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1 Opranuzanus v IpoBeaeHHE Ta00PATOPHBIX 3aHITHI

1.1 Lenu u 3a1a4n 1a00paTOPHBIX 3aHATHIA

Llenbro 1a00paTOPHBIX 3aHATUHN SABIISAETCS:

— yrinyOJieHHE M 3aKpeIuIeHUe 3HaHUS TEOPETUYECKOro Kypca MyTeM MPAaKTUYECKOro U3Y4YEHUs H3-
JO)KEHHBIX B JIEKIMM  3aKOHOB M  MOJOXEHUHM B  J1aDOpaTOpPHBIX  YCJIOBHSIX;
— IpUOOpETEHNE HaBBIKOB B HAYYHOM 3KCIIEPUMEHTUPOBAHUM, AHAIN3€E MOIYUYEHHBIX PE3YJIbTAaTOB;
— MPAKTUYECKOE 03HAKOMJICHHE C MHOT'OKAaHAJIbHBIM 000PY/I0BaHUEM M U3MEPUTEIILHON anmapary-
poii 1 MeTogamu paboThI HA HUX;

— (opMupoBaHUE NMEPBUYHBIX HABBIKOB OpPTaHU3AINH, TUIAHUPOBAHUS U MPOBEJCHUS HAYYHBIX HC-
CJI€JOBAaHUH.

JlaGopatopuble 3aHATHA (JI3)— HHTErpUpYIOT TEOPETHKO-METOA0JIOTMYECKUE 3HAHUSA U
[IPAKTUYECKHE YMEHHUS, W HABbIKU CTYJEHTOB B €IMHOM IIpOLECCE MAEITEIbHOCTH Y4eOHO-
uccneoBaTensckoro xapakrepa. Ha JI3 onHoii u3 3 dekTuBHBIX (hopM pabOTHI SBISETCS COBMECT-
Has rpynmnosas padboTa.

3anaueit JI3 sBusiercs opMupoBaHHE Yy BBITYCKHHKA CIIOCOOHOCTH, pellaTh CIEAYIOIIHUE Mpo-
(beccroHambHBIE 32/1a4H B COOTBETCTBUH C BUAAMHU POPECCUOHATBHON e TETHHOCTH:
- CePBUCHO-IKCNIIYAMAUUOHHAA 0eAMEeNTbHOCIb. OPTaHN3aLUsA padOUUX MECT, UX TEXHUYECKOE
OCHAILIEHUE, pa3MEIIeHNE TEXHOJIOTHYECKOro 000pya0BaHus; 10BEAeHHE NH(OKOMMYHHUKAITMOHHBIX
YCIIYT J10 TOJIb30BaTeNel;

- IKCNEPUMEHMATIbHO-UCCTIC008AMENbCKAA 0AMENbHOCHb: CIOCOOHOCTBIO BIAJIETh OCHOBHBIMU
METOJaMM, CIOCOO0aMM U CpEICTBaMHU TMOJNYYEHMs, XpaHEHHs, nepepaboTku HH(OpManuu;
COCTaBJICHUE OTYETA 10 BBIIIOJTHEHHOMY 3aJJaHHUIO.

B coorBercTtBUn ¢ paboueil mporpammoit aucuumiauael MTC JI3 mpenycmarpuBaroT
BbINIOJHEHHE 14-TH 1abopaTopHbIX padoT, KaXKaast U3 KOTOPBIX BKJIHOUAET:

a) TMOJATOTOBKY K BBIIOJHEHUIO JaOOpaTOpHON paboThl, HANIPABIEHHOM Ha U3y4yeHue 1abo-

pPaTOPHOTO CTEHJIa MJIM COOTBETCTBYIOIIETO THUIIA 000PYAOBAaHUS M CBSI3aHHOTO C HUMHU T€OpeTHYe-
CKOTO MaTepHaa;

0) TMPOBEACHHE CAMOCTOATEIHLHO Ja0OpPaTOPHBIX padOT CTPYKTYPHO U JIOTUUECKH CBS3aH-
HBIX JAPYT C IPYTOM;

B) WHAWBHUIYaTbHYI OTYETHOCTH MO JJA0OPAaTOPHBIM paboTaM ¢ MOATBEPKACHUEM JOCTO-
BEPHOCTH TIOMYYCHHBIX PE3YJITATOB, MOSCHCHHEM (DU3MUECKOTO CMBICTA COCTABIISIONIUX IPE/I-
CTaBJIICMbIX PE3YJIBTATOB 1 OTBETOM Ha 0a30BEIE KOHTPOJIbHBIC BOITPOCHI.

r) (opMUpPOBaHHE OMTOPHOTO KOHCIIEKTA M0 JIAOOPATOPHOMY MPAKTUKYMY.



JlaGopaTopHbIe 3aHATHS METOIUYECKH 00ECTICUNBAIOTCS JaOOPATOPHBIMU MaKeTaMH, T1jia-
KaTaMH, CIIpaBOYHUKAMU, U3MCPUTCIIbHBIMU an60paMH U UHCTPYKIHUAMU 110 UX HUCIIOJIb30BAHHIO,
METOJIMYCCKUMU PYKOBOJICTBAMH K J1a00paTOPHBIM paboTam.

[To okoHYaHUIO TAOOPATOPHOTO MPAKTHKYMA Yy KaXKJOT0 CTyAeHTa (popMUpYETCS OTIOPHBII
KOHCIICKT, KOTOPBIH SIBIIICTCS OCHOBOM ISl TAJIbHEHINIETO COBEPIICHCTBOBAHMS HABBIKOB B 00J1aCTH

IIPUHLUIIOB ITIOCTPOEHUS U yCTPOMCTBA CUCTEM U CPEACTB TEIEKOMMYHHUKAIUH.

1.2 O6mwme nmpaBuiia paboOTHI B JIAOOPATOPUHU

[Tpu paboTte B 1a0OpaTOpUU CTYACHTHI JOJKHBI:

1. Ctporo cobirofath yCTaHOBJICHHBIE TIPaBUjia BHYTPEHHETO PACIIOPsSAKAa U TEXHUKH O€301acHO-

CTH.

1. HeykoCHHTEIBHO BBIOJIHITH TPEOOBAHUS HHKEHEPHO-TEXHIUUECKOTO COCTaBa JIAOOPATOPHUH.

2. Hawano moObpix BHIOB padOT HAYMHATH C MpHEMa MCXOJHOTO COCTOSHHUS KOMIUIEKCa
TCXHUYCCKHUX CPECACTB Ha pa60qu MCCTC MW 3aKaH4YuBaThb MPHUBCIACHHUECM KOMIIJICKCA
TEXHUYECKHX CPEJICTB B HCXOJTHOE COCTOSTHHE.

3. Ilpu BBINOJIHEHUH JIAOOPATOPHBIX PAOOT CTPOrO COOJIIOJATH CICAYIONIUE MpaBHia paboOThl C
000pyIOBaHUEM, MAKETAMH U M3MEPUTEILHBIMU MPUOOPaAMU:

a) JI0 TIOJJa4M HaNpsHKEHUS MMTaHUS Ha paboyee MECTO BCE YCTPOMCTBA JOJKHBI HAaX0-
JTUTCS] B ICXOTHOM COCTOSIHHH.

0) mpu BKIIOYEHUU B CXEMY H3MEPEHU MprOopa MOCTOSHHOTO TOKa HEOOXOUMO CIEeIUTh
3a MOJIIPHOCTHIO BKITFOUCHUS;

B) BCC I[CI\/JICTBI/ISI C O6OPYI[OB3HI/IGM BBITIOJIHATHE B COOTBECTCTBHUHU C METOANYCCKHUMU
yKa3aHUSMHU Ha JJabopaTOpHYIO paboTy.

[Tpu M3y4eHUHn UHCTPYKIIUU MO IKCIUTyaTallud 000pyA0BaHUs HEOOXOIUMO 0o0paliaTh 0co-
00oe BHUMaHHE Ha YKa3aHUs 110 MepaM 0e301TacHOCTH.

Henb3sa nonp3oBaThest HeucnpaBHbIMU Npuoopamu. O 10001 HEUCIPaBHOCTH JOKJIAbIBATh
MpernoaBaTelio Ui MepCoHany 1abopaTopuu.

[Tpu perennn dKCepUMEHTANBHBIX 33/1a4 MOTYT BO3HMKHYTH HEMOHSTHBIC SBJICHHS H3-3a
HEHCIIPABHOCTH OJIOKOB JTa00paTOPHON yCTAaHOBKH, MPHOOPA, HEMPABMIILHON KOMMYTAITUHU 3JIEMEH-
TOB IIPU COCTABJICHUU U3MCPUTCIBHOI'O0 KaHala UKW HCIIPAaBUJIIBHBIX HeﬁCTBHﬁ oreparopa. B takux
Clly4asix HEOOXOJMMO TMPEKPATHTh PadOTy M BBISICHUTH MPUUYUHY, a B TPYIHBIX Cllydasx — oOpa-

TUTBHCA K IIPCIIOAaBaTCIII0, HHKCHCPY na60paTop1/H/1 HJIN TCXHUKY-UHCTPYKTOPY.



Kareropuuecku 3ampemiaeTcsi BBITACKUBATh OJIOKW U3 CTOWKH, pa3OupaTh MNPUOOPHI HIIH
YCTPaHSTh HEUCITPABHOCTH CaMHM!

Pemaemplie B maboparopuu 3aa4u YIIpaBICHUS U KOHTPOJISI KAHAJIOB CBSI3H SIBISIOTCS yueo-
HbIMU. OHH TIPOBOJISITCSI B CTPOTOM COOTBETCTBHH C TPEOOBAHHSIMUA MHCTPYKIIUH MO SKCILTyaTalluu
Y TIOJITOTABIIMBAIOT 00y4YaeMbIX K KBAUIM()UIIUPOBAHHOMY PEUICHHUIO SKCILTYaTallMOHHBIX W U3MEPH-
TEJNBHBIX 337]a4 B TPOIecce OOCTYyXKHBaHHUS 000OPYIOBaHUS TEICKOMMYHUKAIIMOHHBIX CUCTEM U Ce-

TEH.

1.3 TToaroToBKa K BBIMOJIHEHUIO JJAOOPATOPHBIX padoT

O6wem kaxaoi JabopaTOpHON pabOTHI MOXKHO YCIEIITHO BBIOJIHUTH B OTBEJCHHOE y4eO-
HO€ BpeMsl TOJIBKO MPH YCIOBUU TIIATEIBbHOM MpeIBapUTEIbHOM OArOTOBKH, B IIPOLIECCE KOTOPOH
CTY/AEHTBI JOJKHBIL:

a) TOBTOPUTH TEOPETUUYECKUN MaTepHall, OTHOCAILIUICS K paboTe, MOJb3YsACh KOHCIIEKTOM
JIEKIIUM U YKa3aHHOM JINTEpaTypoi;

6) XOpouIO YSICHUTh LeNU paboThl, IPOrpaMMy padoThl, BUJIbl PEIIAEMbIX HU3MEPUTEIBbHBIX
3aJa4, UX GU3NUECKUI CMBICH, TOPSAAO0K BbINOJIHEHUS paboThI;

B) PpaccMOTPETh CXEMY AJIEKTPUYECKYIO CTPYKTYpPHYIO J1a0OpaTOPHOM YCTaHOBKH, BBISC-
HUTb TUIIBI CPEJICTB U3MEPEHUH, KOTOPbIE MOTYT HUCII0JIb30BAThCS JIJIS1 IKCIIEPUMEHTAIBHOIO UCCIIe-
JIOBAHHS;

I) M3YYUTh TEXHUYECKHE BO3MOXHOCTH J1a0OpPaTOpPHOW YCTAHOBKM M MAakeTa, OpraHbl
yIOpaBlIeHUs, UHANKAMK U MOJKJIIOUEHUS CPEICTB M3MEPEHUN, UX UCXOJHOE COCTOSHUE Mepen
MPOBEACHUEM M3MEpEHUM, paboTy ¢ mprubopamMu U 00BEKTaMU U3MEPEHHM MPU MPOBEICHUH HU3ME-
pEHMIl, METOIUKY CHATHS OTCUETHBIX 3HAYEHUI ITOKAa3aHUN CPEJICTB U3MEPEHMUI;

1) TOATOTOBHUTH B paboueil TeTpaau mo JabopaTOpHOMY HPAKTUKYMY (hOpMan30BaHHbBIE
JaHHbIE ¥ TaOJIMIIBI U3MEPEHUH, B COOTBETCTBUH C YCTAHOBJIEHHBIMHU (POpMaMH.

[To pe3ynbrataM MOATOTOBKM CTYAEHTHI MOJYYarOT AOMYCK Ha MPOBEACHUE JaO0OpaTOPHBIX

pabor.

1.4 Tlopsimok BBITTOTHEHUS Ta0OPAaTOPHBIX PadboOT

Ha6opaTopHLIe pa6OTBI BBIIIOJIHAIOTCA C COGJ’IIOI[CHI/ICM CJICAYIOMIUX Tpe6OBaHHﬁI



1. Ha omnom pabodyem mecTe JOMyCKaroTCs K paboTe CMeHa B cOCTaBe 2-3 CTYICHTOB.
OnvH U3 CTYACHTOB sIBIIsieTCs cTapuM. Kaxkaplil 4jieH cMeHbl JOJDKEH BECTH pabouyro TeTpajb 10
1abOPaTOPHBIM 3aHSATHUSIM.

2. PaboThI BBIOJHSIOTCS 110 TpapuKy, COCTABICHHOMY Ha BECh IEPHO U3YUCHUS JIHCIIU-
TUTMHBI, CTYJICHTHI 3apaHee 3HAKOMSTCS C 3TUM TPaQUKOM U C TOCJICIOBATEIIBHOCTBIO BHITIOJHECHUS
pabor.

3. K xaxmoii paboTe npuiiaraercsi METOJUYECKOE PYKOBOACTBO K JabopaTOpHO# pabore.
PaboThl MOCTPOCHBI IO TPUHIIMITY MOBBIIMICHUS CJIOXHOCTH W KaKIas mocieayromas padora wc-
MOJIb3YET B ONPENEIICHHOM 00beMe Pe3yIbTaThl MPEAbIAYIICH, YTO JeaeT HEBO3MOXHBIM BBIIOJ-
HEHUE TOCIeYIONIeH paboThl O3 BRIMOJHEHUS TPEIbIIYIICH.

4. Tlepen HayayoM pabOTHl HEOOXOIMMO MPOBEPUTH MCXOIHOEC COCTOSTHUE 000OpYIOBaHUS
Y TOTOBHOCTHh PabOYero MecTa K MPOBEJACHUI0 Pa0OThl M COOOIIUTH MPENOaBATEII0 O TOTOBHOCTH
WJIM HETOTOBHOCTH K IPOBEACHUIO PAOOTHI.

5. Pemrenne OKCHCPUMCHTAJIBHBIX 3aJa4 HAYMHACTCA ¢ KOMMYTAllUU CXCMbI COCHHHCHHﬁ,
B IIpoIecce KOTOPOM OCYIIECTBIICTCS HEOOXOAMMOE COeTUHEHHE 00BhEKTa U3MEPEHUS C U3MEPH-
TEJBHBIMH TIPUOOPAMHU, KOMMYTAIIMIO CXEMbI COCAMHEHUI pacyeT BBIMOJHSAET CaMOCTOSTEIBHO.
[Tpu 3TOM 0CO00 TIIATEIFHO KOHTPOJIUPYETCS MOJIIPHOCTH MOIAKIFOUCHHS UCTOYHUKOB MTUTAHUS U
HU3MCPUTECIIbHBIX HpI/I60p0B. HpaBI/IJH)HOCTI) COCANHCHUA DJICMCHTOB CXEMbI U IMOAKIIFOUYCHUS U3MC-
PUTENIBHBIX NPUOOPOB MPOBEPSIIOT TEXHUK WM IPENoAaBaTeb 10 BKIIOUEHUS CXEMbl U U3MEpH-
TEJBHBIX MPUOOPOB B CETh MO HAMPSKEHHE.

CrTyneHTsl He UMEIOT TIpaBa MPUCTYIATh K BBHIMOIHEHUIO J1a00paToOpHOM paboThl 6e3 pasz-

pelIeHus mpenojgaBaTes.

