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1 Opranu3zaius v NpoBeICHUE MPAKTUYECKUX 3aHATHI

Hesn npakTH4YeCKUX 3aHATHIL:

- MOMOYb OOYYaIOUIMMCSl CHUCTEMATHU3UPOBaTh, 3aKPENUTh U YIIIYOUTh 3HAHHUS TEOPETUYECKOTO
Xapakrepa;

- HAYYUTh CTYACHTOB NpPHEMaM pEIICHUs MPAKTUYECKUX 3a/1ad, CIIOCOOCTBOBATh OBIIAJCHHIO
HAaBBIKaMU ¥ YMEHUSMU BBIIIOJTHCHUS PACUETOB, Ipa)MueCcKuX U IPYTHX BUOB 3a/IaHUN;

- HAy4yuThb HUX pPa0dOTaTh C KHUTOH, CIYKeOHON JOKyMEHTAalMell u CXeMaMH, I10JIb30BaThCs
CIIPAaBOYHOM M HAYYHOH JIUTEPaATypOu;

- (GopMHpOBAaTh yMEHHE YYHTHCS CaMOCTOSITENILHO, T.€. OBIAQJEBATh METOJAaMH, CIOCOO0aMH U
MpUEeMaMH CaMOOOyUYEHUS, CAMOPA3BUTHS M CAMOKOHTPOJISL.

IIpakTHyeckue 3aHATHS — METO] PEIIPOTYKTUBHOTO 00yUYeHMUsI, 00ecedYuBAIONINi CBSA3b
TEOPUH M MPAKTUKH, COAeHCTBYIOIIUII BLIPA0OOTKeE y CTYICEHTOB YMEHHUI U HaBBIKOB IPUMEHEHUS
3HaHUH, MOJYYEHHBIX Ha JIEKIIMHU U B XOJE€ CAMOCTOSATEILHON paOOTHI.

[IpakTHveckne 3aHATHS WrPAIOT BaXHYIO pOJb B BBIPAOOTKE Y CTYICHTOB HABBIKOB
MIPUMEHEHHUS MTOJIYUeHHBIX 3HAHUHN JJIs PEeLIeHUS MPAKTUYECKUX 3a/1a4 COBMECTHO C IIPEToAaBaTeieM.

CTpyKTypa NpaKTUYECKUX 3aHSITHIA:

1. Bcrymienue npernojaBarens — SMUH.

2. OTBeTHI Ha BOMPOCHI CTYJACHTOB IO HEICHOMY MaTepuainy — 0 10 MuH. BHa4ase u gaiee mo

Mepe HeOOXOTUMOCTH.

3. Ilpaktuueckas yacth — 10 160 MuH.

4. 3akIo4YUTeNIbHOE CJIOBO MPENoIaBaTeIs — 10 SMUH.

[IpakTrueckue 3aHATHS TMPEICTABISIOT COOOM 3aHATHS IO PEHICHUIO PA3TUYHBIX MPHUKIATHBIX
3a/a4, TEOPUTHUECKUI Marepuan A KOTOPBIX OB JaH Ha JeKIUsIX. B urore y Kaxmoro
oOyuarolerocsi JomkeH ObITh BBIPAOOTaH OMpeAeNeHHBIH MPOPECCHOHANBHBIN MOAX0/ K PEIICHUIO
KaXJI0¥ 3aaun ¥ MHTyuIMs. Ha nmpakTudeckue 3aHsATUSI BBIHOCATCS YeThIpe 3ana4yu. [IpenonaBarens
CTPEMHUTCSI K TOMY, YTOOBI 3aHSTHE JABAJO IEJIOCTHOE MPEICTaBICHHUE O MpeAMETe U MeTojax

H3y‘laeM0fI AUCHUIIIIMHE, TPUYCM MCTOANYCCKAA (bYHKLII/IH BBICTYIIACT 31€Ch B KAUCCTBC BCI[yIJ.ICﬁ.



[pakTnyeckoe 3ansitue Nel. [lociienoBaresibHbIEe M MapaJjlieibHble HHTepP(eiichl

Lenb paGoThl: YSCHUTH TPUHITUITEI B3aUMOACHCTBHSI IPHEMOTICPEIaTINKOB
Ha PU3NIECKOM YPOBHE

3aganue:

1. N3yunTh CUHXPOHHBIN M ACUHXPOHHBIN PEKUMBI Mepeiadn JaHHbIX. DopMaThl aCHHXPOHHON
Y CUHXPOHHOM IIOCBIIOK.
2. PeanuzoBark mocienoBarenbHbIN HHTEpENC Ha PU3NIECKOM YpOBHE.

1 Kpatkue TeopeTuueckue CBEICHUS

[Ipu oOmeHe AaHHBIMH Ha (PU3MUYECKOM YpPOBHE eAMHHMIECH HMH(OpMALUU SBIIETCS OWT,
MO3TOMY CpEACTBa (PU3UYECKOTO YPOBHS BCErla IMONIACPKUBAIOT TOOMTOBYIO CHHXPOHH3ALUIO
MEXy IPUEMHHUKOM U MepeIaTYMKOM.

KanasibHbIl ypOBEHb ONEepUpyeT KaJpaMy JaHHBIX U 00€CIeYMBAET CUHXPOHU3ALMIO MEXY
IPUEMHUKOM U IEpellaTYMKOM Ha YpOBHE KaJapoB. B 00sf3aHHOCTM INpHUEMHUKA BXOAMT
pacrio3HaBaHME Hayajla IIepBoro OaiiTa Kajapa, paclo3HaBaHME TIpaHUIl MoJiell Kazapa H
pacrno3HaBaHMe [IPU3HAKAa OKOHYAHUS KaJpa.

