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O BCY>KOAEM TEMY ...

KommyHukaumoHHble cpeppbl ans HyXq,
NPOMBILLINIEHHON GBTOMATM3ALMM

M.C. Ckeopuos (AO «CIMUK C3MA»)

Paccmotpera cipyktypa craHgapToB, ORMCHLIBAIOLUMX MPOTOKOMbI A8 MPOMbILSIEHHBIX CETeH, PeanM3oBaHHbIX Ha 6a3e
npotokona Ethernet. Onmcan kommyHukaumonHbisi npoduns nporokona TCnet. [MpusegeHs! ocHoBHbie OCOBEHHOCTH
peanuzamm NpoTokosa, 3aKMOYAIOLMECS B MCMOMb30BAHMM BETEPMUHMPOBAHHOTO YNIOPIROYEHHOTO MHOXKECTBEHHOTO METORA
pocryna (DOMA) k cpege nepenauM, NPUMEHSEMOTO HA KAHQNbHOM YPOBHE M OOLYell PA3[EenseMoli namsti cem,
peanu3oBaHHON Ha MPMKIIGRHOM YPOBHE. YKa3aHbI OCHOBHbIE TEXHMYECKME XapakTepmcTikn cetn TCnet.

Kntouessie cnosa: mpombiuneHHble ceTn peansHoro BpemeHH, KOMMYHMKALMOHHbIE MPO@MnmM u npotokonsl, mporokon TCnet,
AETEPMMHMPOBAHHBIN YMOPSBOYEHHbIN MHOXECTBEHHBIN BOCTYN, OBLYas MaMsTh CETH.

B mpoMbIlUIEHHO aBTOMATU3alMU IPOUCXOAUT I10-
CTOSIHHOE YCIIOXHEHME CUCTEM YIIPaBJICHUS, OHU CTAHO-
BITCS Bce 0oJjiee TePPUTOPHUAIbHO-PACIpeaeIeHHbIMMU.
BospacTtaer 4McCli0 MHTE/UIEKTYalbHbIX AaTYUKOB, IIPU-
BOJIOB, YCTPOMCTB, MU COOTBETCTBEHHO YBEIMUMBAETCS
00beM MepeaaBacMbIX JaHHBIX.

B Hacrosiiee BpeMsl TpaguLIMOHHBIC OJIEBbIC IIMHbI
AKTUMBHO BBITECHSIIOTCS IOJIEBbIMU IIIMHAMM, OCHOBaH-
HbIMM Ha mportokojax Real-Time Ethernet. HecmoTps
Ha IIMPOKOe pacmpocTpaHeHue mpoTtokoja Ethernet
B Pa3JIMYHBIX CETSIX Mepefauyd AaHHbIX, B MPOMBIIILIEH-
HOCTM 10 HEIaBHEro BPEeMEHU MpPUMEHEHME IPOTOoKOojIa
Ethernet OblJIO cpaBHUTEABLHO orpaHmyeHo. [TpuynHo
3TOro fABJIIeTCs OOUH U3 HemocTatkoB cereil Ethernet,
a MMEHHO HEBO3MOXHOCTb (DYHKIIMOHUPOBAHMUSI B TakK
Ha3bIBAEMOM PEXKMME PEAIbHOTO BPEMEHU.

PabGota B pexume peaqbHOToO Bpe-

HOBHBIM goctonHcTBOM Metoga CSMA/CD gBnsercs aB-
TOMaThYecKasi peryJrupoBKa 3arpy>KkeHHOCTH KaHaJa CBsI-
3u. [Ipu Bo3pacTaHUM HArpy3Ku YyBEJIMYMBAETCS YUCIIO
KOJUIM3UH, U BCJIE 32 9TUM YBEJUUYMUBAETCSI UHTEPBAJ 3a-
JIepXKu. MHTepBan oXuAaaHUs SIBISIETCS MPOU3BOJbHOMN
BEJIMYMHON U 3aBUCUT OT MHOXeCTBa NMpu4nH. MMeHHO
3TOT UHTEPBAJ BPEMEHU SIBJISIETCS OCHOBHBIM HEAOCTAT-
KOM, HEAOMYCTUMBIM IIJI1 pabOThl B PEXUME PEATTbHOTO
BpeMeHU. B pesynabTaTe 3TOrO paccuuTaThb TapaHTUPO-
BaHHOE BpeMs LIMKJIa Mepelayr TaHHbIX HE MPEeACTaBIIsI-
€TCsI BO3MOXHBIM.

OCHOBHBIM pelleHrueM, nmo3BoJsioium cetsaM Ethernet
paboTath B peabHOM BPEMEHU, SBJSIETCS BBEICHUE JO-
TOJTHUTEbHOTO MEXaHU3Ma, WMCKJIIOYAIOLIEr0o BO3HUKHO-
BeHUe Koyuu3uii. [TosTomy Bo Beex mpoTokosax Real-Time
Ethernet (mpoToKosnax peajlbHOrO BpeMEHU, OCHOBAHHBIX
Ha Ethernet) Tak iy nHaue 3Ta rnpooyema peiieHa [1].