6. JlaGoparopHass paboTa BBITIOJNHSAETCS TIOJI HAONIOJCHUEM TMPEToJaBaTelisa WU
nepcoHana 1abopaTopuu.

7. W3mepurenbHble TPUOOPHI YCTAHABIMBAIOTCS HAa pabodeM CTOJIE C YUeTOM OOecTieueHus
CBOOOJTHOTO JIOCTYyIa KO BCEM OpraHaM MOJKIIFOUYEHUsI, PETYJIMPOBKH U YIPABICHUS UMU U B COOT-
BETCTBUH C UX PabOYMM IOJOKEHHUEM; UX HAJI0 pacrojararh Tak, YT00bl OBLJIO yI00HO YUTATh TO-
Ka3aHUs TpUOOPOB M MCKIIOYUTH OMMOKU Mapaiuiakca. [Ipubopsl, pacmnonoxeHHble B 1abopaTop-
HOM CTOMKE BEIHUMATh 3alpeliaeTCsl.

10. Tlocne BBITOJIHEHUS 3aJIJaHUS pabodee MECTO MPUBOAMTCS B HCXOTHOE COCTOSTHUE.

1.5 Tlopspok odopmieHus oTueTa

OTtyer 0 mpoAeIaHHOW JTAOOPATOPHOW paboTe COCTABISACTCS KaXAbIM CTYJEHTOM B
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COOTBETCTBUM C YyKa3aHHbIMH (popMaMu B TETpagu IO JIaDOpaTOPHOMY MPAKTUKYMY IO CXeMe
"Terpaab B TeTpaau'", KOTOpas JOJDKHA BBIOJMHATH POJIb OIMOPHOTO KOHCIIEKTa B Oasuce
HENPEPHIBHON MOJATOTOBKH U MPH PEIICHHH KOHKPETHBIX YYEOHBIX M HAYYHO-HCCIIEI0BATEIBCKUX
3a/la4 U3y4eHHUs M U3MEPUTEIHLHOTO KOHTPOJIA ammapaTypbl TEJIEKOMMYHUKAIIMOHHBIX CUCTEM U
ceTelt B mporecce o0yuenus B BY3e.

OTtyeT AOMKEH coliepKaTh TUTYJIbHBIN JUCT (CTpaHuLa 1 TeTpaau TaHHOTO 3aHSTHs), JTUCTHI
pelIeHNs TOCTAaBJIEHHBIX 3a7a4 U 3aKJIIOYUTENIbHBIA JTUCT OTYETHOCTH.

TUTyIbHBIN JUCT pacroiaraeTcs Ha MPaBoil CTpaHUIE TETPAIU MO JIaOOPaTOPHOMY IPAKTH-
KyMYy, 3aKJIIOYUTEIbHBIN — Ha JIEBOM cTpaHuIle. MeXIy HUMHU Ha JBOMHOM pa3BOpOTE TETPaIH pac-
I10JIaratoTCsl JINCThI PELLIEHHUS IOCTABIEHHBIX 3a/1a4.

TUTYJIBHBIN JTUCT TOJKEH COAEPIKATH:

1. Ttum u Homep paboOThI B COOTBETCTBUU C TIpaUKOM MPOXOXKIEHHUS JTabOpaTOpHOTO
MIPAKTUKYMa,

2. HAMMEHOBaHHWE, IIEJh U IPOTPaMMy paboThI;

3. obopymoBaHue paboYero Mecra;

4. wuHopMaMOHHBIH 0a3UC pabOTHI.

dopmann30BaHHbBIE POPMBI JTUCTOB BKIIFOUEHBI B COCTaB METOIUYECKOTO MOCOOUS.

Jl1s mostyyeHust OTYETHOCTH CTYJEHT JIOJKEH MPEICTaBUTh OTYET, OATBEPIUTh 10CTOBEP-
HOCTb IOJIYYEHHBIX PE3YyJIbTaTOB, MOSACHUTh (U3NYECKUIN CMBICI COCTABIISAIOIIUX MPEACTABIAEMBIX

PE3YIbTATOB U OTBECTUTH HAa KOHTPOJIbHBIC BOIIPOCHI.

1.6 Yka3zauus 110 TEXHUKE 0€30MaCHOCTH

[Tpu BBIMONHEHHM 7Ta0OPATOPHBIX PAaOOT HEOOXOAUMO COOJIIOJATh CIEAYIOLINE IpaBHiIa
TEeXHUKU OE30MaCHOCTH.

1. Ilpucrynas x padote, cienyeT 03HAKOMUTHCSA C HCTOUHUKAMHU NMUTaHUS pabovero Mecra,
Croco0aMy UX BKJIFOYEHHUS, SKCIUTyaTallii U BBHIKIIOYEHHUS.

2. Ompenenuth MecTa MOIKIIOUEHHs JaO0OpAaTOPHOTO OOOPYAOBAHHUS U  H3MEPUTEIBHBIX
npuOOpOB, YOETUTHCS B LIEIOCTHOCTH PO3ETOK, BUJIOK M ITHYPOB MUTAHUSL.

3. IlpoBepuTh HaMMuMe y HWCIOIB3yeMOTOo OOOPYIOBAHUS M WM3MEPHUTEIBHBIX TPUOOPOB
3alUTHOTO 3a3€MJICHUS.

4. Tlepen mpoBeaeHUEM U3MEpEHHH yOSAUTHCS B LIETOCTHOCTH M30JISIMU COSIMHUTEIBHBIX

IMIPOBOAHUKOB U U3MCPUTCIIbHBIX KaOeIe.



5. Pabory Ha 000pymoOBaHMH MPOBOAUTH CTPOTO B COOTBETCTBHHU C TPEITyCMOTPEHHBIM
3aJjaHueM, 0co00e BHUMAaHME, YIENssl NPAaBWIHHOMY IOJKIIOYEHHUIO CUTHAJIBHBIX M KOPITYCHBIX
MITEKEPOB K 00BEKTaM U3MEPEHHH U TprOOpaM.

6. 3ampemraercs mpHKacaTbCs pyKaMH K 3aKHMMaM, HAaXOAALIMMCS TOJ HAaIpPsHKCHUEM;
HaJIMYUe HAPSHKCHUS Ha 3aKMMaX JIEMEHTOB CXEMBI CIIeyeT MPOBEPATh TOIBKO NW3MEPUTEIbHBIM
puOOpOM.

7. 3amperraercst OCTaBIATh 0e3 HaOMOACHUS 000PYIOBaHHE U U3MEPUTENIbHBIE TPUOOPHI,
MOJIKJTIOYECHHBIE K HCTOYHUKY MUTAIOIIETO HAPSHKEHHUS.

8. Bce u3MeHeHHs B KOMIUICKTallMU 000PYI0BaHMsI, a TAK)KE YCTPAHEHUE HEUCTIPABHOCTEH
MIPOU3BOIUTCS TOJBKO MOCIE OTKIFOUEHHS] HICTOYHUKOB TUTAHUSI.

Byabre ocTopoxkHbl pu padore ¢ BbICOKMM HampsikeHneMm! CoOmronaiite mpa-

BWJIA TEXHUKH 0e30macHocTH!



JlaGoparopHuasi padora 1. IlocienoBaresibHble U MapaJlieJbHbIe HHTEPPerchI

Lenb paGoThl: YSCHUTH TPUHITUITEI B3aUMOACHCTBHSI IPHEMOTICPEIaTINKOB
Ha PU3NIECKOM YPOBHE

3aganue:

1. N3y4nuTh CHHXPOHHBIN U ACHHXPOHHBIH PEKUMBI IIepeaadn JaHHbIX. DOpMaThl ACHHXPOHHON H
CHUHXPOHHOM MOCHUIOK.
2. PeanuzoBare mocnenoBarenbHbBIN HHTEpQEC HAa PUINIECKOM yPOBHE.

1 KpaTkue TeopeTuuecKkue CBeICHUS

[Ipu obmene naHHBIMH Ha (U3UYECKOM YpPOBHE €IUHUIECH HHPOpPMALUU SABISETCS OWT,
MO3TOMY CpeACTBa (PU3UYECKOTO YPOBHS BCEr[a MOAAEPKUBAIOT IMOOUTOBYIO CHHXPOHH3AIUIO
MEXy IPUEMHUKOM U MIEPEIaTYNKOM.

KananbHbIi ypOBEHB ONEpUpyeT KaJipaMu JAHHBIX U 00€CIeYMBAET CHHXPOHU3AIUIO MEXTY
MPUEMHUKOM M TIEpPEeaTYMKOM Ha YpOBHE KaApoB. B 00sS3aHHOCTH NpHUEMHHKA BXOAUT
pacrio3HaBaHME Hayajla IIepBOro OaiiTa Kaapa, paclo3HAaBaHWE TpPaHUI] TMOJIeH Kaapa u
pacro3HaBaHUe NpPU3HAKA OKOHYAHUs KaJipa.

OOBIYHO TOCTAaTOYHO OOECIEUNTh CUHXPOHHU3AIMIO Ha YKA3aHHBIX ABYX YPOBHSX - OMTOBOM
U KaJIpoBOM, - YTOOBI NEpeJaTdYMK M NPUEMHUK CMOIIM OOECHeYuTh YCTOMYMBBIA OOMEH
unpopmarmeii. OnHAKO TPH IUIOXOM KauyecTBE JIMHUU CBA3M (OOBIYHO ATO OTHOCUTCS K
Tene(OHHBIM KOMMYTHUPYEMBIM KaHajam) JUIsl  YACUICBICHHUS amnmaparypbl U TOBBIIMICHHS
HaJIeKHOCTH TEpeadn JAHHBIX BBOIAT JOMOJIHHUTENIBHBIC CPEICTBA CHHXPOHU3AIMU HA YPOBHE
0aiit. Ethernet JIokaibHBIE CETH O MOJIB3€ CTAHJAPTH3AINN

Taxkoii pexxum paboThl HA3BIBACTCS ACUHXPOHHBIM WA CMAPmM-CMOnHuIM. JIpyroil mpuauHon
WCIIONIb30BAaHUSI TAKOTO PEXMMa pabOThl SBISETCS HaJIWM4Me YCTPOWCTB, KOTOPbIE TEHEPUPYIOT
0aifThl TaHHBIX B CIIy4aiiHbIE MOMEHTHI BpeMeHH. Tak paboTaeT kiaBuaTypa AUCILIES WU IPYroro
TEPMHUHAJIBHOTO YCTPOWCTBA, C KOTOPOrO 4YeJNOBEK BBOAUT JaHHbIE Ui OOpaOOTKM UX
KOMITBIOTEPOM.

B acunxpoHHOM pexuMe KaxAbld OalT JaHHBIX COMPOBOXKIAETCS CIEIUATBHBIMU
CUTHAJIAMH «CTapT» U «cTom» (puc. 1, a). Ha3zHaueHune 3TUX CUTHAJIOB COCTOUT B TOM, YTOOBI, BO-
MEPBbIX, W3BECTUTh NPHUEMHUK O TMPUXOAE MTAHHBIX U, BO-BTOPBIX, YTOOBI JaTh NPUEMHHUKY
JIOCTaTOYHO BPEMEHHU JJIsl BBHIOJHEHHS HEKOTOPBIX (DYHKIIMM, CBA3aHHBIX C CHHXPOHH3AIUEH, 10
MOCTYIUIEHUS cienyromiero O6aiita. CUrHAN «CTapT» UMEET MPOAODKUTENBHOCTh B OAMH TAKTOBBIM
WHTEpBaJ, a CUTHAJ «CTOM» MOXKET JUIUTHCS OAMH, MOJITOPA WU JBA TakTa, IO3TOMY T'OBOPST, UTO
UCIIONB3YeTCS OAWH, TOJNTOpa WIM JBa OWTa B KAyeCTBE CTOMOBOTO CHUTHAalIa, XOTS
10JIb30BaTENIbCKUE OUTHI 3TU CUTHAJIBI HE TIPECTABIISIOT.

ACHHXPOHHBIM OITMCAaHHBIA PEXUM HA3BIBACTCS MOTOMY, YTO KXl OalT MOXET OBITh
HECKOJIbKO CMEIIEH BO BPEMEHH OTHOCUTENIBHO MOOUTOBBIX TAKTOB Ipenblayiiero Oaifra. Takas
ACUHXPOHHOCTH Tepefayu OalT He BIMSET HAa KOPPEKTHOCTh NMPUHUMAEMBIX JIaHHBIX, TaK KaK B
Hauase KaxJao0ro 0aiiTa MpouCXOAUT AOMOTHUTENbHAS CHHXPOHHU3AIIHS MPUEMHUKA C HICTOYHUKOM 32
cueT OuToB «cTapT». bonee «cBOOOAHBIE» BpEMEHHBIC JTOMYCKH OMPEACTSIOT HU3KYI) CTOUMOCTh
000pyIOBaHUSI aCHHXPOHHOUN CHCTEMBI.
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Pucynok 1 - AcunxponHast (a) u cHHXpoHHas (0) mepenayu Ha ypoBHE OalT

[Ipy CUHXPOHHOM peXHME Iepeadd CTapT-CTOIHBIE OUTBHI MEXIY KaXKIOoW mapoil OalT
oTcyTCTBYIOT. [lonmp30Barebckre TaHHbIE COOMPAIOTCA B Kajp, KOTOPBIA MpeaBapsieTcs OalTamu
cunxponuzanuu (puc. 1, 6). bailt cuHxpoHM3aUu - 3TO OANT, comepKalIuii 3apaHee U3BECTHBIN
ko1, Hampumep 0111110, xoTopblii omoBemaeT NPUEMHUK O MpPHUXOAE Kajapa AaHHbIX. [Ipu ero
MOJy4YeHUU TPUEMHHUK JOJDKEH BOHTH B OalTOBBIH CHHXPOHU3M C IEpelaTdYMKOM, TO €CTh
IPaBUIBHO IOHMMAaTh Hayajgo odepenHoro Oaifta kaapa. MHorma mnpumeHsieTcs HECKOJIbKO
CHUHXPOOAlT 17151 obecrieueHust Ooiee HaZEKHOW CUHXPOHM3ALMK IPUEMHHMKA U IepenaTyuka. Tak
Kak Ipu nepejade JJIMHHOIO Kajpa y IPUEMHHUKA MOTYT MOSIBUTbCS MPOOJIEMbl ¢ CHHXPOHHM3aLUEN
OWT, TO B 3TOM CITy4ae UCTIOIB3YIOTCSI CAMOCHHXPOHHU3UPYIOLTHECS KOIBI.

[TocnenoBarenbHbie MHTEP(PEHCH UCTONB3YIOTCS IS CBSI3M JABYX HIIM 0OoJiee yCTPOWCTB
MEXIy coOoi. XapakTepHas 4epTa TakuX HHTep(PEHCOB — HCIOIB30BAaHHE MOCIEIOBATEILHOTO
MeTona nepenayn MudpoBoi WHGOPMALINHU, IPU KOTOPOM JaHHBIE MEPEAAIOTCs MOCIIEA0BATEIHHO
OUT 3a OGUTOM, JIJIsl YETO UCIOIb3YeTCs BCEro JUIIb ogHa JUHUA. [Ipu 3TOM usnueckas peanuszanus
JIBYCTOPOHHETO OOMEHa MOXET OCYIIECTBIATHCA € MOMOILIbI0 2 — 3 MPOBOJAOB. 3HAYUTENIbHOE (IO
CPaBHEHMIO C MapaljieIbHbIMU HHTepdeiicaMn) CoKpallleHHe Yncila KaHaIoB Mepeay U MpOBOJIOB
MO3BOJIMJIO YIPOCTHTh M YJIEIIEBUTH MpHEMOIEepeatolire yCTpoicTBa U KabenbHble cucTeMbl. B
oOuiem, nocienoBarenbHble HHTEp(HENChl OTIIMYAIOTCS JIy4dlled MOMeXOyCTOMYMBOCThIO [37€Ch HE
YUUTBHIBAE€TCSl BIMSIHUE THUIA JIMHUM IMepesiauu |, MOCKOJIbKY B HUX MCKJIIOYEHO B3aUMHOE BIIMSHHE
MEXY JIMHUAMU JaHHBIX ((PakTHUeCKH, JUHHS JaHHBIX BCEro OHA, a, HaIpHUMep, B 8-pa3psiiHOM
napajuieTIbHOM uHTepdeiice — §).