OOBIYHO TOCTAaTOYHO OOECTIEYNTh CHHXPOHU3ALUIO HA YKa3aHHBIX JIBYX YPOBHSX - OMTOBOM
W KaJpoBOM, - 4YTOOBI TeEpeNaTdyuKk W NPUEMHHK CMOIIH OO0ECHeuuTh YCTOWYMBHI OOMEH
nHpopmanueii. OmHAKO TpPU IUIOXOM KadyeCcTBE JIMHUHM CBA3M (OOBIYHO OSTO OTHOCHTCSA K
Tene(OHHBIM KOMMYTHUPYEMBIM KaHajaMm) Uil YICIIEBJIECHUS Aanmaparypbl M IOBBILICHUS
Ha/IeKHOCTH MEepeAayd JaHHBIX BBOJAT JONOJHMUTENbHbBIE CPEACTBA CUHXPOHHU3ALMM Ha YpPOBHE
6aiiT. Ethernet JIokasibHbIe CETH O MOJIb3€ CTAHJAPTU3ALUN

Takoii peskxuM paboThl HA3BIBAECTCS ACUHXPOHHBIM U cmapm-cmonusvim. JIpyroi mpuanHon
WCIIOJIb30BAaHUSI TAKOTO pPEKMMa padOThl SBISETCS HAJIMYME YCTPOMCTB, KOTOPHIE TE€HEPUPYIOT
0ailThl JAHHBIX B CIyYailHbIE MOMEHTHI BpeMeHHU. Tak paboTaeT KiIaBuaTypa JUCIUIes WIH JPYroro
TEPMUHAJIBHOTO YCTPOWCTBA, € KOTOPOTO 4YeJIOBEK BBOAMT JaHHblE I OOpabOTKH UX
KOMITBIOTEPOM.

B acuHXpoHHOM pexHuMe KaXAblii OalT NaHHBIX COINPOBOXAAETCS CHEIHMAIbHBIMU
CUTHAJIaMU «CTapT» U «cTom» (pucyHok 1.1, a). Ha3HaueHue 3TUX CUTHAJIOB COCTOUT B TOM, YTOOBHI,
BO-TIEPBbIX, M3BECTUTh MPUEMHHUK O NPUXOAE TAHHBIX U, BO-BTOPBIX, YTOOBI JaTh MPUEMHHUKY
JIOCTaTOYHO BPEMEHU JIJIsl BBHIIOJHEHUS] HEKOTOPBIX (DYHKIMHM, CBA3aHHBIX C CHHXPOHM3AIUEH, 10
MOCTYIUIEHHUs cienytomiero 6aiita. CUrHan «cTapT» UMEET IPOJOJIKUTEIBHOCTh B OAWH TaKTOBBIN
MHTEpPBAJI, @ CUTHAJ «CTOIM» MOXET JJIMTHCS OAMH, OJATOpA WM JBA TaKTa, O3TOMY FOBOPST, YTO
UCIIONB3YeTCA OAMH, TMOJTOpa WM JBa OUTa B KayecTBE CTOMOBOTO CHTHaja, XOTA
M0JIb30BATENILCKUE OUTHI 3TU CUTHAJIBI HE MPEICTABISIOT.

ACHHXPOHHBIM OIUCAHHBIM PEXKUM HA3bIBAETCS MOTOMY, YTO KaKIbIH OaWT MOXeT OBITh
HECKOJIBKO CMEIIEH BO BPEMEHHM OTHOCHTEIBHO MOOMTOBBIX TAaKTOB Mpenslaymiero Oairta. Takas
ACUHXPOHHOCTH Iepefadr OaiT He BIMSET HAa KOPPEKTHOCTh NMPUHHMAEMBIX JAaHHBIX, TaK KakK B
Hauaje KakJoro 0aiiTa mpoucXoauT AOMOJHUTENbHAS CHHXPOHU3AIMS IPUEMHHUKA C HCTOYHUKOM 32
cuer OuToB «cTapT». bonee «cBOOOAHBIE» BpEMEHHBIE JTOMYCKHU ONPEAESIOT HU3KYI0 CTOUMOCTh
000pyIOBaHUs ACHHXPOHHOW CHCTEMBI.
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Pucynok 1.1 - Acunxponnas (a) u cuHXpoHHas (0) mepegadu Ha ypoBHE OalT

[Ipy CUHXPOHHOM peXHME Iepeadd CTapT-CTOIHBIE OUTBHI MEXIY KaXKIOoW mapoil OalT
oTcyTCTBYIOT. [lonmp30Barebckre TaHHbIE COOMPAIOTCA B Kajp, KOTOPBIA MpeaBapsieTcs OalTamu
cuHXpoHM3alMu (pucyHok 1, 6). baliT cunxpoHuzamuu - 3TO OailT, coxmepkauuili 3apaHee
u3BecTHbIN Koa, Hanmpumep 0111110, xoTopelii omoBenIaeT MPUEMHHUK O IPUXOAE Kajpa JAHHBIX.
IIpu ero nosyyeHUH NPUEMHHUK JOJKEH BOUTH B OAlTOBBI CHHXPOHU3M C IE€pPEeJaTIYMKOM, TO €CTh
IIPaBUIBHO IIOHMMAaTh Ha4ajgo odepenHoro Oaiita kaapa. MHorna mnpuMeEHSETCs HECKOJIBKO
CHUHXPOOalT 17151 obecnieueHust Oojee HAJAEKHON CUHXPOHM3ALUMU MPUEMHUKA U Mepenaryuka. Tak
Kak Ipu nepejade JJIMHHOIO Kajpa y IPUEMHHUKA MOTYT MOSIBUTbCS MPOOJIEMbl ¢ CHHXPOHHM3aLUEN
OWT, TO B 3TOM CITy4ae UCIOIB3YIOTCS CaMOCHHXPOHU3UPYIOIIUECS KOJIBI.

