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1. Onucanue NpoTOKOJIOB

1.1. ®opmart CTpYKTYpbl JAHHBIX U CTPYKTYpPBI ONMcCaTeNe

[TapameTtpsr u Hactpoliku natunkoB ZETSENSOR xpaHnsTCs B €ro BHYyTpEeHHEW NaMsITH B

BUJE cTpYKTYp sA3bika C. Kaxkaoi u3 CTpyKTyp, TOCTYIHBIX JJIs1 YTEHUS U 3aIIUCH, COOTBETCTBYET

CTpYKTypa-omnucaresib. DopMaT CTPYKTYphI JaHHBIX UMEET cieayromuii Bus (cM. Pucynok 1)

STRUCT_HEAD

Janusie

Pucynok 1. ®opmar crpykrypsl 1anaeix ZETSENSOR
STRUCT_HEAD umeer cineayoomuii BUa;
typedef struct {
unsigned int size : 12;
unsigned int struct_type : 10;
unsigned int status : 10;
unsigned int write_enable : 16;
unsigned int usCRC16 : 16;
} STRUCT_HEAD;
rae:
size —pa3Mmep CTPYKTYpBHI;
struct_type —unentudukarop crpykrypsi;
status — unentudukarop ommoOKN;
write_enable — craryc mpu 3amucu JaHHBIX;
USCRC16 — KOHTpOJBHAS CyMMa.

HawuOonee BaXXHBIMU SIBIIAIOTCS CIPYKTYPBI DEV_PAR

(cTpykTypa

C

UACHTU(DUKAIIMOHHBIMY TaHHBIMU 1aTYHKa, uaeHTuukatop ctpyktypsl 0x18C) u CHANNEL_PAR

(cTpykTypa C HacTpoWKaMH W3MEPUTEIBHOTO KaHala aT4hKa, HICHTU(PHUKATOP CTPYKTYPHI

0x0DO0)

Crpykrypa DEV_PAR mnmeer Bux:

typedef struct {
STRUCT_HEAD head;



long type;
unsigned long long serial_num;
long compile_time;
long edition_time;
unsigned long dev_addr;
} DEV_PAR;
rjae:
type — uaeHTH(UKATOp THIIA TATYHKA,
serial_ num — cepuiiHbIif HOMEp TaTUHKA,
compile_time — Bepcus mporpaMMHOTrO 0OECII€UECHHUs ATYHKA;
edition_time — Bpems mocienHero M3MEHEHUSI HACTPOCK JaTUYHMKa;
dev_addr — aapec yctpotictBa (o1 1 10 63).
Crpykrypa CHANNEL_PAR umeer BUA:
typedef struct {
STRUCT_HEAD head;
float value;
float frequency;
char measure[8];
char channel_name[32];
float min_level;
float max_level;
float reference;
float sense;
float resolution;
} CHANNEL_PAR;
rjae:
value — TekyIiee H3MEPEHHOE 3HAYCHHE, €I U3M.;
frequency — yactota 0OHOBIIEHUS JaHHBIX B KaHaie, [
measure — eJIMHMIIA U3MEPCHHUS 110 KaHATY,
channel_name —na3BaHue KaHaja,
min_level — MUHMMaIBHOE U3MEPSIEMOE 3HAUCHHE 110 KaHAITY, €]1. U3M.;
max_level — makcuManbHOE U3MEPSEMOE 3HAUCHUE 110 KaHATY, €]l. H3M.;
reference — omopHoe 3HAYCHHE, €]I. U3M.;

sense — 4YyBCTBUTEIBHOCTH, B/es. u3m.;



resolution — mopor 4yBCTBUTENBLHOCTH, €11. U3M.;

CTpyKTYpbl paciioyioKeHbI B MAMSITH JaT4HKa IPYT 3a IPYTOM.

1.2. IIpotoxon Modbus mis RS485

B yctpoiictBax ZETSENSOR peann3oBaH OTKpPBITBI KOMMYHHKAIIMOHHBIH MPOTOKOJI

Modbus co crangapTHEIM HAO0POM KOMAaH/I!

- 0x3 - AJI YTCHHSA PETUCTPOB C HaCTpOﬁKaMH M TCKYLICT0 U3MEPECHHOI'0 3HAYCHU S,

-0x4 — JJIL YTCHUS U3MCPCHHBIX IIOTOKOBBIX JIAHHBIX,

- 0X6 — st yTeHUs onucarenen CTPyKTyp;

- 0x10 — mnst 3anmcK perucTpoOB ¢ HACTPOUKAMU (I U3MEHEHHUS HaCTPOCK).

KOHTpOHHepBI Ha muHe Modbus B3aHMO,HeﬁCTBy10T, HCIIOJIb3Ys master-slave MOICIIb,

OCHOBAaHHYIO Ha TPaH3aKIMAX, COCTOSAIIMX M3 3ampoca U orBera. Kakaplil TaTyuk UMEET CBOM

YVHHUKAJIBHBIN afipec B ceTh. J{is master-yerpoiicts (mpeoOpa3oBareinieit HHTepEHCOB) 3TOT aapec

- 1. JIns slave-ycTpoiicTB 3TOT ajapec MOXKET NMpUHUMATh Jto0oe 3HaueHue ot 2 no 63. Ilpu

nepenaye JaHHBIX MCIOIb3yeTcs mopsaok oaiir little-endian.

JI1st YTEHUS PETUCTPOB C HACTPOUKAMU M TEKYILETO U3MEPEHHOT0 3HAYECHHUSI UCITOJIb3YETCS

komanzaa 0x3. dopmar 3anpoca Takoil KoMaH 10 npesacrasieH B Tabnuna 1.

Tabmuna 1. Ctpykrypa 3amnpoca komanaoi 0x3.

Tun nons

Pa3mep (B OaiiTax)

Howmep Oaiita

Anipec ycTpoiicTBa

KOMaHI[a 3aIrpoca

Anpec perucrpa

2,3

KommuectBo JaHHBIX JJIsA

YTeHHUsI (B CIIOBaX)

N N | -

4,5

KonrtponbHas cymma

(CRC16)

6,7

dopmat oTBeTa Ha 3anpoc ¢ komanaoi 0X3 npeacrasieH B Tadmmma 2.

Tabmuua 2. CtpykTypa oTBeTa Ha KomaHy 0X3.

Tun nonsa

Pa3mep (B OaiiTax)

Howmep Oaiita

Anipec ycTpoiicTBa

Komanpa 3anpoca



https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D0%B7%D0%B0%D0%BA%D1%86%D0%B8%D1%8F_(%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)

Pa3smep cuuTaHHBIX JaHHBIX 1 2

(B OaiiTax)

JlaHHbBIC N 3 —N+2
KontposbHas cyMMa 2 N+3, N+4
(CRC16)

UteHue 3HaAYCHH PETUCTPOB ISl yCTpoiicTBa ¢ aapecom 0x4 mo aapecy peructpa 0X0
pasmepom 120 ciioB (240 6aiiT) BHINVISIAUT TaK:

- 3a1poc:

0x04 0x03 0x00 0x00 0x00 0x78 0x45 Oxbd

- OTBCT:

0x04 0x03 0xf0 OxcO 0x20 0x00 0x58 0x00 0x00 Oxe5 Ox4f 0x00 0x03 0x00 0x00 0x03

Oxdf 0x52 0x45 0x23 0x12 0x2b 0x17 Oxbd Oxa8 0x55 0x66 0xd8 0x98 Ox4e 0x6d 0x00

0x04 0x00 0x00 0x00 Ox4c 0x00 Ox4d 0x00 0x00 Oxc4 0x3b 0x44 0x64 0xc3 Oxdd 0x00

0x00 0x42 Oxfa 0x00 0xf2 Ox6a 0x00 0x00 0x68 0x00 0x00 0x45 Ox5a 0x37 0x54 0x31

0x30 0x00 0x30 0x54 0x00 0x30 0x37 0x30 0x31 0x00 0x00 0x00 0x00 0x00 0x00 0x00

0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x44 0x64 0xc3 Oxdd 0x44

0x64 0x43 0xdd 0x00 0x00 0x3f 0x80 0x00 0x00 0x3f 0x80 Oxc5 Oxac 0x37 0x27 0xcO

0x3c 0x00 0x59 0x00 0x00 0x2e Oxbc 0x00 0x01 0x00 0x00 0x00 0x02 0x00 0x00 0x00

0x00 0x00 0x00 Oxcc Oxcd 0x3d Oxcc 0x00 0xf2 Ox6a 0x00 0x00 0x68 0x00 0x00 0x20

Oxe5 Oxee Oxef Oxe5 Oxeb 0x31 0x5f 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00

0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 Oxa0 0x14 0x00 0x74 0x00

0x00 0x09 0x46 0x00 0x01 0x00 0x00 0x00 0x00 0x42 0x48 0xf8 0xa0 0x3f 0x61 Oxal

0x10 0x00 0x76 0x00 0x00 Oxf1l 0x77 0x00 0x00 0x00 0x00 0x00 0x00 0x3f 0x80 Oxal

0x10 0x00 0x77 0x00 0x00 0x2d 0x64 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 Oxal

0x14 0x00 0x47 0x00 0x00 0x94 0xbd Oxel 0x00 0x00 0x00 0x00 0x01 0x00 0x00 OxOf

0xd5 0x57 0x55 0x54 0x02

Z[J'ISI 3arpoca TEKYIEero HU3MEPCHHOIO 3HA4UYCHUS B KaA4YCCTBC aApcCa perucrpa
UCronb3yeTcs aapec noyst value crpykrypsl CHANNEL _PAR.

Jlnst 9TeHust ommcaTeneil CTpYKTyp ucmoib3yercss komanna 0X6. dopmar 3ampocoB u
OTBETOB TaKou KOMaHHOﬁ AHAJIOTUYCH KOMaHIE 0x3.

I[HSI YTCHUA HU3MCPCHHBIX IMOTOKOBLIX HOAHHBIX HCIOJB3YCTCA KOMAHIa 0x4. (I)OpMaT
3alpOCOB M OTBETOB TaKOW KoMaHoW aHayormdeH komanne 0x3. s 3ampoca MOTOKOBBIX
JaHHBIX B KayecTBE aJpeca perucrpa HUCHOJb3yeTcs aapec Moy Value  CTpyKTypsl

CHANNEL_PAR.



JInst 3amucu perucTpoB C HACTpOWKaMH (U1 M3MEHEHHS HACTPOEK) HCIOJIB3YETCs
xomana (0x10). dopmar 3ampoca Takolr KoMaH10 npecTaBieH B Tabmuma 3.

Tabmuna 3. Ctpykrypa 3anpoca komauaoi 0x10.

Tun mons Pa3zmep (B OaiiTax) Howmep Gaiita

Anpec ycrpoiicTBa 1 0
Komanpa 3anpoca 1 1
Anpec peructpa 2 2,3
KomnmuectBO  maHHBIX  UIA 2 4,5
3anucu (B ciI0Bax)
KomnuectBO  maHHBIX LIS 1 6
3anucu (B 6aiiTax)
Jlanubie N 7—N+6
KontposbHas cymma 2 N+7, N+8
(CRC16)

dopwmar oTBeTa Ha 3anpoc ¢ komanaoi 0X10 nmpencrasnen B Tabnumna 4.

Tabmuna 4. Ctpykrypa orBera Ha komanay 0x10.

Tun nons Pa3mep (B OaiiTax) Howmep 6aiita

Anpec ycrpolicTBa 1 0
Komanpa 3anpoca 1 1
Anpec perucrpa 2 2,3
KommuectBo 3aITMCaHHBIX 2 4,5
JaHHBIX (B CJIOBAX)
KonTponbHas cymma 2 6,7
(CRC16)

1.2.1. Ocobennoctu npu m3meneHnn Hactpoek B ZETSENSOR

IIponenypa 3anucu JaHHBIX OT BHEIIHETO YCTPOWCTBA B MaMATh AaTUMKA SBISETCS OYECHb
OTBETCTBEHHOH 3ajaued, Tak Kak NpU HEKOPPEKTHOM 3aluCh JaHHBIX B MaMATh, JaTYUK
NepeCTaHeT KOPPEKTHO padoTaTh. [IpHuuHBI HEKOPPEKTHOMN 3aICH TaHHBIX

1) B ceT HaxoMUTCs 2 TaTUYMKA C OJIMHAKOBBIMU ajipecamu. [Ipy MOMBITKE 3alMCH TAaHHBIX
B OJIMH JJaTYMK, T€ JK€ CaMble JaHHBIEC 3allUIIYTCS U Ha JAPYrod JaT4uK, YTO MPUBEAET K Mopye

HACTPOCK JaTUMKa.



2) BHEIIHEE YCTPOMCTBO HAyalo 3alKChIBAaTh JJaHHBIC Ha JaT4uK. Ho BBHIY Kakux-Iuoo
NPUYHH, CBS3b CIy4aiiHO oOopBayiach (OTCOEAMHUIIM YCTPOWCTBO, MPONAIO MHUTAHUE U T.1.).
Taxum 06pa3oM, B MaMsATh 1aTYNKA MOTYT OBITh 3allMCaHbl HEKOPPEKTHBIE TAaHHBIE.

Bo3Hukaer 3amaya, MOCTPOUTH AJITOPUTM O€30MacHON 3allMCH JAaHHBIX HA JATUYHK.
ANropUTM JOJKEH PEeLINTh CIeAYIOIUE POOIIEMBL:

1) JaTtuuk DODKSH NPUHUMATh TOJBKO T€ AaHHBIC, KOTOPBIC MPEIHA3HAYCHBI IS HETO.
Jnis uaeHTuuKanuy IpUHIMAEMBIX JAHHBIX MOYKHO HCIIOIB30BaTh 64-OUTHBIN CEpUHHBIA HOMEP
JlaTYHKa.

2) crionb30BaHKe MPUHSTBHIX JAHHBIX PA3PEIICHO TOJBKO IOCIIE IPHHATHS BCEX TaHHBIX
Y TIPOBEPKU KOPPEKTHOCTHU ITUX JIAHHBIX.

[epBas 3agaua pemaercst myTéM no0aBieHnss KOHTPoabHOM cyMMbl CRC16 B kKaxmyro u3
IOJCTPYKTYP OCHOBHOM CTPYKTYpHI JaT4uMKa. biarogapst 3Toi KOHTPOJIBHOM CyMMBI MbI BCETJa
MO3KEM IPOBEPUTH KOPPEKTHOCTD TEKYIIUX JAHHBIX U IPUHAMJIEKHOCTD 3TUX JAHHBIX KOHKPETHO
3TOMY YCTPOWCTBY.

Jlia pemieHust BTOPOM 3a7auyd HEOOXOAMMO OPraHM30BaTh IIEJIOCTHOCTh INE€PENaBAEMBbIX
naHHbIX. [l aToro Mel Oyzem ucnonb3oBath nosie write_enable crpykrypsl. Korna nanusie B
CTPYKTYp€ KOPPEKTHBI 3TO noJie umeet craryc «KoppektHble nannbie». [lepen 3anuchio 1aHHBIX
MBI JIOJIKHBI BBICTaBUTH cTaTyc «Havano nepegaun JaHHBIX», 0003HAYAIOLIUI TO, YTO 3HAUYEHUS
JAHHOHM CTpyKTyphl OynyT m3MeHeHbl. [lanee 3anucare nansble. (Ilocie momydenus nepBoro
MaKeTa, COCTOSIHUE CTPYKTYpBl U3MEHSIETCS B COCTOSIHUE «AKTHBHAs Tepeiada JaHHbIX»). [locne
OKOHYAHUS 3allUCH JIaHHBIX BBICTAaBUTH Mojie Write_enable B cocrosinue «llepemnaua naHHbIX
3aBepuieHa». Kak Toiapko BeicTaBiieH ctaryc «llepenada naHHBIX 3aBeplIeHa», JATYMK HAYMHACT
IPOBEPATh KOPPEKTHOCTH MOJYYEHHBIX JaHHBIX M B Cilyyae ycrexa 3amucbiBaeT ux B flash-
namsaTe. Jlanee BeicTaBnsiercss craryc «KoppekTHele naHHbIe». PacmmdpoBka craTyca
write_enable orpaxena B Tabmuia 5.

Tabmuua 5. Pacmmdposka cratyca write_enable

Craryc CTpyKTYpBI Omnpenenenue craryca

(3HaueHue nojist write_enable)

0 — «KoppeKTHbIE TaHHBIEY Crpykrypa COJIEPIKUT MTOJIHOCTBIO
KOPPEKTHbIE JlaHHbIE, 3TU JaHHbIE MOYKHO

HCIIOJB30BaTh U O6pa6aTLIBaTB JaTYHUKOM.

1 — «Hauano nepenaun TaHHBIX B TAHHOM COCTOSIHUH 3ampeniaeTcs
HUCITIOJIBb30BaAThH JaHHBIC, HaXOOgIINECs B

CTPYKTYpC JaTyrKa. Tonbko B 9TOM




COCTOSAHUM MOKHO Ha4YWHATb MCpPCAaBaThb

JTaHHBIE TATYUKY.

2 — «AxTUBHAA nepcaada JaHHbIX)» B JaHHOM COCTOAHUHU 3arpeuacTcs
HUCIIOJBb30BaTh JaHHBIC, HaXOAAIIUECIA B

CTPYKTYypE AaTUUKA.

3 — «Koner nepegauu JaHHBIX)» B n1aHHOM COCTOSSHUM  JaT4YMK  JOJDKEH
MIPOBEPUTH BCE MEpellaHHble eMy AaHHble. U
cOpocUTh CBOE COCTOSHHE B COCTOSIHHE

“KoppekTHble JaHHbIE.

N3meHeHus: cTaTyCcoB BO3MOXHO TOJBKO B cliefyroieM mopsiake: «KoppekTHble maHHBIS» —
«Hauano nepenpaun TaHHBIX» — «AKTHBHAs nepenada JaHHeIX» — «KoHel| nepeaaun JaHHBIX
— «KoppeKTHbIE TaHHBIEY

[Ipumeuanue:

1) HeoOxonumocTs BeicTaBneHus cratyca «Havano nepegaun JaHHBIX» 3aKIII0OYACTCS
B 0003HAYEHHUH TOTO, YTO JJAHHBIEC U3MEHSIOTCS U3BHE, @ HE CAMHUM JIATYUKOM.

2) Heob6xoaumocTs BeicTaBiieHust ctatyca «KoHel nmepegaun TaHHBIX» 3aKIH0YaeTCs
B TOM, YTOOBI IaTYMK 00paboTall MOTYyYeHHYI0 HH(POPMAIHIO, a HEe cpa3y Nepeués B COCTOSHUE
«Koppektabie pganHbie». Cratyc «KOppeKTHbIE JaHHBIE» BBICTABIISIET TOJIBKO JIaTYUK
(BBICTABJICHHE IAaHHOTO CTAaTyca U3BHE 3aIPEIICHO MPOIIUBKON YCTPOUCTBA).

3) Bo3MmorkeHn BapuaHT BeICTaBjIeHUs ctaryca «Hauamo mepegaun JaHHBIX» HO caMU
JaHHBIC HE OBUIH MepeaaHbl (B CBSI3U C OOPBIBOM COEIMHEHUS WIIH KaKUX-IN0O0 IPYTUX MPUUWH).
B manHoM cnyuae ctatyc He CMOXeT cOpocuThes B cocTossHue «KoppekTHble nanHbie». J[aHHyI0
CUTYAIIMIO JTIOJDKEH 00pabaThiBaTh KOMMBIOTEpP. Tak Kak JAaT4MK IO OMPEJCTICHHI0 HE MOXKET
OTpENIeTUTh OBLIM TepelaHbl BCE JaHHBbIC WIM HET, OOpPBIB COCIMHEHHUS STO WIN 3aJIePKKU
nepefayd JaHHbIX. [lodToMy [UIsi OMHO3HAYHOCTH OTy CHUTyallMio OyaemM o00pabaThiBaTh
KOMITBIOTEPOM.

4) Bo3moken BapuaHT uTo ctaryc «Hawano mepemaun JaHHBIX» HE BBHICTABUJICS IO
KaKUM-T100 TIpuirHaM. B 1aHHOM ciydae Bce Mocieayomue JaHHbIe OyayT UTHOPUPOBATHCS

5) KoMmmnbrotepy paspemaercs BBICTAaBISATH TOJbKO crarychl «Hawano mnepemaun
JaHHbIX» WK «KoHel nepegaun TaHHBIX.

B wrore amroputm 3amWcM JaHHBIX B JATYMK CBOJMUTCS K  CIEIYIOMIEH
MOCJIEOBATEIBHOCTH JEHCTBUM:
1) BrictaButh craryc «Hauano nepegauu JaHHBIX», B CTPYKTYpeE, TaHHbIE KOTOPOM

N3MCHAIOTCA.



2)  Hauarp nepenavy nanubiX. {1 ONTHMaIbHOCTH Iepeadll JaHHBIX, IEpeaBaTh
HYXXHO HE BCIO CTPYKTYPY, & TOIbKO U3MEHEHHBIE MOJIS.

3) Ilepenarp nepecuntannoe 3HaueHrne CRC16 as nepenaBaeMoii CTPYKTYpBHI.

4)  BeicraButh cratyc «KoHel mepenau JaHHBIX», B CTPYKTYpe, JaHHBIC KOTOPOH
U3MEHSIOTCSL.

