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Hpez[nomeHa HMUTALIMOHHAs MOJCIIb CCTHU C PE3CPBUPOBAHUCM KAaHAJIOB, MMO3BOIAIONIAA OLICHUTDH
3(1)(1)€KTI/IBHOCTL BAPHUAHTOB PAaCHpCACICHUA KaAPOB IO MapaljICIbHbIM (bHBI/I"ICCKI/IM KaHaJlaM U BapHaH-
TOB pa3Mcpa CKOJB3AIICTO OKHA. MOI[CJ'IL YUYUTBIBACT (I)I/I3I/ILICCKI/I€ XaPAKTCPUCTUKHN KAXKXJOI'0 KaHajla U
MOKET OBITH HCIOJIb30BaHa Opuy MOACIMPOBAHNUU CECTU C NPONU3BOJIBHBIM YHCJIOM MAapalJICJIbHbIX KaHAJIOB,
YTO MO3BOJIACT UCITIOJIB30BATh €€ MPU NPOCKTHUPOBAHNUU OTKa3OYCTOﬁqHBBIX BBIYMCIUTEIBHBIX CETCH KOM-
NBOTCPHOT'O YIPABJICHUA MAallIMHAMU U arperatraMu.

Knioueswie crosa. PE3CPBUPOBAHHBIC KaHAJIbl, UMUTALIMOHHAA MOJACIb, HAACKHOCTb, MAllIMHbI U
arperaTtbl, KOMIIBIOTCPHOC YIIPABJIICHUC, CKOJIB3AIICC OKHO.

SIMULATION MODEL OF COMPUTER EXCHANGE WITH THE IMPLEMENTATION OF A
SLIDING WINDOW AND REDUNDAND CHANNELS

A.V. Osipov, VA. Bogatyrev

St.-Petersburg National Research University of Information Technologies, Mechanics and Optics.
197101, St.-Petersburg, avenue Kronverksky 49

St.-Petersburg state university of service and economy (SPbSUSE),

191015, St.-Petersburg, street Kavalergardskaya,7,lit A

In this article authors present a simulation model of a network with redundant channels in order to
assess the effectiveness of frames distribution over parallel physical channels and different size of sliding
window. The model takes into account the physical characteristics of each channel and can be used for
modeling the network with an arbitrary number of parallel channels, which allows its use in the design of

fault-tolerant computer networks of computer controlled machines and units.
Keywords: redundant channels, simulation model, reliability, machines and units, computer con-

trol, sliding window.

Beenenne

Bbicokass HaAEeXHOCTb, OTKa30yCTOHYH-
BOCTh, MPOHU3BOAUTEILHOCT M JIOCTOBEPHOCTH
(YHKIMOHMPOBAHUSI ~ CUCTEM  KOMIIBIOTEPHOTO
yIpapieHus MallMHaMu u arperatamu [1], nocru-
raercsl Mpu PE3EePBUPOBAHUU BBIYMCIUTEIBHBIX H
KOMMYHHKALIMOHHBIX CPEICTB, B TOM YHCIIE Maru-
crpaneir [2-5]. DddekTHBHOCTH KOMIBIOTEPHOU
CHCTEMBl YNpaBIICHUS C PE3EepBUPOBAHHEM Maru-
CTpajiedl BO MHOTOM OIPEAENAETCS MPOTOKOIaMH
0o0MeHa, CyIIECTBEHHO BIHSIOIIMX HA HAJEKHOCTD
U TPOU3BOAMTENBHOCTh CHUCTEMBI YIPAaBJICHHUS B
LEeNIoM, YTO M OOYCIIOBIMBAET aKTyaJbHOCTH HC-
CIIEIOBAaHUN aJTOPUTMOB B3aMMOCBS3U uepe3 pe-
3epBHPOBaHHbBIC KaHANIBL. B HacTosliee BpeMs pu
WH(POPMAIMOHHOM oOMeHe 3(P(EKTUBHO HCHOINb-
3yIOTCSl TPOTOKOJIBI, pPEaM3yIolIe aBTOMaTHye-
CKHUIl 3ampoc TMOBTOPHOW Iepenadu MpH OpraHu3a-

OUKU CKOJB3AIICIrO OKHA, OAHAKO HMX aJallTalusa K
PE3CPBUPOBAHHOMY KaHATy Tpe6yeT JOIIOJTHHU-
TCIBbHBIX HCCHCHOBaHHﬁ, B TOM YHCJIC, TOCTPOCHUSA
MOHGHeﬁ, ITO3BOIAOIINX BLI6paTI> HanOonee pauu-
OHAJIBHBIC BAPpUAHTHI UX ITOCTPOCHU.

