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KPATKOE ONMNCAHWUE NMPOTOKOJIA MODBUS/RTU

AHHOTALMUA

B naHHOM JoKyMeHTe npuBefeHo KpaTkoe onucaHune npotokona MODBUS/RTU ¢ nepepaven
JaHHbIX NO nocrnegoBaTensHOMY UHTepgeNncy.

NMPOTOKOJ1 NEPEAAYUN OAHHBLIX MODBUS/RTU

Mogenb OSI npotokona ModBus/RTU npencrasneHa Ha pucyHke 1.

YpoBeHb Mogens ISO/OSI

7 MpvknagHoW ypoBeHb MpuknaaHoi yposeHs ModBus

6 MpeacraBuTENbLCKUIA YPOBEHD

5  |CeaHcoBblil ypoBEHb

4 |TpaHCnOpTHbLI ypOBEHb

3 CeTeBol ypoBeHb

2 . MpoTokon nocnegoBaTenibHOro
KaHanbeHbli ypoBeHb nHTepderica ModBus

1 . EIA/TIA-485 (RS-485) unn
dusnyeckni YPOBEHb EIA/TIA-232 (RS-232)

PucyHok 1 — Mogenb ISO/OSI npotokona ModBus/RTU
1 dusnyeckum ypoBeHb

B kauecTBe cpeabl nepeaayn gaHHbIX MCNONb3yeTcs ABYXNPOBOAHbIN (NONYAYNNEKCHbIN) Un
4YeTbIPEXNPOBOAHbIN (QynneKkcHbIn) auddepeHunansHbin nHtepgenc TIA/EIA-485 (TIA/EIA-422).
TpeboBaHuna k napameTpam cpeabl Nnepegayn AaHHbIX npuBeaeHsl B ctaHgapTe ANSI/TIA/EIA-485-A-98.

2 KaHanbHbIN YpOBEHb

KaHanbHbI ypoBeHb 0GecneunBaeT co3gaHue, nepeaady U npuem KagpoB AaHHbIX. DTOT YPOBEHb
obcnyxuBaeT 3anpochl CETEBOrO YPOBHS 1 UCMOSb3YET CePBUC (hM3NYECKOro YPOBHS Af1si Mpuema u
nepenayv nNakeTos.

Mpotokon MobBus saBnseTca NpoTOKONoM Tuna “Beaylmnin-se1oMbIn”, T.€. B OQHO U TO Xe BpeMs K
LUMHE NOAKMIOYEHO MOXET BbITb TOMBbKO OOHO BeayLlee YCTPONCTBO (MacTep) U O4MH UM HECKONbKO (40
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247) BegoMbix yCTpoMCTB (crenBel). MNepegayva gaHHbIX MHALMUPYETCS BCerga BeayLmM YyCTPONCTBOM.
Begomble ycTponcTBa MOryT oTBeYaTb OTBEYAIOT TOMBKO Ha 3anpocChl BeAYLLErO.

BeayLiee ycTponcTBO €AMHOBPEMEHHO MOXET UHULIMMPOBATL 3anpocChbl K KOHKPETHOMY BE4OMOMY
ycTponcTBy (unicast mode) unm Bcem BegombiM ycTponcteam (broadcast mode — wmpokoBeLLaTenbHbIN
3anpoc). Begomele ycTponcTea ceTn He OTBEYAtOT Ha LUMPOKOBELLaTeNbHbIE 3anpocChl, a TONbKO
NpYHUMALOT ux. [Ina nepegayn WMpoKoBeLlaTenbHbIX 3anpocoB ncnosnbdyetcsa agpec 0.

Mpotokon ModBus npegnonaraeT MCNonb30BaHWE agpecoB BE4OMbIX YCTPOUCTB B AnanasoHe 1-
247. Kaxgoe yCTPONCTBO B CETU SOMKHO MMETb YHUKANbHbIA agpec.

dopmaT gaHHbix npotokona ModBus/RTU npeacraeneH Ha pucyHke 2.

Crapt But CTon
8 OUT AaHHbIX
out 4YeTHOCTU out

PucyHok 2 — dopmart faHHbIX

Mocbinka Kaxgoro 6anTta Ha4MHaAeTCs co cTapT-0MTa, Nocre KOToporo cneayoT 8 GUT gaHHbIX, OuT
yeTHocTM (even) n cton 6uT. Taknm ob6pas3om, ogHa NOChINKa AaHHbIX cocToUT U3 11 6ur.

,D.J'IFI cornacoBaHuna co CTOPOHHMUMW n3gennammn, BO3MOXHa pa60Ta 6e3 buta YETHOCTWU, Npn 3TOM
AOJDKHbI UCNOJTIb30BaTbCA OBa cTon-buTa, Kak YKa3aHO Ha pUCyHke 3.

Craprt
out

Cton Cton

8 6UT JaHHbIX 6uT 6uT

PucyHok 3 — AnbTepHaTUBHbIN dhopMaT AaHHbIX

O6meH gaHHbIMM MO NPOTOKONY Npou3BoauTCa operMmammn naketamu (gaHHblx). CTpykTypa hpenma
npuBeaeHa Ha pucyHke 4.

KoHTpornbHas
cymma

Appec | PyHKUMS [aHHble

PucyHok 4 — CTpykTypa penma

®dpenm HaumMHaeTCsa C NOCbISIKM agpec YCTPOMCTBA, K KOTOPOMY OTNpaBnAeTcs 3anpoc (Mnv agpec
YCTPONCTBA, KoTopoe hopmupyeT oTBeT). [lnana3oH BO3MOXHbIX 3Ha4YeHu agpecos: 0—247. Agpec 0
(HyneBoW) SBNSETCA LUMPOKOMNOSOCHBIM U NpeAHa3HayvYeH aAnsa nepegayv nHdopmauum BCEM yCTPONCTBaM
B ceTu. 3anpoc C HyfneBbIM agpecoM YCTPOMCTBA He npeanonaraeTt oTeeTa.

Mocne nepegayun agpeca crnegyeT 6anT dyHKUMK, onpeaensowmiin QyHKLMOHANbHY0
NpUHaAnNeXHoCTb 3anpoca (oTeeTa). [JnanazoH BO3MOXHbIX 3Ha4yeHun: 0 — 255.