Jnst pacdera kouTposibHOM cymMmbl CRC16 wucmonb3yercs CleAyrouii alropuTM ¢
HavyaJIbHBIM 3HauYeHHeM Juist pacuera OXFff:

static const unsigned char g _uiCRCl6tableHi[] = {

0x00, oxCl, Ox81, Ox40, Ox0l1l, oxCoO, ox80, Ox41l, Ox01l, OxCO, 0Ox8
0, 0x41, ox00, oxCl, ox81,

0x40, 0x01l, oxCo, Ox80, Ox41l, Ox00, OxCl, ox81l, ox40, 0x00, OxC
1, ox81, ox40, 0x01, oxCo,

O0x80, o0x41l, 0x01l, oxCo, Ox80, Ox41l, Ox00, OxCl, ox81l, Ox40, 0OxO
0, oxCl, ox81, ox40, 0x01l,

oxCo, Ox80, Ox41, o0x00, OxCl, ox81l, 0ox40, Ox01l, oxCo, Ox80, Ox4
1, ox01l, oxCo, 0x80, ox41,

0x00, oxCl, ox81, o0x40, 0x01l, OxCoO, ox80, Ox41l, Ox00, OxCl, Ox8
1, ox40, 0x00, oxCl, ox81,

0x40, 0x01, oxCo, Ox80, ©x41l, 0x00, OxCl, ox81l, 0x40, o0x01, OxC
0, 0x80, 0x41, 0x0l1l, oxCo,

0x80, 0x41, ox00, oxCl, Ox81l, 0Ox40, 0x00, OxCl, Ox81l, Ox40, 0Ox0
1, oxCo, ox80, 0x41, ox01l,

oxCo, ox80, Ox41, 0x00, OxCl, Ox81l, 0x40, Ox01l, oxCo, Ox80, Ox4
1, ox00, oxCl, Ox81l, ox40,

0x00, oxCl, Ox81, oOx40, Ox01l, oxCO, ox80, Ox41l, Ox01l, OxCO, 0Ox8
0, 0x41, ox00, oxCl, ox81,

0x40, 0x00, OxCl, ox81l, 0Ox40, 0x01l, OxCO, Ox80, Ox41l, 0x00, OxC
1, ox81, ox40, ox01, oxCo,

O0x80, Ox41l, 0x01l, oxCo, Ox80, Ox41l, Ox00, OxCl, Ox81l, Ox40, 0OxO
0, oxCl, ox81, ox40, 0x01l,

oxCo, ox80, 0Ox41, ox0l, oxCo, ox80, ox41l, 0x00, oxCl, 0Ox81l, ox4
0, 0x01, oxCo, 0ox80, 0ox41,

o0x00, OxCl, Ox81, ox40, 0x00, oxCl, ox81l, 0Ox40, Ox0l1l, OxCO, 0Ox8
0, 0x41, ox00, oxCl, ox81,

0x40, 0x01l, oxCo, ox80, 0Ox41l, Ox01l, OxCO, Ox80, Ox41l, 0x00, OxC
1, ox81, ox40, ox01, oxCo,

0x80, 0x41, Ox00, oOxCl, Ox81l, 0Ox40, 0x00, OxCl, Ox81l, Ox40, 0Ox0
1, oxCo, ox80, ox41l, ox01,

oxCo, ox80, Ox41, 0x00, OxCl, ox81l, 0ox40, 0x00, OxCl, Ox81l, Ox4
0, 0x01, OxCo, 0ox80, ox41l,

0x00, oxCl, Ox81, Ox40, Ox01l, oxCoO, ox80, ©Ox41l, Ox01l, OxCO, 0Ox8
0, 0x41, 0x00, oxCl, ox81l,

0x40
}s
static const unsigned char g _uiCRCl6tablelo[] = {

0x00, 0xCo, oxCl, ox01l, OxC3, Ox03, 0x02, OxC2, OxC6, Ox06, 0OxO
7, 0xC7, Ox05, oxC5, oxC4,



3,
}s

0x04, oxCC, oxoC, oxeD,
oxCB, oxeB, oxC9, 0x09,
0x08, oxC8, oxD8, 0x18,
OxDE, ©xDF, ©x1F, oxDD,
ox1D, ©ox1C, oxDC, ox14,
oxD2, ©x12, ©x13, oxD3,
ox11, oxDl1l, oxDe, ox1e,
©x32, ox36, OxF6, OxF7,
0x37, OxF5, 0Ox35, 0x34,
Ox3E, OxFE, OxFA, Ox3A,
Ox3B, OxFB, 0x39, OxF9,
Ox2B, ©Ox2A, OxEA, OxEE,
Ox2E, Ox2F, OxEF, ox2D,
ox27, OxE7, OxE6, Ox26,
Ox22, OxE2, OxE3, 0x23,
OxAl, Ox63, OxA3, OxA2,
Ox62, Ox66, OxA6, OXxA7,
OxAD, ©Oxe6D, OxAF, Ox6F,
OX6E, OXAE, OxAA, OX6A,
OxB8, ©OxB9, 0x79, OxBB,
Ox7B, Ox7A, OxBA, OxBE,
oxB4, 0x74, Ox75, OxB5,
0x77, ©xB7, OxB6, 0x76,
©xBo, ©0x50, 0x90, 0x91,
Ox51, ©x93, 0Ox53, 0x52,
0x94, 0x54, ox9C, Ox5C,
Ox5D, ©Ox9D, Ox5F, Ox9F,
0x59, 0x58, Ox98, 0x88,
ox48, 0x49, 0x89, 0x4B,
ox8D, ox4D, ox4C, ox8C,
ox44, o0x84, 0Ox85, 0x45,

Ox83, Ox41, Ox81, Ox80, Ox40

unsigned int uiSize)

{

const unsigned char* pucBuffer

OxCD,
0x19,
oxD4,
OxFo,
OxF4,
OxF8,
OXED,
OxE1,
Ox67,
Ox6B,
Ox7E,
0x72,
0x92,
Ox9E,
0x8B,

0x87,

OXOF,
oxD9,
oxD5,
0x30,
0x3C,
0x38,
OXEC,
ox21,
OxA5,
OxAB,
Ox7F,
OxB2,
0x96,
Ox5E,
Ox8A,

ox47,

OxCF,
0x1B,
ox15,
0x31,
OxFC,
0x28,
ox2C,
0x20,
Ox65,
0x69,
OxBF,
OxB3,
0x56,
Ox5A,
Ox4A,

0x46,

OXCE, OXOE, OxPA,
oxDB, OxDA, ©Oxl1A,
oxD7, ©x17, 0Ox16,
OxF1l, ©x33, OxF3,
OxFD, ©x3D, OxFF,
OxXE8, OxE9, ©0x29,
OxE4, 0x24, Ox25,
OxEOQ, OxAQ, 0x60,
ox64, OxA4, 0Ox6C,
OxA9, OxA8, 0Ox68,
ox7D, ©xBD, OxBC,
Ox73, OxBl, Ox71,
Ox57, ©x97, ©Ox55,
Ox9A, Ox9B, ©Ox5B,
Ox4E, Ox8E, Ox8F,

Ox86, Ox82, 0x42,

void *pBuffer,

reinterpret_cast<const unsigned char*>(pBuffer);

unsigned char ucHi
unsigned char uclLo
unsigned ulndex;

while (uiSize--)

{

uIndex = ucHi ~ *pucBuffer++;

(usCRC >> 8) & OxFF;
usCRC & OxFF;

ucHi = uclLo ”~ g uiCRCl6tableHi[uIndex];

uclLo

}

return (ucHi << 8 | uclLo);

g uiCRClé6tablelLo[ulndex];

oxC

ox1

oxD

OxF

ox3

OXE

OxE

ox6

OxA

ox7

ox7

ox7

0x9

0x9

ox4

ox4

unsigned short CRC16(unsigned short usCRC,



1.3. Buyrpennuit nporokon ais CAN
1.3.1. ITapameTrpsr CAN

Cerp CAN mnpexacraBisger co00oil IIMHY — KaXAblil IakeT NEpeNaeTcs cpazy BCeEM
ydacTHUKaM. MOynb caMm perraer, Kakue MakeThl oH Oyaer o0pabaThiBaTh.

CxopocTh nepeiaun JaHHBIX:

— 100 xOuT/cexk;

— 300 xOuT/cexk;

— 960 xburt/cex.
OT ckopocTH TIepesiaur 3aBUCUT OOIIIast MPOITYCKHAs! CIIOCOOHOCTh CETH, a TAKKe MaKCUMAaIbHO
nomyctumasi inHa kabeneil. Touka commmupoBanus 6urta (Sample point) — B auanazone ot 60%

1o 85%.

1.3.2. ®opmar makera
Kaxnpiii maker CAN B wmopynsx ZETSENSOR wunentudunupyercss 11-OuTHbIM
unentuduraropom (cm. Tadmwuma 6).

Tabmuua 6. 3nauenue naentupukaropa CAN-nakera

bur ITone

CAN_SHORT
CAN_BODY
CAN_BEGIN
CAN_CHAIN
CAN_TO_MASTER

node

[EEN
o

node

node

node

node

O | N Wl b~ O] o | o0 ©

node

Munanmue mects OuToB uncina (Macka 0x3f) onpenensitor aapec y3mna (node) ot 0 10 63. Crapime
ISTh OUTOB COJZIePKAT (IIary Ui Pa3InUCHUS MTAKETOB 110 TUITY:

— CAN_TO_MASTER (0x40) — duar HanpasieHus;

— CAN_CHAIN (0x80) — ¢rar moTOKOBBIX JaHHBIX;



— CAN_BEGIN (0x100), CAN_BODY(0x200), CAN_END(0x300) — ¢aru cocTaBHBIX
ITaKETOB,

— CAN_SHORT (0x400) — ¢iar Tuma gaHHBIX.

O®marn 0x40..0x400 HE MODKHBI OBITH BCE OJHOBPEMEHHO YCTAaHOBJICHBI B CIWHUILY.
Kaxnprit mogyne MoxkeT 3anuMath B cetd CAN oT ogHoro u 0Oosee aapecoB, MO OJHOMY Ha
KaX/Ibli o iep>)KuBaeMblii UM kaHai. B onnoii cetn CAN He HOIDKHO OBITH IBYX OJMHAKOBBIX
aJpECOB.

B cemeiictee ZETSENSOR no cetn CAN nepenarotcs Cieayronme BUbl MAKETOB:

— IIMPOKOBEIATEIIbHBIE TAKEThI;

— IIOTOKOBBIC JAHHBIC;

— KOMaH/IHbIE MaKeThl (KOMaH/Ibl U OTBETHI);

— CEpPBHUCHBIC MAKETHI.

Ms1 ycnoBHO BbiaenseM poib Macrepa CAN — 3TO MOAyib, KOTOPBIA OTIpaBiseT
KoMaHAbl ¥ npuHUMaeT oTBeThl. Mactep CAN MoxeT ObITh B CETH TOJBKO OJHMH, €ro aapec
YCTaHOBJICH B 1.

B wmonynax ZETSENSOR peanuzoBana QyHKIMS aBTOMAaTHYECKOTO OMpPEeICHUS
ckopoctu CAN. Ilocne BKJIIOYEHHSI TOJBKO MacTep MOXET OThpaBiarh naketel B CAN Ha
BBHIOPAaHHOW CKOPOCTH, a BCE OCTaJbHBIE MOJYJIM CHayaja CIyIIalOT CETh, HO HUYEro He
otnpapisitoT. [Ipy ycremHoM MojaydyeHur JIF0OOro makera MOAYJIM OMPEACNSIOT BBIOPaHHYIO
CKOPOCTh M TOJBKO MOCJIE 3TOTO HAYMHAIOT OTIPABKYy COOCTBEHHBIX MakeTOB. TakuM oOpazom,

mactep CAN BbinosnHseT poisb ctaprepa cetu CAN.

1.3.3. llInpokoBemareTbHbIE TTAKETHI

B obmem cmeicie, B ceth CAN Bce makeTsl mMpokoBemiarenbHble. Ho Mbl Oynem
Ha3bIBaTh IIMPOKOBEIIATEIbHBIMU TOJIBKO MAaKeThl ¢ UAEHTUHUKaTOpoM 0, Tak Kak KakJIbIH
monyinb ZETSENSOR o0s3atenbHO [0JkKeH OBbITh HACTPOEH HA INPUEM TaKUX I1aKEeTOB.

[[InpokoBemaTenbHble MAKEThl UMEIOT CAMBIM BEICOKUI MPHOPHUTET.

1.3.4. ITakeTbl aKTUBHOCTH y371a

[TakeT akTHUBHOCTH y3J71a — 3TO HIMPOKOBEIIATENbHBIN MaKeT C OAHUM OalTOM JaHHBIX.
EnuHcTBEeHHBIN OalT MaHHBIX COAEPXKUT anpec (Homep y3na). [lakeT akTHBHOCTH y3lia MUTpaeT
poJb heartbeat (cepanebuenne), To €CThb CIY>KUT AJIs1 ONIOBEIIEHUS JpYruX ydacTHUKOB ceT CAN
0 MPUCYTCTBUU ITOT'O y3J1a B CETH.

[lakeT aKTHUBHOCTH pacchUIaeTcs KaXabIM y3ioM. Ecin Moaynb UMEEeT HECKOJIBKO

KaHaJIOB, TO IJI KaXXAO0TO KaHaJla paCChlIacTCA COOCTBEHHEIN MaKET aKTUBHOCTH.



[Tepuon pacchbulku TMakeTa aKTMBHOCTH cocTaBiseT 1 cek + (ampec y3ma) mc. Ecim ¢
KaKOTO-TO a/ipeca HeT MAaKeTOB aKTUBHOCTH B TEYEHHUE JJOCTATOYHO JUIUTENIbHOTrO BpemeHu (10 cex
u 0oJiee), TO MOKHO CUMTATh JJAHHOTO YYaCTHHUKA CETHU OTCYTCTBYIOIIUM (OBLIT OTKITIOUEH, 3aBUC,

CMEHMUJI aIpeC U TakK Jlajee).

1.3.5. IlakeTbl CHHXPOHU3AIIUN BPEMEHU

CunxpoHHM3alsi BpPEeMEHHM OCHOBaHA Ha TOM, UYTO MOJAYJIM 3allOMHHAIOT BpeMs
daktuyeckoit ornpaBku u npuema CAN makera (TouHee, BpeMs OTIPAaBKU U MpHEMa CHUMBOJA
SOF).

3amatunk BpeMeHu (310 MO0 Moxynb ZET 7175, mubo macrep CAN, ecnu ZET 7175
OTCYTCTBYET) pa3 B CEKYHJly pacChbUIa€T MAKEeThl CUHXpOHU3auuu. Kaxxiblil maker coaepKuT
BOCEeMb OalTOB JaHHBIX C HH(OpMalKeil O BpEeMEHU OTIPaBKU MPEIbIIYIIEero Makera
CUHXPOHM3AINH:
long seconds; // BpemAa B cekyHAaX, HayuMHaAa ¢ 1970-01-01 00:00:00 UTC
long nanoseconds; // Kon-BO HaHOCEKYHA, Npowejwnx C YKa3aHHOW CeKYHAp

TouyHOCTH CHSITUSI BPEMEHHBIX METOK MOJYyJEM J0BOJbHO HHU3Kasg — 1..10 mMkc. OgHako
UTOTOBOE KauyeCTBO CHHXPOHHU3AIMH OOBIYHO HMeEET O0Jiee BBICOKYI0 TOYHOCTH (B paiioHe
100..2000 Hc) 3a cueT GribTpanuu nmokazanuii u [IA-perymsamum.

B cetu CAN MOKeT OBITh TOJIBKO OJMH 33aTYMK BPEMEHHU.

1.3.6. IToTOKOBBIE TTAKETHI

[loTokoBbIE TakeTl — A3TO TMAaKeTbl C€ KAaKUMHU-TO LU(GPOBBIMH  JaHHBIMH,
Cr€HEPUPOBAaHHBIMU MOAYJeM. DTo JuO0 JaHHbIEe o KaHay B ¢opmare float wim short, 11udo
cobbiTie. [IpuHUMaTh MOTOKOBBIE MakeThl MoxeT kak mactep CAN s nepenaun Ha I1K wim
3anucu Ha SD kapTy, Tak U J11000i MOAYIb 0 JKETaHUI0 (HampuMep, Ui HHAUKALUU TEKYIIEero
3HAuEHUs).

[ToTOKOBBIE JaHHBIE OTIIPABJIAIOTCS MOLYJIEM aBTOMATUYECKHU 110 MEPE UX TOTOBHOCTH, HO
TOJIBKO IOCJIE MOJja4yl JAHHOMY Y31y KOMaH/bl 3allyCKa BbIJa4H JaHHBIX.

Komano#i Bergaum cinykuT 1r000i komaHaHbIi nakeT ¢ KogoM 0x03. OObIYHO JOCTATOYHO
OTIPaBUTH Y3J1y MakKeT, coAepxkamuil cienytoue mects 0aiitoB: 0x03 0x00 0x77 0x77 0x77
Ox77.

B nakerax ¢ mHOTOKOBBIMM JaHHBIMU Bceraa ycraHoBieHbl (maru CAN_CHAIN u
CAN_TO MASTER. ®mnaru CAN _SHORT, CAN BEGIN u CAN_END wucnons3yroTrcs npu

nepegave JaHHbIX, popMmaT KoTopbix oTandaercs ot float.



Kaxxnprit makeT cofepkKut 10 BocbMH OaiiToB. B ciyuyae ¢ ¢popmarom float 3To omHO nmm

nBa 3HaueHus IEEE 754. Bee 3nauenus nepenatorcst B mopsake LSB first (wnu little-endian).

1.3.7. KomaHaHbIe ITaKETHI

Komannble nakers! (uau naketsl Modbus) cinyxar Juist nepeaayu NakeToB MPOTOKoJa
Modbus mexny moxymnsamu u I1K.

[Taketst Modbus gensitcs Ha 3ampocsl U OTBETHL. 3ampockl 00bgHO Hucxoaar ot 11K u
azpecoBanbl camomy Mactepy CAN uim mr000My ApyroMy Moayio. Moayiib ¢ HECKOJIbKUMU
ajipecaMu IIPUHUMAET KOMaHbl Ha KaX bl ajpec.

Kax b1t Mogynb (BKIIIOYast MacTepa) ymeeT pa3ouBath maker Modbus Ha cepuio MakeToB
CAN nns nepenaun ux no muHe CAN, a taxke codupars npuHsathie nakersl CAN B maker
Modbus pst ero o6padotku. I[Tpu atom mactep CAN nepenaer no cetu CAN 3anpocst Modbus
U npuHuMaeT otBeTbl Modbus, a ocrajbHble MOIYJIH, HA00OPOT, MPUHMMAIOT 3aIPOCHI U
OTITPABIISIOT OTBETHI.

3ampoc Modbus, B 3aBUCHMOCTH OT KOJa KOMaH/bBI, MOXKET OBITh MpeoOpa3oBaH B
ennHnyHbIi nakeT CAN uiM B CepuIo NaKeToB:

— agpec — node (azpec y31a, KOTOPOMY aJIpecoBaH 3arpoc);

— €CJIM 9TO €IMHUYHBIN MaKeT, TO Bce (praru cOpOIIeHBI,

— €CJIM 3TO COCTaBHOM nakeT, To nepsblil naker umeet paar CAN_BEGIN, nocnennuii —
CAN_END, a npomexyrounsle naketsl — CAN_BODY;

—/1aHHbIE coJepxar 6 win 6osee 6aiiTOB (B 3aBUCMMOCTH OT KOJla KOMaH/Ibl), pa301ThIe
Ha MakeTsl o § 0alTOB:

— nBa 6aiita — command (ko1 komanasl Modbus B LSB);

— n1Ba Oaiita — addr (anpec peructpa Modbus B LSB);

— n1Ba Oaifta — quantity (kosn-Bo peructpoB Modbus B LSB);

— IIOCJIE 3TOTO MOTYT W/ITH JIaHHBIE.

®opmar nakeroB ¢ orBeraMu Modbus cooTBETCTBYIOT (popMaTy MaKETOB € 3aIpocCamH,
HO B IaHHBIX OTCYTCTBYIOT I€pBBbI€ IIeCTh 0aiiToB (command, addr u quantity).

Wunnmaropom 3anpocos saeiserca mactep CAN (o6br4ao 1o komane ot 11K). B penkux

ClIydasx, MTHUIUAaTOPOM 3allpOCOB MOKET BBICTYIIATh ]Ipyl"Oﬁ MOAYJIb.

1.3.8. CepBucHBIE TAKETHI
CepBHCHBIE TaKeThl MMEIOT aJpec C HOMEpPOM y3ia | W yCTaHOBJIEHHBIM (hiarom

CAN_SHORT. ®nar CAN_SHORT no6aBinieH ¢ 1enbio coXpaHeHHus 00paTHOM COBMECTUMOCTH,



YTOOBI MOJIYJIA CO CTAPBIMU MPOIIUBKAMHU CMOTJIU MPOMYCTUTh Takue nakeTbl. dopmar JaHHBIX B
CEPBHCHOM TaKeTe (BCceraa BoceMb OATOB).
#define CAN_SERVICE_MESS ID (CAN_SHORT | @xee1)
#define CAN_SERVICE_ID FROM_MASTER (0©x0080)
#define CAN_SERVICE_ID TOGGLE (0x0049)
#define CAN_SERVICE_ID NODE_MASK (©x003f)
typedef struct
{

unsigned short service_id;

unsigned short service;

unsigned long param;
} CAN_SERVICE_DATA;

NnentudukaTtop CEpBUCHOTO MaKeTa COCTOUT U3 CIETYIOIINX YaCTeil:

— ¢nar HampaBieHUs: COpOILEH, €clii MaKeT COJEPKUT KOMaHAY OT YKa3aHHOTO y3lia
MacTepy, U YCTaHOBJIEH, €CJIM MTAKET COJIEPKUT OTBET OT MAaCTEPa YKa3aHHOMY Y3I1Y;

— (bmar 4eTHOCTH JJIA MPOBEPKHU B Cliydyae OTHPABKH OJUHAKOBBIX 3alPOCOB: B KOMaH/IE
¢ar yeTHOCTH MPOCTO MEHSETCS Mepes Kax A0l HOBOM OTIPaBKOH, a B OTBETE NyOIUpyeTCs U3
KOMaH/Ibl;

— HOMEp Yy3Jla BCErJa COJEPKUT HOMEpP y3Ja, CAENABLIEro 3alpoc, HE3aBHUCHUMO OT
HaIlpaBJICHUS TIAKETa;

Kox cepBucHoit pyHKkunu onpenenser tum 3amnpoca. [lapamerp conepkut kakoe-To 4rucio,
CMBICT KOTOPOTO 3aBHUCHT OT Kojaa (QyHKIMH. MOIyTu OTHPAaBISIOT TOJNBKO KOMaHABI U
MPUHUMAIOT TOJIBKO 0TBEeTHl. MacTep CAN nmpuHUMAET TOJBKO KOMAHJIBI M OTIPABIISET TOJBKO
OTBEThl. MoOaynb MOXET B 000 MOMEHT BpPEMEHHU OTHPaBUTh HOBYIO KomaHnay. llepen
OTIpPaBKOW KOMaH bl MeHsieTcs (ar ueTHocTu. [Ipu nmonydyeHun oTBeTa, eciu B UIeHTU(UKATOpe
MakeTa COBIMAJAOT (ar YEeTHOCTH M HOMEp Y37la, TO BBI3BIBAETCS OOpaOOTYMK OTBETA.
O6paboTyrK OTBETA peaau3yeTcsi B KAKI0M MOayse oTaenbHO. CepBUCHBIE QYHKIIUA HE UMEIOT
BPEMEHHU OXHUJaHUS, TO €CTh OTBET MOXKET MPUUTH uepe3 OOJBIION MPOMEXYTOK BpeMeHH. Eciun
B 3aIlpoce MpeArnoaaraeTcs TaikMayT, TO OH JI0OJDKEH OBITh peain30BaH MOYJIEM CaMOCTOSATEIHHO.
Mopaynbs MOXET OTIpPaBUTh HOBYIO KOMaHIYy, HE OXHAasChb oTBeTa. IIpu 3TOM OTBETH Ha
peapIayIe KoMauasl OyayT npournopupoBanbl. Mactep CAN nomkeH ObITh TOTOB K IPHEMY
HOBOI KOMaH/IbI B JIIOOOI MOMEHT BpeMEHU. BhIMmoTHEeHe KOMaH bl JOJKHO MPOU3BOIUTHCS KaK
MOKHO ObIcTpee. [locie BBIMOTHEHHS] KOMaHAbBl MAcTEP MOKET OTIPABUTh OTBET (2 MOXKET U He

OTHpaBJ'IHTL). Tonpko MOoAyJkd MOTYyT OBITh HHULIUATOpaMU CCPBHUCHBIX 3aIlIpOCOB. [[axce €Clin



Mactep CAN oTnpaBuT Kakoi-HUOYAL makeT 0e3 MoaydyeHHs KOMaH[Ibl, TO BCE TaKHE MaKETh

JIOJKHBI OBITH IPOUTHOPUPOBAHBI MOYJISIMH.

1.3.9. INonyuyenune manabix ¢ mudpoBsix gaTaukoB ZETSENSOR no CAN

Hacrpoiika u monyuenue nanupix ¢ 1iudposbix natdynkoB ZETSENSOR (manee natamkn)
¢ unrepdericom CAN mpou3BOIUTCS ¢ MOMOIIbI0 TpeoOpazoBatens uHrepdeiicor ZET 7174
(CAN—USB) umu ZET 7176 (CAN—Ethernet) u I10 ZETLAB.

NmeeTcsi BO3MOXKHOCTh CUMTHIBAHUSI 3HAYEHUI C JaTYMKOB HAIpPsIMYI0, TO €CTh C
HCITOJIb30BaHUEM COOCTBEHHOTO ycTpoiicTBa ¢ mHTepdeiicom CAN (nanee mactep).

JlaTuuku TOJDKHBI OBITH TIPEBAPUTEIHLHO HACTPOCHHI, ajipeca (node) KaHaIoB U 4acTOTHI
BBIJIaY¥ 3HAYCHU 110 HUM JOJKHBI OBITh H3BECTHBI.

Mactep aomkeH umeTs crneayromue napametpsl CAN:

— CKOpOCTH Iepe/iauyl TaHHBIX cocTaBiseT 960 kOuT/c;

— sample point B quanazone ot 60% mo 85%;

— HCTIOJNIB3YIOTCS 0a30BbIe MAKeTHI C 1 1-OMTHRIMU UICHTH(PHUKATOPAMHU.

UroObl aKTUBUPOBATH BbIJady 3HAYEHHH B JaTYMKaX, MacTep JOJDKEH OTIPABUTH Ha
KaXIbIH agpec (node) makeT ¢ KOMaHAOH 3aIycKa:

— uaeHTuuKaTop — aapec kanana (Hanpumep, 0x00B ans agpeca 11);

— conepxkumoe — 6 6aitoB ganubIX: 0x03 0x00 0x77 0x77 0x77 0x77.

