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ANNAPATHLIE CPEJICTBA

CETEBOE ObOPYJIOBAHHE

% BcTpaMBaemble KOMMYTATOPbI
Ethernet: Bpema npuwino

Ponbe-Lurep 3ommep, Ppark Bavi

B crartbe onucbiBaoTCS NpakTUYECKME NPEUMYLLECTBA NPUMEHEHUS BCTPAMBAEMbIX
KOMMYTATOPOB, AAH KPATKMIM 3KCKYPC MO TEXHONOMMSIM pe3epeuposanms Ethernet.
Takxe paccMoTpeHbl TexHU4eckue ocobeHHocTH BcTpansaemoro moayns Hirschmann EES20,

BO3MOXHbIe cnocobbl ero NPUMEHEeHMUs.

BcrpanBaemble CHCTEMBI — TEPMUH HE
HOBbIN. [IpoLlecCOpHBIE MOMYIM W YMIIBI,
MHTETPUPOBAHHBIE B ABTOMOOMIIM, JOMAILI-
HMEe KUHOTEATphbl, CMapT(OHbBI, OBITOBYIO
TEXHWKY, U3MEHWIM HE TOJbKO IPOMYK-
LMIO Pa3IMYHbIX OTpPAC/eil POMBIIILIEH-
HOCTH, HO M XU3Hb B 1I€JIOM. TOproBbie
BBICTABKM, BO3HMKIIIME B PAMKAX Pa3BUTHSI
STOrO HaIpaBJIeHYs, IPEBPATIINCH B PETy-
JISIPHBIE MEPOIIPUSITHSI MUPOBOIO YPOBHSI:
BbicTaBka Embedded World B HropbGepre
oTnpasaHoBaia 10-meTHMil 100ueil, KOH-
depenumn Embedded Systems B Cuuko-
HOBOI1 NOJIMHE UCTIOJTHMWIOCH 24 rofia.

CeronHst 98% xommytaropoB Ethernet
SIBJISIIOTCS] BHEIIHUMU (PU3MUYECKUMU YCT-
poiictBamu. Takoe Bblae/ieHe KOMMYTa-
TOPOB IPUBOIUT K aBTOMATUYECKOMY
pasrpaHUYCHUI0 KOMMYHUKALMOHHBIX U
MPUKIAAHBIX 3a1a4. OIHAKO CYIIECTBYIO-
LIMe TeHIEHLMM K CO3JAHUIO BBICOKO-
MHTETPUPOBAHHBIX YCTPOMCTB, C OMHOM
CTOPOHBI, U K MOCTOSIHHOMY CHUXKEHUIO
radapuToB CUCTEMbI U €€ ce0eCTOUMOCTH,
C JIPYroii CTOPOHbBI, HABOMASIT HA MBIC/Ib O
pa3pabotrke kommMmyTtatopoB Ethernet,
BCTPOEHHBIX B KOMIIOHEHThI aBTOMAaTH3a-
LMK IPOMBIIIUTEHHOM TEXHUKM.

OT BHEWWHMX KOMMYTATOPOB
K BCTPAMBAEMbBIM

[lepBbie BCTpauBaemble YIpPaBISieMbIE
KOMMYTATOPbI ObLIU MPEACTABIECHBI OKOJIO
NIBYX JIeT Ha3al. [JlaHHbIe ycTpoiicTBa ObUTH
pa3paboTaHbl [UI WHTErpauuu Ha 6a-
30BYIO IIaTy GOPTOBBIX cUCTeM. MBI
BUIMM, YTO BCTpamMBaeMble CUCTEMBI
IIUPOKO TPUMEHSIIOTCA B CaMOW Pa3sHON
TEXHUKE, U OXHUAAEM, YTO BCTPAMBAEMBIE
KOMMYTAaTOPbl CTAHYT HEOTbeMJIEMOMI
YaCTbIO MPOMBILIJICHHOW aBTOMAaTH3aLUH.
Pazpabotuuku cpencts aBToOMaTU3aLUU
OJIy4aT BO3MOXHOCTb CO3/1aBaTh CUCTEMBI

C MEHBIIMMU rabapuTaMu U BCTPOSHHBIMU
BO3MOXHOCTSIMU Tepeaayu JaHHBIX I10
npotokojgaM  ProfiNet,  Ethernet/IP,
EtherCAT (puc. 1, 2). Dranbl pa3BUTHS
MPOMBIIIUIEHHBIX KOMMYHUKAIIMI, HaYM-
Hasi oT mosiBieHusi TexHonorun Ethernet
oosee 20 yeT TOMy Hazaj, MpeaCcTaBICHbBI
Ha Bpe3ke «KpaTkuii 3KCKypc B UCTOPHUIO
MPOMBIIIUIEHHBIX KOMMYHUKAIIUL».