MEHU He 00si3aTeJIbHO O3HayaeT ITOBbI-
IIE€HHOE 6LICTpOZ[€fICTBH€, HO rapaH-

MpuknagHon ypoBeHb

K nHacrostmeMy MOMEHTY CYIIECTBY-

TUPYET BBIMOJHEHUE 3a/1aYy 32 KECTKO
3alaHHBI TTPOMEXYTOK BpeMeHM. Ta-

KaHanbHbIn ypoBeHb

€T MHOXECTBO IIPOTOKOJIOB Iepemadyu
MAHHBIX, PAOOTAIOIINX B PEATbHOM Bpe-

KM 00pa3oM, ITOA ITPOMBIIUIEHHON
CETBIO PeaIbHOTO BpeMEHM MTOHUMAETCST

dusnyecknin ypoBeHb

MeHU 1 ocHOoBaHHBIX Ha Ethernet, xoto-
pbIe MCITOJIB3YIOTCSI B IIPOMBIIIUIEHHOM

CCThb IEpcaayu OaHHLIX, B KOTOpOVI ra-
PAHTHUPYETCA OOCTaBKa IMakKeTa JaHHbIX
OT OTHPaBUTEJIA OO0 ITOJydaTeid 3a CTPO-

cpena

aBroMaTu3alvu. OCHOBHBIE IIPOTOKO-
JIbI BXOAST B MEXAyHApOAHbIE CTaHAap-
16l IEC 61784 «IIpOMBILIJIEHHBIE CETH.

r0 3aJaHHbII TTIEPUOJ BPEMEHU.

Pan npoTokosioB, 06a3upyIOIIUXCS
Ha Ethernet, HecMOTpsi Ha BO3MOXHOCTb
paboThl Ha BbicOKUX ckopocTsx (Fast
Ethernet — 100 Mo6wur/c, Gigabit Ethernet — 1 T'éut/c),
HE MOJACPXUBAIOT PEXUM peasibHOro BpeMeHu. [lpuuu-
Ha Kpoetcs BHyTpu npotokoyia IEEE 802.3, B koTopoM
ucrnoibayercs metoa noctyna CSMA/CD (MHOXecTBeH-
HBII TOCTYI C KOHTPOJIEM HECYIIeil W ompenesieHrneM
KOJUTU3WIT), OTIPENeNSIIONINIA TIOBeIEHUE Y3JI0B CETU TIPU
oTmpaBKe/mpueMe NaHHbIX. Havath mepemady maHHBIX
KOHKPETHBII y3eJl CETU MOXET TOJbKO KOTHA MOXAETCS
3aBepIleHUST Tlepenayu NaHHBIX ApyruMu y3namu. Oc-
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Puc. 1. basosas mogens
npomsiwnenHor cetm (IEC 61158-1)

ABTOMATUIALUMWNA B

IMpodmwm» n IEC 61158 «Cetn s
rnepenayu MpOU3BOACTBEHHBIX JaHHBIX.
Crneundukanum MoJieBbIX IIINH».

Cranpaptr IEC 61158 wucnoas3yer
NPUHLUMIIBI U METOHOJOTHI0 0a30BOil 3TajJlOHHOU Mope-
JIM B3auMoOAeHCTBUSI OTKpHIThIX ceteil OSI, cocrosieit
U3 ceMu ypoBHed. OTIMYMe 3aKI4aeTcsl B TOM, 4TO
(YHKIIMM MPOMEXYTOUHBIX YpoBHeit moaenu OSI, a umeH-
HO C TPEThEro IO ILECTOM, MOIYT OBbITh pPeaju30BaHbI
Ha KaHaJIbHOM YpOBHE (YpOBEHb JIBa) WJIK HA MPUKIIATHOM
ypoBHe mNpuioxeHus (ypoBeHb ceMb). Ha puc. 1 mpen-
cTaBjieHa 0a30Basi MOJEJb IIPOMBIILJICHHON CEeTH, MpUBe-
neHHast B crangapre IEC 61158-1.

MPOMDBIWLUWIMTEHHOCTM
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Puc. 2. Bsammocssss IEC 61784 / IEC 61158 c cemeicTsamm KOMMyHHUKQUHOHHBIX MpOpunest n

KOMMYHHUKALMOHHbIX MPOTOKOJI0B

Crangapt IEC 61784 comep:XuUT onucaHUs cemeicme

xommynukayuoruoix npoguaeit (CPF), Kaxmplit U3 KOTOPHIX
oTpenesisieT ONUH UM HECKOJIbKO KOMMYHUKAUUOHHbIX NPO-

mokon06 (CP). Cranmapt IEC 61784-1 onuchIBaeT «Tpaau-
LIMOHHBIE» IPOMBIIILIEHHBIE CETH, (DU3NIECKUI YPOBEHD

KOTOphIX ocHOBaH Ha RS-485. Crangapt IEC 61784-2 omu-
ChIBAa€T IIPOMBIIIIEHHBIE CETH, (DU3UUECKUI1 YPOBEHDb KOTO-
pbix ocHoBaH Ha ISO/IEC 8802-3 (Ethernet). TpeThs yacThb
cranaapra IEC 61784-3 otHocuTcs K GyHKLIMOHAIBHO Oe3-
OMNACHBIM IOJIEBBIM LIIMHAM, KOTOPBIE MOTYT IPUMEHSITHCSI

B CHUCTeMax IpPOTUBOABAPUIA-
HOM 3a1IUTHI (pUC. 2).

bonee moapobHoe omnuca-
HUE TPOTOKOJIOB MPUBOJUTCS
B cemeiictBe cranmaptoB [EC
61158. ®usuyeckuii ypoBeHb
KOMMYHUKALIMOHHOTO IIPOTO-
kona (PhL) nmpuBomurcs B [EC
61158-2, onucaHue KaHaJIbHO-
ro ypoBHs1 npotokojia (DLL)
B IEC 61158-3-tt u IEC 61158-
4-tt, ormicaHue YPOBHS TIPUJIO-
xenust (AL) B IEC 61158-5-tt
u IEC 61158-6-tt. Heobxonu-

MO 3aMEHMTD -tt Ha COOTBETCTBYIOILIMI HOMEp CeMeiicTBa
KOMMYyHUKaoHHoro rpodwrs n3 IEC 61784.