Mocne nepenayn PyHKUMKM criegyeT nepefada AaHHblX. [Nepegada AaHHbIX OCyLecTBNAeTCs
nobanTtHo. Konuyectso nepegaBaembix 6ant — 0...252.

MNocne nepegayun gaHHbIX crieayeT ABa banTa KOHTpOJ'IbHOIZ CyMMbI, npegHa3Ha4YeHHbIX O5A
NnpoBepPKN AOCTOBEPHOCTU I'IpVIHI/IMaeMOf/'I I/lH(bOpMaLl,I/II/I.

B cooteeTcTBMM € npoTokoriom ModBus/RTU, anuHa dpenma MoxeT ObiTb nepemeHHon, He 6onee
256 6ant. Nepenaya 6anT AaHHbIX B npeaenax dpenmMa npoM3BoauMTCa NocneaoBaTesibHO C
NPOMEXYTKOM BpeMeHN Mmexay nepegadven He 6onee 1,5 BpemeHn nepegaymn ogHoro 6anTta gaHHbIX.

B NPOTOKOJIE UCTMOJIb3YETCA NoOBpeMeHHasda CUHXPOHNU3aLUUA Hadana n 3aBeplieHna nepenadu.

Hwarpamma nepegaym ppenmMmoB NpuBegeHa Ha pUCyHke 5.
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PucyHok 5 — [inarpamma nepegayv operimon

Mepen Havyanom nepegayn o4epedHoro ppenima, Heobxoanma BbloepXKKa BPEMEHH,
cooTBeTCTBYOWada 3,5 BpeMeHam nepefaymn ogHoro 6arta gaHHbix (t3,5) nocne 3aBepLueHns nepegayu
npegbigyLiero dpenma (Mnv “noxHon” nepefayn gaHHbIX).

3aBepLueHne nepegayn ppenima aBnseTcs OTCYyTCTBUE Nepeaayn AaHHbIX B Te4eHun 1,5 BpemeHu
nepegaydn ogHoro 6anta gaHHbIx (t1,5). OgHako, ecnv No uctevyeHum spemenn t1,5 B TedeHne BpemeHn
t3,5 Bo30OHOBUTCS Nepedada gaHHbIX, TO hpenm cUnTaeTca HeOCTOBEPHbLIM.

Bce ycTponcTea B ceTu AOSMKHbI UMETb 0auH dhopMaT nepefadn aHHbIX U O4HY CKOPOCTb
nepenayn gaHHblx. PekomeHgyemas ckopocTb nepefadn gaHHbix - 19,2 kbut/c. [lonyckaetca nepenada
OaHHbIX Ha ckopocTsax 9,6 kbut/c, 57,6 kbut/c, 115,2 kbut/c.

Ons onpeaeneHna 4OCTOBEPHOCTU NPUHUMaEMbIX AaHHbIX NCMNOJIb3YHOTCA:

- KOHTpOsb BMTa YeTHOCTM Npu Nepefade Kaxgoro 6arnTta (annapatHas YHKUMS NPUeMo-
nepenaTymka);

- nogc4yeT n cpaBHeHue koHTponbHon cymmbl CRC (Cyclical Redundancy Checking) npu nepepaye
dpenma.

KoHTponbHasi cymma coctouT u3 2-x 6ant B popmate [MSB(cTapwmin 6anT)|LSB(Mnaawmn 6anT)).



KoHTponbHasi cymMa nogcumntbiBaeTcs U 4obaBnseTca B KOHeL, doperma nepegaromm
YCTPOMNCTBOM, U CpaBHUBAETCHA NPUHUMAIOLLMM YCTPOUCTBOM C KOHTPOSBHOM CYMMOW, NOACYUTaHHON UM
MO MPUHATLIM JaHHbIM.

B noacyeTe KOHTPONbHOM CyMMbI UCMONb3YOTCS BCe 6anTbl hperima, HadmHasa ¢ NepBoro (agpeca).
MoacyeT KOHTPOSbHOM CyMMbI MPOM3BOANTCA CreayroLwmnm obpasom:
1) 3anuceiBaetca B 16-T1 6uTHbIM pernctp CRC uncno OxFFFF.

2) NepBomy 6arnTy gaHHbIX 1 pernctpy CRC npumensietcsa dyHkums XOR, pesynbTat nomeLyaeTcs
B CRC peructp;

3) Pernctp CRC copuraetcsa BnpaBo Ha 1 6uTt, ctapwui 6ut CRC pernctpa ycraHaBnmnBaeTtca B 0.
MpoBepsieTcs cauHyTbin 6uT CRC peructpa.

4) Ecnu cauHyTbii 6T CRC perunctpa paBeH 1, To CRC peructpy 1 noniMHOMuanbHoOMy 4mcny
(Hanpumep 0xA001) npumeHsaeTcs dyHkums XOR;

5) BeinonHstoTca nyHKTbl 3,4, noka He 6yaeT BbinonHeHo 8 casuros CRC pernctpa;

6) Cnepaytowwemy 6anty aaHHbix n pernctpy CRC npumensietcs pyHkuna XOR, pesynbtaT
nomewtaetcs B CRC peructp;

6) MNosTopstOTCSA AeNCcTBUA MO NyHKTaM 3-6 Ansa oCTaBLUMXCSA AaHHbIX.

7) KoHTponbHasa cymma nepegaetcs B openme mnagwunm 6antom Bnepes, 7.e. B hopmate
LSB|MSB.

BoamoxHa Takke TabnuyHas oopmMa nogcyeta KOHTPOSIbHOM CyMMbI, YTO 3HAYUTENBHO YCKOPSIET
npoLecc noacyeTa.