OTnpaBKy MakeTOB C KOMaHAOM 3ammycka pPEeKOMEHAYETCS MEPUOAMYECKH MOBTOPSTS,
Hanpumep, pa3 B 10 wim 60 cexynn. Ilocie momydeHus KOMaH/bl 3aMlyCKa, NaTYMKU HAYMHAIOT
CaMOCTOSITEIILHO OTIIPABJISITh 10 KaXJIOMY KaHATy IMaKeThl CO 3HAYCHHSIMH ([0 Mepe WX
TOTOBHOCTH, B COOTBETCTBUH C HACTPOSHHOM YaCTOTOW BBIJAYN):

— uaeHTHUUKATOp — aJpec KaHama ¢ ycTaHoBleHHbIMH Outamu 0x0CO (Hampumep,
unentTudukarop s aapeca 11 6yner pasen 0x00B + 0x0CO = 0x0CB);

— conepxkumoe — 4 uiu § 6aiTOB, KaXK/IbIe YeThIpe OalTa coepKaT OuepeIHOE 3HAUCHHE.

3nauenus nepenarorcs B popmare float (IEEE 754, ogunapHast TO4HOCTH, MOPSAOK OaliTOB

little-endian).

1.3. IIpotokon OPC

[Mporpamma «CepBuchass pabora ¢ ZET7xxx» (SensorWork) mpemocraBisier
BO3MOXKHOCTH paboThl B peskume OPC-cepeepa. IIpy akTHBAIMU JaHHOTO PEKUMA MPOrpaMma
bopMHUpYyeT JepeBO TEroB Ha OCHOBE HAMICHHBIX B M3MEPUTEIBHOM JIMHUK YCTPOMCTB U pa3 B
CEeKyHIy OOHOBJISIET 3Ha4YeHWe Tera. 110 yMOIYaHHIO JepeBO TEroB (HOPMHUPYETCS TONBKO W3

PETHCTPOB TEKYIIEro 3HAYCHWS U3MepsAeMOW BenWuyuHbl. [Ipm HEOOXOIUMOCTH MOXKHO



CKOH(HTYPHPOBATH MPOTPAMMY TaK, YTOOBI U3 IU(DPOBOTO AATYHKA YUTAIUCH U PYTUE PETHCTPHI
¢ moclieyroniel 3anucbio B coorseTcTByromuii rer OPC-cepsepa.

Jlst akruBanmu pesxkuma OPC-cepBepa 0OTMETETE CUMBOJIOM “TaIOYKa™ HICHTU(UKATOPHI
npeoOpa3oBarenieii uHTEp(EHCOB, KOTOpbIE IODKHBI padoTaTh B STOM pexuMe. B okHe
“CepsuchHas pabdora ¢ ZET7xxx” B meHtw “JleiictBus” B pazuene “Pabora ¢ OPC” BriOepute
“3amyck OPC-cepBepa” (cM. PucyHok 2), mpu 3Tom nporpamma cpopmupyet aepeBo OPC-teros
UM HAYHET YTCHHE HYXKHBIX PErUCTpoB W3 natdukoB. [Ipomecc paborer OPC-ceprepa Oyner
orobpakaThcs B okHe “Pabora ¢ OPC-cepBepom” (cM. Pucynok 3)

Ilpumeuanue: Ilocne nepeoil akmueayuu pexcuma  aABMOMAMUYECKU  CHopmupyemcs
KkoHgueypayus pabomer OPC-cepsepa, komopas 6yoem ucnonv3o08amvcsi Npu NOCAIOVIOUWUX
akmugeayusx O0anHo2o pexcuma. Ilpu smom oadice eciu Kaxkou-iubo npeobpazogamend uiu
yughposoii oamuuk 6yoem omcymcmeosams 8 cucmeme, npocpamma cpopmupyem 0isa He2o mee,
HO Kauecmeo meea Oyoem njioxoe, m.e. mez ¢ HeOocmosepHviMu OanHbiMu. COXpameHHYIO

kougueypayuro OPC-cepsepa MoxHCHO npu dHcenanuu UsmMeHsams noo HyHcovl C80ell CUCHEMDL.

% Cepewcran pabota ¢ ZET oo
®aiin  Hactpoiikn OxHa
marHocTuKa 4 =
NvpexTopus ofHosne o e
PaGora c OPC 3 3anyck OPC-cepeepa L
Wma ycrpoiicTea Kondurypuposanne OPC-cepeepa Fp Ckopoc... Bepcwa MO Mpumesarne
1 0x2b0c831e2bd 70122 0 0.0 OBHosneHune He TpeByetca
ZET 7160 (CurHan_1, Curxan_2, Curvan_3, Curvan_4) 10,11,12,13 0x2b0c0bdedd420422 100000 2.402 (23.09.2015 06:04:02) Aoctynto oBHoenenne 2,400 Bonee cTapoi seponn
ZET 7160 (CurHan_1, Curxan_2, Curvan_3, Curvan_4) 14,15,16,17 0x2b0c5e7827460a22 100000 2.402 (23.09.2015 06:04:02) Aoctynto oBHoenenne 2,400 Bonee cTapoi seponn
ZET 7160 (CurHan_1, Curxan_2, Curvan_3, Curvan_4) 18,19, 20,21 0x2b0c5e7829460a22 100000 2.402 (23.09.2015 06:04:02) Aoctynto oBHoenenne 2,400 Bonee cTapoi seponn
ZET 7160 (CurHan_1, Curxan_2, Curvan_3, Curvan_4) 22,23,24,25 0x2b0c58a35f290922 100000 2.402 (23.09.2015 06:04:02) Aoctynto oBHoenenne 2,400 Bonee cTapoi seponn
ZET 7160 (CurHan_l, Curnan_2, Curnan_3, Curnan_4) 26, 27, 28, 29 0x2b0c079235460422 100000 2402 (23.09.2015 06:04:02) Aoctynto o6Hoenenne 2,400 Bonee cTapoi seponm
ZET 7160e (3nxoaep, Knonka) 42,43 0x2b0c58fd5f400922 100000 2403 (23.09.2015 06:04:03) Hoctynte obHoenenne 2,400 Gonee crapod seponn
ZET 7160e (3nxoaep, Knonka) 44,45 0x2b0c52183d290922 100000 2403 (23.09.2015 06:04:03) Hoctynte obHoenenne 2,400 Gonee crapod seponn
= ET 7176 1 0x2b172152473003df 1000000 2402 {09.09.201505:04:02)  Hdocrynne obroenenne 2,405
ZET 7180v (ZET7180v) 2 0x2b0c73c04f430b22 1000000 1.401 (09.09.2015 04:04:01) Hoctynne obHoenenne 1,400 Gonee crapoi seponn
[V]ZET 7120 (ZET7120) 10 0x2b0c9a4b36420e22 1000000 3.402 (09.09.201506:04:02)  Hdocrynne obroenenne 3.403
Ty
[ 7CT 7190 rFETTIM 11 MR-~ EERIEN -2 1nnnnnn 2 AN IO AD W S AE.NANTY
Pucynoxk 2. 3anyck OPC-cepBepa
< Pabota ¢ OPC-cepeepom EI-
a8 ZI_:'I'. Tk OPC - HassaHue MacTep Anpec Peructp 3HaqeHHE Bpens KavecTso
E!--Z_EI'TI?G_ZJUCSMEZJ‘WDIZE El ZET 7176 N22b0c831e2b470122 Bl Ox14 0.000000 05.11,.201509:28:12 GOOD
(- ZET 7160e_2b0c52183d290922 HKoREp ehicasle * ' s P
: Kronka ZET 7176 N22b0c831e2b470122 45 Ox14 1.000000 05.11.201509:28:12 GOOD
SHroaep ZET 7176 N22b0c831e2b470122 42 Ox14 0.000000 05.11.201509:28:12 GOOD
L Kronka ZET 7176 Ne2b0cB31e2b470122 43 Ox14 1.000000 05.11.2015 09:28:12 GOOD
5 Curran_1 ZET 7176 N22b0cB31e2b470122 2% Ox14 0.000000 05.11.2015 09:28:12 GOOD
CurHan_2 ZET 7176 N22b0c831e2b470122 27 Ox14 0.000000 05.11.201509:28:12 GOOD
[ ZET 7160_2b0c079235460422 CurHan_3 ZET 7176 N22b0c831e2b470122 28 Ox14 0.000000 05.11,.201509:28:12 GOOD
- Cirran_1 Curtan_4 ZET 7176 N22b0c831e2b470122 29 Ox14 0.000000 05.11.201509:28:12 GOOD
Curran_2 Curnan_1 ZET 7176 N22b0c831e2b470122 10 Ox14 0.000000 05.11.201509:28:12 GOOD
- ChrHan_3 Curtan_2 ZET 7176 Ne2b0cB31e2b470122 1 Ox14 0.000000 05.11.2015 09:28:12 GOOD
- Curvan_4 Curtan_3 ZET 7176 N22b0c831e2b470122 12 Ox14 0.000000 05.11.201509:28:12 GOOD
- ZET 7160_2b0c0bde 48420422 Carvan_4  ZET 7176 Ne2b0cB31e20470122 13 Ox14 0.000000 05.11.2015 09:28:12 500D
- Crkian_1 Curnan_1 ZET 7176 No2b0ca31e2b470122 2 ox14 0.000000 05.11.2015 09:28:12 GOOD
Curtian_2 Curnan_2 ZET 7176 N02h0ca31e2b470122 23 ox14 0.000000 05.11.2015 09:25:12 GOOD
E””‘a“—i Curnan_3 ZET 7176 Ne2b0cB31e2b470122 24 Ox14 0.000000 05.11.2015 09:28:12 GOOD
Lor e hcsa35f 290922 Cirvan_4  ZET 7176 Ne2hOcB31e20470122 25 Ox14 0.000000  0511.20150%:28:12  GOOD
. Curan_1 ZET 7176 N22b0c831e2b470122 14 Ox14 0.000000 05.11.201509:28:12 GOOD
- Cirran_1 2 L
CmrHan_Z CurHan_2 ZET 7176 N22b0c831e2b470122 15 Ox14 0.000000 05.11,.201509:28:12 GOOD
CmrHan_S CurHan_3 ZET 7176 N22b0c831e2b470122 16 Ox14 0.000000 05.11.201509:28:12 GOOD
- Curran_4 Carvan_4  7ET 7176 Nezh0cB31e2b470122 17 Ox14 0.000000 05.11.2015 09:28:12 500D
- ZET 7160_2b0c5e7827460a22 Curnan_1 ZET 7175 N22b0cB3e 20470122 18 Ox14 0.000000 05.11.2015 09:28:12 600D
- Cran_1 Curtan_2 ZET 7176 N22b0cB31e2b470122 19 Ox14 0.000000 05.11.2015 09:28:12 GOOD
Currian_2 CurHan_3 ZET 7176 N22b0c831e2b470122 20 Ox14 0.000000 05.11.201509:28:12 GOOD
- CHrHan_3 CurHan_4 ZET 7176 N92b0c831e2b470122 21 Ox14 0.000000 05.11,.201509:28:12 GOOD
2h 2
- CHrHan_4
[=- ZET 7160_2b0c5e7829460a22
- Cirran_1
Curnan_2
-~ CHrHan_3
- Curran_4 o

Pucynoxk 3. JlepeBo OPC-teros



2. Pabora ¢ yrunmuroit SensorWork
2.1. O6noBnenue Baytpennero [10 ZETSENSOR

Buumanue: ona obnosnenus enympenneeo 110 ZETSENSOR, komnviomep, K KOMOpOMY
HOOKIIOYEH YUpPosol 0amuuK, O0INCeH UMemsb O0CMYN 8 2100AIbHYIO Cemb UHMEPHeM.

s oonoBnenust BHyrpenHero [10 ZETSENSOR Heo06X0AMMO BBINOJIHUTE CIEAYIOLIUE
IEUCTBHUA:

1) 3amyctuth nporpammy “CepBuchas padora ¢ ZET7xxx” W yOeauThCsS B TOM, YTO
OTKPBIT JIOCTYI K cepBepy ¢ (aiimamu obnoBienus. B rpade “lupexropus obnomnenus [10”
JIOJDKEH O0TOOpaXkaThesl MyTh K cepBepy ¢ daiimamu oonosnenuit file.zetlab.ru (cm. Pucynok 4).
Ecmu ngoctyn k cepBepy OTCYTCTBYET, TO CIIEAYET IPOBEPUTH MOJKIIOYECHHE KOMITBIOTEpa K

r100aJIbHOM ceTH HUHTCPHCT.

g = Ty
Pr— R e

Qaitn  Hactpoiikn  [eiictens  Okxa  Cepeuc

[upexTopua obHoENeHMA o €BozmoxHo obHosnerme MO c file.zetlab.rus)

[7] Vs yerpoiicrea Agp... CepwitHblit Homep Ckopocts, 6ut/c  Bepcua MO Mpumevanne
=-[T]ZET7070 (1 yerp.) = 0x295 19200 (1) 10 Daiin 06HOBNEHUA OTCYTCTBYET
[[]zeT 7012i (ZET7012i) 2 0x2b0c969642480222 19200 (1) 2404 (19.02.2016 06:04:04)  AocTynHo oBHoeneHue 2.405

|

WridopmaLws no seibpaHHOMy YCTPONCTBY

YCTPoiCcTBO He BhibpaHo
Ne Koa ownbkn  Bpems owmbiu Ownbka
[2016.02.20 12:15:45.744] - Hauyano paboTbl ¢ ycTpoicTBam ZET 7xxx ~
[2016.02.20 12:15:46. 160] - Hauyano paboTbl ¢ MacTepamu ZET 7070 foacygpotias
|| |[2016.02.20 12:15:46.368] - MacTep ZET7070 N2 0x295: Hayano paboTe!
[2016.02.20 12:15:46.370] - Hauano paboTel c MacTepamm ZET 7174 MMM YopoudD
[2016.02.20 12:15:48.927] - MacTep ZET7070 N2 0x295: aKTMBMPOBaH
[2016.02.20 12:15:50.897] - MacTep ZET7070 N2 0x295: Ha4ano nomcka cneisos
.02, :15:51, - MacTep ZET7070 N 0x295: HaitaeHo yCTPOICTE0 ¢ aapecom 2: ZET 7012i NO 2b0c969642480222
5 D 0 5 CneVBoB, Haik DONCTB: 1 ObHoBnerme MO

MpepsaTtb

Pucynox 4.

2) Cnenyer ybenutbesi B Hanuuun HoBoW Bepcuu I10 ycrpoiictBa. CripaBa OT UMEHH
nupoBOro aT4MKa, KOTOPHIA cleayeT OOHOBUTH, B cronbue “Tlpumeuanue” mOKHO

oToOpakarbcs 3HadeHue “‘/loctynHo o6HoBieHue X, e X - Homep Bepcuu [10 (cm. Pucynox
5).



Qaiin  Hactpoiikn  Jeiictens  Oxna  Cepenc

[upexTopua obHosneHs MO ‘ BozmoxHo obHosnerme MO c file.zetlab.ru ‘ ‘ o ‘

[7] Wnn yerpoiicrea Agp... CepwitHblit Homep Ckopocts, 6ut/c  Bepcua MO Mpumevanne
=-{[C1ZET7070 (1 yerp.) - 0x295 19200 (1) 10
L.[C]ZET 7012i (ZET7012i) 2 0x2b0c969642480222 19200 (1) 2.404 (19.02.2016 06:04:04)

Daiin oQHORIEHIE OTCYTCTRYET

locTynHo 0BHoBNeHue 2.405

< N " »

|E i
WHdbopMaLyia no BuiBpaHHOMY YCTPOMCTBY
YCTPONCTBO He BoibpaHo

Ne Koa ownbkn  Bpems owmbku Ownbka

[2016.02.20 12:15:45,744] - Hayano paboTbl ¢ ycTpoicTBami ZET 7xxx

[2016.02.20 12: 15:46. 160] - Hauano paboTsi ¢ MacTepam ZET 7070 Dovocycpoicrs
[2016.02.20 12:15:46.368] - MacTep ZET7070 N2 0x295: Hayano paboTsl =
[2016.02.20 12:15:46.370] - Hauano paboTbl ¢ MacTepamn ZET 7174 Viswansauns ycTpoicTs
[2016.02.20 12:15:48.927] - MacTep ZET7070 N2 0x295: akTusMpoBaH
[2016.02.20 12:15:50.897] - Macrep ZET707D N2 0x235: Hasano nonaxa crefisos Hrerme oumbox

1. e

Mpepsats ‘

Pucynok 5.
3) BeiOpath nundposoii gatuuk, [10 KOTOPOro HEOOXOAUMO OOHOBUTD, YCTAHOBUB FAJIOUYKY

clieBa OT UMeHH [udpoBoro aaruuka (cM. PucyHok 6).

Qaiin  Hactpoiikn  Jeiictena  Oxna  Cepenc

[AupexTopus obHoBneHuA MO I Bo3smoxHo obHosnerne MO c file.zetlab.ru

[E Wiran yerpoiicTea Agpec  CepuitHbiit Homep Ckopocts, 6ut/c  Bepcna MO Mpumeyanue

ET7070 (1 ycrp.) - 0x295 19200 (1) 10 Daitn 06HOBNEHNA OTCYTCTBYET
ET 7012i (ZET7012)) 2 0x2b0c969642480222 19200 (1) 2.404 (19.02.2016 06:04:04)  JoctynHo oBHoenenne 2.405

WridopmaLus no seibpaHHoMy YCTPOHCTBY
ZET 7012i N2 2b0c969642480222

Ne Koa ownbku  Bpems owmbiu

[2016.02.20 12:15:45.744] - Hayano paboTel ¢ ycTpoiicTsami ZET 7XxX -

[2016.02.20 12:15:46. 160] - Hayano paboTbl ¢ MacTepami ZET 7070 oucsygreoiicn
[2016.02.20 12:15:46.368] - MacTep ZET7070 N2 0x295: Hayano paboTel
[2016.02.20 12:15:46.370] - Hauano paboTsl c MacTepam ZET 7174 Vemumamvsaups ycrpoicts
[2016.02.20 12:15:48.927] - MacTep ZET7070 N2 0x295: aKTMBMPOBaH

[2016.02.20 12:15:50.897] - MacTep ZET7070 N2 0x295: Ha4ano noucka cnewsos

ZET7070 N2 0x295: HaitaeHo ycTpo c‘rsocan oM 2: ZET 7012i N2 2b0c969642480222
e

2016.02.20 12:15:55.593] - MacTep ZET7070 N2 0x295: OKOHYEHUE NOMCKa CIENBOB, HAWAEHO YCTPOWCTS: 1

MpepsaTe

Pucynok 6.

4) Haxats kHONKY “O6HOBIIeHHE [10” (cM. PucyHok 7).



e )

Qaiin  Hactpoitku  [Jeiicteua  OxHa  Cepeuc

[vpexTopua obHoBneHus Mo ‘"Bomo»(no obHosnerme MO c file.zetlab.ru ‘ ‘ Sate

(& Vma ycTpoiicTea Appec  CepuitHblit Homep Ckopocte, 6ut/c  Bepcua MO Mpumevanue
=-{_|ZET7070 (1 ycrp.) - 0x295 19200 (1) 1.0 ®aiin 06HOBNEHMS OTCYTCTBYET
..[¥]ZET 7012i (ZET7012i) 2 0x2b0c969642480222 19200 (1) 2404 (19.02.2016 06:04:04)  JoctynHo oBHoenenne 2.405

< m »
|

WrdopmaLws no seibpaHHoMY YCTPOICTBY
ZET 7012i N2 2b0c969642480222

Ne Koa owmbiku  Bpems owmbku Oumbka

[2016.02.20 12:15:45.744] - Hayano paboTsi ¢ ycTpoitcTeamm ZET 7xxx
[2016.02.20 12:15:46. 160] - Hauano paboTel c MacTepami ZET 7070

[2016.02.20 12:15:46.368] - MacTep ZET7070 N2 0x295: Ha4ano paboTel
[2016.02.20 12:15:46.370] - Hayano paboTsi ¢ MacTepamm ZET 7174

[2016.02.20 12:15:48.927] - MacTep ZET7070 N2 0x295: akTMBMpOBaH
[2016.02.20 12 15 50.897] - MacTep ZET7070 N2 0x295: Ha4ano noucka cneisos

ecom 2: ZET 7012i N@ 2b0cS69642480222
2016.02‘20 12: 15 55 593] - MacTep ZET7070 N2 0x295: OKOHUSHUE NOMCKa CIeNBOB, HaWAEHO YCTPOUCTE: 1

Pucynoxk 7.

5) Joxnatbes oxoHuaHusi oOHoBieHus [1O ycrpoiictBa. B crombue “Cocrosinue”
oroOpaxkaercs Tekyiee coctosaue oonosnenus 110 nudposoro garunka (cMm. Pucynok 8). [pu

HE00X0IMMOCTH TpeOyeTcs clie0BaTh HHCTPYKIMUSAM IPOTPaMMBI.

C 4 Cepau_\ y

Qaiin  Hacrpoiikn  [Jeiictema  Okna  Cepenc

[QvpeKTopua obHosnerNs MO } Bo3moxHo obHosnerme MO ¢ file.zetlab.ru ‘ el "

[®] Vinn yerpoiicTea Agpec  CepwiiHblii Homep Ckopocts, 6ut/c  Bepcua MO MpumeyaHue Cocroanue
B ZETIO70 (1 yctp.) - 0x295 19200 (1) 10 ®aiin 06HOBNEHNA OTCYTCTBYET
L.[V1ZET 7012i (ZET7012) 2 0x2b0c969642480222 19200 (1) 2.404 (19.02.2016 06:04:04)  JocTynHo obHoenenme 2.405

-—= o
—
WrdopmaLyis no BbibpaHHOMY YCTPOMCTBY
ZET 7012 N@ 2b0c969642480222

N2 Koa ownbiku  Bpems owmbiu Ownmbka
2016.02.20 12:15:50.897] - MacTep ZET7070 N2 0x295: Ha4an0 noucka Cneiisos e s ‘
2016.02.20 12; 1.770] - MacTep ZET7070 N2 0x295: HaltaeHo yCTPoiCTBO ¢ agpecom 2: ZET 7012 N2 2b0c969642480222 ! &
2016.02.20 12: 5.593] - MacTep ZET7070 N2 0x295: 0KOH|aHWE NOMCKa CNEiBoB, HalaeHo YCTPOMCTs: 1 " = = ‘
2016.02.20 12:55:55.540] - MacTep ZET7070 N2 0x295: Ha4ano YTeHns ONUCaTEneil HacTPoeK N | VMY YETROMET)
2016.02.20 12 5.540] - MacTep ZET7070 N2 0x295: ycrpoucrso ZET 7012i N@ 0x2b0c869642480222 (2): yTeHMe onMcaTEneit HaCTPoeK. e ——
2016.02.20 12 : ycTpoicTso ZET 7012i N2 0x2b0c969642480222 (2): uTeHue onucaTeneit HacTPoeK. saa L Uretme ownbok |

5: OKOHYEHME YTEHWS OMUCATENEN HACTPOEK &
Ha4ano obrosnermns MO OB+osnerne NO J

2016.02.20 12:5! .601] - 0 0x295: ycrpoicTso ZET 70121 N2 0x2b0c969642480222 (2): obHosneHue M0 r
MpepsaTh obHoBneHe

O6Hoenenue MO... ﬂ

Pucynok 8.
6) ITocie OOHOBIECHHUS ClEAyeT YOEAMTHCS, YTO Ha IU(PPOBOM MAaTUYNK YCTAHOBHIIACH

nocieanss sepcus 110 (em. Pucynok 9).



