponcto TI1. Heckonbko makpomodyned, chopMnpOBaHHbIX Ha OCHOBE OOHOMO N TOro
Xe makpowabrioHa, BbINMOSHATCA MO €4MHOMY anropuTMy, Kak camocTosiTenbHbele TM, co cBonmu
COXPaHEeHHbIMU HACTpPOMKaMu 1 cocTosiHuAMMK BxoasLwmnx TM. TM BHyTpu makpowabrioHa
06CUNTLIBAIOTCA 3@ OAMH NPOXOA MO BCEN LEMOYKE C TAKTOM, ONpPeAeneHHbIM B KOHCTaHTe MakpoMoOyris
(PvcyHok 1.2.2).
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PucyHok 1.2.2

TM(3)
/ TM(3,1)
L
TM(3,2)
@
T™M(1)
\l/ TM(3,j-1)
™) JJ TM(wabnoH)
TM(3,j)
T™M(4) =
: N
l ™-) -
T
TM(i-3) |
| TM(i-1,1) |
= I
Sy T™(i-2) '/ B :
TM(i-1,2) )
- TM(-1)
N
T™()
TM(i-1,j-1)
L
TM(i-1,j)
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1.3.CBoMCTBa TEXHONOrMYEeCKOro moayns

PucyHok 1.3.1

Bxog 1 KOHCTaHTa 1 BbIxod 1
o KOHCTaHTa 2
Bx0f 2 BbIXoA 2
——0
o
©
KoHCTaHTa k Z
BX0A N S BbIX04 M
0
.
T N T
0]
= <
o) S
S o
= Q
[3) =
o (6]
T [}
T Y
Y

TM BkntovaeT B cebs psg onpeaeneHHbIX AaHHbIM TUMOM CBOWCTB, TakUX Kak KOHCTaHThI,
HacTpoWku, Bxoabl U Bbixoabl (PucyHok 1.3.1). YacTb 13 HMX sBnstoTca 06a3aTenbHbIMK, YacTb
onuuoHanbHbIMK. OBsi3aTeNbHbIE CBOWCTBA AOMKHbI ObITh ONpeaerneHbl Ha atane cosganus T B

penakTope.

KoHcTaHTa npeacTasnsieT co6oi 3HayeHne MKCUPOBaHHOIO TWNa, 3aaaBaemMoe Ha aTtane
cozfaHus TM. CTpykTypa KOHCTaHTbl AN oNvMcaHUsi B pedakTope npoekTa BKoyaeT B cebs:

- HOMep MO NOPSAKY HaXOXOEHUS B CTPYKTYpe KOHKpeTHoro TM;

- KpaTkoe yHUKanbHoe HanMmeHoBaHWe Ha aHIMUACKOM SA3bIKe;

- KpaTkoe HeyHWKanbHOe Ha3BaHWe Ha NoKanM3oBaHHOM A3bIKE;

- onucaHue Ha NnokKanu3oBaHHOM A3bIKE;

- OOMNOMHUTENbHbIE aTPUBYTHI;

- 3Ha4eHuMe Tuna U3 npuBeaeHHbIX B Tabnuua 1.3.1;

- ChopMMpOBaHHOE 3HaYeHUe B COOTBETCTBUM C TUNOM KOHCTaHTbI.

Tabnwuua 1.3.1

MeTka Tvna SHaveHue OnuncaHune Tnna FOCT P MK OnvHa, 6ant
Tmna 61131-3 ’
bool 1 0 nnbo 1 (false nnbo true) BOOL 1
float 2 Popwmart IEEE 754 ogMHapHON TOYHOCTM REAL 4
int32 3 3HakoBoe uenoe 32-6ut DINT 4
uint32 4 Bess3HakoBoe Lenoe 32-6uT DWORD 4
ushort 5 Bess3HakoBoe Lenoe 16-6ut INT 2
short 6 3HakoBoe uenoe 16-o6ut WORD 2
byte 7 Bawnt (8-6uT) BYTE 1
string 8 Crtpoka ASCII nnm npousBonbHbIN 00BbEKT STRING >0
InfoType 9 Tun anemeHTa AaHHbIX Enum_Type 1
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CoxpaHsiemasi HacTpomnKa MOXeT OMLUMOHAarNbHO Co3aaBaThCs AN onpeaeneHHbIX BXO40B
pasnuyHbix TM ¢ uenblo HayanbHOM YCTaHOBKM 3HaYeHust Bxoga TM nocne 3arpysku yctponctea. OHa
MOXeT ObITb M3MEHEHa C MOMOLLbIO OTNAA0YHbIX KOMaHZ, C NOCNeayoLWmMM CoXpaHeHneMm 3HadeHmns B TI1

ycTpoicTBa. CTpyKTypa HacTpoWiku ANst onncaHusl B pedaKkTope NpoekTa BKIoYaeT B cebs:

- HOMEp MO NOPSAAKY HAXOXAEHMS B CTPYKTYpe KOHKpeTHoro TM;

- KpaTkoe YHUKanbHoe HanMeHOBaHWe Ha aHIMUACKOM SI3bIKE;

- KpaTKoe HeyHMKanbHOe Ha3BaHMe Ha fIOKannM3oBaHHOM S3bIKE;

- onncaHne Ha NoKann3oBaHHOM S3bIKE;

- OONOnHUTENbHbIE aTpUbYThI;

- 3Ha4eHuMe Tuna u3 npuBeaeHHbIX B Tabnuua 1.3.2;

- ChOopMMpPOBaAHHOE 3HAYEHNE B COOTBETCTBMM C TUMOM HACTPONKM.

Tunbl 3Ha4YEeHU HEKOTOPbIX HACTPOEK MOryT 3a4aBaTbCs COOTBETCTBYHOLLEN YNPaBnsiowen
KOHCTaHTOWN C TUMOM 3neMeHTa AaHHbIX.

Ta6nwuua 1.3.2

MeTka TMna SHaveHue Onucanue Tvna FOCT P MK OnvHa, 6ant
Tmna 61131-3 ’
Discret 0 0, nn6o 1 BOOL 4
Float 1 $opwmart IEEE 754 ognHapHOn TOYHOCTH REAL 4
Integer 2 3HakoBoe uenoe 32-6ut DINT 4
Unsigned 3 BessHakoBoe uenoe 32-6ut DWORD 4

Bxogb! unu Beixoabl TM nmetoT npegonpenenerHble NMbo 3agaHHble Ha aTane co3ganus Tl B
PEXMMHBIX KOHCTaHTax TUMbl BXOOHOMW U BbIXOAHOW UHGOpMaLnu.

1.4.CBoncTBa NogKno4vYeHus

MopkntoueHne opmmpyeTes Ha atane co3ganua T n o6o3HayaeT HanpaBneHue nepegayn
3MnemMeHTa AaHHbIX Mexay BbixogoM TM nctodHmka n Bxogom TM npuemHuka, a Takke
npegsapuTenbHy0 06paboTKy aneMeHTa AaHHbIX Nepes BblNOMHEHWEM BblYUCIIEHNSI BHYTPEHHEro
anroputma npuHumarowiero TM. B anemeHTe gaHHbIX BCeraa npucyTCTBYET rpu3HaK kayecmaea, KOTOpbIn

MOXeT ObITb y4TeH B anroputmMe TM npuemHuvka. MNpuaHak kayecTBa NpeacTaBnseT coGol

uenoyucneHHoe AByxb6ariToBoe YMCHo, rae B COOTBETCTBYHOLUMX BUTax (opMmUpYOTCA HEAOCTOBEPHOCTY,
npegcTaeneHHsble B Tabnvua 1.4.1.

Tabnuua 1.4.1

but
Onwucanve
HeOOCTOBEPHOCTU
0 lMepenonHeHve Npuv BbINOMHEHUN MaTeMaTUYECKON onepauum
1 HenocToBepHOCTb MO MCXOAHOMY UCTOYHUKY (PrU3nyYeckoMy unm Lngposomy)
2 HenocToBepHOCTL MO BHYTPEHHEMY anroputmMy
3 Py4Has nogmeHa 3Ha4YeHus accoumaumm

CTpykTypa anemeHTa npeacrasneHa B Tabnuua 1.4.2.
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Tabnwuua 1.4.2

Bamsozzqana Twn nonga Onwncanue nons OnvHa B 6anTax

0 ushort YHuKaneHbI Anga yenodkn TM naeHtudpmkatop 2
accouunauum

2 ushort UpoeHTndukatop TM ncToyHmka 2

4 byte Homep BbIxoga NCTOYHMKA 1

5 ushort WpoeHTndukatop TM npuemHuka 2

7 byte Homep Bxoga npuemMHuka 1

8 byte Macka pexvmoB npefobpaboTkm Ang 3HavYeHus 1
anemMeHTa AaHHbIX

9 ushort Macka 61ToB He4OCTOBEPHOCTM AN NPU3HaKa 2
KayecTBa 3NeMeHTa JaHHbIX

YcTaHaBnuBaemasi Macka pexxMmMoB npeobpaboTky 3HaYeHMs anemMeHTa gaHHbIX NPOU3BOANT
npegBapuTenbHble 4eNCTBUSA Had 3HAYeHWeM A0 nepeaaym ero Bo BXxog npuHumatowero TM.
CyLLecTBYIOT criefyouime pexmnmsl npeaodpaboTku:

- UHeepcusi 3Ha4deHus: ans Tuna Float u Integer - nponssBognTcs onepaunst yMHoXeHue Ha (-1), ans
Tvna Unsigned — 6utosas onepauusa NOT nonHoro 3HadeHus, ans tmna Discret — butosas
onepauus NOT mnaawero 6ura;

- Macka HedocmoeepHoCmuU NpefHa3HavyeHa ans yaaneHusi BolopaHHbIX OUTOB HE4OCTOBEPHOCTHU
13 NpM3Haka kadecTBa afieMeHTa AaHHbIX 40 Nepegayn ero Bo BXo4 npuHumatowero TM.

Macku npego6paboTkM N HEAOCTOBEPHOCTN MOMYT U3MEHATLCS C MOMOLLbIO OTNaA0uHbIX KOMaHA C
nocneayloLwmnm coxpaHeHuem 3HadeHun B Tl ycTpowncTsa.

CnpoekTupoBaHHOE MOAKMIOYEHE aBTOMATUYECKM Npeobpa3syeT 3HaYeHEe areMeHTa AaHHbIX,
nepegasaemoe OT Bbixoga TM uctoyHuka k Tuny Bxoga TM npuemHuka. Takum obpasom, MIC He
HaknagblBaeT orpaHMyYeHne Ha COOTBETCTBME TUMOB AaHHbIX ANsi UICTOYHMKA U NPUEMHUKA.

3HayeHne anemMeHTa gaHHbIX Ha AUCKPETHOM BXOo4e unu Bbixode TM HasbiBaeTCst COCMOSHUEM.
[MpMMEHNTENBHO K COCTOSIHMIO BO3MOXHO MCMOMb30BaHWE TEPMUHA YCMaHOoBIeHO, €CN 3HadYeHune “17, n
cbpoweHo, ecnn 3Ha4veHne “0”.

1.5.Peno3ntopui CTPYKTyp

CtpykTypbl TM xpaHaTcs B BUAe haiinos OOLLEr0 perno3umopus 1 HaNoMHSATCS B 3aBUCMMOCTM
OT TUNa ycTponcTea n Homepa Bepcun MO ncnonHUTEeNbHOM cuctemMbl yctTporncTea. OtaenbHele TM
MOryT NPUCYTCTBOBATb TOMbKO B HEKOTOPbLIX BEPCUSAX YCTPOUCTBA, a HekoTopble TM MoryT nmeTts
pasnU4YHyo0 CTPYKTYPY B pa3HbIX BEPCUSIX OOHOIO 1 TOro Xe YCTPONCTBa.

Mpu cozganum T cTpykTypa TM cdukcnpyeTcsa B co3gaBaeMoOM NPOEKTE U MOXET ObITb
BMOCNEACTBUN N3MEHEHA TONbKO NYyTEM KOHBEPTUPOBAHWS NPOEKTa B APYry0 BEPCUIO UNW APYron Tun
ycTponcTtea. B Tabnuua 1.5.1 npuBeaeHsl nogaepxmBaemMble Bepcun CTpykTyp. B nepsom ctonbue
yKasaHa ccblfika, koTopas 6ygeT Ncnonb3oBaHa HMXKE No TEKCTY ANS yKa3aHus NPUMEHMMOCTU CTPYKTYpbI
AN KOHKPETHOW Bepcun yCTponCTBa.
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Tabnuua 1.5.1

Cchblinka YcTtponcTteo Bepcusa OnucaHue
Rpl ESP8266 1.2 YcTponcTtea 1 Ha 6a3e ESP8266
Rp2 Raspberry 1.2 YcTponictea Ha 6ase Raspberry Pl
. YHuBepcansHas npolumBka Ans TUNoBbIX NnaTgopm Ha
Rp3 UniPlatform 1.2 6a3e OC Windows, Linux, QNX
Rp4 E2K-ELPLCD 1.2 YcTponcTtea Ha 6ase Elbrus-2000

1.6.06wan yactb cTpyKkTypbl TM

B obuwewn yactn cTpykTypbl 3agaeTtca Homep tuna TM (byte) n yHukansHbIn naeHTndmkatop TM B
uenouyke (ushort), nopsgok obcyeta B Lenodke TM, a Takke HECKONBbKO KOHCTAHT, NpeACTaBMNEHHbIX B
Tabnuua 1.6.1.

Tabnwuua 1.6.1

Homep Tun MeTka OnucaHue Mpumesanue, en.
n3MepeHus
1 Byte NumTask Homep 3agauum ucn. cuctembl ons CCb‘I‘J'IKa Ha co3[aHHbIN .
obcyeTa TM “CuctemHas 3agada
2 Ushort Takt TakTt obcyeTta MCeK.
3-9 Peseps

Ons TM, Bxoasimx B cocTaB LWabnoHa makpomoayns, He 3agatotcs Homep 3adayqu n Takm
obcyema. OHu BGepyTcst aBTOMATUYECKM U3 YCTAHOBMEHHbLIX KOHCTAHT CO34aHHOMo 3K3emnnsapa
Makpomoayns.

2. TexHonorunyeckune MoAay”nu Aand nporpaMmmMmumupoBaHus

2.1.TM gucKpeTHOW NOrMKn

2.1.1.

RS-tpurrep

MeTtka Tuna: Trigger
Homep Tuna: 16
Mpeacrtasenen: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.1.1.1 (Bxoabl)

Tvn
MpumeyaHwue, en.
Homep anemMeHTa MeTka OnucaHue P » 6A
n3MepeHus
AaHHbIX
. OmkeH ObITb
1 Discret S YcTaHoBka A
NOAKITHOYEH
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2 Discret R C6poc FormxkeH Beite
NOAKIHOYEH
Tabnuua 2.1.1.2 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
AaHHBIX n3MepeHus

1 Discret OutVal BbixogHoe 3HauyeHne

TM “RS-Tpurrep” npegHasHayeH Ans 3anoMnHaHMs ycTaHoBNeHHoro B “1” coctosaHusa Bxoga “S” ¢
nocreaylowmmMm oTobpaxxeHmemM 3TOro COCTosIHUSA Ha Bbixoae “OutVal” o aBHoro copoca B “0” aToro
COCTOSIHMSA NyTeM ycTaHoBKM “1” Ha Bxoge “R”. Jlornka paboTbl aToro TM npeactaBneHa B Tabnuua

2.1.1.3.

Tabnwuua 2.1.1.3

S R OutVal

1 0 1

0 0 OutVali = OutVali-1
1 1 0

0 1 0

Mpn HegocToBEPHOCTM NOOOrO N3 BXOLAOB €ro 3Ha4YEHMNE HE UCMONb3YeTCH AN BbIYNCIIEHNS
coctosHuA RS-Tpurrepa. Beixog TM Bcerga gocroBepeH.

2.1.2.

Komnapatop

MeTka Tvna: Compare
Homep Tuna: 9
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 2.1.2.1 (KoHcTaHTbI)

Tun

MpumeyvaHue, BbIGOP,

Homep MeTka OnucaHue
KOHCTaHTbI eA. usMepeHust
10 InfoType TypeData Tun aaHHbIX Onpepenser Tvnel
BXO[OB U HACTPOMKHK
Tabnuua 2.1.2.2 (Bxoabl)
Tvn MpumeyaHwue, e,
Homep anemMeHTa MeTka OnucaHue P » 84
AHHBIX n3mepeHus
1 Variant InVall BxogHoe 3HauyeHune 1 HomxkeH Beite
NoAKMYEH
2 Variant InVal2 BxoaHoe 3HayeHune 2 HomxkeH Beite
NoAKMoYeH
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3 Variant Zn Honyctnmoe pacxoxaeHune WcknoyaeT HacTporky 1
Tabnuua 2.1.2.3 (Bbixoabl)
Tun MpumeyaHwue, ¢
Homep anemMeHTa MeTka OnucaHue P » €A
n3mepeHus
OaHHbIX
1 Discret OutEq CwurHan npu InVal1 = InVal2
2 Discret OutMr CwurHan npu InVal1 > InVal2
3 Discret OutLs CwvrHan npu InVal1 < InVal2
Tabnuua 2.1.2.4 (Hactpomku)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » €A
n3mepeHus
OaHHbIX
1 Variant n Jonyctnmoe pacxoxaeHune

TM “Komnapatop” peanusyeT cpaBHEeHWe ABYX BeNWYMH, NOCTynarowmx Ha Bxogel InVall n InVal2
B COOTBETCTBUM C JONYCTUMbIM OTKITOHEHWEM BEMNWYUH, 3aaBaeMblX B HACTPOWKe Unu Bxoae Zn.
Pe3ynbTaTt cpaBHeHUs1 oTobGpaXkaeTcs B COCTOSIHMAX BbixogoB OutEq, OutMr 1 OutLs no cneaytowiemy

anropuTMmy:

ecnu |InVall — InVal2| < Zn, To OutEq = 1, OurMr = 0, OutLs = 0;

ecnn InVall — InVal2 > Zn, To OutEq = 0, OurMr = 1, OutLs = 0;

ecnu InVall — InVal2 <-Zn, To OuteEq = 0, OurMr = 0, OutLs = 1.

Ecnu xoTtsa 6bl 0anH 13 BXOAOB HEeOOoCTOBEPEH, CpaBHEHNE HE NPOBOANTCA N 3HAYEHUA BbIXOOOB HE
nameHsieTcs. 3HayeHne BbIXOA0B Bcerga 0OCTOBEpHOe.

2.1.3. Onepatop AND

MeTka Tvna: OperatorAND

Homep Tuna: 12

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 2.1.3.1 (KoHcTaHTbI)

Twn MpumeyaHue, BbIGOP,
Homep MeTka OnucaHue
KOHCTaHThblI el. 3aMepeHus
OnpepgensieT Tunbl
10 InfoType Typelnputs Twun BXOOHbLIX NapameTpoB BXO/A108 U BbIX0/a.

ponyckatotcs Discret
unu Unsigned
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Tabnuua 2.1.3.2 (Bxoabl)
Tvn MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » &4
NaHHbIX n3MepeHus
1 Variant In1 OnepaHa Romxex Boite
NOAKITHOYEH
2 Variant In2 - In32 OnepaHa Romxex Buity
NoaKMoYeH XoTa 6bl 1
Ta6nuua 2.1.3.3 (Bbixoabl)
Tvn MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
naHHbIX n3MepeHus
1 Variant Out PesynbTtaT onepauun

TM “OnepaTop AND” peanuayeT oyHKUMIO nordeckoro “” Hag Bxogamu, 3Ha4YeHNUst KOTOPbIX
MOryT ObITb NpeacTaBneHbl ANCKPETHBIMU UMW LENOYNCTIEHHBIMU TUMNAaMU, B 3aBMCUMOCTU OT KOHCTaHTbI
InfoType. 3HavyeHne BbixoAa AN ANCKPETHbBIX TUMOB BbIYMCIISAETCS Kak nornyeckoe “U” ot Bcex
3aeMCTBOBaHHbIX BXOA0B. 3HayeHne BbIxoAa ANs LLeNOoYMCEHHbIX TUMOB BbIYMCASIETCA Kak
nopaaspsgHoe norunyeckoe “” oT Bcex 3agencTBOBaHHbLIX BX0A40B. MakcumarnbHoe 4ncno
3agencTBoBaHHbIX BxogoB 16. Onepaumsa noruyeckoro “U” npeactasneHa B Tabnuua 2.1.3.4.

Tabnuua 2.1.3.4

A B A and B
0 0 0
1 0 0
0 1 0
1 1 1

Mpu onpegeneHMn He4OCTOBEPHOCTU BbIXOA4A UCMOMb3YOTCH CneayoLmne npasuna: ecnu xots 6ol
OOMWH 3a4eNCTBOBaHHbIN BXoA AOCTOBepeH v paBeH “0”, Bbixogq Out 4OCTOBEpEH, nHave
HEeLO0CTOBEPHOCTb BbIX04a BblYMCIIAETCH, kKak NobntoBoe “nnu’ U3 HeJoCTOBEPHOCTEN 3a4eNCTBOBaHHbIX

BXO[OB.



000 «ACY-IIMOEP»

OnuncaHune yHKUMOHaNbHbIX 61TOKOB
(TexHonorMyecknx Mogynen),

CtpaHuua 16

pen.1.2
2.1.4. Onepatop OR
MeTka Tmna: OperatorOR
Homep Tuna: 13
MpeactaeneH: Rp1, Rp2, Rp3, Rp4
Tabnuua 2.1.4.1 (KoHcTaHTbI)
Homep Tun MeTka OnucaHune MpumesaHue, sLiGop,
KOHCTaHTblI el. 3aMepeHus
OnpepensieT TUnbI
BXOZ0B 1 BbIX0OAa:
10 InfoType Typelnputs Twun BXOoOHbIX NapameTpoB nonyckatotcs Discret
mnu Unsigned
Tabnuua 2.1.4.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
U3MepeHus
OaHHbIX
1 Variant In1 OnepaHg Romxe Beite
NOAKIHYEH
2 Variant In2 - In32 OnepaHg fonkex Gbrtb
NoAKITYeH XoTS 6bl 1
Ta6bnuua 2.1.4.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
BaHHbIX
1 Variant Out PesynbTtaT onepauun

TM “Onepatop OR” peanuayeT dyHkumio norudeckoro “UNMN” Hag Bxogamm, 3Ha4YeHUSA KOTOPbIX
MOryT ObITb NpeAcTaBneHbl ANCKPETHLIMU UMW LIENTOYMCIEHHBIMU TUMAaMK, B 3aBMCMMOCTU OT KOHCTAHThI
InfoType. 3HavyeHne BbIxoAa AN QUCKPETHBIX TUMOB BblMCIAETCS Kak nornyeckoe “UITN” ot BCcex
3aeMCTBOBaHHbIX BXOA0B. 3Ha4YeHMe BbIXxOAa A1 LLeNOYNCIIEHHbIX TUMOB BbIYUCIIAETCS Kak
nopaaspsgHoe norunveckoe “UNMN” oT BCcex 3agencTBOBaHHbIX BX0A0B. MakcumanbHoe 4ncro
3agencTBoBaHHbIX Bxogoe 16. Onepaumsa norudeckoro “USTN” npeacraesnena B Tabnuvua 2.1.4.4.

Tabnuua 2.1.4.4

A B AorB
0 0 0
1 0 1
0 1 1
1 1 1
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Mpn onpeneneHnn HeAOCTOBEPHOCTU BbIXOAA UCMOMb3YOTCS CneayloLlmne npasuna: ecnm xots Obl
OIMH 3a0eNCTBOBaHHbIN BXOA AOCTOBEPEH U paBeH “1”, Bbixog Out 4OCTOBEPEH, nHaye
HEeJOCTOBEPHOCTb BbIXOA4A BbIYMCASETCH, Kak NnobntoBoe “nnn” n3 HegOCTOBEPHOCTEW 3a4eNCTBOBaAHHbIX

BXO/OB.

2.1.5. Onepatop XOR

MeTka Tuna: OperatorXOR

Homep Tuna: 44

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.1.5.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumeyanme, BL1GOp,
KOHCTaHThblI el. aMepeHuns
OnpepensieT TUnbI
BXOZ0B 1 BbIX0OAa:
10 InfoType Typelnputs Tun BXOoOHbIX NapameTpoB nonyckatotcs Discret
mnu Unsigned
Tabnuua 2.1.5.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mepeHusi
OaHHbIX
1 Variant In1 OnepaHg Romxe Beite
NOAKIHYEH
2 Variant In2 - In32 OnepaHg Romxe Beito
NOAKITOYEH XOTH 6bl 1
Ta6bnuua 2.1.5.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
AaHHbIX
1 Variant Out PesynbTtaT onepauun

TM “Onepatop XOR” peanuayeT yHkumto noruyeckoro “Uckniovatowero NN Hag Bxogamu,
3HaA4YeHMS KOTOPbIX MOTYT ObITb NPeACTaBNeHbl ANCKPETHLIMM UITK LENOYUCTIEHHBIMU TUMaMu, B
3aBMCUMOCTM OT KOHCTaHThI InfoType. 3HayeHne Bbixof4a ANnst ANCKPETHBIX TUMOB BbIYUCIIAETCS Kak
norunyeckoe “Uckntovatoiee NJ1IN” oT Bcex 3agencTBoBaHHbIX BXOA0B. 3Ha4YeHne Bbixoda ans
LLENIOYMCINEHHbIX TUMOB BbIYMCIISIETCS Kak nopa3psagHoe norndeckoe “Ucknovatowiee UITA” ot Bcex
3aeMCTBOBaHHbIX BXOAO0B. MakcMmanbHoe Yncno 3a4encTBOBaHHbIX BXogoB 16. Onepauus normiyeckoro
“Uckntovatowtero UNN” npepctasneHa B Tabnuua 2.1.5.4.
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Tabnwuua 2.1.5.4

A B A xor B
0 0 0
1 0 1
0 1 1
1 1 0

Mpwn onpegeneHMn He4OCTOBEPHOCTY BbIXOA4A UCMOMb3YOTCH CneayLmne npasuna: ecnm xots 6ol
OOVWH 3a4eNCTBOBaHHbIN BXO4 AOCTOBEPEH M paBeH “1”, Bbixog Out 4OCTOBEpEH, nHave
He[OCTOBEPHOCTb BbIX04a BblYMCIISETCH, kKak nobutoBoe “nnn’ n3 HeOCTOBEPHOCTEN 3a4eNCTBOBAHHbIX

BXO[OB.

2.1.6. OnepaTop cpaBHeHNSA Ha BornbLue

MeTtka Tvna: CmpMore

Homep Tuna: 14

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.1.6.1 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanme, ea.
n3MepeHus
OaHHbIX
1 Float InVal BxogHoe 3Ha4yeHune Rorken Buits
NoAKMYEH
2 Float zd YcTaBka WcknoyaeT HacTporky 1
3 Float Zb 30Ha Bo3BpaTa WcknioyaeT HacTpomky 2.
Tabnuua 2.1.6.2 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
n3MepeHus
OaHHbIX
1 Discret OutVal BbixogHoe 3HaueHne
Tabnuua 2.1.6.3 (HacTpoiiku)
Tun MpumeyaHue, e,
Homep anemMeHTa MeTka OnucaHue P » €A
n3mMepeHusi
OaHHbIX
1 Float zd YcraBka
2 Float Zb 3oHa Bo3BpaTa
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TM “OnepaTop cpaBHeHUs Ha Bonblue” peanuayeT CpaBHEHME BXOOHOMO 3HaYEHNs,
YyCTaHOBIEHHOro Ha BxoAe InVal, ¢ yctaBkon Zn, 3agaBaeMon HaCTPONKOW UM COOTBETCTBYIOLLNM
BXOZAOM, 1 hopMupyeT Ha Bbixoge OutVal AnckpeTHoe CoCTosIHUE, O NPEBbLILIEHN 3a4aHHON YCTaBKM.
Onsi ucknioyeHns HexenaTeneHoro “Apebeara” COCTOsIHUSA, OT 3HA4YEHUS, HAXOOSALWErocsi Ha rpaHnLe

YCIoBusi, MOXeT ObITb Y4TEH rMCTEpPe3nC, onpeaensieMblin yCTaBkon Zb, 3agaBaemMoin HaCTPOMKON unu
COOTBETCTBYIOLLUM BXOLOM.

Takum obpasoM, BHYTpeHHU anroput™ TM cniegytowwmia: Bbixog OutVal meHsieT 3HaveHue ¢ “0” Ha
“1”, ecnn 3HayeHue Bxoda InVal 6onblie nnu paBHo Zd, n MeHsieT 3Ha4veHue ¢ “1” Ha “0”, ecnu 3Ha4YeHne
Bxoga InVal < Zd — Zb. HegoctoBepHOCTb BbIXOAa BblYUCASIETCH, Kak nobutoBoe “nnn” n3
HEeLOCTOBEPHOCTEN 3a4ENCTBOBAHHbIX BXOAOB.

2.1.7. OnepaTop CpaBHEHNHA Ha MeHbLLEe

MeTka TMna: CmplLess
Homep Tuna: 15
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.1.7.1 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, e
n3mMepeHusi
AaHHbIX
1 Float InVal BxoagHoe 3HaueHune FormxkeH Beite
NOAKIYEH
2 Float Zd YcTaBka WcknoyaeT HacTporiky 1
3 Float Zb 30Ha Bo3BpaTa WcknioyaeT HacTpomky 2.
Tabnuua 2.1.7.2 (Bbixoabl)
Tvn MpumeyaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
AaHHbIX
1 Discret OutVal BbixogHoe 3HayeHne
Tabnuua 2.1.7.3 (Hactpoikn)
Tun MpumeyaHwue, e,
Homep anemMeHTa MeTka OnucaHue P » €A
n3MepeHus
OaHHbIX
1 Float Zd YcTaBka
2 Float Zb 30Ha Bo3Bparta

TM “OnepaTop cpaBHEHUSA Ha MeHbLUE” peanuayeT CpaBHEHME BXOOHOMO 3HaYEeHNs,
YyCTaHOBIMEHHOIO Ha BxoAe InVal, ¢ yctaBkow Zn, 3agaBaemMon HaCTPOWKOW UM COOTBETCTBYHOLLNM
BXOOO0M, U chopMmupyeT Ha Bbixoge OutVal guckpeTHoe COCTOSHME O NPUHMXKEHUU 3afaHHOW ycTaBku. [ns
WCKIIOYEHMS HexenaTenbHoro “apebeara” COCTOSIHUS OT 3HAYEHUS, HAXOAALLEroCs Ha rpaHnLIEe YCINoBUS,




OnuncaHune yHKUMOHaNbHbIX 61TOKOB
000 «ACY-NMOEP» (TexHonorMyecknx Mogynen), Ctpanwnua 20
pen.1.2

MOXET ObITb YY4TEH rMCTEpPE3NC, onpeaensemblin yctaBkon Zb, 3agaBaemorn HacTPOMKON nnm
COOTBETCTBYIOLLNM BXOOOM.

Takum o6pa3om BHYyTpeHHWU anroput™m TM cnegytowmii: Beixog OutVal meHseT 3HaveHme ¢ “0” Ha
“1”, ecnn 3HadeHue Bxoda InVal meHblle nnmn paBHo Zd , 1 MeHsieT 3HadeHue ¢ “1” Ha “0”, ecnu 3HayeHne
Bxoga InVal > Zd + Zb. HegocTtoBepHOCTb BbiXxO4a BbIYMCNSAETCS, kKak nobuToBoe “mnn’ ns
HEeOCTOBEPHOCTEN 3a4ENCTBOBAHHbIX BXOAOB.

2.1.8. T[lepekntovatens BXo4OB

MeTka Tvna: Switchin
Homep Tuna: 23
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.1.8.1 (Bxoabl)

Twn
Homep anemMeHTa MeTka OnucaHue Mpumeuanme, e
n3mMepeHus
AaHHbIX

1 Variant In1 BxogHoe 3Ha4yeHune 1

2 Variant In2 BxogHoe 3Ha4yeHue 2

3 Variant In3 BxogHoe 3HayeHne 3

4 Variant In4 BxogHoe 3Ha4veHue 4

5 Variant In5 BxoaHoe 3HayeHue 5

6 Discret Ctrll Ynpasnstowmin Bxog 1

7 Discret Ctrl2 Ynpasnsoowunin Bxog 2

8 Discret Ctrl3 Ynpasnswowmnin Bxog 3

9 Discret Ctrl4 Ynpasnstowmn Bxog 4

10 Discret Ctrl5 Ynpasnstowmmn Bxog 5

Tabnuua 2.1.8.2 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AOaHHbIX
1 Variant OutVal BbixogHoe 3HaueHne
2 Unsigned CtrINum Homep TpaHcnvpyemoro Bxoaa

TM “INepekntoyaTtens BXO4OB” peanuayeT TPaHCRALUMI0 3Ha4YEeHUS CO CBOUM NPU3HAKoOM KavecTBa
Ha BbIxoa OutVal ¢ ogHoro us 3agencTBoBaHHbIX BXOAoB Inl - In5, B COOTBETCTBUU C YNPaBNSAoLLMM
OOCTOBEPHbIM BO3AENCTBMEM (OMCKPETHOM “1”), nogaHHbIM Ha 3af4encTBoBaHHbIe Bxoabl Ctrll - Ctrl5, Tak
YTO ynpasrieHne TpaHcnupyemMbiM BXOAOM In ocyulecTBnseTcs ynpasnsoLwmm sxoaom Ctrl ¢



OnuncaHune yHKUMOHaNbHbIX 61TOKOB
000 «ACY-NMOEP» (TexHonorMyecknx Mogynen), Ctpannua 21
pen.1.2

O[IMHaKoBbIM HOMepoM. Homep TpaHcnupyemoro Bxoaa otobpaxaeTtca B Boixoge CtrINum, oH Bcerga
AOCTOBEPEH.

B cnyyae Hanuumsa Gonee ogHoro ynpasnsitoLwero Bo3genctaus no sxogam Ctrll - Ctrl5,
0oBHapyXeHHbIM Ha Hayano odepenHoro uukna obcyeta, 3HavyeHue Ha Bbixog OutVal TpaHcnmpyeTcs co
Bxogda In, ynpasnsemoro Bxogom Ctrl ¢ meHbLinm Homepom. Ecnu Ha Havano oyepegHoro Lmkna obcyeta
He obHapyXeHO HM OHOro ynpaeBngaLLEero BO3AencTams, 1o Boixogy OutVal npunuceisaetca “0” ¢
HeJOCTOBEPHOCTLIO MO “BHYTPEHHEMY anroputmy”, Beixod CtrINum yctaHaBnmMBaeTcs B 4OCTOBEPHbIN “0”.

2.1.9. T[lepekntoyaTtens BbIX040B

MeTka TmMna: SwitchOut
Homep Tuna: 34
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.1.9.1 (Bxoabl)

Twn
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, en.
naHHbIX n3MepeHus
1 Variant InVal BxoagHoe 3HaueHune HomxkeH Beite
NOAKITHOYEH
2 Discret Ctrl YnpaBnswLmi Bxoa
Tabnuua 2.1.9.2 (Bbixoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
NaHHbIX n3MepeHus
1 Variant Outl BbixogHoe 3HayeHne
2 Variant Out2 BbixogHoe 3HayeHne
2 Unsigned CtrINum Howmep TpaHcnnpyemoro Bbixoga

TM “lMepekntovaTtens BbIXOAOB” peanuayeT TPpaHCNAUMIO 3HaYeHMs CO CBOUM MPU3HAKOM KayecTBa
co Bxogda InVal Ha Bxog Outl nnu Out2 B COOTBETCTBMU C ANCKPETHLIM BO3AENCTBME Ha ynpaBnsaoLLemM
Bxoge Ctrl n anropuTtmMom, NpeacTaBrneHHbIM HUXE:

Ecnu Ha Ctrl yctaHoBneHa “1” unuv oH He 3agencTBoBaH, To Outl = InVal, Out2 = 0 u CtrINum = 1.
Ecnu Ha Ctrl yctaHoBneH “0”, To Outl = 0, Out2 = InVal n CtriNum = 2.
HepoctoBepHocTb Bxoga Ctrl He yunteiBaeTcs, Bbixog CtrINum Bcerga [OCTOBEPHbIN.
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2.2. TM BpeMeHHOMU JTOrnKu
2.2.1. 3apgepxka
MeTka Tmna: Delayer
Homep tuna: 10
MpeactaeneH: Rp1, Rp2, Rp3, Rp4
Tabnuua 2.2.1.1 (KoHcTaHTbI)
Homep Twun MeTka Onucanme MpumeyaHue, BbIGOP,
KOHCTaHTblI el. 3aMepeHuns
0 - 3agepxka
10 byte Mode Pexum paboTbl BbIKITHOYEHUS;
1 - 3agepXKa BKNIOYEeHUs
Tabnuua 2.2.1.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
BaHHbIX
1 Discret InVal BxoagHoe 3HaueHune HomxkeH Beite
NOAKIHYEH
2 Unsigned Tdelay [nutenbHOCTL 3agepXxKkn “I/AlggﬂroqaeT HacTponky 1,
Ta6bnuua 2.2.1.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » &4
n3mMepeHusi
BaHHbIX
1 Discret Value BbixogHoe 3HayeHne
Tabnuua 2.2.1.4 (Hactponknu)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHusi
OaHHbIX
1 Unsigned Tdelay [OnuTenbHOCTb 3agepXKku MCeK

TM “3agepxka” peanuayeT 3agepXKy MO BpEMEHN Mexay NOoSABIEeHNEM UM UcHe3HOBEHNEM (B
3aBUCUMMOCTU OT PEXMUMHOI KOHCTaHTbl Mode) AncKpeTHOro coctosiHnsa Ha Bxode InVal u Boixoge Value.

Anroputm paboTtel TM criegyroLmia;

- Ans pexvmMa “3agepka BKYeHus” npy nosiBneHum Ha Bxoge InVal gpoctoBepHown guckpetHon “1”
HayMHaeTCsa OTCYET BPEMEHU 3aepPXKKM, 3a0aHHOM B HacTpolke Tdelay, no 3aBepLUEHNIO KOTOPOTro
Ha BbIxoge Value nosiBnsieTca 4ocToBepHasi AMckpeTHas “1” (oTpabaTbiBaeTcsl COCTOSHME
“BKIMIOYEHO”), MOSIBNEHME B NpoLiecce oTcyeTa AocToBepHoro “0” HemeaneHHo npepbiBaeT oTcYeT.
Mpu nosiBneHnn Ha Bxogde goctoBepHoro “0” nocne nepeeoga TM B COCTOSIHME “BKIIOYEHO”, Ha
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Bbixoae Value goctoBepHbin “0” nosisnsietcs 6e3 3agepxku (oTpabaTbiBaeTcst COCTOSIHUE
“BbIKIIOYEHO”).

ONg pexnma “3agepkka BblKNioYeHMsa” npu nossneHMn Ha Bxoae InVal LocToBepHOro AUCKPETHOro
“0” Ha4YMHaeTCs OTCYET BPEMEHU 3a4epXKKW, 3aaHHON B HacTpolike Tdelay, No 3aBepLUEeHUIO
KOTOporo Ha Bbixoge Value nosiBnsieTcs A0CTOBEPHbIN ANCKPETHbIN “0” (oTpabaTbiBaeTcs
COCTOsIHME “BbIKMIOYEHO”), NOSABNEHNE B NpoLecce oTcyeTa JocToBepHOM “1” HemeaneHHo
npepbiBaeT otcyeT. MNpun noasneHnn Ha Bxoae foctoBepHon “1” nocne nepesoga TM B cocTosiHue
“BbIKIIFO4EHO”, Ha Bbixoae Value goctoBepHasi “1” nosiBnsieTcst 6e3 3agepxku (oTpabatbiBaeTcs
COCTOsIHME “BKIMIOYEHO”).

n3meHeHne HacTporiku Tdelay B npouecce oTpaboTKM 3a4ePXKKU, U3MEHSAET MHTepBan 3a4epXKu

HEMeZASEHHO, U, B Cllydae UCTeYeHnst BpeMeHu OT Havana oTpaboTku 3aepKku (C y4eTOM HOBOM
HaCTPOWKKM), COCTOsIHME Bbixoda Value usaMeHsieTcst HeMeaeHHo.

2.2.2. 3anasgbiBaHue

MeTka Tuna: Lag
Homep Tuna: 24
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 2.2.2.1 (KoHcTaHTbI)

Twn MpumeyvaHune, BbIGOP,
Homep MeTka OnucaHue
KOHCTaHTbI eA. usMepeHust
10 ushort Tlag OnutenbHOCTb 3anasgbiBaHUs Mcek

Tabnuua 2.2.2.2 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanme, e.
n3mepeHusi
AaHHbIX
1 Variant InVal BxogHoe 3Ha4yeHune Horokew Gbite
NOAKMYEH
Tabnuua 2.2.2.3 (Bbixoabl)
Tun MpumeyaHwue, e,
Homep anemMeHTa MeTka OnucaHue P » €A
n3MepeHus
OaHHbIX
1 Variant OutVal BbixogHoe 3HaueHune

TM “3anasgpiBaHne” peanuayeT 3anasgbiBaHne 3HaveHu Beixoga OutVal oTHOCUTENbHO BpEMEHM

nosiBNEHUs aTUX 3Ha4YeHnn Ha Bxoae InVal Ha BpemMA, 3aaHHOe KakK HaCTpOVIKa Tlag B COOTBETCTBUU C
npencrtaBneHHbIM HXEe almlrfOpUTMOM.

3Ha4yeHune Ha Bbixoge OutVal (bOpMI/IpyeTCFl B COOTBETCTBMM CO CrieqyrLnMN yCcrnoBnamMu:

OutVal(t) = 0, ana t < Tlag,
roe t - Tekyllee Bpems,
OutVal(t) - 3HaueHue Bbixoga OutVal Ha MOMEHT BpeMeEHM t;
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OutVal(t) = InVal(t — Tlag), ansat> = Tlag,
roe InvVal(t — Tlag) - 3HadeHune Bxoga InVal Ha MoMeHT BpemeHnu (t — Tlag).

B TeueHue Tlag ot Havyana paboTbl BHYyTpeHHero anroputma TM 3HauyeHuns Bxoga InVal,
nony4YeHHbIe MpU Kaxkgom obcyeTe, 3anoMmHalTCs BO BHyTpeHHeM Bydepe TM, MmakcMmanbHbIN pasmep
KOTOpPOro orpaHunyeH pasmepoM 1365 3HaveHun (ons peanusaumm Rpl pasamepom 20 3HauveHuin). Mo
nctedeHum BpemeHn Tlag oT Havana paboTbl Ha Kaxabl TakT obcyeTa ogHO 3HayeHne 13 Bydepa

BblaaeTcs Ha Bbixod OutVal n ogHo 3anucbkiBaeTcs B 6ydep 13 Bxoga InVal.

Mpwn nHnumnanusauumn C pasmep Tpebyemoro 6ydepa TM onpegensercs kak YacTHoe OT
aenenuns Tlag Ha TakT obcueta TM. Ecnu pasmep Tpebyemoro 6ydepa npeBbiliaeT ONYyCTUMBIN
MakcuManbeHbIn, Bydep He dopmupyeTcs, a TM paboTaeT B pexxume CKBO3HOMW TpaHCnALmMK, T.e. Ha
KaXKgoM TakTe nepesanucbiBaeT B Bbixog OutVal 3HayeHme Bxoga InVal.

Beixogy OutVal npucsanBaeTcs npusHak kadectsa Bxoga InVal.

2.2.3. WNmnynbcatop

MeTka Tuna: Impuls

Homep Tuna: 22

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.2.3.1 (KoHcTaHTbI)

Tun MpumeyvaHune, BbIGOP,
Homep MeTka OnucaHue
KOHCTaHTbI efl. usMepeHus
10 byte Mode Pexum paboTbl 0 — oAHokpaTHsIn;
1 — NOCTOSAHHbIN
Tabnuua 2.2.3.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
AaHHBIX n3MepeHus
1 Discret InCtrl YnpaensawoLwun Bxoq florkeH BbiTh
NoAKMYEH
2 Unsigned Timp [OnuteneHOCTb UMNynbCa Mcek., nckrilosaet
HacTpowiky 1
3 Unsigned Tpause OnuteneHoCTb Nay3bl Mcek., nckniodaet
HaCTPOWiKy 2
Tabnuua 2.2.3.3 (Bbixoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » A
AaHHBIX n3MepeHus
1 Discret OutVal BbixogHoe 3HaueHne
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Tabnuua 2.2.3.4 (Hactpoiikn)

Tun
Mpumeyanwue, ea.
Homep anemeHTa MeTka OnucaHue P » €A
n3MepeHuns
AAHHbIX
1 Unsigned Timp OnutensHoCTb MMNynbca MCEK.
2 Unsigned Tpause [nutensHocTb nay3bl MCEK.

TM “UmnynbcaTop” peanuayeT opmmpoBaHme Ha Bbixoge OutVal ogHoKpaTHOM unu
MHOTOKpPaTHON (B 3aBUCUMOCTM OT PEXMMHON KOHCTaHTbl Mode) ycTaHOBKM AUCKpeTHOM “1”7 ¢
nocriegyowmm copocom eé B “0”.