[TocnenoBarenbHbie MHTEP(EHUCH UCTIONB3YIOTCS U CBSI3W JIByX WM 0Ojee yCTPOMCTB
MEXIy coOoi. XapakTepHas 4epTa TakuX HHTep(PEHCOB — HCIOIB30BAaHHE MOCIEIOBATEILHOTO
MeTona nepenayn MudpoBoi WHGOpPMALKHU, TPU KOTOPOM JaHHBIE MEPEIAaroTCs MOCIEA0BATEIbHO
OUT 3a OGUTOM, JUUIsl YETO UCIIOIb3YeTCs BCEro JUIlb oHa JuHUA. [Ipu 3ToM dusndeckas peanuzanus
JIBYCTOPOHHETO OOMEHa MOXET OCYIIECTBIATHCA € MOMOILIbI0 2 — 3 MPOBOJAOB. 3HAYUTENIbHOE (IO
CPaBHEHMIO C MapaJljiebHbIMU HHTepdeiicaMn) CoKpallleHle Ynciia KaHaIoB Mepeaayn U MpOBOIOB
MO3BOJIMJIO YIPOCTUTh M YJEIIEBUTh MpHUEMOIEepearoliue yCTPOUCTBa U KabeabHble CUCTEMBL. B
oOuiem, nocienoBarenbHble HHTEp(HENChl OTIIMYAIOTCS JIy4dlled MOMeXOyCTOMYMBOCThIO [37€Ch HE
YUUTBHIBAE€TCS BIMSIHUE THUIA JIMHUM Mepesiauu |, MOCKOJIbKY B HUX MCKJIIOYEHO B3aUMHOE BIIMSHHE
MEXy JIMHUAMU JaHHBIX ((pakTHUeCKH, JTUHUS JaHHBIX BCEro OHA, a, HalpuMep, B 8-paspsiHOM
napajuieTIbHOM uHTepdeiice — §).

CpaBHUTeNbHAs MPOCTOTa M HHU3KUE amnmnaparHble TpeOoBaHMs OOYCIOBWIIM IIUPOKOE
UCIOJIb30BAaHUE IIOCIIEAOBATENbHBIX HHTEPPEHCOB B DSJIEKTPOHMKE U CMEXHBIX O0JacTsX.
HauOonpmiee pacnpoctpanenue u3 Hux nomyuunn uHtepdeiicsr 1-Wire, 12C, SPI, CAN, RS-485,
RS-232, USB, Firewire. Kax/plii U3 nepeyucieHHbIX MHTEpEHcCOB UMEET CBOM JOCTOMHCTBA U
HEJIOCTATKH, U ONpeAesieMyl0 UMU 00JacTh UCIONIb30BaHusA. B yacTHOCTH, iepBble 4 uHTEpdeiica
MIPEUMYIIECTBEHHO MCIOJIb3YIOTCS B MUKPOKOHTPOJUJIEPHBIX CHCTEMax, MocjienHue 4 — ISl CBA3H
[IK ¢ nepudepuitneim obopynoBanueM. [locnenoBarensubiii uatepdeiic RS-232, pazpaboranubrit
HECKOJIPKO JIECATKOB JIET Ha3zaja [pa3paboTka cTaHapTa MpOBOAWIAach, HaumHas ¢ 1960 1] mms
KOMIIBIOTEPOB (B OCHOBHOM JIsI CBSI3U C MOJIEMaMU) U SIBJISTFOIIUIACS «IIaTPHapXOM» B CBOEM POJIE,
JI0 CHUX TIOp HE yTpaTuj CBOETO KOMMYHHKAIIMOHHOTO Ha3HaueHus. Takoe ponronetre (0COOEHHO ¢
y4e€TOM  TPEUMYIIEeCTB  JPYrHX  CTaHJApTOB)  OTYACTH  OOBSCHSAETCS  pPa3BUTHEM
MUKDPOKOHTPOJUIEPHOM TEXHUKH, KOTOpas B HACTOSALIEE BPEMsI IIOBCEMECTHO HCIOJB3YETCS B
chUcTeMax aBTOMaTH3aluH, cOopa M OOpaOOTKM PAa3JIMYHBIX JAHHBIX, BCTPAaMBAEMbIX CHUCTEMax
paznuuHoro HaszHavyeHus. [Ipu stom wmuTepdeiic RS-232 oxazancs ensa nu HE €IUHCTBEHHBIM
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cpencTtBoM CBsizM Mexay MuKpokoHTpoiiepoM (MK) m IIK, ammapaTtHo mpucyTCTByIOmEeM U B
nepsoM U Bo BropoM. B IIK 3a peanuzanuio unrepdeiica orseuaer COM-opT, a MpakTHYECKH B
mobom MK ectp omuMH WM Heckoibko npuemorniepenaromux wMoxynei (YAIIII/UART,
YCAIIII/USART, SCI wu mp.), anmapatHo mnoxaepxuBatonmx RS-232. Jlpyrue mnpuuuHbl
KHU3HECTIOCOOHOCTH HMHTep(delica — CpaBHUTENbHAs MMPOCTOTA MPOTOKOJIAa OOMEHa, MOJIEP’KKa BO
MHOTHX cCpelax MpOrpaMMHpPOBAHHS Ha ypOBHE OMOIMOTEUHBIX MOIYNIEH, HAJIUYUE TOCTYIMHBIX
YTWINT, TIpenHa3HadeHHbIX s cBs3u [IK ¢ momompto COM-mnopra. Crnenudukaius J1r000ro
uHTepdeiica BKIOYaET B ceOs JBE COCTABIAIOIIME: alMapaTHYI U MPOrPaMMHYIO (JIOTHUECKYIO).
AmnmaparHasi 4acTh (YpOBHHM HalpsOKEHUH, pa3beMbl, HA3HAYCHHE CUTHAJIOB U IIP.) OMHCHIBACTCS
CTaHJApTOM Ha uHTepdeiic, omucaHue MpPOrpaMMHON dYacTh (IpaBWI Tepedayd JIaHHBIX)
Ha3bIBAETCS MPOTOKOJIOM HHTEpderica.