IIporokoasl mepegayu JAaHHBIX IO pe-
3epBHPOBAHHBIM KAHAJIAM CO CKOJIb3SIIHM OK-
HOM

B coBpeMeHHBIX ceTsiX, B TOM YHuCIIe, B ce-
TAX KOMIBIOTEPHOTO YIPABICHHUS MAIIMHAMU U
arperaraMmy, IIUPOKO HCIONB3YIOTCS TPOTOKOJBI
nepefayu JaHHBIX Ha ocHoBe Anroputm ARQ
(Automatic Repeat reQuest — aBromaTuyeckuii 3a-
NpOC TIOBTOPHOU TEPEaun) CO CKOIB3SIIUM OKHOM
(anroputm ARQ Ha N 1aroB Ha3aj), KOTOPBIA SB-
nsieTcsi OmHOW W3 HamOonee pacmpoCTpaHEHHBIX
peanmzanmii anropur™Ma ARQ. B ortmuume ot anro-
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putMa ARQ ¢ 0CTaHOBKOH W OXHUJAHUEM TIPU UC-
MONTB30BAaHUN JAHHOTO AJITOPUTMA OYEPEIHOHN Kalp
MOXET OBITh OTHpABJICH, HE IOXKHUIAsCh TONTBEp-
KJICHHUS TONy4YeHUsl Mpedplaymero kaapa. Yucmo
KaJpoB, KOTOpBIE MOTYT OBITH OTIpaBIeHBI 0e3
TOATBEPKACHHUSI, SIBISIETCS MapaMerpoM, orperne-
JISIOILUM pa3Mep CKONB3SIIET0 OKHA.

Pa3mep ckomp3smiero okHa BIHSET Ha MaK-
CHUMAaJIbHO IOCTHXKUMYIO 3(p(PEKTHBHOCT UCIIONB-
30BaHUsI TPOMYCKHOW cnocoOHocTH cetu. llpm
pasMepe OKHA, PaBHOM EIWHHUILE, 3Ta Pa3HOBHUI-
HOCTB allTOPUTMa CTaHOBUTCS TOXKIIECTBEHHOH al-
roputMy ARQ ¢ ocTaHOBKOH M OXUIaHWEM, TPU
KOTOPOM TPOCTOM B CETH BEChbMa 3HAYUTEIIHHBEI.
[lpu caumkoM OONMBIIOM pa3Mepe CKOJIB3SILEro
OKHa pacTeT A0 TIOBTOPHBIX MEPECHIIOK B 00IIEM
obbemMe mH(pOpMaKH, TaK Kak Mpu oOHapyKEHUH
OIIMOKH OCYIIECTBISIETCST MOBTOPHAs TEpPEChUIKa
BCEX KaJpOB, HAuMHAas C IOCIEAHEro IMOATBEp-
JKIEHHOTO Kajpa.

Apnantanus anropuTMa CKOJB3SIIEr0 OKHA
JUIA WCTONB30BaHUSl B CETH C pE3epPBUPOBAHUEM
KaHaJIOB SIBIISICTCS HETPUBHAILHOW 3ajauci, Tak
Kak B OOBIYHOM ClTydae Hymepalus KaJpoB MpOuc-
XOAWT Ha KaHAJIBHOM YPOBHE OHOTO (PU3MUYECKOTO
kaHana. B ceru ¢ pesepBUpoOBaHHMEM KaHAJOB HY-
Mepanus KaJIpoB, OCBUIAEMBIX T10 BCEM arperupo-
BaHHBIM KaHajiaM JIOJDKHA OBITH €IUHOM, MO3TOMY
HyMEpanuio HEOOXOOUMO MPOHU3BONUTH HAa TOM-
ypoBHe arperupoBanus. [Ipu arperupoBaHum pas-
HOPOIHBIX (PH3UYECKUX KaHAJIOB (HampuMep, Mpo-
BOJHBIX M OECIIPOBOJIHBIX) CJIEAYET YYHTHIBATh
paznuuns B opmarax kaapoB (U3NYECKUX KaHa-
JIOB M Jpyrue ocoOeHHOCTH KaHanoB. Hampumep,
MaKCHMAaJbHBIN pa3Mep kajapa Ethernet cocrasmser