OyHKkuma nogcyeta CRC16 Ha A3blke ¢ MMeeT BUA;

unsigned short CRC16 ( puchMsg, usDatalLen )

unsigned char *puchMsg ;

unsigned short usDatalen ;

{

unsigned char uchCRCHi = OxFF ; /* high byte of CRC initialized */
unsigned char uchCRCLo = OxFF ; /* low byte of CRC initialized */
unsigned ulndex ; /* will index into CRC lookup table */

while (usDatalLen--) /* pass through message buffer */

{

ulndex = uchCRCLo " *puchMsgg++ ; /* calculate the CRC */
uchCRCLo = uchCRCHi * auchCRCHi[ulndex} ;

uchCRCHi = auchCRCLo[ulndex] ;



}
return (uchCRCHi << 8 | uchCRCLO) ;

}

static unsigned char auchCRCHi[] ={

0x00, OxC1, 0x81, 0x40, 0x01, 0xCO0, 0x80, 0x41, 0x01, OxCO, 0x80, 0x41, 0x00, OxC1, 0x81
0x40, 0x01, 0xCO, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40, 0x00, OxC1, 0x81, 0x40, 0x01, 0xCO,
0x80, 0x41, 0x01, OxCO0, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40, Ox00, OxC1, 0x81, 0x40, 0x01,
0xCO0, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40, 0x01, OxCO, 0x80, 0x41, 0x01, 0xCO, 0x80, 0x41,
0x00, OxC1, 0x81, 0x40, 0x01, 0xCO0, 0x80, 0x41, 0x00, OxC1, 0x81, 0x40, 0x00, 0xC1, 0x81
0x40, 0x01, 0xCO, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40, 0x01, OxCO, 0x80, 0x41, 0x01, 0xCO,
0x80, 0x41, 0x00, OxC1, 0x81, 0x40, 0x00, 0xC1, 0x81, 0x40, 0x01, OxCO, 0x80, 0x41, 0x01,
0xCO0, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO0, 0x80, 0x41, 0x01, OxCO, 0x80, 0x41, 0x00, 0xC1, 0x81,
0x40, 0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41, 0x00, OxC1, 0x81, 0x40, 0x01, 0xCO,
0x80, 0x41, 0x01, 0xCO0, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40, 0x00, OxC1, 0x81, 0x40, 0x01
0xCO0, 0x80, 0x41, 0x01, 0xCO0, 0x80, 0x41, 0x00, OxC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x00, 0xC1, 0x81, 0x40, 0x01, OxCO, 0x80, 0x41, 0x00, 0xC1, 0x81,
0x40, 0x01, 0xCO0, 0x80, 0x41, 0x01, 0xCO0, 0x80, 0x41, 0x00, OxC1, 0x81, 0x40, 0x01, 0xCO,
0x80, 0x41, 0x00, 0xC1, 0x81, 0x40, 0x00, 0xC1, 0x81, 0x40, 0x01, OxCO, 0x80, 0x41, 0x01
0xCO0, 0x80, 0x41, 0x00, OxC1, 0x81, 0x40, 0x00, OxC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO0, 0x80, 0x41, 0x01, OxCO, 0x80, 0x41, 0x00, 0xC1, 0x81,
0x40} ;

static char auchCRCLo[] ={

0x00, 0xCO0, 0xC1, 0x01, 0xC3, 0x03, 0x02, 0xC2, 0xC6, 0x06, 0x07, OxC7, 0x05, OXC5, 0xC4,
0x04, 0xCC, 0x0C, 0x0D, 0xCD, 0x0F, OxCF, 0xCE, Ox0E, 0x0A, OxCA, 0xCB, 0x0B, 0xC9, 0x09,
0x08, 0xC8, 0xD8, 0x18, 0x19, 0xD9, 0x1B, 0xDB, 0xDA, 0x1A, Ox1E, OXDE, OxDF, Ox1F, OxDD,
0x1D, 0x1C, OxDC, 0x14, 0xD4, 0xD5, 0x15, 0xD7, 0x17, 0x16, 0xD6, 0xD2, 0x12, 0x13, 0xD3,
0x11, 0xD1, 0xDO, 0x10, OxFO, 0x30, 0x31, O0xF1, 0x33, OxF3, 0xF2, 0x32, 0x36, OxF6, OXF7
0x37, OxF5, 0x35, 0x34, 0xF4, 0x3C, OxFC, OxFD, 0x3D, OxFF, 0x3F, Ox3E, OXFE, OxFA, 0x3A,
0x3B, OxFB, 0x39, 0xF9, 0xF8, 0x38, 0x28, OXE8, OxE9, 0x29, OXEB, 0x2B, 0x2A, OXEA, OxEE,
Ox2E, Ox2F, OXEF, 0x2D, OXED, OXEC, 0x2C, OxE4, 0x24, 0x25, OXE5, 0x27, OXE7, OXE6, 0x26,
0x22, OXE2, OXE3, 0x23, OXE1, 0x21, 0x20, OXEO, OXAO0, 0x60, 0x61, OxAl, 0x63, OXA3, 0XA2,
0x62, 0x66, 0xA6, OXA7, 0x67, OXA5, 0x65, 0x64, O0xA4, 0x6C, OXAC, OXAD, 0x6D, OXAF, Ox6F,
Ox6E, OXAE, OXAA, Ox6A, 0x6B, OXAB, 0x69, 0xA9, 0xA8, 0x68, 0x78, 0xB8, 0xB9, 0x79, OxBB,
0x7B, Ox7A, OxBA, OxBE, Ox7E, Ox7F, OxBF, Ox7D, 0xBD, OxBC, 0x7C, 0xB4, 0x74, 0x75, 0xB5
0x77, 0xB7, OxB6, 0x76, 0x72, 0xB2, 0xB3, 0x73, 0xB1, 0x71, 0x70, 0xB0O, 0x50, 0x90, 0x91
0x51, 0x93, 0x53, 0x52, 0x92, 0x96, 0x56, 0x57, 0x97, 0x55, 0x95, 0x94, 0x54, 0x9C, 0x5C,
0x5D, 0x9D, 0x5F, Ox9F, Ox9E, Ox5E, Ox5A, 0x9A, 0x9B, 0x5B, 0x99, 0x59, 0x58, 0x98, 0x88,
0x48, 0x49, 0x89, 0x4B, 0x8B, 0x8A, 0x4A, Ox4E, Ox8E, 0x8F, 0x4F, 0x8D, 0x4D, 0x4C, 0x8C,
0x44, 0x84, 0x85, 0x45, 0x87, 0x47, 0x46, 0x86, 0x82, 0x42, 0x43, 0x83, 0x41, 0x81, 0x80,
0x40};



3 NMpuknagHon ypoBeHb

MepedveHb ncnonbayembix pyHKUnn npotokona ModBus/RTU npueegeHbl B Tabnuue 1. Becb
nepeveHb pyHKumr npueegeH B MODBUS Application Protocol Specification V1.1b3.