AmnmaparHasi cocTaisromas naTepdeiica permamentupyercs crannaprom RS-232 (EIA/TIA
— 232 — E) Accouuanuu 53JI€KTPOHHOM NPOMBIIUIEHHOCTH M pekoMmeHnauusaMu V.24 MKKTT
[MexxnyHapoaHbId KOHCYJIBTaTUBHBIA KOMUTET o Tenerpaduu u tenedonun]|. bonee moapoOHO
WCTOpUS CO3/IaHUS U 3BONIONMH cTaHfaapta onucansl B [1]. Cranmapt RS-232 (ero odpunmansHoe
Hazpanue Interface between Data Terminal Equipment and Data Circuit-Termination Equipment
employing serial binary data interchange) mnpenHasHadeH [UIsl TOAKIIIOYEHHS allllaparyphl,
MepeIaroNIei Wi MpuHUMaroIei Janneie (o6o3navaercs kak DTE — Data Terminal Equipment) [B
kauectBe DTE MoxeT BbICTynarh KOMIBIOTEp, MPUHTEp WIM Jpyroe mnepudepuiiHoe
obopynoBaHue]|, K OKOHEYHOW armaparype KaHaloB JOaHHBIX (oOo3Hauaercs kak DCE — Data
Communication Equipment). ®@ynakius DCE coctouT B o0ecrieueHUH BO3MOXHOCTH TEpeaadu
unpopmaruu Mexay aByms win OonbmuM uuciom DTE. [pyrumu crnoBamu, DCE — ato
yCTPOMCTBO, mpeoOpa3ymoiiee curHain B GopMy, TMOAXOISIIYIO A KaHala CBSI3U, HAapumep, B
aHaJoroBeIi curHan g tenedonHou nuHuu. [lpu cBssu IIK ¢ ynaneHHsIM nepudepuitHbIM
obopynoBanuem B kadectBe DCE wame Bcero BeicTymaer mozeMm. YcerpoiictBa DTE moryr
COEAMHATHCS HANpPSAMYIO C MOMOIIBIO T.H. HyIb-MoaeMHoro kabens. Ha pucynke 1.2 mokasana
nostHast cxema coenuHenus 1Byx DTE — ycrpoiicTs.

P —

Mogem
(DCE)

JIMHKMA cBRA3K

Mogem
(DCE)

Pucynok 1.2 — [lonHas cxema coequHenust no RS-232

Cormacuo cranmapty RS-232, curHan (mocnemoBarenbHOCTH OWTOB) mepemaeTcs

HaIPsPKCHUEM. Hepez(aTqHK U TOPUCMHUK ABJIIFOTCA HCCUMMCTPUYHBIMU: CHTHAJI TCPECHACTCA
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OTHOCHUTEIILHO OOIIEero MpoBoja (B OTIMYHE OT CHMMETPUYHON Tepeaad MpoToKojoB RS-485 wmm
RS-422). JlornueckoMy HyII0 Ha BXOJE INPUEMHHMKA COOTBETCTBYET auamnazoH +3...+12 B, a
JIOTUYECKON eauHule — nuana3oH -12...-3 B. /lnanazon -3...+3 B — 30Ha HE4YyBCTBUTEJIBHOCTH,
o0ecrieynBarolasi TUCTEPE3UC MpUEMHHKA (MEpefaTunka). YpOBHU CHTHAJIa Ha BBIXOJE JIOJIKHBI
ObITh B auamnaszone -12...-5 B ansg mpencraBieHus JOTHYECKOW eaWHMIBI B +5...+12 B mns
IPEJCTaBICHUs JIOTHYEeCKOro Hyns. MiumocTtpauus ypoBHEH IpelcTaBiieHa Ha pucyHke 1.3.
Heo6xonumMo oTMeTHUTh, YTO MHTep(eiic He 00ecrneunBaeT rajJbBaHUUYECKON pa3Bs3KU YCTPOMCTB.
[logxmnroueHne M OTKIIIOUEHHE HHTEpP(EHCHBIX KalOenel yCTpOWCTB € HE3aBUCUMBIM IUTaHUEM
JOJPKHO IIPOM3BOJUTHCS MPU OTKIFOUYEHHOM UTAHUU.

A A
+25B
+15B Bric orani
Br1coxamit ¥P 0BEHE
YPOB ¢HE
pcE- — +3B
0 FoHa Jona
— HE OTCp €€ JIEHH 00 T 0" ne O e T e TTEHHO CTH
-5B 3B
Hy ranx §
YPOB¢HB Hyrz rant
15E ¥P 0BEME
-25B
[epe gaTm [TprenEai

Pucynok 1.3 — YpoBuu curnanoB RS-232 Ha nepenaromniemM ¥ NPUHUMAIOIIEM KOHILIAX JIUHUH CBS3H

OcHoBHbIe XapakTepucTuku ctanaapra RS-232C crnenyromue:
— MakcHUMajibHas JjInHa Kabdens 15 m;
— YHUCJIO IPUEMHHUKOB — 1;
—  YHCIIO NMEpPEeNaTInuKoB — 1;
— MakcuMallbHas CKopocThb nepeaaun — 20 Kour/c.

MaxkcumManbHas ATMHa KaOesst ONpeensieTcsl €r0 COBOKYITHON €MKOCTbhIO, 3HAYEHUE KOTOPOM
ykazaHo B crangapte — 2500 nd. [TockonbKy XapaKTepUCTUKH HCIIOIB3yEeMBIX Kabeneil oCTOSHHO
yAy4ylialoTcsl  (Hampumep, TUIUYHOE 3HAYEHHWE [IOTOHHOM €MKOCTH THUIIMYHOrO — Kaleuns
ymesbiniaoch co 160 n® no 50) [2], 3HaueHne MakcuMalbHOW JUIMHBI Kabens st RS-232,
MIPUBOAMMON B Pa3HbIX MCTOYHUKAX MOXKET BapbUpoBarhes oT 15 10 50 m.

Co croponsl [IK unrepdeiic RS-232 MoxeT ObITh peanu3oBaH ¢ MOMOIIBIO 9-u umm 25-
KOHTaKTHBIX pa3beMoB Tumna D-sub, o603HadaemMbIx cooTBeTcTBeHHO Kak DB9 u DB25. M3nayansHO
HauOospIIee pacnpocTpaHeHne uMen pazbeM DB25, mockoibKy OH MO3BOJISI MCHOJIB30BATh BCE
nMmeroiuecs: BapuanTel RS-232. CrangaproM nperycMOTpeHa BO3MOKHOCTh CHHXPOHHOM Iepenadn
JaHHBIX, YTO MOIJIO MOTPeOOBaTh MCIIOJIB30BAaHUE JOMOJHUTEIbHBIX KOHTAKTOB, OJHAKO Ha
NPAaKTUKE TaKoM crmocod mepenayd HCHoJb3yeTcst peako. Jlisi acHMHXPOHHOM ke mepenayd,
nonpazymeBaeMoit o RS-232 mo ymonvanwio, XBaraeT BO3MOXKHOCTEH 0Oojiee MUHHATIOPHOTO
DB9. IToaTomy B HacTosiiee BpeMs HCIIOJIb3YETCS MPEUMYIIIECTBEHHO OH.