1516 GaiiT, a MaKcUManbHBII pa3Mep KaJpa B CETH
crannapta |IEEE 802.119 paBen 2346 6aiit. Coor-
BETCTBEHHO, I0JI€ KaJpa, BhIIEIsIeMOe i TOps-
KOBOT'O HOMepa, Oyler 3aHMMaTh pa3Hylo JOII0 110
OTHOIIECHUIO K MOJIE3HBIM JaHHBIM KaJpa, YTo BIIU-
s€T Ha ONTUMAJIFHOE pachpeleleHne KaJpoB JaH-
HBIX M0 (U3MUYECKUM KaHajaM, 3aBHCALIEE TaKkKe
OT YpOBHS MOMEX, OT HAJIEKHOCTH U MPOITYyCKHOU
CIIOCOOHOCTH KaHAJIOB.

NvuTanuoHHasi MoJeqb TNepefadyH daH-
HBIX N0 Pe3ePBHPOBAHHBIM KAHAJIAM €O CKOJIb-
3AM OKHOM

MMuTaniMoHHOE MOJAEIUPOBAaHKUE Tepeaadyn
JAHHBIX 110 PE3EPBUPOBAHHBIM KaHAJIAM IPOBEIEM
¢ wucnoms3oBanueM cpeacts  Simulink  cpensr
Matlab.

s uccnenosanus anroputma ARQ Ha n
IaroB HazaJ MOCTPOCHA MMUTAI[MOHHAS MOJICIb,
npefcTaBieHHas Ha puc. 1. B paMkax naHHO#H Mo-
JIeTM KaJphbl CO3/IAIOTCS, MEPENaloTCs M0 KaHAIy
MOABEPTaloTCA BO3ACHCTBUIO OIIMOOK C BEPOSITHO-
CTBIO, ONpeNeIsieMol XapaKTepUCTUKAaMH KaHaja
nepenadn. /s KaxI0ro MOTy4eHHOro Kajapa IMpH-
EMHUK OTIIPABIISICT MOATBEPXKICHHE 00 YCIEIIHON
nepenade (ACK) mmm 06 onmbke (NAK) mo 06-
paTHOMy KaHally Ha IepegaTdyuk. PemeHue o
HAJIMYMH OIIMOKU B TIOJYYCHHOM KaJpe NpUHHMA-
eTCsl Ha OCHOBAaHMHU TNPOBEPKH LUKINYECKOTO H3-
ObiTouHOrO Koza. Ilpw moNydYeHUW CoOOIIeHHUS
NAK' mepenatyMk OCyIIECTBISICT MOBTOPHYIO Iie-
penady BCeX KaJpoOB MX TEKYIIErO CKOJB3SIIETO
OKHa, M0 KOTOPHIM HE OBIJIO MOIYYEHO MOATBEp-
xnenue 00 yeremnoi nepenaue (ACK).

ouT DATA T
[
5 ouT 9—|
X ACK v
Co3zgaHve KagpoB - ra
Mepenarumk Mepenaeaembie kagpbl _
Mpamoit kaHan
e
= =
o 8
QObpatHbIi kaHan i
=
=
Bosgeiictere owmnbok
MpueMHuK P
=
O

ACK_NAK

Pucynok 1. UMuTAIIMOHHASI MOTETb CETH U3 IBYX Y3JI0B

[loncucrema co3gaHus KaJIpoB TE€HEPUPYET
MOTOK KaJpOB C SKCHOHEHLMAIBHBIM paclpesene-
HUEM BPEMEHH MEXIy Kaapamu. Kaxmomy kaapy
MPUCBANBAETCSl YHUKANBHBIA TOPSIKOBBIA HOMEp

(puc. 2). DOyHKIMOHANBHAS CXeMa MOJCHCTEMBI
repeaTurKa npeacTaBicHa Ha puc. 3.