WurerpupoBanue Ethernet-texHonoruii
B YCTPOIMCTBO C HYJISl — HEMpPOCTasl 3a1a4a.
BcerpauBaembie Ethernet-momynu 3amoJi-
HSIIOT OFPOMHBII MPOo0eT MeXIy BHEITHU-
MM yIpaBiseMbIMM KOMMYTaTOpamMu U
KOMMYTaILIMOHHBIMY YUTIAMU1, UHTETPALIMS
KOTOPBIX SIBJISIETCSI CEPhE3HOM 3a1a4eit 1ist
paspadoTunkoB. Eciu roBoputh 0 paspa-
0OTKE BCTpPaMBaeMOro KOMMYTaTopa, TO
9Ta 3a7aya 3HaYMTEJbHO obJieryaeTcsi, Tak
Kak HayKOEMKUE 3Tallbl 3[1eCh YXe IMpoii-
neHbl. OT pa3pabOTYMKOB He TpedyeTcst
ryookux 3HaHuii Ethernet-rexHonoruii, u
MOXHO TOJHOCTbIO C(POKYCHPOBATHCS Ha
peanu3aluuyu HeOOXOAUMBIX (DYHKILIVIA.

Wcnonb3oBaHue BCTpaMBaeMbIX KOM-
MYTaTOPOB HE TOJBKO MPUBOIUT K CHU-
JKEHUIO BPEMEHM pa3pabOTKU CHUCTEMBbI,
HO U CITIOCOOHO YMEHBIIUTH €€ rabapuThbl
IUJIST TeX TIPUJIOKEHUH, Te, KaK TOBOPUT-
csl, pa3Mep MMeEeT 3HaUeHMUeE.

Puc. 1. BHewHui Bup BCTpauBaemoro
Ethernet-mopyna Hirschmann EES20

[TosiBieHMe BCcTpanBaeMbIX KOMMYTATO-
poB Ethernet B mpoMbIlIIEHHOM 000pYI10-
BaHUU — MPU3HAK TOr0, YTO 3aJa4l KOHT-
POJIst ¥ yIIpaBIeHUST Hepa3aeuMbl ¢ KOM-
MYHMKAIIMOHHBIMU 3amadamu. Kommanust
ARC Advisory Group, 3aHUMalOIIasICsI UC-
CJIeIOBAaHUSIMU B 00J1aCTH TIPOMBIIIEHHO-
ctu U uH@pacTpykTypsl, B 2011 romy
onyoarMKoBajga OTYET IOA Ha3BaHUEM
«BcTtpanBaembie kommyTtaTopsl Ethernet B
KOHEUHBIX YCTPOMCTBax (CpeacTBa BBO-
JIa/BBIBOIAa U YeJIOBEKO-MAITMHHOTO WH-
Tepdeiica, MPUBOILI) MOTYT CHU3UTh CTO-
WMOCTh CUCTEMBI, YIPOCTUTH CTPYKTYPY
CETH, YBEJIMUYUTHh IMPOU3BOAMTEIILHOCTD U
TTOBBICUTH THOKOCTb TOTIOJIOTU».

[MoyrnpoBOTHUKOBBIE TEXHOJOTUH TT0-
3BOJIMJTM YMEHBITUTH Ta0apUTHl KOMMYTa-
TOPOB 3a CYET TIPUMEHEHUsT Ooyiee KOM-
MMaKTHBIX T10 TUTONIAAM TIeYaTHBIX TUIaT.
KoMMyTalnimoHHbIe YWIIBI CTaHOBSITCS
0oJjiee MUHMATIOPHBIMU M MHOTO(MYHK-
IIMOHAJIbHBIMU, BCJIEACTBME YEro BCe
¢yukimn kommyratopa Ethernet moryt
OBITh peaJIn30BaHbl HA KOMIIAKTHOU Tie-
YaTHOI TUTaTe, KOTOpasi BCTPAaWBaeTCsl B
KOMITOHEHTHI TIPOMBIIIUIEHHOW aBTOMa-
Tu3anuu. Takoe perieHne, KpoMe MUHU-
aTIopu3aluyd  yCTPOWCTB, TTO3BOJISIET
000MTUCH MEHBIITUM KOJIMIECTBOM HE00-
XOJUMBIX COCIUHUTEIBHBIX IPOBOJOB U
Pa3bEMOB.