[TapannenpHblii UHTEpdENRC — a8 KaXkA0ro OuTa nepenaBacMoi TpyHIbl UMEETCsS CBOS
CUTHaJbHas JUHHUS (OOBIYHO C JIBOMYHBIM IPEJCTABICHHEM), U BCE OUTHI TPYINIbI HEepearoTcs
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OJTHOBPEMEHHO 3a OJIMH KBaHT BPEMEHH, TO €CThb MPOJBUTAIOTCS IO HHTEPPEHCHBIM JUHHUIM
napasiensHo. Ilpumepsl: mapamnensHelid mopt noxkiaroueHus npuHTepa (LPT-moptr, 8 0Owur),
untepoeiic ATA/ATAPI (16 6ut), SCSI (8 unu 16 6ur), mmna PCI (32 win 64 Guta).

B mapamrensHoM uHTepdeiice cymecTByeT siBIeHHE nepekoca (skew), CyIIecTBEHHO
BIMSIONIEE Ha JOCTHKHMMBIM Ipenen TakToBOM dYactorbl. CyTh €ro B TOM, 4YTO CHUIHAJbI,
OJTHOBPEMEHHO BBICTABJICHHbIC HA OJHON CTOpPOHE WMHTEpdeiicHOro kabdems, TOXOASAT 10 APYroro
KOHIIa HE OJIHOBPEMEHHO H3-3a pa3Opoca XapakTepucTHk Leneid. Ha Bpems: mpoxoxaeHus BIIUSET
JUIMHA TIPOBOJIOB, CBOMCTBA M30JIALIUH, COCAUHUTEIBHBIX IEMEHTOB U T. I1. OUEBUJIHO, UTO MIEPEKOC
(pa3Hu1la BO BpEeMEHU MPUOBITHS) CUTHAJIOB PAa3HBIX OMTOB JOJDKEH OBITH CYIIECTBEHHO MEHBIIIE
KBaHTAa BpEMEHHU, HHa4e OuThl OyayT HCKaxarbcsi (IyTarbCsi C ONHOMMEHHBIMH OHTaMu
MPEIUIECTBYIOUIMX U MOCIEAYIOUIMX IOCBHIIOK). BIloiHe NMOHATHO, YTO MEPEKOC OrpaHUYMBAET U
JOMYCTUMYIO JUTMHY UHTep(EHCHBIX Kabenei: mpu OMHON U TOW K€ OTHOCHTEIHHOM MOTPEITHOCTH
CKOPOCTH pacipOCTpaHEHUs CUTHAJIOB Ha OoJbIneil AnmuHe Haberaet u Oonpimid epexoc. [lepekoc
CAEPKUBACT U YBEIMUYEHUE Pa3pATHOCTH MHTepdeiica: ueM OoJbIlle UCIONb3YyeTCs MapaieIbHbIX
uenei, TeM TpyAaHee JOOUTHCS MX WACHTUYHOCTU. M3-3a ATOro naxe MPUXOIUTCS «IIMPOKUI»
(MHOTOpa3psiIHbIN) HHTepdelc pa3OruBaTh HA HECKOIBKO «Y3KHX» TPYIII, JUIS KaKIO0M U3 KOTOPBIX
HCIIONB3YIOTCSl CBOM yIpaBisitolue curianbsl. B 90-x rogax B cXeMOTEXHUKE PUEMOIIEPEIAOIINX
Y3JI0B CTajli OCBAaMBATHCS YaCTOTHI B COTHU MErarepll 1 BbIIIe, TO €CTh JJINTEIbHOCTh KBaHTA CTaja
U3MEPATHCS €IMHHUIIAMM HAHOCEKYHJ. J[OCTHYh COM3MEPUMO MAJIOTO IEPEKOCAa MOXKHO JIMIIG B
Ipejenax ECTKUX KOMIIAKTHBIX KOHCTPYKIMH (redarHas Iuiata), a Uil CBA3H OTAEJbHBIX
YCTPOUCTB KaOeIsIMH JUTMHOM B JIECATKHA CAaHTHMETPOB IPUIIOCH OCTAHOBHTHCS HA YacTOTax, HE
MIPEBBILIAIOIINX JECATKOB Merarepil. J{is Toro 4To0bl OpUeHTUPOBATHCS B UHCIaX, OTMETUM, YTO 32
1 HC curHan mpoOeraeT Mo AMEeKTPUIECKOMY NMPOBOAHUKY mopsiaka 20-25 cMm. Hanocekynma — 310
nepuo curnania ¢ yacrorou 1 I'T'm.

2 O6opynoBanue pabo4yero Mecra

1. IlepcoHanbHble KOMIBIOTEPHI (HOYTOYKH).
2. Moaembl
3. KabGenu coeMHUTEIIBHBIE.

3 IlpakTuueckue ACCTBUA

C06paTI> CXEMY CBA3U U IEPEAaThb ayaAno, BUICO U JaAHHBIC.

4 ConepxaHue U opopMIIeHHE OTYETa

OT4er J0JKEeH COAEpKarh:

1.Ha3BaHue, 11e1p NPaKTUYECKOTO 3aHATHUSA.

2.Kparkne TeopeTHUECKHUE CBEACHHUS.

3.Pe3ynbTarhl BBIMOIHEHHS IPAKTUYECKUX 3aJaHUH.

4.BwiBOfIBI IO paboTe.

Otuet odopmisieTcs B TETpaau Ui MPAKTUYECKUX 3aHATHH 1O AUCLUILIMHE.