[ 6ot ¢ ZETToo
< Cepsucran pasoracZ

Daiin  Hactpoiikn  [Jeiicreus  Orris  Cepsic

AMpeKTOpHA GBHOEReHNA IO | BOSONHO GBrOBMeHHE 10 ¢ file zetiab.ru

Ws yerpoiictsa Bapec  Cepuiinbiii Homep Cropoct..  Bepews M0 Mpumesarine Coctagmme
) W0 10 -
(ZET.. 2 x2b0cA6IA42480222 19200 (1) #ga 405 (10.02.2016 06:04:05)

[VIZET T01zi OrHoBneye He TpeByetca

MHopHawa o BsIGRaHHoMY YoTPOcTEY

ZETT070 N2 295

Ne Koa ownbicn  BpemA ownBkk Owkbika

2016.02,19 12:59:37,544] - MacTep ZET7070 N 0x295: H34an0 NoWCKa ClefBos - e i
2016.02,19 12:59:41,583] - MacTep ZET7070 N2 0x295: okoHHaHHE NOHCKa CNEABOE, HAHAEHO YETROFCTE: O

2016.02.19 12:59:57,708] - MatTep ZET7070 N2 0x255: H34anD paBoTel -
2016.02.19 12:59:58,501] - MacTep ZET7070 MO 0x295: akTHEMpOBaH PP EIORT e o
2016.02.19 12:59:58,705] - MacTep ZET7070 N2 (295 Ha4ane noHeka cnefioos

2016.02.19 13:00:02,747] - MacTep ZET7070 N2 (X255 OKOHHaHHS NOCKa CEABOB, HARAEHD YCTPORCTS: 0

2016.02.19 13:00:04, 135] - MacTep ZET7070 M 02951 H3uano noncka cnefisos
bOco60642480222 OfHoEnenne MO

MpepeaTe

1

Pucynoxk 9.

2.2. JlnarHocTrka oOMeHa TaHHBIMHU B U3MEPUTENIbHOM JINHUU

JuarHoctrka oOMEHa JaHHBIMHA B WU3MEPUTEIBHOW JIMHUU BBITIOJIHSACTCS MOCPEICTBOM
nocbuiku B nuHUIO koMaHz ReadHoldingRegisters n/unu ReadlnputRegisters ¢ mocnenyrommm
aHaJIM30M OTBETa WIM €ro OTCyTcTBHMs. Ilo ymonuaHHMIO 3ampockl MIYT € MaKCHUMalbHO
BO3MOXHOM yacToTOM. Llenblo JUAarHOCTHKYU SIBISETCS BbISBIEHHE HEHCIIPABHOCTEH M TOHKHX
MECT B U3MEPUTEIbHON JIMHUU C TOUKU 3pEHUsI OOMEHa TaHHBIMH MEXay IpeoOpa3zoBaTesieM U
U (POBBIM TATIYUKOM.

OTMeThTe CHMBOJIOM “Tajiouka’” uJeHTU(UKAaTOphl TpeoOpa3oBaTesielt HHTepdencoB, 1
KOTOPBIX HEOOXOAUMO NMPOU3BECTH AUATHOCTUKY (POPMHUPYEMBIX UMM U3MEPUTEIbHBIX TUHUN. B
okHe “CepsucHas pabota ¢ ZET7xxx” B MmeHto “/leficTBus” B pazzene “/luarnoctrka” BeiOepure
“Jlnarnoctuka oomeHa nanabiMu” (cM. Pucynok 10), mpu 5TOM mporpamma HaguHET TECTUPOBAHHE
U3MEPUTENBHBIX JIMHUI pe3ylbTaThl KOTOPOro OyAyT oToOpaxkaTbcs B OKHe «Jlmarnoctuka
oOMeHa TaHHBIMHU B TMHUU» (cM. Pucyrok 11)

Ilpumeuanue: B oxne “/luaenocmuxa obmena OaumHbIMU 6 JUHUU — OmMOOpadCAemcs
ouazHocmuyeckas uH@opmayus Ond  USMEPUMENbHOU JUHUU OMHOCAWAACS K NEepeOoMY
8bLIOPAHHOMY 6 ChUCKe npeobpaszoeamento unmepgelca, 01 NPOCMOMpa OUACHOCMUYECKOL
ungopmayuu no opyeum usmepumenvrvim aunuam ¢ okuwe ‘“‘Cepsucnas paboma c¢ ZET7xxx” &
menro  “Oxna”  evibepume coomeemcmeyowue uUdeHMmuukamopvl npeobpazosameins

unmepgetica.



«* Cepencran pabiota ¢ ZET oo
®ain  Hacrpoiikn | Jeiictena | Oxxa
JAunarHoctika 3 [narHocTiaka oBMeHa JaHHBIMK
[LmpexTopia ofHosne
PaBoTa c OPC 3 [MarHoCTKS KaYECTBa J3HHBI
s ycrpoiictea JIMarHOCTHKS CUHXPOHN3ALIMM IRHIK Ckopoc...  Bepcwa M0 Mpumeyarne
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V| ZET 7160 (Cwrnan_1, Curnan_2, Curnan_3, CurHan_4) 26,27,28, 29 0:2b0c079235460422 100000 2.402 (23.09.2015 06:04:02) HoctynHo oBHoeneHue 2400 Bonee cTapoii Bepcun
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- [V ZET 7176 1 (b2b172152473003df 1000000 2,402 (09.09.201505:04:02)  Jocrynmo obroenenne 2405
ZET 7180w (ZETT180v) 2 02b0cT73c941430b22 1000000 1.401 (09.09.2015 04:04:01) HoctynHo obroeneqne 1.400 Bonee cTapoii sepcn
ET 7120 (ZET7120) 10 0x2b0cadb36420e22 1000000 3.402 (09.09.201506:04:02)  [Joctynmo ofHoenenne 3.403
-[V1ZET 7120 (ZETT120) 1 0n2b0ca?465b360e22 1000000 3.402 (09.09.2015 06:04:02)  [loctynmo ofHosnenne 3.403
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Pucynoxk 11.

B oxHe «/luarnoctuueckas nHGopManus» UMEITCS celyIolue 00JacTu:
- CKOpPOCTb OOMEHa — 0TOOpakaeTcs TeKylllas CKOPOCTb OOMEHa Ha HU(POBOM KaHAJe MEXIY
npeoOpasoBarensiMu uHTEepdeiica U HUPOBBIMU MOTYISIMU
- 3arpy3Ka JIMHUU — OoToOpakaeTcs (B MPOIIEHTHOM COOTHOIIEHHHM OT MAaKCHUMAaJIbHOM) TeKyIlas
3arpy:KeHHOCTh IU(POBOI TMHUM
- 00JacTh CIUCKA YCTPOMCTB — OTOOpaskaeTcs CIUCOK YCTPOWCTB, HAUMHAIOIIUXCS C HOMEPOB,
O3HAYAIOIINX a/IpeC yCTPONCTBA HA TU(PPOBOI JTMHUHI

- obmacTe ajapeca YCTpPOMCTB — OTOOpa)kaeT ajapeca, MO KOTOPbIM IIporpamma MpOU3BOJIUT

JIMAarHOCTUYECKHUE 3aIpOChl (BBIOPaHHBIE apeca OTMEYEHBI “TalOYKON”)



Ha Pucynox 12 npousuttocTpupoBaHa HEUCHPABHOCTb, AMArHOCTHUPOBAHHYIO Ha
U3MEPUTEIILHOM KaHajle KOTopas CBsi3aHa C IyOIMpOBaHUEM Ha3HAYCHHBIX HU(PPOBBIM MOIYJISIM

anpecoB No2.

. mrIE
| sen panccracs
e e =
| 2o
e ———— |
rsaemiatse [ T
|
OYpCTE |+ Bargaem - cpangn | -y grsere |- et sy e ] |- e cvmsietes | - nsaeicn £BE i I L F dugms yemdicrn
[ Y ] [] [T [] 2 E-] o [] FraFelfroCs
A = : : : : : 4 rwrarwca
| 22~ 21 0l 138 5= ] s (] ] o ] FemCwirnlz
| = - v 7om -3 i [ [ [ [ o 17 rorurisris
: rermrCecCm
| FarCrazParx
: FrsrmrCoC o
| FafCrafafF=
: Frmrarsr.s
| Frmrarmr=
| rararars
: Frersrfa-s
| Frearswsrars
Lal Hirarsarsrs
I F E vom = Hatl T — LT TR 17 - Mrgcen = & 1T T T T rersrsra
. jE—— — =1 rarera
== I 1 et 1
Pucynoxk 12.

[IpowmmrocTpupoBaHHass HEHUCIPABHOCTh HMMEET XapaKTepHOE OTPAKEHHE B OKHE
“Inarnoctuyeckas unpopmanusa”. [Ipu coBnagenuu aapecos ycrpoictB B cetu MODBUS nHa
KaX/Iblif 3alpoc YCTpOWCTBA C OJAMHAKOBBIM aJPECOM OTBEUYAIOT OJIHOBPEMEHHO, B pe3yjbTaTre
4yero o0pa3yroTcsl KOJIM3UU pU OOMEHE JaHHBIMU, a CIIE0BATEIbHO, BOZHUKAIOT HEKOPPEKTHBIE
OTBETHI Ha 3alpocChl, U TOrJa B KoJioHKax “Hemomnswii orBer”, “Ommubka ampeca”, “Ommbka
komaHael” U “Ommbka CRC” uHKpemeHTUpyroTcs 3HaueHus. Kpome 3Toro, mamaer obmas
CKOpOCTh OOMEHa B JIMHMHU, U BEIMYMHA, OTOOpakaemast B mojie “CkopocTb oOMeHa” Oyner
OTJIMYAThCA OT HOPMAJIbHOMW JIJIsi JAHHOW JIMHUH.

Ilpumeuanue: Hopmanvnas ckopocmev 00MeHA 6 JNUHUU ONpeoensemcs npu MaKCUMANbHOU
3a2PYAHCEHHOCMU 3anpocamu (pe2yiamop CKOPOCmU 0OMeHA HAXOOUMCs 6 KpatHeM NpagoM
“Makcumanvrom” nonodcenuu) npu nocwlixe komanovl ReadHoldingRegisters (komanoa 3anpoca
oannwix - ReadInputRegisters - donorcna 6imo omknouena uepes mento “/fuacnocmura’) moavko
cywjecmsyrowum 8 IuHuy ycmpoucmeam. Taxk npu npasuivHOM ROCMPOEHUU USMEPUMENbHOU
JIUHUU OONIHCHBL BLINOTHAMBCS CNIEOYIOUUe COOMHOUEHUSL:

1. Ona nunuu c npeodopaszosamenem ZET7070:

e 2400 6um/c = 10 3anpocos/c

e 4800 6um/c = 15 3anpocos/c

e 9600 6um/c = 30 3anpocos/c



14400 6um/c = 40 3anpocos/c
19200 6um/c = 50 3anpocos/c
38400 bum/c = 75 sanpocos/c
57600 6um/c = 90 3anpocos/c
e 115200 6um/c = 110 3anpocos/c

2. 0151 TuHUU ¢ npeodbpazosamenem ZET7174.:
e 100 k6um/c = 175 3anpocos/c
e 300 kbum/c =210 3anpocos/c
e [ Moum/c & 245 3anpocos/c

3. 0151 unuu ¢ npeoopazosamenem ZET7076.

e 2400 6um/c — ne nooodepaoicusaemcs ZET7076

4800 6um/c = 10 3anpocos/c

9600 6um/c = 20 3anpocos/c

14400 bum/c = — ne noooepacusaemcs ZET7076
19200 6um/c = 30 3anpocos/c

38400 6um/c =45 3anpocos/c

e 57600 6um/c = 50 3anpocos/c

e 115200 6um/c = 55 3anpocos/c

4. 018 IuHUU ¢ npeobpazosamenem ZET7176:

e 100 k6um/c & 110 3anpocos/c

e 300 kbum/c & 140 3anpocos/c

e [ Moum/c & 180 3anpocos/c

B nexomopuix cnyuasx Koauwecmeo 3anpoco8 6 CeKyHOY MOJCem OMAUYAMbCS Om
HOPMANbHBIX NOKa3amenel, 00OHAKO OHA OOJIHCHA OCMasamuvcst cmadutvhol. Eciu cmabunvnocme
¢ meuenuem pemenU He HabII00aemcs, 3Ha4um 6 JUHUU CKOpee 8Ce20 ecmb NPodieMbl.
Buumanue! /[ns xoppexmuoii pabomuvl uzmMepumenvHol JUHUU KAMe2opUYecKu 3anpeujaemcs
0ybauposanue aopecos pacnonazaruuxcs Ha Hell Yughposwvix 0amuuxkos
Ilpumeuanue: Aopeca yugpogvix O0amuuxkos 6cez0a COOMHOCAMCA C UX USMEPUMETbHbIMU
KAHAIAMU NOIMOMY clledyem YUumvléamy, 4mo HeKomopbvle yu@dposvle 0amyuxku maxue Kax
nanpumep ZET7152 unu ZET7154 umerom 6 ceoem cocmage Oojee 00HO20 USMEPUMENLHO2O
kanana. Ilpu xongueypuposanuu yugposvix Oamuuxos, umerwwux 0Oo1buie 00HO20 alpeca,
VKA3b18Aemcs MobKO aopec Nepeo2o U3 e20 UsMepUmenbHulX KAHauio8, 00HAKO Npu 3MoM cliedyem
NOMHUMb O MOM, 4MO CAedyiowue no CHAUCKY adpecd (8 3aBUCUMOCMU OM KOJIUHeCmEd
UBMEPUMENIbHBIX KAHA08 8 coCmase 0amuuxa) makace 6yoym 3a0eticmeo8anvl U He OOJHCHDbL

ObIMb Ha3HAUEHbl OPY2UM YUDPOBLIM OAMUUKAM, YCMAHABIUBAEMBIM HA Y JHCE USMEPUMETbHYIO



aunuro. Ilpumep: Ha uzmepumenvHyro JIUHUIO YCcmanosieH yugposou oamuux ZET7152
ckoHghueypuposannvitl Ha aopec NeS. Tax kax yugpposou oamuux ZET7152 umeem 6 ceoem
cocmase mpu usmepumenvHulx Kanaia mo aopeca Ne6 u Ne7 ne mozym 6vims Ha3sHaueHvl Opyeum

Yughposvim oamuukam Ha OAHHOU USMEPUMETbHOU TUHUU.

2.3. Z[I/IaFHOCTI/IKa KadycCTBa JaHHBIX B PISMepI/ITeHBHOﬁ JIMHHUHN

o T — B
& [lMarHoCTMKa Ka4ecTea AaHHblX - ZET 7176 N2 2b0c83 lEZM?Olﬂl EM

®aiin  OwarHoctika

e e e
2 mo1%
|

MoTok gaHHs Tpadid: 0.00 %
|

FoManaL PRI s R
.

MoToK AHHSIK: 0
1 |

- 3 YCTPOHCTE
YeTpoHcTED Ka4ecTEo MMTaHWA Ka4ecTBo AaHHbX  Ka4ecTBo cHHXpoHWSaWw  COCTOAHWE YYBCTE. 3NEMEHTa  “ Aapeca ycrpo

3
e e - - - - ) Fo1 [Joz oz (o4
10 - ZET 7160 HopMansHoe He nonaeps. OT AKYHG He noaneps. 3 05 05 o7 03
11-ZET 7160 HopMansHoe He nonaeps. OT AKYHG He noaneps. L oo 10 11 12
12 - ZET 7160 HopmansHoe He nonaeps. OTAK<HD He noaneps.
13 - ZET 7150 HopmansHoe He nonaeps. OTAM4HO He noanep, 13 14 15 16
14 - ZET 7160 HopmanbHoe He nopaeps. CTnvdHo He nopmep. 17 18 19 10
15 - ZET 7160 HopmansHoe He nogaeps. OTRMYHO He noaaeps.
16 - ZET 7160 HopmansHoe He nogaeps. OTRMYHO He noaaeps. 21 2 23 24
17 - ZET 7160 HopmansHoe He nogaeps. OTnudHD He noaneps. - 25 26 27 28

[#] 29 0 31 []32

33 3% 35 36

41 W4z @43 Va4
[#]4s 45 47 []48
4 []s50 51 []52

23 % 55 56

Pucynoxk 13.

JlnarHoctuka KayecTBa JaHHBIX B M3MEPUTENbHON JMHHUM 3aKIIOYAeTCs B JUArHOCTHKE
1M(pPOBOro AaTYMKA IO HECKOJIBKUM apaMeTpaMm:

1. Tlapamerp “KauectBO nutanus”

[Tapamerp “KauectBo mnutanus” HMHGOPMHUPYET O COCTOSHUM HAIMPSDKEHHs] MUTaHUA
nugpoBoro aarynka. CyniecTByeT HECKOJIBKO COCTOSIHMM MHAMKAIMKM napamerpa “‘KauectBo
MATaHus

o He nognepxuBaerca - nudpoBoil matuuk He o6nanaeT (GyHKUHMEH KOHTPOISA
KauecTBa MUTaHUS.

e Huskoe - HanpspkeHue nuTanus HudpoBoro garyuka mexee 9 B.

e HopwmanbsHoe - HanpsKeHUs: MUTAaHUS HU(PPOBOTO AATYMKA HAXOUTCS B AMANa30He
ot 9 B 1o 24 B.

o Bricokoe - HanpspkeHue nuTaHus HUpoBoro Aatyrka 6oiee 24 B.



2. Tlapametp “KavecTBO naHHbIX’
[Tapamerp “KauecTBo maHHBIX” WHGOPMHUPYET O HEMOJAAKAX B JIMHUU Tepeiaun JTaHHBIX
mudposoro aaryrka. CymecTByeT HECKOJIBKO COCTOSIHUI mapameTpa “KadecTBo JaHHBIX:
o He nopnepxuBaerca - uudpoBoil maryuk He o6nanaeT (GyHKUHMEH KOHTPOJSA
Ka4yecTBa JIaHHbIX.
o [Ilnoxo - B 1MHUM nepesauu JaHHBIX CYIIECTBYIOT MpoOieMbl. KauecTBO maHHBIX
HEYJIOBJIETBOPUTEIBHOE, TEKYILIUM JIaHHBIM BEPUTh HEJIb3S.
e Xopowo - BO3MOXXHO B JIMHMU IIepeladd JaHHbBIX CYIIECTBYIOT HPOOJIEMBI.
Crnenyer oOpaTUTh BHUMaHHE Ha JJaHHbIE.
e OTINMYHO - B IMHUY NIEPEJAYN JAHHBIX MPOOIEMBI OTCYTCTBYIOT.
3. KauectBo cunxpoHH3anuu
[Tapamerp “KauyectBo cuHXpOHH3aLKK~ HWHOOPMUPYET O COCTOSHUU CHHXPOHH3AINH
udpoBoro aaturka. OyHKIMS ASHCTBUTEIbHA TOIBKO A HU(POBBIX TaTYUKOM PabOTAIOLIMX
no wuHTepdeiicy CAN. CymecTByeT HECKOIBKO CcOCTOosHUN mapamerpa “KauectBo
CUHXPOHHU3AIUN;
o He nognepxuBaerca - nudpoBoil matuuk He o6nanaeT (GyHKUHMEH KOHTPOJISA
Ka4yecTBa CHHXPOHM3ALIUH.
o Ilnoxo - cuaxponmsamus orcyrcrByer. [IpoBeppre GPS-anTenny, nubo Moayib

cunxponmsamuu ZET 7175.

e Otrauyno - ???2?777777777

4. CocTosiHHE€ 4yBCTBUTEIBHOIO AJIEMEHTA
[Tapamerp “CocTOosSiHME UYBCTBUTEJIBHOIO JJIEMEHTa’ HMHPOPMUPYET O COCTOSTHUHU
MEPBUYHOTO TpeoOpazoBarensi, MOAKIIOYEHHOTO K KOHKPETHOMY LH(PPOBOMY IaTUHKY.
CyuiecTByeT HECKOJIBKO COCTOSIHUM mapaMeTrpa “CocTosTHuE YyBCTBUTEIBHOTO 3JIEMEHTA
e He nonnepxuBaercs - nudppoBoil JaTuvk He oOsagaer QyHKUIUEH KOHTPOJS 3a
COCTOSIHEM YYBCTBHUTEIIBHOTO 2JIEMEHTA.
e OmubKka - YyBCTBUTENBHBIM SJIEMEHT HE NOJKIIOYEH, HE HCIpPaBEH, JIHOO
MOAKIIOYEH HEMPABUIIBHO.

. XOpOHIO - ‘IYBCTBHTeHBHBII)’I OJIEMCHT NOJKIIFOUYCH KOPPEKTHO.



2.4. JlnarHOCTUKA CHHXPOHU3AIUHN U3MEPUTEILHON JTHHUN
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Pucynok 14.
JnarHoctuka CMHXpPOHHU3ALUA U3MEPUTEIHFHON JIMHUU 3aKJII0YAETCs] B JUATHOCTUKE T10

HECKOJIbKUM TapaMeTpaM:

1. Texymee Bpems (CAN)
BuyTtpennue yacol UppoBOTo 1aTYHKA

2. Cwmemienne, HC (CAN)
MrHoBeHHOE 3HAYE€HHE BBIYMCICHHOTO CMEIIEHHS BHYTPEHHHX YacOB OTHOCHUTEIBHO YacoB
3a/1aTurKa (Macrepa).

3. Cpennee cmemienue, He (CAN)
CpenHecTaTUCTUYECKOE 3HAUYEHNE CMEUIEHUS 3a ONPEACIICHHBIN IEPUO]T BPEMEHHU.

4. CKO cwmenienue, HC (CAN)
CpenHekBapaTUiHOE OTKJIOHEHHUE CMEIIEHHUS 3a ONPEICICHHBIN MTEPUO/ BPEMEHH.

5. Cocrosinue cuaxponusanuu (CAN)
CocrosHue cuaxpoHmu3anuu nudposoro gatunka. CymecTByeT HECKOIbKO COCTOSTHHIM:

e Brimonnena

e Brmonnsercs

6. Coxpanennas ckBaxknocts HINM, %
3nauenue ckBaxxHocty LIMM, 3anannas Ha stane noBepku. Boipaxkaercs B %.

7. Tekymas ckBaxnocts HINUM, %
Texymas ckBaxHocTs MM, wm3mepeHHas B HacTOsAImMM MOMEHT BpeMmeHM. HopmanbHOe

3HAYEHUE JOJDKHO HAXOAUTHCS B QUana3oHe 25-75%.



8. Tewmnepatypa, °C

Temneparypa niaathbl.

2.5. I[I/IaFHOCTI/IKa CHUHXPOHHU3AUHU I/ISMepI/ITeJIBHOﬁ CCTHU

B
Elﬂu
& [lwarnoctuka (vmlpouuaau_

| ®aiin  dwarHocTuka

oo 56 recnrc 1on (R ) -
.

YCTpoicTED +Tew., cke. LUMM, 3% CocToAHue FTP EBpema no PTP -Crewenme (PTP), HC  CocT. oHxp. (PTP) - Cpen. zagepx. cemw (FTP), HC
ZET 7175 N@ 2b172152473003df (192, 168.21.15:7178) 43.7 Benomele Yackl 09.12,201509:26:30 67 BrinonHeHa 30801

ZET 7176 N2 2b1721fh4b4703df (192. 168, 1.77:7176) 50.0 CokuAEHHE 09.12.201509:31:43 0 QrcyTcTBYeT o

ZET 7176 N2 2b1722874c2303df (192.168.21.13:7176) 43.6 BeaoMble Hackl 09,12.201509:26:30 65 BrinonHeHa 30908

ZET 7176 N2 2b1722f6523703df (192.168.21.12:7176) 47.6 Benomble Yack 09,12,201509:26:30  -32 BrinonHeHa 31153

ZET 7176 N2 2b1725275d3203df (192. 168.21.14:7176) 50.0 Maconser 01.01.1970 22:04:54 0 OTcyTcTByeT 0

17:43.46 08/12/2015 ZET P76 2b172152473003df (192.168.21.15:7176] - Tex. cke. (WM, % =437
ZET 7176 2b1721thd4bd703dl [1592.168.1.77-7176] - Tex. cxe. WKWM, % =50.0

ZET 7176 2H1722874c2303d (192 16821 13:7176) - Tek_ cke WM, % = 435
ZET 7176 2H1722065237030f (192.168.21. 12 7176) - Tex. cxe. WMM, % = 475
ZET 7176 2H172527503203d (192 168 21 14:7176) - Tek. ke WM, % = 50.0
|
= | | I ‘ |
s (i + | —" jand i RCRmAY T e t e . L
4 ! f f I | =
I I | I I |
& I RN L] L [l | i |
4 o i} i FILETT 1 CTTCET 1] TLT TT ] /i i LY
18:24:52 19:50:57 211703 224308 on:og14 0:35:20 03:01:25 04:27:41 0553 38 07:13:43 0:45:49

08/12/2015 0g/12/2015 0g/ 242015 081242015 0342/2015 03/12/2015 0341242015 0941242015 0342/2015 03/12/2015 0341242015

Pucynoxk 15.