Mporokon TCnet

TCnet — 3TO IPOMBIIUIEHHBIN TPOTOKOJ Ha 0Oase
Ethernet, pa3padoranHbIii KoMmnaHueit Tommba 1 BKITIO-
yeHHbI B cTaHaapt IEC 61784-2 «[IpoMbIlLIJIEHHBIE CETH.
IMpodpunu. Yacte 2. JomomHuTeNbHBIE TPOPUIN TTOJIE-
BOI (MarucTpajabHOM) IIMHBI IJIsI CeTeil, paboTaIOIIMX

Ta6nmya 1. CootHOLIEHME CEMEICTB KOMMYHHKAUMOHHBIX MPOPMIEH M KOMMYHUKALMOHHBIX MPOTOKOOB

CemeiictBa kKoMmyHukanmonnbix npouneit (CPF) IEC 61784 | CoorBercTBHE KOMMYHHKALMOHHOTO npoTokona (CP)
PY THIA MPOMBIILL it mosiesoii mmHbl IEC 61158
CPF Has3ssanue Tom Howmep u nazanue CP Howmep Tuna Tom
1,3 CP 1/1 Foundation H1 1,9 1,2,3,4,5,6
1 FOUNDATION Fieldbus 1,3 CP 1/1 Foundation HSE 5 1,5,6
1,3 CP 1/1 Foundation H2 1,9 1,2,3,4,5,6
1 CP 2/1 ControlNet 2 1,2,3,4,5,6
2 CIP 1,2, CP 2/2 EtherNet/IP 2 1,4,5,6
1,3 CP 2/3 DeviceNet 2 1,4,5,6
1,3 CP 3/1 Profibus DP 3 1,2,3,4,5,6
1,3 CP 3/2 Profibus PA 3 1,2,3,4,5,6
3 ggggig‘ﬁ” 2,3 CP 3/4 Profinet 10 CC-A 10 15,6
2,3 CP 3/5 Profinet IO CC-B 10 1,5,6
2,3 CP 3/6 Profinet I0 CC-C 10 1,5,6
4 P-NET 1 CP 4/1 P-NET RS-485 4 1,2,3,4,5,6
2 CP 4/2P-NET on IP 4 1,3,4,5,6
5 WorldFIP 1 CP 5/1 WorldFIP 7 1,2,3,4,5,6
1 CP 5/2 WorldFIP with subMMS 7 1,2,3,4,5,6
1 CP 5/3 WorldFIP min for TCP/IP 7 1,2,3,4,5,6
1,3 CP 6/1 INTERBUS 8 1,2,3,4,5,6
1,3 CP 6/2 INTERBUS TCP 8 1,2,3,4,5,6
6 INTERBUS 1,3 CP 6/3 INTERBUS subset CP 6/1 8 1,2,3,4,5,6
2 CP6/4, CP6/5, CP6/6 8 1,2,3,4,5,6
1,3 CP 8/1 CC-Link/V1 18 1,2,3,4,5,6
1 CP 8/2 CC-Link/V2 18 1,2,3,4,5,6
8 CC-Link 1 CP 8/3 CC-Link/LT 18 1,2,3,4,5,6
2 CP 8/4 CC-Link/IE Controller Network 23 1,5,6
2 CP 8/5 CC-Link/IE Field Network 23 1,5,6
9 HART 1 CP 9/1 HART 20 1,2,3,4,5,6
- CP 9/2 WirelessHART 20 See IEC62591
10 Vnet/IP 2 CP 10/1 Vnet/IP 17 1,2,3,4,5,6
2 CP 11/1 TCnet -star 11 1,2,3,4,5,6
11 TC-net 2 CP 11/1 TCnet -loop 100 11 1,2,3,4,5,6
2 CP 11/1 TCnet -loop 1G 11 1,2,3,4,5,6
12 EtherCAT 2,3 CP 12/1 12 1,2,3,4,5,6
2,3 CP 12/2 12 1,2,3,4,5,6
13 Ethernet POWERLINK 2,3 CP13/1 Powerlink 13 1,3,4,5,6
2 CP 15/1 Modbus TCP 15 1,5,6
15 MODBUS -RTPS 2 CP 15/2 RTPS 15 1,5,6
1 CP 16/1 SERCOS 1 16 1,2,3,4,5,6
16 SERCOS 1 CP 16/1 SERCOS 11 16 1,2,3,4,5,6
2,3 CP 16/1 SERCOS 111 19 1,2,3,4,5,6
17 RAPIEnet 2 CP 17/1 RAPIEnet 21 1,3,4,5,6
2,3 CP 18/1 SafetyNET p RTFL 22 1,3,4,5,6
18 SafetyNet p 2.3 CP 18/2 SafetyNET p RTFN 2 1.3.4.5.6
1 CP 19/1 MECHATROLINK-IIT 24 1,3,4,5,6
19 MECHATROLINK 1 CP 19/2 MECHATROLINK-III 24 1,3,4,5,6
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MpuKnaaHoi ypoBeHb TELNET, FTP, HHTP, OPC

BbIIC KaHAJIbHOIO  YPOBHA

Obwan namaTL, ceTy (Data Link Level) npencrasie-

TpaHCNOPTHBI YPOBEHb UPD, TCP Hbl B OOBIYHOM HEU3MEHHOM
5 Hert Buze. OTO O3HAYAET, YTO IPU-

Ceresoi yposeHs P JIOXEHUS, KPUTUYHbBIE K Bpe-
ISO/IEC 8802-3 CneuuanbHoe pacluMpeHue ans MeHM 00MeHa, UCTIONB3YIoLINe