5 KoHTponbHBIE BOTIPOCHI:

1. ObnacTu npuMEHEHHsI OCIEe0BATEIbHOIO U MapaieIbHOro HHTep(hencoB.
2. OCHOBHBIE XapaKTEPUCTUKH KaHAJIa CBSI3U.

3. Crangapt RS-232. Cxema coennHeHns. XapaKTepUCTHKa.

4. Pazbémbl RS-232.

5. [Iporokon RS-232.

6. ®opmar acCHHXpPOHHOM NepeAayu no muue RS-232

6 NudopmanmoHHbIe UCTOYHUKU

1. Unu @. CereBoit 1 MEKCETEBON OOMEH NaHHBIMU C MUKPOKOHTposuiepamu. — M.: N3na-
tenbckuil 1oM «Jlomaka XX1I», 2007. — 376 c.

2. Tapk M., Makkeii C., Paiit 3. [lepenaua qaHHBIX B cCHCTEMaX KOHTPOJS U YIPABICHUS. —
M.: OO0 «I'pynmna UT», 2007. — 480 c.

3. Ky3smunoB A.}O. NnTepdeiic RS232. CBsizp MEXIy KOMITBIOTEPOM U MHKPOKOHTPOJLIE-
poM. — M.: Paino u cBs3b, 2004. — 168 c.

4. Omudep B.I'., Omudep H.A., Komnbrotepsie cetu. [IpHHIMIIBI, TEXHOIOTUH, TPOTOKO-
7l YueOHuUK 1yt By30B. 4-¢ uzn. Cnb.: [Tutep, 2010.
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IIpakTnyeckoe 3ansitue Ne2. UcciienoBanue u nepeaadya MH(GOPMAIMOHHBIX IOTOKOB.

Lens pabotsl: [IpnoOpectu HaBbIKK niepeaun nHGopMauu B ”HHOKOMMYHHUKAITUOHHBIX
CETAX CBSI3U.

3a,I[aHI/Ie K ITPAKTHYCCKOMY 3aHATHUIO:

1. N3yuuTh CTpYKTYpy HHPOPMALMOHHBIX TOTOKOB MEPEAaBAEMBIX 110 CETH CBSI3H.
2. BrimonauTe nepepacnpeaeneHre HuQpoBbIX MOTOKOB U OCYIIECTBUTH Nepeaady
JAHHBIX.

1 KpaTkue TeopeTuyeckue CBeICHUS

TengeHuuu pa3Butusa TeneKOMMyHMKanuii B XXI Beke IMOKA3bIBAIOT, YTO YEJIOBEYECTBO
JBIDKETCS TIO MYTH CO3JaHus TII00aIbHOTO MH(POPMALMOHHOTO obmecTBa. [lonsTue uadopmaim-
oHHoro o6mectBa (MO) yeTko He ompeneneHo, HO MOYKHO IPEANON0KUTh, YTO 3TO TaKOE 00Ie-
CTBO, B KOTOPOM MH(OpPMATU3AIUSI U TEICKOMMYHHUKAIMK (MH()OKOMMYHHKAIMK) OyAyT ompese-
JISITh HOBYIO CTYIICHb Pa3BUTHSI SKOHOMHUKH, COIIMAIBHOM c(hepbl, KYIbTyphl U HAYKH.

Oco0eHHOCTH OCTPOECHUS IUPPOBBIX CUCTEM IIepeIaduu SBISIOTCS:

- BBICOKAsl IOMEX0YCTONYUBOCTb;

- cabast 3aBUCUMOCTh KauecTBa Mepeslaur OT JAJTUHBI JIMHUU CBA3H;

- ctabuibHOCTH apameTpos kaHainoB LICIT,;

- 3(hpeKTUBHOCTH MCIOIB30BAHUS MPOMYCKHOW CIIOCOOHOCTH KaHAJIOB JUIS TEepenavyu JIuc-
KpPETHBIX CUTHAJIOB;

- BO3MOYKHOCTh IIOCTPOCHUS I (PPOBOI CETH CBSI3M,

- BBICOKHE TEXHUKO-3KOHOMHYECKHUE MTOKA3aTeNH.

Amnmnaparypa LICII cocrout u3 annapatypsl OpMUPOBaHUs U MTpHeMa LU(PPOBBIX CUTHAJIOB,
a TaKKe annaparypsl JUHeHHoro Tpakra. Lludposoit curnan ¢popmupyercs B 000py10BaHUN aHa-
noro-uiudpoBoro npeodbpazoBanus (kanamoodpaszoBanus) nepBuuHbX L[CII wnu B 06opynoBanuu
BpeMmeHHoro rpynnoo6pazosanus LICII 6osee Beicokoro ypoBHs. B nepBom ciydae Ha Bxox LICIT
MOCTYMAIOT aHAJIOTOBbIE CUTHAIIBI, @ BO BTOPOM — IIU(POBHIE.

[Tpu nepenaye teneponnbix curHanos no kanaiam LICII ucnons3yercs BPK ¢
UMITYJTbCHO-K010BOM Monyisiiiuu (MKM). B atom ciyqae ¢popMupoBanue rpynmnoBoro mugppoBoro
CUTHaJIa MpeyCMaTpUBaeT MOCJIEI0BaTEIbHOE BBIIOJIHEHNE CIIEIYIOIINX OCHOBHBIX onepauuii (pu-
cyHok 2.1):

[ ]

[ ]
Ananozoestii . .

uisbiniialll N, S — AHMuwres HKM
CHZHAT Jmnpemu'mxm Z Keaumosanue Fm)@osauue TM‘E
AHM CUZHAT
AHMzp
N

Pucynox 2.1- [Ipuniuns! popmupoBanuss 1u(GpPoOBOro TIpyIMIIOBOrO CUTHAIa
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-IUCKPETU3AUN UHIUBUAYATbHBIX TeJIC(POHHBIX CUTHAJIOB 110 BPEMEHH, B PE3YJIbTATE YETO
(bopMHpyeTCcss UMITYJIbCHBIN CUTHAJI, IPOMOJICIIMPOBAHHBIN 110 aMIIuTy e, T.e. AVUM curnan;

-00benuHenus N unauBuayansHbix AVIM curnanos B rpynmnoBoit AUM curnain ¢ ucnosb-
30BaHMEM IPUHIMIIOB BPEMEHHOI'O pa3/ie/IeHHs KaHaJIOB;

-KBaHTOBaHMs rpynnoBoro AUM curnana no ypoBHIo;

- TOCJIEZIOBATENILHOTO KOAMPOBaHUs 0oT4eTOB rpynnoBoro AVUM curhama, B pe3yibTare
yero dopmupyercs rpynmnoBoit KM curnan, T. €. mudpoBOi CUTHAI.