Puc. 2. BctpauBaemblit kommytatop Ethernet

¢ moaynem Hirschmann EES20 (cBepxy)
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[lepBbIM TIpMIIOXEHWEM, TIE WCITONb-
30BJINCH BCTPaMBaeMble KOMMYTaTODPBI
Ethernet, OBIT KOHTpPOJb HATYUKOB U
WCTIOTHUTENbHBIX MEXaHU3MOB, 3aTeM K
STOMY CIUCKY NOO0ABWINCH 3adaull JIOTU-
YeCKOT0 U ANCKPETHOTO KOHTPOJIs, cObopa
JMaHHBIX ¥, HaKoHell, korna Ethernet mo-
CTUT TMPOU3BOAUTENIBHOCTH, TOCTATOUHOM
IUTST paboTHl B peaIbHOM BpPEeMEHM, — 3a-
JaJya TUHAMWYECKOTO KOHTPOJSI CKOPO-
CTH BpaIleHUs.

CpenctBa aBTOMAaTU3allUM C UHTETPU-
poBaHHBIMM KomMyTaTopaMu Ethernet
00671a1a10T BECOMBIMU JOTIOTHUTETbHBIMU
JOCTOMHCTBAMM B TJa3aX KOHEYHOTO
3aKa3unka. BO3MOXHOCTb CIKOHOMUTH
TOSIBIISIETCST HE TOJBLKO HA CTaAuu paspa-
OOTKM CUCTEMBbI, HO U Ha 2Tare dKCIulya-
tauuu. K mpumepy, cTOMMOCTb BCTpau-
BaecMoro KoMmmyrtaropa Ethernet cocras-
nsieT 20—25% OT CTOMMOCTHU OTIETBbHOTO
KOMMYTaToOpa CO CXOXHMU BO3MOXHO-
CTSIMU, TIO3TOMY 0O0I11asl CTOUMOCTh OyaeT
Hike. OTIENbHO CTOUT Y4eCTb DKOHO-
MUIO Ha COENMHUTEJbHBIX MPOBOJAAX U
MO/BOJAKE MUTAHUSI, CEPBUCE U MOAAECPXK-
K€, KOTOPbIE MPOILE MOTYYUTh [0 OLHOMY
YCTPOMCTBY, Y€M I10 IBYM.

CNELIMDPUYECKME
OCOBEHHOCTU BCTPAUBAEMBIX
ETHERNET-MOAYJEN
Ympapnsiemble BcTpamBaeMble Ether-
net-MOoAyJiv TMPEACTABISAIOT IIAPOKUNA

KPATKMI 3KCKYPC B UCTOPUIO NMPOMBIILAEHHBIX KOMMYHUKALMUA

Ha puc. 3 moka3aHO HECKOJBKO 3HAYMMBIX
5tanoB B pa3Butun Ethernet-koMmMyTatopos: ot
OPUTUHATBHBIX KOMMEPUYECKUX CUCTEM, OTITH-
MaJTbHBIX I O(UCHBIX KOMMYHUKAILIUH, [0
OTKa30yCTOMYMBBIX TPOMBITIJIEHHBIX KOMMYTa-
TOPOB, MpPEIHA3HAYEHHBIX IS KPUTHUYECKU
BaXXHBIX TPOM3BOICTBEHHBIX TIPHIOXKCHHIA.

Texnonoruu Ethernet yxe Gonee 20 set. 3a
STH TOJIbI CTEK MTPOTOKOJIOB ObUT HEOJHOKPATHO
MePECTPOCH U PACIIMPEH JUISI TOTO, YTOOBI YI0B-
JICTBOPSITH YCJIOBUSIM HE TOJIBKO 0(hUCHOII ceTe-
BOI1 CPE/IbI, HO ¥ IIPOMBIIIUIEHHBIX TIPHIOXKCHUN
C XapakKTEepPHBIM YIIOPOM HAa NETEPMUHU3M U
oTKa3oycToitunBocTb. Tononoruu cereit Ether-
net pa3BUBAIUCH OT IIETIOYEK K 3BE3IAM U OT
KOJIeIl K CETSIM CO CMEIIAHHOM TOTOJIOTUCH.
IMocnenHue aBe TOMOJOTHH TMOAPA3yMEBAIOT
CXeMbI PEe3epBUPOBAHUSI KAHAJIOB CBS3H,
HEOOXOIUMBIE IS 00ECIIeYeHHSI OTKA30yCTON-
YUBOCTH B TPOMBIILTIEHHBIX TIPUIOKCHHUSIX.