48 HUUTTC



HMUTYICIUUOHHCI}? Modes1b 06MeHd 8 cucmeme KOMNnbOMepHo2so ynpassieHus ¢ peaﬂusauueﬁ
CKO/1b35UWje20 OKHA npu pe3epsupoeaHuu Maaucmpa/zelj

%DUT

: 2
AN ] ouT

Frame Signal

Frame Gener ator Set Attribute

Sequence Mumber

Pucynok 2. [logcucTeMa co31aHusi KaipoB
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Pucynok 3. Iloacucrema mepegaTunka

[MepenaTtduk OCYIIECTBISICT Mepeaady Kas-
POB, BKJIFOUast IOBTOPHYIO Mepeiady Ha OCHOBAHUH
coobmenuit ACK n NAK or npuemHuKa.

IIporecc mepemadn BKIFOYAET HECKOIBKO
COCTOSIHHH TepeaTurKa:

e Transmitting — oTmpaBKka JaHHBIX Kajpa o
[PSIMOMY KaHaIy;

¢ Retransmitting — moBTopHast oTrpaBka
JaHHBIX KaJIpa [0 NPSIMOMY KaHaIy;

¢ WaitingToRetransmit — oxwuganue nocrymna
K KaHaJly JUIsl IOBTOPHOM OTIIPABKH JaHHBIX KaJIpa
0 TPSIMOMY KaHaIy;

e Idle — oTcyTcTBHE OTIIPABOK M3-3a MTYCTOU
ouepe/ KapoB VTS Mepeaady Wik U3-3a JOCTH-
JKEHHsI MAKCUMAJIBHOTO YHCIIa OTIIPABICHHBIX U
HETOTBEPKICHHBIX KaJ[POB.

IIpsmMoii 1 00paTHBIN KaHATBI

B nmpsmom u obpaTHOM KaHanax peann3o-
BaHa 3ajiep>KKa Mepenay JaHHbeIX. B pamkax nan-
HOM MOJENM BETMYMHA 33JEPKKHU Iepenadd B Ka-
Haje MPEeBOCXOIUT BpeMsl OTIpPaBKU Kajpa Iepe-
JaTYuKOM (TO €CTh MEepPelaTIMK OKAHYMBACT Iepe-

Jady Kajapa JI0 TOro, Kak MPUEMHUK HAauyMHAeT I10-
Jdy4ath ero). B mporecce mepemadn Kaapbl MOTYT
OBITH TOBPEXK/IEHBI, HO HE MOTYT OBITH MOJTHOCTHIO
MOTEPSHBI.

B cnydyae BO3HHMKHOBEHHS OIIMOOK B 00-
patHOM KaHaje coobmienne npuemunka (ACK wiu
NAK) moxer ObITh MOBpEKACHO. B TakoMm ciydae
B pe3y/bTaTe OOHapyKEHUs OMIMOKH C MOMOIIBIO
OUKIAYECKOr0 M30BITOYHOrO KOfa IMepefaTiuK He
3aperucTPUPYET COOOIICHHE OT MpUEMHHKA (CO-
o0IlIeHne ¢ OIMOKOH HE TMOBIUSAET HAa COCTOSHHE
nepeaTynka), 4To0 PaBHOCHIIBHO OTCYTCTBHIO Ca-
moro noareepxkaeHus (ACK mimun NAK). TTostomy
B paMKax JaHHOH MOJENW Mpearnojaraercs, 4rto B
00paTHOM KaHaJie OIIMOKK HE BO3HUKAIOT.