CpaBHUTeNbHAs MPOCTOTa M HHU3KUE amnmnaparHble TpeOoBaHMs OOYCIOBWIIM IIUPOKOE
UCIOJb30BaHUE IOCIIEA0BATEIbHBIX HMHTEPPEHCOB B 3JIEKTPOHHKE U CMEXHBIX O00IacTsX.
HauOonpmiee pacnpoctpanenue u3 Hux nomyuunn uHrepdeiicst 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 UCIIONb30BaHusA. B yacTHOCTH, epBble 4 uHTEpdeiica
MPEUMYIIECTBEHHO MCIOJIb3YIOTCS B MUKPOKOHTPOJUJIEPHBIX CHUCTEMax, MocieaHue 4 — JUIsl CBSA3H
[IK ¢ nepudepuitneim obopynoBanueM. [locnenoBarensubiii uatepdeiic RS-232, pazpaboranubrit
HECKOJIPKO JIECATKOB JIET Ha3zaja [pa3paboTka cTaHAapTa MpOBOAWIACH, HaumHass ¢ 1960 r.] mis
KOMIIBIOTEPOB (B OCHOBHOM JIsI CBSI3U C MOJIEMaMU) U SIBJISTFOIIUICS «IIaTpHapXoM» B CBOEM POJIE,
JI0 CHUX TIOp HE yTpaTuj CBOETO KOMMYHHKAIIMOHHOTO Ha3HaueHus. Takoe ponronetre (0COOEHHO ¢
y4e€TOM  TPEUMYIIEeCTB  JPYrHX  CTaHJApTOB)  OTYACTH  OOBSCHSAETCS  pPa3BUTHEM
MUKPOKOHTPOJUIEPHOM TEXHUKH, KOTOpas B HACTOALIEE BPEMsI IOBCEMECTHO HCIIOJIb3YETCS 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 MuKpokoHTposuiepoM (MK) m IIK, ammapaTtHo mpucyTcTByromeM 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 mnoxpaepkuBatoumx 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 cBsa3u [IK ¢ momompto COM-mopra. Crnenudukaius J1r0060ro
uHTepdeiica BKIOUaeT B ceOsl JBE COCTABIAIOIIME: alMapaTHy U MPOTPAMMHYIO (JJOTHYECKYIO).
AmnmaparHasi 4acTh (YpOBHHM HalpsOKEHUH, pa3beMbl, HA3HAYCHHE CUTHAJIOB U IIP.) OMHCHIBACTCS
CTaHJApTOM Ha uUHTepdeiic, omucaHue MPOrpaMMHON dYacTh (IpaBWJI Tepelayd JaHHBIX)
Ha3bIBAETCS MPOTOKOJIOM HHTEpderica.

ArnmaparHasi cocTaBisitomas natepgeiica pernamentupyercs crauaaprom RS-232 (EIA/TIA
— 232 — E) Accouuanuu 53JI€KTPOHHOM NPOMBIIUIEHHOCTH M pekoMmeHnauusaMu V.24 MKKTT
[MexnyHapoqHbId KOHCYJIBTaTUBHBINM KOMUTET 1o Tenerpaduu u tenedonuu|. bornee mompobHO
HCTOpUS CO3/IaHUs U 3BONMIONMH cTaHfaapta onucansl B [1]. Crangapt RS-232 (ero odpunmansHoe
Hazpanue Interface between Data Terminal Equipment and Data Circuit-Termination Equipment
employing serial binary data interchange) mnpenHasHadeH [Uisi TOAKIIOYCHHS allllaparyphl,
MepeIaroiel Wi mpuHUMaroleii Janneie (o0o3Hadaercs kak DTE — Data Terminal Equipment) [B
kauectBe DTE MoxeT BbICTynarh KOMIBIOTEp, MPUHTEp WIM Jpyroe mnepudepuiiHoe
obopynoBaHue]|, K OKOHEYHOW armaparype KaHaloB JTaHHBIX (o0o3Hauaercs kak DCE — Data
Communication Equipment). ®ynakius DCE coctouT B oOecrieueHUH BO3MOXHOCTH TEpeaadu
unpopmaruu Mexay aByms win OonbmuM uuciom DTE. [pyrumu crnoBamu, DCE — ato
yCTPOMCTBO, mpeoOpa3ymoiiee curHain B GopMy, TMOAXOISIIYIO A KaHala CBSI3U, HAapumep, B
aHayoroBelil curHan s tenedonHord nuHuu. Ilpu csazu [IK ¢ ymanenHsiM nepudepuitHpiM
obopynoBanuem B kadectBe DCE wame Bcero BeicTymaer mozeMm. YcerpoiictBa DTE moryr
COEAMHATHCS HAMPSIMYIO C MIOMOIIBIO T.H. Hy/Ib-MOJIeMHOro Kabesns. Ha pucyHke 2 nmoka3zaHa mosiHas
cxema coenuHeHus AByx DTE — ycTpoiicTs.

Mogem
(DCE)

JINHWA CBA3M

() e

(DTE) (DCE)
Pucynok 2 — Ilonnas cxema coequaenus mo RS-232

Cormaco cranmapty RS-232, curHan (mocnemoBarenbHOCTH OWTOB) mMepemaeTcs
HanpsbkeHueM. llepegaryuk W TPUEMHHUK SBJISIOTCS HECUMMETPUUYHBIMU: CUTHAJI TEperaeTcs

OTHOCUTEJIbHO OOIIEro MpoBoja (B OTIIMYHME OT CUMMETPUYHON mepenayr npoTokosnoB RS-485 wnmum
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RS-422). JlormyeckoMy HYITIO Ha BXO/A€ INMPUEMHHUKA COOTBETCTBYeT auamazoH +3...+12 B, a
JIOTUYECKON eauHule — nuana3oH -12...-3 B. /lnanazon -3...+3 B — 30Ha HE4YyBCTBUTEJIBHOCTH,
o0ecrieynBarolasl TUCTEPE3UC MPUEMHHKA (IepenaTyuka). YpOBHH CHTHalla Ha BBIXOJE JOJIKHBI
ObITh B auamnaszone -12...-5 B ansg mpencraBieHus JTOTHYECKOW eaWHUIBI U +5...+12 B mns
IIPEJICTABICHNs JIOTUYECKOro Hyns. MmmrocTpanust ypoBHEH IIpelCTaBlIeHa Ha pPHUCYHKE 3.
Heo6xonumMo oTMeTHUTh, YTO MHTEep(deic He oOecreunBaeT rajJbBaHUYECKON Pa3BsI3KU YCTPOMCTB.
[TogxmroueHne M OTKIIIOUEHHE HHTEp(EHCHBIX Kabenael YCTpOMCTB ¢ HE3aBUCHUMBIM IHTaHHEM
JOJPKHO IIPOM3BOJAUTHCS MPU OTKIFOYEHHOM MUTAHUU.

A A
+25B1 3
+15B Bric orania
Bpic orami * ypoBeus
YPoB ¢HE
+5B ——— +3R
Fona Fona
0 - HE 0TI €7 € TTEHH 00 TH 0 ™ me OTLJré e TEHHO ¢TI
-5B 3B
Hiz xant 3
¥POEeHb \ Hiz yanit
-15B VP OBEHE
-25B »
Iepe gaTurm Iprzeneate

Pucynok 3 — YpoBuu curnano RS-232 Ha nepezgaromieM M IpUHUMAIOLIEM KOHIAX JTUHHUU
CBSI3U

OcHoBHbIe XapakTepucTuku ctanaapra RS-232C cnenyromue:

— MakcHMajbHas JjInHa Kadens 15 m;

— YHCIIO MPUEMHUKOB — 1;

— YHCIIO NMEpPEeNaTInuKoB — 1;

— MakcuMallbHas ckopocTb nepenauu — 20 Kourt/c.

MakcuManbHast UTMHa KaOest OonpeenseTcs ero COBOKYIHOW eMKOCTbIO, 3HaU€HUE KOTOPOH
ykazaHo B crangapte — 2500 nd. I[Tockonbky XapakTepUCTUKH MCIIOIb3yeMbIX Kabeeil MOCTOSHHO
ylydmaiorcs (Hampumep, TUIUYHOE 3HAYEHHE TIIOOHHOM €MKOCTHM THUIHMYHOTO — Kalens
ymenpmiock co 160 nd mo 50) [2], 3HaueHHMe MakcUMalbHON AMWHBI Kabens ams RS-232,
IIPUBOAMMON B Pa3HBIX HCTOYHUKAX MOXKET BapbUpoBaThes oT 15 1o 50 m.

Co croponsl TIK unTepdeiic RS-232 moxer ObITh peasin3oBaH C MOMOINIBIO 9-u win 25-
KOHTAKTHBIX pa3beMoB Tuma D-sub, o003Hauaembix cooTBeTcTBeHHO Kak DB9 n DB25. U3nauansho
HauOoJbIllee pachpocTpaHeHne uMen pazbeM DB25, mockoiabKy OH MO3BOJISIT MCIOJIB30BAaTh BCE
nMeromuecs BapuanTel RS-232. CranmapToM IpenycCMOTpeHa BO3MOKHOCTh CHHXPOHHOM NIepeiadyn
JaHHBIX, YTO MOIVIO MOTPeOOBaTh HCIOJIB30BAaHUE JOMOJHUTENbHBIX KOHTAKTOB, OJHAKO Ha
MPaKTUKE TaKoM crmocod mepenadd HCHoJb3yeTcss penko. Jlias acHHXpOHHOM XKe mepenayd,
noapazymeBaeMoit mox RS-232 mo ymondaHuio, XBaTaeT BO3MOXHOCTEH Oojiee MUHHMATIOPHOTO
DB9. IlosToMy B HacTosiIee BpeMsl HCIIOJIb3YETCS IPEUMYILIECTBEHHO OH.

[Tapannensuplii uHTEpdENRC — ANA KaxI0ro OuTa mMeperaBaeMOM TPYIIBl UMEETCS CBOS
CUTHaJbHAsT JMHUSA (OOBIYHO C JBOMYHBIM TPEACTABICHHEM), U BCE OWUTHI TPYIIIBI MEPEIAIOTCS
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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 sBIeHHE mepekoca (skew), CyIIecTBEHHO
BIMSIONIEE Ha JOCTHKHMMBIM Ipenen TakToBOM dYactorbl. CyTh €ro B TOM, 4YTO CHUIHAJbI,
OJTHOBPEMEHHO BBICTABJICHHbIE Ha OAHOW CTOpOHE MHTepdeiicHOro kabdems, HOXOASAT 10 APYroro
KOHIIa HE OJIHOBPEMEHHO H3-3a pa3Opoca XapakTepucTHK Leneid. Ha Bpems: mpoxoxaeHus BIUSET
JUIMHA TIPOBOJIOB, CBOMCTBA M30JIALIUH, COCAUHUTEIBHBIX IEMEHTOB U T. I1. OUEBUJIHO, UTO MIEPEKOC
(pa3HHILIa BO BpEeMEHU NPUOBITHS) CUTHAJIOB Pa3HBIX OMTOB JOJDKEH OBITh CYIIECTBEHHO MEHBIIIE
KBaHTa BpEMEHH, HHade OuThl OyayT wHCKaxarbcsi (IyTarbcs C OJAHOMMEHHBIMH OWTaMu
MPEIUIECTBYIOUIMX U MOCIEAYIOUIMX IOCBHIIOK). BIloiHe NMOHATHO, YTO MEPEKOC OrpaHUYMBAET U
JOMYCTHUMYIO JUTMHY UHTep(ECHBIX Kabenei: Mpu OHON U TOH e OTHOCUTEIBHOHN MOTPEIIHOCTH
CKOPOCTH paclpOCTpaHEHHs CUTHAJIOB Ha OoJbIIell JuinHe HaberaeT u Oonbiimii nepexoc. Ilepexoc
CAEPKUBACT U YBEIMUYEHUE Pa3pATHOCTH MHTepdeiica: ueM OoJbIlle UCIONb3YyeTCs MapaieIbHbIX
nenei, TeM TpyAaHee JOOUTHCS MX UACHTUYHOCTU. M3-3a ATOro naxe MPUXOIUTCS «IIMPOKUI»
(MHOTOpa3psiIHbIN) HHTepdelc pa3OruBaTh HA HECKOIBKO «Y3KHX» TPYIII, JUIS KaKI0M U3 KOTOPBIX
HCIIONB3YIOTCSl CBOM yIpaBisitolue curianbsl. B 90-x rogax B cXeMOTEXHUKE PUEMOIIEPEIAOIINX
Y3JI0B CTaj OCBAaWBATHCS YaCTOTHI B COTHU MErarepll 1 BbIIIE, TO €CTh JUIMTEIbHOCTh KBAHTA CTala
MU3MEPATHCS €IMHUIIAMM HAaHOCEKYHI. J[OCTMYb COM3MEpPHMMO MAJIOrO IEPEKOCAa MOXKHO JIMIIb B
Ipejenax ECTKUX KOMIIAKTHBIX KOHCTPYKIMH (redarHas Iuiata), a Uil CBA3H OTAEJbHBIX
YCTPOUCTB KaOeJsIMH JUTMHOM B JIECATKA CAaHTHMMETPOB MPUIUIOCH OCTAHOBUTHCS HA YACTOTAxX, HE
MPEBBILIAIOIINX JECATKOB Merarepil. J[is Toro 4roosl 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 O6opynoBaHue pabodyero mecra

1. I[lepcoHanbHbIE KOMIBIOTEPHI (HOYTOYKH).
2. Monemel
3. KabGenu coequHUTEBHBIE.

3 IopsAmoK BBIMONHEHUS PA0OTHI
CoOparb cxemy CBSI3U U TIepeaTh ayJiuo, BUACO U JaHHBIC.

4 Copneprxanue u ohopMIIEHHE OTYETa

Otuer noKeH coaepxkKarb:

1.Ha3Banwue, 11enp 1a60paTopHOil paboThI.

2.Kparkne TeopeTHUECKHUE CBEACHHUS.

3.Pe3ynbTarhl BBITOJTHEHUS 3a/ITaHH.

4.BbIBOIBI IO paboTe.

Otuer odopmiiseTcs B TeTpaIu o Ja00paTOpHOMY MPAKTUKYMY.

5 KoHTposbHBIE BOITPOCHI:

1. O6mactu MPUMCHCHUA MMOCICA0BATCIbHOIO U TapaJlJICJIIbHOT'O HHTep(I)CﬁCOB.
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2. OCHOBHBIE XapaKTEPUCTUKH KaHaJIa CBSI3H.

3. Crangapt RS-232. Cxema coennHeHns. XapakTepUCTHKa.
4. Pazbémbl RS-232.

5. [Iporokon RS-232.

6. @opmar acCMHXpPOHHOM nepenauu 1o muHe RS-232

6 MadopManimoHHbIE HICTOYHUKH

1. Umn @. CeTeBoif 1 MEXCETEeBOM OOMEH JaHHBIMU C MHKPOKOHTposuiepamu. — M.: U3na-
tenbekuit 1om «Jlomka XXI», 2007. — 376 c.

2. ITapk 1., Makkeii C., Paiit D. Ilepenaya qaHHBIX B CUCTEMaX KOHTPOJIS U yIIPABICHHS. —
M.: OO0 «I'pynna UIT», 2007. — 480 c.

3. Ky3emunor A.}O. UnTtepdeiic RS232. Csizb MeXIy KOMITBIOTEPOM U MHUKPOKOHTPOJLJIC-
poM. — M.: Panno u cBs3b, 2004. — 168 c.

4. Omadep B.I'., Omudep H.A., Komnsrorepasie cetu. [IpuHIUIBI, TEXHOIOTHH, TTPOTOKO-
7bl: YueOHUK 17151 By30B. 4-¢ u3a. Cno.: [Turep, 2010.
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Jladoparopnasi padora 2. UnTepdeiichl 6eclipoBOIHOM CBSA3H

L{enb paboThl: O3HAKOMHUTBCS U U3YyYUTh OCHOBHBIE HHTEP(]Eich OeCITPOBOAHOMN CBS3H.
[TomyuynTh HaBBIKH PabOTHI ¢ OECIIPOBOIHBIMU CETSMH CBSI3H.

3aganue:
1. Wsyuuts UHTEpdEiichl GecripoBOTHON CBSI3U, CTAaHAAPTHI OCCIPOBOIHOM CBS3H.

2. OpraHu3oBaTh U IPOBECTH MOHUTOPHUHT CE€TH CBs3U B ctanaapte 802.11.

1 Kpartkue TeopeTnueckue CBeIeHUs

OnTtudeckue wHTEpPEHCH OrpaHUMYEHHOTr0 paauyca geiictBus IrDA.  Accormarnms
uH(pakpacHoi nepenaun ganubx (Infrared Data Association - [rDA), Haunnas ¢ ee 06pa3oBaHus B
1993 roxy, paboTasia HaJl OTKPBITBIM CTaHAAPTOM HMH(PaKpacHOW NepeAadyr JaHHBIX HAa KOPOTKHUE
paccrosiHus. Cnenuduranuu IrDA 6a3upyrorcs Ha AByX CTaHIapTax - MPOTOKOJIE (PU3MUYECKOro
ypoBHsi 115 Ko6ut/c (tuma UART), xoropsiii Obu1 pasBut Hewlett Packard, u mepBonauanbHO
npemioxenHoMm IBM mpotoxone Link Access Protocol (IrLAP), ocnoBannom na HDLC.