Takoe HacrtymieHue Ethernet-texHomoruii
mo3Bosmio cranaapty Ethernet ykpernuthest B
MPOMBIIIUIEHHBIX CeTsIX. PesepBupoBaHue —
BaXHOE TMOHSITHE B TPOMBIILICHHON aBTOMa-
TU3AIUH, TIe JII0ast OCTAHOBKA TEXHOJIOTUYE-

Habop ceTeBbIX (DyHKIIMI, BOCTpeOOBaH-
HBII CPEeNCTBAMM TIPOMBIIIIJIEHHON aBTO-
MaTHU3alliy, B TUIaHE TIOIIEPKKY pasTnd-
HBIX ceTell U poToKoioB. C HUMU YIIpO-
IIaeTcsl TPeloCTaBlIeHue NaHHBIX, CO-
OpaHHBIX C KOHKPETHOTO 000PYIOBaHUS,
B LIEHTPAJIbHYIO CETEBYIO CUCTEMY YIIPaB-
neHus. CeTeBble YTUJIUTHI, TaKue Kak
Hirschmann HiVision, mo3BoJisioT omnepa-
TOpaM LEHTPaTU30BAaHHO YIPABISATH Ce-
TEBBIMU YCTPOUCTBAMU, a TaKKe OOHOB-
Ja1h [10 u KoHbuUrypanuuio yctpoiicts. B
JOTIOJTHEHUE K 3TOMY CETEBbIE YTUIUTHI
00ecreunBaloT TMpenoCTaBIeHNe CEePBU-
COB TpPEBOT, 0OpabOTKY COOBITUIA, TOMI-
NePXKKy 0a3 JaHHBIX U log-daiinos.
LlentpanuzoBaHHOE ceTeBOE YIpaBie-
HUE SIBJISIETCSI BaXKHBIM 3JIEMEHTOM TPO-
MBIIIJIEHHOM CeTeBOi MH(MPACTPYKTYpHI,
Hapsily ¢ pe3epBUpOBaHUEM, KOHPUTYpU-
pYeMbIMU TUMAMU MOPTOB, (YHKIIMOHU-
pOBaHMEM B peabHOM BpeMeHU, yAaaEeH-
HbIM oO0HOBeHreM [10. IpyruMu BaxkKHbI -
MU dakTopamMu MpU BbIOOpE BCTpauBae-
Mbix MoayJieii Ethernet ciyxar ux npo-
MBIILIJIEHHOE UCTIOIHEHNE U BO3MOXKHOCTh
MOJIyYeHUSI TEXHUYECKOU MOAAEPKKU.

PesepBupoBanue

HoBble cTaHAapThI TIOBBIILICHUST HATEX-
HOCTH CeTeil U CeTEBOrO pe3epPBUPOBAHUS
PRP (Parallel Redundancy Protocol) n
HSR (High Speed Redundancy) npemnmo-
JlaraloT TpeojosieHue cbost B ceTu 6e3

CKOTO TMpollecca MOXET OBbITh OMACHOW U
CTOUTh Joporo. Takue mpoTokobl, Kak MRP
(Media Redundancy Protocol), mo3Bousitor
TPOM3BOIMTENISIM CO3/IaBaTh BBICOKOAETEPMU-
HUPOBaHHBIE CETH C pPE3epBUPOBAHMEM, a
RSTP (Rapid Spanning Tree Protocol) cepné3-
HO COKPAIIaeT CKOPOCTh BOCCTAHOBJIEHUST CETH
mocie c6ost. OMHAKO Ut HEKOTOPBIX MPUIO-
JKEHUI MUJUTUCEKYHIIBI, HEOOXOMUMBIC CETH
IUIST BOCCTAHOBJICHMsI B Cilydae cOOsl, — 3TO
CJIMIIKOM JIOJITHi CPOK. B OTmebHBIX CiTydasix

2001

[MepBbIil MOAYNbHbIRA
KOMMYyTaTop

TexHonorus nepefain
N0 ONTOBOJIOKHY

1990

PesepBupoBaHHoe
Konblo Ethernet

I
----:-- |
1998

[TepBbIit KOMMYTATOP
Ha DIN-peiike

MpeKpalleHnsT Iepeaadn JaHHbIX (HyJe-
BO€ BpEMSI BOCCTaHOBJIEHMS). Takum
obpasom, Ethernet craHoBUTCSI IpPUrO-
HBIM [IJIs1 KPUTUYECKM BaXKHBIX ITPUIIOXKE-
Huii. C amanranmeir PRP u HSR nmost ce-
teit Ethernet ncuesaior mocienHue 6apb-
epbl K IIOBCEMECTHOMY IIPUMEHEHMIO
STHUX CeTeil B IPOMBILIUIEHHBIX Cpeaax.
[MonpobHee mpotokonsl PRP m HSR
npeacraBieHbl Ha Bpe3ke «CraHmapt
IEC 62439. BbicOKOHAIEXHBIE CETH ISk
KPUTHYECKM BaXKHBIX MPUIOXKEHUA».