3. IIpumepsl UHTETpalliU B CTOPOHHUE CUCTEMBI

OcnoBubie cxembl uHTerpannu ZETSENSOR B cropoHHHE CHCTEMBI MPEICTABICHBI Ha

Pucynok 16, Pucynok 17, Pucynok 18, Pucynoxk 19.

KoH¢urypuposanue pexxumos pabortsl undposbix garumukos ZETLAB
nop ynpaenexsuem MO CTOPOHHUX NpoM3BOAUTENEH

MNpeobpasosarenu Uudposbie
uHTepdeiica BATYUKM

ZET7070 :
ZET7076 ZET70xx

no ZETLAB

Bin-gaiin
HacTpoekx

ZET7174

ZET7176
ZET71xx

Pucynok 16. Urenne nnpopmanuu ¢ uuppossix natunkoB ZETLAB npu ncnons3oanuu 110

CTOPOHHHUX IIPOU3BOAUTEINEH

Yreuue nHpopmaumm c undposbix aarimukos ZETLAB
npu ucnonb3osaHdmm MO cropoHHKMX Npou3soauTenel

Uudposbie Npeo6pasosareny Zet7xxxServiceWork [§ no
AATYUKH uHTepdeiica B peXXume B pexume
‘ ZET7070 OPC cepsepa OPC knuenra
ZET70xx il

ZET7174

ZET7176
ZET71xx

Pucynok 17. Urenne nndopmaruu ¢ mudpossix qarankoB ZETLAB npu ucrons3oBaHu#

KOHTpoJuiepoB u [1O cTOpOHHUX TPOU3BOAUTENEH

Yrenune nudopmaumn ¢ uudposbix garumxkos ZETLAB
Npy KCNONB30BaHWK KOHTPOoANepos U MO cTopoHHKX Npou3BoauTenei

Undposbie KoHtponnepsi

AATUNKH . € NoAAe PRKOH
ModBus RTU

ZET70xx

Pucynoxk 18. Urenue nundpopmaruu ¢ HuppoBbIX TaTYNKOB CTOPOHHUX ITPOU3BOAUTENEH NPU

HCHoJb30BaHue peobpazoBateneit nnrepgeiica u 110 ZETLAB



Yrenume uHPopmaymum ¢ UMPPOBLIX 4AaTHMKOB CTOPOHHHX NPOM3BOAUTENEH
npu ucnonb3osaHue npeobpa3osareneit uHTepdeiica u MO ZETLAB

DaTtumkm ¢ Mpeobpasosarenu no

noase PXKKoH uHTepdeiica ZETLAB
MODBUS RTU
ZET7070 daiin
ZET7076 KOHUryp.

Pucynok 19. KondurypupoBanue pexuMoB padboTs! 1udpossix qarunkos ZETLAB nox

ynpasinenueM [10 cTopoHHMX npousBoauTeNneH

3.1. Pabora ¢ ZET 7070 B xauectee COM-niopta (Windows)

Heo6xonumo 3aiitu B /ucnemuep ycmpoiicmé — Konwmpoanep USB BblOpath
COOTBETCTBYIOIIEE ycTpoiicTBO. B Hamem ciydae 3to ZETSENSOR USB (cm. Pucynok 20),

OTKPBITH €T0 CBOMCTBA M BO BKJIaKEC «I[OHOJ'IHI/ITGJIBHO» BBICTABUTL TaJIOYKy HAIIPOTHUB

Qaiin  Jdeiicteme  Bua Cnpaeka
e |mdm e

;78 Komnetotep

4 ﬂ Kontponnepe! USB

§ Generic USB Hub

§ Generic USB Hub

a ZET Sensor USB

a 3anomuHaroLee ycTpoiictee ana USB

i Kopresoit USB-koHueHTpaTop

a Kopresoit USB-koHueHTpaTop

a Kopresoit USB-koHueHTpaTop

e Koptesoit USB-koHueHTpaTop

§ KopHeeoii USB-koHuerTpatop

a Koptesoit USB-koHueHTpaTop

a KopHesoit USB-koHueHTpaTop

G KopHesoit USB-koHueHTpaTop

i KopHesoit USB-koHueHTpaTop

a CocraeHoe USB yctpoiicteo

a CrangaptHbiit pacumpentbiii PCI - USB xocT-koHTponnep
e CrangaptHelit pacumpentbiid PCI - USB xocT-koHTponnep
i CranaapTHbiii yHneepcansHbiii PCI - USB xocT-koHTponnep
a CrangaptHblit yHusepcansHblii PCI - USB xocT-koHTponnep
i CranaapTHbii yHueepcansHbiit PCI - USB xocT-koHTponnep
a CrangapTHeli yHusepcaneHblii PCI - USB xocT-koHTponnep
U CrangaptHbii yHusepcaneHblit PCI - USB xocT-koHTponanep
0 CrangaptHeii yHusepcansHblit PCI - USB xocT-koHTponnep
5 CrangaptHbliit yHusepcansHbiit PCI - USB xocT-koHTponnep

., B Monutonn

Pucynoxk 20.



Caoicrea: ZET Sensor USB (o o]

L-Oﬁu_me] LononHuTensHo { [paitsep I Cseneﬂm;r

ZET Sensor USB

KoHourypawma

Wcnone3yiTe aaHHbIE HACTPOKM ANA MSMEHEHWA CTaHAPTHON
KOH®WUrypaLn yCTPORCTBA.

[ OK H Omvena H Cnpaska ]

Pucynoxk 21.

Jlanee HeoOXOAMMO BBIKJIIOYHUTH M BKIIOUUTH 3aHOBO KOHTpOJUIEp/ImpeoOpazoBaTeib
unrepdetica k T1K.

3.2. Padora ¢ ZET 7070 B kauectBe COM-niopta (Linux)

YroOsl noaxmounts ZET 7070 x cucreme ¢ Linux, Tpedyercs HacTpouTs ero VID u PID
Homepa. Harmpumep, B Ubuntu 14.04 LTS 3T0 MOXKHO c/ieNaTh C MOMOIIBIO CIEIYIOIIEH KOMaHIbI
(¢ mpaBamu aaMuHHCTpatopa): echo 10e8 3820 > /sys/bus/usb-serial/drivers/ftdi_sio/new_id.
[Tocne storo, ecnu nogkatountsh ZET 7070 k USB nopty nHa I1K ¢ Linux, To B ciicke paiiBepoB
JOJDKHO TOSIBUTBhCS  ycTpoiicTBOo /dev/ttyUSBO (mnmm ¢ apyrum  HOMEpOM, Hampumep,

/dev/ttyUSB2). [IpoBepuTh NOJKIIOUEHHE MOKHO C IIOMOIIbIO KOMaH /1l dmesg.

3.3. Mogkmouenne ZETSENSOR k Modbus Poll mo npotokosry Modbus.

ITocne 3amycka mporpaMMbl HEOOXOIUMO €€ HacTPOUTh JOJDKHBIM oOpaszoM. [[ns atoro
3aiiTh B BepxHee MeHio Connection, BeiOpate mnyHkT Connect..., T.€. TOAKIIOYCHHE K
KOHTposuiepy, KoTopelii mpeobOpazyer USB B COM-noprt. Ecam mporpamma B OecriiaTHOM
peKuMe, CcIepBa OTKPOETCS OKHO C IMPOChOOM BBECTH PErHCTPALMOHHBIA KIIIOY, CIIEAyeT
IOPOMYCTUTh JAHHYIO OIepaluio mocpenctBoM Haxarus kHomku OK. Jlanee oTkpoercsi OKHO ¢

BO3MOXKHOCTBIO BBIOOpa ycTpoiicTBa (cM. Pucynok 22). HacTpoiite kak mokasano Ha PucyHok 22.



B moze (M. Pucynok 23) uaer onpoc Mo tyiisi, CKaHUPOBaHHE JIF0O0TO ITU(POBOTO JaTINKa
(RS-485) ZET 70XX. Kak BugHo Ha pucyHke — umeercs ommbOka Timeout Error, xoropas
BO3HMKAET U3-3a TOTO, YTO ONPAIIUBAETCS YCTPOMCTBO C aapecoM |, HaMm e HY)KHO BBICTaBUTb
aJipec CyILECTBYIOLIEr0 MOAYJIA. Y3HATh aipec MOLyJIsl MOYKHO € TOMOILbIo nporpamMmel ZETLAB

— Bpema ZETServer, npenpapurensio HeoOxonumo B Modbus Poll BemonauTs Disconnect, Ha

Connection
[ Serial Port

Cancel

Serial Settings
|ZET Sensor USE Seiial Port (COM3)

57600 Baud ~
0dd Parity v

Mode
@ RTU

() ASCH

Response Timeout
1000 [ms]

Delay Between Polls
20

[ms]

Advanced...

Remote Modbus Server

IP Address or Node Name
127.00.1

Server Porl

EZ

Connect Timeout

Pucynox 22.

Pucynox 24 noxa3zaHo, rae otrodpaxaercs aapec ycrpoiictea B ZETLAB.

Timeout Error

i

[o]w|~|o v & |w|m |

Aliasl 00000
Fe——
. 0

0
0
0‘
0
0
0
oa
0

Pucynok 23.



Konnuecteo xananoe ZETServer
Bpems crapra ZETServer 16.12.2014 12:14:25
mo6anbHoe Bpema ZETServer 54.8

B A Moil koMnboTEp
B Zll zet7070 1605
1- [Naenenue aG

Pucynok 24.
Bo3sspamaemcst BHoBb Kk niporpamme Modbus Poll, Bemonnsem Connection—Connect.
Jlanee cienyeT BBICTaBHTH aIpec MOAYJS W JIpyrue HacTpoku B okHe Setup—Read/Write
Definition kak nmokaszaHo Ha Pucynok 25. B siueiike Address BeicTaBiisieM 3Hau€HHE, YKa3aHHOE

B Ta0JIHIIe, B HAIIIEM CITydae UCI0JIb3yeTcs naTurk abcontotHoro aasnenust ZET 7012 u ero aapec

«20».

-
Read/Write Definition I_

i

SlavelD: 9 0
Function: [03 Read Holding Registers [4x) v] [ Cancel ]
Address: 20 Protocol address. E.g. 40011 -> 10
Quantity; 2
Scan Rate: 1000 [ms]
Disable
[ Readwite Disabled
["] Disable on error Read/wiite Once
View
Rows
@1 OO0 O
|| Hide Alias Columns [T]PLC &ddresses [Base 1)

[] Address in Cell

Pucynok 25.

UYroObl moiydaTh JaHHBIE B HYKHOM (popmare, Takke HEOOXOIMMO BBICTaBUTH PSII

HacTpoek. HeoOxoammo 3aiiti «Display» u BEIOpaTh THIT IepeMEHHBIX, B HalIeM ciydae 31o Float

CD AB (cM. Pucynok 26).


http://zetlab.ru/support/exploitation/tablitsy-adresov-modbus-moduley-zetsensor/

Connection Setup Functions || y | View Window Help

D@HE| X[ |E&|/L|q Signed Alt+Shift+S
Unsigned Alt+Shift+U
Hex Alt+Shift+H

Binary Alt+Shift+B

fTx = 56: Err=1: ID = 9: F = 03: SF

= Alias 00020

Long AB CD
Long CD AB
Long BADC
Long DC BA

Float AB CD
'V | FloatCD AB
Float BA DC
Float DC BA

Double AB CD EF GH
Double GH EF CD AB
Double BA DC FEHG
Double HG FEDC BA

PLC Addresses (Base 1)
'V Protocol Addresses (Base 0)

Error Counters

Communication...

Pucynok 26.

Ecnu ycTpoHCTB HECKONBKO, TO JJISI KaXKAOrO YCTPOMCTBA CIEAYET OTKPBITH CBOE OKHO
nocpeactBoM ¢GyHKIMH New u3 MeHIo File 1 BBITIOIHUTE BCE BBIIICONUCAHHBIC HACTPOUKHU JIJIS
ompoca MoayJisi. B pesynprare mociae Bce HACTPOEK B OKHE MPOrpaMMbl Bbl CMOXETE YBUJETh

JTAHHBIE, TOCTYIAIOIINE C HHTEIUIEKTYaIbHOTO JaTYNKA i YOS TUTHCS B KOPPEKTHOCTH €T0 pabOTHI.

le Edit Connection Setup Functions Display View Window Help
DBEE& XM [E 2| |o506151617 22 23|[TC 2| @ W2

Pucynok 27.



3.4. Tlogxmouenne ZETSENSOR x Simply Modbus o nporoxony Modbus.

[Tporpamma Simply Modbus mo3Bomnsier cpopmupoBaTh 3ampoc HUGPOBOMY JATIHKY
ZETSENSOR (cm. Pucynok 28).

[Tocmotpers HOMep COM mnopTa WM HaCTPOUTh CKOPOCTh NEPENayu JAaHHBIX MOYKHO C
noMoIIbi0 Tporpammel "Jlucnetdyep ycTpoicTB", Haxomsulyrocss BO BKIaJke «CepBHCHBIC»
nanenu ZETPanel. ¥V Bcex marumkoB ZET 70XX 0x14 — 53T0 agpec B maMATH JaT4MKa,

coJieprKalluil 3HaUeHUs KaHaja (BO3MOXKHO JIUIIb CUUTHIBAHHE).

o Cnocob nepegauu. @ MNpoBepka Ha HEUMETHOCTb.
© COM nopr, « KOTOPOMY NOAKAIOHEH € nonyuennsin oser.
MHTENNEKTYanbHLIA gatiuk ZETSENSOR. 9 Homep Hoabl y TOXX.
9 Egi?;;igﬁ;ﬁ::guiaHHbm o Ajpec pernctpa, faHHble KOTOporo ByayT CYMTEIBATLCA.
o Konu4ecTeo GuT. @ KonuuecTeo u TiUn OaHHBIX, HHPEUJHBEEMOFU perur:Tpa_
B KonuyecTso GuT, kKoTopeiMi oBo3HayaeTcs m CTaHAAPTHARA YHKUMA HTEHNA 3HAUEHNS.
KOHEL| NaKeTa Nepeaaqn AaHHsIx. P nor nporpamm.
[} Simply Modbus Master 7.1 [ -]
ode port Wy o regees byt results notes  Gear Notes
R JIH7 p3abitFoat [[ 20 [ 408 pasa [  7,870150 |

I
register size

2byte code —
|| L ! 16 bit registers
| / Konu4ecTeo 1M TUN AaHHbIX,

0
[} JanpalneaemMoro perucTpa
Request "L L o P P P

OA 04 00 14 00 02 30 B4 l SEND l

response time [seconds)| 0,2
Response [N failin m

OA 04 04 DB 98 40 FB BA 48

-

[¥] High byte/ Low byte expected response bytes [ send .
RTS delay del
[ High word/ Low word  erc 3 contnuously  response time L 0,2 I max |_00 J! y coay )
pause between sends "esPonses L0 avg | 0,000 oNgl o |
[SFNE CFG) [RESTCRE CFG) [WRITE] ( ABOUT ] :HT-I failed 2 min 00 | OFF : 1]
B—cuiiis - Clremovescho | L] [ LOG DATA reset(3)

SFCVIIFECIEEFSEEE - 0: 03 00 00 00 00 41 44 |

:5¢ >»>> 0OA 04 00 14 00 02 30 B4
56 < OA 04 04 DB 58 40 FB BA 4B

2014/02/19 11:
2014/02/19 11:

Pucynok 28. I'nmaBHoe okHO mporpammsl Simply Modbus

3.5. MMopkmouernne ZETSENSOR k TRACE MODE no npotokonry Modbus

Pacemotpum noakouenue mudposeix natankoB ZETSENSOR mo nporokory Modbus ¢
nomoIeio npeodpaszoBarens unrepdeiica ZET7070 (USB-RS485) B uHTErpupoBaHHO# cpene
pa3zpabotku TRACE MODE. B kauectBe mnpumepa BO3bMEM cleAylonryto cBs3ky: ZET
7070 (mpeodpazosarens nunatTepdeiica USB-RS485) + ZET 7052 (1npoBoit TPEXKOMITOHEHTHBIMH

JATYMK JTHHEHHOTO YCKOpEHUs ), Kak Toka3aHo Ha PucyHok 29.


http://zetlab.ru/catalog/preobrazovateli-interfeysov/zet-7070/
http://zetlab.ru/catalog/preobrazovateli-interfeysov/zet-7070/
http://zetlab.ru/catalog/izmeritelnye-moduli/zet-7052/

Pucynok 29.

Breimonasem HeﬁCTBHH B COOTBCTCTBHH C y‘-IeGHHM (1)I/IJ'IBMOM, ACMOHCTPUPYIOLIUM

HOJKIIIOYEHUE 000pyZOBaHMs uepe3 mociemoBatenbHblii mopt RS 232/485 mo mporokomy

MODBUS RTU (http://www.adastra.ru/products/drivers/modbus/).

1) B «vctounuku/IIpuemnauku» nodasnsem rpynny Modbus u B Hell co3gaem Tpu KOMIIOHEHTa
(mmst oceit X, Y u Z nmatumka nuHeiHoro yckopenwsi) Rout Float(3) s urenus 4 Oalt c
npuseneHueM k float komangoit ReadHoldingRegisters. HacrpauBaem kaxplii U3 KOMIOHEHTOB
(cm. Pucynok 30, Pucynok 31, PucyHok 32). B kauecTBe uMeHH OepeM Ha3BaHHE OCH JaTYHKa.
Howmep nopra s xaxxnoro Beictaiasiem 0x8 (COM9). Anpec ycrpoiictBa B cetu MODBUS 0x2.
Anpec peructpa /Ui 9YTeHUs TaHHBIX (KaHal) BBICTABJISIEM B COOTBETCTBHH C TAOIUIIEH PETUCTPOB
uts patauka ZET7052.

[Ipumedanue: TaOMUIBI aAPECOB PETHCTPOB JUIA JIATYMKOB TEHEPHPYIOTCS TPH ITOMOIIU
yTauThl SENSOrWork npu moAKIroYeHHH K KOMITbIoTepy. PparMeHT CreHepupOBaHHOM TaOIHIIbI
npezcrasieH Ha Pucynok 33.

Hnst ocu X ato agpec 0x14, qist ocu Y — 0x3a, gyt ocu Z — 0x60. Bee ocTanbHble HACTPOUKHU

ocTaBigeM 0e3 U3MEHEHUH.


http://www.adastra.ru/products/drivers/modbus/
http://zetlab.ru/catalog/funktsii-zetlab-vibro/servisnaya-rabota-s-zetsensor/

WDaiin Opoext Bua Oxkno Cnpaska

DR AL %D

EE Kanans!
& COMnopTal

=8 1 WcTourmicn, TipremHuke

* & MODBUS_1

B q BuBinnoTesu_KoMnoHeHTos

L]

Haeuratop npoexta X J R | @ E
AR T #X5 e s
@ foons aa, -
E\ B Cictema C OcrosHbie B
- -
& RTM_1 Vi x
By

Kommposka |TWD

Tun npoToKona

Hanpasnexue

| ModBus

1P-appec

Wecrourmn/ Tipwennkn MODBUS_1

Waiin Opoext Bua Owxno Cnpaeka

Pucynoxk 30.

DR QAL %D
[aBUraTop NpoeKTa

X |9 o0 e B S

& Pecypcel

= 2 Cuctema

B gd RTM1

EE KaHan!

& COMnopTsl
& 1 WeToutmin, TipHeMHMIKA
#B MODBUS_1

Q BuBnuoTeru_KoMNoHeHTos

F2ER

5 9

(] [t

Kommposka |TWD

Komeﬂml‘ﬁ|

MNapameTpe!
Homep nopra

Kanan
Tun npoToKona

Hanpasnexue

MadBus

IP-aapec

WeTourmkn, Tipuemimkn. MODBUS_1.Y

Pucynok 31.



& C/Users/Fuel/Desktop/) prj* - Wurerpup cpega pazp TRACE MODE 6 - Mcrourukn/Mpuerasmnin MODBUS_1.Z = o=
Waiin Opoext Bua Oxkno Cnpaska
P ICIEET IE
. : . Lax o [Nz =
X |9 |3 0wl B 2| &
@) Pecypesi X =
E‘ FH Cnerema ¥ OcHosHeE P
[ = -
.a RTM_1 5 Wma z
: Ei Karans - Komposka TWO
; & COMaopTel Kommerapuit
E‘ % WeTourmkn, TipHemMHIMKA Tesmrees
* 8 MODBUS 1 Homep nopra B |2
B ‘3 EvBnuoTeky_KOMMoHEHTOE Anpec 2 & E
Karan 6D |
Tun NpoToKona ModBus Iz‘
Hanpasnerue Input lz‘
Popmat PAranor Iz‘
IP-appec
MeTourmn Tlpuerra. MODBUS _1.Z 1 | ¢
Pucynok 32.
Anpec B "
Anpec, c A':l:;n e Koangecreo
Hazeaune mapamerpa WORD hex \’%RDV-]l:e; Tao JaHHBIX peructpob (B || [I[puanMaeMele sHA9eHHA
WORD dec . caoBax
(‘ )| (WORD dec) )

Hudopmammns (Hactpoiika agpeca yerpofictea). [D = 0x18c. agpec = 0x00 (00)

H]JOH'}BO:[BHOC JHAYCHHE

; & : : ; 2
Tun yerpoiicTEa 0x04 (04) 0x04 (04) mt (tam 17) 2 (ToBK0 TremHe)
S ) - , , [IpousEoIEHOE 2HAYCHHE
Cepuiineni HoMep VCTIpoHCTEA 0x06 (06) 0x06 (06) longlong (tun 14) 4 (ToBK0 TremHe)
,-E[iua BEIIYCKA IPOTPAMMHOTO 0x0a (10) 0x0a (10) time (zem 11) ) Hpon'mo:ﬂ_.l—xoc 3HAYEHHE
oDecnedeHH (TonMBEKO YTEHHE)
. - HPOH'EBOJBHOC 3HAYUSHHE
oK b b 2
Jata Brmmycra anmapaTHOH 9acTH 0x0c (12) 0x0c (12) time (TEn 11) 2 (oBK0 Treme)
|Aapec yerpofictea ot 1 go 63 Ox0e (14) 0x0e (14) mt (Tum 3) 2 [TpouzBoIbHOE 3HAYEHHE
Terymes 3HaTeHHe KaHATa (B 1. HIM.) Ox14 (20) 0x04 (04) float (Tumn 6) 2 HPOHIZBOJE_'HOC SHATERAS
(TonMBEKO YTEHHE)

1 TTIJOH'BBO:[BHOC JHAYCHHE

ACTOTa COHOBISCHHA BEIXOIHOTO CHIHATA.

)
o 0x16 (22) 0x06 (06) float (Tum 6) 2 (osKo Trerme)
) , [TpouseoasHOE HAYCHHE
E muenia HaMepeHAs 0x18 (24) 0x08 (08) char[8] (tum 1) 4 (TobKo wrerme)
Hamvenopamine kagana Oxlc (28) 0x0c (12) char[32] (tum 1) 16 [TpouzponeHOE :HAYSHHE
MHIMATEHEI VPOBEHE (B 1. H3M.) 0x2c (44) Oxlec (28) float (Tum 6) 2 HPOHZBOJE_'HOC SHAIEHIE
(TonMBEKO YTEHHE)
MaxcHMATEHELD VPOBEHE (B 1. H3M.) 0x2e (46) Oxle (30) float (Tum 6) 2 Tpomsoasroe suaterme

(TonMBEKO YTEHHE)

2) Tpu co3gaHHBIX KOMITIOHEHTA TiepeMeraeM B rpymny «Kanans y3ma «RTM_ 1» (em. Pucynoxk

Pucynoxk 33.