B 1995 rony HECKOIBKO JHMIEPOB PbIHKA 3JIEKTPOHUKHU BBIIYCTHJIU CEPUIO MPOAYKTOB,
WCTIONB3YIOMINX IS TTepeaadn HHPOpMAIMH 10 OTKPHITOMY onTudeckoMy kaHany IrDA-standart, a
B Hos0pe 1995 roma Microsoft 3asBMia O BKIIOYEHHH MPOrPAMMHOTO OOECHCUCHHS,
o0ecreunBaroIero HHPPaKpacHyr CBs3b, HCHONb3yomy IrDA-standart, B cTanmapTHBIN maker
orepaunonnoit cucrempl Windows 95. B nacrosimee Bpemst IrDA-standart - oguH W3 cambIx
pacrpoCTpaHEHHBIX CTAHAAPTOB JJIs OpraHu3allMd MepeAayd HHGOpPMALUM 10 OTKPBITOMY
MHGpPaKpaCHOMY KaHaly. DTO - IPOTOKOJN Iepeladd JaHHBIX CBA3M «TOYKA-TOYKa» B Y3KOM
KoHH4eckoM yrity (30°), mpeqHa3Ha4eHHBIN /U1 paboThl Ha PacCTOSHUM 10 1 MeTpa co CKOpOCTAMU
Mexay 9.6 Kout/c u 16 Mout/c. YerpoiicTa ¢ OecipoBOiHBIMU UHTEpdeiicaMu

YerpoiicTBa ¢ 6ecipoBogHBIMU UHTEpdericaMu:

- anantep IRDA-USB;

- anantep Bluetooth-USB;

- MbIb Bluetooth ¢ 8-10 kHonkamu.

[TpeaycMoTpeHbl TakkKe MPOTOKOJIBI CIETYIOIUX HECKOJIBKUX YPOBHEM:

- IrLAP (Infrared Link Access Protocol) - obGecreunBaeT ympaBiIeHHE TOCTYIIOM,

YCTaHOBJICHHE HA/ICKHOTO TBYCTOPOHHETO COCAMHEHUS;

— IrLMP (Infrared Link Management Protocol) - obecmeunBaeT MHOTOKaHAJIbHBIH

JIOTUYECKUI TOCTYII, MEPEKIIOUEHNE YCTPOUCTB (aKTUBHBIN/MACCUBHBIN) U TIP.;

- IrCOMM (Infrared Communications Protocol) - o6ecnieunBaeT paboTy ycTpOUCTB B

peKUMe KaK MapajuieIbHOTO, TaK M MOCIIEI0BATEIIEHOTO TOPTOB;

- IrOBEX (Infrared Object Exchange) - oOMeH JaHHBIMU WJIM OOBEKTaMH;

- IrLAN (Infrared Local Area Network) - obecnieunBaeT coeanHenne nHppaKpacHbIX

YCTPONCTB B JIOKAJIbHYIO CETh B BAPHAHTAX - «KJIMEHT-CEPBEP» MU «TOYKa-TOUKa» (peer to

peer).

B oGnactu mMoOMibHBIX BbluMciaeHUN I[rDA 0OBIYHO HCHIONB3yeTCS I MOIKITIOYSHHUS
MOPTAaTUBHOTO KOMIIBIOTEPA K MOOMIILHOMY Tele(OHY U YCTaHOBICHHSI MOJIEMHOM CBsi3U ¢ Internet.
IrDA Takxe onpenensier IrLAN-npoTokon 1715 TOAKIIOUEHUS YCTPOUCTB, mojaepx uBatoiux IrDA-
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CBSI3b CO CTAllHOHAPHOM CETHIO.

Crneuuduxamust Jis TOPTAaTUBHBIX YCTPOWCTB, OOECIEUMBAIONIAs JIEIICBYIO PaTUOCBSI3b
MEXIY MOOWIBHBIMH KOMITBIOTEpAMH, MOOWIBHBIMU TelehOHAMH, HHPPOBBIMH KaMEpaMH,
MPUHTEPAMH, KOHCOJISIMA BHUICOUTP W JPYTUMH TEPEHOCHBIMU YCTPOWCTBAMH, BO3MOXKHOCTH
nofcoenuHeHus K Internet. CBsi3p ycTaHaBIMBaeTCs B 0€30MaCHOM, HEIUIICH3UPYEMOM JTHATIA30HE
VABTPAKOPOTKUX BOJNIH «MHAycTpuanpHblii HaydHbli W MenuuuHcKui» (Industrial Scientific and
Medical - ISM) - 2.4 I'Tu (B uaTepBaie 2.4-2.4835 I'T'y B CIIA u SInonun). YacTu 3TOH MOJOCHI
Takke noctynHbl Bo ®pannun u Mcnanun. [maBHoe mpemmymiectBo cuctem Bluetooth mepen
WHQPPAKPACHBIMK TIOPTaMH COCTOMT B TOM, 4YTO 31eCh He TpeOyeTrcs mpsiMas ONTHYSCKas
BUIUMOCTh. CHicTeMa peam3yer TpH Kiacca cBsizu (Tabm.1).

Tabnuna 1 — XapakTepucTrKa KJIacCOB CBSA3H

Knacc cBs3u MakcumanibHas —paspemieHHas | J{ucranuust (MpuOIMKEHHO), M
MOIIIHOCTh, MBT
1 100 ~100
2 2,5 ~10
3 1 ~1

YerpoiicTBa, CBsI3bIBarOIIMecss Mo TpoTokony Bluetooth paboraror B pekmMe «KIMEHT-
cepBep» (master-slave). YcTpoWCTBO-KIMEHT MOXKET BBI3bIBAaTh JO CEMH YCTPOMCTB-CEPBEPOB.
KnuenT u cepBep B 11000l MOMEHT MOTYT NMOMEHATHCS POJSIMU. DTa «CETh», KOTOPYIO 00pa3yroT
BOCEMb WUJIM MEHEE yCTpOICTB, MOIy4Hiia Ha3BaHue nepcoHanbHoil cetu (Personal Area Netork -
PAN, nimun e «MHUKPOCETh» - piconet).

Monynu Bluetooth umeroT mpuemonepenaTyuku, KOTOpble CKaHUPYIOT MPOCTPAHCTBO U
oOHapyXuBalT Apyrue yctpoictBa Bluetooth, uroObl ycranoButh cBs3b. Ilpexae yem mroOble
TaHHBIe OynyT TepenaHbl MEXKAY YCTPOWCTBaMH, JOJDKHA OBITh yCTAaHOBIEHAa ceccus ceTtd. [lo
cooOpakeHHsIM 0€30MacHOCTH TOJIH30BaTEh MODKEH MPEJOCTABUTh MOATBEPKICHHUE 10 BXOAY B
CeTb YCTpOWCTBaM, KOTOpbIE HE OBUIM paHee WISHTH(QHUIMPOBAHBI KaK YyCTPOICTBa,
npuHaIexame 3toi xe PAN.

B nmt000i1 MOMEHT BpeMeHU JaHHbIE MOTYT IepeaaBaTbcs MEXIy KIHNEHTOM U CepBEpamH,
MpUYeM TMEPBBI MOXKET OBICTPO TEPeKIoYaThCsd MEXKIAY BTOPHIMH Ha MaHEp «Kapycelmy.
Crneuundukanuu Bluetooth gomyckator coenunenue nByx unu 6onee PAN B «pacmpeneneHHyro
ceTh» (scatternet), rie BBIACNSAIOTCS YCTPOHCTBA, KOTOPBIE B OHOM MOACETH UTPAIOT POJIb KIMEHTA,
a B JIpyroii - cepsepa.

Jnist pemieHust poOIieM TIOCTPOSHUS CeTel CBA3M aOOHEHTCKOTO JTOCTYINa ¢ MUHUMAIbHBIMU
W3JIep)KKaMH, KaK 110 BPEMEHHM, TaK M TII0 3arparaM HaXOIUT NpPHMEHEHHE OCCIPOBOIHBIN
aOOHEHTCKUH OCTyIl. B cBS3M ¢ YeMm, MHUPOKOe TPUMEHEHNE Ha CETSIX CBSI3M HAXOAAT TEXHOJIOTHU
6ecnipoBogHoro aoctymna, Takue kak DECT, WI-Fi, WiMAX u nap.

BecnpoBognoe coenunenue (WiFi).

Yucno Touek 0OmIeCTBEHHOTO jaocTyna B MHTepHeT (x0T-cmoToB) Wi-Fi mcumcnsieTcss BO
BCEM MHpPE MHOTMMH jAecsTkamu Thicsd. CucteMbl Wi-Fi oTHOCHTENbHO JeiieBbl, 00ecnedrnBaoT
CKOpOCTH nepenadu AaHHbix 10 11-54 (108) Mout/c, no3BoJsIoT epeaaBarh royoc.

Texunomorust Wi-Fi (crapmapt 802.11.x). B mocnemnue rompl BuIEH BCe OONBIIHIA pPOCT
crpoca Ha MOOWIBHBIE YCTPOWCTBA, MOCTPOCHHBIE HA OCHOBE OECIPOBOMHBIX TEXHOJIOTHH.
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HauOonee ObICTpO pa3BUBAIOIIMMCSA CEIMEHTOM  TEJIEKOMMYHHUKAllMd  CErofHs  sBISIETCS
becnpoBoanast Jlokansnas Cerb (Wi-Fi).

[TepBeiii ctannapt 6ecnpoBoanbix ceteid 802.11 6pu1 0100peH MHCTUTYTOM HHKEHEPOB 10
anekTporexHuke U paaunosnexkrponuke (IEEE) B 1997 rony m nopaepxuBail CKOpOCTh Iepenadn
JaHHBIX 10 2-Xx Mo6wur\c. Mcnonp3yemple TEXHOJOTHUECKHUE CXEMbl MOIYIALMU CTaHAapTa:
TceBnociyJyaiiHas rnepectpoiika padoueit yactorsl (FHSS - Frequency Hopping Spread Spectrum) u
ITUPOKOIIOJIOCHAs MOIYJISALMS ¢ TIPsAMBIM pacmupenueM crekrpa (DSSS - Direct Sequence Spread
Spectrum).

B 1999 rony, IEEE omoOpuna emie nBa cranmapra 6ecnpoBonnbix ceteid Wi-Fi: 802.11a u
802.11b. Cranmaptr 802.11a pabGoraer B wacTtoTHOM nuamnazoHe SI'T1 co ckopocTpio mepenadyu
JTaHHBIX 710 54Mo6uTt\c. JlaHHBIN CTaHIAPT MOCTPOCH HAa OCHOBE TEXHOJOTHH HU(POBOM MOIYISALINN
OPTOTOHAJILHOTO MYJNbTIIEKCUpoBaHUs ¢ paszneneHueM ydactor (OFDM - Orthogonal Frequency
Division Multiplexing). Crangapt 802.11b ucnons3yer nuamazon wactor 2.4 I'T'm u nocruraer
CKopocTel mepenadn mAaHHbIX 10 11MOuT\c. B ommume ot cranmapra 802.11a, cxema cranmapra
802.11b moctpoena no npunnuny DSSS.

ITockonbky peanuzoBare cxemy DSSS nerue, nexxenn yem OFDM, 1O M npomykrsl,
ucnone3yrommue crangapt 8§02.11b, Hayanu nosiBIAThCA Ha pbiHKE paHbine (¢ 1999 rona). C Tex mop
MPONYKTHI, paboTaromiye 1mo 0ECIpOBOAHOMY IMPOTOKOIY PATUOAOCTYIIA U MCHIOIB3YIONINE CTAaHIAPT
802.11b, mHMpPOKO HCIOIB30BAIMCH B KOPIOpausx, oducax, A0Ma, B 3arOPOJHBIX KOTTEIKAX, B
OOIICCTBEHHBIX MECTAX (XOT-CIIOTHI) U T.1I.

B 2001 romy IEEE pacmmpmio crangapt 802.11b, uro mpuBeno k mojjiepikke Ooiee
BBICOKMX CKOpPOCTEH [UIsl Tepenadd JaHHBIX. Takum oOpaszom, mosBuics crangapt 802.11g,
KOTOpBI paboTaeT €O CKOPOCTBbIO MepeAadyd JaHHbIX A0 S54MOut\c u paspalarbiBajics ¢
ucrnonb3oBaHueM TexHoiaorun ODFM.

Cranmapr 802.11a — Belcokas mNpou3BOOUTENBHOCT, U OblcTponeiicTBue. bnaromaps
ucnonb3oBaHuto vactotel 5 [T u mopymsiuun OFDM y sToro cranaapra €cTb ABa KIIFOUEBBIX
npeumyiiecTsa nepen cranaaprom 802.11b. Bo-niepBbIX, 3TO 3HAUUTENIBHO YBEIMUYEHHAsI CKOPOCTh
nepefayu JIaHHBIX 10 KaHajlaM CBsI3U. BO-BTOpBIX, YBEIMUYMIIOCH YMCIO HE HAKJIAJbIBAIOIIUXCS
KaHaJoB.

Huanazon 5 ITu (rakke wusBecTHhld kak UNII) ¢QaxkTruueckun cocTouT u3 Tpex
cyonuanozonoB: UNII1 (5.15 — 5.25 I'Tu), UNII2 (5.25 — 5.35 I'T'y) m UNII3 (5.725 — 5.825 I'T).
ITpu ucnonb3oBaHuu ofAHOBpeMeHHO AByX cyOauano3oHoB UNII1 u UNII2 momyyaem 10 BocbMHU
HEINEPECEKAIOIIMXCsl KaHAJIOB MPOTUB BCETO JIMIIL Tpex B nuanaszo”e 2.4 I'Tu. Takxke y aToro
CTaHJapTa ropasio OoJbllle JOCTYMHas Moioca nponyckanus. TakuM o6pa3oM, ¢ UCTIOJIb30BaHHEM
cranaapta 802.11a MOXXHO OAAEPKHUBATh OOJIBIIIEE YUCIIO OJHOBPEMEHHBIX, O0Jiee MPOAYKTUBHBIX,
HEKOH(IIMKTHBIX O€CITPOBO/IHBIX COETUHEHUH.

Crangaptel 802.11a u 802.11b paboTaroT B pa3IUYHbIX JUWana3zoHax, MO3TOMY MPOAYKTHL,
pazpaboTaHHble TIOJ] 3T CTaHAApThl He coBMecTuMbl. Hampumep, Touka noctynma Wi-Fi,
pabotaromast B auanazoHe 2.4 I'T'u, crangapra 802.11b, He Oymer paboTarte ¢ OGecrpOBOAHOM
ceTeBoil kaproi, pabGoumii auamazon kotopoit 5 ITu. Opnako, oba cTaHmapra MOTYT U
cocymiecTBoBark. K npumepy, noiab30BaTeiau, MOAKIOUYEHHBIE K TOYKaM JOCTYyNa, MPUMEHSIOIUM
pasHble CTaHJapTHl, TAK)KE MOTYT MCIIOJIb30BaTh JII00ObIe BHYTPEHHHE PECYPCHI 3TON CETH, HO MpHU
YCIIOBUH, YTO 3TH TOUKH JOCTYyIA MOAKIIOYEHBI K OJTHOW OMOPHON CeTH.

802.11g — Bricokast ckopocTs B auana3one 2.4 I'T. Crangapt 802.11g Hecet ¢ coboit Oonee
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BBICOKHE CKOPOCTH MeEepeqayd NaHHBIX, MPH 3TOM IMOAJEPKHUBas COBMECTUMOCTh C IPOAYKTaMHU
crangapta 802.11b. Cranmapt pabGotaer ¢ npuMeHeHueM Mmoxymsuuun DSSS Ha ckopoctsix 1o
11M6ut\c, HO MPH TOM AOMOJIHHUTENBbHO HcHonb3yeTrcs moxyasnust OFDM Ha CKOpOCTSX BbIIIe
1IM6ut\c. Takum obOpa3zom, obOopynoBanue crannmaproB 802.11b m 802.11g coBmectumo Ha
CKOpOCTSX, He npeBbimaronux 11Mout\c. Ecnu B quamazone 2.4 I'T' HeoOxoquma CKOPOCTh BHIIIIE,
Hexenn 11MOuTt\c, To Hy»KHO HCIIOIB30BaTh 00opynoBaHue ctanaapra 802.11g.