Tun agpecauyumn OnucaHue pyHKUUM Koa cdyHkuum (hex)
buTtoBas agpecauus | YUteHne OUCKPETHbIX BXOO0B 0ox2
UTeHne COCTOSAHUA penenHbIX BbIXO40B 0x1
3anncb COCTOSIHMSA O4HOro penenHoro Bbixoaa 0x5
3anncb COCTOSAHNS HECKONbKUX penenHblx Bbixogos | OXF
16-6uTtHas UTeHune perncTpoB AaHHbIX 0x4
agpecauus UTeHne perncTpoB napameTpoB 0x3
3anncb 0gHOro perncrpa napaMmeTpoB 0x6
3anncb 0QHOro HECKONBLKMX pernctpos napameTtpos | 0x10
Pabota c UteHne gaHHbIX dhanna 0x14
cpannosbiMm 3anucb gaHHbIxX daiina 0x15
3anucsamm
[wnarHocTtnyeckune UteHue ID (cepuriHoro Homepa) 0x11
OaHHble

0x2 - YTeHne ANCKpPETHbIX BXOAOB

OTa dyHKumMa ucnoneayetca ans yteHna ot 1 go 2000 gUCKPETHBLIX BXOAOB.
Hymepaumsi AnCKpeTHbIX BXO4OB HAYMHAETCS C HynA. 3HayeHnsa 6utoB: 1 — COOTBETCTBYET 3aMKHYTOMY
COCTOSIHUIO BXoAa, 0 — pasOMKHYTOMY.

3anpoc
PyHKUUA 1 6ant 0x2
HavyanbHbIN agpec 2 banTa Ox0-OxFFFF
KonuyectBo BxogoB | 2 6anta 1-2000 (0x7D0)
ANnsa YTeHus

OTBeT
DPyHKUUNA 1 Gant 0x2
Yucno 6ant 1 6anT N*
BanTtbl cocToAHUA N* x 1 6ant
BXO40B

Owwubka
PYyHKLUMNA 1 6ant 0x82

Kog owwmnoku 1 6ant 0x1, Ox2, 0x3 nnun 0x4
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N* = [KonuyecTBO BXOAOB Ans 4TeHus|/8, ecnu octatok > 0, To npuHumaeTca N=N+1

Mpumep 3anpoca COCTOSAHUA AUCKPETHbIX BXxogoB 197-218 yctponcTtea ¢ agpecom 0x1

3anpoc OtBet
Appec Ox1 Apnpec Ox1
PYyHKLUUA 0x2 PyHKUMA 0ox2
HauanbHbIN agpec 0x0 Yucno G6ant 0x3
(cTapwmin 6anT)
HavanbHbI agpec 0xC4 CocTosiHMA BxoaoB OxAC
(Mnagwmmn 6anT)

204-197
KonuyectBO BXxoooB 0x0 CocTosiHNA BXOOOB 0xDB
(cTapwwumn 6aunT)

212-205
KonuuyectBO BXOO0B 0x16 CocTosiHns BXoAoB 0x35
(Mnagwmn 6anT)

218-213

0x1 - YTeHune cOCTOSIHUA pesieUHbIX BbIXOAO0OB

OTa dyHKuMA ucnonbdyeTtca Ansa YteHns ot 1 go 2000 penenHbIX BbIXOOOB.
Hymepaums penenHblx BbIXO40B HaYMHAETCS € Hyns. 3HayeHnst 6UToB: 1 — COOTBETCTBYET BKIHOYEHHOMY
COCTOSIHUIO BbixoAa, 0 — BbIKIMIOYEHHOMY.

3anpoc
DPyHKUMNA 1 6ant Ox1
HavyanbHbIN agpec 2 banTa 0Ox0-OxFFFF
KonuyectBo 2 bawnta 1-2000 (0x7D0)
BbIXOA4O0B OJAl YTeHUs!

OTBeT
PyHKUUA 1 6ant 0x1
Yucno 6ant 1 6ant N*
BanTbl cocTosiHUA nx 1 6ant n=N* nnn n=N+1
BbIX040B
Owwunbka
PyHKUMA 1 6ant 0x81
Kopg owwmnoku 1 OanT 0x1, 0x2, Ox3 nnu

0x4




N* = [Konu4yecTBO BbIXOAOB Ans 4YTeHus|/8, ecnu octatok > 0, To npuHumaeTca N=N+1

Mpumep 3anpoca cocTosHNA penenHblx Bbixogos 20-38 ycTponctBa ¢ agpecom 0x1

3anpoc OTtBet
Appec Ox1 Appec Ox1
PyHKUMA Ox1 DyHKUMA 0x1
HauanbHbIN agpec 0x0 Yucno GanT 0x3
(cTapwmin 6anT)
HavanbHbI agpec 0x13 CocTosiHMA BbIXOAOB OxCD
(Mnagwmmn 6anT)

27-20
KonuyectBO BXxoooB 0x0 CocTosiHMA BbIXO40B 0x6B
(cTapwwumn 6aunT)

35-28
KonuuyectBO BXOO0B 0x13 CocTosiHMA BbIXO40B 0x05
(Mnagwmn 6anT)

38-36

0x5 - 3anncb COCTOAAHMA OQHOro perieHoro Bbixoaa

3Ta PyHKUMS UCMonb3yeTcsa AN 3anncy COCTOSHMSA OOHOMO PenenHoro Bbixoaa no BbiopaHHOMY
agpecy.

Hymepauusi peneiiHbix BbIXOA0B HaYMHaeTcs ¢ Hyns. 3HavyeHust pernctpoB: OXFFO0 — cooTBeTCTBYET
BKIIOYEHHOMY COCTOSIHMIO Bbixofa, 0XOOFF — BbIKMHOYEHHOMY.