Anroputm pabotbl TM cnegyrowui;

- AnA pexvMa “OgHOKpaTHbIN”, ecrnv BHYTPeHHUI anroputm TM Ha ovyepedHOM TakTe onpegenset
Hanuune Ha Bxoge InCtrl goctoBepHon “1” nocne goctoeepHoro “0”, Mo npu NnepBomM obcyeTe
TM nocne 3anycka UC, Ha Bbixoge OutVal HemeaneHHo ycTaHaBnmMBaeTcs “1” 1 BblAepXXMBaeTcs C
ONUTENBHOCTBLIO, 3a4aHHON 3HA4YEHMEM HACTPOMKN nnn Bxoaa Timp HE3aBUCUMO OT AalbHEMNLIEro
cocTosHusA Bxoaa InCtrl, nocne yero cbpacbiBaetcs B “0”. UameHeHMe 3HaYeHUsA ANUTENBHOCTH
uMnyrnbca nocrne yctaHoBku “1” Ha Bbixoge OutVal HeMeaneHHOo y4nMThIBaeTCs B pacyeTe
ONUTENBHOCTM BblAEPXKMBAHUSA, U, B CNy4ae ero npeBbilleHusl, copacbkiBaeT 3HavyeHme OutVal B “0”.
B npusHak kavecTtBa Bbixoga OutVal TpaHcnmpyroTca HeQoCTOBEPHOCTM BXxoda Timp, ecnu oH
3aencTBOBaH, MHa4ve Bbixogd OutVal Bcerga 4ocToBEpEH.

- ANa pexnma “noCTosHHbIN”, eCnn BHYTPEHHUIN anroputm TM Ha ovyepeaHOM TakTe onpeaenseTt
Hanuune Ha Bxoge InCtrl goctoBepHon “1” nocne goctosepHoro “0”, Mo npu nepBoM obcyeTe
TM nocne 3anycka UC, Ha Bbixoge OutVal HemeaneHHo ycTaHaBnmBaeTcs “1” u BblgepxmBaeTcs C
ONUTENBHOCTBLIO, 3a4aHHON 3HAaYEeHMEM HACTPOMKN N Bxoda, nocne vero copackiBaetca B “0”.
Mpouecc yctaHoBkM “1” Ha BbIxode OutVal ymknuyeckn NoBTOpSeTCa Yepes UHTepBsar, 3agaHHbIn
3Ha4YeHVeM HacTpomnku unu Bxoda Tpause. Liykn paboTtaeT nocTosHHO, Nnoka Ha BxoAe InVal He
nosiButca goctosepHbin “0”. NoseneHue Ha Bxoge InVal goctosepHoro “0” npuBoAMUT K
HemeaneHHomy cbpocy B “0” Bbixoga OutVal. iameHeHne 3HavyeHun Timp n Tpause HemeaneHHo
yuuTbiBaeTcsa B paboTte yukna. HegoctoBepHocTh Beixoga OutVal BbluMcnseTcs, kak nobuToBoe
“unn” U3 HeJOCTOBEPHOCTEN 3a4EeMCTBOBaHHbIX BxoAoB Timp v Tpause. Ecnn Bxoabl Timp u
Tpause He 3afencTBOBaHbI, Bbixod OutVal Bcerga 4OCTOBEPEH.

2.2.4. AbcontoTHOe BpeMms

MeTka Tvna: TimeNow
Homep Tuna: 45
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.2.4.1 (Bbixoabl)

Tvn
MpumevaHue, en.
Homep anemMeHTa MeTka OnucaHue P » €A
n3MepeHus
AaHHbIX

1 Unsigned Now Tekywee Bpems cek. o1 01.01.1970
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TM “ABcontoTHoe Bpemsa” Ha KaXkaoMm TakTe obcuyeTa hopmupyeT Ha Bbixoge Now TekyLiee Bpemsi
B cekyHaax, npoweawmx ¢ 01.01.1970 0:00 B nosice UTC+0.

2.2.5. CocraBnsoLine BpeMeHn

MeTtka Tnna: TimePart

Homep Tuna: 46

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 2.2.5.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumetakue, BLIGop,
KOHCTaHTblI eA. UsmMepeHus
Beibop Trna meTku:
10 Byte TypeTime Tun mMeTkn BpemeHu 0 — cucTeMHoe BpeMms;
1 — nokaneHoe Bpemsi
Tabnuua 2.2.5.2 (Bxoabl)
Tun MpumeyaHwme, ¢
Homep anemMeHTa MeTka OnucaHue P » 8.
n3mepeHus
AaHHbIX
1 Unsigned InTime BxogHasi meTka BpemMeHu Rorken Buith
NOAKINIYEH
Tabnuua 2.2.5.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHus
AAHHbIX
1 Unsigned Year lon
2 Unsigned Month Mecsuy,
3 Unsigned Day OeHb
4 Unsigned DayWeek [eHb Hegenn
5 Unsigned Hour Yac
6 Unsigned Minute MuHyTa
7 Unsigned Second CekyHoa
8 Unsigned Millsec MwnnucekyHaoa

TM “CocTansiowme BpeMeHn” npegHasHayeH ans npeobpasoBaHus hopmarta abCconoTHOro
BpeMeHW, nNpeacTaBneHHoro B cekyHaax, npoweawunx ¢ 01.01.1970 0:00 B nosice UTC+0, B
cocTaBnstoLime nonHoro choopmarta BpEMEHN B Bue KaneHaapHoro roaa, Mmecsua, aHs, AHS Hedenu,
Yyaca B TeKyLMX CyTKkax B 24-M cpopmaTte, kKonmyecTBa MUHYT OT Hayarna TekyLlero Jyaca, konvyecTsa
CeKyH OT Hayana Tekyllen MUHYTbl, KONM4ecTBa MUIINIMCEKYHA B OT Hayana TekyLlen CekyHabl.
CocTaBnsoLme BpeMeHn obHOBMSOTCA Ha COOTBETCTBYOLWMX Bbixogax (Tabnuua 2.2.5.3 (Bbixogbl)) Ha
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KaxxgoMm TakTe obcyeta TM. MNpeacrtasneHne nonHoro oopmara B 3aBUCMMOCTU OT KOHCTaHThl TypeTime
MOXET Y4UTbIBaTb CMELLLEHME NOKaNbHOro Nosca, KOTopbIv 3afaH B HacTporikax 6asoson OC, kpome
Rp1, roe cmelleHmne 3agaeTcs npy dopmupoBaHmm Tl B cooTBeTCTBYIOLWEN KOHCTaHTe TM “CucTeMHbIN

KOHpurypatop”.

Ha Bbixogax TM moxeT 6biTb chopMupoBaHa He4OCTOBEPHOCTL “MO BHYTPEHHEMY anroputmy” B
cnyvyae HeBO3MOXHOCTU KaneHaapHoro npeobpasoBaHnst MeTkM abCOMTHOrO BPEMEHM.

2.2.6. CymmaTtop BpeMeHu

MeTka Tnna: TimeAdder

Howmep Tuna: 47

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.2.6.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanme MpumeyvaHue, BbIGOP,
KOHCTaHThblI el. aMepeHuns
Bbibop nsBnekaemon
4YacTu BpEMEHMU:
0-rog;
10 Byte TimePart YacTb BpemeHu 1- Mec;',"“
2 — OEHb;
3 —yvac;
4 — MUHYTa;
5 — cekyHaa
Tabnuua 2.2.6.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHus
AaHHbIX
1 Unsigned InTime BxogHast meTka BpemeHu Rorken Buits
NoAKMYEH
2 Integer Add HobaBka WcknoyaeT HacTporky 1
Tabnuua 2.2.6.3 (Bbixoabl)
Tun MpumeyaHwue, e,
Homep anemMeHTa MeTka OnucaHue P » €A
n3MepeHus
OaHHbIX
1 Unsigned OutTime BbixogHas meTka BpEMEHM
Tabnuua 2.2.6.4 (Hactpoiiku)
Tun MpumeyaHwue, e,
Homep anemMeHTa MeTka OnucaHue P » €4,
n3mMepeHusi
AaHHbIX
1 Integer Add Hob6aska
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TM “Cymmatop BpemeHU” BbINOMHAET onepaLunio CyMMUPOBaHUS (C y4eTOM 3HaKa) YacTu MNOSIHOro
dopmaTta BpemeHu, BbIbpaHHOro B KOHCTaHTe TimePart, 3Ha4yeHns, 3agaBaemMoro B HaCTPOMKE U BXoae
Add co 3HaueHnemMm, noctynawwmm Ha Bxog InTime B Buae uncna cekyHa, npoweawmx ¢ 01.01.1970 0:00
B nosice UTC+O0. lNonydyeHHas HoBasi MeTka BpeMeHM nepegaeTtcs Ha Bbixog OutTime. MNpusHak kayecTBa

BbIxoga OutTime TpaHcnupyeTca co Bxoga InTime.

2.3.TM HennHeMHOW NOrnkKun

2.3.1. Aneptypa

MeTtka Tuna: Aprt
Homep Tuna: 48
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.3.1.1 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, en.
n3MepeHus
AaHHbIX
1 Float InVal BxogHas BenuunHa HomxkeH Beite
NnoAaKnoyeH
2 Float Za YcTaBka WckntoyaeT HacTpoky 1
Ta6bnuua 2.3.1.2 (Bbixoabl)
Tvn MpumeyaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AaHHbIX
1 Float OutVal BbixogHas BennunHa
Tabnuua 2.3.1.3 (HacTtpoiknu)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHus
AaHHbIX
1 Float Za YcraBka

TM “AnepTtypa” peanuayeT TpaHcnsaumio Ha Bbixod OutVal BenuumHbl, MOCTynarLwen Ha BXo4
InVal, B cnyvae OTKNOHEHWUs1 NocneayloLwWwero 3Ha4yeHusl NocTynaroLlelt BeNMYnHbI OT nNpeblayLiero

TpaHCNMPYeMOro Ha BenUYMHy 6onbluyto NMbo paBHYO 3a4aHHON ycTaBku Za.
Takum o6Gpa3om, ycrioBue TpaHCHsALUM BENUYMHBLI ONPeaENsAeTcs Kak:

- npu nepsom obcyete TM nocne 3anycka: IM OutValo = InValo;
- npuv nocneayoLwmx obcyeTax:
OutVali = InVali, ecnun |OutVal; — InVali| = Za,
OutVali = OutVal;, ecnn |OutVal; — InVali| < Za,
roe InVali - BenuumHa noctynatowlas Ha Bxog InVal Ha i-M TakTe, OutVal
BeENnu4YMHa Ha TakTe <.

- TPpaHCnupyemas
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Mpu3Hak kadecTBa Bbixoga OutVal TpaHcnMpyeTca BMeCTe C BXOAHOW BENMUYUHOM co Bxoaa Inval.

2.3.2. Annpokcumartop

MeTka Tuna: Approxim

Homep Tuna: 43

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.3.2.1 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, en.
n3mMepeHus
OaHHbIX
1 Float InX BxogHoe 3HayeHne X HomxkeH Beite
NOAKIHYEH
2+2%* WcknioyaeT HacTpomky
(n-1) Float Xn Abcumcca n-oro ya3na 142+(n-1)
3+2%* WcknioyaeT HacTpomky
(n-1) Float Yn OpguHaTta n-oro yana 242%(n-1)
raoe n =[1...16]
Tabnuua 2.3.2.2 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHus
OaHHbIX
1 Float OutY BbixogHoe 3HayeHne Y
Tabnuua 2.3.2.3 (Hactpoikn)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
n3MepeHus
OaHHbIX
142 Float Xn Abcumcca n-oro y3na
(n-1) u y
242%*
(n-1) Float Yn OpguHaTta n-oro yana
roe n =[1...16]

TM “Annpokcrmatop” peanuayeT KyCOYHO-NTIMHENHYIO anmnpoKCUMaLMI0 aHanoroBbIX 3HaYeHNI,
nocTynamwLmx Ha Bxo4 InX. 3akoH, N0 KOTOPOMY A0JPKHA ObITh NPOBEAEHA annpoKCcMMauus, 3agaeTcs
KOOpAMHaATaMM y3ri0B B 3HAYEHUSAX HACTPOEK UITM COOTBETCTBYIOLLIMX BXOAOB, MEXAY KOTOPbIMU
npegnonaraeTcs nuHenHas 3asucumocTtb Y(X). Yanbl 4OMKHbI ObiTb YNOPSAOYEHbI MO BO3pacTaHuUio

3HayeHus abcuymcenl (X1 < Xi). MakcumanbHoe KONMYeCcTBO y3ri0B paBHO 16.

3HayeHue To4YkM INX, nonasLUen B HEKOTOPbLIA MHTepBan (Xi.1; Xi), OyAeT BblYMCNEHO Tak:

(INX = Xi-2) * (Yi—Yia) [ (Xi—Xi1) + Yia, Xia<InX < X

outY =

Y1, InX<s Xa

Yn, INX = Xm
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MpenenebHoe yMcno y3noB m < 16 onpegensaeTca no ycnoBmio Xm > Xm+1. MI3MeHeHue 3HavyeHun
abcuucc unu opamHaT y3noB NpMBOAUT K HEMeANEHHOMY nepecyeTy 3HadeHns OutY. HepoctoBepHoCcTU
3Ha4YeHMIn y3roB, NOCTyNawLLMX Ha 3a4eCTBOBaHHbIE BXOAbl XN, YN, HE y4MTbIBAIOTCA NpU pacyeTe.
MpunsHak kadecTBa Bbixoga OutVal TpaHcnmnpyeTca co Bxoga InVal.

2.3.3. [eHepaTop cuHyca

MeTka Tuna: GnSin

Homep Tuna: 8

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.3.3.1 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanme, e.
U3MepeHus
OaHHbIX
1 Discret OnCmd YnpasneHne paboTon FomxkeH BeiTe
NoAKMYeH
2 Float Ampl AmnnuTyna WcknioyaeT HacTponky 1
3 Unsigned Period Mepuopg VickrniouaeT HacTpoliky 2,
MCEK.
4 Float Phase da3sa VcknoyaeT HacTpomky 3
Ta6nuua 2.3.3.2 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » &4
n3mMepeHusi
BaHHbIX
1 Float Value 3HaueHve
Tabnuua 2.3.3.3 (Hactpoiknu)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHusi
OaHHbIX
1 Float Ampl AvnnuTyna
2 Unsigned Period Mepnog MCeK.
3 Float Phase HavanbHas dasa paa

TM “I'eHepaTop cuHyca” npeaHasHayeH Ans reHepalmy 3Ha4eHUn CMHyca BO BPEMEHN C TAKTOM
npocyeta TM nocne Bo3gencTBuS Ha ynpasnsoLwwmi Bxoq OnCmd goctoBepHon "1". N'eHepaums
OCTaHaBNMBAETCs NOCre BO34ENCTBUS Ha ynpasnsaowmi Bxog OnCmd goctoeepHoro “0”.

Ha kaxxgom TakTe pacyeTa npu paboTatoLiem reHepaTope sHadyeHue Bbixoda Value onpegensiercs

no cpopmyne:

Value = Ampl * sin(2 * 11 * t / Period + Phase), rae 1 — uucno MW, t — Bpemsi oT Ha4yana paboTbl

reHeparopa.
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Mpu HepaboTatoLem reHepaTope 3HadeHne Bbixoaa Value coxpaHseTcs Ha MOMEHT OTKMoYEeHUs
reHepartopa unu “0”, ecnv reHepaTop HM pa3y He BKMYancs ¢ MomeHTta 3anycka IC. NameHeHune
3Ha4eHun Ampl, Period unu Phase npu paboTatowen reHepaTtope NpMBOAUT K HEMEOIEHHOMY
n3MeHeHno opMynbl reHepauum cnHyca. HegoctoBepHoCTb Bbixoda Value BbluMcnseTcs, Kak
nobutosoe “nnn’ 3 HegoOCToBEPHOCTEN 3aaencTBoBaHHbIX Bxogos Ampl, Period n Phase. Hynesoe
3HayeHue Period dhopmMrpyeT He4OCTOBEPHOCTL “MaTteMaTnyeckoe nepenonHeHne” B NpnsHake KayecTea
Bbixoga Value.

2.3.4. Martematudeckas pyHKUNA

MeTka Tvna: MathFunc
Homep Tuna: 37
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.3.4.1 (KoHcTaHTbI)

H Tvn MpumeyaHue, BbIGOP,

omep MeTka OnucaHue
KOHCTaHTbI ef. NU3amepeHus

Bbi6op:

0 — kBagparT uucna,;

1 — kopeHb KBagpaTHbIN;

2 — norapudm

[ECATUYHBIN;

3 — norapum

HaTypanbHbIN;

10 Byte Function PyHKUMA 4 — 3KCMNOHEHTA;

5 — moaynb vncna;

6 — cuHyc;

7 — KOCUHYC;

8 — TaHreHc;

9 — apKcuHyc;

10 — apKKOCUHYC;

11 - apKTaHreHc

Tabnuua 2.3.4.2 (Bxoabl)

Twn
Homep anemMeHTa MeTka OnucaHue
DOaHHbIX

MpumevaHue, en.
n3MepeHus

[orxeH ObITb

1 Float InVal BxogHoe 3Ha4yeHune
NoaKIToYeH

Tabnuua 2.3.4.3 (Bbixoabl)

Tun
Homep anemMeHTa MeTka OnucaHue
OaHHbIX

MpumeyaHue, en.
N3MepeHus

1 Float OutVal BbixogHoe 3HauyeHune

TM “MaTtemaTtundeckas yHKUMS” BLIMONHAET onepauny BeldncneHms 3HadeHus Boixoga OutVal Ha
KaxkgoM TakTe obcyeTa no apryMmeHTy dyHKUMM, MocTynawLwemy Ha Bxog InVal, rae pacyetHas pyHKUmnS
npefBapuTenbHo BbibupaeTcs koHcTaHTow Function (Tabnuua 2.3.4.1 (KoHcTaHThl)). MpuaHak kadectsa
Bxoga InVal TpaHcnmpyeTcd Ha Bbixog OutVal. JlononHnTensHO MoXeT ObiTb chopmMmpoBaHa
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HeJOCTOBEPHOCTb “MaTemMaTnyeckoe nepenosiHeHne”, eCnu aprymeHT Bbillen n3 obnactu onpegeneHus
BbIOpaHHON MaTeMaTU4ECKON DYHKLINN.

2.3.5. CteneHb

MeTka Tnna: Power

Homep Tuna: 40

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.3.5.1 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, en.
n3mMepeHus
OaHHbIX
1 Float InVal OcHoBaHuve Homxer Gere
NOAKIHYEH
2 Float Pwr Mokasatensb WckntoyaeT HacTpoky 1
Tabnuua 2.3.5.2 (Bbixoabl)
Tvn MpumeyaHue, e,
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
AaHHbIX
1 Float OutVal PesynbTtat
Tabnuua 2.3.5.3 (Hactpoikn)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHus
OaHHbIX
1 Float Pwr MNokasaTenb

TM “CTeneHb” BbIMOMHAET HA KAXXAOM TakTe obcyeTa MaTteMaTuyeckyro YHKLNIO cmeneHb Hag
OCHOBaHMeM, nocTtynawwmm Ha Bxod InVal, ¢ nokasatenem Pwr, 3agaHHbIM HACTPOWKOW MK
3a[leMCTBOBaHHbLIM BX0A4OM. 3HaueHue nepeaaetcs Ha Bbixod OutVal.

OutVal = (InVal)Pwr

Mpu3Hak kayecTBa Bxoda InVal TpaHcnmpyeTcs Ha Bbixog OutVal. [JononHMTenbHO MOXeT ObITb
chopmMmpoBaHa HeJOCTOBEPHOCTb “MateMaTnyeckoe neperiofiHeHne”, ecr coueTaHe OCHOBaHMUS U
nokasaTens HaxoaUTCs BHe 06nacTy onpeaeneHns yHKUMMN.
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2.3.6. OunbTp

MeTka Tuna: Filter
Homep tuna: 27
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.3.6.1 (KoHcTaHTbI)

Homep Twun MeTka Onucanme MpumeyaHue, BbIGOP,
KOHCTaHTbI efl. usMepeHus

0 — ckonb3slee

cpegHee;

1 — cpeaHee Ha

MHTEpBane

10 byte FltType Tun cuneTpa

Ta6bnuua 2.3.6.2 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, en.
n3mepeHus
OaHHbIX
1 Float InVal BxogHoe 3Ha4yeHne Rorxex Germs
NOAKIHYEH
2 Unsigned Depth MmybuvHa dunbTpauum '\I/AlggﬂroqaeT HacTpouky 1,
Ta6nuua 2.3.6.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
BaHHbIX
1 Float OutVal BbixogHoe 3Ha4yeHue
Tabnuua 2.3.6.4 (Hactpomknu)
Tun MpumeyaHwme, e
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHus
OaHHbIX
1 Unsigned Depth my6vHa dunbTpauum MCEK.

TM “©unbTp” peanuayeTt unbTpaumio 3Ha4YeHN, NOCTynarLmx Ha Bxod InVal, no npasunam
“cKonb3sLLEero cpegHero” unum “cpegHero Ha MHTepBarne”, onpegensembiM KOHCcTaHTon FltType.
OTdunbTpoBaHHOE 3HaYeHMe noctynaeT Ha Bbixod OutVal.

[nsa npaBuna “ckonb3siLLEero cpeaHero” — Bbixod 0OHOBNSAETCH KaXabl TakT obcyeTa n
BblYMCIISIETCA KakK cpefHee 3HavyeHue 13 nocnegHunx N 3HayeHun Bxoaa, rae N = Depth / Takt, Depht —
rnyovHa unbTpaumm, 3agaBaemas COOTBETCTBYHOLLLEN HACTPOMKON unu Bxogom, Takt — TakT obcueTa
TM. Noka He nonyyeHbl N 3Ha4YeHUIN, BbIXO BbIYUCNAETCH, Kak cpeHee N3 UMEIOLLMXCH 3HaYeHU.

[nsa npaBuna “MHTepBanbHOro cpeagHero” — Bbixod 0OHOBRsIETCS Yepes 3agaHHOe 3HaYeHne
rnyouHel punbTpauun Depth u BeluncnseTcs, kak cpegHee U3 HAaKOMSEHHbIX 32 UHTEPBar BXOAHbIX
3HAYEeHMWIN, CYNTbIBAEMbIX Kaxabli TakT obcueta TM. Taknm obpaszom, HeoOXxoanumMoe KOnm4ecTBo
3Ha4eHun, cobpaHHOe AN BblYUCNEHNSA cpeaHero, OyaeT Takke onpegenatecsi no opmyne N = Depth /
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Takt, roe Depht — rnybuHa cunbTpaumm, 3agaBaemas COOTBETCTBYHOLLEN HACTPOMKON unu Bxogom, Takt
— TakT obcyeta TM. lNoka He nonyyeHbl N 3Ha4eHuI, Bbixog OutVal He oBHoOBNSAETCH, a B HaYanbHbI
MOMEHT BpeMeHn nocne 3anycka NC yctaHaBnmnBaeTcs B AocToBepHbIn “0”.I'mybuHa dunbtpaumm Depth
MOXET ObITb M3MeHeHa BO Bpemsi paboTsl MC.

Mpun BbIOOPE NapameTpa Depth Heob6xo4MMO Y4MTbIBaATbL, YTO BHYTPEHHUIN 6ydep TM,
3a4eMCTBOBaHHbIN AN NPOMEXYTOYHOro HakonneHus N BXOAHbIX 3HadeHun orpaHnyeH 500 ansa A Rp2,
Rp3 n 20 gns NA Rpl.

Beixogy OutVal npucBamBaeTca npu3Hak kadecTtsa Bxoga InVal Ha MOMeHT 0BHOBNEHMS BbIXoAa.

2.4.TM ueno4mncneHHOW NOrmKu

2.4.1. bwuToBbIn caoBur

MeTka Tuna: BitShift
Homep tuna: 20
MpeacraeneH: Rpl, Rp2, Rp3, Rp4

Ta6bnuua 2.4.1.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanue MpumeyvaHue, BbIGOP,
KOHCTaHTblI eA. UsmepeHus
. 0 — neBbIV cOBMT;
10 byte TypeShift Twn caBura 1 — npaBbIi cABHT

Tabnuua 2.4.1.2 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, en.
n3mMepeHus
OaHHbIX
1 Unsigned InVal BxogHoe 3HayeHue Romxe Boite
NOAKIYEH
2 Unsigned Shift KonnyecTtBo caBuraembix 6mt WcknioyaeT HacTponky 1
Ta6bnuua 2.4.1.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
n3mMepeHusi
AaHHbIX
1 Unsigned Outval BbixogHoe 3HayeHne
Tabnuua 2.4.1.4 (HacTtpoiuknu)
Tun MpumeyaHwue, e,
Homep anemMeHTa MeTka OnucaHue P » €A
n3mMepeHusi
OaHHbIX

1 Unsigned Shift KonuyecTtBo caBuraembix out




OnuncaHune yHKUMOHaNbHbIX 61TOKOB
000 «ACY-NMOEP» (TexHonorMyecknx Mogynen), Ctpanunua 35
pen.1.2

TM “BuToBbIN cABUI” peanu3yeT MaTeMaTUYecKyto onepaumio 6BUTOBOro casmra BXOAHOro
Leno4YncrneHHoro 3HaveHuns InVal B HanpasneHuu, onpegenseMom KoHcTaHTon TypeShift, Ha
KONM4YecTBO BGMTOBBIX NO3NLMIA, 3a4aHHbIX B HACTPOWiKe Ui Bxoge Shift.

Mpumep,

- npaebii caBur 64(0100 0000) Ha 5: 64 >> 5 = 2 (000 0010)
- nesbin casur 9 (0000 1001) Ha 5: 9 << 4 = 144 (1001 0000)

MpusHak kadecTBa Bxoda InVal TpaHcnnpyeTtcs Ha Bbixog OutVal. Onepaums casura He
BbINONHAETCS, eCnun 3aaencTBoBaHHbIN Bxoa Shift HegocToBepeH.

2.4.2. BblaeneHne HeQOCTOBEPHOCTU

MeTka Trna: DeQual
Homep Tuna: 25
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.4.2.1 (Bxoabl)

Twn
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, en.
AaHHbIX n3mepeHus
1 Variant InVal BxoagHoe 3HaueHune HomxkeH Beite
NOAKITHOYEH
Tabnuua 2.4.2.2 (Bbixoabl)
Tun MpumeuaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » &4
NaHHbIX n3MepeHus
1 Variant OutVal BbixogHoe [oCcTOBEPHOE 3HAYEeHUe
2 Unsigned OutQual BblaeneHHas HeJOCTOBEPHOCTb

TM “BbigeneHve He4oOCTOBEPHOCTU” BbIAENSAET NPU3HAK Ka4ecTBa C YCTAHOBIEHHbIMU BTamu
HeJOCTOBEPHOCTM M3 3HAYEHUS, NOCTynarLero Ha Bxog InVal, n otobpaxaeT ero B 3HayeHun BbIxoga
OutQual. 3Ta onepaumsa npUMeHseTC Ans BO3MOXHOW CXeMHON 06paboTkm BUTOB HEAOCTOBEPHOCTN.
CobcTBEHHO 3Ha4YeHue Bxoaa InVal nepegaetcsa B HemameHHOM Buae Ha Bbixod OutVal, Ho 6e3
YCTaHOBIEHHbLIX GUTOB HEAOCTOBEPHOCTMW.
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2.4.3. T[lpucoeagnHeHne HegOCTOBEPHOCTU

MeTka Tuna: AddQual

Homep Tuna: 28

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.4.3.1 (Bxoabl)

Twn
Homep | anemeHTa MeTka OnucaHue Mpumeuanwe, epn,.
OaHHbIX U3MepeHust
1 Variant InVal BxoaHoe 3HaueHme Horxen Bbito
noAaKnoyeH
2 Unsigned InQual MpucoeanHseMas HeJOCTOBEPHOCTb HomxkeH Beite
NOAKIIOYEH
Tabnuua 2.4.3.2 (Bbixoabl)
o MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
OaHHbIX n3MepeHust
1 Variant OutVal BbixogHoe 3Ha4yeHne

TM “TpucoeguHeHne He4OCTOBEPHOCTU” BbIMOMHAET NpucoeanHeHne 6UToB HEAOCTOBEPHOCTH,
chopMMpOoBaHHBIX CXEMOM M NepedaHHbIX Ha Bxog InQual, Kk 6BMTaM He[OCTOBEPHOCTU NpU3HaKka
KayecTBa 3Ha4yeHus, nogaHHoro Ha BxoA InVal. HegoctoBepHOCTM BbluncnATeA no “nunn’. PesynbTat B
BMAE COOCTBEHHO 3HAYEHUSI U HOBOTO NpM3HaKa KayecTBa NOCTynaeT Ha Bbixog OutVal.

anCOGLI,I/IHFlTbCFI MOTYT TOJIbKO T€ OuThbI HEOOCTOBEPHOCTU, KOTOPbIE ONMNCaHbI B ncC (Ta6J'IVILI,a

1.4.1).

2.4.4. LlenoyuncneHHoe pasnoxeHune

MeTka Tmna: UlntDecomp

Homep tuna: 30

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.4.4.1 (Bxoabl)

Tvn
MpumeyaHwue, en.
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHus
AaHHbIX
1 Unsigned InVal BxogHoe 3Ha4yeHune
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Tabnuua 2.4.4.2 (Bbixoabl)

Twn
MpumevaHue, en.
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHus
AaHHbIX
1-32 Discret Out BbixogHoe 3Ha4yeHne

TM “LlenoyncneHnHoe pasnoxeHue” BbINOSHAET OMTOBOE pasroXeHne LenovmcneHHoro 32-
OWTHOro 3HadeHus, nogaHHOro Ha Bxog InVal, B oTaenbHble ANCKPETHbIE COCTOSHMSA, OTOOpaxas
COOTBETCTBYIOLLNIA BUT MCXOOHOrO 3HaYeHWs B Bbixod ¢ HOMepom oT 1 go 32. MNpu aTom mnagwmi
pacnonoXeHHbl cnpasa GUT NCXO4HOMO 3HaYeHNss B GUTOBOM NpeacTaBneHmun 6yaet oTobpaxeH B
Bbixog Outl, a ctapwwuin B Out32.

I'IpM3Ha|< KayecTBa UCXOAHOro 3Ha4YeHus TpaHcnupyeTcHa BO Bce BbIxoAbl Out ¢ AUCKpPEeTHbIMU
COCTOAHUNAMMN.

2.4.5. LenoyuncneHHoe oopmmpoBaHue

MeTka Tmna: UlntForm
Homep tuna: 17
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.4.5.1 (Bxoabl)

Tvn
Homep anemMeHTa MeTka OnucaHue Mpumeuanme, ea.
n3MepeHus
AaHHbIX
1-32 Discret In1 - In32 BxogHoe 3Ha4yeHune
Ta6bnuua 2.4.5.2 (Bbixoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHus
AaHHbIX
1 Unsigned OutVal BbixogHoe 3HayeHne

TM “UenouncneHHoe popmmpoBaHme” npegHasHa4vyeH ans opmMmpoBaHms LIenoYncrieHHoro 32-
OMTHOro 3Ha4YeHUs N3 3a4eNCTBOBAHHbIX AUCKPETHBLIX COCTOSIHWMI, MOAAHHBLIX HA BXxoAbl In1 — In32.
CocTtosiHma ¢ guckpeTHou “1” B chopMmnpoBaHHOM 3HadeHun 6yayT yCTaHOBMNEHbI B COOTBETCTBYIOLLYIO
OvTOBYIO NO3MLIMIO, B KOTOPOKW MnagwemMy 6uty, pacnonoxeHHOMY cripaea, OygeT cOOTBETCTBOBaTb
cocTosiHua Bxoda Inl. HezagencteoBaHHble BxoAbl In 6yayT ycTaHoBMeHbl B “0” B COOTBETCTBYHOLLMX
OUTOBbLIX NO3ULMAX 3Ha4YeHus OutVal.

HepoctoBepHocTb Bbixoga OutVal Beluncnsietcs, kak nobutoeoe “vnu” n3 HeAoCTOBEPHOCTEN
3a1eNCTBOBAHHbIX BXOA0B.
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2.5.TM nnHenHOW NOrnKun

2.5.1.

MeTtka Tnna: MinMax

Howmep tuna: 35

BbI6op MUHMManNbLHOro/MakCMManbHOro 3Ha4YeHus

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.5.1.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumevahue, BLIGop,
KOHCTaHTbI ef. usmepeHus
OnpegensieT Tunbl
BXO/O0B U BbIXoAa:
10 InfoType Typelnputs Twun BXOoOHbIX NapameTpoB nonyckatotcst Float,
Integer nnu Unsigned
Bbibop:
0 - BbIGOp
11 Byte Operation Onepauus MWHUMAIbHOTO;
1 - BbIOOp
MaKCUMaIbHOro
Tabnuua 2.5.1.2 (Bxoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
OaHHbIX
1 Unsigned Ctrl YnpaensawLmi BXoa
2-17 Variant InVall - InvVall6 | 3HayeHue 1(-16)
Ta6bnuua 2.5.1.3 (Bbixoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTtka OnucaHune P » €A
n3MepeHus
OaHHbIX
1 Variant Out PesynbTtaT onepauun
5 Unsigned GoodCtrl MocnegHee gocTtoBepHoe ynp.
3HayeHue

TM “Bblibop MUHUMabHOro/MakcMManbHOro 3Ha4yeHus” npegHasHaveH ans onpegeneHns Ha
Ka)xgoM TakTe obcyeTa MMHMMANbHOMO UM MakCUMaribHOro, B 3aBMCMMOCTM OT KOHCTaHTbl Operation,
3HaYeHVs U3 3HaYeHu 3agencTBoBaHHbIX BxogoB InVall-InVall6 ¢ y4ueTom BO3MOXHOIO CY>KeHWs
BblbOpa nyTem 3agaHus Macku Beibopa Ha ynpasnstowem Bxoge Ctrl.

Ecnu Bxog Ctrl He NOAKMOYEH, TO B CPAaBHEHMM Y4aCTBYIOT BCe 3a4eNCTBOBaHHbIE BxoAabl InVall-
InVall6. Ecnu Ctrl nogknioyeH n 4OCTOBEPEH, TO B CPaBHEHWMN y4aCTBYIOT TOMbKO Te 3a4eNCTBOBaHHbIE
Bxodbl InVall-InVall6, koTopbiM Ha TekylleM TakTe obcyeTa cooTBeTcTByeT “1” B BUTOBOW No3numm
ynpaenswoLlero 3HadeHus, rge 0-1 ot otBevaeT 3a Bbibop Bxoga InVall, 15-i 61T 3a BIGOp Bbixoda
InVall6, 6utbl 16-31 B BbIbOpe He yyacTByoT. Bbibop no HegoctoBepHoMy Ctrl He ocylecTBnsieTcs, a

Macka Bblbopa coxpaHsieTcsi ¢ NocneaHero JoCToBepPHOro 3HadeHus Ctrl, koTopoe oTobpaxaeTcs B
Bbixoae GoodCitrl.
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3HauyeHuns 3agencTBoBaHHbIX BxoAoB InVall-InVallé nepepn BbINONHEHWEM CpaBHEHUS MPUBOOATCA
K eanHOMy Tuny, onpeaensieMomy KoHcTaHTon Typelnputs.

BbiGpaHHoe 3Ha4eHne TpaHcnupyeTcs B Bbixod Out. HepgocTtoBepHoOCTb Bbixoga Out BbluMCSieTCs,
Kak nobutoBoe “nnn” 13 3agencTeoBaHHbIX BXxogoB InVall-InVall6. Beixog GoodCtrl Bcerga oocTtoBepeH.

Ecnu Bbixog Ctrl 3ageiicTBOBaH 1 yCTaHOBIEH B OCTOBEPHLIN “0”, TO BbIOOP 3HAYEHU He
nponssoguTc4, a B Bbixoge Out yctaHaBnmBaeTcsa OCToBepHbIn “0”.

2.5.2. BbluuTaTenb

MeTka TmMna: Sub
Homep Tuna: 4
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.5.2.1 (KoHcTaHTbI)

H Tun MpumeyaHue, BbIGOP,
omep MeTka OnucaHue
KOHCTaHTblI el. aMepeHus
OnpegensieT Tunbl
10 InfoType Typelnputs Tun BXOoOHbIX NapameTpoB BXOI0B W BLIXOAa

Tabnuua 2.5.2.2 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, en.
n3MepeHus
AaHHbIX
1 Variant In1 YMeHbluaemoe
2 Variant In2 Bbluntaemoe
Tabnuua 2.5.2.3 (Bbixoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AaHHbIX
1 Variant Out PasHocTb

TM “BblunTtaTens” peanuayeT apumeTnyeckyto onepaumio BblYMTaHue 3HauYeHnn, NoCTynarLLmx
Ha BbIxodbl In1 1 In2, n oTobpaxaeT pe3ynbTaT B Bbixog Out:

Out =In1 —In2.

MpeoGpasoBaHue 3Ha4veHUs1 B aToM TM onpepensieTcs KOHCTaHTol Typelnputs 1 BbiNonHAETCA
cnegyromnm obpasom:

- ecnu koHcTaHTou Typelnputs onpegenen Tun Float, To BxoaHble 3HaYeHUs NpeobpasytoTcs K TUny
Float n nocne onepaumm BblunTaHWsA pesynbTaT 3Toro Tuna 6yaet 3anuncaH B Bbixod Out;

- ecnn koHcTaHTon Typelnputs onpeneneH Tun Discret, Integer nnu Unsigned, To BxoaHble
3HaueHns npeobpasyoTcs K Tuny Integer, a nocne onepauun BelYMTaHus pesynbTtaTt dyaet
npeobpasoBaH B BbIOpaHHbIA TN 1 3anncaH B Bbixog Out.
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HepoctoBepHOCTb Bhixoga Out BeluMcnaeTcs, kak nobutosoe “nnn” ns Bxogos Inl un In2.

2.5.3. [Jenutenb

MeTka Tuna: Devsn
Homep Tuna: 7
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.5.3.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumevahue, BLIGop,
KOHCTaHTblI el. 3aMepeHuns
OnpepensieT TUnbI
10 InfoType Typelnputs Tun BXOoOHbIX NapameTpoB BXOI0B M BLIXOAa
Tabnuua 2.5.3.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
naHHbIX n3mMepeHusi
1 Variant Inl Oenunmoe Homxer Gere
NOAKIHYEH
2-16 | Variant In2 - In16 LenuTens Homxer Berte
noakntoyeH xots 6bl 1
Ta6nuua 2.5.3.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
NaHHbIX n3mMepeHusi
1 Variant Out YacTtHoe

TM “OenuTenb” BLINOMHAET onepaunio apudMeTUHECKOoro AeneHus 3Ha4yeHus, NocTynaroLLero Ha
Bxop Inl, Ha 3Ha4yeHus, NocTynawLme Ha nodble 3a4encTBOBaHHbIE BXOAb! INn2-In16, n oToGpaxaeT
pesynbTat B Bbixoa Out:

Out=1Inl/(nj*..*Iny), rae 2<j,k<16mj<k.

3HauyeHus 3agencTBOBaHHbIX BXOAOB IN1-In16 nepen BbINONHEHNEM OeNEHUs NPMBOAATCA K
eIMHOMY Tuny, onpeaenseMoMy KOHCTaHTon Typelnputs.

HepoctoBepHocTb Bbixoga Out BblYMCASETCS, kKak NobuToBOE “Unun” 13 3ageicTBOBaHHbIX BXOO0B
In1-In16. Ecnu B npoLiecce TakTOBOIO BbIYUCIIEHNSI BHYTPEHHMIA anropuTm TM Ha nto6om 13 Bxogos In2-
In16 obHapyxmBaeT “0”, To Bbixogy Out npucBanBaeTcsa HELOCTOBEPHOCTL “NepenoniHeHne npu
BbIMOSTHEHUN MaTEMATUYECKON onepaummn’, BblYUCIIEHNE MPEKpaLLLAaeTCsa Ha 3TOM BXOoAe, a 3HadeHne
BbIxoaa Out popmupyeTca 13 3a4eMCTBOBaHHbIX BXOA0B C MEHbLUUM HOMEPOM, YEM TOT, Ha KOTOPOM
obHapyxeH “0”.
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2.5.4. PacyeTt cpegHero 3Ha4YeHus

MeTka Tuna: Avrg
Homep tuna: 36
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.5.4.1 (Bxoabl)

Twun
Homep anemMeHTa MeTka OnucaHue Mpumeuanme, ea.
n3MepeHus
OaHHbIX
1 Unsigned Ctrl YnpaBnsooLmii BXOA
2-17 Float InVall - InVall6 | 3HauyeHue 1(-16)
Tabnuua 2.5.4.2 (Bbixoabl)
Tvn MpumeyaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHus
OaHHbIX
1 Float Out PesynbTtaT onepauun
5 Unsigned GoodCtrl lMocnegHee gocToBepHoe ynp.
3Ha4eHune

TM “PacueT cpegHero 3HayeHus” npeaHasHadeH Ang BbIYMCIEHUS Ha KaXaoM TakTe obcyeTta
CpefHero 3Ha4yeHus n3 3HayeHu 3agencTBoBaHHbIX BxogoB InVall-InVall6 ¢ yueTomM BO3MOXHOro
cyXeHus BblOOpa nyTemM 3agaHusa Macku Belbopa Ha ynpaensowem Bxoae Ctrl.

Ecnu Bxop Ctrl He NOAKMOYEH, TO B BbIYUCIIEHUN YYaCTBYIOT BCe 3aeMCTBOBaHHbIe Bxoabl InVall-
InVall6. Ecnu Ctrl nogkntoyeH n 40CTOBEPEH, TO B BbIYMCIIEHWM YHACTBYHOT TONBKO T€ 3a4eMCTBOBAHHbIE
Bxogpl In1-In16, kKOTOpbIM Ha TekyLeM TakTe obcyeTa cooTBeTCTBYET “1” B GMTOBOM NO3nLUM
ynpasnstoLLero aHavyeHust, rae 0-n 6ut oteeyvaeT 3a BbIGOp Bxoda InVall, 15-i 6ut 3a BeiGOp BbIxoAa
InVall6, 6utbl 16-31 B BbIGOpe He y4acTByoT. Beibop no HegocTtoBepHomy Ctrl He ocyllecTBnsieTcs, a
Macka BblbOpa coxpaHseTcs ¢ NocrneaHero 4OCTOBepHOro 3HaveHus Ctrl, koTopoe oTobpaxkaeTcs B
Bbixoae GoodCitrl.

3Ha4veHns 3aaencTBoBaHHbIX BXxogos InVall-InVall6 nepea BbINOMHEHUEM BbIYUCIIEHMUS
npmusoaaTcs K eanHomy Tuny Float. CpegHee 3HayeHue BbluncnseTca no gopmyne: Out = Y (InValk) / n,
rae InValk — nobon 3agencTBoBaHHbIN 1 BbIGpaHHbIV Yepes ynpaBnstoLLyo Macky Bxog InVall — InValle,
N — KONIMYECTBO TaknUX BXOLOB.

PesynbTat TpaHcnmpyeTtcs B Bbixog Out. HegoctoBepHOCTh Bbixoga Out BelMMCNAETCS, Kak
nobutosoe “nnn’ n3 sagencTteoBaHHbIX BXxodoB InVall-InVall6. Beixog GoodCtrl Bceraa gocTtoBepeH.

Ecnu Bbixog Ctrl 3ageiicTBOBaH 1M YCTaHOBIEH B OCTOBEPHEIN “0”, TO BEIOOP 3HAYEHUI He
nponssoauTcs, a B Bbixoge Out ycTaHaBnMBaeTcsa JOCTOBepHbIN “0”.
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2.5.5. Cymmartop
MeTka Tuna: Adder
Homep Tuna: 5
MpeactaeneH: Rp1, Rp2, Rp3, Rp4
Tabnuua 2.5.5.1 (KoHcTaHTbI)
Homep Twun MeTka Onucanme MpumeyaHue, BbIGOP,
KOHCTaHTblI el. 3aMepeHus
OnpepensieT TUnbI
10 InfoType Typelnputs Tvn BXOAHbIX NapameTpoB BXOf10B W BbIXOAA
Tabnuua 2.5.5.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mepeHusi
AaHHbIX
1-16 | Variant In1 -1n16 Cnaraemoe Romxe Boito
NoaknYeH xots 6bl 1
Tabnuua 2.5.5.3 (Bbixoabl)
Tun MpumeyaHue, en
Homep anemMeHTa MeTka OnucaHue T e
M3MepeHus
OaHHbIX
1 Variant Out Cymma

TM “Cymmatop” BbINONHSET onepaumtio apudMeTn4eckoro CyMMMpoOBaHUS 3Ha4YEeHNI,
nocTynawLmx Ha nobble 3agencTBoBaHHbIe Bxoapl In1-In16, n otobpaxaeT pesynbTaT B Bbixog Out:

out= Y(In, rae 1<j<16.

lMpeobpasoBaHne 3HauyeHns B aToM TM onpegensetcsa koHcTaHTon Typelnputs n BeInonHAeTCA

creayoLwmm obpasom:

- ecnu KoHcTaHTon Typelnputs onpegeneH Tun Float, To BxogHble 3HayeHus npeobpasyroTcd K Tuny
Float, n nocne onepauum cnoxeHust pesynbTaTt 3T0ro Tuna éyaet 3anvcaH B Boixod Out;

- ecnu koHcTaHTon Typelnputs onpegeneH Tun Discret, Integer nnu Unsigned, To BxoaHble
3HayeHusa npeobpasyoTcs K Tuny Integer, a nocne onepauny CnoxeHus pesynetat byget
npeobpasoBaH B BbIOpaHHLIN TUN 1 3anuncaH B Bbixog Out.