DyHKLUVUOHUPOBAHUE
B peasibHOM BPEMEHMU

Cranpapt IEEE 1588 v2 ocobeHHO Ba-
>KeH IS pacTipefieIEHHBIX CUCTEM aBTO-
matuzanuu. [Ipotokon PTP (Precision
Time Protocol), onmrcaHHBIN B cTaHIApTe
IEEE 1588, ycraHaBnMBaeT CMHXPOHU3a-
LU0 YacCOB pAacCIpelesI€HHBIX CPEACTB
aBTOMATH3allMM C TOYHOCTHIO MeHee
1 MmuxpocekyHnabl. Ha puc. 4 mpencrasie-
Ha (YHKIIMOHANbHAS CXeMa BCTpauBae-
moro Ethernet-monyna  Hirschmann
EES20. Ha Heit moka3zaHo, 4TO 3a peain-
3anuio PTP orBewaer oTmenbHbIN (yHK-
LIMOHATBHBINA 070K, du3NuecKku mpen-
CTaBJISIIOIIMI COOOM CreUMaTbHYI0 MUK-
pocxemy. KoHTponb ckopocTu Bpatie-
HUSI, pOOOTOTEXHMKA, U3MEPEHUs B pac-
MpeAeJEHHBIX cUcTeMax (CeHCMUUYECKUX
U IIp.) — Haubosee XapaKTepHble TpUMe-
pbl ipuMeHeHus moaynst EES20.

Jake MUKPOCEKYH/IHBIE 3a[IEPKKU HEIOTTyCTH-
Mbl. Hampumep, korma mo ceT mepemaroTcst
Pe3yJIbTaThl U3MEPEHMSI 3HAYCHUI CUITbI TOKA U
HAaMpsDKeHWs Ha MOJCTAHIIMK, TpeOyeTcst
pe3epBUPOBaHNE C HYJIEBBIM BPEMEHEM BOC-
CTaHOBJIEHUST B ciydae cOost. TexHoJoruw,
UCTIONB3YIOINE TMapaJulelIbHOe pe3epBUPOBa-
Hue 1o npotokony PRP (Parallel Redundancy
Protocol) u «beciioBHOe» pe3epBUPOBAHUE
HSR (High Speed Redundancy), mo3Bonsior
VAOBJICTBOPUTH 3TH TpeOoBaHwMs. M

2008
IEEE 1588 v2 ans Fast
1 Gigabit Ethernet

2004

Real-Time
Ethernet (IEEE 1588)

--J-E- o E

MepBbIi NPOMbILLIEHHBIR
MapLUpyTM3aTop

lepBas onTnyeckas cetb
Ethernet

Puc. 3. Itanei pa3Butua Ethernet-kommyratopos

[epBbI KOMMYTATOP
IP67

«becLIoBHOE»
Ethernet-konbuo crangapta HSR
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4 nopta 10/100Base-TX/FX Ynpasnexue IMepesarpyska CUHXpPOHU3AUMS
| KoHHekTop |
I
Brnok
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KommyTtarop Ethernet —
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| | MuKpOKOHTpONEp
KoHTposb pesepsupoBaHmus — Flash
(RSTP, MRP, PRP, HSR)
I I I

BpemeHHas cuHxpoHusaums PTP IEEE (1588-2008)

bnok nutaHns

L KoHHekTop |

2 nopta 10/100Base-TX/FX
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Puc. 4. PyHKuMoHanbHas cxema BctpauBaemoro Ethernet-mopynsa Hirschmann EES20

YaanénHoe o6HoOBNEHME
NporpammHoOro o6ecneuyeHus

B03MOXHOCTH TIPOBOIUTH MOIEPHU3A-
uuio BcTpamBaemoro Ethernet-momyns c
TTOMOIIIBIO TIPOTPAMMHBIX CPEICTB — eIlé
olHa TpPUBJEKATeIbHAsT OCOOEHHOCTD.
[Mocne wHTETpauy MOMy/IsI B KOHEYHOE
YCTPOWCTBO U CAAYM €TO B OKCIUTyaTaIuio
MOXHO TIpOM3BOAUTH oOHOBiIeHuUe I[10
NMACTAaHIIMOHHO.