Mpw ycnewHoM BbINOSIHEHNM KOMaHAbl B OTBET YCTPOWCTBO MPUCHINAeT KOMNuIo 3anpoca.

3anpoc
DPyHKUMNA 1 6ant 0x5
Appec Bbixoaa 2 banTa Ox0-OxFFFF

3HaueHue ana 3anucu | 2 6anta OXFFOO mnnun OxO0FF

OTBeT
DPyHKUUNA 1 6ant 0x5
Appec Bbixoaa 2 banTa Ox0-OxFFFF
3HauyeHue ans 3anucu | 2 canTa OxFFOO0 mnun OxO00FF
Owwunbka

DPyHKUUA 1 6ant 0x85




Kog owwmnoku

1 6anT

0x1, 0x2, 0x3 unn 0x4

Mpumep BKkNtOYEHUs penenHoro Beixoga 173 yctponcTea ¢ agpecom 0x1

(Mnagwmn 6anT)

(Mnagwwnn 6anT)

3anpoc OtBet

Anpec Ox1 Appec Ox1
PYyHKLUUA 0x5 PyHKUMA 0x5
Appec Bbixoaa 0x0 Appec Bbixoaa 0x0
(cTapwmin 6anT) (cTapwmin 6anT)

Appec Bbixoaa OxAC Appec Bbixoaa OxAC
(Mnagwmmn 6anT) (Mnagwun 6anT)

3HayeHue Bbixoaa OxFF 3Ha4yeHue Bbixoga OxFF
(cTapwmin 6anT) (cTapwmin 6anT)

3HayeHue Bbixoaa 0x00 3Ha4yeHue Bbixoga 0x00

OxF - 3anucb COCTOSAHUA HECKONMbKUX peneﬁHblx BbIX040B

OTa (byHKLI,VIFl ncnonbldyeTtca Aana 3anmcm COCToOAHNA HEeCKOJNbKNX peneVlelx BbIXOO0B Bbl6paHHOFO

JAvanasoHa agpecos.

Hymepauuns penemnHbix BbIXO40B HaYMHAETCs C Hynsl. 3Ha4YeHnst BUTOB: 1 — COOTBETCTBYET BKIHOYEHHOMY
COCTOSIHUIO BbIx0oAa, O — BbIKIIOYEHHOMY.
Mpun ycnewHoM BbINONHEHMN KOMaHAbl OTBET UMeET dhopmMaT: PYHKUNSA, HavarnbHbIA agpec 3anncu, YUCro

3anncaHHbIX penethblx BbIXOO0B.

3anpoc
PyHKUUA 1 6ant OxF
HavanbHbI agpec 2 bawnta 0x0-OxFFFF
Yucno BbixogoB ana | 2 banTta 1-2000 (0x07B0)
3anucm
Yucno 6ant 1 Gant N*
3HayeHue ans 3anmcu | N* x 1 bant

N* = [Konn4yecTBO BbIXOA0B Ans 4YTeHus|/8, ecnu octatok > 0, To npuHumaeTca N=N+1

OtBeTt
DPyHKUUNA 1 Oant OxF
HavyanbHbIN agpec 2 banTa 0x0-OxFFFF
Yucno 3anucaHHbIX 2 6anTa 1-2000 (0x07B0)

penenHbIX BbIXOO40B




Owwunbka

PYyHKLUUA

1 OanT

Ox8F

Koa owmnoku

1 OanT

0x1, 0x2, 0x3 nnn 0x4

Mpumep 3anucK cocTosHNA penenHblx Beixogos 20-30 ycTporcTBa ¢ agpecom 0x1

(Mnagwwmn 6anT)

3anpoc OTtBeT

Appec Ox1 Anpec 0x1
PyHKUMA OxF DyHKUMA OxF
HavanbHbIN agpec 0x0 HavanbHbIN agpec 0x0
(cTapwwun 6anT) (cTapwun 6anT)

HavyanbHbIN agpec 0x13 HavanbHbIN agpec 0x13
(Mmnagwwunn 6anT) (Mmnagwwun 6anT)

KonnyectBO BbIXOOOB 0x0 KonnyectBO BbIXOOOB 0x0
(cTapwwumn 6aunT) (cTapwwun 6amnT)

KonnyectBO BbIXOOO0B OxA Konn4yectBO BbIXO4OB OxA
(Mnagwmn 6anT) (Mnagwmmn 6anT)

Yucno 6ant 0x2

3Ha4yeHue OxCD

(cTapwmin 6anT)

3HauveHune 0x1

0x4 - YTeHune perucTtpoB AaHHbIX

OTa yHKUMA ncnonb3dyeTcsa Ana nocnegoBatenbHOro YyteHms ot 1 oo 125 pernctpos gaHHbIX.
Hymepauuns pernctpoB HaumHaeTcs ¢ Hynsa. Peructpbl 16-Tu GUTHbIE, 6e33HaKoBbIE UK 3HaKoBbIE (B
A0ononHUTENbLHOM Kofe). 32-x GUTHbIE perncTpbl pa3busatoTcs Ha ABa 16-Tm BUTHBIX crnoBa B popmarte
[Hlword, LOWword]

3anpoc
DyHKUMNA 1 OanT 0x4
HavyanbHbIN agpec 2 banTa O0x0-OxFFFF
KonuyectBo peructpoB | 2 6anta 1-125 (0x7D)
ANA YTeHus

OtBet
DPyHKUUNA 1 Oant 0ox4
Yucno 6ant 1 6anT 2 X N*
BanTbl peructpoB N* x 2 6ant




N - KonnyectBO perncTpoB AnAa YTeHuns

Owmnbka
PyHKUMA 1 6ant 0x84
Koo owmn6ku 1 6ant 0x1, 0x2, 0x3 nnn 0x4

Mpumep 4TeHus permcTpa 9 yctponctaa ¢ agpecom 0x1

3anpoc OTBeT

Appec Ox1 Appec Ox1
PyHKUUA 0x4 PyHKUMA 0Ox4
HayanbHbIM agpec 0x0 Yucno 6ant 0x2

(cTapwmin 6anT)

HavanbHbIN agpec 0x8 3HaueHue perncrpa 0x0
(Mnagwmn 6anT)
(cTapwwun 6anT)

Konu4yecTtBO perncrpoB 0x0 3HauyeHue perucrtpa OxA

(mnagwwun 6anT)
(cTapwmin 6anT)

KonuuyecTtBO peructpoB Ox1

(Mnagwwmn 6anT)

0x3 - YteHune pernctpoB napameTpoB

OTa PyHKUMA ncnonb3yeTcsa Ana nocnegoBaTtenbHOro YteHms ot 1 go 125 perncrpos napameTpos.