KaranbHbIN ypoBeHb
ynpaBrieHMa pacnucaHmem

npuema/nepeaaun Ha IIPUKJIATHOM YPOBHE OOILYIO

duanyecknii yposeHb ISO/IEC 8802-3 (Pesep

pasncisAicMy1o IaMATb IMPOTO-

BMPOBaHHEIN) kosa TCnet, paboTaroT mapa-

Puc .3 KommyrukaymorHsisi npodmms cetn TCnet

B peaibHOM BpeMeHHu Ha 6a3ze ISO/IEC 8802-3». Cemeii-
CTBY KOMMYHUKaIIMOHHBIX ITpoduseit TCnet B cTaHgapTte
HazHaueH Homep 11 (CPF 11). lonoaHuTteabHass UH(Op-
Marust o rporokojie TCnet puBeneHa B COOTBETCTBYIO-
mux yactsax cranmapta IEC 61158 «Cetu mig nepemayu
MMPOMU3BOACTBEHHBIX JTAaHHBIX. CrielnuKalny MOJIEBBIX
mwuH». IIpotokon TCnet oTBeuaer TpeOOBaHUSIM IPO-
MBIIIUIEHHO aBTOMaTU3alluy, oOecrieynBaeT MpeacKa-
3yeMylo M HaJleXXHYIO Tepenavdy NTaHHbBIX, MMOAIePXIBaeT
00OMEH NaHHBIMU MEXIY pa3INIHBIMM TEeXHUYSCKUMU
CpelnCcTBaMU aBTOMATU3alIUM (B TOM YKCJIE U C TIOJIEBBIMU
YCTPOMCTBAMHU) B MPUJIOXKEHUSIX, TPEOYIOIINX Tiepeaadn
JMAHHBIX B peXXUMe peabHOTro BpemeHu. [1poTokoir mom-
JNEPXKUBAET CUHXPOHU3ALIUIO BPEMEHU MEXIY KOHTPOJI-
JIepaMM, TIPUBOIAMH, JaTINKAMK U APYTUMU TTOJIEBBIMU
YCTPOUCTBaMMU.

KoMMyHMKaITMOHHBINM TTPOMIITH TIPOTOKOJIA PEaTbHO-
ro BpeMeHu TCnet rmoka3aH Ha puc. 3.

KaHanpHBIN ypOBeHb I CETH PEalbHOTO BpPeMEHU
TCnet wmMmeeT pacHIMpeHHE II0 CpPaBHEHUIO CO CTaH-
JApTHBIM, HO TIPM 3TOM OCTaeTCSI TIOJTHOCTBIO COBME-
CTUMBIM CO CTaHIAPTHBIM MAC-TIPOTOKOJIOM CTaHIAp-
ta ISO/IEC 8802-3. DT0 m03BOISIET OOCTYXMBATh TpahUK
pearbHOro BpeMeH! mpoToKoja TCnet Hapsmy ¢ OOBIYHBIM
Tpapmkom mporokona Ethenet. Ha mpukimagHoM ypoBHe
rporokoia TCnet ucob3yeTcs creraibHast CucTeMa 00-
e pazaenseMoit maMsaTu ceTr. OO0Ias maMsITh CETH — 9TO
IMaMsITh, MCIOJIb3yeMasl TJI00aJIbHO BCeMM KOMMYHUKAIIH-
OHHBIMU y3JIaMH CETH, a TaKKe IMPIIOXKCHUSIMU TSI B3a-
MMOIEUCTBUS ¢ HUMU. JIJIsT IpUJIOKEHUI, MCTIOIb3YIOIINX
cranmapTHbI mpotokoi Ethernet ISO/IEC 8802-3, ypoBHI

A

Livkn nepegaum aaHHbIX (TSYN)

JIEIbHO C OOBIYHBIMM IIPUJIO-

xkeHusiMu. Ha TpaHcropTHOM

YPOBHE IIPOTOKOJIA PEali30Ba-

Hbl JONOJHUTEIbHbIE CIELM-
agbHBIe MeXaHu3Mbl, yKkasanuele B IEC 61158-3-11, oGe-
CIIEYMBAIOLIME pacIpeeeHue M LEeJIOCTHOCTb JaHHBIX
BO BpeMEHHU U ITPOCTPAHCTBE.

B nporokone TCnet peanu3oBaH Tak Ha3bIBaeMBIi Jie-
TEPMUHUPOBAHHBIA YHOPSAOYEHHBIA MHOXECTBEHHBIN
noctynn (DOMA, Deterministic Ordered Multiple Access)
K cpene niepenaun. JlaHHBII METOI TOCTYIIA OCYIIECTBIISICT
JeTePMUHUPOBAHHOE YIIpaBJICHUE TOCTYIIOM K Cpefie, UTO-
OBl N30eXKaTh KOJUTM3UIA, BO3HMKAIOIINX, KOI/Ia HECKOIBKO
Y3JI0B OJHOBPEMEHHO OTIIPABJISIIOT Kaaphl JaHHBIX U TIpe-
JIOCTaBJISIOT BO3MOXXHOCTb OTIPABJISITH JAHHBIE KaXKIOMY
y3JIy B IIOCJI€I0BaTEJbHOM IIOPSIAKE M B TEUCHME 3aJaH-
Horo mepuoaa BpeMeHU. Ha puc. 4 mokazaH OCHOBHOM
MPUHLMI YIPaBAeHUS] TOCTYIIOM K Cpele, peali30BaH-
Holii B TCnet (IEC 61158-4-11 Industrial communication
networks — Fieldbus specifications — Part 4-11: Data-link
layer protocol specification — Type 11 elements).