MoxHo ckaszarb, uto ctaHmapt 802.11g coemunmy B cebe Bce Jydiiee OT CTaHAApTOB
802.11b u 802.11a.

Crangapt 802.11n. Cranpmapt 802.11n ucCnonb3yeT COBEPUICHHO HOBBIE TEXHOJIOTHH,
IOBBIIIAIOIINE CKOPOCTh MEPEAAUYN IaHHBIX U YBEIMYMUBAIOILKE pajnyc NOKpbITUs. Tak, Hanpumep,
3asBJICHHAs] CKOPOCTh MEPEAaun JaHHBIX JUIA 3TOro cTangapra — okoio 300 Mo6ut\c. TeopeTnuecku
802.11n crocobeH obecrnednTh CKOPOCTh mepeaaun MaHHbix a0 480 Mout/c. Yerpoticta 802.11n
pabotarot B nuanazonax 2,4 — 2,5 wim 5,0 [T,

Opnako, AaHHasg CKOPOCTh IEpEeladyd JaHHBIX IOpa3yMeBaeT HCIIONIb30BaHUE OOJbIIeH
mpuHbl kanana (40 MI') u ucnonb30BaHMs HECKOJIBKUX aHTEHH ISl IPUEeMa U TIepeiadyl 1aHHBIX.

Mopynsuus, ucnonb3yemas cTaHaaptoMm, umenyercs MIMO (Multiple Input Multiple
Output). [lanHas MOAyJIsALMs T[OCTPOEHA HA OCHOBE MPUMEHEHHS MHOXECTBAa AaHTEHH,
COOTBETCTBEHHO, CO3/Ia€TCSl MHOXKECTBO HH(OPMAIIMOHHBIX ITOTOKOB, YTO B pasbl YBEINYHBACT
CKOpPOCTb Tepefadd AaHHbIX. Takke B 3TOM cTaHAapTe OyJeT HNpUMEHEHa HOBas TEXHOJIOTHS
[IAKETHOW arperanuu. JTa TEXHOJIOTUS IOAPa3yMEBAET, YTO C KaXIbIM OTIPABICHHBIM I1aKETOM
Oyznet nepenaBarbes Oobiie nHGopManuu. JlaHHbI cTaHaapT padoraer kak B Auamazone 2.4 [T,
Tak 1 B quanazone 5 ['T1. DToT cTaHaapT COBMECTHM CO BCEMH MPEABIAYITUMHI CTaHJapTaMU.

IEEE 802.11 (Wireless LAN) mpencraBisier co0oii cemelicTBo cTtanaaptoB "Wireless
Ethernet" u npeana3naueH ans becripoBoIHBIX pelieHUi, B OCHOBHOM BHYTPY MOMEIICHHIA.

becnipoBoaubie cetn Wi-Fi Ge3omacHbl, MOOWJIBHBI, OTIMYAIOTCA LIMPOKUM PaAUYyCOM
JeUCTBUS, BRICOKOH CKOPOCTBIO MEpeAaynd M TEXHOJOTHeW KOAWPOBaHHs MH(POPMALIUH, OTHOCTHIO
OTBEYAIOT HOPMaM M cTaHAapTaM. Takke, BaXXHBIM MPEUMYIECTBOM SIBIISIFOTCS JOCTYITHBIE LIEHBI U
OpicTpoTa TONKIIOUEHUs - Bcero Jywmmb 30 MuHYyT U OecrnpoBojHblii WHTepHeT paboraer.
becnpoBoanoit Murepner Wi-Fi nmo3BosiuT 3aHMMaThcsi pabOTOM, MPOBOIUTEH BHUIEOKOH(EPEHIINH,
OTIPaBJIATh U MOJY4aTh MOYTY B JIFOOOM MecTe, rie Obl Mbl HU HaxoAuauch. WiFi OTKpoeT HOBbIE
BO3MOXKHOCTH M NEPCIIEKTUBBL. MOXKHO cMeNo yTBepkaarh, uto Wi-Fi He 3aMeHUM B COBpeMEHHOM
PUTME JKU3HH.

Cucrempt WIMAX — panphelitiee pazputue cucteM Wi-Fi, HCIONB3yIONINX MOAYASIIUIO
OFDM, — of0ecneunBaioT BBICOKOCKOPOCTHON aocTyn B MHTepHeT (a Takke nepenady rojioca u
BHUJICO) HAa pPACCTOSIHUM B HECKOJIBKO KHJIOMETPOB €O CKOopocTsMH 1o 75 Mourt/c. JlanHas
TEXHOJIOTHSI CTIOCOOHAa MOKpPBIBaTh OOJACTH paAuycoM Oojee MHJIM HpPU I0JIOCE MPOMYCKaHHUS,
MIpEeBBILIAIONIEH BO3MOKHOCTH COBpeMeHHBIX ycTpoiicTB DSL u kabenbHbIX MomeMoB. Ilpu stom
€CTh BO3MOXKHOCTb pa0OThl BHE 30HBI MpsiMOM BUAUMOCTH. COOCTBEHHO, 3TO albTEepHATHBHAsS
HSKOHOMHUYECKH dPPEKTUBHAS CETh JJOCTYIIA, a 3HAUUT, Jopororo crout. Cetu Ha 6aze 000pyI0BaHUS
WiMAX HauMHaIOT pa3BOpauMBaThCS BO MHOTHMX CTpaHax, B TOM yucie U B Poccun (Hampumep,
ceTb komnanuu «Komer» B Mockse).

Texnomoruss WiMax (cranmapt 802.16.x). WiMAX (Worldwide Interoperability for
Microwave Access) — TEJIEKOMMYHUKAIIMOHHAs TEXHOJIOTHS, pa3paboTaHHass C LEJIbIO
MIPEIOCTaBJIEHNs] YHUBEPCAIbHONH OECIpOBOIHOM CBSA3M Ha OOJBIIMX PACCTOSHUSX JJIS IIMPOKOTO
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CIeKTpa YCTPOMCTB (OT pabO4YMX CTaHUMH M TOPTAaTUBHBIX KOMIIBIOTEPOB /10 MOOMJIBHBIX
TeNe(hOHOB).

WiMAX moaxoauT ISl pelIeHHs CIASIYIONINX 3a/ay:

- coeHeHus Touek goctyna Wi-Fi apyr ¢ apyrom u apyrumu cermeHtamu MHTEpHETA;

- ofecrniedyeHuss OECIPOBOJHOTO  IIMPOKOMOJIOCHOTO  JIOCTyNa Kak  aJbTepHATUBBI
BBIJICJICHHBIM JTHHUAM 1 DSL;

- IIPEIOCTABIICHUS BBICOKOCKOPOCTHBIX CEPBHCOB nepesadu JAHHBIX U
TEJICKOMMYHUKALIMOHHBIX YCIIYT;

- CO3JIaHMsl TOYEK JIOCTYIA, HE IPUBA3AHHBIX K reorpauueckoMy MOJIOKEHHUIO.

WiMAX 1o3BOJIsSIET OCYIIECTBIATH AOCTYIN B VIHTEpPHET Ha BBICOKUX CKOPOCTSIX, C TOPa3zo
OonbIM TOKpeITHEM, YeM Yy Wi-Fi ceTeil. DTo MO3BOMISET HCIIONB30BATh TEXHOJIOTHIO B Ka4eCTBE
«MarucTpajbHbIX KaHAJIOB», IPOJOUKEHHEM KOTOPBIX BBICTYNAIOT TpaguuuonHele DSL- u
BBIJICJICHHBIC JIMHUHU, a TaK kK€ JIOKAJIbHbIE CeTH. B pe3ymbrare momoOHBIH TMOAXONI IO3BOJISET
CO3J1aBaTh MacLITA0OMPyeMble BEICOKOCKOPOCTHBIE CETH MAacIITa0O0B LIEIbIX TOPOJIOB.

B obmem Buge WiMAX ceTu COCTOST M3 CIEAYIOIIUX OCHOBHBIX YacTell — 0a30BBIX U
a0OHEHTCKUX CTaHLUI, a Takke 000pyNOBaHHUS, CBA3BIBAIOIIETO 0a30BbIe CTAHIIMU MEXY COOOH, C
IIOCTABIIIMKOM CEPBUCOB U ¢ VIHTEpHETOM.

s coenvHeHus 0a30BOM CTaHUMM € AOOHEHTCKOW HCHOJIB3YETCS BBICOKOYACTOTHBIN
nuana3oH paguoBosiH oT 1,5 mo 11 I'Tu. B uaeanbHbIX ycIOBHSIX CKOPOCTh OOMEHa JaHHBIMU
MoxeT nocrurare 70 MOut/c, mpu 3TomM He Tpedyercss obecneueHus] IPSIMO BUAUMOCTH MEXIY
0a30BOIi CTaHIIUEH W TPUEMHHUKOM.

Mexnay ©0a30BbIMM CTAHUUSMHM YCTAHABIMBAIOTCA COCOUHEHUs (IPSAMOM BUAMMOCTH),
ucnonib3yromue auana3od yactot ot 10 go 66 I'TL, ckopocTs 0OMeHa TaHHBIMU MOXET JOCTHraTh
120 Mb6urt/c. Ilpu stomM, mo KpaiiHel Mepe opHa 0a30Bas CTaHIMS IMOAKIIOYACTCS K CETH
IpoBaiiiepa ¢ MCIOJIb30BaHUEM KJIACCHUYECKMX MPOBOAHBIX coequHeHui. OgHako, yem Oobliee
yrcio bC noagkiaoueHo Kk ceTssM poBaiepa, TEM BbILIE CKOPOCTh MEPEAady JaHHBIX U HAJIEKHOCTb
CETH B LIEJIOM.

TexHonoruu M CTaHAAPTHI, UCIIOJIb3yeMblE€ Ha CETH OECHpPOBOJHOM CBSI3U, NPHUBEIEHBI B

Tabiuue 2.

Tabmuua 2 - CpaBHuUTEIbHAS TA0IHIIA CTAHAAPTOB OECITPOBOTHON CBSI3U

II - P
Texnonorus | Crannapt | Mcnonb3oBanue poMyCKHas CTI0co0 imHyC YacToThl
HOCTb nefcTBUA
A mo 100
Wi-Fi 802.11a WLAN o 54 Mowut/c 50ITn
- - METpPOB
A mo 100
Wi-Fi 802.11b WLAN no 11 Mowut/c 24T1T
- - METpPOB
A mo 100
Wi-Fi 802.11¢g WLAN 1o 54 Mowurt/c 241Tnh
- - METpPOB
10 300 M6ut/c (B mep-
Wi-Fi | 802.11n WLAN | criexrue 10 450, a 3a- SZTI?)(; 2’45_0 i; i
TeM 10 600 M6ut/c) p ’ H
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WiMax | 802.16d WMAN 110 75 M6ut/c 6-10 km 15-11 I'Ty
WiMax | 802.16e | Mobile WMAN 110 40 M6uT/c 15kM | 23-13.6 T
.. | mo 1 I'6ut/c (WMAN), 3,5u 51T, mis
WiMax | 802.16m MVAW'\\'/; AM[\Tb"e 710 100 M6ut/c (Mobile| JTo 10 km | moGur. 2,3-3,8
WMAN) I,
Bluetooth | o) 154 WPAN 10 1 M6ut/c Ao 10 mer- 2.4TTn
v.1.1. poB
Bluetooth | g5 15 3 WPAN or 11 510 55 Mour/e | 7° 1% 2.4TTn
v.1.3. METPOB
Bluetooth 802 11 WPAN ot 3 Mowur/c no 24 10 100 24TTu
v.3.0 Mo6ut/c METPOB
UWB | 802.15.3a WPAN 110-480 Mout/c | 7 lp(z)MeT' 7.5TTu
B
2,4 T (16 ka-
HaJoB), 915 MI'n
ZigBee | 802.15.4 WPAN ot 20 10 250 Kéur/c | 1-100m | (10 xamamos),
868 MI' (onuH
KaHaI)
ot 5 1o 50
CM, OJHO-
m%w IrDa WPAN 110 16 Mbur/c CTOpOHHSS
HBIN 11 T
41)_ CBA3b — 110
10 m

2 ObopynoBanue pabo4yero MecTa

1. IlepcoHanbHble KOMIBIOTEPHI (HOYTOYKH).
2. becnpoBoanas Touka goctyna WiFi RangeBooster N650 Access Point.

3. 110 WiFi 802.11. a,c

3 IopsiioK BBIOTHEHUS pabOTHI
Bxrounts o6opynoBanue WiFi 1 mpoBeCTH MOHUTOPUHT B COOTBETCTBUH M3.

4 Copneprxanue u ohopMIIEHHE OTYETa

Otuer A0KEH coaepkKarb:
1.Ha3Banwue, 11enp 1a60paTopHOil paboThI.
2.Kparkue TeopeTHUECKHE CBEACHHUS.
3.Pe3ynbTarel BBITOJTHEHUS 3aJaHH.
4.BbIBOIBI IO paboTe.
Otuer odopmiisieTcss B TETpaau MO Ja00paTOPHOMY MPAKTUKYMY.
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http://ru.wikipedia.org/wiki/WMAN
http://ru.wikipedia.org/wiki/WMAN
http://ru.wikipedia.org/wiki/WMAN
http://ru.wikipedia.org/wiki/Bluetooth
http://ru.wikipedia.org/wiki/Bluetooth
http://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%81%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BF%D0%B5%D1%80%D1%81%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D1%81%D0%B5%D1%82%D0%B8_(WPAN)
http://ru.wikipedia.org/wiki/Bluetooth
http://ru.wikipedia.org/wiki/Bluetooth
http://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%81%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BF%D0%B5%D1%80%D1%81%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D1%81%D0%B5%D1%82%D0%B8_(WPAN)
http://ru.wikipedia.org/wiki/Bluetooth
http://ru.wikipedia.org/wiki/Bluetooth
http://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%81%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BF%D0%B5%D1%80%D1%81%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D1%81%D0%B5%D1%82%D0%B8_(WPAN)
http://ru.wikipedia.org/wiki/UWB
http://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%81%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BF%D0%B5%D1%80%D1%81%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D1%81%D0%B5%D1%82%D0%B8_(WPAN)
http://ru.wikipedia.org/wiki/ZigBee
http://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%81%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BF%D0%B5%D1%80%D1%81%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D1%81%D0%B5%D1%82%D0%B8_(WPAN)
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%84%D1%80%D0%B0%D0%BA%D1%80%D0%B0%D1%81%D0%BD%D1%8B%D0%B9_%D0%BF%D0%BE%D1%80%D1%82
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%84%D1%80%D0%B0%D0%BA%D1%80%D0%B0%D1%81%D0%BD%D1%8B%D0%B9_%D0%BF%D0%BE%D1%80%D1%82
http://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%81%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BF%D0%B5%D1%80%D1%81%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D1%81%D0%B5%D1%82%D0%B8_(WPAN)

5 KonTpomsnubie Bompock! (OIIK-3):

Ha xakom ypoBHe pertamentupyet padoty crangapt IEEE 802.11?
Crek nmpotokosioB cranaapra 802.11.

CocraB ypoBHs Ilepeiayul JaHHBIX.

OCHOBHBIE 3JIEMEHTHI PAJMOYaCTOTHOI'O TPAaHCUBEPA.

JlocTynHbI€ U IUTAHUPYEMbIe YaCTOTHBIE Auana3oHbl Juist WiFi.
Buasl Mopyasiuy ucnonb3yeMble pu OecrpoBOHOM JOCTYIIE.
Crex npotokosiaoB WAP.

Cranpgapt 802.11 1 OCHOBHBIE XapaKTEPUCTUKH.

© o N R WDNRE

Crangapt 802.15 u OCHOBHBIE XapaKTEPUCTHUKH.
10 Nudpakpacusrit uarepdeiic IrDA.

6 NudopmanmoHHbIe HCTOYHUKA
1. Onmudep B.I'., Onudep H.A., Komnbrorepusie cetu. [IpuHIunbl, TEXHOIOTHUH, IPO-
TOKOJIBI: YUeOHUK i By30B. 4-¢ uzn. Cno.: [Turep, 2010.

2. B. Bumnesckuii, C. [Toptao#, . [llaxuosuy / Dunuknoneaus WiIMAX Ilyts k 4G:
M.: Texnocdepa, 2009.
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Jladoparopnasi padora 3. CereBble HHTepdeichl

Llens paboTsl: M3yunTh ceTeBble HHTEP(ENCH U TPOTOKOIIBI

3amanue:

1. Wsyuuts crpykrypy cranaaptos IEEE 802.x. MAC-anpeca.
2. BeImonmHuTh JOCTYN K MHPOKOMMYHHUKAIIMOHHON CpeJie M OCYLIECTBUTD Nepeiady JaHHBIX.
3. CocTaBuTh KaHaJ MPOXOXKACHUS CUTHAJIOB 0 Yy4eOHOH MH()OKOMMYHUKALIMOHHOM CETH.