HepoctoBepHocTb Bbixoga Out BblYMCSETCS, kKak NobuToBoE “Unun” 13 3ageicTBoBaHHbIX BXOO0B

In1-In16.
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2.5.6. YMHOXUTEnNb

MeTka Tuna: Multp
Homep Tuna: 6
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.5.6.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHune MpumesaHue, sLiGop,
KOHCTaHTblI el. 3aMepeHus
OnpepensieT TUnbI
10 InfoType Typelnputs Tvn BXOAHbIX NapameTpoB BXOf10B W BbIXOAA
Tabnuua 2.5.6.2 (Bxoabl)
Tvn MpumeyaHue, e,
Homep anemMeHTa MeTka OnucaHue P » 84
naHHbIX n3mepeHusi
1-16 | Variant In1—In16 MHOXUTENb Aomxen bers
NoaknYeH xots 6bl 1
Tabnuua 2.5.6.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
OaHHbIX n3mMepeHus
1 Variant Out MponsseneHne

TM “Cymmatop” BbINoMnHAET onepaumio apudmMeTUHECKOro YMHOXEHUS 3Ha4YEeHNA, NOCTYNatoLLmX
Ha ntobble 3agencTBoBaHHbIE BXoAbl IN1-IN16, n oTtobpaxaeT pe3ynbTaT B Bbixog Out:

out= [(Ink), rae 1<j< 16.

lMpeobpasoBaHne 3HauyeHns B 3ToM TM onpeaenseTcsa koHcTaHTon Typelnputs n BeInonHAeTCA
cnegyowum o6pasom:

- ecnu koHcTaHTon Typelnputs onpegeneH Tun Float, To BXxoaHbIE 3HAaYeHUS NpeobpasyoTes K TUny
Float, n nocne onepaunn yMHOXeHUS pe3ynbTaT aToro Tuna éyaet 3anucaH B Bbixog Out;

- ecnu koHcTaHTon Typelnputs onpegeneH Tun Discret, Integer nnu Unsigned, To BxoaHble
3Ha4eHusa npeobpasyeTcs k Tuny Integer, a nocne onepawuum yMHOXeHUs1 pesynbTaT byget
npeobpasoBaH B BblIOpaHHLIN TMN 1 3anncaH B Bbixog Out.

HepoctoBepHocTb Bbixoga Out BblYMCSETCS, kKak NobuToBoe “Unun” n3 3agencTBoBaHHbIX BXOO0B
In1-In16.
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2.5.7. YcraBka
MeTka Tmna: Setting
Homep tnna: 11
MpeactaeneH: Rp1, Rp2, Rp3, Rp4
Tabnuua 2.5.7.1 (KoHcTaHTbI)
Homep Tun MeTka OnucaHune MpumesaHue, sLiGop,
KOHCTaHTblI el. 3aMepeHuns
10 InfoType TypeData Twun gaHHbIX
11 bool FlagSave CoxpaHeHune 3HaveHus
Tabnuua 2.5.7.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
n3mMepeHus
OaHHbIX
1 Variant Value BxogHoe 3Ha4yeHne
Tabnuua 2.5.7.3 (Bbixoabl)
Tvn MpumeyaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
BaHHbIX
1 Variant Value BbixogHoe 3HayeHne
Tabnuua 2.5.7.4 (Hactponkn)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHus
OaHHbIX
1 Variant SetValue CoxpaHeHHoe/3agaHHOe 3HayYeHne

TM “YcTaBka” npegHasHaveH Ansi 3agaHus n coxpaHeHnss MKCMPOBaHHOMO 3HAYeHUs, KOTOpoe
MOXeT ObITb UCMOMb30BaHO Kak NPUCOeAUHEHHAst KOHCTaHTa K kKakomy-nmbo Bxogy TM. Tun atoro
3Ha4yeHus onpegenseTca koHcTaHTon TypeData.

CywectBytoT 2 cnocoba ucnons3oBanus TM “Ycraeka” B TI1:

- KaK U3MeHsieMoe 3HadyeHue: Npu 3TOM nNpuMeHeHun Bxog Value He 3agencTByeTtcs, a cObCTBEHHO
3Ha4yeHuWe yCTaBKu yCcTaHaBnmBaeTcs npu popmmpoBannm TI1 n moxeT 6biTb M3MEHEHO Yepes
HacTponky SetValue npu pabote UC;

- KaK coxpaHsieMoe 3HayeHue: Npyu 3TOM NpMMeHeHUn 3agencTeyetca Bxog Value, JoctoBepHoe
3Ha4yeHne C KOTOPOro, ecrin YCTAHOBIEH dnar CoxpaHeHus KoHcTaHTon FlagSave, coxpaHseTcs B
noctoaHHon namaTn C n TpaHcnupyeTcs Ha Bbixog Value; 3To 3HayeHne BOCCTaHaBMMBAETCS
nocrie nepesarpysku VC.

Ecnu FlagSave He ycTaHOBMEH, TO B 3TOM pexunume coxpaHsemoeao 3HadyeHuss TM “YcTaska”
dhakTuyeckn npeBpaLLlaeTcs B NPOMEXYTOUHbIN 6ydep Mexay BXOAOM U BbIXOAOM. 3TOT BapuaHT
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NPUMEHEHNSA MOXET ObITb NONE3€eH, Hanpumep, NPU UCNonNb3oBaHMM 0OpaTHON CBA3K Ha BbluMTaTenNe
ONS pacyeTa pasHuLbl 3Ha4YeHUs ¢ Nnpeablaywmm TaktoM. Toraa, ncnonesys TM “Ycraeka” B uenu
oOpaTHOW CBSI3M, MOXXHO MOJTYYUTb CMELLLEHME 3HAYEeHMS POBHO Ha OOWH TakT obcyeTa.

Beixoa Value npu HenoaknioyeHHoM Bxode Value Bcerga A0CTOBEPEH, NPV NOAKMOYEHHOM
KOMnupyeT HeJl0CTOBEPHOCTM CO BXoaa.

2.6.TM AMHaMuU4yecKkomn Noruku

2.6.1. [Hemndep

MeTka Tuna: Damper
Homep Tuna: 31
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.6.1.1 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, e
n3mMepeHusi
AaHHbIX
1 Float InVal BxogHoe 3Ha4yeHune Rorkew Gorms
NOAKIHYEH
2 Discret InStart PaspeleHne
3 Discret InPause OcrtaHoB
4 Float Kf KoadhcbmumeHT nepegaun WcknoyaeT HacTporky 1
5 Unsigned Td [MocTosHHasa BpeMeHn WckniouaeT HacTpoiiky 2,
MCEK.
Tabnuua 2.6.1.2 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHus
OaHHbIX
1 Float OutVal BbixogHoe 3HayeHune
Tabnuua 2.6.1.3 (HacTpoiiku)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
n3mMepeHusi
AaHHbIX
1 Float Kf KoahdpmumeHT nepenayu
2 Unsigned Td [MocTosHHaa BpeMeHn MCEK.

TM “Oemndep” peanusyeT anropuTM MHEPLUOHHOIO 3BEHA, NPEACTaBEHHOrO cneayloLwen
nepeaaTtoyHoOn (PyHKLMER:
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W(p) = Tp+1

rae koadumumneHtammn K n T ABRSAOTCA COOTBETCTBEHHO HacTpomnku u Bxodbl Kf n Td.
HepocTtosepHocTn Bxogos Kf n Td He y4uTbiBaeTcs.

lMpeobpasoBaHume BbINOMHAETCA Haa 3HaYeHneM, NoCTynarLWwmMmM Ha Bxog InVal, pesynbtaT
npeobpasoBaHns oTobpaxkaeTcs B Bbixoge OutVal. YnpaBneHune npeobpaszoBaHMeM OCyLLECTBSETCA
yepes yrnpaenstLine AMCKPeTHbIe BXxoAbl InStart u InPause no cnegyowemy anroputmy:

- TM cuutaeTtcd noka InStart = 1, InPause = 0;
- ecnm InStart = 1 n InPause = 1, To cyeT npuocTaHaBnnBaeTcAa 4O Tex nop, noka InPause = 0 nipu
InStart = 1, 3HayeHWe BbIx0Aa, Ha KOTOPOM MpepBarncs cyeT, 3anoM1MHaeTCs 1 NpyM BO30OHOBEHUN

cyeTa CTaHOBUTCA HaYallbHbIM;

- ecnun InStart = 0 u InPause = 0, To cyeT npekpaliaeTcsa n Bo3obHoBnsaeTcs npu InStart =1 1
InPause = 0 co cbpoca HaKOMNNEHHOro 3HAYeHWs!, eCriv B MOMEHT BO30BHOBMNEHUS cyeT InPause =
1, TO cUTyauus TpakTyeTCs Kak OCTaHOB M cbpoca HaKONEHHOro He MPOUCXOAMT;

- ecnu ynpasnsowue sxoapl InStart n InPause He nogkntoyeHsl, anropuTm peanuayetcs 6e3

OCTaHOBOB 1 COPOCOB;

€CInu NOAKITIYEH TOMbKO OAUH ynpaBnsawoLwmn Bxod InStart, To cueT bygeTt npekpaliaTscs npu
InStart = 0 1 BO30OHOBNATLCS CO cOpoca, HaKoNeHHOro npu InStart = 1;

€Cnu NOAKIIYEH TOMbKO 0AuH ynpasnsowmi Bxog InPause, cyeT 6yageT 3anyckatbcs npu 3anycke
NC, ocTtaHaBnmBaTbcA no InPause =1 1 3anyckaTbcst BHOBb No InPause = 0, cbpoca HaKonneHHoro

He byger;

- YYNTBIBAKOTCA TONBbKO JOCTOBEpPHbIE cocTosAHMA InStart n InPause.

Ha Bbixog OutVal TpaHcnmnpyeTcs npu3Hak kadecTBa InVal Ha Tekyluem TakTe obcyeta TM, ecnu
paboTaeT cyeT anropuTma.

2.6.2. [OuddepeHumatop

MeTka Tuna: Differ

Homep Tuna: 32

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.6.2.1 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanme, ea.
AaHHbIX n3MepeHus
1 Float InVal BxogHoe 3Ha4yeHune Rorken Buito
NoAKMYEH

2 Discret InStart PaspelwieHne

3 Float Kd KoahdpmumeHT nepenayu WcknoyaeT HacTporiky 1
4 Unsigned Td [MocTosHHaa BpeMeHn l\l/lllggﬂroqaeT HACTPOMKY 2,
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Tabnuua 2.6.2.2 (Bbixoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, en.
n3mepeHusi
OaHHbIX
1 Float OutVval BbixogHoe 3HaveHune
Tabnuua 2.6.2.3 (Hactponku)
Tun MpumeyaHwue, ¢
Homep anemMeHTa MeTka OnucaHue P » €.
n3mepeHusi
HaHHbIX
1 Float Kd KoahdpmumeHT nepegaun
2 Unsigned Td MocTosiHHasa BpemeHu MCEK.

TM “Oemndoep” peannsyeT anroputm MHEPLMOHHO-ANddepeHLnpYyoLLIErO 3BEHA,
npeacTaBneHHOro cneayoLen nepeaaTtoyHon pyHKUnen:

Kp
Tp+1

W(p) =

roe koadpdpuumneHtamm K n T ABNAOTCA COOTBETCTBEHHO HACTpoKku 1 Bxoabl Kd n Td.
HepocTtoBepHocTh Bxogos Kd n Td He yuuTbiBaeTcs.

lMpeobpasoBaHne BbINONHAETCA Hag 3Ha4YeHMeM, NocTynawLwmm Ha Bxog InVal, pesynbtat
npeobpasoBaHns oTobpaxkaeTcs B Bbixoge OutVal. YnpaBneHne npeobpasoBaHueMm oCyLLEeCTBSAETCA
Yyepes ynpasnsioLwmne AUCKpeTHble Bxoa InStart no cneayowemMy anroputMmy:

- TM cuntaeTca noka InStart = 1;

- npwu InStart =0 c4eT NpekpawiaeTcd, n Ha Bxoae OutVal coxpaHsieTcs nocnegHee 3Ha4YeHne cHeTa;

- npv Bo306HOBNEHNM cyeTa (InStart = 1) pacyeT BbIXO4HOMO 3HAYEHWS NPOAOIKAEeTCs C
COXpPaHEeHHOro Ha MOMEHT OCTaHOBKMU;

- ecnu Bxog InStart He nogkntoyeH, cyet OyaeT 3anyckaTbest npu 3anycke UC;

- YYMTBIBAETCS TONMbKO AOCTOBEPHOE cocTosHMe InStart.

Ha Bbixog OutVal TpaHcnmnpyeTtca npu3Hak kadectsa InVal Ha Tekyliem TakTe obcyeta TM, ecnm
paboTtaeT cyeT anropuTma.

2.6.3. WHTerpaTtop c orpaHMyYeHnsaMu

MeTtka Tuna: Integrator
Howmep Tuna: 29
MpenctaeneH: Rp1, Rp2, Rp3, Rp4
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Tabnuua 2.6.3.1 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mepeHusi
OaHHbIX
1 Float InVal BxoagHoe 3HaueHne HomxkeH Beite
NOAKIHOYEH
2 Discret InStart PaspeleHune
3 Discret InPause OcraHoB
4 Float BoundLo OrpaHunyeHune cHu3y WcknioyaeT HacTponky 1
5 Float BoundHi OrpaHunyeHune ceepxy WckniovaeT HacTpomnky 2
6 Unsigned Tint MocTosiHHasa BpemeHn l\l/ﬂlggﬂroqaeT HacTponky 4,
Tabnuua 2.6.3.2 (Bbixoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » €A
n3mepeHus
OaHHbIX
1 Float OutVal BbixogHoe 3HauyeHue
Tabnuua 2.6.3.3 (Hactpoiiku)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mepeHusi
BaHHbIX
1 Float BoundLo OrpaHnyeHne cHusy
2 Float BoundHi OrpaHnyeHne cBepxy
3 Unsigned Tint [MocTosHHasa BpeMeHn MCEK.

TM “UnTerpaTop ¢ orpaHNYeHnaMIN” peanuayeT anropuTM MHTErpUpYoLLIEro 3BeHa,
npeacTaBneHHOro cneayoLen nepegaTtodHon QyHKUnen:

1
W(p) = ™

roe koadpdpmumneHTom T aBnsieTcsa HacTponka u Bxoa Tint. HegoctoBepHocTb Bxoga Tint He
YYMTbIBAETCS.

B naHHOM peanuvsaumm anroputmMa UHTErpyMpyoLLEero 3BeHa BO3MOXHO BBEAEHNE OrpaHUYEeHMs Ha
pe3ynbTaT MHTErPUPOBAHUS KaK MO BEPXHEN, TaK MU NO HWXKHEN rpaHuue. OrpaHnyeHns 3agarTcst
HacTponkamu 1 Bxogamn BoundLo 1 BoundHi. U3ameHeHune orpaHmnyeHuin npu paboTe cyeta HeMearneHHO
nepeBoaMT pe3yrnbTaTt cyeTa B AOMYCTUMBIA AMana3oH, B Cllydae ecriv Ha TeKyLLEeM TakTe pe3ynbrtaT
cyeTa NeXuT BHE HOBOIO AnanasoHa. Y4YeT HegoCToBepHoCcTen no Bxogam BoundLo n BoundHi He
Npon3BOAMUTCS.

Mpeobpa3soBaHuWe BbINOMHAETCA HaA 3HaYeHUeM, NocTynatLwmm Ha Bxog InVal, pesynbtaTt
npeobpasoBaHus oTobpaxkaeTcs B Bbixoge OutVal. YnpaBneHne npeobpasoBaHneM OCyLLeCTBNAeTCA
Yyepes ynpasnsoLme AnckpeTHble Bxodbl InStart n InPause no cnegylowemy anroputMy:

- TM cumntaetcsa noka InStart = 1, InPause = 0;
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ecrm InStart = 1 n InPause = 1, To cyeT npuocTaHaBsnNneaeTcAa 40 Tex nop, noka InPause = 0 nipu
InStart = 1, 3Ha4YeHue BbIxoda, HAa KOTOPOM NpepBarncs cYeT, 3anoMMHaeTCs U Npy BO30OHOBNEHN
cyeTa CTaHOBUTCH HaYvarbHbIM;

ecnun InStart = 0 u InPause = 0, To cyeT npekpaljaeTcs n Bo3obHoBNseTcs npu InStart =1 1
InPause = 0 co cbpoca HaKoNMNeHHOro 3Ha4YeHUs, ecrim B MOMEHT BO306HOBNEHUs cyeT InPause =
1, TO cUTyaLmsa TPaKTyeTCa Kak OCTaHOB U cBpoca HaKOMMeHHOro He NPOUCXOAWT;

ecnn ynpasenswoLwme Bxoabl InStart n InPause He nogknoyeHbl, anroputm peannsyetca 6e3
OCTaHOBOB 1 COPOCOB;

€CInun NOAKITIYEH TOMbKO OAWUH ynpaBnawoLwWwmn Bxod InStart, To cueT 6yaeTt npekpaliaTscs npu
InStart = 0 1 BO30OHOBNATLCH CO cOpoca HakonneHHoro npu InStart = 1;

€Crnun NOAKIIYEH TOMNbKO OAUH ynpasnsowmi Bxog InPause, cueT 6yaeTt 3anyckatbCcs npu 3anycke
NC, octaHaenmeBatbes no InPause =1 n 3anyckaTtbcs BHOBb no InPause = 0, cbpoca HakonmneHHOoro

He byger;

- YUYUTBIBAIOTCA TONBKO JOCTOBEPHbLIE COCTOAHUSA InStart n InPause.

Ha Bbixog OutVal TpaHcnmnpyeTtca npu3Hak kadecTsa InVal Ha Tekyliem TakTe obcyeta TM, ecnu
paboTaeT cyeT anropuTma.

2.6.4. WHTerpo-gudepeHumnaTop

MeTka Tuna: IDiffer

Homep tuna: 33

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.6.4.1 (Bxoabl)

Twn
Homep anemMeHTa MeTka OnucaHue Mpumetahue, eq.
n3mMepeHusi
AaHHbIX
1 Float InVal BxoagHoe 3HayeHne florkeH GbiTh
NOAKIHYEH
2 Discret InStart PaspeleHne
3 Discret InPause OcraHoB
4 Float K Koadh. nponopumnoHanbHOCTH WcknoyaeT HacTporky 1
5 Unsigned T [MocTosiHHas BpemMeHu WckniouaeT HacTpouky 2,
MCEK.
Tabnuua 2.6.4.2 (Bbixoabl)
Tun MpumeyaHwue, e,
Homep anemMeHTa MeTka OnucaHue P » €A
n3MepeHus
OaHHbIX
1 Float OutVal BbixogHoe 3HauyeHne
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Tabnuua 2.6.4.3 (HacTtpoiikn)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mepeHusi
OaHHbIX
1 Float K Koad. nponopumoHansHocTH
2 Unsigned T MocTosiHHasa BpemeHu MCEK.

TM “UnTerpo-gudpcbepeHuymnaTop” peanuayeT anroputm UHTErpo-guddepeHumpyoLero 3seHa,
npeacTaBnNeHHOro crenyoLwen nepegaToyHon yHKUMEN:

Kp+1

W) = Tp + 1

roe koadppmumentamm K u T ABAAIOTCA COOTBETCTBEHHO HACTPOWKM 1 Bxoabl K n T.
HepocTtosepHoctn Bxogos K n T He yunTbiBaeTcs.

MpeobpasoBaHve BbINOMHAETCA Hag 3Ha4YeHMeM, NocTynakwLMm Ha Bxogd InVal, pesynsTaTt
npeobpa3soBaHusl oTobpaxkaeTcs B Boixode OutVal. YnpasneHue npeobpa3oBaHWeEM OCYLLECTBSIETCS
Yyepes ynpasnsoLLMe AUCKPEeTHbIe BXxodbl InStart u InPause no criegytowemy anroputmy:

- TM cuutaetcd noka InStart = 1, InPause = 0;

- ecnun InStart = 1 n InPause = 1, To c4eT npnocTaHasnMeBaeTcsa Ao Tex nop, noka InPause = 0 npu
InStart = 1, 3Ha4YeHune BbIxoda, Ha KOTOPOM NpepBarncs cYeT, 3anoMMHaeTCs 1 Npu BO30OHOBNEHNUN
cyeTa CTaHOBUTCS Ha4arbHbIM,

- ecnun InStart = 0 u InPause = 0, To cyeT npekpalyaeTcsa n Bo3obHoBnseTcs npu InStart =1 1
InPause = 0 co cbpoca HakonIeHHOro 3Ha4eHns, ecnn B MOMeHT BO30OHOBMeHMs cyeT InPause =
1, TO cUTyauus TpakTyeTCs Kak OCTaHOB M cbpoca HaKoNEHHOro He MPOUCXOAMT;

- ecnu ynpasnstoLme Bxodbl InStart n InPause He noaknoYeHbl, anropuTm peanusyetcs 6e3

OCTaHOBOB U” C6pOCOB;

- €CI1 NOAKITHYEH TONMbKO OOUH yrpaBnsawowmi Bxod InStart, To cueT 6ygeTt npekpaiiaTscs Npu
InStart = 0 1 BO30OHOBNATLCA CO cOpoca HakonneHHoro npu InStart = 1;

- €CI1 NOAKITHYEH TOMBbKO OAVH ynpaensowmii Bxog InPause, cueT 6ygeT 3anyckatbCcs Npu 3anycke
NC, ocTtaHaBnmBatbes no InPause =1 n 3anyckaTbesi BHOBb No InPause = 0, cbpoca HakonneHHOro

He byger;

- YYNTLIBAKOTCHA TONbKO JOCTOBEPHbIE COCTOAHUSA InStart n InPause.

Ha Bbixog OutVal TpaHcnupyeTcst npuaHak kadecTBa InVal Ha Tekywem TakTe obcyeta TM, ecnu

paboTaeT cyeT anropuTma.

2.7.Mpoune TM

2.7.1. 2wn33-x

MeTtka Tvna: Major
Homep Tuna: 38

MpenctaeneH: Rp1, Rp2, Rp3, Rp4
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Tabnuua 2.7.1.1 (Bxopabl)
Tvn MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AaHHbIX
1 Variant InVall BxoaHoe 3HauyeHune 1 HomxkeH Beite
NOAKITHOYEH
2 Variant InVal2 BxoaHoe 3HauyeHune 2 HomxkeH Beite
NOOKITHYeEH
3 Variant InVal3 BxogHoe 3HaveHue 3 forkeH Buith
noAaKmnoyeH
Tabnuua 2.7.1.2 (Bbixoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
OaHHbIX
1 Variant OutVal BbixogHoe 3HauyeHne
2 Discret OutChoice CwurHan o cgenaHHoMm Bbibope

TM “2 n3 3-xX” peanuayet MaxxopuTapHbIn BbIbOp 3Ha4YeHns no cxeme “2 n3 3-x”, oueHMBaHus

TOYHOE coBnageHue xXoTs 6bl 2-X 3Ha4YeHUI, NocTynawLWmxX Ha Bxoasl InVall — InVal3. Ecnu Takoi Bbidop

yOaeTcs MpoBEeCTU, COBNaBLUee 3Ha4YeHne NocTynaeT Ha Bbixog OutVal, a Ha Bbixoge OutChoice
ycTaHaBnuBaetca “1”. Ecnv BeIOOp NpoBeCTN HEBO3MOXHO, TO pe3yrnbTaT Ha Bbixoae OutVal He

MeHsieTcsl, a Ha Bbixoge OutChoice yctaHaBnuBaeTcsa AocToBepHbIn “0”. OueHNBaOTCst 3Ha4YEHUS TONbKO

OWMHAaKOBOro tuna.

B oueHke yyacTBYyIOT TONbKO JOCTOBEepHbIEe BxoAbl InVall — InVal3.

2.7.2. 2 un3 3-x (nnaBatoLlee)

MeTtka Tvna: MajorFl

Homep Tuna: 49

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.7.2.1 (Bxoabl)

Tvn
MpumevaHue, en.
Homep anemMeHTa MeTka OnucaHue P » €A
NAHHBIX n3MepeHus
OmXeH ObITb
1 Float InVall BxogHoe 3HaveHne 1 A
NOOKITHOYEH
OrmkeH ObITb
2 Float InVal2 BxogHoe 3HaueHne 2 A
NoaKIToYeH
OrmkeH ObITb
3 Float InVal3 BxogHoe 3HaveHue 3 A
NoaKItoYeH
4 Float Za YcTaBka WckntoyaeT HacTporky 1
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Tabnuua 2.7.2.2 (Bbixoabl)
Tvn MpumeyaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AaHHbIX
1 Float OutVval BbixogHoe 3HaveHune
Tabnuua 2.7.2.3 (Hactponku)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » €.
n3mMepeHus
AaHHbIX
1 Float Za YcTaBka

TM “2 u3 3-x (nnaBatowee)” peanuayeT MaXXopuTapHbIA BbIOOp 3Ha4YeHus1 no cxeme “2 n3 3-x7,
OLeHMBaHMA coBnageHune xoTs Obl 2-x 3HaYeHUn, NocTynarLwmx Ha Bxoabl InVall — InVal3, ¢ yuetom
yCTaBKM Za, 3a4aHHOW 3Ha4YEeHNEM HACTPOWKMN UK BXoaa:

[InVall — InVal2| < Za,

[InVall — InVal3| < Za,

[InVal2 — InVal3| < Za,

Ecnu Takor BoIBOp yoaeTcs NpoBeECTH, COBMaBLUEe 3HaYeHue noctynaeT Ha BbixoA OutVal, a Ha
BbIxoge OutChoice yctaHaBnusaetcs “1”. Ecnu BbIGOp NpoBECTM HEBO3MOXXHO, TO pe3yrnbTaT Ha Bbixoae
OutVal He meHseTcs, a Ha Bbixoge OutChoice ycTaHaBnuBaeTcst 4octoBepHbin “0”. Nepen oueHKom
3HayeHus Bxogos InVall — InVal3 npusogdatcs k Tuny Float. YcnewHsi pe3ynbtaT coBnageHus B rpynne
OepeTcst U3 3HavyeHust Bxoga ¢ MMHMMarbHbIM HOMEPOM.

B oueHke yyacTBYyIOT TONbKO JOCTOBEpHbIE Bxoabl InVall — InVal3.

2.7.3.  AkkymynaTtop

MeTka Tuna: Accumulator

Homep Tuna: 42

MpenctaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.7.3.1 (KoHcTaHTbI)

Twn MpumeyaHue, BbIGOP,
Homep MeTka OnucaHue
KOHCTaHThblI el. 3aMepeHus
OnpepensieT TUMbI
BXOA0B 1 BbIXOAA:
10 InfoType Typelnputs Twun BXOOHbLIX NapameTpoB nonyckaiotcs Float,
Integer nnm Unsigned
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Tabnuua 2.7.3.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mepeHusi
OaHHbIX
1 Variant InVal BxoagHoe 3HaueHne HomxkeH Beite
NOAKIHOYEH
2 Discret Ctrl YnpaBnsioLimi Bxoa HomxkeH Beite
NOAKIHOYEH
3 Discret Reset YnpaeneHune cbpocom FormkeH Beite
NnoAKMYeH
4 Variant Limit Mpegen WcknioyaeT HacTponky 1
Tabnuua 2.7.3.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
U3MepeHus
OaHHbIX
1 Variant OutVal BbixogHoe 3Ha4yeHune
2 Discret OverLimit CwurHan o npeBblleHUN Npegena
Tabnuua 2.7.3.4 (HacTtpoiiknu)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
BaHHbIX
1 Variant Limit Mpenen

TM “AkkymynsaTop” npegHasHaveH ansg CyMMUpOBaHUA 3Ha4YeHWin, CHUTaHHbIX co Bxoaa InVal, B
MOMEHT, Koraa coctosHue ynpasnstoulero Bxoga Ctrl MeHsieTca ¢ goctoBepHoro “0” Ha JocToBEpPHYHO “17.
HakonneHHoe 3HadyeHne oTobpaxaeTcs B Bbixoge OutVal. MNpu otpaboTke anropntma HakonneHus
NPOVNCXOAMT CPaBHEHME HAKOMMEHHOIO 3HAYEHUS C YCTaHOBIEHHbBIM NMpeaenoMm, 3agaHHbIM HAaCTPONKOWN
unun Bxogom Limit, n B criyyae ero npeBbileHNs Ha Bbixoge OverLimit ycTaHaBnuBaeTca AOCTOBEpPHas
“1”, Nnpn 3TOM HaKOMMeHWe He OCTaHaBMMBaETCH.

Anroputm pabotbl TM:

- npv NosiBNeHNn Ha Bxofe Reset 4OCTOBEPHOro coCcTosiHUA “1” peannsyetcsa cbpoc HaKOMMEHHOro
3Ha4veHus B “0”, U HaYNMHaETCH cYeT CyMMbl 3HauYeHui co Bxoda InVal B MOMEHTbl JOCTOBEPHbIX
nepexonos coctosHui Bxoga Ctrl nz "0" s "1";

- npu nosiBNeHnn Ha Bxofe Reset noctosepHoro "0" nocne goctosepHon "1" HakonneHve CyMmbl

3aKaH4MnBaeTCA.

3HaveHune Bbixoga OutVal Bceraa 4OCTOBEPHO.

2.7.4. [QnanasoH

MeTka TMna: Range

Homep tuna: 41

Mpeacrtasnen: Rp1, Rp2, Rp3, Rp4
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Ta6bnuua 2.7.4.1 (KoHcTaHTbI)
Homep Tun MeTka Onucanue MpumeyvaHue, BbIGOP,
KOHCTaHTbI eA. usmepeHus
10 Float MinRng1l MuH. rpaHmua gnanasoHa 1
11 Float MaxRng1l Makc. rpaHuua gnanasoHa 1
12 Float MinRng2 MwuH. rpaHuua gnanasoHa 2
13 Float MaxRng2 Makc. rpaHuua gnanasoHna 2
14 Float MinRng3 MwuH. rpaHuua gnanasoHa 3
15 Float MaxRng3 Makc. rpaHvua gnanasoHa 3
16 Float MinRng4 MuH. rpaHuua guanasoHa 4
17 Float MaxRng4 Makc. rpaHvua guanasoHa 4
18 Float MinRng5 MuH. rpaHmua guanasoHa 5
19 Float MaxRng5 Makc. rpaHvua gnanasoHa 5
Tabnuua 2.7.4.2 (Bxoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
OaHHbIX
1 Float InVal 3HauyeHne Homxken Beite
NOAKITHOYEH
Tabnuua 2.7.4.3 (Bbixoabl)
Tun MpumeuaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHus
OaHHbIX
1 Unsigned OutRng Homep gnanasoHa

TM “OnanasoHn” npegHa3HayeH Ans BblYMCNEHMA HOMepa 3a4aHHOro KOHCTaHTamMu AnanasoHa
BENMWYMH AN 3HaYeHus, nocTynatowero Ha Bxog InVal. Homep gnanasoHa ot 1 go 5, ecnv ero BO3MOXHO
yCTaHOBMWTb, NepedaeTcs Ha Bbixod OutRng. B cnyvyae HEBO3MOXHOCTM ero onpeaeneHus, BbIxogy
npuceanBaeTcs “HeOCTOBEPHOCTb UCTOYHMKA” CO 3HaYeHneM Homepa bnvkanwero gnanasoHa.

Anroputm onpegeneHuss Homepa avanasoHa 3aBUCUT OT BUAaA LWKanbl: Apsmas unu obpameHasi.
Bug wkansl onpegensieTca no pe3ynbTaTy CpaBHEHUS 3HAYeHW B KOHCTaHTax MinRngl n MaxRngl.
3apaHvne MinRngl = MaxRng1l = 0 He gonyckaeTcs.

Ecnu MinRng1l <= MaxRng1, To Wwkana cuMtaeTcsa NpsiMoun, 1 pacyeT AuanasoHa Npon3BoaUTCS

creayoLmm obpasom:

InVal < MinRng1

MinRng1 < InVal £ MaxRng1l

MinRng5 < InVal < MaxRng5

=> AnanasoH 1 ¢ He4OCTOBEPHOCTbIO “UCTOUHMKA”
=> ananasoH 1
=> ananasoH 5
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InVal > MaxRng5 => AvanasoH 5 ¢ HeOCTOBEPHOCTbLIO “UCTOYHUKE”

B cny4ae npeceveHuss AnanasoHoB, HaNnpUMep,
MinRngl < MinRng2 < InVal < MaxRngl < MaxRng2 => gmnana3soH 1
B cnyyae nponycka avanasoHa, Hanpumep,

MinRngl < MaxRngl < InVal < MinRng2 < MaxRng2 => guMana3oH 2 C HeAOCTOBEPHOCTbIO “UCTOYHMKA”

Ecnn MinRngl > MaxRng1, To wkana cuymMtaetcs obpaTHOM, U pacyeT AnanasoHa npoM3BognTcs
cnegyowum obpasom:

InVal > MinRng1l => AvanasoH 1 ¢ HegOCTOBEPHOCTLIO “UCTOYHUKE”
MaxRng1 < InVal < MinRng1 => AvanasoH 1
MaxRng5 < InVal £ MinRng5 => AnanasoH 5
InVal < MaxRng5 => AnanasoH 5 ¢ He4oCTOBEPHOCTbIO “UCTOYHUKA”

B cny4ae npeceveHus ananasoHoB, Hanpuvep,
MinRngl > MinRng2 > InVal > MaxRngl > MaxRng2 => gnanasoH 1
B cny4yae nponycka guanasoHa, Hanpumep,

MinRngl > MaxRng1l > InVal > MinRng2 > MaxRng2 => guMana3soH 2 ¢ HeLOCTOBEPHOCTbIO “UCTOYHMKA”

Ha BbIxog OutRng TpaHcnunpyeTcsa Npu3Hak kadecTBa Bxoda InVal.

2.7.5. Barnywka

MeTka Tvna: OutTerm
Homep tuna: 21
MpenctaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 2.7.5.1 (Bxoabl)

Tun
MpumevaHue, en.
Homep anemMeHTa MeTka OnucaHue P » €A
n3MepeHus
AaHHbIX
1 Variant InVal BxogHoe 3HayeHune

TM “3arnywka” npegHasHadeH ans HabnoaeHWs 3a 3Ha4YeHNEM 1 NPU3HAKOM KayecTBa BbiXxoaa
kakoro-nn6o TM B pexxume otnagkm TI1, ecnu Bbixog 3Toro TM He Obin paHee 3a4encTBOBaH A4S
noAknto4YeHus kK sxoay apyroro TM.
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2.7.6. CyeT4MK MMMYynNbLCOB

MeTtka Tuna: Counter
Homep tuna: 39
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.7.6.1 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanme, ea.
n3MepeHus
OaHHbIX
1 Discret InVal BxogHoe 3HaveHue Rorkew Germs
NOAKINHYEH
2 Discret Ctrl YnpaBnsoLLmii BXOA Rorken Buith
NOAKINHYEH
3 Unsigned Limit Mpepnen WcknioyaeT HacTponky 1
Tabnuua 2.7.6.2 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
U3MepeHus
OaHHbIX
1 Unsigned OutCount BbixogHoe 3Ha4yeHune
2 Discret OverLimit CwurHan o npeBbllWeHUN Npegena
Tabnuua 2.7.6.3 (Hactpoiiku)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
OaHHbIX
1 Unsigned Limit Mpenen

TM “CyeTunk uMnynbcoB” NpeaHa3HayeH Ans noacyeTa 4OCTOBepPHbIx nepexodos ¢ "0" Ha "1" Ha
Bxoge InVal, noka Ha ynpasnsowem Ctrl gepxuntca "1". PeaynbTtat oTobpaxaetcs B Bbixoge OutVal. [Npu
oTpaboTke anropuTMa HaKOMMEeHMs NPOMCXOOUT CPaBHEHME HAKOMMEHHOIO 3HAYEHUSA C YCTaHOBMNEHHbIM
npegernom, 3agaHHbIM HAaCTPOMKOW MM Bxodom Limit, n B cnyvae ero npesbiweHuns, Ha Boixoge OverLimit
yCTaHaBnvBaeTcsa gocToBepHas “1”, npy 3TOM HaKONneHne He OCTaHaBNMBaETCA.

Anroputm pabotbl TM:

- npw nosieneHnn Ha exoge Ctrl gocToBepHOro 3HayeHnsa “1” peanmsyetcs cbpoc cyeTynka B
NCXOOHOE COCTOSsIHME, U HaYMHAEeTCs CYET AOCTOBEPHbIX NEPEXOA0B COCTOAHMI Bxoda InVal ns "0"
B ll1 ",

- 3Ha4veHue BbixogoB OutCount n OverLimit coxpaHsitoTcst 40 Tex nop, noka Ha Bxoae Ctrl He
3admKkcnpyeTcs HOBbIN Nepexoa ¢ goctoBepHoro “0” Ha ocToBepHyto “17;

3HaveHune Bbixoga OutVal Bceraa 4OCTOBEPHO.
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2.7.7. HAyerka namaTtu

MeTka Tna: Memory
Homep Tuna: 26
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.7.7.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHune MpumesaHue, sLiGop,
KOHCTaHTbI eA. usmepeHus
10 byte Mode Pexum paboTbl 2 — Ges TPaHCNALIAM,
— C TpaHcnsuuen

Tabnuua 2.7.7.2 (Bxoabl)

Twn
Homep | anemeHTa MeTka OnucaHue MpumeuaHue, eq.
OaHHbIX n3MepeHus
1 Variant InVal BxoaHoe 3HaueHme Horxen Bbith
NOAKIHYEH
2 Discret Ctrl Ynpasnsiowmit BXoa PomxeH BbiTo
NOAKIHOYEH
Tabnuua 2.7.7.3 (Bbixoabl)
Ton MpumeuaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » &4
OaHHbIX n3MepeHus
1 Variant OutVal BbixogHoe 3HayeHne

TM “Ayerika namsaTn’ npegHasHayveH aAng sanomMuMHaHus 3HadeHus Bxoga InVal ¢ npuaHakom
KayecTBa B MOMEHT BbINOMHEHMS YCINOBMS, ONpeaensaemMoro CocTosHMeM ynpaensouwero Bxoga Ctrl n
3HaA4YeHMEM PEXMMHOM KOHCTaHTbl Mode.

Anroputm paboTbl pexuma “6e3 TpaHcnsaumn” (Mode = 0):

- TM peanuayeT nepegady Ha Bblxog OutVal 3HauyeHus Bxoaa InVal ¢ npusHakom kadvecTsa,
3arnoMMHaeMoe B MOMEHT, Korga npu ovepeaHom npocyete TM oBHapyXeHo, YTO COCTOsIHUE
Bxoga Ctrl nsmeHmnoce ¢ gocrosepHoro “0” Ha gocToBepHyto “17;

- 3anoMHEeHHOe 3HayYeHne XpaHUTCs U BblAaeTcs Ha Bbixod OutVal oo obHapyxeHus cneayoLllero
Takoro nepexopa.

Anroputm paboTbl pexuma “c TpaHcnsumen” (Mode = 1):

- noka coctosiiue Bxoaa Ctrl pasHo "0", TM TpaHcnupyeT Ha Bbixof OutVal 3HayeHue Bxoaa InVal ¢
NPU3HaKoM Ka4yecTBa;

- noka coctosaHue Bxoga Ctrl pasHo "1", TM nepegaet Ha Bbixog OutVal 3HadeHne Bxoga InVal ¢
NpU3HaKoM Ka4yecTBa, 3anOMHEHHOE B MOMEHT nosineHus "1" Ha Bxoge Citrl;

- HeJOCTOBepPHble cOCTosAHMSA BxoAa Ctrl He BNuAOT Ha paboTy 3TOro pexmma.
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2.8.CucteMHble TM

2.8.1. CwucTteMHbI KOHGUrypaTop

MeTka TmMna: SystemCnfg

Howmep tuna: 100

TM “CuctemHbIi KOHUrypaTop” NnpeaHasHayeH Ansg KOHUrypmpoBaHUsa HEKOTOpbIX HacTpoek VA
n OC, ynpaBneHus obwmmmn pyHkumsMmn NA, n HabntogeHnss (MOHUTOPUHIA) 3a HEKOTOPbLIMU
xapaktepuctnkamun VA n B otaenbHbix cnyyasx OC. 3toT TM B obs13aTensHOM nopsiake AOSMKEH ObiTb
co3fgaH B kaxgon Tl B eguHnyHOM ak3emnngpe. Peanusauns otaenbHbix A MOxeT MeTb 0Tnnymns
ApYyr oT gpyra n, COOTBETCTBEHHO, TpeboBaTb cneuunanbHbIX CNOCO60B KOHUIypMpoBaHus 1
ynpaenenus. Noatomy cTpyktypa TM “CucTtemHbii KoHpurypatop” pasnnyaeTcs B CyLLECTBYIOLLMX Ha
OaHHbIN MOMEHT 3-x peanusaunsx NA. MruHumanbHbIn Ha AaHHBIN MOMEHT HAabop CBOWCTB NPUCYTCTBYET
B A Rp2 n Rp3 B cuny Toro, 4to 6onbluas YyacTb HacTpoek BoinonHseTcsa cpeacteamm OC, Ha KOTOPbIX
paboTtatoT 3T A (koHdurypmpoBaHue cuctem atnx NHA onnceiBaeTcsa B cneymnarnbHbiX MHCTPYKLMAX).
Obuwas cTpykTypa ans Rp2 n Rp3 npuBoguTcs HUXe.

Tabnuua 2.8.1.1 (KoHcTaHTbI)

H Tvn MpumeyaHue, BbIGOP,
omep MeTka OnucaHue
KOHCTaHTbI ef. usmepeHus
. Appec nocbInkn 0Tnago4Hon
10 string DebugAddress WHGb-1 no UDP
11 ushort DebugPort Mopt UDP ANs nepefatia
0TNnagovHon NHM-U
12 ushort TimeBias CwmelleHne 4acoBoro nosica yac
Tabnuua 2.8.1.2 (Bxoabl)
Tun
Homep anemMeHTa MeTka OnucaHue MpumeyvaHue, eq. usmepeHus
AaHHbIX
Bobi6op:
0 - HEeT KoMmaHabl;
3 - noaTBEPANTL HOBYIO
1 Unsigned PntControl KomaHaHbIn BXoA, KOHUrypaumtio;
4 - OTMEHUTb HOBYIO
KOHcpurypaumio;
5 — nepesarpy3uTb YCTPOUCTBO
2 Unsigned DebugMode Pexum otnagkm McknioyaeT HacTporky 1
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Ta6nuua 2.8.1.3 (Bbixoabl)
Tun
Homep anemeHTa MeTka OnucaHue MpumeyvaHwue, ea. usmepeHus
OaHHbIX
BuTtoBoe none:
1 6uT - B paboTe nepBbii KOHM.
dann;
2 6uT - B paboTe BTOPON KOH.
dawn;
3 6UT - oxugaHve peLLeHns no
NPUMEHEHNIO HOBOM
1 Unsigned State CocTosiHMe ycTpoiicTBa KOHpurypauum;
4 6uT - OUT, ycTaHaBNMBaloLLMNCA
Ha 1 TakT nocne nepesarpysku
YCTPOWCTBA;
5 6uT - BbIBOA, Error-coobLueHuniz;
6 6uT - BoIBOA Error n Warning-
coo0LEeHNI;
7 O1T - BbIBOJ, BCEX COOBLLIEHWIA;
2 Unsigned HeapFree Pasmep CB°v6°ﬂH°” Kytm Gant
onepaTvBHON NamMATU
3 Unsigned CancelCfg OcraTok cek. o oTkaTa
KoHdurypaumu
4 Unsigned Performance MpoussonuTensHOCTE %
CUCTEMBI
5 Unsigned WorkTime Bpems HapaboTkv ot cTapTa Mcek
sapa
Ta6bnuua 2.8.1.4 (HacTtpoiiku)
Twn
Homep | anemeHTa MeTka OnucaHune MpumeyvaHue, ea. usmepeHus
OaHHbIX
0 - 6e3 oTnagku;
1 Unsigned DebugMode Pexum oTnagxu 1 - Tonsko onbKy; ]
2 - OLWMGKM 1 NpeaynpexXaeHust;
3 - BCS uHGopMauums

PaKkTM4eCckn B KOHCTaAHTax 3a4aloTCs TONbKO NapaMeTpbl CO34aHNs YAaneHHoro oTnagoyHoro
UDP-nopta (DebugAddress n DebugPort), kyaa nepecbinaetcsa BHyTPEHHSS nHdopmaums o pabote UC,
YPOBHU KOTOPOW onpeaensoTcsa HacTponkon nnu sxogom DebugMode. MHdopmaumsa noctynaet B
TEKCTOBOM MpeAcTaBneHUnN 1 MOXET ObITb NofyvyeHa nodbiM NporpaMMHbIM CPeACTBOM, OTKPbIBLUMM Ha
yKka3aHHOM afgpece ykasaHHbli UDP-nopT. B peanusauumn Rpl, ecnu npu BkntoyeHHom DebugMode <> 0
He 3agaH DebugAddress, oTnagoyHast uHopmauus 6ygeT nepeHanpasneHa B UARTL.

KoHcTaHTa cMmelleHns YacoBoro nosica TimeBias B aTUx peanu3aunsx He Ucnonb3yeTcs, a
TeKyLuin YacoBon nosic 3agaetcs cpeacrsamm OC.

B Bbixoabl TM TpaHcnupyeTcs obuee coctosiHue VC 1 HekoTopble AUarHoOCTUYeCKMe napamMmeTpsl
OC (Tabnuua 2.8.1.3 (Bbixogbl)).

Bxog PntControl npegHasHaveH ang ynpasneHus VIC komaHgamm, KOTopble MOryT ObiTb
cnpoekTnpoBaHbl B Tl (Tabnuua 2.8.1.2 (Bxogpbl)).