Bo Bpems Havaia Kaxaoro rmepruoa 1UKJia BBICOKOCKO-
pocTHoI nepenauyu naHHbIX 1Mo ceTu (Tsyn) kaap SYN nepe-
naetcs Ha Bee y3ibl. [1pu nonydyenun kanpa SYN y3el ¢ mo-
cenoBaTeIbHBIM HOMEPOM | HaUMHAEeT OTHPABJISATh CBOU
Kaaphbl JaHHBIX, a Mocje 3Toro nepeaaet ceoit CMP-kanp,
YTOOBI COOOIINTH O 3aBepIICHUU TTepeIayl CBOUX KaapoB
TAHHBIX. Y3ell ¢ HoMepoM N MOXET OTIIPaBJISTh CBOU Ka-
IIpBI JAaHHBIX TOJIBKO TTociie npreMa Kagpa CMP ¢ mpensi-
nyiero (N-1) yazna cetu. ITocie Toro, Kak Bce y3Jbl OTIIpa-
BSIT CBOM KalIphl JAHHBIX, HAYHETCS IEPUOJ ITOMCKA HOBBIX
y3noB. Kagp REQ mo-
CBUTAeTCST HOBBIM Y3JIOM,

\/

3anpalyBaloluM  MOJ-
SYN CMP1 CMP2 cMpPn || REQ syn| KkmodeHue K cetn TCnet.
— — Crenyroiuit cBOOOIHbBIN
BbICOKOCKOPOCTHOM Ii);l' Ig;l' B;r HOMEp TMPUCBANBACTCA
WKN
4 HOBOMY Y31y B MOMEHT
CpeaHeCcKopoCTHOMN oT DT oT
pen umxﬂ 12 2 n2 MPEOCTABIEHUS  paspe-
; oT IIEeHUs] Ha TIPUCOeIUHE-
cnopagunyecknn
7K 13 HUe K ceTu. Bpems moj-
HW3KOCKOPOCTHOM DT KJIIOYEHUSI HOBOIO Yy3J1a
LMK 14 K CETH orpaHnyeHo Tm.
— g — e T2 — | |@— TSn —ple—Tm Kaxnplit y3ea Mmoxer
yaepXXuBaTh IIpaBO Iie-
Puc. 4. Unmoctpayms metoga gocryna k cpege DOMA, peanmsosartHoro 8 nporokone TCnet pemayd OaHHBIX Ha 3a-
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Ysen 1 Ysen 2 Ysen3d  _ _ _ _ _ Ysen n U HU3KOCKOpOoCcTHOM. Kax-
O6was namsTb O6was namsTb O6was namsTb O6was namMsaTe  nplif y3en OTIPABISIET BBICO-
< . 1 < 1 [ | KOCKOpPOCTHBIE LIMKINYECKUE

DT1 DT1 DT1 DT1 .
KaJpbl JaHHBIX KaXIblii pas,
DT2 DT2 DT2 DT2 KOrma OH IIONTy4YaeT IIPaBO
nepenauu. J[laHHble OoJiee
DT3 DT3 DT3 DT3 HU3KHUX IIPUOPUTETOB, TO €CTh
LIIMKJINIECKUEe JaHHBIC Cpell-
| | | | HECKOPOCTHOTO IIMKJA, CIIO-
paguyeckue naHHble Ethernet
| | | | 1 JaHHBIE HU3KOCKOPOCTHOTO
| | | | LIMKJIa OTMPABISIIOTCS WU
HE OTIPABISIOTCS B 3aBUCH-
DTn | DTn | DTn | DTn MOCTH OT OCTaBIIEroCsl Bpe-
MEHM TIOCJIe TIepeladr BHICO-
KOCKOPOCTHBIX IIMKJIMYECKIX

TCnet JTAHHBIX.

Bpemst ymepxxanus Tipa-
Puc. 5. Konyenuyma o6uyest namsm cet TCnet Ba Tepelaudl KaXIOoro y3jia
OIIpeNeIISICTCS CACIYIOITUMU
manHoe BpeMms (Tsl, Ts2, ... Tsn) u mokeH OTIPaBUTH HACTPOMKAMU: BpPeMs BBICO-
csoit kanp CMP (okoHuaHMe nepenayn) CICAYIOIIEMY KOCKOPOCTHOTO, CPEIHECKOPOCTHOTO, HU3KOCKOPOCT-

Y371y, TOTOBOMY IIPMHSITH IIpaBa Ilepenadyd, B TCUCHUE
CTPOTO YCTAaHOBJICHHOTO IIPOMEXYTKa BpeMeHU. JlaHHEBIE,
ToUIeXaIe 00sS3aTeIbHOM OTIIpaBKe, W NaHHBIC, OT-
MpaBKa KOTOPBIX MOXET OBITh MEepeHeceHa Ha CIeHylo-
MW [IUKI, OTIPEISIISTIOTCS IIPUOPUTETOM TaHHBIX.

Kak BumgHO U3 puc. 4, IIUKI Mepenayr TaHHBIX BKIIIO-
YyaeT KakK KpUTUIYecKre UKInYeckre gaHHbie cetu TCnet,
TaK W CIIOpaJUYecKylo Tepenayy COOOIIEHUI OOBIYHOTO
Ethernet. [laHHbIe peaJlbHOTO BpeMeHHU MepeaatoTcs UK -
YeCKU I10 CeTH M paslesieHbl Ha HECKOJIbKO MPUOPUTETOB.
Kaxnomy mpropuTeTy COOTBETCTBYET CBOI LIMKJI ITepeaadn
naHHbIX. IIpotokon TCnet ompenensieTr Tpu LIMKIA Iepe-
IaYu JAHHBIX: BBICOKOCKOPOCTHOM, CPEIHECKOPOCTHOM

Ta6nmya 2. OcHoshble TexHuyeckme xapaktepuctuku cetn TCnet

HOTrO LIMKJIOB, BpeMsl LIMKJIA Iepedadyy CIopaardecKux
Ethernet-cooOmieHuii, o0beM MAaHHBIX Tepedadd s
KaxIoro y3ia.