1 KpaTkue TeopeTuyeckue CBeICHUS

CereBoii ypoBenb (Network layer) ciayxuT s oOpa3oBaHusi €AMHON TPAHCIIOPTHOM CUCTe-
MBI, OOBEIUHSIONIEH HECKOJIBKO CETeH, MPUYEM ITH CETH MOTYT HCIIOJIh30BaTh COBEPIICHHO pa3-
JUYHBIC IPUHITUIIBI TIEpejaqd COOOIICHNH MEXTy KOHCYHBIMU y3JIaMU M 00JIaJaTh MPOU3BOILHOM
CTPYKTYpOii cBsizeil. DyHKIIMU CETEBOrO YPOBHS AOCTATOYHO pa3HooOpasHbl. HauHeM ux paccmot-
peHue Ha IpuMepe 00BETMHEHUS JIOKAITBHBIX CETEH.

[TpoToKOIBI KAaHATTBHOTO YPOBHS JIOKAJIbHBIX CeTel 00eceunBaloT JOCTABKY JaHHBIX MEX-
Iy JTIOOBIMH y3JIaMHU TOJIBKO B CETH C COOTBETCTBYIOIICH THUITOBOW TOIOJIOTHEH, HAITPHUMEP TOTIOJIO-
rHeil uepapXudyeckoil 3Be3[bl. DTO OUEHb JKECTKOE OrpaHUYCHHE, KOTOPOE HE TMO3BOJISET CTPOUTh
CETH C Pa3BUTOM CTPYKTYpPOH, HAIPUMEDP, CETH, OOBETUHSIONINE HECKOJIBKO CETeH MPEANPUITUS B
€IMHYIO CeTh, WM BHICOKOHAJICKHBIE CETH, B KOTOPBIX CYLIECTBYIOT H30BITOUHBIE CBSI3U MEXKIY y3-
namMu. MOXHO OBLIIO OBl YCIIOKHATH MPOTOKOJIBI KAHAIBHOTO YPOBHS JIJIS TTOIICPKAHUS TTCTICBU-
HBIX U30BITOYHBIX CBSI3€H, HO MPHUHIMUII pa3fesieHus] 00sS3aHHOCTEH MEXIYy YPOBHSIMHU HMPUBOIUT K
apyromy penieHuro. YToObl ¢ OJHONW CTOPOHBI COXPAHHUTH MPOCTOTY MPOLEAYP Nepeaavn JTaHHBIX
JUISL TUTIOBBIX TOTIOJIOTHH, & C IPYTroi TOMYCTUTh MCIOIb30BAHKE MTPOU3BOIBHBIX TOMOJIOTHH, BBO-
JIATCSI TOTIOJTHUTEIIbHBIN CETEBOM YPOBEHb.

Ha ceteBOM ypoBHE caM TepMUH cemb HANENAIOT crienuUuecKuM 3HaueHueM. B maHHOM

ClTydae TI0J] CEThI0 TIOHUMAETCS] COBOKYITHOCTh KOMITBIOTEPOB, COSIMHEHHBIX MEXKIY COOOH B COOT-
BETCTBUU C OJTHOW M3 CTaHJAPTHBIX TUIIOBBIX TOMOJOTHI M MCIIONB3YIOMIUX IS TIepeaun TaHHBIX
OJIMH M3 TIPOTOKOJIOB KAaHAJILHOTO YPOBHSI, OTIPECIICHHBIN JISl 3TOM TOMOJIOTHH.
BHyTpu cetu moctaBka JaHHBIX 00ECIEUYMBAETCS COOTBETCTBYIOIIMM KaHAJbHBIM YPOBHEM, a BOT
JIOCTAaBKOW JTAHHBIX MEXKY CEeTSIMHU 3aHUMAETCS CETEBOH YPOBEHb, KOTOPBIA U MOIJICP)KUBACT BO3-
MOKHOCTh TMPaBUJIBHOTO BhIOOpa MapuipyTa IMepeiayd CcOOOIIeHHs Jake B TOM CiIydae, Korjaa
CTPYKTypa CBsI3€H MEXKIY COCTABJISIFOIIMMHE CETSIMH MMEET XapaKTep, OTIIMYHBIA OT MPUHATOTO B
MIPOTOKOJIaX KaHAJIBHOTO YpoBHA. CeTH COSAMHSIOTCS MEXAy co00l CreruanibHBIMU yCTPOWCTBA-
MU, Ha3bIBa€MBIMH MapuipyTu3atopamu. Mapuwpymuzamop -3TO YCTPOWCTBO, KOTOpPOE coOHpaer
MH(OPMAIIHUIO O TOMOJIOTUH MEKCETEBhIX COSAMHEHH M HAa €€ OCHOBAaHUH MEPEChUIAeT MaKeThl ce-
TEBOTO YPOBHS B CETh Ha3Ha4YeHH. UTOOBI IepeiaTh COOOIIEHNE OT OTIPABUTEIS, HAXOISIIETOCS B
OJTHOM ceTH, MOJTyJaTento, HaXOAIMIeMyCsl B IPYTOi CETH, HY>)KHO COBEPIIUTh HEKOTOPOE KOJIUYe-
CTBO MPAH3UMHBIX nepeoay mexicoy cemsamu, uiu xonog (ot hop - MPbDKOK), KaXIbli pa3 BHIOUpast
noaxoAmmii MapupyT. Takum oOpa3om, MapHIpyT MpEACTaBlseT COOOH MOCIeA0BaTEIHLHOCTh
MapIIpyTU3aTOPOB, YepPe3 KOTOPBIC MTPOXOIUT ITAKET.

Ha cereBom ypoBHE omnpenensiroTcs Ba BUJIa MPOTOKOJIOB. [lepBhIil BUn - cemesvie npomo-
Koavl(routed protocols) - peanu3yrOT TPOJBIKEHNUE MMAKETOB Yepe3 CeTh. IMEHHO 3TH MPOTOKOJIBI
00BIYHO UMEIOT B BH]IY, KOTJ[a TOBOPAT O MPOTOKOJAX CETEBOTO ypoBHS. OHAKO YaCTO K CETEBOMY
YPOBHIO OTHOCST M JPYrOM BHJ MPOTOKOJIOB, HA3BIBAEMBIX MPOTOKOJIAMH OOMEHa MapIIpyTHOM
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nH(popMaLuen WU MPOCTO NPOMOKoIAMU Mapuipymuzayuu (routing protocols). C TOMOIIbIO 3TUX
MIPOTOKOJIOB MApIIPYTU3ATOPBI COOMPAIOT MHGOPMAIUIO O TOIMOJIOTUH MEKCETEBBIX COCIMHEHHM.
[IpoTOKOIIBI CETEBOTrO YPOBHS PEATU3YIOTCS IPOrPAaMMHBIMU MOJYJISIMU OTIEPAIIIOHHOM CHUCTEMBI, a
TaK)Ke TMPOTPAMMHBIMU U alapaTHBIMU CPEJICTBAMHU MapIIPYyTH3ATOPOB.

Ha cereBoM ypoBHE paOOTarOT MPOTOKOJBI €1e OJHOTO TUIIA, KOTOPbIEe OTBEYaOT 32 0TOO-
pakeHHe azipeca y3ia, UCIOJIb3YEMOI0 Ha CETEBOM YPOBHE, B JIOKaJIbHBIN ajpec cetu. Takue mpo-
TOKOJIBI YaCTO HA3BIBAIOT npomokoramu paspeuierus aopecos - Address Resolution Protocol, ARP.
WNHorga ux OTHOCSAT HE K CETEBOMY YPOBHIO, 8 K KAHAIBHOMY, XOTSl TOHKOCTH KJIacCU(UKAIIMHA HE
U3MEHSIIOT UX CYTH.

[TpumepamMu IPOTOKOJIOB CETEBOI'O YPOBHS SIBJISIOTCSI IPOTOKOJ MEXKCETEBOIO B3aHMMOJEii-
ctBus [Pcreka TCP/IP u mpoTtokos MexcereBoro oomena nakeramu [PX creka Novell.

Wutepdeiic onpenenser HaOOp CEPBUCOB, NPEAOCTABISAEMBIN TaHHBIM YPOBHEM COCEIHEMY
ypoBHIO. B cymHocTH, MpoTOKON U HHTEp(deiic BhIpakatoT OJJHO U TO K€ MOHATHE, HO TPaIUI1OH-
HO B CETSIX 32 HUMHM 3aKPEIWIN pa3Hble 00JaCTH JIEHCTBUSA: MPOTOKOIBI ONPEACTISIOT MpaBuia B3a-
MMOJICUCTBUS MOJyJIel OJHOTO ypOBHS B Pa3HBIX y3llaX, a MHTepQeichl - MOaylnel CoceqHUX
YPOBHEU B OJTHOM Y3II€.

CootserctBue sTanonHsix mogeneit OSI u TCP/IP npuBeaeno Ha pucynke 1.

Mopuens OSI Monens TCP/IP
Mpuknagmows |
[TpencTaBUTEALHBIN [Tpuknamnon
CeancoBbi
TpancriopTHbiA TpascHOpTHLIH
Ceresoi | | Mexceresoi
Kananbheii
HuTepcpericHbIi
Du3HyeCcKHi

Pucynok 1 — CootBercTBHe 3TamonHbix mojeneir OSl u TCP/IP

OCHOBOM MOJIETU CIIYXKUT Mexnccemesol yposens. ETo 3amadeil siBisieTcsl J0CTaBKa MakKe-
TOB B MYHKT Ha3HaueHus. [lepenaua ocyimiecTBisieTcst 03 yCTaHOBJICHUS COEAMHEHUS. 31€Ch
e OCYIIECTBIISIETCA BbIOOp MapuipyTa maketa. [lakeTsl MOTyT JBUTaThCs K MMYHKTY Ha3Haye-
HUS Pa3HbIMM MapLIpyTaMHy, HO3TOMY U NMPUOBIBATh OHM MOTYT HE B TOM HOPsIJIKE, B KOTOPOM
ObUIM OTIIPABIICHBI.

Ha mexcereBom ypoBHe ompeaenén nporokon IP (Internet Protocol), 3agaromimii, B Tom
qucie U cxeMmy aapecaunu. Kpome toro, 31ech ke onpeneneHsl IpOTOKOIbl MapUIpyTU3alun
RIP (Routing Information Protocol), OSPF (Open Shortest Path First), BGP (Border Gateway
Protocol).

OCHOBHBIM ITPOTOKOJIOM CETEBOI0 YpoBHSA (B TepmMuHax mozaenu OSI) B cTeke siBisercs
npotokoi [P (Internet Protocol). 3ToT mpoTOKOI M3HAYANBHO MPOEKTUPOBAJICSA KaK MPOTOKOI
nepesayy NakeToB B COCTABHBIX CETSX, COCTOSUIMX M3 OOJIBIIOrO KOJIMYECTBA JOKAIBHBIX Ce-
Teil, 00BEIMHEHHBIX KaK JIOKAIBbHBIMHU, TaK U II100adbHBIMHU CBA3sIMH. [ToaTomy mpoTokon IP
XOpOUIO PabOTAET B CETAX CO CIOKHOM TOMOJIOTHEH, pallMOHAIBHO MCIIONB3Ys HAJTMUUE B HUX
MOJICCTEM U 3KOHOMHO PacXo/ys MPOIYCKHYIO CIIOCOOHOCTh HU3KOCKOPOCTHBIX JIMHUN CBSI-
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3u. Tak kak mpotokon IP siBisieTcss nedTarpaMMHBIM IPOTOKOJIOM, OH HE TapaHTUPYET N0-
CTaBKY ITAKETOB JI0 y3J1a Ha3HAUYEHUsI, HO CTapaeTCs 3TO CENATh.

K ypoBHIO MEXCETeBOTO B3aUMOJCHCTBUSI OTHOCATCS U BCE MPOTOKOJIBI, CBSI3aHHBIE C
COCTaBIICHUEM W MOAM(UKAIUECH TaOIUI[ MapIIpyTU3alUH, TaKHe Kak MPOTOKOJIBI cOopa
mapipytrHoii uHpopmaru RIP (Routing Internet Protocol) u OSPF (Open Shortest Path
First), a Taxke MpPOTOKOJ MEXCeTeBbIX ympapisitonux coodmenunii ICMP (Internet Control
Message Protocol). Ilocmennuii mpoTokon mpeaHa3zHadeH il oOMeHa uHopmamueii o0
OIIMOKaxX MEXIy MapHIPyTU3aTOPaMH CETH U Y3JIOM-HCTOUYHHUKOM Makera. C MOMOIIBIO Crie-
nuanbHbiX naketoB ICMP cooOmiaer o HEBO3MOXKHOCTH JIOCTaBKM MAKETa, O MPEBBILICHUU
BpPEMEHU KM3HHU WJIHM TPOJOJDKUTEIBHOCTH COOPKH MakeTa U3 (parMeHTOB, 00 aHOMAJbHBIX
BEJIMYMHAX MapaMeTpoB, 00 M3MEHEHUU MapIIpyTa MEPEChUIKM U THIA OOCITY>KUBAHUS, O CO-
CTOSIHUH CHUCTEMBI U T. TI.

Takum oOpazom, mexkceTeBoil ypoBeHb Moaenu TCP/IP 61u3ok ceTreBoMy ypOBHIO 3Ta-
souHo¥ mouenu OSI.

HexoTopsie mpoTokoisl MexceTeBoro ypoBHs Monenu TCP/IP nokasansl Ha pucyHke 2.

Cerepoii IP| ARP| NARP| RIP||OSPF BGP| ICMP  Mescereroii
i L

Pucynok 2 — IIpoTtokossr MexcereBoro yposust Moaenu TCP/IP

2 ObopynoBanue paboyero MecTa

KomOuHMpOBaHHAs JIOKAJIbHAS MYJIBTUCEPBUCHAST TPAHCIIOPTHASL CETh CBSI3U (J1aboparopHast
ayautopust Ne 304).

3 [lopsA0K BBINOIHEHUS PA0OTHI

1. BKIro4uTS JIOKAJIbHASI MYJIBTUCEPBUCHAS TPAHCIIOPTHAS CETh CBSI3H.
2. Ilepenarb pa3nuyHblE BHJIBI CUTHAJNOB (ayAuo, BUJAEO, JIaHHBIE) MO CETHU Pa3IMYHBIM
OKOHEYHBIM YCTPOUCTBAM.

4 CopnepxaHue U opopMIIeHHE OTUETa

OTYeT NOJKEH coNlepKarh:
1.Ha3Banue, nens nadbopatopHoii paboThI.
2 Kparkue TeopeTH4ecKrue CBeICHHS.
3.Pe3ynbTarhl BHIMOIHEHUS 3a1aHUH.
4.BwiBOfIBI IO paboTe.
Otuet opopmisieTcs B TETPAAU MO Ja00paTOPHOMY MPAKTUKYMY.

5 KontponsHusie Bonpock! (OI1K-3):

1. Tlepeuuncnurte cocraB yueOHON MHPOKOMMYHHKAIITMOHHOMN CETH.

2. Kak ckopocts nepenauu nanubix TexHojoruu Ethernet Ha pasnensemoii cpeze BausieT Ha
MaKCHMAJIBHBIN JUaMETpP CETH?

3. . K kakomy tumny otnocurcas MAC-aapec 01:80:C2:00:00:08?
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4. Kaxkue natepdeichl HCTIOIB3YIOTCS MPU OPTaHU3AIMH CBSI3U?

5. Kakue u3 nepeyncieHHbIX TEPMUHOB B HEKOTOPOM KOHTEKCTE MOT'YT MCIOJIb30BaThCs

KaK CHHOHUMBI:

a) eMKOCTh KaHalla CBS3H;

0) CKOpOCTh TIEpeIau JaHHBIX;

B) I10JIOCA IIPOITYCKAHMS KaHajla CBS3H;

T') IPOITYCKHAsi CIOCOOHOCTh KaHalla CBS3H.

7. Kakue coobpaxkeHusl clieyeT y4UThIBaTh MpHU BbIOOpe Tomojoruu cetu? [IpuBenure mocto-
MHCTBA M HEJIOCTATKU KaKJOW U3 TUMIOBBIX TOMOJOTHUH.