Hymepauuns pernctpoB HaumHaeTcs ¢ Hyns. Pernctpbl 16-1n 6UTHbIE, 6e33HaKoBbIE UK 3HaKOBbIE (B
JONoNHUTENbHOM Kofe). 32-X OUTHbIE perncTpbl pa3busatoTca Ha ABa 16-Tn GUTHBIX croBa B hopmaTe
[Hlword, LOWword]

3anpoc
PyHKUMNA 1 OanT 0x3
HavyanbHbIN agpec 2 6anTa 0x0-OxFFFF
KonuyectBo peructpoB | 2 6anta 1-125 (0x7D)
Ans YTeHun

OTBeT



PyHKUMNA 1 6ant 0x3
Yucno 6ant 1 6anT 2 X N*
Bantbl peructpoB N* x 2 6anT

N - KonnuectBO perncTpoB AnAa YTeHuns

Owwnbka
PyHKUMA 1 6ant 0x83
Koa owmnoku 1 6ant 0x1, 0x2, 0x3 nnun 0x4

Mpumep uteHus pernctpoB 108-110 yctponctea ¢ agpecom 0x1

3anpoc OtBeT

Appec Ox1 Appec Ox1
DPyHKUMUA 0x3 PyHKUMA 0x3
HavyanbHbIN agpec 0x0 Yucno 6ant 0x6
(cTapwwun 6aunT)

HavyanbHbIN agpec 0x6B 3Ha4eHue peructpa 108 0x2

(Mnagwwunn 6anT)
(cTapwmin 6anT)

KonuuyecTtBO perucrpoB 0x0 3HauveHue peructpa 108 0x2B
(Mnagwmn 6anT)
(cTapwuminn 6anT)

KonunuectBo perncrpos 0x3 3HaueHue peructpa 109 0x0
(Mnagwwun 6anT) (cTapwmin 6aunT)
3HaueHue peructpa 109 0x0

(Mnagwmn 6anT)

3HaueHue peructpa 110 0x0

(cTapwmin 6aunT)

3HaueHue peructpa 110 0x64

(Mnagwwmn 6anT)

0x6 — 3anucb ogHOro perucTtpa napamMeTpoB
OTa PyHKUMA NCnonb3yeTcsa AN 3anMcy O4HOro perncTpa napameTpoB.

Hymepauuns pernctpoB HaumMHaeTcs ¢ Hyns. Pernctpbl 16-T1 6UTHbIE, 6e33HakoBble Unu 3HaKoBble (B
[ONOSTHUTENBbHOM Kofe).



I'IpV| ycnewHOoM BbINMOJTHEHNUN KOMaHObl B OTBET yCTpOIZCTBO npucblJiaeT KOMnuo 3anpoca.

3anpoc

PyHKUMA 1 6ant 0x6

Apnpec peructpa 2 6anTa 0x0-OxFFFF

3HauyeHue gna sanucu 2 banTa Ox0-OxFFFF
OTBeT

PyHKUMA 1 6ant 0x6

Apnpec peructpa 2 6anTa 0x0-OxFFFF

3HayeHue ong 3anucu 2 banTta Ox0-OxFFFF
Owwnbka

PyHKUMA 1 6ant 0x86

Koo owmn6ku 1 6ant 0x1, Ox2, 0x3 nnn 0x4

Mpumep 3anucu Yucna 3 B perucTp 2 ycTporcTea ¢ agpecom 0x1

3anpoc OTtBeT

Appec Ox1 Appec Ox1
PyHKUUA 0x6 DPyHKUMA 0x6
Apnpec peructpa 0x0 Apnpec peructpa 0x0
(cTapumin 6anT) (cTapwminn 6anT)

Apnpec peructpa Ox1 Apnpec peructpa Ox1
(Mnagwwun 6anT) (Mnagwmn 6anT)

3HayeHue Ans 3anucu 0x0 3Ha4yeHue ans 3anucu 0x0
(cTapwwun 6anT) (cTapwwmn 6anT)

3HauveHue gna 3anucu 0x3 3HavyeHune ong 3anucu 0x3
(Mnagwun 6anT) (Mnagwun 6anT)

0x10 — 3anucb oAHOro perucTpa napameTpos
OTa yHKUMA ncnonbadyetcsa ansa 3anvcn 1-123 permctpa napaMmeTpos.

Hymepauuns permctpoB HaumHaeTcs ¢ Hyns. Pernctpbl 16-1n 6uTHbIE, 6€33HaKoBbIE UK 3HaKOBbIE (B
OOMNOMHUTENbHOM Kofe).

an/l yCneLwHOM BbINOMTHEHUN KOMaHObl OTBET UMEET d.)OpMaTI d)yHKLl,I/IFI, HavanbHbI agpec 3anncu, 4nmcno
3anncaHHbIX PeErncTpoB.