Peanusauns TM “CuctemHbin koHdurypaTtop” ans Rpl Ha AaHHbI MOMEHT MMEET OTNNYNS
TONbKO B KOHCTAHTHOM YacTu.
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Ta6bnuua 2.8.1.5 (KoHcTaHTbI)

Homep Tun MeTka Onucanue MpumeyvaHue, BbIGOP,
KOHCTaHTbI ef. u3MepeHus

10 string WifiPntName Mmsa WiFi-Toukun goctyna

11 string WifiPntPassword Maponb WiFi-Toukn
0 - Open;
1-WEP;

. 2 - WPA-PSK;

12 byte WifiPntAuthMode Pexum ayteHTMdmKaumm 3 - WPA2-PSK:
4 - WPA-WPA2-PSK;
5 - MAX

13 | byte WifiMode Pexum paboTs! Wifi 0 - cTaHuus;
1 - ToyKka goctyna

14 byte IPSetMode Cnocob 3agaHus IP-agpeca 2 - DHCP;

- BPYYHYIO

15 string StaticlPAddr Cratuyeckun IP-agpec Ans DHCP
UrHopupyetcsi

16 string MaskIPAddr Macka noaceTn Ans DHCP
UrHopupyetcsi

17 string GatewaylPAddr IP-agpec wrno3a Ans DHCP
UrHopupyetcsi

. Appec nocbinika oTrnagovHon
18 string DebugAddress WHdb-1 no UDP
19 ushort DebugPort Mopt UDP Ans nepenaa
0TNagoyHON NHM-N
20 string SntpServer Appec SNTP-cesepa
21 ushort TimeBias CwmelleHne 4acoBoro nosica yac

30ecb, B cuny ocobeHHOCTEeN annapaTHOM YacTu, a Takke HEBO3MOXHOCTU KOHOUIYPUPOBaHUS
yCTpoOMCTBa M3 npumeHsemoin Ha Hen OC, NpUCYTCTBYIOT HEKOTOPbIE HACTPOMKN CEeTEBOro UHTepdelca,
peanu3oBaHHoro B Rpl B Buge BctpoeHHoro WiFi-agantepa, a Takke HacTtporku SNTP-kaHana
CUHXPOHM3ALMM CUCTEMHOIO BPEMEHN C 3a4aHNEM NTOKarbHOro YacoBOro MNosica.

2.8.2. CwuctemHas 3agada

MeTka Tuna: Task
Homep Tuna: 111
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.8.2.1 (KoHcTaHTbI)

Twn MpumeyaHue, BbIGOP,
Homep MeTka OnucaHue
KOHCTaHTblI eA. usmepeHust

1 byte NumTask Howmep 3agaun MNpucsausaeTcs
aBTOMATUYECKN

2 ushort Takt TakT obcyeTa 3agauu MCeK
0 - 06bIYHbIN;

10 byte Priority MpvoputeT 3agaun 1 - NOBbLILEHHbIN;
2 - BbICOKUN;
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TM “CuctemHasd 3agaya” npegHasHavyeH Ansi KOHPUrypupoBaHus CUCTEMHON 3aaym, KoTopas
Oynet cosnaHa B npouecce 3anycka VIC ¢ uenbto BbINOMHEHUS NEPUOAMYECKOrO LIMKIMYECKOro obcyeTa
TM, npuBsA3aHHbIX K 3TON 3agade npu popmmpoBaHnn TI1. 3toT TM gomkeH ObiTb co3a4aH NepBbIM Npu
dopmupoBaHum TT1. OctanbHble TM npuBA3bIBalOTCA K 3ag4ade ¢ MOMOLLBIO BbIGopa CChINIKM Ha HYXXHYIO
3agayvy B koHcTaHTe NumTask, koTopasi npucyTcTByeT B CTpykType kaxagoro TM. O6biyHo TM
npuesa3abiBatoTcs K “3agadve 0” aBTomaTuvecku npu gobaeneHun B Tr1.

TM, Bxogsiwme B rpynny, koTopasi 0603HavaeTcsi Yepes accoumnauunio Tuna “oTHoLeHne” ¢
BblLLECTOAWMM rpynnosbiM TM, oBcunTbiBalOTCA B 3a4aye BblLlIeCTosALWero rpynnosoro TM, noatomy
OTAenNbHbIX CCbINOK B KoOHCTaHTe NumTask He TpebytoT. Cebinka Ha 3agavy TpebyeTcs TOMbKo B
HauBbicwem rpynnosom TM. Ecnu TM nmeet B cBOEW CTPYKType BXo4 Tuna “OTHOLEHME”, HO CBA3b NO
3TOMY BX0Ay He CpopMMpOBaHa, TO OH He 06CUMTLIBAETCS, XOTA U MOXeT ObiTb 3arpyxeH B UC.

B NC moryT 6bITb cchopMmpoBaHbl Heckornbko TM “CucteMHas 3agava” ¢ pa3HbiMU HadanbHbIMU
HacTponkamu (Hanpumep, npyoputeTom Priority). TM, npuBa3aHHble K pa3HbiM 3agadvam, oyaoyT
06cunTLIBATECA NapanmnenbHo U He CUHXPOHHO Apyr ¢ ApyroMm. [1oatomy uenoyvkn TM, KOTOpble AOMKHbI
BblAepXXmBaTb CTPOruin nopsgok obcyeTa, AOMMKHbI NPUBA3LIBATLCA K OQHON 3adade. [NpegnonaraeTcs,
yto B T OyayT co3gaHbl 3agayn ¢ pasHbiMy TakTamu obcyeTa 1 pasHbiMU NpuopuTeTaMn Ans
pasgenenus uenodyek TM no cteneHn BaXXHOCTW, HanpuMmep, OTAenbHasa 3agada Ansa obcyeTa Lenoyek
3awmT. He cnegyet 6e3 He06X0AMMOCTM yBeNMuMBaTh KOMMYECTBO 3a4ay Unn yBenmumBaTtb nX
npuopuTeT paboTbl, TaK Kak 3TO MOXET OKa3blBaTb CYyLLECTBEHHOE BNNsIHUE Ha npou3sBoautensHocTb NC
B LIENoM.

HonycTumoe KonnyecTBo cMcTeMHbIX 3agad B VIC orpaHuumBaeTcsa ana Rpl — 2, ansa Rp2 -3 1 Rp3
-3.

2.9. Makpomoaynb

2.9.1. O6uwas xapakrepucTuka

DyHKLMOHaNLHOCTb AaHHoro Tuna TM uenvkom onpefensietca nonb3osatenem. NC
npeaocTaBnsieT TONbKO 060M0YKY ONMMCAHHOM HUKE CTPYKTYPbI M BO3MOXHOCTb YBA3aTb BXOAb! U BbIXOAbI
3TON 060MOYKM C BXOAAMU M BbIXO4AMU TOr0 BHYTPEHHENO anropntMa, KOTopbI co34acT Nofnb3oBaTenb B
KayecTBe WwabnoHa Makpomopyns (MakpowabroHa). Cxema y4actus makpolwuabnona B IC
npegcTtaeneHa B n.1.2 HaCTOSALEro AOKYMeEHTA.

MeTka Tuna: [3agaeTcsa nonb3oBarenem|
Homep tuna: 103
MpenctaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.9.1.1 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHune MpumevaHue, ea. usmepeHus
OaHHbIX

1-16 Variant In1-16 Bxon
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Ta6nuua 2.9.1.2 (Bbixoabl)
Tun
Homep anemeHTa MeTka OnucaHue MpumeyvaHwue, ea. usmepeHus
AaHHbIX
1-16 Variant Outl-Outl6 Bbixog,

Mpu bopmupoBaHmm MakpoLuaboHa Nonb3oBaTeNb ONPeAeniaeT ero YHUKanbHy METKY N MMS
TMna. MeTky 1 UM MOXHO BMOCNeACTBMM U3MeHUTb 6e3 nepecTpoeHns MakpollabnoHa. MakpolwabnioH
npegcraBngaeT cobou, No CyLecTBy, OTAENbHbIV AOKYMEHT MPOEKTa Co CriefyowmMmm 0CO6EHHOCTSAMN:

- BHYTPU MakpoLuabnoHa paspelueHo npumeHsTb He Bce TM UC, a TonbKo Te, KoTopble He
noAapasymMeBatloT rpynrnoByko CBA3b, HE y4acTBYlOT B 0bMeHe ¢ 3agavyamu BBoAa/BbIBOAA, HE
y4yacTBYylOT B kOHurypupoBaHuu VC. Takme TM HasbiBatoTcsa “ymctble”. K HUM OTHOCSTCS BCe
nornyeckune TM, a Tarke TM n3 rpynnel MNpoune, kpome TM “Barnyiika”.

- HacTpowvikn TM BHYTpM MakpoliabnoHa He MOryT n3mMeHaTbes npu pabote NC komaHaown m
hakTU4ecKn npeBpaLLaroTCa B KOHCTaHTbl. Ecnn Heobxoaumo MeHATb HACTPONKY B TeYeHne
paboTbl, TO criegyeT UCMOoNb30BaTb NOAKMOYEHME aHanormyHoro Bxoga TM, koTopbivi cnegyeT
cBsasaTb Yepe3 TM “Bxoa makpomoayns” ¢ BXOOOM BHELLHeN 060104k MakpoMoaynsi U Ha 3TOT
BXxopg, nogkntoumTtb TM “YcTaBka” B OCHOBHOM JOKYMEHTE MPOoeKTa.

- Bce TM makpowabnoHa cumMTaloTCs 3a OAMH NPOXO0A, C TAaKTOM, onpeAensieMbIM KOHCTaHTon Takt
Makpomopayns, cosgaHHoro B Tl Ha ocHOBe AaHHOro MakpowabnoHa;

- Bce TM makpowabnoHa npmBsidaHbl K OAHON CUCTEMHON 3aade, KOTopas ykasblBaeTcs B
koHcTaHTe NumTask makpoLuabnoHa;

- Tunbl TM, KOTOpbIE AOMYCKaOTCH ANS UCMOMNb30BaHWSA BHYTPWU MakpoLlabnoHa, JONONHAKTCA
HEKOTOPbLIMWU AOMONHUTENbHLIMU TUNAMK, ONUCAHHBIMU HIKE;

- BHYTPU MakpoLuabnoHa gonyckaeTcs NCnonb3oBaHue OPYrnx Makpomogynen, Ho Takum obpasom,
4YTOObI BHYTPY BXOOALLMX MaKpPOLLaBIoOHOB HE MCMOMb30BaNMCh BbILLECTOSLMNE MO BOXKEHHOCTU
TUMNbI MAKPOMOAYNEN, OOMYCKAeTCs BIIOXKEHHOCTb MakpoMoayrnen 0o ypoBHsi He 6onee 20.

2.9.2. Bxopg makpomoayns

MeTka Tvna: Macrolnput

Homep tnna: 101

MpenctaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 2.9.2.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanmne MpumeyaHue, BLIOGOP, ea.
KOHCTaHTbI n3MepeHusi
10 byte Numin Homep Bxoaa makpomoayns YHuKanbHbIV B MakpoLlabnoHe
Tabnuua 2.9.2.2 (Bbixoabl)
Tun
Homep anemMeHTa MeTka OnucaHue MpumeyvaHwue, eq. usmepeHus
AaHHbIX
1 Variant Out TpaHcnnpyemoe 3Ha4YeHne [orkeH ObITb NOAKMYEH
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TM “Bxoa makpomoaynsa” npegHasHaveH Ans obecneyeHns nepeaaydm anemeHTa gaHHbIX ¢ BXoaa
000noYKM MakpoMOoayns, HOMep KOTOPOro ykasblBaeTcda B KOHCTaHTe Numin, B anroputm wabnoHa
MakpoMoayns. ATOT 3aNeMeHT JaHHbIX TpaHcnmpyeTcs Ha Bbixog Out. MNMoakntoyeHre aToro Beixoda He
AonyckaeT yCTaHOBKY peXMMOB nNpegobpaboTku, Tak Kak UCNonb3yeT pexumbl npeaobpaboTtku
noAkntoYeHusa Bxoaa 060mnouku.

2.9.3. BbIxog makpomoayns

MeTka Tvna: MacroOutput
Homep tuna: 102
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 2.9.3.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanme MpumevaHue, BbIOOD, en.
KOHCTaHThblI n3MepeHusi
10 byte NumOut Howmep Bbixoga MakpoMoaynsi YHUKanbHbIN B MakpoLuabnoHe

Tabnuua 2.9.3.2 (Bxoabl)

Tun
Homep | anemeHTa MeTka OnucaHue MpumeyaHue, ea. uamepeHuns
AAHHbIX
1 Variant In TpaHcnupyemoe 3HayeHue [lomxeH ObITb MOAKMIOYEH

TM “Bbixog makpoMoayns” npegHasHavyeH ansg obecneyeHms nepegayun anemMeHTa AaHHbIX U3
anroputMa wabnoHa Makpomoayns Ha Bbixod 060M104K1 MakpomMoayrsi, HOMep KOTOpPOro ykasbiBaeTcs B
koHcTaHTe NumOut. AnemMeHT AaHHbIX TpaHcnMpyeTcsa co Bxoga In. MNogknoyeHne 3Toro Bxoaa He
AonyckaeT yCTaHOBKY peXMMOB npegobpaboTku, Tak Kak pexvMbl npegobpaboTkm ycTaHaBnmMBalTCs Ha
MOAKIMIOYEHNAX BbIXoAa 0O0NOUKM.

2.9.4. TakT makpomogyns

MeTtka Tuna: MacroTakt
Homep Tuna: 121
MpeactaeneH: Rp1, Rp2, Rp3, Rp4
Ta6bnuua 2.9.4.1 (Bbixoabl)

Tun
Homep | anemeHTa MeTka OnucaHue Mpumeyanwe, en.
n3mMepeHus
OaHHbIX
1 Float Out TakT makpomoayns MCexK.

TM “Tak makpomogyna” npeaHasHayeH Ans pukcMpoBaHNs BpeMeHU B MUNIIUCEKYHAAX,
npowlegne ¢ MOMeHTa nocriegHero obcyeTa MakpoMOAyns, B anroputme KOTOpPoro co3gaH AaHHbii TM.
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Bpewms BbigaeTca ¢ Bbixoga Out B popmarte Float. Mpu nepsom obcuete Makpomoaynsa 3HadYeHus
BbIXO4a paBHO TakTy obcyeTa Makpomoaynsi, ykasaHHOMY B KOHCTaHTe Takt. [Mpu nocneayoLmx
obcyeTax GygeT oTobpakeHOo hakTnyeckoe BpeMs Takta MakpoOMOAyrsi.

3. TexHomnoruv4yeckue moaynu Ans obecnevyeHns BBoaa/BbiBoaa

3.1.MpoTtokon Modbus

3.1.1. O6wasa cxema paboThl

B NC peanusoBaHa BO3MOXHOCTb 06MeHa gaHHbIMU no npoTokonam Modbus-RTU 1 Modbus-
TCP/UDP B pexnmax Master un Slave. Tunoble cxembl paboTbl NpeacTaBneHbl Ha PUCYHKaX HUXKE.

PucyHok 3.1.1 (Pexum Master)

Peructpbl uteHna Perucrpbl 3anucn

device ( ( W W
T2 N
____________ E ?j _____ F ﬁkﬂ ﬁ o }db
T

|
[
|
|
|
|
| MonyyeHHble pervcTpbl uTeH A O™ paBAeHHble perncTpbl 3anucn
Modbus P |:P
Modbus-RTU
—— value —
o value value val ue =—— Input_Value

Input_Flag

P [ P P [ I s Output_Value
R = value e == value Output_Flag
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Peructpbl 3anucn

A A

PucyHok 3.1.2 (Pexum Slave)

Peructpbl Ytenuna

CBA3b

Modbus-IP
Modbus-RTU

Perucrpbl, NpUroToBAEeH Hble ANA YTeHUA

== value

value =
value —— value ==

} Modbus_Function

Input_Value
Input_Flag
Output_Value
Output_Flag

PucyHok 3.1.3 (O603Ha4eHus)

- 061acTb NAaMATU YAANEHHOTO YCTPOICTBA C pa3bueHrem

Ha perncTpsl

- 0bnactb nama™ UC ¢ pasbrmeHnem Ha BUPTYanbHble

pervcTpbl

- TM Tpynnbl “MODBUS”

- accoumauma Tuna “OTHoweHne” mexay TM coeamHenusa (Modbus-RTU,
Modbus-IP) n TM onpoca (Modbus_Function)

- accoumauma Tmna “OTHoweHmne” mexay TM onpoca (Modbus_ Function) u
TM TouKkuM BBOAa/BbIBOAA C NPeobpasoBaHMem snemeHTa AaHHbIX (Modbus
Input/Output Value/Flag)

- HanpasaeHne nepefaym nHbopmaLmm Npu nepeHoce obnacrei

perncrpos n obnacteit GNaros yganeHHOro ycTpomcTea u
BMpPTYanbHbIX pernctpos UC

- HanpaBaeHue nepesayn MHGoOPMaLLMM NP 3aN0AHEHWUM /UTEHUN

BUPTYasbHbIX pernctpos UC 1 npeobpasoBaHUM B 31€MEHTbI

AaHHbIX

Ons obecneyeHuns B3anmogenictans VIC cogepxut 3 Habopa TM:
1) CepsucHble TM, oTBevalLme 3a nogaepxaHne coeaMHeHns Yepes nocregoBaTernbHble UHTEpdenc
unu cetb TCP/IP. K atomy Habopy oTHocsitca TM: “MODBUS RTU master service”, “MODBUS IP
master service”, “MODBUS RTU slave service”, “MODBUS IP slave service”.
2) OnpocHble TM, obecneunBatoLme 3anpockl (B criydae pexuma Master) n oTBeThl (B cnyvae pexvma
Slave) ¢ ncnonb3oBaHMeM NpPoTokonbHbIX hyHKuMn Modbus. K atomy Habopy oTHocaTcs TM:



OnuncaHune yHKUMOHaNbHbIX 61TOKOB

000 «ACY-NMOEP» (TexHonorMyecknx Mogynen), CtpaHunua 66

pen.1.2

3)

“MODBUS source to read (function 1,2)”, “MODBUS source to read (function 3,4)”, “MODBUS source
to read/write (function 23)”, “MODBUS source to write (function 15)”, “MODBUS source to write
(function 16)”, “MODBUS destination for read (function 3,4)”, “MODBUS destination for read (function
3,4)”, “MODBUS destination for read/write (function 23)”, “MODBUS destination for write (function
16)”. Takum obpasom, B kavecTBe Master-yctporictea IC obecneunBaeT nogaepxky Modbus-
dyHKunn 1, 2, 3, 4, 15, 16 n 23, a B kayecTBe Slave-ycTponctea nogaepxky dpyHkumn 3, 4, 16 n 23.
TM Touek BBOAA/BbIBOAA, 06EcneymBatoLme npeodbpa3oBaHmne af1IeMEHTOB AaHHbIX NPOCTbIX TUMOB U
CMNOXHbIX CTPYKTYP B/1M3 hopMbl NpeacTaBnieHnsi, npuHaTon B npotokone Modbus (permctpbl 1
anckpeTHble onarn). 3t TM cakTuieckn SBNSATCS “KNEMMHbIMU SNIEMeHTaMn” Mexay BHYTPEHHEN
ngeornorven opraHM3aunm nporpammHon norukm IC n BHELHUMK yCTPOWUCTBaMM, NOAKTHOYEHHBIMU K
MC no npotokony Modbus.

MoapobHo o kaxxaom Tune TM u3 BbienepeyncneHHbIXx Habopos ByAET ONMCaHO B COOTBETCTBYHOLLMX
NyHKTaxX HaCcTOALLEro AOKyMeHTa.

MuHumaneHbIn Habop gencteui B TI1 npu opranHnsaumm odbmeHa no Modbus cnegytowmi.

Ons pexvma Master (PucyHok 3.1.1 (Pexxum Master)):

B Tl go6aBuTb cepBucHbI TM, oTBeYaloWwmn 3a coegUHEHNE C YCTPONCTBOM, B 3aBUCUMOCTM OT
TvMna npotokona “MODBUS RTU master service” nunn “MODBUS IP master service”, HaCTpouTb
napameTpbl COEANHEHUSI C YCTPONCTBOM M NapameTpbl COBCTBEHHOrO MHTEpPderica CBA3M Yepes
COOTBETCTBYIOLLNE KOHCTaHTbl TM;

B Tl go6aBunTb onpocHbIi TM, NOAKMYNTL €ro rpynmnoBbIM BXOAOM K Bbixo4y J06aBNeHHOro
BbllLe cepBncHOro TM, B KOHCTaHTax yCTaHOBUTbL HOMepP ucnosnb3yemorn Modbus-yHKuuuy,
nornyeckun agpec yganeHHoro Modbus-ycTponcTsa, HadanbHbIn paboyunn agpec B obnactu
AaHHbIX (BXOOHbLIX UMK BbIXOAHbLIX) U KOMMYECTBO 3NIEMEHTOB AaHHbIX paboden obnactm
(perncTpoB My OMCKPETHbIX briaros);

B Tl pobasutb TM BBOAA MnK BbIBOAA, NOSKIOYUTL €O PYNNoOBbIM BXOAOM K BbIXOOY
AobaBneHHoro Beilwe onpocHoro TM, B KOHCTaHTax BblOpaTb agpec perncrpa (Mnv QUCKPETHOro
COCTOSIHMSA) M3 0OnacTu, ¢ KoTopow paboTaeT BbilecTosAwmi rpynnoson TM onpoca, uamMeHuTb
(npu HeobxogumocTn) NapameTpbl Npeobpa3oBaHNs ANeMeHTa AaHHbIX NPU KONMPOBaHUN/BCTaBKM
B 06racTb NamATK NO yka3aHHOMY agpecy permcrpa;

npw ncnons3osaHum TM BBOAA NOAKMIOYUTL BbIXOA AaHHbLIX 3TOro TM B nporpaMmMupyemyto Noruky
TIT,

npw ncnons3osaHum TM BbiBOAA NOAKIMIOYNTL BXOA AaHHbLIX 3TOro TM B nporpaMMupyemyto Joruky
TI.

Ona pexvma Slave (PucyHok 3.1.2 (Pexum Slave)):

B Tl po6aBuTb cepBucHbI TM, oTBevYaloLWun 3a NpeaocTaBneHme CoOeaMHEHUs C YCTPOMNCTBOM, B
3aBMCMMOCTM OT Tuna npotokona “MODBUS RTU slave service” unn “MODBUS IP slave service”,
HacTpouTb NapameTpbl COBCTBEHHOIO MHTEpenca CBs3n Yepes COOTBETCTBYIOLLME KOHCTAHTbI
T™;

B Tl go6aBuTb onpocHbIi TM, obecneunBatowmii oTBeT Master-ycTponcTBy, NOAKMOYNTL €0
rpynnoBbIM BXOAOM K Bbixoy [o6aBneHHOro Bbile cepBUcHOro TM, B KOHCTaHTax yCcTaHOBUTb
Homep ucnonb3dyemon Modbus-dyHKLMKW, CBON NOrMYEcKMin agpec Kak agpec BUPTyanbHOro
Modbus-ycTpoiicTBa, HavanbHbIA pabounin agpec pernctpa B 06nactu AaHHbIX (BXOOHbLIX UK
BbIXOAHbIX) U KONMYECTBO PErnMcTpoB paboyen obnactu;

B Tl po6aBnTb TM BBOAA MK BbIBOAA, NOSKIHOYUTL €r0 rPYynnoBbiM BXOAOM K BbIXOOY
nobaBneHHoro Bhille onpocHoro TM, B KOHCTaHTax BblbpaTb agpec pernctpa ns obnactu, ¢
KoTopou paboTaeT BbiecTosWmMIA rpynnosor TM nogaepxku onpoca, U3MeHnTb (Npuy
HeobxooMMOCTM) NapameTpbl Npecbpa3oBaHNs aneMeHTa AaHHbIX MPU KOMMPOBaHUW/BCTABKN B
obrnacTb NamsiTu NoO ykazaHHOMY apecy pPerncTpa;

npu ncnons3osaHMm TM BBOAA NOAKMOYMTL BbIXOA AaHHbIX 3Toro TM B noruky TI1;

npu ncnons3osaHumM TM BbiBOAA NOAKIOYUTL BXOA AaHHbIX 3Toro TM B noruky TT1.

Ons WA npotokon Modbus-RTU B pexxume Master, ncnonb3yowmin yHKUMIO 23, NPUMEHSETCS B

KayecTBe CUCTEMHOMN LUMHbI C LMdPOBLIMK YCTPONCTBaMM BBOAA/BbIBOAA, pa3paboTaHHON KOMMNaHnen
00O «ACY-NMOEP». ina yoo6HOro ncnonb3oBaHust 3TUX YCTPOMCTB B TI1 npumeHstoTcs
cneunanuanpoBaHHbie TM, npeobpasytowme obnactb namMaTu, konupyemyto mexay VA n atumum
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ycTponcTBamu no npotokony Modbus-RTU, B CTpyKTypHbI BUA. B yacTHOCTM, ANg npuema uHgopmauum
¢ 6ecnpoBogHbIX 4AaTYMKOB, MPUEMHUK KOTOPbIX cBsA3aH ¢ VA yepes Modbus-RTU, npumenseTtca TM
“BxoagHon anemeHT RF-pgatymnkoB”.

3.1.2.

MODBUS IP master service

MeTka Tvna: ModbusIPGroup

Homep tnna: 109

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 3.1.2.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanue MpumeyvaHue, BbIOOD, en.
KOHCTaHTblI M3MepeHus
10 string NetworkAddress CeTteBoW agpec IP vnu DNS agpec
11 ushort NetworkPort CeTteBow nopt no ymon4yanuio 502
12 byte ProtocolType TpaHCnopTHbIV NPOTOKON 2 : LTJ%E)
13 ushort ActionTimeout MNpepenbHoe Bpems MCeK
BbINOMHEHUSA KOMaHAbl
Ta6bnuua 3.1.2.2 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
M3mepeHus
BaHHbIX
dopmunpoBaHue
rpynnooGpasytoLlen
nogYnHeHHom ceasn ans TM
. "pynna onpoca LWuHbI Tvnos ModbusRWMItReg,
1 Variant Grp Modbus ModbusWMItReg,
ModbusRMItReg,
ModbusWMItFlag,
ModbusRMItFlag

TM “MODBUS IP master service” npegHasHaveH ansi obecneyeHmns KNMEHTCKOro CoeanHeEHUs
NpUKNagHoro ypoBHSA npoTokona Modbus-TCP BHYTpU TpaHCNOPTHOIO YPOBHS, MOCTPOEHHOIO Ha
npoTtokonax TCP nnu UDP. 3a Bbl6op TMna TpaHCNOPTHOrO NpOTOKOSa OTBEYAET KOHCTaHTa
ProtocolType. KonctaHTel NetworkAddress n NetworkPort oTBevatoT 3a ceTeByto YacTb BblOpaHHOIO

npoTokona.

KoHcTaHTa ActionTimeout onpegenseT Tanm-ayT OXuaaHusi NOATBEPXKOEHNST HA onepauumio
3anpoca K cepBepy. Ha Bpemsi aToro oxumaaHusi 6rokMpytoTcsa Bce criegyloLime onepauum 3anpoca. B
crny4ae npeBbILLEHNsT OXnaaHWs 3TOW BENUYUHBI KaHan ¢ CepBEPOM Nepeco3faeTcs ¢ oTpaboTkon
owmnbkn B NpoToKkonbHbIX TM. BenuumHa Tanm-ayta onpefensieTcs BpEMEHEM peakLummn yaaneHHoro
Modbus-ycTporicTBa. PekomeHayeTcs oCTaBNATb 3HaYEHUE KOHCTaHTbI MO YMONYaHMIO.
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3.1.3.

MeTka Tvna: ModbusRTUGroup
Homep Tuna: 105
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

MODBUS RTU master service

Ta6bnuua 3.1.3.1 (KoHcTaHTbI)

Homep Twvn MeTka Onucanme MpumeyaHue, BLIGOP, ea.
KOHCTaHTbI n3MepeHusi
10 string PortName Nma COM-nopTa 3aBucut ot OC
Bbibop
0 - 1200 60p;
1 - 2400 60p;
2 - 4800 6op;
3-9600 6op;
11 byte PortBaudrate CkopocTb Nno nopTy 4 - 19200 60ga;
5 -38400 6opa;
6 - 57600 60p;
7 - 115200 6o0p;
8 - 230400 60pa;
9 - 460800 604
12 byte PortDataBits KonuyectBo 6UT gaHHbIX 4,56,7,8
Bribop
. 0 - None;
13 byte PortParity YeTHOCTb 1- Even:
2 - Odd
Bbibop
14 byte PortStopBits KonnyecTtBo cTonoBbIx 6uT 2 ] 5
o _uom
15 ushort ActionTimeout MNpenentHoe Bpems MCeK
BbIMOMHEHNSI KOMaHAbI
Tun namepenus Bribop
16 byte SilenceType 0 - B cMMBonax;
WHTEpBana TULWWHbI
1 - B MunNnucekyHaax
17 ushort Silencelnterval SHaueHue UHTepBana
TULLIVHBI
Mpun3Hak BbiCTaBneHUs
18 bool RTSControl curHana RTS nepeg
nepegademn
Ta6nuua 3.1.3.2 (Bbixoabl)
Tun MpumeuaHue, e,
Homep anemMeHTa MeTka OnucaHue P » €A
n3mMepeHus
AaHHbIX
dopmunpoBaHue
rpynnoo6pasytoLlen
nogyYnHeHHom ceasmn ansa TM
. "pynnoBomn onpoc LWnHbI TMnos ModbusRWMItReg,
1 Variant Grp Modbus ModbusWMItReg,
ModbusRMItReg,
ModbusWMItFlag,

ModbusRMItFlag
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TM “MODBUS RTU master service” npegHasHayeH anst obecneveHms coegmMHeHns NpuknagHoro
ypoBHSA npoTokona Modbus-RTU yepes nocnegoBatenbHbin nHtepgenc UART, KOTOPbIN B KOHKPETHON
OC moxeT 6bITb NpeacTaeneH B Buge COM-nopTa nHtepdenca RS-232 unm RS-485. KoHcTaHTel TM
No3BOMSAT 3a4aTb CMMBOJIbHOE MMsi COM-nopTa, NPUHATOE B CUCTEME, a TakkKe ero napameTpbl Ans
cornacoBaHus paboTbl ¢ 0OTBETHOM cTOpOoHON. MHoraa nmsst COM-nopTa MOXET ObITb NPOMYLLEHO, YTO
paBHocuUnbHO HoMepy 0, HO aTa 0coBeHHOCTb peanu3aunm VA ons HeKoTopbIX MPOrpaMMHO-annapaTHbIX
nnaTtgopM C eANHCTBEHHbIM MHTEpderncom UART.

Mpynmepbl KOHCTaHTLlI PortName:

a) \.\COM2 — nopt COM2 B cucteme Windows;
b) /dev/ttyS1 — nopt COM2 B cucteme Linux;
¢) Aanga Rpl c FreeRTOS Homep nopTa 0, MOXHO He 3a4aBaTb.

KoHcTaHTa ActionTimeout nmeeT noxoxee npegHasHaveHue, yto n ana TM “MODBUS IP master
service” ¢ Ton 0COBEHHOCTLIO, YTO elle 1 onpeaenseT MUHUMarbHbIA UHTEPBan Mexay COCeaHNMMU
Kagpamu, nocbinaembiMu B UART. PekomeHaaums Takas xe, ocTaBuTb Mo ymonyaxHuo 10 mcek, ecnu
OyayT obHapyXeHbl NoTepn KaapoB Ha MPOTUBOMOSIOXHON CTOPOHe, yBenuumeats ¢ warom 10 mcek (8o
100 mcek), ¢ warom 100 mcek (go 1000 mcek) un ¢ warom 1000 mcek (Bbiwe 1000 mcek) 4O nCHEe3HOBEHMS
nponagaHus.

KoHcTaHThl SilenceType u Silencelnterval no3sonsoT B sBHOM Buae 3agaBaTtb UHTEPBAn
“TUWWHBLI", NO KOTOPOMY YCTPOWCTBO onpeaensaeT OKOHYaHWe NPUHATOro Kaapa. 3HavyeHne nHTepeana
AOMKHO BbITb OAMHAKOBBLIM C 06enx CTOPOH nepeaayn.

KoHcTaHTa RTSControl BknioyaeT ynpasneHune curHanom RTS (B pamkax ctaHgapta RS232) B
npouecce nepegadn: curHan BbeiCTaBnseTcA nepeq nepefadven kagpa n cbpacoiBaeTcs cpasy xe nocne
ee OKOHYaHus. YnpaBreHue 3TMM curHanomM nHorga TpebyeTcs Ans 3agaHus ABHOTO NepekroyeHns
npueMHNKa n nepegartyunka B NoNyAynnekCHOM pexnme B HEKOTOPbIX NepexofHukax RS232-RS485.

3.1.4. MODBUS source to read (function 1,2)

MeTka Tvna: ModbusRMItFlag
Homep Tuna: 120
MpenctaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 3.1.4.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanue MpumeyaHue, BLIOGOP, ea.
KOHCTaHTblI M3MepeHus
10 byte DeviceAddress Anpec ycTpoiicTBa 1..247
11 byte FlagsType Tvn AuckpeTHbIX hrnaros (1) glosii:sret Inputs;
12 ushort StartDiscretFlags HauanbHeint anpec
OVCKPETHbIX hraros
13 ushort CountDiscretFlags Konm4ecTso AnckpeTHeix 1...2000
¢dnaros
14 byte AlarmNoAnswer Konmuectso sanpocos o 3...200

dukcaumm cbos
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Tabnuua 3.1.4.2 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHune Mpumevanne, ea.
AHHBIX M3mepeHus
1 Discret DebugMode Pexvm otnagku MckntoyaeT HacTporky 1
dopmunpoBaHue
rpynnooGpasytoLen
2 Variant Grp b%/;;jsnonmroqemn NOAYMHEHHOWN CBA3M OT TUNa
ModbusRTUGroup 1
ModbusIPGroup
Tabnuua 3.1.4.3 (Bbixoabl)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
AAHHBIX M3MepeHusi
dopmupoBaHue
1 Variant Grp CurHansl Modbus rpynnooGpas}/ otien
nogvMHeHHon ces3u ana TM
TvnoB ModbusinputFlag
Kog owwubkn no npoTokony
2 Integer Err Kog owwmnbkm Modbus
Tabnuua 3.1.4.4 (Hactpo#nku)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
AAHHBIX M3MepeHusi
1 Discret DebugMode Pexum otnagkm

TM “MODBUS source to read (function 1,2)” peanusyeT yteHne ¢ Modbus-yCTpOWCTB C
nucnonb3oBaHUeM NpoTokorbHbIX pyHKUMI 1 (Read Discret Inputs) n 2 (Read Coils), ux tvn
yCcTaHaBnvBaeTcsa koHcTaHTon FlagsType.

Onsi dbopmumpoBaHusi onpoca TpebyeTcs ykazaTb agpec onpallMBaeMoro ycTponcTea
DeviceAddress, HadanbHbIV agpec anckpeTHoro dnara StartDiscretFlags n konmy4ecTBo 3anpallmMBaeMbixX
anckpeTHbIX pnaros CountDiscretFlags. Mpu 3agaHum 3Ha4YeHUn 3TUX KOHCTaHT TpebyeTcsa
BblAepXXMBaTb MPOTOKONbHbIE OrPaHUYEHUS.

KoHcTaHTa AlarmNoAnswer 3agaeT KonmyecTBo Nocbinok 6e3 oteeTa B cTopoHy Modbus-
YCTPOWCTBA, nocrie kotoporo TM cpopmmpyeT oLLnBKy No OTCYTCTBUIO CBSI3M C YCTPOUCTBOM.

TakT onpoca ycTponcTBa coBnagaeT ¢ Taktom obcyeta TM mn 3agaetca obuwen koHcTaHTonTakt.

Beixog Err otobpaxaeT nocneaHun Kog OWmMBKN Ha o4epeaHoOM onpoce YCTPOWCTBa, Npu
OTCYTCTBMM OLLIMOOK 3Ha4YeHWe Bbixoaa “0”, NoNoXnTenbHble 3HAYEHNSs ABMAIOTCS KogaMm OLLMOOK
npoTtokona Modbus, ux paclumndpoBka npeacTaBneHa B cneumdukauum ctaHgapTa, B crydae oTCyTCTBuMS
CBSI3U C YCTPOWCTBOM 3Ha4veHue Bbixoda “-17.

TM moxeT BeCcTu OKyMeHTUpoBaHue kagpos Modbus, nonyyaembix OT yCTponcTBa. 3a
BKITIOYEHWNE 3TOTO peXMMa OTBEYaEeT HAacTpoVika N COOTBETCTBYIOLLUIA ANCKpeTHbIN Bxog DebugMode, emy
Heob6Xxo4MMO YCTaHOBUTL 3HadeHue “1”. Pexum 3aaeicTBYeTCs, eCnv NpUCYTCTBYET paspeLleHme
BblBOAa “Bcen nHdopmaummn” B TM “CuctemHbin koHdurypatop” (DebugMode = 3). MNpuHumaemble
kagpbl 6yayT oTobpaxaTtbcs B 16-pryHOM npeacTaBneHny B OTNago0YHOM KaHane, CKOHUrypmpoBaHHOM
HacTpownkon TM “CuctemHbIi KOHGUrypaTop”, B Crydae ecriv oTBeT nostydeH 6e3 ownbok 1 ectb
U3MEHEHNs1 B OTBETE MO CPaBHEHUIO C NpeablayLm, 0TO6paXKeHHbIM B OTIaA04HOM KaHane
(oanHakoBbI OTBET NOBTOPATHCA He OyaeT).
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3.1.5.

MeTka Tvna: ModbusRMItReg

Homep Tuna: 108
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

MODBUS source to read (function 3,4)

Tabnuua 3.1.5.1 (KoHcTaHTbI)

Twn

MpumeyaHue, BLIGOP, ea.

Homep MeTka OnucaHue
KOHCTaHTblI M3MepeHus
10 byte DeviceAddress Apgpec ycTponcTea 1..247
0 - Input Registers;
11 byte RegsType Tun perncTpoB YTeHns 1 - Holding Registers
12 ushort StartinputArea Hayano obnactu BXxoaHbIX
OaHHbIX
13 ushort CountinputRegs Konm4ectso BxoaHbIX 1..125
perucTpos
14 byte AlarmNoAnswer Konmuectso sanpocos Ao 3...200
dukcaumm cbos
Tabnuua 3.1.5.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
M3MepeHusi
OaHHbIX
1 Discret DebugMode Pexunm otnagkm WckniovaeT HacTponky 1
dopmupoBaHue
. pynna nogknioyeHnst rpynnoo6pa3}/ forLien
2 Variant Grp Modbus NnoaYNHEHHOW CBA3M OT TMNa
ModbusRTUGroup 1
ModbusIPGroup
Ta6nuua 3.1.5.3 (Bbixoabl)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P > 84
M3mepeHus
AaHHbIX
dopmupoBaHue
1 Variant Grp CurHansl Modbus rpynnoo6pa3}/+ou_lev|
nogyYnHeHHom ceasn ans TM
Tvnos Modbuslinput
Kog owwunbkn no npoTtokony
2 Integer Err Kopa owmnbku Modbus
Ta6nuua 3.1.5.4 (Hactpoiiku)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P > 84
M3mepeHus
AaHHbIX
1 Discret DebugMode Pexum otnagku
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TM “MODBUS source to read (function 3,4)” peanuayeT yteHne ¢ Modbus-yCTpoOWCTB ¢
ucnonb3oBaHneM NpoTokonbHbIX PyHKUMI 3 (Read Holding Registers) n 4 (Read Input Registers), nx tun

yCTaHaBnvBaeTcs koHcTaHTon FlagsType.

OcTtanbHas cTpykTypa u hpyHkumMoHan noxoxu Ha TM “MODBUS source to read (function 1,2)”,
Ha3HauyeHne KOHCTaHT StartinputArea n CountinputRegs aHanorn4yHo koHcTaHTaMm StartDiscretFlags u
CountDiscretFlags, ¢ y4eToOM NpOTOKOSbHbIX 0COBEHHOCTEN.

3.1.6.

MeTka Tvna: ModbusWMItFlag

Homep Tuna: 119
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

MODBUS source to write (function 15)

Ta6bnuua 3.1.6.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanue MpumevaHue, BbIOOD, en.
KOHCTaHTbI M3MepeHusi
10 byte DeviceAddress Agpec ycTpolicTBa 1..247
11 ushort StartDiscretFlags HauanbHeint anpec
OVCKPETHbIX hrnaros
12 ushort CountDiscretFlags Konmuectso anckpeTHeIx 1..2000
dnaros
13 byte Mode Pexxum paboThi 2 - konupoBaHme namsitu,
- KOMaHga
14 byte AlarmNoAnswer Konmuectso sanpocos o 3...200
dukcaumm cbos
Tabnuua 3.1.6.2 (Bxoabl)
Tun Mpumeyanue, e
Homep anemMeHTa MeTka OnucaHue P » 8A.
M3MepeHus
OaHHbIX
1 Discret DebugMode Pexvm otnagkn WckntoyaeT HacTpomky 1
dopmupoBaHue
. pynna nogkntoveHns rpynnooGpaa}/ otien
2 Variant Grp Modbus NnoaYNHEHHOW CBA3M OT TMNa
ModbusRTUGroup 1
ModbusIPGroup
Ta6nuua 3.1.6.3 (Bbixoabl)
Tvn MpumeyaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » €A
M3mepeHus
AaHHbIX
dopmunpoBaHue
1 Variant Grp CurnHansl Modbus rpynnooGpaa}/loUJ,eM
nogyYuHeHHom ceasn ansa TM
TvnoB ModbusOutputFlag
2 Integer Err Kopa owwmbkm Kop owwbku no npotokony

Modbus
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Ta6bnuua 3.1.6.4 (HacTtpoiknu)

Tun
Homep | anemeHTa MeTka OnucaHue Mpumeyanue, ea.
M3mepeHus
OaHHbIX
1 Discret DebugMode Pexunm otnagku

TM “MODBUS source to write (function 15)” peannsyeT 3anucb NOAroToBNeHHoOro 0ycgepa namatu
B Modbus-yCcTpoICTBO C MCMONb30oBaHMeM NPOTokonbHOM yHkumm 15 (Write Multiple Coils). Agpec
Modbus-ycTporicTBa 3agaeTcsa KoHcTaHTon DeviceAddress. HadanbHbIn agpec guckpetHoro dnara u
KONMYecTBO hnaros, Nogniexalumx 3anucy, 3agaroTcs KoHcTaHTamu StartDiscretFlags u
CountDiscretFlags.

KoHcTaHTa Mode onpegenset pexum paboTtel TM B yactu onepaumm 3anucu:

- pexum “KonupoBaHve namATn’ peanusyeT NepuoanyecKyto 3anncb NogrotosneHHoro 6ydepa
namsiTn B YCTPOWCTBO € TakToMm obcueTa TM, koTopbii 3agaeTcs obLien koHcTaHTon Takt, ecnu
HeT n3ameHeHun B 6ydepe, unu cpasy nocne dukcaumm nsmeHeHns B bydepe, sanucaHHbIX 0gHUM
13 TM BbiBOAA;

- pexum “koMaHga” BbINOMHAET OAHOKPaTHYO 3anncb NoAroTOBNEHHOro 6ydepa namsatn B
YCTPOWCTBO cpa3y nocne cukcaumm nameHeHns B 6ydepe, sanmcaHHbix ogHum 13 TM BbiBOAa,
dhmKcaumsa Npom3BoANTCS TONbKO AOCTOBEPHbIX 3HAYeHWI, nepeaHHbIx Ha TM BbiBoAaa.

KoHcTaHTa AlarmNoAnswer 3agaeT Konm4ecTBO Nocbifiok 6e3 otBeTa B cTopoHy Modbus-
yCcTponcTBa, nocne kotoporo TM cdopmumpyeT ownbKy no OTCYTCTBUIO CBA3W C YCTPONCTBOM.

Beixog Err otoGpaxaeT nocneaHun Kog owmobKn Npyu 3anncy B YCTPOWCTBO, MPU OTCYTCTBUK
owmnbok 3HaveHune Bbixoaa “0”, NONOXMTENbHbIE 3HAYEHMS ABMSOTCS Kogamu owmMboK NpoTokona
Modbus, nx pacwwndposka npeacraeneHa B cneundukaumm ctaHgapTa, B Cryyae OTCYTCTBUS CBA3M C
YCTPOWCTBOM 3HauyeHue Bbixoga “-1”.

Pexum gokyMeHTMpoBaHus nepeckbiniaeMblX KagpoB He NPeayCMOTPEH, MO3TOMY HAcTpoKrKa U BXO4
DebugMode He ncnonb3yoTcs (OHU 3ape3epBUpOBaHbl Ans dyayuwimx peanusauuin).

3.1.7. MODBUS source to write (function 16)

MeTtka Trna: ModbusWMItReg
Homep tuna: 107
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 3.1.7.1 (KoHcTaHTbI)

Homep Twun MeTka Onucanme MpumeuaHue, BLIGOP, ea.
KOHCTaHTbI M3MepeHus
10 byte DeviceAddress Appec ycTponicTea 1..247
11 ushort StartinputArea Hayano obnactu BxogHbIX
AaHHbIX
12 ushort CountinputRegs KonmecTso BXofHbIX 1..120
perncTpos
13 byte Mode Pexum paboThbl 0 - KonMpoBaHue NamATw;
1 - kKomaHga
14 byte AlarmNoAnswer Konmyectso sanpocos Ao 3...200
dumkcaumm cbos
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Tabnuua 3.1.7.2 (Bxoabl)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
NaHHBIX M3mepeHus
1 Discret DebugMode Pexunm otnagku WcknioyaeT HacTponky 1
dopmMupoBaHue
rpynnoo6pasytoLen
2 Variant Grp b%/gﬁjsnonmroqemn NOAYMHEHHOW CBA3M OT TUNa
ModbusRTUSlave n
ModbusIPServer
Ta6bnuua 3.1.7.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
OaHHbIX M3MepeHusi
dopmupoBaHme
1 Variant Grp CurHansl Modbus rpynnooGpaay otien
noaYmMHeHHon ceasn ansa TM
TMnoB Modbusinput
Ta6bnuua 3.1.7.4 (HacTtpoiknu)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
naHHbIX M3mepeHus
1 Discret DebugMode Pexunm otnagku

TM “MODBUS source to write (function 16)” peanunsyeT 3anucb NogrotoBneHHoro dydepa namsaTm
B Modbus-ycTpoOMCTBO C UCMOMb30BaHMeM NPOTOKONbHOW pyHKUMK 16 (Write Multiple Registers).