Tpeb6osanus k LICII onpenenenst B pekomenpamusix MCI-T cepun G.

CoBpeMEHHON TEXHOJIOTHEH, MCIONb3yEMOl B HACTOsILEE BpeMs JUIsl IOCTPOEHHUs ceTei
cBsi3u, sBiseTcs cuHxponHas udposas uepapxus (CLIA) (Synchronous Digital Hierarchy-
SDH). Cucrembr SDH o0ecrnieunBaloT CKOpOCTh mepenadd oT 155 MOuUT/C U BbIlle U MOTYT
TPAHCHOPTUPOBAThH Kak curHaiel cymectByrouux L{CII, Tak 1 HOBBIX MEPCIEKTUBHBIX CIIYX0, B
TOM 4MCJe HIMPOKONOJOCHBIX. Anmnaparypa SDH siBisiercs mporpaMMHO yIpaBlisieMOl M WHTe-
rpupyer B cebe cpecTBa peodpa3zoBaHus, Iepeiaut, OEPaTUBHOTO MEPEKITIOYCHUS, KOHTPOJI,
yIIpaBJICHHSL.

SDH mno3BojsieT opraHu3oBaTh YHUBEPCAJIbHYIO TPAHCHOPTHYIO CETb, BBIIOJHSIOLIYIO
GbyHKIMK Kak mepeaadn MH(POpMAaluHM, TaK M KOHTpOIsS M ynpaeieHus. OHa paccuMTaHa Ha
TpaHCHOpTHpOBaHUE Bcex curHaioB PDH, a Taxke Bcex AEUCTBYIOIIMX W MNEPCHEKTUBHBIX
ciyx0 (pucynok 2.2) [3].

E4- 140 hferr's

_ _ xl T4

Shabd [ BN ory B

Efpmernmd - VE-12-5v 3
Faut Evbarnst - ViB-12-47v I

E1:2 Mbut/cex | .12 —»VC-12 “"‘| TU-12

AU — aowmuEmeTpaTHEERE DOox
AUG — rpynna aomEEHc TPaTHEHEDE QI0K05
TU — xomoosesTHR (TPHEOVTAPHEEH]) QMo
——% Orobpazesme TUG — rpynina EoMICHSETHEX OI0KOE
—— Wy ETEDTeRcEpOB RS WV — supryanseent soaTeimap

Pucynoxk 2.2 — [{udposoii norok SDH

Ethernet — cemeiicTBO TEXHOJOTMH MaKETHOW Mepelayd JaHHBIX JJIS1 KOMITBIOTEPHBIX
cereii. Ctanmaptel Ethernet ompenensitoT MpoOBOAHBIE COCTUHEHUS W AJIEKTPUUECKUE CUTHAJIBI HA
¢usznueckoM ypoBHe, (opMar KaJpoB U IPOTOKOJBI YIpPaBIEHHUS IOCTYIOM K cCpeie — Ha
kaHajgbHOM ypoBHe Monenu OSI. Ethernet B ocHoBHOM onuckiBaercs cranfgapramu IEEE rpynms
802.3. Ethernet cranm camoit pacrpoctpanéHHoi TexHomoruen JIBC B cepemmue 1990-x romos,
BBITECHUB Takue ycrapepiuue Texnonoruu, kak ARCNET u Token ring.

Hazpanue «Ethernet» (OykBambHO <«AQUpHas CETb» WIM «Cpelda CEeTH») OTpaXkaer
NEPBOHAYAJIBHBIA TMPUHIMIT PAOOTBl ATOM TEXHONOTHM: BCE, IepeJaBacMoe OIHUM Y3JIOM,
OHOBPEMEHHO TNPUHHMAETCSI BCEMH OCTAJIbHBIMU (TO €CTh HUMEETCs HEKOEe CXOACTBO C
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paguoBemanieM). B Hacrosmiee Bpemsl MPAaKTHYECKH BCETAA IOIKIIOYCHUE IMPOMCXOOUT dYepes
KOMMYTaTophl (switch), Tak 4To Kaapel, OTHPABIAEMbIE OHUM Y3JIOM, JOXOJAT JMIIbL IO ajJpecara
(MCKITIOUEHHNE COCTaBIISIIOT Mepeaayy Ha IIMPOKOBEUIATENbHBIM apec) — 3TO MOBBIIIAET CKOPOCTh
pabotel u Oe3onacHOCTh ceTH. Ha pucynke 2.3 mpeacraBieH MOPSIOK (OPMUPOBAHHS IMaKeTa
Ethernet.

P
@ IP naket
:— DTE TepmwHansHoe obopyaoBaHue |
LLC NaHHbie
| LLe |
| YNpaBneHne Noru4ecknm kaHanom | 3 5
3aronosok Jaronosok
| | L SNAP
| | MAC | LLC NakHbie FCS
| MAC | _8— & 2
| YnpaeneHue QOCTYNoM K cpege | | DA | A | L |
| | 7 1 14 8 46 -1462 4 1
| : MpeamByna [SFD|  MAC LLC DaHHble FCS | EFD
| PLS |
CybyposeHs hU3NIECKUX CUIHaNos

| | | MNakeT Ethernet

SNAP — MNpoTokon gocTyna K nogcetam

15-koHTaKTHEIR DA — Aagpec HazHa4YeHMA
pasbiém L — AnviHa nona gaHHbIxX
SA — Agpec NCTOYHWKA
l_ e T | FCS — MNone KoHTPOMEHOW CYyMME
SFD — Ha4aneHeIA orpadM4MTeNs kaapa
MAU -
EFD — KoHeuHeli orpasnyuMTent kagpa

Bnok
NoOAKNKYEHWUA K

" C| e
WMHTepdeic hnanHeckoro YpoBHA peny

O = O

Pucynok 2.3 — Ctpykrypa nakera Ethernet

|
|
PMA |
|
|

2 ObopynoBanue pabo4yero MecTa

KomOuHupoBaHHass  JIOKaJbHasi ~ MYJIBTHCEPBUCHAas  TPAHCHOPTHas  CETh  CBSI3HU
(aynutopus Ne 304).