8. Kakue U3 mpuBeeHHBIX YTBEPKIACHHUI BEPHBI IIPH JTFOOBIX YCIOBHSIX:

a) B CETAX C KOMMYTalllel MakeToB HEOOXO0AMMO MPEIBAPUTEIHLHO YCTAaHABIUBATH COSMHEHIE,
0) B ceTsIX ¢ KOMMYTallMel KaHaIoB He TpeOyeTcsl yKa3bIBaTh apec Ha3HAUYCHUS JTaHHBIX;

B) CeTh ¢ KOMMYyTaluel nakeroB Oosiee A3 (eKTUBHA, YEM CETh C KOMMYTAIMEH KaHAIOB;

I) CeTb C KOMMYTallUE€ KaHAJIOB MPEJOCTABIISIET B3aUMOJICHCTBYIOIMM a00OHEHTaM T'apaHTHUPO-
BaHHYIO MPOMYCKHYIO CIOCOOHOCTb.

9. [lycth s mepeavm rojioca UCIoIb3yeTCsl TUCKPETH3AIMS 110 BpEMEHU C MHTEPBAJIOM 25MKC
U JUCKpETU3alMs MO 3HaueHUsM Ha ypoBHe 1024 rpajganuu 3BykoBoro curHana. Kakas mpo-
MMyCKHAsl CIIOCOOHOCTh HEOOXOAMMA JUIS Tepefadd IMOJyYEHHOTO TaKUM O0pa3oM TOJIOCOBOTO
Tpaduka?

10. Ompenenute, Ha CKOJIBKO YBEIIMUUTCS BpeMs Iepeadd JaHHBIX B CETH C KOMMYTAIMEH Ta-
KETOB 10 CPABHEHHIO C CEThI0O KOMMYTAIIUU KaHAJIOB, €CJIM U3BECTHBI CJIEIYIOIINE BETMYHHBI:

- 00muii 00BeM mepeaaBaeMbix qaHHBIX — 200 KoaiiT;

- cyMMapHas JyinHa kaHana — 5000 km;

- CKopocTb nepenaun curtana — 0,66 CKopocTH cBeTa;

- IPOITYCKHAasi CIOCOOHOCTH KaHana — 2 Mowut/c;

- pa3Mep makera 0e3 ydera 3aroioBka — 4 KoOaiiT;

- pa3mep 3arosoBka — 40 Oaiit;

- HIHTEPBAJI MKy MakeTamMu — 1 Mc;

- KOJTMYECTBO MPOMEKYTOUYHBIX KOMMYTaTOopoB — 10;

- BpeMsi KOMMYTAIUU Ha KaXKJIOM KOMMYTaTope — 2 MC.

Cuwuraiite, 4TO ceTh pabOTaeT B HEJOTPYKEHHOM PEKUME, TaK UTO OUYEPEAN B KOMMYTaTOpax

OTCYTCTBYIOT.

6 Na(opmManmoHHbIe HCTOYHUKA

1. Omudep B.I'., Omudep H.A., Kommbrorepusie cetu. [IpuHIuUIBI, TEXHOIOIUH, TPOTOKOIBL:
VYuebnuk 11 By30B. 4-e u3n. Cno.: [Turep, 2010.

2. B.B. Bemnuko, E.A. Cy066otun, B.I1. lllyBanos, A.®. Spocnasues; TenekoMMyHUKAIIMOH-
HBIE CUCTEMBI U ceTH: YuebHoe nmocooue. B 3tomax. Tom 3 — MysbTHCEPBUCHBIE CETH IO PE/I.

npodeccopa B.II. lllyBanosa. - U3a. 3-e, M.: I'opsiuast munms - Tenexom, 2015.
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Jladoparopnasi padora 4. HcciienoBanue u nepeaaya HHGOPMAIHOHHBIX MOTOKOB.

Lens pabotsi: [IpnoOpectu HaBbIKK Niepeaaun nHGopMauu B ”HHOKOMMYHHUKAITUOHHBIX
CeTSX CBSI3U.

3amanue k JIP Ned

1. W3y4uTh CTPYKTYpY HH(POPMAITMOHHBIX TOTOKOB MEPEIaBAEMBIX IO CETH CBSI3U.

2. BrimoHUTE TiepepacpeaesieHne U POBBIX MOTOKOB U OCYIIECTBUTH Mepeady
AHHBIX.

1 Kparkue TeopeTnueckue CBeeHUs

Tennenuuu pa3BuTusa TeaeKoMMyHuKanuii B XXI Beke MOKa3bpIBaIOT, UYTO YEJIOBEYECTBO
JBIDKETCS TIO MYTH CO3JaHus III00aIbHOTO MH(POPMAMOHHOTO obmecTBa. [loHsTue nHpopmanm-
oHHoro o6mectBa (MO) yeTko He ompeneneHo, HO MOYKHO IPEANO0KUTh, YTO 3TO TaKOE 00Ie-
CTBO, B KOTOpOM HH(pOpMaTH3alus U TEIEKOMMYHUKAIMK (MHPOKOMMYHHUKAIUU) OYAyT Ompene-
JISITh HOBYIO CTYIIEHb Pa3BUTHUS SKOHOMUKH, COLIUATIBHON chepbl, KyIbTypbl U HAyKH.

Oco0OeHHOCTH MOCTPOCHUS HU(POBBIX CUCTEM NEpeauu SBISIOTCA:

- BBICOKAs IOMEXO0YCTONYHBOCTb;

- ci1a0ast 3aBUCUMOCTh KayecTBa Mepeiayul OT JAJIMHBI JUHUU CBSI3H;

- cTabuIIbHOCTH NapameTpoB kaHayoB LICII;

- 3(hpeKTUBHOCTD MCIOJB30BAHMUS MPOMYCKHOM CIIOCOOHOCTH KaHAJOB IS TIEpelavyu JIUC-
KPETHBIX CUTHAJIOB,;

- BO3MOXXHOCTb IOCTPOEHUsI HU(POBOM CETU CBA3H;

- BBICOKME TEXHUKO-DKOHOMHYECKHE MTOKA3aTENH.

Ammnaparypa L[CII cocrout u3 annapatypsl OopMUPOBaHUs U MIpHeMa HU(PPOBBIX CUTHAJIOB,
a TaKke ammapaTypsl JuHeiHoro tpakta. [udposoii curnan gopmupyercs B 000pyI0oBaHHH aHA-
noro-uiudpoBoro npeodbpazoBanus (kanamoodpaszoBanus) nepBuuHbXx LCII wnu B 06opynoBanuu
BpeMeHHoro rpynmnoodpa3zoBanus LICII 6onee Bricokoro ypoBHs. B nepom ciyuae Ha Bxoz LICII
MOCTYNAIOT aHAJIOTOBBIE CUTHAJIBI, & BO BTOPOM — LU POBBHIE.

[Tpu nepenaye teneponubix curanos no kaHaitam LICII ucnons3yercs BPK ¢
uMITyIbCHO-K010BoM Monysiiinu (MKM). B stom cityqae popmupoBanue rpynmnoBoro mugpoBoro
CUTHaQJIa TMPEAYyCMATPUBAET IOCIEI0BATEIbHOE BBINOJHEHHUE CIEAYIOIINX OCHOBHBIX OIepaluid
(puc. 1):

y

-

[ ]
Ananozoswtii .

; . LI AHMuwes HEKM
cuzHa Huerpemuzauus Z Keanmosanue Koduposanue —udpoeoi
ABM CUZHAT
AHMzp
N

Pucynox 1- IIpunnunsl popMupoBanusi HUGPOBOro TPYINIOBOro CUTHANIA

27



-IUCKPETU3AUN HHIUBUAYATbHBIX TeJIS(POHHBIX CUTHAJIOB 110 BPEMEHH, B PE3YJIbTaTE YETO
(bopmMHpyeTCcss UMITYJILCHBIN CUTHAJI, IPOMOJICIIMPOBAHHBIN 110 aMIIuTy e, T.e. AVUM curnan;

-00beauHenus N uHauBuayanbHeix AVIM curnanoB B rpynmnoBoit AVIM curHan ¢ UCTosib-
30BaHHEM IIPUHIIUIIOB BPEMEHHOTO pa3/ieJeHHs KaHAJIOB;

-KBaHTOBaHMs rpynnoBoro AUM curnana no ypoBHIo;

- TIOCTIEIOBATEILHOIO KOAUPOBaHUs 0TYeTOB TpymmnoBoro AVM curnana, B pe3ynbrare
gyero ¢opmupyercs rpynmnoBoii KM curnan, T. e. uudpoBoii curaas.

Tpeb6osanus k LICII onpenenensl B pekomenaamusx MCO-T cepuu G.

CoBpeMEHHON TEXHOJIOTHEM, MCIIONb3yEMOl B HACTOsILEE BpeMs JUIsl IOCTPOEHHUs ceTei
cBsi3u, sBiseTcs cuHxponHas udposas uepapxus (CLIA) (Synchronous Digital Hierarchy-
SDH). Cuctemsr SDH obecrnieunBaioT CKOpOCTh Tepenadd oT 155 MOUT/C U BBIIE U MOTYT
TPaHCIOPTUPOBATh Kak curHaibl cymectByromux L{CII, Tak 1 HOBBIX MEPCHEKTUBHBIX CIYkKO, B
TOM YHUCJIe HIMPOKONOJIOCHBIX. Anmapatypa SDH sBisercs mporpaMMHO yIpaBisieMO U MHTe-
rpupyeT B cebe cpeicTBa npeoOpa3oBaHusl, epeiadn, ONepaTuBHOTO NEPEKIIIOUEHUS, KOHTPOIIS,
yIpaBiIeHUS.

SDH mno3BojisieT opraHu3oBaThb YHHUBEPCAJIbHYIO TPAHCIOPTHYIO CETb, BBIIOJIHSIOLIYIO
GbyHKIMK Kak mepenadn MH(POpPMAaIuHM, TaK M KOHTPOIS M ympaeieHus. OHa paccuMTaHa Ha
TpaHcnopThupoBaHue Bcex curHaiioB PDH, a takxke Bcex AEUCTBYIOIIMX M TMEPCHEKTHUBHBIX
cnyx6 (puc. 2) [3].

E4: 140 MiGerric | ] [ = 4
Fest Etbornet | C-4 ] 1i.'1"-'C---1-|"

Efpmernmd - VE-12-5v 3
Fast Erbarost - ViZ-12-4Ty I

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

AU — aowmuEmeTpaTHEERE DOox

ATUG — rpynna aamMEEHCTPATHRHED. OI0K0E
TU — xomoosesTHRI (TPHEOVTAPHEEIH) QMo

——% Orobpazesme TUG — rpynina EoMICHSETHEX OI0KOE

— My ETHEDTSCEpORaERE VO — smpryanseent sosTeimap

Pucynok 2 — ludporoit notoxk SDH

Ethernet — cemelcTBO TexHONOrMH MaKeTHOW MepeAadd MaHHBIX ISl KOMIIbIOTEPHBIX
cerei. Ctanmaptel Ethernet ompenensitoT mMpoBOMHBIE COCTUHEHUS W JIEKTPUYECKUE CUTHAJBI Ha
¢usznueckoM ypoBHe, (opMar KaJpoB U MPOTOKOJBI YHpPaBIEHUS TOCTYINOM K cCpele — Ha
kaHajgbHOM ypoBHe Monenu OSI. Ethernet B ocHoBHOM onuckiBaercs cranfgapramu IEEE rpynms
802.3. Ethernet ctam camoii pacnpoctpanénnoii Texnonorueir JIBC B cepemune 1990-x romos,
BBITECHUB Takue ycrapepiuue Texnonoruu, kak ARCNET u Token ring.

Hazpanue «Ethernet» (OykBambHO <«AQUpHAs CETb» WIM «Cpelda CEeTH») OTpa)kaer
NEPBOHAYAIBHBIA MPUHLIMI PAOOTBl ATOM TEXHOJNOTHM: BCE, IepeJaBacMoe OIHUM Y3JIOM,
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OJHOBPEMEHHO TPHUHHMAETCS BCEMH OCTAIBHBIMH (TO €CTh HMMEETCS HEKOE CXOJCTBO C
paauoBenianueM). B HacTosiiiee BpeMs MPaKTUYECKH BCErAa IMOAKIIOYEHHE MPOWCXOAUT dYepes
KOMMYTATopbI (switch), Tak 4TO Kaaphl, OTIPABISIEMbIE OHUM Y3JIOM, JOXOMAT JIUIIL JI0 aapecara
(MCKIJIFOUEHHUE COCTABIISIOT Mepeiadd Ha IMMUPOKOBEUIATeIbHBIA aJpec) — 3TO MOBBIIMIAET CKOPOCTh
paboTel u Oe3zomacHOCTh ceTH. Ha pucyHke 3 mpeacTaBieH MOPSIOK (OPMHUPOBAHUS ITAKETa
Ethernet.

P
@ IP naket
:— DTE TepmwHansHoe obopyaoBaHue |
LLC NaHHbie
| LLC |
| YNpaBneHne Noru4ecknm kaHanom | 3 5
Jaronosok Jaronosok
| | LLC SNAP
| | MAC | LLC NakHbie FCS
| MAG | _a— & 2
| YnpaeneHue QOCTYNoM K cpege | | DA | SA | L |
| | 7 1 14 8 46 -1462 4 1
| : MpeamByna [SFD|  MAC LLC DaHHble FCS | EFD
| PLS |
CyByposeHb hu3MUeckux CUrHanos

| | MNakeT Ethernet

SNAP — MNpoTokon gocTyna k nogceTam

15-KkoHTaKTHEIR DA — Anpec HazHaueHua
pasuiém L — invHa nons gaHHbIxX
SA — Agpec NCTOYHWKA
T T/ 7 ] FCS — MNone KoHTPOMbBHOWA CYyMMb
SFD — Ha4aneHeIA orpadM4MTeNs kaapa
MAU -
EFD — KoHe4yHbIW OrpaHuHKTENs Kagpa

Bnok
NOJKTHMEHUA K

- C| e
WHTepdeic dnan4eckoro YpoBHA pen

O = O

Pucynok 3 — Crpykrypa nakera Ethernet

|
|
PMA |
|
|

2 ObopynoBanue pabo4yero MecTa

KomOuHupoBaHHas JIOKaJIbHAS MYJIBTUCEPBUCHASI TPAHCIOPTHAS CEeTh CBs3U (1aboparopHast
aynutopust Ne 304).

3 [lopsa0K BBINOIHEHUS Pa0OThI

1. BKIrounTh JIOKaJIbHASI MYJIBTUCEPBUCHAS TPAHCIIOPTHASI CETh CBSI3H.

2. Ilepenarb pa3nuyHble BHUIBl CUTHAJIOB (ayaHoO, BHJIEO, JAHHBIE) MO CETH Pa3IMYHBIM
OKOHEUHBIM yCTpoiicTBaM ncmoinb3ys TexHoinoruu SDH u PDH.

3. Ilepenarb pa3nuyHble BUABI CUTHAJOB (ayAMo, BHUJEO, JAHHBIE) MO CETH Pa3IUYHBIM
OKOHEYHBIM yCTpoHcTBaM ucnonb3ys Texnonoruu Eth u FE.

4 Copneprxanue u ohopMIIEHHE OTYETa

Otuer HAOJIKCH COACPIKATh:
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1.Ha3Banue, 1iens 1aboparopHOi pabOTHI.
2.Kparkue TeopeTuueCKHUE CBEACHHUS.
3.Pe3ynbTarel BBIOIHEHUS 3a1aHUH.
4.BbIBOJIBI IO paboTe.
Otuet opopmIIseTCs B TETPAAH MO Ja00PaTOPHOMY MPAKTUKYMY.

5 KonTpomnbabie Borpocs! (OI1K-3):

1. Yem koMMyTaTOp OTJIMYAETCS OT MOcTa?

2. Ilpu kakom pacnpezeneHuu Tpadrka HeOIOKUPYIOUIUK KoMMyTaTop ¢ 12-10 mopTamu
Fast Ethernet u onnum nmoprom Gigabit Ethernet onpasasiBaeT cBoe Ha3Banue? BapuaHntel oTBe-
TOB:

a) BxoaHo# Tpaduk Bcex moptoB Fast Ethernet, koropsie padoratot ¢ 6mm3koit k 100 %
Harpy3koi, HampaniieH B mopT Gigabit Ethernet;

0) BxoxHoi Tpaduk nmopra Gigabit Ethernet, koTopslit paboTaer ¢ 6mm3koii k 100 % Harpys-
KOH, paBHOMEPHO pacnpenenen Mexay 12-1o nopramu Fast Ethernet;

B) BXOoJHOM Tpaduk Bcex nopros Fast Ethernet, koTopsie padoTatoT ¢ S0-1poueHTHOM
Harpys3koi, HampasieH B nopt Gigabit Ethernet.