Ilocne oTmpaBKu BceX BBICOKOCKOPOCTHBIX IIMKJIM-
YECKUX JAaHHbBIX y3eJ OTIIPaBJsIeT LIMKIMYECKUE TaHHbIS
CpeaHecKOpocTHOro Lukiaa. Ecim Bpemsi ynepxXaHus
IpaBa Mepeaayn 3aKaH4YMBaeTCs IPU OTIPaBKe CPEIHE-
CKOPOCTHBIX LIMKJIMYECKUX NAHHBIX, Iepenadya CpemaHe-
CKOPOCTHBIX LMKJIWYECKUX NAHHBIX IIpepbIBaeTCs, U
otnpasnsietcss Kagp CMP. Korma N-ii y3en cHoBa 1o-
JIydaeT IpaBO Ha Ilepenady, TO cHavyaja OTIPaBJISIOTCS
BCE BBICOKOCKOPOCTHbBIE IIUKJIMYECKUE JaHHbIE, a 3aTeM
OCTaBILMECS] C MPEAbIAYIIEro pa3a JaHHbIE CPETHECKO-

POCTHOTO U JAPYTUX Oojiee MEMICHHBIX LU-
KJIOB.

ITapamerp Onucanue

CKopoCTb TIepesiadyl JaHHbIX 100 M6wur/c

JlocTyna k cpene nepenauun DOMA (neTepMHHUPOBAHHBIN YIOPSIOIEHHBII

MHOKECTBEHHBIH JOCTYIT)

Ha puc. 5 mokazaHa KOHUENUWST LWKJIU-

Tononorus JIBoitHOE KOJIBIIO, 3BE3/a

YecKom nepeaaynu AJaHHLIX C MCIIOJb30BaHU-

Paccrosnue MakcumanbHas JUIHHA MKy Y3J1aMu:
OHOMO/IOBOE ONTOBOJIOKHO: 8KM
MHOroMo10BO€ ONTOBOJIOKHO: 2KM

Butas napa: 100 m

eM obuieit paszgensieMoirn nmamsiTu cetu TCnet
(IEC 61158-5-11 Industrial communication
networks — Fieldbus specifications — Part

Yucio y3ios Jlo 254 y3nos

5-11: Application layer service definition —

PexxuMmbl niepeaun Tukmuaeckuit

BericokockopocTHo# nmki: ot 1 10 160 Mc
CpenneckopocTHO# nukit: ot 10 1o 1000 mc
HuskockopocThoii uki: ot 100 1o 10000 mc

Iepenaya coobmenuii TCP/IP

Type 11 elements). Ilpu obmeHe HaHHBIMU
HCIIOIBb3YeTC MEXaHW3M IHKINYECKOro IIH-
POKOBEIIAaTeIbHOTO OOpallleHus] K o0mieil ma-
MSTH CeTH, KoTopasi (U3MIECKU pean30BaHa

Yucno NUKIMYECKUX JaHHBIX 128KW (croBol6 bit)

2048 6mokoB nepenaun (oauH 670K 10 64 CI0B)
OObeM TaHHBIX HA y3ei:

BeicokockopocTHOU nuKi: 64 Groka
CpenHeckopoCcTHO# UK 128 610K0B

HuskockopoctHoii ruki: 384 Grnoka

B KaXJIOM Y3JI€ CETU U COAEPKUT KOMUIO 001Ie-
ro ajpecHoro mnpocTtpaHcTBa. OOIas nmamsTh
paziesieHa Ha OTAeJIbHbIe 00J1acTU ISl JAaHHBIX
Kaxnaoro ysjna. OOHOBJIeHHE 00JIAaCTH JAAHHBIX

CHHXpOHHU3ALHS BPEMEHI C ToyHocTbIO 10 10MKC

KOHKPETHOI'O Yy3Jjia B IIaMATU BCEX Y3JI0B ITPOUC-

XOOUT B TCUCHUEC CbI/IKCI/IpOBaHHOFO OUKIINYEC-

cKoro nepronaa. Takum 00pa3oM, KOHTPOJIIEPEI

u opyrue ycrpoiictBa cet TCnet MOTYT OBICTPO

Ka6enb Menp Butas napa kareropus Se

Ornruka Onruyeckuii kadens (62,5/125 nmu 50/125)
Pazbem Menb RJ-45

Omnrtuka MT-RJ

MTOJIYYUTH JOCTYI K JAHHBIM APYT IpyTa.

ABTOMATHU3IALUMA B

MPOMBILUWNEHHOCTM
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Cetb TCnet MoOXeT OBITh MOCTPOEHA MO TOIMOJOTUU
3Be31a (C BOBMOXHOCTBIO pe3epBUPOBAaHNUS KaHAIOB CBSI-
31) WM ABOWHOro KoJjblia. Bricokas 0TKa30ycToOvm-
BocTb ceTu TCnet B ciyyae IBOMHOM KOJIbIIEBOI TOIOJIO-
UM JOTOJHUTEIbHO O0ecIieuyrBaeTCsl 3a CYeT TOro, 4To
JIBUXKEHUE MTaKeTOB TaHHBIX B KaXKIOM KOJIbIIE BOZMOXKHO
B 000MX HaIlpaBJICHUSIX, YTO MO3BOJISIET CETU COXPaHSITh
paboTOCIOCOOHOCTh MPU HAIUMYUM IBYX OOPHIBOB B Ka-
HaJlax CBSI3HU.

OcHOBHBbIE TeXHUYECKME XapakTepucTuku cetu TCnet
MpUBEACHBI B TAOIULIE.