OctanbHasg cTpykTypa un pyHKLmMoHan, noxoxun Ha TM “MODBUS source to write (function 15)”,
Ha3HayeHune KOHCTaHT StartinputArea n CountinputRegs aHanorn4yHo KoHcTaHTaMm StartDiscretFlags u
CountDiscretFlags, ¢ y4eTOM NPOTOKOSMbHbIX OCOBEHHOCTEN.

3.1.8. MODBUS source to read/write (function 23)

MeTka Tvna: ModbusRWMItReg
Homep tnna: 106
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 3.1.8.1 (KoHcTaHTbI)

Howmep Twvn MeTka Onuncanmne MpumeyaHue, BLIOGOP, ea.
KOHCTaHThblI M3MepeHus
10 byte DeviceAddress Appec ycTponicTea 1..247
11 ushort StartinputArea Hayano obnactu BxogHbIX
AaHHbIX
12 ushort CountinputRegs KonmecTso BxofHbIX 1...118
permcTpos
13 ushort StartOutputArea Hauano obnactw
BbIXOAHbIX AaHHbIX
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Konnyecteo BbIXOOHbIX

14 ushort CountOutputRegs 1..118
perucTpos
15 byte AlarmNoAnswer Konmyectso sanpocos Ao 3...200
dukcaumm cbos
Ta6nuua 3.1.8.2 (Bxopabl)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P » 8A.
M3MepeHus
BaHHbIX
1 Discret DebugMode Pexvm otnagku WckntoyaeT HacTpoky 1
dopmunpoBaHue
rpynnoo6pasytoLei
2 Variant Grp [A%ngsno‘qmmqewﬂ NOAYMHEHHOM CBA3N OT TUna
ModbusRTUGroup 1
ModbusIPGroup
Ta6nuua 3.1.8.3 (Bbixoabl)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
M3mepeHus
BaHHbIX
dopmupoBaHue
rpynnoo6pasytoLei
1 Variant Grp CwurHanbl Modbus nog4mMHeHHon ceasu ana TM
Tunos Modbuslnput n
ModbusOutput
Kog owwubkn no npoTokony
2 Integer Err Kopa ownbku Modbus
Ta6nuua 3.1.8.4 (HacTpoiiku)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
M3mepeHus
OaHHbIX
1 Discret DebugMode Pexum otnagkm

TM “MODBUS source to read/write (function 23)” peanusyeT 4YTeHue 1 3an1cb 3a OAWH 3anpoc K
Modbus-yCcTporCcTBY C MCNONb30BaHNEM NPOTOKONbHOM yHKUMKM 23 (Read/Write Multiple Registers).
371017 TM 06beanHsaeT B cebe hyHkumMoHan n HacTponkn TM “MODBUS source to read (function 3,4)” n

TM “MODBUS source to write (function 16)”.

KoHcTaHTa AlarmNoAnswer 3agaeT KonmyecTBO Nocbinok 6e3 oteBeTa B cTopoHy Modbus-
yCTpONCTBa, nocne kotoporo TM cdopmmpyeT ownbKy no oTCyTCTBUIO CBA3W C YCTPONCTBOM.
Pexum otnagkm pabotaet aHanornyHo TM “MODBUS source to read (function 3,4) ans

NPUHNMaeMbIX KagpoB.
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3.1.9. MODBUS IP slave service

MeTka Tvna: ModbusIPServer
Homep tuna: 112
MpencraeneH: Rpl, Rp2, Rp3, Rp4

Tabnuua 3.1.9.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanue MpumeyvaHue, BbIOOD, en.
KOHCTaHTblI M3MepeHus
10 ushort NetworkPort CeTteBow nopt no ymonyaHuio 502
11 byte ProtocolType TpaHCMNOPTHLIN NPOTOKON 2 : -LI—J([:)IF;
12 byte MaxConnection MaKCMMaan9e Hneno no ymon4anuto 2
NOAKIOYEHUN
13 ushort ActionTimeout MNpenensHoe Bpems McekK
BbINOMHEHUSA KOMaHAbl
Tun namepexus Beibop
16 byte SilenceType P 0 - B cumBoOnax;
WHTepBana TULWWHbI
1 - B MunnucekyHgax
17 ushort Silencelnterval SHauenue uHTepsana
TULUMWHBI
Mpu3Hak BbiICTaBNEHNUsI
18 bool RTSControl curHana RTS nepeg
nepegadem
Tabnuua 3.1.9.2 (Bbixoabl)
Tun Mpumeyanue, e
Homep anemMeHTa MeTka OnucaHue P » 8A.
M3mepeHus
BaHHbIX
dopmupoBaHue
rpynnooGpasytoLen
FovAna onpoca Wbl nogYnHeHHom ceasun ans TM
1 Variant Grp MFszdbus P TMnNoB
ModbusSIvVRWMItReg,
ModbusSIVWMItReg n
ModbusSIvRMItReg

TM “MODBUS IP slave service” npegHasHa4yeH ansa npegocraBrieHns cepBepHOn YacTum
MHOXEeCTBa KIMNEHTCKUX COeaNHEeHUI NpuknagHoro yposHsa npotokona Modbus-TCP BHyTpu
TPaHCMOPTHOIO YPOBHS, MOCTPOEHHOro Ha npoTokonax TCP unu UDP. 3a BeiGop TMNa TpaHCMOPTHOro
npoToKoria oTBeYaeT koHcTaHTa ProtocolType. KoHctaHTa NetworkPort otBevaeT 3a Bbibop HoMepa
TCP/UDP nopta, oTkpbiBaemoro OC ans oXxuaaHusa KNUeHTCKMX NoAKNIYeHnn. KoHcTaHTa
MaxConnection orpaHuyMBaeT KONMMYEeCTBO OAHOBPEMEHHbIX KNNMEHTCKNX TCP-NoAKMoYeHNIA.

KoHcTaHTa ActionTimeout B ocHOBHOM onpefensieT 6anaHc Mexay CKOPOCTbI0 U3bATUSA NPUHATBIX
ceTeBbIX KagpoB 13 ceTesow npocnovikun OC n obwen Harpy3kon npouecca A B OC. Yem Bobiwe
CKOPOCTb N3bATUSA (MeHbLUE BpeMs ActionTimeout), Tem ObiCTpee NpUHATLIE Kagpbl MOCTYNaT B
06paboTKy, HO Bhile Harpyska Ha OC, faxe ecnu BXOOsALMIA NOTOK He3Ha4uTeneH. MNoatomy aTty
KOHCTaHTYy HEe peKkoMeHayeTCs MeHATb 6e3 HeobxoammocTu. B cnyvae ecnu cpeaHun BXOAALWMIA NOTOK
BbICOKWI, U OTMEYEHbI YacTble NPONYCKN OTBETOB Ha 3anpoc C OnpaLiMBaeMON CTOPOHbI, KOHCTaHTY
HEeOOXOAMMO YMEHbBLUNTL A0 YCTPaHEHMUS NMPOMYCKOB.
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3.1.10. MODBUS RTU slave service
MeTka Tvna: ModbusRTUSIave
Homep Tuna: 113
MpeactaeneH: Rp1, Rp2, Rp3, Rp4
Ta6bnuua 3.1.10.1 (KoHcTaHTbI)
Homep Tun MeTka Onucanue MpumeyvaHue, BbIOOD, en.
KOHCTaHTblI M3MepeHus
10 string PortName Mmst COM-nopTa 3aBucut ot OC
0 - 1200 6og;
1 - 2400 60p;
2 - 4800 6op;
3-9600 60pa;
4 - 19200 6opa;
11 byte PortBaudrate CkopocTb no nopty 5 - 38400 6op,
6 - 57600 6op4;
7 - 115200 60p;
8 - 230400 6op;
9 - 460800 604
12 byte PortDataBits KonuyecTtBo OUT gaHHbIX 4,5,6,7,8
Bbibop
. 0 - None;
13 byte PortParity YeTHOCTb 1- Even:
2 - Odd
Bribop
14 byte PortStopBits KonuyecTtBo cTonoBbIx 6ut 2 ] 5
2-2
15 ushort ActionTimeout MNpepenbHoe Bpems MCeK
BbINOMTHEHUS! KOMaHAbl
Ta6nuua 3.1.10.2 (Bbixoabl)
Tvn MpumeyaHue, e,
Homep anemMeHTa MeTka OnucaHue P > 84
M3mepeHus
BaHHbIX
dopmuposaHme
rpynnoo6pasytoLei
FOVIINOBOI ONDOCA LLUMHI nogYnHeHHom ceasm ansa TM
1 Variant Grp Mpgdbus P TMNoB
ModbusSIVRWMItReg,
ModbusSIVWMItReg 1
ModbusSIvVRMItReg

TM “MODBUS RTU slave service” npegHasHa4yeH ans npegocraBrieHns coeanHeHns NpuknagHoro
ypoBHsi npoTtokona Modbus-RTU 4epes nocnegoBaTenbHbi uHTepdenc UART, KOTOPbIV B KOHKPETHON
OC moxeT 6bITb NpeacTaeneH B Buae COM-nopTa nHtepdenca RS-232 unm RS-485. KoHcTaHTbl TM
no3BonsAT 3aaaTbh cMMBONbHOe nma COM-nopTa, NpUHATOE B CUCTEME, a Takke ero napameTpbl And
cornacoBaHus paboTkl ¢ 0OTBETHOM cTOpoHON. MHorga nms COM-nopTa MOXET ObITb NPOMYLLEHO, YTO
paBHOCUNBHO HoMepy 0, HO 3Ta 0coBeHHOCTb peanu3aumn VA ans HeKOTopbIX NPOrpamMMHO-annapaTHbIX
nnaTtgopM ¢ eANHCTBEHHbIM MHTEpdercom UART.
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Mpumepbl KOHCTaHTLI PortName:

a) \.\COM2 — nopt COM2 B cucteme Windows;
b) /dev/ttyS1 — nopt COM2 B cucteme Linux;
¢) Aansa Rpl c FreeRTOS Homep nopTa 0, MOXHO He 3agaBaTb.

KoHcTaHTa ActionTimeout nMeeT noxoxee npegHasHayeHne, 4to n ana TM “MODBUS IP slave

service”.

3.1.11. MODBUS destination for read (function 3,4)

MeTka Tvna: ModbusSIvVRMItReg

Homep tnna: 116

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 3.1.11.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanme MpumeyaHue, BLIGOP, ea.
KOHCTaHTbI U3MepeHus
10 byte DeviceAddress Anpec ycTponcTea 1..247
0 - Input Registers;
11 byte RegsType Twun perncTpoB YTeHNa 1 - Holding Registers
12 ushort StartOutputArea Hauano obnacty
BbIXOHbIX JaHHbIX
13 ushort CountOutputRegs Konu4ecTso BeIxoaHeIx 1...125
pPEerncTpoB
Ta6bnuua 3.1.11.2 (Bxoabl)
Tun MpumeuaHwe, e,
Homep arnemMeHTa MeTka OnucaHune P » €A
M3MepeHusi
AaHHbIX
1 Discret DebugMode Pexum otnagkm WcknioyaeT HacTponky 1
dopmupoBaHme
. pynna nogknoyeHnst rpynnoo6pa3}/ totuen
2 Variant Grp Modbus NnoaYNHEHHOW CBA3M OT TMNa
ModbusRTUSlave n
ModbusIPServer
Ta6bnuua 3.1.11.3 (Bbixoabl)
Tun MpumeuaHue, e,
Homep anemMeHTa MeTka OnucaHue P > 84
n3mMepeHus
AaHHbIX
dopmupoBaHme
rpynnoo6pasytoLei
1 Variant Grp Curnansl Modbus nogyYuHeHHom ceasn ansa TM
Tnnos Modbuslnput n
ModbusOutput




OnuncaHune yHKUMOHaNbHbIX 61TOKOB
000 «ACY-NMOEP» (TexHonorMyecknx Mogynen), Ctpanwnua 79
pen.1.2

Ta6bnuua 3.1.11.4 (HacTpowku)

Tun
Homep | anemeHTa MeTka OnucaHue Mpumeyanue, ea.
M3mepeHus
OaHHbIX
1 Discret DebugMode Pexunm otnagku

TM “MODBUS destination for read (function 3,4)” npegocraBnsieT OTBET Ha 3aMpocC YTEHUs C
master-ycTpoicTBa C UCMonb3oBaHMeM NpoTokonbHbIX pyHKUMiA 3 (Read Holding Registers) n 4 (Read
Input Registers), ux Tmn yctaHaBnmBaeTcsa KOHCTaHTon FlagsType.

KoHcTaHTa DeviceAddress onpepenseT agpec sBuptyansHoro Modbus-yctponcrtsa, kotopoe byaet
pearmpoBaTtb Ha 3anpoc oT master-yctponcrsa. B UC He orpaHnumBaeTCcs KONMYECTBO BUPTYarbHbIX
Modbus-ycTpoicTB Ha OAHOM OTKPbITOM CeTEBOM NOPTY, YTO No3BonsaeT ckoHdurypuposaTe VIC B
kavecTBe |P-wwnio3a rpynnbl HUxecTosawmx Modbus-yctpoincTs, ang kotopbix C cama siensetca Master-
ycTponcTsoM. Ho cnegyeTt NOMHUTB, YTO B Cryvae, ecnu K BollecTtosiwemy slave-cepsucHomy TM
npuBsA3aHbl HECKOMbBKO ONPOCHbIX TM € oaMHakoBbIMM agpecamu YCTPONCTB 1 oTpabaTbiBatoLime
oamHakoByo Modbus-dyHkuMto, To BbiOpaHo anst 06paboTkm 3anpoca 6yaeT ntoboe yCTponcTeo,
umetoLee 3ToT HoOMep M HoMep OYHKLMK, ocTarnbHble 6yayT NpOMrHOPUPOBaHbl. 3TO FOBOPUT O TOM, YTO
NC ponyckaeT hopMrpoBaHMe TOMbKO HEMPEPbIBHbLIX 0bnacTen perMcTpoBon NaMaTn AN Kaxgoun
Modbus-gyHKumN.

KoHcTaHTbl StartOutputArea n CountOutputRegs 3agatoT COOTBETCTBEHHO HaYarbHbIN agpec u
KONMMYeCTBO PErNCTPOB B BbIXOAHOW PErmcTpoBOM NamMaTH, 3a HanonHeHne KOTOpon OoTBeYaloT
HVXXeCcTosILLMe No rpynnoBomn nepapxmn TM Toyek BblBOAA.

Pexvm goKyMeHTMpOBaHUS nepecbiniaeMblX KagpoB HE NPeayCMOTPEH, MO3TOMY HAcTpoKrKa U BXO4
DebugMode He ncnonb3yoTcs (OHW 3ape3epBUpOBaHbI ANs OyayLwmMX peanusauun).

3.1.12. MODBUS destination for write (function 16)

MeTka Tvna: ModbusSIVWMItReg
Homep Tuna: 115
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 3.1.12.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanue MpumevaHue, BbIOOD, en.
KOHCTaHThblI M3MepeHus
10 byte DeviceAddress Appec ycTponcTea 1..247
11 ushort StartinputArea Havano obnactu BxogHbIX
AaHHbIX
12 ushort CountinputRegs KonmecTso BxopHbIX 1..120
perncTpos
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Tabnuua 3.1.12.2 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanme, eq.
M3mepeHus
OaHHbIX
1 Discret DebugMode Pexunm otnagku WcknioyaeT HacTponky 1
dopmMupoBaHue
rpynnoo6pasytoLen
2 Variant Grp b%/;;jsnonmroqemn NOAYMHEHHOW CBA3M OT TUNa
ModbusRTUSlave n
ModbusIPServer
Ta6bnuua 3.1.12.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
M3MepeHusi
OaHHbIX
dopmupoBaHme
1 Variant Grp CurHansl Modbus rpynnooGpas}/ otien
noaYmMHeHHon ceasn ansa TM
TMnoB Modbusinput
Ta6nuua 3.1.12.4 (HacTpowku)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
M3mepeHus
AaHHbIX
1 Discret DebugMode Pexunm otnagku

TM “MODBUS destination for write (function 16)” otpabaTbiBaeT Nony4yeHnss BXOQHOIO
peructpoBoro 6ygepa namsaTn OT master-ycTporcTBa C UCMONb30BaHMEM NPOTOKONbHOW hyHKUMMN 16
(Write Multiple Registers). 3a BbIGOpKy 3HaYeHMN 13 3TOro BXOAHOTO Bydhepa 0TBEYa0T HUXKEeCTosLME Mo
rpynnoson nepapxun TM To4ek BBOAA.

KoHcTaHTbl KOHMrypupoBaHusa agpeca BupTtyansHoro Modbus-yctponctea n obnactv BXogHOM
perncTpoBomn NamaTN aHanorMyHbl No yHKUMoHany ¢ koHctaHtamu TM “MODBUS destination for read
(function 3,4)”.

TM moxeT BeCcTu gokyMeHTupoBaHue kagpos Modbus, nonyvaemblx OT ycTponcTea. 3a
BKITIOYEHME 3TOro pexrMMa oTBevaeT HacTpovika 1 COOTBETCTBYIOLLUIA ANCKPeTHLIN Bxog DebugMode, emy
HeOoOXOAMMO YCTaHOBUTL 3HadeHne “1”. Pexum 3ageicTByeTCs, ECIM NPUCYTCTBYET pa3peLleHme
BbIBoAa “Bcer MHbopmauun” B TM “CuctemHbini koHurypatop” (DebugMode = 3). lNMpuHuMaemMble
Kagpbl 6yayT oTobpaxaTtbcd B 16-pryHOM NpeacTaBreHny B OTNagovyHOM KaHane, CKOH(MrypupoBaHHOM
HacTponkon TM “CuctemHbIn koHUrypaTop”, ecnm eCTb MU3MEHEHUS B pernctposom bydepe no
CpaBHEHUIO C NpeablayLMuK, OTOBpaKeHHbIM B OTNaA04HOM KaHane (ogmHakoBbln 6ydep NoBTOPSATHCA
He bygerT).
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3.1.13. MODBUS destination for read/write (function 23)

MeTka Tvna: ModbusSIVRWMItReg
Homep Tuna: 114
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 3.1.13.1 (KoHcTaHTbI)

Homep Twvn MeTka Onucanme MpumeyaHue, BLIGOP, ea.
KOHCTaHTbI n3MepeHusi
10 byte DeviceAddress Agpec ycTponicTBa 1..247
11 ushort StartinputArea Hauyano obnacTtun BXoAHbIX
JaHHbIX
12 ushort CountinputRegs Konm4ectso BxoaHbIX 1..118
perncTpoB
13 ushort StartOutputArea Havano obnactu
BbIXOHbIX JaHHbIX
14 ushort CountOutputRegs KonmyecTBo BbixoAHsIX 1..118
pPErncTpoB
Tabnuua 3.1.13.2 (Bxoabl)
Tun MpumeuaHue, e,
Homep anemMeHTa MeTka OnucaHue P » 8A.
n3mMepeHus
OaHHbIX
1 Discret DebugMode Pexum otnagkm WcknioyaeT HacTponky 1
dopmupoBaHme
. pynna nogkntoveHus rpynnoo6pa3}/ totuen
2 Variant Grp Modbus NoaAYNHEHHOW CBA3M OT TMNa
ModbusRTUSIave n
ModbusIPServer
Ta6nuua 3.1.13.3 (Bbixoabl)
Tun MpumeuaHue, e,
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHus
OaHHbIX
dopmupoBaHme
rpynnoo6pasytoLei
1 Variant Grp CwurHanbl Modbus nogyYnHeHHom ceasn ans TM
Tunos Modbuslnput n
ModbusOutput
Ta6nuua 3.1.13.4 (HacTpowku)
Tun MpumeuaHue, e,
Homep anemMeHTa MeTka OnucaHue P > 84
n3mMepeHus
AaHHbIX
1 Discret DebugMode Pexum otnagku

TM “MODBUS destination for read/write (function 23)” npegoctaBnsieT oTpaboTKy YTeHUS U 3anucu
3a 0JVH 3anpoc Master-ycTponcTea ¢ MCNonb30BaHNEM MPOTOKONbHOW yHKUmmM 23 (Read/Write Multiple
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Registers). 3toT TM obbeanHsaeT B cebe dyHKumnoHan n Hactporkun TM “MODBUS destination for read
(function 3,4)” 1 TM “MODBUS destination for write (function 16)”.

Pexum otnagku pabotaet aHanornyHo TM “MODBUS destination for write (function 16) ans
nonyyaembix Kagpos.

3.1.14. MODBUS Input Flag

MeTka Tuna: ModbusinputFlag
Homep tuna: 117
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 3.1.14.1 (KoHcTaHTbI)

Homep Twun MeTka Onucanme MpumeyaHue, BbIGOP,
KOHCTaHThblI el. aMepeHuns
10 ushort Address Appec To4kM BO BXOOHOW obnacTtu
Tabnuua 3.1.14.2 (Bxopabl)
Tun MpumeyaHwme, ¢
Homep anemMeHTa MeTka OnucaHue P » 8.
n3mepeHus
OaHHbIX
dopmurpoBaHue
1 Variant Grp 'pynnoBon Bxoa rpynnooGpaay otien
NOAYMHEHHON CBSA3N OT
Tuna ModbusRMItFlag
Tabnuua 3.1.14.3 (Bbixoabl)
Tun MpumeyaHwme, e
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHus
OaHHbIX
1 Variant Value BxogHoe 3Ha4yeHue

TM “MODBUS Input Flag” ssnseTca ogHum u3 TM BBOAa M NnpegHasHayeH ans YTeHus
AVCKPETHOIO COCTOSIHWS TOYKM M3 06nacTu dnaroe, NoNy4eHHOW U3 yganeHHoro yctporictea Modbus-
dyHKUnAMKU 1 nnm 2 yepes BolecToswmn onpocHelin TM “MODBUS source to read (function 1,2)”.

KoHcTaHTa Address ykasbiBaeT Ha agpec dnara B COXpaHeHHOM Gydepe AMCKPETHbIX doriaros
BblLecTosLero onpocHoro TM. Agpec AomKeH HaxoauTbCs B AvMana3oHe aapecoB ANCKPETHbIX doraros,
3ajaHHbIX COOTBETCTBYHOLLMMM KOHCTAHTaMu B onpocHom TM.

BbiGpaHHOe 3Ha4YeHne AMCKPETHOIO COCTOSHMA TpaHcnvpyeTcd B Bbixog Value. MNpu dukcaumm
owunbku B BbilecTosALweM onpocHoM TM npusHak KadecTBa ariemMeHTa AaHHbIX Bbixoga Value nonyyaet
HEeJOCTOBEPHOCTb “NO UCXOOHOMY UCTOYHUKY”.
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3.1.15. MODBUS Input Value

MeTka Tvna: Modbusinput
Homep Tuna: 18
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 3.1.15.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHune MpumesaHue, sLiGop,
KOHCTaHTblI el. 3aMepeHus
10 ushort Address Appec ToYkM BO BXOOHOW 0bnacTtu
11 byte DataSize Pa3mep sa4ernkn AaHHbIX TOYKU 2 unu 4 6anTa
12 InfoType TypeData Twun gaHHbIX
13 bool Revers HeobxogmmocTb peBepca 6anT

Ta6bnuua 3.1.15.2 (Bxopabl)

Tvn
Homep anemMeHTa MeTka OnucaHune Mpumevanne, en.
n3MepeHus
OaHHbIX
dopmupoBaHue
rpynnoo6pasytoLei
NoAYNHEHHOW CBSI3N OT
1 Variant Grp ['pynnoBou Bxoa Tvna ModbusRWMItReg,
ModbusRMItReg,
ModbusSIvVRWMtIReg,
ModbusSIvWMItReg
Ta6bnuua 3.1.15.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AaHHbIX
1 Variant Value BxogHoe 3Ha4yeHne

TM “MODBUS Input Value” saensietcs ogHum 13 TM BBOAa 1 npefHasHa4veH Angd YTeHust 3HavYeHust
13 obracTu perucTpoB, NOMy4YeHHON N3 yaaneHHoro yctporictea Modbus-gyHkumamu 3,4,16 nnm 23
yepes BblwecToswme onpocHble TM “MODBUS source to read (function 3,4)”, “MODBUS destination for
write (function 16)”, “MODBUS source to read/write (function 23)” nnn “MODBUS destination for
read/write (function 23)”. Kpome Toro, TM ocyLiecTBnseT npeobpa3oBaHne 3Ha4YeHNS YNTAaEMOro
peructpa K Tuny anemeHTa gaHHbix VIC.

KoHcTaHTa Address ykasbiBaeT Ha aipec perucrpa B COXpaHeHHOM perucTpoBom Gydepe
BbilLecTosIwero onpocHoro TM. Apec OoMmKeH HaxoauTbCs B AManasoHe afpecoB pPerncTpos, 3aaaHHbIX
COOTBETCTBYHOLLUMM KOHCTaHTamMu B OpPocHOM TM.

Mopsapok YTeHusa n npeobpas3oBaHUe 3HAYEHUS CReayLnA:

1) HauumHas c pernctpa no agpecy Address us peructpoBoro Oydepa untaetcs 2 unu 4 6anTa B S4ENKy
namsTn, B COOTBETCTBMM C YCTaHOBMNEHHON KoHCTaHTon DataSize (pernctp B ctaHgapte Modbus
umeeT pasmep 2 6aniTa);
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2) ecnu koHcTaHTon Revers 0603HavyeHa He0H6X0AMMOCTb peBepca, NpoUYnTaHHble 6GanTbl MEHSAIOT CBOW
NnopsiAoK creaoBaHUs Ha NPOTUBOMONOXHbIN (CTapLUMA CTAHOBMTCA MMaALllMM, a Mnaalwmm

cTapwmm);

3) ocylecTBnsieTcs NpUBEAEHME SYEKM NaMsTH K TUNY AaHHbIX, yka3aHHOMY B KOHcTaHTe TypeData.

lMpeobpasoBaHHOE 3HayYeHWe TpaHcnmpyeTcs B Bbixod Value ¢ BbiopaHHbIM TunoM. Mpu
dukcauum ownmbKn B BbilLeCTosILEM onpocHoM TM npusHak kayecTBa anemMeHTa JaHHbIX Bbixoda Value
noriy4aeT He4OCTOBEPHOCTb “NO MCXO4HOMY UCTOYHUKY”.

3.1.16. MODBUS Output Flag

MeTka Tvna: ModbusOutputFlag

Homep Tuna: 118

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Ta6nuua 3.1.16.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumetakue, BLIGop,
KOHCTaHTbI eA. usmepeHus
10 ushort Address Appec To4kM B BbIXOAHOM obnacTu
Tabnuua 3.1.16.2 (Bxoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AaHHbIX
dopmupoBaHme
1 Variant Grp "pynnoBon Bxog rpynn006pa3vy rolien
NOAYNHEHHOW CBSI3N OT
Tvna ModbusWMItFlag
2 Variant Value BbixogHoe 3HayeHne

TM “MODBUS Output Flag” aBnsaetcsa ogHum n3 TM BbiBoga 1 npegHasHadeH anst gopMmnpoBaHnsg
1 3anucu OUCKPETHOro COCTOSHNS B obracTb dhnaros, NOArOTOBNEHHON BbILLECTOSALWMM ONpPOCHbIM TM
“MODBUS source to write (function 15)” ana nepegayn B yaaneHHoe yctporcteo Modbus-dyHkumen 15.

KoHcTaHTa Address ykasbiBaeT Ha agpec dnara B nogrotoBneHHom 6ydepe AUCKpeTHbIX (hnaros
BblLLecTosAWwero onpocHoro TM. Agpec JomKeH HaxoanTbCS B AMana3oHe aapecoB AUCKPETHbIX cnaros,
3a4aHHbIX COOTBETCTBYOLWMMN KOHCTAHTaAMM B ONPOCHOM TM.

NcxopHoe 3HauyeHune ntoboro Tvna nocTynaeTt Ha 3a4encTBOBaHHbIN Bxoa Value n npeobpasyetcs
B ANCKPETHOE COCTOSIHUA CTaHA4apTHLIM cnocobom, npuHaTeiM B C. HegocToBepHOCTL BXOAa He

y4uUTbiBaeTCA.
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3.1.17. MODBUS Output Value
MeTka Tvna: ModbusOutput
Homep Tuna: 19
MpeactaeneH: Rp1, Rp2, Rp3, Rp4
Tabnuua 3.1.17.1 (KoHcTaHTbI)
Homep Tun MeTka OnucaHune MpumesaHue, sLiGop,
KOHCTaHTblI el. 3aMepeHus
10 ushort Address Anpec TOYkM B BbIXOOHOM obnacTtu
11 byte DataSize Pasmep s4enkn gaHHbIX TOYKK 2 unn 4 6anta
12 bool Revers HeobxogmmocTb peBepca 6anT
Tabnuua 3.1.17.2 (Bxoabl)
Tun MpumeyaHue, en
Homep | anemeHTa MeTka OnucaHue v
n3mMepeHusi
AaHHbIX
dopmupoBaHue
rpynnooGpasytoLen
NOAYNHEHHOW CBS3UN OT
1 Variant Grp "pynnoBon Bxoa Tuna ModbusRWMItReg,
ModbusWMItReg,
ModbusSIvRWMtIReg,
ModbusSIvRMItReg
2 Variant Value BbixogHoe 3HayeHune

T™M “MODBUS Output Value” ssnsetca ogHum n3 TM BbiBOga 1 npeaHa3HayveH ans
HPOpPMMPOBaHUSA 1 3anMCK 3HAYEHUS B 06nacTb PerncTpoB, NOArOTOBIIEHHOW BbILUECTOSALLMM ONPOCHBLIM
TM “MODBUS destination for read (function 3,4)”, “MODBUS source to write (function 16)”, “MODBUS
source to read/write (function 23)” unu “MODBUS destination for read/write (function 23)” ana nepegaun
B yAaneHHble yctponctsa Modbus-dyHkumamu 3,4,16 nnn 23.

KoHcTaHTa Address yka3sbiBaeT Ha agpec permctpa B NOAroTOBNEHHOM pernctposom dydepe
BblLecTodLero onpocHoro TM. Agpec AomKeH HaxoauTbCs B AMana3oHe aapecoB PerucTpoB, 3a4aHHbIX
COOTBETCTBYIOLUMUN KOHCTaHTamu B onpocHom TM.

McxogHoe 3HaveHne nocTtynaet Ha 3agencTeoBaHHbIN Bxoa Value n npeo6pasyeTC$| B 3Ha4YeHue
perncTpa B criegyrouwem nopdaake:

1) 3Ha4veHune, nNocTtynmeLlee Ha BXoa Value B cocTaBe anemMeHTa AaHHbIX, pacnonaraeTca B syenke

pa3svepom 4 6anTa;

2) B COOTBETCTBUM C KOHCTaHTOM DataSize siuernika 6epeTcsa nonHocTbelo (4 6arTta), Nnnbo TonbKo

Mnagwmue 2 6anta;

3) ecnu koHcTaHTon Revers o6o3HaveHa HeO6Xo0AMMOCTb peBepca, B3siTble BanTbl MEHSIIOT CBOM
NopsiA0OK CrieaoBaHUS Ha MPOTUBOMONIOXHbIN (CTapLUUI CTAHOBUTCS MNawWwnMm, a Miagwmnm

cTapwmm);

4) B3aTble 6anTbl (2 unn 4) KONMPYKTCA B NOAFOTOBIEHHLIN PErMCTPOBLIV Bydep, HauMHasa ¢ agpeca

KOHCTaHTbl Address.

HepoctoBepHoCTb Bxoga Value He yunTbiBaeTCs.
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3.1.18. BxogHon anemeHT RF-gatyunkos

MeTka Tvna: RFSensor
Homep Tuna: 3
MpeactaeneH: Rp1, Rp2, Rp3

Tabnuua 3.1.18.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHune MpumesaHue, sLiGop,
KOHCTaHTbI eA. usmepeHus
10 ushort Address Anpec CTpyKTypbl BO BXOAHON obnacTu
11 ushort SensorType Kopg Tuna gatymka
12 byte SensorChannel Homep WH. kaHana
13 byte Sensorldent MaoeHTudpmkatop gatymka
14 ushort WaitInterval Bpems oxumaaHus MHd. oT gaTtynka cek
Ta6bnuua 3.1.18.2 (Bxoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHus
AaHHbIX
dopmupoBaHme
rpynnoo6pasytoLei
1 Variant Grp pynnoBou Bxoq NoJ4YMHEHHOM CBA3N OT
Tuna ModbusRWMItReg,
ModbusRMItReg
2 Discret DebugMode Pexwum otnagku WcknoyaeT HacTporky 1
Ta6bnuua 3.1.18.3 (Bbixoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AaHHbIX
1 Integer Valuel 3HaueHue 1
2 Integer Value2 3HaveHune 2
3 Integer Value3 3HaueHune 3
4 Integer Value4 3HaveHve 4
5 Integer Value5 3HaueHune 5
buTtoBoe none:
6 Unsigned State CocTosiHMe 0 OUT - peXxXum oTNnaaKu;
Ta6nuua 3.1.18.4 (HacTpowku)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AaHHbIX
1 Discret DebugMode Pexum otnagkm
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TM “BxogHown anemeHT RF-gaTunkoB” aBndeTcs crneunanuanpoBaHHbiM TM BBoga 1
npegHasHayeH ans nonyvyeHus nHopmaumm ot 6ecnpoBOAHbIX AaTYMKOB, paboTatoLmMx BO BHYTPEHHEM
npotokone ®DiademRF. TM uutaeT cTpykTypy 13 permctposoro 6ydpepa TM “MODBUS source to
read/write (function 23)” nunn TM “MODBUS source to read (function 3,4)”, nony4eHHoOro yepes
CUCTEMHYIO LUMHY C YAaneHHOro yCTPOMCTBA, SABMAIOLLEroca npueMHukom RF-gaTymkos.

OnuHa n agpec peructpoBon obnacTtu, 3anpalimBaemomn C yaaneHHoro yCTponcTea, ykasaHbl B
WHCTPYKLUUKM No paboTe ¢ 3TUM YyCTpoMCTBOM. 3anpawmBaemMasi obnactb 06CnyXnBaeT Bce
OecnpoBoAHbIE AATUYNKK, NPUHMMaeMble RF-npueMHMKoM, noaTtomy anga scex TM “BxogHon anemeHT RF-
OaTUYMKOB”, NPMBSA3aHHbLIM K oaHOMY onpocHomy TM, agpec paboyen permctposon obnactu éyaet
OZIMHaKOBbIM 1 onpefensembiM KoHCTaHTon Address. Agpec AoMmKeH HaxoaUTbCS B Auana3oHe agpecos
pPEerncTpoB, 3afaHHbIX COOTBETCTBYHOLLMMM KOHCTAHTaMn B ONpocHOM TM, ¢ y4eTOM ONUHbI CTPYKTYpbI
NPUeMHMKa.

[nsi BIOGOpa HYXXHOTO AaTyMKa U3 BCEX MOSTydaeMbiX U 0TOOpakaeMbix B 3TON perMcTpoBomn
obnacTtv BBeAeHbl MASHTUMUKALNOHHbIE KOHCTaHTbl: KOA Tuna gaTyuka (SensorType), Homep
nHdopmaunoHHoro kaHana (SensorChannel), ngeHtndukaTtop gatymka (Sensorldent). Nogpo6Ho 06
naeHTudrKaLmM 4aTYMKOB ONMCLIBAETCH B UHCTPYKUMUM KOHKpeTHoro RF-gaTtumka. MocmoTtpeTb Ha
naeHTnrKkauuio BHOBb BBEAEHHOIO AaTymMka MOXHO, ecnun nepesecTtu nobon TM “BxogHon anemeHT
RF-gaTyMKoOB”, NOAKIIOYEHHbIN K TOMY e onpocHoMy TM, B pexum OTnagku, yCTaHOBMB HacTPOWKY Unn
Bxog DebugMode B “1”. B 0Tnago4HbI kaHan 6yayT nepegaBaTbCsi NOCLIKN BCEX AATYMKOB,
nony4aemsbix onpalinsaembiMm RF-npnemMHmukom.

Mpeobpa3oBaHHbIE MapameTpbl U COCTOSIHME AaTyuka oTobpaxatoTcs B Bbixogax Valuel(-5) u
State. CyTb napameTpoB 1 NEPCOHANbHbIX COCTOSHUI yKa3biBAETCH B MHCTPYKLUMAX Ha gaTymku. Ecnn
KOSIMYEeCTBO NapaMeTpoB AaTymka MeHbLUe 5, To Hencnonb3yembiM Bbixogam Value npucBamsaetca “0”.
Mpu cpmkcaumm owmnbKM B BbiLLECTOALLEM ONPOcHOM TM npusHak kayecTBa 31EMEHTOB AaHHbIX BbIXOO0B
Value nony4yaeTt HeJOCTOBEPHOCTb “NO MCXOOHOMY UCTOYHUKY”. OTa e HeAOCTOBEPHOCTbL OyaeT
YyCTaHOBIEHA, €Crn 3a BpeMS, ykasaHHoe B koHcTaHTe Waitinterval, ot BeibpaHHoro gatymka He 6yger
nony4yeHa HW ogHa nockinka.

3.2.Mpotokon MQTT

3.2.1. O6uwasa cxema paboThl

B NC peanusoBaHa BO3MOXHOCTb 0OMeHa JaHHbIMU NO cTaHAapTy (npoTokony) MQTT Bepcum
3.1.1 c co3gaHMeM Kak OTKpbIToro coeanHeHns TCP, Tak n SSL-coeAiMHEHUS C UCNOMb30BaHUEM
npoTtokona 3awuTtbl TLS 1.2. Tunosas cxema paboTbl NpeacTaBneHa Ha PUCYHKE HUXKeE.

Mpotokon MQTT opueHTUpoBaH Anst obmeHa coobLLEeHNAMN MeXay YCTPOMCTBaMM NO NPUHLMNY
“nsgatenb-nognucymk”’. Cxema B3aMMOAENCTBMS YCTPOWCTB MO 9TOMY NPOTOKOMY npegnonaraet Hannyne
LeHTpanbHoro 3seHa obmeHa — 6pokepa. [Noa ycTporcTBamMmn NOHMMAIOTCS BCe NpOorpaMMHo-annapaTHble
cpeacTBa NpyHMMaroLLme, 1 nepegatowme coobleHns B popmaTte npotokona MQTT. YcTponcTea
NOAKITHYalTCH K BbiIbpaHHOMY ceTeBOMY BpOKepy, KOTOPbIN BbIMOMHAET POfib NOCPEAHUKa MEXAY
KOHEYHbIMW KNMeHTamMmu, o6MeHuBaroLwmMncsa nHdopmanmen. YCTponcTBa, Xenarwwme nepegatb
MHcOpMaUMIO APYrMM YCTPONCTBaM, NocbinatT coobLieHns bpokepy (Ny6nuvkytoT) B dhopmare: ums
anemeHma (monuk) — 3Ha4yeHue (cmpoka mekcma). bpokep mkcupyeT nony4yeHHble TOMUKM B CBOEM
aZipeCcHOM MpPOCTPaHCTBE. YCTPOMCTBA, XenatLue NpuHATL MHAOPMaLUIo OT APYrMX YCTPOWCTB,
obpaLluatoTcs K 6pokepy € 3anpocoM Ha norydeHne (Noanucky) oTaenbHbIX TONUKOB (topic), Nnbo rpynnbl
TOMMKOB MO BbIGpaHHOMY LIabnoHy umeHn. Nocne aToro Bce U3MeHeHUsi 3Ha4YeHW TONUKOB,
oTnpaensieMble yCTpoONCcTBOM-u3gartenem (publisher), 6ygyt aBTomaTnyeckm nepeHanpaBnsaTbCs
©pokepom ycTporcTBam-nognucyiukam (subscriber).
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B ceteBoM nnaHe 6pokep npeacrasnseT cobon TCP-cepeep. OH MOXeT pacnonaraTbCs Kak B
nokanbHoOW ceTn obbekTa ynpasneHus, Tak u B rmobansHon ceTtu Internet, B Tom umcne B Buae
“obnayHoro” cepBuca, NpPeaoCTaBNsIEMOro CTOPOHHMMM KOMMaHUsIMU Ha B6ecnnaTHOM UM KOMMEPYECKOW
ocHoBe. bpokep MOXeT Takke pacnonaraTbCsi Ha TOW Xe annapaTtHon nnatdopme, 4to n NC, B BUge
oTaenbHoOW cuctemHon cnyxbel. Bpokep He aBnaeTca yacTbio VC, 1 B kauecTBe €ro MOXeT
ucnonb3oBaTbcs Nobas NporpamMmHas peanvsauus, nogaepxueatowasi craHgapt MQTT Bepcumn He

Hwxe 3.1.1. NpoBepka B3anmogenicTeusa MC ocyuiecTenanack ¢ 6pokepom Eclipse Mosquitto, B Tom
yucre B Buae “obnadvHoro” cepsuca CloudMQTT (http://cloudmgtt.com)

PucyHok 3.2.1 (TunoBas cxema)

Broker_A Broker B
| = Comer)

J

// .
’l

// /

Ycrpotiicteo (UC)

|
vaIue-::ﬂ o
value-=>z:|]




OnuncaHune yHKUMOHaNbHbIX 61TOKOB
000 «ACY-NMOEP» (TexHonorMyecknx Mogynen), Ctpanwnua 89
pen.1.2

PucyHok 3.2.2 (O603Ha4eHus)

O 0 o

I:I-o ---------------------------- o—l:l-o - accoumauma Tmna “OTHoweHne” mexay TM “MQTT broker connection” n TM
TOYKM BBOAA/BbIBOAA C Npeobpa3oBaHMem semMeHTa gaHHbIx (TM
ny6anKaumm/noanmcKkm)

N topic 1 -

Ny - MQTT-6poKep B 10Ka/bHOM CETU C NPOCTPAaHCTBOM TOMMKOB

o
X ’

- MQTT-6poKep B rnobanbHOM CETU C NPOCTPAHCTBOM TOMUKOB

<

o

X /

- YCTPOMCTBA C NepcoHanbHbimM MQTT-KANEHTaMu, nosyyatome m
& @ — ny6aMKylowme ToNUKn

Bce ycTporicTtBa nogkntoyatoTcs K 6pokepy kak TCP-knueHTbl. B 3aBUCMMOCTM OT KOHGUrypaumm
Opokepa KIMeHTbl MOryT NPOXOANTb ayTeHTUdUKaLMI0 NyTeEM BBOAA MMEHMW NOfMb3oBaTens (User) u
napons (password). bpokep MOXeT paspeluaTb Co3aHne 3aLULLEHHOrO COeANHEHMS, AN 3TOrO KNNEHT
00513aH UMETb yKa3aHHbIV CEpPBEPOM AENCTBUTENBHbIN LIMPOBON cepTUdUKaT, MOMYYEHHbIN OT
YLOOCTOBEPSIOLLETO LieHTpa. B oTAenbHbIX criydasix opraHv3auumsi, obcnyxumsatowlasi 6pokep, MOXeT cama
npegocTaBnsaTb Undgposon ceptudukat. Jltobbie coeanHeHnsi ¢ 6pokepom B rnobansHoOM cetu
peKoMeHayeTCs yCTaHaBNUBATbL TOMbKO Yepes 3allmLeHHOe coeauHeHne. bpokep MoxXeT Takke
yNpaBenaTb paspelleHnsiMM 4OoCTyna K TONMKaM B 3aBUCUMOCTM OT NOAKIKYaEeMOro nosb3oBaTens.

dopmMaT TeKCTOBOro 3Ha4eHns coobLLeHNs Bcerga onpegensercs onyGnnkosasLUMM ero
KNMMEeHTOM, 1 BpoKep He MOXET ykasaTb nosydatoLemMy coobLieHne KNMeHTY MHOPMaLMIO O ero Tune
AaHHbIX Unn 6onee cnoxHon cTpykType. CornacoBaHune chopmaTta coobLLEeHN MeXAy KnneHTamm
BbIXOOUT 3a paMku ctangapta MQTT.