3. CoBnanatot mu Gpopmarsl kaapos 10 Mout/c Ethernet u Fast Ethernet?

4. M0o>XHO JI1 KOMMYTaTOp JOKalbHOU ceTu ¢ unrepdeiicom 10GBase-WL nenocpenctsen-
HO

npucoeIuHuTh K nopty STM-64 mynerumiekcopa SDH?

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

6. Kakoe makcuManbHOE KOIMYECTBO KaHaNoB E-1 MOXeT MyNbTUIIIIEKCHPOBAThH KaJIp

STM-1?

7. o kaxoii npuunne B kagpe STM-1 ucnons3yercs Tpu ykazatesns?

8. Jlst mocTrKeHus, KakuX IeJiei pa3paboTaH MEXaHW3M BUPTYaJIbHON KOHKATEHAINN?

9. Yto obmurero mexy nepBudHbiMu cetsismu FDM u DWDM?

10. C xakoii nenpio B ceTsix DWDM ncnonbs3yroTes pereHepaTopsl, Mpeodpa3yronue onTh-
YECKUI CUTHAJ B DJIEKTPUYECKUI?

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

12. Tlpu xakoM MeTo/ie KOJUPOBAHUS/MOTYIISIIMH CIIEKTP CUTHAJIAa CHMMETPUYEH OTHOCHU-
TEJIbHO OCHOBHOM rapMOHUKU?

13. KakuM 06pa3oM MOKHO MOBBICUTH CKOPOCTb MEpeauyl JaHHBIX 110 KaOeIbHOM JTMHUU
CBs3U?

6 Na(popmManmoHHbIC HCTOYHUKA

1. Omudep B.I'., Omudep H.A., Kommnbrorepusie cetu. [IpuHIuUIBI, TEXHOIOIUH, TPOTOKOJIBL:
VYueOHuk s By30B. 4-¢ m3a. Cno.: [Turep, 2010.

2. B.B. Bennuko, E.A. Cy66otun, B.I1. lllyBanos, A.®. fApocnaBues; TenekoMMyHUKAIIMOH-
HBIE CUCTEMBI U ceTh: YueOHoe nocodue. B 3tomax. Tom 3 — MysbTHCEPBHUCHBIE CETH MO PEI.
npodeccopa B.I1. lyBanona. - U3n. 3-e, M.: T'opsiuas nunwust - Tenekom, 2015.

3. Topmuenko B.H., Teepenxuit M.C. MHOrokaHaiabHble TEIEKOMMYHUKALMOHHBIE CHCTEMBI.
VYuaeOHuK 11st By30B - M.: ['opstuast muams - Tenekowm, 2013.
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Jlaboparopuas padora NeS. HNudopmMaunoHHbIe M TPAHCIIOPTHBIE YCJIYTH.
Lenb pabotsi: [IpnoOpectr HaBBIKU Mepeaun CUTHAJIOB B JIOKAJIBHBIX CETSIX CBSI3U.

3amanue Kk JIP Ne5
1. 3yunTh TEXHUKY BUPTYaJIbHBIX KaHAJIOB U CTPYKTYpY IP-cern.
2. BeinonHuTh nepenavy pa3aMyuHbIX BUJIOB HH(OPMALIHH.

1 Kparkue TeopeTudecKkre CBEICHUS

BupryanbHast oKasibHasi C€Th MOXKET UMUTHPOBATh HE TOJIBKO (pU3MUECKUE KaHAIbI, HO U
OoJiee BBICOKOYPOBHEBBIE CBOMCTBA ceTH. Tak, MOXET ObITh clipoekTHpoBaHa cetb VPN, ciocoOnas
nozyepxkuBarh [P-rpaduk knmenrta ¢ co3nanuem s ¢exra uzonupoannoi IP-cetu. B atom ciyuae
VPN mpou3BOIUT HEKOTOPBIE TOTIOJHUTEIbHBIE CETEBBIC ONEPALUU HAJl KIUEHTCKUM TpaduKoM —
cObop pa3HOOOpa3HON CTAaTUCTUKM, (UIBTPALUI0 U SKPaHUPOBAHWE B3aUMOACHUCTBUI MEXAy
MOJIb30BATENIIMU U MOJAPA3ACICHUAMU OJHOIO U TOTO K€ HPEANpHUATHS (HE HYXKHO IyTaTb C
SKpPAaHUPOBAHHEM OT BHEILIHUX I0JIb30BaTee — 3T0 ocHOBHas GyHKuus VPN) u T. 1.

MMutanys cepBHCOB MPHUKIATHOIO YpOBHS BcTpedaercs B VPN ropasmo pexe, yem
UMUTANUs COOCTBEHHO TPAHCIOPTHHIX (PYHKIIHM, HO TakXe BO3MO)KHa. Hampumep, mocTaBIIMK B
COCTOSIHUM TOAJIEP>KUBATH U1 KIMEHTa BeO-CalThl, TOYTOBYIO CUCTEMY WUJIU CHEIUAIU3UPOBAaHHbIC
MIPUJIOKEHUS YIIPABIICHUS IPEIIPUSITUEM.

JpyruM KkputepueMm, UCHOIb3yeMbIM npu cpaBHeHHH VPN, sBiusercs creneHb
NpUOIMKEHHOCTH CEpBUCOB, NpennaraeMbix VPN, k cBoiicTBaM CepBUCOB YaCTHOMN CETH.

Bo-nepBbIX, Ba)KHEHIIUM CBOMCTBOM CEpBUCOB YAaCTHOW CETU SIBIISETCS O€30MacHOCTb.
besonacnocts VPN  nogpa3zymeBaer Bech HaOop arpuOyToB 3alMIIEHHOH ceTH —
KOH(UIEHIMANBHOCTh, IEJIOCTHOCTh M JOCTYINHOCTh HMHGpOpMalMKM TpH Mepedadye uepes
OOLIEIOCTYIIHYIO CE€Th, a TaKXe 3alIMIIEHHOCTh BHYTPEHHUX PECypCcOB ceTeil morpedurens u
MOCTaBIIMKa OT BHeImHuX arak. Crenens 6e3onacHoctd VPN BapbupyeTcs B IIUPOKUX Ipesienax B
3aBUCHUMOCTH OT MPHUMEHSIEMbIX CpPEICTB 3alliuThl: "mudpoBaHus Tpaduka, ayTeHTUPUKALMU
I0JIb30BaTeNIell U YCTPONCTB M3OJSALUHU alPECHBIX MPOCTPAHCTB (HANIpUMEp, HA OCHOBE TEXHHUKHU
NAT), wucnonb30BaHUs BHPTYaJbHBIX KaHAJIOB M JBYXTOUEUHBIX TYHHEJCH, 3aTpyIHSIOLINX
MOJKIIIOUeHHE K HUM. B nganHoM cioyuae VPN paccmarpuBaeTcss Kak MMUTALUs JIOKAJIbHOU CETH
MIPENITPUATHSL.

Bo-BTopbIX, *enarenbHo, yToObl cepBuchl VPN mpuOmmxamiuch K cepBUCaM YacTHOM ceTH
10 KayecTBY 0OcimykuBaHus. KauecTBO TpaHCIOPTHOrO OOCITYKMBAaHUS MOJPAa3yMEBAET, B IIEPBYIO
odyepeslb, TapaHTUU MPOMYCKHON CIMOCOOHOCTH JUIsi Tpaduka KIMEHTa, K KOTOPbIM MOTYT
N00aBIATHCS U Japyrue mapameTpbl Q0S — MakcHMasbHbIE 33€PKKH U MPOIEHT MOTEPSIHHBIX
NaHHBIX. B makeTHBIX ceTsx mynabcaluu Tpaduka, MepeMeHHbIEe 3aJepKKU U MOTepU MaKeTOB —
HEU30eXKHOEe 310, TOITOMY CTENEeHb MPUOIIKEHHs BUPTYalbHbIX KaHAJOB K kKaHamam TDM Bcerna
HETOoJIHAsl M BEPOSTHOCTHAs (B CpelHEM, HO HUKAKUX TapaHTUH JJIS OTIENBHO B3STOTO IMAaKeTa).
Pa3Hble MakeTHbIE TEXHOJIOTUH OTIMYAIOTCS Pa3IMYHBIM YPOBHEM NMOAJEPKKH napaMeTpos QoS. B
ATM, Hanpumep, MeXaHU3MbI KauecTBa 00CITy)KHBaHUS HanboJiee COBEPIICHHBI U OTPabOTaHbI, a B
[P-ceTsix oHM TONBKO HauMHAKOT BHEApAThes. IloaTomy nmanexko He kaxnas cetb VPN mbiTaercs
BOCCO3/aTh 3TH OCOOEHHOCTHM 4YacTHOM ceTH. CuuraeTcs, 4To O0€30IMacHOCTh — O00g3aTeIbHOE
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cBoiicTBO VPN, a kauecTBO TPaHCIIOPTHOTO OOCITYKMBAaHUSI — TOJIBKO JKEJIaTeIbHOE.

B-tpetpux, cetb VPN npuOnmxaercst K peajbHON JOKAIbHOM CeTH, €CII OHA 00eCTIeunBaeT
JUId KJIMEHTa HE3aBUCHUMOCTh aJpPECHOr0 IPOCTPAHCTBA. JTO JAAET KIMEHTY OJHOBPEMEHHO U
yI00CTBO KOH(UTYPUPOBAHHS, W CIIOCOO mMOaJepkaHusi Oe3omacHOCTH. llpuyem jkenarennHO,
9TOOBI HE TOJBKO KIMEHTHl HUYEr0 HE 3HaJIM 00 aJpecHBIX MPOCTPAHCTBAX IPYr Ipyra, HO U
Maructpanb [OCTaBIIMKa HMeNa COOCTBEHHOE aJpEeCHOE MPOCTPAHCTBO, HEU3BECTHOE
nonp3oBatensiM. B 3ToM ciiydae ceTh MOcCTaBIIMKa yciayr OyaeT HaJeXHee 3alluileHa OT
YMBIIUIEHHBIX aTaK WM HEYMBIIUICHHBIX ICHCTBHI CBOMX KJIMEHTOB, a 3HAYUT, 0oJiee BBICOKUM
OyZIeT KaueCTBO MpeAocTaBisieMbix yciyr VPN,

CyllecTBEHHOE BJIMSHUE HAa CBOMCTBA BUPTYAJIbHBIX JIOKAJIBHBIX CETEH OKa3bIBaIOT
TEXHOJIOTUH, C IIOMOILBIO KOTOPBIX 3TU ceTU cTposTcs. Bee TexHonorun VPN MoxHO paznenurs Ha
JIBa KJIacca B 3aBUCHMOCTH OT TOTO, KAKMM 00pa3oM OHHU 0OECIEeYMBAIOT OE30MACHOCTH Meperadu
JAHHBIX:

— TEXHOJIOTHH pa3rpaHuyeHus Tpaduka;
— TEXHOJOTUH MHU(POBAHHUS.

B texHonorusx pasrpanndyenus Tpaduka UCIOIb3YeTCs] TEXHUKA MOCTOSHHBIX BUPTYAJIbHBIX
KaHaJoB, o0ecreynBaronas HaJeKHYI0 3alluTy Tpaduka Ka)XJ0ro KJIMeHTa OT HaMEPEHHOTO WU
HEHAMEPEHHOT0 J0CTyIa K HEMY JIpYrMX KJIMEHTOB IyonnyHoi cetu. K atomy Tumy texHomoruit
OTHOCSITCS:

ATM VPN;
Frame Relay VPN;
MPLS VPN;

Carrier Ethernet VPN.
JIByXTOYEUHbIC BHPTYyajbHbIC KaHAJIbI 3THX TEXHOJIOTHH UMHUTHPYIOT CEPBUC BBIICICHHBIX

KaHaJoB, npoxonas oT norpanuyHoro ycrpoiictsa (Client Edge, CE) ognoro caiita kiaueHta uepes

noctasiuka k CE npyroro caiita knuenTa [1].

2 ObopynoBanue pabo4yero MecTa

JlokanpHas MYJIBTUCCPBUCHAA TPAHCIIOPTHAA CETh CBA3U (Ha60paTOpHaH ayauTopus NQ
304).

3 IopsiioK BBIOTHEHUS pabOTHI

1. BKTrounTh JIOKaJIbHASI MYJIETUCEPBUCHAS TPAHCIIOPTHAS CETh CBSI3H.
2. Tlepenats pasznuyHbIe BUIBI CHUTHAJIOB (ayluo, BHUJIEO, JAHHBIC) IO JIOKAJLHOW CETH
Pa3IUYHBIM OKOHEYHBIM YCTPONCTBAM HCIIONB3ys TexHomoruu Ethernet.

4 CopepxaHue U opopMIIeHHE OTYETa

OT4er J0JKEeH COAEpKarh:

1.Ha3Banue, nenp nadbopatopHoii paboTHI.
2.Kparkue TeopeTnyeckue CBeICHMS.
3.Pe3ynbTarhl BBITOJTHEHUS 3aJaHHI.
4.BwiBOAIBI IO paboTe.
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Otuer odopmiisieTcs B TETpaau MO 1a00paTOPHOMY MPAKTUKYMY.

Kontponesnbie Bonpocs! (OITK-3):

1. UYro mpowusoiiner, ecinu mnpu mnepegade makera oH ObLI (parMEHTHPOBAH M OAUH U3
(parMeHTOB He JIOLIEN A0 y3J1a Ha3HAuYeHUs MOCIIe UCTeUEeHUs TaliM-ayTa?

2. Moxer nmu paboTaTh MapUIpyTU3aTOP, HE UMEs TaOJIUIbI MAPIIPYTU3ALIUN?

3. Kakoii mapaMeTp MOXXHO HCITOJIb30BaTh, YTOOBI OTPAHUYHTD MYJIHCALIUIO BXOTHOTO IO-
TOKa MaKeTOB, MPOPHIUPYEMOTO MO aJTOPUTMY BeJIpa MapKepoB?

4. Kakue cBOICTBa YaCTHOM CETH HMMHUTUPYET YCiyra BUPTYaJbHBIX YacTHBIX CETEH,
npeaocTaBlisieMas npoBaiaepom?

5. Yo ornuuaet BuptyanbHble kKaHaasl ATM ot BupTyansHbIX KaHaiaoB Frame Relay?

6. Moxno nu B cetu, nomnepxkuBatomeid MPLS, nepenaBars yacth Tpaduka mocpen-
cTBOM 00b14HOTO IP-nipoB)eHNsA?

7. Yro sBnsercsa ananorom TyHHened MPLS TE B Texnonoruu ATM?

8. B yem mpuumna nosinenusi Ethernet omeparopckoro kiacca? HazoBute popmar koma
JTUHEHHBIX MU(GPOBHIX CUTHAIOB B CUCTEMAaX CUHXPOHHOM HepapXuu U JIalTe KPaTKyro Xa-
PaKTEPUCTHUKY.

9. Kakue ocnosuble napametpsl LIJIT, onpenenstot kadectBo nepenauun JILC?

10. Kakue curtasbsl B CHHXPOHHOM HU(PPOBON HepapXuM ABISAIOTCS TPUOYTapHBIMU?
11.Tlo kakuM JMHMUAM CBSA3M MeEpelaroTcs HUPPOBbIE NOTOKM B CUHXPOHHON LU(POBOH
uepapxun’?

12. Kakyio TEeXHOJIOTHIO UCTIOIB3YIOT TPAHCHIOPTHBIE CETH sl (POPMHUPOBAHUS U Tepeia-
91 HU(PPOBBIX TIOTOKOB?

13. B cocraBe Kakoro MOJIyJisi U ¢ KaKOW CKOPOCTBIO mepenaéres nudpoBoit motok B CuH-
XPOHHOM U(pPOBON Hepapxun?

14. Kakum o6pa3oM ocyliecTBIseTCsl 00beIMHEHHE UPPOBBIX TOTOKOB B SDH?

15. Yemy paBeH B CMHXPOHHON IU(POBON MepapXuu KOAPPHUIHUEHT MYIbTUILUIEKCHPOBA-
Hus?

16. Kakue moToku sBISIOTCS arperaTupoBaHHbIMU oTokamu B SDH?

17. Kakue TpaHCIIOpTHBIE MOY/IH UcTIONb3ytoTcs B SDH?

18. Uemy paBHa ckopocTh niepenauan STM?
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