3anpoc

PyHKUMA 1 6ant 0x10

Agpec Hayana 3anucu 2 banTa 0Ox0-OxFFFF

Yucno peructpos 2 6anTa 0x0-0x7B

Yucno 6ant 1 6ant 2 X N*

3HavyeHus gnsi 3anucu N* x 2 6ant | Ox0-OxFFFF...
OTBeT

PyHKUUA 1 6ant 0x10

Apgpec Hayana 3anucu 2 banTa 0x0-OxFFFF

Yucno 3anucaHHbIX perucTtpoB | 2 6anta 1-123(0x7B)

N - KonnuectBO perncTpoB And 3anncu

Owwnbka
PyHKUUA 1 Gant 0x90
Kon owmnoku 1 6ant 0x1, 0x2, 0x3 nnun 0x4

Mpumep 3anuck uncen 10 n 258 B gBa perncTtpa, HaumHada ¢ agpeca 1, yctponctea ¢ agpecom 0x1

3anpoc OtBeT

Anpec Ox1 Anpec Ox1
PyHKUMA 0x10 DPyHKUMA 0x10
Apapec Havyana 3anucu 0x0 Appec Hayana 3anucu (ctapwun 6anT) 0x0
(cTapuminn 6anT)

Apgpec Hayana 3anucu Ox1 Appec Hayana 3anucu (Mnagwun Ox1
(Mnagwwmn 6anT) 6anT)

3HauyeHue gns 3anucu 0x0 Yucno 3anucaHHbIX perucTpos 0x0
(cTapwwun 6anT) (cTapwwmn 6anT)

3HauyeHue gnga 3anucu OxA Yucno 3anucaHHbIX perucTpos 0x2
(Mnagwwun 6anT) (Mnagwwun 6anT)

3Ha4yeHue gnsa 3anucum Ox1

(cTapwwun 6anT)

3HayeHue ansa 3anucu 0x2

(Mnagwwun 6anT)




0x14 — YteHune 3anucu channa
OTa yHKUMA ucnonb3yeTca Ans YTeHne annos.

dann coctont 13 3anmncen. Kaxxabin pann moxeT cogepxatb ao 1000 3anuncen ¢ agpecaunen ot 0
4o 9999.

CDyHKLl,I/IFI no3BONAEeT CHUTbIBAaTb HECKOJIbKO rpynn 3anncen B OgHOM 3arnpoce.

[nunHa cymTbiBaeMOK 3anvcy AomkHa OblTb BbiOpaHa Takom, YTOObl ANMHA OTBeTa He npeBbicuna
253 banTa.

3anpoc
PyHKUMA 1 6ant 0x14
Yucno 6anT 3anpoca 1 6ant 0x7-0xF5
Fpynna 1. Tun 3anpoca 1 6ant 0x6
Fpynna 1. Homep danna 2 banTa 0x1-OxFFFF
Fpynna 1. Homep 3anucu 2 GanTa 0x0-0x270F
Fpynna 1. AnuHa 3anucu 2 banTa N
Fpynna 2. Tun 3anpoca 1 6ant 0x6
Fpynna 2. Homep cdanna 2 GanTa Ox1-OxFFFF
Fpynna 2. Homep 3anucu 2 banTa 0x0-0x270F
Fpynna 2. AnvHa 3anucu 2 banTta N

OtBet
DPyHKUMNA 1 6ant 0Ox14
Yucno 6anT oTBeTa 1 6ant 0x7-0xF5
Fpynna 1. AnvHa 3anucu 1 6ant 0x7-0xF5
Fpynna 1. Tun 3anpoca 1 6ant 0x6
Fpynna 1. flaHHbIe N x 2 6ant
Fpynna 2. AnvHa 3anucu 1 6ant 0x7-0xF5
Fpynna 2. Tun 3anpoca 1 6ant 0x6
Fpynna 2. [laHHbIe N x 2 6anT

Ownbka
PyHKUUA 1 6ant 0x94

Kog owwmnoku 1 banTa 0x1, Ox2, 0x3, 0x4 unun 0x8




Mpymep YTeHna 2-x rpynn AaHHbIX, YCTPOMUCTBa ¢ agpecom 0x1

- 2-X perncTpos u3 pavna 4, HaumMHas ¢ perucTpa 1;

- 2-X perncTpos u3 havna 3, HaumMHas ¢ permcTpa 9:

(Mnagwwmn 6anT)

(Mnagwmn 6anT)

3anpoc OTtBeT

Anpec 0Ox1 Appec Ox1

PyHKUMA 0x14 | ®yHKUmMA 0x14
Yucno G6anT OxE Yucno G6ant 0xC
Fpynna 1. Tun 3anpoca 0x6 Fpynna 1. AnuHa 3anucu 0x5

Fpynna 1. Homep canna 0x0 Fpynna 1. Tun 3anpoca 0x6

(cTapwmn 6anT)

Fpynna 1. Homep danna 0x4 Mpynna 1. QaHHble 1 0xD
(Mnagwwmmn 6anT) (cTapwwmn 6anT)

Fpynna 1. Homep 3anucu 0x0 Fpynna 1. JaHHble 1 OxFE
(cTapwmn 6anT) (Mnagwwun 6anT)

Mpynna 1. Homep 3anucu Ox1 Mpynna 1. JaHHble 2 0x0

(Mnagwun 6anT) (cTapwmin 6anT)

Fpynna 1. AnuHa 3anucum 0x0 Fpynna 1. aHHble 2 0x20
(cTapwwun 6anT) (Mnagwwmn 6anT)

Fpynna 1. AnuHa 3anucu 0x2 Fpynna 1. AnuHa 3anucu 0x5

(Mnagwun 6anT)

Fpynna 2. Tun 3anpoca 0x6 Fpynna 1. Tun 3anpoca 0x6

Fpynna 2. Homep canna 0x0 Mpynna 1. QaHHble 1 0x33
(cTapwumin 6anT) (cTapwmin 6anT)

Fpynna 2. Homep canna 0x3 Fpynna 1. aHHble 1 OxCD
(Mnagwwmn 6anT) (Mnagwwun 6anT)

Mpynna 1. Homep 3anucu 0x0 Mpynna 1. QaHHble 2 0x0

(cTapwun 6anT) (cTapwwmn 6anT)

Fpynna 1. Homep 3anucu 0x9 Fpynna 1. daHHbIe 2 0x40




Fpynna 1. AnvHa 3anucu 0x0

(cTapwwumn 6aunT)

Fpynna 1. AnuHa 3anucu 0x2

(Mnagwmn 6anT)

0x15 — 3anucb 3anucu canna

OTa dyHKUMS ncnonb3yeTcs anst 3anucy ansnos.

dann coctonT n3 3anucen. Kaxabin dann moxeT cogepxaTb Ao 1000 3anncen ¢ agpecaument ot 0
0o 9999.