NC ponyckaeT ogHOBpeMeHHOE MOAKITHYEHNE K HEOrpaHUYeHHOMY KOnmM4ecTBy BpokepoB ¢
CO30aHNEM OTKPbITbIX UMK 3aLUULLEHHBIX cOeaUHEHUA. PopMaT Nockinaemblx U 4ONYCTUMBIX K TpUemy
coolLeHun paccmaTpmBaeTcs B paMkax onncannsa TM BBoga/BbiBoAa, paboTatoLwmx C NPOTOKOIIOM
MQTT.
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3.2.2. MQTT broker connection
MeTka Trina: MQTTConnector
Homep tuna: 104
MpeactaeneH: Rp1, Rp2, Rp3, Rp4
Tabnuua 3.2.2.1 (KoHcTaHTbI)
Homep Twvn MeTka Onucanme MpumeyaHue, BLIGOP, ea.
KOHCTaHTblI M3MepeHus
10 string BrokerAddress Anpec MQTT-6pokepa IP unn DNS agpec
11 ushort BrokerPort TCP-nopt MQTT-6pokepa
12 string MgttClientld VpenTudpukatop MQTT-
KrnneHTa
13 string MgttUser QOHbSOBaTeﬂb MQTT-
pokepa
14 string MgttPassword 2 aporis 8xopa 8 MQTT-
pokep
. WHTepBan TecTupoBaHus
15 ushort MqttKeepalive MOQTT-coemHeHs cek
16 ushort ActionTimeout Tanmayr oxupars McekK
3aBepLIeHUs onepauuu
0 — oTCyTCTBYET;
1-TLS1.2;
17 byte MgttDefaultSecurity Mpu3Hak SSL-coegnHenns | 2 —TLS 1.1;
3-TLS 1,
4-SSL3
18 string ServerCertificate Ceprudpukar MQTT- Ccblinka Ha gann
cepsepa
Tonuk coobLeHns o
19 string MattWillTopic notepe CBsI3N C KNNEHTOM
Ha MQTT-6pokepe
20 string MattWillMessage Coobujenme o norepe
CB$131 C KITMEHTOM
21 string CommonTopicPrefix Obuwmit IpecuKke umeH
TOMWKOB
Tabnuua 3.2.2.2 (Bxoabl)
Tun MpumeyvaHne, eqa
Homep anemMeHTa MeTka OnucaHue >
M3mepeHus
AAHHbIX
1 Unsigned PntControl KomaHaHbIn Bxop, Peseps
2 Discret DebugMode Pexvm otnagkn WckniouyaeT HacTporky 1
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Ta6nuua 3.2.2.3 (Bbixoabl)

Tun
Homep anemMeHTa MeTka OnucaHune Mpumevanne, ea.
M3mepeHus
OaHHbIX
dopmMupoBaHue
rpynnoo6pasytoLlei
noaYnHeHHon ceasn ans TM
1 Variant Grp "pynnoBon BbIXOA TMnos Mqttinput, MqttOutput,
MqttStrOutput,
MqttJSONOutput,
MqttJSONInput
ButoBoe none:
2 Unsingned State CocTtosiHue 0 Bur - FOTO,BHOCTb padoTel
¢ 6pokepom;
1 61T — pexum oTnagku
Tabnuua 3.2.2.4 (Hactponku)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
M3mepeHus
AaHHbIX
1 Discret DebugMode Pexum otnagku

TM “MQTT broker connection” npeaHasHa4yeH ans KOHPUrypmMpoBaHus, yCTaHOBIIEHUSI U KOHTPOMS
coeanHenusa ¢ MQTT-6pokepom. TM “MQTT broker connection” Takke ABnsieTcs rpynnoodpasyowmm
anst TM Beoga/BbiBoga, oH QOPMUPYET CMNCKM 3aKka3aHHbIX MO NOANUCKE, a Takke NyonMKyembix Ha
BblIOpaHHbI GPOKep TOMUKOB, BXOOSALLMX B €r0 MOAYMHEHHYIO rpynmny.

MapameTpbl TpaHcnopTHoro TCP-coeanHeHus 3agatoTcsa KoHcTaHTaMmu BrokerAddress m
BrokerPort. 3awwmiLeHHbIV kaHan BkAoYaeTcsa koHcTaHTon MqattDefaulSecurity nytem Beibopa Tuna
NpOTOKOMa 3aWwuTbl TPAHCNOPTHOrO YpoBHS. ocne aTtoro MoxeT noTpeboBaTbCcsa nogknoyeHre danna
LumdpoBoro cepTugukaTa ansa nocnenyoLlen sarpyskm ero B ycTponctaso smecte ¢ TI1. ®ann
cepTudukaTa ykasbiBaeTcs B koHcTaHTe ServerCertificate, oH gormkeH GbITb NpeAcTaBneH B cTaHaapTe
X.509 n 3akoguposaHHon popme ctaHgapTa CER mnu DER (pacwmpenns dannos *.crt, *.der, *.pem).

KoHcTaHTa ActionTimeout onpegenseT TanMmayT OXugaHusa NOATBEPXKOEHUSA Ha onepawuio
3anpoca Kk 6pokepy. Ha Bpems aToro oxumgaHuns 61oKMpyroTCsa Bce criegyloLimne onepauum 3anpoca. B
cryyae npeBbILLEHNsT OXUOaHWs 3TOW BENUYUHBLI KaHan ¢ 6pokepom nepeco3gaeTcs. BenvumHa
TarimayTa BO MHOrOM OnpefenseTca BpeMeHeM peakuumn yganeHHoro MQTT-6pokepa, noaTomy aTy
KOHCTaHTy PEKOMEHLYETCH OCTaBMATb BENMYMHOM NO YyMon4yaHumio (100 mcek), a npy nosiBneHun npobnem
C CoenHEeHVsIMU, Hanpumep, YacTblX pa3pbiBoB, yBenuumeath ¢ warom 100 mcek (ao 1000 mcek) n ¢
warom 1000 mcek (Bbiwe 1000 Mcek) 4O UCHE3HOBEHNS CaMOMPOU3BOSbHbLIX Pa3pbIiBOB.

lanee cnenyoT KOHCTaHTbI, y4acTBYIOLLME B HACTPOMKe NPVKNagHOro YpoBHs npoTokona MQTT:

- MgttClientld — onpegenseT yHUKanbHbIN MAEHTUUKATOP KIMEHTA, B pamMKax NOAKMIYEHNS K
BbIOpaHHOMY Bpokepy, MOAKINIOYEHNE BTOPOrO KIIMEHTA C OANHAKOBLIM MAEHTU(UKATOPOM YXKe
NOAKITIOYEHHOr0, 3aKpbiBaeT COEAUHEHUE NEPBOrO; MAEHTUDUKATOP BbIONPAETCHA KITMEHTOM
CaMOCTOATENbBHO, C Y4eTOM orpaHudeHunn ctaHgapta MQTT (cTpoka, cogepxaluas umdpbl Unm
CUMBOJbI NaTUHCKOro andaeuta 6e3 npobenos, He 6onee 23 cMMBOOB);

- MqttUser — cornacoBaHHoe ¢ 6pokepom ums nonb3oBaTensa unu nboe, ecriv 6pokep gonyckaeT
rocteBoe NoAKMyeHne;

- MqttPassword — cornacoBaHHbI ¢ 6pokepom naponb Nonb3oBaTens, ecnu TpebyeTcs;

- MgttKeepalive — MHTepBan NOCbIIKM TECTOBOIO Kaapa KNneHToM Bpokepy B OTCYTCTBUUN OpYrnX
NOChINOK; ecnv 6pokep hmKcupyeT OTCYTCTBME NpMeMa OT AaHHOro KINneHTa 3a BpeMs
MqttKeepalive * 1.5 cekyHA, TO CO CBOEWN CTOPOHbI 3aKpbIBAET COEANHEHME C AaHHbIM KITMEHTOM;
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OTKIMIOYNTb 3TOT MEXaHN3M NPOBEPKN MOXKHO, YCTaHOBMB B KOHCTaHTY “0” (He 3anonHATb norne), Ho
3TOro Aenatb He peKOMeHAyeTCs;

- MqttWillTopic n MqgttWillMessage — cOOTBETCTBEHHO TOMUK U coobLleHne, koTopoe bpokep 6yaeT
aBToMaTMyeckn nybrnmkoBaTb B Criydae HEKOPPEKTHOMO OTKIOYEHUS KnneHTa oT Bpokepa (6e3
nony4yeHns oT KNneHTa naketa o6 OTKNIOYEHUW), HanNnpyMMep, Npu oWnBKe CETEBOMO UMK
TPaHCMOPTHOIO YPOBHA NPOTOKOMA, U NPUHYOUTENBHOMO OTKITYEHUS KITMEHTA MO NPEBbLILLEHMWIO
KeepAlive-nHTepBana; OTKNIOYNTbL 3TOT MEXaHM3M MOXHO, He 3anonHsas MqttWillTopic;

- CommonTopicPrefix — o6wen npedukc umeH Bcex Tonnkos, TM KOTOpPbIX NpMBA3aHbl K JAaHHOMY
rpynnosomMy TM; ata onuusa moxeT 6bITb NonesHa npu knoHnpoBaHun TI1 Ha MHOXeCTBO
YCTPOMWCTB, 0OMEHMNBaIOLLMX AaHHbIMK C ogHUM MQTT-6pokepoMm, ANs UCKMIOYEHWS
HEeOOXOAMMOCTUN PYYHOTO M3MEHEHUSA MMEH KaXKAOro M3 TOMUKOB A1 BCEX YCTPOWCTB.

TM “MQTT broker connection” no3BonsieT 4OKYMEHTMPOBaHME COObITUI NpOTOKONa
(OTKpPBITMA/3aKPLITUA KaHarna, 3anpockl NOAMUCOK Ha TONUKK, OLUMOKM NPOTOKOMNAa) B paMKax oTnagoqyHon
cxembl VIC. 3a BKkNoYeHrEe 3TOro pexuma OTBeYaeT HacTporka U COOTBETCTBYIOLNIA ANCKPETHbIV BXO4
DebugMode, emy Heo6x0AMMO YCTaHOBUTbL 3Ha4YeHne “1”. Pexxnm 3agencTByeTcsl, eCnu NnpucyTcTByeT
paspelueHne BbiBoga “Bcen nHopmauun” B TM “CuctemHbin koHdurypaTop” (DebugMode = 3).
CobbiTusa 6ygyT oTobpaxaTbCs B OTNaA0YHOM KaHane, CKOHUrypMpoBaHHOM HacTporkon TM
“CucTemMHbIln KoHdurypaTtop”.

Bbixog State 0To6pa>|<aeT yCTaHOBJ1€HHblIE COCTOAHNA TOTOBHOCTU obmeHa ¢ 6p0Kep0M (HaJ'II/I‘-II/Ie
KaHala 1 BbiNofHeHne npouenypbl aYTeHTI/I(*)VIKaLI,I/IVI) N BKIMKOYEHWE pexnma otnagku.

3.2.3. MQTT topic subscriber

MeTtka Tuna: Mqttinput
Homep Tuna: 1
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 3.2.3.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanme MpumeyaHue, BbIGOP,
KOHCTaHThblI eA. smMepeHus
10 string TopicName Wma tonnka MQTT
11 InfoType Typelnput Twn BXogHOro aneMmeHTa Hpe06pfa3oaaHme ms
BXO[HOW CTPOKM
12 ushort HoldInterval Bpems yaepxaHus go cobpoca B 0 MCeK
13 bool FlagSave CoxpaHeHne 3HavyeHus

Tabnuua 3.2.3.2 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumetanue, en.
n3mepeHus
AaHHbIX

dopmumpoBaHve

1 Variant Grp 'pynnoBou Bxoa rpynn006pa3}/ totiev
NOAYMHEHHOW CBSA3N OT
Tvna MqgttConnector
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Ta6nuua 3.2.3.3 (Bbixoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, en.
n3mepeHusi
OaHHbIX
1 Variant OutData MpuHaToe 3HaveHune
Tabnuua 3.2.3.4 (HacTtponku)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » €.
n3mepeHusi
AaHHbIX
1 Variant SetValue CoxpaHeHHoe/3agaHHOe 3HayYeHne

TM “MQTT topic subscriber” aensetca TM BBoga 1 npegHasHayeH Ans 3akasa coobLleHni oT
Opokepa (nognuckn) onsi BeIbpaHHOro kKoHcTaHTon TopicName Tonuka n npeobpasoBaHUA MPUHATBLIX
COOOLLEHWNI 3TOro ToMMKa B TUM 3fIEMEHTA AaHHbIX, onpeaensemMbli KOHCTaHToM Typelnput.

Kak y>xe oTMevanock, 3HadeHus cCooOLLEHMS TONUKA UMEIT TEKCTOBLIN hopmaT. MNpeobpasoBaHuto
noanexaT ToNbKo undpoBble 3HaKoBble Unn 6e33HakoBblE NpeacTaBneHus 4ecAaTnyHoro siaa. ns
nnaesatoLero popmarta npefcraBrneHne MoxeT 6bITb 3anMcaHo Kak B NPOCTon hopme ¢ pasgenutenem

“ 0

“.” (To4yka), TaKk U B 9KCMNOHEHLUManNbHOW C CUMBOSOM 3KCMOHEHTH! “e” nnu “E”. YcnewHo npeobpasoBaHHoe

3Ha4veHue nepegaetcs Ha Bbixog OutData. |_|pl/l BO3HWKHOBEHMWM OLLMOKM I'Ip606pa3OBaHVIF| Npun3HaK
Ka4dyecTBa BbiXxoda nony4ynT HeaOCTOBEPHOCTb “maTtemaTtumyeckoe rlepenonHeHMe".

Mpeobpa3oBaHHOE JOCTOBEPHOE 3HaYeHMEe MOXET ObiTb COXpaHeHo B HacTpoiike SetValue n
BOCCTaHOBIEHO Ha Bbixoae OutData nocne nepesanycka NC. [Ina aToro He06xoaMMo BKMOYMTb ONUMIO
COXpPaHEHHOro 3Ha4YeHns B koHCTaHTe FlagSave.

KoHcTaHTa HoldInterval otBevaeT 3a yaepkaHue nonyyeHHOro 3HayeHusi Ha Boixoge OutData B
TeyeHve 3aaHHOro MHTepBarna BpeMeHu C NocrneayoLmMmM aBToMaTnyeckum cbpocom B JOCTOBEPHbIV
“0”. Ecnu koHCTaHTa He ycTaHoBMeHa, 3Ha4YeHne aBToMaTnyeckn copacbiBaTbCs He BygerT.

3.2.4. MQTT topic publisher

MeTka Tvna: MqttOutput
Homep tuna: 2
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 3.2.4.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanme MpumeyaHue, BbIGOP,

KOHCTaHTbI ef. u3smMepeHus
10 string TopicName Wmsa tonnka MQTT

0 - nepefadva 3HayeHus;
1 - nepepayva npusHaka
KayecTsa;

2 - nepepava MeTku
BpEeMeHMU;

3 - JSON-cTpyKTYpa

11 byte Mode Pexum paboTtbl




000 «ACY-NMOEP» (TexHonorMyecknx Mogynen), CtpaHnua 94

OnuncaHune yHKUMOHaNbHbIX 61TOKOB

pen.1.2

Tabnuua 3.2.4.2 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, en.
n3mepeHusi
OaHHbIX

dopmMmpoBaHune

1 Variant Grp "pynnoBson Bxoa rpynnoo6pasy toLou
NOAYMHEHHOW CBSI3N OT
Tvna MqttConnector

2 Variant InData [NepenaBaemoe 3HayeHue

TM “MQTT topic publisher” sensietca TM BbiBOga 1 NnpeaHasHaveH Ans oTnpaBky COOOLEHNI

Opokepy (nybnukaumm) BeiGpaHHOro koHcTaHTon TopicName Tonuka. CoobLieHne hopmmupyeTcs ns
afneMeHTa AaHHbIX, nocTynarowero Ha Bxog InData, n npeacraensieT cobon CUMBObHYO CTPOKY, BUA
KOTOPOW onpefenseTcst 3Ha4eHeM PeEXMMHON KOHCTaHTbl Mode:

1) [O] 3HayeHune — U3 anemMeHTa JaHHbIX BblAENAeTCst 3HaYeHme 1 npeobpasyeTcs B CTPOKY AECATUYHOIO
dopmara (ans Tvna Float ucnonb3yetcs pasgenurens “.” Touka);

2) [1] kayecTBO — 13 ANeMeHTa AaHHbIX BblAENAeTCs NpU3HaK kayecTsa u npeobpasyeTcs B CTPOKY B
AecAaTn4HOM dhopmarTe;

3) [2] Bpems — bMKCMpyeTCs nokanbHOe BpeMs 3MeHeHUs anemMeHTa AaHHbIX Ha Bxofde InData n
npeobpasyeTcs B cTpoky wabnoHa DD.MM.YYYY HH:NN:SS.ZzZZ (DD — geHb, MM — mecsau, YYYY —
rog, HH —yvac (B 244), NN — MuHyTa, SS — cekyHaa, ZZZ — MUNNUCEKYHAA), KONTIMYECTBO CMMBOJSIOB B
CTPOKOBOW faTe coBnagaeT C KoM4eCcTBOM CUMBOOB LwabnoHa;

4) [3] JSON-cTpykTypa — cchopmmpoBaHHaa JSON cTpykTypa Buga {"value": [3HauyeHune], "quality":
[kauecTBO], "timestamp": "[Bpems]"} , rae [3HadyeHne] — 3HaveHune Kak n.1, [kayecTBO] — Ka4eCTBO Kak
n.2, [Bpems] — Bpem4 kak n.3, Ho nosic UTC.

3.2.5. MQTT string selector published

MeTka Tvna: MqttStrOutput

Homep Tuna: 110

MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 3.2.5.1 (KoHcTaHTbI)
Homep Tun MeTka Onucanme MpumeyaHue, BbIGOP,
KOHCTAHTbI eA. usMepeHus

10 string Str0 CTpoka npu 3Ha4yeHum Bbixoga 0
11 string Strl Crpoka npu 3HayeHun Bbixoda 1
12 string TopicName Wmsa Tonnka MQTT
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Tabnuua 3.2.5.2 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, en.
n3mepeHusi
OaHHbIX

dopmMmpoBaHune

1 Variant Grp "pynnoBson Bxoa rpynnoo6pasy toLou
NOAYMHEHHOW CBSI3N OT
Tvna MqttConnector

2 Discret InData 3HadeHue Bbibopa CTPOKK

TM “MQTT string selector published” sensietca TM BbiBOga 1 npegHasHadeH aAng oTnpaBky
coobueHunsa 6pokepy (Nybnmkauum) BeidbpaHHOro koHcTaHTon TopicName Tonuka.

CoobueHne hopmupyeTcs U3 CTpOK, 3afaHHbIX KOHCTaHTamum StrO unu Strl. CoobuieHne 13
KOHCTaHTbI Strl Bo3HMKaeT Npu cMeHe Ha Bxoae InData coctosiHus ¢ “0” Ha “1”. CoobLieHne 13
KOHCTaHTbl StrO Bo3HMKaeT Npu cMeHe Ha Bxoae InData coctosiHusa ¢ “1” Ha “0”. Cpasy nocrne co3gaHus
kaHana ¢ 6pokepom coobLieHne nepegaeTcsi Ha OCHOBaHMM CYyLLLECTBYOLLEro cocTtosiHus InData.
HepocTtoBepHOCTb BxOAa He yuuTbiBaeTcs. Bo3aMOXHO 3agaHne TONbKO OAHOW U3 KOHCTAHT Str0 unun Strl.

3.2.6. MQTT JSON-topic publisher

MeTka Tmna: MqttJSONOutput
Homep Tuna: 133
MpenctaeneH: Rp1, Rp2, Rp3, Rp4

Ta6bnuua 3.2.6.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumetakue, BLIGop,
KOHCTaHTblI el. 3amMepeHus
10 string TopicName Wmsa Tonnka MQTT
Tabnuua 3.2.6.2 (Bxoabl)
Tun MpumeyaHwme, e
Homep anemMeHTa MeTka OnucaHue P » A
n3mepeHus
AaHHbIX
dopmunpoBaHve
1 Variant Grp 'pynnoBou Bxoa rpynn006pa3}/ totiev
NoAYMHEHHON CBA3M OT
Tvna MqgttConnector
dopmuposaHme
2 Variant JSONROoot KopeHb JSON-CTpyKTYpbl OTHOWEHNA  OT  Tuna
JSONRootOutput

TM “MQTT JSON-topic publisher” aenaetca TM BbiBoga n npeaHasHaveH Anst OTnpaBku
coobweHunsa 6pokepy (Nybrivkauum) BeldpaHHOro kKoHCTaHTon TopicName Tonuka B Buge
cchopmmpoBaHHoro JSON-gokymeHTa. 3a hopMMpoBaHUE 3TOro AOKYMeHTa oTeedaroT TM 13 rpynnbl
JSON-copmaTa, KOPHEBOW 3NIEMEHT KOTOpPOM 0603Ha4YaeTCs B BUAE OTHOLIEHMS Ha Bxoge JSONRoot.
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3.2.7. MQTT JSON-topic subscriber

MeTka Tmna: MqttJSONInput
Homep Tuna: 135
MpeactaeneH: Rp1, Rp2, Rp3, Rp4

Tabnuua 3.2.7.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHune MpumesaHue, sLiGop,
KOHCTaHTblI el. 3aMepeHus
10 string TopicName Wmsa Tonnka MQTT
Tabnuua 3.2.7.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
AaHHbIX
dopmunpoBaHue
1 Variant Grp pynnoBon Bxoa rpynnoo6pa3}/ oLien
NOAYMHEHHOW CBSI3NW OT
TMna MgttConnector
dopmupoBaHue
2 Variant JSONRoot KopeHb JSON-CTpyKTYpbI OTHOWeEHNs  OT  Tuna
JSONROootInput

TM “MQTT JSON-topic subscriber” sensetca TM BBoga 1 npedHasHayYeH Ans 3akasa oT bpokepa
(mognwuckun) coobLleHnn, npegctasnsaowmx cobon JSON-QOKYMEHT, A BbIGpaHHOro KOHCTaHTON
TopicName Tonuka. lNMonyvyeHHble JSON-OOKYMeHTbI Aanee nepefatnTcs Ans pasnoXeHUs Ha 3HaYeHus
B rpynny pa3bopa, cdhopMmMpoBaHHyto ¢ nomoubto TM u3 rpynnel JSON-copmaTa, KOpHEBOW 3NIEMEHT
KoTOpou 06o3HavaeTcsa B BMAE OTHOLWEHUSA Ha Bxoge JSONRoot.

3.3.UHTepdenc GPIO

3.3.1. O6wasa cxema paboThl

NHTepderic GPIO (uHTepdenc BBoaa/BbiBoAa 0bLLero HasHauveHust — [aHrn.] general-purpose
input/output) npumeHsieTcsa ANs NPSIMON CBA3M MPOLECCOPHOro YCTPOMCTBA (MUKPOKOHTpOMSepa) ¢
nepudepuinHbLIMMN YCTPOUCTBaMU: pene, KHOMKaMu, BHELLUHUMW YrpaBnsaowmMMn KoHTakTamu. KoHTakTbl
GPIO (pin) MoryT KOHGUrypMpoBaTbCs Kak B KayecTBe BXOAa, Tak U B kavyecTBe BbixoAa. GPIO-KOHTaKThbl
rpynnupyoTcst B NopThbl. Konnyectso NopToB, KOHTAKTOB, a Takke 0CODEHHOCTU KOHUIYpUpPOBaHNUs
OTOENbHOrO KOHTaKTa 3aBUCAT OT KOHKPETHOro paspaboTynka npoLeccopHOro yctporctea. [lloatomy
Habop TM, obcnyxusatowmx GPIO, He moxeT npucyTcTBoBaTh B Rp3.

B cxeme npumeHeHus otaenbHble GPIO-koHTakThl co3gatotes B Tl kak TM Bxoga/sbiBoda u
CBSA3bIBAOTCA C rpynnoodpasytowmm TM, oTBevaroLwmm 3a nopT.


https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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3.3.2. [pynna GPIO
MeTka Tuna: EspGPIO
Homep Tuna: 122
MpenctaeneH: Rpl
Tabnuua 3.3.2.1 (Bxoabl)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
n3mepeHus
AaHHbIX
1 Discret DebugMode Pexunm otnagku WckniovaeT HacTponky 1
Tabnuua 3.3.2.2 (Bbixoabl)
Tun MpumeyvaHue, eq
Homep anemMeHTa MeTka OnucaHue >
uM3MepeHus
AAHHbIX
dopmupoBaHue
rpynnooGpasytoLen
1 Variant Grp Npynna Toyek GPIO NnoAYMHEHHoW cBa3n ans TM
TunoB EspDO, EspDI n
EspAl
Tabnuua 3.3.2.3 (Hactpoinku)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 8A.
M3MepeHus
AAHHbIX
1 Discret DebugMode Pexum otnagkm

TM “I'pynna GPIO” npegHasHa4veH Ans opMnpoBaHUs Cxembl NOAKMYEHUS K BHYTPEHHEMY
GPIO-nopTy To4ek BBoAa/BbiBoga GPIO-koHTakToB. TM ABNsieTca rpynnoobpasyowmum ana TM
“OunckpeTHbi BBOL”, TM “OuckpeTHbin BoiBoa” 1 TM “AHanoroBbii BBO4 .

Pexum gokymeHTupoBaHusa curHanos GPlO-nopTa He peanv3oBaH, NO3TOMY HacTpOKKa 1 BXoz4
DebugMode He ncnonb3yoTcs (OHU 3ape3epBUpoOBaHbl AN Oyayuwimx peanusaumn).
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3.3.3. [INCKpEeTHbIN BbIBOA

MeTka Tnna: EspDO
Homep Tuna: 123
MpenctaeneH: Rp1

Tabnuua 3.3.3.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHune MpumesaHue, sLiGop,
KOHCTaHTbI eA. usmepeHus
0 - GPIO14;
. 1-GPIO13
10 byte Pin Mms KoHTakTa 2 — GPIO5:
3 - GPIO4
Tabnuua 3.3.3.2 (Bxoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
U3MepeHus
AaHHbIX
dopmupoBaHme
1 Variant Grp pynna Toyek GPIO rpynnoo6pa3vy rolien
NoaYMHEHHOW CBSA3N OT
Tuna EspGPIO
2 Discret Value BbixogHoe 3HauyeHue
Ta6nuua 3.3.3.3 (Bbixoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
OaHHbIX
1 Integer Err Kopn owimnbku

TM “EspDO” aBnsetca TM BbiBoaa ycTponctBa ESP8266 1 npegHasHayeH Ans Bblgayun
3NeKTPMYECKOro curHana Bbicokoro ypoBHs (+3.3B) Ha GPIO-koHTakT, onpegeneHHblin KoHCTaHTon Pin,
ecnu Ha Bxoge Value yctaHoBneHa anckpetHas “1”, a Takke cbpoca curHana B 0 npu nogaye Ha BxoA
Value “0”. B koHcTaHTe Pin MoryT 6bITb BbIGpaHbl TONBKO T€ AUCKPETHBIE KOHTaKTbl YCTPONCTBa
ESP8266, koTopble He 3aeACTBOBaHbI 4119 yKa3aHusa pexnMma paboTbl yCcTporcTBa Nnbo opraHusaumm
UART-cBAa3u.

Bbixop Err oto6paxaeT BO3MOXHbIE KOAbI OLUMOOK KOHCpUIYpUpOBaHMSA KOHTaKTa unv paboThl
apaveepa GPIO. Kog owmnbku -1 roBOpUT O TOM, YTO AaHHbIN KOHTAKT yXe Obln paHee CKOHUrypmpoBaH
n 3agencTeoBaH B AgpyroM TM BBOAa/BbIBOAA, U BbiAaya curHana yepes atoT TM 3abnokuposaHa.
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3.3.4. [NCKpeTHbIN BBOA
MeTka Tuna: EspDI
Homep Tuna: 124
MpeactaeneH: Rpl
Tabnuua 3.3.4.1 (KoHcTaHTbI)
Homep Tun MeTka OnucaHune MpumesaHue, sLiGop,
KOHCTaHTblI el. 3aMepeHus
0 - GPIO14;
. 1-GPIO13
10 byte Pin Mms KoHTaKTa 2 — GPIO5:
3 - GPIO4
11 bool Pullup MoaTtarveatowmii pe3uctop
0 — HerT;
12 byte Event CobbITne n3MeHeHnst curHana 1- HOSMTMBHH?}
2 — HeraTuBHbIN;
3 — nobon
Tabnuua 3.3.4.2 (Bxoabl)
Tvn MpumeyaHue, e,
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
BaHHbIX
dopmuposaHme
1 Variant Grp pynna Touyek GPIO rpynnooGpaa}/rou.LeM
NOAYMHEHHOW CBS3UN OT
Tuna EspGPIO
2 Discret Reset C6poc cobbiTua
Ta6nuua 3.3.4.3 (Bbixoabl)
Tun MpumeyaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
BaHHbIX
1 Discret Value BxogHoe 3Ha4yeHune
2 Discret Set dukcaums cobbiTus
3 Integer Err Kop, owwmnbkm

TM “EspDI” sensietca TM BeBoaa yctponctesa ESP8266 n npegHasHaveH Ansg YTeHus COCTOSHNSA
9MEeKTPUYECKOro curHana, NocTynatoLLero Ha BelbpaHHbIN B koHcTaHTe Pin GPlO-koHTakT. CocTosHue
KOHTaKTa TpaHCnupyeTCcsl Ha ANCKPEeTHLIN Bbixod Value, rae “1” cooTBETCTBYET CUIrHamMy BbICOKOIO YPOBHS
(+3.3B), a “0” curHany HM3Koro ypoBHs. [1ns UCKITIOYEHUsI COCTOAHMS “HeonpeaeneHHoro ypoBHs” B
ycTponcTBe ESP8266 npucyTcTBYET NOATArMBAOLWNA PE3UCTOP K BbICOKOMY YpOBHIO. OH BKMNtovaeTcs

KoHcTaHToun Pullup.

dukcaumsi BXOOHOTO cuUrHana MoXeT NPOU3BOAMTLCS Kak Mo onpocy B paMkax Takta obcyeta TM,
Tak 1 no annapaTtHOMy CoBbITUI0 HEe3aBMCKUMO OT TakTa obcyeTa.
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[aHHbIN pexum 3agaeTcsa KOHCTaHTon Event cneaylowmnmm 3Ha4eHNAMNn:

1) [0] HeT — cobbiTuE He buKCMpyeTCs;

2) [1] no3nTUBHBLIV — coBbITME (PMKCUpPYeTCS B MOMEHT nepexofa curHana Ha GPIO-KOHTakTe U3 HU3KOro
B BbICOKWA YPOBEHD;

3) [2] HeraTmBHbIN — cObBbITUE OUKCUPYETCSH B MOMEHT nepexoda curHana Ha GPIO-koHTakTe 13
BbICOKOIO B HU3KWU YPOBEHD;

4) [3] ntoboi — cobbiTue hmkcMpyeTcsi B MOMEHT N000ro M3MeHeHnUs1 YpoBHS curHana Ha GPIO-
KOHTakTe.

B cnyyae dwmkcaumm curHana no codbiTUIO Ha oYepegHOM TakTe obcyeTa TM ycTaHaBnMBaeT Ha
BbIxoae Value 3acumkcmpoBaHHOe 3Ha4YeHne, OQHOBPEMEHHO YCTAHOBUB ANCKPETHYIO “1” Ha Bbixoge Set.
3710 cocTosHne TM BygeT coxpaHATbCA HE3aBUCMMO OT AanbHENLLMX U3MEHEHUN curHana Ha GPIO-
KOHTaKTe o dukcaumm Ha Bxofe Reset nepexoaa ns gocrosepHoro “0” B goctoBepHyto “17. [ocne yero
cocTosiHMe Bbixoaa Set copacbiBaeTcs “0”, a TM nepexoauT B peXnm oXXngaHus HOBOro cobbITUS
n3meHeHusi coctosaHma GPIO-koHTakTa. HesaBnucumo ot oxugaHusa cobbitua onpoc no takty GPIO-
KOHTaKTa COXpaHseTCs, U 3HadeHne Bbixoga Value MoXeT M3MEHATBLCS NOKa HE NpouM3oLLna oyepeaHas
dukcaumns 3agaHHOro codbITUS.

Beixog Err oto6paxaeT BO3MOXHbIE€ KOAbl OLUMBOK KOH(UIYPMPOBaHNST KOHTaKTa unmn paboThl
apaveepa GPIO. Kog owmnbku -1 roBOpuT 0 TOM, YTO AaHHbIN KOHTAKT yXe Obln paHee CKOHUrypmpoBaH
1 3agencTeoBaH B Agpyrom TM BBOAa/BbIBOAA, B 3TOM cny4vae 3HadeHue Ha Value 6yget Bcerga “0” ¢
HEeOCTOBEPHOCTbLIO “NMO NCXOOHOMY UCTOYHUKY”.

3.3.5. AHanoroBsbIi BBOS,

MeTtka Tvna: EspAl
Homep tnna: 125
MNpencraeneH: Rp1

Tabnuua 3.3.5.1 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanme, ea.
n3MepeHus
OaHHbIX
dopmunpoBaHve
1 Variant Grp pynna Toyek GPIO rpynnooGpaaylomem
NOAYMHEHHOWN CBSA3N OT
Tuna EspGPIO
Tabnuua 3.3.5.2 (Bbixoabl)
Tun MpumeyaHwue, e,
Homep anemMeHTa MeTka OnucaHue P » €A
n3MepeHus
OaHHbIX
1 Unsigned Value BxogHoe 3Ha4yeHue

TM “EspAl” sasnsetcsa TM BBoaa ycTponctsa ESP8266 1 npegHasHaveH Ans YTeHus
npeobpasoBaHHOM B 10-OUTHbIN LLENOYMUCNEHHBIN KO BENMUYMHbBI 3NTEKTPUYECKOro curHana,
noctynatwwien Ha GPIO-koHTakT ADC. YTeHne nponsBoguTcst Ha ovyepefHoM Takte obcyeta TM. CurHan
OOJDKEH nexatb B guanasoHe ot 0 go 1B. MNpeobpasoBaHHoe 3HaveHue otobpaxaeTcs B Bbixoge Value.
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3.4. ®opmaTt JSON

3.4.1. OO6wasa cxema paboThl

dopmat JSON B HacTosiLLiee BpeMS ABMSETCS OCHOBOWM GonbLUMHCTBA Internet-npoTokonos
B3aUMOEWNCTBUS pacnpeaeneHHbix TenemexaHmdeckmx cuctem. B NC peanvsoBaH mexaHuam
dopmupoBaHMsa 1 pacnakoBky JSON-OOKYMEHTOB, KOTOPblE MOMYT ObITb NepeAaHbl UM NOMyYeHbl NO
npotokony MQTT. MpuHuun popmmpoBaHus u pacnakoBku JSON-gOKYMeEHTa peannayeTcs C NOMOLLbIO
NOCTPOEHUS CXeMbl AaHHbIX AOKYMeHTa co3aaHueM B TIT mexay cneunanuanpoBaHHbiMu TM
accoumaumin Tuna “oTHowweHne”. [laHHasa cxema hakTM4eckn onncbiBaeT apeBoBNaHY CTpykTypy JSON-
OOKYMEHTa, CTPOSACh OT €ANHCTBEHHOIO KOPHS (fOot), KOTOPbLIA MOXET OblTb aCCOLUMNPOBAH OTHOLLEHUEM
C ofHUM nnn 6onee NHTepdencHelx NPoToKonbHbIX TM. Ha npeacTaBneHHbIX HUXE pUCYHKaXx
oTobpakeHbl NpuMepbl cxembl hopMupoBanns JSON-goKyMeHTa Anst OTNpaBkM 1 cxembl pa3bopa
JSON-gokymeHTa nocne npuema. Obpatute BHMMaHMe, 4TO cxema pasbopa NpUHSATOro JOKyMeHTa
OOMycKaeT HEeMosIHOe ONMCcaHWe ero CTPYKTYpbl, ecnu Heobxoammo B TI1 ncnonb3oBatb TOMBKO
HeKoTopble 3HadeHus ero nonen. Mmetowumecs TM, paboTatowme ¢ popmatom JSON, no3sonstoT
dhopmMmmpoBaTb/pacnakoBbiBaTb AOKYMEHTbI C NIOObIM YNCNIOM YPOBHEN BIOXEHUS CTPYKTYP U BCEMU
CTaHAapTHbIMU TUMaMu, 3a UCKIMOYEHNEM MACCUBOB.

JIueHanpoBaHmMio B Ka4ecTBe TOYEK BBOAA/BbIBOAA NOANEXAT TOMbKO KOHEYHbIe arneMeHTbl (TM
JSON Item) B CTPYKTYype AepeBa, KOTOpblE MMEIDT accoumaummn Tuna “nogknoyeHme” ¢ apyrumm
moaynsimu TT1. KopeHb aepeBa MoXeT ObITb acCOUMMPOBAH C HECKONbKUMM UHTepdencHbiMU TM,
Hanpumep, “MQTT JSON-topic publisher”, npuBsisaHHbIMU K pa3HbiM MQTT-6pokepam. B atom criyyae,
Tpebyemoe KOnMYecTBO NULIEH3MPYEMbIX TOYEK BBOAA/BbIBOAA ByaeT ABNATLCS NPOn3BeLeHMeEM Yncna
JSON-anemMeHTOB, nognexalnx NMueH3MpoBaHUIO Ha YNCNO TakuxX UHTepdencHblix TM.

PucyHok 3.4.1 (Cxema oTnpaBKwu)

K UHTE pheCHOMY

- > momymio Ucexodawut 0okymeHm

root [0 T 77 {
output | o

“state”:

|
|
|
! {
! L —0—|
| | “ ”
| | vaue—— O] flags”: 255,
| |
: L —o—| item
| output “connect”: true
| valuee=— O—| “connect”
|
I }’
“val’; -18.5,

“time”: “05.01.2021 11:27:41.165”
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Bxodswutli 00KymeHm

PucyHok 3.4.2 (Cxema npuema)

K UHTE pdencHoOMy

{ it > wmoaynio
I
o
T o input
state”: P
{ .
| group
}—— O input  —o
“flag”: true, ! SEE | _
| | item
| t_ O input —0O = value
“ ", & L] | | “flag”
message”: “ready | |
| I item
}’ : L —O— input —O == value
| “message]
I
| item
‘parameter”: “temperature”, 'I— ————— —0— inpll;t O ——vave
“ob”
I
“ P TR - » | item
units”: “Celsius”, L __ o6 e v
“delta”
“‘job”™: 22.5,
‘delta” 1.5
3.4.2. BbixogHas kopHeBas JSON-rpynna
MeTka Tvna: JSONRootOutput
Homep tnna: 134
MpeactaeneH: Rpl, Rp2, Rp3, Rp4
Ta6bnuua 3.4.2.1 (Bbixoabl)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P > 84
M3MepeHus
AAaHHbIX
. $PopmupoBaHue OTHOLLEHMS
1 Variant JSONRoot KopeHb JSON-CTpyKTYypbI ans Tuna MattJSONOutput
dopmunpoBaHue
rpynnoo6pasytoLlen
. "pynna dpopmmposaHns JISON- nog4mMHeHHon ceasu ana TM
2 Variant JSON CTPYKTYpbl Tmnos  JSONGroupOutput,
JSONItemOutput,
JSONStrOutput
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TM “BbixogHas kopHeBast JSON-rpynna” npegHasHayeH 4ns oopMnpoBaHUS KOPHSA CTPYKTYpbl
JSON-goKkyMeHTa, aHannsa U3MeHeHU 3Ha4YeH Nnoner BXoAsaLWwmnx B CTPYKTYPY KOHEYHbIX 31IEMEHTOB U
nepegaym cdoopMMpoOBaHHOIO AOKYMeHTa B MHTepdencHbin TM, 0603HauYeHHbIN accoumnaumen Tuna
“oTHoweHne” Ha Bbixoge JSONRoot. K Bbixogy JSONROOt MOryT ObITb NOAKITHOYEHBI HECKOSBKO
UHTEpP(ENCHbIX 3NEMEHTOB, B 3TOM cny4vae Bbiaavya JSON-AOKyMeHTa Npou3BoOAUTCH BO BCE
nogkntoyeHHsle TM.

PesynbTupytowmii JSON-OOKYMEHT hopMuUpyeTCsi BO BpeMsi NepBoro obcyeTa KopHeBOW rpynmbl 1
Jarnee Ha KaxgoM TakTe obcyeTa, ecnuv Obino 3adMKCMpoBaHO XOTS Obl OAHO U3MEHEHMWE B 3HAaYEHUSX
BXOOSALLMIA B CTPYKTYPY KOHEYHbIX 3NIEMEHTOB.

3.4.3. BbixogHas JSON-rpynna

MeTka Tvna: JSONGroupOutput
Homep Tuna: 130
MpeactaeneH: Rpl, Rp2, Rp3, Rp4

Ta6bnuua 3.4.3.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumetakue, BLIGop,
KOHCTaHTblI eA. UsmepeHus
10 string Key Knioy
Tabnuua 3.4.3.2 (Bxoabl)
Tun MpumeyvaHwme, e
Homep anemMeHTa MeTka OnucaHue P » A
n3mMepeHus
AAHHbIX
dopmunpoBaHve
rpynnoo6pasyioLlei
1 Variant JSON "pynna dpopmuposaHms JSON- NOAYMHEHHOWN CBSA3N OT
CTPYKTYpbI TM Tunos
JSONRootOutput,
JSONGroupOutput
Ta6nuua 3.4.3.3 (Bbixoabl)
Tun MpumeyaHwme, e
Homep anemMeHTa MeTka OnucaHue P » A
n3mepeHus
AaHHbIX
dopmunpoBaHve
rpynnoo6pasytoLlei
NOAYMHEHHON CBA3W AnA
1 Variant JSON (F:EynKnTa q:)?pMMpOBaHMH JSON- TM Tunos
PYKTYP JSONGroupOutput,
JSONItemOutput,
JSONStrOutput

TM “BbixogHas JSON-rpynna” npegHasHadeH ana opMmMpoBaHnsi MPOMEXYTOYHOIO YPOBHS
BnoxeHuss JISON-CTpyKTypbl, KOTOpasi 6yaeT BkMtoveHa B pe3ynbTupyowmnin JSON-LOKYMEHT nog
MMEHeM KIioya, yKasaHHbIM B koHcTaHTe Key. Mpynna gomkHa 6bITb accoumMmpoBaHa OTHOLLIEHWEM C
BbILLECTOSALLEN rPYNNON NN KOPHEM CTPYKTYpPbI. YMCNO ypOBHEN BNOXEHUS HE OrPaHUYeHHO.
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3.4.4. BebixogHon JSON-anemeHT
MeTka Tmna: JSONItemOutput
Homep tuna: 131
MpencrtasneH: Rpl, Rp2, Rp3, Rp4
Tabnuua 3.4.4.1 (KoHcTaHTbI)
Homep Twun MeTka Onucanme MpumeyaHue, BbIGOP,
KOHCTaHTblI el. 3aMepeHus
10 string Key Knioy
11 byte Mode Pexum paboTsl 2 — 3HateHme,
— BpEMS! U3MEHEHUS
Tabnuua 3.4.4.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
M3MepeHus
OaHHbIX
dopmupoBaHme
rpynnoo6pasytoLei
1 Variant JSON "pynna dpopmuposaHms JSON- NoAYMHEHHOWN CBSA3M OT
CTPYKTYpbI TM Tunos
JSONRootOutput,
JSONGroupOutput
2 Variant InData 3HaveHve

TM “BbixogHon JSON-anemeHT” npegHasHadeH anga oopMmMpoBaHnst KOHeYHoro anemeHta JSON-
CTPYKTYpbI, KOTOpbIN ByaeT BkMoyeH B pe3ynbTupytowmii JSON-QOKYMEHT NOA4 UMEHEM KIo4a,
yKasaHHbIM B KOHCTaHTe Key. OnemeHT JormkeH ObiTb acCCOLMMPOBaH OTHOLLEHUEM C BbILLECTOSALLEN
rpynmnow Unm KOpHeM CTPYKTYpbl. 3HadeHue anemeHTa hopMmpyeTcs U3 aneMeHTa AaHHbIX,
nocrtynasllero Ha Bxog InData, n npeactaBnsieT cobor CMMBOSbHYIO CTPOKY, BMA KOTOPOU
onpefenseTcs 3Ha4YeHUeM PeXMMHON KOHCTaHTLl Mode:

1) [0] 3HayeHune — 13 aNEMeHTa AaHHbIX BblAENAETCS 3HaYeHne 1 npeobpasyeTcsl B CTPOKY AECATUYHOIO
cdhopmaTta coBmecTMMoro ¢ aBTomaTudeckummn JSON-napcepamu: ansa tuna Float ncnonsayetcs
pasgenutens “.” Touka, ang tuna Discret “0” npeobpasyeTcs B cTpoky “false”, “1” npeobpasyeTcs B

CTpOKy “true”;

2) [1] Bpems — ukcupyetcsa Bpems B popmate UTC nameHeHnsa anemeHTa AaHHbIX Ha Bxoge InData u
npeobpasyeTcs B cTpokKy wabnoHa DD.MM.YYYY HH:NN:SS.ZZZ (DD — geHb, MM — mecsu, YYYY —
rog, HH —yvac (B 244), NN — MmuHyTa, SS — cekyHaa, ZZZ — MUNNUCEKYHAA), KONTMYECTBO CMMBOJSIOB B
CTPOKOBOW faTe coBnaaaeT C KONMYeCTBOM CUMBOOB LwabnoHa.
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3.4.5. BbixogHas JSON-cTpoka

MeTka Tmna: JSONStrOutput
Homep Tuna: 132
MpencrtasneH: Rpl, Rp2, Rp3, Rp4

Ta6bnuua 3.4.5.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHune Mpumetakue, BLIGop,
KOHCTaHTblI eAl. UsmMepeHus
10 string Key Kritou
11 string Str dopmupyemoe CTPOKOBOE 3HAYEHUE
Tabnuua 3.4.5.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mepeHus
OaHHbIX
dopmupoBaHme
rpynnoo6pasytoLei
1 Variant JSON "pynna dpopmuposaHms JSON- NoA4YMHEHHOWN CBSA3N OT
CTPYKTYpbI TM Tunos
JSONRootOutput,
JSONGroupOutput
2 Discret InData 3HadeHune BbIGopa CTpOKM

TM “BbixogHast JSON-cTpoka” npegHasHadeH ansg hopmMupoBaHus KOHeYHoro anemeHTa JSON-
CTPYKTYPbl CO CTPOKOBbLIM 3HA4YeHMEM. DNEMEHT AOMKeH OblTb aCCOLUNPOBAH OTHOLLIEHUEM C
BblLLECTOSALLEN rPYNMNOWN NN KOPHEM CTPYKTYpPbI. 3Ha4YeHue anemeHTa hopMMpyeTCca Ha OCHOBE
ONCKPEeTHOro COCTOosIHMNA, NocTynatowero Ha BxoA InData. B cnyyae HaxoxaeHus Ha Bxoge InData “1” B
pesynbTupytowmii JISON-gokymeHT 6yaet nobasnsateca JSON-9MEMEHT C MMEHEM KIto4a, YKa3aHHbIM B
KOHCTaHTe Key 1 3HavyeHueM, ykasaHHbIM B KOHCTaHTe Str. B cnyvae HaxoxaeHusa Ha Bxofe InData “0” B
pe3ynbTrpyowmnin JSON-OOKYMEHT AaHHbIV aneMeHT fobaensatbecsa He 6yaeT. Takum ob6pa3om, Ans
npoektupoBaHusa JSON-anemMeHTa, NPUHMMAaIOLLIEro PasnnyHble CTPOKOBbIE 3HAYEHWsI, HEOOXOAMMO
chopmmnpoBaThb Ha ykazaHHOM ypoBHe JSON-CTpykTypbl Heckonbko TM “BeixogHas JSON-cTpoka” ¢
O[IMHaKOBbIMMW 3HAYEHUAMM KOHCTaHTbl Key 1 BCceMy BO3MOXHbIMU 3HaYEHUSMWN KOHCTaHT Str. Ycnosus
NOSABMEHUS TOrO MUIK MHOTO 3HayYeHnss JSON-anemMeHTa He0OX0OUMO CPOEKTUPOBATL NTOrMYECKOn
cxemon, rae nosireHne Tpedyemoro CTPOKOBOro 3HayeHunst OyaeT COOTBETCTBOBATh AMCKPETHOM “1” Ha
Bxoge InData cooTtBeTtcTBytowero TM, Ha Bxogax InData octanbHblX aHanorm4Hbix TM OOMmKHbI B 3TOT
MOMEHT NpUCyTCTBOBaTL AMUCKpeTHble “0”.