34) Hacrpoiiku kaxaoro u3 Tpex kaHaioB TRACE MODE ocrtagiisieM 1o yMOJTYaHHFO.




WDaiin Opoext Bua Oxkno Cnpaska
AR-d 9 A4 & D
Haeuratop npoekTa x
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e

H & COMnopTal
E‘ ! MeTounmin,/ Tipnembni
@B MODBUS_I

B q BuBinnoTesu_KoMnoHeHTos

Cucrema RTM_1.Kanans!

Pucynok 34.
3) B y31e «RTM_1» co3maem rpynny COM-noptsl. Co3gannelii COM-IOPT OTKpbIBaeéM Ha
penakTupoBaHue 1 HacTpanBaeM (cMm. Pucynok 35). Homep nopra npucsansaem COM9, ckopocTb
19200 6ut/c, koHTpOJIb YeTHOCTH 8-1-0. ["amouka CRC momkHa ObITh BKJIIOUEHA. Bee ocTanbHbIS
HACTPOMKHU OcTaloTCs 0e3 N3MEHEHUH.
[Ipumevanue: Takre HaCTPOUKU JATYMKA KaK CKOPOCTh U KOHTPOJIb YeTHOCTH MOKHO CUUTATh U3

JaTyuKa npu nomoinu yruiautel SensorWork. Hactpoiika mapaMeTpoB B JaTYMKe OCYLECTBISACTCA

@aitn [poexr Bua Okno Cnpaska
L ICIEEE I
&5 COMroprif B X
e X |9 © |00 | & S| | E B e
@) Pecypoo &4 comnoprtt
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& Q EuSnuoTekn_KOMNOHEHTOR YnpasneHne
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TaitnayT 300 EI
RS nepenasa
BrnoueHne 0 B
NEpeaaTwKa
3apepxxa sanpoca 0 &
CRC16
Cuctema.RTM_1.COM-nop el COM-opT#1

Pucynox 35.



4) OdopmisieM pabourii SKpaH Tak, YTOOBI Ha HEM TMOJTYUHUIIOCh TPH TEKCTOBBIX TOJIS, KyAa OyaeT
BBIIaBAThCA TEKYIIEE IMOKAa3aHWe C JaT4YhKa, a TakKe TPEHI I OTOOpaKEHUS W3MEHEHUS

3Ha4YeHH yCKOPEHHUs1 BO BpeMeHH (cM. PucyHok 36).

i TRACE MODE § - LisGnorest swpavoe Jepaiel =
Baiin Opoext [pasxa Cepsnc fva Owwo Cnpasxa
LG IRIEES IF) X XA G BHA &k / ecsBAYOMARINUE IS8 slIaill®=c) [smn Cle EES 8 7 u|A- £-B--8- -5
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T R o - ! 1) | Bpess ewapa 161172015 14:33:10.000
& R e —
= o B sesari
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= Wy Herowsson oo
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LT ——
e
| 4a- | @) 48 &) - | =l o ) )
Wan | Ten | Ten gaeatc | s no peonsess | Mpwesea Frare pyra | Eawaspbun | Komentaow | Komposas
XA chyiN EEREAL [ TR a—" S TR —
YR chyiN [EEREAL @, ¥ Peannoe nasersee Cacresa RTH_1 Kanasu)
ZR gyt [EREAL @, 2 Peanunon asersse Cucrema RTH_T Kanam)
341,00, 300 79100 50700 [ 0.0 | smap OFF

Pucynox 36.
5) CoxpaHsieM NMPOCKT Ha JKECTKUH IMCK M JUII MOHHUTOPA PEajbHOTO BPEMEHHU. 3alycKaem

npodaiinep. Pesynbrar paboTsl oToOpaxkeH Ha Pucynok 37 (B mpoiiecce 3amucu TpeHaa JaTIUKY

MCHJJIN ITOJIOKCHHUEC B HpOCTpaHCTBe).



é;!; Mpodaiinep BAZ0BLINA - C:/Users/Fuel/Desktop/modbus/RTM_L/medbus_0.dbb E@
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+
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Pucynox 37.

3.6. ITogxmouenne ZETSENSOR k TRACE MODE uepe3 OPC-cepep
B kauectBe mpumepa Bo3pMeM cienyromnyio cBsa3ky: ZET 7070 (mpeoOpasoBatenb
unrepdeiica USB-RS485) + ZET 7052 (umdpoBoil TPeXKOMIIOHCHTHBIH JAaTYUK JTHHEHHOTO

YCKOpeHUs), Kak oka3zaHo Ha PucyHok 38.

Pucynox 38.



HactpauBaem OPC-cepep ZET.7xxxOPC myist paboThl ¢ BEIOpaHHBIMH YCTPOMCTBAMHU.
Jast aToro 3ammyckaem nporpammy Sensor\Work, kotopast BXOIUT B KOMIUIEKT TOCTaBKH JIaTYUKOB,
OCYILECTBIISIEM MOMCK ycTpoiicTB (cM. Pucynox 39), aktuBupyem pexxum OPC-cepBepa (cwm.
Pucynok 40), yoexnaemcs B Hanmuuuu nanHbIXx B OPC-terax (cM. Pucynok 41), 3akpbiBaeM OKHO
«Pabota ¢ OPC-cepBepom», HacTpanBaeM Iporpammy Jiis 3amycka B pexxume OPC-cepBepa npu

MOCJICYIONIUX CTapTax mporpammbl (cM. PucyHok 42).

r- "

¥ CepewcHan paBoTa ¢ ZET o E'@

Pain  Hactpodkw  Jefctema  Orna
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1 | ] [ b
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YCTpoWCTED He BbiDpaHo
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1 | I} [ 3

[2015.11.18 09:02:57.885] - Ha4ano paboTel C YCTPORCTEEMM ZET TixK l
[2015, 11,18 09:02:58,201] - Hauano paboTel ¢ MacTepamy ZET 7070
[2015.11.18 09:02:53,308] - MacTep ZET7F070 N2 Ox1626: Hayano paboTel N
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’ DfHoBneHWE MO ]

MNpepeaTe

Pucynox 39.



«# CepewncHan pabota c ZET oo

®ain  Hactpodkw | Jefictena | Ckna

MarHoCTHER L4 e
[upexropust oboand A i ——— E
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Pucynoxk 40.




[=- ZET. FxxxOPC
= ZET7070_1626
(=} ZET 7052_2h0b25d64a2107d9
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GOOD
GOOD
GOOD

Pucynox 41.




¥ CepencHan paboTa ¢ ZETTox El@

Daiin | Hactpoiikn Jedctena  OwHa
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Bemog, Alt+F4
WMran ycrpoictea Agpec  CepuiiHbli HoMEep Cropocts, But/c
=-[¥] ZET7070 - 01626 19200 (1)
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1| 1 [ 3

WMHdopMauma no BeIBpaHHOMY YCTPOMCTEY

YCTpORCTED HE BRIDpaHD

Me Koo ounfkl  Bpema owmbicn Cubka
1| I} [ 3

[2015, 11,18 09:02:58,201] - Hauano paboTel ¢ MacTepamy ZET 7070 - l
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[2015.11.18 09:03:00.713] - MacTep ZETF070 N2 0x1626: aKTHEMPOBaH " =
[2015.11. 18 09:03:00.738] - MacTep ZET7070 N2 0x1626: HA4aN0 NOMCKA CNEIBOE l o ‘f”p"'””sl
[2015.11.18 09:03:01.650] - MacTep ZET7070 N2 0x1626: HalneHo YCTPORCTED C anpe|
[2015.11.18 09:03:05.4567] - MacTep ZET7070 N2 Ox1626: oKOHYEHME NOWCKE CNEHBOE,| = ’
[2015.11.18 09:06:28.972] - MacTep ZETF070 N2 Ox1626: HE4ano 4TEHWA PEFMCTPOB
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YTEHWE OLWMAOK ]

OfbHosneHwe MO ]

op FETA070 N2 0x16256: Ha4ano YTeHWA pe

- MNpepeaTe

Pucynox 42.
Jlanee BBINOJIHSAEM JAEHCTBUS B COOTBETCTBUH C Y4EOHBIM (PUIBMOM, AEMOHCTPUPYIOIIUM
nojkiaroueHue  obopynosanuss  yepe3  BcrpoeHHbIH  OPC-xmuentr TRACE  MODE

(www.adastra.ru/products/drivers/opc connect/):

1) B Ucrounuku/ITpuemunku nodasmsem rpymmny OPC, B Heit cozmaem rpynny OPC cepsep. B
rpynne OPC cepsep coznaem Tpu komnoHeHTa OPC (st ocet X, Y u Z naryuka JMHEHHOTO
YCKOpEHUs1) A1 uTeHus TeroB. HactpanBaem Kax/iblif U3 KOMIOHEHTOB (cM. Pucynok 43,PucyHok
44, Pucynok 45). B xauectBe mmeHM OepeM Ha3BaHHe OCH Aartuuka. B ctpoke «CepBep»
HaxknuMmaeM KHOIKy «O030p», BeiOupaem cepBep ZET.7xxxOPC u3 cnucka noctynHeix OPC-
CEpPBEPOB M COOTBETCTBYIOMIMNA Ter aiis ureHus. Pexxum mensem Ha ADVISE. Bcee ocranbhbie

HaCTpOﬁKH OCTaBIIIeM 03 U3MEHCHU.


http://www.adastra.ru/products/drivers/opc_connect/
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Pain Mpoext Ban Owro Crpaska
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Paitn [lpoext Ban OxHo Cnpaeka
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Pucynok 45.

2) Tpu co3MaHHBIX KOMIIOHEHTA Tiepemeraem B rpymmny «Kaxams» y3ima «RTM  1» (cm. Pucynok

46) Hactpoiiku kaxpaoro u3 tpex kaHanos TRACE MODE octapnsiem o yMOI4aHUIo.
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209.00. 31,00 [708.00x 443.00 | 0.00° [snap OFF

Pucynox 46.
3) Oopmisiem paboumii FKpaH Tak, 4YTOOBI HA HEM MOJIYYHIOCH TPH TEKCTOBBIX IMOJIS, Kya Oyaer
BBIIaBaTbCA TEKYIIee IMOKa3aHHe C JaT4yhKa, a TakKe TPEHI i1 OTOOpaKeHUS W3MEHEHUSs

3HAUCHUIl yCKOpeHus BO BpemeHH (cM. PucyHok 47)
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209,00, 31.00 | 708.00x 449.00 [ 0.00° [snap OFF

Pucynox 47.
4) CoxpaHsieM TPOEKT Ha JKECTKMH TUCK M IS MOHHTOpA PEalbHOr0 BPEMEHH. 3aIlyCKaem
npodaiinep. Pesynbrar paboTsl oToOpaskeH Ha PucyHnok 48 (B mpoiiecce 3amucu TpeHAa JaTIUKY

MEHSUIH MOJIOKEHHE B IIPOCTPAHCTBE)



&} Mpodaiinep BAZ0BLIA - C:/Users/Fuel/Desktop/ TRACE MODE/OPC/RTM_1/0PC_0.dbb

Daitn Bua 3kpanel [Jeiictema Cnpaska
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Pucynox 48.

3.7. Ilogxmouenne ZETSENSOR k MasterSCADA ugepe3 OPC-ceprep

Paccmotpum monkimodenne nugpoBeix garunkoB ZETSENSOR wepes OPC-cepsep B
SCADA-cucreme MasterSCADA na npumepe ZET7052 (udppoBo#t TPEXKOMITOHEHTHBIN TaTINK

nuHeliHoro yckopenust) + ZET7070 (npeobpasoBatens unTepdeiica USB-RS485).

Pucynox 49.



HactpauBaem OPC-cepep ZET.7xxxOPC myist paboThl ¢ BEIOpaHHBIMH YCTPOMCTBAMHU.

Jns sToro 3amyckaeM mporpammy SensorWork, koTtopas BXOTUT B KOMILICKT ITOCTaBKH

JATYUKOB, OCYIIECTBIISIEM MOUCK ycTpoiicTB (cM. Pucynok 50), aktuBupyem pexnm OPC-cepsepa

(cm. Pucynok 51), yoexxnaemes B Hamuunu qaHHbix B OPC-Terax (cMm. PucyHok 52), 3akpbiBacM

okHO «Pabota ¢ OPC-cepBepom», HacTpauBaeM Iporpammy i 3amycka B pexkume OPC-cepBepa

IIpH 110

CIICAYIOIINX cTapTax mporpamMmmsl (cM. Pucynok 53).

[Ipumeuanue: 6osee moaAPoOHOE OMKCaHUE PAbOTHI ¢ MpOorpaMMHbBIM obecrieueHreM SensorWork

npencTanieHo B pazaeine Cepsuchas pabora ¢ ZETSENSOR.
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Pucynox 50.



«# CepewncHan pabota c ZET oo

®ain  Hactpodkw | Jefictena | Ckna

MarHoCTHER L4 e
[upexropust oboand A i ——— E
PaBota c OPC [ 3anyck OPC-cepeepa
WMma ycrpoiicTea Kondgurypupoeanne OPC-cepeepa b, BT/ C
=-[¥ ZET7070 - 01626 19200 (1)
L.[¥|ZET 7052 (ZET7052-%, ZETF052-Y, ZET7052-2) 2 0x2b0b25de4a2107dS 19200 (1)
1| 1 |
MHopMawA No BeIDPaHHOMY YCTPORCTEY
YCTpocTED He BelfpaHo
N2 Koo owwbk  BpeMA owmbKm Owmbika
4 m |

[2015.11,18 09:02:57.885] - Hawano paboTel ¢ yCTpoMcTEaMA ZET P

[2015.11, 18 09:02: 53, 201] - Hawano paboTel ¢ macTepam ZET 7070

[2015.11,18 09:02: 53, 308] - MacTep ZETF070 N2 0x1626: Hayano paboTwl
[2015.11,18 09:03:00.713] - MacTep ZETF070 N2 0x1626: aKTHBMpOBaH

[2015,11,18 09:03:00,738] - MacTep ZET7070 N2 0x1626: HEYaN0 NOWCKE CNERBOE
ZET7070 N2 0x1626: HAMOEHD YCTPOACTED C 240
5! OKOHYEHME NOMCKE CNEMBOE

2015.11. 18 09:03:05.452

|

MoKCK YCTPoRCTE

l

IHHHLIHEHHSBLIHH ycrpoﬁcrs]

|

YTeHKME oMb

l

|

OfHoBneHWE MO

l

Mpepeate

Pucynok 51.




«* Pabota c OPC-cepeepom

Lo)-= ]

=) ZET. rooOPC
- ZET7070_1626
(- ZET 7052_2h0h25d64a2107d3

Hassatme

ZET7052-X
ZET7052-Y
ZET7052-Z

MacTep Appec
ZET 7070 N21626 2
ZET 7070 N21626 2
ZET 7070 N21626 2

Peructp
Ox14
Ox3c
Ox64

SHad4eHune
-0.093210
0.066446
0.962861

Bpema

18.11.2015 09:06: 50
18.11,2015 09:06:50
13.11.2015 09:06:50

KauecTso
GOOD
GOOD
GOOD

Pucynoxk 52.




¥ CepencHan paboTa ¢ ZETTox El@
[ Dain | Hactpoikw  Jefctena  Oena
\ZET XXX \UPD) (-]

v 3anyck B pesume OPC-cepeepa

Bemog, Alt+F4

MA yCTpolicTEE ec  CepwiiHelfi HomMe KopocTe, BT/ C
Y] Vina yerpoii Agpec  Cepuiiniii vomep  Ckopocts, 6ut/
=¥ ZET7070 - 0:1626 19200 (1)

..[¥|ZET 7052 (ZET7052-¥, ZET7052-Y, ZET7052-Z) 2 0:2b0b25d54a2107d49 19200 (1)
1| 1 [ 3

WMHdopMauma no BeIBpaHHOMY YCTPOMCTEY

YCTpORCTED HE BRIDpaHD

M2 Koo ounfkl  Bpema owmbicn Cubka
1| I} [ 3

[2015, 11,18 09:02:58,201] - Hauano paboTel ¢ MacTepamy ZET 7070 - l
[2015.11.18 09:02:53,308] - MacTep ZET7F070 N2 Ox1626: Hayano paboTel

[2015.11.18 09:03:00.713] - MacTep ZETF070 N2 0x1626: aKTHEMPOBaH " .
[2015.11. 18 09:03:00.738] - MacTep ZET7070 N2 0x1626: HA4aN0 NOMCKA CNEIBOE l o ‘f”p"'””sl
[2015.11.18 09:03:01.650] - MacTep ZET7070 N2 0x1626: HalneHo YCTPORCTED C anpe|
[2015.11.18 09:03:05.4567] - MacTep ZET7070 N2 Ox1626: oKOHYEHME NOWCKE CNEHBOE,| = ’
[2015.11.18 09:06:28.972] - MacTep ZETF070 N2 Ox1626: HE4ano 4TEHWA PEFMCTPOB
2015.11.13 09:07:55.698] - MacTep ZET7070 N2 0x1625: OKOHYSHWE YTEHMA PErMCTRC ’

MoWck YyCTpoCTE l

YTEHWE OLWMAOK ]

OfbHosneHwe MO ]

2015,11,18 09:07:58,703] - MacTep ZET/070 N2 0x15626: Ha4ano YTeHWA

- MNpepeaTe

Pucynox 53.
Jlanee BBITIONHSIEM JICHCTBUS B COOTBETCTBUU C YIEOHBIM (DMIIBMOM, IEMOHCTPUPYIOIIUM
nojkiaroueHue  obopynoBanus — yepe3  BcrpoeHHBbIH — OPC-wiment — MasterSCADA

(http://www.youtube.com/watch?v=a4Hk a BbGOQ):

1) To6aBnsiem B nepeBo «Cucremay y3en «Kommbrorep» ¢ HasBanuem «Kommbrorep 1». B y3en
«Komnrerotep 1» nodasnsiem OPC-cepBep ZET.7xxxOPC u 1151 Hero qo0aBiisieM Bce MEpeMEHHbBIS

u rpymmnsl (cM. Pucynok 54)


http://www.youtube.com/watch?v=a4Hk_a_BbGQ

23 MasterSCADA - [OPCvav]

Opoexr Opaska [JdoGasmte Pexnm  Cepewc  Owno  Cnpaska
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‘ | Cnpaeka

'ﬁ" Ofbekt

[ns nonydeHna cnpaskn HaxmnTe F1

+-Z0PC OPC cepeapel
B Budauoteku
F-ns OfpafioTka cHrHancs
S MCn0MHUTEAEHEIS MEkaHUEMEL
- @ JIETT
~-J Annapatel

]c[x] BriHcneHua
-0 [ EHEPATOPE SHAYEHUM
-l Ynpaenetie

n Patiota ¢ apuveom
[E3} §f OTpacieEke GHEAHOTEKH
- % CnysedHbie

H HeveTkan norvka
() PafioTa co EpemeHem
~%* Npurue

Cucrema 3 @6 0 |Ofwext 3

Pucynok 54.

2) dopmupyeM JiepeBo 00BbEKTOB, JUIs ITOTO co3naeM B aepeBe «O0BeKT» y3en «YCKOpeHue» u

Ha3Ha4YaceM €MY BBIIIOJIJHCHUEC HAa BCEX KOMIIBIOTCPAX (CM. PI/ICYHOK 55) B y3Jie ((YCKOpeHI/Ie»

nobasisieM «3HaueHue» s kaxaoro u3 tpex OPC-teroB u HaszpiBaeM HX «X», «Y» U «Z»

coOTBeTCTBEHHO (cM. Pucynok 56). Jlo6asisieMm cBsi3b 3HAUCHUH «X», «Y» U «Z» y371a 00BEKTOB

¢ cootBercTBytomumMu uM OPC-teramu y3ia cuctemsl (cMm. PrcyHok 57).
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3) OdopmiasieM MHEMOCXEMY y3ia, 4yTOOBl Ha HEH OTOOpaKaluCh TPEHIBI IS KaKIOrO W3

3HaveHMi yckopeHus 1o ocsiM X, Y u Z (cm. Pucynok 58)

[lns nonywerina crpasin HaskauTe F1

S5 MasterSCADA - [Muemocxena] === =
Jokyment [Mpaska Bua  3nementsl  Cepswc [lpoexr [MMepeiitn  Cnpaska
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4) CoxpaHsieM MPOEKT Ha KECTKHUH AMUCK. 3alycKaeM MpoeKT. Pe3ynbTar paboThl 0TOOpaXxkeH Ha

Pucynok 59 (B mpouecce 3anucu TpeHaa JaTIUKY MEHSIIH MTOJIOKEHHE B TPOCTPAHCTBE)
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3.8. IMonxmrouenne ZETSENSOR x Network Enabler Administrator

[IpeobpaszoBarens uHTepdeiicoB Ethernet«>RS-485 ZET7076 mo3BonsieT MOIKIIOYAThH

natuuku cepun ZET7xxx k cucteme o cetu Ethernet.

Jlnist paboTHI ¢ JaHHBIM TIpeoOpa3oBarereM HHTEp(EHCOB MOKHO UCTIOIB30BATh YTUIIHTY

Network Enabler Administrator, TOCTyIHYO /Ui CKQUUBaHUS IO CIICIYIOMICH CChIIKE:

http://www.moxa.com/support/download.aspx?type=support&id=959

Vrunura Network Enabler Administrator noaxirouaercs k ZET7076 no cetu Ethernet u

CO37Ia€T B CHCTEME TMPUBS3aHHBIA K TpeoOpazoBaTenio nHTepdericoB mokanbHbii COM-mopT,

4yepe3 KOTOPhIH MOXKHO TIepeIaBaTh JaHHBIE 110 TpoToKory Modbus.

Ilocne YCTAaHOBKM MW 3allyCKa YTUJIUTHI, HCO6XOIII/IMO BBIIIOJIHUTH CKAHUPOBAHUC

noctynHbix B cetd Ethernet yerpoiicts (cM. Pucysok 60).



http://www.moxa.com/support/download.aspx?type=support&id=959

-
& MNetwork Enabler Administrator-Configuration =B

JEiIe Function Configuration “iew Help

|2z £€&n
Function Configuration - 0 Network Enabler Module(s)
etwark, Enabler Adrmil | Mo 7 | tdodel | MAC Address | P Address | Statug |

m COM Ma:|ﬂ Broadeast Search |
Monitor | £k Specify by [P Address

Part Maoni
=P Addre:

B b b B IL R

4 1 3

I Meszage Log - 0 | Monitor Lag - 0 I

Mo | Time | Description I

[Now: 27.01.2014 15:55:46 [

[

Pucynox 60.

Haiinennoe ycrpoiictBo HeoOxomumo mnepexitouuth B pexxuM «Real COM Mode»
(Configuration — Configure — Operating Mode — Real COM Mode), kak mokazano Ha PucyHnox
61.

J File Function Configuration “iew Help

|22z 2& 0

s
COperating Mode

ital 10

Serial CMD |
Operating Maode £ tMade

Accessible [P

1 Portfz] Selected. 1st poit is Port 1 ||

Fieal COM

Max Connection 1

Mizcelaneous (0 ptional]

TCP Alive Check Timeout
7 [0-99 min]

Data Packing [Optional]
[~ Delimiter 1 [0-ff. Hex]
Delimiter 2 -
| [0-ff. Hex] ] Seftings
Force Tx Timeout

[0-BE5:35 ms)

X Cancel

0K | x Cancel |

|Mow: 27.01.2014 19:02:28
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3aTreM HeoOxoauMo BKIIOYUTH IMysinuio COM-mopra ais JaHHOTO YCTPOMCTBA C
nomo1ikio MeHo «COM Mapping» (komannsl «Add Target», «Apply Changes» u «Enable»), kak

noka3aHo Ha Pucynok 62.

& Netwaork Enabler Administrator-COM Mapping |

File Function COM Mapping “iew Help
@OR| S n

Function COM Mapping - 1 COM

E- E Network Enabler ddmil | Mo/ IP Address Farameter
0 Configuration COm2 Hi-Performance, FIFD Ena... [ 57600, Odd, 8. 1. Mg
i, COM Mapping (@) Add Taest

J tonitar

I} Bemove Target

- IP Address Report | Enshl: |

Dizable
Eif  COM Settings
(4 Apply Chenge
Discard Change
Export COM Mapping
Import COM Mapping

4

4 T (3 B m

Message Log -1 | Mariter Log - 0

No ‘ Time ‘ Description
1 27.01.2014 19:52.04 Faound Netwark Enabler Madule(s): 1

Pucynok 62.