MpombiLuneHHOEe ucnonHeHue
BcerpanBaembie momynu Ethernet mis
MPUMEHEHUST B CPEICTBAX IPOMBIIUIECH-
HOI aBTOMAaTU3alluy TOJKHBI UMETh TPO-
MBIIJIEHHOE WCITOJIHEHNWE, YTOObI OTBe-
4aTh OCHOBHBIM TPEOOBAHUSIM IKCILTyaTa-
MM B XKECTKUX YCIOBUSX OKpYXalollei
cpensl. HecMoTpst Ha TO 4TO MOMYTH OymeT
YCTaHOBJIEH BHYTPU KOPITyca YCTPOIICTBA,
caMO YCTPOWCTBO MOXET HaXOOUThCS B

arpecCMBHOM cpeie U He obecrneyrBaTb
JIOJDKHOTO YPOBHS 3alUUTHl BHYTPEHHUX
KOMITOHEHTOB. [loatomy nu3aiiH BcTpau-
BaeMbIx Monysieii Ethernet monpasymeBaet
WCITOJIb30BAHUE YMIIOB C PACIIMPEHHBIM
iana3oHoM pabouux Temriepatyp. Takke
ocoboe BHUMaHUE yAETsieTCsl paBHOMEp-
HOMY pacnpeIeIeHUIO TeIUIa 110 MeYaTHON
iare, Tak Kak oOpa3oBaHME TOpSYUX
TOYEK TPUBOLUT K TMOBBILIEHUIO BEPO-
SITHOCTH OTKa3a uznenus. s 3aiuTsl oT
BBICOKOM BJI&XXHOCTUM M arpecCUBHBIX
JIETYYMX COEIVHEHUI MPUMEHSETCS CIie-
L1agbHOE KOH(MOPMHOE MOKPBITUE TIeyaT-
HOM IJ1aThl U HAITassHHBIX 2JIEMEHTOB.

NMPUMEPLI NPUMEHEHMUS

B kauecTBe mpumepa TMPUMEHEHUS
BcTpanBaembix Ethernet-momyneit MoxxHO
TPUBECTU TIPOU3BOJACTBO TMPOMYKTOB ITH-
TaHus. [JlaHHBII TTpollecC COTIPOBOXKIAET-
CsI TIOCTOSTHHOW YMCTKOW U TIPOMBIBAHU-
eM O0OpYNIOBaHUS CTENNATbHBIMU KU~
KOCTSIMU M XMUMHUKATaMU TIOI BBICOKUM
nasieHneM. B HomeHkmaType obopynoBa-
HUST UMEIOTCSI KaK MOPO3WIBHUKY, TaK U
1e4Yu, MOITOMY AMAna3oH paboumx Tem-
reparyp BecbMa IIMPOK.

CtAHAAPT |EC 62439. BhICOKOHALEXHBIE CETU A1 KPUTUYECKU BAXHbIX MPUTOXEHUI

B oTmume oT KoMMepUecKux ceTeii, rie Ha
TIEPBOM MECTE CTOUT MPOITYCKHAST CIOCOOHOCTb,
a KOpPOTK¥Ee COOU CBSI3U AOMYCTUMBI, TIPOMBIIII-
JICHHBIE CETU TOJKHBI 00JIaNaTh BHICOKOM CTe-
TIEHBIO TOCTYITHOCTH, TaK KaK JaXe KOPOTKUE
TIEPEPHIBBI B CBSI3W MOTYT UMETh OoJiee Cephe3-
Hble TIocIencTBusl. Hampumep, B ciryyae KOHT-
POJISI TOTOYHOTO MPOM3BOJCTBEHHOTO TIpoliecca
3a7epKKU B Tiepenave TaHHBIX MOTYT BBI3BaTbh
TIOpYy MMapTHH TOBapa, COOM B TIepeIave TaHHBIX
Ha DJIEKTPUYECKUX MOACTAHIIUSX — aBapuitHOe
OTKJTIOUEHUE 2JIEKTPOIHEepTuu U T.1. Ha mepBoit
Bpe3Ke MOKa3aHa dBOJIOLNS TEXHOJIOTHIA pe3ep-
BUPOBaHUSI KAHATOB CBSI3U TI0 TOIaM, OJHAKO
OOJIBIIMHCTBO MPEACTABIEHHBIX METOIOB OCHO-
BaHO Ha MepeKOHMUTYPUPOBAHUY CETH B CITydae
c00s1, YTO HEM30eXHO TpedyeT KpaTKOBPEMEH-
HOTO TIpeKpalleHus Tepefayd MTaHHBIX Ha
BpeMsI ITepeKToYeHns KaHana. [laxe eciu pedb
WAET O Tay3e MUKPOCEKYHIHOTO Iuaria3oHa,
OHa JIOJDKHA OBITH 3apaHee yuTeHa Kak BO3MOXK-
Hasl B TEXHOJIOTMIECKOM TIpoIiecce.