BosneiicrBue ommook

[Toacucrema Bo3aEHCTBUS OMIMOOK B TpS-
MOM KaHaJe OCYIIECTBIISIECT MOBPEXKICHUE KaIpOB
¢ 3amaHHO# BeposTHOCTBIO (puc. 4). Mozens
MpEeAnoiaraer, 4To MPUEMHHK MOXET ONpeaeiTUuTh
HaIW4YKMe OMMOKKA C MOMOLIBIO LUKIMYECKOTO H3-
OBITOYHOTO KOZIa, HO HE MOKET WX HUCIPABUTH .
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Pucynox 4. Iloncucrema Bo3aelicTBHsI OIIMOOK

AJroput™ BbIGOPOYHOI nepenaun. [Tpu-
EMHHK MIPUHUMAET WM OTBEpPraeT Kaaphl OT Iepe-
JaTyhKa Ha OCHOBaHMM NPOBEPKU ITHKINYECKOTO
M30BITOYHOTO KOAA W MOCBUIAET M0 00paTHOMY Ka-
Hany coobmenuss ACK u NAK. B ciydyae oOHapy-
JKeHUS! OIIMOKH B KaJpe NPUEMHHK HE MPUHUMAET
BCE MOCIEAYIOMre Kaaphl 10 TeX Mop MOoKa, He To-
JYYUT TIOBTOPHO KaJIp, COAEPKaBIINH OLINOKY.

Ha mpaxruke wacto anroputm ARQ ckoib-
3AI1er0 OKHA UCIOIb3YeTCsl HE B YHCTOM BHUJE, a B
MonrduKanuu BBIOOpOUYHOW mepexaun. B cerwy,
(YHKIMOHHUPYIOMIEH O TaKOMy alTOPUTMY, IpH
Bo3HUKHOBeHUH ommOku (momyuenus NAK) mpo-
WCXOOUT BBIOOpOYHAs TOBTOpHAs Iepenavya Kal-

DATA

<4 ouT1 s B
doutz.,— T INK

OUT p>-

legacy

SNt LOUTT -
»@» ouUT p>—3 IN "Ej

L

S INZ; o) legac ouT2 i

| o0
<4 OUT%O INKE——<4 0 I, -
== leg legasyid  INJ dout %\ INKe
i Dol ot 7850 T = legacy

pOB, a HE CIUIOLIHASA IOBTOpHAs Mepernada BCeX
KaJpOB U3 TEKYLIETO CKOJB3SIIEro OKHa. JTO M03-
BOJISIET COKPaTUTh 00bEM IOBTOPHO Iepechliae-
MBIX JAHHBIX W TOBBICUTH 3()()EKTHBHOCTH HC-
MOJTB30BaHMS MPOMYCKHOM CIocOOHOCTH. B cersax
C QJITOPUTMOM BBIOOPOYHBIX MOBTOPHBIX Iepenad
TaKk)Ke akTyallbHa MpoOieMa ompenesieHHsl ONTH-
MaNbHOTO pa3Mepa CKONB3AIIEro OKHA, TaK Kak
CIIMIIKOM OOJbIIas BeJIMYMHA OKHA BEHET K YBEIH-
YEHUIO 3aJiep’KeK IOBTOPHOM Iepemadn Kaapos,
YTO MPUBOAMUT K POCTY IUCIIEPCUU CPEIHEro Bpe-
MEHH YCIEUIHOW IOCTaBKW KaJpoB. J[ms oleHku
XapaKTePUCTUK CeTH, (QYHKUHOHUPYIOUIEH MO ai-
roputMy ARQ ¢ BBIOOPOYHBIMU TTOBTOPHBIMH TI€-
penadaMu, MOCTPOCHBI MOACUCTEMBI TepenaTiuKa
u npuemHuka. llomcucrema mepenaTduka mpen-
craBnmena Ha puc. 5. [lomcucrema mnpueMHuKa
UAECHTUYHA COOTBETCTBYIOLIEH MOJCUCTEME
NpenbIIyIed MOAEIH C TeM JIHIIb OTIMYHEM, YTO
B Cllydyae OOHapy)KeHHs OLIMOKH B KajJpe MpHEM-
HUK TpPOJO/KAaeT NMPUHUMATh BCE IMOCIENYIOLINE
KaJapbl (COOTBETCTBEHHO, HA TU KaJpbl MPUEMHHK
ormpasinsier noarBepxkaeHne ACK, a mepemarumk
yOUpaerT 3TH KaJpbl U3 KCKOMIB3SIIETO OKHAY).