3 [lopsA0K BBINOIHEHUS PA0OTHI

1. BKIIIOYMTB JIOKAJIBHYIO MYJIBTH CEPBUCHYIO TPAHCIIOPTHYIO CETh CBS3U.

2. Ilepenarb pa3nuyHble BHJIbI CUTHAJIOB (ayAHO, BUAEO, JTaHHBIE) MO CETH Pa3IUYHBIM
OKOHEUHBIM yCTpoiicTBaM ucmoinb3ys TexHoinorun SDH u PDH.

3. Ilepenarb pa3nuyHbIe BUABI CUTHAJIOB (ayauo, BHUJEO, JAHHBIC) MO CETH PA3TUYHBIM
OKOHEYHBIM yCTpoHcTBaM ucnonb3ys Texnonoruu Eth u FE.

4 CopepxaHue U opopMIIeHHE OTYETa

OTuer JOJKEeH COAEepKarh:
1.Ha3BaHue, 1eiab NpaKTUYECKOTO 3aHATHUSA.
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2.Kparkue TeopeTH4eCcKue CBEICHMUSI.
3.Pe3ynbrarhl BRIMOTHEHUS 3a/IaHUMN.
4.BbIBOJIBI 11O pabdoTe.
Ot4er odopmitsieTcs B TETPAIU I MPAKTHUSCKHUX 3aHATUH 1O TUCITUILINHE.

5 KoHTpo1bHBIE BOIPOCHI:

1. Yem koMMyTaTOp OTJIMYAETCS OT MOcTa?

2. Ilpu kaxoMm pacnpezeneHuu Tpadrka HeOIOKUPYIOUIUN KoMMyTaTop ¢ 12-10 mopTamu
Fast Ethernet u onaum moptom Gigabit Ethernet onpaBasiBaeT cBoe Ha3Banue? BapuaHTsl OTBe-
TOB:

a) BxoaHo# Tpaduk Bcex noptoB Fast Ethernet, koropsie padoratot ¢ 6sm3koit k 100 %
Harpy3Ko#, HarpasiieH B mopt Gigabit Ethernet;

0) BxoxHoi Tpaduk nmopra Gigabit Ethernet, koTopslit padoTaer ¢ 6mm3koii k 100 % Harpys-
KOH, paBHOMEPHO pacnpeneneH Mexay 12-to mopramu Fast Ethernet;

B) BXoaHOM Tpaduk Bcex moptoB Fast Ethernet, koTopsie padoTatoT ¢ 50-npoueHTHOM
Harpys3koi, HarmpanieH B nopt Gigabit Ethernet.

3. Conapnatot 1 hopmatsl kaapos 10 M6ut/c Ethernet u Fast Ethernet?

4. MOHO JI1 KOMMYTaTop JIoKainsHOU ceTu ¢ uatepdeiicom 10GBase-WL HenocpencTen-
HO

npucoeAuHUTh K nopry STM-64 mynsrumexcopa SDH?

5. MoxHno mu B cetr PDH Beienuts kanan E-O HenocpencrBenHo u3 kanana E-3?

6. Kakoe makcuManbHOE KOJIMYECTBO KaHaNoB E-1 MOXeT MyNbTUIIIIEKCUPOBAThH Kap

STM-1?

7. Ilo xakoii mpuuune B kaape STM-1 ucnonb3yercs Tpu ykazaTens?

8. lns ocTmkeHus, Kakux 1enei pa3paboTaH MexaHU3M BUPTYaJIbHON KOHKaTeHaIu?

9. Yto obmurero mexy nepBudHbiMu cetsismu FDM u DWDM?

10. C xakoii nenpio B ceTsix DWDM ncnonb3yroTcest pereHepaTropsl, IpeoOpas3yomie OnTH-
YECKUM CUTHAJ B DJIEKTPUUECKUI?

11. Kakoii NpUHITUII JIEKHUT B OCHOBE METO/I0B OOHAPYKEHUS U KOPPEKIIUU OMHO0K?

12. Tlpu kakoM MeTO/ie KOAMPOBAHUS/MOTYJISINH CIIEKTP CUTHAJIA CHMMETPUYEH OTHOCH-
TEJIbHO OCHOBHOW T'apMOHUKU?

13. KakuM 00pa3oM MO>KHO MOBBICUTH CKOPOCTb NEpeAayy JaHHBIX M0 KaOeJbHOM JTMHUU
CBs3U?

6 Na(opmManmoHHbIe HCTOYHUKA

1. Omudep B.I'., Omudep H.A., Komnbrotepusie cetu. [IpuHIUIBI, TEXHOIOTUH, TPOTOKOJBIL:
VYuebnuk 11 By30B. 4-e u3a. Cno.: [Turep, 2010.

2. B.B. Bennuko, E.A. Cy66otun, B.I1. llyBanos, A.®. Spocnasues; TerekoMMyHUKAIIMOH-
HBIE CUCTEMBI U ceTH: Y4ebHoe nmocodue. B 3tomax. Tom 3 — MysbTHCEPBUCHBIE CETH IO PE/I.
npodeccopa B.II. lllyBanosa. - U3a. 3-e, M.: I'opsiuast munms - Tenexom, 2015.

3. Topauenko B.H., Trepernkuit M.C. MHOrokaHajdbHBIE TEIEKOMMYHHUKAIIMOHHBIC CHCTEMBI.
VYuaeOHuK 1st By30B - M.: ['opstuast muams - Tenekowm, 2013.
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