Cranmapt [EC 62439 omnuchIBaeT POTOKOJIBI
PRP (Parallel Redundancy Protocol) m HSR
(High Speed Redundancy) ceteii ¢ BBICOKOW
TOCTYITHOCTBIO JUTSI KPUTUYECKHN BaKHBIX TIPU-
JIOXKEHUH, ONpENeNsioniie TMOBeIeHNEe CeTH B
ciydae c0Osl OTOETBHBIX Y3JI0B WM KaHAJIOB
cBs3u. TouHee, OHM 0OECTIEUYNBAIOT PE3EPBUPO-
BaHUE CETH C HYJIEBBIM BPEeMEHEM BOCCTAHOBIIE-
HUS B CJTydae eMMHUYIHOTO CO0S TTyTEM TyO0Irpo-

BaHUSI TaHHBIX C TIepeiaueii 0 pa3HbIM Mapiil-
pyram. Eciv maHHbBIe IO OTHOMY M3 MapIIPyTOB
HE TOXOJIAT, TIOTyJaTellb UCIONb3yeT UX KOIUH,
MPOIIIEIINe M0 BTOPOMY Mapupyty. B Hop-
MaJIbHOM PEXUME yOJIU TIOTPOCTY YAAISIOTCS.
ITpotokon PRP ynosnerBopsieT TpeboBaHUSIM
XKECTKOTO PEaATbHOTO BPEMEHHM B KPUTHUYECKU
BaXXHBIX TPWJIOXKEHWSIX, HAPUMEp, TIPU aBTO-
MaTu3alK JIEKTPUYECKUX moacTanumii. Kak
yXe TIOHSATHO W3 Ha3BaHUS, MapauieIbHOe
pe3epBUpOBaHUE O3HAYaeT OXHOBPEMEHHOE
WCIIONIb30BaHUE JIByX ONWHAKOBBIX CETeil C
LIEJIBI0  PE3ePBUPOBAHHOTO OOMEHA NAHHBIMU.
Ipu oTKaze y3/a Win KaHaia repeaayn B OTHOM

CETU CUCTEMA UCIIOJIL3YET BTOPYIO CETh, l'[pI/I‘{éM

TpOIIecC MPOTEeKaeT TaK ke, KaK U B CIydae C
HSR, ¢ nyneBoit 3anepxkoii. [Tpotokon HSR
MPEanoaraeT MCIOIb30BAHUE CITELUATbHBIX
OKOHeuHbIX yctpoiicTB: SAN (Single Attached
Node) u DAN (Double Attached Node) ¢ Tpemst
BcTpoeHHbIMU TIopTaMu Ethernet. OmuH U3 Tpéx
TOPTOB TIPEIHA3HAYCH U BHEIIHUX TAHHBIX,
JIBa OCTAaBIIMXCS TOPTa WCIOJB3YIOTCS IS
BKJTIOUCHUSI B CEThb C KOJIBLEBOI TOIOJIOTHEIA.
O0a mopTa CHHXPOHHO ITePeChLIAIOT KOTTMY TaH-
HBIX TI0 KOJbIly B 00OMX HampaBieHusx. Eié
OIVH THIT CTICIIUATBHBIX YCTPOICTB TSI peas-
3auuu rpotokona HSR — RedBox (Redundancy
Box). OHO TI03BOJISIET TOAKITIOUATE JIIOOBIE CeTe-
BbIe ycTporicTBa K HSR-cetu (puc. 5). B

SAN-ycTpoicTBa

$&I

Hirschmann
MACH 100

RedBox

Puc. 5. BapuaHT CMEeLaHHOro NpuMeHeHnA MHOronopToBbIX BHEWHUX KOMMYTAaTOPOB

U BCTpauBaeMblx MOAyﬂeﬁ
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ATMAPATHBIE CPED,CTBA/CETEBOE OBOPYOOBAHMUE