T

-+ Din Dout - ( __
Discrete Event Subsystem:  nifial Value

Pucynox 5. Iloncucrema nepegaTyuka ¢ aIropuTMoM BbIOOPOYHOI mepeaaun

Pesynbrarsl Moge1upoBaHus

Mozens MO3BOISAET BHU3YyaIM3UPOBaTh U
OLIEHUTE!

e [lopsakoBBIif HOMEP 1 MOMEHT BpeMe-
HU OTIIPABJICHUS KaKJOro Kajpa.

e [lopsakoBeIif HOMEP 1 MOMEHT BpeMe-
HU TONYY€HUs KaJpa IPUEMHUKOM.

e [lopsakoBEIif HOMEP U MOMEHT BpeMe-
HU PETUCTPAlMU OIMOKH B KaJpe MPHUEMHHKOM.

e KonmnuecTBo nepenaHHbIX U HEMOI-
TBEPKJICHHBIX KaJIPOB, HAXOAALINXCS B «CKOJIb35I-
LIEM OKHE.

st oneHKM BIMSHMSA pa3Mepa «CKONb3s-
LIETO OKHa» Ha BEWYHMHY IOJIE3HOW MPOIYCKHOH
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CIOCOOHOCTH CETH HCCIEAYEM MOJECIb 3aBEIOMO
MeperpyKEHHON CETH.

Ha puc. 6 mpuBeneH pe3ynsTaT MOACITUPO-
BaHUS MTOBEICHUS CUCTEMBI, B KOTOPOU MEPEAaTUNK
HE OTPaHMYUBACTCS KaJpaMH M3 CKOJNB3SIIECTO OK-
Ha, a mepenaeT BCe MMEIoIUecs Kaaphl 0e3 3aaep-
xek. Hanpumep, xaap Ne31 mepenan He moxuma-
SICh TONTBEpXkAcHUs ycremHoi noctaBku ACK
kazapa Neld. 3a Bpems

++
f;xgi fgr%.f
+§-Pf>;-§x++ >2<
-ﬁ#ﬂ:ﬁ*-i-q#_ X ¥ ¢
).gndﬁdr + X
0 2 4 6 8 10

t oTnpaBneHo X OPUHATO ® OTBEPTHYTO

Pucynok 6. Pesyabrat MogesinpoBaHusi 0e3 orpanm-
YEeHHU CKOIb3SA1Iero OKHA

Ha puc. 7 mokasan pe3ynbTaT MOAENHPO-
BaHUsI [TOBEACHUS CUCTEMBI C Pa3MEPOM «CKOJIb3S-
LIEro OKHa», paBHBIM / KaiapaM. B 3Toif cucreme
nepenaTuuK OKUAACT MOCTYIUICHHs MOATBEpPXKe-
Hus ycremHoi gocraBku ACK kamgpa Neld mepen
ornpaBkoi kaapa Ne2l, 4To BBI3BIBaET MPOCTON
nepenaTunka. 3a Bpemsi pabotrsl cerd, paBHoe 10
MC, MIepenaTuiK OTIpaBiseT 32 Kaapa.
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Pucynok 7. Pe3ynsraT Mone1upoBaHusi ceTH NPH
pa3Mepe CKOIB3SIIEr0 OKHA, PABHOM 7 KagpaMm

PeBy.]'H:TaTI:I MOACIUPOBAHUS IMOKA3bIBAIOT,
YTO YMCHBIICHUC pasMcpa CKOJIb3ALICTO OKHAa BC-
ACT K YXYAUICHHUIO IoKa3aTelei Cpe,Z[HCfI npo-

MycKkHON crocoOHocTH cetu. C Ipyroil CTOpOHBI,
YBEIMYCHHE pa3Mepa CKONB3SIIEro OKHa MPUBOIUT
K YBGJIMYCHHUIO TIEPUOAa BPEMEHH Iepell ITOBTOp-
HOHM OTMpaBKOW KaJpa, 4TO BEIET K IMPOIOPIIHO-
HAJIbHOMY YBEIWYCHHIO CPEIHEro BPEMEHH JIO-
CTaBKU KaJpoB, JOCTABJICHHBIX HE C MEPBOW IIO-
TIBITKH.