Cetb TCnet ucnonb3yeTcss He TOJbKO TSI CBI3U MEX-
JIy KOHTPOJIJIEpaMM, CTAHIIMSIMU OTlepaTopa, MpUBOIaMU,
JaTYNKAaMH W OPYTUMU WHTEJICKTYaIbHBIMH TTOJIEBBIMU
ycrporictBaMu. B HoBelillleM MOKOJIEHUU KOHTPOJUIe-
poB cepuu nv pupmbl Toshiba crieliaibHO BbIAEIEHHOE
NIBOMHOE pe3epBUPOBaHHOE KOJbIo ceT TCnet ucmosb-
3yeTcs JUIs oIpoca MojyJieil BBoaa,/BeiBoaa. it oTpake-
HUS CIIelIM(PUKA 1 Ha3HAYeHUS JaHHOM CeTU OHA HOCHUT
HazBaHue ceTh TCnet /0. MakcumanbHOE YHUCIIO Y3JIOB
B cetu TCnet 1/O ymeHbiieHo o 32 ef., YMCciIo MOIyIei
BBOZa/BBIBO/IA, MOAKIIOYAEMOE K KaXXIIOMY Y3y paBHO
16 en. Takoe pelieHKre 00J1agaeT BEICOKOM HAaAEXKHOCThIO
U OTKa30yCTOMYMBOCTHIO, HEOOXOMMMOM NJIsT HETIPEPhIB-
HBIX TIPOIIECCOB, a TAKXKE BHICOKOM CKOPOCTBIO HEOOXO-
IUMOT TS OBICTPHIX TIPOLIECCOB TaKMX, KAaK YIIPaBICHUE
nepemMelieHueM uau aBrkeHueM. st cetm TCnet Bpe-
MsI BBICOKOCKOPOCTHOTO CKaHa MOXET COCTaBJIATh BCe-
ro 100 Mkc, BpeMsl CpeIHECKOPOCTHOTO ckaHa — 1 Mc.

Takas CKOPOCTb ITO3BOJIMJIa OTKAa3aTbCd OT paSpa6OTKI/I

MOIyJIeil MapaijIeIbHOTO BBOIA/BBIBOIA IUISI NV CEPUU
koHTpoJmiepoB Toshiba. Ecim HeobOxoaumo momkimoye-

Crnenuanuctbl kKoMmrmanuu “MonyinbHbie Cruictembl TopHamo” 3aBepiiaioT
MOHTaX Y HaJlaaKy aBTOMaTl/Bl/lpOBaHHOﬁ CUCTEMBbI TEXHOJIOTUYECKOI'0 KOHTPOJIA
(ACTK) mapamMeTpoB OCHOBHOTO U BCIIOMOTATEILHOTO TEXHOJOTUYECKOTO 0060-
pynoBanusi Ha Kemeposckoit [POC. B oobeme BHenpenust 2017 r. — 1242 kana-
J1a BBoJa/BbiBozia. [lepsast cragust BHenpeHusi ACTK oxsaTbiBaeT KoTsioarperar
Ne 13 u ACTOII (aBTOMaTU3MpOBaHHAsI CHCTEMa pacyeTa TeXHUKO-9KOHOMUYe-
CKHX MOKa3aTesieit) CTaHLUH.

B xome paGoThl ocyliecTBiieHa aBTOMAaTH3alusi cOopa U MEePBUYHON 0Opa-
60TKM MHGMOPMAIIUKY € 3aMEHOM ycTapeBIIMX aTIUKOB U nipubopoB KUIT Ha co-
BpeMEHHOEe 000pynoBaHue U ycTaHOBKOW APM Ha paboune Mecta MalllMHUCTOB,
obecrieueHa aBToMaTuyeckasi repeaaya TeKyIleil 1 apxXuBHOW TEXHOJIOTMYECKOM
uHbopManuu Ha ypoBeHb ACY MPOU3BOJICTBA, TEXHUUECKUE CIIELUATUCTBI U Py~
koBoautenu Kemeposckoit [POC 1 OO0 «Cubupckasi reHepupyIoliasi KoMra-
HUSI» Tellepb 00eceYeHbl TO0CTOBEPHON OIEPATUBHOI U PETPOCTIEKTUBHON MH-
dopmanmeii.

LenTtpanbHoit yacthio ACTK siBiisieTcsi MporpaMMHO-TEXHUYECKUIT KOM-
miekc (ITTK) «Topuano-N», pa3paboranHblii kommnanueir «MomyiabHble Cucre-
Mbl TopHamo» M BKIJIIOYAIONIMII TTPOTPAMMHUpPYEMBIE CPEICTBA aBTOMATHU3ALIMU
U Ipyrue cpeiactsa BelMMCaUTENbHOM TexHUKU. Kpome TTTK B coctaB cuctembl
BXOZIUT 0OOPYIOBAHUE TIOJIEBOTO YPOBHS: TaTYMKU, BTOPUYHBIE TPUOOPHI, CYET-
YHMKH 3JIEKTPUIECKOI SHEPTUH.

MuHoBaunonHoe apxurektypHoe pemeHne [1TK “Topuano-N” nospossier
K (byHKIMOHMpYIOLIEH cucTeMe N00aBISATh NONOJIHUTEIbHbIE MOMYIU, TPUYEM
9Ta Mpolienypa He TpeOyeT MonudUKaLK NeHCTBYIOEN YacTi cucTeMbl. Kom-
TUIEKC COOTBETCTBYET TPEOOBAHHMSIM TEXHMYECKUX periaMeHTOB TaMoXXeHHOro
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HUE TapajuIeJIbHOTO BBONIA/BHIBOMA TIPEIBIIYIIIUX CEpUil
KOHTPOJUIEPOB, TPeOyeTcsl MCIOIb30BaTh CreluaibHbIe
KOMMYHUMKAITMOHHBIE MOIYJIU.