Kenanue o60UTUCH KAaK MOXXHO MEHb-
MM KOJIMYECTBOM EIWHUIL 000pydoBa-
HUS Ha TIPOM3BOJICTBE eCTeCTBeHHO. Ecnu
HCITI0JI30BaTh CPEICTBA aBTOMATU3ALIMM C
WHTETPUPOBAHHBIMU KOMMYTaTOpaMHU, TO
CO CHWXEHUEM KOJM4ecTBa 00OpymIOBa-
HUSI YMEHBIIAETCsI BEPOSITHOCTH CcOOs,
CTOMMOCTH BJIAJICHUSI TaKXKe CTAHOBMTCS
0osnee mpuBiekatelbHOU. B mpubdopo-
CTPOCHUU BO TJIaBYy YIJia BBIXOIWT JIPYroe
JIOCTOMHCTBO BCTpanBaeMbIX KOMMYTATO-
pOB — BKOHOMHUSI MeECTa, TO €CThb KOM-
nakTHocTb. K mpubopy He TpebyeTcs
MOJKJIIOYATh BHEIIHUI KOMMYTATOp, I0-
TOMY 4TO Bce (PYHKIIMU YK€ MHTETPUPO-
BaHBI B HETO.

B mtaHe ¢pyHKIIMOHATLHOCTH BHELITHUE
KOMMYTAaTOPbl HE OTJIMYAIOTCS OT BCTPaM-
BAacMBIX, Y MOCICIHUX TAKXKE CYILIECTBYIOT
BapuaHThl (popM-(haKTOpoB U UHTEPPEii-
coB. Ha puc. 5 mokasaH BapuaHT cMme-
IIAHHOTO TIPUMEHEHHUSI MHOTOIOPTOBBIX
BHEIIHUX KOMMYTAaTOpPOB M BCTpauBac-
MBIX MOAYJICH.

BcrpanBaembie KOMMyTaTOpbl Haubo-
Jlee aKTyaJlbHbl U1l MacIITaOUpyeMbIX
cucteM aBromatusauuu. OHU obecrneyn-
BalOT (PYHKLIMOHAJIBHOCTh YIPaBISIEMbIX
KOMMYTAaTOPOB B pacrpeneJéHHbIX CUCTE-
Max C pPa3HOOOpa3HbIMU BHEUIHUMU
YCTPOMCTBAMM, TaKMMM KaK YCTpOMCTBa

peaeiiHO 3aluThl Ha BJIEKTPUYECKUX
MOACTAHILIUSX, YAJIEHHbIE TePMUHAJbI
(RTU) u miro3sl.

SAKJIOYEHME

B mocnennue 20 mer Ethernet caeman
3HAYUTENIbHBINA BKIAA B 3()(PEKTUBHOCTD
IIPOMBILUIEHHBIX IIPOLECCOB. Tak Kak
Ethernet cTas OCHOBHBIM CTAaHAAPTOM ISt
[MPOMBILUIEHHOI aBTOMATU3aL1M1, UHTET-
paLusi CETEBBIX CEPBUCOB B YCTPOICTBa
aBTOMATU3ALMU SIBJISICTCS BaXXHOM 3aja-
yeii. [IpeacraBieHHbIE B CTaThe ITPOTOKO-
JIbI «0€CIIOBHOTO» PE3ePBUPOBAHUS CETU
MOXHO paccMaTpuBaTh KakK ITOCIEIHMIA
apryMeHT B 10J1b3y puMeHeHnus Ethernet
B IIPOMBIIIICHHBIX TIPUI0XKEHUSX.

BcrpauBaembie yrpasisieMble Ethernet-
MOAyIH O00eCHeuYrBalOT BO3MOXKHOCTH
OBICTPOIl MHTErPaLIMK CETEBBIX CEPBHCOB
B IMPOMBILUIEHHOE 00opynoBaHue. OHU
3apaHee IMPOTECTUPOBAHbBI, CKOHMUIypHU-
POBaHbI ¥ OTJIAXKEHbI [UIsT PA0OTHI C CETHIO,
pa3paboTYMKaM MOXKHO cpa3y CKOHLIEHT-
PYPOBAThCs HA MCIOIb30BaHUM (DYHKIIUI
Moayneil. BcTpoeHHbIE KOMMYTaTOPbI
00J1a1aI0T 3HAYUTEIbHBIMM IOIOJIHU-
TeJIbHBIMUA JOCTOMHCTBAMM: 000OpYI0Ba-
HHME CO BCTPOEHHBIMU KOMMYTaTOpaMmu
HaMHOro 6oJiee (PYHKIIMOHAJIBHO U Y100-
HO B IIa3ax KOHEYHOro norpeouress. ®
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