Jlnst paccmarpuBaeMoil ceTd ((YHKIHMOHH-
pyrolieii 6e3 rneperpy3Ku) ONTHMAIBHBIM SBIISIETCS
pa3Mep CKONB3SIICIO OKHA, paBHbIH 7 Kanpam. [Ipu
TaKOM pa3Mepe 3aBHCHMOCTH 3aIIOTHEHHS «CKOJIb-
34IIEr0 OKHa» OT BPEMEHM MMEET BHJ, NPEICTaB-
JICHHBIN Ha puc. 8.

wn

0 10 20 30 40 50

Pucynok 8. 3amonHeHme CKOIB3fAIIET0 OKHA B MPO-
necce padoThl ceTH

s

mnmpoucecca nepeaavyu JaHHbIX 1O HECKOJIBKUM KaHa-

MMUTAIIIOHHOTO  MOJEIIUPOBAHUS
JIaM CeTH TIOCTPOSHAa OTJAEIbHAS MOACHCTEMA Tie-
penaTdvka, mpeactaBicHHas Ha puc. 9. Ckomb3ss-
Iee OKHO SIBIISICTCSl OOIIUM JUIsl BCeX (PU3HUECKUX
KaHaJIOB, YTO TO3BOJISIET ONTUMHU3UPOBATh pacIipe-
JIeNIeHUE KaJapoB 10 KaHalaM, B TOM YHCIIE MPOU3-
BOIIUTH TMOBTOPHYIO Tepenady Kajapa IO KaHaly,
OTIIMYHOMY OT KaHaJia TIepPBOHAYAIEHON TIEpeIayn.
B ciiydae uMImyiabCHBIX TToMeX B (PU3MYECKOM Ka-
Haje TaKoW alropuTM MOXET NMPHBECTH K 3HAYH-
TEIBHOMY COKpAIICHUIO IMOBTOPHBIX Mepeaady Io
CPaBHEHUIO C aJITOPUTMOM, B KOTOPOM ITOBTOpPHEIC
Tepeadyl BBITIOHSIOTCS BCETIa 10 TOMY K€ KaHa-
Jy.

Ha puc 10 npomonenupoBaH cirydaid, Korja
KaJ[pbl ONTHUMAIIEHO PACIPEIEIIIOTCS 110 KaHATaM.

Monens noacucTeMsl (HU3NIECKOr0 KaHana
npexncrasieHa Ha puc. 11. B paGore moacucremsl
MIpH pacuere BPeMEHU OOCTYKMBaHUSI TPeOOBaHUS
YUUTBIBAIOTCS:
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Pucynok 9. Tloacucrema nepeIaTunKa CeTH ¢ NapajuieIbHBIMH KAHAJIAMH
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Pucynok10. PacnipeneiieHne KaapoB no KaHajJam

e buToBas CKOpOCTb;
e Bpewms moctyma K cpefie nepenadu;

TX

ouT

Pa3mep 3aronoBka kKajfpa 1 KOHTPOJIBHOU

CYMMBI, pasmMcep HpeaM6YJ'II>I 1 CTOIIOBBIX

OUTOB.
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Pucynok 11. Iloacucrema puznueckoro kaHajia

VKka3aHHBIC XapaKTEPUCTUKU 3arpyKaroTcs
B Simulink u3 cpenpr Matlab ¢ momomipo GyHK-
VM, TIPEICTABICHHOW B JINCTUHTE 1.

JIucruar 1. Tiporpammusrii kox 6:10ka Attribute
Function
function [out_br,
out_header] = fcn(chNum)
coder.extrinsic("evalin®)
coder.extrinsic("strcat”)
coder.extrinsic("int2str-);

out_mactime,

A

ouT

Initizl Vaue o

Single Serer

x=evalin("base”,name);
out _header = x;

IIpy MonmenupoBaHWM TPHHATHEI XapakTe-
pUCTUKN (HU3UUECKUX KaHAJOB B COOTBETCTBHH C
Tabnuueii 1.