[Tocne ycmemiHoM HAaCTPOMKM B CHCTEME JOJDKEH MOSBUTHCS JokaiabHbIM COM-mopr,
KOTOPBIM MOKHO MCIOJIB30BaTh JUIsl paboThl ¢ AaTyukaMu. [IpoTokon oOMeHa B JaHHOM cllydae
OyZeT TakuM e, KaKk 1 B CiIydae MOJKIIOUEHHs uepe3 Jpyrue npeodpazoBaTenu UHTepdelcos, a
uMmeHHo Modbus RTU (ae Modbus TCP).

[Ipu pabore ¢ ZET7076 cnenyeT y4uThIBaTh OJHY OCOOEHHOCTh — JAHHOE YCTPOHCTBO
BBIJIa€T X0 [E€PEe/1aBaEMbIX JIaHHBIX, T.€. B OTBET Ha OTIPABJIEHHBIN 3a1IpOC CHayas1a OyAeT MPUHSAT
caM IMOCJIaHHBIH 3arpoc (3X0), a 3aTeM y>Ke OTBET JaTyuKa.

Jlia npuBeieHHOT O BbllIe IpuMepa ¢ gatuukoM ZET7010 nocnenoBaTeIbHOCTD 3alIpOCOB

" OTBCTOB IIPHUMET BU/, MMOKa3aHHBIN B Ta6n1/1ua 7

Tabmwura 7.
3ampoc 0x0A 0x03 0x00 0x00 0x00 0x04 0x45 0x72
o Ox0A 0x03 0x00 0x00 0x00 0x04 0x45 0x72 OxO0A 0x03 0x08 0xCO
1 TBET

0x20 0x00 0x58 0x00 0x00 OxFA OxAF OxBE 0x70

%0 8 OaiiToB




Crpykrypa | Tun 396, pazmep 36 GaiiToB

3ampoc Ox0A 0x03 0x00 0x10 0x00 0x04 0x44 0xB7
o Ox0A 0x03 0x00 0x10 0x00 0x04 0x44 0xB7 0Ox0A 0x03 0x08 0x00
TBCT
2 0x4C 0x00 0x4D 0x00 0x00 0x1A 0x36 Ox9A 0x4F
9x0 8 0aiiToB

Crpykrypa | Tun 208, pazmep 76 6aiiToB

Takum oOpaszoMm, B cucreMe, ucnoissytomeir ZET7076, momkHO OBITh peain30BaHO

IIPpOrpaMMHOC IMOAABJICHUEC 3Xa.



4. Tlpumepsl NpOrpaMMHUPOBAHUS
4.1, Tlpumep 1

B mnpumepe mnoxazano B3aumoneiictBue ¢ ZET 7010 mnocpenctBoM mporpamMmsl,
pabotaromieii ¢ yerpoiictBom ICP CON 1-7561 kak ¢ COM-niopTom. S3bik C++.

#include "stdafx.h"

#include <windows.h>

#include <conio.h>

#include <vector>

//CTpyKTypa 3aronoska

typedef struct _STRUCT_HEAD

{
unsigned int uiSize : 12; //Pa3mep Tekywen CTpyKTypbl (B cioBax)
unsigned int uiStructType : 10; //Tun Tekywew CTPYKTypbl
unsigned int uiStatus : 10; //CtaTyc kaHana (owubka)
unsigned int uiWriteEnable : 16; //Pa3peweHue 3anucu B CTPYKTYypy
unsigned int uiCRC16 : 16; //KOHTpoNbHas cymma

} STRUCT_HEAD, *pSTRUCT_HEAD;

HANDLE hCOMPort(NULL); //peckpunTop nopTa
HANDLE g hEvent[2]; //BeckpunTopbl COOGbITHIA
std::vector<char> g cReadData; //paHHble, Npo4YUTaHHbIE U3 MopTa

//dyHKuMA pacdeTa CRC16
unsigned short Crcl6(unsigned char ucByte, unsigned short usCRC)
{
usCRC ~= (ucByte) & Oxff;
for( int i =0; 1 < 8; ++1i )
uUsCRC = (usCRC & 9x01) ? (usCRC >> 1) ~ 0xA001 : usCRC >> 1;
return usCRC;

}

//dyHKUMA cO3[aHMA MOCHINKK
void CreatePackage(unsigned char ucDeviceAddress, unsigned
char ucCommand, unsigned shortusDataAddress, unsigned short usSize,
std::vector<char> &cData)
{
//04nUCTKA MaccuBa AaHHbIX
if (cData.size())
cData.clear();
//nepBbii 6anT - apgpec ycTpolcTBa
cData.push_back(ucDeviceAddress);
//BTOpoW 6aWT - KOMaHAa
cData.push_back(ucCommand);
//TpeTuin n 4yeTBepTbii GanTbl - agpec obpaweHua
cData.push_back(HIBYTE(usDataAddress));
cData.push _back(LOBYTE(usDataAddress));
//nNATbIA N wecTon 6GanTbl - pasMmep 3anpoca B CAOBAX
cData.push _back(HIBYTE(usSize));
cData.push _back(LOBYTE(usSize));



//paccyeT KOHTponbHoOn cymmbl CRC16

unsigned short usCRC16 = oOxffff;

for (int i = 0; i < cData.size(); ++1i)

usCRC16 = Crcl6(cData[i], usCRC16);

//ceobmoin 1 BOoCbMOW 6ailTbl - KOHTpoNbHasa cymma CRC16
cData.push_back(LOBYTE(usCRC16));
cData.push_back(HIBYTE(usCRC16));

}

//CTPYKTypa ANA ACUHXPOHHBIX OMepauunii 3anucu
OVERLAPPED structOVERLAPPEDWrite;
//dyHKUMA 3anucu B nopT
void WritePackage(std::vector<char> &cData)
{
DWORD dwTemp;
structOVERLAPPEDWrite.hEvent = CreateEvent(NULL, true, true, NULL);
WriteFile(hCOMPort, cData.data(), cData.size(), &dwTemp,
&structOVERLAPPEDWrite);
WaitForSingleObject(structOVERLAPPEDWrite.hEvent, INFINITE);
}

//CTPYKTypa ANA ACUHXPOHHBIX OMepauunin YTeHus
OVERLAPPED structOVERLAPPEDRead;
//PyHKLMA NOTOKa YTeHuA M3 nopTa
DWORD WINAPI ReadThread(LPVOID lpParam)
{
COMSTAT structCOMSTAT;
DWORD dwReceivedSize, dwEventMask, dwTemp;
char cBufferRead[512];

//co3pnaHne cobbiTua pnAa npepbiBaHMA MNOTOKA YTeHuA
g hEvent[1] = CreateEvent(NULL, TRUE, FALSE, NULL);
while(1)
{
//co3paHne cobbiTuA ANA aCUHXPOHHOW onepauuu YTeHun
structOVERLAPPEDRead.hEvent = CreateEvent(NULL, true, true, NULL);
SetCommMask (hCOMPort, EV_RXCHAR);
WaitCommEvent (hCOMPort, &dwEventMask, &structOVERLAPPEDRead);
g hEvent[0] = structOVERLAPPEDRead.hEvent;
//0XnpaHne OAHOro M3 ABYX COO6bITUN
DWORD dwResult = WaitForMultipleObjects(2, g_hEvent, FALSE,
INFINITE);
//npousowno cobbitne B nopte
if(dwResult == WAIT OBJECT_0)
{
if(GetOverlappedResult(hCOMPort, &structOVERLAPPEDRead, &dwTemp,
true))
{
//npoBepka npuxopa 6anTa
if((dwEventMask & EV_RXCHAR) != 0)
{

//4TeHne u3 nopta



ClearCommError(hCOMPort, &dwTemp, &structCOMSTAT);
dwReceivedSize = structCOMSTAT.cbInQue;
if(dwReceivedSize)
{
ReadFile(hCOMPort, cBufferRead, dwReceivedSize, &dwTemp,
&structOVERLAPPEDRead);
for (int i = 0; i < dwReceivedSize; ++i)
g cReadData.push_back(cBufferRead[i]);
}
}
}
}

else
//npoun3sowno cobbiTue npepbiBaHUA NOTOKA YTEHUA
if(dwResult == WAIT_OBJECT @ + 1)

{
break;
}
}
printf( )
return 9;
}
int _tmain(int argc, _TCHAR* argv[])
{

wchar t wcPortName[10];
wcscpy_s(wcPortName, )5

//OTKpbITUE nopTa
hCOMPort = CreateFile(wcPortName, GENERIC READ |
GENERIC WRITE, ©, NULL, OPEN_EXISTING, FILE FLAG_OVERLAPPED, NULL);
if(hCOMPort == INVALID HANDLE_VALUE)
{
hCOMPort = NULL;
printf( );
printf( );
getch();
return 9;

}
printf( )

//cunTbiBaHne cTpyKTypbl DCB
DCB structDCB;
structDCB.DCBlength = sizeof(DCB);
if(!GetCommState(hCOMPort, &structDCB))
{
if (hCOMPort != NULL)
{
printf( )
CloseHandle(hCOMPort);



hCOMPort = NULL;
printf( )
printf( );
getch();

}

return 9;
}
printf( );
//yCcTaHOBKa napameTpoB Ob6MeHa AaHHbIMU
structDCB.DCBlength = sizeof(DCB);
structDCB.fBinary = TRUE;
structDCB.BaudRate = CBR_57600;
structDCB.ByteSize = 8;
structDCB.Parity = ODDPARITY;
structDCB.StopBits = ONESTOPBIT;

//ycTaHoBKa CTpyKTypbl DCB
if(!SetCommState(hCOMPort, &structDCB))

{
if (hCOMPort != NULL)

{
printf( )
CloseHandle(hCOMPort);
hCOMPort = NULL;
printf( )
printf( );
getch();

}

return 9;

}
printf("DCB write successfull\n\r");

//YCcTaHoBKa TalMayToB nepefayu AaHHbIX

COMMTIMEOUTS structCOMMTIMOUTS;
structCOMMTIMOUTS.ReadIntervalTimeout = 1000. / double(CBR_57600)
10. * 10. + 5.5;

structCOMMTIMOUTS.ReadTotalTimeoutMultiplier = 0;
structCOMMTIMOUTS.ReadTotalTimeoutConstant = 0;

structCOMMTIMOUTS .WriteTotalTimeoutMultiplier = 0;
structCOMMTIMOUTS.WriteTotalTimeoutConstant = 0;

if(!SetCommTimeouts(hCOMPort, &structCOMMTIMOUTS))

{
if (hCOMPort != NULL)

{
printf( )
CloseHandle(hCOMPort);
hCOMPort = NULL;
printf( )
printf( )
getch();



return O;

}
printf( )

//yCTaHOBKa pa3MepoB o4epepei Npueéma u nepepayu
if (!SetupComm(hCOMPort, 512, 512))
{
if (hCOMPort != NULL)
{
printf( )3
CloseHandle(hCOMPort);
hCOMPort = NULL;
printf( );
printf( );
getch();
¥

return 0;

}
printf( )5

//04ncTKa npuHuUmawwero 6ydpepa nopTta
if (!PurgeComm(hCOMPort, PURGE_RXCLEAR))
{
if (hCOMPort != NULL)
{
printf( )
CloseHandle(hCOMPort);
hCOMPort = NULL;
printf( )
printf( )
getch();
}

return 9;

}
printf( )5

//BecKkpunTop MNOTOKa YTeHusA

HANDLE hReadThread(NULL);

//vaeHTudénkaTop NOTOKA YTeHUuA

DWORD dwThreadID;

//co3haHne noToka 4YTeHuAa U3 nopTa

hReadThread = CreateThread(NULL, ©, ReadThread, 9, 0, &dwThreadID);

//6ydep BaHHbIX ANA 3anucu B nopT
std::vector<char> cWriteData;

//appec MecTOMNONIOKEHUA [aHHbIX B AaTyuke
unsigned short usMainDataAddress(0x0);

//appec paTyuka

unsigned char ucAddressWrite(9xa);
//KoMaHAa

unsigned char ucCommandWrite(©0x3);



//appec obpaweHus

unsigned short usDataAddressWrite(0x0);

//pa3mep 3anpoca B cnoBax

unsigned short usSizeWrite(sizeof(STRUCT_HEAD) / 2);

//UMKN noucka agpeca MeCcTOMONOXEHUSA OAHHbIX
while(1)
{
//co34aHue MNOCbIIKU
CreatePackage(ucAddressWrite, ucCommandWrite, usDataAddressWrite,
usSizeWrite, cWriteData);
//oTnpaBka 3anpoca B nopT
WritePackage(cWriteData);

//bnar BbIxoAa M3 UMKAA MOUCKA agpeca MecCTOMOJIOKEHUA AAHHBIX
bool bEnd(false);
//UMKN 4YTeHuA oTBeTa Ha 3anpoch
while (1)
{
//pa3mep [aHHbIX B OTBeTe
int iSize(g_cReadData.size());
if (iSize)
{
//dnar TOro, 4TO MOXHO OTNPaBNAATb HOBbIM 3anpoc
bool bNextPacket(false);
//afpec paTtymka B oTBeTe
unsigned char ucAddressRead(9);
//KOMaHAa B oTBeTe
unsigned char ucCommandRead(9);
//KOHTpO/NbHAsA CyMMa B OTBeTe
unsigned short usCRC16(0xffff);
for (int i = 0; i < iSize; ++i)
{
//BblXoA4 U3 LMWKNOB
if (bNextPacket || bEnd)
break;

switch(i)
{
//6anT appeca ycTpoucTBa
case 0:
{
ucAddressRead = g _cReadData[i];
usCRC16 = Crcl6(ucAddressRead, usCRC16);
break;
¥
//6anT KomMaHmbl
case 1:
{
ucCommandRead = g _cReadData[i];
usCRC16 = Crcl6(ucCommandRead, usCRC16);
break;



¥

//6anT pa3mepa AaHHbIX
case 2:

{

unsigned char ucSizeRead(g_cReadData[i++]);

usCRC16 = Crcl6(ucSizeRead, usCRC16);

//ecnn pJaHHble npuwnum BcCe

if (iSize >= i + ucSizeRead + sizeof(unsigned short))

{

//npoBepKa pa3mepa AaHHbIX
if (ucSizeRead > 0)

{

short(g_cReadData.

short(g_cReadData.

ucAddresshrite);

ucCommandwWrite);

//4TeHne n npeobpasoBaHue AaHHbIX OTBETA
std::vector<short> sData(ucSizeRead / 2);
char* pData = reinterpret_cast<char*>(sData.data());
int iEndian(1);
for (int j = @; j < ucSizeRead; ++i, ++j)
{
usCRC16 = Crcl6(g_cReadData.data()[i], usCRC16);
pData[j + iEndian] = g_cReadData.data()[i];
iEndian *= -1;
}
//paccyeT KOHTPOJIbHOW CYMMbl
unsigned short usCRC16Read = unsigned
data()[i++] &oxff);
usCRC1l6Read += ((unsigned
data()[i++]) & Oxff) << 8);
//NpoBepka Ha coBnajeHue KOHTPOJIbHbIX CYyMM
if (usCRC1l6 == usCRC1l6Read)
{

//npoBepKa Ha coBMageHWe agpecoB YCTpPOWCTBaA

if (ucAddressRead == ucAddressWrite)

printf( s

else
bNextPacket = true;

//npoBepka Ha coBnajeHne KOMaHA

if (ucCommandRead == ucCommandWrite)
printf("Get answer: command %d\n",

else
bNextPacket = true;
printf( , ucSizeRead);

//npeobpa3oBaHne B CTPYKTypy 3aronoBka
pSTRUCT_HEAD pStructRead

= reinterpret_cast<pSTRUCT_HEAD>(sData.data());

printf( ,

pStructRead->uiSize, pStructRead->uiStructType);

CTPYKTYpbI

//nposepKa Ha YyC/ioOBUE HaXOXAEHUA HYXHOro Tuna

if (pStructRead->uiStructType == 0xd0)



{

usMainDataAddress = usDataAddressWrite
+ sizeof(STRUCT_HEAD) / 2;
printf( s
usMainDataAddress);
//OKOHYaHMe noucka agpeca MeCcTOMNOJIOXEHUA AaHHbIX
bEnd = true;
¥

else

{
//VHKpeMeHT agpeca obpauweHua
usDataAddressWrite += pStructRead->uiSize / 2;
//3anpoc cnegywwero nakeTa
bNextPacket = true;

}
}
else
//3anpoc cnepywwero nakeTta
bNextPacket = true;
}
else
{

//OKOHYaHMe noucka agpeca MecTOMoJIOXKeHUA AaHHbIX (Bce
CTPYKTYpbl CYUTANN, a HYXHYH HE Hawau)
bEnd = true;

}
}

else
//npoponxeHne obpaboTku oTBeTa
continue;

break;

}
}
}
if (bNextPacket)
{
printf( )
g cReadData.clear();
break;
}
if (bEnd)
break;

}
Sleep(20);

}

if (bEnd)

{
printf( )
g cReadData.clear();
break;



}
}

//4YTeHne u3MepeHHbIX AAHHbIX
//npoBepka Ha npeaMeT TOro, YTO HawesncA aapec MeCcTOMOJIOXEeHUS
M3MEepEeHHbIX 3HAYEeHWW B YCTpOWCTBE
if (usMainDataAddress != 0)
{
//nepenHnumManusaumna nsa HOBbIX 3anpocoB
ucCommandWrite = 9x4;
usDataAddressWrite = usMainDataAddress;
usSizeWrite = 9Ox7777;
//umMKn onpoca AaHHbIX
while(!kbhit())
{
//co3aaHne NocCbiIKK
CreatePackage(ucAddressWrite, ucCommandWrite,
usDataAddressWrite, usSizeWrite, cWriteData);
//oTnpaBka 3anpoca B nopT
WritePackage(cWriteData);
//UMKN 4TeHuMA OTBeT Ha 3anpochl
while(1)
{
//pa3mep [aHHbIX B OoTBeTe
int iSize(g_cReadData.size());
if (iSize)
{
//dnar TOro, 4TO MOXHO OTNPaBNAATb HOBbIM 3anpoc
bool bNextPacket(false);
//afpec paTtymka B oTBeTe
unsigned char ucAddressRead(9);
//KOMaHAa B oTBeTe
unsigned char ucCommandRead(9);
//KOHTpO/NbHAsA CyMMa B OTBeTe
unsigned short usCRC1l6(9xffff);
for (int i = 0; 1 < iSize; ++i)
{
//BbIXo4 U3 UMKNa
if (bNextPacket)
break;

switch(i)
{
//6anT appeca ycTpoucTBa
case 0:
{
ucAddressRead = g _cReadData[i];
usCRC16 = Crcl6(ucAddressRead, usCRC16);
break;
}
//6aiT KOMaHAbl
case 1:



{

ucCommandRead = g cReadData[i];
usCRC16 = Crcl6(ucCommandRead, usCRC16);
break;
}
//6anT pasmepa
case 2:
{
unsigned char ucSizeRead(g_cReadData[i++]);
usCRC16 = Crcl6(ucSizeRead, usCRC16);
//ecnn pJaHHble npuwnu BcCe
if (iSize >= i + ucSizeRead + sizeof(unsigned short))
{
//npoBepKa pa3mepa AaHHbIX
if (ucSizeRead > 0)
{
//4TeHne n npeobpasoBaHue AaHHbIX OTBETA
std::vector<float> fData(ucSizeRead / 2 / 2);
char* pData = reinterpret_cast<char*>(fData.data());
int iEndian(1);
for (int j = 0; j < ucSizeRead; ++i, ++j)
{
usCRC16 = Crcl6(g_cReadData.data()[i], usCRC16);
pData[j + iEndian] = g_cReadData.data()[i];
iEndian *= -1;
}
//paccyeT KOHTPONbHOW CYMMbl
unsigned short usCRC16Read = unsigned
short(g_cReadData.data()[i++] &Oxff);
usCRC1l6Read += ((unsigned
short(g_cReadData.data()[i++]) & oxff) << 8);
//npoBepKa Ha coBMNafeHne KOHTPOJIbHbIX CYMM
if (usCRC1l6 == usCRC1l6Read)
{
//NpoBepka Ha coBnajeHue appecoB YyCTpoOUCTBA
if (ucAddressRead == ucAddressWrite)
printf( ,
ucAddressWrite);
else
bNextPacket = true;
//nNpoBepka Ha coBnajeHue KOMMaHp

if (ucCommandRead == ucCommandWrite)
printf( s
ucCommandWrite);
else

bNextPacket = true;
//BbIBOL4 W3MepEeHHbIX 3HAYEHUN
printf( s
ucSizeRead, fData.size());
for (int j = 9; j < fData.size(); ++j)
printf( , fData[j]);



}
}

printf( )
//3anpoc cnegywwero nakeTa
bNextPacket = true;

¥

else
//3anpoc cnepywwero nakeTa
bNextPacket = true;

¥

else

{
printf( )
//3anpoc cnepywwero nakeTa
bNextPacket = true;

}
}

else
//npoponxeHne obpaboTkuM oTBeTa
continue;

break;

}
}
}
if (bNextPacket)
{
printf( )
g_cReadData.clear();
break;
}
}
Sleep(500);
}

if (hCOMPort != NULL)

{

}

//B3BO4 COb6LITUA ANA 3aBepweHUMsa MNOTOKA YTeHusA
SetEvent(g_hEvent[1]);
WaitForSingleObject(hReadThread, INFINITE);
//3aKkpbiTne nopTta

CloseHandle(hCOMPort);

hCOMPort = NULL;

printf( )

printf( )
getch();

return O;



4.2. Ipumep 2

[IporpaMMa ocyIIecTBISET MOUCK YCTPOWCTB B HM3MEPUTEIBHOM JIMHUM JATYUKOB C
nuppoBbIM BeIx0o0M RS-485. B kauecTBe Mactepa HCMONb3yeTcs J1I0O0OE YCTPOMCTBO THUIa
npeobpazoBarens USB-RS485, noakintoueHHOE K KOMITBIOTEPY U CO3/1a011Iee B HEM BUPTYaJIbHbBIN
COM-niopt. Ilporpamma 3ameiicTByeT yka3aHHBIA monb3oBareneM COM-mopt u, mepedupas
CTaHJapTHBIE CKOPOCTH 0OMEHa, BUJIBI TPOBEPKH OMTa YETHOCTH M aapeca Bepombix MODBUS-
YCTPOMCTB, IIIET 3aIIPOCHI M OKUAAET HAa HUX OTBET. [locie mpoxo/ia Kaxa0ro UKIa MporpaMMa
0TOOpa)kaeT KOJUYECTBO yJIayHBIX Mepefad T.€. TeX 3alpocoB, Ha KOTOpbIE ObLT OTBET OT
BEJIOMOTO ycTpoiicTBa. S3bik C++.