Mpu HenoakntoyeHHoM Bxofe InData u HenycTomn KoHcTaHTe Str B pesynbTupytoweMm JSON-
AOKyMeHTe OyaeT Bcerga npucyTCTBoBaTh AaHHbIN JSON-3MeMeHT, Mpu 3TOM Takow anemMeHT He OyaeT
TpeboBaTh NMLEH3NPOBaHUS Kak ToYka BBoga/BbiBoga. OTOT cnocob noseonset opmmpoBate B JSON-
AOKYMeHTe Habop NOCTOSIHHO NPUCYTCTBYHOLLUMNX 3NIEMEHTOB — METaAaHHbIX.
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3.4.6. BxopgHaga kopHeBad JSON-rpynna

MeTtka Tna: JSONRootlnput

Homep Tuna: 136

MpencrtasneH: Rpl, Rp2, Rp3, Rp4

Ta6nuua 3.4.6.1 (Bbixoabl)

Tun
Homep anemMeHTa MeTtka OnucaHune Mpumedanme, en.
M3MepeHus
AaHHbIX
. ®dopmypoBaHMe  OTHOLUEHUSA
1 Variant JSONRoot KopeHb JSON-CTpyKTYpbI ans Tina MattJSONInput
dopmupoBaHme
) rpynnoobpasytoLien
2 Variant JSON Efynl?f ct;cl)pMMpOBaHm JSON nogynHeHHon ceasm ans TM
PYKTYP TUMNOB JSONGrouplnput,
JSONItemInput, JSONStrinput

TM “BxogHasi kopHeBast JSON-rpynna” npeaHasHadeH ans dopMMpoBaHnst KOPHS cxeMbl pa3bopa
JSON-gokymeHTa 1 nepefaym NpUHATOro AOKyMeHTa oT uHtepdgencHoro TM, 0603Ha4eHHOro
accoumaumen Tuna “oTHoweHne” Ha Boixoge JSONRoOOt k anemeHTam cxembl pa3bopa, cobpaHHbIx Ha

Bbixoae JSON.

3.4.7.

BxogHnasa JSON-rpynna

MeTka Tvna: JSONGrouplnput

Homep Tuna: 137

Mpencrasenen: Rpl, Rp2, Rp3, Rp4

Ta6bnuua 3.4.7.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumevahue, BLIGop,
KOHCTaHThblI eA. smMepeHus
10 string Key Kritoy
Tabnuua 3.4.7.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
n3mMepeHus
AaHHbIX
dopmuposaHme
rpynnoo6pasytoLei
1 Variant JSON "pynna dpopmmposaHuns JISON- noAYMHEHHOW CBA3MN OT
CTPYKTYpbl TM Tunos
JSONROootInput,
JSONGrouplnput
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Ta6nuua 3.4.7.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mepeHusi
OaHHbIX
dopmMmpoBaHune
rpynnoo6pasytoLei
NOAYNHEHHOW CBA3WN ANs
1 Variant JSON EfyTTa q;?pMMpOBaHm JSON- TM Tnnoe
PYKTYP JSONGrouplnput,
JSONItemInput,
JSONStrinput

TM “BxogHasa JSON-rpynna” npegHasHavyeH opMUpoBaHNSA NPOMEXYTOYHOIO YPOBHS BOXEHMUS
cxembl paszbopa JSON-cTpykTypbl. 3T0T TM ByaeT nckatb 1 obpabaTbiBaTh Ha TEKYLLEM YPOBHE
npuHAToro JSON-gokymeHTa JSON-CTPYKTYpY C MMEHEeM Kroya, yka3aHHbIM B KOHCTaHTe Key. pynna
AOIMKHa ObITb accoUMMpPOBaHa OTHOLLEHMEM C BbILLECTOSILLEN FPYNMON UM KOPHEM CTPYKTYpbl pasbopa.

Yncno ypoBHe BIOXEHUSI He OrpaHUYeHHO.

3.4.8. BxogHon JSON-anemeHT

MeTka Tvna: JSONIteminput
Homep tnna: 138
Mpencrtasnen: Rpl, Rp2, Rp3, Rp4

Tabnuua 3.4.8.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumeyanue, BLIGOp,
KOHCTaHTblI eql. aMepeHuns
10 string Key Krnioy
11 InfoType Typelnput Twun BXOOQHOrO anemMeHTa Hpe06pﬁsoBaHme "3
BXOHOW CTPOKM
12 ushort HoldInterval Bpems yaepxxaHusa go copoca s 0 MCceK
13 bool FlagSave CoxpaHeHne 3HaveHus
Tabnuua 3.4.8.2 (Bxoabl)
Tun MpumeyaHwme, e
Homep arnemMeHTa MeTka OnucaHune P » €A
n3mMepeHus
OaHHbIX
dopmunpoBaHve
rpynnoo6pasytoLlei
1 Variant JSON pynna popmmnposaHusa JSON- NOAYNHEHHOWN CBA3M OT
CTPYKTYpbI TM Tnnos
JSONRootInput,
JSONGrouplnput
Tabnuua 3.4.8.3 (Bbixoabl)
Tun MpumeyaHwme, e
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHusi
AaHHbIX

1 Variant OutData 3Ha4yeHune
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Ta6nuua 3.4.8.4 (Hactpoiiknu)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mepeHusi
OaHHbIX
1 Variant SetValue CoxpaHeHHoe/3agaHHOe 3HayYeHne

TM “BxogHon JSON-anemeHT” npegHasHadeH ans dopMmnpoBaHna KOHEYHOIO 3fIEMEHTA B CXEME
pasbopa. 31oT TM 6yzeT nckaTtb 1 obpabaTbiBaTh Ha TeKyLwem ypoBHe npuHsaToro JSON-goKkymeHTa
JSON-anemMeHT ¢ MMeHeM Kroya, ykazaHHbIM B KOHCTaHTe Key. 3 HaraeHHoro anemeHTa n3BnekaeTcs
3HayeHve u npeobpas3oBbIBAETCA B BbIXOAHOW 3NIEMEHT AaHHbIX TUNa, onpeaensieMoro KOHCTaHTow
Typelnput. YcnewHo npeobpa3oBaHHOe 3HayeHWe ganee nepegaercd Ha Bbixog OutData.

MpeobpasoBaHHOE AOCTOBEPHOE 3HAYEHNE MOXET ObITb COXpaHeHo B HacTpoiike SetValue n
BOCCTaHOBIEHO Ha Bbixode OutData nocrne nepesanycka VIC. [Ins aToro Heo6xoanMo BKITHOUYUTL OMLULO

COXpaHeHHOro 3Ha4YeHns B KOHCTaHTe FlagSave.

KoHcTaHTa HoldInterval oTBevyaeT 3a ygepxaHue nonyyYeHHOro 3HavyeHus Ha Bbixoge OutData B
TeYeHue 3aaHHOro MHTepBarna BpeMeHu ¢ NocrneayroLMm aBToMmaTmieckum c6pocom B JOCTOBEPHbIN
“0”. Ecnn KOHCTaHTa He yCTaHOBIEHa, 3Ha4YeHMe aBTOMaTMYeckn copacbiBaTbcs He byaerT.

3.4.9. BxopgHasa JSON-cTpoka

MeTtka Tvna: JSONStrinput
Homep tnna: 139
Mpencrasenen: Rpl, Rp2, Rp3, Rp4

Ta6bnuua 3.4.9.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanme MpumeyaHue, BbIGOP,
KOHCTaHTbI efl. usMepeHus
10 string Key Krnioy
11 string Str CTtpoka cpaBHeHus
12 ushort HoldInterval Bpems yaepxxaHusa go copoca s 0 MCceK
13 bool FlagSave CoxpaHeHune 3Ha4eHus
Tabnuua 3.4.9.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
n3mMepeHus
AaHHbIX
dopmuposaHme
rpynnoo6pasytoLei
1 Variant JSON pynna popmmnposaHusa JSON- NOAYNHEHHOWN CBA3M OT
CTPYKTYpbl TM Tunos
JSONROootInput,
JSONGrouplnput
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Ta6nuua 3.4.9.3 (Bbixoabl)

Twn
Homep anemMeHTa MeTka OnucaHue Mpumeuanue, en.
n3MepeHus
AaHHbIX
1 Discret OutData 3HayeHne
Tabnuua 3.4.9.4 (Hactponku)
Tun MpumeyaHme, e,
Homep anemMeHTa MeTka OnucaHue P » €A
n3mepeHus
AaHHbIX
1 Discret SetValue CoxpaHeHHoe/3agaHHOe 3HayYeHne

TM “BxogHas JSON-cTpoka” npegHa3HayeH Ans opMMpoBaHNs KOHEYHOTO 3fleMeHTa B CXeMe
pasbopa. 3101 TM GyaeT nckaTb 1 06pabaTbiBaTb Ha TeKyLEM YPOBHe NpuHATOro JSON-goKyMeHTa
JSON-3nemMeHT C MMEHEM KIltoua, yKasdaHHbIM B KOHCTaHTe Key. VI3 HaliAeHHOro anemMeHTa u3BnekaeTcs
3Ha4yeHMe U NOCUMBOSIBHO CPAaBHUBAETCS CO 3HAYEHMEM KOHCTaHThI Str. B cnyyae coBnageHus Ha
Bbixoge OutData yctaHaBnvBaeTcsa AUCKpeTHas OOCTOBepHas “1”, B cnyyae HecoBnageHus —
ONCKPETHbIN JOCTOBEPHbIN “0”.

YcTaHOBNEHHOE 3HAaYeHME BbIXO4a MOXKET ObITb COXpaHeEHO B HAcTpoiike SetValue u
BOCCTaHOBMEHO Ha Bbixoge OutData nocne nepesanycka MC. [Ins aToro Heo6XoanMo BKIOUNUTE OMNLUIO
COXpaHeHHOro 3Ha4YeHns B KOHCTaHTe FlagSave.

KoHcTaHTa HoldInterval otBevyaeT 3a ygepxaHue nonyyYeHHOro 3HavyeHus Ha Bbixoge OutData B
TeYeHne 3ajaHHOro MHTepBarna BpeMeHU ¢ NocneayrLmM aBToMaTU4eckum copocom B JOCTOBEPHbIN
“0”. Ecnu koHCTaHTa He ycTaHOBMEHa, 3Ha4YeHne aBToMaTU4eckn cobpacbiBaTbesi He OyaerT.
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3.5.Mpotokon OPC UA

3.5.1. O6uwasa cxema paboThl

NC coaepxuT peanusauuio ctaHgapta OPC UA B 4acTu NpedocTaBnieHms gocTyna K
onepaTuBHbIM AaHHbIM (B cxeme OPCUA-cepBepa) unm B 4acTu NonyyYeHns onepaTmMBHbIX aHHbIX CO
ctopoHHero OPCUA-cepsepa (B cxeme OPCUA-knneHTa). OgHoBpeMeHHO VIC MOXeT BbICTynaTth U
CepBEPOM, U KIMMEHTOM C MHOXECTBEHHbIM NogknioveHmemM. Takum obpasom, npeanaraemas 8 IC
peanusauus ctaHgapta OPC UA nossornsieT Ucnonb3oBaTh KOHEYHOE YCTPONCTBO HE TOMbKO Kak
nocTasLLMKa UNn NpUeMHUKa JaHHbIX, HO 1 Kak NPOMEXYTOYHOE 3BEHO B BEPTUKANbHOW Unu
rOPM3OHTarNbHON MHTErpaLmmn yCTPOUCTB (Hanpumep, B Ka4eCTBO LUIH03a NPOTOKOMNOB Unu
MynbTunnekcopa yctponctes OPC UA). Tunoeas cxema opranHusaumm pabotsl IC B kauectBe OPCUA-
cepsepa unm OPCUA-knMeHTa npeacraBieHa Ha pUCYHKax HUxKe.

Ve
| AgnpecHof npoctpaHcteo OPCUA

, napametpbl

I
/ 06
v % une
| OPCUA-cepsepa

Yctpotictso (UC)

PucyHok 3.5.1 (TunoBas cxema cepBepa)

Moanucka n
ny6avkauma
KAueHTa

Mopnucka n
ny6ankauma
KAueHTa

Moanucka n
ny6ankauma
KAWeHTa

MOHWTOPUHF U3MEHEHUI

39

OPCUA-KnneHTbI
8 cetn TCP/IP

@.'
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MapameTpbi cBA3M C
OPCUA-cepsepom

-~

Ycrpoiicreo (UC)

————

KNneHTa
- —= value /ﬁ
-

PucyHok 3.5.2 (TunoBas cxema KnueHTa)

OPCUA-KnuneHt

OPCUA-cepsep
= B cetn TCP/IP

Moanucka

MNy6avkauma
KNneHTa

- TM Tpynnbl “OPCUA Server” unm “OPCUA Client”

- accoumauma Tmna “OTHowweHmne” mexxay TM “OPCUA Server”
nnm “OPCUA Client” n TM To4ku BBOAa/BbIBOAA C NpeobpasoBaHnem

anemeHTa AaHHblX (TM nybauKkaumm/noanmncku)

Bcé koHdurypuposaHme nogknioveHns no ctaHgapty OPC UA BbINnonHseTCA nyTeM opraHusaumm
accoumaTyBHbIX CBA3EN TUMa OMHOWEHUEe MeXay COOTBETCTBYHOLLMMM NPOTOKONbHbIMU TM. 3a
opraHusaunio OPCUA-cepBepa B pamkax VIC otBeyaeT rpynnoson TM “OPCUA Server”. 3a cosgaHue
KIMMEHTCKOro coeanHeHnsi oteedvaeT rpynnoson TM “OPCUA Client”. B 3aBucumocTn ot cnocoba
opraHusaumm coeguHeHus anst o6o3HavYeHns TpaHCNNPyeMbIX 3NEMEHTOB UCMOMb3YTCH NMBO

cepBepHble, nnéo knueHTckne TM Touek BBoAa/BbIBOAA.

B 3aBucumocTu ot KOH(*)VIrypaLI,VIVI rpynnoBsoro

MOAYNS MeXAy KNMEHTOM U cepBepoM MOXeT OblTb CO34aHO 3alMLLEeHHOe CoeanHeHNe C
npeasapuTenbHOW ayTeHTudnKaumen nonb3osaTens.

3.5.2. OPCUA Server

MeTka Tnna: OPCUAServer
Homep Tuna: 140

MpeacrtasneH: Rp2, Rp3, Rp4
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Ta6bnuua 3.5.2.1 (KoHcTaHTbI)
Homep Tun MeTka OnucaHue Mpumetakue, BLIGop,
KOHCTaHTblI ef. u3MepeHus
10 ushort NetworkPort CeTteBow nopt no ymorn4yaHuio 4840
11 byte MaxConnection MakcrnmarnbHoe YNCno NOAKNYEHNIN 1..255
s Pexum ayTeHTudmkaumn Beibop
12 byte Authentication HOIKMIOYEHNS 0 - Anonymous;
A 1 - UserName
13 string OPCUAUser Jlorun goctyna k cepsepy OPCUA
14 string OPCUAPassword | lNMaponb goctyna k cepsepy OPCUA
Tabnuua 3.5.2.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
uM3MepeHus
OaHHbIX
1 Unsigned PntControl KomaHaHbIN BXop,
2 Discret DebugMode Pexum otnagku WcknioyaeT HacTponky 1
Ta6nuua 3.5.2.3 (Bbixoabl)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
uM3MepeHus
OaHHbIX
dopmupoBaHme
rpynnoo6pasytoLlei
noaYMHeHHon ceasn ansa TM
1 Variant Grp "pynnoBon BbIXOA Tnos OPCUAItemOutput,
OPCUASItrOutput,
OPCUAIltemInput,
OPCUAStrinput
Tabnuua 3.5.2.4 (Hactponknu)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P > 84
M3MepeHus
OaHHbIX
1 Discret DebugMode Pexum otnagkm

TM “OPCUA Server’ npegHasHadeH ans koHurypmpoBaHusa aksemnnsapa OPCUA-cepBepa B
pamkax MIC. TM “ OPCUA Server” saensieTcs rpynnoo6pasytowmm ans TM BBoaa/BbiBoga, C MOMOLLLHO
KOTOpbIX hopMupyeTca agpecHoe npoctpaHcTso OPCUA-cepBepa.

KoHcTaHTa NetworkPort otBevaeT 3a Bbibop Homepa TCP- nopTa, otkpbiBaemoro OC ans
OXMAaHWS KNMEHTCKMX nogkrtodeHnin. KoHctaHta MaxConnection orpaHnymMBaeT KONMYeCcTBO
OAHOBPEMEHHBbIX KnneHTcknx TCP-nogknioyeHni.

3a BbIbOp pexxmma ayTeHTudmkaumm otBevaeT koHcTaHTa Authentication. Mpu BbiGope cnocoba
paboTbl ¢ ayTeHTUdUuKaumen (3HadeHme UserName) cnegyeT HazHaumTb normH OPCUAUSser 1 napornb
OPCUAPassword B COOTBETCTBYIOLLMX KOHCTaHTax. B 3Tom criyyae Bce nogknoyatomecst
nonb3oBaTeny AOMKHbI NCMNOMNb30BaTh 3a4aHHbIE JTOMMH 1 Naporb.

TM MOXeT BeCTU NonHoe A0KYMEHTUPOBaHNe avarora ¢ KnueHTamu. 3a BKNoYeHre 3Toro pexuma
OTBEYaeT HacTpoiika U COOTBETCTBYHOLLMIA ONCKPETHbIV Bxod DebugMode, emy He0GX0AMMO YCTaHOBUTb
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3Ha4veHue “1”. Pexxum 3ageincTByeTcs, ecnv NpUCYTCTBYET paspeLleHmne BbiBoga “Bcen nHdopmaummn” B
TM “CuctemHbin koHurypatop” (DebugMode = 3).

3.5.3. BbixogHon OPCUA-anemeHT

MeTtka Tvna: OPCUAItemOutput
Homep tuna: 141

MpencraeneH: Rp2, Rp3, Rp4

Ta6nuua 3.5.3.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumetakue, BLIGop,
KOHCTaHTbI eA. usmepeHus
10 string VarName YHUKanbHbIN naeHTudmkaTop
anemMeHTa
11 string VarDisplayName OTobpaxkaeMoe 1Ms anemMeHTa
12 string VarDescription OnuncaHue HazHaYyeHus anemMeHTa
13 string VarPath BeTBb NpnBSA3KM anemeHTa
Bbibop
0 - UA_BOOLEAN;
14 byte VarType Tun sanemeHTa B ctaHgapte OPC UA | 5- UA_INT32;
6 - UN_UINT32;
9 - UA _FLOAT
Tabnuua 3.5.3.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
OaHHbIX
dopmuposaHme
. pynna popmmpoBaHusa agpecHoro rpynnoobpasytoLei
1 Variant Grp J
npocTtpaHcTBa cepepa OPCUA NOAYNHEHHOW CBSA3UN OT
TM Tna OPCUAServer
2 Variant InData 3HauveHune

TM “BbixogHon OPCUA-anemeHT” aBnsetca TM BbiBoga u npeaHasHadeH ang opM1MpoBaHus B
aZpecHoM npocTtpaHcTBe ak3emnnapa OPCUA-cepBepa BbIXOQHOMO 3rieMeHTa € YHUKarbHbIM
naeHTnukaTopom, onpeaensieMblM KOHCTaHTon VarName Ha ykaszaHHOW BETBU, 3a4aHHON B KOHCTaHTe
VarPath. [1ns ygo6crea noucka nogkntoyeHHbIM OPCUA-KNMEHTOM AaHHOro SfieMeHTa pekoMeHayeTcst
Takke chopmmpoBaTb 0Tobpakaemoe nvs B KoHcTaHTe VarDisplayName v caenatb KpaTkoe onucaHue
npegHasHayeHus B koHcTaHTe VarDescription. B koHcTaHTe VarType 3agaetcsa npegonpefeneHHbIn Tvn
anemMeHTa nyTem Bbibopa 0gHOro 13 AONYCTUMbIX 4118 JAHHOW peanu3aumm cepBepa 3HaueHui.
MonyyeHHoe 13 Bxoda InData 3HayeHne Byget aBTomaTuyeckn npeobpasoBaHo B BbIOPaHHbIV TUM

JaHHbiXx OPCUA.



OnuncaHune yHKUMOHaNbHbIX 61TOKOB
000 «ACY-NMOEP» (TexHonorMyecknx Mogynen), Crtpannua 114
pen.1.2

3.5.4. BebixogHown ctpokoBbin OPCUA-anemeHT

MeTka Tvna: OPCUAStrOutput
Homep Tuna: 142
MpencrtasneH: Rp2, Rp3, Rp4

Tabnuua 3.5.4.1 (KoHcTaHTbI)

Twvn MpumeyaHue, BbIGOP,
Homep MeTka OnucaHue
KOHCTaHThbI ef. usMepeHus
. YHUKanbHbIN M OEHTUUKATO
10 string VarName a ® P
anemeHTa
11 string VarDisplayName OTobpaxxaeMoe MMs1 anemeHTa
12 string VarDescription OnucaHue HazHayYyeHWs anemMeHTa
13 string VarPath BeTBb NpuBA3kM anemeHTa
14 string Str dopmMupyemoe CTpOKOBOE 3HadeHne

Tabnuua 3.5.4.2 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHune MNpumetahue, en.
n3mMepeHus
OaHHbIX
dopmupoBaHue
. "pynna dpopmupoBaHusa agpecHoro rpynnoo6pasyoLlei
1 Variant Grp J
npocTtpaHcTBa cepsepa OPCUA NOAYNHEHHOW CBSA3WN OT
TM tuna OPCUAServer
2 Discret InData 3HaudeHue Bblibopa CTpokn

TM “BbixogHon cTpokoBbii OPCUA-anemeHT” sinsietcss TM BbiBOAa 1 npegHasHayeH gns
dopmmnpoBaHna B agpecHoM npocTtpaHcTee ak3emnnspa OPCUA-cepBepa BbIXOAHOMO drieMeHTa co
CTPOKOBLIM TUMOM AaHHbIX. lNpegHa3HadeHne koHcTaHT VarName, VarPath, VarDisplayName un
VarDescription aHanorMyHo Takum xe koHctaHTam TM “BibixogHon OPCUA-anemMeHT”.

3HayeHne aneMeHTa PopMUPYETCH Ha OCHOBE AUCKPETHOrO COCTOSAHMUS, NOCTYNatoLLEero Ha BXo
InData. B cnyyae Bo3HMKkHOBEHMS Ha BxoAe InData “1” anemeHTy gaHHbIX 6ygeT NpyucBOEHO 3HaYeHMe,
yKa3aHHOe B KOHCTaHTe Str. B crnyyae Bo3HMKHOBEHMSA Ha Bxoae InData “0” HMkakoe 3HayeHne anemMeHTy
AaHHbIX NpUcBOeHo He byaeT. Takum obpasom, Ans npoektupoBaHus OPCUA-anemeHTa,
NPUHUMALOLLLETO pasfinyHble CTPOKOBbIE 3HAYEeHWs, Heob6xoaMMo cchopMmnpoBaTb HECKONBLKO TM
“BbixogHown cTpokoBbii OPCUA-aremMeHT ” ¢ 0AMHaKOBbIMU YHUKambHbIMU naeHTudurkatopamu VarName
1 BCEMU BO3MOXHbIMU 3HAYEHUSIMU KOHCTAHT Str. YcnoBus NOsiBNEHNS TOro UM MHOro 3Ha4YeHus
arnemMeHTa HeobXoOUMO CNPOEKTUPOBATL JTIOTMYECKON CXEMOW, IAe NosiBNeHne TpebyemMoro CTpokoBOro
3Ha4eHus 6yaeT coOTBETCTBOBATb ANCKPEeTHON “1” Ha Bxoae InData cooTtBeTcTBYOWEro TM, Ha Bxogax
InData ocTanbHbIX aHanornmyHbix TM OOMmMKHBI B 3TOT MOMEHT NPUCYTCTBOBAaTb ANCKpeTHbIe “0”.
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3.5.5. BxogHon OPCUA-anemeHT
MeTtka Tvna: OPCUAItemInput
Homep tnna: 143
MpencrtasneH: Rp2, Rp3, Rp4
Tabnuua 3.5.5.1 (KoHcTaHTbI)
Homep Twun MeTka Onucanme MpumeyaHue, BbIGOP,
KOHCTaHTblI el. 3aMepeHus
10 string VarName YHUKanbHbI naeHTudmkaTop
anemMeHTa
11 string VarDisplayName OTobpaxxaeMoe MMs1 anemeHTa
12 string VarDescription OnucaHue HazHayYyeHWs anemMeHTa
13 string VarPath BeTBb NpuBA3kM anemeHTa
Bbibop
0 - UA_BOOLEAN;
14 byte VarType Tun anemeHTa B ctaHgapte OPC UA | 5- UA_INT32;
6 - UN_UINT32;
9 - UA FLOAT
15 ushort HoldInterval Bpewms yaepxaHusa go copoca B 0 MceK
16 bool FlagSave CoxpaHeHune 3Ha4yeHus
Tabnuua 3.5.5.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
AAHHbIX
dopmupoBaHme
. pynna popmmpoBaHusa agpecHoro rpynnoobpasytoLei
1 Variant Grp M
npoctpaHcTBa cepepa OPCUA NOL4YNHEHHOW CBA3N OT
TM Tna OPCUAServer
Ta6nuua 3.5.5.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 64
n3mMepeHusi
AAHHbIX
1 Variant OutData 3HaveHve
Ta6nuua 3.5.5.4 (HacTtpoikn)
Tun MpumeyaHwue, e,
Homep anemMeHTa MeTka OnucaHue P » €A
M3MepeHus
OaHHbIX
1 Variant SaveValue CoxpaHeHHoe 3HayeHne VISMEHeHue 1 |TeHme 13
pefakTopa HeoCTYMNHO

TM “BxogHon OPCUA-anemeHT” siBnsetca TM BBoga v npegHasHadeH Ans (hopmupoBaHis B
agpecHoM npocTpaHcTBe ak3emnnsapa OPCUA-cepBepa BXOLOHOMO afieMeHTa ¢ Tunom gaHHelx OPCUA,
3aflaHHbIM B KOHCTaHTe VarType. lNpeaHasHaveHne koHcTaHT VarName, VarPath, VarDisplayName un
VarDescription aHanorm4yHo Takmm xe koHctaHTam TM “BeixogHot OPCUA-anemMeHT”.
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MopaxntoyeHHbIn k ak3emnnapy OPCUA-cepBepa KnueHT nybnvkyeT CBOU AaHHbIE NyTeM 3anncu
3Ha4yeHus B CHOPMUPOBaHHbIV Taknm obpasom aneMeHT agpecHoro npoctpaHctea OPCUA-cepBepa.
OT0 3HayeHue ganee nepegaetcd Ha Bbixog OutData. 3HayeHue Ha Bbixoge OutData aBTomaTMyeckm
npucoeauHsieT He4OCTOBEPHOCTb, KOHBEPTUPYS ee n3 aTpnbyta OPCState onybnMKoBaHHOIO 3Ha4YEHUS.
[ocTtoBepHoe 3HauyeHue OutData moxeT ObITb COXpaHEHO B HAacTponke SaveValue n BoCCTaHOBMEHO Ha
Bbixoge OutData nocne nepesanycka VC. [ns aToro Heo6xoanmo BKIOYNTL OMLMI0 COXPaHEHHOTO
3Ha4eHus B KOHCTaHTe FlagSave.

KoHcTtaHTa HoldInterval oTBevyaeT 3a ygepxaHue nonyyYyeHHOro 3HavyeHus Ha Bbixoge OutData B
TeyeHune 3alaHHOro MHTepBana BpeMeHu ¢ nocneayoLlmM asBTomaTn4eckum cbpocomM B JOCTOBEPHbIN
“0”. Ecnun KOHCTaHTa He yCTaHOBIeHa, 3Ha4YeHMe aBToMaTnyeckn copacbiBatbcs He byaerT.

3.5.6. BxopgHou ctpokoBbin OPCUA-anemeHT

MeTka Tuna: OPCUASTtrinput
Homep Tuna: 144

MpencraeneH: Rp2, Rp3, Rp4

Tabnuua 3.5.6.1 (KoHcTaHTbI)

Tun MpumeyvaHue, BbIGOP,
Homep MeTka OnucaHue
KOHCTaHTbI ef. u3sMepeHus
10 string VarName YHUKanbHbIN naeHTudmkaTop
anemeHTa
11 string VarDisplayName OTobpaxxaeMoe MMs1 anemMeHTa
12 string VarDescription OnuncaHue HazHaYeHus1 anemMeHTa
13 string VarPath BeTBb NpuBA3ku anemeHTa
14 string Str Ctpoka cpaBHeHus
15 ushort HoldInterval Bpewms yaepxaHusa go copoca B 0 MCceK
16 bool FlagSave CoxpaHeHune 3Ha4yeHus
Tabnuua 3.5.6.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AAHHbIX
dopmuposaHme
. pynna popmmpoBaHus agpecHoro rpynnoo6pasytoLuen
1 Variant Grp M
npocTtpaHcTea cepsepa OPCUA NO4YNHEHHOW CBA3N OT
TM tuna OPCUAServer
Ta6nuua 3.5.6.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
M3MepeHus
[aHHbIX
1 Discret OutData 3HaueHve
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Ta6nuua 3.5.6.4 (HacTtpoikn)

Tun
MpumevaHue, en.
Homep anemeHTa MeTka OnucaHue P » €A
n3mMepeHusi
AaHHbIX
. M3ameHeHne n yTeHne 13
1 Discret SaveValue CoxpaHeHHoe 3HayeHue

pefakTopa HeJoCTYMNHO

TM “BxogHomn ctpokoBbln OPCUA-anemeHT” aBnsietcss TM BBoga 1 npegHasHayeH ans
dopmmnpoBaHnsa B agpecHoM npocTpaHcTee ak3emnnapa OPCUA-cepBepa BXOQHOIo af1eMeHTa co
CTPOKOBbIM TUMOM AaHHbIX. [MpegHasHadeHune koHeTaHT VarName, VarPath, VarDisplayName u
VarDescription aHanorM4yHo Takum xe koHcTaHTam TM “BbixogHon OPC UA-anemeHT”.

MoakntoueHHbIn K ak3emnnapy OPCUA-cepBepa KNMEHT NyonmMKyeT CBOU CTPOKOBbIE AaHHbIE
nyTeM 3anncy 3Ha4yeHnst B CoOpMUPOBaHHbIV TakMM 06pa3oM 3fieMeHT aapecHOro NPocTpaHcTBa
OPCUA-cepBepa. 310 3Ha4YeHne NoOCMMBOJIbHO CPaBHUBAETCS CO 3HAYEHMEM KOHCTaHThI Str. B cnyyae
coBnageHus Ha Bbixode OutData yctaHaBnmBaeTcsa AnckpeTHas “1”, B crniydae HecoBnageHus —
anckpeTHbIn “0”. 3HaveHMe Ha Bbixoge OutData aBToMaTUYECKU NPUCOEONHSIET HEQOCTOBEPHOCTD,
KOHBEPTUpYSA ee n3 atpubyta OPCState ony6rnmMKoBaHHOIO 3HaYEHUS.

[ocToBepHoOe 3HavYeHme Bbixo4a MOXeT BbITb COXpaHEeHO B HacTponke SaveValue n
BOCCTaHOBIEHO Ha Bbixoge OutData nocne nepesanycka NC. [1na aToro He06xoaMmMo BKMOYMTb ONUMIO
COXpPaHEHHOro 3Ha4YeHns B koHCcTaHTe FlagSave.

KoHcTaHTa HoldInterval otBeyvaeT 3a yaepkaHue nonyyeHHOro 3HayeHusi Ha Boixoge OutData B
TeyeHve 3a4aHHOro MHTepBarna BpeMeHu ¢ NocneayrLmMM aBToMaTnyeckum copocom B JOCTOBEPHbIN
“0”. Ecnu koHCTaHTa He yCcTaHoBMeHa, 3Ha4YeHne aBToMaTnyeckn copacbiBaTbes He ByaerT.

3.5.7. OPCUA Client

MeTtka Tnna: OPCUACIient
Homep tuna: 145
MpeacrtasneH: Rp2, Rp3, Rp4

Tabnuua 3.5.7.1 (KoHcTaHTbI)

Tun MpumeyaHue, BbIGOP,
Homep MeTka OnucaHune
KOHCTaHTblI eAl. 3sMepeHuns
10 string ServerAddress IP-agpec cepeepa OPCUA
11 ushort NetworkPort CeTeBoli nopt no ymon4yanuio 4840

Bbibop
0 — Anonymous;
1 — UserName

Pexvm ayteHTudmkaumm

12 byte Authentication
NOAKIYEHNSA

13 string OPCUAUser Jlorun goctyna k cepsepy OPCUA

14 string OPCUAPassword | lMNMaponb goctyna k cepsepy OPCUA
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Tabnuua 3.5.7.2 (Bxoabl)

Tun
Homep anemMeHTa MeTka OnucaHue Mpumeuanme, eq.
n3mMepeHus
AaHHbIX
1 Unsigned PntControl KomaHaHbI Bxog
2 Discret DebugMode Pexunm otnagku WcknioyaeT HacTponky 1
Ta6nuua 3.5.7.3 (Bbixoabl)
Tvn MpumeyaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » €A
n3mMepeHus
AaHHbIX
dopmupoBaHue
rpynnoo6pasytoLei
1 Variant Grp "pynnoBon BbIXxoq :ﬁﬁ::HeHHOM cesian Ans TM
OPCUACInItemOutput,
OPCUACInIteminput
ButoBoe none:
0 B6UT — BKIKOYEH PEXUM
2 Unsigned State CocTosiHKe oTnaaKku;
1 6uT — ecTb coeguHeHMe C
CEPBEPOM;
Tabnuua 3.5.7.4 (Hactponknu)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 8A.
M3MepeHusi
AaHHbIX
1 Discret DebugMode Pexxum otnagku

TM “OPCUA Client” npegHa3sHayveH Ans KoHOUrypnpoBaHUS KIMEHTCKOro NOAKMYEeHNs K
BHelHeMmy no oTHowweHuto kK UC OPCUA-cepsepy. TM “ OPCUA Client” agnseTcs rpynnoobpasyowmym
Aana TM Beoga/BbiBOAa, C NOMOLLIO KOTOPbIX (DOPMUPYETCS KIMMEHTCKOE MEXNPOTOKONbHOE
npeobpasoBaHue.

KoHcTaHThl ServerAddress n NetworkPort oTBeyatoT 3a hopmMumpoBaHne NoAKMYEHNS K
BblOpaHHoMy OPCUA-cepBepy, KOTOpoe Npor3BoauTcs Ha atane ctapta MC.

3a BbIbOp pexxmma ayTeHTudmkaumm otsevaeTt koHcTaHTa Authentication. MNpwu BeiIGope cnocoba
paboTbl ¢ ayTeHTUdUuKaumen (3HadeHme UserName) cnegyeT HasHaumTb formH OPCUAUSser 1 napornb
OPCUAPassword B COOTBETCTBYHOLLUMX KOHCTaHTax. [laHHble napaMeTpbl AOMKHbI ObITb COrnacoBaHbl Co
cxemon 6e3zonacHocTn OPCUA-cepBepa, kK KOTOPOMY OCYLLECTBNSETCA NOAKMYeHne. Hanmyuune cesasm ¢
cepBepom uHanumpyeTcd B 1-m buTe Bbixoga State.

TM mOxeT BeCTU NONIHOEe JOKYMEHTMPOBaHWE Amarora ¢ cepsepoM. 3a BKIIOYEHMe 3TOro pexvma
OTBEYaeT HacTpoMKa U COOTBETCTBYIOLLMIA OUCKPETHLIN Bxod DebugMode, emy Heobxoanmo ycTaHoBUTb
3Ha4deHue “1”. Pexxum 3agencTByeTcs, ecnv NpUCYTCTBYET paspelleHune BbiBoaa “Bcent nHdopmaummn” B
TM “CuctemHbin koHdurypatop” (DebugMode = 3). BkntoyeHue gaHHoro pexuma y TM nHanumnpyetcs B
0-m 6uTe Bbixoaa State.
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3.5.8. BbixogHon OPCUA-aneMeHT KnmeHTa

MeTka Tvna: OPCUACInItemOutput

Homep tnna: 146

MpencrtasneH: Rp2, Rp3, Rp4

Ta6bnuua 3.5.8.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHune Mpumetakue, BLIGop,
KOHCTaHTblI eAl. UsmMepeHus
10 string VarName YHuKanbHbIN naeHTudmkaTop
anemMeHTa
Bbibop
0 - UA_BOOLEAN;
11 byte VarType Tun anemeHTa B ctaHgapte OPC UA | 5- UA_INT32;
6 - UN_UINT32;
9 - UA FLOAT
Tabnuua 3.5.8.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mepeHus
OaHHbIX
dopmupoBaHme
1 Variant Grp Mpynna OPCUA nogkntoyeHust rpynnoo6pa3y foLien
NOAYNHEHHOW CBSA3WN OT
TM tuna OPCUACIient
2 Variant InData 3HaveHve
Ta6nuua 3.5.8.3 (Bbixoabl)
Tun MpumeyaHwme, e
Homep anemMeHTa MeTka OnucaHue P » A
n3mMepeHus
OaHHbIX
1 Unsigned State CoctosiHne Peseps

TM “BbixogHont OPCUA-anemMeHT knneHTa” aensetcsa TM BbiBoga v npeaHasHa4vyeH ans
nybnukauum Ha OPCUA-cepBep 3Ha4YeHus 118 aNieMeHTa C YHUKanbHbIM OEHTUAUKATOPOM,
onpegensembim koHcTaHTonm VarName. MNMonydeHHoe u3 Bxoaa InData 3HavyeHne Gyaet aBTomaTU4eCcKku
npeobpasoBaHo B TN AaHHbix OPCUA, 3agaHHbI B KOHCTaHTe VarType. YCTaHOBMEHHbI TUMN 3f1EMEHTa
OOIKEH coBnagaTtb co cpopMmpoBaHHbIM Tunom Ha OPCUA-cepBepe, B NPOTUBHOM criyyae paboTa ¢
3TUM 3reMeHTOM OyaeT HEBO3MOXHaA.

Mpu3Hakn He[OCTOBEPHOCTM 3HaYeHUs Ha Bxode InData 6yayT nepenaHbl B COOTBETCTBYIOLLME
OuTbl KayecTBa aTpubyta OPCState.

3.5.9. BxogHon OPCUA-anemMeHT KnneHTa

MeTka Tuna: OPCUACInIteminput

Homep Tuna: 147

MpeactaeneH: Rp2, Rp3, Rp4
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Ta6nuua 3.5.9.1 (KoHcTaHTbI)
Homep Tun MeTka Onucanme MpumeyvaHue, BbIGOP,
KOHCTaHTblI eA. usmepeHus
10 string VarName YHUKanbHbIN naeHTudmkaTop
anemMeHTa
Bbibop
0 - UA_BOOLEAN;
11 byte VarType Tun anemenTa B ctaHgapte OPC UA | 5- UA_INT32;
6 - UN_UINT32;
9 - UA FLOAT
12 ushort HoldInterval Bpewms yaoepxaHus go copoca B 0 MCeK
13 bool FlagSave CoxpaHeHune 3Ha4eHust
Tabnuua 3.5.9.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
BaHHbIX
dopmupoBaHme
1 Variant Grp Mpynna OPCUA nopgkntoyeHuns rpynnoo6pa3}/ .
NOAYNHEHHOW CBSA3UN OT
TM tuna OPCUAServer
Ta6nuua 3.5.9.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
BaHHbIX
1 Variant OutData 3HaveHve
2 Unsigned State CocrosiHne
Tabnuua 3.5.9.4 (Hactponkn)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHus
OaHHbIX
1 Variant SaveValue CoxpaHeHHoe 3HayeHne VISMeHeHue u |TeHme 13
pegakTopa HegoCTyrnHO

TM “BxogHont OPCUA-anemMeHT knueHTa” siengaetcs TM BBoga u npeaHasHadeH ans
dopmuposaHusa nognuckn ¢ OPCUA-cepBepa Ha aneMeHT C YHUKanbHbIM MAEHTUPUKATOPOM,
onpefensiembim koHcTaHTon VarName u Tunom OPCUA, ycTaHOBREHHbIM B KOHCTaHTe VarType.
3anpoLleHHbIV TUMN 3nemMeHTa JOMKeH coBnagaTb CO chopMmnpoBaHHbIM Tunom Ha OPCUA-cepBepe, B
NPOTUBHOM criyyae paboTta ¢ 3TuM aneMeHToMm ByaeT HEBO3MOXHA.

MonyyeHHOE NO N3MEHEHWIO Ha CepBepe 3HayeHne ganee nepegaetcs Ha Bbixog OutData c
y4eTOM Nnpu3aHaka kadecTBa, npucsoeHHoro OPCUA-cepBepoM. OTCYTCTBUE CBSA3M C CEPBEPOM TaKke
BbICTaBnsAeT y 3HavyeHust OutData npu3Hak “HefoCTOBEPHOCTb UCTOYHMKA”. MMpu3Hak kavyecTsa 13
aTpubyta OPCState B HEM3MEHHOM BUAe nepefaeTcs Ha Bbixo State.

[ocToBepHoe 3HavyeHne MoXeT BblTb COXpaHEeHO B HacTporike SaveValue n BOCCTaHOBIEHO Ha
Bbixoge OutData nocne nepesanycka VC. [Inst 3Toro Heo6xo4nMOo BKMIOYUTL OMNLMIO COXPAHEHHOTO
3Ha4yeHus B kKoHCTaHTe FlagSave. Mpu BKNOYEHHOW ONUUM COXPAHEHHOTO 3HAYEHUS BbICTaBNEHNE
npusHaka “HefOCTOBEPHOCTb MCTOYHMKA” Npu noTepe ces3m ¢ OPCUA-cepBepOM He BbINONHAETCS.
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KoHcTaHTa HoldInterval oTBevyaeT 3a yaepxaHue nonyyYyeHHOro 3HavyeHus Ha Bobixoge OutData B
TeYeHue 3afaHHOro nHTepBarna BpeMeHu ¢ nocneayroLwmm aBToMaTu4eckum cbpocom B JOCTOBEPHbIN
“0”. Ecnu KOHCTaHTa He yCTaHOBSIEHA, 3Ha4YeHe aBTOMaTUYeCKn copacbiBaTbCcs He byaerT.