OcobenHocTu nporokoja TCnet MO3BOJISIIOT CTPOUTH
CETU peaJIbHOTO BPEeMEHU, OO0JIafalolive IMOBBIIIEHHON
OTKa30yCTOMYMBOCTBHIO M BO3MOXKHOCTBIO «TOpsTUeii» 3a-
MeHbl Kabeseir u obopymoBaHust ceTu. IIpoTtokon mno
YMOJIYaHUIO TIPENIIoIaraeT MCIOIb30BaHUE PE3ePBUPO-
BaHHOU Cpenbl TMepeaadynd DAaHHBIX, YTO TTOJTHOCTHIO MC-
KJTIOYAeT 3aJepKKy TEPEeKITIOUeHUsT MEXIY OCHOBHBIM
U pe3epBHBIM KOMMYHUKAIIMOHHBIM KaHanmoMm. Cucrema
TPEXypOBHEBOTO TMPHOPUTETA ITIepeaadyd LMKIMIeCKIX
JIAHHBIX TTO3BOJISIET TIPUMEHSTh ceTu TCnet He TONBKO
B aBTOMATU3allMM HETIPEPBIBHBIX TTPOIIECCOB, HO U B CH-
cTemMax YIpaBiIeHUs TIEpeMelIeHUeM U JABUXCHUEM,
B PEILIEHUSIX, TPEOYIOIINX TApAaHTUPOBAHHOM U OBICTPOiL
peakiiuu cuctemMbl ympapiaeHus. Cucrema BBOJA/BbI-
BOJIa HOBEUIIIETO TOKOJIEHUSI KOHTPOJUIEPOB NV (hUPMBbI
Toshiba wucnonb3dyer mpotokonm TCnet M TOIOJOTMIO
JIBOMHOTO PE3epBUPOBAHHOTO KOJbIA. DTO MO3BOJIMIO
HCITIOJIb30BaTh MOayIM BBoaa/BeiBoaa TCnet I/0 xax mis
aBTOMATU3alUU OBICTPBIX, TAK U HEMPEPBIBHBIX MPOLEC-
COB, TEM CaMbIM CTepasl TpaHb MEXIy IOCIeq0oBaTeb-
HBIM Y TIapaJUIeJIbHBIM BbIBOJOM/BBIBOIOM.
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Colo3a u criocobeH padotath 15—20 JieT B “XecTKUX” MPOMBIIICHHBIX YCIOBHSIX,
YTO OYE€Hb BAXKHO IJId KPUTHUYECCKHU BaXKHBIX 00BEKTOB. B ero cocraB BKIIIOYEHbI
OEe3BEHTIIIATOPHBIE TPOMBINIIEHHbIe KoMmibioTepbl IPC Gridex u mMomynu BBO-
na/BeiBona MIRage (Takxe pa3pabaTbiBaeMble W TPOU3BOIUMBIE KOMITaHUEH
“MonynbHble CuctemMbl TopHamo”).

B kauecte 1O cepBepa npuioxenuit ucronbsyercss AISTSrv (takke pas-
padotka MCT). APM unxenepa ACTK ocHallieH HEOOXOAMMbIMU CIIeLUaTU3U-
POBAHHBIMHU [TPOrPAMMHBIMU UHKEHEPHBIMH ITAKETAMU, TI03BOJISIIOLINMH PEIIaTh
3a1a4k OOCITYyXXKUBAHUS U MOIM(DUKALIMY CUCTEMBbI:

— MporpamMMaMy JUCTAHIMOHHOM 3arpy3ku npukiagsoro [1O B TexHosIOrH-
YEeCKUe KOHTPOJUIEPHI;

— CPEICTBAMU TUATHOCTUKY U BBISIBIICHVSI HEUCTIPABHOCTEH;

— CPEJICTBAMU PE3ePBHOTO KOITMPOBAHUS U BOCCTAHOBIICHUSI KOHTPOJLIEPOB;

— PenakTOpOM HaCTPOEYHBIX APAMETPOB B KOHTPOJLIEPAX;

— KoHpurypaTopom [1TK.

BHenpeHye HOBOII cricTeMbl TOBBINIAET ycToiunBoCcTh Kemeposckoii [POC
K cOOSIM M aBapusiM 3a CYeT OTCJIEXMBAHUSI BCEX MapaMeTpOB OOOPYIOBaHMUS
B pEeXUME PeaJbHOr0 BPEMEHH, TOBBILICHNS ONEPATUBHOCTH M Ka4eCTBa yIpPaB-
JieHust ripousBozcTBoM. CobpanHasi u obpadoranHasi ACTK texHonoruvyeckast
uHbOpMaLuUs MepefaeTcsi B MPOrpaMMHBINA MH()OPMAIIMOHHO-PACYETHBIN KOM-
TUIEKC MOIEPXKKY IIPOM3BOICTBEHHBIX IIPOLIECCOB TeIUI03JIeKTpocTanLmii. [Tocne
MOJTHOW pean3aliy MPOeKTa CHcTeMa OyleT OXBaThIBATh BCE CTAHLIUM TPYIIITBI
KOMITaHWI SHEPTOXOJIIUHTA, YTO CO3IACT YCIOBUS LIS NIOOATBHOI ONTUMU3ALN
BBITIOJIHEHNUSI rpacvKa TeTIOBOIi M 2JIEKTPUIECKOI HArpy3KH ¢ HaMOOJIbIIEH 9KO-
HOMUYECKO 3(h(PeKTUBHOCTHIO.
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