DYHKLMSA NO3BONSIET 3aNUChIBaTb HECKOMNbKO rpynmn 3anucen B O4HOM 3arpoce.
[nvHa 3anucu aomkHa ObITh BbIOpaHa Takon, YTOOb! ANnHA OTBEeTa He npeBbicuna 253 baiiTa.

I'Ipvl ycnewHOM BbINOJTHEHNN KOMaHObl B OTBET yCTpOIZCTBO npucblSiaeT KoMnuo 3anpoca.

3anpoc
PyHKUMA 1 6ant 0x15
Yucno 6anT 3anpoca 1 6anT 0x9-0xFB
Fpynna 1. Tun 3anpoca 1 6ant 0x6
Fpynna 1. Homep cdanna 2 bavTa Ox1-OxFFFF
Fpynna 1. Homep 3anucu 2 banTa 0x0-0x270F
Fpynna 1. AnuHa 3anucu 2 bavnTa N
Fpynna 1. laHHbIe N x 2 6aunt
Fpynna 2. Tun 3anpoca 1 6ant 0x6
Fpynna 2. Homep cdanna 2 bavta Ox1-OxFFFF
Fpynna 2. Homep 3anucu 2 banTa 0x0-0x270F
Fpynna 2. inuHa 3anucu 2 banTa N
Fpynna 2. flaHHble N x 2 6anT

OTtBer
PyHKUMA 1 6ant 0x15
Yucno 6anT 3anpoca 1 6ant 0x9-0xFB
Mpynna 1. Tun 3anpoca 1 6ant 0x6
Fpynna 1. Homep canna 2 banTa 0x1-OxFFFF
pynna 1. Homep 3anucu 2 banTa 0x0-0x270F




Fpynna 1. AnuHa 3anucu 2 6anta N
Fpynna 1. aHHble N x 2 6anT
Fpynna 2. Tun 3anpoca 1 6ant 0x6
Mpynna 2. Homep danna 2 bavta 0x1-OxFFFF
Fpynna 2. Homep 3anucu 2 6anTa 0x0-0x270F
Fpynna 2. AnvHa 3anucu 2 6anTa N
Fpynna 2. flaHHbIe N x 2 6anT
Owwnbka
DyHKUMNA 1 6ant 0x95
Kon owmnoku 1 6anTa 0x1, 0x2, 0x3, 0x4 unn 0x8

Mpymep 3anucu rpynnbl JaHHbIX, YyCTponcTBa ¢ agpecom 0x1

- 3-X perncTpos B dhanne 4, HaumMHas ¢ perucTpa 7;

3anpoc OTtBeT

Appec Ox1 Appec Oox1
PyHKUUA 0x15 | dyHKumMA 0x15
Yucno G6ant OxD Yucno G6ant 0xD
Twun 3anpoca 0x6 Tun 3anpoca 0x6
Homep cdanna 0x0 Homep cdhanna 0x0
(cTapwwun 6anT) (cTapwwmn 6anT)

Homep cbanna Ox4 Homep danna 0x4
(Mnagwwmn 6anT) (Mnagwwmn 6anT)

Homep 3anucwm 0x0 Homep 3anucu 0x0
(cTapwun 6anT) (cTapwwmn 6anT)

Howmep 3anucu 0x7 Homep 3anucu 0x7
(Mnagwwmn 6anT) (Mnagwmn 6anT)

OnwvHa 3anucu 0x0 OnuHa 3anucu 0x0
(cTapwun 6anT) (cTapwwmn 6anT)

OnvHa 3anucn 0x3 OnuHa 3anucu 0x3




(Mnagwumn 6anT)

(Mnagwun 6anT)

(Mnagwwmmn 6anT)

(Mnagwmmn 6anT)

DaHHble 1 0x6 OaHHble 1 0x6

(cTapwwun 6anT) (cTapwwmn 6anT)

OaHHble 1 OxAF | OaHHbIe 1 OxAF
(Mnagwwun 6anT) (Mnagwwun 6anT)

OaHHble 2 0x4 OaHHble 2 Ox4

(cTapwmin 6anT) (cTapwmin 6anT)

[daHHbIe 2 OxBE | daHHbIe 2 OxBE
(Mmnagwwun 6anT) (mnagwwun 6anT)

daHHbIe 3 0x10 | daHHble 3 0x10
(cTapwmn 6anT) (cTapwmin 6anT)

OaHHble 3 0OxD OaHHble 3 OxD

0x11 - YteHune ID (cepunnHoro Homepa)

3Ta PyHKUUS UICNONb3yeTes Arst YTEHUS CEPUAHOro HoMepa n3nenus

3anpoc
‘ dyHKuMA 1 GanT 0x11
OTtBet
PyHKUUA 1 6ant 0x11
Yucno 6ant 1 Gant
BawnT ID ycTtponctea 2 banTta (6asoBbIn agpec B
dopmaTe CTPOKM)
Baunt cTaTtyca 1 Gawnt OXFF
BanTtbl Homepa (rr nnnn) | 6 6ant (Homep B hopmate
CTPOKM)
Ownbka
PyHKUMA 1 6ant 0x91

Kog owwmnoku 1 banTa Ox1 vnu 0x4




Mpumep uteHuns ID SVA-35D, ycTponcTsa ¢ agpecom 0x1

3anpoc OtBet

Appec Ox1 Appec 0x1

PyHKUUA 0Ox11 PyHKUMA Ox11
Yucno 6ant 0x8
BanT ID ycTponctea 0x36
Baut ID ycTponcrtea 0x30
Bant craTtyca OxFF
Bant Homepa 1 0x31
Bant Homepa 2 0x33
Bant Homepa 3 0x30
Bant Homepa 4 0x30
Bant Homepa 5 0x30
Bant Homepa 6 0x31

Koaobl onboK:

0x1 — owmbka yHKUMM

0x2 — owmnbka agpeca gaHHbIX

0x3 — owmnbka 3Ha4YeHMs JaHHbIX

0x4 — owmnbka 06paboTkn JaHHBIX YCTPOMCTBOM

0x8 — owmnbka YeTHOCTN AaHHbIX panna (ansa dyHkumnn 0x14, 0x15)