3.6. UHTepdenc wuHbl ELPLC-BUS npoueccopHoro moayns MI1-17

3.6.1. OO6uwasa cxema paboThl

NC npegocTtaBnseT mexaHnsm paboTbl ¢ MOAYNsIMM BBOAA/BbIBOAA, PACNOMNOXEHHbIMM Ha
CUCTEMHOWM WnMHe npoueccopHoro moayns MJK MI-17, paspatoTtaHHoro NMAO «MH3YM um. bpyka» Ha
6a3se mukponpoueccopa dnbbpyc-1C+ n koHTponnepa nepudepuinHbix nHtepdencos Kr-2. NanHas
wnHa HasbiBaeTca ELPLC-BUS, a gocTyn K Hel OCyLLECTBMSIETCS Yepes pasgensemyto oubnmoreky
cuctemHom cnyxbbl ELPLCD pabotatowyto Ha IMJIK 3nebpyc noa ynpaenenHnem OC PB Onbbpyc.
MonHbIN NepeveHb Moayrnen BBOAA/BbIBOAA C XapaKTEPUCTMKAMW, a Takke NPUHLMMBLI NX paboTbl Ha
LUMHE 1 cnocobbl KOHMUITYPUPOBAHUSA MOXHO NOMYYNTb C canTa paspabotuuka (https://www.sm1820.ru/),
NMoaToMy B HacTosiLLLEM pykoBoacTee onyckaeTcs. Obuiasa cxema B3anmogenictaust IC ¢ mogynamu
BBOAa/BbIBOAaA Yepes cnyx0y ELPLCD, a Takke nporpammupoBaHMe obMeHa gaHHbimu B TI1
NPUBOLMUTCS HA PUCYHKE HUXKE.
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PucyHok 3.6.1 (O6was cxema)

@ ELPLC-BU‘S

App.1 App.2
CepBMC ELPLC KaH.1 —= signal © KaH.1 == signal
™ @ Kan.2 |== signal g KaH.2
| P A=Y Kan.3 o Kar.3 | —c signal
I 2 @
@ : | @ :
.} . 1 4 .
ELPLCD =y : g :
Snve g : = :
y s : Fo) :
] | 2 ]

KaHarn QO == value
(Kan.1)

QO == value

Bbix.
KaHan
(KaH.1)

Bbix.
KaHan

(Kan.3)

K Yctpoiicteo (UC Ha MTIM-17) /

B npuBegeHHomn Ha PucyHok 3.6.1 cxeme 6upto3oBbiM LBeTOM 0603HayeHa rpynna TM ¢
accoumnaTMBHbIMKU CBA3SIMM TUNa “OTHOLLEHME”, KOTopble obecneumnBatoT B3anmogenctene NC ¢
pa3nuyHbiMu obbekTamu WwWnHbl ELPLC-BUS: cobctBeHHO cepercom ELPLC, mogynsimv BBoga/BbiBOAA
Ha LUMHe, KaHanamm KOHKpeTHOro moaynsa. PasHelM Tunam moaynen Beofa/BbiBoga cooTBeTCTBYOT B MIC
pasHble TUnbl MoAYNbHbIX U KaHanbHbIX TM. MNMpueaska moaynsHoro TM K KOHKpeTHOMY MOAYINI0
BBOJa/BblBOAA Ha LLUMHE 3aJaeTcsl aapecHOm KoHCTaHTom B cBoncTBax TM. MNpuBAaska kaHaneHoro TM k
KOHKPETHOMY (hU3NYECKOMY KaHany MoAyns BBoAa/BbiBOAA 3a4aeTcs Yepes accoumaTnBHoe
nogkroyeHme K moaynsHomy TM 1 KOHCTaHTYy HOMepa KaHana B CBOMCTBaxX kaHanbHoro TM. Ha camom
BEPXHEM YPOBHE nepapxun Bce moaynbHble TM OOmKHbI ObiTb NOAKMIOYEHbI aCCOLMATUBHOM CBA3bLIO K
cepsucHomy TM. B ogHom TI1T goctaTtoyHo nmeTb TONMbKO OAMH cepBUCHBI TM, ogHako, ecnu

HeobxoaMMo obecneunTb NnapannensHyto paboTy pasnunyHblx Yacten TI1 ¢ wuHon ELPLC-BUS,
HanpuMep, Ha pasHbIX NpMopuTeTax, JONYyCKaeTCs UCNONb30BaHNE HECKOMbKUX CePBUCHBIX TM,

NPUBA3aHHbIX K pa3HbIM 3a4a4aM. B atom cny4ae HeobXxoanMo creauTb 3a He NnpeBbILLUEHNEM
npegernibHoro 4Yncna ogHoBpeMEHHbIX KIMMEeHTCKUX NOAKMNIOYEHNN K cepBucy.

B HacToswee Bpems MC obecneumBaeT nogaepxky cnegyrowmnx moaynen eeoga/ssisoga: MAB17,
MAB17-TMNTC, MABbIB17, MAB17, MOBbIB17, MAB17-64.



000 «ACY-IIMOEP»

OnuncaHune yHKUMOHaNbHbIX 61TOKOB
(TexHonorMyecknx Mogynen),

CtpaHunua 123

pen.1.2
3.6.2. Cepsuc ELPLCD
MeTka Tvna: ELPLCD_Service
Homep Tuna: 230
MpenctaeneH: Rp4
Tabnuua 3.6.2.1 (Bxoabl)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
M3MepeHus
HaHHbIX
1 Discret DebugMode Pexunm otnagku WckniovaeT HacTponky 1
5 Discret SetActive YcTaHoBKa aKTUBHOIO
pexvma y3na
3 Discret SetPassive YcTaHoBKa NaccUBHOIO
pexuma ysna
Tabnuua 3.6.2.2 (Bbixoabl)
Tun MpumeyvaHue, e
Homep anemMeHTa MeTka OnucaHune P » €A
M3mepeHus
BaHHbIX
dopmupoBaHme
rpynnoo6pasytoLei
nogYnHeHHom ceasu ans TM
Tunos ELPLCD_MDI,
1 Variant Grp "pynnoBon BbIXOA ELPLCD_MDO,
ELPLCD_MAI,
ELPLCD_TPTS,
ELPLCD_MAO,
ELPLCD_MDI64
ButoBoe none:
0 6UT - BKITIOYEH peXnmM
oTnajgku;
1 6uT - NnpusHak paboTbl
2 Unsigned State CoctosiHne LNHB! B ,ﬂyGnMpOBaHHOM
pexume;
2 BUT - NPU3HaK aKTUBHOTO
pexvma cepsuca npu
paboTe WWHbI B
AybnvpoBaHHOM pexume
Tabnuua 3.6.2.3 (HacTtpoiknu)
Tun MpumeyaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » 4.
U3MepeHusi
OaHHbIX
1 Discret DebugMode Pexum otnagku

TM “Cepsuc ELPLCD” npegHa3sHa4veH obecneveHust B3aMMoaencTems ¢ cepsucom ELPLCD,
opMMpoBaHUS kapTbl MPUBA30K MOAYNbHLIX TM K peanbHbiM Mogynsm BBoAa/BbiBoga Ha wnHe ELPLC-
BUS, oToOpaxxeHus COCTOSAHNS 1 yrpaBneHnss Ayb6rnmpoBaHHbIM PEXMMOM LLVHbI.

Mpu nosiBNeHMM Ha NoakN4YeHHOM Bxoge SetActive goctoBepHor “1” cepBucy, B cnyvae
HaxoXxgeHusd ero B Lly6J'IVIPOBaHHOM pexunme LWNHbI, 6yp,eT BblJaHa KOMaH4a Ha YCTaHOBKY aKTUBHOIO
pexuma ysna. B gaHHoM criyqae nog y3/10M NoHMMaeTCs 3anyLUeHHas Ha TekyLwem npoL.ecCopHOM
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moayne cnyx6a ELPLCD. lNpu nossneHnn Ha nogkniovYeHHoM Bxoae SetPassive goctosepHon “1”
cepBuUCy, B Cryvyae HaxoXaeHus ero B Ay6nmpoBaHHOM pexuMme LKnHbl, ByaeT BbljaHa kKoMaHaa Ha
YCTaHOBKY HEaKTMBHOIO pexunma yana. [Npu ogHOBpeMEHHOM NOSsIBNIEHUN AOCTOBEPHbIX “1” Ha 06ounx
BXOAax NPUOpPUTET OCTAETCH 3a YCTAHOBKOW HEAKTUBHOIO pexnma.

TM moxeT BECTM NOJNTHOE JOKYMEHTUpoBaHue gnanora ¢ cepsucom ELPLCD. 3a BkntoyeHne 3Toro
pexuma oTBeYaeT HaCcTporika U COOTBETCTBYHOLLUN AuCKpeTHbIN Bxod DebugMode, emy Heobxoaumo
YCTaHOBUTb 3Ha4deHne “1”. Pexnm 3agencTByeTcd, eCnv NpUCyTCTBYeT pa3peLleHne BoiBoga “Bcen
nHpopmaunn” B TM “CuctemHnbint koHdurypatop” (DebugMode = 3).

3.6.3. Cy66nok ELPLCD MB

MeTka Tvna: ELPLCD_MDI
Homep Tuna: 231
Mpencraenen: Rp4

Tabnuua 3.6.3.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumeyanme, BLIGOp,
KOHCTaHTblI el. 3aMepeHuns
10 byte DeviceAddress AZpec ycTponcTBa Ha WnHe
11 unit32 ActionTimeout MpenenbHoe Bpems BbINONHeH!s MceK
onepauuu
Ta6nuua 3.6.3.2 (Bxoabl)
Tun MpumeyaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
AaHHbIX
dopmunpoBaHve
rpynnoobpasytoLei
. NOAYMHEHHOW CBSA3UN OT
1 Variant Grp pynna YCO ELPLCD ™ Tvna
ELPLCD_Service
Ta6nuua 3.6.3.3 (Bbixoabl)
Tvn MpumeyaHwe, e,
Homep anemMeHTa MeTka OnucaHue P > 84
M3MepeHus
AaHHbIX
dopmupoBaHme
rpynnoo6pasytoLei
1 Variant GrpDI EpLylgnl_l'lggaHanoa MAB nogyYnHeHHom ceasn ansa TM
Tuna ELPLCD_DiI
2 Integer Err Kopa owmnbku
3 Unsigned ChMode PexvnmHas macka kaHanoB

TM “Cy66nok ELPLCD MIOB” npegHasHadeH gns obecnevyeHns B3aMMO4ENCTBMSA C MOAYIEM
MIOB17 yepes cepsuc ELPLCD, a Takxe hopMMpoBaHUs KapTbl NPUBA3OK KaHanbHbIX TM ans
BblOpaHHoro mogynst MB. ConocTtaBneHne ¢ MOgyneM Ha LUMHE OCYLLECTBNAETCS NO afapecy,



OnuncaHune yHKUMOHaNbHbIX 61TOKOB
000 «ACY-NMOEP» (TexHonorMyecknx Mogynen), CrtpaHuua 125
pen.1.2

ykasaHHOMY B KoHCcTaHTe DeviceAddress. [JaHHbIn mogynbHbIn TM 06HoBRsieT BCo nHdopmaumio Ans
BCEX NPUBS3aHHbIX KaHanbHbIX TM ¢ nepnoaom, paBHbIM CBOEMY TakTy obcueTa.

B Bbixoge Err oTtobpaxaeTcs ko nocnegHen owmnbkun obpatteHus k moaynto MIOB Ha TekyLuem
TakTe obcyeta TM. Koabl owmnbok dopmupytotest cepeucom ELPLCD u onncbiBatoTcs B
COOTBETCTBYIOLLEM PYKOBOACTBE MO 3KCMNyatauuu cepsuca. Npun oTcyTCTBUM OLLMOOK B BbIXO4E
oTobpaxaeTcsi AoCTOBEPHbLIN “0”.

KoHcTaHTa ActionTimeout kOHTponupyeT NpeaensHoe BpeMsi OXXMAaHMs OTBETa OT MOAyns no
LMHe, NPpWU NPEBbLILLEHUN 3TOrO BpeMeHHU, B BbixoA Err BeiBoantca owwmnbka ¢ kogom “-1”. MNpu atom
3Ha4YeHWs B BbIXOA4aX Ha MOAKIMOYEHHbIX KaHanbHbIX TM aToro mogyns nonyyart npusHak
HEeJOCTOBEPHOCTH “NO UCXOAHOMY UCTOYHUKY”.

B Bbixoge ChMode otobpaxaeTcs Tekywwmi pexum paboTel kaHana MAB. YcTaHOBNEHHbI 6UT B
COOTBETCTBYIOLLEN NO3unLUKn macku (rae 0-my 6Guty cooTBETCTBYET 1-bI KaHam) roBopuT 0 paboTe kaHana
B pPEXMME “LLeNIOMUCIIEHHONO CYETUMKA”, COPOLLEHHbIN — B PEXMUME “OMUCKPETHOrO COCTOSAHMSA”.

3.6.4. Kanan ELPLCD M[B

MeTka Tvna: ELPLCD_DI
Homep Tuna: 232
MNpencraeneH: Rp4

Ta6bnuua 3.6.4.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumetakue, BLIGop,
KOHCTaHThblI el. 3amMepeHus
10 byte Channel Homep kaHana 1..32
Tabnuua 3.6.4.2 (Bxoabl)
Tun MpumeyvaHwme, e
Homep anemMeHTa MeTka OnucaHue P » A
n3mMepeHus
AaHHbIX
dopmunpoBaHve
rpynnoo6pasyioLlen
1 Variant GrpDI pynna kaHanos MAB ELPLCD NOAYNHEHHOW CBSA3UN OT
TM Tnna ELPLCD_MDI
Tabnuua 3.6.4.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » €A
n3mMepeHusi
AaHHbIX
1 Variant Value BbixogHoe 3HaueHne

TM “Kanan ELPLCD M[B” sisnsietca TM BBOAa U NnpegHasHa4veH Ang npeactaBfeHnsa COCTOSIHUSA
cuUrHana urnuv HakornmneHHOro 3Ha4YeHnsa cHeTYnKa, nonyyeHHoro n3 cepsnca ELPLCD kaHanbHeiM TM, ans
kaHana moaynsa MOB17, ykasaHHoro B koHcTaHTe Channel. 3HauyeHusa oTobpaxaeTcs B Bbixoge Value. B
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3aBMCMMOCTM OT pexunma paboTbl KaHana, Bbixod byaet nmeTb Tun Discret n otobpaxaTh TekyLiee
cocTosiHme hunsnyeckoro curHana, nnbo Tmn Unsigned n otobpaxaTtb Tekyllee 3Ha4YeHne cyeTumka
N3MEHEeHWU COCTOAHMSA U3NYECKOro curHana.

Mpwn nosiBneHnmn ntodon owmnbkn obpalleHnst kaHansHoro TM k cepeucy ELPLCD 3Ha4yeHuto
BbIxoga Value npycBouTCH NpU3HaKk HeJOCTOBEPHOCTM “NO UCXOOHOMY MCTOYHUKY”.

3.6.5. Cy66nok ELPLCD MAY

MeTka Tvna: ELPLCD_MDO

Homep tnna: 233

Mpencraenen: Rp4

Ta6bnuua 3.6.5.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumetakue, BLIGop,
KOHCTaHTbI eA. usmepeHus
10 byte DeviceAddress Agpec ycTponcTBa Ha LnHe
11 unit32 ActionTimeout MpenensHoe Bpems BoINOMHeH!s MceK
onepauuu
Tabnuua 3.6.5.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » A
n3MepeHus
AaHHbIX
dopmunpoBaHve
rpynnoo6pasyioLlen
. NOAYNHEHHOW CBSI3N OT
1 Variant Grp Mpynna YCO ELPLCD ™ Tvna
ELPLCD_Service
Ta6nuua 3.6.5.3 (Bbixoabl)
Tun MpumeyaHwe, e,
Homep anemMeHTa MeTka OnucaHue P » 84
n3mepeHusi
AaHHbIX
dopmupoBaHve
rpynnoobpasytoLei
1 Variant GrpDO pynna kaHanos MAY ELPLCD noa4YMHEeHHOW CBA3N Ans
TM tnna ELPLCD_DO
2 Integer Err Kopa owmnbku

TM “Cy66nok ELPLCD MAY” npegHasHa4veH anst obecneyeHnsi B3anmogencTensi C Mogynem
MIBbIB17 4yepes cepsuc ELPLCD, a Takke popMnpoBaHns kKapTbl MPUBA30K KaHanbHbIX TM Ans
BblibpaHHoro moayns MABbIB. ConocTaBneHne ¢ Mogynem Ha LUMHe OCYLLEeCTBNSETCS No agpecy,
ykasaHHOMY B kOHcTaHTe DeviceAddress. [aHHbii MoaynbHbI TM ycTaHaBnuBaeT nnu copacoiBaeT
CurHanbl BbIXOAOB HA OCHOBAHMM OaHHbIX NMPUBSA3aHHbIX KaHanbHbIX TM ¢ nepuogom, paBHbIM CBOEMY
TakTy obcyeTa, a Takke YMTaeT COCTOSHUE BbIXOAHbIX CUrHANoB 1 NepefaeT ero COOTBETCTBYHOLLUM

KaHanbHbiM TM.
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B Bbixoge Err oTtobpaxaeTcsa kog nocnegHen owmnbkmn obpaiteHus k moaynto MOBbIB Ha TekyLem
Takte obcyeta TM. Kogbl owmnbok popmupytotes cepsmcom ELPLCD u onuceiBatoTcs B
COOTBETCTBYIOLLEM PYKOBOACTBE MO 3KCMNyaTauuu cepsuca. [Npun oTCyTCTBUM OLLMOOK B BbIXO4E
oTobparkaeTcs gocToBepHbIn “0”,

KoHcTaHTa ActionTimeout KOHTponMpyeT NpefeneHoe BPeMsi OXnaaHus oTBeTa OT MOAyNs No
LMHEe, NpWU NPEBbLILLEHUN 3TOrO0 BpEMEHMU, B Bbixoa Err BeiBoanTCA owwmnbka ¢ kogom “-1”. MNpu atom
3Ha4YeHWs B BbIXOA4aX Ha MOAKIMOYEHHbIX KaHanbHbIX TM aToro mogyns nonyyart npusHak
HeOCTOBEPHOCTM “NO UCXOLHOMY UCTOYHUKY”.

3.6.6. Kanan ELPLCD MY

MeTtka Tvna: ELPLCD_ DO
Homep tnna: 234
Mpencraenen: Rp4

Tabnuua 3.6.6.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumetakue, BLIGop,
KOHCTaHTblI eA. smMepeHus
10 byte Channel Homep kaHana 1..32
Tabnuua 3.6.6.2 (Bxoabl)
Tun MpumeyaHwme, e
Homep anemMeHTa MeTka OnucaHue P » A
n3mMepeHusi
AaHHbIX
dopmunpoBaHve
rpynnoo6pasyioLlen
1 Variant GrpDO pynna kananos MOY ELPLCD NoAYMHEHHOWN CBSA3M OT
TM tnna ELPLCD_MDO
2 Discret SetVal YcTaHaBnvMBaeMbln curHan
Tabnuua 3.6.6.3 (Bbixoabl)
Tun MpumeyaHwue, e,
Homep anemMeHTa MeTka OnucaHue P » €A
n3mMepeHus
OaHHbIX
1 Discret CurVal YcTaHOBMEHHbIN curHan

TM “Kanan ELPLCD MAY” aBnsietcss TM BbiBOAa M NpegHa3HayeH ans ynpasreHusi COCTOSSHUEM
BbIXOAHOrO CUrHamna ¢ accouMmMpoBaHHOro ¢ HUM kaHaneHoro TM moayna MOBbeIB17 ons kaHana,
yKa3aHHOro B koHcTaHTe Channel. YnpaBneHue curHanom OCyLLECTBISAETCS Yepes NOAKIOHYEHHbIN BXO,
SetVal. 3HayeHne Ha NogKIHYEHHOM BXOAE AOIMKHO ObiTb AOCTOBEPHbIM. TeKyLee COCTOsIHNE
BbIXOAHOr0O curHana otobpakaetcs B Bbixoge CurVal.

Mpu nosiBneHun nodon ownbkm obpawyeHms kaHaneHoro TM k cepucy ELPLCD 3HadeHuio
BbIxoaa CurVal npuceBouTcH NpusHaKk HeOCTOBEPHOCTU “NO UCXOAHOMY UCTOYHMKY”.
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3.6.7. Cy66nok ELPLCD MAB

MeTtka Tuna: ELPLCD_MAI
Homep Tuna: 235
MpencraeneH: Rp4

Tabnuua 3.6.7.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHune MpumesaHue, sLiGop,
KOHCTaHTblI el. aMepeHus
10 byte DeviceAddress AZpec ycTponcTBa Ha WnHe
11 unit32 ActionTimeout MpenenbHoe Bpems BbINONHeH!s MceK
onepauuu
Tabnuua 3.6.7.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
AaHHbIX
dopmupoBaHme
rpynnoo6pasytoLei
. NOAYNHEHHOW CBSA3U OT
1 Variant Grp Mpynna YCO ELPLCD ™ Tvna
ELPLCD_Service
Ta6nuua 3.6.7.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
OaHHbIX
dopmuposaHme
rpynnoo6pasytoLei
1 Variant GrpAl pynna kaHanos MAB ELPLCD NOAYNHEHHOW CBA3WN ANs
TM Tna ELPLCD_AI
2 Integer Err Kopn owmnbku

TM “Cy66nok ELPLCD MAB” npegHasHadeH ans obecnevyeHusi B3aMMOLENCTBUSA C ModyNem
MAB17 uepes cepsuc ELPLCD, a Takxke dhoopMmMpoBaHUsa KapTbl NPUBA30OK KaHanbHbIX TM anga
BblOpaHHoro mogynst MAB. ConocTaBneHune ¢ MogyneM Ha LMHE OCYLLECTBNSAETCA Mo agpecy,
yka3aHHOMY B KoHcTaHTe DeviceAddress. [JaHHbin mogynbHbii TM 06HOBRSET BClo uHdopmaumo ans
BCEX MPUBA3aHHbIX kKaHanbHbIX TM ¢ nepnogom, paBHbIM CBOEMY TakTy obcyeTa.

B Bbixoae Err oTobpaxaeTcs koA nocrnegHewn owmbkmn obpatleHus kK mogynio MAB Ha TekyLlem
TakTe obcyeta TM. Kogbl owmnbok dopmupytotest cepsucom ELPLCD u onncbiBatoTcs B
COOTBETCTBYIOLLEM PYKOBOACTBE MO 3KCMNnyaTauumn cepsuca. MNpu oTcyTCTBUM OLLMOOK B BbIXOAE
oTobpakaeTcs 4ocToBepHbIN “0”.

KoHcTaHTa ActionTimeout KOHTpoONUpyeT NpeaernbHOe BpeMs OXuaaHus oTBeTa OT MOAyns Mo
LUMHe, NPpW NPEeBbILLEHNN 3TOrO BPEMEHM, B BbIxod Err BeiBoguTcs owmbka ¢ kogom “-1”. MNMpu atom
3Ha4YeHWs B BbIXOA4aX Ha MOAKIOYEHHbIX KaHanbHbIX TM aToro mogyns nonyyart npusHak
HeJOCTOBEPHOCTU “NO UCXOOHOMY UCTOUYHUKY”.
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3.6.8. Kanan ELPLCD MAB
MeTtka Tuna: ELPLCD_Al
Homep Tuna: 236
MpencraeneH: Rp4
Tabnuua 3.6.8.1 (KoHcTaHTbI)
Homep Tun MeTka OnucaHune MpumesaHue, sLiGop,
KOHCTaHTblI el. aMepeHus
10 byte Channel Homep kaHana 1..16
Tabnuua 3.6.8.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
BaHHbIX
dopmupoBaHme
rpynnoo6pasytoLei
1 Variant GrpAl pynna kananos MAB ELPLCD NoAYMHEHHOWN CBSA3M OT
TM Tna ELPLCD_MAI
Ta6nuua 3.6.8.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
OaHHbIX
1 Variant Value BbixogHoe 3HayeHne

TM “Kanan ELPLCD MAB” saBnsetca TM BBoAa 1 npegHasHayeH ons npeacTaBneHnst 3Ha4YeHus
BXOZHOrO curHana, B BUAE BEMNMYMHBI C NMaBatoLwen TOYKON OAMHAPHON TOYHOCTY, B €4MHMLIAX
n3MepeHns anga HanpshkeHus - B BONbTax, A8 TOKa — B Munnnamnepax. Tun nsamepeHus, Wkarnbl, a
Takke JONOMHUTENBHbIE onepauun noctobpaboTkn 3agalnTcsa Ha aTane KOHPUrypnpoBaHUA Moayrns
MAB. BenuumHa BXOOHOrO CUrHana, B 3aBUCUMMOCTM OT 3a[jaHHbIX NapaMeTpoOB KOH(UIypupoBaHus
KaHana, MoXeT ObITb NpeACcTaBneHa B BUAE LIENOYNCIIEHHOMO 3HadYeHns 12-paspsaHoro koga AU (ot 0
0o 4095). Homep kaHana mogyns MAB 3agaetcs B koHcTaHTe Channel. 3HaveHne oTobpaxkaetcs B
BbIxoge Value. B 3aBMcMMOCTU OT pexnma paboTbl kaHana 3HavyeHne Value moxeT ObiTb Tuna Float unm

Unsigned.

Mpu nosiBneHun nobon ownbkm obpalyeHns kaHansHoro TM k cepucy ELPLCD 3HadeHuto
BbIxoga Value npncBouTCHA NpU3Hak HeJOCTOBEPHOCTM “NO UCXOOHOMY MUCTOYHUKY”.

3.6.9. Cy66nok ELPLCD TINTC

MeTtka Tvna: ELPLCD_TMNTC

Howmep Tuna: 237

MpencraeneH: Rp4
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Ta6bnuua 3.6.9.1 (KoHcTaHTbI)
Homep Tun MeTka OnucaHue Mpumetakue, BLIGop,
KOHCTaHTbI eA. usmepeHus
10 byte DeviceAddress Agpec ycTponcTsa Ha LnHe
11 unit32 ActionTimeout MpepenbHoe Bpems BhINOMHEeHNs Mcek
onepauuu
Tabnuua 3.6.9.2 (Bxoabl)
Tvn MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AaHHbIX
dopmuposaHme
rpynnoo6pasytoLei
. NOAYNHEHHOW CBSI3N OT
1 Variant Grp Mpynna YCO ELPLCD ™ Tvna
ELPLCD_Service
Ta6nuua 3.6.9.3 (Bbixoabl)
Tun MpumeyaHwue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AaHHbIX
dopmupoBaHme
rpynnoo6pasytoLei
1 Variant GrpTP pynna kaHanos T ELPLCD NoJ4YMHEHHOW CBA3WN AN
TM tuna ELPLCD_TP
dopmunpoBaHve
rpynnoobpasytoLei
2 Variant GrpTS pynna kaHanos TC ELPLCD NnoJ4YMHEHHON CBA3WN ANs
TM tnna ELPLCD_TS
3 Integer Err Kopa owmnbku

TM “Cy66nok ELPLCD TNTC” npegHa3HayeH ans obecneyeHns B3anMOAeNCTBMA C MOGYIEM
MAB17-TITC 4epes cepsuc ELPLCD, a Takke hopMnpoBaHms KapTbl NPUBSA30K kaHanbHbiX TM ans
BblbpaHHoro moayns TMTC. ConoctaBneHne ¢ Mogyrnem Ha LWnHe OCyLLeCTBNSETCH No agpecy,
ykazaHHOMY B KoHCTaHTe DeviceAddress. [JaHHbIn mogynbHbin TM o6HoBRsieT BClo nHdopmaumio Ans
BCEX MpUBA3aHHbIX KaHanbHbIX TM ¢ nepnogom, paBHbIM cBoeMy TakTy obcyeTa. KaHansHble TM
AOIMKHbI ObITb aCCOLMMPOBaHbI C FPYMNMOBbLIM BbIXO40M, COMIaCHO CBOEMY Ha3HaYeHWIo: kKaHanbHble TM
anga tuna Tl ¢ Beixogom GrpTP, kaHanbHele TM anga tuna TC ¢ Beixogom GrpTS.

B Bbixoae Err oTobpaxaeTcs koA nocrnegHewn owmbkn obpatleHus k mogynio TMNTC Ha Tekywem
TakTe obcyeta TM. Kogbl owmnbok dopmupytotesi cepsucom ELPLCD u onnceiBatoTcs B
COOTBETCTBYIOLLIEM PYKOBOACTBE MO 3KCnnyaTauumn cepsuca. lNpu oTCyTCTBMM OLWIMOOK B BbIXOAE
oTobpakaeTcs 4oCToBepPHbIN “0”.

KoHcTaHTa ActionTimeout KOHTpONUPYeT NpedenbHOEe BpeMsl OXuaaHusi oTBeTa OT MOAyns Mo
LUMHe, NPpU NPEBbILLIEHNN 3TOrO BPEMEHM, B BbIxo4 Err BbiIBoguTCcs owmbka ¢ kogom “-1”. MNMpu atom
3Ha4YeHVs B BbIXOAaXxX Ha MOAKIMIOYEHHbIX KaHanbHbIX TM 3TOro Mogyns nonyyaTt npusHak
HeJOCTOBEPHOCTU “NO UCXOOHOMY UCTOUYHUKY”.
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3.6.10. Kanan ELPLCD TI1
MeTtka Tuna: ELPLCD_TP
Homep Tuna: 238
MpencraeneH: Rp4
Ta6bnuua 3.6.10.1 (KoHcTaHTbI)
Homep Tun MeTka OnucaHune Mpumetakue, BLIGop,
KOHCTaHTbI ef. usMepeHus
10 byte Channel Homep kaHana 1.8
Tabnuua 3.6.10.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AAHHbIX
dopmupoBaHme
rpynnoo6pasytoLuen
1 Variant GrpTP pynna kananos TM ELPLCD NoAYMHEHHOWN CBSA3M OT
TM tnna ELPLCD_TPTS
Ta6nuua 3.6.10.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AAHHbIX
1 Variant Value BbixogHoe 3HayeHne
2 Unsigned State CoctosHue

TM “Kanan ELPLCD TI1” asnaetca TM BBoga v npegHasHadeH anga npeacraBneHns 3HayeHust
BXOJHOrO CUrHana oT AaTyuka TemnepaTypbl (TepmMonaphbl), B BUAe BeNnymHbl C nnasBatoLen ToUKom
OfMHapHOW TOYHOCTK, B rpagycax Llenbcusi. Boibop Tvna TepMonapbl U 4OMONHUTENbHBLIE Onepaumm
noctobpaboTkn 3agaloTcs Ha aTane KoHdurypuposaHus mogynsa MAB-TITC. BennunHa BxogHoro
curHana, B 3aBUCUMOCTM OT 3afiaHHbIX NapaMeTpoB KOHUIypUpOBaHNUS KaHana, MOXeT ObiTb
npeacTaeneHa B BuAe LenovmMcneHHoro sHadyeHuns 12-paspsagHoro koga AL (ot 0 go 4095). Homep
kanana mogynsa MAB-TTITC 3agaetca B koHcTaHTe Channel. 3HavyeHue oTobpaxaeTca B Bbixoge Value.
B 3aBuncmnmocTu oT pexxuma paboThl kaHana 3HadeHue Value moxeT 6biTb Tuna Float nnm Unsigned.

B Bbixoge State oTobpaxaeTcs 0600LLEeHHOE COCTOSAHNE U3MEPEHWST NO JAHHOMY KaHany B BUAe
6utoBon 32-paspsagHon Mmacku. Hannuve yctaHOBNEHHOro ctapliero 6uta rosopuT 06 ycneLiHo
BbIMONIHEHHOM U3MepPeHUW, Ha3Ha4YeHNe ocTarnbHbIX BUT ONMCbIBAETCA B COOTBETCTBYOLLEN
AOKYMeHTaummn Ha npumeHsiemyto B mogyne MAB17-TINTC mukpocxemy TepmonpeobpasoBaTens.

Mpu nosiBneHun nobon ownbkn obpalleHns kaHaneHoro TM k cepsucy ELPLCD, a Takke
BbISIBNIEHNIO OLUMOKN M3MEPEHMs], 3Ha4eHuto Bbixoaa Value npucBoMTCS Npu3Hak HEAOCTOBEPHOCTM “No

WUCXOOHOMY UCTOYHUKY”.
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3.6.11. Kanan ELPLCD TC
MeTtka Tuna: ELPLCD_TS
Homep Tuna: 239
MpencraeneH: Rp4
Ta6bnuua 3.6.11.1 (KoHcTaHTbI)
Homep Tun MeTka Onucanme MpumeyvaHue, BbIGOP,
KOHCTaHTbI ef. usMepeHus
10 byte Channel Homep kaHana 9..16
Tabnuua 3.6.11.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
AAHHbIX
dopmupoBaHme
rpynnoo6pasytoLei
1 Variant GrpTS pynna kaHanos TC ELPLCD NoAYMHEHHOWN CBSA3M OT
TM tnna ELPLCD_TPTS
Ta6bnuua 3.6.11.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
AAHHbIX
1 Variant Value BbixogHoe 3HayeHne
2 Unsigned State CoctosHue

TM “Kanan ELPLCD TC” asnaetca TM BBoga v npegHasHadeH Ang npeacraBneHns 3HayeHust
BXOQHOrO CUrHana ot Aatyuka TemnepaTypbl (TepMOCONPOTUBMEHMUS), B BUAE BEMNUYUHBI C MMaBatoLLein
TOYKOW OfMHAPHOWN TOYHOCTU, B rpagycax Lienbcus. Beibop TMna TepmMoconpoTuBneHns u
AONONHUTENbHbLIE onepauun NnoctobpaboTkM 3agatTcs Ha aTane KoHdurypnposaHusa mogyns MAB-
TMTC. BennumHa BXogHOro curHana, B 3aBUCUMOCTM OT 3aaHHbIX NapamMeTpoB KOH(PUrypupoBaHus
KaHana, MOXeT ObITb NpeAcTaBneHa B BMAe LieNoYnCeEHHOro 3Havyenns 12-paspsigHoro koga ALM (ot O
Ao 4095). Homep kaHana mogyns MAB-TITC 3agaetca B koHcTaHTe Channel. 3HayeHne oTobpakaeTcs
B BbIxoge Value. B 3aBucrmocTu oT pexxuma paboTbl kaHana 3HadeHue Value moxeT 6biTb Tuna Float

unu Unsigned.

B Bbixoge State oTobpaxkaeTcs 0006LEeHHOE COCTOSIHNE U3MEPEHUS NO AAaHHOMY KaHany B Buge
©uToBON 32-pa3psaHon macku. Hanmune yctaHOBREHHOro ctapllero 6ura rosopumT o6 ycnewHo
BbIMOJTHEHHOM U3MEPEHNN, Ha3Ha4YeHMEe OCTarnbHbIX OUT ONUCHIBAETCS B COOTBETCTBYHOLLEN
OOKYMeHTaLuMmn Ha npumeHsiemyto B mogyne MAB17-TMNTC mukpocxemy TepmonpeobpasoBaTensi.

Mpu nosiBneHun nobon ownbkn obpalleHus kaHansHoro TM k cepeucy ELPLCD, a Takke
BbISIBITEHWIO OLLUMOKN N3MEPEHMS, 3HAaYEHUIO Bbixoda Value NpucBonTCst NpU3HaKk He4OCTOBEPHOCTU “NO

NCXOOHOMY UCTOYHUKY”.
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3.6.12. Cy66nok ELPLCD MAY

MeTtka Tuna: ELPLCD_MAO
Homep tnna: 240
MpencraeneH: Rp4

Ta6bnuua 3.6.12.1 (KoHcTaHTbI)

Homep Tun MeTka Onucanme MpumeyvaHue, BbIGOP,
KOHCTaHTblI eAl. UsmMepeHus
10 byte DeviceAddress AZpec ycTponcTBa Ha WnHe
11 unit32 ActionTimeout MpeAenbHoe Bpems BbINOMHEHN Mcek
onepauuu
Tabnuua 3.6.12.2 (Bxoabl)
Tun MpumeyaHwme, ¢
Homep anemMeHTa MeTka OnucaHue P » 8.
n3mepeHus
OaHHbIX
dopmupoBaHme
rpynnoobpasyoLlei
. NOAYNHEHHOW CBSI3N OT
1 Variant Grp Mpynna YCO ELPLCD ™ Tvna
ELPLCD_Service
Tabnuua 3.6.12.3 (Bbixoabl)
Tun MpumeyaHwme, e
Homep anemMeHTa MeTka OnucaHue P » A
n3mepeHus
OaHHbIX
dopmunpoBaHve
rpynnoo6pasyioLlei
1 Variant GrpAO pynna kaHanos MAY ELPLCD NOAYNHEHHOW CBA3WN ANs
TM Tnna ELPLCD_AO
2 Integer Err Koa owmbkm

TM “Cy66nok ELPLCD MAY” npegHasHa4veH ans obecnevyeHns B3aumogencTaus ¢ mogynem
MABLIB17 4epes cepBuc ELPLCD, a Takke dopMnpoBaHna KapTbl NPMBA30K KaHanbHbIXx TM ans
BbIGpaHHoro mogynst MABbIB. ConocTaBneHme ¢ Modynem Ha LUMHE OCYLLECTBIISIETCS N0 afpecy,
ykasaHHOMY B KoHcTaHTe DeviceAddress. [aHHbin MogynbHeIn TM Ha kakgom Takte obcyeTa
cpaBHUBaEeT 3Ha4veHue koaa LIAl, ycTaHOBRNeHHOro Bo BCex kaHanax, ¢ 3ajaHHbIM 3Ha4yeHneM B
NoAKMNtoYeHHbIX KaHanbHbIX TM, 1 B cnyyae ero HecoBnageHus Bbiaaet koMaHabl cepsucy ELPLCD Ha
YCTaHOBKY SNEKTPMUYECKOro CUrHarna ¢ BenmyYnHon COOTBETCTBYIOLWEN 3aaaHHoMy koay LIATT.

B Bbixoge Err oTtobpaxaeTcs Ko nocnegHen owmbku obpatleHms k mogynto MABBIB Ha TekyLem
TakTe obcyeta TM. Kogbl owmnbok dopmupytotesi cepsucom ELPLCD u onnceiBatoTcs B
COOTBETCTBYIOLLEM PYKOBOACTBE MO 3KCMNnyatauumm cepsuca. Mpu oTcyTcTBumM oinboK B BbIXOAE
oTobpaxaeTcsa JocToBepPHbIN “0”,

KoHcTaHTa ActionTimeout KOHTpONUPYeT NpedenbHOe BpeMsl OXuaaHusi oTBeTa OT MOoAyns no
LUMHe, NPpW NPEeBbILLEHNN 3TOr0 BPEMEHM, B BbIxod Err BeiBoguTcs owmbka ¢ kogom “-1”. MNMpu atom
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3Ha4YeHnd B BbIXoAax Ha NOAKIHOYEHHbIX KaHallbHbIX TM atoro Moayna nonyvat npusHak
HEeJOCTOBEPHOCTH “NO UCXOAHOMY UCTOYHUKY”.

3.6.13. KaHan ELPLCD MAY

MeTka Tuna: ELPLCD_AO

Homep tuna: 241

MNpencraeneH: Rp4

Tabnuua 3.6.13.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumevahue, BLIGop,
KOHCTaHTbI ef. usMepeHus
10 byte Channel Homep kaHana 1..16
Tabnuua 3.6.13.2 (Bxoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3MepeHus
AaHHbIX
dopmupoBaHme
rpynnoo6pasytoLuen
1 Variant GrpAO pynna kananos MAY ELPLCD NoAYMHEHHOWN CBSA3M OT
TM Tvna ELPLCD_MAO
2 Unsigned SetVal YcTaHaBnvMBaeMbln curHan
Tabnuua 3.6.13.3 (Bbixoabl)
Tun MpumeyaHwme, e
Homep anemMeHTa MeTka OnucaHue P » €A
n3mMepeHus
AAHHbIX
1 Unsigned CurVal YcTaHOBMEHHbIN cuUrHan

TM “Kanan ELPLCD MAY” asnsetca TM BbiBOAa 1 npefHa3HayeH Ansa ynpasneHus BeNU4MHON
BbIXOAHOrO CUrHamna ¢ accouumpoBaHHOro ¢ HUM kaHanbHoro TM moayna MABbIB17 onsa kaHana,
yKa3aHHOro B KOHcTaHTe Channel. YnpaBneHue curHanom ocyLLecTBSeTCa Yepes NoaKMioYeHHbIA BXOL,
SetVal nytem 3agaHus BenuumnHel 12-paspsagHoro koga LIAI (0 - 4095). 3HayeHne Ha NOAKIT4YEHHOM
BXOZ€e LOIMKHO OblTb OCTOBEPHLIM. Tekyllee 3HadeHue kopa LIATM BeixogHOro curHana otobpaxkaeTcsi B

Bbixoae CurVal.

Mpu nosiBneHun nobon ownbkm obpalleHns kaHansHoro TM k cepucy ELPLCD 3HadeHuto
BbIxoga CurVal npucsomTcs npu3aHak He4OCTOBEPHOCTM “NO UCXOAHOMY UCTOYHUKY”.
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3.6.14. Cy66nok ELPLCD M[B64
MeTtka Tuna: ELPLCD_MDI64
Homep Tuna: 242
MpencraeneH: Rp4
Ta6bnuua 3.6.14.1 (KoHcTaHTbI)
Homep Tun MeTka OnucaHune Mpumetakue, BLIGop,
KOHCTaHTblI eAl. UsmMepeHus
10 byte DeviceAddress Afpec ycTponcTBa Ha WnHe
11 unit32 ActionTimeout MpeAenbHoe Bpems BbINOMHEHN McekK
onepauuu
Tabnuua 3.6.14.2 (Bxopabl)
Tun MpumeyaHue, en
Homep anemMeHTa MeTka OnucaHue T e
n3mepeHus
OaHHbIX
dopmumpoBaHue
rpynnooGpasytoLen
1 Variant Grp pynna YCO ELPLCD ?ﬁ:;ﬁ:wom cesAsn ot
ELPLCD_Service
Tabnuua 3.6.14.3 (Bbixoabl)
Tun MpumeyvaHne, eq
Homep anemMeHTa MeTka OnucaHue >
M3MepeHus
BaHHbIX
dopmupoBaHue
rpynnooGpasytoLen
1 Variant GrpDI64 EpL)I;nLnggaHanos MAB64 nogYnHeHHon cessn ana TM
Tuna ELPLCD_DI64
2 Integer Err Koa owmnbku
3 Unsigned ChModel PexvnmHas macka kaHanoB
c1no32
4 Unsigned ChMode2 PexvnmHas macka kaHanoB

c 33 no64

TM “Cy66nok ELPLCD MOB64” npegHasHaveH ans obecneyeHms B3anmoaencTBusi C MOLyrnem
MIOB17-64 4yepes cepsuc ELPLCD, a Takke (popMnpoBaHUs KapTbl MPUBA30K KaHanbHbIX TM ans
BblOpaHHoro moaynst MB64. ConocTtaBneHne ¢ MOAYNEM Ha LUMHE OCYLLIECTBIISIETCS NO agpecy,
yKka3aHHOMY B KoHcTaHTe DeviceAddress. [JaHHbIn mogynbHbIi TM 06HOBRSET BCo MHdopmaumo ans
BCEX NPUBSI3aHHbIX KaHamnbHbIX TM ¢ nepnogom, paBHbIM CBOEMY TakTy obcyeTa.

B Bbixoge Err otobpaxaeTcs ko nocnegHen owmnbku obpaiyeHms k mogynto MOB64 Ha Tekyliem
TakTe obcyeta TM. Kogbl owmnbok dopmupytotest cepsucom ELPLCD u onncbiBatoTcs B
COOTBETCTBYIOLLEM PYKOBOACTBE MO 3KCMNnyaTauumn cepsuca. MNpu oTcyTCTBUM OLLMOOK B BbIXOAE
oTobpaaeTcs 4oCcToBepPHbIN “0”.

KoHcTaHTa ActionTimeout KOHTpONUPYeT NpedernbHOe BpeMsl OXuaaHusi oTBeTa OT MoAyns no
LUMHe, NPpW NPEeBbILLEHNN 3TOrO BPEMEHM, B BbIxod Err BeiBoguTcs owmbka ¢ kogom “-1”. MNMpu atom
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3HauYeHns B BbIXOAAX NOAKIMOYEHHbIX KaHarnbHbIXx TM 3TOoro Mogynsi nonyyaT npusHak HeLOCTOBEPHOCTU
“No UCXOQHOMY UCTOYHUKY”.

B Bbixoge ChModel otoGpaxaeTcsa Tekywwmi pexxum paboTbl kaHana MB64 anga kaHanos ¢ 1 no
32 un B Bbixoge ChMode2 ans kaHanoB ¢ 33 no 64. YCTaHOBMEHHbIV GUT B COOTBETCTBYIOLLIEN NO3ULUN
Macku (rae 0-my 6uty cooTBeTCTBYET 1-bii KaHan ans ChModel u 33-i1 kaHan gns ChMode2) roBoput o
paboTe kaHana B pexvmMe “LenoyYncrneHHoro cHeTynka”, cOpoLUEHHbIN — B peXnMMe “OUCKpeTHOro
COCTOSIHMA".

3.6.15. Kanan ELPLCD M[1B64

MeTka Tvna: ELPLCD_DI64
Homep tnna: 243
MNpencraeneH: Rp4

Tabnuua 3.6.15.1 (KoHcTaHTbI)

Homep Tun MeTka OnucaHue Mpumetakue, BLIGop,
KOHCTaHTblI eql. 3aMepeHuns
10 byte Channel Homep kaHana 1..64
Tabnuua 3.6.15.2 (Bxoabl)
Tun MpumeyaHwme, e
Homep anemMeHTa MeTka OnucaHue P » A
n3mMepeHusi
BaHHbIX
dopmunpoBaHve
rpynnoo6pasyioLlei
1 Variant GrpDI64 pynna karanoe MB64 ELPLCD $‘,\’/f‘:l‘/"l:l'g“”°“ ceAsn ot
ELPLCD_MDI64
Ta6nuua 3.6.15.3 (Bbixoabl)
Tun MpumeyaHue, e
Homep anemMeHTa MeTka OnucaHue P » 84
n3mMepeHusi
BaHHbIX
1 Variant Value BbixogHoe 3HauyeHune

TM “Kanan ELPLCD M[B64” sensietcsa TM BBOAa U NnpegHa3HayeH Ang npeacraBneHns
COCTOSIHMS CUrHana unn HakonieHHOro 3Ha4YeHuUs cyeTymKa, nonyvyeHHoro n3 cepsnca ELPLCD
kaHaneHbIM TM, onst kaHana mogyns MOB17-64, ykazaHHoro B koHcTaHTe Channel. 3HaueHnus
oTobpaxaeTcs B Bbixoge Value. B 3aBucumoctn oT pexmma paboTbl kaHana, Beixog 0yaeT uMeTb Tvn
Discret u otobpaxaTb Tekylliee cocTosiHue ouandeckoro curHana, nméo tun Unsigned n otobpaxaTtb

TekKyulee 3Ha4vyeHune cyeT4ynka M3MEHEHNIN COCTOSAHUS (bI/I3I/IL-IeCKOFO CuUrHana.

Mpu nosiBneHun nodon ownbkm obpawyeHns kaHaneHoro TM k cepucy ELPLCD 3HadeHuio
BbIxoga Value npucBouTCH NpusHak HeJOCTOBEPHOCTM “NO UCXOOHOMY MCTOYHUKY”.