#include "stdafx.h"
#include <windows.h>
#include <conio.h>
#include <vector>
#include <algorithm>
static const unsigned char crcl6TableHi[] = {

0x00, OxCl, ox81, ox40, 0x01l, oxCo, Ox80, 0Ox41l, Ox01l, OxCo, 0x80,
ox41, 0x00, OxCl, ox81,

o0x40, 0x01l, oxCo, ox80, Ox41l, 0x00, OxCl, Ox81l, Ox40, 0x00, OxCl,
ox81, 0x40, 0x01, oxCo,

0x80, Ox41, 0x01l, oxCO, Ox80, 0x41l, Ox00, OxCl, Ox81l, 0Ox40, 0x00,
oxCl, Ox81, 0Ox40, ox01,

oxCo, ox80, 0Ox41, ox00, OxCl, ox81l, ox40, 0x01l, oxCO, 0Ox80, 0x41,
ox01, OxCo, 0x80, ox41,

Ox00, OxCl, Ox81, Ox40, Ox01, OxCO, Ox80, Ox41, Ox00, OxCl, Ox81,
0x40, 0x00, OxCl, ox81,

ox40, 0x01, OxCoO, ox80, 0x41l, 0x00, oxCl, ©x81, Ox40, ox0l, 0xCo,
Ox80, Ox41, 0x01, 0OxCO,

ox80, 0x41, 0x00, oxCl, Ox81, 0Ox40, ox00, OxCl, Ox81l, ox40, 0x01,
OxCO, Ox80, Ox41, 0x01,

oxCoO, 0x80, 0x41, ox00, OxCl, Ox81l, ox40, 0x01l, OxCO, Ox80, Ox41,
Ox00, OxCl, Ox81, 0Ox40,

0x00, OxCl, Ox81, ox40, 0x01l, OxCO, ox80, ©x41l, 0x01l, oxCoO, 0©x89,
Ox41, 0x00, OxCl, 0x81,

0x40, 0x00, OxCl, ox81, 0x40, 0x01l, oxCoO, ©x80, Ox41l, 0x00, OxC1,
Ox81, ©x40, 0x01, 0OxCO,

ox80, 0x41, 0x01, oxCO, 0x80, Ox41, 0x00, OxCl, Ox81l, 0Ox40, 0©x00,
oxCl, Ox81, Ox40, 0ox01,

OxCO, Ox80, Ox41, Ox01, OxCO, Ox80, Ox41, Ox00, OxCl, Ox81, 0Ox40,
ox01, OxCo, 0x80, ox41,

Ox00, OxC1l, Ox81, Ox40, Ox00, OxCl, Ox81, Ox40, Ox01, OxCO, Ox80,
ox41, 0x00, OxCl, ox81,

Ox40, Ox01, OxCO, Ox80, Ox41, Ox01, OxCO, Ox80, Ox41, Ox00, OxC1,
ox81, 0x40, 0x01, oxCo,

Ox80, Ox41, Ox00, OxCl, Ox81, Ox40, Ox00, OxCl, Ox81, 0Ox40, 0x01,
oxCo, Ox80, 0x41, 0Ox01,

OxCO, Ox80, Ox41, Ox00, OxCl, Ox81, Ox40, Ox00, OxCl, Ox81, 0Ox40,
ox01, OxCo, 0x80, ox41,



0x00, oxCl, ox81, 0x40
ox41l, 0x00, oxCl, ox81,
0x40
}s
static const unsigned ch
0x00, 0xCo, oxCl, ox0l
oxC7, ©x05, oxC5, oxC4,
0x04, oxCC, oxeC, oxeD
oxCB, ©Ox0B, 0xC9, 0x09,
0x08, oxC8, oxD8, ©x18
OxDE, OxDF, ©x1F, ©xDD,
ox1D, ©ox1C, oxDC, ox14
oxD2, ©x12, ©x13, oxD3,
©x11, oxDl, oxDo, 0x10
0x32, 0Ox36, OxF6, OxF7,
Ox37, OxF5, ©x35, 0x34
Ox3E, OXFE, OxFA, Ox3A,
0x3B, OxFB, ©0x39, OxF9
Ox2B, Ox2A, OxEA, OxEE,
Ox2E, Ox2F, OxEF, ©x2D
Ox27, OXE7, OxE6, 0x26,
0x22, OxE2, OxE3, o0x23
OxAl, Ox63, OxA3, OxA2,
Ox62, Ox66, OxA6, OXA7
OxAD, ©x6D, OxAF, OX6F,
OX6E, OXAE, OxAA, OX6A
O0xB8, ©xB9, 0x79, OxBB,
Ox7B, Ox7A, OxBA, OXxBE
OxB4, ©x74, 0Ox75, OxB5,
©x77, ©OxB7, OxB6, 0x76
O0xBO, Ox50, 0x90, 0x91,
Ox51, ©x93, Ox53, ©x52
0x94, ©x54, 0x9C, 0Ox5C,
ox5D, ©x9D, Ox5F, Ox9F
0x59, Ox58, 0x98, 0x88,
ox48, 0x49, 0x89, 0x4B
ox8D, ©ox4D, ox4C, Ox8C,
ox44, ox84, 0Ox85, 0x45
0x83, ox41, Ox81, 0Ox80,
0x40

}s

, 0x01, OxCO, Ox80,

ar crcléTablelo[] =
, OxC3, 0x03, 0x02,

, OxCD, Ox0F, OoxCF,
, 0x19, oxD9, Ox1B,
, 0xD4, oxD5, ox15,
, OxFO, 0x30, 0x31,
, OxF4, ox3C, OxFC,
, OxF8, 0x38, 0x28,
, OXED, OxEC, ©ox2C,
, OxE1l, ox21, 0x20,
, Ox67, OxA5, Ox65,
, OX6B, OXAB, Ox69,
, OX7E, Ox7F, OxBF,
, Ox72, ©OxB2, OxB3,
, Ox92, 0x96, 0Ox56,
, OX9E, OX5E, OX5A,
, OXx8B, OX8A, Ox4A,

, Ox87, 0x47, ox46,

ox41,

oxC2,
oxCE,
0xDB,
oxD7,
OxF1,
OxFD,
OXES8,
OxE4,
OxEQ,
ox64,
OxA9,
ox7D,
0x73,
Ox57,
Ox9A,
Ox4E,

0x86,

ox01,

oxC6,
OXOE,
OxDA,
ox17,
0x33,
0x3D,
OxE9,
ox24,
0xA0,
OxA4,
OxA8,
OxBD,
OxB1,
0x97,
Ox9B,
Ox8E,

Ox82,

unsigned short calcCrcl6(unsigned short crcl6, const

void *pBuffer, unsigned
{
const unsigned char* pD
char*>(pBuffer);
unsigned char hiByte
unsigned char loByte
unsigned index;
while (size--)

{

int size)

ata = reinterpret_cast<const unsigned

HIBYTE(crcl6);
LOBYTE(crc16);

oxCo,

0x06,
OXOA,
Ox1A,
0x16,
OxF3,
OxFF,
0x29,
0x25,
0x60,
ox6C,
Ox68,
OxBC,
Ox71,
Ox55,
Ox5B,
Ox8F,

ox42,

0x80,

0x07,
OxCA,
Ox1E,
oxD6,
OxF2,
Ox3F,
OxEB,
OXES5,
ox61,
OxAC,
0x78,
ox7C,
0x70,
0x95,
0x99,
Ox4F,

0x43,



}

index = hiByte ~ *pData++;
hiByte = loByte "~ crcl6TableHi[index];
loByte = crcl6Tablelo[index];

}
return MAKEWORD(loByte, hiByte);

void createRequest(unsigned char node, std::vector<unsigned char>
&data)

{

}

//04NCTKA MaccuBa [AHHbIX
if (!data.empty())
data.clear();
//nepBbii 6aWT - agpec ycTpoucTBa
data.push_back(node);
//BTOpoW 6aWT - KOMaHAa
data.push_back(3);
//TpeTuin n 4YeTBepTbii GanTbl - agpec obpaweHuA
data.push_back(®@);
data.push_back(®@);
//nNATbiA N wecTon 6GanTbl - pa3mep 3anpoca B CJOBax
data.push_back(®@);
data.push_back(4);
//paccyeT KOHTponbHOW cymmbl CRC16
unsigned short crcl6é = calcCrclé6(Oxffff, data.data(), data.size());
//ceobmoil 1 BOCbMOW 6ailTbl - KOHTponbHasa cymma CRC16
data.push_back(HIBYTE(crcl6));
data.push _back(LOBYTE(crcl6));

bool checkResponse(unsigned char node, std::vector<unsigned char>
&data)

{

unsigned int size(data.size());
unsigned int index(9);
unsigned char symbol;
unsigned short crcl6(oOxffff);
if (index >= size)
return false;
//npoBepka coBnajeHuA apgpecoB YyCTpOUCTBA 3anpoca M oTBeTa
symbol = data[index++];
crclée = calcCrcl6(crcl6, &symbol, 1);
if (symbol != node)
return false;
if (index >= size)
return false;
//npoBepka COBMAAeHUA KOMaHAbl 3amnpoca U oTBeTa
symbol = data[index++];
crcleé = calcCrcl6(crcl6, &symbol, 1);
if (symbol != 3)
return false;
if (index >= size)
return false;



}

//onpepeneHna pasmepa npuweawnx AaHHbIX
symbol = data[index++];
crclé = calcCrcl6(crcl6, &symbol, 1);
if (index >= size)

return false;
unsigned short dataSize = symbol;
for (unsigned short i = 0; i < dataSize; ++i)
{

symbol = data[index++];

crclé = calcCrcl6(crcl6, &symbol, 1);

if (index >= size)

return false;

}
//npoBepKa KOHTPOJSIbHOW CYMMbl
unsigned short crcl6FromResponse;
symbol = data[index++];
crcl6FromResponse = unsigned short(symbol & Oxff);
crcl6FromResponse <<= 8;
if (index >= size)

return false;
symbol = data[index++];
crcl6FromResponse += unsigned short(symbol & Oxff);
if (crcl6FromResponse != crcl6)

return false;
return true;

unsigned int getSleepTimeout(unsigned int length, DWORD baudRate)

{

}

long sleepTime(1);
//BpemMa oxuaaHuAa npu CKopocTAX Bblwe 19200 6uT/Cc (B MUAAUCEKYHAAX)
if (baudRate > CBR_19200)

sleepTime = long(1.75 + 1000. * double(length) * 11.
double(baudRate) + 0.5);
//BpemMA oxuaaHuAa npu CKOpocTAX Huxe 19200 6uT/c (B MUANUCEKYHAAX)
else

sleepTime = long(1000. * (3.5 + double(length)) * 11.
double(baudRate) + 0.5);
if (sleepTime < 1)

sleepTime = 1;
return sleepTime;

double getTime()

{

}

LARGE_INTEGER frequency, counter;
QueryPerformanceFrequency (& frequency);
QueryPerformanceCounter(&counter);

return double(counter.QuadPart) / double(frequency.QuadPart);

int _tmain(int argc, _TCHAR* argv[])

{

//CKopocTu, No KOTOpbM ByAeT MpOXoAUTb MporpamMma



static const DWORD baudRates[] = {
CBR_2400,
CBR_4800,
CBR_9600,
CBR_19200,
CBR_38400,
CBR_57600,
CBR_115200
}s
const unsigned short baudRateCount = sizeof(baudRates)
sizeof (DWORD);
//npoBepkn 6MTa 4eTHOCTU, MO KOTOpPLIM ByaeT MpoXoauTb MNpOrpamma
static const BYTE parities[] = {
NOPARITY,
ODDPARITY,
EVENPARITY
}s
const unsigned short parityCount = sizeof(parities) / sizeof(BYTE);
unsigned int portNumder(1l);
wchar_t sPortNumber[10];
wprintf(L"Enter COM port number: ");
_getws_s(sPortNumber);
swscanf_s(sPortNumber, L"%d", &portNumder);
wchar_t sComPort[10];
swprintf_s(sComPort, L"\\\\.\\COM%d", portNumder);
//OTKpbITUE nopTa
HANDLE hCOMPort = CreateFile(sComPort,
GENERIC_READ | GENERIC_WRITE,
0,
NULL,
OPEN_EXISTING,
NULL,
NULL);
if (hCOMPort == INVALID HANDLE_VALUE)
{
hCOMPort = NULL;
wprintf(L"COM port open error!!!\n\rPress any key for exit...");
_getch();
return 9;
}
wprintf(L"COM port open successfull\n\r");
//ycTaHOBKa TalMayToOB nepenayn LaHHbIX
COMMTIMEOUTS commtimouts;
commtimouts.ReadIntervalTimeout = 0;
commtimouts.ReadTotalTimeoutMultiplier = O;
commtimouts.ReadTotalTimeoutConstant = 0;
commtimouts.WriteTotalTimeoutMultiplier = O;
commtimouts.WriteTotalTimeoutConstant = 0;
if (!SetCommTimeouts(hCOMPort, &commtimouts))
{

wprintf(L"Timeouts write error!!!\n\r");



CloseHandle(hCOMPort);
hCOMPort = NULL;
wprintf(L"COM port close successfull\n\rPress any key for
exit...");
_getch();
return 9;
}
wprintf(L"Timeouts write successfull\n\r");
//yCcTaHOBKa pa3MepoB o4epepei npuéma u nepepaydu
if (!SetupComm(hCOMPort, 512, 512))
{
wprintf(L"SetupComm error!!!I\n\r");
CloseHandle(hCOMPort);
hCOMPort = NULL;
wprintf(L"COM port close successfull\n\rPress any key for

exit...");
_getch();
return 9;
}

wprintf(L"SetupComm successfull\n\r");
//04ncTKa npuHuUmawwero 6ydpepa nopTta
if (!PurgeComm(hCOMPort, PURGE_RXCLEAR))
{
wprintf(L"PurgeComm error!!!\n\r");
CloseHandle(hCOMPort);
hCOMPort = NULL;
wprintf(L"COM port close successfull\n\rPress any key for
exit...");
_getch();
return 9;
}
wprintf(L"PurgeComm successfull\n\r");
//npoxoA no BCEM CKOPOCTAM
unsigned short baudRateIndex(9);
while (baudRateIndex < baudRateCount)

{
if (_kbhit())
{
_getch();
break;
¥

//npoxoA no BCeM MnpoBepkKaM 6MTa YETHOCTHU
unsigned short parityIndex(9);
while (parityIndex < parityCount)

{
if (_kbhit())
{
_getch();
break;

}



//cuuTbiBaHMe CTpyKTypbl DCB
DCB dcb;
dcb.DCBlength = sizeof(DCB);
if (!GetCommState(hCOMPort, &dcb))
{
wprintf(L"DCB read error!!!I\n\r");
break;
}
//yCcTaHOBKa napamMeTpoB Ob6MeHa AaHHbIMU
dcb.DCBlength = sizeof(DCB);
dcb.fBinary = TRUE;
dcb.BaudRate = baudRates[baudRateIndex];
dcb.ByteSize = 8;
dcb.Parity = parities[parityIndex];
dcb.StopBits = ONESTOPBIT;
//ycTaHoBKa CTpykTypbl DCB
if (!SetCommState(hCOMPort, &dcb))
{
printf("DCB write error!!!\n\r");
break;
}
wprintf(L"Baudrate %d bit/sec, parity %d (press any key to go to
next parity or baudrate value)\n\r",
baudRates[baudRateIndex],
parities[parityIndex]);
//npoxoA nNo BCeM BO3MOXHbIM agpecam YyCTpOUCTB
unsigned int success(9);
for (unsigned char node = 2; node < 63; ++node)
{
wprintf(L"\r\t\tCurrent address %d", node);
if (_kbhit())
{
_getch();
break;
}
bool bResult(false);
//dopmupoBaHmne 3anpoca
std::vector<unsigned char> requestData;
createRequest(node, requestData);
//nocbinka 3anpoca B nNopT
DWORD bytesWritten(@);
BOOL bStatus = WriteFile(hCOMPort,
requestData.data(),
requestData.size(),

&bytesWritten,
NULL);
if (bStatus == TRUE && requestData.size() == bytesWritten)

{

//0oXnaaHue npoxoxaeHua 3anpoca
long sleepTimed4Request = getSleepTimeout(requestData.size(),
baudRates[baudRateIndex]);



double tTime = getTime();
while (sleepTime4Request > (getTime() - tTime) * 1000)
Sleep(1);
long sleepTimeAfterResponse = getSleepTimeout(4,
baudRates[baudRateIndex]) + 50;
tTime = getTime();
//0xXnpaHne oTBeTa OT YyCTpOWUCTBA
std::vector<unsigned char> responseData;
while (1)
{
//3anpoc cocToAHMA nopTa
COMSTAT comstat;
bStatus = ClearCommError(hCOMPort, NULL, &comstat);
if (bStatus != TRUE)
break;
//npoBepka HanuymAa 6anT B bydepe npuema nopTa
if (comstat.cbInQue > 9)
{
//4TeHne 6auT u3 bydepa npuema nopTa
tTime = getTime();
std::vector<unsigned char> data(comstat.cbInQue);
DWORD bytesRead(9);
bStatus = ReadFile(hCOMPort, data.data(),
comstat.cbInQue, &bytesRead, NULL);
if (bStatus != TRUE || comstat.cbInQue != bytesRead)
break;
responseData.insert(responseData.end(), data.begin(),
data.end());
//npoBepka NpaBW/IbHOCTWM OTBeTa OT YCTPOMCTBA
if (checkResponse(node, responseData))
{
//oxupaHne BpemeHn Ao GOpMMpPOBAHUA Crepywluwero 3anpoca
bResult = true;
Sleep(sleepTimeAfterResponse);
break;
}
}
else
{
Sleep(1l);
//NpoBepKa nNpeBblLeHUA BpPEMEHW OXMAAHUA OTBeTa OT
yCcTponcTBa
if ((getTime() - tTime) * 1000 >
sleepTimeAfterResponse)

{
}
}
}
}
if (bResult)

break;



++SUCCess;

}

wprintf(L"\r\t\tSuccessful transmissions %d\n\r", success);
++parityIndex;

}

++baudRateIndex;

¥

//3aKkpbiTne nopTta

CloseHandle(hCOMPort);

hCOMPort = NULL;

wprintf(L"COM port close successfull\n\rPress any key for
exit...");

_getch();

return 9;

}

4.3. Ilpumep 3

Kondurypuposanue moyneit ZETSENSOR B 601bIIMHCTBE CITy4aeB BBITOIHIETCS Yepe3
mraTHoe nporpaMmMHoe obecneuenne ZETLAB mnpu nomomu mnporpammsl  “Jlucneryep
ycrpoiictB” Briagku “CepBucHele”. OnHaKo, 4YacTh INPUKIAIHBIX 3a7ad IOAPa3yMEBAET
W3MEHEHHE HACTPOCK U POBBIX JaTIYNKOB 0e3 ucmonb3oBanus [10 ZETLAB. [lyis Takoit paboTsl

HpeyCMOTPEH OTAENbHBIN ainroputM 1o pabore ¢ ZETSENSOR (cm. Pucynok 63)

KoHdurypuposaHue pexxumos paborbl uudposbix garumkos ZETLAB
nopa ynpasnexnuem MO CTOPOHHUX NpoM3BOANUTENEH

MNpeobpaszosarenu Uwdpossbie
uHTepdeiica BATYUKH

ZET7070

Nno ZETLAB

ZET7076 ’
Bin-gaiin ZET70xx
HacTpoex

ZET7174

7
L ZET71xx

Pucynok 63. Cxema B3anMoIeHCTBHS MTPH KOHPHUTYPHUPOBAHUH ITHPPOBBIX JATIHKOB

I1O ZETLAB npu pabote ¢ muppoBbIMU AATYMKAMHU UI KaXJI0TO M3 HUX CO3JaeT TaK
Ha3bIBAEMBIN “‘CIIETIOK” HACTPOEK, KOTOPHIH MpeACcTaBiIsieT coboi ¢ain ¢ pacimmpenuem .dat u
OuHapHBIM coAepKUMbIM. Mwms Takoro (aiima wumeer d¢opmar Buma ZET T7AAA Ne
0xBBBBBBBBBBBBBBBB C.dat, rae TAAA - THUI (mammpumep, 7121),
BBBBBBBBBBBBBBBB - cepuiinbiii HOMEp B IIeCTHaALATEpUYHOM QopmaTe (Hampumep,
2b0c575b5a2f0922), C - aapec ycrpoiictBa (Hampumep, 4). Coaepxumoe daiiia MOTHOCTHIO

COOTBETCTBYET COJIEPKUMOMY PETUCTPOB M3MEpPUTENbHOro Moayis. CyTb KOHMUTYpHUpOBaHUS



3aKJIIOYaeTCsl B H3MEHEHUU COJepKUMoro (aiijga HAcCTpOeK B COOTBETCTBUM C TaOiuuen
PETUCTPOB sl JAaHHOTO Moayiys. TaOnuia agpecoB PErucTpoB T'€HEPHPYETCS C MOMOIIBIO
nporpammbl  “SensorWork™. Tlocne Ttoro, kak ¢ain HacTpoeK H3MEHHUTCS, MPOrpaMma,
paboraromtas ¢ ZETSENSOR, nonxBaTut n3MEHEHHS M BHECET UX B YCTPOMCTBO aBTOMATHUYECKH.

AAroput™M KOH(GUTYpUPOBAHUS CBOJUTCS K CIIEIYIOIIEN MOCIEA0BaTEIbHOCTH 1eHCTBU:

1) Ilouck HyxHoro ¢aitna B aupekropun “.\CONfIQ\ZET7xxx\” mo Tumy, cepuitHomy
HOMepY U azpecy ycrpoiictsa. [lyTh 10 nupexropun “config” XpaHUTCs B peecTpe U MOXKET OBbITh
nosrydeH uepes komnoneHtT ZETPath.ocx.

IIpumep na C++

CString sConfigFile;

sConfigFile.Format(L"0x%164x", m_serial);

CString sFindFile = m_sConfigPath + L"\\*.*";

WIN32 FIND DATA win32_find data;

HANDLE hFind = FindFirstFile(sFindFile, &win32_find data);
if (hFind != INVALID HANDLE VALUE)

{
do

{
CString sFileName(CString(win32_find _data.cFileName));
if (! (win32_find_data.dwFileAttributes &
FILE ATTRIBUTE_DIRECTORY))

{
i1f (sFileName.Find(sConfigFile) != -1)
{
1f (sFileName.Find(L".dat") != -1)
sFileNameDat = m_sConfigPath + L"\\" +
SFileName;
i1f (!sFileNameDat.IsEmpty())
break;
}
} while (FindNextFile(hFind, &win32_find_data));
FindClose(hFind);
}
}

2) Omnpenenenne pasmepa (aiyia, OTKpbITHE (aiiia Ha YTCHHE W UYTEHUE W3 HEro
COJIEP’)KUMOTO B MacCHUB OaWT.
Ilpumep na C++

FILE* pFile(nullptr);

BYTE* pConfig(nullptr);

uintle t sizeConfig(9);

if ((_wfopen_s(&pFile, sFileNameDat, L"rb") == 0) && (pFile !=
nullptr))

{

fseek(pFile, @, SEEK _END);
sizeConfig = ftell(pFile);



fseek(pFile, ©, SEEK SET);

pConfig = new BYTE[sizeConfig];

fread(pConfig, sizeof(BYTE), sizeConfig, pFile);
fclose(pFile);

pFile = nullptr;

3) M3meHenue MaccuBa, CUMTAHHOTO u3 (aitna. Mecto, e MPOU3BOJUTH U3MCHEHHS,
OTIPEICIIETCS TI0 OTCTYILY U pa3Mepy perucTpa u3 TabauIlbl aPECOB PETUCTPOB.
Ipumep na C++

float value = 123;
memcpy (&pConfig[offset], &value, sizeof(value));

4) 3anuch U3MEHEHHOTO COICPIKUMOTO B (haiiil HACTPOEK.
Ilpumep na C++

FILE* pFile(nullptr);
if ((_wfopen_s(&pFile, m_DatFileName, L"wb") == @) && (pFile !=
nullptr))

{
fwrite(pConfig, sizeof(BYTE), sizeConfig, pFile);
fclose(pFile);
pFile = nullptr;

}

4.4. Tlpumep 4

[Tpumep neMOHCTPUPYET MOAKIIOUEHHE K YCTPOHCTBY C ampecom 0X4 m 4YTeHue ¢ Hero

3HaveHus o kaHany (peructp 0x14 ¢ tuniom float). S3eik Python.

#!/usr/bin/env python
import minimalmodbus
import serial
import struct

## Read float in ZETSENSOR format

def read_float_zet(instrument, reg _addr):
regs = instrument.read_registers(reg_addr, 2)
bytestring = struct.pack('<HH', *regs)
value = struct.unpack('<f', bytestring)[0]
return value

minimalmodbus.BAUDRATE = 19200
minimalmodbus.PARITY = serial.PARITY_ODD
minimalmodbus.BYTESIZE 8
minimalmodbus.STOPBITS 1
minimalmodbus.TIMEOUT = ©.05

instrument = minimalmodbus.Instrument('/dev/ttyUSBO', 4) # port name, slave address
(in decimal)

## Read channel value (float, register 0x14)



value = read_float zet(instrument, ©x14)

print ‘Channel value =', value