Pesynprar paboThl ceTu ¢ pe3epBUPOBAHU-
eM KaHajioB B TedeHue 10 Mc, mpencrapieHHbIE HA
puc. 12, moka3bIBaloOT, YTO:

. B Cilyyae OIIMOKU KaJp MOXET OBITh
nepeznaH no apyromy kanaiy (kagpsr NeO, Ne40 u

x=0; Ap);
name=strcat("channels(", int2str(chNum ° COIJIaCHO aJITOPUTMY CKOJB3SIIETO
), . 1)7); OKHa CHCTEMa, OCYILECTBIISIET [epeaqy KajapoB

x=evalin(“base”,name);

out br = x;

name=strcat("channels(", int2str(chNum
).".2)7);

x=evalin("base”,name);

out _mactime = X;
name=strcat("channels(", int2str(chNum

).".3)7);

20-24, He noXUAAACH MTOATBEPIKACHUS O TIOITyYe-
HUH Kajpa 19, mpuyem Kaapsl OTIIPABIICHBI 110
pa3HbIM pu3nveckuM kananam (Kamper Nel19-24);

. MOBTOpPHAs OTIPaBKa OCYLIECTBILS-
ercst MakcumyM depes 2,5 mc (Kagp Ne23).

Tabmuna 1. XapakTepucTuku Gpu3MyeCKUX KAHAJIOB, IPUHATHIE TPH MOIEJIUPOBAHUM

Pa3Mep 3arojJiOBKa Kanpa Hu
N IMone nanubix (B
Bpems KOHTPOJILHOW CyMMBI, pa3- .
NQ KaHaJia CKOpOCTL T.Y. HOpHIlKOBBII/I
JIOCTyTIa | Mep MpeaMOyiTbl H CTOIOBEBIX
OUTOB Homep)

1t kaman — Ethernet 100 m6ut 10° 6ur/c 5%10°¢ 188 6ur 1,2*10% 6ur

2ii kanan — Ethernet 1000 m6uT 10° 6ur/c 5%10°¢ 188 6ur 1,2*10% 6ur
3it kaman — WiFi 433 Mbit/s 4,33*10° 6ut/c 10°¢ 288 6ur 1,8432*10% 6ur
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Pucynok 12. Pe3yabTaT MOeJIMPOBAHNSA CETH C Pe3ePBHPOBAHIEM KAaHAJIOB

Taxum 006pa3oM, MPOBEACHO UCCIICTOBAHNE
BapHAHTOB OPTaHU3aIlMH MPOTOKOIOB OOMEHa ue-
pe3 pe3epBUPOBAHHBINA KaHAT CHUCTEMBI KOMITBIO-
TEPHOTO YIIPABICHUS

IMoctpoena  wumwuranwonnas  Simulink-
MOJIENb, KOTOpasi MO3BONSAET OICHUTH A(PPEKTHB-
HOCTh BAapUaHTOB HCCICAYEMBIX MPOTOKOJIOB ¢
YUETOM BapbUPOBAHUS PACIPEICICHUS KAAPOB IO
napauIeIbHBIM HEOMHOPOHBIM KaHAIaM M pa3Me-
pa CKONB3SIIETO OKHA.

Mopens yYUThIBaCT (PU3UUCCKUE XapaKTe-
PUCTHKH KaKJIOrO KaHaja MU MOXET OBbITh HCIOJNb-
30BaHa TPU MOICITUPOBAHHUU CETH C MPOHU3BOIB-
HBIM YKCJIOM MapaIebHBIX KAHAJIOB, YTO MO3BO-
JISICT WCIIOh30BaTh €€ MPH MPOSKTHPOBAHUU OTKa-
30YCTOMYMBBIX BBIYMCIUTEIBHBIX CETEH KOMITBIO-
TEPHOTO YIPABICHUS MAIIIMHAMU U arperaTamu.
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